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ucnobi ganawilebis simkvrivis Zaldebuli Sefasebis sakiTxisaTvis 

 

buaZe t.g., giorgaZe v.a. 
 

saqarTvelos teqnikuri universiteti 
 
1. Sesavali. maTematikuri statistikis erT-erTi ZiriTadi mimarTule-

biT, kerZod, araparametrul statistikur SefasebaTa Teoriis ganxriT, war-
moebuli kvlevebis mraval avtorTa yuradReba wina saukunidan dawyebuli 
mimarTuli iyo ama Tu im Zaldebulebis Tvisebis matarebeli lebegis zomis 
mimarT, albaTuri zomebis simkvriveebis analogebis moZebnisaken.  

ganawilebis simkvrivis empiriuli analogebis Seswavlas safuZvlad 
udevs ZiriTadi strategiuli amocana, romelic gamoixateba Teoriuli gana-
wilebis terminebSi, rogorc ucnobi ganawilebis simkvrivis araparametruli 
statistikuri Sefasebis amocana. pirveli Sedegebi miRebulia v. glivenkos [1] 
da n. smirnovis [3] mier. maT damoukidebeli dakvirvebiT aages `histogramuli~ 
tipis Sesafebebi. mogvianebiT m. rozenblattma [4] da e. parzenma [5] ganixiles 
`gulovani~ Sefasebebi, agebuli borelis K(x) guliT (funqciiT) da Seiswav-
les misi Tvisebebi.  

qarTuli albaTur-statistikuri maTematikuri skolis fuZemdebelma   
g. maniam [2] da misma moswavlem e. nadaraiam [6,7] damoukidebel dakvirvebebze 
dayrdnobiT didi wvlili Seitanes qarTuli mecnierebis am mimarTulebiT 
ganviTarebis saqmeSi. maT mier ganxilulia da ganzogadebulia mravalganzo-
milebiani gulis SemTxveva da m. rozenblattis Sedegi, ris safuZvelzec 
daadgenilia damoukidebeli dakvirvebebiT agebuli Sefasebis simkvrivisaken 
albaTobiT 1 Tanabari krebadobis sakmarisi pirobebi. Cems mier ganxilulia 
mravalganzomilebiani ganawilebis simkvrivis `gulovani~ da n. Cencovis 
`proeqciuli~ tipis araparametruli Sefasebebis asimptoturi yofaqcevis sa-
kiTxebi [9,10]. r. absavam da e. nadaraiam ganixiles albaTur ganawilebaTa fun-
qcionalebis araparametruli Sefasebebis amocanebis farTe speqtri [11]. p. ba-
biluam, m. nadareiSvilma, g. soxaZem, e. xmalaZem  ganixiles ganawilebis 
simkvriveebis Sefasebebi sxvadasxva metrikiT [8].  

2. davuSvaT  PF ,, albaTuri sivrcea,   – elementarul xdomilebaTa 

sivrcea, F  aris  -s qvesimravleebisgan Sedgenili σ algebra.  F,  zomadi 

sivrcea. amave dros, ganvixiloT  , RR B  zomadi sivrce, sadac RB  aris bore-

lis σ algebra, anu R-is Ria qvesimravleebisgan Sedgenili umciresi σ algeb-

ra da asaxva (funqcia ( )X X  ): R , yoveli RA B -Tvis 

 1( ) : ( )X A X R F      . maSin X SemTxveviTi sididea. im SemTxvevaSi, roca  
nR   da vixilavT asaxvas or  F,  da  , n

n

R
R B  zomad sivrceebs Soris, saq-

me gvaqvs SemTxveviT veqtorTan.  

davuSvaT X SemTxveviT sidides gaaCnia ganawilebis simkvrive )(xf , R -ze. 

amasTan am simkvrivis saxe cnobili ar aris. cnobilia mxolod is, rom aseTi 

simkvrive arsebobs. saWiroa X  SemTxveviT sidideze damoukidebeli dakvirve-
bebis (SerCevis) saSualebiT avagoT garkveuli azriT optimaluri Sefaseba 

ucnobi simkvrivisaTvis. ase, rom vTqvaT 1X , 2X ,..., nX  erTmaneTisagan damoukide-

beli da erTnairad ganawilebuli SemTxveviTi sidideebia. amasTan TiToeuli 

maTgani ganawilebulia ise, rogorc X , ganawilebis ucnobi kanoniT ( )Р  .  

empiriuli ganawileba ( )nР  , romelic aigeba n moculobiani SerCeviT 

1X , 2X ,..., nX , warmoadgens diskretul ganawilebas 
1

n
-is toli `wonis~ ato-
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mebiT TiToeuli , 1,...,iX i n  dakvirvebisaTvis. amave dros, TiToeul iX  dak-

virvebas SeiZleba davukavSiroT delta zoma ( )
iX  , Tavmoyrili iX  wertilSi, 

xolo damoukidebel dakvirvebebs davukavSirebT ( )
iX   zomaTa ariTmetikul 

saSualos 

1

1
( ) ( ),

i

n

n X

i

P
n




    

 

sadac     
1, ,

( )
0, .i

i
X

i

X A
A

X A



 



Tu

Tu
 

Tu ucnobi ganawilebis kanonisaTvis arsebobs gluvi f(x) simkvrive, 

maSin SesaZlebeli iqneba SevcvaloT ( )
iX  . zoma raime zomiT garkveuli 

( , )n iK x X  simkvriviT da gamoviyenoT igi ucnobi f(x) ganawilebis simkvrivis 

Sesafaseblad, riTac Semogvaqvs simkvrivis SefasebaTa axali klasi.  
amrigad, zemoT mimoxiluli naSromebis ZiriTadi idea dasmuli 

amocanisadmi e.w. araparametruli statistikuri midgomaa. CamovayaliboT es 

idea. aviRoT raRac integrebadi (lebegis zomiT) funqcia )(xK , romelic ga-

nawilebis simkvrivis Tvisebebis mqone funqciaa. garda amisa, aviRoT 

nulisaken krebadi nh  mimdevroba da SevadginoT statistika 

1

1ˆ ( ) , 0, .

n
k

n n n
n nk

x X
f x K h nh

nh h


 
   

 
  

saWiroa moiZebnos is pirobebi, rodesac )(ˆ xfn  miiswrafis )(xf  funq-

ciisaken raRac azriT. m. rozenblattma aCvena, rom )(ˆ xfn  miiswrafis )(xf   

funqciisaken Tanabrad albaTuri krebadobis azriT. imisaTvis, rom moviy-
vanoT zogadi Sedegebi, winaswar CamovayaliboT zogierTi mosamzadebeli 
Sedegi. 

vTqvaT )(xF  aris X SemTxveviTi sididis ganawilebis funqcia.   

( )
( )

dF x
f x

dx


1X , 2X , ... , nX  SerCevaa. )(xF  funqciis SefasebisaTvis iReben 

empiriuli ganawilebis funqcias _ )(xSn -s. sidides, romelic aris fardobiTi 

sixSire SerCevis im elementebis raodenobisa, romlebic naklebi arian x -ze. 

ganixilaven )(xSn  sididis )(xF  funqciisagan gadaxris zomad Semdeg sidi-

deebs: 
 

)()(sup),(
]),([

21

21
1

xFxSD n
Fx

n 
 

 , 

 )()(sup),(
]),([

21

21
1

xFxSD n
Fx

n 






 , 

 )()(sup),(
]),([

21

21
1

xSxFD n
Fx

n 






 . 

 
SemogTavazebT v.i. glivenkos Teoremis saintereso damtkicebas.  
Teorema 1. (v. i. glivenko, 1933 w.). albaTobiT 1 adgili aqvs Tanabrad 

krebadobas 

{lim (0,1) 0} 1n
n

P D


  . 
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damtkiceba. ganvixiloT 
k

j
 wiladebi. aRvniSnoT jkx -iT x -is is umcire-

si mniSvneloba, romlisTvisac 

)()(  xF
n

j
xF . 

aRniSvnis Tanaxmad jkxX   xdomilebis sixSire aris )( jkn xS . amasTan 

{ } ( )jk jkP X x F x  . 

aRvniSnoT  )()(: jkjknjk xFxSC   . borelis gaZlierebuli did ri-

cxvTa kanonis Tanaxmad 1)( jkCP .  

aseve Tu aRvniSnavT  )()(:  jkjknjk xFxSE  , maSin gveqneba  1)( jkEP . 

vTqvaT  jkjkjk ECK    da 












0)()(sup:
11

jkjkn
kj

k

j

jkk xFxSKK  . 

maSin 

0)()(
11















 



k

j

jk

k

j

jkk KPKPKP  . 

amitom 1)( kKP . Tu aviRebT 





1k

kKK , maSin analogiuri msjelobiT 

miviRebT 1)( KP . 

meores mxriv nebismieri x -saTvis, romelic jkx -sa da kjx ,1 -s Soris 

mdebareobs, gveqneba 

)()()( ,1 kjjk xFxFxF   da )()()( ,1 kjnnjkn xSxSxS  . 

amasTan nebismieri iseTi jkx -saTvis, romlisTvisac jkkj xx  ,1 , gveqneba 

k
xFxF jkkj

1
)()(0 ,1   . 

amitom 

k
xFxSxFxSxFxS kjkjnjkkjnn

1
)()()()()()( ,1,1,1   , 

da 

k
xFxSxFxSxFxS jkjknkjjknn

1
)()()()()()( ,1   . 

aqedan gamodis, rom nebismieri x -sa da k -saTvis, 

k
xFxSxFxS jkjkn

kj
n

1
)()(sup)()(

1




 

anu 

k
xFxSD jkjkn

kj
n

1
)()(sup)1,0(

1




. 

aqedan vRebulobT, rom   1)(0)1,0(  KPDP n . Teorema damtkicebulia. 
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Teorema 1. (m. rozenblatti). vTqvaT, )(xf  Tanabrad uwyvetia R -ze,  

xolo )(xK  SemosazRvruli variaciis funqciaa da 1)( 
R

dxxK , maSin  

0)()(ˆsup 


xfxfE n
Rx

. 

Teorema 2 (e. nadaraia). vTqvaT Sesrulebulia Teorema 1-is pirobebi, 

maSin Tu  





1

2 )exp(
n

nnh   krebadia nebismieri  0   ricxvisaTvis, gveqneba 

0)()(ˆsuplim 


xfxfn
Rxn

 albaTobiT 1. 

3. vTqvaT, gvaqvs  iX  SemTxveviTi SerCeva  (1)
1 ... d

ii X XХ  , 1,...,i n , po-

pulaciidan, romelic ganisazRvreba mravalganzomilebiani f(x)  ganawilebis 

simkvriviT ,dx R  1 2( ,..., , ( ) ( ))d
dx x x f x L R   ganawilebis simkvrive f(x) lebegis 

zomiT kvadratiT integrebadi funqciaTa klasis funqciaa. f(x) ucnobi 
funqciaa. mis Sesafaseblad vixilavT statistikas 

 1 ( )

1 1

( , ) ( ) ( )( )

dn
i

n n i i i i j

j i

x n a n K a n x Xf  

 

    (1) 

sadac 1( ( ),..., ( )),dn a n a na    ( ) , 1,i n i da   dadebiT ricxvTa mimdevrobaa 

iseTi, rom ( )lim i na
n

 


 da 

1

1

lim ( ) 0

d

i

i

n a n



  

( ) , 1,i v v R i dK    borelis azriT, zomadi funqciaa da akmayofilebs 

regularobis pirobebs:  

K1) ( ) ( )K x K x  ( ) 1;
dR

K x dx   sup ( ) ;
dx R

K x


   

K2) ( )K x aqvs uwyveti warmoebulebi maT Soris m rigis,  

K3) 
1

1

1

... ( ) 0, , ( ) 0,d

d d

d
ii s

j j jd

jR R

x x K x dx i S x K x dx V d



      

K4) 1 ( ) , , max ,1 ,
2

d

S
j

R

d
x K x dx Y P S S

 
     

  –  luwia  

aRvniSnoT 
1 1

2

1

( ) ( ), , 1, , ( ) ,

d

i i i i

i

K x K x x R i d K L P



      

SC -iT aRvniSnoT yvela SemosazRvruli uwyveti ( )x  funqciis sim-

ravle, dx R , romelTac aqvT uwyveti kerZo warmoebulebi x wertilis mida-

moSi S rigamde CaTvliT, amasTan f(x)≠0 da 
( )

0
S

S
i

f x

x





 yvela i-sTvis Sdi ;,1  

luwi ricxvia.  

SW -iT aRvniSnoT simravle yvela SemosazRvruli, uwyveti ψ(x) funqcie-

bisa, 
dx R , romelTac aqvT SemosazRvruli, uwyveti kerZo warmoebulebi S 

rigamde CaTvliT, romlebic ekuTvnian lebegis azriT kvadratiT integrebad 
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funqciaTa 2 ( )dL R  sivrces. f(x)≠0 da ( )
0

S

S

f x

x





 erTi mainc i-saTvis, Sdi ;,1  

luwi ricxvia.  
lokaluri gadaxris zomad ganvixiloT saSualo kvadratuli cdomile-

ba:  

 
2

( , ) ( ) ( , )n n n nM f x a f x V x a      (2) 

SeviswavloT am gamosaxulebis asimptoturi yofaqceva, roca n   da 

vipovoT 1 2( ( ), ( ),..., ( ))n n na a n a n a   optimaluri mniSvnelobebi, romlebic mini-

mums aniWeben ( , )n nV x  -s. 

mtkicdeba Teorema, romelic amtkicebs Sefasebis asimptotur Zalde-
bulebas.  

Teorema 4. Tu f(x) simkvrive CS klasis funqciaa da K(x) funqcia akma-
yofilebs K1), K2), K3), K4) pirobebs, maSin roca n  , adgili aqvs tolobebs  
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araTanabari ganaTebiT gamowveuli, gamosaxulebis gradientuli fonebis 

lokalizacia da gafiltrva, maTematikuri morfologiis gardaqmnebis 

saSualebiT 

 
sexniaSvili d.n., svaniZe r.g. 

 
saqarTvelos teqnikuri universiteti 

 
araTanabari ganaTebis dros, gamosaxulebaze vRebulobT ganaTebis 

gradients, romlis gamosaxulebidan mTlianad moSoreba an maqsimalurad 
gafiltvra aucilebelia gamosaxulebis Semdgomi analizisaTvis da gardaq-
mnebisaTvis. 

ganaTebis gradientis Sesamcireblad SesaZlebelia morfologiuri 
top-heti operaciebis gamoyeneba, radgan top-hetebi farTo izotropuli 
struqturuli elementiT gamosaxulebaze moqmedebs rogorc maRalsixSiruli 
filtri [1]. 

vinaidan gradienti mdebareobs gamosaxulebis dabal sixSirul diapa-
zonSi, misi moSoreba SesaZlebelia morfologiuri top-heti operaciebis ga-
moyenebiT. kerZod, e.w. TeTri top-hetebibi gamoiyeneba  wina planis piqseleb-
Tan SedarebiT muqi fonis mqone gamosaxulebebSi, xolo Savi tip-hetebi naTe-
li fonis mqone gamosaxulebaSi. TeTri top-hetiT gamosaxulebis damuSavebis 
magaliTi naCvenebia (sur.1).  

  

 
 

sur. 1. gamosaxulebis damuSaveba top-heti operaciiT 
 

rogorc suraTidan Cans araTanabari ganaTebis mqone sawyis gamosaxu-
lebaze zRurblis operacia gvaZlevs arasasurvel Sedegs. 

Tu fonis gamuqebasTan erTad, gamosaxulebaze arsebul CvenTvis sain-
tereso obieqtebs da gamosaxulebis fons Soris kontrasti klebulobs, maSin 
sawyisi gamosaxulebis gaxsnasTan an daxurvasTan gayofiT SesaZlebelia 
miviRoT CvenTvis sasurveli vizualuri efeqti. 

rogorc suraTze (sur. 2,a) Cans, gradientuli fonis mqone sawyisi gamo-
saxulebis binarulad gardaqmna zRurblis operaciiT ar iZleva sasurvel 
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Sedegs, radganac, gradientis farglebSi moqceuli asoebi mTlianad ikargeba 
(sur. 2,b), Sesabamisad, maTi Semdgomi aRdgena SeuZlebeli xdeba. Tumca, top-
het operatoris gamoyenebiT SesaZlebelia, gradientuli fonis ise moSoreba, 
rom naklebad vimoqmedoT wina planis piqselebze (sur. 2,g), ris Sedegadac mi-
Rebul gamosaxulebaze SesaZlebeli xdeba Semdgomi manipulaciebis Catareba 
(magaliTad, kontrastis cvlileba (sur. 2,d.) 

    
 

  
 

sur. 2.a sawyisi nacrisferi tonis 
gamosaxuleba raTanabari ganaTebiT da 

gradientuli foniT 

 
sur. 2.b gamosaxulebis binarulad 
gardaqmna zRurblis operaciiT 

 
 

 

 
 

sur. 2.g sawyisi gamosaxulebis gardaqmna 
top-heti operaciiT 

 
sur. 2.d top-hetiT damuSavebuli 

gamosaxuleba momatebuli kontrastiT 
 
 
teqsturi informaciis Semcvel gamosaxulebaSi, teqstis Semcveli 

obieqtebis intensiuroba ufro maRalia vidre araTanabari ganaTebiT miRe-
buli fonis gradientis [2]. Sesabamisad, morfologiuri gaxsna da daxurvis 
operaciebis Sesrulebisas struqturuli elementis zomaze mcire obieqtebi 
gaqreba da dagvrCeba mxolod regionebi romlebic aRemateba struqturul 
elements zomaSi. amgvarad, top-hetebis gamoyenebiT SesaZlebelia miviRoT 
Tanabrad ganaTebuli gamosaxuleba. Tumca aRsaniSnavia is faqti, rom struq-
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turuli elementis zomis zrdasTan erTad Cndeba e.w. blokuri efeqti, cru 
kideebis efeqtis gaCenis gamo [3]. 

gamosaxulebaSi, blokuri efeqtiT Seqmnili xmauris Semcireba 
SesaZlebelia top-heti algoriTmebis  rekonstruqciuli gaxsna da daxurvis 
operaciebiT modificirebiT. danarCen sxva morfologiur operaciebTan Seda-
rebiT, rekonstruqciuli gaxsnas SeuZlia gamosaxulebaSi SeinarCunos yvela 
im obieqtis forma romlebic ar iqnen mTlianad moSorebuli morfologiuri 
eroziis operaciis Sedegad [4]. magaliTi naCvenebia sur. 3 

 

 
 

 
1 2 3 

 
sur. 3. 1. sawyisi gamosaxuleba 2. gamosaxulebis erozia struqturuli elementiT.             

3. rekonstruqciuli gaxsna imave struqturuli elementiT  
 
rekonstruqciuli gaxsnis operacia saSualebas gvaZlevs martivad aR-

movaCinoT gamosaxulebis ukana foni. amgvarad, top-het algoriTmSi, bazisuri 
gaxsnis operatoris, rekonstruqciuli gaxsnis CanacvlebiT SegviZlia mivi-
RoT modificirebuli top-heti romlis Tvisebebi ufro esadageba mocemul 
amocanas. 
 

   fRffg  ~~       (1) 

 
miuxedavad imisa, rom modificirebuli TeTri top-heti kargad asru-

lebs gamosaxulebaSi ganaTebis gaTanabrebas (ekvalaizeri) da Sedegad vRe-
bulobT dabalansebuli ganaTebis mqone fons blokuri efeqtis gareSe, am 
operaciis Sedegad Cndeba axali problema _ teqstis nawili zedmetad ganaTe-
bis gamo aRiqmeba rogorc foni [6].  

am problemis dasakoreqtireblad, viyenebT rekonstruqciuli gaxsnis 
oradul operacias _ rekonstruqciul daxurvas, romelic aSorebs fonidan 
SecdomiT aRqmul teqstur informacias da Sedegad vRebulobT mxolod 
gamosaxulebis fons.  

  

     ff RR 
~~~

      (2) 

 
amgvarad, modificirebuli top-heti Rebulobs Semdeg saxes: 
  

          fffffg RR 
~~~      (3) 

 
amrigad, gamosaxulebis araTanabari ganaTebiT gamowveuli gra-

dientuli fonebis moSorebis mizniT ganxorcielda gafiltvris morfolo-
giuri meqanizmebis Sedareba pirveladi gamosaxulebis, zRurblis operatoris  
binarizaciiT  miRebuli  gamosaxulebis _ morfologiuri algoriTmiT damu-
Savebul gamosaxulebasTan, ramac daadastura morfologiuri operatorebis 
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upiratesobebi. dasaxuli amocanis Sesasruleblad naSromSi gamoyenebuli 
iqna top-het  algoriTmi, romelic Tavis mxriv iyenebs ramodenime pirvelad 
morfologiur operacias,  rogoric aris „klasikuri“ morfologiuri gaxsna 
da daxurva. 

aseve, gamosaxulebaSi gradientul fonTan muSaobisas warmoqmnili 
blokuri efeqtis xmauris  SecirebisaTvis naSromSi  gamoyenebulia top-hetis 
modificirebuli algoriTmi, sadac pirveladi morfologiur gaxsnis da da-
xurvis operaciebi Canacvlebulia geodeziuri morfologiuri operatorebis 
bazaze agebuli  rekonstruqciuli operaciebiT, 

modificirebuli top-het algoriTmis Sedegad miRebulia damuSavebuli 
gamosaxuleba, romlidanac mTlianad moSorebulia gradientuli foni da ar 
gvaqvs blokuri efeqti. 
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SUMMARY 

FILTRATION OF GRADIENT BACKGROUND, CAUSED BY UNEVEN ILLUMINATION USING 

MATHEMATICAL MORPHOLOGY ALGORITHMS 

Sekhniashvili D.N. and Svanidze R.G. 

Georgian Technical University 

Gradient background introduced by uneven illumination complicates the task of such document processing and 

analysis. The paper discusses the issues of restoring these irregularities by filtering out the image using the 

mathematical morphology algorithms. Examples of correction of a gradient image, as well as filtering it using 

modified top hat operators, are presented. 

Keywords: filtering, correction, gradient image, mathematical morphology. 
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monacemTa bazis marTva PYTHON daprogramebis enaze 

 

gaCeCilaZe l.f., margvelaSvili a.g. 
 

saqarTvelos teqnikuri universiteti 
 

1.  Sesavali 
sayovelTaod cnobilia is faqti, rom monacemTa bazebi, faqtiurad, 

yvelgan gamoiyeneba. 
monacemTa baza biblioTekaa, romelic monacemebs ama Tu im saxiT ina-

xavs. is, eleqtronuli informaciis marTvis sistemaa, romelic ori nawilis-
gan: monacemTa bazis marTvis sistemisa (DBMS – Database Management System) da 
Tavad informaciisgan Sedgeba. Tanamedrove monacemTa bazebi dafuZnebulia 
monacemTa bazebis marTvis relaciur modelze. monacemTa bazis marTvis sis-
tema saSualebas gvaZlevs, vakontroloT monacemebis gansazRvris, maTi damu-
Savebisa da erToblivad gamoyenebis procesi [1]. 

relaciur monacemTa bazebSi informacia cxrilebSi inaxeba, romlis 
struqtura winaswar, mkacrad aris gansazRvruli.  

SQL (Structured Query Language) moTxovnebis struqturirebuli enaa. uxe-
Sad rom vTqvaT, es daprogramebis enaa, romelic monacemTa bazebis marTvis 
saSualebas gvaZlevs. 

monacemTa bazebi Data Science-is ganuyofeli nawilia, rameTu, xSirad 
gviwevs Senaxul monacemebTan muSaoba: miReba, damateba, waSla, ganaxleba da 
analizic ki.  

relaciur monacemTa bazis yvelaze gavrcelebul marTvis sistemebs 
warmoadgens: Microsoft Sql Server, MySql, Oracle, SQLite, PostgreSQL da a.S.   

winamdebare statiis mizans warmoadgens monacemTa bazis marTva Python 

daprogramebis enis garemoSi obieqtze orientirebuli midgomiT da im upi-
ratesobebis Cveneba, riTac es ukanaskneli xasiaTdeba. 

 
2. ZiriTadi nawili 
SQLite  monacemTa bazis marTvis saimedo sistemaa, romelic daprograme-

bis ena piTonSi CaSenebulia sqlite3 biblioTekis saxiT da Sesabamisad, masTan 
samuSaod saWiro ar aris raimes dayeneba (instalireba), sakmarisia mxolod 
misi importireba. kompiuterze monacemTa bazasTan kavSiris dasamyareblad 
aucilebelia gzis miTiTeba. Tu piToni bazas ver moZebnis, mas Tavad Seqmnis. 
imisaTvis, rom momxmarebelma SeimuSavos SQLite monacemTa baza, sakmarisia 
Seqmnas kavSiris martivi obieqti, xolo kavSiris damyarebis Semdeg SesaZ-
lebelia SQL-moTxovnebis Sesruleba [2]. 

zemoaRniSnulis sailustraciod wanamdebare statiaSi warmogidgenT 
monacemTa bazis SQLite marTvis sistemas Python daprogramebis enis Pycharm 
integrirebul garemoSi obieqtze orientirebuli daprogramebis ZiriTadi 
instrumentebis gamoyenebiT da samomxmareblo modulis SemuSavebis gziT [3,4]. 

davuSvaT, vqmniT monacemTa bazas saxelwodebiT students.db, romelic 
moicavs cxrils saxelwodebiT students. es ukanaskneli Semdegi velebisgan 
Sedgeba: student_name (studentis saxeli), student_surname (studentis gvari),  
personal_number (piradi nomeri), group_number (jgufis nomeri) da student_age 
(studentis asaki).    

aRniSnuli cxrili SevavsoT monacemebiT da ganvaxorcieloT SQL-mo-
Txovnebi piTonis samomxmareblo klasisa da masSi gansazRvruli meTodebis 
gamoyenebiT. aseve, SevqmnaT samomxmareblo moduli da movaxdinoT misi impor-
tireba piTonis nebismier failSi.  
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Cveni mizania, mkiTxvels vaCvenoT, rom samomxmareblo modulidan kla-
sis nebismieri meTodis gamoZaxeba sakmaod martivad hpovebs asaxvas ara mxo-
lod Pycharm integrirebul garemoSi, aramed DB Browser (SQLite)-Sic.  

samomxmareblo modulis Sesabamis programul kods Semdegi saxe aqvs: 
import sqlite3 as sql 

con=sql.connect('students.db') #bazasTan kavSiris damyareba 
cur=con.cursor() 

class student: 

    def students_db(self): #cxrilis Seqmna da Sevseba 
        cur.execute("""CREATE TABLE IF NOT EXISTS students( 

        student_name TEXT, 

        student_surname TEXT, 

        personal_number TEXT, 

        group_number INTEGER, 

        student_age INTEGER 

        ) 

        """) 

        con.commit() 

        students_list=[ 
         ('ana', 'margvelaSvili', '01023492834',8071, 24), 
        ('mariam', 'asaniZe', '01022837612', 8071, 25), 
        ('giorgi', 'naTenaZe', '01029056934', 8071, 24), 
        ('levan', 'dadiani', '01024069780', 8071, 26), 
        ('nuca', 'maWavariani', '01024079854', 8071, 24), 
        ('mixeil', 'enuqiZe', '01020956835', 8071, 25), 
        ('Tamar', 'axobaZe', '01023409518', 8071, 24), 
     ] 
    cur.executemany("INSERT INTO students VALUES(?, ?, ?, ?, ?);", students_list) 

   con.commit() 

def view_db(self):  #cxrilis Cveneba 
   cur.execute("SELECT * FROM students") 

   print('sawyisi cxrili:\n') 
   for x in cur: 

            print(x) 

    def criteria_db(self): #saWiro monacemebis warmodgena 
results = cur.execute("SELECT student_name, student_age FROM students").fetchall() 

        print("\nstudentTa saxelebi da asaki:") 
        for t in results: 

            print(t) 

def sort_db(self): #cxrilis daxarisxeba asakis mixedviT klebadobiT 
 results2 = cur.execute("SELECT * FROM students ORDER BY student_age 

DESC").fetchall() 

        print("\nasakis mixedviT klebadobiT daxarisxebuli cxrili:") 
    for t in results2: 

            print(t) 

    def update_db(self): #monacemis cvlileba 
  cur.execute("UPDATE students SET student_age==? WHERE student_age==?", (27, 

26)) 

        con.commit() 

        cur.execute("SELECT * FROM students") 

        print("\ncvlileba cxrilSi:") 
        for p in cur: 

            print(p) 

    def delete_db(self): #cxrilis waSla 
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        cur.execute("DROP TABLE students") 

        con.commit() 

modulis importireba, student klasis obieqtis Seqmna da meTodebis 
gamoZaxeba: 

from mymodule import student 

ob=student() 

ob.students_db() 

ob.view_db() 

ob.criteria_db() 

ob.sort_db() 

ob.update_db() 

ob.delete_db() 

Sedegebi  DB Browser (SQLite)-Si: 
sawyisi cxrili pirvel suraTzea naCvenebi, xolo asakis mixedviT 

klebadobiT daxarisxebuli cxrili Pycharm integrirebul garemoSi – me-2 su-
raTze. konsolze miRebuli Sedegebi asaxulia me-3 suraTze.  

