
soxumis saxelmwifo universiteti 
 
 
 
 
 
 
 
 
 
 
 

S r o m e b i 
 

XVII 
 
 
 
 
 
 
 

zust da sabunebismetyvelo  
mecnierebaTa seria 

 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

soxumis saxelmwifo universitetis gamomcemloba 

Tbilisi – 2018 



soxumis saxelmwifo universitetis Sromebis XVII tomSi (zust 
da sabunebismetyvelo mecnierebaTa seria) warmodgenilia universi-
tetis TanamSromelTa samecniero gamokvlevebi maTematikis, fizikis, 
qimiis, biologiisa da geografiis aqtualur problemebze.  

krebuli gankuTvnilia Sesabamisi dargebis specialistebisaT-
vis da studentebisaTvis. 

 
 

soxumis saxelmwifo universitetis Sromebis 
mTavari saredaqcio sabWo: 

 
 

politikis mecnierebaTa doqtori zurab xoneliZe (Tavmjdo-
mare); fizika-maTematikis mecnierebaTa doqtori, profesori mal-
xaz aSordia; istoriis doqtori, asocirebuli profesori lia 
axalaZe; samarTlis doqtori, profesori vefxvia gvaramia; biolo-
giis doqtori, asocirebuli profesori marina zarqua; filologi-
is doqtori, profesori merab naWyebia; istoriis mecnierebaTa doq-
tori, profesori zurab papasqiri (Tavmjdomaris moadgile); filo-
sofiis doqtori, asocirebuli profesori elguja qavTaraZe; eko-
nomikis doqtori, profesori daviT jalaRonia. 

 
 

zust da sabunebismetyvelo mecnierebaTa seriis 

saredaqcio kolegia: biologiur mecnierebaTa doqtori, pro-
fesori zaur lomTaTiZe (mTavari redaqtori); fizika-maTematikis 
mecnierebaTa doqtori, profesori malxaz aSordia; geografiis 
doqtori, profesori melor alfeniZe; biologiur mecnierebaTa 
doqtori, profesori, saqarTvelos mecnierebaTa erovnuli akademi-
is akademikosi giorgi kvesitaZe; fizika-maTematikis mecnierebaTa 
doqtori, profesori vladimer kircxalia; fizikis doqtori, pro-
fesori aleqsandre miminoSvili; qimiis doqtori, profesori zurab 
faCulia; biologiis mecnierebaTa doqtori, profesori gulnara 
qarCava; fizika-maTematikis mecnierebaTa doqtori, profesori Temur 
CilaCava; fizika-maTematikis mecnierebaTa doqtori, profesori 
oTar Wkadua; fizika-maTematikis doqtori, profesori nana gulua.  

 
saredaqcio kolegiis pasuxismgebeli mdivani – fizikis doqtori, 
asocirebuli profesori roin beria 

 
saredaqcio kolegiis mdivani – biologiiis doqtori, asistent-pro-

fesori eka esebua 

 
 
© soxumis saxelmwifo universiteti – 2018 



SOKHUMI STATE UNIVERSITY 

 
 
 
 
 
 
 
 
 
 

P R O C E E D I N G S 
 

XVII 
 
 
 
 
 
 
 
 
 

EXACT AND NATURAL SCIENCES  
SERIES 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Sokhumi State University Publishing House 
Tbilisi – 2018 



The XVII volume of PROCEEDINGS OF SOKHUMI STATE UNIVER-
SITY (Exact and Natural Sciences’ Series) represents the researches on the topi-
cal issues in mathematics, physics, biology, chemistry and geography. The aut-
hors are professors of the Sokhumi State University. 

The edition is intended for the specialists, students and general readers. 
 

CHIEF EDITORIAL COUNCIL OF PROCEEDINGS  
OF SOKHUMI STATE UNIVERSITY 

 
Doctor of Political Sciences Zurab Khonelidze (Head of the Council); 

PHD in History, Associate Professor Lia Akhaladze; Doctor of Physico-Mathe-
matical Sciences, Professor Malkhaz Ashordia; PhD in Law, Associate Professor 
Vepkhvia Gvaramia; PhD in Philosophy, Associate Professor Elguja Kavtaradze; 
PhD in Philology, Professor Merab Nachkebia; PHD in Economics, Professor 
David Jalagonia; PHD in Biologics, Associate Professor Zurab Pachulia; Doctor 
of Historical Sciences, Professor Zurab Papaskiri (Deputy head of Council). 

 
EXACT AND NATURAL SCIENCES SERIES 

 
Editorial Board: Doctor of Biological Sciences, Professor Zaur Lomtatidze 

(Editor-in-chief); Doctor of Physico-Mathematical Sciences, Professor Malkhaz 
Ashordia; PhD in Geography, Professor Melor Alpenidze; Doctor of Biological Sci-
ences, Professor, Academician of Georgian Academy of Sciences Giorgi Kvesitad-
ze; Doctor of Physico-Mathematical Sciences, Professor Vladimer Kirtskhalia; 
PhD in Physics, Professor Alexander Miminoshvili; PhD in chemistry, Professor 
Zurab Pachulia; Doctor of Biological Sciences, Professor Gulnara Karchava; Doctor 
of Physico-Mathematical Sciences, Professor Temur Chilachava; Doctor of Physi-
co-Mathematical Sciences, Professor Otar Chkadua; PhD in Physics and Mathe-
matics, Professor Nana Gulua.  
 
Executive Secretary of the Editorial Board: PhD in Physics, Associate Professor 
Roin Beria 
 
 Secretary of the Editorial Board: PhD in Biulogy, Assitent Professor Eka Esebua 

 
 
© Sokhumi State University – 2018 



 5 

NUGZAR KERESELIDZE 
 

INTEGRATED MATHEMATICAL AND COMPUTER MODELS OF 
THE INFORMATION WARFARE 

 
Abstract. In this paper, the first attempt is made to combine existing app-
roaches of mathematical and computer modeling of information warfare. As a 
result, integration mathematical and computer models of information warfare 
were created. Until now, in the mathematical modeling of the information war-
fare, issues of information flows and information dissemination were consid-
ered separately. The first direction was initiated by the idea of Professor T. 
Chilachava, to study the distribution of information flows of the two opposite 
and third peacekeeping sides by mathematical models. The second direction 
was laid by Academician A.A. Samarskiy and Professor A.P. Mikhailov, 
who proposed a mathematical model for the dissemination of information 
among the population. Both these directions have been intensively developed 
and many scientific studies have been devoted to them. Several dozens of inter-
esting models were created, which reflect the various nuances of the problem. 
But it is natural that the information and the information for which it is intended 
should be studied together. During the implementation of this idea, integrated 
mathematical and computer models of information warfare were created. Inte-
grated common linear and nonlinear mathematical and computer models of in-
formation warfare were created. In this paper, integrated general and particular 
mathematical and computer models for ignoring the enemy are presented. With 
the help of computer research, a numerical experiment, the question of the ex-
istence of a solution to the problem of the Chilker range is studied, which is 
equivalent to the task of completing information warfare. 
UDC 004.94, 004.49, 517.9;  2010 Mathematics Subject Classification: 
00A71, 65C20, 68U20. 
Key words and phrases:  information warfare, information flow, information 
adept, integration mathematical model,  integration computer odel, Chilker type 
task. 
Introduction.  Among the diverse types of information warfare, we are attract-
ed to the confrontation of the opponents in the information field: when the sides 
use, for example, mass dissemination of information and with it try to 
misinform the enemy, compromise them, etc. The objectives and means of in-
formation warfare in this direction are detailed in the works [1], [2]. This type 
of information war can be called information confrontation, but for simplicity 
we will use “information warfare” for this type of information warfare. 

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&ved=0ahUKEwj_hoC06tfXAhXEC-wKHRetA4cQFggsMAE&url=https%3A%2F%2Fmathscinet.ams.org%2Fmsc%2Fmsc2010.html&usg=AOvVaw2unOaPn90zF1Z_zsY-CY-Q
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Mathematical methods of studying information warfare are quite pro-
ductive and successfully implemented in different countries of the world. A 
number of mathematical and computer models have been developed, which 
takes into account the course of information war in the conditions of different 
regimes: Restriction of information, continuity, discretion, and more. 

The models are basically two studying objects. First, the information 
itself, which is distributed as a stream and is intended to discredit the opposing 
side. Second - the number of people who have received the information dissem-
inated by the side. It is noteworthy that the models developed so far have mostly 
discussed only the number of information flows or the number of people who 
have received the information. In the presented work, an attempt is proposed  to 
unify these two approaches, which results in new types of mathematical and 
computer models.  

Before representing the results of combining these two traditional 
methods together, let’s talk about them separately.  
Mathematical and computer models of flows of information warfare. The 
mathematical modeling of the streams in the information war starts from year 
2009,  when Georgian scientist Temur Chilachava’s original idea was worked 
out and reported in the same year on the fifth congress of Georgian Mathemati-
cians [3]  and it was published in Sokhumi State University works [4], [5]. We 
will bring you a general linear model, as well as a nonlinear model with re-
strictions. Let’s consider the mathematical and computer models of information 
warfare, in which the search size is considered as the number of provocative 
information spread by two antagonists and the number of peacekeeping calls 
made by the third, peacekeeper side. All three parties involved in the infor-
mation warfare spread information of the relevant party, and any number of 

promotional information to achieve its goal. At the moment of time [ )0;t∈ +∞  

the number of information disseminated by each party should be noted as 

( )1 ,N t ( )2 ,N t  ( )3N t . Quantity of information at the moment of time t  is 

calculated as the sum of the relevant party, the number of any provocative in-
formation that is distributed by all means of mass information. At the same 

time, the opposing parties are distributing ( )1N t
 and ( )2N t  numbers of in-

formation. Third, the Peaceful Party calls on the parties to stop the information 
war, for which the peacekeeper spreads relevant information. As the opposing 
side aims to influence the information impact on his rival, he tries to dissemi-
nate as much as discreditable information as possible about the opponent. At the 
same time, the dissemination of previously used information is allowed and new 
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disinformation is added. Thus, the speed of dissemination of information by the 
opposing party depends on the number of information already distributed:  

( ) ( )1
1 1

dN t
N t

dt
α , 

( ) ( )2
2 2

dN t
N t

dt
β  . In addition, the opposing side 

reacts to the number of information disseminated by the rival and the 
peacekeeping parties. Thus, the speed of dissemination of information by the 
opposing party depends also on:  

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

dN t
N t N t

dt
α α−

( )2dN t
dt

 ( ) ( )( )1 1 3 3N t N tβ β− . Third, 

the intensity of information disseminated by the Peace Party depends not only 
on the number of information disseminated by him, but also on how aggressive-
ly the information warfare is going on, how much number of information is dis-
seminated by opposing sides. Taking into account these considerations, we can 
discuss general linear continuous mathematical model of information warfare:  

( ) ( ) ( ) ( )

( ) ( ) ( ) ( )

( ) ( ) ( ) ( )

1
1 1 2 2 3 3

2
1 1 2 2 3 3

3
1 1 2 2 3 3

,

,

,

dN t
N t N t N t

dt
dN t

N t N t N t
dt

dN t
N t N t N t

dt

α α α

β β β

γ γ γ


= + −




= + −



= + +


                   (1.1) 

Initial conditions: 

( ) ( ) ( )1 10 2 20 3 300 , 0 , 0N N N N N N= = =               (1.2) 

Where 1 3 2 3, , , 0α α β β ≥ , iγ  iγ ≥ 0 1,3i = ; 2 1,α β ,-are constant sizes. 
Let’s name these constant sizes “Model ratios”. The speed of change in the 
number of information disseminated by the first and second parties in the gen-
eral linear model (1.1) depends on the number of information disseminated by 
the parties and the international peace organization. Third - the speed of change 
of the number of calmative information released by international organizations 
is linearly increasing and is directly proportionate to the number of information 
disseminated by all three parties. In the initial (1.2) conditions, 10N , 20N , 30N  
are non-negative permanent sizes. 

At the beginning the third party does not disseminate information 
( 30 0N = ) or make preventative conciliatory statements ( 30 0N > ). Peacekeep-
ing side then begins to react to the provocative information spread by the par-
ties. For the first time mathematical and computer models of information war-
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fare, taking into consideration the possibilities of IT technologies, It was pro-
posed in 2012 [6], [7], and was generalized later [8]:  

( ) ( ) ( ) ( )

( ) ( ) ( )

( ) ( ) ( )( )

1 1
1

2 2
2

1 2 2
3

1

( )1

( )1

x td x t x t z t
dt I

d y ty t y t z t
dt I

d z tz t x t y t
dt I

α β

α β

γ γ

  
= − −  

 
   = − −  

 
   = + −   

                    (1.3) 

( ) 00 xx = , ( ) 00 yy = , ( ) 00 zz =                           (1.4) 

Where ( )x t , ( )y t is the number of disseminated information by the 

antagonistic sides at moment - t . Similarly, the peacekeeping - third side's dis-
seminated amount of information ( )z t  at the same t  time. 1α , 2α  accordingly 

is aggressive coefficients of the first and second opposing sides,  1β , 2β - 

peaceful activity options for the opposing sides, 1γ , 2γ  - index of peacekeeping 

activity of the third party towards the relevant opposing side. jI , 1, 2,3j = - 

maximum number of technological capabilities of the first and second sides. 

( )x t , ( )y t , ( )z t  functions are defined in the section [ ]0,T . 

The opposing side reduces the speed of information dissemination ac-
cording to how close is the number of information dissemination by him at the 
time to the maximum number of available of information dissemination. 

Besides mentioned mathematical models of  information warfare, con-
tinuous linear and discrete models of ignorance of the opponent have been de-
veloped; non-linear, continuous and linear discrete models taking into consider-
ation authoritative organizations or institutions (Religious, non-governmental, 
scientific, political and other) [9],[10]. 
 Mathematical model of dissemination Information flow. The mathematical 
model of dissemination of information discussed in the classical work of math-
ematical modeling by A.A. Samarskiy and A.P. Mikhailov [11]. The mathe-
matical model of organizing advertising campaigns is offered, based on the 
principle of model universality, can be used in mathematical modeling of in-
formation warfare. However, this model does not directly focus on information 
streams, information receivers' - the number of informed personnel variability is 
essentially considered. In particular, the following model is discussed: let's 
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( )N t  is a number of informed potential customers about the object, 0N  - the 

total number of potential users, ( )1 tα -intensity of advertising campaigns, 

( )2 tα - advertising intensity by users,  who know about the object , 
( )dN t

dt
 - 

the changing speed of users informed (adepts), which naturally depends on the 
number of uninformed consumers and the intensity of advertising campaigns. 
That's why we get the mathematical model of the following kind of Samarskiy-
Mikhailov: 

( ) ( ) ( ) ( ) ( )( )1 2 0
dN t

t t N t N N t
dt

α α= + −   .        (2.1) 

Let's consider (2.1) substantiation of the model with more details. Ad-
vertising, as information is distributed in two ways: first, directly through the 
advertising campaign, for example via mass media, when by this way, increas-
ing speed of the informed population is proportionate to the number of unin-
formed population - ( ) ( )( )1 0t N N tα −  and second, an informed person about 

advertising tells his acquaintances about this and thus become information spre-
aders, increasing speed of the informed population is proportionate to the num-
ber of uninformed population - ( ) ( )( )2 0t N N tα − . In fact, advertising is 

spread by interpersonal relationships. When we combine the speed of advertis-
ing spread in these two ways, we will get the model of the whole distribution 
speed of advertising. In equation (2.1) starting point is, at the beginning of the 
time, the number of advertised individuals is equal to zero:  

( ) 0| 0tN t = =                                         (2.2) 

One of the authors, A.P. Mikhailov, overtime, changed the name of 
(2.1) and (2.2) model's. At first in cooperation with academician A.A. Samar-
skiy, the monograph published in 1997 was called model of advertising cam-
paign; then, since 2002 , it got called an information threat model [12]; since 
2004 - information dissemination model [13]; since 2009, information confron-
tation model [14]; in 2011 - the model of information warfare [15]; in 2015 - 
information attack and duel model [16], [17]. 

With model of (2.1), (2.2), A.P. Mikhailov and coauthors create differ-
ent models of dissemination of information, for example: model with forgetting 
the information, model of information duel and others. 
Integrated mathematical and computer models of information flows and 
information dissemination. For the integrated mathematical models of the in-
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formation warfare, let's bring the relevant indications while taking into account 
the existing traditions. In particular, at [ )0;t∈ +∞ moment, the number of in-

formation, distributed by each side is to be noted with ( )10N t , ( )20N t , ( )3N t . 

Quantity of information at moment t , it is calculated as the sum of the relevant 
party, the number of any provocative information, that is disseminated by all 
means of mass information. At the same time, the opposing parties are reporting 

( )10N t  and ( )20N t number of information. The third - peaceful side calls on 

the sides to stop the information warfare, for which it disseminates ( )3N t num-

ber of information. Let's name ( )10N t , ( )20N t , ( )3N t the number of "official-

ly" disseminated information by the respective parties. Then model (1.3), (1.4) 
will be: 

( ) ( ) ( ) ( )

( ) ( ) ( ) ( )

( ) ( ) ( )( ) ( )

10
10 1 10 1 3

1

20
20 2 20 2 3

2

3
3 1 10 2 20

3

1 ,

1 ,

1 .

N td N t N t N t
dt I

N td N t N t N t
dt I

N td N t N t N t
dt I

α β

α β

γ γ

  
= − −  

 
   = − −  

 
   = + −   

             (3.1) 

With initial conditions: 

( )10 100N N= , ( )20 200N N= , ( )3 300N N= .               (3.2) 

Let's say, the first side represents the population, which has maximum 
value of px , in similar, the second side represents the population, which has 

maximum value of py . ( )1x t - the number of population of the first side, who at 

the time of [ )0;t∈ +∞  have "received" information officially reported by the 

first party, became it's adept and by interconnected relationships themselves 
disseminate beneficial information for the first side by quantity of   ( )11N t . 

( )2x t - the number of population of the first side, who at the time of 

[ )0;t∈ +∞  have "received" information officially reported by the second party, 

became it's adept and by interconnected relationships themselves disseminate 
beneficial information for the second side by quantity of  ( )12N t . Similarly, we 
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can do this for the population of the second party as well: ( )1y t - the number of 

the population of the second party, which at the time of [ )0;t∈ +∞  has "re-

ceived" information officially reported by the first party, became it's adept and 
by interconnected relationships themselves disseminate beneficial information 
for the first side by quantity of ( )21N t . Also, ( )2y t - the number of the popula-

tion of the second party, which at the time of  [ )0;t∈ +∞  has "received" in-

formation officially reported by the second side, became it's adept and by quan-
tity of ( )22N t . Speed of ( )11N t  information dissemination, naturally, depends 

on the meeting of the ( )1x t adepts and the population free of this information, 

particularly, on ( ) ( )( )1 1px t x x t− . In addition, if the adept spreads information 

without interpersonal communication, let's say social network, or through the 
adepts own web means, then we should additionally consider the maximum ca-
pabilities of adept's 4I IT technologies. In addition, it is natural that the "offi-
cial" activity of the party, whose we consider, affects the adept activity. So, we 
have the following ratio: 

 
( ) ( ) ( )( ) ( ) ( ) ( )( )11

11 11 1 1 12 10 4 11 .p
dN t

N t x x t x t N t I N t
dt

α α= − + −     (3.3) 

With initial conditions: 

( )11 0 0.N =                                            (3.4) 

In the same way we can make correlations for ( )12N t , ( )21N t , 

( )22N t , where we can note 5I , 6I , 7I , with maximum possibility of the in-

formation technologies of the adepts ( )2x t ,  ( )1y t , ( )2y t .  

As for adepts ( )1x t , ( )2x t ,  ( )1y t , ( )2y t , for them correlations are 

derived from Samarskiy-Mikhailov model, where an intensive advertising 
campaign is presented as ( )0i jN tα , where 3,5,7i = , 1, 2j = , and the intensi-

ty of the dissemination of information by the adept is assessed as ( )k lsN tα , 

where 4,6,8,10k = , , 1, 2l s = . As a result we get the integrated mathematical 
model information warfare with restrictions: 
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( ) ( ) ( ) ( )

( ) ( ) ( ) ( )

( ) ( ) ( )( ) ( )

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

10
10 1 10 1 3

1

20
20 2 20 2 3

2

3
3 1 10 2 20

3

1
3 10 4 11 1 1

2
5 20 6 12 2 2

1
7 10 8 21 1 1

2

1 ,

1 ,

1 ,

,

,

,

p

p

p

N td N t N t N t
dt I

N td N t N t N t
dt I

N td N t N t N t
dt I

dx t
N t N t x t x x t

dt
dx t

N t N t x t x x t
dt

dy t
N t N t y t y y t

dt
dy t

dt

α β

α β

γ γ

α α

α α

α α

 
= − − 

 
 

= − − 
 

 
= + − 

 

= + −

= + −

= + −

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

9 20 10 22 2 2

11
11 11 1 1 12 10 4 11

12
13 12 2 2 14 20 5 12

21
15 21 1 1 16 10 6 21

22
17 22 2 2 18 20 7 22

,

,

,

,

.

p

p

p

p

p

N t N t y t y y t

dN t
N t x x t x t N t I N t

dt
dN t

N t x x t x t N t I N t
dt

dN t
N t y y t y t N t I N t

dt
dN t

N t y y t y t N t I N t
dt

α α

α α

α α

α α

α α


















= + −

= − + −

= − + −

= − + −

= − + −























    (3.5)  

With initial conditions: 

( ) ( ) ( )

( ) ( ) ( ) ( )

10 10 20 20 3 30

11 12 21 22

1 2 1 2

0 , 0 , 0
, , , 0,

0 , 0 , 0 , 0 0.

N n N n N n
N N N N

x x y y

= = =
 =
 =

               (3.6) 

Thus, we have acquired an integrated mathematical model of infor-
mation warfare with restrictions, which is described by the ordinary differential 
equation system (3.5), in which there are eleven functional searches and eleven 
initial conditions (3.6). Note that in (3.5), (3.6) – Cauchy task, right side of (3.5) 
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system have features and it dive us the basis to conclude that this Cauchy task 

has the one solution for the time segment [ )0;t∈ +∞ .  

Thus the number of useful information for the first party ( )1N t is the 

sum of the “official” information of the first party, information of first side’s 
adepts in the first party population and information spread by adepts in the sec-
ond party’s population which is beneficial for the first party –  

( ) ( ) ( ) ( )1 10 11 21 .N t N t N t N t= + +                          (3.7) 

And the number of useful information for the second party - ( )2N t , 

represents the following sum: 

( ) ( ) ( ) ( )2 20 12 22 .N t N t N t N t= + +                         (3.8) 

Third side impacts are clearly demonstrated in ( )10N t , ( )20N t infor-

mation flows and by their means this impact is realized in 

( )11N t , ( )12N t , ( )21N t , ( )22N t flows. So, it is natural to raise the question – 

whether it is possible to put out information warfare with the activity of the 
third side, at any point in time, in different moments, ( )1N t , ( )2N t  to become 

zero:   

( )1 0N t∗ = , ( )2 0N t∗∗ = .                               (3.9) 

Let’s call (3.5), (3.6), (3.9) boundary task the Chilker type task, because 
conditions for the right side are specific, in particular, ( )1N t , ( )2N t  functions 

cross zero generally in different conditions and also these times are not fixed. In 
model (3.5), (3.6), in the information flow, spread by adepts, participating in 
the “official” information streams of opposing sides. It not happens on the 
contrary, but it is possible. That’s why it’s natural, in speed correlations of 

information spread by the adepts ( )11N t , ( )12N t , ( )21N t , ( )22N t were in-

volved ( )10N t , ( )20N t  of information streams. This case in considered other 

models. 
Integrated mathematical and computer models of the Information Warfare 
for ignoring opponent. Let’s consider the model task of Integrated mathemati-
cal and computer models of the Information Warfare, in other words, let’s con-
sider the simplest case of the model. For this, for information flows we need to 
take the ignorance model of the enemy: 
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( ) ( ) ( )

( ) ( ) ( )

( ) ( ) ( )

10 1 10 1 3

20 2 20 2 3

3 1 10 2 20

,

,

.

d N t N t N t
dt
d N t N t N t
dt
d N t N t N t
dt

α β

α β

γ γ

 = −

 = −

 = +

                       (4.1)  

With (3.2) initial conditions. In the model of Samarskiy-Mikhailov, let's 
represent a linear form for the activity of parties and adepts. In addition we are 
only considering ( )1x t , ( )2y t adepts, who are only involved in correlations of 

disseminated information by ( )10N t , ( )20N t - sides. Let's say, that 

( ) ( )1x t x t= , ( ) ( )2y t y t= . As a result we will get an integrated mathematical 

model of information warfare, which was formed at Sokhumi State University, 
faculty of Mathematics and Computer Sciences, after discussion with Professor 
T. Chilachava in spring 2017 and which has the form: 

( ) ( ) ( ) ( )

( ) ( ) ( ) ( )

( ) ( ) ( )

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

10 1 10 1 1 3

20 2 20 2 2 3

3 1 10 2 20

3 3

4 4

,

,

,

,

.

p

p

d N t N t x t N t
dt
d N t N t y t N t
dt
d N t N t N t
dt
dx t

x t x x t
dt

dy t
y t y y t

dt

α ν β

α ν β

γ γ

α γ

α γ


= + −


 = + −

 = +



= + −



= + −

                (4.2) 

With initial conditions: 
 

( ) ( ) ( )
( ) ( )

10 10 20 20 3 300 , 0 , 0 ,
0 0 0.

N n N n N n
x y

= = =
 = =

                 (4.3) 

If we say that, 1 2α α α= = , 1 2β β β= = , 1 2γ γ γ= = , 3 4α α δ= = , 

1 2ν ν ν= = . 
Then (4.2) will get the form: 
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( ) ( ) ( ) ( )

( ) ( ) ( ) ( )

( ) ( ) ( )

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

10 10 3

20 20 3

3 10 20

,

,

,

,

.

p

p

d N t N t x t N t
dt
d N t N t y t N t
dt
d N t N t N t
dt
dx t

x t x x t
dt

dy t
y t y y t

dt

α ν β

α ν β

γ γ

δ µ

δ µ


= + −


 = + −

 = +



= + −



= + −

                   (4.4) 

Initial conditions are given in (4.3). There are five unknown functions 
in the system (4.4), but the last two equations of this system, which results from    
Samarskiy-Mikhailov model, will be analytically solved, when the equation in 
the second string of (4.3) is completed for the initial conditions, as a result we 
have: 

( )
( )( )

( )( )
exp 1

exp

p p

p p

x x t
x t

x t x

δ δ µ

δ δ µ µ

 + − =
+ +

,                           (4.5) 

( )
( )( )

( )( )
exp 1

exp

p p

p p

y y t
y t

y t y

δ δ µ

δ δ µ µ

 + − =
+ +

,                          (4.6) 

By adding (4.4) into two equations, (4.5) and (4.6), we get a system 
with tree equations: 

( ) ( ) ( ) ( )

( ) ( ) ( ) ( )

( ) ( ) ( )

10 10 3

20 20 3

3 10 20

,

,

.

d N t N t x t N t
dt
d N t N t y t N t
dt
d N t N t N t
dt

α ν β

α ν β

γ γ

 = + −

 = + −

 = +

                   (4.7) 

with initial conditions: 

( ) ( ) ( )10 10 20 20 3 300 , 0 , 0 ,N n N n N n= = =                (4.8) 

Notice, that it is possible to find analytical solutions of the Cauchy 
task, because with transformations in (4.7) we will get a linear no homogeneous 
ordinary differential equation of the second order with constant coefficients to-
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wards ( )3N t , and placing the solution system (4.7) - homogeneous ordinary 

differential equation of first order with constant coefficient towards ( )10N t , 

( )20N t . But after adding the Cauchy task (4.7), (4.8) conditions to the right 

end: 

 
Fig.1 The parties involved in the information warfare, when  0D >  (a) and when 

0D =  (b) 
 

( )10 0N t∗ = , ( )20 0N t∗∗ = .                                (4.9) 

Where t∗ , t∗∗ are non-fixed, in general, different time moments on time 

[ ]0, 0T > period, we will get a Chilker type task, which we will investigate via 

computer modeling and we will conduct a computer experiments. Let's say that 
we have initial conditions: 

( ) ( ) ( )
( ) ( )

10 20 30 0.1, 0 0.001, 0 3,
0 0 0.

N N N
x y

= = =
 = =

           (4.10) 
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Possibility of solving Chilker type (4.7)-(4.7) task, according to com-
puter experiments, depends on the aggressiveness of sides, in particular on 

2 8D α βγ= − . For example, if the aggression of  antagonistic sides is large, 

which cause D to be nonnegative: 0D ≥ , then there is no solution to the 
Chilker type problem, which means that the third side cannot stop the infor-
mation warfare by its actions. For example, if 1,8α = ; 0,05β = ; 0,05ν = ;  

0,05γ = ; 0,3δ = ; 0, 2µ = ; 155px = ; 150py = ; which means that 

3,04D = , as we see on Fig.1_a, both antagonist forces strengthen the infor-
mation warfare and third party's impact on them is unsuccessful. In the condi-
tions of high aggression by the parties, if 0D = , what happens for this meaning 
of parameters: 0,08α = ; 0,08β = ; 0,05ν = ;  1γ = ; 0,3δ = ; 0, 2µ = ; 

155px = ; 150py = ; then it is possible for one side to go to zero and third par-

ty can influence one of the antagonistic sides. See Fig. 1_b.As for the case of 
low aggression, when 0D < , in particular for parameters: 0,08α = ; 

0,5β = ; 0,05ν = ;  1γ = ; 0,3δ = ; 0, 2µ = ; 155px = ; 150py = ; then 

third party impacts are effective on antagonistic sides, they go to zero, which 
means that the Chilker type problem has a solution. 

Based on analysis of results of computer experiments, we can conclude, 
that solution behavior of integrated mathematical model of ignoring the enemy 
is similar to relevant non integrated mathematical model solutions [5], [17], in 
particular, dependence of solutions on D -on the level of aggressiveness of par-
ties. At the same time, it should be noted that the number of adepts in the model 
has made some corrections, for example, under conditions of low aggression, 
D is negative and increases in module, then for little time value the antagonistic 
side for parameters 0,08α = ; 15β = ; 0,05ν = ; 3,5γ = ; 0,3δ = ; 

0, 2µ = ; 155px = ; 150py = , 419,9D = − , go to zero, see Fig. 2_a. but, for 

big t , one of the antagonistic sides (depends on correlations of the initial values 
of the parties) doesn't go to zero, see Fig. 2_b. 

The computer experiment was also conducted (4.7)-(4.7) in the general case 
of the Chilker type problem. In particular, when the antagonistic parties have 

different aggressiveness ( )1 2,α α and peace readiness ( )1 2,β β indicators, also 

different values of peacekeeping activity towards the parties ( )1 2 3, ,γ γ γ , in the 
equations of adept's quantity the number of information streams of relevant op-
posing parties is included: 
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Fig.2 The parties involved in the information warfare, when  0D < , for a small (a) 

and larger (b) Time for values  
 

( ) ( ) ( ) ( )

( ) ( ) ( ) ( )

( ) ( ) ( ) ( )

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

10 1 10 1 1 3

20 2 20 2 2 3

3 1 10 2 20 3 3

3 10 4

4 20 5

,

,

,

,

.

p

p

d N t N t x t N t
dt
d N t N t y t N t
dt
d N t N t N t N t
dt
dx t

N t x t x x t
dt

dy t
N t y t y y t

dt

α ν β

α ν β

γ γ γ

α γ

α γ

 = + −

 = + −

 = + +



= + −



= + −

             (4.11) 

The computer experiment was conducted for the system (4.11) with dif-
ferent initial conditions (4.10) and parameters. We can conclude from the re-
sults obtained, that the relevant Chilker type task - (4.11), (4.6), (4.9) has a solu-
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tion, in case of nigh peace readiness and activity. In particular, if we have the 
data of parameters, where aggressiveness prevails over peace readiness and ac-
tivity:  1 4,8α = ; 1 ,5β = ; 1 1,5ν = ;  2 5,6α = ; 2 ,7β = ; 1 ,05γ = ; 2 ,3γ = ; 

3 ,07γ = ; 155px = ; 150py = ; 3 2,3α = ; 4 2, 2α = ; 4 , 2γ = ;  5 ,3γ = , then 

the antagonistic parties develop information warfare and the third party's impact 
is unsuccessful, see Fig. 3_a, which is derived for initial conditions - 

( ) ( ) ( )
( ) ( )

10 20 30 0.2, 0 0.01, 0 .03,
0 0 0.

N N N
x y

= = =
 = =

     (4.12) 

The Chilker type problem (4.11), (4.6), (4.9)has a solution when the 
aggressiveness of opposing parties is relatively low, for example, for parame-
ters:  1 ,08α = ; 1 1,5β = ; 1 ,05ν = ;  2 ,06α = ; 2 1,7β = ; 1 ,05γ = ; 2 ,03γ = ; 

3 ,07γ = ; 155px = ; 150py = ; 3 ,3α = ; 4 , 2α = ; 4 , 2γ = ; 5 ,3γ = , see Fig. 3_b. 

 
Fig.3 The parties involved in the information warfare for Chilker type task - (4.11), 

(4.12), (4.9), with high (a) and low (b) aggression 
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Computer experiments were conducted in the Mat Lab environment, m-file 
were created, one of the code is presented in Listing. 

