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ON SUMMABILITY OF KOTELNIKOV SERIES BY RIEMANN METHOD 

 

Skhirtladze I.A. 

 

V. Chavchanidze Institute of Cybernetics Georgian Technical University 

 

 
Abstract. Necessary and sufficient conditions for the summability of the Kotelnikov series are considered.  
Keywords: summability, Kotelnikov series, Riemann method. 

 

 

As is well-known, one of the central theorem, which belongs to J.M. Whitteker, is known as 

the sampling theorem in mathematical literature.Exactly the mentioned theorem provides the basis for 

study of the behaviour of functional series of definite type:  
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(convergence, uniform convergence, summability in a certain sense). Hereafter the series of mentioned 

type were named as Kotelnikov series. It is evident that the behaviour of the mentioned series depends 

on the properties of the coefficient  ,...1,0nCn  In the theory of divergent series so-called summa-

bility methods are well-known. The goal of the mentioned involves the ascription of certain sum a new 

sense to each divergent series so that the method remains the convergent series as convergent series 

and doesn`t change the sum. And in the case of divergency the series will acquire the sum by new 

sense. The mentioned methods are named as the regular methods of summability [1-5].  

Our goal is to show that in certain conditions the Kotelnikov series are summable by so-called 

Riemann method.  
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Definition 2. Functional series  xU
n
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  is named as Est to (Sx) function summable by 

Riemann method if for any point Ex  the following ratio is observed  
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Definition 3. Let us assume that the functional series is presented.  Let us assume that for 

mentioned series the sum of formally twofold differentiated series is continuous. Therefore this sum is 

named as Riemann function of initial functional series. Let us designate the Riemann function of 

Kotelnikov series as F(x). 

Definition 4. Let us concede that ф(х)  function is determined at some area of point xo. If the 

finite limit is presented: 
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it is named   as Schwartz second order derivative and marked as  0

2 xD   symbol. l2 – designates 

Hilbert coordinate space. 

Basic theorem 1. If the sequence of the coefficients of Kotelnikov series is the element of l2  

Hilbert coordinate space and Riemann function F(x) is characterized by second order Shwartz 
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derivatie in some X-point, than the series is summable by Riemann methods  xFD2
 function or the 

ratio is obserwed 
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Theorem 2. If the conditions of the theorem 2 are uniformly obeyed at some E-set than 

Kotelnikov series are uniformly summable by Riemann method to the function  xFD2 . 
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РЕЗЮМЕ 

СУММИРУЕМОСТЬ РЯДА КОТЕЛЬНИКОВА МЕТОДОМ РИМАНА 

Схиртладзе И.А. 

Институт Кибернетики Институт кибернетики им. В. Чавчанидзе Грузинского Технического 

Университета 

Рассматривается необходимoе и достаточное условие для суммируемости ряда Котельникова. 

Ключевые слова: суммируемость, ряд Котельникова, метод Римана. 
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DIFFERENT APPROACHES TO SIMULATING DATA TRANSMISSION BY A SINGLE 
STATION IN ONLINE WI-FI NETWORK 

 

Rodonaia I.D., Rodonaia V.I. and Morchiladze A.S. 
 

International Black Sea University 

Georgian Technical University 
 
Abstract: The development trend of information technology requires the processing of an increasing amount of 
information. For this is increasingly used by distributed data processing systems using wireless network 
technologies. However, their use is currently limited due to network time delays and packet loss. To calculate the 
parameters of the functioning of such systems, it is necessary to develop mathematical models, allowing to take 
these factors into account when designing systems to optimize the delivery time of information.  Some  works 
are devoted to the construction of such models, but a comparative analysis of these models and correlation with 
experimental data are  not available. This article provides a comparative analysis of different models for the 
transmission of one packet and a comparison obtained results with experimental data. 
Keywords: Wi-Fi, CSMA/CA, data transfer simulation, delay, interference, bandwidth, transmission, medium 
access protocol, WLAN, MAC 

 
Research Topic 

This article discusses five different mathematical models for the transmission of one packet by 
one station on a Wi-Fi network. The packet exchange process will be considered as a homogeneous 
Markov discrete states and continuous time. For each of the models, a labeled state graph is presented 
to assess the possible delivery time of the package in such a way that the states in which the package 
was delivered become final. The corresponding system of Kolmogorov equations is constructed, a 
comparative analysis of the model results is carried out with the results of a practical experiment. 

These models were built according to the 802.11 standard using carrier sense multiple access 
and collision avoidance (CSMA / CA) [1]. 

The sequence of packet exchange (according to the 802.11a standard) between the 
transmitting and receiving stations in the case of successful and unsuccessful transmission of one 
packet (fragment) at the first attempt is shown in Figures 1 and 2, respectively. 

 

 
 

Figure 1: Successful transmission of one packet 

 

 
 

Figure 2: Unsuccessful transmission of one packet on the first attempt 

 
Note that there can be a delay in the transmission of information only during the transmission 

of a fragment and an ACK packet. For the successful transmission of several packets in order to 
increase the efficiency of data transmission, the Bursting mode is used [2,3], in which there is an 
increase in throughput due to the removal of part of the temporary costs. In this case, the sequence of 
sending n packets by one network device has the form shown in Figure 3 [3]. 
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Figure 3: Sending n packets in Bursting mode 

 
Let’s discuss these five models: 
 
Model 1 - Failure to send one packet on the first attempt: 

This model corresponds to the packet exchange sequence shown in Figure 2, then the data 
transfer will correspond to the labeled state graph shown in Figure 4. 

 

 
 

Figure 4: State graph for unsuccessful sending of one packet on the first attempt 

 

Let’s describe the 4 states shown in the figure: 

0p - initial state (no packages); 
1p - packet generation by the transmitting station; 2p - the transmitting 

station waits for DIFS + Backoff Time_1, transmits one packet (fragment) with a possible delay, waits 

for the set ACK Timeout; 3p - the station waits for Backoff Time_2, retransmits the packet with a 

possible delay;
4p - the station waits for the SIFS time, the receiving station sends an ACK packet with 

a possible delay. 

Here, 
1  packets - the intensity of information transmission by the transmitting station, i - transmi-

ssion rate, where  4,3,2
1

 i
ti

i    and  

delaysACKSIFS

delaysFRAGMENTBACKOFF

delaysTimeountACKFRAGMENTBACKOFFDIFS

tttt

tttt

tttttt


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

4

2_3

_1_2

 

 

Model 2 - possible unsuccessful sending of one packet on the first attempt (first option) 
 

Let’s assume that an unsuccessful transmission of information on the first attempt is possible, 
but it is guaranteed to be successful on the second, and there may be a delay in the transmission of 
information. When building this model, the information transmission schemes were used which are 
presented in Figures 2 and 3. 
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Figure 5: State graph for a possible unsuccessful transmission of one packet by one station (1st option) 

 
Let’s describe the states shown in Figure 5: 

0p - initial state (no packets to send);
1p - generation of packets by the transmitting station;

2p - pause 

1 (the transmitting station waits for DIFS + Backoff Time_1); 3p - sending a packet with a possible 

delay;
4p - unsuccessful transmission of part of the packets; 5p - pause 2 (the transmitting station waits 

for ACK_Timeout); 6p - pause 3 (the transmitting station waits for Backoff Time_2); 7p - successful 

packet transmission with a delay, the station waits for SIFS time; 8p - the receiving station transmits an 

ACK packet with a possible delay. 

Hear  
1  packets - the intensity of information transmission by the transmitting station, 

12   k , 

where k - unsuccessful sending rate (part of sent packets), 
1 - the intensity of information transmi-

ssion,   8...5,4,3
1

 i
ti

i   and 

delaysACKSIFSBACKOFFTimeouteACK
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872_6_5

4
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Model 3 - possible unsuccessful transmission of one packet at the first attempt (second option) 
 

This is another modification of the previous model. In this case the state graph will have the 
form presented in Figure 6. 

 
 

Figure 6: State graph for a possible unsuccessful transmission of one fragment by one station with a delay 

(2nd option) 

Let’s describe the states shown in Figure 6: 
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0p - initial state (no packets to send);
1p - generation of packets by the transmitting station;

2p - pause 

1 (the transmitting station waits for DIFS + Backoff Time_1); 3p - sending a packet with a possible 

delay;
4p - unsuccessful transmission of part of the packets at first time; 5p - pause 2 (the transmitting 

station waits for ACK_Timeout + Backoff Time_2); 6p - successful transmission of “unsuccessful” 

packets with a possible delay; 7p - the transmitting station waits for the SIFS time; 8p - the receiving 

station transmits an ACK packet with a possible delay. 

Hear 
1   packets - the intensity of information transmission by the transmitting station, 

12   k  

where k - unsuccessful sending rate (part of sent packets), 
1   - the intensity of information trans-

mission,  8...5,4,3
1

 i
ti

i   and 

delaysACKSIFSBACKOFFACK
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762_5

4
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Model 4 - Cyclic Successful Transmission of One Packet 
 

To build this model, the scheme was used, which is presented on Figure 3, but instead of 
sequential packet sending, a circular one is proposed. The corresponding labeled graph is shown in 
Figure 7. 

 
 

Figure 7: State graph for cyclic successful transmission of one fragment by one station with a delay 

 
Let’s describe the states shown in Figure 7: 

0p - initial state (no packets to send); 1p - generation of packets by the transmitting station; 2p - pause 

1 (the transmitting station waits for DIFS + Backoff Time); 3p - sending a packet with a possible 

delay; 4p - pause 2 (station waits for SIFS time); 5p - the receiving station transmits an ACK packet 

with a possible delay. 

Hear 1 packets - the intensity of information transmission by the transmitting station, i - trans-

mission rate,   8,...3,2
1

 i
ti

i   and  

delaysACK
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Model 5 - sequential successful transmission of n packets 
 

Bursting mode is used to successfully transmit n packets in series. In this case the sequence of 
sending n packets by one network device has the form presented in Figure 3. The corresponding 
labeled graph is ilustrated in Figure 8. 

 
Figure 8: State graph for sequential transmission of n packets in Bursting mode 

 
From the diagram in Figure 3, it can be seen that for each packet (fragment) sent with a delay, there 
are 2 SIFS pauses and 1 ACK packet with a delay. 
Let’s describe the states shown in Figure 8: 

0p -  initial state (no packets to send);
1p - generation of packets by the transmitting station;

2p - pause 

1 (the transmitting station waits for DIFS + Backoff Time); 3p - Sending n packets with a possible 

delay, the transmitting station waits for 2n SIFS time, the receiving station transmits n ACK packets 
with a possible delay. 

Hear 
1  packets - the intensity of information transmission by the transmitting station, i  - transmi-

ssion rate,   3,2
1

 i
ti

i    and  

 
delaysACKFRAGMENTSIFS

BACKOFFDIFFS

ttttnt

ttt

223

2




 

Solution 
To find the limiting probabilities of the states of the system and the law of distribution of 

information transmission time, a system of Kolmogorov equations is constructed. For model 1 it has 
the following form [4]: 































34
4

31423
3

2312
2

1201
1

01
0

p
dt

dp

pp
dt

dp

pp
dt

dp

pp
dt

dp

p
dt

dp











 

Initial conditions: 

 

   







0,...2,100

,100

ip

p

i

 

 
For this model the probability distribution density of the delivery time of one packet by the 
transmitting station will be determined by the function 

   tptF 34  

For the other models in the system Kolmogorov equations are constructed in the similar way. 
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Testing Results 
When solving all systems of differential equations, the parameter values from the IEEE 802.11a 

standard were used: mcstmcstttmcstmcst TimeoutACKTIMERSLOTSIFSDIFSSIFSTIMERSLOT 100,342,16,9 ___  , 

size of frame  ACK – 14 bytes, size of transmitted packets (frames) – FRAGMENT_i – 700 bytes. For 

the first and third model  iTIMERSLOTiiBACKOFF dtdt __   - rollback timer random value), moreover  

 2,11  idi in the case of minimal time expenditures and 63,31 21  dd – in the case of 

maximum. For the fourth and fifth model TIMERSLOTBACKOFF tdt _ , where 1d in the case of 

minimal time expenditures and  31d – in the case of maximum. For the second and third model 

unsuccessful sending rate %1,0k . Transmission speed smbK /100 .  The solution of the system 

was found numerically on the segment [0; 0.04] with the number of segments of the partition  

2000N . The delay time delayt  take the values from 0 to 125mcs. Intensity of information 

transmission - 800,600,400,2001   and 1000 packets per second (p/s). For the numerical solution the 

software mathematical package Maple 13 and the Runge-Kutta-Felhberg method of 4-5 orders were 
used. To check the simulation results, measurements of the real packet transmission rate were carried 
out. The computer was connected with an Ethernet network cable to dual-band Wi-Fi router Toto-Link 
N301RT (frequency 2.4 GHz), laptop - using Wi-Fi. Traffic was captured on a laptop using the 
EtheRGen program. As only one client (computer) was connected to the Wi-Fi network, the delays 
can be considered minimal. Table 1 shows the expected time of receiving packets for the first 4 

models and the real time at different load of the channel. The first value is the minimum, for 12,1 d  

(2nd and 3rd model) and 1d  (4th model), 0delayt , the second value is the maximum, for 

63,31 21  dd  (1st and 2nd model) and 31d  (4th model), 125delayt .  No doubt about that, for one 

client-server pair, none of models 1-4 is suitable, although with a large network load (1000 p/s), the 
experimental data approach the model, especially for 2-3 models.  

 
Table 1. Actual and expected time of package receipt for models 1-4 

 
 Information Transfer Rate 

200p/s 400p/s 600p/s 800p/s 1000p/s 

experiments 
0,000465223 
0,000484871 

0,000465223 
0,000473366 

0,000459202 
0,000489319 

0,000782919 
0,000784406 

0,000820112 
0,000849802 

1st model 
0,00525994– 
0,00645821 

0,00277587– 
0,00397887 

0,00194255– 
0,00314554 

0,00152588– 
0,00272887 

0,00127588– 
0,00247888 

2nd model 
0,00509804– 
0,00561630 

0,00261345– 
0,00313345 

0,00178012– 
0,00230012 

0,00136346– 
0,00188346 

0,00111346– 
0,00163346 

3rd model 
0,00509805– 
0,00561632 

0,00261347– 
0,00313347 

0,00178014– 
0,00230015 

0,00136347– 
0,00188348 

0,00111347– 
0,00163349 

4th model 
0,00510239– 
0,00578818 

0,00261780– 
0,00330598 

0,00178448– 
0,00247265 

0,00136782– 
0,00205599 

0,00111782– 
0,00180599 

 
 If we carry out a comparative analysis of these models with each other, then it can be seen that 
the results of the numerical experiment for the 2nd and 3rd models practically are similar, although for 
the 3rd one they are slightly higher. Largest values turned out for the 1st model, which is explained by 
the large time costs. The most unpredictable of these models is the 4th one, in which, despite the 
absence of re-sending the packet, the time costs, although less than it was in the 1st model (which is 
clear), but more than the 2nd and 3rd models. 
 For the 5th model, rough estimates were obtained for determining the delivery time of a 
packet: the results of a numerical experiment for sequentially sending n packets were divided by n. 
The values obtained for different network loads are shown in Table 2. 
 Thus, for one client-server pair, packets are sent in Bursting mode, and (as expected) the 
number of packets decreases with increasing channel load. 
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Table 2. Actual and expected time of package receipt for model 5 
 

Speed (packets per 
second) 

Experiment 

5th Model 

n – number of 
packets 

d Expected time 

200 
0,0004843563 
0,0004848711 

13 
1 0,000472889 

31 0,000493571 

400 
0,000465223 
0,000473366 

7 
1 0,000449759 

31 0,000488329 

600 
0,000459202 
0,000489319 

5 
1 0,000428407 

31 0,000482406 

800 
0,00078292 
0,000784407 

2 
1 0,000732974 

31 0,000867972 

1000 
0,000820112 
0,000849802 

2 
1 0,000607974 

31 0,000742974 

1 
1 0,001129474 

31 0,001379474 

 

Conclusion 
From the analysis of the results, we can see that for one client-server pair packet transmission 

with a low channel load is carried out in Bursting mode, and with a large one, it approaches the results 
for models 2-3, which may indicate that when the channel load changes, a change occurs in data 
transmission modes. This aspect requires more detailed study. The results of this article may be of 
interest in the design and modernization of a Wi-Fi network. 
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РЕЗЮМЕ 

РАЗЛИЧНЫЕ СПОСОБЫ МОДЕЛИРОВАНИЯ ПЕРЕДАЧИ ПАКЕТОВ ДАННЫХ В СЕТИ WI-FI 

Родоная И.Д., Родоная В.И., Морчиладзе А.С. 

Международный Черноморский университет 

Грузинский технический университет 
Тенденция развития информационных технологий требует обработки всё большего количества инфор-
мации. Для этого всё чаще используются распределенные системы данных с применением беспроводных 
сетевых технологий. Однако их использование в настоящее время ограничено из-за частых сбоев сетевых 
пакетов и временных задержек. Для расчета параметров работы таких систем необходимо разработать 
математические модели, которые позволят учесть эти факторы при проектировании систем оптимизации 
времени доставки информации. Существуют работы, посвященые построению таких моделей, но срав-
нительный анализ этих моделей и сопоставление с экспериментальными данными отсутствуют. В данной 
статье предлагается сравнительный анализ различных моделей передачи одиночных пакетов и проведено 
сравнение полученных результатов с экспериментальными данными. 
Ключевые слова: Wi-Fi, CSMA/CA, WLAN, MAC, задержка, моделирование передачи данных, протокол 
доступа к среде.  

https://www.ixbt.com/comm/tech-80211g-super_1.shtml
https://www.wardriving.ch/hpneu/info/doku/802.11-1999.pdf
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ANALYSIS OF THE DIFFRACTION PROPERTIES OF THE CORNER BEND OF A 

RECTANGULAR WAVEGUIDE IN THE PLANE OF THE MAGNETIC VECTOR BY 

METHOD OF SUPERPOSITION OF ALTERNATIVE FIELD REPRESENTATIONS 

 

Gdzelishvili S.C. 

 
Georgian Technical University 

 
Abstract. On the basis of the investigation of diffraction properties for comparatively simple electrodynamic 

structure, which is the H-plane 90-degree bend (major bend) for the rectangular waveguide, the method of 

rigorous electrodynamic analysis is illustrated. The method is based on the representation of the electromagnetic 

field in the area of the corner bend in the form of superposition of two alternative expansions in terms of the 

eigenfunctions in two orthogonal cross sections of the bending region corresponding to zero boundary 

conditions. The used analysis technique can be applied to more complex structures in the form of waveguide 

branchings and to other cases of wave propagation through apertures. 

Keywords: rectangular waveguide, rectangular H-plane 90-degree bend, diffraction field, projective method, 

infinite system of linear algebraic equations (ISLAE). 

 

I. Introduction 

Waveguide bends and twists are inevitable components of any waveguide path. In this work, 

on the basis of the presented technique, the diffraction properties of an inhomogeneity is analyzed in 

the form of a connection of two rectangular waveguides at a right angle in the plane of the magnetic 

vector. The method is based on the representation of electromagnetic field in the area of the corner 

bend in the form of superposition of two alternative expansions in terms of the eigenfunctions of 

connected waveguides. The frequency dependence of the diffraction characteristics of the structure 

under consideration is investigated.  

 

II. Problem Formulation 

The structure being analyzed with designation of the geometric and electric parameters is 

shown in Fig. 1. Rectangular waveguides, joined at a right angle in the H-plane, have the same height 

b and for the sake of generality of analysis have different widthes a and c. The structure is divided into 

three regions as is shown in Fig. 1. The regions 1 and 2 correspond to semi-infinite waveguides and 

the finite region 3 is resonant. The structure is assumed to be lossless. Relative permittivity and 

permeability of magnetodielectric filling in each region of structure for the sake of generality of  

analysis are different and are equal to i  and i  ( i 1,2,3 ) . 

 

      
 

Fig.1. Geometry of the analyzed corner bend of a rectangular waveguide 

 

 Let us assume that the general  10H - mode is incident from region 1 and its nonzero electric 

field component is given by equation: 

sin),( 0EzxEy  æ 1 x
zjh

e 1
,       ,0 ax     ,0 z                 (1) 
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where   æ
1

,/ a    2

11 (kh  æ
2/12

1 ) ,   ,1101 kk     ./2 00 k  Here 0k  and 0  are the 

wavenumber and the wavelength in vacuum. 

In each region of the structure the primary incident field exites the diffraction field of a 

magnetic modes 0mH , which is also independent of the transverse coordinate  y . The total field in the 

waveguide region 1 is represented as the sum of the primary incident field and the reflected diffraction 

field:                                                                                            

),,(),(),(1 zxEzxEzxE r

yyy  ,0 ax      .0 z                      (2)    

Here the diffraction field  ),( zxE r

y   is represented as the sum of reflected in antiphase  10H - 

type natural field with the 0E  amplitude and an infinite set of the reflected  0mH - type modes of the 

waveguide 1: 

sin),( 0EzxE r

y  æ
1
x

zjh
e 1

+ sin
1

1


m

ymE æ ,1 z

m
mxe


,0 ax     ,0 z   (3) 

where   æ ,/ amm    (1 m æ
2/12

1

2 )km  while  æ 1km   and    2

11 (kjm  æ
2/12 )m   while     

æ 1km . 

In the waveguide region 2 the field is represented as an infinite set of the 0nH - type modes, 

running in the positive direction of the x -axis:  

,sin),(
)(

1

22
2 ax

n

n

nyy
nzeEzxE







      , xa      ,0 cz          (4) 

where   ,/ cnn    
2/12

2

2

2 )( knn     while   2kn    and   
2/122

22 )( nn kj      while   

2kn  ,  2202 kk  . 

The key step in solving the problem under consideration consists in representing of the field in 

the resonant region 3 as a sum of the two terms, where the first term is represented as an expansion in 

terms of the  transverse eigenfunctions of magnetic 0mH - type modes of the waveguide region 1, and 

the second term is represented as expansion in terms of the eigenfunctions of magnetic  0nH  - type 

modes of the waveguide region 2, that is  

sin),(
1

)1(

33 





m

myy EzxE æ ,sin
)(

1

)2(

3 z
ash

xsh
E

sh

xcsh
x n

n

n

n

yn

mc

m
m 




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
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


 ,0 ax     ,0 cz        (5)               

where  (m æ
2/12

3

2 )km   while  æ 3km   and   2

3(kjm æ
2/12 )m   while    æ 3km , 

  
2/12

3

2 )( knn     while 3kn     and   
2/122

3 )( nn kj     while   3kn  , 3303 kk  . 

The rest components of the electromagnetic field in the structure are defined by the formulas:  

     ,
1

0 z

E

j
H

yi

i

xi






   

x

E

j
H

yi

i

zi





 0

1
,   ,0yiH    0 yixi EE    ),3,2,1( i        (6) 

where  
7

0 104    mH /   is permeability of vacuum,     is the cyclic frequency.  

 

 III. Derivation of the Set of Functional Equations  

To determine the sets of unknowns amplitude coefficients  myE 1 ,  nyE 2 ,  )1(

3myE   and  

 )2(

3nyE  in field expansions (3)(5), we make use of the boundary conditions of matching for the 

tangential components of the electromagnetic field at the interfaces 0z   and  ax   in the junction 

regions. On the basis of the expressions (2)(5), using continuity conditions on the tangential electric 

fields, we obtain the following set of the functional equations:  

         


1

1 sin
m

myE æ sin
1

)1(

3





m

mym Ex æ )(xJx M

xm  ,        ax 0 ;                    (7a)     
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     zE n

n
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3
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 )(zJ M
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where  )(xJ M

x    and  )(zJ M

z   are the surface densities of the equivalent magnetic currents distributed 

at the interfaces  0z   and  ax  ,    respectively. Applying the Fourier transform to the last set of 

equalities with respect to the corresponding coordinates, we obtain 

 

                                             
M
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 (8a)  
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c

J n

c

M

z
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zn sin)(
2
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 .                       (8b) 

      Then using continuity conditions on the tangential magnetic field at  0z   and  ax  , on the 

basis of the expressions (2)(5) and formulas (6), taking into account (8a), we obtain the following 

set of functional equations:  
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IV. Derivation of the ISLAE 

The method of solving the boundary-value problems by means of reducing them to infinite 

system of linear algebraic equations  (ISLAE) is efficient in the analysis of various enectrodynamic 

structures [1-3]. Let us consider the procedure of reducing the set of functional equations (9) to the 

ISLAE by means of the projection method based on the Fourier transform. Applying the Fourier 

transform to equations (9a) and (9b) on the intervals ax 0  and   ,0 cz   respectively, we 

obtain the relationship in terms of amplitude coefficients  M

xmJ    and  M

znJ :   
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where  1m   is  the  Kronecher  delta:  11 m   at   1m   and  01 m    at   1m . 

Substituting the expression for  
M

znJ   from (10b) into (10a), with changing the dummy index 

m   by s , we obtain the ISLAE of the second kind in terms of amplitude coefficients   M

xmJ   only: 
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The ISLAE given above is the Fredholm type one and may be solved by the truncation 

method. The sequence of amplitude coefficients  M

znJ  is evaluated by means of (10b) in terms of 

known values of  M

xmJ    found as result of solving the ISLAE (10a). 

 

V. Numerical Results  
The ISLAE given above was solved by the truncation method. The dependence of the modules 

of reflectivity and transmissivity of the main mode at the sections  0z  and  ax    of the bend, 

respectively, on the relation  
0

2



a
  changing in the band of 

11011

221




a
   with the values of 

parameters  ,ca   ,2/ab  ,1i   1i   )3,2,1( i ,  is shown in  Fig. 2. 

       The complex reflectivity was evaluated by formula 

 

,1
0

1 
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xj

J

J
eRR R               (13) 

and  complex transmissivity    by formula 

 

                                                                     
M

M

zj

J

J
eTT T

0

1


,                                                      (14) 

where R , T  are modulus and 
R , 

R  arguments of corresponding quantities. 

When computing  .100  MJE   

 

 
Fig. 2.  Modules of  reflectivity and transmissivity of the main mode at the input and output of the bend 

versus the frequency parameter  

0

2



a
p   (|R|curve 1, |T|curve 2) 

       

The tables given below illustrate the influence of the truncation order of the ISLAE on an 

accuracy of computation of the complex reflectivity and transmissivity of the main mode at the input 

and output of the bend for the above - mentioned values of the parameters of structure and  values  

1.38  and  1.64  of frequency parameter  p =
0

2



a
. 
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Table 1. Estimation of the Influence of the Order of Truncation N of ISLAE on the Accuracy of 

Calculations of Modulus  of  Coefficient  R 

 

 

 

 

 
Table 2. Estimation of  the Influence of the Order of Truncation N of  ISLAE on the Accuracy of 

Calculations of Modulus  of  Coefficient  T 

 

 

 

On  the  basis of the tabulated values it should be noted out that the calculations with practical 

accuracy    may  be  obtained  by  truncations  of  the  ISLAE  within values of  N  from  2  to 10.         
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РЕЗЮМЕ  

AНАЛИЗ ДИФРАКЦИОННЫХ СВОЙСТВ УГOЛКОВОГО ИЗГИБА ПРЯМОУГОЛЬНОГО 

ВОЛНОВОДА В ПЛОСКОСТИ МАГНИТНОГО ВЕКТОРА МЕТОДОМ СУПЕРПОЗИЦИИ 

АЛЬТЕРНАТИВНЫХ ПРЕДСТАВЛЕНИЙ ПОЛЯ 

Гдзелишвили С.К. 

Грузинский технический университет 

На примере исследования дифракционных свойств сравнительно простой электродинамической 

структуры, представляющей собой уголковый изгиб прямоугольного волновода в плоскости магнитного 

вектора, иллюстрируется метод строгого электродинамического анализа, основанный на представлении 

электромагнитного поля в области уголкового изгиба в виде суперпозиции двух альтернативных 

разложений по системам собственных функций  в двух ортогональных поперечных сечениях области 

изгиба, соответствующих нулевым граничным условиям. Использованная методика анализа может быть 

применима к более сложным электродинамическим структурам в виде волноводных разветвлений и к 

другим случаям прохождения волн через апертуры. 

Ключевые слова: прямоугольный волновод, уголковый изгиб в плоскости магнитного вектора, 

диффракционное поле, проекционный метод, бесконечная система линейных алгебраических уравнений 

(БСЛАУ).            

        

 

 

0/2 a

 

R  

N  

2 4 6 8 10 15 20 30 50 

1.38 0.38269 0.37619 0.37530 0.37504 0.37494 0.37486 0.37484 0.37483 0.37483 

1.64 0.55884 0.56475 0.56728 0.56855 0.56929 0.57024 0.57067 0.57107 0.57136 

 

0/2 a  
T  

N  

2 4 6 8 10 15 20 30 50 

1.38 0.92388 0.92654 0.92691 0.92701 0.92705 0.92708 0.92709 0.92709 0.92709 

1.64 0.82927 0.82526 0.82352 0.82265 0.82213 0.82148 0.82118 0.82090 0.82070 
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xuT-portiani talRgamtaruli Sesaxsrebis/ganmStoeblis kompiuteruli 

modeli da zogierTi eleqtrodinamikuri maxasiaTebeli 

 

Sengelia m.a. 
 

saqarTvelos teqnikuri universiteti 
 

dReisaTvis, safreni aparatebisadmi wayenebuli moTxovnebi, frenis siC-
qareebis, manevrirebis da frenis intensivobis zrdis TvalsazrisiT, mniSvne-
lovnad afarToebs am aparatebis radioeleqtruli aparaturis mier gada-
saWreli amocanebis wres. aqedan gamomdinare, maTi proeqtirebisa da agebisas 
warmoiSoba didi raodenobis antenebisa da radioeleqtronuli mowyobilo-
bebis ganTavsebasTan dakavSirebuli problemebi. amasTanave, manevrirebisa da 
frenis dinamikisaTvis dauSvebelia aparatebze damatebiTi wamonazardebis 
ganTavseba. 

am problemebis gadaWris erT-erTi xerxi mdgomareobs iseTis rTuli, 
mravalfunqciuri, saanteno-safidero sistemebis SeqmnaSi, romelic Tavis Tav-
Si gaaerTianebs xvrelur antenebs, filtrebs, gadamrTvelebs, ganmStoeblebs, 
marTvis blokebs da uzrunvelyofs eleqtromagnituri energiis gamosxivebas, 
miRebas, damuSavebas da ganawilebas sxvadasxva eleqtromowyobilobebs So-
ris. 

aseT rTul saanteno sistemebSi, energiis miwodebisa da moxsnisaTvis, 
SesaZlebelia gamoyenebul iqnes zemaRalsixSiruli (zms) mravalportiani ta-
lRgamtaruli ganmStoeblebi, romlebsac SeswevT eleqtromagnituri energiis 
ganStoeblebis, Semkrebebis da garadaqmnelebis funqciaTa Sesruleba [1-3].  

sazogadod, zms mowyobilobebi, maT Soris mravalportiani talRgam-
taruli ganmStoeblebi, moklebulni arian SemaTanxmebel mowyobilobebs, ami-
tom maT eqsperimentul kvlevas, win unda uswrebdes kompiuteruli proeqti-
reba. 

warmodgenili naSromis mizans warmoadgens xuTportiani talRgamta-
ruli Sesaxsrebis/ganmStoeblis kompiuteruli proeqtirebisaTvis aucilebe-
li modelis Seqmna.  

gansaxilveli struqtura gamosaxulia nax. 1-ze (a,b,g). ganxilulia gver-
diTi Stoebis pasiuri (SemTxveva rodesac garedan kveba ar miewodeba) da 
aqtiuri (SemTxveva _ rodesac miewodeba) reJimebi. 

msgavsi amocanebis amoxsnisaTvis saWiro standartuli procedurebis 
Catarebis (sxvadasxva areTa gamyof zedapirebze eleqtruli velis daZabulo-
bis veqtoris uwyvetobis pirobis realizaciisa da grinis Teoremis gamoye-
nebis) Semdeg miiReba tripleruli gantolebaTa sistema cvladTa sami mimdev-
robis mimarT, romelTagan TiToeuli, Tavisi arsiT, warmoadgens 1, 2 da 3 
StoebSi gabneuli velebis multipoluri speqtris koeficientebs: 

 
         3,2,1,,...1

3

1 1
 




jsaAQA j

s

p

mp m

jp

sm

j

S                (1) 

(1) sistemis matriculi elementebisa da Tavisufali wevrebis analizma 
uCvena, rom matriculi elementebi m indeqsis mimarT (matricis sveti) igi 
iqcevian rogorc 0(1/ m), xolo s indeqsis mimarT (matricis striqoni), rogorc 
matriculi elementebi, aseve Tavisufali wevrebi, amJRavneben 0(1/s) xasiaTs. aqe-
dan gamomdinareobs, rom miRebuli sistema kvaziregularulia da kompiuterze 
maTi amoxsna SesaZlebelia reduqciis (Sekvecis) meTodiT, amasTan, miaxloebiTi 
amonaxsni miiswrafis zustisaken reduqciis rigis zrdasTan erTad [4,5]. 

unda aRiniSnos, rom dasmuli amocanis veli mTels fizikur areSi 
gamoisaxeba 1, 2, da 3 areebSi gabneuli velebis multiloluri speqtris koe-
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ficientebis meSveobiT. anu, SegviZlia CavTvaloT, rom gansaxilveli struq-
turis kompiuteruli modelirebisaTvis aucilebeli modeli Seqmnilia. 

nax. 2, 3-ze agebulia gverdiT portebSi gabneuli koeficientebis far-
dobiT talRis sigrZeze damokidebulebis grafikebi da mTels fizikur gare-
moSi velis ganawilebis organzomilebiani da samganzomilebiani suraTebi 
sxvadasxva parametrebisaTvis. 

 

 
nax. 1,a. 

 
 

 
nax. 1,b. 

 

 
 

nax. 1,g. 
 

nax.1. gansaxilveli struqtura gverdiTi Stoebis sxvadasxva konfiguraciisaTvis. 
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nax. 2,a 
 
 

 
 

nax. 2,b. 
 

nax. 2. 1,2,3 (a) da 4, 5 StoebSi gabneuli velis koeficientebis fardobiT talRis 
sigrZeze damokidebulebis grafikebi aqtiuri gverdiTi Stoebis (nax. 1 b)-ze 
gamosaxuli konfiguraciisa b1/a=0,8, l1/a= 0,5 da l2/a= 0,4  parametrebisaTvis. 
 
 

 
nax. 3,a 
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nax.3,b 

 
nax. 3. velis ganawilebis 2D (a) da 3D (b) suraTebi aqtiuri gverdiTi Stoebis                
(nax. 1 b)-ze gamosaxuli konfiguraciisa da b1/a=0,8, l1/a= 0,5 l2/a= 0,4 , 2a/λ=1,44 

parametrebisaTvis 
 

 

amrigad, Seqmnilia xuT-portiani talRgamtaruli Sesaxsrebis/ganmStoe-
blis kompiuteruli modeli da dadgenilia misi zogierTi eleqtrodinamiku-
ri maxasiaTebeli, gamoTvlilia arekvlisa da gavlis koeficientebi, rac 
saSualebas gvaZlevs davadginoT eleqtruli da magnituri velebi talRgam-
taris SesaxsrebebSi. 
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SUMMARY 

COMPUTER MODEL FOR A FIVE-PORT WAVEGUIDE JUNCTION/BRUNCHING 

AND SOME OF ITS CHARACTERISTICS 

Shengelia M.A. 

Georgian Technical University 

The problem the creating of a model for computer projecting of a five-port waveguide junction/branching for an 

arbitrary configuration of connecting the side branches and their power supply mode is considered. The graphs 

for the dependence of the scattered in different arm wave coefficients from wave length and the distribution of 

the fields in the entire physical region are built. 

Keywords: computer model, five-port waveguide. 
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axali Semadgenlobis wvrilmarcvlovani betonis simtkicis kvleva  

 
rosnaZe g.v., kankava a.v., banZelaZe b.r., SalamberiZe m.S. 

 
akaki wereTlis saxelmwifo universiteti, quTaisi 

 
Tanamedrove mSeneblobaSi maRali simtkicis wvrilmarcvlovan betonze 

moTxovnebi yovelwliurad izrdeba. es ganapirobebs axali gaumjobesebuli 
Tvisebebis da SedarebiT dabali TviTRirebulebis mqone betonebis miRebi-
saTvis ganuwyvetel swrafvas. am mizans emsaxureba Cvens mier SemoTavazebuli 
maRali simtkicis wvrilmarcvlovani betonis miRebis originaluri teqnolo-
gia, romlis mixedviTac, SedarebiT ZviradRirebuli modifikatorebis nacv-
lad SemoTavazebulia gamoyenebuli iqnas feroSenadnobTa qarxnis Rumele-
bidan wanataci nacrebi da Rumelis narCeni widebi. aseTi modificirebuli 
betonis gamoyeneba gaaumjobesebs Senoba-nagebobebis ekonomikur maCveneblebs. 

feroSenadnobTa qarxnis widebis SemadgenlobaSi Semavali zogierTi 
qimiuri SenaerTi Sedis cementis SemadgenlobaSi, amitom mosalodneli iyo, 
SemoTavazebuli modifikatoris gamoyenebis SemTxvevaSi, betonis simtkicis 
gazrda, rac dadasturda Cven mier SemuSavebuli, betonis winaswari Sefasebis 
kriteriumis mixedviT. kerZod, betonis narevSi modifikatoris damateba amci-
rebs betonis cocvadobis deformaciis sidides betonis simtkicis gazrdis 
xarjze [1,2]. 

betonis simtkicis parametrebze axali modifikatoris procentuli Sem-
cvelobis kvlevebis Sedegebi mocemulia cxr. 1 da cxr. 2. 

 
cxrili 1. Runvisas gamocdis Sedegebi 
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SeniSvna 

1 1k 0% 28 
6,4 
6,89 

6,65 tradiciuli betoni 

2 2k 10% 28 
7,23 
6,27 

6,75 
wvrilmarcvlovani 

betoni 

3 3k 20% 28 
7,57 
9,42 

8,5 
wvrilmarcvlovani 

betoni 

4 5k 20% 28 
12,3 
12,4 

 

12,4 SemkvrelSi RorRis 

 
 
betonis simtkice RerZul gaWimvaze da kumSvaze gansazRvruli iqna 

nimuSebis oTxi seriisaTvis: 1k, 2k, 3k, 5k. kumSvaze gamocdili iqna 101010 sm 

da 151515 sm zomis betonis kubebi, xolo RerZul gaWimvaze gamocdili iyo 

101040 zomis betonis prizmebi. kumSvaze gamocdisaTvis damzadebuli iyo be-
tonis kubebi TiToeuli seriisaTvis xuT-xuTi nimuSi. Runvaze gamocdisaTvis 
TiToeuli seriisaTvis damzadebuli iyo or-ori nimuSi. gamocdamde nimuSebs 
vayovnebdiT gamosaSrobad 28 dRe-Ramis ganmavlobaSi. 
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Runvaze gamocdisas nimuSebis simtkice izrdeboda betonSi modifi-
katoris procentuli zrdis Sesabamisad. modifikatoris Semcvelobis 20%-mde 
gazrdisas (3k seriis nimuSebisaTvis) sitkicis mateba mniSvnelovania da Sead-

gens 22%-s tradiciul betonTan SedarebiT. 
cxr. 2-Si ar Sedis 4k seriis betonis Runvaze gamocdis Sedegebi, sadac 

modifikatoris Semcveloba gazrdili iyo 30%-mde. miuxedavad amisa, misi sim-
tkice umniSvnelod aRemateboda 3k seriis nimuSebis betonis simtkices Run-
vaze. CavTvaleT, rom wvrilmarcvlovan betonebSi axali modifikatoris da-
mateba simtkiceze moqmedebs misi mxolod 20%-mde gazrdisas, amitom betonis 
SemadgenlobaSi modifikatoris ufro gazrdili Semcvelobis gavlena be-
tonis simtkiceze ar CavTvaleT saWirod rom gamogvekvlia [3,4]. 

amave cxrilis monacemebidan Cans agreTve, rom modifikatoris 20%-mde 
gazrdiT, msxvilmarcvlovani betonis simtkice Runvaze kidev ufro mniSvne-
lovnad izrdeba (5k seria). simtkicis namati Runvaze Seadgens 46%-s. am beto-
nebisaTvis kvlevebi saWiroebs gagrZelebas. 

axali Semadgnelobis wvrilmarcvlovani betonis simtkicis kumSvaze, 
RerZul gaWimvaze da agreTve, gaWimvaze drekadobis sawyisi modulis kvlevis 
Sedegebi mocemulia cxr. 2-Si. 

 
  
    cxrili 2. simtkicis gamocdis Sedegebi  
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calk. 
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1 k 

10,3 
83,7 
84,3 
84,4 
86,4 

85,8 

86,1 
82,2 
87,3 
87,3 
82,2 

85,8 
2,21 
2,74 
2,35 

2,44 
60,4 
87,2 
98,1 

81,9 

2 k 

100,8 
103,7 
105,1 
102,4 
108,5 

104,1 

100,2 
90,1 
91,2 
86,1 
102,7 

96,1 
2,84 
2,84 
2,64 

2,78 
41,3 
39,2 
60,4 

47,0 

3 k 

106,2 
106,7 
102,7 
107,6 
107,8 

106,2 

94,6 
99,3 
101,7 
96,5 
94,8 

98,6 
3,19 
2,94 
2,45 

2,86 
43,4 
39,2 
41,3 

41,3 

5 k 

98,1 
108,8 
98,8 
107,4 
106,4 

105,85 

103,4 
102,3 
106,9 
102,3 
102,3 

103,0 
4,81 
4,21 
3,92 

4,31 
42,5 
44,8 
50,6 

45,9 
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axali modifikatoris gamoyenebisas, rogorc Runvaze gamocdis, aseve 

kumSvaze gamocdis simtkice 20%-iT aris gazrdili tradiciuli betonis 
simtkicesTan SedarebiT. 

kumSvaze betonis simtkice gamokvleuli iyo 101010 sm da 151515 sm 
zomis kubebis nimuSebze. sxvadasxva seriis nimuSebis simtkice orive nimuSe-
bis mixedviT arsebiTad ar gansxvavdebian erTmaneTisagan. SedarebiT erT-

nairia gabnevis veli 151515 sm zomis kubebiT gamocdis SemTxvevaSi, amitom 
mizanSewonilia momaval kvlevebSi betonis simtkiceze kvlevisaTvis aRniSnu-
li nimuSebi iqnas gamoyenebuli.  

