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ПРИБЛИЖЕННОЕ РЕШЕНИЕ ДВУМЕРНОЙ ДИНАМИЧЕСКОЙ ЗАДАЧИ 

ТЕРМОДИФФУЗИИ 

 

Бежуашвили Ю.А. 

 

Грузинский технический университет 

 

Связь между нестационарными процессами деформаций, теплопроводности  и 

диффузии в твердой изотропной упругой среде описывается системой четырех скалярных 

дифференциальных уравнений в частных производных второго порядка вида [1,2]. 
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Здесь  1 2,n n n -орт внешней нормали в точке 3 4, , , ,
u u

y S RU HU
n n

  
   

  
 

1 3 2 4HU Tu nu nu    - вектор термодиффузионного напряжения, Tu - вектор упругих 

напряжений [1], 00 < , ,r m c 
 

- постоянные, 
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j F f f f f f f   - заданные функций. 

В работе [3] для задачи I доказываются теоремы существования и единственности 

регулярных решений. 

Теперь построим приближенное решение для задачи I. Для этого рассмотрим интеграл 
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Построим вспомогательные области: пусть kD  область, расположенная строго внутри в 
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
,

x
B  [2]. 

Теорема.  Счетная совокупность векторов 

   Re,,4,1,, 1 SyjixyM k
k

j




 

 >0,             (3) 

Линейно независима и полна в пространстве  SL2 . 

Доказательство этой теоремы здесь опускаем [2]. 

Перенулируем совокупность векторов следующим образом 

 

  ,...,2,1,,, 4

3


























 

kixyMy

k
lk k

       (4) 

где  k
k

klk ,
4

1
4 







 
  - означает наибольшую целую часть числа к. 

Пусть  






1, k

k

y  - система, полученная из (4) ортонормированием на S , т.е.  

    ,...,2,1,,,,

1




kSyyay
jk

j

j
k

k   

где j
ka  - коэффициенты  ортонормирования. 

Ясно, что 

       dyyQiyxxUxV
D

 ,ˆ,
2

1
,ˆ,ˆ    

будет решением задачи 
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 

   
 

   
  


m

rk

k

k

z

r

k

k

k

z

SzgzVn
z

R

SzgzV

xV
x

B

1

,

0

,

,,ˆ,

,,,ˆ

0,ˆ,























































   

(5) 

где   
  mkg k

z ,0,,  известные векторы выраженные через данные задачи. 

Пусть    
  mkgzg k
z

,0,,
,

  . Очевидно, в наших предположениях    SLzg 2,   и 

       dsyyggzgzg
k

S

k

k

k

k   





,,,

1

.  

Так как,  SL2  полное Гильбертого пространство, имеем 

 

   
 

mjzgzg

jSL

N

k

k

k
N

,0,0,lim

2
1





 . 

 

Решение задачи (5) можно представить в виде [2]. 

 

 

          






 





















m

rk S

r

k S kk

dsygiDyxGdsygiDyxGn
y

RxV
10

 ,,,, ,,,,,
~

,ˆ2   

 

где  iDyxG ,,, - тензор Грина задачи (5), R
~

- сопраженный с R оператор, * - указывает на 

операцию транспонирования. 

Рассмотрим вектор 

 

 
  DxixxagV

jljN

k

k

j

j
kk

N
x


























 

 

 ,,
~ˆ 4

3

1 1

,


. 

Легко видеть, что  ˆ ,V x  решаем задачу  

 
 

 
 

 
 

 
 

 
 

,

, ,

0

, ,

1

ˆ, 0,

ˆ , ,

ˆ, ,

N

x

r
N N

kz z

k

m
N N

kz z

k r

B V x D
x

V g z S

R n V g z S
z



 

 









 

 
  

 

   
 

  
   

    

где  
   ,

1

, ,
N k

N

kz
k

g g z z S


 


  . 

 

Решение этой задачи можно представить в виде 

 



   saqarTvelos sainJinro siaxleni, GEORGIAN ENGINEERING NEWS, №1, 2017  

 

 

9 

 
     

     
 N

, , ,  
0 1

ˆ2 , , , ,  , , , ,

k k

r m
N N

x y y
k k rS S

V R n G x y D i g ds G x y D i g ds
y

  
 

  

  
   

  
  

 

 

Пусть D'  - любая область, расположенная строго внутри  D. 

Составляя разность    
 

,
ˆ ˆ,

N

x
V x V


  ,

 

учитывая свойства тензора Грина и неравенство 

Коши-Буняковского, получаем    
 

,
ˆ ˆ, lim , < ;

N

x
N

V x V x D c D





   

или  

  

     
3

4

1 1

1 ˆˆ , , , ,
2

jljk
j

k k

k j D

U x g a x x i x y i Q y dy   

 
 
 

 

 
      

 
 

  
  

(6) 

  

Ряд (6) равномерно сходятся во всякой в замкнутой области лежащей внутри D.  

 
     

3

4

,
1 1

1 1 ˆˆ , , ,
2 2

ji ljТ k
Т t j

k kx
k ji D

U e g a x x i x y i Q y dy d
i








   


  
 
 

  

 
            

 
 

 

Если выражение (6) подставим в (1), то получили решение задачи I, а вектор дает 

приближенное решение этой задачи.
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SUMMARY 

APPROXIMATE SOLUTION TO THE PLANE DYNAMIC PROBLEM OF THERMODIFFUSION 

Bezhuashvili Yu.A. 

Georgian Technical University 

The approximate solution to the plane dynamic problem of the conjugate theory of thermodiffusion is 

constructed by the method of generalized Fourier series. 

Keywords: thermodiffusion, plane dynamic problem, Fourier series, partial derivatives. 
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maTematikuri fizikis rTuli sasazRvro amocanebis amoxsna 

samcvladiani gantolebebiT 

 

O natroSvili o.g., robitaSvili a.g., berianiZe T.o.  
 

saqarTvelos teqnikuri universiteti 
 
Sesavali 
arsebobs amocanebis klasi, romelTa gadawyvetas didi Teoriuli da 

praqtikuli mniSvneloba eniWeba, aseT klass miekuTvneba maTematikuri fizi-
kis sivrculi sasazRvro amocanebi, romelTa amoxsna did sirTuleebTan aris 
dakavSirebuli. isini moiTxoven sammcvladiani gantolebebis Sedgenas, maTT-
vis specializirebuli meTodebis SemuSavebas da gadawyvetis axali gamo-
Tvleli  saSualebebis Seqmnas. 

amJamad cnobilia mravali meTodi da gamomTvleli kompleqsi, romle-
bic dafuZnebulia albaTur midgomebze (aseTebs miekuTvneba statistikuri 
gamocdis monte-karlos meTodi, albaTuri gamomTvleli modelebi da sxva, 
romelTa daxmarebiTac SesaZlebeblia amoixsnas metad rTuli Teoriuli da 
praqtikuli xasiaTis amocanebi. zemoT naxsenebi amocanebis garda metad 
rTulia kosmosuri obieqtebis sivrceSi moZraobis amsaxveli gantolebebis 
amoxsna. aseTive rTulia reaqtorebSi plazmuri procesebis mimdinareobis 
amsaxveli gantolebebis Sedgena da analizi. aseTi monacemebis amoxsna 
moiTxovs droisa da gamomTvleli resursebis did danaxarjebs [1]. 

warmodgenil naSromSi SevecadeT gveCvenebina is sirTuleebi, rom-
lebic axasiaTebs aseTi amocanebis amoxsnas. 

 
ZiriTadi nawili 

sasazRvro amocanebis gadawyvetis Teoriuli midgomebi 
 

cnobilia, rom amJamad gamomTvlelis saSualebiT amoixsneba ZiriTadad 
organzomilebian sivrceSi sasazRvro amocanebi. ufro garTulebuli, 
mravalcvladiani gantolebebis amoxsna moiTxovs mZlavri aparaturuli 
resursebis mqone gamomTvleli saSalebebis gamoyenebas, romlebsac gaaCniaT 
upirveles yovlisa didi operatiuli mexsiereba. Cven mier naxsenebi 
samganzomilebiani sasazRvro amocanebi saWiroeben zemaRali simZlavris 
gamomTvlel saSualebebs, romlebsac SeuZliaT 1020 raodenobis manqanuri 
operaciebis realizacia. aqve unda aRiniSnos isic, rom aseTi rTuli 
amocanebis amoxsnis zogjer TviTRirebulebis Sefasebac ki Zalze Znelia 
tradiculi meTodebisa da gamomTvleli teqnikuri saSualebebiT, xolo 
zogierTi maTgani axlac warmoadgens gadauwyvetel problemas. aqedan 
gamomdinare aucilebelia Seiqmnas ufro gaumjobesebuli, srulyofili 
meTodebi da gamomTvleli saSualebebi. aseT specializirebul saSualebebs 
warmoadgens holografiul principebze Seqmnili gamomTvleli kompleqsebi. 

imisTvis rom avxsnaT Cven mier zemoT naxsenebi gamomTvleli kompleq-
sis muSaobis principi, SevexoT elifsuri tipis gantolebebis amoxsnis arss, 
romelic xasiaTdeba Semdegi gantolebebiT: 

LU(x,y,z)=F(x,y,z) areSi D 

U(x,y,z)=G(x,y,z) sazRvarze Г 

 L - elifsuri operatori; F,GG, funqciebi, romlebic mocemuli arian DD areSi 
da Г sazRvarze,  Sesabamisad. 

mocemuli amocanis amoxsna SeiZleba warmodgenili iqnas aditiuri 
funqcionalis maTematikuri molodiniT. 
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           ,,,,,,,

0 












 



dttztytxFzyxGMzyxU rrr   

romelic gansazRvrulia brounis moZraobis traeqtoriaze x(t), y(t), z(t) Sesaba-

misad sawyisi mniSvnelobiT x,y,z da saboloo mniSvnelobiT xг, yг, zг sazRvarze 
Г pirvel gasvlaze   momentSi. 

gamoTvlebis ricxviTi procedurebi U(x,y,z) moiTxoven funqcionalis  

N-jeradi gamoTvlebis Catarebas  

  G x y z( )

1

 

e

F x
e

y
e

 z
e

  t 




 
i=1,2,….,N  da miiReba Semdgomi damrgvalebiT amjamavze 

  




N

i

INzyxU

1

/1,,  . 

holografiuli gamomTvleli kompleqsis struqturuli sqemis SemuSaveba 
   ZiriTadi teqnikuri amocana ganisazRvreba kompleqsSi samganzomile-

biani masivebis mniSvnelobebis SenaxviT F, t  da G funqciebisaTvis da am 
mniSvnelobebiT amonaxsnis Ziebis Catareba aRdgenil hologramebSi (amonaxs-
nis SemTxveviTi xetialis procedurebiT povna). amgvarad, hologramebis 
daxmarebiT (hologramebis damzadeba da mowyobilobaTa kompleqsSi maTi Se-

naxva hologramebis matricebisa, calke procedurebs warmoadgens) SesaZlebe-
lia amonaxsnis povna samganzomilebiani gantolebebiT misi cifruli Senax-

viT. saWiro hologramebis SerCeva warmoebs ori koordinatis x, y SenaxviT F, 

t  da G funqciebisaTvis da am mniSvnelobebis mixedviT SemTxveviTi xetialis 
Catareba amonaxsnebis mosaZebnad. kompleqsSi sawyisi masivis holografiuli 
xerxiT Senaxva saSualebas iZleva amoixsnas samganzomilebiani amocanebi mo-

nacemTa cifruli SenaxviT. SerCeva hologramisa ori x, y koordinatiT war-

moebs lazeris sxivis marTviT or sibrtyeSi.  x da y mniSvnelobebis gansaz-
Rvra Seesabameba saWiro hologramis Zebnas, romelic Cawerilia hologramebis 
matricaSi. amiT aRdgeba fotomimRebebis sibrtyeSi informaciis furceli. 
saWiro sityvis SerCeva am furclidan warmoebs fotomimRebebis matricis 

mixedviT z mniSvnelobebis (koordinatis) daxmarebiT. 
naxazze warmodgenilia gamomTvleli kompleqsis gamartivebuli struq-

turuli sqema. mTlianobaSi sqema orientirebulia samganzomilebiani sasazR-
vro amocanebis gadasawyvetad. naxazze SemoRebulia Semdegi aRniSvnebi: КИС 

(1) koherentuli sinaTlis wyaro lazeri КИС (1), romlis sinaTlis nakadis 

(sxivis) gadaxras awarmoebs defleqtori ДЕФ (2) (x, y) koordinatebiT. ДЕФ (2) 
dan gadaxrili sxivi miemarTeba hologramebis matricaze МГ (3), romelic 
masze Caweril binalur (orobiT) gamosaxulebas aRadgens fotomimRebebis 
Sesabamisi zomis matricaze МФП (4). gamomTvleli bloki БВТК (5) gamomuSave-

buli mesame koordinatiT z, rogorc zemoT aRvniSneT, marTavs cifruli 
informaciis erT striqons, romelic wakiTxeba me-4 blokSi da Seitans damg-
rovebel amjamavSi МОЭПС (8) marTvis mowyobilobis БУУ (9) da gamomklebi 
mTvlelis РСУР (10) saSualebiT. aq (10), iseve rogorc wina SemTxvevaSi, aRniS-
naven Sesabamisi blokis nomrebs. blokebi БНУ (6) da ВБПК (7) dakavSirebiT 
arian uSualod mimdinare gamomuSavebul koordinatebTan БВТК (5). 

sqemaze naCvenebia Semdegi signalebi: y1 - “dayeneba 0”  БУУ mowyobilo-

bisa (es y1 signali gamodis mecxre blokidan da marTavs me-8 bloks, МОЭПС 

(8) - amjamavia, saidanac aiTvleba (gamodis) rezultati; y2 - dayenebis signa-
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lia, romelic marTavs reversul mTvlels РСУР (10) (me-10 bloks); y3 - signali 

marTavs koordinatebis sawyisi mniSvnelobebis Setanas blokSi БВТК (5); y4 - fo-

tomimRebebis МФП (4) matricidan informaciis wakiTxvis signalia; y5 - signaliT 
warmoebs nazrdis mniSvnelobis gacema blokidan ВБВПК (7) nazrdis blokSi 

БВТК (5) – mimdinare koordinatebis damgrovebelSi; y6 - signaliT warmoebs (igi 
gamomuSavdeba БУУ (9) blokSi) anaTvlis Sedegebis gacema МОЭПС (8) blokidan;  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

gamomTvleli kompleqsis gamartivebuli struqturuli sqema 
 

 

 S1da S2  - niSnebis aRmniSvneli binaruli signalebia, romlebic iReben 
`0~, `1~ mniSvnelobebs. 

TiToeuli mowyobiloba kompleqsSi muSaobs, rogorc aRvniSneT infor-
maciis Senaxvisa da damuSavebis holografiul principebze, romlebic gvaZle-
ven saSualebas operireba movaxdinoT cvladebze sami erTmaneTisagan damou-

kidebeli kordinatebiT x,y,z. 
amgvarad, gamomTvleli kompleqsi awarmoebs statistikuri gamocdis 

meTodis relizacias. amocanis amoxsnis saboloo Sedegi miiReba (monte-
karlos meTodiT) damgrovebel amjamavze miRebuli Sedegis damrgvalebiT. 

ganxilul kompleqss gaaCnia is nakli, rom masSi gamoyenebulia def-
leqtori da uwyveti gamosxivebis lazeri. am ukanasknels gaaCnia sakmaod 
didi gabaritebi, romelic gavlenas axdens kompleqsis saboloo zomebze. 
amasTan erTad defleqtori – es aris analoguri tipis elementi, romelic 
raTqmaunda, amcirebs mis saimedoobas. 

mowyobilobis (kompleqsis) saimedooba gacilebiT izrdeba Tu defleq-
torisa da erTi lazeris garda gamoviyenebT naxevargamtaruli lazerebis 
matricas, romelic Tanazomadia hologramisa da fotomimRebebis matricebTan. 
am problemis gadawyveta SemoTavazebulia naSromSi [2]. am naSromSi warmod-
genilia gamartivebuli blok-sqema, sadac ganxilulia gamomTvlel kompleq-
sSi gamoyenebuli naxevargamtaruli lazerebis matrica, romelic dakavSire-
bulia hologramebisa da fotomimRebebis matricasTan. 

 
daskvna 
rTuli samcvladiani gantolebis amoxsna SesaZlebeli xdeba sawyisi 

monacemebis holografiuli xerxebiT. erT hologramas SeuZlia Seinaxos 
furceli, romlis tevadobaa 107-108 orobiTi sityvaa. maTi didi raodenobiT 
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Senaxva SeiZleba holografiul principebze agebul gamomTvlel kompleqsSi, 
romelic muSaobs or reJimSi: 1. amocanis amoxsnisaTvis kompleqsis momzade-
bis reJimSi da 2. samcvladiani gantolebis uSualod amoxsnis reJimSi. aseTi 
kompleqsis TiToeuli mowyobiloba SeiZleba realizebuli iqnes mcire 
gabaritebis mqone xelsawyos saxiT integraluri teqnologiis gamoyenebiT. 
igi metad saimedoa moxmarebis TvalsazrisiT da xasiaTdeba Tavisi Rirebu-
lebis siiafiTac. 
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gamosaxulebis warmodgenisa da damuშavebis perspeqtivebi 

optoeleqtronuli meTodebiT da gamomTvleli saSualebebiT 

O 
natroSvili o.g., robitaSvili a.g., berianiZe T.o.  

 
saqarTvelos teqnikuri universiteti 

 
Sesavali 
gamoTvliTi teqnikis ganviTarebis Tanamedrove done warmoadgens 

mniSvnelovan faqtors samecniero-teqnikuri progresis mravali mimarTulebis 
ganviTarebisaTvis. maT Soris metad aqtualuria mimdinare realur drosa da 
realur pirobebSi optikuri gamosaxulebebis paraleluri damuSaveba da 
kvlevis Sedegebis praqtikuli gamoyeneba. 

arc Tu ise didi xnis win fundamentaluri kvlevis erT-erT wamyvan 
mimdinareobad iTvleboda gamomTvleli saSualebebiT informaciis kombinire-
buli warmodgena da damuSaveba, e.i eleqtronul meTodebTan erTad optikuri 
meTodebis gamoyeneba. maTi dadebiTi Tvisebebi Tavdapirvelad realurad 
gamomJRavnda didi moculobis mqone sainformacio masivebis (optikuri 
gamosaxulebebis) damaxsovrebisa da SenaxvisaTvis. metad perspeqtiuli gaxda, 
agreTve, didi sainformacio tevadobis mqone masivebis eleqtronuli trans-
portirebisaTvis winaswar maTi gardaqmna-damuSavebiT. amgvarma midgomam 
mniSvnelovnad gazarda informaciis gadacema-miRebis swrafqmedeba. gaCnda 
realuri SesaZlebloba mowyobilobebSi arsebul calkeul kvanZebs Soris 
informaciis gavrceleba warmoebdes sinaTlis sxivis gavrcelebis siCqaris 
doneze, rac mniSvnelovnad aRemateboda gamtarSi galvanuri kavSirebiT 
eleqtronuli signalebis (muxtebis) garemoSi gavrcelebis siCqareebs. amasTan 
erTad signalebis gadacemasa da damuSavebas gaaCnia maRali paralelizmi, 
rac bunebrivad axasiaTebs optikur signalebs. es ukanaskneli Tavis mxriv 
zrdis gamomTvleli saSualebebis warmadobas [1]. mniSvnelovania, agreTve, 
informaciis damuSavebaSi optikuri signalebis gamoyenebis metad maRali 
mdgradoba sxvadasxva xelisSemSlelebis mimarT, rogoricaa gamtarSi gama-
val eleqtronul signalebze Zlieri magnituri velebis zemoqmedeba. siTburi 
da radiaciuli movlenebis gavlena garemoSi samontaJo gamtarebis urTierT-
gadakveTis Sedegad warmoqmnili signalis formis damaxinjebaze da a.S. 
dadasturebulia, rom ori an ramodenime sxvadasxva informaciis matarebeli 
optikuri sxivis urTierTgadakveTa srulebiTac ar uSlis xels TavianTi 
gavrcelebis (informaciis gadacemis) mimarTulebiT miitanon es informacia 
maTi daniSnulebis adgilamde yovelgvari damaxinjebis gareSe, es Tviseba ki 
metad mniSvnelovania optikuri signalebiT warmodgenili sainformacio didi 
masivebis (gamosaxulebebis) saxiT optikuri mravalarxiani (da Tanac parale-
luri) sakomunikacio gadaadgilebebis ganxorcielebisTvis. 

 
ZiriTadi nawili 
amJamad, rodesac saTanado elementuri bazis ganviTarebis donem miaR-

wia did warmatebebs, mowyobilebebis teqnikur da teqnologiur reali-
zaciebSi, optoelqtronul principebze dafuZnebul gamomTvlel mowyobilo-
bebSi struqturuli, sqemoteqnikuri, sistemoteqnikuri algoriTmuli da a.S. 
meTodebsa da saSualebebSi yovelgvari siaxleebis damuSavebasa da praqti-
kaSi maT danergvas metad aqtualuri mniSvneloba eniWeba. 

saxalxo meurneobis mravali sferos interesebidan gamomdinare metad 
aqtualuria, agreTve optikuri sainformacio nakadebis realur droSi 
damuSaveba. amis saSualebas iZleva optoeleqtronul principebze agebuli 
operaciuli mowyobilobebis sakuTriv funqcionaluri datvirTvebis gazrda, 
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gamoTvliTi procesebis nakaduri warmoebis SesaZlebloba mimdinare realur 
droSi. metad perspeqtiulia specprocesorebis saxiT optoeleqtronuli 
gamomTvleli saSulebebis realizacia. 

samecniero da praqtikuli xasiaTis amocanebidan gamomdinare, romle-
bic moiTxoven mimdinare relur droSi swraf gadawyvetebs zemoT xsenebuli 
optoeleqtronuli specprocesorebiT, cifruli monacemis didi nakadis 
uwyvet damuSavebas didi mniSvneloba eniWeba. am mxriv aqtualobasa da pers-
peqtivebs adasturebs mravali konkretuli amocanis gadawyvetis saWiroeba. 
rac dro gadis didi moculobis (kerZod naxsenebi optikuri gamosaxulebis) 
damuSaveba metad saWiro xdeba, magaliTad aero-kosmosuri suraTebiT 
dedamiwis bunebrivi resursebis SeswavlaSi. maTi saSualebiT kosmosidan 
sasoflo-sameurneo savargulebze dakvirveba da analizi, fotografiuli 
suraTebiT obieqtebis gamocnoba. didi moculobis sainformacio damuSavebas 
moiTxovs mdgomareobebis Seswavla medicinaSi, biologiaSi, astrofizikaSi. 
aseve mniSvnelovania, magaliTad, atomur fizikaSi optikuri gamosaxulebebiT 
plazmur procesebze dakvirveba da maTi mimdinareobis realur droSi 
analizi. informaciis swrafi, konveieruli damuSaveba saWiro droSi sworad 
mimdinare da cvalebadi mravalarxiani eleqtruli (optikuri, magnituri da 
a.S.) signalebisaTvis, romlebic miRebulia seismuri, akustikuri da 
radiosignalebis, (maT Soris eqo-signalebis) mimRebi sadgurebidan haerSi, 
miwiszeda an wyalqveSa moZravi obieqtebis aRmosaCenad da maT gamosacnobad 
(etalonur gamosaxulebebTan mimdinare droSi Sedarebis gziT). 

gamoTvliTi procedurebis realur droSi Catareba Zalze Zneldeba, 
amJamad arsebuli klasikuri midgomebiTa da gamomTvleli saSualebebiT, 
vinaidan maTi arc swrafqmedeba da arc resursebis warmadoba amisTvis 
sakmarisi ar aris, magaliTisaTvis aseve SeiZleba davamatoT, rom kosmosidan 
dedamiwis bunebrivi resursebis SeswavlaSi did problemas warmoadgens 
video informaciis efeqturi damuSaveba da analizi relur droSi. am infor-
maciis moculobisa da misi miRebis siCqaris ilustraciisaTvis sakmarisia 
aRiniSnos, rom kosmosidan mravalzonaluri fotoaparatis anda gadamcemi 
videoaparaturis daxmarebiT miRebuli mxolod erTi suraTi (kadri, romelic 
moicavs 100×100 kilometr farTobs ( +/- 10 metri cdomilebiTaa SesaZlebeli 
misi gadaReba)) Seicavs daaxloebiT 108 bit informacias, romelic moiTxovs 
xarisxian damuSavebas. 

dedamiwis xelovnuri Tanamgzavridan yoveldRiurad miwiszeda sadgu-
rebi iReben asobiT aseT suraTs. aseTi informaciis gadasacemad amJamad 
gamoiyeneba cifruli radioxazebi. isini muSaoben 100 mgbiti/wm da ufro meti 
siCqariT, Tuki SevadarebT Tanamedrove gamomTvleli manqanebis swrafqmede-
basa da warmadobas kosmosidan miRebuli informaciis moculobasa da miRe-
bis siCqareebTan, davrwmundebiT, rom metad Znelia monacemebis damuSavebis 
amJamad arsebuli gamomTvleli saSualebebis efeqturi gamoyeneba. amiTaa ga-
mowveuli metad didi interesi da aqtualuroba, naCvenebi iqnas perspeqtivebi, 
Seiqmnas axali teqnologiuri saSualebebi monacemebis didi nakadis damuSave-
bisaTvis. 

 
daskvna 
didi moculobis optikuri sainformacio masivebis realur droSi 

damuSaveba Zalzed ZviradRirebulia, vinaidan igi moiTxovs sakamaod did 
ekonomikur da droiT danaxarjebs. ufro metic, amJamad arsebobs problema 
(magaliTad matematikuri fizikis mravalganzomilebiani sivrculi amocanebis 
amoxsnisa), romelic zemoT aRniSnuli mizezebis gamo iTvleba Znelad 
gadasawyvet amocanad gamoTvliT teqnikaSi. arsebuli tradiciuli meTo-
debisa da eleqtronuli saSualebebis SezRudulobis gamo [2]. yoveli es 
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ganapirobebs did perspeqtivebs ufro intensivobiT iqnes gamoyenebuli 
optoeleqtronuli meTodebi da saSualebebi. 
 
literatura 

1. Кожемяко В.П. Оптоэлектронные логико-временные информационно-вычислительные среды.                   

- Тбилиси, Мецниереба, 1984, 359 c. 

2. Кругликов В.К., Натрошвили О.Г. О новом вычислительном устройстве для решения задач математи-

ческий физики повышенной сложности. /Сообщения АН ГССР,  Тбилиси, 1979, cc.121-123 

 

 
SUMMARY 

THE PROSPECTS OF IMAGE REPRESENTATION AND PROCESSING BY OPTOELECTRONIC 

METHODS AND COMPUTATIONAL FACILITIES 

Natroshvili O.G., Robitashvili A.G. and Berianidze T.O. 

Georgian Technical University 

The paper considers the prospects of image representation and processing by optoelectronic methods and 

computational facilities. The topicality of real-time data processing is shown. 

Keywords: image representation, image processing, real-time data processing. 

 
 
 
 
 



   saqarTvelos sainJinro siaxleni, GEORGIAN ENGINEERING NEWS, №1, 2017  

 

 

17 

algoriTmuli enis Python-is mimoxilva 

 
kamkamiZe k.n., razmaZe d.g.  

 
saqarTvelos teqnikuri universiteti  

 
dRevandeli samyaro warmoudgenelia Tanamedrove programuli enebis 

gamoyenebis gareSe. Cveni drois aqtualuri amocanebi iTxovs ufro mZlavr da 
drekad algoriTmul enebs, romlis meSveobiT profesionalebs, da ara marto, 
SeeZlebaT swrafad da xarisxianad gadawyviton sxvadasxva sirTulis 
sakiTxebi. ra sakvirvelia arsebobs uamravi aseTi tipis algoriTmuli ena 
nebismieri sirTulis amocanis gadasawyvetad da agreTve komfortuli 
imisaTvis, rom aseTi programebi Seqmna. algoriTmuli enebis didi sivrcidan 
minda gamovyo programuli ena Python-i Semdegi mizezebis gamo: 

1. Python-i aris maRali donis, interpretaris tipis programuli da 
skriftuli ena. igi pirvelad iyo wardgenili 1991 wels gvido van rossumis 
mier, holandieli maTematikosi - programisti, romlis mizani iyo progra-
muli enis Seqmna yvelasTvis [1]. Python-i aris mraval paradigma programirebis 
ena, romelic sxvadasxva stilis kodirebis saSualebas aZlevs momxmarebels.  

2. Python-i aris absoluturad ufaso da vrceldeba Ria kodis progra-
muli uzrunvelofis principiT; 

3. Python-i Tavsebadia nebismier Tanamedrove saoperacio sistemasTan 
(MS Windows, MacOS, Linux, Unix), maT Soris Linux da Unix sistemebSi yendeba 
saoperacio sistemasTan erTad; 

4. Python-s SeuZlia miierTos biblioTekebi sxva Tanamedrove programu-
li enebidan da agreTve Python-s kodi SeiZleba iyos CaSenebuli sxva progra-
mul kodSi; 

5. Python-s aqvs biblioTekebis didi baza amocanebis didi speqtrisTvis 
magaliTad: maTematikuri, kriftografuli, monacemTa bazebTan muSaobis 
biblioTekebi, TamaSebis Sesaqmnelad biblioTekebi, grafikuli interfeisebis, 
audio da gamosaxulebis manipulaciebis biblioTekebi, sistemuri da qselis 
administrirebis modulebi da kide uamravi sxva [2].  

6. Python-is Seswavla aris Zalian martivi; 
7. Python-ze kodi iwereba Zalian swrafad; 
8. Python-is programuli kodi martivad ikiTxeba da advilad igeba; 

 Python-ze aris uamravi informacia internetSi da iTvleba erT-erT yvelaze 
ganxilvad enad Tanamedrive sainformacio sivrceSi; 

 Python-ze aris Seqmnili aseTi cnobili produqtebi rogorc: Google, YouTube, 

Dropbox da uamravi sxva; 
ra sakvirvelia Python-s aqvs aseve susti mxareebi: 
 Python-i aris interpretatoris tipis ena, ris gamoc, misi kodis siswrafe 
SedarebiT nelia vidre C /C++, Java, C# enebis kodi. TumcaRa Tanamedrove kompiu-
terebze aRniSuli gansxvaveba ar aris imdenad SesamCnevi, Tu ar gvaqvs Sexeba 
zeswrafi reagirebis moTxovnaze. aseve dRes ukve arsebobs programuli enis 
Python-is daCqarebuli versiebi JIT (just-in-time compilation) mxardaWeriT [3]. 

 sakmaod Sromatevadia da iTxovs karg codnas Python-is kodis gadatana sxva 
programul enebis garsSi. Python-Si TiTqmis ar aris sintaqsuri SezRudvebi, 
garda tabulaciiasa da/an gamotovebis kodis weris dros. 

nax.1-ze warmodgenilia procentuli maCveneblebi Python-is ganxilvadoba 
sxvadasxva tipis enebTan: 
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nax.1. Python-is ganxilvadoba sxvadasxva tipis enebTan 

 
nax. 2. algoriTmuli enebis Sedareba 

 
nax.2-ze mkafiod SegviZlia vnaxoT 2011 wlis maCveneblebiT iseTi popu-

laruli enebis Sedareba rogorc PHP, Ruby da Python-i. miuxedavad imisa, rom 
aq aris gamoyenebuli 6 wlis winandeli Sedareba xazi unda gavusvaT imas, rom 
dRes arsebuli Python-is versiebma ganicades sakmaod didi cvlilebebi, rom-
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lebmac gaaumjobesa misi warmadoba da misi funqcionalic SesamCnevlad gai-
zarda [4]. 

am suraTze (nax. 2) aris wardgenili aseve sami analogiuri algori-
Tmuli enis Sedareba kodis moculobis da kodis Sesrulebis dros mixedviT. 
rogorc Cans Python-i uswrebs PHP da Ruby-is yvela ZiriTad maxasiaTlebSi, 
rac kidev erTxel metyvelebs am enis simZlavreze da moqnilobaze: 

 

 
 nax. 3. programirebis enebis kodis siswrafis Sesrulebis Sedareba 

 
nax 4. Python-is reitingi bolo 2015-2016 wlebSi 
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ufro vrclad informaciis naxva SesaZlebalia Semdeg veb resursze 
[5,6]. aqve warmogidgenilia linki erT-erTi cnobili internet resursis, 
romelic monitorings ukeTebs sainformacio teqnologiebis miRwevebs, amis 
garda, aqveynebs programuli enebis reintings saZiebo sistemebSi xsenebis da 
moTxovnis mixedviT. am linkze [6] SesaZlebelia popularuli algoriTmuli 
enebis reitingis naxva.  

 

 

 
nax. 5. grZelvadiani Python-is reitingi 

 

amrigad, moyvanil cxrilebidan (nax. 4,5) kargad Cans, rom Python ukve 
wlebis ganmavlobaSi Sedis  yvelaze ganxilvad da moTxovnad algoriTmul 
enebis aTeulSi. 
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Due to the fact that one can easily learn it and quickly write the programming code, programming language 
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progamirebis ena Python-is gamoyeneba bioinformatikaSi 

 

kamkamiZe k.n., razmaZe d.g. 
 

saqarTvelos teqnikuri universiteti 
 

bioinformatika SedarebiT axalgazrda mecnierebaa. me-20 saukunis 70-ian 
wlebSi  daibada, rodesac biologebi cdilobden gamoekvliaT ra Tvisebebi, 
kavSirebi da arsi aqvT aseT ukve sakmaod cnobil obieqtebs, rogoric aris 
dRes dnm-i (DNA), cila (protein), genebi (gene) da ase Semdeg. swored maSin mecnie-
rebma gadadges pirveli nabijebi meTodebis da teqnologiebis mosapoveblad 
romelTa gareSec dRes warmoudgenelia Tanamedrove biologia, medicina, 
farmaceftika da kidev sxva mravali mimarTuleba.  

bioinformatikaSi gamoiyeneba gamoTvliTi maTematikis, statistikis da 
informatikis meTodebi. TviTon ki bioinformatika farTod gamoiyeneba bioqi-
miaSi, biofizikaSi, ekologiaSi da sxva mraval dargSi. 

bioinformatikis dargSi yvelaze xSirad gamoyenebadi instrumentebiT 
da teqnologiebiT gamoirCeva Semdegi programuli enebi: Java, C #, Perl, C, C ++, 

Python, R; markirebis ena - XML; monacemTa baza - SQL; paraleluri gamoTvlebis 
programul-aparaturuli arqiteqtura - CUDA; teqnikuri gamoTvlebis da amo-

canaTa gadaWris programuli uzrunveloyofis paketi MATLAB-i da eleqtro-
nuli cxrilebi. bionformatikis mTavari mizania - xeli Seuwyos mecnierebs 
biologiuri procesebis garkvevaSi. 

dRes bioinformatika gulisxmobs Teoriuli da praqtikuli probleme-
bisaTvis monacemTa bazebis, algoriTmebis, gamoTvliTi da statistikuri 
meTodebis Seqmnas da gaumjobesebas, romlebic vlindeba biologiuri monace-
mebis marTvis da analizis dros. Cven mier gamokvleuli iqna dnm-is ujre-
debis Tanmimdevrobebi da maTi damokidebulebebi. Tanamedrove informaciuli 
teqnologiebis gamoyenebiT, kerZod ki daprogramebis enis Python-is garsSi 
Seqmnili iqna Sesabamisi Tanmimdevrobebis moZiebis algoriTmebi. 

am statiaSi warmogidgenT dnm-Si „motivebis“ moZiebis algoriTms, rome-

lic SevqmeniT daprogramebis enis Python-is garsSi. 

 
motivebis Zebnis amocana dnm-is TanmimdevrobebSi 

molekularul biologiaSi motivi aris nukleotidTa damaxasiaTebeli Tan-
mimdevroba (dnm, rnm-Si) an aminomJavebSi (cilebSi), romelsac gaaCnia arsebi-
Ti biologiuri mniSvneloba. bioinformatikaSi iyeneben sxvadasxva tipis 
algoriTmebs motivebis mosaZieblad [5]. 

 
 

nax.1. GreedyMotifSearch- xarbi tipis algoriTmis fsevdokodi 
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xarbi tipis algoriTmis ZiriTadi arsi mdgomareobs SemdegSi: unda moiZebnos 
motivebis iseTi erToblioba romelic dnm-is TanmimdevrobebSi maqsimalurad  
Seesabameba erTmaneTs. amis misaRwevad saWiroa: 

yvela SesaZlo k-meris (k-meri – dnm striqonis qvestriqoni, romelSicSedis k 

elementi). 
 moZieba dnm-is pirvel striqonSi; 
 TiToeul dnm-is striqonSi sawyisi k-merisTvis yvelaze saukeTeso Sesabami-
sobebis identificireba - TiToeul nabijZe  motivebis erTobliobis Seqmna; 
 TiToeuli motivebis erTobliobis Sefaseba saukeTeso erTobliobis 
moZiebis da dabrunebis mizniT. 

Cven warmogidgenT motivebis moZiebis xarbi tipis algoriTms, romlis 
realizacia iqneba naCvenebi alogoriTmuli enis piTonis saSualebiT: 
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nax.2. Greedy Motif Search- xarbi tipis algoriTmis fsevdokodi 

 
am algoriTmis gamoyenebiT SesaZlebelia moZiebuli iqnas dnm simrav-

leSi motivebis erToblioba. motivebi aris aucilebeli oligonukleturi 

zondebis SeqmnisaTvis, romlebic gamoiyeneba pjr analizis dros [1]. 
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kompiuteruli teqnologiebis roli ganaTlebaSi 

 

xarTiSvili m.p., epitaSvili i.z. 
 

saqarTvelos teqnikuri universiteti 
 

dReisaTvis arsebuli swavlebis saganmanaTleblo sistema, saWiroebs 
ZiriTadi saswavlo procesebis informatizacias. Tanamedrove msoflioSi – 
cifruli samyaro, rogorc ukve Searqves Cveni planetis mosaxleobam, cif-
ruli teqnologiebis gareSe warmoudgenelia.   

ukanaskneli periodis ganmavlobaSi ismis kiTxva - rogor gamoviyenoT 
kompiuteruli teqnika ganaTlebaSi da Tu aris is saWiro? - radgan warsulSi  
maT gareSec  mSvidad vasrulebdiT Cvens saqmes. magram progresi ar dgas erT 
adgilas da Sesabamisad, uaris Tqma axal gamowvevebze mizanSeuwonelia. Tana-
medrove kompiuteruli teqnologiebi gvTavazobs saswavlo procesis ganvi-
Tarebis did SesaZleblobebs.  

samecniero da samecniero-pedagogiuri codna, kvalificiuri axalgaz-
rda specialistebi - umaRles skolaSi saganmanaTleblo da samecniero- 
ekonomikuri saqmianobis ZiriTadi produqtia.  

praqtikaSi sainformacio-sakomunikacio teqnologiebis (ICT) gamoyeneba 
(rogorc umaRles saswavlebelSi, aseve maT calkeul danayofebSi) garkveul-
wilad gansazRvravs umaRlesi saswavlo dawesebulebis mzadyofnas axali 
codnis intensifikacias da specialistebisaTvis swavlis xarisxis gaumjo-
besebas. swored amazea damokidebuli saswavleblis prestiJi, misi awmyo  da 
momavali ekonomikuri mdgomareoba.  

axali garemoSi axali teqnologiebis  funqcionirebisaTvis pedagogTa 
profesiuli moRvaweobisaTvis ICT aris erT-erTi mamoZravebeli Zala, Tana-
medrove saganmanaTleblo dawesebulebis. swavlebaSi sainformacio teqno-
logiebis ugulvelyofa, praqtikulad dauSvebelia, ramdenadac is nebismier 
saswavlo dawesebulebas uqmnis safrTxes, misi ganviTarebis xarisxis 
ZiriTadi maCveneblenis qronikuli CamorCenis TvalsazrisiT.   

arsebobs saSiSroeba, rom aRmovCndeT Tanamedrove saganmanaTleblo 
sazogadoebis `cifruli barieris - meore mxares~. mniSvnelovania, gvesmodes, 
rom informatizaciis maRali tempis pirobebSi sazogadoebaSi Cndeba ufskru-
li, maT Soris, vinc Tavis profesionalur moRvaweobaSi  gaiTavisa da daner-
ga kompiuterul teqnologiebi, da isini vinc am procesis miRma aRmoCnda. 

ganaTlebis sistemis modernizacia, romelic dafuZnebulia axal sas-
wavlo sainformacio teqnologiebze, ver agvarebs mis winaSe arsebul tra-
diciuli problemebis gadawyvetas. Tumca, axali sainformacio garemos unika-
luri specifikis saSualebiT ICT gamoyeneba uzrunvelyofs, maTi gadawyvetis 
umaRles xarisxs. am konteqstSi, axali sainformacio teqnologiebi war-
moadgens umaRles saswavlebelSi saganmanaTleblo procesis modernizaciis 
erT-erT efeqtur saSualebas, romlis safuZvelzec Cven vamyarebT did imeds.  

ukanaskneli wlebis ganmavlobaSi, iyo  Zvrebi umaRlesi da saSualo 
ganaTlebis informatizaciis  sakiTxebis gadawyvetis mxriv, mniSvnelovnad 
gaumjobesda saganmanaTleblo dawesebulebebis  materialur-teqnikuri baza.  

specialistebis aqtiurobiT pedagogebis profesiuli saqmianobis axali 
garemos funqcionirebisTvis instrumentariis Seqmnis dargSi, da agreTve 
pedagogTa korpusis Sesabamisi ZalisxmeviT, SemuSavebulia programuli 
saSualebebi da saswavlo daniSnulebis eleqtronuli masalebi. ganaTlebis 
sistemaSi da individualuri moxmarebis kompiuterebis parkis seqtorSi dRei-
saTvis moqmedi, saswavlo daniSnulebis resursebis moculoba da xarisxi 
iZleva saSualebas Sefasdes virtualuri garemo, rogorc srulmasStabiani 
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gamoyenebisaTvis momzadebuli swavlebis efeqturobis amaRlebis saSualeba. 
Seqmnilia realuri winapirobebi, rom umaRlesi da saSualo skolebi 
gadavidnen ICT-s masiuri gamoyenebaze saswavlo procesSi.  

amJamad, maswavlebels, misi profesiuli saqmianobisgan damoukideblad, 
SeuZlia ganaviTaros leqciebisa da gakveTilebis saswavlo programa, ro-
gorc sainformacio-sakomunikacio resursebis, aseve multimediuri teqnolo-
giebis gamoyenebiT. 

sul ufro da ufro  xSirad daiwyes kompiuteruli teqnologiebis 
gamoyeneba musikalur, pedagogiur da biznes ganaTlebaSi. magaliTad, 
musikaluri eleqtronuli ganaTlebis miRebisTvis, Seiqmna ara marto axali 
eleqtronuli saswavlo programebi, aramed musikaluri kompiuterebi, 
samuSao rveulebTan da musikalur  nawarmoebebis kompleqtebTan erTad.   

sxva sityvebiT, sainformacio teqnologiebis gamoyenebis saSualebebi  
ganusazRvrelia. sadac ar unda iqnes gamoyenebuli kompiuteruli teqno-
logiebi, Tundac es iyos kompiuteruli teqnologiebi specializebul 
ganaTlebaSi, saSualo an umaRles ganaTlebaSi,  erTi ram naTelia - mis 
ukanaa momavali. maT gareSe ganaTlebis sistemis  momavali warmoudgenelia, 
gansakuTrebiT, Tu saubaria konkurentunarian da  xarisxian ganaTlebze. 

sainformacio teqnologiebis danergva ganaTlebis sistemaSi, iZleva 
SesaZleblobas SerCeul iqnas optimaluri kompleqti teqnologiebisa saswav-
lo procesSi. arCevisas aucilebelia gaviTvaliswinoT maTi Sesabamisoba 
moswavleTa individualuri TvisebebTan da konkretuli sagnobrivi dargebis 
specifikuri TaviseburebebTan [1-5].  

multimedia teqnologiebTan muSaobisas studentebi, Tavidanve aqtiu-
rad arian CarTulebi sxvadasxva SemecnebiT aqtivobebSi. aseTi swavlebis 
dros  maT, ara marto SeiZinon da gamoiyenon es codna, aramed unda ipovon  
swavlisTvis saWiro Tanxebi da informaciis wyaroebi da unda SeZlon am 
informaciasTan muSaoba. 

amgvarad, im pirobebSi, rodesac kompiuteri sul ufro da ufro  metad 
ikavebs mniSvnelovan da ganuyofel nawils Tanamedrove sazogadoebaSi, kom-
piuteruli teqnologiebis gamoyeneba saswavlo procesebSi nebas iZleva,  rom 
uzrunvelyos qveynis momavali ganaTlebuli TaobiT, romlTac  eqnebaT unari 
SeimuSaon da ganaxorcielon axali ideebi mecnierebis nebismier sferoSi. 
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SUMMARY 

THE ROLE OF COMPUTER TECHNOLOGIES IN EDUCATION 

Khartishvili M.P. and Epitashvili I.Z. 

Georgian Technical University 

It is justified that the use of information and communication technologies improves the quality of education. 

Keywords: computer technologies, education, informatization, intensification, multimedia technologies, optimal 

complexes. 
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UNCERTAINTY OF PROJECT RISKS AND THE POSSIBILITY OF REDUCING IT BY 
USING THE ENTROPY 

 
Magrakvelidze D.G. 

 
Georgian Technical University 

 
Abstract. The key problem of quantitative risk assessment of the investment project is to reduce the degree of 
uncertainty system. Under the uncertainty we mean incompleteness or inaccuracy of information under the 
conditions of realization of the project, including the associated costs and benefits. The uncertainty associated 
with possible occurrences of adverse events or the project results is an essential characteristic of the concept of 
the risk of the investment project. In the implementation of investment projects, most of the risks arise as a 
consequence of the uncertainty of the system and of the problems arising while obtaining the reliable 
information. We present the way of reducing the degree of uncertainty of realization of the investment project by 
means of information theory tools. To achieve this goal, the possibility of using the entropy is considered. 
Keywords: entropy, uncertainty, investment project, risk, information theory. 

 
At the core of all activities for implementation of the investment project, starting from the 

emergence of a business idea to the beginning of the operational phase of the project, is the 
development and making a set of necessary decisions. At the moment of emergence of well-defined 
business  deas, a complete set of necessary decisions (that should or could be developed and adopted 
in the process of realization of the project) not only  lyexist objectively, but are quite certain in theory. 

During the implementation of the investment project, when the expected in the future event is 
the achievement of the goal, for both the participants of the project and the investor, It is important to 
monitor constantly the situation in the comfort zone of acceptable risks.  

      The key problem of quantitative risk assessment of the investment project is to reduce the 
degree of uncertainty in the implementation system. 

Uncertainty means in completeness or inaccuracy of information under the conditions of 
realization of the project, including the associated costs and benefits. The uncertainty associated with a 
possible occurrence and the impact of adverse events in the course of the project is an essential 
characteristic of the concept of  "the investment project risk." 

This means that we must find the ways and develop the techniques to assess the actual un 
certainty. In practice of the implementation of investment projects, it must be recognized that most 
risks arise as a consequence of uncertainties of the system and the problems arising with obtaining the 
reliable information. The assessment of the effectiveness of decision-making in the course of 
implementation of the project is always important, but it is especially important when we do not know 
the state of the decision-making system before and, i.e. when there is a reason to believe that the 
decision will be affected  by random factors that cannot be ruled out1.To analyze the dynamics of 
project risks under uncertainty, we can use the concepts of the information theory allowing to solve 
similar problems. 

Let us consider some of key provisions of the theory that are used for the analysis of 
investment project risks under given uncertainties. The decisions made regarding the investment 
projects can be              adequately implemented by the network model, containing all the work that 
must be done for successful implementation of the project. If this model displays the information 
about the complexity of the work and about other costs that are required for its simplementation we 
can obtain the network work schedule for the project. Such a scheduleis actually the information 
model of a complex system the elements of which - the work and its components are of themselves 
complex systems. 

Thus, there is areas on to believe that the main problem of the quantitative risk assessment of 
the investment project is to reduce the degree of uncertainty. 

It could seem that the degree of uncertainty is determined by the number of possible states of 
the system. However, this is not quite true. Let us consider, for instance, a technical device that could 
be in two states: 1) it operate sor 2) it fails. Suppose that, prior to obtaining the information, the (a 
priori) probability of proper operation is 0.99, and the probability of failure is 0.01. Such a system has 
a very small degree of uncertainty: we can predict that the device will operate properly. When tossing 
a coin, there are two possible states too, but the uncertainty is much greater. The degree of uncertainty 
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of the system is determined not only by the number of its possible states, but also by the probabilities 
of the states. 

Now let us consider a general case. We choose the system X that can have afinite set of states: 

nxxx ,..., 21 with probabilities nppp ,..., 21 ,where 

 ix~XPpi   

and ip
 -is the probability that the system X is instate xi (symbol X ~ xi denotes the following  event: 

the system is in state xi). Obviously, 

1
1




n

i

i
p

 
Let us write the data as a table, the possible states of the system are given in the top row, and 

the appropriate probabilities – in the bottom row: 
 

xi x1 x2 . . .  xn 

pi P1 P2  . . . Pn 

 
This table is similar to the distribution of a discrete random variable X with possible values x1, 

x2,..., xn, having probabilities p1, p2,...pn,. In deed, there is much in common between the variable X 
with a finite set of states and a discrete random variable. In order to reduce the former to the latter, it 
suffices to assign a value to the state. It should be emphasized that, to describe the uncertainty of the 
system, it does not matter hat values x1, x2,..., xn are written in the top row of the table, only the 
number of these values and their probabilities are important. 

A special characteristic of the system called entropy is a measure of a priori uncertainty of the 
system (or a discrete random variable X) in the information theory. The concept of entropy in is the 
most important in the information theory. It is suitable both for the development of ideas about the risk 
of investment projects that actually are complex information systems and for carrying out case studies 
associated with the assessment of risks [1]. 

The appearance of the concept of entropy in Shannon's information theory (well known in 
thermodynamics) was perceivedby some experts asa curiosity and was not taken seriously. It was 
believed that this entropy had nothing to do with the physical entropy. Initially (from 1948 to 1959) 
the Shannon’s information featured only one "thermodynamic" concept -entropy. It seemed that there 
was no place for energy and other similar thermodynamic potentials. In this respect  the theory looked 
one-sided as compared to statistic thermodynamics. Though, it was a temporary phase. After realizing 
that, in the applied information theory, understood as a theory of signal transmission, the function of 
fines is an analog of energy and a risk is an analog of average energy, the situation changed. The 
similarity in the number of main concepts and in the relationships between them became apparent. If, 
in particular, keep in mind the first variation problem, we can talk about the similarity of the two 
theories. Appropriate mathematical relationships between the concepts in both disciplines are the 
same. 

Information and associated operations such as obtaining of information, communication, and 
transformation, storage, etc. plays an important role in modern science and society. The importance of 
information is likely to have outgrown the importance of another important factor that played a 
dominant role in the last century, namely energy. 

Information has two aspects: quantitative and qualitative. Sometimes total information is 

important, and sometimes – the quality of the message, its specific content. Besides, processing of 

information from one form toa no ther is technically more complex than, say, the transformation of 

energy from one form to another. 
The concept of the amount of information is closely related to the concept of entropy, which is 

a measure of uncertainty. Obtaining of information is accompanied by reduction of uncertainty, hence 

the amount of information can be measured by the amount of disappeared uncertainty, i.e. entropy. 
In the case of digital communication, i.e. a discrete random variable, the entropy is determined 

by the Boltzmann formula [2]: 
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
X

XPXPXH ),(ln)(  

 

where X is the random variable, and )(XP
 
is its probability distribution. 

It is obvious that the value of the risk of the project is reliably determined only when the 

project is completed. Hence the investors responsible for the implementation of the project and other 

project participants must have an idea of the likely dynamics of the risk during the entire period of 

project implementation. Is it possible in reality? 

The task is not simple, but possible. Any decision of the investment project or work done 

during the implementation of the investment project in terms of the information theory is a set of data 

that reflect the risk of the project. If the information about all the decisions that are taken during the 

project was known in advance, the definition of the probability of success would lose its meaning. 

They would have reliable data on future results. 

Entropy Hx has several properties that justify its choice as the characteristic of uncertainty. 

First, it turns into zero when one of the states of the system is reliable, while others - impossible. 

Second, for a given number of states, it turns into a maximum when the states are equally probable, 

whereas it increases with the increasing number of states. Finally, and the most important, it is 

additive, i.e., when several systems are combined into one, their entropies add up. 
The entropy H, of a discrete random variable X is a measure of the amount of uncertainty 

associated with the value of X. 

Suppose 1000 bits (0 and 1) are transmitted. If these bits are known before they are 

transmitted (having a definite value with absolute probability), logic dictates that no information was 

transmitted. If, however, each is equally and independently likely to be 0 or 1, 1000 bits (in the sense 

of the information theory) were transmitted. Between these two extremes, information can be 

quantified as follows. If is the set of all messages {x1,...,xn} that X could be, and p(x) is the 

probability of x given for some , the entropy of X is determined as 

  



Xx

xpxpxIXEXH )(log)()()(  

Here I(x) is the self-information which is the entropy distribution of an individual message, and XE is 

the expected value.  

An important property of the entropy is that it is maximized when all the messages in the 

message space are equally probable p(x) = 1 / n, - i.e., most unpredictable, in this case H(X) = log n. A 

special case of information entropy for a random variable with two outcomes is the binary entropy 

function, usually taken to the logarithmic base 2: 

 

)1(2log)1(2log)( pppppbH   

 
The joint entropy of two discrete random variables X and Y is merely the entropy of their 

pairing: (X,Y). This implies that, if X and Y are independent, their joint entropy is the sum of their 
individual entropies. 

For example, if (X, Y) represents the position of chess pieces — row X and column Y, the joint 
entropy of the row of the piece and the column of the piece will be the entropy of the position of the 
piece. 

 

  
yx

yxpyxpyxpYXEYXH
,

),(log),(),(log,),(  

 
Despite similar notations, the joint entropy should not be confused with the cross entropy. 

The conditional entropy or conditional uncertainty of X given random variable Y (also called the 
equivocation of X about Y), is the average conditional entropy over Y. 
 