 

 
 

sur. 1. sawyisi cxrili 
 
 

 
 

sur. 2. asakis mixedviT klebadobiT daxarisxebuli cxrili 
Sedegebi konsolze Pycharm integrirebul garemoSi: 
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sur. 3. Sedegebi konsolze 
 
 

3. daskvna 
statiaSi warmodgenili programuli kodis mixedviT, advili SesamC-

nevia, Tu ramdenad martivad SesaZlebelia vmarToT monacemTa baza piTonze 
Pycharm integrirebul garemoSi obieqtze orientirebuli midgomiT da kidev 
erTxel davrwmundeT, rom SQLite aris monacemTa bazebis marTvis swrafi, 
saimedo sistema, romelic MySQL, PostgresSQL, Oracle monacemTa bazebis marTvis  
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sistemebisgan gansaxvavebiT, orientirebulia ekonomiaze, saimedoobasa da si-
martiveze. 
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akaki wereTlis saxelobis saxelmwifo univeristeti 

 
samSeneblo narCenebis utilizacia dReisTvis iTvleba erT-erT mniSvne-

lovan problemad samSeneblo dargSi. evroasociaciis monacemebiT Senobebis 
ngrevis Sedegad mTels planetaze yoveldRiurad grovdeba 2,5 miliardi tona 
samSeneblo narCenebi maT Soris marto evropaSi 200 milioni tona. 

dReisTvis arsebobs samSeneblo narCenebis utilizaciis 2 meTodi 1) sam-
Seneblo narCenebis damarxva specialurad gamoyofil poligonebze an sanag-
veebze; 2)samSeneblo narCenebis sruli gadamuSaveba specialuri teqnikiT. 

rkinabetonis gadamuSaveba meoradi gamoyenebisaTvis ormag sargebels 
iZleva 1) gamoTavisufleba betonidan metalis Casatanebeli detalebi da ar-
matura, xdeba maTi gadadnoba da meored gamoyeneba. 2) betonis narCenebi gada-
muSavebis Semdeg TiTqmis mTlianad gamoiyeneba meoradi betonis dasamzadeb-
lad rogorc Semavsebeli da agreTve rogorc balasti sagzao satransporto 
warmoebaSi, qvasamsxvrevi mowyobilobebi rkina-betonis gadamuSavebisTvis 
Sedgeba 2 an 3 konstruqciuli nawilisagan: nedleuli xvdeba samsxvrevSi sa-
dac xdeba maTi damtvreva, Semdeg gadadis magnitur separatorSi sadac xdeba 
armaturis gamocalkaveba da danarCeni masa gadadis samsxvrevSi da xdeba 
maTi fraqciebad dayofa. 

rkinabetonis utilizacias didi ekonomiuri efeqti iyofa mraval faq-
torad, amaTgan umTavresia dabali TviTRirebuleba meoradi RorRis romlis 
fasi 2-jer naklebia vidre granitis RorRis. 

betoni Tanamedrove mSeneblobaSi ZiriTadi saSeni masalaa, romelic 
mSeneblobis moculobis TiTqmis 60 % Seadgens. igi, universaluri da unika-
luria imiT, rom gamoiyeneba mSeneblobis TiTqmis yvela dargSi. yvela Senoba 
nageboba garkveuli drois Semdeg saWiroebs ganaxlebas, betons aqvs is unika-
luri Tviseba, normaluri eqspluataciis pirobebSi misi simtkice eqsplua-
taciis stadiaze, miaRwevs ra saproeqto simtkices 28 dRis Semdeg, garkveuli 
drois ganmavlobaSi kidev ufro izrdeba. 

saqarTveloSi iseve rogorc mTel msoflioSi mSenebloba qveynis eko-
nomikis umniSvnelovanesi dargia, Zvel Senoba-nagebobebs cvlis axali. Zveli 
Senobebis ngrevis procesis Sedegad warmoiqmneba narCenebi, magaliTad, rogo-
ric aris meoradi RorRi da qviSa.  

meoradi betonis gadamuSavebis Sedegad miRebuli inertuli masala SeiZ-
leba gadamuSavdes da gamoviyenoT Semavseblad axali betonis misaRebad. am 
sakiTxiT jer kidev me-20 saukunis 70_80-ian wlebSi dainteresdnen.  

saavtomobilo gzebis mSeneblobisas meoradi betonisagan miRebuli 
sxvadasxva fraqciis saxiT warmodgenili nedleuli aqtiurad SeiZleba iqnas 
gamoyenebuli, misi meSveobiT SeiZleba inertuli masalis Canacvleba safaris  
mowyobis mizniT warmoebul betonSi, riTac sagrZnoblad mcirdeba  masalis 
TviTRirebuleba da uzrunvelyofs masalis erTgvarovnebas da daastabilu-
rebs mis fizikur-meqanikur Tvisebebs. gansakuTebiT mniSvnelovani Sedegebi 
SeiZleba miRweuli iqnas betonis meoradi nedleulis gamoyenebisas saavto-
mobilo gzebis sxvadasxva fenebis mosawyobad, am dros minimumamde SeiZleba 
narCeni deformaciis maCveneblis dayvana da masalis plastikuri deformaciis 
proeqtiT gansazRvruli maCveneblebis uzrunvelyofa. am maxasiaTeblebis 
mkveTrad stabiluri maCveneblebis uzrunvelyofa mniSvnelovania gzebis, xi-
debis da gvirabebis misasvlelebTan. meoradi betonis gamoyeneba aqtualuria 
iseTi regionebisTvis sadac bunebrivi Semavseblebi, rogoricaa qviSa, RorRi, 
naklebad xelmisawvdomia.    
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eqsperimentuli kvlevis mizania, betonis narCenebis gadamuSavebiT miRe-
buli samSeneblo masalis (betoni) meqanikuri maxasiaTeblebis Sesawavla da 
maTi gamoyenebis arealis dadgena. statiaSi ganxilulia betonis narCenebis 
meoradi gamoyenebis SesaZleblobebi, warmodgenilia maTi meored gamoye-
nebisas garemoze zianis miyenebis masStabebis Semcirebis SesaZleblobebi [2]. 

miznis miRwevisaTvis aRebuli iqna qalaq quTaisis gareubnebSi ukont-
rolod mimofantuli betonis narCenebi, romlebic gadamuSavebuli iqna sam-
saxvrev-109 aparatSi. moxda namsxvrevebis separacia, ganisazRvra meoradi Ror-
Ris granumetriuli Sedgeniloba. samsxvrevidan aRebuli sinji gatarebul 
iqna cxaurebSi. ganxorcielda RorRis da qviSis xarisxis  Semowmeba labora-
toriul pirobebSi.  

sinjis wonam Seadgina: 115900 grami, Catarda RorRis granulometriuli 
Sedgenilobis gansazRvara (sacriTi analizi) sacrebis zoma iyo: 40, 20, 10,5, 
(mm), Ziri. narCeni TiToeul sacerze procentebSi gamoiTvleba formuliT 

100/  mma ii %, sadac im  aris narCenis wona mocemul sacerze. m _ aris sin-

jis saerTo wona gramebSi. magaliTad: ai1=41000/115900*100=35,35% aseve gamoviT-
valeT danarCeni sacrebisaTvis da Sedegebi Setanilia cxr. 1-Si. 

 
cxrili 1. meoradi betonis fraqciebi procentebSi    
   

narCeni sacrebze 
 

sacris xvretis zomebi mm-Si 
 

40 20 10 5 Ziri 

narCeni gr-Si 41000 21900 24300 13800 14900 
narCeni % 35,37 18,89 20,96 11,91 12,85 

sruli narCeni % 35,37 54,26 75,22 87,13 99,98 

                                                                                                              
gamoTvlili iqna:  RorRis simkvrive nayar mdgomareobaSi: cda Catarda 

samjer, 1. 1710_220=1490, 2. 1720_220=1500. 3. 1730_220=1510. taris wona iyo 220 
grami. saSualo simkvrive tolia (1490+1500+1510):3=1500 kg/m3.  

gamoTvlili iqna RorRSi brtyeli da nemsiseburi marcvlebis raode-
noba vizualuri meTodiT, amisaTvis aviReT 2000 grami RorRi, vizualuri da-
TvalierebiT amovarCieT brtyeli da nemsiseburi marcvlebi da avwoneT ramac  
Seadgna 660 grami, gamovTvaleT procentuli Semcveloba: 660:2000*100=33% 

Semowmebuli iqna qviSis xarisxi: 
1. qviSis simkvrive nayar mdgomareobaSi.  cda Catarda samjer, taris 

wona iyo 220 grami. 1. 1600-220=1380 kg/m3, 2. 1620_220=1400kg/m3, 1630_220=1410kg/m3  
qviSis saSualo simkvrive tolia (1380+1400+1410):3=1396,6 kg/m3  

qviSis granumetriuli Sedgeniloba ganisazRvra: 
 sinjis wona 1000 gr, sacris xvretis zomebia 2,5; 1,25; 0,63; 0,315; 0,16 mm. 
cdis Sedegebi Setanilia cxr. 2-Si. 
 

cxrili 2. qviSis granumetriuli Sedgeniloba  
 
narCeni sacrebze  
 

sacris xvretis zomebi mm 
 
2,5 1,25 0,63 0,315 0,16, Ziri 

narCeni gr-Si 390 175 150 175 80 30 
narCeni %-Si 39,0 17,5 15,0 17,5 8,0 3,0 
sruli narCeni %-Si  39,0 56,5 71,5 89,0 97,0 100 

 
ganisazRvra qviSis simsxos moduli formuliT: 

Msimsx.=(39,0+56,5+71,5+89,0+97,0):100=3,53 
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gamoTvlil iqna qviSaSi Tixovani, mtvrisebri da lamovani minarevebis 
raodenoba ganleqvis meTodiT: 

sinjis wona – (m) 1000 gr. garecxili qviSis wona _ (m1) 965-grami  

35%100
1000

9651000
%1001 







m

mm
ganl.  

daskvna: 
saxelmwifo standartis da saamSeneblo normebis mixedviT 0,63 sacerze 

narCenisa da simsxos modulis mixedviT qviSa miekuTvneba msxvili qviSebis 
jgufs.  

eqsperimentisTvis Semkvrelad gamoyenebuli iqna portland cementi            
M-500-42,5 R. 

vcadeT betonis damzadeba RorRisagan fraqciiT 40 mm, cementisagan da 
wylisagan, radgan ar davamateT wvrili Semasavsebeli, betoni ar Seikra da 
nimuSebi ver davamzadeT. amitom umjobesia meoradi RorRi fraqciiT 40 mm 
gamoyenebuli iqnas sagzao da satransforto mSeneblobaSi gzebis mosaSanda-
geblad. 

SerCeuli iqna Sedgeniloba 1 m3 betonisaTvis [4]: 
cementi: 339kg, RorRi: 1326kg, RorRis fraqcia (20_10), qviSa: 491 kg, wya-

li: 213 l, danamati: 19 grami (1,4 % cementis wonidan).  
damzadda 9 nimuSi zomiT (100*100*100) mm, zemoT mocemuli Sedgenilo-

biT. nimuSebi moizila meqanikurad xeliT, sami sxvadasxva pirovnebis mier, ni-
muSebs gavukeTeT etiketi, davafareT sveli gawuruli tilo da davtoveT 
oTaxis temperaturaze 24 saaTis ganmavlobaSi, (nax. 1) yalibebi gaixsna da ga-
nisazRvra nimuSebis wona, pirveli sameulis wonaa (2420 gr 2290 gr 2350 gr); 
meore sameulis wonaa: (2420 gr 2290 gr 2350 gr) mesame sameulis wonaa (2370 gr 
2345 gr 2350 gr) nimuSebi yalibebidan amoRebis Semdeg Caiwyo abazanaSi sadac 
wylis temperatura meryeobda 180 ±±20. 

 

 
 

nax.1. nimuSi yalibSi 
 
gamosacdeli nimuSi abazanidan amoRebis Semdeg yovndeboda 24 saaTi 

oTaxis temperaturaze. nimuSebi gamoicada me-7 dRes, aRebuli iqna TiTo sa-
meulidan TiTo nimuSi, aseve me-14 da 28-e dRes [4] (nax.2. )pirveli sameulis 
Sedegebi mocemulia cxr. 3-Si.  
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nax. 2. nimuSis gamocda wnexSi 
 

 
cxrili 3. nimuSebis gamocdis Sedegebi 
 

N 
nimuSis 

wona, g 
nimuSis asaki da 
gamocdis TariRi 

wnexis 

maCvenebeli, kn 
wnexis saSua-

lo maCvenebeli 
simtkice, 

mgpa 

1 2420 15,04 (7dRe) 
137 
139,6 
138,7 

138,4 13,84 

2 2290 22,02 (14dRe) 
275,5 
278,5 
276,4 

276,9 
27,69 

 

3 2350 8,03 (28 dRe) 
290 
290,7 
287,85 

289,5 28,95 

 
 
gamoTvlili iqna wnexis maCveneblis saSualo mniSvneloba, 
 

 
4,138

3

7,1386,139137





n

mi
m kn 

 
dadgenili iqna miRebuli saSualo mniSvnelobebis saimedoobis inter-

valebi [5]. 
 

  mm tmtmI          (1) 

 

sadac, t -s mniSvneloba aiReba cxrilidan normaluri ganawilebisaTvis β-s 

mixedviT. β=0,8. Sesabamisad t =1,282 [5]. 

saSualo kvadratuli gadaxra nm ganisazRvreba formuliT: 
 

n

D
m   

dispersiis SefasebisaTvis viRebT statistikur dispersias 
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 
       745,14,1387,1384,1386,1394,138137

2

1

1

222
2







n

mmi
D  

76,0
3

745,1
m  

 

saimedoobis midamo ↋= 97,076,0282,1  mt   

pirveli formuliT Sesabamisad intervali ganisazRvreba rogorc  
Iβ=(138,4-0,97; 138,4+0,97) saimedoobis intervali 7 dReze [137,43;  139,37] . 
nimuSebisaTbis analogiurad iqna dadgenili saimedoobis intervalebi 

me-14 da 28-e dReze. [202,13; 207,87] [288,65; 298,34] 
eqsperimentebis Sedegebis analiziT dadginda, rom miRebul iqna M-300 

markis, B-22,5 klasis betoni. romelsac aqvs farTo gamoyeneba, mas iyeneben 
individualuri saxlebis mSeneblobaSi, saSualo simaRlis korpusebis mSeneb-
lobaSi, TiTqmis yvelgan maRlivi Senobebisa da wyalqveSa konstruqciebis 
garda.  

betonisa da rkinabetonis narCenebis damuSavebiT SeiZleba gadaiWras 
mTeli rigi amocanebi nedleulis miwodebidan dawyebuli rigi ekologiuri 
sakiTxebiT damTavrebuli. meoradi nedleulis farTod danergvisaTvis samSe-
neblo saqmeSi aucilebelia damuSavdes standartebi da meoradi RorRis 
gamoyenebis teqnikuri pirobebi. 
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SUMMARY 

STUDY OF THE STRENGTH CHARACTERISTIC OF SECONDARY TOKEN  

Tsirekidze N.T., Kikvidze O.G., Baratashvili M.P. and Balanchivadze M.V.   

Akaki Tsereteli State University 

The article examines the strength of construction concrete samples made from recycled raw materials. 

Experiments show that it is possible to obtain M-300 grade B-22.5 grade concrete, which, given its strength and 

physical-mechanical characteristics, can be used in the construction of houses, medium-height buildings. Almost 

everywhere except high-rise and underwater structures, based on research results, we can conclude that in the 

manufacture of concrete structures or other types of materials it is possible to effectively use concrete waste as a 

secondary raw material, which is important in terms of environmental protection.   

Keywords: second-hand concrete, concrete debris recycling, waste management, hardness. 
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erTZarRva polieTilenis naqsovi izolaciiT Sesrulebul kabelebSi 

mimdinare eleqtromagnituri procesebis gamokvleva da ekranis damiwebis 

meTodis gavlena temperaturul reJimebze 

 
rTvelaZe n.o.  

 
saqarTvelos teqnikuri universiteti 

 
Sesavali.  
eleqtromomaragebis sistemis saSualo Zabvis qselebis muSaobis 

saimedoobas qselis eleqtromomaragebis traqtSi monawile yvela ZiriTadi 
elementis  gamarTuli da Seuferxebeli muSaoba ganapirobebs [1]. aRsaniSna-
via, rom qalaqebis eleqtromomaragebis sistemis saSualo Zabvis qselebSi 
ganviTarebuli avariuli gamorTvebis ZiriTadi wili sakabelo xazebis dazia-
nebebze modis [2]. mniSvnelovania, rom Tanamedrove qalaqebSi, calkeuli ubne-
bis gazrdili eleqtruli datvirTvebis intensiuri zrdis pirobebSi, sul 
ufro aqtualuri xdeba saSualo Zabvis eleqtromomaragebis qselis erT-
ZarRva kabelebiT Sesruleba [3]. Sesabamisad, erTZarRva mSrali izolaciiT 
Sesrulebuli kabelebiT (emiSk) Sesrulebul qselebSi mimdinare eleqtromag-
nituri procesebis gamokvleva da teqnikur-ekonomikuri maCveneblebis dadgena 
Tanamedrove aqtualur problemas warmoadgens [4]. bolo periodSi saSualo 
da maRali Zabvis qselebSi (6_500 kv), eleqtromoxmarebis donis da eleqt-
ruli datvirTvebis simkvrivis intensiuri zrdis Sedegad, erTfaza polieTi-
lenis naqsovi izolaciiT Sesrulebuli Zaluri kabelebis gamoyeneba sul 
ufro da ufro aucilebeli xdeba [5]. 

erTfaza naqsovi polieTilenis izolaciiT Sesrulebuli kabelebi 
(npiS), ZarRvis Zabvis maRali donis gamo, aRWurvilia kargi eleqtruli gam-
tareblobis mqone masalisgan (spilenZi) damzadebuli ekraniT. mis ZiriTad 
daniSnulebas kabelis mTavar izolaciaze moqmedi eleqtruli velis Tanab-
rad ganawileba warmoadgens da igi SesaZlebelia mxolod ekranis minimum 
erTmxriv damiwebis pirobebSi [6]. 

erTfaza sakabelo xazebis proeqtirebisa da eqspluataciisas mniSv-
nelovani problemebi warmoiqmneba kabelis ekranSi dainduqtirebuli grZivi 
denebisa da Zabvis SezRudvis aucileblobis gamo. kabelis ekranSi dainduq-
tirebuli grZivi denebisa da Zabvis, ekranis erTmxrivi damiwebis an transpo-
ziciis saSualebiT, ekranSi warmoiqmneba Zabva, romelic mniSvnelovnad aRema-
teba garsacmis eleqtrul simtkices. aseve, igi safrTxes uqmnis kabelTan 
axlos myof adamianebs. aqedan gamomdinare, aucilebelia kabelis ekranSi 
dainduqtirebuli denisa da Zabvis gansazRvris maTematikuri modelis dazus-
teba,  kabelebis optimaluri kveTebis SerCevisaTvis [7]. 

samuSaos mizans warmoadgens, saSualo da maRali Zabvis erTfaza kabe-
lebiT Sesrulebul samfaza qselebSi, mimdinare eleqtromagnituri procese-
bis gamokvleva, maT mier qselis elementebSi gamowveuli Zabvis, simZlavrisa 
da eleqtroenergiis danakargebis mizezebis dadgena da Sefaseba. maTi konst-
ruqciuli Sesrulebis gavlenis dadgena muSaobis reJimebze, eleqtromomara-
gebis saimedoobasa da qselis muSaobis mdgradobaze. Sesabamisad, kvlevebiT 
miRebuli Sedegebis analizis, kritikuli Sefasebisa da ganzogadoebis safuZ-
velze, momzaddes saproeqto da saeqspluatacio RonisZiebebis nusxa, rome-
lic uzrunvelyofs qselis muSaobis saimedoobisa da mdgradobis amaRlebas, 
energetikuli maCveneblebisa da energoefeqturobis gaumjobesebas, saeqsploa-
tacio usafrTxoebas.    

kvlevis masalebi da Sedegebi.  
saSualo da maRali Zabvis erTfaza kabelebiT aRWurvili samfaza 

sakabelo qselebis muSaobis saimedooba, mdgradoba, Tburi reJimebi, kabelis 
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gamtarunarianoba, energetikuli maCveneblebi da energoefeqturoba mTlianad 
ganpirobebulia qselis elementebSi mimdinare eleqtromagnituri procesebiT, 
rogorc muSaobis normalur reJimebSi, aseve avariisa da avariis Semdgom 
periodSi.  

Tavis mxriv, mimdinare eleqtromagnituri procesebis gamokvleva-Ses-
wavla da parametrebis adeqvaturi Sefaseba SesaZlebelia ganxorcieldes 
mxolod qselis Senacvlebis eleqtrul sqemaze, romelic srulad moicavs 
qselis yvela Taviseburebebs. aRniSnuli midgomiT, Sedgenilia naqsovi po-
lieTilenis izolaciiT Sesrulebul erTfaza sakabelo qselebis Senacvle-
bis eleqtruli sqema da warmodgenilia nax. 1-ze. 

  

 
 

 
nax. 1. naqsovi polieTilenis izolaciiT Sesrulebul erTfaza sakabelo qselebis 

Senacvlebis eleqtruli sqema 
LZar, Lekr  _ ZarRvisa da ekranis induqciuroba; Ciz _ ZarRvsa da ekrans Soris 

tevadoba; RZar, Rekr  _ ZarRvisa da ekranis aqtiuri winaRoba; IZar, Iekr, Iiz _ ZarRvSi, 
ekransa da izolaciaSi gamavali deni. 

 
erTfaza kabelebiT Sesrulebuli samfaza sakabelo qselebSi warmoq-

mnili simZlavrisa da eleqtroenergiis danakargebi TiToeul fazaSi mimdina-
re eleqtromagnitur procesebzea damokidebuli da qseli calkeuli fazis 
kabelis datvirTvis an mokledSerTvis denebiTaa ganpirobebuli.  

samfaza qselSi jamuri aqtiuri simZlavris danakargebi muSaobis 
normaluri reJimisaTvis Semdegi gamosaxulebiT ganisazRvreba: 

CBA kabkabkabqselsakab. PPPP         (1) 

 

sadac CBA ,, kabkabkab PPP  _ A, B da C fazebSi datvirTvis denis gavlis Sedegad 

gamowveuli simZlavris danakargebia. 
sakabelo qselis erTi fazis erTZarRva kabelSi arsebuli aqtiuri 

simZlavrisa da aqtiuri energiis danakargebi Semdegi gamosaxulebebiT 
ganisazRvreba: 

 

AAAA

AAAA

ekrizZarkab

ekrizZarkab

WWWW

PPPP




    (2) 

sadac AZarP  _ kabelis ZarRvis aqtiur winaaRmdegobaSi datvirTvis denis 

gavlis Sedegad gamoyofili danakargebi. igi mxolod datvirTvis denis sidi-

dezea damokidebuli; AizP  _kabelis ZarRvisa da garsacmis Soris izolacia-

Si tevaduri deniT ganpirobebuli danakargebia. igi damokidebulia kabelis 
ZarRvsa da ekransSoris warmoqmnil Zabvis sididesa da sixSireze. mniSvne-
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lovania, rom damaxinjebuli Zabvis mrudis formis SemTxvevaSi, igi damokide-

bulia maRali rigis harmonikebis speqtris parametrebze; AekrP
 
_ kabelis ek-

ranSi ZarRvSi gamavali deniT aRZruli emZ-is Sedegad ganpirobebuli denebiT 
gamowveuli danakargebia;  

mniSvnelovania, rom erTfaza kabelebiT Sesrulebuli samfaza sakabe-
lo qselebSi mimdinare eleqtromagnituri procesebi erTfaza orgragnila 
Zalovan transformatorSi, mimdinare procesebis analogiuria. kerZod, orm-
xriv damiwebuli ekranis pirobebSi kabelSi mimdinare procesebi mokled-
SerTvis reJimSi momuSave Zalovani transformatoris identuria, xolo erTm-
xriv damiwebuli da transpozicirebuli ekranis SemTxvevebSi uqmi svlis re-
JimSi momuSave Zalovani transformatorisa. Sesabamisad, erTfaza Zalovani 
kabelebis Seswavlisas, SeiZleba gamoviyenoT Zalovani transformatorebis 
Senacvlebis sqemebi SemoTavazebuli Senacvlebis sqemis parametrebis gaTva-
liswinebiT. 

erTfaza kabelebiT Sesrulebuli samfaza sakabelo qseli „ormxriv da-
miwebuli ekraniT“, „erTmxriv damiwebuli ekraniT“, „Sua damiwebuli ekraniT“, 
„daseqcionirebuli ekraniT“, „sruli cikliT transpozicirebuli ekraniT“, 
„ormagi cikliT transpozicirebuli Sua damiwebuli ekraniT“ da „ormagi 
cikliT transpozicirebuli ekraniT“. 

„ormxriv damiwebuli ekraniT“ sqemis SemTxvevaSi ekranSi dainduqti-
rebulma denma SeiZleba kabelis ZarRvSi gamaval denis sidides miaRwios da 
ekranis maqsimalur dasaSveb (Termiuli mdgradobis) dens gadaaWarbos. ekran-
Si dainduqtirebuli denis Semcirebis, Tburi reJimis gaumjobesebisa da kabe-
lis gamtarunarianobis gazrdis mizniT, gamoiyeneba sqema „erTmxriv damiwe-
buli ekraniT“ (nax. 2). 

 
a) 

 
b) 

nax. 2. erTfaza kabelebiT Sesrulebuli samfaza sakabelo qseli ormxriv 
damiwebuli ekraniT (a); ekranSi datvirTvis denis mier dainduqtirebuli Zabvis 

ganawileba sakabelo xazis gaswvriv (b). 
 

mniSvnelovania, rom „erTmxriv damiwebuli ekranis“ sqemis SemTxvevaSi, 
ar arsebobs ekranSi dainduqtirebuli emZ-is denis gavlis konturi, rogorc  
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muSaobis normaluri reJimis, aseve sakabelo xazis gareT warmoqmnili gam-
Woli mokled SerTvisas. ekranSi Zabvis sidide kabelis sigrZis propor-
ciulad izrdeba da ekranis daumiwebel bolosa da miwas Soris maqsimalur 
miSvnelobas aRwevs. mezobeli fazebis ekranebis daumiwebel boloebs Soris 

Zabva 3 -jer aRemateba erTi fazis ekranisa da miwas Soris Zabvas. 
ekransa da miwas Soris warmoqmnili Zabvis Semcirebis mizniT, SemoTa-

vazebulia sqema „daseqcionirebuli erTmxriv damiwebuli ekraniT“ (nax. 3). am 
SemTxvevaSi, kabelis daumiwebeli ekranis bolos arsebuli Zabva Tanabrad 
nawildeba seqciebze. mniSvnelovania, rom seqciebis raodenobas xazis sigrZe 
da gadasacemi simZlavre (deni) gansazRvravs. ekransa da miwas Soris, gamWo-
li, mokledSerTvebis Sedegad warmoqmnili gadaZabvebis SemcirebisaTvis, 
yoveli seqciis daumiwebel bolosTan gaTvaliswinebulia gadaZabvebisagan 
SemzRudavebis CarTva. 

 

 
a) 
 

 
b) 
 
 

nax. 3. erTfaza kabelebiT Sesrulebuli samfaza sakabelo qseli daseqcionirebuli 
ekraniT (a); ekranSi datvirTvis denis mier dainduqtirebuli Zabvis ganawileba 

sakabelo xazis gaswvriv (b). 
 

unda aRiniSnos, rom erTfaza sakabelo qselebis daseqcionirebuli da 
gansakuTrebiT, transpozicirebuli ekraniT sqemebis ganxorcieleba moiTxovs 
ZviradRirebul mowyobilobebs da didi moculobis samontaJo samuSaoebs. 
aseve, rTulia maTi saeqspluatacio momsaxureba.  

zemoaRniSnuli naklovanebebis gamosworebis mizniT, erTfaza sakabelo 
qselebis ekranis damiwebis arsebuli meTodebis analizis safuZvelze, „daseq-
cionirebuli erTmxriv damiwebuli ekraniT“ da „Suadamiwebuli ekraniT“ 
meTodebis sinTezis safuZvelze, SemoTavazebulia ekranis damiwebis optima-
luri  sqema (meTodi): „daseqcionirebuli Suadamiwebuli ekraniT“ (nax. 4).  
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a) 
 
 

 
 
b) 
 

nax. 4. erTfaza kabelebiT Sesrulebuli samfaza sakabelo qseli “daseqcionirebuli 
Suadamiwebuli ekraniT” (a); da ekranSi datvirTvis denis mier dainduqtirebuli 

Zabvis ganawileba sakabelo xazis gaswvriv (b). 
 

sakabelo xazebi „daseqcionirebuli Suadamiwebuli ekraniT“ gamoirCeva 
muSaobis maRali saimedoobiT, saeqspluatacio usafrTxoebiT, maRali ener-
getikuli maCveneblebiT da gamtarunarianobiT. aRniSnuli sqemis gamoyeneba 
SeiZleba grZeli sakabelo qselebis SemTxvevaSi, igi uzrunvelyofs qselis 
ZviradRirebuli mowyobilobebis ekonomias, qselis samontaJo samuSaoebis 
moculobis Semcirebasa da saeqspluatacio momsaxurebis gamartivebas. 

daskvna 
naSromSi Catarebuli samuSaoebis, Temis irgvliv arsebuli msoflioSi 

gamoCenili mecnierebis mier gamoqveynebuli Teoriuli da eqsperimentuli 
gamokvlevebiT miRebuli Sedegebisa da eqspluataciaSi dasaqmebuli specia-
listebis mier dagrovili gamocdilebis amsaxveli masalis Seswavlis, anali-
zisa da Sefasebis safuZvelze gakeTebulia Semdegi daskvnebi: 

erTfaza naqsovi polieTilenis izolaciiT Sesrulebul samfaza 
sakabelo qselebSi mimdinare eleqtromagnituri procesebis gamokvlevisa, maT 
mier gamowveuli simZlavrisa da eleqtroenergiis danakargebis Sefasebisa da 
kabelis gamtarunarianobaze gavlenis dadgenisaTvis damuSavebulia sakabelo 
qselis eleqtruli Canacvlebis sqema; 

dasabuTebulia, rom erTfaza kabelebiT Sesrulebuli samfaza sakabe-
lo qselebSi mimdinare eleqtromagnituri procesebi, erTfaza orgragnila 
Zalovan transformatorSi mimdinare procesebis analogiuria. kerZod ormx-
riv damiwebuli ekranis pirobebSi mimdinare procesebi mokledSerTvis reJim-
Si momuSave, xolo erTmxriv damiwebuli da transpozicirebuli ekranis 
SemTxvevebSi, uqmi svlis reJimSi momuSave Zalovani transformatoris iden-
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turia. Sesabamisad, erTfaza kabelebis kvlevebisas SeiZleba Zalovani trans-
formatorebis Senacvlebis sqemebi gamoviyenoT SemoTavazebuli Senacvlebis 
sqemis parametrebis gaTvaliswinebiT; 

q. Tbilisis saSualo Zabvis qselebis sakabelo xazebSi mimdinare eleq-
tromagnituri procesebis kvlevebis Sedegebis analizis safuZvelze dasabu-
Tebulia, rom ormxriv ekrandamiwebul erTfaza kabelebSi dominirebs kabe-
lis ekranSi ZarRvSi gamavali denis mier Seqmnili denebiT ganpirobebuli 
danakargebi. Sesabamisad, kabelis Tbur reJims, gamtarunarianobas, qselis, 
muSaobis saimedoobasa da mdgradobas, energetikul maCveneblebsa da energo-
efeqturobas, did wilad, kabelis ekranSi warmoqmnili danakargebi gansaz-
Rvravs da mTlianad damokidebulia ekranis muSaobis reJimze (erTmxriv dami-
webuli, ormxriv damiwebuli, transpozicirebuli); 

qselis Zvirad Rirebuli mowyobilobebis raodenobis, qselis samon-
taJo samuSaoebis moculobis Semcirebisa da saeqspluatacio momsaxurebis 
gamartivebis mizniT, erTfaza sakabelo qselebis ekranis damiwebis arsebuli 
meTodebis analizis safuZvelze, „daseqcionirebuli erTmxriv damiwebuli 
ekraniT“ da „Suadamiwebuli ekraniT“ meTodebis sinTezis safuZvelze, Semo-
Tavazebulia ekranis damiwebis optimaluri sqema (meTodi): „daseqcionirebuli 
Suadamiwebuli ekraniT“.  
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SUMMARY 

THE INVESTIGATION OF ELECTROMAGNETIC PROCESSES IN THE SINGLE-CORE 

POLYETHYLENE WOVEN INSULATION CABLES AND INFLUENCE OF SCREEN GROUNDING 

METHOD ON TEMPERATURE MODES 

Rtveladze N.O. 

Georgian Technical University  

An electrical diagram of replacement for the cable network is drawn up to investigate the electromagnetic 

processes in the single-phase woven polyethylene insulated three-phase cable network and determine the effect 

of the power and energy losses on the cable conduction. It is substantiated that the electromagnetic processes in 

the cable networks are like „the processes in a single-phase two-core power transformer. In particular, in the case 

of  screens grounded on the both sides, the processes in the cable core and the screen are identical to those of a 

power transformer operating in short-circuit mode, while in the case of  screens that are transposed and grounded 

on one side the processes in the cable core and the screen are identical to processes in a stand-alone power 

transformer. The effect of constructive performance of three-phase network screen grounding made of single-

phase cables on the voltage, power and energy losses generated on the screen, cable temperature mode, power 

supply reliability, network operation stability and operational safety is investigated. 