RerZul gaWimvaze simtkice daaxloebiT 14%-iT izrdeba betonSi axali 
modifikatoris gamoyenebisas tradiciul betonTan SedarebiT. cxr. 2-Si moyva-
nili kvlevis Sedegebi aCvenebs, rom axali modifikatoriT damzadebuli beto-
nis simtkice da drekadobis sawyisi moduli daaxloebiT imave sididisaa, rac 
cnobili modifikatorebiT modificirebuli betonis simtkicis maCvnebelebi. 

rkina-betonis konstruqciis gaangariSebisas erT-erTi mTavari parametre-
bia betonis drekadobis sawyisi moduli da puasonis koeficienti. am koeficie-
ntebTan erTad, betonis prizmuli simtkice kumSvaze, axali modificirebuli 
wvrilmarcvlovani betonis 1k, 2k, 3k, 5k seriebisaTvis mocemulia cxr. 3-Si.  

 
cxrili 3. RerZuli da kumSvis fardobiTi simtkiceebis kvlevis Sedegi 
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RerZuli gaWimva gaWimva kumSvaze 

zRvruli fardobiTi 

deformacia 105 
simtkice, mpa 

calk. 
mniSvn. 

saS. 
mniSvn. 

calk. 
mniSvn. 

saS. 
mniSvn. 

1 k 
6,3 
9,3 
7,3 

7,6 
4,27 
6,82 
3,97 

4,02 1,65 0,373 

2 k 
6,08 
9,5 
9,38 

8,32 
4,71 
4,27 
4,27 

4,41 1,59 0,295 

3 k 
8,4 
9,06 
5,75 

7,74 
5,3 
4,85 
3,97 

4,71 1,65 0,279 

5 k 
13,22 
13,15 
9,78 

12,05 
6,03 
6,03 
6,03 

6,03 1,4 0,339 

 
 
kvlevebSi gamoyenebuli iyo gazrdili xnovanebis betoni, warmodgenili 

101040 sm prizmis saxiT. 4k seriis nimuSebis betonSi modifikatoris Semcve-
loba Seadgenda 30%-s, rac praqtikulad ar zrdis betonis simtkices kumSva-
ze betonis xnovanebis gazrdis miuxedavad. 

amrigad, axali modificirebuli betonis simtkicis maxasiaTeblebi gau-
mjobesebulia tradiciuli wvrilmarcvlovani betonebis analogiur maxasia-
TeblebTan SedarebiT. 
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simtkicis maxasiaTeblebis ukeTesi maCveneblebi miRebulia axali modi-
ficirebul betonSi modifikatoris 20%-mde Semcvelobisas. modifikatoris 
30%-mde gazrda betonis SemadgenlobaSi praqtikulad ar moqmedebs mis simt-
kiceze. 
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SUMMARY 

INVESTIGATION OF THE HARDNESS OF FINE GRADED CONCRETE OF NEW COMPOSITION 

Rosnadze G.V., Kankava A.V., Bandzeladze B.R. and Shalamberidze M.Sh. 

Akaki Tsereteli State University, Kutaisi 

The results of investigation of the hardness of fine grained concrete of new composition are presented. In 

particular, experimental data are given on hardness at compression, bend, concrete initial elasticity modulus and 

Poisson coefficient. The characteristics of concrete hardness by influence of new modifier in fine grained 

concrete are revealed. In comparison with the hardness characteristics of traditional concrete the corresponding 

values are significantly improved and practically repeat the characteristics of concretes modified by other well-

known modifiers.  

Keywords: fine grained concrete, hardness. 
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Senobis fuZeebis da saZirkvlebis diagnostika 

 
baxtaZe n.v., Sengelia m.r., tyablaZe v.s., arseniSvili d.z. 

 
saqarTvelos teqnikuri universiteti 

 
 

1. Sesavali 
Tanamedrove periodSi farTo da swraf ganviTarebas ganicdian iseTi 

dargebi, rogoricaa mSenebloba. ganviTarerebis aseT procesSi aucilebelia 
yuradReba mieqces konstruqciebis usafrTxo muSaobas, radgan miuxedavad 
imisa, rom Seqmnili konstruqciebi eqvemdebarebian Tanamedrove Teoriuli da 
eqsperimentuli mecnierebis gaangariSebebs. 

 
2. ZiriTadi nawili 

fuZeebis gamokvlevisas, romlebic ganlagebulia saZirkvelibis qveS da 
iRebs maTgan datvirTvebs, aucilebelia yuradReba mivaqcioT gruntis maxa-
siaTeblebs. Seswavlili unda iqnas proeqtuli – saZiebo masalebi, saZirkve-
lebis warmoebisas gaxsniTi samuSaoebis aqtebi, gamovlenili iqnas gruntis 
Tvisebebi, amoburculobis da jdenis xarisxi, gaJonvis siRrme, gruntis sin-
jebs laboratoriuli kvlevebisaTvis. 

Tanabari da mcire jdena ar iwvevs Senobis deformaciebs. SenobisaTvis 
saSiSs warmoadgens amoburculi gruntebi (Tixovani da mtverovani gruntebi), 
romlebic datenianebisa da gayinvis SemTxvevaSi moculobaSi izrdeba 10%-iT. 
yinulis kristalizaciis Zalebis zemoqmedebis qveS, gruntebSi myofi wyali 
gadascems Zalebs qvevidan zeviT saZirkvelis Zirze, xolo mxebi Zalebi gayin-
visas saZirkvelebis zedapirdan da sardafis kedlebze [1]. saZirkvelis Zirze 

moqmedi amoburcvis normaluri Zalebi 
HN  SeiZleba ganisazRvros Semdegi 

miaxloebiTi formuliT: 

 

hnRAN NH   

  

sadac:  n – gadatvirTvis koeficienti, 1,1 toli; R – empiruli koepicienti, 
miRebulia 0,06 kg/sm2 , An  _ saZirkvlis Ziris farTi;   h – gruntis gayinuli 
fenis simaRle, sm. 

Tu gruntis aris daculi Warbi datenianebisa da gayinvisagan (Semona-
kirwyli, Tbodamcavi, baliSebi) da zemoT mdebare konstruqciebis masa aWar-
bebs amoburcvis Zalas, maSin Senobis saZirkvlebis da kedlebis rRveva ar 
xdeba. gruntis gayinva aseve saSiSia gruntebis Semdgomi galxobisas da sa-
Zirkvlebis araTabari jdenisa (nax. 1 da 2.) 

Senobebis deformaciebis mizezi SeiZleba iyos inJinruli komunikaciis 
dazianeba, saidanac agresiuli wylebi xvdeba gruntSi. hidroizolaciis cudi 
xarisxi aseve iwvevs saZirkvlebis kedlebis korozias. 

saZirkvlebi irRveva agresiuli gruntis wylebis zemoqmedebisa, gamdid-
rebuli tute, sulfaturi da sxva qimiuri nivTierebebiT [2]. amasTan xdeba be-
tonis damcavi fenis aSreveba da koroidirdeba armatura. 

saZirkvlebis rRvevis mizezi SeiZleba iyos: teqnologiuri mowyobilo-
bis muSaobis reJimis darRveva, proeqtirebis datvirTvebis SeerTebis gauT-
valiswinebloba da gansakuTrebiT ki dinamikuri datvirTvebis gavlena. 
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nax. 1. arsebuli saZirkvelebis qveS gruntis sufoziuri rRveva 
 

 a – SemomsazRvreli Spuntis gareSe;  
b – Spuntisas, romelic ar aris Casobili wyalnakadamde.  

1 – arsebuli saZirkveli; 2 – mSenebare Senobis qvabuli; 3 – sicarielebis SesaZlo 
gaCenis areebi; 4 – grifoni; 5 – tumbo; 6 – Spunti; h – Spuntis Casmis siRrme 

qvabulis fskeri niSnulis dabla. 
 
 
 

 
 

nax.2. Senobis deformacia nemsafiltruli mowyobiT miwisqveSa wylebis donis 
Semcirebis Sedegad:  

1 – Senoba, 2 – Spunti; 3 – nemsafiltri; 4 – wyalSemcirebamde miwisqveSa wylis 
donis Semcireba; 5 – igive wyalSemcirebis Semdeg. 

 
       
 
arsebobs saZirkvlebis defeqtebis ramdenime saxe: 

1. qvis wyobis Semosakravi nakerebis da simtkicis ukmarisobiT gamow-
veuli saZirkvlis wyobis aSreveba; 

2. gruntebSi agresiuli areebisa da agresiis mimarT aramdgradi 
masalebis gamoyenebiT gamowveuli saZirkvlebis rRveva; 

3. gayinuli gruntis amoburcviT da araswori konstruqciebiT gamow-
veuli saZirkvelis gaskdoma simaRleze. 

4. arasakmarisi zomebis saZirkvelze datvirTvebis zrdiT gamowveuli 
bzarebi saZirkvlis filebSi, agreTve fuZeebis datenianeba. 
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5. saZirkvlis jdena sust gruntebze (jdenadi, mcuravi qanebi) an grun-
tis arasakmarisi gamkvriveba, saZirkvlis Cawyobis mcire da gruntis wylebis 
donis cvlileba. 

 
3. daskvna 

fuZeebis saZirkvlebis da gruntis saxasiaTo dazianebebi, mzidunaria-
nobis Semcireba gamowveulia daproeqtirebis da mSeneblobis procesSi ara-
sakmarisi yuradRebiT. fuZeebis Setborva gamowveulia gruntis, atmosferuli 
da teqnologiuri wylebiT.  
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SUMMARY 

DIAGNOSTICS OF BUILDING GROUNDS AND FOUNDATIONS 

Bakhtadze N.V., Shengelia M.R., Tkabladze V.S.  and Arsenishvili D.Z. 

Georgian Technical University 

In the modern period, such fields as construction are experiencing wide and rapid development. In such a process 

of development it is necessary to pay attention to the safe operation of the constructions, because although the 

created buildings are subject to the calculations of modern theoretical and experimental science. 

Keywords: building, proud, foundation, diagnostics, construction 
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DESIGN OF A SOLAR THERMAL POWER PLANT USING MATHEMATICAL MODEL 

 

Metreveli G.T 

 

Georgian Technical University 

 
Abstract. The purpose of this paper is to develop a mathematical model, which produces a design of a solar 

thermal power plant on a surface under consideration. Calculations showed, that the amount of hot water produced 

by the solar thermal power plant is significantly affected by a correctly selected solar collector and heat exchanger, 

type and heat loss coefficient of a tank. Calculations of the mathematical model have been made in MS Excel 

programme and results have been averaged to monthly values. Comparison showed, that initial requirements of a 

consumer are covered throughout a whole year, concluding that the principals of the mathematical model are 

relevant and can be used in further detailed engineering designs of solar thermal power plants.  

Keywords: Solar thermal power plant, solar collector, heat exchanger, heat loss coefficient of a tank, average 

absorptivity and transitivity of a collector, ambient temperature.  

 
 

Introduction 

One of the main reasons of climate change is considered ungreen technologies using widely 

worldwide [1]. Therefore, energy efficient and eco-friendly technologies have been developing 

nowadays, including solar thermal power plants, which convert photon energy of solar beams into 

thermal power with environmentally safe way [2]. 

Proper design of a solar thermal power plant firstly requires selection and specification a hot 

water consumer and hourly hot water load respectively, in order a designer to be ensured, that 

requirements of consumer are covered throughout a whole year.    

House located in a village Kobadze, Kakheti, Georgia was selected as a hot water consumer. 

One of the effective ways to make design of a roof-mounted solar thermal plant is making a 

mathematical model, which is based on main mathematical principals and uses the following features: 

solar collector area, ambient temperature, average absorptivity and transitivity of a collector, etc.    

Calculations of the mathematical model were made in MS Excel software. Results showed that 

solar thermal power plant is designed correctly, because initial hot water requirements of the house are 

fully covered on application, concluding that the calculations of the mathematical model are precise 

and they can be used for further purposes Environmental impact analysis was also made and old gas-

burnt boiler was compared to new solar thermal power plant, highlighting that old thermal systems 

emits considerable amount of greenhouse gasses and they must  replaced with new eco-friendly 

systems in the near future.   

 

Specification of hourly thermal power load of the house 

Before making calculations of the mathematical model, hot water consumer should be selected 

and hourly hot water load should be specified. House located in a village Kobadze was selected and 

exact coordination was found out using „Google Earth“ programme, which showed that roof  of the 

house is pointed towards East-South (see figure-1). 

 

 
Figure 1. House in village Kobadze, Kakheti, Georgia 
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24 hour hoot water load of the house was specified for each day of 25 of all months of a year, 

see Table1.  

 

Table 1. Hourly hot water load of the place 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Methodology of mathematical model 

After specifying 24 hour hot water load of a house, it is possible to start calculations of 

designing of a solar thermal power plant which is based on main mathematical principals [3]. 

The first step is to determine the hourly hot water load for each date of each month taking into 

consideration each component consuming thermal power inside the building. Herewith, hourly 

ambient temperature (Ta) for each date of each month can be derived from the appropriate source 

(name of the software - Meteonorm 7.2.2 (13/09/2021)). After that a solar collector is chosen taking 

into consideration the following parameters: 1) Cost; 2) Conversion efficiency; 3) Durability/Longe-

vity/Warranty; 4) Suitability for the weather conditions of the location. Besides, hot water requirement 

for the building varies from 30º to 90º, which means that the collector should be able to provide the 

site with the hot water in this range of temperature. Also, one of the main components, while choosing 

the collectors, is the results of the MS Excel programme, which indicates that the collector with the 

specific characteristics is required for the case under consideration. Thus, several kinds of evacuated 

solar collectors have to compare each other and the one with the best technical specifications is 

chosen. The following step is to choose the month with the highest hot water load in order to size the 

system properly. Therefore, the hot water load of August is selected, as there happenes to be the 

highest consumption of hot water during this month. 

Another important step is to determine the whole solar collector area (Ac) by using the 

following equation:   

Ac = QL: (HT x η)                                                          (1) 

 

Where QL is the daily total hot water load, which is obtained by summing up the hot water 

load for each hour of the design day. HT is the daily total solar radiation of the same day, whereas 𝜂𝑐 is 

the collector daily average efficiency, calculated as the following:    

𝜂𝑐 = ((∝ x 𝜏) – U x (∆T : HT)) x FR                                                 (2) 

Solar time Activities 25-Jan 25-Feb 25-Mar 25-Apr 25-May 25-Jun 25-Jul 25-Aug 25-Sep 25-Oct 25-Nov 25-Dec

1:00 N/A 0 0 0 0 0 0 0 0 0 0 0 0

2:00 N/A 0 0 0 0 0 0 0 0 0 0 0 0

3:00 N/A 0 0 0 0 0 0 0 0 0 0 0 0

4:00 N/A 0 0 0 0 0 0 0 0 0 0 0 0

5:00 N/A 0 0 0 0 0 0 0 0 0 0 0 0

6:00 Mixed 0 0 0.77 0 0.64 0 0 0 1.35 0 0 0

7:00 Mixed 1.24 1.35 1.32 1.55 1.4 1.2 1.12 2.45 1.98 2.25 2.05 1.57

8:00 Mixed 3.23 4 3.97 4.09 3 4.4 4.43 3.88 4.02 5 3.4 3.76

9:00 Mixed 3.02 3.56 4.07 4.17 5.52 5.02 4.84 3.98 3.61 3.02 2.2 3.01

10:00 Mixed 2.42 2.78 2.82 2.8 2.9 2.86 2.66 2.78 2.2 2.12 2.56 2.3

11:00 Mixed 0 0 0 0 0 0 1.01 1.05 0.46 1 0 0

12:00 Mixed 0 0 0 0 0 0 0 0 0 0 0 0

13:00 Mixed 0 0 0 0 0 0 0 0 0 0 0 0

14:00 Mixed 0 0 0 0 0 0 0 0 0 0 0 0

15:00 Mixed 0 0 0 0 0 0 0 0 0 0 0 0

16:00 Mixed 0 0 0 0 0 0 0 0 0 0 0 0

17:00 Mixed 0 0 0 0 0 0 0 0 0 0 0 0

18:00 Mixed 0 0 2.04 1.03 0 0 0 0 0 0 0 0

19:00 Mixed 7.96 8.76 8.32 8.18 8 8.37 7.55 9.52 8.41 6.1 7.84 7.81

20:00 Mixed 6.04 6.88 5.89 6.04 6.62 7 6.8 9.23 7.44 7.64 6.36 6.98

21:00 Mixed 4.39 4 4.88 4.53 4.68 3.9 4.06 7.74 5.87 6.85 4.99 4.38

22:00 Mixed 1.86 1.51 1.11 1.24 1.33 2 2.02 2.1 1.99 2.06 2.5 1.1

23:00 N/A 0 0 0 0 0 0 0 0.45 0 0 0 0

0:00 N/A 0 0 0 0 0 0 0 0 0 0 0 0

Total Mixed 30.16 32.84 35.19 33.63 34.09 34.75 34.49 43.18 37.33 36.04 31.9 30.91

Hourly hot water load  of the place (QL), (MJ)
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Looking for the details, ∝ and 𝜏 are properties of the collector of average absorptivity and 

average transitivity, respectively. Herewith, U is the overall heat loss coefficient and equals to 

2.15W/m2/˚C.  HT is the average daily solar radiation for the design day, whereas:   

 

∆T = Ti –Ta                                                                     (3) 

 

Where Ta represents the average ambient temperature of the design day, whereas Ti is 

determined by the following way:  

 

      
2

minmax  
 ii

i

TT
T                                                                 (4) 

 

Based on the requirement of the consumer Ti-max = 90˚ and Ti-min = 30˚.   

The last value of FR (See equation – 2) is the heat removal factor of the collector.    

Thus, after determining the value of η, collector area (Ac) is calculated (see equation-1).    

The following step is to determine the required area of the tank (Atank) by using the following 

equation:    

 

Atank = 𝜋 x D x H                                                              (5)  

 

Where 𝜋 = 3.14 and H (height of the tank) is assumed as 1m. D is the diameter of the tank, 

calculated by the following way:   

It should be noted, that these calculations are made for vertical cylinder tank. Therefore, the 

first step is to define the M of the tank:  

M = ƒ x Ac                                (6) 

  

Where ƒ varies between 40 to 70L/m2, whereas Ac was calculated above. For the case under 

study, there is chosen 70L/m2. It means that the volume (V) of the tank would be:  

  

V = M x 10-3                                                              (7)  

 

Herewith, there is another way to calculate the V of the tank: 

  

V = 𝜋 x r2 x H                                                                (8) 

   

From this equation, the radius of the tank would be:  

 

H

v
r





           (9) 

Definition of the radius led to finding out the diameter of the tank as well, which is two times 

more itself:    

D = 2r                                                                        (10) 

  

This value is used in the equation-5 to calculate the required area of the tank.   

Consequently, the proper type of tank and heat exchanger are chosen, having almost the same 

required specifications calculated by the MS Excel programme.  

Subsequently, the useful energy gained from the collector array (Qu) can be calculated by the 

following way:  

Qu = Ac x FR (Ha –U(Ti – Ta))                                                      (11) 

   

Finally, (Tsi+) and outlet (Tsi-) temperatures of the tank for the sunset can be calculated:  

 lossLusisi
QQQ

MCp

T
TT 


      (12) 



   saqarTvelos sainJinro siaxleni, GEORGIAN ENGINEERING NEWS, #2, 2021  

 

35 

Where ∆T is the time interval and equals to one hour, whereas Cp is the specific heat capacity 

of the water and equals nearly of 4.186J/grams˚C. QLoss can be calculated by the following equation:    

QLoss = AUs (Tsi--Ta)                                                              (13) 

  

Where U is the heat loos coefficient of the tank and equals to 1.45 W/m2/K, whereas any 

piping losses were neglected. Ta is the room temperature where the tank is located considering the 

constant value throughout the year of 15˚. So,  

 

QLoss=AUs (Tsi- - Ta)                                                             (14)  

   

Hence, Tsi+ would be calculated as the following:  

 

 lossLusisi
QQQ

MCp

T
TT 


                                         (15)  

 

Results of mathematical model 

Calculations of the performance of the Solar thermal power plant were repeated for each hour 

throughout the design day of 25 for eac h month of a year in the model implemented in the MS Excel 

software. Results are showed in figure2. 

 

 

 

Figure 2. Monthly average water temperature of water of the tank 

 

Environmental impact analysis 

The gas-burnt boiler used to provide the house with its hot water demand before implementing 

the solar thermal power plant into the building. Thus, the first step is to identify the carbone emissions 

factor for the boiler, which amounted of 0.400 kg/KWh [4].This value was multiplied by the amount 

of the gas consumed by the boiler (converted in KWh) to find out the monthly amount of greenhouse 

gas emissions afterward. Results and comparisons are presented in the Table 2, showing that the boiler 

emitted 57.6 Kg CO2 during the whole year, whereas solar thermal power plant released nothing to the 

atmosphere. 
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Table 2. Comparison of gas-burnt boiler and solar thermal power plant 

Discussion and conclusion 
Calculations of mathematical model of the solar thermal power plant were made in MS Excel 

programme. Results of hot water temperature inside the tank were averaged in monthly values and 
compared to initial hot water requirements of Ti-max = 90˚ and Ti-min = 30˚ (see figure-2). It is worth 
mentioning, that solar thermal power plant analysis is not perfectly accurate, because mathematical 
model in MS Excel programme considers only heat losses in solar collectors and hot water tank 
without taking into consideration the piping and heat exchanger losses. Besides, environmental impact 
analysis was also made in order to find out to what extant solar thermal power plants are eco-friendlier 
compared to old gas-burnt boilers. Comparison showed that the difference between old and new 
thermal power systems is 57.6 Kg CO2. 

Main purpose of this paper was to introduce a mathematical model calculated in MS Excel 
programme in order to make proper design of a roof-mounted solar thermal power plant in one of the 
mountainous areas of Georgia.  Results and comparisons showed that the methodology is precise and 
can be used for further detailed research. 
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РЕЗЮМЕ 
ПРОЕКТИРОВАНИЕ СОЛНЕЧНОЙ ТЕПЛОВОЙ ЭЛЕКТРОСТАНЦИИ С ИСПОЛЬЗОВАНИЕМ 
МАТЕМАТИЧЕСКОЙ МОДЕЛИ 
Метревели Г.Т. 
Грузинский технический университет 
Целью данной статьи является разработка математической модели, которая позволяет проектировать 
солнечную тепловую электростанцию на рассматриваемой поверхности. Расчеты показали, что на 
количество горячей воды, производимой солнечной ТЭЦ, существенное влияние оказывают правильно 
выбранный солнечный коллектор и теплообменник, тип и коэффициент теплопотерь бака. Расчеты 
математической модели были выполнены в программе MS Excel, а результаты усреднены до месячных 
значений. Сравнение показало, что первоначальные потребности потребителя удовлетворяются в течение 
всего года и сделан вывод о том, что принципы математической модели актуальны и могут быть 
использованы в дальнейших технических проектах солнечных тепловых электростанций. 
Ключевые слова: солнечная тепловая электростанция, солнечный коллектор, теплообменник, коэффи-
циент теплопотери резервуара, средняя поглощающая способность и переходность коллектора, 

температура окружающей среды, площадь солнечного коллектора.  

Imported gas 

(KWh)

GHG emissions 

(Kg)

Imported gas 

(KWh)

GHG emissions 

(Kg)

January 0.0 0.0 10.5 4.2 4.2

February 0.0 0.0 11.4 4.6 4.6

March 0.0 0.0 12.2 4.9 4.9

April 0.0 0.0 11.7 4.7 4.7

May 0.0 0.0 11.8 4.7 4.7

June 0.0 0.0 12.1 4.8 4.8

July 0.0 0.0 12.0 4.8 4.8

August 0.0 0.0 15.0 6.0 6.0

September 0.0 0.0 13.0 5.2 5.2

October 0.0 0.0 12.5 5.0 5.0

November 0.0 0.0 11.1 4.4 4.4

December 0.0 0.0 10.7 4.3 4.3

Total: 0.0 0.0 144.0 57.6 57.6

Months

Solar thermal system Old system (Boiler) Deference in

GHG emissions 

(Kg)
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eleqtroenergiis eqsport-importi saqarTveloSi 

2005 – 2020 wlebis analizi 

 
WanturiZe b.f. 

 
saqarTvelos teqnikuri universiteti 

 
eleqtrobalansis formirebaSi didi roli ekuTvnis eleqtroenergiis 

eqsport-imports. dRevandel saqarTvelos, rogorc saerTaSoriso samarTlis 
subieqtsa da suverenul saxelmwifos, Tavisi geopolitikuri mdebareobis 
gamo, kvlav eZleva Sansi aqtiurad CaerTos Tanamedrove msoflio ekonomikur 
sivrceSi, CaerTos dRevandeli urTierTobebiT, masStabebiTa da potenciuri 
SesaZleblobebiT, erovnuli TviTmyofadobisa da TviTdamkvidrebis maqsima-
luri SenarCunebiT, da amiT jer erTi, Tavisi, Tundac mciredi wvlili 
Seitanos saxelmwifoTa ekonomikuri urTierTobebis amJamad mimdinare rTuli 
procesebis ganviTarebaSi, da meorec,  miaRwios Tavis ekonomikur winsvlasa 
da xalxTa cxovrebis donis mniSvnelovan amaRlebas. 

qveynis saimedo energouzrunvelyofis da energetikuli usafrTxoebis 
saqmeSi didi roli ekuTvnis myar sagareo energetikul kavSirebs.  

eleqtroenergiis eqsport-importi eleqtrosadgurebs saSualebas 
aZlevs imuSaon saaTobrivi datvirTviT da yovelwliurad moiTxovon im 
varaudiT, rom gamoiyenon eleqtroenergiis wyaroebis naklebad ZviradRi-
rebuli kombinaciebi. eleqtroenergiis eqsport-importi SesaZleblobas 
iZleva energosistemam  Seamciros danaxarjebi eleqtroenergiis gamomuSaveba-
ze nebismieri 12-Tviani periodis ganmavlobaSi. danaxarjebis ekonomia, 
sabolood vlindeba ufro dabal fasebSi myidvelisaTvis an did kapitalur 
dabandebaTa SemcirebaSi. es ki myidvels ayenebs momgebian situaciaSi. 

eleqtroenergiis warmoebaSi ufro mcire danaxarjebi mimwodebels 
saSualebas aZlevs eleqtroenergia myidvels miawodos  nakleb fasebSi. 
ufro dabali fasebi eleqtroenergiaze ki xels uwyobs regionis ekonomikur 
ganviTarebas. qveynebi, romlebsac aqvT upiratesobani ekonomikis sxva sfe-
roebSi. aseTi saerTaSoriso vaWroba xels uwyobs ekonomikur ganviTarebas. 
im SemTxvevaSi Tu importuli da eqsportuli fasebi ar regulirdeba 
saxelmwifos mier xelovnuri gziT. 

konkurentunariani eleqtroenergiis bazris Seqmna ufro advilia did 
qveynebSi. rac ufro metia eleqtroenergiis mwarmoebeli sadgurebis raode-
noba,  miT metia sargebloba momxmareblisaTvis. es gansakuTrebiT mniSvne-
lovania patara qveynebisaTvis, sadac energetikuli resursebi kontroldeba 
monopoliuri Zalauflebis mqone firmis mier [1-5]. 

eqsport-importis ganviTareba, rogorc wesi, aCqarebs energetikuli seq-
toris reformas; Sedegad qveyana SeZlebs eleqtroenergiis import-eqsports 
evrokavSiris teritoriaze, xolo sistemis operatorebi imuSaveben evropuli 
gadacemebis sistemis operatorebis wesebiT da iqmneba SesaZlebloba SemoRe-
buli iqneba urTierTqmedebis xelsayreli principebi. es yovelive iZleva 
saSualebas rom qveyana  ganviTardes da swrafi nabijebiT win wavides. sul 
sxva suraTi iyo 1990_2000 wlebSi, roca saqarTveloSi eleqtroenergiis 
importi Semcirda 4373,6 mln kvt.sT-dan 611,5 mln kvt.sT-mde, anu 7,1-jer. eleq-
troenergia ZiriTadad, ruseTidan Semodioda. magaliTad, 2000 wels am qvey-
nidan miRebul iqna 234 mln kvtsT, anu importirebli energiis saerTo rao-
denobis 38,3 %  iyo. 

rac Seexeba amierkavkasiis mezobel qveynebs, aRniSnul wlebSi eleq-
troenergiis importi somxeTTan da azerbaijanTan intensiurad xorciel-
deboda. romelic 1993 wlidan  mkveTrad Semcirda. SedarebiT didi iyo ener-
giis importi azerbaijanidan, xolo somxeTidan igi garkveulwilad aRdga 
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1997 wlidan. amaSi didi  roli iTamaSa somxeTis atomuri eleqtrosadguris 
muSaobis ganaxlebam. 

bolo wlebSi mniSvnelovnad Seicvala suraTi, 2005 wlidan saqarTve-
loSi eleqtroenergiis importi cvalebadi dinamikiT SeiZleba iqnes daxa-
siaTebuli (cxr. 1). rogorc cxrilis monacemebi gviCvenebs, ukanaskneli 16 
wlis manZilze importis moculoba 7,3 %-iT gaizarda.  importis maqsimaluri 
done aRiniSna 2019 wels (1626,5 mln kvt.sT), minimaluri 2010 wels (222,1 mln 
kvt.sT). aRsaniSnavia rom 2005 wlis Semdgom importi kerZod, 2006 wlidan 
iwyebs Semcirebas da 1398,6 mln kvt.sT-dan  777,5 mln kvt.sT-s Seadgens. xolo 
2011 wlidan isev iwyeba importis zrdis tendencia da piks aRwevs 2019 wels. 

 
cxrili 1. eleqtroenergiis importi saqarTveloSi 2005 – 2020ww. (mln. kvt.sT) 
 

wlebi sul 
maT Soris 

TurqeTidan azerbaijanidan somxeTidan ruseTidan 
2005 1398,6 9,3 20,7 656,2 712,4 
2006 777,5 106,7 19,6 185,7 465,5 
2007 433,2 149 107,4 - 176,8 
2008 649,0 54,3 34,6 - 560,1 
2009 254,8 0,0008 31,5  223,3 
2010 222,1 0,00014 10,1  211,9 
2011 471,0 0,00003 23,4  447,6 
2012 614,6 0,000629 97,54 0,000408 517,05 
2013 484,1 - 23,6 0,001014 460,5 
2014 851,5 - 184,2 2,1 607,0 
2015 699,2 - 101,7 86,5 511 
2016 478,9 - 109,7 - 369,2 
2017 1497,2 - 917,6 127,4 452,2 
2018 1509,8 64,4 1230,1 7,8 206,5 
2019 1626,5 - 1102,0 - 524,5 
2020 1610 313,1 726,3 - 570,6 

 
 
saqarTvelosaTvis eleqtroenergiis mTavar importiorad bolo wlebSi   

ruseTi  da azerbaijani moiazrebian.  ruseTis wili importis saerTo mocu-
lobaSi 2010 wlis 95,4 %-dan (211,,9 mln kvt.sT) 2014 wlisaTvis 71,3%-mde Sem-
cirda (607,0 mln kvt.sT). Tumca es tendencia drodadro icvleba, periodu-
lad imatebs an iklebs. yvelaze dabali importis moculoba ruseTma saqarT-
veloSi 2018 wels ganaxorciela  (206,5 mln kvt.sT). saerTo moculobis 13,6%.  
saqarTvelo eleqtroenergias Rebulobs yvela misi mezobeli qveynidan. am 
mxriv, bolo wlebSi  mniSvnelovan rols asrulebs azerbaijani  kerZod, 
2017-2020 wlebSi mis mier ganxorcielebuli importi ruseTis mier mowodebul 
eleqtroenergiasac ki aRemateboda da saerTo raodenobis 67,8% (1102,0 mln 
kvt.sT) Seadgina 2019 wels, xolo 2018 wels saerTo raodenobis  (1230,1 mln 
kvt.sT)-is 81,5%. 

importis moculoba yvela welTan SedarebiT mcire iyo 2010 wels.  
1990_1994 wlebSi saqarTvelodan eqsportirebuli eleqtroenergiis mo-

culoba TandaTan mcirdeboda da man 1994 wels 1990 wlis dones mxolod 2,7% 
Seadgina. 1995 wels saqarTvelos eleqtroenergiis eqsporti saerTod ver gan-
xorcielda. 1996 wlidan ki igi kvlav aRdga. am periodSi, rogorc cnobilia 
qveyana eleqtroenergiis mwvave deficits ganicdida da misi eqsporti 
simbolur xasiaTs atarebda, radganac misi ZiriTadi nawili eleqtroenergiis 
saxiT (naturalur maCveneblebSi) arsebuli valebis dafarvas sWirdeboda. 
eqsportis odenoba Semcirda 1990_1999 wlebSi 3-jer.  
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saqarTvelodan eleqtroenergiis eqsportis saqmeSi daaxloebiT igive 
tendencia grZeldeba. 2000 wlis Semdeg, xolo 2010 wels man maqsimums miaRwia 
(1524,2 mln kvt.sT). 

 
cxrili 2. eleqtroenergiis eqsporti saqarTvelodan (2005-2020 ww.) mln kvt.sT. 
 

wlebi sul 
maT Soris 

TurqeTSi azerbaijanSi somxeTSi ruseTSi 
2005 121,8 101,1 20,7 - - 
2006 96,1 40,5 55,6 - - 
2007 625,4 215,6 109,6 - 300,2 
2008 679,5 216,0 29,6 - 433,9 
2009 749,4 182,3 21,5 19,8 525,8 
2010 1524,2 303,4 14,3 89,5 1117,1 
2011 930,6 218,6 5,9 117,5 588,8 
2012 528,2 79,0 11,79 67,9 369,43 
2013 450,4 0,000005 6,6 73,2 370,6 
2014 603,6 236,5 8,0 140,5 160,1 
2015 659,9 419,49 0,015 70,85 169,6 
2016 559 234,5 5,4 111,5 147,6 
2017 685,7 281,6 137,5 1,7 261,9 
2018 588,6 386,3 23,1 82,3 96,9 
2019 243,4 112,8 12,1 59,3 59,2 
2020 154 69,5 17,9 66,5 - 

 
 
rogorc cxr. 2-is monacemebidan Cans, ruseTi am sferoSic saqarTve-

losaTvis eleqtroenergiis ara marto msxvili momwodebelia, aramed mas 
mniSvnelovani raodenobiT gaaqvs energia saqarTvelodanac. bolo wlebis 
ganmavlobaSi sakmaod gaizarda eleqtroenergiis eqsporti TurqeTSic. 2008 
wels eleqtroenergiis eqsporti ganxorcielda: azerbaijanSi eskos mier, 2017 
wels eqsportis moculoba 685,7 mln kvt.sT-s Seadgenda. es cifri ki aRe-
mateba 2003_2006 wlebSi ganxorcielebuli eqsportis jamur moculobas. ara-
nakleb mniSvnelovani faqtori eqsportis zrdisaTvis aris hesebze (eqsportis 
ZiriTad wyaroze) gamomuSavebis gazrda, rac hidroeleqtrosadgurebze Cata-
rebuli sareabilitacio samuSaoebis Sedegia. 

saqarTveloSi mdidari hidroenergoresursebis arseboba saSualebas 
iZleva, rom qveyana mniSvnelovnad gazrdis eleqtroenergiis eqsports.   

eleqtroenergiis importi saqarTveloSi xorcieldeba Semodgoma-zamT-
ris periodSi, xolo eqsporti, metwilad zafxulis TveebSi.  

eleqtroenergiis gacvlis TvalsazrisiT CvenTvis gansakuTrebiT  sain-
teresoa TurquTis respublika. TurqeTis eleqtrosadgurebis dadgmuli simZ-
lavre 38000 megavats Seadgens. warmoebul eleqtroenergiaSi (160 miliad 
kvt.sT-ze meti) Tboeleqtrosadgurebis wili Seadgens 75,5%, hidroeleqtro-
sadgurebis _ 24,4%, xolo qaris eleqtrosadgurebis 0,035%. aqve aRsaniSnavia, 
rom generaciis 43% uzrunvelyofili iyo importirebuli bunebrivi gazis 
gamoyenebiT. 

TurqeTis damokidebuleba importirebul energoSemcvelebze 72%-s 
Seadgens, eqspertTa azriT 2025 wlisaTvis SeiZleba 85%-mde gaizardos.         

aRsaniSnavia is faqtic, rom TurqeTSi moxmarebis piki zafxulis pe-
riods emTxveva, rodesac saqarTveloSi aris hidroresursis siWarbe da xSir 
SemTxvevaSi adgili aqvs mis daRvras, xolo saqarTvelosi moxmarebis piki 
emTxveva zamTris Tveebs. am dros, rogorc maregulirebel, aseve sezonur 
sadgurebze gamomuSaveba minimaluria da aucilebelia rogorc eleqtroe-
nergiis  importi, aseve Tbosadgurebis amoqmedeba, romlebic aseve importi-
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rebul energoresurss (bunebriv gazs) iyeneben da eleqtroenergiis tarifs 
gaZvirebis erT-erT ZiriTad ZneladsamarTav faqtors warmoadgens. igive 
CvenTvis sainteresoa azerbaijanis, iranis, somxeTis da ruseTis samxreT 
regionebis energobazrebi. 

saqarTvelos strategiul interess warmoadgens evropisa da aziis 
damakavSirebeli aRmosavleT-dasavleTisa da CrdiloeT-samxreTis energe-
tikuli da energosatransporto infrastruqturis ganviTarebis perspeqtiva. 

qveynis-energetikul kompleqss, Tavisi geografiuli mdebareobidan 
gamomdinare, SeuZlia efeqturad CaerTos kavkasiis regionSi eleqtroenergiis 
warmoebis, kaspiis zRvis auzis navTobisa da gazis transportirebisa da 
moxmarebis erTian procesebSi. Seasrulos da gansazRvros regionis ekono-
mikuri integraciisa da politikuri stabilurobis katalizatoris roli da 
efeqturad CaerTos energoresursebis, eleqtroenergiis, navTobisa da gazis 
transportirebis regionuli da regionaTaSorisi derefnis funqcionirebaSi. 

aRniSnulidan gamodinare, qveynis energetikuli kompleqsi mniSvnelovan 
adgils daikavebs saxelmwifo politikaSi da qveynis mTliani Siga produqtis 
Seqmnis erT-erTi sagrZnobi wyaro gaxdeba. 

saqarTvelos energetikuli derefani mniSvnelovnad Seuwyobs xels 
regionul da globalur ekonomikur urTierTobaTa  sistemaSi mis integ-
racias, rac qveyanaSi politikuri stabilurobis mniSvnelovani ekonomikur 
pirobas warmoadgens. 
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SUMMARY 

ANALYSIS OF EXPORT-IMPORT OF ELECTRIC POWER IN GEORGIA OVER 2005-2020 YEARS 

Chanturidze B.F. 

Georgian Technical University 

In this article, the importance of electricity export-import for nations power supply and for whole economic 

development is described. The level and dynamic of export-import of Georgia`s electric balance has been 

analyzed for 16 years. It is said that in recent years import have been declining. But from 2015 things started to 

change and now in 2020 the frequency of import is 10 times bigger than export. In 2019 the volume of import 

was in peak. In the article the highlights of export-import is reviewed according to the neighbour countries. 
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foTis sazRvao navsadguri yvelaze didi navsadguria saqarTveloSi da 

mas mravalmiznobrivi daniSnuleba aqvs: sakonteinero, Txevadi, mSrali, 
nayari tvirTebis gadamuSaveba, saborne mimosvlis momsaxureba da sxva.  

navsadgurSi sul 15 navmisadgomia, sadac xdeba yvelanairi satvirTo 
momsaxurebis, maT Soris ro-ro servisis ganxorcieleba. Nnavmisadgomebis 
mTliani sigrZe Seadgens 2900 metrs, sadac 20-ze meti saporto amwea ganlage-
buli da gadis 17 km-iani sarkinigzo xazi. 

navsadguri evropis karibWea saqarTvelos, somxeTis da azerbaijanis  
saerTaSoriso tvirTebisTvis da aqvs idealuri adgilmdebareoba centra-
luri aziis savaWro habis  alternativiT. foTis portidan saborne mimosvla 
xorcieldeba Savi zRvis auzis navsadgurebTan, rogorebicaa  ukrainis, ru-
seTis da bulgareTis portebi, dakavSirebulia qveynis sarkinigzo qselTan, 
romelic erTmaneTTan akavSirebs saqarTvelos did qalaqebs. 

2013 wlis aprilSi, `eipiem terminalsma~ Seisyida saqarTveloSi yve-
laze didi navsadguri – `foTis sazRvao navsadguri~. `eipiem terminalsi”  
`ei.pi moler-maerskis~  jgufis wevri  globaluri kompaniaa, romelic msof-
lioSi warmodgenilia 74 moqmedi portis da terminalebis qseliT da 117 sax-
meleTo momsaxurebis operaciebiT, romelsac 58 qveyanaSi axorcielebs.  

saTaveSi mosvlis dRidan `eipiem terminalsma~ uzrunvelyo 80 milion 
aSS dolarze meti investiciis ganxorcieleba moZvelebuli saporto 
infrastruqturis, sabaJo centris, sarkinigzo da saavtomobilo gzebis da 
servisis ganaxlebis mizniT. 

aRniSnuli periodis manZilze, foTis navsadgurma, romelic flobs 
saqarTvelos navsadgurebis gavliT konteinerebis gadazidvis 85%-s, SeZlo 
navsadgurSi arsebuli infrastruqturisa da aRWurviloba/teqnikis ganaxleba, 
raTa is yofiliyo yvelaze produqtiuli da usafrTxo navsadguri da Seenar-
Cunebina misi arsebuli pozicia, rogorc mniSvnelovani karibWe centralur 
aziasa da kavkasiaSi. 

dRes foTis portis mflobeli kompania APM Terminals-i  foTSi arsebuli 
saxmeleTo sakonteinero terminalis mimdebare teritoriaze axali navsadgu-
ris aSenebas gegmavs, romlis mizanic SesaZloa uaxloesi 100_150 wlis gan-
mavlobaSi saqarTveloSi tvirTebis momsaxurebis moTxovnilebis dafarva iyos.  

foTis sazRvao navsadguris gafarToebis gegma moicavs mSeneblobisa da 
ganviTarebis or etaps. Ppirveli etapi gulisxmobs 1700 m sigrZis molosa da  
mravalfunqciuri navmisadgomis  mowyobas zomebiT 400 m _ sigrZe da 13,5 m _ 
siRrme. axali navmisadgomiT SesaZlebeli iqneba 9,000 TEU-mde simZlavris geme-
bis miReba da is Seqmnis nayari tvirTebis da damatebiT 150 000 TEU-s damu-
Savebis SesaZleblobas. Aaxali navmisadgomi 27 heqtar farTobze aSendeba. 

meore etapi iTvaliswinebs 300m sigrZis sakonteinero navmisadgomis  
mSeneblobas, romelzec 3 Tanamedrove STS (gemi-navmisadgomi) amwe ganTavsdeba. 
aRniSnuli infrastruqturis wyalobiT  gaormagdeba foTis  sazRvao 
navsadguris sakonteinero  gamtarunarianoba da gadaaWarbebs erT milioni 
TEU-s weliwadSi. 