Listing. sawy_gae1.m-file 
%integrirebuli_ignorir_uSvebs povnas  
[T,Y]=ode15s(@GAE1,[0,0.15],[0.002 .001 .3 0 0]); 
plot(T,Y,'linewidth',2) 
title('inf warfare') 
xlabel('Time') 
ylabel('amount of information') 
legend('n1','n2','n3','x','y') 
grid on 
%Integrirebuli MMIW_ode-s marjvena mxareebi 
function dxdt=GAE1(t,x) 
dxdt=zeros(5,1); a1=.08; a2=.05; b1=1.5; a21=.06; a22=.03; b2=1.7;  
p4=155; p5=150; g1=.05; g2=.03; g3=.07; a3=.3; m1=.2; a4=.2; m2=.3;  
dxdt(1)=a1*x(1)+a2*x(4)-b1*x(3); 
dxdt(2)=a21*x(2)+a22*x(5)-b2*x(3); 
dxdt(3)=g1*x(1)+g2*x(2)+g3*x(3); 
dxdt(4)=(a3*x(1)+m1*x(4))*(p4-x(4)); 
dxdt(5)=(a4*x(2)+m2*x(5))*(p5-x(5)); 
 end 
Conclusion. In the  present work there is offered integrated mathematical and 
computer models of information warfare in which independently expressed ap-
proaches till now are reflected. In particular, academician A.A. Samarskiy and 
his coauthor's, Professor A.P. Mikhailov's advertising campaign and professor 
T. Chilachava's tree sides information stream (flow) models are united. It pro-
vides new general linear model of information warfare; model with restrictions 
on information technologies, private and advanced integrated mathematical and 
computer models of ignore enemy. For last two models, computer experiments 
have been conducted, which helped to identify solving possibility of Chilker 
type task  for information warfare.  
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Tskhum-Abkhazia, Sukhumi State university's faculty of applied mathematics 
and computer science, Professor in direction of mathematical modeling T. Chi-
lachava, for held discussion about information warfare's  integrated models and 
useful advices, which significantly helped research in the direction. I would like 
to thank the Caucasian mathematicians’ second (22-24.08.2017) and Georgian 
mathematician union’s eighth (04-08.09.2017)  international scientific 



 21 

conference organizing team members, who gave me the possibility to present to 
these scientific forums some results of the scientific work.  
 
REFERENCES: 
1. Kereselidze N. Mathematical modeling of information warfare. Monogram. 

(In Georgian). National Parliamentary Library of Georgia ISBN: 978-9941-
0-4892-0. 2012 year 176 p.  
http://kereseli.besaba.com/monografia%20formatizaziiT.pdf.  

2. Chilachava T., Kereselidze N. Mathematical Model of Information Warfare. 
(In Georgian). Georgian Electronic Scientific Journal: Computer Science and 
Telecommunications. 2010, no. 1 (24). p. 78-105. 

3. Chilachava T., Kereselidze N. About one mathematical model of the in-
formation warfare. Fifth congress of mathematicians of Georgia. Abstracts 
of contributed talks. Batumi/Kutaisi, 9-12 October. 2009. p. 85.  

4. Chilachava T., Kereselidze N. Non-preventive continuous  linear  mathe-
matical model of information warfare. Sokhumi State University Proceed-
ings, Mathematics and Computer Sciences vol. 7. 2009,  № 7. p.91-112. 

5. Chilachava T., Kereselidze N. Continuous  linear  mathematical model of 
preventive information warfare. Sokhumi State University Proceedings, 
Mathematics and Computer Sciences vol. 7. 2009,  № 7. p. 113-141. 

6. Kereselidze N. Mathematical model of information warfare taking into ac-
count the capabilities of the information technologies of the opposing sides. 
(In Russian). Transactions II The International Technical Conference dedi-
cated to the 90th anniversary of the Georgian Technical University "Basic 
Paradigms in Science and Technology", 21st Century, Tbilisi, Georgia, Sep-
tember 19-21, 2012. Publishing House "Technical University", Tbilisi, 2012, 
p. 188-190. 

 7. Kereselidze N. Mathematical model of information confrontation taking into 
account the possibilities of Information Technologies of the parties. (In Rus-
sian). // Proceedings of the XX International Conference Problems of Securi-
ty Management of Complex Systems. Moscow, December 2012, art.175-
178. 

8. Kereselidze N. Mathematical and computer models of information warfare. 
Monograph. (In Georgian). ISBN 978-9941-0-9617-4 (PDF). 2017. http: 
//kereseli.besaba.com/Math_and_comp_models_IW_monograph_2017.pdf 

9. Chilachava T., Chakhvadze A. Continuous Nonlinear mathematical and com-
puter model of information warfare with participation of interstate authorit-



 22 

ative institutes. Georgian Electronic Scientific Journal: Computer Science 
and Telecommunications 2014| No. 4(44), p.53-74. 

10. Chilachava T., Chakhvadze A. Non llinear Mathematical and Computer 
Models of Information Warfare with Participation of Autoritative Interstate 
Institutes. Book of abstracts V Annual International Conference of the 
Georgian Mathematical Union, Batumi, September 8-12, 2014. p.76. 

11. Samarskiy AA, Mikhailov AP Mathematical modeling: Ideas. Methods. Ex-
amples. 2nd ed. Correction. - M. FIZMATLIT. 2005. p.320.  

12. Marevtseva N.A. Mathematical models of information attack and infor-
mation confrontation. Jour. Sociology. No. 3. 2011 p.26-35. 

13. Mikhailov A.P., Izmodenova K.V. On optimal control in the mathematical 
model of information dissemination. (In Russian). Proceedings of the semi-
nar "Mathematical modeling of social processes", compilation, issue. 6. 
Moscow: MAX Press, 2004. 

14. Marevtseva N.A. The simplest mathematical models of information con-
frontation. (In Russian).  / Series "Mathematical Modeling and Modern In-
formation Technologies", no. 8. // Collection of works of All-Russian scien-
tific youth schools. Rostov-on-Don, the publishing house of the Southern 
Federal University. 2009. p.354-363. 

15. Mikhailov A.P., Marevtseva N.A. Models of information struggle. (In Rus-
sian). // Math modeling. 2011. p.23. № 10. p.19-32. 

16. Mikhailov A.P., Petrov A.P., Proncheva O.G., Marevtseva N.A. Mathemati-
cal modeling of information confrontation in society. (In Russian). Interna-
tional Economic Symposium 2015. Materials of the International scientific 
conferences devoted to the 75th anniversary of the Faculty of Economics of 
the St. Petersburg State University: a collection of articles. Sheaf Ed. S.A. 
Belozerov, OOO "Scythia-print", St. Petersburg, 2015. S. 293-303. URL: 
http://econ-conf.spbu.ru/files/Symposium_Sbornik_Statey.pdf. 

17. Mikhailov A.P., Petrov A.P., Proncheva O.G., Marevtseva N.A. Mathemati-
cal Modeling of Information Warfare in a Society // Mediterranean Journal 
of Social Sciences. Vol.6. No.5. S2. pp.27–35. doi:10.5901/mjss.2015. 
v6n5s2p27. 

 

 

 

 

 

 



 23 

nugzar kereseliZe 
 

informaciuli omis gaerTianebuli maTematikuri da 
kompiuteruli modelebi 

 

anotacia. winamdebare naSromSi ganxilulia informa-
ciuli omis dRemde arsebili maTematikuri da kompiuteruli 

modelebi, moyvanilia maTi klasifikacia. kerZod informaci-
uli omis modelebSi xdeba an informaciis gavrcelebis Ses-
wavla - anu gavrcelebuli informaciis mimRebTa (adeptebis) 

raodenoba, anac gavrcelebuli informaciuli nakadebis ra-
odenobis Seswavla. pirveli mimarTuleba - adeptebis mode-
lebis mimarTuleba saTaves iRebs akademikos a.a. samarskisa 
da profesor a.p. mixailovis naSromidan (1997 w.) da am mod-
elebs samarski-mixailovis modelebi vuwodeT. meore mimarT-
uleba - informaciuli nakadebis modelebi, efuZneba profes-
or T. CilaCavas ideas, romlis Tanaxmadac or dapirispireb-
ul mxareebTan erTad, romlebic urTierTsawinaaRmdego inf-
ormacias avrceleben, ganixileba mesame - mSvidobismyofeli 

mxare, romelic dapirispirebul mxareebs mouwodebs inform-
aciuli omis Sewyvetisaken. informaciuli nakadebis modeli-
rebaSi pirveli naSromebi profesor T. CilaCavas da n. kere-
seliZis TanaavtorobiT 2009 wels gamoqvendnen.  

warmodgenil naSromSi aRniSnulia, rom informaciu-
lo omis dRemde arsebuli maTematikuri da kompiuteruli 

modelebi calmxrivad aRweren informaciuli omis process. 

kerZod samarski-mixailovis tipis modelebSi aRiwereba adep-
tebis raodenoba, magram araa cxadi saxiT CarTuli informa-
ciuli nakadebi, romlis gavrcelebis Sedegad warmoiqmnebian 

adeptebi. informaciuli nakadebis modelebSi ki araa aRwer-
ili adeptebi, romlis warmoSobis mizansac warmoadgens in-
formaciuli nakadebis gavrceleba.   

winamdebare naSromSi SemoTavazebulia ideTi tipis 

informaciuli omis gaerTianebuli maTematikuri da kompiut-
eruli modelebi, romlebSic daZleulia zemoT aRniSnuli 

calmxrivoba. SemoTavazebulia informaciuli omis ramdenime 

gaerTianebuli maTematikuri da kompiuteruli modeli, rom-
elSic Tanabradaa aRwerili rgorc informaciuli nakadebi, 

aseve informaciuli adeptebi. dasmulia Cilkeris tipis amo-
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cana. Seswavlilia informaciuli omis gaerTianebuli maTem-
atikuri da kompiuteruli samodelo amocana. dadgenilia 

modelebis amoxsnadobis pirobebi. Sedgenilia programuli 

kodi Matlab-is garemoSi, Catarebulia kompiuteruli eqsperi-
menti, mocemulia Sedegebis vizualizacia da moyvanilia am 

Sedegebis analizi. 
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inga gabisonia 
 

furies mwkrivebis hardis meTodiT Sejamebadobis 
sakiTxis Sesaxeb 

 
vTqvaT, )(xf funqcia π2 -perioduli jamebadi funqciaa, 

xolo  𝑆𝑆𝑛𝑛(𝑓𝑓; 𝑥𝑥)- misi furies mwkrivis kerZo jamia. )(xf funqci-

is furie mwkrivs ewodeba  (𝐻𝐻, 𝑞𝑞) - Sejamebads anu Sejamebads 

hardis meTodiT 𝑥𝑥  wertilSi 𝑓𝑓(𝑥𝑥) -saken, Tu sruldeba Semde-
gi toloba 

           )0(,0)();(
1

1lim
0

>=−
+ ∑

=
∞→

qxfxfS
n

n
q

n ν
ν                    (1) 

es ganmarteba Semotanil iqna hardi da litlvudis mi-
er [1]. (gv. 1307-1309). 

 (𝐻𝐻, 1) - Sejamebadobas agreTve uwodeben Zlier Sejame-
badobas, xolo  (𝐻𝐻, 𝑞𝑞)- Sejamebadobas - Zlier Sejamebadobas  𝑞𝑞 
maCvenebliT. 

vTqvaT,  𝐿𝐿𝑝𝑝 (𝑝𝑝 ≥ 1) – aRniSnavs 𝑓𝑓(𝑥𝑥) funqciaTa klass, ro-

melTaTvisac 
ptf )( jamebadia; x  wertils uwodeben p -uri ri-

gis lebegis wertils )(tf  funqciisaTvis, Tu sruldeba to-
loba: 

                 ∫ =−±
h

p hodtxftxf
0

)()()(                                  (2) 

Tu (2) toloba sruldeba, roca 1=p , maSin x  wert-

ils uwodeben lebegis wertils. cnobilia [2] (gv. 893),  rom 

Tu  )1()( ≥∈ pLtf p , maSin [0, π2 ] segmentis TiTqmis yvela wer-

tili  −p uri rigis  lebegis wertili iqneba. 
hardim da litlvudma [2] (gv. 488), [3] (gv.273), aCvenes, 

rom Tu )1()( >∈ pLtf p
 maSin adgili aqvs ),( qH -Sejamebadob-

as yoveli )0( >qq -Tvis −p uri rigis yvela lebegis werti-

lSi, e.i. TiTqmis yvelgan. maT agreTve aCvenes, rom arsebobs 

lebegis wertilSi jamebadi )(tf  funqcia, romlis furies 
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jami SeiZleba ar iyos ),( qH  Sejamebadi arc erTi )0( >qq -

Tvis [4]  (gv.162-189). 

hardi da litlvudma dasves amocana [4] (gv.162-189), Ses-

ruldeba Tu ara (1) toloba TiTqmis yvelgan, roca 1Lf ∈   
es amocana, roca 2=q , dadebiTad gadawyvita marcinkeviCma 

[3] (gv.489).  ufro gvian, zigmundma [4] (gv. 275-281) es problema  

gadawyvita nebismieri 0>q -Tvis. magram furies mwkrivebis 

),( qH -Sejamebadobis wertilebis aRweris sakiTxi, roca 

1Lf ∈  Riad rCeboda. 1973 wels o. gabisonias mier iqna moc-
emuli furies mwkrivebis )2,(H - Sejamebadobis wertilebis 

daxasiaTebis sakiTxi, roca 1Lf ∈  [5] (gv.615-626); kerZod mis 

mier iyo naCvenebi, rom  yoveli jamebadi )(tf  funqciisaTvis 

furies mwkrivis )2,(H - Sejamebadobas adgili aqvs yvela x  
wertilSi, sadac sruldeba toloba: 

( ) ( )( )
( )

[ ]
)2(0)()(lim

2

1 1

1

1

==












−−+−+∑ ∫
= −

∞→

−

−

γ
ν

π

ν

γ
ν

ν

n n

n
n

dtxftxfxftxfn
  

 

(3) 

sadac  [ z ]-aRniSnavs z  ricxvis mTel nawils. 
 amave naSromSi iyo dadgenili, rom (3) toloba srul-
deba TiTqmis yvelgan yoveli )(tf - jamebadi funqciisaTvis, 

roca .1>γ  
 ufro gvian i. novikovma da v. rodinma aCvenes ([6], gv. 58-
62), rom ),( qH - Sejamebadobas adgili aqvs x  wertilebSi, 

sadac (3) sruldeba, roca ( )pqqpp =+<=< 21 γ . 
 (3) toloba SeiZleba gadavweroT eqvivalenturi form-
iT 

( )
( )

∑ ∫
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formiT. cnobilia [3] (gv. 488), rom ),( qH - Sejamebadobidan 

gamomdinareobs ),( qH ′  - Sejamebadoba, roca qq <′<0 , amitom 

sakmarisia gamovikvlioT ),( qH  didi .q -Tvis. 
mocemul naSromSi zemoT moyvanili Sedegebi gaZlier-

ebulia furies jamebis )(xf jamebadi funqcisagan garkveuli 

azriT gadaxris SefasebiT, anu im jamebis SefasebiT, roml-

ebic ),( qH  - Sejamebadobis gansazRvrebaSi monawileoben. 

 SemdgomSi, Cven yovelTvis CavTvliT, rom ( )tf  funq-

cia  π2 -periodulia. aRvniSnoT, 
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sadac 

( ) ( ) [ ]ππππ ,
1
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n
k

n
kn

k . 

cxadia, 
( ) 0≠∆ n
k  mxolod, roca  ( ) nkn ≤≤+− 1 , amitom qvemoT 
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yvela wertilSi, sadac sruldeba (7); e.i. TiTqmis yvelgan. 

Sedegi2. yoveli ( )xf -jamebadi funqciisaTvis, roca 1>p  

pqpqqp ≥=+ , ( ) ( ) 0;~~1lim
1

=−∑
=
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qn

k
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xfsxf
n

 yvela x wertilSi, 

sadac arsebobs ( )xf~  da sruldeba (7), e.i. TiTqmis yvelgan 

[6] (gv.663). 
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rigis lebegis yvela wertilSi. 
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INGA GABISONIA 
 

FOURIER ROV OF HARDY EMBODIES METHOD  
SEGMENTS THE ISSUE 

 
In this paper we introduce a new structural characteristic for periodic 

functions. In terms of this characteristic, a procedure has been established for 
estimating the deviation by means of strong summability for trigonometric 
Fourier series. 
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Темур Гоголадзе, Александр Миминошвили 
 

Динамика изменения электролитного обмена  
плазмы крови и электровозбудимости  миокарда  

при остром сепсисе 
 

Известно, что при сепсисе наблюдаются расстройства системной 
гемодинамики. В результате возникших функциональных и структурных 
изменений пораженных органов, нарушается метаболизм клеток, в частно-
сти водно-солевой обмен. 

Изменение электролитного состава клеток и плазмы крови являет-
ся следствием нарушений в механизме транспорта ионов через клеточные 
мембраны. Однако изменения ионов проводимости мембран, как правило, 
не является первичными событиями в механизме развития патологии. В 
начальной стадии патологические изменения затрагивают внутриклеточ-
ные биохимические системы и лишь позднее начинают проявляться нару-
шения функции биомембран. В этой связи большой теоретический и прак-
тический интерес представляют данные о влиянии патологических измен-
ений состояния клеток на внутриклеточные регуляторные системы и посл-
едуюшие воздействия их на механизм ионного транспорта и электровозбу-
димости ткани. 

Задачей нашего исследования было изучение ионной проницаемо-
сти биомембран и нарушение электролитного обмена при сепсисе с целью 
установления тяжестн нарушений метаболизма при сепсисе. 

Методы исследования. Опыты проводились на кроликах породы 
Шиншлина. Острый сепсис вызывали методом, разработанным в отделе 
иммунологии ЦНИЛ ТГМУ: кровь и образцы миокарда брали в разные 
дни после введения микробов. 

Электролитный  состав плазмы и сердца исследовали методом пла-
менной фотометрии. Выделение плазмы крови достигалось центри-
фугированием в течение 15 мин при 300 об/.мин: плазму разводили для K–
1:100, для Na–1:500, для Ca–1:100. Для определения концентрации электр-
олитов в миокарде 100мг ткани минерализовали в концентрированной 
HNO3 до полного растворения и разводили дистиллированной водой в со-
отношении 1:100. Концентрация электролитов измерялась в мэкв/л. 

Электрофизиологические исследования проводили на полосках нз 
стенки правого желудочка сердца кроликов. Полоску помещали эндокард-
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ом вверх в камеру для перфузии. Перфузировали раствором Тироде  в mm: 
NaCl–137; KCl–4; CaCl–2,7; MgCl2–1; NaHCO3–11, 5; NaH2PO4 –1,8; глюк-
оза 10; pH–7,4;  t = 370C. Раствор оксигенировали карбогеном (95% O2,  5 
%  CO2 ).  Скорость протока 6–8 мл/мин, обьём камеры 6 мл. Препа-раты 
стимулировали с периодом 500мс прямоугольными импульсами двухпоро-
говой амплитуды длительностью 2мс,  подаваемыми от стимулятора ЭСУ–
2 через поверхностный коаксиальный электрод. Потенциялы действия рег-
истрировали с помощью ”плавающих“ стеклянных микроэлектродов сопр-
отивлением 10-30 Мом и наблюдали на экране осциллографа CI–18. Для 
определения величины рефрактерного периода плавно в течение несколь-
ких десятков секунд увеличивали частоту стимулирования.  В качестве ве-
личины рефрактерного периода принимали минимальный период стимул-
ирования, когда в ответ на каждый стимул возникала распространяющаяся 
волна возбужденияю 

В работе использовали ликодаин (Xylocaine) фирмы “Astra” Шве-
ция, дифенин (в порошке) и этмозин (ампулах) отечественного производс-
тва. Для каждой концентрации препарата значения рефрактерного периода 
измеряли через 15 мин после подачи вещества. 
Результаты исследований и обсуждение. Изучение электролитного сос-
тава плазмы крови и миокарда показал, что через 24 часа после заражения 
содержание Na, K и Ca в плазме крови и миокарде не изменялось. Однако 
на 3 сутки происходит падение содержания Na, увеличение K и некоторый 
рост Ca в плазме крови. В миокарде происходит накопление Na и Ca, кон-
центрация K падает. На 5-7 сутки эти изменения выражены наиболее рез-
ко. Содержание Na в плазме падает до 90, 2 мэкв/л, концентрация K и Ca 
резко увеличивается. Происходит значительное накопление содержания 
внутриклеточного Na в миокарде и вымывание K из клетки. Несколько 
увеличена концентрация внутриклеточного Ca. Если к этому времени 
клиническое состояние зараженных кроликов было удовлетворительным,  
то наблюдаются незначительные колебания содержания электролитов в 
плазме крови и в миокарде. Если же животные находились в терминаль-
ной стадии (парез задних конечностей, лихорадка) то содержание Na  в 
плазме крови снижена на 50%, K увеличена на 100%,  а Ca  увеличивается 
на 15%. В миокарде содержание Na увеличивается на 100%, а калия падает 
на 60% и  Ca увеличивается вдвое (таблица 1,2) 
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 Таблица1           Изменения электролитного состава плазмы крови   
Дни наблюдений                                                    Плазма                                                                                         
        Na  мэкв/ л                           K  мэкв /л                                Ca  мэкв/ 
л             
                        Норма    Сепсис    Норма    Сепсис     Норма     Сепсис      

                                       140± 1, 8                 4,7±0,2                   5,5±0,4                             

1 сутки 

 

135± 1,2 

 

4,3±0,3 

 

5,2±0,3 

3 сутки 108±2 6±0,5 5,9±0,4 

5 сутки 90,2±1,4 7,02±0,3 6,5±0,5 

12 сутки 102±1,2 7,5±0,4 6,2±0,4 

 ерминальная 
Стадия 76,4±14 8,8±0,6 8,0±0,4 

 
Таблица2           Изменения электролитного состава миокарда   

Дни наблюдений                                                    Миокард                                                                                         

                            Na  мэкв/ л                 K  мэкв /л                   Ca  мэкв/ л             

      Норма           Сепсис      Норма        Сепсис        Норма      Сепсис      

                                 32±0,3                         47,8±0,8                      3,9±0,2 

1 сутки 

 

33±0,5 

 

46±0,3 

 

4,1±0,3 

3 сутки 40±0,5 30,2±0,7 4,3±0,2 

5 сутки 54,8±0,2 22,7±0,5 5,4±0,4 

12 сутки 52±0,5 25±0,4 5,0±0,4 

Терминальная 
Стадия 

68±1,2 7,7±0,5 6,3±0,3 

 
В экспериментах на изолированном желудочке сердца на разных 

стадиях развития  сепсиса не наблюдается каких – либо изменений ни по 
длительности потенцияла действия (ПД), ни по рефрактерному периоду. 
Только у животных, забитых в терминальной стадии, длительность ПД 
падала на 12%, рефрактерный период увеличивался с 80,2±2мс до 120± 
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5мс. Эти параметры не восстанавливались, несмотря на длительное (до 1,5 
часов) омывание изолированного органа оксиге раствором Рингера (рис 1). 

 
 
 
 
 
 
 

 
 
 
 
 
 

Рис. 1. Изменение длительности ПД при сепсисе. 
     _________   норма 
     _ _ _ _ _ _    сепсис 
 

При воздействии лидокаина, этмозина и дифенина на изолирован-
ные желудочки сердца с ростом концентрации наблюдается увеличение 
рефрактерного  периода (лидокаин на 6-20%, этмозин 2-36%, дифенин 10-
20%). В присутствии указанных препаратов длительность ПД падает на 
12%, а рефрактерный период миокарда кроликов, находящихся в термина-
льной стадии увеличивается (таблица 3). 

Как показали эксперименты по изучению свободнорадикальных 
процессов, в процессе развития сепсиса происходят значительные падения 
энергетики клеток [1,2,3]. Это приводит к накоплению Na и Ca и уменше-
нию K внутри клеток за счет нарушения энергетикти Na, K Ca насосов. 
Сдвиг градиентов концентраций электролитов приводит к изменению эле-
ктрической возбудимости миокарда. 

Однако эти изменения, очевидно, носят обратимый характер т. к. 
мы не замечали изменений на длительности ПД и рефрактерного  периода 
на изолированных препаратах сердца кроликов, клиническое состояние 
которых было удовлетвори-тельным, омываемых Рингером обогащенный 
карбогеном (95% O2 и 5% CO2). И только в случаях, когда животные нахо-
дились в терминальной стадии, эти процессы были необратимы – наблю-
далось укорочение ПД и увеличение  рефрактерного  периода [4,5,6].  .  
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Увеличение  рефрактерного  периода сердечной ткани                                                                                                                      
Таблица 3               под действием   препаратов – блокаторов  Nа – тока 

препарат 
 

Концентрация 
препарата 

в м/л 

Увеличение  рефрактерного  
периода сердечной ткани в % 

Нормальная 
ткань 

Сепсисная 
ткань 

лидокаин 
0,5 
1,0 

6±2 
20±4 

16±3 
42±5 

этмозин 
0,05 
0,1 

-2±3 
36±8 

8±4 
58±10 

дифенин 
2 
4 

10±2 
20±3 

18±3 
32±4 

 
Таким образом, как показали исследования, максимальная реакция 

организма на введение микробов происходит в первые же сутки. Кризис 
наступает на 5-7 сутки после введения микробов. Если к этому времени 
животные находится терминальной стадии исследованные параметры 
сильно сдвинуты по сравнению с нормой Если же животные переживали 
этот период, то острота процесса снижалась и вскоре исследованные 
параметры были близки к норме.                                                                                                                                                                                                                            
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Temur gogolaZe, aleqsandre miminoSvili 
 

miokardis eleqtroagznebadobis da sisxlis plazmis 
eleqtrolituri baslansis darRvevis dinamikis Seswavla 

mwvave eqsperimentaluri sefsisis dros 
 

eqsperimentaluri sefsisis dros ujredSida zogier-
Ti regulatortuli sistemebis darRvevaTa simZimis dadgen-
is mizniT Seswavlili iyo membranebis ionuri gamtaroba da 

eleqtrolituri balansis darRveva. sisxlisa da miokardis 

eleqtrolituri Semadgenloba Seswavlil iqna aliani fo-
tometris saSualebiT. 

 eleqtrofiziologiuri kvlevebi Catarebul iqna bo-
cveris gulis marjvena parkuWis kedlis zolze. moqmedebis 

potencialis registracia xdeboda `mcuravi~ minis eleqtro-
debis meSveobiT. 

rogorc kvlevebma gviCvena mikrobis Seyvanaze organi-
zmis maqsimaluri reaqcia xdeboda pirvelive dReebSi, xolo 

krizisi aRiniSneboda me-5-7 dRes. Tu am droisTvis cxovele-
bi imyofebodnen Terminalur stadiaSi. Seswavlili paramet-
rebi Zalzed Secvlili iyo normasTan SedarebiT. Tu cxove-

lebi gadaurCnen am periods procesis simwvave mcirdeboda 

da male sakvlevi parametrebi uaxlovdeboda normas. 
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roin beria, nato Toloraia 
 

droiT areSi sasruli sxvaobebisa da kirxofis 
kombinirebuli meTodi eleqtrodinamikis amocanebSi 

 
Sesavali. Tanamedrove pirobebSi aucilebeli gaxda eleqtr-

onul mowyobilobaTa (antena, mobiluri telefoni da sxv.) 

eleqtromagnituri gamosxivebis modelireba maT mier Sor 

zonaSi gamosxivebuli velebis diagramis povnis mizniT. aRn-

iSnuli amocanis gadasawyvetad eleqtrodinamikaSi gamoiye-

neba iseTi cnobili meTodebi, rogorebicaa momentebis meTo-

di droiT da sixSirul areSi, damxmare gamomsxiveblebis me-

Todi, sasruli sxvaobebis meTodi da sxv. 

mocemul naSromSi eleqtrodinamikis amocanebis amosa-

xsnelad Cvens mier Seqmnilia axali kombinirebuli meTodi. 

es meTodi warmoadgens droiT areSi sasruli sxvaobebisa 

(FDTD) da kirxofis meTodis (KM) kombinirebul variants, rom-

elTa kombinirebuli gamoyeneba ganpirobebulia calke aReb-

uli TiToeuli meTodisaTvis arsebuli rigi naklovanebiT. 

kerZod, (FDTD) meTodis gamoyeneba SesaZlebelia mxol-

od sivrcis da drois SezRudul areSi, rac ar iZleva gamo-

Tvlebis sakmaod did areSi Catarebis saSualebas. Sesabami-

sad SeuZlebelia sistemis mier gamosxivebuli eleqtromag-

nituri velis diagramis povna Sor zonaSi. diagramis povna 

SeiZleba kirxofis meTodis (KM) gamoyenebiT, romelic hiug-

ens-frenelis principis maTematikur ganzogadoebas warmoad-

gens. mokled aRvweroT Cvens mier gamoyenebuli sasruli 

sxvaobebis meTodi, kirxofis meTodi da sasruli sxvao-

bebisa da kirxofis kombinirebuli meTodi (FDTD+ KM). 
sasruli sxvaobebis meTodi droiT areSi. samganzomilebiani 

amocanebis SemTxvevaSi es meTodi SemdegSi mdgomareobs: kav-

Siri eleqtruli da magnituri velebis daZabulobebis veqt-

orebsa da maT Semqmnel wyaroebs Soris aisaxeba maqsvelis 

gantolebebSi: 
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sadac, scH


 da scB


 gabneuli magnituri velis daZabulobisa 

da magnituri velis induqciis veqtorebia Sesabamisad, scE

 da 

scD


 gabneuli eleqtruli velis daZabulobisa da eleqtru-

li velis induqciis veqtorebia, xolo J

 da ρ  eleqtruli 

denis simkvrive da eleqtruli muxtis simkvrivea. maqsvelis 

(1) gantolebebidan gamomdinare gabneuli velis mosaZebnad 

Caiwereba maqsvelis gantolebaTa sistema: 
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       (2) 

sadac ρ′  da σ  garemos magnituri da eleqtruli 

Tvisebebis maxasiaTebeli sidideebia da maT garemos magnit-

uri da eleqtruli gamtareblobebi ewodebaT. sasruli sxva-

obebis meTodis Tanaxmad vaxdenT droisa da sivrcis diskre-

tizacias:  

sivrceSi xdeba specialuri tipis samganzomilebiani 

badis arCeva, romlis kvanZebSi ganlagebulia eleqtruli da 

magnituri velis sxvadasxva komponentebi. aseTi bade naCvene-

bia sur.1-ze. am sqemaSi droiT da sivrcul bijebs Soris ar-

sebobs Semdegi tczyx ∆=∆=∆=∆  kavSiri, sadac c  sinaTlis 

siCqarea vakuumSi.  

aseTi diskretizaciisas velebis sivrculi da droiTi 

warmoebulebisaTvis sxvaobiTi sqemebi Caiwereba Semdegi 

saxiT: 
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sur.1. sivrcis diskretizacia eleqtruli da magnituri  

velebis komponentebisaTvis 
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(3) sxvaobiTi sqemis gaTvaliswinebiT maqsvelis (1) gan-
tolebaTa sistemaSi SegviZlia miviRoT eleqtromagnituri 

velis veqtorebis komponentebisaTvis Sesabamisi gamosaxule-
bebi, romlebSic kvanZis mocemul wertilSi da drois mocem-
ul momentSi velis mniSvneloba Caiwereba velis komponente-
bis saSualebiT mimdebare kvanZebSi da drois wina momentSi. 

es gvaZlevs imis saSualebas, rom vipovoT velis mniSvnelo-
bebi drois momdevno momentebSi wina momentebSi cnobili 

komponentebis saSualebiT. magaliTad, eleqtromagnituri ve-
lis xH  da zE  mdgenelebisaTvis miviRebT: 

( )kji ,,  

X

 

Y  

Z  

O  

xE  xE  

xE  

yE  

yE  

yE  

zE  yE  

yE  

yH  

xH  

zH  



 40 

( )
( )
( )

( )
( )

( )

( ) ( )
( )

( ) ( ) ( ) ( ) ,2/1,1,2/1,,,2/1,1,2/1,

2/1,2/1,2
2/1,2/1,1

1
2/1,2/1,

2/1,2/1,

2/1,2/1,2
2/1,2/1,1

2/1,2/1,2
2/1,2/1,1

2/1,2/1, 2121













∆
++−+

+
∆

+−++
×

×

++
∆++′

+
⋅

++
∆

+

+++

++
∆++′

+

++
∆++′

−
=++ −+

y
kjiEkjiE

z
kjiEkjiE

kji
tkjikji

t

kjiH

kji
tkji

kji
tkji

kjiH

n
z

n
z

n
y

n
y

n
x

n
x

µ
ρµ

µ
ρ
µ

ρ

 

( )
( )
( )

( )
( )

( )

( ) ( )
( )

( ) ( )

( ) ( )








∆

++−+−
+

+



∆

+−−++
×

×

+
∆+

+
⋅

+
∆

+

++

+
∆+

+

+
∆+

−
=+

++

++

+

y
kjiHkjiH

x
kjiHkjiH

kji
tkjikji

t

kjiE

kji
tkji

kji
tkji

kjiE

n
x

n
x

n
y

n
y

n
z

n
z

2/1,2/1,2/1,2/1,

2/1,,2/12/1,,2/1
2/1,,2

2/1,,1

1
2/1,,

2/1,,

2/1,,2
2/1,,1

2/1,,2
2/1,,1

2/1,,

2/12/1

2/12/1

1

ε
σε

ε
σ
ε

σ

 

zemoT mocemuli sqemis Sesabamisad Caiwereba eleqt-
ruli da magnituri velebis daZabulobebis gamosaxulebebi 

sxva mdgenelebisaTvisac. am formulebSi mocemuli µερσ ,,, ′  

sidideebis Sesabamisi SerCeva iZleva saSualebas sasruli 

sxvaobebis meTodSi gamoyenebuli badis kvanZebSi Caisvas 

sxvadasxva tipis da nivTierebis gambnevi zedapirebi an moc-

ulobiTi sxeulebi. 

rogorc cnobilia, sasruli sxvaobebis meTodis gamoy-

enebisas, manqanuri resursebis SezRudulobis gamo, eleqtr-

omagnituri velis gavrcelebis procesis modelireba xdeba 

sasrul areSi. amasTan rac mcirea modelirebis are miT uf-

ro metia Sesabamisi kompiuteruli gamoTvlebis Catarebis 

siswrafe. dakvirvebis aris SezRudulobis gamo da gardamav-

ali procesebis sruli analizisaTvis aucilebelia iseTi 

idealurad SeTanxmebuli fenebis SerCeva, romelic mTlian-

ad gaatarebs masze dacemul eleqtromagnitur talRas, raTa 

aris kideebidan arekvlilma talRam mniSvnelovnad ar imoqm-

edos gamoTvlebiT miRebul Sedegebze.  
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sasruli sxvaobebis meTodis swrafi da efeqturi muS-

aobisaTvis dakvirvebis are idealurad SeTanxmebul feneb-

Tan erTad modelirebulia rogorc erTiani eleqtruli da 

magnituri gamtareblobis mqone garemo. aseT garemoSi maqsve-

lis gantolebaTa sistema daSlilia Tormet gantolebad Se-

mdegi saxiT: 
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sadac σ  da ∗σ  garemos eleqtruli da magnituri gamtareb-

lobebia Sesabamisad; ε  da µ  garemos dieleqtruli da magni-

turi SeRwevadobebia; oε  da oµ  eleqtruli da magnituri mu-

dmivebia; idealurad SeTanxmebuli fenebisaTvis SeTanxmebis 

piroba Caiwereba, rogorc 
oo µ

σ
ε
σ ∗

= .  

eleqtruli da magnituri velis mdgenelebi gamoiTvl-

eba Semdegi saxiT: 
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velis TiToeuli mdgenelisaTvis miiReba rekurentuli 

formula, magaliTad, magnituri velis x  mdgeneli, romel-

ic kubis waxnagis normaluria da moTavsebulia 
2
1,

2
1, ++ kji  

wertilSi (sur.1.) yovel drois 
2
1

+n  momentisaTvis miiReba 

Semdegi gamosaxuleba 
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analogiurad Caiwereba eleqtruli da magnituri ve-
lebis sxva komponentebic. am algoriTmis testirebisaTvis 

SeviswavloT organzomilebian zolze H  polarizirebuli 

brtyeli gausis impulsis gabnevis amocana (sur.2.). 