Keywords: Single-core cable, polyethylene woven, screen grounding, electromagnetic processes, temperature 

modes. 
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Txevadfazuri epitaqsiis gamoyeneba siliciumis zedapirze galiumis 

fosfidis Txeli firebis gasazrdelad   GEN 
 

laferaSvili T.l., kviciani o.r., laferaSvili d.l., koxreiZe r.d. 

 
saqarTvelos teqnikuri universitetis vladimer WavWaniZis saxelobis 

kibernetikis instituti 
 
Sesavali 
Txevadfazuri epitaqsia (LPE) aris naxevargamtaris kristalis zedapir-

ze sxva naxevargamtaris Txevadi xsnaridan  monokristaluri firis gazrdis 
meTodi.   LPE meTodiT miiRweva masalis sisufTavis maRali xarisxi da gasu-
li saukunis 60-iani wlebidan farTo gamoyeneba hpova mikroeleqtronikaSi. 
SemdgomSi LPE meTodis Canacvleba moxda epitaqsiuri fenebis gazuri fa-
zidan gazrdis meTodebiT. procesSi SesaZlebelia rogorc imave saxis naxe-
vargamtaris homo-epitaqsia, aseve sxva saxis naxevargamtaris hetero-epitaqsia, 
magaliTad SeiZleba kristalur siliciumze masTan meseris parametriT Tav-
sebadi kristaluri galiumis fosfidis heteroepitaqsiuri gazrda [1-3].  
heterostruqtura  GaP/Si aris umniSvnelovanesi komponenti axali Taobis ma-
Rali efeqtianobis mzis elementis (MJSC) dasamzadeblad [4]. 

Tanamedrove komerciul mzis panelebSi umTavresad gamoyenebulia si-
liciumis (Si) erT gadasasvleliani diodis bazaze damzadebuli pirveli Tao-
bis fotoelqtruli mzis elementebi (PVSC). maTi efeqtianoba SezRudulia 
Sokli-quezeris zRvriT da mzis sinaTlis STanTqmis optimaluri naxevargam-
tarebis gamoyenebis SemTxvevaSic ki ar aRemateba 31_33%-s, rac miiRweva mxo-
lod siliciumis an galiumis arsenidis (GaAs) fotodiodis gamoyenebis Sem-
TxvevaSi [5], realuri elementebis efeqtianoba ufro naklebia. amJamad 
laboratoriul pirobebSi miRweuli siliciumis elementis efeqtianoba aris 
26,7% [6]. aRniSnuli tipis PVSC elementebiT gamomuSavebuli eleqtroener-
giis Rirebuleba bolo SefasebebiT aRwevs 147_221 $/MWh  sayofacxovrebo 
gamoyenebis dros, maSin roca tradiciuli  warmoebiT miRebuli, magaliTad 
gazis Termoeleqtro warmoebis SemTxvevaSi energiis Rirebulebaa 45_75 $/MWh 
[7]. aRniSnuli garemoeba metyvelebs, rom ekologiurad sufTa eleqtroener-
giis farTo moxmarebaSi dasanergad aucilebelia fasebis Semcirebis gzebis 
Zieba, maT Soris mzis elementebis efeqturobis gaumjobesebis saSualebiT. 

dabali Rirebulebis eleqtroenergiiis mzis elementebis misaRebad Seiq-
mna siliciumis substratze mzis sinaTlis STanTqmis maRali koeficientis 
mqone III_V jgufis naxevargamtarebis epitaqsiuri fenebis gazrdiT damzade-
buli mravalgadasasvleliani mzis elementis (MJSC)  Teoriuli modeli [8], 
magram misi ganxorcielebis ZiriTadi problema aRmoCnda siliciumis zeda-
pirze III_V naxevargamtarebis xarisxiani kristaluri Txeli fenebis gazrda. 
sakiTxisadmi didi samecniero da praqtikuli interesis gamo, bolo aTwleul-
Si intensiuri Teoriuli da praqtikuli kvlevebi mimdinareobs GaP/Si hetero-
gadasasvlelis  LPE  meTodiT gazrdis teqnologiis SesamuSaveblad [9-11].  

mzis elementis muSaobis fizikuri safuZvlebi, maxasiaTeblebi da efeq-
tianobis gazrdis gzebi Cvens mier aRwerili iyo SromebSi da naCvenebi iyo  

GaP/Si  heterostruqturis mniSvnelovani roli  am procesSi [12]. 
warmodgenil statiaSi mokled ganvixilavT naxevargamtarebis Txeli 

kristaluri firebis  Txevadfazuri epitaqsiis meTodiT gazrdis  Teoriul 
safuZvels da praqtikuli ganxorcielebis teqnikuri saSualebebs. aRvwerT 
Cveni laboratoriuli danadgaris aRWurvilobas  da SesaZleblobebs galiu-
mis fosfidis monokristaluri Txeli  firis gazrdis magaliTze.  
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Txevadfazuri epitaqsia  
Txevadi fazis epitaqsiis teqnika pirvelad dainerga 1963 wels. igi war-

matebiT gamoiyeneboda III–V naxevargamtaruli mowyobilobebis warmoebaSi, 
rogoricaa sinaTlis gamosxivebis diodebi (LED), inJeqciuri lazerebi,  fo-
todeteqtorebi, mzis elementebi, bipolaruli tranzistorebi da tranzisto-
rebi velis efeqtiT (FET). magaliTad, komerciulad warmoebuli sinaTlis 
gamosxivebis wyaroebi iyo LPE meTodiT gazrdili GaP n_p diodebi da 
AlGaAs/GaAs hetero-gadasasvleliani LED-ebi. kristalis gazrda LPE meTodiT 
xdeba Txevadi narevidan, romelic Sedgeba gamxsneli nivTierebis, dasafeni 
naxevargamtaris atomebisa da sasurveli minarevebisagan. epitaqsiuri zrdis 
procesSi gasazrdeli naxevargamtaris gadajerebuli xsnari kontaqtSi Sedis 
substratTan garkveul temperaturaze garkveuli drois ganmavlobaSi. saWi-
roa Txevadi xsnaris temperaturis SerCeva ise, rom ar moxdes galRoba subs-
tratisa, romlis zedapirze xsnaridan jer gamoileqeba gasazrdeli naxevar-
gamtaris Canasaxovani fena, romelzec Txevadi xsnaris neli gaciebisas gaiz-
rdeba epitaqsiuri fena. Tu substrati monokristalia da gasazrdel naxevar-
gamtarsac aqvs TiTqmis igive meseris mudmiva, rogorc substrats,  am ukanas-
knelze  gaizrdeba masTan meseris parametriT Tavsebadi monokristaluri 
naxevargamtari. epitaqsiuri fenis zrdis procesis marTva xdeba xsnaris tem-
peraturis Semcirebis siCqaris cvliT. 

cnobilia, rom LPE meTodiT  S zedapiris farTobis substratze  t tempe-
raturaze h sisqis firis dasafenad gamoyenebuli gamxsneli nivTierebis rao-
denoba gramebSi Qt   gamoiTvleba formuliT: 

 









 1

t

t
X

A
dhSQ        (1) 

        
sadac d dasafeni naxevargamtaris simkvrivea, A _ gamxsneli nivTierebis 
atomuri wona,   Xt _ naxevargamtaris xsnadoba t temperaturaze gamosaxuli 
woniT procentebSi. t temperaturaze S zedapiris farTobis da h sisqis epi-
taqsiuri firis gasazrdelad saWiro gamxsnelis raodenoba: 
 

tt RhSQ        (2)

       
magaliTad, galiumis fosfidis gazrdis SemTxvevaSi gamxsnelad gamoiyeneba 
galiumi, misi atomuri wonaa A=69,72, GaP-is simkvrive d=4,138 g/sm3. aseT 
pirobebSi t temperaturaze erTeuli moculobis GaP-is gasazrdelad saWiro 
gamxsneli galiumis raodenoba iqneba: 

 









 1

72,69
138,4

t

t
X

R                             (3) 

 
GaP-is epitaqsiuri zrda xdeba kvarcis reaqtorSi, romelSic gadis ga-

sufTavebuli wyalbadi da romlis gaswvriv SesaZlebelia eleqtroRumelis 
gadaadgileba (gasrialeba). substrati da (2) formulis mixedviT gamoTvlili 
gamxsneli galiumis raodenoba masSi Sereuli malegirebeli nivTierebiT 
Tavsdeba saTanado konstruqciis grafitis kasetaSi, romlis moTavseba da 
gadaadgileba reaqtorSi xdeba  liTonis an kvarcis manipulatoriT. 
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Txevadfazuri epitaqsiis teqnikuri ganxorcieleba 
galiumis fosfidis LPE meTodiT gasazrdelad awyobili Cveni labora-

toriuli danadgari Sedgeba airovani wyalbadis H2 gamwmendi mowyobilobisa 
da kvarcis reaqtorisagan, romelSic uSualod xdeba kristaluri naxevargam-
taris epitaqsiuri gazrda. reaqtori aris kvarcis grZeli mili, romlis 
gaswvriv  horizontalurad SesaZlebelia eleqtroRumelis gadaadgileba. 
nax.1-ze naCvenebia Cvens mier awyobili LPE danadgaris reaqtoris foto-
suraTi. 

 

 
 

 
nax.1. Txevad-fazuri epitaqsiis LPE meTodiT kristalebis gasazrdelad awyobili 

laboratoriuli danadgaris reaqtori 

 
kristalebis LPE zrdis meTodiT gansaxorcieleblad awyobili  labo-

ratoriuli danadgaris blok-sqema naCvenebia nax.2-ze, sadac airovani wyalba-
dis (H2) gamwmendi mowyobiloba SemosazRvrulia wyvetili xaziT, saidanac 
gasufTavebuli wyalbadi Sedis kvarcis reaqtorSi da tiSenkos aparatis 
gavliT gamoiyofa gamwov mowyobilobaSi.    

 

 
 

nax.2. Txevad-fazuri epitaqsiis LPE meTodiT kristalebis gasazrdelad awyobili 
laboratoriuli danadgaris sqema 

 

 
nax. 2-ze warmodgenil suraTze 1–6 kvarcisgan damzadebuli milisebri 

qilebia, romlebzec Semoxveulia eleqtroRumeli; 1 da me-2 qilebSi moTavse-
bulia paladirebuli alumageli, igi xels uwyobs airSi arsebuli Jangbadis 
wylis orTqlad formirebas, romelic Txevadi azotiT savse TermosSi 
Cadgmul minisgan damzadebul WurWelSi (7,8) kondensirdeba, saidanac SesaZ-
lebelia wylis gadmosxma teqnologiuri procesis damTavrebis Semdeg; wyal-
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badis Semdgomi gasufTavebis mizniT 3 da 4 qilebSi moTavsebulia  sufTa 
gamomSrali alumageli, xolo 5 da 6-Si _ silikageli.   

reaqtorSi  Tavsdeba grafitis kaseta, liTonis Rero kasetaze manipu-
lirebisaTvis Termowyvilebi, epitaqsiis procesSi temperaturis gasazomad; 
reaqtorze mimagrebulia masSi wyalbadis gazis Semavali  da gamomavali 
milebi. reaqtorSi miwodebuli gazis raodenobis gasakontroleblad gamo-
sasvlel milze mierTebulia tiSCenkos aparati. procesebis temperaturis 
regulireba xdeba kvarcis milis gaswvriv moZrav rezistul Rumelze 
modebuli Zabvis cvlilebiT, Termowyvilebisa da temperaturis gamzomi xel-
sawyoebis gamoyenebiT. kristalur naxevargamtarze Txevadi fazidan epitaq-
siuri fenebis gazrda mimdinareobs maRali sisufTavis grafitisagan damza-
debuli Sesabamisi konstruqciis kasetaSi, romlis ganivi Wrili naCvenebia 
nax.3-ze. 

 

 
 
nax.3. Txevadi epitaqsiis Casatareblad damzadebuli kasetis ganivi Wrili 

 

 
grafitis kasetas SeiZleba hqondes ramdenime rezervuari, romelTagan 

TiToeuli Seicavs konkretuli epitaqsiuri fenis dasaleqad saWiro nivTie-
rebis Sesabamis gajerebul xsnars; substrati moTavsebulia grafitis slai-
deris amoWril RrmulSi  (1). slaideri mimagrebulia grZel Reroze, romelic 
saSualebas iZleva substrati gadaadgildes sxvadasxva rezervuaris qveS. 
amrigad, substratze SeiZleba gaizardos sxvadasxva naxevargamtaruli masa-
lis ramdenime fena, TiToeuli gansxvavebuli sisqiT.  LPE-s mowyobilobaSi 
(nax.1) Rumeli rezistuli gaxurebiT SeiZleba iyos erTzoniani an mraval-
zoniani, mravalzoniani Rumeli gamoiyeneba iseTi lazeruli struqturebis 
dasamzadeblad, romlebic saWiroeben ramdenime epitaqsiuri fenis Tanmim-
devrul zrdas da SeiZleba gamoyenebuli iqnas mraval-gadasasvleliani mzis 
elementebis dasamzadeblad. 

amrigad, kvlevebiT dadasturda, rom siliciumis substratze mraval 
gadasasvleliani mzis elementis Sesaqmnelad saukeTesoa galiumis fosfidis 
heteroepitaqsia, radgan misi meseris parametri (5.4505A

0
) siliciumis meseris  

parametrTan (5.43072 A
0) Tavsebadia, rac Si-is zedapirze maRali xarisxis epi-

taqsiuri Txeli firebis gazrdis SesaZleblobas iZleva[, amasTan galiumis 
fosfidi xasiaTdeba ganieri akrZaluli zoniT (2,3 ev). da muxtis matareb-
lebis maRali ZvradobiT. Cvens mier warmodgenili mowyobilobebis gamoyen-
ebiT SesaZlebelia siliciumis substratze galiumis fosfidis monokrista-
luri firis epitaqsiuri gazrda, xolo Semdeg GaP-ze ukve SesaZlebelia 
siliciumTan tandemuri orgadasasvleliani elementis zeda qveelementisaT-
vis optimaluri akrZaluli zonis (1.8 ev) mqone III_V jgufis sxva naxevar-
gamtarebis (InGaP, GaAsP) xarisxiani fenebis gazrda, rac mzis elementis 
efeqtianobis gazrdis realuri gzaa [13,14]. amitom gansakuTrebiT aqtualuri 
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gaxda defeqtebisgan Tavisufali, xarisxiani epitaqsiuri fenebis gazrdis 
teqnologiuri kvleva. statiaSi warmodgenili meTodika da aRwerili teq-
nikuri danadgari aseTi kvlevebis  ganxorcielebis SesaZleblobas iZleva. 
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SUMMARY 

APPLICATION OF LIQUID PHASE EPITAXY METHOD FOR THE GROWTH OF THIN GALLIUM 

PHOSPHIDE FILMS ON SILICON SUBSTRATE 

Laperashvili T.L., Kvitsiani O.R., Lapherashvili D.L. and Kokhreidze R.D. 

Vladimer Chavchanidze Institute of Cybernetics of the Georgian Technical University 

The article deals with the liquid-phase epitaxy (LPE) method for the growth of thin crystalline films of III-V 

semiconductors. Theoretical foundations and technological solutions of practical implementation of the LPE 

method is described. The possibility and technological mode of growing of gallium phosphide (GaP) mono 

crystalline thin film on the surface of crystalline silicon (Si) has been investigated. As confirmed by literary data, 

the growth of the high quality crystalline thin films of III-V semiconductor on silicon surface is one of the ways 

for development of renewable energy production, which will increase the efficiency of photoelectric conversion 

of the solar cell, consequently leading to the reduction of the cost of the solar electricity generation. 

Keywords: III-V semiconductors, silicon, gallium phosphide, liquid phase epitaxy. 
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feroSenadnobTa warmoebis narCenebis Termuli destruqciis Seswavla 
 

mosia j.v., WumbaZe m.T., maisuraZe i.b., abesaZe r.k. 
 

ssip ferdinand TavaZis metalurgiisa da masalaTmcodneobis instituti 
 

diferencialur-Termuli analizis meTodis gamoyenebiT Seswavlilia 
fazuri gardaqmnebi maRalkaJmiwian manganumis madnebsa da naxSirbadian aRmd-
genlebSi, narevebSi maT bazaze. 

programirebuli gaxurebis dros eqsperimentuli Sedegebis damuSaveba 
warmodgenas iZleva myar fazaSi reagirebis meqanizmze, gardaqmnebis stadiuro-
baze, saSualebas iZleva miviRoT raodenobrivi kinetikuri  informacia am pro-
cesebze. mimdinare kvleviT samuSaoSi am mizniT gamoyenebuli gvaqvs Q-1500D 

sistemis derivatografi. etalonad viyenebdiT qimiurad sufTa markis alumi-
nis Jangs. gaxureba warmoebda haerze 200 0C-dan 1000 0C-mde. gaxurebis siCqare 
_ 10 0C/wuTSi.  

gamoyenebuli masalebis: manganumis 0_1 mm fraqciis koncentratis, Sla-
mis da mtveris qimiuri Sedgeniloba moyvanilia cxrilSi.   

 
manganumis 0,1 mm fraqciis koncentratis, Slamis da mtveris qimiuri Sedgeniloba 

 
№ dasaxeleba Sedgeniloba, % 

Mn SiO2 P CaO Al2O3 

1 manganumis 0_1 mm fraqciis 
koncentrati 

30,12 22,35 0,22 6,12 0,147 

2 Slami 14,9 37,7  21,1 10,8 

3 mtveri 22,1 20,1 0,1 3,3 3,4 

 

 
nax. 1_3-ze mocemulia miRebuli Sedegebis derivatogramebi.  

 

 
 

nax.1. manganumis 0_1 mm fraqciis koncentratis derivatograma: 
D         DTA _ diferencialuri Termuli mrudi; DTG _ masis danakargis mrudi; 

TG _ nimuSis masis danakargis mrudi; T _ temperaturis droSi cvlilebis mrudi 0C. 
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manganumis 0_1 mm fraqciis koncentratis derivatogramis mrudis xasia-
Tis sirTule (nax. 1) manganumis koncentratSi arsebuli  minarevebiTaa gamow-
veuli. DTA mrudze 130 0C-ze mcire gadaxra Seesabameba adsorbirebuli wylis 
mocilebas. endoTermuli efeqti 280_340 0C-ze _ manganituria da manganitis 

(MnO•OH) disociacias pasuxobs, ris Sedegadac α-Mn2O3 warmoiqmneba. uSua-
lod manganituri efeqtis Semdeg adgili aqvs daJangvis egzoTermuli efeqts, 

romelic maqsimums 500 0C axlo zRvarSi aRwevs, ris Sedegadac miiReba α-kur-

nakituli myari xsnari (Jangbadis xsnari α-Mn2O3). 630 0C mimdinareobs myari 
xsnaris daSla. 

730 0C-ze α-Mn2O3 gadadis β-Mn3O4-Si (α-kurnakituli efeqti). 850 0C en-
doTermuli efeqti, romelic Seesabameba permanganitis daSlas (fsilomela-
nis minarevi). da saboolod, β-kurnakiti 990 0C-ze β-Mn3O4-Si gadadis (β-kurna-
kituli efeqti). 

gansaxilvel mrudeebze mkveTrad gamoxatulia piroluzituri da β-kurna-
kituli efeqtebi, aqedan vaskvniT, rom manganumis 0_1 mm fraqciis koncentratis 
sinji ZiriTadad piroluzitis manganitis da fsilomelanis minarevisgan Sed-
geba. 

wonis saerTo danakargia 20,3%. 
nax. 2_3-ze mocemulia derivatogramebi Sesabamisad Slamisa da mtveris. 

mtveris derivatogramam gviCvena dehidrataciis ormagi endoTermuli efeqti 
(100_140 0C). Slamis derivatogramze endoTermuli efeqti 130 0C-ze, Seesabameba 
adsorbirebuli wylis mocilebas. 

 

 
nax.2. mtveris derivatograma 

 

mtveris derivatogramze manganituri (370_390 0C) da endoefeqti (830_880 0C) 
ufro mkveTrad aris gamoxatuli vidre Slamis derivatogramaze (320_340 0C) 
da 820 0C Sesabamisad, es miuTiTebs imaze rom mtveris nimuSi Seicavs ufro 
met manganums vidre Slamis. 

wonis saerTo danakargi Seadgens Sesabamisad 11% da 8,72%-s. 
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nax.3. Slamis derivatograma 

 
naxSiris mrewvelobis teqnogenuri narCenebisa da manganumis Raribi (man-

ganumis standartuli Senadnobebis gamosadnobad uvargisi) madnebis, feroSe-
nadnobebis warmoebis narCenebis kompleqsuri Senadnobebis warmoebisaTvis ga-
moyeneba Zalze aqtualuria da perspeqtiuli, rogorc samrewvelo sawarmoTaT-
vis, aseve mTlianobaSi mosaxleobisa da saxelmwifosaTvisac. mineraluri ned-
leulis gadamuSavebis erTerT teqnologiur sqemas, romelic saSualebas iZ-
leva gamoviyenoT manganumis arakondiciuri madnebi, feroSenadnobebis warmoe-
bis narCenebi da maRalnacriani naxSirebi warmoadgens Senadnobis erTsafexu-
riani uwido gamodnoba, romelic Seicavs kompleqsSi siliciums, aluminsa da 
manganums [1]. 
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SUMMARY 

STUDY OF THERMAL DESTRUCTION OF FERROALLOY PRODUCTION S 

Mosia J.V., Chumbadze M.T., Maisuradze I.B. and Abesadze R.K. 

F. Tavadze Institute of Metallurgy and Materials Science 

Chemical and petrographical characteristics of manganese-containing waste of ferroalloy production, density 

bulk weights, wetting capacity, electrical resistivity, Fractional composition, natural tilt angle, the specific 

surface ares, thermographical properties. X-ray analysis (X-ray crystallography) have been studied. 

Resesarch has revealed that the mentioned wastes are heat treated manganese-containing raw materials with 

complex structure. 

Keywords: thermal destruction, ferroalloy, wastes, manganese.  
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ASSIMILATION OF Cr BY ARTHROBACTER GLOBIFORMIS 151B AT DIFFERENT 

CONCENTRATIONS OF Zn (II) IONS 

 

Tugushi L.S., Rcheulishvili A.N., Ginturi E.N., Rcheulishvili O.N. and Gurielidze M.A. 

 

E. Andronikasvili Institute of Physics of the Ivane Javakhishvili Tbilisi State University 

Ilia State University 

S. Durmishidze Institute of Biochemistry and Biotechnology of the Agricultural University 

 
Abstract. In the present paper, the process of assimilation of Cr by chromosome-resistant bacteria Arthrobacter 

globiformis 151B and the influence of different concentrations of Zn ions on that process are considered. The 

bacterial strain was isolated from the basalt samples obtained from the sites highly contaminated with Cr(VI) in 

Kazreti, Georgia. The nutrient  medium contained the trace elements at concentrations of Cr - 7 μg/ml and Zn - 1 

μg/ml. Bacteria were cultivated for different periods of time (17, 24, 48, 96 and 144 h). The nutrient medium 

was added by Zn solution so that its concentration was as follows: 25, 100, 400 and 1600 μg/ml. After 

cultivation, the bacteria cells were centrifuged and the obtained bacterial pellet was prepared for analysis to 

determine Cr content. The metal content was measured by the use of atomic absorption spectrometer. 

Keywords: Arthrobacteria, Arthrobacter globiformis 151B, Chromium (Cr), Zinc (Zn), Concentration, Biomass. 

 

Introduction 

In nature, there are some species of metal-resistant bacteria, which have the ability to survive 

in conditions of high concentration of metals coexisting with them. Most of them are resistant to heavy 

metals [1]. In addition, they are involved in neutralization and recovery of toxic metals. Such are the 

soil aerobic bacteria of genus Arthrobacter: Arthrobacter oxydans, Arthrobacter globiformis 151B, 

Arthrobacter sp. 61B. These bacteria intensively absorb hexavalent chromium [Cr(VI)] ions from the 

environment, transform them into trivalent form [Cr(III)], and accumulate them in the cell [2, 3]. 

Because of such properties, these bacteria can be used for detoxication of highly toxic environment 

contaminated with Cr(VI). 

Cr(VI) causes damages of various degree to the structure of biopolymers but does not directly 

affect DNA. It undergoes transformation producing active intermediates - Cr(V) and / or Cr(IV), free 

radicals and Cr(III) as the final product. Cr(III) is considered to be less toxic than Cr(VI), though its 

cationic complexes interact with negatively charged phosphate group in DNA, affect the DNA 

replication and transcription, and cause mutagenesis. Besides, Cr(III) binds to the thiol and carboxyl 

groups of enzymes and causes their structural and functional changes [4-6]. 

Zinc, which is a trace element, is found in the form of divalent cation - Zn(II). Although its  

small amount is found in living organisms, it plays a very important role in vital processes. Optimal 

functioning of the immune system, brain, nervous system as well as normal condition of hair, skin, 

bones and nails depends on Zn(II).  However, high concentration of zinc is quite toxic. But it should 

be noted that the exact molecular mechanisms determining its toxicity are not well studied yet [7, 8].    

We have studied the effect of the widespread trace elements such as sodium (Na), potassium 

(K), calcium (Ca) on the aassimilation of chromium (Cr), zinc (Zn) and copper (Cu) by Arthrobacter 

globiformis 151B [9-11]. The goal of the experiment was to study the effect of different concentrations 

of zinc (Zn(II)) ions on the aassimilation of chromium by Arthrobacter globiformis 151B. 

 

 

Material and methods 

The bacterium of genus Arthrobacter, namely Arthrobacter globiformis 151B, isolated in 

Kazreti region, in particular from Kazreti basalts contaminated with heavy metals, was selected for the 

study [12]. These bacteria are gram-positive aerobic organisms. Bacterial colonies of Arthrobacter 

globiformis 151B are of  whitish-beige color with smooth, round, convex surface. The phases of their 

development are coccus-rod-coccus. The 15-17-hour culture represents rods, gradually fragmenting 

into cocci over  18-24-hour period. They do not produce spores, are not characterized by mobility and 

are not acid-stable. The optimum condition for culture growth is 20℃-28℃. 

For achieving the goal of the study, we conducted the following experiment: 

Prior to the experiment, we transferred culture 151B from the solid medium (TSA agar) to 100 

ml liquid medium (TSB) in  500 ml Erlenmeyer flasks on the agitator in the thermostat. After 24 h of 



   saqarTvelos sainJinro siaxleni, GEORGIAN ENGINEERING NEWS, #3, 2021  

 

40 

cultivation, we transferred 10 mL of liquid culture (suspension) per flask containing 90 mL of TSB 

(i.e., 90 + 10 = 100 mL TSB in total) that were prepared for the experiment. Thus, cultivation was 

carried out in 500 ml Erlenmeyer flasks containing 100 ml of TSB. The bacteria were incubated at 

26℃. 

The nutrient medium contained trace elements as well at concentrations of Cr - 7 μg/ml and 

Zn - 1 μg/ml. The first flask was a control one. The other four flasks were added by Zn solution in the 

form of ZnCl2 so that Zn concentration in the nutrient medium was as follows: 25, 100, 400 and 1600 

μg/ml. 

Cultivation of bacteria continued for 17, 24, 48, 96 and 144 h. After cultivation, the cells were 

centrifuged (3000 rpm, 10 min, 0℃), the supernatant was discharged and the residual bacterial pellet 

was washed with sterile, distilled water. Obtained biomasses were dried in a lyophilizer and weighed 

(whole masses). Some amount of of the total bacterial pellet that was sufficient for the analysis was 

weighed (≈30 mg) and placed in the test tubes.  The test tubes were added by concentrated nitric acid 

to transform the samples into liquid condition, which were heated, and after complete ashing were 

diluted by bidistillate to a certain volume. The analysis of the obtained samples on the metal content 

was carried out by means of an atomic absorption spectrometer (Analyst 800) (acetylene-air flame). 

 

Results and Discussion 

The process of Cr assimilation by bacteria and the influence of Zn ions on that process were 

studied. A total of 25 samples were examined, thereof:  from 1 to 5 samples represented the control 

ones (bacterial only);  Zn concentration in natrium medium of 6-10 samples was 25 μg/ml; in 11-15 

samples its concentration was 100 μg/ml, in 16-20 samples it was 400 μg/ml and in 21-25 samples - 

1600 μg/ml, i.e. it increased 4-times. 

The measurement results are given in Fig. 1. 

   

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Fig. 1 shows, maximum concentration of Cr 2080 μg/g is in the 48-hour control sample and 

its minimum  concentration ≈230 μg/g in the 96-hour sample. When ZnCl2 was added to the nutrient 

medium and Zn concentration reached 25 μg/ml, the concentration of Cr in the bacteria decreased 

considerably. It should be noted that in the 96-hour sample, where the concentration of Cr was ≈3 

times higher than in the control sample, the 4-fold increase of Zn concentration in the nutrient medium 

Fig. 1. Dependence of Cr concentration accumulated in bacteria C (µg/g) on the 

bacteria growth time T (h) 
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(100 μg/ml) caused significant decrease of Cr concentration (2050–980 μg/g). With a further increase 

of Zn concentration (400 μg/ml), Cr assimilation by bacteria decreased from 1300 to 700 μg/g, but in 

the 96-hour sample it reached 1700 μg/g. When the concentration of Zn in the nutrient medium was 

1600 μg/ml, then Cr assimilation ranged from 420 to 300 μg/ml. 

Based on the experiment carried out, it can be concluded that when the concentration of Zn in 

the medium is 100 μg/ml, the assimilation of Cr by Arthrobacter globiformis 151 B is quite high in the 

17- and 24-hour samples (≈2000 μg/g), and when  the concentration of Zn in the nutrient medium  

increases up to 1600 μg/ml, the concentration of Cr decreases ≈5 times. 

 

 

 

 

 

 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2 shows the dependence of Arthrobacter globiformis 151B masses on their growth and 

development time. The dependence curves show that in the control samples (samples 1-5) bacterium 

grows in the 24-hour sample, where its mass reaches ≈200 mg, then it decreases to 177 mg. The 

masses are approximately the same in the 24- and 48-hour samples when Zn concentration in the 

nutrient medium is 25 μg/ml. When Zn concentration in the nutrient medium reaches 100 and 400 

μg/ml the masses of Arthrobacter globiformis 151B sharply decreases (18 mg-16 mg) as it is shown 

with slight difference between the blue and pink curves in Fig.2. Further, with 4-fold increase of Zn 

concentration in the nutrient medium (1600 μg/ml) the bacteria masses increase considerably and 

reach the maximum (60160 mg) in the 48-hour sample, then they begin to decrease and in the 144-

hour sample bacteria weighs ≈ 70 mg. According to the experiment carried out, the increase of Zn 

concentration in the nutrient medium to a certain extent reduces the growth of bacteria. 

 

conclusion  

The results of the experiment show that the increased concentration of Zn ions causes a sharp 

reduction of Cr assimilation by Arthrobacter globiformis 151B, and increased concentrations of Zn 

ions in the nutrient medium reduce the biomass of Arthrobacter globiformis 151B. 
 