Kkompaniis informaciiT, proeqtis dasrulebis Semdeg, foTis mega-por-
tis wliuri tvirTbrunvis simZlavre iqneba 50 mln. tona da 2 mln TEU 
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konteineri. foTis mega-portSi, romlis siRrme iqneba 16 metramde, SesaZlebe-
li gaxdeba Sav zRvaSi moZravi yvelaze didi  gemebis DSemosvla [1,2].  

dagegmili axali navmisadgomebi saSualebas miscems  gafarToebul 
Rrmawylian mega-ports srulad gamoiyenos arsebuli terminali, samanqano 
gza da sarkinigzo infrastruqtura. 

dReisaTvis saqarTveloSi arsebobs oTxi navsadguri, romlebic  amuSave-
ben daaxloebiT 20 milion tonas weliwadSi. Tumca maTi saerTo simZlavre  
orjer ufro metia. APM Terminals-ma unda uzrunvelyos foTis navsadguris gan-
viTareba bazris dinamikis  gacnobierebiT da sakuTari analizis  Sesabamisad.  

aRniSnuli gegmis Tanaxmad, 1640 metriani damcavi moli axal navsad-
gurs  daicavs arasaxarbielo  meteorologiuri pirobebis  uaryofiTi zegav-
lenisa  da mdinare rionis mier Camotanili naSali masalisgan. amasTan, 700 
metriani navmisadgomi moemsaxureba ufro didi zomis da  efeqtian  satvirTo 
gemebs, xolo 25 heqtari farTobis sakonteinero teritoria Seqmnis  tvirTna-
kadebis gazrdisa da saqarTvelos sarkinigzo sistemis ukeT momaragebis  
SesaZleblobebsac.  

rogorc aRvniSneT, gafarToebis Semdeg, navsadgurs eqneba SesaZleb-
loba moemsaxuros 300 metramde sigrZis  gemebs,  13,5_14,5  metri siRrmis  
mqone or navmisadgomze. 400 metriani navmisadgomi moewyoba nayari, xolo 300 
metrian navmisadgomi ki – konteinerizebuli tvirTebisTvis. 

FfoTis sazRvao navsadguris axali infrastruqtura da teqnikuri 
saSualebebi efeqtian momsaxurebas gauwevs 60 000 tonian (panamiqsis tipis) 
nayari tvirTis gemebs. kompaniis informaciiT, jamSi, navsadguris wliuri 
tvirTebis gamtarunarianoba damatebiT 10 milioni toniT  gaizrdeba. Aaxali 
navsadguri momxmareblebisTvis ufro didi zomis gemebis miRebis SesaZleb-
lobiT, tviTebis dasawyobebis gaumjobesebuli infrastruqturiT da msof-
lio donis saporto operatoriT mniSvnelovnad gaaumjobesebs da moizidavs 
im nayar tvirTebs, romlebic amJamad ar moZraoben saqarTvelos satranspor-
to derefnis gavliT.  

mSenebloba metwilad dagegmilia qarTuli resursebiT da samuSao 
Zalis  gamoyenebiT, rac damatebiT ramodenime aseul samuSao adgils Seqmnis.  

foTis sazRvao navsadguris gafarToeba gazrdis saqarTveloSi  war-
moebuli biznesebis konkurentul upiratesobas  da eqneba pirdapiri gavlena  
momxmarebelze. Ggamoyenebuli iqneba foTis sazRvao navsadguris arsebuli 
infrastruqtura da satransporto da lojistikuri bazebi foTSi, qalaqSi, 
romlis 41 aTasiani mosaxleoba ekonomikurad sruladaa damokidebuli  nav-
sadgurze. 

foTis sazRvao navsadguris gafarToebis sainvesticio proeqtis xarji 
saqarTvelos mTavrobisTvis praqtikulad  nulovania.  
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Poti seaport APM Terminals Poti is planning to build new deep seaport. Project will be executed in two stages. 

Annual cargo flow capacity will increase by 10 million tones. New dock will be organized and canal will be 

deepened in order to ease navigation, it will enable entrance of Panamax type big ships in port.  
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sazRvao portebi _ qveynis ekonomikis safuZveli 
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dRes naosnoba qveynis ekonomikis erT-erTi umniSvnelovanesi dargia. 

msoflioSi mimdinare globalizaciis fonze da saqarTvelos mdebareobidan 
gamomdinare qveynis ekonomikis ganviTareba pirdapir kavSirSia satransporto 
seqtorebis gamarTul da efeqtian muSaobaze. 

evrokavSiris satransporto-sakomunokacio qselSi CarTva saqarTvelos 
moqalaqeebsa da bizness sruliad axal SesaZleblobebs gauxsnis da xels 
Seuwyobs qveynis ekonomikur zrdas.  

evrokavSirTan asocirebis Sesaxeb SeTanxmebis xelSekruleba pirvel 
rigSi transportis sferos modernizebas da evropuli standartebis daner-
gvas iTvaliswinebs, romelSic erT-erTi mniSvnelovani sazRvao infrastruq-
turis mowesrigebaa. 

sazRvao gadazidvebi, es tvirTis gadatanis erT-erTi yvelaze gavrce-
lebuli da efeqturi saSualebaa. sazRvao naosnoba umniSvnelovanes rols 
asrulebs msoflio ekonomikaSi, ikavebs ra centralur adgils erTian glo-
balur satransporto sistemaSi  tvirTebis gadasatanad. 

 saqarTvelo ori didi bazris – evropisa da aziis satransporto de-
refnis damakavSirebeli erT-erTi mniSvnelovani centri xdeba, sadac strate-
giuli tvirTebis transportireba xorcieldeba. mas SeuZlia gaxdes kavkasiis 
satransporto-logistikuri centri. Nnawilobriv igi aRniSnul funqcias dRe-
sac asrulebs, magram Zalian didia konkurencia mezobeli saxelmwifoebis, 
gansakuTrebiT ruseTis federaciis sazRvao portebis  da mis tertoriaze  
gamavali satranzito gzebis mxriv, ara marto Sua aziisTvis gankuTvnil 
tvirTebTan damokidebulebaSi, aramed azerbaijanis tvirTebisadmic. aseve 
konkurencias gviwevs ukrainac da TurqeTic.  

portebis mniSvneloba ganuxrelad izrdeba ara marto kavkasiis region-
nebisTvis, aramed Sua aziis saxelmwifoebisTvisac, romlebic navTobis didi 
maragebiT gamoirCevian, aseve am qveynebSi mohyavT bamba _ saukeTeso nedleu-
li msubuqi mrewvelobisTvis, awarmoeben matyls, xorcs da a. S. es saxelmwi-
foebi gamoirCevian Semosavlebis stabiluri zrdiT, rasac mozdevs mosax-
leobis moTxovnilebis amaRleba maRalteqnologiur saqonelze, romlis mi-
wodebac dasavleTidan xorcieldeba. zemoaRniSnuli tvirTbrunvis yvelaze 
bunebrivad mokle gza ki saqarTvelos teritoriaze gadis. amitomac xor-
cieldeba qveynis sakvanZo satranzito regionad Camoyalibebis procesi [1-4]. 

sazRvao gadazidvebis ganviTarebisTvis mniSvnelovania Semdegi garemoe-
bebis gaTvaliswineba:  

- dunaispira qveynebTan ekonomikuri urTierTobis gaRrmaveba aqtua-
lurs xdis  sazRvao da samdinaro transportis integraciis amocanas. Eis  
gaTvaliswinebuli unda iyos flotis struqturis gansazRvrisa da navsadgu-
rebis  ganviTarebaSi; 

- bosforis srutis gamtarunarianobis (arsebuli da savaraudo)  
SezRudvebis gamo mniSvnelobas iZens saborne gadasasvlelebis (rogorc sar-
kinigzo, aseve saavtomobilo) mowyoba Savi zRvis yvela qveyanasTan; 

- navTobis mosalodneli tranziti mniSvnelovans xdis sazRvao tran-
sportis Sesabamisi simZlavreebis ganviTarebas (terminalebi, tankerebi); 

- msoflioSi mimdinare `sakonteinero revoluciasTan~ dakavSirebiT, 
unda aSendes sakonteinero terminalebi da aRiWurvos isini  Tanamedrove 
konteinermzidebiT. 
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gansakuTrebuli mniSvneloba eniWeba am amocanebis gaTvaliswinebiT sa-
qarTvelos navsadgurebis strategiuli ganviTarebis programaTa damuSavebas.  

mniSvnelovania `yarsi-axalqalaqis~ sarkinigzo gzac, romelic kravs 
azerbaijanis, saqarTvelos da TurqeTis sarkinigzo xazebs, Semdeg ebmeba 
stambul-ankaras sarkinigzo marSruts da marmaris gvirabiT gadis evropaSi. 
Pproeqti  TurqeTis sarkinigzo marSrutiT evropas, saqarTvelo-azerbaijani-
yazaxeTis gavliT, CineTTan akavSirebs. am derefnis ganviTarebis potenciali  
sakmaod maRalia: SesaZlebelia axali tvirTebis mozidva, rac aseve qveynis 
ekonomikuri potencialis gaZlierebis saSualebas iZleva.  

aseve mniSvnelovania axali abreSumis gzispira qveynebSi: 1.sabaJo 
proceduraTa CarCo-pirobebis formireba, raTa saoperacio TvalsazrisiT 
gamartivdes tranzituli tvirTebis transportireba da 2. e.w. gamWoli tari-
febis SemoReba, rac aseve dakavSirebulia satranzito koridoris wevri 
saxelmwifoebis urTierT koordinirebis uzrunvelyofasTan. 

dRes saqarTvelos, rogorc saerTaSoriso samarTlis subieqts, rogorc 
damoukidebel da suverenul saxelmwifos, Tavisi istoriuli da geopoli-
tikuri mdebareobis gamo, eZleva efeqturi Sansi aqtiurad CaerTos Tana-
medrove ekonomikur sivrceSi, CaerTos dRevandeli urTierTobebiT, massta-
bebiT da mravalgvari potenciuri SesaZleblobebiT, da amiT, jer erTi, Sei-
tanos Tavisi wvlili rogorc msoflio saxelmwifoTa ekonomikuri urTierTo-
bebis rTuli procesebis regulirebaSi, aseve, miaRwios ekonomikur winsvlas 
da mosaxleobis cxovrebis donis amaRlebas. yovelive amis miRweva ki 
SesaZlebelia saqarTvelos satransporto qselis farTo ganviTarebiT, rom-
lis erT-erTi mTavari Semadgeneli sazRvao portebis mowyoba da ganviTarebaa. 
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Shipping is the most important part of country economics nowadays. Georgia is becoming one of the most 

important centers connecting two big markets, Europe and Asia trading route. Baring in mind the location of 

Georgia, the biggest driver of development of country economics and inclusion in European transport and 

communication network is development of sea transportation and establishing seaports. It will allow new 
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rogorc cnobilia, saavtomobilo transportis swrafma ganviTarebam ga-

moiwvia garemos – atmosferos, wylisa da niadagis mniSvnelovani dabinZureba. 
avtotransportis gamonabolqvi airebi Seicavs oTxmocamde toqsikur nivTie-
rebas – arasruli wvis produqtebs (azotis da naxSirbadis oqsidebs da sxva). 

Tanamedrove msoflioSi energetikul resursebs mniSvnelovani roli 
akisria qveynis ekonomikur ganviTarebaSi. ZiriTad energetikul resursebs 
(qvanaxSiri, navTobi, bunebrivi airi, hidro- da Tboeneria) Soris navTobi war-
moadgens erTaderT wyaros, romelic akmayofilebs sxvadasxva Sigawvis Zrave-
bis mqone satransporto saSualebebs (saavtomobilo, sahaero, sazRvao, sar-
kinigzo da sxv.) sawvaviT, romlis raodenoba Seadgens warmoebuli navTobis 
50%-ze mets. dReisaTvis msoflioSi navToburi motoruli sawvavebis wliuri 
moxmareba 1,8 mlrd tonas Seadens [1].  

Tanamedrove  msoflio avtoparki erT miliardze met erTeuls iTvlis 
da yoveldRiurad swrafad izrdeba. rogorc cnobilia, didi qalaqebis da-
binZurebis mniSvnelovan wyaros saavtomobilo transporti warmoadgens,  ami-
tom saavtomobilo ZravebSi tradiciuli saavtomobilo sawvavis  gamoyenebas-
Tan dakavSirebuli ekonomikuri da ekologiuri problemebi aqtualuria yve-
la industriuli qveynisTvis. Sesabamisad ufro aqtualuri xdeba avtosatran-
sporto saSualebebze alternatiuli sawvavebis gamoyeneba, rac aseve ganpiro-
bebulia avtomobilis Zravebidan gamosabolqvi airebisadmi ekologiuri mo-
Txovnebis gamkacrebiT.  

avtotransportis garemoze anTropogenuri zemoqmedeba vlindeba Ziri-
Tadad „saTburis efeqtisa“ da gamonabolqvi mavne nivTierebebis saxiT, rac 
adamianis janmrTelobaze mniSvnelovan uaryofiT gavlenas axdens. rogorc 
gamokvlevebi cxadyofs, swored avtotransportis wilad modis qveynis masS-
tabiT 74%, xolo TbilisSi 79% atmosferoSi gafrqveuli  mavne emisiebi. mxo-
lod bolo aTwleulSi respiratoruli da onkologiuri daavadebebis rao-
denoba 20%-iTaa gazrdili saqarTveloSi. 

klimatis cvlileba _ dRes erT-erTi yvelaze seriozuli ekologiuri 
problema _ asocirdeba `saTburis efeqtTan~, rac gamowveulia naxSirorJa-
gis (CO2) koncentraciis mkveTri matebiT. es ewinaaRmdegeba kiotos proto-
kolis (1997) da klimaturi konvenciis (rio-deJaneiro, 1992) gadawyveti-
lebebs, romlebic gansazRvravs 21-e saukuneSi saTburis gazebis emisiebis 
mniSvnelovan Semcirebas [2,3]. 

sakmarisia aRiniSnos, rom erTi avtomobili wliurad STanTqavs atmos-
ferodan saSualod 4 tona Jangbads, amasTan gamonabolqvis saxiT gaafrqvevs 
800 kg  naxSirbadis monooqsids (CO), 40 kg azotis Jangeulebs da 200 kg sxva-
dasxva naxSirwyalbadebs (benzoli _ 27 aTasi tona; formaldehidi _ 17,5 aTa-
si tona; benz(a)pireni 1,5t da sxv.). mavne nivTierebebis saerTo raodenoba ki 
aWarbebs 20 mln. tonas [4].  

Tu gaviTvaliswinebT, rom saqarTvelo mTlianad importirebul navTob-
produqtebzea damokidebuli, romlis odenoba yovelwliurad izrdeba (2019 
wels sawvavis importis zrdam wina welTan SedarebiT 11% gadaaWarba da 1,096 
milioni tona Seadgina [5], msgavsia _ 2018 wlis monacemebic), cxadi gaxdeba 
sakuTari, amasTan `ekomegobruli~ sawvavis warmoebis aucilebloba. cxadia 
avtomobilis ekologiurobas ganapirobebs _ rogorc misi konstruqcia, mu-
Saobis reJimebi, aseve sawvavis ekologiuri Tvisebebi. saavtomobilo saw-
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vavebis garemoze ekologiuri zemoqmedeba ganisazRvreba haerSi, wyalSi da 
niadagSi  gamofrqveuli namuSevari airebis toqsikurobiT. Sesabamisad, saw-
vavis Semadgenloba unda uzrunvelyofdes gamonabolqv airebSi toqsikuri 
komponentebis minimizirebas. saavtomobilo sawvavebis fizikur-qimiuri da 
saeqspluatacio maCveneblebis normireba saxelmwifo da saqarxno  normatiu-
li dokumentaciiT  xdeba, rac uzrunvelyofs garemosTvis  sawvavebis eko-
logiuri usafrTxoebis dones. 

avtotransportis sferoSi ekologiuri moTxovnebis ZiriTad amocanas 
warmoadgens gamonabolqvSi СО2-is radikalurad Semcireba. lideri saxelmwi-
foebi, rogoricaa aSS, CineTi da evrokavSiri, yovelwliurad amkacreben 
gamonabolq emisiebSi СО2-is normebs satransporto saSualebebis yvela sa-
xeobisTvis, rac ganapirobebs maTi ekonomiurobis mniSvnelovan zrdas, aseve 
axali, ekologiurad sufTa sawvavebis damzadebis aucileblobas. magaliTad, 
maRali detonaciuri mdgradobis benzinis warmoebisTvis gamoiyeneba oqsigena-
tebi (JangbadSemcveli komponentebi), romelTagan umetesad gavrcelebulia 
bioeTanoli, romelic miiReba ganaxlebadi bionarCenebidan, romlis gamoyene-
basac Tan axlavs atmosferoSi СО2-is Semcireba, xolo ZravSi misi wvis dros 
mcirdeba mavne naerTebis (CO, CH) Semcveloba navTobbenzinTan SedarebiT. 
bioeTanoli miekuTvneba benzinebis ekologiurad sufTa maRaloqtanur dana-
matebs da igi msoflioSi farTod  gamoiyeneba benzinis danamatis saxiT, Zra-
vis modifikaciis gareSe. aseT perspeqtiul mimarTulebas warmoadgens, maga-
liTad, saSualo eTanoluri sawvavi E30, romelic gamoiyeneba saavtomobilo 
teqnikis modificirebis gareSe. aRniSnulis Sesabamisad, Cvens mier damuSave-
buli iqna benzinis biodanamati, romelic damzadebulia simindis da soflis 
meurneobis sxva narCenebidan Semdegi procesebis ganxorcielebis Sedegad: 
nedleulis gamoSroba, daqucmaceba, fermentacia, eqstraqcia _ gauwyloeba 
martivi teqnologiuri sqemiT modernitis adsorbentiT.   

winamdebare naSromSi warmodgenilia Cvens mier damuSavebuli biodana-
matis ekologiuri Tvisebebis kvleva, romelic Catarda saqarTvelos teqni-
kuri universitetis `saavtomobilo transportis departamentis~ Sigawvis 
Zravebis laboratoriaSi. kvlevis obieqtebs warmoadgenda `rompetroli~ fir-
mis  `regularis~, `premiumis~ da `superis~ markis benzinebi Dda Cvens mier 
damzadebuli bioeTanoli sacdeli danamati,  romelic benzinebs emateboda 
10%, 20 da 30% odenobiT.   

  

 
 

nax. 1. sagamocdo stendi:  
1 – eleqtromuxruWi; 2 – mabruni momentis gamzomi xelsawyo; 3 – bmv-316 Zrava 
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sacdeli danamatis ekologiuri Tvisebebis kvleva ganxorcielda saavto-
mobilo Zravebis, SAK - 670 markis (germania) sagamocdo stendze, romelzec 
damontaJebuli iyo avtomobil `bmv-316~-is Zrava quroTi da gadacemaTa kolo-
fiT. stendi nax. 1. moicavs samuxruWo (1) da mabruni momentis (2) gamzom xel-
sawyoebs, aseve muxla lilvis sixSiris da sawvavis xarjis mzom xelsawyoebs. 

gamonabolqv airebSi CO-s Semcveloba isazRvreboda `boSis~ warmoebis 
`BEA-460~  markis  airanalizatoriT nax. 2.  

 

 
N 

nax. 2. `boSis~ warmoebis `BEA – 460~ markis airanalizatori  
 
eqsperimentebis Sedegebis Tanaxmad, sacdeli danamati SedarebiT met 

efeqtianobas amJRavnebs `rompetrolis~ firmis `regularis~ markis benzinis 
mimarT, `premiumis~ da `superis~ markis benzinebTan SedarebiT, ramdenadac 
20% danamati maTi wvis produqtebSi CO-s Semcvelobas amcirebs, Sesabamisad, 
11, 9 da 8%-iT. amitom Semdgomi cdebi Catarda `regularis~ markis benzinze, 
romelsac emateboda 10, 20 da 30% sacdeli danamati. Mmonacemebi warmodgeni-
lia cxrilSi. 

 
sacdeli danamatis gavlena `rompetrolis~ firmis `regularis~ markis benzinis 
ekologiur efqtianobaze 

 

dasaxeleba 
CO-s Semcveloba 

gamonabolqv airebSi 

CO-s Semcvelobis Semcireba 
gamonabolqv airebSi, % 

benzini `regulari~ 1,607 _ 

+ danamati:   

10% 1,436 10,7 

20% 1,421 11,6 

30% 1,352 15,3 

 
rogorc cxrilis monacemebidan Cans, 10_30% danamatis damatebiT benzin-

ze `regulari~, uqm svlaze gamonabolqvi CO-s raodenoba mcirdeba 10-16%-iT. 
amrigad, soflis meurneobis narCenebidan miRebuli sacdeli danamatis  

bioeTanolis `rompetrolis~ firmis `regularis~ markis benzinze damatebis 
Sedegad, gamonabolqv airebSi CO-s Semcveloba mcirdeba saSualod 12%-mde 
navTobbenzinebTan SedarebiT, rac misi siiafis gaTvaliswinebiT  miuTiTebs 
sawvavi bioeTanolis gamoyenebis gafarToebis perspeqtiulobaze.  
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SUMMARY 

STUDY OF THE EFFECT OF BIOADDITIVE TO GASOLINE ON THE ECOLOGICAL 

COMPATIBILITY OF AN AUTOMOBILE ENGINE 
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A study of the obtained by us bioadditive to gasoline on the ecological compatibility of an automobile engine 

was carried out on the automobile engine test rig SAK-670 (Germany) that was mounted with the engine and 

gearbox of the BMW-316 car. The objects of the research were different brands of “Rompetrol” gasolines: 

Regular, Premium and Super. According to the obtained results of the study, the tested additive reveals a 

relatively more effectiveness in relation to gasoline of the Regular brand, to which 10, 20 and 30% of the 

additive was added. The content of CO in the exhaust gases of the idle running car was reduced by an average of 

12% in comparison with the petroleum gasoline. 

Keywords: bioadditive, gasoline, eco - compatibility. 
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sawvavi eTanolis da eTanol/benzinis narevebis  

fizikur-qimiuri kvleva 
 

CxaiZe m.n. 
 

saqarTvelos teqnikuri universiteti 
 

navTobis maragebis Semcirebis gamo navToburi warmoSobis energomata-
reblebis dazogviTi teqnologiebis ganviTareba, gamonabolqvi naerTebis 
normebis gamkacreba, garemos dabinZureba aiZulebs msoflios aiTvisos ener-

giis axali, ganaxlebadi wyaroebi. ekologiuri mdgomareobis gaumjobesebis  
erT-erTi meqanizmi swored ganaxlebadi energiis wyaroebis gamoyenebaa. es 
tendenciebi mkveTrad aisaxeba aSS, evrokavSiris da sxva mowinave qveynebis 
energetikis ganviTarebis programebSi, sadac 2040 wlisTvis ganaxlebadi ener-
giis wyaroebis wili globaluri pirveladi energiis moxmarebaSi gaizrdeba 
14%-mde. dReisaTvis sawvavis bazris ganviTarebis ZiriTad tendenciad bioene-
rgetika iTvleba, romelic uaxloesi 30_40 wlis ganmavlobaSi msoflio sis-
temis energiiT uzrunvelyofis ganviTarebaSi upiratesobas SeinarCunebs.   

bioeTanolis miRebis bioqimiuri meTodi didi xania cnobilia, magram 
misi sawvavad gamoyenebis idea gansakuTrebiT aqtualuri garda me-20 saukunis 
90-ian wlebSi, navTobis krizisis dros, rodesac msoflioSi navTobis fasebi 
mkveTrad gaizarda da bevr qveyanaSi sawvavis deficiti Seiqmna. praqtikulad 
swored maSin daiwyo biosawvavis pirveli msxvili sawarmoebis Seqmna, ramac   
TandaTan strategiuli mniSvnelobnac SeiZina. amas Tan daerTo globaluri 
daTboba da klimatis cvlileba, rac Tanamedrove msoflios problemad iqca, 
romlis  mTavar mizezi naxSirwyalbadebis (gazi, navTobi) sul ufro inten-
siuri moxmarebaa. aqedan gamomdinare kidev ufro aqtualuri gaxda ganaxleba-
di energiis wyaroebidan biosawvavis miReba da gamoyeneba.  

bioenergetikis mimarTulebis erTerTi mniSvnelovani sferoa ganaxle-
badi energiis wyaroebidan alternatiuli sawvavis miReba, rac zrdis  sawvavi 
eTanolis mimarT interess. ukanaskneli xuTi wlis ganmavlobaSi sawvavi eTa-
nolis (Fuels Ethanol) warmoebis msoflio moculoba 3-jer, xolo biosawvavis 
warmoeba daaxloebiT 14%-iT gaizarda. [1,2] 

 

 
 

nax. 1. energetikis ganviTarebis perspeqtiva  

 

BP Energy Outlook 2018 wlis angariSSi - warmodgenilia prognოzi energo-
resursebze 2040 wlamde, sadac msoflio energetikul bazarze energiis gana-
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xlebadi wyaroebis mkveTri gazrda da warmoqmnili Tburi airebis 50%-iT Sem-
cirebaa navaraudevi. energiis ganaxlebadi wyaroebis gamoyeneba iwvevs ener-
giis dabal naxSirbadSemcvel narevebze gadasvlas, rac dadebiT efeqts 

gvaZlevs rogorc ekonomikuri  aseve ekologiurii kuTxiT (nax. 1) [3].    
bioeTanolis miReba SesaZlebelia soflis meurneobis narCenebisgan, 

rogoricaa kartofilis, Saqris Warxlis, qeris narCenebi, xorblis da brin-
jis namja, Saqris lerwami da sxva, romlebic warmoadgenen ganaxlebadi 
energiis wyaroebs. 

Cveni samuSaos mizans warmoadgens soflis meurneobis kerZod simindis 
narCenebidan sawvavi eTanolis da biobenzinebis warmoeba. simindis narCe-
nebidan bioeTanolis misaRebad Catarebulia Semdegi procesebi: nedleulis 
momzadeba, gaSroba, daqucmaceba, fermentacia, eqstraqcia da gafiltvra. 
sqematurad bioeTanolis miReba warmodgenilia nax. 2. 

 
 

fermentacia 

48,8951,11100

dioqsidi snaxSirbadieTanoli nedleuli

kkal7,2822 2236106  COOHCHCHOHC

 

 
nax. 2. bioeTanolis miReba  

 
dadgenilia Cvens mier miRebuli bioeTanolis fizikur-qimiuri maxasia-

Teblebi EN15376:2014 [4] standartis moTxovnebis Sesabamisad; aseve ganisazRv-
ra sawvavi eTanolis jgufuri Sedgeniloba PerkinElmer  Spectrum Version 10.4.2 
speqtrometrze. cxr. 1-Si warmodgenilia bioeTanolis da `premiumis~ markis 
navTobbenzinis fizikur-qimiuri maxasiaTeblebi.   

 
 
   cxrili 1. bioeTanolis da benzinis  fizikur-qimiuri maxasiaTeblebi 
 

maxasiaTeblebi  sawvavi eTanoli benzini premiumi  

qimiuri formula  C2H5OH C8H18 

Semadgenloba (c) = 52% 

(H) = 13% 

(O) =35% 

(c) = 85% 

(H) = 15% 

duRilis temperatura, 0C  78 30-225 

Tbounarianoba mj/kg sawvavze 29 45 

simkvrive, kg/m3  785,0 745,0 

oqtanuri ricxvi kvleviTi meTodiT  111 95 

oqtanuri ricxvi motoruli meTodiT 94 85 

aorTqlebis faruli siTbo, kkal/kg 204 70–100 

 
Cvens mier momzadda E5, E10 da E20 biobenzinebis sacdeli nimuSebi  ben-

zinis markis `premiumis~ bazaze. Seswavlil iqna maTi fizikuri – qimiuri ma-

xasiaTeblebi arsebuli EN228 [5] da EN 15376:2014 standartebis moTxovnebis 
Sesabamisad (cxr. 2). aseve ganisazRvra saavtomobilo benzinis (E0) da bioben-
zinebis E5, E10 da  E20 jgufuri  Sedgeniloba infrawiTel speqtrometrze 

„PerkinElmer  Spectrum Version 10.4.2“, miRebuli speqtrebi warmodgenilia nax. 3-ze. 
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cxrili 2. sawvavebis fizikur-qimiuri maxasiaTeblebi  EN 228 

 
maCveneblebi P`premiumis~ 

markis  benzini  
(E 0) 

biobenzinebi 
 

E 5 E 10 E 20 

simkvrive 150C, kg/m3 744,1 749,5 749,6 754,6 

simkvrive  200C, kg/m3 740,0 745,3 745,4 750,5 

oqtanis ricxvi kvleviTi 
meTodiT 

95,0 95,5 95,8 97,0 

oqtanis ricxvi Zravis meTodiT 85,0 85,3 85,8 88,5 

mJavianoba mg KOH/g sawvavze 0,015 0,015 0,005 0,005 

kinematikuri siblante, mm2/wm 1,2 1,1 1,1 1,1 

faqtiuri fisebis Semcveloba 

mg/100ml benzinze 
2,0 1,8 1,5 1,0 

koroziuli aqtivoba  (3sT 500C) Iklasi I klasi I klasi I klasi 

tyviis Semcveloba, mg/dm3 _ _ _ _ 
benzolis Semcveloba, % 0,9 0,88 0,88 0,88 

ჯamuri aromatika, % 31,5 30,5 30,0 28,5 

გogirdis Semcveloba, % 0,50 0,50 0,50 0,50 

fraqciuli Sedgeniloba 

duR. sawyisi temperatura,   0C 35 38 40 40 

10%-is gamoxdis temperatura, 0C 55 50 51 52 

50%-is gamoxdis temperatura, 0C 87 80 75 70 

90-is gamoxdis temperatura, 0C 160 155 150 150 

duRilis dasasruli,   0C 168 168 169 168 

narCeni,% 2 2 2 2 

 

 
nax. 3.  navTobbenzinis E0, და biobenzinebis E5, E10 da  E20 infra-wiTeli speqtrebi 

 

rogorc warmodgenili speqtrebidan Cans navTobbenzinis E0  da bioben-

zinebis E 5,  E10  da E20   jgufuri Sedgeniloba TiTqmis identuria. 

sacdel nimuSebSi E0, E 5, E10 da E20 individualuri naxSirwyalbadebi 

ganisazRvra gazur qromatografze “Кристаллюкс-4000М”, programuli uzrunvel-

yofa-NetChrom-v2, deteqtoris moduli: alur-ionizaciuri dedeqtori (airmata-
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rebeli svetSi azoti, deteqtorSi wyalbadi), svetis temperatura 40_245 0C, 250C 

bijiT. myari faza: 100% dimethyl polysiloxane; Cat#70199; Serial #1650246; Made in USA)  
svetis sigrZe  10 m, diametri 0,53 mm. analizis xangrZlivoba 30 wT  ASTM D7096-

05 standartis Sesabamisad [6]. Seswavlili da identificirebulia sakvlev 
obieqtebSi Semavali individualuri naxSirwyalbadebi. Catarebulia sawvavebis 
SedarebiTi daxasiaTeba. 

amrigad, Seswavlilia sacdeli nimuSebis fizikur-qimiuri maxasia-Teb-
lebi da Catarebulia speqtraluri analizi. Seswavlilia sacdeli nimuSebis 
(E0,  E5, E10 da E20) jgufuri Sedgeniloba „PerkinElmer  Spectrum Version 10.4.2“ 
infrawiTel speqtrometrze. dadgenilia, rom sacdeli nimuSebis  jgufuri 
Sedgeniloba TiTqmis erTnairia. 

saqarTveloSi pirvelad iqna miRebuli biosawvavi, romlis gamoyeneba 
SesaZlebelia Sigawvis Zravis mqone satransporto saSualebebSi.  bioeTano-
lis warmoebisTvis gamoyenebulia simindis da soflis meurneobis sxva 
narCenebi, rac uzrunvelyofs narCenebis racionalur marTvas.   

bioeTanolis da navTobbenzinis SereviT damzadebulia ekomegobruli (E5, 
E10, E20) biobenzinebis sawvavebi, romelic uzrunvelyofs ekologiuri mdgo-

mareobis gaumjobesebas da araganaxlebadi energoresursebis dazogvas. biosaw-
vavebis wvis dros mcirdeba gamonabolq airebSi CO-s da NOX-is koncentracia, 

radgan xdeba sawvavis sruli wva. CO-s Semcirebas iwvevs  agreTve sawvav eTa-
nolSi naxSirbadis mcire Semcveloba (52%) navTobbenzinebTan SedarebiT (85%).  

benzin/eTanolis narevis wvis dros gamofrqveul airebSi aseve   mcir-
deba dabalmduRare organuli naerTebis (eTani, formaldehidi, eTileni, to-
luoli da sxva) Semcveloba.  
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SUMMARY 

PHYSICAL AND CHEMICAL INVESTIGATION OF COMBUSTIBLE ETHANOL  

AND ETHANOL/ GASOLINE MIXTURES 

Chkhaidze M.N. 

Georgian Technical University 

Combustible ethanol was obtained from agricultural waste. Test samples E5, E10 and E20 were prepared and 

their physical, chemical and technical characteristics were studied. The obtained biofuel can be used in internal 

combustion engine vehicles. The ethanol/Gasoline mixtures are economically profitable as they give a chance to 

save the energy resources. Concentration of CO and NOX in emissions is reduced as a result of complete 

combustion of the fuel because the combustible ethanol contains oxygen and less carbon (52%) compared to 

gasoline (85%). The content of low-boiling organic compounds (ethane, formaldehyde, ethylene, toluene, etc.) in 

the exhausted emissions from the combustion of ethanol/gasoline mixture is also reduced. 

Keywords: combustion, ethanol, gasoline, mixture. 
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avtodamtvirTavi manqanebis saimedoobis kvleva 

 

cecxlaZe Gg.v. 
 

   saqarTvelos teqnikuri universiteti 
 

Sesavali 
datvirTva gadmotvirTvis (d/g) satransporto saSualebebis saimedoo-

bis uzrunvelyofis da efeqturobis amaRlebis, damuSavebuli meTodebis rea-
lizaciis mizniT saWiro gaxda eqsperimentuli kvlevis Sesruleba. igi gamom-
dinareobs kvlevis saerTo meTodidan, romelsac safuZvlad udevs manqanis 
saimedoobis donis SenarCuneba da efeqturobis kriteriumebis poziciebis Se-
sabamisad saeqspluatacio xarjebis minimizacia. 

kvlevis obieqtad aRebuli iqna didi tvirTamweobis avtodamtvirTavi  
тр/п `Бобкет~ 0,93 м3³--S650 modelis da avtokrani («Аист» №СТ17--9866) agrega-
tebi, meqanizmebi da sistemebi. saimedoobis maxasiaTeblebis ricxobrivi mniSv-
nelobebis gamovlena SesaZlebelia sastendo laboratoriuli da saeqsplua-
tacio gamocdebiT. SerCeuli iqna saeqspluatacio gamocdebis meTodi. iseTi 
damaxasiaTebeli pirobebisaTvis, rogoricaa aRniSnuli (d/g) manqanebis sazR-
vao portis pirobebSi muSaoba. eqsperimentuli kvleviT gaTvaliswinebuli 
saeqspluatacio  gamocdebi Sesrulda q. baTumisa da foTis sazRvao porte-
bis d/g satransporto saSualebebze. mxedvelobaSi iqna miRebuli klimaturi 
pirobebi, namuSevrisa da tvirTamweobis gamoyenebis koeficientebi, moZraobis 
manZili, Senaxvis Taviseburebebi da sxva faqtorebi. gansakuTrebiT unda aRi-
niSnos avtodamtvirTavis kvanZebisa da meqanizmebis muSaobis reJimebi da maTi 
gavlena saimedoobis maCveneblebze [1]. 

(d/g) manqanebis teqnikuri momsaxurebis profilaqtikuri operaciebi 
sruldeba „eqspluataciis instruqciis“ Sesabamisad 5_10 aTasi sT-is perio-
dulobiT, saeqspluatacio gamocdebis periodSi yvela dasakvirvebel avtoda-
mtvirTavze (TiToeuli modelis 30 erTeuli) xdeboda mtyunebebisa da uwesiv-
robebis, maTi aRmofxvris Sromatevadobis, gadaadgilebis da mocdenis aRri-
cxva, agreTve saTadarigo detalebisa da gamoyenebuli masalebis xarjebis 
gansazRvra. (d/g) manqanebis agregatebi da sistemebi moicaven sxvadasxva meqa-
nizmebsa da detalebs, romlebsac garkveuli daniSnuleba da funqciebi aqvT. 
detalebis saerTo raodenoba katalogis mixedviT ramodenime aTass Seadgens 
[2,3]. maTSi ar Sedis normalizebuli detalebi, magram detalebis raodenoba 
saimedoobis dabali maCveneblebiT gacilebiT naklebia detalebis saerTo 
raodenobasTan SedarebiT. analizis gaadvilebis mizniT mtyunebebi dajgufe-
buli iqna kvanZebisa da meqanizmebis mixedviT, gamovlenili iqna maTi Secvla-
Ta raodenoba, saTanado SromiTi da materialuri xarjebi. cxrilSi mocemu-
lia sakvlevi manqanebis mtyunebaTa ganawilebis procentuli raodenoba meqa-
nizmebisa da sistemebis mixedviT. TviTsacleli avtodamtvirTavis (orive 
modelis) eqspluataciis damaxasiaTebeli pirobebisaTvis mtyunebaTa mniSvne-
lovani wili modis tvirTis awevis dawevis meqanizmze. 

 
         mtyunebaTa ganawilebis procentuli raodenoba 
 

№ agregatebi da meqanizmebi mtyunebaTa ganawileba% 
1 Zrava da misi sistemebi 20,5 
2 transmisia 12,2 
3 savali nawili 16,9 
4 marTvis meqanizmebi 11,5 
5 eleqtromowyobiloba 17,2 
6 amwe meqanizmi 15,7 
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statistikuri monacemebis Segrovebis dros gamovlenili iqna ara mar-
to detalebisa da kvanZebis mtyunebebi, aramed mtyunebebi, romlebic gamow-
veuli iyo agregatebisa da sistemebis ganregulirebiT, (funqcionaluri sqe-
ma), rac iwvevda maT uwesivrobebs. saregulirebeli parametrebis cvlileba 
amcirebs agregatebisa da sistemebis muSaobis efeqturobas. analizma gviCvena, 
rom aseTi saxis uwesivrobebi Seadgens daaxloebiT 10_15%-s  TiToeuli 
sistemis konstruqciuli specifikidan gamomdinare.  

mtyunebebis warmoqmnis saSiSroebis Tavidan acilebis mizniT, saWiroa 
saregulirebeli parametrebis dasaSveb zRvrebSi SenarCuneba, rac sruldeba 
teqnikuri momsaxurebis dros. umtyunebloba xasiaTdeba misi iseTi ZiriTadi 
maCveneblebiT, rogorebicaa: mtyunebis nakadis parametri _ ω (t), mtyunebaTa 
Sorisi namuSevari tm da umtyunebo muSaobis albaToba P(t). maTi gamovleni-
saTvis Sesrulda statistikuri monacemebis analizi  avtodamtvirTavis Ziri-
Tadi agregatebisa da sistemebisa. sakvlevi obieqtebis agregatebisa da sis-
temebis umtyuneblobis maCveneblebis gamovlenam saSualeba mogvca dagvedgina 
mTlianad avtodamtvirTavis mtyunebaTa nakadis parametric (naxazi). danarCeni 
kvanZebisa da meqanizmebis mtyunebaTa gaTvaliswinebiT.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

mtyunebaTa nakadis parametri 
1-avtodamtvirTavi . тр/п "Бобкет" 0,93 м3 ³--S650;  2–avtokrani  «Аист» №СТ17--9866 

 
eqsperimentuli monacemebis safuZvelze agregatebis, sistemebis, meqa-

nizmebisaTvis da saimedoobis malimitirebeli detalebisaTvis agebuli iqna 
maTi umtyunebo muSaobis albaTobis mrudebi. es saSualebas iZleva Sedges 
sakvlevi obieqtis saimedoobis ruka. igi iZleva TvalsaCino warmodgenas maTi 
meqanizmebSi ganlagebis adgilisa da maTi umtyuneblobis cvlilebis Sesaxeb. 
umtyunebo muSaobis albaTobis mrudebi TiToeuli detalisaTvis gvaZlevs 
saSualebas ganisazRvros albaTobis intervaluri mniSvneloba, anu misi 
sidide procesis nebismieri intervalisaTvis, ricxobrivad Sefasdes ama Tu 
im mtyunebis SesaZlebloba eqspluataciis dawyebidan namuSevris nebismieri 
momentisaTvis, gamovlindes gamaprocentuli resursi (sagarantio periodis 
dadgenisaTvis), ganisazRvros mtyunebaTaSorisi namuSevari, saSualo resursi 
da bolos, saimedoobis ruka gvaZlevs umtyuneblobis prognozirebis saSua-
lebas [4]. 

48 
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sakvlevi mtyunebaTa saerTo raodenobis ganawilebam maTi aRmofxvris 
Sromatevadobis mixedviT gviCvena, rom maTi mniSvnelovani raodenoba 87% mo-
dis mcire da saSualo Sromatevadobis wilze (2 k/sT-mde da 4-5 ksT-mde) maSin 
rodesac 13% modis mniSvnelovan SromiT da materialur xarjebze (5k sT-ze 
zeviT). mtyunebaTa analizma SesaZlebloba mogvca dagvedgina, rom maTi umrav-
lesoba aRmoifxvreba sawarmoSi (bazaSi) gansazRvrul dros. 

datvirTva-gadmotvirTis samuSao procesis Sesrulebis pirobidan ga-
momdinare, teqnikuri mizezebiT gamowveuli mocdenebis da manqanis mwarmo-
eblurobaze muSaobis  parametrebis gavlenis gaTvaliswinebiT, dadgenili iq-
na, rom igi uSualo kavSirSia mtyunebebisa da uwesivrobebis aRmofxvris 
SromiT xarjebTan. am monacemebis analizma gviCven, rom mocdenis kompensaci-
is xarjebi SromiTi xarjebis 50_70% Seadgens. 

amrigad, mtyunebaTa analizis mixedviT SesaZlebelia maTi jgufebad 
ganawileba zemoT naxsenebi drois mixedviT, rac saSualebas iZleva Sedges 
sakvlevi obieqtis saimedoobis ruka. igi iZleva TvalsaCino warmodgenas maTi 
meqanizmebSi ganlagebis adgilisa da maTi umtyuneblobis cvlilebis Sesaxeb. 
ricxobrivad Sefasdes ama Tu im mtyunebis SesaZlebloba eqspluataciis 
dawyebidan namuSevris nebismieri momentisaTvis, gamovlindes gamaprocentuli 
resursi (sagarantio periodis dadgenisaTvis), ganisazRvros mtyunebaTaSo-
risi namuSevari, saSualo resursi da bolos, saimedoobis ruka gvaZlevs 
umtyuneblobis prognozirebis saSualebas. 
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SUMMARY 

STUDY OF AUTO-LOADING MACHINES RELIABILITY 

Tsetskhladze G.V. 

Georgian Technical University 

Improvement of transportation facilities taking part in loading and unloading (LU) processes and their operating 

process, reliability of LU transportation facilities operation is of great importance for study of auto-loading 

machines reliability.   Based on failure analysis it becomes possible to distribute them in time,that makes it 

possible to compose the reliability map for object under study. It gives a clear indication on their location in 

mechanisms and on change in their failure-free. It is necessary to numerically assess the possibility of one or 

another failure from commencement of operation at any moment of operating, to reveal gamma-percentile life 

(resource) (for determination of warranty period), to identify operating time between failures, mean life and, 

finally, the reliability map gives an opportunity to forecast failure-free operation.   The mentioned fact is based 

on assessment and analysis of LU process reliability index that is a mandatory condition for efficiency 

improvement. 