 
)(

),(
log

,
),()(log)(()()(
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yxp

yx
yxpyxp

Yy Xx
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http://en.wikipedia.org/wiki/Expected_value
http://en.wikipedia.org/wiki/Binary_entropy_function
http://en.wikipedia.org/wiki/Binary_entropy_function
http://en.wikipedia.org/wiki/Joint_entropy
http://en.wikipedia.org/wiki/Statistical_independence
http://en.wikipedia.org/wiki/Chess
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http://en.wikipedia.org/wiki/Conditional_entropy
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Because the entropy can be conditioned on a random variable or on that random variable being 
a certain value, care should be taken not to confuse these two definitions of conditional entropy, the 
former of which is in more common use. A basic property of this form of conditional entropy is that: 

 

)(),()( YHYXHYXH   

 
Mutual information measures the amount of information that can be obtained about one 

random variable by observing another one. It is important in communication where it can be used to 
maximize the amount of information shared between sent and received signals. The mutual 
information of X relative to Y is given by: 

 

 
)()(

),(
log

,
),(),(,);(

ypxp

yxp

yx
yxpyxSIYXEYXI   

where SI (specific mutual information) - is the point-wise mutual information. 
The basic property of the mutual information is that 
 

)()();( YXHXHYXI   

 
That is, knowing Y, we can save an average of I(X; Y) bits in encoding X compared with not 

knowing Y. 
Mutual information is symmetric: 
 

),()()();();( YXHYHXHXYIYXI   

 
Mutual information can be expressed as the average Kullback–Leibler divergence 

(information gain) of the posterior probability distribution of X given the value of Y to the prior 
distribution on X [3]: 

 

 ))()(();( )( XpyYXpDEYXI KLYP   

 
In other words, this is a measure of how much, on the average, the probability distribution on 

X will change if we are given the value of Y. This is often recalculated as the divergence from the 
product of the marginal distributions to the actual joint distribution: 

 

))()(),(();( YpXpYXpKLDYXI   

 
Mutual information is closely related to the log-likelihood ratio test in the context of 

contingency tables and the multinomial distribution and to Pearson's χ2 test: mutual information can be 
considered as a statistic for assessing the independence between a pair of variables, and has a well-
specified asymptotic distribution. 

The Kullback–Leibler divergence (or information divergence, information gain, or relative 
entropy) compares the entropy of two distributions: a "true" probability distribution p(X), and an 
arbitrary probability distribution q(X). If we compare the data in a manner that assumes q(X) is the 
distribution underlying some data, when, in reality, p(X) is the correct distribution, the Kullback–
Leibler divergence is the number of average additional bits per datum necessary for compression. It is 
thus defined 








Xx xq

xp
Xp

Xx
xpxpxqxpXqXpKLD
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Although it is sometimes used as a 'distance metric', KL divergence is not a true metric since it 

is not symmetric and does not satisfy the triangle inequality (making it semi-quasimetric). 
Any process that generates successive messages can be considered a source of information. A 
memory-less source is the one in which each message is an independent identically-distributed random 

http://en.wikipedia.org/wiki/Mutual_information
http://en.wikipedia.org/wiki/Pointwise_mutual_information
http://en.wikipedia.org/wiki/Symmetric_function
http://en.wikipedia.org/wiki/Kullback%E2%80%93Leibler_divergence
http://en.wikipedia.org/wiki/Posterior_probability
http://en.wikipedia.org/wiki/Prior_probability
http://en.wikipedia.org/wiki/Prior_probability
http://en.wikipedia.org/wiki/Likelihood-ratio_test
http://en.wikipedia.org/wiki/Multinomial_distribution
http://en.wikipedia.org/wiki/Pearson%27s_chi-squared_test
http://en.wikipedia.org/wiki/Kullback%E2%80%93Leibler_divergence
http://en.wikipedia.org/wiki/Probability_distribution
http://en.wikipedia.org/wiki/Metric_(mathematics)
http://en.wikipedia.org/wiki/Triangle_inequality
http://en.wikipedia.org/wiki/Communication_source
http://en.wikipedia.org/wiki/Independent_identically-distributed_random_variables
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variable, whereas the ergodicity and stationary properties impose more general constraints. All such 
sources are stochastic. These terms are well studied in their own right outside the information theory. 

The information rate is the average entropy per symbol. For memory-less sources, this is 
merely the entropy of each symbol, while, in the case of a stationary stochastic process, it is 

 

,...),,(lim 321 


 nnnn
n

XXXXHr  

 
i.e. the conditional entropy of a symbol with consideration of all previous generated symbols. For a 
more general case of the process that is not necessarily stationary, the average rate is 
 

),...,(
1

lim 21 n
n

XXXH
n

r


  

 
i.e, it is the limit of the joint entropy per symbol. For stationary sources, these two expressions give the 
same result.  

It is common in the information theory to speak of the "rate" or "entropy" of the language. It is 
appropriate, for example, when the source of information is English prose. The rate of a source of 
information is related to its redundancy and how well it can be compressed, the subject of source 
coding. 

Communications over a channel such as the Ethernet cable - is the primary motivation of the 
information theory. As anyone who has ever used a telephone (mobile or landline) knows, however, 
such channels often fail to produce exact reconstruction of a signal; noise, periods of silence, and other 
forms of signal corruption often the signal quality. How much information can one hope to 
communicate over a noisy (or differently imperfect) channel? 

Consider the communication process over a discrete channel. A simple model of the process is 
shown below: 

 
 

 
 
Here X represents the space of messages transmitted, and Y the space of messages received 

during a unit time over our channel. Let p(y | x) be the conditional probability distribution function of 
Y given X. We consider p(y | x) to be an inherent fixed property of our communication channel 
(representing the nature of the noise of our channel). Then the joint distribution of X and Y is 
completely determined by our channel and by our choice of f(x), the marginal distribution of messages 
we choose to send over the channel. Under these constraints, we would like to maximize the rate of 
information, or the signal, we can communicate over the channel. The appropriate measure for this is 
the mutual information, and this maximum mutual information is called the channel capacity and is 
given by 

);(max YXI
f

C   

This capacity has the following property related to communication at the information rate R 
(where R is, as a rule, bits per symbol). For any information rate R < C and coding error ε > 0, for 
sufficiently large N, there exists a code of length N and rate ≥ R and a decoding algorithm, such that 
the maximum probability of block error is ≤ ε; that is, it is always possible to transmit data with 
arbitrarily small block error. In addition, for any rate R > C, it is impossible to transmit data with 
arbitrarily small block error. 

Higher entropy was defined as a measure of uncertainty of the state of the system. As a result 
of obtaining of the data, the uncertainty of the information system can be reduced. The greater the 
volume of the data received, the more informative they are, the less uncertain is the information. 
Hence it is natural to measure the volume of information by a decrease in the entropy of the system, to 
clarify the state of which the data are intended for. 

http://en.wikipedia.org/wiki/Independent_identically-distributed_random_variables
http://en.wikipedia.org/wiki/Ergodic_theory
http://en.wikipedia.org/wiki/Stationary_process
http://en.wikipedia.org/wiki/Stochastic_process
http://en.wikipedia.org/wiki/Entropy_rate
http://en.wikipedia.org/wiki/Redundancy_(information_theory)
http://en.wikipedia.org/wiki/Data_compression
http://en.wikipedia.org/wiki/Cable
http://en.wikipedia.org/wiki/Conditional_probability
http://en.wikipedia.org/wiki/Signal_noise
http://en.wikipedia.org/wiki/Signal_(electrical_engineering)
http://en.wikipedia.org/wiki/Mutual_information
http://en.wikipedia.org/wiki/Channel_capacity
http://en.wikipedia.org/wiki/File:Comm_Channel.svg
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It is hardly worth asserting that the practical application of this approach to reduce uncertainty 
in the event space for the implementation of investment projects will not be accompanied by some 
difficulties, but its use, especially in the creative application and development can be very useful. 
 
REFERENCES 
1. N. Georgescu-Roegen. The Entropy Law and the Economic Process. - Harvard University Press, Cambridge 
M.A., USA, 1971. 
2. T.M. Cover, J.A. Thomas. Elements of Information Theory. - Wiley. New York. 1991 
3. W. Ebeling, J. Freund, F Schweitzer. Komplexe Struqturen: Entropie und Information. - Teubner, Stuttgart,  
1998. 

 
РЕЗЮМЕ 
НЕОПРЕДЕЛЕННОСТЬ ПРОЕКТНЫХ РИСКОВ И ВОЗМОЖНОСТЬ ЕЕ СНИЖЕНИЯ, 
ИСПОЛЬЗУЯ ЭНТРОПИЮ  
Маграквелидзе Д.Г.  
Грузинский технический университет 
Ключевая проблема количественной оценки рисков инвестиционного проекта это уменьшение степени 
неопределенности в системе реализации. Под неопределенностью имеется ввиду неполнота или 
неточность информации в условиях реализации проекта, включая связанные с этим расходы и выгоды. 
Неопределенность, связанная с появлением нежелательных явлений или с результатами проекта, 
является важнейшей характеристикой концепции риска инвестиционного проекта. При реализации 
инвестиционных проектов большинство рисков возникает вследствие неопределенности системы и 
проблем, возникающих с получением надежной информации. Мы предлагаем способ для снижения 
степени неопределенности реализации инвестиционного проекта с помощью средств теории 
информации. Рассматривается возможность использования энтропии для достижения этой цели.  
Ключевые слова: энтропия, неопределенность, инвестиционный проект, риск, теории информации. 
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OPTTIMAL MANAGEMENT OF TASK TRANSFORMATION 
 

Kadagishvili L.G. 
 

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

 
Abstract. The paper deals with the optimal management of task transformation. The case of two projects (tasks) 
is discussed. The tasks are considered as two systems with basic functions united by a single equation. These 
tasks have phases that pass one into another. In this process, the third phase represents banking transactions. 
Keywords: optimal management, task transformation, banking transaction. 
 

We consider the optimal management of tasks for the case of various transformations. We will 
better implement this process for the case of two or three projects. 

In the case of two projects, we have functional U depending on 2ν. When ν=3, we have 
function ∞ and profit   ,Q . In the letter case the problem increases, the third parameter 

  ,,16 Q is added. We are considering the case of two projects. 

Let us have two projects 1  and 2 , one of them begins at moment 0  and lasts till moment 

1 , the second one begins at moment 1  and ends at moment 2 . 

 

 

 

 

Let us see how the bank finances the projects: S(t) is the amount of money for total time  t; 

u(t)  is the amount of money  allocated for the first project at time t;  υ(t) is the amount of money 

allocated for the second project. To differ u(t) and υ(t), we put the difference 
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Then, the formula for financing of the first project looks like 
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It is obvious that the outcome will depend on the management we choose. 

The formula for financing of the second project looks like 

 

   
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This is a system divided into two which do not coincide.  

The bank wishes to maximize function  vu,  

    

1

0

,max
,





 dttSvu
vu

æ  
2

0





dttS  

By this condition, it unites the two systems. If τ1 is given, this problem brakes into two 
independent ones, and we consider the unity of these systems. If τ1 is not known beforehand, we 
should call this problem the “optimal problem of line crediting of the project”. 

Let us add the derived functional, consisting of the sum of two functionals,    
1

0





 dttSu  to 

the first problem and the functional    
2

1





 dttSv to the second one. 

The basic functional looks like 

     uvu  , æ  v   
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When we know both solutions, our goal is to find τ1 and to perform maximization. 

Using the max principle 
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We will have a similar formula for V. 

Solve the first equality for u 

    QttS  000 ,   

Calculate in the second part 
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For the last condition 
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Here we do not know Q. This parameter will be fixed, quantities  u and  v  will be selected 

so that they should take on the maximum values.   

Repeating exactly this solution for the second equality with making the following substitytions 

10,,,   Qvu and 21   , we will get for the second part 
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From the condition that 2S  is 2 , we have the following expression 
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If we represent τ1, then we will only have to find Q.  

We return to the functionals 
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Replacing τ1 with its representation, we find the maximum in regard to Q  

 u
Q

~max  and  u
Q

ˆmax  

We will see where Q changes. 

We had 10   Q , for  τ1, we will have  
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It depends on u~  and û . Depending on  , the condition will be put that   0ˆ
010  Qu . 

Hence we have   001
ˆ

1
 

u
Q . 

If we consider the third project, for the second functional, we will have 
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In this expression, τ1 itself contains Q and  v , and the expression eventually reduces to 

  ,Q . The risk of options increases, and we will have four options. We have to find   ,,max Q
Q

. 

Probably, the following should be done: in  


,,max , exclude τ1 from Q. Then  


,,,max , and 

finished Q enters the second equality. Finding of separate maxima may not give us the total maximum. 

In this case, it would be better to take the total maximum itself.  

Hence these problems have the phases that pass into each other. The law of description 

changes in each phase. Here it is necessary to promote the first object, which is initial for the second 

one and so on  
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For the first object, the initial conditions including all relevant parameters should be formed. 

The first link works for the outcome – the product, the secondphase begins its realization. This is other 

structure; here certain definitions are also necessary. The action takes place in a calm atmosphere with 

consideration for that the goal is not to implement the project as soon as possible, but to get the 

maximum possible profit at some moment. 

The main thing in this process is that the third phase represents banking transactions. The 

banking transaction is linked with I. The profit is made exactly by banking transaction. 

 

 

 

 

 

  

 
 
The bank expands the process and supports process I. The max profit is desirable. To 

implement this task, we need a special sequence of laws describing all three processes (the case was 
already considered). Time τ0 is the initial moment of process I and so on. 

Let us implement the formalization of the process 
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f  represents all phases we had before. We can unite them in a single differential equation  
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iiiii

i ,1,,    for u.                          

 These phase coordinates are not intercrossed. If this condition is given and  1ix   and 

 ix Q are solved separately, we will have a task with fixed ends. We could know τ0, but we do not 

know when to finish the first phase and to begin the second one. In this case we have the following 
situation  

 
 
 

 
To begin with τ0 and τ1  attached to each other; these points are to be registered. 
Such problems create great difficulties for implementation of optimal tasks. 
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РЕЗЮМЕ 

ОПТИМАЛЬНОЕ УПРАВЛЕНИЕ ТРАНСФОРМАЦИЕЙ  ЗАДАЧ 

Кадагишвили Л.Г. 

Институт кибернетики им. В.В. Чавчанидзе, Грузинский технический университет 

Инженерная Академия Грузии 
Статья посвящена оптимальному управлению при различных трансформациях задач с целью достижения 
максимального управления. Рассматривается случай двух проектов (задач). Две задачи представлены в 
виде систем с основными функциями, объединенных одним уравнением. У этих задач есть фазы, 
переходящие одна в другую. В этом процессе третья фаза представляет собой банковские операции. 
Ключевые слова: оптимальное управление, трансформация, банковские операции. 
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Tbilisis regionis qviSaqvebis da argiliTebis korelaciuri 

damokidebuleba erTRerZa kumSvaze simtkicis zRvris, simkvrivis da 

drekadobis modulis  mniSvnelobebs Soris 

 
baliaSvili g.i., sarjvelaZe n.v., tyemalaZe l.v., ruxaZe T.a., jRamaia v.T. 

 
ssip grigol wulukiZis samTo instituti 

saqarTvelos teqnikuri universiteti 
 

erTRerZa kumSvaze simtkicis zRvari, drekadobis moduli da  simkvrive 
qanebis erT-erT ZiriTad Tvisebas  warmoadgens.   

rogorc wesi am TvisebaTa mniSvnelobis gansazRvra laboratoriul 
pirobebSi standartuli meTodebiT xorcieldeba.  

geologiuri kvlevebis, laboratoriuli samuSaoebis gegmis, teqnikuri 
davalebis da zogierTi samSeneblo proeqtis Sedgenis dros gamoiyeneba qane-
bis simtkicuri, deformaciuli da fizikuri maxasiaTeblebis mniSvnelobaTa 
sacnobaro monacemi. amgvar monacemTa mniSvneloba zedmiwevniT zogadia, 
gaaCnia didi gabneva da ar exeba konkretul regions.  

amitom konkretuli regionis qanebis simtkicur, deformaciul da 
fizikur maxasiaTebelTa mniSvnelobebs Soris korelaciuri damokidebulebis 
dadgena, romelic laboratoriul kvlevebze iqneba dafuZnebuli zedmiwevniT 
saWiro sakiTxs warmoadgens. warmodgenili Sedegebi bolo 15 wlis ganmavlo-
baSi laboratoriul pirobebSi dadgenili mniSvnelobebis analizis safuZ-
velzea miRebuli. warmodgenilia korelaciuri damokidebulebis grafikebi 
da empiriuli formulebi. Sedegebis gamoyeneba SesaZlebelia sainJinro-
geologiuri da laboratoriuli kvlevebis teqnikuri davalebis SemuSavebis, 
geomeqanikuri kvlevis Sedegebis koreqtirebis da samSeneblo proeqtebis 
Sedgenis dros [1-3]. 

erTRerZa kumSvaze simtkicis zRvarsa da simkvrives Soris damokidebu-
lebis dadgenis mizniT gaanalizebulia qviSaqvis 150-mde da argiliTis 60-mde 
monacemi. warmodgenili korelaciuri damokidebuleba Seicavs qviSaqvebze 127 
da argiliTze  47 monacems. 

analizuri kvlevis Sedegebi warmodgenilia empiriuli formulis (1, 2) 
da grafikis  (nax. 1,2) da saxiT. 

ρS  = 0,0028 × σS + 2,2806;   RS=0,3286                               (1) 

 

  ρA= 0,0061 × σA + 2,1897;   RA=0,4931                       (2) 

sadac: ρS - qviSaqvis simkvrive, g/sm3; σS - qviSaqvis simtkicea, megpa; RS - kore-

laciis koeficienti; ρA  - argiliTis simkvrive, g/sm3; σA - argiliTis simtki-

ce, megpa; RA  - korelaciis koeficienti. 
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nax. 1. qviSaqvis simtkicis da simkvrivis mniSvnelobebs Soris 

damokidebulebis grafiki 
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nax. 2. argiliTis simtkicis da simkvrivis mniSvnelobebs Soris damokidebulebis 
grafiki 

 

 
erTRerZa kumSvaze simtkicis zRvarsa da drekadobis moduls Soris 

damokidebulebis dadgenis mizniT gaanalizebulia qviSaqvis 90-mde da 
argiliTis 70-mde monacemi. warmodgenili korelaciuri damokidebuleba 
Seicavs qviSaqvebze 54  da argiliTze  48 monacems. 

analizuri kvlevis Sedegebi warmodgenilia empiriuli formulis (3,4) 
da grafikis (nax. 3,4 ) saxiT. 

 
            ES  = 101,14 × σ + 951,71;   R=0,7313              (3) 

 

EA = 219,59 × σ + 544,59;   R=0,7023        (4) 

 

sadac: ES  - qviSaqvis drekadobis moduli, megpa; σS - qviSaqvis simtkice, megpa; 

RSE -Ekorelaciis koeficienti; EA - argiliTis drekadobis moduli, megpa;                

σA - argiliTis simtkice, megpa; EA E- korelaciis koeficienti. 

 

 

 
 
 

nax. 3. qviSaqvis simtkicis da drekadobis modulis mniSvnelobebs Soris 
damokidebulebis grafiki 
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nax. 4. argiliTis simtkicis da drekadobis modulis  mniSvnelobebs Soris  
damokidebulebis grafiki 

 

 

amrigad, kvlevebis Sedegebze dayrdnobiT SesaZlebelia davaskvnaT, rom: 
1. erTRerZa kumSvaze simtkicis zRvarsa, simkvrives da drekadobis moduls  
Soris  korelaciuri damokidebulebis grafiki wrfivia; 
2. qviSaqvebis erTRerZa kumSvaze simtkicis zRvarsa, simkvrives da drekadobis 
moduls Soris damokidebulebis korelaciis koeficienti Sesabamisad 0,33-is 
da 0,73-is tolia;  
3. argiliTebis erTRerZa kumSvaze simtkicis zRvarsa, simkvrives da 
drekadobis moduls Soris damokidebulebis korelaciis koeficienti, 
Sesabamisad 0,49-is da 0,70-is tolia; 
4. miRebuli Sedegebis gamoyeneba Tbilisis regionis geologiuri kvlevebis, 
laboratoriuli samuSaoebis gegmis da teqnikuri davalebis Sedgenis; 
zogierTi samSeneblo proeqtis SemuSavebis da laboratoriuli kvlevis 
Sedegebis analizis mizniT SesaZlebelia.  
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SUMMARY 

CORRELATION RELATIONSHIP BETWEENTHE VALUES OF UNIAXIAL COMPRESSIVE 

STRENGTH, DENSITY AND THE MODULI OF ELASTICITY OF SANDSTONE AND ARGILLITE 

FROM TBILISI REGION 

Baliashvili G.I., Sardzhvelladze N.V., Tkemaladze L.V., Rukhadze T.A. and Djgamaia V.T. 

LPPL Grigol Tsulukidze Mining Institute 

Georgian Technical University 

The establishment of the correlation relationship between basic properties (strength, the modulus of elasticity 

and density) of rocks, especially of the rocks of certain regions, is a topical scientific and practical problem. This 

paper presents the correlation relationship between compressive strength, density and the moduli of elasticity of 

the sandstone and argillite from Tbilisi region. In our opinion the obtained result can be of interest for 

researchers, engineers and specialists engaged in this field, as well as for students. 

Keywords: sandstone, argillite, strength, density, modulus of elasticity.  
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betonebis dartymamedegobaze gamocdis meTodis  

kvleva-gaumjobeseba 

 

baliaSvili g.i., beJanovi f.x., sarjvelaZe n.v., gocaZe b.z. 

 
ssip grigol wulukiZis samTo instituti 

 

Pპirveli kvlevebi betonis dartyma medegobaze Catarebulia penseletis 
da riselis mier, Sesabamisad  1830  da 1895 wels. Kkvlevebi exeboda Wurvis 
SeRwevissiRrmis, gavardnis siCqaris da struqturuli elementis winaRobis 
prognozirebis sakiTxs [1]. 

dReisTvis gaxSirebuli teroristuli aqtebis da mtruli Tavdasxmebis 
pirobebSi TavdacviTi da samoqalaqo daniSnulebis Senoba nagebobebSi gamo-
yenebuli betonebis dartymamedegobis dadgena gansakuTrebiT aqtualuri da  
aucilebelia.   

betonebis dartymamedegobis dasadgenad gamoiyeneba Semdegi meTodi:             
1 - afeTqebis; 2 - Wurvis dartymis; 3 - sartyami CaquCis Tavisufali vardnis;  
4 - Carpis.   

afeTqebis da Wurvis dartymis meTodis gamoyeneba SezRudulia, radgan 
saWiroebs specialur, rTul da mtvirTav mowyobilobas. Carpis cda gamoi-
yeneba, ZiriTadad metalebis gamosacdelad. sartyami CaquCis vardnis meTodi, 
arsebulm eTodebTan SedarebiT martivi da misaRebia [2]. 

gamoiyeneba sartyami CaquCis Tavisufali vardnis meTodis erTjeradi 
da mravaljeradi xerxi [3]. 

mravaljeradi xerxis dros, nimuSSi pirveli bzaris warmoqmnis da misi 
sruli rRvevis parametrebi (energia, siCqare, dro da a. S.) dgindeba. 

sartyami CaquCis (Semdgom CaquCi) Tavisufali vardnis cdis ZiriTad 
xelsawyos urnali warmoadgens.  urnalis ZiriTad nawils  warmoadgens or 
sveti, romelTa gaswvriv CaquCis gadadgileba xorcieldeba. CaquCis  saTa-
nado doneze aweva xeliT, xolo vardna mizidulobis ZaliT xorcieldeba.  

CaquCi ecema nimuSze ganTavsebul foladis burTulaze, an filaze. 
nimuSi, masze ganTavsebuli burTuliT damagrebulia brtyel, sayrden 
filaze, romelic betonis fundamentzea damontaJebuli. CaquCis masa, vardnis 
simaRle, nimuSis diametri da sigrZe ganisazRvreba konkretuli amocanis 
moTxovnebis Sesabamisad.  

Ggamosacdeli nimuSi SeiZleba Camoisxas, an gamoixerxos,  Camosxmuli 
cilindridan.  

CaquCi ecema gameorebiT manamde sanam ar moxdeba pirveli bzaris Casax-
va danimuSis saboloo rRveva. bzaris Casaxva da nimuSis rRveva cal-calke 
fiqsirdeba. saboloo rRveva ganisazRvreba, rogorc nimuSSi Ria bzarebis 
Casaxva da misi gayofa sam nawilad,  anu nimuSis oTxi segmentidan, romlebic 
ganTavsebulia oTx damWers Soris sams Seexeba rRveva [3].  

mravaljeradi dartymiTi cdis Sedegi gamoirCeva maRali variaciiT, 
arastabilurobiT da SeiZleba mniSvnelovnad Seicvalos betonis Tvisebebis 
maxasiaTebelTa mniSvnelobis cvalebadobasTan dakavSirebiT [3]. 

cdis dros gamoyofili energia ganisazRvreba formuliT (1) [4]: 

 

     1 mghE             (1) 

 

sadac E - energia, jouli;  m - CaquCis masa, kg; g – Tavisufali vardnis aCqareba, 

m/wm2  (g=9,81); h - CaquCis vardnis simaRle; I - energiis danakargi xaxunis da sxva 
mizezis gamo, jouli. am cdaSi danakargi umniSvneloa. 
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dartymis energia TiToeuli nimuSisTvis gaiangariSeba formulebiT  
 

        2/2VmnE       (2) 

 

        2/2tgh       (3) 

 

      tgV        (4) 

 

      gWm /      (5) 

 

sadac: n – CaquCis vardnis raodenoba (dartymis), cali; V – CaquCis siCqare 

dartymis dros, m/w; W-CaquCis wona, kg; t – CaquCis vardnis dro 4,57 m-is 

simaRlidan [4]. 
kuTri dartymamedegoba, TiToeul nimuSze ganisazRvreba formuliT  
 

       vhF / σ= (F×∑h)/v, (kgZ×sm)/sm3   (6)  

 

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

      gmf        (7)  

 

 h  -dartymis simaRleebis jamia, sm, romelic ganisazRvreba formuliT  

 

     zh  ...321       (8) 

 

 z - dartymis is simaRle, romlis drosac warmoiqmna pirveli bzari, sm; v - 
nimuSis moculoba, sm3  [5].   

statiaSi [6] warmodgenilia qanis dartymamedegobis kvleva institutSi 
arsebuli pejis tipis urnalis gamoyenebiT. 

gamocda Catarda 4×4×4 sm-is zomis kubis formis nimuSebze. 7 nimuSi (№1÷7) 

gamoicada burTulis, xolo 8 nimuSi (№8÷15) gamoicada filis kontaqtis 
xerxiT. burTulis diametri 1,8 sm-sSeadgens. filis zoma  5×5×1 sm-s Seadgens. 
nimuSi ganTavsebulia liTonis WiqaSi. misi SeuzRudavad dafiqsireba Rrube-
lis meSveobiT xorcieldeba. nimuSze ganTavsebulia foladis fila, an bur-
Tula romlis meSveobiTac xdeba dartymis gadacema nimuSze. 

dartymis biji erT santimetrs Seadgens. pirveli sami dartymis (3 sm-is 
simaRle)  da yoveli Semdegi dartymis Semdeg xdeba nimuSis amoReba da zeda-
piris mTliani daTvaliereba lupis meSveobiT.  

dartyma grZeldeba nimuSSi pirveli xiluli bzaris (rRvevis dasawyisi) 
da magistraluri bzaris warmoqmnamde (saboloo rRveva). 

absoluturi dartymamedegoba ganisazRvreba formuliT  
 

 hm                                                   (11) 

 

sadac σ - absoluturi  drtymamedegoba, kgZ×sm ; 
dartymamedegoba kuTri (moculobiTi) ganisazRvreba formuliT  
 

     vv /                                                      (12) 
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naxazze (a da b) warmodgenilia kubis formis nimuSebi gamocdamde da 
gamocdis Semdeg, Sesabamisad. 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
kubis formis nimuSebi 

a) kubebi gamocdamde; b) kubebi gamocdis Semdeg 
 
 
cxrilSi 1 warmodgenilia dartymaze gamocdili kubebis parametrebi da 

gamocdis Sedegad miRebuli mniSvnelobebi.  
 
cxrili 1. dartymaze gamocdili kubebis parametrebi da gamocdis Sedegad miRebuli 
mniSvnelobebi 

 

 
 

Ca
qu

Ci
s
 n

im
u
S
T
an
 

ko
nt

aq
t
is

 x
er

x
i 

ni
mu

S
is

  
№
 

s
ig

r
Ze
, 
s
m 

s
ig

an
e,
 s

m 

s
im
aR

l
e,
 s

m 

mo
c
u
l
o
b
a,
 s

m3
  

Dd
ar

t
ym
is

 s
im
aR

l
ee
b
is

 
j
am
i
, 
s
m 

dartymamedegoba 

ab
s
o
l
u
-t

u
r
i,
 

kg
×s

m 

f
ar

d
o
-b
iT

i,
 

(k
g
×s

m)
/ 
s
m3

 

burTuliT 

1 3,81 4,11 3,97 62,17 28 56 0,90 
2 4,17 3,95 4,31 70,99 36 72 1,01 
3 3,94 3,84 4,39 66,42 36 72 1,08 
4 4,25 3,77 4,19 67,13 45 90 1,34 
5 4,16 3,77 4,09 64,14 36 72 1,12 
6 4,08 3,98 4,16 67,55 55 110 1,63 
7 4,06 3,77 4,09 62,60 45 90 1,44 

filiT 

8 4,01 3,94 4,17 65,88 85 170 2,58 
9 3,76 3,31 4,25 52,89 104 208 3,93 
10 3,91 4,19 3,78 61,93 91 182 2,94 
11 3,96 3,78 4,18 62,57 91 182 2,91 
12 3,77 4,04 4,01 61,08 91 182 2,98 
13 3,76 4,18 4,13 64,91 92 184 2,83 
14 3,78 4,06 4,11 63,08 105 210 3,33 
15 3,77 4,08 4,14 63,68 105 210 3,30 



   saqarTvelos sainJinro siaxleni, GEORGIAN ENGINEERING NEWS, №1, 2017  

 

 

41 

cxrilSi 2 warmodgenilia dartymaze gamocdili kubebis saSualo 

mniSvnelobebi da sizustis Sefasebis maCveneblebi. 

 
 

cxrili 2. saSualo mniSvnelobebi 

 

 

rogorc cxrili 2-is monacemebidan  Cans variaciis koeficientis mniSv-

neloba burTuliT da filiT kontaqtis SemTxvevaSi praqtikulad erTi da 

igivea (sxvaoba 2,47 %). fardobiTi dartymamedegobis mniSvneloba  burTuliT 

kontaqtis SemTxvevaSi filiT kontaqtTan SedarebiT 2-jer da metad naklebia.   

amrigad, SesaZlebelia davaskvnaT, rom: 

1. variaciis koeficientis mniSvneloba burTulis gamoyenebiT nimuSTan 

kontaqtis SemTxvevaSi 0,0473 Seadgens; filis gamoyenebiT kontaqtis SemTxve-

vaSi 0,0485 Seadgens  (sxvaoba 2,47 %); 

2. Sedegebis sizustis TvalsazrisiT, sartyami CaquCis nimuSTan kontaqtis 

filis da burTulis  xerxis gamoyeneba SesaZlebelia;  

3. calke amocanas warmoadgens dartymamedegobis miRebuli mniSvnelobis 

axsna-dasabuTeba dartymiTi rRvevis konkretuli meqanizmis dadgenis da 

arsebuli Teoriis safuZvelze, romelic Semdgomi kvlevis sagania. 
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kontaqtis 

xerxi 

dartymamedegoba 

(kg×sm)/sm3 

saSualo 

kvadratuli 

gadaxra 

variaciis 

koeficienti 

sxvaoba variaciis 

koeficientebs 

Soris, % 

burTuliT 1,2 0,058 0,0473 
2,47 

filiT 3,1 0,150 0,0485 

http://coal-info.ru/?p=202
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SUMMARY  

INVESTIGATION FOR IMPROVEMENT OF THE METHOD OF TESTING THE IMPACT 

RESISTANCE OF CONCRETE 

Baliashvili G.I., Bezhanovi P.K., Sardzhveladze N.V. and Gotsadze B.Z. 

LPPL Grigol Tsulukidze Mining Institute 

Currently the method of a free-fall hammer is a relatively acceptable method of determination of the impact 

resistance of concrete. There is no standard for this method, it requires improvement. For instance, it is necessary 

to establish the technique of the contact between a hammer and a specimen from the standpoint of the accuracy 

of obtained results. The paper discusses the results of testing the concrete samples with plate- and ball-shaped 

hammers. In both cases, almost identical coefficients of variation were obtained. It is noted that the difference 

between the values of relative impact energy obtained with the plate- and ball-shaped hammers is the subject of a 

separate study. 

Keywords: concrete, impact hammer, impact resistance, impact energy. 
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monoliTuri rkinabetonis gruntulankerebiani sayrdeni kedlebi 

 

baqaniZe S.t., zambaxiZe l.i. 
 

saqarTvelos teqnikuri universiteti 
 

1. ESesavali 

cnobilia, rom sayrden kedlebs muSaoba uwevT rogrc gadabrunebaze, 
aseve mocurebaze. zemoaRniSnulis gamo, konsoluri konstruqciuli gadawyve-
tis SemTxvevaSi, maTi sayrdeni filis sigane sakmaod didi, didi zomis gamo-
dis. gruntulankerebiani sayrdeni kedlis SemTxvevaSi (roca gruntuli anke-
rebi ganTavsebulia kedlis zemo nawilSi 1 iarusad) ankeri exmareba kedels 
gadabrunebaze muSaobaSi, magram ver exmareba mocurebaze muSaobaSi. Cven mier 
SemoTavazebuli iyo gruntuli anakrebis ganTavseba rogorc kedlis zemo, 
aseve qvemo (kedlis saZirkvelSi Camagrebis) nawilSi (anu 2 iarusad) [1] da 
Sesrulebuli iyo zemoaRniSnuli variantebis konstruqciuli gaangariSeba. 

winamdebare naSromSi Sesrulebuli gvaqvs maTi teqnikur-ekonomikuri 
gaangariSeba lokalur-resursuli xarjTaRricxvebis safuZvelze. 

 
2. ZiriTadi nawili 

1. sawyisi monacemebi gangariSebisaTvis. 

sayrdeni kedlis simaRle – 6m; gruntis saxeoba – wyalnajeri Tixnari (=23); 
Canayari gruntis zedapiris daxra - 15, droebiTi datvirTva - 0,5t/m2; gruntis 
dawneva sayrden kedelze – 28 t, betonis klasi – B20.  

gaangariSebebi Sesrulebulia, rogorc wesi, sayrdeni kedlis 1 grZivi metri-
saTvis. 
2. erT iarusad ganTavsebuli gruntulankerebiani sayrdeni kedeli. sayrdeni 
kedlis konstruqciuli sqema nax. 1. 
 

 

 

 

 

 

 

 
 
 

 
 
 
 
 

nax. 1. sayrdeni kedlis konstruqciuli sqema 
 

gruntuli anakeri daxrilia horizontis mimarT 15-iani kuTxiT. kedlis 
statikuri gaangariSebis Sedegad (naSromSi ar mogvavqs) miRebulia: 

 ankeris mWimSi aRZruli Zalvis horizontaluri proeqcia N=9,7t; mWimSi 
aRZruli Zalva N1=10,0t; 

 mWimis saxiT gamoyenebulia armatura 25A-III; 
 mWimis saerTo sigrZe – 8,4 m; masa 32,3kg;ankeris fesvis diametri – 0,55m; 

sigrZe – 2,0m; fesvis mzidunarianoba F=21,1t>2N1=210=20,0t. 
3. SemoTavazebuli, 2-iarusad ganTavsebuli gruntulankerebiani sayrdeni kedeli. 
kedlis konstruqciuli sqema mocemulia naxazze 2. 
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nax. 2. sayrdenis kedlis konstruqciuli sqema 
 
gruntuli ankerebi ganTavsebulia kedeleze gruntis dawnevis (E) mode-

bis wertilidan Tanabar manZilebze. aseT SemTxvevaSi maTSi aRZruli gamWi-
mavi Zalvebis horizontaluri proeqcia toli iqneba N=17,0t, xolo mWimebSi 
aRZruli Zalva 14,5t. 

ankerebi ganTavsebulia 2 iarusad, bijiT 1m. mWimebis diametri miRebulia 
28A-III. maTi sigrZeebia: qveda iarusis – 4,5m, zeda iarusis – 8,9m (nax. 3). 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

nax. 3. sayrden kedelSi gruntuli ankerebis ganTavseba 
 
gruntuli ankerebis fesvebis mzidunarianoba (fesvis diametri 0,6m, 

sigrZe – 2,5m) tolia: F=28,8 t2N1=14,52=29,0 t 

4. variantebis teqnikur-ekonomikuri Sedareba.  
masalebis xarji variantebis mixedviT sayrdeni kedlebis 10 grZ. metrisaTvis 
(cxrili 1). 
 
cxrili 1. masalebis xarji sayrdeni kedlebis 10 grZivi metrisaTvis 

 
 
 
 
 
 
 
 
 

sayrdeni kedeli 

betonis 
klasi 

masalebis xarji 
betoni, 

m3 
duRabi, 

m3 
armatura, kg 

A-I A-III A-III 
anker. 

A-III 
sul 

erTiarusad 
ganTavsebuli 

ankerebiT 
B20 39,5 9,4 134 8161 477 8638 

or iarusad 
ganTavsebuli 

ankerebiT 
B20 23,3 14 166 2464 647 3111 
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variantebis teqnikur-ekonimkuri maCveneblebi gamoTvlilia lokalur-
resursuli xarjTaRicxvebis safuZvelze (xarjTaRicxvebi #1 da #2), [2,3]. 

 
lokalur-resursuli xarjTaRicxva #1 

1-iarusad ganTavsebuli gruntulankerebiani sayrdeni kedlis 10 grZiv metrze 
safuZveli: cxrili 1 
Sedgenilia 2017 wlis I kvartlis fasebSi 

#
# 

no
r
ma
t
iv
is

 n
o
me
r
i 

d
a 
S
if

r
i 

 

s
am
u
S
ao

eb
is

 d
a 
d
an
ax

ar
j
eb

is
 

d
as

ax
el

eb
a 

s
az

o
mi
 e
r
T
eu

l
i
 

raodenoba Rirebuleba, lari 

no
r
ma
t
iu

l
i 

er
T
eu

l
z
e 

pr
o
eq
t
iT

 

er
T
eu

l
z
e 

s
u
l
 

1 
  
  
  
  
  
  
  
  
  
  

6-11-11 

rkinabetonis 
monoliTuri sayrdeni 
kedlis mowyoba 

100 m3 - 0,395 - 18447,64 

  Sromis danaxarjebi kac.sT. 684 270,18 4,6 1242,83 

  manqanebi man 121 47,8 3,2 152,96 

T.1,1;p.10 armatura AA-I t - 0,134 1295,0 173,53 

T.1,1;p.12 armatura AA-III t - 8,638 1272,0 10987,54 

T.4,1;p.332 betoni B20  m3 - 39,5 108,0 4266,0 

T.5,1;p.138 yalibis farebi, 25 mm m2 118 46,6 13,0 605,8 

T.5,1;p.22 
ficari Camoganuli III 
x. 40 mm 

m3 3,57 1,41 378,0 532,98 

T.1,9;p.16 samSeneblo WanWikebi t 0,14 0,06 3000,0 180,0 

T.1,9;p.14 eleqtrodebi з42 t 0,14 0,06 4300,0 258,0 

  sxva masalebi man 38 15,0 3,2 48,0 

2 
  
  
  
  
  
  
  
  

6-9-2 

gruntuli ankerebis 
mowyoba A-III klasis 
armaturisagan 

1 t - 0,477 - 3331,48 

  Sromis danaxarjebi kac.sT. 206 98,26 4,6 452,0 

  manqanebi man 1,7 0,8 3,2 2,56 

T.1,1;p.12 armatura A-III t - 0,477 1272,0 606,74 

T.1,9;p.16 saankero WanWikebi t 1 0,477 3000,0 1431,0 

  
konduqtoris 
amortizacia 

man 14 6,68 3,2 21,38 

T.4,1;p.358 duRabi m 100 m3 - 9,4 87,0 817,8 

 
  

sul 1-2 poziciebis 
jami 

        21779,12 

 
  maT Soris xelfasi         1694,83 

normatiuli Sromatevadoba 1694,83:4,6=368,44 kac. sT. 
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lokalur-resursuli xarjTaRicxva #2 
2-iarusad ganTavsebuli gruntulankerebiani sayrdeni kedlis 10 grZiv metrze 

safuZveli: cxrili 1 
Sedgenilia 2017 wlis I kvartlis fasebSi 

#
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T
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1 
  
  
  
  
  
  
  
  
  
  

6-11-11 

rkinabetonis 
monoliTuri sayrdeni 
kedlis mowyoba 

100 m3 - 0,233 - 8430,3 

  Sromis danaxarjebi kac.sT. 684 159,37 4,6 733,1 

  manqanebi man 121 28,19 3,2 90,21 

T.1,1;p.10 armatura AA-I t - 0,166 1295,0 214,97 

T.1,1;p.12 armatura AA-III t - 3,111 1272,0 3957,19 

T.4,1;p.332 betoni B20  m3 - 23,3 108,0 2516,4 

T.5,1;p.138 yalibis farebi, 25 mm m2 118 27,49 13,0 357,37 

T.5,1;p.22 
ficari Camoganuli III x. 
40 mm 

m3 3,57 0,83 378,0 313,74 

T.1,9;p.16 samSeneblo WanWikebi t 0,14 0,03 3000,0 90,0 

T.1,9;p.14 eleqtrodebi з42 t 0,14 0,03 4300,0 129,0 

  sxva masalebi man 38 8,85 3,2 28,32 

2 
  
  
  
  
  
  
  
  

6-9-2 

gruntuli ankerebis 
mowyoba A-III klasis 
armaturisagan 

1 t - 0,647 
- 
 

4627,58 

  Sromis danaxarjebi kac.sT. 206 133,28 4,6 613,09 

  manqanebi man 1,7 1,1 3,2 3,52 

T.1,1;p.12 armatura AA-I t - 0,647 1272,0 822,98 

T.1,9;p.16 saankero WanWikebi t 1 0,647 3000,0 1941,0 

  
konduqtoris 
amortizacia 

man 14 9,06 3,2 28,99 

T.4,1;p.358 duRabi m 100 m3 - 14,0 87,0 1218,0 

 
  sul 1-2 poziciebis jami     

  
13057,88 

 
  maT Soris xelfasi     

  
1346,19 

normatiuli Sromatevadoba:1346,19:4,6=292,65 kac.sT. 
ganxiluli variantebis SedarebiT teqnikur-ekonomikuri analizi. 

Sesrulebulia cxrilSi 2. 
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cxrili 2. variantebis SedarebiTi teqnikur-ekonomikuri analizi 

sayrdeni 
kedeli 

teqnikur-
ekonomikuri 
maCveneblebis 
mniSvneloba 

maCveneblebis %-uli 
Tanafardoba 

sxvaoba %-Si 

saS. 
% 

R
ir

eb
u
l
eb

a,
 

l
ar

i
 

S
r
o
ma
t
ev
ad

o
b
a 
ka
c
. 
s
T
. 

R
ir

eb
u
l
eb

a 

S
r
o
ma
t
ev
. 

R
ir

eb
u
l
eb

a 

S
r
o
m.
 

1 iarusad 
ganTavsebuli 
gruntuli 
ankerebiT 

21779,1 368,4 100 100 - - 100 

2 iarusad 
ganTavsebuli 
gruntuli 
ankerebiT 

13057,9 292,7 60,0 79,5 40,0 20,5 30,3 

 
3. daskvna 

teqnikur-ekonomikuri Sedarebis safuZvelze gamovlinda 2-iarusad gan-
Tavsebuli gruntulankerebiani r/b monoliTuri sayrdeni kedlis upira-
tesoba 1-iarusad ganTavsebul gruntulankerebian sayrden kedelTan mimarTe-
baSi. teqnikur-ekonomikuri efeqti Seadgens daaxloebiT 30%-s. 
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SUMMARY 

GROUND-ANCHORRETAINING WALLS FROM MONOLITHIC REINFORCED CONCRETE 

Bakanidze Sh.T. and  Zambakhidze L.I. 

Georgian Technical University 

The paper discusses two versions of the design of ground-anchor retaining walls from monolithic reinforced 

concrete: anchors are arranged in the upper part of the wall, and anchors are arranged as in the upper part of the 

wall, so also in the lower part of the wall at the level of foundation.Based on the techno-economic design carried 

out, the advantageous design of the retaining wall was revealed. 

Keywords: retaining wall, ground anchor, design, techno-economic indices. 
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tradiciuli sayrdeni kedlebis konstruqciuli gadawyvetebi 

 

baqaniZe S.t., zambaxiZe l.i. 
 

saqarTvelos teqnikuri universiteti 
 
1. ESesavali 

tradiciul sayrden kedelTa Soris farTod aris gavrcelebuli masiu-
ri (qvis an betonis, vertikaluri an daxrili) da monoliTuri rkinabetonis 
konosoluri konstruqciuli gadawyvetebi. 

maTi SerCeva warmoebs teqnikur-ekonomikuri parametrebis urTierTSeda-
rebis safuZvelze. 

Cven mier, sxva tipis sayrden kedlebTan erTad, Sesrulebulia zemoaR-
niSnuli kedlebis konstruqciuli gaangariSebebi [1], sadac gansazRvrulia 
masalebis xarji maT mowyobaze. 

winamdebare naSromSi, lokalur-resursuli xajTaRricxvebis safuZvel-
ze, gaangariSebulia sayrdeni kedlebis Sesadarebeli variantebis teqnikur-
ekonomikuri parametrebi da Sesrulebulia maTi SedarebiTi analizi. 

gaangariSebebi Sesrulebulia SedarebiT rTuli gruntuli pirobe-
bisaTvis, kerZod, wyalnajeri TixnarebisaTvis. 

 
2. ZiriTadi nawili 

1. sawyisi monacemebi gangariSebisaTvis:  
sayrdeni kedlis simaRle – 6m; gruntis tipi – wyalnajeri Tixnari 

(=23); Canayari gruntis zedapiris daxra horizontis mimarT - 15; droebiTi 
datvirTva – 0,5t/m2; masiuri kedlis qanobisaTvis – 0,1; sayrden kedelis 1 
grZiv metrze gruntis dawneva – 28 t. 

konstruqciuli gangariSebis Sedegad (naSromSi ar mogvaqvs) miRebuli 
gansaxilvevli sayrdeni kedlebis geometriuli sqemebi mocemulia Semdeg 
naxazebze: betonis masiuri vertikaluri sayrdeni kedeli – nax.1, betonis 
masiuri daxrili sayrdeni kedeli – nax.2, monoliTuri rkinabetonis 
konsoluri sayrdeni kedeli – nax.3, aRniSnuli kedlis daarmatureba nax. 4. 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 

nax. 1. masiuri vertikaluri 
sayrdeni kedeli nax. 2. masiuri daxrili sayrdeni kedeli  
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masalebis xarji sayrdeni kedelebis 10 grZivi metrisaTvis mocemulia 

cxrilSi 1. 
cxrili 1. masalebis xarji sayrdeni kedlebis 10 grZivi metrisaTvis 

sayrdeni kedlis tipi betoni, m3 armatura, t 
B7,5 B20 A-I A-III 

betonis, masiuri 
vertikaluri 

326,7 - - - 

betonis, masiuri 
daxrili 

314,0 - - - 

rkinabetonis 
monoliTuri konsoluri 

- 54,8 0,178 7,525 

lokalur-resursuli xarjTaRicxva #1.betonis masiuri, vertikaluri sayrde-
ni kedlis mowyoba. safuZveli: cxrili 1 

Sedgenilia 2017 wlis I kvartlis fasebSi 

normatiuli Sromatevadoba 4222,8:4,6=918,0 kac.sT. 

normativ
is 

nomeri 
da 

Sifri  

samuSaoebis da 
danaxarjebis 
dasaxeleba 

sazomi 
erTeuli 

raodenoba Rirebuleba, lari 

normati-
uli 

erTeulze 
proeqtiT 

erTeu-
lze 

sul 

6-11-1 betonis vertikaluri 
sayrdeni kedlis 
mowyoba 

100 m3 - 3,267 - 41402,93 

  Sromis danaxarjebi kac.sT. 281 918,0 4,6 4222,8 

  manqanebi man 33,0 107,8 3,2 344,96 

T.141;p.328 betoni AB-7,5 (m 100) m3 102,0 333,2 92,0 30654,4 

T.5,1;p.138 yalibis farebi, 25 mm m2 71,1 234,2 13,0 3044,6 

T.5,1;p.37 Zelebi III 6, 40-60 mm  m3 0,13 0,425 490,0 208,25 

T.5,1;p.22 
ficari Camoganuli 
III6 40 mm da meti 

m3 1,52 4,97 378,0 1878,66 

T.1,9;p.16 samSeneblo WanWikebi t 0,09 0,294 3000,0 882,0 

 

sxva masalebi man 16 52,27 3,2 167,26 

 
sul     

41402,93 

  maT Soris xelfasi 
    

4222,8 

 
nax. 3. monoliTuri rkinabetonis 

konsoluri sayrdeni kedeli 

 
nax. 4. sayrdeni kedlis daarmatureba 
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lokalur-resursuli xarjTaRicxva #2. betonis masiuri, daxrili sayrdeni 
kedlis mowyoba. safuZveli: cxrili 1.Sedgenilia 2017 wlis I kvartlis 
fasebSi 
normativis 
nomeri da 

Sifri  

samuSaoebis 
da 

danaxarjebis 
dasaxeleba 

sazomi 
erTeuli 

raodenoba Rirebuleba, lari 

normatiuli 
erTeulze 

proeqtiT 
erTe-
lze 

sul 

6-11-1 

betonis 
vertikaluri 
sayrdeni 
kedlis 
mowyoba 

100 m3 - 3,14 - 39770,93 

  
Sromis 
danaxarjebi 

kac.sT. 281 882,34 4,6 4058,76 

  manqanebi man 33,0 103,62 3,2 331,58 

T.141;p.328 
betoni AB-7,5 
(m 100) 

m3 102,0 320,28 92,0 29440,0 

T.5,1;p.138 
yalibis 
farebi, 25 mm 

m2 71,1 225,14 13,0 2926,82 

T.5,1;p.37 
Zelebi III 6, 
40-60 mm 

 m3 0,13 0,41 490,0 200,9 

T.5,1;p.22 

ficari 
Camoganuli 
III6 40 mm da 
meti 

m3 1,52 4,77 378,0 1803,1 

T.1,9;p.16 
samSeneblo 
WanWikebi 

t 0,09 0,283 3000,0 849,0 

 

sxva masalebi man 16 50,24 3,2 160,77 

 

sul     
39770,93 

  
maT Soris 
xelfasi     

4058,76 

 
normatiuli Sromatevadoba 4058,76:4,6=882,34 kac.sT. 
 
lokalur-resursuli xarjTaRicxva #3. monoliTur rkinabetonis sayrdeni 
kedlis mowyoba. safuZveli: cxrili 1. Sedgenilia 2017 wlis I kvartlis 
fasebSi 
normativis 
nomeri da 

Sifri  
samuSaoebis da 
danaxarjebis 
dasaxeleba 

sazomi 
erTeuli 

raodenoba Rirebuleba, lari 

normatiu
li 

erTeulze 
proeqtiT 

erTeu
lze 

sul 

6-11-1 

betonis 
vertikaluri 
sayrdeni 
kedlis 
mowyoba 

100 m3 - 0,548 - 19781,04 

  
Sromis 
danaxarjebi 

kac.sT. 684,0 374,8 4,6 1724,08 

  manqanebi man 121,0 66,3 3,2 212,16 

T.1,1;p.10 armatura AA-I t - 0,178 1295,0 230,51 

T.1,1;p.12 armatura AA-III t - 7,525 1272,0 9571,8 
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T.4,1;p.332 
betoni B20  m3 101,5 55,62 108,0 6006,96 

T.5,1;p.138 
yalibis 
farebi, 25 mm 

m2 118,0 64,66 13,0 840,58 

T.5,1;p.37 
Zelebi III 6, 40-
60 mm 

m3 0,21 0,115 490,0 56,35 

T.5,1;p.32 

ficari 
Camoganuli III 
6-1 40 mm da 
meti 

m3 3,57 1,96 378,0 740,88 

T.1,9;p.14 
eleqtrodebi 
з42 

t 0,14 0,077 4300 331,1 

 

sxva masalebi man 38,0 20,82 3,2 66,62 

 

sul     
19781,04 

  
maT Soris 
xelfasi     

1724,08 

normatiuli Sromatevadoba 1724,08:4,6=374,8 kac.sT. 
 
cxrili 2.sayrdeni kedlebis teqnikur-ekonomikuri parametrebis SedarebiTi analizi                                        

                                                       
sayrdeni 
kedeli  

teqnikur-ekonomikuri 
parametrebis mniSvneloba 

parametrebis %-uli 
Tanafardoba 

saS. 
% 

sxvao
ba %-
Si TviTRirebu

leba, lari 
Sromateva-
doba, kac. sT. 

TviTRire-
buleba 

Sromatev. 

betonis 
masiuri 
vertikaluri 

41402,9 918,0 100 100 100 - 

betonis, 
masiuri, 
daxrili 

39770,9 882,3 96,1 96,0 96 4 

monoliTuri, 
rkinabetonis 

19781,0 374,8 47,8 40,8 44,3 55,7 

 
3. daskvna 

teqnikur-ekonomikuri TvalsazrisiT, monoliTuri rkinabetonis 
konsoluri sayrdeni kedlis upiratesoba betonis masiur sayrden kedelebTan 
mimarTebaSi aSkaraa. kerZod, masiur vertikalur kedelTan mimarTebaSi igi 
Seadgens 55,7%-s, xolo masiur daxril kedelTan mimarTebaSi – 51,7%-s. 
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SUMMARY 

DESIGN OF TRADITIONAL RETAINING WALLS 

Bakanidze Sh.T. and  Zambakhidze L.I. 

Georgian Technical University 

The paper considers three versions of the design of retaining walls: concrete, massive concrete vertical, massive 

concrete angled and monolithic reinforced concrete cantilever.Based on the techno-economic design carried out, 

the advantageous design of the retaining wall was revealed. 