 
 

 

 

Fig. 2. M (mg) dependence of the bacteria masses on their growth and 

development time T (h). 
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РЕЗЮМЕ 

АССИМИЛЯЦИЯ Cr ARTHROBACTER GLOBIFORMIS 151B ПРИ РАЗЛИЧНЫХ 

КОНЦЕНТРАЦИЯХ ИОНОВ Zn (II) 

Тугуши Л.С., Рчеулишвили А.Н., Гинтури Е.Н., Рчеулишвили О.Н., Гуриелидзе М.А. 

Институт Физики им. Э. Андроникашвили Тбилисский государственный университета им. Иване 

Джавахишвили 

Государственный университет Ильи 

Институт Биохимии и Биотехнологии им. С. Дурмишидзе Аграрного университета 

В данной работе рассматривается процесс ассимиляции Cr хромосомно-устойчивыми бактериями 

Arthrobacter globiformis 151B и влияние различных концентраций ионов Zn на этот процесс. 

Бактериальный штамм был выделен из образцов базальта, взятых на участках, сильно загрязненных 

Cr(VI) в Казрети, Грузия. Питательная среда содержала микроэлементы в концентрациях Cr - 7 мкг/мл и 

Zn - 1 мкг/мл. Бактерии культивировали в течение разных периодов времени (17, 24, 48, 96 и 144 ч). В 

питательную среду добавляли раствор Zn таким образом, чтобы его концентрация была следующей: 25, 

100, 400 и 1600 мкг/мл. После культивирования клетки бактерий центрифугировали и полученный 

бактериальный осадок готовили для анализа для определения содержания Cr. Содержание металлов 

измеряли с помощью атомно-абсорбционного спектрометра. 

Ключевые слова: артробактерии, Arthrobacter globiformis 151B, хром (Cr), цинк (Zn), концентрация, 

биомасса. 
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s.s. ,,rusTavis azoti~-s cianmJavas warmoebaSi gamoyenebuli aqtivirebuli 

absorbentis analizuri kontrolis meTodebis SemuSaveba 

 

merebaSvili n.e., cincaZe m.g., maWaraSvili v.j., mamaguliSvili T.n. 
 

s.s. `rusTavi azoti~  
saqarTvelos teqnikuri universiteti 

 
qimiuri warmoebis teqnologiuri procesebis efeqturad marTva warmou-

dgenelia Sesabamisi analizuri uzrunvelyofis gareSe. cianmJavas warmoebis 
teqnologiuri procesis sxvadasxva stadiaze analizuri kontrolis ganxor-
cieleba Zalian mniSvnelovania, radganac warmoeba feTqebadsaSiS kategorias 
miekuTvneba. 

cianmJavas miRebis sxvadasxva meTodebidan s.s. rusTavis azotSi gamoye-
nebulia andrusovis meTodi, romelsac aseve meTanis JangviT amonolizsac 
uwodeben. meTodi iTvaliswinebs bunebrivi airis, amiakis da haerisgan Semdga-
ri sammagi narevis gatarebas platina-rodiumis Senadnobisagan damzadebul 
katalizatoris badeze. 

O6H2HCN3O2NH2CH 2234 
kat

 

miuxedavad imisa, rom aRniSnuli reaqciis gamosavlianoba 62_64%-ia, 
andrusovis meTodiT cianmJavas warmoeba yvelaze gavrcelebulia. reaqciis 
gamosavlianobidan gamomdinare, cxadia adgili aqvs katalizatoris badeze 
mimdinare rig Tanaur reaqciebsac. erT-erTi umniSvnelovanesi reaqcia postka-
talizatorul zonaSi warmoqmnili cianmJavas konversiaa wylis orTqliT, 
romlis Sedegadac naxSirbad (II)-is oqsidi da amiaki miiReba: 

32 NHCOOHHCN   

swored aRniSnuli reaqciis Sedegad miRebuli amiaki qmnis Semdgom 
teqnologiur stadiebze cianmJavas polimerizaciis safrTxeebs, radganac 
swored amiaki gvevlineba cianmJavas polimerizaciis procesis iniciatorad. 
cianmJavas polimerizaciis procesi avtokatalizuri procesia, romelic 
afeTqebiT SeiZleba damTavrdes, amitom Semdgomi teqnologiuri stadia emsa-
xureba kontaqturi airebis amiakisagan gawmendas, romelic gogirdmJavas meS-
veobiT xorcieldeba: 

  424423 SONHSOH2NH   

cianmJavas warmoebis Semdgomi teqnologiuri stadia, kontaqturi airebi-
dan misi gamoyofaa absorbentis meSveobiT. absorbentad gamoyenebulia wyali, 
romelic SemJavebulia sxvadasxva mJavebiT. cianmJava, rogorc wyalSi xsnadi 
nivTiereba, ixsneba absorbentSi da warmoqmnis ara umetes 2,5%-ian wyalxsnars, 
romelic miemarTeba sareqtifikacio kolonaSi, sadac igi iyofa produqciul 
cianmJavad da regenerirebuli absorbenti brundeba absorbciis stadiaze  [1_5]. 

rogorc ukve aRvniSneT cianmJavas polimerizaciis iniciatori amiakia, 
romelic kontaqturi airebidan gamoiyofa gogirdmJavis meSveobiT da warmoq-
mnis Tanaur produqts _ amoniumis sulfats. kontaqturi airebidan amiakis 
100% ar STainTqmeba gogirdmJavas mier da adgili aqvs amiakis umniSvnelo 
(a/u 0,025%) ganasxltoms, romelic xvdeba absorbcia-reqtifikaciis stadiaze. 
swored ganasxltomi amiakis SekavSirebas emsaxureba absorbentSi miwodebuli 
mJava, imisaTvis rom ar gamoiwvios cianmJavas polimerizacia. aRniSnuli pro-
cesi aTwleulebis ganmavlobaSi xorcieldeboda orTofosformJavas meSveo-
biT, romelic ikavSirebda kontaqtur airebSi arsebul amiaks Semdegi reaq-
ciis mixedviT: 

424433 POHNHPOHNH   
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teqnologiuri da ekonomiuri upiratesobebis gamo orTofosformJava 
Seicvala ZmarmJaviT, romlis daniSnulebac aseve kontaqturi airebidan ganas-
xleti amiakis SekavSirebaa Semdegi reaqciis mixedviT: 

4333 COONHCHCOOHCHNH   

imisaTvis, rom sworad iqnas warmarTuli teqnologiuri procesi da 
Tavidan iqnas acilebuli cianmJavas polimerizaciis saSiSi procesi, saWiroa 
absorbentSi cianmJavasa da ZmarmJavas Semcvelobis analizuri kontroli, 
rac Cvens mier iqna SemuSavebuli.  

cianmJava ZmarmJava wyali sistemisaTvis cianmJavas gansazRvrisaTvis ga-
moviyeneT argentometruli meTodi, romlis arsia amiakur garemoSi cian-ione-
bis gatitvra vercxlis ionebiT. indikatorad gamoyenebulia kaliumis iodi-
dis amiakuri xsnari, romelic eqvivalentobis wertilSi ganapirobebs xsnaris 
opalescencias. am meTodiT cianmJavas gansazRvras ZmarmJava xels ar uSlis. 
analizis msvlelobisas xsnarSi mimdinareobs Semdegi reaqciebi: 

 

  
     CNNHAg24NHCNAgNa

NaNOCNAgNaAgNO2NaCN

OHNaCNNaOHNCN

2332

323

2







 

 

HCN-is Semcveloba iangariSeba formuliT: 
 

100
00540

HCN% 





dV

,ha
 

 
rac Seexeba ZmarmJavas analizs, Cvens mier SemuSavebuli iqna ori meTo-

di, aqedan erTi pirdapiri titraciis, xolo meore ukutitraciis meTodi. 
orive SemTxvevaSi titrantad gamoyenebulia natriumis hidroqsidis 0,1 n kon-
centraciis xsnari, romelic ukutitraciisas aiReba Warbi raodenobiT, xolo 
siWarbe ititreba 0,1 n koncentraciis gogirdmJaviT. analizisas xsnarSi mim-
dinareobs Semdegi reaqciebi: 

 

OHSONaSOH2NaOH

OHCOONaCHNaOHCOOHCH

NaCHNaOHHCN

24242

233







 

 
ZmarmJavas gansazRvrisas analizis orive meTodis SemTxvevaSi cianmJava 

monawileobs titraciis procesSi, amdenad xels uSlis ZmarmJavas gansazRv-
ras. imisaTvis, rom ZmarmJavas Semcveloba ganisazRvros sworad, erTidaigive 
saanalizo nimuSidan viRebT or aliqvots, aqedan erTSi vsazRvravdiT HCN-is 
Semcvelobas argentometruli meTodiT, xolo meoreSi ki saerTo mJavianobas, 
Sedegebis damuSavebisas saerTo mJavianobaze daxarjuli natriumis hidroqsi-
dis raodenobas akldeboda cianmJavas gatitvraze daxarjuli igive normalo-
bis vercxlis nitratis xsnaris raodenoba gadaTvlili natriumis hidroqsid-
ze. modelur xnarebze Catarebuli kvlevebiT aRmoCnda, rom pirdapiri tit-
raciis meTodiT ZmarmJavas gansazRvrisas adgili hqonda analizis cdomile-
bas, xolo es cdomileba miT ufro didi iyo, rac meti iyo cianmJavas Semcve-
loba saanalizo xsnarebSi. Cvens mier Catarebuli eqsperimenturi kvlevebis 
Sedegebi warmodgenilia cxrilSi. 
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ZmarmJavas koncentraciis gansazRvra cianmJavas xsnarebSi sxvadasxva meTodiT 
 

 # 
gamoTvlili, % analiziT miRebuli, % 

HCN CH3COOH 
pirdapiri titraciiT ukutitraciiT 

HCN CH3COOH HCN CH3COOH 

I 
1 0,02 0,45 0,021 0,44 0,021 0,46 
2 0,022 0,45 0,019 0,43 0,019 0,45 

II 
3 0,71 0,40 0,68 0,35 0,68 0,38 
4 0,88 0,40 0,89 0,34 0,89 0,39 

III 
5 1,93 0,55 1,95 0,39 1,95 0,54 
6 2,17 0,55 2,21 0,37 2,21 0,56 

 
rogorc warmodgenili cxrilis monacemebidan Cans ukutitraciis 

meTodi gacilebiT zustia, amitom warmoebaSi swored aRniSnuli meTodi 
iqneba danergili. analizis Sedegebis damuSavebisas vsargeblobdiT Cvens 
mier SemuSavebuli Semdegi formulebiT: 

a) pirdapiri titraciisas: 
 

 
100

dv

0,006vkv
COOHCH% 011

3 



  

 
b) ukutitraciisas: 
 

 
100

dv

0,006vkvk
COOHCH% 0221

3 





a
 

sadac, v1 – titraciaze daxarjuli 0,1 n NaOH-is moculoba, sm3; k1 – 0,1 n 

NaOH-is Sesworebis koeficienti; 𝑎 – analizisTvis aRebuli Warbi 0,1 n NaOH-
is moculoba, sm3; v2 – Warbi 0,1 n NaOH-is titraciaze daxarjuli 0,1 n  HCl-is 
moculoba, sm3; k2 – 0,1 n HCl -is Sesworebis koeficienti; v0 – cianmJavas tit-
raciaze daxarjuli 0,1 n AgNO3-is raodenoba gadaTvlili 0,1 n NaOH-ze, sm3;           
v – saanalizo xsnaris moculoba, sm3; d – saanalizo xsnaris simkvrive, g/sm3; 
0,006 – ZmarmJavas masa, romelic Seesabameba 1 sm3 0,1 n NaOH-is xsnars, g. 
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SUMMARY 

S.S. DEVELOPMENT OF ANALYTICAL CONTROL METHODS FOR ACTIVATED ABSORBENT 

USED IN RUSTAVI NITROGEN PRODUCTION OF CYANIC ACID 

Merebashvili N.E., Tsintsadze M.G., Macharashvili V.J. and Mamagulishvili T.N. 

JSC Rustavi Azoti  

Georgian Technical University 

In the technological process of cyanic acid production, an effective inhibitor (activator) acting against acetic 

acid, acetic acid, was introduced, after which it became necessary to develop a method of chemical analysis of 

the absorbent under the combined presence of acetic acid and cyanic acid.  Methods for their determination 

under the combined presence of cyanic acid and acetic acid have been developed, namely, cyanic acid has been 

determined by the argentometric method and acetic acid by the titration method from other aliquots. Studies 

have also established a significant advantage of the acutation method for the determination of acetic acid over 

direct titration. 

Keywords: cyanic acid production, absorbent, feedback, acetic acid determination. 
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kvantur-qimiuri naxevradempiriuli AM1 meTodiT gamoTvlili  

alfa-piridinaldehidis izonikotinoilhidrazonis (apainh) molekulis 

energetikuli, eleqtronuli da struqturuli  maxasiaTeblebi sxvadasxva 

gamxsnelebSi 

 

Wanturia m.m., giorgaZe T.z., loCoSvili d.m., gulbani d.v..  

 
soxumis saxelmwifo universiteti 

saqarTvelos teqnikuri universiteti 
r. aglaZis sax. araorganuli qimiis da eleqtroqimiis instituti 

 

α-piridinaldehidis izonikotinoilhidrazonis (α-painh) (nax.1) liToneb-
Tan kompleqswarmoqmnis unaris SeswavlisaTvis naxevradempiriuli qvantur-qi-
miuri АМ1 mTodiT gamoTvlili iqna molekulis energetikuli, eleqtronuli 
da struqturuli maxasiaTeblebi rogorc airad fazaSi aseve sxvadasxva gamx-
snelebSi, romlebic Tavis mxriv, xasiaTdebian dieleqtrikuli SeRwevadobis 
sxvadasxva mniSvnelobebiT.  

 

 
 nax. 1.  α-piridinaldehidis izonikotinoilhidrazonis (α-painh) molekula 
 

α-piridinaldehidis izonikotinoilhidrazonis (α-painh) molekulis war-
moqmnis siTbo Tavis maqsimalur mniSvnelobas aRwevs airad fazaSi (356,361 
kj/moli), rac miuTiTebs imaze, rom gamxsnelebi mniSvnelovnad zrdian moce-

muli molekulis mdgradobas.  gamxsnelebis gavlena α-piridinaldehidis izo-
nikotinoilhidrazonis (α-painh) molekulis dipoluri momentis gazrdaze 
gansxvavebulia da Tavis maqsimalur mniSvnelobas aRwevs wyalSi da dimeTil-
sulfoqsidSi (9,290 da 9,182 Sesabamisad), rac dipoluri induqciuri momentis 
warmoqmniT SeiZleba aixsnas (cxr.1). 

 
cxrili 1.α α-piridinaldehidis izonikotinoilhidrazonis (α-painh) molekulis  
warmoqmnis siTbo (ΔH)  da dipoluri momenti (μ) 

 

N gamxsneli 
warmoqmnis 

siTbo, kj/moli 
dipoluri momenti, 

debai 
1 airi 356.361 4.862 
2 H2O, wyali 236.153 9.290 

3 C2H6SO,dimeTilsulfoqsidi (dmso) 238.212 9.182 

4 CH3OH, meTanoli 241.439 9.038 

5 C2H5OH, eTanoli 243.231 8.940 

6 (CH3)2CO, acetoni 245.048 8.848 

7 CHCl3, qloroformi 278.022 7.387 

8 C6H12, heqsani 319.356 5.905 
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α-piridinaldehidis izonikotinoilhidrazonis (α-painh) molekulaSi 
bmis sigrZis yvelaze maRali mniSvneloba gaaCniaT C(4)_C(7) (1,491-1,494 Å saz-
RvrebSi) da C(11)_C(12) (1,480 Å) rac aRemateba bmis sigrZis standartul 
mniSvnelobas, romelic, sp²-hibridul mdgomareobaSi myofi naxSirbad atomebs 
Soris, tolia 0,140 Å-is. es dasturdeba ramdenadme Semcirebuli bmis rigis 
mniSvnelobebiT, romlebic Sesabamisad 0,915÷0,988 farglebSia [1-7]. am faqti-
dan SeiZleba davaskvnaT, rom karboniluri jgufis О(9) Jangbadis atomis or-
bitalebi ar urTierTqmedeben benzoluri birTvis π-eleqtronul sistemasTan 
(cxr. 2). 

 
 

cxrili 2. α-piridinaldehidis izonikotinoilhidrazonis (α-painh) molekulaSi bmis 
sigrZe (Rij)  da bmis rigi (Pij)  
   

N atomTaSorisi bma gamxsneli 
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1 N(1)C(2) sigrZe, Å 1.347 1.347 1.347 1.347 1.347 1.347 1.347 1.347 

rigi 1.433 1.450 1.420 1.420 1.421 1.422 1.426 1.430 

2 C(2)C(3) sigrZe, Å 1.408 1.408 1.408 1.408 1.408 1.408 1.408 1.408 

rigi 1.379 1.386 1.386 1.386 1.385 1.385 1.382 1.380 

3 C(3)C(4) sigrZe, Å 1.399 1.400 1.400 1.400 1.400 1.400 1.399 1.399 

rigi 1.404 1.397 1.397 1.396 1.398 1.398 1.401 1.403 

4 C(4)C(5) sigrZe, Å 1.398 1.399 1.399 1.399 1.399 1.399 1.399 1.399 

rigi 1.400 1.399 1.399 1.399 1.399 1.399 1.399 1.399 

5 C(5)C(6) sigrZe, Å 1.408 1.408 1.408 1.409 1.408 1.408 1.408 1.408 

rigi 1.382 1.384 1.384 1.384 1.384 1.384 1.385 1.384 

6 N(1)C(6) sigrZe, Å 1.347 1.347 1.347 1.346 1.347 1.347 1.347 1.347 

rigi 1.432 1.423 1.423 1.424 1.423 1.423 1.425 1.429 

7 C(4)C(7) sigrZe, Å 1.494 1.491 1.491 1.491 1.491 1.491 1.492 1.493 

rigi 0.915 0.930 0.930 0.932 1.930 0.929 0.925 0.920 

8 C(7)N(8) sigrZe, Å 1.413 1.393 1.393 1.395 1.394 1.395 1.402 1.408 

rigi 0.989 1.105 1.102 1.096 1.096 1.093 1.053 1.016 

9 C(7)O(9) sigrZe, Å 1.236 1.254 1.253 1.253 1.252 1.252 1.246 1.240 

rigi 1.849 1.670 1.675 1.680 1.684 1.688 1.745 1.804 

10 N(8)N(10) sigrZe, Å 1.331 1.338 1.338 1.338 1.337 1.337 1.335 1.332 

rigi 1.052 1.031 1.032 1.033 1.033 1.034 1.042 1.048 

11 N(10)C(11) sigrZe, Å 1.306 1.307 1.307 1.307 1.307 1.307 1.306 1.306 

rigi 1.839 1.831 1.832 1.833 1.832 1.832 1.835 1.839 

12 C(11)C(12) sigrZe, Å 1.480 1.480 1.480 1.480 1.480 1.480 1.480 1.480 

rigi 0.977 0.988 1.988 1.987 0.988 0.987 0.984 0.979 

13 C(12)N(13) sigrZe, Å 1.357 1.359 1.359 1.358 1.359 1.359 1.358 1.357 

rigi 1.395 1.367 1.368 1.370 1.370 1.371 1.381 1.389 

14 N(13)C(14) sigrZe, Å 1.345 1.344 1.344 1.344 1.344 1.344 1.344 1.344 

rigi 1.449 1.447 1.447 1.446 1.447 1.447 1.446 1.447 

15 C(14)C(15) sigrZe, Å 1.408 1.409 1.409 1.409 1.409 1.409 1.408 1.408 

rigi 1.369 1.366 1.366 1.367 1.367 1.367 1.369 1.370 

16 C(15)C(16) sigrZe, Å 1.395 1.394 1.394 1.394 1.394 1.394 1.395 1.394 

rigi 1.429 1.435 1.435 1.434 1.434 1.434 1.431 1.430 
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17 C(16)C(17) sigrZe, Å 1.395 1.397 1.397 1.397 1.397 1.397 1.396 1.396 

rigi 1.424 1.410 1.411 1.412 1.412 1.412 1.417 1.421 

18 C(12)C(17) sigrZe, Å 1.413 1.412 1.412 1.412 1.412 1.413 1.413 1.413 

rigi 1.359 1.374 1.373 1.372 1.372 1.372 1.367 1.363 

19 C(2)H(18) sigrZe, Å 1.105 1.108 1.108 1.108 1.107 1.108 1.107 1.106 

rigi 0.930 0.920 0.920 0.920 0.921 0.921 0.924 0.927 

20 C(3)H(19) sigrZe, Å 1.099 1.101 1.101 1.101 1.101 1.101 1.100 1.100 

rigi 0.941 0.935 0.935 0.935 0.935 0.935 0.936 0939 

21 C(5)H(20) sigrZe, Å 1.098 1.101 1.101 1.101 1.101 1.101 1.100 1.099 

rigi 0.945 0.935 0.934 0.934 0.935 0.935 0.938 0.942 

22 C(6)H(21) sigrZe, Å 1.105 1.108 1.108 1.108 1.108 1.108 1.107 1.106 

rigi 0.931 0.920 0.920 0.921 0.921 0.921 0.924 0.928 

23 N(8)H(22) sigrZe, Å 1.005 1.011 1.011 1.010 1.010 1.010 1.008 1.006 

rigi 0.880 0.858 0.858 0.859 1.859 0.860 0.867 0.874 

24 C(11)H(23) sigrZe, Å 1.113 1.115 1.114 1.114 1.114 1.114 1.112 1.111 

rigi 0.925 0.916 0.916 0.916 0.917 0.917 0.920 0.923 

25 N(14)H(24

) 
sigrZe, Å 1.105 1.108 1.108 1.108 1.108 1.108 1.107 1.106 

rigi 0.931 0.922 0.922 0.922 0.922 0.922 0.924 0.928 

26 C(15)H(25) sigrZe, Å 1.097 1.100 1.100 1.100 1.100 1.100 1.099 1.098 

rigi 0.947 0.937 0.937 0.938 0.938 0.938 0.941 0.944 

27 C(16)H(26) sigrZe, Å 1.100 1.103 1.103 1.102 1.102 1.102 1.102 1.101 

rigi 0.947 0.937 0.938 0.938 0.938 0.938 0.941 0.945 

28 C(17)H(27) sigrZe, Å 1.098 1.101 1.101 1.101 1.101 1.101 1.100 1.099 

rigi 0.947 0.937 0.937 0.937 0.937 0.938 0.941 0.944 

 

α-piridinaldehidis izonikotinoilhidrazonis (α-painh) molekulaSi 
bmis kuTxeebi C(7)-N(8)-N(10) da C(7)-N(8)-H(22) tolia ~117,20°da ~122,50°Sesabami-
sad, e.i. molekulaSi N(8) azotis atomi imyofeba sp²-hibridul mdgomareobaSi. 
α-painh molekulaSi N(10) azotis atomi miekuTvneba azomeTinur jgufs (>C=N-). 
kuTxe N(8)-N(10)-C(11) tolia ~120,20°e.i. N(10) azomeTinuri azoti aseve sp²-hib-
ridul mdgomareobaSia (cxr. 3). kuTxeebis analizidan Cans, rom N(1) da N(13) 
azotis atomebi sp²-hibridul mdgomareobaSi imyofebian. 

molekulaSi N(8) – N(10) bmis rigi imyofeba 1,031 ÷  1,052 sazRvrebSi (cxr. 2), 
e.i. azotis atomebs Soris xorcieldeba garkveuli urTierTqmedeba pz-orbita-
lebis xarjze. 

 
cxrili 3. α-piridinaldehidis izonikotinoilhidrazonis (α-painh) molekulaSi 
atomebs Soris savalento kuTxeebis mniSvnelobebi  
 

N 
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O
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C
6
H

1
2
, 
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an
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1 N(1)C(2)C(3) 123.564 123.113 123.123 123.108 123.162 123.166 123.276 123.403 

2 C(2)C(3)C(4) 118.139 118.051 118.040 118.090 118.042 118.022 118.041 118.108 

3 C(3)C(4)C(5) 119.192 119.571 119.582 119.508 119.550 119.577 119.481 119.323 

4 C(2)N(1)C(6) 117.376 118.070 118.062 118.065 118.021 118.013 117.851 117.623 

5 C(3)C(4)C(7) 118.863 118.977 119.018 118.679 118.977 119.004 118.900 118.848 

6 C(4)C(7)N(8) 113.920 115.402 115.323 115.444 115.288 115.193 114.707 114.278 

7 C(4)C(7)O(9) 122.166 121.438 121.483 121.440 121.509 121.543 121.800 121.984 

8 C(7)N(8)N(10) 122.643 122.556 122.559 122.428 122.543 122.519 122.573 122.628 
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9 N(8)N(10)C(11) 120.435 120.094 120.126 120.150 120.146 120.179 120.329 120.434 

10 N(10)C(11)C(12) 121.114 121.632 121.627 121.458 121.595 121.537 121.343 121.159 

11 C(11)C(12)N(13) 120.002 120.881 12.834 120.835 120.821 120.831 120.572 120.214 

12 C(12)N(13)C(14) 117.170 117.704 117.700 117.675 117.674 117.668 117.544 117.356 

13 N(13)C(14)C(15) 123.959 123.582 123.585 123.591 123.601 123.608 123.686 123.807 

14 C(14)C(15)C(16) 118.253 118.361 118.357 118.363 118.357 118.349 118.327 118.299 

15 C(11)C(12)C(17) 117.112 116.623 116.628 116.633 116.656 116.641 116.789 116.998 

16 N(1)C(2)H(18) 115.841 116.425 116.414 116.498 116.402 116.405 116.250 116.000 

17 C(2)C(3)H(19) 121.044 120.625 120.631 120.671 120.653 120.661 120.788 120.937 

18 C(4)C(5)H(20) 121.688 122.061 122.026 122.185 122.028 122.005 121.880 121.776 

19 N(1)C(6)H(21) 115.777 116.440 116.432 116.413 116.414 116.362 116.179 115.949 

20 C(7)N(8)H(22) 116.647 117.243 117.207 117.478 117.216 117.200 117.005 116.772 

21 N(10)C(11)H(23) 125.595 124.841 124.869 125.019 124.877 124.969 125.220 125.489 

22 N(13)C(14)H(24) 115.261 115.836 115.823 115.813 115.805 115.780 115.607 115.407 

23 C(14)C(15)H(25) 120.433 120.217 120.221 120.210 120.222 120.235 120.289 120.369 

24 C(15)C(16)H(26) 120.659 120.749 120.744 120.726 120.739 120.735 120.695 120.674 

25 C(12)C(17)H(27) 120.320 120.413 120.408 120.390 120.401 120.404 120.362 120.333 

 

atomebis jamuri dasaxlebis (eleqtronuli simkvrive) da maTi efeqtu-
ri muxtebis analizma С(7) atomebze aCvena eleqtronuli simkvrivis (q = +0,367 

÷ +0.429) didi deficiti, rac warmoadgens naxSirbadis am atomebis urTierTq-
medebis Sedegs iseT eleqtrouaryofiT atomebTan, rogoric aris Jangbadi da 
azoti (cxr. 4). 

 
cxrili 4. gamxsnelebis dieleqtrikuli SeRwevadobebi (), α-piridinaldehidis izoni-
kotinoil hidrazonis (α-painh) molekulaSi muxti atomebze (q) da atomur orbita-
lebze (s, p) eleqtronebis ganawileba 

 
N gamxsneli,  atomi  atomze 

muxti  
n eleqtronebis ganawileba orbitalebze  

ns npx npy npz 

1 airi N(1) -0.121 2 1.717 1.073 1.239 1.093 

C(2) -0.073 2 1.247 0.908 0.978 0.940 

C(3) -0.132 2 1.229 1.012 0.908 0.983 

C(4) -0.091 2 1.203 0.935 0.936 1.017 

C(5) -0.160 2 1.227 0.928 0.993 1.012 

C(6) -0.073 2 1.246 1.005 0.879 0.943 

C (7) 0.367 2 1.205 0.832 0.805 0.792 

N(8) -0.325 2 1.479 1.348 1.134 1.363 

O(9) -0.277 2 1.915 1.246 1.776 1.341 

N(10) 0.047 2 1.728 1.156 0.916 1.153 

C(11) -0.152 2 1.245 1.007 0.940 0.961 

C(12) 0.027 2 1.207 0.951 0.920 0.894 

N (13) -0.105 2 1.718 1.101 1.022 1.264 

C(14) -0.068 2 1.245 0.932 0.931 0.961 

C(15) -0.177 2 1.228 1.016 1.003 0.930 

C(16) -0.093 2 1.220 0.955 0.932 0.987 

C(17) -0.171 2 1.226 1.011 0.968 0.965 

H(18) 0.168 1 0.832    

H(19) 0.165 1 0.835    

H(20) 0.151 1 0.849    

H(21) 0.166 1 0.834    

H(22) 0.212 1 0.788    

H(23) 0.124 1 0.876    

H(24) 0.163 1 0.833    

H(25) 0.145 1 0.837    

H(26) 0.139 1 0.855    

H(27) 0.142 1 0.858    
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2 H2O, wyali 

78.5  

N(1) -0.234 2 1.708 1.095 1.277 1.153 

C(2) -0.063 2 1.251 0.896 0.996 0.920 

C(3) -0.138 2 1.233 1.025 0.903 0.977 

C(4) -0.091 2 1.201 0.939 0.922 1.029 

C(5) -0.149 2 1.233 0.922 1.010 0.984 

C(6) -0.062 2 1.251 1.020 0.872 0.918 

C (7) 0.429 2 1.203 0.802 0.804 0.762 

N(8) -0.289 2 1.474 1.328 1.130 1.358 

O(9) -0.480 2 1.913 1.318 1.820 1.430 

N(10) -0.084 2 1.724 1.215 0.950 1.195 

C(11) -0.081 2 1.254 0.978 0.909 0.941 

C(12) 0.002 2 1.209 0.951 0.928 0.911 

N(13) -0.225 2 1.709 1.103 1.105 1.307 

C(14) -0.071 2 1.251 0.946 0.901 0.972 

C(15) -0.177 2 1.235 0.993 1.018 0.930 

C(16) -0.093 2 1.229 0.925 0.936 1.004 

C(17) -0.164 2 1.234 1.006 0.961 0.964 

H(18) 0.201 1 0.799    

H(19) 0.187 1 0.813    

H(20) 0.188 1 0.812    

H(21) 0.201 1 0.799    

H(22) 0.278 1 0.722    

H(23) 0.183 1 0.817    

H(24) 0.195 1 0.805    

H(25) 0.180 1 0.820    

H(26) 0.177 1 0.823    

H(27) 0.180 1 0.820    

3 C2H6SO, 
dmso 

49.0 

N(1) -0.232 2 1.709 1.095 1.276 1.153 

C(2) -0.063 2 1.251 0.896 0.996 0.920 

C(3) -0.137 2 1.233 1.025 0.903 0.977 

C(4) -0.091 2 1.201 0.939 0.923 1.029 

C(5) -0.149 2 1.233 0.922 1.010 0.985 

C(6) -0.062 2 1.251 1.020 0.872 0.919 

C (7) 0.429 2 1.203 0.801 0.804 0.764 

N(8) -0.290 2 1.473 1.334 1.133 1.349 

O(9) -0.476 2 1.913 1.322 1.816 1.425 

N(10) -0.081 2 1.724 1.211 0.951 1.195 

C(11) -0.083 2 1.254 0.978 0.911 0.941 

C(12) 0.002 2 1.209 0.952 0.928 0.909 

N(13) -0.223 2 1.709 1.104 1.100 1.309 

C(14) -0.070 2 1.251 0.944 0.903 0.972 

C(15) -0.177 2 1.235 0.995 1.018 0.929 

C(16) -0.093 2 1.228 0.925 0.935 1.006 

C(17) -0.135 2 1.234 1.005 0.963 0.963 

H(18) 0.201 1 0.799    

H(19) 0.187 1 0.813    

H(20) 0.187 1 0.813    

H(21) 0.201 1 0.799    

H(22) 0.277 1 0.723    

H(23) 0.182 1 0.818    

H(24) 0.195 1 0.805    

H(25) 0.179 1 0.821    

H(26) 0.177 1 0.823    

H(27) 0.179 1 0.821    

4 

 