Keywords: reliability, autoloading machine transportation, gamma-percentile life. 
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CATALYTIC ACTIVITY OF NICKEL OXIDE ON THE VARIOUS SYNTHETIC AND 

NATURAL CARRIERS IN THE REACTION TEMPERATURE RANGE 500÷850˚C 

 
Kutelia E.R., Dossumov K.D., Gventsadze D.I.,  Yergaziyeva G.E., Dzigrashvili T.A.,  

Mambetova M.M.,  Jalabadze N.V.,  Myltykbayeva L.K.,  Nadaraia L.V., Tsurtsumia O.O., 

Gventsadze L.D., Kukava T.G., Telbayeva M.M. 

 

 Republic Center for Structure Researches, Georgian Technical University, Tbilisi, Georgia 
 Institute of Combustion Problems, Almaty, Kazakhstan 

 
Abstract. The present research deals with the comparative study of a catalytic activity of the monometallic 

nickel oxide catalyst synthesized via capillary impregnation in the granulated synthetic (Al2O3 and the 

commercial zeolite from Japan, as reference material) and three new trial natural (clinoptilolite, bentonite, and 

diatomite, all from Georgian deposits) carriers in the reaction temperature range (500÷850˚C) of the carbon 

dioxide conversation of methane (CDCM). It is shown that at the equal optimal amount (3 wt%) of nickel oxide 

on the various carriers, the nature of the carriers significantly affects the catalytic activity in the CDCM reaction. 

Particularly, at the high reaction temperatures (>750˚C), nickel oxide on a synthetic carrier of the alumina is 

more active than that on the natural carriers, while in the temperature range (500÷700˚C) the investigated 

catalyst deposited on the natural carriers, is more active in comparison with the catalysts on the synthetic 

alumina and the reference zeolite carriers. At the reaction temperature 700˚C, the highest methane conversion 

rate (68.4%) was detected for the catalyst 3wt%NiO synthesized on the granulated clinoptilolite. 

Keywords: catalyst carrier, CDCM, NiO, Al2O3, clinoptilolite, bentonite, diatomite. 

 

Introduction. The recent reviews of the last decade literature dealing with the catalyst 

development for the carbon dioxide reforming of methane and the heterogeneous catalyst for syngas 

production via dry reforming shows that the supported noble metals (Pt, Pd, Ru, Rh) as well as 

transition ones (Ni, Co, Fe, Cu) and their oxides as catalysts have been extensively studied [1-4]. A 

large number of studies have shown that noble metals have good catalytic performance and anti-

carbon deposition at the dry reforming of methane (DRM). However, due to the lack of precious 

metals resources and high prices, more and more researchers have focused their attention on non-

precious metals (Ni, Co, Fe) with the high catalytic performance and low cost [2-5]. From the 

viewpoint of catalytic activity, nickel is the only transition metal that is comparable to precious metals. 

Therefore, nowadays it is considered as one of the prospective basic materials for the production of 

catalytic systems (carrier + catalyst) for industrial applications in DRM reactions. Still, Ni (or NiO) 

based catalysts tend to deposit carbon, resulting in the loss of activity. Carbon (`Coke~) deposition on 

the reforming Ni catalyst is expected due to the high operating temperatures which raise the molecular 

energy enough to cleave the C-H bond in methane. It is also important to take into account that 

performance of catalytic systems is not only a function of the active metal (metal oxide), but also of 

the nature of the support material, which may play a major role in keeping the capability of the 

catalyst and be resistant to carbon. The recent reviews [2-4] and the original papers [5-7] look ahead 

the major challenges and opportunities of Ni catalyst and Ni-based catalytic systems in DRM reaction 

research. It is obvious from the above literature that a positive interaction between active metal (Ni, or 

NiO) and support materials (Al2O3, SiO2, zeolites, and other ceramic oxides) play a crucial role  in the 

enhancement of catalytic activity, reduction of coke (carbon) formation and active phase of crystallite 

sintering, especially, at high-temperature DRM. The materials, traditionally used as supports for Ni 

and NiO –based catalysts, are insulating oxides such as Al2O3, SiO2 and various types of zeolites also 

been tested. The excellent properties (well-defined structure, high surface areas, large thermal stability 

and high affinity for CO2) combined with a low potential for support-metal interaction and superior 

coking resistance make zeolites important catalyst supports in the CO2 reforming of CH4 [2, 5-7].  

Despite the success, reported in tuning the catalytic system performance, there have always been cases 

of antagonistic relationship between activity, stability, and coking resistance [4]. In particular, in the 

case of Ni/NiO catalyst on the Al2O3 carrier a poor catalytic activity was ascribed to the very strong 

NiO-alumina interaction (especially at high temperatures (≥750˚C) of reaction) and they tend to the 

formation of damaging phase NiAl2O4 spinel, leading, in addition to carbon deposition, to difficulties 

in reduction this catalyst [1]. On the other hand, it is well-known that the crystalline aluminosilicates, 

called zeolites, may potentially be used as carriers as well as catalysts [8]. Since the zeolites are very 
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different from each other by the ratio R=Si/Al, concrete zeolites with the concrete cations may be used 

for selective adsorption and reaction, and thus, control some aspects of heterogeneous catalysis. 

Consequently, from the point of view of the design of the effective Ni-based catalytic systems, zeolites 

are highly potent group of materials to consider, and it is evident that zeolites with a higher Si/Al ratio, 

which are more basic, give better conversion. Hereafter, substitution of zeolite in the catalytic system 

NiO/zeolite with the carrier having lower acidity may strongly reduce the obtained system’s tendency 

to carbonization. From this point of view, using diatomite as a carrier for the Ni (NiO) catalyst, for 

which the ratio Si/Al is 4÷10 times greater than that for the other types of natural and synthetic 

zeolites, deserves attention [9]. Starting from the above, it is evident that the solution of the problem of 

proper selection of the support materials from the inexpensive natural materials for the construction of 

Ni/NiO-based new catalytic systems, desirable to operate at lower reaction temperatures, is of 

considerable scientific and practical interest. Thus, the aim of the proposed work is to study the 

influence of different synthetic (as reference) and natural (trial materials from Georgian deposits) 

support materials on the catalytic activity of nickel oxide in the reaction temperature range 

500÷850˚C.  

 

 
Fig.1. SEM image and the respective typical EDX spectra of the free-poured powders of the synthetic NaX 

commercial zeolite from japan (a, e), clinoptilolite from Dzegvi deposit, Georgia  (b, f), bentonite from 

Askana deposit, Georgia (c, g), and diatomite from Kisatibi deposit, Georgia (d, h) produced by milling in 

vibratory mill for 40min. 
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Materials and Experimental Procedure. According to the aim of this research, for the 

preparation of various granulated carriers for NiO catalyst, different natural raw materials were 

selected, such as clinoptilolite, bentonite, and diatomite, all from Georgian deposits. Preparation of 

granulated catalyst support specimens from the above selected trial natural materials as catalyst 

carriers, were conducted in accordance with the following technology route: milling of the as-received 

crumbs (2÷4 cm) of the initial materials in vibratory or rotary mills→ characterization of the milled 

product powder using SEM-EDX analysis→granulation of the obtained powder using a mini-mold 

forming or extruder + annealing during granulation and sintering simultaneous processes. The 

experimentally determined sintering temperatures (520˚C/1h in the case of clinoptilolite and bentonite, 

and 600˚C/1h in the case of diatomite) provide sufficient mechanical strength of the obtained granules. 

In order to conduct a comparative study of catalytic systems prepared on the basis of natural and 

synthetic support materials for NiO catalyst, granules of the synthetic γ-Al2O3 were chosen which 

serves as a standard carrier for various catalysts, and the synthetic NaX–type zeolite’s commercial 

granules as a model catalyst support material of the same type as the above natural trial support 

materials from Georgian deposits. The fractional composition, morphology, sizes and chemical 

constitution of the particles of the milled products and the reference powders were studied by SEM 

(JSM 6510 LV, JEOL, Japan) with the EDX analyzer. 

Fig.1 shows the SEM images (a-d) and the respective EDX spectra (e-h) of the free-poured 

powders of the commercial as-received synthetic NaX zeolite from Japan (a, e) and the powders of 

clinoptilolite (Dzegvi deposit, Georgia) (b-f), bentonite from Askana deposit, Georgia (c, g), and 

diatomite from Kisatibi deposit, Georgia (d, h) produced by milling in vibratory mill for 40 min. The 

images confirm the monodispersity of the synthetic zeolite with the sizes of the particles ~2÷3 µm 

while the particles of the milled powders of clinoptilolite and diatomite prepared in the same way have 

the equal dispersity spread in the range of 0.1÷2 µm. The bentonite powder is polydisperse as well 

with the wider spread of sizes 0.2÷5 µm, caused by agglomeration of submicron particles in the 

process of milling, peculiar to more plastic bentonite. For the investigated powders the R=Si/Al ratios 

were derived from the corresponding EDX peaks of the respective elements (Fig.1.e-h). 

The carrier samples used in this work are listed in Table 1, showing marking, characteristics 

and values of Si/Al ratio, averaged out over large number of particles.  
Catalysts 3 wt % NiO / Al2O3-G, 3 wt% NiO / 20-1R-G, 3 wt% NiO / 20-2B + G, 3 wt% NiO / 20-1A 

+ G, 3 wt% % NiO / 21-1D + G were prepared by capillary impregnation of carriers (Al2O3-G, 20-

1R-G, 20-2B + G, 20-1A + G, 21-1D + G) by moisture capacity with an aqueous solution of nickel 

nitrate Ni(NO3)26H2O (Technical standard 4055-70). The synthesized catalysts were dried at 300 °C 

for 2 hours and then calcined at 500 °C for three hours.  

 
Marking, characteristics and Si/Al ratio of the synthetic (reference) and  
natural (trial) carriers for the NiO catalyst 
 

N Marking of the sample * Characteristics of the carriers Ratio Si/Al   R 

1 Al2O3-G 
Synthetic aluminum oxide gamma modification, 

commercial standard granules, spherical Ø3.5mm 
- 

2 20-1R-G 
Synthetic NaX zeolite commercial granules (Japan), 

cylindrical, Ø4mm, length 5mm 
1.25<R<1.35 

3 20-2B+G 

Granulated bentonite clay (Askana deposit, Georgia) 
annealed at 520˚C/1h during granulation via extrusion, 

cylindrical, Ø2.5mm, length 3mm 
2.3<R<3.5 

4 20-1A+G 

Granulated clinoptilolite (Dzegvi deposit, Georgia) 
annealed at 520˚C/1h during granulation via mini-molding, 

cylindrical, Ø2.7mm, length 2.7mm 
4.3<R<5 

5 21-1D+G 

Granulated diatomite (Kisatibi deposit, Georgia) annealed 
at 600˚C/1h during granulation via mini-molding, 

cylindrical, Ø2.7mm, length 2.7mm 
20<R<28 

 
* - Description of marking of the samples: 20, 21 – years of the preparation, 1, 2 – serial numbers of the batches of the 
initial milled powders, R – reference sample, A – clinoptilolite, B – bentonite, D – diatomite, + - annealing during 
granulation (at 520˚C/1h in the case of clinoptilolite and bentonite; 600˚C/1h in the case of diatomite),  G – granulated. 
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The essence of the method of capillary impregnation of carriers in terms of moisture capacity 

lies in the fact that the carrier is impregnated according to its moisture capacity with solutions of metal 

salts and the active phase is concentrated on the surface in the form of a `crust~ [10]. 

The activity of the synthesized catalysts in the carbon dioxide conversion of methane was 
tested on the automated laboratory flow-through unit PKU-1 (FCI-1 LLC `Modern laboratory 

equipment~ Novosibirsk, Russia) (Fig. 2). The catalysts (volume 2 ml) were loaded into a vertical 

quartz glass reactor (length 25 cm, inner diameter 9-9.5 mm) and prior to reaction test, the catalyst was 
reduced with an H2/Ar mixture for 3 hours at a temperature of 500 °C (heating rate 10 ° C/min). 

 

 
 

Fig. 2 - Scheme of the automated flow-through installation 
 

The flow rate was 20 ml/min, the ratio H2: Ar = 1:5, the purity of hydrogen was 99.99% and 
Ar> 99.992%; after reduction, the samples were blown through in the argon flow. A gas mixture of 
reagents, consisting equal parts of CO2 (purity 99.99%) and CH4 (purity 99.95%), was fed into the 
reactor, the rate of the reaction mixture was 50 ml/min. The activity of the catalysts was studied in the 
temperature range 500-850°C, at atmospheric pressure.  The CDCM performance was characterized 
using CO2 conversion, CH4 conversion, and H2/CO ratio defined as follows: 
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The analysis of the reaction products of the methane carbon dioxide conversion was carried 

out by gas chromatograph: Chromos GC-1000 (Russia). To analyze the reaction products, three 
packed columns (length 2 m, inner diameter 3 mm) were used: a column with a NaX sorbent for the 
determination of hydrogen and oxygen, a column with CaA for the determination of carbon oxides, 
and a column with Porapak T-methane and other alkanes and alkenes. 

Results and Discussion. It is known that supported nickel catalysts are most active in the 
methane carbon dioxide conversion [11]. The textural and physical-chemical properties of carriers play 
an important role in maintaining the dispersion of nickel catalysts and their resistance to carbon [12, 13]. 
In this work, comparative studies of the activity of nickel catalysts supported on various carriers are 
carried out. As carriers we chose alumina, which is widely used as a carrier for nickel catalysts [14, 15], 
as well as natural carriers of the Georgian field, such as diatomite, bentonite, and clinoptilolite, which 
have not been used previously as a catalyst support for carbon dioxide conversion of methane.  
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Fig. 3. The effect of reaction temperature on the activity of 3mas% nickel oxide catalyst supported on the 

granules of the synthetic (as reference) and natural (trial) carriers:  a) Synthetic γ-Al2O3 (sample # Al2O3-G),  

b) Synthetic NaX zeolite (sample #20-1R-G, commercial, Japan), c) Bentonite (sample #20-2B+G, Askana 

deposit, Georgia), d) Clinoptilolite (sample #20-1A+G, Dzegvi deposit, Georgia),  e) Diatomite (sample # 21-

1D+G, Kisatibi deposit, Georgia). 

 

Important indicators of the effective operation of catalysts in the carbon dioxide conversion of 

methane are the CH4 conversion and the H2/CO ratio [11]. The influence of the nature of the carriers 

and the reaction temperature on the efficiency of catalysts in the carbon dioxide conversion of 

methane are shown in Figure 3.  
Considering the data obtained, it should be noted that for catalysts 3 wt% NiO/20-2B+G, 3 

wt% NiO/21-1D+G in the temperature range 500-850оС, and for 3 wt.% NiO / Al2O3-G in the range 
500-670оС a low H2/CO ratio is observed, which is associated with a higher conversion of CO2 
compared to CH4 (Fig. 3, a, c, e). However, on the catalysts 3 wt.%NiO/20-1R-G, and 3 wt.% NiO/20-

1A+G (Fig. 3, b, d), an increase in Н2/СО above unity is observed, although the conversion of СО2 is 

higher than the conversion of methane. Possibly, under these conditions, reaction (2) occurs 
simultaneously with the main reaction (1) - the interaction of carbon monoxide with water vapor [16]. 
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СН4+СО2↔2СО+2Н2 (ΔН=+247 kJ/mol)    (1) 
 

СО+Н2О↔СО2+Н2    (ΔН=-41 kJ/mol)    (2) 
 

The course of reaction (2) leads to a change in equilibrium (1), the H2/CO ratio turns out to be 
greater than unity, and the CO2 conversion is greater than the CH4 conversion. 

It is known [15] that the activation of methane is a rate-determining stage in the carbon 
dioxide conversion of methane; the conversion of CH4 can be equated to catalytic activity. Figures 3 b, 
c, e show that with an increase in temperature above 800 ° C, the activity of the catalysts is 3 wt% 
NiO/20-1R-G, 3 wt% NiO/20-1A+G and 3 wt% NiO/20-2B+G decreases, conversions of methane 
and carbon dioxide decrease. The loss of activity of catalysts at high temperatures is possibly due to 
their coking [16] or reoxidation of Ni to NiO. 

There are two possible ways of coke formation in the carbon dioxide conversion of methane: 
the methane cracking reaction (3) and the Boudouard reaction (4): 

 СН4=С+2Н2    (ΔН=+74,8 kJ/mol)    (3) 
 
2СО↔С+СО2  (ΔН=-172,5 kJ/mol)    (4) 
 

In our case, coke can be formed due to the occurrence of reaction (3), since the reaction 
temperature is high at 850оС. It is known [16] that reaction (3) is carried out mainly at high 
temperatures, reaction (4) at low temperatures. In the temperature range 500-850 °C, the catalysts 3 
wt% NiO/Al2O3-G and 3 wt% NiO/21-1D+G do not lose their activity. It should be noted that at a 
reaction temperature of 500 °C, nickel oxide, deposited on natural diatomite 3 wt% NiO/21-1D+G, 
has a higher activity compared to other catalysts, the methane conversion is 17.6%. The 3 wt% 
NiO/21-1D+G catalyst does not lose activity even at high temperatures. 

Equilibrium conversion of methane and carbon dioxide is observed on 3 wt% NiO/20-1R-G 
catalyst at temperatures of 700, 750 °C. According to the literature [16], in the carbon dioxide 
conversion of methane at 700-800 ° C on many nickel catalysts, equilibrium conversion of methane 
and carbon dioxide into synthesis gas is achieved (1). However, on nickel oxide, deposited on natural 
carriers of diatomite and bentonite, equilibrium conversion is observed at relatively low temperatures 
of 500-700 °C (Fig. 3, c, e). On a catalyst of 3 wt% NiO/20-2B+G at 550 ° C, the methane conversion 
(31.2%) is higher compared to other catalysts. 

Comparison of the activity of the catalysts at a temperature of 700 ° C showed that the cata-
lysts can be arranged in the following sequence:3wt% NiO/20-1A+G (Хсн4=68,4%)>3wt% NiO/20-
2B+G (Хсн4=64,4%)≥3wt%NiO/Al2O3-G (Хсн4=64,2%)>3wt%NiO/20-1R-G (Хсн4=60,4%)>3 
wt%NiO/21-1D+G (Хсн4=51,0%). It follows from the studies carried out, that natural carriers of 
diatomite, bentonite and clinoptilolite can be used as carriers for nickel catalysts for carbon dioxide 
conversion of methane, which will be active at lower temperatures. Further studies will be aimed at 
increasing the activity of catalysts at relatively low temperatures (550-700°C) by modifying the 
addition of oxides of cobalt, iron, etc. 

Conclusions. The catalytic activity of the monometallic nickel oxide catalyst, synthesized via 
capillary impregnation in the granulated synthetic (Al2O3 and the commercial zeolite from Japan, as 
reference material) and three new trial natural (clinoptilolite, bentonite, and diatomite, all from 
Georgian deposits) carriers in the reaction temperature range 500÷850˚C of the carbon dioxide 
conversation of methane was studied. It is shown that at the equal optimal amount (3 wt%) of nickel 
oxide on the various carriers, the nature of the carriers significantly affects the catalytic activity in the 
CDCM reaction. Particularly, at the high reaction temperatures (>750˚C), nickel oxide supported on a 
synthetic carrier of the alumina is more active than the catalyst on the natural carriers. Methane 
conversion rate, using the 3wt%NiO/Al2O3 catalyst at 850˚C, is equal to 87.4%, and the carbon 
dioxide conversion rate amounts to 93.4%. On the other hand, in the temperature range 500÷700˚C the 
investigated catalysts on the natural carriers are more active in comparison withthe catalysts on the 
synthetic alumina and the reference zeolite carriers. At the reaction temperature 700˚C, the highest 
methane conversion rate (68.4%) was detected for the catalyst 3wt%NiO synthesized on the 
granulated clinoptilolite.  
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РЕЗЮМЕ 

КАТАЛИТИЧЕСКАЯ АКТИВНОСТЬ ОКСИДА НИКЕЛЯ НАНЕСЕННОГО НА РАЗЛИЧНЫЕ 

СИНТЕТИЧЕСКИЕ И ПРИРОДНЫЕ НОСИТЕЛИ В ИНТЕРВАЛЕ ТЕМПЕРАТУР 500÷850˚C 

Кутелия Э.Р., Досумов К.Д., Гвенцадзе Д.И., Ергазиева Г.Е., Дзиграшвили Т.А.,  

Мамбетова М.М., Джалабадзе Н.В., Мылтыкбаева Л.К., Надараиа Л.В., Цурцумиа О.О., 

Гвенцадзе Л.Д., Кукава Т.Г., Тельбаева М.М. 

Грузинский Технический Университет 
 Институт Проблем Горения, Алматы, Казахстан                  
Проведён сравнительный анализ каталитической активности монооксида никеля в реакции конверсии 
метана диоксидом углерода в интервале температур 500÷850˚C. Методом капиллярной пропитки 
синтезированы каталитические системы нанесением NiO на следующих гранулированных носителях: 
Al2O3 и цеолит (синтетические), клиноптилолит, бентонит и диатомит (природные из месторождении 
Грузии). Выявлено, что при нанесении равного оптимального количества (3 вес%) NiO на этих носи-
телях, природа носителя значительно влияет на их каталитическую активность в процессе CDCM 
реакции. В частности, при высоких температурах реакции (>750˚C), NiO нанесённый на синтетическом 
носителе Al2O3, более активный, чем нанесённый на природном носителе. Тогда как в интервале 
температур 500÷700˚C тот же катализатор более активен на природных носителях. 
Ключевые слова: носитель катализатора, CDCM, NiO, Al2O3, клиноптилолит, бентонит, диатомит.  
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xeliT eleqtrorkaluri SeduRebis axali danafaris simtkicisa da  

Txevadi widis siblantis kvleva 

 

sabaSvili z.v., sulamaniZe a.k., nikolava o.i., vatitaZe g.z. 
 

saqarTvelos teqnikuri universiteti 
 
Sesavali 
mrewvelobis iseT dargebSi, rogoricaa: manqanaTmSenebloba, saaviacio, 

gemTmSenebloba, binaTmSenebloba, navTobgazsadenis mSenebloba da sxva, far-
To adgili uWiravs liTonebis saSemduReblo warmoebas. saqarTveloSi impor-
tirebuli xeliT eleqtrorkaluri SeduRebis eleqtrodebis maRalma fasma 
Seqmna saWiroeba, rom adgilobrivi nedleulis gamoyenebiT SemuSavdes xeliT 
eleqtrorkaluri SeduRebis eleqtrodebi. am mizniT, saqarTvelos teqnikur 
universitetSi mimdinareobda kvleviTi samuSaoebi eleqtrodis danafaris Sesa-
qmnelad, romlis Sedegad SemuSavda rutiliani eleqtrodis axali danafari 
[1-4].                                                             

xarisxiani saeleqtrodo danafaris miRebisaTvis, mniSvnelovania gamok-
vleuli iqnas iseTi mniSvnelovani maxasiaTeblebi, rogoricaa danafaris gam-
dnari widis siblante da danafaris meqanikuri simtkice. 

 
ZiriTadi nawili 
eleqtrodiT sxvadasxva sivrciT mdgomareobaSi SeduRebis SesaZleb-

loba damokidebulia gamdnari widis siblanteze. eleqtrodebi, romelTa 
danafarebi dnobisas iZleva e.w. „grZel“ widebs, gamoiyeneba SeduRebisaTvis 
qveda mdgomareobaSi. vertikalur da Werul mdgomareobaSi gamoiyeneba eleq-
trodebi, romelTa danafarebi iZleva „mokle“ widebs. maTTvis damaxasiaTe-
belia temperaturis mcire Semcirebisas siblantis myisieri zrda, rac xels 
uSlis gamdnari liTonis intensiur CamoRvenTvas. rutilis eleqtrodebi 
xasiaTdeba dnobisas „mokle“ widis warmoqmniT.  

danafaris mineralogiuri Semadgenloba mniSvnelovnad zemoqmedebs 
siblanteze. arsebul analogebTan SedarebiT, axal saeleqtrodo danafarSi 
manganumisa da rkinis Jangeulebis momatebuli Semcveloba, agreTve kaliumisa 
da natriumis Jangeulebis arseboba dadebiT zemoqmedebas axdens gamdnari 
widis siblanteze [5-7] da gansazRvravs  siblantis cvlilebas temperaturaTa 
mcire intervalSi. kerZod, temperaturis Semcirebisas  siblante swrafad 
izrdeba. siblante, temperaturaTa Semcirebis intervalSi 1600_1400 0C izrdeba 
saSualod 0,17 pa·wm-dan 1,2 pa·wm-mde. 

cxr. 1-Si moyvanilia SemuSavebuli axali danafaris qimiuri Semadgen-
loba. unda aRvniSnoT, rom Cvens mier SemuSavebuli danafari Seicavs titanis 
oqsids 55 %-is raodenobiT, Semkvrelad ki gamoyenebuli gvaqvs natriumiani 
Txevadi mina (Na2O·SiO2). is, rom widis siblante akmayofilebs misdami wayene-
bul moTxovnas, kargad gamovlinda vertikaluri SeduRebis Sesrulebisas                                                                                                   
 
cxrili 1. axali danafaris qimiuri Semadgenloba %-Si 
 

TiO2 VO2 MnO2 Fe2O3 ZrO CaO NbO Co2O3 CuO K2O 

55  0,585 6,5 8,0 0,11 8,0 0,009 0,015 0,005 7,4 
CdO Cr2O3 NiO Al2O3 MgO SiO2 - - - - 
0,011 0,022 0.008 7,8 1,5 5,035 - - - - 

 
siblantis eqsperimentuli gazomvisaTvis gamoviyeneT stoqsis meTodi, 

romelic mdgomareobs mcire zomis sxeulebis siTxeSi vardnis saSualo 
siCqaris gazomvaSi. grafitisagan damzadebul tigelSi, romlis Sida diamet-
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riri iyo 20 mm, xolo siRrme 70 mm. vaTavsebdiT garkveuli raodenobis (50 g) 
danafaris kazms da vadnobdiT induqciur RumelSi (nax. 1). miRebul Txevad 
garemoSi vagdebdiT titanisagan damzdebul garkveuli moculobis sferos 
formis sxeulebs. maTze meqanikuri gadabmiT vamagrebdiT volframis uwonad 
mavTuls. mavTulis sigrZis mixedviT ganisazRvreboda CaZirvis siRrme. wamzo-
mis saSualebiT vzomavdiT vardnis dros da vicodiT ra siRrme, vangariSob-
diT vardnis siCqares. gamdnari widis siblantis dnobis temperaturam Sead-
gina daaxloebiT 1220_1226 0C. gazomvebi vawarmoeT 1350_1600 0C-mde tempera-
turaTa intervalSi.  

 
nax. 1. gamdnari widis kvlevis stoqsis meTodi 

 
gamoTvlis meTodi efuZneba sxeulze moqmedi ZalebisaTvis niutonis II 

kanonis gamoyenebas. siTxeSi sxeulze moqmedebs simZimis, arqimedes da siTxis 
winaaRmdegobis Zalebi. romlebic gamoiangariSeba Semdegi formulebis saSu-
alebiT: 







RF

gVF

gVF

6





win

sxsiTa

sxsxsim

 

sadac η - siblantea, xolo v - vardnis saSualo siCqarea. siblante iangariSe-
ba (1) tolobidan: 

sxsiTsxsx gVgVR  6       (1) 

 

 





R

gV

6

siTsxsx 
         (2) 

eqsperimentisa da gaTvlebis  Sedegebi moyvanilia cxr. 2-Si 
 

cxrili 2. Txevadi widis siblante 
 

sx kg/m3 siT  kg/m3 R, m v, m/wm t 0C  , pa·wm 

4505 
 

2520 
 

3·10-3 

0,29 1350 1,4 
0,35 1400 1,2 
0,36 1450 1,16 
0,4 1500 1,05 
1,97 1550 0,21 
2,0 1600 0,2 
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siblantis temperaturaze damokidebuleba gamosaxulia nax. 2-ze. Cvens 
SemTxvevaSic siblante, analogiurad rutilis danafariani eleqtrodebisa 
naxtomiseburad izrdeba 1550-1450 0C intervalSi.  

axali saeleqtrodo danafaris Seqmnisas mniSvnelovania, rom uzrun-
velyofili iyos  moTxovna misi meqanikuri simtkicis mimarT. eleqtrodebis 
warmoebis praqtika gviCvenebs, rom eleqtrodebis nedleulis damakmayofi-
lebeli qimiuri Semadgenloba ar iZleva xarisxiani eleqtrodebis warmoebis 
garantias.  

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
nax. 2. dinamikuri siblantis damokidebuleba temperaturaze 

 
 
xarisxiani eleqtrodebi unda akmayofilebdnen mTel rig teqnologiur 

maxasiaTeblebs. magaliTad, damzadebuli eleqtrodebi unda iyos mkvrivi, 
mtkice, gamonaberebis, forebis, koJrebis da bzarebis gareSe [8-11]. 

danafaris meqanikuri simtkicis SeswavlisaTvis gamoviyeneT standar-
tuli samwertilovani Runvis meTodi (nax. 3), risTvisac danafaris kazmisagan 
damzadda 4 mm diametris da 0,4 m sigrZis cilindruli formis nimuSebi. nimu-
Sebi miiReboda tigelSi gamdnari masis kapilaruli eqstruziiT laborato-
riuli vakuumuri tumbos saSualebiT. vinaidan danafaris meqanikur simtki-
ceze gavlenas axdens misi gamowvis temperatura, cdebi CavatareT 200 0C-dan 
400 0C-mde diapazonSi gamomwvari danafarebisaTvis.   

 
 

nax. 3. samwertilovani Runvis meTodis sqema 
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nimuSi magrdeboda specialurad damzadebul sayrdenebze, xolo mis 
centrze ki vmoqmedebTiT garkveuli masis sawonebiT da vzomavdiT Runvis 
sidides, romlis mixedviTac ganisazRvreba meqanikuri simtkice (simtkice 

Runvaze -σ Run )  [12].  

cxr. 3-Si moyvanilia kvlevis Sedegebi. SedarebisaTvis Seswavlil iqna   
seriulad gamoSvebuli `GK~- tipis eleqtrodebis simtkice Runvaze.  

 
       cxrili 3. saeleqtrodo danafaris Runvaze simtkicis  
       damokidebuleba gamowvis temperaturaze 
 

axali danafari `GK~ 

tgamow 0C Run , mgpa tgamow 0C Run , mgpa 

200 42 _ 

39 
 

250 40 _ 
300 36 _ 
350 34 _ 
400 32 _ 

 
Sedegebis analizma gviCvena, rom gamowvis temperaturis mateba iwvevs 

simtkicis Semcirebas (nax.4) daaxloebiT 24%-iT. gamowvis optimaluri tempe-
raturaa 200_250 0C. am temperaturaze gamomwvari danafaris meqanikuri si-
mtkice `GK~- tipis eleqtrodebis  simtkices aRemateba daaxloebiT 2,5_7%-iT. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  
nax. 4. danafaris Runvaze simtkicis zRvris damokidebuleba temperaturaze 

 
 
 
daskvna 
SemuSavebuli axal danafariani eleqtrodis gamdnari widis siblantis 

kvlevam aCvena, rom is praqtikulad ar gansxvavdeba arsebuli rutilis 
danafariani eleqtrodebis gamdnari widis siblantisagan, temperaturaTa  
Semcirebis mcire intervalSi myisierad izrdeba da amitom, misi gamoyeneba 
SeiZleba nebismier sivrciT mdgomareobaSi SeduRebisaTvis.  

axali danafaris  meqanikuri simtkicis  Seswavlis Sedegad  dadginda, 
rom gamowvis temperaturis mateba iwvevs simtkicis Semcirebas daaxloebiT 
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24%-iT. gamowvis optimalur temperaturas  Seadgens 200_250 0C da am tempera-
turaze gamomwvari danafaris meqanikuri simtkice `GK~-tipis eleqtrodebis  
simtkices aRemateba daaxloebiT 2,5_7%-iT. 
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SUMMARY 

INVESTIGATION OF MECHANICAL STRENGTH AND VISCOSITY OF FLUID SLAG  

OF THE NEW COATING MANUAL ARC WELDING ELECTRODE 

Sabashvili Z.V., Sulamanidze A.K., Nikolava O.I. and Vatitadze G.Z. 

Georgian Technical University 

Among the industries such as:  Mechanical Engineering, Aviation, Shipbuilding, Homebuilding, Natural Gas Pipe-

Line Manufacturing, etc. Metal Welding holds a prominent position of necessity. In Georgia, the expensiveness 

of imported electrodes for manual Electric Arc Welding created a need for mentioned electrodes to be made 

using local raw materials. Work done in Georgian Technical University produced an invention of new rutile 

coating. Research showed that local raw materials are a sufficient resource for creating electrodes that satisfy all 

given requirements. The metal of the seam weld produced is characterized with fine-grained structure, 

remarkable strength and high plasticity.  Important characteristics such as the slag viscosity and the mechanical 

strength of the coating have been thoroughly studied. The strength was studied using the standard 3-Point bend 

testing method and viscosity of fluid slag - using the Stokes method. According to research, electrodes with the 

new coating can be used for welding under any spatial conditions and their mechanical strength at 200-2500C 

annealing temperature is approximately 2.5-7% greater than the mechanical strength of the coating of the 

imported “GK”-type electrodes. 

Keywords: fluid slag, mechanical strength, viscosity, manual electric arc welding. 
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teqstis striqonebis segmentacia morfologiuri da histogramebis 

proeqciis kombinirebuli meTodis gamoyenebiT 
 

sexniaSvili d.n., svaniZe r.g. 
 

saqarTvelos teqnikuri universiteti 
 

 
teqsturi striqonebis segmentaciis algoriTmi 

 
segmentaciisaTvis, gamosaxulebis binarizaciis mizniT, viyenebT morfo-

logiur operaciebs. midgoma pirvelad SemoTavazebuli iqna vus mier [1], ro-
melic Semdgom ganviTarda da moergo xelnaweri teqstebis segmentaciis amo-
canebs [2,3].  

xelnaweri dokumentebi, xSir SemTxvevaSi Seicavs bevr arasasurvel 
elementebs, sxvadasxva cifruli xmauris Tu dokumentis dazianebebis (nake-
cebi, laqebi, siZvelis defeqtebi, deformaciebi) saxiT, amasTanave aRsaniS-
navia, rom ZiriTadad xelnawerebs fonTan mimarTebaSi gaaCniaT maRali 
kontrasti. am faqtorebidan gamomdinare, SemoTavazebuli iyo gamosaxulebis 
winaswari damuSaveba morfologiuri operatorebiT, ris Sedegadac miviRebT 
CvenTvis sasurvel binarizebul gamosaxulebas [1].   

Cvens mier SemuSavebulia algoriTmi, romelic moicavs damuSavebis or 
ZiriTad etaps, es aris gamosaxulebis winaswari damuSaveba _ binarizacia da 
hostogramis proeqcireba.  

winaswari damuSavebis etapze gamosaxulebas vamuSavebT gausis filt-
riT, maTematikuri morfologiis gaxsna _ daxurvis, morfologiuri gradien-
tis gamotanis da adapturi zRvruli operatoris saSualebiT, ris Sedegadac 
vRebulobT CvenTvis sasurvel binarul gamosaxulebas [4]. 

binarizebuli gamosaxulebaze teqstis striqonebis Semdgom gamosayo-
fad viyenebT histogramis proeqtirebis operacias, romelic warmoadgens 
martiv da swraf meTods xelnaweri teqstebis segmentaciisaTvis. radganac 
teqstebis mimarTuleba ZiriTadad Zevs 0_900 SualedSi (garda aziuri ierog-
rafiuli damwerlobebisa), Sesabamisad, teqsturi striqonebis histogramebis 
proeqtireba unda aviRoT YRerZis mimarTulebiT, romelzec proeqtirebuli 
pikebi Seesabameba xelnaweri striqonis mimarTulebas, xolo, im adgilebSi 
sadac histogramis sigrZe mniSvnelovnad klebulobs, gveqneba xelnawer 
striqonebs Soris sivrceebi. amdagvari histogramebis pikebis da minimumebis 
mixedviT SesaZlebelia teqstis striqonebis segmentireba.  

sur. 1-ze naCvenebia rogorc beWduri teqstis RerZze histogramuli 
proeqtirebis magaliTi, aseve, xelnaweri teqstis proeqtirebis variantic. 

xelnaweri teqstebis histogramis proeqcirebSi, sawyisi teqstis sirTu-
lidan gamomdinare SesaZlebelia gvqondes sxvadasxva xmauris da damaxinje-
bis wyaroebi, risi Semdgomi gafiltvris saSualebiTac vRebulobT diskretu-
lad ganmxoloebul histogramul proeqcias (nax. 2).  

xelnaweri teqstis striqonebis segmentaciis Semdeg etapze saWiroa 
aRvadginoT wina etapze filtraciis operaciebis dros dakarguli teqstis 
segmentebis nawili, rac miiReba teqstis sqtriqonebs Soris medianis wertil-
Tan gaTanabrebiT. nax. 3-ze naCvenebia segmentaciis standartuli varianti.   
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nabeWdi teqsti histogramis proeqcia 

  

xelnaweri teqsti histogramis proeqcia 

 
nax. 1. beWduri teqstis Y RerZze nabeWdi da xelnaweri teqstebis histogramuli 

proeqtirebis magaliTi 

 

 

  

nax.2 xmaurisgan gafiltruli 
histogramis proeqcia 

nax.3. standartuli segmentaciiT 
miRebuli segmentebi. wiTeli 

konturiT SemosazRvrulia TiToeuli 
segmenti. 
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nax. 4-ze warmodgenilia Cvens mier damuSavebuli RerZze histogramebis 
proeqciiT miRebuli xelnaweri teqstis striqonebis segmentaciis magaliTi. 

 

1 
 

2 
 

3 
 

4 

 

5 

 

6 
 

7 

 

8 
 

9 

 

10 

 

11 
 

12 
 

nax. 4. RerZze histogramis proeqciiT miRebuli segmentacia 
 

 
mas, Semdeg rac movaxdenT teqstis striqonebis segmentacias, da erTma-

neTisgan gamoyofas, TiToeuli segmentisaTvis SesaZlebelia SevasruloT 
histogramuli proeqciis segmentacia amjerad X RerZTan mimarTebaSi risi 
Sedegadac miviRebT  sityvebad segmentacias. sur. 5-ze naCvenebia striqonebis 
sityvebad segmentirebis magaliTi. 

 

 

 

 

     
nax. 5. striqonis sityvebad segmentireba 

 



   saqarTvelos sainJinro siaxleni, GEORGIAN ENGINEERING NEWS, #2, 2021  

 

71 

amrigad, Cvens mier SemoTavazebuli algoriTmis ganxorcielebis  Sede-
gad gamosasvlelze vRebulobT teqstur gamosaxulebaSi Semavali sityvebis 
da striqonebis segmentebs, romelTa Semdgomi damuSaveba neironuli qselebiT 
gacilebiT martivi da naklebi gamoTvliTi resursebiT iqneba SesaZlebeli. 

aRsaniSnavia, rom teqsturi gamosaxulebebis segmentacia mniSvnelovania 
arqivebis, istoriuli dokumentebis, xelnawerebis gacifrulebis da analizis 
dros. segmentaciis Sedegad miRebuli masalis informaciuloba gacilebiT 
maRalia, xolo moculoba mniSvnelovnad mcirea, vidre sawyisi dokumentis 
moculoba. 
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SUMMARY 

SEGMENTATION OF THE TEXT LINES BY THE USE OF COMBINED METHOD  

OF MORPHOLOGICAL AND HISTOGRAM METHOD 

Sekhniashvili D.N. and Svanidze R.G. 

Georgian Technical University 

Segmentation of handwritten lines and words for further identify them is one of the difficult subject due to the 

heterogenity of the texts. The paper discusses the algorithm for segmentation of printed and handwritten texts 

obtained by operations of mathematical morphology and a combination of image histograms. The proposed 

algorithm uses a horizontal projection of the histogram when segmenting the rows, and after a vertical projection 

of the histograms is performed for each row, allowing the words in the text line to be segmented. 

Keywords:  segmentation, mathematical morphology, histogram, text lines. 
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beWduri da xelnaweri teqsturi dokumentebis koreqtireba teqstis 

striqonebis, sityvebis da asoebis segmentaciis meTodiT 

 
sexniaSvili d.n, svaniZe r.g. 

 
saqarTvelos teqnikuri universiteti 

 
sityvis asoebis daxrilobis koreqtireba 
xelnaweri teqstebis analizisas erT-erT problemas warmoadgens sit-

yvebSi asoebis daxriloba, ris gamoc asoebis amocnobis amocana rTuldeba 
amasTanave rTuldeba xelnaweris avtoris identificirebac. asos daxriloba 
aris kuTxe romelic iqmneba sityvis sawyis donesa (Baseline) da horizonta-
lur mimarTulebas Soris. am daxrilobis moSoreba SesaZlebelia mTeli 
teqstis mobrunebiT horizontis mimarTulebiT, xolo konkretulad asoebis 
daxrilobisas, asos SeerTebuli piqselebis sityvis an winadadebis sawyis 
donesTan mimarTebiT koreqtirebiT [1] . 

asoebis daxrilobis gasworebis Sedegad, asoebs Soris gamyofi sivrce 
gacilebiT naTlad gamoikveTeba vidre daxrili asoebis dros, rac saSua-
lebas gvaZlevs advilad movaxdinoT calkeuli asos segmentacia, maTi klasi-
fikacia da amocnoba. amdenad, garda daxrilobis gasworebisa, advildeba 
calkeuli asoebis segmentaciis amocanac. 

asoebis daxrilobis koreqcia warmoadgens proeqciis gardasaxvis amo-
canas. radganac gamosaxuleba oTxi mxridan SemosazRvrulia 2DwertiliT, 
gvaqvs rva koordinati da maTi Sesabamisi rva kuTxe ris mimarTac SesaZle-
belia proeqciis gardasaxva [2-4].   

SegviZlia vaCvenoT rom matricis proeqciis transformacia homogenur 
sakoordinato sistemaSi xdeba sivrculi gardasaxvis matriciT. S _ matrica 
(gamosaxuleba), T _ matrica sivrculi gardasaxvis matrica da S’ matrica 
koreqtirebuli matrica [4]. 

 
  

  

 

  
 
  
nabeWdi daskanerebuli teqstis daxrilobis koreqcia naCvenebia nax. 1-ze 

[5]. gamosaxulebis koreqciisaTvis viyenebT CV2 da Skimage biblioTekebs. 
pirvel etapze vagenerirebT sxvadasxva kuTxiT daxril gamosaxulebebs, dage-
nerirebul gamosaxulebebze romlebzec teqsti daxrilia sxvadasxva kuTxiT 
vasrulebT sawyisi donis koreqcias, ris Sedegadac viRebT horizontze 
gasworebul gamosaxulebas (nax.1 g,d). 

