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arCil frangiSvili daibada 1961 wlis 13 aprils, q. TbilisSi.  
1979 wels skolis damTavrebis Semdeg, Cairicxa saqarTvelos teqnikuri 

universitetis avtomatikisa da gamoTvliTi teqnikis fakultetze. 1983 wels 
daamTavra saqarTvelos teqnikuri universitetis avtomatikisa da gamoTvliTi 
teqnikis fakulteti inJiner-sistemoteqnikosis specialobiT. imave wels Sevi-
da politeqnikuri institutis gamoTvliTi teqnikis kaTedris aspiranturaSi. 
1987 wels saqarTvelos politeqnikuri institutis aspiraturis damTavrebis 
Semdeg muSaobda saqarTvelos teqnikuri universitetis gamoTvliTi teqnikis 
kaTedris docentad da saproblemo laboratoriis seqtoris gamged, kompiu-
teruli da informaciuli teqnologiebis samecniero-kvleviTi laboratoriis 
samecniero xelmZRvanelad. 

1987 w. a. frangiSvilma warmatebiT daicva sakandidato disertacia 
teqnikur mecnierebaTa kandidatis samecniero xarisxis mosapoveblad  
moskovis sainJinro-fizikur institutSi, 1992 w.  ki _ sadoqtoro disertacia.  

1992-dan 2003 wlamde batoni arCili muSaobda saqarTvelos teqnikuri 
universitetis informatikis, marTvis sistemebisa da telekomunikaciebis ins-
titutis direqtoris moadgiled. 

2007_2014 ww. saqarTvelos teqnikuri universitetis informatikisa da 
marTvis sistemebis fakultetis sadisertacio sabWos Tavmjdomarea.  

2002_2005 wlebSi arCil frangiSvili iyo saqarTvelos prezidentis sa-
gangebo rwmunebuli energetikis sferoSi.  

2005_2008 wlebSi _ saqarTvelos teqnikuri universitetis reqtoris 
moadgilea, xolo 2008_2009 wlebSi asrulebs reqtoris movaleobas. 2009 
wlidan 2020 wlamde ki universitetis reqtoria.  

1997 wels a. frangiSvili airCies saqarTvelos erovnuli mecnierebaTa 
akademis wevr-korespondentad, xolo 2013 wlidan akademikosad. 

2010 wlidan aris evropis mecnierebaTa da xelovnebis akademiis 
namdvili wevri da araerTi dargobrivi saerTaSoriso akademiis wevri.  

2007 wlidan dRemde – saqarTvelos sainJinro akademiis prezidenti da 
saerTaSoriso sainJinro akademiis pirveli vice-prezidentia. 

2011 wlidan dRemde aris saqarTvelos warmomadgeneli samTavrobaTaSo-
riso organizacia „birTvuli kvlevebis centri“-s finansur komitetSi (q. dub-
na); saqarTvelos warmomadgeneli suam-is qveynebis nanoteqnologiebis ganviTa-
rebis sabWoSi. 

2013 w. airCies sulierebis, kulturis da mecnierebis aRorZinebis da gan-
viTarebis sruliad saqarTvelos kaTalikos-patriarqis saerTaSoriso saq-
velmoqmedo fondis mmarTvelTa sabWos wevrad.  

a. frangiSvilis samecniero xelmZRvanelobiT daculia araerTi sakandi-
dato da sadoqtoro disertacia. avtoria 300-ze meti samecniero naSromis, 
maT Soris 25 monografiis,  15 saxelmZRvanelosi  da 20 patentis. 

2012 wels arCil frangiSvils mieniWa saqarTvelos erovnuli premia mec-
nierebis  da teqnikis dargSi biometriuli kompiuteruli teqnologiebis da-
muSavebisa da danergvisaTvis, xolo  1990 wels – saqarTvelos saxelmwifo 
premia mecnierebisa da teqnikis dargSi mikroprocesoruli qseluri struq-
turebis damuSavebisa da seriul warmoebaSi danergvisaTvis. dajildoebulia: 
Rirsebis ordeniT da Rirsebis medliT; mecnierebis istoriis saqarTvelos 
sazogadoebis medliT mecnierebaSi miRweuli warmatebisaTvis. 

2000 wels mecnierebis, teqnikis da teqnologiebis ganviTarebaSi aRia-
rebuli wvlilisaTvis, agreTve saerTaSoriso sainJinro Tanamegobrobis gan-
mtkicebisaTvis, saerTaSoriso sainJinro akademiis prezidentTa sabWos dad-
genilebiT mas mieniWa sapatio wodeba _ `me-20 saukunis gamoCenili inJineri~. 

vulocavT baton arCils saiubileo TariRs da vusurvebT nayofier sa-
mecniero moRvaweobas. 

saqarTvelos teqnikuri universiteti 
saqarTvelos sainJinro akademia 

Jurnalis `saqarTvelos sainJinro siaxlenis~ redaqcia 
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ТЕРМОДИФФУЗИИ 

 

Бежуашвили Ю.А., Качахидзе Н.Д. 
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Основная система (нестационарная) дифференциальных уравнений сопряженной 

теории термодифузии имеет вид [2] 
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В работе  [3] для задачи I доказываются теоремы существования и единственности 
регулярных решений. 

По схеме указанной в [2] построим приближенное решение для задачи I. 
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Введем матрицу 
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Здесь  ixy ,  матрица  фундаментальных решений оператора 











,

x
B  [2]. 

Теорема. Счетная совокупность векторов  
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jixyM
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линейно независима и польна в пространстве  SL2 . Доказательство этой теоремы здесь 

опускаем [2]. 

Перенулируем совокупность векторов (3) следующим образом 
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где 
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k
klk ,   k  - означает наибольшую целью часть числа k. 

Пусть  
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y   - система полученная из (4) ортонормитованием на  S, т.е. 
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Ясно, что 

 

       dyyQiyxxUxV
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будет решением задачи 
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Пусть      mkzgzg k ,0,,,   . Очевидно в наших предположениях    SLzg 2,   

и        dsyyggzgzg
k

S

k

k

k

k   




,,,,
1

. 

Решение задачи (5) можно представить в виде 
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где  iDyxG ,,,  - тензор Грина задачи (5), * - указывает на операцию транспортирования. 

Рассмотрим вектор 
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Легко видеть, что  
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Решение этой задачи можно представить в виде 
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Пусть D - любая область, расположенная строго внутри D . 

Составляя разность      ,ˆ,ˆ xVxV N , учитывая свойства тензора Грина и неравенство 

Коши-Буняковского, получаем 
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Ряд (6) равномерно сходится во всякой в замкнутой области лежащей внутри D. Если 

выражение (6) подставим в (1), то получим решение задачи I, а вектор  
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дает приближенное решение этой задачи. 
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SUMMARY 

APPROXOMATE SOLUTION OF PLANE DYNAMIC PROBLEMS OF THERMAL DIFFUSION 

Bezhuashvili Yu.A. and Kachakhidze N.D. 

Georgian Technical University 

In presented paper the plane dynamic problem with mixed boundary conditions are investigated for the system of 

non-stationary equations for conjugate theory of thermal diffusion is investigated. By the method of Fourier 

generalized series the construction of approximate solution is given. 

Keywords: theory of thermal diffusion, dynamic, generalized series of Fourier, approximate, plane problems. 
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piramidis mimarT wertilis mdebareobis dadgena 

 

takaSvili v.r., maspinZelaSvili b.i.  
 

saqarTvelos teqnikuri universiteti 
  

zogadi amocana. 1. piramidis wveroa A(x0; y0; z0) wertili, fuZis wveroebia 

wertilebi: B1(x1; y1; z1), B2(x2; y2; z2),.., Bn(xn; yn; zn). 

davadginoT, Tu ra pirobebi unda Sesruldes imisaTvis, rom  1

0

1

0

1

0 ;; zyxB    

wertili mdebareobdes piramidis areSi. 
amoxsna. ganvixiloT piramida AB1B2B3B4  (nax. 1). 
 
 
 
 

 

 

 

 

 

 

 

 

 

 
nax.1. B wertilis mdebareobis dadgena piramidis mimarT 

 
SevadginoT wrfis gantoleba, romelic gadis piramidis A wveroze da 

B wertilze, 0

0 0

x x

x x




 

0

0 0

y y

y y




 

0

0 0

z z

z z



 
 (L1). aseve SevadginoT im sibrtyis 

gantoleba, romelzec piramidis B1B2B3B4 fuZe mdebareobs. cxadia, rom misi 

normaluri veqtori iqneba 1 2 1 4B B B B  1 1 1A i B j C k  . vTqvaT am sibrtyis 

gantolebaa 1 1 1 1 0A x B y C z D     (P) romlis gadakveTis wertili (L1) wrfesTan 

iqneba 

0 0 0

0 0 0 0 0 0

1 1 1 1

,

0

x x y y z z

x x y y z z

A x B y C z D

  
 

    
    

 sistemis amonaxsni:
  0 0 0, ,x y z   . 

davadgenT 0 0 0( ; ; )C x y z    wertili piramidis fuZeze mdebareobs Tu mis 

gareT [2]. 
B wertili rom mdebareobdes piramidis areSi aucilebelia: 1. C 

wertili ekuTvnodes fuZes, 2. Sesruldes  toloba  | | | | | |AC AB BC  . Tu es 

pirobebi ar sruldeba, B wertili piramidis gareT iqneba. 

amocana. piramidis wveroebia wertilebi: 1A (–2; –2; 3), 2A (1; 1; 0), 3A (–1; 1; 4), 

4

1 1 17
; ;

3 2 6
A

 
 
 

. 

 
(L1) 
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davadginoT 
1 1 31

; ;
6 4 12

B
  

 
 

 wertili piramidis areSi mdebareobs Tu mis 

gareT. 
amoxsna. 
 
 
 
 
 
 
 
 
 
 
 
 
 

nax. 2. dadgenilia B wertilis mdebareoba 
 
SevadginoT wrfis gantoleba, romelic gadis B wertilze da piramidis 

romelime wveroze, vTqvaT 4A -ze, 

1 1

6 4
1 1

2 4

x y 





=

31

12
1

4

z 

 (L1) (nax. 2). aseve 

SevadginoT im sibrtyis gantoleba, romelzec piramidis 1 2 3A A A  waxnagi 

mdebareobs. am sibrtyis normaluri veqtoria 1 2 1 3A A A A , e.i. 1 2A A  (3; 3; –3), 

1 3A A  (1; 3; 1), 1 2 1 3A A A A  3 3 3 12 6 6

1 3 1

i j k

i j k     , xolo  gantoleba iqneba 

12(x + 2) – 6(y +2) + 6(z – 3) = 0,  2x – y +z – 1=0 (P). (L1) wrfisa da () sibrtyis 
gadakveTis wertili aris   

1 1 1 1 1 31
,  ,  ,

2 6 4 4 4 12

2 1 0.

x t y t z t

x y z


     


    

 sistemis amonaxsni  1t   , 
2

3
x


 , 0y  , 

7

3
z  .   

SevamowmoT, 1

2 7
;0;

3 3
C

 
 
 

 wertili mdebareobs Tu ara A1A2A3 waxnagze. 

SevadginoT wrfis gantoleba, romelic gadis C1 wertilze da am waxnagis 

romelime wveroze, vTqvaT A1-ze, 

2

3
4

3

x 





7

3
22

3

z
y






 (L2). vipovoT (L2) wrfis 

gadakveTis wertili A2 da A3 wertilebze gamaval wrfesTan, romlis 

  A4 
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gantolebaa 
1

2

x 




1

0 4

y z
 , xolo 

4 2 2 7
,   2 ,  ,

3 3 3 3

1 1
,

2 0 4

x t y t z t

x y z


     


   

 

, sistemis 

amonaxsnia: 
1

2
t


 , 0x  , 1y  , 2z  . C2(0; 1; 2) wertili rom ekuTvnodes A2 A3  

monakveTs, maSin 2 3| |A A  2 2 2 3| | | |A C C A ; 2 3| | 2 5A A  , 2 2| | 5A C  , 2 3| | 5C A  ; 

maSasadame, C2 wertili ekuTvnis A2A3 monakveTs. 1 2| | 14A C  , 1 1

2
| | 14

3
AC  , 

1 2

14
| |

3
C C  ; e.i. 1 2 1 1 1 2| | | | | |AC AC C C  , amitom C1 wertili mdebareobs A1A2A3 

waxnagze. radganac 4 1

6
| |

2
A C  , 1

6
| |

4
BC  , 4

6
| |

4
BA  , xolo 

4 1 1 4| | | | | |A C BC BA  , amitom B wertili piramidis areSi mdebareobs. 
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SUMMARY 

DEFINITION OF A POINT POSITION WITH RESPECT OF CONVEX POLYHEDRON (PYRAMID) 

Takashvili V.R. and Maspindzelashvili B.I. 

Georgian Technical University 
If the coordinates of the vertices of the pyramid are known and a point is specified, a method has been 

constructed that makes possible to determine whether this point is in the area of the pyramid. 

Keywords: point, straight line, plane, vector. 
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sibrtyis  gantolebis Sedgena, romelic ori sibrtyis mier Seqmnil 

romelime vertikalur orwaxnaga kuTxeebs yofs raime fardobiT  
romelime sibrtyis mxridan 

 
maspinZelaSvili b.i.,  takaSvili v.r. 

 
saqarTvelos teqnikuri universiteti 

      
zogadi amocana. mocemulia  ori gadamkveTi sibrtye  

1 1 1 1 0A x B y C z D     (P1), 2 2 2 2 0A x B y C z D     (P2). 

SevadginoT sibrtyis gantoleba, romelic gadis maxvil an blagv 
vertikalur orwaxnaga kuTxeebSi da am kuTxeebs romelime sibrtyis  mxridan 
yofs SefardebiT :m n  (nax. 1)  

 
 
 
 
 
 
 
 

 

 

 

 

 

 
nax. 1. saZebni sibrtyis gantolebis Sedgena 

 
 

amoxsna. vTqvaT unda SevadginoT sibrtyis gantoleba, romelic  gadis 
maxvil orwaxnaga vertikalur kuTxeebSi da am kuTxes (P1) sibrtyis mxridan 
yofs SefardebiT m : n; visargebloT sibrtyeTa konis gantolebiT, e.i. sibrtye 

veZeboT saxiT 1 1 1 1A x B y C z D     2 2 2 2( ) 0A x B y C z D    , aqedan miviRebT 

1 2 1 2( ) ( )A A x B B y     1 2 1 2( ) 0C C z D D      (P3), sadac  ucnobi namdvili 

ricxvia.  
vipovoT (P1) da (P2) sibrtyeTa normalur veqtorebs Soris kuTxis 

kosinusi; vTqvaT cos 1 2( , )n n a


  da kuTxe aris maxvili, e.i. 0 < a < 1, xolo  

1 2( , )n n


 arccosa.  

radganac 
MON m

NOQ n





 da MON NOQ   arccosa, aqedan saZebn (P3) 

sibrtyesa da (P1) sibrtyes Soris 
arccosm a

MON
m n

 


, xolo maT normalur 

veqtorebs Soris kuTxis kosinusi, e.i.  

arccos
cos

m a

m n

 
 

 

1 1 2 1 1 2 1 1 2

2 2 2 2 2 2
1 1 1 1 2 1 2 1 2

( ) ( ) ( )

( ) ( ) ( )

A A A B B B C C C

A B C A A B B C C

  

  

    

      
.       

(1)  
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(1) gantolebidan miviRebT 1  da 2  mniSvnelobebs, romlebisTvisac (P3) 

gantolebidan gveqneba sibrtyeTa gantolebebi:  

1 1 2 1 1 2( ) ( )A A x B B y     1 1 2 1 1 2( ) 0C C z D D       (P4), 

1 2 2 1 2 2( ) ( )A A x B B y     1 2 2 1 2 2( ) 0C C z D D      (P5). 

es sibrtyeebi (P1) sibrtesTan adgenen 
arccosm a

m n
-is tol kuTxeebs, 

romelTagan erTi gaivlis maxvil vertikalur orwaxgana kuTxeebSi, meore ki 
blagvSi. rom davadginoT, (P4) Tu (P5) sibrtye gaivlis maxvil vertikalur 

orwaxnaga kuTxeebSi, gamoviTvliT 
arccosm a

m n
, Semdeg vipoviT kuTxes an (P4) da 

(P2), an (P5) da (P2) sibrtyeTa Soris; magaliTad, (P4) iqneba saZebni sibrtye, Tu 

arccosm a

m n
 


arccosa, sadac  aris kuTxe (P4) da (P2) sibrtyeebs Soris. 

Tu unda SevadginoT blagv  vertikalur orwaxnaga kuTxeebSi gamavali 
im sibrtyis gantoleba, romelic am kuTxeebs yofs (P1)-is mxridan SefardebiT 

m:n da cos 1 2( , )n n


 a, 0 <a < 1, maSin arccos a Seicvleba   arccos a gamosaxulebiT 

roca (P1)  ( P2), arccosa 
2


 .  

amocana. mocemulia ori gadamkveTi sibrtye 0x y z    (P1), 

1 0x y z      (P2). 

SevadginoT sibrtyis gantoleba, romelic (P1) sibrtyis mxridan maxvil 
vertikalur orwaxnaga kuTxeebs yofs SefardebiT 1:2. 

amoxsna. sibrtye veZeboT saxiT  

( 1) 0x y z x y z        , (1 ) (1 ) (1 ) 0x y z           (P3) (nax.2) 

(P1) da (P2) sibrtyeebis normalur veqtorebs Soris kuTxis kosinusi 

cos 1 2( , )n n



1

3
, e.i. 1 2( , )n n


 arccos

1

3
, amitom kuTxe saZebn (P3) sibrtyesa da (P1)  

sibrtyes Soris iqneba 

1
arccos

3

3
, e.i. 

1arccos
3cos

3

 
 
 
 

2

3

3 3 2 3



 




 
,   

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 

nax. 2. moZebnili sibrtye 

(P5) 
(P1) 

(P4) 

(P2)  
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2

1arccos
3cos

3

 
  
 
 

2

2

9 6

9 6 9

 

 

 

 
,  

12arccos
31 cos

3

2

 
 
 
    

2

2

9 6

9 6 9

 

 

 

 
. 

aRvniSnoT 

1

3
2arccos

3
   da miviRebT  

2(7 9cos )   (6cos 6)   9cos 9 0   , 

saidanac 1

3 3cos 6 2 sin

7 9cos

 




 



, 2

3 3cos 6 2 sin

7 9cos

 




 



.   

(P3)-dan 1 -is  Sesabamisi sibrtyis gantoleba iqneba 

(4 12cos 6 2 sin )x    (10 6cos 6 2 sin )y     

  (10 6cos 6 2 sin )z     3 3cos 6 2sin 0    ,          (P4) 

xolo 2 -is Sesabamisi ki 

  (4 12cos 6 2 sin )x    (10 6cos 6 2 sin )y     

  (10 6cos 6 2 sin )z     3 3cos 6 2sin 0    ,      (P5) 

sadac 

1
2arccos

3

3
  .  

davadginoT (P4) aris Tu (P5) saZebni sibrtye. winaswar gamovTvaloT (P4) 

sibrtyis normalis koordinatebi; e.i. Tu 

1
2arccos

3 47
3

    , sin 0,7316  ; 

cos 0,6818  ; maSin 4 12cos 6 2 sin    5,9734 ; 10 6cos 6 2sin    20,298. 

kuTxe (P4) da (P1) sibrtyeebs Soris aris 

1
arccos

3

3
23 30  , xolo kuTxe (P4) da 

(P2) sibrtyeebs Soris iqneba cos 0,68162951 , 47   . radganac   

1
arccos

3

3
+ 

+ 70 30   arccos
1

3
= 1 2( , )n n


, amitom (P4) aris saZebni sibrtye. 

 
literatura 

1. Постников М.М. Аналитическая геометрия. -М., Наука, 1973, 310 c. 
 

SUMMARY 

GENERATION OF AN EQUATION OF A PLANE THAT DIVIDES ANY OF THE  

VERTICAL DIHEDRAL ANGLES CREATED BY TWO PLANES IN ANY RATIO  

FROM SIDE OF ANY PLANE 

Maspindzelashvili B.I. and Takashvili V.R. 

Georgian Technical University 

If two equations of a plane are given, a method has been constructed that makes possible to generate an equation 

of the plane that divides any of the vertical dihedral angles created by these planes in any ratio from the side of 

any plane. 

Keywords: plane, dihedral angle, normal vector, plane equation,  shear of plane equation. 
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wertilis gadaadgileba mocemuli veqtoris mimarT nebismieri kuTxiT 

 
qadaria i.r., maspinZelaSvili b.i. 

 

saqarTvelos teqniკuri universiteti 

 

zogadi amocana. mocemulia 1 1( ; )A x y  wertili da 2 2( ; )a x y  veqtori. 

vipovoT 1 1( ; )A x y  wertilis saxe, Tu is gadaadgildeba 2 2( ; )a x y  veqtoris 

sigrZis toli manZiliT da gadaadgilebis  veqtori a -Tan adgens -s tol 
kuTxes. 

amoxsna. vTqvaT, 1 1( ; )A x y  wertilis saxea B(x; y) wertili. vipovoT es 

wertili (nax. 1). 
 
 
 
 
 

 
 
 
 
 

nax. 1. A wertilis mosaZebni saxe 
 

1 1( ; )AB x x y y   , 2 2

2 2| | | |AB a x y   , e.i. 2 2 2 2

2 2 1 1( ) ( )x y x x y y     ; 

xolo ( , )a AB 


 , amitom 2 1 2 1( ) ( )
cos

| | | |

x x x y y y

a a


  



; gantolebaTa sistemas 

eqneba saxeL  
2 2 2 2

1 1 2 2

2

2 1 2 1

( ) ( ) ,

( ) ( ) | | cos ;

x x y y x y

x x x y y y a 

     


   

 

saidanac vipoviT  x da y-is or mniSvnelobas: x , y ; x , y ; e.i. B(x; y) 

wertilis saxea 1( ; )B x y   da 2 ( ; )B x y   wertilebi. SemowmebisaTvis ganvixilavT 

1AB  da 2AB   veqtorebs   da  davrwmundebiT,  rom  1 2| | | | | |a AB AB  , 1( , )a AB


  

= 2( , )a AB 


  (nax. 2). 

 
 

 
 
 
 
 
 
 
 

nax. 2. A wertilis moZebnili saxeebi B1 da  B2 

B(x; y) 

a   

 

A(x1; y1) 

 

A 

B2 
B1 

a   
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amocana 1. A(_2; 3) wertili gadaadgildeba a (2; _2) veqtoris sigrZis 
toli manZiliT ise, rom gadaadgilebis veqtori a (2; _2) veqtorTan adgens 

60-is tol kuTxes. vipovoT A(_2; 3) wertilis saxe am gadaadgilebisas 
amoxsna. vTqvaT, A(_2; 3) wertilis saxea B(x; y) wertili, vipovoT igi 

(nax. 3). ( 2; 3)AB x y   , | | | | 8AB a  , e.i. 2 28 ( 2) ( 3)x y    , xolo 

2( 2) 2( 3)
cos60

8 8

x y  
  ;  

 
 
                                

 
 
 
 
 
 
 
 
 

nax. 3. A wertilis mosaZebni saxe 
 
 
gantolebaTa sistemaa  
 

      
2 28 ( 2) ( 3) ,

2 4 2 6 4;

x y

x y

    


   
   

2 24 4 6 9 8 0,

3;

x x y y

x y

       


  
  

      3y x  ,  2 24 5 ( 3) 6( 3) 0x x x x       , 
2 24 5 6 9 6 18 0x x x x x        , 

2 2 2 0x x   ,   
2 4 8 2 2 3

2 2
x

    
  ; 1

2 2 3
1 3

2
x

 
    ,  2 1 3x    ; 

      1 1 3 3 2 3y       ,  2 1 3 3 2 3y       ;    

 

e.i. A(_2; 3) wertilis saxea 1( 1 3;2 3)B     da 2 ( 1 3;2 3)B     

wertilebi. marTlac: 
 

1 (1 3; 3 1)AB    ,  2 (1 3; 1 3)AB     , 

           2 2

1 2| | | | | | (1 3) ( 1 3) 8a AB AB        , 

       
1

2 2 3 2 3 2 4 1
cos ,

28 88 1 3 2 3 3 1 2 3
a AB
    

   
      

, 

 

e.i. 1, 60a AB
 

  
 

 (nax. 4). 

 

 

 

a   

60 
A(2; 3) 

 

B(x;y) 
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nax.4. A wertilis moZebnili saxeebi B1 da  B2 

 

amocana 2. 2 4 0x y    wrfis raime A wertili gadaadgildeba B(x; y) 

wertilSi ise, rom AB  veqtori a (_1; 3) veqtorTan adgens 60-is tol kuTxes 

da | | | |AB a . mocemuli wrfe am gadaadgilebiT romel wrfeze aisaxeba? 

amoxsna. ganvixiloT wrfis raime wertili, vTqvaT A(1; _2), romlis 
saxea B(x; y) (nax. 5).  

 
 
 
 
 
 
 
 
 
 
 
 

 
nax.5. wrfis A wertilis mosaZebni saxe 

 

AB  ( x_1; y+2), vipovoT x da y.    

2 2| | | | 10 ( 1) ( 2)AB a x y      , 
( 1) 3( 2)

cos60
10 10

x y   
 


 

gantolebaTa sistemas eqneba saxe 
2 22 1 4 4 10,

5 3 7.

x x y y

x y

      


   
  

2 2 2 4 5 0,

3 2 0.                       2 3 ,

x y x y

x y x y

     


    
 

     2 2(2 3 ) 2(2 3 ) 4 5 0y y y y       ,  
2 24 12 9 4 6 4 5 0y y y y y        , 

210 10 5 0y y   ,  22 2 1 0y y   , 

2 4 8 2 2 3 1 3

4 4 2
y

      
   ; 1

1 3

2
y

 
 ,  2

1 3

2
y

 
 . 

1

3 3 3 1 3 3
2

2 2
x

  
   ,   2

3 3 3 1 3 3
2

2 2
x

  
   . 

B(x; y) 

 

a   60 

A(1; 2) 
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1

1 3 3 1 3
;

2 2
B
   
  
 

, 2

1 3 3 1 3
;

2 2
B
   
  
 

. 

1

1 3 3 1 3 1 3 3 3 3
1; 2 ;

2 2 2 2
AB

        
         
   

, 

2

1 3 3 1 3 1 3 3 3 3
1; 2 ;

2 2 2 2
AB

        
         
   

. 

maSasadame, miviRebT or wrfes, romlebic mocemuli wrfis paralelur-
ni arian. 

2 4 0x y   , 2 4y x  , 2K  . erT wrfes eqneba saxe 12y x b  , rome-

lic gadis 1

1 3 3 1 3
;

2 2
B
   
  
 

 wertilze, 1

1 3 1 3 3
2

2 2
b

  
   , 1

3 5 3

2
b

 
 , 

3 5 3
2

2
y x

 
  , 4x 2 3 5 3 0y    . meore wrfe iqneba 22y x b  , romelic 

gadis 2

1 3 3 1 3
;

2 2
B
   
  
 

 wertilze, 
2

1 3
1 3 3

2
b

 
   , 2

3 5 3

2
b

 
 , 

3 5 3
2

2
y x

 
  , 4 2 3 5 3 0x y    .   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

nax. 6. mocemuli wrfis moZebnili saxeebi 
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SUMMARY 

DISPLACEMENT OF POINT WITH RESPECT OF VECTOR UNDER ARBITRARY ANGLE 

Kadaria Yu.R. and Maspindzelashvili B.I.   
Georgian Technical University 
If the point and vector are given, the kind of point is found, when is stated the displacement of point on distance 

equal to length of vector in such manner that vector of displacement makes the arbitrary angle with given vector. 

Keywords: vector, point, coordinate, plane, transfer.  

 

a

  

B2 

B1 

A 
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ori sibrtyis mier Sedgenili orwaxnaga vertikaluri kuTxeebis im 

orwaxnaga kuTxis xazovani kuTxis dadgena, romelSic mocemuli wertili 

mdebareobs 

 

maspinZelaSvili b.i., qadaria i.r. 
 

saqarTvelos teqniკuri universiteti 

 
zogadi amocana. mocemulia ori gadamkveTi sibrtye 

1 1 1A x B y C z   1 0D   1( )P , 2 2 2 2 0A x B y C z D     2( )P  da wertili A(x0; y0; z0). 

davadginoT am sibrtyeTa mier Sedgenili orwaxnaga vertikaluri 
kuTxeebis im orwaxnaga kuTxis xazovani kuTxe (veqtorebi, romlebic mas 
adgenen), romelSic A wertili mdebareobs. 

amoxsna. vipovoT A wertilis gegmili sibrtyeTa TanakveTis wrfeze 

1 1 1 1

2 2 2 2

0,

0.

A x B y C z D

A x B y C z D

   


   
 1( )L  SevadginoT sibrtyis gantoleba, romelic gadis 

A-ze (L1) wrfis marTobulad. misi normaluri veqtoria 1 2 1 1 1

2 2 2

i j k

n n A B C

A B C

    

3 3 3A i B j C k   , xolo gantolebaa 3 0 3 0 3 0( ) ( ) ( ) 0A x x B y y C z z      ,  

3 3A x B y  3 3 0C z D   , romlis gadakveTis wertili 1( )L  wrfesTan iqneba 

1 1 1 1

2 2 2 2

3 3 3 3

0,

0,

0

A x B y C z D

A x B y C z D

A x B y C z D

   


   
    

 sistemis amonaxsni: 0 0 0;  ;  x y z   . 0 0 0( ;  ;  )O x y z    wertili 

aris A-s gegmili 1( )L  wrfeze.  

vipovoT 1n  da 2n  normaluri veqtorebis boloebis koordinatebi, 

risTvisac maT saTaved O wertili aviRoT; 1n -is bolos koordinatebia:  

1 1 0x A x  , 1 1 0y B y  , 1 1 0z C z  . 1 1 1 1( ; ; )E x y z . 2n -is bolo koordinatebia: 

2 2 0x A x  , 2 2 0y B y  , 2 2 0z C z  . 2 2 2 2( ; ; )E x y z  

 E1 da E2 wertilebze gamavali wrfis gantolebaa 1 1

2 1 2 1

x x y y

x x y y

 
 

 
 

1

2 1

z z

z z





 (L2). vipovoT (L2) wrfis gadakveTis wertili (P1) da (P2) sibrtyeebTan; 

vTqvaT, 

1 1 1

2 1 2 1 2 1

1 1 1 1

,

0

x x y y z z

x x y y z z

A x B y C x D

  
 

  
    

 sistemis amonaxsnia: 1 1 1,  ,  x y z   , 1 1 1 1( ,  ,  )F x y z    

aris 2( )L  wrfis gadakveTis wertili (P1) sibrtyesTan, xolo 

1 1 1

2 1 2 1 2 1

2 2 2 2

,

0

x x y y z z

x x y y z z

A x B y C x D

  
 

  
    

 sistemisa ki: 2 2 2,  ,  x y z   , 2 2 2 2( ,  ,  )F x y z    aris (L2) wrfis 

gadakveTis wertili (P2) sibrtyesTan. 
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1. Tu 
1 1cos( , ) 0n n


 , maSin (L2) wrfe gadakveTs maxvili vertikaluri 

xazovani kuTxeebis romelime kuTxis gverdebs (nax. 1).  
 

 
 
 

 
 
 
 
 
 
 
 
 
 

nax. 1. 

 

2. Tu 
1 1cos( , ) 0n n


  (L2) wrfem 1n  da 2n  veqtorebis sigrZeebidan gamomdi-

nare SeiZleba gadaikveTos: 
a) blagvi vertikaluri xazovani kuTxeebis romelime kuTxis gverdebi 

(nax.2). 
 

 
 
 
 
 
 
 
 
 

 
nax. 2. 

 
b) maxvili vertikaluri xazovani kuTxeebis romelime kuTxis gverdebi 

(nax.3). 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

nax. 3. 
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ganvixiloT veqtorebi 1OF  da 2OF . vTqvaT, 
1 1cos( , ) 0n n


 , xolo 

1 2cos( , ) 0OF OF


  da (L2) wrfe kveTs romelime maxvili xazovani kuTxis 

gverdebs.  

O da A wertilebze gamavali wrfis gantolebaa 0 0

0 0 0 0

x x y y

x x y y

 
 

  
 

0

0 0

z z

z z




 
 (L3), romlis gadakveTis wertili (L2) wrfesTan 

0 0 0

0 0 0 0 0 0

1 1 1

2 1 2 1 2 1

,
x x y y z z

x x y y z z

x x y y z z

x x y y z z

  
      


    

   

 

sistemis amonaxsnia: 0 0 0,  ,  x y z   , 1 0 0 0( ,  ,  )C x y z   . 

 
 
 
 
 
 
 
 

 
 
 
 
 
 

nax. 4. A wertilis mdebareobis dadgena 

 

vTqvaT, C1 wertili ekuTvnis F1F2 monakveTs, e.i. 1 2 1 1 1 2| | | | | |F F FC C F   (1), 

maSin A wertili mdebareobs 1OF  da 2OF , an 1OF  da 2OF  veqtorebiT 

Sedgenili xazovani maxvili vertikaluri kuTxeebidan erT-erTSi (nax. 4). rom 

davadginoT, Tu romel kuTxeSia A wertili, vipovoT 1| |OC , | |OA  da 1| |AC ; 

Tu 1 1| | | | |OC OA AC  : 

a) rodesac 1| | | |OA AC , A wertili mdebareobs 1OF  da 2OF  veqtorebiT 

Sedgenil xazovan maxvil kuTxeSi; 

b) rodesac 1| | | |OA AC , A wertili iqneba 1OF  da 2OF  veqtorebiT 

Sedgenil xazovan maxvil kuTxeSi. 

Tu 1 1| | | | | |OC OA AC  , maSin A wertili mdebareobs 1OF da 2OF  

veqtorebiT Sedgenil xazovan maxvil kuTxeSi.  

Tu (1) toloba ar sruldeba, e.i. 1 2 1 1 1 2| | | | | |F F FC C F  , maSin A wertili 

iqneba 1OF  da 2OF  an 1OF  da 2OF  veqtorebiT Sedgenil xazovani blagvi 

vertikaluri kuTxeebidan erTerTSi. vipoviT F1 an F2 wertilis simetriul 

wertils O wertilis mimarT 1F  an 2F  , Semdeg ki (L3) wrfisa da F1, 2F  , an F2, 
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1F  wertilebze gamavali wrfis gadakveTis wertils C2. wina SemTxvevis 

analogiurad gavagrZelebT gamoTvlebs, rom davadginoT Tu romel kuTxeSia 
A wertili. 

amocana. mocemulia ori gadamkveTi sibrtye 3 2 7 0x z    (P1), 3 2 0y z     

(P2) da wertili A(_4; _3; 3) davadginoT am sibrtyeTa mier Sedgenili orwaxnaga 
vertikaluri kuTxeebis im orwaxnaga kuTxis xazovani kuTxe (veqtorebi, 
romlebic mas adgenen), romelSic mocemuli wertili mdebareobs.  

amoxsna. vipovoT A wertilis gegmili sibrtyeTa TanakveTis 

3 2 7 0,

3 2 0

x z

y z

  


  
 (L1) wrfeze, risTvisac SevadginoT sibrtyis gantoleba, 

romelic gadis A wertilze (L1) wrfis marTobulad. misi normaluri 

veqtoria 3 0 2 6 3 9

0 3 1

i j k

i j k    , xolo gantolebaa 

6( 4) 3( 3) 9( 3) 0x y z      , 2 3 4 0x y z    , romlis gadakveTis wertils (L1) 

wrfesTan vipoviT  

3 2 7 0,

3 2 0,

2 3 4 0

x z

y z

x y z

  


  
    

sistemis amoxsniT: 1x   , 0y  , 2z  . e.i. 

O(_1; 0; 2) wertili aris A wertilis gegmili (L1) wrfeze (nax. 5).  

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

nax. 5. A wertilis mdebareobis dadgenili kuTxe 
 

vipovoT 1n  (3; 0; _2) da 2n  (0; 3; 1) normaluri veqtorebis boloebis 

koordinatebi, maT saTaved O wertili miviCnioT 1n -is boloa E1(2; 0; 0) 

wertili 2n -is E2(_1; 3; 3) wertili, xolo E1 da E2 wertilebze gamavali 

wrfis gantolebaa 
2

3 3 3

x y z
 
 

 (L2). 
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vipovoT (L2) wrfis gadakveTis wertili (P1) da (P2) sibrtyeebTan, e.i. 

3 3,   3 ,   3 ,

3 2 7 0

x t y t z t

x z

     


  
 

13

15
t


 , 

3

5
x


 , 

13

5
y  , 

13

5
z  . 1

3 13 13
; ;

5 5 5
F

 
 
 

, 

3 2,   3 ,   3 ,

3 2 0

x t y t z t

y z

     


  
 

1

6
t


 , 

3

2
x  , 

1

2
y  , 

1

2
z  . 2

3 1 1
; ;

2 2 2
F
 
 
 

. 

1 1cos( , ) 0n n


 , xolo 1

2 13 3
; ;

5 5 5
OF

 
  
 

, 2

5 1 3
; ;

2 2 2
OF

 
  
 

, 1 2cos( , ) 0OF OF


 , e.i 

(L2) wrfe kveTs maxvili vertikaluri xazovani kuTxeebis romelime kuTxis 
gverdebs.  

O da A wertilebze gamavali wrfis gantolebaa 
4 3 3

3 3 1

x y z  
 


 (L3), 

romlis gadakveTis wertili (L2) wrfesTan 

3 2,   3 ,   3 ,

4 3 3

3 3 1

x t y t z t

x y z

     


  
 



 sistemis 

amonaxnia: 
1

2
t


 , 

1

2
x  , 

3

2
y  ,  

3

2
z  , 

1 3 3
; ;

2 2 2
C
 
 
 

.      

SevamowmoT, C wertili ekuTvnis Tu ara F1F2 monakveTs; e.i. 

1 2

21 3
| |

10
F F  , 1

11 3
| |

10
FC  , 2| | 3CF  , xolo 1 2 1 2| | | | | |F F FC CF   da A wertili 

mdebareobs maxvili xazovani vertikaluri kuTxeebidan erTerTSi. vipovoT: 

19
| |

2
OC  , | | 19OA  , 

3
| | 19

2
AC  ; radganac | | | | | |OC OA AC   da | | | |AC OA , 

A wertili mdebareobs 1

2 13 3
; ;

5 5 5
OF

   
   

 
 da 2

5 1 3
; ;

2 2 2
OF

  
   

 
 veqtorebiT 

Sedgenil xazovan maxvil kuTxeSi. 
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SUMMARY 

DETERMINATION OF THE LINEAR ANGLE OF A DIHEDRAL ANGLE COMPOSED OF TWO 

PLANES OF A DIHEDRAL VERTICAL ANGLE IN THAT A GIVEN POINT IS LOCATED 

Maspindzelashvili B.I. and Kadaria Yu.R. 

Georgian Technical University 

When the equations of two intersecting planes and a point are stated, a method is constructed that makes possible 

to determine the linear angle of that dihedral angle in that the point is located 

Keywords: coordinate, vector, point, plane. 
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funqcionaluri daprogrameba - gamoyenebis  aspeqtebi PYTHON-Si 
 

jojua z.s., jojua n.m., gvaramia e.g., boWoriZe e.v. 
 

saqarTvelos teqnikuri universiteti 
 

Sesavali 
programirebis TiToeuli ena daprogramebis paradigmebidan erT-erTs 

an ramodenimes erTad iyenebs. TiToeuli enisaTvis paradigmebidan erT-erTi 
ZiriTadia, xolo danarCeni _ damatebiTi. es paradigmebia proceduruli, 
obieqt-orientirebuli, funqcionaluri, logikuri. dRes-dReobiT, maTgan, 
Tanamedrove programuli uzrunvelyofis sferoSi funqcionaluri gaxda erT-
erTi moTxovnadi paradigma. 

funqcionaluri daprogrameba  
funqcionaluri daprogramebis mimarT interesis zrda gamowveulia 

programis Sedgena-damuSavebis gansxvavebuli _ deklaratiuli midgomiT. masSi 
programa aRiwereba funqciebis saxiT, sadac isini damoukidebeli blokebia da 
asruleben calkeul davalebebs. gamoTvlebi iwyeba romelime funqciis gamoZa-
xebiT, romelic Tavis mxriv sxva funqcias iZaxebs da a.S. yoveli gamoZaxebuli 
funqcia gamomZaxebel funqcias ubrunebs raime mniSvnelobas, ris Semdegac ga-
moTvlebs agrZelebs gamomZaxebeli funqcia. es procesi grZeldeba manam, sanam 
Tavdapirveli funqcia ar daabrunebs saboloo mniSvnelobas.  

ganvixiloT funqcionaluri daprogramebis ZiriTadi principebi. 

 
sufTa funqciebi   
funqcionalur daprogramebaSi sufTa funqcia, masze gadacemul mona-

cems an monacemebs ar cvlis, man unda daabrunos axali monacemi an mona-
cemebi. is SeiZleba gadaeces sxva funqciebs, sxva funqciidan dabrundes ro-
gorc Sedegi da gamoyenebuli iqnas cvladebSi da konstantebSi.  garda amisa 
sufTa funqcia, masze erTi da igive argumentis gadacemisas unda abrunebdes 
erTi da igive mniSvnelobas (aseT funqciebs determinirebul funqciebs 
uwodeben). sxva sityvebiT, funqcia muSaobs erTnairad mxolod lokalur mo-
nacemebTan, damoukideblad imisa, Tu sad, rodis da ra formiT iqneba is ga-
moZaxebuli. agreTve mas ar axasiaTebs e.w. gverdiTi efeqtebi – funqciis Ses-
rulebis momentSi programul kodSi sxva ramis Secvla. magaliTad,  gver-
diTi efeqti SeiZleba iyos cvladis mniSvnelobis Secvla funqciis gareT, 
konsolSi gamotana, gansakuTrebuli situaciis warmoqmna, failidan mona-
cemebis wakiTxva da a.S. SeiZleba es seriozul SezRudvad CaiTvalos, Tumca 
unda davfiqrdeT imaze, rom Tu funqcia Tavis gareT arafers ar cvlis, misi 
gamoyeneba uproblemod SeiZleba sxva pogramul kodebSi. es ki Tavis mxriv 
zrdis Tavisuflebis xarisxs, amocanis gadawyetis dros amcirebs da a.S. 

zemoT aRniSnulis naTeli magaliTia qveviT moyvanili Python enis mar-
tivi programuli kodebi. aqve unda aRiniSnos, rom Python enaSi aqtiurad 
xdeba funqcionaluri daprogramebis principebis gafarToeba. amas adastu-
rebs is faqti, rom yovel funqcias avtomaturad aqvs rogorc minimum erTi 
Sesasvleli  self. 

mocemul programaSi funqcia gamoTvlis wris farTobs. 

p=3.14           p=3.14    

def area(r):      def area(r,p): 

return r*r*p           return r*p 

print(area(5))      print(area(5,p)) 
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programis pirvel kodSi funqcias ver vuwodebT, sufTas, vinaidan 
masSi gamoyenebulia globaluri cvladi, romlis gadacemac ar xdeba masze 
argumentis saxiT. Tu funqcias gadavcemT globalur cvlads argumentis 
saxiT _ meore varianti, maSin is imuSavebs ise, rom mimarTvas ar gaakeTebs 
globalur cvladze, funqciaze erTi da igive argumentis gadacemisas fun-
qcia gascems erTsa da imave Sedegs, rac warmoadgens sufTa funqciis maxa-
siaTebels da romelsac eyrdnoba funqcionaluri daprogramebis paradigma, 
rogorc es iyo zemoT aRniSnuli.  

rodesac funqcias aqvs cxadi Sesasvleli da gamosasvleli monacemebi, 
mas ar aqvs gverdiTi efeqtebi. gverdiTi efeqtis magaliTia funqciis gamo-
Zaxebisas masze modificirebuli globaluri cvladebis an argumentebis ga-
dacema mimarTvis mixedviT. es naTlad Cans qveviT moyvanil magaliTSi. 

counter=1 

def increaseCounter(value): 

counter=value+1 

return counter 

print (increaseCounter(counter)) 
programis mixedviT, funqcia, romelic ara aris sufTa, cvlis glo-

baluri cvladis mniSvnelobas. es ki ar aris gamarTlebuli funqcionaluri 
daprogramebis principebiT. swor variants aqvs Semdegi saxe: 

counter=3 

def increaseCounter(value): 

return value+1 

print (increaseCounter(counter)) 
sadac, funqcia masze gadacemul mniSvnelobas cvlis ise, rom ar icv-

leba globaluri cvladis mniSvneloba.  
yovelive zemoT aRniSnulidan gamomdinare SeiZleba davaskvnaT, rom  

sufTa funqciebi stabiluria, erTgvarovani da prognozirebadia. yoveli 
funqcia aris izolirebuli da ar axdens gavlenas programis danarCen kodze. 

funqcia _ pirveli klasis da umaRlesi rangis.  
es funqcionaluri daprogramebis aucilebeli moTxovnaa. imisaTvis, 

rom funqcia iyos pirveli klasis, misi cvladis saxiT gamocxadeba unda 
iyos SesaZlebeli. es Tavis mxriv funqciis, rogorc cvladis, marTvis saSua-
lebas iZleva. rac Seexeba umaRles rangs _ es niSnavs, rom funqcias SeuZlia 
argumentis saxiT  sxva funqciis miReba an Sedegis saxiT funqciis dabruneba. 

cvladebi ucvlelia. 
funqcionalur daprogramebaSi cvladebis Secvla maTi gamocxadebis 

Semdeg ar SeiZleba. SesaZlebelia maTi saSualebiT axali cvladebis Seqmna.  
lambda-gamoTvlebi. 
kidev erTi cneba, romelsac eyrdnoba funqcionaluri daprogrameba, 

aris lambda gamosaxuleba, romlis or princips uWiravs mTavari adgili funq-
cionalur daprogramebaSi: 

1. lambda-gamosaxulebis yvela funqcia aris anonimuri (funqcia saxe-
lis gareSe); 

2. gamoZaxebisas yvela funqcia ganicdis e.w. curring-s. es niSnavs, rom Tu 
adgili aqvs ramodenime argumentis mqone funqciis gamoZaxebas, pirvelad 
sruldeba pirveli argumentis funqcia, is Sedegs abrunebs axali funqciis 
saxiT, romelsac aqvs erTi argumentiT naklebi. Semdeg etapze xdeba am funq-
ciis gamoZaxeba da analogiurad zemoT naTqvamisa grZeldeba procesi, ro-
melsac rekursiuls uwodeben. es procesi grZeldeba manam, sanam ar iqneba 
yvela argumentis funqcia gamoZaxebuli da ar dabrundeba saboloo Sedegi. 

lambda-funqciis zogad Canawers aqvs Semdegi saxe: 
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lambda argument(s): expression 
xolo, am sintaqsis Tanaxmad, martiv magaliTs Python enaze aqvs Semdegi 

saxe: 

funqcia erTi argumentiT: 
n = lambda x: x % 3 

print(n(8)) 
sadac,  x aris argumenti, xolo x % 3 _ gamosaxuleba romlis gamoTvlac 

unda moxdes. 
funqcia ramodenime argumentiT: 

k=(lambda x, y,z: x + y+z)(2, 3, 7) 

print (k) 

 
daskvna 
yovelive zemoT aRniSnulidan gamomdinare SeiZleba iTqvas is Zlieri 

mxareebi, romliTac gamoirCeva funqcionaluri daprogrameba: 

 kodis saimedoobas amaRlebs cxadi struqturizacia da gverdiTi 
efeqtebis Tvalyuris devnebis arsaWiroeba,  

 moduluri testirebis moxerxebuli organizacia, rac programis yo-
veli funqciis testirebis SesaZlebelobas iZleva argumentis sxvadasxva 
mniSvnelobebisTvis; 

 kompilaciisas optimizaciis saSualeba _ roca cxadi saxiT ar mie-
TiTeba opiraciebis Sesrulebis mimdevroba, aramed avtomaturad formirdeba 
funqciis gamoTvlisas.  

 paralelizmis SesaZlebloba _ gverdiTi efeqtebis ararsebobis fon-
ze funqciis nebismieri gamoZaxebisas yovelTvis aris SesaZlebeli ori sxva-
dasxva parametris paraleluri gamoTvla _ maTi gamoTvlis mimdevroba ar 
axdens gavlenas gamoZaxebis Sedegze. 

amgvarad, funqcionaluri daprogramebis gamoyeneba Zalian efeqturia 
monacemTa didi bazebisTvis, paraleluri daprogramebaSi da manqanur swavle-
baSi. 
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mravalfunqciuri egzoConCxis funqcionirebisa da eqsploataciis 

algoriTmebis damuSaveba adamianis fizikuri datvirTvis Semsubuqebis 

amocanisTvis 

 

doxnaZe s.b., Todua T.d. 
 

saqarTvelos teqnikuri universiteti 
 
Tavdapirvelad egzoConCxis klasikuri teqnikuri koncefcia warmoad-

genda adamianis biomeqanikuri sayrden-mamoZravebeli sistemis damxmare me-
qatronul sistemas [1], romelic Tavis mxriv Sedgeboda saxsrebiT dakavSire-
buli sayrdeni segmentebisgan, saxsrebis mamoZravebeli servoZravebisgan, meqa-
nikuri Zalebis sensorebisgan da iseTi mowyobilobebisgan, rogoricaa: marT-
vis mTavari kompiuteri da servoZravebis uSualo mmarTveli kontrolerebi. 
unda aRiniSnos, rom dReisaTvis egzoConCxis gamoyenebis areali gascda 
aRniSnul sferos; sul ufro da ufro aqtualuri xdeba misi sxvadasxva sfe-
roSi gamoyeneba; es gansakuTrebiT exeba virtualur da daSorebul realobas 
[2], sadac egzoConCxis daniSnulebaa, meqanikuri ukuqmedebis simulaciis uz-
runvelyofa momxmarebelsa da virtualur anda distanciur realobaSi arse-
bul obieqtebs Soris.  

naSromSi warmodgenili algoriTmebi damuSavebulia mravalfunqciuri 
egzoConCxis funqcionirebisa da eqsploataciisaTvis, momxmareblis fizikuri 
datvirTvis Semsubuqebis amocanisTvis, rac gulisxmobs momxmareblis mier, 
rogorc fizikuri obieqtebis lokalur gadaadgilebas, aseve qveiTad xang-
rZliv gadaadgilebasa da tvirTis gadatanas. aRniSnuli egzoConCxis teq-
nikuri koncefciis mravalfunqciuroba ki, Tavis mxriv gulisxmobs, egzoCon-
Cxis axal teqnikur koncefcias, rac mdgomareobs momxmareblis mier, erTi da 
igive egzoConCxis mravali daniSnulebiT gamoyenebaSi. amgvari egzoConCxi 
Sedgeba ZiriTadi da damatebiTi modulebisgan. am SemTxvevaSi, ZiriTadi mo-
duli warmoadgens ZiriTad egzoConCxs, xolo damatebiTi modulebi warmoad-
genen ZiriTadi egzoConCxis gafarToebas, im konkretuli funqciis Sesa-
bamisad, romelic prioritetulia momxmareblis konkretuli saWiroebisamebr. 

fizikuri datvirTvis Semsubuqebis algoriTmi unda Camoyalibdes imis-
da mixedviT, Tu rogor unda funqcionirebdes momxmareblis sxeulis sayr-
den-mamoZravebeli biomeqanikuri sistemis fizikuri datvirTvis Semamsubu-
qebeli modulebi. es modulebi egzoConCxis SemadgenlobaSi Sedis. fizikuri 
datvirTvis Semsubuqebis amocanis gansaxorcieleblad, aucilebelia egzo-
ConCxis fizikur garemosTan Semxebi segmentebis zedapirebze Zalis senso-
rebis ganTavseba. algoriTmi moqmedebas iwyebs da muSaobs manam, sanam fizi-
kur garemoSi arsebuli sxeulebis zeda¬pirebTan egzoConCxis Semxebi segmen-
tebis zedapirebze ganlagebuli Zalis sensorebi fizikuri urTierTqmedebis 
Zalebs afiqsirebs [3]. 

fizikuri datvirTvis Semsubuqebis algoriTmis funqcionireba unda wa-
rimarTos ori monacemis safuZvelze, romelTagan erTia, momxmareblis mier, 
eleqtronul sistemaSi miTiTebuli egzoConCxis datvirTvis koeficienti, 
meore _ egzoConCxis Zalis sensorebis mier, myisierad dafiqsirebuli fizi-
kuri urTierTqmedebis Zalebis sidide da mimarTuleba. am ori monacemis nam-
ravliT, SesaZlebelia egzoConCxis eleqtromeqanikuri sistemis mier aRsaZra-
vi Zalis sididisa da mimarTulebis gamoTvla. biomeqanikuri sistemis msgav-
sad, egzoConCxis eleqtromeqanikur sistemasac gaaCnia Tavisi maqsimaluri 
datvirTvis limiti. algoriTmis damuSavebisas gaTvaliswinebul iqna es 
faqtoric. 
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fizikuri datvirTvis Semsubuqebis algoriTmis blok-sqema 
 
marTvis programuli algoriTmi, unda Seicavdes bloks, romelic gas-

cems pasuxs Semdeg kiTxvaze: „aRemateba Tu ara, egzoConCxis mier gamosa-
muSavebeli datvirTva, maqsimaluri datvirTvis limits?“. Tu pasuxi uaryo-
fiTia, maSin eleqtromeqanikurma sistemam unda aRZras moduliT toli da 
mimarTulebiT sawinaaRmdego Zala, im Zalis winaaRmdeg, romelic moqmedebs 
egzoConCxis sensorebze; Tu pasuxi dadebiTia, maSin datvirTvis koeficienti 
programam TviTon unda gamoiTvalos da Caanacvlos momxmareblis mier miTi-
Tebuli koeficienti. koeficientis gamoTvla  SesaZlebelia egzoConCxis maq-
simaluri fizikuri ZaliT datvirTvis limitis sididis SefardebiT, sen-
sorze moqmedi Zalis sididesTan. Tu magaliTisTvis davuSvebT imas, rom 
egzoConCxis maqsimaluri datvirTvis limitia 100 kg, lokalurad gadasaad-
gilebeli fizikuri obieqti iwonis 150 kg-s, xolo momxmarebels egzoConCxis 
eleqtronul sistemaSi datvirTvis koeficientad miTiTebuli aqvs 0,8, 
gamodis rom, am SemTxvevaSi egzoConCxis datvirTvis wili 20kg-iT aRemateba 
datvirTvis limits, radganac datvirTvis koeficientisa da fizikuri obieq-
tis wonis namravli Seadgens 120 kg-s. aseT SemTxvevaSi, programulma algo-
riTmma, TavisiT unda gamoiTvalos da Caanacvlos momxmareblis mier miTi-
Tebuli datvirTvis koeficienti. datvirTvis koeficientis gamoTvla Ses-
ruldeba, maqsimaluri fizikuri datvirTvis limitis sididis sensorze moq-
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medi Zalis sididesTan Sefardebis safuZvelze (100kg/150kg = 0.(6)). aqedan ga-
momdinareobs, rom gamoTvlili datvirTvis koeficientis (0.(6)) ZalaSi 
Sesvlis safuZvelze, egzoConCxis eleqtromeqanikuri sistemis mier misaRebi 
datvirTva, ar aRemateba Tavis limits _ 100 kg-s (0.(6)*150 kg = 99.(9) kg), xolo 
momxmareblis sayrden-mamoZravebeli biomeqanikuri sistemis nawilSi datvir-
Tva Seadgens _ 40 kg-s.  

naxazze mocemulia datvirTvis Semsubuqebis algoriTmis blok-sqema. 
sqemaze laTinuri simboloebiT aRniSnulia sidideebi:  K - momxmareblis mier 
miTiTebuli egzoConCxis datvirTvis koeficienti, F(sens.) _ egzoConCxis Za-
lis sensorebze moqmedi winaaRmdegobis Zalebi, K*F(sens.) _ egz¬ConCxis mier 
gamosamuSavebeli Zala, F(maqs.) _ egzoConCxis maqsimaluri Zaluri datvirT-
vis limiti. 

mravalfunqciuri egzoConCxis eqsploataciis sityvieri algoriTmi 
adamianis fizikuri datvirTvis Semsubuqebis amocanisTvis. 

qvemoT mocemulia fizikuri datvirTvis Semsubuqebis daniSnulebiT 
egzoConCxis eqsploataciis sityvieri algoriTmi, romelic saerToa ori sxva-
dasxva SemTxvevisTvis: 1. xangrZlivad qveiTi gadaadgileba da tvirTis gada-
tana; 2. fizikuri obieqtebis lokaluri gadaadgileba. 

adamianis fizikuri datvirTvis Semsubuqebis daniSnulebiT egzoConCxis 
eqsploataciis sityvieri algoriTmi mdgomareobs SemdegSi: 

1. aRniSnuli funqciis SesrulebisTvis yvela usargeblo modulis mox-
sna egzoConCxidan (Tuki araa moxsnili iseTi modulebi, rogoricaa virtua-
luri realobis Cafxuti da egzoConCxis zeda kidurebis moduli (Tavis sis-
temur blokTan erTad)), anda Tuki TviTon egzoConCxi ar aris moxsnili ise-
Ti modulidan, rogoricaa brunvis simulatori);  

2. aRniSnuli funqciisTvis sasargeblo modulebis damateba (mag., mobi-
luri akumulatoruli batarea da turistuli zurgCanTis egzoConCxze dasa-
magrebeli moduli); 

3. egzoConCxze konkretuli momxmareblis sxeulisTvis optimaluri zo-
mebis SerCeva da egzoConCxis morgeba; 

4. egzoConCxis eleqtronuli sistemis CarTva; 
5. momxmareblis sxeulisTvis SerCeuli optimaluri zomebis egzoCon-

Cxis eleqtronul sistemaSi Seyvana da eleqtronul bazaSi damaxsovreba; 
6. momxmareblis mier, egzoConCxis aRniSnuli funqciis eleqtronul 

sistemaSi arCeva; 
7. egzoConCxis mier momxmareblis energiis dazogvis koeficientis eleq-

tronul sistemaSi miTiTeba; 
8. momxmareblis mier, egzoConCxis datvirTvis Semsubuqebis funqciis 

CarTvis eleqtronuli brZanebis gacema; 
9. aRniSnuli funqciiT, egzoConCxis funqcionirebis dawyeba; 
10.  momxmareblis mier, egzoConCxis datvirTvis Semsubuqebis funqciis 

gamorTvis eleqtronuli brZanebis gacema; 
11.  eleqtronuli sistemis mier, aRniSnuli funqciis gamorTva; 
12.  momxmareblis mier, egzoConCxis eleqtronuli sistemis gamorTvis 

eleqtronuli brZanebis gacema; 
13.  eleqtronuli sistemis mier, eleqtronuli sistemis gamorTva; 
14.  momxmareblis sxeulidan egzoConCxis moxsna; 
amrigad, kvlevebis Sedegad warmodgenilia axali teqnikuri koncefcia, 

rac gulisxmobs: fizikuri datvirTvis Semsubuqebis algoriTmis Camoyali-
bebas; xangrZlivad qveiTi gadaadgilebisa da tvirTis gadatanisas, egzoCon-
Cxis fizikuri datvirTvis Semsubuqebis funqciiT eqsploataciis sityvieri 
algoriTmis Camoyalibebas; fizikuri obieqtebis lokaluri gadaadgilebisas, 
egzoConCxis fizikuri datvirTvis Semsubuqebis funqciiT eqsploataciis sit-
yvieri algoriTmis Camoyalibebas;  
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 Camoyalibebuli algoriTmebi saSualebas iZleva mravalfunqciuri eg-
zoConCxis teqnikuri koncefciis realizaciis SemTxvevaSi, gaTvaliswinebul 
iqnes algoriTmebis saxiT Camoyalibebuli is kanonzomierebebi, romlebsac 
unda emorCilebodes mravalfunqciuri egzoConCxis teqnikuri sistema, ada-
mianis fizikuri datvirTvis Semsubuqebis amocanis Sesrulebis SemTxvevaSi. 
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SUMMARY 

DEVELOPMENT OF MULTIFUNCTIONAL EXOSKELETON OPERATION AND EXPLOITATION 
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The use of exoskeletons is actual in many fields. The technical concept of an exoskeleton is still in the process of 

development therefore, in the same field of application, we come across many different projects and technical 

concepts. The article presents algorithms for the functioning and exploitation of multifunctional exoskeletons for 

the task of alleviating human physical exertion. The algorithms fit the technical concept of the exoskeleton, 

which implies multifunctionality and the ability of the user to utilize the same exoskeleton with different 

functions, depending on the specific need. 
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geometriuli aRwerebis daprogramebis meTodebis gavlena  

atlasis eqsperimentis simulaciis warmadobaze 

 

kekelia b.d. 
 

saqarTvelos teqnikuri universiteti 
 
 
1.  Sesavali 
msoflioSi ramdenime didi proeqti mimdinareobs maRali energiebis 

fizikaSi. maT Soris gansakuTrebuli adgili uWiravs LHC (large Hadron Collider) _ 
is eqsperiments [1,2].  LHC-Si damoukidebeli eqsperimentis saxiT, 4 ZiriTadi 
deteqtori mdebareobs. esenia: ATLAS (A Toroidal LHC AparaturS), CMS (Compact Muon 

Solenoid), ALICE (A Large Ion Collider Experiment),  LHCb (LHC Beauty). ATLAS-is 
deteqtori erT-erTi yvelaze didia aRniSnul eqsperimentze [3,4]. mis offline 
programul uzrunvelyofas warmoadgens Athena. Athena-Si mimdinareobs ATLAS-
is eqsperimentis simulaciac. es procesi dafuZnebulia Geant4 (Geometry and 

Tracking) modelirebis paketze, romlis saSualebiTac xorcieldeba sxvadasxva 
simkvrivis obieqtebSi nawilakebis gavlis procesis modelireba. eqsperimen-
tis simulacia mniSvnelovani procesia, gamomdinare iqidan, rom Tu realuri 
eqsperimentis da simulaciis Sedegebi erTmaneTs daemTxveva rigi eqsperimen-
tebi SesaZloa Catardes modelirebiT.  

 simulaciis process geometriuli aRwerebi miewodeba 2 ZiriTadi re-
sursidan esenia: GeoModel da XML. GeoModel-Si aRwerilia deteqtoris aqtiuri 
komponentebi, anu is struqturebi, romlebic nawilakis deteqtirebasTan pir-
dapir kavSirSia, xolo XML-Si ki pasiuri komponentebi, isini warmoadgenen 
aqtiuri komponentebis damxmare struqturebs  [5]. sabolood am 2 resursidan 
wamosuli informaciis konvertireba xorcieldeba GDML formatSi romelic 
simulaciis Sesasvlel formats warmoadgens.  

deteqtoris geometriuli aRwerebis daprogrameba sxvadasxva meTodiT 
aris SesaZlebeli, rogoricaa: Box, Tube, da a.S. rTuli obieqtebis Sesaqmnelad 
ki SesaZlebelia gamoyenebul iqnes iseTi meTodebi, rogoricaa arbitrary, symmetric 

da aseve Boolean operatorebi union intersection subtraction. daaxloebiT 1`021`500 
obieqtia daprogramebuli ATLAS-is eqsperimentis simulaciisTvis [6] cxr. 1.  
 
  cxr. 1. atlasis deteqtoris simulaciaSi arsebuli obieqtebis raodenoba 
 

Detector Number of volues Comments 

Pixel 6000  

SCT 40500  

TRT 300000 parameterized 

LAr 142500 parameterized 

Tile 80500 parameterized 

Muon Chambers 451000 parameterized 

Toroids 1000  

 
isini simulaciis procesis warmadobaze gavlenas axdenen. warmadoba Za-

lian mniSvnelovani parametria, vinaidan weliwadSi daaxloebiT 5-7 miliardi ive-
nTis warmoqmna xdeba da maTi simulaciisTvis 77 milioni saaTia saWiro [7]. aqe-
dan gamomdinare geometriuli aRwerebis daprogramebis meTodebis simulaciis 
procesis warmadobaze gavlenis gamokvleva warmoadgens aqtualur amocanas. 

2. simulaciis sacdeli sesiebis Catareba 
kvlevis Casatareblad ganxorcielda atlasis deteqtoris tipiuri 

geometriidan  satesto magaliTebis gamoyofa. geometriuli formebis, dap-
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rogramebis meTodebisa da kodis topologiebis mixedviT. pirvel etapze gan-
xorcielda maTi  geometriuli formebis mixedviT klasificireba 3 klasSi: 

• pirvel klasSi gaerTianda cilindruli zedapirebis mqone obieqtebi, 
am klasSi 11 magaliTi gaerTianda; 

• meore klasSi gaerTianda waxnagovani zedapirebis mqone magaliTebi. 
am klasSi gaerTianda 31 magaliTi; 

• mesame klasSi Tavmoyrilia Sereuli magaliTebi, romelTa Sesaqmne-
lad gamoyenebulia rogorc cilindruli aseve waxnagovani zedapirebis mqone 
obieqtebi. jamSi aseTi 24 magaliTi gamoiyo; 

meore etapze ganxorcielda zemoT aRwerili magaliTebisaTvis 
daprogramebis meTodebis SerCeva. sul SerCeul iqna 2713 meTodi. Semdgom 
etapze ganxorcielda am meTodebis ganTesva 3 kriteriumis mixedviT: Teo-
riuli meTodebis gamoricxva; iracionaluri meTodebis gamoricxva da msgavsi 
topologiebis mqone meTodebis gamoricxva. sabolood Semdgomi kvlevisTvis 
miRebul iqna 42 satesto magaliTi da maTi daprogramebis 416 meTodi. 

simulaciis test analizis Sedegad xdeba, procesis mier gamoyenebuli 
procesorisa da operatiuli mexsierebis datvirTvis analizi. dakavebuli 
mexsiereba igive RAM izomeba kb-Si, xolo procesoris datvirTva igive CPU 

Time izomeba mili/wm-Si. sacdeli sesiebis gaSveba ganxorcielda cernSi 
arsebul Sesabamis serverebze. am serverebze paralelurad sxva amocanebis 
Sesrulebac xorcieldeba, amitom CPU Time-isTvis xmauris koeficienti 
gamoTvla dadga dRis wesrigSi. ganxorcielda ramdenime serveris testireba 
saukeTesos gamosavlenad, TiToeul maTganze 10-10 sacdeli simulaciis sesiis 
gaSveba ganxorcielda. Sedegad dadginda, rom lxplus703 serveris xmauris 
koeficientia 1,78%, lxplus750 serveris 3,52%, lxplus604 serveris ki 3,9%, vinaidan 
yvelaze dabali xmauris koeficientis maCvenebeli  aRmoaCnda lxplus703 servers, 
Sesabamisad yvela sacdeli sesiis gaSveba ganxorcielda aRniSnul serverze.  

sur. 1. @#23 magaliTi 
 

                    cxr.3. #23 magaliTis daprogramebis meTodebi 
 

23_1 23_2 23_3 

001 Tube 001 Chain 001 Cylinder 

002 Tube 002 Chain 002 Cylinder 

003 Composition 003 Composition 003 Composition 

 
pirvel etapze ganxorcielda cilindruli obieqtebis testireba. ami-

saTvis daTvlil iqna simulaciis paketebSi arsebuli cilindruli obieqtebis 
raodenoba da is Seadgens 7060 cals, aqedan 6776 Tube, 169 cylinder da 115 Chain 
meTodiT aris daprogramebuli. amitom testireba ganxorcielda obieqtebis 
Semdeg raodenobebze, 1, 1000, 2000, 3000, 4000, 5000, 6000, 7000. kvleva gan-
xorcielda #23 magaliTze sur. 1, mas daprogramebis 3 meTodi Seesabameba cxr. 
3. testis periodSi xmauris koeficienti Seadgenda 0,82%-s. miRebuli Sedegebis 
mixedviT RAM-is gamoyenebis mixedviT, mcire upiratesoba aqvs Tube meTods, 
xolo CPU Time-is moxmarebis mxriv saukeTeso Sedegi aCvena aseve Tube meTodma. 
Tube da Cylinder meTodebs Soris CPU Time-ebs Soris sxvaoba ~5%-s Seadgens. 

testireba Catarda aseve #11 magaliTze, romelic cilindruli klasis 
warmomadgenelia sur. 2, testireba ganxorcielda obieqtebis Semdeg raode-
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nobebze, 1, 1000, 2000, 3000, 4000, 5000, 6000, 7000. mas 2 daprogramebis meTodi 
Seesabameba cxr. 4. pirvel SemTxvevaSi gamoyenebulia 1 Cylinder  meTodi, xolo 
meore SemTxvevaSi igive Sedegi miiRweva 5 damoukidebeli Tube meTodis 
gamoyenebiT. testirebisas xmauris koeficienti Seadgenda 0,88%-s.  

 
 
 
 
 
 
 
 

sur. 2. @#11 magaliTi 
 

       cxr. 4. #11 magaliTis daprogramebis meTodebi 
 

#11_1 #11_2 

001 Cylinder 001 Tube 

002 Tube 

003 Tube 

004 Tube 

005 Tube 

 
Cylinder meTodma RAM-is gamoyenebis mixedviT daafiqsira saukeTeso Se-

degi vidre 5 calma Tube-ma, Tumca roca kvlevaSi obieqtebis mcire raode-
nobebia gamoyenebuli magaliTad 1000-ze naklebi, maSin ufro met CPU Time-s 
moiTxovs Tube vidre Cylinder, rac Seexeba iseT SemTxvevebs, roca didi 
raodenobebia gamoyenebuli, maSin RAM-ebSi sxvaoba 2%-mde izrdeba Cylinder 
meTodis sasargeblod. xolo CPU Time-ebs Soris sxvaoba 4,4%-s Seadgens Tube 
meTodis sasargeblod.  

rac Seexeba waxnagovan klass sul Seswavlil iqna 4 meTodi: Cube, Pyra-

mid, Arbitrary da Symmetric. Tavdapirvelad ganxorcielda Sedareba erTis mxriv, 
meTodebis sadac gamoyenebulia Boolean-is operatorebi da meores mxriv mis 
alternatiul meTodebs Soris, sadac Boolean-is operatorebi gamoyenebuli ar 
aris. waxnagovani obieqtebis raodenoba simulaciis paketebSi Seadgens  40124 
cals. aqedan 13814 Cube da 26310 pyramids. amitom Seswavlil iqna obieqtebis 
Semdegi raodenobebi: 3000, 6000, 9000, 12000, 15000, 18000 da 40000. testis 
periodSi xmauris koeficienti Sedgenda 3,92%-s. kvleva Catarda #39 maga-
liTze (sur. 3). mas daprogramebis 2 meTodi Seesabameba #39-1 da #39-2. cxr. 5. 
miRebuli Sedegebidan gamomdinare, #39-2 Arbitrary meTodi yovelTvis ukeTes Se-
degs afiqsirebs vidre #31-1-Si mocemuli meTodi, sadac Boolean operatorebia 
gamoyenebuli. obieqtebis raodenobebis zrdasTan erTad izrdeba sxvaobebi 
rogorc RAM-Si aseve CPU Time-Si. maqsimaluri sxvaoba CPU Time-ebs Soris 
8%-s, xolo RAM-ebs  Soris 20%-s aRwevs. 