 

 

C1H3OH, 
meTanoli 

32.6 

N(1) -0.230 2 1.709 1.095 1.276 1.151 

C(2) -0.063 2 1.251 0.896 0.995 0.921 

C(3) -0.137 2 1.233 1.025 0.903 0.976 

C(4) -0.090 2 1.201 0.938 923 0.028 
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  C(5) -0.150 2 1.233 0.923 1.009 0.985 

C(6) -0.062 2 1.251 1.020 1.872 0.920 

C (7) 0.429 2 1.203 0.814 0.806 0.749 

N(8) -0.292 2 1.474 1.283 1.121 1.414 

O(9) -0.471 2 1.913 1.284 1.829 1.444 

N(10) -0.078 2 1.724 1.240 0.938 1.176 

C(11) -0.086 2 1.254 0.982 0.901 0.949 

C(12) 0.003 2 1.209 0.943 0.928 0.917 

N(13) -0.220 2 1.710 1.094 1.124 1.292 

C(14) -0.070 2 1.251 0.957 0.896 0.967 

C(15) -0.178 2 1.234 0.988 1.017 0.938 

C(16) -0.094 2 1.228 0.927 0.942 0.996 

C(17) -0.166 2 1.234 1.011 0.955 0.967 

H(18) 0.200 1 0.800    

H(19) 0.186 1 0.814    

H(20) 0.186 1 0.814    

H(21) 0.200 1 0.800    

H(22) 0.274 1 0.726    

H(23) 0.181 1 0.819    

H(24) 0.194 1 0.806    

H(25) 0.179 1 0.821    

H(26) 0.176 1 0.824    

H(27) 0.178 1 0.822    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
5 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
C2H5OH, 
eTanoli 

24.3 

 

N(1) -0.228 2 1.709 1.094 1.275 1.150 

C(2) -0.063 2 1.251 0.896 0.995 0.920 

C(3) -0.137 2 1.233 1.025 0.903 0.977 

C(4) -0.091 2 1.201 0.939 0.924 1.028 

C(5) -0.150 2 1.233 0.922 1.009 0.986 

C(6) -0.062 2 1.251 1.019 0.872 0.920 

C (7) 0.427 2 1.203 0.804 0.804 0.763 

N(8) -0.292 2 1.474 1.329 1.132 1.357 

O(9) -0.466 2 1.913 1.314 1.816 1.423 

N(10) -0.075 2 1.724 1.212 0.948 1.191 

C(11) -0.088 2 1.254 0.980 0.911 0.943 

C(12) 0.004 2 1.209 0.951 0.927 0.908 

N(13) -0.217 2 1.710 1.102 1.098 1.307 

C(14) -0.070 2 1.251 0.944 0.903 0.972 

C(15) -0.178 2 1.235 0.996 1.018 0.930 

C(16) -0.094 2 1.228 0.926 0.935 1.005 

C(17) -0.167 2 1.233 1.007 0.963 0.963 

H(18) 0.200 1 0.800    

H(19) 0.186 1 0.814    

H(20) 0.185 1 0.815    

H(21) 0.1299 1 0.801    

H(22) 0.274 1 0.726    

H(23) 0.179 1 0.821    

H(24) 0.194 1 0.806    

H(25) 0.178 1 0.822    

H(26) 0.175 1 0.825    

H(27) 0.177 1 0.823    

6 

 

 

 

 

 

 

 

(CH3)2CO, 
acetoni 

20.7 

 

 

 

 

N(1) -0.227 2 1.709 1.094 1.274 1.150 

C(2) -0.063 2 1.251 0.897 0.995 0.921 

C(3) -0.138 2 1.232 1.025 0.903 0.977 

C(4) -0.091 2 1.201 0.939 0.923 1.028 

C(5) -0.151 2 1.233 0.922 1.009 0.987 

C(6) -0.063 2 1.251 1.019 0.872 0.920 

C (7) 0.426 2 1.203 0.801 0.803 0.767 

N(8) -0.293 2 1.474 1.340 1.137 1.342 
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 O(9) -0.463 2 1.913 1.321 1.810 1.418 

N(10) -0.073 2 1.724 1.205 0.951 1.193 

C(11) -0.089 2 1.253 0.979 0.915 0.942 

C(12) 0.005 2 1.209 0.953 0.927 0.906 

N(13) -0.216 2 1.710 1.105 1.090 1.311 

C(14) -0.070 2 1.251 0.940 0.906 0.973 

C(15) -0.178 2 1.235 0.998 1.018 0.928 

C(16) -0.094 2 1.228 0.926 0.933 1.007 

C(17) -0.167 2 1.233 1.006 0.966 0.962 

H(18) 0.199 1 0.801    

H(19) 0.186 1 0.814    

H(20) 0.185 1 0.815    

H(21) 0.199 1 0.801    

H(22) 0.273 1 0.727    

H(23) 0.178 1 0.822    

H(24) 0.193 1 0.807    

H(25) 0.177 1 0.823    

H(26) 0.175 1 0.825    

H(27) 0.177 1 0.823    

7 CHCl3, 
qlorofor

mi 

4.7 
 

N(1) -0.198 2 1.711 1.088 1.265 1.134 

C(2) -0.065 2 1.250 0.900 0.991 0.925 

C(3) -0.136 2 1.231 1.022 0.904 0.978 

C(4) -0.091 2 1.202 0.938 0.927 1.024 

C(5) -0.156 2 1.231 0.924 1.004 0.996 

C(6) -0.065 2 1.249 1.015 0.874 0.927 

C (7) 0.411 2 1.203 0.810 0.803 0.773 

N(8) -0.306 2 1.476 1.342 1.141 1.347 

O(9) -0.402 2 1.913 1.296 1.797 1.395 

N(10) -0.033 2 1.725 1.189 0.942 1.178 

C(11) -0.114 2 1.250 0.989 0.926 0.949 

C(12) 0.016 2 1.208 0.953 0.924 0.899 

N(13) -0.183 2 1.712 1.105 1.062 1.305 

C(14) -0.067 2 1.249 0.931 0.916 0.971 

C(15) -0.181 2 1.233 1.008 1.015 0.926 

C(16) -0.095 2 1.226 0.934 0.931 1.004 

C(17) -0.173 2 1.231 1.009 0.972 0.961 

H(18) 0.191 1 0.809    

H(19) 0.181 1 0.819    

H(20) 0.175 1 0.825    

H(21) 0.190 1 0.810    

H(22) 0.255 1 0.745    

H(23) 0.162 1 0.838    

H(24) 0.186 1 0.814    

H(25) 0.168 1 0.832    

H(26) 0.164 1 0.836    

H(27) 0.166 1 0.834    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

N(1) -0.159 2 1.714 1.081 1.252 1.113 

C(2) -0.068 2 1.248 0.904 0.984 0.932 

C(3) -0.135 2 1.230 1.017 0.906 0.981 

C(4) -0.091 2 1.203 0.936 0.932 1.020 

C(5) -0.159 2 1.229 0.926 0.998 1.006 

C(6) -0.069 2 1.247 1.010 0.877 0.935 

C (7) 0.389 2 1.204 0.822 0.803 0.782 

N(8) -0.317 2 1.477 1.341 1.139 1.360 

O(9) -0.333 2 1.914 1.266 1.786 1.367 

N(10) -0.033 2 1.726 1.172 0.928 1.162 

C(11) -0.136 2 1.247 0.998 0.935 0.956 

C(12) 0.024 2 1.207 0.951 0.922 0.896 
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8 

 

 

 

 
C6H12, 
heqsani 

1.9 

 

 

N(13) -0.143 2 1.715 1.106 1.036 1.286 

C(14) -0.066 2 1.247 0.928 0.926 0.965 

C(15) -0.181 2 1.230 1.014 1.009 0.928 

C(16) -0.095 2 1.223 0.946 0.931 0.995 

C(17) -0.174 2 1.228 1.010 0.972 0.963 

H(18) 0.180 1 0.820    

H(19) 0.174 1 0.826    

H(20) 0.162 1 0.838    

H(21) 0.178 1 0.822    

H(22) 0.232 1 0.768    

H(23) 0.142 1 0.858    

H(24) 0.175 1 0.825    

H(25) 0.156 1 0.844    

H(26) 0.151 1 0.849    

H(27) 0.153 1 0.847    

 
N uaryofiTi efeqturi muxtebis SedarebiT maRali mniSvnelobebi SeimC-
neva O(9) Jangbadis atomze (-0.277 ÷ -0.480), N(1) azotis atomze (-0,121÷-0,232), N(8) 
azotis atomze (-0.289 ÷  -0,325) N(13) azotis atomze (-0,105 ÷ -0,225) da SedarebiT 
naklebi _  azomeTinuri N(10)  azotis atomze (-0.033 ÷ -0.084)  (cxr.2). 

orbitalebis dasaxlebis analizma aCvena, rom N(8) da N(13) azotis 
atomebis eleqtronuli wyvili koncentrirebulia pz-orbitalze. imdenad, ram-
denadac am SemTxvevaSi maT SeesabamebaT π-orbitalebi, maSin atomuri orbita-
lebis gadafarvis ares donorsa da aqceptors Soris gaaCnia nulovani mniSv-
neloba. amitom, miuxedavad maRali uaryofiTi efeqturi muxtis mniSvnelo-
bebisa N(8) da N(13) azotis atomebs ar SeuZliaT  uzrunvelyon eleqtronu-
li wyvili, romlebic SeZlebdnen σ-donorul-aqceptoruli bmebis warmoqmnas. 

gansxvavebuli suraTi SeimCneva piridinis jgufis N(1) azotis,  О(9) Jang-
badis da N(10) azomeTinuri azotis da atomebze.  N(10) da N(1) azotebis pz-orbi-
talebze imyofeba erTi eleqtroni, xolo wyvili eleqtronebi koncentrire-
bulia hibridul sp²-orbitalebze. 

daskvna 
yovelive zemoT Tqmulidan gamomdinare SeiZleba vivaraudoT, rom α-pi-

ridinaldehidis izonikotinoilhidrazonis (α-painh) molekula warmoadgens 
tridentatur molekulas sadac, mxolod sam atoms _ piridinis jgufis N(1) 
azotis atoms, O(9) Jangbads da N(10) azomeTinur azotis atomebs aqvs unari 
gamoavlinos eleqtronodonoruli Tvisebebi. amasTan, aRsaniSnavia, rom hid-
razonis O(9) Jangbadis da N(10) azomeTinuri azotis atomebi ketonuri for-
mis xuTwevrian liTonociklebs warmoqmnian:  

 

 
 

Tumca, H(22) wyalbadis atomze eleqtronuli simkvrivis didi deficiti 
(q=+0,212 ÷ +0,278) (cxr. 4) mowmobs wyalbadis atomis miswrafebaze, garkveul 
pirobebSi, gamoamJRavnos mJauri Tvisebebi da Cugaevis ciklis wesis Tanaxmad, 



   saqarTvelos sainJinro siaxleni, GEORGIAN ENGINEERING NEWS, #3, 2021  

 

54 

kompleqswarmoqmnisas molekulas aZlevs saSualebas ganaxorcielos kompleq-
swarmoqmna deprotonirebuli, anu enolur formaSi myofi hidrazonis mier: 
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SUMMARY 
ENERGY, ELECTRONIC AND STRUCTURAL CHARACTERISTICS OF THE MOLECULE OF 

ALFA-PYRIDINEALDEHYDEIZONICOTINOILHYDRAZONE (APAINH), CALCULATED BY THE 

QUANTUM-CHEMICAL SEMIEMPIRICAL AM1 METOD IN VARIOUS SOLVENTS 

Chanturia M.M., Giorgadze T.Z., Lochoshvili D.M. and Gulbani D.V. 

Sokhumi State University 
Georgian Technical University 

R. Agladze Institute of Inorganic Chemistry and Electrochemistry 

The paper discusses the energy, electron and structural properties of the molecule, calculated by the semi-

empirical quantum-chemical method AM1 to study the ability of formation complexes of α-pyridinaldehyde 

isonicotinoylhydrazone (α-PAINH) with metals in the gas phase, various solutions, which, in turn, are 

characterized by different values dielectric constant. It can be assumed that the molecule isonicotinoylhydrazone 

(α-pyrine) of α-pyridinaldehyde is a tertiary molecule where only three atoms - N(1) nitrogen atom of the 

pyridine group, O(9) oxygen and N(10) azo nitrogen atoms have the ability to electrone nitrogen. . It should be 

noted, however, that the hydrogen atoms O(9) oxygen and N(10) azomethine nitrogen atoms form ketone-shaped 

five-membered metalcycles. However, the large electron density deficit on the H (22) hydrogen atom (q = + 

0,212 ÷ +0,278) (Table 2) testifies to the tendency of the hydrogen atom to exhibit acidic properties under 

certain conditions and, according to the Chugayev cycle rule, to form a complex , I.e. by hydrazone in enol form. 

Keywords: complex formation, molecule structure, electronic and structural properties, solvent effect.  
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niadagSi tyviis sulfatis infiltraciis ricxviTi modelireba 

 
SublaZe e.S, surmava a.a, erisTavi d.v, buaCiZe n.s 

 
saqarTvelos teqnikuri universiteti, hidrometeorologiis instituti 

 
 
Sesavali 
niadagis zedapirze moxvedrili nivTierebebi ganicdian rTul fizikur-

qimiur da bioqimiur gardaqmnebs. gardaqmnebis Sedegad niadagis mJave garemo-
Si warmoiqmnebian nivTierebaTa xsnadi formebi, romlebic gaxsnis Semdeg 
wyalTan erTad filtraciisa da difuziis meqanizmebis saSualebiT vrcelde-
bian niadagSi, Tanac sakmaod Rrmad. aRwerili procesis Seswavlis erT-erT 
optimalur meTods niadagSi nivTierebaTa difuziis maTematikuri modelireba 
warmoadgens. 

modelirebisas, analizurad an ricxobrivad, integrirdeba uwyvet gare-
moSi nivTierebaTa gadatana-difuziis gantoleba  [1-3]. meTodi  aRmoCnda efeq-
turi da farTod iqna gamoyenebuli niadagis dabinZurebis problemis Seswav-
lisadmi miZRvnil naSromebSi, rogorc sazRvargareT, aseve saqarTveloSi. 
kerZod, Seswavlil iqna niadagze avariulad daRvrili navTobis infiltra-

ciis procesi 1D da 3D da ricxviTi modelebis saSualebiT; ganxorcielda 
advilad aorTqlebadi nivTierebaTa niadagSi gavrcelebis maTematikuri mode-
lireba; modelirebisas gaTvaliswinebuli iqna konkretuli  tipis niadagis 
fizikur-qimiuri Tvisebebi; amoxsnili iqna nivTierebaTa wneviTi infiltra-
ciis procesi rTuli konfiguraciis areSi [4-10]. 

ganxorcielda didi moculobis nagavsayrelis teritoriaze filt-
ratSi arsebuli sxvadasxva ionebis gavrcelebis ricxviTi modelireba; mode-
lirebulia radioaqtiuri narCenebis sasaflaos qveS arsebuli   radioizo-
topebis dispersia niadagSi; ganxilulia gruntis wylebis gavlena niadagSi  
nivTierebaTa gadatanis ricxviTi modelirebis dros sxvadasxva hidrolo-
giur pirobebSi; ganxorcielda dariSxanis niadagSi gruntis wylebiT 
gadatanis problemis ricxviTi modelireba [11-15]. 

amocanis dasma da ricxviTi integrirebis sqema. warmodgenil naSromSi 
ricxobrivad modelirdeba nagavsayrelze moxvedrili garemos damabinZu-

rebeli nivTiereba _ tyviis sulfatis (PbSO4)  gaxsna da misi infiltracia nia-
dagis 4 m-ian fenaSi. niadagSi wylisa da damabinZurebeli ingredientis gaxs-
nili masis gadatanis gantolebebi SeiZleba daiweros Semdegi saxiT: 
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sadac, t _ droa; z _ niadagis 4 m siRrmidan zedapirisken vertikalurad zeviT 

mimarTuli RerZi; W _ niadagSi wylis moculobiTi Semcvelobaa;  L da S nia-
dagSi damabinZurebeli nivTierebis gaxsnili (Txevadi) da gauxsneli (myari) 

fraqciebis moculobiTi Semcvelobaa Sesabamisad;  D da F aris difuziis da 

filtraciis koeficietebi; V _ fazuri gardaqmnis siCqarea. maTi mniSvnelobebi 
ganisazRvrebian Semdegi formulebT: 
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sadac Por _ niadagis forianobaa; B _ bmuli wlis moculobiTi Semcvelobaa,  

nivTierebis gaxsnis drois Sebrunebuli sididea; D0, F0,  da Por cnobili 
sidideebia.  

virCevT sawyis da sasazRvro pirobebs: 
davuSvaT, rom drois sawyis momentSi cnobilia wylis, damabinZurebeli 

nivTierebis myari da Txevadi fraqciebis moculobiTi Semcvelobebi niadagis 

mTel Z=4 m fenaSi: 
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niadagis zedapirze cnobilia wlis moculobiTi mniSvneloba da misi 

droSi cvlileba.  
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niadagis fenis qveda sazRvarze wyalsa da gaxsnil fraqcias SeuZlia 
Tavisuflad gaJonva   
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sadac,  Z- niadagis fenis siRrmea. 
amrigad, amocana mdgomareobs (1) gantolebis integrirebaSi (2) sawyisi, 

(3) da (4) sasazRvro pirobebiT.  

amocanis amoxsnaisaTvis gamoyenebulia  aracxadi ricxviTi sqema: 
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sadac: n da k droiTi da sivrciTi bijis nomrebia;  da droiTi da sivrciTi bi-
jebia. sasazRvro pirobebis (3) da (4) aproqsimacia xdeba centraluri sxvao-
biT. 

algebrul gantolebaTa sistema (5) Sesabamisi sawyisi da sasazRvro piro-
bebiT ixsneba 200 wertilisagan Semdgar ricxviT badeze 60 wm droiTi da 2 sm 
sivrculi bijebiT. sawyis momentSi daSvebulia rom, niadagis forianoba 0,5-ia, 
wylis Semcveloba 0,1 g/sm3 (nax. 1), nivTierebis myari fraqciis Semcveloba 
niadagis zeda 40 sm sisqis fenaSi udris 120 mkg/sm3. 40 sm-is qveviT damabinZu-
rebeli nivTierebis koncentracia 0-is tolia (nax. 2), nivTierebis Txevadi 
fraqciis Semcveloba tolia nulis. myari fraqciis gasnasa da  niadagSi mis 
CaJonvas iwvevs naleqebi, romelic naCvenebia nax. 3-ze, saidanac Cans, rom na-
leqebi modis  TveSi erTjer, yoveli Tvis 15 da 16 ricxvebSi. difuziis koe-
ficienti mudmivia da udris 0,0004 sm2/wm. 

 
 

  

nax. 1.  wylis moculobiTi Semcveloba          
drois sawyis momentSi 

nax. 2. tyviis sulfatis moculobiTi 
Semcveloba drois sawyis momentSi 

 
 
 

 
 

nax. 3.  wylis moculobiTi Semcveloba  
niadagis zedapirze 1 wlis ganmavlobaSi 
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miRebuli Sedegebis analizi. modelirebuli iqna niadagis zeda 40 sm 
fenaSi arsebuli 120 mkg/sm3 – moculobiTi Semcvelobis tyviis silfatis 
gavrceleba SedarebiT maRali filtraciis unaris mqone Savmiwa niadagSi 
(F=0,8 m/24 sT). gamoTvlebi Catarda 2 weli fizikuri droisTvis. nax. 4–13-is 
saSualebiT naCvenebia ricxviTi modelirebis Sedegebi. nax. 4-ze naCvenebia 
damabinZurebeli ingredientis myari (S) da Txevadi (L) fraqciebis ganawileba 
niadagSi modelirebis pirveli 24 sT-is bolos. naxazidan Cans, rom pirveli 
dRis ganmavlobaSi, mSrali niadagis pirobebSi, moxda arsebuli myari 
fraqciis daaxloebiT 1,6%-is gaxsna da Txevadi fraqciis warmoSoba. amasTan, 
niadagSi arsebuli wylis erTgvarovani ganawilebis dros, difuziis procesi 
xels uSlis mis intensiur infiltracias niadagis siRrmeSi. 

 
 

  

nax. 4. niadagSi tyviis sulfatis         

myari (S) da Txevadi ( L) fazebis 

Semcveloba, roca t =24 sT 

nax. 5. niadagSi tyviis sulfatis 

myari (S) da Txevadi ( L) fazebis 

Semcveloba, roca t =14 dRe–Rames 
 

                           
Sedegad pirveli dRis bolos warmoSobili Txevadi masa, ZiriTadad 

lokalizirebulia 40 sm-fenaSi da sul ramdenime sm-zea CaJonili niadagis 
siRrmeSi. aRniSnuli procesi grZeldeba 14 dRemde – naleqis mosvlamde. nax. 
5-ze naCvenebia myari da Txevadi fazebis koncentracis  ganawileba niadagSi, 
roca t =14 dRe-Rames. nax. 5-dan Cans, rom 14 dRe-Ramis ganmavlobaSi (mSrali 
niadagis pirobebSi)  moxda myari fazis mcire nawilis gaxsna. myari fraqciis 
raodenoba miwis zedapirTan arsebul dabinZurebis areSi, yvela doneze, Sem-
cirda daaxloebiT 5–8 mkg/sm3-mde da Sesabamisad gaizarda Txevadi fazis 
odenoba. paralelurad mimdinareobs Txevadi nawilis infiltracia niadagis 
siRrmeSi. Txevadi faza CaJonilia miwis zedapiridan 80 sm-ze niadagis siR-
rmeSi. 80 sm-is qveviT Txevadi fazis koncentracia 0-is farglebSia. 

roca t=15 dRe-Rames iwyeba naleqis mosvla, wylianoba izrdeba miwis 
zedapirze da iwyeba infiltracia niadagis siRrmeSi (nax. 6). naxazidan Cans, 
rom 2 sT-is ganmavlobaSi wylianoba niadagis zedapirze maqsimaluria da to-
lia niadagis forinobis (0,5 g/sm3). dawyebulia wylis niadagSi CaJonvis 
procesi da grZeldeba marilis myari fazis intensiuri xsnadoba. 2 sT-is 
ganmavlobaSi wvimis wyali CaJonilia daaxloebiT miwis zedapiridan 10 sm-ze, 
da mcire sididiT aris (6–9 mkg/m3-iT) Semcirebuli myari fazis koncentracia. 
faqtiurad ucvlelia Txevadi fazis koncentraciis maqsimaluri mniSvneloba 
(nax. 7).  
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nax. 8 da nax. 9-ze naCvenebia filtraciis procesis dawyebidan 30 dRis 
Semdeg miRebuli wylisa da nivTierebis gavrcelebis grafikebi. nax. 8 da nax. 
9-dan Cans, rom  30 dRisaTvis  CaJonili wyali, rogorc 40  sm sisqis erTiani 
are,  vrceldeba niadagSi da aRwevs 60 sm-s. myari fazis nawili zeda 40 sm 
fenaSia gaxsnili da igi infiltrirebulia niadagis siRrmeSi  120 sm sisqis 
fenaSi. 

 

  

nax. 6. wylis Semcveloba naiadagSi        
me-15 dRes wvimis dawyebidan 2 sT-is      

Semdeg 

nax. 7. niadagSi tyviis sulfatis myari (S) 
da Txevadi ( L) fazebis Semcveloba me-15                                         
dRes wvimis dawyebidan 2 sT-is Semdeg 

  

nax. 8. wylis Semcveloba naiadagSi, roca 
t =30 dR. 

nax. 9. niadagSi tyviis sulfatis myari 
(S) da Txevadi ( L) fazebis Semcveloba, 

roca t =30 dR. 
 

 

 
roca t = 90 dR  myari fazis daaxloebiT 50% gaxsnilia da miRebuli 

Txevad faza ganawilebulia daaxloebiT 2 m sisqis niadagis zolSi (nax. 11). 
koncentraciis maqsimaluri mniSvneloba 28 mkg/sm3-ia da mdebareobs miwis  
zedapiridan 1,6 m siRrmeze. niadagSi wylis ganawilebas gaaCnia milevadi 
rxevis xasiaTi, romlic Sedgeba 3 burcobisagan. TiToeuli burcobi Seesa-
bameba naleqis mosvlas  3 Tvis ganmavlobaSi.  



   saqarTvelos sainJinro siaxleni, GEORGIAN ENGINEERING NEWS, #3, 2021  

 

60 

niadagSi infiltrirebuli wylis ganawileba, procesis dawyebidan 200 
dRis Semdeg, Tvisobrivad analogiuria 90 dRisTvis miRebuli ganawilebis. 

mas gaaCnia milevadi talRis xasiaTi.   

 

 

  

nax. 10. wylis Semcveloba naiadagSi, 
roca t = 90 dR. 

nax. 11. niadagSi tyviis sulfatis myari 
(S) da Txevadi ( L) fazebis Semcveloba, 

roca t = 90 dR. 

 

  

nax. 12. wylis Semcveloba naiadagSi, 
roca t = 200 dR. 

nax. 13. niadagSi tyviis sulfatis myari 
(S) da Txevadi ( L) fazebis Semcveloba, 

roca t = 200 dR. 

 

 
8–12 mkg/sm3-mdea Semcirebuli niadagis zedapiris midamoebSi arsebuli 

myari fazis Semcveloba. Txevadi fraqciis koncentraciis maqsimaluri mniS-
vneloba Semcirebulia 27 mkg/m3-mde da misi maqsimaluri mniSvneloba niadagis 
siRmeSi 3,6 m-zea. mniSvnelovani nawili CaJonilia niadagis qveda fenaSi da 
gasulia modelirebis aredan. 

analogiuri saxiT mimdinareobs procesi drois Semdeg momentebSi. 
grZeldeba wylis Semcvelobis perioduli cvlileba, myari fazis gaxsna da 
warmoSobili Txevadi fazis gadineba niadagis qveda fenebSi (nax. 14–17). 

 
 



   saqarTvelos sainJinro siaxleni, GEORGIAN ENGINEERING NEWS, #3, 2021  

 

61 

 
 

 
 

nax.14. wylis Semcveloba naiadagSi,  
roca t = 1  w. 

nax. 15. niadagSi tyviis sulfatis  myari 
(S) da  Txevadi ( L) fazebis Semcveloba, 

roca t = 1 w. 
 

 
 

nax. 16. wylis Semcveloba naiadagSi, 
roca t = 2 w. 

nax. 17. niadagSi tyviis sulfatis  myari 
(S) da  Txevadi ( L) fazebis Semcveloba, 

roca t = 2 w. 
 

 

 
gaxsnili fazis mudmivi gadinebis miuxedavad niadagis zeda 4 m fenaSi, 

mainc rCeba damabinZurebeli ingredientebis mcire raodenoba. gamoTvlebi aCve-
neben, rom infiltraciis dawyebidan 1 da 2 wlis Semdeg myari fazis koncen-
traciis maqsimaluri mniSvnelobebi 1 da 0,01 mkg/sm3, Sesabamisad. Txevadi fazis 
koncentraciebi aseve minimaluria miwis zedapirze  da icvleba 0–0,01 mkg/sm3-is 
intervalSi. niadagis siRrmeSi koncentracia izrdeba kvadratulad da aRwevs 
maqsimalur mniSvnelobas niadagis qveda sazRvarze. miuxedavad amisa, Txevadi 
fazis maqsimaluri koncentracia infiltraciis dawyebidan 1 da 2 wlis Sem-
deg ar aRemateba 6 mkg/sm3 da 0,05 mkg/sm3 Sesabamisad. 

Catarebulia gamoTvlebi dabali filtraciis unaris mqone Tixnar nia-
dagSi (F=0,4 m/24sT). gamoTvlebi aCveneben, rom Tixnari niadagis SemTxvevaSi 
infiltraciis procesi mimdinareobs Senelebuli tempiT. modelirebis daw-
yebidan 24 sT-Si yovel doneze zeda 40 sm fenaSi gaxsnilia 2 mkg/m3 tyviis 
sulfati.  
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nax. 18. nax. 4. wylis Semcveloba          

niadagSi roca t =24 sT 
nax. 19. niadagSi tyviis sulfatis myari 
(S) da Txevadi (L) fazebis Semcvloba, 

roca t =30 dRe–Rames 
 

 
30-e dRisaTvis tyviis sulfatis myari fazis Semcveloba Semcirebulia 

25 mkg/m3-mde.  miRebuli Txevadi masa, niadagis dabali filtraciis gamo, araa 
gavrcelebuli siRrmeSi da lokalizirebulia mxolod 40 sm sisqis zeda – 
damabinZurebeli ingredientis ganTavsebis areSi. 

 
 

 
 

nax. 20. wylis Semcveloba niadagSi    
roca t =90 dR. 

nax. 21. niadagSi tyviis sulfatis myari 
(S) da Txevadi (L) fazebis Semcveloba, 

roca t =90 dR. 
 

 
roca t=90 dR. wyali gavrcelebulia niadagis zeda 70 sm fenaSi, isic 

mcire raodenobiT. am fenaSi mis Semcvelobas ara aqvs milevadi talRis saxe,  
maqsimaluri mniSvneloba mcirea da ar aRemateba 0,04 g/sm3. miuxedavad imisa, 
rom maRali filtraciis koeficientis SemTxvevis dros gaxsnilia tyviis 
sulfatis toli raodenoba, miRebuli Txevadi masa araa infiltrirebuli 
niadagis qveda fenebSi. is ganawilebulia zeda 80 sm sisqis fenaSi da 
Semcvelobis maqsimumiT mdebareobs 40 sm-ze.  

drois Semdgom momentebSi sulfatis gaxsna da infiltracia mimdi-
nareobs Senelebuli tempiT. 2 wlis Sedeg, wyali CaJonilia mxolod 2 m siR-
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rmemde, misi Semcvelobis maqsimumi mdebareobs niadagis zedapiridan 20 sm-ze 
siRrmeSi da nela mcirdeba niadagis qveda doneebze (nax. 22). 