 

https://www.codecogs.com/eqnedit.php?latex=T%3D%5Cbegin%7Bbmatrix%7D%20a_%7B11%7D%20%26%20a_%7B12%7D%20%26%20a_%7B13%7D%5C%5C%20a_%7B21%7D%26%20a_%7B22%7D%26%20a_%7B23%7D%5C%5C%20a_%7B31%7D%26%20a_%7B32%7D%26%20a_%7B33%7D%20%5Cend%7Bbmatrix%7D#0
https://www.codecogs.com/eqnedit.php?latex=S%3D%5Cbegin%7Bbmatrix%7D%20x_%7B1%7D%20%26%20...%20%26%20x_%7BN%7D%5C%5C%20y_%7B1%7D%26%20...%26%20y_%7BN%7D%5C%5C%201%26%201%26%201%20%5Cend%7Bbmatrix%7D#0
https://www.codecogs.com/eqnedit.php?latex=S'=TS=/begin%7bbmatrix%7d%20a_%7b11%7d%20&%20a_%7b12%7d%20&%20a_%7b13%7d//%20a_%7b21%7d&%20a_%7b22%7d&%20a_%7b23%7d//%20a_%7b31%7d&%20a_%7b32%7d&%20a_%7b33%7d%20/end%7bbmatrix%7d/begin%7bbmatrix%7d%20x_%7b1%7d%20&%20...%20&%20x_%7bN%7d//%20y_%7b1%7d&%20...&%20y_%7bN%7d//%201&%201&%201%20/end%7bbmatrix%7d#0
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a) gamosaxuleba daxrili -15 gradusiT b) gamosaxuleba daxrili +30 gradusiT 

 

  
g) koreqtirebuli gamosaxuleba d) koreqtirebuli gamosaxuleba 

 
nax. 1. daxrili teqsturi dokumentis koreqtireba 

 
xelnaweri asoebis daxrilobis koreqtirebis magaliTi naCvenebia nax. 2-ze. 

rogorc aRvniSneT daxrilobis koreqtireba xdeba sawyisi donis mimarT. nax. 2, 
a-ze gvaqvs xelnaweri teqsti romelic gadaxrilia marjvniv, am suraTis koreq-
tirebuli varianti mocemulia nax. 2, g-ze sadac asoebis daxrilobis kuTxe 
sawyisi donis mimarT uaxlovdeba 90 graduss. analogiurad, nax. 2, b-ze naC-
venebia marcxniv gadaxrili xelnaweri teqsti, misi koreqtirebuli varianti 
nax. 2, d, msgavsad marjvniv gadaxrili xelnaweris msgavsad, maqsimalurad 
uaxlovdeba sawyisi wertilisadmi perpendikularul mniSvnelobas. asoebis 
koreqciis es meTodi amartivebs calkeuli asoebis mezoblebidan gamoyofis da 
identificirebis saSualebas. 

 

  

a) marjvniv gadaxrili asoebi b) marcxniv gadaxrili asoebi 

  

g) koreqtirebuli marcxniv d) koreqtirebuli marjvniv 

 
nax.2 xelnaweri asoebis daxrilobis (slant) koreqtireba. 
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informaciis moculobis (bt) damokidebuleba teqstis striqonebs Soris daSorebaze, 
teqstis daxrilobaze (gradusi) da gamosaxulebis zomaze (piqseli), striqonebs 
Soris daSoreba (d) 

 

Sesrulebis 
dro (wm) 

striqonebs 
Soris 

daSoreba (d) 

teqstis 
daxriloba 

gamosaxulebis 
zoma piqselebi 

failis zoma 
(moculoba) 
baitebi) 

0,012 1,0 -15 363 x 563 46861 
0,016 1,5 35 571 x 619 52569 
0,012 2,0 -52 563 x 514 31458 
0,024 1,0 17 783 x 700 128068 
0,027 1,5 22 906 x 784 106690 
0,027 2,0 -19 910 x 763 84454 

 

 
beWduri da xelnaweri teqstebis da teqstebSi Semavali daxrili stri-

qonebis (sityvis, asoebis) normalur sawyis mdgomareobaSi gadayvanis mizniT 
SemuSavebuli iqna algoriTmi, romelic saSualebas iZleva movaxdinoT dax-
ris sxvadasxva orientaciis, dokumentis striqonebs Soris sxvadasxva daSo-
rebis mqone teqstebis koreqtireba. 

daxrili teqstis koreqciis algoriTmi mocemulia nax 3. 

 

 

 
 

nax 3. daxrili teqstis koreqciis algoriTmi 

 
amrigad, warmodgenili algoriTmi saSualebas iZleva daxrili teqstis 

koreqtireba ganxorcieldes wamis meaTedebSi. umniSvnelo sxvaoba  fiqsir-
deba sxvadasxva daxris mqone gamosaxulebis SemTxvevaSi. 
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moyvanili algoriTmi SesaZlebelia gamoyenebul iqnes saarqivo doku-
mentebis avtomaturi da naxevradavtomaturi skanirebis da gacifrovnebis 
samuSaoebis Sesrulebis dros, rodesac eleqtronuli mowyobilobidan miRe-
buli gadaxrili gamosaxulebebi avtomaturad dakoreqtirdeba da Seinaxeba 
horizontalur mdgomareobaSi gasworebuli saxiT, rac aseTi gamosaxulebis 
Semdgomi damuSavebis process mniSvnelovnad gaamartivebs.   
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SUMMARY 

CORRECTION OF PRINTED AND HANDWRITTEN TEXTUAL DOCUMENTS  

BY SEGMENTATION METHOD OF TEXT LINES, WORDS AND LETTERS  

Sekhniashvili D.N. and Svanidze R.G. 

Georgian Technical University 

The inclination and slant of characters inside the printed and handwritten texts complicates the task of such 

document processing and analysis. The paper discusses the issues of restoring these irregularities to the normal 

(horizontal) initial level in printed and handwritten texts. Examples of correction of an inclined text documents, 

as well as correction of slanted characters, of different angles, spacing between lines, and document resolution, 

are presented. 

Keywords: segmentation, correction, textual documents. 
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farmacevtuli preparatebis gavrceleba sasmel wyalSi 

gurgeniZe d.r., bagration-daviTaSvili a.n., cinaZe z.o., 
suramelaSvili e.r., ebanoiZe g.g. 

saqarTvelos teqnikuri universiteti 

bolo aTwleulis ganmavlobaSi, Tanamedrove analizuri meTodebiT 
Catarebulma kvlevebma gamoavlina wylis ciklSi farmacevtuli preparatebis 
kvali  (mikrogrami/litrze) _ zedapirul da miwisqveSa wylebSi, Camdinare 
wylebSi, da  naklebad, sasmel wyalSi. 

farmacevtuli preparatebis gavrceleba wyalSi, Zalze dabal 
koncentraciebSic ki, SeSfoTebas iwvevs dainteresebul mxareebSi, rogoricaa 
sasmeli wylis maregulirebeli organoebi, mTavroba, wylis momwodeblebi da 
sazogadoeba, radganac, es zrdis maTi zemoqmedebis potenciur risks 
adamianis janmrTelobaze. 

farmacevtuli saSualebebi warmoadgens sinTezur an bunebriv qimiur 
naerTebs, romelTa gamoyeneba xdeba gacemuli receptis Sesabamisad. recepti 
gaicema rogorc samkurnalo saSualebebze, aseve veterinarul saSualebebze da 
isini Seicavs aqtiur ingredientebs, romlebic iwvevs farmakologiur efeqts. 

adamianisa da veterinaruli saSualebebis sayovelTao gamoyenebam 
samedicino, akvakulturisa da soflis meurneobis praqtikaSi, ganapiroba 
farTo speqtris farmacevtuli qimikatebis gavrceleba garemoSi. 

farmacevtuli saSualebebi vrceldeba garemoSi mravali gziT (nax. 1), 
maT Soris adamianis an cxovelebis eqskrementebis, Camdinare wylebis, kanali-
zaciis gawmendil SlamSis, samrewvelo narCenebis, samedicino narCenebis sa-
medicino da veterinaruli obieqtebidan da nagavsayrelidan gamonaJonis da 
biologiur myar narCenebis saSualebiT. 

nax.1. farmacevtuli produqtebis brunva garemoSi 

farmacevtuli produqtebis gavrceleba zedapirul wylebSi 
jer kidev gasuli saukunis 70-ian wlebSi mecnierebis mier gamoqvey-

nebuli iyo monacemebi Camdinare wylebSi kardiologiuri medikamentebis, 
tkivilgamayuCeblebis da Casaxvis sawinaaRmdego medikamentebis arsebobis 
Sesaxeb [1-3]. 

gamokvlevebma aCvena, rom zedapiruli wylebSi farmacevtuli prepara-
tebis ZiriTadi wyaroa eqskrecia da Carecxva, gawmendili an daumuSavebeli 
municipaluri Camdinare wylebis gadinebiT zedapiruli wylis obieqtebSi  



   saqarTvelos sainJinro siaxleni, GEORGIAN ENGINEERING NEWS, #2, 2021  

 

77 

[4-9]. aseve, momxmareblebisa da samedicino da veterinaruli dawesebulebebis 
farmacevtuli narCenebis da Warbi medikamentebis arasaTanadod CaRvra kana-
lizaciaSi. Camdinare wylebSi gamovlenilia farmacevtuli preparatebis 
ramdenime klasi (cx.1). 
 
cxrili 1. Camdinare wylebSi gamovlenili farmacevtuli preparatebis klasebi 

 
nivTiereba 

 
farmacevtuli jgufi 

 
gamoyofili nivTiereba (%) 

amoqsicilini antibiotiki 60 
atenololi beta blokatori 90 
bazafibrati lipidebis maregulirebeli 50 
karbamazepini antiepilepturi 3 
ceterizini antihistaminuri 50 

qlobibruli mJava aqtiuri metaboliti 6 
diqlofenaki anTebis sawinaaRmdego 15 
eriTromicini antibiotiki 25 
felbamati antiepilepturi 40–50 
ibuprofeni tkivilgamayuCebeli 10 

  
cxrili 2. SerCeuli farmacevtuli jgufebis koncentraciebis monacemebi 
Camdinare wylebSi 
 

nivTiereba 
saSualo (maqsimaluri) koncentracia (ng/l) 
Camonadeni gamwmendi 

sadguridan 
mdinaris wylebi 

bleomicini 11 (19) aa (17) 

klotrimazoli 
14 (27) 
— 

21 (34) 
7 (22) 

diqlofenaki 
424 (2349) < rSz (568) 
289 (598) < rSz 

— < rSz (195) 

deqstropoqsipeni 
195 (585) 58 (682) 
37 (64) 12 (98) 

eriTromicini 
— 

< rSz (1842) 
< rSz (80) 
< rSz (1022) 

fluoqsetini 
202 (290) 5 (70) 
7,6–52,9 2–43,7 

ibuprofeni 
3086 (27 256) 826 (5044) 
2972 (4239) 297 (2370) 

— 48 (930) 

mefenamis mJava 
133 (1440) 62 (366) 
340 (396) < rSz 

— < rSz (196) 
norfluoqsetini 5,2–30,7 4,5–83,0 

paracetamoli 
< 20 — 
— 555 

propanololi 
76 (284) 29 (215) 
304 (373) 61 (107) 

— < rSz (56) 
sulfametoqsazoli < rSz (132) < rSz 

tamoqsifeni < rSz (42) < rSz 
tetraciklini — ~1000 
teofilini — ~1000 

trimetoprimi 
70 (1288) < rSz (42) 
271 (322) 9 (19) 

— 7 (569) 
    „rSz“ - raodenobrivi Sefasebis zRvari; „aa“, ar aris aRmoCenili 
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britaneli mkvlevarebis mier naCvenebi iyo, rom sxvadasxva  farmacev-
tuli jgufis Terapevtuli preparatebi aRmoCenilia rogorc Camdinare wyle-
bis gawmend sadgurebidan Cadenil wylebSi, aseve wyalmimRebebSi. dafiq-
sirebuli mniSvnelobebi imave diapazonSi iyo, rogorc kontinentur evropasa 
da aSS-Si, sadac ufro farTo monitoringi Catarda. cxr. 2 da 3-Si naCvenebia 
farmacevtuli jgufebis monacemebi evropul qveynebSi. 
 

cxrili 3. SerCeuli farmacevtuli jgufebis koncentracia, romelic aRmoCenilia   
evropis zedapirul wylebSi 

 
nivTiereba saSualo (maqsimaluri) koncentracia (ng/l) 

 avstria fineTi safrangeTi germania Sveicaria 
bazafibrati 20 (160) 5 (25) 102 (430) 350 (3100) — 
karbamazepini 75 (294) 70 (370) 78 (800) 25 (110) 30–150 
diqlofenaki 20 (64) 15 (40) 18 (41) 150 (1200) 20–150 
ibuprofeni aa 10 (65) 23 (120) 70 (530) aa (150) 
iopromidi 91 (211) — 7 (17) 100 (910) — 

roqsitromicini aa — 9 (37) <rSz (560) — 
sulfametoqsazoli aa — 25 (133) 30 (480) — 

 
 saqarTveloSi Catarebuli gamokvlevebi mdinare mtkvarSi karbamazepi-
nis Semcvelobaze [10] mocemulia cxr. 4-Si. 
 
     cxrili 4. mdinare mtkvarSi aRmoCenili karbamazepinis raodenoba 
 

# dislokaciis adgili aRmoCnda daaxl. raod. ng/l) 

1. 
orTaWalis hesis mimdebare 

mdinare mtkvarSi (N1) 
+ 100 

2. 
erovnuli bankis mimdebare 

mdinare mtkvarSi (N2) 
+ 180 

3. 
sajaro reestris mimdebare 

mdinare mtkvarSi (N3) 
+ 100 

4. 
mircxulavas quCasTan 
wyalmimRebis mtkvarTan 
SeerTebis adgilze (N4) 

+ 100 

5. 
diRomSi, saavadmyofoebis 

mimdebare mdinare mtkvarSi (N5) 
+ 220 

6. 
Tevzis restornis mimdebare 

mdinare mtkvarSi (N6) 
+ 200 

7. 
xoSaraulis quCis mimdebare 

mdinare mtkvarSi (N7) 
+ 100 

8. 
goTuas quCis mimdebare mdinare 

mtkvarSi (N8) 
_ _ 

9. 
mdinare veresa da mtkvris 

SesarTavTan (N9) 
_ _ 

10. 
md. gldanulasa da mtkvris 

SesarTavTan (N10) 
_ _ 

 
cxrilis monacemebidan Cans, rom karbamazepiniT mtkvris yvelaze 

dabinZurebuli monakveTebia: diRomSi, saavadmyofoebis mimdebare teritoria 
da Tevzis restornis mimdebare teritoria.  

SedarebiT naklebad aris dabinZurebuli: erovnuli bankis mimdebare 
teritoria, orTaWalis hesis mimdebare teritoria, sajaro reestris mim-
debare teritoria, mircxulavas quCasTan wyalmimRebis mtkvarTan SeerTebis 
adgilze da xoSaraulis quCis mimdebare teritoria. 
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karbamazepini ar iyo aRmoCenili goTuas quCis mimdebare teritoriaze, 
aseve veresa da mtkvris SesarTavTan, md. gldanulasa da mtkvris SesarTavTan. 

 
farmacevtuli jgufebis preparatebis gavrceleba sasmel wyalSi 
umetes qveynebs ar aqvT sasmel wyalSi farmacevtuli jgufebis moni-

toringis programebi praqtikuli sirTuleebis gamo, rogoricaa maRali xar-
jebi, analizuri teqnologiebisa da laboratoriuli infrastruqturis 
ararseboba sxvadasxva farmacevtuli jgufebisa da maTi metabolitebis 
dasadgenad. Sedegad, sasmeli wylisa da zedapiruli wylebis farmacevtuli 
jgufebis Sesaxeb SemTxvevaTa umetesoba modis miznobriv kvleviT proeqtebze 
da mizanmimarTul gamokvlevebze. 

regulaciebis gasamkacreblad, mTavrobisa da kerZo organizaciebis 
mier ramdenime qveyanaSi Seiqmna programebi, romelTa mizania Seamciron 
farmacevtuli preparatebis raodenoba garemoSi [12-14]. es programebi 
SeiZleba sxvadasxva masStabis iyos, dawyebuli mcire erTdRiani RonisZie-
bebiT, regularuli da sistematuri regionaluri gamokvlevebiT. 

evropaSi farTod gavrcelebulia standartizirebuli programebi. 
erovnul sistemebis funqcionirebas da afinansebs farmacevtuli mrewveloba, 
sacalo afTiaqebi da sajaro seqtori. 

momxmareblebi miCveulebi arian arasasurveli da vadagasuli medika-
mentebis moSorebas sayofacxovrebo narCenebis da kanalizaciis saSualebiT. 
medikamentebis moSorebis aseTi araswori praqtika abinZurebs Camdinare da 
zedapirul wylebs. amitom saWiroa sazogadoebis cnobierebis amaRleba da 
momxmareblebis waxaliseba arasasurveli farmacevtuli saSualebebis 
gankargvis saTanado praqtikis gamoyenebaSi.  

amrigad, Cvens mier Catarebulma kvlevebma aCvena, rom farmacevtuli 
saSualebebis koncentracia zedapirul da miwisqveSa wylebSi, Camdinare 
wylebis zemoqmedebiT Seadgens 100 ng/l, xolo gawmendil sasmel wyalSi 
koncentraciebi Cveulebriv dabalia _ 50 ng/l. 

saWiroa daixvewos farmacevtuli jgufebis SerCevisa da analizuri 

gansazRvris standartizebuli oqmi, monacemTa Sedarebisa da garemoSi farma-
cevtuli nivTierebis transportirebis da gavrcelebis Sesaxeb. aseve, unda 
ganviTardes da farTod gavrceldes saganmanaTleblo programebi da miTi-

Tebebi, medikamentebis arasasurveli da Warbi gamoyenebis prevenciis mizniT. 
mkacrad unda aikrZalos da gakontroldes sawarmoo obieqtebidan 

arasrulad damuSavebuli Camdinare wylebis wyalsatevebSi CaSveba, radganac  
farmacevtuli produqtebis umravlesoba wylis ciklSi Sedis am obieq-
tebidan. 

 
literatura 

1. Tabak H.H, Bunch R.L. Steroid hormones as water pollutants. I. Metabolism of natural and synthetic 

ovulation-inhibiting hormones by microorganisms of activated sludge and primary settled sewage. 

Developments in Industrial Microbiology, 11, 1970, pp. 367-376. 

2. Garrison A.W, Pope J.D, Allen F.R. GC/MS analysis of organic compounds in domestic wastewaters. In: 

Keith LH, ed. Identification and analysis of organic pollutants in water. Ann Arbor, MI, Ann Arbor Science 

Publishers Inc. 1976, pp. 517-556. 

3. Hignite C, Azarnoff D.L. Drugs and drug metabolites as environmental contaminants: chlorophenoxyisobuty-

rate and salicylic acid in sewage water effluent. Life Sciences, 20(2), 1977, pp. 337–341. 

4. Buser H.R, Muller M.D, Theobald N. Occurrence of the pharmaceutical drug clofibric acid and the herbicide 

mecoprop in various Swiss lakes and in the North Sea. Environmental Science & Technology, 32(1), 19981,            

pp. 88-192. 

5. Ternes T. Occurrence of drugs in German sewage treatment plants and rivers. Water Research, 32, 1998,                 

pp. 3245-3260. 

6. Buser H.R, Poiger T, Muller M.D. Occurrence and environmental behavior of the chiral pharmaceutical drug 

ibuprofen in surface waters and in wastewater. Environmental Science & Technology, 33(15), 1999,                          

pp. 2529-2535. 



   saqarTvelos sainJinro siaxleni, GEORGIAN ENGINEERING NEWS, #2, 2021  

 

80 

7. Daughton C.G..Pharmaceuticals and personal care products in the environment: overarching issues and 

overview. ACS Symposium Series, 2001, pp. 791:2–38. 

8. Heberer T, Reddersen K, Mechlinski A. From municipal sewage to drinking water: fate and removal of 

pharmaceutical residues in the aquatic environment in urban areas. Water Science & Technology, 46, 2002,              

pp. 81-88. 

9. Kolpin D.W et al. Pharmaceuticals, hormones, and other organic wastewater contaminants in U.S. streams, 

1999–2000: a national reconnaissance. Environmental Science & Technology, 36, 2002, pp. 1202–1211. 

10. cinaZe z. wyalmomaragebis bunebrivi wyaroebis xarisxis Sefaseba mdinare mtkvris 
magaliTze. disertacia doqtoris akademiuri xarisxis mosapoveblad. saqarTvelos 
teqnikuri universiteti, 2019, 203 gv. 
11. Bull R.J et al. Therapeutic dose as the point of departure in assessing potential health hazards from drugs in 

drinking water and recycled municipal wastewater. //Regulatory Toxicology and Pharmacology, 60, 2011,            

pp. 1-19. 

12. Daughton C.G. PPCPs in the environment: future research—beginning with the end always in mind. In: 

Kümmerer K, ed. Pharmaceuticals in the environment, 2nd ed. Springer, 2004, pp. 463–495. 

13. Glassmeyer ST et al. Disposal practices for unwanted residential medications in the United States. 

Environment International. 35. 2009. pp. 566–572. 

14. Teleosis Institute. Medicine take back locations. Berkeley, CA, Teleosis Institute. 2009. (http://www.teleosis. 

org/gpp-locations.php). 

 

SUMMARY 

DISTRIBUTION OF PHARMACEUTICAL PREPARATIONS IN DRINKING WATER 

Gurgenidze D.R., Bagration-Davitashvili A.N., Tsinadze Z.O., Suramelashvili E.R. and Ebanoidze G.G. 

Georgian Technical University 

The wide use of human and veterinary pharmaceutical preparations in medical, agricultural and aquaculture 

practices has led to the spread of a wide range of pharmaceutical preparations in drinking water, which has a 

negative impact on human health. Their origin from various sources are discussed, including human or animal 

excrement, wastewater, sewage sludge, industrial waste, pharmaceutical wastes from medical and veterinary 

facilities, landfill dumping, and biological solid waste. The sources of the origin of the carbamazepine group of 

drugs in the Mtkvari river area of Tbilisi and their concentrations are given. It is concluded that there is a need to 

develop appropriate regulations to manage usage of pharmaceutical preparations, widespread programs, 

guidelines and advanced education of consumers to help prevent unwanted and excessive use of medicines. 

Keywords: pharmaceutical preparations, drinking water, industrial and pharmaceutical waste. 
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prognozireba da misi mniSvneloba bunebaTsargeblobaSi 

 
mWedliSvili g.s., mamulaSvili m.a. 

 
saqarTvelos teqnikuri universiteti 

 
qveynebis socialur-ekonomikuri ganviTarebas Tan axlavs ekonomikis da 

socialuri sferos garemoze ganuwyvetlivi zemoqmedeba. ekonomika da socia-
luri sfero warmoadgenen bunebrivi resursebis momxmarebels. bunebriv re-
sursebze gazrdili socialur-ekonomikuri moTxovnilobebis Sedegad Tana-
medroveobaSi gamwvavda bunebaTsargeblobis ori problema bunebrivi resur-
sebis mravali saxeobis gamoleva da bunebrivi garemos xarisxis gamudmebuli 
gauareseba.  

amdenad, aucilebelia garemos racionalizaciis da dacvis RonisZiebe-
bi. es RonisZiebebi unda eyrdnobodnen bunebrivi resursebis iseTi progno-
zirebis SemuSavebas, romlebic uzrunvelyofen socialur-ekonomikuri sfe-
ros ganviTarebis moTxovnebs. 

rogorc cnobilia prognozireba es aris gulmodgined Seswavlili da 
damuSavebuli monacemebis safuZvelze raimes (magaliTad mecnierebis, warmoe-
bis sferos, procesis damokidebulebis da a.S.) prognozis Sedgena, ganviTa-
reba, Camoyalibeba, gavrceleba. 

prognozi es aris mecnierebis Semadgeneli nawili, amitomac igi unda 
iyos dafuZnebuli gansaxilveli movlenis kanonzomierebaTa codnaze da unda 
aigos ara subieqtur gadawyvetilebaze, aramed obieqtur, mecnierulad dasa-
buTebul debulebebis safuZvelze [1]. 

cnobilia prognozTa ori tipi:  
1.  saZiebo _ movlenis SesaZlebel mdgomareobaTa gansazRvra momaval-

Si, romelic pasuxobs SekiTxvaze: ra ufro SesaZlebelia (mosalodnelia), 
rom moxdes arsebul tendenciaTa SenarCunebis pirobebSi?  

 2. normatiuli _ sasurvel mdgomareobaTa miRwevis prognozireba, 
winaswar mocemuli normebis, miznebis safuZvelze, roca aucilebelia pasuxi 
gaeces SekiTxvas: rogori gzebiT miiRweva sasurveli? 

ekologiuri prognozirebis safuZvelSi devs saZiebo prognozireba 
momavalSi, movlenis mdgomareobaze rac SeiZleba ufro zusti winaswar gan-
sazRvris orientaciiT. iseve, rogorc sxva SemTxvevaSi, ekologiur prog-
nozirebasac safuZvlad udevs momavlis Sesaxeb informaciis sami wyaro: 

1. saprognozo movlenis, sistemis momavali mdgomareobis Sefaseba 
cnobil movlenebTan da procesebTan gamocdis analogiis safuZvelze; 

2. im tendenciaTa, kanonzomierebaTa pirobiTi gagrZeleba momavalSi, 
romlebic gamovlenilni arian warsulSi da kargad arian cnobilni amJamadac; 

3. movlenis an sistemis momavali mdgomareobis modeli, romelic age-
bulia aSkara kanonzomierebaTa da arsebuli monacemebis safuZvelze [2]. 

informaciis es sami wyaro gansazRvravs kidec prognozirebis sam xerxs:  
a)saeqsperto Sefaseba; b) eqstrapolacia da interpolacia; g) modelireba. 

prognozirebis mizans warmoadgens mecnierulad dasabuTebuli wina-
pirobis Seqmna, ekonomikis ganviTarebis tendenciis mecnieruli analizis 
SemcvelobiT; sxvadasxva variantebis gaTvla sazogadoebis kvlavwarmoebis 
ganviTarebis, Camoyalibebuli tendenciebis da dasaxuli miznebis gaTvalis-
winebiT; aseve, miRebuli gadawyvetilebis SesaZlo Sedegebis Sefaseba. 

prognozirebis masStabebis mixedviT gamoyofen makroekonomikur (sa-
xalxo meurneobrivi), regionalTSorisi da dargTaSorisi prognozi, saerTo  
meurneobriobis pirveladi rgolebi (warmoeba da organizacia), aseve calkeu-
li warmoebebis da produqciis. 
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prognozis gaTvlis drois intervalis mixedviT gamoyofen operatiul 
(prognozirebas,  gaTvlis dro _ erT Tvemde), moklevadians _ (erTi Tvidan 
wlamde), saSualo vadians _ (wlidan 5 wlamde), grZelvadians (5-dan 15_20 
wlamde) da Soreul vadians (20 welze meti). prognozirebis gaTvlis drois 
periodad iTvleba drois monakveTi im momentidan, romlidanac arsebobs 
Sesaswavli obieqtis bolo statistikuri monacemebi im momentamde sadamdec 
vrceldeba prognozi. 

gamosakvlevi obieqtebis xasiaTis mixedviT gamoyofen prognozis Semdeg 
saxeebs: ekonomikuri, bunebrivi resursebis da bunebaTsargeblobis, ekolo-
giuri, samecniero-teqnikuri, demografiuli, socialuri ganviTarebis da sxva. 

bunebrivi resursebis prognozi xasiaTdeba maTi CarTulobiT sameurneo 
brunvaSi da moicavs yvela saxeobas sazogadoebrivi kvlavwarmoebis da buneb-
riv garemos: saTbobi da mineraluri resursebi, msoflio okeanis resursebi, 
energiis zogierTi saxeebi, mcenareuli da cxovelTa samyaro [3]. 

prognozi bunebaTsargeblobaSi es aris winaswarganWvreta bunebriv-
resursuli potencialis da bunebriv resursebze moTxovnilebis cvlilebis 
dinamika lokalur, regionalur da globalur masStabebSi. gamoyofen bune-
baTsargeblobis prognozebis Semdeg saxeebs: 

- garemomcvel bunebriv garemoze zemoqmedebis prognozi _ sameurneo 
saqmianobis bunebriv garemoze zemoqmedebis Sedegad garemoSi cvlilebebis 
winaswarganWvreta; 

- garemomcveli bunebrivi garemos cvlilebebis prognozi _ winaswar-
gansazRvra garemos sagrZnobi cvlilebebis, romelic xdeba rTuli jaWvuri 
reaqciiT da dakavSirebulia adamianis garemoze, rogorc pirdapiri ise iribi 
zemoqmedebiT; 

- bunebrivi resursebis gamoyenebis prognozi _ winaswari gansazRvra 
bunebrivi resursebis moculobis, romlebic SeiZleba Caebnen sameurneo brun-
vaSi ekonomikuri, socialuri, teqnikuri SesaZleblobebis da SezRudulobis 
gaTvaliswinebiT; 

- ekologiuri prognozi _ bunebrivi sistemebis SesaZlo moqmedebebis wi-
naswargansazRvra, gamowveuli bunebrivi procesebis da adamianis zemoqmedebiT.  

 bunebaTsargeblobis prognozirebis mizania saprognozo informaciis 
gamoyenebis safuZvelze anTropogenuri zemoqmedebis Sedegebis Sefaseba da 
misi ekologiur-ekonomikri  efeqtianobis amaRleba. 

bunebaTsargeblobis prognozirebis amocanebia:  
-  garemos dabinZurebis mosalodneli Sedegebis Sefaseba;  
- garemos bunebriv mdgomareobasa da pirobebSi Carevis Sedegebis 

Sefaseba;                
- bunebrivad mimdinare procesebis ganviTarebis prognozireba;  
- bunebriv-resursul potencialis prognozuli Sefaseba;  
- adamiansa da bunebas Soris koevoluciis gzebis moZebna.  
bunebaTsargeblobis prognozireba gagebuli unda iqnas, rogorc dasa-

buTebuli mecnieruli msjeloba bunebrivi obieqtebis an movlenebis SesaZlo 
mdgomareobaze momavalSi da Zieba zemoqmedebis saSualebebis maTTvis auci-
lebeli Tvisebebis an ganviTarebis mimarTulebebis miniWebis mizniT. 

bunebaTsargeblobis prognozirebis aucilebloba ganixileba ori mi-
marTulebiT:  garemos dacva da ekonomika. orive mimarTuleba erTmaneTs ara-
Tu gamoricxavs aramed avsebs.  

- ekologiis da garemos dacvis Tvalsazrisidan bunebaTsargeblobis 
prognozirebis aucilebloba mdgomareobs garemos anTropogenuri cvlile-
bebis Sedegebis SefasebaSi rogorc adamianTan ise biosferosTan damokidebu-
lebaSi mTlianad, aseve adamiansa da bunebas Soris urTierTobis strategiu-
li mimarTulebis dasabuTebaSi [4]. 
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- ekonomikis Tvalsazrisidan bunebaTsargeblobis prognozirebis auci-
lebloba  ganpirobebulia finansuri, materialuri da SromiTi resursebis 
gamoyenebis ekonomikuri efeqtianobis amaRlebiT, rogorc warmoebiT ise bune-
bis dacviT sferoSi. 

bunebaTsargeblobis prognozisadmi arsebobs garkveuli moTxovnebi, 
kerZod,   

 - bunebrivi obieqtis, ekosistemis an mTlianad biosferos mdgomareo-
bis cvlileba.  

- prognozirebadi movlenebis dadgomis dro da albaToba.  
- prognozirebadi movlenebis ganviTarebis SemTxvevaSi warmoqmnili 

Sedegebi ekosistemis, biosferos,  adamianis da ekonomikisTvis.  
 - prognozirebadi movlenebis aRkveTis an piriqiT, xelis Sewyobis 

gzebi. 
 - prognozirebadi movlenebis aRkveTis an xelis SewyobisTvis aucile-

beli danaxarjebis forma da sidide.  
-  garemos gardaqmnis dasaSvebi masStabebis ekologiuri sazRvrebi. 
-  problemis gadawyvetis alternatiuli gzebi.   
prognozireba bunebaTsargeblobaSi eyrdnoba Semdeg principebs: siste-

murobis, mecnierulad dasabuTebis, adekvaturobis, alternatiulobis da 
mizanmimarTulobis. 

prognozirebis sistemurobis principi gvTavazobs socialur-ekonomi-
kur sistemaSi raodenobriv da xarisxobriv kanonzomierebis kvlevas, rome-
lic agebulia iseTi kvlevis jaWvis logikiT, romlis Tanaxmad SemuSavebis 
procesi da nebismieri gadawyvetilebis dasabuTeba gamomdinareobs sistemis 
saerTo miznis gansazRvrebiT da Seicavs yvela qvesistemis saqmianobas. amas-
Tan, mocemuli sistema ganixileba, rogorc nawili ufro msxvili sistemis, 
romelic aseve Sedgeba gansazRvruli raodenobis qvesistemebisgan. 

mecnierulad dasabuTebulobis principi niSnavs yvela donis progozSi 
yvela obieqturi ekonomikuri kanonebis moTxovnebis yovelmxrivi aRricxva un-
da eyrdnobodes mecnierul instrumentis gamoyenebas, prognozebis formirebi-
sas samamulo da sazRvargareTis gamocdilebis da miRwevebis Rrma Seswavlas. 

prognozis adekvaturobis principi (Tanabari, igive, mTlianad Sesabamisi) 
- obieqturi kanonzomierebiT axasiaTebs ara mxolod gamovlenis process, 
aramed Sefasebas mdgradi tendenciebis da meurneobriobis ganviTarebis 
urTierTkavSirebis da obieqturi procesebis Teoriuli analogebis Seqmnis. 
amgvarad gamovlenili tendenciebis realizaciis albaTobis Sefasebas. 

prognozirebis alternatiulobis principi (amorCevis aucilebloba 
ori an meti SesaZleblobidan), prognozireba dakavSirebulia meurneobis 
kompleqsis da misi calkeuli rgolebis ganviTarebis sxvadasxva SesaZleb-
lobebis. gansazRvra da amorCeva ori an  meti SesaZleblobebidan, romlebic 
xSirad SeiZleba urTierTsawinaaRmdego da urTierTgamomricxavnic iyvnen. 

mizanmimarTulobis principi gansazRvravs prognozirebis aqtiur xa-
siaTs, radganac prognozis Sinaarsi ar Semoifargleba mxolod winaswarmety-
velebiT, aramed Seicavs mizansac, romelic miiRweva mmarTveli organoebis 
aqtiuri moqmedebiT. 

prognozis meTodologiis princips warmoadgens obieqtis yovelmxrivi 
gamokvleva, misi ganviTarebis kanonzomierebis arsebiTi kavSirebis gamovlena. 
magaliTad, prognozis maRali albaTobis, ueWvelobis pretendentobis SemTxv-
evaSi aucilebelia mxedvelobaSi miRebuli iqnas iseTi kanonzomierebebi, 
rogorebicaa  b. komoneris ekologiis „kanonebi“:   [5] 
- yvelaferi dakavSirebulia yvelaferTan; 
-  yvelaferi sadRac  miemarTeba  (yvelaferi sadRac unda wavides);                                                 
-  bunebam ukeT icis;    
-  araferi ar modis tyuilubralod,  (usasyidlod). 
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aRniSnul kanonebs aqvs sxvadasxva ganmartebebi, ganvixiloT zogierTi 
maTgani:  

1. yvelafers ukavSirdeba yvelaferi (kanoni bunebaSi sagnebis da feno-
menebis universaluri kavSiris Sesaxeb). garemomcvel samyaroSi yvela kompo-
nenti dakavSirebulia erTmaneTTan, Tuki kacobrioba azianebs biosferos erT 
adgils igi aucileblad aisaxeba meoreze; 

2.  yvelaferi unda wavides sadme. 
kanoni miuTiTebs nivTierebaTa Caketili wrebrunvis da biosferos sta-

bilur arsebobis aucileblobas. nebismieri sakiTxi, energia, an nivTiereba ar 
qreba, aramed gadadis arsebobis erTi formadan meoreze da gavlenas axdens 
garemoze. 

3. bunebam `ukeT icis~ (kanoni evoluciuri SerCevis mTavari krite-
riumis Sesaxeb). 

bunebam `ukeT icis~, radgan misi praqtikuli gamocdileba Seudareblad 
aRemateba adamianis praqtikul gamocdilebas. es niSnavs, rom kacobriobam 
guldasmiT unda Seiswavlos bunebrivi ekosistemebi da Segnebulad Seexos 
transformaciul saqmianobas. unda Seiqmnas iseTi pirobebi, rom bunebrivi 
obieqtebi arsebobdnen maTi bunebrivi regulirebiT; 

4. araferia mocemuli ufasod (saCuqrad araferia). 
globaluri ekosistema aris erTiani mTlianoba, romlis farglebSic 

veraferi moipoveba an daikargeba. amrigad, yvelaferi, rac kacobriobas eko-
sistemebidan iRebs, misi saWiroebebis dasakmayofileblad, unda dabrundes an 
Seicvalos. 

ase rom, b. komoneris `kanonebSi~ yuradReba eqceva bunebriv procesebsa 
da movlenebs Soris universalur kavSirs [1,5]. 

prognozireba  _  bunebaTsargeblobis  saqmianobis  regulirebis  pir-
veli  etapia,  is win uswrebs gegmis  SemuSavebas. amasTan prognozi, romelic 
iZleva obieqtis ganviTarebis Sefasebas momavalSi, gamodis rogorc maorien-
tebeli faqtori arsebuli praqtikis dagegmvis garkveuli miznis misaRwevad.  

regulirebis meore stadias warmoadgens uSualod dagegmareba, rome-
lic ver iqneba efeqturi winaswari prognozirebis gareSe. am SemTxvevaSi 
mJRavndeba, swored prognozirebis da dagegmarebis erTianoba. SemdgomSi 
xdeba SemuSavebuli gegmis realizacia da maTi Sedegebis Sefaseba, rac sqema-
turad ase gamoisaxeba  

 bunebaTsargeblobis saqmianobis regulirebis cikli 
 

 
 
bunebaTsargeblobis regulirebaSi da sameurneo saqmianobaSi mTlia-

nad, prognozireba asrulebs Semdeg funqciebs: gansazRvravs dagegmarebis 
sazRvrebs; afasebs mosalodneli cvlilebebis albaTobas; damgegmarebel 
organizaciebs uzrunvelyofs gegmis SedgenisaTvis aucilebili sawyisi mona-
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cemebiT; damgegmarebel organizaciebs saSualebas aZlevs miznis misaRwevi 
gzebis arCevis SesaZleblobebs.   
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SUMMARY 

PREDICTION AND ITS IMPORTANCE IN NATURE USE 

Mchedlishvili G.S. and Mamulashvili M.A. 

Georgian Technical University 

 Current problems in the process of nature use are discussed; the protection of environment and nature use the 

need for rationalization measures and the importance the scientific forecasting in the development of socio-

economic sphere.  A characteristic of forecasting as an integral part of science is given, types of forecasts and 

sources of information are described, classification of forecasting according to different indicators are presented. 

Separately highlighted in nature use forecast, its definition, types, purpose and tasks. The focus is on predicting 

nature use, in particular, from an environmental and economic perspective. The basic requirements that must be 

taken into account when forecasting are also given. It is characterized by the necessary principles on which the 

forecasting of nature use must be based. On the basis on the principle of forecasting methodology, a certain 

connection is established between B. Commoner's "laws" of ecology and between forecasting. Finally, a scheme 

of the nature use regulation cycle is   presented, in which forecasting is considered as the first stage of this 

activity, with an explanation of its main functions. 