 

),)(exp()( 22
oz ctctytH −−−= α  dacemul impulsia,  0.1,2.3

== o
o

ct
ct

α m. 

zolis sigane 0.1=W m. dakvirvebis aris im wertilebSi: sadac 

moTavsebulia zoli, vwerT: ,, ∞=∞= yx σσ sxva wertilebSi, 

garda idealurad SeTanxmebuli fenebisa, ki OO yx == σσ , . 

idealurad SeTanxmebul fenebSi ki eleqtruli da magnitu-
ri gamtareblobebi SerCeulia Semdegnairad:  
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sur.2. amocanis geometria 
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sadac i _aris idealurad SeTanxmebuli fenis nomeri, d 
_aris idealurad SeTanxmebul fenaSi Sesvlis manZili, D_ki 
idealurad SeTanxmebuli fenis sruli sisqea.  

maxiσ  gamoiTvleba 










−=

o

o
i DR

εε
µµ

σ max2exp  pirobidan. aq R 

arekvlis koeficientia yoveli fenidan.  

 
 

sur.3_ze naCvenebia 2/, WxOy ==  wertilSi arekvlis 

koeficientis 
( )

))(max(

)()(max
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tE

tEtE
coefR

ex
x

ex
x

cal
x −

=  sididis damokidebu-

leba idealurad SeTanxmebuli fenebis ricxvze, sadac

)(tE cal
x  aris gamoTvlili velis mniSvneloba, xolo )(tEex

x  

velis zusti mniSvneloba mocemul wertilSi. rogorc vxed-
avT fenebis raodenobis gazrdisas gamoTvlili Sedegebi mi-
iswrafvian velis zusti mniSvnelobisaken. grafiki gviCven-
ebs, rom ramodenime idealurad SeTanxmebuli fenac ki sakm-
arisia sakmaod kargi Sedegis misaRwevad, magaliTad roca 

10=n  SemTxvevaSi %002.0_ =coefR , rac gviCvenebs, rom am 

12 
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0 
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fenebis raodenoba 

coefR _  

sur.3. arekvlis koeficientis damokidebuleba idealurad 
SeTanxmebuli fenebis raodenobaze 
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SemTxvevaSi praqtikulad adgili ara aqvs idealurad SeTan-
xmebuli fenidan arekvlas, anu praqtikuli gamoTvlebisaT-
vis 10 fenac ki sakmarisia sasurveli Sedegis misaRwevad. 

kirxofis meTodi. rogorc aRvniSneT, kirxofis meTodi war-
moadgens hiugens-frenelis principis maTematikur ganzogade-
bas, romlis ZiriTadi idea imaSi mdgomareobs, rom sivrcis 

raime 𝑀𝑀(𝑥𝑥,𝑦𝑦, 𝑧𝑧)  wertilSi talRuri SeSfoTeba warmoadgens 

meoradi wyaroebidan gamosxivebuli velebis interferenciis 

Sedegs. meoradi wyaroebi gamlagebulia realur wyaroebsa 

da  𝑀𝑀(𝑥𝑥,𝑦𝑦, 𝑧𝑧) wertils Soris gamaval 𝑆𝑆 zedapirze (nax.4.)  

vTqvaT 𝑈𝑈(𝑀𝑀)  da 𝐺𝐺(𝑀𝑀)  warmoadgenen 𝑀𝑀(𝑥𝑥,𝑦𝑦, 𝑧𝑧)  wertilis 

kompleqsur funqciebs, romelTac 𝑉𝑉 moculobis SemomsazRv-
rel 𝑆𝑆  zedapirze gaaCniaT uwyveti pirveli da meore rigis 

kerZo warmoebulebi. maSin grinis Teoremis Tanaxmad 

∫ (𝐺𝐺∆𝑈𝑈 − 𝑈𝑈∆𝐺𝐺)𝑑𝑑𝑉𝑉 = ∫ �𝐺𝐺 𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕
− 𝑈𝑈 𝜕𝜕𝜕𝜕

𝜕𝜕𝜕𝜕
� 𝑑𝑑𝑑𝑑𝑆𝑆𝑉𝑉 ,   (4) 

sadac 
𝜕𝜕
𝜕𝜕𝜕𝜕

 aRniSnavs warmoebuls 𝑆𝑆 zedapiris 𝑛𝑛�⃗  gare normal-
is gaswvriv. vTqvaT, 𝑈𝑈 funqcia warmoadgens talRuri velis 

kompleqsur amplitudas da 𝑉𝑉 moculobis SigniT akmayofil-
ebs helmholcis erTgvarovan gantolebas (CavTvaloT, rom 

droze damokidebulebas aqvs 𝑒𝑒−𝑖𝑖𝑖𝑖𝑖𝑖 saxe): 
∆𝑈𝑈 + 𝑘𝑘2𝑈𝑈 = 0.                  (5) 

z 

x 

y 

𝑛𝑛�⃗  
𝑀𝑀(𝑥𝑥,𝑦𝑦, 𝑧𝑧) 

S 

𝑅𝑅1����⃗  

𝑅𝑅�⃗  

𝑟𝑟 

სურ.4. kirxofis meTodis geometria 
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𝐺𝐺 funqciad avirCioT funqcia, romelic akmayofilebs   

∆𝐺𝐺 + 𝑘𝑘2𝑈𝑈 = −4𝜋𝜋𝜋𝜋��𝑅𝑅�⃗ − 𝑅𝑅1����⃗ ��      (6) 

gantolebas, sadac 𝑅𝑅�⃗  - 𝑀𝑀(𝑥𝑥,𝑦𝑦, 𝑧𝑧)  wertilis radius-veqtoria, 

xolo 𝑅𝑅1����⃗  - 𝑉𝑉 moculobis mimdinare 𝑂𝑂 wertiluis radius-veqt-

oria. (6) gantolebis erTerT mniSvnelovan amonaxsns warmoa-

dgens    

𝐺𝐺 = 𝑒𝑒𝑖𝑖𝑖𝑖𝑖𝑖

𝑟𝑟
, sadac 𝑟𝑟 = �𝑅𝑅�⃗ − 𝑅𝑅1����⃗ �     (7) 

funqcia, romelic aRwers erTeulovani amplitudis sferul 

talRas da romelsac wertilovani wyaros funqcias an Tavi-

sufali garemos grinis funqcias uwodeben. 

(5) da (6)gantolebebidan ∆𝑈𝑈 da ∆𝐺𝐺 sidideebis gansazR-
vriTa da am sidideebis (4) gantolebaSi CasmiT miviRebT: 

4𝜋𝜋 ∫ 𝑈𝑈(𝑅𝑅�⃗ )𝜋𝜋(�𝑅𝑅�⃗ − 𝑅𝑅1����⃗ �)𝑑𝑑𝑉𝑉 = ∫ �𝐺𝐺 𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕
− 𝑈𝑈 𝜕𝜕𝜕𝜕

𝜕𝜕𝜕𝜕
� 𝑑𝑑𝑑𝑑𝑆𝑆𝑉𝑉 ,   (8) 

𝑈𝑈�𝑅𝑅�⃗ � = 1
4𝜋𝜋 ∮ �𝐺𝐺 𝜕𝜕𝜕𝜕

𝜕𝜕𝜕𝜕
− 𝑈𝑈 𝜕𝜕𝜕𝜕

𝜕𝜕𝜕𝜕
� 𝑑𝑑𝑑𝑑𝑆𝑆 .    (9) 

formalurad SesaZlebelia kirxofis meTodi ganvazo-

gadoT veqtoruli, magaliTad 𝐸𝐸�⃗  da 𝐻𝐻��⃗  eleqtruli da magnit-

uri velis daZabulobebisaTvis. maTi dekartuli koordinat-

ebisTvis (9) formulis gamoyenebiTa da Semdeg veqtorulad 

SekrebiT miiReba veqtoruli Teorema, romelic sabolood 

Semdeg saxes Rebulobs: 

𝐸𝐸�⃗ (𝑥𝑥,𝑦𝑦, 𝑧𝑧) = − 1
4𝜋𝜋
�𝑖𝑖 𝑖𝑖

𝑐𝑐
𝜇𝜇�𝑛𝑛�⃗ 𝐻𝐻��⃗ �𝐺𝐺 + ��𝑛𝑛�⃗ 𝐸𝐸�⃗ �𝑔𝑔𝑟𝑟𝑔𝑔𝑑𝑑𝐺𝐺� + �𝑛𝑛�⃗ 𝐸𝐸�⃗ �𝑔𝑔𝑟𝑟𝑔𝑔𝑑𝑑𝐺𝐺�𝑑𝑑𝑑𝑑,     (10) 

𝐻𝐻��⃗ (𝑥𝑥,𝑦𝑦, 𝑧𝑧) = − 1
4𝜋𝜋
�−𝑖𝑖 𝑖𝑖

𝑐𝑐
𝜀𝜀�𝑛𝑛�⃗ 𝐸𝐸�⃗ �𝐺𝐺 + ��𝑛𝑛�⃗ 𝐻𝐻��⃗ �𝑔𝑔𝑟𝑟𝑔𝑔𝑑𝑑𝐺𝐺� + �𝑛𝑛�⃗ 𝐻𝐻��⃗ �𝑔𝑔𝑟𝑟𝑔𝑔𝑑𝑑𝐺𝐺�𝑑𝑑𝑑𝑑,        (11) 

anu zedapirze velebis, grinis funqciisa da normalis saSu-

alebiT SesaZlebelia velis mniSvnelobis povna 𝑀𝑀(𝑥𝑥,𝑦𝑦. 𝑧𝑧) we-
rtilSi. 

𝑭𝑭𝑭𝑭𝑭𝑭𝑭𝑭 + 𝑲𝑲𝑲𝑲  kombinirebuli meTodis aRwera. rogorc aRvniSn-
eT, kompiuteruli resursebis SezRudvebis gamo, (𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹) meTo-

di ar iZleva sakmaod did areSi gamoTvlebis xangrZlivad 

Catarebis SesaZleblobas, amitom saWiroa Sor zonaSi gamos-

xivebuli (gabneuli) velis diagramis sapovnelad kombinireb-

uli meTodis Seqmna. erTerTi aseTi meTodi SeiZleba iyos 

Cvens mier naSromSi moyvanili (𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 + 𝐾𝐾𝑀𝑀 ) kombinirebuli me-
Todi romelic SemdegSi mdgomareobs. 

Tavidan gamoTvlebi unda CavataroT 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 meTodiT siv-

rcis SezRudul areSi, romelic mogvcems am aris SigniT 
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moTavsebul Sekrul zedapirze velis droiTi 𝐹𝐹(𝑡𝑡) funqcieb-
is povnis saSualebas, gadaviyvanoT droiTi Sedegebi furies 

gardaqmnis  

𝐺𝐺(𝜔𝜔) = 1
√2𝜋𝜋

∫ 𝐹𝐹(𝑡𝑡)𝑒𝑒−𝑖𝑖𝑖𝑖𝑖𝑖𝑑𝑑𝑡𝑡∞
−∞    (12) 

formulis gamoyenebiT xolo Semdeg (10) da (11) formu-

lis saSualebiT vipovoT velis mniSvnelobebi sivrcis nebi-

smier 𝑀𝑀(𝑥𝑥,𝑦𝑦. 𝑧𝑧) wertilSi rac mogvcems Sor zonaSi gamosxive-

buli (gabneuli) velis diagramis povnas saSualebas. Sor 

zonaSi gabneuli velis povna kirxofis meTodiT SesaZlebe-

lia mxolod Sekruli zedapiris gamoyenebiT, romelic 

mTlianad moTavsebulia sasruli sxvaobebiT warmoebuli ga-

moTvlebis areSi idealurad SeTanxmebuli fenebis SigniT. 

Cvens mier warmoebuli gamoTvlebisas amisaTvis gamoyenebu-

lia sferuli zedapiri, romelic dayofilia elementarul 

𝑑𝑑𝑑𝑑 zedapirebad (sur.5) da romelTa centrebSi SesaZlebelia 

velis miaxloebiTi mniSvnelobebis gamoTvla am wertilis 

garSemo arsebuli kubis kvanZebSi ganlagebuli velis Sesab-

amisi komponentis mniSvnelobebis gamoyenebiT.    
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sur.5. sferos 𝑺𝑺 zedapiris dayofa mcire 𝒅𝒅𝒅𝒅 elementebad 
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𝑑𝑑𝑑𝑑 elementaruli zedapirebis centrSi gare normalis 

gamoTvlis, am mimarTulebaze velis Sesabamisi komponentis 

warmoebulis povniT da (10-11) gamosaxulebis gamoyenebiT Se-

saZlebelia sferos gareT nebismier wertilSi Sesabamisi 

komponentis povna.  
meTodis testireba. meTodis testireba moxda sasruli zom-

is mikrozolovani antenis mier Sor zonaSi gamosxivebuli 

velis diagramis Sesaswavlad. cnobilia, rom mikrozolovan 

antenebs gaaCniaT ramdenime iseTi gansakuTrebuli Tviseba, 

romelic maT xdis erT-erT alternatiul variantad mraval-

kavSiriani mobiluri kavSirgabmulobidan dawyebuli samxed-

ro radaruli mowyobilobebiT damTavrebuli, fazirebuli 

antenuri mesris ZiriTad elementad gamoyenebis saqmeSi. faz-

irebuli antenebis efeqturi da usafrTxo gamosxivebis miRe-

ba moiTxovs TiToeuli elementis gamosxivebis fundamentur 

Seswavlas. 

am SemTxvevaSi Seswavlilia sasruli zomis mikrozo-

lovani antenis (sur.6) eleqtrodinamikuri Tvisebebi. rog-

orc aRvniSneT am amocaniT xdeba sasruli sxvaobebisa da 

kirxofis kombinirebuli meTodis testireba.  

mikrozolovani antena Sedgeba sasruli zomis erTi 

mxridan metalizebuli damiwebuli dieleqtrikisagan, roml-

is meore mxares moTavsebulia mcire zomis metaluri firfi-

ta. am firfitis kveba SeiZleba moxdes zolovani xaziT miw-

asa da firfitas Soris an koaqsialuri kabeliT damiwebuli 

nax.6. antenis geometria. OXYZ koordinatTa sistemis saTave moTavsebulia 

antenis centrSi: a=5mm, b=3mm, c=2mm, d=15mm. 

x z 

y 
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mxridan. zogadad metalur firfitas SeiZleba hqondes marT-

kuTxa, wriuli an sxva nebismieri forma. antenis forma da-

mokidebulia misi gamoyenebis saWiroebaze. mas SeiZleba hqo-

ndes kompleqsuri geometriac. 

am SemTxvevaSi ganxilulia kvadratuli zomis mikroz-

olovani antenis aRgzneba zolovani xaziT. antenis zomebi 

Semdegia: kvadratis gverdi a=5mm, zolis sigrZe b=3mm, diele-

qtrikis sisqe c=2mm, dieleqtrikis kvadratis gverdi d=15mm. 
mikrozolovani xazis gaswvriv metalur firfitasa da dami-

webul fenas Soris eleqtruli velis daZabulobis 𝐸𝐸𝑧𝑧 mdge-
neli icvleba droSi Semdegi saxiT: 

𝐸𝐸𝑧𝑧∗(𝑡𝑡) = 𝑑𝑑𝑖𝑖𝑛𝑛 �2𝜋𝜋
𝜆𝜆
𝑐𝑐𝑡𝑡�,    (13) 

sadac 𝑐𝑐 sinaTlis siCqarea da talRis sigrZe 𝜆𝜆 = 3sm. aRgzne-
bis areSi eleqtruli velis daZabulobis veqtoris 𝑧𝑧 kompo-
nentisaTvis vwerT, rom 𝐸𝐸𝑧𝑧 = 𝐸𝐸𝑧𝑧𝑠𝑠𝑐𝑐 + 𝐸𝐸𝑧𝑧∗ , sadac 𝐸𝐸𝑧𝑧𝑠𝑠𝑐𝑐  antenis mier 
Seqmnili eleqtruli velis daZabulobis veqtoris 𝑧𝑧 mdgene-
lia. am sididis mniSvneloba gansazRvravs imas, Tu ramdenad 

optimizirebulia antenis parametrebi. 

amocanis amoxsna xdeba sasruli sxvaobebis meTodiT 

droiT areSi. am meTodis gamoyenebiT drois yoveli momenti-

saTvis ganisazRvreba eleqtruli da magnituri velis daZab-

ulobis veqtoris mniSvnelobebi antenis SemomsazRvreli sa-

sruli sivrcis, am SemTxvevaSi sferuli zedapiris elementa-

ruli 𝑑𝑑𝑑𝑑 zedapirebis Sua wertilebSi.  
gamosxivebuli velis mosaZebnas Sor zonaSi viyenebT 

kirxofis meTods. amisaTvis sferuli zedapiriris ds elemen-

taruli zedapirebis Sua wertilebSi gamoTvlili eleqtru-

li da magnituri daZabulobis veqtorebis droiTi mniSvnel-

obebi droiTi aridan swrafi furie gardaqmniT gadagvyavs 

sixSirul areSi (12) gamosaxulebis gamoyenebiT. aseTi warmo-

dgeniT eleqtruli velis diagrama gamoiTvleba formuliT 

Eθ(θ,φ) = � −e−ikρ ��
μ0
ε0
�[n�⃗ θ × n�⃗ ′] ∙ H��⃗ (r⃗′,ω) + �n�⃗ φ × n�⃗ ′� ∙ E��⃗ (r⃗′,ω)��ds′

s
 

Eφ(θ,φ) = � −e−ikρ ��
μ0
ε0
��n�⃗ φ × n�⃗ ′� ∙ H��⃗ (r⃗′,ω) + [n�⃗ θ × n�⃗ ′] ∙ E��⃗ (r⃗′,ω)��ds′

s
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sadac 𝜌𝜌 = 𝑥𝑥0𝑐𝑐𝑐𝑐𝑑𝑑𝑐𝑐𝑑𝑑𝑖𝑖𝑛𝑛𝑐𝑐 + 𝑦𝑦0𝑑𝑑𝑖𝑖𝑛𝑛𝑐𝑐𝑐𝑐𝑐𝑐𝑑𝑑𝑐𝑐 + 𝑧𝑧0𝑐𝑐𝑐𝑐𝑑𝑑𝑐𝑐, (𝑥𝑥0,𝑦𝑦0, 𝑧𝑧0) - saZiebeli 

eleqtromagnituri velis koordinatebia diagramis saZiebel 

zedapirze, 𝑛𝑛�⃗ ′ aris 𝑑𝑑 zedapiris gare normali, 𝜀𝜀0 და 𝜇𝜇0 eleq-

truli da magnituri SeRwevadobaa, 𝑛𝑛�⃗ 𝜑𝜑 da  𝑛𝑛�⃗ 𝜃𝜃 dakvirvebis we-
rtilis erTeulovani veqtorebia, E��⃗ (r⃗′,ω) da H��⃗ (r⃗′,ω) eleqtr-

uli da magnituri velis daZabulobebia damxmare sferul s 
zedapirze.  

 

 
 

 sur.7. 𝚬𝚬𝛉𝛉 diagrama 𝝋𝝋 = 𝟎𝟎 sibrtyeSi 

sur.7-ze gamosaxulia antenis (sur.6) mier gamosxivebu-

li eleqtruli velis daZabulobis diagrama xoz  sibrtyeSi, 
anu gamosxiveba xdeba antenis firfitisadmi 900-iani kuTxiT. 

gamosxivebuli velis diagrama 1800 gradusze metia da iZl-

eva dafarvis karg diapazons antenis mxares.  

 
 

sur.8. 𝚬𝚬𝛉𝛉 diagrama 𝝋𝝋 = 𝝅𝝅
𝟐𝟐
 sibrtyeSi 
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rac Serexeba yoz sibrtyeSi eleqtruli velis diagra-

mas (sur.8), rogorc vxedavT gamosxivebuli velis maqsimumebi 

modis 200 da 1600 kuTxeebze, xolo gamosxivebuli veli moi-

cavs orive mimarTulebiT 1200 met diapazons. 
 xoy sibrtyeSi gamosxivebuli eleqtruli velis diag-

ramis (sur.9), maqsimumebi modis 900  da 2700 . gamosxivebuli 

velis sigane 600 gradusze metia orive mimarTulebiT.  

 

 
 

sur.9. 𝚬𝚬𝝋𝝋 diagrama 𝜽𝜽 = 𝝅𝝅
𝟐𝟐
 sibrtyeSi 

sxva geometriis antenebis Seswavlam aCvena, rom ufro 

viwro diagramis miReba SesaZlebelia mikroantenebis ganla-

gebiT brtyel an cilindrul zedapirebze.  

miRebuli Sedegebi Sedarebulia igive amocanis amoxsn-

is SedegebTan, romelic miRebulia damxmare gamomsxivebleb-

is meTodis (𝑀𝑀𝑀𝑀𝑆𝑆)gamoyenebiT. Sedarebam cxadyo, rom Sedege-

bi karg TanxvedraSia erTmaneTTan da cdomileba Seadgens 

daaxloebiT 2 − 3%, anu mocemuli kombinirebuli meTodi Se-

saZlebelia warmatebiT gamoviyenoT am tipis gardamavali 

eleqtrodinamikuri amocanebis efeqturad gadasawyvetad. 
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114, pp. 185-200, Aug. 1994.  
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Roin Beria, Nato Toloraya 
 

The combined finite-difference method in the time domain and 
Kirchhoff in electrodynamics problems. 

 
In modern conditions, for constructing diagrams of radiated fields at a 

distance, it became necessary to simulate electromagnetic radiation of electrical 
devices (antenna, mobile phone, etc.). To solve this problem in electrodynam-
ics, such well-known methods as the method of moments, the method of 
auxiliary emitters, the method of finite differences and others. 

In this paper, we created a new method for solving electrodynamic 
problems, which is a combined version of the time domain finite difference 
method (FDTD) and the Kirchhoff method (KM), the combined use of which is 
due to the individual weaknesses of each of these methods. 

The results obtained are compared with the results of solutions obtained 
by the method of auxiliary emitters. From the comparison it became clear that 
the results are well combined with each other and the error is only 1-2%, that is, 
this combination method can be successfully applied to effectively solve 
electrodynamic problems of this type. 
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nana maisuraZe, nano baqraZe 
 

dasasmeli amocanebis roli fizikuri  
azrovnebis ganviTarebaSi 

 

fizika sabunebismetyvelo mecnierebaa, romelic Seisw-
avlis bunebis umartives da amave dros yvelaze uzogades 
kanonzomierebebs. fizikis swavlebis ganuyofeli nawilia am-
ocanebis amoxsna. igi swavlebis mizanicaa da meTodic. fi-
zikis amocanebis amoxsnis meTodika upasuxebs kiTxvebze: ris-
Tvis? (ra mizniT) movxsnaT? romeli amocanebi amovxsnaT? ro-
gor amovxsnaT? fizikuri amocanis amoxsna sinamdvileSi imde-
nad rTulia,rom modeluri idealizaciis gareSe Seswavla Se-
uZlebelia. rasakvirvelia, idealizacia gonivruli unda iyos, 
SevinarCunoT arsebiTi Tvisebebi da ugulebelvyoT meorexa-
risxovani. aseTi idealizebuli problemebis, sakiTxebisa da 
amocanebis dasma da Seswavla aris fizikis, rogorc mecnier-
ebis arsTagani. amocanis amoxsna niSnavs ucnobi fizikuri si-
didis povnas. nebismieri klasifikacia gansazRvruli niSnebis 
mixedviT xorcieldeba. ganvixiloT mxolod zogadi klasif-
ikacia arsebiTi niSnebis mixedviT. 

klasifikacia amoxsnis uzogadesi meTodebis mixedviT gv-
aZlevs fizikis amocanebis dayofas Teoriul da eqsperiment-
ul amocanebad. eqsperimentulia amocana, romlis gadasaWre-
lad aucilebelia cdis Catareba, gazomva, Tu arada amocana 
Teoriuli iqneba. bunebis movlenebis klasifikacia ganapiro-
bebs fizikuri amocanebis klasifikacias Sinaarsis mixedviT: 
romeli nawilis, Temis, sakiTxis SeswavlisTvisaa gankuTvni-
li esa Tu is amocana. kidev erTi dayofa: savarjiSo (kiTxva-
amocanebi), tipuri da aratipuri amocanebi.maT Soris gamoir-
Ceva sakvanZo amocanebi, romelTa amoxsna-analizi ama Tu im 
sakiTxis fizikur arss warmoaCens. erT-erTi mniSvnelovani 
klasifikacia amocanebis  mocemulobis, pirobebis mixedviT: 
dasmuli da dasasmeli amocanebia. amocana dasmulia, Tu saT-
anado idealizaciis pirobebSi garkveulia cnobili da saZi-
ebeli fizikuri sidideebi. dasasmel amocanebSi ki es TviT 
amomxsnelma unda gaakeTos. dasmuli amocanebisaTvis erTi 
ram ganmartebas saWiroebs. cnobili da saZiebeli sidideebi 
zustad aris dasaxelebuli, magram idealizaciis, gamartive-
bis pirobebi xSirad nawilobriv miTiTebulia rigi daSvebeb-
isa, sxva ki igulisxmeba. dasasmeli amocana, sazogadod, arc 
idealizebulia, arc cnobil da saZiebel fizikur sidideebs 
Seicavs. amocanebis dasmisaTvis pirvelad umartives modelur 
idealizacias virCevT, Semdgom SeiZleba misi Tanmimdevruli 
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garTuleba. amocanis dasma arcTu iSviaTad, erTdroul amox-
snasac moiTxovs. araerTxel davrwmundebiT, Tu rogor gamo-
rCeul rols asrulebs rTul da ucnob situaciaSi gasarkv-
evad ganzomilebaTa analizi fizikur mosazrebebsa da alRo-
sTan, intuiciasTan erTad. 

fizikis amocanis amoxsna aqtiuri SemecnebiT  procesia. 
igi fizikis kanonebisa da kanonzomierebaTa gamoyenebis safu-
Zvelze ixsneba da es gansazRvravs amoxsnis zogad meTodebs. 
vTqvaT, maTematikaSi kvadratuli gantolebis amoxsnis msgavsi 
fizikuri amocanebis amoxsnas naklbad waadgeba, fuWia „uni-
versaluri“ algoriTmebis Zebna. magaliTad, niutonis kanone-
bis codna da tipuri amocanebis amoxsna sulac ar gvaZlevs 
algoriTms am kanonebis gamoyenebisaTvis sxva amocanebis amo-
saxsnelad. es TviT fizikis bunebiTaa ganpirobebuli: algo-
riTmebis ganxorcielebis procesi ar aris SemoqmedebiTi, misi 
Sesruleba manqanasac SeuZlia da fizikis amocanebis amoxsnas 
ver daveuflebiT meqanikur procesebiT. amis dasturia is, rom 
meTodur literaturaSi SemoTavazebuli fizikis amocanebis 
amoxsnis algoriTmebi zogadobas aris moklebuli, xelovnu-
ria da maT fexi ver moikides saswavlo procesSi. fizikis 
amocanis amoxsna upirvelesad azrovnebis procesia, amitom 
igi efuZneba azrovnebis operaciebs, meTodebs: analizi, sinT-
ezi, abstraqcia (ganyeneba), ganzogadeba, induqcia, deduqcia... 
maT gareSe logikuri, fizikuri azrovneba SeuZlebelia. rasa-
kvirvelia, fizikuri azrovneba Seicavs logikur azrovnebas-
ac. yoveli amocana warmoadgens azrobriv problemur situa-
cias, romelic moiTxovs gadaWras. magaliTad, gegmis Sedgena 
aris problemuri situacia, radgan arc ise naTelia, rogor 
SevadginoT is ufro sworad. ra Tqma unda yoveli moswavle 
Tu studenti rogorRac adgens mas. magram sworad? rogor 
SevamowmoT es, Tu TviT wesebi ucnobia? intuiciurad es ope-
racia SeiZleba Sesruldes met-naklebi warmatbiT. praqtikam 
aCvena, rom warumatebloba am saqmeSi didia. e.i. am SemTxvevaSi 
bevri azrovnebs aralogikurad, anu praqtikuli logikis wes-
ebis gareSe, romelic iZleva gegmis Sedgenis wesebs saskolo 
an studenturi muSaobisTvis. konkretuli Teoriuli codna 
ucilebeli pirobaa amocanis amoxsnisaTvis, magram arasakmar-
isi: saWiroa ganzogadebuli codnis SeZena. fizikis amocaneb-
is amoxsnis Tavi da Tavia codnis safuZvelze fizikuri azr-
ovnebis, alRosa da zogadi meTodebis gamoyenebis unar-Cveve-
bis gamomuSaveba. es ki TviT amocanebis amoxsnis procesSi 
sistematuri varjiSiTa da gamocdilebiT SeiZineba. sxva gza 
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fizikis amocanebis amoxsnis da dauflebisa, fizikaSi CaRrma-
vebisa ar arsebobs. gadamwyveti mniSvneloba aqvs fizikis amo-
canebis amoxsnis procesis analizs arsebiTi etapebis mixedv-
iT. es etapebi is „kalapotia“, romelSic „miedineba“ fizikuri 
azrovneba zogadi meTodebis gamoyenebis safuZvelze. maTi ga-
Tvicnobiereba aucilebelia amoxsnis unar-Cvevebis gamomuSev-
ebisaTvis, fizikuri azrovnebisa da alRos, intuiciis ganvi-
TarebisaTvis. aqedan gamomdinare SeiZleba vTqvaT, rom fiz-
ikur azrovnebaSi ar unda gamovricxoT intuiciis faqtori. 

intuicia aris WeSmaritebis wvdoma uSualod, dasabuTe-
bis gareSe. Semecnebis yoveli etapi logikurad da faqtobr-
ivad yovelTvis dasabuTebis gziT ar xorcieldeba. xSirad 
subieqti iCens situaciis azrobrivi wvdomis unars, rac wina-
swar xedvaSi vlindeba. zogjer intuicia scildeba kvleva-
Ziebis dadgenili wesebisa da meTodebis farglebs, magram igi 
ar aris qvecnobieri an zecnobieri aqti. intuicia aris azro-
vnebis Taviseburi tipi, romlis dros Semecnebis zogierTi 
momenti met-naklebad aracnobieradaa gadatanili cnobiereb-
aSi. intuicia sakmarisia WeSmaritebis SesamCnevad, magram ar-
asakmarisia masSi darwmunebisaTvis. saamisod aucilebelia 
dasabuTeba. fizikosisaTvis arsebiTia maTematikuri enis fiz-
ikuri gageba, fizikuri intuicia, romelic „raRac arazusti, 
ganusazRvreli da absoluturad aramaTematikuria, magram fi-
zikosisaTvis-sruliad aucilebeli“. sagulisxmoa, SevadaroT 
ori gamoCenili mecnieris-fizikosisa da maTematikosis-azri. 
diraki: „me vTvli,rom gavige gantolebis azri, Tu SemiZlia 
warmovidgino misi zogadi amonaxsnis saxe uSualo amoxsnis 
gareSe“. hilberti: „intuicia cdilobs SebRalos da daamaxi-
njos maTematika“. gasagebi unda iyos, rom fizikosisa da ma-
Tematikosis Tvalsazrisis dapirispireba ar SeiZleba. 

damoukidebeli, SemoqmedebiTi azrovnebis ganviTarebisa-
Tvis Seucvlelia dasmul  amocanaTa amoxsna. 

ganvixiloT ramdenime amocana. 
1. ganieri WurWlis patara xvrelidan gamoedineba wyali. 

gamovsaxoT gamodinebis siCqare, rogorc siTxis svetis sima-
Rlis funqcia. 

  davuSvaT, xvrelidan raRac mcire drois Semdeg gamoe-
dineba iseTi mcire moculobis siTxe, rom misi donis Semci-
reba WurWlis ganier nawilSi SeiZleba ugulebelvyoT. agr-
eTve gaviTvaliswinoT, rom wnevaTa cvalebadoba ganisazRvr-
eba mxolod hidrostatikuli wneviT. Cven mivalT im daskvna-
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mde, rom aq bernulis gantolebas aqvs saxe: 𝜌𝜌𝜌𝜌ℎ = 𝜌𝜌𝑣𝑣2/2, said-
anac gamomdinareobs toriCelis formula siTxis gamodinebis 
siCqarisTvis mcire xvrelidan. 