Keywords: retaining wall, design, techno-economic indices. 
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saqarTvelos gansaxlebis sistema modernizaciis molodinSi 

 
gvencaZe n.a., CxeiZe n.a. 

 
saqarTvelos teqnikuri universiteti 

 
dRes ukve cxadia, rom qalaqebis modernizaciisa da maTi mdgradi kar-

kasis Camoyalibebis gareSe warmoudgenelia qveynisa da misi regionebis 
socialur-ekonomikuri da sivrciT-teritoriuli ganviTareba. SemTxveviTi ar 
aris, rom iseTi saerTaSoriso organizacia, rogoricaa msoflio banki did 
mniSvnelobas aniWebs urbanizaciis procesebis xvadasxva aspeqtebs. es Tema 
yovelTvis Zalze aqtualuri iyo, xolo mimdinare etapze sazogadoebrivi 
interesebis prioritetebs Soris moeqca, radganac qveynis ganviTarebisa da 
modernizaciis centrebis rols swored qalaqebi asruleben, Tumca  sxvadas-
xva doniTa da zrdis sxvadasxva xarisxiT. 

saqarTvelo im qveyanaTa ricxvs ganekuTvneba, sadac dedaqalaqebis roli 
ganuzomlad didia nacionaluri ekonomikis, socialuri, kulturuli cxovrebis 
yvela aspeqtis formirebasa da funqcionirebaSi. aqedan gamomdinare, gasakviri 
ar aris centriskenuli Sidamigraciuli procesebis Sedegad mkafiod gamok-
veTili demografiuli asimetriuloba. amaze metyvelebs 2014 wlis mosaxleobis 
sayovelTao erovnuli aRweris monacemebic, romlebmac saqarTvelos dedaqa-
laqSi - TbilisSi daafiqsira qveynis mosaxleobis 30,0%. amasTan sagulisxmoa, 
rom Tbilisi mosaxleobis ricxovnobiT (1 108 717 kaci) 7,2-jer uswrebs sididiT 
meore qalaqs - baTums (154 100 kaci), romelmac, Tavis mxriv, gauswro quTaiss 
(147 635 kaci). amas emateba saqarTvelos gansaxlebis sistemis struqturaSi 
meCxeri saqalaqo qseli, mosaxleobis dabali simWidrove, moSlili ekonomikuri 
sistema da ganuviTarebeli infrastruqtura, qalaquri kulturis dabali done. 
amgvari monacemebiT qveyana ver axdens gansaxlebis sistemis ganviTarebis 
mravalmxrivi problematikis daZlevas - misi srulyofis, moqnilobis, resur-
sebis amoqmedebis da mdgradobis miRwevis TvalsazrisiT. 

saqarTvelos gansaxlebis sistemis dRevandeli mdgomareoba ganpirobe-
bulia garkveuli obieqturi Tu subieqturi mizezebis gamo. aRsaniSnavia, rom  
dasaxlebaTa ganviTarebam saqarTveloSi evoluciis sakmaod xangrZlivi 
periodi gaiara. aq udidesi mniSvneloba hqonda qveynis teritoriis bunebriv-
geografiul pirobebs. geomorfologiuri, klimaturi, Tu hidrografiuli 
specifikidan gamomdinare dasaxlebaTa umetesoba aRmocenda mTisa da baris 
damakavSirebel bunebriv sasicocxlo sakomunikacio arteriebis gaswvriv da 
sivrcobrivad Seqmna gansaxlebis erTiani sistema. es sistema droTa 
ganmavlobaSi Zlierdeboda sabWoTa industrializaciis Sedegad marTuli 
urbanizaciis procesiT da XX saukunis 20-30 wlebSi arsebuli fragmentul 
dasaxlebaTa sivrcidan gardaiqmna mWidrod dasaxlebul sivrceebad – qala-
qebad, dabebad, soflebad. saqarTveloSi industriul dasaxlebaTa mSeneb-
loba dasrulda gasuli saukunis 70-ian wlebSi  (ruka) [1].    

industrializaciis periodSi gansaxlebis sistemaSi gaCndnen e.w. `qala-
qebi~. Tumca, warmoebebisa Tu fabrika-qarxnebis bazaze aRmocenebuli es 
dasaxlebebi Tavisi arsiT ar warmoadgendnen qalaqebs - garemosa da cxov-
rebis xarisxi, risTvisac adamianebi yovelTvis miiswrafodnen qalaqebSi 
sacxovreblad, iq ar iyo Seqmnili. cxadia, am  pirobebSi, Sida migracia sof-
lebidan industriul qalaqebSi xelovnur process warmoadgenda.  

amasTan, sivrciTi ganviTarebis mimarTulebisa da dasaxlebaTa 
koncentraciis TvalsazrisiT, ZiriTadad, gaZlierda aRmosavleT-dasavleTis 
gansaxlebis RerZi. aRsaniSnavia, rom qveynis masStabiT, funqciuri datvir-
Tebis mxriv gansaxlebis es RerZi faqtobrivad erTaderTia, rac warmoadgens 
saqarTvelos gansaxlebis arsebuli sistemis erT-erT mowyvlad Tvisebas.  
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              1926 w.                               1970  w. 
saqarTvelos gansaxlebis sistema 1926 da 1970 wlebisaTvis 

 
90-iani wlebidan, sabWoTa ekonomikis kolafsis Sedegad, amgvari qala-

qebi depresiam moicva, moiSala saqalaqo ekonomika, ganadgurda infrastruq-
tura, mkveTrad Semcirda mosaxleobis raodenoba. dRes am kategoriis qalaqe-
bi socio-kulturuli Tu ekonomikuri garemos TvalsazrisiT ufro msxvili 
soflebia, vidre mcire qalaqebi. maTi aramimzidvelobis kargi indikatoria 
Sidamigraciuli nakadebis polarizebuli struqtura - soflebidan pirdapir 
umsxviles saqalaqo centrebSi (gansakuTrebiT dedaqalaqSi), mcire qalaqebis, 
rogorc gansaxlebis sistemis erT-erTi Sualeduri rgolis gverdis avliT. 
Sedegad miviReT hipertrofirebuli dedaqalaqi da daclili, daberebuli 
dasaxlebebi, romlebic samwuxarod dResac ganicdian depopulacias. saqme 
imaSia, rom mcire da saSualo qalaqebi demografiuli resursebisaTvis brZo-
laSi konkurencias ver uweven msxvil qalaqebs, radganac, rogorc ukve 
aRvniSneT, sabWoTa periodSi maTi umravlesoba iqmneboda ekonomikuri da siv-
rciTi faqtorebis gaTvaliswinebis gareSe, sabWoTa mmarTvelobis garkveuli 
organos gadawyvetilebis safuZvelze „qalaqis“ statusis miniWebis gziT.  

sabWoeTSi mimdinare procesebis paralelurad ganviTarebul qveynebSi 
mimdinareobda metad saintereso Teoriebisa da modelebis Camoyalibebis eta-
pi, romlebic warmoadgendnen sivrciTi ganviTarebis Teoriul safuZvlebs. 
isini ZiriTadad efuZnebodnen manZilis faqtors, qalaqebis zomebs, gasaRebis 
bazrebTan da nedleulis mopovebis adgilebTan siaxloves. esenia,  tiunenis 
modelebi, kristaleris „centraluri adgilebis“ Teoria; veberis mrewvelo-
bis ganlagebis modelebi; fransua peres  `zrdis wertilebis~ Teoria da a.S. 

1970-ian wlebSi gaxda cxadi, rom „zrdis centrebis~ xelovnurad Seqmna 
SeuZlebelia. isini faqtobrivad ver viTardebian im adgilebSi romlebsac ar 
gaaCniaT realuri konkurentuli upiratesobebi. amave periodSi gaCndnen 
Teoriebi, romlebic xsnidnen sivrciTi uTanobrobis obieqturobasac.  

XX saukunis meore naxevridan regionul mecnierebaSi Camoyalibda 
mdgradi konsesusi sivrciTi ganviTarebis mTavar TaviseburebasTan dakavSi-
rebiT - sivrciTi ganviTareba ar SeiZleba iyos Tanabari. amgvari midgoma 
warmodgenilia or ZiriTad Teoriul koncefciaSi.  

pirvelia j. fridmanis centroperiferiul modeli, romlis arsi mdgo-
mareobs imaSi, rom yovelTvis arseboben centrebi da periferiebi. maT Soris 
arsebobs ufro moqnili zona - naxevrad periferia. sxvadasxva donis urbanu-
li centrebi yovelTvis izidaven resursebs (adamianurs, finansurs, bunebriv) 
Tavisi periferiidan. swored resursebis koncentracia iZleva TviT centre-
bis inovaciuri cvlilebebis SesaZleblobebs. amis Semdeg xdeba inovaciebis 
translireba ukan periferiaze drois gansazRvrul monakveTSi, romelic 
damokidebulia inovaciebis moZraobis gzaze warmoqmnil barierebze. es mode-
li muSaobs yvela doneze - msoflio qalaqebidan da msxvili aglo-
meraciebidan dawyebuli vidre regionul Tu adgilobriv centrebamde [2].     

centroperiferiuli modeli uCvenebs, Tu ramdenad mniSvnelovan rols 
TamaSoben qalaqebi qveynis ganviTarebaSi. amave dros, sustadganviTarebuli 



   saqarTvelos sainJinro siaxleni, GEORGIAN ENGINEERING NEWS, №1, 2017  

 

 

54 

da resursulad SezRuduli qalaqebi gardauvalad xdebian ganviTarebis 
Semaferxeblebi. 

saqarTveloSi gasuli saukunis 90-iani wlebidan mxolod Tbilisi 
izidavda resursebs da maqsimalurad axdenda maT koncentracias, magram peri-
feriaze inovaciebis, investiciebis saxiT dabrunebas veRar axerxebda. Tbi-
lisi viTardeboda Tavis TavSi qveynisgan damoukideblad. ukukavSirTan dakav-
Sirebuli problemebi aris qveynis mTlianobasTan da erTgvarovnebasTan da-
kavSirebuli riskebi. es modeli unda muSaobdes orive mimarTulebiT, rac 
imas niSnavs, rom saxelmwifo  unda atarebdes inovaciuri procesebis siRrmi-
seuli ganviTarebis politikas. am SemTxvevaSi sistema ase Tu ise normalu-
rad ifunqcionirebs.  

am modelis kidev erTi mniSvnelovani momenti isaa, rom garkveuli 
struqturuli Tu ekonomikur-teqnologiuri cvlilebebis pirobebSi SesaZle-
belia naxevrad periferiebi gardaiqmnan axal urbanul centrebad da aqedan 
gamomdinare Secvalon centrebis adgilmdebareoba. periferias amis SesaZleb-
lobebi ara aqvs arasakmarisi konkurentuli upiratesobebis gamo.  

meore Teoria, romelic orientirebuli iyo sivrciT ganviTarebaze 
gaCnda gasuli saukunis 90-ian wlebSi „axali ekonomikuri geografiis" farg-
lebSi. Teoria Seqmnes nobelis premiis laureatma p. krugmanma, m. fujitam da 
e. venablsma. maT SeZles aexsnaT urbanistikaSi ekonomikuri sferos sivrciTi 
koncentracia maTematikuri modelebis daxmarebiT. damtkicebuli iyo, rom 
sivrce yovelTvis viTardeba araTanabrad, imis gamo, rom ganviTareba 
dafuZnebulia konkurentul upiratesobebze. am upiratesobebs Soris p. krug-
manma gamoyo ganviTarebis faqtorTa sistema, romelic dahyo or jgufad: 

1. „pirveladi bunebis“ faqtorebi - es aris mdidari bunebrivi resur-
sebi,  geografiuli mdebareoba - xelsayreli an araxelsayreli. es faqto-
rebi ar aris Seqmnili  adamianis mier; 

2. „meoradi bunebis“ faqtorebi - aglomeraciuli efeqti (koncentra-
ciis upiratesoba (masStabis efeqti) da  mravalferovneba), adamianuri kapita-
li, institutebi (normebi da wesebi, romlelTa mixedviTac cxovrobs sazo-
gadoeba). maT SeuZliaT xeli Seuwyon an SeuSalon ganviTarebas. postsabWoTa 
ekonomist-regionalistebi am faqtorebs umateben meoTxe komponentsac, rac 
sruliad samarTliania, es aris infrastruqtura, romelic warmoadgens 
sakvanZo faqtors da romlis gareSedac warmoudgenelia sivrcis ganviTa-
reba/modernizacia. „meoradi bunebis“ faqtorebi Seqmnilia adamianebis mier.  

„pirveladi bunebis“ faqtorebi, ZiriTadad, dominireben ganviTarebis 
industriul stadiaze, xolo „meoradi bunebis“ - postindustriuli ganviTa-
rebis stadiaze. es ukanaskneli TamaSobs sakvanZo rols modernizaciaSi [3]. 

2009 wlis msoflio bankis moxsenebaSi `msoflios ganviTarebis Sesa-
xeb~ naCvenebia, rom sivrciTi uTanabroba da aqedan gamomdinare Tanamedrove 
msoflioSi modernizaciis pirobebi formirdeba sami sabaziso faqtoris 
gavleniT:  

• Density - simWidrove (mosaxleobis sivrciTi koncentracia da masSta-
bis efeqti)/aglomeraciuli efeqti; 

• Distance - ekonomikuri dacileba (satransporto danaxarjebi), ganpiro-
bebuli geografiuli mdebareobiT, dacilebiT globaluri da qveynebsSorisi 
bazrebidan, satransporto danaxarjebiT mTlianobaSi;  

• Division - barierebi (instituciuri, maT Soris sxvadasxva saxis 
sazRvrebi nacionaluri, regionuli, lokaluri), romlebic xels uSlian 
tvirTebis, momsaxurebis, inovaciebis Tavisufal moZraobas [4]. 

modernizacia mimdinareobs iq sadac ukeTesi pirobebia inovaciebis 
difuziisaTvis, anu iq sadac ufro maRalia mosaxleobis koncentracia da 
misi xarisxi, sadac ufro ganviTarebulia infrastruqtura da naklebia 
ekonomikuri dacileba, sadac dabalia instituciuri dabrkolebebi.  
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zemoT Tqmulidan gamomdinare modernizaciis konteqstSi sivrciTi 
ganviTarebis umniSvnelovanes mimarTulebebs warmoadgenen isini, romlebic 
aumjobeseben inovaciebis gavrcelebis pirobebs sivrceSi. es mimarTulebebia: 

• qalaq-centrebis ganviTarebis xelSewyoba, romlebic qmnian inovaciebs 
da axdenen maT translirebas periferiaze; 

• infrastruqturis ganviTareba, romelic xels uwyobs „ekonomikuri 
daSorebis“  Semcirebas; 

• „meoradi bunebis“ faqtorebis gaumjobeseba (adamianuri kapitalisa da 
institutebis). 

yvelaferi zemoT aRniSnuli saxelmwifos Zalauflebisa da sazogadoebis  
xelSia, magram saWiroebs uzarmazar resursebsa da xangrZliv Zalisxmevas.  

am konteqstSi sainteresoa imis analizi Tu rogoria saqarTveloSi 
modernizaciis pirobebi da raze unda gakeTdes ZiriTadi aqcentebi. erT-erT 
mniSvnelovan sakiTxs warmoaddgens koncentraciis zonebi; rogor arian 
saqarTveloSi mowyobilni teritriebi-liderebi, ramdenad arian isini masSta-
burebi da xilvadebi globalur rukaze, ramdenad asruleben qveynis repre-
zentaciis funqcias da gamodian erTgvar lokomotivebad, romlebsac mihyveba 
sxva teritoriebic. liderebis qveS igulisxmeba urbanizirebuli terito-
riebi da saqalaqo aglomeraciebi, saqalaqo sistemebi, romlebic zog SemTx-
vevaSi dacilebulia erTmaneTisagan. amJamad amas ergebian maRalCqarosnuli 
magistraluri sistemebi, romlebic uzrunvelyofen moxerxebul satrans-
porto xelmisawvdomobas gadaadgilebis gansxvavebuli konfortiT da axali 
komunikaciis tempiT. sxva sakiTxia rogor arian es centrebi dakavSirebuli 
globalur samyarosTan.  

am mxriv saqarTveloSi gamokveTilia q. Tbilisi da misi aglomeracia,             
q.  quTaisi da q. baTumi. globalur samyarosTan isini dakavSirebulebi arian 
saporto sistemebis saSualebebiT, romelic faravs ama Tu im mimarTulebas; 
perspeqtivaSi CaerTveba anakliis portic, romelic damatebiT impulsebs da 
perspeqtivebs moutans saqarTvelos socialur-ekonomikuri Tu sivrciTi ganvi-
Tarebis TvalsazrisiT. sakomunikacio saSualebebs Sorisaa rkinigza da saav-
tomobilo transporti, maTi mniSvneloba gansakuTrebiT aqtualuria, Tu saqme 
exeba tvirTgadazidvebs. saqarTvelos qalaqebis erTmaneTTan umokles droSi 
dasakavSireblad mimdinareobs Tbilisi-quTaisi-baTumi Cqarosnuli avtoma-
gistralis mSenebloba, modernizacia utardeba saqarTvelos rkinigzasac. 

meore mniSvnelovani momentia am sayrdeni, wamyvani wertilebis specia-
lizacia. cxadia, rom Cven gvaqvs regionebis diferencirebuli funqciebi: es 
aris dedaqalaqi da portebi, sadac dedaqalaqi warmodgenilia administ-
raciuli da finansuri funqciebiT. Tumca administraciuli funqciebis 
gadanawileba mimdinareobs sxva qalaqebSic - kerZod quTaisSi. portebi es 
aris logistika, tvirTebis dasawyobeba, maTi daxarisxeba. sasawyobo meurneo-
basTan erTad informaciuli, komunikaciuri, marketinguli, sadazRvevo, saba-
Jo, savaWro-saSuamavlo da sxva Tanxlebi servisuli momsaxurebis infras-
truqturis maqsimaluri koncentracia. amgvari qalaqebia baTumi da foTi. 
Tbilisi, quTaisi da baTumi aseve warmoadgenen institutebisa da kvlevebis 
koncentraciis zonebs. dasavleT saqarTveloSi amaze specializdeba quTaisi, 
sadac uaxloves momavalSi dagegmilia saerTaSoriso teqnologiuri univer-
sitetis mSenebloba. aseve, gamovlenilia regionebi liderebi agrobiznesis 
ganviTarebis kuTxiT - samegrelo, imereTi, Sida qarTli, aWara, kaxeTi. 

amasTanave, arseboben teritoriebi romlebic asruleben rekreaciul 
funqciebs. mimdinareobs seriozuli investiciebi am mimarTulebis ganviTare-
bisaTvis, rogorc saxelmwifos mxridan aseve biznes seqtoris mxridan. 
turistuli zonebis sivrciT-gegmarebiTi ganviTarebis mimarTulebebSi CarTu-
lebi arian ucxoeli kompaniebi, aqtiurad mimdinareobs sivrciTi ganvi-
Tarebis maregulirebeli dokumentaciis SemuSaveba. amgvari aqtivobebi Zalze 
mniSvnelovania, raTa moxdes turistul sarekreacio funqciis garkveul 
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konkurentunarian doneze ayvana. am konteqstSi gamokveTilia gudauri, baku-
riani, mestia, goderZi, SekveTili da a.S. 

sivrciTi ganviTarebis konteqstSi gansakuTrebiT mniSvnelovan sakiTxs 
wamoadgens mosaxleobis sivrciTi polarizacia urbanizirebul da araurbani-
zirebul teritoriebSi, anu modernizaciisa da degradaciis zonebSi. adamia-
nuri kapitalis deficiti realurad xels uSlis sivrciT modernizacias da 
qveynis ganviTarebis erTerTi Semaferxebeli faqtoria. am konteqstSi, Zalze 
mniSvnelovania socialuri uTanabrobis Serbileba, raTa naklebad 
ganviTarebul regionebSi moxdes adamianuri kapitalis gazrda. iq sadac 
socialuri uTanabroba didia socialuri problemebi kidev ufro mZafrdeba 
da mcirdeba adamianuri kapitali. mosaxleobis Semosavlebis zrda 
afarTovebs arCevanis SesaZleblobebs da xels uwyobs mosaxleobis mobi-
lurobis zrdas, im adgilebSi sadac samuSaoa da maRalia Semosavlebi.  

dRes mravali qveynis urbanuli ganviTarebis politika mimarTulia 
mosaxleobis mobilurobis xelSewyobaze, anu adamianTa koncentraciaze  
msxvil qalaqebSi. arsebobs dilema am trendis  stimulirebasa da brZolas-
Tan dakavSirebiT. 

saqme imaSia, rom amgvari procesebis marTva demokratiul qveynebSi 
Zalze rTulia. qveynis mTavrobebs ar SeuZliaT amis akrZalva. da Tu arse-
bobs eknomikuri gansxvavebuloba teritoriebs Soris da arseboben mobiluri, 
ekonomikuri potencialis mimarTulebiT moZravi adamianebi, isini mainc kon-
centrirdebian urbanizirebul teritoriebze. adamianebi SesaZloa dasaxld-
nen  uares garemoSi, magram iq sadac aris samuSao adgilebi, iq sadac meti 
perspeqtivebia da koncentrirebulia ganviTareba. ra Tqma unda es ar niSnavs 
imas rom procesma unda miiRos absoluturad stiqiuri xasiaTi. rogorc 
makro, ise mikro doneze unda mimdinareobdes am procesis regulireba. aqedan 
gamomdinare, ekonomikis zrda da mosaxleobis Semosavlebis zrda ar 
SeiZleba iyos regionuli socialuri uTanabrobis Serbilebis erTaderTi 
orientirebi, maT unda Tan sdevdes cxovrebis donis pozitiuri cvlilebebi. 

mTlianobaSi Cven unda SeveguoT imas rom saqarTveloSi iqneba erTi 
mega regioni da ori msxvili urbanuli laqa dasavleT saqarTveloSi. magram 
ZiriTadi disproporciebi ganaSenianebis regulirebiTa da satransporto 
infrastruqturis ganviTarebiT rogorme unda moixsnas. 

amrigad, SeiZleba iTqvas, rom dRevandel saqarTveloSi gamoikveta 
zrdis centrebis anu mosaxleobis koncentraciis 3 tipi. esenia: 

1. saqarTvelos dedaqalaqi Tbilisi da misi aglomeracia. mZlavri 
urbanuli centri, romlis ekonomikuri gavlena mTels qveyanaze vrceldeba; 

2. ori TviTmmarTveli qalaqi, romlebic amavdroulad iTavseben 
regionnebis administraciuli centrebis funqciebsac. maT Sorisaa aWaris a.r. 
dedaqalaqi - TviTmmarTveli qalaqi baTumi (152839kaci), imereTis regionis 
administraciuli centri - TviTmmarTveli qalaqebi quTaisi (147635 kaci). am 
qalaqebis mosaxleobis raodenoba daaxloebiT Tanabaria. Tbilissa da am 
centrebs Soris socialur-ekonomikuri uTanabroba jer kidev Zalzed didia; 

3. regionuli qalaq-centrebi, romlebsac aseve miniWebuli aqvT TviTm-
marTveli qalaqebis statusi. esenia 6 regionuli centri - gori, zugdidi, 
foTi, Telavi, axalcixe, ozurgeTi, ambrolauri. am SemTxvevaSi mosaxleobis 
ricxovnobas arsebiTi mniSvneloba ar aqvs - aseTia administraciuli statu-
sis gavlenis Zala. amasTan, isini, statistikurad, bolo wlebis ganmavlobaSi 
aCveneben TviTgadarCenis ukeTes Tvisebebs. am qalaqebs aqvT SesaZlebloba  
modernizaciis impulsebis translirebisa ufro mcire qalaqebsa da perife-
riaze, Tumca maTi gavlenis zonebi ver gavrceldebian qveynis mTel teri-
toriaze. maTi sidide arasakmaria (cxrili). 

udavoa, rom qveynis gansaxlebis sistemis mdgradi, gawonasworebuli 
karkasis formireba mxolod CamoTvlili sami tipis qalaq-centrebis xarjze 
SeuZlebeli iqneba. Sesabamisad aucilebelia axali urbanuli centrebis 
gamovlena da maTi ganviTareba. 
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# qalaqi mosaxleoba kaci farTobi, km2 simWidrove kaci/km2² 
1 Tbilisi 1 108 717 720 3 194,38 
2 baTumi 152 839  7 293.8 
3 quTaisi 147 635 70 2109 
4 rusTavi 125 103 60 2085 
5 gori 48 143 16.8 2857 
6 zugdidi 42 998 18.8 2287 
7 foTi 41 465 65.8 716.6 
8 Telavi 19 629 16.85 1293 
9 axalcixe 17 903 4.2 4262 
10 ozurgeTi 14 785 30 687 
11 mcxeTa 7 940 8.05 986 
12 ambrolauri 2 047 11.4 179 
 
am mxriv saqarTvelos municipalitetebs aqvs Sansi gaxdes qveynis ganvi-

Tarebis mniSvnelovani rgoli. magram maTi centrebis mdgomareoba Zalze 
arerTgvarovania.  

am ierarqiuli donis dasaxlebaTa ganviTarebis SesaZleblobebi da 
riskebi gansxvavebulia, magram erTi ki cxadia - sxva ganviTarebis centrebi 
qveyanas ar aqvs da uaxloves perspeqtivaSi arc  eqneba (gamonaklisia Savi 
zRvis saporto qalaqi lazika, romelic ZiriTadad anakliis portis bazaze 
Seiqmneba). da Tu es esea, maSin xelisuflebis mTavari amocanaa am qalaqebis 
zrdis bunebrivi faqtorebis xelSewyoba investiciebis, inovaciuri 
socialuri programebis saxiT, romlebic mimarTuli iqneba adamianuri 
kapitalis gazrdaze. maSin zrdis impulsebi gavrceldeba moxdeba normaluri 
evoluciuri gziT - qalaq centrebidan  periferiaze. 

dRes saqarTvelos municipalitetTa  umravlesoba warmoadgens „Ria 
sivrcis dasaxlebebs“ [5],  sadac qalaqi  da sofeli erTmaneTTan funqciona-
lurad aris dakavSirebuli. normalur sistemebSi municipalitetis urbanul 
centrSi koncentrirebulia administraciuli, ekonomikur-kulturuli da 
socialuri infrastruqtura, romliTac sargeblobs municipalur terito-
riaze arsebuli dasaxlebuli punqtebi. Tavis mxriv es punqtebi amarageben 
sasoflo-sameurneo produqtiT Sesabamis qalaq-centrebs. Cvens pirobebSi 
urbanuli centrebi ver uzrunveyofen maTze dakisrebul movaleobebs Semdegi 
mizezebis gamo: ar arsebobs gamarTuli satransporto infrastruqtura, 
qalaqsa da mis periferias Soris, ver xdeba mravalferovani samuSao bazris 
formireba, mwiri saganmanaTleblo sistema ar iZleva arCevanis saSualebas, 
urbanuli centrebi moklebulni arian kulturul cxovrebas, ar aris gamoye-
nebuli arsebuli adamianuri resursi da a. S. miuxedavad imisa, rom saxelmwi-
fo atarebs mniSvnelovan RonisZiebebs maTi infrastruqturis ganviTarebis 
mimarTulebiT - dasaxlebebis sasmeli wyliT, bunebrivi gaziT uzrunvel-
yofis, kanalizaciisa da Sida sagzao infrastruqturis mowesrigebisaTvis – 
yvelaferi es ver uzrunvelyofs maT realur ekonomikur zrdas,  urbanizire-
buli  garemos garkveul xarisxs da qalaquri cxovrebis wess.   

saqarTvelos municipaluri urbanuli centrebis formireba saWiroebs  
ekonomikuri zrdis axali prioritetebis Ziebas. sakuTari momavali zrdis 
dagegmvas, misiis gansazRvras Tavisi individualizmis SeqmniT, rac maT kon-
kurentunarians gaxdis da erTaneTisgan ganasxvavebs. magaliTisTvis gark-
veulwilad riTi cxovrobs germaniis ekonomika - sxvadasxva qalaqSi  sxvada-
sxva saxeobis ludis warmoeba mimdinareobs. germania ikavebs msoflioSi 
mesame adgils ludis warmoebaSi. safrangeTis SemTxvevaSi - sxvadasxva geog-
rafiul arealebSi Tavisi yvelia. safrangeTi awarmoebs daaxlovebiT 400 sa-
xis sxvadasxva yvels da TviToeuli maTgani unikaluria Tavisi gemoTi da 
SemadgenlobiT. 

es qveyana erTaderTia msoflioSi, romelic sTavazobs momxmarebels 
yvelis aseT mdidar saxeobebs. amgvari funqciebis ganviTareba saqarTvelos 
municipalitetebSic aris SesaZlebeli. aRsaniSnavia aWaris maRalmTian 
regionebSi unikaluri rZis warmoeba - alpuri mesaqomleoba. am mimarTulebis 
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ganviTarebis xelSewyobiT SesaZloa produqciis gamoSvebis masiuri xasiaTis 
micema, misi Sida moxmarebis bazrebSi gamotana da eqsportic. saqarTvelos  
unikaluri samkurnalo Tvisebebis mqone  mineraluri wylebis eqsportis 
xelSewyoba, Rviniswarmoeba, Txilisa da kakalis eqsporti da amiT mniSvne-
lovani dividendebis motana regionebisaTvis. arsebobs uamravi SesaZlebobebi, 
mxolod amas sWirdeba mobilizacia niWieri da biznesze orientirebuli 
mosaxleobisa da maTi finansuri xelSewyoba. 

municipalitetebis ganviTarebis Zalze efeqturi Sedegis miReba SesaZle-
belia wertilovani ineqciebis gamoyenebis meTodiT, romelic faqtiurad qmnis 
Tavisive msgavsi cocxali qsovilebis reproduqciis teqnologias medicinaSi. 
garemosTan SesaZlebelia muSaoba rogorc cocxal organizmTan – axali 
kvanZebi an struqturebi urbanul qsovilSi qmnian axal kavSirebs, axali kav-
Sirebi qmnian sxvadasxva funqcionaluri Sevsebis axal SesaZleblobebs da a.S. 

msgavsi magaliTebi saqarTvelos realobaSic gamovlinda, Tumca es ar 
aris qveynis politikis Sedegi, aramed es aris kerZo investorebis interesebi, 
romlebic qvecnobierad gadaizarda biznesgegmebSi. aman, Tavis mxriv xeli 
Seuwyo lokaluri adgilebis ganviTarebas, maT urbanizebas, mimdebare 
teritoriebis sxvadasxva funqciebiT Sevsebas, municipalitetis adgilobrivi 
mosaxleobis dasaqmebas da a.S. gasakviri ar aris, rom iseTi sanaxaobrivad 
saintereso adgili, rogoricaa stefanwminda, turistuli TvalsazrisiT 
kidev ufro mimzidveli gaxda, rac mis centrSi gaixsna sakmaod maRali 
donis sastumro „ROOMS HOTEL KAZBEGI“. am sastumros gaCenam gamoiwvia 
struqturuli cvlilebebi dasaxlebis ganaSenianebaSi, kerZod moxda sacxov-
reblebis transformacia sxvadasxva „sisqis portmanze“ orientirebuli mcire 
da saSulo zomis sastumroebad, gaCnda sazogadoebrivi momsaxurebis 
infrastruqtura - kvebis obieqtebis saxiT, gaumjobesda satransporto momsa-
xureba, ganviTarda sacxenosno da sajiriTo turizmi, adgilobriv mosax-
leobas mieca dasaqmebisa da Semosavlis miRebis wyaro. 

zemoTqmulidan gamomdinare mcire qalaqebis ganviTarebisTvis Zalzed 
mniSvnelovania mcire da saSualo biznesis xelSewyoba, romelic orienti-
rebuli iqneba adgilobriv resursebze. magram xSirad es ver xerxdeba, rad-
gan regionaluri xelisufleba ufro dainteresebulia moizidos msxvili 
ucxouri investiciebi, Tumca orives SemTxvevaSi investireba xdeba maRali 
xarisxis mqone garemoSi, romelsac ganapirobebs, bunebrivi landSafti, 
moxerxebuli sagzao infrastruqtura, kargi samedicino momsaxureba da ga-
naTleba, arqiteqturulad momxibvleli Senoba-nagebobebi da a.S. 

amgvari qalaquri garemos SeqmnisTvis saWiroa mniSvnelovani xarjebis 
gaReba, rac sakmaod rTuli gansaxorcielebelia. aq vawydebiT nomer pirvel 
problemas -  dRevandeli sqema finansuri gadanawilebisa  saxelmwifo biuje-
tidan regionebSi da regionebidan municipalitetebSi, sruliad ar aris 
mimarTuli da sakmarisi garemos xarisxis  gaumjobesebaze.  

am konteqstSi, Zalze mniSvnelovania saxelmwifos mxridan rogori  re-
gionuli politika unda gatardes, rogori stimulebi da mxardaWeraa auci-
lebeli regionebisa da qalaqebis urbanuli ganviTarebis potencialis gamo-
savlenad.  

Cveulebriv saubroben gaTanabrebisa da stimulirebis politikaze. 
ganviTarebad qveynebSi, iseTebSi rogoricaa saqarTvelo, xSir SemTxvevaSi 
prioritetulia im teritoriebis stimulireba, romlebsac konkurentuli 
upiratesobebi gaaCniaT. anu, Tu Cven gvinda qveyana swrafad ganviTardes da 
prioriteti aris ekonomikuri zrda, is iTxovs stimulirebas an Tundac 
finansuri resursebis nakleb amoRebas konkurentuli upiratesobis mqone 
teritoriebidan, radgan swrafad ganviTarebis SemTxvevaSi isini Seasruleben 
lokomotivis funqcias mTeli qveynisaTvis.  

Tu prioritets warmoadgens teritoriebis Tanabari ganviTareba  da 
mniSvnelovani resursebi nawildeba naklebad konkurentunarian teritorieb-
ze, rogorc wesi, ekonomikuri zrda naklebia. politikurad mniSvnelovania, 
rom qveynis SigniT ar moxdes didi teritoriuli uTanabroba. magram 
gasaTvaliswinebelia, rom am SemTxvevaSi ar iqneba ganviTareba. yvela qveyana 
akeTebs Tavis arCevans, cdilobs monaxos optimaluri proporcia gaTanabre-
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basa da stimulirebas Soris da es arCevani icvleba droTa ganmavlobaSi. 
masze gavlenas axdens ara marto xelisufleba, aramed TviT adamianebic. Tu 
qveyana ufro ganviTarebuli da mdidaria, sazogadoebis socialuri normebi 
xSirad iTxoven, rom sxvadasxva teritoriaze mosaxleobas gaaCndes ufro 
Tanabari misawvdomoba sazogadoebriv sikeTeebze. Tu qveyana miekuTvneba 
ganviTarebads, xelisufleba xSirad irCevs stimulirebad regionul poli-
tikas, xolo sazogadoeba ufro Seguebulia sivrciT uTanabrobas. SeiZleba 
iyos nebismieri proporcia, yvelaferi damokidebuli adgilze da droze [6].  

saqarTveloSi gaTanabrebiT politikasTan erTad bolo periodSi 
SeimCneva stimulirebis politika im teritoriebze romlebsac konkurentuli 
upiratesobebi gaaCniaT. mniSvnelovania aseve infrastruqturaSi da adamianur 
kapitalSi investireba, ganviTarebis stimulebis gaZliereba. amasTan, yoveli 
teritoriebisaTvis unda SemuSavdes sakuTari ganviTarebis politika. 

Cveni xedviT mcire qalaqebis sicocxlisunarianobas ganapirobebs 
Semdegi faqtorebi:  

• municipalitetebis decentralizaciis procesi, riTac maT miecemaT 
meti damoukidebloba; 

• urbanuli centrebi  unda ganviTardnen rogorc mravalfunqciuri 
qalaqebi, radganac monoprofilur qalaqebs momavali ar aqvT; 

• saxelmwifom unda  garkveuli xarjebis gaiRos urbanuli centrebis ga-
remos xarisxis gaumjobesebiTvis - ukeTesi sainvesticio klimatis Sesaqmnelad; 

• investiciebi gansaxorcielebelia ganaTlebaSi, adgilobrivi mosax-
leobis Semecnebis asamaRleblad; 

• mniSvnelovania adgilobrivi resursze maqsimalurad gamoyeneba; 
• migraciis ciklis Caketva municipalitetis sazRvrebSi; 
• mosaxleobis maqsimaluri uzrunvelyofa socialuri infrastruqturiT; 
• mcire da saSualo biznesis stimulireba; 
• samuSao bazris formireba/gafarToveba; 
• „wertilovani ineqciebis“ ganxorcieleba calkeuli teritoriebis 

ganviTarebis stimulirebiTvis; 
• municipalitetis xelisuflebis, biznes-seqtoris da samoqalaqo 

organizaciebis urTierTsasargeblo TanamSromloba; 
is qalaqebi, romlebic zemoT aRniSnul faqtorebs gaiTvaliswineben da 

gaacnobiereben, rom  es aris saxelmwifoebrivi problema, gadalaxaven siZne-
leebs, ibrZoleben sakuTari Tavis gadasarCenad, gaxdebian konkurentunarian-
ni maT eqnebaT momavali..... 
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SUMMARY 
GEORGIA'S RESETTLEMENT SYSTEM IN ANTICIPATION OF MODERNIZATION 
Gventsadze N.A. and Chkheidze N.A. 
Georgian Technical University 
The paper discusses the role of cities in the formation of a stable resettlement framework in Georgia.  There are 
outlined cities-centers of different hierarchical levels which have different opportunities and risks of 
development. One thing is obvious - the country does not have and will not have in the near future other 
development centers. Therefore, the main task of the government is to promote maximally the natural factors of 
growth of these cities, to conduct a balanced equalizing and stimulating policy in the form of innovative 
economic and social programs which will be based on competitive advantages of the territories and will expose 
the maximum potential of the urban development of the cities. Then the growth impulse will spread in a normal 
evolutionary way - from ciies-centers to periphery. 
Keywords: resettlement system, modernization, cities-centers, city growth.  
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Senobebis mier moxmarebuli eleqtroleqtroenergiis aRricxvis marTvisa 

da monitoringis maRalenergoefeqturi sistemis damuSaveba 

 

kaxiani k.d. 
 

saqarTvelos teqnikuri universiteti 
 

mecnierebis da teqnikis ganviTarebis Tanamedrove etapze sul ufro 
mniSvnelovani xdeba energoresursebis dazogva - energoefeqturobis zrda. 
evroparlamentis, evrosabWos, gaeros evropuli ekonomikuri komisiis, aSS-s 
energetikuli departamentis cnobiT energomoxmarebis moculobis globa-
luri wili, modis Senobebis energomoxmarebaze, mudmivad izrdeba da 
dReisaTvis Seadgens 41% sruli energomoxmarebis. mrewvelobaze modis 
energomoxmarebis 31% xolo transportze 28%.  savaraudod es tendencia 
SenarCundeba, amitom Senobebis energoefekturobis zrdis optimaluri gzebis 
da saSualebebis kvleva warmoadgens rogorc samecniero aseve praqtikul 
interess.  

dReisaTvis  Senobebis energoefeqturobis zrdis mravali meTodi da 
saSualeba arsebobs. maT Sorisaa energoefeqturobis amaRleba eleqtroener-
giis zusti avtomatizirebuli aRricxvisa da teqnikuri menejmentis gziT. 
efeqturi energomoxmarebis erTerT mTavar amocanas warmoadgens energo-
resursebis sando da zusti aRricxva. es aucilebelia komerciuli angariS-
sworebisaTvis momxmareblebs da energomommaragebel organizaciebs Soris. 
aRricxvis sizuste moxmarebuli energoresursebis moculobis mixedviT 
erTerTi umniSvnelovanesi winapirobaa finansuri stabilurobisa da 
resursebis ekonomiuri xarjvis uzrunvelsayofad. 

Senobebis energodazogva SesaZlebelia xorcieldebodes ramodenime 
gziT RonizZiebebis umravlesobaSi igulisxmeba momxmareblis stimulireba 
gamoyenebis SedarebiT ekonomiuri eleqtromowyobilobebi, moxmarebis racio-
naluri ganawilebiT dRe Ramis reJimSi Senobebis daTbobiT Tanamedrove 
samSeneblo masalebiT. energoefeqturoba aseve gulisxmobs arakontro-
lirebad moxmarebis da arasanqcirebuli SeerTebis gamoricxvas. aRricxvis 
da Sesabamisad energodazogvis problemebi dakavSirebulia rig faqtorebtan. 
pirvel rigSi problemas warmoadgens momxmareblebis didi raodenoba, rac 
dakavSirebulia Sromis danakargebTan monacemTa Segrovebaze rac Tavis mxriv 
SeuZlebels xdis maT operatiul gadamuSavebas garda amisa aRricxvis 
sizuste xSirad arasakmarisia tradiciul xelsawyo-danadgarebis arasrul-
yofilebis gamo. am SemTxvevaSi - efeqtur gadawyvetilebas warmoadgens 
avtomatizirebuli aRricxva. aRricxvis avtomaturi sistemebis danergviT 
xdeba Semdegi amocanebis gawyveta: 
1. zusti da sando monacemebis miReba energoresursebis xarjvaze; 
2. obieqtebis mixeviT eleqtroenergiis aRricxva; 
3. operatiuli dispeCeruli kontrolis uzrunvelyofa; 
4. eleqtroenergiis momxmarebelTan avtomatur reJimSi angariSsworeba da 
qviTrebis wardgena; 

zemoT aRniSnuli eleqtroenergiis aRricxvis avtomaturi marTvisa da 
monitoringis sistema SemuSavda da dainerga q. Tbilisis  savaWro centrSi. 
SemuSavda samsafexurebiani avtomatizirebuli aRricxvis sistemis konfi-
guracia  
1. safexuri – aRricxvis pirveladi xelsawyoebi kavSiris modulebiT da mod 

bas Mod Bas RTU protokoliT [1];  
2. safexuri – monacemTa Segrovebis gardaqmnis da gadacemis mowyobiloba   
X 100  monacemTa gacvlis protokoli TCP   [2]; 
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3. avtomatizirebuli sistemis marTvis serveri dispeCerizaciis da marTvis   
funqciiT, POWER MONITORING EXPERT  programuli uzrunvelyofiT [3]. 

aRricxvis xelsawyoebi gvaZleven saSualebas movawyoT kavSiris arxebi 
CaSenebuli da gare modulebis saSualebiT - interfeisebi rs-485 da rs-232 
radiomodulebi, pls modulebi jms-modulebi ezernetis modulebi, optikur 
boCkovani da a.S. monacemTa gadacemisaTvis SerCeuli iyo interfeisi rs-485  
monacemTa gadacema xorcieldeba gamtar mxviara dawyvilebuli sadeniT. misi 
maRali saimedoobisa da dabali Rirebulabis informaciis gacvlisaTvis me 2 
safexurs da dispeCeris servers Soris SerCeulia (romeli arxia gamoyene-
buli).  

qselis struqtura Semdegnairia: mricxvelebi erTmaneTs ukavSirdebian 
modbasis RTU (komunikaciis enis erT-erTi saxe) protokoliT, RS-485 portis 
saSualebiT [4]. qselis limiti saSualebas gvaZlevs 16-20 mricxveli Caebas 
TiToeul StoSi. magram aseve gasaTvaliswinebelia manZili mricxvelebs 
Soris (zemoT mocemuli limiti dasaSvebia araumetes 1,5 metris SemTxvevaSi). 

 

 
 
 

nax.1 eleqtroenergiis avtomaturi aRricxvis sistemis struqtura 
 
 
TiToeul Stos TavSi uyendeba ezernet geiTvei - EGX 100 (sakomunikacio 

enis gardamqmneli), romelic gardaqmnis modbas RTU signals modbas TCP 

(komunikaciis enis erT-erTi saxe) signalad. Tavis mxriv sxvadasxva wertilSi 
ganlagebuli mravali EGX 100EGukavSirdeba uaxloes TCP sviCebs. qselis 
saSualebiT mTeli sistema Tavs ikrebs marTvis kompiuterSi saidanac xdeba 
sistemis dispeCerizacia POWER MONITORING EXPERT (programuli uzrunvel-
yofa). 
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nax.2. mricxvelebis Cvenebebis sia. sistema reali erT-erT savaWro centrSi) 
 

misi saSualebiT viRebT obieqtze ganlagebuli eleqtro mricxvelebis 
monacebebs. mocemul sistemaSi SegviZlia mricxvelidan miviRoT 15-20 saxis 
parametri. esenia: voltaJi, amperaJi, sixSire, Zabvis faqtori, moxmarebuli 
energia, diagnostikuri parametrebi da sxva. am informaciis aReba SesaZle-
belia ramodenime saxiT: realur droSi, garkveuli drois Canawerebis saxiT, 
grafikulad an cxrilis saxiT. momxmareblis moTxovnis mixedviT da seq-
torebad dayofis Semdeg SesaZlebelia moxmarebuli energiis qviTris saxiT 
amobeWvda da gadanawileba, rac aseve avtomatur reJimSi xdeba miTiTebuli 
drois SualedebiT. 
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nax.2  sxvadasxva seqtorSi damontaJebuli mricxvelebis danaxarjebis Sedareba 
 

amrigad, Sneider eleqtrikis mricxvelebis marTvis sistema mraval 
SeRavaTs da moxerxebul pirobebs, komforts uqmnis momxmarebels, magali-
Tad: 
1. mricxvelebze dakvirveba xdeba realur droSi msoflios nebismieri 
wertilidan nebismieri mowyobilobiT, rac saSualebas gvaZlevs movaxdinoT 
swrafi reagireba adgilze momxdari gauTvalisinebeli SemTxvevis dros. 
2. gansakuTrebiT Cans ekonomiuroba da praqtikuloba didi moculobis 
obieqtebze personalis mxriv. 
3. aseve realur droSi yurebisas SegviZlia aRmovaCinoT maRali datvirTva 
romelime seqtorSi da movaxdinoT misi liveracia 
4. da rac yvelaze mTavaria Tanamedrove teqnologiur samyaroSi esaa 
komforti da sizuste, romlis garantiasac iZleva sworad awyobili sistema. 
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SUMMARY 
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The paper deals with the assessment of technical and economic indices of active and reactive power metering 

systems in buildings. To improve the accuracy of accounting and monitoring, it is proposed to unite the existing 
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examples of its realization in practice are given. 
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saqarTvelo da evropis energetikuli gaerTianeba - gza qveynis 

energousafrTxoebisaken 

 
veziriSvili-nozaZe q.o., fancxava e.v., papava l.p., jixvaZe m.j., mWedliZe q.g., 

razmaZe m.d. 
 

saqarTvelos teqnikuri universiteti 
 

saqarTvelo didadaa damokidebuli sxva qveynebidan Semotanil ener-
giaze, magram mravalmxrivi da kargad mofiqrebuli politikuri dokumenti 
garedan mowodebul energiaze damokidebulebis Semcirebisa da energousafr-
Txoebis amaRlebis Sesaxeb aqamde ar Seqmnila. metic, arsebuli energoresur-
sebis safuZvliani inventarizacia, rac Cveulebriv erovnuli energobalansis 
dasadgenad keTdeba, mxolod 2014 wels Catarda [1] energousafrTxoebis Tao-
baze Sexedulebebis Camoyalibebisa da Sesabamisi politikis SemuSavebis 
saqmeSi es mniSvnelovani wina pirobaa. 

energousafrTxoebis gaZlierebis mizniT saqarTvelo miiswrafvis evro-
pul struqturebTan daaxloebisaken. amis erT-erTi magaliTia 2014 wlis 27 
ivniss asocirebis Sesaxeb SeTanxmebis xelmowera da masSi gaTvaliswinebuli 
energetikuli direqtivebisa Tu regulaciebis ganxorcielebaze molaparak-
ebebis dawyeba, romelic evropis energetikul gaerTianebaSi gawevrianebas 
emsaxureboda. 2016 wlis 14 oqtombers ki saqarTvelom xeli moawera `energe-
tikuli gaerTianebis damfuZnebel xelSekrulebasTan saqarTvelos SeerTebis 
Sesaxeb~ oqms. 

evropis energetikul gaerTianebaSi gasawevrianeblad saqarTvelom 
didi gza ganvlo. 2006 wlidan mimdinareobda molaparakebebi gaerTianebaSi 
saqarTvelos gawevrianebis Taobaze. magram mxolod 2016 wlis 14 oqtombers 
moxda `energetikuli gaerTianebis damfuZnebel xelSekrulebasTan saqarTve-
los SeerTebis Sesaxeb~ oqmis xelmowera. drois am monakveTSi gamoikveTa 
iseTi periodebi, rodesac gansakuTrebulad aqtiur fazaSi Sedioda mola-
parakebebi da piriqiT, iyo periodebi, roca sruliad wydeboda am Temis 
ganxilva. unda aRiniSnos, rom miuxedavad mimdinare procesebisa, mosax-
leobas ar aqvs sakmarisi informacia Tu ras warmoadgens evropis energe-
tikuli gaerTianeba da ra mniSvneloba SeiZleba hqondes am organizaciaSi 
gawevrianebas saqarTvelos energousafrTxoebisaTvis. 

evropis energetikuli gaerTianeba aris saerTaSoriso organizacia, 
romelic aerTianebs evrokavSirsa da mis mezobel qveynebs, raTa Seqmnan 
integrirebuli, panevropuli energetikuli bazari. organizacia daarsda ener-
getikuli gaerTianebis xelSekrulebiT, romelsac 2005 wels aTenSi moewera 
xeli, xolo ZalaSi Sevida 2006 wlis ivlisidan [2]. SeiZleba iTqvas, rom 
evropis energetikuli gaerTianeba ganixileba rogorc evropis samezobloSi 
erTiani, gamWvirvale energetikuli bazrisa da stabiluri sainvesticio 
garemos damkvidrebis instrumenti. 

saqarTvelos mxridan evropis energetikul gaerTianebaSi gawevrianeba 
samarTlebrivi valdebulebis aRebas da sakanonmdeblo harmonizacias gulis-
xmobs. kerZod, saqarTvelom unda moaxdinos qarTul realobaSi evrokavSiris 
energetikis sferoSi moqmedi im direqtivebisa da regulaciebis ganxorcie-
leba, romlebic asocirebis xelSekrulebis XXV danarTSia Cadebuli. `ener-
getikuli gaerTianebis damfuZnebel xelSekrulebasTan saqarTvelos Seer-
Tebis Sesaxeb~ oqmis xelmoweris Semdeg ki ganisazRvra vadebi direqtivebisa 
da regulaciebis SesrulebisaTvis, romlebic detaluradaa aRwerili oqmSi. 

aqve unda aRiniSnos, rom zogierTi direqtivisa da regulaciis saqarT-
velos kanonmdeblobaSi gadmotana da danergva garkveul sirTulebTanaa 
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dakavSirebuli, arsebuli energetikuli sistemidan gamomdinare. magaliTad, 
2008 wlis 22 oqtombris 2008/92/EC  direqtiva, romelic moicavs saboloo mom-
xmareblisaTvis dawesebuli gazisa da eleqtroenergiis fasebis gamWirvalo-
bis  uzrunvelyofas, energiaze fasebis informaciis gavrcelebasTan  dakav-
Sirebuli erTiani evropuli proceduris Seqmnis gziT. 2009 wlis 13 ivlisis 
evroparlamentisa da evrosabWos 2009/72/EC direqtiva `eleqtroenergiis Sida 
bazrisaTvis saerTo wesebis Sesaxeb~, romelic miznad isaxavs eleqtro 
energiis warmoebis, gadacemis, ganawilebisa da maragebis sistemebisaTvis 
erTian wesebs ayalibebs. regulacia 715/2009, romlis mizanic mesame mxaris 
gazsadenze daSvebaa ise, rom ar moxdes misi Seferxeba. 

mniSvnelovania gamovyoT is sakiTxebi, romlebic evropis energetikul 
gaerTianebaSi gawevrianebis gzaze wlebis ganmavlobaSi Semaferxebel faqto-
rebad moiazreboda. am garemoebebidan gamomdinare ki aucilebeli gaxda, ene-
rgetikuli gaerTianebis mxridan, specifikuri midgomis SemuSaveba da gark-
veuli derogaciebis daSveba [3], romlebic `energetikuli gaerTianebis dam-
fuZnebel xelSekrulebasTan saqarTvelos SeerTebis Sesaxeb~ oqmSia asaxuli. 

arsebobda safrTxe imisa, rom saqarTvelos samxreT kavkasiuri milsa-
denidan satranzito xelSekrulebiT gansazRvruli oficialuri da damate-
biTi gazi veRar mieRo, rac saqarTvelos interesebs pirdapir ewinaaRmdeg-
eboda, radgan qveynisaTvis satranzito funqciebis gaZliereba erT-erTi 
mTavari prioritetia. 

molaparakebebis Sedegad `energetikuli gaerTianebis damfuZnebel 
xelSekrulebasTan saqarTvelos SeerTebis Sesaxeb~ oqmis me-2 muxlis me-7 
punqtiT ganisazRvra, rom saqarTvelo gaTavisuflebulia xelSekrulebis 
gamoyenebisagan bunebrivi gazis sazRvarTSorisi transportirebis (tranzi-
tis) samarTlebrivi da/an maregulirebeli reJimebis da/an vadebsa da piro-
bebTan mimarT, rac cxadyofs imas, rom realurad es safrTxe aRar arsebobs. 

problemuri iyo vertikalurad integrirebuli kompaniebis gancalkeve-
bis sakiTxi eleqtroenergiisa da gazis seqtorebSi, im TvalsazrisiT, rom 
mTavrobas energokompaniebTan grZelvadiani memorandumebi aqvs gaformebuli, 
rac gaerTianebis principepisaTvis miuRebelia. iqidan gamomdinare, rom 
saqarTvelosTvis bunebrivi airis momwodebeli qveyana azerbaijania da Tavis 
mxriv, igi qveynisTvis strategiul partniors warmoadgens, mniSvnelovania, 
rom masTan ar moxdes urTierTobebis daZabva. ra Tqma unda, saqarTvelos 
erovnul interesebSi Sedis azerbaijanTan stabiluri urTierTobebis 
warmoeba. magram aseve mniSvnelovania evropis energetikul gaerTianebaSi 
gawevrianebis sakiTxic. swored amitom aucilebeli gaxda yvelasTvis 
misaRebi midgomis SemuSaveba, rac upirveles yovlisa, gaerTianebis mxridan 
vadebTan dakavSirebiT derogaciebis miRebas gulisxmobda. 14 oqtombers 
xelmoweril oqmSi direqtivisaTvis, 2009/73/EC bunebrivi airis Sida bazri-
saTvis saerTo wesebis Sesaxeb, da regulaciisaTvis, 715/2009 bunebrivi airis 
gadamcem qselebze daSvebis pirobebis Sesaxeb, Sesrulebis vada 2020 wlis 31 
dekemberia. es ki, imis maCvenebelia, rom gasatarebeli reformebi SedarebiT 
umtkivneulod Caivlis rogorc mosaxleobisaTvis, ise kompaniebisaTvis, rac 
xsenebuli problemebis simwvaves Seamcirebs. 

saqarTvelo bunebrivi airis seqtorSi mimwodeblebis simciriT 
gamoirCeva da SeiZleba daxasiaTdes rogorc `izolirebuli bazari~, rac 
gulisxmobs erTi an ramdenime momwodeblis arsebobas. saqarTvelos SemTxve-
vaSi azerbaijani ganixileba monopolist momwodeblad, rac ewinaaRmdegeba 
gaerTianebis princips momwodebelTa diversificirebis Sesaxeb. miuxedavad 
imisa, rom saerTaSoriso konsorciumTan  dadebuli xelSekrulebis fargleb-
Si saqarTvelo yovelwliurad Sah denizis sabadodan daaxloebiT 800 mln. 
kubur metr bunebriv airs iRebs da aseve, igegmeba sxvadasxva proeqti, 
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romliTac saqarTvelo gazis diversifikacias moaxdens, am etapze realoba 
aris is, rom saqarTvelo azerbaijanidan bunebrivi airis 90%-s Rebulobs. 
diversificirebis politikis mixedviT ki, ruseTi moiazreba erT-erT 
alternatiul momwodeblad. mogexsenebaT, rom ruseTs samxedro agresiis 
Sedegad okupirebuli aqvs saqarTvelos daaxloebiT 20% da maTgan bunebrivi 
airis importi politikurad ewinaaRmdegeba saqarTvelos erovnul interesebs. 
swored amitom, oqmis danarTSi, aRniSnulia, rom evropis energetikuli 
gaerTianebis xelSekrulebis IV Tavis II nawilis (konkurenciis Sesaxeb 
kanonmdebloba) debulebebis amoqmedebisas gaTvaliswinebul unda iqnas, rom 
saqarTvelo amJamad aris izolirebuli bazari, romelsac ar gaaCnia pir-
dapiri urTierTdamakavSirebeli qselebi `energetikuli gaerTianebis~ rome-
lime mxaris energetikul qselTan. rac imas gulisxmobs, rom gaerTianebis 
mxridan saqarTvelo ganixileba, rogorc bunebrivad izolirebuli bazris 
mqone qveyana, romlisTvisac monopolizmi bunebrivi airis seqtorSi aris ara 
rogorc regulirebuli saqmianoba, aramed rogorc de-faqto monopolia da 
diversificirebisaTvis ruseTidan bunebrivi airis Semotana aucileblobas 
ar warmoadgens. 

mniSvnelovania iTqvas, rom energetikuli gaerTianobis wevroba 
saqarTvelos energousafrTxoebis gaZlierebaze dadebiTad aisaxeba, radgan 
organizaciis monawile mxareebi valdebulni arian, erTmaneTs daexmaron 
krizisul situaciebSi. kerZod, gaerTianebis xelSekruleba adgens energeti-
kuli gaerTianebis SOS (miwodebis usafrTxoebis) meqanizms. romliTac wevri 
qveyana valdebulia, sarezervo maragi Seinaxos, romelsac sagangebo situa-
ciebis dros erTmaneTs gaunawileben. 

samwuxarod, am punqtiT saqarTvelo ver isargeblebs, radgan mas ar 
gaaCnia saerTo sazRvari TanamegobrobasTan, xolo arsebuli infrastruqtu-
ra, amJamad da momavalSi dagegmili proeqtebis ganxorcielebis SemTxvevaSic, 
gazis nakadebis mxolod erTi mimarTulebiT gatarebas iTvaliswinebs, rac 
gamoricxavs im sargeblis miRebis SesaZleblobas, rac qseliTa da 
inerkoneqtoriT dakavSirebul gaerTianebis sxva wevrebs aqvT [3-5]. Tumca, 
eqspertebis mosazrebiT, saTanado muSaobis SemTxvevaSi SesaZlebelia 
sagangebo situaciebSi satranzito nakadebidan garkveuli nawilis datoveba, 
rasac etapobrivi, diplomatiuri da saxelSekrulebo momzadeba sWirdeba. 

is dadebiTi Sedegebi, rogorebicaa sainvesticio klimatis gaumjobe-
seba, gamWvirvale da liberaluri bazris Camoyalibeba, xarisxiani sakanonm-
deblo garemos damyareba, evropuli teqnikuri reglamentis danergva, 
gaumWirvale memorandumebis sistemis etapobrivi gauqmeba, korufciis 
SesaZleblobebis aRmofxvra da a. S. romlebsac gawevrianebis Semdeg saqarT-
velo miiRebs Zalian mniSvnelovania, magram arsebuli mdgomareobidan 
gamomdinare, saqarTvelos mier yvela debulebis upirobo Sesruleba arc Tu 
ise gonivruli gadawyvetileba iqneboda. swored amitom, racionalurobidan 
gamomdinare, SemuSavebul iqna derogaciebi, romlebic gaTvaliswinebulia 
`energetikuli gaerTianebis damfuZnebel xelSekrulebasTan saqarTvelos 
SeerTebis Sesaxeb~ oqmSi. 