Keywords:  forecasting, nature use, environmental protection , economy, evaluation. 
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radonis zemoqmedebiT ganpirobebuli riskebis Sefaseba 

Tbilisis zogierT ubanSi 

faRava s.v.,  gorgaZe k.m.,  dekanosiZe S.v.,  mecxvariSvili m.r.,  
kalandaZe i.g.  lomsaZe x.a., xizaniSvili S.m., rusecki v.T., giorgaZe i.s. 

saqarTvelos teqnikuri universitetis instituti „talRa“ 

radoni (219, 220, 222Rn86) _ radiaqtiuri, erTatomiani, ufero da usuno airia, 
misi simkvrive 8-jer aRemateba haeris simkvrives da ganTavsebulia radiaqtiu-
ri 238U, 235U, 232Th elementebis qimiur rigSi. bunebaSi misi birTvebi mudmivad 
warmoiqmnebian dedamiwis qerqSi arsebuli elementebis birTvebis radiaqtiu-
li daSlis Sedegad. warmoqmnili radoni advilad tovebs sawyis nivTierebas 
inertulobis gamo da xvdeba miwisqveSa wyalebSi, haersa da bunebriv airebSi. 

radonis izotopebidan yvelaze didi sicocxlis xangrZlivoba aqvs 
222Rn. dedamiwis qerqSi misi masuri Semcvelobaa 7·10-16 %. is advilad ereva 
miwisqveSa wylebs. wyalTan erTad advilad amodis dedamiwis zedapirze da 
xvdeba haerSi. garda amisa, organul sawvavze (navTobi, qvanaxSiri, mazuTi) 
momuSave sawarmoebidan radoni xvdeba atmosferoSi. 

sacxovrebel binebSi radonis moxvedris erT-erTi ZiriTadi wyaroa 
Senobis saZirkvlis qveS gruntSi arsebuli bzarebi. Tumca, SenobaSi is, 
agreTve, saSeni masalis forebidan, iatakSi arsebuli xvrelebidan xvdeba. 
aRsaniSnavia isic, rom gaTbobis mizniT Senobis hermetizacia xels uwyobs 
radonis koncentraciebis gazrdas. 

mimdinare kvlevebi efuZneba rigi saerTaSoriso organizaciebis da ker-
Zod, gaero-s „atomuri radiaciis zemoqmedebis Semswavleli samecniero  komi-
tetis“ (UNSCEAR), gaero-s „ekonomikuri komisiis evropis ganyofilebis“ 
(UNECE), „atomuri energiis saerTaSoriso saagentos da Sromis dacvis saer-
TaSoriso biuros“ (IAEA|ILO), `jandacvis msoflio organizaciis kibos kvle-
vis saerTaSoriso saagentos~ (WHO/IARC), `radiologiuri dacvis saerTaSo-
riso komisiis~ (ICRP), aSS-s `garemos dacvis saagentos~ (USEPA), dadgenile-
bebsa da saxelmZRvanelo miTiTebebze, romelTa gacnobiereba da danergva 
rekomendebulia msoflios yvela ganviTarebul Tu ganviTarebad  saxelmwi-
foebSi. adamianis organizmze radonis izotopebis  (219, 220, 222Rn86 ) da maTi daS-
lis produqtebis (210, 211, 212, 214Pb82), (210, 211, 212, 214Bi83) da (210,212,214,215,216,218Po84) zemoq-
medebis Semcireba, warmoadgens radiaciuli usafrTxoebis erT-erT priorite-
tul amocanas [1-8]. 

sayuradReboa is faqti, rom SesaZlebelia SenobebSi radoniT ganpiro-
bebuli mcire dasxivebebi xangZlivi periodebis ganmavlobaSi ufro met ris-
kebTan iyos dakavSirebuli, vidre didi doziT dasxivebebi mokle periodebis 
ganmavlobaSi.  

yovel wuTSi adamianis filtvSi xvdeba milionobiT radonis radiaq-
tiuri atomi. radonis da misi daSlis produqtebi moxvdeba ra adamianis zo-
gierT organosa da qsovilSi, limfisa da sisxlis meSveobiT vrceldeba 
mTels organizmSi da iwvevs mis masiur, Sinagan dasxivebas. Sedegad, SeiZleba 
miviRoT Semdegi funqciuri darRvevebi: Tavbrusxveva, Sakiki, asTmuri Seteva, 
depresia da a.S. magram, yvelaze did safrTxes warmoadgens adamianis fil-
tvis qsovilis Sinagani dasxiveba, rac mis kibos iwvevs.  

aRsaniSnavia, rom ZiriTadi safrTxe ganpirobebulia ara uSualod rado-
nis izotopidan, aramed radiaqtiuri daSlis Sedegad misgan miRebuli nivTie-
rebebis mcire sicocxlis xangrZlivobis mqone izotopis radiaqtiuri daSlis 
dros warmoqmnili maionizebeli gamosxivebiT. gansakuTrebiT aRsaniSnavia _ 
gamosxiveba, romlis damazianebeli biologiuri zemoqmedebis efeqturoba β- da 
γ-gamosxivebaze daaxloebiT 20-jer maRalia. haerSi arsebuli radonis izoto-
pebis daSlis adsorbirebuli produqtebi SesaZloa sunTqvis organoebiT moxv-
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dnen adamianis organizmSi. radonis daSlis Sedegad warmoqmnili radiaqtiuli 
produqtis mniSvnelovani nawili haeridan swrafad gamoidevneba da ileqeba 
kedlebis, iatakis da sxvadasxva sagnebis zedapirze. am dasxivebis did nawils 
adamiani iRebs „cudi“ ventilaciis mqone SenobebSi yofnisas da ara mis gareT 
arsebuli atmosferuli haeridan. Senobis da atmosferos haerSi arsebuli 
radonis koncentraciebi ramdenjerme gansxvavdeba erTmaneTisgan. 

saqarTveloSi aqtualuri gaxda radonis testirebis sakiTxi sacxov-
rebel saxlebSi, skolebsa da sxva sazogadoebrivi daniSnulebis SenobebSi, 
radgan gaero-s ekonomikuri komisiis evropis ganyofilebis (UNECE) mier 
Catarebuli saqarTvelos garemos daxasiaTebis 2003 wlis angariSis [9] XIV-e 
TavSi „adamianis janmrTeloba da garemo“ xazgasmulia, rom „saqarTvelo 
warmoadgens qveyanas radonis gamosxivebis potenciurad maRali doneebiT, 
radgan misi geologiuri formaciebi xasiaTdebian uranis maRali Semcve-
lobiT, xolo mravali Senoba agebulia adgilobrivi warmoebis masalebiT“. 
„saqarTvelos pirobebSi SenobebSi radoniT dasxiveba potenciurad serio-
zuli problemaa da amitom urbanul garemoSi radonis monitorings priori-
teti unda mieniWos mosaxleobis radiaciisagan dacvis mizniT“.  

mimdinare proeqtis farglebSi, Tbilisis „vake-saburTalos“ administ-
raciuli raionis ubnebsa da „naZaladevSi“ SerCeul test-obieqtebze damze-
rili radonis koncentraciebi, erTeuli SemTxvevebis garda, ar aRemateba 
jandacvis msoflio organizaciis (WHO) mier dadgenil saxelmZRvanelo  e.w. 
„samoqmedo dones“ _ 148 bk/m3. 

msoflios bevr qveyanaSi dResdReobiT awarmoeben radonis ekologiur 
monitorings mraval SenobaSi, radgan geologiuri bzarebis raionebSi (rasac 
samwuxarod saqarTveloSic xSirad vxvdebiT) misi koncentracia SeiZleba 
iyos totalurad didi da mniSvnelovnad aRematebodes saSualo maCvenebels 
danarCen regionebTan SedarebiT.  

cxrilSi da naxazze warmodgenilia Tbilisis sxvadasxva ubanSi Cvens 
mier gazomili radonis koncentraciis cvlilebis sazRvrebi. 

haerSi radonis koncentraciis cvlilebis farglebi 

calkeuli test-
obieqtebi 

kerZo binebi, 
bk/m3 

sazogadoebrivi daniSnulebis 
Senobebi,  bk/m3 

vakis dasaxleba 23 _ 135 20 _ 75 
saburTalos dasaxleba 28 _ 75 5 _ 117 

delisis dasaxleba 47 _ 315 41 _ 375 
veZisis dasaxleba 20 _ 36 92 _ 94 

naZaladevis dasaxleba 35 _ 70 20 _ 55 

amgvarad, Tbilisis „vake-saburTalos“ administraciuri raionis ubneb-
sa da „naZaladevSi“ SerCeul Senoba-nagebobebis calkeul test-obieqtebze,  
daimzireba  radonis koncentraciis cvlileba (20 _ 375) bk/m3-is farglebSi.   

aRsaniSnavia, rom „Zveli Tbilisis“ ubnebSi (vera,  mTawminda,  kala, 
krwanisi)  test-obieqtebze Catarebuli kvlevebis Sedegad, zemoaRniSnulTan 
SedarebiT, damzerili iqna radikalurad gansxvavebuli realiebi. kerZod, 
test-obieqtebis haerSi damzerili iqna radonis koncentraciis mkveTri, 
naxtomiseburi zrda (30 _ 710) bk/m3 farglebSi [10]. 

sayuradReboa, rom zemoaRniSnuli ganpirobebulia „Zveli Tbilisis“  
Semadgeneli ubnebis mkveTrad gansxvavebuli geologiuri struqturidan ga-
momdinare. „Zveli Tbilisis“ ubnebi gaSenebulia TrialeTis qedis msxal-
didisa da mTawmindis ferdobebze, romlebic agebulia eocenuri terigenuli 
da tufogenuri qanebiT, romlebic xasiaTdebian xSiri rRvevebiT da aRniS-
nulis gamo, maRalia niadagidan atmosferos qveda fenebSi radonis emanacia. 
aseve aRsaniSnavia, rom „krwanisis“ ubanSi farTod gamoiyeneba e.w. „didi 
Tbilisis“ Termuli wylebi higienuri da balneologiuri miznebisaTvis, rac 
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bunebrivia, Tavis mxriv aseve zrdis radonis koncentracias atmosferos qve-
da fenebSi.  

 
 
 

 
 
 
 
 

 

 
 
 
 

 
 
 
amgvarad, „naZaladevSi“, „Zveli Tbilissa“ da „vake-saburTaloSi“ mdeba-

re kerZo da sazogadoebrivi daniSnulebis Senoba-nagebobebis calkeul test-
obieqtebze dafiqsirebuli radonis koncentraciebidan gamomdinare aucilebe-
lia, rogorc am saxis kvleviTi samuSaoebis gavrcoba-gagrZeleba, aseve sa-
qarTveloSi „radonis testirebis erovnuli programis“ Seqmna-ganxorcieleba, 
rac jer kidev 2003 da 2010 wlebSi rekomendaciisa da miTiTebis saxiT Camoya-
libebuli iqna gaeros ekonomikuri komisiis evropis ganyofilebis (UNECE) 
mier Catarebuli saqarTvelos garemos daxasiaTebis 2003 da 2010 wlebis anga-
riSebSi [8,9]. 
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SUMMARY 

ASSESS THE RISKS POSED BY RADON EXPOSURE IN SOME DISTRICTS OF TBILISI 
Paghava S.V., Gorgadze K.M., Dekanosidze Sh.V., Metskhvarishvili M.R., Kalandadze I.G., 
Lomsadze Kh.A., Khizanishvili Sh.M. and Rusetski V.T. and Giorgadze I.S. 

Institute „Talga“ of Georgian Technical University 
In the article the limits of changes of the concentrations of radioactive gas of radon taken from test facilities in 
some districts of Tbilisi are presented. The danger of radon-induced radiation to the human body is emphasized. 
It should be noted that the main danger is not directly from the radon isotope, but from the ionizing radiation 
generated during the radioactive decay of the isotope with the short-lived isotope of substances obtained from 
radon by radioactive decay. 
Keywords: radon, radioactive gas, short-lived isotope radioactive decay.  

vake-saburTalos da naZaladevis administraciuli raionebis test-

obieqtebze damzerili radonis koncentraciebi 
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ON DEFINITION OF DEFORMATION MODULUS OF GROUND BY LABORATORY 

METHOD 

 

Giorgishvili O.G. and Salukvadze I.K. 

 

Georgian Technical University 

 
Abstract. The work mainly relates for definition of modulus of deformation by laboratory method. As we all 

know each ground has the ability to provide some resistance to the impact of external forces and by the latter’s 

action to take some kind of deformation. By laboratory procedure (in compression devices) determination of E0 

gives the low value of its magnitude in comparison with determined by field procedure value. The aim of our 

work is to determine the cause of this difference. For this we carry out the special tests and have developed a 

new method for the laboratory testing of ground, which better illustrates the real conditions of foundation 

behavior. The obtained results will give the possibility to raise the issue of change the ground E0 determination 

laboratory method. Our goal is by carried out test by these three methods finally interpret the obtained results. 

Keywords: geology, soil, clay soil, deformation modulus, uneven sitting. 

 
The main essence of the work lies in the fact that we wish to say new word in the construction 

practice on the determination of the ground deformation modulus. As is known, there are two main 

methods of determining the ground deformation modulus: definition of ground compressibility 

without the lateral widening (compression) the definition of and field method. The determined by 

second method deformation modulus is the closest to natural deformation modulus, but is not used in 

construction practice, because the conducting of this test is related with large financial expenses. For 

this, we have developed a new method that is closer to the field method  [1,2]. 

Initially was selected site (Georgia. Tbilisi, Didi Digomi territory), from which we make test 

samples. The test samples were delivered to the Educational, Scientific and Expertise and Laboratories 

of Georgian Technical University. 

On the first stage we determine the existing ground (clay) physical-mechanical properties. 

After this we carryied out test by laboratory procedure, to determine the ground compressibility 

(compression) without the lateral widening. The testing sample has thickness - 20 mm, and diameter -

71.4 mm. On the other hand, at sample preparation never was maintained the ground natural structure. 

In addition, the negative side of the test method represents in the shortage of time that usually will not 

exceed few hours, while the duration of clayey soil deformation is large in real-time conditions 

(Fig.1). 

 

 
Fig. 1. The compression device and its scheme 

 

The ground general  deformation modulus is calculated by the following formula 

2/
1

cmkg
a

e
E in
         (1) 

where β = 0,8 – is the correcting coefficient, α – is the ground coefficient of compressibility,  e – is the 

porosity factor. 

Strain  

gauge 

Upper stamp 

Ground sample 

Steel hoop 

Vessel 

Paper filter 

Bottom stamp 
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The samples were tested at increasing loads and due with the increase of consolidation the 

deformations gradually decreases; in order of their measurement accuracy the load was increased as 

follows: 1,0; 2,0; 3,0; 4.0 kg/cm2. The obtained results are presented in the form of Tables №1 and 

diagram (Fig. 2).  
 

          Table 1. Definition of Deformation Modulus 
 

Vertical load 
P kg/cm2 0 1.0 2.0 3.0 4.0 

Porosity factor 
e - 0.98 0.95 0.93 0.91 0.90 

Coefficient of 

compressibility  cm/kg2 0 0,03 0,02 0,02 0,01 

Deformation 

modulus   

N
ew

  

m
et

h
..

 

E kg/cm2 0 52 76 78 150 

 

 

 

 

 

 

 

 
 
 
 
 

 

 

 

 

 

 
Fig. 2. Diagram. Determination of the deformation modulus by a new method 

 
On the second stage we determine the deformation modulus of same ground sample (clayey) 

by new proposed method, the test process was similar as at compression, with only one difference, we 

have the lateral widening (Fig. 3 and 4).  
 

 
 

 

 

 

 

 

 

 

 
Fig. 3. The new proposed method with lateral widening 
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                   Table 2. Definition of Deformation Modulus 
 

Vertical load P kg/cm2 0 1.0 2.0 3.0 4.0 

Porosity factor e - 0.74 0.71 0.69 0.67 0.66 

Coefficient of 

compressibility  cm/kg2 0 0,03 0,02 0,02 0,01 

Deformation 

modulus 
C

o
m

p
. 

E kg/cm2 0 46 67 68 133 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 4. Diagram. Determination of the deformation modulus by compression method 

 

 

On the third stage we conducted the tests in field conditions. On the site from which we made 

samples used in the previous two tests. In the laboratory tests, as well as in field tests, the loads were 

applied gradually by metal standard sizes circular stamp. The load was applied by hydraulic jacks. The 

test was continued until up to surface cracks initiation (Fig. 5 and 6). 
 

 
Sd

P
E 21  ,         (3) 

 

where    – is the Poisson's ratio; P – is the loading on stamp, kg;   S – is the final settling;  d – is the 

diameter of stamp. 
 

 
 

 

 

 

 

 

kg/cm² 
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Fig. 5. Hydraulic jack 

 

                     

                     Table 3. Definition of Deformation Modulus 
 

Vertical load P kg/cm2 0.5 1000 2000 3000 4000 

Final settling S cm 0 0,1 0,17 0,26 0,43 

Deformation 

modulus   

F
ie

ld
 

E kg/cm2 0 71,25 62,87 54,81 41,42 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

Fig. 6. Diagram. Determination of the deformation modulus by field method 

 

 

 
Final comparison of the results obtained with three experiments (Fig. 7). 
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Fig. 7. Final results of the experiment 

CONCLUSION 

As is shown, the results of field test and a new method proposed by us (with lateral widening) 

are closer to each other than to the obtained by compression (without lateral widening) results. Our 

goal is to say new word on determination of deformation modulus in construction codes and we 

introduce the issue to make change or make addition in acting in Georgia standards accordingly of the 

offered new method. 
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РЕЗЮМЕ 

ОПРЕДЕЛЕНИЕ МОДУЛЯ ДЕФОРМАЦИИ ГРУНТА ЛАБОРАТОРНЫМ МЕТОДОМ 

Гиоргишвили О.Г., Салуквадзе И.К. 

Грузинский Технический Университет 
Работа в основном посвящена определению модуля деформации путем лабораторного исследования. Как 

мы знаем, каждый грунт способен противостоять определенному влиянию внешним силам и получить 

определенные виды деформации под их действием. Определение E0 в лабораторных условиях (в компре-

ссорных приборах) дает малое значение его величины по сравнению с величиной, определенной в полевых 

условиях. Цель нашей работы и есть определить причину этой разницы. Для этого мы проводим специаль-

ные испытания и разработали новый метод лабораторных испытаний грунта, который лучше отражает 

реальные условия работы основания. Полученные результаты дадут возможность поставить вопрос об 

изменении лабораторного метода определения грунта E0. Нашей целью является окончательно интерпрети-

ровать результаты полученные в процессе экспериментов проведенных этими тремя методами. 

Ключевые слова: геология, грунт, глинистый грунт, модуль деформации, неравномерное сидение. 
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haagen-puazeilis dineba sadawneo milSi da baromembranuli

procesebi

bibileiSvili g.v., yufaraZe l.p., kakabaZe e.g., omsaraSvili T.i. 

saqarTvelos teqnikuri universitetis membranuli teqnologiebis sainJinro 
instituti 

   naSromSi navie-stoqsis ukumSi, blanti siTxis daumyarebeli moZraobis 
gantolebebis bazaze, cilindrul koordinatebSi gamoyvanilia Hhaagen-puazei-
lis moZraobis gantoleba da dadgenilia moZraobis siCqaris analizuri saxe. 
reinoldsis ricxvis saSualebiT sadawneo sakanSi siTxis moZraobis damaxa-
siaTebeli mniSvnelobebiT Seswavlilia baromembranul procesebSi sxvada-
sxva reJimebis ganxorcielebisaTvis siCqareebis diapazoni. 

ukumSi blanti siTxis daumyarebeli moZraobis navie-stoqsis 
gantolebebs cilindrul koordinatebSi aqvs Semdegi saxe [1,2]: 

  








































































232

2

2

2

2

22

211

1

22

rrzr
r

rr

r

P

rrtdt

dz

zdt

d

dt

dr

r

rrr
r

rrrr

 (1) 

  












































































222

2

2

2

2

211

1

rrzr
r

rr

P

rrtdt

dz

zdt

d

dt

dr

r

rr

(2) 




























































2

2

22

2 111












 zzzzzzz

rzr
r

rrz

P

tdt

dz

zdt

d

dt

dr

r
  (3) 

da  Sesabamisi uwyvetobis gantoleba iqneba: 

 
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r zr 
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(4)

ukumSi blanti siTxis erTganzomilebiani damyarebuli moZraobis gan-
tolebis misaRebad ganixileba siTxis moZraoba mudmivi siblantisa da mud-
mivi wnevis sxvaobiT. siTxis nawilakebi gadaadgileba  haagen-puazeilis 
moZraobis mixedviT, milsadenis RerZis paralelurad. damyarebuli moZraobis 

pirobis _ 0














ttt

zr   , siCqaris komponentebis _ 0,0  zr   da  

sasazRvro pirobis _ milsadenis kedelze nawilakis siCqaris ganulebis 

 0,  zRr   gaTvaliswinebam gantoleba (1) da (2) igivurad nuli gaxada. gan-

toleba (3)-dan miiReba: 
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xolo, gantoleba (4) -dan ki  

0




z

z (6)      

toloba (6)-is mixedviT z ar aRmoCnda z-is funqcia, amitom  gantoleba

(5)-is nacvlad adgili aqvs tolobas 
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(7)-dan gansazRvroT
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amgvarad, miRebul iqna erTganzomilebiani haagen-puazeilis moZraobis 
gantoleba. radgan am gantolobis marcxena mxare damokidebulia mxolod z-ze, 
xolo marjvena mxolod r-ze, misi dakmayofilebis erTaderTi gzaa orive 
mxaris mudmivebad CaTvla: 
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gantoleba (9)  warmovadginoT Semdegi saxiT: 
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toloba (10)-is orive mxridan integralis amoRebisa da gardaqmnis Sedegad 
miiRebaSemdegi toloba [3]: 

dz

dPr
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d z


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2
 (11) 

toloba (11)-is orive mxridan integralis amoRebiT miiReba: 

 
2
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4
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sasazRvro pirobis gaTvaliswinebiT miviRebT: 

0
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
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(13)-is SetaniT (12)-Si miRebuli iqna haagen-puazeilis moZraobis  siCqa-
ris gamosaxuleba: 

 
dz

dPrR
z




4

22 
  (14)    

 romelic paraboluria da maqsimalur mniSvnelobas aRwevs milis RerZze 
(r=0) da icvleba milis sigrZeze wnevaTa sxvaobiT:  

 
dz

dPR
z




4

2

max  (15)     

umravles SemTxvevaSi siTxis moZraobis absoluturi umravlesoba aris 
turbulenturi da ara laminuri. laminarulisgan gansxvavebiT turbulenturi 
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moZraobis sirTule ganapirobebs damatebiTi meTodebis gamoyenebas maT Sesas-
wavlad. calkeuli siTxis nawilakebis moZraobis qaosuri xasiaTi turbulen-
tur nakadSi moiTxovs statistikuri meqanikis meTodebis gamoyenebas. Cvens 
mier sadawneo sakanSi siTxis moZraobis dasaxasiaTeblad gamoyenebulia 
reinoldsis ricxvi [4]. 

  


 dsaSRe (16) 

igi warmoadgens nakadze moqmedi inerciuli Zalebis Tanafardobas sib-
lantis ZalebTan (mricxveli _ nawilakebis inerciis maxasiaTebeli  aCqarebis 
gamomxatvelia, xolo mniSvneli siblantis sididea da axasiaTebs siTxis mid-
rekilebas SeewinaRmdegos amgvar aCqarebas).      

reinoldsis ricxvi, formula (16)-dan gamomdinare, ganisazRvreba sadaw-
neo sakanis hidravliuri diametriT, saSualo siCqariT da siTxis kinematiku-
ri siblantiT. Cvens mier ganxiluli iyo sadawneo sakani geometriiT l=30 mm, 
B=9 mm, h=0,6 mm; (ganivkveTis farTi F=B×h=9×0,6=5,4 mm2; χ=2B +2h =19,2 mm; 


2,19

4,5



F
R 0,28 mm) d=2 R=0,56 mm. sawyisi saSualo siCqareebi saS : 0,5 m/wm;

0,8 m/wm; 1 m/wm; 1,5 m/wm; 2,0 m/wm; 3,0 m/wm; 3,6 m/wm; 4 m/wm. cnobilia 20 0C -iani wylis 
kinematikuri siblante ν=1,004 mm2/w-s. cxrilSi moyvanilia reinoldsis ricx-
vis gaangariSeba saSualo siCqareebis mixedviT.  

reinoldsis ricxvis gaangariSeba saSualo siCqareebis mixedviT 

saS 0,5 m/wm 0,8 m/wm 1 m/wm 1,5 m/wm 2 m/wm 3 m/wm 3,6 m/wm 4 m/wm 

dsaS 280 448 560 840 1120 1680 2016 2240 

Re 279 446 558 837 1116 1673 2007 2231 

cnobilia, rom reinoldsis ricxvis 2000-ze naklebi mniSvnelobebisaTvis 
membranuli sadawneo saknis kedelze siTxis siCqare nulis tolia, rac siTxis 
laminarul dinebaze miuTiTebs. siTxis nakadis laminaruli dinebis siCqaris 
maCveneblebi sadawneo saknisaTvis Seesabameboda 0,5 m/wm, 1,0 m/wm, 1,5 m/wm, 2,0 m/wm 
da 3,0 m/wm mniSvnelobas. xolo siCqaris 3,6 m/wm da meti mniSvnelobebisaTvis 
reinoldsis ricxvi 2000-s aRemateba. aqedan gamomdinare membranuli aparatis 
sadawneo sakanSi efeqturi masagadatanis procesis ganxorcieleba mizanSewo-
nilia siCqaris 3 m/wm-ze maRali maCveneblebis pirobebSi.  
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in the article based on the Navier-Stokes equations of unsteady motion for the motion of a viscous 

incompressible fluid in cylindrical tube, the Haagen-Poiseulle equation of motion in cylindrical coordinates was 

derived and the analytical form of velocity was established. Using Reinolds number with characteristic values of 

fluid motion in the pressure chamber, the range of velocities for the realization of various modes in 

baromembrane processes was investigated. 
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zogierTi faqtoris gavlenis Seswavla fazuri inversiis meTodiT 

miRebuli mikro- da ultrafiltraciuli membranebis formirebis

procesze 

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

saqarTvelos teqnikuri universitetis membranuli teqnologiebis 
sainJinro instituti 

membranebis morfologiisa da struqturis formirebisaTvis erT-erTi 
mniSvnelovani faqtoria polimeris konformaciuli mdgomareoba. kompozicie-
bSi polimeris konformaciuli mdgomareoba ZiriTadad damokidebulia kompo-
nentebis Srobis reJimul parametrebze, polimeris da danamatebis koncentra-
ciaze, polimeris xsnarSi arsebul nawilakis zomebze da ganawilebis kon-
figuraciaze. aRniSnuli faqtorebi ganapirobebs fazuri inversiis procesis 
msvlelobis pirobebs da miRebuli membranis struqturas [1,2]. 

kompoziciis komponentebis Srobis reJimul parametrebis dasadgenad 
Catarebulia polimeruli kompoziciis komponentebis Sroba gansxvavebul tem-
peraturaze vakuum TermostatSi (POL-EKO modeli ST). cxr. 1-Si mocemulia 
polimeris da araorganuli marilis wonebi Srobis temperaturis mixedviT. 

cxrili 1. polimeris da araorganuli marilis wona Srobis temperaturis mixedviT 

nivTierebis 
dasaxeleba 

Srobis 
temperatura, t 0C 

nimuSis wona, g 
Srobamde Srobis Semdeg wonis danakargi 

polimeri 

60 0,550 0,517 0,035 
75 0,542 0,511 0,031 
90 0,511 0,508 0,003 
105 0,508 0,505 0,003 
120 0,505 0,505 0 
135 0,505 0,505 0 

araorganuli 
marili 

60 0,157 0,145 0,012 
75 0,141 0,128 0,013 
90 0,128 0,124 0,004 
105 0,124 0,121 0,003 
120 0,121 0,121 0 
135 0,121 0,121 0 

dadgenilia polimeruli kompoziciis komponentebis Srobis optimalu-
ri temperaturebi, maTi gaTvaliswinebiT damzadebulia sxvadasxva Sedgenilo-
bis polimeruli xsnarebi da Sesawavlilia polimerul kompoziciebSi makro-
molekulis konformaciuli mdgomareoba da zomebi nanonawilakebis mzom 
analizatorze Zetasizer Nano ZS90 [3,4].  

kvlevam aCvena, rom polimeruli kompoziciis komponentebis intensiuri  
SrobiT da koncentraciis cvlilebiT miRweulia polimerul masaSi nawila-
kebis konkretul zomamde  danawileba da maTi zRvruli maCveneblebis gamov-
lena, rac ganapirobebs mikro- da ultrafiltraciuli membranebis morfolo-
gias. nax. 1-ze mocemulia 105 0C, 120 0C da 135 0C temperaturebze gamSrali 
komponentebis Semcveli xsnarebis nanonawilakebis intensivobis mrudebi.  
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nax. 1. 105 0C, 120 0C da 135 0C temperaturebze gamSrali komponentebis Semcveli 
xsnarebis nanonawilakebis intesivobis mrudebi  

 
nax. 2-ze mocemulia polimeris 5g/l, 10g/l, 25g/l, 50g/l, 100g/l koncentra-
ciis xsnarebis nanonawilakebis intensivobis mrudebi.  

dadginda, rom 5g/l, 10g/l, 25g/l, 50g/l, 100g/l koncentraciis xsnare-
bidan 5g/l xsnarSi maRali procentuli SemcvelobiT dominirebs 10_13 nm 
zomis mqone nanonawilakebi [5,6].   
 

 
 

nax. 2. sxvadasxva koncentraciis polimeruli xsnarebis nanonawilakebis intesivobis 
mrudebi 

 
 
Seswavlilia kompoziciaSi polimeris da danamatebis koncentraciebis 

gavlena mikro- da ultrafiltraciuli membranebis morfologiaze da xved-
riT warmadobaze. cxr. 2-Si mocemulia kompoziciis Sedgenilobebi, membrane-
bis foris zomebi da xvedriTi warmadobebi. 
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cxrili 2. kompoziciis Sedgenilobebi, miRebuli membranebis foris zomebi da 
xvedriTi warmadobebi 
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1 8 pa 1,36 0,59 915 1 9  pa 2,40 0,33 1200 

2 
8 pa 
25 D 

1,80 0,45 342,2 2 
9 pa 
25 D 

1,65 0,33 1200 

3 
8 pa 
25 B 

1,41 0,57 400 3 
9 pa 
30 A 

 0,10 750 

4 
8 pa 
25 C 

1,26 0,64 250 4 
9 pa 
25 B 

0,71 1,10 810 

5 
8 pa 
25 A 

1,66 0,49 800 5 
9 pa 
25 A 

3,20 0,25 650 

6 
8 pa 
50 B 

1,75 0,46 450 6 
9 pa 
25 D 

25 A 
0,25 3,25 1100 

7 
8 pa 
50 C 

0,71 1,1 300 7 
9 pa 
25 D 

25 A 
2,00 0,40 677 

8 
8 pa 
50 A 

2,80 0,28 1066,6 8 
9 pa 
30 A 

20 D 
 0,20 460 

9 
8 pa 
50 D 

1,90 0,42 210 9 
9 pa 
25 D 

30 D 
1,42 0,57 560 

10 
8 pa 
50 D 

1,90 0,42 168,8 10 
25 D 

25 A 
0,75 1,08 1150 

 
* A, B, C, D warmoadgens dabal- da maRalmolekulur nivTierebebs;  
pa - poliamids 

 
cxr. 2-is monacemebidan Cans, rom yvelaze maRali warmadobis _               

1200 l/m2sT da 0,33 mkm foris zomis ultrafiltraciuli membrana miRebulia 

polimeruli kompoziciidan, romelic Seicavs 9% pa, 25% D danamats, xolo 
yvelaze maRali warmadobis _ 1100 l/m2sT da 3,25 mkm foris zomis mikrofil-
traciuli membrana miRebulia kompoziciidan 9% pa, 25% A, 25% D danamatiT 
[7,8].  

amrigad, mikro- da ultrafiltraciuli membranebis struqturas, mor-
fologias da xvedriT warmadobas ganapirobebs membranis misaRebi kompo-
ziciuri xsnaris Semadgeneli komponentebis konformaciuli mdgomareoba,  
Srobis da fazuri inversiis procesebis reJimuli parametrebis erToblioba. 
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SUMMARY 

INVESTIGATION OF THE INFLUENCE OF SOME FACTORS ON THE MORPHOLOGY OF 

MICRO- AND ULTRAFILTRATION MEMBRANES OBTAINED BY THE PHASE INVERSION 

METHOD 

Bibileishvili G.V., Ebanoidze L.O., Kezherashvili M.G. and Gogesashvili N.N. 

Engineering Institute of Membrane Technology, Georgian Technical University 

The paper discusses some of the factors affecting the morphology of micro- and ultrafiltration membranes 

obtained by the phase inversion method: drying parameters of the components of the composition, percentage of 

polymeric materials and additives in the constitution, composition and temperature of the coagulation bath 

solution, Spatial factors of precipitation, phase inversion mode parameters, dependence of the viscosity of the 

polymer composition and the conformational state of the polymer. One of the important factors that determines 

the dependence of the conformational state of the polymer with the productivity and morphology of the obtained 

membrane is established.  

Keywords: conformation, temperature, morphology, structure, membrane composition. 
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polimeruli kompoziciis Sedgenilobis gavlena   alifaturi 

poliamiduri membranebis maxasiaTeblebze 

bibileiSvili g.v., keJeraSvili m.g., ebanoiZe l.o., yufaraZe l.p. 

saqarTvelos teqnikuri universitetis membranuli teqnologiebis sainJinro 
instituti 

Teoriuli kvlevebis Sedegad polimeruli masalebis da kompoziciebis 
Seqmnis meTodebis TvalsazrisiT mudmivad mimdinareobs gaumjobesebuli 
fizikur-qimiuri Tvisebebis mqone polimeruli masalebis Zieba membranebis 
warmadobis, hidrofilurobis, Termolabilurobis, qimiuri mdgradobis, 
saeqsploatacio vadebis, temperaturuli intervalis gaxangrZlivebis da maTi 
gamoyenebis arealis gafarToebis uzrunvelsayofad [1-4]. fazuri inversiis 
procesze moqmedi faqtorebidan aRsaniSnavia membranis misaRebi kompoziciis 
qimiuri da raodenobrivi Sedgeniloba [5,6]. kvlevis mizans warmoadgens poli-
meruli kompozicis Sedgenlobis gavlenis Seswavla membranebis morfolo-
giaze, xvedriT warmadobaze forebis zomebze da ganawilebis sixSireze.  
membranebis misaReb ZiriTad polimerad SerCeuli iqna qimiuri da Termuli 
Tvisebebis mravalferovani speqtris mqone alifaturi poliamidi (pa-66). 
polimeris gaxsnis procesis kontroli xorcieldeboda polarizaciul-in-
terferenciuli optikuri mikroskopiT. membranis morfologia da struqtura 
Seswavlili iqna maskanirebeli zonduri mikroskopiT. membanebis forebis 
zoma da xvedriTi warmadoba ganisazRvra institutSi damzadebul laborato-
riul danadgarebze MTSI-BP-4 da MTSI-JM-5. poliamidis gamxsnelad SerCeuli 
iqna WianWvelmJava, qimiur danamatad wyali, formamidi da acetoni. ara-
gamxsnelad gamoyenebuli iqna gamoxdili da onkanis wyali. SerCeuli gam-
xsneli da qimiuri danamatebi saSualebas iZleva damzaddes sxvadasxva Sed-
genilobis da koncentraciis stabiluri xsnarebi, raTa gamovlindes opti-
maluri Sedgenilobis polimeruli kompozicia mikrofiltraciuli memb-
ranebis dasamzadeblad. filerze damagrebul minis polirebul firfitaze 
0,1_0,2 mm sisqis fenis saxiT datanili kompoziciis sworxazovani zedapiris 
uzrunvelyofa xorcieldeba xelsawyos specialuri samarjviT. fazuri inver-
siis procesi ganxorcielda wyalxsnaris modelur nimuSebze sakoagulacio 
abazanaSi. koagulaciis Sedegad miRebuli membranebis myari nimuSebi muSav-
deba 60 °C-iani wyalxsnariT, ris Semdgom mimdinareobs maTi Sroba Termos-
tatSi 45 °C_70 °C temperaturis diapazonSi. miRebuli membranebis Sedgeniloba 
mocemulia cxr. 1-Si.    
cxrili 1. polimeruli kompoziciis qimiuri Sedgeniloba 

membrana pa mas.% 
WianWvelmJava 

mas.% 
pvp mas.% 

wyali 
mas% 

formamidi 
mas.% 

acetoni 
mas.% 

M1 15 80 3 2 _ _ 
M2 15 78 3 4 _ _ 
M3 15 76 3 6 _ _ 
M4 15 80 3 _ 2 _ 

M5 15 78 3 _ 4 _ 

M6 15 76 3 _ 6 _ 
M7 15 80 3 _ _ 2 
M8 15 76 3 _ _ 4 
M9 15 78 3 _ _ 6 

membranis nimuSebi mzaddeboda polimeruli kompoziciidan, romlis 
SedgenilobaSi Sedis 15mas.% alifaturi poliamidi (pa-66), 3 mas.% polivinil-
pirolidoni (pvp), xolo qimiuri danamatebis raodenoba icvleboda 2-6 masuri 
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procentis farglebSi. danamatebis wylis da formamidis 2mas.%-iani 
Semcvelobis pirobebSi polimeruli kompoziciidan miRebul membranebs  (M1, 

M4) axasiaTebs maRali xvedriTi warmadoba, rac mocemulia cxr. 2-Si.              
cxrili 2. miRebuli membranebis xvedriTi warmadoba, forebis zoma da forianoba 
 

membrana xved. warmadoba l/m-1 sT forebis  zoma, mkm forianoba 

M1 2500 0,45 34,1 
M4 2300 0,53 29,3 
M7 2000 0,74 20,6 

 
membranebis xvedriTi warmadobis gazrda gamowveulia forebis simkvrivis 
gazrdiT, maTi zomebis mniSvnelovani cvlilebis gareSe. 
kompoziciaSidanamatis-wylis da aragamxsnelis-wylis xsnadobis parametrs 
Soris minimaluri sxvaoba ganapirobebs fazuri inversiis procesis efeqtur 
mimdinareobas, rac iwvevs membranis xvedriTi warmadobis zrdas. cxr. 3-Si 
mocemulia qimiuri danamatebis xsnadobis parametrebi. 
 cxrili 3. qimiuri danamatebis xsnadobis parametrebi 
 

qimiuri danamati wyali formamidi acetoni 
xsnadobis parametri [kal/sm3]1/2 23,4 19,2 9,9 

 
danamatis-formamidis da aragamxsnelis-wyals Soris xsnadobis parametrebis 
maCveneblebis sxvaobis simciris gamo, sakoagulacio abazanaSi mimdinareobs 
swrafi urTierTmimocvla gamxsnels/danamats/ aragamxsnels  Soris, rac iwvevs 
fazuri inversiis procesSi polimeri/gamxsneli/aragamxsneli sistemis 
Semadgeneli komponentebis swraf Serevas, rasac axlavs polimeris myisieri 
koagulacia da warmoiqmneba forovani membranebi, amitom 2 mas.% wylis da 
formamidis Semcveli kompoziciidan miRebuli membranebi (M1, M4) xasiaTdeba  
maRali forianobiT da xvedriTi warmadobiT,  rac mocemulia cxr. 2-Si.                         

polimeruli kompoziciaSi danamatad acetonis, xolo aragamxsnelad 
wylis gamoyeneba iwvevs gamoleqvis procesis Seyovnebas da mtkice, arafo-
rovani membranebis warmoqmnas mcire zomis forebiT, dabali forianobiT da 
xvedriTi warmadobiT, vinaidan acetonisa da wylis xsnadobis parametrebi 
mniSvnelovnad gansxvavdeba [7].  danamatebis raodenobis gazrda 6 mas. %-mde 
iwvevs membranis xvedriTi warmadobis Semcirebas, vinaidan adgili aqvs 
poliamidis, wylis, formamidis da acetonis molekulebs Soris wyalbaduri 
bmis warmoqmnas. wyalbaduri bmis warmoqmna danamatebsa da polimers Soris 
iwvevs koagulaciis procesis Seferxebas, rac iwvevs forianobis da xvedriTi 
warmadobis Semcirebas miRebul membranaSi. 

amrigad, kompoziciaSi danamatad acetonis, xolo aragamxsnelad wylis 
gamoyeneba iwvevs gamoleqvis procesis Seyovnebas da miiReba mtkice, naklebad 
forovani membranebi mcire zomis forebiT, dabali forianobiT da xvedriTi 
warmadobiT, acetonisa da wylis xsnadobis parametrebis mniSvnelovni sxvao-
bis gamo. xolo kompoziciaSi danamatis-wylis da aragamxsnelis-wylis xsna-
dobis parametrs Soris minimaluri sxvaoba ganapirobebs fazuri inversiis 
procesis efeqtur mimdinareobas, ris Sedegadac miiReba maRali forianobis 
da xvedriTi warmadobis mqone membranebi. 
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SUMMARY 

INVESTIGATION OF THE INFLUENCE OF THE COMPOSITION ON THE CHARACTERISTICS 

OF ALIPHATIC POLYAMIDE MEMBRANES 

Bibileishvil G.V., Kezherashvili M.G., Ebanoidze L.O. and Kuparadze L.P.  

Engineering Institute of Membrane Technologies of Georgian Technical University 

Aliphatic Polyamide membranes were prepared with immersion precipitation via phase inversion from mixtures 

of polyvinylpirrolidone (PVP) and as constant additives water, formamide and acetone as variable additives. 

Addition of additives in the casting solution at system of PA/PVP/formic acid, affects membrane morphology 

and performance. The effect depends on solubility parameters and hydrogen bonding with polymer. Water as 

additive in the casting solution induced instantaneous demixing, which leads to flux increment. In general, the 

addition of water and formamide improves the flux. In the case of acetone, the flow is less, compared to the 

addition of water or foramide. 

Keyword: polymeric membrane, morphology, pore size, non-solvent, phase inversion. 
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ukanasknel wlebSi gansakuTrebul mniSvnelobas iZens iseTi inova-

ciuri masalebis, meTodebis da   membranuli nanosistemebis Seqmna, romelic 
uzrunvelyofs sxvadasxva xarisxiT dabinZurebuli bunebrivi da Camdinare 
wylebis gawmendas [1-4]. naSromSi ganxilulia samecniero kvlevis Sedegebi, 
romelic exeba sinTezuri polieTersulfonidan (pes) mikro- da 
ultrafiltraciuli membranebis Seqmnas fazuri inversiis meTodiT. kvlevis 
mizans warmoadgens membranis misaRebi xsnaris Sedgenilobis, polimeris 
koncentraciis da xsnaris siblantis gavlenis Seswavla membranebis morfo-
logiur maxasiaTeblebsa da satransporto Tvisebebze.  

membranis morfologia da struqtura Seswavlili iqna maskanirebeli 
zonduri mikroskopiT. nivTierebebis gaxsnis procesze dakvirveba mimdina-
reobda polarizaciul-interferenciuli optikuri mikroskopis saSualebiT. 
polimeruli xsnarebis siblantis kontroli sxvadasxva temperaturaze xor-
cieldeboda rotaciuli viskozimetriT. membanebis forebis zoma da xvedriTi 
warmadoba ganisazRvra institutSi damzadebul laboratoriul xelsaw-
yoebze MTSI-BP-4 da MTSI-JM-5. brtyeli membranuli afkebi miRebuli iqna 
polimeruli kompoziciiidan, romlis SedgenilobaSi Sedioda polieTersul-
foni, dimeTilformamidi (dmf), polivinilpirolidoni (pvp) sxvadasxva pro-
centuli raodenobiT, xolo aragamxsnelad gamoyenebuli iqna gamoxdili 
wyali. polivinilpirolidonis damatebiT vaxdendiT iseTi Tvisebebis cvli-
lebas, rogoric aris siblante, hidrofiluroba, forebis zoma da raodenoba. 

minis polirebul firfitaze polimeruli kompoziciis fenis sisqis 
kontroli xorcieldeboda xelsawyos specialuri samarjviT. sakoagulacio 
abazanaSi fazuri inversiis procesSi koagulaciis Sedegad miRebuli membra-
nebis myari nimuSebi muSavdeboda 60 °C-iani wyalxsnariT, ris Semdgom mimdina-
reobda maTi Sroba TermostatSi. polimeruli kompoziciis qimiuri Sedge-
niloba da siblante mocemulia cxr. 1-Si, xolo miRebuli membranebis foris 
zomebi, forianoba da xvedriTi warmadoba cxr. 2-Si. 

 
cxrili 1. polimeruli kompoziciis qimiuri Sedgeniloba da siblante 
 

membranebi pes mas.% dmf mas.% pvp mas.% siblante santi puazi 
M1 13 75 12 420 
M2 15 75 10 443 
M3 17 75 8 521 

M4 19 75 6 582 

M5 21 75 4 672 
 
cxrili 2. miRebuli membranebis foris zomebi, forianoba da xvedriTi warmadoba 
 

membrana xved. warmadoba   l/m2sT forebis zoma, mkm forianoba, % 
M1 2500 0,74 27,3 
M2 2300 0,68 27,1 

M3 2000 0,67 26,1 

M4 1700 0,58 24,8 
M5 1400 0,46 21,3 
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rogorc cxr. 1-is monacemebidan Cans, polieTersulfonis dabali kon-
centraciis (13 mas%, 15 mas.% ) dros kompoziciis siblante Seadgens 420_443  
santi puazi,  xolo  21 mas. % pes-is SemTxvevaSi is Seadgens 672 santi puazs. 
cxr. 2-is monacemebidan Cans, rom SedarebiT dabali siblanteebis mqone 
kompoziciebidan miRebul membranebis warmadoba aris 2500 l/m2sT, forianoba 
27,3% da aRemateba maRali siblantis mqone xsnaridan miRebuli membranebis 
warmadobas da forianobas, Sesabamisad 1400 l/m2sT da 21,3%. maskanirebeli 
zonduri mikroskopiT membranis zedapirebis Seswavlam aCvena, rom maRali 
siblantis mqone kompoziciidan miRebul membranis zedapirs gaaCnia mkvrivi, 
araerTgvarovani, araregularuli, naklebad forovani struqtura (sur. 1, M5), 
xolo dabali siblantidan miRebuli membranis zedapiri erTgvarovania, xa-
siaTdeba  forovani struqturiT (sur. 2, M1).  