2. ukumSveli siTxis wveTi feTqavs - forma periodulad 

პulsirebs. SeafaseT periodi. 
 SevecadoT am amocanas mivceT dasmuli amocanis saxe. 

gavarkvioT romel sidideebze iqneba damokidebuli zedapiris 
formis rxevis 𝑡𝑡 periodi. es fizikur alRos moiTxovs. sava-
raudod, aseT pulsacias simZmis Zala ar SeiZleba iwvevdes, 
amitom Tavisufal vardnis aCqareba SeiZleba ar miviRoT. fo-
rmis rxevisas icvleba zedapiris farTobi da ara moculoba, 
radgan siTxe ukumSvlia, e.i. icvleba zedapiruli daWimulo-
bis Zala (energia) da es gansazRvravs rxevis periods. garda 
amisa, rxevis periodi damokidebuli iqneba gvarobaze da zo-
maze. amitom mocemulad CavTvaloT wveTis radiusi 𝑟𝑟, simkvr-
ive ρ, xedapiruli daWimulobis koeficienti. CamovweroT arCe-

uli sidideebis erTeulebi  𝜎𝜎=n/m =kg/wm2 ; [𝑟𝑟]=m ; ρ=kg/m3 
maTgan iseTi kombinacia unda SevadginoT, rom erTeuli 

wami miviRoT, radgan [T]=wm. [𝜌𝜌
𝜎𝜎

 ]=wm2/m3 TanafardobiT kg Seikv-

eceba. Semdeg gavamravloT r3- ze da amoviRoT fesvi: ��𝜌𝜌𝑟𝑟3

𝜎𝜎
�=wm. 

amitom rxevis periodi iqnebaT 𝑇𝑇 = 𝑘𝑘�𝜌𝜌𝑟𝑟3

𝜎𝜎
. 

k ganyenebuli koeficientia, misi dadgena ganzomileba-
Ta mosazrebidan SeuZlebelia, saWiroa rxevis meqanizmis daz-
usteba da Sesatyvis diferencialuri gantolebis amoxsna. 

3. vipovoT sistemis sixiste, romelic Sedgeba ori para-
lelurad SeerTebuli zambarisgan.  

CavTvaloT, rom sistemis gaWimva xdeba gadaxris gareSe, 
maSin miviRebT:  

∆∆𝑙𝑙1 = ∆𝑙𝑙2 = ∆𝑙𝑙,  Zala 𝐹𝐹 = 𝑘𝑘∆𝑙𝑙 or Zalad nawildeba F𝐹𝐹1 =
𝐾𝐾∆𝑙𝑙1 da 𝐹𝐹2 = 𝐾𝐾∆𝑙𝑙2 radganac F=F1+F2    maSin k=k1+k2 

4. ra droSi daicleba savse abazana, Tu wyals gavuSvebT. 

nebismieri daclis t dro damokidebulia siTxis raode-

nobaze, e.i. abazanis gankveTis s farTobze, h simaRleze, (dav-
uSvaT, rom abazanas marTkuTxa paralelepipedis forma aqvs). 

ρ wylis simkvriveze. t damokidebulia S1 farTobze. wylis ga-
dineba simZimis ZaliT xdeba da amitom Tavisufali vardnis g 
aCqarebac unda gaviTvaliswinoT. amrigad, dasakavSirebelia 6 

sidide: S,h, 𝜌𝜌, S1  g  da t. 
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 sxvadasxva ganikveTSi drois erTeulSi gamavali ukumSv-
eli siTxis moculoba erTnairia. mocemuli simaRlisTvis ga-

dinebis dro proporciulia siTxis raodenobis, e.i. S farTo-
bis. bunebrivia, davuSvaT, rom siTxis siCqare naxvretSi ar 

aris dmokidebuli mis S1 farTobze, maSin t ukuproporciulia 

S1-is. SegviZlia davweroT t = 
𝑠𝑠
𝑠𝑠1
. miviReT ganyenebuli kombina-

cia. axla unda SevadinoT ρ, g da h sidideebisgan drois gan-

zomilebis mqone kombinacia. [�ℎ 
𝑔𝑔
]= wm. rogorc vxedavT, simk-

vrivis ganzomileba ar dagvWirda, e.i. sul miviReT 3 ganyene-
buli kombinacia: S/S1, h/gt2, 𝜌𝜌0. aqedan vakeTebT daskvnas, rom 
daclis dro ar aris damokidebuli simkvriveze. sabolood 

SegviZlia davweroT, t=k�ℎ
𝑔𝑔
⋅ 𝑠𝑠
𝑠𝑠1
. sadac  k ganyenebuli sididea. 

5. vipovoT simkvrivis gamosaxuleba sxeulisaTvis, rome-
lic aris nebismieri aTvlis inerciul sistemaSi. 

aTvlis sakuTar sistemaSi  𝜌𝜌0 = 𝑚𝑚0
𝑉𝑉0
, nebismier sxva siste-

maSi  𝜌𝜌 = 𝑚𝑚
𝑉𝑉

. masa 𝑚𝑚 = 𝑚𝑚0

�1−𝑣𝑣
2

𝑐𝑐2

,  moculoba 𝑉𝑉 = ∆𝑧𝑧 ⋅ 𝛥𝛥𝛥𝛥 ⋅ 𝛥𝛥𝛥𝛥 = ∆𝑧𝑧0 ⋅ ∆𝛥𝛥0 ⋅

∆𝛥𝛥0�1 − 𝑣𝑣2

𝑐𝑐2
= 𝑉𝑉0 ⋅ �1 − 𝑣𝑣2

𝑐𝑐2
  simkvrive:  𝜌𝜌 = 𝜌𝜌

1−𝑣𝑣
2

𝑐𝑐2

. 

radgan fizikis amocanis amoxsna patara gamokvlevas ems-
gavseba, aucilebelia amoxsnis damagvirgvinebeli etapi: Sede-
gebis ganxilva-analizi. saWiroa ganzomilebis Semowmeba, fiz-
ikuri sididis rigis Sefaseba, amoxsnis marTebulobis piro-
bebis dazusteba, zRvruli da kerZo SemTxvevebis ganxilva, 
amoxsnis sxva gzebTan Sedareba, damokidebulebis grafikuli 
warmodgena da sxva. 

unda gvaxsovdes, rom sistematuri muSaobis, erTsa da 
imave sakiTxTan ramdenjerme mibrunebis, wakiTxulis garCevisa 
da weris gareSe SeuZlebelia codnisa da unar-Cvevebis dauf-
leba da gaTviTcnobiereba, xarvezebis aRmofxvra, fizikis si-
Rrmiseuli wvdoma. 

skolaSi fizikis swavleba faqtobrivad mxolod dasmul 
amocanaTa safuZvelze xdeba. samomavlod dasasmel amocanaTa 
swavlebis meToduri sistemac unda damuSavdes da dmkvidrdes 
skolaSi. yvelafers rom Tavi davaneboT, adamiani yoveldRi-
ur cxovrebaSi uamrav dasasmel amocanas awydeba da swavleba, 
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romelic maT gverds uvlis, ver iqneba srulfasovani. tyuil-
ad ki ar amboben, rom amocanis koreqtulad dasma naxevari 
saqmis gakeTebas niSnavso.   
 
 gamoyenebuli literatura: 
1. xazaraZe T. fizikis amocanebis amoxsnis meTodika. Tb., Tsu, 

2003. 
2. maisuraZe n. moswavleebSi mecnierul enaze metyvelebis gan-

viTarebis optimizaciis Tanamedrove pedagogiuri teqnolo-
giebi (fizikis swavlebis magaliTze). Tb., universali, 2011. 

3. Беликов Б.С. Решение задач по физике. Общие методы.-М., Высшая 
школа, 1986.Наука, 1985. 

4. Гольдфарб Н.И. Сборник вопросов и задач по физике. М., Высшая шко-
ла,1975. 

5. Меледин Г.В. Физика в задачах. Наука, 1985. 
 

Nana Maisuradze, Nano Bakradze 
 

The Role of Set Tasks in Development of Physical Thinking 
 

Solving the task of physics is an active cognitive process. The task is 
solved on the basis of the laws of physics and the use of regularities.One of the 
most important classification of tasks are the set tasks and the tasks to be seated 
according to the conditions. The task is set, if under certain conditions of 
idealization, the known ones and those that need to search for physical values are 
clarified. In tasks to be seated it should be done by the solver itself. Solving the 
physical tasks is primarily a process of thinking, so it is at the base of thinking 
operations, methods. At school, the study of physics actually occurs only on the 
basis of set tasks. In the future, the methodological system for studying the tasks 
set should be finalized and introduced into schools. 
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varadebuli (geno) wurwumia, manuCar wurwumia,  
Tamar gogoxia 

 
lazeruli diagnostikis principebi,  

yvelaze tipuri magaliTebi 

 
holograma medicinis samsaxurSi. mocemul naSromSi moyvanili 

principi axali araa, magram gamoyenebis meTodi aSkarad novato-
rulia. israelis erT-erT msxvil kvleviT centrSi SemuSavebu-
lia meTodika, romelic saSualebas iZleva iseTi organos, rog-
oric gulia operaciis dros, 3D formatSi moxdes dakvirveba. 
rogorc eqimma elSanan bruk xaimerma axsena, „saoperacio are yo-
velTvis SezRudulia. aq ki Cven vxedavT nebismier anatomiur or-
ganos, mis kavSirebs sxva organoebTan. Cven vxedavT yvelafers 
rac xdeba, ufro metic, SegviZlia viwinaswarmetyveloT Tu ra 
moyveba Cvens moqmedebas. ase rom es meTodika SegviZlia gamoviye-
noT, rogorc trenaJorad, ise realuri operaciebis dros“. 

saWiro monacemebs kompiuteri iRbes an ultrabgeriTi ana-
liziT, an tomografiis daxmarebiT axdens mis translirebas. mo-
nacemTa Sedegad dgeba holograma. specialuri kompiuteruli 
programuli uzrunvelyofis Sedegad da proeqtoris meSveobiT 
xdeba misi proecireba, rogorc praqtikosi qirurgebi iZaxian, as-
eTi meTodika daexmareba maT Casatarebeli operaciis xarisxis 
gaumjobesebaSi. 

„saerTod qirurgebi moqmedeben ara marto miRebuli cod-
nisa da gamocdilebis bazaze, aramed intuiciiT da ai Cven gveZl-
eva saSualeba SevamowmoT Cveni intuicia da mixvedriloba“, - Se-
niSna profesorma-kardiologma einaT birkma. axali teqnologi-
is kidev erTi dadebiTi momenti: hologramis wasakiTxad araa sa-
Wiro specialuri optikuri mowyobiloba an saTvale. axali me-
Todika, aucilebeli gamocdis Semdeg farTod dainergeba klin-
ikur praqtikaSi. hologramis teqnika koreaSi Seiqmna. misgan mii-
Reba samganzomilebiani foto. isini iqmneba gareSe obieqtiviT. 
saintereso am meTodSi is aris, rom TiToeuli naWeri suraTs Se-
icavs. swored amitom, laTino amerikaSi uwodeben Hologram Thera-
py.  
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axsna, Tu ratom da rogor muSaobs holosistema, ar aris 
sakmarisad ganviTarebuli da naklebad savaraudoa, rom es SeiZ-
leba gakeTdes meridianebis meSveobiT, is aRwerilia kupunktu-
riT, Tumca es ukanaskneli ufro, misi analogi proeqtirebaa. do-
qtori rafael garsia Cakoni, varaudobs, rom Cven SeiZleba mivma-
rToT axal funqciur cnebebs energetikasTan dakavSirebiT. avt-
onomiuri nervuli sistema ras warmoadgens naTelia, misi uzar-
mazari Terapiuli efeqturobis ganviTarebisTvis Cven davisaxeT 
Semdegi amocanebi:  

zogadi demonstrireba, efeqturoba Terapiuli holoram-
is mxriv, pacientebSi darRvevebi, SOMA, hipertenzia da Tavis 
tkivili. 
specifika: 

1. kvlevis nimuSis asakis identificireba. 
2. avirCioT jgufebis mixedviT diagnozi. 
3. kvlevis SesaZlo gverdiTi reaqciebis gansazRvra. 

kvlevis meTodebi. sportuli medicinis centrSi, provincia Cie-
go de Avila, Sedga jgufebi, romelic Sedgeboda yvela pacientisg-
an, romlebic eswrebodnen konsultaciebs fizikuri, bunebrivi 
da tradiciuli medicinis meTodebiT. SeirCa 114 pacienti. nimu-
Sze: SOMA pirobebi, hipertenzia da Tavis tkivili. sruldeba 
TiToeuli pacientis safuZvliani Semowmeba diagnostikis mxriv 
da am gziT gamoiyeneba saTanado mkurnaloba. 

pacientebi unda akmayofilebdnen testis moTxovnebs. yve-
la informirebuli iyo zepirad da werilobiT misi sargeblis da 
SesaZlo riskebis miznebis Sesaswavlad, romelsac isini eqvemd-
ebarebian. garda amisa, ufleba hqondaT an nebayoflobiT mieRoT 
monawileoba an daetovebinaT kvleva. isini, vinc SeTanxmdnen, xe-
li moaweres informirebul Tanxmobis dokuments, aseve xeli mo-
aweres mTavar fails (CRF monacemebiT), romelic yvela pacients 
hqonda gamoyenebuli pirvel konsultaciaze, da kiTxvaze, yovel 
sxdomaze da Sefasebuli iyvnen bolos, mesame dRes mopyrobis 
Taobaze. 
mkurnaloba. hologramis teqnika Tavis mxriv, mkurnalobis mim-
arT TiToeul pacients moicavs. rac imas niSnavs, rom „xeliT“ ga-
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moiyeneba, ZiriTadad imitom, rom es aris yvelaze advilad warm-
odgena adamianis sxeulis ambulatoriuli teqnikiT. es aris zu-
stad erT-erTi meTodi, mtkivneul adgilze mdebare teritori-
aze Sesabamisi xeliT mkurnaloba ramdenime wuTis ganmavlobaSi. 
manevrebi (serbilebis, dispersiuli da harmonizaciis) da enis 
energia. 

 
 

matonizirebuli. es aris sasargeblo daRlilobis dros. manev-
ri Sedgeba strike swrafad SerCeuli wertili moZraobs saaTis is-
ris mimarTulebiT. es manevri xdeba, rodesac Cven energiis defi-
citi gvaqvs. magaliad, rodesac Tqven daaWireT Rrmad da pacien-
ti grZnobs reliefs (mdidari tkivili). 
dispersiuli sedaciis. igi gamoiyeneba tkivilis da nervuli 
SfoTvis, kunTebis da arteriuli wnevis, winaaRmdeg. es unda iyos 
gamoyenebuli, rodesac arsebobs Warbi energia. magaliTi: im te-
ritoriaze unda moeqcnen sadac aris tkivili mwvave zedapirze. 
harmonizaciis. igi SeiZleba gamoyenebul iqnas nebismier situa-
ciaSi, radgan aregulirebs energias, rogorc saWiroa organizm-
is mier. es teqnika, diagnostikuri da Terapiuli SeiZleba gamoy-
enebul iqnas, rogorc monoTerapiis saxiT an mivaniWoT mas sxva 
teqnikis tradiciuli medicinis, rogorc winagulis akupunk-
tura, magnituri Terapia, piramidis energia, homeopaTia da a.S. 
diagnostikuri kriteriumebi. 

• hipertenziis mqone pacientebSi, SOMA pirobebi da 
Tavis tkivili. 

CarTvlis kriteriumebi. 
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• pacientebi, romlebic movidnen fizioTerapiisTvis 
da MN da T  Sexvedra sadiagnostiko kriteriumebiT 
aris aRniSnuli. 

gamoricxvis kriteriumebi. 
• orsuloba 
• pacientebi, romelTa kanic dazianebulia 
• fsiqiatriuli darRvevebi 
• kriteriumebi 

mkurnalobis warumatebloba. 
• mkurnalobis dawyebis Semdeg pacientis simptomebi 

da niSnebi mZafrdeba 
kriteriumebi da procedurebi.  

• pacientebi, romlebic iTxoven nebayoflobiT da-
tovebas 

• mudmivi uaryofiTi reaqcia 
• movlenebi nebismieri gamoricxvis kriteriumebiT 

aRniSnuli 
arasasurveli reaqciebi. 

• SevafasoT nebismieri gverdiTi reaqcia, romelic 
SeiZleba warmoiSvas 

mosalodneli uaryofiTi reaqcia kriteriumi. 
• sinaTlis intensivobis reaqcia, romelic gadaitana 

pacientma da ar saWiroebs simptomur mkurnalobas 
zomieri uaryofiTi reqcia kriteriumi. 

• reaqcia, rodesac pacients aqvs diskomforti 
kriteriumebi mZime gverdiTi reaqcia. 

• reqcia, rodesac pacienti eZebs samedicino daxmar-
ebas, maSin roca safrTxes uqmnis sistemis funqcio-
nirebas dazaralebuli. 

kmayofilebis mosaklavad pacientis azri kvlevis Sefasebisas 
Semdegnairia: 

• dakmayofilda: pacienti acxadebs, rom mkurnaloba 
Zalian kargad Catarda, mkurnalobis Semdeg Tavs 
kargad grZnobs. 
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• ukmayofiloa: pacienti ver grZnobs Tavs kargad, es 
mkurnaloba advili ar iyo misTvis, saukeTeso Sed-
egi ver miiRo 

• koleqcia da marTvis monacemebi 
modelebi gamoiyeneba Seiswavlos: 

• informirebuli Tanxmoba 
• CRF monacemebi 

 
gamoyenebuli literatura: 
1. http://es.wikipedia.org 
2. http://www.sallyweber.com/descent.htm 
3. jonaTansoni Hologram koleqcia 
4. http://www.efdeportes.com 
 
 

Varadebul (Geno) Tsurtsumia, Manuchar Tsurtsumia, 
Tamar Gogochia 

 
Principles of Lazear Diagnostics. The Most  

Typical Examples  
 

The principle in this work is not new, but the method of application is 
obviously innovative. In Israel's one of the largest research centers, the method-
ology has been developed to allow such a body as it is in the 3D format to monitor 
the operation. According to Dr. Elshanan Brück Khammer, "The operating area 
is always limited. Here we see any anatomical body, its connections with other 
organs. We see everything that happens, moreover, we can predict what will 
happen to us. So this method can be used as a gym and real operation". 
 

http://es.wikipedia.org/
http://www.sallyweber.com/descent.htm
http://www.efdeportes.com/
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izolda gabisonia, nato Toloraia 
 

Ggeomagnituri velis variaciebis bioefeqturobis 
 sakiTxisaTvis 

             
cnobilia, rom sazogadoebisgan sakuTrebul interess 

iwvevs mzis aqtivobasTan dakavSirebuli bunebrivi fizikuri 
movlenebi, romelTa Sorisac erTerTi mniSvnelovania geoma-

gnituri velis cvlilebebi [1]. magnituri velebis, maT Soris 
geomagnituri velis, cocxal organizmebze moqmedebis meqani-
zmi jer kidev bolomde ar aris dadgenili. amitom kiTxva: 
ranairad moqmedebs geomagnituri veli adamianis janmrTelo-
baze? dRes iseve aqtualuria, rogorc, es iyo saukunis gari-
JraJze, rodesac rusma mecnierma aleqsandre CiJevskim pirve-

lma miaqcia yuradReba am problemas [2]. 
dedamiwis birTvSi mimdinare radiaciuli daSlis proc-

esTan erTad, Cvens planetaze yvela fizikuri Tu bioqimiuri 
procesis mizezia mze. mzis zemoqmedebas cocxal organizmeb-
ze ganapirobebs misi aqtivoba, romlis mTavari maxasiaTebelia 
radiaciuli gamosxivebis speqtri. Mmzis aqtivobis biosfero-
ze zemoqmedebis problemis ganxilvisas mxedvelobaSi unda 
miviRoT, rom adamianis evolucia moxda bunebrivi eleqtru-
li, magnituri da gravitaciuli velebis fonze.Mis formireb-
aSi maRali sixSiris talRebis garda monawileoben agreTve 
dabali sixSiris eleqtromagnituri talRebic. swored es ta-
lRebi vlindebian geomagnituri velis mravalferovan cvli-
lebebSi, romelTa warmoqmna dakavSirebulia dedamiwis magni-
tosferos sxvadasxva Sida struqturebSi mimdinare sxvadasx-
va sivrculi da droiTi masStabebis mqone procesebTan. 

magnitosferuli, ionosferuli da troposferuli wya-
roebis garda zRvis garemoc SeiZleba iyos bunebrivi eleqt-
romagnituri talRebis generaciis are. bioefeqturobis prob-
lemebTan dakavSirebiT garkveuli yuradReba eTmoba agreTve 
teqnogernur velebs, romelTa wyaroebi dakavSirebulia ada-
mianis samrewvelo saqmianobasTan da SeiZleba mravalferova-
ni iyos. magaliTad: rkinigzis eleqtroficirebuli xazebi, 
kavSirgabmulobis kabelebi an mobiluri kavSiris mowyobilo-
bebi. ase rom, erTiani biosferuli eleqtromagnituri veli 
warmoadgens sxvadasxva warmoSobis velebis superpozicias: 

1. dedamiwis eleqtromagnituri veli, aRZruli troposfe-
roSi, ionosferosa da atmosferoSi mimdinare proces-
ebis Sedegad; 
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2. eleqtromagnituri velebi, romelTa generaciac gamow-
veulia dedamiwis magnitur velSi eleqtrogamtari 
zRvis (okeanis) wylis gadaadgilebis Sedegad (e.w. mag-
nitohidrodinamikuri xmauri); 

3. industriuli warmoSobis eleqtromagnituri velebi. 
amrigad, kacobrioba cocxlobs da viTardeba uwyveti 

eleqtromagnituri zemoqmedebis pirobebSi. magram, biosfer-
ul radiaciul fons axasiaTebs arsebiTi cvlilebani mzis 
aqtivobaze damokidebuli bunebrivi eleqtruli da  magnitu-
ri velebis zegavleniT. kerZod, es niSnavs, rom geomagnituri 
velis gamoricxva umniSvnelovanesi bunebrivi faqtorebis ri-
gidan dauSvebelia. unda avRniSnoT, rom biologiur obieqte-
bze mniSvnelovan zemoqmedebas axdenen agreTve uwyvetad moq-
medi sxva geofizikuri faqtorebic: garemos temperatura, hae-
risa da wylis qimiuri Semadgenloba, atmosferuli  wneva da 
tenianoba.Aam geofizikuri faqtorebis gavlena adamianis org-
anizmze sakmaod kargad aris Seswavlili. 

geomagnitur vels axasiaTebs sxvadasxva xangrZlivobis 
mqone regularuli da iregularuli cvlilebebi, e.w. spont-
anuri SeSfoTebebi. es SeSfoTebebi ganpirobebulia rogorc 
mzis aqtivobiT da sxva kosmosuri faqtorebiT, aseve dedami-
wis magnituri faris, magnitosferos struqturuli Tavisebu-
rebebiT. mzis sistemis planetebis mxolod nawils gaaCnia sa-
kuTari magnituri veli, romlis arsebobac gadamwyveti aRmo-
Cnda dedamiwaze organuli samyaros ganviTarebisaTvis. geoma-
gnituri veli or polusiania, anu dipoluri, xolo misi int-
ensivoba gacilebiT ufro sustia, vidre, magaliTad, mzis an 
iupiteris magnituri velebis. Mmagram, geomagnituri velis si-
dide sakmarisi aRmoCnda mzis moWarbebuli radiaciuli gamo-
sxivebisagan cocxali samyaros ekranirebisaTvis. dedamiwis 
magnituri velis daZabuloba 0,5 gausia, magram miRebulia da-
Zabulobis veqtoris mdgenelebis Sefaseba erTi measiaTasedi 
gausis, e.w. gamas saSualebiT, romelic sididiT erTeulTa 
saerTaSoriso sistemaSi emTxveva nano teslas (ntl). is, rom 
dedamiwis magnituri veli dipoluri struqturisaa, mecniere-
bisaTvis  cnobili iyo me-19 saukunis  dasawyisidan,   rodesac 
karl gausma Camoayaliba geomganituri velis maTematikuri 
TeoriaMmagram, dedamiwis magnituri velis dipoluri struq-
tura realobaSi damaxinjebuli aRmoCnda mzis qaris, anu misi 
qromosferodan gamofrqveuli metad gaiSviaTebuli plazmuri 
nakadis, arsebobis gamo. saplanetaTaSoriso sivrceSi mzis 
qari rom ar vrceldebodes, dedamiwis magnituri velis stru-
qtura marTlac dipoluri iqneboda, anu simetriuli mTavari, 
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ekvatoriuli da meridionaluri, kveTebis mimarT. kosmosurma 
eqsperimentebma ki aCvenes, rom dipoluri struqtura damaxas-
iaTebelia mxolod magnitosferos Sida areebisaTvis, xolo 
mTlianobaSi mas xoWos msgavsi forma gaaCnia, romlis Tavi 
mzisken aris mimarTuli, xolo kudi, anu Ramis mxare, mzis 
sawinaaRmdegod. 

amrigad, geomagnituri dipoli sivrceSi SezRuduli aR-
moCnda, Tumca magnitosferos zomebi, dedamiwasTan SedarebiT 
mainc giganturia. magaliTad, misi dRis mxaris sazRvris xaz-
ovani masStabi daaxloebiT dedamiwis 15 radiusia, anu asi 
aTasi km, xolo Ramis  mxarisa - erTi milioni km. magnitosf-
eros rTuli struqturuli agebuleba aqvs, radganac Sesdgeba 
sxvadasxva fizikuri maxasiaTeblebis mqone ramodenime Sris-
agan. dedamiwis uaxloesi kosmosuri Srea neitraluri atmos-
fero, romlis Semdeg mdebareobs ionosfero, anu dedamiwis 
mTavari eleqtronuli garsi. ionosferos zemoT ganlagebu-
lia plazmosfero, romelic warmoadgens magnitosferos Zir-
iTad plazmur rezervuars. amSreebis garda, magnitosferos 
gaaCnia agreTve ramdenime radiaciuli sartyeli, sxvadasxva 
sasazRvro fenebi da e.w. neitraluri feni magnitosferos ku-
dSi. amrigad, dedamiwis magnitosfero struqturulad metad 
araerTgvarovania. Aamitom, is metad mgrZnobiarea mzeze mimd-
inare procesebis mimarT da mkveTrad reagirebs mzis qaris 
parametrebis nebismier cvlilebaze. 

miRebulia, rom dedamiwis magnituri veli warmoadgens 
cvladi da mudmivi mdgenelebis jams, romelTaganac pirveli 
ganisazRvreba kosmosuri faqtorebiT, xolo meore, SedarebiT 
myari da droSi naklebad cvladi, dedamiwis siRrmuli ageb-
ulebiT. pirveli mdgenelis cvlilebebTan arian dakavSireb-
uli Zlieri SeSfoTebebi, globaluri geomagnituri qariSx-
lebi, agreTve SedarebiT ufro naklebi intensivobis mqone, 
geomagnituri velis regularuli da iregularuli variacie-
bi. am ukanasknelebs ewodebaT geomagnituri variaciebi da pu-

lsaciebi [3]. ukanasknel dromde medikosTa Soris gavrcele-
buli iyo mosazreba, rom dedamiwis magnituri velis cvlil-
ebebis mravalricxovan saxeobaTa Soris mxolod globalur, 
anu msoflio magnitur qariSxlebs, gaaCniaT SesamCnevi biol-
ogiuri efeqti. aseTi Sexeduleba aSkarad determinirebulia 
da, rogorc sCans, gamowveulia magnitosferoSi mimdinare  
procesebis fizikuri arsis gauTviTcnobiereblobiT. Aswored 
amitom da radganac globaluri magnituri qariSxlebi, pul-
saciebisa da variaciebis msgavsad, dedamiwaze mzis aqtivobis 
cvlilebis gamovlinebis konkretuli formebia, sasargebloa 
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mokled ganvixiloT am gansxvavebuli movlenebis fizikuri 
arsi. 

rogorc avRniSneT, geomagnituri veli Sedgeba mudmivi 
da cvladi mdgenelebisagan. aseTi dayofa, garkveulad, piro-
biTia, radganac pirvel mdgenelsac (e.w. mTavari geomagnituri 
veli) axasiaTebs cvlilebebi. kerZod, cnobilia gansakuTreb-
iT grZelperiodiani, e.w. saukuneobrivi variaciebi, romelTa 
amplitudebi SeiZleba 100ntl rigis iyos. geomganituri velis 
cvladi mdgeneli ganicdis gacilebiT ufro swraf cvlile-
bebs, romelTa amplitudebi Cveulebriv 0,1-10ntl diapazonSia, 
xolo periodi SeiZleba iyos wamis nawilebidan dRe-Ramemde. 
es fluqtuaciebi SeiZleba iyos rogorc regularuli, aseve 
iregularuli, anu spontanuri xasiaTis. regularuli fluqt-
uaciebis, anu rogorc maT meorenairad uwodeben, geomganitu-
ri variaciebis, arseboba dakavSirebulia mzis gamosxivebis 
ultraiisferi nawilis zemoqmedebasTan dedamiwis radiaci-
ul sartylebze da ionosferoze. am struqturebis parametr-
ebs axasiaTebT gansakuTrebiT SesamCnevi dRe-Ramuri cvlile-
bani, romlebic Tavis mxriv iwveven geomganitur variaciebs. 
maT axasiaTebT damokidebuleba ganedis koordinatebze, rac 
gamoixateba rxevebis fazur wanacvlebebSi da amplitudis ma-
xasiaTebeli mniSvnelobis ganedur cvlilebebSi. variaciebis 
dReRamuri amplitudebis mniSvnelobaTa sxvaobam saSualo da 
dabal ganedebze, magaliTad, saqarTveloSi, geomagnituri ve-
lis horizontaluri komponentisaTvis SeiZleba Seadginos 40-
50ntl. dadgenilia, rom dReRamuri geomganituri variaciebi 
ganicdian agreTve sezonur da wliur cvlilebebsac mzis aq-
tivobis mokleperiodian ciklSi, romlis xangrZlivoba  daa-
xloebiT 11 weliwadia. dReRamur variaciebze  SeiZleba  mo-
xdes geomagnituri velis sxvadasxva fluqtuaciebis zeddeba, 
romelTa gamoricxvac, Cveulebriv, advilad xerxdeba. Cveule-
briv, geomagnituri velis aseTi SeSfoTebebi lokalur xasi-
aTs atareben da periodulad daimzirebian gansazRvrul gan-
edur seqtorebSi. ase vlindebian  magaliTad: subqariSxlebi 
maRal ganedebze da polarul areebSi, an gacilebiT ufro 
intensiuri maRalganedovani lokaluri qariSxlebi.  

subqariSxlebTan SedarebiT iSviaTad daimzirebian  ge-
omganituri velis sayovelTao, gansakuTrebiT intensiuri Se-
SfoTebebi, globaluri geomganituri qariSxlebi. arsebuli 
klasifikaciis mixedviT ganasxvaveben geomagnitur qariSxl-
ebs uecari da TandaTanobiTi sawyisiT. pirveli tipis magni-
turi qariSxalis SemTxvevaSi geomagnituri velis daZabulo-
bis yvela mdgenelSi adgili aqvs amplitudis uecar naxtoms, 
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rac msoflios yvela magnitur sadgurSi erTdroulad aRin-
iSneba. sxvadasxva qariSxalisaTvis naxtomis sidide ramoden-
ime aTeuli ntl-idan asobiT ntl-mde icvleba. globaluri 
geomagnituri qariSxlebi Seicaven ganviTarebis ramodenime 
fazas. rogorc avRniSneT, sawyisi faza gamoxatulia mxolod 
uecari sawyisis mqone qariSxlebisaTvis. Cveulebriv, es faza 
grZeldeba 1-2 saaTs. mTavari faza, romelic gaaCnia yvela 
qariSxals, Cveulebriv grZeldeba 3-12 saaTs  da xasiaTdeba 
magnituri velis daZabulobis depresiiT, romlis amplituda 
dabal ganedebze SedarebiT mcirea da maRal ganedebze ramo-
denime aseul ntl-s aRwevs. qariSxlis mesame, aRdgeniT faza-
Si, magnituri veli mdovred ubrundeba maxasiaTebel fonur 
mniSvnelobas.  

globaluri geomganituri qariSxlebis ganmeoradoba 
droSi SemTxveviTi xasiaTisaa, radganac maTi generaciis six-
Sire dakavSirebulia mzis aqtivobis stoqastikur cvlilebe-
bTan. mzis aqtivobis ciklis dasawyisisaTvis wlis ganmavlo-
baSi damaxasiaTebelia SedarebiT naklebi raodenobis magnit-
uri qariSxali. gazrdili aqtivobis periodSi qariSxlebis 
ricxvi weliwadSi 50 aRwevs. magnituri qariSxlebis raoden-
obaze moqmedebs agreTve sezonuri faqtori. kerZod, maTi ri-
cxvi izrdeba dRe-Ram tolobis periodebSi. aseve, geomagnit-
ur qariSxlebs axasiaTebs agreTve 27-dRiani cikliT ganmeor-
adoba, rac dakavSirebulia  mzis brunvasTan sakuTari RerZis 
irgvliv. 