Cveni azriT, gamosakvlevia, Tu ra wvlilis Setana SeuZlia energou-
safrTxoebis amaRlebis saqmeSi energiis ganaxlebad, aratradiciul wyaroebs. 
am mizniT Tanamimdevruli saxelmwifo srategia da saTanado energetikuli 
politika unda SemuSavdes. qvemoT moyvanil cxrilSi warmodgenilia alter-
natiuli resursebis bunebrivi da teqnikur-ekonomikuri potenciali, arsebu-
li simZlavreebi [1]. 
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saqarTvelos aratradiciuli resursebis potenciali  

saqarTvelo 
bunebrivi 

potenciali 

teqnikur-
ekonomikri 
potenciali 

arsebuli 
simZlavre 

qaris energia monacemebi ar aris 5 teravat.sT 0 teravat.sT 

didi hesebi  
(20 mgvt-ze meti) 

40 teravat.sT monacemi ar aris 2407 mgvt 

Mmcire hesebi 
 (20 mgvt-ze naklebi) 

monacemi ar aris 5 teravat.sT 166,4 mgvt 

fotovoltaika 1550 kvt.sT/m2 6--120 gvt.sT 0 mgvt 

mzis Termuli 
energia 

1550 kvt sT/m2 monacemebi ar aris monacemebi ar aris 

geoTermuli energia 300mgvt 100 mgvt monacemi ar aris 

biomasa 12 teravat.sT 4 teravat. sT monacemi ar aris 

biogazebi 2,4 mln m3 monacemi ar aris 0 
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SUMMARY 

UNIFICATION OF GEORGIA AND EUROPE’S ENERGY: THE WAY TO ENERGY SECURITY OF 

THE COUNTRY 

Vezirishvili-Nozadze K.O., Pantskhava E.V., Papava L.P., Jikhvadze M.J., Mchedlidze K.G.                            

and Razmadze M.D. 

Georgia is greatly dependent on the energy imported from other countries, but a well thought political document 

about reducing the dependence of the country on imported energy and increasing the energy security has not 

been worked out yet. Furthermore, only in 2014 careful accounting of country’s energy resources was made, 

which is usually done for establishing the energy balance of the country. This is an important precondition to 

form opinions about energy security and to work out an appropriate policy regarding this issue. 

Keywords: energy security, energy policy, unification. 
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УЧЕТ СКАЧКООБРАЗНОГО ИЗМЕНЕНИЯ ЖЕСТКОСТИ И ВНЕШНЕЙ НАГРУЗКИ 

ПРИ РАСЧЕТЕ БАЛОЧНЫХ ФУНДАМЕНТОВ 

 

Вачарадзе В.В. 

 

Грузинский технический университет 

 

Как известно, расчет конструкций на сжимаемом основании производится исходя из 

гипотезы, которая принимается в отношении работы естественного основания; поэтому выбор 

расчетной модели имеет первостепенное значение при проектировании фундаментных 

конструкций, так как от степени соответствия принятых предпосылок расчетной схемы 

механическим свойствам реального грунта зависит точность расчета и, следовательно, 

надежность, долговечность и экономичность сооружения. 

Существующие методы расчета гибких фундаментов базируются, в основном, на при-

менении метода местных упругих деформаций, учитывающего лишь упругие перемещения то-

чек, лежащих под нагруженной поверхностью, и метода общих упругих деформаций, который 

учитывает осадки не только нагруженной поверхности, но и перемещения основания вне ее. 

Основания большинства возводимых зданий и сооружений представляют собой связные 

грунты, работу которых наиболее достоверно отображает расчетная модель линейно-

деформируемого полупространства. 

Решающее значение при расчете конструкций на сжимаемом основании имеет 

качественная и количественная картины распределения реактивных давлений, поэтому о 

качестве расчетной модели судят, в основном, по следующему факту – насколько 

теоретическая эпюра контактных напряжений близка к фактической. 

Наряду с достоинствами, применение расчетной схемы основания в виде линейно-

деформируемого полупространства встречает такое существенное возражение как 

концентрация контактных напряжений на концах балочных конструкций, что приводит к 

завышению изгибающих моментов и, следовательно, к перерасходу материала. 

Многие из применяемых в настоящее время методов расчета, базирующихся на модели 

линейно-деформируемого полупространства, приводят к большим излишкам запаса прочности, 

особенно при расчете конструкций, работающих в условиях плоской деформации. Анализ 

причин аварий некоторых сооружений, а также экспериментальные данные подтверждают 

неравномерное распределение реакций основания под подошвой фундаментных конструкций. 

Характер этой неравномерности близок к тому, что устанавливается теорией линейно-

деформируемых тел, но носит не столь резкий характер и поэтому, как отмечает М.И. Гор-

бунов-Посадов, «смягчение неравномерности в распределении реактивных давлений может 

привести к очень значительному снижению расчетного значения изгибающих моментов» [1]. 

Очевидно, что желаемые результаты могут быть достигнуты, прежде всего путем 

уточнения на основании экспериментальных данных функции, описывающей закон 

распределения реактивных давлений, а также путем усовершенствования контактных условий, 

которые при  наименьшем числе искомых коэффициентов в функции реактивного давления 

могут дать наибольшую точность решения задачи [3]. Поэтому актуальной проблемой сов-

ременной теории расчета балок и плит на сжимаемом основании является усовершенствование 

старых и создание новых методов расчета, базирующихся на существующих расчетных схемах 

основания и, в частности, на модели линейно-деформируемого полупространства, которая 

хорошо отражает главное свойство грунта – сжимаемость под действием внешней нагрузки.  

Представим реактивное давление сжимаемого основания в виде суммы двух функций 

)()()( 21 xPxPxP  ,                                                          (1) 

где )(1 xP функция, описывающая общий фон распределения реактивных сил под подошвой 

полосы; )(2 xP убывающая функция, учитывающая местные эффекты вследствие 

скачкообразного изменения жесткости полосы или внешней нагрузки.  
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Как первая, так и вторая части функции контактных давлений могут быть представлены 

в виде многочленов или другими функциями, причем функция )(2 xP  должна удовлетворять 

принципу Сен-Венана, т.е. с удалением от точки, соответствующей скачкообразному 

изменению жесткости полосы или внешней нагрузки, она должна быстро затухать.  

Для описания общего фона эпюры реактивных давлений под подошвой полосы можно 

использовать функцию, предложенную М.И. Горбуновым-Посадовым [1] в виде полинома 

высокой степени, но при этом ограничимся пятью членами.  

Если, к тому же, обеспечить сплошной контакт полосы с поверхностью основания, то 

неизвестные параметры этого многочлена могут быть определены с высокой точностью. 

На основании вышеизложенного, функцию, описывающую общую картину 

распределения реактивных сил, представим в виде многочлена четвертой степени: 
4

4

3

3

2

2101 )( xaxaxaxaaxP  ,                                          (2) 

или, переходя к безразмерным координатам, 
4

4

3

3

2

2101 )(  aaaaaP  ,                                        (2) 

где 43210 ;;;; aaaaa  (кПа) – неизвестные параметры. 

Второй член в уравнении (1) может быть представлен в виде суммы убывающих  

функций, которые дают экстремумы в эпюре реактивных давлений (рис.) в местах 

скачкообразного изменения жесткости полосы и внешней нагрузки, т.е. 
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Распределение реактивного давления грунта с учетомместных эффектов 

 

 

или в безразмерных координатах 
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 


ni

i i

ic
P

1
222

])(1[
)(


 ,                                                      ( 3) 

 

где ic неизвестный параметр убывающей функции в кПа; 
l

li
i относительная координата 

места скачкообразного изменения жесткости полосы или внешней нагрузки;   il расстояние от 

начала координат до места скачкообразного изменения жесткости полосы или внешней 

нагрузки. 
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Таким образом, в общем случае реактивное давление имеет вид 




 
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])(1[
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

 .      (4) 

Входящие в эту функцию неизвестные параметры ai и ci определяются из условий 

равновесия и контактности упругой линии полосы и осадки поверхности основания. 

Для решения поставленной задачи прежде всего необходимо определить перемещения 

поверхности основания от действия нагрузки, закон распределения которой представлен 

выражением (4) в виде принятой функции, описывающей действие реактивных сил по подошве 

полосы. 

Учитывая тот факт, что реакция основания при данной постановке задачи представлена 

в виде суммы двух функций, расчетную схему для определения осадки поверхности основания 

(исходя из принципа суперпозиции) можно представить в виде двух расчетных схем, одна из 

которых позволяет определить перемещение поверхности от действия полосообразной  

нагрузки, выраженной в виде многочлена, а другая – от действия нагрузки в виде убывающей 

функции. 

Для многочлена, описывающего общий фон в функции реактивного давления, осадка 

может быть определена по известным решениям М.И. Горбунова-Посадова [1] и имеет вид  
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Ввод специального члена в функцию реактивного давления позволяет учесть местные 

эффекты, но при этом возникает проблема определения перемещения поверхности основания 

от действия этой реактивной полосой нагрузки в рамках плоской задачи теории упругости. 

Выражение осадки для введенной убывающей функции получено нами путем интегрирования 

уравнения Фламана и имеет вид 
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Следует отметить, что степень точности последнего интеграла зависит от того, на каком 

расстоянии от конца полосы имеет место скачкообразное изменение жесткости и внешней 

нагрузки. Дело в том, что интегрирование уравнения Фламана для реактивного давления, 

заданного в виде убывающей функции, произведено в бесконечных пределах и, следовательно, 

при рассмотрении коротких балок часть этой эпюры не включается в работу. Однако, учитывая 

тот факт, что функция является быстро затухающей можно с достаточной для практических 

целей точностью отбросить влияние концов на величину перемещения поверхности основания. 

Таким образом, общее выражение осадки поверхности основания, находящегося под 

действием реактивной полосовой нагрузки, должно рассматриваться как сумма осадок от 

первой и второй частей уравнения (1): 
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В случае определения осадки относительно начала координат будем иметь 
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Что касается прогибов балки от действия внешней нагрузки и реактивного давления, то 

они могут быть определены методами теории сопротивления материалов. 
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SUMMARY 

CONSIDERATION FORAN ABRUPT CHANGE IN STIFFNESS AND EXTERNAL LOAD IN BEAM 

FOUNDATION DESIGNS 

Vacharadze V.V. 

Georgian Technical University 

It is proposed to represent the earth reactive pressure as a sum of two functions. One of the functions in the form 

of the fourth-degree polynomial describes the general background of reactive pressure, and the other one in the 

form of a decreasing function describes an abrupt change in the band stiffness and external load. By integration 

of Flaman equation, the expression for the dependence of the base surface settlement on the band load and hence 

for the dependence of complete settlement on the reactive pressure was derived. 

Keywords: ground, base, beam foundation, reactive pressure, settlement. 
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ИДЕНТИФИКАЦИЯ ТОПОЛОГИЧЕСКИХ СТРУКТУР СИСТЕМ ИСКУССТВЕННОЙ 

И ЕСТЕСТВЕННОЙ ПРИРОДЫ 

Дадунашвили С.А. 

Грузинский технический университет 

Широкое распространение сетей естественного и искусственного происхождения, 

встраивание и включённость в них человека, требует определения и учитывания параметров 

сетей для дальнейшей их идентификации и оценки. Наибольший интерес представляют 

топологические параметры сетей, поскольку топология даёт исходный смысл их структуре. 

Рассмотрим методику, позволяющую определять ключевые топологические 

характеристики сетей и давать им количественные и качественные оценки. Важность 

определения таких характеристик состоит в том, что при встраивании в сеть появляется 

необходимость оценить возможности сети и, соответственно, её качество и эффективность с 

общесистемных позиций. 

Центральными понятиями для всех типов сетей служат понятия о свободе 

(недетерминированности) компонентов в сети и стесняющих (детерминирующих) их связей. 

Соответственно возникают понятия избыточной и недостаточной связности в сети, о степени 

недетерминированности сети в функции от полноты глобальной и локальной связности. 

Структура сети описывается графом, в котором вершинами являются источники и 

приёмники сигналов в независимости от их природы, а рёбрами – каналы связи. 

Максимальное число связей N вершин графа между собой равно: 

 
max

1

2

N N
M

 


Минимальное число связей, необходимое для целостности структуры графа равно: 

min 1M N   

Оценка глобальной связности всех вершин в структуре неориентированного графа будет 

находится в промежутке: 

min maxM M M 

Структурная избыточность, которая может быть использована для оценки качества сети 

будет равна: 

minR M M 

При M<Mmin  в сети имеет место структурная недетерминированность, проистекающая от 

недостатка связей. В случае, когда причиной недетерминированности является неправильная 

конфигурация сети, структурная недетерминированность может иметь место при полном и 

даже избыточном числе связей. Для оценки данной ситуации введём показатель, 

характеризующий недоиспользование возможностей заданной структуры, имеющей M рёбер и 

N вершин, в достижении максимальной связности. 

Введём понятие валентности вершины. Равномерное распределение связей в структуре 

неориентированного графа будем характеризовать средней валентностью вершины: 

2 M
V

N




Тогда локальную связность можно будет охарактеризовать величиной: 

,i V    

где vi  -  действительная валентность i-ой вершины заданного графа. 

Необходимость учёта транзита в каналах связи требует введения параметра отражающего 

структурную близость вершин между собой (qij). Величина, которая отражает общую 

структурную близость элементов сети, будет равна: 
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1 1

N N

ij

i j

Q q
 

  

Поскольку в графе, имеющем полную структуру, любые две вершины непосредственно 

связываются между собой, т.е. qij=1, для общей структурной близости получим: 

 1Q N N  

В графе радиальной структуры: 

       
2

2 1 2 2 1 2 1Q N N N N          

Для оценки вклада каждой вершины в общую структурную близость введём 

относительный показаткель: 

1

i N

ij

j

Q
K

q






и будем выделять вершины, для которых Ki=Kmax. 

В графе с радиальной структурой роль центральной вершины полярно отличается от роли 

вершин в графе с полной структурой. Для оценки степени централизации в структуре сети 

используем выражение: 

   

 
max

max

2 1

2

N K N

K N


   


 

Для полного графа, имеющего структуру с равномерным распределением связей, 

получим: δ=0, а для радиального графа, имеющем максимальную степень централизации: δ=1. 

Полученная оценка позволяет находить вариации равномерности распределения потоков 

субстрата и сигналов в сети, сравнивать различные варианты структур сети и определять 

«точки сгущения» структурных элементов. 

Таким образом, структура системы подчиняется собственным закономерностям и 

манифестируется в виде ограничений, возникающих в следствие организованности элементов 

системы в рамках целого. Структура и функция системы могут быть выражены в терминах 

своих элементарных составляющих: единиц субстрата из которых построена система и 

элементарных актов их деятельности. 

Способ распределения субстрата по структурным элементам системы может быть 

различным, однако опримальными свойствами обладают пропорционально сформированные 

структуры. Формирование направления гармонизации структурных элементов осуществляются 

на основе объективных законов пропорционирования строения структур, которые в 

совокупности создают структурную определённость системы. Основываясь на этом, 

управление структурогенезом представляется как приведение среднего значения удельных 

весов (либо их логарифмов) структурных элементов (ni) к определённому количественно 

выраженному структурному инварианту с дальнейшим его сохранением. В этм суть метода 

структурной гармонизации частей целого. 

Если n1,…, ni,…,nN распределение N частей системы, то относительная оценка 

структуры будет равна: 

 
1

1
log

log

N

i i

i

H n n
N 

   

В однородной структуре удельные веса всех элементов равны ni=1/N, и вариация 

введённого показателя будет происходить в диапазоне: 

0 logH N   

Для определения направления развития структур, в первую очередь, возникает необхо-

димость в разработке принципа, который способен фиксировать всю многопрофильность и 

«многомерность» конкретных систем реальности, представляющих собой целостность. При 

этом, одним показателем нужно выразить множество переменных отношений и рядов событий, 
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манифестирующих направление. Наиболее очевидная трудность, встречающаяся на данном 

пути, состоит в выявлении того закона, который управляет твёрдостью пропорций 

распределения разномасштабных и разнокачественных структурных компонентов целого в 

естественном процессе структурогенеза. 

Для решения проблемы выражения структурного разнообразия и выявления его 

внутренней основы рассматрим метод, который предпологает фиксацию противоположной 

стороны разнообразия – однообразия, являющегося фоном и уровнем отсчёта мер структурных 

компонентов, продуцирующих это разнообразие. Естественной границей разнообразия служит 

однообразие, т.е. средний уровень важнейших характеристик, по которым фиксируется 

разнообразие. Максимуму разнообразия признаков структурных элементов сети противостоит 

минимум разнообразия, т.е. равенство весовых характеристик данных признаков, их 

равномерная распределённость в масштабах целого. «Чистое однообразие», однородное 

единство в гармонизации не нуждается. 

Диапазон вариации параметров сети 

На рисунке в качестве уровня отсчёта выступает однородная структура, которая 

определяет вариации как параметра H, так и показателя степени централизации компонентов 

 . На пересечении этих двух тенденций – максимизации и минимизации единосущего, но 

раздвоенного «в себе» явления порождаются устойчивые формы ограниченного разнообразия. 

Возникает вопрос, какова истинная природа устойчивых форм ограниченного разнообра-

зия и «путей» к ним ведущих. Ведь в реальности они никогда не проявляются раннее того, как 

компоненты начинают сводиться в части в процессе стрктурогенеза данной сети, т.е. до 

всякого существования частей в целом. Единственное объяснение этого можно связать с 

геометрией (и метрикой) структурного пространства сети, которая в роли формы выполняет 

организующую функцию. 

Целое обладает решёткой (каркасом), определённой масштабной сетью для упорядочения 

своих частей. В масштабах каждой системы эту роль «сети», определяющей область её 

структурогенеза играют виртуальные связи, манифестирующие готовность компонент к 

отношениям. Средние показатели распределений количеств или численностей, которыми 

представлена каждая противоположность, подчиняются закономерностям узловой линии мер и 

выражаются в своих устойчивых границах структурными инвариантами. Решетка узлов, 

симметрично и нелинейно распределённых между полюсами – «противоположными сторо-

нами» единства, потому и является продуктом геометрии целого, что она существует 

независимо от наличия или отсутствия в нем субстрата, который лишь обнаруживает её, 

распределяясь в целом тем или иным образом, т.е. она инвариантна относительно перехода из 

возможности в действительность. Благодаря этому можно, установив границы целого, заранее 

указать точки в пространстве состояний субстрата, в которых будут концентрироваться 

компоненты целого. 

Идентификация параметров топологических структур в мозге человека позволяет 

определить наличие или отсутствие сознания, которое их определяет [1]. При поиске 
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параметров, которыми отличаются друг от друга, помимо поведения, человек с сознанием и 

без, было показано [2], что конфигурация связности работающих сетей в его мозге может 

выступать параметром наличия и уровня сознания. Суть исследования электромагнитной 

ипостаси сознания заключалась в измерении ЭЭГ вегетативных пациентов, а также здоровых 

людей в состоянии бодрствующего покоя. Полученные данные анализировались по нескольким 

ритмам и амплитудам и определялась синхронность колебаний разных точек в мозге, с целью 

идентификации по осцилляциям топологии сети. Эти эксперименты дали наглядный материал 

в пользу того, что у здоровых людей богатое взаимодействие активных узлов, в том числе 

далеких друг от друга. У пациентов активность значительно беднее и ограничена ближайшими 

узлами. Полученные данные дают общее представление о феномене сознания в целом и могут 

служить определённым указанием на присутствие сознания. 

Другим индикатором были выбраны реакции на юмор, который считается критерием 

интеллекта [2]. Эффект многих шуток зависит от понимания ситуации, а также от двойного 

смысла самих фраз и требует небуквального восприятия речи. В момент восприятия шутки 

активность мозга здоровых людей и пациентов прослеживалась с помощью МРТ. Томограмма 

наглядно показала, что самые эмоциональные шутки получили в мозге здоровых людей 

наибольший отклик, причем в отделах, связанных с анализом и когнитивной деятельностью. 

Если человек не уловил юмора, томограмма молчит. И хотя можно пропустить шутку, будучи 

в ясном сознании, ее нельзя уловить и понять её смысл, когда сознания нет. 

Недавно открыли гигантский нейрон [3], опоясывающий отростками весь мозг. Тело 

нейрона находится в области под названием клáуструм (Claustrum). Клауструм дает начало 

процессам сознательного восприятия, т.к. эта небольшая структура подключена к многим 

областям мозга, т.е. образует радиальную структуру. Отследив проекции клеток из клауструма 

по всему мозгу, можно оценить вариации уровня сознания в человеке. 

Рассмотренные структурные параметры и метод структурной гармонизации частей 

целого, представляют методологический базис, на основе которого новые эксперементальные 

данные получают теоретическое объяснение. 
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SUMMARY 

IDENTIFICATION OF TOPOLOGICAL SYSTEMS OF ARTIFICIAL AND NATURAL ORIGIN 

Dadunashvili S.A. 

Georgian Technical University 

In this paper, topological parameters are considered, since topology gives the initial meaning to the structure of 

networks. There is proposed a technique that allows determining the key topological characteristics of networks 

and giving them quantitative and qualitative estimates. To determine the direction of development of structures, 

there has been developed a principle that is capable of recording all the multifacetedness and 

"multidimensionality" of integral systems of reality. By examples of the functioning of consciousness, the 

existence of the studied topological structures in the human brain is shown. 

Keywords: topological systems, network structure, consclousness.  
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ИССЛЕДОВАНИЕ РЕСУРСА РАБОТЫ  ПЛАЗМОТРОНА В СРЕДЕ ПЕРЕГРЕТОГО  
ВОДЯНОГО ПАРА ПОВЫШЕННОГО ДАВЛЕНИЯ 

Сабашвили З.В., Лоладзе Т.О.,  Метревели-Мандария А.Б., Кенчиашвили Н.А. 

Грузинский технический   университет 

Введение 
В работах [1,2] было предложено применение перегретого водяного пара в качестве 

плазмообразующей среды, которая является перспективной из-за своих технологических и 
экологических преимуществ по сравнению со сжатым воздухом. Нашим интересом являлось  
изучение и проведение сравнительных исследований ресурса работы  основных узлов плазмот-
рона, как в среде водяного пара, так и в среде сжатого воздуха. 

Методика исследования 
Исследования  проводились на лабораторной установке, состоящей из плазмотрона, 

позволяющего измерять раздельно тепловые потоки в основных узлах (катод, сопло плаз-
мотрона). Тепловые нагрузки на основные узлы плазмотрона измерялись путем раздельного 
калориметрирования.  

Лабораторная установка была оснащена расходомерами и  ртутными термометрами для 
определения расхода и температуры  охлаждающей воды катода и сопла, как при входе, так и 
при сливе воды. Давление и температуру на входе плазмотрона измеряли соответствующими 
манометром и термометром. 

Основная часть 
Продолжительность работы катода зависит от тока дуги, диаметра и длины активной 

вставки катода, теплофизических свойств окисей и нитридов, образующихся на его поверхнос-
ти, давления плазмообразующей среды, интенсивности охлаждения и т.д. Все вышеперечис-
ленные факторы в конечном счете сходятся в приблизительный расчет тепловых нагрузок 
активной вставки катода. Надо отметить, что на ресурс работы катода и его эрозию  также 
влияет  эмиссия электронов с поверхности активной вставки.  

Влияние силы тока плазменной дуги определяется следующими факторами [3]: 
выделением тепла в активной вставке, вследствие прохождения по ней электрического тока; 
выделением тепла в активном пятне дуги при бомбардировке ионами, при этом   катоду 
передается кинетическая и потенциальная энергия ионов; количеством  тепла, полученного 
электродом вследствие теплообмена со столбом дуги.   

 

 

Исследованиями энергетических характеристик плазменной дуги в среде водяного пара 
было установлено [4], что при идентичных значениях тока дуги и давления, напряжение дуги  в 
случае использования водяного пара выше на 30-35 В по сравнению со сжатым воздухом. 
Также установлено, что напряжение дуги зависит от температуры  и давления водяного пара на 
входе плазмотрона [3]. С увеличением давления растет сила сжатия дуги, что способствует 
повышению напряжения.  Например, при давлении водяного пара 4 ат и тока дуги 200 А, с  
увеличением температуры от 1200С до 5000С, напряжение повышается от 250 В до 320В.  

Зависимость теплового потока на катод 

от тока дуги 

1- сжатый воздух; 2 - водяной пар 
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Сравнительные исследования  тепловой нагрузки на катод  показали, что  при одинако-
вых значениях тока дуги она больше в среде водяного пара по сравнению со сжатым воздухом 
(рисунок).  

Однако, для каждого конкретного случая плазменной резки  возможно подобрать такие 
оптимальные режимы, при которых можно достичь максимального эффекта, т.е. при плазмен-
ной резке в среде водяного пара необходимую мощность дуги можно обеспечить при пони-
женном токе дуги и повышенных давлении и температуре водяного пара. Поэтому, тепло,  
передаваемое катоду вследствие теплообмена со столбом дуги, не изменяется, однако уменьше-
нию подвергаются все факторы, которые завысят от величины тока дуги. В таблице приве-
денны оптимальные значения  параметров плазменной дуги и теплового потока на катод при 
плазменной резке стали толщиной 30 мм.      

Параметры плазменной дуги,  плазмообразующей   среды и теплового потока на катод 

Род плазмообра-
зующей среды 

Ток дуги, А Напряжение 
дуги, В 

Температура 
водяного пара, 0С 

давление, 
ат 

теплового потока 
на катод, дж/сек 

Сжатый воздух 250 220 - 4 2080 

Водяной пар 180 320 300 5 1856 

Водяной пар 170 330 300 6 1820 

Водяной пар 160 335 300 7 1805 

Водяной пар 155 335 300 8 1793 

Водяной пар 150 335 300 9 1780 

Как видно из данных таблицы, в данном случае в среде водяного пара резку можно 
проводить на меньших значениях тока дуги при повышенных давлении и температуре водяного 
пара.   

Вывод 
Повышенные давление и температура  водяного пара способствуют повышению напря-

жения  давления, что позволяет  генерировать плазменную дугу необходимой мощности для 
проведения технологического процесса на меньших токах, что и способствует уменьшению 
тепловой нагрузки катода, обусловленной прохождением электрического тока в активной 
вставке катода. 
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SUMMARY 
STUDY OF THE SERVICE LIFE OF PLASMATRON IN A SUPERHEATED STEAM MEDIUM OF 
HIGH PRESSURE 
Sabashvili Z.V., Loladze T.O., Metreveli-Mandaria A.B. and Kenchiashvili N.A. 
Georgian Technical University 
Currently, on machine-building plants, they use plasmatrons acting directly on the treated surface. One of 
economic indicators of plasma cutting is the service life of theplasmatron. During operation, a thermochemical 
cathode and a nozzle are subjected to main head load. In this regard, it is of great interest to study the service life 
of the cathode and nozzle in a superheated steam medium. We present the comparative analysis of the data on 
the service life of the cathode in the superheated steam medium of high pressure. It was established that high 
pressure and temperature of steam at the plasmatron inlet promote the reduction of heat load. 
Keywords: plasmatron, cathode, hafnium, thermal power, arc current, arc voltage. 
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MAGNETIC NANOCLUSTER DOPED CARBON NANOPARTICLE SYNTHESIS AND 

STUDY OF SELF-HEALING AND SELF-ASSEMBLY PROCESSES IN POLYMER 

NANOCOMPOSITES ON THEIR BASIS 

Gavasheli T.A., Gegechkori T.O., Mamniashvili G.I., Gventsadze D.I. and Rukhadze L.N. 

E. Andronikashvili Institute of Physics, Iv. Javakhishvili Tbilisi State University 

Iv. Javakhishvili Tbilisi State University 

Abstract. The self-healing and self-organization processes were studied in the magnetic polymer 

nanocomposites synthesized on basis of carbon nanoparticles doped by cobalt nanoclasters, synthesized by 

original CVD technology developed by authors. These processes were taking place under combined stimulated 

diffusion of magnetic nanoparticles by outer alternative and steady magnetic fields, as well as heating and 

pressure.  Polymeric composite samples have good electric and adhesive properties and are perspective for 

potential practical applications 

Keywords: magnetic carbon nanopowders, polymer composites, stimulated diffusion, self-healing, self-

organization, resistance 

1. Introduction.

In the last decade, the investigation of such new nanostructure forms of carbon as 

nanoparticles, nanotubes, nanothreads became very topical. This is related with the fact the pointed 

nanostructural particles due to their sizes and peculiarities of their atomic structure reveal such unique 

physic-mechanical properties that the range of their perspective applications spreads over many human 

activities, starting from microelectronic to medicine. 

In last years it is particularly increased interest to such technologies of material production on 

carbon basis as ones oriented on production of doped carbon nanoparticle modifications (nanotubes, 

nanoclusters, nanothreads). This gives opportunity to scientists and engineers in noted materials the 

possibility of aimed control of unique properties, which are their natural properties [1]. 

As the matter of fact, the nanoobject control on nanometric level using nanoparticles with aim 

to arrange them in rows, signatures and grids is the clue to the production of new functional materials. 

Correspondingly, for obtaining of building units with different nanometric sizes in the last years it was 

developed many methods of self-assembling and synthesis. In this direction the possibility to control 

perfectly the self-assembling and synthesis processes of nanoparticles is a serious challenge from the 

point of view both fundamental and applied investigations. 

On the basis of fundamental principles, the process of self-assembling requires the existence 

of interaction between atoms and clusters, as thermodynamic and kinetic moving force, so that it could 

be  realized the organization of atoms and clusters for creation of nanosize domen structures. From 

this point of view, magnetic nanoparticles deserve a particular interest due to their unique physico-

chemical properties and applicability in the new functional materials technologies. 

Carbon shells provide both the protection of ferromagnetic impurities from aggressive 

environment and new unique properties to the hydride nanostructures. The self-assembling of 

magnetic clusters coated by carbon shells presents just such example which could be used in the 

contemporary materials, as example, in strong magnets, analytic instruments (nuclear magnetic 

resonance tomographs) and nanosensors.  

The more so, currently magnetic carbon nanoparticles due to their low toxicity are under 

testing for therapevtic and diagnostic applications. 

Last years the magnetic field was applied also for creation of nanoscale materials what 

resulted in significant achievements in the problem of formation of macro- and microstructure 

synthesized materials possessing unique properties. 

In contrast with other existing self-assembling technologies, the induced by magnetic field 

ordering defines the formation of magnetic nanoparticles in ordered structures with unique properties. 

Therefore, the areas of application of carbon magnetic nanoparticles is very large. Sufficient to name 

such of them as magnetic fluid, plastic glasses stable against scretches information storage magnetic 

media, sensors, biomedicine, etc. It should be noted here that in spite of their large perspective for 

multifunctional applications, the carbon nanoparticles doped by ferromagnetic clusters have not 

studied sufficiently well [2]. 
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In this work following aims were addressed: 

1. On the bases of obtained nanopowders manufacturing of polymer composite films and study

of their self-organization processes. 

2. On the bases of obtained nanopowders preparation of polymer composite films and study

self-healing properties under influence of low-frequency magnetic field. 

2. Experimental results and their discussions.

To achieve these aims it was planned experiments with magnetic nanopowders filled and 

unfilled polymer films preparation and carrying out the study of self-organization processes between 

them. This process was facilitated by heating films above the glass transition temperature. The 

particles in conventional composites are essentially immobile in contrast to polymer nanocomposites 

(PNC) particularly above the glass transition temperature Tg. The nanoparticles mobility can affect 

polymer dynamics resulting in changing of viscosity, modulus, kinetics of the particle-cluster 

formation, etc [Macromolecules. Size effect of nanoparticle diffusion in a polymer melt. APC 

publication] [3]. 

Tensile measurements have shown that below Tg conventional composites and PNCs behave 

similarly with respect to mechanical properties. But above Tg the toughness of PNC can increase by 

order of magnitude with increase of temperature. It has been suggested that the mechanism to the 

toughness enhancement is the mobility of the nanoparticles. The development of self-healing materials 

and coatings where nanoparticles migrate toward various defect sites, requires a better understanding 

of the nanoparticle diffusion process. 

The heating of PNC above Tg increases mobility of polymer chains what should facilitate 

boundary diffusion between polymer interfaces and this effect should be visualized using magnetic 

nanoparticles introduced in polymer. This process could be improved applying additional stimuli, in 

particular low-frequency (ac) magnetic field, stationary magnetic field, pressure, heating separately or 

in combinations. Such impact stimulate self-organization processes between prepared films in result of 

which it one could produce “glued” to each other films without using other type glues and polymer 

melting temperature. As research object for one of the aims of this work was the development of 

simple technology of production of carbon nanoparticles doped by ferromagnetic clusters and study of 

their morphology and composition.  

Generally the most known method of production of ultra-small cluster-size particles is based 

on the condensation principle from gas or vapor states, with the possibility of obtaining the product on 

a substrate or as a powder. In the same time, for the vapor production it is used different methods: 

laser ablation, thermal, electron-beam and ion irradiation. 

In particular, for the production of nanopowders and nano-coatings on carbon basis it is used 

the chemical vapor deposition (CVD) method – mainly along with application of hydrogen reduction 

process of volatile chlorides. Traditional methods of production the pyrolytic carbon by way of 

thermal decomposition of carbon containing compounds on the heated surfaces are also well known 

but all of them have some significant defects: at formation of coatings – low growth rate, high 

temperature of process (1300оС), insufficient quality of obtained coating structures, impossibility to 

carry out the doping process in one cycle. The analysis of tendencies of development of the 

contemporary natural science and technology the experimental and theoretical investigations of carbon 

nanoparticles, nanotubes, nanothreads and doped by them new polymer composites  should gain 

priority. The carbon nanoparticles doped by magnetic (Co,Fe) nanoclasters with mean sizes in the 

range 50-100 nm were synthesized by technology using the combination of pyrolysis of ethylene spirit 

(and other hydrocarbons) vapor pyrolysis and CVD process in the mode of recirculation closed cycle 

with monitored technology parameters. 

The developed technological process was realized in the installation where in the construction 

of its reactor and in necessary units for functioning it was foreseen the possibility of monitoring of 

such parameters as: vapor content and concentration in reactor zones, catalytic capacity of substrates, 

partial oxygen pressure (in limits of 10-20 ÷ 10-25 atm). This allows one to carry out technology 

investigations with aim to establish the optimal technological parameters for production of finely 

dispersed carbon nanopowders doped with magnetic nanoclusters. As result, to produce these 

materials in necessary amounts for investigations and perspective applications. Detailed description of 

this technology is given in work [4]. 
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For the preparation of polymer films it was chosen polyvinylbutyral (PVB) polymer with low 

Tg ~ 45-55oC. PVB is a resin mostly used for applications that require strong binding, optical clarity, 

adhesion to many surfaces, toughness and flexibility. 

As filler it was used produced by us carbon nanopowder doped with magnetic (Co or Fe) 

nanoclusters (C/Co). The original chemical vapor deposition (CVD) technology was used described in 

detailes in [JMMM]. For comparative study we used commercial Co nanopowder (Sun firm, USA 28 

nm – mean diameter). The Co doped carbon nanopowders were mainly used with their concentrations 

in polymeric composite in range 10-50 wt %, but for Co nanopowder filled polymer composite 

concentrations was 20 mas. %. 

Firstly it was prepared 10 % alcohol solution, thеn this solution was poured into Teflon press-

forms (Fig. 1) and after their drying during 48 hours the 0.5-0.7 mm thickness films were obtained. 

The filled composites were prepared on the following way: it was taken magnetic nanopowders in 

corresponding proportion (in terms of dry weight) and the usual mixing of PVB with alcohol took 

place followed by the ultrasound 10-15 min treatment for the destruction of magnetic nanopowder 

agglomerates. Then after thorough mixing during 7-10 min it was obtained magnetic polymer 

composite films similar unfilled ones in Teflon press-forms. After this sample films were cut from 

these films (Fig. 2). 

 

The trial films were places on each other and subjected to following actions: 

a) action of pressure and temperature in a vacuum cabinet at pressure p=0.5 MPa and

temperature T=80-85oC during time t=2.5 hours. 

b) action of pressure and temperature and stationary magnetic field in a vacuum cabinet at

p=0.5 MPa and temperature T=80-85oC. During the experimental pressure included contribution from 

the magnet weight. Duration of experiment t=2.5 hours.  

c) in above a and b items the obtained double films were subjected to the action of low-

frequency magnetic field during t=2 hours. 

In Fig. 3, the vacuum cabinet is presented in turn on position, with placed inside samples 

during the pressure and temperature action. 

During an experiment temperature reaches 85oC, as earlier in case of a single film, pressure 

the same, approximately 0.5 MPa. In the teflon form firstly is placed magnets, then an unfilled sample 

and, finally, composite on which pressure acts. Then the low-frequency generator turns on with 

cooling of coil by water and the condenser is heated following which the combined actions is realized 

what could continue several hours till the double layered sample is glued by diffusion of nanoparticles. 

I 

Fig. 1. Teflon press-forms for 

preparation different size films 
Fig. 2. Filled and unfilled films 

individually (1, 2) and together (3) 

Fig.3. The vacuum cabinet with sample under testing Fig. 4. The experimental stand 
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 Fig. 5, neodymium magnets used in experiments are presented as well in Fig. 6 the pressform 

for fabrication of samples is shown. 

Fig. 5 Neodymium magnets used in experiments      Fig. 6. Press form for samples fabrication. 

To study the self-organization of polymer nanocomposites it is necessary to increase our 

understanding of nanoparticles diffusion processing taking place in them [1]. 

As it was noted, nanoparticles in usual composites, in difference with polymer 

nanocomposites (PNC) are essentially unmovable is particular as compared diffusion processes rate in 

PNC above the temperature of glass transition Tg. 

Besides it, the knowledge of nanoparticles diffusion processes is important for development of 

self-healing materials and coatings where nanoparticles migrate to different defect sites. 

For study of cobalt doped carbon nanopowder diffusion processes we prepared a series of 

above described polymer samples. A sample is 0.3 mm thickness polymer nanocomposite film 

(polymer +C/Co, nanoparticle percent composition in range 10-50 %) and 0.5 mm thickness on the 

pure polymer substrate with dimensions 28x10x0.8,(Fig.7). 

 - Magnet, - resin-particle mixture,  - substrate 

Fig. 7. Geometry of samples 

It was studied C/Co nanoparticle diffusion processes at diffusion across samples interface at 

different excitations at T> Tg: stationary magnetic field, alternating magnetic field (20 kHz, 1 kW 

power), and their combinations. The adhesion and, consequently, related with adhesion self-healing 

processes were studied. 

To study diffusion processes it was carried out layer by layer removal starting from polymer 

composite to down using a fine grinding. This grinding process was followed by simultaneously 

control of sample resistance. 

The method appeared to be very visual and effective and allowed us the assessment of 

nanoparticle mobilities at different excitations and their combinations. It was revealed that the best 
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diffusion of nanoparticles and best adhesion of composite film was obtained at the combined effect of 

temperature, steady and alternating magnetic fields (Figs. 8-13). 

In figures it is presented the distribution of resistance along a sample at fine grinding 

describing the quality of penetration of nanoparticles in the polymer substrate. 

The good conductivity of polymer composite was stipulated by the presence in the composite 

of the carbon nanoparticles at studied, concentration C/Co, 50 % of polymer nanocomposite/pure 

polymer pile. 

 

During treatment of sample, shown in Fig. 11. the peeling of upper composite layer was 

observed what was not observed at other cases. 

Let us present curves corresponding to Fig. 12. for the starting values of resistance in 

increased scale. 

Fig. 9. Resistance dependence of sample 

thickness. The treatment by steady magnetic 

field at 85oC 

Fig. 8. The resistance dependence of 

sample thickness. The treatment took 

place at application of steady and 

alternating magnetic fields at T=85oC      

Fig. 10. Resistance dependence of 

sample thickness. The treatment 

without magnetic field at 85oC 

 Fig. 11. The resistance dependence of 

sample thickness. Treatment was made 

by alternating magnetic fields at 

T=85oC 
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Note also that in a similar experiment where as a composite filler used Co nanoparticles (22 

nm is mean diameter) passivated by oleic acid composite sample proved to be 

 unconductive due to unconductive polymer coating of Co nanoparticles and absence of 

conductivity pure polymer filler.  

For to control of nanoparticle diffusion in both polymer composities (with Co/C and CoNPs) 

we used optical microscope OMAX with up to 2500 enlargement, Fig. 14.  

For this aim a small plate was cut from a sample with the width 1 mm and taken pictures of its 

transverse cutting during any type of influence their combinations. 

For different cases pictures are given in Figs. 15-17. 

 

Fig. 12. The resistance dependence of sample thickness 

(summary). 

Curve 1 corresponds to one given in Fig. 8 

Curve 2 corresponds to one given in Fig. 9 

Curve 3 corresponds to one given in Fig. 10. 

Curve 4 corresponds to one given in Fig. 11. 

Fig. 13. The resistance dependence of 

sample thickness (an increased scale) 

Fig.14. Optical microscope OMAX 

Fig. 15. Treatment of Co/C 50 wt % sample 

at steady magnetic field and at T=850C 

during 2.5 hours   
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The results obtained by this method are in agreement with resistance measurements ones. 

In result of carried out experiments the conclusion was made that the stimulated diffusion of 

nanoparticles is most fast when temperature and both magnetic field (steady and alternating) acted in 

combination. 

To study further self-assembly processes in this polymer composites at different 

concentrations of carbon magnetic nanopowder we used a simple method from work [5]. In this case a 

circle shape polymer composite samples (diameter 28 mm, thickness 1mm) were exposed to a 

magnetic field which was provided by two attached permanent neodymium magnets, Fig.27, and 

temperature 85o C during two hours.  

Resulting self-assembly of C/Co nanopowders caused changing of their concentration and 

modulation of local resistance along the radius of sample which was measured by two-contact method 

as in our previous work [6], Figs. 18-23. Resistance was measured between points separated by 2 mm 

along radius in all following cases besides Fig. 18 where resistance was measured between sample’s 

center and points on radius with the interval 2 mm. 

 Fig. 18. Polymer composite C/Co, wt. 30 %          Fig. 19. Polymer composite C/Co, wt. 30 % 

Fig. 16. Treatment of Co/C 50 wt % 

sample without magnet at T=85oC 

during 2.5 hours 

Fig. 17. Treatment of Co/C wt 50 % 

sample by both type magnetic fields at 

temperature T=85oC during 2.5 hours 
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 Fig. 20. Polymer composite C/Co, wt. 50 %  Fig. 21. Polymer composite C/Co, wt. 20 % 

 Fig. 22. Polymer composite C/Co, wt. 15 % 

On the basis of above obtained experimental results one could investigate the self-organization 

and self-healing processes in magnetic composite polymer films  synthesized by elaborated by us 

technology using of the carbon magnetic nanopowders by original technology described in [4].  

In work [7] it was shown that it is possible to repair physically separated phermoplastic 

polymethacrylates containing superparamagnetic nanoparticles using oscillating magnetic field (OMF) 

without any chemical intervention while maintaining film mechanical properties and the repair can be 

repeated several times on the same area. 

The first step in this development was to prepare polymer films with uniformly dispersed 

magnetic nanopartices. This uniformly dispersed superparamagnetic nanoparticles dispersed in the 

polymer matrix provides an opportunity for designing self–healing materials with a magnetic 

signature. It was shown [7] that when OMF is applied, the films restore their mechanical properties. 

This was attributed to the oscillating  magnetic  (Fe2O3)  nanopartices, thus resulting in an amorphous 

flow in the damaged region and repair. It should be also noted that the films retain their dimensional 

stability. The first step in this development was to prepare polymer films with uniformly dispersed -

Fe2O3 nanopartices. This uniformly dispersed superparamagnetic nanoparticles dispersed in the 

polymer matrix provide an opportunity for designing self–healing materials with a magnetic signature. 

As OMF excites the magnetic moment in magnetic nanoparticles, energy resulting from the Neel and 

Brownian relaxation is converted to thermal energy. The used OMF was set at 22 KHz and its power 

was of the order of 1 kW.  

Accordingly work [5] application of stationary magnetic field on polymer composite 

containing mixture of carbon black and magnetite nanoparticles resulted in diffusion of oxide particles 

Fig. 23. Dependence of resistance of initial 

untreated samples on the nanopowder 

concentration 
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toward the magnetic field lines and their alignment. The magnetic stimulated iron oxide particles put 

pressure on the nonmagnetic carbon black particles enhancing particle connection leading to decreased 

resistivity. 

Similar this, the pressure and temperature also contribute to the increased diffusion of 

magnetic nanoparticles in direction to defect areas. Results of cited works could be used to understand 

effects observed in this work. As a result of combined stimulated diffusion of C/Co nanoparticles 

prepared films show good self healing and adhesion properties as well as good electric conductivity 

due to the passivated conducting carbon coated magnetic Co nanoclasters. Note that these effects are 

most intensive in the case of combined application of alternating and stationary magnetic fields at 

temperatures above the temperature of glass transition. 

In conclusion, the self-healing and self-organization processes were studied in the magnetic 

polymer nanocomposites  synthesized on basis of carbon nanoparticles doped by cobalt nanoclasters, 

synthesized by original CVD technology developed by authors. These processes were taking place 

under combined stimulated diffusion of magnetic nanoparticles by outer alternative and steady 

magnetic fields, as well as heating and pressure.  Polymeric composite samples have good electric and 

adhesive properties and are perspective for potential practical applications. 
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РЕЗЮМЕ 

СИНТЕЗ МАГНИТНЫХ УГЛЕРОДНЫХ НАНОЧАСТИЦ, ДОПИРОВАННЫХ 

НАНОКЛАСТЕРАМИ, И ИССЛЕДОВАНИЕ ПРОЦЕССОВ САМОВОССТАНОВЛЕНИЯ И 

САМОСБОРКИ В ПОЛИМЕРНЫХ КОМПОЗИТАХ НА ИХ ОСНОВЕ 

Гавашели Т.А., Гегечкори Т.О., Мамниашвили Г.И., Гвенцадзе Д.И., Рухадзе И.Н. 

Тбилисский государственный университет им. Ив. Джавахишвили  

Институт физики им. Э. Андроникашвили Тбилисского государственного университета им. Ив. 

Джавахишвили 

Изучены процессы самовосстановления и самосборки в магнитных полимерных нанокомпозитах, 

синтезированных на основе углеродных наночастиц, допированных нанокластерами кобальта, 

оригинальным методом химического осаждения из паровой фазы, разработанным авторами. Эти 

процессы протекают при диффузии магнитных наночастиц, стимулированной комбинированным 

действием внешних переменного и постоянного магнитных полей, нагрева и давления. Полученные 

полимерные композиты имеют хорошие электрические и адгезионные свойства и являются 

перспективными для практического применения. 

Ключевые слова: магнитные углеродные нанопорошки, полимерные композиты, стимулированная 

диффузия, самовосстановление, самоорганизация, сопротивление.     

http://arxiv.org/find/cond-mat/1/au:+Akhalkatsi_A/0/1/0/all/0/1
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ТЕОРЕТИЧЕСКИЙ РАСЧЕТ ЭНЕРГИИ  ПЕРЕХОДОВ В ВЫСОКОЗАРЯДНЫХ  ИОНАХ 

 

Цирекидзе М.А., Бжалава Т.Н., Шенгелия М.А. 

 

Грузинский технический университет 

 

ВВедение 

Спектры один из главных источник информаций о структуре и свойствах атома. По 

спектрам можно судить о многих макроскопических параметрах излучающей плазмы: 

плотность, температура, скорость движения, наличие магнитных полей и т.д. т.е. производить 

диагностику плазмы [1]. 

Развитие спектроскопий дают импульс многие астрофизические исследовании, 

например: проблемы возникшие при отождествлении запрещенных линии в спектрах 

планетарных туманностей и солнечной короны. 

В последные годы появилась возможность наблюдать запрещенние линии 

высококаратных ионов в лабораторных условиях в разреженной плазме токамаков [2]. Это 

позволяет производить измерения энергетических интервалов между уровнями с высокой 

точностью. Который, в свою очередь, дает возможность проверить и совершенствовать 

теоретические методы расчета. 

Использование лазерной плазмы, мощных термоядерных установки – токомаков 

открыло интересный и своеобразный мир высокоионизированных атомов, как правило 

излучающих в далекой ультрафиолетовой или даже рентгеновской области спектра [2]. 

В Настоящее время для атомной физики характерным является новый этап развития, 

что связано с возрастающими потребностями в атомных характеристиках многозарядных 

ионов, работающих в области диагностики высокотемпературной плазмы, а также с 

использованием космических методов для излучения спекторов солнца и звезд. Успех 

исследований в спектраскопии высокозарядных ионов зависит от совершенства существующей 

теорий [2]. Полевая форма теории возмущений дает возможность подойты к расчету всех 

атомных характеристик с единой точки зрения. 

 

Основное содержaние и результаты 

Цель нашей работы теоретический  расчет спектральных характеристик высокозаряд-

ных ионов методом теорий возмущений  с использованием модельного потенциала. Решением 

релятивистское уравнение Дирака является одночастичная волновая функция нулевого 

приближения: 
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-постоянная тонкой структурны: n - одноэлектронная энергия без энергии покоя. 