 
 
 
 
 
 
 
 

sur. 3. @#39 magaliTi 
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                    cxr. 5. #39 magaliTis daprogramebis meTodebi 
 

#39_1 #39_2 

001 Cube 001 Arbitrary 

002 Cube  

003 Cube  

004 Cube  

005 Cube  

006 Subtraction  

007 Subtraction  

008 Subtraction  

009 Subtraction  

 
Semdgom etapze ganxorcielda Sereuli klasis magaliTebis analizi. 

testireba Catarda #19 magaliTze. sur. 4. misi daprogramebis meTodebi ki 
mocemulia cxr. 6-Si. pirvel SemTxvevaSi gamoyenebulia Arbitrary, Tube meTodT-
an da Boolean-is operatorebTan erTad, xolo meore SemTxvevaSi ki Pyramid, 

Tube meTodTan da Boolean-is operatorebTan erTad. Seswavlil iqna obieqtebis 
Semdegi raodenobebi 1, 5, 10 ,20, 25, 30.  miRebuli Sedegebi Semdegnairia, 10 
obieqtamde raodenobis testirebis Sedegad upiratesoba aqvs Pyramid meTods, 
xolo obieqtebis raodenobis gazrdasTan erTad upiratesoba gadadis Arbitrary 
meTodis mxares.  

 
 
 
 
 
 
 
 

sur. 4. @#19 magaliTi 
 
                cxr. 6. #19 magaliTis daprogramebis meTodebi 

 
#19_1 #19_2 

001 Arbitrary 001 Pyramid 

002 Tube 002 Pyramid 

003 Subtraction 003 Subtraction 

004 Subtraction 004 Subtraction 

008 Subtraction 005 Tube 

009 Subtraction 006 Subtraction 

 007 Subtraction 

 
3. aprobacia 
kvlevis Sedegad miRebuli Sedegebis efeqturobis dasadgenad ganxor-

cielda ATLAS-is deteqtoris erT-erTi komponentis Small Wheel-is geomet-
riuli aRweris gadawera 2 sxvadasxva meTodiT, pirvel SemTxvevaSi misi kodi 
Seiqmna kvlevebis Sedegad dadasturebuli optimaluri meTodebiT, da meore 
piriqiT yvelaze uaresi Sedegebis mqone meTodebiT. uares SemTxvevaSi yvela 
Cube meTodi gadaiwera Pyramid meTodiT, xolo Tube meTodi ki Chain  meTodiT. 
rac Seexeba Arbitrary-ebs, optimalur variantSi sul gamoyenebulia 98 Arbitrary, 
aqedan yvelaze meti aris 4 wertiliani, sul 41 cali, amitom kvlevaSi gamo-
yenebul iqna swored 4 wertiliani Arbitrary, vinaidan aq aseve gamoyenebulia 
sxvadasxva raodenobis wertilebis mqone Arbitrary meTodebic, amitom gamoTv-
lil iqna SesaZlo cdomileba da man Seadgina 31%, am cdomilebis aRmosafx-
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vrelad gasaSualovda gamouyenebeli Arbitrary-ebis wertilebis raodenoba da 
Sedegad kvlevaSi gamoyenebul iqna 143 cali 4 wertiliani Arbitrary. sabolood 
ganxorcielda maTi simulaciaSi testireba. xmauris koeficienti testirebis 
momentSi Seadgenda 2,36%-s Sesabamisad, CPU Time-ebs Soris sxvaobam 1,06%, xo-
lo RAM-ebs Soris sxvaobam 1,2% Seadgina. ATLAS-is deteqtorSi primitivebis 
raodenoba Seadgens 47033799-s, aqedan Small Wheel aris 802456. aqedan gamomdi-
nare ki, deteqtoris mTliani geometriuli aRwerebis gaTvaliswinebiT meTo-
dis efeqturoba CPU Time-isTvis Seadgens 62,1%-s, xolo RAM-isTvis ki 70,3%-s 

amrigad, kvlevebis Sedegad gakeTda daskvnebi: 
1. simulaciis warmadobaze geometriuli aRwerebis gavlenis gamokv-

levis mizniT SeirCa 42 satesto magaliTi da maTi daprogramebis 416 meTodi. 
2. geometriuli aRwerebis meTodebs mniSvnelovani gavlena aqvT simul-

aciis procesis warmadobaze 
3. cilindruli obieqtebisaTvis daprogramebis meTodebs Soris yvela-

ze kargi Sedegi aqvs Tube meTods rac mkveTrad gamoxatulia procesoris 
datvirTvaSi. iSviaT SemTxvevebSi ki Cylinder meTods aqvs upiratesoba, roca 
is waxnagovani zedapirebis daprogramebis meTodebTan aris kombinaciaSi, 
magaliTad Arbitrary. 

4. waxnagovan obieqtebSi Box an Pyramid meTodebTan roca gamoyenebulia  
Boolean meTodi am SemTxvevaSi saukeTeso maCvenebeli aqvs maT alternatiul 
Arbitrary meTods. rig SemTxvevebSi es sxvaoba 20% aRwevs. 

5. miRebuli Sedegebis mixedviT meTodis efeqturoba CPU Time-isTvis 
Seadgens 62,1%-s xolo RAM-isTvis ki 70,3% 
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SUMMARY 

EFFECT OF THE METHODS OF PROGRAMMING OF GEOMETHRIC DESCRIPTIONS 

ON HE PRODUCTIVING OF SIMULATION OF ATLAS SIMULATION 

Kekelia B.D.  

Georgian Technical University 

The simulation of the ATLAS experiment is an important process, since, if the results of the real experiment and 

the simulation coincide, then deeper and more comprehensive scientific research can be conducted in the 

simulation rather than in real experiment. The ATLAS experiment simulation is based on the Geant4 (Geometry 

and Tracking) modeling package. Performance is very important parameter in the simulation. The simulation 

performance is calculated by looking at CPU and RAM load. ATLAS detector geometric descriptions are input 

of Geant4. The article describes how programming methods of geometric descriptions influence performance of 

the simulation. 

Keywords: ATLAS Exmeriment, simulation, CERN, performance, Geant4 
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satesto magaliTebis formireba atlasis eqsperimentis  

simulaciis amocanebisTvis 

 

kekelia b.d. 
 

saqarTvelos teqnikuri universiteti 
 

1. Sesavali 
msoflioSi mimdinare birTvuli fizikis proeqtebs Soris erTerTi gan-

sakuTrebuli adgili LHC (large Hadron Collider)-is eqsperiments ukavia [1,2]. LHC-
is Seqmnis ZiriTadi mizania _ standartuli modelis eqsperimentaluri dada-
stureba. standartuli modelis dadasturebisTvis saWiroa, didi masis mqone 
Z bozonis da higsis bozonis eqsperimentalurad aRmoCena. LHC-is eqsperimen-
tSi nawilakebis deteqtirebisaTvis 4 ZiriTadi deteqtoria gamoyenebuli [3,4]. 
LHC-is eqsperimentSi erT-erTi yvelaze mniSvnelovania ATLAS-is deteqtori. 
ATLAS-is deteqtorSi nawilakebis Sejaxebis Sedegad miiReba didi raodeno-
biT informacia, daaxloebiT 300 mb wamSi [5]. misi damuSaveba xorcieldeba 
ATlAS-is offline programul uzrunvelyofaSi _ Athena.  Athena-Si mimdinareobs 
ATLAS-is eqsperimentis simulaciac. simulacia mniSvnelovani procesia, gamom-
dinare iqidan, rom Tu realuri da modelirebuli eqsperimentis Sedegebi 
erTnairi iqneba rigi eqsperimentebis SesaZloa Catardes virtualurad. 
simulaciis procesi dafuZnebulia modelirebis paketze Geant4 (Geometry and 

Tracking) [6,7].  
simulaciaSi daaxloebiT 5_7 miliardi ivenTis generacia xdeba da maTi 

modelirebisaTvis 77 milioni saaTia saWiro, aqedan gamomdinare  dRis wes-
rigSi dgeba warmadobis amocana [8]. is bevr faqtorzea damokidebuli magram 
erT-erTi umTavresi aris deteqtoris geometriuli aRwerebi. ra gavlenas ax-
dens is simulaciis warmadobaze Seuswavlelia, amitom geometriuli aRwere-
bis da daprogramebis meTodebis SerCeva da maTi warmadobaze gavlenis gamo-
sakvlevad, warmoadgens aqtualur amocanas. 

 
2. geometruli aRwerebis SerCeva ATLAS-is eqsperimentis simulaciis 

warmadobaze maTi gavlenis gamosakvlevad 
ATLAS-is eqsperimentis simulacias geometriuli aRwerebi 2 wyarodan 

miewodeba [9]. 1-li es aris GeoModel, sadac aRwerilia deteqtoris aqtiuri 
komponentebi da me-2 XML sadac aRwerilia deteqtoris pasiuri komponentebi. 
jamSi milionze meti volumia ATLAS-is eqsperimentis simulaciaSi gamoyene-
buli [10]. isini sxvadasxva daprogramebis meTodebiT arian aRwerilebi. maga-
liTad: Box, Tube, arbitrary, symmetric da aseve Boolean-is operatorebi union inter-

section subtraction saSualebiT. pirvel etapze ganxorcielda ATLAS-is 
deteqtoris tipiuri geometriuli aRwerebidan satesto magaliTebis 
gamoyofa. jamSi 66 magaliTi Camoyalibda. Semdgom etapze ki ganxorcielda am 
magaliTebis klasifikacia Semdegi kriteriumebis mixedviT: 

1. obieqtebi romlebsac cilindruli zedapirebi gaaCniaT dajgufdnen 
cilindruli obieqtebis klasSi. sur. 1; 

2. obieqtebi, romelTac waxnagovani zedapirebi gaaCniaT ganTavsdnen 
waxnagovani obieqtebis  klasSi. sur. 2; 

3. obieqtebi, romelTa Sesaqmnelad saWiroa rogorc cilindruli aseve 
waxnagovani primitivebi, ganTavsdnen Sereuli obieqtebis klasSi. sur. 3; 
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sur. 1.  cilindruli 

klasis obieqti 
sur. 2. waxnagovani klasis 

obieqti 
sur. 3. Sereuli klasis 

obieqti 
 
cilindruli obieqtebis klasSi dajgufda 11 magaliTi, waxnagovani 

obieqtebis klasSi 31 magaliTi da Sereuli obieqtebis klasSi ki 24 magaliTi. 
amis Semdgom TiToeuli maTganisTvis SeirCa daprogramebis yvela is SesaZlo 
meTodi, romliTac maTi Seqmnaa SesaZlebeli. cilindruli obieqtebis klasis 
obieqtebisTvis 126, waxnagovani obieqtebis klasisTvis 1883 da Sereuli obieq-
tebis klasisTvis 704 daprogramebis meTodi SeirCa. magaliTisaTvis zemoT 
mocemuli obieqtebis daprogramebis meTodebi Semdegnairia cxr.1.  

 
    cxr. 1. sxvadasxva klasis obieqtebis daprogramebis meTodebi 

 
cilindruli waxnagovani Sereuli 

Tube Cube Cube 

Tube Arbitrary Cube 

Merged Subtraction Subtraction 

  Cube 

  Subtraction 

  Tube 

  Subtraction 
  Subtraction 
  Subtraction 
  Subtraction 
  Subtraction 
  Subtraction 
  Subtraction 

  Subtraction 
 
 
Semdgom etapze ganxorcielda daprogramebis meTodebis klasifikacia 

Semdegi kriteriumebiT: Teoriuli meTodebis gamoricxva; iracionaluri 
meTodebis gamoricxva da kodSi msgavsi topologiebis mqone meTodebis 
gamoricxva. 

Teoriuli meTodebis gamoricxva _ erTi da igive obieqti SesaZlebelia 
daprogramebul iqnas sxvadasxva meTodebiT cxr. 2, II SemTxvevaSi sul 243 sxva-
dasxva meTodis gamoyenebaa SesaZlebeli, TiToeul meTodSi ki unda Seiqmnas 5 
primitivi da Semdeg maTi gaerTianeba xorcieldeba Boolean-is operatoriT.  
 
   cxr. 2. erT-erTi magaliTis daprogramebis sxvadasxva meTodebi 

 
I II 

Arbitrary Cube/symmetric/pyramid 

 Cube/symmetric/pyramid 
 Cube/symmetric/pyramid 
 Cube/symmetric/pyramid 
 Cube/symmetric/pyramid 
 Merged 
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I SemTxvevaSi ki maTi alternativa aris mxolod erTi meTodi Arbitrary, 
aqedan gamomdinare II SemTxveva warmoadgens Teoriul meTodebs.  

iracionaluri meTodebis gamoricxva _ am SemTxvevis ganxilvisas, meTo-
debis gafiltvris kriteriumad gamoyenebuli iqna daprogramebis meTodebis 
topologia. magaliTad Cube-is daprogramebis meTodi aris Semdegi: 

<box name="Box" material="Aluminium" X_Y_Z=""/> 

kodidan Cans, rom am meTodiT Cube igeba 1 tranzaqciiT „X_Y_Z="“ 
iwereba primitivis parametrebi. ganvixiloT arbitrary meTodi, am meTodis topo-
logia Semdegnairia: 

<gvxy name="Polygon" material="Copper" dZ="1500."> 

<gvxy_point X_Y="-1250.;-1000."/> 

<gvxy_point X_Y="0.;1000."/> 

<gvxy_point X_Y="1250.;250."/> 

<gvxy_point X_Y="250.;-750."/> 

</gvxy> 

Arbitrary-iT obieqtis asagebad 2 tranzaqciaa saWiro. 1-li „gvxy_point X_Y="“ 
romlis saSualebiTac ikvreba poligoni da me-2 „dZ=" " risi saSualebiTac am 
poligons mieniWeba moculoba. 3 tranzaqciaa saWiro Symmetric meTodis gamo-
yenebisas: 

<gvxysx name="SymmetricPolygon" material="Carbon" dZ="1500."> 

<gvxy_point X_Y="-1250.;1000."/> 

<gvxy_point X_Y=" -500.;-750."/> 

</gvxysx> 

1-li tranzaqcia aris is, rom „gvxy_point X_Y="“-is saSualebiT  meTods 
unda miewodos poligonis koordinatebi, sakoordinato sistemis erT mxares, 
xolo me-2 mxaris koordinatebs meTodi sarkiseburad avtomatur reJimSi 
aiRebs da es warmoadgens me-2 tranzaqcias. rac Seexeba me-3 tranzaqcias es 
aris dZ="", romlis saSualebiTac poligons mieniWeba moculoba. Sedegad 
gamodis, rom am msjelobiT saukeTeso meTodi aris Box.  

msgavsi topologiebis gamoricxva _ cxr. 3-Si mocemulia 2 sxvadasxva 
magaliTis daprogramebis meTodebi: rogorc cxrilidan Cans meTodebs erT-
nairi topologia aqvT. amitom erT-erTi maTgani kvlevaSi gaTvaliswinebuli 
ar iqneba.  

 
cxr. 3. 2 sxvadasxva magaliTis daprogramebis meTodebi  
 

I II 

Cube/pyramid Cube/pyramid 
Cube/pyramid Cube/pyramid 

Subtraction Subtraction 
 
zemoT ganxiluli kriteriumebiT daprogramebis meTodebis klasifi-

cirebis Sedegad darCa 42 magaliTi Tavisi 416 daprogramebis meTodiT. aqedan 
135 aris waxnagovani klasis warmomadgeneli, 29 cilindruli da 252 Sereuli. 
romlebic Semdgom gamoyenebulni iqnebian kvlevaSi imis dasadgenad, Tu ra 
gavlena aqvs geometriuli aRwerebis daprogramebis meTodebs simulaciis 
procesis warmadobaze. 

amrigad, dadginda, rom 
1. gamoiyo ATLAS-is deteqtoris tipiuri primitivebis 3 klasi, cilin-

druli, waxnagovani da Sereuli. 
2. gamoiyo 42 satesto magaliTi Tavisi 416 daprogramebis meTodiT, aqe-

dan cilindrul klasSi dajgufda 7 magaliTi 29 daprogramebis meTodiT, 
waxnagovan klasSi  16 magaliTi 135 daprogramebis meTodiT da Sereul klas-
Si 19 magaliTi 252 daprogramebis meTodiT. 
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SUMMARY 

FORMATION OF TEST EXAMPLES FOR THE PROBLEMS OF SIMULATION  

OF ATLAS EXPERIMENT 

Kekelia B.D. 

Georgian Technical University 

One of the important parameters of the ATLAS experiment simulation is geometric descriptions. There is a 

speculation that they affect performance of the simulation process. ATLAS experiment simulation is run in 

Geant4 (Geometry and Tracking) modeling package. Simulation takes geometries form several different sources 

and this geometric description  are made by different programming methods. The article discusses the selection 

of test examples and their programming methods that should be used to investigate the impact of geometric 

descriptions on the simulation process. 

Keywords: geometric description, simulation, CERN, performance, ATLAS experiment. 
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radio signalebis damuSavebis adaptiuri modeli Semdegi Taobis radio 

sistemebisTvis 

 
kvernaZe m.a, zangalaZe a.p, kvirkvelia S.v, kvernaZe s.a, beriZe j.l. 

 
saqarTvelos teqnikuri universiteti 

 
Sesavali 
sadReisod, signalebis miReba-gadacemis sistemebSi gamoiyeneba fiqsi-

rebuli, Sablonuri signalis damuSavebis algoriTmebi. am algoriTmebis 
safuZveli aris maTematikuri modelebi, romlebzec muSaobda araerTi gamoCe-
nili mecnieri. jer kidev 1822 wels, rodesac radio teqnologiebi ar arse-
boda, frangma maTematikosma josef furiem aRmoaCina perioduli funqcia [1], 
romelic Sedgeba harmoniulad dakavSirebuli sinusoidebisgan. am funqcias 
uwodeben furies mwkrivebs. dRes aseTi funqciis saSualebiT xdeba signa-
lebis sxvadasxva harmoniuli rxevebiT gadacema ise, rom am rxevebis 
erTmaneTze zeddebis SemTxvevaSic ki, Cven maTematikurad mainc SegviZlia 
amovicnoT es yvela rxeva. es modeli gaTvlili aris marto harmoniuli 
rxevebis sistemebze, sadac am rxevebis sixSire gansxvavebulia. samwuxarod 
signalis formirebisas, radio komponentebSi gavlisa da eTerSi gavrcele-
bisas es harmoniuloba irRveva. harmoniuli rxeva icvlis formas. formis 
Secvla iwvevs axali harmoniuli mdgenelebis warmoqmnas da sxva signalebis-
Tvis xelis SeSlas, radgan es harmoniuli mdgenelebi emTxveva sxva sig-
nalebis harmoniuli mdgenelebis sixSires. amis gamo signalis formirebas 
aqvs didi mniSvneloba. signalis formirebas cdiloben minimaluri gverdiTi 
mdgenelebis warmoqmniT. usargeblo, xelSemSleli gverdiTi mdgenelebi 
gacilebiT ufro mcire zomisaa vidre originali signalis mdgenelebi, mag-
ram realuri situacia arc ise martivia. radio gavrcelebis sistemebSi 
signalis miRebuli done SeiZleba meryeobdes jerebze. signalis mimRebma 
mowyobilobam SeiZleba miiRos signalis originali simZlavris 10-5 an 10-14 
nawilebic ki. sxvadasxva sixSireze mosul signalebs Soris did doneTa 
sxvaobis SemTxvevaSi, erTi signali xels SeuSlis meore signals. xelSeSla 
ar moxdeba Tu sasargeblo signali ufro Zlieri da mkveTria vidre sxva 
signalebis gverdiTi mdgenelebi, romlebic emTxveva ZiriTad  signals. 
signalTa efeqturi sxvaoba damokidebulia modulaciaze. dRevandel siste-
mebSi gamoiyeneba sxvadasxva tipis modulacia, romelic aseve damokidebulia 
signalis amplitudazec. mexuTe Taobis mobilur sistemebSi aseTebia: QAM16, 

QAM64, QAM256 [2]. aseTi rigis mudulaciebi damokidebulia rogorc signalis 
fazaze, aseve signalis doneze, Sesabamisad arian naklebad xelSeSlamgradi 
sxva signalebis gverdiT mdgenelebis mimarT. mobilur sistemebSi 
sasargeblo signalis doneTa dominirebisTvis xdeba signalis simZlavris 
kontroli. rodesac sasargeblo signali ar aris sakmarisad mkveTri sabazo 
sadguri iwyebs simZlavris gazrdas, raTa misi signali iyos ufro Zlieri 
vidre sxva adgilebidan mosuli radio xmaurebi. aseTi midgoma gamarTle-
bulia konkretul pirobebSi, adgilebSi sadac aris mcire raodenobis sabazo 
sadgurebi an maTi datvirTva aris mcire. realur pirobebSi, datvirTul 
saaTSi, sabazo sadgurebs Soris Seqmnili radio xmauris gamo signalebis 
simZlavris gazrdis SemTxvevaSi xmauris done mxolod iwevs maRla. es 
niSnavs, rom telefons an sxva radio mowyobilobas uwevs meti energiis 
daxarjva, magram jamSi sistemis gamtarunarianoba ar izrdeba. mexuTe Taobis 
mobiluri sistemebis gamtarunarianoba ZiriTadad gazrdilia axali radio 
speqtrebis aTvisebis xarjze. meoTxe TaobasTan SedarebiT radio SeRwevis 
teqnologia didad ar Secvlila. sistemis tevadoba SezRudulia. datvir-
Tuli saaTebis dros sistemis resursi gadanawilebulia momxmareblebs 
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Soris da rac metia momxmarebeli da moxmareba miT ufro naklebia TiToeu-
lis gadacemis siCqare. garda amisa, iwevs calkeuli mowyobilobebiT Seqmni-
li radio xmaurebi da Sedegad sistemis efeqturoba mcirdeba. am sistemebSi 
gamoyenebulia fiqsirebuli, Sablonuri funqciebi. es funqciebi optimaluria 
ZiriTad SemTxvevebisTvis, Tumca erTi da igive funqciebis gamoyeneba yvela 
SemTxvevas efeqturad ver moergeba. Cven vTavazobT axali funqcionalis 
damatebas, Wkviani damuSavebis reJims. garda arsebuli algoriTmebisa da 
radio signalebis damuSavebis xerxebisa, iqneba aseve moqnili adaptiuri meqa-
nizmebi. amis gakeTebis saSualebas iZleva SDR(Software-defined radio)-i. sadRei-
sod, radio erTeulebis signalis damuSaveba xdeba programulad da ara 
fizikurad, rogorc ese iyo adre. bazarze sabazo sadguris radio erTeu-
lebis mwarmoebeli arsebuli mowinave yvela firma ukve iyenebs SDR-s saSua-
lebas. garkveuli doniT  es niSnavs imas, rom axali modulaciebis danergva 
Teoriulad SesaZlebeli unda iyos ukve arsebul mowyobilobebze. 

1943 wels voren mak-qulokma da uolter pittcma gamoaqveqnes naSromi 
saxelad `zRurblis logika~ [3]. aq aRweres neironuli aqtivobisa da genera-
ciuli procesebis saetapo Teoriuli formulireba. sxva sityvebiT, aq aRwe-
rili iyo tvinis ujredebis muSaobis modeli. droTa ganmavlobaSi gamovida 
sxva publikaciebic, magram yvelafer amas ar hqonda didi praqtikuli reali-
zacia 21-e sakunis dawyebamde. saTvleli da programuli saSualebebis gan-
viTarebisa da gazrdis Sedegad daiwyo egreT wodebuli neironuli qselebis 
ganviTareba da maTi praqtikaSi gamoyeneba. aseTi qselebi gamoiyeneba saxis, 
pozis da xmis amocnobaSi. Cveni statia exeba radio miReba-gadacemis siste-
mebSi neironuli qselis Sedgenasa da Sefasebas. 

 
fiqsirebuli modulaciis xerxebi 
analoguri modulaciis erT-erTi sakiTxia is, rom TiTqmis verasodes 

miiRebT zustad iseT signals, romelsac gadascemT. is yovelTvis dabinZu-
rebuli iqneba sistemis defeqtebiT, xmauriT da sxva deviaciebiT. signali 
rigianad degradirdeba, magram informaciis mopoveba mainc SeiZleba Zalisx-
meviTi Carevebisa da signalisa da xmauris dabali TanafardobiT. amis sapi-
rispirod, cifrul komunikaciebSi Cven vanawilebT raodenobriv cifrul mo-
nacemebs. imis gamo, rom informacia cifrulia, komunikaciebis es forma 
gvTavazobs gadacemuli signalis srulyofili reproduqciis upiratesobas. 
analoguri komunikaciebis msgavsad, cifruli monacemebis kodireba sxvada-
sxvanairad SeiZleba fazis, amplitudis da sixSiris gamoyenebiT. amis ko-
direba SesaZlebelia orobiTi nakadis gamoyenebiT. is aseve SeiZleba daSif-
ruli iyos simboloebiT. fiqsirebuli kodis problemis dasanaxad avagoT 
standartuli modulaciis modeli. amis gasakeTeblad viyenebT Python prog-
ramul enas da mis standatul biblioTekebs. 

np.random.seed(seed=1) 

bitebi = randn(10,1) > 0 

A = np.tile(bitebi*2-1,(1,147))  

t = r_[0.0:10*147]/44100 

signali = A.ravel()*sin(2*pi*1800*t) 

gamosaxuleba = figure(figsize = (16,4)) 

plot(t, signali) 

xlabel('t [s]') 
miRebuli signali ixileT nax. 1-ze. 
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nax. 1.  Python skritiT miRebuli BPSK signali 
 
mocemuli BPSK gamoyenebuli midgoma ar aris idealuri. amis danaxva 

SegviZlia speqtris wertilebiT. Semdegi skriptiT gavataroT es signali 
FFT(Fast Fourier transform) funqciaSi, Semdeg mcire maTematikuri koreqtirebiT 
davxazoT am signalis speqtri: 

f = r_[0:147/2.0]/147*44100 

signali_furie = (np.fft.fft(signali)) 

gamosaxuleba = figure(figsize = (16,4)) 

plot(f,abs(signali_furie[0:len(signali_furie)/2])) 

xlabel(' [Hz]') 

axis((0,4096,0,max(abs(signali_furie)))) 
miRebuli speqtris suraTi ixileT nax. 2-ze. 
 
 

 
 

nax. 2. Python skritiT miRebuli PSK signalis sixSiruli speqtri 
 

axla avagoT QAM16 (Quadrature Amplitude Modulation 16) modulacia Semdegi 
skriptiT: 

kodi = np.array((-2-2j, -2-1j,-2+2j,-2+1j,-1-2j,-1-1j,-1+2j,-1+1j,+2-2j,+2-1j,+2 +2j,+2+1j,1-

2j,+1-1j,1+2j,1+1j))/2 

np.random.seed(seed=1) 

bitebi = np.int16(rand(16,1)*16) 

A = np.tile(kodi[bitebi],(1,147)) 

t = r_[0.0:10*147]/44100 

signali = real(A.ravel()*exp(1j*2*pi*1800*t))/sqrt(2)/2 

gamosaxuleba = figure(figsize = (16,4)) 

plot(t,signali.real) 

xlabel('t [s]') 
miRebuli signali ixileT nax. 3-ze 
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nax. 3. Python skritiT miRebuli QAM16 signali 
 
Semdegi skriptiT gavataroT es signali FFT funqciaSi, Semdeg mcire 

maTematikuri koreqtirebiT davxazoT am signalis speqtri: 
f = r_[0:10*147/2.0]/10*147 

signali_furie = (np.fft.fft(signali)) 

gamosaxuleba = figure(figsize = (16,4)) 

plot(f,abs(signali_furie [0:len(signali_furie)/2])) 

xlabel('[Hz]') 

axis((0,4096,0,max(abs(signali_furie)))) 

im = zeros(10*147,dtype='complex') 

im[::147] = code[bitebi].ravel() 

h = signal.firwin(147*4,1.0/147) 

im_s = signal.fftconvolve(im,h,mode='full') 

t = r_[0.0:len(im_s)]/fs 

signali_s = real(im_s*exp(1j*2*pi*1800*t)) 

gamosaxuleba = figure(figsize = (16,4)) 

plot(t,signali_s) 

xlabel('t [s]') 

f = r_[0:len(im_s)/2.0]/len(im_s)*44100 

signali_sf = (np.fft.fft(signali_s)) 

gamosaxuleba = figure(figsize = (16,4)) 

plot(f,abs(signali_sf[0:len(signali_sf)/2+1])) 

xlabel('[Hz]') 

axis((0,4096,0,max(abs(signali_sf)))) 
miRebuli speqtris suraTi ixileT nax. 4-ze 
 

 
 

nax. 4. Python skritiT miRebuli QAM16 signalis sixSiruli speqtri 
 
marTalia aq Cvens mier gamoyenebuli meTodebi ar aris saukeTeso da 

arsebobs damuSavebis sxvadasxva da ukeTesi xerxebic, magram mTavari azri am 
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yvelaferSi aris is, rom Semdeg paragrafSi davinaxoT neironuli qselis mo-
dulaciis potenciali. realur pirobebSi damuSavebuli formis simboloebi 
mainc qmnian gverdiT mdgenelebs, Sesabamisad mravali arxis SemTxvevaSi 
mdgenelebis done mainc aiwevs. radgan Cven gvaqvs Sexeba erTeul arxebze, am 
etapze, SevjerdebiT am meTodebze. Cveni Semdegi etapia gavaumjobesoT modu-
laciis tipebi gverdiTi mdgenelebis Semcirebis gziT. 

 
neironul qselze msjeloba 
am statiaSi vapirebT gamoviyenoT ukve arsebuli neironuli qselebis 

meTodebi da miRwevebi. aq neironuli qseli aris mxolod Cveni instrumenti, 
romlis saSualebiT vapirebT avagoT radio mimRebi da gadamcemi. neironuli 
qselebi farTo gamoyenebaSia sxva dargebSi rogoric aris: xmis an gamosaxu-
lebis amocnoba, audio xarisxis gaumjobeseba, nawilakebis fizikis simula-
cia da bevri sxva. sadReisod, me-4 da me-5 Taobis radio sistemebSi ar arse-
bobs radio damuSavebis neironuli qselis saSualeba. am sistemebSi gamo-
yenebulia fiqsirebuli Sablonuri damuSavebis sqemebi. umetes SemTxvevaSi, es 
sqemebi sakmaod optimalurebi arian, magram ar aqvT kargi adaptiuri unarebi. 
kerZo SemTxvevebSi isini bolomde ver zrdian radio efeqturobas. neironuli 
qselebis upiratesoba misi adaptaciis saSualebaa. pirveli neironuli qse-
lebis ganviTareba emyareboda neironuli kavSirebis Zalian martiv models. 
neirobiologis frenk rozenblattis mier Seqmnili `Mark I Perceptron~ manqana 
warmoadgens neironebs Soris xelovnuri kavSirebis meTods. neironebs Soris 
xelovnuri kavSirebi SeiZleba Seicvalos zedamxedvelobis qveS myofi saswav-
lo procesis saSualebiT, rac amcirebs Seusabamobas realur da mosalod-
nel Sedegebs Soris [4]. neironuli qselis zogadi principi mdgomareobs 
bevri SemTxveviTi neironebis jaWvebiT Seqmnili sqemebidan saukeTesos SerCe-
vaSi da maT  TviT evoluciaSi. maTi efeqturoba ukve mkafiod damtkicebulia 
sxva sferoebSi. neironuli qseli Sedgeba neironebisgan, romlebsac erTma-
neTTan aqvT Semavali da gamavali WaWvebi. Semaval jaWvebs aqvT TavianTi 
wonebi Wx. es wonebi mravldebian jaWvidan mosul mniSvnelobebze. Cven SemTx-
vevis magaliTze, pirvelad neironebis Semaval jaWvSebSi Sedis radio arxiT 
miRebuli simZlavris disktetuli anaTvlebi. neironis gamavali jaWvidan 
gamodis yvela misi Semavali jaWvebiT miRebuli mniSvnelobebis jami. gama-
vali jaWvebi midis sxva neironSi Semavali jaWvis saxiT an saboloo Sedegis 
jaWvSi. garda wonebisa neirons aseve aqvs zRurbli bx, romelic aseve ijameba 
Semaval jaWvebTan erTad. zRurblis arseboba imis saSualebas iZleva, rom 
neironis gamavali mniSvneloba ar aris damokidebuli marto Semaval mniSvne-
lobebze. sur. 5-ze naCvenebia xelovnuri neironis sqema. 

 

 
nax. 5. xelovnuri neironis sqema 
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aq neironidan gamavali mniSvneloba S aris Semdegi: 
 

1bWXS i

i

i          (1) 

amis formulireba piTonis daprogramebis enaze SegviZlia avsaxoT 
Semdegnairad: 

for i in range(1, 3): 

S = S+X(i)*W(i) 

S = S +b(1) 
zogadad, xdeba neironis gamavali mniSvnelobebis normalizacia. arse-

bobs normalizaciis sxvadasxva funqcia. erTerTi aseTi aris sigmoiduri 
aqtivaciis funqcia, romelic gadaiyvans gamaval ganusazRvrul mniSvne-
lobebs gansazRvrul diapazonSi. es diapazoni aris 0-dan 1-mde da misi 
grafiki SegiZliaT ixiloT nax. 6-ze. 

 

 
 

nax. 6. sigmoiduri aqtivaciis fuqcia 
 

sigmoiduri funqcis gantolebaa: 

 
x

x

x e

e

e
x







 11

1
         (2) 

 
amis formulireba piTonis daprogramebis enaze SegviZlia avsaxoT 

Semdegnairad: def sigmoid(x): 

return np.exp(x)/(1 + np.exp(x)) 
neironuli qselis mTavari amocanaa SearCios wonebisa da zRurblebis 

mniSvnelobebi. es xdeba qselis egreT wodebul optimizaciis etapze. es zoga-
dad gulisxmobs testirebis safuZvelze mravali SemTxveviTi mniSvnelobebis 
krebulebidan saukeTesos SerCevas, Semdeg mis raodenobriv gamravlebas, Ti-
Toeulis individualurad modifikacias da isev saukeTesos SerCevas iqamde sa-
nam ar gveqneba miRweuli kargi Sedegebi. arsebobs gansxvavebuli optimizaciis 
xerxebi. maT aqvT sxvadasxva midgoma Tu rogori midgomiT cvalon zRurble-
bisa da wonebis mniSvnelobebi. magaliTad, aseTia Tavdapirveli ukupropaga-
ciis algoriTmi. aseve arsebobs egreT wodebuli genetikuri algoriTmebi. 
eseni arian saZiebo algoriTmebi, romlebic dafuZnebulni arian „bunebriv Ser-
Cevaze“. es meTodebi aerTianeben darvinis gadarCenis stils [5]. optimizaciis 
algoriTmi monawileobas iRebs mxolod neironuli qselis parametrebis 
modifikaciaSi iqamde sanam ar gveqneba saboloo warmatebuli neironuli qse-
li. optimizaciis dasulebis Semdeg neironuli qselis sqema mzad aris Tavisi 
funqciis Sesasruleblad da Sesabamisad radio miReba/gadacemaSi ar miiRebs 
monawilobas. SesaZloa optimizaciis algoriTmis periodulad cvlac. aq misi 
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principuloba gamoixateba mxolod neironuli qselis swavlebis efeqturobaze 
da uSualo gavlenas ar axdens saboloo mza neironul qselze. 

signalis modulacia neronuli qselis gamoyenebiT 
modulaciis da demodulaciis Sedegad iqmneba gverdiTi mdgenelebi, es 

ganpiroebulia rogorc maTematikuri modelirebiT, aseve araidealuri struq-
turis sakabelo sistemebSi gavliT da eTerSi gavrcelebiT. Sedegad signa-
lis forma aris Secvlili da swrafi furies gardaqmnis funqciaSi gatare-
bis Semdeg gvaqvs miRebuli ara sasurveli harmoniuli mdgenelebi. es mdge-
nelebi SeiZleba ar axdednen TviTinterferencias, magram xels uSlidnen sxva 
signalebs. yvela SemTxvevaSi aseTi mdgenelebis warmoqmna zrdis xmauris 
dones. am etapze ukeTesia arsebuli modulaciis maTematikuri modelis nei-
ronul qselSi gadayvana. gadamcemi modulacias gaakeTebs neironuli qselis 
saSualebiT, xolo demodulacia moxdeba Cveulebrivi demodulatoriT. amiT 
Cven gvinda arsebuli damuSvebuli modulaciis efeqturobis gazrda. sanam 
daviwyebdiT qselis Sedgenas, unda ganvsazRroT korelacia parametrebs So-
ris. magaliTad klasikuri sixSiruli modulaciis dros signalis maniSnebe-
lia sixSiris cvla. gvaqvs centraluri erTi sixSire da emateba meore 
sixSire, ris Semdeg xdeba maTi funqciiT warmodgena. 

 

    tSfdtfctM   22cos      (3) 

 
aq M(t) aris modulirebuli signali; fc _ centraluri sixSire; fd _ 

sixSiris deviacia; S(t) _ sawyisi normilizebuli signali. centraluri six-
Sire aris fiqsirebuli xolo deviaciis sixSire icvleba sawyisi signalis 
mixedviT. rodesac sawyisi signalis done axlosaa nolTan, centraluri six-
Siridan gadaxra mcirea. ase, Tu ise, signalis koleracia aris ZiriTadad da-
mokidebuli parametrebze. fazuri modulaciis dros mTavari koleracia 
xdeba sawyisi signalsa da fazas Soris. 

 

    tSdtfctM   22cos         (4) 

Maq M(t) aris modulirebuli signali; fc _ centraluri sixSire; φd _ 
faza; S(t) _ sawyisi normilizebuli signali. parametrebs Soris koleracia 
mniSvnelovania. neironuli qselis damaluli Sre pasuxs agebs am paramet-
rebis erTmaneTze gadamravlebaze da Sesabamisad maT korelaciaze. rac ufro 
meti Sre da neironia qselSi, miT ufro metis gakeTebas SeZlebs es qseli. am 
etapze, Cven vimuSavebT neironuli qselis damaluri Sreebis 8x8x8-dan 
32x32x32x32x32-mde raodenobiT. 4 cali 16_iani modelis SemTxvevaSi Sreebs 
Soris saTvleli resursi Seadgens 3×(16×16)=768  wiladur gamravlebisagan; 
3×(16×(16+1))=816 wiladur mimatebisagan da 4×16=64 normilizirebis funqciisgan. 
aseTi gaTvlebis gasakeTeblad sakmarisi unda iyos nebismieri Tanamedrove 
telefoni. magaliTisTvis aviRoT procesori taqturi sixSiriT 1 ghc. 
davuSvaT, rom cvladebis operatiuli mexsierebidan gadaadgilebisTvis da 
ariTmetikis Sesasruleblad saSualod sWirdeba 10 taqti, maSin wamSi 
Sesrulebuli ariTmetikuli operacia SeiZleba moxdes 108-jer. Sesabamisad, 
Cveni gamoTvlebi moxdeba miliwamebze nakleb droSi radgan gvWirdeba 104-
operaciaze naklebis gakeTeba. ixileT Cveni ganzogadoebuli neironuli 
diagrama nax. 7-ze. axla, rodesac neironuli modeli mzadaa darCa swav-

lebisa da Sefasebiს sqemis Sedgena. moduliaciis Semdeg gamavali Sridan 
gamosul signals SevrevT mcire xmaurTan, fardobiT 5:1-Tan. aRebulia sxva-
dasxva tipisa da periodis mcire da saSualo xmaurebi. neironuli qselis 

Sefaseba moxdeba demodulaciis Semdeg swored miRebuli bitebisა da FFT 

funqciaSi gatarebuli warmoqmnili gverdiTi mdgenelebis mixedviT. Tavidan 
paralerulad davagenerirebT 10000 SemTxveviT dagenerirebul parametrebis 
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krebuls, egreT wodebul neironuli kvanZebis wonebsa da zRurblebs. Cven 
modelSi 10-jer gavlis Semdeg yvelas SevafasebT da SevarCevT saukeTeso 100-
s. Semdeg xdeba am 100-is gamravleba da mcire modifikacia. amis mravali 
xerxi arsebobs, Tumca Cven SemTxvevaSi ZiriTadad viyenebT genetikuri algo-
riTms. es algoriTmi imoqmedebs mxolod swavlebis mimarTulebaze da swav-
lebis efeqturobaze. es niSnavs, rom misi principuloba gamoixateba mxolod 
swavlebis droSi. 

 

 
 

nax. 7. modulaciis ganzogadoebuli neironuli diagrama 
 
neironuli swavleba gavakeTeT modelirebul, virtualur garemoSi. 

swavlebis moxdena aseT garemoSi kargia imiT, rom SegviZlia swavlebis mrava-
li paraleruli ciklis Sesruleba. axali Taobis mobilur sistemebSi mizan-
Sewonilia specialuri satesto arxis SemuSaveba. aseTi arxiT SevZlebT al-
goriTmis optimizacias konkretuli lokaciisTvisa da droisTvis. algoriTmi 
sawyiss aiRebs virtualur da laboratoriul garemoSi, Semdeg ki gaagrZe-
lebs ganviTarebas namdvil qselSi. Cvens magaliTSi virtualur garemoSi da-
generirebuli FSK algoriTmis swavlebaze gavida 2 400 000 cikli. swavlebis 
dasrulebis Semdeg ki miviReT Sesabamisi Sedegebi. neironuli qselis Sec-
domis koeficientis damokidebuleba ciklebis raodenobaze (cxr. 1).  
 
      cxrili 1. neironuli qselis FSK modulaciis Secdomis  
       koeficientis damokidebuleba ciklebis raodenobaze  

 
ciklis raodenoba Secdomis koeficienti: 

25000 0.23341 
50000 0.17522 
100000 0.12771 
200000 0.03592 
400000 0.01023 
600000 0.00104 
800000 0.00017 
1600000 0.00002 
2400000 0.00000 
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drois monakveTze amoRebuli signalis forma SegiZliaT ixiloT nax. 8-
ze. aq signalis forma sakmaod gansxvavebulia imisgan, Tu rac aris kla-
sikuri fazuri modulaciis SemTxvevaSi. aseTi signalis forma gamowveulia 
Seyvanili zeda da qveda sixSireebis parametrebiT da Semdgom formis Sefa-
sebiT  FFT-funcqciis meSveobiT. 

 

 
 

nax. 8. neironuli qseliT miRebuli faziT modulirebuli signali 
 
zeda da qveda sixSireebis gamkacrebis SemTxvevaSi neironuli swavle-

bis procesis gaiweleba, Tumca sakmarisi damaluli fenebis korelaciis meS-
veobiT unda iyos SesaZlebeli. miRebuli speqtris mniSvnelobebi SegiZliaT 
ixiloT nax. 9-ze. 

 
 

nax. 9. neironuli qseliT miRebuli faziT modulirebuli signalis speqtri 
 
modulaciis garda aseve gvindoda demodulatoris ageba. vfiqrobdiT, 

rom demudulaciis procesi zogadad ufro rTulia, radgan moicavs ufro 
met gamoTvlebs da maTematikur korelaciebs. Cveni Tavdapirveli sqema moi-
cavda FFT bloks, romelic idga Semavali Sreebis win. demodulaciis Sedegad 
vRebulobT dakvantul erTeulebs, Sesabamisad neironuli qselis gadawyve-
tilebebi gamartivebulia, amitom varCieT FFT blokis amoReba. nax. 10-ze ixi-
leT demodulaciis ganzogadoebuli neironuli diagrama. aq gamaval Sred 
aviReT impulsebis mniSvnelobebi. SegveZlo Sreebis Semcireba da pirdapir 
bitebis amokiTxva, Tumca aseTi midgoma aris daarRveva realuri demo-
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dulaciis identurobis winapirobis. gamavali Sreebis damuSaveba xdeba im-
pulsebis mTvlelis blokSi. am blokSi xdeba impulsebis gadayvana bitebSi. 
Sefasebas vakeTebT mxolod gamavali Sris meSveobiT. demodulaciis SemTxve-
vaSi neironuli qselis Secdomis koeficientis damokidebuleba ciklebis 
raodenobaze ixileT cxrili 2-Si. 

 

 
 

nax. 10. demodulaciis ganzogadoebuli neironuli diagrama 
 

cxrili 2. neironuli qselis FSK demodulaciis Secdomis 
koeficientis damokidebuleba ciklebis raodenobaze 

 
ciklis raodenoba Secdomis koeficienti: 

5000 0.25850 
10000 0.10192 
20000 0.02978 
30000 0.01844 
40000 0.01275 
80000 0.00083 
100000 0.00016 
140000 0.00003 
180000 0.00000 

 
 
igive neironuli qselis modeli gamosadegia sxva modulaciebis sas-

wavlad. gasaTvaliswinebelia isic, rom ufro kompleqsuri modulaciebs 
dasWirdebaT swavlebis meti cikli. magaliTad QAM16 modulaciis swavlebas 
dasWirda daaxloebiT 9600000 cikli. neironuli qselis QAQAM modulatoris 
Secdomis koeficientis damokidebuleba ciklebis raodenobaze ixileT 
cxrili 3-Si. 
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cxrili 3. neironuli qselis QAM16 modulaciis Secdomis 
koeficientis damokidebuleba ciklebis raodenobaze 

 
ciklis raodenoba Secdomis koeficienti: 

5000 0.41192 
10000 0.35382 
40000 0.20503 
80000 0.11844 
100000 0.07211 
160000 0.03012 
320000 0.00217 
640000 0.00012 
960000 0 

 
drois monakveTze Cvenis mier miRebuli QAM16 signalis forma SegiZ-

liaT ixiloT nax. 11-ze. 

 
 

nax. 11. neironuli qseliT miRebuli QAM16 modulirebuli signali 
 
Cveni miRebuli QAM16 speqtris mniSvnelobebi SegiZliaT ixiloT nax. 

12-ze. 

 
 

nax. 12. neironuli qseliT miRebuli QAM16 modulirebuli signalis speqtri 
 
eqsperimentidan gamomdinare SegviZlia darwmunebiT vTqvaT, rom neiro-

nuli qseliT arsebuli modulatorisa da demodulatoris awyoba srulad 
realuria. fiqsirebul pirobebSi Cvens mier agebuli neironuli qselis ganvi-
Tareba gamodga sakmaod martivi. neironuli qselis upiratesoba misi adap-
taciis SesaZlebobaa. neironuli qselis funqcionalis realizirebis Semdeg 
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SesaZlebloba gveqneba movaxdinoT algoriTmis adgilis da pirobebis mixed-
viT idividualuri optimizacia. 

 
daskvna 
statiaSi moyvanilia signalis fiqsirebuli damuSavebis xerxebis maga-

liTebi, Semdeg neironuli qselis saSualebiT gavakeTeT maTi imitacia. am ma-
galiTma aCvena, rom neironul qselebs ukve SeuZliaT minimum igive rac 
maTematikur modelebs. garda amisa, neironuli qselis modelSi sixSiruli 
gverdiTi mdgenelebi Semcirda, rac gamowveluli iyo optimizaciis etapze 
sixSiruli speqtris gamkacrebiT. neironuli qselis funqcionalis damateba 
Semdegi Taobis mobilur sistemebSi saSualebas mogvcems radio damuSavebis 
algoriTmis optimizacia moxdes yvela sadgurze individualurad da Sesaba-
misad miviRoT maqsimaluri Sedegebi. momavalSi aseve vapirebT aseTi modelis 
testirebas GNU Radio plaTformis saSualebiT. 
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SUMMARY 

AN ADAPTIVE MODEL OF RADIO SIGNAL PROCESSING FOR THE NEXT  

GENERATION OF RADIO SYSTEMS 

Kvernadze M.A., Zangaladze A.P., Kvirkvelia Sh.V., Kvernadze S.A. and Beridze J.L. 

Georgian Technical University 

Today, in transmit-receive radio signal systems fixed mathematical models of signal processing are used. These 

models are relatively optimal for the general transmission channels. In real conditions, the environment of the 

channels is different, these models give distinctive results. There are places where the radio interference factor is 

much higher and, accordingly, mathematical models cannot compensate for them. In our article, we are going to 

present a dynamic signal processing feature, which depending on the environment, will make the decision of 

optimal signal processing. For this we use a neural network model. This will allow signal processing by an 

individual method, depending on the radio conditions. It will be possible to run different processing algorithms 

for individual channels, which will be generated by artificial intelligence. 

Keywords: signal processing, modulation, artificial intelligence. 
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saxeldarqmeuli monacemTa interneti da misi upiratesoba 

 

zangalaZe a.p.  
 

saqarTvelos teqnikuri universiteti 
 
 
1. Sesavali 
NDN(Named Data Networking) qseli moisazrebs OSI modelis mesame dones. 

is aris IPv4/IPv6-is Semcvleli protokoli. sadReisod globalur qselSi 
TiTqmis yvela mowyobiloba muSaobs IPv4/IPv6-is protokolebis saSualebiT. ND
 qselis arsebul qselSi pirdapiri integracia ver moxerxdeba gansxave-
buli arqiteqturis gamo. yvelaze did problemas warmoadgens is, rom arse-
bul qselis elementebs ar esmiT NDN-is struqtura da arsebuli qselis Se-
cvla dakavSirebulia did xarjebTan. NDN-is gamarTuli muSaoba damokide-
bulia ara marto programul uzrunvelyofaze aramed qselis elementebis fi-
zikur SesaZleblobebze. radgan qselSi arsebuli elementebis Secvla war-
moadgens sirTules am etapze SegviZlia NDN-sa da IPv4-is kombinirebuli va-
riantis gakeTeba. wesiT da rigiT momavalSi Npaketebi enkafsulirebuli iqne-
ba Layer 2-is doneze, magram eqsperimentSi gamoviyeneT Layer 3-is enkafsulacia. 
aq OSI models daemata axali Sre, romelic SegiZliaT ixiloT sur. 1-ze.  

 

 
     

sur. 1. OSI modeli, NDN paketis IPv4-is paketSi enkafsulaciis gaTvaliswinebiT 
 

2. NDN-is enkafsuacia Ipv4-is saSualebiT 
aq IPv4-is enkafsulacia avirCieT imitom, rom saqarTveloSi yvela in-

ternet provaideris mowyobilobebi marSrutizacias axdenen am protokoliT. 
iSviaT SemTxvevebSi, sadac qselis kvanZebze imuSavebs sxva protokoli, mox-
deba IPv4-is konvertireba ise, rom NDN qselur dones xeli ar SeeSleba. Cve-
ni enkafsulaciis meTodi ar cvlis IPv4-is TavsarTis elementebs da Sesaba-
misad gadamtan qsels arc dasWirdeba imis codna, rom IPv4-is paketSi moTav-
sebulia NDN paketi. aseTi paketis amoReba da damuSaveba moxdeba marto NDN 
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kvanZebze, sadac moxdeba maTi reenkafsulacia. IPv4-isa da NDN paketebis 
enkafsulaciis sqema ixileT sur. 2-ze 

 

  
 
 

sur. 2.  NDN paketis enkafsulacia 
 
3. satesto saxeldarqmeuli monacemTa qseli 
Tbilisis masStabiT agebuli iyo saxeldarqmeuli monacemTa qseli. igi 

agebuli iyo NDN platformisa da misi programuli uzrunvelyofebis meS-
veobiT [1]. qseli Sedgenili iyo klientebisa da serverebis erTobliobiT. am 
mowyobilobebs Soris gawerili iyo NDN tunelebi, romlebic enkafsulacias 
axdendnen saqarTvelos arsebul operatorebis Ipv4-is qselebSi. sur. 3-ze 
ixileT satesto qselis topologia. 
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sur. 3. NDN qselis topologia 

 

NDN da IP qselebis heterogenizacia, gvaZlevs saSualebas NDN-is baza-
ze SemuSavebuli algoriTmebis xarjze SevamciroT qselSi informaciis 
gadacemis dayovneba. NDN paketebis damuSavebas vakeTebT NFD(NDN Forwarding 

Daemon) platformis saSualebiT. es platforma jer satesto etapzea da misi 
sawyisi kodebi Tavisufal wvdomaSia. paketebis mimocvla xdeba e.w. feisebis 
saSualebiT. feisi SegviZlia warmovidginoT rogorc fizikuri interfeisi an 
virtualuri tuneli[2]. NFD aris freimvorki, romelic Cvens eqsperimentSi 
iyo dayenebuli yvela mowyobilobaze, raTa mowyobilobebs Soris dagvem-
yarebina komunikacia NDN-is protokolebis Sesabamisad. tunelebi gawerili 
iyo IPv4-is misamarTebiT, konkretulad ki yvela NDN mowyobilobebs Soris. 
rogorc IPv4 teqnologias sWirdeba marSrutizaciis protokolebi, aseve 
NDN-sac sWirdeba aseTi. Cvens eqsperimentSi gamoyenebulia NLSR(Named-data 
Link State Routing Protocol) marSrutizaciis protokoli. am protokoliT xdeba 
marSrutizatorebs Soris kontentis misamarTebis gaziareba[3]. es protokoli 
iyo dayenebuli yvela Suamaval NDN mowyobilobaze. mezobel mowyobilobebs 
Soris iyo gawerili Sesabamisi konfiguracia, raTa am mowyobilobebs Soris 
damyarebuliyo marSrutebis gaziarebis saSualeba. 

 
4. Catarebuli eqperimenti da Sedegebi 
satesto qselis Sefasebas vaxdenT miRebuli paketebis dayovnebiT. 

Sedareba xdeba Ipv4-isa da NDN paketebs Soris. periodulad igzavneba 
monacemebis moTxovna rogorc IPv4-iT, aseve NDN-iT. magaliTisTvis qvemoT 
moyvanilia Linux-is terminalidan gaSvebuli pingi TCP/IP SemTxvevebisTvis: 

gtu_test_1> ping -c 4 188.129.203.218 

PING 188.129.203.218 (188.129.203.218) 56(84) bytes of data. 

64 bytes from 188.129.203.218: icmp_seq=1 ttl=62 time=61.0 ms 

64 bytes from 188.129.203.218: icmp_seq=2 ttl=62 time=61.8 ms 
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64 bytes from 188.129.203.218: icmp_seq=3 ttl=62 time=61.5 ms 

64 bytes from 188.129.203.218: icmp_seq=4 ttl=62 time=62.0 ms 

--- 188.129.203.218 ping statistics --- 

4 packets transmitted, 4 received, 0% packet loss, time 3004ms 

rtt min/avg/max/mdev = 61.018/61.631/62.030/0.494 ms 

NDN ping-isTvis viyenebT `ndn-tools~-is instrumentars. klienti agzavnis 
interesTa pakets miTiTebuli monacemTa saxeliT,  romelic Tavdapirvelad 
inaxeba ndn serverze. ping serveri ugzavnis moTxovnil monacemebs klients 
[4]. NDN monacemebi Seinaxeba yvela gavlil NDN kvanZze da ganmeorebiT 
moTxovnis SemTxvevaSi klientis momsaxureba moxdeba uaxloesi NDN kvanZidan. 
magaliTisTvis qvemoT moyvanilia Linux-is terminalidan gaSvebuli pingi NDN 

SemTxvevebisTvis: 
gtu_test_1> ndnping_cache -c 4 /ndn/gtu_test/d/pingtest 

PING /ndn/gtu_test/d/pingtest 

content from /ndn/gtu_test/d/pingtest: seq=15949988448206744268 time=71.9338 ms 

content from /ndn/gtu_test/d/pingtest: seq=15949988448206744269 time=24.9698 ms 

content from /ndn/gtu_test/d/pingtest: seq=15949988448206744270 time=22.883 ms 

content from /ndn/gtu_test/d/pingtest: seq=15949988448206744271 time=31.0602 ms 

--- /ndn/d-site/d/pingtest ping statistics --- 

4 packets transmitted, 4 received, 0 nacked, 0% lost, 0% nacked, time 150.847 ms 

rtt min/avg/max/mdev = 22.883/37.7117/71.9338/17.11105 ms 

aq, IPv4-is minimaluri dayovnebis dro Seadgens 61,0 mwm. NDN-is Sem-
TxvevaSi ki 22,883 mwm. aRsaniSnavia, rom pirveli pingis dro NDN-is SemTx-
vevaSi Seadgens  71,9338 mwm, rac TiTqmis 11mwm metia TCP/IP-Tan SedarebiT.  es 
faqti aixsneba imiT rom NDN-is kvanZze daqeSirebuli informaciis damuSave-
bas sWirdeba garkveuli dro. gasaTvaliswinebelia isic, rom NDN aris enkaf-
sulirebuli IPv4-Si dayovnebis procentuli Sedareba TCP/IP da NDN-s  Soris 
ixileT Semdeg grafikebze sur. 4_6. 

 

 
  

sur. 4.  IPv4/NDN dayovneba 
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sur. 5.  drois procentuloba IPv4 saSualo maCvenebelTan 
  

 
 

sur. 6. NDN dayovnebis procentuloba IPv4 SedarebiT 
 
Tbilisis garkveul ubanze avageT da gavtesteT pirveli NDN qseli. 

eqsperementis Casatareblad gamoyenebuli iyo: Cveulebrivi kompiuterebi, rou-
terebi da provaideris IPv4 qseli. erT erT mowyobilobaze, kerZod serverze 
winaswar iyo dagenerirebuli NDN-is kontenti. zemoT aRniSnul serverze 
garkveuli periodebiT Semodioda erTdroulad rogorc NDN-is, aseve IPv4-is 
moTxovnebi da mas udna daekmayofilebina es moTxovnebi. rogorc Sedegebma 
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aCvenes NDN-is SemTxvevaSi dayovneba sagrZnoblad Semcirda. aRsaniSnavia, 
rom pirveli moTxovnili paketis gadacemam  NDN-is saSualebiT meti dro 
waiRo IPv4-Tan SedarebiT, vinaidan NDN-is pakets sWirdeba garkveuli dro 
damuSavebisTvis, kerZod ki NDN-is paketis moTavseba OSI modelis Tanaxmad 
xorcieldeba qselur doneze enkafsulaciiis saSualebiT, radgan TCP/IP-ze 
momuSave qsels ar esmis NDN-is struqtura. xolo pirveli moTxovnili 
pingis dakmayofilebis Semdeg yvela im mowyobilobaze romelzec moxda kon-
tentis gadatana informacia iqneba daqeSirebuli da Semdgomi moTxovnis 
dros mTlian marSruts aRar gaivlis. moTxovnis dakmayofileba moxdeba 
lokalurad. 
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SUMMARY 

NAMED DATA NETWORK AND ITS ADVANTAGE  

Zangaladze A.P. 

Georgian Technical University 

Nowadays, most of the data is focused on pseudo-static information. This can be: posts on social media, articles 

in online newspapers, videos, etc. Such data goes through the same network segment periodically many times, 

since it is requested by multiple users. This data is transmitted through the TCP / IP protocol stack. The purpose 

of the protocols is to transfer data between the original source of information and the recipient. In this article, we 

will talk about alternative to IPv4 / IPv6, in particular data centric networks. Such a network has the ability to 

significantly reduce periodic and multiple data transmissions. The research was carried out using testing tools 

that transmit data through the networks of Georgian internet service providers. 

Keywords: network integration, named data network, encapsulation. 
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Rrma swavlebis filosofia 

 

frangiSvili a.i., namiCeiSvili o.m., gogiaSvili J.g., kiknaZe m.g., ramazaSvili m.T. 
 

saqarTvelos teqnikuri universiteti 
 
 
Rrma swavleba (Deep Learning) manqanuri swavlebis (Machine Learning) sfe-

roa, romelic  rTuli amocanebis farTo wris amoxsnis saSualebas iZleva, 
dawyebuli xmis gamocnobidan da obieqtis moZiebidan gamosaxulebaze teqs-
tebis avtomatur Targmnamde da avtomobilis avtomatur marTvamde. 

 manqanuri swavleba, Rrma swavleba da xelovnuri inteleqti moxseniebu-
lia mraval statiaSi da maT Soris Zalian bevri ar aris dakavSirebuli teq-
nologiaTa aRwerasTan. dRes ukve arsebobs virtualuri mosaubreebi, avtopi-
lotiani avtomobilebi da virtualuri TanaSemweebi. adamianebis gaTavisufleb-
as rutinuli Sromisgan da ZiriTadi samuSaoebis Sesrulebas xelovnuri inte-
leqtiT dajildoebuli robotebis mier. momaval an dRevandel specialists 
manqanuri swavlebis sferoSi unda SeeZlos sasargeblo signalis gamoyofa 
xmauridan, igi unda xedavdes im cvlilebebs, romlebsac SeuZlia gavlenis 
moxdena samyaroze.  

manqanuri swavlebis sfero mas Semdeg gaxda aqtualuri, rodesac dad-
ga sakiTxi kompiuteris mier monacemebis damuSavebis wesebis gansazRvra mona-
cemTa kvlevis safuZvelze avtomaturad programistis dauxmareblad. 

klasikur daprogramebaSi, simboluri xelovnuri inteleqtis paradig-
maSi, adamianebs SemoaqvT wesebi (programebi) da monacemebi am wesebis Sesaba-
misad da iReben pasuxebs  nax.1. 

 
nax. 1. manqanuri swavleba: daprogramebis axali paradigma 

 
manqanur swavlebaSi ki adamianebis mier xdeba monacemebisa da am mona-

cemebis Sesabamisi pasuxebis Setana, xolo gamosasvlelze xdeba wesebis mire-
ba. es wesebi Semdeg SeiZleba gamoviyenoT axali monacemebis mimarT origina-
luri (aqamdis ucnobi) pasuxebis misaRebad. 

manqanur swavlebaSi sistemis swavleba, daswavla xdeba da ara misi 
cxadad daprogrameba. mas gadaecema gadasawyvet amocanasTan dakavSirebuli 
mravalricxovani magaliTebi, xolo igi poulobs am magaliTebSi statisti-
kur struqturas, romelic saSualebas aZlevs sistemas gamoimuSaos, Camoaya-
libos wesebi amocanis avtomaturi gadaWrisaTvis.  

Rrma swavlebis gnviTreba mxolod 2010-iani wlebiis dasawyisSi daiwyo. 
am sferoSi moxda namdvili revolucia yvelaze SesamCnevi warmatebebiT 
aRqmis modelirebaSi _ xedvis da smenis _ amocanebSi, romlebic bunebrivi da 
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gasagebi iyo adamianisaTvis, magram xangrZlivi drois ganmavlobaSi miuwv-
domeli rCeboda kompiuterisaTvis. 

kerZod, Rrma swavlebam Semdegi garRvevebi moaxdina manqanuri swavle-
bis tradiciulad urTules sferoebSi: 

• gamosaxulebaTa klasifikacia adamianis doneze; 
• metyvelebis gamocnoba adamianis doneze; 
• xelnaweri teqstis gamocnoba adamianis doneze; 
• erTi enidan meoreze manqanuri Targmnis xarisxis gaumjobeseba; 
• teqstis manqanuri xmamaRla kiTxvis xarisxis gaumjobesebaa; 
• Google Now da Amazon Alexa tipis cifrul TanaSemweTa gaCena; 
• avtomobilis marTva adamianis doneze; 
• Google, Baidu da Bing kompaniebis mier gamoyenebuli miznobrivi rekla-

mis sizustis gazrda; 
• internetSi Zebnis relevantobis gazrda; 
• xmamaRla dasmul SekiTxvebze pasuxis gacemis SesaZleblobis gaCena; 
• gos TamaSi adamianze gacilebiT Zlier. 
jer kidev  grZeldeba SesaZleblobaTa kvleva, romlebic damalulia 

Rrma swavlebaSi. is gamoiyeneba bunebrivi enis manqanuri aRqmisa da gagebis  
farglebs gareT problemebis farTo wrisadmi, rogoricaa, magaliTad, for-
maluri msjelobebi. warmateba am mimarTulebiT SeiZleba niSnavdes axali 
epoqis dasawyiss, roca Rrma swavleba daexmareba adamianebs mecnierebaSi, 
programuli uzrunvelyofis SeqmnaSi da mraval sxva sferoSi. 

Rrma swavlebam miaRwia xelovnuri inteleqtis istoriaSi aqamdis arna-
xuli sazogadoebrivi yuradRebisa da investiciebis dones, magram es ar aris 
manqanuri swavlebis pirveli warmatebuli forma. darwmunebiT SeiZleba 
iTqvas, rom amJamad mrewvelobaSi gamoyenebuli manqanuri swavlebis algo-
riTmebis umravlesoba ar aris Rrma swavlebis algoriTmebi. Rrma swavleba 
yovelTvis ar aris sworad arCeuli instrumenti zogjer ubralod sakmarisi 
ar aris monacemebi Rrma swavlebisaTvis, zogjerac problema ukeT wydeba 
sxva algoriTmebis gamoyenebiT.  

am statiaSi ganxilulia manqanuri swavlebisadmi klasikuri midgomebi 
rac es dagvexmareba Rrma swavlebis adgilis danaxvaSi manqanuri swavlebis 
ufro farTo konteqstSi.  

Rrma swavlebis ganmasxvavebeli niSnebi.  
Rrma swavlebis gamoyenebis ZiriTadi mizezia ukeTesi mwarmoebluroba 

mraval amocanaSi. Tumca es ar aris erTaderTi mizezi. Rrma swavleba arse-
biTad aadvilebs problemaTa gadawyvetas, vinaidan aq mTlianad avtomatize-
bulia manqanuri swavlebis umniSvnelovanesi nabiji, romelic adre xeliT 
sruldeboda,   niSnebis konstruireba. 

manqanuri swavlebis wina meTodebi zedapiruli swavlebis meTodebi   
Seicavda Semavali monacemebis gardaqmnas mxolod erT an or mimdevrobiT 
sivrced, Cveulebriv, martivi gardaqmnebis meSveobiT, rogoric aris arawr-
fivi proeqcia ufro did ganzomilebis sivrceSi (sayrdeni veqtorebis meTo-
di) an gadawyvetilebaTa xeebi. magram rTuli amocanebis amosaxsnelad auci-
lebeli zusti warmodgenebis miReba, Cveulebriv, SeuZlebelia aseTi midgo-
mebiT. amitom adamianebs uxdebodaT didi Zalisxmeva imisaTvis, rom miecaT 
sawyisi monacemebisaTvis ufro gamosadegi am meTodebiT damuSavebisaTvis 
saxe: maT uxdebodaT TavianTi monacemebis warmodgenis Sris gaumjobeseba xe-
liT. amas niSnebis konstruireba ewodeba. Rrma swavlebis pirobebSi, piriqiT, 
es nabiji mTlianad avtomatizebulia: Rrma swavlebis meTodebis gamoye-
nebisas yvela niSani amoiReba erTi gavliT da ar arsebobs xeliT maTi kons-
truirebis aucilebloba. aman Zalian gaamartiva manqanuri swavlebis procesi, 
vinaidan xSirad rTuli da mravalsafexuriani konveieris Canacvleba gaxda 
SesaZlebeli Rrma swavlebis erTaderTi martivi gamWoli modeliT. 
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Rrma swavlebis popularobis zrdis sakvanZo faqtorebi. Rrma swavle-
bis ori sakvanZo idea saxeTa gamocnobis amocanebis amosaxsnelad konvolu-
ciuri neironuli qselebis da Secdomis ukugavrcelebis algoriTmi   kargad 
iyo cnobili ukve 1089 wels. moklevadiani xangrZlivi mexsierebis algoriTmi 
(Long Short-Term Memory, LSTM), romelic Rrma swavlebis safuZvels Seadgens 
droiTi mwkrivebis prognozirebisaTvis, SemoTavazebuli iyo 1997 wels da 
amis Semdeg TiTqmis ar Secvlila. maS ratom daiwyo Rrma swavlebis gamo-
yeneba mxolod 2012 wlidan? ra Seicvala am ori aTwleulis ganmavlobaSi? 

manqanur swavlebas sami mamoZravebeli Zala axasiaTebs: 
• danadgari; 
• monacemTa krebulebi da testebi; 
• algoriTmuli miRwevebi. 
vinaidan es sfero xelmZRvanelobs eqsperimentuli daskvnebiT, da ara 

TeoriiT, algoriTmuli miRwevebi SesaZlebelia mxolod monacemebisa da 
danadgaris arsebobisas ideaTa Sesamowmeblad (an, rogorc es xSirad xdeba, 
Zveli ideebis asaRorZineblad). manqanuri swavleba arc maTematikaa da arc 
fizika, sadac garRvevebi SeiZleba ganxorcieldes kalmisa da qaRaldis fur-
clis saSualebiT. es sainJinro mecnierebaa. namdvil viwro adgils 1990-iani 
da 2000-iani wlebis manZilze iyo monacemebi da danadgari. magram droTa 
ganmavlobaSi xdeboda internetis ganviTareba, xolo kompiuteruli TamaSebis 
bazris programuli uzrunvelyofisaTvis Seiqmna maRal mwarmoebluri gra-
fikuli procesorebi. 

2012_2013 wlebSi Rrma swavlebam axal Tanamedrove doneze aiyvana 
saxeTa gamocnoba da, saboloo jamSi, gamocnobis yvela amocana. amas mohyva 
investiciebis TandaTanobiT zrdadi talRa industriaSi.  

manqanurma swavlebam _ da kerZod Rrma swavlebam _ centraluri adgi-
li daikava am teqnologiuri gigantebis strategiul produqtebs Soris. 