 
 

  

sur. 1. membrana M5-is zedapiris mikro-
fotografiuli gamosaxuleba 

sur. 2.  membrana M1-is zedapiris  
mikrofotografiuli gamosaxuleba 

 
mocemul suraTebze membranebis zedapirebis struqturebs Soris gansx-

vaveba dakavSirebulia xsnarebis siblanteebis gavlenasTan fazuri dayofis 
procesis siCqareze. polimeruli kompoziciis siblante ganapirobebs gam-
xsnelsa da aragamxsnels Soris difuziur mimocvlas siCqaris cvalebadobis 
da fazuri inversiis meqanizmis optimizaciis TvalazrisiT, rac gamWoli, 
aragamWoli forebis mqone da Sereuli morfologiis membranebis miRebis 
SesaZleblobas iZleva [5,6]. aragamxsnelis/wylis dabali siblantis poli-
merul kompoziciaSi swrafi SeRweva, fazuri inversiis procesis da koagu-
laciis maRali siCqare myisierad warmarTavs fazur ganSrevebas maRali fo-
rianobis mqone membranebis miRebiT. maRali siblantis mqone polimeruli 
kompoziciidan membranebis miRebis dros koagulaciis procesi SedarebiT ne-
li tempiT warimarTeba, rac membranis mkvrivi struqturis warmoqmnas uwyobs 
xels da miiReba naklebad forovani, dabali warmadobis mqone membranebi [7]. 

amgvarad, kvlevis Sedegad dadgenilia, rom dabali siblantis mqone 
polimeruli kompoziciis xsnarebidan miRebul membranebs gaaCnia maRali 
xvedriTi warmadoba, vidre maRali siblantis mqone xsnarebidan miRebul 
membranebs.  xvedriTi warmadobis maRali maCvenebeli _ 2500 lm2 sT aCvena           
1 membranam, romelic miRebulia 13% pes-is da pvs/dmf Semcveli kompozicii-
dan.  membranis misaRebi kompoziciis siblantis cvlilebis saSualebiT SesaZ-
lebelia mikro- da ultrafiltraciuli membranis struqturis, morfo-
logiuri maxasiaTeblebis, foris zomebis, forianobis da xvedriTi warma-
dobis regulireba.  
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SUMMARY 

STUDY OF THE INFLUENCE OF VISCOSITY ON THE MORPHOLOGY OF 

POLYETHERSULFONE (PES) MEMBRANES 

Bibileishvili G.V., Kezherashvili M.G., Gogesashvili N.N. and Mamulashvili M.A.   

Engineering Institute of Membrane Technologies of Georgian Technical University 

The present work discusses the morphology of PES membrane fabricated from different polymeric system with 

constant preparation condition. In this study the mikro- and ultrafiltration membrane was prepared via simple 

phase inversion technique. The morphology of the membrane as a function of the viscosity of the spinning 

solution were evaluated, where the addition of PVP decreased the viscosity of the solution, favoring the high 

speed of precipitation. The maximum water flux of 2500 ml/m2h was observed using 13% of PES concentration 

in NMP/DMF cosolvent system. 

Keyword:  nanomaterial, polyethersulfone, polymeric composition, membrane, productivity. 

 

 
 
 
 
 
 

 



   saqarTvelos sainJinro siaxleni, GEORGIAN ENGINEERING NEWS, #2, 2021  

 

107 

polimeruli danamatebis gavlenis Seswavla alifaturi amidebisgan 

miRebuli  membranebis struqturaze 

 

bibileiSvili g.v., gogesaSvili n.n., mamulaSvili m.a., javaSvili z.d. 
 

saqarTvelos teqnikuri universitetis membranuli teqnologiebis 
sainJinro instituti 

 
poliamidebi 6 da 6,6 miekuTvnebian alifaturi poliamidebis mniSvnelo-

van warmomadgenlebs. maTi kompleqsuri Tvisebebi Termostabiluroba, elas-
tiuroba, simagre, organuli gamxsnelebis mimarT mdgradoba gamowveulia mo-
lekulaTaSorisi wyalbaduri bmebiT da ganapirobebs am klasis polimerebis 
liderul pozicias mikrofiltraciuli membranebis warmoebaSi. maRali war-
madobis da saTanado meqanikuri maxasiaTeblebis gamo am polimeruli masa-
lebisgan damzadebuli membranebi pouloben farTo gamoyenebas wylis filt-
raciis sferoSi. alifaturi poliamidebis Tvisebebi maTi qimiuri aRnagobidan  
gamomdinare farTo diapazonSi icvleba. myar mdgomareobaSi maT makromole-
kulebs gaaCniaT brtyeli zigzagiseburi konformacia. gansakuTrebiT maRali 
kristalurobiT gamoirCeva poliamidi 6 da 6,6. am masalebisgan miRebul kom-
poziciebSi forwarmomqmnelebis damateba aumjobesebs maTi zedapiris struq-
turas, aregulirebs forianobas, foris zomebs da  hidrofilurobas [1-3]. 

aRniSnul kvlevaSi Seswavlilia poliamidi 6-is (pa 6) 12%-ian xsnarSi 
WianWvelmJavaSi polimeris masis 30%, 40% da 50% polieTilenglikoli 1000 
damatebiT miRebuli kompoziciebidan gamoleqili membranebis Tvisebebi. gam-
Srali poliamidis da peg-s gansxvavebuli raodenobebi zavdeboda  WianWvel-
mJavaSi, 55 ℃-ze magnituri sarevelas gamoyenebiT. polimeris gaxsnis proce-
sis monitoringi xorcieldeboda polarizaciul-interferenciuli optikuri 
mikroskopiT (Biolar,), gadidebis diapazoniT 350_400. miRebuli erTgvarovani, 
homogenuri, membranebis dasasxmeli kompoziciebi gafiltvris da vakuumSi 
deaeraciis Semdeg daitaneboda laboratoriul filerze moTavsebul minis 
polirebul firfitaze (76 mm × 26 mm × 1 mm) uJangavi foladis danis daxma-
rebiT. gamoleqvis procedurebi Catarebulia gamoxdili wylis sakoagulacio 
abazanaSi 60 ℃-ze.  

 
polimeruli kompoziciebis Sedgenloba, morfologiuri maxasiTeblebi  
da xvdriTi warmadoba 
  

membranebi 
polimeruli 
kompoziciis 
Semadgenloba 

xv.warmadoba 
l/m2sT 

foris 
zoma, mkm 

membranis 
sisqe, mm 

forianoba, 
% 

N1 
12% pa 6/HCOOH/ 

polimeris 
masis 30% peg 

399,57 0,95 0,059 21±3 

N2 
12% pa 6/HCOOH/  

polimeris 
masis 40%peg 

490,81 0,56 0,051 45±1 

N3 
12% pa 6/HCOOH/ 

polimeris 
masis 50%peg 

560,63 0,32 0,042 62±2 

                                                       
membranebis foris zoma da xvedriTi warmadoba gansazRvrul iqna  ins-

titutSi  damzadebul  laboratoriul danadgarebze MTSI-BP-3 da MTSI-JM-5 . 
foris zoma gamoTvlilia formuliT dmax= 0,81/ P , sadac dmax – foris zoma 
(mkm), P _ wneva (bari, romelzec buStulakebis wertili warmoiqmna). xvedriTi 
warmadobebi gamoTvlilia formuliT: J = V/ St  sadac, V _ filtratis mocu-
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lobaa (l), t-filtraciis dro (sT), S-membranis farTobi. membranis efeqturi 
farTobi 270 mm2. filtratis  gamWvirvaloba mowmdeboda  simRvrivis mzomze 

(Turb 555 IR,) {4,5,6]. cxrilSi mocemulia polimeruli kompoziciebis Sedgen-
lobis da misi morfologiuri maxasiTeblebis damokidebuleba xv. warmado-
basTan.  

cxrilis monacemebidan Cans, rom kompoziciur xsnarebSi polieTilen-
glikolis raodenobis gazrdasTan erTad icvleba membranebis  foris zomebi, 
warmadoba, forianoba da membranebis sisqe. pegis raodenobis gazrda iwvevs 
membranebis sisqis  TandaTanobiT Semcirebas. yvelaze gamWvirvale aris N3 
membrana. forwarmomqmnelis raodenobis gazrdasTan erTad mcirdeba membra-
nebis buStulakis wertiliT gansazRvruli foris zomebi da adgili aqvs 
nimuSebis zedapiruli struqturis daxvewas. suraTze 1 mocemulia N3 membra-
nis zedapiris topografiuli  kvlevis nimuSi, romelic  miRebulia maskani-
rebeli zonduri mikroskopiT (SPM, Certus standart V, Nano Can technologies Ltd), 
imersiuli meTodiT,  12%-iani poliamidi 6-is da  peg-1000-is (polimeris masis 
50%) gaxsniT WianWvelamJavaSi. 
 

 
12% pa 6/HCOOH/, 50% peg 1000 kompoziciidan miRebuli membrana  

( N3) 
                                                               
amgvarad dadgenilia, rom  polieTilenglikoli 1000-is  koncentraciis  

gazrda dasasxmel kompoziciaSi  iwvevs  wylis safiltraco nakadis matebas  
1, N2 da 3 membranebSi. pa 6 / peg 1000  50/50 TanafarobiT momzadebuli kompo-
ziciidan miRebuli membrana N3-is xv. warmadoba Seadgens 560,63, foris zoma 
0,32 mkm, membranis sisqe 0,042 mm  da forianoba 62%.  foris zomis Semcirebis 
miuxedavad N3 membranis xvedriTi warmadoba ufro metia, vidre N1 da N2 memb-
ranebis. membrana N3-is maxasiaTeblebis da gafiltruli wylis analizis 
Sedegebidan gamomdinare SeiZleba davaskvnaT, rom misi gamoyeneba SesaZle-
belia wylis mikrofiltraciul danadgarebSi. 

 
literatura 

1. К.В. Окулов, Ю.Т.Панов, А.И. Вдовина, А.В. Тарасов. Влияние различных марок полиамида 6 на 

порометрические характеристики микрофильтрационных мембран. // Изв. Вузов. Химия и химическая 

технология, 2013, Т. 56, № 2, 91 c. 

2. К.В. Окулов, А.В. Тарасов, Ю.А. Федотов. Влияние температуры приготовления раствора на поро- 

метрические характеристики микрофильтрационных полиамидных мембран. / Сб. трудов XI Всероссийс-

кая научная конференция «Мембраны - 2010», - М., 2010, c. 54. 



   saqarTvelos sainJinro siaxleni, GEORGIAN ENGINEERING NEWS, #2, 2021  

 

109 

3.Gobi Nallathambia, M Abinaya, S. Ragavee, R Sivaranjani, S Arunkarthick, S Nisha & B Devi , Preparation 

and characterisation of Nylon/PEG/PAN composite membrane for liquid filtration. //Indian Journal of Fibre & 

Textile ResearchVol. 42, December 2017, pp. 480-487 

4. Bulte A M W, Folkers B, Mulder M H V & Smolders C A, Diffusion induced phase separation with 

crystallizable nylons. I. Mass transfer processes for nylon 4,6, J Appl Polym Sci, 50 (1993) 13. 

5. Kesting R E, Synthetic polymeric membranes-A structural perspective, by Synthetic Polymeric Membranes 

(Wiley, New York) 1985. // J Appl Polym Sci, 50 1993, p.13. 

6. Liwei Huang, Seetha S Manickam, Jeffrey R. McCutcheon n Increasing strength of electrospun nanofiber 

membranes for water filtration using solvent vapor Liwei Huang, Seetha S Manickam, Jeffrey R. McCutcheon n. 

 

SUMMARY    

STUDY OF THE EFFECT OF POLYMER ADDITIVE ON THE STRUCTURE OF 

 MEMBRANES OBTAINED FROM ALIPHATIC AMIDES 

Bibileishvili G.V., Gogesashvili N.N., Mamulashvili M.A. and Javashvili Z.D. 

Engineering Institute of Membrane technology of Georgian Technical University 

 The paper discusses the acceptance and research of membranes obtained by addition of different amounts of 

polyethylene glycol (1000) in a 12% solution of aliphatic polyamide _ PA6.  It has been established that a 

membrane obtained in a mass ratio of 50/50 from a polymer / PEG composition has a better surface structure and 

higher productivity despite a reduction in pore size. 

Keywords: membrane, polyethylene glycol, polyamide, microfiltration. 
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organuli danamatebis gavlenis kvleva polisulfonuri membranebis 

struqturaze 

 

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

saqarTvelos teqnikuri universitetis membranuli teqnologiebis 
sainJinro instituti 

 
polisulfonebi (ps) farTod gamoiyeneba sabaziso masalebad ultra- 

da mikrofiltraciuli membranebis misaRebad. polisulfonis makromole-
kulebs gaaCniaT maRali Trmodinamiuri sixiste para-aromatuli birTvebis da 
eleqtronebis efeqturi delokalizaciis  gamo. makromolkulebis konfigura-
cia  ganapirobebs aseve am naerTebis mdgradobas wylisa da wylis orTqlis 
mimarT. polisulfonebi warmoadgenen qimiurad stabilur polimerebs da am 
masalebisgan miRebuli membranebi gamoiyenebian pH (1_13)-is diapazonSi ro-
gorc tute, ise mJava areebSi [1-5]. aRniSnuli polimerisgan membranebis 
formireba SeiZleba ganxorcieldes sxvadasxva pirobebSi, gansxvavebul reJi-
mebSi da gansxvavebuli forwarmomqmnelis damatebiT, rac aseve iZleva foris 

zomis varirebis  saSualebas  farTo diapazonSi. wina kvlevebSi [6] Cvens 
mier polisulfonur kompoziciebSi organul danamatad gamoyenebuli iyo 
peg-400. aRniSnul kvlevaSi ki  gamoyenebulia  erTdroulad peg-400 da aseve 
poloqsameri. membranebis formireba Catarebulia fazuri inversiis sveli 
meTodiT [7-9].  

polisulfoni (ps) Tavsdeboda 100 ml-ian kolbaSi LiCL-is 5%-ian xsnarSi 
dimeTilformamidSi (dmf) da 55 ℃-ze gacxelebiT magnituri sarevelaTi mud-
mivi morevis pirobebSi tardeboda gaxsnis procesi. gaxsnil kompozicias ema-
teboda polieTilenglikoli (PEG-400) da poloqsameri (Pluronic F-127)  da more-
va grZeldeboda kidev 1 saaTs. polimeris gaxsnis procesis monitoringi xor-
cieldeboda polarizaciul-interferenciuli optikuri mikroskopiT (Biolar, po-
loneTi), gadidebis diapazoniT  350_400 da masze damontaJebuli 10,7 mp mkafio-
obis cifruli kameriT, romelic gamosaxulebas adidebs 1,5-3-jer. polisul-
fonis gaxsnis monitoringi da dasasxmel xsnarebSi nawilakebis zomebi 

gamokvleul iqna Malvern ZetasizerNano-ZS90. miღebuli erTgvarovani, homogenuri, 
membranebis dasasxmeli kompoziciebi gafiltvris da vakuumSi deaeraciis 
Semdeg daitaneboda  laboratoriul filerze moTavsebul minis polirebul 
firfitaze (76mmx26mm×1mm) uJangavi foladis danis daxmarebiT. gamoleqvis 
procedurebi Catarebulia gamoxdili wylis sakoagulacio abazanaSi 60 ℃-ze.  
miRebuli nimuSebi irecxeboda 60 ℃-iani wyliT 6sT-is ganmavlobaSi yovnde-
boda gamrecx abazanaSi wyalSi xsnadi nivTierebebis mosacileblad. 

cxrilSi mocemulia kompoziciis Sedgenilobebi da miRebuli membra-
nebis xvedriTi warmadobebi, foris zomebi da forianoba. 

membranebis  foris zoma da xvedriTi warmadoba gansazRvrul iqna ins-
titutSi  damzadebul laboratoriul danadgarebze MTSI-BP-3 da MTSI-JM-5. 
foris zoma gamoTvlilia formuliT dmax= 0,81/ P, sadac dmax _ foris zoma (mkm), 

P _ wneva (bari), romelzec buStulakebis wertili warmoiqmna. xvedriTi warma-
dobebi gamoTvlilia formuliT: J = V/ St sadac, V _ filtratis moculobaa (l), 
t _ filtraciis dro (sT), S-membranis farTobi. membranis efeqturi farTobi 
270 mm2. filtratis sisufTave mowmdeboda  simRvrivis mzomze (Turb 555 IR, 
germania).  
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polimeruli kompoziciebis Semadgenlobebi da miRebuli sacdeli nimuSebis     
maxasiaTeblebi 

 

  
polimeruli kompoziciis 

Sedgeniloba 
xv.warmadoba 

l/m2sT 

foris 
zoma, 
mkm 

forianoba, 
% 

P1 
18%-iani ps / dmf /LiCl 

(udanamato) 
2900 0,55 30±2 

P2 
18% -iani ps / dmf 

/LiCl30%peg+20%poloqsameri 
5333 1,08 41±1 

P3 
18%-iani ps / dmf /LiCl 

+15%peg+20%poloqsameri 
4740 0,81 50±3 

P4 
18%-iani ps/LiCl/dmf   

+15%peg+10%poloqsameri 
4700 0,67 62±2 

 
 

cxrilis moncemebidan Cans, rom polisulfonis udanamato kompozicii-
dan miRebuli 1 nimuSis warmadoba, foris zoma da forianoba aris ufro mci-
re, vidre danamatiani nimuSebis. maskanirebeli zonduri mikroskopiT (SPM, 

Certus standart V, Nano Can technologies Ltd. ruseTi) membranebis zedapiris topog-
rafiulma kvlevam aCvena, rom erTdroulad peg-is da poloqsameris damatebam  
P2, P3  da P4 nimuSebSi gaaumjobesa membranebis struqtura, gazarda reliefis 
erTgvarovneba, forianoba da warmadoba.  membranebis zedapirebi gaxda ufro 
gluvi da mkvrivi. suraTze mocemulia 4 nimuSis mikro suraTi romelzec muqi 
da Ria feris monakveTebi  erTgvarovnad  aris ganawilebuli. am membranis 
warmadoba foris zomis Semcirebis miuxedavad ufro metia, vidre udanamato 
nimuSis da  gaumjobesebulia misi  reliefi,   forianoba da struqtura.  

 

 
 

P4 sacdeli membranul nimuSis mikrosuraTi 
 

 
Catarebuli kvlevebiT dadginda, rom pegis da poloqsameris mocemuli 

raodenobebi 18%-iani polisulfonis polimeruli kompoziciis xsnarebSi gav-
lenas axdens miRebuli mikrofiltraciuli membranebis struqturaze, maxasia-
Teblebze da iZleva membranebis foris zomis varirebis saSualebas 0,67 mkm _ 
1,08 mkm farglebSi.  

 
literatura 

1. Khalefa A. Faneer1,2, Rosiah Rohani1*, Abdul Wahab Mohammad1  POLYETHERSULFONE/PLURONIC 

F127 BLENDED NANOFILTRATION MEMBRANES FOR XYLITOL PURIFICATION.  //Malaysian Journal 

of Analytical Sciences, 2017,Vol 21, No 1, pp.  221-230.  

2. Mohammad A.W., Teow Y.H., Ang W.L., Chung Y.T., Oatley-Radcliffe D.L., Hilal N./Nanofiltration 

membranes review: Recent advances and future prospects. Desalination, 2015,  356:226–254. 



   saqarTvelos sainJinro siaxleni, GEORGIAN ENGINEERING NEWS, #2, 2021  

 

112 

3. Yingnan Fend, Gang Han, Tai Shung Chung, Martin Weber, Natalia Widjojo, Christian Maletzko, Effects  of 

polyethylene glycol on membrane formation and properties of hydrophilic sulfonated polyphenylenesulfone 

(sPPSU) membranes. //Journal of Membrane Science, 1 June 2017, pp. 27-35. 

4. Smolders, C.A.; Reuvers, A.J.; Boom, 4.R.M.; Wienk, I.M. Microstructures in phase-inversion membranes. 

Part 1. Formation of macrovoids. //J. Membr. Sci. 1992,73, pp. 259-–275. 

5. Barzin, J., Madaeni, S. S., Mirzadeh, H., Effect of preparation conditions on morphology and performance of 

hemodialysis membranes prepared from polyethersulphone and polyvinylpyrrolidone. //Iranian Polymer Journal, 

2005, 14, pp. 353-360. 
6. bibileiSvili g.v., gogesaSvili n.n., kakabaZe e.g. polimeris koncentraciis da orga-
nuli danamatebis gavlenis kvleva miRebuli membranebis forianobasa da warmadobaze. 
//saqarTvelos sainJinro siaxleni, #2, 2020, gv. 156-157. 
7. Abdelrasoul, A.; Doan, H.; Lohi, A.; Cheng, C.H. Morphology control of polysulfone membrane sinfiltration 

processes: A critical review. Chembioeng Rev. 2015, 2, pp.22–43. 

8. M.E. Dmitrenko a, A.V. Penkovaa,⁎, R.R. Attaa, A.A. Zolotareva, T.V. Plisko b, A.S. Mazur a,N.D. 

Solovyev a, S.S. Ermakov, The development and study of novel membrane materials based on polyphenylene 

isophthalamide - Pluronic F127 composite, Materials and Design, 2015, 9, 156. 

9. T. V. Plisko, A. V. Bildyukevich, Y. A. Isaichykava, V. V. Volkov. The Doklady of the National Academy 

of Sciences of Belarus, PREPARATION OF POLYPHENYLSULFONE/POLYSULFONE BLEND 

MEMBRANES, 2017,  Vol 61, No 1.     

 

SUMMARY 

REASEARCH OF THE INFLUENCE OF ORGANIC ADDITIVES ON THE  

STRUCTURE OF POLYSULFONE MEMBRANES 

Bibileishvil G.V., Gogesashvili N.N., Ebanoidze L.O. and Kezherashvili  M.G . 

Engineering Institute of Membrane technology of Georgian Technical University 

In the present study microfiltration polymeric membranes were obtained from 18% polysulfone composition, in 

which different percentages of polyethylene glycol (PEG-400) and poloxamer (Pluronic F-127) were used 

simultaneously as additives. A correlation is established between the the composites to be poured and the 

structure and characteristics of the membranes obtained.  

Keywords: polysulfone, pluronic, polyethylene glycol, productivity. 
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ultrafiltraciuli membranebiT damuSavebuli bunebrivi mtknari 

wylebis mikrobiologiuri kvleva 

 

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

saqarTvelos teqnikuri universitetis, membranuli teqnologiebis sainJinro 
instituti 

 
garemos dacvisa da bunebrivi pirobebis mdgradobis uzrunvelyofis 

mizniT, Catarebuli baromembranuli procesebis kvlevis da bioreaqtorze da-
muSavebuli nimuSebis mikrobiologiuri analizebis Catarebis Sedegad Semu-
Savda adamianis janmrTelobisaTvis uvnebeli  wylis miRebis teqnologia, 
mikrobiologiuri usafrTxoebis standartis dacviT.     

wylis mikrobiologiuri analizi moicavs sxvadasxva analizs mikroor-
ganizmebis indikatoris dasadgenad. zogierTi mikroorganizmi bunebrivad 
aris warmodgenili wyalSi, zogi  niadagidan  gadadis, zogierTi mikroorga-
nizmi ki adamianisa da cxovelebis mier moxmarebul wyalSi da narCenebSi 
gvxvdeba. [1,2]      

mdinare mtkvari binZurdeba samrewvelo da sayofacxovrebo Camdinare 
wylebiT. mtkvris wylis dabinZurebis mravali wyaros arsebobis miuxedavad 
wayluxv mdinareSi maTi ganzaveba sagrZnoblad amcirebs mikroorganizmebis 
raodenobrov maCveneblebs. 

membranuli procesebisa da mikrobiologiur laboratoriaSi wylis 
mikrobiologiuri kvleva tardeboda ultrafiltraciuli 0,01 mkm _ 0,1 mkm  
foris zomis membranebiT damuSavebul mdinare mtkvris wylis filtratze da 
sawyis sinjebze.   
 
 
ultrafiltraciul danadgarze damuSavebuli mdinare mtkvris  wylis mikrobiolo-
giuri maCveneblebi 
 

indikatori sazomi erTeuli normativi analizis Sedegi 

mezofilur aerobuli 
da fakultatur 

anaerobuli 
mikroorganizmebis 
raodenoba, 1 ml-Si 

22 °C 
37 °C 

 
 
 
 
 

100 
20 

 
 
 
 
 

ara umetes 
ara umetes 

 
 
 
 
 

ar aRmoCnda 
ar aRmoCnda 

saerTo 
koliformuli 

baqteriebi 

baqteriebis 
raodenoba 300 ml 

ar daiSveba ar aRmoCnda 

eSerixia koli 
baqteriebis 

raodenoba 300 ml 
ar daiSveba ar aRmoCnda 

paTogenuri 
mokroorganizmebi maT 

Soris Salmonela 
100 ml ar daiSveba ar aRmoCnda 

Pseudomonas aerugiosa 250 ml ar daiSveba ar aRmoCnda 

Streptocoos faecalis 250 ml ar daiSveba ar aRmoCnda 

 
  

saanalizod aRebuli sawyisi sinjebi inkubaciisTvis gaifiltra mikro-
biologiur danadgarze _ bioreaqtorze, romelic damuSavda membranuli teq-
nologiebis sainJinro institutSi. bioreaqtori damzadebulia  uJangavi fo-
ladisagan da misTvis gamoiyeneba 0,2 _ 0,45 mkm foris zomis steriluri memb-
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ranuli firebi, romlebic aseve damzadebulia membranuli teqnologiebis 
sainJinro institutSi. bioreaqtorSi moTavsebuli 300 ml sakvlevi wylis nimu-
Si damuSavda 3×10-1pa vakuumis pirobebSi, vakuum tumboTi (marka _ 2 Stages 

Vacuum Pump Model VE 260) mikroorganizmebis inkubacia ganxorcielda 24 _ 48 sT  
ganmavlobaSi 37 ℃ temperaturaze TermostatSi (marka _ H SPT-200 VACUUM 

DRIER). [3-6]. dadginda wylis mikrobiologiuri analizis  mTavari komponentebi 
_ mezofilur aerobuli da fakultatur anaerobuli mikroorganizmebi, saer-
To koliforuli baqteriebi, eSerixia koli, paTogenuri mokroorganizmebi 
maT Soris Salmonela, Pseudomonas aerugiosa,  Streptocoos faecalis, rac Seesabameboda 
standartiT gansazRvrul normebs, xolo ultrafiltraciis Semdeg gansazRv-
ruli mikrobTa raodenoba mocemulia cxrilSi. [7-9] 

amgvarad, Catarebuli mikrobiologiuri kvlebis Sedegad dadginda, rom 
ultrafiltraciuli procesis gamoyenebiT gawmendil da gausnebovnebul 
mtkvris wyalSi  mikroorganizmebis maCvenebelebi gacilebiT mcirea, vidre 
mtkvris wylis sawyis nimuSebSi da igi uvnebelia adamianis janmrTelobis-
Tvis. mtkvris wylis zogierT sinjSi  0,01 mkm  foris zomis membranebiT damu-
Savebis Semdeg mikroorganizmebi saerTod ar aRmoCnda. 
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SUMMARY 

MICROBIOLOGICAL STUDY OF FRESH NATURAL WATER TREATED WITH 

ULTRAFILTRATION MEMBRANES 

Bibileishvili G.V., Mamulashvili M.A., Javashvili Z.D. and Kakabadze E.G. 

Engineering Institute of Membrane Technologies of Georgian Technical University 

The article deals with the microbiological research of natural fresh water treated with ultrafiltration process. The 

number of microorganisms in the treated and disinfected water was found to be much lower than in the original 

Mtkvari water samples and corresponded to the norm set by the state standard. It was found that no 

microorganisms were detected in Mtkvari water treated with 0.01 µm pore size membranes. 

Keyword:  Fresh water, microbiological, ultrafiltration, membrane, incubation, bioreactor. 
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Savi zRvis wylis mikrobiologiuri kvleva da ultrafiltraciis 

meTodis gamoyeneba saqarTvelos sakurorto zonis ekologiurad sufTa  

wyliT uzrunvelyofisaTvis 

 
bibileiSvili g.v., mamulaSvili m.a., javaSvili z.d., buTxuzi T.g. 

 

saqarTvelos teqnikuri universitetis, membranuli teqnologiebis sainJinro 
instituti 

 
Savi zRva msoflio okeanisgan metad izolirebuli didi zomis mero-

miqtuli wyalsacavia, sadac wyali mudmivad stratificirebulia. wylis zeda 
fena Jangbads atmosferodan iRebs, xolo 130_150 metris qvemoT wyali 
mdidaria gogrdwyalbadiT. wylis 87_90 % anoqsiuria. Sav zRvaSi bosforis 
srutidan Semosuli  xmelTaSua zRvis mariliani wyali  ufro mZimea, vidre 
mdinareebis dunais, dnestris, samxreTis bugis, dnepris, rionis,  Woroxis 
Cadinebis Sedegad Savi zRvidan gadinebuli mtknari wyali, rac ganapirobebs  
wylis simkvrivis mkveTr cvalebadobas. gogirdwyalbadi akumulirebulia 
haloklinis fenis qveS, xolo Jangbadi SeiniSneba wylis Selfur fenebSi. 150 
– 200 metris qveviT gogirdwyalbadis koncentracia izrdeba (9,5 mg/l) 1000 
metris siRrmemde. gogirdwyalbadis warmomqmneli baqteriebi daaxloebiT 
10000 tona gogirds warmoqmnian dRis ganmavlobaSi. anaerobul procesSi 
sulfidmareducirebeli baqteriebis mier adgili aqvs sulfatis aRdgenas 
gogirdwyalbadamde, Sedegad am SreSi sulfatebis Semcveloba Semcirebulia, 
xolo hidrokarbonatebisa _ gazrdili.  

gogirdwyalbadis garda Sav zRvaSi vxvdebiT anaerobuli baqteriuli 
warmoSobis kidev erT airs _ meTans. meTani warmoiqmneba arqebaqteriebis 
(Archaea) cxovelmoqmedebis Sedegad. maRali wnevis da dabali temperaturis 
zemoqmedebis pirobebSi  meTani warmoqmnis marilebs _ airohidratebs.  Savi 
zRvis  evtrofikacias aZlierebs ori procesis Tanxvedra: anTrogenuri da 
bunebrivi procesebis erToblivi moqmedeba. adamianis saqmianobis Sedegad 
mdinareebis da zRvis dabinZureba astimulirebs gogirdwyalbadis da meTanis 
warmomqmneli baqteriebis gamravlebas. Sedegad matulobs Sav zRvaSi Jang-
badiT Raribi, gogirdwyalbadiT mdidari usicocxlo, mkvdari zonebi. Jang-
badis naklebobis Sedegad iRupebian cocxali organizmebi, iqmneba kidev meti 
organuli dabinZureba, rac  gogirdwyalbadis warmoqmnas uwyobs xels. [1-3] 

Savi zRvis wylebis  myari masa Seicavs marilebs: NaCl, KCl, MgSO4, CaCO3, 
romlebic wyalSi imyofebian disocirebul mdgomareobaSi Semdegi ionebis 

saxiT: ,,,,,,, 222

33

2

4

 CaMgNaCOHCOSOCl  da K . CamoTvlili ionebis 

procentuli Tanafardoba Savi zRvis wylebSi gansxvavebulia okeanis wyleb-
Tan SedarebiT. organuli naerTebi Sav zRvaSi imyofebian gaxsnil, koloidur 
da Sewonil mdgomareobaSi. im fenebSi, sadac wylis simkvrive mkveTrad 
izrdeba, organul naerTTa raodenobac matulobs. [4,5,] 

saqarTvelos teritoriuli wylebi dabinZurebulia vercxliswyliT Hg, 
rkiniT Fe, spilenZiT Cu, dariSxaniT As. Tevzebis qsovilebSi indenficire-
bulia elementebi: kobalti Co, tyvia pb, nikeli Ni, spilenZi Cu, TuTia Zn, 
bismuti Bi. kadmiumi Cd, qromi Cr. Sav zRvaSi 145 saxis damabinZurebeli niv-
Tierebidan 30 miekuTvneba pesticidebis saxeobas. xelovnuri dabinZureba Savi 
zRvis umTavresi ekologiuri problemaa, romelsac qmnis sayofacxovrebo, 
samrewvelo, atmosferuli da mdinareebis mier Catanili mavne narCenebi [6].   

Camdinare da sasmeli wylebis gawmendis saukeTeso saSualebaa memb-
ranuli filtracia. membranuli teqnologiebis sainJinro institutis mier  
Savi zRvis sanapiro zolSi aRebul sinjebze Catarebuli iyo mikrobiolo-
giuri kvleva, ramac aCvena zRvis fekaluri wylebiT dabinZureba, mdinareTa 
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Cadinebis adgilebSi. koliformuli baqteriebis minimaluri  ricxvi 100 ml 
zRvis wyalSi aRemateba 110000-s/1000 ml-ze  rac 110-jer aRemateba zdk-s, 
xolo  maTi minimaluri raodenoba sanapiro zolSi dafiqsirda _ 360/1000 ml.   
`lurji droSis~ sacurao  wylis standartia: saerTo koliformebis raode-
noba <500ujr/100ml-ze, fekaluri koliformebis raodenoba <100ujr/100ml-ze, 
fekaluri enterokokis raodenoba <100ujr/100ml-ze. aRniSnuli wylebis 
gausvebovnebisaTvis gamoyenebuli iqna ultrafiltraciuli membranebi  fo-
ris zomiT 0,01mkm _ 0,1mkm.  miRebulma Sedegma daakmayofila „lurji droSis“ 
sacurao wyliT gaTvaliswinebuli moTxovnebi [6]. 

cxrilSi mocemulia mtknari wylis da Savi zRvis sacurao auzis mik-
robiologiuri indikatorebi Sesabamisi standartuli sazomi erTeulebiT da  
membranuli ultrafiltraciis Sedegad miRebuli maCveneblebiT.  

  
Sav zRvaSi Camdinare da sacurao wylis mikrobiologiuri kvleva  
ultrafiltraciis Semdeg 
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saerTo 
koliformuli 

baqteriebi 

baqteriebis 
raodenoba 

300 ml 

ar 
daiSveba 

<500ujr/100ml 
ar 

daiSveba 
ar aRmoCnda 

fekaluri 
koliformebis 

raodenoba 

baqteriebis 
raodenoba 

250 ml 

ar 
daiSveba 

<100ujr/100ml 
ar 

daiSveba 
ar aRmoCnda 

fekaluri 
enterokokis 

baqteriebis 
raodenoba 

300 ml 

ar 
daiSveba 

<100ujr/100ml  ar daiSveba 

 
   
 amgvarad, membranuli teqnologiebis institutSi SemuSavebuli meTode-
bi uzrunvelyofen Savi zRvis wylis moikroorganizmebisagan  gawmenda-gaus-
nebovnebas.  

kvlevis Sedegis safuZvelze damuSavda Savi zRvis  zolSi sakurorto 
infrastruqturisaTvis sacurao auzebisa da sasmeli wylebis sterilizaciis  
ultrafiltraciuli teqnologia, rac xels Seuwyobs turistuli indust-
riis gafarToebasa da ganviTarebas.   
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SUMMARY 

MICROBIOLOGICAL STUDY OF BLACK SEA WATER AND USE OF ULTRAFILTRATION 

METHOD TO PROVIDE ECOLOGICALLY CLEAN WATER TO THE RESORT AREA OF 

GEORGIA 

Bibileishvili G.V., Mamulashvili M.A., Javashvili Z.D. and  Butchuzi T.G. 

Engineering Institute of Membrane Technologies of Georgian Technical University 

The paper discusses the impact of the chemical and microbiological characteristics of the Black Sea on the Black 

Sea ecosystem. Microbiological study of wastewater of the Black Sea resort area of Georgia has been conducted 

and ultrafiltration method of water treatment was studied. The method of microbiological purification-

decontamination of water with 0.01 μm porous membranes as a result of ultrafiltration of Black Sea water has 

been established. 

Keyword:   Black Sea, ecology, pollution, water, microbiology, ultrafiltration. 
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polieTersulfonebis membranuli apkebis morfologiuri Tvisebebis 

kvleva organuli danamatebis gavlenis gaTvaliswinebiT 

 
bibileiSvili g.v., gogesaSvili n.n., keJeraSvili m.g.,  

mamulaSvili m.a., ebanoiZe l.o. 
 

saqarTvelos teqnikuri universitetis, membranuli teqnologiebis sainJinro 
instituti 

 
  polimeruli membranebis struqturis formirebisa da warmoqmnis meqa-

nizmis garkveva, mTavari faqtoria sasurveli Tvisebebis mqone membranebis 
SeqmnisTvis. danamatebis Setana polimeri-gamxsnelis sistemaSi mniSvnelovan 
gavlenas axdens membranis struqturis formirebaze da gansazRvravs mis 
maxasiaTeblebs. iseTi danamatebi, rogoricaa polivinilpirolidoni (pvp), po-
liglikolebi da sxvebi, sveli formirebisa da spontanuri gelwarmoqmnis 
dros efeqturad aregulireben makrosicarieleebs membranis substruqturaSi, 
aseve forianobas, foris zomas, hidrofilurobasa da sxva Tvisebebs [1-3].  

samuSaos mizans warmoadgenda polieTersulfonebis (pes) polimeruli 
kompoziciebidan miRebuli membranuli apkebis maxasiaTeblebze sxvadasxva 
markis K12, K17, K25 da raodenobis (5%, 10%, 15%) polivinilpirolidonis(pvp) 
gavlenis Seswavla [4].   

aRniSnuli samuSaoebisTvis gamoyenebuli iyo polieTersulfonebis   
15%-iani xsnari dimeTilacetamidSi (dmma) da organul danamatad polivinil-
pirolidoni. kompoziciebi momzadebulia laboratoriul pirobebSi 5 sT-is 
ganmavlobaSi mudmivi moreviT (50_55 ℃). gamoleqva warmoebda laboratoriul 
filerze 30 ℃ temperaturaze wyalSi.  

polimeruli kompoziciebis Semadgenlobebi da miRebuli membranuli  
apkebis warmadobebi mocemulia cxrilSi.  

 
       

polimeruli kompoziciebis xsnarebis Semadgenlobebi, nawilakebis 
zoma da ricxvi xsnarebSi da  miRebuli   membranebis maxasiaTeblebi 
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15 5 K25 220 0,32 0,9 752 

15 10 K25 280 0,25 0,85 625 

15 15 K25 310 0,21 0,73 520 

15 5 K17 125 0,57 0,51 689 

15 10 K17 160 0,31 0,65 536 

15 15 K17 195 0,27 0,78 428 

15 5 K12 140 0,53 1,0 250 

15 10 K12 135 0,45 1,1 184 

15 15 K12 161 0,31 0,95 135 
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sxvadasxva molekuluri masis da koncentraciis mqone polivinilpiro-
lidonis Semcveli polimeruli kompoziciebis siblante Seswavlilia visko-
zimetruli meTodiT, xolo nawilakebis zoma da ricxvi xsnarebSi gansaz-
Rvrulia simRvrivis speqtris meTodiT 
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sadac: α _ faqtori, ganisazRvreba nawilakis wrfivi zomis SefardebiT sinaT-

lis talRis sigrZesTan; saS  _ gamoTvlili talRis sigrZis diapazonis saSua-

lo; 0  _ dispersuli fazis gardatexis maCvenebeli; saS _ sistemis simRvrive 

saS -ze;  K  _ ganbnevis diapazoni. 

miRebuli membranuli apkebis zedapiruli topografia Seswavlilia 
maskanirebeli zondur mikroskopze (SPM, Certus standart V, Nano Can technologies Ltd). 

sur. 1-ze mocemulia pes/pvp/dmma (5% K 25 pvp) polimeruli kopoziciidan 
miRebuli apkis mikrosuraTi, xolo sur. 2-ze mocemulia pes/pvp/dmma (15% K 25  
pvp) polimeruli kopoziciidan miRebuli apkis mikrosuraTi. suraTebidan 
Cans, rom  membranebis zedapirebis topografiuli gamosaxulebebi gansxvave-
bulia. 15%-iani K 25 pvp-s Semcveli xsnarebidan miRebuli  nimuSis zedapiris 
reliefi 5%-ian K 25 pvp-s Semcveli xsnarebidan miRebuli nimuSis zedapirTan 
SedarebiT aris erTgvarovani forovani struqturis, masSi ar SeimCneva 
defeqtebi da  mikroRruebi.  

 
                  

 
 

suraTi 1. pes/pvp/dmma (5% K 25 pvp) 
polimeruli kopoziciidan miRebuli 

apkis mikrosuraTi 

suraTi 2. pes/pvp/dmma (15% K 25 pvp) 
polimeruli kompoziciidan miRebuli 

apkis mikrosuraTi 

 
 
cxrilis monacemebidan da apkebis mikrosuraTebis  Seswavlis Sedegad 

SeiZleba davaskvnaT, rom polieTersulfonis 15%-iani polimeruli kompozi-
ciidan gamoleqili membranuli apkebidan saukeTeso zedapiruli struqturiT 
da maRali warmadobiT  gamoirCeva K 25 markis polivinilpirolidonis 15%-is 
damatebiT miRebuli membrana. ufro dabalmolekuluri masis mqone markebis 
polivinilpirolidonis Semcveli xsnarebidan miRebul membranul apkebs gaaC-
niaT defeqtebi da dabali xvedriTi warmadobebi, ris gamoc am Semadgen-
lobebis kompoziciebisgan membranebis miReba ar aris mizanSewonili.                                            
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SUMMARY 

INVESTIGATION OF MORPOLOGICAL PROPERTIES OF MEMBRANE FILM FOR 
POLYETHERSULFONE UNDER THE INFLUENCE OF ORGANIC ADDITIVES 

Bibileishvil G.V., Gogesashvili N.N., Kezherashvili  M.G., Mamulashvili M.A. and Ebanoidze L.O. 

Engineering Institute of Membrane technology of Georgian Technical University 

The paper discusses the effect of the concentration of the organic additive polyvinylpyrrolidone on the 

characteristics of polyethersulfone membrane film. The polyvinylpyrrolidone brand and the optimum quantity 

(15% K 25 PVP) for the best characteristics of the membrane film have been established under the conditions of 

constant polyethersulfone concentration. 