Уравнение  имеет два фундаметальных решения, нужное решение отбирается заданном 

граничных условий и уменьшением шага интегрирования. Этот путь приводит увеличению 

математических расчетов. Поэтому придется переход при некотором значении аргумента от 

точных уравнении Дирака к асимптотическим. Переход к асимптотическим уравнения 

происходит при определенном сочетании знаков двух радиальных компонент функций Дирака 

их первых и вторых производных. 

Наша задача – решения многоэлектронного уравнения Дирака с гамильтонианом 





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VriVH
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где модельный потенциал нулевого приближения имеет вид [3]: 

)'//()'('
1

)(mod rrzrrd
r

rV c     

Суммирование проводится по всем электронам остова, соответствующий членов 

intV . 



n

i

ic rVHV
1

intint )(  

c - электронная плотность в остове;  )( cc rV - описывает потенциал K, L, M оболочек остова. 

Теоретический расчет ведется в представлении jj- схемы связывания моментов. В первом 

порядке теории возмущений по межэлектронному взаимодействию матричные элементы 

рассчитываются между состояниями - |n1l1j1;n2l2 j2> двухэлектронной системы (J полный момент 

системы). Результаты улучшается если увеличивается количество наложенных конфигураций 

расчитывать матричные элементы с учетом высших поправок теорий возмущений 

(поляризационное взаимодействие и взаимное экранирование друг друга внешных электронов).  

В случае двух электронов поляризационный потенциал имеет вид [4]. 

);/()/()( 212121 exrrVdrrVrrVpoe   

В работе расчитаны теоретические спектры Zn -подобных ионов для 5044 Z  а 

также энергий переходов  

 
Табл. 1. Результаты расчета 

конф терм I 44 45 46 47 48 49 50 

4s2 1S 0 0 0 0 0 0 0 0 

 

 

4s4p 

 

3p 

0 2307 2447 2588 2732 2875 3019 3166 

1 2406 2557 2710 2866 3023 3181 3340 

2 2725 2931 3144 3368 3500 3840 4090 
1p 1 3371 3604 3845 4090 4344 4608 4881 

 

 

4p2 

 

3p 

0 5292 5615 5939 6263 6590 6918 7248 

1 5672 5948 6332 6724 7136 7538 7961 

2 5617 5996 6382 6778 7184 7599 8024 
1D 2 6000 6441 6896 7367 7855 8362 8887 
1S 0 6484 6942 7414 7901 8406 8922 9472 

 

4s4d 

 
3D 

1 7241 7725 8215 8713 9218 9732 8256? 

2 7268 7756 8252 8755 9266 9787 10318 

3 7313 7810 8315 8828 9351 9888 10430 
1D 2 7790 8301 8340 9370 9920 10485 11040 

 

В табл. 1. приведены результаты теоретического расчета спектров Zn -подобных ионов 

для 5044 Z  с учетом поляризационного взаимодействия (в 100 см-1). 

В табл.2  приведены теоретические значения энергии переходов в Kr VII расчитанные в 

различных приближениях и сравнение с экспериментальними данными. Демонстрируется 

эффекты поляризационного взаимодействия, наложения конфигураций и экранировочного 

потенциала (все данные в единицах 100 см-1) 

 
Таб. 2. Значения энергии переходов в Kr VII 

переход a b c d e f 

sp3P1-sd3D2 2304 2303 2319 2308 2295 2302 

sp3P2-sd3D3 2247 2246 2292 2250 2243 2237 

sp3P2-sd3D2 2241 - 2285 2243 2230 2236 

s21S0-sp1P1 1708 - 1771 1715 1702 1707 

Sp3P0-sd3D1 2326 - 2372 2331 2318 2325 

 

a – данные из [5] b-данные из [6]; c,d,e – расчеты с учетом экранировочного члена в модельном 

потенциале; f - без учета экранировочного члена в модельном потенциале. 
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Заключение 

В работе показано, что учёт высших порядков теорий возмущений приводит к 

значительному повишении точности расчета и практически не усложняет вычислительный 

процесс, а также точность достигнутая в данном работе позволяет оценить качество и найти 

ошибки в экспериментах по определенных уровней атомных систем. 
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SUMMARY 

THEORETICAL CALCULATION OF THE TRANSITION ENERGY IN HIGH-CHARGE IONS 

Georgian Technical University  

Tsirekidze M.A., Bjalava T.N. and  Shengelia M.A. 

The paper presents the results of theoretical calculation of the spectral characteristic of high-charge ions. It is 

shown that the consideration of the higher orders of perturbation the oryleads to the improvement of the 

calculation accuracy with out complicating the process of calculation. The achieved accuracy of calculation 

allows to assess the quality and to find errors in the experiments on the certain levels of atomic systems.  

Keywords: Dirac equation, perturbation theory, model potential, high-charge ions, polarization effect, overlay 

of configurations. 
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sferuli zedapirebis radiusis gazomvis zogierTi meqanikuri meTodis 

gamoyeneba optikuri nakeTobebis warmoebis kontrolisaTvis 

 

zardiaSvili d.g., doliZe s.v., SalamberiZe d.m., korZaxia i.i., avaliani i.m. 
 

ssip instituti `optika~ 
 

optikuri warmoebis ZiriTadi obieqti aris sferuli formis zedapire-
bis mqone linzebi. maTi damuSavebis procesis yvela stadiaze umniSvnelova-
nesi proceduraa geometriuli zomebis (linzis sisqe, zedapirebis radiusi, 
zedapirebis formis sferulobidan gadaxra) kontroli. arsebobs aRniSnuli 
gazomvebis bevri sxvadasxva meqanikuri Tu optikuri meTodi. zedapiris ra-
diusebis dadgenis meqanikur meTodebs aqvs naklebi sizuste, ZiriTadad dayr-
dnobilia irib gazomvebze, magram warmoebis kontrolis sxvadasxva stadiaze, 
sadac gazomvis xangrZlivobis Semcirebas ufro meti mniSvneloba aqvs, am 
meTodebis gamoyeneba misaRebeli da aucilebelicaa. ganvixiloT Cvens mier 
gamoyenebuli zogierTi maTgani. 

linzis diametris da sisqis gazomvis yvelaze martivi meTodia pirdapi-
ri gazomva StangenfargliT an mikrometriT. meqanikuri StangenfargliT 
gazomvis sizuste (damokidebulia adamianur faqtorze da xelsawyos teqni-
kur mdgomareobaze) Seadgens 0,1-dan 0,05 mm, eleqtronulis - 0,01 mm, mikro-
metris - 0,005-dan 0,003 mm-de (eleqtronuli). 

uaryofiTi zedapirebis mqone  (Cazneqili linza) linzis sisqis 
gazomvisas gamoiyeneba tarirebuli (cnobili diametris mqone) liTonis 
burTulebi, romlis diametric akldeba miRebul Sedegs (burTulis diametri 
unda iyos CaRrmavebaze meti). 

yvelaze swrafi da martivi meTodi sferuli zedapirebis radiusebis 
dadgenisaTvis aris gazomva specialuri radiusuli Targebis saSualebiT 
(nax. 1), romelic gamoiyeneba seriuli warmoebisas.  

 
 

 
 
 
 
 
 
 

nax.1. radiusuli Targebis nakrebi 
 

Targebi arsebobs rogorc amozneqili (a), aseve Cazneqili (b) zedapiri-
saTvis. yovel Targs aqvs Tavisi nomeri da datanebuli aqvs radiusis zoma. 
radiusuli TargiT gazomvis dros Targsa da mimdebare gasazom zedapirs 
Soris ar unda iyos RreCo. gazomvis sizuste damokidebulia arsebuli 
Targebis zomebis sxvaobaze da maTi damzadebis xarisxze. 

naklebad cnobili meTodebidan yuradRebas SevaCerebT or originalur 
meTodze: didi radiusebis mqone didi diametris zedapirebis gazomvis 
mowyobiloba da Cazneqili zedapiris radiusis gazomva mgoravi burTuliT. 

pirveli meTodis [1] arsi moyvanilia nax.2-ze. 
 
 
 
 

a b 
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nax.2. didi radiusebis mqone zedapirebis gazomvis mowyobiloba 
 

a) Cazneqili zedapirisaTvis (1) gamoiyeneba erTi tarirebuli burTula 
(3), romlis diametria d da romelsac aqvs gasazom zedapirze gorvis 
saSualeba mis centrTan dakavSirebuli caluRis (4) saSualebiT. caluRs 
aqvs niSnuli da noniusiani skala anaTvlebis asaRebad, is srialebs 
milimetriani danayofebis mqone xist gamWvirvale saxazavze (2). iZebneba 
wertili n2 sadac burTula iWedeba saxazavsa da gasazom zedapirs Soris da 

iReba anaTvlebi l1 da l2 (n1 da n3 saxazavis Sexebis wertilebia linzis 
zedapirTan). gasazomi zedapiris radiusi gamoiTvleba formuliT (1) 

 
 212

2
1212

82 lll

dl

d

lll
R





                  (1) 

b) amozneqili zedapirisaTvis 5 gamoiyeneba ori tarirebuli burTula 
3’ da 3’’. gazomvis teqnika analogiuria. am SemTxvevaSi izomeba mxolod 

burTulebis Sexebis wertilebs Soris manZili . gasazomi zedapiris radiusi 
gamoiTvleba formuliT 

 2121

2

22 dddd

l
R


                                               (2) 

sxvadasxva radiusebis gazomvebisaTvis gamoiyeneba sxvadasxva zomis 
burTulebi romlebis radiusebi erTmaneTTan Seefardeba, rogorc -  

 
meTodis sizuste damokidebulia anaTvlebis aRebis da burTulebis 

gazomvis sizusteze da maRali radiusebis (2000 mm da meti) gazomvebisas 
SesaZlebelia aRwevdes 0,03%-s. 

mgoravi burTuliT zedapiris radiusebis dadgenisas [2] izomeba am 
burTulis rxevis periodi (nax.3).  

 
nax.3. mgoravi burTuliT Cazneqili zedapiris radiusis gazomva 
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ucnobi zedapiris radiusi Seadgens 

                r
T

gR 
2

2

47

5


                       (3) 

sadac:  - Tavisufali vardnis aCqareba;  T - burTulis rxevis periodi; r - bur-
Tulis radiusi 

meTodis sizuste damokidebulia burTulis radiusisa da rxevis 
periodis gazomvis sizustisagan da xaxunis arsebobisagan (rac iwvevs 
sizustis Semcirebas). 

Semdegi meTodi xSirad gamoiyeneba mcire radiusisa da mcire 
diametris Cazneqili zedapiris mqone linzebis gazomvisas (nax.4).  

 
nax.4. Cazneqili zedapiris mqone linzebis gazomva 

 

linzis (A) Cazneqili zedapiris radiusis (R) dasadgenad gamoiyeneba 

maRali sizustiT damuSavebuli burTula, romlis radiusic (r) aRemateba 

linzis zedapiris radiuss. mikrometris meSveobiT izomeba linzis sisqe (H), 

linzis centraluri sisqe (t), linzisa da burTulis saerTo sisqe (h). 
sapovni radiusisaTvis viRebT formulas: 

 
patara radiusebisaTvis (10-20 mm), xazovani zomebis 0,005 mm sizustiani 

mikrometriT gazomvisas dasadgeni radiusis cdomileba ar aRemateba 0,2-0,3 %-s. 
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SUMMARY 

APPLICATION OF SOME MECHANICAL METHODS FOR MEASUREMENT OF THE RADII OF 

SPHERICAL SURFACES TO CONTROL THE PRODUCTION OF OPTICAL COMPONENTS   

Zardiashvili D. G., Dolidze S.V., Shalamberidze D.M., Kordzakhia I.I. and Avaliani I. M. 

LEPL Institute “Optica” 

The paper deals with designing and production of polymer optical components for optical instrumentation at 

LEPL |Institute “Optica”.The paper describes some mechanical methods for measuring the geometric parameters 

of the surfaces of spherical lenses. These methods are used in the Institute “Optica” to measure the radiuses of 

curvature of surfaces and the thickness in the production of optical parts, and the analysis of unfamiliar lenses. 

Keywords: optics, lenses, polymer materials, polishing 
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heliodanadgaris sarkis veრtikaluri gadaadgilebis meqanizmis 

eleqtroamZravis dinamikuri reJimebis gamokvleva 

 

turZelaZe d.a., siraZe j.s., luaSvili g.s. 
 

saqarTvelos teqnikuri universiteti 
 
heliodanadgarebis eleqtroamZravebis amocanas danadgaris mzisadmi 

zusti poziცionirebis uzrunvelyofa warmoadgens. Sesabamisad mas gaaCnia 
urTierTdamoukidebeli marTvis sistemiT aRWurvili sami (sarkis horizon-
taluri, vertikaluri gadaadgilebis, da obieqtivis gaxsna-daketvis meqa-
nizmis mimyoli) mimyoli eleqtruli amZravi [1].  

naSromSi ganxilulia `paraboluri TefSis~ vertikaluri gadaadgi-
lebis meqanizmis eleqtroamZravis Zalur nawilsa da marTvis sistemaSi 
gareSe aRmaSfoTebeli faqtoris Sedegad gamowveuli eleqtrodinamikuri 
procesebi da maTi optimizacia.  

cnobilia, rom heliodanadgarebis eleqtroamZravis eleqtromeqanikur 
nawilSi mimdinare eleqtrodinamikuri procesebi ZiriTadad gamowveulia 
didi diametrisa da (50-60m) masis mqone `parabolur TefSze~ qaris zemoqme-

debიT warmoqmnili datvirTvis momentiT [2], romelic arTulebs  TefSis 
mzesTan damiznebis sizustis uzrunvelyofas da mzis energiis efeqtur 
miReba-gardaqmnas. ufro metic, xSir SemTxvevaSi eleqtromeqanikur sistemaSi 
warmoiqmneba Cauqrobadi eleqtromeqanikuri dinamikuri procesebi, romlebic 
iwveven meqanikuri nawilis droze adre mwyobridan gamosvlas, auareseben 
energetikul maCveneblebs da arTuleben meqanizmis marTvas [3].    

naSromis mizans warmoadgens miwiszeda heliodanadgarebis poziciur 
eleqtroamZravebis eleqtromeqanikur nawilSi mimdinare procesebis Seswavla 
da marTvis sistemis optimizacia pozicionirebis siizustis gazrdis, 
dinamikuri maxasiaTeblebis gaumjobesebisa da energetikuli maCveneblebis 
amaRlebis uzrunvelyofisaTvis.  

eleqtroamZravebis siCqaris avtomaturi rxevebis parametrebis gansaz-
RvrisaTvis gamoyenebulia eleqtromeqanikaSi aprobirebuli `eqsperimentis 
dagegmvis meTodi~ [4]. Sesabamisad, ganxilulia mimyoli eleqtroamZravis 
muSaoba koordinatTa vertikaluri RerZis gaswvriv, romlis funqcionaluri 
sqema mocemulia naxazze.  

 

 
mimyoli eleqtroamZravis vertikaluri gadaadgilebis meqanizmis      

funqcionaluri sqema  
 

Sg – SemTanxmebeli gadamwodi; mr – gardamsaxis Zabvis marTvadi proporciuli 
regulatori; Z – Zrava; C – sistemis sixiste; Mwin – danadgaris Semsrulebeli lilvis 

winaaRmdegobis arawrfivi momenti; So – Semsrulebeli organo. 
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sqemis safuZvelze Sedgenilia mimyoli eleqtroamZravis dinamikuri 

procesebis gantolebaTa სistema:  
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gamokvleulia danadgaris siCqaris amplituduri mniSvnelobis damokide-

buleba mimyoli eleqtroamZravebis ZiriTadi avtomaturi rxevebis reJimi 
TefSis parametrebze. kvlevis parametrad miviRoT Zravas lilvis brunvis 
kuTxuri siCqaris avtomaturi rxevebis amplituduri mniSvneloba y=ωampl, 
Sesabamisad, sistemis eleqtromeqanikuri nawilis parametrebis xarisxobrivi 
da raodenobrivi Sefasebis safuZvelze mimyoli eleqtroamZravebis dabali 
siCqaris ZiriTad parametrebad miRebulia sistemis vargisianoba - D1, rezo-
nansuli sixSire – frez da davalebis signali - Wo, sadac misi mniSvneloba 

dRis gamavlobaSi icvleba mzis kuTxuri gadaadgilebis mixedviT, xolo 
eqsperimentuli kvlevis gegmisaTvis samive faqtori CavTvaleT uganzomilebo 
kodirebul mniSvnelobebad: 

 
X1 = D1 ;     X2 = frez ;    X3 = ω o ; 

 
siCqaris avtomaturi rxevebis amplituduri funqcionaluri damokidebu-

lebis misaRebad mimyoli eleqtroamZravebis cvlad parametrebze ωo=F(x1,  x2,  x3) 
visargebleT sruli faqtoruli eqsperimentiT 23. faqtorebis diapazonad 
miRebulia maTi zRvruli mniSvnelobebi (cxr. 1). 

 
cxrili 1. 

Xi Xmin 

Xi=  -1 

XsaS 
Xi= 0 

Xmaqs 

Xi= +1 

X1 (D1, wm-1) 0,41 0,82 1,23 

X2 (frez, hc) 1 1,8 2,6 

X3 (Wo, r/wm) 3,2 9,6 16 

 
 
eqsperimentis Sedegebi moyvanilia cxrilSi 2. 
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cxrili 2. 
ω o , 
r/wm 

f = 1 hc ω amp r/wm f = 2,6 hc 
wm-1 wm-1 wm-1 wm-1 wm-1 wm-1 wm-1 wm-1 wm-1 

D1=0,41 D1=0,82 D1=1,23 D1=0,41 D1=0,82 D1=1,23 D1=0,41 D1=0,82 D1=1,23 

3,2 3,45 4 4,1 2,26 2,26 2,37 2,42 2,64 2,75 
6,4 7,68 8,68 10,17 5,88 6,3 6,64 6,29 6,43 6,64 
9,6 11,04 12,32 13,08 9,22 9,68 10,21 9,3 10,05 10,43 
12,8 13,82 14,78 16,05 12,38 12,86 14,16 12,62 13,18 13,74 
16 14,97 18,29 19,49 16,81 17,09 17,74 16,26 17,46 17,74 

 
cxr. 2-is monacemebis mixedviT Sedgenilia eqsperimentis gegma (cxr. 3). 

Aamave cxrilSi mocemulia eqsperimentis Sedegebi y. 
polinominalur damokidebulebas, romelic miRebulia Catarebuli 

meTodეbis analizis safuZvelze aqvs Semdegi saxe: 
 

ωamp=12,21+1,03X1–0,62X2–6,31X3–0,48X1X2+0,58X1X3+0,48X2X3–0,33X1X2X3      (2) 

 
miRebuli gamosaxulebis sisworis Sesamowmeblad Catarda damatebiTi 

cda gegmis centrSi (cxr. 3, rigi 9). cdis Sedegebi Sedarebulia (2) gamosaxu-
lebiT miRebul mniSvnelobebTan. amave cxrilSi mocemulia y^ funqciis mniSv-
nelobebi, romelic gamoTvlilia yvela wertilisaTvis.  

 
cxrili 3. 

u X0 X1 X2 X3 X1X2 X1X3 X2X3 X1X2X3 y y^ 

1 + - - - + + + - 3,45 3,45 

2 + + - - - - + + 4,1 4,1 

3 + - + - - + - + 2,42 2,42 

4 + + + - + - - - 2,75 2,75 

5 + - - + + - - + 14,97 14,97 

6 + + - + - + - - 19,49 19,49 

7 + - + + - - + - 16,26 16,26 

8 + + + + + + + + 17,74 17,74 

9 + 0 0 + 0 0 0 0 9,68 10,15 

 

miRebuli SedegebiT dasturdeba, rom Semsrulebeli lilvis siCqaris 
amplituda damokidebulia moZraobis davalebis tempis mniSvnelobaze, mimyo-
li eleqtroamZravebis vargisianobasa da sistemis rezonansul sixSireze. 

amrigad, SesaZlebelia davaskvnaT, rom  

1. heliodanadgaris `paraboluri TefSis~ veრtikaluri gadaadgilebis 
meqanizmis eleqtroamZravis  eleqtromeqanikur sistemaSi mimdinare rxevebs 
ganapirobebs winaaRmdegobis momenti, romelTa sixSire axlosaa danadgaris 
rezonansul sixSiresTan; 

2. Semsrulebeli lilvis siCqaris amplituda damokidebulia moZraobis 
davalebis tempis mniSvnelobaze, mimyoli eleqtroamZravebis vargisianobasa 
da sistemis rezonansul sixSireze; 

3. eqsperimentis dagegmvis meTodis saSualebiT miRebuli maTematikuri 
gamosaxuleba, saSualebas gvaZlevs ganvsazRvroT siCqaris avtomaturi rxe-
vebis amplituduri mniSvneloba da danadgaris eleqtroamZravis pozicio-

nirebis sizustis cdomileba siCqaris davalebis, sistemis vargisianobაsa da 
rezonansuli sixSiris saSualebiT. 

G 
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SUMMARY 

STUDY OFDYNAMIC MODES OF THE ELECTRIC DRIVE OFTHE VERTICAL DISPLACEMENT 

MECHANISM OF THE MIRROR OF A SOLAR POWER PLANT 

Turdzelidze D.A., Siradze J.S. and Luashvili G.S. 

Georgian Technical University 

The dynamic processes proceeding in the electric drive of the vertical displacement mechanism of the mirror of a 

solar power plant were studied. The results of experimental studies showed that the amplitude of the actuating 

shift speed depended on the rate of motion and the resonant frequency of the system. There were derived 

mathematical expressions for the amplitudes of automatic speed fluctuations, which allows determining the 

amplitude values of fluctuations and positioning accuracy of the electric drive. 

Keywords: solar power plant, mirror, vertical displacement, electric drive.  
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uwyvetad Camosxmuli foladis furclidan 

milebis warmoebis inovaciuri kompleqsis Seqmna 

 
jaliaSvili T.i., miqaZe o.S. 

 
saqarTvelos teqnikuri universiteti 

 
dRevandeli msoflio praqtikiT, foladis nakeriani  milebis warmoeba 

or etapad xorcieldeba:   
pirveli etapi. foladis gamodnoba, uwyveti Camosxmis danadgarze an 

saglinav saamqroSi glinviT sliabis miReba da furcelsaglinav saamqroSi 
furclis warmoeba[1].  

 
 
 
  

meore etapi. milebis mwarmoebel qarxnebSi furclisagan SeduRebis 
teqnologiiT mrgvali da profiluri milebis warmoeba.  

 

 
nax 2. nakeriani milebis warmoebis teqnologiuri sqema     

1 - rulonis grZivad daWra; 2 - milis profilis miReba; 3 - maRali sixSiris deniT 
SeduReba; 4 - milebis dakalibreba; 5 – milebis zomebad daWra da SefuTva. 

 
orive etapi warmoadgens damoukidebel teqnologiur sawarmoo 

process. foladis furclis mwarmoebeli qarxnebi sruli cikliT momuSave 
kombinatebia, romlebic ganlagebuli arian rkinis madnis sabadoebTan, xolo 
milebis mwarmoeblebi milebis momxmarebel regionebSi (navTobis da buneb-
rivi airis mopovebis regionebTan da msxvil samrewvelo centrebTan), rac 
maTi realizaciis procesSi logistikur sirTules warmoadgens. furclis 

nax. 1. foladis furclis warmoebis tradiciuli 
teqnologiuri sqema 

1 - foladis dnoba da RumelsgareT damuSaveba;            
2 - foladis boyvebSi Camosxma; 3 - sxmulidan 
sliabis cxlad glinva; 4 - sliabis cecxliT 

gawmenda; 5 - ruloni. 
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mwarmoebelebi umetes SemTxvevebSi milebs TviTon arawarmoeben, radganac 
maRali warmadobidan gamomdinare maTTvis furclis realizacia ufro 
mosaxerxebelia [2].         
 Cvens mier SemuSavebuli iqna teqnologiuri sqema (nax.3), romelic 
iTvaliswinebs zemoTaRniSnuli ori etapis erTi metalurgiuli kompleqsis 
farglebSi foladis gamodnobis,  furclis Camosxmisa da milebis warmoebis 
teqnologiuri procesebis erT sawarmoo sivrceSi gaerTianebas, ris 
analogic msoflio metalurgiul praqtikaSi ar arsebobs. 

 

 
 

nax. 3. Txevadi foladidian furclis Camosxmisa da milebis warmoebis  
teqnologiis sqema 

 
foladis eleqtrorkalur RumelSi dnobisa da RumelsgareT 

damuSavebis Semdeg cicxvi gadaecema uwyveti Camosxmis orglinian danadgars 
sadac miiReba 1,0-dan 6,0 mm-mde sisqis foladis furceli daxveuli ruloneb-
Si. Semdgom rulonebi TviTmavali urikis saSualebiT gadaecema milebis war-
moebis ubans, kerZod furcelis grZivad daWris ganyofilebas. xviebSi grZi-
vad daWrili furceli miemarTeba milis diametris maprofilebeli dgani-
saken, ris Semdegac maRali sixSiris deniT SeduRebisa da makalibrebel 
dganSi saWiro diametris miRebis Semdeg zomebad iWreba da ikvreba.  
 mocemuli teqnologiuri sqema kardinalurad cvlis milebis warmoebis 
process: 
1. foladis furclidan milebis warmoebamde mTeli teqnologiuri cikli 
erT sivrceSia ganTavsebuli. erTi ganyofilebidan meores liToni gadaecema 
TviTmavali avtomaturi meqanizmebiT, romlebic gamoricxaven Sromisa da 
drois uqme danakargebs. 
2. furcelis warmoebis tradiciuli teqnologiis pirobebSi furcelsagli-
navi saamqros sigrZe 800 – 1000 metria, maSin rodesac furclis uwyveti 
Camosxmis SemTxvevaSi foladis gamodnoba da furclis miRebis procesi 70,0 m 
sigrZis SenobaSi eteva (nax. 4). 

 

 
nax. 4.foladis furclis uwyveti Camosxmis inovaciuri agregati 
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3. es teqnologiuri sqema da danadgarebis kompaqturoba saSualebas iZleva 
misi ganTavsebisa mitovebuli qarxnebis infrastruqturis adgilze; 
4. Ffoladis furclis warmoebis tradiciul teqnologiur sqemasTan 
SedarebiT Cven mier SemuSavebuli sqemis pirobebSi mcirdeba operaciebis 
raodenoba (nax. 5). 

 
 

 
 

nax. 5. furclis warmoebis tradiciuli teqnologia da uwveti Camosxma  
 

garda imisa, rom uwyvetad Camosxmuli furclis xarisxi yvela maCve-
nebliT akmayofilebs arsebuli standartebis moTxovnebs, specialurad uwyve-
tad Camosxmuli furcelisaTvis SemuSavebuli iqna standartiASTMA1039/1039M, 

romlis moTxovnebis Tanaxmadac miewodeba foladis furceli momxmareblebs 
[3]. am teqnologiuri sqemaSi realizebulia gamWoli teqnologiebis da 
Tanamedrove agregatebis is SesaZleblobebi, romlebic uzrunvelyofen  maRal 
teqnikur-ekonomikur maCveneblebs, tradiciuli teqnologiiT miRebul 
produqciasTan SedarebiT, kerZod: 

 foladis gamodnobidan mza milebis miRebamde SekveTebis umokles droSi, 
5-6 saaTSi Sesruleba; 

 teqnologiuri procesebis Semcirebis xarjze produqciis TviTRirebule-
bis Semcireba: 

- naxSirbadiani foladebis warmoebisas 20-50 aSS dolariT/t-ze; 
- daballegirebuli foladebisas 40-100 aSS dolariT/t-ze;  
- martensituli klasis foladebisaTvis 80-150 aSS dolariT/t-ze; 

 miRweuli iqna bunebis dacvis standartebis maRali done; 
- mavne gamonabolqvebis SemcirebiT (SO2, CO2, NOx) 70-90%-iT[4]. 

 sawarmos kompaqturobis gamo kapitaluri danaxarjebis Semcireba: 
- agregatebis Rirebulebisa 45%-iT; 
- sawarmoo farTebis 85%-iT; 
- energomoxmarebis raodenobisa  80%-iT. 

 msoflioSi jarTis resursebis Semcirebis fonze, furcelis Camosxmis 
teqnologia uzrunvelyofs feradi liTonebiT danagvainebuli jarTis 
gamoyenebis SesaZlebelobas. es sakiTxi gansakuTrebiT aqtualuria 
msoflioSi gabarituli-maRali xvedriTi wonis xarisxiani jarTis Semcirebis 
gamo [5]. 

zemoT CamoTvlili faqtorebi metyvelebs SemuSavebuli teqnologiuri 
sqemis teqnikur-ekonomikur aqtualobaze da rogorc Cveni qveynis aseves sxva 
regionebSi sawarmoo infrastruqturis gamoyenebis perspeqtivebze. aseTi 
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kompleqsebis ganTavseba aqtualuria gaCerebuli sawarmoebis infrastruq-
turis adgilze, regionebSi sadac moTxovnaa foladis furcelze da milebze.  
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SUMMARY 

DEVELOPMENT OF AN INNOVATIVE COMPLEX FOR PRODUCTION OF PIPES FROM 

CONTINUOUSLY CAST STEEL SHEETS 

Jaliashvili T.I. and Mikadze O.Sh. 

Georgian Technical University 

Currently, in world practice, the production of steel pipes suture consists of two stages: steel smelting, 

manufacture of steel sheets and production of pipes from steel sheets. We have developed the technological 

scheme providing for the integration of the two stages within a single metallurgical complex. The enterprise of 

this type will guarantee 1) fulfillment of orders in the shortest possible time; 2) reduction of production costs;    

3) reduction in capital construction costs due to compactness; 4) high quality of environmental protection. 

Keywords:steel sheet, pipes, continuous casting, metallurgical complex. 
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anakliis portis mSeneblobis perspeqtivebi 

 

margalitaZe i.n., gabiZaSvili l.g. 
 

saqarTvelos teqnikuri universiteti 
maastrixtis universiteti, holandia 

 
amJamad msoflio okeanis 50 km-iani siganis sanapiro zolSi  planetis 

mosaxleobis  27% -ze meti da kolosaluri ekonomikuri potencialia Tavmoy-
rili. saerTaSoriso savaWro brunvis  90% swored zRvebisa da okeaneebis 
gavliT xorcieldeba. savaWro flotSi ki 35 aTasze meti xomaldia. maT 
Soris  supertankerebis  tvirTamweoba  0,5 – 1,0 mln. tonas aRwevs. yoveli 
maTganis gza zRvis napirze iwyeba  da napirzeve mTavrdeba. 

aqedan gamomdinare, cxadia zRvis sanapiro zona  Tavisi bunebrivi  
ganviTarebisas  Tanamedrove epoqaSi uzarmazar anTropogenur  datvirTvas 
ganicdis, gansakuTrebiT ki - portebis mSeneblobisas, romelic  xSirad 
dakavSirebulia zRvis farTo akvatoriis dakavebasTan, moloebisa  da  talR-
satexebis  agebasTan, rac sanapiro zonis  reJimis darRvevas iwvevs da nega-
tiur Sedegs  iZleva. mag. mosilvisa da portis akvatoriis  gaTavTxelebas, 
mimdinare ubnebze  natanis deficitis Seqmnas, qveda warecxvebis  (xmeleTis 
mimdebare zRvis  fskeris  erozia)  gaaqtiurebas. rogorc Sedegi, mas moyveba 
ZiriTadi napirebis ngreva  da degradacia. am bunebriv procesSi adamianis 
aragonivruli CareviT gamowveuli uaryofiTi Sedegebis winaaRmdeg  mimar-
Tuli  napirdacviTi saqmianobis  Catareba metad Zviria. amasTan is amcirebs 
sanapiro zolis atraqciulobasa da mis sakurorto-rekreaciul potencials.  

saqarTvelos Savi zRvis sanapiro zoli sazRvao portebis aSenebis 
mizniT moxerxebuli ar aris. amis mTavari mizezi zRvis sanapiros geomorfo-
logiuri niSnebisa da geologiuri agebulebis gansakuTrebuli Tavisebure-
bebia: zRvispira xmeleTi naklebadaa danawevrebuli da mdinareebis mier 
Semotanili naSali masalis daleqvis Sedegadaa Camoyalibebuli. sanapiroc, 
ZiriTadad, akumulaciuri xasiaTisaa. amitom mTel perimetrze  xmeleTSi 
bunebrivad SeWrili  da mniSvnelovani siRrmis zRvis yureebi faqtiurad ar 
gvaqvs. samagierod xmeleTis mimdebare zRvis fskeri sakmaod rTuli 
reliefiT  xasiaTdeba da zRvis SelfSi (arc Tu iSviaTad), sanapiro zolSi 
SeWrili e. w. wyalqveSa kanionebis simravliT gamoirCeva.  

swored es garemoeba ganapirobebs sanapiros zogierT monakveTze  
saporto mSeneblobisTvis SedarebiT xelsayrel pirobebs.  amis miuxedavad, 
zemoaRniSnuli mxolod nawilobrivi pirobaa srulfasovani portis mSeneb-
lobisTvis. amitom msoflios didi sazRvao portebi  bunebriv, Rrma Rel-
visgan  dacul yureebSia ganlagebuli.  

saqarTvelos verc erTi sazRvao porti zemoT CamoTvlil faqtorebs  
srulad ver akmayofilebs. es garemoeba gaiTvaliswines da kargadac gaaana-
lizes jer kidev mefis ruseTis dros sanapiros Sesaswavlad movlenilma 
samxedro inJinrebma  - Savrovma da  Jarincevma, romelTa xelmZRvanelobiTac 
aSenda rTuli bunebrivi pirobebis mqone foTis da baTumis portebi. 

cxadia, rom saqarTveloSi srulfasovani sazRvao portis mowyobisTvis  
saWiroa vrceli, talRebisgan daculi Rrma akvatoriis  da zRvis didi 
siRrmeebidan  xmeleTamde misasvleli Rrma bunebrivi „arxis“ mqone porti-
yuresaTvis saTanado pirobebis Seqmna (nawiloberiv mainc). 

saqarTveloSi Savi zRvis sanapiroze aseTi xelsayreli pirobebi ra-
modenime adgilze gvaqvs. erT erTi xelsayreli adgili mdinare enguris 
Zveli SesarTavia, sadac wyalqveSa kanionis saTaveebi sanapiro xazTan Zalian 
axlosaa (napiridan  150-200 m)  SemoWrili. amasTan vrceli akvatoriis Seqmna 
SedarebiT martivad swored aqaa SesaZlebeli. portis akvatoriasa da zRvis 
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did siRrmeebs Soris moqceuli wyalmarCxi zolis sigane mcirea. am faqtors 
didi mniSvneloba aqvs portis Rirebulebisa da moZraobis Semaferxebeli 
liTondinamikuri procesebis regulirebis TvalsazrisiT. 

dargis specialistebisTvis kargadaa cnobili, rom saporto da 
hidroteqnikuri nagebobebis fuqcionirebisTvis  gadamwyveti mniSvneloba aqvs 
reliefsa da sanapiro procesebs. Cven  zemoT vaxseneT akumulaciuri masalis 
uaryofiTi gavlena portebis funqcionirebis saqmeSi. am TvalsazrisiT, 
enguris zRvis SesarTavi momgebiania, radgan mdinare  enguris maRlivi 
kaSxalis aSenebis Semdeg  misi Txevadi Camonadeni mdinare eriswyalSi  iqna 
gadagdebuli da myari natanic TiTqmis 4-jer Semcirda.  

amitom, enguris SesarTavSi portis mSenebloba da masTan dakavSi-
rebuli  saqarTvelos ekonomikuri aRorZinebis idea, bunebriv-ekonomikuri 
TvalsazrisiT  mizanSewonili, socialurad gamarTlebuli da ekonomikurad 
efeqtiania.  eqspertTa azriT, is SeiZleba gaxdes saqarTvelos ekonomikuri 
ganviTarebis  mamoZravebeli RerZi [1-3]. 

amasTan dgeba problema, rogori unda iyos portis dizaini da 
ganlageba, raTa misi funqcionireba efeqtianic iyos da bunebas mniSvnelovani 
zarali ar miadges.  am problemas naTlad aCvenebs foTis da yulevis 
portebis funqcionirebisas Seqmnili axali problemebi. 

radgan es porti qveynis sasargeblod unda aSendes, aseTi proeqti 
detalurad unda gaanalizdes. unda gvaxsovdes ubralo WeSmariteba,  rom 
Cven ver SevcvliT bunebis kanonzomierebas.  

yulevTan mimdebare  wyalqveSa  reliefi da liTondinamika uaRresad 
araxelsayrelia Rrmawyliani portis funqcionirebisTvis. amis mizezi 
wyalmarCxi  fskeri da arakonsolidirebuli  fskeruli naleqebia, Tumca 
yulevSi mainc aSendeba porti-terminali.  

2001 wels specialistebis mier daweril recenziaSi am portis asaSe-
neblad warmodgenili proeqti uaryofiTad Sefasda da portis mSeneblobis 
dawyebamde  kvlevebis Catarebac moiTxoves. Tavidanve eWvi gamoiTqva aseTi 
wyalmarCxi fskeris pirobebSi portis da e. w. misasvleli arxis  mSeneblo-
bis mizanSewonilobaze.  

mocemul pirobebSi, portis mSenebloba moiTxovda wyalmarCx fskerze  
Rrma jdomis xomaldebisTvis e. w. portis misasvleli arxis gaTxra-
mSeneblobas, romelic gulisxmobs portis akvatoriaSi Sesasvleli  zRvis 
fskeris daRrmavebas.  rekomendaciiT, Tuki portis mSeneblobas mainc 
daiwyebdnen, misi akvatoriis Stormuli talRebis, arxis  mosilvisgan 
dacvisa da mimdebare napirebis SenarCunebis   mizniT  damcavi moloebi  
mainc unda agebuliyo.  

garda amisa, warmoiqmneboda sxva Tanamdevi problemebic: kerZod, mkveT-
rad dairRveoda sanapiro natanis balansi da saWiro gaxdeboda drodadro 
moloebTan akumulirebuli natanis zRvis gaswvriv  gadanawileba, anu  baipa-
singis  (baipassing - teqnikuri hidravlikuri mowyobilobis saSualebiT masa-
lis SemovliTi gziT transportireba) praqtikis ganxorcieleba.  moloebis 
auSeneblobis SemTxvevaSi winaswarve  ivaraudes  portis akvatoriaSi Zlieri 
da welvadi  talRebis SeRweva. romelic azianebs akvatoriaSi myof gemebs, 
portis mimdebare napirebis Zlieri warecxva, e. w. misasvleli arxis 
intensiuri mosilva, misi perioduli restavraciis aucilebloba da sxva.  

proeqti daproeqtebulia md. enguris kalapotSi da gadadis mis 
marjvena napirzec - zugdidis raionis (s. ganmuxuris) teritoriaze, saidanac 
CrdiloeT mimarTulebiT TiTqmis 3 km-ze, samegrelo-afxazeTis administra-
ciul sazRvramde   vrceldeba  da amitom porti ebjineba galis raionis 
sazRvars. aRsaniSnavia, rom enguris sazRvao portis mniSvnelobis Sesaxeb 
ori sapirispiro mosazreba arsebobs, pirvelis mixedviT, portis uSualod 
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saokupacio zolTan aSeneba metad sariskoa, xolo meores TvalsazrisiT, mas 
dadebiTi roli akisria, radgan ar aris gamoricxuli,  ekonomikuri 
efeqtianobiT  afxazeTis  mesveurebis daintereseba gamoiwvios  da  sasikeTo 
aRmoCndes konfliqtis mogvarebis saqmeSi. 

am gegmis mixedviT iq, ZiriTadad Tavisufal miwebze, axali saporto 
dasaxlebis  gaSenebaa gaTvaliswinebuli da ara gadasaxleba. magram,  amgvari 
masStabis obieqtis mSeneblobisas ver avcdebiT garkveuli raodenobis 
mosaxleebis  sxva adgilze gadayvanas da maTTvis kompensaciis micemas, rac 
calke  gadawyvetas saWiroebs.   

portis proeqtis srulfasovani SedgenisTvis Catarda winaswari 
kvlevebi. saqarTvelos Savi zRvispireTi qveynis bunebrivi simdidrea da mas 
movla-patronoba sWirdeba. nebismieri aseTi masStabis proeqtis momzadebisas 
saWiroa misi yovelmxrivi Seswavla specialistTa farTo wris mier. mxolod 
aseTi kompleqsuri midgoma agvacilebs did ekologiur  da ekonomikur 
zarals. viTareba adeqvaturad iqneba Sefasebuli da miRebuli iqneba 
anakliis portis mSeneblobis iseTi varianti, romelic qveynisTvis sasargeb-
loc iqneba da racionaluric. 

anakliis Rrmawylovan ports `anakliis ganviTarebis konsorciumi~ 
aaSenebs. `anakliis ganviTarebis konsorciumi~ `TBC holdingisa~ da ameriku-
li kompania `konti interneSenalis~ mier erToblivad dafuZnebuli kompaniaa, 
romelsac 49 wliT  da marTvis uflebiT gadaecema  anakliis momavali 
portisa da Tavisufali ekonomikuri zonis teritoria. Pproeqtis Rirebuleba 
2,5 miliardi amerikuli dolaria.  

navsadguri 400 heqtarze ganTavsdeba da uzrunvelyofs didi zomis 
gemebis momsaxurebas, rac mniSvnelovnad wingadadgmuli nabiji iqneba 
qarTuli ekonomikisa da zogadad, saxelmwifos strategiuli mniSvnelobis 
gaZlierebisTvis. gegmis mixedviT igi iqneba yvelaze didi porti 
saqarTveloSi, romelic SeZlebs e.w. panamaqsisa da postpanamaqsis tipis 
gemebis (umsxvilesi, 40 000 t-mde tvirTamweobis gemi, romelsac arxSi gavla 
SeuZlia) miRebas. portSi gaCerebas SeZleben  10 000 konteineris tevadobis 
da 50-dan 150 aTas tonamde dedveitis mqone xomaldebi, romelTa moZraoba 
baTumisa da foTis portebSi problematuri iyo. cnobisTvis  anakliis 
portis siRrme 20,5 metria, baTumis portis - 14m, foTis ki sul - 8,5 metri.A 

kontraqtis Sesabamisad navsadguri aSendeba 9 fazad da saboloo 
jamSi, misi wliuri gamtarunarianoba Seadgens 100  mln tona tvirTs. Pporti 
operirebas daiwyebs mSeneblobidan 3 weliwadSi, roca misi gamtarunarianoba 
weliwadSi 7 milion tonas miaRwevs. axali navsadguri daaxloebiT ori 
kviriT Seamcirebs tvirTebis gadazidvis xangrZliobas CineTidan  da 
aRmosavleTis sxva qveynebidan evropamde.  

Pportis mSeneblobasTan dakavSirebiT igegmeba adgilobrivi mosaxleo-
bisTvis treiningebis programis ganxorcieleba. Aanakliis portis proeqti 
aTasobiT samuSao adgils Seqmnis. mis mSeneblobaze 3400 adamiani dasaqmdeba. 
mSeneblobis dasrulebis Semdeg portSi 6400 adamiani imuSavebs, romelTa 90% 
saqarTvelos moqalaqe iqneba. ramodenime aseuli adamianis dasaqmebaa gaTva-
liswinebuli proeqtis sawyis – samSeneblo samuSaoebis etapze, romelTa daw-
yeba 2017 wlis zafxulisTvisaa dagegmili, navsadguri ki 2020 wels gaixsneba.   

es proeqti msoflio masStabis proeqtia. 
am proeqtiT transnacionaluri kompaniebi dainteresdnen. Ees 

daintereseba `anakliis ganviTarebis konsorciumis~ CineTSi vizits moyva. 
Cinuri kompaniebi portis mSeneblobis sakiTxSiPaRniSnuli konsorciumis 
potenciur partniorebad moiazreba. misi kontraqtorebi arian aseve sazRvao 
portebis cnobili sadizainero kompania `offat & Nichol~ da wamyvani holandiuri 
sakonsultacio kompania `Maritime &  Transport Business Solutions~ –i. 



   saqarTvelos sainJinro siaxleni, GEORGIAN ENGINEERING NEWS, №1, 2017  

 

 

104 

portis mSeneblobis dasrulebis Semdeg es iqneba sruliad axali 
SesaZleblobebi saqarTvelosTvis, raTa `abreSumis gzis~ koncefcia srulmas-
Stabianad amoqmeddes saqarTveloSi da samxreT kavkasiis satransporto 
koridori gaxdes tipobrivad axali gamtarunarianobis da SesaZleblobebis. 
Aaseve portis garSemo gaTvaliswinebulia Tavisufali industriuli zonis 
Seqmna, romelic kidev ufro Seuwyobs xels ekonomikis ganviTarebas. 
Pportisgan miRebuli Semosavlebi mniSvnelovani iqneba qveynis ekonomikuri 
ganviTarebisTvis. 

saqarTvelos portebi gasasvlels zRvaze rva saxelmwifosTvis uzrun-
velyofen. maTi erT-erTi ZiriTadi daniSnuleba swored evropa-kavkasia-aziis 
derefnis Seqmnaa. baTumis, foTis da yulevis portebi adgilobriv da 
ucxoel partniorebs mravalferovan momsaxurebas sTavazobs. rac Seexeba 
anakliis Rrmawylovani ports, misi mSenebloba uaxloes momavalSi evropasa 
da azias Soris Tavisufali vaWrobis gafarToebis  SesaZleblobebs gazrdis. 
Ees xels Seuwyobs satranzito da logistikuri  potencialis ganviTarebas 
da mniSvnelovnad gazrdis rogorc tranzituli, aseve savaWro-ekonomikuri 
TvalsazrisiT, saqarTvelos, strategiuli saxelmwifos mniSvnelobas. 
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SUMMARY 

PROSPECTS FOR CONSTRUCTION OF THE ANAKLIA PORT 

Margalitadze I.N. and  Gabidzashvili L.G. 

Georgian Technical University 

Maastricht University, the Netherlands 

The construction of Anaklia Deep-SeaPort at the InguriRiver mouth could become the key point in economic 

development of Georgia. Completion of construction of this global project will open new opportunities to launch 

fully the Silk Road idea in Georgia and South Caucasus transport route, and gain new possibilities to increase the 

turnover of goods. Anaklia Deep-Sea Port will increase trade between Europe and Asia. 

Keywords: deep-sea port, Anaklia, construction, transport route, port capacity. 
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DEVELOPMENT OF A METHOD AND A DEVICE FOR IMPROVEMENT OF 

ECOLOGICAL PROPERTIES OF LIQUID HYDROCARBON FUEL 

 

Akhvlediani Z.G., Gelashvili G.V., Gongadze A.D., Kiladze A.A., Rekhviashvili A.G.                       

and Sokhadze V.M. 

 

E.Andronikashvili Institute of Physics, Iv. Javakhishvili Tbilisi State University 

 
Abstract.  The method and the device providing an improvement of the quality of automobile fuel are presented. 

The proposed device makes it possible to remove compounds that produce toxic components during the 

combustion process in the engine from automobile fuel. The use of the described method and of device promotes 

the establishment of the rational regime of fuel combustion in the engine fuel economy, and significantly 

decreases the harmful influence of the exhausted gases on the environment. 

Keywords: automobile fuel, exhaust gases, method, device, ecology.   

 

The scientific-technical progress being the objective and irreversible factor of the 

development of mankind requires the increase of energy consumptions.  The main source of energy is 

the hydrocarbon fuel which is burnt ina great amount. As a result, million tons of combustion products 

containing toxic  (CO, NOx, Cm Hn, soot ,etc) and carcinogenic (benzopyrene)  substances, as well as 

greenhouse  gases (CO2 ,CH4 ,NO2 , etc ) is emitted  into the atmosphere. These products pollute the 

environment, bring about the growth of greenhouse effect and the origination of different dangerous  

diseases (cancer, cardiovascular pathologies, asthma, etc.). Recent events give the conclusive evidence 

that the world faces the threat of  an ecological catastrophe. 

Motor transport is the main source of environmental pollution and of the adverse impact on 

human health. It is known that more than 80% of air pollution is due to the exhaust gases of motor 

vehicles. Since  the  number  of  automobiles rapidly increases almost in all  countries  of the  world, 

in parallel, their adverse impact both on the human organism and on the environment also increases, 

which is a global ecological problem.   

Nowadays the  total  annual  consumption  of  fuel  throughout the  world  is 1.8 billion tons 

and  more  than  800  million tons  accounts for automobile fuel. According  to  the available data, 

during  the next  few  decades, liquid  oil  fuel  will  still  be one  of  the main sources of energy, as, 

because of  technical  and economic problems,  the  use  of  alternative  sources of  energy does not 

progress at a desired rate. Therefore, the requirements imposed on petrol and diesel fuel are getting 

stricter every year. 

It  should  be  noted  that  the  energy  supply of the means of  transport in our country  

depends   entirely on  the  imported  fuel. Thorough control of its quality and, even more, the 

ecological properties of petrol and diesel fuel is a rather difficult problem. Meanwhile, just their 

ecological properties have  a  great impact on the  formation  of  toxic, carcinogenic  substances  and  

of  greenhouse  gases  in the internal combustion engine. The better  is  the  ecological  property of 

automobile  fuel,  the  higher  is  the  degree of complete combustion of  the fuel-air  mixture and  less  

is the formation of the mentioned noxious components of automobile exhaust gases.Therefore, the 

requirements imposed on automobile exhaust with due account of minimization are permanently 

getting tougher, as it is  seen well  from Table 1 [1]. 

 
Table 1.The requirements for the content of noxious components in automobile exhaust gases  

 

Requirements 

Petrol engines, g/km Diesel engines, g/km 

CO Cm Hn NOx CO CmHn+NOx Soot 

Euro-2 (1996) 2.2 0,5 (total) 1.0 0.7 0.08 

Euro-3 (2000) 2.3 0.2 0.15 0.64 0.56 0.05 

Euro-4 (2005) 1.0 0.1 0.08 0.5 0.3 0.025 

Euro-5 (2010) 1.0 0.1 0.06 0.5 0.23 0.005 
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In this regard, our aim is to achieve the simultaneous reduction of the noxious and greenhouse 

gases in the exhaust of automobiles. Currently it is possible only by purposeful constructive 

solutionsconcerning the engine and to the optimization of fuel composition. Hence the urgent 

scientific  problem  is  the  development  of a method  or a device allowing  to obtain such  petrol 

composition that would meet the above-mentioned requirements - simultaneous  minimization  of  the 

contentof non-ecological components (CO, NOx, SO2, soot and CO2  in automobile exhaust.   

We took into consideration the above-mentioned requirements for the optimization of petrol 

content when developing the device for purification and enrichment of hydrocarbons [2]. The so-

called “closed” system is mounted directly in the automobile and, according to the first  experimental 

data, it showed significant economy of fuel consumption and  a total decrease in the content of non-

ecological  components (CO, Cm Hn, NOx, soot). 

Besides the above-mentioned system, we designed and studied its prototype - a so-called 

“open” system (Fig.1). The  petrol  purified  in  this  device  is  collected  in  a special  pool  and  then  

is  used. 

 

 

 

 

      

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Schematic of the device for improvement ofecological properties of hydrocarbon fuels (The volume of 

electrolyte tap water  40 l,  pH= 7.5-7.8 ,  voltage  12 V, current  17A). 

 

  The  device  consists of a body with a settling bowl, a  power supply unit connected  to the  

packet  of plate  electrodes (the  number  and the  area of which  depend  on  the  amount and  the  

quality of  the  material under  purification),  a  bubbler  located  under  the  electrodes.The body 

contains an electrolyte level regulator.  

Commercial petrol of any grade (2) under pressure passes from reservoir (1) to bubbler (5), 

where it is atomized into small vesicles (balls). Due to the difference in the specific weight of petrol 

(2) and electrolyte (4), these vesicles rise to the surface passing through the electrolyte and interacting 

with the assembly of plate electrodes (11)  to which dc voltage  of  6-20 V  is  applied  as  required. 

The  assembly  of  plate  electrodes  is  located  in  dielectric cup (3), and  the  process  of  electrolyze  

takes  place. Through filter (9), which prevents passing of the waste accumulated in the result of 
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purification, the purified petrol comes to reservoir (7) and iscollected in tank (8). Valve (6)is designed 

for draining the waste settled gradually onto thebottom of the device. The level of electrolyte is 

maintained by a special device (12). The  frequency of  changing  the  spent  electrolyte  depends on 

the  parameters  of  the special  device. Through pipe union (10), the gases formed  as a result  of  

device  operation  are emitted in the  atmosphere. The process takes place under the  conditions  of  

normal  temperature  and  pressure without using the expensive catalysts and at the minimum 

consumption of electric power (200 – 300 W·h). 

Testing of the pilot device was performed. In the test, for  choosing  the  optimal mode, the  

minimum  CO  factor  was  used  in  the  exhaust  of  the  engine  of  automobile  Opel  (Table 2).  As  

an  operation  current,  the  value  of  17 A  was  chosen, which corresponds  to  the  voltage  of  12 V 

(the  voltage  of  automobile  accumulator). 

 
Table 2 

Amperage 0 (untreated petrol) 5 10 15 17 

CO mg/m3 250 180 150 100 85 

 

 Investigation was  also  carried  out  on  the  influence  of  petrol  treatment of Euro-

Regular  grade  on fuel  parameters, as  well  as  on  the  octane  number,  on  the  operation  

of  internal  combustion  engine  and  on  the  mileage  of  the  automobile  OPEL,  equipped  

with  a standard- type  catalyst. 

 
       Table 3. Testing results for OPEL 

. 

 

 

 

 

 

 

 

 

 

From Table 3 it is seen that, when the  treated petrol was used, the  content  of  CO  in  the  

exhaust  decreased  at  least by a factor of  5, and  the  content  of soot  - by a factor of10..  All  

the  measured  parameters  of  the  “purified  petrol”  meet  the  requirements of the Georgian  

standard  on  petrol. The  octane  numbers  of  “non-purified”  and  “purified”  petrol  are  

92.9  and  93.4,  respectively,  and  the  specific  heat  of  hydrocarbon  fuel  combustion  

increases  by  38%  for  purified  Euro  Regular. Compression of engine cylinders was 13 atm. 

both before and  after 1,000km mileage of the automobile with purified and non-purified   

petrol.  Consumption  of  Euro-Regular  petrol  after  running  100 km  made up 91, while  for  

the  purified  petrol,  the  consumption  was  81, i.e. the  economy  of petrol  made up 11%.  