 

 
 

nax. 22. wylis Semcveloba naiadagSi,  
roca t = 2 w. 

nax. 23. niadagSi tyviis sulfatis  myari 
(S) da Txevadi (L) fazebis Semcveloba, 

roca t =2 w 
 

 
am momentisaTvis darCenilia myari fazis mcire raodenoba 0,4 mkg/sm3 

SemcvelobiT narCenis ganTavsebis 40 sm sisqis fenaSi. gaxsnili marilis 
mTeli masa moTavsebulia niadagis zeda 2 m fenaSi da misi maqsimumaluri 
Semcveloba miiRweva siRrmeSi 1m doneze. 

 
daskvna  
niadagSi wylisa da masis infiltraciis erTganzomilebiani gantole-

baTa sistemis ricxviTi modelirebiT Seswavlilia niadagis zeda 40 sm sisqis 
fenaSi arsebuli tyviis sulfatis gasxnisa da gaxsnili masis gavrcelebis 
procesi Savmiwa da Tixnar niadagebSi. naCvenebia, rom Savmiwa niadagSi  wylis 
ganawilebas, infiltraciis ramdenime Tvian monakveTSi, gaaCnia milevadi tal-
Ris xasiaTi, sxvadasxvaa Txevadi fazis CaJonvis siCqare. 1 welia saWiro imi-
saTvis, rom 120 mkg/sm3 gaixsnas da Txevadi fazis Semcveloba Semcirdes          
1 mkg/sm3-mde. procesis dawyebidan 2 wlis ganmavlobaSi tyvis sulfatis Sem-
cveloba Zlier mcirdeba. misi maqsimaluri mniSvneloba tolia 0,04 mkg/sm3-is, 
rac miRebulia niadagis siRrmeSi 4 m doneze.  

Tixnar niadagebSi infiltraciis procesi mimdinareobs SedarebiT nela. 
infiltraciis dawyebidan 2 welia saWiro imisaTvis, rom gaixsnas 120 mkg/sm3 
Semcvelobis sulfati da miRebuli Txevadi masa gavrceldes niadagis siR-
rmeSi. gaxsnili masis ganawilebas siRrmis mixedviT gaaCnia burcobis tipis 
forma, romlis maqsimumi mdebareobs miwis zedapiridan 1m siRrmeSi.  am 
doneze Txevadi fazis Semcveloba 45  mkg/sm3-ia. 
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SUMMARY 

NUMERICAL MODELING OF LEAD SULFATE INFILTRATION IN SOIL 

Shubladze E.Sh., Surmava A.A., Eristavi D.V. and  Buachidze N.S. 

The Technical University of Georgia, Hydrometeorological Institute 

Based on the Numerical modeling of the distribution of concentrations of heavy metals in the landfill, the 

dissolution of the pollutant (PbSO4) and its infiltration in a 4-meter soil layer are shown. 

Keywords: numerical modeling, pollutants, infiltration, soils. 
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mdinare mtkvris dabinZureba anapriliniT q. Tbilisis teritoriaze 

 

ebanoiZe g.g. 

 

saqarTvelos teqnikuri universiteti 

 

farmacevtuli saSualebebi warmoadgenen organuli naerTebis did jgufs, 

romlebic gamoiyeneba adamianebis da veterinariaSi daavadebebis profilaqti-

kasa da samkurnalod. bolo aTwleulis ganmavlobaSi farmacevtuli naerTebi 

mniSvnelovani Temaa garemosdacviTi kvlevebSi [1]. es, upirveles yovlisa, ga-

mowveulia narkotikebis moxmarebis zrdiT mTel msoflioSi, demografiul 

cvlilebebiT da farmacevtuli nivTierebebis ganviTarebis progresTan. dad-

genilia, rom dReisaTvis msoflioSi farmacevtul ingredientebad daaxloebiT 

3000 sxvadasxva nivTiereba gamoiyeneba [2]. Tumca, am naerTebis mxolod mcire 

qvejgufi, daaxloebiT 150 preparati, iqna Seswavlili garemosdacviT kvleveb-

Si. wamalsaSualebebis moxmarebis msoflio saSualo maCvenebeli erT sul mo-

saxleze weliwadSi daaxloebiT 50g-ia, magram industriul qveynebSi maTi 

raodenoba gacilebiT maRalia da Sefasebulia 50-dan 150g-mde [3]. 

farmacevtuli produqtebis gavrceleba ZiriTadad xdeba wylis gare-

moSi, rasac mohyveba kvebis jaWvis dispersia maTi dabali cvalebadobis gamo 

[4,5]. 

naxaz 1-ze mocemulia farmacevtuli produqtebis brunva garemoSi [6]. 

 

 

 
  

 

naxazi 1. farmacevtuli produqtebis brunva garemoSi 

 

 

umetes qveynebs ar aqvT sasmel wyalSi farmacevtuli jgufebis monito-

ringis programebi praqtikuli sirTuleebis gamo, rogoricaa maRali xarjebi 

da rutinuli analitikuri teqnologiebisa da laboratoriuli infrastruq-

turis ararseboba sxvadasxva farmacevtuli jgufebisa da maTi metabolitebis 

dasadgenad. Sedegad, sasmeli wylisa da zedapiruli wylebis farmacevtuli 
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jgufebis Sesaxeb SemTxvevaTa umetesoba modis miznobriv kvleviT proeqtebze 

da mizanmimarTul gamokvlevebze. 

magaliTad, antihipertenziuli saSualebebis arsebobam garemoSi SeiZ-

leba gamoiwvios toqsikologiuri zemoqmedeba cocxal organizmebze. arse-

bul farmacevtul damabinZureblebs Soris, beta-blokatorebi farTod gamoi-

yeneba hipertenziisa da gulis ukmarisobis TerapiaSi. moxmarebis Semdeg beta-

blokatorebi gamoiyofa SardiT arametabolizebuli formebiT [7,8]. 

zogierTi mkvlevaris mier, beta-blokatorebi aRmoCenilia Camdinare 

wylebSi mTel msoflioSi [8,9]. beta-blokatorebs da maT metabolitebs iSvia-

Tad ikvleven Camdinare wylebSi, wylis standartebis ararsebobis an am war-

moqmnili damabinZureblebis analizisaTvis adekvaturi meTodebis ararse-

bobis gamo. es preparatebi da maTi metabolitebi gamoiyofa municipaluri 

Camdinare wylebis gamwmendi nagebobebis meSveobiT, saavadmyofos Camdinare 

wylebiT da aseve farmacevtuli industriis Camdinare wylebiT. Camdinare 

wylebidan beta-blokatorebis arasakmarisma mocilebam SeiZleba xeli Seuw-

yos zedapiruli wylebis dabinZurebas. beta-blokatorebis mocilebis done 

gaaqtiurebuli lamis teqnologiiT Camdinare wylebis gamwmend nagebobebSi 

meryeobs 10%-dan 21%-mde. 

iseTi damabinZureblebi, rogoricaa beta-blokatorebi Caedineba gam-

wmendi narCenebidan zedapirul wylebSi, amitom maT SeuZliaT gavlena moax-

dinon wylis organizmebis sicocxleze. meores mxriv, zogierT SemTxvevaSi 

mimRebi zedapiruli wylebi gamoiyeneba, rogorc sasmeli wylis wyaro. 

yvelaze xSirad beta-blokatorebia atenololi, anaprilini (proprano-

loli), metoprololi, bisoprololi da betaqsololi [10]. rodesac wyalSi 

gaxsnili beta-blokatorebi xvdebian Camdinare wylebis gamwmend nagebobaSi, 

maTi mocileba srulad ver xerxdeba da, rogorc wesi, isini an nawilobriv Se-

narCunebulia lamSi, an gardaiqmneba ufro hidrofilur, magram mainc mdgrad 

formaSi. aqedan gamomdinare, isini gaedinebian wylis gamwmend nagebobidan da 

xvdebian mdinareebSi, tbebSi, miwisqveSa wylebSi da zRvebSi) mTels msoflio-

Si, koncentraciiT ng/l-dan μg/L-mde [11]. 

maTi mocileba Camdinare wylebis gamwmend nagebobebSi cvalebadia da 

damokidebulia nivTierebis Tvisebebze da procesis pirobebze (lamis Sekave-

bis dro, hidravlikuri Sekavebis dro, temperatura) [12]. 

winamdebare kvleva miznad isaxavs beta-blokatorebis jgufis warmo-

madgenlis, anaprilinis raodenobis dadgenas mdinare mtkvris sxvadasxva 

adgilSi qalaq Tbilisis teritoriaze. 

anaprilinis raodenobis gansazRvra mtkvarSi xdeboda Semdegi meTode-

biT: 

1. speqtrometriis da Txelfeniani qromatografiis meTodi; 

2. Txevadi qromatografiis da masis speqtrometriuli LC-MS-MS meTo-

diT; 

3. myari fazebis gamoyofiT da maRalefeqturi qromatografis diodur-

matriculi deteqtoriT (SPE-HPLC-DAD). 

anaprilinis sinjebis aReba eyrdnoboda z. cinaZes gamokvlevebs [13] da 

arCeuli iyo is adgilebi, romlebSic iyo dadasturebuli sxva jgufis far-

macevtuli preparatebiT mdinare mtkvris dabinZureba. 

SerCeul iqna 6 adgilmdebareoba: 
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orTaWalis hesis mimdebare teritoria (N1) erovnuli bankis mimdebare teritoria 
(N2) 

  

sajaro reestris mimdebare teritoria (N3) mircxulavas quCasTan wyalmimRebis 
mtkvarTan SeerTebis adgilze (N4) 

 
 

diRomSi, saavadmyofoebis mimdebare 
teritoria (N5) 

Tevzis restornis mimdebare teritoria 
(N6) 
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nimuSebis Segroveba xdeboda „wylis sinjis aRebis sanitariuli wese-

bis“ teqnikuri reglamentis Sesabamisad [14]. aRebuli sinjebi dauyonebliv 

gadatanil iqna laboratoriaSi, sadac xdeboda maTi analizi. 

analizis Sedegebi mocemulia cxrilSi. 

 
anaprilinis raodenobrivi ganawileba md. mtkvris Tbilisis monakveTze 

 

N adgilmdebareoba (raod. ng/l) 

1 orTaWalis hesis mimdebare teritoria (N1) 120 

2 erovnuli bankis mimdebare teritoria (N2) 210 

3 sajaro reestris mimdebare teritoria (N3) 120 

4 
mircxulavas quCasTan wyalmimRebis mtkvarTan 

SeerTebis adgilze (N4) 
130 

5 diRomSi, saavadmyofoebis mimdebare teritoria (N5) 230 

6 Tevzis restornis mimdebare teritoria (N6) 220 

 

 

cxrilis monacemebidan Cans, rom gamokvleul adgilebSi anaprilinis 

koncentacia mniSvnelovania, rac albaT gamowveulia imiT, rom am adgilebSi, 

Camdinare wylebi iRvrebodnen uSualod wyalSi da ar uerTdebodnen Camdina-

re wylebis Semkreb koleqtors. maTi warmoSobis wyaroebis dazusteba, kvle-

vis Semdeg amocanas warmoadgens. 

aqedan gamomdinare, saWiroa ufro mkacri regulaciebis SemuSaveba, 

raTa moxdes zedapiruli wylebis, kerZod ki mdinare mtkvris dabinZurebis 

prevencia. 
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SUMMARY 

POLLUTION OF THE RIVER MTKVARI WITH ANAPRILIN IN THE TERRITORY  

OF TBILISI CITY 

Ebanoidze G.G. 

Georgian Technical University 

As it is known, contamination with pharmaceutical products mainly occurs in the aquatic environment, which is 

followed by dispersion of the food chain due to their low variability. The paper discusses the issues of 

contamination of surface waters with pharmaceuticals. Their disposal in wastewater treatment plants is variable 

and depends on the properties of the substance and the process conditions (sludge retention time, hydraulic 

retention time, temperature). The object of research is the pollution of the Mtkvari River in Tbilisi with the 

antihypertensive drug - anaprilin. The amount of anaprilin was determined in the River Mtkvari in predetermined 

areas where high concentrations of carbamazepine group drugs were detected. It has been established that the 

concentration of anaprilin in the investigated areas is significant, which is probably due to the fact that in these 

areas, wastewater was discharged directly into the river and did not join the wastewater collector. Determining 

the sources of their origin is a task after research. 

Keywords: pharmaceutical products, anaprilin, Mtkvari River, wastewater. 
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diklofenakis sezonuri cvlilebebi mdinare mtkvarSi gardabnis 

Camdinare wylebis gamwmend nagebobis mimdebare teritoriaSi 

 

suramelaSvili e.r. 
saqarTvelos teqnikuri universiteti 

 
wylis dabinZureba warmoadgens seriozul ekologiur problemas [1_3]. 

wyali dabinZurebulia rogorc bunebrivi, aseve anTropogenuri warmoSobis 
produqtebiT. swrafi industrializacia, mwiri wylis resursebis Warbi ga-
moyeneba da mravali sxva faqtori ganapirobebs wylis dabinZurebas [4]. wylis 
dabinZurebis gamomwvev mizezebs Soris gansakuTrebiT mniSvnelovania munici-
paluri Camdinare wylebiT dabinZureba. marTalia, qalaqebis umravlesobaSi 
municipaluri Camdinare wylebi eqvemdebareba gawmendas gamwmend nagebobebSi, 
magram konveqciuri gawmendis teqnologia ver uzrunvelyofs Camdinare 
wylebis gawmendas iseTi nivTierebebisagan, rogoricaa xelovnurad miRebuli 
araorganuli produqtebi [5]. maT miekuTvneba pesticidebi, zedapirulad aqtiu-
ri naerTebi (sarecxi saSualebebi), individualuri moxmarebis produqtebi da 
farmacevtuli preparatebi. 

gansakuTrebiT saSiSia farmacevtuli saSualebebiT wylis dabinZureba 
[6]. farmacevtuli saSualebebi xvdebian Camdinare wylebSi adamianebisa Tu 
cxovelebis mier wamalsaSualebebis miRebis Semdeg garemoSi gamoyofil qi-
miurad aqtiur naerTebis saxiT. farmacevtuli preparatebi da maTi metabo-
litebi seriozul saSiSroebas uqmnian wyalSi mcxovreb organizmebs. Tevzeb-
Si, am wylebiT morwyuli teritoriebSi moyvanili mcenareebSi xdeba far-
macevtuli nivTierebebisa da maTi metabolitebis akumulireba, romelic saf-
rTxes uqmnis adamianebis janmrTelobas. 

amitom Cveni kvlevis obieqtad arCeuli iqna arasteroiduli anTebis sa-
winaaRmdego da tkivilgamayuCebeli (astg) farmacevtuli saSualebebis jgu-
fis warmomadgeneli diklofenaki. diklofenaki farTod gamoiyeneba msof-
lios sxvadasxva qveynebSi, rogorc astg, gansakuTrebiT ki Covid-19-is pande-
miis periodSi. 

nimuSebis Segroveba. diklofenakis sinjebis aReba xdeboda mtkvris im 
nawilSi, sadac Caedineboda gardabnis Camdinare wylebis gamwmendi nagebobis 
efluenti. sinjebis aReba xdeboda weliwadSi orjer 2019, 2020 da 2021 wleb-
Si, ianvarSi da ivlisSi, saqarTvelos „wylis sinjis aRebis sanitariuli 
wesebis“ reglamentis mixedviT [7]. sinjebi dauyonebliv gadaitaneboda labo-
ratoriaSi da xdeboda maTi analizi. 

diklofenakis gansazRvra wyalSi xorcieldeboda Txevadi qroma-
tografiisa meTodiT [8]. diklofenakis standartuli xsnari (1 g/l) momzadda 
natriumis diklofenakis gamoyenebiT (Sigma Aldrich, India). deionizebul wyalSi. 
gamxsnelad gamoyenebuli yvela sxva xsnari iyo HPLC-s xarisxis.  

wylis nimuSebi (100 ml), dayvanili iyo pH 2-mde, gafiltruli 0,5 mkm mi-
nis filtrebis gamoyenebiT, CaitvirTa kartrijSi, nakadis siCqariT _ 5 ml/wT, 
gamoirecxa 15 ml eTilis acetatiT/acetoniT, 1:1 (moc/moc). Segrovebuli 
eqstraqtebi gaSrobil iqna mbrunav vakuumur amaorTqlebelSi. derivatizacia 
ganxorcielda 30 μL N-meTil-N-(trimeTilsilil) triftor acetamidis gamo-
yenebiT da Semdeg inkubirebuli iyo 65 °C-ze 35 wuTis ganmavlobaSi. 

qromatografiuli analizi ganxorcielda Agilent 1260 Infinity Quaternary LC 
sistemiT, romelSic xdeboda nimuSis avtomaturi aReba [8]. monacemebi Segrov-
da OpenLab EZChrom Elite programuli uzrunvelyofiT. gamocalkeveba miRweuli 
iqna +30°C temperaturaze. kvleva Catarda 230 nm talRis sigrZeze, qro-
matografiuli pirobebis msvlelobis dro _ 10 wT. 
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Sedegebi da msjeloba. diklofenakis sezonuri ganawileba mdinare 
mtkvarSi mocemulia cxr.1-Si. rac ufro TvalnaTliv Cans histogramaze (nax.1). 

 
cxrili 1. diklofenakis raodenoba md. mtkvarSi (mkg/l) 

 
 
 
 
                                   
                                                                                                     
                          1        2           1       2          1     2        

 
 
nax. 1. diklofenakis raodenoba md. mtkvarSi sezonebis mixedviT (mkg/l)  

(1 _ ianvari, 2 _ ivlisi) 
 
rogorc monacemebidan Cans raodenoba cvalebadia. ram gamoiwvia dik-

lofenakis raodenobis aseTi meryeoba? 
pirvel rigSi unda ganvsazRvroT mosaxleobis raodenoba, romelsac em-

saxureba gardabnis Camdinare wylebis gamwmendi nageboba. saqarTvelos sta-
tistikuri samsaxuris informaciis mixedviT am qalaqebSi mosaxleobis rao-
denobaa: Tbilisi ~1 100 000, rusTavis ~128 000 da mcxeTis ~7 800 adamians. 

sul jamSi gamodis ~1 235 000 adamiani. 
magram, amas ematebian vizitorebi, romelTa raodenoba sakmaod didi 

iyo pandemiis dawyebamde da Semdeg Semcirda. 
saqarTvelos statistikuri samsaxuris informaciis mixedviT vizitore-

bis raodenoba Semdegnairad ganawilda (cxr. 2): 
 

       cxrili 2.  vizitorebis raodenoba 
 
 
 
 
 
sul jamSi am periodebSi mosaxleTa raodenoba iqneba (cxr. 3). 
 

      cxrili 3.  mosaxleobis raodenoba 
 
 
 
 
 
 
es ufro TvalnaTliv Cans histogramaze. 

weli ianvari ivlisi 
2019 0,85 1,3 
2020 0,83 0,7 
2021 0,66 0,85 

weli ianvari ivlisi 
2019 400 000 900 000 
2020 373 000 46 000 
2021 43 000 241 000 

weli ianvari ivlisi 
2019 1635000 2135000 

2020 1608000  1281000 
2021 1278000 1476000 
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                  1    2         1      2        1      2  

 
nax. 2.  Tbilisis mosaxleoba sezonebis mixedviT vizitorebis gaTvaliswinebiT 

(1 _ ianvari, 2 _ ivlisi) 
 

Tu SevadarebT nax. 1 da 2 davinaxavT, rom diklofenakis raodenobis 
meryeoba emTxveva Tbilisis mosaxleobis sezonur cvlilebebs. 

aqedan SegviZlia gamovitanoT Semdegi daskvnebi 
1. gardabnis gamwmendi nagebobaSi ar xdeba diklofenakis sruli moci-

leba.  
2. mtkvris gardabnis Camdinare wylebis gamwmendi nagebobis akvatoriaSi 

diklofenakis raodenoba emTxveva Tbilisis mosaxleobis sezonur cvlilebebs. 
3. gardabnis Camdinare wylebis gamwmend nagebobaSi saWiroa damatebiTi 

kvanZis damontaJeba, magaliTad ozonizaciis, romelic srulyofilad moaci-
lebs diklofenaks efluentidan. 
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SUMMARY 
SEASONAL CHANGES OF DICLOFENAC IN THE AREA ADJACENT TO THE GARDABANI 
WASTEWATER TREATMENT PLANT IN THE MTKVARI RIVER 
Suramelashvili E.R. 
Georgian Technical University 
Water pollution is a serious environmental problem. Among the causes of water pollution it is especially impor-
tant to single out municipal wastewater pollution. Pollution of water by pharmaceuticals is especially dangerous. 
Pharmaceuticals are found in wastewater as chemically active compounds released into the environment after 
ingestion of drugs by humans or animals.As the study object was chosen Diclofenac, a member of the group of 
nonsteroidal anti-inflammatory and analgesic drugs. Diclofenac samples were taken in the part of the River 
Mtkvari where the flowed effluent from the Gardabani wastewater treatment plant (WWTP). Samples were taken 
twice a year in 2019, 2020 and 2021, in January and July, and were immediately analyzed in the laboratory. 
Based on the research results, the following conclusions can be made:1. Diclofenac is not completely removed in 
Gardabani WWTP. 2. The amount of diclofenac in River Mtkvari near the Gardabani WWTP coincides with 
seasonal changes in the population of Tbilisi. 3. An additional node needs to be installed at the Gardabani 
WWTP, for example ozonation, which will completely remove diclofenac from the effluent. 
Keywords: wastewater, treatment plant, pharmaceutical preparations 
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sakvebdanamatTa koncentratebi momavlis kvebis  

produqtebis funqcionirebisTvis 

 
CigogiZe n.S., wivwivaZe T.i., sulaqveliZe g.a. 

  
saqarTvelos teqnikuri universitetis  

biologiurad aqtiurAnivTierebaTa kvlevis samecniero centri  
 

funqcionirebaSi igulisxmeba iseTi kvebis produqtebi, romlebic 
arsebiT keTilSobilur zemoqmedebas axdenen adamianis organizmis garkveul 
fiziologiur funqciasa da sistemaze. isini aseve aumjobeseben adamianis jan-
mrTelobis mdgomareobas, amaRleben imunitets da amcireben ama Tu im daa-
vadebaTa warmoqmnis risks anu funqciuri kvebis procesebi _ es aris gansa-
kuTrebuli jgufi, romelic ar miekuTvneba samkurnalo preparatebsa da kve-
bis kategoriebs, magram emsaxureba organizmis funqciuri sistemis srulyo-
fasa da adamianis janmrTelobis gaumjobesebas [1, 4-11].  

aqedan gamomdinare, maT uWiravT Sualeduri adgili Cveulebriv pro-
duqtebsa, romlebic damzadebulia tradiciuli teqnologiebiT, da samkur-
nalo produqtebs Soris [2,3].  

specifikuri ingredientebis koncentraciebi, romlebic arseboben funq-
ciur produqtebSi da axdenen maregulirebel zemoqmedebas adamianis orga-
nizmze, axloa fiziologiurTan, amitom aseTi produqtebi SeiZleba movixma-
roT xangrZlivi drois ganmavlobaSi [5,12].  

zemoTqmulidan gamomdinare, sakvebi produqtebi SeiZleba miekuTvnos 
funqcionalurTa rigs, Tuki masSi bioaTvisebadi komponentebi imyofeba         
10_50%-is farglebSi da SesabamisobaSia saSualo dReRamur nutrientul mo-
TxovnebTan [8, 10, 13]. 

funqciuri kvebis amocanebi: 
1. imunuri sistemis ganmtkiceba;  
2. saziano toqsinebis gamotana organizmidan; 
3. gamaaxalgazrdavebeli efeqti; 
4. brZola Warb wonasTan; 
5. zogierTi xandazmuli avadmyofobis profilaqtika, magaliTad, aTe-

rosklerozi, II-e tipis diabeti, alcheimeris daavadeba da sxv. 
6. arterialuri wnevis normalizacia; 
7. antisxeulis titris zrda vaqcinaciis Semdeg, epidemiis dros;       
8. Tavisufali radikalebis warmoqmnasTan brZola (antioqsidanturi 

aqtivoba). 
momavlis sakvebis funqciuri produqtebisTvis kvebis danamatebis 

koncentratTa Sedgeniloba: 
qarvamJavas ceziumi (ceziumis suqcinati). moluri masa 381,92. 
qarvamJava Sedis g. krebsis ciklSi da monawileobs praqtiku-
lad metaboluri procesebis umetesobaSi. mniSvnelovan 
rols asrulebs ujredovan sunTqvaSi, xels uwyobs Jang-
badis ukmarisobasTan brZolas (hipoqsia), rac gansakuTrebiT 

mniSvnelovania onkodaavadebebSi. 
fumarinis mJava (trans _ butendienis mJava). moluri masa 
116,1; dnobis temperatura 278ºC. trikarbonmJavas cikli 
(krebsis cikli), warmoadgens kvanZs, sadac Tavs iyris 
praqtikulad yvela metaboluri gza. qarvis mJavasTan 
erTad fumarinis mJava Sedis g. krebsis ciklSi da 
warmoqmnis Jangva-aRdgenis sistemas.  
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HSOCHCHNH 3222   taurini (2-aminoeTansulfomJava) _ moluri masa 125,15;          

dnobis temperatura 328_329ºC. igi ZiriTadad ibrZvis qsovilebisa da organoe-
bis aRdgenisaTvis. aucilebelia nervuli sistemis, Tvalebis, kunTebisa da 
kanis  normaluri ganviTarebisaTvis. 

glicini Gly (glikokoli) COOHNCHH 22  (aminoZmarmJava). moluri masa 75,07; 

dnobis temperatura 232_236ºC. advilad ixsneba wyalSi. warmoadgens damamux-
ruWebeli moqmedebis tipis centralur neiromediators. axdens sedatiur 
moqmedebas. aumjobesebs metabolur procesebs tvinis qsovilebSi. axdens da-
debiT gavlenas kunTebis distrofiebis dros. asustebs alkoholisadmis mid-
rekilebas da gamoiyeneba qronikuli alkoholizmiT daavadebulTa samkurna-
lod, aseve ixmareba kompleqsur TerapiaSi tvinis sisxlis mimoqcevis darRve-
vis dros, iSemiuri insultis mwvave periodSi, aseve nevrozisa da vegetosis-
xlZarRvovani distoniis dros da a.S.  

karnozini _ mniSvnelovani dipeptidi kunTebisa da 
tvinisTvis. SeiZleba Seasrulos buferuli funqcie-

bis roli. pH-is fiziologiuri mniSvnelobis (  -

alanil_L-histidini)   dros. 
 
 
 
 

 

acetili _ L _karnistini  _ cximebis dawvisa da energiis wyaro.    
silimarini _ jamuri preparati flavonoiduri naerTebis jgufidan, axdens 
hepatoproteqtorul moqmedebas. yvela maTgans aqvs fenilqromanuli struq-
tura da xasiaTdebian hepatoproteqtoruli aqtiurobiT. 
gojis kenkras (Jolos) eqstraqti _ mZlavri antioqsidanti, efeqturia sim-
sivnuri daavadebebis profilaqtikisTvis.  
vaSlis peqtini _ sakvebi danamatis Semavsebeli. xels uwyobs organizmidan 
toqsinebis gamoyofas. akavSirebs toqsikur mZime metalebs, rogoricaa tyvia, 
kadmiumi, vercxliswyali, dariSxani da sxv. 

 ZiriTadi daskvnebi: 
pirvelad dadgenilia momavlis sakvebi danamatebis koncentratebis 

Sedgeniloba, fizikur-qimiuri da mediko-biologiuri Tvisebebi. fumarinis 
mJava, qarvis mJavasTan erTad, mniSvnelovan rols asrulebs ujredovan 
sunTqvaSi, xels uwyobs Jangbadis ukmarisobasTan (hipoqsia) winaaRmdeg brZo-
las, rac Zalian mniSvnelovania onkodaavadebebSi.    

taurini warmoadgens safuZvels qsovilebisa da organoebis aRdgenasa 
da nervuli sistemis, Tvalebis, kunTebisa da kanis normalur ganviTarebaSi. 

glicini rogorc muxruWuli tipis moqmedebis neiromediatori axdens 
relatiur moqmedebas, aumjobesebs metabolur procesebs tvinis kanSi, da-
debiT gavlenas axdens kunTebis distrofiaSi. ixmareba tvinis sisxlZarRvTa 
kompleqsur TerapiaSi. gamoiyeneba tvinis sisxlZarRvTa kompleqsur Tera-
piaSi mwvave iSemiuri insultis periodSi. 

karnozini mniSvnelovani dipeptidi tvinisa da kunTebisTvis. SeiZleba 

Seasrulos buferuli funqcia pH -is fiziologiur mniSvnelobaTa dros. 

silimarini preparati flavonoiduri naerTebis jgufidan, axdens 
hepatotropul moqmedebas, axasiaTebs hepatoproteqtoruli aqtiuroba. 

gojis kenkras eqstraqti _ mZafri antioqsidanti, efeqturia simsivnur 
daavadebaTa profilaqtikisTvis.     
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vaSlis peqtini sakvebi danamatis Semavsebeli. xels uwyobs organiz-
midan toqsinebis gamotanas. erTmaneTTan akavSirebs mZime toqsiur metalebs, 
rogoric aris tyvia, dariSxani, kadmiumi, vercxliswyali da sxv.  
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SUMMARY 

NUTRITIONAL CONCENTRATES FOR THE FUNCTIONING OF FOODS OF THE FUTURE 

Chigogidze N.Sh., Tsivtsivadze T.I. and  Sulakvelidze G.A. 

Scientific Center for Research of Biologically Active Substances of  Georgian Technical University 

The search and creation of promising food products of the future based on new chemical and biological 

compounds is a very long and expensive process that requires painstaking work and joint efforts of scientists and 

specialists. The food of the future will significantly improve people's health, incomparably increase immunity 

and reduce the risk of diseases, as a result, the concentration of specific ingredients in functional products will 

have a regulatory effect on the human body and will be close to physiological; Such products can be consumed 

for a long time. This article presents the composition of future food supplement concentrates that play an 

important role in cellular respiration and help fight oxygen deprivation. 