`manqanuri swavleba _ koordinatTa sistemis gabedulad Secvlis sa-
fuZvelia mTeli Cveni moRvaweobis SefasebaSi. Cven dafiqrebulad viyenebT 
mas yvela Cvens produqtSi, iqneba es Zebna, reklama, YouTube videohostingi an 
Play internet-maRazia. da Cven Tavidanve _ da sistematurad _ viyenebT manqa-
nur swavlebas yvela am sferoSi~. 

investiciaTa am talRis Sedegad ukanaskneli xuTi wlis ganmavlobaSi 
im adamianebis ricxvi, romlebic muSaoben Rrma swavlebis sferoSi, gaizarda 
ramdenime aseulidan aTobiT aTasamde, xolo progresma kvlevebi arnaxul 
dones miaRwia. amJamad am tendenciis Tvalmisawvdom droSi Senelebis raime 
niSani ar SeiniSneba. 

Rrma swavlebas aqvs ramdenime Tviseba, romelic amarTlebs mis sta-
tuss `revolucia xelovnur inteleqtSi~ da igi didi xniT darCeba. SesaZle-
belia, rom neironuli qselebi gaqres ori aTwleulis Semdeg, magram yvela-
feri, rac amis sanacvlod darCeba, iqneba Tanamedrove Rrma swavlebisa da 
misi ZiriTadi ideebis pirdapiri memkvidre.  

Rrma swavlebaSi (TiTqmis yovelTvis) ganixileba mravalSriani warmod-
genebi neironul qselebad wodebuli modelebis gamoyenebiT, romlebic 
struqturirebulia SreTa zeddebiT.  

termini neironuli qseli Semosulia xmarebaSi neirobiologiidan da, 
miuxedavad amisa, Tumca Rrma swavlebis zogierTi fuZemdebluri idea nawi-
lobrivad marTlac nasesxebia mecnierebidan tvinis Sesaxeb, Rrma swavlebis 
modelebi ar aris tvinis modelebi. ar arsebobs raime sando mtkicebulebac, 
rom tvini axorcielebs Rrma swavlebis Tanamedrove modelebSi gamoyenebuli 
meqanizmebis msgavs meqanizmebs.  

xerxi, romliTac adamianis tviniT informaciis damuSaveba xdeba, mniSv-
nelovnad gansxvavdeba cifrul mowyobilobebSi gamoyenebuli meTodebisgan. 
tvins SeuZlia neironebad (nervul ujredebad) wodebuli Tavisi struqtu-
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ruli komponentebis iseTi organizeba, rom am procesorebma ganaxorcielos 
konkretuli amocanebis Sesruleba bevrjer ufro swrafad, vidre amas Tana-
medrove gamoTvliTi sistemebi axerxebs [1-5]. 

magaliTis saxiT gamovikvlioT, Rrma swavleba maTematikur safuZvlad 
monacemTa warmodgenis Sesaswavlad. rogor gardaqmnis cifris gamosaxulebas 

misi gamocnobisTvis siRrmeSi ramdenime Sris mqone qseli. 

 
 

nax. 2. Rrma neironuli qselis cifrebis klasifikaciა 

 
rogorc naCvenebia nax. 2 da 3-ze, qseli etapobrivad gardaqmnis cifris 

saxes warmodgenad, romelic sul ufro gansxvavdeba sawyisi saxisgan da 
xdeba sul ufro meti sasargeblo informaciis matarebeli Sedegis Sesaxeb. 

  
 
nax. 3. cifrebis klasifikaciis modeliT miRebuli Rrma warmodgenebi 

 
Rrma qseli SeiZleba ganvixiloT rogorc informaciis gasufTavebis 

mravaletapiani operacia, romlis msvlelobisas informacia gadis filtrebis 
mimdevrobas da gamodis am mimdevrobidan gawmendili, gasufTavebuli saxiT 
(e.i. zogierTi amocanis amosaxsnelad gamosadegi saxiT). 

teqnikuri TvalsazrisiT Rrma swavleba monacemTa warmodgenis miRebis 
mravalsafexuriani xerxia. filosofia martivia, magram, rogorc irkveva, 
Zalian martivi meqanizmebi garkveuli masStabebis pirobebSi SeiZleba gaugeb-
rad gamoiyurebodes da idumalebiT savsec aRmoCndes 
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amrigad, ganxiluli sakiTxi Rrma swavleba aris manqanuri swavlebis 
nairsaxeoba, romelic aniWebs kompiuters unars iswavlos gamocdilebaze da 
Seicnos samyaro koncefciaTa ierarqiiT. gadmocemulia agreTve Rrma swav-
lebis ganviTarebis istoriis aspeqtebi, mravalSriani sruladbmuli nei-
ronuli qselebi, Rrma swavlebis biblioTekebis gamoyeneba, Rrma neironuli 
qselebis swavlebis gadatana, Rrma swavlebis filosofia. 

Rrma swavlebs modelebi aRmoCnda im gasaRebad, romelic udgeba yvela 
sakets erTdroulad: axali arqiteqturebi da swavlebis algoriTmebi, aseve 
gazrdili gamoTvliTi simZlavreebi da monacemTa gaCenili uzarmazari ko-
leqciebi iqca im faqtorebad, romlebsac mohyva revoluciuri garRvevebi 
kompiuterul xedvaSi, metyvelebis gamocnobaSi, bunebrivi enis damuSavebaSi, 
rekomendaciebis magenerirebel onlainur sistemebSi, bioinformatikasa da 
videoTamaSebSi, aseve manqanuri swavlebis mraval sxva amocanaSi. 
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Georgian Technical University 

The topic discussed in this article, thedeep learning is a type of machine learning that gives a computer the 

ability to learn from experience and learn about the universe through a hierarchy of concepts. The aspects of the 

history of the development of deep learning, multi-layered fully connected neural networks, use of deep learning 

libraries, transfer of deep neural network teaching and philosophy of deep learning are, as well as presented. 

Deep learning models turned out to be the key, that fits for all locks at once: New architectures and teaching 

algorithms, as well as increased computing power and the emergence of vast collections of data became the 

factors that led to revolutionary breakthroughs in computer vision, speech recognition, natural language 

processing, online systems generating references, bioinformatics and video games, as well as many other 

machine learning tasks. 
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Tanamedrove cifruli teqnologiebi da koronavirusis  

(kovid 19) pandemia 

 
qaTamaZe s.a. 

 
saqarTvelos teqnikuri universiteti 

 
 
1. Sesavali 
Tanamedrove epoqaSi, romelic savsea gamowvevebiT, waiSala sazRvrebi 

da barierebi adamianebs Soris, rac teqnologiuri progresis damsaxurebaa. 
kompaniebma daiwyes inovaciuri teqnologiebis danergva sakuTar organiza-
ciebSi, raTa gaamartivon saqmianobis procesi da gazardon TavianTi konku-
rentunarianoba. inovaciurma produqtebma Caanacvla tradiciuli saSuale-
bebi. cifrulma teqnologiebma ki Secvala arsebuli realoba. gamartivda 
informaciis moZieba. 

roca msoflioSi pandemia mZvinvarebs, saavadmyofoebi gadatvirTulia 
pacientebiT, samedicino personalis resursi cotaa, am dros yvelaze rele-
vanturi aris jandacvis sistemaSi Sida procesebis marTva. bevri moder-
nizebuli procesi SemuSavebulia am problemaTa aRmosafxvrelad da mudmi-
vad xdeba maTi ganaxleba da Tanamedrove teqnologiebze morgeba. 

 
2. xelovnuri inteleqtis roli medicinaSi 
amerikelma da Cinelma eqimebma eqsperimenti Caatares _ kang Jangma, ge-

nomuri medicinis institutis damfuZnebelma direqtorma, kaliforniis uni-
versitetis san-diegos filialidan 70 mecnierTan erTad, kompiuterul siste-
maSi CineTis erT-erTi didi klinikis 1,3 milioni 18 wlamde asakis pacientis 

informacia Seiyvana da roboti diagnozis dasmaSi gawvrTna [1].  
saavadmyofoSi pacientTa vizitebis Sesaxeb Seyvanili informacia moi-

cavda rogorc eqimebis Canawerebs, ise CivilebiT Sesuli adamianebis avadmyo-
fobis istorias da laboratoriuli analizebis Sedegebs. mogvianebiT, ro-
bot-pediatrs axali pacientebisTvis diagnozis dasma daavales da miRebuli 
Sedegebi Cveulebrivi eqimebis mier dasmul diagnozs Seadares. eqsperimentma 
warmatebiT Caiara, robotma bevri infeqciuri daavadebis diagnozireba 90 
procentis sizustiT dasva.  

kang Jangi ambobs, rom momavalSi, roboti warmatebiT Seasrulebs pe-
diatris funqciebis umetesobas. Tumca, misi TqmiT, bolomde `xelovnuri in-
teleqti verasdros Caanacvlebs eqims~. mkvlevarebi fiqroben, rom xelovnuri 
inteleqti ubralod daexmareba med-personals, rom sakuTari movaleoba uf-
ro xarisxianad da efeqturad Seasrulon. 

roboti SeiZleba gansakuTrebiT efeqturi aRmoCndes ganviTarebad qvey-
nebSi, sadac naklebad kvalificiuri kadrebi muSaoben, an miuval adgilebSi, 
sadac samedicino centrebi saerTod ar aris. amasTan, xelovnuri inteleqtis 
sxva enebze gadayvana da specializaciis mixedviT, klinikebze morgebac Za-

lian iolad da swrafad aris SesaZlebeli [3]. 
kvlevis avtorebi fiqroben, rom xelovnuri inteleqti, saWiro infor-

maciis Seyvanis Semdeg, diagnozs zrdasrul pacientebSic aseTive warmatebiT 
dasvams. is SeiZleba gansakuTrebiT gamoadgeT saswrafo daxmarebis ganyofi-
lebebs, sadac pacients, medpersonalis naklebobis gamo, rigSi saaTobiT 
uwevs yofna. 

xelovnuri inteleqti da Catbotebi siaxle ar aris, Tumca maTi jan-
dacvis industriaSi gamoyeneba inovaciaa: 
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- Bluedot kanadaSi dafuZnebuli startapia, romelmac monacemebis Seg-
rovebis eleqtronuli modeli SemogvTavaza, is amoicnobs da agrovebs 
informacias virusis gavrcelebis Sesaxeb. 

- gadatvirTuli jandacvis sistemis dasaxmareblad, kanadurma star-
tapma Stallion.ai mravalenovani virtualuri asistenti Seqmna, romelsac SeuZ-
lia virusTan dakavSirebul kiTxvebze gipasuxoT, mogawodoT informacia, 
rekomendaciebi virusisgan Tavis dasacavad, aseve, Seamowmos da akontrolos 
simptomebi. 

- xelovnuri inteleqti temperaturis gasazomad da saxis identifici-
rebisTvis aqtiurad gamoiyeneba aeroportebSi da sasazRvro kontrolis 
dawesebulebebSi. aRniSnuli funqcionali kameris gamoyenebiT myisierad 
zomavs temperaturas da amoicnobs adamians, romelsac pirbade ar ukeTia. 

- SesaZlebelia avtomaturi dezinfeqcia _ robotebis daxmarebiT niv-
Tebis, avejis da binis dezinfeqcia srulad avtomatur reJimSia SesaZlebeli, 
adamianis Carevis gareSe. 

 
3.  medicina da msoflio pandemia 
CineTSi, erT-erTi sastumro karantinSi myofebs sakvebs robotebis dax-

marebiT awvdida. espaneTSi, robotebi virusis testirebaSi dasaxmareblad 
moamzades. gzavnilebis mitanis mizniT dronebs qmnian iseTi kompaniebi, 
rogoric UPS da amazonia, raTa adamianuri samuSao Zala Seamciron. 

xelovnuri inteleqtisadmi interesi mxolod adamianuri resursebis 
Canacvlebis gamo ar izrdeba _ umTavresi mainc adamianebis yoveldRiur 
saqmianobaSi daxmarebaa. saofise samuSaos udidesi nawilis warmarTva ukve 
saxlidan aris SesaZlebeli. procesebis elviseburi `gacifruleba~ saxlidan 
muSaobis kulturas amkvidrebs, rasac axali saWiroebebi sdevs Tan. 

axali koronavirusi COVID-19 swrafad vrceldeba. es aris erT-erTi 
yvelaze didi problema. infeqciis gavrcelebasTan brZolis saukeTeso gza 
iseTi RonisZiebebis gatarebaa, rogorebicaa socialuri distancireba da 

maRali riskis mqone obieqtebis daxurva [2]. 
swored am dros, israelSi, vaicmanis mecnierebis institutSi, xe-

lovnur inteleqtze dafuZnebuli kvlevis sistema gamoigones, romliTac 
xdeba virusebis afeTqebis prognozireba, raTa xelisuflebam winaswar SeZ-
los zomebis miReba virusis SesaCereblad. sistema sakvanZo sakiTxebze fo-
kusirebul kiTxvars iyenebs, rogorebicaa janmrTelobis mdgomareobis simp-
tomebi da izolaciis meTodebi. Semdeg am pasuxebs algoriTms adarebs, rac 
potenciuri cxeli wertilebis adreuli gamovlenis saSualebas iZleva. es ki 
adgilobriv xelisuflebas iseTi RonisZiebebis gatarebaSi daexmareba, 
romlebic virusis gavrcelebas Seanelebs. 

yvelgan COVID-19 dominirebs da amitom gasaocari sruliadac ar aris, 
rom koronavirusis SiSiT SeSfoTebuli pacientebi adrindelTan SedarebiT 
gacilebiT xSirad mimarTaven saavadmyofoebsa da samedicino organizaciebs. 

virtualurma asistentebma sxva sferoebSi ukve Seumsubuqes datvirTva 
momxmarebelTa momsaxurebis samsaxuris specialistebs da axla analogiuri, 
specialurad Seqmnili instrumentebi inergeba COVID-19-Tan dakavSirebuli 
problemebis gadasaWrelad. jandacvis aplikaciebsa da vebgverdebSi 
xelovnuri inteleqtis instrumentis CaSeneba pirdapir xdeba SesaZlebeli. 

amis erT-erTi magaliTia Hyro − COVID-19-is ufaso virtualuri asisten-
ti, romelic jandacvis organizaciebs pandemiis marTvisas zarebisa da 
SekiTxvebis problemasTan gamklavebaSi exmareba. igi pasuxobs SekiTxvebs, 
romlebsac xSirad svamen koronavirusze. maT Sorisaa, simptomebis daxarisxe-
ba da informaciis miwodeba sando da Semowmebuli wyaroebidan, rogorebicaa 
jandacvis msoflio organizacia da daavadebaTa kontrolisa da prevenciis 
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centri. xelovnuri inteleqtis am instrumentebs SeuZliaT datvirTva Seumci-
ron samedicino personals, romelsac pandemiis pirobebSi umZimes reJimSi 
uwevs muSaoba. 

marTalia, SesaZloa testirebis procesi neli iyos, magram xelovnuri 
inteleqti am problemis mogvarebiskenac midis. rogorc The Next Web ityobi-
neba, xelovnuri inteleqtis ramdenime instrumenti ukve Seiqmna COVID-19-is 
mqone pacientebis gamosavlenad da mkurnalobis kursis Casatareblad, rac 
samedicino personalis usafrTxoebas ganapirobebs. 

CineTSi sazogadoebrivi TavSeyris adgilebSi adamianebis temperaturis 
skanirebisTvis kompiuteruli xedvis algoriTmi Seiqmna. nebismieri adamianis 
identificireba xdeba, visac Tundac mciredi cxeleba aqvs. xelovnuri inte-
leqtis kidev erTi algoriTmi eqimebs exmareba, ufro zustad ganasxvavon 
erTmaneTisgan koronavirusisa da tipiuri pnevmoniis mqone pacientebi. vaSing-
tonis StatSi distanciuri mkurnalobisa da komunikaciisTvis robotebi 
gamoiyenes, daavadeba pacientebisgan eqimebze rom ar gavrcelebuliyo. 

xelovnur inteleqts aswavlian ramdenime wamSi daavadebis dadgenas 
filtvebis rentgenis mixedviT, temperaturisa da guliscema gazomvas 
videodan; sxvadasxva regionSi daavadebis gamovlenasa da Tvalyuris devnebas. 
xelovnuri inteleqtis uaxlesi algoriTmebi xels uwyobs koronavirusis 
struqturis Seswavlas. 

Google DeepMind-is ganyofilebam xelovnuri inteleqtis uaxlesi algo-
riTmebi gamoiyena im cilebis Sesaswavlad, romlebic SeiZleba COVID-19-s 
ukavSirdebodes. kompaniam Tavisi kvleva Riad gamoaqveyna. 

DeepMind-i ambobs, rom cilebis struqturebis gamoTvliTi prognozebi 
eqsperimentulad ar dadasturebula, magram isini imedovneben, rom samecniero 
sazogadoebas daexmarebian imis gagebaSi, Tu rogor funqcionirebs koronavi-
rusi. 

kompania BenevolentAI yvelaze seriozuli daavadebebis samkurnalod xe-
lovnuri inteleqtis sistemebs iyenebs. axali korovirusis warmoqmnidan ram-
denime kviris Semdeg kompaniis specialistebma sistema ise gadaawyves, rom mas 
samedicino bazarze arsebuli wamlebis ganxilva moexdina, Tu romeli maTga-
ni ufro gamodgeboda axal virusTan sabrZolvelad. 

ramdenime msxvili teqnologiuri kompania, rogoricaa: Tencent, DiDi da 

Huawei – mkvlevarebs Rrublovani kompiuteruli resursebisa da superkompiu-
terebis resursebis gamoyenebis saSualebas aZlevs. es sistemebi swraf gamoT-
vlebs asruleben da gadawyvetilebebis modelirebas axdenen. 

 
4. daskvna 
es iyo mokle mimoxilva Tu rogor umklavdeba msoflio koronavirusis 

pandemias Tanamedrove teqnologiebis gamoyenebiT. usazRvro SesaZleblobebis 
teqnologia uamrav siaxles gvpirdeba momavalSi. Zalian bevrma dargma daiw-
yo misi gamoyeneba sxvadasxva mimarTulebebiT. kompaniebma adamianuri resur-
sis swrafi gamomTvleli programebiT Canacvleba daiwyes.  

cifruli teqnologiis ganviTareba _ adamianTan SedarebiT bevrad uf-
ro swrafad xdeba, rac ganapirobebs ufro sando da moqnil samuSao pro-
cess. Tumca es imas ar gulisxmobs, rom medicinaSi aRar iqneba adamianis 
moRvaweoba saWiro, piriqiT, adamianebi CaerTvebian ufro saWiro da saintere-
so kvlevebSi, raTa moxdes inovaciuri samkurnalo procedurebis Seqmna, 
medikamentebis damzadeba da Semdgom maTi gamoyenebis danergva ukve mosax-
leobaSi. robotebi Seasruleben rutinul saqmes, romlisTvisac mas daaprog-
rameben adamianebi, xolo TviTon adamianebi imuSaveben axali meTodebis 
Seqmnaze. amisaTvis azrovnebis siswrafe ar aris sakmarisi, saWiroa aseve 
inteleqti, romelic adamianisgan gansxvavebiT kompiuters ar aqvs. aqedan ga-
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momdinare, SegviZlia davaskvnaT, rom am momentisTvis adamiani qmnis, xolo 
kompiuteri xvewavs am qmnilebas da mas ufro srulyofils xdis.  
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meoTxe industriuli revoluciis gamowvevebi, maTze reagirebis gzebi da 

swrafi gamoTvliTi resursebis saWiroeba 

 
oikaSvili b.g. 

 
saqarTvelos teqnikuri universiteti 

 
 
1. Sesavali 
pirveli industriuli revolucia me-18 saukunis meore naxevarSi daiw-

yo sadac mTavari miRweva adamianis qmedebebis meqanizacia, orTqlis poten-
cialis aTviseba da orTqlis Zravebis Seqmna gaxldaT. 

 meore industriuli revolucia saTaves me-19 saukunis meore naxevri-
dan iRebs da misi mTavari miRweva eleqtroenergia, konveerebi da masobrivi 
warmoeba iyo. 

 mesame industriuli revolucia saTaves me-20 saukunis meore naxev-
ridan iRebs da kompiuterul eras, avtomatizacias da robo-teqnikis Seqmna-

ganviTarebas ukavSirdeba [1]. swored mesame industriulma naxtomma 
ganapiroba da uzrunvelyo adamianis mTvareze dasma, winaaRmdeg SemTxvevaSi 
msgavsi naxtomi kacobriobisTvis SeuZlebeli iqneboda. swored mesame, 
inovaciuri teqnologiebiT aRsavse etapidan gamomdinareobs rigiT meoTxe 
revolucia cnobili rogorc `industria 4.0~. am revoluciis mizania 
kompiuteruli teqnologiebis, xelovnuri inteleqtisa da avtomatizaciis 
simbiozi. praqtikulad Cven axla im teqnologiuri revoluciis zRvarze 
vdgavarT romlis Semdegac Cveni cxovrebis wesi fundamenturad Seicvleba. es 
cvlileba kacobriobis istoriaSi yvelaze kompleqsuri da masStaburi iqneba. 
Cven jer ar viciT rogor warimarTeba es procesi, magram erTi ram naTelia: 
axal gamowvevebs yvelam erTad unda vupasuxoT, saxelmwifo meTaurebma, 
sajaro da kerZo seqtorebma, akademiurma da samoqalaqo sazogadoebebma.  

 
 
2. industria 4.0 da misi roli kacobriobisTvis 
momavali transformacia, ara mesame revoluciis gaxangrZliveba an 

gazrda, aramed, Tavisi siswrafiT, gaqanebiTa da sistemuri efeqtiT, meoTxe 
da yvelaze gamorCeuli gadatrialebaa. teqnologiuri garRvevebis is tempi, 
romelic dRes kacobriobas aqvs, uprecedentoa. wina industriul revo-
luciebTan SedarebiT, meoTxe, wrfivis nacvlad eqsponencialuri siCqariT 
viTardeba. garda amisa, igi yvela qveyanaSi cvlis absoluturad yvela 
industrias. am cvlilebebis moculoba da siRrme, Tavis mxriv, gardaqmnis 
warmoebis, menejmentisa da mmarTvelobis sistemebs. 

 adamianebis SesaZleblobebi usazRvroa, rodesac isini uprecedento 
gamoTvliTi simZlavriT, mexsierebiTa da martivad xelmisawvdomi infor-
maciiT aRWurvili mobiluri mowyobilobebiT arian dakavSirebuli erTmaneT-
Tan. es SesaZleblobebi kidev ufro gaizrdeba mas Semdeg, rac daixveweba 
iseTi teqnologiebi, rogorebicaa xelovnuri inteleqti, robotika, avtono-
miuri manqanebi, 3D-beWdva, 5G qseli, nanoteqnologia, bioteqnologia, super-
kompiuterebi, kvanturi kompiuteruli teqnologia da sxva. 

 xelovnuri inteleqti ukve aqtiurad gamoiyeneba Cvens realobaSi. amis 
kargi magaliTebia TviTmavali avtomobilebi, dronebi da virtualuri 
asistentebi. AI-s (Artificial Intelligence _ xelovnuri inteleqti) sferoSi STambeW-
davi progresia rodesac kompiuteruli simZlavrisa da monacemTa auracxeli 
bazebis saSualebiT, programas SeuZlia Seqmnas axali medikamenti an 
algoriTmis saSualebiT daadginos, ra kulturuli tendenciebi damkvidr-
deba. cifruli da biologiuri samyaroebi erTad muSaoben. inJinerebi, 
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dizainerebi da arqiteqtorebi sinTetikuri biologiis, 3D-beWdviTi teqnolo-
giis (Additive Manufacturing), kompiuteruli dizainisa da nivTierebaTa inJineriis 
kombinirebiT cdiloben Seqmnan axali, simbiozuri produqtebi. 

 
3. swrafi gamoTvliTi resursebis saWiroeba 
bolo ramdenime aTwleuls Tu gadavxedavT vnaxavT rom super-

kompiuterebi teqnologiuri ganviTarebis yvela etapze Zalian mniSvnelovan 

da xandaxan gadamwyvet rols TamaSobda procesSi [2]. rac dro gadis maTi 
roli dRiTidRe ufro izrdeba da ufro met sferos ukeTebs optimizacias 
dawyebuli ekonomikidan damTavrebuli manqanaTmSeneblobiT Tu jandacviT. 
magaliTisTvis Tu moviyvanT bolodroindel globalur pandemias, mecnierebi 
misi dasawyisidan moyolebuli ebrZodnen mas superkompiuterebis saSualebiT. 
kerZod vaqcinis Sesaqmnelad sxvadasxva nivTierebebis sinTezirebasa Tu 
simulirebas akeTebdnen an zemoaRniSnuli didi gamoTvliTi resursebis 
daxmarebiT. 

dReisaTvis praqtikulad warmoudgenelia samecniero, kvleviTi, finan-
suri Tu sawarmo sfero romelic Tavisi mTavari problemebis gadasawyvetad 
ar iyenebs maRali warmadobis kompiuterul sistemebs. samecniero-kvleviTi 
dawesebulebis magaliTad SegviZlia moviyvanoT cernis grid sistema (Cern Grid 

Network) romelic praqtikulad aris superkompiuterebis qseli. misi ZiriTadi 
gamoTvliTi resursebi anu sxvadasxva damoukidebeli superkompiuterebi 
CarTulia aRniSnul qselSi msoflios sxvadasxva geografiuli lokaciidan. 

21-e saukune zogadad iTvleba xelovnuri inteleqtis erad. dRes 
Zalian aqtiurad midis muSaoba e.w. manqanuri swavlebis (Machine learning), Rrma 
swavlebis (Deep learning) da zogadad xelovnuri inteleqtis ganviTarebis 
kuTxiT. es sferoebi ki praqtikulad warmoudgenelia mZlavri paraleluri 
gamoTvliTi resursis CarTulobis gareSe. magaliTisTvis dReisaTvis IBM-is 
erTerTi yvelaze Tanamedrove xelovnur inteleqtze dafuZnebuli sistema 
saxelad voTsoni (Watson) romelTan interaqciac kiTxva - pasuxis reJimSia 
SesaZlebeli naturaluli enis saSualebiT (inglisuri). 2011 wels man TamaS-
Si saxelwodebiT Jeopardy am TamaSis moqmed Cempionebs mougo. dResdReobiT 
IBM Watson aqtiurad da sakmaod warmatebiT gamoiyeneba samedicino sferoSi. 

dResdReobiT manqanaTmSeneblobis industriaSi aqtiurad gamoiyeneba 
superkompiuteruli sistemebi. aq maTi mTavari daniSnulebaa sxvadasxva tipis 
Sejaxebebis simulireba da am virtualuri Sejaxebis Sedeged sakmaod faseu-
li da mniSvnelovani informaciis miwodeba mwarmoeblisaTvis. adre aRniS-
nuli procesi da analizi namdvili manqanebis fizikurad Sejaxebis safuZ-
velze xdeboda mxolod. 

aRniSnuli gadawyvetilebebi aseve aqtiurad gamoiyeneba meteoro-
logiuri, seismuri da sxva tipis modelirebisaTvis da prognozirebisaTvis. 
gazis, navTobis da sxva wiaRiseulebis maragebis Sesaswavlad.  

rac Seexeba finansur seqtors, aqac aqtiurad gamoiyeneba maRali 
warmadobis kompiuteruli resursebi sxvadasxva wamyvani qveynis finansuri 
institutebis da saerTaSoriso bankebis mier. gamoyenebis erTerTi sferoa 
didi monacemebis (Big Data) damuSavebis Sedegad miRebuli simulaciebi rac 
saSualebas gvaZlevs „xvalindeli“ dRis finansuri situaciis suraTi ufro 
naTlad vnaxoT. 

 
4. daskvna 
jamSi meoTxe industriul revolucias qmnian teqnologiebis da gadaw-

yvetilebebis iseTi erToblioba rogoricaa maRali warmadobis kompiuteru-
li sistemebi (superkompiuteri), danamati warmoeba (sam ganzomilebiani 
metalis da sxvadasxva plastikis sabeWdi printeri), internetTan dakavSi-
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rebuli mowyobilobebi (CaSenebuli sistemebi, sensorebi), robotika, xelov-
nuri inteleqti, swrafi kavSiris saSualeba (5G Network) da zemoaRniSnuli 
sistemebis simbiozi. 

imisTvis rom fexi avudgaT industria 4.0s da movamzadoT studentebi 
xvalindeli dRis moTxovnebisa da specialobebisaTvis, saWiroa qveyanaSi 
ganaxldes materialur-teqnikuri baza ris saSualebiTac studentebi SeZle-
ben daeuflon xvalindel teqnologiebs da specialobebs. 

gamovlenilia ZiriTadi Semadgeneli oTxi mimarTuleba ris saSuale-
biTac SevZlebT viqonioT sruli cikli. esenia: superkompiuteri, samontaJo 
dafebis sawarmoebeli danadgarebi (Multilayer PCB Manufacturing), namati war-
moebis dazgebi (3d Metal/plastic Printers), mikroCipebis sawarmoebeli dazgebi (Chip 

Manufacturing). 
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In general, by the term `indrustrial revolution~ the considerable turning point in humanity history is designated, 

which predetermined the entirely new rule of the life and, respectively, new industrial epoch.  In the paper all 

past and current steps, challenges and possibilities of industrial revolution as well as their effect on humanity and 

technological progress are considered. The role of high calculating resource, so-called supercomputer and its 

importance in our present and future. 
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avtomatizirebuli marTvis sistemebis roli da mniSvneloba 

Tanamedrove sawarmoebSi 

 

menabde T.r., cxovrebaZe T.k., aroSvili n.g. 
 

saqarTvelos teqnikuri universiteti 
 
Sesavali 
avtomatizacia ekonomikis ganviTarebis erT-erTi mniSvnelovani mimar-

Tulebaa. warmoebis procesebis avtomatizacias gaaCnia SeuzRudavi SesaZleb-
lobebi Sromis nayofierebis gazrdisaTvis, xels uwyobs da cvlis Sromis 
bunebas, warmoadgens mogebis maqsimalur da konkurentebTan brZolis inst-
ruments, aumjobesebs produqtis xarisxsa da usafrTxoebas, aRWurvilobis 
aTvisebasa da zog SemTxvevaSi mowyobilobebis muSaobis reJimis gaZlierebas, 
mniSvnelovani roli akisria erovnuli ekonomikis ganviTarebaSi. 

sawarmoebSi danergili avtomatizaciis Sedegad miiReba ekonomikuri 
efeqti, romelic damokidebulia imaze, Tu ra konkretul pirobebSi da ro-
mel warmoebebSi xdeba avtomatizaciisa da meqanizaciis saSualebebisa da 
meTodebis gamoyenebis saSualebiT problemebis daZleva. sawarmoSi avtomati-
zaciis danergvisaTvis saWiroa mniSvnelovani investiciebi da kapitaluri 
xarjebi. avtomatizaciisaTvis sworad SerCeuli obieqtis SemTxvevaSi male 
xdeba gaweuli xarjebis anazRaureba, ris Sedegadac  miiRweva maRali ekono-
mikuri efeqtianoba.  

 
 

 
 

nax.1. rZis qimia 
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ZiriTadi nawili 
produqtebis mwarmoebeli  qarxana unda pasuxobdes Tanamedrove teqno-

logiebs  da saWiroa maTi maqsimalurad avtomatizireba. imisaTvis, rom pasu-
xobde Tanamedrove standartebs, saWiroa  qarxanaSi arsebul procesebze rac 
SeiZleba meti kontrolis meqanizmis arseboba, produqciis warmoebis yvela 
etapze saWiroa informaciis floba produqtis Sesaxeb. kontrolis meqaniz-
mebi saSualebas iZleva, martivad aRmoifxvras problemebi da maqsimalurad 
gaumjobesdes sakvebi produqtebis xarisxi. avtomatizaciis sistemebis daner-
gva qarxanaSi individualuria. yvela qarxanaSi specifiurad xdeba avtomati-
zaciis sistemebis danergva.  

statiaSi ganxilulia avtomatizaciis sistemebis  gamoyenebis efeqtia-
noba rZis mwarmoebel qarxanaSi.  

sanam uSualod avtomatizaciis sistemebs ganvixilavT rZis 
produqtebis qarxanaSi, manamde saWiroa miviRoT informacia nedleulze.    

rZis teqnologiuri sqema Sedgeba sxvadasxva teqnologiuri blokebis-
gan, romelTa Tanmimdevrobac gansazRvrulia imis mixedviT Tu ra konkre-
tuli produqti mzaddeba.  

magaliTisaTvis ganvixiloT pasterizebuli rZis teqnologiuri sqema. 
sqema Sedgeba Semdegi blokebisgan: rZis miReba da daxarisxeba, rZis gafil-
tvra da normalizeba, rZis homogenizeba, rZis pasterizeba da gaciveba, rZis 
gaciveba, rZis dafasoeba, SefuTva, markireba. produqciis warmoebis sasico-
cxlo ciklis yvela etapze  aucilebelia rZis Tvisebebis da monacemebis 
kontroli rZis warmoebis standartebTan mimarTebaSi.  

rZis warmoebis sawarmoebis umravlesoba Seesabameba:  
• ISO 22000 sursaTis uvneblobis marTvis sistemis standarts;  
• HAACCP sursaTis uvneblobis sistemis standarts;    
• ISO 14001 garemos marTvis standarts;   
• OHSAS XXX okupaciuri janmrTelobisa da usafrTxoebis menejmentis 

sistemebis standarts.  

 
      

nax.2 pasterizebuli rZis teqnologiuri sqema 
 

avtomatizacia swrafad ganviTarebadi dargia. aTeuli wlebis win pro-
cesis marTvis sistemebi emyareboda logikur formaSi erTmaneTTan dakavSi-
rebul eleqtromeqanikur releebs. Semdeg moxda maTi Canacvleba eleqtro-
nuli marTvis sistemebiT, radgan am sistemebs ar hqondaT moZravi nawilebi, 
rac maT ufro saimedos da swrafs xdida. Semdegi gaumjobeseba iyo logiku-
ri programirebadi marTvis sistemebi, romlebic gamoxatulia eleqtronul 
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mexsierebaSi Senaxuli monacemebis bitebSi da ara gayvanilobis fizikuri 
ganlagebiT. aman SesaZlebeli gaxada saWiroebisamebr programis Secvla da   
Seamcira teqnikis Rirebuleba. Tanamedrove kontrolis sistemebSi gamoyenebu-
lia kompiuterebisa da mikroprocesorebis mzardi SesaZleblobebi da Semci-
rebulia Rirebuleba adgilobrivi erTeulebisaTvis marTvis funqciebis 
ganawilebis mizniT. es midgoma mTlian sistemas met moqnilobasa da  maRal 
potencials aniWebs. warmoebis produqtiulobis gazrda SesaZlebelia moxdes  
axali procesorebis saSualebiT erTi manqanis gakontrolebiT  an moxdes 
mTliani kontrolisa da marTvis sistemis Seqmna,  

 
     

nax.3. rZis warmoebis procesis kontroli 
 
warmoebis warmateba warmoadgens kompromis produqts, warmoebis pro-

cessa da ekonomikur aspeqtebs Soris, romlebSic dakmayofilebuli unda 
iyos produqtis mimarT gare moTxovnebi, rogorebicaa: kanonmdebloba, pro-
duqtis saxeoba da raodenoba, produqtis xarisxi, higiena, warmoebis xelmisa-
wvdomoba, moqniloba, Sroma da ekonomika. produqtTan dakavSirebuli aspeqte-
bi moicavs nedleuls, produqtis damuSavebas da saboloo produqtis xa-
risxs, xolo procesTan dakavSirebuli aspeqtebi moicavs procesis aRWu-
rvilobis SerCevas gare moTxovnebis dasakmayofileblad. im SemTxvevaSic ki, 
Tu qarxanaSi gadamamuSavebeli danadgarebi arCeulia miTiTebuli produqtis 
xarisxis misaRwevad, saWiroa sxvadasxva kompromisi, gansakuTrebiT Tu pro-
duqtis asortimenti mravalferovania. magaliTad, aRWurvilobis dasufTavebi-
sadmi moTxovnebi, SemoTavazebul dasufTavebis sistemasTan SeerTebis Sesaba-
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misoba, energiis moxmareba, momsaxure saSualebebi da kontrolirebadi aR-
Wurvilobis vargisianoba. 

avtomatizaciis sistemis danergvis yvelaze mniSvnelovani Sedegi ki 
isaa, rom qarxanaSi SesaZlebeli xdeba sursaTis uvneblobis principebis 
ukeTesi dacva, stabiluri da kontrolirebadi produqtis xarisxi iZleva 
produqtis ekonomiurad warmoebis saSualebas, gamartivebulia warmoebis 
procesis kontroli Seqmnili problebis dros, drois mcire monakveTSi 
martivi mikvlevadoba,  sursaTis uvneblobis principebis dacva, kontrolis 
sistemis saSualebiT xdeba aRWurvilobisa da procesebis uwyveti meTval-
yureoba. kontrolis avtomatizirebuli sistema uzrunvelyofs produqtebis 
arasasurvel Serevas, avzebis gadavsebas da sxva xarvezebs romlebmac 
SeiZleba gamoiwvion warmoebis Seferxeba. aseve xdeba procesis meTvalyu-
reoba warmoebis yvela etapze, rac niSnavs, rom yvela cvladis mowesrigebis 
Semdeg, mza produqts eqneba maRali xarisxi optimeluri Sedegis misaRwevad. 

procesis zusti kontroli niSnavs, rom produqtis danakargebi da 
momsaxurebis saSualebebis, sawmendi saSualebebis da energiis moxmareba 
minimumamde unda Semcirdes. Sedegad, miviRebT kargad damuSavebul da adap-
tirebul marTvis sistemas, romelic xels Seuwyobs warmoebis ekonomikas.    
moqnili warmoebis miRweva SesaZlebelia kontrolis sistemis programirebiT. 
kontrolis sistemas aseve SeuZlia uzrunvelyos Sesabamisi warmoebis mona-
cemebi da informacia angariSebis, statistikis, analizis da a.S. saxiT. mona-
cemebi xdeba marTvis ufro zusti gadawyvetilebebis miRebis saSualeba. 
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SUMMARY 

THE ROLE AND IMPORTANCE OF AUTOMATED MANAGEMENT SYSTEMS 

IN MODERN ENTERPRISES 

Menabde T.R., Tskhovrebadze T.K. and Aroshvili N.G. 

Georgian Technical University 

Automation is one of the important directions of economic development. As a result of automation, introduced in 

enterprises, an economic effect is obtained, which depends on the specific conditions and in which industries the 

problems are solved through the use of automation and mechanization tools and methods. The introduction of 

automation in the enterprise requires significant investments and capital costs. In the case of a properly selected 

facility for automation, the costs incurred will soon be reimbursed, resulting in high economic effeciency. 

Keywords: automation, technological scheme, management system, system control. 
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ESTIMATION  OF THE MAGNETIZATION OF SOME NONCOLLINEAR MAGNETIC 

STRUCTURES 

 

Gamishidze Z.M.   

 

Shota Rustaveli State University, Batumi  

 
Abstract: An effective method of studying the properties of zonal magnets is to affect the magnet by the f-d 

exchange field. The present work aims at the study of the effect of the f-d exchange interaction on the noncollinear 

state of the Co-Mn matrix. The spin-spin correlations, leading to spin fluctuations, are small in the former 

compound, and strong magnetic fields are required to turn the d-subsystem into ferromagnetic saturated state. The 

latter compound has, on the other hand, highest spin correlations among the   
21 MnCo xxY 
 compounds with the 

spin glass ground state, and a long-range magnetic order is expected to arise at comparatively low concentrations of 

the magnetic rare earth. The introduction of f-d exchange, like the imposition of an external field, magnetizes the d-

subsystem. In fact, in these systems the d-subsystem is in the effective field 
molHH  . It is possible to plot the 

magnetization curve of the d-subsystem up to very high fields. 

Keywords: noncollinear, exchange interaction, magnetization, transition, ferrimagnetic. 

 

Magnetic properties of solid bodies are determined by the magnetic moments of electrons 

within them. In solid bodies electrons can be in two different conditions. All electronics are localized 

in the dielectrics. In addition to electrons in metals and alloys, there are atoms of ions that easily move 

in crystalline mesh and are collectivized. Free electrons can be considered as electronic gas. 

Accordingly, two models are used to describe the properties of magnetics. Models of localized 

electrons and collective electrons. According to one of the earliest sources, given by Heisenberg, the 

magnetic moment carriers (magnetic electrons) are localized, and their energy spectrum is described 

by Boltzmann's quantum statistics [1]. According to the second model, studied by Stoner and known 

by his name, it is considered that magnetic electrons are collected and described by the Fermi-Dirac 

statistics [2]. The use of a particular model for a particular magnetic field depends on their energy 

structure. When in the crystalline electronic levels the width is much less than the energy distance 

between them, the model of Heisenberg's localized moments is used. And when the distance between 

electronic levels in crystalline is the width of these levels, magnetic properties are described by the 

zonal model of collective electrons. 

Although the magnetism model was formulated with the localized model of magnetic moments 

simultaneously, magnetic properties for a long time were described only by the Heisenberg localized 

model. In recent years, the situation has changed dramatically. Different methods have been determined 

by the zonal structure of many diamonds and their alloys, and their magnetic properties according to the 

collectiveized electrons model. As a result, the zonal model is a commonly accepted model of the 

magnetic properties of d-magnetis and is widely used to describe magnetic properties of diamonds and 

alloys. Magnetism is characterized by the exposure of the specific character of the zonal nature of the 

collectiveized electrons (paramagnetics zonal metamagnetism), which is well visible in the 2CoR  and 

2MnR  compounds. The influence of the f-d exchange interaction, induced by substitution of Gd for Y, 

on the magnetic behaviour  of itinerant noncollinear magnetic structures is study.  

The intermetalides 
2CoY  and 

2MnY   are well known to be itinerant magnets. The magnetic 

properties essentially depend on the type of spin-spin corelations between the -lectrons of the the 

transition metals [1,2]. In spite of the same crystal structure these compounds have different ground 

states. 2CoY  is an exchange enhanced itinerant Pauli paramagnet with positive d-d exchange 

interactions (i.e. with ferromagnetic spin-spin correlations) while antiferfomagnetic correlations 

predominate in 
2MnY , which turns into an antiferromagnetic state below ~90K [3,4]. This behavior of 

the   
21 MnCo xxY   systems is explained by an increase in the density of states when Co is replaced 

by Mn. However, due to the negative Mn-Mn exchange in these systems, it is not possible to stabilize 

the long-range magnetic order. When nonmagnetic yttrium is replaced by a magnetic rare earth, the 

subsystem of the d-electrons of these intermetallides is magnetized by the molecular field of the f-d 
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exchange interaction 
d

mH . The character of the magnetization being metamagnetic, the d-subsystem 

becomes magnetically ordered in both 
2CoR   and 

2MnR  when the molecular field 
d

mH  exceeds the 

critical field of metamagnetic transition.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A noncollinear state arises at 4.0004.0  x  manganese concentrations in the pseudobinary 

compounds  
21 MnCo xxY  . Out of this range, with the exception of a narrow neighborhood of 

2MnY , these compounds are itinerant paramagnets. The metamagnetic ehavior of the d-subsystem 

was also found to disappear in the Mn-substituted compounds. Nevertheless, the long-range magnetic 

order can be created in this system even in zero magnetic field by means of internal molecular field 

acting on the d-subsystem. Such a field arises when a magnetic rare earth is substituted for yttrium. 

Since R-Co and R-Mn exchange interactions are negative, for heavy rare earths a ferrimagnetic order 

should be expected in such systems as  
211 MnCo xxtt RY  with the magnetic moments of cobalt and 

manganese parallel to each other and antiparallel to those of the magnetic rare earths. In Fig. 1 the 

temperature dependence of the ac magnetic susceptibility χ for various compounds is shown. The χ 

versus T curves of  25.075.0 MnCoY  as well as of compounds with low Gd concentrations exhibit a 

kink characteristic of the rise of a spin glass state with decreasing temperature (see curves 1 and 2). In 

the compounds with 20.005.0  t  the susceptibility, unlike, sharply increases below a certain tem-

perature indicating a phase transition to a magnetically ordered state. There is. besides, a low-

temperature range in which the susceptibility of these compounds decreases at cooling. 

The change in the character of the magnetic behaviour of  
211 MnCoGd xxttY  , compounds 

with increasing Gd concentration also follows immediately from the Arrot plots. Fig. 2 shows  
2M  

versus MH /  plots for two compounds of the  
225.075.01 MnCoGd ttY  system, with t=0.01, where the 

existence of a noncollinear state is supposed, and t=0.05. which is expected to have a ferrimagnetic 

ground state. In these compounds the anomalies in the  T   dependences arise at  50 K and               

115 K respectively. As is seen, the 
2M   versus MH /  plots for t=0.05 are straight lines, and the 

coefficient A in the expression 

 

.../ 2  BMAMH        (1) 

 

Fig. 1. Temperature dependense of the magnetic susceptibility of different   
225.075.01 MnCoGd ttY   

compounds in a weak ac magnetic field: t= 0.00 (1), 0.01 (2), 0.05 (3) 0.10 (4), 0.15 (5), 0.20 (6). 
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changes its sign at the ordering temperature. This is a characteristic sign of the compounds with a 

long-range ferro- or ferrimagnetic order. The 
2M  versus MH /  plots for t=0.01become, in contrast, 

essentially nonlinear in the vicinity of a kink in the  T  dependence, i.e. they cannot be described by 

the expression (1). Such a behaviour, as it has been demonstrated for   
225.075.0 MnCoY , in ref. [4], is 

the consequence of a spin glass state formed at low temperatures. 

 

 

 

 

There is also distinction in the magnetization processes of high and low Gd--substituted 

compounds. The hysteresis loop of the compound with t=0.05 has a usual ferromagnetic  character and 

irreversible magnetization processes end at comparatively low magnetic fields, while in the spin glass 

compound with t=0.01 hysteresis loop is much more extended, and its magnetization curve runs 

smoothly with increasing field, indicating no clear saturation. Thus, according to above data, the 

compounds with high and low Gd concentrations have different ground state.      

The  
207.093.01 MnCoGd ttY    system can also be separated into two groups by the same way 

when considering magnetic properties. The main difference is that in the latter system the 

concentration interval of existence of a spin glass state, indicated by the kink in the  versus  curves, 

is much broader and stretches from 0 to 0.1 inclusive. Among all investigated compounds of this 

system only  
207.093.01 MnCoGd ttY    revealed the long-range magnetic order. 

Thus, a conclusion can be made that a transition to the magnetically ordered (ferrimagnetic) 

state takes place in noncollinear on the  
21 MnCo xxY    system when magnetic Gd is substituted 

partly for nonmagnetic yttrium. The transition, as mentioned above, is caused by the magnetizing of 

the d-band, formed by the d-electrons of Co and Mn, with aid of the f-d exchange field. We note an 

essential distinction of the spin glass state in itinerant magnets. Unlike the materials with localized 

moments, both longitudinal and transversal fluctuations exist in them, and freezing of both 

components takes place below the characteristic temperature.  

 

 

 
 

Fig. 2. Arrot plots for samples of the   
225.075.01 MnCoGd ttY   system with different magnetic 

ground states: (a) t=0.05, t=0.01. 
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РЕЗЮМЕ 

ОЦЕНКА НАМАГНИЧЕННОСТИ НЕКОТОРЫХ НЕКОЛЛИНЕЙНЫХ  

МАГНИТНЫХ СТРУКТУР 

Гамишидзе З.М. 

Государственный университет Шота Руставели, Батуми 

Эффективным методом изучения свойств зонных магнетиков является воздействие на магнит f-d-обмен-

ным полем. Настоящая работа направлена на изучение влияния обменного f-d-взаимодействия на 

неколлинеарное состояние Co-Mn матрицы. Спин-спиновые корреляции, приводящие к спиновым флук-

туациям, невелики в первом соединении, и для превращения d-подсистемы в ферромагнитное насы-

щенное состояние требуются сильные магнитные поля. С другой стороны, последнее соединение имеет 

самые высокие спиновые корреляции среди соединений с основным состоянием спинового стекла, и 

ожидается, что дальний магнитный порядок возникнет при сравнительно низких концентрациях маг-

нитных редкоземельных элементов. Введение f-d-обмена, как и наложение внешнего поля, намагни-

чивает d-подсистему. Фактически в этих системах d-подсистема находится в эффективном поле. Можно 

построить кривую намагничивания d-подсистемы вплоть до очень высоких полей. 

Ключевые слова: неколлинеарность, обменное взаимодействие, намагниченность, переход, ферримаг-

нетик. 



   saqarTvelos sainJinro siaxleni, GEORGIAN ENGINEERING NEWS, #1, 2021  

 

83 

sainvesticio-samSeneblo proeqtebis kompleqsuri analizi 

 

xuciSvili s.a., museriZe r.r. 
 

saqarTvelos teqnikuri universiteti 
 

 
Sesavali. sainvesticio-samSeneblo proeqtis ganxorcielebaze gadawyve-

tilebis miRebamde aucilebelia, ganxiluli da Sefasebuli iqnas sxvadasxva 
kuTxiT, mTeli sasicocxlo ciklis ganmavlobaSi. teqnikuri, organizaciuli, 
komerciuli, ekonomikuri, finansuri, socialuri, ekologiuri da sainves-
ticio proeqtebis sxva saxis Sefasebebs uwodeben proeqtul analizs (Project 

Analysis). proeqtuli analizi warmoadgens proeqtis kompleqsur kvlevas, rome-
lic sistemurad ganixilavs sxvadasxva saxis resursebis gamoyenebis process 
da miRweul Sedegebs, proeqtis realizebadobis gansazRvris mizniT, misi 
Sedegianobis da efeqturobis Sesafaseblad, aseve proeqtis ganxorcielebis 
ufro ukeTesi variantis asarCevad. 

Cveni mizania, aRvweroT da sistemurad warmovadginoT, sainvesticio-
samSeneblo proeqtis winaswari analizis Taviseburebebi, maxasiaTeblebi da 
analizis ganxorcielebis procesi. 

ZiriTadi nawili. proeqtuli analizi (project  analysis) _ saqmianobis  
erT-erTi mniSvnelovani saxea (kvlevis meTodi), romelsac asrulebs samSeneb-
lo-sainvesticio proeqtis iniciatori, proeqtis winasainvesticio etapze. ana-
lizis mizania samSeneblo proeqtis socialur-ekonomikuri efeqturobis, ris-
kebis kompleqsis, proeqtis realizaciis mizanSewonilobis da misi dafinan-
sebis   meqanizmis gansazRvra. 

proeqtuli analizi aseve warmoadgens safinanso institutis (sainvesti-
cio fondi, banki, investori) mier sainvesticio proeqtis eqspertizis ZiriTad 
meTods, proeqtSi monawileobis miRebaze gadawyvetilebis miRebis mizniT. 

sainvesticio proeqtis eqspertiza warmoadgens proeqtis Sesabamisobas  
investoris moTxovnebTan, sainvesticio kanonmdeblobasTan da zemoqmedebis 
garemo faqtorebTan. amgvarad, proeqtuli analizi gamoyenebuli unda iqnas  
sainvesticio proeqtis sasicocxlo ciklis yvela stadiaze [1]. 

proeqtuli analizis Sedegebi gamoiyeneba ara mxolod mis realizebaze 
gadawyvetilebis  misaRebad, aramed misi faqtiuri efeqturobis da gegmiuri 
efeqturobis Sesabamisobis  uzrunvelyofisTvisac. 

proeqtuli analizis ZiriTad  principebs  warmoadgens: 
•  sistemuroba. gaTvaliswinebuli unda iyos, samSeneblo proeqtis mo-

nawileebis,  proeqtis  ekonomikuri garemos, monawileTa danaxarjebis da Se-
degebze moqmed mniSvnelovani faqtorebis, aseve  Sida, garemos da siner-
getikul efeqtebs Soris urTierTkavSirebis mTliani sistema; 

• proeqtuli analizis kompleqsuri xasiaTi _ iTvaliswinebs proeq-
tuli analizis sxvadasxva saxis gamoyenebas; 

•  proeqtis SedarebiT arsebiTi Sedegebis gaTvaliswineba. efeqturo-
bis Sefasebisas gaTvaliswinebuli unda iyos proeqtis realizaciis yvela  
arsebiTi Sedegi, rogorc ekonomikuri, aseve araekonomikuri (socialuri, eko-
logiuri,  usafrTxoebis da a.S.), 

•  Tanac maTi gavlenis Sedegebis warmodgena SesaZlebeli unda iyos  
rogorc raodenobrivi aseve eqspertuli Sefasebis  saxiT. 

• sainvesticio proeqtis analizis SesaZlebloba, mTeli sasicocxlo 
ciklis ganmavlobaSi; 

•  proeqtebis marTvis da proeqtebis Sefasebis gamoyeneba saerTaSo-
riso  standartebis farglebSi da a.S. 

analizis yovel saxes gaaCnia Sefasebis gansazRvruli kriteriumebi.  
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proeqtul analizSi mravalkriteriumiani midgoma, gamoiyeneba yvela  
saerTaSoriso meTodikaSi, maT Soris proeqtebis Sefasebis EC meTodikaSi, 
aseve mdgradi ganviTarebis strategiaSi GRI (Global reporting  Initiative) proeqtuli 
analizis ZiriTadi saxeebi mocemulia sqemaze 1: 

 

 
 

sqema1. proeqtuli analizis procesis stadiebi da analizis saxeebi 
 

 
proeqtuli analizis sawyis stadiaze mocemulia winaswari analizis 

stadia, romlis ZiriTadi Semadgenelia eqspres-analizis procesi. is aris 
pirveli da gansakuTrebiT mniSvnelovani, proeqtis realizaciis Sesaxeb 
gadawyvetilebis miRebis stadiaze. tardeba proeqtis iniciatoris  mier  da  
emsaxureba  or ZiriTad  mizans:  

1. alternatiuli proeqtebis arsebobis SemTxvevaSi, investoris intere-
sebis Sesabamisi, ufro ukeTesi proeqtis amorCeva; 

2. amorCeuli proeqtis realizebadobis SesaZleblobis analizi da mas-
Si SesaZlo investiciebis efeqturobis Sefaseba. 

eqspres-analizis etapze xdeba amorCeuli proeqtis winaswari Sefaseba  
investoris mxridanac, raTa Semowmdes iniciatoris an Semsruleblis  war-
modgenili Sefasebebis saimedooba [2]. aseTi procedurebis mizania miRebuli 
iqnas gadawyvetileba amorCeuli sainvesticio proeqtis ufro siRrmiseuli 
analizis   mizanSewonilobis  Sesaxeb. 

eqspres-analizis damaxasiaTebel da upirates Taviseburebebs warmoad-
gens minimaluri SromiTi danaxarjebi, swrafi Sedegi da Sesabamisad  proeq-
tis miRebis mizanSewonilobis Sesaxeb swrafi gadawyvetilebebis miReba. 

eqspres-analizis gamoyenebis gareSe, sawyis stadiaze, analizis  CamoTv-
lili saxeobebis gamoyenebiT,  proeqtis ufro siRrmiseuli da dawvrilebiTi 
Seswavla, masSi saxsrebis dabandeba, SeiZleba iyos ara marto gaumarTlebe-
li, aramed potenciuli investorisTvis wamgebianic. 

mniSvnelovania sqema 1-ze warmodgenili proeqtuli analizis saxeebis 
zogadi daxasiaTeba: 
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1. teqnikur analizis (Technical Analysis) daniSnulebaa gansaxilvel sain-
vesticio-samSeneblo proeqtSi, konkretuli pirobebis Sesabamisad, ganisaz-
Rvros SedarebiT efeqturi teqnika da teqnologiebi, Sefasdes misi inovaciu-
ri  potenciali. 

proeqtis teqnikuri analizis procesSi xdeba teqnikuri alternative-
bis, mSeneblobis obieqtis adgilmdebareobis variantebis, proeqtis  ganxor-
cielebis vadebis da misi calkeuli fazebis, proeqtis masStabebis, resurse-
bis moZiebis SesaZlebloblobis da raodenobis dadgenis, momxmarebelTa  
bazris  moculobis, proeqtis sarealizacio danaxarjebis da a.S. kvleva da 
Sefaseba. 

teqnikuri analizis amocanebis gadawyveta xdeba proeqtis winasainves-
ticio kvlevebis, teqnikur-ekonomikuri dasabuTebis da saproeqto dokumen-
taciis damuSavebis stadiaze. xdeba teqnikuri  ararealizebadobis  riskebis  
gamovlena an SemoTavazebuli samecniero-teqnikuri gadawyvetis mizanSewoni-
lobis  Sefaseba. 

2. organizaciuli (institucionaluri) analizi (Institutional Analysis) 
warmoadgens organizaciul, samarTlebrivi, politikuri da administraciuli  
garemos Sefasebas, romlis sazRvrebSic xdeba mSeneblobis obieqtebis Seqmna 
da eqsplotacia. organizaciuli struqturis adaptacia gansaxilveli sainves-
ticio proeqtis pirobebTan. 

analizi moicavs aucilebel rekomendaciebs marTvis organizaciuli 
struqturis nawilSi, dagegmvis da kontrolis sistemaSi, personalis Ser-
Cevas da swavlebaSi, finansur saqmianobaSi da organizaciis zogad poli-
tikaSi. rac Seexeba samSeneblo proeqtis garemos analizs, is moicavs  makro-
ekonomikuri (qveynis, regionis) indikatorebis cvlilebebis Sefasebas, rom-
lebic  zemoqmedeben  proeqtebze, aseve  proeqtis samarTlebriv aspeqtebs. 

3. komerciuli analizi (Commercial Analysis) ganixileba, rogorc  proeq-
tis  Sedegebis  Sefaseba, saboloo momxmareblis TvalTaxedviT. 

sainvesticio-samSeneblo proeqtis komerciuli analizis amocanebia: 
markentinguli kvlevebi; samSeneblo resursebis miRebis wyaroebis da piro-
bebis gansazRvra; aseve mSeneblobis produqciis warmoebis da gasaRebis piro-
bebis gansazRvra. ZiriTadi yuradReba eTmoba produqciis da momsaxurebis 
bazris kvlevas, samSeblo-sainvesticio proeqtis moTxovnebis Sesabamisad. 

4. finansuri analizi (Financial Analysis) miznad isaxavs investiciebis   
efeqturobis Sefasebas samSeneblo firmis saWiroebidan gamomdinare, rome-
lic gegmavs finansuri Sedegebis miRebas, proeqtebSi fuladi saxsrebis in-
vestirebis saSualebiT. am dros proeqtis momgebianobis Sefasebis garda, 
SeiZleba moxdes finansuri gegmebis formireba, roca ganisazRvreba moTxov-
nebi finansur saSualebebze; xdeba maTi dafarvis wyaroebis moZieba; xdeba 
fuladi nakadebis analizi, aseve proeqtis likvidurobis, efeqturobis, finan-
suri riskebis  Sefaseba. 

finansuri analizi warmoadgens, TviTon samSeneblo proeqtis da sain-
vesticio-samSeneblo organizaciis Sedegianobis kvlevas mikrodoneze. aqvea  
CarTuli proeqtSi monawile sxva organizaciebic. amasgarda finansuri ana-
lizi saSualebas iZleva, Sefasdes proeqtis finansuri mimzidveloba inves-
torebisaTvis  da /an  kreditorebisaTvis. 

5. ekonomikuri analizi (Economic Analysis) warmoadgens proeqtis kvlevas  
makrodoneze, romelic dakavSirebulia mTlian ekonomikaze, proeqtis gavle-
nis SeswavlasTan. ekonomikuri analizi iyenebs igive meTodebs da kriteriu-
mebs, rasac  finansuri analizi. 

ekonomikuri analizis procesSi, samSeneblo proeqtis finansur-eko-
nomikuri analizis mizania, proeqtis efeqturobis  Sefasebis gansazRvra.   
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6. socialuri (socio-kulturuli) analizi (Social Analysis) warmoadgens,  
mosaxleobis cxovrebis pirobebze, samSeneblo proeqtis da misi Sedegebis  
gavlenebis kvlevas. analizis mizania proeqtis ganxorcielebis variantebis 
saargeblianobis dadgena, Sedegebis potencialuri momxmareblebisTvis (anu  
mosaxleobisTvis). 

socialuri analizis procesSi aucilebelia gaTvaliswinebuli iqnas,  
proeqts da momxmarebels Soris urTierTkavSiris SesaZlebloba, mosax-
leobis mxardaWeris uzrunvelsayofad. amiT SesaZlebelia proeqtis warmate-
buli  ganxorcieleba. 

socialur analizs SeiZleba mivakuTvnoT Semdegi sakiTxebi: 
• mosaxleobis socialur-kulturuli da demografiuli maxasiaTeblebi, 

romlebic SemxeblobaSia samSeblo proeqtis realizebasTan; 
• proeqtis realizaciis raionSi mosaxleobis Taviseburebebi; 
• proeqtis Sesabamisoba adgilobriv kultiurasTan da a.S. 
proeqtis socialur Sedegebs SeiZleba mivakuTvnoT regionSi samuSao  

adgilebis raodenobis cvlileba, mosaxleobis sacxovrebeli da kulturul-
sayofacxovreblo  pirobebi, Sromis pirobebis cvlileba da a.S. 

7. ekologiuri analizi (Environmental Analysis) miznad  isaxavs garemos  im  
potenciuri zianis gamovlenas da eqspertul Sefasebas, romelic gamoiwvia   
proeqtma, sainvesticio periodSi da misma Sedegebma eqspluataciis periodSi.  
aseve, im RonisZiebebis gansazRvras, romelic aucilebelia uaryofiTi efeq-
tis  Sesamsubuqeblad an  armosafxvrelad. 

sainvesticio proeqtis ekologiuri analizi bolo periodSi ufro da  
ufro met mniSvnelobas iZens. proeqtis realizaciis ekologiuri Sedegebis  
gaTvaliswineba warmoadgens, proeqtis zogadi Sefasebis mniSvnelovan pirobas. 

8. riskebis analizi. proeqtis analizis dros aucilebelia  ganvasxva-
voT cneba „riski“ da „ganusazRvreloba“. risks gaaCnia albaTuri xasiaTi da 
xasiaTdeba proeqtis realizaciisas efeqtis (Sedegis) vermiRebis albaTobiT 
an proeqtis yvela an calkeuli monawilisTvis iseTi albaTuri  pirobebis  
warmoqmniT romlebsac mivyavarT negatiur Sedegebamde. ganusazRvreloba 
aris  arasrulis  da arasakmarisis (arazesti) xarisxis  maxasiaTebeli sawyi-
si an  Semdgomi  informaciis, romelic gamoiyeneba  proeqtis analizSi. 

proeqtis riskebis analizi moicavs riskebis raodenobriv da xarisxob-
riv Sefasebas, riskebis xarisxobrivi analizis mizani warmoadgens maTi    
identifikacia Sefaseba da proeqtis  ZiriTadi  riskebis gamovlena. 

riskebis raodenobrivi analizis mizania ZiriTadi proeqtuli riskebis-
Tvis finansuri Sedegebis  prognozis mdgradobis donis gansazRvra. 

sainvesticio  riskebis  srulfasovani  analizisTvis mniSvnelovania:   
a)  moxdes proeqtis Sida da gare riskebis  identifikacia anu  proeq-

tTan dakavSirebuli riskebis konkretizacia. SesaZlebelia riskebis identi-
fikaciis anketis gamoyeneba, romlis mizania pasuxis gacema kiTxvaze: proeq-
tis damuSavebis dros eTmoba ki saWiro yuradReba, riskis yovel saxes?  

b) riskebis eqspertuli analizi, romelic gamoiyeneba saqmianobis  saw-
yis  etapze, arasruli  informaciis  pirobebSi; 

g) riskebis Semcirebis  RonisZiebebi: 
• riskebis  ganawileba  monawileebs Soris; 
• saxsrebis maragebis Seqmna, gauTvaliswinebeli xarjebis dasafaravad; 
• dafinansebis riskebis Semcireba; 
• dazRveva; 
d) riskebis marTvis saqmianobis organizeba, proeqtis sasicocxlo cik-

lis yvela fazisTvis.   
 e) riskebis marTvis modelis damuSaveba. 
cxadia, SesaZlebelia proeqtuli analizis, TiToeuli etapis ufro  

dawvrilebiTi ganxilva, miT umetes, rom TiToeuli maTganis kvlevis, anali-
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zis da Sefasebis Sesabamisi kriteriumebi da meTodebi arsebobs, romelTa  
moZieba dainteresebuli  mkiTxvelisaTvis rTuli ar iqneba [3,4]. 

proeqtuli analizis procesis TiToeul Semadgenels,  ufro  dawvri-
lebiT ar ganvixilavT. Cveni miznebidan gamdinare SemovifarglebiT mxolod  
mTliani  procesis zogadi, sistemuri aRweriT da analiziT. 

Cveulebriv, ufro siRrmiseuli, detaluri damuSaveba moiTxoveba, ze-
moT warmodgenili, proeqtuli analizis ara yvela etapisTvis, aramed mxo-
lod zogierTi maTganisaTvis. aqve unda aRiniSnos, rom gansaxilveli proeq-
tis dargobrivi specifikis, investoris an proeqtis iniciatoris praqtikuli 
moTxovnebidan gamomdinare, SesaZlebelia proeqtis Sefaseba moxdes, proeq-
tuli analizis mxolod garkveuli saxeebis  gamoyenebiT. 

proeqtuli analizis erT-erTi mniSvnelovani Sedegi unda iyos, samSe-
neblo proeqtis sicocxlis unarianobis gansazRvra (sqema 2). 

 

 
  

sqema 2. sainvesticio samSeneblo proeqtis fuladi nakadebis dinamikis sqema 
 
proeqtis sicocxlisunarianoba (Viability) gagebulia, rogorc proeqtSi 

Semosavlebis generirebis SesaZlebloba, romelic uzrunvelyofs danaxar-
jebis (Costs) srul dafarvas da dagegmil mogebis (Income) miRebas, proeqtis 
mTeli sasicocxlo ciklis ganmavlobaSi, agreTve proeqtis eqspluataciis  
periodSi, Sida da gare garemos mudmivi cvlilebis  pirobebSi. 

proeqtis sicocxlisunarianobis Sefasebis Sedegad unda dadgindes Se-
saZleblobelia Tu ara: 

1. investiciebis moTxovnili dinamikis uzrunvelyofa: 
2. investiciebSi Cadebuli Tanxis kompensaciisTvis sakmarisi Semosav-

lis miReba, savaraudo riskis gaTvaliswinebiT. 
proeqtis sicocxlisunarianobis Sefasebis Sedegad unda dadgindes Se-

saZlebelia Tu ara: 
1. investiciebis moTxovnili dinamikis uzrunvelyofa: 
2. investiciebSi Cadebuli Tanxis kompensaciisTvis sakmarisi Semosav-

lis miReba, savaraudo riskis gaTvaliswinebiT. 
proeqtis sicocxlisunarianobis Sefaseba xorcieldeba or etapad: 
1. proeqtis ganxorcielebis alternatiul variantebs Soris yvelaze 

misaRebi; 
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2. SerCeuli proeqtis dafinansebis struqturis variantis SerCeva, maq-
simaluri efeqtis misaRwevad. 

finansuri realizebadoba aris proeqtis ganxorcielebis maxasiaTebe-
li, finansuri uzrunvelyofis kriteriumis Sesabamisad. finansuri realize-
badobis analizis Sedegad ganisazRvreba, proeqtis dafinansebis minimaluri 
sidide. finansuri realizebadobis  Semowmeba xdeba proeqtis yvela aqtiuri 
monawilis mTliani kapitalisaTvis [4]. 

Tanxebs, romlebic proeqtis monawileebisagan Semodis proeqtSi, ewode-
ba Semodineba (Inflow), xolo proeqtidan monawileebisaTvis gacemuli Tanxa 
aris gadineba (Outflow). proeqtis fuladi nakadebi (Cash Flow) ganmartebulia, 
rogorc, proeqtis realizebis dasawyisidan, fuladi Semodinebisa da gadi-
nebis sidideebs Soris sxvaoba. proeqti finansurad realizebadia Tu proeq-
tis ganxorcielebis nebismier momentSi, proeqtis fuladi nakadis mniSvnelo-
ba aris arauaryofiTi. 

daskvna. rogorc aRniSnuli iyo, proeqtuli analizi gulisxmobs, sain-
vesticio gadawyvetilebis momzadebis etapze proeqtis kompleqsur eqsperti-
zas, statiaSi dafiqsirebuli analizi mimarTulebebis mixedviT, aseve pasuxe-
bis miRebas Semdeg ZiriTad sakiTxebze: 

aris Tu ara samSeneblo proeqti teqnikurad dasabuTebuli?; aris Tu 
ara sabazro moTxovna misalodnel saboloo Sedegze?; rogor zemoqmedebs 
proeqtis garemo, mis warmatebul realizaciaze?; aris Tu ara proeqti sico-
cxlisunariani finansuri kuTxiT? da a.S. aRniSnuli mimarTulebebis ganxil-
va daefuZvna msoflio bankis ekonomikuri ganviTarebis institutis damuSave-
bebs, rac Zalze mniSvnelovania zogadad proeqtebis da maT Soris sainvesti-
cio-samSeneblo proeqtebis marTvaSi. 
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SUMMARY 

COMPLEX ANALYSIS OF INVESTMENT-BUILDING PROJECTS 

Khutsishvili S.A. and  Museridze R.R. 

Georgian Technical University  

Before making a decision on realization of the investment-building project, its consideration and estimation is 

necessary from varions viewpoints   over whole living cycle. Project analysis involves estimations of technical, 

commercial, economic, financial, social, ecological and investments and   other projects. Project analysis 

presents the complex research which considers systematically the process of the use of various resoarces and 

obtained results for determination of project feasibility, for estimation of its effectiveness, as well as for 

seleselection of better version of project realization. Our goal involves the description and systematic 

presentation of the peculiarities of preliminary analysis of investment-building project, characteristics and the 

process of analysis realization. 