       The  experiments  on  the  exhausted  gases  at  the  treatment  of  petrol  on the pilot  

device (the analysis  of  gases  was carried out using Gas –Chromo 3101 with argon at room 

temperature).  

 
            Table 4 

 Components Content in % 

1. Oxygen 43.5 

2. Hydrogen 36.4 

3. Air on nitrogen 12.1 

4. Petrol vapor 5.8 

5. Watervapor 2.2 

 

carbon monoxide, CO mg/m3 
Soot,  mg/m3 

 

Slow rotation Fast rotation  

Non-purified petrol 25 15 25 

Purified petrol 5.0 0.5 2.0 
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As is seen from Table 4, oxygen and hydrogen are mainly released. From  the  above-stated, it 

can  be  concluded  that  the  standard  petrol  treated  with the  pilot  device  has  ecological properties  

meetingin future  the  requirements  for  decreasing  the  noxious  exhausts  into  the  atmosphere ,  

accepted  by  the  leading  countries of  the  world [3]. 

The efficiency of the given pilot device was also checked with diesel fuel – Wissol Standard. 

Testing of purified and non-purified fuel was carried out with the diesel-generator of 4 kW power. 

With the purified fuel, it was observed that the content of soot in exhaust gasesdecreasedbyhalf. 

The subsequent experiments for selecting the electrolyte for the device for purification and 

enrichment of hydrocarbon fuel showed that KOH and NaOH solutions prepared with distilled water 

must be used as electrolytes. It should be mentioned that operation of the device on the KOH solution 

decreases the amount of sediment decreased by a factor of 8-10, while that on the NaOH solution – by 

a factor of 3-4.  

The proposed device is cheap, simple in design and economical,it does not require 

reorganization of the existing power. The  term  of  its  operation without  changing  the  complete  set  

is  3  years [4]. 

The  consumers of the given technology could  be  oil-processing  enterprises,  fuel  stations,  

companies  with a great fleet of motor  transport,  private  motor  transport,  boilers, etc. All  the  

above-said  gives  the  proposed  technology competitive  advantages  on  the  market.   

The  estimation  of  the  efficiency  of  purified  and  non-purified  fuel  was performed at the  

following laboratories: 

• Laboratory of the Department of Monitoring  and  Forecasting  of  Natural Pollution  of  the 

Institute  of  Hydrometeorology (determination of  the  content  of  toxic  substances  in  exhaust  gases  

of  the internal-combustion engine as  well  as the  analysis of released gases with the operation  of the  

pilot  device;   

•Laboratory of petrol and oil products Georgia Association Imedi 2005, code 205044236.   

(Octane numbers and petrol standards according to GOST); 

•  laboratory  of  oil  products  control,  Levan Samkharauli  National  Expertise  Bureau 

(Petrol  standards according to GOST); 

• Ltd. Autohouse, code 204967991 (analysis of the compression of auto-engine); 

• Automobile  service  “Tegeta  Motors”,  Tbilisi,  Georgia ( investigation  of  diesel  fuel );  

•Laboratory  of  Israel  at the Centre of Laboratory Investigations, thedocument of analysis    

No.2217/10  ( investigation of the specific heat of combustion of purified and non-purified  petrol ). 
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РЕЗЮМЕ 

РАЗРАБОТКА МЕТОДА И УСТРОЙСТВА ДЛЯ УЛУЧШЕНИЯ ЭКОЛОГИЧЕСКИХ СВОЙСТВ 

ЖИДКОГО УГЛЕВОДОРОДНОГО ТОП 
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им.  Ив. Джавахишвили  

В работе приводится описание метода и устройства для улучшения качества автомобильного топлива. 

Предлагаемое устройство обеспечивает комплексное удаление из топлива большинства веществ, 

являющихся причиной возникновения токсичных компонентов при сгорании. Применение данного 

устройства способствует созданию рационального режима сгорания топлива в двигателе, экономии 

топлива и во много раз уменьшает экологическую нагрузку на окружающую среду. 

Ключевые слова: автомобильное топливо, выхлопные газы, метод, устройство, экология. 
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biogazis danadgaris gamoyeneba soflis kerZo da fermerul meurneobaSi 

 

megreliSvili z.n., loria m. d., CxaiZe d.t., gobaZe l.n., xuciSvili b.g. 
 

baTumis SoTa rusTavelis saxelmwifo universiteti 
 

saqarTveloSi agraruli seqtoris ganviTareba qveynisaTvis strategiu-
li mniSvnelobis sakiTxia. aRniSnuli seqtoris ganviTarebis xelSewyobisa-
Tvis sxvadasxva dargebTan erTad, erT-erTi prioritetulia bioteqnologie-
bis, kerZod ki biogazis danadgarebis danergva-gavrceleba. 

biogazi ekologiurad sufTa biosawvavia, romelic SeiZleba vawarmooT 
Cveni xeliT. is bunebrivi airis msgavsia. airi miiReba narCenebis anaerobuli 
baqteriebis mier gadamuSavebis gziT. duRili mimdinareobs moculobis uJang-
bado sivrceSi, romelsac bioreaqtors uwodeben. biogazis gamomuSavebis 
siCqare damokidebulia bioreaqtorSi CatvirTuli narCenebis raodenobaze. 
baqteriebis gavlenis Sedegad nedleulidan (narCenebidan) gamoiyofa meTanisa 
da naxSirorJangis narevi sxva airovan minarevebTan erTad (nax. 1) [1]. warmo-
Sobili airi gaiyvaneba bioreaqtoridan, gaiwmindeba da SeiZleba gamoyene-
buli iyos sakuTari saWiroebisaTvis.  

 
 

 
 

 
nax.1. biogazis saorientacio Semadgenloba. Semadgeneli nivTierebis koncentracia 

damokidebulia gamoyenebul nedleulze da teqnologiaze 
 

 
biogazis danadgaris muSaobis Sedegad miiReba maRali xarisxis ekolo-

giurad sufTa sasuqi, romelic Seicavs yvela saWiro komponents - azots, 
fosfats, kaliums, mikro da makro elementebs. ar Seicavs paTogenur mikro-
floras, gelmitebis kvercxebs, sarevela mcenareebis Tesls, nitritebs da 
nitratebs, specifikur fekalur suns. aseTi Txevadi  sasuqebi uzrunvelyofen 
mosavlianobis gazrdas 2-3 jer, kulturis saxis mixedviT, aumjobesebs 
niadagis mdgomareobas, moqmedebs mcenareebze gamoyenebisTanave, amcirebs 
niadagis mJavianobas, zrdis mcenareebis mdgradobas garemos gavlenis mimarT, 
gansakuTrebiT gvalvis dros. maTi gamoyeneba SesaZlebelia nebismier klima-
tur zonaSi yvela saxis niadagisaTvis [2]. 
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baqteriebi, romlebic gamoyofen meTans, miZinebul mdgomareobaSi imyo-
febian uSualod nedleulSi. maTi aqtiuroba izrdeba garkveuli tempera-
turis dros. temperaturuli reJimi, romlis dros mimdinareobs meTanuri 
duRili, dayofilia sam tipad. fsiqotropuli temperaturuli reJimi xorcie-
ldeba diapazonSi 20 dan 250C-mde, mezofiluri - 25 dan 400C-mde, Termofi-
luri 400C-ze meti temperaturis dros. fsiqotropuli reJimi ar moiTxovs 
damatebiT SeTbobas,  mimdinareobs damatebiTi temperaturuli kontrolis 
gareSe da gamoiyeneba Sesabamis klimatur zonebSi, sadac saSualo wliuri 
temperatura Seadgens ara nakleb 18-200C. mezofiluri da Termofiluri pro-
cesebi moiTxoven gare siTbos wyaros arsebobas da temperaturis kontrols. 
rac ufro maRalia temperatura miT ufro meti warmadobiT mimdinareobs 
biogazis warmoSoba. magram maRali temperaturis dros meTanis Semcvelobis 
procenti biogazSi SeiZleba Semcirdes. amis garda gadamuSavebul produqtSi 
naklebi iqneba azotis Semcveloba. Termofiluri reJimis gamoyenebisas 
narCenebisa da fekaluri masebis gauvnebloba mimdinareobs ukeTesi xarisxiT, 
vidre mezofiluri reJimis dros. amitom mizanSewonilia is gamoviyenoT im 
SemTxvevaSi, roca umTavresia sanitaruli damuSavebis uzrunvelyofa. amitom 
praqtikaSi ZiriTadad gamoiyeneba biogazis miRebis mezofiluri reJimi [3]. 

soflis kerZo da fermeruli meurneobebis xelSewyobisaTvis aWaris 
regionSi  ganxorcielda proeqti „axali sasoflo-sameurneo teqnologiebi 
aWaris maRalmTianeTSi“. proeqti ganxorcielda axalgazrda mecnierTa kavSi-
ris mier aSS saelCos demokratiis komisiis  finansuri mxardaWeriT. proeq-
tis ZiriTadi mizani iyo maRalmTiani municipalitetis Temebis mosaxleobis 
ekonomikuri  SesaZleblobebis gazrda axali sasoflo-sameurneo teqnolo-
giebis danergvis saSualebiT. proeqti ganxorcielda qedis municipalitetSi  
sadac, oTx TemSi (daba qedis Temis sofeli kormoxedi; merisis Temi sofeli 
merisi; cxmorisisTemi sofeli kokotauri; pirveli maisis Temi sofeli 
kolotauri) aSenda sacdel-sademonstracio saTburi da biogazis misaRebi 
danadgari (nax. 2) [4].  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

nax.2. biogazis danadgari qedis municipalitetSi  
 
nakelis is raodenoba, romelic miiReba saZovrebze gasul  erT sul 

msxvilfexa rqosani pirutyvisagan iangariSeba formuliT [5]: 
 

  PA
k

ACH 










 10

100

100
mSr  
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sadac CmSr - pirutyvis racionSi mSrali nivTierebis raodenoba, t;  A - sakve-
bis mSrali nivTierebis danakargebi, romelic gadadis nakelSi, t;  k - racio-
nis mSrali nivTierebis gadamuSavebis koeficienti (msxvili rqosani piruty-
visaTvis 55%); P - pirutyvis safenis raodenoba, t. 
zamTris periodSi, sadgomSi mdgar pirutyvisaTvis nakelis raodenoba ianga-
riSeba formuliT: 
 
 









 P

K
H

2
4

mSr  

 
sadac KmSr - racionis mSrali nivTierebis raodenoba, kg. 

kerZo sasoflo meurneobaSi (Tu es ar exeba msxvil da saSualo sidi-
dis fermebs) aseTi formulebiT nakelis raodenobis gaangariSeba garkveul 
sirTules warmoadgens fermerisaTvis. mxedvelobaSi misaRebia isic, rom 
formulebSi Semavali sidideebi gansxvavdebian imisdamixedviT, Tu rogoria 
pirutyvis Senaxvis pirobebi da maTi racioni. amitom mizanSewonilad migvaC-
nia nakelis raodenobis gaangariSebisaTvis visargebloT normatiuli doku-
mentebiT (cxr. 1) [6].  
 
cxrili 1. nakelis raodenobrivi da xarisxobrivi maCveneblebi 
   

pirutyvis jgufi maCveneblebi 
eqskrementis Semadgenloba 

eqskrementi 
maT Soris 

ganavali Sardi 

xari 
masa, kg 40,0 30,0 10,0 

tenianoba,  % 86,0 83,0 95,0 

mewveli Zroxa 
masa, kg 55,0 35,0 20,0 

tenianoba,  % 88,4 85,2 94,1 
xbo 

3 Tvemde 
masa, kg 4,5 1,0 3,5 

tenianoba,  % 91,8 80,0 95,1 
6 Tvemde. 

saxorce  gamokvebamde  
4 Tvemde 

masa, kg 7,5 5,0 2,5 

tenianoba,  % 87,4 83,0 96,2 

saxorce  gamokvebamde  
4 dan 6 Tvemde 

masa, kg 14,0 10,0 4,0 
tenianoba,  % 87,2 83,5 96,5 

nazardi     

6-12 Tve 
masa, kg 14,0 10,0 4,0 

tenianoba,  % 87,2 83,5 96,5 

12-18 Tve 
masa, kg 27,0 20,0 7,0 

tenianoba,  % 86,7 83,5 96,0 
gamokvebaze: 

6-12 Tve 
masa, kg 26,0 14,0 12,0 

tenianoba,  % 86,2 79,5 94,1 

12 Tveze meti 
masa, kg 35,0 23,0 12,0 

tenianoba,  % 84,9 80,1 94,2 
SeniSvna: 
 eqskrementebis mSrali nivTierebis simkrive miiReba 1250 kg/m3, mSrali nivTierebis 
nacrianoba - 16% 
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msxvilfexa rqosani pirutyvis  100 kg mSrali nivTiereba iZleva 2,5-5,0 m3 
biogazs. 6 - 10 suli msxvilfexa rqosani pirutyvisagan dRe-RameSi saSualod 
vRebulobT 75 - 125 kg nakels, rac gvaZlevs 3,0 - 5,0 m3 biogazs. sxva saqonlis 
eqskrementebis gamoyenebisaTvis cxrilSi 2 moyvanilia biogazis gamosavlia-
noba kilogram mSral nivTierebaze [4]. rogorc cxrili 2-is monacemebidan 
Cans merZeve Zroxa iZleva 88,4% tenianobis 55 kg eqskrements. es ki Seesabameba 
12,5 kg 20%  mSral nakels. 

 

 
cxrili 2. biogazis gamosavlianoba kilogram mSral narCenebidan 

 

saqoneli 
gazis gamosavlianoba l/kg-mSr. 

nivTiereba 

Rori 340-550 

msxvilfexa rqosani pirutyvi 90-310 

qaTami 310-620 

cxeni 310-620 

cxvari 90-310 

 

miRebuli 2/3 meTanis Semcvelobis gazis kaloriuloba Seadgens             

4500 - 6000 kkal/m3. ojaxSi rva merZeve Zroxis yolis SemTxvevaSi dRe-RameSi 

miviRebT saSualod 100 kg nakels an 3,0 -5,0 m3 biogazs. es ki Seadgens              

30 000 kkal/d.R. an 1,45 kvt/sT. aseTi raodenobis energia savsebiT sakmarisia 

ojaxis energetikuli uzrunvelyofisaTvis. cxrili 1-is monacemebis gaTva-

liswinebiT (biomasis duRilis temperatura - 30 - 350C.) rva pirutyvi 45 dReSi 

mogvcems 16 m3 biogazs. biogazis danadgaris moculobebi saqonlis raodeno-

bis mixedviT mocemulia cxrilSi 3. 

 
cxrili 3. biodanadgaris moculoba da saqonlis raodenobis fardobiToba 

 

Sinauri cxovelebi 4,6 m3 8 m3 12 m3 16 m3 

merZeve Zroxa 2 3 5 8 

mexorculi Zroxa 3 6 12 18 

xari 2 3 8 13 

Rori 10 15 25 38 

 

 

biodanadgarebi warmoadgens sakmaod martiv betonis konstruqcias, 

daxuruls liTonis zarxufiT (sur. 3). tixris qveda nawilSi datovebulia 

naxvreti farTobiT 0,5m2. konstruqciis orive mxridan mierTebulia mili. 

pirveli – biodanadgarSi saqonlis eqskrementebis misawodeblad, meore -

gadamuSavebuli nakelis  bunkerSi misawodeblad.  
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 nax. 3.  12 m3 biodanadgari  
a) zogadi xedi izometriaSi; b) sqema: 1 - Semrevi; 2 - gamyofi kedeli;                         

3 - biodanadgaris kedeli; 4 - gamyvani mili;  5 - Semrevis RerZi; 6 - mimwodebeli 
mili; 7 - biodanadgaris Ziri; 8 - hidroCamketi; 9 - zarxufi; 10 - zarxufis 

SemzRudavi; 11 - SemzRudavis RerZi;  12 - mimRebi bunkeri; 13 - gadamuSavebuli 
nakelis bunkeri. 

 
 
konstruqciuli elementebis zomebis gaTvaliswinebiT biogazis danad-

garis zomebi da moculoba SeiZleba miRebuli iyos Semdegi Tanafardobis 
mixedviT (cxr.4). danadgaris irgvliv sasurvelia Tixis 150 – 200 mm garsacmis 
(fenis) mowyoba.  

 
cxrili 4. biogazis danadgaris saorientacio zomebi 
 
simaRle, m Sida radiusi, m gare radiusi, m biogazis danadgaris moculoba, m3 

2,1 1,15 1,45 4,6 
2,3 1,46 1,76 8,0 
2,42 1,70 1,99 12,0 
2,46 1,94 2,24 16,0 
2,72 2,43 2,73 30,0 

 
moyvanili rekomendaciebis da monacemebis mixedviT kerZo pirs SeuZlia 

damoukideblad aagos biogazis danadgari msxvili rqosani pirutyvis (an sxva 
saqonlis) raodenobis mixedviT da miiRos rogorc biogazi aseve maRali 
xarisxis organuli sasuqi. 
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SUMMARY 

BIOGAS PLANTS DESIGNED FOR INDIVIDUAL FARMS 

Megrelishvili Z.N., Loria M.D., Chkhaidze D.T., Gobadze L.N. and Khutsishvili B.G. 

Shota Rustaveli State University, Batumi 

The paper deals with biogas plants for application on farming economies. It is possible to produce a high-quality 

organic fertilizer along with biogas. The fertilizer can also be used on individual farms. There are given 

recommendations on building of individual biogas plants. 

Keywords: biogas, biogas plant, farm. 
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alaznis velis niadagebis da xelovnuri wyalsacavebis ekologiuri 

mdgomareobis Sefaseba 

 

baqraZe e.m, SavliaSvili l.u., kuWava g.p., xmiadaSvili s.a. 

 
saqarTvelos garemosa da bunebrivi resursebis dacvis saministros 

garemoserovnuli saagento 
saqarTvelos teqnikuri universitetis hidrometeorologiis instituti 

 
Tanamedrove msoflioSi SezRuduli resursebis, kerZod ki, sakvebi 

resursebis Semcirebis problema sul ufro mwvavdeba. pirvel rigSi es exeba 
miwas da gansakuTrebiT soflis meurneobis savargulebs, radgan es 
ukanaskneli, anTropogenuli zemoqmedebis gamo sul ufro mcirdeba. Tanac es 
xdeba planetis mosaxleobis swrafi zrdis fonze. analogiuri mdgomareobaa 
saqarTveloSi,  kaxeTis regionSi, alaznis velis damlaSebul da bicobian 
niadagebze, romlebic degradirebuli niadagebis erT-erTi gamoxatulebaa, 
sadac ganTavsebulia xelovnuri wyalsacavebis Warbi raodenoba. 

Tanamedrove msoflioSi SezRuduli resursebis, kerZod ki, sakvebi 
resursebis Semcirebis problema sul ufro mwvavdeba. pirvel rigSi es exeba 
miwas da gansakuTrebiT soflis meurneobis savargulebs, radgan es 
ukanaskneli, anTropogenuli zemoqmedebis gamo sul ufro mcirdeba. Tanac es 
xdeba planetis mosaxleobis swrafi zrdis fonze. analogiuri mdgomareobaa 
saqarTveloSi, kaxeTis regionSi, alaznis velis damlaSebul da bicobian 
niadagebze, romlebic degradirebuli niadagebis erT-erTi gamoxatulebaa, 
sadac miuxedavad mosaxleobisaTvis keTilsasurveli efeqtisa (Tevzis moSe-
neba sarealizaciod, rac iwvevs mosaxleobis socialur-ekonomikuri mdgo-
mareobis gaumjobesebas) xelovnuri wyalsacavebi uaryofiT efeqtsac iZleva. 
aseT efeqtTa ricxvs miekuTvneba saxnavi miwebis ganadgureba, maTi daWaobeba 
da sxva. xelovnuri wyalsacavebis eqspluataciis pirobebSi mosalodnelia 
daWaobebis procesebis gaZliereba, hidrologiuri procesebis gardaqmna da 
sxva. miT umetes alaznis velis damlaSebul niadagebze, romlebic 
xasiaTdeba mZime meqanikuri SedgenilobiT. am niadagebis cudi wyalgamtaroba 
da gruntis wylis siaxlove (1,5-3 m) iwvevs niadagis Warbtenianobas [1], ris 
gamoc isedac damlaSebuli niadagebi gardaiqmnebian mlaSobebad da Waobebad. 
maTze xelovnuri wyalsacavebis daSrobis (gauqmebis) Semdegac ki garTule-
buli iqneba melioraciuli RonisZiebebis Catareba. amrigad, isedac mcire-
miwiani saqarTvelosaTvis kidev ufro Semcirdeba sasoflo-sameurneo 
savargulebi.ganTavsebulia xelovnuri wyalsacavebis Warbi raodenoba. 

Cveni kvlevis mizans Seadgens alaznis velze ganTavsebuli xelovnuri 
wyalsacavebis qimiuri da mikrobiologiuri Sedgenilobis kvleva 
(ekologiurad sufTa produqciis uzrunvelsayofad), agreTve maTi mimdebare 
teritoriebis niadagebis integrirebuli Seswavla, radgan igi erT-erTi 
gadaudebeli qmedebaa anTropogenuli arasasurveli moqmedebis Sesarbileb-
lad da/an aRsakveTad. xelovnuri wyalsacavebi maragdeba qvemo alaznis 
sarwyavi arxis wyliT, romelic ikvebeba md. alaznis wyliT. aq moSenebulia 
brtyelSubla, karpi, alaznis loqo da sxva jiSis Tevzebi. wylis sinjebis 
aReba moxda 2016 wels kvartalSi erTxel, romelSic ganisazRvra qimiuri [2] 
da mikrobiologiuri komponentebi [3], xolo niadagis nimuSebSi - 6 TveSi 
erTxel, romelSic ganisazRvra pH, mSrali naSTi, STanTqmuli fuZeebi da 
sxva [4]. kvlevebi gagrZeldeba 2017 welsac. nax.1 da 2–Si moyvanilia 2016 w-s 
sof. Zveli anagis da gurjaanis niadagebis marilianobis (mSrali naSTis) 
Sedegebi balaxis qveS, romelic mdebareobs xelovnuri wyalsacavebis 
mimdebare teritoriaze 20 m-is dacilebiT. dakvirvebebi tardeboda zamTrisa 
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da zafxulis sezonebSi.rogorc naxazidan Cans, siRnaRis municipalitetis 
sof. Zveli anagis niadagebSi Tebervlis TveSi mSrali naSTi meryeobs 0,610-
1,956 %-is farglebSi. 0-20 sm siRrmeSi misi Semcveloba Seadgens 0,610 %-s da 
maqsimums aRwevs 60-80 sm siRrmeze. es niadagi ekuTvnis saSualod da siRrmeSi 

Zlier da metad Zlieri damlaSebuli niadagebis kategorias, xolo 
gurjaanis municipalitetis  sof. axaSnis niadagebSi mSrali naSTi  meryeobs 
0,060-0,088 %-mde. niadagi, romlis mSrali naSTi naklebia 0,3 %-ze ekuTvnis 
daumlaSebeli niadagebis kategorias, rasac miekuTvneba Cveni sakvlevi 

gurjaanis niadagebi. rogorc zafxulis (agvisto) dakvirvebidan Cans, Zveli 
anagis niadagebSi aRiniSneba mSrali naSTis mateba (0,610-1,956%). agvistos 
TveSi kvlav moxda marilebis amosvla niadagis profilSi da maTi 
maqsimaluri raodenoba Seadgenda 1,956% 60-80 sm siRrmeze. am periodSi 
marilTa gadaadgileba aRiniSneba niadagis zeda fenebSi, rac ganpirobebulia 
iseTi gaerTianebuli faqtorebis moqmedebiT, rogoricaa niadagis maRali 
tenianoba, haeris temperaturis aweva, niadagis gamoSroba, naleqebis 
intensiuri aorTqleba niadagis zedapiridan. 

 
 

 
 

nax. 1. mSrali naSTis Semcveloba, % (Zveli anaga, balaxi), II, VIII 2016 
 
 

 

 
 
nax. 2. mSrali naSTis Semcveloba, % (gurjaani, balaxi), II, VIII, X 2016 
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am faqtorebs emateba gruntis wylebi, romlebic axlos mdebareoben 
zedapiridan, ris Sedegadac xdeba kapilarul-gruntuli da tenianeba, rom-
lis drosac niadagSi adgili aqvs tenis aRmaval dinebas. amis gamo gvalvian 
da mSral periodSi niadag gruntis wylis uSualo aorTqlebas Tan sdevs 
niadagis zeda fenebSi marilebis dagroveba da damlaSebis procesis gaZlie-
reba. analizebze dayrdnobiT SeiZleba davaskvnaT, rom bunebrivi balaxis 
niadagebisaTvis damaxasiaTebelia - niadagSi marilebis gadaadgileba da ganawi-
leba. klimaturi da hidrogeologiuri faqtorebis pirobebSi profilis sxva-
dasxva nawilebSi xdeba morigeobiTi damlaSeba da ganmlaSeba. amave dros 
marilebis Semadgenloba ZiriTadad icvleba 40-80 sm-is fenaSi. rogorc nax.3-dan 
Cans anionebis mixedviT qloris ionebis Sefardeba sulfatebTan gacilebiT 
naklebia da bunebrivi balaxis qveS damlaSeba ekuTvnis sulfaturi tipis 
damlaSebas. am tipis niadagebSi damlaSeba gamowveulia klimaturi faqto-
rebis gavleniT, gansakuTrebiT naleqebiT da aorTqlebiT, radgan am niada-
gebis damlaSeba ar eqvemdebareba adamianis sameurneo zemoqmedebas (damu-
Saveba, morwyva da sxv.). 

 
 

 
 

nax. 3. ionebis Semcveloba (Zveli anaga-balaxi), 02.2016w. 
 

kaTionebis mixedviT damlaSebis xarisxi SeiZleba ganisazRvros 
rogorc tute-natriumiani, sadac natriumis da kalciumis ionebi aRematebian 
magniumis ionebs. natriumis da kalciumis ionebi am niadagebSi arian Tanabari 
SefardebiT, magram maTi gavrceleba profilSi sxvadasxvanairia: profilis 
zeda pirvel metrSi Warboben natriumis kaTionebi, xolo profilis siRrmeSi 
kalciumis kaTionebi. radgan natriumis sulfati (Na2SO4) ekuTvnis Zalian 
advilad xsnadi marilebis jgufs, xolo kalciumis sulfati (CaSO4) 
saSualod xsnad marilebis jgufs. Sesabamisad, mimdinareobs advilad xsnadi 
marilebis aweva. amrigad, damlaSebul niadagebSi morigeobiT monacvleobiT 
mimdinare damlaSebis da ganmlaSebis procesebis dros, Warbobs damlaSebis 
procesi, radgan niadagis bunebrivi gamorecxva ar warmoebs, rasac pirvel 
rigSi ganapirobebs masivis bunebrivi aradrenireba. cxr.1-Si mocemulia 
wyalsacavebSi Catarebuli analizis Sedegebi. 
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cxrili 1. alaznis velis wyalsacavebis fizikur-qimiuri da hidroqimiuri analizis 
Sedegebi 

 
 

gazomili parametrebi 

siRnaRi, Zveli anaga 
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  Tebervali maisi oqtomberi 

1 temperatura,0C 6,2 6,3 12,4 12,3 11,8 11.5 

2 suni, bali 0 0 0 0 0 0 

3 gamWirvaloba, sm 11 10 9 7 9 10 

4 pH 8,22 8,21 7,64 7,41 7,84 7,97 

5 karbonati, mg/l 3,0 3,3 - - - - 

6 naxSirorJangi, mg/l - - 2.0 2.7 1,58 1,23 

7 hidrokarbonati, mg/l 217,16 146,40 124,44 170,8 146,44 183,0 

8 sixiste, mgeqv./l 3,92 4,22 2,47 4,20 3,77 5,04 

9 amoniumi,mgN/l 0,562 0,684 0,569 0,685 0,342 0,677 

10 kalciumi,mg/l 55,78 55,40 31,10 54,02 46,53 65,16 

11 magniumi, mg/l 13,78 17,69 11,22 18,27 17,57 21,75 

12 eleqtrogamtaroba,μsms/cm 999 887 289 486 315 548 

13 gaxsniliJangbadi, mg/l 6,95 6,01     

14 Jbm5, mg/l 4,25 5,75     

15 nitrati, mg/l <0,001 <0,001 0,715 0,003 0,169 0,147 

16 nitriti, mg/l 0,003 0,006 0,424 0,006 0,008 0,329 

17 fosfati, mg/l 0,063 0,020 0,160 0,022 0,485 0,194 

18 ftori, mg/l 0,107 0,133 0,138 0,192 0,140 0,155 

19 sulfatebi, mg/l 396,26 606,59 75,18 237,40 80,62 153,47 

20 qloridebi, mg/l 41,95 40,83 5,82 37,33 7,14 53,31 

21 natriumi, mg/l 64,0 280,0 11,5 42,5 14,5 65,5 

22 kaliumi, mg/l 2,6 4,5 0,9 2,2 1,0 2,0 

23 mineralizacia, mg/l 791,55 1051,2 284,72 502,36 315,39 546,13 

24 spilenZi, mg/l 0,0058 0,0044 0,0043 0,0048 0,0029 0,0031 

25 tyvia, mg/l 0,0016 0,0036 0,0016 0,0012 0,0009 0,0019 

26 vercxli, mg/l 0,0006 0,0006 0,0002 0,0002 0,0004 0,0018 

 
 

 
rogorc Catarebuli analizis Sedegebi gviCvenebs wyalsacavebis pH 

meryeobs 8,21 - 8,22-s farglebSi, e.i. aris reaqcia gadaxrilia tute mimarTu-

lebiT. wylis pH gansazRvravs Jangva-aRdgeniT potencials da maszea damoki-

debuli wylis TviTgawmendis unari. kaTionebidan Warbobs Ca++-is,  Mg++-is da 

Na+-is ionebi (Ca++>Mg++>Na+)romlebic Sesabamisad meryeoben:  Ca++ - 55,40 -55,78,   

Mg++-17,69 – 21,60, xolo  Na+-18,5 – 42,5mg/l-is farglebSi. unda aRiniSnos, rom am 
kaTionebis Semcveloba zamTris TveebSi (Tebervali) maRalia, rac Cveni mos-
azrebiT ganpirobebulia imiT, rom wlis civ periodSi qvemoalaznis arxis 
wyali iketeba da wylis raodenoba wyalsacavebSi sagrZnoblad Semcirebu-
lia. anionebidan aRsaniSnavia hidrokarbonatebis SedarebiT maRali Semcve-
loba 146,40 - 217,16 mg/l-mde. qloris ionebis Semcveloba meryeobs 40,83 - 41,95 
mg/l-s farglebSi. maRalia sulfatebis Semcvelobac (396,26 - 606,59 mg/l). 
Sesabamisad maRalia mineralizaciac da Seadgens 791,55 – 1051,2 mg/l. xelov-
nuri wyalsacavebis wyali miekuTvneba zomieri mineralizaciis (500-1000 mg/l) 
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mqone wylebs [5]. unda aRiniSnos, rom axali wyalsacavis wyals cota uklia 
raTa is mivakuTnoT maRali mineralizaciis (>1000 mg/l) mqone wylebs, xolo 
Zveli wyalsacavis mineralizacia aRemateba 1000 mg/l-s, amitom is SeiZleba 
mivakuTnoT maRali mineralizacis mqone wyalsacavebis kategorias. es 
ganpirobebulia imiT, rom aRniSnuli wyalsacavebi ganTavsebulia mlaSe 
niadagebze, sadac gruntis wylis mineralizacia Seadgens 5212 3 mg/l da 
metsac, SesaZlebelia maTi Sedineba wyalsacavis wylebSi.  

mniSvnelovan komponentebs warmoadgenen biogenuri elementebi (azoti, 
fosfori), romlebic asaxaven zedapiruli wylebis dabinZurebis xarisxs da 
arian anTropogenuli datvirTvis indikatorebi. gansakuTrebiT mniSvnelo-

vania maTi calkeuli formebis (NO2-, NO3-, NH4+, PO43) Semcvelobebis kontroli 
wyalSi, romlebic axasiaTeben iseTi procesebis gaZlierebas, rogoricaa 
fekaluri dabinZureba, evtrofikacia, gamowveuli komunaluri da sasoflo-
sameurneo Camdinare wylebis CaSvebiT mdinareSi. miRebuli analizis Sedegebi 
gviCvenebs, rom xelovnuri wyalsacavis wylebSi azotis mineraluri 

formebidan (NO2-, NO3, NH4+) gansakuTrebiT gamoirCeva amoniumis ionebi (0,562 -

0,684 mgN/l), romelTa Semcveloba Tebervlis TveSi aWarbebs zRvrulad 
dasaSveb koncentracias. nitritebis, nitratebis da fosfatebis koncent-
raciebi ar aRemateba Sesabamis zRvrulad dasaSveb koncentraciebs. mZime 

liTonebis (Cu,Pb,Ag) Semcveloba xelovnuri wyalsacavebis wyalSi normis 
farglebSia. Tevzebi adamianTan da Tbilsisxlian cxovelebTan SedarebiT 
ufro metad mgrZnobiareni arian toqsikuri nivTierebebis mimarT. layuCebis 
saSualebiT maT organizmSi xvdeba ufro meti toqsikuri nivTiereba, vidre 
adamiani an Tbilsisxliani cxoveli Rebulobs haeridan sunTqvis dros [6]. 
rogorc cnobilia, damlaSebul niadagebSi didi raodenobiT gvxvdeba 
toqsikuri marilebi, rogorc niadagSi, aseve gruntis wylebSi. aseTebia: 
marilmJava da naxSirmJava natriumis marilebi - NaCL, MgCl2, CaCl2, Na2CO3, 

NaHCO3, Na2SO4 da MgSO4, romelTa Soris yvelaze maRali toqsikuroba sodas 
axasiaTebs, xolo yvelaze naklebi - sulfatebs. maT Soris gardamavali 
adgili ukaviaT qloridebs. bunebrivia, es toqsikuri marilebi advilad 
xvdebian niadagidan da gruntis wylebidan xelovnur wyalsacavebSi da 
iwveven maT dabinZurebas, rac metad yuradsaRebi faqtoria, rogorc ekolo-
giurad sufTa produqciis warmoebisaTvis, aseve ekonomikuri Tvalsazris-
iTac [7]. cxr.2-Si mocemulia xelovnuri wyalsacavebis mikrobiologiuri 
analizis Sedegebi. 

 
cxrili 2. alaznis velis xelovnuri wyalsacavebis mikrobiologiuri analizis 
Sedegebi, 02.2016 

 
wylis dabinZurebis Sedegad icvleba rogorc misi fizikuri Tvisebebi 

(feri, suni, simRvrive), aseve qimiuri Sedgeniloba (organuli, biogenuri 
nivTierebebi, mZime liTonebi da sxv.) da mikroflora. wylis baqteriologiur 

 
 

gansazRvruli 
ingredientebi 

erTeuli 

siRnaRi, sof.Zveli anaga 
 

axali 
wyalsacavi 

Zveli 
wyalsacavi 

totaluri koliformebi 1 dm3-Si 8 000 9 000 

1 dm3-Si 1 dm3-Si 5 000 7 000 

fekaluri 
streptokokebi 

1 dm3-Si 600 750 
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sisufTaves afaseben nawlavis Cxirebis (E-coli) raodenobiT 1 l wyalSi (koli-
indeqsi). koliindeqsis maRali mniSvneloba wylis fekaluri dabinZurebis 
maCvenebelia, rac Cveni Catarebuli analizis Sedegebidanac naTlad Cans 
(zRvrulad dasaSvebi raodenoba 5000 1dm3-Si). Cven mier miRebuli Sdegebis 
safuZvelze SemuSavebuli rekomendaciebi gadaecema Seswavlili wyalsaca-
vebis mepatrone fermerebs qmediTi RonisZiebebis gasatareblad, rac xels 
Seuwyobs rogorc ekologourad sufTa produqciis warmoebas, ise Tavidan 
iqneba acilebuli sxva negatiuri qmedebebi. 
 
 
proeqti xorcieldeba ssip - SoTa rusTavelis erovnuli samecniero fondis 
xelSewyobiT, granti N YS15_1.2.1.5._57. 
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SUMMARY 

ASSESSMENT OF THE ECOLOGICAL STATE OF SOIL AND ARTIFICIAL RESERVOIRS IN THE 

ALAZANI VALLEY 

Bakradze  E.M., Shavliashvili, L.U., Kuchava G.P. and  Khmiadashvili S.A. 
National Environmental Agency of the Ministry of Environment and National Resources Protection of 

Georgia 

Institute of  Hydrometeorology at the Georgian Technical University 

The paper deals with the assessment of the ecological state of artificial reservoirs, located on saline soil,and the 

soil ofadjoining territories in the Alazani Valley, Georgia. The impact of saline soil and groundwater on the 

chemical composition of the water of artificial reservoirs was studied. It was revealed that the concentration of 

some elements was higher than maximum allowable concentrations, while the concentration of heavy metals 

(Cu, Pb, Ag, etc.) was within the permissible limits. Saline massif soils that are not subject to anthropogenic 

influence areaffected by groundwater and undergo capillary moistening. The climate factor also plays an 

important role. The soil is subjected to alternating salination and desalination. The composition of salts generally 

varies in the upper half-meter soil profile. The process of salination prevails, because there does occur flushing 

of soil due to the fact that the massif has no natural draining. 

Keywords: ecological state, artificial reservoir, saline soil, groundwater, salination, desalination. 
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soflis meurneobis produqtebSi nitratebis gansazRvris axali 

analizuri xelsawyo 

 

iaSvili n.g., maxaSvili q.a., tyemalaZe g.S., qvarcxava g.r., fadiuraSvili v.n., 
joxariZe z.g. 

 
saqarTvelos teqnikuri universiteti 

 
soflis meurneobis produqtTa xarisxis kontroli Tanamedroveobis 

aqtualuri problemaa. erT-erT aspeqts warmoadgens produqtebSi toqsikuri 
nitratuli azotis dagrovebisa da  adamianze mavne zemoqmedebis Seswavla. 
Cveni amocana iyo, Segveqmna soflis meurneobis produqtebSi nitratebis 
gansazRvris axali xelsawyo. 

adamianis organizmSi nitratebis ZiriTadi masa  bostneulis, xilisa 
da konservebis saSualebiT, nawili _ sasmel wyalTan, xolo umniSvnelo 
raodenoba _ rZisa da pur-funTuSeuli produqtebis saxiT xvdeba. nitratebs, 
mcire raodenobiT, cxoveluri sakvebic  (xorci, Tevzi) Seicavs. 

 nitratebis mavneblobaze yuradReba gamaxvilda gasuli saukunis 70-ian 
wlebSi, rodesac dafiqsirda sazamTroTi adamianTa mowamvlis mravali  
SemTxveva. adamianis organizmisaTvis nitratebi, zogadad, usafrTxoa, magram 
piris RruSi moxvedrisas nitratebi gardaiqmneba nitritebad, romlebic xels 
uSlis qsovilTa sunTqvas. am dros mkveTrad izrdeba qolesterolisa da 
rZis mJavebis Semcveloba. imavdroulad mcirdeba cilebis raodenoba. nitra-
tebi aZlierebs kuWnawlavis traqtSi avTvisebiani simsivneebis warmoqmnas [1]. 
zogierT bostneulsa da xilSi nitratebis Semcveloba motanilia cxrilSi. 

 
              zogierT bostneulsa da xilSi nitratebis Semcveloba 
 

# produqciis saxe 
nitratebis Semcveloba, mg/kg 

Ria gruntSi daxurul gruntSi 
1 kartofili 250 - 
2 kombosto (saadreo) 900 - 
3 kombosto (sagviano) 500 - 
4 stafilo (saadreo) 400 - 
5 stafilo (sagviano) 250 - 
6 pomidori 150 300 
7 kitri 150 400 
8 Warxali  1400 - 
9 xaxvi (Taviani) 80 - 
10 xaxvi (mwvane) 600 800 

11 
foTlovani bostneuli (ispanaxi,  

oxraxuSi, niaxuri, qinZi, kama da sxv.) 
2000 3000 

12 nesvi 90 - 
13 sazamTro 60 - 
14 wiwaka (tkbili) 200 400 
15 yabayi 400 400 
16 yurZeni (sufris) 60 - 
17 vaSli 60 - 
18 msxali 60 - 
 

sasoflo-sameurneo produqtebSi nitratuli azotis dagroveba da ada-
mianze zemoqmedeba erT-erTi aqtualuri da mwvave problemaa. am sakiTxze 
muSaobs msoflios mTeli rigi samecniero-kvleviTi dawesebuleba. miuxedavad 
amisa, problemis gadaWris radikaluri gza jer monaxuli ar aris. 

nitratebi azotmJavas marilebia, romlebic bunebaSi garkveuli raode-
nobiT arsebobs da mcenarisaTvis aucilebel sakvebs warmoadgens. intensiur-
ma soflis meurneobam gamofita niadagi da saWiro gaxda xelovnuri sasuqe-
bis Setana. Tumca, am ukanasknelTa mavne moqmedeba saTanadod ar iyo Sefase-
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buli. mcenareebi sxvadasxva raodenobiT agrovebs nitratebs _ bostneuli 
bevrad mets, vidre xili da marcvleuli. rogorc cxrilis monacemebidan 
Cans bostneulidan nitratebis SemcvelobiT gamoirCeva Warxali, Semdeg: 
kombosto, stafilo, kartofili da mwvane xaxvi.  

msoflio jandacvis organizaciis monacemebiT, nitratebis miRebis 
dRiuri norma adamianis wonis yovel kilogramze Seadgens 5 mg-s. axalSobi-
lisaTvis - 10 mg momwamvlelia, xolo nitratebis mcire dozac ki metad 
saSiSia meZuZuri qalebisTvis [2-4]. 

ekologiurad da biologiurad sufTa sasoflo-sameurneo produqtebis 
warmoebisaTvis aucilebelia mwarmoebels hqondes zusti informacia niadagis 
mdgomareobis, sarwyavi wylis xarisxis da moyvanil produqciaSi momwamvlavi 
nivTierebebis arsebobis Sesaxeb. nitratebis done damokidebulia niadagis 
Tvisebebsa da mineraluri kvebis reJimze. qimiuri sasuqebis araracionaluri, 
gazrdili da upasuxismgeblo gamoyeneba iwvevs nitratebis Semcvelobis 
zrdas. 

nitratebis Semcvelobaze uaryofiTad moqmedebs  sasoflo-sameurneo 
produqtebis moyvanisa da Senaxvis agronormebis daucveloba. nitratebiT 
gansakuTrebiT dasneulebulia saTburebSi moyvanili bostneuli da xili, 
adreuli da daumwifebeli mosavali. 

aRniSnulidan gamomdinare aucilebelia, soflis meurneobis produqtis 
mwarmoebelma, aseve momxmarebelma da makontrolebelma organoebma gark-
veuli periodulobiT Seamowmon sakvebi produqtis vargisianoba, toqsiku-
robis donis gansazRvris teqnikuri saSualebiT. 

bostneulsa da xilSi nitratebis Semcvelobis gansazRvra maTi gareg-
nuli daTvalierebiT SeuZlebelia. analizur qimiaSi cnobilia nitratebis 
(da nitritebis) gansazRvris ramdenime meTodi [4,5]. farTod gavrcelebulia 
potenciometruli meTodi, romelic efuZneba nitrat seleqciuri eleqtro-
debis gamoyenebas, rac saSualebas iZleva swrafad da zustad Catardes 
analizebi. 

nitrat seleqciuri eleqtrodebi miekuTvnebian ionseleqciur eleqt-
rodebs - Txevadi membraniT. gansazRvruli tipis ionebis mimarT aseT 
membranas SeRwevadobisa da maRali SerCeviTobis unari gaaCnia.  erT-erTi 
tipis seleqciuri eleqtrodis konstruqcia naCvenebia nax. 1. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
bolo aTwleulis ganmavlobaSi nitratebis raodenobis gansazRvris 

mizniT Seiqmna sxvadasxva saxis avtomaturi xelsawyo. arsebobs labo-
ratoriuli da sawarmoo daniSnulebis nitratmzomebi. momxmarebels miewoda 
sayofacovrebo daniSnulebis mowyobilobebic. aRniSnuli aparatura 
efuZvneba Tanamedrove cifrul teqnologiebsa da programirebad mikrokont-
rolerebs, aseTi xelsawyoebis gamoyeneba  araviTar siZneles ar warmoadgens, 

 
nax. 1. ionseleqciuri eleqtrodis konstruqcia 

1.Sedarebis eleqtrodi; 2. sakvlevi siTxe; 3. iongac-
vliTi xsnari; 4. korpusi; 5. Txevadi membrana 
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xolo maTi gabarituli zomebi da wona SesaZleblobas iZleva momxmarebelma 
xelsawyo Tan iqonios [1,2,4]. 

saqarTvelos teqnikuri universitetis mecnierTa jgufma daiwyo 
muSaoba sayofacxovrebo daniSnulebis portatuli  nitratmzomis Seqmnaze. 
damuSavebulia xelsawyos struqturuli da funqciuri sqemebi. damzadebul 
iqna xelsawyos ori sxvadasxva sacdeli nimuSi, romlebic gaivlis winaswar 
laboratoriul gamocdebs. nitratebis gansazRvris analizuri xelsawyos 
struqturis zogadi blok-sqema naCvenebia nax.2-ze. 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
nax.2. nitratebis gansazRvris analizuri xelsawyos struqturis blok-sqema 
1. gadamwodi (zondi); 2. maZlierebeli; 3. analog-cifruli gardamqmneli (acg);               

4. mikrokontroliori; 5. indikaciis tablo; 6. kompiuterTan kavSiris interfeisi;  
7. kvebis bloki. 
 
nitratebis gansazRvris analitikuri, Cven 

mier damzadebuli,  xelsawyos sacdeli nimuSis 
garegnuli saxe mocemulia nax. 3-ze. 

SemoTavazebuli xelsawyo gankuTvnilia ara 
marto soflis meurneobis produqtebSi nitratebis 
aRmosaCenad, aramed sasmel wyalsa da niadagebSi 
nitratebis koncentraciis eqspres analizisaTvis. 
soflis meurneobis produqtebSi nitratebis 
koncentraciis gansazRvris diapazoni 10-dan 999 
mg/kg-is farglebSi meryeobs, fardobiTi cdo-
mileba ar aRemateba 3%-s. xelsawyos kveba SesaZ-
lebelia, rogorc qselidan, aseve akumuliatoris 
gamoyenebiT. 

zogadad, xelsawyo warmoadgens plastmasis 
portatul korpusSi ganTavsebul eleqtronul-gam-
zom bloks da pirvelad gadamwods. es ukanaskneli 
Sesrulebulia metalis eleqtrodis – zondis 
saxiT. imisaTvis, rom ganisazRvros ama Tu im 
produqtSi nitratebis raodenoba, sakmarisia 
xelsawyos eleqtrodi-zondi CavarWoT produqtSi 
da xelsawyos ekranze gamoisaxeba nitratebis 
koncentracia. 

 
 
 
 

xelsawyos sacdel nimuSSi warmodgenilia gamartivebuli sqema, sadac   
produqtSi nitratebis koncentracia ar gamoisaxeba cifrebiT, aramed ainTeba 

nax. 3. nitratebis gansazRvris  
sacdeli xelsawyo 
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ori sxvadasxva feris naTura (Suqdiodi). mwvane feris Suqdiodi miuTiTebs, 
rom produqtSi nitratebis raodenoba dasaSveb farglebSia, xolo wiTeli  
feris naTura gviCvenebs, rom am produqtSi nitratebis Warbi Semcvelobaa, 
e.i. nitratebi dasaSveb normaze metia. 

xelsawyos gamocdis Sedegebis gaTvaliswinebiT moxdeba eleqtruli 
sqemebis koreqtireba da, Sesabamisad, xelsawyos axali egzempliaris dam-
zadeba. aqve unda aRiniSnos, rom xelsawyoze muSaobisas gamoikveTa nitrat-
mzomis agebis sxva midgomac, romelic ganxiluli iqneba SemdegSi. 

 
literatura 

1. n. iaSvili, v. fadiuraSvili, T. Zagania. soflis meurneobis produqtebSi nitrate-
bis gansazRvris xelsawyos damuSaveba da damzadeba. /samecniero konferencia `eko-
logiurad sufTa produqtebis saerTaSoriso warmoebis Tanamedrove teqnologiebi 
soflis meurneobis mdgradi ganviTarebisaTvis~, Tbilisi. 2016, 28-30 seqtemberi. 
2. z. Caqseliani. soflis meurneobis produqtebSi nitratebis gansazRvris xelsawyos 
damuSaveba da damzadeba. /samecniero konferencia `ekologiurad sufTa produqtebis 
saerTaSoriso warmoebis Tanamedrove teqnologiebi soflis meurneobis mdgradi 
ganviTarebisaTvis~, Tbilisi. 2016, 28-30 seqtemberi. 
3. Инструкция Нитратомера NUC-019-1. Москва, 2007.   
4. Донченко О.В. Безопасность пищевой продукции. –М., Пищепромиздат, 2001 
5. ГОСТ 8.626-2013. Приборы для определения содержания нитритов и нитратов в продуктах питания. 
Методы поверки. –М., Стандартинформ, 2014. 
 
SUMMARY  
ON THE DEVELOPMENT OF ANANALYTICAL DEVICE FOR MEASURING NITRATES IN 
AGRICULTURAL PRODUCTS 
 Iashvili N.G., Makhashvili K.A., Tkemaladze G.Sh., Kvartskhava G.R., Padiurashvili V.N. and 
Jokharidze Z.G. 
Georgian Technical University 
The paper deals with the issues of development of an analytical device for measuring nitrates in agricultural 
products.  The device is designed not only for detection of nitrates in agricultural products, but also for express 
analysis of the concentration of nitrates in potable water and soil. The measurement range is from 10 to 999 
mg/kg; relative error – no more than 3%. Power supply: mains or battery. 
Keywords: analytical device, nitrates, agricultural products, express water analysis. 
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binaruli xsnarebis multitalRuri speqtruli analizis Sedegebis 

sistematiur cdomilebaTa sidideze aditiurobisagan SesaZlo gadaxris 

zegavlenis Sefaseba da prognozireba 

 
maxvilaZe m.g., jinWaraZe d.g., amaSukeli n.z., kargareTeli g.T. 

 
saqarTvelos teqnikuri universiteti 

 
binaruli, anu ori sakvlevi komponentis Semcveli xsnarebis multi-

talRuri speqtruli analizis SedegebSi SesaZloa aRiniSnos met-naklebad 
mniSvnelovani sididis mqone sistematiuri cdomilebebis arseboba. amis 
mizezs warmoadgens zogierTi narevis SuqSTanTqmis araaditiuroba. aditiu-
robisagan gadaxris (ag) sidide (∆D) pirvel rigSi damokidebulia analizis 
Catarebis pirobebze da aq mTavaria talRebis analizuri sigrZeebis (tas) is 
diapazoni, romelic gamoiyeneba optikuri simkvrivis gasazomad.  

Cveulebriv ag-s, anu ▒utolobis mizezad miaCniaT fotometriu-

li gazomvebis SemTxveviTi cdomilebebi. amavdroulad cnobilia, rom ∆D-s 
mniSvnelobebi, xSir SemTxvevaSi statistikurad niSnadia da xasiaTdeba sak-
maod maRali aRwarmadobiT, rac sistematiuri cdomilebebis xelweraa. nebis-
mier SemTxvevaSi, ra mizezic ar unda hqondes amdagvari gadaxrebis warmoq-
mnas, Sesabamisi narevebis analizis dros multitalRuri speqtruli anali-
zis gamoyenebisas gardauvalia analizis Sedegebis garkveuli uzustoba [1-5].  

kvlevis farglebSi Seswavlil iqna damokidebuleba aditiurobisagan 
gadaxrebis sidideTa da maT mier gamowveuli analizis Sedegebis absolutur 
(∆C) da fardobiT (δC) cdomilebaTa Soris. agreTve, Seqmnili maTematikuri 
modelis meSveobiT ganxorcielda am cdomilebaTa sididis prognozireba, 
analizis konkretuli meTodikis, sizustisadmi wayenebul moTxovnebTan Sesa-
bamisobis Sesafaseblad.  

binaruli narevis multitalRuri fotometriuli analizis Sedegebis 
damuSaveba pirvel rigSi tardeba wrfivi gantolebebis sistemis amoxsniT: 

 

    
1 1 1

2 2 2

M N

M N

M N

M N

D h C h C

D h C h C

 

 

      


     

     (1) 

         

aq da SemdgomSi 1 2 1 2, , ,M M N M     - M  da N nivTierebebis STanTqmis molu-

ri koeficientebia, Sesabamisad λ1 da λ2 (nm) talRebis sigrZeebze, CM da CN – 
narevSi M da N komponentebis moluri koncentraciebi (moli/l), h – mSTanTqavi 
fenis sisqe, D1 da D2 narevis optikuri simkvriveebi, Sesabamisad λ1 da λ2 
talRebis sigrZeebze. gantolebaTa sistemis amoxsna krameris meTodiT 
zogadi saxiT iZleva [6,7]: 

 

     
 1 2 2 1

det

N N

M

D D
C

   
       (2) 

 

     
 2 1 1 1

det

M M

N

D D
C

   
     (3) 

 

sadac  2 1 1 2det M N M Nh        - matricis msazRvrelia (Sekvecis Semdeg) da kon-

kretuli eqsperimentisaTvis (talRaTa sigrZeebis konkretuli wyvilisaTvis) 
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mudmivas warmoadgens; aRsaniSnavia, rom STanTqmis moluri koeficientebis 

numeracia  SeirCa ise, rom Sesrulebuliyo piroba det>0, anu 2 1

M N  N> 1 2

M N  . 

araaditiurobis SemTxvevaSi, SuqSTanTqmis gazomili Sedegebi 

 1 1 1

adD D D  da  2 2 2

adD D D  iZleva sakvlev koncentraciaTa araswor mo-

nacemebs ad

MC da  ad ad ad

N M M M N N NC C C C C C C   da . cxadia, rom sistematiur 

cdomilebebs M NC C da  SeiZleba hqondeT rogorc dadebiTi, aseve uaryo-

fiTi mniSvnelobebi.  
zogadad, araaditiuri narevis SuqSTanTqma SeiZleba aRiweros ganto-

lebaTa Semdegi sistemiT: 
 

     
1 1 1

2 2 2

ad M ad N ad

M N

ad M ad N ad

M N

D h C h C

D h C h C

 

 

      


     

      (4) 

  
am gantolebaTa sistemis amoxsna krameris meTodiT iZleva narevSi M 

da N komponentebis koncentraciebis Semdeg sidideebs: 
 

     
 1 2 2 1

det

N ad N ad

ad

M

D D
C

   
      (5) 

     
 2 1 1 2

det

M ad M ad

ad

N

D D
C

   
      (6) 

 

Tu gaviTvaliswinebT, rom ∆ ad

M M MC C C    da ∆ ad

N N NC C C   , maTSi 

CavsvamT Sesabamisad (2), (5) da (3), (6) gantolebaTa mniSvnelobebs, SevZlebT 
sabolood gamovsaxoT analizis absoluturi cdomilebebis sidideTa damo-
kidebuleba aditiurobisagan gadaxrebis sidideze: 

 

     
 1 2 2 1

det

N N

M

D D
C

   
  ∆    (7) 

 

     
 1 1 1 2

det

M N

N

D D
C

   
      (8) 

gamoyvanili formulebidan gamomdinareobs: 
1) im SemTxvevebSic ki, rodesac aditiurobisagan gadaxra aRiniSneba 

mxolod erT tas SemTxvevaSi, sistematuri cdomilebebi eqneba orive 
komponentis analizis Sedegebs. 