Keywords: atherosclerosis, alzheimer’s disease, immune system, functioning, specific Ingredients, bioavaila-

bility, nutrients. 
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skolamdeli asakis bavSvTa faqtiuri kvebis koreqcia 

biologiurad aqtiuri naturaluri danamatebis gamoyenebiT 

 

ergemliZe T.d., qarCava m.s., berulava i.o., afxaZe q.r. 
 

akaki wereTlis saxelmwifo  universiteti 
 
skolamdeli asakis bavSvebisaTvis gansakuTrebuli mniSvneloba aqvs 

maTi kvebis sworad organizebas, radgan am periodSi mimdinareobs organizmis 
intensiuri zrda, yalibdeba Zvlovani da kunTovani sistema, formirdeba nei-
ro-humoraluri da imunuri sistemebi. aRniSnuli procesebi moiTxovs saWiro 
raodenobisa da Tanafardobis plastikuri, regulatoruli da sxva biolo-
giurad aqtiuri nivTierebebis uwyvet miwodebas organizmisaTvis. maTi defi-
citi an nakleboba iwvevs bavSvis organizmSi mimdinare sasicocxlo procese-
bis Seferxebas, rac vlindeba deficituri mdgomareobebis _ anemiis, raqitis, 
cilovan-energetikuli ukmarisobis, paratrofiis, ioddeficitis Camoylibeba-
Si, qronikuli daavadebebis formirebaSi, fizikuri da neiro-fsiqologiuri 
ganviTarebis SeferxebaSi, aramdgradi imunuri sistemis CamoyalibebaSi, rac 
janmrTelobis seriozuli darRvevebiT vlindeba ukve zrdasrul asakSi. swo-
rad organizebuli kveba gulisxmobs naturaluri da uvnebeli produqtebis 
gamoyenebiT, srulfasovani cilebiT, ujeri cximovani mJavebiT, monelebadi 
da mounelebadi naxSirwylebiT, vitaminebiT, mikro- da makroelementebiT, 
pro- da prebiotikebiT dabalansebuli racioniT bavSvis organizmis „sworad 
gawerili grafikiT“ uzrunvelyofas, risTvisac pirvel rigSi saWiroa maTi 
faqtiuri kvebis statusis analizi da Semdeg misi koreqcia naturaluri  
biologiurad aqtiuri danamatebis gamoyenebiT. 

imereTis regionis qalaqebis (quTaisis, zestafonis, Terjolis, baRda-
Tis, wyaltubos, samtrediis da saCxeres) skolamdeli aRzrdis dawesebule-
bebis magaliTze Seswavlilia skolamdeli asakis 18 322 bavSvis faqtiuri 
kvebis statusi, risTvisac Catarda: 1. skolamdeli asakis bavSvTa  kvebis ra-
cionis analizi; 2. kvebis racionSi gamoyenebuli nedleulis dRiuri raodeno-
bis analizi; 3. kvebis dRiur racionSi ZiriTadi sakvebi nivTierebebis _ ci-
lebis, cximebis, naxSirwylebis  Semcvelobis analizi; 4. kvebis dRiur racion-
Si  vitaminebis (A, B1, B2, B6, B9, B12, E, PP, C, D, K) Semcvelobis analizi; 5. kvebis 
dRiur racionSi mineralebis (K, Ca, Mg, P, Fe, I, Mn, Cu, Mo, Se, F, Cr, Zn)  
Semcvelobis analizi; 6. dRiuri racionis energetikuli Rirebulebis  anali-
zi; 7. dRiuri racionis makro- da mikro nutrientebiT  dakmayofilebis xa-
risxis analizi 1_3 wlamde da 3_6 wlamde asakis bavSvebisaTvis. 

 dadgenilia, rom imereTis regionis skolamdeli aRzrdis dawesebule-
bebSi danergilia 4-jeradi kvebis reJimi _ sauzme, waxemseba, sadili, samxari. 
kerZebis asortimenti moicavs saqarTvelos mTavrobis #487 dadgenilebiT       
„adreuli skolamdeli aRzrdisa da ganaTlebis dawesebulebebSi kvebis or-
ganizebisa da raciionis kvebiTi Rirebulebis normebis damtkicebis Sesaxeb“  
(30.10.2017) gansazRvruli produqtebis yvela jgufs: salaTebs, fafebs, supebs 
(wvnians,) xorcis, Tevzis, frinvelis, burRulis, xaWos da kvercxis kerZebs, 
garnirebs, sasmelebs, axal xils, bostneuls, purs,  fqvilovan kulinarul 
da sakonditro nawarms, magram TiToeuli jgufSi kerZis asortimentis mra-
valferovneba sxvadasxva municipalitetebisaTvis gansxvavebulia.  gansxvave-
bulia erTidaigive kerZis gacemis normac calkeuli municipalitetis 
skolamdeli aRzrdis dawesebulebebSi. uTanabroba asortimentsa da ulufis 
moculobaSi kvlevaSi CarTuli sxvadasxva municipalitetebisaTvis iwvevs 
Sesabamis sxvaobebs bavSvTa organizmis sakvebi nutrientebiT dakmayofilebis 
xarisxSi, rac calsaxad dadasturda momdevno kvlevebiT [1-5].  
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bavSvTa dRiur racionSi gamoyenebuli nedleulis analizis Sedegad 
dadgenilia rom  racionSi Warbobs bostneuli da marcvleuli produqtebi.  
aRiniSneba xorcis, rZis produqtebisa da xilis nakleboba. 

dRiur racionSi ZiriTadi sakvebi nivTierebebis _ cilebis, cximebis, 
naxSirwylebis, aseve vitaminebisa da mineralebis Semcvelobis analizs vax-
dendiT Semdegi sqemiT: 1. racionSi gamoyenebuli TiToeuli nedleulisaTvis 
vadgindiT sakvlevi nivTierebebis Semcvelobas %-Si, nedleulisa da sakvebi 
nivTierebebis danakargebis gaTvaliswinebiT produqtis pirveladi damuSa-
vebisa da Tburi kulinaruli damuSavebis dros. 2. vsazRvravdiT analogiur 
monacemebs TiToeuli qalaqis racionSi gamoyenebuli yvela  nedleulisaT-
vis  da bolos 3. miRebul Sedegebs vadarebdiT bavSvis organizmisaTvis 
saqarTvelos mTavrobis №487 dadgenilebiT gansazRvrul normebs.   

dadgenilia, rom cilebis saerTo raodenobaze moTxovna kvlevis TiT-
qmis yvela obieqtze kmayofildeba mxolod 1-dan 3 wlamde bavSvebisaTvis, xo-
lo 3-dan 6 wlamde bavSvebisaTvis es danaklisi imereTis regionisaTvis 
saSualod Seadgens 26%-s. cxoveluri cilis danaklisi imereTSi  1-3 wlamde 
bavSvebisTvis saSualod  32%-ia, xolo 3_6 wlamde asakis bavSvebisaTvis  65%. 
dadgenilia, rom racionSi 1-dan 3 wlamde  da 3-dan 6 wlamde bavSvebis fi-
ziologiuri moTxovnebi vitaminebze dakmayofilebulia Semdegnairad: B1 vita-
mini _ 80% da 49,4%, B2 vitamini _ 83,5% da 57,7%, B6 vitamini _ 80,1% da 49,6%, 
B9 vitamini _ 51,3% da 25,6%, B_ vitamini _ 122% da 89,38%, C vitamini _ 65,1% 
da 50,6%, PP vitamini _ 118,5% da 98,7%, D vitamini _ 4,6% da 4,4%, K vitamini _ 
65,1% da 59,7%, E  vitamini _ 161,8% da 115,6%. hipovitaminozis dadgenili done 
msoflioSi jandacvis organizaciis mier aRiarebulia epidemiad, xolo D vi-
taminis avitaminozi pandemiad, rac srul SesabamisobaSia Cvens mier miRebul 
monacemebTan. 

bavSvTa kvebis dRiur racionSi mineraluri nivTierebebis analizma aC-
vena, rom 1-dan 3 wlamde da 3-dan 6 wlamde bavSvebis fiziologiuri moTxov-
nebi mineralur nivTierebebze dakmayofileblia aseTi saxiT: K _ 95,4% da 
80,7%, Ca _ 49,2% da 39,4%, Mg _135,5%  da 101,5%, P _ 58,62% da 53,9%,   Fe _ 64% 
da 49%;  I _ 17% da 14,9%, Mn _ 289,2% da 289,2%, Cu _ 101,1% da 70%, Mo _ 11,9% 
da 71,99%, Se _ 43% da 43%, F _ 12,2% da 7,1%, Cr _ 43,2% da 30,8%, Zn _ 72,5% da 
55,3%.  

miuxedavad gamovlenili nutriciuli disbalansis poliprofilurobisa 
kvlevis miznad davisaxeT bavSvTa kvebis racionSi im deficituri nivTierebe-
bis Semcvelobis koreqcia naturaluri sakvebi danamatebis gamoyenebiT, rom-
lis warmoebis myari sanedleulo baza gaaCnia saqarTvelos. aRniSnulidan 
gamomdinare membranuli teqnologiebisa da liofiluri Srobis gamoyenebiT 
damuSavebulia Semdegi naturaluri, biologiurad aqtiuri danamatebis teq-
nologiebi: saqarTvelos mineraluri wylis „lugelas“ bazaze kalciumis 
Semcveli (19950 ± 45mg/100g) danamatis teqnologia, feihoas nayofebis bazaze  
iodis Semcveli (430 ± 18mkg%) danamatis teqnologia da askilis nayofebis ba-
zaze C vitaminis Semcveli (2000 ± 31mg%) danamatis teqnologia. miRebuli da-
namatebis gamoyenebiT SemuSavebuli iqna bavSvTa kvebis racioniSi CarTuli 
Semdegi kerZebis recepturebi: Cai, kompoti, bostneulis wvniani (brinjiT, ver-
miSeliT, makaroniT) borSi, xarCo saqonlis xorciT, katleti saqonlis xor-
ciT, katleti Tevzis, funTuSa da puri. 

bavSvTa kvebisaTvis gankuTvnili produqtebis recepturebis gaangari-
Seba moxda racionSi dasamatebeli  biologiurad aqtiuri ingredientis saer-
To raodenobisa da produqtSi danamatis maqsimaliuri dasaSvebi koncent-
raciis eqsperimentulad gansazRvruli monacemebis gaTvaliswinebiT. gasam-
didrebeli produqtebis momzadebis teqnologiebSi cvlileba faqtiurad ar 
momxdara, igi mxolod produqtSi (kerZSi) Sesabamisi sakvebi danamatis Sere-
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viT Semoifargla, rac gaamartivebs SeTavazebuli cvlilebis danergvas sko-
lamdeli aRzrdis dawesebulebebSi. 

tradiciuli da „gamdidrebuli“ racionebis analizma aCvena, rom natu-
raluri, biologiurad aqtiuri sakvebi danamatebis gamoyenebiT bavSvTa kvebis 
racionSi kalciumis deficiti aRmofxvrilia srulad, C vitaminis deficiti 
aRmofxvrilia srulad da iodis deficiti Semcirebulia 85%-dan 55%-mde. 

 vitaminebiTa da mineralebiT gamdidrebuli bavSvTa kvebis produq-
tebis sawarmoo aprobaciis Sedegebis safuZvelze Cvens mier SemuSavebuli 
produqtebis recepturebi da teqnologiebi damtkicebulia q. quTaisis baga-
baRebis gaerTianebis mier da rekomendebulia dasanergad. 
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SUMMARY 

CORRECTION OF ACTUAL NUTRITION OF PRESCHOOL CHILDREN THROUGH THE USE OF 

NATURAL BIOLOGICALLY ACTIVE SUPPLEMENTS     

Ergemlidze T.D., Karchava M.S., Berulava I.O. and  Apkhadze K.R. 

Akaki Tsereteli State University  

The actual nutritional status of preschool children in Imereti region has been studied, and the polyprophylactic 

nature of nutritional imbalance has been revealed. Using the natural food supplements containing calcium, iodine 

and vitamin C, there have been developed recipes and technologies of child nutrition products fortified with 

vitamins and mineral, as a result of which, there was completely eliminated calcium and C vitamin deficiency in 

the food ration, while iodine deficiency was reduced from 85% to 55%. Based on the results of industrial 

approbation of "enriched" products,a,  the new food product recipes and technologies have been approved and 

recommended for introduction by the Kutaisi Day Nurseries Union.  

Keywords:  actual nutrition, child nutrition, vitamins, minerals, fortified products, natural food supolment.  
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aWaraSi gavrcelebuli wyavis pomologiuri da fenologiuri kvleva 

 

surmaniZe d.d. 
 

saqarTvelos teqnikuri universiteti 
 
mosaxleobis raodenobis uprecedento zrdisa da klimatis globaluri 

cvlilebebis fonze msoflios sasursaTo usafrTxoebasa da ekonomikur gan-
viTarebaSi sul ufro mzard rols TamaSobs mcenareTa genetikuri resurse-
bi.Ees resursebi, rogorc agrokulturebis biomravalferovnebis arsebiTi Se-
madgeneli komponenti, mniSvnelovania mdgradi sasoflo-sameurneo warmoebis 
gaZlierebisaTvis da soflis meurneobaSi dakavebuli mosaxleobis uzrun-
velyofisaTvis [1]. 

Tumca, amJamad mcenareTa genetikuri resursebi aris mzardi wnexis qveS 
rogorc globalur, ise regionalur da adgilobriv doneze.Ees mcenareebi 
warmoadgenen sawyis nedl masalas agrokulturaTa gaumjobesebisaTvis, raTa 
miRebuli jiSebi da formebi ukeTesad Seeguon Secvlil klimatur pirobebs, 
rasac garemos fizikuri maxasiaTeblebis (temperatura, tenianoba, naleqebis 
raodenoba) cvlasTan erTad moyveba mavnebel-daavadebaTa speqtris mkveTri 
cvlilebebic. amitom genetikuri mravalferovnebis ufro farTod gamoyeneba 
aucilebelia am da samomavlo gamowvevebis mosagvareblad  [2]. 

saerTaSoriso organizaciebis mier kavkasia, biologiuri mravalferov-
nebis mxriv, erT-erT yvelaze gamorCeul regionadaa aRiarebuli. WWF-is 35 
„prioritetuli adgilidan“ erT-erTi („Savi zRvis didi auzi“) moicavs kav-
kasiis regions; Conservation International-is mier gansazRvruli „biomravalfe-
rovnebis 34 cxeli wertilidan“ (teritoriebi, romlebic gamoirCevian umdid-
resi, magram seriozuli safrTxis qveS myofi biomravalferovnebiT) saqarTve-
los teritoria ori „cxeli wertilis“ _ kavkasiisa da iran-anatoliis Semad-
genlobaSi Sedis.   

aWaris mTebi erT-erTi yvelaze teniani adgilia CrdiloeT naxevarsfe-
roSi. mag. mTa mtirala da mtiralas erovnuli parki yoroliwylisa da Caqvis-
wylis auzebTan erTad aris teritoria, romelsac aqvs naleqebis maqsimumi 
praqtikulad mTel evropasa da dasavleT aziaSi. aq naleqebis raodenoba 
weliwadSi 4000 mm-sac ki aRwevs. es raodenoba Cveulebrivia ekvatorialuri 
tyeebisTvis, braziliisTvis, amazoniisa Tu dasavleT afrikisTvis, magram zo-
mieri klimatisTvis Zalze uCveuloa. tenis aseTi raodenoba warmoSobs im 
uzarmazar tyeebs, romlebsac zomieri klimatis `wvimis tyeebs~ (Temperate Rainfo-

rests) uwodeben. tyeebs ukavia avtonomiuri respublikis farTobis 61%. es maCve-
nebeli gamorCeulad maRalia saqarTvelos (39,1%), mezobeli TurqeTis (11%) da 
mTlianad msoflios (27%) Sesabamis maCveneblebTan. tyis masivebis yvelaze 
meti wili modis zRvis donidan 1000_2000 m-is farglebSi. tyiT dafaruli far-
Tobebis naxevarze meti, 55,9% modis 31 gradusisa da meti daqanebis ferdo-
bebze. am tyeebSi kolxuri floraa – didi uzarmazari xeebiTa da uamravi 
endemuri saxeobiT. mcenarebi, mwerebi, frinvelebi, cxovelebi, zogi saxeoba 
jerac araa bolomde aRwerili. is saxeobebi ki, romlebic met-naklebad mTeli 
kavkasiis tyian nawilebSi gvxvdeba, aWaraSi yvelaze mravladaa SemorCenili. 
gansakuTrebiT subtropikuli, maradmwvane saxeobebi. 2021 wels kolxuri 
reliqturi wvimiani tyeebi da wyalWarbi teritoriebi UNESCO-s msoflio bu-
nebrivi memkvidreobis ZeglTa nusxaSi iqna Setanili. am tyeebis qvetyis erT-
erT mniSvnelovan Semadgenels wyavis mcenareebi qmnis.  

wyavi (Prunus laurocerasus L.) vardisebrTa (Rosaceae) ojaxis, tyemalovanTa 
(Prunoideae) qveojaxis, qliavis (Prunus) gvaris maradwvane xe an buCqia,   rome-
lic simaRliT 12 metramde da metsac aRwevs, farTo priala, ovaluri foT-
lebiT. yvavilebi wvrilia, TeTri feris, aromatuli, nayofi kenkraa. 
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wyavi gamoirCeva qimiuri SedgenilobiT. wyavis foToli Sedgeba eTerze-
Tebisgan, azotSemcveli naerTebisgan, stereoidebisgan, fenolkarbonis mJavis-
gan, С vitaminisgan, flavonoidebisgan, cximebisgan da sxv. wyavis fesvSi aRmo-
Cenilia azotSemcveli naerTebi – cianwyalbadmJava, mTrimlavi nivTierebebi. 
merqani Seicavs fiss; nayofi – naxSirwylebsa da monaTesave naerTebs, antocia-
nebs. wyavis Teslis SemcvelobaSia saqaroza, eTerzeTi, cianwyalbadmJava, amig-
dalini, cximi, nayofi mdidaria vitaminebiT, naxSirwylebiTa da sxva sasar-
geblo nivTierebebiT. cilebisa da mikroelementebis maRali Semcvelobis gamo 
wyavis nayofebs maRali kvebiTi Rirebuleba aqvT da isini funqcionalur kve-
bis produqtebs miekuTvneba. dadgenilia, rom wyavis foTlebs da nayofebs aqvT 
anTebis sawinaaRdego, Semaxorcebeli, gamayuCebeli moqmedeba. mcenaris eqst-
raqtebs aqvT gamoxatuli fungiciduri Tvisebebi [3]. 

wyavis samSoblo dasavleT saqarTvelo da mcire aziaa. miuxedavad 
imisa, rom Cveulebrivi wyavi uZvelesi droidan gamoiyeneba, igi ar gamoirCeva 
jiSobrivi mravalferovnebiT. saqarTvelos soflis meurneobis akademiis in-
formaciiT [4] CvenSi gavrcelebulia wyavis sami jiSi: Savnayofa tkbili 
„nakifu“, TeTrnayofa tkbili, wiTelnayofa msxvili. Tumca wyavis kultivire-
bis ZiriTad regionebSi aqtiurad mimdinareobs seleqciuri samuSaoebi pers-
peqtiuli formebis SesarCevad [5-7]. msgavsi samuSaoebi Catarebulia saqarT-
veloSic Cais, subtropikuli kulturebisa da Cais mrewvelobis samecniero-
kvleviT institutSi (ozurgeTi, anaseuli) [8]. SerCeuli iqna Semdegi formebi: 
forma M14 (Savnayofa Clou), forma 28 (wiTelnayofa msxvili), forma 29 (Savna-
yofa tkbili), forma 33 (movardisfro), forma 40 (Savnayofa narazeni). 

aWaraSi farTodaa gavrcelebuli wyavis rogor kulturuli, ise velu-
ri formebi. am mcenaris kulturuli wyavis nayofs mosaxleoba iyenebs ro-
gorc dietur xils, xolo veluri wyavi simwklartis gamo nedl xilad ar 
gamoiyeneba. araa SemuSvebuli misi gadamuSavebis teqnologiebic. Cveni mizani 
iyo wyavis kulturuli da veluri formebis fenologiuri ciklis Seswavla 
aWaraSi vertikaluri zonalobis gaTvaliswinebiT.   

 dakvirveba warmoebda 2020_2021 wlebSi aWaris avtonomiuri respubli-
kis Semdeg soflebSi da maT mimdebare teritoriebze: qobuleTis municipal-
litetis sof. fiWvnari, boboyvaTi, xelvaCauris municipalitetis sof. kvaria-
Ti (5_50m zRvis donidan), xelvaCauris municipalitetis sof. maxo, feria, qe-
dis municipalitetis sof. qveda maxunceTi, (zRvis donidan 50_250m), qedis mu-
nicipalitetis sof. qveda da zeda agara, woniarisi, kintriSis saxelmwifo 
nakrZali  (zRvis donidan 250_500m), qedis municipalitetis sof. meZibna, ja-
labaSvilebi, Suaxevis municipalitetis sof. nenia (zRvis donidan 500_800m). 

dakvirvebis Sedegebi mocemulia cxrilSi. 
 

cxrili N1. fenologiuri fazebis mimdinareobis periodebi wyavis mcenareebSi 
 

fenologiuri faza 
simaRle zRvis donidan 

5_50 m 50_250 m 250_500 m 500_800 m 

vegetaciis dasawyisi 
8_24 

dekemberi 
25_31 

dekemberi 
20 ianvari _15 
Tebervali 

25 dekemberi_15 
ianvari 

kokrebis 
gamocalkeveba 

24 dekemberi 
_ 1 aprili 

30 dekemberi 
_ 10 aprili 

29 ianvari _    
12 aprili 

4 ianvari _          
20 aprili 

yvaviloba da nayofis 
gamonaskva 

28 marti _  
5 aprili 

1_15 aprili 10_30 aprili 15_30 aprili 

vegetaturi zrdis 
dasawyisi –dasasruli 

3 aprili _ 
30 maisi 

10 aprili _ 
12 ivnisi 

15 aprili _ 
15 ivnisi 

22 aprili _          
16 ivnisi 

ylortebis meoradi 
zrda 

15 ivlisi _ 
8 agvisto 

18 ivlisi _ 
10 agvisto 

16 ivlisi _  
8 agvisto 

25 ivlisi _            
17 agvisto 

nayofis momwifeba 10_25 ivlisi 10_25 ivlisi 
15 ivlisi _  
5 agvisto 

18 ivlisi _          
10 agvisto 
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 ganviTarebis yovelwliur ciklSi wyavis mcenareebi gadian Semdeg 
fenologiur fazebs: generaciuli kvirtebis daberva da gaRiveba (vegetaciis 
dasawyisi), kokrebis gamocalkeveba, yvaviloba da nayofis gamonaskva, vege-
taturi kvirtebis daberva da gaSla (ylortebis zrdis dasawyisi), ylortebis 
pirveladi zrdis dasasruli, ylortebis meoradi zrda, nayofis momwifeba. 

rogorc cxrilis monacemebidan Cans, gansxvaveba fenologiuri fazebis 
dadgomas Soris vertikaluri zonalobis mixedviT ramdenime dRes Seadgens, 
garda vegetaciis dasawyisisa, radgan am periodSi (dekember-ianvarSi) tempera-
turaTa sxvaoba didi iyo, roca zRvis maxloblad saSualo temperatura 
10_15o

C-s Seadgenda, qedisa da Suaxevis municipalitetis soflebSi Tovli 
ido. nayofis damwifebis periodi, romelic yvelaze sainteresoa teqnologiu-
ri TvalsazrisiT, daaxloebiT 30_40 dRes Seadgens. 
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SUMMARY 

POMOLOGICAL AND PHENOLOGICAL RESEARCH OF CHERRY LAUREL IN ADJARA 

Surmanidze D.D. 

Georgian Technical University 

The article presents the results of pomological and phenological studies of cherry laurels in Adjara. Forests 

occupy 61% of the territory of Adjara. One of the components of the undergrowth of these forests is cherry 

laurel plants. This genetic resource is hardly used, so its study is interesting given the prospects for application. 

In addition to wild cherry laurel in Adjara, three cultural varieties are found. The periodicity of phenological 

phases varies depending on the vertical zonality, which for laurel plants in Adjara is 5-800 meters from sea level. 

Keywords: cherry laurel, forms of cherry laurel, phenology. 
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aWaraSi gavrcelebuli mocxaris gvaris (Ribes  L.) biologiuri 

Taviseburebani 

 

memarne q.g. 
 

saqarTvelos teqnikuri universiteti 
 
kenkrovan mcenareTa Soris, unikaluri sameurneo da samkurnalo Rirse-

bebiT xasiaTdeba mocxaris gvari _ Ribes L. (ojaxi: xunwisebrTa _ Grossularia-

ceae) rogorc velurad mozardi, ise kulturuli formebi da jiSebi. isini  
1,0_3,0 m simaRlis buCqebia, datotvili Rero swormdgomia, Reros qerqi mowi-
Talo, axalgazrda totebis qerqi ki moyviTalo-ruxi Seferilobisaa, norCi 
ylortebi momwvanoa. surnelovani, 3_5-nakvTiani yunwiani foTlebi morigeo-
biTaa ganlagebuli, zemodan SiSvelia, muqi mwvane, qvemodan ki ufro mkrTa-
li, ZarRvebis gayolebiT bususiani, mofenilia oqrosferi jirkvlovani wer-
tilebiT. foTlis firfita farTo samkuTxaa, Sua nawilSi ganieria,  kide 
xerxisebr dakbilulia;  yvaviledi Sedgeba 5_12 yvavilisagan da warmoadgens 
5-_8 sm-mde sigrZis mtevans. yvavilebi mowiTalo ferisaa, farTo zarisebri,  
5_10 cali Sekrebilia TavCaqindrul mtevnad. nayofi mravalTesliania, sfero-
seburi, wvniani. kenkris diametri 7_10 mm-ia. mis wveroze yvavilisafris naS-
Tia. simwifisas cildeba yunws. mocxari yvavilobs mais-ivnisSi, zogan ufro 
adrec. nayofi mwifdeba ivlis-agvistoSi, rac damokidebulia imaze, Tu zRvis 
donidan ra simaRleze izrdeba [1,2]. 

Savi da wiTeli mocxaris saxeobebisa da jiSebis  farTo speqtri arse-
bobs, romlebic gansxvavdebian simwifeSi Sesvlis periodiT, buCqis zrdis siZ-
lieriT da formiT, nayofebis zomiT, gamZleobiT daavadebis mimarT da sxv.  

Savi mocxari gavrcelebulia evropaSi, aziaSi, amerikaSi. izrdeba nes-
tian tyeebSi, velebze, mdinareTa da tbebis piras, zRvis donidan 2000 m simaR-
lemde, qmnis patara koromebs. saqarTveloSi velurad ar gvxvdeba, Semota-
nilia kulturaSi. maT Soris, yvelaze farTod gavrcelebuli saxeobebia: 
Ribes  Sativum Syme (wiTeli, TeTri da vardisferi mocxari) da Ribes  nigrum (Savi 
mocxari). mocxaris orive forma velurad izrdeba CrdiloeT evropasa da 
cimbirSi.  Savi mocxaris nayofi Savi Seferilobisaa, foTlebi da kenkra Za-
lian surnelovania eTerzeTebis maRali Semcvelobis gamo, romelsac Seicavs 
specialuri jirkvlebi, romlebic mWidrodaa mofenili foTlebis qveda 
zedapirze. Savi mocxari wiTelisgan gansxvavebiT ufro mwklartea, magram 
aqvs gansakuTrebuli aromati, ris gamoc masze didi moTxovnaa gadamamuSa-
vebel mrewvelobaSi. TeTri mocxari aris wiTeli mocxaris naklebad mJave 
albinosuri forma, sasiamovnoa misi nedli saxiT moxmareba. vardisferi mo-
cxari ki xasiaTdeba uferuli kaniT da vardisferi rbilobiT. wiTeli mo-
cxaris nayofi gamoiyeneba rogorc nedlad, ise gadamuSavebuli saxiT. oqros-
fer mocxars iyeneben, rogorc dekoratiul buCqs, tyis damcav zolSi, saZi-
red xurtkmelisa da mocxris Stambiani formis misaRebad [1,2].  

saqarTveloSi veluri saxiT gavrcelebulia mocxaris 3 saxeoba: 
• kldis mocxari (Ribes biebersteinii Berl. ex DC.), areali _ anatolia; 
• aRmosavluri mocxari (Ribes orientale Desf.), areali _ kavkasia, anatolia, 

irani; 
• mTis mocxari (Ribes alpinum L.), areali _  kavkasia, anatolia _  Sua da 

CrdiloeT  evropa;  
aWaris maRalmTian zonaSi velurad izrdeba Semdegi saxeobebi: 
 biberSteinis mocxari _ Ribes Bibersteinii Berl. ex DC. _ 2 m-mde simaRlis 

foTolmcveni buCqia. 10_13 sm sigrZis foTlebi gulisebri formisa, 12 sm-mde 
sigrZis, orsqesiani yvavilebi viwro mtevnebadaa Sekrebili, gvirgvinis furc-
lebi muqi mewamuli SeferilobiT gamoirCeva; 6_7 mm sigrZis kenkra nayofi 
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sferosebri, moSavo-wiTelia; aWaris floristul regionSi gavrcelebulia 
Sua sartylidan subalpur tyeebamde, Semdgom vxvdebiT mindvrebsa da veleb-
ze, ferdobebze. kenkra nayofi saWmelad vargisia. biberSteinis mocxars ufro 
metad vxvdebiT xulos municipalitetSi, danisparaulSi, naRvarevSi, Ror-
jomSi, sxalTaSi, sariCairSi, tbeTSi, mawyvalTaSi da sxv.  

alpuri mocxari _ Ribes alpinum _ 1,5 m-mde simaRlis foTolmcveni 
buCqia. foTlebi 7_9 sm sigrZis. mtevani yvavilebi  4-sm-mde sigrZis, erTsqe-
siani. yvavili aris mtvrianebiT, mamrobiTi _ ufro moklea. gvirgvinis fur-
celi momwvano-moyviTalo; kenkra nayofi wiTeli feris, 7_8 mm sigrZis.  gavr-
celebulia aWaris Sua da zeda sartyelSi, tyis ferdobebze.  gvxvdeba xu-
los municipalitetSi, naRvarevSi, xixaZirSi, mawyvalmTaSi. 

saqarTveloSi gavrcelebuli saxeobebi ueklo buCqebia. 
kvlevis obieqtad xulos municipaliteti SevarCieT, kerZod, agaris 

xeoba, romelic literaturaSi dasaxelebuli ar aris da amdenad, saintere-
soa misi gamokvleva.  

marSrutuli kvleva CavatareT soflebis: didaWaris, iremaZeebis, saci-
xuris, nasaydralis, agaris mimdebare tyeebsa da mcenareul Tanasazogadoe-
bebSi. agaridan subalpuri mTis Semdegi adgilobrivi dasaxelebis adgilmde-
bareobebi SeviswavleT: bogili, rusTavi, cinwyaro, nakafiseri, wverigani, lu-
Turawyaro, Wolo, nefiwyaro, naTelaTi da sxv. 

alpuri da biberSteinis mocxari bunebrivad swored am midamoebSi 
gvxvdeba, zRvis donidan 1500_2030 metrisa da ufro meti simaRlis pirobebSi.  

GPS _ koordinatebi daaxloebiT aseTia: 41 0 41’ 39.55“ ,  420 28’ 06.01“... [3,4] 
aRsaniSnavia, rom mocxaris saxeobebis gavrceleba aRniSnul xeobaSi 

xasiaTdeba rogorc damoukidebel jgufebad, ise sxvadasxva mcenareul daj-
gufebaSi TanaarsebobiT, es aris mTis zeda sartylisa da subalpuri 
sartylis sazRvari, sadac ZiriTadad dabali xe-mcenareebisa da buCqnarebis 
dajgufebebia. es dajgufebebi ar aris erTiani, isini cal-calkea warmodge-
nili da gamoyofilia mdeloebiT. 

Ribes Bibersteinii Berl. ex DC. izrdeba Semdeg mcenareul dajgufebebSi, sxva-
dasxva saxeobis dominantobiT: 

Acer trautvetteri Medw. _ trautfeteris nekerCxlis dominantobiT arsebul 
mcenareul dajgufebaSi. igi am arealSi dabalmozardi xe-mcenarea. masTan 
erTad jgufSi, biberSteinis mocxaris garda, vxvdebiT saxeobebs: Viburnum 

lantana L.,  Vaccinium myrtillus L., Rhamnus imeretina Booth. (Rhamnaceae Juss.),  balaxovnebidan: 

tilWiri - Aconitum nasutum Fisch. (=A. brachynasum kem.-Nath.)(Ranunuculaceae Juss.), 1,5 met-
ramde simaRlis. 