dedamiwis magnituri velis periodul  variaciebs sixS-
ireTa diapazonSi erTi meaTasedidan aT hercamde geomagnitu-
ri pulsaciebi ewodebaT. amrigad, bunebrivi eleqtromagnitu-
ri gamosxivebis speqtrSi geomaganitur pulsaciebs yvelaze 
dabali sixSireebi SeesabamebaT. geomagnituri pulsaciebis am-
plitudebi damokidebulia maT sixSireze da geomagnitur gan-
edze. avroralur (polarul) areebSi yvelaze grZelperiodi-
ani rxevebis, anu giganturi pulsaciebis, amplituda dedamiw-
aze an okeanis zedapirze aRwevs 100ntl-s. maTgan gansxvavebiT, 
ekvatorul areebSi damzerili yvelaze mokleperiodiani pul-
saciebis amplitudebi xSirad ntl-is wilebis rigisa. 

amrigad, geomagnituri pulsaciebis sixSireTa diapazo-
ni sakmaod mravalferovani da diskretulia, ris gamoc mis 
SigniT cxadad gamoiyofa ramodenime maxasiaTebeli  sixSire. 
dReisaTvis cnobilia geomagnituri pulsaciebis 9 ZiriTadi 
tipi, romelTac gaaCniaT sxvadsxva lokaluri saxesxvaobic. 
pulsaciaTa ZiriTadi tipebia Pc1-6  da Pi1-3 pulsaciebi, rome-
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lTac gaaCniaT kvazisinusoidaluri formebi. pirvel tips ax-
asiaTebs SedarebiT stabiluri, droSi xangrZlivi arsebobis 
reJimi, ris gamoc aq gaerTianebuli pulsaciebi iTvlebian 
mdgrad pulsaciebad.Pmeore tipis, anu iregularuli, pulsa-
ciebi geomagnituri velis CanawerebSi, rogorc wesi, warmoa-
dgenen rxevaTa mokle cugebs, an magnitur xmaurs. 

regularuli pulsaciebisaTvis damaxasiaTebelia mkve-
Tri speqtraluri maqsimumi ZiriTadi, anu maxasiaTebeli, six-
Sireebis maxloblobaSi, maSin, roca iregularul pulsaciebs 
gaaCniaT regularulebTan SedarebiT ufro farTo, mdovre 
sixSiruli speqtri. mdgradi Pc3-6 da iregularuli PPi2-3 pu-
lsaciebi gaerTianebulia grZelperiodian geomagnitur puls-
aciaTa jgufSi, xoloP Pc1,2 da Pi2 warmoadgenen mokleperio-
dian pulsaciebs. yvela geomagnituri pulsacia dedamiwis 
magnituri velis konkretuli tipis SeSfoTebis gamovlinebaa 
da warmoadgens dedamiwis magnituri garsis Semadgeneli 
struqturebis fizikuri mdgomareobis cvlilebis cxad indi-
kators. kerZod, pulsaciebi Cveulebriv Tan axlaven globa-
lur geomagnitur qariSxlebs, xolo maRal ganedebze-subqar-
iSxlebsac. Aam ukanasknelebis Tanmdevi pulsaciebi saSualo 
da dabal ganedebze SedarebiT iSviaTad daimzirebian. saSua-
lo ganedebze gansakuTrebuli interesis sagans warmoadgens 
mdgradi tipis geomagnituri pulsaciebis dinamika. es pulsa-
ciebi gansakuTrebiT mniSvnelovania geomagnituri qariSxle-
bis periodebSi. dadgenilia,  rom  TiToeuli  tipis  mdgrad  
geomagnitur pulsacias Seesabameba konkretuli magnitosfer-
uli struqtura, rogorc misi generaciis are. saqarTvelos 
ganedur zolSi wynar pirobebSi yvelaze ufro xSirad 
daimzireba Pc3 pulsacia, gansakuTrebiT lokaluri SuadRis 

maxloblobaSi, maxasiaTebeli periodebiT 15+30 wm. [3]. 
xSirad popularul gamocemebSi avadmyof adamianebze 

geomagnituri qariSxlebis zemoqmedebas aigiveben  mzis rentg-
enuli gamosxivebis mkveTri zrdis efeqtTan qromosferuli 
aalebebis dros. aseT SemTxvevebSi mzis rentgenuli gamosxi-
vebis intensivoba izrdeba geomagnitur qariSxlamde 2-3 dRiT 
adre. rentgenis sxivebi vrceldeba sinaTlis sxivis siCqariT 
(samasi aTasi km/wm), maSin, roca mzis qaris maxasiaTebeli siC-
qarea wamSi samasidan aTas km-mde. Aamitom, mzeze aalebis Sem-
deg rentegnis sxivebi daaxloebiT rva wuTSi moaRweven deda-
miwas, xolo mzis qaris plazma – 2-3 dRis Semdeg. marTlac, 
calkeuli statistikuri monacemebi adastureben, rom magnit-
uri qariSxlebis win, anu aalebis Tanadroulad, xSirad 
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xdeba avadmyofebis mdgomareobis gauareseba. magram, es mona-
cemebi moiTxoven guldasmiT gamowmebas, rac arc ise ioli 
amocanaa, radganac dakavSirebulia mravalwlian dakvirvebe-

bTan avadmyofTa did jgufebze [2].  
roca vixilavT adamianis sasicocxlo riTmebis, magal-

iTad, gulis sakuTari sixSireebisa da mokleperiodiani geo-
magnituri pulsaciebis Tanxvdenis SesaZlo Sedegebs,  gavix-
senoT meqanikidan kargad cnobili rezonansis movlena, rome-
lic, erTis SexedviT, TiTqos metad myari konstruqciebis da-
ngrevas iwvevs. analogiuri ram SeiZleba moxdes cocxal or-
ganizmSic geomagnituri pulsaciebis zegavleniT. Tu adamiani 
janmrTelia, misi guli advilad itans gazrdil datvirTvas, 
rasac iwvevs geomagnituri pulsaciebisa da gulis sakuTari 
sixSireebis Tanxvedra. Tu guli daavadebulia, rezonansis 
Sedegad SesaZlebelia krizisuli movlenebis ganviTareba,  

rac xSirad SeiZleba letaluri SedegiTac damTavrdes [4]. 
magram, ar aris gamoricxuli, rom, uaryofiT efeqtebTan er-
Tad, geomagnitur pulsaciebs dadebiTi zemoqmedebac  hqondeT 
cocxal organizmebze. aseTi hipoTeza gamoTqva gasuli sauk-
unis 80-ian wlebSi rusma mecnierma mixeil savinma. misi azriT, 
geomagnituri pulsaciebi xels uwyoben adamianis gonebrivi 
potencialis zrdas, rac gansakuTrebiT SesamCnevi unda iyos 
bunebrivi niWiT dajildoebul individebSi. am hipoTezis mi-
xedviT niWieri adamiani qvecnobierad gansakuTrebiT mgrZno-
biarea Pc1-3 geomagnituri pulsaciebis mimarT, romlebis mas 
SemoqmedebiT stimuls aZleven. ismis kiTxva: rogor unda mo-
xdes pulsaciebis jer asaxva, xolo Semdeg maTi gamovlena 
xelovanis an mecnieris nawarmoebSi? mosalodnelia, rom pu-
lsaciebis moqmedebis Sedegi sxvadasxvanairad aisaxeba, maga-
liTad: mwerlis, momRerlis, qimikosis, mxatvaris an musiko-
sis SemoqmedebaSi. am TvalsazrisiT gansakuTrebiT saintere-
soa  musikis, kerZod klasikuri musikis, fenomeni. cnobilia, 
rom uxsovari droidan mravali qveynis eqimebi iyenebdnen 
musikas, rogorc efeqtur samkurnalo saSualebas. raTa aexsna 
es fenomeni, savinma mimarTa kompozitorebis Semoqmedebas, ra-
dganac musikaluri nawarmoebis struqtura, naxatisagan an 
romanisagan gansxvavebiT, kargad emorCileba speqtraluri an-
alizis maTematikur meTodebs. Aam mizniT savinma Caatara Cai-
kovskis ramodenime  nawarmoebis analizi swrafi furie-gard-
aqmnis meTodiT. aRmoCnda, rom am Seswavlili nawarmoebebis 
mniSvnelovani nawilis maxasiaTebeli sixSireebi Tanxvdebian 
mokleperiodiani geomagnituri pulsaciebis maxasiaTebel si-
xSireebs, rac SesaZlo rezonansul efeqtze miuTiTebs. am 
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mxriv gasaocari yofila Caikovskis meeqvse simfonia, romelic 
faqtiurad agebulia Pc3 pulsaciis maxasiaTebeli sixSireTa 
speqtrze. cnobilia, rom es pulsacia miekuTvneba saSualo 
ganedebze yvelaze ufro gavrcelebuli geomagnituri rxeve-

bis tips [3,5]. rogori SeiZleba iyos am movlenis gamomwvevi 
meqanizmi? biofizikosebma karga xania daadgines, rom bgeriTi 
signalebi nervul qsovilSi gardaiqmnebian  identuri  sixS-
iris mqone eleqtromagnitur signalebad im SemTxvevaSi, Tu 
bgeriTi signalis sixSire daemTxveva organizmis romelime 
sakuTar sixSires. anu, rezonansis pirobebSi mosalodnelia 
organizmis SigniT ganviTardes maqsimaluri bio-eleqtromag-
nituri efeqti, rogorc reaqcia garedan miRebul bgeriT gam-
aRizianebelze. rogorc avRniSneT, ar aris gamoricxuli, rom 
adamianis bioriTmebi Camoyalibdnen geomagnituri pulsaci-
ebis gavleniT, radganac cocxali organizmebi ganviTardnen 
bunebrivi eleqtromagnituri velebis fonze. savinis sqemis mi-
xedviT musikaluri nawarmoebis adamianze zemoqmedebis xari-
sxi unda dakavSirebuli iyos kosmosur gamaRizianebelTan 
(gromagnitur pulsaciasTan) musikaluri nawarmoebis harmon-
iuli wyobis kavSirTan.Aam sqemiT gamorCeuli niWiT dajild-
oebuli kompozitori qvecnobierad aRiTqvavs kosmosur riT-
mebs geomagnituri pulsaciebis saSualebiT, rac masSi Semoq-
medebiT impulss iwvevs. radganac es sixSireebi aseve rezona-
nsulia msmenelebisaTvis, maTi absoluturi umravlesoba am 
nawarmoebis mosmenis dros musikas bunebrivad iTvisebs, ris 
gamoc aseTi nawarmoebi misaRebia farTo msmenelisaTvis. Aase 
ar moxdeba, Tu nawarmoebi agebulia xelovnuri harmoniebze, 
romlic naklebad an sul ar  Seicavs bunebriv sixSireebs. 
magaliTad gamodgeba meoce saukunis udidesi kompozitoris 
alfred Snitkes musika, romelic urTules xelovnur harmo-
niebs agebda da gasagebi iyo mxolod specialistebisaTvis, 
Cveulebrivi msmenelisaTvis ki faqtiurad gaugebari. 

zemoT moyvanili magaliTidan sCans, rom dedamiwis ma-
gnituri velis gavlenis Seswavlas cocxal organizmebze fu-
ndamentaluri mniSvneloba SeiZleba mieniWos. warmovidginoT,  
rom SesaZlebeli iyos adamianis testireba magnituri pulsa-
ciebis saSualebiT, raTa Seucdomlad ganvsazRvroT saqmian-
obis is sfero, romelSic  esa Tu is individi Tavisi unaris 
maqsimalur realizacias SesZlebs. aseTi perspeqtiva marTl-
ac iarsebebs, Tu calsaxad axsnili iqneba geomagnituri veli-
sa da misi variaciebis adamianze moqmedebis  meqanizmi.   

dasasruls, gvinda avRniSnoT, rom geomagnituri velis 
cvlilebebi magnituri qariSxlebis dros SeiZleba arc iyos 
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janmrTelobis gauaresebis mizezi. Cveni es mosazreba garkve-
ulwilad dasturdeba cnobili Savi zRvispireTis kurortis 
urekis fenomeniT. 

medikosTa wreebSi udavod aris miCneuli, rom urekis  
qviSis pliaJebi gansakuTrebuli magnituri TvisebebiT xasiaT-
debian. iTvleba, rom aq samkurnalo efeqtis mTavari mizezia 
swored "magnituri" qviSebi, romlebic saswaul moqmedebas ax-
denen Zval-saxsarTa daavadebis mqone avadmyofebze, gansakuT-
rebiT bavSvebze. magram, urekis teritoriaze “magnitur” qviS-
ebTan erTad arsebobs agreTve Zlieri lokaluri geomagnit-
uri anomalia. Aam anomalias, romelic ganTavsebulia zRvisp-
ira pliaJze mdinare sufsis SesarTavis maxloblad, axasiaT-
ebs geomagnituri velis niSancvladi gradientebi. maTi  sidi-
de, gansazRvruli minimaluri xazovani bijiT (5 metri) ara 
Tu Tanazomadia, aramed xSirad aRemateba kidec saSualo ga-
nedebze magnituri qariSxlebis dros dafiqsirebuli magnit-

uri variaciebis mniSvnelobebs [6].  bunebrivia, ismis kiTxva: 
Tu ki urekSi magnituri qariSxalis maxasiaTebeli geomagnit-
uri fonia, ranairad xdeba, rom es adgili aRiarebulia, ro-
gorc gansakuTrebuli samkurnalo Tvisebebis mqone? `magnit-
uri” qviSebis roli am faqtSi SeiZleba arc Tu gadamwyveti 
iyos, radganac saqarTvelos mTel sanapiro zolSi gavrcel-
ebuli qviSebis magnituri Tvisebebi praqtikulad erTnairia, 
rac jer kidev gasuli saukunis 30-ian wlebSi daadgina cnob-

ilma geofizikosma mixeil nodiam [7].Aamitom, ar aris gamori-
cxuli, rom swored urekis lokaluri geomagnituri anomalia 
TamaSobdes garkveuli biostimulatoris rols, aqaur qviSe-
bTan da gansakuTrebiT sufTa, ionizirebul haerTan erTad. 
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Izolda Gabisonia. Nato Toloraia 
 

On the Issues of Bio-effectiveness of Geomagnetic  
Field Variations 

 
Variation of geomagnetic field is one of the significant natural physical 

phenomena concerning the Sun activity. The influence mechanism of the ambig-
uous. Thus, in spite of numerous researches carried out, the answer on the quest-
ion “How does the magnetic field influence the human health?” is still actual. For 
example, the probable biological results of the coincidence of self-generated fre-
quency of the human heart and short term geomagnetic pulsations are to be cons-
idered within the context of this problem. In particular, a healthy human individ-
ual can easily adapt the resonance within the organism, influenced by geomagn-
etic pulsation. If the individual’s heart is not healthy enough it may have some 
lethal development. Therewith, short term geomagnetic field variation (pulsation) 
may have positive influence on living organisms. This theory belongs to Mikhail 
Savin – a Russian scientist of the 80-ies of the twentieth century. In his opinion, 
geomagnetic pulsations stimulate the increase of mental potential that must be 
especially noticeable in naturally gifted individuals. According to this hypothesis 
a gifted person is subconsciously sensitive to Pc1-3 geomagnetic pulsations that 
stimulate him/her to act creatively. Concerning this issue we would like to note 
that like this one, some other geomagnetic field variations during a magnetic 
storm might not undoubtedly be the reason for aggravation of human health. This 
idea of ours is in some way confirmed by the phenomenon of Ureki – a Georgian 
Black Sea-side resort. A strong local geomagnetic anomaly together with “ma-
gnetic” sand is observed here. This anomaly is characterized by sign-changeable 
gradients of the geomagnetic field. Their characteristic value defined in minimal 
linear range (5 meters) is commensurable and in some cases exceeds geomagnetic 
field variations during magnetic storms on middle latitudes. Naturally, a question 
arises: if there is a geomagnetic background characteristic for typical magnetic 
storms in Ureki, then how has it happened that this area has been accepted as a 
resort with healing properties? The role of the “magnetic” sand might not be very 
essential for this phenomenon. It is quite possible that the local geomagnetic an-
omaly acts as a certain bio-stimulator together with the “magnetic” sand and es-
pecially the pure, ionized air. 
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Sorena Saria 
 

mitoqondriul genomSi mutaciebiT gamowveuli 
paTologiebi 

  
memkvidruli daavadebebis udidesi umravlesoba ganpi-

robebulia mitoqondriaSi gamovlenili struqturuli da 

funqciuri darRvevebiT. cnobilia, rom mitoqondriebi war-
moadgens eukariotul ujredTa citoplazmaSi arsebul avt-
onomiur organelebs, romelTac urTierTSerwymis unari ax-
asiaTebT. adamianis organizmis ujredebi Seicavs asobiT da 

aTasobiT mitoqondrias. maTi raodenoba da zoma qsovilebis 

tipze aris damokidebuli. mitoqondriaTa ricxvi aqtiurad 

funqcionirebad ujredSi mniSvnelovnad metia, vidre axalg-
azrda da xandazmul ujredSi. adamianis mitoqondria ramde-
nime aTeul gens kodirebs. jer kidev 1963 wels iqna dadgeni-
li, rom mitoqondriebs sxva organelebisagan gansxvavebiT, 

aqvT sakuTari genomi, romelic erTaderTi rgoluri qromo-
somiT aris warmodgenili. amJamad adamianis genomis sekveni-
reba dasrulebulia, romelic 16569 nukleotidur wyvils 

Seicavs, akodirebs 2 ribosomul, 22 transportul ribonuk-
leinis mJavebs da 13 polipeptids. motoqondriis genoms bir-
Tvuli genomisagan gansxvavebiT gaaCnia rigi Taviseburebebi: 

upirveles yovlisa, mis qromosomas ara aqvs intronebi, ris 

Sedegadac SeimCneva didi simkvrive, mniSvnelovnad aris Sem-
cirebuli genebs Soris Sualedebi, eukariotul dnm-Tan Se-
darebiT[1]. garda aRniSnulisa, mitoqondriuli m-rnm-is umr-
avlesobas ara aqvs 51-31 aratranslirebadi Tanmimdevrobebi. 

mitoqondriuli qromosomis SigniTa da gareTa jaWvebs aqvT 

gansxvavebuli simkvrive H mZime da L msubuqi jaWvis saxiT. 

mitoqondriul dnm-s aqvs D maryuJi, romelic warmoadgens 

mis regulatorul ubans. D maryuJSi lokalizebulia H ja-
Wvis replikaciis sawyisi ubani. mitoqondriuli dnm-is rep-
likacia warmoadgens orsafexurian asinqronul process. ga-
movlenilia gansxvavebebi birTvuli da mitoqondriuli dnm-

is kodebs Sorisac. qromosomaTa anawyobis (genomis) genetik-
ur masalas Seesabameba plazmoni, romelic Seicavs citopl-
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azmis genetikur masalas da araqromosomuli memkvidreobiTo-
bis materialuri matareblebi arian. plazmogenebs SeuZliaT 

warmarTon ujredis zogierTi niSnis ganviTareba da gaaCni-
aT gaormagebis unari. ujredSi plazmogenebis gaqrobasTan 

erTad, qromosomebi kargaven aRdgenis unars, xolo dediseu-
li ujredis dayofisas, isini nawildebian Svileul ujrede-
bSi. mutaciaTa sixSire mitoqondriul dnm-Si bevrad aRemat-
eba birTvuli dnm-is dazianebiT gamowveul mutaciebs. adami-
anis mitoqondriaTa qromosomebis polimorfizmis gamovlin-
ebam populaciuri genetikisa da anTropologiis ganxriT, 

mkvlevarTa didi yuradReba miiqcia. am dargSi kvlevebis pi-
onerad iTvleba brouni (Brown, 1980). iaponiis CrdiloeT ku-
nZulze, hokaidoSi mcxovreb originalur populacia – Ainu-
ss adre miakuTvnebdnen kavkasiur rasas. analizis safuZvel-
ze dayrdnobiT damtkicda, rom Ai-nus-s populacias genetiku-
ri msgavseba gaaCnia monRoloidur populaciasTan. rogorc 

zemoT iyo aRniSnuli, mitoqondriuli dnm Seicavs genebs, 

romlebic kodirebulia cameti polipeptidiT da Sedis mit-
oqondriebis sunTqviTi jaWvis xuT kompleqSi, agreTve Seic-
avs. 22 transportuli rnm-isa da 2 ribosomuli rnm-is gen-
ebs, danarCeni 70 cila monawileobs JangviTi fosforilire-
bis procesSi da imyofeba birTvuli genis kontrolis qveS. 

amgvarad, mitoqondriaSi gamovlenili memkvidruli daavadeb-
ebi, romlebic gamowveulia energetikuli procesebis darRv-
evebiT, SesaZlebelia determinirebuli iyos rogorc birTv-
uli, aseve mitoqondriul genomSi warmoqmnili mutaciebiT. 

birTvul genomSi mutaciebis SemTxvevaSi, memkvidreobiTobis 

mendeliseuli tipidan gadaxra ar xdeba. aRwerilia daavade-
bebi autosomur-dominanturi da autosomur-recesiuli tipis 

mixedviT. mendelis kanonebidan gadaxra damaxasiaTebelia im 

daavadebebisaTvis, romlebic mitoqondriul genomSi arsebu-
li mutaciebiTaa gamowveuli[2].  

sadReisod mitoqondriul dnm-Si aRwerilia sami tip-
is mutacia: msxvili deleciebi, struqturuli da sinTetiku-
ri genebis wertilovani mutaciebi. mitoqond-riuli daavade-
bebis gamomwvev kidev erT genetikur meqanizms – genTaSorisi 

sasignalo efeqtebi warmoadgenen. cnobilia, rom mitoqondr-
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iuli dnm-is sinTezi imyofeba birT-vuli genis kontrolis 

qveS. cxadia, aRniSnul genebSi warmoqmnilma mutaciebma Ses-
aZlebelia gamoiwvios mitoqondriuli dnm-is aslebis raod-
enobis cvlileba da sabolood mitoqondriebis fenomenis 

deplecia (gamofitva).  
mitoqondriuli daavadebebisaTvis, romlebic mitoqon-

driul genomSi mutaciebiT aris ganpirobebuli, damaxasia-
Tebelia Semdegi saerTo kanonzomierebebi:  

1. daavadebis dedis xaziT gadacemis tipi. sadReisod 

cnobilia, rom yvela mitoqondria dediseuli warmoSobisaa 

da aqedan gasagebia, rom daavadeba adamians kvercxujredid-
an gadaecema. spermatozoidSi arsebuli mitoqondriebi ki 

gamoiyeneba im energiisaTvis, romelic mis kvercxujredSi 

SeRwevas uzrunvelyofs. amgvarad, kvercx-ujredSi ama Tu im 

raodenobiT arsebuli mitoqondriuli mutaciebi dedis xaz-
iT orive sqesis SvilebSi memkvidreobs.  

2. heteroplazmiis fenomeni. mitoqondriuli paTologi-
iT daavadebuli adamianis ujredebi Seicaven rogorc mutan-
tur, ise normalur mitoqondriebs, romelTa ganawileba 

xdeba SemTxveviT, ujreduli gayofis procesSi.  
3. mitoqondriul genomSi mutaciuri dazianebis xasiaT-

is damokidebuleba klinikuri gamovlenis simZimeze, ujred-
Si mutanturi mitoqondriuli dnm-is Semcvelobaze, agreTve 

gansxvavebul organoTa da qsovilTa energetikul moTxovni-
lebaze. energetikuli substratis arasakmarisi mgrZnobelo-
bis mixedviT organoebis ganlageba (klebadobis xarisxiT) 

Semdegi saxiT aris SesaZlebeli: centraluri nervuli sist-
ema, ConCxis kunTebi, gulis kunTi, Tirkmlebi, endokrinuli 

sistema. aucilebelia aRiniSnos, rom mitoqondriul daavad-
ebaTa simZime progresirebs asakis matebasTan erTad, rac da-
berebis procesSi mitoqondriul dnm-Si spontanurad warmo-
qmnili mutaciebis raodenobriv zrdasTanaa dakavSirebuli.  

4. sporaduli SemTxvevebis maRali sixSire. mitoqondri-
ul dnm-Si mutirebis siCqare 6-17-jer metia, vidre birTvul 

dnm-Si, rac ganapirobebs mitoqondriuli daavadebebis maRal 

sixSires da gansazRvravs mitoqondriuli genomis mutacieb-
is mniSvnelovan rols adamianTa qronikulad progresirebad 

da degeneratiul daavadebaTa aRmocenebaSi. SemCneulia, rom 
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24 wlis asakis adamianebSi gulis kunTis sisustisa da 

bioenergetikuli ukmarisobis warmoqmnis erT-erTi mizezia 

mutaciebi, romelTa Soris upirveles yovlisa mitoqondri-
ul genomSi gamovlenili deleciebi saxeldeba.  

mitoqondriuli daavadebebi xasiaTdeba mniSvnelovani 

klinikuri gamovlinebebiT:  
1. fizikuri ganviTarebis Sewyveta-nanizmiT; 
2. farisebri jirkvlis disfunqciiT; 
3. nervuli sistemis calkeul ganyofilebaTa dazianebis si-

mptomebiT: kankali, ataqsia, motorikis darRveva, rac 

vlindeba moZraobaTa koordinaciis moSliT, kunTuri to-
nusis SecvliT; 

4. miopaTiiT-kunTebis sisuste, atrofia, tonusis daqveiTeba. 
5. tubulopaTiiT, D-vitaminis rezistentuli raqitiT.  
6. mxedvelobis nervis atrofiiT; 
7. RviZlis ukmarisobiT.  

mitoqondriuli paTologiebis klinikuri gamovlenis 

variaciebi SeiZleba ganpirobebuli iyos rogorc zemoT aR-
werili heteroplazmiis efeqtiT, aseve organoebis gansxvave-
buli mgrZnobelobiT Jangbadis ukmarisobisadmi. magaliTad, 

RviZlis ujredebSi klinikuri gamovlinebis SesaZlebloba 

ar aRiniSnneba mutanturi mitoqondriebis 80% arsebobis Se-
mTxvevaSic ki. analogiur pirobebSi Tavis tvinis ujredebis 

normaluri funqcionireba SeuZlebeli iqneboda[3].  
mitoqondriuli daavadebebis gamovlinebis demonstri-

rebisaTvis ganvixiloT ramdenime sindromi:  
1. mitoqondriul dnm-Si msxvili deleciebis an wertilo-
vani mutaciebis Sedegad warmoqmnili daavadebebi,  

2. daavadebebi, romlebic ganpirobebulia birTvuli geno-
mis mutaciebiT da xasiaTdeba gardaqmnebiT mitoqondri-
ul dnm-Si.  
kerns-seiris sindromi. es daavadeba pirvelad aRweres 

1958 wels. SemTxvevaTa umetesoba ganpirobebulia mitoqond-
riul dnm-Si msxvili deleciebiT. yvelaze xSirad delecia-
Ta zoma 4977 n.w. ar aRemateba. Zalian iSviaTad daavadebis 

klinikur gamovlinebas mitoqondriul dnm-Si Tan axlavs 

dublikaciebi an wertilovani mutaciebi. aRweril SemTxveva-
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Ta umravlesoba sporadulia, rac SeiZleba aixsnas mitoqon-
driuli dnm-is mutirebis maRali xarisxiT, aseve mitoqondr-
iul dnm-Si msxvili deleciebis mqone oocitTa ganayofiere-
bisadmi SezRuduli unariT. savaraudoa, rom yvelaze xSi-
rad deleciebi warmoiSoba somaturi ujredebis mitoqond-
riebSi embrionaluri ganviTarebis adreul periodSi. kerns-

seiris sindromiT daavadebulTa 50%-ze mets deleciasTan 

erTad aqvT mitoqondriuli dnm-is D maryuJis dublikacia,-
romelic maT dedisgan memkvidreobiT aqvT miRebuli. rogo-
rc Cans, aseTi dublikaciis arseboba xels uwyobs deleciis 

warmoqmnas. mitoqondriuli genomis deleciebis destabili-
zaciis kidev erTi faqtori SeiZleba iyos mitoqondriuli 

dnm-is TanmimdevrobaTa deleciebis sazRvarze warmoqmnili 

sarWismagvari struqturebi. deleciebis Sedegad ano-malu-
rad Serwymul genebs SeuZliaT mxolod transkribireba, tr-
anslaciis unars ki mo-klebulni arian. amgvarad, daava-
debuli organizmi ar Seicavs maT mier kodirebul ci-lebs. 

daavadebis pirveli simptomebi vlindeba 4-dan 20 wlamde 

asakSi da moicavs simptomebis sameuls: 1. ofTalmoplegias, 

romelic xasiaTdeba zeda quTuTos daweviT (ftoziT) da 

Tvalis gugis moZraobis SezRudviT; 2. proqsimaluri kidu-
rebis ganyofilebaSi kunTebis progresirebadi sisustis ga-
movlinebas; 3. Tvalis baduris pigmentur degeneracias. avad-
myofobis progresirebasTan erTad aRweril simptomebs ema-
teba gulis funqciis darRvevis niSnebi, romelic gamoixate-
ba riTmis darRveviT, atrioven-trikularuli blokadiT, 

parkuWebis gafarToebiT, agreTve neirosensoruli siyruiT, 

mxedvelobis nervis atrofiiT, endokrinuli darRvevebiT. 

rig SemTxvevaSi avadmyofebSi SeimCneva inteleqtis daqveiT-
eba. daavadebulebi iRupebian daavadebis dawyebidan 10-20 wl-
is Semdeg gul-sisxlZarRvTa ukmarisobiT. daavadebis zusti 

diagnostireba xorcieldeba mitoqondriuli dnm-is anali-
zis safuZvelze da masSi msxvili deleciebis gamovleniT-
[2,4]. 

pirsonis sindromi warmoadgens mitoqondriuli daava-
debis kidev erT magaliTs, romlisTvisac damaxasiaTebelia 

heteroplazmiis efeqtis transformacia. pirsonis sindromiT 
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daavadebulebs kerns-seiris sindromis msgavsad, mitoqondri-
ul genomSi msxvili deleciebis arseboba aReniSnebaT, Tum-
ca maTi umetesoba lokalizebulia Zvlis tvinis ujredTa 

mitoqondriebSi. daavadebis klinikuri simptomebi dabadebis 

Semdeg. pirveli dReebidanve aRiniSneba: sideroblasturi an-
emia, rig SemTxvevaSi pancitopenia (Zvlis tvinis yvela sis-
xlbadi warmonaqmnis daTrgunva) da insulindamokidebuli 

Saqriani diabeti, romelic pankreasis fibrozis Sedegad wa-
rmoiqmneba. am sindromiT daavadebul adamianTa umetesoba 

sicocxlis 1-2 wlis asakSi iRupeba, Tumca im adamianebs, ro-
melTa gadarCena SesaZlebeli xdeba xSiri da intensi-uri he-
motransfuziebiT, ramdenime wlis Semdeg SeiZleba ganuviTa-
rdeT kerns-seiris sindromi, nervul da kunTovan ujredebSi 

mutanturi mitoqondriuli dnm-is Semcve-lobis gazrdis 

gamo. 
melasis sindromi daavadebaa, romelic ganpirobebu-

lia wertilovani mutaciebiT mitoqondriul dnm-Si. daavade-
bis pirveli niSnebi ufro xSirad adamianebs 5-dan 15 wlis 

asakSi aReniSnebaT. umetes SemTxvevaSi aRniSnuli sindromi 

iwyeba insultis msgavsi epizodebiT, fsiqomotoruli ganvi-
Tarebis SewyvetiT, avTvisebiani SakikiT. insultebis warmoS-
obis mizezs warmoadgens angiopaTia, romlis drosac tvinis 

arteriolebisa da kapilarebis sisxlZarRvebis kedlebSi 

adgili aqvs mitoqondriaTa Warb proliferacias. daavadebis 

progresirebisas avadmyofSi vlindeba nevrologiuri simpt-
omatika-kunTovani sisuste, kankali, ataqsia da neirosensor-
uli siyrue. rig SemTxvevaSi adgili aqvs endokrinul darR-
vevas Saqriani diabetisa da hipofizaruli nanizmis formiT. 

ganxiluli kerns-seirisa da melasis sindromis diagnostika 

xdeba bioqimiuri, morfologiuri da molekulur-genetikuri 

meTodebis gamoyenebiT. mitoqondriuli dnm-is ufro xSiri 

mutaciaa erTnukleotidiani cvlileba A – G 3243 mdgomare-
obaSi. aRniSnuli mutaciis Sedegia ribosomul rnm-sa da ma-
tricul rnm-s Soris transkripciuli Tanafardobis darRve-
va da translaciis efeqturobis Semcireba. melasis sindrom-
is meore mutacias warmoadgens mitoqondriul dnm-Si cvli-
leba T-C 3271 mdgomareobaSi. [2,3] 
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mitoqondriuli memkvidreobiTobis darRveviT gamowve-
uli daavadebebidan yvelaze xSiria leberis memkvidruli 

optikuri neiropaTia. am daavadebisaTvis damaxasiaTebelia 

centraluri mxedvelobis progresuli bilateraluri daka-
rgva. pirvelad mxedvelobis gauareseba mJRavndeba 15-35 wl-

is asakSi, Semdeg ki TandaTan ganapirobebs sibrmaves. mito-
qondriul dnm-Si aRiniSneba oTxi sxvadasxva mutacia. Tioe-
uli maTganis mier JangviTi fosforilirebis darRvevis una-
ri daaxloebiT 50% SemTxvevaSia SesaZlebeli. aRniSnuli 

mutaciebi did ojaxebSi yvela wevrs gadaecema [5].  
mitoqondriul daavadebaTa meore tips warmoadgens 

paTologiebi, romlebic dakavSirebulia birTvul genomSi 

warmoqmnil mutaciebTan da cnobilia mravlobiTi delecieb-
is saxelwodebiT. aRniSnuli paTologiebi memkvidreoben men-
deliseuli memkvidreobiTobis kanonzomierebebis Sesabamis-
ad, ufro xSirad autosomur-dominanturi tipis mixedviT. 

daavadebaTa damaxasiaTebeli niSania deleciebis Semcveloba 

mitoqondriuli dnm-is ramdenime ubanSi, romlebic arRveven 

rigi mitoqondriul struqturasa da funqcionirebas. am da-
rRvevaTa warmoqmnis meqanizmi bolomde ar aris garkveuli. 