2) analizis cdomilebebi iqneba ufro didi (modulis mixedviT), Tu 
gadaxrebs sxvadasxva tas–is dros aqvT sxvadasxva niSnebi.  

3)∆ D -s ucvleli sididis SemTxvevaSi, analizis absoluturi cdomi-

lebebi MС M da NС  iqneba miT ufro didi (moduliT), rac ufro mcirea 

mudmiva   2 1 1 2det M N M Nh      . 

warmodgenili daskvnebi srul TanxvedraSia literaturaSi ganxilul, 
tas SerCevis Teoriul rekomendaciebTan [8], Tumca aRniSnul literaturaSi 
rekomendaciebis maTematikuri dasabuTeba moyvanili ar yofila da sava-
raudod mopovebuli iyo empiriulad.  
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radganac zogadad, qimiuri analizis Sedegebis sizustis mimarT mo-
Txovnebs gamoxataven cdomilebebis fardobiTi (da ara absoluturi) zRvru-
lad dasaSvebi mniSvnelobebis saxiT, SesaZloa (7), (8) gantolebebis gardaqmna 
da saanalizo komponentebis koncentraciaTa fardobiTi sidideebis gamosaxva 
Semdegnairad: 
 

    2 2 1 1 1 2

1 2 2 1

x

A A b A A b
C

b A b A

 


    


  
     (9) 

    1 1 2 2 2 1

2 1 1 2

y

A A a A A a
C

a A a A

 


    


  
    (10) 

   
gantolebebi (9) da (10) iZleva srul SesaZleblobas ganxorcieldes 

konkretuli binaruli sistemis, konkretul λ1 da λ2 talRebis sigrZeebze 
aditiurobisagan gadaxrebis Sedegad gamowveuli fardobiTi sistematiuri 
cdomilebebis sidideTa Sefaseba. xolo aqedan gamomdinare, dadgindes konk-
retuli meTodikis Sesabamisoba qimiuri analizis Sedegebis sizustis 
moTxovnebisadmi. 
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SUMMARY 

ESTIMATION AND PREDICTION OF THE IMPACT OF POSSIBLE ADDITIVITY DEVIATION ON 

THE VALUE OF SYSTEMATIC ERRORS IN THE MULTIWAVE SPECTRAL ANALYSIS OF 

BINARY MIXTURES 

Makhviladze M.G., Jincharadze D.G., Amashukeli N.Z. and Kargareteli G.T. 

Georgian Technical University 

The research is related to the impact of nonadditivity of binary mixtures on the results of multiwave spectral 

analysis. The derived formulas provide optimal selection of analytical wavelengths and can be used for 

prediction of absolute and relative systematic errors based on the value of molar absorption coefficients of 

mixture components. 

Keywords:multiwave spectrometry, binary, additivity mixtures, systematic errors. 
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oqroSemcveli medegi sulfiduri madnebis flotaciis kudebis 

gadamuSavebisas bio- da eleqtroqimiuri gamotutvis meTodebis 

gamoyenebis perspeqtivebi 

 

lomiZe n.n., arabiZe z.d., kakulia j.v., kandelaki m.S. 

 

ssip Tsu kavkasiis aleqsandre TvalWreliZis mineraluri 

nedleulis instituti 

saqarTvelos teqnikuri universiteti 

 

 

oqros amoReba medegi sulfiduri madnebidan sakmaod rTulad mimdina-

reobs, radganac aseTi tipis madnebSi oqro wvrildispersiuli saxiT 

inkafsulirebulia sulfidur mineralebSi, gansakuTrebiT piritSi. 

dRemde oqros amosaRebad madnebidan iyeneben tute liTonebis cia-

nidebs. cianidebiT oqros gaxsnas safuZvlad udevs eleqtroqimiuri meqanizmi, 

romelic mdgomareobs SemdegSi, oqros da piritis urTierTSezrdil 

nawilakebs Soris warmoiqmneba eleqtrulpotencialTa sxvaoba – oqros 

zedapirze warmoiqmneba anoduri ubani, sadac warmoebs oqros gaxsna Semdegi 

reaqciiT: 

 

Au+2CN-=Au(CN)-
2+e 

 

xolo kaTodur ubans warmoadgens piritis zedapiris ubani, romelzec xdeba 

xsnarSi gaxsnili Jangbadis aRdgena 

 

O2+2H2O+2e→H2O2+2OH- 

 

am eleqtroqimiuri reaqciebis intensiurobas gansazRvravs CN- ionebis 

SeRwevis siCqare oqros zedapirze. amisaTvis aucilebelia, rom piritSi 

Cawinwkluli oqros zedapiris nawili mainc gaSiSvlebuli iyos, raTa moxdes 

gamxsnelTan misi uSualo kontaqti [1-3]. cianirebis win sulfidebis dest-

ruqciis mizniT praqtikaSi gamoiyeneben sxvadasxva damJangvel procesebs: 

damJangveli gamowva, gamotutva maRali wnevis da temperaturis pirobebSi 

(avtoklavuri gamotutva), baqteriuli daJangva-gamotutva, eleqtrogamotutva 

da sxv. [4,5]. 

perspeqtiuli da ekologiurad gamarTlebulia biodaJangvis da eleqt-

roqimiuri procesebis gamoyeneba am miznisaTvis, radganac isini gamoricxaven 

garemos dabinZurebas mavne airebiT [2,5]. 

kvlevebis mizans warmoadgenda madneulis spilenZ-kolCedanuri madne-

bis flotaciis kudebidan masSi arsebuli oqros da spilenZis amoReba. 

am mizniT cianirebis procesis win sulfidebis destruqciisaTvis gamo-

viyeneT orive meTodi cal-calke. 

biodaJangva (baqteriuli gamotutva) gulisxmobs metalebis daCqa-

rebuli gamotutvis process madnebidan baqteriebis aqtivobis meSveobiT, 

romelsac safuZvlad udevs baqteriebiT piritis da sxva sulfidebis daJan-

gvisas warmoqmnili samvalentiani rkinis sulfatis Fe2(SO4)3-is, rogorc Zlie-

ri damJangvelis urTierTqmedeba liTonTa sulfidebTan. 



   saqarTvelos sainJinro siaxleni, GEORGIAN ENGINEERING NEWS, №1, 2017  

 

 

129 

sulfidebis daJangvis procesi piritis Tanaobisas Tiobaqteriebis - 

A.thiobacillusferrooxidans da A.thiobacillusthiooxidans monawileobiT SeiZleba gamosaxu-

li iqnas Semdegi reaqciebiT: 

 

FeS2+H2O+3O2→FeSO4+H2O (qimiurad da biologiurad) 
2FeSO4+0,5O2+H2SO4→ Fe2(SO4)3+H2O (biologirad) 

Fe(SO4)3+FeS2→ 3FeSO4+2S (qimiurad) 
CuFeS2+2Fe2(SO4)3→CuSO4+5FeSO4+2S 

2S+2H2O+3O2→ 2H2SO4 (biologiurad). 
 
dadgenilia, rom biodaJangvis Sedegad miRebuli Fe2(SO4)3 ufro Zlieri 

damJangvelia, vidre qimiuri reaqtivis Fe2(SO4)3-is xsnari [2-5]. 
pH da Eh koordinatebSi agebuli purbes diagramis gamoyenebiT SesaZle-

belia piritis destruqciis Teoriuli gzebis dasaxva. piritis suspenziis 
eleqtrolituri damuSavebiT tute aRdgeniT garemoSi miiReba sulfidis 
daSlis produqti rkinis hidroJangi, magnetiti, hematiti (myar mdgomareobaSi) 
da sulfatebi (xsnarSi). 

sulfidebis eleqtroqimiuri damuSaveba SesaZlebelia sulfidebis 
suspenziaSi natriumis qloridis damatebiT. samTamadno mrewvelobaSi 
eletroqimiuri procesebis gamoyenebisaTvis mravali kvlevaa Catarebuli, 
Tumca warmoebaSi maTi danergvis masStabebi mcirea. am meTodis gamoyenebas 
medegi sulfiduri madnebis gadamuSavebis procesSi aqvs garkveuli upira-
tesobebi qimiur da Termul meTodebTan SedarebiT. cnobilia, rom madnebis 
da koncentratebis qimiuri gadamuSavebisas reagentebis Rirebuleba Seadgens 
danaxarjebis 20-25%-s. eleqtroqimiuri gamotutvisteqnologiis gamoyenebis 
procesSi SesaZlebelia naxmari eleqtrolitebis regeneracia da kvlav pro-
cesSi dabruneba. dadebiTi mxarea procesis marTvis simartive, teqnologiuri 
efeqturoba da ekologiuri sisufTave. naklad SeiZleba CaiTvalos eleqtro-
energiis didi xarji da deficituri masalebis gamoyenebis aucilebloba. 
biologiuri da eleqtroqimiuri teqnologiebis gamoyenebis gareSe Znelad-
gadasawyvetia madneulis oqroSemcveli medegi sulfiduri madnebis gadamu-
avebis problema [6]. 

msoflioSi samecniero-teqnikur literaturaSi arsebuli monacemebis 
analizis (romelic exeboda medegi sulfiduri madnebis da koncentratebis 
mikroorganizmebiT daJangvas) safuZvelze SemuSavebuli iqna eqsperimentis 
Catarebis Semdegi sqema: koleqtiuri sulfiduri flotacia, flotokoncen-
tratis baqteriuli daJangva-gamotutva, flotokoncentratis cianireba da 
baqteriuli narCenebis cianireba. flotaciiT miRebuli iqna Semdegi 
Semadgenlobis koleqtiuri sulfiduri flotokoncentrati Cu-1,02%; Au-1,9 

g/t (sawyisi Cu-0,29%; Au-0,6 g/t). 
baqteriuli daJangva-gamotutvis procesis Catarebis mizniT awyobili 

iqna laboratoriuli danadgari, romelic Sedgeboda 2 l tevadobis minis 
cilindris, mikrokompresoris; eleqtrosarevelas da Termostatisagan. cdebi 
tardeboda mudmivi morevis, aeraciis da temperaturis pirobebSi. kvlevis 
procesSi gamoyenebuli iqna madneulis karieris mJave wylebidan gamoyofili 
Tiobaqteriebis A.thiobacillus ferrooxidans da A.thiobacillus thiooxidans binaruli kul-
turis Stami, romelic winaswar Seguebuli iqna gamosatut obieqtTan mraval-
jeradi gadaTesvis Sedegad. kultivirebisas gamoyenebuli iqna sakvebi are 9K 
rkinis gareSe. procesis kontrolis da regulirebis mizniT xdeboda xsnaris 
pH-is, Eh-is, orvalentiani da samvalentiani rkinis koncentraciis, baqteriis 
titris gansazRvra. cdebis seriis Sedegad dadginda procesis optimaluri 
parametrebi: myaris da Txevadis fardoba 1:5; t0C=28-30; pH=1,8-2; Eh=620-700 m.v.; 
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T=96 sT; nawilakebis sisxo 80-85%, klasi – 0,074 mm; baqteriuli titri – 10-7 
uj/ml. spilenZis koncentracia xsnarSi procesis dasrulebis Semdeg Sead-
gens 1,73 g/l, rac koncentratSi arsebuli spilenZis 81,0% Seadgens. 

biokekis qimiuri analiziT naCvenebi iqna, rom daiJanga koncentratSi 
arsebuli sulfidebis 72,5%. 

aRniSnuli koncentratis natriumis qloridis areSi eleqtroqimiuri 
daJangvis procesis Seswavlis mizniT awyobili danadgari Sedgeboda denis 
gammarTveli BC-5-is, organuli minisagan damzadebuli 900 ml moculobis 
eleqtrolizioris, ampermetrisa da voltmetrisagan. eleqtrodebad SerCeuli 
iqna 20x20 sm zomis grafitis firfitebi. eleqtrodebs Soris manZili 40 mm. 
sulfidebis suspenziis moculoba 500 ml, romelSic myari sulfiduri masa 
100 g tolia. kvlevis procesSi icvleboda anoduri da kaToduri denis 
simkvrive, Zabvis sidide, myaris da Txevadis Sefardeba, natriumis qloridis 
koncentracia, damuSavebis dro. 

sulfidebis eleqtrolituri daJangva natriumis qloridis areSi 
mimdinareobs Semdegi reaqciebis Tanaxmad: 

 
30 Cl-→15Cl2 

2FeS2 +15Cl2+16H2O→Fe2(SO4)3+H2SO4+30Cl-+15H2 

2FeS2+16H2O±30e→Fe2(SO4)3+H2SO4+15H2O 

 
anodze warmoqmnili qlori ixsneba eleqtrodTan arsebuli SemJavebu-

li siTxis viwro fenaSi, rkinis marilebis, gogirdmJavas warmoqmniT. qlori 
am reaqciebSi aRdgeba qloris ionamde Cl- da kvlav iJangeba anodze, e.i. warm-
oebs damJangvelis uwyveti regeneracia. 

rogorc cdebis Sedegebma gviCvena, muSa eleqtrodze (anodi) denis 
optimaluri simkvrivea 16 amp/dec2, xolo natriumis qloridis koncentracia - 
100 g/l. 

natriumis qloridis Zlier mJava garemoSi eleqtrolizis dros qlori 
ZiriTadad warmodgenilia molekuluri saxiT. pH-is gazrdiT neitralur reaq-
ciamde matulobs qloris mJavas koncentracia amgvar garemoSi arsebobs samive 
naerTi. maTi JangviTi potenciali sakmaod maRalia: qlorisTvis – 1,39 v; 
qlorovanmJavasTvis – 1,5 v; qlorisMjavasTvis – 0,9v [5]. 

eleqtrolizis procesSi daJanguli sulfidebis raodenobis Sefasebi-
saTvis xdeboda eleqtrolitis xsnarSi SO4

2-ionebis koncentraciis gansaz-
Rvra eleqtrolizis xangrZlivobis mixedviT (cxr.1). 

 
cxrili 1. SO4

2- ionebis koncentraciis cvlileba xsnarSi piritis eleqtroqimiuri 
damuSavebis drois mixedviT 

 
Eleqtrolizis dro (sT) 1 2 3 4 5 6 7 8 9 10 

SO4
2- koncentr. g/l 5,20 7,25 11,2 15,14 19,17 21,4 25,4 28,3 30,2 33,8 

 

oqros zedapiris nawilobrivi gaSiSvlebisTvis sakmarisia sulfiduri 
masis 10 - 15%-is daSla. 3,5 - 4 sT-is Semdeg es Sedegi dgeba. am droSi hidro-
ciklonis meSveobiT ZiriTadi masisagan gamoyofili amorfuli masis raode-
nobam Seadgina 15 - 18%. sulfidebis destruqciis identuri xarisxi dadastu-
rebuli iqneba rentgenostruqturuli analizis Sedegadac. procesis dros 
xsnarSi spilenZis raodenobam Seadgina 1,75 g/l, rac Seadgens gamotutuli 
spilenZis 71,00%. 

udiafragmo eleqtrolizorSi warmoebs anodTan SemJavebuli xsnaris 
(eleqtrodis mimdebare fenaSi pH=1,5 - 2) da kaTodTan warmoqmnili tute 
reaqciis xsnaris (pH=9 - 10) Sreebis Sereva, ris gamoc eleqtrolizioris 
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centralur nawilSi xsnaris mJavianoba 6,0 - 6,5-is tolia. am garemoSi rkina 
gadadis uxsnad hidroJangebSi. 4 sT-iani eleqtroqimiurad damuSavebuli 
myari fazes rentgenostruqturuli analizidan Cans piritis masis 15% 
amorfulia. nawilobriv daSlili sulfiduri masa momzadebulia cianirebis 
procesisaTvis. 

1 t sulfiduri koncentratis sruli daSlisTvis saWiroa 2000 - 2500 
kvt/sT eleqtroenergia. Tu eleqtroliturad daiJangeba sulfidebis 10 - 15%, 
maSin eleqtroenergiis xarji Semcirdeba 300-375 kvt/sT-mde. Tumca eleqt-
roenergiis ufro efeqturi gamoyeneba SesaZlebelia kaToduri procesis muSa 
procesad gadaqcevisg ziT. 

biodaJangva-gamotutvis da eleqtroqimiuri gamotutvis procesebis 
Catarebis Semdeg Catarda myari masis cianireba, aseve CavatareT cianireba da 
uJangavi koncentratis Tanabar pirobebSi. cianirebis procesi Catarda stan-
dartuli meTodikiT (CNaCN-0,3 g/l; my:Tx=1:2; pH=10,5-11,5, CaO – 0,5 g; dro 24 sT). 

analizis Sedegebi mocemulia cxrilSi 2. 
 

cxrili 2. sawyisi flotokoncentratis, bio- da eleqtroqimiurad daJanguli 
flotokoncentratebis cianirebis Sedegebi 

 

# produqti 
gamosavali, 

% 
Semcve-

loba, Au % 
xsnarSi 

gadasuli ACu% 
1 oqroSemcveli cianis xsnari 

cianirebis narCeni 
- 

100,00 
0,57 
1,33 

30,00 
70,00 

 flotokoncentrati 100,00 1,90 100,00 
2 oqroSemcveli cianis xsnari 

cianirebis narCeni 
- 

82,00 
1,98 
0,32 

85,80 
14,20 

 baqteriuli gamututvis keki 100,00 2,30 100,00 
3 oqroSemcveli cianis xsnari 

cianirebis narCeni 
- 

90,00 
1,70 
0,40 

81,00 
19,00 

 eleqtroqimiuri gamotutvis keki 100,00 2,10 100,00 

 
rogorc cxrilis monacemebidan Cans, eleqtroqimiurad gamotutuli 

narCenidan cianirebiT xsnarSi gadasuli oqros raodenoba (79%) naklebia 
baqteriulad daJanguli narCenis cianirebisas xsnarSi gadasul oqroze 85,8%. 
magram, Tu gaviTvaliswinebT imas, rom am dros xsnarSi gadasuli spilenZis 
koncentraciac (1,58 g/l) naklebia baqteriuli gamotutvis dros xsnarSi 
gadasuli spilenZis raodenobaze (1,73 g/l). SegviZlia davaskvnaT, rom 
eleqtroqimiuri gamotutvis dro – 4 sT, ar aris sakmarisi da saWiroa 
gamotutvis drois gazrda. 5 sT-iani eleqtroqimiuri gamotutvis Semdeg 
spilenZis koncentraciam Seadgina 1,81 g/l narCenis cianirebiT xsnarSi 
gadavida 84,4% oqro. 

amrigad, laboratoriul pirobebSi Catarebuli kvlevebis safuZvelze 
SegviZlia davaskvnaT, rom madneulis spilenZ-kolCedanuri madnebis 
flotaciis kudebis winaswari bio- an eleqtroqimiuri daJangvis meTodebis 
gamoyenebiT SesaZlebelia oqros da spilenZis damatebiT amokreba. 

Catarebuli kvlevebi saZiebo xasiaTisaa da misi masStabebis 
gafarToeba saSualebas mogvcems ufro srulyofilad SevafasoT medegi 
sulfiduri madnebis gamdidrebis produqtebis gadamuSavebis procesebSi bio- 
da eleqtroqimiuri gamotutvis meTodebis gamoyenebis perspeqtivebi. 
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SUMMARY 

PROSPECTS FOR APPLICATION OF BIO- AND ELECTROCHEMICAL METHODS TO 

LEACHING OF FLOTATION TAILS OF GOLD-BEARING REFRACTORY SULFIDE ORES 

Lomidze N.N., Arabidze Z.D., Kakulia J.V. and  Kandelaki M.Sh. 

Georgian Technical University 
The collective sulfide concentrate obtained from stocked copper tails from the Madneuli deposit were processed 

by using bacterial chemical and electrochemical leaching methods. By a series of experiments, optimal 

parameters of the processes were established. Both bacterial chemical and electrochemical leaching led to 

effective decomposition of sulfide minerals. In the result, copper passed into solution (copper concentration in 

the solution made up 1.73 and 1.81 g/l, respectively), while residues were enriched with liberated gold and 

prepared for cyanidation. The concentration of gold passed into solution in the result of cyanidation of 

bioleaching residues made up of 85.8% and of electrochemical leaching – 84.4%, whereas the concentration of 

gold passed into solution from unoxidized concentrate made up 30.0%. This clearly indicates the efficiency of 

using the described methods. 

Keywords: gold, bacterial chemical leaching, electrochemical leaching, thiobacteria, oxidation of 

sulfides,cyanidation. 
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tyibul-Saoris sabados naxSirebis wvrilmarcvlovani Slamebis  

gamdidrebis da gauwyloebis zogierTi sakiTxi 

 

abSilava a.v., doliZe n.r. 
 

saqarTvelos teqnikuri universiteti 
 
naSromSi ganxilulia tyibul-Saoris sabados qvanaxSiris mopovebis da 

gadamuSavebis procesSi warmoSobili wvrilmarcvlovani masalidan 
sasaqonlo produqciis miRebis perspeqtivebi. amasTan mocemulia aRniSnuli 
masalidan miRebuli produqtebis gauwyloebis da dabriketebis sakiTxebi, 
romelic saSualebas iZleva produqtebi gamoyenebuli iqnas sayofacxovrebo 
miznebisaTvis. wvrilmarcvlovani naxSiris maragebis aTviseba dadebiTad 
imoqmedebs garemos ekologiuri mdgomareobis gaumjobesebaze.  

tyibulis mamdidrebeli fabrikidan dRes arsebuli teqnologiis 
ganxorcielebiT weliwadSi miiReba 15000 tn-mde 0,15-0 mm sisxos wvrilmarcv-
lovani masala rac faqtobrivad gamouyenebelia. garda amisa qvanaxSiris 
mopovebis procesSi warmoSobili wvrilmarcvlovani naxSiris Slamebis 
raodenoba  romelic Semdgom wyalsacavSi Caedineba ramdenime aTeul milion 
tonas aRemateba. garda amisa mamdidrebeli fabrikis saleqarebSi yovelw-
liurad daaxloebiT 30000 tn-mde Slami ileqeba. bunebrivia aseTi masali-
sagan sasaqonlo produqciis miRebis SesaZlebloba sawarmos ekonomikas 
mniSnelovnad gaaumjobesebs da dadebiTad imoqmedebs regionis ekologiur 
garemoze. amdenad wvrilmarcvlovani naxSiris Semdgomi gamoyenebis perspeq-
tiva aqtualur sakiTxs warmoadgens [1,2].  

aRniSnuli mizniT Catarebuli iqna kvlevebi, romelic iTvaliswinebs 
wvrilmarcvlovani Slamebidan energetikuli miznebisaTvis gamosayenebeli 
sasaqonlo produqciis miRebas. agreTve sxvadasxva procesidan miRebuli 
Slamebis gauwyloebas da dabriketebas misi Semdgomi sayofacxovrebo 
gamoyenebas mizniT. 

cnobilia, rom maRali nacrianobis gamo wvrilmarcvlovani masalis 
sawvavad gamoyeneba metad problematur sakiTxs warmoadgens. Cvens mier 
ganxilulia wamyvan naxSirmompovebel qveynebSi arsebuli gamdidrebis 
Tanamedrove teqnologiebis analizi, romelic SesaZlebels xdis aRniSnuli 
masalis energetikuli miznebisaTvis gamoyenebas. 

dReisaTvis axali samomxmareblo Tvisebebis mqone produqciad SeiZ-
leba CaiTvalos danaWrovnebuli  sawvavis warmoeba, romelic SesaZlebelia 
ganxorcieldes TermodabriketebiT da granulirebiT. 

tyibul-Saoris naxSirebi miekuTvneba Г da Д tipis naxSirebs, romlebic 
komunalur-sayofacxovrebo sawvavad naklebad efeqturad gamoiyeneba, radgan 
xasiaTdebian Semdegi maCveneblebiT: 

 maRali nacrianoba (AС=30÷40 %) da dabali wvis temperaturiT (4500-3500 
kkal/kg);  

 wvrili marcvlebis SedarebiT didi raodenoba (10-0 mm) amcirebs 
naxSiris gamoyenebis koeficients meqanikuri arasruli wvis gamo. 

saerTaSoriso da Cvens qveyanaSi Catarebuli kvlevebi gvaZlevs saSua-
lebas, raTa wvril marcvlovani energetikuli naxSirebis gadamuSavebis 
xarjze miviRoT  ukvamlo (an mcirekvamliani) sawvavi sxvadasxva meTodebiT. 

naxSirebis granulireba. 
granulireba es aris fizikur-qimiuri da fizikur-meqanikuri proce-

sebis erToblioba, romelic uzrunvelyofs nawilakebis garkveuli formebs, 
zomebs, struqturas, fizikuri Tvisebebis Camoyalibebas. ZiriTadi faqtorebi 
romlis winaswar uzrunvelyofen granulirebis meqanizms. esaa: Sinagani 
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xaxuni, adgeziuri Tviseba da masalis dasvelebadoba (datenianeba). imis gamo, 
rom Camoyalibebis process Tan axlavs SedarebiT mkvrivi struqturis Seqmna, 
erT-erT Tvisebad iTvleba misi Sekvris unari da wnevis  zegavleniT gark-
veuli formis miReba romelic iqmneba  gadagorebiT da adgeziuri Zalebis  
zegavleniT naxSiris nawilakebze, gamoyenebuli  Semkvrelebis meSveobiT.  

Cven mier Catarebulma kvlevebma gviCvena granulirebis meTodiT tyi-
bulis wvrilmarcvlovani naxSirebis kondenciuri sayofacxovrebo sawvavis 
warmoebis perspeqtiuloba. 

kvlevebisas Cvens mier gamoyenebuli iqna tyibulis gamamdidrebeli 
fabrikis rigiT naxSiri, romlis tenianoba Seadgens 7,1%; nacrianoba 53,3%; 
aqroladebis gamosavlianoba 52 %. 

Semkvrelad gamoyenebuli iqna teqnikuri lingosulfatis wyliani 
xsnari, romelic warmoadgens celuloza-qaRaldis warmoebis produqts.  

teqnikuri lingosulfatis sasaqonlo, produqti warmoadgens 53 % - 
wylian xsnars, simkvriviT 1,28% gr/sm3; nacrianoba 15%; gogirdis Semcveloba 
-6,5%; aqroladebis gamosavlianoba cxel masaze - 65 %, wvis temperatura 4420 
kkal/kg. 

granulireba xorcieldeba, eqsperimentalur TefSismagvar granula-
torze diametriT 0,5 m. 

granulatorze miwodebis win rigiTi naxSiri  Sreboda da qucmacde-
boda 0-1 mm sisxomde. qvemoT mocemulia daqucmacebuli naxSirebis cxriluri 
maCveneblebi: 

marcvlebis  zomebi:  mm  +1,0     1-0,63      0,63-0,4      -0,4 
gamosavlianoba      0,6            23,8        32,5       43,1 
Sesabamisi tenianobis da sisxos damuSavebuli naxSiri miewodeboda 

laboratoriul TefSur granuliators, sadac naxSirTan erTad erTdroulad 

Tanabrad miewodeboda 12,5%-iani teqnikuri lingosulfati 70-800C  temperatu-
riT. 

granulirebis teqnologia xasiaTdeboda Semdegi parametrebiT: 
granulatoris TefSis daxris kuTxe - 450. 
TefSis brunvis siCqare - 12 br/wT. 
mSrali teqnikuri lingosulfonatis xarjis sidide 3,5%. 
miRebul granulebs ukeTdebodaT teqnikuri analizi da mowmdeboda 

meqanikur simtkiceze. 
siRrmiseuli kvlevis Sedegebis mtkicebisaTvis miRebul granulebs 

vamuSavebdiT 700 0 C -ze  gaxurebiT, romlis drosac gaxurebis win RumelSi 
vabnevdiT mdinaris qviSas. gaxurebis siCqare  Seadgenda 30 wT-Si. 

qvemoT moyvanilia sveli da TermodamuSavebuli granulebis xarisxob-
rivi daxasiaTeba. 
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amrigad, cdebis Sedegad dadgenili iqna, rom tyibulis naxSirebis 

danaWrovneba laboratoriul granuliatorze warmoadgens meqanikurad mtkice 
da Termomdgar sayofacxovrebo sawvavis miRebis saSualebas. 
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Termuli damuSavebis Semdeg granulebi arian wyalmedegi da iwvian 
naTeli ukvamlo aliT. 

kondiciuri sawvavis misaRebad aucilebelia naxSirebis  gamdidreba 
raTa miRebuli iqnes koncentrati 15-20 % nacrianobiT. 

rekomendirebuli teqnologiuri sqema romelic iTvaliswinebs winaswar 
gamomSral da 0-1 mm-mde daqucmacebuli  naxSiris miwodebas granulirebis 
mbrunav TefSze teqnikuri lingosulfatis xsnarTan erTad, romlis drosac 
granulebi iforeba lingosulfatis xsnarTan erTad, romlis drosac 
granulebi iforeba wyal-mazuTis emulsiiT wyalmedegobis gasaumjobeseblad.  
gamoirCeva procesis marTvis simartiviT, miiReba optimaluri zomis sferuli 
formis granulebi, romlebic uzrunvelyofen Calagebis maRal xarisxs da 
amave dros Tanabari struqturiT wvis dros kargad atarebs gazebs rac auci-
lebelia sawvavis wvis dros.  

amrigad, tyibulis wvrili fraqciis naxSirebisagan miRebuli granu-
lebi saSualebas mogvcems movaxdinoT sawvavis gakeTilSobileba, romelic 
warmatebiT SeiZleba gamoyenebuli iqnas komunalur-sayofacxovrebo 
seqtorSi. igi sagrZnoblad gaaumjobesebs moxmarebis sanitarul-higienur 
pirobebs da Seamcirebs mavne gamonabolqvebs garemoSi. 

sabolood SeiZleba davaskvnaT, rom tyibul-Saoris sabados qvanaxSi-
ris gadamuSavebis teqnologia ufro efeqtur  ukvamlo da mcire kvamlian 
sawvavad SeiZleba ganxorcieldes, rogorc TermobriketirebiT aseve granu-
lirebiT, misi aucilebeli gamdidrebiT nacrianobis 15-20%-mde Semcirebis 
mizniT (komunalur-sayofacxovrebo briketuli sawvavis preiskurantuli 
moTxovna) rac uzrunvelyofs miRebuli sawvavis Tbounarianobas ara nakleb 
6500 kkal/kg.  
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SUMMARY 

SOME ISSUES OF DRESSING AND DEWATERING OF FINE-GRAINED COAL SLUDGE FROM 

TKIBULI-SHAORI DEPOSIT 

Abshilava A.V. and Dolidze N.R. 

Georgian Technical University 

The paper considers the prospects for production of commercial products from the fine-grained waste of coal 

mining and processing atTkibuli-Shaori Deposit. There are discussed the issues of dewatering and briquettingof 

the obtained products, which makes them suitable for using forhousehold purposes. Development of fine-grained 

coal stocks will improve the ecological state of the environment. 

Keywords: fine-grained coal, waste, dewatering, briquetting.  
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silikagelis zedapirze imobilizebuli azosaRebrebis sinTezi 

 

gogalaZe x.v., qarqusaSvili T.g. 
 

saqarTvelos teqnikuri universiteti 
 

azosaRebrebis didi gavrceleba ganpirobebulia mTeli rigi faqto-
rebiT, romelTa Soris unda aRiniSnos miRebis martivi meTodebi, moqnili 
teqnologiuri xazebi, qimiuri da teqnikuri Tvisebebis farTo speqtri. 
azosaRebrebis sinTezi dafuZnebulia p. grisis mier aRmoCenil diazo-tire-
bisa da azoSeuRlebis reaqciaze. diazo- da azo¬komponentebis martivi vari-
reba saSualebas iZleva erTi da imave teqnologiuri xazis saSualebiT 
warmoebul iqnas sxvadasxva feris (Ria yviTelidan Sav feramde), sxvadasxva 
fizikur-qimiuri da gansakuTrebiT teqnikuri Tvisebebis (pirdapiri, mJavuri, 
dispersuli, kationuri, kuburi da sxva) mqone saRebrebi [1,2].  

masalis SesaRebad xSirad gamoiyeneneba ara uSualod saRebris „SiSveli“ 
molekula, aramed inertul masalaze imobilizebuli sinTezuri saRebari [3].  

organuli da araorganuli masalebis modificireba sainteresoa ro-
gorc samecniero, ise praqtikuli miznebisaTvis, radgan isini xasiaTdebian 
unikaluri Tvisebebis kompleqsiT, romelic moicavs myari tanisa da damyno-
bili naerTis fizikur da qimiur Tvisebebs [4,5]. 

dReisaTvis modificirebuli zedapiris mqone araorganuli da organu-
li matricebi gamoiyeneba iseT sferoebSi, rogoricaa maRalefeqturi Txevadi 
qromatografia, heterogenuli katalizi, medicina, plastikuri qirurgia, 
eleqtronika, mSenebloba da xelovneba [6,7]. 

miznobrivi silikagelis zedapirze imobilizebuli aromatuli siste-
mis Semcveli aminebis sinTezi ganxorcielda sqema 1-is  mixedviT. sqema 1-ze 
amosaval nivTierebas warmoadgens anilini da silikageli markiT L100/250. 
anilinis acilireba da Semdgomi bromireba iZleva 4-bromacetanilids [3], am 
ukanasknelis liTiumirebiT miiReba 4-liTiumacetanilidi [4], xolo Semdgomi 
aRdgena ki gvaZlevs 1-amino-4-liTiumbenzols [5]. 
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sqema 1. miznobrivi silikagelis zedapirze imobilizebuli aromatuli sistemis 
Semcveli aminebis sinTezi, p–liTiumanilini 
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1-amino-4-liTiumbenzolis urTierTqmedeba winaswar qlorirebul sili-
kagelTan uzrunvelyofs imobilizaciis procesis warmarTvas, ris Sedegadac 
miiReba araorganul matricaze paramdebareobiT imobilizebuli anilini. 
silikagelis zedapirze imobilizebuli azosaRebrebis (1-6) diazokomponenti 
sinTezirebulia naerTi (8)-is diazotirebiT (sqema 2). 
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sqema 2. p–liTiumanilinis imobilizacia winaswar qlorirebul silikagelze 
 
 

sqema 2-is mixedviT imobilizebul azosaRebarebSi (10-15) R-is Sesabamisi  
mniSvnelobebi mocemulia cxrilSi 1.  
 
cxrili 1. R-is Sesabamisi mniSvnelobebi  
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cxrili 2. azopigmentebis maxasiaTeblebi 
 

# azopigmenti reaqciis dro, sT λmaqs., nm kristalis feri 
1 10 2 487 narinjisferi 
2 11 2 600 momwvano–lurji 
3 12 2 455 Rrma yviTeli 
4 13 3 490 Ria wiTeli 
5 14 2 540 mewamuli 
6 15 2,5 435 Ria yviTeli 

 
amrigad dadginda, rom SeRebili araorganuli matricebi xasiaTdebian 

ferTa farTo speqtriT, maRali SuqmedegobiTa da kargi mdgradobiT 
sxvadasxva sveli damuSavebis (teni, ofli, tute, mJava, organuli gamxsnelebi, 
sinTezuri sarecxi saSualebebis xsnari da sxv.) mimarT. 
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SUMMARY 

SYNTHESIS OF AZO DYES IMMOBILIZED ON THE SILICA GEL SURFACE 

Gogaladze Kh.V. and Karkusashvili T.G. 

Georgian Technical University 

The paper deals with the production of composites, the study of their spectral, technological, physical and 

chemical properties, and their application to art paints technology.When fabricating the composites, silica gel 

was used as an art paint base and azo dyes with different substitutes - as surface modifiers.We synthesized 

benzene-containing silica gels by interaction of thionyl chloride with activated silica gels and lithiated aniline. 

Weelaborated the preparation methods of diazotization and azo coupling of amino groups in the organic 

fragments immobilized on the inorganic matrix. Six new pigments were synthesized by the method developed. 

Keywords: immobilization, azo dyes, azo pigment, composites,inert materials 
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araorganul matricaze imobilizebuli benzidinuri  

azosaRebrebis sinTezi 

 

gogalaZe x.v., Sengelia T.a., qarqusaSvili T.g., geliaSvili z.e. 
 

saqarTvelos teqnikuri universiteti 
 

cneba ,,mRebavi nivTierebebi“ gulisxmobs SesaZleblobas SeRebos  
nebismieri substrati da saRebari iyos stabiluri. idealur SemTxvevaSi Cven  
gvinda, SeRebilma masalam SeinarCunos Tavisi feri, sanam is iarsebebs. 

saRebari nivTierebaa, romelic damuSavebis garkveul etapze Sinaganad  
flobs SesaReb masalas, e.i. magrdeba masze. Rebvis procesis garkveul sta-
diaze  saRebari gaxsnilia mRebav areSi, is aRwevs masalis SigniT da warmoq-
mnis mtkice  qimiur bmas. yvela safeiqro saRebari organuli nivTierebaa. 

saRebrebis molekulebSi arsebobs sxvadasxvagvari struqturuli  
jgufebi. arsebuli saRebrebidan naxevarze metis klasificireba SeiZlaba  
rogorc azosaRebari an anTraqinonuri. 

azojgufi  -N=N- warmoadgens Zlier qromogens (feris  wyaro), da ami-
tom azosaRebrebi gamoirCeva maRali Rebvis unariT. maTi molekulebi 
SeiZleba Seicavdes erTidan oTxamde, an zogjer met azojgufs. yvela azosa-
Rebari sinTezuri naerTia da naturaluri analogi ar moeZebneba. Teoriulad  
SesaZlebeli azojgufebis Semcveli molekulebis ricxvi anusazRvrelad 
didia [1,2]. 

silikagelis zedapirze imobilizebuli aromatuli sistemis Semcveli 
aminebis sinTezi ganxorcielda sqema 1-is mixedviT. amosaval naerTs warmoad-
gens benzidini  da silikageli markiT L100/250. benzidinis acilireba, bro¬-
mireba,  liTiumireba da Semdgomi aRdgena iZleva 3,3 ́-diliTium¬benzidins (4).  
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liTiumirebuli benzidinis (4) urTierTqmedeba winaswar qlorirebul 
silikagelTan uzrunvelyofs imobilizaciis procesis warmarTvas, ris 
Sedegadac miiReba araorganul matricaze imobilizebuli benzidini (7). 
silikagelis zedapirze imobilizebuli azosaRebrebis [1(91)–6(96)] di¬azo-
komponenti (8) sinTezirebulia naerTi (7)–is diazotirebiT. 
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sqema 2. silikagelis zedapirze imobilizebuli azosaRebrebi 

azokomponentad gamoyenebulia 2-nafToli (9); N,N-dimeTilanilini (10),                   
2-nafTol-3,6-disulfomJava (11); 2-nafTol-6-sulfomJava (12); 2-nafTol-8-amino-3,6-

disulfomJava (13); salicilmJava (14). 
 

SeRebili silikagelebi Seswavlil iqna eleqtronuli speqtrometriis 
saSualebiT. speqtrebi Caweril iqna speqtrofotometrze СФ-26. speqtris 
CawerisaTvis gamoyenebuli iqna specialuri teqnika [4]. vinaidan silikagelis 
zedapirze imobilizebuli masalebi uxsnadni arian da gamxsnelSi Setanisas 
adgili aqvs sedimentacias, amitom standartul pirobebSi speqtris Cawera 
SeuZlebelia. warmodgenil naSromSi speqtris CawerisaTvis dispersul 
garemod gamoyenebuli iqna speqtroskopuli sisufTavis glicerini. misi sib-
lantis maRali mniSvnelobis (μ=0,01 sm) gamo sedimentaciis procesi imdenad 
Senelebulia, rom speqtris Cawerisas SeiZleba ugulvebelyofil iqnas 
koncentraciuli cvlileba kiuvetis simaRlis mixedviT. glicerinis SerCeva 
dispersul garemod ganpirobebulia im faqtoriTac, rom misi gardatexis 
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maCvenebeli ( 20

Dn  1,474)  axloa sxvadasxva formis SiO2-is gardatexis maCvene-

belTan ( 20

Dn  1,41–1,55). 

 

 
 

azopigmentis (9) eleqtronuli STanTqmis speqtri 
  

amrigad, damynobili benzidinuri azosaRebrebi xasiaTdeba maRali 
teqnikuri maxasiaTeblebiT. isini gamoirCevian SuqmedegobiT da kargi 
mdgradobiT sveli damuSavebis mimarT, rac imobilizebuli fragmentis 
bunebiT da warmoqmnili kovalenturi bmiTaa ganpirobebuli 
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SUMMARY 

SYNTHESIS OF BENZIDINE AZO DYES IMMOBILIZED ON THE INORGANIC MATRIX 

Gogaladze Kh.V., Shengelia T.A., Karkusashvili T.G. and Geliashvili Z.E. 

Georgian Technical University 

Acylation, bromination, lithiation and reduction synthesis ofbenzidine was performed. We used the method of 

immobilization of benzidine on activated silica gel which involved the interaction of a preliminarily chlorinated 

inorganic matrix with the lithiatedbenzidine derivative. We elaborated the method of immobilization of 

benzidine on activated silica gel which involved the interaction of silica gel preliminarily activated with thionyl 

chloride with lithiatedprimary aromatic amine. We also developed the preparation methods of diazotization and 

azo coupling of amino groups in the organic fragments immobilized on the inorganic matrix. Six new pigments 

were synthesized by the method developed. 

Keywords: immobilization, azo dyes, azo pigment,composites, benzidine, inorganic matrix. 
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sokos sawinaaRmdego preparat klotrimazolTan 3d metalebis -Mn(II); 

Ni(II); Cu(II); Co(II);  Zn-is biokompleqsTa sinTezi da kvleva 

 

wivwivaZe T.i., jafariZe r.j., petriaSvili J.d., CigogiZe n.S., kldiaSvili r.S. 
 

saqarTvelos teqnikuri universiteti  
 

bolo periodis ganmavlobaSi mecnier-mkvlevarTa gansakuTrebuli 
yuradReba eqceva farTo speqtris mqone sokos sawinaaRmdego preparatebs. 
mravalricxovan bioaqtiur da samkurnalo nivTierebebs Soris mniSvnelovania 
imidazolis warmoebulebi, rameTu imidazolis organuli heterocikli 
gansakuTrebul rols asrulebs cocxali organizmebis nivTierebaTa cvlaSi. 
imidazoluri cikli Sedis Seucvleli α-aminomJavebis - histidinisa da misi 
monaTesave hormonis histaminis struqturebSi. imidazolis sistema Seadgens 
mravali farmacevtuli preparatis, maT Soris, klotrimazolis sayrdens. 

klotrimazolis zemoaRniSnuli mediko-biologiuri Tvisebebisa da 
efeqturobis kidev ufro gaZlierebis mizniT, Cven mier sinTezirebulia 
klotrimazolis biokoordinaciuli naerTebi biometalebTan Mn(II); (Co(II); 

Ni(II); Cu(II); Zn;). imasTan dakavSirebiT, rom TiToeul am biokoordinaciul 
naerTSi erTmaneTTan Serwymulia sxvadasxva aqtivobis mqone elementTa 
atomebi, maT udavod ZaluZT gaaZlieron erTmaneTi da mTlianobaSi sinTe-
zirebuli kompleqsnaerTebi. swored aseTi midgoma iZleva winapirobas 
biokompleqsnaerTebis Sedgenilobas, aRnagobasa da Tvisebebs Soris korela-
ciis dadgenaSi [2-3]. 

am mizniT Cven mier Catarebulia eqsperimenti: 
metalebis – Mn(II); Co(II); Ni(II); Cu(II) da Zn-is formiatisa da acetatis 

wyalxsnarebs emateboda klotrimazolis spirtxsnari, moluri Tanafardoba 
1:1 1:2; 1:3.  Sesabamisi xsnarebis urTierTSereva xdeboda magnituri sareveliT 
da cxeldeboda wylis abazanaze, daaxloebiT 3-4 saaTis ganmavlobaSi. 
xsnarebis wyalbaduri maCveneblis mniSvneloba, eqsperimentis farglebSi, ar 
icvleboda da Seadgenda daaxloebiT pH = 6-7 (susti mJavur-neitraluri are).  

kristalebis saxiT gamoyofil kompleqsnaerTebs vacalkevebdiT 
xsnarebisgan da CavrecxavdiT eTanol-wyalxsnariT, vaSrobdiT eqsikatorSi 
CaCl2-ze da vaanalizebdiT. 

Sedegad, dadgenilia sinTezis Catarebis optimaluri pirobebi 
(gamosavali nivTierebebis moluri Tanafardoba 1:1) 

gansazRvrulia kompleqsnaerTebis qimiuri Sdgeniloba, Seferiloba, 
lRobis temperatura, xsnadoba sxvadasxva gamxsnelSi da sxv. 

kvlevis meTodebi: kvantur-qimiuri gamoTvlebi; rentgenofazuri 
kvlevis meTodi; Termogravimetriuli kvlevis meTodi; infrawiTeli speqt-
rometriis meTodi; imunocitotoqsikuri kvlevis meTodi. 

rogorc zemoT aRiniSna, kvantur-qimiuri naxevrad empiriuli 
meTodebiT, sxva parametrebTan erTad, gamoTvlilia klotrimazolis 
molekulis warmoqmnis siTbo (∆H) da dipoluri momenti  (η) ligandis 
C22H17N2Cl molekulaSi (cxr. 1.)   

                       
cxrili 1. klotrimazolis molekulis warmoqmnis siTbo (∆H)  

da dipoluri momenti (η) C22H17N2Cl molekulaSi 
# gamoTvliss meTodi ∆H, kj/moli Η,D 
1 AM1 652,95 4,81 
2 PM3 521,55 4,91 
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AM1 da PM3 kvantur-qimiuri naxevradempiriuli meTodebiT gamoTvlilia 
klotrimazolis molekulaSi atomTaSoris manZilTa da bmis rigis 
mniSvnelobebi (cxr. 2) 
    
      cxrili 2. atomTaSoris manZilTa da bmis rigis mniSvnelobebi  
      klotrimazolis molekulaSi 
 

# atomTaSorisi bma 
gamoTvlis meTodi 

AM1 PM3 

1 C(1) – C(2) 
R1,2 Ǻ 1,393 1,390 
R1,2 1,407 1,411 

2 C(1) – C(6) 
R1,6 Ǻ 1,391 1,387 

R1,6 1,424 1,435 

3 C(2) – C(3) 
R2,3 Ǻ 1,393 1,388 

R2,3 1,422 1,432 

4 C(3) – C(4) 
R3,4 Ǻ 1,402 1,399 

R3,4 1.395 1,401 

5 C(5) – C(7) 
R5,7 Ǻ 1,700 1,688 

R5,7 1,005 1,012 

6 C(23) – C(24) 
R23,24 Ǻ 1,395 1,263 

R23,24 1,397 1,268 

7 C(25) – C(21) 
R25,21 Ǻ 1,408 1,139 

R25,21 0,034 0,036 

8 C(25) – C(24) 
R25,24 Ǻ 1,347 1,580 

R25,24 1,342 1,579 

                                                                                                        
N   

atomTa Soris manZilTa monacemebis analizma aCvena, rom C–C bmis 
mniSvnelobebi 1,393-1,400 Ǻ   farglebSia, C–N 1,343 Ǻ , rac TanxvedraSia am 
bmebis sigrZeTa standartul mniSvnelobebTan. bmis rigi axlosaa 
erTnaxevarTan, rac naxSirbadisa da azotis atomebis SP2 hibridizaciaze 
mianiSnebs (nax. 1) 

 
 

nax. 1. AM1 da PM3 kvantur-qimiuri naxevradempiriuli meTodebis monacemebiT 
gansazRvruli klotrimazolis aRnagoba 
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AM1 da PM3 kvantur-qimiuri naxevradempiriuli meTodebiT gamut-
vlilia savalento kuTxeTa mniSvnelobebi klotrimazolis molekulaSi. 
valenturi kuTxeebi fenilisa da imidazolis birTvSi  –  –N(21); 

 –  –C(22); C(21) –  –N(23); C(8) –  –C–  –  –

N(21), daaxlobiT  117-1250 farglebSia, rac TanxvedraSia Sesabamis 
atomTaSoris kuTxeTa standartul monacemebTan.  

AM1 da PM3 kvantur-qimiuri naxevradempiriuli meTodebiT  gamoTvli-
lia klotrimazolis molekulaSi atomebis efeqturi muxtisa (q), da eleqt-
ronuli simkvrivis mniSvnelobebi. 

 
 

 
 

 
nax. 2. AM1 kvantur-qimiuri naxevradempiriuli meTodebiT gansazRvruli 

[Zn(CH3COO)2•C22H17N2Cl•H2O]-is molekula 
 
 
 
eleqtronul simkvriveTa da efeqturi muxtebis sidideTa SedarebiT 

irkveva, rom didi mniSvneloba axasiaTebs azotis N(21) da N(24) atomebs             
(nax. 2); amasTan, sp2-hibridizebul mdgomareobaSi myof imidazolur arado-
nurul azotis atoms N(21) gaaCnia Zlier lokalizebuli 2Pz-orbitali. am 
orbitalisa da kompleqswarmomqmneli metalis d-orbitalis eleqtronul 
simkvriveTa gadafarvisTvis saWiroa maTi maqsimaluri daaxloeba, rac 
SeuZlebelia, vinaidan sinamdvileSi Zlier izrdeba ganziduloba. es 
garemoeba gvaZlevs safuZvels vivaraudoT, rom ligandis koordinireba 
kompleqswarmomqmnel metalebTan xorcieldeba monodentaturi klotri-
mazolis donoruli heterociklis azotis N(24) atomiT, romelsac eleqt-
ronuli muxti lokalizebuli aqvs, ZiriTadad, 2S-orbitalze. 
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Catarebulia klotrimazolTan TuTiis acetatis koordinaciuli 
naerTis [Zn(CH3COO)2•C22H17N2Cl•H2O] SesaZlo struqturis kvantur-qimiuri 
gamoTvlebi. 

gansazRvrulia klotrimazolTan TuTiis acetaturi koordinaciuli 
naerTisTermodinamikuri parametrebi sxvadasxva temperaturaze. biokompleqs 
naerTis warmoqmnis siTbos mniSvneloba mianiSnebs am nivTierebis arsebobis 
SesaZleblobaze [4]. 

kvantur-qimiuri gamoTvlebis monacemebiT (warmoqmnis siTbo, enTalpia, 
Tbotevadoba, enTropia da sxv.) dasturdeba metalis - TuTiis kompleqsnearTis 
warmoqmnis SesaZlebloba. standartul pirobebSi [Zn(CH3COO)2•C22H17N2Cl•H2O] 
molekulis  Tbotevadoba Seadgens 90,53 kal/grad. molze; enTropia 147,95 
kal/grad. molze; ionizaciis potencialis mniSvneloba, romelic ganisaz-
Rvreba  kupmansis TeoremiT, udris 9,683 ev-s; dipoluri momenti 10,346 debais 
tolia. 

sinTezirebuli biokompleqsnaerTis individualobis dadgenis mizniT, 
Catarebulia ligandis - klotrimazolisa da kompleqsis rentgenofazuri 
kvleva. 

klotrimazolis rentgenogramaze fiqsirdeba mxolod  klotrimazolis 
kristaluri struqturis Sesabamisi sibrtyeTaSorisi manZilebi (da/n 9,3A; 

5,96A; 4,64A; 4,52A; 4,00A; 3,87A; 3,20A; 3,11A; 2,59A; 2,46A) (nax.3). 
 
 
 

 
 

nax. 3. klotrimazolis rentgenofazuri analizis rentgenograma 
 

 
spilenZ (II)-is formiatis rentgenogramaze  fiqsirdeba  sxvadasxva 

intensivobis kristaluri struqturis Sesabamisi sibrtyeTa Sorisi manZilebi 
(da/n 11,17A, 7.05A, 6.16A, 5,18A, 4,63A, 4,50A,  3,93A, 3,48A,  3,07A, 2,86A, 2,61A  2,51A, 

2,46A 2,28A, 2,20A, 1,8A da sxva), romlebic didi albaTobiT Seesabameba spilenZ 
(II)-is formiatis kristalur fazebs (nax.4). 
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nax. 4 spilenZ(II)-is formiatis rentgenofazuri analizis rentgenograma 

 
 
eqsperimentiT miRebuli  spilenZ (II)-is formiatuli kompleqsis nimuSis 

rentgenofazuri analizis rentgenogramaze (nax. 5) TvalnaTliv fiqsirdeba   

Cu(II)-is formiatuli   kompleqsis (da/n: 15,7; 10,56; 8,85; 7,87; 6,65; 4,55; 4,50; 3,27A) 
kristaluri faza. 
 

 
 
nax. 5.  Cu (II)-is formiatuli kompleqsis  rentgenofazuri analizis rentgenograma 

 
Cu(II)-is formiatuli   kompleqsis  nimuSSi sawyisi formiatisa da  

klotrimazolis damoukidebeli struqturuli fazebi ar fiqsirdeba. 
rentgenogramebis Sedarebam gvaCvena, rom miRebuli kompleqsnaerTis 
rentgenogramebi ar Seicavs sawyisi nivTierebebisTvis damaxasiaTebel 
fardobiT intensiobebs da sibrtyeTa Soris manZilebs. 