Keywords: polysulfone, polyvinylpyrolidone, productivity, pore size.  
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polimerul kompoziciaSi  mikrogeluri nawilakebis zomis gavlenis 

Seswavla membranis morfologiasa da maxasiaTeblebze 

 
bibileiSvili g.v., keJeraSvili m.g., gogesaSvili n.n.,  

mamulaSvili m.a., ebanoiZe l.o. 

 
saqarTvelos teqnikuri universitetis membranuli teqnologiebis sainJinro 

instituti 
 

stატiaSi ganxilulia Txevad polimerul kompoziciaSi arsebuli 
mikrogeluri nawilakebis zomis gavlena membranebis xvedriT warmadobaze. 
polimeruli kompozicia mzaddeboda polieTersulfonis (pes), gamxsnelis da 
sxvadasxva molekuluri masis mqone danamatis (e-700, e-1200) bazaze, xolo 
membrana miiReboda fazuri inversiis sveli meTodis gziT. polimerul 
kompoziciaSi mikrogeluri nawilakebis zomebi (hidrodinamiuri radiusi) da 
maTi ganawileba Seswavlili iqna nanonawilakebis zomis, masisa da Z-poten-
cialis ganmsazRvreli analizatoriT (Zetasizer Nano Zen 3690), membranis foris 
zomebi da xvedriTi warmadoba ganisazRvra eqsperimentis gziT laborato-
riul danadgarebze (MTSI-BP-3, MTSI-JM-5), mza membranebis morfologia da 
struqtura Seswavlili iqna maskanirebeli zonduri mikroskopiT (Certus 

standart V). polimeruli kompoziciis Semadgeneli komponentebis gaxsnis proce-
sis polarizaciul-interferenciuli optikuri mikroskopiT da miRebuli 
xsnarebis sinaTlis gabnevis dinamiuri meTodiT Seswavlis Sedegad dadge-
nilia, rom polimeruli kompozicia warmoadgens polidispersiul sistemas, 
romelSic mikrogeluri nanonawilakebis zoma damokidebulia xsnaris Sed-
genilobaze, koncentraciaze, organuli danamatebis molekulur masaze da 
raodenobaze [1-3]. membranis misaReb polimerul kompoziciaSi arsebuli 
nanonawilakebis zomebi da am xsnaridan damzadebuli membranebis xvedriTi 
warmadobebi warmodgenilia cxrilSi. 

 
polimeruli kompoziciis Sedgeniloba, danamatis molekuluri masa, 

raodenoba da miRebuli membranebis xvedriTi warmadoba 

 
polimeruli  
kompozicia 

nawilakebis 
zoma Z-ave. nm 

xvedriTi warmadoba 
l/m2sT 

pes 13,4 nm 2424 

pes;   e-700 (5%) 18,8 3555 

pes; e-700 (10%) 115,3 3132 

pes; e-700 (15%) 125,37 2969 

pes; e-1200 (5%) 18,7 3225 

pes; e-1200 (10%) 116,32 2929 

pes; e-1200 (15%) 122,53 2808 

 
 cxrilSi warmodgenili monacemebidan Cans, rom polimeruli kompozi-
ciis xsnarebSi nawilakebis zomebi da am xsnarebidan damzadebuli membranebis 
xvedriTi warmadobis mniSvnelobebi damokidebulia organuli danamatebis 
molekulur masaze da raodenobaze. erTi da igive molekuluri masis mqone 
danamatis (e-700) SemTxvevaSi mikrogeluri nawilakis zoma mniSvnelovnad aris 
damokidebuli kompoziciaSi arsebuli danamatis raodenobaze: danamatis 5% 
Semcvelobis dros mikrogeluri nawilakis zoma Seadgens 18,8 nm, membranis 
warmadoba 3555 l/m2sT., 10%-is SemTxvevaSi 115,34 nm, warmadoba 3132 l/m2sT., xo-
lo 15%-is dros nawilakis zom aris 125,37 nm, warmadoba 2969 l/m2sT.,  maRali  
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molekuluri masis mqone danamatis e-1200 SemTxvevaSi mikrogeluri nawilakis 
hidrodinamiuri radiusi izrdeba 18,7 nm-dan 122,53 nm-mde danamatis raode-
nobis zrdasTan erTad, xolo membranis warmadoba aRwevs maqsimums 5%-iani  
danamatis SemTxvevaSi da aris 3225 l/m2sT. danamatis molekuluri masis 700-
dan 1200-mde gazrda arsebiT gavlenas ver axdens membranis xvedriT warma-
dobaze.  

amrigad, polimeruli kompoziciis Sedgenilobis da koncentraciis 
organuli danamatebis saSualebiT cvlilebiT xsnarSi nawilakebis zomebis 
iseTi ganawilebis miRwevaa SesaZlebeli, ramac uzrunvelyo forebis war-
moqmnis didi areali, forianoba da ganapiroba miRebuli membranis maRali 
xvedriTi warmadoba. kvlevis Sedegad dadgenilia, rom miRebuli membranebis 
xvedriTi warmadoba damokidebulia polimerul kompoziciaSi arsebuli nano-
nawilakebis zomebze (hidrodinamiur radiusze) [4,5]. rac ufro mcirea nanona-
wilakebis zoma, miT metia miRebuli membranebis xvedriTi warmadoba. 
membranebi maRali xvedriTi warmadobiT 3225_3555 l/m2sT miRebulia poli-
meruli kompoziciidan, romelSic mikrogeluri nawilakebis zomebi aris 
mcire da Seadgens 18,7_18,8 nm-s. 
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SUMMARY 

STUDY OF THE EFFECT OF MICROGEL PARTICLE SIZE IN A POLYMER COMPOSITION ON 

THE MORPHOLOGY AND CHARACTERISTICS OF MEMBRANES 

Bibileishvili G.V., Kezherashvili M.G., Gogesashvili N.N., Mamulashvili M.A. and Ebanoidze L.O. 

Engineering Institute of Membrane technology of Georgian Technical University 

The article investigates the effect of the size of microgel particles present in a liquid polymer composition on the 

permeability of membranes. During the study, it was found that the   permeability of the obtained membranes 

depends on the size (hydrodynamic radius) of the nanoparticles present in the polymer composition. The smaller 

the size of the nanoparticles, the greater the relative performance of the resulting membranes. Membranes with 

high permeability are obtained from a polymer composition in which the dimensions of microgel particles are 

small and amount to 18.8 nm. 

Keywords:  polysulfone, polymer composition, membrane, nanoparticles, morphology. 
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prooqsidantebi da antioqsidantebi biologiur sistemebSi 

 

gamyreliZe n.m.  
 

 saqarTvelos teqnikuri universiteti 
 

adamianis janmrTelobaze fenoluri naerTebis moqmedebis Sesaxeb mra-
vali hipoTeza arsebobs. fenoluri naerTebi dadebiTad moqmedebs gul-sisx-
lZarRvTa sistemaze, axasiaTebs anTebis sawinaaRmdego, antimikrobuli, anti-
kancerogenuli, daberebis sawinaaRmdego moqmedeba da a.S. yovelive es ganpi-
robebulia fenoluri naerTebis antioqsidanturi aqtivobiT [1]. antioqsidan-
tebs aqvT unari SeboWon cocxal organizmSi mudmivad mimdinare JangviTi 
procesebis dros warmoqmnili radikalebi. 

biologiur sistemebSi JangviTi procesebi safuZvlad udevs mraval me-
tabolur process. normaluri metaboluri procesebis mimdinareobisas mudmi-
vad warmoiqmneba sxvadasxva elementis (Jangbadis, azotis, gogirdis da sxva) 
aqtiuri formebi. Jangbadis, qloris, gogirdis an azotis atomebi monawileo-
ben cocxali organizmis funqcionirebis umniSvnelovanes procesebSi. mcire 
koncentraciebisas radikalebi da elementTa aqtiuri formebi monawileoben 
ujredul signalizaciaSi, uzrunvelyofen eleqtronebis transportirebas 
sunTqviTi jaWvis fermentebs Soris, lipidebis metabolizms, prostglan-
dinebis, kateqolaminebis sinTezs, aregulireben ujredTa poliferaciasa da 
diferenciacias, sekrecias, apoptozssa da ujredTa kvdomas. calkeul SemTx-
vevebSi ki warmoadgenen `Sxamebs~, romlebic sxvadasxva paTologiuri procese-
bis gamomwvevebia da mravali daavadebis inicirebis safuZvels warmoadgens [2]. 

cocxali organizmis ujredebSi e.w. `JangviTi stresi~-s gamomwvevebs – 
prooqsidantebs warmoadgenen radikalebi da sxva aqtiuri damJangvelebi, 
romlebic ar miekuTvnebian radikalebs. prooqsidantebi sxvadasxva aqtivobiT 
xasiaTdebian da SeiZleba Seicavdes Jangbadis, azotis, qloris, gogirdis 
aqtiur formebs (cxr. 1). 

 
cxrili 1. Jangbadisa da Jangbadis Semcveli aqtiuri formebi da maTi aqtivobebi 

 

dasaxeleba formula fardobiTi aqtivoba 

radikalebi dioqsid radikali 

2O  0 

peroqsid radikali 

2HO  1 

hidroqsil radikali HO  107 

alkil radikali RO  104 

araradikalebi wyalbadis peroqsidi 
22OH  0 

hipoqlorit anioni ClO  103 

peroqsinitrit mJava ONOOH  102 

 
samecniero kvlevebSi ujreduli `JangviTi stresi~-s gamomwvev mizezad 

saxeldeba Warbad warmoqmnili radikalebi da elementTa aqtiuri formebi. 
magaliTad, ujredis mitoqondriebsa da citoplazmaSi dioqsid radikalebis 

dismutaciis 

2O  Sedegad warmoqmnili wyalbadis peroqsidi SeiZleba gaxdes 

kidev ufro aqtiuri prooqsidantis – hidroqsil radikalis warmoqmnis wyaro: 
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  OHOHOOHO 2222  

 
liTonTa ionebis Tanaobisas es procesi mniSvnelovnad Cqardeba. 

liTonTa ionebis monawileobiT radikalebis warmoqmnis erT-erTi SedarebiT 
kargad cnobili magaliTia `fentonis reaqcia~ [3]: 

 

2

2

2

3

3

22

2

OFeOFe

OHHOFeOHFe









 

 
jamuri reaqcia: 

2222 OOHOOH    

 
wyalbadis peroqsidis gaxleCvis Sedegad warmoqmnili hidroqsil radi-

kali ( OH ) monawileobs mravali organuli nivTierebis Jangvis procesSi, 
maT Soris cilebis, nukleinis mJavebis, lipidebis. am reaqciebis Sedegad war-
moiqmneba axali aqtiuri radikalebi da wyalbadis peroqsidi, rac SeiZleba 
gaxdes mizezi jaWvuri meqnizmiT mimdinare JangviTi procesebis talRiseburi 
gavrcelebisa. 

cxr. 1-Si moyvanili monacemebis Sefasebisas mxedvelobaSi unda iqnes 
miRebuli am naerTTa sicocxlis xangrZlivoba da koncentracia citoplaz-
maSi. garda amisa, prooqsidantebis aqtivoba mniSvnelovnadaa damokidebuli 
polarobaze. magaliTad, dioqsid radikalis aqtivoba wylis areSi ufro 
naklebia da metad izrdeba arapolarul areSi, rogoricaa lipiduri Sris 
hidrofobuli ubani. dioqsid radikals aqvs unari Seutios eTerul bmas da 
daSalos cximovani mJavebi. lipidebis hidrofobul SreSi ki metad aqtiuria 
peroqsid radikali. lipidebis intensiuri Jangvis Sedegad citoplazmaSi 
grovdeba iseTi aqtiuri mJangavebi, rogoricaa hipoqlorit anioni, peroqsi-
nitrit anioni. isini maRali citotoqsiurobiT xasiaTdebian da Warbi raode-
nobiT arsebobisas iwveven avtoimunur daavadebebs [4]. ujeri lipidebis nax-
Sirwyalbaduri jaWvis Jangvis dros fosfolipaza A2-is eTerul bmaze Sete-
vis gamo SeiZleba aseve gamonTavisufldes cximovani mJavebi, Sedegad adgili 
aqvs membranis barieruli struqturis dazianebas, rac SeiZleba gaxdes ujre-
dis kvdomis mizezi. 

biologiur sistemebSi JangviTi procesebis umravlesoba jaWvuri meqa-
nizmiT mimdinareobs da moicavs inicirebis, gavrcelebisa da terminaciis 
(Sewvetis) stadiebs. ujreduli struqturis dazianeba an funqcionirebis 
cvlileba xdeba mxolod maSin, roca radikalebisa da elementTa aqtiuri 
formebis koncentracia maRalia, roca xangrZlivdeba gavrcelebis stadia da 
male ar dgeba terminacia. 

terminacia – JangviTi procesebis jaWvuri reaqciis Sewyveta, moxdeba 
Tu ar warmoiqmna axali radikali. terminaciis stadiaze SeiZleba warmoiq-
mnas stabiluri xidaki ROOR or naxSirwyalbadur jaWvs Soris an fenoluri 
naerTebis moqmedebiT peroqsidis molekula gadavides ROH-is araaqtiur hid-
roqsilirebul formaSi. 

fenoluri naerTebi, sxva antioqsidantebTan (vitamini C da E) erTad, 
cocxali organizmis ujreduli antioqsidanturi sistemis mniSvnelovani 
komponentebia [5]. es naerTebi ainhibireben lipidebis ujeri cximebis daJang-
vis process, aqvT unari radikalebi gadaiyvanon araaqtiur formaSi, moaxdi-
non peroqsidazul JangviT procesSi monawile mZime metalebis xelatireba. 

eleqtronis (an wyalbadis atomis) gacemis unaris gamo polifenoluri 
naerTebi, ufro zustad, flavanoidebi (phen) ukavSirdeba lipidebis hidroq-
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silur  OL  da peroqsilur  OOL radikalebs, Sedegad warmiqmneba feno-

lis radikali – fenoqsili, romelic ar monawileobs JangviT procesebSi da 
xdeba JanviTi procesebis inhibireba: 

 









OPHENOHLOHPHENOL

OPHENOOHLOHPHENOOL
 

 
flavanoidebis es Tviseba dakavSirebulia am naerTTa molekulis 

unikalur struqturasTan [6]. flavanoidebis molekulaSi radikalis SeboWvis 
unariT gamoirCeva sami ubani (naxazi). pirvel ubans warmoadgens B-birTvis 
ori mezobeli hidroqsiljgufi – kateqiluri ubani, meore ubania C-birTvis 
2,3-naxSirbadatomebis damakavSirebeli ormagi bma, romelic koniugirebulia 
amave birTvis me-4 naxSirbadatomis oqsijgufTan. meore ubans aqvs unari moax-
dinos B-birTvis eleqtronebis delokalizacia. mesame ubans ki warmoadgens 
me-3 da me-5 poziciaSi arsebuli hidroqsil jgufebi. 

 
 

flavanoidebis antioqsidanturad aqtiuri ubnebi kvercetinis magaliTze 
 
flavanoidebis molekuluri struqtura gansazRvravs konkretuli naer-

Tis antioqsidantur aqtivobas (cxr. 2) [7]. cxadia, radikalebis SeboWvis 
unaris mqone ubnebis raodenoba ganapirobebs flavanoidebis aqtivobas. am 
TvalsazrisiT maRali antioqsidanturi aqtivobiT gamoirCeva flavanonebi. 
isini Seicaven radikalebis SeboWvisaTvis saWiro yvela ubans. 

 
cxrili 2. flavanoidebis struqtura da antioqsidanturi aqtivoba DPPH  

radikalTan mimarTebaSi  
 

flavanoidebi C-3 C-5 C-7 B-3´ B-4´ B-5´ aqtivoba 

apigenini  OH OH  OH  0 

luTeolini  OH OH OH OH  3,9 ± 0,4 

kemferoli OH OH OH  OH  1,9 ± 0,1 

miricetini OH OH OH OH OH OH 7,1 

(-)-EGCG O-galati OH OH OH OH OH 9,3 ± 1,4 
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flavanoidebis antioqsidantur aqtivobas aseve ganapirobebs am naerTTa 
hidrofobuloba. magaliTad, lipiduri Sris dacvis TvalsazrisiT epigalo-
kateqin-galati (EGCG) ufro aqtiuria, vidre vitamini E. 

flavanoidebis radikalebis SeboWvis unari damokidebulia Tavad radi-

kalze. magaliTad, kateqin-galatebi metad aqtiuria 

2O  radikalis mimarT, 

maSin rodesac luTeolini da kemferoli amJRavneben met aqtiurobas 

3, NOH  

radikalebTan mimarTebaSi. 
zemoaRniSnulidan gamomdinare, fenoluri naerTebis – flavanoidebis 

antioqsidanturi aqtivobis Sefasebisas gaTvaliswinebuli unda iqnes Tavad 
flavanoidebis Tvisebebi da JangviTi procesebis Taviseburebani. Tumca, bune-
baSi flavanoidebis mravalferovneba am naerTebs aZlevs SesaZleblobas gana-
xorcielos organizmis mravalmxrivi dacva garemos mavne zemoqmedebis 
winaaRmdeg. 

cocxal organizmebSi ujredTa normaluri funqcionirebisaTvis unda 
arsebobdes balansi JangviT da aRdgeniT procesebs Soris. es ki, Tavis mxriv, 
gulisxmobs SenarCundes Tanafardoba elementTa aqtiur formebsa da antioq-
sidantebis koncentracias Soris. amasTan, aRsaniSnavia, rom aRmdgeneli agen-
tebis siWarbe aseve ar aris sasurveli da gaxdes mizezi, SedarebiT naklebad 
Seswavlili, aRdgeniTi procesebis gaZlierebisa, romlebmac SeiZleba ganapi-
robos sxvadasxva daavadebis aRmoceneba da ganviTareba [8]. 
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SUMMARY 

PROOXIDANTS AND ANTIOXIDANTS IN BIOLOGICAL SYSTEMS 

Gamkrelidze N.M. 

Georgian Technical University 

Constant metabolic transformations in living organisms are accompanied by oxidation and reduction processes. 

Radicals and active form of elements involved in oxidative processes play an important role in the normal 

functioning of cells, although in excessive concentracions can lead to cell damage and “oxidative stress” if the 

defense mechanisms are not effective. There are many reasons for the accumulation of excessive amounts of 

active forms of elements of oxidative stress in living organisms. These include high temperatures, chemical 

compounds, radiation and etc. P olyphenolic compounds with antioxidant acivity are prevent the accumulation of 

radicals and elements with active forms. 

Keywords: prooxidants, antioxidants, phenolic compounds. 
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kaxeTSi gavrcelebuli leRvis zogierTi jiSis qimiuri maCveneblebis 

Seswavla maTi samrewvelo gamoyenebis mizniT 

 

SildelaSvili i.i., buiSvili g.T., RaRoliSvili m.S. 
 

iakob gogebaSvilis saxelobis Telavis saxelmwifo universiteti 
 

saqarTveloSi leRvi sakmaod gavrcelebuli kulturaa, misi nayofebi 
gamoirCeva udidesi kvebiTi RirebulebiT da sasiamovno gemoTi, Seicavs Saq-
rebs ZiriTadad glukozas da fruqtozas, vitaminebs, mineralur nivTierebebs 
(rkina, kalciumi, manganumi, fosfori, bromi, gogirdi), sakveb dietur boW-
koebs, ujrediss, peqtinis nivTierebas da sxva. leRvis nayofs iyeneben sakon-
servo warmoebaSi, misgan amzadeben murabas, xilfafas, Cirs, sakonditro war-
moebaSi xmaroben, rogorc masalas pastilis, kanfetebis dasamzadeblad da 
sxva [1]. 

leRvi miekuTvneba samxreTis qveynebis kulturas, amitom normaluri 
ganviTarebisaTvis did moTxovnebs uyenebs, rogorc siTbos da sinaTles, 
agreTve niadagis tensac, kargad xarobs grZeli vegetaciis da Zlieri gana-
Tebis pirobebSi, sxva subtropikul kulturebTan SedarebiT adre Sedis 
msxmoiarobaSi, gansakuTrebiT saSiSia leRvisaTvis Semodgomis adreuli wa-
yinvebi, rodesac jer kidev ar momwifebula mimdinare wlis nazardebi da 
mcenare ar gadasula Rrma mosvenebis periodSi [2,3]. 

samomxmareblo Tvisebebis mixedviT leRvi pirobiTad dayofilia sakon-
servo, sasufre da saCire jiSebad, igi ZiriTadad gaSenebulia  individua-
lur  sakarmidamo savargulebze. 

naSromis mizans Seadgens kaxeTSi gavrcelebuli leRvis zogierTi 
jiSis (Savi leRvi, TeTri leRvi, Cumlayis mwvane) nayofis qimiuri maCveneb-
lebis Seswavla  maTi  samrewvelo gamoyenebis mizniT. sacdel jiSebi  gamok-
vleuli iqna teqnikuri da qimiuri maCveneblebis mixedviT, kerZod ganvsaz-
RvreT nayofis saSualo masa, saSualo diametri, kanis, rbilobis da Teslis 
Semcveloba procentebSi. 

leRvis sacdeli jiSebis saSualo teqnikuri maCveneblebi Semdegia: 
nayofis saSualo masa (g) 18_82; nayofis saSualo diametric (sm) 3,1_7,5;  nayo-
fis saSualo moculoba (sm3) 22_68; kani % _ 2_7; rbilobi % _ 48_68; Tesli % 
_ 1,2_3,3. 

jiSebidan saSualo masis, diametris da moculobis mixedviT gamoirCeva 
jiSi TeTri leRvi, romlis saSualo masa aRwevs 82_83 grams, xolo saSualo 
moculoba 68 sm3-s. 

sacdeli jiSebis SedarebiTi daxasiaTebisaTvis ganvsazRvreT qimiuri 
nivTierebebis Semcveloba. 

 
        sacdeli jiSebis ZiriTadi qimiuri maCveneblebi 
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Savi leRvi 17,0 16,2 16,1 11,3 1,22 1,62 
TeTri leRvi 18,9 15,4 15,1 12,1 1,19 1,38 

Cumlayis mwvane 16,0 15,0 14,0 12,5 1,40 1,26 
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cxrilis monacemebidan Cans, rom saerTo mSrali nivTierebis Semcvelo-
biT liderobs TeTri leRvi, xolo saerTo  Saqrebis SemcvelobiT Savi leRvi. 

leRvis SerCeuli formebidan ojaxur pirobebSi davamzadeT muraba, 
romelic aris maRalkoncentrirebuli kvebis produqti, misi damzadeba mova-
xdineT Semdegi sqemis mixedviT: nedleuli davaxarisxeT, movaWeriT  yunwebi, 
gavrecxeT, davCxvliteT, gavukeTeT blanSireba 5 wuTiT cxel wyalSi, igi 
xels uwyobs nayofis gaJRenTvas swrafad da ujredSorisebidan  haeris gamo-
devnas, 1kg. nayofze davayareT 1kg Saqari da movxarSeT mravaljeradi 15 wu-
Tiani xarSviT (samjeradad), mravaljeradi xarSvis dros ujredis wvenis 
temperatura mxolod xanmokle droiT aRwevs duRilis wertilamde, nayofis 
gacivebis dros duRilebs Soris SualedebSi mimdinareobs orTqlis konden-
sacia da sirofis Tanabarzomieri Sewova, rac ganapirobebs murabis maRal 
xarisxs, xarSvis procesSi produqtis zedapirze Cndeba  qafi, qafs vaSorebT, 
radgan igi auaresebs murabis garegnul saxes, qafTan erTad scildeba nayo-
fis Teslebi, Semdeg igi davafasoveT winaswar momzadebul  400 gramian minis 
qilebSi. 

Cvens mier momzadebulma produqciam Tavisi organoleptikuri da 
sasaqonlo xarisxis mixedviT daakmayofila moqmedi standartis moTxovnebi. 
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SUMMARY 

STUDY OF CHEMICAL INDICATORS OF SOME VARIETIES OF FIGS COMMON IN KAKHETI 
FOR THEIR INDUSTRIAL USE 
Shildelashvili I.I.,  Buishvili G.T.  and Ghagholishvili M.Sh. 

Iakob Gogebashvili Telavi State University 

We’ve studied the chemical indicators of some varieties of figs common in Kakheti for their industrial use, from 

the studied varieties we made a jam in family conditions, with multiple boiled (three times), which has led to the 

uniform absorption of the syrup and consequently the high quality of the jam; it is a highly concentrated food 

product. According to its organoleptic and commodity quality, the mentioned product fully meets the 

requirements of the current standard. 

Keywords: lozenge, technical, highly concentrated, blanching, condensation. 
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Wvavis nedleulis gamoyeneba  sakonditro nawarmSi 
 

doliZe m.v., suxiSvili n.z., oTaraSvili n.i. 

 
saqarTvelos teqnikuri universiteti 

 
sakonditro warmoebis erT-erTi ZiriTadi amocanaa adgilobrivi ned-

leuliT damzadebuli asortimentis gafarToeba da momxmarebelis dakmayofi-
leba maRalxarisxiani jansaRi kvebis produqtebiT. 

Cvens mier Seswavlilia saqarTveloSi „Wvavis alaos“ gamoyeneba pur-
produqtebisa da sakondidtro warmoebaSi, Wvavis alaos gamoyenebis tra-
diciebi CvenSi mwiria Tumca qarTlsa da kaxeTSi moyavdaT Wvavi da mas 
ZiriTadad puris cxobaSi iyenebdnen, aseTi fqviliT gamomcxvars „Wadpurs“ 
eZaxdnen. Tumca unda vicodeT Wvavis cexvili fqvili Seicavs 4,5-jer met 
Saqrebs vidre umaRlesi xarisxis xorblis fqvili. aman misca saSualeba 
mecnierebs, magaliTad, biskvitis recepturaSi aseve rZian recepturaSic 
Secvliliyo pirvel SemTxvevaSi xorblis umaRlesi xarisxis fqvili alaoTi. 
meore SemTxvevaSi xorblis fqvili cexvili Wvavis fqviliT, amiT Saqris 
xarji Semcirda 25 %-iT da miiRes produqti normaluri SaqrianobiT.  

Wvavis alaos erT-erTi mniSvnelovani produqtia, rac Seexeba sakondit-
ro produqcias alao aZlevs produqts sasiamovno gemos, msubuq aromats da 
amitom misi moxmareba keqsebis warmoebaSi aumjobesebs produqtis organo-
leptikur Tvisebebs da momxmareblisaTvis mosawoni xdeba. amasTanave aRar 
aris saWiro movixmaroT iseTi ZviradRirebuli nedleuli rogorc aris ka-
kao da aromatizatorebi, romelsac farTod iyeneben konditerebi danamatebis 
saxiT. 

Cvens mier Seqmnilia teqnologia, romelic sasargebloa diabetiT daa-
vadebul adamianebisaTvis rac xazs usvams am produqtis momxibvlelobas da 
saWiroebas. gamokvlebiT dadginda rom aRniSnuli teqnologiiT damzadebul 
orcxobila „keqsSi“ mniSvnelovnad mcirdeba naxSirwylebi. izrdeba misi Se-
naxvis xangrZlivoba, gemovnuri maCveneblebi. cdebi CavatarebT Sps „kondi-
terSi“. kvlevis Sedegad dadginda, rom miRebuli produqcia, romelSic 
gamoyenebul iqna Wvavis fqvili, Seicavs 25 %-iT nakleb naxSirwylebs, rac 
Zalian mniSvnelovania gansakuTrebiT diabetiT daavadebulTaTvis. amave dros 
gaizarda misi sarealizacio vada (sirbile) rac mniSvnelovani komponentia.    

ufro meti farTo SesaZlebloba sakonditro mrewvelobaSi aqvs pro-
duqtebs Wvavis fqvilis fermentuli hidroliziT (hidrolizati, siropi, da 
pasta) 80_83 % naxSirwylebis SemcvelobiT glukozis (46_58  %), maltozis, 
fruqtozis da sxva Saqrebis saxiT. 

xelovnuri hidrolizi Zvirad Rirebulia da moiTxovs xarjebs, amave 
dros Wvavis marcvalSi yovelTvis alaoSi aris alfa da beta amilaza da 
sxva fermentebi, romlebic Tundac mcire danestianebis SemTxvevaSi marcval-
Si iwyeben funqcionirebas. amazea dafuZnebuli Wvavis solodis warmoeba, 
romlis procesSi saxamebeli ijirjveba ubralo Saqrebad (glukozad, malto-
zad, fruqtozad, saxarozad) cilebi ki aminomJavebad. raodenoba reducirebu-
li Saqrebisa Wvavis marcvalSi izrdeba rig SemTxvevebSi: gazrdis dros 2_2,6-
jer, fermentaciis dros aRivebul alaosTan SedarebiT kidev 1,8–2,5-jer. 
rogorc ukve aRvniSneT Saqrebis ZiriTadi raodenoba warmodgenilia gluko-
ziT da fruqtoziT, romlebic gamoirCeva gansakuTrebuli sitkboebiT. Saq-
rebisa da amonomJavebis urTierToba fermentaciis dros da gansakuTrebiT 
alaos gaSrobisas  mivyavarT melanoidebis warmoqmnasTan, romelic Wvavis 
fermentuli aZlevs muq wiTel fers, moWarbebuli puris gemos da ganumeo-
rebel aromats. gansakuTrebiT es procesi maRal temperaturaze vlindeba. 
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aRsaniSnavia mTavari tendencia: fermentuli Wvavis alaos moxmareba 
xels uwyobs keqsebis sirbilisa SenarCunebas da amcirebs maT gamoSroba-
Senaxvis dros dRe-Ramis ganmavlobaSi 0,38_0,5 %, 0,99_2,92 %-iT 7 dRis ganmav-
lobaSi. Cvens mier aRniSnuli sacdeli cxobebi ganxorcielda Sps „kondi-
terSi“ da stu-s agraruli mecniererebis da biosistemebis inJineris fakul-
tetis laboratoriaSi. 

 
Wvavis fermentirebuli alaos moqmedeba keqsebis Srobisas 

 

keqsis asortimenti 
Sroba 

1 dRe-Rame 7 dRe-Rame 
keqsi „saojaxo“ maCvenebeli kontroli maCvenebeli kontroli 

kontroli (26 % alaos 
fqvili masiT) 

0,44 _ 5,76 _ 

alaos gareSe 0,82 0,38 6,75 0,99 

keqsi „gamocana“     
kontroli (20 % alaos 

fqvili masiT) 
0,27 _ 3,44 _ 

alaos gareSe 0,77 0,5 6,36 2,92 
keqsi „saojaxo“  ±0,46  ±1,68 

keqsi „gamocana“  ±0,65  ±0,85 

 
• recepturaSi Wvavis fermentirebuli Secvlilia xorblis fqvilis TanafardobiT 
1:1 - Tan. 

 
Saqrebis didi nawili Wvavis alaoTi warmodgenilia glukozis saxiT, 

romelic gamoirCeva gazrdili sitkboTi aman ganapiroba recepturis Sed-
genisas keqsebSi Segvemcirebina Saqris fxvnilis raodenoba. keqsebis axal 
asortimentebSi aseve sagrZnoblad Semcirebulia cximebis, karaqis da marga-
rinis Semcveloba. axali xarisxis keqsebSi Saqrisa da cximebis Semcireba ar 
uSlida xels mis sirbiles, forianobas da mza produqciis sxva organolep-
tikur Semadgelobas. yvelaferma aman mogvca saSualeba Segvemcirebina TviT-
Rirebuleba nedleulisa romelic saWiro iyo axali asortimentis keqsebis 
momzadebisaTvis. SedarebisaTvis keqsi „saojaxo“ miRebul kontrolze da 
romelsac uSvebda warmoeba keqsi 4,3 %-iT, keqsi „gamocana“ keqsTan „saojaxo“ 
SedarebiT 13,7 %-iT iafi. 

amitom Wvavis alaos moxmareba fqvilovan sakonditro warmoebaSi SeiZ-
leba CavTvaloT perspeqtiulad. keqsebis axali asortimenti gansakuTrebiT 
e.w. „paska“ romelic winasaaRdgomod praqtikulad iqneba warmoebaSi gansx-
vavdeba miRebuli kontrolirebad warmoebaSi momzadebuli keqsebisagan imiT, 
rom maTi damzadeba ufro iafi jdeba, rac mTavaria met xans inarCunebs sir-
biles, Seicavs naklebi raodenobiT Saqrebs da cximebs, amitom maTi mirTmeva 
SeuZliaT im adamianebs romelTac aqvT midrekileba Warbi wonisaken da aqvT 
Saqriani diabeti.  

amrigad, sakonditro sacxobebSi SemuSavebuli teqnologiis danergva   
mniSvnelovania jansaRi sakvebis (sakonditro fqvilovani nawarmis) warmoebis 
mizniT.  
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SUMMARY 

THE USE OF RYE RAW MATERIAL IN CONFECTIONERY 

Dolidze M.V., Sukhishvili N.Z. and Otarashvili N.I. 

Georgian Technical  University 

In the paper the use of rye flour in the production of bakery foods and confectionery is considered. There is a 

little tradition in Georgia in consumption of rye flour. The technology, favorable for humans sick by diabetes, is 

created. This is attractive and need for this product. By investigations it was established that in dried crust 

`Cake~, manufactured by mentioned technology, the amount of carbohydrate is reduced significantly, the 

duration of its storage life and indices of taste are increased. 
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       vladimer (zaur) fadiuraSvili – 85 

 

 

Rvawlmosil mecniersa da axalgazrda Tao-
bis aRmzrdels, saqarTvelos sainJinro aka-
demiis akademikoss, saqarTvelos teqnikuri 
universitetis emeritus-profesors, vladimer 
fadiuraSvils 85 weli Seusrulda. 

 
vladimer fadiuraSvili daibada 1936 

wels. saSualo skolis damTavrebis Semdeg   
1955 wels man swavla gaagrZela saqarTve-
los teqnikur institutSi qimiuri da kvebis 
mrewvelobis fakultetze, romlis damTavre-
bis Semdeg mieniWa inJiner-teqnologis kva-
lifikacia.  

institutis damTavrebisTanave, SromiTi 
moRvaweoba, ganawilebiT daiwyo rusTavis qimiur kombinatSi, sadac muSaobda 
jer meaparated, Semdeg ufros meaparated, da kontrolis laboratoriis gam-
ged. male v. fadiuraSvili dainiSna kombinatis axlad Camoyalibebuli samec-
niero-eqsperimentuli centris ufrosad. mTeli rigi qimiuri procesebi, rom-
lebSic gamoyenebulia katalizuri teqnikis sxvadasxva siaxleebi, damuSavebu-
lia v. fadiuraSvilis uSualo xelmZRvanelobiTa da monawileobiT, da war-
matebiTaa danergili rusTavisa da yofili sabWoTa kavSiris respublikebis 
qimiur warmoebebSi.  

1982 wlidan batonma v. fadiuraSvilma muSaoba daiwyo sakavSiro mniSvne-
lobis samecniero-sawarmoo gaerTianeba „analizxelsawyoSi“ fizikur-qimiuri 
kvleviTi laboratoriis gamged. 1995 wlidan igi gaerTianebis swavluli mdi-
vania, 2001 wlidan ki gaerTianebis samecniero kvleviTi institutis direqtori. 

samecniero-sawarmoo gaerTianeba „analizxelsawyo“-Si misi uSualo xel-
mZRvanelobiTa da monawileobiT damuSavebulia mravali instrumentuli fizi-
kur-qimiuri meTodi, romelTa umetesi nawili gamoyenebuli iqna gaerTianebaSi 
Seqmnil fizikur-qimiur xelsawyoebTan da warmatebiT dainerga mraval sawar-
moSi. swored am periodSi gamoikveTa v. fadiuraSvilis piradi Tvisebebi: pasu-
xismgeblobis gamZafrebuli grZnoba, dakisrebuli saqmisadmi uaRresad serio-
zuli midgoma, kolegebisa da TanamSromlebisadmi yuradReba da  mzrunveloba. 

1976 wlidan batoni 2020 wlamde batoni vladimeri eweoda pedagogiur 
moRvaweobas saqarTvelos teqnikur universitetSi, sadac igi 2009 wlidan 
avtomatikisa da informatikis fakultetis mikroprocesoruli da sazomi 
teqnikis departamentis sruli profesori iyo. v. fadiuraSvils gamoqveynebu-
li aqvs  100 meti samecniero naSromi, sami monografia, xuTi saxelmZRvanelo 
da damxmare saxelmZRvanelo. igi monawileobda mraval samecniero simpo-
ziumebsa da konferenciebSi.   

v. fadiuraSvilis mier Seqmnilia sadezinfeqcio-sasterilizacio farma-
cevtuli kompozicia „jafa“ romelzec mas miRebuli aqvs ara marto saqarT-
velos saavtoro mowmoba aramed ukrainisa da evraziis sxvadasxva qveynis pa-
tentebi.  
     vusurvebT baton vladimers janmrTelobas da didxans sicocxles. 
 

 
saqarTvelos teqnikuri universiteti 

  saqarTvelos sainJinro akademia 
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eZRvneba akademikos givi cincaZis xsovnas 
 
  

saqarTvelos mecnierebaTa akademiis aka-
demikosi, qimiis mecnierebaTa doqtori, saqarT-
velosa da ukrainis saxelmwifo premiebis lau-
reati, saqarTvelos mecnierebis damsaxurebuli 
moRvawe, saqarTvelos teqnikuri universitetis 
profesori givi cincaZe daibada 1933 wlis 18 
aprils, qalaq TbilisSi pedagogTa ojaxSi. sa-
Sualo skolis oqros medalze damTavrebis Sem-
deg swavla gaagrZela Tbilisis saxelmwifo 
universitetis qimiis fakultetze.  

1965 wlidan moRvaweobda saqarTvelos 
politeqnikuri institutis (saqarTvelos teqni-
kuri universiteti) qimiuri teqnologiis da 
metalurgiis fakultetze, sadac gaiara 
saintereso SemoqmedebiTi gza asistentidan 

…profesoramde. wlebis manZilze xelmZRvanelobda universitetis analizuri 
da zogadi da araorganuli qimiis kaTedrebs. 1992_1995 wlebSi iyo 
saqarTvelos teqnikuri universitetis qimiuri da biologiuri teqnologiis 
saswavlo-samecniero institutis direqtori, 1995_1997 wlebSi _ qimiuri da 
biologiuri teqnologiis fakultetis dekani. SeTavsebiT xelmZRvanelobda  
p. meliqiSvilis saxelobis fizikuri da organuli qimiis institutis 
kompleqsnaerTebis qimiisa da r. aglaZis saxelobis araorganuli qimiisa da 
eleqtroqimiis institutis araorganuli naerTebis fizika-qimiis laborato-
riebs. aTeuli wlebis manZilze leqciebs kiTxulobda ivane javaxiSvilis 
saxelobis Tbilisis saxelmwifo universitetsa da amave universitetis 
soxumis filialSi.  

g. cincaZem 1965 wels warmatebiT daicva sakandidato disertacia 
koordinaciuli naerTebis kristaloqimiis dargSi. 1971 wels ki sadoqtoro 
disertacia Temaze `liTonebis cianaturi, Tiocianaturi da selenocianaturi 
naerTebis gamokvleva~.    

uaRresad farTo da masStaburi iyo givi cincaZis mecnieruli moR-
vaweobis diapazoni. araorganuli, koordinaciuli da struqturuli qimiis, 
kristaloqimiis, speqtroqimiis, kvanturi qimiis, qimiis istoriis sferoebs 
moicavs mis mier Sesrulebuli Svid aseulze meti naSromi, romelTa Sorisaa 
monografiebi, saxelmZRvaneloebi, saavtoro mowmobebi. farToa misi samecnie-
ro naSromebis citirebis areali.  

givi cincaZis kvlevebis ZiriTadi mimarTuleba koordinaciuli near-
Tebis sinTezis axali meTodebis SemuSavebasa da maTi  kristaloqimiis Ses-
wavlas  exeboda. am samuSaoTa bazaze Seiqmna koordinaciuli qimiis arsebi-
Tad axali dargi – liTonebis fsevdohalogeniduri kompleqsebis qimia. 
mniSvnelovania misi gamokvlevebi bioaraorganuli qimiis dargSic, romelmac 
saimedo fundamenti Seuqmna biologiuri aqtivobis meqanizmis gagebas. mecnie-
ris moRvaweoba vrceldeboda ara marto Teoriul kvlevebze, aramed igi 
gamoyenebiT xasiaTsac atarebda, am gamokvlevebma safuZveli daudo mravali 
axali biokoordinaciuli samkurnalo preparatis Seqmnas. mis moRvaweobaSi 
mniSvnelovani adgili eTmoboda axali teqnologiebis danergvis sakiTxebsac.  

1983 wels g. cincaZe airCies saqarTvelos mecnerebaTa akademiis wevr-
korespondentad. 1993 wels _ namdvil wevrad _ akademikosad. 1990 wels 
koordinaciuli qimiis sferoSi Sesrulebuli naSromTa ciklisaTvis `fsev-
dohalogenidebis qimia~, ukrainel da germanel mecnierebTan erTad dajil-
dovda ukrainis saxelmwifo premiiT. 1998 wels naSromisTvis `metalTa koor-
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dinaciuli naerTebi _ siTezi, aRnagoba, Tvisebebi~ mieniWa saqarTvelos 
saxelmwifo premia. 1994 wels arCeul iqna informatizaciis saerTaSoriso 
akademiis namdvil wevrad; 2007 wels ki _ ruseTis sabunebismetyvelo mecnie-
rebaTa akademiis namdvil wevrad, arCeuli iyo cxum-afxazeTis mecnierebaTa 
akademiis wevrad.  

gansakuTrebiT aRsaniSnavia mecnieris Rvawli samecniero kadrebis aRz-
rdis saqmeSi. misi moswavleebi nayofierad moRvaweoben msoflios sxvadasxva 
samecniero da saswavlo centrebSi (saqarTvelo, ruseTi, ukraina, azerbaija-
ni, amerikis SeerTebuli Statebi, germania, kanada, axali zelandia, TurqeTi). 
koordinaciuli qimiis gamoCenili mkvlevari am dargSi qarTuli mecnieruli 
skolis damaarsebelia. 

samecniero-kvleviT saqmianobasTan erTad givi cincaZe nayofier sas-
wavlo-pedagogiur da sazogadoebriv saqmianobas eweoda. qimiuri teqnolo-
giisa da metalurgiis fakultetze misTvis Cveuli maRali profesionalizmiT 
uZRveboda axalgazrda Taobis aRzrdas. didia g. cincaZis damsaxureba saSua-
lo da umaRles skolebSi qimiis swavlebis srulyofis, maRalkvalificiuri 
axalgazrda specialistebisa da samecniero kadrebis momzadebis saqmeSi.   

2005 wels givi cincaZe airCies taras SevCenkos saxelobis kievis 
nacionaluri universitetis sapatio doqtorad.        

batoni givi iyo saqarTvelos mecnierebaTa erovnuli akademiis qimiisa 
da qimiuri teqnologiis ganyofilebis akademikos-mdivani; mravali samecniero 
konferenciis, sesiisa da yrilobis saorganizacio komitetis wevri; Jurna-
lebis: saqarTvelos mecnierebaTa akademiis `macne~ (qimis seria), `saqarTve-
los qimiuri Jurnali~, saredaqcio kolegiis wevri.  

RmerTma daumkvidros saukuno sasufeveli... 
 
 

saqarTvelos teqnikuri universiteti 
saqarTvelos sainJinro akademia 

Jurnal `saqarTvelo sainJinro siaxlenis~ redaqcia 
 

 
 