SesaZlebelia, rom is gamowveuli iyos im birTvuli regul-
atoruli genebis mutaciebiT, romlebic mitoqondriuli dnm-

is replikacias akontroleben. aRniSnul genebSi warmoqmnil 

mutaciebs SeuZliaT mitoqondriul dnm-Si gardaqmnebis pro-
cesis gaadvileba, an im faqtorTa daqveiTeba, romlebic axd-
ens spontanurad warmoqmnili gardaqmnebis amocnobas an el-
iminirebas. sadReisod cnobilia 3 aseTi geni – 10 q 23. 3-24, 
3p14.1-21 da 4 q 35, Tumca identificirebulia mxolod erTi 

geni, romelic kodirebs ferment adenin-nukleotid-transl-
okaza 1. am fermentis koncentraciis daqveiTeba iwvevs adeni-
nis metabolizmisa da replikaciebis procesebis darRvevebs. 

mitoqondriul dnm-Si mravlobiTi deleciebiT ganpi-
robebuli paTologiebis klinikuri gamovlineba didi mra-
valferovnebiT xasiaTdeba. isini SeiniSneba sicocxlis 2-3 

aTwleulis manZilze da dakavSirebulia organizmis mrava-
li sistemis darRvevebTan (nervuli, kunTovani, endokrinuli 
da a.S.) ufro xSirad avadmyofebs aReniSnebaT garegani oftal-
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moplegia, generalizebuli miopaTia, smeniTi da mxedvelobi-
Ti nervebis dazianeba, kataraqta, zrdis Seferxeba [6,7]. 
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Mitochondrial genome mutations caused by diseases 
 

Currently available findings confirm the etiology of mutations (trans-
formations) of mitochondrial DNA in case of human hereditary diseases. Mito-
chondrial diseases comprise a significant group of hereditary diseases due to 
variety of biochemical and structural changes in the mitochondria. It should be 
noted, that the severity of mitochondrial diseases is progressing due to aging; 
this is explained by an increased frequency of spontaneous mutations in mito-
chondrial genome in the process of aging.  
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elisabed vekua 
 

aris Tu ara tvini Cveni „me“ 
 

ar viqnebi originaluri Tu vityvi, rom am kiTxvaze me-
cnieruli pasuxis gacema mecnierebisa da teqnikis ganviTare-
bis Tanamedrove pirobebSic ki sakmaod Znelia. neiromecnie-
rebis ganviTareba ise warimarTa, rom Cveni „me“-s adgilze 

dResdReobiT tvinis (Tavis tvinis) garda sxva „kandidati“ 

ar „Cans“, magram unda aRiniSnos isic, rom neiromecnierebas 

ar aqvs araviTari dadasturebuli faqti saimisod, rom tvin-
ze, tvinis moqmedebaze visaubroT rogorc Cvens „me“-ze. am 

mimarTulebiT kvlevis dRevandeli mdgomareobiT Tu vimsje-
lebT, SeiZleba iTqvas, rom Tavis tvins mecnierebi „miawer-
en“ funqciurad imaze mets, vidre is sinamdvileSi aris.  

miuxedavad imisa, rom tvini udaod aris gansakuTrebu-
li warmonaqmni organizmSi, ase vTqvaT, funqciurad yvelaze 

„mZimewoniani“ organo, romlis gacocxlebis zRvari yvela 

sxva organos gacocxlebis zRvarTan SedarebiT gacilebiT 

mcirea (sul ramdenime wuTs Seadgens), rac mas, sicocxlis 

SenarCunebis TvalsazrisiT, udao upiratesobas aniWebs sxva 

organoebTan SedarebiT, neiromecnierebis miRwevebi jer ver 

iZleva imis dajerebis safuZvels, rom tvini aris organizm-
is “ganmgebeli” - makontrolebeli, makoordinirebeli, maint-
egrirebeli da maregulirebeli, rogorc miCneulia da kidev 

uaresi _ vaswavliT skolebsa Tu umaRles saswavleblebSi.  

diax, tvini udaod dakavSirebulia yvela aq CamoTvl-
il funqciasTan. metic, organizmis garSemo da mis SigniT 

araferi xdeba ise, rom man asaxva ar hpovos tvinSi. umcire-
si detalic ki ar rCeba tvinis mxridan reagirebis gareSe, 

magram araviTari mecnieruli mtkicebuleba ar arsebobs imi-
sTvis, rom organizmSi mimdinare procesebis „Semfaseblad“, 

“maregulireblad” Tu `gadawyvetilebis mimRebad” (da kidev 

sxva) tvini vaRiaroT. sxva „pretendenti“ rom ar „Cans“ es ar 

gvaZlevs tvinisTvis amxela funqciuri upiratesobis miniWeb-
is uflebas, piriqiT - saRad Tu SevxedavT, tvinis mimarT as-
eTi damokidebuleba araseriozuladac ki gamoiyureba dRes.  
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da mainc, Tu davuSvebT, rom tvini aris is, vinc xed-
avs, visac esmis, vinc fiqrobs, vinc imaxsovrebs, visac swams, 

visac uyvars, vinc gadawyvetilebebs iRebs, vinc akontrol-
ebs da a.S. maSin rame xelCasaWidi mtkicebuleba Tu ara mon-
acemi mainc xom unda gvqondes imasTan dakavSirebiT, Tu ro-
gor akeTebs is amas? es Cven ar viciT da Cemi azriT, tvinis 

kvlevis meTodebi da teqnika jer kidev imdenad „uxeSia“, 

rom am kiTxvas mecnieruli pasuxi, rogorc Cans, karga xans 

verc gaecema. sapirwoned, neiromecnierebam Zalian kargad, 

dadasturebuli faqtebiT icis, rom yvela am da sxva fu-
nqciis (rasac tvinis funqciebs vuwodebT) ganxorcielebisas 

tvinSi fizikur da qimiur doneze erTi da igive reaqciasTan 

gvaqvs saqme - nervuli impulsis (eleqtruli signalis) „gar-
bena“ nervul jaWvze. es aris tvinis universaluri reaqcia 

organizmze nebismieri saxis garegan Tu Sinagan zemoqmede-
baze. yovel SemTxvevaSi, dReisTvis es ase viciT. maS, ra gva-
Zlevs imis safuZvels, rom yvela aq CamoTvlili da kidev 

bevri sxva funqcia, maT Soris  kognituri funqciebi, tvins 

„mivakuTvnoT“? arada, es asea miCneuli da ase iswavleba ki-
dec.  

ra viciT adamianis tvinis Sesaxeb? yvela kvleva tvin-
isa xdeba „me“-s gareSe da tvinis darRveuli mTlianobis pi-
robebSi. amovWraT tvinis naWeri, CavdoT petris jamSi, dava-
sxaT mkvebavi siTxe da gamovikvlioT; an kidev, movaxdinoT 

nervis preparireba, vimoqmedoT masze eleqtuli deniT an qi-
miuri nivTierebiT an temperaturis cvlilebiT da sxva; an 

kidev, cxovelebs tvinSi CavunergoT eleqtrodebi, gavaRizi-
anoT, davakvirdeT da sabolood, yvela monacemi iqneba imis 

Sesaxeb Tu ra xdeba adamianis tvinSi misi „me“-s gareSe da 

cxovelebze Catarebuli eqsperimentebis Sedegebis interpre-
taciebis mixedviT. danamdvilebiT ki is viciT, rom tvinis 

muSaoba yalibdeba calkeuli neironebis aqtivaciiT.  

ra viciT neironebis Sesaxeb? agebulebas rom Tavi da-
vaneboT, viciT, rom neirons aqvs moqmedebis potencialis 

(eleqtruli signalebis) generaciis unari; aqvs membrana da 

gamonazardebi da maTSi Zalian rTuli qimiuri sicocxlea; 

membranaze mimdinare eleqtruli cvlilebebi imaSi gamoixa-
teba, rom gansazRvruli qimiuri ionebi Sedian ujredSi Sig-
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niT da Zalian Cqarave toveben mas; vxedavT eleqtruli sign-
alis „garbenas“ neironis gamonazardebze; am gamonazardebis 

daboloebaSi „gamocvivdeba“ qimiuri nivTierebebi (neiromed-
iatorebi); eleqtruli signalebi gadaecema neironidan neir-
onze da icvleba neironis aqtivacia (neironis aqtivoba SeiZ-
leba Seicvalos neironTan sisxlis nakadiT mosuli qimiuri 

nivTierebis zemoqmedebiTac, mag. alkoholis zemoqmedeba cv-
lis qcevas); viciT, rom neironebi iyeneben genomis umetes na-
wils, rom neironebi qmnian cilebis yvelaze met raodenobas 

organizmis yvela danarCen ujredTan SedarebiT; neironebi 

urTierTqmedeben sxva neironebTan, isini kidev sxvebTan, ua-
mravi nervuli ujredi erTmaneTs ucvlis qimiur signalebs 

da rogorc aRmoCnda: tvinSi araviTari mdgradi qselebi ar 

arsebobs - neironTaSorisi kontaqtebis raodenoba da adg-
ilebi ganuwyvetliv icvleba. arsebobs neironis cxovrebis 

meore mxarec - neironis eleqtruli aqtivoba dakavSirebuli 

da damokidebulia imasTan Tu ras „akeTebs“ organizmi, rome-
lSic es neironia moTavsebuli.  

tvinis funqciebis Sesaswavlad bolo wlebamde gamoi-
yeneboda struqturul-funqciuri midgoma, rac gulisxmobs 

imas, rom aRwero tvinis struqturebi da gaigo razea pasux-
ismgebeli TiToeuli maTgani. ufro adre saubrobdnen Tavis 

tvinis naxevarsferoebs Soris funqciaTa gadanawilebaze, 

rac neiromecnierebis dRevandeli gadasaxedidan Sors aris 

WeSmaritebisgan (Tumca, funqciaTa asimetriuli gadanawile-
bis sakiTxi zogierT saswavlebelSi jerac iseve iswavleba).  

tvinis kvlevis struqturul-funqciurma midgomam mo-
lodinebi ver gaamarTla miuxedavad imisa, rom me-20 saukun-
is 80-ian wlebamde uamravi samecniero naSromi da saxelmZR-
vanelo „gvimtkicebda“, rom tvinis garkveuli struqtura ga-
nsazRvrul funqciaze „agebda pasuxs“. dResac ki, jerac ar 

aris amoRebuli saxelmZRvaneloebidan da ar Setanila 

cvlilebebi tvinis konkretul struqturasTan konkretuli 

funqciis „mibmis“ sakiTxTan dakavSirebiT, arada, kvlevebis 

Sedegebi, ukve karga xania sxva rameze metyvelebs. magaliTad 

tvinis struqtura - naTxemi gamogvadgeba.  

saxelmZRvaneloebSi naTxemi dakavSirebulia moZraob-
is koordinaciasTan da misi dazianeba iwvevs am koordinaci-
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is darRvevas. naTxemi aucileblad moZraobasTan, motorul 

funqciasTan aris dakavSirebuli. magram arsebobs Sromebi, 

romlebic irwmuneba, rom naTxemi monawileobs aramxolod 

motoruli funqciebis ganxorcielebaSi, naTxemi gaaqtivebu-
lia yovelTvis roca ki rames vakeTebT, is monawileobs pra-
qtikulad yvelaferSi, naTxemis aqtivoba uwyvetad SeiniSne-
ba. 2009 wels samecniero JurnalSi „Annual Review of Neurosci-
ence“ gamoqveynda statia `Serebellum and Nonmotor Function~ (na-
Txemi da aramotoruli funqciebi), romelSic Cans, rom naT-
xemis aqtivaciasTan dakavSirebulia iseTi funqciebi, rogo-
ricaa: yuradReba, samuSao mexsiereba, daswavla, ena, tkivili, 

emociebi, swrafva narkotikebisadmi. rogorc vxedavT, sia 

grZeli da mravalferovania. msgavsad amisa, cnobilia, rom 

ar aris iseTi funqcia, romlis gamowvevac ar SeiZlebodes 

hipokampiT, funqcia - romelSic hipokampi ar iqneba CarTuli. 
neiromecnierebis bolo periodis kvlevebi mxolod im-

is Tqmis SesaZleblobas gvaZlevs, rom tvinis ama Tu im uba-
nze, konkretul struqturaze visaubroT rogorc adgilze, 

sadac met-naklebi albaTobiT SeiZleba „vipovoT“ gansazRv-
ruli funqcia, magam sazRvrebs ukve aravin adgens. metic, 

2014 wlis fiziologiasa da medicinaSi nobelis premiis la-
uriatebis jon o. kifis,  mei-brit mozerisa da misi meuRlis 

–edvard mozeris Sromam seriozulad “Searyia” tvinis kvle-
vis struqturul-funqciuri midgoma da calkeuli neironis 

doneze „daiyvana“ funqciebi, romlebsac Cven tvinis funqci-
ebs vuwodebT. 

amrigad, ar gvaqvs mcnieruli safuZveli imisa, rom 

tvinis romelime struqturas „mivakuTvnoT“ romelime konkr-
etuli funqcia. miT ufro, rom tvinis arcerTi struqtura 

ar funqcionirebs rogorc erTiani mTliani. nebismieri st-
ruqtura Sedgeba ujredebisgan, tvinis nebismieri adgili 

aris nervuli ujredebis erToblioba. qerqi Sedgeba eqvsi 

Srisgan da TiToeuli Sre Sedgeba neironebisgan. arc qerq-
is, arc romelime qerqqveSa struqturis aqtivaciis dros ar 

xdeba misi yvela elementis erTdrouli aqtivacia.  

rac Seexeba calkeuli neironebis aqtivacias da maTT-
an dakavSirebul kvlevis Sedegebs, adamianis tvinis SemTxve-
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vaSi, neiromecniereba jer danamdvilebiT da utyuarad vera-
fers ityvis, radgan, rogorc aRvniSneT, tvinis kvlevis Ta-
namedrove teqnika ver iZleva imis SesaZleblobas, rom adam-
ianis tvinis uwyveti moqmedeba Seswavlil iqnes im organizm-
is fiziologiur-fsiqologiuri mTlianobis pirobebSi, im 

sistemis fiziologiur-fsiqologiur aqtivobasTan erTad, 

romlis „SigniTac“ es tvini mdebareobs. is, ris saSualebas-
ac Tanamedrove teqnika gavaZlevs, aris mxolod fizikuri 

da qimiuri „momentebs“ asaxva. magram sad da rogor xdeba am 

fizikur-qimiuri procesebis `gardaqmna~ azrad, ferad, bger-
ad, metic - musikad, gemod an rogor iqmneba gadawyvetileba, 

rogor `formirdeba~ sixaruli, sinanuli da a.S. am kiTxveb-
ze pasuxis gasacemad neiromecniereba, Cemi azriT, jer kidev 

„Tvlems~. radgan, rac viciT tvinis Sesaxeb, aris mxolod 

masSi mimdinare fizikur-qimiuri procesebi, danarCeni yvela-
feri, momiteveT, magram mecnierTa interpretaciis `Sedegia~. 

fizikuri da qimiuri procesebis Tundac zedmiwevniTi sizu-
stiT aRwera mxolod fizikuri da qimiuri procesebis aRwe-
raa da sxva araferi.   

`kavSirSia~ cnobierebasTan? XX saukunis 50-iani wleb-
idan cnobilia eqsperimentebi, romlebic gviCvenebs, rom 

cnobierebis manipulacia SesaZlebelia tvinis calkeuli u-
jredebis stimulaciiT. cnobilia SemTxvevebi, roca calkeu-

li ujredebis stimulaciam pacients gaaxsena is mogonebebi, 

romlebic daviwyebuli hqonda. sxva pacientSi halucinaciebi 

(mfrinavi peplebis danaxva da a.S.) gamoiwvia. es da kidev bev-
ri sxva faqti mowmobs imas, rom neironebis aqtivaciasTan 

namdvilad aris dakavSirebuli cnobiereba, magram arafriT 

amtkicebs imas, rom cnobiereba aris neironebis aqtivacia an 

aqtivaciis Sedegi; an Tundac, mxolod neironebis aqtivaciis 

Sedegi. sxva sityvebiT rom vTqva: me rom „me“ var - amas vacn-
obiereb maSin, roca Cemi neironebi aqtiuria, magram es ar 

maZlevs imis Tqmis (miT ufro - mtkicebis) uflebas, rom `me~ 

var neironebis aqtivacia an neironebis aqtivaciis Sedegad 

`viqmnebi~ `me~. neironebi aqtiuria, sxva reJimiT, magram tvini 

aqtiurad muSaobs Zilis drosac, Tumca Zilis dros me vera-
fers, maT Soris - verc Cems “me”-s vacnobiereb. tvini gaTiS-
uli ar aris, neironebis uzarmazari raodenoba aqtiuria, ma-
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gram me mZinavs da araTu verafers vacnobiereb, isic ki ar 

vici, sad aris Cemi Zilis dros Cemi Sinagani `me~. ratom, ne-
ironebi xom aqtiuria, ratom ar an ver `qmnis~ Zilis dros 

neironebis aqtivacia Cems cnobierebas? vfiqrob, imitom, rom 

Cemi cnobiereba ar aris tvinis aqtivacia da arc misi Sede-
gi. tvinis ujredis stimulaciiT SesaZlebelia Secvalo 

tvinis zogadi muSaoba, magram tvinis zogadi muSaoba ar ar-
is Cemi Sinagani „me“. `me~ ar var neironebis jaWvze eleqtru-
li impulsis `garbena~. „me“ var is, vinc am `sirbils~ “gard-
aqmnis” ferad, surnelad, gemod, bgerad, metic - musikad, az-
rad, grZnobad da a.S. aq tvinis roli SeiZleba SevadaroT 

Tvalis rols mxedvelobiTi aRqmisas - Tvali aucileblad 

gvWirdeba imisTvis, rom davinaxoT, magram Cven TvaliT ar 

„vxedavT“; yuri aucileblad saWiroa imisTvis, rom gavigon-
oT, magram Cven yuriT ar „gvesmis“. yvela is meqnikuri, fizi-
kuri momenti, romelic Semdgom CvenSi bgerad aRiqmeba, yur-
Si erTi da igive meqanizmiT - neironze eleqtruli impulsis 

garbeniT Semodis, magram am „fizikuri momentis„ bgerad ga-
rdaqmna an metic -  musikad „awyoba“ yuriT ar xdeba (amaSi, 

ara mgonia, vinme Semedaos). diax, neironebis aqtivacia, tvin-
is aqtiuri mdgomareoba (maT Soris, sxva organoTa anatomi-
uri da fiziologiuri mTlianobac) aucilebelia imisTvis 

(da aramxolod imisTvis), rom rames vacnobierebde, magram es 

ar aris imis mtkicebuleba, rom cnobiereba tvinis funqciaa; 

tvinis aqtivaciis Sesaxeb dRevandeli mecnieruli codna, ve-
rafriT amtkicebs imas, rom neironul jaWvze eleqtruli 

impulsis „sirbili“ aris Cemi Sinagani `me~ an qmnis Cems Sin-
agan `me~-s, mTeli Tavisi `mravalwaxnagovani~ gamovlinebiT. 

 dReis monacemebiT ar arsebobs mecnieruli mtkicebu-
leba imisa, rac uflebas mogvcems vTqvaT, rom tvinSi gvaqvs 

raRac struqturebi, xveulebi, qsovilis „naWrebi“, romlebic 

organizmis konkretul funqciaze ageben pasuxs da miT uf-
ro, rogorc vuwodebT - „umaRles“ funqciebze, kognitur 

funqciebze, pirovnebis ganmsazRvrel funqciebze. is, rom 

Cven vxedavT garkveuli neironebis gaaqtiurebas ama Tu im 

funqciis ganxorcielebisas, ar kmara imis samtkiceblad, 

rom es funqcia am neironebis funqciaa. vfiqrob, rom WeSma-
ritebis misagnebad da dasadgenad neiromecnierebam kvlevis 
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dRevandeli meTodebi da mimarTuleba unda Secvalos, radg-
an karga xania veZebT, vikvlevT, magram ver vpoulobT da am 

midgomiT, Cemi azriT, verc vipoviT, vinaidan sxvagan da sxva 

xerxebiT veZebT. 
dabolos, rogorc Tvalia saWiro dasanaxad, rogorc 

yuria saWiro gasagonad, rogorc gulia saWiro sisxlis mim-
oqcevisTvis, aseve tvini (da aramxolod tvini) saWiroa cno-
bierebisTvis. magram rogorc Tvali ar aris xedva, yuri ar 

aris smena, guli ar aris sicocxle, aseve tvinic ar aris 

cnobiereba. arc `me~-s ganmsazRvreli organoa tvini, tvini 

`me~-s moqmedebis `arena~ ufroa, vidre misi ganmsazRvreli.  

vfiqrob, `me~ bevrad yovlismomcveli da mTliania, vidre er-
Ti, Tundac Zalian mniSvnelovani organo, cocxali sistemis 

erTi nawili, romlis sicocxlec da funqcionirebac damok-
idebulia am sistemis sxva organoebis sicocxlesa da funq-
cionirebaze. Cemi azriT, Teoriuli daSvebis donezec ki ar 

aris samarTliani, rom „me“-s moqmedeba, “umaRlesi funqcieb-
is” aRsruleba, romlis fizikur ganxorcielebaSi mTeli 

organizmi monawileobs, dayvanil iqnes erTi organos – tvi-
nis funqcionirebaze. 

Aamrigad, yovelive zemoTqmulidan gamomdinare, migvaC-
nia, rom sanam ar aris utyuarad dadgenili da dadastureb-
uli tvinis konkretuli struqturis an struqturebis mier 

konkretuli funqciis “Sesrulebis” sakiTxi da sanam ar ar-
is garkveuli centralur nervul sistemaSi informaciis ga-
damuSavebis meqanizmebi, sanam ar garkveula nervul qsovil-
Si mimdinare eleqtrul-fiziologiuri procesebis kognitur 

procesebad gardaqmnis meqanizmebi egre wodebuli “umaRlesi 

funqciebi” ar SeiZleba iTvlebodes da iwodebodes tvinis 

funqciebad. 
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Elisabed Vekua 
 

Whether the brain is our "I" 
 

The article refers to the Neuroscience approach to the brain function is-
sue. The author believes that Neuroscience still does not have proper evidence 
of the fact that the body's physiological (including cognitive) function in the 
normal course of the control, coordination, assessment, regulation, and other si-
milar functions until today to be  considered as brain functions. Recent scienti-
fic researches are becoming more reject the notion of the function localization 
in the brain structures. On the basis of some discussions, the opinion is express-
ed that until it is reliably established and proved the issue of performing specific 
functions by certain specific structure or structures of the brain, and it is not 
clear the mechanisms of information processing in the Central nervous system, 
it is not found out the mechanisms of transformation in the nervous tissue of cu-
rrent electro-physiological processes into cognitive processes, the so-called 
"higher functions" can not be considered and called as the brain functions.  
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lali axalaZe 
 

imunuri ujredebis funqciuri Taviseburebani fsiqogenuri 

stresis ganviTarebis sxvadasxva etapze 

 

cocxali arsebebi warmoadgenen Ria sistemas, romelsac 

garemomcvel aresTan aqvs mravalmxrivi kavSiri. organizmis 

arseboba misi xelSemwyobi garemos gareSe SeuZlebelia, org-

anizmis mecnierul ganmartebaSi unda Sediodes masze gavl-

enis momxdeni garemoc. garemo pirobebis cvlilebebi zemoq-

medebs organizmze, Tumca es zemoqmedeba Cveulebriv ar iwvevs 

fiziologiuri procesebis seriozul darRvevebs, im meqani-

zmebis kompleqsis wyalobiT, romlebic uzrunvelyofs org-

anizmis mdgradobas - homeostazs. cnobilia, rom nebismieri 

stresogenuri zemoqmedeba iwvevs organizmis sapasuxo reaqci-

as mis yvela doneze - ujredidan dawyebuli organizmis fun-

qciebis mmarTvel zogad  sistemamde (1).  fsiqogenuri  stresi  

aRmocendeba fsiqikuri faqtorebis zemoqmedebis Sedegad, upi-

rvelesad amoqmeddeba organizmis damcvelobiTi, TviTmaregu-

lirebeli da kompesatoruli meqanizmebi, romlebic aRniSnu-

li fsiqikuri funqciebis optimizaciis process uzrunvelyo-

fen.    

fsiqogenuri stresis modelirebisTvis gamoviyeneT aq-

tiuri ganridebis reaqciis modificirebuli modeli, aseve,  

cxovelebis (TeTri laboratoriuli virTagvebi) emociuri 

mdgomareoba SevafaseT stresirebamde da stresirebis Semdeg  

„Ria velis“ da „prokonfliqturi“ testiT. stresis ganviTar-

ebis sxvadsxva etapze movaxdineT qceviTi da emociuri maCve-

neblebisa da sisxlSi imunuri ujredebis (T limfocitebi) 

funqciuri Taviseburebebis gansazRvra  imunofluorescentu-

li meTodiT. kvlevis mizani iyo, Tavis tvinis TviTregulac-

iuri moqmedebis qceviTi komponentebis identifikacia, qceviTi 

aqtebis gamovlinebis kanonzomierebis dadgena „informaciuli 

triadis“ araxelsayreli SerwymiT gamowveuli fsiqogenuri 

stresis pirobebSi (sxvadasxva etapze) da maTi gavlena imun-

okompetenturi ujredebis (Tlimfocitebi) funqciur Taviseb-

urebebze.  
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fsiqogenuri stresi aRmocendeba fsiqikuri faqtorebis 

zemoqmedebis Sedegad, upirvelesad iZabeba is meqanizmebi, ro 

fsiqikur funqciebs ganapirobeben da pirveladad moqmedeben 

Tavis tvinis umaRless funqciebze, rogoricaa, mexsiereba, 

motivacia, emocia, gadawyvetilebis miRebis procesi da sxva. 

stresis dros upirveles yovlisa amoqmeddeba organizmis da 

TviTmaregulirebeli da kompesatoruli meqanizmebi, romleb-

ic aRniSnuli fsiqikuri funqciebis optimizaciis process 

uzrunvelyofen. (2)  

1. cxovelebis (TeTri laboratoriuli virTagvebi) emo-

ciuri mdgomareobis Sefasebis mizniT, gamoviyeneT „Ria vel-

is“ (3) da „prokonfliqturi“ (4) testis meTodebi. 

2. fsiqogenuri stresis modelireba movaxdineT aqtiuri 

ganridebis reaqciis modificirebuli modeliT (5). aRniSnuli 

modeli iZleva cxovelebze xangrZlivi fsiqogenuri stresis 

modelirebis saSualebas, ris fonzec  cxovelebis sxvadasxva 

qceviTi maCveneblebi ganisazRvra. 

3. stresirebis Semdeg cxovelebs CautardaT  dekapita-

cia, sadac maTi sisxlis nimuSebi SevagroveT imunokompeten-

turi ujredebis koncentraciis dasadgenad. sisxlSi aRniSn-

uli maCveneblebis done ganisazRvra imunofluorescentuli 

meTodiT. (6)  

kvleva Caterebulia 200-250gr. wonis mamrobiTi sqesis  

60 TeTr laboratoriul virTagvaze. cxovelebi dayofili  

iyo or jgufad: 

pirveli jgufis cxovelebs (sacdeli virTagvebi) Caut-

ardaT fsiqogenuri stresis modelireba, Semdegi sqemiT: 

 pirvel pirobiT signalze (metronomi 2hc) - aqtiuri  

ganridebis reaqciis gamomuSaveba da ganmtkiceba; 

 or pirobiT signalze (metronomi - 2hc; toni - 500hc) – 

aqtiuri ganridebis reaqciis gamomuSaveba da ganmtkic-

eba; 

 ori aqtiuri ganridebis reaqciis 14 dRiani erTdrouli 

testireba gelermanis stoqasturi programis Sesabami-

sad; 

meore jgufis cxovelebze (intaqturi virTagvebi) Sevi-

swavleT qceviTi da emociuri maCveneblebi „Ria velis“ da   

„prokonfliqturi“ testiT; Sesabamisad, amave cxovelebSic  
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ganisazRvra sisxlSi aRniSnuli imunuri ujredebis maCveneb-

elTa koncentraciis done. 

xangrZlivi fsiqogenuri stresis modelirebisas cxove-

lebis mier gamovlenili qcevis analizma gviCvena, rom gans-

xvavebuli sirTulis eqsperimentis pirobebSi, virTagvebis 

qceva Tvisobrivad ar icvleba, adgili aqvs qceviT aqtebs So-

ris Tanafardobis Secvlas. kerZod, pirvel pirobiT signalze 

metronomze - aqtiuri ganridebis reaqciis - gamomuSavebisa da 

daswavlis (ganmtkicebis) kriteriumis misaRwevad cxovelebs 

dasWirdaT 120 -160 SeuRleba (6-8 dRe), (sur.1), virTgvisTvis 

ucnob garemoSi, misTvis uCveulo gamRizianeblis pirobebSi 

cxovelis winaSe dgeboda Tavdacvis amocana, mas Tavidan unda 

aecilebina eleqtruli denis mtkivneuli zemoqmedeba, rac da-

kavSirebuli iyo gadawyvetilebis miRebasTan emociuri daZa-

bulobis zrdasTan. eqsperimentis am etapze sacdel virTagv-

ebSi qceviTi maCveneblebis Sedarebisas dominirebda – verti-

kaluri dgomebi, - misi xangrZlivoba mTeli eqsperimentis 

dros (4,7%+2,3; =0,009)-s Seadgenda, grumingis xangrZlivobis 

maCvenebeli (0,6%+0,5;) sagrZnoblad CamorCeboda vertikaluri 

(4,7%+2,3) da horizontaluri (2,6%+1,1;) dgomebis xangrZlivob-

is maCveneblebs (cxrili:1); 

 
sur.1. aqtiuri ganridebis reaqciis gamomuSavebis dinamika sacdel 

virTagvebSi. horizontalur RerZze – eqsperimentuli dReebi          

vertikalur RerZze – swori  reaqciebis  procentuli  maCvenebeli. 

aqtiuri ganridebis reaqciis gamomuSavebis dinamika sacdel 

virTagvebSi
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gamokvlevis Semdgom safexurze tonze - meore pirobiT 

signalze 3-4 dRis ganmavlobaSi (60-80 SeuRleba) vamowmebdiT 

ukve gamomuSavebuli aqtiuri ganridebis reaqciis simtkices 

(sur.1). am viTrebaSi virTagvebi avlenen gaavtomatebul adeq-

vatur TavdacviT qcevas, e. i. isini ukve saeqsperimento gare-

mosTan adaptirebuli cxovelebi arian. cnobilia, rom amgvari 

viTareba naklebi emociuri daZabulobiT xasiaTdeba, rac ga-

movlinda qceviT aqtebs Soris urTierT TanafardobiTi cvl-

ilebebiT, kerZod, sacdel cxovelebSi metronomTan Sedareb-

isas izrdeba „grumingisa“ (2,1+1,1; =0,005) da horizontaluri 

dgomebis (3,9+0,7; =0,009) xangrZlivobis maCvenebeli, xolo 

mcirdeba vertikaluri dgomebis (1,9%+0,8; =0,009) xangrZliv-

oba. (cxrili 1.)   

cxrili #1. qceviTi maCveneblebis statistikuri Sefaseba aqtiuri  

ganridebis reaqciis gamomuSaveba - ganmtkicebisa da erTi cdis ga-

nmavlobaSi ori aqtiuri ganridebis reaqciis erTdrouli testire-

bis periodSi sacdel virTagvebSi 
 

qceviTi  formebi I etapi (1) IIetapi (2) III etapi (3) P 1-2 P 2-3 

saS SD saS SD saS SD 

vertikaluri 

dgomebi 

4,7 2,3 1,9 0,8 4 0,9 0,009 0,0001 

horizontaluri 

dgomebi 
2,6 1,1 3,9 0,7 0,3 0,2 0,009 0,02 

Tavis  aweva 22,2 7,8 25,3 6,2 13,6 4 0,04 0,05 

fekaluri 

bolusebi 

5,6 1,7 2,7 0,5 5,2 1,1 0,001 0,0001 

signalTSoris 

gadasvlebi 

3,4 1,2 1,7 0,5 3,8 1,4 0,009 0,003 

grumingi 0,6 0,5 2,1 1,1 0,1 0,1 0,005 0,02 

 

mravalricxovani eqsperimentuli kvlevebidan cnobi-

lia, rom aRniSnuli qceviTi reaqciebi asaxavs cxovelis emo-

ciur mdgomareobas. vertikaluri dgomebi virTagvis Zlieri 

emociuri daZabulobis gamomxatvelia, „grumingi“ ki saSualo 

siZlieris konfliqtur situaciaSi aRmocendeba, Zlieri emo-

ciuri daZabulobis  dros is ar gamovlindeba. cnobilia, rom 

virTagvebis mier gamovlenili amgvari qceva rTuli amocanis 

gadaWris dros emsaxureba emociuri daZabulobis ganmuxtvas 

da ganixileba, rogorc TviTregulaciuri qceva (7) . 
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eqsperimentis mesame safexurze - ori aqtiuri ganride-

bis reaqciis erTdrouli 14 dRiani testirebisas swori pas-

uxebis procentuli maCveneblebi 30-45%-s ar aRemateba, rac 

SenarCunebuli iyo 14 dRis ganmavlobaSi (sur.1). eqsperimentis 

am etapze aqtiuri ganridebis reaqciis formireba ver moxer-

xda, radgan Tavis tvini funqcionirebs „informaciuli tria-

dis“ (informaciis raodenoba, am informaciis gadamuSavebisa 

da gadawyvetilebis miRebisaTvis saWiro dro da am gadawyve-

tilebis miRebis motivaciis done) faqtorebis araxelsayreli 

Serwymis pirobebSi. kerZod, cxoveli xangrZlivi drois manZ-

ilze ganicdis pragmatuli informaciis deficits. aRniSnuli 

viTareba Zlier stresul zegavlenas axdens cxovelis umaR-

lesi nervuli moqmedebis funqciebze, e. i. ori aqtiuri ganr-

idebis reaqciis erTdrouli 14 dRiani testirebisas cxovel-

ebi qronikuli fsiqogenuri stresis pirobebSi imyofebian. te-

stirebis am etapze vertikaluri dgomebis (4+0,9; =0,0001) maC-

venebeli statistikurad sarwmunod mniSvnelovnad aRemateba 

yvela sxva qceviT maCveneblebs (cxrili 1). 

fsiqogenuri stresis ganviTarebis samive safexurze 

cxovelebis mier gamovlenili qceva mniSvnelovnad zrdis pa-

Tologiis ganviTarebis e. w. „farul periods“. aRwerili qce-

va ganimarteba, rogorc biologiurad dadebiTi stresis gam-

ovlineba, romelic asaxavs Tavis tvinis TviTregulaciur mo-

qmedebas. tvinis TviTregulaciuri moqmedebis gaZliereba un-

da iwyebodes daavadebis wina stadiaze, rodesac es meqanizm-

ebi kargad aris gamoxatuli. maTma mizandasaxulma gaZliere-

bam SeiZleba gadamwyveti roli iTamaSos tvinis da stresog-

enuri faqtorebisadmi organizmis rezistentobis amaRlebaSi 

(8). 

fsiqogenuri stresis ganviTarebis sxvadasxva safexur-

ze stresirebamde da stresirebis Semdeg SeviswavleT cxove-

lebis emociuri mdgomareoba „Ria velis“ da prokonfliqtu-

ri“ testis saSualebiT. intaqtur virTagvebTan SedarebiT Ta-

vdacviTi reaqciebis gamomuSaveba - ganmtkicebis Semdeg „Ria 

velSi“ testirebisas aRiniSneboda kvleviTi aqtiurobis Sem-

cirebis tendencia, xolo gaizarda moZraobis aqtiurobis la-

tenturi periodi (P=0,001) da grumingis xangrZlivoba (P=0,003).  
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„Ria velSi“ kvleviTi aqtiurobis Semcireba emociuri daZabu-

lobis gaZlierebaze miuTiTebs (3). (cxrili 2.)   