TiToeuli maTganis rentgenograma Seicavs maTTvis damaxasiaTebel 
individualuri fardobiTi intensiobisa I/I da sibrtyeTaSorisi manZilebis 



   saqarTvelos sainJinro siaxleni, GEORGIAN ENGINEERING NEWS, №1, 2017  

 

 

147 

dα/n, Å nakrebs, rac aRniSnuli sakvlevi nivTierebebis individualurobaze 
miuTiTebs. 

rentgenofazuri kvlevis SedegebiT dadgenilia sinTezirebuli 
naerTebis individualobada izostruqturuli mwkrivebi:  
1. manganumis, nikelis da kobaltis formiatuli da acetaturi kompleqsnaer-
Tebis izostruqturuli mwkrivi; 
2. spilenZis formiatuli da acetaturi kompleqsnaerTebis izostruqturuli 
mwkrivi; 
3. TuTiisformiatuli da acetaturi kompleqsnaerTebis izostruqturuli 
mwkrivi. 

sinTezirebuli kompleqsnaerTebis Termuli mdgradobis dadgenis 
mizniT, Catarebulia Termogravimetriuli kvleva. miRebuli monacemebi 
saSualebas gvaZlevs warmovadginoT acetaturi kompleqsebis Termuli 
daSlis sqema Semdegi saxiT: 

[M(CH3COO)2•Clotri•nH2O] 
OH

C

2

11055



  


M(CH3COO)2•Clotri 
L

C




 
175160 M(CH3COO)2 

COCH

C

23 )(

410240



  


MCO3

22/1

460380

O

C



  


 MeO (CO3)2--is narCenebiT  
22

2
3 /1

410380

OCO

C






 


 MO     

sadac, n= 1,2,3. 
       formiatuli kompleqsebis Termuli daSlis sqemas aqvs Semdegi saxe: 

[M(HCOO)2•Clotri•nH2O] 
OH

C

2

11055



  


 M(HCOO)2•Clotri  
L

C



  
175155

M(HCOO)2 

HCHO

C




 
450210  MCO3 

22/1

480360

O

C



  


 MO (CO3)2--is narCenebiT   
22

2
3 /1

400390

OCO

C






 


MO     

sadac, n= 1,2,3.  
dadgenilia, rom metalTa acetaturi biokompleqsnaerTebi ufro 

mdgradia (daSlis temperaturuli intervali 160-4100), vidre metalTa 
formiatuli kompleqsnaerTebi (daSlis temperaturuli intervali 155-4000 ). 

amrigad, biokompleqnaerTTa Termuli mdgradoba, garda imisa, rom, 
damokidebulia metal-kompleqswarmomqmnelis bunebas, atomTaSoris bmis tips 
da atomTa zomebze, aseve, damokidebulia acido-jgufebis aRnagobasa da 
bunebaze [5-6]. 

kompleqswarmomqmnel metalTan acido da organuli ligandebis 
savaraudo koordinirebis xerxis, koordinaciuli poliedris (mravalwaxnagas 
formis) dasadgenad Catarebulia organuli ligandis-klotrimazolisa da 
sinTezirebuli kompleqsnaerTebis STanTqmis infrawiTeli (iw) speqtrosko-
puli kvleva. 

STanTqmis iw speqtroskopiuli meTodiT, didi albaTobiT, dadgenilia 
metalis acetatebTan da formiatebTan klotrimazolis koordinaciuli 
SesaZleblobebi. kerZod, manganum(II)-is, nikel(II)-is, kobalt(II)-is komp-
leqsnaerTebSi kompleqswarmomqmneli metalis atomis garSemo, didi alba-
TobiT, realizebulia oqtaedruli koordinacia-monodentaturi klotrima-
zolis donoruli heterociklis azotis atomiT, ori monodentaturi 
formiato/acetato jgufis Jangbadis ori atomiT da wylis sami molekulis 
JangbadTa meSveobiT: 
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TuTiis kopleqswarmomqmneli atomis garSemo warmoqmnilia tetraed-
ruli koordinaciis poliedri- monodentaturi klotrimazolis donoruli 
heterociklis azotis, monodentaturi ori acetato/formiato jgufis 
Jagbadis ori atomiT da wylis molekulis Jangbad-atomiT: 

 
 
 
 
 
 
 
 
 

spilen(II)-is kompleqsnaerTebSi, kompleqswarmomqmneliionis garSemo 
didi albaTobiT, xorcieldeba aRebul ligandTa - klotrimazolis, 
acetato/formiato jgufebisa da wylis ori molekulis trigonaluri 
bipiramiduli an kvadratuli piramiduli  koordinacia: 

 
 
 
 
 
 
 
 

sinTezirebuli naerTebis bioaqtiurobis Semowmebis mizniT, Catarebu-
lia imunocitotoqsikuri kvleva,kanis brtyelujredovani kibos (karcinomas) 
ujredebze, romlebic damuSavebuli iyo klotrimazolTan spilenZis 
formiatuli kompleqsnaerTis xsnariT, aseve, sufTa ligandis (klotrima-
zolis) imave koncentraciis xsnariT da kargad cnobili da aprobirebuli 
preparatis, cis-platinis sakontrolo xsnariT [7,8]. 

kvlevis Sedegebma gvaCvena, rom klotrimazolTan spilenZis formia-
tuli kompleqsnaerTis sinergiuli efeqti inducirebs simsivnuri ujredebis 
daRupvas apoptozis gziT (nax. 6). 

 

 
 

nax. 6. ujredis daRupva apoptozis da nekrozis gziT 
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klinikuri kvlevis Sedegad dadgenilia, rom zemoT aRniSnuli 
kompleqsnaerTis gaZlierebuli citotoqsikuri aqtiuroba mravaljeradad 
aRemateba rogorc sufTa ligandis - klotrimazolis, xolo calkeul 
SemTxvevebSi ki, cis-platinis biologiur aqtiurobasac ki. 

garda amisa, Zn2+ ionebisa da klotrimazolis kompleqsebi ganzavebul 
xsnarebSi urTierTqmedebs simsivnuri ujredebis dnm-is molekulebis 
fragmentebTan da iwvevs maT degradacias. 

aqedan gamomdinare SeiZleba iTqvas, rom simsivnuri ujredebis dnm 
warmoadgens msgavsi kompleqsuri naerTebis realur samiznes. (Catarebuli 
klinikuri kvlevebis Sedegebi dadasturebulia medicinis mecnierebaTa 
doqtoris, onkologis, profesor irakli nadiraZis mier 30.X.2016w.) 
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SUMMARY 

SYNTHESIS AND STUDY OF THE BIOCOMPLEXES OF ANTIFUNGAL MEDIFICATION 

CLOTRIMAZOLE WITH 3D METALS Mn(II), Ni(II), Cu(II), Cu(II) AND Zn 

Tsivtsivadze T.I., Japridze R.J., Petriashvili Zh.D., Chigogidze N.Sh. and Kldishvili  R.Sh. 

Research Center of Biologically Active Substances of Georgian Technical University 

Thebiocoordination compounds of clotrimazole, a medification with a wide range of antifungal nd antibacterial 

properties, with metals Mn(II), Ni(II), Cu(II), Cu(II) and Zn were synthesized. The expected composition of 

obtained biocomplexes was studied, and X-ray transformations of the synthesized compounds were determined 

by IR spectroscopy. The ways of possible coordination of organo- andacido-ligands with metal complex 

formators were determined. Immunocytologic assay of complex compounds was carried out. The investigation 

results enable us to conduct a targeted synthesis of highly effective antimicrobial biocomplexes, which is 

currently quite topical. 

Keywords: clotrimazole, biocomplex, 3d metals, targeted synthesis, organoligands, acido ligands.   
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magniumisa da manganumis SeTviseba rZemJava baqteriebis mier 

 

rCeuliSvili n.a., kakabaZe e.g., rCeuliSvili a.n., rCeuliSvili o.a. 

 

giorgi eliavas saxelobis baqteriofagiis, mikrobiologiisa da  

virusologiis instituti 

iv. javaxiSvilis saxelobis Tbilisis saxelmwifo universiteti 

                                 

rZemJava duRilis sasursaTo produqtebi farTod gamoiyeneba mosax-

leobis kvebaSi. aRniSnuli produqtebi mdidaria cilebiT, naxSirwylebiT, 

cximebiT, sasargeblo elementebiT da vitaminebiT. aqedan gamomdinare Zalze 

aqtualuria maRali xarisxis, rZemJava duRilis sasursaTo produqtebis 

warmoeba.  rZemJava duRilis baqteriebi warmoadgens ZiriTad rgols rZemJava 

produqtebis miRebis procesSi. cnobilia, rom  magniumi (Mg) warmoadgens 

ZiriTad Sidaujredul elements. igi aaqtiurebs ~300 ferments, romlebic 

aregulireben naxSirwylebis mimocvlas, astimulirebs cilebis warmoqmnas, 

aregulirebs energiis Senaxvasa da gamoTavisuflebas atf-Si, aregulirebs 

ujredebis zrdas.  manganumi (Mn) sicocxlisaTvis aucilebeli mikroele-

mentia, monawileobs 30-ze meti fermentis funqcionirebaSi, aregulirebs 

antidamJangveli fermentebis aqtiurobas. Mn Sedis mravali fermentis aqtiur 

centrSi da garkveul rols TamaSobs zeJangi radikalebis mavne zemoq-

medebisagan organizmis dacvaSi. 

aRniSnuli elementebi garkveul rols TamaSoben rZemJava duRilis 

baqteriebSi mimdinare  bioqimiur procesebze. aRniSnulidan gamomdinare, did 

interess iwvevs duRilis baqteriebis mier  Mg-isa da Mn-is  STanTqmis pro-

cesis Seswavla da am metalebis zegavlenis Seswavla baqteriebis  aqtivobaze 

rZemJava produqtebis miRebis procesSi. 

rZemJava baqteriebi (Lactic Acid Bacteria–LAB) warmoadgenen gram-dadebiTi 

baqteriebis jgufs, romlebic ar warmoqmnian sporebs, warmoadgenen anaero-

bul an mikroaerofilur kokebsa da Cxirebs, romelebic naxSirwylebis 

fermentaciis Sedegad warmoqmnian rZemJavas, rogorc ZiriTad saboloo 

produqts. arian mJavatolerantuli mirkoorganizmebi. rZemJava baqteriebi 

naxSirwylebis rZemJavad gardaqmnas, axorcielebs Jangbadis mcire raodeno-

bis Tanaobisas. yvela rZemJava duRilis baqteria energiis wyarod saWiroebs 

naxSirwylovani substratis kompleqss. maT mier warmoebuli rZemJava 

efeqturad ainhibirebs sxva baqteriebis zrdas, romlebic sasursaTo pro-

duqtis gafuWebas iwveven. fermentirebul produqtebSi arasasurveli mikro-

floris inhibirebas iwvevs garemos pH mkveTri dacema.   

Cveni samuSaos mizania rZemJava duRilis baqteriebis mier magniumisa da 

manganumis STanTqmis procesis Seswavla. am mizniT gamoyofil iqna laqtozis 

fermentaciis unaris mqone baqteriuli Stamebi. Catarda maTi saxeobrivi 

identifikacia da daxasiaTeba. baqteriebis mier metalebis absorbciis Sesas-

wavlad SerCeul iqna Lactobacillus spp. E11 K3 da Streptococcus thermofiles 2N K2 

baqteriuli Stamebi. baqteriebis gamozrda xdeboda sakveb garemoSi MRS da 

M17, sadac damatebuli iyo sakvlevi metalebi Mg da Mn.  

gazomvebis Tanaxmad Mg-is koncentraciebi sakveb garemoSi MRS da M17 

Seadgenda Semdegs: MRS–210mkg/ml, M17–300mkg/ml. metalis ionebis Semcvel 



   saqarTvelos sainJinro siaxleni, GEORGIAN ENGINEERING NEWS, №1, 2017  

 

151 

sakveb garemoSi baqteriebis gamozrda xdeboda drois sxvadasxva periodebis 

ganmavlobaSi (12 sT, 20 sT, 36 sT, 44 sT da 68 sT).  

rZe Seicavs uamrav sakveb nivTierebas, romlebic akmayofilebs 

organizmis moTxovnas (kalciumi, magniumi, seleni, riboflavini, vitamini B12, 

vitamin B5) [1]. mawoni - rZemJava produqtia, romelic gavrcelebulia 

kavkasiaSi [2].  

zogierTi baqteria, magaliTad, Leuconostoc citrovorum L. Dextranicum, 

Streptococcus lactis, S. Cremis, & liquefaciens and Brevibacterium-is saxeobebi mniSvnelovan 

rols asrulebs rZis produqtebis fermentaciis procesSi [3]. sakvebi gare-

moebis (bulionebis) MRS da M17 Semadgenlobebi da Setanili elementebis 

koncentraciebi mocemulia [4,5]. 

analizebisaTvis aRebuli iyo Mg-isa da Mn-is sawyisi (deda) xsnarebi 

1mg/ml koncentraciebiT. maTgan vamzadebdiT sxvadasxva koncentraciebis 

etalonur xsnarebs.   

bulionebis MRS da M17 CavasxiT makartnis 40 ml-ian sinjarebSi. 

sakvlevi Lb. spp E11 K3 baqteriuli Stamebi SevitaneT – MRS, xolo                     

S. thermophiles 2N K2 Stamebi – M17 bulionian sinjarebSi. sinjarebi moTavsda 

TermostatSi 37oC-ze, sadac xdeboda baqteriebis gamozrda. gamozrda xde-

boda 12 sT, 20 sT, 36sT, 44sT, 68sT. drois ganmavlobaSi. Semdeg vaxdendiT 

sinjarebidan baqteriuli masebis gamoyofas. amisaTvis xdeboda nimuSebis 

centrifugireba 40 wT-is ganmavlobaSi 10000 rpm (Thermo IEC MIcromax RF). miRe-

buli naleqs vrecxavdiT gamoxdili wyliT da vaxdendiT isev centrifu-

girebas (40 wT 10000 rpm). Semdeg naleqebi gadagvqonda erTjerad petris 

finjnebze. biousafrTxoebis kabinaSi (Labconco, model # 3601024) xdeboda maTi 

gaSroba.  awonili gamomSrali ujredovani masebi gadavitaneT makartnis 

sinjarebSi.  

miRebuli baqteriuli masebis svel danacrebis (gaxsna) mizniT nimuSe-

bian sinjarebSi davamateT 1ml koncentrirebuli (70%) azotmJava HNO3. amgvar 

mdgomareobaSi nimuSebi dayovnda 3 dRe, ris Semdegac moxda nimuSebis 

gacxeleba duRilis temperaturamde. nimuSebis Txevad mdgomareobaSi gaday-

vanis Semdeg TviToul sinjaras (nimuSs) daemata 10 ml bidistilirebuli 

wyali. Semdeg vaxdendiT baqteriebis nimuSebis analizs Mg-isa da Mn-is 

Semcvelobaze atomur absorbciuli speqtrometris „Analyst 800“ (Perkin Elmer) 

daxmarebiT [6]. gamoyenebuli iyo acetilen-haeris ali.  eqsperimentis Sedegad 

miRebuli Sedegebi mocemulia cxrilebSi  1-4. 
 

cxrili  1.    Mg-M17 magniumis Semcveloba rZemJava baqteriebSi S. thermophiles 2N K2 

(mkg/g) 

   

T - baqteriebis gamozrdis dro (sT) 12 sT 20 sT 36 sT 44 sT 68 sT 

Mg -is koncentracia 3200 3390 1950 1790 1410 

 

cxrili 2.  Mg-MRS magniumis Semcveloba rZemJava baqteriebSi Lb. spp  E11 K3  (mkg/g)   

 

T - baqteriebis gamozrdis dro (sT) 12 sT 20 sT 36 sT 44 sT 68 sT 

Mg -is koncentracia 1700 2200 2180 2200 1600 
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cxrili  3.  Mn -M17 manganumis Semcveloba rZemJava baqteriebSi S. thermophiles 2N K2 (mkg/g) 

  

T - baqteriebis gamozrdis dro (sT) 12 sT 20 sT 36 sT 44 sT 68 sT 

Mn -is koncentracia 101                46 23 28 

  

cxrili 4.   Mn- MRS marganecis Semcveloba rZemJava baqteriebSi Lb. spp  E11 K3  (mkg/g) 

 

T - baqteriebis gamozrdis dro (sT) 12 sT 20 sT 36 sT 44 sT 68 sT 

Mn -is koncentracia 376 391 103 104 71 

 

Sedegebma aCvena, rom S. thermophiles 2N K2 tipis baqteriebs gaaCniaT Mg-is 

aTvisebis ukeTesi unari Lb. spp E11K3 baqteriebTan SedarebiT. Mg-is SeTviseba 

intensiuria baqteriebis zrdis pirvel saaTebSi da aRwevs maqsimums, rodesac  

zrdis periodi Seadgens 20 sT-s. 20 sT-is Semdeg xdeba baqteriebis mier 

metalis ionebis gamodevna organizmidan (cxr. 1 da 2). Mg-is Semcveloba         

S. thermophiles 2NK2 tipis baqteriebSi 68 sT-s Semdeg mcirdeba ,4-jer mis 

maqsimalur (20 sT) SemcvelobasTan SedarebiT. Lb. spp E11K3  tipis baqteriebis 

,4 -jer. 

miRebuli Sedegebidan Cans, rom (cxr. 3 da 4) Lb. spp E11K3 tipis baqte-

riebi ufro intensiurad iTviseben Mn-s vidre S. thermophiles 2NK2 baqteriebi. 

Mn-is SeTviseba intensiuria baqteriebis zrdis dasawyisSi, aRwevs maqsimums, 

rodesac baqteriebis zrdis periodi Seadgens 20 sT-s.  20 sT-s Semdeg xdeba 

baqteriebis mier metalis ionebis gamodevna organizmidan. (cxrili 3 da 4).  

Mn-is Semcveloba baqteriebis zrdis 68 sT-s Semdeg mcirdeba ,6-jer 

S. thermophiles 2NK2 baqteriebis SemTxvevaSi mis maqsimalur SemcvelobasTan 

SedarebiT (zrdis 12 sT). Lb. spp E11K3 baqteriebis SemTxvevaSi Semcireba xdeba 

-jer mis maqsimalur SemcvelobasTan SedarebiT  (20 sT). 

Lb. spp E11K3 baqteriebi axdenen ,7 jer meti Mn-is dagrovebas vidre          

S. thermophiles 2NK2 baqteriebi, rodesac baqteriebis zrdis periodi Seadgens 

T=12sT. rodesac T=68sT-s, Mn-is Semcveloba Lb. spp  E11 K3  tipis baqteriebSi 

,5jer vidre S. thermophiles 2NK2 tipis baqteriebSi. aRniSnuli SesaZloa 

aixsnas imiT, rom garemo, romelSic izrdebodnen Lb. spp  E11 K3  tipis 

baqteriebi, Seicavda 2 jer met Mn -s, vidre garemo, romelSic izrdebodnen  

S. thermophiles  2N K2  tipis baqteriebi. 
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SUMMARY 

ASSIMILATION OF MAGNESIUM AND MANGANESE BY LACTIC ACID BACTERIA 

Rcheulishvili N.A., Kakabadze E.G., Rcheulishvili A.N. and Rcheulishvili O.A. 

Iv. Javakhishvili Tbilisi State University 

The process of assimilation of Mg and Mn by bacteria Lactobacillus spp. E11K3 and Streptococcus 

thermofiles2NK2 was studied. The bacteria were grown in media for 12, 20, 36, 44 and 68 hours. The bacteria 

were separated from the media and washed. Bacterial masses were dried, weighed and placed in test tubes. The 

bacterial sampleswere turned into a liquid state and analyzed for the content of Mg and Mn using the atomic 

absorption spectrometer Analyst 800 (Perkin Elmer). The assimilation of Mg and Mn was more intensive during 

the first hours of bacterial growth and reached the maximum in 20 hours. Then the metal ions were extracted 

from bacteria. The concentration of Mg inS. thermophiles 2NK2 decreased by a factor of 2.4 and the 

concentration of Mn – by a factor of 3.6after 68 hours of growth as compared with the maximum concentration. 

The concentration of Mg in Lb. spp.E11K3 decreased by a factor of 1.4, and the concentration of Mn – by a 

factor of 5.3 as compared with the maximum concentration. 

Keywords: manganese, magnesium, lactic acid bacteria, assimilation. 
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RESEARCH OF SOME PHENOLIC COMPOUNDS IN OAK CHIP EXTRACTS 

 

Zakalashvili S.G. and Bezhuashvili M.G. 

 

Agricultural University of Georgia 

 

Abstract.Based on the analysis of spirit extracts of industrial oak chips, some phenolic compounds they contain 

were studied. We analyzed the spirit extracts of oak chips of different degree of baking: light, medium and 

strong. In the extracts we determined the following low molecular phenolic compounds: vanillin, vanillic acid, 

syringic aldehyde, syringic acid, coniferylic aldehyde, sinapic acid, syringol, gallic acid, gayacol, 4-vinylphenol 

and 4-ethylphenol. The variation of concentration of the above-listed compounds depending on the degree of 

baking of oak chips: light, medium and strong. It was inferred that the spirit extracts of oak chips aresuitable for 

production of alcoholic beverages. 

Keywords: oak chips, phenolic compounds.        

 

Introduction 

Oak bark is an important raw material in the production of alcoholic beverages. Each 

component of oak bark plays a particular role in formation of the quality of alcoholic products. The 

oak bark is rich in chemical compounds of various classes, the most important of which are phenolic 

compounds: lignin, tannins and flavor-forming low molecular compounds.  In the oak bark, lignin is 

represented in three fractions, the tightest fraction of which is linked to carbohydrate components. We 

studied the most widespread oak species in Georgia Quercus iberica in order to determine the 

structure and localization of lignin. As a result, it was found that lignin is mostly located in the cell 

wall and connective tissues. Lignin located in the cell wall is represented by phenylpropan, guaiacyl, 

syringyl and small amounts of pyrocatechol-type structural units, while lignin represented in the 

connective tissues produces mainly guaiacyl and syringyl types of monomers[1]. Lignin is mainly 

located in the connective tissues and is more methoxylated compared to the lignin of cell walls. The 

use of oak bark in aging of cognac spirits is based on the feature of lignin to produce aromatic 

phenolic aldehydes and phenolic acids with time. During aging of cognac spiritsboth in oak barrels 

and on oak staves, lignin is extracted and transformed into various low molecular compounds, which 

significantly determine the bouquet of cognac spirits. Main processes of cognac spirit aging are the 

following: lignin ethanolysis, tannin emission and oxidation, and hemicelluloses hydrolysis [2,3]. As a 

result of lignin ethanolysis during cognac spirit aging, there are formed vanillin, syringic, coniferic, 

sinapic and other aldehydes, which then undergo partial conversion and are accumulated iin aged 

cognac spirits. According toLashkhi’s research, during cognac spirit aging in oak barrels, aromatic 

compounds are formed in the process of slow natural oxidation of lignin. [4]. 

During thermal oxidation of vanillin and syringic aldehydewith air oxygen, 

pyrocatecholmonoethyl ether is formed from vanillin as a final product, while pyrogallol monomethyl 

ether is formed from syringic aldehyde. The above-mentioned products were identified in Georgian 

cognac spirits of different age, aged in oak barrels [5-7]. Further transformations of 

ligninderivativesformed during aging of Armagnac in oak utensils were studied by Puesh (1981). 

From aromatic aldehydes, syringic, sinapic, coniferic aldehydes and vanillin were dominant, while, 

from phenolic acids, such were syringic, vanillic, ferulic, cinnamic, para-coumaric and para-

oxybenzoic acids. The process of cognac spirits aging is based not only on oak components, but also 

on subsequent conversion of spirit components, as well as on the products of interaction of these 

compounds. There are a lot of technological methods to accelerate the aging process of cognac spirits, 

which are divided into three main groups: 1. Oxidative; 2. Extractive; 3. Physical and thermal. In most 

cases, the combination of these three methods is used to accelerate the aging of spirits.  Thermal 

processing methods of oak bark are very important, and a lot of scientific investigations were 

dedicated to them [8-12]. As a result of research of the thermal oxidation of oak bark of Quercus 

iberica widespread in Georgia, it was established that ethanolysis of lignin has the following features: 

1. Thermal oxidation increases the solubility of oak bark lignin during ethanolysis. 2. The structural 
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specific feature of ethanolysis of thermally oxidized oak lignin consists in the prevalence of phenolic 

acids over phenolic aldehydes. From phenolic aldehydes, vanillin is dominant in the formation 

ofethanolate flavor[13]. 

From phenolic compounds, simple phenol derivatives known as volatile phenols are of great 

importance. These substances are characterized by intense specific odor, and their existence in such 

beverages as whisky, cognac and wine leads to formation of relevant flavor. Studies have established 

the ways volatile phenols are formed, particularly, these are microbiological processes resulted from 

fermentation and thermal degradation of lignin. It was also established that volatile phenols are formed 

as a result of conversion of phenol carboxylic acids. Volatile phenolsderived from phenol carboxylic 

acids were identified in cognac spiritsagedwith the help of oak bark. The authors of work [14] studied 

how volatile phenols emerged from phenol carboxylic acids existing in cognac spirits under relatively 

mild conditions (heating to 90OC). The following was established: emergence of guaiacol from vanilic 

acid, of para-vinylguaiacol, vanillin, vanilic acid, guaiacol and para-ethylphenol- from ferulic acid, of 

para-vinylphenol, para-ethylphenol, para-oxybenzaldehyde, para-oxybenzoic acid and phenol - from 

para-coumaric acid. Volatile phenols emerge as a result of heating of oak bark and lignin. The same 

authors established a decrease in the concentration of phenolic acids in oak barrels during cognac 

spirits aging and an increasein the concentration of volatile phenols.  

According to the above, oak bark lignin is an important source for formation of diverse range 

of phenolswhich to a certain extent determine the flavor of cognac spirits and alcoholic beverages. 

Degradation of oak bark lignin and the processes of formation and capabilities of low molecular 

aromatic compounds represent a topical research trend. Thus, the objective of our experiment was to 

study some phenolic compounds of spirit extracts of industrial oak chips.  

 

Objects and Methods of Research  

As the object of our research, we used industrial oak chips of three degrees baking: low, 

medium and high. We prepared water-spirit extracts from oak chips. We carried out the qualitative 

analysis of phenolic acids and phenolic aldehydes in the extracts by the method of thin-layer 

chromatography, solvent system -  chloroform:methanol (90:10).  Chromatograms were revealed by 

diazotized sulfanilic acid. Phenolic acids, phenolic aldehydes and volatile compounds in the same 

extracts were quantitatively determined using high-performance liquid chromatography-HPLC [15].  

We purchased standardphenolic acids, phenolic aldehydes and volatile compounds in the 

framework of grant project 15MR_2.4.5_58 funded by Shota Rustaveli National Science 

Foundation. 

 

Results and Discussion 
 

             The content (mg / l)of some Phenolic Compounds in alcoholic extracts of Oak Chips 

 

No. Component Name 

 

Low burn 

 

Medium burn 

 

High burn 

 

1 Vanilin 1.3 1.9 0.7 

2 Vanilic acid 4.7 4.03 3.85 

3 Syring aldehyde 0.05 0.77 1.45 

4 Syringic acid 5.3 6.38 4.63 

5 Coniferyl aldehyde 2.5 5.26 0.03 

6 Sinapic acid 0.2 5.66 4.23 

7 Syringol Traces 0.54 1.02 

8 Gallic acid 3.7 1.57 0.88 

9 Guaiacol 0.25 1.22 2.28 

10 4-Vinylphenol 0.2 1.33 Traces 

11 4-Ethylphenol Traces Traces Traces 
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According to the table data, the degree of baking of oak chips has a significant impact on the 

concentration of phenolic aldehydes, phenolic acids and other phenolic compounds in the relevant 

spirit extracts. The obtained data definitely indicates the correlation between the degree of baking and 

the formation of the above-mentioned compounds in oak chips. This impact is differently expressed in 

the change of each component. Particularly,as the degree of baking increases, the concentration of 

vanillin decreases due to the formation of various compounds as a result of its oxidation. The highest 

concentration of vanilic acid was found in oak chips of the lowest degree of baking, and its 

concentration decreased from 4.7 mg/l to 3.85 mg/l as the degree of baking increased. Syringic 

aldehyde increased with the degree of baking, while the product of its oxidation syringic acid was 

found in high concentration in the extract of medium baked oak chips, and its concentration decreased 

to 4.63 mg/l with high degree of baking. Syringol is one of the products formed in the result of 

oxidative conversion of the syringylic structure of oak bark lignin, which increased with the degree of 

baking from traces to 1.02 mg/l. As for guaiacol –the product formed during oxidation of the 

guaiacylic structure of lignin, its concentration significantly increased proportionally to the degree of 

baking. The amount of coniferylic aldehyde increased with the increase in the degree of baking from 

low to medium, while with high degree of baking, its amount sharply decreased. The maximum 

amount of sinapic acid was found in the extracts ofmediumbaked oak chips, while, with the high 

degree of baking, it decreased again. In all cases 4-ethylphenol was present in trace amounts. 1.33 

mg/l Vinylphenol in the amount of 1.33 mg/l was found in medium baked oak chips. 

Thus, the performed research showed that the degree of baking affects significantly the 

formation of various phenolic compounds in oak chips, which is reflected in their content in spirit 

extracts of chips. Aromatic aldehydes, acids and other compounds found in the extracts of oak chips 

indicatethe possibility of their usage in production of alcoholic beverages.  
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РЕЗЮМЕ 

ИССЛЕДОВАНИЕ НЕКОТОРЫХ ФЕНОЛЬНЫХ СОЕДИНЕНИЙ В ЭКСТРАКТАХ ДУБОВЫХ 

ЧИПСОВ 

Закалишвили С.Г., Бежуашвили М.Г. 

Грузинский аграрный университет 

На основе анализа спиртовых экстрактов промышленных дубовых чипсов изучены некоторые входящие 

в них фенольные соединения. Анализировались спиртовые экстракты дубовых чипсов разной степени 

обжарки: легкой, средней и сильной. В экстрактах мы определили низкомолекулярные фенольные 

соединения: ванилин, ванильная кислота, сиреневый альдегид, сиреневая кислота, конифериловый 

альдегид, синаповая кислота, сирингол, галловая кислота, гваякол, 4-винилфенол, 4–этилфенол. 

Определено изменение концентрации перечисленных фенольных соединений в зависимости от степени 

обжарки дубовых чипсов. Сделан вывод о возможности использования экстрактов дубовых чипсов в 

производстве алкогольных напитков.  

Ключевые слова: дубовые чипсы, фенольные соединения. 

 

 



   saqarTvelos sainJinro siaxleni, GEORGIAN ENGINEERING NEWS, №1, 2017  

 

 

158 

Rvinoebis aminomJavuri profili airqromatografiuli  

gazomvebis mixedviT 

 

SaTiriSvili S.i., zakalaSvili g.n., kilaZe m.T., SaTiriSvili i.S. 
 

saqarTvelos teqnikuri universiteti  
s/s “Wandari“, Rvinis qarxana 

 
RvinoebSi aminomJavebis gansazRvrisaTvis gamoyenebuli meTodikisgan [1] 

gansxvavebiT, mocemul samuSaoSi Rvinis nimuSebis saanalizod viyenebdiT x. 
kimis [2] mier SemuSavebul, derivatizaciis sakmaod gansxvavebul meTodikas, 
tradiciuli airqromatografiuli gazomvebis gamoyenebiT. 

derivatizaciis pirveli stadia mdgomareobda tute wyalxsnarebSi 
Tavsiufali aminomJavebis (izo Boc) N (O,S) izobuTilkarbonilwarmoebulebis 
miRebaSi. SemdgomSi xorcieldeboda SemJavebuli N (O,S) izo-Boc – aminowar-
moebulebis myarfazuri eqstraqcia (SPE) da meoreuli buTildimeTilsililis 
(TMDMS) Sesabamisi warmoebulebis saboloo konversia, romlebic ganicdida 
rogorc airqromatografiul, ise qromato-mass-speqtrometrul analizs [2]. 

 
obieqtebi da kvlevis meTodebi 
x. kimis mier SemuSavebuli aRniSnuli meTodi Cvens samuSaoSi gamoye-

nebul iqna Rvinoebis „kaxeTi“ da „rqawiTeli“ pirdapir  profiluri qroma-
togramebis misaRebad maTi 15 da 25 dRe-Ramis ganmavlobaSi 500C temperatu-
raze TbodamuSavebis Semdeg [1]. saanalizod aRebuli Rvinoebis oTxi 
nimuSidan TiToeuli mzaddeboda am meTodis Sesabamisad mkacrad individua-
lurad da TiToeuli aRebuli sinjis analizi xdeboda samjer, airqromato-
grafiuli meTodiT.  

airqromatografiul analizs vatarebdiT airqromatografze „Цвет – 
500“, romelsac am mizniT alur-ionizaciuri deteqtorian kapilaruli sveti-
saTvis specialurad hqonda konstruirebuli sinjis Seyvanis gamyof-argam-
yofi mowyobiloba. monacemebis damuSaveba xdeboda sakmaod martivi tipis 
integratorze И–1 (pirveli modifikacia). qromatografiuli dayofa xorciel-
deboda 0,25 mm Sida diametrisa da 30 m sigrZis kvarcis kapilarul qro-
matografiul svetze, romelic dafaruli iyo 0,25 mkm sisqis DB-5 da DB-17 
damynobili siloqsanis faziT. sinjis dauyofeli Seyvana xdeboda Sebervis 
meTodiT 60 wm drois monakveTiTa da gaxurebuli nemsis gamoyenebiT. 
qromatografiuli analizis temperaturis programirebuli cvlileba xorcie-
ldeboda rTuli programiT: ori wuTis ganmavlobaSi temperaturis dayeneba 
60 0С -ze, Semdeg temperaturis swrafi aweva 150 0С 300 /wT siCqariT, ris Sem-
degac nela 30 /wT siCqariT temperatura adioda 280 0С. inJeqtorisa da Ter-
mostatis temperatura Sesabamisad iyo 260 0С da 300 0С.  Sekavebis indeqsis I  
gasazomad erTdroulad Segvyavda H-naxSirwyalbadebisa da izooqtanis 
narevi. saintereso iyo Rvinoebis oTxi nimuSis Sekavebis indeqsis speqtris 
Sedareba klasikuri teqnologiiT damzadebul gamosaval RvinosTan (nax. 1. 
nimuSi 5) specialuri programis gamoyenebiT (nax.1).  miRebuli barogramebiT 
sakmaod mkafiod xasiaTdeba Rvinoebis daZvelebis procesi, TbodamuSavebis 
pirobebze damokidebulebiT. vizualuri Sedareba gviCvenebs, rom „kaxeTis“ 
nimuSi (nimuSi 2) 50 0С   temperaturaze maqsimaluri (25 dRe-Rame) dayovnebis 
Semdeg   ufro met msgavsebas iZleva klasikuri wesiT dayenebuli Rvinis 
Sekavebis indeqsis grafikTan. (nimuSi 5). me-5 nimuSis komponentebis xazuri 
diskriminaciuli analizis safuZvelze SesaZlebeli gaxda TiToeuli 
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sakvlevi nimuSisa da Sesadarebeli Rvinis varskvlavuri diagramebis miReba 
nax. 2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

nax.1. Rvinomasalebisa („kaxeTi“ da „rqawiTeli“) da mza Rvinis barografiuli 
profilebi 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

nax.2. Rvinomasalebis („kaxeTi“ -  A da 
„rqawiTeli“ -B) da mza Rvinis – C 

varskvlavuri diagramebi 
Thr - trionini, Ala - alanini,  Met – meTionini,  

Gly - glicini,  Caba- γ - aminoerbomJava. 
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aRmoCenili 14 ZiriTadi Tavisufali aminomJavidan, xuTi mJava, saxel-
dobr trionini, alanini, glicini, meTionini da γ-aminoerbomJava warmoadgenen 
ganmsazRvrelebs, romlebic sakmao raodenobiT imyofebian yvela nivTiere-
baSi. varskvlavuri qromatogramebi sakmaod maxasiaTeblebi arian. damaxa-
siaTebeli monacemebis warmodgena varskvlavuri grafikebis saxiT, agrZeleben 
Rvinoebis damaxasiaTebeli grafikebis warmodgenis im tendecias, romelic 
adre iyo dawyebuli qarTuli Rvinoebis samdeteqtoriani analizis Sedegebis 
damuSavebisas [3]. 

amgvarad, Rvinomasalebisa da Rvinoebis miRebuli da SemoTavazebuli 
profiluri qromatografebi saSualebas gvaZlevs Sekavebis monacemebis vizua-
luri SedarebiT miviRoT maTTvis damaxasiaTebeli grafikmaxasiaTeblebi. 

naCveneb iqna, rom TbodamuSaveba saSualebas iZleva Tavisufali amino-
mJavebis mixedviT sakmaod swrafad mivuaxlovdeT klasikuri meTodiT miRe-
bul RvinoebSi maT Semcvelobas. aqve unda aRiniSnos, rom aseTi Sesaba-
misobis msgavseba ufro naTladaa gamoxatuli am SemTxvevaSi, vidre Rvinoe-
bis msubuqi Semadgenlobis cvlilebisas.  
 
literatura 

1. SaTiriSvili S.i., beriSvili l.a., SaTiriSvili i.S. Tavisufali aminomJavuri pro-
filis gansazRvra maRalefeqturi Txevadi qromatografiis gamoyenebiT. //Georgian 

Engineering News, 2016, #1(), gv. 99-101. 
2. Kim Ch. P., Oh C.H., J. Chromatogr. A, 1669 (1994), pp.125-131.  

3. Шатиришвили И.Ш.  Хроматография грузинских вин. -Тбилиси, Ганатлеба, 1988, 172 с. 

SUMMARY 

AMINO-ACID PROFILE OF WINES ACCORDING TO THE GAS CHROMATOGRAPHIC 

ANALYSIS 

Shatirishvili Sh.I., Zakalashvili G.N., Kiladze M.T. and Shatirishvili I.Sh. 

Georgian Technical University 

JSC Chandari Winery 

To analyze Kakheti and Rkatsiteli wines for amino-acids by traditional gas chromatography, we analyzed the 

samples at 50°C depending on the duration of heat treatment using the methods of derivatizationsignificantly 

different from the accepted ones. It is shown that thermal treatment allows reaching rapidly the amount of 

amino-acids close to that contained in wines produced by a classical method. 

Keywords: wine, amino-acids, gas chromatography, derivatization. 
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ПЕРВЫЙ ЛИОФИЛЬНО ВЫСУШЕННЫЙ  ГРУЗИНСКИЙ   ШТАММ ЭНДЕМНЫХ 

ВИННЫХ ДРОЖЖЕЙ GE 02 

 

Салия Е.Ш., Гвинадзе Т.О., Ортоидзе Т.В. 

 

Институт Садоводства, Виноградарства и Виноделия Грузинского Аграрного 

Университета 

 

Начиная с 90-ых годов грузинское виноделие стихийно перешло на массовое примене-

ние т.н. сухих дрожжей импортного производства без каких-либо предварительных лабора-

торных исследований, основываясь лишь на дистрибьюторские данные, что привело к одно-

образию местных вин. Следует отметить, что до указанного периода грузинские вина приготав-

ливались на основе спонтанного брожения или с применением исключительно эндемных 

чистых культур винных дрожжей из коллекции Института Садоводства, виноградарства и 

виноделия Грузии, что обеспечивало самобытность и уникальность грузинских вин, т.к. коллек-

ция НИИСВиВ была представлена множеством штаммов, соотвествующих различным сортам 

грузинского винаграда, к тому же это обеспечивало и сохранение чистоты как производст-

венных, так и диких  местных популяций винных дрожжей.  

Завладение грузинским виноделием импортными дрожжами объясняется, отчасти, 

простотой их применения (в частности при приготовлении разводок) и хранения, а также 

неимением местных штаммов сухих дрожжей. Попытки получения сухих форм некоторых 

коллекционных штаммов закончились неудачно из-за неустойчивости этих штаммов к 

лиофильному высушиванию. Однако, следует отметить, что нами ранее в лабораторных 

условиях был получен и лиофильно высушен штамм Чхавери [1,2]. 

 Дрожжи, как и любые другие организмы, прошли сложный путь эволюции и, в 

процессе борьбы за существование, своими морфологическими, биохимическими и физиологи-

ческими своиствами адаптировались к определённым условиям среды обитания (климати-

ческие условия, сорт винограда, состав почвы). Чистые культуры винных дрожжей, 

выделенные из спонтанной микрофлоры  того или иного сорта винограда при брожении сусла 

обеспечивают максимальное проявление  сортовых  качеств и тем самым создают 

высококачественный виноматерял. 

Целью данной работы являлось выделение новых эндемных чистых культур винных 

дрожжей и их лиофильное высушевание для получения сухих активных производственных 

дрожжей.  

Материалом для выделения штаммов послужил  осадок вина, полученного спонтанным 

сбраживанием сусла винограда сорта Ркацители в семейных условиях,  где никогда не 

использовались посторонние дрожжи. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Рис.1. Изолированные колонии нововыделенных штаммов винных дрожжей  на плотной 

питательной  среде 
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Методом получения изолированных колоний [3] на плотной питательной среде нами 

было выделенио  около 100 штаммов, отличившихся морфологически, которые образовывали 

заметно крупные колонии (рис. 1).  

Путём исследования, основанного на изучении производственных свойств указанных 

штаммов (энергия брожения, скорость розмножения клеток, продолжительность брожения, 

сульфитостойкость и др.)  было отобрано 5 наиболее активных штаммов, обозначенных как  

GE:  01, 02, 03, 04, 05  [4].   

 Для контроля использавался коллекционный штамм Кахури 42, характиризующийся 

высокой активностью, который постоянно применялся в грузинском виноделии в советский 

период для получения белых столовых вин. Данные приведены в табл. 1.  

 
Табл. 1.  Энергия брожения и интенсивность размножения клеток штаммов винных дрожжей 

 

Дрожжевая 

культура 

штамм 

Энергия брожения масса 

выделенного CO2  в г/ см3 к 

концу брожения 

Интенсивность размножения клеток, 

количество клеток в млн/см3 на 4 день 

брожения 

Кахури 42 

(контроль) 
9,500 460 

GE 01 9,000 420 

GE 02 9,370 470 

GE 03 8,900 400 

GE 04 9,100 450 

GE 05 8,800 340 

 

Из данных табл. 1 следует, что исследуеммые  штаммы по своим технологическим 

ствойствам не отстают от контрольного штамма, характеризуются высокой энергией брожения 

и скоростью размножения клеток,  все штаммы сульфитостойки к допустимым в виноделии 

дозам сульфитации. В лабораторных условиях при температуре 25-260C процесс брожения до 

полного выбраживания сахара завершался на 10-11 день.  

Далее в лабораторных условиях была проведена лиофильная сушка 5 иследуемых 

штаммов. После высушивания нами были заново изучены технологические свойства сухих 

форм соответствующих штаммов. Исследования показали, что среди 5 штаммов, штамм GE 02 

полностью сохранил свою активность после проведения лиофильной сушки.  

На следующем этапе исследования были проведены лабораторные опыты на 

стерильном виноградном сусле для изучения процесса брожения с использованием 

высушенного штамма GE 02. Для контроля использавалась чистая сухая культура импортных 

дрожжей, наиболее широко используемая в грузинском виноделии для получения белых 

столовых вин. Исследования показали, что штамм GE02 начинает заброживание сусла через 20 

минут после внесения разводки в стерильное сусло при оптимальной температуре (25-260C), 

пик брожения приходится на третий день а само брожение закончивается на 11-ый день. 

Проведённые химические анализы показали полное выбраживание сахара (при сахаристости 

сусла 20%). Данные анализов приведены в табл. 2. 

 
Табл. 2.  Химический анализ вина приготовленного из сорта Ркацители с помощью  

сухих винных дрожжей GE 02 

 

Дрожжевая культура 

Штамм 

Спирт    Об.% Сахар г/см3 Титруемая кислотность г/см3 

Контрольный штамм         11,2        0,10   6,9 

GE 02         11,5        0,15    7,0 

 

Положительные данные лабораторных исследований стали предпосылкой для получе-

ния минимальной партии сухих дрожжей штамма GE02 на технологической линии в Германии. 
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Они были испытаны на нескольких винзаводах Грузии для приготовления белых столовых вин, 

в том числе в традиционных для  грузинского виноделия ёмкостях «квеври».  Данные 

указанных заводов подтвердили эффективность применения высушенного штамма GE02 в 

грузинском виноделии. 
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SUMMARY 

THE FIRST GEORGIAN ENDEMIC WINE YEAST STRAIN GE02 SUBJECTED TO 

LIOPHILICDRYING 

Salia E.Sh., Gvinadze T.O. and Ortoidze T.V. 

Institute of Viticulture, Viniculture and Oenology, Agricultural University of Georgia 

Wine yeast strain GE02 was isolated and subjected to liophilic drying. The strainis characterized by high activity 

and provides high-intensity fermentation of grape juice both under laboratory and industrial conditions as well as 

production of wine materials of high quality. The yeast strain GE 02 is recommended for production of table 

wines in Georgian wine-making. 

Keywords: wine yeast, strain, liophilic drying, fermentation, wine materials. 
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alkoholuri sasmelebis damzadebis teqnologiaTaflis spirtis 

gamoxdis narCenis gamoyenebiT 

 
oSaymaSvili c.l., xositaSvili m.l. 

 
saqarTvelos teqnikuri universiteti 

 
ukanasknel periodSi xilisa da kenkris maRalalkoholiani sasmelebi 

didi popularobiT sargebloben evropis qveynebSi. cnobilia Taflisa da 
alublis, qliavis, citrusebis, vaSlis, gargaris, atmis da sxva nedleulidan 
damzadebuli sxvadasxva tipis alkoholiani da ualkoholo sasmelebi, 
romlebic xasiaTdebian nazi sasiamovno gemoTi, feriT da aromatuli 
komponentebis damokidebulebiT specifiuri nedleulis (xilis) buketiT. 

 maRalxarisxovani specifikuri organolrptikuri maCveneblebis mqone  
alkoholiani sasmelebis damzadebis teqnologiur procesebs (alkoholuri 
duRili, daspirtva, Rvinomasalebis gamoxda da sxv.) Soris mniSvnelovani 
adgili uWiravs Rvinomasalebis gamoxdas da aRniSnul procesSi fraqciebis 
erTmaneTisagan swored dayofas.   

maRalxarisxovani spirtis misaRebad saWiroa Taflis Rvinomasalis 
gamoxdis procesi ise warimarTos, rom naxadSi gadavides aramarto 
eTilalkoholi, aramed misi  Semadgeneli sxva mniSvnelovani komponentebic. 
Rvinis gamoxdis dros duRs   ZiriTadad erTmaneTSi xsnadi wyali, eTanoli 
da iseTi komponentebi, romlebic ixsnebian wyalSi da ukeTesad 
eTilalkoholSi. aqedan gamomdinare es naerTebi SedarebiT advilad misdeven 
naxadSi wylis spirtxsnaris orTqls. am komponentTa naxadSi gadasvlis 
intensivobaze gavlenas axdens wylisa da eTilalkoholis urTierTSefardeba 
wyal-spirtian xsnarSi, gamoxdis reJimi da sxv. gamoxdis dros gamosaxdeli 
Rvino cecxlze duRs ramodenime saaTis ganmavlobaSi. literaturidan ki 
cnobilia, rom am dros xdeba armarto Rvinos komponentebis fraqciebad 
dayofa, agreTve Rvinis SemadgenlobaSi arsebuli zogierTi naerTis 
(acetalebi, eTerebi da sxv.) daSla da daSlis produqtebis nawilis naxadSi 
gadasvla. SemuSavebulia Taflis spirtis gamoxdis iseTiteqnologiuri 
reJimi, romelic uzrunvelyofs sawyisi nedleulis - Taflis specifikuri 
aromatis SenarCunebas naxadSi. Taflis Rvinomasalidan sasurveli 
aromatuli komponentebis  naxadSi gadasvlis mizniT Taflis Rvinomasalas 
xdian Sarantis tipis koniakis spirtsaxdel aparatze. miRebul nedl spirts 
xdian xelmeored da amzadeben Taflis maRalalkoholur sasmelebs. pirveli 
gaoxdis Semdeg saxdel aparatSi buyis saxiT rCeba Taflis Rvinomasalis 
daaxloebiT 60%. es monacemebi emTxveva statikur daskvnebs. yofil sabWoTa 
kavSiris Rvinismwarmoebel respublikebSi daaxloebiT 50 milioni dali buyi 
gankuTvnili iyo utilizaciisaTvis, romelic garda imisa, rom warmoadgenda 
did ekonomiur danakargs, amave dros didad anagvianebda garemos. maSin roca 
avtorTa monacemebiT koniakis buyi Seicavda mniSvnelovani raodenobis 
naturalur bioaqtiur naerTebs da SeiZleboda gawmendisa da gadamuSavebis 
Semdeg maTi gamoyeneba kvebis produqtebis dasamzadeblad. miuxedavad imisa, 
rom koniakis buyi xasiaTdeba mZafri aromatiT.  

Cven mier miRebuli da gamokvleuli iqna Taflis buyi. eqsperimentiT 
dadasturda, rom igi mdidaria biologiurad aqtiuri naerTebiT, rogoricaa: 
organuli mJavebi, saerTo azoti, fenoluri naerTebi da naxSirwylebis 
raodenobebi. aRniSnul nivTierebaTa raodenobebis zrda Taflis buySi 
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aixsneba Taflis Rvinomasalis distilaciis Sedegad maTi koncentrirebiT. 
buyisa da misi Sesabamisi Rvinomasalis ZiriTadi gansxvaveba maT aromatul 
komponentTa SemadgenlobaSia.  

 Cven mier Catarebuli kvlevebiT Taflis buyi Tavisi qimiuri da 
organoleptikuri monacemebiT gansxvavdeba koniakis buyisagan da mas eZleva 
rekomendacia gamoyenebuli iqnes alkoholuri sasmelebis dasamzadeblad.  

 Taflis Rvinomasalis nedl spirtad gamoxdis dros saxdel aparatSi 
darCenili buyi warmoadgenda moyviTalo qarvisfer gamWvirvale siTxes, 
romelic xasiaTdeboda specifikuri Taflis suniT da gemoTi. misi gamoxdis 
gagrZelebiT naxadSi miiReba ualkoholo aseve Taflis sunis da gemos mqone 
e.w. surnelovani wyali, romelic SeiZleba daematos nedl spirts xelmeored 
gamosaxdelad an gamoyenebuli iqneba spirtreqtifikatTan ganzavebisaTvis. 
aseTi ganzavebiT miiReba meoradi Taflis arayi damzadebuli spirtreqtifi-
katiT. naxSiris filtrebze gatarebis gareSe.  

 Taflis Rvinis Sarantis tipis spirtsaxdel aparatze pirveladi 
gamoxdis Semdeg miRebuli buyis gamoyenebiT pirvelad Cvens mier damuSavda 
Taflis alkoholuri sasmelis damzadebis teqnologia, romlSic gaTvalis-
winebulia kupaJi, miRebuli alkoholuri sasmelis gafiltvra, damuSaveba, 
xelmeored gafiltvra, dasveneba oTxmocdaaTi dRiT, spirt Semcvelobis 
koreqtireba, sakontorlo filtracia da Camosxma liqior aryis warmoebaSi 
gamoyenebul Camosasxmel aparatebze. Taflis sadeserto sasmelis 
damzadebisaTvis sawyis ndleuls warmoadgens naturaluri Tafli, romelic 
aviReT 50 kg-is raodenobiT. misi naturalobis da xarisxis maCveneblebis 
dasadgenad CavutareT fizikur qimiuri analizebi da romelic Seesabameba 
gost 19792 – 74 „naturaluri Taflis“ monacemebs. aris naturaluri da aqvs 
maRali xarisxis Taflis specifikuri aromati.  

 Taflis mSralad daduRebuli masalis gamoxdis Semdeg miviReT buyi, 
romelic davspirteT 20 moc. % spirtSemcvelobiT, buyi davakupaJeT spirt-
reqtifikatTan da miviReT sasmeli, romelsac davamateT Saqris sirofi an 
nawilobriv naturaluri Tafli im angariSiT, rom misi SaqarSemcveloba 
migveyvana 8 %-mde,  e.i. 80 g/dm3.  

aRniSnuli sasmeli fizikuri da qimiuri maCveneblebimocemulia 
cxrilSi.  

 
alkoholuri sasmelis fizikuri da qimiuri maCveneblebi 
 

maCveneblebis dasaxeleba norma 
eTilis spirtis moculobiTi wili, % 16 

saerTo eqsrtraqtis masis koncentracia 
gr/100 sm3 

32 

Saqris masis koncentracia gr/100 sm3 30 
mJavebis masis koncentracia limonis 
mJavaze gadaangariSebiT gr/100 sm3 

0,5 

garegani saxe 
gamWvirvale siTxe naleqisa da ucxo 

minarevebis gareSi 
feri Ria qarvisferi 

gemo da aromati 
Taflis, misi botanikuri warmoSobis 

mixedviT ucxo gemosa da aromatis gareSe 
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amrigad, Catarebuli kvlevebis safuZvelze SemuSavebulia alkoholuri 
sasmelis damzadebis teqnologia, romelic iTvaliswinebs Taflis buyis 
kupaJSi reqtificirebuli spirtisa da naturaluri Taflis Setanas. 
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SUMMARY 

TECHNOLOGY OF PRODUCTION OF ALCOHOLIC BEVERAGES USING THE RESIDUE OF 

ALCOHOL DISTILLATION  

Oshakmashvili Ts.L. and Khositashvili M.L. 

Georgian Technical University 

The paper deals with the study of the residue of honey alcohol distillation for biologically active substances. The 

experiments carried out showed that the residue of honey alcohol distillation is rich in biologically active 

substances such as organic acids, total nitrogen, phenolic compounds and carbohydrates. High concentration of 

these substances in the residue of honey alcohol distillation is due to their concentration in the process of 

distillation of honey wine materials. The main difference between the residue and its appropriate wine material 

consists in the composition of aromatic components. 

Keywords: wine materials, honey alcohol, distillation residue, biologically active substances. 
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