Keywords: investment-building projects, fundamental financial-economic analysis, project analysis, essence of  

vitality.  
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maRali simtkicis wvrilmarcvlovani betoni axal modifikatorze 
 

rosnaZe g.v., kankava a.v., yifiani p.n., SalamberiZe m.S. 

 
akaki wereTlis saxelmwifo universiteti, quTaisi 

 
maRlivi Senobebis, xidebis, gvirabebis da sxva sapasuxismgeblo nagebo-

bebis mSeneblobisaTvis, maRali simtkicis betonebze moTxovna yovelwliurad 
izrdeba, rac gamowveulia imiT, rom maRali simtkicis wvrilmarcvlovani 
betonebis gamoyeneba mSeneblobaSi aumjobesebs mTel rig ekonomikur maCve-
neblebs. kerZod, amcirebs Senoba-nagebobis masas (radgan aseTi betonis sa-
Sualo moculobiTi masa dabalia ≈ 3) da TviTRirebulebas (teqno-
logiuri procesebis gamartivebis da armaturis xarjis Semcirebis gamo). 

SemoTavazebulia maRali simtkicis wvrilmarcvlovani betonis miRebis 
originaluri teqnologia, romlis mixedviTac, SedarebiT ZviradRirebuli 
modifikatorebis nacvlad, SesaZlebelia gamoyenebuli iqnas zestafonis 
feroSenadnobTa qarxnis Rumelebidan wanataci nacrebi da Rumelis narCeni 
widebi (e.w. bmq-k modifikatori). aseTi modificirebuli betonis gamoyeneba, 
kidev ufro gaaumjobesebs sapasuxismgeblo Senoba-nagebobebis ekonomikur 
maCveneblebs. 

SemoTavazebuli teqnologiis praqtikaSi danergvis mizniT aucilebeli 
gaxda, rom gamokvleuli yofiliyo axali modifikatoris procentuli Semc-
velobis gavlena, betonis mTavar  fizikur-meqanikur maxasiaTeblebze, kerZod, 
cocvadobis deformaciis sidideze da simtkiceze, risTvisac SerCeuli iyo 
eqvsi sxvadasxva seriis nimuSebi. 

eqsperimentisaTvis sacdeli nimuSebis TiToeul seriaSi narevis 
Semadgenloba mocemulia cxrilSi. 

 

 
betonis narevis Semadgenloba, kg/m3 

 
nimuSebis 

seria 
betonis narevis 
Semadgenloba 

cementi bmq-k qviSa RorRi wyali 

1k c+0% (bmq-k) 710 - 1408 - 179 
2k c+10% (bmq-k) 706 75 1333 - 183 
3k c+20% (bmq-k) 691 150 1278 - 178 
4k c+30% (bmq-k) 695 240 1224 - 168 
5k c+40% (bmq-k) 705 280 1144 - 168 
6k c+50% (bmq-k) 706 355 1061 - 175 

 
sacdeli nimuSebi damzadebuli iyo 100X100X400 mm zomis prizmis saxiT. 

Semavseblad gamoyenebuli qviSis (q) marcvlebis zoma ar aRemateba 5 mm-s. 
narevi ar Seicavs RorRs. betonis Serevis procesisTvis gamoyenebuli iyo 
laboratoriuli vibratori. nimuSebis yovel seriaSi Sedioda sam-sami nimuSi. 
modifikatori warmodgenili iyo cementismagvari fxvnilis saxiT. ganyali-
bebamde nimuSebi rCeboda polieTilenis afskiT dafarul yalibSi, haeris 
temperaturaze 17±6 0C. betonis prizmebis gamocda xdeboda hidravlikur wnex-
ze, ganyalibebidan araumetes sami da araugvianes ori saaTis ganmavlobaSi. 
nimuSebis ganyalibebas vaxdendiT gamyarebidan 50 dRe-Ramis gasvlis Semdeg. 
yoveli seriis nimuSebis gamocdis Sedegebis gasaSualebuli mniSvnelobebiT 
agebuli iqna damokidebuleba betonis cocvadobis zomasa da masSi modifi-
katoris procentul Semcvelobas Soris (nax.1). 
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nax.1. cocvadobis zomis cvlileba modifikatoris dozirebis cvlilebasTan 

dakavSirebiT 

 

 
modifikatoris 0%-is Semcvelobisas, cocvadobis deformacia udidesia 

da Seadgens 3,5X105 mgpa-s, rac Seesabameba tradiciul betonebSi cocvadobis 
mniSvnelobas [1,2]. modifikatoris procentuli Semcvelobis gazrda betonSi 
≈ 12 %- ≈1,4X105 mgpa-mde, xolo mo-
difikatoris Semcvelobis Semdgomi gazrda dakavSirebulia cocvadobis 

≈ 1,8 X 105 mgpa-mde. 
es ukanaskneli gamovlenili damokidebuleba, betonis cocvadobis zo-

misa da modifikatoris procentul Semcvelobas Soris, SeiZleba axsnili iq-
nas modifikatoris Semadgenlobis gaTvaliswinebiT. igi Seicavs cementSi Se-
maval msgavs komponentebs, amitom modifikatori cementis msgavsad, betonSi as-
rulebs Semkvrelis funqcias. amis gamo, unda vivaraudoT, rom betonSi (bmq-k) 
mo ≈12 %-s zemoT, ar iwvevs simtkicis pir-
dapir proporciuli sididiT gazrdas da amis gamo, cocvadobis zomis modi-
fikatoris Sesabamisad, pirdapir proporciulad Semcirebas. 

fizikuri arsis axsna imis, rom betonSi modifikatoris Semcvelobis 
gazrda iwvevs cocvadobis zomis Semcirebas, SeiZleba Semdegnairad. modifi-
katorSi da cementis qvaSi Semavali zogierTi komponentis analogiurobis 
gamo, ufro misaRebia sakvlev betonis cocvadobis bunebis axsna e.w. cementis 
qvis modelis mixedviT, sadac datvirTuli betonis cocvadoba ganixileba 
rogorc gelis blanti dinebis da kapilaruli wnevis Sedegi. SedarebiT 
maRali donis Zabvaze datvirTvisas, aRniSnuls emateba betonis struqtu-
ruli cvlilebebi, kerZod mikrobzarebis warmoqmna da ganviTareba; amis Se-
degad ki adgili aqvs kristaluri wamonazardebis calkeuli nawilakebis ze-
dapirebis erTmaneTis mimarT urTierT gadaadgilebas. aRniSnuli faqtorebis 
erTdrouli moqmedebisas, nimuSebis datvirTvis 0,62RBM doneze, modifikato-
rebis gareSe betonis jamuri cocvadobis deformaciis sidide maqsimaluria 

≈ 12%-mde gazrdiT coc-
vadobis deformaciis sidide aRwevs minimalur sidides (1,4X105 mgpa). vinaidan 
praqtikulad SeuZlebelia cementis qvis marcvlis Siga nawilSi modifi-
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katoris SeRweva, gamoricxulia modifikatorma gavlena iqonios cocvadobis 
deformaciis sidideze, romelic dakavSirebulia gelis blant dinebasTan da 
kapilarul wnevasTan. savaraudoa, rom modifikatoris ≈12 %-mde gazrdiT, 
izrdeba betonis simtkice, ris Sedegadac SeCerebulia betonSi struqturuli 
cvlilebebi, mikrobzarebis warmoqmna da ganviTareba. amave mizeziT SezRu-
dulia agreTve kristaluri wamonazardebis calkeuli nawilakebis msxvreva 
da erTmaneTis mimarT maTi zedapirebis urTierT gadaadgileba; orive erTad 
ganapirobebs cocvadobis deformaciis Semcirebas. betonSi modifikatoris 
12%-dan 50%-mde gazrdiT cocvadobis deformacia Semcirebis nacvlad, umniS-
v -mde da darRveulia betonis simtkicis 
zrdis mizeziT axsnili kanonzomiereba, dakavSirebuli masSi modifikatoris 
procentuli Semcvelobis zrdasTan. amis gamo, sainteresoa gamokvleuli 
iqnas modifikatoris procentuli Semcvelobis gavlena betonis simtkiceze. 
axali Semadgenlobis betonis simtkicis kvlevisaTvis damzadebuli iqna 
cxrilSi mocemuli Semadgenlobis 1k, 2k, 3k, 4k seriis nimuSebi da gansx-
vavebuli Semadgenlobis 5k seriis nimuSebi. am ukanasknelSi modifikatoris 
Semcveloba 20%-ia, xolo qviSis Semcveloba orjeraa Semcirebuli da dama-
tebulia imave raodenobis RorRi. nimuSebi gamocdili iqna kumSvaze. gamoc-
dis Sedegebis mocemulia nax. 2-ze, saidanac Cans, rom: 

yvelaze dabali simtkice gaaCnia 1 k seriis nimuSebs (mrudi 1), romel-
Ta SemadgenlobaSi ar Sedis modifikatori; 

2k, 3k seriis nimuSebis betonis simtkice izrdeba, maTSi modifikatoris 
Semcvelobis 10 %-dan 20 %-mde gazrdiT (mrudi 2, 3); 

4k seriis nimuSebis betonis simtkice, masSi modifikatoris 30%-mde 
gazrdisas izrdeba (mrudi 4), Tumca modifikatoris Semcvelobis gavlena sim-
tkiceze gansxvavebulia. kerZod, modifikatoris 30 %-is Semcvelobis betonis 
simtkice naklebia 20 %-is  Semcvelobis betonis simtkiceze; 

300 dRe-Rameze meti xnovanebis betonebis simtkice, modifikatoris 20%-
iT Semcvelobis gazrdiT, praqtikulad umniSvnelod icvleba. 

 

 
 

nax.2. prizmuli simtkicis cvlileba droSi 
 
betonis cocvadobis deformaciis cvlilebis Tavisebureba, modifika-

toris 12 %-ze meti Semcvelobisas, SeiZleba aixsnas misi simtkicis 
cvlilebis gamovlenili TaviseburebiT. 
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axali modificirebuli betonis simtkice maRalia da utoldeba cnobi-
li modificirebuli betonebis simtkices [2,3]. misi gazrda kidev ufro SesaZ-
lebelia betonSi qviSasTan erTad, RorRis Semavseblis damatebiT (nax. 2 mru-
di 5). 

amrigad, axali modificirebuli betonis tevadobis deformaciisa da 
simtkicis eqsperimentuli kvlevebis safuZvelze SeiZleba davaskvnaT: 

1. maRali simtkicis wvrilmarcvlovani betoni, axal modifikatorze, 
cocvadobis deformaciis da simtkicis maCveneblebis mixedviT erT-erTi sau-
keTesoa, arsebul sxva modificirebul betonebs Soris. 

2. maRali simtkicis wvrilmarcvlovan betons axal modifikatorze, 
ukeTesi cocvadobis deformaciis da simtkicis saukeTeso maCveneblebi aqvs 
modifikatoris 12 %-dan 20 %-mde Semcvelobis farglebSi. 
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SUMMARY 

HIGH-STRENGTH FINE-GRAINED CONCRETE ON A NEW MODIFIER 

Rosnadze G.V., Kankava A.V., Kipiani P.N. and Shalamberidze M.R. 

Akaki Tsereteli State University, Kutaisi 

The nature of the change in creep deformation and stiffness under the influence of the modifier content in 

concrete is revealed. It has shown that by increasing the content of the new modifier in concrete to ≈12%, the 

creep size decreases, and with its subsequent increase to ≈50%, the creep size increases. It was established that 

the content of 20% of the new modifier significantly increases the strength of concrete. 
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tradiciuli da maRali simtkicis betonebis winaswari Sefasebis 

kriteriumi 

 

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

akaki wereTlis saxelmwifo universiteti, quTaisi 
 
cementis SedgenilobasTan miaxloebuli axali bunebrivi sabadoebis 

aRmoCena qmnis SesaZleblobas Seiqmnas samamulo warmoebis SedarebiT dabali 
TviTRirebulebis cementi, da aqedan gamomdinare Seiqmnas dabali TviTRi-
rebulebis tradiciuli da maRali simtkicis betoni. am ukanaskneli saxeobis 
axali dabali TviTRirebulebis betonis miRebis SesaZlebloba damatebiT 
iqmneba agreTve, axali efeqturi da amave dros dabali TviTRirebulebis 
modifikatoris gamoyenebis SemTxvevaSi. 

SemuSavebuli axali cementis, betonebis warmoebis organizacia da mSe-
neblobaSi danergva dakavSirebulia mraval rTul da xangrZliv eqsperimen-
tul kvlevebTan. 

eqsperimentuli kvlevebis mniSvnelovnad Semcireba SesaZlebelia tra-
diciuli da maRali simtkicis betonebis winaswari Sefasebis kriteriumebis 
arsebobis da gamoyenebis SemTxvevaSi. kerZod, kvlevebis sawyis etapze SesaZ-
lebelia kriteriumTan Sedarebis Sedegad gamovlenili iqnas ukeTesi Semad-
genlobis betonebi da mxolod maTze gagrZeldes kvlevebi. 

Cvenma kvlevebma da mravali avtorebis [1-3] kvlevebis analizma aCvena, 
rom tradiciuli betonebis Sefasebis kriteriumi dakavSirebuli unda iyos 
betonebis cocvadobis deformaciasTan. aRniSnulis safuZvelze wamoyenebuli 
iqna hipoTeza imis Sesaxeb, rom tradiciuli betonebis winaswari Sefasebis 
kriteriumi SeiZleba dakavSirebuli iqnas damokidebulebasTan – betonis 
cocvadobis deformaciasa da mis markas Soris, xolo es ukanaskneli, 
rogorc cnobilia, damokidebulia betonis narevSi gamoyenebuli cementis 
saxeobaze da masSi cementis procentul Semcvelobaze. 

cxrili N1-Si mocemulia r. a. melnikis, v. i. fedorCukis da i. i. libene-
cis mier betonis cocvadobis Seswavlis mizniT Catarebuli kvlevebis 
Sedegebi. isini axdendnen 900 da 1000 markis betonebis cocvadobis Seswavlas. 
betonis dasamzadeblad gamoyenebuli iyo cementi markiT 600. cementis xarji 
900 da 1000 markis betonebisaTvis Sesabamisad iyo 500 da 600 kg/m3.  

eqvsi dRe-Ramis ganmavlobaSi nimuSebi inaxeboda datenianebul naxer-
xSi. yvela nimuSi ganTavisuflebuli iqna yalibidan gamyarebis Semdeg. 
cocvadobaze gamoicada prizmebi zomiT 10x10x30 sm. gamocdebi Catarda 
zambarebian danadgarze. 

dgarze zambarebi datvirTuli iyo Zabvis sxvadasxva doneze: 0,2; 0,4; 0,6; 
0,8. 

 
cxrili 1. betonis cocvadobis damokidebuleba mis simtkiceze   
        

betonis marka cocvadoba, datvirTvis doneebi 
 

0,2 0,4 0,6 0,8 
900 

78,1

84,1
 

98,1

06,2
 

60,2

54,2
 

40,3

38,3
 

1000 

54,1

64,1
 

68,1

78,1
 

10,2

16,2
 

98,2

91,2
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datvirTvidan 28 dRe-Ramis xnovanebis yvela sacdel nimuSze ganisaz-
Rvra fardobiTi deformaciebi 0,2·105 sm/kgZ, 0,4·105 sm/kgZ Zabvis Sesabamis 
doneze. mniSvnelSi mocemulia Cveni kvlevis Sedegebi (cxrili N1). 

cxr. 1-is monacemebidan Cans, rom nimuSebis datvirTvis Zabvebis 
doneebze mniSvnelovnadaa damokidebuli cocvadobis deformaciis xvedriTi 
mniSvnelobebi. betonis markis gazrdisas cocvadobis deformacia mcirdeba, 
maT Soris Cveni kvlevebiTac. praqtikulad igive Sedegi aCvena betonebis 
cocvadobis Sesaxeb mravalma mkvlevarma, romelTa Sedegebis ganzogadeba 
mocemulia nax.1-ze. 

kerZod, am naxazze ganzogadebulia tradiciuli betonebis karol-
stikis (1), sitnikis (2), violas (3), gumelis (4), rossis (5) eqsperimentuli 
kvlevis Sedegebi cocvadobis deformaciis Sesaxeb. am avtorebis TiToeuli 1, 
2, 3, 4, 5 mrudi agebulia maTi eqsperimentuli monacemebis saSualo mniS-
vnelobebis mixedviT. 

nax.1-dan Cans, rom TiToeuli markis betonisaTvis calkeuli mkvle-
varebis monacemebi gansxvavebulia, magram maTi cvlilebis xasiaTi betonis 
markis cvlilebis Sesabamisad, emorCileba garkveul kanonzomierebas, kerZod 
warmodagens eqsponentas. igi betonis markis zrdasTan erTad asimptoturad 
uaxlovdeba abscisTa RerZs. aRsaniSnavia isic, rom betonis markis (sim-
tkicis) gazrdis miuxedavad cocvadobis deformaciis mniSvnelobebis gadaxra 
eqsponentidan (dispersia Sxy) praqtikulad erTnairia.  

M200-ze dabali markis betonis cocvadobis deformaciis cvlilebis xa-
siaTi arawrfivia. masze ufro mtkice betonebis SemTxvevaSi damokidebuleba 
SeiZleba CaiTvalos praqtikulad wrfivad. 

 
nax.1. sxvadasxva avtorebis kvlevebis mixedviT miRebuli damokidebuleba 

betonis markasa da cocvadobis zomas Soris 
 
am ukanasknelis gamosavlenad gamokveuli iqna betonis  markasa da 

cocvadobis zomas Soris korelaciuri kavSiris done. cxr. 2-Si betonis 
markis (X) da betonis cocvadobis deformaciis (Y) monacemebi. amave cxrilSi 
moyvanilia aRniSnuli monacemebis mixedviT gaangariSebuli sidideebi, rom-
lebic saWiroa SesaZlo korelaciuri kavSiris gamosavlineblad. 

kvlevis dasawyisSi daSvebuli iqna, rom damokidebulebas aqvs Semdegi 
saxe: 

xy         (1) 

 , koeficientebi x da y sidideebis mixedviT gainagariSeba. 
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cxrili 2. monacemebi betonis simtkicesa da cocvadobis zomas 
Soris arsebuli kavSiris dasadgenad 

 
 

  
 
 
 
 
 

 
korelaciuri kavSiris gaTvlis Sedegad miRebuli 
 

   

  

   
98,0
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maRali korealaciuri kavSiri miuTiTebs imaze, rom M800-dan M200 
markamde betonisaTvis sakvlevi damokidebuleba didi sizustiT SeiZleba 
CaiTvalos miaxloebuli wrfesTan. 

Tu sakvlevia betoni, misi arsebul tradiciul betonebTan Sedarebi-
saTvis, erTi eqsperimentis mixedviT aigeba A wertili. masze gaivleba eqspo-
nentas asimptotis paraleluri xazi. Tu A wertili da masze gavlebuli 
paraleluri wrfe emTxveva asimptotas an imyofeba betonis markis da coc-
vadobis deformaciis sidideebis gabnevis areSi (Sxy dispersia) (nax. 2), maSin 
cocvadobis deformaciis da betonis markis mixedviT sakvlevi betoni damak-
mayofilebelia da msgavsia erT-erTi arsebuli ukve gamokvleuli da praqti-
kulad gamoyenebuli tradiciuli betonis. 

sakvlevi betonis A wertilis Sesabamisi cocvadobis deformacia SeiZ-
leba gaaCndes betons, romelsac Seesabameba Ax marka, betonis narevSi cemen-
tis Sesabamisi Semcvelobis SemTxvevaSi. 

amrigad, betonis winaswari Sefasebis kriteriumis mixedviT SeiZleba 
dazustdes agreTve sakvlev betonSi cementis procentuli Semcvelobis 
optimaluri mniSvneloba. 

 
 

nax. 2. sakvlevi betonis Sedareba winaswari Sefasebis kriteriumis mixedviT, ukve 
gamokvleul trediciul betonTan 

№ xi102 y xy x2 y2 

1 2 12,4 24,8 4 153,76 
2 4 7,6 30,4 16 57,76 
3 6 6,2 37,2 36 38,44 
4 8 3,3 26,4 64 10,89 
5 10 2,24 22,4 100 5,0176 

 30 31,74 141,2 220 265,8676 
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maRali simtkicis wvrilmarcvlovani betonis fizikur-meqanikuri Tvise-
bebis ganmazogadoebeli parametri, mravali kvlevis azriT, dakavSirebulia 
agreTve betonis cocvadobis deformaciis sididesTan. 

sxvadasxva avtorebis, maRali simtkicis wvrilmarcvlovani betonis 
kvlevis Sedegebi ganzogadebulia da warmodgenilia cxr. 3-Si. amave cxrilSi 
mocemulia sxvadasxva avtorebis mier kvlevebis Catarebis pirobebi. 
 
cxrili 3. kvlevebis monacemebi betonis cocvadobis deformaciis ganzogadebisaTvis 
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1 
Saidleri 

2 6,03 0,53 191 625 Ф15 50 365 5 5,5 

2 2 3,05 0,35 210 874 Ф15 50 365 4,2 4,6 

3 rossi 3 4,4 0,38 152 675 Ф12 91 170 1,7 1,9 

4 
rolli 

2 2,5 0,44 259 505 Ф10 60 168 7,1 9.5 

5 2 1 0,31 306 715 Ф7,6 60 168 5,9 7,8 

6 2 1 0,31 306 684 Ф10 60 168 6 8,2 

7 
gumeli 

2 5,4 0,38 136 579 Ф20 65 1100 5 5 

8 2 5,4 0,55 186 504 Ф20 65 1100 8,2 8 

9 vaili 2 5,03 0,52 186 564 Ф10 65 767 5,9 5,9 

10 

sitniki 

3 4,7 0,4 160 661 Ф10 70 336 2,5 2,8 

11 3 3,6 0,31 155 812 Ф10 70 319 2,5 2,8 

12 3 3,44 0,27 148 1012 Ф10 70 329 1,9 2,1 

13 3 3,44 0,27 142 985 Ф10 70 330 1,9 2,1 

14 hansoni 3 5,13 0,42 214 512 Ф15 50 1000 10,3 10,1 

15 

ivanovi 

3 4,24 0,42 267 560 Ф10 55 374 11,8 12,1 

16 3 6,5 0,42 135 711 Ф10 55 400 2,9 3,3 

17 3 3,86 0,42 192 624 Ф10 55 412 4,5 5,7 

18 3 1,52 0,27 231 867 Ф10 55 394 3,2 4 

19 3 3,4 0,27 145 972 Ф10 55 412 3,1 3,6 

20 3 0,75 0,27 305 1065 Ф10 55 418 4,8 5,9 

21 3 0 0,27 451 1186 Ф10 55 393 6,2 7,5 

22 

bergi 

2 5,25 0,4 150 550 Ф15 55 160 3,4 4,3 

23 1 5,25 0,4 150 550 Ф15 55 160 3,6 4,5 

24 1 5,25 0,4 150 596 Ф15 55 160 3,1 4,1 

25 1 5,25 0,4 150 596 Ф15 55 160 3,5 4,2 

26 1 4 0,3 142 884 Ф15 55 250 2,3 2,7 

27 1 4 0,3 142 846 Ф15 55 250 2,6 2,9 

28 1 4 0,5 142 882 Ф15 55 250 2,2 2,4 

29 
Serbakovi 

4 1,61 0,24 204 800 Ф15 72 197 2,6 3,2 

30 1 5,34 0,43 156 575 Ф15 72 158 3,6 4,0 

 
 

gamokvlevebSi cocvadobis deformaciis gansazRvrisas sacdeli 
nimuSebi imyofeboda datvirTvis qveS sxvadasxva drois ganmavlobaSi, 
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romelic moqmedebs eqsperimentis Sedegze. am gavlenis minimumamde dayvanis 
mizniT, bergi [1] axdenda gazomviT miRebuli cocvadobis deformaciis eqst-
rapolacias da ganixilavda deformaciis zRvrul mniSvnelobas. aRniSnuli 
saxiT eqsperimentuli monacemebis damuSavebis Semdeg mocemulia cxr. 3-is 
bolo svetSi. am ukanaskneli monacemebis Sedareba gazomvis Sedegebis mona-
cemebTan aCvenebs, rom calkeuli paraleluri eqsperimentebis mixedviT gans-
xvavebuli monacemebi SedarebiT gaTanabrebulia, rac zrdis eqsperimentis 
monacemebis sandoobas da advili xdeba sxva sakvlevi betonis cocvadobis 
deformaciaze Sedareba. 

amrigad, modificirebuli betonebis cocvadobis deformaciisadmi miZ-
Rvnili kvlevebis ganmazogadoebeli cxr. 3-is monacemebi SeiZleba gamoyene-
buli iqnas axali Semadgenlobis modificirebuli betonebis winaswari Sefa-
sebis kriteriumad. amisaTvis saWiroa cxrilSi Semavali erT-erTi avtoris 
kvlevebis pirobebis gaTvaliswinebiT damzadebuli axali Semadgenlobis mo-
dificirebuli betonis nimuSebisagan gansazRvruli iqnas cocvadobis defor-
maciebi da am monacemebis eqstrapolaciiT miRebuli Sedegebi Sedarebuli 
iqnas cxrilis monacemebTan. 

winaswar SefasebaSi igulisxmeba mxolod saukeTeso maCveneblebis 
mqone nimuSebis Semadgeneli betonis gamovlena da masze kvlevis gagrZeleba, 
ZiriTadi fizikur-meqanikuri maxasiaTeblebis mqone saukeTeso Semadgenlobis 
modificirebuli betonis sabolood gamovlenis mizniT. 

Cvens SemTxvevaSi zestafonis feroSenadnobTa qarxnis Rumelis gadamu-
Savebuli widis narCenebze modificirebuli betoni, cocvadobis deformaciis 
mixedviT, aRmoCnda damakmayofilebeli rosis kvlevebTan Sedarebisas, beto-
nis im sacdeli nimuSebis mixedviT, romlebSic modifikatoris Semcveloba 
Seadgenda ≈ 10 %-s. 

kvlevebis Sedegad dadginda, rom: 
1. betonis cocvadobis deformaciasa da betonis markas Soris damoki-

debulebis ganmazogadoebeli eqsponenta, miRebuli mravali eqsperimentebis 
Sedegebis analizis safuZvelze SeiZleba gamoyenebuli iqnas tradiciuli 
betonebis maxasiaTeblebis winaswari Sefasebis kriteriumad. 

2. modificirebuli betonebis cocvadobis deformaciisadmi miZRvnili 
kvlevebis ganmazogadoebeli cxrili SeiZleba gamoyenebuli iqnas axali 
Semadgenlobis modificirebuli betonebis winaswari Sefasebis kriteriumad. 
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SUMMARY 

CRITERION FOR PRELIMINARY ESTIMATION OF THE HARDNESS OF TRADITIONAL  

AND HIGH-STRENGTH CONCRETES 

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

Akaki Tsereteli State University, Kutaisi 

Revealed criterion for preliminary estimation of concrete presents on exponential dependence between the value 

of concrete creep strain and the mark. After construction of the exponent by experimental data of linear section 

of asymptote with absciss axis, the comparison of the concrete under study with existing abready researched 

concrete. Criterion of preliminary estimation of non-traditional concrete ispresented in the form of the Table 

prepared bygeneralization of number of researches of concrete creep strain. 

Keywords: concrete, preliminary estimation, creep strain.  
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deformirebul Senoba-nagebobaTa fuZe-saZirkvlebis gamokvlevisTvis 

Casatarebeli samuSaoebi  

 
baxtaZe n.v., Sengelia m.r., tyablaZe v.s. 

 
saqarTvelos teqnikuri universiteti 

 
 

1. Sesavali 

 
mSeneblobis sakiTxi mWidrodaa dakavSirebuli Senoba-nagebobaTa sain-

Jinro-geologiuri pirobebisa da gruntovan garemosTan, amdenad sainJinro-
teqnikuri kvlevis sakiTxebi metad sapasuximgebloa da gruntis simtkicis 
maxasiaTebelebis arasrulyofilma Sefasebam SeiZleba gamoiwvios metad mZime 
Sedegebi. 

 
2. ZiriTadi nawili 

 
fuZe-saZirkvlebis gaZliereba-rekonstruqciamde saWiroa Semowmdes fu-

Ze-saZirkvlebis teqnikuri mdgomareoba, risTvisac iwereba daskvna da muSav-
deba rekomendaciebi. 

ganixileba fuZe-saZirkvlebis gaZlierebis sxvadasxva meTodebi sainJin-
ro-geologiuri pirobebis dasadgenad. fuZis mosalodneli cvlilebebi SesaZ-
lebelia gamoiwvios nagebobis saeqspluatacio pirobebma, datvirTvebis xang-
rZlivma zemoqmedebam gruntze da sxva faqtorma. 

SemdgomSi rekomendacia eZleva SedarebiT ekonomiur da teqnikurad 
mizanSewonil meTods.  

fuZe-saZirkvlebis Semowmebis samuSaoTa kompleqsi iyofa etapebad.                                      
pirveli etapi _ iTvaliswinebs Senoba-nagebobaTa mSeneblobis procesis  

monacemebis Segroveba-gaanalizebas da teqnikuri dokumentaciis detalur 
Seswavlas.                         

meore etapi _ adgilmdebareobis da miwiszeda konstruqciebis, Senoba-
nagebobaTa gamokvlevas, romelic saSualebas gvaZlevs gamovavlinoT defor-
maciis mizezi.  

mesame etapi _ Senoba-nagebobaTa fuZe-saZirkvlebis kvleva (gamokvleva). 
saZirkvlebis gamokvleva warimarTeba Surfebis meSveobiT, maTi ricxvi da 

zomebi ganisazRvreba obieqtis konfiguraciis, gruntebis pirobebisa da kvlevis 
miznebidan gamomdinare. rogorc wesi, Surfebi keTdeba Senoba-nagebobaTa ava-
riul zonaSi, Tu Senoba-nagebobaTa deformaciebi ganpirobebulia fuZe-saZir-
kvlebis mizeziT, mizanSewonilia fuZe-saZirkvlebis kveleva aseve warimarTos 
aradeformirebul zonaSic imisTvis, rom moxdes Sedegebis Sedareba [1-3]. 

Senoba-nagebobaTa rekonstruqcia-gaZlierebisas mowmdeba yvela maxasia-
Tebeli kedlis da svetis saZirkvlebi, xolo nawilobriv daSenebis SemTxveva-
Si gamokvleva mimdinareobs dasaSenebeli ubnis kvlevisTvis, damatebiTi wer-
tilebi iniSneba Senobis simaRlis sagrZnobi cvalebadobisa da saZirkvlebis 
Cayris (CaRrmavebis) cvalebadobiT adgilmdebareobidan gamomdinare da a.S.  

Surfebi gaiyvaneba sakvlevi saZirkvlebis gverdiT da Tu Senoba sarda-
fiania, maSin Surfebi gaiyvaneba, rogorc wesi, Senobis SigniT miwis samu-
Saoebis Semcirebis mizniT (naxazi).   
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Surfi saZirkvlis gamokvlevisaTvis: 

1. Surfis samagri; 2. SlamburTi gaxvretili naxvreti; 3. saZirkvlis siganis 
dasadgenad SupebiT SeWra. 

 
 
Surfebi iTxreba aranakleb 0,5 metriT dabla qvabulis fskeridan. gar-

da Surfebisa, gruntebis sainJinro-geologiuri SefasebisTvis iniSneba gamo-
sakvlevi burRilebi, romelTa raodenoba damokidebulia Senobis daniSnule-
baze. ГОСТ 25.100-82 aRwerili meTodikiT isazRvreba gruntis deformaciis 
moduli E, gruntis simtkice Rc, simkvrive da tenianoba. Ria SurfebSi saZir-
kvlis kvlevisas zustdeba saZirkvlis tipi, forma, zomebi gegmaSi da saZirkv-
lis siRrme. amavdroulad gamoavlenen adre Catarebul gamagrebiT samuSaoTa 
Sedegs da gaZlierebis meTods. wyobis defeqtebiT da bzarebiT isazRvreba 
saZirkvlis tanis simkice, hidroizolaciis arseboba da xarisxi. naturi 
gazomvebis Sedegebis safuZvelze sazRvraven saZirkvlis Ziris siganes da 
misi Cayris siRrmes. saZirkvlis Ziris sigane SedarebiT didi datvirTvebis 
ubnebze warimarTeba ormxrivi SurfebiT, isazRvreba saZirkvlis da kedlebis 
sigane, rac dgindeba gaburRviT da liTonis SupebiT gruntis gamoTxriT. 

ximinjovani saZirkvlebis SemTxvevaSi izomeba ximinjis diametri an xi-
minjis ganivi kveTa. biji 1-grZiv metr sigrZeze ximinjebis raodenoba.  

saZirkvlis masalis simtkice isazRvreba meqanikuri da aradamrRvevi 
meTodiT.                                      

meqanikuri meTodiT isazRvreba saZirkvlis masalis da sardafis ked-
lis simtkicis maxasiaTeblebi. 

fuZe-gruntis Semowmeba xdeba imave SurfebSi, romlebic emsaxurebodnen 
saZirkvlebis gamokvlevas. Surfebis raodenobis daniSvna damokidebulia Se-
noba-nagebobaTa mimarT wayenebul moTxovnebze. kerZod, Senobis rekonstruq-
cia an kapitaluri remonti datvirTvis gazrdis SemTxvevaSi, Surfebis rao-

denoba ganisazRvreba 23-mde Senobis SigniT, sardafSi wylis SeRwevadobა an 
sardafSi da pirvel sarTulze kedlebze tenisagan dacvisTvis saWiroa Ti-
Toeul yovel gawylovanebul an svel kedlebTan, xolo sardafis CaRrmave-
bisas ki TiToeul yovel kedelTan. 

amasTanave Surfebi iTxrebian Senobis SedarebiT datvirTul adgileb-
Si da Senobis yovel seqciaSi, aseve deformirebul kedlebTan da sardafSi. 
calkeul SemTxvevaSi iniSneba damatebiTi Surfebi, raTa ganisazRvros susti 
gruntebis gavrcelebis sazRvari fuZis an saZirkvlisa, romlebic imyofebian 
aradamakmayofilebel mdgomareobaSi.AN                                           
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SurfebSi fuZis detaluri gamokvlevisas gruntis fenebi unda aRiwe-
ros ГОСТ 25.100-82 moTxovnaTa Sesabamisad, sadac ZiriTadi yuradReba eqceva 
uSualod saZirkvlis qveS ganlagebul fenas (Sres). laboratoriasa da save-
le pirobebSi ГОСТ-is moTxovnaTa SesabamisobiT isazRvreba gruntis yvela 
fizikur-meqanikuri maxasiaTeblebi. 
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SUMMARY 

WORKS FOR RESEARCH OF FOUND ACTIONS OD DEFORMED BUILDING STRUCTURES 

Bakhtadze N.V., Shengelia M.R. and Tkabladze V.S. 

Georgian Technical University 

The issue of construction is closely related to the engineering-geological conditions of the buildings and the 

ground environment, thus, the issues of engineering-technical research are very responsible and an incomplete 

assessment of the ground strength characteristics can lead to very serious consequences. 
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adgilobriv saSen masalebze damzadebuli danamatiani  betonebis  

Tvisebebis kvleva da danergva samSeneblo warmoebasa da saavtomobilo 

gzebis infrastruqturaSi 

 
giorgiSvili o.g., boWoriSvili n.T., saluqvaZe i.k., Sengelia m.r. 

 
saqarTvelos teqnikuri universiteti 

 
saqarTvelos ekonomikuri ganviTareba metwilad damokidebulia misi, 

rogorc satranzito qveynis, potencialis efeqtur gamoyenebaze. saqarTvelos, 
rogorc evropa-aziis damakavSirebeli satransporto derefnis nawilis funq-
cia mniSvnelovnad gaizarda, es aZlierebs dasavleTisa da aRmosavleTis sa-
xelmwifoebis interess saqarTvelos, rogorc satransporto RerZze mdebare 
qveynis _ stabiluri ganviTarebis mimarT, rac  pirvel rigSi,  gulisxmobs 
saqarTveloSi xarisxiani satranzito sagzao infrastruqturis, Seqmnas da 
ganviTarebas. Tanamedrove saavtomobilo gzebis mSeneblobis industriaSi 
aqtualuria xanmedegi da ekonomikurad gamarTlebuli rogorc Cveulebrivi, 
aseve datkepnili betonebis gamoyeneba. 

sagzao infrastruqturaSi, garda uSualod gzebisa, Sedis sxvadasxva 
tipis nageboba da konstruqcia, romlebsac es gzebi emsaxurebian. garda ami-
sa, infrastruqturis ganuyofel nawilad migvaCnia kulturuli memkvidreobis 
is Zeglebi, romlebic gzebisgan uSualo siaxloveSi imyofebian. faqtiurad 
aseTia TiTqmis yvela Cveni saero Tu saeklesio nageboba. kulturuli 
memkvidreobis Zeglebi, rogorc wesi, Sesrulebulia adgilobrivi samSeneblo 
masalebis gamoyenebiT da imdroindeli samSeneblo, maT Soris, antiseismuri 
teqnologiebis gamoyenebiT. droTa ganmavlobaSi, antiseismuri RonisZiebebi 
daixvewa da dRes aucilebeli gaxda maTi danergva istoriul Zeglebzec. 

betonisa da rkina-betonis konstruqciebi samSeneblo industriaSi mudam 
imyofebian datvirTvis qveS da droSi ganicdian fizikur-meqanikuri Tvisebebis 
cvlilebas, kerZod cocvadobis deformacias. betonSi arsebuli wyali, 
rogorc Tavisufali, ise adsorbirebuli aris ZiriTadi mizezi misi cocva-
dobis. betonSi fizikur-meqanikur Tvisebebs agreTve gansazRvravs wylis rao-
denoba. betonis narevis Zvradobis anu advilCawyobadobis misaRwevad zrdian 
wylis xarjs. zedmeti Tavisufali wyali ganapirobebs betonSi forebisa da 
bzarebis warmoqnas, simtkicis Semcirebas, cocvadobis deformaciis gazrdas 
da sxv. betonis narevSi danamatebis _ plastifikatorebis da mineraluri dana-
matebis Seyvana mniSvnelovnad amcirebs wylis xarjs, zrdis betonis narevis 
Zvradobas, avsebs bzarebsa da forebs da amiT maqsimalurad erTgvarovans 
xdis betons, ris Sedegadac mniSvnelovnad izrdeba misi simtkice. danamatiani 
betonis adgilobriv Semvsebze saqarTveloSi arsebuli danamatebis gamoye-
nebiT misi fizikur-meqanikuri maxasiaTeblebi naklebadaa Seswavlili, amitom 
kvleva am mimarTulebiT aqtualuria. rogorc zemoT iyo aRniSnuli Cveuleb-
rivi betonisTvis yvela am maxasiaTeblebis sidide damokidebuli iyo wylis 
raodenobaze, xolo danamatiani betonisTvis es maxasiaTeblebi ar imuSaveben 
im kanonzomierebiT, rogorc es gvqonda Cveulebriv betonSi.  

danamatiani betonebis droSi muSaobis maxasiaTeblebis dadgena da 
arsebuli cocvadobis aRmweri reologiuri formulebSi koeficientis dazus-
teba, miRebuli Sedegebis gaTvaliswinebiT, rac aucilebelia danamatiani 
betonisa da rkinabetonis konstruqciebis mdgradobaze angariSis dros. 

nebismieri nagebobis Tu konstruqciis, maT Soris, saavtomobilo gzeb-
is da maT infrastruqturaSi Semavali nagebobebis simtkice da mdgradoba 
pirdapir aris dakavSirebuli maTi fuZe-gruntebis fizikur-meqanikur maxasia-
Teblebze, upirveles yovlisa, deformaciis modulze.  

kvlevis interesTa sferoebi ganekuTvnebian samSeneblo mecnierebis 
sxvadasxva segments, maTi kvlevis principebis (Teoria plus eqsperimenti) da 
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gamoyenebuli Teoriuli meTodebis identuroba mianiSnebs dasmuli sakiTxis 
aSkarad gamokveTil interdisciplinarul xasiaTs. 

kvlevis ganxorcielebis Sedegad miiReba mdgradi maRali simtkicis 
mqone betoni samSeneblo industriisa da savtomobilo gzebisTvis qimiuri 
danamatebis gamoyenebiT, samSeneblo masalebis, betonis, gruntebis fizikur-
meqanikuri Tvisebebis, kulturul memkvidreobaTa Zeglebis konstruqciebis 
mdgradobis SeswavliT da miRebuli Sedegebis praqtikaSi ganxorcieleba, ro-
melic mogvcems maTi infrastruqturis gaumjobesebas da ekonomiur efeqts.  

miRebuli Sedegebi udavod iqneba samSeneblo masalebisa da konstruq-
ciebis kvlevis sferoebSi ara marto wingadadgmuli nabiji, aramed saerTaSo-
riso samSeneblo bazarze konkurentunariani da komerciuli datvirTvis mqo-
ne. garda samecniero da komerciuli Rirebulebisa, proeqtis Sedegebs eqneba 
maRali akademiuri Rirebulebac.  

laboratoriaSi miRebuli Sedegebi warmatebiT iqna danergili saqarTve-
loSi, datkepnili betonebiT mowyobili norios nagavsayrelTan misasvleli 
gzis monakveTze da q. baTumSi mesxeTis quCaze gzis safaris mowyobis procesSi. 

aRniSnuli obieqtebidan aRebuli nimuSebis gamocdis Sedegebi karg 
SesabamisobaSia laboratoriuli kvlevebis SedegebTan. 
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SUMMARY 

RESEARCH OF THE PROPERTIES OF ADDED-ON CONCRETES, MANUFACTURED ON LOCAL 

BUILDING MATERIALS AND THEIR ADOPTION IN BUILDING AND IN INFRASTRUCTURE OF 

AUTOMOBILE ROADS 

Giorgishvili O.G., Bochorishvili N.T., Salukvadze I.K. and Shengelia M.R. 

Georgian Technical University  
In the 21st century, concrete continues to retain its top ranking as a most popular and preferential building 
material too, what certainly predtermines an urgent need in developing innovative concrete technologies to be 
reasonable both economically and environmentally. The Georgian construction market is seeking for next 
generation concretes to be made through introduction of the recognized nanotechnologies to be adequately 
modified and adjusted to the actual local conditions what will enable the country to create multipurpose 
nanomodified highly technological construction materials of her own. Proceeded from the above, profound and 
comprehensive study of the physical and mechanical properties of  building materials should be deemed a prior 
task of crucial importance. In order to improve resistibility and performance properties of the concretes, 
currently used in Georgia, it is necessary to undertake a thorough investigation and profound study of the 
intrinsic properties of admixture-containing concretes what will consequently enable the researchers to obtain 
modified concrete types to be then widely used in the country’s construction domain, in particular, in road 
building, and surely result in a considerable improvement of safety and efficiency of road traffic. The innovative 
nature of the design proposal should be seen in creation of new types of admixture-containing concrete made 
with use of local building materials and introduction of the new concretes in construction of road infrastructural 
facilities. 
Keywords: building, concrete, ground, automobile roads, seismic-resistant systems.  
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sahaero eleqtrogadacemis xazis eleqtromagnituri velis gavlena 

adamianis janmrTelobaze 
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saqarTvelos teqnikuri universiteti 

 
 gasuli saukunis Sua wlebamde sahaero eleqtrogadacemis xazebis   

gavlena garemoze praqtikulad mxedvelobaSi ar miiReboda qselebis ganla-
gebis mcire simWidrovis da maTi konstruqciis mcire saxesxvaobis gamo. 
gadasacemi Zabvis zrdasTan erTad Zlierdeba sahaero xazebis gavlena bio- 
da socialur sferoebze, ramac gasuli saukunis 70-iani wlebidan  Sesabamisi 
organoebi aiZula seriozulad dakavebuliyvnen am zemoqmedebisa da garemoze 
uaryofiTi zegavlenis Semcirebis gzebis Ziebis SeswavliT [1]. maRali Zabvis 
xazebis gavlis adgilebSi, rogorc xazis qveS, aseve xazis mimdebare teri-
toriaze, satransformatoro qvesadgurebTan da Zabvis qveS myof Ria gamana-
wilebel mowyobilobebTan iqmneba eleqtromagnituri veli, romelic Sedgeba 
eleqtruli da magnituri velebis daZabulobebisagan. eleqtruli velis 
daZabuloba damokidebulia qselis Zabvaze, xolo magnituri velis daZabu-
loba qselis muSaobis reJimze anu qselSi gamavali denis sidideze. 

sahaero eleqtrogadacemis xazebis mier Seqmnili eleqtruli velis ze-
moqmedebisagan dacvis mizniT adgens sanitarul-damcav zonebs, anu manZils  
xazis gaswriv, romlis sazRvrebs gareT eleqtruli velis daZabuloba ar 
aRemateba 1 kv/m-ze. am dokumentis mixedviT sanitaruli damcavi zonebi dadge-
nilia 330 kv – 20 m; 500 kv – 30 m, xolo 330 kv Zabvis qveviT sanitaruli damcavi 
zonebi dadgenili ar aris. damcavi zonebisaTvis arsebobs saxelmwifoTaSo-
risi standarti gost 12.1.051-90. [4], romelic gansazRvravs 1000 v-ze meti Zabvis 
eleqtrogadacemis xazebisaTvis dacvis zonas usafrTxoebis wesebis mixedviT.  

ra Tqma unda arsebobs gansazRvruli sanitaruli normebi, romelic 
aregulirebs dasaxlebuli punqtebis siaxloves eleqtruli da magnituri 
velebis dasaSvebi daZabulobebis doneebis sidideebs, magram arsebuli sani-
taruli normebis dacvis drosac ki, rogorc Tanamedrove gamokvlevebi aCve-
nebs maRali Zabvis xazebis eleqtromagnituri gamosxiveba zians ayenebs    
adamianis janmrTelobas [2], kerZod, adamianis organizmze gavlenas axdens 
sahaero eleqtrogadacemis xazis zonaSi adamianis xangrZlivad yofna, xolo 
ramdenime wuTis ganmavlobaSi  xanmokle dasxivebam SeiZleba gavlena iqonios 
hipermgrZnobiare adamianebze an zogierTi saxis alergiiT daavadebulebze. 
amitom es Tema dResac aqtualuria.  

eleqtruli velis biologiuri zemoqmedebis gamokvlevebi aCvenebs, rom 
1 kv/m daZabulobis dros igi arasasurvel gavlenas axdens adamianis nervul 
sistemaze, rac Tavis mxriv iwvevs adamianis organizmSi nivTierebaTa cvlis 
darRvevas. agreTve arRvevs fiziologiur funqciebs: gulis SekumSvis ritmss, 
sisxlis wnevis dones, tvinis aqtiurobas, nivTierebaTa cvlis processa da 
umunur aqtivobas [2]. 

cxr. 1-Si warmodgenilia Cvens mier sarkuli asaxvis meTodiT  gaangari-
Sebuli 500 kv sahaero eleqtrogadacemis xazis eleqtruli velis daZabulo-
bis damokidebuleba kidura xazis gegmilidan daSorebaze, roca xazis minima-
luri daSoreba dedamiwis zedapiridan Seadgens 15,5 m-s. 15,5 m daSoreba deda-
miwis zedapiridan aRebulia gamomdinare iqedan, rom eleqtrodanadgarebis 
mowyobis wesebis cxrili 2.5.22-is Tanaxmad dasaxlebul punqtebSi 500 kv Zabvis 
sahaero eleqtrogadacemis xazis minimaluri daSoreba Seadgens  15,5 m-s.  

normatiuli dokumentis [4] mixedviT 500 kv sahaero xazis dacvis zona 
aris 30 m, magram rogorc cxr. 1-dan Cans dacvis zonaSi eleqtruli velis 
daZabuloba  aRemateba sacxovrebeli zonis teritoriaze  sanitaruli nor-
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mebiTa da wesebiT [5] dadgenil eleqtruli velis daZabulobis zRvrulad 
dasaSveb mniSvnelobas – 1kv/m-s. amitom  500 kv eleqtrogadacemis xazisaTvis, 
roca xazi dedamiwis zedapiridan daSorebulia 15,5 m-iT, adamianis janmrTe-
lobisaTvis usafrTxod miRebuli unda iyos daSoreba kidura xazis gegmili-
dan 100 m. 
 
cxrili 1. eleqtromagnituri velis daZabulobebi sahaero eleqtrogadacemis xazis 
(segx) kidura xazis gegmilidan daSorebaze 

 
daSoreba segx-s kidura 
xazis gegmilidan , m 

segx 110 kv segx 220  kv segx 500 kv 

E, kv/m H, mktl E, kv/m H, mktl E, kv/m H, mktl 
0 1,97 1,15 4,32 2,54 7,48 4,40 
2,0 1,55 0,91 4,05 2,38 6,99 4,11 
4,0 1,22 0,71 3,82 2,24 6,73 3,95 
6,0 1,02 0,60 3,51 2,06 6,31 3,71 
8,0 0,91 0,53 3,25 1,91 6,05 3,55 
10,0 0,82 0,48 3,02 1,77 5,69 3,34 
12,0 0,67 0,39 2,58 1,51 5,13 3,01 
14,0 0,51 0,30 2,17 1,27 4,78 2,81 
16,0 0,35 0,21 2,03 1,18 4,15 2,41 
18,0 0,21 0,13 1,51 0,88 3,75 2,20 
20,0 0,12 _ 0,93 0,54 3,05 1,79 
22,0 0,07 _ 0,76 0,44 2,67 1,41 
24,0 0,05 _ 0,54 0,33 2,25 1,13 
26,0 0,04 _ 0,49 0,21 1,98 1,08 
28,0 0,03 _ 0,38 0,11 1,54 0,90 
30,0 0,01 _ 0,25 _ 1,37 0,78 
32,0 _ _ 0,11 _ 1,02 0,61 
34,0 _ _ 0,08 _ 0,76 0,43 
36,0 _ _ 0,05 _ 0,59 0,34 
38,0 _ _ 0,03 _ 0,45 0,21 
40,0 _ _ _ _ 0,31 0,12 

  
 

miRebuli Sedegebi sasargeblo iqneba sanitarul-higienuri normebis Se-
fasebisaTvis aRniSnuli Zabvis xazobrivi nagebobebis dacvis zonaSi sasof-
lo-sameurneo da sxva msgavsi samuSaoebis Sesrulebis dros. 

sahaero eleqtrogadacemis xazis mier eleqtromagnituri dabinZurebis 
gamokvlevisaTvis Cvens mier Catarebuli iqna eleqtruli da magnituri vele-
bis daZabulobebis gazomviTi samuSaoebi 110 kv, 220 kv da 500 kv eleqtrogada-
cemis xazebisaTvis. gazomvebi Catarebuli iqna dedamiwis zedapiridan 1,8 m 
simaRleze eleqtruli da magnituri velis samkomponentiani sazomi xelsawyo 
ВЕ-метр-is daxmarebiT sahaero eleqtrogadacemis xazis trasis gaswvriv. Sede-
gebi warmodgenilia cxr. 2-Si da nax.1 da nax.2-ze.  

 
cxrili 2. eleqtromagnituri velis daZabulobebi sahaero eleqtrogadacemis xazis 
(segx) gaswvriv   

 
daSoreba  

eleqtrogadacemis xazis or 
sayrdens Soris, (m) 

segx 110 kv segx 220  kv segx 500 kv 

E, kv/m H, mktl E, kv/m 
H, 

mktl 
E, kv/m H, mktl 

0 0,51 0,31 1,19 0,72 3,29 1,93 
1/4 L 1,16 0,68 2,82 1,65 5,33 3,13 
1/2L 1,97 1,15 4,32 2,54 7,48 4,40 
3/4L 1,17 0,68 2,83 1,65 5,30 3,12 
0,52 0,31 1,20 0,71 3,29 1,92 0,52 
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nax.1. eleqtruli velis daZabuloba eleqtrogadacemis xazis trasis gaswvriv 

 

 

 

 
 

 
nax. 2. magnituri  velis daZabuloba eleqtrogadacemis xazis trasis gaswvriv                           
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konstruqciuli Taviseburebebidan gamomdinare velis udidesi gavlena 
fiqsirdeba malis SuaSi, sadac maRali Zabvis 110 kv da zeviT eleqtrogadace-
mis xazis eleqtruli velis daZabuloba adamianis simaRleze aRwevs 5–20 kv/m-s 
da zeviT, xolo sadac xazis Camokidebis simaRle udidesia mJRavndeba sayr-
denebis maekranirebeli Tvisebebi da daZabuloba umciresia. 
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SUMMARY 

THE EFFECT OF THE ELECTROMAGNETIC FIELD OF THE OVERHEAD  
POWER LINE ON THE ENVIRONMENT 

Balakhashvili L.P. 

Georgian Technical University 

The work presents a method calculated by mirroring the dependence of the voltage of the electric field of the 

transmission line 500 kV from the distance from the end of the wire plan. The results of measurements of 

voltage levels of electric and magnetic fields, conducted on voltage lines of 110, 220 and 500 kV, and their 

impact on human health are shown. 

Keywords: overhead power line, voltage. 
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Sesavali 
tribologiaSi cnobilia xaxunis dros zedapiruli meoradi struqtu-

ris warmoqmnis efeqtebi, romlebic warmoadgens liTonebisa da qimiurad 
aqtiuri elementebis (S, P, O da a.S.) naerTebs, tribopolimerebs, vakuumSi ra-
diaciulad mowesrigebul grafitis an molibdenis disulfidis afskebs da 
sxv. isini ganapirobeben cveTisa da xaxunis Semcirebas, dafuZnebuls ufro 
rbili an advilad gadaadgilebadi fazebis warmoqmnaze an transformirebaze 
[1-3].                      

Cvens mier tribologiis sferoSi pirvelad iyo dafiqsirebuli movlena 
(efeqti), rac mdgomareobs maRaldispersuli amorfuli naxSirbadis Semcveli 
sazeTi masalebis areSi momuSave detalebis moxaxune zedapirebze heteroge-
nuli struqturuli Sris warmoqmnaSi, romelic Seicavda amorfuli naxSirba-
dis, grafitis da almasis nanokristalebis mowesrigebul fazebs. Semdgom 
kvlevebSi es movlena Seswavlili iqna ZiriTadad almasis nanokristalebis 
Semcveli zedapiruli struqturis mravalfunqciuri tribologiuri (cveTa-
sawinaRo da antifriqciuli Tvisebebi da sxv.) efeqtianobis dadgenis mizniT. 
Sedegad, gamovlenili iqna aRniSnuli efeqtis matarebeli SemzeTi masalebis 
mniSvnelovani upiratesoba sxva tipis cnobili danamatebis (grafiti, mo-
libdenis disulfidi, qimiurad aqtiuri misarTebi) Semcveli sasaqonlo 
sazeT masalebTan SedarebiT [2-6]. 

mocemuli naSromi eZRvneba gamokvleuli naxSirbadovani masalebis 
tribosinTezis gziT almasis nanokristalebad gardaqmnis Teoriuli safuZ-
vlebis damuSavebas, rac xels Seuwyobs mravalfunqciuri, maRalefeqtiani sa-
zeTi masalebis miRebisa da almasis sinTezis inovaciuri teqnologiebis 
damuSavebas. 

 
ZiriTadi nawili 
1. naxSirbadovani masalebis struqturis kvleva 
kvlevebs daeqvemdebara sxvadasxva teqnologiiT damzadebuli ramdenime 

maRaldispersuli naxSirbadi, ris Sedegadac Seswavlili iqna maTi qimiuri 
Sedgeniloba, dispersulobisa da amorfulobis xarisxi da atomuri simkvri-
vis ganawilebis radialuri funqcia. 

gamokvleuli iqna meTanis JangviTi piroliziT (mJp) [7], benzolis eleq-
trokrekingiT (bek) [8], benzolis piroliziT (bp), eTilis spirtis piroliziT 
da rkiniT dopirebis (sprkd) gziT miRebuli naxSirbadovani masalebi [9,10]. 
maTi Semoklebuli pirobiTi dasaxelebebia, Sesabamisad: n(mJp), n(bek), n(bp) da 
n(sprkd), romlebSic „n“ niSnavs naxSirbads. 

magaliTisaTvis, benzolisa da spirtis piroliziT naxSirbadebis nano-
fxvnilebis miReba warmoebs da maTi Termuli karbonizacia xdeba uwyveti 
moqmedebis horizontalur reaqtorSi, 500-dan 12000C-mde temperaturebis diapa-
zonSi [9,10].  

sacdeli naxSirbadovani masalebis  struqturis, morfologiis da ato-
muri simkvrivis ganawilebis radialuri funqciis gamokvleva Catarda, Sesaba-
misad, eleqtronul mikroskopze УЭМВ-100К (romelic muSaobda eleqtronog-
rafiis reJimSi), SEM _ maskanirebel eleqtronul mikroskopze JSM 6510 LV 
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(JOEL, iaponia), xolo qimiuri Sedgenilobis gaanalizeba ki oJe-eleqtronul 
speqtroskopze LAS-2000 (Riber, safrangeTi). naxSirbadebis nimuSebis gamokvle-
vebi ganxorcielda struqturuli kvlevebis respublikur centrSi (stu). 

kvlevis Sedegebi warmodgenilia cxr. 1, 2 da nax. 1_8. 
dadgenilia (cxr. 1, nax. 1, 2), rom sacdel naxSirbadovan masalebSi nax-

Sirbadis elementuri Semcveloba aRemateba 96%-s. isini Seicaven aseve wyal-
bads, gogirds da Jangbads umniSvnelo raodenobiT. gamonaklisia naxSirbadi 
n(sprkd), romelic Seicavs naxSirbads da rkinasac (romelmac almasis nanok-
ristalebis tribosinTezis dros, didi albaTobiT, SeiZleba Seasrulos e.w. 
katalizatoris roli).  

 
cxrili 1. sacdeli naxSirbadovani masalebis daxasiaTeba 

 
Sedgeniloba, dispersulobis 

xarisxi da struqtura 
dasaxeleba 

n(mJp) n(bek) n(bp) n(sprkd) 
elementuri 

Sedgeniloba, mas.%:   C 

Fe 

H 

S 

O 
 

 
96,13 
- 

2.28 
0,01 
1,49 

 
96,81 
- 

1.93 
0,01 
1,20 

 
96,62 
- 

1.98 
0,01 
1,25 

 
90,40 
9,6 
- 
- 
- 

nanonawilakebis saSualo zoma, nm 20-50 20-50 20-50 20-50 
struqtura amorfuli amorfuli amorfuli amorfuli 

 
cxrili 2. naxSirbadovani masalebis atomuri simkvrivis ganawilebis radialuri  
funqciis gaangariSebis Sedegebi 
 

naxSirbadovani masala 
uaxloesi atomTaSorisi manZilebi, E 
R1 R2 R3 R4 R5 R6 R7 

n (mJp), n (bek) 1,55 2,75 4,10     
almasi 1,54 2,90 3,20 3,53 3,53   
grafiti 1,42 2,45 2,83 3,34 3,63 3,75 4,20 

teqnikuri naxSirbadi (Wvartli)  ПМ-100 1,65 2,90 4,20     

 

 
  
nax. 1. naxSirbadovani masalis n(bp)-is oJe-eleqtronuli speqtrograma; 

C – elementuri naxSirbadi; O – elementuri Jangbadi; S – elementuri gogirdi 
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nax. 2. naxSirbadovani masalis n(sprkd)-is  oJe-eleqtronuli speqtrograma; 
C – elementuri naxSirbadi; Fe – elementuri rkina 

 
 
mikrodifraqciuli (eleqtronografiuli) kvlevis Tanaxmad, miRebuli 

naxSirbadebi aris amorful mdgomareobaSi (nax. 3. a, b). 
 
 

 
 
 

nax. 3. naxSirbadovani masalebis mikrodifraqciuli (eleqtronografiuli) 
gamosaxulebebi: a – n(mJp); b – n(bp) 

 
sacdeli naxSirbadebis morfologiis kvlevam aCvena (nax. 4_7), rom maTi 

fxvnilebi moicaven SemTxveviT ganawilebul da mizidulobis ZalebiT indi-
vidualurad gaerTianebul – elementaruli nawilakebisagan „TviTawyobil“ 
axlo wyobaSi mowesrigebul, saSualod 20_50 nm diametris mqone nanoaglome-
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ratebs, anu nanonawilakebs. amasTan, Tu nanofxvnilebi sinTezirebulia reaq-
torSi rkinis firfitis zedapirze normaluri atmosferuli wnevis qveS, 
nanonawilakebi warmoadgenen rkinis oqsidis klasterebs (birTvis saxiT), 
romlebic dafarulia naxSirbadis SriT (garsis saxiT). 

 
 

  
a b 

 
nax. 4. naxSirbadovani masalebis rem-gamosaxulebebi: 

a – n(bek); b – n(mJp) 
 
 
sakvlevi naxSirbadovani masalebis amorfulobisa da nanodispersulo-

bis maRali xarisxi, didi albaTobiT, mianiSnebs maTi e.w. „uwonasworobis“ ma-
Rali donis Sesaxeb. Sesabamisad, mizanSewonilia maTTan mimarTebaSi teqnikuri 
naxSirbadis (Wvartlis) struqturis ukve cnobili Taviseburebebis ganxilva. 

 
 

 

 

nax. 5. naxSirbadovani masalis n(sprkd)-is rem-gamosaxulebebi 
 
 
Wvartlis nawilakebi Sedgeba mcire zomis kristalitebisagan (nax. 6) 

[11]. nawilakebis saSualo diametri Wvartlebis cnobili nairsaxeobebisaTvis 
300-dan 0,01 mkm-is farglebSi icvleba. 
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nax. 6. teqnikuri naxSirbadis (Wvartlis) struqtura 
 
nawilakebi xasiaTdebian e.w. turbostratuli (mouwesrigebeli) struq-

turiT. nawilakis zedapiridan centrisaken kristalitebis urTierTganlage-
bis mouwesrigebloba izrdeba, xolo simkvrive mcirdeba. gansakuTrebiT unda 
aRiniSnos, rom kristalitebis mouwesrigebloba aseve izrdeba  nawilakebis 
zomis SemcirebasTan erTad. 

Wvartlis struqturis TaviseburebaTa da sacdeli naxSirbadebis amor-
fulobisa da dispersulobis SedarebiT maRali xarisxis urTierTSejereba 
miuTiTebs nanodispersuli amorfuli naxSirbadebis uwonasworo (metastabi-
luri) mdgomareobis ufro maRal xarisxze da, Sesabamisad, maRal unarze _ 
xaxunis procesSi ganicados polimorfuli gardaqmnebi da warmoqmnas zedapi-
ruli meoradi struqtura, romelic fazebis saxiT Seicavs naxSirbadis ener-
getikulad ufro stabiluri („wonasworebuli“) struqturebis mqone grafi-
tisa da almasis nanonawilakebs. 

aRniSnul versias ufro metad amyarebs sakvlevi naxSirbadebis atomuri 
simkvrivis ganawilebis radialuri funqciis gaangariSebis Sedegebi (nax. 7, 
cxr. 2), ramdenadac, aRniSnuli maCveneblis mixedviT, naxSirbadovani masalebi 
ufro axlosaa almasTan.  

 

 
  

nax. 7. maRaldispersuli amorfuli naxSirbadis atomebis 
radialuri ganawilebis mrudebi:  

1 _ n(mJp), n(bek); 2 _ ПМ-100 
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zemoaRniSnuli safuZvlianad adasturebs, rom tribosinTezirebuli 
almasis nanokristalebis Semcveli maRalefeqtiani meoradi zedapiruli 
struqturis Seqmnis unari ganapirobebs aRniSnuli naxSirbadebis fuZeze 
maRali tribologiuri Tvisebebis mqone mravalfunqciuri SemzeTi masalebis 
damuSavebis SesaZleblobas. 

 
2. xaxunis kvanZebis moxaxune sxeulebis masalis struqturis kvleva 
Cvens mier almasis nanokristalebis trizosinTezis efeqti dafiqsire-

bulia xaxunis kvlevebisaTvis gankuTvnili specialuri manqanebisa da avtomo-
bilebis agregatebis xaxunis kvanZebis muSa sxeulebis (detalebis) zedapi-
rebze. aseTi kvanZebisTvis damaxasiaTebeli xaxunis saxeebia – sriali, gorva 
da gorva-srialiT, rodesac adgili aqvs ZiriTadad elastohidrodinamikur 
SezeTvas. 

aRniSnulis gaTvaliswinebiT, almasis nanokristalebis trizosinTezis 
procesis Semdgomi ufro Rrma kvlevebisaTvis SerCeul iqna sazeTi masalebis 
SemzeTi (srialis xaxuni), pitingsawinaRo (xaxuni gorva-wasrialebisas) da 
antifriqciuli (xaxuni gorva-srialisas) Tvisebebis sakvlevi manqanebis 
xaxunis kvanZebi, xolo maTi detalebis masalad – burTulebisaTvis foladi 
ШХ-15, diskosaTvis foladi 45, xolo xundisaTvis foladi 45 da Tuji СЧ-20. 

axali (aranamuSevari) moxaxune sxeulebis masalis struqtura naCve-
nebia nax. 8-ze.  

 
 

   
a b g 

    
nax. 8. axali (aranamuSevari) burTulis (foladi ШХ-15) rem-gamosaxulebebi: 

a – zedapiri; b – zedapiri (naxSirbadis K-rentgenul gamosaxulebaSi); 
g – zedapiri burTulis WrilSi (naxSirbadis K-rentgenul gamosaxulebaSi) 
 
 
daskvna 
almasis nanokristalebis trizosinTezisaTvis saWiro naxSirbadovani 

da  muSa sxeulebis Tvisebebis, kvlevis Tanamedrove meTodebis gamoyenebiT, 
Seswavlis Sedegad dadgenili iqna, rom: 

1. meTanis JangviTi pirolizis, teqnikuri benzolis eleqtrokarboniza-
ciiT da piroliziT, aseve eTilis spirtis paroliziT da rkiniT dopirebis 
gziT damzadebuli naxSirbadovani masalebi xasiaTdebian nanodispersulobis 
da amorfulobis mniSvnelovani maRali doniT. 

2. SerCeuli xaxunis kvanZebis muSa sxeulebis masalebi xasiaTdebian 
maTi sawyisi mdgomareobis standartis Sesabamisi struqturiT. 
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SUMMARY 

STUDY OF CARBON MATERIALS AND MATERIALS OF RUBBING BODIES REQUIRED FOR 
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Abramishvili G.S., Gelashvili O.G., Iosebidze D.S., Eristavi B.G., Diasamidze N.N. and Khvedelidze M.T. 

Georgian Technical University 

In the work the results of the research of the structures of carbon materials and the material of bodies is 

presented (with regard to the conditions of tribosynthesis of diamond nanocrystalles). 
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almasis nanokristalebis tribosinTezisaTvis saWiro amorfuli 

nanodispersuli naxSirbadebis Semcveli modeluri zeTebis reologiuri 

da triboteqnikuri  Tvisebebis kvleva 

 
abramiSvili g.s., iosebiZe j.s., fridonaSvili d.n., diasamiZe n.n.,  

xvedeliZe m.t., salaZe c.m. 
 

saqarTvelos teqnikuri universiteti 
 
Sesavali 
Cvens mier dafiqsirebuli iyo maRaldispersuli amorfuli naxSirbadis 

Semcveli sazeTi masalebis areSi momuSave detalebis moxaxune zedapirebze 
axali tipis meoradi heterogenuli struqturuli zedapiruli Sris warmoq-
mnis movlena. manamde cnobili meoradi struqturebidan gansxvavebiT, igi 
Seicavs amorfuli naxSirbadis, grafitis da mikroalmasebis disipatiurad-
mowesrigebul fazebs [1-3]. aqamde Seswavlili iqna ZiriTadi warmoqmnili sam-
faziani meoradi Sris triboteqnikuri  efeqtianoba [1-6, 12-14]. 

mocemuli naSromis mizans warmoadgens amorfuli nanodispersuli 
naxSirbadebis Semcveli modeluri sazeTi masalebis reologiuri (siblante-
temperatoruli) da triboteqnikuri (cveTasawinaRo, antifriqciuli) Tvisebe-
bis kvleva, naxSirbadis tribosinTezis gziT almasis nanokristalebad gar-
daqmnis Teoriuli safuZvlebis damuSavebasTan mimarTebaSi. 