 

cxrili #2. qceviTi maCveneblebis statistikuri Sefaseba “Ria ve-

lis” testiT fsiqogenuri stresis ganviTarebis sxvadasxva etapze 

sacdel virTagvebSi 
qceviTi 

formebi 

intaqtu-

ri (1) 
I etapi(2) IIetapi (3) III etapi (4) 

P 1-2 P 2-3 P 3-4 

saS SD saS SD saS SD saS SD 

centrSi 

Sesvla 

1 1 2 0,5 2,8 0,7 3,5 1,1 0,008 0,05 0,08 

gadakveTili 

kvadratebi 

37,5 15,6 27,8 19,7 15,5 8,9 5,7 3,6 0,1 0,05 0,003 

vertikaluri 

dgomebi 

17,2 4,9 10,5 4,8 8,7 5,5 3,4 1,9 0,003 0,2 0,007 

soros 

refleqsi 

4,4 1,7 2,5 0,7 1,4 0,7 0,7 0,6 0,004 0,002 0,02 

Tavis aweva 20,6 9,7 15,5 2,6 12,1 4,6 6,3 2 0,07 0,03 0,001 

fekaluri 

bolusebi 

2 2 0,7 1,2 0,5 0,6 0,3 0,7 0,06 0,3 0.,2 

latenturi 

periodi 

0,8 0,3 3 1,2 5 0,5 6,7 1,3 0,05 0,0001 0,001 

grumingi 16,3 5,4 28,3 8,9 43,5 15,1 88,3 28,7 0,001 0,009 0,003 

 

am mosazrebis marTebulobaze miuTiTebs agreTve 

„prokonfliqtur“ situaciaSi cxovelebis testirebis Sedege-

bic. intaqtur virTagvebTan SedarebiT sacdel virTagvebSi 

aqtiuri ganridebis reaqciis gamomuSavebasa (P=0,001) da maTi 

erTdrouli 14 dRiani testirebis (P=0,002) Semdeg sarwmunod 

Semcirda deniT dasjili wylis smis aqtebis raodenoba.  
  

cxrili #3. qceviTi maCveneblis statistikuri Sefaseba “prokonf-

liqturi” testiT fsiqogenuri stresis ganviTarebis sxvadasxva 

etapze sacdel virTagvebSi 

 

 

deniT 

dasjili 

wylis smis 

aqtebis 

raodenoba 

intaqtu

ri(1) 
I etapi(2) Iietapi(3) 

III etapi 

(4) 

P 1-2 P 2-3 P 3-4 

saS SD saS SD saS SD saS SD 

sacdeli 

virTagvebi 8,4 4,5 3 0,7 1,5 0,7 0,6 0,5 0,001 0,002 0,004 
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amrigad, fsiqogenuri stresis ganviTarebis samive saf-

exurze „Ria velisa“ da „prokonfliqturi“ testis mixedviT 

cxovelebSi dominirebs SiSisa da SfoTvis reaqciebi. 

      eqsperimentuli kvlevis meore etapze, stresis ganviTa-

rebis samive safexurze, intaqtur cxovelebTan SedarebiT, 

stresirebuli cxovelebis sisxlSi gansazRvreT imunokompe-

tenturi ujredebis funqciuri Taviseburebani.  

imunuri ujredebis metabolizmis Seswavlis dros, fsi-

qogenuri stresis ganviTarebis pirobiTi refleqsis gamomuS-

aveba - ganmtkicebisas, eqsperimentis pirvel da mesame etapze, 

rodesac cxovelebSi dominirebda vertikaluri dgomebi, rac 

cxovelis emociuri daZabulobis ukiduresi gamomxatveli 

iyo, irganizmSi mimdinare metaboluri cvlilebebidan imuno-

kompetenturi ujredebi gaaqtiura, rac gulisxmobs organiz-

mis damcvelobiTi TviTmaregulirebeli da kompesatoruli 

meqanizmebis CarTvas, xolo kvlevis meore etapze – ganmtkic-

ebuli TavdacviTi reaqciebis fonze, anu saeqsperimento gar-

emosTan cxovelebis adaptaciisas Seicvala qceviT aqtebs So-

ris Tanafardoba - gaizarda „grumingis“ xangrZlivoba da Se-

mcirda emociuri daZabulobis gamomxatveli qceva – vertika-

luri dgomebi. cnobilia, rom „grumingi“ cxovels konfort-

uli mdgomareobis SenarCunebasa da uaryofiTi emociuri da-

Zabulobis gamoxatvaSi uwyofs xels (9), ris safuZvelzec im-

unologiuri parametrebis (T limfocitebis jgufebi) gaaqti-

ureba Semcirda, daubrunda normas anu fonurs. 

sayovelTaod cnobilia, rom stresis dros imunolog-

iuri parametrebis cvlilebebis efeqti damokidebulia stre-

sis gavlenis xasiaTze, simZlavreze, mis xangrZlivobaze (10), 

aseve individualur Taviseburebebze (11). Zalzed gamanadgur-

eblad moqmedebs gamRizianebeli stresori imunur sistemaze. 

stresis dros imunodepresias ukavSireben sisxlis SratSi 

glukokortikoiduli hormonebis koncentraciis zrdas, lim-

focitebis gadanawilebas, imunur pasuxSi ujredebis gancal-

kavebas T – supresorebis aqtivizacias (12), agreTve ujreduli 

da humoruli imunitetisa da metaboluri faqtorebis disba-

lanss, antigenuri homeostazis darRvevebs, avtoimunuri dar-

Rvevebis warmoSobas da adaptaciuri sistemebis sarezervo sa-

Sualebebis dauZlurebas (gamofitvas) (13). 
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cxrili #4.imunuri maCveneblebis statistikuri Sefaseba fsiqogen-

uri stresis ganviTarebis sxvadasxva etapze sacdel virTagvebSi 
 

 

imunuri 

ujredebi 

 

intaqtur

i(1) 

 

  I etapi 

(2) 

 

IIetapi 

(3) 

 

III etapi 

(4) 

P 

saS 

 

SD 
 

saS SD saS SD saS SD 

 

CD 3 

 

12,1 

 

1,8 

 

14,5 

 

2 

 

13,1 

 

2,5 

 

15,6 

 

2,3 

0,006 

0,1 

0,001 

 

CD4 

 

9,2 

 

1,6 

 

12,4 

 

2,5 

 

9,5 

 

1,6 

 

12 

 

2,4 

0,003 

0,3 

0,006 

 

CD8 

 

8,3 

 

1,1 

 

10,3 

 

1,8 

 

9,7 

 

3 

 

10,6 

 

1,9 

0,008 

0,1 

0,003 

 

CD4/CD8 

 

1,3 

 

0,1 

 

1,6 

 

0,4 

 

1,3 

 

0,2 

 

1,6 

 

0,5 

0,01 

0,2 

0,02 

 

CD16 

 

6,6 

 

1 

 

9,4 

 

1,5 

 

7 

 

2,2 

 

9,7 

 

2,7 

0,001 

0,2 

0,003 

 

CD20 

 

6,6 

 

1,7 

 

8,4 

 

1,3 

 

6,4 

 

1,7 

 

8,9 

 

1,7 

0,01 

0,3 

0,005 

 

CD45 

 

10 

 

2,9 

 

12,6 

 

1,3 

 

9,8 

 

3,1 

 

17,3 

 

5,1 

0,005 

0,4 

0,009 

 

cnobilia, rom Tu stresoris zemoqmedeba grZeldeba 

intensiurobis zrdiT, imunuri sistemis aRdgenis periodi na-

klebad mimdinareobs an saerTod ar arsebobs. stresoris mo-

qmedebis Sewyveta ki, iwvevs imunuri pasuxis aRdgenas (12). Cveni 

eqsperimentuli gamokvlevebiT, ki, miviReT gansxvavebuli pas-

uxi - fsiqogenuri stresis ganviTarebis sxvadasxva etapze 

cxovelebis mier gamovlenili qceviTi maCveneblebisa da Sin-

agan garemoSi imunuri ujredebis metaboluri cvlilebebi 

TviTregulaciuri, kompesatoruli xasiaTisaa, ramac ganapir-

obeba imunuri sistemis limfocitebis diferencireba, ganca-

lkaveba da mniSvnelovani zarda, rac stresirebis dros or-

ganizmis mier gamovlenili qcevis damcvelobiTi da TviTmar-

egulirebeli bunebisaa, e. i. stresuli zemoqmedebisadmi orga-
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nizmis mdgradobis gaZlierebis maniSnebeli. aRniSnuli mdgo-

mareoba ar ganixileba, rogorc paTologia, igi mniSvnelovan 

rols TamaSobs stresogenur garemosTan individis adaptaci-

aSi. 
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Lali Akhaladze 

 

Functional peculiarities of immune cells at various phases  

of psychogenic stress development 

 

Live creatures are an open system that has a multilateral connection with 

the surrounding area. The existence of the organism is impossible without the 

help of the supportive environment, the scientific explanation of the organism 

must also be included the environment influencing on it. Changes in environme-

ntal conditions affect the organism, but these effects usually do not cause serious 

violations of physiological processes, thanks to the complexity of mechanisms 

that provide the body's sustainability - homeostasis. It is known that any stressful 

effect causes the response of the organism to all its levels - from the cell to the 

general system organizing the  functions of the organism. Psychogenic stress is 

emerging as a result of mental factors, first of all will be activated the organism’s 

defender, self-regulatoryand comprensating mechanisms that ensures the optimi-

zation of these mental functions. 

For modeling psychogenic stress, we used the modulated model of active 

diversion reaction, as well as the emotional state of the animals (white laboratory 

rats) is assessed before stress and after stress with  the "open field" and "procon-

flict" test. At different stages of stress development, we define behavioral and 

emotional indicators and functional peculiarities of immune cells (T lymphocyt-

es) in blood with immunofluorative method. The goal of the research was to 

identify the behavioral components of self-regulating behavior of the brain, to 

determine the regularity of detecting of behavioral acts in the conditions of 

psychogenic stress caused by adverse combinations of the "informative trid" and 

their impact on functional specifications of immunocompetent cells (T lymphoc-

ytes). 

It can be assumed that at the initial stage of stress - behavioral reaction 

indicators revealed by animals in the experiments of different complexity and the 

metabolic changes of immunological indicators on the background of this beha-

vior are self-regulatory and compensative character, which induces the differen-

tiation of immunocompetent cells - lymphocytes, separation and significant gro-

wth, which is the protective and self-regulating nature of the behavior revealed 
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by the body during stress, that’ s the  indicator of strengthening the body's stabi-

lity to stress impact. This condition is not considered as a pathology and it plays 

an important role in the individual's adaptation in the stressed environment. 
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melor alfeniZe  

 

Savi zRvis napirdacva rkina-betonis konstruqciebiT da  

misi negatiuri Sedegebi 

 

zRvebis (okeaneebis) sanapiroebisa da plaJis zolebis 
Camoyalibeba da ganviTareba, xangrZlivi drois manZilze, bu-
nebrivi pirobebis gavleniT mimdinareobda. geologiur war-
sulSi, bunebrivi pirobebis sakmaod SesamCnevi cvlilebebis 
miuxedavad, planetis landSaftis friad dinamiuri obieqti - 
sanapiro zona SedarebiT stabilurobas inarCunebda, Tavisi 
wonasworobis mdgomareobis farglebSi umniSvnelo cvlile-
bebs ganicdida da bunebrivi ganviTarebis tendenciiT xasiaT-
deboda.  

cxadia, rom zRvis napirebi da plaJis zolebi sakuTar 
bunebriv misiebs asrulebdnen, bunebrivi ier-saxis SenarCune-
bas cdilobdnen. zRvis napirebis mniSvnelovani cvlilebebi 
meoTxeulis bolo - viurmuli gamyinvarebis dasasrulidan 
(daaxloebiT 18 aTasi wlis win) dafiqsirda. holocenis (bo-
lo 10-11 aTasi ww) klimaturi optimumis fazaSi, xmeleTis 
didi sivrce (umTavresad mTianeTebi da polaruli seqtori) 
Tovlisa da myinvaruli safarebisagan ganTavisufldnen.  

gamyinvarebis Semdgomi transgresiis gamo okeanis don-
is awevam sakmaod farTo rezonansi miiRo da sanapiros farTo 
(20 mln km2) zoli zRvam daikava. Savi zRvis donem ki 100-110m-
iT aweva ganicada, Sua holoconSi (6 aTasi wlis win) stabi-
luri xasiaTi miiRo.  

swored, postgalacialur etapze Savi zRvis sanapiro 
zonam gansakuTrebuli sirTulis mravalgvari cvlilebebi ga-
nicada. zRvis donis axali donis Sesabamisad, abraziisa da 
akumulaciuri procesebis morigeobis kvaldakval, sanapiros 
axali ier-saxis Camoyalibebas unda hqonoda adgili. kerZod, 
zRvis mier datborili sanapiro xmeleTi imyofeboda ra mud-
mivi da Zlieri gardaqmnis pirobebSi, im sawyisi zedapirebis 
rols asrulebdnen, romlebsac momavalSi Selfad anu wyal-
qveSa sanapiro ferdobebad gadaqceva eloda.  

amasobaSi, talRebis moqmedebiT, sanapiros xazebis mo-
sworeba da farTo marCxobebis formireba warimarTa. zRvaSi 
daZiruli fragmentebis fskeruli abraziis Sedegad, ngreuli 
masala zRvis kidisaken moZraobda, ramac sanapiro akumulac-
iuri formebis Seqmnas daudo saTave, rasac uwyobda wylis 
arteriebis mier aluviuri masalis SesarTavebTan daleqva da 
Semdgom plaJis mkvebav masalad gadaqceva.  
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zRvis napirebis morfologiur-dinamikuri niSnebis aR-
werili meqanizmi saqarTvelos zRvispira zolisTvisac gamo-
naklisi araa. misi Camoyalibebac umTavresad kavkasiis bunebis 
ganviTarebis holocenur periodSi warimarTa. Rac Seexeba, 
Savi zRvispireTis sanapiro zonis dinamiuri wonasworobis 
axali mdgomareobis Camoyalibebas, is am bolo 80-100 wlis 
manZilze mimdinareoba. cxadia, rom es cvlilebebi bunebriv 
faqtorebTan erTad (zRvis donis aweva, aluvionis Semcireba 
da STanTqma wyalqveSa kanionebis mier, plaJis masalis mudm-
ivi xexva da sxv) xelovnur - ngreuli masalis adamianis ara-

gonivrul sameurneo saqmianobas (Зенкович, 1987) ukavSirdeba. 
maT Sorisaa: mdinareTa wylis nakadebis regulireba, aluvio-
nis gazidva samSeneblo mizniT, hidroeleqtrosadgurebisa da 
portebis mSenebloba, araefeqturi napirdacva da sxv. 

navsadgurebis mSeneblobisa da “qveda warecxvebis” ma-
galiTebi saqarTvelos Savi zRvis sanapiroze arc Tu iSvia-
Tia:  

1. gagris sanapiro konturis gaswvriv gavrcelebuli na-
tanis napirisgaswvrivi uwyveti bunebrivi nakadis simZlavre 

30 aTas m3 Seadgenda [Божич, 1927; Зенкович, 1948; Кикнадзе, 1977]. 
md. Joekvaras SesarTavTan gemebis misadgomi SemomzRudavi mo-
lis (princ oldenburgskis mier) agebis (1914-1916 wlebi) gamo, 
aRniSnuli nakadis diskretulobam, natanis deficiti da pla-

Jis mkveTri Semcireba [Божич, 1938], xolo 50-60-ian wlebSi pla-
Jis gazidvam misi masalis balansis darRveva da plaJis war-
ecxvis mkveTri zrda gamoiwvia. mdgomareobis gamosworebis 
mizniT, sanapiro perimetris qarzurga ubanSi, pirvelad [XX 
s-is 20-iani wlebi] Savi zRvis sanapiroze, bunis seria aaSenes 

[Божич, 1938]. am RonisZiebam dadebiTi efeqti ver moitana. 
bunis samxreT `qarzurga ubanze~ plaJebs aSkara warecxva 
daetyo, xolo sanapiro nagebobebi da komunikaciebi aqtiur 
ngrevas daeqvemdebara. napiris abrazias verc napirsamagri 
kedlis [sigrZe 6 m] aSenebam [1931 w] uSvela. napirgamagrebis 
Semdgomi RonisZiebebic (kedlebi, bunis seria, talRmWrelebi) 
uSedego gamodga. am nagebobebis mniSvnelovani nawili Zlieri 
Stormebis [1967-1968 ww] Sedegad daziandnen, ukve 80-ian wlebSi 
TavianT funqciasac ver asrulebdnen, Tumca `qveda warecxve-
bis~ provocireba da ngrevis procesi ukve axali gagris mid-
amoebSi gavrcelda. 

2. aWaris sanapiro perimetris zolSi gagris analogiu-
ri suraTi Seiqmna. napirgaswvrivi natani masalis uwyveti 
[50km] nakadi, adamianis Carevamde, md. Woroxis deltidan md. 
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natanebis SesarTavamde vrceldeboda [Кикнадзе, 1977], Tumca ba-
Tumis portis eqsploataciaSi Sesvlis [1878w] Semdeg portis 
molebis mier, plaJis masalis `Tavisufali~ gadaadgilebis 
Seferxebis gamo, sanapiros maxinjauri-qobuleTis monakveTze, 
natani masalis mwvave deficitiani avariuli avtonomiuri 
qvesistemebi Seiqmnen, xolo SedarebiT stabiluri napiri 
gonio-baTumis sanapiro perimetrze iqna SenarCunebuli.  

navsadguris akvatoriis Stormebisagan dacvisa da fske-
ris mosilvis Tavidan acilebis mizniT, 170m sigZis dezi aages, 
romlis qarpira mxareze plaJis akumulacia, dezis qarzurga 
monakveTi ki avariul mdgomareobaSi aRmoCnda. 

rogorc Cans, plaJis masalis damWeri dezis `molurma 
efeqtma~ md. Woroxis SesarTavidan koncxis mimarTulebiT ga-
vrcelebuli nakadis gawyveta da moZraobis Seferxeba gamo-
iwvia, romelmac plaJebi garecxvis, xolo mimdebare sainJinro 
komunikaciebi ngrevis saSiSroebis qveS daayena.  

3. oCamCiris reidis Crdilo periferiis zRvis kideze 
samxedro navsadguri [1934-1936 ww] da misi SemomzRudavi moli 
aaSenes. am faqtma plaJis nakadis moZraobis bunebrivi reJimi 
anTropogenur stadiaSi gadaiyvana, negatiuri cvlileba moa-

xdina da ZiriTadi napiris ngreva (Алпенидзе, 1975) gamoiwvia. 
kartografiuli masalis urTierTSedarebis safuZvelze cno-
bili gaxda, rom 50-ian wlebSi zRvis kidem da TixebiT agebu-
lma klifma 130-150m-iT ukan daixia, 15ha farTobis daWaobebu-
li fragmenti Seiwira da qalaqis dasaxlebas ngreviT daemu-
qra. napirgamagrebis dawyebamde (50-iani wlebi) zRvis sanapir-

os ukan daxevam 250m [Алпенидзе, 1975] Seadgina. napiris betonis 
nagebobebiT (60 buna da 4km-is sigrZis kedeli) gamagrebis (Ri-
rebuleba 11.7mln. dolari) miuxedavad, oCamCiris navsadguris 
uSualod mimdebare ZiriTadi napiri amJamadac ki intensiurad 
irecxeba. 

zRvis kidis pirze ganlagebuli samrewvelo an/da sat-
ransporto komunikaciebis abraziisagan dacvis mizniT bunis 
seriiT SemozRudvis gamo natanis nakadis gawyvetisa da ̀ qveda 
warecxvis~ formirebis Sedegebis magaliTebia: 

1. gagraSi Txemis ubnis cicabo sanapiroze [sur. 1] viw-
ro plaJis kideze, rkinigzis xazis abraziisagan dacvis mizn-
iT, bunis seria [32 buna da talRismWreli] aaSenes, xolo 
bunebsSorisi `jibeebSi~ natani masala mozides da kenWnariT 
amoavses. Bunis seriis mSeneblobam sanapiros Crdilo-dasav-
luri mxridan moZravi, natanis napirisgaswvrivi nakadi gawyv-
etili aRmoCnda. nakadis qarzurga nawilis natani masalis 
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deficitma plaJis kveba Sewyvita, xolo `qveda warecxvebi~ 5km 

sanapiro konturze [Пешков, 2005] dafiqsirda.  

analogiuri situacia Seiqmna rkinigzis sadguri „Txem-

is“ zRvispira kidezec. bunis seriis agebam, am monakveTze na-
piris bunebrivi procesis msvleloba mkveTrad Secvala. bunis 
seriis nakveTurebis SevsebasTan erTad, am nagebobebs na-
pirdacviTi funqcia daekarga da `qveda warecxvis~ aqtiuroba 
gamoavlina.    

msgavsi faqti dadasturda md. repruas SesarTavis 
zRvispira ubanzec, sadac bunis seriis mier natanis diskret-
uli nakadi gavrcelda da wyalmomaragebis saTavo nageboba-
sTan avariuli mdgomareoba Seiqmna. am nagebobis fasadze be-
tonis blokebis, rogorc droebiTi RonisZiebis, Cawyoba gaxda 
aucilebeli. mogvianebiT, am ubanze ZviradRirebuli ortra-
versiani wyalqveSa talRamWreli aages, Tumca mas dadebiTi 
efeqti ar mohyolia. piriqiT, am nagebobebis miRma napiris 
konturze, gagris cnobili parkis win, situacia kidev ufro 
gamwvavda - plaJis sigane 3-5m-mde Semcirda.  

 
 
2. kurort gagris zRvis sanapiro xazis ukan daxeva da 

plaJebis warecxva gasuli saukunis dasawyisSi [Божич, 1927] 
SeiniSneboda. avariuli mdgomareobis stabilizaciis mizniT 
gagris zRvis kideze 32 bunis seria moewyo, xolo mis zurgis 
periferiaze talRamridi kedlis ageba gaxda aucilebeli. am 
kedlis umTavres daniSnuleba, talRis energiis aridebasan 
erTad, sanapiro zolis keTilmowyobis funqciac gaaCnda, rac 
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dasvenebis mizniT datvirTvis daniSnulebas asrulebda. 
yoveli bunis agebis Semdeg, mis mezoblad qveda warecxvis 
axali avariuli fragmentebi Cndeboda, rac axali ubnis napi-
rdacvis mizanSewonilobas qmnida. 

gasul saukuneSi farTo plaJebi sakmaod gavrcelebuli 
movlena iyo. maTi formireba mdinareebis uxvi myari natani 
masalis napirTan Semodinebasa da zRvispirze sivrcebriv 
gadanawilebas ukavSirdeboda. Warbi atmosferuli naleqebi 
da xSiri eroziuli qseli sanapiro zonis natanis masaliT 
uzrunvelyofas emsaxureba. dasavleTi saqarTvelos 150 didi 
da mcire mdinaris mier Sav zRvaSi yovelwliurad 4,5 mln m3 
qviSisa da kenWnaris Catanas aqvs adgili. maT mieraa formir-
ebuli ganieri plaJebi, akumulaciur-delturi (biWvinTis, so-
xumis, kodoris, burun-tabies) warmonaqmnebi, kolxeTis 
vrceli vake.  

akumulaciis warmarTva bunebrivi ganviTarebis reJimSi 
yalibdeboda. zRvis napirebis warecxvebi gvian holocenuri 
epoqis bunebriv procesebs ukavSirdeba. napirebis evoluciis 
bolo etapze dafiqsirebuli warecxvis aqtivizacia ki natanis 
biujetis xelovnuri SeryeviTaa gamowveuli, romlis gamo-
mwvev mizezs mdinareTa xelovnuri daregulireba warmoad-
gens.  

am mxriv, TvalsaCino magaliTebad gamodgeba md.md. eng-
uris, gumisTisa da Woroxis hes-ebis mSenebloba da kaSxlebis 
agebasTan dakavSirebuli negatiuri movlenebi: 

1. md. enguris qvemo dinebaSi hes-is maRlivi kaSxalis 
(daba jvarTan) eqsploataciaSi Sesvlis dRidan (1978w) misi 
plaJwarmomqneli natanis Camonadenis moculoba 92%-iTaa 

[Джаошвили, 1986] Semcirebuli. Tuki 1978 wlamde am mdinares 
zRvispirze 370 aTasi m3 plaJis warmomqmneli natani gamohqo-
nda, amJamad misi moculoba mxolod 29 aTas m3 Seadgens. amis 
gamo, md. enguris SesarTavispira deltis SesamCnevi warecxva 
kaSxlis agebisTanve dafiqsirda. zRvis kidis ukan daxevis 
tempic wlebis ganmavlobaSi TandaTan matulobda da 80-ian 
wlebSi 5-7m/ww Seadgina.  

engurhesis mSeneblobis Sedegad natanis balansi darR-
veulia agreTve md. eriswylis (amJamad, sarini arxi) SesarT-
avis midamoebSi. am mdinaris plaJwarmomqmneli natani (4850m3) 
masala, wylis WavlTan erTad, zRvaSi sakmaod Sors ga-
daitaneba. Cxadia, rom arxis SesarTavTan wylis Wavlis 
`moluri efeqtis~ formirebas aqvs adgili. amis gamo, md. Ra-
liZgis deltis mxridan natani masalis nakadis mniSvnelovani 
nawili arxis SesarTavis win - mis marjvena napirze ileqeba, 
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sadac man mcire zomis koncxisebri Sverilis warmoqmnac ukve 
moaswro.  

2. md. Woroxis kalapotis daregulirebamde plaJuri 
fraqciis natani masalis moculoba 2,5 mln m3-s Seadgenda. 
aqedan, 600 aTasi m3 aluviuri masala (24%) samSeneblo indu-
striaSi gamoiyeneboda da sanapiros formirebaSi monawileo-
bas [Джаошвили, 1986] ar Rebulobda. am mdinaris SesarTavTan 
formirebuli napirisgaswvrivi nakadis simZlavre 80 aTas m3-s 
Seadgenda da q. baTumisaken miemarTeboda. cxadia, rom baTumis 
sanapiro zolis formirebaSi, md. Woroxis aluvionis mxolod 
3 % Rebulobda monawileobas. danarCeni aluvioni (1,8 mln. m) 
wyalqveSa kanionSi ikargeboda, xolo mcire nawili (10-12 %) 
zvirTcemis zolSi cveTas xmardeboda.  

amJamad mdinaris natani masalis didi nawili kaSxlebis 
wina wyalsacavebSi ileqeba. amitom, md. Woroxis SesarTav-
ispira zolSi gamotanili plaJSemqmneli masalis moculoba 
65%-iT Semcirda. Savaraudod, momavali 10 wlis ganmavlobaSi 
misi ufro meti (95 %-mde) dacemaa mosalodneli.  

amrigad aRmoCnda, rom zRvis napirebi – bunebrivi gar-
emos sakmaod mowyvladi bunebrivi warmonaqmnebi gare zemoqm-
edebis mimarT advilad reagireben da STambeWdav gardaqmnebs 
ganicdian. maTi SenarCunebisa da dacvis mizniT saukuneebis 
manZilze gamoyenebuli rkina-betonis nagebobebis napirsa-
magri nagebobebis didi nawili amJamad dangreuli da mwyobr-

idan gamosulia [Меладзе, 1993]. zogierTi saxis konstruqciebi 
napirdacvas amJamadac emsaxureba da gamoiyeneba kidevac, Tu-
mca naklebad Cans maTi ekonomikuri efeqturoba, xSirad ki 
aseTi nagebobebi socialurad miuRebeli, ekologiurad sa-
frTxiani da meurneobrivad mizanSeuwonelia.  

napirdacvis yvelaze gavrcelebuli da progresiuli 

midgoma - sanapiro zonis natani masaliT xelovnuri (Пешков, 

2005) kvebaa. am meTodis gamoyeneba, kapitalur (betonis) nage-
bobebis mSeneblobasTan SedarebiT, ramdenime dadebiT elem-
ents Seicavs: 1. plaJebis xelovnuri kvebas ekonomikuri Tva-
lsazrisiT sakmao efeqturoba gaaCnia - igi ramdenadme iafia; 
2. sakmaod advilad Seicavs regulirebis berketebsa da marT-
vis meqanizmebs; 3. miRweulia sanapiros `betonis junglis~ 
nacvlad plaJebis sanitarul-higienuri mdgomareobis gaumj-
obeseba; 4. plaJis farTo zoli ganixileba, rogorc drekadi 
napirsamagri@nageboba, romelic ama Tu im talRur reJimTan 
SesabamisobaSi modis da sakuTari ier-saxis cvlilebas gani-
cdis; 5.@xelovnuri plaJi imeorebs bunebrivi warmonaqmnis 

mailto:5.@xelovnuri
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ier-saxes da sakurorto zonas aTavisuflebs betonuri jung-
lisagan; 6. xelovnuri Tavisufali plaJi sakmaod mdgradia 
da xangrZlivi saeqspluatacio dro gaaCnia; 7. sakurorto-
rekreaciul zolebi rekreantTa atraqciulobisa da esTeti-
kuri moTxovnilebis dakmayofilebis obieqtebs warmoadgenen. 
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Мелор Алпенидзе  

 

Берегозащита берега Черного моря железобетонными 

конструкциями и ее негативные последствия 

 
Рассмотрены: причины абразии природных и антропогенных проц-

ессов  морских берегов, их последствия и необходимость берегозащиты; ус-

ловия строительствa традиционных берегозащитных сооружении железоб-

етонной конструкции (серия бун, волноломы, фасонные блоки, волноотб-
ойные и подпорные стены).  

Приведены примеры: причин возникновения аварийных участков 

берега моря и типы их защиты традиционными сооружениями. 
Проведен анализ: О негативном последствии берегозащиты желез-

обетонными сооружениями („нызовие размывы“, разрущения берегов и бе-

регозащитных сооружении). 