 
ZiriTadi nawili 
1. modeluri sazeTi masalebis nimuSebis damzadeba amorfuli nano-

dispersuli naxSirbadebis fuZeze 
aRniSnuli  naxSirbadebi gamoirCevian dispersulobis da amorfulobis 

maRali xarisxiT. modeluri sazeTi masalebi damzadda amorfuli nano-
dispersuli naxSirbadebis fuZeze, romlebic miRebuli iqna meTanis JangviTi 
piroliziT (mJp) [7], benzolis eleqtrokrekingiT (bek) [8], benzolis piroli-
ziT (bp) [9,10], eTilis spirtis piroliziT da rkiniT dopirebiT (sprkd) [9]. 
maTi Semoklebuli pirobiTi dasaxelebebia, Sesabamisad: n(mJp), n(bek), n(bp) da 
n(sprkd), romlebSic „n“ niSnavs naxSirbads. 
        cnobilia, rom nawilakTa zomebis SemcirebiT izrdeba mizidulobis 
van-der-vaalsis Zalebic, romlebic iwveven maT koagulacias. ase, magaliTad, 
0,1 mkm diametris mqone nawilakebisTvis mizidulobis energia 100_200-jer 
aRemateba Tburi moZraobis energias kT (k _ bolcmanis mudmiva, T _ absolu-
turi temperatura) [2]. magram koloiduri nawilakebi ver koagulirdebian, Tu 
maT zedapirze adsorbilebulia Sesabamisi zedapirulad aqtiuri nivTiereba - 
zan (romelic ganapirobebs nawilakebs Soris ganzidvas), aseT zan-s stabi-
lizators uwodeben. efeqtiani stabilizatoris SerCevis SemTxvevaSi, rac 
ufro metia naxSirbadis amorfulobis da dispersulobis xarisxi, miT ufro 
gaadvilebulia Sesabamisi suspenziuri zeTis maRali koloiduri mdgradobis 
(stabilurobis) miRweva [2]. cxadia, am mxriv, sakvlev naxSirbadebs didi upi-
ratesoba gaaCniaT, Tu optimalurad iqneba SerCeuli Sesabamisi sabazo zeTi, 
stabilizatori da suspenziis damzadebis meTodi. 

aRniSnulTan mimarTebaSi, dasaxelebuli naxSirbadebis fuZeze modelu-
ri suspenziuri sazeTi masalebis maRali koloiduri (agregatuli da sedi-
mentaciuri) stabilurobis misaRwevad, mravalricxovani eqsperimentuli kvle-
vebis Sedegad, optimalur sabazo zeTad iqna miCneuli industriuli zeTi            
И-12А, ramdenadac, sxva sabazo zeTebTan (И-50, SAE 40, M8B da sxv.) SedarebiT, 
am zeTSi met efeqtianobas amJRavneben stabilizatorebi (oqtadecilamini, 
dneproli, КП, С-5А, Акор-1, xolo optimalur stabilizatorad – sakonserva-
cio danamati Акор-1 [4,11]. aseve suspenziuri modeluri sazeTi masalebis mom-
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zadebisaTvis, SerCeuli iqna gorgolaWebiani homogenizatori, romelsac, 
damzadebuli suspenziis xarisxiTac da warmadobiTac, upiratesoba gaaCnia 
cnobil burTulebian da ultrabgeriT SemrevebTan SedarebiT [2,11]. 

momzadebuli modeluri suspenziebis Semowmeba mimdinareobda sedimen-
taciur mdgradobaze, rac SeiZleba CaiTvalos suspenziuri zeTis erT-erT 
umniSvnelovanes saeqspluatacio Tvisebad, ramdenadac masSi dispersuli fa-
zis – naxSirbadis daleqvis SemTxvevaSi, suspenziuri zeTi kargavs naxSir-
badis moqmedebis meqanizmiT (e.i. moxaxune detalebis muSa zedapirebze alma-
sis da grafitis nanonawilakebis fazebis tribosinTeziT) ganpirobebul tri-
boteqnikur efeqtianobas. rac Seexeba agregatul stabilurobas (e.i. naxSir-
badis nawilakebis konglomeratebad agregirebisadmi „winaaRmdegobis“ unars), 
marTalia misi amaRleba sedimentaciur mdgomareobas amaRlebs, magram igi ga-
regnulad da Tanac iribad mainc sedimentaciuri mdgradobis saxiT vlindeba. 

aRsaniSnavia, rom Cvens mier SerCeuli zeTebis muSaobis realur 
pirobebTanaa miaxloebuli homogenizatorSi suspenziuri zeTis damzadebis 
teqnologiuri sqema (naxSirbadis nawilakebis dispergireba gorgolaWebis 
moxaxune zedapirebs Soris, suspenziis Sereva-cirkulacia, cveTis produqte-
bisagan gawmenda). 

kvlevis Sedegebis Tanaxmad, homogenizatoris muSaobis optimaluri pa-
rametrebia: sakisrebis brunvis sixSire n=1500 wT-1, RerZul datvirTva P=200 n 
da homogenizirebis xangrZlivoba t=15 wuTs [11]. 

imis gaTvaliswinebiT, rom manqanaTa xaxunis kvanZebisaTvis gankuTvnil 
suspenziur zeTebSi mizanSewonilia naxSirbadebis koncentracia iyos 1-dan 
5%-mde zRvrebSi [2], Sesabamisad, modeluri sazeTi masalebic damzadda 
naxSirbadebis 1-5%-iani suspenziebis saxiT. 

modeluri zeTebis nimuSebis sedimentaciuri mdgradobis gansazRvra 
xdeboda 18 sm simaRlis sazom minis cilindrebSi moTavsebuli suspenziebSi 
naxSirbadis fazis zeda zRvaris garkveuli drois ganmavlobaSi daleqvis 
simaRlis sididiT (mm-Si), misi gazomvis cdomileba ar aRemateboda 5%-s. 

 
cxrili 1. zeTSi n(bek) da n(sprkd)-is 1, 3 da 5%-iani suspenziebis sedimentaciuri 
mdgradoba 

 

suspenziis zeda 
zRvaris dawdomis 

dro, sT 

suspenziis zeda zRvaris dawdomis simaRle, mm 
naxSirbadis Semcveloba, % 

1 1 3 5 

Акор-1-is Semcveloba, % 
0 3 9 15 

1 sT 
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Catarebuli kvlevebis Sedegad, dadgenilia iqna, rom naxSirbadebis – 

n(mJp), n(bek), n(bp) da n(sprkd)-is 1, 3 da 5%-iani modeluri suspenziebi sabazo 
zeTTan И-12А warmoadgenen sedimentaciurad (da, Sesabamisad, aseve agregatu-
lad) sakmarisad stabilur sistemebs, ramdenadac maT sinjebSi naxSirbadis 
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nanonawilakebis fazis zeda zRvari 1 Tvis ganmavlobaSi ar ileqeba imdenad, 
rom suspenziis gayofis zRvari gamoCndes. amasTan, modeluri suspenziebis 
yvela nimuSi garegnulad (vizualurad) inarCunebs erTgvarovnebas (homogenu-
robas) da ar warmoqmnis naleqs, rac kargad Cans magaliTisaTvis motanili 
cxr. 1-dan. 

 
2. modeluri sazeTi masalebis nimuSebis siblante-temperaturuli  
Tvisebebis kvleva 
amorfuli nanodispersuli naxSirbadovani masalebis Semcveli suspen-

ziuri zeTebis nimuSebis siblante-temperaturuli Tvisebebi Seswavlil iqna 
rotaciur viskozimetrze „reotesti“ (germania), temperaturebis +100-dan            
+200C-mde diapazonSi. kvlevis Sedegebi warmodgenilia cxr. 2 da 3. 

Tavidanve unda aRiniSnos, rom temperaturisagan damokidebulebiT, rac 
ufro naklebad icvleba modeluri zeTis siblante da Tanac siblante aris 
SeZlebisdagvarad minimaluri sididisa, didi albaTobiT, zeTis naxSirbado-
vani faza ufro metad daeqvemdebareba xaxunis procesSi polimorful 
gardaqmnebs, rac ganapirobebs tribosinTezirebuli almasis nanonawilakebis 
Semcveli zedapiruli meoradi struqturebis efeqtianad warmoqmnas. 

aRniSnulTan mimarTebaSi perspeqtiulad unda iqnes miCneuli sabazo 
zeTis (И-12А)-s da naxSirbadebTan misi suspenziebis siblante-temperaturuli 
Tvisebebi (cxr. 2), ramdenadac maTi siblante, temperaturisagan damokidebu-
lebiT SedarebiT naklebad icvleba da, rac mTavaria, Tavad siblantis 
sidideebi aris yovelTvis SedarebiT mcire. 

rogorc cxr. 2 da 3 monacemebidan Cans, naxSirbadebis da Акор-1-is kon-
centraciebis erTdroulad (dadgenili TanafardobiT) gazrdisas, suspenziuri 
modeluri zeTebis siblante matulobs, magram siblantis temperaturisagan 
damokidebulebis, И-12А-Tvis damaxasiaTebeli, kanonzomiereba praqtikulad 
TiTqmis ar icvleba. amasTan, modeluri zeTebis siblante bevrad naklebia 
Sesabamisi sasaqonlo zeTebis siblanteebze. magaliTad, modeluri suspen-
ziebis siblante 20 da 100 0C temperaturaze aris 120_139 da 6,2_6,8 mpa.wm, xolo 
sasaqonlo zeTis CASTROL 140-saTvis – 630 da 10,3 mpa.wm (cxr. 3). 

 
cxrili 2. komponentebis gavlena modeluri suspenziuri zeTebis 

siblante-temperaturul Tvisebebze 
 

zeTebis dasaxeleba 
dinamikuri siblante, mpa.wm 

100°С 50°С 30°С 

zeTi И-12А danamatebis gareSe 3,3 14,1 35,1 

+3%Акор-1+n(mJp), n(bek), n(bp) an  n(sprkd) 
1% 4,6_5,2 16,5_17,2 47,9_53,3 
3% 4,8_5,5 17,1_17,9 50,3_56,1 
5% 5,0_5,6 18,3_19,0 53,1_57,5 

+9%Акор-1+igive: 
1% 5,2_5,7 18,3_22,1 48,3_54,7 
3% 5,5_5,8 19,8_22,8 56,1_69,3 
5% 5,6_6,2 21,3_23,1 67,0_85,1 

+15%Акор-1+igive: 
1% 5,5_5,8 22,1_23,8 54,3_60,7 
3% 5,8_6,0 23,2_24,9 67,7_75,9 
5% 6,2_6,8 28,5_30,7 81,9_87,6 
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cxrili 3.  modeluri da sasaqonlo zeTebis siblante-temperaturuli Tvisebebi 
 

zeTebis dasaxeleba 
dinamikuri siblante, mpa.wm 

temperatura ° C 
20 40 60 80 100 

И-12А+5% n(mJp),n(bek), an  
n(sprkd)+15% Акор-1 

120_139 47_55 21_28 13_18 6,2_6,8 

Castrol 140 630 170 59 22 10,3 
MOBILLE 80W90 1000 220 91 48 24,1 

 
 
3. modeluri sazeTi masalebis nimuSebis triboteqnikuri Tvisebebis 

kvleva 
gamokvleuli iqna modeluri nimuSebis cveTasawinaRo, aglejasawinaRo, 

pitingsawinaRo da antifriqciuli Tvisebebi.  
cveTa- da aglejasawinaRo Tvisebebi Seswavlili iqna xaxunis oTxbur-

Tulian manqanaze (burTulebi damzadebulia foladisagan ШХ-15), parale-
luri gamocdis Sedegebis gadaxra qveda burTulebis cveTis kvalis saSualo 
diametrTan mimarTebaSi ar aRemateba ±2,5%-s. 

 kvlevis Sedegebis Tanaxmad (cxr. 4), oTxburTulian xaxunis manqanaze 
10-wamiani gamocdebis mixedviT, datvirTvaTa diapazonSi 200_4000n, cveTasa-
winaRo Tvisebebisa da zRvruli datvirTvebis maCveneblebis (dcv _ cveTis kva-
li, Pkr da PS _ kritikuli da SeduRebis RerZuli Zalebi) sididiT n(mJp), 
n(bek), n(bp) da n(sprkd)-is 5%-iani suspenziuri sazeTi nimuSebi praqtikulad 
erTmaneTis tolfasia, amasTan, isini triboteqnikuri maCveneblebiT TiTqmis 
sasaqonlo satransmisio zeTebis (ТСп-15К, ТАп-15В) donisaa. aRsaniSnavia, rom 
2% nanodispersuli naxSirbadebis damatebiT, mniSvnelovnad umjobesdeba 
aRniSnuli sasaqonlo zeTebis zRvruli datvirTvis maCveneblebi. 

 
cxrili 4. modeluri sazeTi masalebisa da sasaqonlo saavtomobilo satransmisio 
zeTebis triboteqnikuri maCveneblebi (Pkr, PS, dcv), cdis xangrZlivobisas - 10 wm 
 

zeTis dasaxeleba 
triboteqnikuri Tvisebebi 

Pkr, n PS, n dcv, n 

И-12А+5% n(mJp) + 
15%Акор-1 

750 3550 0,81 

И-12А+5% n(bp) 
+15%Акор-1 

750 3450 0,80 

И-12А+5% n(bek) 
+15%Акор-1 

770 3500 0,82 

И-12А+5% n(sprkd) 
+15%Акор-1 

750 3400 0,81 

ТСп-15К 890 3150 0,55 

ТСп-15К+2% n(mJp) 1250 4000 0,60 

ТСп-15К+2% n(bp) 1100 3550 0,68 

ТАп-15В 850 3000 0,65 

ТАп-15В+2% n(mJp) 1150 3550 0,68 

ТАп-15В+2% n(bp) 1100 3500 0,70 

GL – 60 (germania) 1000 4000 0,41 

 
aRsaniSnavia agreTve, rom amorfuli nanodispersuli naxSirbadebis 

Semcveli modeluri sazeTi masalebis nimuSebi, didi albaTobiT, moqmedebis 
meqanizmis upiratesobis gamo, qimiurad aqtiuri danamatebis Semcveli sasa-
qonlo zeTebisagan gansxvavebiT, naklebad eqvemdebarebian cveTa- da agleja-
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sawinaRo Tvisebebis gauaresebas cdis dros muSaobis xangrZlivobis da dat-
virTvebis gazrdisas, rac kargad Cans cxr. 4 da 5- is monacemebis SedarebiT. 
 
 
cxrili 5. modeluri sazeTi masalebisa da saavtomobilo sasaqonlo zeTebis 
oTxburTulian manqanaze gamocdebis Sedegebi, cdis xangrZlivobisas – 2 sT 
 

zeTis dasaxeleba 

triboteqnikuri Tvisebebi 

Pkr, n PS, n 
dcv, mm 

P=90 n P=2000 n 

И-12А+15%Акор-1: 
+5% n(mJp) 
+5% n(bek) 
+5% n(bp) 

+5% n(sprkd) 

 
410 
400 
420 
410 

 
2900 
2850 
2850 
2800 

 
0,87 
0,85 
0,86 
0,8 

 
2,7 
2,7 
2,9 
2,8 

ТСп-15К 440 2200 0,70 3,3 

ТАп-15В 410 2200 0,76 3,6 

GL-60 (germania) 470 2800 0,62 3,5 

 
           
cxrili 6. modeluri zeTebis nimuSebis da sasaqonlo zeTebis pitingsawinaRo  
Tvisebebis kvlevis Sedegebi 
 

sacdeli zeTebi saSualo dro τ pitingis 
dawyebamde, wT 

И-12А + 15% Акор-1 62 

igive + 5% n(mJp) 110 
igive + 5%  n(bek) 108 
igive + 5% n(bp) 108 

igive + 5% n(sprkd) 109 
Mobile 80W 90 

Castrol 140 88 
 

modeluri zeTebis nimuSebis pitingsawinaRo Tvisebebi Seswavlili iqna 
xaxunis specialur oTxburTulian manqanaze, RerZuli datvirTvisas P=4500 n 
da brunvis sixSirisas n=1800 wT-1. sacdeli nimuSebis pitingsawinaRo Tvisebe-
bis Sefaseba xdeboda manqanis muSaobis xangrZlivobiT (wT-Si) zeda burTu-
laze pitingis dawyebamde. Sedegebis saSualo kvadratuli gadaxra Seadgenda 
3_5%-s. 

rogorc cxr. 6-is monacemebidan Cans, sakvlevi modeluri zeTebi gamoir-
Cevian maRali pitingsawinaRo efeqtianobiT da am mxriv aRematebian cnobil 
sasaqonlo satransmisio zeTebs _ Mobile 80W da Castrol 140-s. rac Seexeba Tavad 
modeluri sazeTi nimuSebis pitingsawinaRo Tvisebebs, maTi maCveneblebi mci-
red gansxvavdebian erTmaneTisagan da sididiT arian diapazonSi: 108_110 wT. 

modeluri sazeTi masalebis antifriqciuli Tvisebebi gamokvleuli 
iqna xaxunis manqanaze CMT-1. xaxunis kvanZi mocemul SemTxvevaSi warmoadgen-
da nawrTobi foladi 45-sgan damzadebul diskosa da xundis wyvils. 

eqsperimentebis Sedegebis Tanaxmad (cxr. 7), amorfuli nanodispersuli 
naxSirbadebis Semcveli modeluri sazeTi masalebis nimuSebi datvirTvaTa 
sakmarisad did diapazonSi (400_1500n), uzrunvelyofen moxaxune zedapirebs 
Soris xaxunis koeficientis sakmarisad mcire da erTmaneTisagan umniSvnelod 
gansxvavebul sidideebs.  
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cxrili 7.  modeluri sazeTi masalebis nimuSebis da sasaqonlo satransmisio  
zeTebis pitingsawinaRo Tvisebebis kvlevis Sedegebi 

 

zeTebis dasaxeleba 
xaxunis koeficienti f 
RerZuli datvirTva, n 

200 400 600 800 1000 1500 

И-12А + 15% Акор-1+ 5% n(mJp) 
an n(bek), n(bp) an n(sprkd) 

0,08- 
-0,09 

0,16- 
-0,18 

0,19- 
-0,22 

0,20- 
-0,22 

0,31- 
-0,33 

0,35- 
-0,38 

Castrol 140 0,33 0,22 0,24 0,26 0,38 0,45 
MOBILLE 80W 0,11 0,21 0,23 0,25 0,36 0,43 

 
  

amasTan, aRniSnul modelur sazeT masalebs, energiis dazogvis unaria-
nobis TvalsazrisiT, mniSvnelovani upiratesoba gaaCniaT iseTi cnobili 
sasaqonlo satransmisio zeTebis mimarT, rogoricaa Castrol 140 da Mobile 80W. 

 
daskvna 
almasis nanokristalebad amorfuli naxSirbadis trizosinTezis gziT 

gardaqmnis pirobebTan mimarTebaSi naxSirbadis Semcvleli modeluri  saze-
Ti masalebis Tvisebebis, Tanamedrove eqsperimentuli aparaturis gamoyenebiT,  
kvlevis Sedegad dadgenili iqna, rom  damuSavebuli sazeTi masalebis yvela 
nimuSi gamoirCeva maRali koloiduri stabilurobiT, reologiur-triboteq-
nikuri TvisebebiT da SedarebiT mcire siblantiT, rac, didi albaTobiT, 
xelSemwyobia tribosinTezis procesis realizebisTvis. 
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SUMMARY 

STUDY OF RHEOLOGICAL AND TRIBOTECHNICAL PROPERTIES MODEL OILS CONTAINING 

AMORPHOUS NANODISPERSED CARBON, REQUIRED FOR TRIBOSYNTHESIS OF DIAMOND 

NANOCRYSTALS  

Abramishvili G.S., Iosebidze D.S., Pridonashvili D.N., Diasamidze N.N.,  

Khvedelidze M.T. and Saladze Ts.M. 

Georgian Technical University 

In the work the results of the researches of reological and tribotechnical properties of model lubricants, 

elaborated on the basis of amorphous nanodisperse carbons, are presented (with regard to the conditions of 

tribosynthesis of diamond nanocrystalles) 

Keywords: amorphous, nanodisperse, carbon, model lubricant, tribotechnic, rheological, antidanage, 

antifriction, viscosity, temperature.  
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axali cveTamedegi dasaduRebeli danafariani eleqtrodebis 

teqnologiuri maxasiaTeblebi 

 

xuciSvili m.g., dadianiZe g.a., saraliZe b.r. abduSeliSvili i.T. 
 

saqarTvelos teqnikuri universiteti 
f. TavaZis saxelobis metalurgiisa da masalaTmcodneobis instituti 

 
axali cveTamedegi dasaduRebeli masalebis damuSavebis programis far-

glebSi Seiqmna axali danafariani eleqtrodebi.  
f. TavaZis saxelobis metalurgiisa da masalaTmcodneobis institutSi 

damuSavda da damzadebuli iqna ori saxis axali danafariani eleqtrodi. pir-
velSi saSemduReblo mavTulad gamoyenebulia Senadnobi Ni_80%, Cr_20%. xolo 
meoreSi Св-08(ГОСТ 2246 70). dafarvaSi Seyvanilia gansxvavebulad qromis kar-
bidi Cr3C2 aseve eleqtrodis damzadebisas gamoiyeneba kazmi, romlis wonis           
25 %-s emateba Txevadi mina, xolo danarCeni elementebis procentuli Semad-
genloba mocemulia cxrilSi:  

 
       kazmis qimiuri Semadgenloba %-Si 
 

rutili 
qromis karbidi 

kalciumis ftoridi 
ferovanadiumi 
ferotitani 

boris karbidi 
natriumis silicium ftoridi 

marmarilo 
azotirebuli feromanganumi 

spilenZi 
alumini 
grafiti 
kobalti 

ceriumis jgufis iSviaT miwaTa 
liTonebi GeF3, LaF3, NaF3, PrF3, YF3 

rkina 

25_30 
25_30 
20_21 
0,35_0,5 
0,8_1,0 
1,0_1,5 
1,5_2,0 
11_12 
0,3_0,5 
0,3_1,0 
1,0_1,5 
1,0_1,5 
1,0_1,5 
0,5_1,0 

 
danarCeni 

 
danafariani eleqtrodebi damzadebuli iqna presze ГОСТ 9466 – 75-is [1],  

Sesabamisad (sur. 1). 
 

 
 

sur. 1. danafariani eleqtrodebis dasamzadebeli presi 
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danafariani eleqtrodebis nedleulis qimiuri Semadgenloba ar iZleva 
xarisxiani eleqtrodebis warmoebis garantias [2]. xarisxiani eleqtrodebi un-
da akmayofilebdnen mTel rig teqnologiur maxasiaTeblebs [3,4]. 

garda tribologiuri Tvisebebis kvlevebisa mniSvnelovani iyo gamokv-
leuliyo axali cveTamedegi danafariani eleqtrodebis saSemduReblo teqno-
logiuri maxasiaTeblebi. eqsperimentebis dros gamoviyeneT mudmivi denis 
kvebis wyaro P – ARC 840 sur. 2. 

 

 
 

sur. 2. mudmivi denis kvebis wyaro P – ARC 840 
 
damzadebuli danafariani eleqtrodebi iyo mtkice, mkvrivi,  forebis, 

gamonaberebis, koJrebis da bzarebis gareSe. 3 mm diametris eleqtrodebis da-
nafarebi ar irRveoda 1 m simaRlidan, foladis filaze brtylad vardnisas.  
SeduRebis ZiriTadi reJimis parametrebis dacvisas rkali advilad aigznebo-
da da stabilurad enTo. 

axali danafariani eleqtrodebis damuSavebisas mniSvnelovania yurad-
Reba mieqces rkalis ganmeorebiT anTebas. rkalis ganmeorebiT anTeba eleq-
trodis teqnologiuri Tvisebaa, uzrunvelyos advilad aRagznos rkali, gaw-
yvetis Semdeg,  liTonTan civi kontaqtis dros. am dros rkalis anTeba xdeba 
eleqtrodis torsis ZiriTad liTonTan Sexebisas dartymis gareSe, anu ar 
unda moxdes eleqtrodis boloSi gaumdnari miliseburi danafaris ngreva [5].   

axali cveTamedegi dasaduRebeli eleqtrodebis ganmeorebiT anTebis 
kvleva xorcieldeboda gaumdnari danafaris miliseburi gamonaSveris torsi-
sa da liTonis firfitas Soris sakontaqto winaRobis saangariSo  mniSvne-
lobiT [6].  

sakontaqto winaRobis saSualo saangariSo mniSvneloba Seadgenda МР-3  
eleqtrodebisaTvis 52, 23 mom-s, xolo eleqtrodebis, sadac saSemduReblo mav-
Tulad gamoyenebulia Senadnobi  Ni_80%, Cr_20%. Seadgenda 51,15 mom-s, xolo 
eleqtrodebis, sadac saSemduReblo mavTulad gamoyenebulia Св-08(ГОСТ 2246 

70).  49,16 mom-s.  
amrigad, SeiZleba davaskvnaT, rom orive saxis axali  eleqtrodebis  

gaumdnari danafarisagan  miRebuli miliseburi gamonaSveri dengamtaria.  aqe-
dan gamomdinare meoradi anTeba  saimedoa. 

danafariani eleqtrodiT SeduRebisas da daduRebisas uaryofiT mxares 
warmoadgens liTonis danakargi gaSxefvasa da amowvaze,  romlis mniSvne-
lobac zogjer Reros 20 %-mde izrdeba.  

gaSxefvis ZiriTad mizezebs warmoadgens: SeduRebis procesis arasta-
biluroba; qimiuri reaqciebis Sedegad gamdnari liTonidan airebis feTqebadi 
saxiT gamoyofa; eleqtrodidan liTonis wveTis gadatanis arastabiluri xa-
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siaTi, roca wveTis momwyveti Zala mimarTulia abazanis miRma da wveTi 
gadaisroleba mis gareT.  

danafariani eleqtrodiT SeduRebisas da daduRebisas danakargi gaS-
xefvasa da amowvaze gamovikvlieT Sesabamisad [5]. orive saxis eleqtrodze 
gaSxefvisa da amowvis damokidebuleba SeduRebis denze mocemulia sur. 3.  

   

 
  

sur. 3.  gaSxefvisa da amowvis damokidebuleba SeduRebis denze: 
1 _ danafariani eleqtrodi, romlis saSemduReblo mavTulad   gamoyenebulia 

Senadnobi  Ni-80%, Cr-20%.   
2 _ danafariani eleqtrodi. romlis saSemduReblo maTulad  gamoyenebulia    

   Св-08(ГОСТ 2246 70). 
 

standartis (ГОСТ 2246 70) Sesabamisad movaxdineT  teseburi SeerTebi-
sas kuTxuri nakeris daduReba da ganvaxorcieleT daduRebis zoli (sur. 4 
da 5 pirveli saxis eleqtrodi).  

 

 
 

 
sur. 4.  tesseburi SeerTebis nimuSi 

pirveli saxis eleqtrodiT 
 

 
sur. 5. daduRebis nimuSi  pirveli saxis 

eleqtrodiT 
 

 suraTebze 6 da 7 Sesabamisad warmodgenilia kuTxuri nakerebisa da 
danaduRebis ganivkveTebis mikroxexebi meore saxis eleqtrodebiT. 
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sur. 6. meore saxis eleqtrodiT 
SeduRebuli  teseburi SeerTebis 
kuTxuri nakerebis  mikroxexi 

 

 
sur. 7. meore saxis eleqtrodiT danaduRs 

mikroxexi 
 

amrigad, orive saxis axali cveTamedegi dasaduRebeli eleqtrodebis 
teqnologiuri maxasiaTeblebi akmayofileben sdandartiT wayenebul  moTxov-
nebs da xasiaTdebian kargi teqnologiuri maxasiaTeblebiT: orive saxis axa-
li eleqtrodebis gaumdnari danafarisagan miRebuli miliseburi gamonaSveri 
dengamtaria. aqedan gamomdinare meoradi anTeba saimedoa; gaSxefvaze da amow-
vaze danakargebi dasaSveb zRvrebSia; danaduRSi ar SeimCneva bzarebi, forebi 
da SeuduRebeli zonebi. 
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SUMMARY 

TECHNOLOGICAL CHARACTERISTICS OF NEW WEAR-RESISTANT 

OVERLAYING ELECTRODES 

Khutsishvili M.G., Dadianidze G.A., Salaridze B.R. and Abdushelishvili I.T. 

Georgian Technical University 

At the coating of new wear-resistant overlaying electrodes, in which the alloy: Ni – 80%, Cr – 20%, and CB-08 

(GOST 224670) is used as the welding cable, the chromium carbide – Cr3C2 is introduced differently. 

Technological characteristics satisfy the standard requirements and are characterized  by good technological 

parameters: the sleeve horn, obtained from unmolten coating of new electrodes of both type, is current-

conducting. Hence, the secondary firing is reliable: the losses on spraying and burning are in permissible range: 

there are no cracks, pores and unwelded zones  in the overlaying welding. 

Keywords: welding, coated electrode, wear-resistant, welding on.  
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samSeneblo seqtorSi Sromis usafrTxoeba  

kovid 19-is pandemiis pirobebSi (aSS) 

 
beraZe l.g. 

 
saqarTvelos teqnikuri universiteti 

  
samSeneblo industria, iseve rogorc yvela sxva biznesi, pandemiis pe-

riodSi cud mdgomareobaSi aRmoCnda. vinaidan es aris biznesi, romelic war-
moadgens erT-erT msxvil damsaqmebelsac da amavdroulad qveynebis biujetis 
msxvil damfinansebelsac, ganviTarebuli qveynebi cdilobdnen SeemuSvebinaT 
iseTi Sromis pirobebi, romelTa meSveobiT daicavdnen usafrTxoebasac da 
amavdroulad, ganagrZobdnen muSaobas. 

korona virusis gavrcelebis ZiriTad gzad ganisazRvra xveleba, cemi-
neba, pirdapiri kontaqti da a.S. am faqtorebidan gamomdinare, amerikis Seer-
Tebuli Statebis daavadebaTa erovnuli centris mier moxda gaidlainebis Ca-
moyalibeba, sadac mTavar punqtad aris gawerili momuSaveebs Soris distan-
ciis dacva, minimum 6 futi. 

amerikis SeerTebuli Statebis garda, gaidlainebi gamoaqveynes Sromis 
saerTaSoriso ogranizaciam, jandacvis msoflio organizaciam da Sromis 
evrokavSiris organizaciam, aseve amerikuli industriebis higienis asociaciam 
[1]. 

amerikis SeerTebuli Statebis daavadebaTa kontrolis erovnuli cent-
ris mier gamoqveynebul gaidlainebSi ZiriTadi yuradReba eTmoba Semdeg mniS-
vnelovan sakiTxebs [2]: 

 momuSaveebi vinc Tavs grZnobs SeuZlod, an raime simptomi aRmoaCndeba, un-
da darCes saxlSi; 

 momuSaveebi, vinc TviTon kargad grZnobs Tavs, magram hyavT avadmyofi oja-
xis wevrebi, unda daemorCilon CDC-is moTxovnebs; 

 momuSaveebs unda hqondeT minimaluri kontaqti sxva adamianebTan; 

 momuSaveebma muSaobis procesSi unda daicvan distancia, minimum 6 futi; 

 regularulad unda moxdes im nivTebis dezinfeqcia, romlebic aris 
saerTo moxmarebis da sxvadasxva momuSaveebi exebian; 

 TiToeul momuSaves unda hqondes individualuri moxmarebis nivTebi; 

 momuSaveebma rac SeiZleba xSirad unda daibanon xeli; 

 momuSaveebisTvis cnobili unda iyos kovid 19-is simptomebi, raTa SeZlon 
dauyovnebliv mimarTon samedicino daxmarebas; 

 xelis dezinfeqcia unda moxdes xsnaris meSveobiT, romelic Seicavs 
minimum 60% alkohols; 

 damsaqmebelma momuSaveebi unda uzrunvelyon specialuri niRbebiTa da fa-
rebiT, romelTa Secvlac SeeZlebaT regularulad. 
amerikis SeerTebuli Statebis industriaTa higienis asociaciam gamoaqveyna 
gaidlainebi kovid usafrTxoebasTan dakavSirebiT [2]: 

 damsaqmebelma unda SeimuSaos kovid usafrTxoebis gegma TiToeuli 
obieqtisTvis individualurad; 

 damsaqmebelma unda waradginos Sesabamis struqturaSi kovid usafrTxoe-
bis gegma, sadac detalurad iqneba gawerili, rogor moxdeba socialuri 
distanciis kontroli, rogor moxdeba higienuri sakiTxebis menejmenti da 
dezinfeqcireba. 

amerikis SeerTebuli Statebis Sromis usafrTxoebis organizaciis mier 
gamoqveynda publikacia, ris mixedviTac, is samuSao adgilebs kovid usafr-
Txoebis TvalsazrisiT hyofs, rogorc dabali riski, saSualo da maRali 



   saqarTvelos sainJinro siaxleni, GEORGIAN ENGINEERING NEWS, #1, 2021  

 

126 

riskis samuSaoebi. samSeneblo biznesi mikuTvnebul iqna saSualo da dabali 
riskis industriad, sadac garkveuli samuSaoebi moiazreba maRali riskis qveS.  

Sromis saerTaSoriso organizaciis mier gamoqveynda wesebi da regula-
ciebi, romlebic unda daicvan samSeneblo seqtorSi momuSaveebma da damsaq-
meblebma. organizaciis mier ganisazRvra, rom TiToeul momuSaves unda gaaCn-
des Tavisi qudi, xelTaTmanebi da niRabi, romlebic iqneba individualuri 
gamoyenebis. 

iq sadac saSualoa virusis gadadebis riski da momuSaveebs metad 
uwevT kontaqti, aucileblad unda moxdes Tvalebisa da saxis dacva. momu-
Saveebma unda ataron fari da aucileblad SeinarCunon distancia 6 futi da 
meti. vinaidan aucilebeli moTxovnaa distanciis SenarCuneba, organizacia 
damsaqmeblebs urCevs, SeiZinon raciebi, romelTa meSveobiTac SesaZlebeli 
iqneba miTiTebebis micema dasaqmebulTaTvis. 

amerikis SeerTebuli Statebis organizaciebis mier gamoqveynebuli Zi-
riTadi gaidlainebis garda, sxvadasxva Statis mTavrobam SemoiRo gansxvave-
buli regulaciebi. es ki ganpirobebuli iyo im faqtoriT, rom sxvadasxva 
StatSi gansxvavebuli iyo kovid gavrcelebis done. 

kentukis StatSi adgilobrivma mTavrobam miiRo gadawyvetileba, rom 
samSeneblo industria ar daeketaT da gaegrZelebinaT muSaoba. maT miiRes ga-
dawyvetileba, rom kompaniebs unda daekmayofilebinaT СDC-is mier gamoqveyne-
buli yvela moTxovna. gansakuTrebuli moTxovna iyo socialur distanciasa 
da dezinfeqciaze. aseve moTxovna iyo, gaezomaT TiToeuli momuSavis tempe-
ratura da SeemowmebinaT misi janmrTelobis mdgomareoba yoveldRiurad[4].  

kentukis Statis mTavrobam gamoaqveyna damatebiTi moTxovnebi samSeneb-
lo biznesisTvis. es moTxovnebi moicavs, momuSaveebis treinings, Seasrulon 
TiToeuli regulacia. amasTanave, momuSaveebis transportireba ar unda mox-
des erTi manqaniT. adgilobrivma mTavrobam akrZala Sekrebebi, Tundac samu-
SaosTan dakavSirebiT. 
  

 
diagrama 1. saavadmyofoebis monacemi momarTvianobasTan dakavSirebiT, kentukis Stati 

wyaro: https://healthdata.gov/Community/COVID-19-State-Profile-Report-Kentucky/rxgn-k38p  

 
rogorc vxedavT, kentukis StatSi mosaxleobis momarTvianoba virusTan 

dakavSirebiT TiTqmis 100%-s aRwevs. aseTi aqtivoba ki imis maniSnebelia, rom 
regulaciebi unda gamkacrdes, rac gaakeTa kidec Statis mTavrobam. 
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pensilvaniis StatSi imdenad didi iyo pandemiis gavrcelebis done, rom 
samSeneblo seqtoric ki gaCerebuli iyo 2020 wlis 19 martidan 1 maisamde. 

adgilobrivma mTavrobam Statis samdivnosTan erTad miiRo gadawyveti-
leba, rom samSeneblo seqtorSi dasaqmebulTaTvis savaldebulo gaexada muSa-
obis procesSi niRbis tareba, maSinac ki rodesac distancia 6 futze metia [4].  

gaidlainebis mixedviT ganisazRvra, momuSaveTa konkretuli raodenoba, 
romelze metic ar SeiZleba daSvebul iqnas samuSao adgilze. aqedan gamom-
dinare, damsaqmeblebs mouwiaT daewesebinaT morigeobiTi samuSao dReebi. 

ohaios StatSi adgilobrivma mTavrobam damatebiTi regulaciebi Semoi-
Ro, manufaqturis, miwodebisa da mSeneblobis biznesisTvis. ohaios Statis 
gaidlainebic Zalian hgavs kentukisa da pensilvaniis Statebis SezRudvebs, 
Tumca naklebad detaluria. moTxovnis mixedviT, momuSaveebi valdebulni 
arian TavianTi temperatura aRricxon yovel dRe, specialurad gankuTvnil 
cxrilSi. 

masaCusetsis StatSi adgilobrivma mTavrobam droebiT SeaCera mSeneb-
lobebi, amasTanave gaCerda samSeneblo nebarTvebis ganxilva da nebarTvebis 
gacema. am dros qalaq bostonis mTavrobam miiRo gadawyvetileba 18 maisidan 
ganeaxlebinaT mSeneblobebi da amasTanave, gaecaT samSeneblo nebarTvebic. 
mTavrobis mier gamoica gaidlaini, romlis mixedviTac kontraqtors unda 
aeRo serTifikati, rom is akmayofilebs kovid 19-is usafrTxoebis wesebs. 
amasTanave, samSeneblo kompaniebi waradgendnen usafrTxoebis gegmas, rogorc 
mTlianad kompaniisTvis, aseve calkeuli proeqtebisTvis [4]. 
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diagrama 2. kovid statistika masaCusetsis StatSi 
wyaro: https://www.mass.gov/info-details/covid-19-response-reporting 

 
masaCusetsi warmoadgens erT-erT yvelaze patara Stats amerikis Seer-

Tebul StatebSi, Tumca am fonze Zalian didi iyo SemTxvevaTa raodenoba 624 
666 pandemiis dawyebidan dRemde. maT Soris gardaicvala 17 aTas adamianze 
meti. es statistika gaxda safuZveli Statis mTavrobisTvis, SeeCerebinaT sam-
Seneblo samuSaoebi. am monacemebiT, yovel 100 000 kacze sikvdilianobis mi-
xedviT, Statma gauswro niu-iorksa da kaliforniasac ki. 
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kaliforniaSi kaliforniis Sromis usafrTxoebis organizaciam daad-
gina damatebiTi regulaciebi. samSeneblo kompaniebs ki mxolod mas Semdeg 
SeuZliaT funqcionirebis gagrZeleba, rac daakmayofileben samSeneblo usaf-
rTxoebis ZiriTad protokols [3]. 

amerikis SeerTebuli StatebisTvis Zalzed mZime Sedegebis momtani aR-
moCnda kovid pandemia. virusma imsxverpla Zalian bevri adamianis sicocxle, 
amasTanave gamoiwvia didi ekonomikuri zarali, rac ganpirobebuli iyo ekono-
mikuri saqmianobis SeCerebiT. am mZime faqtorebis Semsubuqebis mizniT, ro-
gorc centralurma mTavrobam, aseve adgilobrivma mTavrobebma SeimuSaves 
gaidlainebi virusis gavrcelebis Tavidan aridebis mizniT. 
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SUMMARY 

LABOR SAFETY IN CONSTRUCTION SECTOR IN THE CONDITIONS  

OF PANDEMIA OF COVID-19 (USA) 

Beradze L.G. 

Georgian Technical University 

Corona pandemia has horrible results for all countries all over the world. There were some countries in which 

Covid -19 has stopped economic functioning at all. The USA was the country to which economic damage is 

huge and it still continuing. For the reason the central government has established guidelines for different 

business industries to avoid spreading the virus. Construction business is essential for economy, therefore the 

central government and states local governments gave permission to the construction companies to continue 

operating. For avoid spreading the virus, local governments made guidelines stricter.  

Keywords: construction, regulations, Covid-19, pandemia, the USA, government. 
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evropuli ofcionis fasdadebis modelireba 

 

maxaSvili q.a., razmaZe n.g., tyemalaZe g.S., doWviri b.m. 
 

saqarTvelos teqnikuri universiteti 
iv. javaxiSvilis saxelobis saxelmwifo universiteti 

 
 
I. samyaroSi yvelaferi icvleba sivrcesa da droSi. es cvlilebebi, ro-

gorc wesi, SemTxveviT xasiaTs atarebs. magaliTisTvis SeiZleba davasaxeloT 
kargad cnobili brounis moZraoba, fizikuri, qimiuri, biologiuri, samedici-
no, fsiqologiuri da sxva saxis cdebis Sedegebi, nebismieri ekonomikuri maC-
venebeli, finansuri nakadebis maxasiaTeblebi da uamravi sxva cvladi sidide. 
sainteresoa SevniSnoT, rom SemTxveviTi xasiaTis cvladi sididis (SemTxveviTi 
sididis) cxadi analizuri warmodgena funqciis saxiT ar SegviZlia, radgan 
SeuZlebelia calsaxad winaswar ganvsazRvroT, Tu ra mniSvnelobas miiRebs 
cdis Sedegad aseTi cvladi sidide. amitom am cvladebis yofaqcevis anu bune-
baSi mimdinare SemTxveviTi procesebis Seswavla da analizi arsebiTad alba-
Tobis Teoriisa da maTematikuri statistikis meTodebiT xdeba, romlis sagani 
swored am procesebis maTematikuri analizia. aseTi midgoma dRes gamoiyeneba 
mecnieruli kvlevisa da praqtikuli saqmianobis TiTqmis yvela sferoSi.  

II. kargadaa cnobili, rom Tanamedrove sabazro ekonomikaSi centra-
luri adgili fulad-sakredito politikas ukavia. am politikis marTvisa da 
kontrolis ZiriTadi instrumenti finansur bazrebze fasiani qaRaldebiT, 
magaliTad, obligaciebiT, aqciebiT operaciebia. es operaciebi Seicavs gar-
kveul riskebs da saWiroa am riskebis Seswavla da analizi. Tavis mxriv, es 
sakiTxebi miekuTvneba finansebis Teorias, romlis maTematikur problematikas 
ikvlevs bolo aTwleulebSi intensiurad ganviTarebadi stoqasturi finan-
suri maTematika. SevniSnavT, rom aseve garkveul riskebTan aris dakavSirebu-
li sadazRvevo saqme, romlis maTematikur problematikas Seiswavlis sadaz-
Rvevo (aqtuaruli) maTematika. SevniSnavT agreTve, rom fulad-sakredito po-
litikis marTvaSi arsebiTi mniSvneloba aqvs sabanko (safinanso) da sadazR-
vevo institutebis erTobliv saqmianobas.  

finansuri bazrebis struqtura sakmaod rTuli bunebisaa da misi ana-
lizi dakavSirebulia saintereso da metad rTul maTematikur amocanebTan. 
aseTi amocanebia, magaliTad, finansuri bazrebis droSi diskretuli da uwy-
veti modelebis ageba da masSi Semavali parametrebis statistikuri Sefaseba, 
aqciebisa da sxva aqtivebis yidva-gayidvis kontraqtebis (magaliTad, ofcio-
nis, forvardis, fiuCersis) samarTliani fasis dadgena, investoris optima-
luri strategiis ageba, sainvesticio problema, arbitraJi da mravali sxva. 
am amocanebis gadawyveta swored albaTur-statistikuri (stoqasturi ana-
lizis) meTodebis gamoyenebiT xdeba.  

finansuri maTematika ori ZiriTadi mimarTulebisgan Sedgeba: pirveli 
es aris deterministuli anu klasikuri finansuri maTematika, xolo meore -
stoqasturi finansuri maTematika. finansuri procesebis aRmwer deter-
ministul maTematikur modelebSi igulisxmeba droSi cvalebadi finansuri 
nakadebis maxasiaTeblebis momavalSi mniSvnelobebis sruli gansazRvruloba. 
sxvanairad rom vTqvaT, gvaqvs finansuri operaciebis aRmweri formulebi da 
drois n=0 momentSi sawyisi monacemebis safuZvelze momavalSi drois nebis-
mieri n momentisaTvis SegviZlia gamovTvaloT saWiro maxasiaTeblebi. martivi 
da rTuli procentebis gamoyenebiT aseTi gamoTvlebi dakavSirebulia, 
magaliTad, veqselebTan, obligaciebTan, depozitur sertifikatebTan da sxva 
savalo finansur instrumentebTan, agreTve finansur menejmentTan da sxva. 

realur finansur operaciebs, rogorc wesi, Tan axlavs garkveuli 
riski da ganusazRvreloba, romelic am operaciebis maxasiaTeblebze uamravi 
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SemTxveviTi faqtoris (magaliTad, inflaciis, ekonomikuri krizisis, buneb-
rivi katastrofebis) zegavleniT aris gamowveuli. am SemTxvevaSi maxasiaTeb-
lebis droSi momavali mniSvnelobebis calsaxad gansazRvra SeuZlebelia. 
swored am SemTxveviTi faqtorebis gaTvaliswinebiT xdeba finansuri nakade-
bis maxasiaTeblebis Seswavla da analizi finansuri procesebis aRmwer sto-
qastur maTematikur modelebSi. 

naSromSi ganxilulia finansuri bazris da fasiani qaRaldebis prob-
lematika. simartivisaTvis motanilia mxolod or aqtiviani finansuri bazris 
SemTxveva da gadawyvetilia evropuli tipis yidvis standartuli ofcionis 
fasdadebis or nabijiani amocana. SevniSnavT, rom Cven mier Seswavlilia naS-
romSi ganxiluli sakiTxebis analogiuri sakiTxebi mraval aqtiviani finan-
suri bazris SemTxvevaSi [1-4]. 

naSromSi motanili Sedegebi SeiZleba ganzogaddes mravalaqtiviani fi-
nansuri binomuri bazris SemTxvevaSi. 

III.  finansuri (B , S) _ bazris binomuri modeli. zogadi debulebebi 
ganvixiloT finansuri (B , S) _ bazris koqsis, rosis da rubinSteinis 

(krr) binomuri  

  01,1 BBrB nn  >0          (1) 

  0>,1 01 SSS nnn               (2) 

modeli, sadac B=(Bn) obligaciaa (sabanko angariSi), S=(Sn) aqciaa, n= 0,1, 

..., N. saprocento ganakveTi r > 0  mudmivia, xolo ρn damoukidebel da erTnai-
rad ganawilebul SemTxveviT sidideTa mimdevrobaa. amasTan 

    qpaPpb nn  1,  P  

b<r<a<1  

SevniSnoT, rom (1) da (2) modeli anu (B, S) =( Bn, Sn),  n= 0,1, ..., N.     
finansuri bazris binomuri modeli SeiZleba asec Caiweros.  

1 nn rBB          (3) 

1 nnn SS           (4) 

rogorc viciT, evropuli tipis ofcionis fasdadebis amocana nff 
 

gadaxdis funqciiT mdgomareobs SemdegSi:  
ofcionis  CN  samarTliani fasis dadgena; 

minimaluri  *

n  
hejis ageba; 

minimaluri hejis Sesabamisi 
*

nX kapitalis procesis gansazRvra. 

cxadia, minimaluri hejisTvis unda sruldebodes toloba. 

 NNNNNn SfSBX  ***

  

samarTliania Semdegi zogadi debulebebi 
Teorema 1. vTqvaT, vixilavT (1), (2) models da evropuli tipis 

ofcionis gadaxdis  NNN SSSfff ,...,, 10  funqcias. maSin  

  ofcionis samarTliani fasia  

  N

N

N frEC 


1*  

sadac  E* aris zomiT gasaSualoeba. 

 
ab

ar
bPp n




 **         (5) 

  arsebobs TviTdafinansebadi minimaluri  *** , nnn    heji, romlis 

komponentebia: 

1

1

*

1*

*



 


n

nnn
n

B

SX 




, 
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1

*
*




n

nn
n

S

Ba
  

sadac α *

ka  aris F 1kF  -zomadi funqciebi.   

 minimaluri    *** , nnn    hejis Sesabamisi kapitali 

    nn

nN

n FfrEX 
 1  

Teorema 2. vTqvaT, finansuri  (B , S)-bazarze ganixileba evropuli tipis 

ofcioni  NN Sff   gadaxdis funqciiT. maSin samarTliania Semdegi debule-

bebi: 

  ofcionis samarTliani fasia  

     
 pSFrfCC N

N

NN ;1 0  
sadac p ganisazRvreba (5) tolobiT, xolo  

         knkk

n

n

k

knk

n ppCabxfpxF





 111;

1
   (6) 

  minimaluri     , hejis Sesabamisi kapitalis evolucia moicema formuliT. 

     






pSFrX nN

nN

n ;1 0



 
arsebobs minimaluri     ,  heji, romlis komponentebi ganisazRv-

reba formulebiT. 

1

11



 




n

nn
n

B

SX 


 
 

   
     

 abS

paSFpbSF
nN

n n

nnNnnN

r 












 1

11 ;1;1

1
 

IV. koqsis, rosis da rubinSteinis formula  
ganvixiloT (krr) modeli  (1), (2) da evropuli tipis yidvis standartu-

li ofcioni gadaxdis funqciiT, 
 
      (7) 

sadac    0;max xx 


 xolo, K>0  SeTanxmebis (sakontraqto) fasia, anu emiten-

ti valdebulia ofcionis mflobels mihyidos aqcia K fasad drois N 

momentSi. 
(krr) modelSi koqsis, rosis da rubinSteinis mier miRebulia gadaxdis 

(7) funqciis SemTxvevaSi evropuli tipis ofcionis samarTliani fasis 

formula. es formula Sedgeba mxolod modelis sawyisi  pbarSB ,,,,, 00  da 

K  parametrebisgan.  
Teorema 3. (krr) modelSi evropuli tipis yidvis standartuli ofcio-

nis samarTliani fasi gadaxdis (7) funqciiT moicema formuliT, 

       

      kNkN

kk

k

N

N

kN
kNN

kk

k

N

N

N

ppCrK

a

b

r

a
ppSpSFrC













































11

1

1

1

1
1;1

0

0
00

   (8) 

sadac  KSbakk ,,, 000   umciresi mTeli ricxvia, romlisTvisac sruldeba uto-

loba. 

  K>
1

1
0

0

k

N

a

ba
aS 












  

damtkiceba: gadaxdis (7) funqciis SemTxvevaSi gveqneba  

    KSSff NNn
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  K
a

b
aSppCpSF

k

NkNkN

k

k

NN
1

1
1,0max1; 000

   (9) 

SevniSnoT, rom Tu  N>0k ,  maSin   0;0 pSFN  da am SemTxvevaSi 

samarTliani fasia 0NC . Tu Nk 0 , maSin (9)-dan advilad miviRebT 

dasamtkicebel (8) formulas.  
V. yidva-gayidvis paritetis formula  
axla ganvixiloT evropuli tipis gayidvis standartuli ofcioni 

gadaxdis funqciiT. 

    NNN SKSff         (10) 

am SemTxvevaSi ofcionis samarTliani PN fasi SeiZleba vipovoT (8) 
formulis gamoyenebiT.  PN-is formulas yidva-gayidvis paritetis formula 
ewodeba.  samarTliania Teorema3- is  

Sedegi 1. evropuli tipis gayidvis standartuli ofcionis samarTliani 
PN  fasi gadaxdis (10) funqciiT gamoiTvleba formuliT. 

 

      N

NN rKSCP


 10     
(11) 

damtkiceba: gvaqvs  

    KSKSSK NNN  0,max,0max . 

amitom  

        N

N

N

NN

N

N rKSrECSKrEP
  11,0max1  

axla, Tu SevniSnavT rom   SrSE
N

N

  1 maSin miviRebT dasamtkicebel 

(11) formulas.                    
VI. mopasuxe portfelis principi. minimaluri heji  
minimaluri hejis asagebad gamoiyeneba e.w. mopasuxe portfelis prin-

cipi, romelic SedegSi mdgomareobs: vTqvaT, drois n momentSi investoris 

 nn  , portfelis Sesabamisi kapitalia  

nnnnn SBX    

saWiroa avagoT iseTi  π  111 ,   nnn  portfeli, rom drois n momentSi 

misi Sesabamisi kapitali 

nnnnn SBX 11            (12) 

 drois (n+1) momentSi toli unda iyos  

 111111   nnnnnn SfSBX        (13) 

sididis, sadac  nSff  gadaxdis raime funqciaa, n=0,1,...,N. (1), (2) mode-

lis SemTxvevaSi ucnobi 1n  
da 1n parametrebisaTvis (13) tolobidan  mivi-

RebT orucnobian wrfiv gantolebaTa  

      nnnnn SbfSbBr   111 1111   

sistemas,  romlis 

1n  da  1


n  amonaxsni moicema  

                             

         
   n

nn
n

Babr

SbfaSafb







1

1111
1      (14) 

     
  n

nn
n

Sab

SafSbf






 11
1           (15) 
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formulebiT, drois momentSi gveqnebaπ    NNN  ,  portfelis Sesaba-

misi kapitali. 

 NNNNNn SfSBX  





  

amrigad, mopasuxe portfelis principiT agebuli     ,  portfeli 

aris minimaluri heji. advili Sesamowmebelia, rom is TviTdafinansebadi 
strategiaa.  

Tu (14) da (15) sidideebs SevitanT (12) tolobaSi 1n  da 1n  sididee-

bis magivrad, maSin advilad miviRebT 


NX  kapitalis  

 
 

warmodgenas, sadac martingaluri p  warmodgena ganisazRvreba (5) tolobiT. 

VII. rekurentuli formulebi  
aqciis fasebis, gadaxdis funqciis mniSvnelobebisa da ofcionis samar-

Tliani fasis gamoTvlisTvis gamoiyeneba Semdegi rekurentuli tolobebi: 

 bolo, finaluri n=N  momentSi gvaqvs N+1 mniSvneloba: 

  NjSff jNjN ,...,1,0,,,   

  bolos wina n=N _ 1 momentSi da a.S. 

     1,...,1,0,11 ,1,

1

,1  





 NjfpfprC jNjNjN  

 

 n=N_k  momentSi da a.S 

     kNjCpCprC jkNjkNjkN  







 ,...,1,0,11 ,11,1

1

,  

 

 n=N_N=0 momentSi gamoiTvleba ofcionis samarTliani fasi. 

      ,11 0,11,1

1

0,0 CpCprfCCC nN


     (16) 

VIII. binomuri xeebi  
(16) tolobebis gamoyenebiT, xSirad, TvalsaCinoebis mizniT, ageben e.w. 

binomur xeebs. magaliTad, ofcionis fasdadebis ornabijian amocanaSi 
binomur xes eqneba saxe: 

 
ornabijiani binomuri xe 

 
naxazze  moyvanilia Semdegi sidideebi  

   0.20.2

2

00.2 ,1 SffaSS   

    1.21.201.2 ,11 SffabSS   

   2.22.2

2

02.2 ,1 SffbSS   

 ,100.1 aSS   

          nnN SafpSbfprX  

1111
1
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 ,101.1 bSS   

    0,21,2

1

0.1 11 fpfprC 
     (17) 

    1,22,2

1

1.1 11 fpfprC 
        (18) 

xolo ofcionis samarTliani fasia 

      0,11,1

1

22 11 CpCprfCC 
          (19) 

IX. evropuli tipis standartuli ofcioni. 
binomuri  (B , S) - bazris sawyisi monacemebia: 

100,
6

3
,

5

2
,100,

5

1
,20 00  KbaSrB . 

gadawyviteT yidvis standartuli ofcionis ornabijiani amocana da  
 
                                                                           
 
ganixileT SemTxveva        
 
 
 

 
 
 
 

 drois n=2 momentSi binomuri xis sam finalur (bolo) kvanZSi aqciis 
SesaZlo fasebis da gadaxdis funqciis mniSvnelobebisaTvis gveqneba: 

    36
5

3

5

8
10011

20
20

00.2 















 abSS  

   96
5

3

5

8
1001101.2  abSS  

    256
5

3

5

8
10011

02
02

02.2 















 abSS  

      00,10036max0,max 0.20.20.2  KSSff , 

      00,10096max0,max 1.21.21.2  KSSff , 

      1560,100256max0,max 2.22.22.2  KSSff  

drois n=1 momentSi Sesabamis or kvanZSi gveqneba: 

     00
5

2
0

5

3

6

5
11 2,21,2

1

0.1 







 

fpfprC  

     780
5

2
156

5

3

6

5
11 1,22,2

1

1.1 







 

fpfprC  

xolo samarTliani fasia 

     390
5

2
78

5

3

6

5
11 0,11,1

1

2 







 

CpCprC

 
amrigad, ornabijian binomur xes eqneba Semdegi saxe: 
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gvaqvs: 

   

   20

39

201
5

6

78
5

3
0

5

8

1

11

0

1,10,1

1 











Babr

CaCb
 , 

  50

39

10001

078

0

0,11,1

1 










Sab

CC
  

amrigad miviReT π   







 

50

39
,

20

39
, 111  . am portfelis Sesabamisi kapi-

tali n=0 momentSi.  

39100
50

39
20

20

39
01010  

SBX   

Semdeg gvaqvs  

   

   4

13

241
5

6

156
5

3
0

5

8

1

11

1

2,22,1

2 











Babr

faCb
 , 

  40

39

1601

0156

1.1

1.12.2
2 











Sab

ff
  

amrigad, miviReT π   







 

40

39
,

4

13
, 111  . am portfelis Sesabamisi kapi-

tali n=1 momentSi.  

78160
40

39
24

4

13
1.12121  

SBX   

Semdeg gvaqvs  

   

   4

13

241
5

6

156
5

3
0

5

8

1

11

1

2,22,1

2 











Babr

faCb
 , 

  40

39

1601

0156

1.1

1.12.2
2 











Sab

ff
  

IX.I. vTqvaT, 2562,22  SS obligaciis fasia  

 
5

144
24

25

6
1 12  BrB  

aseT SemTxvevaSi  

156256
40

39

5

144

4

13
2 
X  
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rac zustad pasuxobs ofcionis valdebulebas  ƒ   1562,22,2  Sff ,  

emiteti gayidis 
40

39
 aqcias da miiRebs  

5

1248
256

40

39
 -is tol Tanxas. am 

Tanxidan is gaistumrebs 
4

13
 obligaciis vals anu 

5

468

5

144

4

13
 -is tol Tan-

xas, xolo darCenili 156
5

468

5

1248
 -is toli TanxiT Seasrulebs ofcionis 

valdebulebas: ƒ 1562,2 f  

IX.II. vTqvaT  961,22  SS . aseT SemTxvevaSi  

096
40

39

5

144

4

13
2 
X . 

rac zustad pasuxobs ofcionis valdebulebas   01,21,2  Sff ,  

emiteti gayidis 
40

39
 aqcias da miiRebs  

5

468
96

40

39
 -is tol Tanxas. am 

Tanxidan is gaistumrebs 
4

13
obligaciis vals anu 

5

468

5

144

4

13
 -is tol Tanxas, 

xolo ofcionis valdebulebiT is arafers ixdis, radgan  01,2 f . 

SeniSvna: ganvixiloT bolos samaqtiviani finansuri binomuri bazari, 
romelic Sedgeba ori obligaciisgan da erTi aqciisgan.  

  01,1 BBrB nn  >0 r -aris saprocento ganakveTi da     2

12

1

11 11   nnn BrBrB  

xolo aqcia igivea rac ganxilul naSromSi aseT SemTxvevaSi  

2

1

1

1

2

12

1

11










nn

nn
n

BB

BrBr
rr  

 xolo risk-neitraluri zoma  
ab

ar
p n

n



  

SevniSnavT agreTve, rom zemoT motanili Sedegebi samarTliania am 
samaqtiviani finansuri bazris SemTxvevaSic.  
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SUMMARY 

MODELING OF THE PRICING OF EUROPEAN OPTIONS 

Makhashvili K.A., Razmadze N.G., Tkemaladze G.Sh. and Dochvili B.M. 

Georgian Technical University 

Iv. Javakhishvili State University 
It is well known that money-credit politics has a central place in the modern market economy. The instruments 
to manage and control this politic are operations of options of financial market, obligations, promotions. These 
operations include certain risks and it is necessary to study and analyze them properly. Mathematical problems 
of which have been researched by developing intensive Stochastic-Financial Mathematics in recent years.   In 
this paper we discuss problems of financial market and investment securities. For simplicity, we consider the 
case only with two assets of financial market and solved the standard pricing of European options’ two steps task 
with illustrative number example. We will notice that in this  paper,in our studies we also researched the issues 
which are similar to multifunctional financial market.  
Keywords: modeling, pricing, financial market.  
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toqsinebis yofaqcevis regresiuli modelis Sesaxeb 

 

maxaSvili q.a., xeCinaSvili z.j., tyemalaZe g.S., doWviri b.m. 
 

saqarTvelos teqnikuri universiteti 
iv. javaxiSvilis saxelmwifo universiteti 

 
bioqimiur samyaroSi mimdinare procesebi rTuli bunebisaa da saWiroa 

am procesebis adekvaturi aRwera saTanado maTematikuri modelebiT. agebu-
lia magaliTad, qimiuri da biologiuri reaqciebis aRmweri deterministuli 
da stoqasturi modelebi, romelSic arsebiTad gamoiyeneba albaTur-statis-
tikuri meTodebi.  

organizmSi nivTierebis SeRwevadoba gviCvenebs nivTierebis SesaZleb-
lobas SeaRwios cocxal organizmSi. nivTierebisTvis Sesabamisi qulis mini-
WebisTvis viyenebT biokoncentraciis faqtors (BCF), romelsac ganvsazRvravT 
oqtanolis da wyalis ganawilebis koeficientiT (Kow), romelTa Sorisac 
kavSirs amyarebs Semdegi formula  

 

    bKmBCF ow  loglog  

 
biokoncentraciis faqtori (BCF) – sidide, romelic asaxavs cocxal 

organizmSi (Tevzi) nivTierebis dagrovebis unars. miiReba cocxal orga-
nizmSi nivTierebis koncentraciis (mg/kg) SefardebiT nivTierebis koncentra-
ciasTan (mg/l) im garemomcvel garemoSi (wyali), romelSic cocxali 
organizmi binadrobs 

 

)(

)(

waterionconcentrac

biotationconcentrra
BCF   

 
oqtanol/wyali ganawilebis koeficienti – (Kow): ekotoqsikologiuri 

maCvenebeli, romelsac xSirad iyeneben owKlog -s saxiT organuli qimiuri niv-

Tierebebis garemoSi gadaadgilebis Sesafaseblad. asaxavs damokidebulebas 
oqtanolsa da wyalSi ganawilebul nivTierebis raodenobas Soris. ganisaz-
Rvreba oqtanolSi gaxsnili nivTierebis koncentraciis (Coctanol) SefardebiT am 
nivTierebis koncentraciasTan wyalSi (Cwater) 

Cveni kleva exeba wyalSi mcxovreb organizmebs (Tevzebs).  
(Kow)-oqtanolsa da wyals Soris ganawilebis koeficienti nebismieri 

toqsinisaTvis mudmivi sididea da ar aris damokidebuli saxeobaze. gansxva-
vebiT BCF-isgan (biokoncentraciis faqtorisgan), romelic saxeobis mixedviT 
sxvadasxva nivTierebisTvis gansxvavebuli sididea. Cveni mizani aris regre-
siuli analizis gamoyenebiT vaCvenoT, rom am or sidides Soris (BCF-sa da 
Kow) arsebobs wrfivi regresiuli kavSiri. amis saCveneblad aviReT Tevzis 
saxeoba (rainbow trout _ cisartyela kalmaxi) romelTa Sesabamisi BCF-ebi 
garkveuli toqsinebisaTvis cnobilia.  
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triqlormeTani qloroformi CHCl3 1,9 0,78 

oTxqlorovani 
naxSirbadi 

 CCl4 2,79 1,48 

1,2 diqloreTani 
eTilenqloridi 

eTilendiqloridi 
C2H4Cl2, 

CH2ClCH2Cl 
1,48 0,3 

1,1,1,-triqloreTani 
meTilis qloridi, 

qloeTeni 
C2H3Cl3 2,6 0,954 

1,1,2,2-tetraqloreTani 
acetilen 

tetraqloridi 
C2H2Cl4, 

CHCl2CHCl2 
2,39 0,9 

pentaqloreTani 
1,1,1,2,2-pentaqloreTani 

pentalini 
C2HCl5, 

CHCl2CCl3 
3,22 1,826 

heqsaqloreTani 
naxSirbadis 
heqsaqloridi 

C2Cl6,  

CCl3CCl3 
4,14 2,143 

triqloreTileni 
acetilen triqloridi 
eTilen triqloridi 

C2HCl3 2,61 1,23 

tetraqloreTileni 
eTilen tetraqloridi 

perqloreTani 
C2Cl4 3,4 1,69 

1,2-diqlorbenzeni 
o-diqlorbenzeni 

orTo-diqlorbenzeni 
C6H4Cl2 3,43 1,95 

1,3-diqlorbenzeni m-diqlorbenzeni C6H4Cl2 3,52 1,82 

1,4-diqlorbenzeni 
p-diqlorbenzeni 

paradiqlorbenzeni 
C6H4Cl2 3,39 1,78 

akroleini 
2-propenali, 

akrilaldehidi 
C3H4O -0,01 2,54 

2,4 dimeTilfenoli 2,4-qsilenoli C8H10O 2,3 1,18 

dieTilftalati eTilftalati C12H14O4 2,47 2,07 

 
Cvens gantolebebs eqneba saxe  

40,...1loglog  ncKmBCF sowsn n
   bluegill sunfis 

gvaqvs wyvilebis erToblioba 

40,...1; nBCFK now
n

 

bluegill sunfish-is monacemebis erTobliobaze regresiul analizis gamoye-
nebisas miviRebT Semdegs 

  
1. wrfivi gantoleba   

2984,0,1128,12936,0 2  RxY     Y 

2. maCvenebliani gantoleba   

3108,0,1817,1 21331,0  ReY x  

 
naxazze mocemulia gabnevis diagrama, wrfivi da maCvenebliani reg-

resiuli gantolebebis Sesababmisi mrudebi. 
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gabnevis diagrama, wrfivi da maCvenebliani regresiuli  

gantolebebis Sesababmisi mrudebi 
 
 
biokoncentraciis faqtorebs (BCF)  oqtanolis da wylis Sefardebis 

koeficients (KOW) Soris aris Semdegi damokidebuleba 
 

55.02984,0,1128,1log2936,0log 2  rRKBCF ow  

am or sidides Soris arsebobs wrfivi dadebiTi kavSiri. 
saboloo gantoleba, romelic ukve gviCvenebs nivTierebis (toqsikantis) 

organizmSi (bluegill sunfish) SeRwevadobas aris Semdegi. 
organizmSi SeRwevadobis gantoleba 
 

1128,1log2936,0

1128,1log2936,0log

eeBCF

ee

ow

ow

K

KBCF
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SUMMARY 

ABOUT REGRESSIVE MODEL OF TOXICANT BEHAVIOUR 

Makhashvili K.A.,  Khechinashvili Z.J.,  Tkemaladze G.Sh. and Dochviri B.M. 

Georgian Technical University 

Iv. Javakhishvili Tbilisi State University 

In the paper linear and exponential models of the hazard of  toxical compounds are constructed by the use of 

regressive and correlative analysis. Actually mentioned models present the prognostic equations of the hazard of 

toxical compounds. 

Keywords: toxicant, regressive model, regressive and correlative analyses.  
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FREQUENCY OF UNPLEASANT ODOUR IN DRINKING WATER IN SOME  

DISTRICTS OF TBILISI 

 

Gurgenidze D.R., Bagration-Davitashvili A.N., Inashvili I.D., Bziava K.G., Soselia M.T. 

 

 Georgian Technical University 

 
Abstract. In the paper the share of household-communal water demand in the total water supply and its 

necessity is considered and is adjusted that the water supply of the settlement is the main task of any country. 

The Tbilisi Sea is part of the Tbilisi water supply system, in which in some cases the smell of fish was detected 

in the drinking water in the areas that are supplied from this reservoir. Household and communal economy, as a 

water user, has a number of features, which are primarily reflected in the need for water quality - both physical 

properties (temperature, transparency, color, odor, taste) and chemical parameters are the main requirements for 

the presence of pathogenic microbes.  

Keywords: household-communal water, Tbilisi Sea, pathogenic microbes. 

 

Introduction 
The share of household and communal water demand in the total volume of water supply is 

small, but due to its necessity, water supply to settlements is the main task of any country. 
Water Utility supply is directly related to the water consumption of residents of cities and 

urban-type settlements (for drinking, cooking, washing, cleaning buildings and storerooms, etc.), the 
satisfaction of urban household needs (hairdressing salons, laundries, baths, etc.), the area of public 

service (heating network, swimming pools, retail network, street maintenance, etc.); transport and 
construction organizations. Household utilities, as water consumers, have a number of features, which 

are primarily reflected in the need for water quality in terms of physical properties (temperature, 

clarity, color, odour, taste), as well as chemical indicators (acidity, hardness, amount of dry sludge, 
content of lead, arsenic, fluorine, copper and other elements). The main requirement is to determine 

the presence of pathogenic microbes, according to the content of which water is divided into several 
types (healthy, suspicious, unreliable, unhealthy and unusable). 

Artesian waters, located between the waterproof layers, have better physical and chemical 
properties, they are not contaminated with chemicals, as they are less affected by household-

communal and natural-climatic factors. Their quality is better than the quality of surface waters. 
Improvement of surface water quality is carried out by special treatment (water preparation), which 

envisages water filtration, coagulation (for sedimentation of impurities) in accordance with the 
sanitary-hygienic requirements; chlorination or fluoridation (for disinfection); enriched with ammonia 

(to improve taste). 
Rivers, springs and groundwater are the source of drinking and household-communal water 

supply to the populated areas of Georgia. All cities, regional centers and urban-type settlements in 
Georgia are equipped with a centralized water supply system. Tbilisi is the largest water user (53% of 

the total municipal water supply). Water consumption per capita in Tbilisi is about 600 l/per day, but 
at the same time most of the water supply systems are outdated, their efficiency is only 0.3 ÷ 0.4, this 

not only causes the large losses of water, but also increases the risk of drinking water pollution and 

deterioration of its condition. 
Currently, the state of water is assessed according to the following main characteristics: 

1. Maximum Allowable Concentration (MAC) of harmful substances in drinking water 
developed by the country and the World Health Organization (DDC); 

2. Biochemical Oxygen Demand (BOD) 
3. Hydrogen ion concentration (pH) 

4. Water turbidity 
5. The level of pathogenic bacteria, viruses and parasites 

6. Organoleptic properties (effects) of water. 
As is known, the organoleptic properties of water include smell, taste and color. The taste and 

smell in natural waters can be of natural or artificial origin. The odour of natural origin includes: 
earthy, fishy, clayey, hydrogen sulfide, aromatic, swampy, musty, etc (Suffet, I.H.; Khiari, D.; 

Bruchet, A). The odour of artificial origin includes: the smell of chlorine, camphor, pharmacy, 
phenoline, chlorphenoline and petroleum oils. 
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The natural unpleasant odour in water reservoirs is mainly caused by the decomposition 
products of planktonic algal communities, although all organisms may indirectly contribute to odour 

during their death and bacterial degradation. (Tsair-Fuh Lin et.al.) 
Algae belong to the group of primitive plants - mainly single-celled aquatic organisms (Wehr. 