Предложены: современные оригинальные и оптимальные меропри-
ятия берегозащиты – искусственные подпитки пляжей, периодическое по-
полнение межбунных отсеков, строительство свободных пляжей, рефул-
ирование песка, репассинг, воздержание от строительствa железобетонных 
берегозащитных сооружении.       
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revaz Tolordava, merab gongaZe  
 

mdinare xodaSenisxevis kalapotis transformaciis 

geografiul-kartometriuli  analizi 

 
kaxeTi - saqarTvelos umSvenieresi da umdidresi kuTxe, 

Tavisi mravalferovani bunebiT, eldaris dablobidan aRmos-
avleT kavkasionis mwvervalebamde, erT-erT mWidrod dasaxl-
ebul da aTvisebul mxares warmoadgens saqarTveloSi. ala-
znisa da ioris SenakadebiT daseril aRmosavleT kavkasionis 
samxreT ferdobze da civ-gomboris qedis kalTebze intensi-
urad mimdinareobs eroziuli, mewyruli, Rvarcofuli proc-
esebi, rasac xels uwyobs iuruli, carculi da mesameuli 
asakis adviladSladi danaleqi qanebis intensiuri gamofitva, 
atmosferuli naleqebis drosa da sivrceSi mkveTri cvaleba-
doba, amasTan dakavSirebuli mdinareTa hidrologiuri reJi-
mis mkveTrad gamoxatuli sezonuroba, seismuri movlenebis 
gaaqtiureba da sxva mravali mizezi. mewyruli da Rvarcofu-
li movlenebis warmoqmna-ganviTareba dakavSirebulia rig bu-
nebriv faqtorebTan, romlebic Zalze noyier niadags qmnian 
maTi gaaqtiurebisTvis. aRmosavleT kavkasionis samxreT ferd-
obisa da civ-gomboris qedis mkveTrad danawevrebuli relie-
fi, teqtonikuri rRvevebis sixSire da sirTule, naleqebis 
arastabiluri da spontanuri xasiaTi, mdinareTa xeobebis mo-
rfologiuri Taviseburebani, amgebeli qanebis advilad Sla-
doba, ganapirobebs Rvarcofuli nakadebisa da mewyruli mov-
lenebis warmoqmnis intensiurobas, rac kaxeTs am movlenebis 

klasikur mxared warmogvidgens [1]. 
      md. xodaSenis xevi alaznis marjvena Senakadia da mas 

alaverdis monastridan 3,5-4 km-Si uerTdeba. igi saTaves iRebs 
civ-gomboris qedis Crdilo-aRmosavleT kalTebidan, romel-
ic ZiriTadad agebulia carculi da mesameuli asakis danal-
eqi wyebebiT. mdinaris mier aq CaWrilia Rrma xeoba, saidanac 
mas didi raodenobiT qva-RorRi Camoaqvs, rac kalapotis fske-
ris amaRlebasa da gafarToebas iwvevs. es procesi gansakuT-
rebiT SesamCnevia xodaSnisxevTan md. Savkabas SeerTebis adg-
ilidan qveviT, sadac mdinare bolo wlebSi 130 metris sigan-
eze gafarTovda. kalapotisa da Walis daaxloebiT 1,5 km2 (139 
ha) farTobi qva-RorRiT daifara, ris Sedegad mdinarem siRrme 
dakarga da wyaldidobisas mimdebare teritoriebis datborva 
daiwyo. wyalmovardnebis Sedegad asobiT heqtar sasaoflo-
sameurneo savargulebs, sakarmidamo nakveTebsa da Senoba-na-
gebobebs (badagonis Rvinis qarxana, mecxoveleobis fermebi) 
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seriozuli ziani miayena (sur.1,2). mdinare alaverdis samona-
stro kompleqssac miadga da problemebi masac Seuqmna. 

 

 

sur. 1 md.xodaSnisxevis kalapoti `badagonis~ Rvinis qarxanasTan 

xodaSnisxevis auzi geomorfologiuri TvalsazrisiT 
friad gansxvavebul arealebSia moqceuli, sadac reliefis 
sxvadasxva genetikur-morfologiuri tipebi gamoiyofa. aluv-
iuri vake auzis qveda nawilSi myari masalis dagrovebis zo-
nas warmoadgens. 

 

 
 

sur. 2 mdinare xodaSnisxevis kalapoti badagonTan axlos 
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sur. 3. md.xodaSnisxevis qvemo weli, marcxena napiri 

aluviur proluviur vakes auzis ufro zeda, SedarebiT 
viwro zoli aqvs dakavebuli da ZiriTadad, droebiTi nakad-
ebis mier gamotanili proluvioniTaa Seqmnili. wyvetilnaoWa 
da monoklinuri aRnagobis ganapira struqturul (neogenuri 
gaRunvebi, kirqvuli qanebi) mTiswineTebs z.d.-dan 800 m-ze  ma-
Rla auzis farTo zoli  ukaviaT.  aseT reliefSi viTardeba  
eroziuli da denudaciuri procesebi, romelTac warmoqmnes 
xramebi, xevebi, Rartafebi da sxv. formebi. Tanamedrove egz-
odinamikuri procesebi mimdinareoba rigi bunebrivi da anTr-
opogenuri faqtorebis urTierTqmedebazea damokidebuli da 

maTi moqmedebis rigiTobiTaa gansazRvruli[1].   
xodaSnisxevis mier Seqmnili problemebis aRmosafxvr-

elad bolo wlebis ganmavlobaSi tardeboda rigi sainJinro-

teqnikuri (napir-samagri, kalapotis CaRrmaveba-gasworeba da 
sxv.) saxis samuSaoebi (sur.2). ase magaliTad, 2011 wels ivnisis 
wyaldidobis Sedegebis aRmosafxvrelad (dazaralda alaver-
dis monastri) da Semdgomi usafrTxoebis uzrunvelsayofad  
mdinare Savkabas kalapots nawilobriv Seecvala mimarTule-
ba, xolo md. xodaSnisxevis marjvena sanapiroze, badagonis 
qarxnis zeviT,  damontaJda betonis filebi. 2017 wels 
Sesrulebulia 200000 laris kalapotis gawmendiTi samuSaoe-

bi[4], Tumca kartometriul geografiulma analizma aCvena, 
rom am RonisZiebebs mniSvnelovani Sedegebi ar moyolia. 
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xeobaSi mimdinare egzodinamikuri procesebis Seswavlis miz-
niT, 2015-2017 w.w. soxumis saxelmwifo universitetis geogra-
fiis mimarTulebis savele praqtikis farglebSi, Cvens mier 
Catarebulia geografiul kartometriuli kvlevebi.  
 

 
 

nax.1 mdinare xodaSnisRelis kalapoti (dRevandeli badagonis. 
 

 
 

nax.2. mdinare xodaSnisxevis kalapoti (badagonis 

teritoriasTan).Tanamedrove mdgomareoba orTofotos fragmenti. 

http://www.mygeorgia.ge/ 

miRebuli Sedegebis sivrculi ganfenilobis mowesrig-

eba xdeboda 1:10,000 da 1:25,000 masStabebis satelituri da sa-

bWoTa topografiuli rukebis eleqtronuli versiebis egzem-

plarebze da Cvens mier badagonis Rvinis qarxnis mimdebare 

teritoriaze mdinaris teritoriasTan) 1970-iani wlebis mdgo-

mareoba. 1:25000 masStabis topo rukis fragmenti kalapotSi 
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Catarebuli savele topografiuli agegmvebis monacemebiT Se-

dgenil gegmaze. gazomvebis Sedegad mdinare xodaSenisxevis 

auzis farTobma 96,227km2 Seadgina. amasaTan, SesarTavsa da Te-

lavi-axmetis SemaerTebel gzamde es monacemi mxolod 11,76 km2 

Seadgens. mTavari mdinaris mTliani sigrZe - 34,09 km-s, vard-

naHHmd=hsaT - hSes =1690,0 m-408,5 m=1281,5 m-s, xolo mdinaris sa-

erTo daxriloba ki 0,0811% (81,1‰) Seadgens. fizikur-geogra-

fiuli Taviseburebebis mixedviT mdinaris kalapoti Cvens mi-

er Semdegnairadaa gadanawilebuli: 1) SesarTavi - I xidi, 2) I 

xidi - Savkaba, 3) Savkaba - II xidi, 4) II xidi - viwroebi, 5) 

viwroebi - md. nanaxSirali wyali, 6) md. nanaxSiraliwyali - 

saTave. aqedan kalapotis daxrilobiT gansakuTrebiT gamoir-

Ceva saTavidan viwroebamde monakveTi – 85,37‰, rac mdinaris 

adidebisas wylisa da naSali masalis SeTanawyobiT mniSvne-

lovani kinetikuri energiis matarebeli xdeba. 

cxrili 1. md. zemo xodaSnisxevis hidrometruli  monacemebi. 

monakveTebi

 

 

 

  

 

 

 

 

 

 

  

datborvis 

farTobebi km2 

kalapotis 
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სa
t
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i 

ტopo 

რუკის 

eleqtr

onulი  

SesarTavi - I 

xidi 

0,724 0,466 10,48 10,36 0,069 0,045 

I xidi - 

Savkaba 

0,309 0,421 2,08 2,09 0,149 0,203 

Savkaba - II 

xidi 

0,168 0,261 1,27 1,59 0,132 0,164 

II xidi – 

viwroebi 

0,194 0,158 1,98 1,89 0,098 0,084 

sul 1,395 1,212 15,78 15,93 0,088 0,076 
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savele kvlevebma da arsebuli kartografiuli masalis 

kartometriulma analizma aCvena, rom auzis hidrografiuli 

qseli SenakadebiT, ori gaudinari tbiTa da 8 wyaroTia war-

modgenili. amasTan, Senakadebis saerTo sigrZem 23,85 km Sead-

gina, maT Soris marjvena Senakadebma - 14,66 (md. SavkabasTan 

erTad 39,34) km,  marcxenam 25,879 km (cxr 1). 

cxrili 2.  

mdinare xodaSnisxevis auzis maxasiaTeblebi 

mdinare xodaSnisxevis auzis maxasiaTeblebi   
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-ხევი 

SesarTa

vi-I xidi 

 

I xidi-II 

xidi 

 

II xidi- 

viw-ebi 

 

viw-bi.md. 

nanaxSi-

rali wy. 

md. 

nanaxSi-

rali wy. 

saTave 

S1=11,76 HSes..= 

408,5 

Lმარჯ=14,6

6 

 l1=10,48   

S2=84,4

7 

HsaT 

=1715,0 

Lმარც.=25,8

8 

 l2=19,59   

Sმთ=96,23

Sხორ=10,8

8 

Sმთ:107,1

1 

Lმთ.=30,07;Lშრობ.=1,55 

LS.kaba=23,85; 

sul=94,46. 

aqedanLmar=14,31 

0.88 Lმთ.=30,

07 

1307,

0 

0,043% 

=43,46‰ 

 407,5-589,5   10,48 182,0 0,017% 

=17,36‰ 

 589,5-710,0   3,64 120,5 0,033%= 

33,11‰ 

 710,0-775,9   1,43 65,9 0,046%= 

46,08‰ 

 

 

775,9-

1049,0 
  4,85 274,0 0,056%= 

56,48‰ 

 1049,0-1715,0   6,29 666,0 0,106%= 

105,88‰ 

xorxl-

is riye 

 

 

10,88 HSes.= 

408,5 H 

saT=550,0 

5,78+8,28 1.27 L=8,28 141,5 0,017%= 

17,10‰ 
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Savkaba 

 

S3=27,0

4 

HSes. =650,5 

HsaT=1475,

0 

16,81+7,8

7 

0.91 L=7,87 824,5 0,105%= 

104,76‰ 

  sul 

=23,85 

Sr.=9,09 

1.16 Srob.

=5,0 

  

nanaxSi-

rali 

wyali 

 

0,38  Sr.=3,67 

 

 4,29+ 

ikargeba:0,380 

 

tba 

uZiro 

 

0,10 940,0      

tba 

usaxe-

lo 

0,92 1242,0      

 

mdinareebis kalapotSi mimdinare procesebi mniSvnelo-

vnadaa damokidebuli auzSi arsebul meteorologiur pirobe-

bze. mdinare xodaSnisxevis auzSi mosalodneli maqsimaluri 

naleqebis dasadgenad SevarCieT regionTan axlomdebare Tel-

avis, axmetisa da nafareulis meteosadgurebis monacemebi 

(cxr.4), saidanac Cans, rom yvelaze meti naleqianobiT gamo-

irCeva maisi, Sesabamisad - 145,  123 da 132 mm (3).. Tu CavTvliT, 

rom xodaSnisxevis auzi Tanabari manZiliTaa daSorebuli Te-

lavisa da axmetis meteosadgurebidan da  movaxdenT am mona-

cemebis koreqtirebas miviRebT naleqis fenis simaRles moce-

muli auzisaTvis  𝑌 =
123მმ+145მმ

2
= 134 mm). am SemTxvevaSi auzSi 

mosuli naleqis mTliani raodenoba W=107,11km2.134 მმ = 0,0143km3. 

tolia. 

1891 wlis 1 ivliss TelavSi dafiqsirebuli naleqebis 
dRe-Ramuri maqsimaluri raodenoba - 116 mm axlosaa yvelaze 
naleqiani Tvis mTlian gasaSualoebur (134 mm) maqsimalur ra-
odenobasTan (86,57%) (cxr.3), rac gvafiqrebinebs, rom naleqe-
bis aseTi raodenobis mosvla SemdegSic ar gamoiricxeba. es 
ki savalalo Sedegis momtani SeiZleba gaxdes mdinaris qveda 
zonis kalapotisa da mimdebare teritoriebisaTvis [3]. 
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cxrili №  3. naleqebis saSualo Tviuri raodenoba da  
wliuri jami mm-Si  

metsadgur

i 
I II  II

I  

I

V  

V VI  VI

I 

VII

I  

I

X 

X  X

I 

XI

I 

wel

i 

Telavi 33 4

0 

60 83 14

5 

12

6 

80 64 72 68 51 38 860 

Axmeta 43   51 64 86 123 118 72 59 66 7

4 

63 38 857 

Nafareuli 2

8 

42 55 90 132 112 81 69 76 70 54 36 845 

 
cxrili №4. mdinare xodaSnisxevis auzis obieqtebis geografiuli 

 koordinatebi da absoluturi simaRleebi 

 

A 

Oobieqtebi Koordinatebi Absolutu

ri 

 simaRle 

 

xodaSnisx

evi 

 

 

 

 

--------------

------- 

Google 

Satellite-s 

rukebze 

 

    

SesarTavi 4202,026 4524,350 404,5 

xidi 4158,335 4520,459 592,7 

xeobis 

Seviwroeba 
4157,224 4517,719 760,0 

saTave 4152,694 4516,315 1690,0 

zemo xidi 4157,011 4518,789 710,0 

SesarTavi 4202,554 4521,640  

xidi qv. 

alvani 
4202,554 4521,923  

deltis 

dasawyisi 
4159,592 4521,001  

meore 

SesarTavi 
4202,201 4527,180  

შავკაბა SesarTavi 4157,553 4519,873 657,5 

saTave 4153,200 4517,796 1475,0 

ხორხლის 

ღელე 

SesarTavi 4202,390 4524,538 408,5 

 saTave 4159,115 4520,753 550,0 

ტბა უძირო centri 4156517 4518,257 940,0 

ტბა 

უსახელო 

----------- 4155,754 4516,785 1242,0 
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agegmvis Sedegebma aCvena, rom mdinares ufro marjvena 
napiris morecxvis tendencia aqvs, rac adgilmdebareobis fi-
zikur-geografiuli Taviseburebebisa da koriolisis Zalis 
moqmedebis Sedegi SeZleba iyos (sur 4). ase magaliTad, 2014 
wlamde, qarxnis damcavi jebiri, TiTqmis 20 metris sigrZeze 
mTlianad an nawilobriv iyo dangreuli. 

 
 

sur. 4. md. xodaSnisxevis kalapotis gafarToveba marjvena mxares 

 
 

sur. .5. mdinare xodaSnisxevis kalapoti alaverdis monasterTan 

  amgvarad, md. xodaSnisxevis auzis Tanamedrove azeve-
bis zonaSi mimdinareobs Warbi gamofitvisa da denudaciis 
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procesebi, romelTa produqtebi gravitaciis ZaliT xeobis 
fskerze da ferdobebze grovdeba; ufro qveviT, xeobis Suaw-
elSi, saTaveSi dagrovili myari masalis tranziti xdeba da 
mewyer-Rvarcofebi warmoiqmneba. amJamad aq, gamofitvisa da 
gravitaciis ZaliT, didZali naSali masaa dagrovili, rac 
Tavsxma wvimebis SemTxvevaSi katastrofuli Rvarcofuli nak-
adis warmoqmnis udides saSiSroebas qmnis, Tanamedove daZir-
visa da Warbi akumulaciis zonaSi ki aluviur-proluviuri 
nafenebi warmoiqmneba. M 

md. xodaSnisxevi alaverdis taZarTan mkveTrad uxvevs 
marjvniv, rac mdinaris Segubebas iwvevs (sur. 5). amis Semdeg 
xodaSnisxevi mdAalaznis kalapotis paralelurad miedineba 
da alaverdis taZridan 3,5 km-ze uerTdeba mas. ramdenadac 
mdinares mudmivad Camoaqvs myari masala da agrovebs dinebis 
qvemo welSi, amdenad kalapotis done maRla iwevs, rac wyal-
movardnis dros zrdis datborvis albaTobas.Aam dros gans-
akuTrebiT zaraldeba alaverdis monastris teritoria, sadac 
napirze gadmosuli mdinaris nakadi iWreba. xodaSnisxevis ka-
lapotis Tanamedrove mdgomareobis Sesafaseblad da axlo 
momavlis prognozirebis mizniT migvaCnia, rom aucilebelia 
mdinaris qvemowelis mTel perimetrze topo-geodeziuri samu-
Saoebis (kalapotisa da misi mimdebare teritoriis msxvilma-
sStabiani agegmva, mdinaris kalapotis RerZis nivelireba) Cat-
areba, romlis safuZvelze Sedgenili gegma, grZivi da ganivi 
profilebi mdinaris kalapotis Tanamedrove da prognozuli 
modelis Seqmnis saSualebas mogvcems. aucilebelia aseve, 
msgavsi samuSaoebis Catareba mdinaris zemo welSi, aq dagro-
vili naSali masalis parametrebis dasadgenad. 3 wlis win aq 
Catarebulia mniSvnelovani napirdacviTi RonisZieba – ramde-
nime aTeuli metris sigrZeze moewyo orsafexuiani gabionebi, 
ramac nawilobriv gaaneitrala stiqiis safrTxe.Pproblemis 
aRmosafxvrelad, Cveni azriT, aucilebelia xodaSnisxevis ka-
lapotis mkveTri mosaxvevis “Serbileba” am adgilze misi ga-
farToebis gziT, rac aq Warbi natanis dagrovebas Seamcirebs 
da gaadvilebs nakadis gadaadgilebas alaznisken. Sesabamis-
ad, Semcirdeba da SesaZloa, aRmoifxvres datborvis Sansic.  
 
gamoyenebuli literatura: 
1. garemos erovnuli saagentos yovelwliuri biuleteni, 

2016w. 

2. mdinareTa auzebis integrirebuli marTva 

nala.ge/climatechange/uploads/ TrainingModules/3_7.pdf 
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3. kaxeTis magistraluri gazsadenis Telavi-axmeta. saqarTv-

elos...moe.gov.ge/res/images/filemanager/daskvnebinebartvebi/gacemuli/

gzsh12.pdf  

4. saxelmwifo Sesyidvebis erTiani eleqtronului sistema.  

 https://www.georoad.ge/.../2017%20wlis% 

5. http://www.mygeorgia.ge/ 

6. saqarTvelos sakadastro,  

 http://gisappsn.reestri.gov.ge/geocadastre/  

 

 

revaz Tolordava, merab gongadze  

 

Geographical and cartrometric analysis of transformation of 

the riverbed of river Khodasheniskhevi  
 

Work covers the analysis of the behavior of exodynamic processes ong-

oing in the river-bed of the river Khodasheniskhevi to the geographic-physical 
characteristics of the river basin. Formation/development of landsliding and mud 

torrents is connected to the number of natural factors, creating pretty solid basis 

for their activation. Deeply fragmented relief of Tsiv-Gombori Range, frequency 
and difficulty of tectonic fissures, instable and spontaneous nature of precipitati-

ons, morphologic characteristics of the river gorges, easy breakdown of constru-

cting rocks, all these initiates the intensity of mud streams and landsliding acti-
vities.   

Due to the flowage of the river Khodashniskhevi, the river-bed and ove-

rflow land were all covered with stones and crushed rocks, thus, nearby territories 

were flooded during the flood, incurring significant damage to the hundreds of 
hectares of agricultural holdings, households and premises. Thus, it is necessary 

to provide various researches, providing the prognosis of the acts of God. Based 

on the geographic-cartographic researches, relevant recommendations are elabo-
rated for regulating the river-bed processes.  

 

 
 

 
 

 

 

https://www.georoad.ge/.../2017%20wlis%25
http://gisappsn.reestri.gov.ge/geocadastre/
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koba korsantia, izolda WinWaraSvili 

 

samegrelos  miwis resursebis kartografireba 

Tanamedroveobis im umTavres problemaTa Soris, rome-

lTa gamovlinebebi mimarTulia sazogadoebis winaaRmdeg da 

emuqreba cocxal bunebas - niadaguri da mcenareuli safaris 

momavali TaobisaTvis garantirebuli SenarCuneba warmoadg-

ens. niadaguri safaris dacva da xarisxobrivi gaumjobeseba 

kacobriobis erT-erTi umTavresi problemaa. garemosa da misi 

elementebis SenarCuneba da gaumjobeseba - potenciuri prod-

uqtiulobis ganviTarebis (zrdis) xelsayreli  pirobebis Se-

qmnaSia gamoxatuli da, saboloo jamSi, regionebis mdgradi 

ganviTarebis ekonomikuri ganviTarebiskenaa mimarTuli. 

sayovelTaod cnobilia, rom amJamad msoflios niadag-

uri (miwis) resursebi da, maT Soris, saqarTvelos sakmaod 

SezRuduli miwis resursebi intensiur degradacias ganicdis. 

misi mizezi niadagis qarismieri (deflacia) da wylismieri 

(erozia) gadarecxvis procesebis gaaqtiureba warmoadgens. am-

ave dros, am negatiuri movlenebis farTo ganviTareba dakav-

Sirebulia niadagdacviTi funqciebis moSlasTan, eroziuli 

da mewyruli ferdobrivi procesebis ganviTarebasa da niada-

gebis gabinZureba-gaWuWyianebis intensifikaciasTan. samegrel-

os miwis resursebic Zlier degradacias ganicdis. am uaryo-

fiT procesebTan erTad samegrelos miwebis udides proble-

mas Waobebisa da daWaobebuli adgilebis farTo gavrceleba 

(samegrelos vake-dablobi da sanapiro zoli) qmnis. regionis 

saSualomTiani da maRalmTiani hifsometriuli doneebi ki (wa-

lenjixis, Cxorowyus, martvilis raionebis farglebSi) reli-

efis Zlieri siRrmiTi danawevrebisa da e.w. bedlendis (Badland 

- uvargisi, alqati miwebi) met-naklebad susti gavrcelebis 

miuxedavad, samegrelo ise, rogorc mTeli saqarTvelo – mci-

remiwian raionad iTvleba.  

aseve samegrelos mcenareuli safaris umTavresi efeq-

turoba misi niadagdacviT rolSia asaxuli, romlis funqci-

ebas ekranirebisa da fiqsirebis kanonzomieri kombinacia ga-

napirobebs. am movlenis detalebis gaTvaliswinebiT niadagis 
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mier wylisa da mineraluri nivTierebebis Sekavebis, aseve ma-

sebis gadatanis unarebis Semcirebis Sedegad ekosistemebis 

katastroful cvlilebebis gamowvevas unda velodoT. maT 

Sorisaa, daCqarebuli eroziis procesi, romlis umTavresi ga-

momwvevi mizezi urwyulo miwaTmoqmedebaa.  

regionis miwis resursebis Sefasebis, racionaluri ga-

moyenebisa da aTvisebis erT-erTi mniSvnelovan faqtors Wao-

biani miwebis amoSroba, misi nayofierebis gazrda da gamoyen-

eba warmoadgens. samegreloSi Tanamedrove Waobebis mier da-

kavebuli farTobi 7663 ha-s Seadgens anu mas 76,6 km2 miwebi 

aqvs dakavebuli. imis miuxedavad, rom gasul saukuneSi aq Wa-

obebis daSroba intensiurad midioda, romelmac mosalodne-

li sagrZnobi dadebiTi Sedegebi ver mogvca da, Sesabamisad, 

miwis resursebis potencialis zrdasa da ganviTarebasac 

adgili ar hqonia. gasuli saukunis 90-ian wlebSi ki samegre-

los miwebis araracionalurma aTvisebam kidev ufro daamZima 

miwaTmowyobisa da resursuli aTvisebis perspeqtiva. Aamas da-

emata samegreloSi 2005 wlis mdgomareobiT arsebuli saSrobi 

da sarwyavi arxebisa da qselebis mTliani moSla da umoqme-

dobis gamowveva. amave dros, niadagdacviTi RonisZiebebis pra-

qtikaSi gautareblobis gamo - gauaresda samelioracio sist-

emebis mdgomareoba. saSrobi arxebis moSlam ki daWaobebuli 

farTobebis zrda da Waobeburi landSaftebis damkvidreba ga-

napiroba. niadagis eroziulma da meoradi daWaobebis proce-

sebma mwyobridan gamoiyvana sasoflo-sameurneo saWiroebisa-

Tvis gamosayenebeli masivebi. amitom, samegrelos miwis resu-

rsebis racionaluri (gonivruli) aTvisebis TvalsazrisiT, 

agreTve Tanamedrove standartebis miRwevis gaTvaliswinebiT, 

miwis resursebis geografiul Sefasebas didi mniSvneloba en-

iWeba. daCqarebas moiTxovs miwis inventarizaciis samuSaoebis 

bolomde Catareba, rac xels Seuwyobs sabargulTa Semadgen-

lobis saboloo dazustebasac (miqaZe... 2011). 

samegrelos miwis resursebis kartografireba SesaZle-

belia TiToeuli raionis miwis indeqsisa da misi sakadastro 

rukebis analizis, gasuli saukunis  90-ian wlebSi miwebis 

mdgomareobis Sesaxeb informaciaze dayrdnobis, miwis resur-

sebis potencialis uaxlesi cvlilebebisa da sxvaTa gaTvali-

swinebiT. 
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gasuli saukunis 90-iani wlebis reformiT samegrelos 

miwebis nawili mosaxleobas gadaeca. kerZo sakuTrebaSi gada-

cemuli miwis farTobebma 92737 ha Seadgina. aqedan, sasoflo-

sameurneo daniSnulebis miwebi iyo 90995 ha, xolo danarCeni 

(1742 ha) arasasoflo-sameurneo miznebisTvis iyo gankuTvnili. 

regionis admonistraciul sazRvrebSi moqceuli miwis resu-

rsebis transformaciis Sesaxeb warmodgenas iZleva gasuli 

saukunis 90-iani wlebisa da amJamad arsebuli resursebis 

raodenobrivi maCveneblebis Sedareba (samegrelos miwis, 

2004).……igi SesaZlebeli gaxda regionis miwis fondis Sesaxeb 

statistikuri da TviT avtoris mier adgilze mopovebuli mo-

nacemebis damuSavebiT miRebuli Sedegebis safuZvelze. bolo 

monacemebis mixedviT samegrelos miwis fondis jamuri farT-

obi 442375 ha–s Seadgens. naSromSi motanilia miwis resursebis 

struqturuli suraTi (cxrili 1), romelic naTel warmodge-

nas iZleva regionSi ganviTarebuli sasoflo-sameurneo saqm-

ianobisa da maT mier dakavebuli miwis farTobebis gadaawil-

ebis Sesaxeb.  

 

cxrili 1. samegrelos raionebis miwis resursebi sasoflo-სameur-

neo savargulebis mixedviT. farTobebi mocemulia ha-Si 
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abaSa 32252 20754 12791 965 68 _ 7 688 6235 _ 

zugdidi 69207 35893 14197 440 5370 468 348 6698 8900 _ 

martvili 88060 31523 9773 649 2822 _ 694 1109 16313 163 

senaki 52071 21924 9696 307 1212 150 110 2951 7198 24 

Cxorowyu 61936 21218 4843 528 2975 9 205 1222 11437 _ 

walenjixa 64668 13573 3886 145 2914 _ 160 1213 5075 80 

xobi 67601 29942 12447 531 1432 377 37 1447 12592 11 

q. foTi 6580 858 313 _ 25 _ 272 32 5 _ 

sul 442375 175685 67134 3565 16818 1004 1833 11995 67887 278 
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amave dros, miwis fondis aTvisebis xvedriTi maCveneb-

lebis misaRebad, sainteresoa am resursebis saerTo struqt-

uruli niSnebi anu am miwebze warmodgenili bunebrivi da xe-

lovnuri komponentebis sivrcebrivi da raodenobrivi maxasi-

aTeblebis Tanamedrove mdgomareoba. aq didi interesi aqvs 

regionis miwis fondebis Tu ra wili aqvs dakavebuli tyeebsa 

da buCqnarebs, tbebsa da wyalsacavebs, mdinareebsa da Waobebs, 

magistralur arxebsa da Sida satranspoto qselebs, adgilo-

briv gzebs, Senobebsa da nagebobebs, samxedro Tu sxva poli-

gonebs, erozirebul da damewyril fragmentebs, dabinZureb-

ul da karierul ubnebsa da a.S.  maT Sesaxeb krebsiTi mona-

cemebi motanilia cxrilSi 2. 

 
cxrili 2. samegrelos raionebis miwis resursebis arasasoflo-

sameurneo struqtura. farTobebi mocemulia ha-Si 
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abaSa 2352 1731 1958 210 _ 24 5223 _ 1841 3181 

zugdidi 17596 5953 4317 54 _ 196 3720 458 1666 1889 

martvili 45344 2209 1613 _ _ 50 7321 _ 605 6568 

senaki 19048 3011 1487 631 _ 254 3470 2246 1500 1933 

Cxorowyu 27693 1381 991 91 _ _ 10539 22 2830 7667 

walenjixa 41972 1197 464 1447 1 76 5939 _ 484 5396 

xobi 23250 2897 1698 25 _ 6918 487  2385 _ 447 

q. foTi 695 1154 505 56 2345 145 739 9 _ 1449 

sul 177950 19533 13033 2514 2346 7663 37338 5120 8926 28530 

 

samegrelos miwis resursebis racionaluri  da goniv-

ruli aTviseba-gamoyenebis mizniT, umTavres geografiul amo-

canas warmoadgens agrarul-resursuli potencialis axal si-

stemebze dayrdnobiT kadastritreba-kartografireba, romel-

ic jer araa dasrulebuli. msgavsi samuSaoebis SesrulebiTa 
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da sabazo rukebis Sedgenis safuZvelze yovelwliurad SeiZ-

leba miwis resursebis struqturuli cvlilebebis Sefaseba 

da realuri monitoringis sistemis amoqmedeba-daweseba. aRni-

Snuli masalis ganzogadoebisa da sivrcebrivi sxvadasxvaob-

is warmodgenis Sedegad avtoris mier SemuSavebulia samegre-

los ZiriTadi niadaguri resursebis geoinformaciuli ruka, 

romelic (nax.1) SedarebiT amomwuravad gamoxatavs aq miwis 

resursebis geografiuli ganawilebis sirTules. 

 
nax. 1. 

soflis meurneobis ganviTareba ki uSualo kavSirSia 

miwis resursebTan, kerZod miwaTmoqmedebis perspeqtivas reg-

ionSi yvelaze xelsayreli agroklimaturi da niadag-klimat-

uri pirobebi gaaCnia. zemoTmocemuli masalebisa da TviT av-

toris empiriuli dakvirvebis monacemebis safuZvelze Sevadg-

ineT samegrelos soflis meurneobis geoinformaciuli  ruka 

(nax.2), sadac naTlad Cans soflis meurneobis dargebis gavr-

celebis zonebi regionis teritoriaze.  

amrigad, samegrelos admonistraciul sazRvrebSi moq-

ceuli miwis resursebis transformaciis Sedarebis, miwis fo-

ndis Sesaxeb statistikuri da TviT avtoris mier adgilze 

mopovebuli monacemebis damuSavebiT miRebuli Sedegebis sa-

fuZvelze, Seqmnilia miwis resursebis struqturuli suraTi 

romelic naTel warmodgenas iZleva regionis sasoflo-same-

urneo da arasasoflo-sameurneo miwis farTobebis gadaawil-

ebis Sesaxeb.  
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nax. 2. 

zemoTaRniSnuli masalis ganzogadoebisa da sivrcebr-

ivi sxvadasxvaobis warmodgenis Sedegad avtoris mier SemuS-

avebulia samegrelos ZiriTadi niadaguri resursebis geoin-

formaciuli ruka, romelic amomwuravad gamoxatavs aq miwis 

resursebis geografiuli ganawilebis sirTules. aseve empir-

iuli dakvirvebis monacemebis safuZvelze SevadgineT samegr-

elos soflis meurneobis geoinformaciuli ruka sadac naT-

lad Cans soflis meurneobis dargebis gavrcelebis zonebi 

regionis teritoriaze 
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Koba Korsantia, Izolda Chincharashvili 

 

Mapping of land  resources of Samegrelo region 

 

Aim of the work is mapping of land resources of Samegrelo region by 

means of geo-informational system. According to the above-mentioned the foll-

owing works have been implemented:   

Comparison of land resources, which are located within administrative 

borders of the region, structural picture of land resources has been created on the 

basis of statistical information about land and results of reprocessing of the data 

acquired by the author on site, which gives a clear view on distribution of agric-

ultural and nonagricultural lands in the region.        

As a result of generalization of the above-mentioned material and surface 

differences the author elaborated  geo-informational map of main soil resoursec 

in Samegrelo, which gives detailed information about complicity of geographic 

distribution of land resources.  Also, based on the data of empirical observation 

the author elaborated geo-informational map of agriculture in Samegrelo, whire 

it is clearly shown zones of wodespread of agriculture fields on the territory of 

the region.  
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