J.D). They multiply by cell division both in water and on land. They live in unstructured soils and 
together with bacteria prepare them for the viability of other plants. Blue-green algae are the most 

abundant aerobic organisms on Earth. They have the ability to synthesize carbon, but they also use 

decomposed organic matter. 
During the period of their mass reproduction, the water turns blue, green and other colors. This 

phenomenon is called water bloom (Wehr. J.D). During the decomposition of blue-green algae, a 
"blue" liquid is released from the cells, water-soluble pigments - bilichromoproteins, accompanied by 

water bloom and a sharp deterioration in quality. 
During the fermentation of algae and the activation of decay processes, the water is saturated 

with toxic substances (phenol, cyanide), attaches oxygen and develops an unpleasant odour, which 
first causes nausea and other hydrobiotics in fish, and then kills them. Water becomes unsuitable for 

drinking and recreation. Biologically contaminated water from decomposed algae can be compared to 
water contaminated with industrial wastewater (Jyothi. K, et. al.)). 

The damage caused by waterlogging is significant in municipal and technical water supply 
systems, as well as in hydroelectric power plants and fish farms. Losses in water supply systems are 

mainly associated with an increase in the amount of consumable coagulants. Excessive blooming in 
some cases excludes the use of water resources for recreation, tourism and sports. 

The organic compounds that give off an unpleasant odour in water are given in the Table 
below. 

 
Table 1. Some substances with an unpleasant odour and their sources of occurrence (Suffet, I.H.; Khiari, D.; 
Bruchet, A) 

 

Substance Odour Source 

Beta-Cyclocitral Fishy Cyanobacteria 

2-trans,4-cis,7-cisdecatrienal Fishy Green algae 

Dimethyl trisulfide Rotten Green algae 

Geosmin Earthy or musty Cyanobacteria 

Trans, trans-2,4-Heptandienal Fishy Green algae 

2-Methylisoborneol (MIB) Earthy or musty Cyanobacteria 

1-Pentene-3-one Fishy Green algae, Cyanobacteria 

2,4,6-Trichloroanisole (TCA) Earthy or musty Cyanobacteria 

Cis-3-Hexen-1-ol Rotten Green algae, Cyanobacteria 

 
The physiological role of these compounds in algae has not been established. It is likely that 

these are pheromones. These substances are formed as algae metabolites and from the damaged cells 
are deposited on the surface of the water reservoir. According to the biological activity of algae, the 

intensity of the water odour also increases, which can reach quite high levels. 

 
  Table 2. Scale for determining odour intensity 

 

Odour Intensity Descritpion Intensity Assessment 

No odour Odour is not felt 0 

Very weak (Odour threshold) Very weak odour 1 

Weak The smell is weak and unpleasant. 2 

Distinct The smell is noticeable and unpleasant. 3 

Strong The smell is harsh, unpleasant and makes this water 

not to drink 

4 

Very Strong The smell is so strong that it is unusable for drinking 5 
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The intensity of the odour is determined organoleptically. The Table below (see Table 2) shows 

the scale for determining odour intensity. 

 

 

Unpleasant Odour in the drinking water supplied from the Tbilisi sea 

 

Tbilisi Reservoir, "Tbilisi Sea", "Samgori Reservoir", is located in eastern Georgia, on the Iori 

plateau, st. 580 meters above sea level in the north-east of Tbilisi. It was created on the site of brackish 

lakes - Avlabari, Ilguniani and Kukia. It has been operating since 1953. It is wide in the north-western 

part, narrow in the south-east. Reservoir length - 8.75 km, maximum width 1.85 km. Its area is 11.6 km2. 

Water volume - 308 mln. M3. The greatest depth is 45 m. Average depth - 26.6 m. The level of the 

reservoir increases in spring, summer and autumn, decreases by 7-10 m due to intensive use of 

irrigation water. The average temperature of the water surface near the shore ranges from 3.70 0C 

(January-February) to 21.60 0C (August), the maximum temperature is 26.20 0C. Ice does not appear 

on the reservoir; in cold winters, a coastal ice layer forms. Knows the excitement of the frequent wind. 

Tbilisi reservoir is an oligotrophic reservoir. It is fed by the water of the river Iori, which enters it 

through the upper main canal of the Samgori irrigation system. Tbilisi Reservoir water is used: for 

irrigation, Tbilisi water supply, fish farming, water sports. Water from the reservoir flows through the 

lower main canal of the Samgori irrigation system and the main canal of Ghrmaghele. 

It should be noted that "Tbilisi Sea" is used both for recreation and for centralized drinking 

water supply in Tbilisi. According to the results of the 2004-2005, 2011 research, the quality of Tbilisi 

sea water mainly complies with the established hygienic norms. Nevertheless, algae reproduce and 

“blooming” around the entire perimeter and in the swiming area of the reservoir, which has acquired 

an intense appearance. It is impossible not to affect the quality of drinking water and not to complicate 

the technology of preparing drinking water. 

According to interviewees, Buluchaur water is much cleaner than water from the Tbilisi Sea, 

which contains sediment and sometimes an unpleasant odour. The respondents who are supplied with 

water from the Tbilisi Sea boil water or buy bottled water. in a number of cases the smell of fish was 

observed in the drinking water in the areas that are supplied from this water reservoir. 

We were interested in statistics related to this issue. Data were taken from the research and 

testing laboratory of the Georgian Water and Power Company. We took data from several years and 

analyzed them. Below are the data for 1998–2014 (see Table 3). 

 
Table 3. Characterization of the odour of drinking water supplied from the Tbilisi Sea 

(average data for 1999-2014) 

 

Months Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Water Average Temperature, 

°C 
5 5 6 8 13 17 20 22 19 16 12 8 

Odour 0 0 0 1 2 1 0 0 0 0 0 0 

 

 

Fig. 1 shows the graphical data about characteristics of the odour of drinking water supplied 

from the Tbilisi Sea. The graph shows that the fishy smell in drinking water supplied from the Tbilisi 

Sea is observed during April-June and is especially observed in May, where it reaches 2 units. It is 

defined as weak, i.e. the odour is noticeable and unpleasant. 
Obviously, according to Georgian drinking water standards, the permissible odour value for 

drinking water should not exceed 2 units, but still such a weak smell causes some discomfort. 
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Fig. 1. Characteristics of the smell of drinking water supplied from the Tbilisi Sea during the year 

(average data for 1999-2014) 

 

 

It is noteworthy that this odour develops in the period April-June, when its temperature ranged 

from 8 to 17°C and peaked at 13°C. This is probably due to the intensive reproduction of algae (green 

algae) in the Tbilisi Sea, the optimum temperature of which fluctuates in this range (Fig. 2).  

 

 

 
 

Fig. 2. Algae in the Tbilisi Sea (Source: http://www.bazieri.ge) 

 

These algae emit special substances that have a fishy smell and cannot be completely 

eliminated with the help of technology available at deep water treatment plants. 

 

The following development of our research will take place in two directions: 

1. To determine the substances released during the breeding season of green algae in the 

Tbilisi Sea, which produce an unpleasant fishy odor. 



   saqarTvelos sainJinro siaxleni, GEORGIAN ENGINEERING NEWS, #1, 2021  

 

144 

2. Develop a relatively inexpensive and efficient technology that allows deeper removal of fish 

odors at the Ghrmaghele drinking water treatment plant. 
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РЕЗЮМЕ 

ЧАСТОТА ПОЯВЛЕНИЯ НЕПРИЯТНОГО ЗАПАХА В ПИТЬЕВОЙ ВОДЕ В НЕКОТОРЫХ 

РАЙОНАХ  Г.ТБИЛИСИ 

Гургенидзе Д.Р., Багратион-Давиташвили А.Н., Инашвили И.Д., Бзиава К.Г., Соселиа М.Т. 

Грузинский технический университет 

В статье обсуждается доля потребности домохозяйств в воде от общего объема водоснабжения и, исходя 

из ее необходимости, обосновывается, что водоснабжение населенного пункта является основной 

задачей любой страны. Тбилисское море является частью тбилисской системы водоснабжения, в которой 

в ряде случаев, наблюдался запах рыбы в питьевой воде в районах, которые снабжаются водой из этого 

водохранилища. Бытовое и коммунальное хозяйство как водопользователь имеет ряд особенностей, 

которые в первую очередь отражаются в потребности в качестве воды - главными являются как 

физические свойства (температура, прозрачность, цвет, запах, вкус), так и химические параметры для 

определения наличия болезнетворных микробов, по составу которых вода делится на несколько типов 

(полезная, сомнительная, ненадежная, вредная и непригодная для использования).  

Ключевые слова: хозяйственно-бытовая вода, Тбилисское море, болезнетворные микробы. 

https://matsne.gov.ge/ka/document/download/2196792/0/ge/pdf
https://www.matsne.gov.ge/ka/document/view/5006022?publication=0
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mdinare mtkvris dabinZureba farmacevtuli preparatebiT q.Tbilisis 

mimdebare teritoriebSi 
 

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

 
Sesavali 
farmacevtuli produqtebis arseboba wyalsatevebSi bevr qveyanaSi sagan-

gaSoa. farmacevtuli produqtebi bioaqtiuri naerTebia da maT SeuZliaT co-
cxal organizmebze uaryofiTi zemoqmedeba moaxdinon [1]. Camdinare wylebSi 
farmacevtuli saSualebebis sxvadasxva klasia aRmoCenili [2]. avstriaSi, bra-
ziliaSi, kanadaSi, xorvatiaSi, inglisSi, germaniaSi, saberZneTSi, italiaSi, es-
paneTSi, SveicariaSi, niderlandebsa da aSS-Si Catarebulma Camdinare wylebis 
analizma gamoavlena 80-ze meti farmacevtuli preparati da maTi metaboliti. 

mkvlevarebma aRmoaCines, rom farmacevtuli preparatebis Zalian daba-
li dozac ki SeiZleba seriozul safrTxes warmoadgendes wyalSi mcxovreb 
organizmebisaTvis [4]. sayuradReboa, rom dResdReisobiT ar arsebobs farma-
cevtuli saSualebebis kanoniT regulirebuli maqsimaluri dasaSvebi koncen-
tracia [3]. amave dros, Camdinare wylebis sxvadasxva gamwmendi nagebobebidan 
gamomaval, gawmendil wyalebSi gamovlenilia sxvadasxva farmacevtuli pro-
duqti, rac imaze metyvelebs, rom wylis damuSavebis tradiciuli meTodebi 
ver uzrunvelyofen Camdinare wylebidan farmacevtuli produqtebis efeqtur 
moSorebas. amrigad, saWiroa Camdinare wylebis gansakuTrebuli damuSaveba am 
damabinZureblebis potenciuri zemoqmedebis Sesamcireblad. 

garemoSi arsebobs farmacevtuli produqtebis mravali wyaro, romlic 
sabolood xvdeba zedapirul, miwisqveSa da sasmel wylebSi [4]. 

farmacevtuli produqtebis mTavari wyaroebia: 
• farmacevtuli warmoebis Camdinare wylebi da maTSi arsebuli substan-
ciebi da saboloo produqtebi 
• sayofacxovrebo Camdinare wylebi da maTSi arsebuli adamianebis mier 
moxmarebuli da gamoyofili samkurnalo saSualebebi da maTi metabolitebi; 
• saavadmyofoebis Camdinare wylebi  da maTSi arsebuli pacientebis mier 
moxmarebuli da gamoyofili samkurnalo saSualebebi da maTi metabolitebi; 
• mecxoveleobisa da mefrinveleobis fabrikebis Camdinare wylebi da maTSi 
arsebuli veterinaruli saSualebebi da maTi metabolitebi; 
• Sinauri cxovelebis eqskrementebSi arsebuli veterinaruli saSualebebi; 
• veterinaruli klinikebi, saavadmyofoebi da laboratoriebi; 
• farmacevtuli saSualebebi, gamoyenebuli fermebsa da sasoflo sameurneo 
miznebisTvis; 
• Camdinare wylebis gamwmendi sadgurebi; 
• municipaluri nagavsayrelebi da maTSi arsebuli adamianebis, Tu cxove-
lebis mouxmarebeli an vadagasuli samkurnalo saSualebebi. 

dResdReobiT, fsiqiatriuli aSlilobebis gavrcelebam msoflioSi gamoi-
wvia fsiqiatriuli wamlebis, gansakuTrebiT antidepresantebis, moxmarebis zrda 
[5]. kvlevebma aCvena, rom evropis mosaxleobis 7% iRebs antidepresantebs [6]. 

rogorc sxva farmacevtuli saSualebebi, antidepresantebi xvdebian ga-
remoSi adamianis eqskreciis gziT an tualetebSi da sayofacxovrebo narCe-
nebSi gamouyenebeli an vadagasuli medikamentebis uSualo gadayriT, rome-
lic ar iwmindeba saTanadod Camdinare wylebis gamwmend sadgurebSi, rac 
warmoadgens farmacevtuli produqtebis wyalsatevebSi gavrcelebis ZiriTadi 
gzas _ damuSavebul Camdinare wylebTan erTad, es naerTebi gamoiyofa wylis 
garemoSi, rac abinZurebs am wyalsatevebs. 

Camdinare wylebSi yvelaze gavrcelebuli farmakologiuri saSualebe-
bi mocemulia cxr. 1-Si. 
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cxrili 1. Camdinare wylebSi gavrcelebuli zogierTi farmakologiuri saSualeba 
farmakologiuri jgufi samkurnalo saSualeba 

fsiqotropuli saSualebebi 

alprazoli 
karbamazepini 

doqspini 
karbamazepini 
lorazepami 
oqsazepami 
paroqsetini 
sertralini 
fluoqsamini 
fluoqsetini 

qlorpromizani 

arasteroiduli anTebis 
sawinaaRmdego 

/tkivilgamayuCebeli 
saSualebebi 

diklofenaki 
ibuprofeni 
indometacini 
ketoprofeni 
naproqseni 
naproqseni 
nimesulidi 
piroqsikami 
celekoqsibi 

antihipertenziuli saSualebebi 

adipini 
avekori 

alotendini 
anaprilini 
ebrantili 
kardura 

nifedipini 
spironolaqtoni 

furosemidi 
hidroqlorTiazidi 

antibiotikebi 

amoqsicilini 
doqsiciklini 

klariTromicini 
ofloqsacini 

sulfametazoli 
sulfametoqsazoli 

trimetoprimi 
ftorqinolini 

ciprofloqsacini 

 
Cveni kvlevis obieqti iyo antidepresantebis jgufis preparati karbama-

zepini, romelic gamoiyeneba depresiis simptomuri mkurnalobis dros da moq-
medebs sxvadasxva neirotransmiterul sistemebze moqmedebis meSveobiT. 

karbamazepini maxasiaTeblebia: empiriuli formula: C15H12N2O; moleku-
luri wona: 238,3; xsnadoba wyalSi: 16,8 mg/l (25 °C) 
struqturuli formula:   

 

 
 
 
 
nimuSebis aRebis meTodika 

Cvens mier aRebul iyo Camdinari wylebis sinjebSi md. mtkvris 10 wertilSi: 
1) orTaWalis hesis mimdebare mdinare mtkvarSi (N1); 2) erovnuli bankis mimde-
bare mdinare mtkvarSi (N2); 3) sajaro reestris mimdebare mdinare mtkvarSi 
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(N3); 4) mircxulavas quCasTan wyalmimRebis mtkvarTan SeerTebis adgilze (N4); 
5) diRomSi, saavadmyofoebis mimdebare mdinare mtkvarSi (N5); 6) Tevzis restor-
nis mimdebare mdinare mtkvarSi (N6); 7) xoSaraulis quCis mimdebare mdinare 
mtkvarSi (N7); 8) goTuas quCis mimdebare mdinare mtkvarSi (N8); 9) mdinare 
veresa da mtkvris SesarTavTan (N9); 10) mdinareebis gldanulasa da mtkvris 
SesarTavTan (N10). 

nimuSebis Semowmeba 
analizis asaRebad gamoyenebuli iyo axali steriluri WurWeli. Ti-

Toeuli analizisTvis nimuSebi aRebuli iyo cal-calke da moTavsebuli iyo 
analizisTvis gankuTvnil cilindruli formis dezinficirebul kolbaSi. 
nimuSebi dauyovnebliv iyo gadatanili laboratoriaSi. wylis sinjebSi kar-
bamazepinis arseboba Semowmebul iyo test CxirebiT Reoud Response. Cxiris 
wyalSi yofnis drom Seadgina 5-10 wT. test-Cxirze arsebuli indikatoriT 
gamovlinda nimuSSi karbamazepinis arseboba. indikatoris CvenebiT davaskve-
niT, rom aRebul nimuSebSi aRmoCenili iyo nivTiereba karbamazepini. 

karbamazepinis raodenobis dadgenis meTodi 
karbamazepinis raodenobis dasadgenad gamoyenebuli iyo Txevadi qroma-

tografiis meTodi. 

  
cxrili 2. mdinare mtkvarSi aRmoCenili karbamazepinis raodenoba 

 
N dislokaciis adgili aRmoCnda reaqciis dro 

(wT) 
daaxl. raod. 

ng/l) 
1. orTaWalis hesis mimdebare mdinare 

mtkvarSi (N1) 
X 8:00 100 

2. erovnuli bankis mimdebare mdinare 
mtkvarSi (N2) 

X 6:00 180 

3. sajaro reestris mimdebare mdinare 
mtkvarSi (N3) 

X 9:00 100 

4. mircxulavas quCasTan wyalmimRebis 
mtkvarTan SeerTebis adgilze (N4) 

X 9:00 100 

5. diRomSi, saavadmyofoebis mimdebare 
mdinare mtkvarSi (N5) 

X 5:50 220 

6. Tevzis restornis mimdebare mdinare 
mtkvarSi (N6) 

X 5:00 200 

7. xoSaraulis quCis mimdebare mdinare 
mtkvarSi (N7) 

X 8:00 100 

8. goTuas quCis mimdebare mdinare 
mtkvarSi (N8) 

_ _ _ 

9. mdinare veresa da mtkvris 
SesarTavTan (N9) 

_ _ _ 

10. md. gldanulasa da mtkvris 
SesarTavTan (N10) 

_ _ _ 

 
qromatografiuli analizi Sesrulda Agilent 1260 Infinity Quaternary LC siste-

miT (agilent teqnolojis, valdroni, germania), romelic aRWurvili iyo nimu-
Sis avtomaturi amRebiT, gradientuli tumboTi da diodur-matriculi deteq-
toris (DAD) sistemiT. gamocalkeveba miRweul iyo 100 mm x 2,1 mm, 5 mkm nawila-
kis zomiT Waters XBridge BEH C18 column-iT. monacemebi iyo Segrovebuli OpenLab 

EZChrom Elite kompiuteruli programuli uzrunvelyofiT. qromatografiuli pi-
robebi optimizirebul iyo wina literaturaze dayrdnobiT [7]. Sesabamisad, 
izokratiuli gaSvebis reJimi SerCeul iyo karbamazepinis meTanolTan da ult-
ra sufTa wyalTan erTad (60:40 moc/moc), rogorc mobiluri faza Wavlis sidi-
deze 0,4 ml wT-1. gamocalkeveba iyo miRweuli temperaturaze +30°C. dafiqsire-
buli iyo Semdegi talRis sigrZe: 286 nm, ramac saSualeba mogvca Cagvetarebina 
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seleqtiuri analizi Sesaswavli preparatis mniSvnelovani absorbciiT. optimi-
zirebuli qromatografiuli pirobebis msvlelobis dro iyo 8 wT. 

Txevadi qromatografiis Sedegebi mocemulia cxr. 2-Si. 
cxrilis monacemebidan Cans, rom karbamazepiniT mtkvris yvelaze dabin-

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

SedarebiT naklebad aris dabinZurebuli: erovnuli bankis mimdebare 
teritoria, orTaWalis hesis mimdebare teritoria, sajaro reestris mimde-
bare teritoria, mircxulavas quCasTan wyalmimRebis mtkvarTan SeerTebis 
adgilze da xoSaraulis quCis mimdebare teritoria. 

karbaamazepini ar iyo aRmoCenili goTuas quCis mimdebare teritoriaze,  
veresa da mtkvris SesarTavTan da md. gldanulasa da mtkvris SesarTavTan. 

karbamazepinis yvelaze dabinZurebul teritoriaze ganlagebulia saavad-
myofoebi da gasagebia, aseTi dabinZurebis done. amave dros, gaugebaria dabin-
Zurebis maRali done Tevzis restornis mimdebare teritoriaze. 

aseve gaugebaria dabinZurebis arseboba erovnuli bankis mimdebare teri-
toriaze, orTaWalis hesis mimdebare teritoriaze, sajaro reestris mimdebare 
teritoriaze, mircxulavas quCasTan wyalmimRebis mtkvarTan SeerTebis 
adgilze da xoSaraulis quCis mimdebare teritoriaze. 

gamomdinare zemoT xsenebulidan, es yvela wertili damatebiT kvlevebs 
saWiroebs. 

 
literatura 

1. Silva B, F. Costa, I. C. Neves T. Tavares.Psychiatric Pharmaceuticals as Emerging Contaminants in 

Wastewater. Springer. 2015, 101 p. 
2. Sim WJ, Kim HY, Choi SD, Kwon JH, Oh JE. Evaluation of pharmaceuticals and personal care products with 
emphasis on anthelmintics in human sanitary waste, sewage, hospital wastewater, livestock wastewater and 
receiving water. //Journal of hazardous materials. 2013,  pp. 219-227. 
3. Crane M. Proposed development of sediment quality guidelines under the European Water Framework 
Directive: a critique. /Toxicology Letters. 142, 2003, pp.  195-206. 
4. Heberer T. Occurrence, fate, and removal of pharmaceutical residues in the aquatic environment: a review of 
recent research data. /Toxicol Lett. 131, 2002, pp. 5-17. 
5. Calisto V, Esteves VI. Psychiatric pharmaceuticals in the environment. Chemosphere 77, (10), 2009, pp. 
1257-1274. 
6. Eurobarometer. Mental health part 1: report directorate general health and consumers survey coordinated by 
directorate general, communication. 2010. 
7. Instituto Nacional de Metrologia, Normalização E Qualidade Industrial - Inmetro. Doq-Cgcre-008. 
Orientações sobre validação de métodos analíticos, INMETRO. Rio de Janeiro, 2010. 
8. cinaZe z. wyalmomaragebis bunebrivi wyaroebis xarisxis Sefaseba mdinare mtkvris 
magaliTze. disertacia doqtoris akademiuri xarisxis mosapoveblad. saqarTvelos 
teqnikuri universiteti. 2019, 203 gv. 
 

SUMMARY 
POLLUTION OF THE MTKVARI RIVER WITH PHARMACEUTICALS IN THE  

WATER AREA OF TBILISI 

Gurgenidze D.R., Gvishiani Z.H., Bagration-Davitashvili A.N., Tsinadze Z.O.,  

Suramelashvili E.R. and Ebanoidze G.G. 

Georgian Technical University 
In the paper studies the presence of pharmaceuticals in the Mtkvari area of Tbilisi is studied. The object of the 
research was the drug of the group of antidepressants carbamazepine, which is used in the symptomatic 
treatment of depression and operate by acting on various neurotransmitter systems. Liquid chromatography was 
used to determine the amount of carbamazepine in wastewater samples at 10 points on the Mtkvari River. It has 
been established that the most polluted sections of the Mtkvari are with Carbamazepine: in Digomi, the area 
adjacent to hospitals and the area adjacent to the fish restaurant. Relatively less polluted: National Bank area, 
Ortachala hydropower Station area, Public Registry area, Mirtskhulava Street at the intersection with the intake 
Mtkvari and Khosharauli Street. The results show that pollution with pharmaceuticals are mainly found in the 
Mtkvari River near medical facilities. 
Keywords: pharmaceuticals, pollution, wastewater.  
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mdinare durujis wyalSemkrebi auzis kompleqsuri analizi  

da sistemuri Sefaseba 

 

SogiraZe m.x. 
 

saqarTvelos teqnikuri universiteti 
 
Rvarcofuli procesebis formirebas da mis intensiurobas ZiriTadad 

gansazRvravs landSaftur-klimaturi pirobebis didi kontrastuloba, qanebis 
liTofacialuri Sedgeniloba da reliefi. aRsaniSnavia, rom saqarTvelo 
mTagoriani qveyanaa. mTisa da mTiswina zona qveynis teritoriis 54 %-s moi-
cavs da, Sesabamisad, Rvarcofuli movlenebi ganviTarebulia teritoriis 
TiTqmis yvela landSaftur-geomorfologiur zonaSi, dawyebuli gorak-
borcvianidan, maRalmTiani alpuri zoniT damTavrebuli. amasTan erTad, 
atmosferuli naleqebis 60_120 mm-is SemTxvevaSi saqarTveloSi Rvarcofebi 
formirdeba yvela landSaftur geomorfologiur zonaSi. klimaturi, hid-
rografiuli, hidrologiuri da geologiuri tipizaciis mixedviT saqarT-
velos teritoria, amierkavkasiis hidrometeorologiis samecniero-kvleviTi 
institutis klasifikaciiT, dayofilia 12 Rvarcoful raionad.  

kaxeTis regionSi klasikuri Rvarcofsadinaris magaliTs warmoadgens 
mdinare durujis auzi, romlis video-vizualuri agegmva miuTiTebs, rom erT 
heqtar farTobze eroziis intensivobam gansakuTrebul SemTxvevebSi SeiZleba 
50 tonamde miaRwios, rac dasaSveb normaze 25-jer metia da igi satranzito 
adgilebSi 20 metriani Rvarcofis talRis gavlis mizezic SeiZleba gaxdes. 

durujis xeoba _ SemosazRvrulia wiTelgorisTavisa da foxalis qede-
biT, aseve ninikascixe-zurgisZvlis mTavari qedis monakveTiT. xeobaSi gaedineba 
mdinare duruji, romlis sigrZe faqtobrivad 19,8 kilometria, pirdapiri xaziT 
ki 14,6 kilometri. mdinare duruji warmoadgens alaznis marcxena Senakads, 
Tavad ki Seiqmneba ori, Savi da TeTri durujis SeerTebiT, saidanac pirveli 
maTgani iwyeba mTa Savi kldidan, xolo meore ki mTa ninikascixis samxreT 
kalTaze. dinebis zeda nawilSi auzi maraoseburia, xeobis Zlier daxrili 
ferdobebis zeda nawili da fskerze gvxvdeba Tixafiqlebis daqucmacebuli 
produqtebis sqeli nayari. xeobis Sua nawili SedarebiT Seviwrovebul, yuTis 
formis viwrobs warmoadgens, romelic tyiTaa garSemortymuli. 

qalaq yvarlis teritoriaze, mdinare alaznis SesarTavTan Camoyalibe-
bulia durujis gamotanis konusi, rac Tavis mxriv qmnis dasaxlebuli 
punqtebis datborvis saSiSroebas. 

kvlevis miznebidan gamomdinare, Cvens mier, GIS teqnologiebis gamoye-
nebiT detalurad Seswavlil iqna mdinare durujis wyalSemkrebi auzi.  

modelirebisTvis gamoyenebul iqna regionis SRTM-dan (Shuttle radar 

topographic mission) miRebuli 90 m garCevadobis DEM _ reliefis cifruli mode-
li (sakoordinato sistema D_WGS_1984), ris safuZvelzec gansaRvrul iqna 
mdinare durujis wyalSemkrebi auzis hidrologiuri maxasiaTeblebi. 

mdinare durujis wyalSemkrebi auzis sazRvrebis gasamijnad reliefis 
cifruli modeli damuSavda (DEM) ArcGIS 10.2.2-is instrumentiT _ hidrologia 
(Hydrology). pirvel etapze moxda Dfailis `Sevseba~ (Hydrology - Fill) instrument-
tiT damuSaveba, raTa mogvexdina adgilobrivi dawevebisa da amaRlebebis 
gasworeba. aRniSnulis daniSnulebaa reliefis xarvezebis aRmofxvra, rac 
uzrunvelyofs wyalSemkrebi auzebisa da zedapiruli Camonadenis koreqtuli 
suraTis miRebas.  

xarvezebis aRmofxvris Semdeg, zedapiris hidrologiuri maxasiaTeble-
bis misaRebad, gansazRvrul iqna dinebis mimarTuleba (Hydrology – Flow Direction). 

Flow Direction instrumenti moicavs nakadis modelirebis sam algoriTms. es 
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aris D8, Multiple Flow Direction (MFD) da D-Infinity (DINF) meTodebi. Cvens SemTxvevaSi 
gamoyenebul iqna D8 meTodi.  

dinebis mimarTulebis rastris TiToeuli ujredi atarebs informacias 
nakadis mimarTulebis Sesaxeb. mis safuZvelze gamoiTvleba zedapiruli 
Camonadeni da mdinaris auzis konturebi. rastruli ujredebi cxra SesaZlo 
mniSvnelobidan erT-erTs iRebs (sur. 1). 

 

 
 

sur. 1.  nakadis mimarTulebis kodireba 
 
dinebis mimarTulebis safuZvelze movaxdineT mdinare durujis wyal-

Semkrebi auzis gamoyofa (Hydrology - Basin) da misi sazRvrebis dadgena. wyalSe-
mkrebi auzis gamoyofa xorcieldeba auzebs Soris qedis xazebis (wyalgamyo-
febis) gansazRvriT. analizdeba Semavali nakadis mimarTulebis rastri yvela 
mosazRvre ujredis mosaZebnad, romlebic imave wyalSemkreb auzs miekuTvneba. 

Cven mier gansazRvruli mdinare durujis wyalSemkrebi auzis DEM ga-
mosaxuleba mocemulia sur. 2-ze, xolo sur. 3-ze gamosaxulia auzis zedapi-
ruli Camonadenis dinebis mimarTuleba. 

 
 

  
sur. 2.  mdinare durujis wyalSemkrebi 
auzis reliefis cifruli modeli (DEM) 

 

sur. 3.  mdinare durujis wyalSemkrebi 
auzis zedapiruli Camonadenis 

mimarTuleba 
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sur. 4-ze mocemulia mdinare durujis da misi Senakadebis hidrogra-
fiuli qseli, xolo sur. 5-ze gamosaxulia nakadebis klasifikacia wyaluxvo-
bis mixedviT. 

 
 

 
 

sur. 4. mdinare durujis da misi Senakadebis hidrografiuli qseli 
 

 
 

sur. 5.  mdinare durujis da misi Senakadebis hidrografiuli qselis klasifikacia 
 
 
Catarebuli kvlevebis safuZvelze SegviZlia davaskvnaT, rom yvarelis 

municipalitetSi 4 ZiriTadi xeobidan yvelaze eroziul da RvarcofsaSiSs 
swored mdinare durujis xeoba warmoadgens. amasTan, DEM _ reliefis cif-
ruli modelis analizis safuZvelze dgindeba, rom mdinare durujis wyal-
Semkrebi auzis farTobi 9402,48 heqtars Seadgens. zedapiruli Camonadenis ana-
lizis safuZvelze miRebulia mdinare durujis da misi Senakadebis hidrog-
rafiuli qseli, xolo strahleris meTodis gamoyenebiT, wyaluxvobis mixed-
viT igi dayofilia 4 rigad: pirveli rigis jamuri sigrZe  (yvelaze wyalmci-



   saqarTvelos sainJinro siaxleni,  GEORGIAN ENGINEERING NEWS, #1, 2021  

 

152 

re Senakadebi) Seadgens 34,644 km-s; meore _ 16,305 km-s; mesame _ 13,583 km, xolo 
yvelaze wyaluxvi monakveTi ki 12,629 km. mTlianad mdinare durujis da misi 
Senakadebis jamuri sigrZe 77,160 km-s Seadgens.  

unda aRiniSnos, rom mdinare durujis wyalSemkreb auzSi wylisieri 
eroziis kerebis gamosavlenad da Sesabamisi eroziis sawinaaRmdego sainJinro 
RonisZiebebis SesamuSaveblad, garda hidrologiuri qselisa, aucilebelia 
auzis niadagebis, reliefis, mwvane safarisa da klimaturi pirobebis detalu-
ri Seswavla.  
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SUMMARY 

COMPLEX ANALYSIS AND SYSTEMATIC EVALUATION OF THE RIVER  

DURUJI’S WATER-COLLECTING BASIN 

Shogiradze M.Kh. 

Georgian Technical University 

In the article DEM – based on the analysis of relief’s digital model was determined that river Duruji’s water-

collecting area amounts 9402,48 hectare. According to the Strahler Method, river Duruji is divided into 4 parts 

according to flood: total length of the first row (lowest tributaries) amounts 34,644 km, second – 16,305 km, third – 

13,583 km, and the most watery section amounts 12,629 km. The total length of the Duruji River and its tributaries 

as a whole equals 77,160 km.  It is determined, that to identify water erosion areas in the water-collecting area of 

River Duruji and to develop appropriate anti-erosion engineering measures, in addition to the hydrological network, 

it is necessary to study the basin soils, terrain, green cover and climatic conditions in detail. 

Keywords: erosion, GIS system, raster, hydrography 
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MECHANICAL PROPERTIES OF ISOTHERMALLY HARDENED 40ГМФ BAINITIC 

STEEL 

 

Baratashvili M.V. and Metreveli-Mandaria A.B. 

 

Georgian Technical University 

 
Abstract. Isothermally hardened 40ГМФ bainitic steel with the composition of C=0,40%; Si=0,37%; 

Mn=0,88%; Mo=0,26%; V=0,13%; Ca=0,01%; S=0,028%; P=0,023%, smelted in RMP, has been studied. The 

research steel was smelted in a 5 ton electric arc furnace in RMP. Experimental tensile test samples were 

prepared from the rolled stock. The test samples were subjected to isothermal hardening in the furnace baths and 

tensile tests on the FPZ-100 were conducted. 

Keywords: steel, bainite, rolled stock, mechanical properties. 

 

Reasearch. The experimental data of the mechanical properties obtained at different 

isothermal modes are presented in Table 1. 

 

 

Table 1. Mechanical properties of 40GMФ bainitic steel after isothermal hardening 

 

Processing modes 
Characteristics of Mechanical Properties 

SK, n/mm2 σ
В, n/mm2

 σდ, n/mm2
 δ5,% Ψ,  % Δ=σВ-σy 

Theat =740 OC, τ'hold=10 min, 

tcool =350 OC, τ''hold=50 sec. 1230 910 580 17,8 28 330 

theat=740 OC, τ' hold =5 min, 

tcool =392 OC, τ'' hold =120 sec. 1380 870 600 14,7 45 270 

theat =740 OC, τ' hold =10 min, 

tcool =407 OC, τ'' hold =36 sec. 1260 950 620 16,3 25 330 

 

Chemical compositions and mechanical properties of 40ГСМФ and 40ГМФ steels after 

normalization at 900○C and tempering at 600○C are presented in the Tables 2 and 3.    

According to Tables 2 and 3, in both cases structural strength is high, but the steel with 

Si≥0,52% is preferred. When Si≥0.50%, carbon is easily distributed, i.e. the process of bainitic 

transformation is more organized than when Si = 0.43% (or when Si> 0.50% [1].  

   
                 Table 2. Chemical composition of 40ГСМФ and 40ГМФ steels 
 

Steels 
Content of chemical elements, by weight % 

C Si Mn S P Mo V 

40ГСМФ 0,40 0,52 0,97 0,035 0,017 0,22 0,07 

40ГМФ 0,36 0,43 0,96 0,029 0,020 0,27 0,07 
 

Table 3. Mechanical properties ofsteels after normalization at 900○C and tempering at 600○C 
 

Steels 
Characteristics of Mechanical Properties 

Σy, n/mm2 σ
В
, n/mm2 δ5, % Ψ, % a

1
=aჩ+aგ, j/cm2 JIC, n/mm2 

40ГСМФ 750 950 23 60 230=80+150 140 

40ГМФ 730 910 23 56 150=60+90 114 

 

Two-component Fe-C system (C=0.40%, Theat=740°C) is considered. A small amount of 

diffusion transformation products is observed on the background of Bainite. In the above modes the 

mechanical properties vary in the following range: σB=870-950n/mm2; σy=580-620n/mm2; δ5=14,7-

17,8%; ψ=25-45%. If carbon content in cast iron base is ≈0.40% and the heating temperature is 740°C, 

then the effects of isothermal hardening of nodular graphite cast iron and properties at the same modes 

should be modified by the above-mentioned rules. According to preliminary calculations, the content 
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of graphite-forming elements in the new composition is: Si≈1,0%; Al=0,5-0,7%; Ca≈0,04%. Knowing 

the composition, the solution of the problem will be greatly simplified when setting the hardening 

modes while heating in the range of A1-A3. It will promote steady increase in the structural strength of 

the Bainitic cast iron. Two steels that have been studied differ only in terms of silicon content (in 

40ГСМФ Si=0,50-0,70%, and in 40ГМФ Si=0,25-0,40%). Higher level of silicon in the first steel, 

along with other effects, results in an increased amount of residual austenite, which after 

"rejuvenation" contributes to the improvement of mechanical properties (especially that of plasticity). 

Also, the amount of residual austenite increases with the increase in the amount of silicon. We have 

hypothesized that the same effects exist in gray pig irons, especially in DI.  

Conclusions. A systematic analysis of new and existing research data [2-5] led us to the 

scientific hypothesis that there is a "silicon threshold" (Si>0.50%) in iron and bainitc Fe-Si 

alloys.According to this hypothesis, many of the existing processes (graphitization, welding, flake 

forming, thermal fragility, obtaining high strength, etc.) can be explained and new scientific directions 

can be developed. 
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РЕЗЮМЕ 

МЕХАНИЧЕСКИЕ СВОЙСТВА 40ГМФ ИЗОТЕРМИЧЕСКИ ЗАКАЛЕННОЙ СТАЛИ  

БЕЙНИТНОГО КЛАССА 

Бараташвили М.В., Метревели-Мандариа А.Б. 

Грузинский технический университет 

Изучена сталь бейнитного класса 40ГМФ составом C=0,40%; Si=0,37%; Mn=0,88%; Mo=0,26%; V=0,13%; 

Ca=0,01%; S=0,028%; P=0,023%, которая была выплавлена в литейном цехе Руставского 

металлургического завода. Исследуемая сталь выплавлялась в дуговой электропечи мощностью 5 тн в 

РМЗ. Из полученного сортировочного проката были изготовлены опытные образцы для испытаний на 

растяжение. Образцы для испытаний были подвергнуты изотермической закалке в ваннах печи и были 

проведены испытания на растяжение на FPZ-100. 

Ключевые слова: сталь, бейнит, проката, механические свойства. 
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avTvisebian simsivneTa metastazirebis me-2 Taobis 

inhibitorebi – koronavirusiT daavadebulTa mkurnalobaSi 

 
CigogiZe n.S., nadiraZe i.S., wivwivaZe v.p., 

CigogiZe e.n., wivwivaZe T.i. 
 

saqarTvelos teqnikuri universitetis biologiurad 
aqtiur nivTierebaTa kvlevis samecniero centri 

saqarTvelo-israelis erToblivi klinika ,,gidmed”-is 
samecniero centri 

kavkasiis saerTaSoriso universiteti 
 

 
sayovelTaod cnobilia, rom rac ufro metia adamianis organizmis sim-

sivnur da janmrTel ujredebs Soris arsebuli gansxvaveba, miT ufro advilia 
iseTi qimiuri nivTierebebis Seqmna, romlebsac axasiaTebT onkoujredebze 
SerCeviTi moqmedeba da swored es ganmasxvavebeli Taviseburebania ZiriTadi 
samizne simsivnur ujredebTan mizanmimarTul brZolaSi. Cven, erTxel kidev 
davrwmundiT imaSi, rom metastazebis warmoqmna – ganviTareba mWidrod ukav-
Sirdeba simsivnur da sisxlZarRvTa endoTeliumis ujredebs Soris urTier-
Tqmedebas fizikur – qimiur doneze. udavoa isic, rom adamianis simsivnuri 
warmonaqmnebis ujredebi gansxvavdeba sawyisi normaluri ujredebisgan eleqt-
ruli muxtiT. dadasturebulia isic, rom janmrTeli ujredebis normaluri 
membranuli muxti 90_100 milivoltia, xolo simsivnur ujredebTan 40 mili-
voltamde ecema. potencialTa aseTi vardna (Semcireba) avTvisebian ujredebs 
saSualebas aZlevs  SezRudon sxva nivTierebebis maTSi SeRwevis mcdeloba. 
swored amave mizeziT Zneldeba simsivnis sawinaaRmdego saSualebebis moq-
medeba (isini ver aRweven simsivnur ujredebSi) maSin, rodesac janmrTel 
ujredebs membranuli potencialis regulirebis unari SeswevT. gansakuTrebiT 
mniSvnelovania imis aRniSvna, rom momatebuli uaryofiTi eleqtruli muxti 
zrdis simsivnur ujredTa avTvisebianobas [1]. 

kancerogenuri nivTierebebi, Cveulebriv, swored ujredTa uaryofiTi 
muxtebis zrdas uwyoben xels [2]. 

gansakuTrebiT sainteresoa imis aRniSvna, rom avTvisebiani simsivnuri 
ujredebi Zlier konkurencias uweven saWiro sakvebi nivTierebebis, maT Soris, 
metalTa ionebisaTvis brZolaSi da kidec imarjveben, anu simsivnuri ujredebi 
jabnian normalur, jansaR ujredebs metalebisaTvis konkurentul brZolaSi, 
radgan isini bevrad ufro Zlier ligandebs iyeneben, vidre janmrTeli 
ujredebi. SeiZleba iTqvas, rom realurad simsivnis sawinaaRmdego preparatebi 
tipuri ligandebia, romlebsac aqvT metalebTan kompleqswarmoqmnis unari [3]. 

bolo aTwleulebSi, zogierTi saxis avTvisebiani simsivnis (romelic 
ZvlebSi metastazirebiT gamoirCeva) samkurnalod msoflioSi miRebulia 
ramdenime difosfonati, romlebic aregulireben membranebis ganvladobas da 
xels uwyoben simsivnissawinaaRmdego medikamentebis onkoujredebSi SeRwevas. 

am da sxva mravalma faqtorma migviyvana im daskvnamde, rom metastazi-
rebis procesis winaaRmdeg saWiroa axleburi kompleqsuri midgoma da auci-
lebelia simsivnuri da janmrTeli ujredebis eleqtrul potencialebs So-
ris arsebul sxvaobaTa gamoyeneba.  

avTvisebian simsivneTa uaryofiTi eleqtruli potencialis gaTvaliswi-
nebiT, gaCnda idea gamogveyenebina uaryofiTi, mravalmuxtiani, grZeljaWviani 
organuli ionebi simsivnur ujredTa blokatorisa da konkurentis saxiT [4-6]. 

Cven araerTxel aRgviniSnavs, rom axali inhibitoruli klasis prepara-
tebis pirveli warmomadgeneli amficezini, fibrinolizuri aqtivobiT gamoir-
Ceva. Semdgomi Taobis (me-2 Taobis) preparatebs Cven kidev ufro metad 
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gavuZliereT es Tviseba, rac am axal koronavirusul infeqciasTan brZola-
Sic ase mniSvnelovania [7-12].  

xazgasmiT aRsaniSnavia isic, rom Tavdapirvelad moiazreboda heparinis 
molekulis fragmentebis sinTezi da mikromolekulebSi maTi Cakereba – 
CarTva, romelic fibrinolizuri moqmedebis xarjze gaaSiSvlebda simsivnur 
ujredebs (pirveladi keridan mowyvetili onkoujredebi xom fibrinis garsiT 
ifuTeba) da xels SeuSlida (Seaferxebda) endoTeliumze maT adhezias (miwe-
bebas). garda amisa, msgavsi makromolekulebi (poliionebi) Tavad uweven kon-
kurencias onkoujredebs metalTa kationebisTvis da aiZuleben maT SimSils 
(anu sakvebi nivTierebebis gareSe toveben).  

mravalwliani mizanmimarTuli samecniero-kvleviTi muSaobis Sedegad 
Cven SevqmeniT sruliad maRalaqtiuri, mravalmuxtiani, grZeljaWviani orga-
nuli anionebi, makromolekulebi, romlebic dakavSirebulia Zlier tute 
metalebTan – ceziumsa da rubidiumTan [13]. 

mniSvnelovania isic, rom maTi maRalaqtiuroba, maRalefeqturoba da 
gansakuTrebuli gamorCeuloba gapirobebulia imiT, rom isini organizmis 
biologiur siTxeebSi disociirdebian grZeljaWvian makromolekulur anione-
bad da rubidiumisa da ceziumis kationebad, erTdroulad SeuZliaT urTier-
Tqmedeba, rogorc ujredTa lipofilur (cximis moyvaruli), aseve hidrofi-
lur (wylis moyvaruli) struqturebTan. es Tvisebebi Cvens mier Seqmnil 
makromolekulebs unikalur Terapiul SesaZleblobebs aniWebs [6].  

Cvens mier Catarebuli mizanmimarTuli sinTezis mixedviT am nivTiere-
bebs SeiZleba mieniWoT antiagregantuli, antikoagulaciuri da fibrinoli-
zuri Tvisebebi imisTvis, rom xeli SeeSalos onkoujredebis sisxlZarRvTa 
endoTeliumze miwebebas (adhezias), es ki metastazirebis Seferxebas, Sekavebas 
niSnavs [10].  

aRsaniSnavia isic, rom ceziumisa da rubidiumis ionebs sinergistuli 
moqmedebis unari aqvT, anu isini aZliereben erTurTis moqmedebas, amasTan, 
orive es metali kaliumis qvejgufis elementia – kaliumis analogis, rac 
maT sxva elementebisgan gansxvavebiT, simsivnur ujredebSi advilad SeRwevis 
saSualebas aZlevs [14,15].  

zemoaRniSnulTan erTad, isic gasaTvaliswinebelia, rom organizmis 
janmrTeli, normaluri ujredebi kaliumis kationebis STanTqmas amjobineben 
maSin, roca ceziumisa da rubidiumis ionebis gavleniT, fibrinis garsisgan 
gaSiSvlebuli, onkoujredebis gatutianeba am ukanasknelTa daRupvas gana-
pirobebs. 

sinamdvileSi, realurad aramxolod ferxdeba da iblokeba onkouj-
redTa transportireba da adhezia endoTeliumze (anu metastazirebis pro-
cesi), aramed onkoujredebi nadgurdeba. sadReisod arsebuli qimioprepara-
tebisgan gansxvavebiT, Cven mier Seqmnili axali makromolekulebi, ar 
moqmedeben janmrTel ujredebze da ar aqvT gverdiTi movlenebi. 

axla, rac yvelaze mTavaria, bunebrivad Cndeba kiTxva Tu ratom mig-
vaCnia Cveni gamogoneba – metastazirebis procesis sruliad axali klasis es 
inhibitorebi – aseT mniSvnelovnad COVID-19 winaaRmdeg da ra efeqti eqneba 
maT axal koronavirusTan brZolaSi?  

gavrcelebuli informaciiT axali koronavirusuli infeqcia _ COVID-19 

_  maRalkontragiozuri daavadebaa, romelsac virusi SARS – COV -2 iwvevs. am 
daavadebiT gamowveuli letalobis mTavari mizezi asocirebuli pnevmoniaa. 

COVID-19 upiratesad filtvebs azianebs, iwvevs ra alveolebis dიfu-
zur dazianebebs da dasabams aZlevs sunTqvis mwvave ukmarisobas. pacientebs 
Tavidanve aReniSnebaT Trombebis aqtiurad warmoqmna, anu arteriebsa da ve-
nebSi sisxlis koltebis gaCena. mogvianebiT gairkva, rom COVID-19 mimdina-
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reobs, rogorc mikroTrombovaskuliti – filtvebis, Tavistvinis, gulis, 
Tirkmlebisa da kanis dazianebebiT. 

skrupulozuri analizebis Sedegad naTeli gaxda, rom Trombozi koro-
navirusuli infeqciis (da misi Stamebis) erT-erTi yvelaze gavrcelebuli 
garTulebaa. homostazis sistemis specifikuri proTrombuli cvlilebebi 
COVID-19 dros asocirdeba venuri Tromboemboliuri garTulebebis aRmoce-
nebis momatebul sixSiresTan. isic cxadi xdeba, rom letaluri gamosavali 
SesaZloa gamowveuli iyos swored TromboziT, romelic profilaqtikuri 
antikoagulaciuri Terapiis miuxedavad, SeiniSneba filtvebis segmentur da 
subsegmentur arteriebSi.  

mxedvelobaSia misaRebi isic, rom hemostazis sistemis cvlilebebic, 
avTvisebian daavadebaTa da COVID-19 dros, analogiuria da aseve am daava-
debaTa dros, pacientebs erTnairi Trombozuli garTulebebi aReniSnebaT; si-

tuaciidan gamomdinare, rekomendebuliა COVID-19-iT daavadebul pacientebTan 
Trombozebis profilaqtikisTvis brZolaSi CaerTos me-2 Taobis mraval-
muxtiani anionaqtiuri metastazirebis inhibitorebi, fibrinisa da antiagre-
gantebis dabalmolekuluri inhibitorebis fonze. 

samecniero literaturaSi cnobilia, rom onkopacientebs, janmrTel 

adamianebTan SedarebiT, ufro xSirad uviTardebaT venuri Tromboebi (venური 
Tromboebolia), qimioTerapia ki, samwuxarod, damatebiT zrdis am risks.  

garda zemoTqmulisa, arsebobs onkodaavadebebisTvis damaxasiaTebeli 

rigi faqtorebi, maგaliTad, sisxldenebisadmi midrekileba avTvisebiani 
warmonaqmnis keraSi, aseve mxedvelobaSia misaRebi Trombocitopenia [16]. 

gasaTvaliswinebelia isic, rom aRniSnuli faqtorebi zrdis hemora-
giuli garTulebebis risks onkopacientebTan Trombozebis profilaqtikisa 
da mkurnalobisTvis gamoyenebuli antikoagulaciuri Terapiisas, radgan 
zogierTi antikoagulanti _ maRalmolekuluri deqstranebi, citostatikebi, 
endotoqsinebi da maionizebeli gamosxivebebi iwveven sisxlis sisxlZar-
RvSida Sededebis progresirebas da zrdian metastazirebis tendencias. 

mTlianobaSi, SeiZleba iTqvas, rom onkologiaSi gamoyenebuli antikoa-
gulantebisadmi, Tanamedrove moTxovnebia:  

1. preparatebis fiqsirebuli dozebis Seyvanis moxerxebuli da xelmisa-
wvdomi meTodebi; 

2. simsivneTa qimioTerapiul preparatebTan SeTavsebebi; 
3. preparatebs Soris samkurnalo urTierTqmedebaTa misaRebi profilebi; 
4. sisxldenaTa dabali riskebi. 
zemoaRniSnulTa kuTxiT, Cven mier Seqmnili amficezinis srulyofili 

analogi (Rb-iT gaZlierebuli) srulad akmayofilebs yvela zemoCamoTvlil 
moTxovnas. swored, zemoaRniSnulis gamo da yvela ganmartebis gaTvaliswi-
nebiT, SeiZleba gakeTdes daskvna imis Sesaxeb, rom antikoagulaciuri da 
antiagregantuli Terapia, fibrinis axali klasis amidinuri inhibitorebis 
safuZvelze, romelTa moqmedebac gaZlierebulia rubidiumisa da ceziumis ka-
tionebiT, dadebiT gavlenas iqoniebs koronavirusuli infeqciis mimdinareo-
baze, Seamcirebs daavadebaTa mimdinareobis vadebs, daaCqarebs daavadebulTa 
gamojanmrTelebis process, agvaridebs mTavar garTulebas _ Trombebis 
ganviTarebas da mniSvnelovnad Seamcirebs COVID-19-iT gamowveul letalobis 
SemTxvevebs. 
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SUMMARY 
INHIBITORS OF THE 2-ND GENERATION OF MALIGNANT TUMORS IN THE  

TREATMENT OF PATIENTS WITH CORONAVIRUS 

Chigogidze N.Sh., Nadiradze I.Sh., Tsivtsivadze V.P., Chigogidze E.N. and Tsivtsivadze T.I. 

Bioactive Substances Research Center of  Georgian Technical University 

Science center of  Georgia-Israel Joint Clinic “Gidmedi” 

Caucasus International University 

One of the group of Georgian scientists, the authors of an undoubtedly interesting and relevant invention, the 

creators of a completely new class of inhibitors of metastasis of malignant tumors believe, that they should 

definitely be involved in the treatment of patients with coronavirus.    It has been proven that an inhibitor of the 

first generation of malignant tumors, after metastatic surgery - Amphicezine, which has fibrinolytic activity, was 

further enhanced these properties by us, which are so important in the fight against this new coronavirus 

infection and finally, we have created completely different highly efficient, multiply charged, long-chain organic 

anions, macromolecules associated with strong alkali metals - rubidium and cesium. They can simultaneously 

interact with both lipophilic and hydrophilic cellular structures. These properties give the macromolecules 

created by us a unique therapeutic potential. Depending on the situation, it is recommended to include second-

generation multifactorial anionic metastatic inhibitors for the prevention of thrombosis in patients with COVID-

19, considering specific low molecular weight inhibitors of fibrin and anti-aggregates. 

Keywords: metastasis, inhibitor, amphicezine, molignamt, fibrin, adhesion, prolioferation, oncologic cell.    
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IMPACT OF OAK BARREL AND ITS ALTERNATIVES ON SENSORY 

CHARACTERISTICS AND PHENOLIC COMPOUNDS OF QVEVRI WINE 

 

Grigalashvili Z.A.  and  Khomasuridze M.B. 

 

Georgian Technical University 
 

Abstract. Experiment aimed to assess the influence of oak barrel and its alternatives on sensory characters and 

content of phenolic compounds of qvevri wine. In frame of the research, control and trial wine samples, from 

,,Kakhuri Mtsvane” and ,,Saperavi”  grape sorts were made according to Kakhetian traditional qvevri wine 

technology.   For evaluation of oak impact, barrels, chips and spiral were applied during various stages of wine 

making. Sensory evaluation and laboratory analyses were carried out after 8 months of grape processing. Total 

Phenolic compounds were defined using Folin-Ciocalteus spectral methods. Resveratrol, Quercetin Myricetin 

were analyzed by Liquid Chromatograph (HPLC) Knauer with UV-Vis Detector, Smart line 2600. The 

conducted analyses revealed that precipitation and extraction of total phenols depend on the used oak material 

and duration of maturation. The inclusion of oak barrel and its alternatives in this Georgian traditional 

technology helps to maintain significant amount of antioxidants in wine, giving it more elegance, complexity 

and balance. 

Keywords:  Qvevri wine, phenolic compounds, wine ageing, Georgian viticulture zones, oak barrel. 

 

 

1. Introduction 

Historically, great wines were aged in oak barrels from the end of fermentation until bottling. 

The first motivation in choosing barrels was probably that they were easy for one man to handle and 

could also be used for shipping. Wooden barrels begun being widely used as containers for wine more 

than 2000 years ago in Northern Europe, under control of the Roman Empire since clay was not as 

easily available in those regions. Since its invention, barrels have stored, transported and aged not only 

wine but also another variety of liquids such as beer, whiskeys and other liquors [1,2]. Oak wood was 

the most frequently used for cooperage in the 16th century due to their resistance, flexibility and 

relative impermeability [3].  

Nowadays, the aging of wines in oak barrels is a technique commonly used in wineries to 

increase wine stability and complexity. During this process, an organoleptic improvement of the wines 

is achieved as a consequence of the contribution of oak wood compounds, and the phenolic and 

aromatic modifications that take place. This practice involves several month aging periods and 

represents a high economic cost for the wineries [4].  Barrels are expensive, take up a lot of space in 

the winery and their lifetime is not long. In addition, as the barrel becomes older, it might become 

populated with undesirable microorganisms such as Brettanomyces, which can produce sensorially 

significant concentrations of ethyl phenols with their unpleasant medicinal and horsy aromas [5].  

In the last decades several alternative aging techniques have been developed, including the 

addition of pieces of wood of various shapes and sizes; a method has risen in popularity in Europe 

since it was approved and regulated by the European Commission and OIV [6,7]. Currently, there is a 

varied range of commercial products available and therefore their effects on wine quality can be very 

variable, since they are influenced by numerous factors (size of fragments, oak wood origin, toasting 

degree, manufacturing process, dose, contact time with wine, etc.). Due to the large contact surface of 

these materials with the wine, the extraction of compounds is much faster than in barrels. Additionally, 

the cost of the process is lower than that of the classic aging in barrels [8]. 

During wine aging with the contact of oak sources, composition, color and aroma is changing. 

Several of these positive modifications are due to the extraction of significant amounts of phenolic 

compounds from wood and their transformation reactions [9]. 

Wine is one of the oldest beverages, has always been related to the history of man and presents 

benefits to human health. Wine contains its own phenol compounds, and they are famous with their 

antioxidant properties. There are two major classes of wine phenolics: nonflavonoids and flavonoids. 

The relative amount and distribution of these compounds depend on a variety of factors such as grape 

variety, vineyard location, climate, soil type, cultivation practices, harvesting time, production process, 

and wine ageing [10].    
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The wine has undergone numerous studies that have found various connections between 

improving the quality of life and its consumption. A series of studies prove the benefits of regular and 

moderate consumption of wine to human health, mainly relating to its phenolic composition. The 

components of red wine are known as potent antioxidants and have been identified as having 

anticarcinogenic, anti-inflammatory and antimicrobial properties [11].  Therefore, the study was 

particularly focused to research the content of phenolic compounds representatives, famous with their 

antioxidant and health benefit properties – Quercetin, Myricetin and Resveratrol. 

The main objective of this work was to study the phenolic composition of the wines made by 

different techniques and aged by usage of different oak sources: chips, spiral and oak barrels. In 

addition, the experiment aimed to determine the effectiveness and expediency of a combination of 

Georgian traditional qvevri wine-making technology and oak aging. Besides, the impact of these 

treatments on the wine organoleptic characteristics was evaluated.   

 

 

2. Materials and Methods 
2.1. Vinification and Maturation 

For fulfillment of experiment, in 2019, local grape varieties (Vitis Vinifera) were harvested in 

Georgian viticulture zones.  Twelve wines: 4 analytical and 4 their corresponding control samples 

were produced in experimental cellars, where the different steps of the winemaking process were 

controlled and traceable. In frame of the experiment, for preparation of wine samples Georgian 

traditional Qvevri wine making technique. Was applied all the experiments were carried out in 

triplicate.  

Sample 1. Kakhuri Mtsvane grape sort was harvested in Manavi Village (Kakheti Region) and 

processed in ,,Peradze Winery~. Wine was made according to Traditional Qvevri Wine Technology. 

Grapes were crushed and must (juice, skin, flesh, seed, stems) transferred to pre-washed and sanitized 

(with sulfur sticks) Qvevries. Fermentation was conducted by wild yeast, without addition of 

commercial yeast. Fermentation took place at 24-26 °C, the cap was punched down sixth times in a 

day mechanically by usage of traditional wood equipment. At the end of the fermentation stage, the 

qvevri was completely filled and sealed. After five month of post fermentation maceration, Qvevri was 

opened and wine was transferred to stainless steel tank for blending and sulfuring with K2S2O5. Wine 

was divided to equal portions:  Control Sample № 1.1. was stored in glass containers and Trial Sample 

№ 1.2 was transferred in medium toast oak barrel produced by Gurjaani Barrel Factory, capacity 225 

L. The duration of contact of the wine and the oak was 3 months. 

Maturation of Kakhuri Mtsvane wine during 3 months in medium toast oak barrel produced by 

Gurjaani Barrel Factory 

Sample 2. After opening Qvevries (6th month from grape processing), in Winery Shatiri” 

Saperavi wine was powered in glass carboys and stored at 16-18 °C in cellar. The half part (control 

sample № 2.1) of wine was stored without addition of oak materials. In rest portion (trial sample № 

2.2), in each 20 liters of wine, two ,,Oak Infusion Spirals”, were placed. The used spirals were 

produced by   ,,Barrel Mill”, Burgundy Blend, 5 different Toast level, size 20 cm. Wine was left in 

contact with oak spirals during 6 weeks.   

Sample 3.  Saperavi wine was vinified in 12 Qvevries, owned by ,,Loladze Winery”. Before 

malolactic fermentation, in six qvevries (trial sample № 3.1) were put medium toast oak chips, 

produced by Allary Tonnellerie (size - 10/22 mm, applied dosage - 4g for per liter). In the remaining 6 

qvevries (control № 3.1), the technological process was continued without   participation of oak 

materials.  Wine maturation with oak chips continued for 12 weeks. After that wine was pumped from 

qvevri and stored in stainless steel tanks. 

Sample 4. The experiment was conducted in ,,Tiko Estate” commercial winery.  Part of 

vinified Saperavi qvevri wine (trial sample 4.2) was transferred in medium toast, Francois Freres 

Tonnelerie’s oak barrels, capacity - 225 L. The rest portion was distributed in glass carboys (control 

sample 4.1). The both samples were stored in cellar at the same conditions, during 12 weeks. 

Wine samples were stored for further maturation in the selected wineries until May, bottled 

after 8 months from harvesting and sent for analyses and sensory evaluation.   
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2.2 Chemical analyses 

Laboratory tests were performed at the LTD ,,Wine Laboratory”, accredited by Georgian 

Accreditation Center (LEPL Unified National Accreditation Body - Accreditation Center). Validated 

methods were used in the study. Methods and used equipment are presented in Table 1. 

 
 Table 1. Methods of Chemical Parameters Analyses 

 

Parameter Method and Equipment 

Total Phenols (OIV) MA-E-AS2-10-INDFOL; Spectrophotometer SP-Carry-50 

Total Phenolic compounds were defined using Folin-Ciocalteus spectral methods [12]. 

Resveratrol  

Quercetin, 

Myricetin 

 

Laboratory internal Validated method;  

chromatographic column LiChroCART, type RP-18. 

Liquid Chromatograph (HPLC) Knauer with UV-Vis Detector, Smartline 2600 

Auto sampler Knauer, Auto sampler Smart line 3800 

Thermostat, Knauer, Advanced Scientific Instruments. 

 Software EZChrom Elite, Knauer 

 Software - Microcal Origin 6.0 G 

Pressure 10.9 kPa (from) 

Flow rate 0.8 ml / min 

Temperature 400C 

Wavelength 240 nm 

Number of injectors 20 μl 

Duration of analysis 20 min 

 

 

Statistical Analysis 

Statistical Analysis. Canonical discriminant analysis (CDA) was performed with the 

concentrations of chemical compounds in the different samples for all the moments studied. The “IBM 

SPSS Statistics 22” statistical program was used. 

Sensory Analyses 

The Sensory evaluation was conducted according to OIV Standard for International Wine 

Competitions and Spirituous Beverages of Vitivinicultural Origin (Resolution OIV/Concourse 

332A/2009). In wine testing 9 panelists were participating, certified by Georgian Ministry of 

Agriculture. 

 

3. Results and discussion 

Sample 1.  The conducted analyses carried out of Saperavi wine, made in in ,,Peradze 

Winery” showed that wine matured without application of oak barrel, after 8 month of grape 

processing, did not contain detectible amount of resveratrol. Trial wine sample, matured for 3 months, 

in the barrel (made in Gurjaani factory) contains 1.8 g / l of trans- resveratrol and 1.6 g / l of cis 

resveratrol. Traditional technology of Kakhetian qvevri white wine making implies pomace 

fermentation. After fermentation, such wine is left on grape skin seed stems in qvevri approximately 

during six months. Consequently,  qvevri wines are characterized with rich content of phenols. The 

measurement of total phenols showed that control wine (sample 1.1) contents more total phenols than 

trial. This can be caused by the fact that during maturation in barrels, oxygen from the cask pores 

reaches the wine. Oxidation reactions involve phenolics and these might change the chemical and 

sensory profile of wines. Wine phenols are oxidized and oxidized phenols are precipitating . 

Commonly young qvevri wine made by Kakhetian traditional technology is characterized with well-

expressed astringency and a slight bitter taste might be detected. The results of laboratory (Fig. 5) and 

sensory analysis (Table 3), conducted within the experiment, confirm that the application of oak barrel 

in qvevri wine technology  
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Table 2. The Content of Antioxidant Compounds-Resveratrol, Myricetin and Quercetin in wines 

 

№ Wine Sample 

T
ra

n
s 

- 
re

sv
er

at
ro

l,
 m

g
/l

 

 C
is

-r
es

v
er

at
ro

l,
 m

g
/l

 

 M
y

ri
ce

ti
n

, 
m

g
/l

 

 Q
u

er
ce

ti
n

, 
m

g
/l

 

1.1 Control sample - Kakhuri  

Mtsvane Qvevri wine, Manavi  

n.d n.d 0.44 1.3 

1.2 Trial sample - Kakhuri  

Mtsvane Qvevri wine, Manavi matured in oak barrel of 

Gurjaani Barrel Factory 

1.8 1.6 0.45 1.5 

2.1 Control sample - Saperavi qvevri wine, Dedophlistskaro 1.4 1.6 0.2 1.3 

2.2 Trial sample - Saperavi qvevri wine, Dedophlistskaro, 

matured on The barrel Mill oak Infusion Spiral; 

1.9 2.0 0.4 1.5 

3.1  Control sample - Saperavi qvevri wine, Mukuzani village. 0.8 1.9 0.1 1.2 

3.2 Trail sample - Saperavi qvevri wine, Mukuzani village, 

matured with Allary Tonnellerie Oak Chips 

2.2 2.8 0.23 1.5 

4.1 Control sample-Saperavi qvevri wine, Tsinandali village  1.3 1.4 n.d n.d 

4.2 Trial sample-Saperavi qvevri wine, Tsinandali village, 

matured in Francois Freres Tonnelerie  Oak Barrel 

1.8 1.6 0.7 1.8 

 

Sample 2. Obtained results reveal (Fig 1;2) that   Barrel Mill’s Oak Infusion Spirals are 

effective material for maintenance antioxidants level in wine. Compare to control wine (sample 4.1), 

trial one (sample 2.2) two times more myricetin concentration was preserved and amount of total 

phenols was increased by 591 mg/l.   The oak material also helped to keep resveratrol in wine. 

Besides, the Barrel Mill’s oak Infusion Spiral also played the positive role on wine taste and aroma. 

Qvevri, a wine vessel, and its traditional winemaking techniques have been preserved unchanged even 

after many centuries. Nowadays modern market demands new taste, new style and establishes new 

requirements. The inclusion of usage of this oak material will help to harmonize qvevri wine, giving it 

more elegance, complexity and balance. 

 

 
Figure 1. Chromatogram of wine sample N 2.1:   

trans-resveratrol, cis –resveratrol myricetin and quercetin 
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Figure 2. Chromatogram of wine sample N 2.2:  

 trans-resveratrol, cis –resveratrol, myricetin and quercetin 

 

 

 

Sample 3. Based on the obtained results, the addition of Allary Tonnellerie Oak chips to 

qvevri before malolactic fermentation effected on certain antioxidants.  Compared to the control 

(sample 3.1), in the trial wine (sample 3.2) contained 2,4 mg/l more resveratrol, myricetin 

concentration  is 2 times higher,  but 108 mg/l less total phenols were identified. The usage of oak 

chips in traditional technology ennobled the wine sensory parameters. After the end of alcoholic 

fermentation and before MLF, the addition of chips is very effective for improving aroma and wine 

structure, increasing its stability [16].  

 

 

 
Figure 3. Chromatogram of wine sample N 3.1:  

trans-resveratrol, cis-resveratrol, myricetin and quercetin 
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Figure 4. Chromatogram wine sample N 3.2: 

trans-resveratrol, cis –resveratrol, myricetin and quercetin 

 

Sample 4. Wine quality evaluation is based on sensory and chemical analyses. In the sensory 

tasting, wine quality indicators, such as color, mouthfeel, and taste are largely, but not exclusively, 

influenced by the phenolic profile. Thus, phenolic compounds are widely used for the wine quality and 

assessment. Laboratory analyses of sample 4.2 wine shown that maturation in Francois Freres 

Tonnelerie oak barrel, even more during short period (12 weeks), enriched wine with oak phenols by 

462 mg/l, and it was sufficient amount to influence on wine sensory parameters (Table 3). In the frame 

of experiment, the wine was evaluated by highest score. Oak maturation also contributed to retention 

of quercetin and myricetin level in wine, in control sample, maturated without oak participation these 

compounds were not detected. In addition, maturation in oak helped to preserve more resveratrol in 

wine. 

 

 
 
 

Figure 5. Content of total penolic ans trial wine samples 

1. Control sample 1.1 - Kakhuri Mtsvane Qvevri wine, Manavi; 2. Trial sample 1.2 - Kakhuri   Mtsvane Qvevri 

wine, Manavi matured in oak barrel of Gurjaani Barrel Factory; 3. Control sample   2.1 - Saperavi qvevri wine, 

Dedophlistskaro; 4. Trial sample 2.2 - Saperavi qvevri wine, Dedophlistskaro, matured on The Barrel Mill Oak 

Infusion Spiral; 5. Control sample 3.1 - Saperavi qvevri wine, Mukuzani village; 6. Trail sample 3.2 - Saperavi 

qvevri wine, Mukuzani village, matured with Allary Tonnellerie Oak Chips. 7. Control sample 4.1 - Saperavi 

qvevri wine, Tsinandali village; 8. Trial sample 6.2 - Saperavi qvevri wine, Tsinandali village, matured in 

Francois Freres Tonnelerie Oak Barrel; 
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№ Wine Sample Total score 

(100-point scale) 

Sensory Characters 

 

1.1 Control sample - Kakhuri  

Mtsvane Qvevri wine, Manavi  

80.4 Dry fruit taste, spicy, lack of harmony in 

taste 

1.2 Trial sample - Kakhuri  

Mtsvane Qvevri wine, Manavi 

matured in oak barrel of Gurjaani 

Barrel Factory 

88.9 Dried appricot, raisin, tea, tobacco 

1.1 Control sample - Saperavi qvevri 

wine, Dedophlistskaro 

88 Prune, blackberry,black paper 

1.2 Trial sample - Saperavi qvevri wine, 

Dedophlistskaro, matured on The 

barrel Mill oak Infusion Spiral; 

94 Prune, blackberry, roasted nuts with a hint 

of coffee and spice 

3.1  Control sample - Saperavi qvevri 

wine, Mukuzani village. 

79.8 Berry aroma combined, astringent, tannin 

taste 

3.2 Trail sample - Saperavi qvevri wine, 

Mukuzani village, matured with 

Allary Tonnellerie Oak Chips 

88 Sweet blackberry aroma, with oaky taste 

4.1 Control sample-Saperavi qvevri 

wine, Tsinandali village  

89 Black current, prune, dried herbs, spices 

4.2 Trial sample-Saperavi qvevri wine, 

Tsinandali village, matured in 

Francois Freres Tonnelerie 

 Oak Barrel 

94 prune, sweet berry, oaky taste, spices,  

slightly expressed chocolate and elegant 

integration of wine and oak  

 

 

Conclusion 

Archaeological and other scientific researches confirm that using qvevri as a wine vessel dates 

back to VI-V millenniums BC. Qvevri wine traditional wine making techniques have been preserved 

and unchanged even after many centuries.  

Nowadays modern market demands new taste, new style and establishes new requirements.   

The results achieved by conducted experiment reveal that inclusion of oak barrel and its 

alternatives in Kathetian traditional qvevri wine technology helps to maintain significant amount of 

antioxidants in wine, giving it more elegance, complexity and balance. 

Saperavi Qvevri wine maturation in Caucasian oak barrel during 3 months prevents the 

disappearance of resveratrol content and wine retains a significant amount of this compound. 

In addition, harmonizes the excessive astringency and improves organoleptic properties of 

wine. 

Barrel Mill’s Oak Infusion Spirals are effective material for maintenance of myricetin and 

resveratrol concentration in wine.  It is able to remain two times more amount of myricetin, and 95% 

more resveratrol than these compounds stay in wine without oak usage. Application of    Barrel Mill’s 

Oak Infusion Spirals enriches wine by 23% more total phenols.  also played the positive role on wine 

taste and aroma.  

Addition of Allary Tonnellerie Oak chips to qvevri before malolactic fermentation, compare to 

control wine, matured without oak, keeps 100 % more myricetin, and 85 % more resveratrol in wine. 

The usage of this oak chips in traditional technology decreases the content of total phenols, but 

ennobles the wine’s sensory parameters.  

Saperavi qvevri wine maturation in Francois Freres Tonnelerie oak barrel for 12 weeks, 

contributes to retention of quercetin and myricetin level in wine, prevents their settling and 

disappearing from the wine. This French oak barrel by 23% enriches wine with oak phenols and 

remarkably influences on wine sensory parameters. 
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РЕЗЮМЕ 

ВЛИЯНИЕ ДУБОВОЙ БОЧКИ И ЕЕ АЛЬТЕРНАТИВ НА СЕНСОРНЫЕ ХАРАКТЕРИСТИКИ 

 И ФЕНОЛЬНЫЕ СОЕДИНЕНИЯ ВИНА КВЕВРИ 

Григалашвили З.А., Хомасуридзе М.Б. 

Грузинский технический университет 

Целью эксперимента было оценить влияние дубовой бочки и ее альтернатив на органолептические 

характеристики и содержание фенольных соединений в вине из квеври. В рамках исследовательских, 

контрольных и пробных образцов вина из сортов винограда «Кахури Мцване» и «Саперави» были 

изготовлены по традиционной кахетинской технологии изготовления вин квеври. Для оценки воздействия 

дуба на различных этапах виноделия применялись бочки, стружка и спираль. Органолептическая оценка и 

лабораторные анализы проводились после 8 месяцев обработки винограда. Общие фенольные соединения 

определяли с использованием спектральных методов Folin-Ciocalteus. Ресвератрол, кверцетин, мирицетин 

анализировали с помощью жидкостного хроматографа (ВЭЖХ) Knauer с детектором УФ-видимого 

диапазона, Smart line 2600. Проведенные анализы показали, что осаждение и извлечение общих фенолов 

зависят от используемого дубового материала и продолжительности созревания. Включение дубовой бочки 

и ее альтернатив в эту традиционную грузинскую технологию помогает сохранить значительное 

количество антиоксидантов в вине, придавая ему больше элегантности, сложности и баланса. 

Ключевые слова: вино квеври, фенольные соединения, выдержка вина, зоны виноградарства Грузии, 

дубовая бочка. 
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RvinoebSi zogierT araorganul da organul mJavaTa anionebis dayofa, 

ionuri qromatografiis meTodiT 

 
SaTiriSvili S.i., kilaZe m.T. 

 
saqarTvelos teqnikuri universiteti 

 
qromatografiuli meTodebi warmatebiT gamoiyeneba duRilis procese-

bis Sesaswavlad, yurZnis wvenis teqnologiuri gadamuSavebis dros. am saki-
TxTan dakavSirebiT gamoyenebul qromatografiis meTodebis mimarTulebaTa 
Soris gansakuTrebul yuradRebas imsaxurebs Txevadi qromatografiis varian-
ti _ ionuri qromatografia [1]. qromatografiis am variantis gamoyenebiT mi-
Rebuli monacemebi migviTiTeben mis perspeqtiulobaze erT [2] da orvalentia-
ni kationebis, araorganul mJavaTa anionebis, xolo sacriseburi qromatogra-
fiis reJimSi, organuli mJavebis gansazRvris saqmeSi. 

warmodgenil samuSaoSi mocemulia or RvinomasalaSi „kaxeTi“ da „rqa-
wiTeli“, zogierTi araorganuli da organuli mJavebis Semcvelobis gansaz-
Rvra maTi winaswari damuSavebis gareSe, ionuri qromatografiis erTsvetiani 
variantis gamoyenebiT; risTvisac upirveles yovlisa vaxdendiT svetis reJi-
misa da gamoyenebuli eluentis (moZravi faza) optimizacias. aseT pirobebSi 
araorganul da organul mJavaTa anionebi erT pikad gamodiodnen qromatog-
ramis dasawyisSi. 

 
  
araorganul da organul mJavaTa anionebis dayofa RvinoSi „rqawiTeli“ 

A _ dayofis ZiriTadi reJimi  

1,2 _ araidentificirebuli organuli mJavebi, 3 _ 
COOCH3 , 4 _ 



3HCO . 

5 _ 
Cl , 6 _ 



2NO N, 7 _ 
2

4SO
.  

Б _ dayofa buferis damatebis Semdeg.  
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anionebis gansazRvra xdeboda firma `Waters~-is IO-PAC Anion-is tipis 
50X4,6 mm zomis svetze. nawilakebis zoma iyo 10 mkm. moZrav fazad SerCeuli 
iyo 1mM benzoatis xsnari, romlis xarjic Seadgenda 1,2 ml/wT. am reJimSi Za-

lian didi iyo 2

4SO -is ionebis Sekaveba, ris gamoc cdebis meore nawili tar-

deboda Li, K _ ftalatis buferuli xsnaris gamoyenebiT. am dros organul 
mJavaTa anionebi gamodiodnen erTi saerTo pikiT (naxazi).  

analizis dro iyo 30 wuTi. araorganul mJavaTa anionebis Semcveloba 
RvinoebisTvis „kaxeTi“ da „rqawiTeli“ Sesabamisad iyo (mg/l-Si)  „kaxeTi“: 

Cl  _ 55, 2

4SO  _75; „rqawiTeli“: Cl  _ 60,  2

4SO  _ 85. 

araorganul da organul mJavaTa Sedgenilobis gansazRvrisaTvis ionu-
ri qromatografiis meTodis gamoyeneba, saSualebas iZleva gakontroldes 
RvinomasalebSi fermentaciis procesi. 

 
literatura 

1. Д. Ж. Фриц и др. Ионная хроматография. –M., Mир 1984, 240 с. 
2. SaTiriSvili S. i., kilaZe m.T., CxartiSvili n.n., SaTiriSvili i.S. RvinoebSi tute 
metalebisa da amiakis gansazRvra qromatografiuli meTodiT. //saqarTvelos sainJin-
ro siaxleni, 2019, t.89, gv. 137-138. 
 
SUMMARY  

SEPARATION OF SOME INORGANIC AND ORGANIC ACID ANIONS 

 IN WINES BY ION- CHROMATOGRAPHY METHOD 

Shatirishvili Sh.I. and  Kiladze M.T. 

Georgian Technical University 

Ion- chromatography method was used to determine the anions of some inorganic and organic acids in wines 

“Kakheti” and “Rkatsiteli”, both directly and by using a buffer solution of Li, K – phthalate. 

The obtained results allow to control the fermentation process in wine materials. 

Keywords: ion- chromatography, sieve chromatography, mobile phase (eluent). 
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inovaciuri teqnologiis SemuSavebiT  mwvane kaklis narCenidan 

sadeserto liqioris damzadeba 

 

mamardaSvili n.g., abaSiZe s.b., quriZe m.g. 
 

 saqarTvelos teqnikuri universiteti 
 

msoflio bazarze didi mowonebiT sargeblobs iseTi sakvebi produqte-
bi, romlebic damzadebulia bunebrivad mdidari biologiurad aqtiuri near-
Tebis Semcveli nedleulisagan. aqedan gamomdinare, maRalxarisxovani da eko-
logiurad sufTa produqtebis warmoebaSi erT-erTi mniSvnelovani adgili 
ukavia bunebrivi eqstraqtebis, biologiurad aqtiuri fraqciebis gamoyenebas. 
xilis miznobrivad gamoyenebisTvis aucilebelia saWiro nivTierebebis poten-
ciuri raodenobiT Semcveli obieqtebis SerCeva da adamianis organizmisTvis 
mniSvnelovani nivTierebebiT balansirebuli produqtebis miRebis teqnolo-
giis  SemuSaveba [1-4]. 

kvlevis mizans warmodgenda saqarTveloSi farTod gavrcelebuli  kak-
lis (Juglans regial) narCenidan (mwvane kakali) gadamuSavebis inovaciuri teqno-
logiis SemuSaveba da Tanamedrove produqtis miReba _ kerZod sadeserto li-
qioris damzadeba. 

„sicocxlis xe, tvinis dResaswauli, energiis akumulatori da univer-
saluri wamali“, xSirad ase moixsenieben berZnul kakals, radganac uZvelesi 
droidan kvebavda, kurnavda da Zalebis aRdgenaSi exmareboda adamians. kakali 
mcenareTa samyaroSi yvelaze unikaluria, romlis yvela nawili mdidaria 
biologiurad aqtiuri naerTebis farTo speqtriT: organuli mJavebi,  karo-
tini, fenolkarbomJavebi, mTrimlavi nivTierebebi, kumarinebi, qinoni: alfa da 
beta iugloni, 5-glukozid hidroiugloni. vitamini C, B1, B2, PP, K, E, A, cilebi, 
naxSirwylebi. cximebi, ujeri cximovani mJavebi, iodi, kaliumi, fosfori, 
kobalti, spilenZi, molibdeni, seleni. C vitaminis SemcvelobiT mwvane kakali 
9-jer aRemateba Sav mocxars da 50-jer citrusebs. misi raodeniba matulobs 
nayofis ganviTarebis mixedviT da maqsimums (2,5%) aRwevs vegetaciis Sua pe-
riodSi _  rodesac nayofi moumwifebelia. [5-7]. 

sakvlevi obieqtebi xasiaTdebian baqteriociduli, anTebis sawinaaR-
mdego, antimikrobuli, epiTealuri qsovilis aRmdgeni, matonizirebeli, adap-
togenuri da sxva. aqedan gamomdinare, misgan miiReba sxvadasxva saxis maRali 
kvebiTi Rirebulebis dieturi da samkurnalo Tvisebebis mqone alkoholiani 
sasmelebi da sakvebi produqtebi. 

liqioris kupaJisTvis saWiro naxevarfabrikatebis dasamzadeblad  mTa-
vari produqti iyo mwvane kaklis nafcqveni (kani). maRalxarisxovani eqstraq-
tebis miRebisaTvis viyenebdiT eqstragirebis, koncentrirebis da identifi-
kaciis meTodebs [1, 8-10]. 

sakvebi obieqtebis gadarCevisa da garecxvis Semdeg, vaxdendiT mis daWy-
letvas,  sxvadasxva spirtwyalxsnarebis mravaljerad eqstraqcias, sxvadasxva 
dayovnebis intervaliT, oTaxis temperaturaze, perioduli moreviT. Sedegebi 
mocemulia cxrilSi. 

 
                                                                          
eqstraqciis   optimaluri parametrebi 
 

obieqtis 
dasaxeleba 

moduli 
eTanolis koncentracia 

(moc)% 
eqstraqciis 
dro, 24 sT. 

temperatura 
Cо 

1 dasxm 2 dasxm 
mwvane kaklis 

kani 
1: 1.5 

 
35 
 

30 15 20 C0 
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mravaljeradi cdebis safuZvelze SevimuSaveT eqstraqtebis miRebis op-
timaluri parametrebi: eTanolis koncentracia, tenianoba, dafqvisa da da-
qucmacebis xarisxi, temperatura, eqstraqciis moduli da dayovnebis kinetika 
eqstraqtuli da saRebavi nivTierebebis maqsimaluri gamosavlianobisa da xa-
risxobrivi maCveneblebis mixedviT. 

liqioris mosamzadeblad gamoyenebulia saqarozis nacvlad inversiuli 
Saqari. SemuSavebulia inversiuli Saqris sirofis miRebis teqnologia, rom-
lis safuZvelzec inversirdeba Saqris 80%. Saqris saerTo raodenobam Sead-
gina 70%, aqedan inversirebuli Saqaria 56%, saqaroza ki 14%.  

Catarebuli kvlevisa da optimaluri teqnologiuri reJimebis dadgenis 
safuZvelze SevimuSaveT kaklis narCenidan morsebis miRebis aparaturul- 
teqnologiuri sqema. 

 
 

morsebis damzadebis teqnologiuri sqema 

 

 

morsebSi Seswavlili iqna: organoleptikuri maCveneblebi da ZiriTadi 
qimiuri komponentebi. mwvane kaklis kanisgan miRebuli morsi Seicavs _ mTrim-
lavi nivTierebebs 14%, iuglons 0,7%, ujredanas 22%, cilebs 17%, naxSir-
wylebs 800mg/%. 

miRebuli morsebis gamoyenebiT damzadebuli iqna  mwvane kaklis kanis 
(nafcqveni) sadeserto liqiori. sadeserto liqiorebis dasamzadeblad saku-
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paJe WurWelSi aTavseben morss, reqtificirebul eTilis spirts, darbilebul  
wyals, inversiul Saqris sirofs, limonis mJavas. yoveli komponentis damate-
bis Semdeg ureven da asveneben 1,5 Tve. Semdeg xdeba sadeserto liqioris ga-
filtvra, Camosxma, etiketireba, SefuTva. 

Cvens mier damzadebul mwvane kaklis liqiors Cautarda degustacia, 
romelic Sefasda umaRlesi qulebiT. 

Catarebuli gamokvlevebiT dadginda, rom sakvlevad gamoyenebuli 
obieqtebi mdidaria rogorc saRebavi, ise sxvadasxva klasis mTeli rigi bio-
logiurad aqtiuri naerTebiT, rac saSualebas iZleva aRniSnuli kaklis nar-
Ceni ufro farTod iqnas gamoyenebuli sxvadasxva saxis alkoholiani da 
ualkoholo sasmelebis dasamzadeblad. 

SemuSavebulia sadeserto liqioris miRebis axali teqnologia kaklis 
narCenis gamoyenebis safuZvelze. dadgenilia eqstraqtebis miRebis optima-
luri parametrebi. saqarozis nacvlad ki gamoiyeneba inversiuli Saqris 
sirofi. 
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SUMMARY 

PRODUCTION OF DESSERT LIQUEUR FROM THE DEVELOPMENT OF 

INNOVATIVE TECHNOLOGY    FROM   GREEN WALNUT WASTE 

Mamardashvili N.G., Abashidze S.B. and Quridze M.G. 

Georgian Technical University 

Walnut residue (green walnut skin, waste), which is widely used in the preparation of alcoholic beverages, has 

been studied in Georgia. Optimal parameters for obtaining high quality extracts from it are determined according 

to the maximum yield of the extract. From the obtained extracts ecologically pure dessert liqueur is made, which 

is characterized by green walnut color and pleasant aroma. Invert sugar is used instead of sucrose to prepare the 

liqueur, which improves the nutritional value. 

Keywords: green walnut, extraction, fruit drunk, syrup, yuglon.  
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mcenareTa nergebis gamosayvani mravaljeradi konteineri  

 

gociriZe r.i., lomiZe n.T. 
 

saqarTvelos teqnikuri universiteti  
 
 
Sesavali 
mcenareebis gaSeneba farTod gamoiyeneba rogorc sasoflo sameurneo 

kulturebis, aseve tyis da qalaqebis mwvane mSeneblobisaTvis. yovelive amis 
gaTvaliswinebiT mniSvnelovania xe-mcenareebis gaSeneba ganxorcieldes swo-
rad. mwvane safaris gasaSeneblad aqtiurad gamoiyeneba sxvadasxva zomis da 
formis konteinerebi, radgan xeebis gadargvas konteineriT aqvs mTeli rigi 
upiratesobebi, rac upirveles yovlisa, mdgomareobs konteinerSi moTavsebu-
li fesvTa sistemis dacvaSi, romelic ar ziandeba da rCeba TiTqmis xel-
Seuxebel mdgomareobaSi. Tumca yvelaferi es im SemTxvevaSia garantirebuli, 
Tu gadargvis procesSi konteinerSi ar Seiqmneba arasasurveli ryevebi: ar 
moxdeba konteinerSi arsebul nergze meqanikuri zemoqmedeba, rac gamoiwvevs 
fesvebis dazianebas, maTgan niadagis mocilebas; guldasmiT da mkvrivad 
iqneba igi SefuTuli, xolo konteinerSi arsebuli miwis komi daculi iqneba 
mkveTri da Zlieri dartymebisgan. aqedan gamomdinare  konteinerebiT mcena-
reebis dargva bolo dros miRebuli da gaxarebis TvalsazrisiT yvelaze 
usafrTxo meTodia.  

aqve unda aRiniSnos rom konteineriT mcenaris gadargvis meTodi 
SesaZleblobebs qmnis mcenaris gadargva ar iyos damokidebuli weliwadis 
sezonze. gadargvis vadebis gaxangrZlivebis gzebi da xerxebi afarToebs 
mwvane mSeneblobis perspeqtivebs,  yvelaferi es iZleva SesaZleblobas opera-
tiulad gadawydes rTuli samSeneblo sakiTxebi, uzrunvelyos samSeneblo 
obieqtebis swrafi da drouli gamwvaneba xarisxobriv doneze [1]. 

dReisaTvis, mcenaris nergebisaTvis  konteinerebi (qoTnebi) warmodge-
nilia Zalian farTo speqtrSi, rac saSualebas gvaZlevs  sworad SevarCioT 
konteineri nebismieri mcenarisaTvis. konteinerebi iyofa 2 tipad: `erTjera-
di~ da `mravaljeradi~.  

 
ZiriTadi nawili 
Cveni kvlevis mizans warmoadgenda, Cvens mier konstruirebuli mcena-

reTa nergebis gamosayvani `mravaljeradi~ konteineris dadebiTi da uaryo-
fiTi mxareebis Sefaseba da misi upiratesobis gansazRvra standartul 
konteinerebTan SedarebiT. 

saqarTvelos pirobebSi mcenareTa nergebis gamosayvani `mravaljeradi~ 
konteineris dadebiTi da uaryofiTi mxareebis Sefaseba da misi upiratesobis 
gansazRvra standartul konteinerebTan SedarebiT xorcieldeboda sagare-
jos raionSi arsebul sasaTbure meurneobaSi da a(a)ip soflisa da soflis 
meurneobis ganviTarebis saagentos dadgenili moTxovnebis mixedviT SerCeul 
mindorSi. 

warmodgenil mcenareTa nergebis gamosayvan `mravaljerad~ konteineris 
modelSi aRmofxvrilia sxvadasxva tipis konteinerebis naklovanebebi da war-
moadgens mcenareTa nergebis gamoyvanis da Ria gruntSi gadatanis efeqtur 
saSualebas.   
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`mravaljeradi~ konteineri 
1. konteineris gare bolo; 2. samagri; 3. cilindris gverdiTi kedeli;    

4. perforirebuli Ziri 
 
 
1. konteineris  aRwera 
konteiners (naxazi) aqvs cilindruli forma da damzadebulia  drekadi  

furclovani masalisagan. konteineris gare bolo (1) samagri elementebis (2) 
saSualebiT mimagrebulia cilindris gverdiT kedelTan (3) mis gaswvriv gada-
nacvlebisa da furclis gaSlis SesaZleblobiT. aRniSnuli garemoeba kon-
teineris diametris cvlilebis SesaZleblobas iZleva. konteineris moculoba 
regulirdeba cilindris gverdiTi kedlis (3) perimetris cvlilebis gziT. 
furclis gare bolo (1) mTel sigrZeze gadakecilia da ganiv kveTSi gaaCnia 
V-s magvari forma, rac uzrunvelyofs konteineris sixistis gazrdas. samagri 
elementebi (2) Sesrulebulia cilindris gverdiT kedelze (3) garedan Camoc-
muli, magaliTad, rkinisagan an plastmasisagan damzadebuli rgolebis saxiT. 
konteineri damatebiT aRWurvilia cilindruli formis saxsneli perforire-
buli ZiriT (4) [2].  

2. konteineridan nergis Ria gruntSi gadatanis Tanmimdevroba (suraTi).  
a) gruntSi keTdeba cilindris sigrZis (60_70 sm) Sesabamisi ormo (1); 
b) konteineris cilindrs exsneba Ziri, fiqsirdeba xeliT, raTa ar mox-

des nergis Cacureba da Tavsdeba ormoSi (2 da 3);  
g) 10_15 sm-is simaRleze ivseba ormo fxvieri miwiT konteineris dasa-

fiqsireblad (4);  
d) konteineri Tavisufldeba 2 mafiqsirebeli rgolisagan (5 da 6);  
e) ormo ivseba miwiT xdeba cilindris nel-nela amoReba gruntidan  
(7 da 8);  
v) nergTan axlos, ise rom fesvi ar daziandes xdeba Wigos CarWoba ner-

gis dasafiqsireblad rom SemdgomSi qarma ar daazianos, itkepneba miwa da 
keTdeba sarwyavi jami (9) [3]. 

1 

2 

2 

3 

4 
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1 2 3 

   
4 5 6 

   
7 8 9 

konteineridan nergis Ria gruntSi gadatanis Tanmimdevroba 
 
dReisaTvis ukve aTasobiT nergia gamoyvanili da gadatanili Ria grun-

tSi, mis unikalurobas ganapirobebs upiratesobebi sxva qoTnebTan SedarebiT. 
esenia: nergis aseTnairad gadargva fesvs icavs meqanikuri zemoqmedebisagan, 
garda amisa nergi ar ganicdis stress, radgan ormoSi gadadis Tavisive mi-
wiT. aRniSnuli konteineri uzrunvelyofs nergis dafesvianebas da mis uvneb-
lad gadargvas weliwadis nebismier dros, misi gamoyeneba SeiZleba mraval-
jeradad, amasTan, mosaxerxebelia misi transportireba.   
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SUMMARY 

MULTIPLE CONTAINER FOR PLANT SEEDLINGS  

Gotsiridze R.I. and Lomidze N.T. 

Georgian Technical University 

In this article the "multiple container for extracting plant seedlings" patented in Georgia and its advantages over 

standard analogues is discussed, in which thousands of seedlings have already been planted and moved to the 

open ground, its uniqueness due to the advantages over other pots is: simplicity of construction; sustainability of 

construction; motivation of the rapid growth of the plant root system; possibility of watering the plant from 

below; possibility to reuse the pot; minimal risk of seedling damage during transportation; low cost of 

construction; high degree of seedling protection; ability to monitor the seedling growth process; ability to 

transfer seedlings adapted and enhanced to climatic conditions to open ground; cultivation of seedlings, its 

growth until the seedling matures and effective removal in open ground; in development of artificial forest and 

perspective of effective use in creation of gardening farms. 

Keywords: multiple container, endemic, seedling.  
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,,mravaljeradi gamoyenebis qoTan-konteineri ,,Celenjer-mini~  
 

 
gociriZe r.i. 

 
saqarTvelos teqnikuri universiteti 

 
Sesavali 
saqarTvelos sasoflo-sameurneo savargulebis farTobis wili mTlian 

farTobSi 43,4%-ia (30,3 aTasi km2), erTwliani kulturebis naTesi farTobebi 
207,1 aTasi heqtaria da mravalwlovani nargavebiT dakavebuli miwis farTobi 
_ 109,6 aTasi. amasTan, qveynis teritoriis 44,8% tyis fonds ukavia [1]. 

saqarTvelos tyis 95_98 % bunebrivi warmoSobisaa. saqarTvelos tyeSi 
400-mde saxeobis xe da buCqi izrdeba. dendrofloris didi mravalferovnebis 
maCvenebelia endemuri merqniani mcenareebis simravle. maT Soris saqarTvelos 
endemia 61 saxeoba, xolo kavkasiisa _ 43. tye gansazRvravs wylis xarisxs da 
amcirebs wyalmovardnebisa da wyaldidobebis safrTxes naleqebis zedapiru-
li Camonadenis regulirebiT. is xels uSlis niadagis eroziis ganviTarebas, 
amcirebs mewyris, zvavisa da Rvarcofis ganviTarebis risks da arbilebs maT 
zemoqmedebas. atmosferodan naxSirbadis STanTqmiT da tyis masasa da niadag-
Si misi SekavebiT tye mniSvnelovan rols asrulebs naxSirbadis globalur 
ciklSi. tyis aRdgena-gaSeneba warmoadgens satyeo-sameurneo RonisZiebaTa 
mravalwlian cikls, romlis mizania tyis fondis tyiT daufarav farTobebsa 
da dabali sixSiris koromebSi tyis aRdgena da gaSeneba. agreTve qalaqebis 
mwvane mSeneblobaSi farTod gamoiyeneba xe-mcenareebis gaSeneba, rekonstruq-
cia [2]. 

msofliosaTvis mniSvnelovan gamowvevas warmoadgens mosaxleobis eko-
logiurad sufTa sakvebiT uzrunvelyofa, romelSic mniSvnelovani wili sa-
soflo sameurneo produqtebs uWiravs. zemo aRniSnulidan gamomdinare  mniS-
vnelovania mcenareebis dacva, movla da aRdgena. 

 
ZiriTadi nawili 
konteineri „Celenjer-minis“ daniSnulebaa, nergis gamoyvana, Sualeduri 

WurWlis funqciis Sesruleba konteiner „CelenjerSi“ nergis gadatamde, aseve 
iZleva nergis Ria gruntSi gadatanis SesaZleblobas. 

Cveni kvlevis mizans warmoadgenda, konteineris  „Celenjer-mini“ dade-
biTi da uaryofiTi mxareebis Sefaseba da misi upiratesobis gansazRvra stan-
dartul konteinerebTan SedarebiT. 

Cvens mier saqarTvelos pirobebSi mcenareTa nergebis gamosayvani kon-
teineris „Celenjer-minis“ dadebiTi da uaryofiTi mxareebis Sefaseba da  
misi upiratesobis gansazRvra standartul konteinerebTan SedarebiT xor-
cieldeboda sagarejos raionSi arsebul sasaTbure meurneobaSi da a(a)ip 
soflisa da soflis meurneobis ganviTarebis saagentos dadgenili moTxov-
nebis mixedviT SerCeul mindorSi. 

aRsaniSnavia rom konteinerSi nergis gaCerebis periodi ar unda gag-
rZeldes 3 Tveze metxans, vinaidan 3 Tvis Semdeg izrdeba fesvebis dazianebis 
riski, rameTu magaliTad, fstas fesvis sigrZe aRemateba miTiTebuli vadis 
Semdeg konteineris simaRles (25 sm) [3].  

konteineri aris standartul konteinerebTan SedarebiT TiTqmis orjer 
grZeli (25 sm). aqedan gamomdinare mcenares eZleva motivacia kargad ganiviTa-
ros mTavarRerZiani fesvi. konteineri msubuqia (130 gr.), rac aadvilebs trans-
portirebas, gadasatan yuTSi (40 X 30sm), SesaZlebelia moTavsdes 110 cali 
konteineri (datvirTuli iwonis daaxloebiT 15 kg-s).   



   saqarTvelos sainJinro siaxleni, GEORGIAN ENGINEERING NEWS, #1, 2021  

 

176 

aRsaniSnavia Teslis ar gaxarebis SemTxvevaSi, meored daTesvis martivi 
da efeqturi SesaZlebloba. kerZod im SemTxvevaSi Tu Teslma ar gaixara, 
konteineris daSla da zedmeti drois xarjva araa saWiro, vinaidan SesaZle-
belia moixsnas konteineris Ziri (plastmasis Tavsaxuri) davuyenoT meore 
boloSi (sadac Tesli movaTavseT), mafiqsirebeli rezinis rgoli gavacuroT 
Ria bolosken, rom mWidrod iyos konteineris kedlebi erTmaneTTan da 
xelaxla movaTavsoT Tesli. aRniSnuli daTesvis xerxi gvaZlevs meore Sanss 
konteineris dauSlelad daTesvis, ar xdeba gauxarebeli Teslis amoReba, 
rac zogavs dros, amcirebs konteineris dazianebis risks da bunebrivad 
anoyierebs SigTavss.  

rac Seexeba upiratesobebs konteineri „Celenjer-mini“ xasiaTdeba:  
konstruqciis simartiviT;  
konstruqciis mdgradobiT;  
misi forma axdens mcenaris fesvTa sistemis swrafi zrdis motivirebas;  
iZleva mcenaris qvemodan morwyvis SesaZleblobas;  
SesaZlebelia mravaljeradad gamoyeneba;  
uzrunvelyofs transportirebis dros nergis dazianebis minimalur 

risks;  
aqvs dabali fasi;  
aqvs nergis daculobis maRali xarisxi;  
SesaZlebelia nergis fesvis ganviTarebis procesis monitoringi;  
tyis xelovnur ganaSenianebaSi da sabaRe meurneobebis SeqmnaSi aqvs 

efeqturi gamoyenebis perspeqtiva. 
kvlevis farglebSi konteiner `Celenjer-minis~ saSualebiT 3 heqtari 

miwis farTobze gadatanil iqna 700 Ziri nergi, rac ganxorcielda 100%-iani 
warmatebiT (nergebis fesvTa sistemis dauzianeblad). 
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SUMMARY 

REUSABLE POT-CONTAINER `CHALLENGER – MINI”  
Gotsiridze R.I. 

Georgian Technical University  

In this article the reusable container `Challenger-Mini~ and its advantages over standard analogues is discussed. 

Results obtained using `Challenger – Mini~: Container "Challenger-Mini" provides rooting the seedlings and its 

safe transplanting at any time of the year, it is easy to transport, it is easy to make and cheap, it can be used many 

times, the risk of damage of the seedling during transportation is minimized, permanent monitoring and 

corrections can be made. Within the today’s research through the container `Challenger-Mini~ 700 seedlings 

moved to the 3 hectares of the land, which bloom was in 100%. 

Keywords: reusable container `Challenger-Mini~, seedling. 

 

 

 



   saqarTvelos sainJinro siaxleni, GEORGIAN ENGINEERING NEWS, #1, 2021  

 

177 

РОЛЬ СПЕЦИФИЧЕСКЫХ ТОКСИНОВ ГРИБОВ В ПАТОГЕНЕЗЕ 

 

Канчавели Ш.С.,  Павлиашвили К.М., Чачхиани Н.Р. 

 

Научно-исследовательский центр  министерства  сельского хозяйства Грузии       

Грузинский Технический Университет 

Государственный университет  Акакия Церетели, Кутаисси   

 

В современной фитопатологии наиболее интересными для исследования  стали вопросы 

узнавания патогенов хозяином и специфичности патогенов. Недавно предложено несколько 

биохимичиских механизмов, объясняюших аллелопатичесские взаимодействия патогенов и 

растений-хозяев.  

Один из наиболее логичных подходов к выяснению процессов, происходяших на 

молекулярном уровне при успешном заражении хозяина, _ это изучение специфических по 

отнощению к хозяину токсинов. Специфичные для хозяина токсины можно рассматривать как 

факторы распознования.  

Изучение токсинов в течение двух последних десятилетий значительно расширило 

наши представления о физиологическом и биохимическом действии токсинов на поражаемые 

растения-хозяева. Однако, чтобы более глубоко понять процессы, происходящие на посевах 

сельскохозяйственных культур, необходима более широкая информация о проктических 

сторонах, чем та, которой мы расролагаем. 

Известно, что у гриба Alternaria  alternata специфичная токсичность по отношению к 

хозяину положительно коррелирует с его патогенностью [1-3]. Особого внимания заслуживают 

токсины, выделяемые при прорастании спор вирулентных изолятов, но не авирулентных. 

Первое сообшение об этом относится к 1965г. и принадлежит Нисимура и Шефферу [4], 

которые установили, что вирулентные споры Helminthosporium victoriae выделяли токсин через 

3 часа после прорастания на предметных стёклах или на тканях овса.  По мнению этих авторов, 

подобный способ образования токсина, видимо, необходим на начальных стадиях взаимодейс-

твия H. victoriae с тканями овса. Несколько позднее Йогер и Шеффер [5], предложив эту 

работу, показали, что споры авирулентного мутанта H. victoriae или некоторых непотогенов, 

нанесённые на листья восприимчивого сорта овса одновременно с HV-токсином, при 

прорастании заражают листья так же, как и вирулентные споры. Этот важный момент, по-

видимому, указывает на то, что образование  токсина должно происходить перед внедрением 

гриба, чтобы индуцировать совместимые реакции только у воспримчивых хозяев и далее 

обеспечит восприимчивость. Такие же  результаты были получены при заражении A. alternata 

для  AK –токсина из патотипа с груши, AM-токсина из патотипа с яблони [1], AF- токсина из  

патотипа с земляники и AT-токсина из патотипа с табака [6]. 

Известно, что грибы вызываюшие усыхание плодовых, в процессе обмена веществ 

выделяют токсические вешества, которые обуславливают их патогенность [7]. 

 Современные представления о специфических токсинах получены почти исключитель-

но на факультативных паразитах, таких как Alternaria и Helminthosporium.  

В настояшее время известные специфичные токсины Alternaria названы AM-, AC-, AK-, 

AF-, AT- и AL токсинами.   

Все патогены Alternaria, образуюшие такие токсины можно отнести к виду Alternaria. 

Однако каждый патоген имеет определённый и ограниченный круг хозяев и патогенен для 

одного или немногих растений. Таким образом, можно отлечить один тип патогена от другого. 

Заражение Alternaria зависит от присутствия специфического токсина, и имеющиеся 

данные в какойто мере позваляют предварительно интерпретировать потенциальную роль этого 

токсина в развитии болезни.  

Однако, в лабораторных условиях полевые изоляты этих патотипов часто теряют спе-

цифичную вирулентность и способность продуцировать токсин и возвращаются к состоянию 

обычных сапрофитов A. alternata, не отличающихся по своему типу. Культуры быстро снижают 

вирулентность при последовательных пересевах на любой среде, особенно при высоких 
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температурах. Что происходит в природе, до сих пор остаётся загадкой. На этой стадии можно 

допустить, что нестабильная вирулентность грибов поддерживается на множестве восприим-

чивых культур и, видимо сушествует давление отбора, благоприятное для высоко вирулентных 

форм. 

Упомянутые выше патогенные изоляты Alternaria не отличаются по морфологии кони-

дий, но каждый изолят характеризуется специфичной вирулентностью или специфичным обра-

зованием метаболитов. Это означает, что мутация, приводящая к потере токсина, в свою оче-

редь, приводит и к сапрофитному состоянию. Кроме того, некоторые сапрофитные A. alternata, 

сушествуюшие в природе, могут обладать наследственными потенциями, которые проявляются 

только на проходяшем хозяине и в соответствуюших условиях. Если это верно, то при 

благоприятных культурных условиях в большой популации сапрофитных A. alternata, видимо, 

удастся обнаружить спонтанный мутант, образуюший токсин.  

Для обнаружения и выделения такого мутанта разработана биопроба. Свежесобранные 

листья с восприимчивых и устойчивых растений груши и яблони, оприснули суспензией сап-

рофита A. alternata и инкубировали во влажной камере. Контролем служили опрыснутые 

дистиллированной водой и также инкубированные листья. Через несколько дней только на 

восприимчивых листьях иногда появлялись мелкие чёрные некротические пятна. Некоторые 

изоляты, получённые из пятен на листьях восприимчивого сорта груши, напоминали патотип A. 

alternata с груши, уже известный своей специфичностью для хозяина и способностью проду-

цировать токсин. Присутствие AK- токсина в культуральных фильтратах этих изолятов 

подтверждено биопробой на листьях. Ни один из этих изолятов не был патогенен на листьях  

устойчивого сорта груши.  

Мутанты, образуюшие AM-токсин, были изолированы как и мутанты с AK-токсиной, из 

листьев восприимчивого сорта яблони после оприскивания их сапрофитными спорами. Ока-

залось, что эти изоляты идентичны патотипу A. alternata с яблони, так как они обладали специ-

фичной патогенностью, а их культуральные фильтраты отличались специфичной токсичностью 

для хояина.  

При оприскивании листьев восприимчивого сорта яблони спорами патотипа A. alternata 

с груши получили мутанты с двойным токсином, которые давали в культуре AK- и AM-ток-

сины и были одинакого патогенны как для яблони, так и для груши.  Когда каждый мутант, 

выделённый в трёх вышеописанных опытах, был проведён несколько раз через искусственные 

питательные среды, большая их часть теряла свою способность продукцировать токсин.  

Таким образом, в сапрофитной популяции A. alternata, очевидно, появлялись мутации, 

обеспечивающие патогенность. По-видимому токсины – это основные факторы, упрaвляющие 

патогенностью или вирулентностью, так как мутирование в сторону появления токсина 

приводит к приобретению патогенности, тогда как мутация на потерю токсина ведет и к потере 

патогенности. 

В результате успешного выявления образуюших токсин мутантов на поверхности 

листьев хозяина на проявление токсинообразования у сапрофитных спор A. alternata Это обус-

ловило положительную оценку метода биопробы на листьях, применённого в нашей работе. 

Для ответа на вопрос провели массовый скрининг спор A. alternata в чашках Петри с пита-

тельным агаром.  Приблизительно тысячу колоний пересеяли в пробирки с жидкой средой 

Рихарда и 10-дневные кулькуры испытали на патогенность и образавание токсина. В результате 

был получен один мутант с AK-токсином и два мутанта с AM- токсином.  

Следовательно, поверхность растения-хозяина не оказывает влияния на развитие или  

проявление токсин образуюших мутантов.  По-видимому, для объяснения мутаций необходимо 

допустить, что в нашем первоначальном инокулюме уже содержались продуценты токсина. 

   В вышеописанных результатах надо подчеркнуть два важных момента, Во первых, 

способность давать специфичный токсин может быть неограниченой, или же зависит от 

благоприятных обстоятельств. Если в посеве присутствуют восприимчивые к токсину растения, 

свойство токсиобразования может экологически усилить пригодность данных патотитов. Если 

благоприятные условия отсутсвуют, способность к токсиоброзованию может исчезнуть пол-

ностью, не проявившись. Во-вторых, в природе не обнаружены продуценты двойных (AK и 

AM) токсинов. Возможно, в будушем интенсивные исследования покажут наличие такого сме-



   saqarTvelos sainJinro siaxleni, GEORGIAN ENGINEERING NEWS, #1, 2021  

 

179 

шанного патотипа в посадках груши или в местах произрастания смешанных посадок яблони и 

груши. В любом случае, успешное выявление токсиоброзуюших мутантов в предлагаемых 

сапрофитных культурах A. alternata привлекает наше внимание к механизмам ответственным за 

возникнавение патогенных форм из сапрофитных. Такое явление может иметь большое практи-

ческое значение.  

Сезонные изменения количества переносимых воздухом спор патотипа A. alternata, 

вызываюшего чёрную пятнистность листьев и плодов груши, изучали в посадках восприим-

чивых и устойчивых сортов груши, измеряя их способность продуцировать AK-токсин. Ока-

залось, что споры A. alternata в садах с воспримчивым сортом не всегда патогенны для груши.   

Физиологическое действие специфичных для хозяина токсинов Alternaria зависит от 

хозяина, это было доказано на примере нескольких токсинов. У восприимчивых растений AC-, 

AF- и AK- токсины сразу вызывают изменение свойства цитоплазматической мембраны, а AM-

токсин действует как на мембрану цитоплазмы, так и на мембраны хлоропластов. Очевидно, 

первые три токсина имеют один сайт действия, в то время как у AM-токсина их значительно 

больше. Иной тип реакции отмечен на листьях восприимчивого сорта томата. Такие нарушения 

появляются только при действии токсина на восприимчивые ткани. 

Однако, с точки зрения патологии, эти токсины не убивают клетки хозяина до внед-

рения гриба, а только воздействуют на их жизненную активность. Это наводит на мысль, что в 

воссприимчивых растениях специфичные для хозяев токсины подавляют механизмы общей 

устойчивости. 

Данная  концепция станет более понятной при  изучении изменения чувствительности 

тканей хозяина в условиях тёплого стресса. 

Листья восприимчевого сорта груши, подвергнутые тепловому шоку (например, водой 

при 50°C в течение 10 сек.), полностью теряли чувствительность к AK-токсину, но становились 

более восприимчивыми к патотипу A. alternata с груши. Кроме того, они были восприимчивы 

даже к авирулентным и сапрофитным изолятам A. alternata. В то же время, тепловой стресс не 

менял исходной нечувствительности листьев устойчивых сортов к токсину, но они теряли 

устойчивости к патогену. Более того, даже авирулентные и любые другие изоляты A. alternata 

могли проникать в ткани, о чём свидетельствовали чёрные некротичесие пятна на обра-

ботанных листьях. Изменения, происходившие в ответ на тепловой стресс, были обратимыми, и 

ткань листа востанавливала свою первоначальную реакцию в течение 12ч.  после обработки.  

Выше приведённые данные можно интерпретировать как два разных явления: потеря 

чувствительности к токсину у восприимчивых тканей и снижение устойчивости как восприим-

чивых, так и устойчивых тканей может происходить одновременно.   

Другими словами, чувствительный к токсину сайт, сушествуюший только в восприим-

чивой ткани, и активируюший устойчивость сайт в восприимчивых и устойчивых тканях могут 

изменяться независимо друг от друга при умеренном нагревании. Если такая интерпретация 

вышеуказанных факторов верна, то AK-токсин, по-видимиму, играет определённую роль в 

успешной колонизации тканей хозяйна патогенами и действует постепенно: оказывает влияние 

на чувствительные к токсину органеллы клетки, изменяет их физиологическую функцию и в 

конце концов  подавляет индукцию устойчивости к болезни.  
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SUMMARY 

THE ROLE OF  FUNGAL SPECIFIC TOXINS IN PATHOGENESIS 

Kanchaveli Sh.S.,  Pavliashvili K.M. and Chachkhiani N.R.. 

Scientific Research Center of Georgian Ministry of Agriculture 

Technical University of Georgia 

Akaki Tsereteli State University, Kutaisi 

The ability of creating specific toxins by pathogenic groups of fungus Alternaria alternata has been studied. It 

has been determined that the natural isolators of these pathological types lose their specific virulence and the 

ability of creating toxins in laboratory conditions. In addition, the fungus develops toxin creating mutant in 

favorable conditions, i.e. specific virulence of pathological types depends on the host specific toxins of the plant. 

Field experiments revealed natural mutation of usual saprophytic types to the toxin creating types regardless of 

permeable plants. Thus, A. alternata creates specific toxins which cause the gradual decrease of plant resistance 

mechanism, accordingly promoting the process of pathogenesis.  

Keywords: pathogen, fungus Alternaria alternata, plant disease. 
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ВОСПРИИМЧИВОСТЬ К БОЛЕЗНЯМ РАСТЕНИЙ, ВЫЗВАННЫХ ПАТОГЕНАМИ 

 

Канчавели Ш.С.,  Павлиашвили К.М. 

    

Научно-исследовательский центр  министерства  сельского хозяйства Грузии   

Грузинский Технический Университет 

 

Предварительная инокуляция растений авирулентными или несовместимыми расой или 

штамом патогена часто даёт начало серии биохимических изменений, которые индуцируют в 

месте взаимодействия устойчивости к вирулентному или совместимому патогену. Широкое  

изучение молекулярной основы такой  индуцированной  устойчивости показало, что в её 

проявлении участвуют фитоалексины и другие низкомолекулярные  соединения, образуюшиеся 

в месте взаимодействия. Этот тип динамической реакции наряду с другими физическими и  

химическими барьерами входит в механизмы защиты, которые  растения приобрели в процессе  

эволюции и которые определяют тот факт, что устойчивость в природе является правилом. 

Следовательно, вирулентные или совместимые патогены должны были приобрести 

способность не только преодолевать  статические защитные барьеры, но и подавлять действие 

генов устойчивости или делать их неэффективными.  Однако, за искючением роли  

специфических токсинов в патогенезе, механизм  индуцированной восприимчивости как  

положительной функции патогенов не исследован столь широко, как  индуцированная 

устойчивость. Давно известно, что растения, предварительно инфицированные вирулентным 

патогеном, приобретают воспримчивость к слабовирулентным патогенам или не патогенным 

организмам, и это явление получило название предрасположенности, индуцированной 

восприимчивости или приобретной восприимчивости.  Подобный тип индуцированной 

восприимчивости позволяет предполагать, что патогены активно подавляют механизмы 

защиты хозяина с целью установления псевдосимбиотической ассоциации с клетками хозяина; 

это и привело нас к концепции доступности.  

В природе часто существует случай синергизма, во время которого происходит 

появление восприимчивости растений (1-4). 

При вирусных болезнях взамодействие патогена и клетки хозяина значительно более 

прямое, чем при бактериальных и грибных болезнях, и может быть охарактеризовано как 

геномное. Взаимодейсвия между разными штамами вирусов можно подразделить на три 

группы: 1. Нет явного эффекта; 2. Антагонистические взаимодействия; 3. Синергические  взаи-

модействия. Варируя условия эксперимента, даже в одной комбинации вирус-хозяин можно 

наблюдать эти три фазы. 

Синергические взаимодействия, обнаруживаются на уровне как концентрации вируса, 

так и проявления симптомов. Если растения томатов инокулировали вирусом X картофеля 

(XBK) и вирусом табачной мозаики (BTM), концентрация XBK была в несколько раз выше, чем 

в растениях, инокулированных только XBK, в то время как концетрация BTM снижалась 

наполовину или на треть. Концетрация XBK не возрастала, если инокуляцию BTM проводили 

намного раньше, и это показывает, что метаболические изменения во время размножения BTM 

важны для усиления размножения  XBK. 

Концентрация XBK в листьях табака возрастает также при совместной инокуляции с 

YBK (вирус Y картофеля), т.е.  YBK явно способствует системному распостранению XBK при 

условии, что температура инкубации благоприятна. Дальнейшие опыты по размножению XBK 

в листьях табака показали, что синтез патогена усиливается в присутствии YBK или BTM в 

одной и той же клетке. 

Наиболее убедительное подтверждение индуцированного совместимого взаимодейс-

твия получено при изучении таких инфекций, при которых непатогенные вирусы размно-

жаются в поддающихся определению количествах в листьях, дважды инокулированных 

вирулентным вирусом. Если листья ячменя инокулировали BTM вместе с вирусом штри-

ховатой мозайки ячменя или вирусом костра, размножения BTM, в иных случаях очень слабое, 

заметно усиливалось и становилось системным. По нашему мнению, это означает возможное 

влияние вируса-помошника на рост и развитие растения хозяина, предрасполагающее к 

системному распространению BTM. 
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Хорошо известно, что при бактерияльных болезнях вирулентность зависит от 

способности патогенов довести популяцию в ткани хозяина до уровня, достаточного для 

появления характерных симптомов. Как и при вирусных болезнях, у растений инокули-

рованных смесью вирулентной и авирулентной или патогенной бактерий, обычно появляются 

более слабые признаки поражения, чем при инокуляции одним вирулентным штамов. В 

некоторых случаях, однако, заражение смешанным иннокулюмом приводит к синергическому 

эффекту и сопровождается более выраженными симптомами, чем индивидуальное заражение.  

   Синергизм наблюдали при окаймленной пятнистости фасоли. Присутствие Achromo-

bacter sp. В инокулюме привело к образованию большего числа пятен и усилённому разм-

ножению Pseudomonas phaseolicola в иннокулированных первычных листьях, хотя популяция  

Achromobacter в листьях не возрастала.  

Установлено, что популяции авирулентных штамов Erwinia amuylowora в побегах 

яблони увеличивались при совместной инокуляции с вирулентным штамом. Авирулентные 

штамы E. amuylowora и E. herbicola защищали восприимчивые побеги яблони от заражения. 

Вирулентность штама уменьшается при условии, что антагонисты были добавлены в 

инокулюм в большом количестве. Однако, когда устойчивый к стрептомицину авирулентный 

штам E. amuylowora смешали с вирулентным штамом в отнашении 1:1 и использовали для 

инокуляции молодых черешков восприимчивого сорта, оба штама размножались одинакого.  

Оказалось, что возбудители мучнистой росы ячменя и пшеницы образуют конидии на 

своих нехозяинах, если листья предварительно инокулированны совместимой расой. 

Доступность, индуцированная заражением совместимой расой E. graminis, была эффектива не 

только для несовместимых рас этого гриба или других мучнисторосяных грибов, например E. 

graminis и Sphaerotheca fuliginea, но и для некротрофных непотагенов, например для 

Mycosphaerella melonis и Glomerella cingulata.   

Микроскопическое наблюдение за реакцией живых эпидермальных  клеток пшеницы на 

расы  E. graminis подсказывает путь, каким устонавливается доступность для инфецкии. Извес-

тно, что промоплазматические агрегаты образуются под кончиком аппрессория к моменту 

внедрения через 10-11 часов после инокуляции, и исчезают с появлением гаустории, обычно 

через 2-3 часа после начала её развития. Следует заметить, что некоторые пропагулы совмести-

мой расы не формировали гаустории, а некоторые несовместимые успешно образовали  

функционирующую  гаусторию.  

Трудно точно определить отдельные процессы, которые ведут к такому успеху или  

неудаче, поскольку реакции весьма непостоянны и даже поведение клеток под недоразвитыми  

аппрессориями варьирует от отсутствия заметного противодействия до образования папиллы 

нормальных размеров. Тем не менее микроскопическое исследование внутренного эпидермиса 

колеоптилей пшеницы, иннокулированных конидиями  E. graminis f. sp. hordei и E. graminis f. 

sp. tritici показывает, что успешное или неудачное становление совместимых и несовместимых 

комбинаций может определяться скоростью, степенью, продолжительностью и, вероятно, 

временем инициации  цитоплазматических агрегатов.  

Роль папилл в защитных механизмах остаётся предметом споров, и всё же папиллы 

могут развиваться достаточно рано, чтобы функционировать как барьер при быстром и 

экстенсивном образовании цитоплазматических агрегатов. Агрегаты исчезают или рассеиваю-

тся, когда гриб образует функционирующую гаусторию, но сохраняются до тех пор, пока не 

образуются крупные папиллы, если гриб не способен к образованию гаустории. 

Следовательно, совместимые или даже образующий гаусторию несовместимый гриб 

могут иметь некоторые механизмы, замедляющие или подавляющие образование агрегатов, 

вероятно,  путём нарушения присушей клеткам способности распознавать чужеродные тела. По 

этому совместимые расы должны: 1. Избавиться от действия конститутивных соединений;             

2.  внедриться до того, как образуется папилла высокой плотности, укреплённая флуоресци-

руюшими соединениями; 3. подавить агрегацию цитоплазмы; 4. подавить синтез фитоалекси-

нов, быть нечувствительными к ним или  разлагать  фитоалексины; 5. Подавить  гибель мезо-

филла.  

Процессы в клетке, ведушие к её доступному или недоступному состаянию, необ-

ратимы. Эксперименты с тройной инокуляций показали, что ставшие доступными клетки не 

распознаются даже не патогенами, например грибом с дыни, как несовместимые. Наоборот, 
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листья, у которых была индуцирована недоступность, при последующем взаимодействии с 

совместимой расой реагировали более обширным некрозом, чем при взаимодействии с 

несовместимой расой. 

Подобная же необратимость распознования отмечена при корончатой  ржавчине овса.    

Проявление устойчивости листьев овса к несовместимой расе Puccinia coronate ослабевало при 

обработке совместимой расой в пределах 8ч несовместимого взаимодействия. Однако 

заметного эффекта не было, если несовместимое взаимодействие  продолжалось 12ч или  более 

перед  инокуляции совместимой расой. Листья овса с индуцированной устойчивостью, т.е. 

после 12ч несовместимого взаймодействия, распознавали инокулированную затем совмести-

мую расу как  несовместимую, что привело к усиленнной реакции устойчивости. Эти резуль-

таты чётко показывают, что совместимая раса обладает способностью, как у мучнисторосяных, 

подавлять этот индуцированный механизм устойчивости, прежде чем он достигнет необ-

ротимого состояния. 

Предварительная инокуляция листьев овса совместимой расой возбудителя корончатой 

ржавчины действительно  индуцировала доступность для несовместимой расы.  Это инуциро-

ванная доступность эффективна по отнашению к непатогенам овса, таким как Uromyces 

alopecuri и  Puccinia  graminis. 

Таким образом, инфекции независимо от типа этиологии могут быть определены как 

геномная комплементация между клетками хозяина и паразитом для псевдосимбиотической 

ассоциации как основа патогенеза.  Биохимические подходы к истинной способности патогенов 

задерживать действие защитных механизмов хозяина дают не только глубокое понимание 

патогенеза, но и наиболее обещающую стратегию борьбы с болезнями. 
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SUMMARY 

ACCEPTABILITY OF PLANT DISEASES CAUSED BY PATHOGENS 

Kanchaveli Sh.S. and  Pavliashvili K.M. 

Scientific Research Center of Georgian Ministry of Agriculture 

Technical University of Georgia 
It has been established that the interaction of  pathogens and patron plants causes acceptability of plant diseases 

that determines the concept of  pest availability. According to this concept, different pathogens – viruses, 

bacteria and fungus  are more often active to deacrease the mechanism of plant protection for establishing a 

pseudobiotic relationship to it. Synergistic dependence among several pathogens has also been determined which 

reveals not only the intensity of pathogens, but the manifestation of disease symptoms as well.    
Keywords: pathogen, patron plant disease, viruse, bacteria, fungus. 

 



   saqarTvelos sainJinro siaxleni, GEORGIAN ENGINEERING NEWS, #1, 2021  

 

184 

saqarTvelos torfebSi huminis mJavebis Semcveloba 

 

suxiSvili n.z. 
 

saqarTvelos teqnikuri universiteti 
 
bolo wlebSi Tanamedrove agrowarmoeba bevr qveynaSi mimarTulia maRa-

lxarisxiani mosavlis miRebasTan erTad agroekologiuri mdgomarebis gaumjo-
besebisken. farTod inergeba ekologiurad usafrTxo, maRali efeqturobis mqo-
ne biologiurad aqtiuri preparatebi, romelic warmoebulia bunebrivi ned-
leulis safuZvelze da mis warmoebaSi minimalurad aris gamoyenebuli qimiu-
ri nivTierebebi. aseTi preparatebis erT-erT jgufs warmoadgens torfidan 
gamoyofili huminis preparatebi [1-3]. mravali mkvlevari aRniSnavs huminis 
preparatebis dadebiT gavlenas sasoflo sameurneo kulturebze. maTi zemoqme-
deba mcenareebze mravalmxrivia: gaaCniaT fiziologiurad aqtiuri, antistre-
suli Tvisebebi _ amcireben pesticidebis uaryofiT zemoqmedebas, blokirebas 
ukeTeben niadagebidan mZime metalebis mcenareSi SeRwevas, amaRleben mcenaris 
mdgradobas garemos uaryofiT faqtorebze _ gvalvaze, dabal temperaturaze, 
gaaCnia fitoproteqtoruli Tvisebebi [4,5]. aris mcdelobebi torfis safuZ-
velze miRebuli preparatebis gamoyeneba meliorantebis nacvlad degradire-
buli niadagebis Tvisebebis gaumjobesebisaTvis [6]. mravali mecnieri uTiTebs 
humusovanimJavebis  mecxoveleobaSi gamoyenebaze [7,8].  

Cvens mier Seswavlili iqna saqarTvelos zogierTi torfis sabadodan 
aRebul torfSi huminismJavebis Semcveloba, qimiuri Sedgeniloba da mZime me-
talebis arseboba, raTa SemdgomSi gagvegrZelebina preparatebis fiziologiu-
ri Tvisebebis Seswavla.  

Seswavlilia 5 sabados torfi: dmanisis, TianeTis (sofel tolTasofe-
li), paliastomis sabadodan 2 nimuSi, zugdidis (sofeli urTa).  

momzadebul nimuSebSi iqna gansazRvruli pH, moZravi P2O5, saerTo azo-
ti, organuli naxSirbadi, nacris Semcveloba, huminis mJavebi, saerTo kaliumi 
da mikroelementebi: rkina, spilenZi, manganumi da TuTia. monacemebi moyvanilia 
cxr. 1-Si. 
 
cxrili 1. saqarTvelos zogierT torfSi huminismJavebis Semcveloba  
da qimiuri Sedgeniloba  
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mikroelementebis 
saerTo Semcveloba 

mg/kg 

Mn Fe Cu Zn 

1 dmanisis torfi 5,27 0,07 357,00 0,66 62,7 2,63 13,7 29,49 3,45 1,84 3,83 

2 
TianeTis 
torfi 

6,65 0,12 164,77 0,54 63,5 4,57 2,67 61,35 1,57 1,70 3,40 

3 
paliastomis 1 

sabado 
6,85 0,14 489,00 0,28 80,0 2,22 5,19 18,32 4,10 4,48 3,95 

4 
paliastomis 2 

sabado 
5,43 0,08 386,33 0,52 71,2 4,43 6,78 28,15 3,66 6,86 23,78 

5 
samegrelos 
torfi  sof. 
urTasTan 

3,92 0,07 353,33 0,65 51,2 7,72 6,53 1,46 0,66 0,93 2,60 
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rogorc cxrilis monacemebidan Cans, yvela torfis nimuSebi mJave 
bunebisaa. gansakuTrebulad maRali mJavianobiT gamoirCeva urTas sabados 
torfi (pH=3,92), amasTan erTad unda aRiniSnos, rom mikroelementebis Semc-
veloba am torfSi yvelaze dabalia. amJamad dasavleT saqarTveloSi, maT 
Soris zugdidis raionSi, aqtiurad mimdinareobs saqarTvelosTvis axali 
kulturis _ mocvis gaSeneba. cnobilia, rom erTerT mTavar moTxovnas aRniS-
nuli kultura uyenebs niadagis aris reaqcias _ is unda iyos pH 4_5,6 farg-
lebSi. ufro maRali  pH mqone niadagebze mocvi knindeba da misi mosavlia-
noba sagrZnoblad mcirdeba. agronomebi iZulebulebi arian sxva da sxva me-
liorantebis (koloiduri gogirdi, rkinis sulfati, torfi da sxv.) meSveo-
biT ganaxorcielon niadagis SemJaveba, risTvisac iyeneben sazRvargareTidan 
Semotanil Zvirad Rirebul meliorantebs. Cveni azriT, saintereso iqneba 
aRniSnul samuSaoebSiadgilobrivi torfis (urTas sabado) gamoyeneba.  

organuli naxSirbadis (C) Semcveloba torfis yvela nimuSSi maRalia, 
nacris ki _ dabali. Cvens mier aRebuli nimuSebi miekuTvneba mcire (nacris 
Semcveloba <5%) da saSualo (nacris Semcveloba ar aRemateba 20 %) nacria-
nobis mqone torfebs. huminismJavebis Semcvelobis mixedviT yvelaze dabali 
Semcveloba dadginda TianeTis 2,67 % (s. tolTasofeli), yvelaze maRali ki 
dmanisis torfSi 13,7 %. monacemebis gaTvaliswinebiT perspe-qtiulia kvlevebi 
CavataroT dmanisis da paliastomis sabadoebze. mcenareze huminis mJavis  da-
debiTi gavlena dakavSirebulia mis agebulebaze da masSi aqtiuri funq-
cionaluri jgufebis Semcvelobaze [9]. sainteresoa, torfidan gamoyofili 
huminis mJavebis fiziologiuri gavlena mcenareebze da ara raodenobrivi maC-
venebeli, amitom kvlevebi unda Catardes yvela arsebul nimuSebi. 

huminis mJavis agebulebis da fiziologiuri Tvisebebis SenarCuneba da 
Semdgomi modifikacia damokidebulia torfidan gamoyofis meTodze. sawyis 
etapze huminis preparatebis gamoyofa kononova-belCikovas meTodiT gan-
xorcielda (cxr. 1), romlis drosac torfis damuSaveba xdeba natriumis piro-
fosfatis fuZe xsnariT (pH = 8,5). meTodi iZleva saSualebas nimuSis erTje-
radi damuSavebiT gamoiyos huminis mJavis TiTqmis mTeli raodenoba. meTods 
gaaCnia uaryofiTi mxarec, maRali pH gamo aucileblad unda SeizRudos saeqs-
traqcio WurWelSi haeris SeRweva, raTa ar moxdes huminis mJavis Jangva. Jan-
gvis gamo mosalodnelia moxdes funqcionaluri jgufebis cvlilebebi da 
araaqtiur formaSi gadasvla. ris gamoc preparatebis mcenareze fiziolo-
giuri gavlena iqneba daqveiTebuli. mkvlevarebis azriT, maqsimalurad ucv-
leli huminis mJavis preparatebis miReba SesaZlebelia meqanikuri meTodebiT _ 
ultrabgeriTi danadgarebiT [10]. Cven gamovyaviT torfidan huminismJavebi 
ultrabgeriTi abazanas meSveobiT. miRebuli Sedegebi moyvanilia cxr. 2-Si.  
 
cxrili 2 ultrabgeriTi da kononova-belCikovas meTodebiT  torfidan gamoyofili 
huminis mJavebis raodenobrivi Sedareba 

 

# torfi 
organuli 

C % 

huminis mJavebi gamo-
yofili ultrabgeriTi 

meTodiT,  % 

huminis mJavebi 
gamoyofili kononova-

belCikovas meTodiT   % 

1 dmanisis storfi 62,7 12,8 13,7 
2 TianeTis torfi 63,5 3,12 2,67 

3 
paliastomi 1 

sabado 
80,0 4,87 5,19 

4 
paliastomi 2 

sabado 
71,2 5,98 6,78 

5 
samegrelos 
torfi sof. 
urTasTan 

51,2 5,88 6,53 
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 rogorc cxrilis monacemebidan Cans huminismJavebis ultrabgeriTi me-
TodiT gamoyofisas TiTqmis yvela nimuSSi gamosavali naklebia, garda Tiane-
Tis torfisa. magram meTodis upiratesoba mdgomareobs huminis mJavebis dau-
Jangavi formebis gamoyofaSi. 
 Catarebuli samuSaoebis safuZvelze SeiZleba iTqvas, rom zugdidis 
raionSi sofel urTas teritoriaze arsebuli torfis sabado SeiZleba gamo-
yenebul iqnas niadagebis gasamJaveblad.  
huminis mJavis gamoyofa ultrabgeriTi meTodiT efeqturia da ekonomiurad 
gamarTlebuli, radgan ar saWiroebs bevr reaqtivebs da Sromatevad ope-
raciebs. miRebuli preparati naklebad ganicdis Jangvis procesebs.   
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SUMMARY 

CONTENT OF HUMIN ACIDS IN GEORGIAN PEATS 

Sukhishvili N.Z. 

Georgian Technical University 

In the paper the peat samples of some Georgian peats have been studied. Main nutrient elements, humin acids, 

ash elements, organic carbon were determined. It was established that the chemical composition of the peat of 

Zugdidi peat deposit (vill. Urta)  and pH allows its use for soil acidation. For separation of humin acid ultrasonic 

method may be used together with standard ones. Less oxidized preparations may be separated by above-

mentioned method. 

Keywords: peat, humin acids, ultrasonic method, soil acidation.  
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Cveulebrivi wablis (Castanea sativa) nayofebis biometriuli parametrebis 

diferencireba saqarTvelos zogierTi regionisaTvis 

 

bereCikiZe g.k. 
 

saqarTvelos teqnikuri universiteti 
 

 
 
Sesavali 
saqarTvelos mTel teritoriaze gavrcelebulia wiflisebrTa (Fagaceae) 

ojaxis erT-erTi da gvaris Castanea erTaderTi warmomadgeneli [1] Cveulebri-
vi wabli, romelic warmoadgens pirveli sididis mcenares, daaxloebiT 30 m 
simaRliTa da 2 m diametriT. gavrcelebulia ZiriTadad mTis tyeebis qveda 
sartyelSi da adis 1500 m simaRlemde zRvis donidan. maRali temperaturisa 
da tenianobis momTxovni (moyvaruli) tipiuri saxeobaa, Sesabamisad mSral 
adgilebSi bunebrivad wabli arsad ar aris gavrcelebuli. wabli warmoad-
gens mezofit saxeobas, romelic gvxvdeba iseT adgilebSi sadac saSualo 
wliuri naleqebi 800_900 mm-s aRemateba. saxeoba sakmaod momTxovnia niadagis 
nayofierebisadmic, yvelaze kargad xarobs sust mJave ares mqone niadagebSi. 

saqarTveloSi wabli gvxvdeba yomral niadagebze (susti mJave). wabli 
Crdilis amtani saxeobaa, qmnis rogorc sufTa aseve Sereul koromebs: Te-
lasTan, wifelTan, nekerCxalTan da sxva. 

 Cveulebrivi wabli misi gavrcelebis ukidures samxreT wertilSi yin-
visadmi tolerantobiT ar xasiaTdeba, kavkasiis ekoklimatur pirobebSi ki  
_35 0C-mde yinvas uZlebs [1].  maRali kvebiTi Rirebulebis gamo Cveulebrivi 
wablis nayofebi gamoiyeneba sakvebad rogorc adamianebisaTvis, aseve Sinauri 
cxovelebisaTvis [2]. wablis merqani erT-erTia im produqtebidan, romlis sa-
bazro Rirebulebac (gansakuTrebiT evropis qveynebSi) yovelwliurad izrde-
ba. sakmaod didi popularobiT sargeblobs wablis Tafli, romelsac samkur-
nalo Tvisebebi gaaCnia. wablnari tyeebi dasafasebelia ara mxolod maT mier 
mowodebuli produqtis gamo, aramed zogadad maTi roliT landSaftis 
warmoqmnasa da cxovrebis donis gaumjobesebaSi. wablis nayofis zoma ganapi-
robebs mis Semdgom gamoyenebas. zomis mixedviT xdeba maTi nedli saxiT mox-
mareba an/da agro industriaSi CaSveba. 

Cveni kvlevis mizans warmoadgenda saqarTvelos 5 gansxvavebuli ekosis-
temis parametrebis mqone regionis (imereTi, samegrelo, guria, raWa, kaxeTi) 
wablnari koromebidan Segrovebuli wablis nayofebis biometruli parametre-
bis diferencireba. 

Cvens mier gamoyenebuli kvlevis meTodikebi aprobirebulia da Seesaba-
meba dasaxuli amocanebis gadawyvetas: 

• garemos biologiuri kontrolo (monitoringi);  
• gamoyenebuli iqneba geografiul-informaciuli programa (GIS-Arcview); 
• kulturaTa saerTaSoriso maxasiaTeblebi (Internatinal crop descriptors); 

• kulturaTa saerTaSoriso Segrovebis maxasiaTeblebi (Internatinal collec-

ting descriptors); 
aRniSnuli kvlevisaTvis 2020 wlis seqtember-noembris periodSi gan-

xorcielda saqarTvelos sxvadasxva regionSi wablis nayofebis Segroveba  
(cxrili 1). 
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    cxrili N1. saqarTvelos sxvadasxva regionSi wablis nayofebis  
 

regioni municipaliteti Teslis Segrovebis periodi koordinati 
imereTi zestafoni 25.09.2020 42° 7'42.83"N 

43° 3'39.13"E 
guria ozurgeTi 22.10.2020 41°54'34.71"N 

41°59'15.73"E 

samegrelo walenjixa 07.10.2020 42°37'43.13"N 

42° 3'40.38"E 
raWa ambrolauri 03.11.2020 42°23'50.60"N 

43° 2'44.20"E 

kaxeTi lagodexi 10.10.2020 41°53'17.52"N 

46°20'21.14"E 

 
wablis nayofebis gamoSroba ganxorcielda oTaxis pirobebSi saSua-

lod 4_5 0C, fardobiTi tenianoba Seadgenda 18 %. 
nayofebis Segrovebas vaxdendiT uSualod mcenaridan, araviTar SemTx-

vevaSi ar xdeboda Zirs Camocvenili nayofebis Segroveba (Zirs Camocvenil 
nayofebs xSir SemTxvevaSi nayofis mWameli mavneblebi hyavs). aRsaniSnia, rom 
TiToeuli regionidan nayofebis Segroveba ganxorcielda saSualod 30 
zrdasruli mcenaridan, TiTodan  saSualod Segrovda 100-dan 200-mde nayofi. 
nayofebis Segroveba xorcieldeboda SedarebiT jansaRi (wablis qerqis kibos 
mier SedarebiT naklebad dazianebuli) mcenareebidan.  

kameraluri damuSavebis procesSi ganisazRvra 100 cali kaniani nayofis 
masa. 10 cali kaniani da ukano nayofis masa da calkeuli kanis masa Ti-
Toeuli regionisaTvis. zemoT CamoTvlili miznebis misaRwevad gamoviyeneT 
aseve Teslis testirebis saerTaSoriso asociaciis mier (ISTA, 1996) dadge-
nili meTodi, romelic gulisxmobs yvela Teslis saTiTaod daTvlas da ma-
sis  gansazRvrvas 8-jeradi  ganmeorebiT. 

 
Sedegebis   gansja 
saqarTvelos 5 sxvadasxva regionSi nayofebis biometruli maxasiaTeb-

lebis gansazRvris Semdgom radikaluri gansxvavebebi nayofebis masebs Soris 
ar iqna gamovlenili (cxrili 2). 

yvelaze didi masis mqone  nayofebi dafiqsirda raWa-leCxumis raionSi, 
sadac saSualod kaniani 10 nayofis masam 44, xolo kangaclilma 35 grami 
Seadgina. rac Seexeba yvelaze mcire zomisa da maSasadame, masiT yvelaze nak-
lebi moculobis mqone nayofebs, isini kaxeTis regionSi dafiqsirda, 
saSualod 10 kaniani nayofis masam  34, xolo kangaclilma 24 grami Seadgina. 
 
cxrili N2. nayofebis masebi saqarTvelos 5 sxvadasxva regionSi  

 

lokacia 
100 nayofis 
masa, gr 

10  kaniani 
nayofis 
masa, gr 

10  
garCeuli 
nayofis 
masa, gr 

10 cali 
kanis masa, 

gr 

imereTi zestafoni 500 40 32 8 
guria ozurgeTi 390 38 27 11 

samegrelo walenjixa 420 33 25 8 
raWa-leCxumi cageri 480 44 35 9 

kaxeTi lagodexi 380 34 24 10 
saSualo: 434 37,8 28,6 9,2 

 
nayofebis zomisa da masis cvalebadoba SesaZloa pirdapirproporciu-

lad iyos dakavSirebuli wablis xeebis daavadebasTan  _ wablis qerqis ki-
bosTan. 
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aRniSnul daavadebas iwvevs askomicetebis _ jgufis warmomadgeneli 
soko, dainficirebul xeebze es paTogenuri mikroorganizmi xels uwyobs 
nekrozuli dazianebebis (e.w. kiboebi) formirebas, ramac SesaZlebelia 
moicvas da sabolood gaanadguros dainficirebuli xis nawili. paTogenuri 
mikroorganizmi aris damaxasiaTebeli samxreT aziisTvis (CineTi, iaponia da 
korea),  me-20 saukuneSi is SemTxveviT gavrcelda CrdiloeT amerikasa da 
evropaSi. aSS-Si wablis kibom gaanadgura amerikisTvis damaxasiaTebeli wab-
li misi bunebrivi arealidan, maSin rodesac evropaSi epidemias mohyva Seda-
rebiT mcire ziani evropuli wablis paTogenuri mikroorganizmisken ufro 
naklebi midrekilebis da e.w. hipovirulentobis wyalobiT. aRniSnuli daava-
deba saqarTveloSi 1950 wels pirvelad tyibulSi aRmoaCines Cveulebriv 
wablze (Castanea sativa Mill) [3].  

wablis qerqis kibo pirvel rigSi azianebs wablis qerqs da amavdrou-
lad zRudavs qerqsa da merqans Soris arsebul WurWel-boWkovan sistemas, 
romlis daxmarebiTac xe sazrdoobs niadagidan Sewovili wyliTa da minera-
luri nivTierebebiT. Sesabamisad, iq sadac masiuradaa gavrcelebuli wablis 
qerqis kibo, wablis xeebs aRar SeswevT maRali nayofmsxmoiarobis unari. 
cxriliN2 monacemebidan naTlad Cans, rom imereTsa da kaxeTis regionebidan 
Segrovebuli nimuSebi masis TvalsazrisiT mkveTrad gansxvavdeba erTmane-
Tisagan. aseTi gansxvaveba aixsneba regionebSi wablis qerqis kibos hipoviru-
lenturi Stamebis arseboba/ar arsebobiT.  

kvlevis farglebSi ganvaxorcieleT imereTis regionSi, kerZod bosle-
vis satyeo ubanSi 1 sanimuSo farTobis gamoyofa 10x10-ze da iq wablnari ko-
romebis sanitaruli mdgomareobis Sefaseba. Sefasda sanimuSo farTobze arse-
buli wablis individebis defoliaciis xarisxi, romelic asaxulia wablebis 
defoliaciis xarisxis diagramaze: xSiris defoliacia _ 61_99%, saSualo 
defoliacia _ 26_60% da mcire defoliacia 0_25 %. jamSi Sefasda 15 xe, 
romlebzec defoliaciis xarisxi Semdegnairad iyo gadanawilebuli:  

 
 

 
 

wablebis defoliaciis xarisxi 
 
 
yvelaze meti individi (8 individi)  iyo Zlier defolirebuli, maSa-

sadame, daavadebis mier Zlier dazianebuli. garda amisa, dReisTvis cnobilia, 
rom imereTis regionSi wablis qerqis kibos araerTi hipovirulenturi Stami 
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fiqsirdeba (zestafonis satyeo ubnis saerTo tyis farTobi Seadgens daax-
loebiT 14,000 ha da dayofilia sam satyeod, romelTa saxelebia: boslevi, 
kvaliTi da sawable) [4], rasac am etapze ver vityviT kaxeTis regionze, sadac 
hipovirulenturi Stamebis kvleva dReis mdgomareobiT ar ganxorcielebula. 
Tumca aRniSnulis ganxorcieleba igegmeba uaxloes momavalSi. 
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SUMMARY 

DIFFERENTIATION OF  BIOMETRIC  PARAMETERS OF  SWEET  CHESTNUT  

(Castanea sativa)  FRUITS FOR SOME  REGIONS OF GEORGIA 
Berechikidze G.K. 

Georgian Technical University 

The article discusses the differentiation of biometric parameters of common chestnut (Castanea sativa) fruits for 

some regions of Georgia (Imereti, Samegrelo, Guria, Racha, Kakheti). Seed size, mass and germination 

characteristics, as well as their relationship to the range of Chestnut diseases were determined. 
Keywords: biometric parameters, chestnut  fruits. 
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fstas (Pistacia vera L.) ganviTarebis perspeqtivebi saqarTveloSi 

 
ZlieriSvili j.f., lomiZe n.T. 

 
saqarTvelos teqnikuri universiteti 

 
Sesavali 
Tanamedrove moTxovnebma tradiciul sawyisebze formirebuli qarTuli 

soflis meurneoba mkacri gamowvevebis winaSe daayena da aucilebeli gaxada 
iseTi kulturebis moZieba/danergva, romlebic xangrZliv perspeqtivaSi 
erTdroulad ramdenime problemis gadaWris saSualebas mogvcemda.  

dReisaTvis saqarTvelos soflis meurneobisaTvis ZiriTadi 
gamowvevebia: mdgradi ganviTareba; gaudabnoebasTan brZola; rigi raionebis 
mkacri klimaturi pirobebi; eqsportis Canacvleba importiT; mosaxleobis 
miwaTmoqmedi nawilis ekonomikuri da socialuri mdgomareobis gaumjobeseba 
da siRaribis daZleva xangrZliv perspeqtivaSi; mosaxleobis dasaqmeba; 
msoflio bazris moTxovnis Sesabamisi saxeobis da xarisxis sasoflo 
sameurneo kulturaTa SerCeva, danergva, produqciis warmoeba da realizacia. 

aRniSnuli gamowvevebis, msoflio gamocdilebis analizis da saqarT-
veloSi Catarebuli kvlevebis safuZvelze dReisaTvis gamovlenilia araerTi 
perspeqtiuli sasoflo-sameurneo mniSvnelobis mqone kultura, romelTa 
Soris Rirseuli adgili ukavia fstas. 

fsta (Pistacia vera L.) uZvelesi kulturaa. zogierTi misi warmomadgeneli 
dedamiwaze mesameul periodSi gaCnda. igi erT-erTi yvelaze ZviradRirebuli 
kakalia [1,2]. misi Rirebuleba saerTaSoriso bazarze didad aRemateba 
nigvzis, Txilisa da sxva kaklovnebis Rirebulebas. fstas sxva kaklovaneb-
Tan, maT Soris TxilTan SefardebiT, gansakuTrebiT mdgradi bazari gaaCnia 
[3]. masze moTxovnac msoflioSi dRiTidRe izrdeba da mis mimarT interesi 
qarTveli fermerebis mimarT mzardia [2].  

 fstas nayofi sakvebad 2,5 aTas welze metia gamoiyeneba. sityva „fista“ 
warmodgeba iranuli sityvisagan „pisteh“. irani iTvleba aRniSnuli mcenaris 
samSoblod. SemdgomSi sityva gavrcelda berZnul da laTinur enaSi (Pistacia) 
da ase moaRwia Cvenamde. rusuli enis leqsikonis SemadgenlobaSi sityva 
„фисташка“ myarad damkvidrda XVIII saukuneSi. 

saqarTveloSi cnobebi fstas Sesaxeb moipoveba sulxan-saba-orbelianis 
leqsikonSi („fista“). rafiel erisTavi moixseniebs mas, rogorc _ „fustuRi“, 

mesxur leqsikonSi „fistiRi“-s da WanurSi _ „ჶistiki“-s saxiT moixsenieba. 
fstas aseve moixsenieben, rogorc _ „fista“. cnobebi fstas Sesaxeb mogv-
epoveba Teimuraz II-is „xilTa qebaSi“. 

dReisaTvis fstas kultura samrewvelo daniSnulebiT mohyavT iranSi, 
saberZneTSi, espaneTSi, italiaSi, TurqeTSi, aSS-Si, CineTSi da sxva qveynebSi.   

saqarTvelos bazarze arsebuli fsta mTlianad importirebulia [2]. am 
kulturis moSenebiT, erTis mxriv moxdeba importis Canacvleba, meore mxriv, 
kaklisebrTa saxeobis eqsportSi qveynis saerTaSoriso pozicia mniSvne-
lovnad gaumjobesdeba, rac bunebrivia aisaxeba mosaxleobis socialuri da 
ekonomikuri mdgomareobis gaumjobesebaze. 

 
ZiriTadi nawili 
Cvens mier saqarTvelos pirobebSi fstas (Pistacia vera L.)  biologiuri 

Taviseburebebis Seswavla xdeboda sagarejos raionSi arsebul sasaTbure 
meurneobaSi da a(a)ip soflisa da soflis meurneobis ganviTarebis saagentos 
dadgenili moTxovnebis mixedviT SerCeul mindorSi. fstas mynobaze dakvirve-
ba ganxorcielda TurqeTis respublikaSi, gaziantepis raionSi vizitis dros. 
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naxevradudabnos pirobebSi (sagarejos raioni) Catarebulma cdebma 
gvaCvena, rom Cvens qveyanaSi fstas samrewvelo baRebis moSenebisas (gaSe-
nebisas) ufro gamarTlebuli iqneba aqcenti gakeTdes gaudabnoebasTan brZo-
laze da saqarTvelos iseTi regionebis aTvisebaze, romlebsac axasiaTebT 
kirqviani niadagi da sarwyavi wylis deficiti.  

saqarTveloSi fstas gaSenebisaTvis rekomendirebulia mwiri, mlaSobi 
da gvalviani raionebi. fsta saqarTveloSi iq unda gaSendes, sadac sxva 
maRalrentabeluri kulturebi ar xarobs an naklebad xarobs [5]. 

fsta sinaTlisa da siTbos moyvaruli gvalvagamZle 4_6 metris simaR-
lis  mqone  mravalwlovani mcenarea,  romelic  miekuTvneba  TuTubosebrTa  
(Anacardiaceae)  ojaxs. mcenare iviTarebs mZlavr fesvTa sistemas, ris gamoc 
misi gamZleoba maRali sicxeebis  mimarT Zalian matulobs.  jiSebis  mixed-
viT fstis  nayofebis  momwifebisaTvis  saWiroa  29000-dan  34000-mde  aqtiur  
temperaturaTa  jami.  misi gaSeneba rekomendirebulia zRvis donidan 800_900  
metramde. fsta upiratesobas aniWebs kargi aeraciis unaris mqone  saSualo 
an msubuq  niadagebs, sadac pH  6,8 da metia. mcenare  gamZlea mlaSe  
niadagebis,  maRali  karbonatobisa  da  gvalvis  mimarT.        

fsta ZiriTadad yvavilobs aprilSi. orbiniani mcenarea, nayofebis 
misaRebad esaWiroeba  jvaredini  damtverva.  gamokvlevebiT dadginda, rom 
damtvervis mizniT samrewvelo baRSi rekomendirebulia dairgos 1 mamrobiTi 
mcenare 8_10 mdedrobiT mcenareze. ganlageba damokidebulia  reliefze da 
yvavilobis periodSi qarebis mimarTulebaze. mamrobiTi yvavilebi cotaTi 
adre iSleba, rac xeebis sqesis garCevis saSualebas iZleva. yvavis 3_4 dRe. 
yvavilebi Sekrebilia sagvela yvaviledad. imtvereba qariT. gazafxulze foT-
lebis gamoCenamde 2–3 dRiT adre Cndeba moyviTalo yvavilebi. Semodgomaze es 
yvavilebi mtevnisebr nayofad iqceva. bunebrivi ganviTarebisas mamri xeebis 
raodenoba aWarbebs mdedrs. fstis nayofi kakalia. nayofi Sedgeba ori 
lebnisagan. naWuWi Txelia. isxams yovelwliurad, magram or-sam weliwadSi 
erTxel gansakuTrebiT maRali mosavali icis. nayofi mwifdeba agvisto-
seqtemberSi. cocxlobs 300-dan 700 wlamde. qerqi msxvilia, ferflisferi, 
axalgazrda rtoebi cvilisebri nafifqiTaa dafaruli. merqani magaria, 
wyalze bevrad mZime. sakmaod lamaz dekoratiul mcenared iTvleba [3-5]. 

sicivisa da yinvis didad amtani, erT-erTi yvelaze gvalvagamZle mce-
narea. mcenare ar iRupeba  60–70 0C-ze, 50 0C-ze ki Cveulebrivad iZleva mosa-
vals. uZlebs 40 gradus yinvasac.  

fstas fesvebi saocrad swrafad izrdeba. 5 santimetriani nergis miwis-
qveSa nawili 40 santimetrs aRwevs. es gaTvaliswinebuli unda iqnes nergebis 
gamoyvanisa da dargvisas. buCqebis fesvTa sistema 15 metramde Cadis, xolo 
xeebis 30 metramde [3-5].        

fsta mravldeba TesliT, fesvTa amonayriTa da mynobiT. bunebaSi fsta 
TesliT mravldeba. kulturaSi amjobineben amonayrebiT gamravlebas. rac 
Seexeba mynobiT gamravlebas, saZired SeiZleba gamodges sakmlis xe, magram es 
masiurad mizanSeuwonelia. fstis bevri jiSi adis 1700 metrs simaRlemde. es 
Zalian mniSvnelovani faqtoria, radgan  sakmlis xe ver scildeba 1000 metrs.  

fsta, rogorc niadagis eroziasTan brZolis saSualeba, realuri da 
perspeqtiulia. mas Sua aziaSi am mizniT didi xania warmatebiT iyeneben. am 
mimarTulebiT, gansakuTrebiT faseulia uzbekeTis gamocdileba. igi xarobs 
iseT mSral adgilebSic, sadac sxva xeebi ar xarobs. xarobs kldeebzec da 
icavs maT CamoSlisagan [4]. amgvari teritoriebis xvedriTi wili ki saqar-
TveloSi, sakmaod maRalia. agreTve aRsaniSnavia, rom yazaxuri seleqciuri 
jiSebi zRvis donidan 2200 metramde adis, rac samcxe-javaxeTisaTvis axal 
perspeqtivebs xsnis [1]. 

soflis meurneobis mdgradi ganviTarebis erT-erT amocanas gaudabnoe-
basTan brZola warmoadgens. es problema saqarTveloSic mZafrad dgas, 
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gansakuTrebiT samxreT da aRmosavleT regionebSi. fsta ar saWiroebs gansa-
kuTrebuli movlas da didi raodenobiT wyals. mcenare gavrcelebulia 
aridul pirobebSi. zemoaRniSnulidan gamomdinare igi gaudabnoebis da 
eroziis winaaRmdeg sabrZolveli uebari „bunebrivi“  saSualebaa da fstas 
meurneoba srulad Tavsdeba mdgradi ganviTarebis principebSi.   

saqarTveloSi fstas plantaciebis gaSenebas mniSvnelovani, xangrZlivi 
ekologiuri, ekonomikuri da socialuri mniSvneloba eqneba. fstis planta-
ciebis warmoeba drosa da resursebs moiTxovs magram mravalmxriv efeqts 
miscems momaval Taobebs. 
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SUMMARY 

PROSPECTS OF PISTACIA (Pistacia vera L.) DEVELOPMENT IN GEORGIA 

Dzlierishvili J.P. and Lomidze N.T.  

Georgian Technical University 

In the article the advantages of Pistacia (Pistacia vera L.) is discussed compared to other walnut cultures and its 

development prospects in Georgia. Pestachia (Pistachio) is one of the most expensive nuts, for which the 

demand in the world is growing day by day and its interest from Georgian farmers is increased. One of the tasks 

of sustainable agriculture is to fight desertification. This problem is acute in Georgia, especially in the southern 

and eastern regions. Pistachio does not require special care and a large amount of water. The plant is propagated 

in arid conditions. Based on the above, it is a "natural" means of combating desertification and erosion, and the 

Pistachio farm is fully in line with the principles of sustainable development. Cultivation of Pistachio plantations 

in Georgia will have important, long-term ecological, economic and social significance. The production of 

Pistachio plantations requires time and resources but will have a multifaceted effect on future generations. 

Keywords:  pistachio, strong root system, semi-desert plant. 
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fstas (Pistacia vera L.) sawarmoo baRis gaSenebis Taviseburebebis Sesaxeb 

 

ZlieriSvili j.f. 
 

 saqarTvelos teqnikuri universiteti 
 

Sesavali 
dReisaTvis fstas (fista) mwarmoebeli wamyvani qveynebis gamocdilebis 

safuZvelze  Camoyalibebulia fstas sawarmoo baRis gaSenebis ori ZiriTadi 
gza, romlebic „tradiciul“ da „aratradiciul“  meTodebad iwodeba. 

„tradiciuli“ meTodis gamoyenebis dros, fstas (fista) samrewvelo 
baRis gaSenebisas aqcenti keTdeba swrafad mzard, Zlier mTavarRerZian 
fesvTa sistemis formirebaze, romelic zedapiruli wylis deficitis da 
gruntis wylebis arsebobis pirobebSi uzrunvelyofs mcenaris gadarCenisa da 
ganviTarebis SesaZleblobis maRal xarisxs [1,2]. 

 „aratradiciuli“ meTodis gamoyenebis dros, qoTanSi gamoyvanili 
fstas nergis gruntze gadatanis win xdeba nergis centraluri fesvTa sis-
temis Sekveca, raTa moxdes nergis motivireba funja fesvTa sistemis 
CamoyalibebisaTvis [3]. 

 
ZiriTadi nawili 
fsta (fista) sxva kaklovani mcenareebisagan ara mxolod gasaocari 

sicocxlisunarianobiT, aramed sicocxlis xangrZlivobiTac gamoirCeva. uzbe-
keTSi dReisaTvis arsebobs calkeuli egzemplarebi, romelTa asaki aranak-
leb 1000 welia da jer kidev iZlevian nayofs. [2,4,6] 

fstas baRis moSeneba xangrZliv perspeqtivaSi aris kapitalis saimedo 
dabandeba. fstas baRi nayofis mocemas iwyebs dargvis an daTesvidan  6-8 
welSi da misi maRalmosavlian jiSebze damynobis SemTxvevaSi fstas damy-
nobili xis saSualo mosavali 0,5-dan 3 kg-mdea, xolo 20_25 wlis asakSi erTi 
xis maqsimaluri mosavali 6-8 kg-s Seadgens [5].  

garemo pirobebis moTxovnebis Sesabamisi fesvTa sistemis formireba 
aris is sakvanZo elementi, romelzec orientirebulia fstas baRis moSenebis 
msoflioSi arsebuli meTodebi. 

fsta naxevarudabnos tipis mcenarea da mkacr pirobebSi gadarCenisaT-
vis bunebisgan dajildovebulia grZeli (30 m-mde) fesvTa sistemiT. mudmivi 
sarwyavi sistemebis mowyoba rig qveynebSi (irani, uzbekeTi, siria) warmoud-
geneli fufunebaa, amitom isini uZvelesi droidan iyeneben fstas bunebriv 
Tvisebebs da orientirebulebi arian fstas baRebis gaSenebis iseT meTodze 
(„tradiciuli meTodi“), romlebic maqsimalurad uzrunvelyofen fstas ner-
gis vegetaciis sawyis etapebze mcenarisaTvis mTavarRerZiani mZlavri fesvTa 
sistemis formirebaze, raTa gruntze gadatanis Semdeg, fsta motivirebuli 
da orientirebuli iyves ganiviTaros fesvebi sigrZeSi da arsebobisaTvis 
aucilebeli teni eZebos miwis siRrmeSi. 

„tradiciuli meTodis“ sapirispirod aSS-Si, kerZod kaliforniis Stat-
Si SemuSavda fstas nergisaTvis funja fesvTa sistemis formirebis „arat-
radiciuli meTodi“. kaliforniis StatSi, fstas plantaciebis morwyvisaTvis 
saxelmwifo dafinansebiT mowyobilia Zlieri sairigacio sistema da adgi-
lobriv fermerebs SeuZliaT misi gamoyenebiT fstas mosavlis xarisxianobasa 
da sidideze gavlenis moxdena. aratradiciuli meTodisTvis arasasurvelia 
fstas mTavarRerZiani fesvTa sistema, amitom kaliforniaSi fstas nergebs mi-
zanmimarTulad uviTareben mokle, funja fesvTa sistemas, raTa mcenare 
maqsimalurad iyos damokidebuli wveTovani sistemiT miRebuli wylis regu-
larul maragze. wylis ekonomiis mizniT umjobesia, rom nergebis fesvTa 
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sistemebi miwis zedapirTan axlos mdebareobdnen, raTa gruntis didi mocu-
lobis wyliT gaJRenTva ar gaxdes aucilebeli [3]. 

dReisaTvis saqarTveloSi prioritetulad iqna miCneuli tradiciuli 
meTodiT fstas baRis gaSeneba.  

TurqeTSi (gaziantepi) Cveni vizitis dros Seswavlili masalebis, adgi-
lobrivi fermerebis gamocdilebis da sagarejos raionSi Catarebuli kvle-
vebis Sefasebis safuZvelze gamoikveTa, rom saqarTvelos pirobebSi gaudab-
noebasTan brZolisa da soflis meurneobaSi arsebuli resursebiT, maqsima-
luri ekonomikuri Sedegis miRebis optimaluri gzaa fstas (Pistacia vera L.) 
baRebis gaSeneba  „tradiciuli meTodis“ gamoyenebiT.  

Cvens mier fstas baRis gaSenebisaTvis tradiciuli meTodis efeqtu-
robis Seswavla xdeboda sagarejos raionSi arsebul sasaTbure meurneobaSi  
da dadgenili moTxovnebis mixedviT SerCeul mindorSi. aRniSnuli procesi 
xorcieldeba specialurad am miznisaTvis Seqmnili mravaljeradi gamoyenebis 
mcire zomis, milis formis sanerge konteinerebSi fstas nergis winaswari ga-
moyvanis saSualebiT. periodulad xdeboda dakvirveba sanerge qoTanSi fstas 
nergis mTavarRerZiani  fesvTa sistemis ganviTarebaze.  dakvirvebis Sedegad 
Cvens mier fiqsirdeboda sanerge qoTanSi fstas Teslis daTesvis, misi 
ganviTarebis, gruntze gadatanis da mindorSi ganviTarebis fazebis xangrZli-
voba da maxasiaTeblebi. 

saqarTveloSi aprobirebul konteiners aqvs milis forma (2,5 X 25 sm) da 
mzaddeba metalis Txeli furclis saSualebiT, romelsac Zirze gaaCnia saxu-
ravi, xolo Suawelze damWeri rgoli (sur. 1). nergis gamoyvana xdeboda saT-
buris pirobebSi Tebervlis meore naxevarSi sabaRe nakveTSi gruntze gadata-
namde. patara konteinerSi daTesili Teslidan nergi aRmocendeba 4_6 kviraSi, 
xolo aRmocenebuli fstas nergi araugvianes 3 Tvisa saWiroa gadatanil iqnes 
gruntze (maisi-ivnisi), 5_7 sm diametris da 35 sm-mde siRrmis ormoSi (sur. 2) 
raTa mcenares mTavarRerZiani formis fesvTa sistemis ganviTarebis motivireba 
ar daekargos. gruntze gadatanis dagvianebis SemTxvevaSi, fstas nergis fesvis 
sigrZe gadaaWarbebs konteineris sigrZes da daiwyebs boloSi spiraluri 
formiT daxvevas, rac sabolood mogvcems araprognozirebad Sedegs.  

 

  
 

sur. 1. nergis gamoyvana konteinerSi 
 

  
 

sur. 2. nergis gadatanis procesi 
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tradiciuli meTodis gamoyeneba saqarTvelos pirobebSi saSualebas 
gvaZlevs, rom ara marto gavaxangrZlivoT konteinerSi gamoyvanili nergis 
Ria gruntze gadatanis periodi, aramed sxva meTodebTan SedarebiT mniSvne-
lovnad (6_7-jer) SevamciroT fstas saTesle masalis xarji da garantire-
buli gavxadoT nergis gadarCena-ganviTareba. 

kvlevebis Sedegad dadginda, rom tradiciuli meTodis moTxovnebis 
SesrulebiT Ria gruntze gadatanili fstas nergebis saerTo raodenobis 
aranakleb 90%-ma gaixara da srulfasovnad ganviTarda. 10%-is dazianeba 
ganapiroba aRniSnul periodSi moWarbebuli mindvris Tagvebis da kaliebis 
zemoqmedebam. 

rogorc kvlevebma gviCvena, gruntze gadatanili, mTavarRerZiani fesvTa 
sistemis mqone fstas nergebis vegetaciis periodSi samkviriani SualediT 
morwyvis pirobebSi (weliwadSi saSualod eqvsjer) mcenare iwyebs swraf 
ganviTarebas da saSualod 2 weliwadSi, grZeli fesvTa sistemis wyalobiT 
regularul morwyvas aRar saWiroebs.  

kvlevis Sedegad dadginda, rom saqarTvelos pirobebSi fstas (Pistacia 

vera L.) moyvanis optimaluri meTodia e.w. „tradiciuli meTodi“. 
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SUMMARY 

ABOUT THE PECULIARITIES OF CULTIVATING THE INDUSTRIAL GARDEN 

OF PISTACHIO (Pistacia vera L.) 

Dzlierishvili J.P. 

Georgian Technical University 

In the article the peculiarities of the world-proven "traditional" and "non-traditional" methods of the use of 

Pistachio (Pistacia vera L.) culture seedling for the formation of root systems corresponding to environmental 

conditions and the appropriateness of their use for the cultivation of Pistachio industrial gardens in Georgian 

conditions are discussed. 

Keywords: pistachio, traditional methods, non-traditional methods, strong axial root system.  
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rZis Sratis demineralizaciis optimaluri kinetikuri da energetikuli   

parametrebis eqsperimentuli gansazRvra 

 

ruxaZe S.S., tolmaCevi l.i., RvinefaZe a.S., afridoniZe m.d., nurmuxamedovi a.m. 
  

akaki wereTlis saxelmwifo universiteti, quTaisi 
UAB Membraninės Technologijos LT 

rZis gadamamuSavebeli firma „aTinaTi“, 
taSkentis qimiur teqnologiuri instituti 

 
xaWos Srati miuxedavad misi sasargeblo Tvisebebisa, maRali mJavia-

nobis (50_90)°T da fardobiTad maRali nacrianobis gamo, rac gavlenas axdens 
Sratze da misi gadamuSavebis produqtebze, miekuTvneba gadamuSavebisaTvis 
yvelaze rTul saxeobas rZis meorad produqtebs Soris. Sesqelebis Semdeg 
Srati xdeba aramarto mware-mariliani, aramed mJave. rZis mJavas maRali 
koncentracia problemas qmnis Srobis dros da ver viRebT standartul 
produqts. 

mineraluri marilebis mocilebisaTvis, organoleptikuri da teqno-
logiuri procesebis gasaumjobeseblad sul ufro aqtiurad xdeba Sratis 
membranuli damuSavebis meTodebis gamoyeneba, nawilobriv eleqtrodializis. 
es meTodi aris regulirebadi _ is saSualebas gvaZlevs vmarToT demine-
ralizaciis procesi da amiT gadavwyvitoT sxvadasxva amocanebi: zemaRali 
sisufTavis wylis miRebidan, mocemuli mineraluri Semadgenlobis sakvebi 
produqtebis miRebamde. rogorc wesi demineralizacias eqvemdebareba, ro-
gorc naturaluri, ise Sesqelebuli Srati, gadasamuSavebeli moculobe-
bisagan damokidebulebiT.  

 

 
 

nax.1. eleqtrodializis laboratoriuli danadgari 
 

samuSao Catarda eqsperimentul danadgarze nax.1. igi damzadebulia 
kedlis stendis (1) saxiT, romelzedac  ganlagebulia damoukideblad da 
damontaJebulia: xsnarebis meqanikuri filtraciis bloki (2), eleqtromemb-
ranuli aparati (3), tumboebis bloki (4) eleqtruli kvebis wyaroebiT (5), 
hidravlikuri pulti rotametrebiT (6), manometrebiT (7), maregulirebeli 
onkanebiT (8), sinjis asaRebi onkanebiT (9) da aparatis eleqtruli kvebis 
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wyaro (10). muSa tevadobebi (11), gamomSvebi  onkanebiT. muSa tevadobebis zeda 
nawilSi gaTvaliswinebulia Semavali naxvretebi muSa xsnarebis ZabriT 
Casasxmelad. eleqtrodializis aparati Tavsdeba muSa magidaze suraTze moy-
vanili ganlagebis analogiurad. 

eleqtromembranuli aparati Sesdgeba Semdegi ZiriTadi detalebisa da 
kvanZebisagan: 

• damwnexi filebi antikoroziuli qimiurad mdgradi dafarviT orkom-
ponentiani saRebavis safuZvelze. 

• membranebsSorisi polieTilenis safenebi polieTilenis badiT _ tur-
bulizatoriT. 

• ioncvladi membranebi. 
• damwnex filebSi CamontaJebuli eleqtrodebi. 
• dasaSleli xraxnuli SeerTebebi teqnologiur milgayvanilobebTan 

misaerTeblad. 
• damwnexi uJangavi foladis xraxnebi da qanCebi sayelurebiT. 
• SemamWidroebeli rezina. 
konstruqciulad eleqtromembranuli aparati warmoadgens pakets, 

akrebils ioncvladi membranebis da safenebis monacvlebiT damwnex filebs 
Soris. 

 

 
 

nax,2. eleqtromembranuli aparati 
 

1 _ wina damwnexi fila; 2 _ ukana damwnexi fila; 3 _ Semkvrali Spilkebi; 4 _ teqno-
logiuri naxvretebi sacobebiT (muSa mdgomareobaSi hermetulad mixraxnili);              

5 _ denmimyvanebis damcavi saxuravebi; 6 _ Semavali milyelebi muSa xsnarebisTvis  
(№1 koncentrirebis traqti, №2 eleqtroduli saknebis gamrecxi xsnari, №3 – dilua-

ti);  7 _ gamomyvani milyelebi muSa xsnarebisaTvis; 8 _ membranuli paketi. 
 
TiToeuli membranuli safeni ori mezobeli _ zeda da qveda _ membra-

nebiT qmnis sakans, romelic warmoadgens hermetul gamdinare sakans, romlis 
siRrueSic moTavsebulia separator-turbulizatorebi, romelTa daniSnule-
baa Seqmnan xsnaris nakadis saWiro turbulenturoba da gamoricxos membra-
nebis urTierT Sexeba. 

membranebs Soris safenebSi mokle gverdebSi Sesrulebulia naxvretebi, 
romlebic akrebvis dros paketis mTel simaRleze warmoqmnian vertikalur 
arxebs (gamanawilebeli _ koleqtorebi) gadamuSavebaze miwodebuli xsnarebis 
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miyvanisa da gamoyvanis sistemebs. membranebs Soris safenebi am tipis 
aparatebisaTvis _ ori saxisaa: mkvebavi arxiT Sua da ganapira naxvretebSi. 

or mopirdapire naxvrets aqvT Raris mkvebavi gamdinare arxi. paketis 
akrebvis dros safenis mobrunebiT vertikaluri RerZis garSemo icvleba 
mkvebavi arxebis mdebareoba - xdeba RreCoebis gadanacvleba erTi naxvretidan 
meoreze. maSasadame, iqmnebian erTmaneTisgan izolirebuli saknebis jgufebi.  

muSaobis dros xsnarebi uwyvetad gaedinebian aparatis Sesabamis 
saknebSi. TiToeuli traqtis gamomavali nakadi erTiandeba Semkreb gamomyvan 
arxebSi. 

paketis ganapira saknebi, romlebic ganlagebulia uSualod eleqtro-
debTan, warmoadgenen eleqtroduls. 

aparatis konstruqcia gamoricxavs gadasamuSavebeli xsnarebis kon-
taqts nebismier kvanZebTan da detalebTan, garda mimyvani da gamomyvani mil-
gayvanilobebisa, polieTilenis safenebisa da membranebisa. 

aparatis CarTvis sistemaSi gaTvaliswinebulia teqnologiur milgay-
vanilobebTan da eleqtro kvebasTan ganrTvis da SeerTebis aucilebeli adgi-
lebi. amis wyalobiT advilad mzaddeba aparati awyobili saxiT gadasaad-
gileblad. 

miRebul iqna eqsperimentis Semdegi parametrebi: 
- siTxeebis temperatura yvela konturSi (14_16)°C 

- maqsimaluri denis Zala 0,8 a 
- gadatumbvis siCqare yvela sakanSi 60 l/sT 
- eleqtroduli xsnari ZmarmJava natriumis xsnari, romlis kuTri 

eleqtro gamtarebloba (keg) aris (16_22) mksim/sm, igi aWarbebs rZis mJavas keg. 
danadgaris muSaobis teqnologiuri cikli iTvaliswinebs rZis Sratis 

erTi CatvirTvis xangrZlivobas _ 2 sT, CatvirTvebis raodenoba _ 3, sinjebis 
aReba sacirkulacio konturebidan yovel 15 wT. 

xaWos pasterizebuli Sratis damuSavebis dros modulze miwodebuli 
Zabva rCeboda mudmivi (20 v) mTeli eqsperimentis ganmavlobaSi. am dros denis 
Zalas da Sesabamisad mis simkvrives eqsperimentis procesSi hqondaT am 
maCveneblisaTvis maxasiaTebeli damokidebuleba droze (nax. 3). 

 
 

nax.3. pasterizebuli rzis Sratis demineralizaciis procesSi 
denis Zalis cvlilebis kinetika 

 
pasterizebuli rZis Sratis damuavebis dros denis Zalis maqsimaluri 

mniSvneloba aWarbebda 0,62 a. CatvirTvebis Catarebis dros, denis maqsimaluri 
mniSvneloba mcirdeboda, xolo misi droze damokidebulebis grafiks hqonda 
ufro daxrili saxe uwyveti laminirebiT damzadebuli membranebis gamo-
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yenebisas denis Zalis maqsimaluri mniSvneloba metia, xolo misi droze 
damokidebuleba eqsperimentis Catarebisas aris metad daxrili. 

 

 
 

nax. 4. Zabvis cvlileba Sesqelebuli xaWos Sratis demineralizaciis procesSi 
 
dadgenilia, rom Sesqelebuli xaWos Sratis damuSavebis dros, modul-

ze miwodebuli Zabva drois sawyis momentSi mcirdeboda 15 v-mde, xolo 70 wT 
Semdeg Zabva aRwevda 20 v da rCeboda mudmivi mTeli eqsperimentis ganmavlo-
baSi (nax. 4). 

am dros denis Zalas da mis simkvrives hqondaT am maCveneblisaTvis 
maxasiaTebeli damokidebuleba eqsperimentis warmarTvis droze (nax. 5). 
Sesqelebuli Sratis damuSavebis dros pirveli 70 wT ganmavlobaSi denis 
Zalis maqsimaluri mniSvneloba ar aWarbebda 0,8 a. 

 

 
 

nax. 5. denis Zalis kinetikis cvlileba Sesqelebuli Sratis  
demineralizaciis procesSi 

 
uwyveti laminirebiT miRebuli membranebis gamoyenebis dros minima-

luri Zabva iyo qvemod, xolo denis Zala narCundeboda maqsimalur doneze 75 
wT ganmavlobaSi. analogiuri saxe aqvs denis simkvrivis droze damokide-
bulebas. 
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pasterizebuli rZis Sratis damuSavebis dros koncentratis keg danad-
garis muSaobis pirveli 60 wT izrdeba 6-jer, demineralizaciis Semdeg 60 wT-
Si icvleba 2 mksim/sm-iT (nax. 6). CatvirTvebis Sesrulebis dros eleqtro-
gamtareblobis  cvlilebis siCqare umniSvnelod mcirdeba. 

 

 
 

nax. 6. kuTri eleqtrogamtareblobis cvlilebis kinetika pasterizebuli xaWos 
Sratis demieralizaciis procesSi 

 
maqsimaluri eleqtrogamtarebloba membranebis AMH-PES/K, CM-PES/K 

gamoyenebis dros umniSvnelod maRlaa, vidre membranebis AMH-PES/L, CM-PES/L 
gamoyenebis dros. 

 

 
 

nax. 7. kuTri eleqtrogamtareblobis cvlilebis kinetika Sesqelebuli  xaWos 
Sratis demieralizaciis procesSi 

 
Sesqelebuli xaWos Sratis eleqtrodializis procesSi koncentratSi 

gadadian dadebiTad da uaryofiTad damuxtuli ionebi, ris Sedegadac 
icvleba xsnaris parametrebi. koncentratis eg danadgaris muSaobis 100 wT 
ganmavlobaSi gaizarda 10-jer, Semdeg mcirdeba umniSvnelod (nax.7). eleqt-
rodializis procesSi Sratis keg mcirdeba, misi Semcirebis intensivoba 
damokidebulia CatvirTvaze. TiTeul CatvirTvaze mcirdeba, membranis saxeze 
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damokidebulebiT, laminirebuli membranebis gamoyenebis dros intensivoba 
maRlaa. Sratis keg Semcirebis intensivoba eleqtrodializis procesSi 
laminirebuli membranebisaTvis maRlaa 0,5 mksim/sm. 

naturaluri da Sesqelebuli xaWos Sratis eleqtrodializis pro-
cesSi eleqtroduli xsnaris maxasiaTeblebi icvleba Semdegi saxiT: keg 
mcirdeba umniSvnelod, 0,6 erTeuliT, eqsperimentis mTeli drois ganmavlo-
baSi; aqtiuri simJave umniSvnelod icvleba da irxeva mzomi xelsawyos 
cdomilebis farglebSi. 

 
This work was supported by Shota Rustaveli National Science Foundation of Georgia (SRNSFG) 

under GENIE project [grant number CARYS-19-972] 
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SUMMARY 

EXPERIMENTAL DETERMINATION OF THE OPTIMAL KINETIC AND ENERGY PARAMETERS 

OF MILK WHEY DEMINERALIZATION  

Rukhadze Sh.Sh., Tolmachev L.I., Gvinepadze A.Sh., Apridonidze M.D., Nurmukhamedov A.M.   

Akaki Tsereteli  State University, Kutaisi  

Membranines Technologijos LT, Klaipeda 

Milk processing company "Atinati" 

Tashkent Chemical Technological Institute, Tashkent  

In order to reduce the price of dairy products and exclude environmental damage caused by improper utilization 

of whey, it is necessary to ensure its 100% processing by applying advanced innovative technology. Acid whey 

processing is the biggest problem in the production of lactose by applying the existing technology. Therefore 

such whey requires further  processing. First and foremost, it is necessary to provide partial demineralization. 

Demineralization of pasteurized curdy acid whey was carried out on an electrodialysis laboratory device. During 

whey processing, voltage supplied to the module remained constant (20 V) throughout the experiment. At this 

time, the strength of the current and consequently its density had a dependence on time characteristic for this 

indicator.  During processing of concentrated whey, the maximum value of the current strength, for the first 70 

minutes, did not exceed 0.8 A. In the process of electrodialysis of natural and concentrated curdy whey, the 

characteristics of the electrode solution change as follows: the specific electrical conductivity decreases slightly, 

just by 0.6, throughout the experiment; the active acidity varies slightly. 

Keywords: milk way, demineralization, electrodialysis. 
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viris rZis Sedgeniloba da Tvisebebi 

 

cincaZe m.a., osiaSvili n.b. 
 

saqarTvelos teqnikuri universiteti 
                              G 
  
viris rZes adamiani 7000 wlis win moixmarda,  mis Sesaxeb pirveli cno-

bebi Zv. w (460_370 w) moipoveba, sadac  hipokratem medicinis mamam  pirvelma  
aRwera viris rZis samkurnalo Rirsebebi. is viris rZes iyenebda mTeli rigi 
daavadebebis samkurnalod.  

 plinius uxucesma (ax. w. 23_79) Tavis enciklopediur naSromSi  Naturalis 

historia vrclad aRwera viris rZis gavlena adamianis janmrTelobaze.  
  Tanamedrove literaturuli wyaroebis mixedviT viris rZe gamoirCeva 

unilkaluri samkurnalo TvisebebiT, romelic Tavisi qimiuri SedgenilobiT 
Zalian hgavs dedis rZes. kerZod, dabali cximis SemcvlelobiT da laqtozis 
maRali SemcvlelobiT.  

viris rZis SemadgenlobaSi Sedis: wyali, cximi, fosfatebi, cilebi, 
rZis Saqari, mineraluri nivTierebebi, vitaminebi, fermentebi da airebi 
(cxrili). 

                                         
       viris rZis qimiuri Sedgeniloba 

 
 
 
 
 

 
 
 
 
 
wyali _ rZis yvela Semadgeneli nawili wyalSia ganawilebuli: cximi 

wvrili burTulakebis saxiT, cilebi koloidur mdgomareobaSia, rZis Saqari 
da mineraluri nivTierebebi wyalSi gaxsnilia. rZis Semadgeneli nawilebidan 
yvelaze meti masuri wili wyalze modis, viris rZeSi misi raodenoba 88–90 % 

mSrali nivTiereba _ rZis mSral nivTierebaSi Sedis rZis yvela Semad-
geneli nawilaki (cila, cximi, rZis Saqari da mineraluri marilebi), garda 
wylisa da aqroladi nivTierebebisa. viris rZeSi mSrali nivTierebis raode-
noba 100  g rZeSi  8,8 _ 11,7 g-ia.  

rZis cximi _ warmoadgens gliceridebis narevs, masSi Sedis agreTve 
monogliceridebi da digliceridebi, Tavisufali cximovani mJavebi da sxva. 
viris rZeSi cximis Semcvleloba saSualod 100 g rZeSi 0,3_1,8 g-mde meryeobs.  

neapolis universitetSi Catarebuli kvlevebis Sedegad viris rZeSi 
aRmoaCines omega 3 da omega-6 cximovani mJava. cximebis Semadgenlobaze Cata-
rebulma gamokvlevebma aCvenes najeri cximovani mJavebis dabali Semcveloba 
da ujeri omega 3 didi raodenobiT Semcvleloba.  

rZis cilebi  _ cilebi iTvleba rZis yvelaze Zvirfas komponentad. rZe 
Seicavs sxvadasxva saxis cilas, romlebic erTmaneTisgan gansxvavdebian age-
bulebiT da TvisebebiT.  viris rZeSi maTi masuri wili mSral 100 g rZeSi  
1,5–1,8 g-mdea.       

Sedgeniloba raodenoba 

pH 7,0 _ 7,2 

proteini (g/ 100 g) 1,5 – 1,8 

cximi (g/ 100 g) 0,3 – 1,8 

laqtoza (g/ 100 g) 5,8 _ 7,4 

naxSirwylebi (g/ 100 g) 8,8 – 11,7 

kazeini (g/ 100 g) 0,64 – 1,03 

sxva proteinebi (g/ 100 g) 0,49 – 0,80 
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kazeini _ rZis ZiriTadi cilaa, miekuTvneba fosfor-proteinebis jgufs. 
romelic warmoiqmneba Tavisufali aminomJavebisa da glukozis nawilisagan, 
rac sisxlis plazmas miaqvs sarZeve jirkvalSi. viris rZeSi kazeinis Semcve-
loba 100 g produqtSi  daaxloebiT 0,64_1,03 g-ia.    

Sratis cilebi albumini da globulini ufro srulfasovania, vidre 
kazeini, radgan maT SemadgenlobaSi metia Seucvleli aminomJavebis raode-
noba. viris rZeSi maTi Semcvleloba 100 g rZeSi 0,49–0,80 g, viris rZis sasar-
geblo Tvisebebs swored rZeSi albuminis didi raodenobiT Semcvleloba 
ganapirobebs. saxedris rZeSi albuminis raodenoba metia, Zroxis rZesTan 
SedarebiT.  

rZis Saqari laqtoza _ miekuTvneba disaqaridebs, Sedgeba glukozisa 
da galaqtozisagan. laqtozas mxolod rZe Seicavs da arc erT sxva 
produqtSi ar aris aRmoCenili. misi sinTezi uSualod sarZeve jirkvlebSi 
mimdinareobs. viris rZeSi misi raodenoba daaxloebiT 100 g rZeSi 5,8_7,4 g.  

sxva naxSirwylebisgan gansxvavebiT laqtoza nela Seiwoveba nawlavebis 
xaoebis mier da amiT astimulirebs maTSi rZemJavuri Cxirebis ganviTarebas, 
romlebic warmoqmnian ra rZis mJavas, Trgunaven lpobis warmomqmnel mik-
rofloris ganviTarebas da amiT xels uwyoben kalciumisa da fosforis 
ukeT SeTvisebas. gansakuTrebiT mniSvnelovania laqtozis roli bavSvTa kve-
baSi. swored viris rZeSi laqtozis maRali Semcvleloba ganapirobebs am 
nedleulis gamoyenebas bavSvTa kvebaSi.  

viris rZe mdidaria mineralebiT, mikroelementebiT da vitaminebiT.  
rZis SemadgenlobaSi Sedis organuli da araorganuli mJavebis mari-

lebi molekuluri da koloiduri xsnarebis saxiT. viris rZe Seicavs yvela 
im  mineralur nivTierebebs, rac aucilebelia axalSobilis normaluri zrda 
_ ganviTarebisaTvis. mis SemadgenlobaSi Sedis iseTi  mikroelementebi, 
rogoricaa kalciumi, magniumi, fosfori, natriumi, rkina da  TuTia.  

rZe adamianisaTvis vitaminebis mniSvnelovani wyaroa. viris rZe  Seicavs 

cximSi xsnad ( A, D, E, K) da wyalSi xsnad  (B da  C)  jgufis TiTqmis yvela 

vitamins. Zroxis rZesTan SedarebiT viris rZeSi 60-jer metia   C + _ vitaminis 
Semcvleloba. 

yovelive zemoT CamoTvlili Tvisebebis gamo, viris rZe farTod 
gamoiyeneba rogorc medicinaSi, agreTve kosmetikis seqtorSi kanis regene-
raciisa da damamSvidebeli TvisebebiT kremebisa da sapnebis sawarmoeblad. 
Tumca yvelaze mniSvnelovania viris rZis gamoyeneba adamianTa kvebaSi, gansa-
kuTrebiT Zroxis rZis cilebis autanlobis an alergiis dros, rogorc 
dedis rZis Semcvleli.  

 
daskvnebi.  
viris rZeze ukanasknel periodSi gaizarda interesi misi gamoyenebis 

potenciali sul ufro izrdeba. sxvadasxva avtorebis mier miRebuli eqsperi-
mentuli monacemebi adasturebs viris rZesa da adamianis rZes Soris 
msgavsebas, ris gamoc is SesaZlebelia gamoyenebuli iqnas im axalSobilTa 
sakvebad, romlebsac aReniSnebaT alergia Zroxis rZis cilaze. 

viris rZis warmoeba gavlenas axdens ara mxolod kvebis, samedicino da 
kosmetikur sferoze, aramed aucileblad zooteqnikur seqtorzec, rac am 
ukanasknelebs exmareba viris moSenebis tradiciis SenarCunebaSi da gadaSe-
nebis safrTxis winaSe myofi adgilobrivi jiSebis SenarCunebaSi. rac uzrun-
velyofs kompleqsurad ramdenime dargis ganviTarebas da Cvens qveyanaSi 
arsebuli gadaSenebis piras myofi adgilobrivi jiSis viris suladobis 
SenarCunebas da mravali sasargeblo Tvisebebis mqone rZis warmoebas.                                                                                                                                                                                                                                                                                                                                                             
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SUMMARY 

COMPOSITION AND PROPERTIES OF DONKEY MILK 
Tsintsadze M.A. and Osiashvili N.B. 

Georgian Technical University  

The virtues of donkey milk have been known since time immemorial, being one of the most valuable food 

products. It contains all the useful substances necessary for human nutrition, especially valuable for children and 

the sick who need easily digestible food. Foods with unique characteristics are of great medical and nutritional 

importance, as they can be classified as pharmaceutical or nutritional foods. 
Keywords: donkey, milk, protein, fat.  
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adaptirebuli zaanenis da alpuri Txebis movla-Senaxvis arsebuli 

pirobebis da Senoba-nagebobebis Sefaseba 

 
JRenti T.g. 

 
saqarTvelos teqnikuri universiteti 

 
dReisaTvis meTxeobis dargis warmatebis sawindari, msoflioSi, mra-

valwliani seleqciis Sedegad, gamoyvanili maRalproduqtiuli Txis jiSebia, 
romelTa Soris, yvelaze maRali laqtaciiT lideroben evropuli, kerZod, 
Sveicaruli Txebi.  

isini advilad eguebian sxvadasxva movla-Senaxvis pirobebs, klimats, 
sakvebs, saZovars. Tumca, miuxedavad zemoT CamoTvlili Tvisebebisa, maqsima-
lurad maRali monawvelis misaRebad erT-erTi aucilebeli piroba aris maTi 
movla-Senaxva Tanamedrove standartebiT aSenebul fermebSi. 

TxebisaTvis fermis aSenebisas mravali faqtori unda iyos gaTvalis-
winebuli, maT Soris: fermis adgilmdebareoba, klimati, reliefi, fermis 
mimarTuleba, uzrunvelyofa wyliT, eleqtroenergiiT, misasvleli gzebiT.  
unda gaviTvaliswinoT sacxovrebeli punqtebisagan dacileba sanitarul-
damcavi zoniT gansazRvruli manZiliT, romelic meTxeobis obieqtebidan 
dasaxlebul pumqtamde unda Seadgendes 300 metrs.  

meTxeobis obieqtebisa da sasoflo-sameurneo produqciis gadamamuSa-
vebel da Semnaxvel sawarmoebs Soris arsebuli sanitaruli daSorebani 
mocemulia cxr. 1-Si. 

 
cxrili 1. mininimaluri manZili meTxeobis obieqtebsa da sawarmoebs Soris 
 

obieqtebi min. daSoreba, m2 
sakvebdamamzadebeli 100 

marcvleuli kulturebisa da xil-bostneulis 
gadamamuSavebeli 

100 

rZis warmoebis (12 tonamde dReSi) 50 
rZis warmoebis (12 tonaze meti dReSi) 200 

frinvelisa da cxovelis xorcis damamzadebeli (10 tonamde 
cvlaSi) 

300 

frinvelisa da cxovelis xorcis damamzadebeli (10 tonaze 
meti cvlaSi) 

1000 

marcvleulis, xil-bostneulisa da kartofilis sawyobebi 50 
 

  
zemoT warmodgenili monacemebis garda fermis dagegmareba-mSeneblo-

bisas gasaTvaliswinebelia: Txis raodenoba jgufebSi produqtiuli mimar-
Tulebis mixedviT; sawarmoo momsaxurebis, sasawyobo da damxmare Senoba-
nagebobebis nomenklatura; Senoba-nagebobebis ganlagebis urTierTkavSirisa 
da teritoriis dagegmarebis moTxovnebi; calkeuli nagebobebis ganlagebis, 
teqnologiuri kavSirebisa da dagegmarebisadmi wayenebuli moTxovnebi; Ziri-
Tadi sawarmoo Senoba-nagebobebis samSeneblo gadawyvetisadmi wayenebuli 
teqnologiuri moTxovnebi; meTxeobis obieqtebis teqnologiuri jgufebis 
sidide da faris struqtura; moednebis normebi da Senoba-nagebobebis Ziri-
Tadi teqnologiuri elementebis zomebi; sakvebis maragisa da moxmarebis nor-
mativebi; haeris parametrebis normebi da moTxovnebi ventilaciisadmi; wylis 
moxmarebis normebi da moTxovnebi kanalizaciisadmi; teqnologiuri danad-
garebi, sawarmoo procesebis meqanizireba da avtomatizireba. aRniSnuli mo-
Txovnebi gawerilia da regulirdeba saqarTveloSi fermis mowyobis minima-
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luri standartis monacemebiT mTiani da dablobi regionebisaTvis, soflis 
ganviTarebis saagentos mier SemuSavebuli danarTi #10.1 [1-7].  

Cveni kvleva mimdinareobda or fermaSi. erTi mdebareobs qalaq rusTa-
vis SemogarenSi (stepis zona), xolo meore-mcxeTis municipalitetis sofel 
galavanSi (mTiswineTis zona). kvlevis mizani iyo Segveswavla evropidan 
Semoyvanili, maRalproduqtiuli merZeuli jiSebis (zaaneni da alpuri) 
Txebis adaptaciis unari saqarTveloSi. maTgan miRebuli namatis zrda-
ganviTareba, produqtiuloba, fiziologiur-biologiuri maCveneblebi da 
miRebuli monacemebi Segvedarebina am jiSebis standartul maCveneblebTan. 
cdaSi monawilobda 100 sulamde Txa. 

adaptaciis Seswavlisas, Tu gvsurs, cxovelma gamoavlinos jiSisaTvis 
damaxasiaTebeli produqtiulobis maqsimaluri potenciali yvela mimarTu-
lebiT, mas unda SevuqmnaT movla-Senaxvis saukeTeso pirobebi veterinaruli 
da sanitarul-higienuri kuTxiT. kvlevis mimdinareobisas fermerebis yuradRe-
ba maqsimalurad mivmarTeT swored am sakiTxebis gacnobisaken.  

 
 
cxrili 2. Txis fermaSi farTobis norma erT sul maRalproduqtiul evropuli 
jiSis Txaze, m2 

Txis jgufebi 
Senoba-nagebobani 
gamozrdis tipebi 

farTobis norma erT 
sulze (m2) 

evropuli merZeuli Txa 

mwarmoebeli da megolari 
botebi 

jgufur seleqciebSi 1,92 
individualur bagebSi 2,64 

sakveb moednebze 3,6 

dedali Txebi 

jgufur seleqciebSi 0,84 
bagaSi 0,84 

individualur bagebSi 
dedisa da TiknisaaTvis 

1,8 

jgufur seleqciebSi 
dedisaTvis 

1,8 

jgufur seqciaSi 
TiknisaTvis 

0,5 

sakveb moedanze 3,6 
saremonto da sasuqi 

jgufi 
jgufur seqciaSi 0,6 
sakveb moedanze 3 

Tiknebi 
xelovnuri gamozrdisas 10 

dRemde 
0,3 

jgufurad 10 dReze meti 0,5 
 
 

rusTavis da mcxeTis fermebSi dacileba dasaxlebul punqtebsa da 
fermebs Soris 300 metri daculia. aseve gaTvaliswinebulia, rom fiziolo-
giuri mdgomareobis mixedviT: make, axali namSobiarebi, deda da Tikani sula-
doba, mozardebis sxvadasxva sqesobriv-asakobrivi jgufi, boti mwarmoebeli, 
orive fermaSi, gamijnulad, cal-calkea moTavsebuli, standartebTan maqsi-
malurad miaxloebul farTobebSi. 

me-2 cxrilSi mocemulia farTobis norma erT sul maRalproduqtiul 
Txaze (m2). eqsperimentul fermebSi, rogorc avRniSneT, es monacemebi dacu-
lia, mciredi cdomilebiT, rac dadebiTad moqmedebs cxovelTa janmrTe-
lobis da zogad mdgomareobaze. agreTve, aadvilebs maTze dakvirvebas da mo-
nacemebis mogrovebas yoveldRiur reJimSi.  

Tumca, sakvlev fermebSi aris garkveuli xarvezebi. magaliTad: 
damxmare Senobebi, maT Soris, rZis sawarmos dacileba cxovelTa sadgomidan  
ar Seesabameba standartul moTxovnebs, romlebic mocemulia cxril 1-Si. 
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normiT unda mdebareobdes 50 m-Si. orive fermaSi rZis sawarmo, romelic ar 
awarmoebs 12 t-ze mets dReSi, fermis Senobis kedelzea midgmuli, oRond 
izolirebuli SesasvleliT. 

fermebSi darRveulia sanitarul-higienuri normebi, rac gulisxmobs 
sawunwuxe sadinarebis da qveSsafenis usufTaobas. sadinarebi araa daxrili 
saWiro kuTxiT, rac iwvevs wunwuxis gadinebis Seferxebas. amas erTvis, cxo-
velTa sadgomSi saventilacio sistemebis ar qona, ganiaveba mxolod fanjre-
bisa da karebis meSveobiT xdeba. yovelive es ki iwvevs fermaSi Sardovanas 
dagrovebas. fermis SesasvlelSi ar aris ganTavseuli dezobarierebi. sarwyu-
leblebSi da sakveburebSi araa daculi sisufave, rac Txebs uqveiTebs madas. 
aqve unda avRniSnoT, rom es jiSebi Zalian momTxovni arian sufTa sakvebis 
da wylis mimarT. yovelive zemoT CamoTvlili ki pirdapir kavSirSia, 
cxovelTa janmrTelobasTan, kvebasa da produqtiulobasTan.  

 aRniSnuli xarvezebis aRmosafxvrelad fermerebs miecaT saWiro 
rekomendaciebi, sanitarul-higienuri normebis, darwyulebis, kvebis srulfa-
sovani racionis gaumjobesebis, Senobis da cxovelTa sadgomis standartuli 
zomebis dasacavad. rekomendaciebis gacemidan mokle vadaSi mepatroneebma 
gamoaswores mdgomareoba, rac dadebiTad aisaxa Txebis janmrTelobaze, 
zrda-ganviTarebasa da produqtiul maCveneblebze.  

meTxeobis fermis standartuli monacemebis codnis gareSe rTulia 
cxovelTa moSenebis efeqturad warmoeba. aRniSnuli sakiTxebis codna, 
momavalSic dagvexmareba fermerebs gavuwioT safuZvliani konsultacia-
rekomendaciebi fermis sworad dagegmareba-mSeneblobasTan dakavSirebiT, rac 
aRniSnuli saqmianobis warmatebiT warmarTvis sawindaria.  
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SUMMARY 

EVALUATION OF ADAPTED ZAANEN AND ALPINE GOAT CARE CONDITIONS AND BUILDING 

FACILITIES 

Zhghenti T.G.  

Georgian Technical University 

The aim of this study was to investigate the adaptability, growth, development and productivity of high-yielding 

dairy breeds (Saanen and Alpine) brought from Europe to Georgia; The study of this issue, along with the study 

and processing of goats' growth and development, productivity, physiological-biological parameters, to reveal 

the maximum productive potential of these breeds, also includes the conditions of their care and storage. These 

are: criteria and norms for farm construction, observance of sanitary-hygienic rules in the animal park, 

ventilation of the building and other issues. To do this, we found standard fishery data for European breed goats 

and compared them with those found in the research farms. A good knowledge of these issues will help us to 

provide farmers with thorough advice-recommendations on proper planning-construction of the farm, which will 

help to conduct these activities properly and successfully. 

Keywords: saanen goats, alpine goats, farm, adaptation.  
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indauris xorcis usafrTxoebis maCveneblebis gansazRvra 

 

fxakaZe m.d., TavdidiSvili d.r., RaWava n.n. 
 

akaki wereTlis saxelmwifo universiteti, quTaisi 
 
kveba adamianis normaluri ganviTarebis, aqtiuri cxovrebis gaxangrZli-

vebis  da saboloo jamSi, progresisa da cxovrebis xarisxis  gadamwyveti pi-
robaa. 

civilizaciis teqnogenuri zemoqmedebis intensifikaciasa da sazoga-
doebis urbanizaciasTan dakavSirebuli ekologiuri presingi, yoveldRiur 
kvebis racionSi Seucvleli da fiziologiurad aucilebeli nutrientebis   
deficiti adamianis organizmSi iwvevs imunitetis, gonebrivi da fizikuri 
aqtiurobis daqveiTebas, qronikuli daRlilobis sindroms, nivTierebaTa 
cvlis darRvevas,  gul-sisxlZarRvTa sistemis, onkologiur,  da sxva daava-
debebs. warmoiqmneba axali, ucnobi paTologiebi, maT Soris iseTic, romle-
bic gavlenas axdens cocxali organizmis genetikur aparatze. 

saqarTveloSi mosaxleoba tradiciulad moixmars saqonlis, Roris, 
cxvris da qaTmis xorcs, axal wels da aRdgomas _ indauris xorcs.  amave 
dros, qveynis dRevandeli cxovrebis realobas warmoadgens pirutyvis sula-
dobis  Semcireba da saqonlis xorcis mkveTri nakleboba.   

am mxriv gamarTlebulad migvaCnia jansaRi kvebis produqtis warmoe-
baSi  soflis meurneobis iseTi malmwifadi dargis SesaZleblobebis  farTo 
gamoyeneba, rogoricaa mefrinveleoba, kerZod ki _ meindaureoba. 

indauri _ yvelaze msxvili sasoflo-sameurneo frinvelia. sxva saxis 
frinvelis xorcisgan gansxvavebiT, indauris xorci ukeT SeiTviseba da moi-
neleba kuW-nawlavis traqtis fermentebiT, meti raodenobiT Seicavs cilas, 
naklebad cximiani da dabalkaloriulia; fosforis SemcvelobiT uaxlovdeba 
Tevzs, kalciumis SemcvelobiT ki TiTqmis 3-jer aWarbebs qaTmis xorcs. in-
dauris xorci mdidaria rkiniT, seleniT, TuTiiT, spilenZiT, kaliumiT da В 
jgufis, PP,  A da E vitaminebiT. 

indauris xorcis konsistencia wvrilboWkovania da nazi.  saqonlis, 
Rorisa da frinvelis xorcTan SedarebiT misi xorcis morfologiuri maxa-
siaTeblebi, teqnologiuri Tvisebebi, kvebiTi da biologiuri  Rirebuleba 
ufro maRalia,  rbilobis procentuli Semcveloba _ sakmaod  meti,  Semaer-
Tebeli qsovilis _ mniSvnelovnad naklebi. 

indauris xorci ar aris alergiuli. kunTovani qsovilis Seferilobis 
mixedviT ansxvaveben indauris TeTr da wiTel xorcs. TeTr xorcSi, muqi 
feris xorcTan SedarebiT, metia cila da naklebia cximi. amave dros muqi 
xorci ufro cximiani da kaloriulia, meti raodenobiT Seicavs  rkinas, Tu-
Tiasa  da selens, magram masSi SedarebiT maRalia qolesterinis done.  Sesa-
bamisad, TeTri xorci ufro dieturia, xolo wiTeli xorci rkinis maRali 
Semcvelobis gamo xels uwyobs  anemiis profilaqtikas [1-4].  

indauris cocxali masis 3_4%-s Seadgens sakvebi subproduqtebi, rom-
lebic mdidaria kargad SesaTvisebeli ciliT da organuli rkiniT, imav-
droulad SedarebiT mcire raodenobiT Seicavs cxims.  

kvebis produqtebis usafrTxoebasTan dakavSirebiT Cvens mier gamokv-
leuli iqna indauris xorcis mikrobiologiuri  maCveneblebi (cxr. 1) da mas-
Si toqsikuri nivTierebebis Semcveloba (cxr. 2). 
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cxrili 1. indauris xorcis mikrobiologiuri maCveneblebi 
 

mikrobiologiuri maCveneblebi dasaSvebi norma 

saojaxo karmidamoSi moSe-
nebuli  indauris jiSebi 

broileris 
TeTri 

farTomkerda 
mezofilur-aerobuli da fakulta-
tur anaerobuli mikroorganizmebis 

raodenoba, kwe/g, ara umetes 

5×105 
 

2,4•103 4,2•103 

nCjb (koliformebi) 0,001 g nimuSSi dauSvebelia ar aRmoCnda ar aRmoCnda 
paTogenuri mikroorganizmebi, maT 

Soris Salmonella, 25 g nimuSSi 
dauSvebelia ar aRmoCnda ar aRmoCnda 

 
   
 miRebuli monacemebidan Cans, rom sakvlev nimuSebSi mezofilur-aero-
buli da fakultatur-anaerobuli mikroorganizmebis raodenoba ar aRemateba 
sanitaruli normebiTa da wesebiT reglamentirebul mniSvnelobas; ar iyo 
gamovlenili nawlavis Cxirebis jgufis (koli¬formis) baqteriebi da paToge-
nuri mikroorganizmebi, rac aseve Seesameba mikrobiologiuri usafrTxoebis 
higienur moTxovnebs.  
 
 
    cxrili 2. toqsikuri nivTierebebis Semcveloba indauris xorcSi 
 

maCveneblebi 
dasaSvebi norma,   

mg/kg 

saojaxo karmidamoSi moSenebuli  
indauris jiSebi 

broileris TeTri farTomkerda 
tyvia ara umetes 0,5 0,12 0,16 
kadmiumi araumetes 0,05 ar aRmoCnda <0,01 ar aRmoCnda <0,01 
dariSxani ara umetes 0,1 ar aRmoCnda <0,0025 ar aRmoCnda <0,0025 
vercxliswyali ara umetes 0,03 0,016 0,013 

 
   

cxrilis monacemebis analizi¬metyvelebs, rom tyviis, kadmiumis, dariS-
xanis da vercxliswyalis Semcveloba  sxvadasxva jiSis bocvris xorcSi  ar 
aRemateba zRvrulad dasaSveb  normebs, rac aseve miuTiTebs  maT usafrTxoe-
baze. 
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SUMMARY 

DETERMINATION OF SAFETY CHARACTERISTICS OF TURKEY MEAT 

Pkhakadze M.D., Tavdidishvili D.R. and Gachava N.N. 

Akaki Tsereteli State University, Kutaisi 

Nutritional properties of turkey meat, peculiarities of white and red meat, the directions of their use and 

capabilities of application are considered. Microbiological indices and content of toxic compounds were 

researched with regard to safety of nutrients. Obtained results indicate of harm lessness and sanitary-higienic 

reliability of turkey meat. 

Keywords: turkey meat, nutritional properties, microbiological indices. 
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guram tyemalaZe - 80 

 
 

guram tyemalaZe daibada 1941 wlis 25 aprils Tbi-
lisSi maTematikosebis ojaxSi. 

1958 wels warCinebiT daamTavra Tbilisis 51-e saSu-
alo skola. 1958_1963 wlebSi swavlobda ivane javaxiSvi-
lis saxelobis Tbilisis saxelmwifo universitetis qi-
miis fakultetze. 

1963–1965 wlebSi muSaobda saqarTvelos mecniere-
baTa akademiis botanikis institutis mcenareTa bioqimiis 
laboratoriaSi inJiner-qimikosad. 1965–1968 wlebSi iyo 
saqarTvelos mecnierebaTa akademiis bioqimiis labo-
ratoriis aspiranti, 1968–1975 wlebSi _ saqarTvelos mec-

nierebaTa akademiis bioqimiis institutis umcrosi da ufrosi mecnier-Tanam-
Sromeli. 1970 da 1972 wlebSi misi Sromebi orjer iqna aRiarebuli wlis 
saukeTeso naSromebad. 1972–1976 wlebSi Tbilisis saxelmwifo universitetis 
biologiisa da qimiis fakultetebze kiTxulobda leqciebis speckurss enzimo-
logiis saganSi. 1975–2004 wlebSi iyo saqarTvelos zooteqnikur-saveterinaro 
saswavlo-kvleviTi institutis (akademiis) araorganuli qimiis, bioorganuli 
qimiisa da bioqimiis kaTedris gamge. 

1968 da 1984 ww. daicva sakandidato da sadoqtoro disertaciebi mos-
kovSi, a. n. baxis saxelobis bioqimiis institutSi. 

2002 wels dajildovda Rirsebis ordeniT. 
2005_2012 wlebSi muSaobda saqarTvelos agraruli universitetis qimiis 

departamentis sruli profesoris Tanamdebobaze. 2014 wlidan dRemde muSaobs 
saqarTvelos teqnikuri universitetis agraruli mecnierebebisa da biosiste-
mebis inJineringis fakultetis sasursaTo teqnologiebis departamentis xel-
mZRvanelad. aris stu-is akademiuri sabWos wevri, agrarul mecnierebebSi sau-
niversiteto sadisertacio sabWos Tavmjdomare, agrarul teqnologiebSi sa-
ganmanaTleblo sadoqtoro programis xelmZRvaneli. 

guram tyemalaZes samecniero-kvleviTi da pedagogiuri muSaobis period-
Si gamoqveynebuli aqvs 150 samecniero Sroma, 9 saxelmZRvanelo da 3 monogra-
fiuli xasiaTis enciklopediuri da ganmartebiTi leqsikoni. guram tyemalaZe 
aris mravali saxelmZRvanelos redaqtori. monawileobda mTeli rigi saerTa-
Soriso konferenciebisa da simpoziumebis organizebaSi. araerTxel iyo ofi-
cialuri delegaciebis wevri. samecniero moxsenebebiT gamodioda msoflio 
yrilobebsa da kongresebze: ruseTi, ukraina, latvia, estoneTi, yazaxeTi, uzbe-
keTi, germania, iugoslavia, kanada, espaneTi, Sotlandia, saberZneTi, belgia, ho-
landia. 2013 wels bioqimiisa da molekuluri biologiis amerikuli sazoga-
doebis (ASBMB) saorganizacio komitetis mier miwveuli iyo bostonis (aSS) 
eqsperimentuli biologiisadmi miZRvnil yovelwliur Sexvedraze, rogorc am 
sazogadoebis wevri. 

2014 wels airCies saqarTvelos soflis meurneobis mecnierebaTa akade-
miis namdvil wevrad (akademikosad). 2017 wels ssmm akademiis prezidentis 
brZanebiT mieniWa bioqimiis dargSi eqspertis wodeba. 2019 wels airCies saqar-
Tvelos sainJinro akademiis namdvil wevrad (akademikosad). 

batoni gurami aris poeturi krebulebis, literaturuli xasiaTis pub-
likaciebis avtori, gamoqveynebuli aqvs religiur da terminologiur saki-
TxebTan dakavSirebuli metad sayuradRebo Sromebi.   

vulocavT baton gurams saiubileo TariRs da vusurvebT didxans si-
cocxles da nayofier samecniero da SemoqmedebiT moRvaweobas. 
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