Vaccinium myrtillus L. (Vacciniaceae Lindl.) _ mocvi Cveulebrivi, Savi nayo-
febiT, dabali buCqebi. xSiria misi gavrceleba da agvistos TveSi mas hqonda 
uxvi nayofmsxmoiaroba. masTan erTad, biberSteinis mocxaris garda, dajgufe-
baSi Sereuli saxiT izrdeba: Rhamnus imeretina Booth., Frangula alnus Mill. (Rhamnaceae 

Juss.),  Rubus saxafilis L. (Rosaceae Juss.). balaxovnebidan: tilWiri _ Aconitum nasutum 

Fisch. (=A.brachynasum kem.-Nath.)(Ranunuculaceae Juss.), 1,5 metramde simaRlis; 
Heracleum sosnovskyi I.Mand.  (=H.wilhelmsii Fish. Et lall.), 1,5_2 metramde simaRlis. 

Rhododendron luteum L. (Ericaceae L.), yviTeli Sqeris, ielis dominantobiT Seq-
mnil jgufSi biberSteinis mocxaris garda Sereulia saxeobebi: Acer trautvetteri 

Medw., Viburnum lantana L.,  Sorbus  L. gvaris wiTel da narinjisfer nayofebiani 
maRali buCqebi, romelTa zusti saxeobrivi sistematika saintereso iqneba, ag-
vistos TveSi daxunZlulia simwifeSi Sesuli nayofebiT. ieli Zlier domi-
nantobs jgufSi, agvistos TveSi, igi ra Tqma unda, ukve nayofobis fazaSia, da-
narCeni saxeobebi, mocxaris CaTvliT, warmodgenilia erTeuli egzemplarebiT. 

Viburnum lantana L. (Caprifoliaceae Juss.) _ Zaxvelis dominantiT arsebul mce-
nareTa dajgufebaSi biberSteinis mocxaris garda izrdeba: Vaccinium myrtillus L., 
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Sorbus  L., Frangula alnus Mill. Savi Zaxveli, uzani, agvistoSi wiTel da Sav nayo-
febSia. balaxovnebidan: Aconitum nasutum Fisch., Heracleum sosnovskyi I.Mand.   

am midamoebSi, romelic Zalian lamazi gorak-borcvebia, zemoT aRweri-
li calkeuli mcenareuli dajgufebebis garda, aris erTeuli saxeobebis 
jgufebi, magaliTad: mxolod Sorbus  L., Viburnum lantana L., Vaccinium myrtillus L., 

Rhododendron luteum L., Acer trautvetteri Medw. da sxva. maT Soris saTibi mdeloebia. 
gorak-borcvebis ganapira adgilebSi ki arynar-soWnar-naZvnaria. 

rac Seexeba, alpur mocxars, Ribes alpinum L., igi naklebi intensivobiT 
gvxvdeba. igi izrdeba Zalian dabal mcenareulobasTan, jgufSi: Viburnum 

lantana L.,  Rhododendron luteum L., Vaccinium myrtillus L., Rubus saxafilis L., Laurocerasus 

officinalis L. (Zalian dabali, 0,5 metramde), Corylus avelana L.  da sxva. balaxovnebidan, 

garda Aconitum nasutum Fisch., Heracleum sosnovskyi I.Mand.-isa, am jgufSi figurireben 
Hibiscus L., Senecio L. da sxva balaxovnebic.  

vegetaciur-generaciuli ganviTareba maRalmTis pirobebSi normalurad 
mimdinareobs da agvistos pirvel naxevarSi, orive saxeobis mocxari nayo-
febis simwifis fazaSia. agvistos mesame dekadaSi nayofmsxmoiaroba dasas-
ruls uaxlovdeba. axasiaTebT uxvi nayofmsxmoiaroba. 

oficinaluri nedleulia  mocxaris nayofi  da   foTlebi. 
mocxari saukeTeso samkurnalo da sakvebi produqtia, iyeneben nedlad, 

gamxmars, gayinuls, amzadeben murabas, wvens, Rvinos da sxv. mocxaris nedli 
nayofi Seicavs vitamin C-sa da vitamin P-s (1%)-mde, aseve jgufis vitaminnebs, 
rkinas (0,9mg%), karotinoidebs, antocianur naerTebs da maT glikozidebs, eTe-
rovan zeTebs, 10_13% naxSirwylebs, peqtinovan nivTierebebs 4,2_12,6%-mde,  
2,6_3,7%-mde organul  mJavebs,  mTrimlav nivTierebebs, flavonoidebs da sxva.  
ganTqmulia Savi mocxaris Rvinoebic. 

peqtinovan nivTierebebs didi mniSvneloba aqvs adamianis organizmisaT-
vis. isini xels uwyoben nawlavebSi lpobis gamomwvevi mikrofloris ganad-
gurebas, aqvT egzo- da endo- Sxamebis detoqsikaciis unari. dadgenilia, rom 
damcav funqcias asruleben radiaciuli dazianebis dros. peqtini mZlavri 
sorbciuli da radioproteqtoruli TvisebebiT xasiaTdeba, toqsikuri nivTie-
rebebis garda, peqtins aqvs organizmidan oqsalatebisa da mZime liTonebis 
marilebis gamodevnis unari, maT Soris kobaltis, tyviis, spilenZis. sakvebis 
aTvisebis procesis dros peqtinis demetoqsilizacia xels uwyobs mis gar-
daqmnas poligalaqturinis mJavaSi, romelic uerTdeba garkveul mZime liTo-
nebs da radionuklidebs, ris Sedegadac miiReba araxsnadi marilebi, romel-
Ta Sewova kuW-nawlavis traqtidan ar xdeba da gamoiyofian organizmidan 
ganavlovan masebTan erTad. 

peqtini aqtivirebul naxSirze metad adsorbcias ukeTebs ZmarmJava 
tyvias. mas gaaCnia aqtiuri kompleqswarmomqmneli Tviseba radioaqtiuri 
kobaltis, stronciumis, ceziumis, cirkoniumis, ruTeniumis, itriumis da sxva  
liTonebis  mimarT peqtinis mJavebis marilebis warmoqmniT, romlebic Semdeg 
gamoiyofian organizmidan. peqtinebis damcavi Tviseba aseve aixsneba maTi 
unariT, gaaumjobeson nawlavis peristaltika, rac xels uwyobs toqsikuri 
nivTierebebis ufro swraf gamoyofas [3,4]. 

diabetiT daavadebisas peqtini amcirebs sisxlSi glukozis koncentra-
ciis momatebis siCqares sakvebis miRebis Semdgom sisxlis plazmaSi insuli-
nis koncentraciis cvlilebis gareSe. peqtins gaaCnia Semomgarsveli da dam-
cavi funqcia, warmoqmnis ra gels kuWis da nawlavebis lorwovani garsis 
zedapirze, icavs maT agresiuli faqtorebis zemoqmedebisgan. 

flavonoidebis saxelwodeba warmosdgeba laTinuri sityvidan „Flavus“ _ 
yviTeli, radgan mcenareuli nedleulidan gamoyofil flavonoidTa umete-
soba yviTeli Seferilobisaa. adamianis organizmSi isini warmoadgenen efeq-
tur bunebriv antioqsidantebs. maT „naturalur biologiuri reaqciis modi-
fikatorebsac“ uwodeben unaris gamo, Secvalon adamianis organizmis reaqcia 
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sxva naerTebze, rogoricaa alergenebi, virusebi, kancerogenebi. amaze metyve-
lebs maTi anTebis sawinaaRmdego, antialergiuli, antisimsivnuri, antimuta-
genuri Tvisebebi. 

flavonoidebis biologiuri Tvisebebidan yvelaze adre aRmoCenili 
iqna maTi sisxlZarRvebis medegobis gamaZlierebeli moqmedeba. yvelaze cno-
bili flavonoidi, romelic dadebiTad moqmedebs sisxlZarRvebze _ aris ru-
Tini (xandaxan mas vitamin Р uwodeben). Tumca, rogorc kvlevebma aCvena, ruTi-
nis analogiuri Tvisebebi axasiaTebs aTasze met flavonoids. 

flavonoidebs Seicavs kenkrovnebi, maT Soris mocxari, mwvane Cai, ka-
kao, komSi, vaSli, atami, marwyvi, Jolo, yurZnis da wiTeli vaSlis kani, 
broweuli, alubali, badrijani, wiTel kombosto, produqtebi da xili, rom-
lebic Seferilia iisfrad.  

adamianis organizmSi flavonoidebi asruleben imave funqcias, rasac 
mcenareebSi _ boWaven Tavisufal radikalebs (romlebic warmoiqmneba ultra-
iisferi gamosxivebisa da radiaciis zemoqmedebiT), icaven ujredebs membrane-
bisa da ujredSida struqturebs rRvevisagan. amitom flavonoidebis bunebri-
vi eqstraqtebi, kenkrovnebi, maT Soris  mocxari, wiTeli Rvino   zomier nor-
mebSi rekomendebulia gamoiyenon adamianebma, romlebic cxovroben maRali 
radiaciuli fonis raionebSi. 

flavonoidebi warmoadgenen Zlier antioqsidantebs Tavisufali radika-
lebis winaaRmdeg, maT Tavisufali radikalebis menagveebsac uwodeben. maTi 
es moqmedeba dakavSirebulia wyalbad-donoruli unariT. marTlac, flavor-
noidebis fenoluri jgufi warmoadgens H

+ atomebisaTvis xelmisawvdom way-
ros, ase rom, warmoebuli radikalebi SesaZloa delokalizdnen flavo-
noidis struqturis irgvliv. Tavisufali radikalis SemboWavi unari pirvel 
rigSi ganpirobebulia maRali reaqciulobiT hidroqsiluri Camnacvleblebis 
mimarT, romlebic monawileoben reaqciaSi. flavonoidebis antioqsidanturi 
efeqti realizdeba kombinirebuli meqanizmiT da aqvs sinergizmis unari as-
korbinis mJavasa da Е vitaminTan. isini reagireben, rogorc klasikuri feno-
luri radikaluri inhibitorebi. 

aranaklebi mniSvneloba aqvs flavonoidur naerTTa unars warmoqmnas 
kompleqsebi mZime liTonebis ionebTan, rac aris imis safuZveli, rom zogier-
Ti polifenoli antidotis saxiT warmatebiT iqnas gamoyenebuli mZime  li-
TonebiT  mowamvlisas [4]. 

flavonoidebis erT-erT mTavar Tvisebas warmoadgens maTi dadebiTi 
gavlena RviZlis funqciaze. isini aZliereben naRvelis gamoyofas, aumjobe-
seben mis detoqsikaciur SesaZleblobas iseTi nivTierebis mimarT, rogoricaa 
barbituratebi, Tagvis Sxami. organizmis detoqsikacia SesaZlebels xdis 
flavonoidebma gamoamJRavnon Sardmdeni moqmedeba. zogierTi flavonoidi 
dadebiTad moqmedebs saWmlis monelebaze, amcirebs nawlavebis gluvi kun-
Tebis tonussa da kuW-nawlavis traqtis  kunTebis  spazmolitur  moqmedebas. 

Savi mocxaris nayofebs aSroben rkinis saxuravian sxvenze 35_40 0
C   

4_5 saaTis ganmavlobaSi, Semdeg ki 55_60 0
C temperaturaze amTavreben Srobas. 

Srobis dros saWiroa nedleulis gadareva. mSrali nedleulis gamosav-
lianoba Seadgens 18_20%-s nedl masaze gadaangariSebiT.  

Savi mocxaris nayofebsa da foTlebs iyeneben rogorc vitaminur saSua-
lebas suravandis, hipo- da avitaminozis dros, agreTve, sxvadasxva daavadebe-
bis gadatanis Semdeg, romelic organizms fitavs da asustebs. dadgenilia, 
rom mocxars gaaCnia baqteriociduli moqmedebac, rac aixsneba masSi Semavali 
fitoncidebiT. mocxaris wyliani gamonawvlilis cxlad miReba naCvenebia rev-
matizmis dros. mkurnaloba saWiroa ramdenime Tvis ganmavlobaSi. mis foT-
lebSi Semavali eTerzeTiT aixsneba misi diurezuli da anTebis sawinaaRmdego 
efeqti. Savi mocxaris foTlebis TeTr Rvinoze damzadebuli eqstraqti axdens 
matonizirebel gavlenas kuW-nawlavis traqtze, nayofebi ki sasiamovno da 
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metad sasargeblo sakvebia. rogorc zemoT aRvniSneT, iyeneben nedlad, gamx-
mars, gayinuls, amzadeben murabas, wvens, jems da sxva. mocxaris nayofebi 
gamoiyeneba sakonditro mrewvelobaSic. misgan amzadeben liqiorebs. foT-
lisgan Rebuloben eTerzeTs, romelic gamoiyeneba bostneulis damwnilebisas.  

mocxaris erT-erT saxeobas, oqrosfer mocxars, iyeneben dekoratiuli 
mizniT, igi gamoiyeneba cocxal Robed da tyissacav zolSi, iyeneben saZired 
xurtkmelisa da mocxris Stambiani formebis misaRebad. gamSrali foTlebi ki 
Cais surogatia, Sedis `xilis Cais~ mraval nakrebSi. amzadeben gamagrilebel 
sasmelebs. popularulia misi Rvinoebic. foTlebi da kvirtebi ixmareba naye-
nebisa da liqiorebis warmoebaSi. foTlebi ixmareba buraxis damzadebisas. 
foTlebs iyeneben sokos, kitris da pomidvris damwnilebisas maTi aromati-
zirebisaTvis. 

wiTeli mocxari, Cveulebrivi mocxari (laT. Ribes rubrum) _ velurad 
izrdeba evraziis tyis zonaSi. upiratesobas aniWebs mdinareebisa da nakadu-
lebis sanapiroebs, qmnis buCqnarebs. buCqis simaRle 1_2 m aRwevs. ylorti 
nacrisferi an moyviTaloa. merqani momwvanoa, Suaguli Ria ferisaa. yvavilebi 
moyviTalo-momwvano an mowiTalo mura Seferilobisaa. yvavilobs maisSi. na-
yofi Ria mowiTalo Seferilobis wvniani kenkraa, momJavo, diametri 8_12 sm. 
qmnis mtevans. misgan amzadeben jemsa da sxva mraval nawarms. skandinaviur 
qveynebSi gamoiyeneba rogorc supisa da pudingis komponenti. Taflovani mce-
narea.  maRali kvebiTi RirebulebiT gamoirCeva da didi raodenobiT janmrTe-
lobisaTvis sasargeblo nivTierebebs Seicavs. mis moxmarebas urCeven sa-
medicino mizniT arTritebis da revmatizmebis dros [4,5].  

mocxaris samrewvelo plantaciebis Seqmna xels Seuwyobs  mcenaris ge-
nofondis SenarCunebas. es unikaluri mcenare metad  Zvirfasi da Seucvleli 
nedleulia aramarto samamulo farmacevtuli mrewvelobisaTvis, aramed saeq-
sporto potencialis seriozuli perspeqtivac gaaCnia. maTi biologiuri Tavi-
seburebebis gaTvaliswinebiT, fermerul meurneobebSi, mecnierulad dasabu-
Tebuli rekomendaciebis safuZvelze, unda ganviTardes qveynisaTvis istoriu-
lad tradiciuli, amJamad  miviwyebuli prioriteti. 
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SUMMARY 

BIOLOGICAL FEATURES OF THE CURRANT GENUS (Ribes L.) COMMON IN ADJARA 

 Memarne  K.G. 

Georgian Technical University  

The article describes the biological features of species of the genus currant (Ribes L.), common in Adjara, 

discovered as a result of the expedition. The results of expeditionary-route studies of wild currant species 

growing in the highlands of the Khulo municipality of the Adjara region, in particular, in the Agara gorge, on the 

border of the upper and subalpine belts, at an altitude of 1500-2300m and above, above sea level. It is shown that 

in the mentioned gorge the distribution of wild currant species is characterized by both independent groups and 

coexistence in groups of low-growing trees and shrubs. Their chemical composition and use are differentiated. 

Keywords: Berries, Ribes Bibersteinii Berl. ex DC., Ribes alpinum L., Biologically active substances.  
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Rvino „xaSmis saferavi“-is TvisebaTa kavSiri warmoSobis adgilTan 

 

mirvelaSvili m.S, RambaSiZe g.o, salia e.S 
 

saqarTvelos soflis meurneobis samecniero-kvleviTi centri 
  

istoriul wyaroebSi sofeli xaSmi ,,avhaerovanი~ uZvelesi droidan 
moixsenieba soflis zepirsityvierebaSi SemorCenilia venaxis mdebareobis 
ganmsazRvreli saxelebic: yorianebi, korZianebi, Silianebi, Tokebi, yarabu-
laxi. soflis Zvel teritoriebze, rogorc Rvinis warmoebis utyuari mowme, 
SemorCenilia yurZnis gadamuSavebis mizniT  agebuli daxuruli tipis sxvada-
sxva periodis marnebi,  qvevrebiT da marnis inventariT: sawnaxlebi, sxvada-
sxva tipis saRvine WurWeli [1,2]. magram arsebul marnebs Soris, samagaliToa 
im periodisaTvis inovaciuri teqnologiebis gamoyenebiT gadawyvetili Tavad 
ColoyaSvilis marani, `sadac qvevrebs Soris gadioda wyaros wyali, rac 
mudmiv da saWiro temperaturas qmnida~ [3].  amgvarad iqmneboda  xaSmSi adgi-
lis dasaxelebis gansakuTrebuli Rvino, romelsac, bunebrivi pirobebis gaT-
valiswinebiT SemuSavebul Rvinis damzadebis wesTan erTad, gansazRvravda 
konkretul jiSze – saferavze moqmedi sxvadasxva faqtorebi niadagi, zRvis 
donidan simaRle eqspozicia, zogjer klimati, an yvelaferi erTad, es aisaxe-
boda Rvinis xarisxze da TviTmyofadobaze [6]. sakiTxis mimarT didi intere-
sidan gamomdinare, saWirod CavTvaleT, Cvens mier garekaxeTSi, kerZod 
sagarejos municipalitetis sofel xaSmi, Seswavlili da gamovlenili ga-
remo pirobebis moqmedebis efeqti warmogvedgina adgilwarmoSobis dasaxele-
bis `Rvino xaSmis~ qimiur da organoleptikur maCveneblebze. 

agroklimati 
xaSmis mikrozona mdebareobs gomboris qedis samxreT dasavleT kal-

Tebze md. ivris marcxena mxares sagarejos municipalitetis (daSoreba admi-
nistraciuli centridan 14 km) teritoriaze, zRvis donidan 770 metrze. kli-
mati  aq zomierad notioa, cxeli zafxuliT da zomierad civi zamTriT. te-
ritoriis umetes nawilSi haeris temperaturis mdgradi gadasvla 10 

0
C-ze ze-

viT aprilis pirvel dekadaSi aRiniSneba, xolo 10 0C-ze qveviT temperatura 
oqtombris bolo ricxvebSi ecema. savegetacio periodis xangrZlioba 190_200 
dRea, aqtiur temperaturaTa jami 3600_34000 farglebSia. teritoriaze atmos-
feruli naleqebis wliuri jami 768,6 mm-ia. wliuri naleqebidan maqsimumi 
maisSi modis (90_130 mm), xolo minimumi dekemberSi (25_35 mm). xaSmis mikrozo-
nis amindis formirebas ganapirobebs subtropikul da zomier ganedebSi gan-
viTarebuli dasavleTidan da aRmosavleTidan gadmonacvlebuli atmosferu-
li procesebi. haeris saSualo wliuri temperatura Seadgens 11,4 0

C, yvelaze 
civi Tve ianvaria. uTbilesi Tveebis (ivlisi, agvisto) saSualo temperatura 
23_220 sazRvrebSi cvalebadobs. haeris fardobiTi tenianobis wliuri mniSv-
neloba saSualod 66_68 %-is farglebSi meryeobs. haeris teniT gajereba 
yvelaze naklebia (62_64 %) zafxulis TveebSi (ivlisi, agvisto), yvelaze 
maRal maCvenebels ki gvian Semodgomaze (75-%) da zamTris dasawyisSi aRwevs.  

qaris saSualo wliuri siCqare mikrozonaSi 1,5 m/wm-ia. ZiriTadad gaba-
tonebulia Crdilo dasavleTis, dasavleTis (11,8 %), aRmosavleTis da samx-
reT-aRmosavleTis (6_15%) qarebi. Semodgomaze qarebs samxreTidan (azerbai-
jani) md. ivris xeobaSi SemoaqvT Tbili haeris masebi, romelsac win eRobeba 
gomboris qedi, rac kidev ufro metad amaRlebs adgilmdebareobis anu eqspo-
ziciis siTbur reJims. mravalwliani monacemebis mixedviT mikrozonaSi sety-
vian dReTa ricxvi wlis ganmavlobaSi 2,4 udris. yvelaze setyviani Tve maisia. 
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niadagi 
sxvadasxva mikrozonebSi Rvinis kvlevis Sedegebi gviCvenebs, rom vazze 

moqmed sxva komponentebTan erTad wiTel RvinoebSi niadagi gadamwyvetia. anu 
xaSmSi niadaguri faqtorebis mikroklimatTan Sejereba xelsayrel pirobebs 
qmnis jiS  saferavidan gansakuTrebuli Tvisebebis mqone Rvinis misaRebad. 
`mTel dRes mzis gulzea gamofenili, rac umTavresia soflis venaxebi irw-
yveba md. ioris wyliT, romelic mikroelementebiT mdidari Tixis nawilake-
biT aris gajerebuli da amitom sakmaod nayofieria~ [5]. srulma niadagurma 
Wrilebma da savele profiluri da laboratoriuli kvlevis Sedegebma 
gviCvenes, rom mikrozonaSi aRwerili niadagebi miekuTvneba yavisfer 
karbonatuli niadagebis jgufs, romlebic ganviTarebulia liosisebr 
Tixnarebze da qviSaqvebis gamofitvis produqtebze (sanimuSo farTobi #1), 
aluviur nafenebze (sanimuSo farTobi #2, 3) da xasiaTdeba tute (8,0_8,4 da 
Zlier tute (8,5_8,7) reaqciiT, siRrmeze tutianobis matebiT, saSuaload 
mcired humisianobiT (2,9_3,6 %), Rrmad humusirebiT, mZime da saSualo Tixnari 
granulometruli SedgenilobiT, zedapiridanve Zlier karbonatulobiT 
(18,4_27,0%), saSualo an maRali STanTqmis tevadobiT (32_68 mg.eqv./100 g) fu-
ZeebiT maZRrobiT, STanTqmuli fuZeebidan Warbobs kalciumi. mcenarisTvis 
xelmisawvdomi sakvebi elementebis formebis Semcvelobis mixedviT Seswav-
lil niadagSi ZirTiadi sakvebi elementebidan hidrolizuri azotis (50_78 
mg/kg) raodenoba saSualo an dabalia, siRrmiT klebis tendenciiT, gacvliTi 
kaliumis Semcveloba zeda horizontSi (300_510 mg/kg) maRali an Zalian 
maRalia da TandaTanobiT mcirdeba siRrmis matebasTan erTad (150_60 mg/kg) 
da saSualo an dabali uzrunvelyofis kategoriaSi gadadis, niadagis zeda 
horizonti saSualod (21_27 mg/kg) an mcired uzrunvelyofilia (7_12 mg/kg) 
moZravi fosforiT, xolo qveda horizontebSi xelmisawvdomi fosforis 
Semcveloba mniSvnelovnad mcirdeba. 

jiSi saferavis sameurneo-teqnologiuri daxasiaTeba 
saferavi sameurneo daniSnulebiT vazis wiTeli jiSebis saukeTeso 

warmomadgenelia. akademikos ivane javaxiSvilis cnobiT saferavma arsebobis  
xangrZlivi periodis ganmavlobaSi garemo pirobebis xSiri da mkveTri 
cvalebadobis xelSewyobiT warmoqmna gansxvavebuli formebi – variaciebi. 
asxvaveben saferavis ramodenime variacias: marTal, cru, dedal, mrgvalmar-
cvala, wvrilmarcvala, budeSurismagvar saferavs, garda CamoTvlilisa fran-
gul ampelografiebSi piulia, odari, viala, vermoli  moxseniebulia didi 
saferavi, patara saferavi, kaxeTis saferavi, krikina saferavi. maT Soris 
msxvilmarcvala – saferavi # 359 da budeSurisebri saferavi – boloebwaw-
vetebuli marcvlebiT da naadrevi simwifiT [4]. kaxeTis regionSi mevenaxeobis 
sxvadasxva specifikur zonebSi (qinZmarauli, mukuzani, nafareuli, zegaani, 
axaSeni) saferavi masze moqmedi garemo pirobebis gavleniT iZleva maRali 
xarisxis sxvadasxva tipis Rvinos: mSrali, bunebrivad naxevradtkbili, 
sadeserto, kaxuri-tradiciuli [7]. 

saferavisTvis damaxasiaTebelia saSualoze Zlieri zrda da saSualo 
mosavlianoba 6_7 tona 1 ha-ze. mtevnis saSualo wona 140_145 gramia. mwife 
yurZenSi Saqrianoba 24_26 g/dm3-s, xolo mJavianoba 7,5_8,5 g/dm3-s aRwevs [6].  

Rvino xaSmi 
adgilwarmoSobis dasaxelebis kontrolirebadi umaRlesi xarisxis 

wiTeli Rvino `xaSmis saferavi~ mzaddeba saferavis jiSis yurZnisgan dur-
dos sruli alkoholuri duRilis gziT. Cveni kvlevebiT xaSmis mikrozonaSi 
zRvis donidan sxvadasxva simaRleze (700, 750, 770 m) saferavidan damzadebuli 
Rvinis sami nimuSis SefasebiT gamovlenilia parametrebis siaxlove (mocu-
lobiTi spirtSemcveloba aranakleb 10,5%), rac adgilwarmoSobis SigniT 
homogenurobis maCveneblia. Rvino SeferilobiT muqi wiTelia da asakTan 
erTad cnobili kanonzomierebis mixedviT kantis zonaSi icvleba moiisfero 
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niuansidan muqi agurisferisken; aromati xasiaTdeba jiSuri TaviseburebebiT, 
intensiuri wiTeli xilis tonebiT, mJave alublis, qliavis, mwife blis, 
tyemlis da sxva kurkovani da kenkrovani xilis tonebis dominanturobiT. 
naklebad gamoxatuli alkoholianobiT. 
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SUMMARY 

CONNECTION OF KHASHMI SAPERAVI CHARACTERISTICS WITH THE PLACE OF ORIGIN 

Mirvelashvili M.Sh., Gambashidze G.O. and  Salia E.Sh. 

Georgian Agricultural Scientific Research Center 

Environmental factors operating in  Khashmi microzone have a special impact on the agricultural-technological 

indicators of Saperavi grapes. Helps to ferment this grape to make the highest category red dry wine of the 

appellation of origin "Khashmi Saperavi", the aroma of which is characterized by varietal characteristics, in 

particular, intense and with dominance of  red fruit tones, sour cherry, plum, ripe bliss etc., but also with less 

alcoholism. 
Keywords:  Khashmi microzone, environmental factors operating, khashmi saperavi characteristics. 
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xelovnuri ganguri da misi mniSvneloba mekvercxul mefrinveleobaSi 

 

nozaZe T.p. 
 

saqarTvelos teqnikuri universiteti 
 

dReisaTvis, rogorc sanaSene ise industriul mefrinveleobis fermebSi 
umniSvnelovanesi sakiTxia kvercxmdebeli frinvelis eqspluataciis gaxangr-
Zliveba _ warmoebuli produqciis raodenobrivi da xarisxobrivi maCveneb-
lebis zrda. aRniSnulis miRweva ki SesaZlebelia frinvelis anatomiuri, fi-
ziologiuri da biologiuri Taviseburebebis Seswavlis Sedegad, raTa efeq-
turi zemoqmedeba movaxdinoT frinvelis produqtiul maCveneblebze.  

frinvelis erT-erTi damaxasiaTebeli biologiuri Taviseburebaa bum-
bulis safarisa da kanis epidermisis struqturuli elementebis perioduli 
cvla, rasac ganguri ewodeba. ganguri frinvelebSi erT-erTi mniSvnelovani 
procesia, romelsac gareul frinvelebSi sezonuri xasiaTi aqvs da 
sruldeba SemodgomisTvis, Tbil qveynebSi gadafrenamde, swored amitom 
ganguri SesaZloa CaiTvalos frinvelis adaptirebis unari garemo pirobebis 
cvlilebisadmi, romlis unaric Sinaurma frinvelma memkvidreobiT miiRo 
Tavisi gareuli winaprisgan.  

zemoaRniSnuli Taviseburebis gaTvaliswinebiT industriul mefrinve-
leobis fermebSi kvebis reJimisa da mikroklimatis pirobebis manipulirebiT 
frinvelis xelovnuri ganguris gamowveva da gamoyeneba erT-erTi meTodia, 
romlis daxmarebiTac SesaZlebelia mekvercxuli produqtiulobis zrda m.S 
kvercxis sainkubacio Tvisebebis gaumjobeseba, amasTan, Zalzed didia xelov-
nuri ganguris mniSvneloba kvercxmdebeli frinvelis eqspluataciis gaxangr-
Zlivebis sakiTxSi, riTac SesaZlebelia misi Senaxvis finansuri, adamianuri 
da teqnikuri danaxarjebis Semcireba [1]. 

pirveli cdebi xelovnur gangurze 1900 wels aSS-Si Catarda, xolo     
30-iani wlebidan frinvelis kvercxis mwarmoeblebma aqtiurad daiwyes misi 
gamoyeneba warmoebis regulirebisa da mekvercxuli produqtiulobis gaumjo-
besebisTvis. 

xelovnuri ganguris qveS igulisxmeba frinvelis organizmze stress-
faqtoris zemoqmedebiT, morfologiuri, fiziologiuri da funqcionaluri 
cvlilebebis gamowveva, romelic iwvevs organizmidan mavne nivTierebisa da 
zedmeti cximis gamodevnas, bumbulis cvlas, cocxali masis Semcirebas, kver-
cxmdeblobis droebiT Sewyvetas da kvercxmdeblobis axali ciklis gamow-
vevas.  

 
xelovnuri ganguris gamowvevis meTodebi 
dReisaTvis mefrinveleobaSi xelovnuri ganguris gamomwvev sxvadasxva 

stres-faqtorebs iyeneben da axdenen dakvirvebas ramdenad adekvaturad rea-
girebs frinveli da ramdenad efeqturad xdeba produqtiuli maCveneblebis 
raodenobrivi da xarisxobrivi maxasiaTeblebis zrda.  

stres-faqtorebis mixedviT ganasxvaveben xelovnuri ganguris gamowve-
vis Semdeg meTodebs: 

1. klasikuri meTodi; 
2. zooteqnikuri meTodi; 
3. hormonaluri meTodi; 
4. qimiuri meTodi; 
5. ganguris gamowveva mikroelementebiT [2]. 
kvleviTi nawili 
saqarTveloSi dargSi arsebuli mravali gamowvevis: sakvebi bazis sim-

ciris, sazRvargareTidan sainkubacio kvercxis da erTdRiani wiwilis sru-
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lad importze damokidebulebis, kombinirebuli sakvebisaTvis saWiro ingre-
dientebis, warmoebisTvis saWiro mowyobiloba-danadgarebis importis da mef-
rinveleobis dargSi CarTuli wvrili fermeruli meurneobebis  mZime so-
cialur-ekonomikuri mdgomareobis gamo da gansakuTrebiT dRevandel period-
Si msoflio pandemiiT gamowveuli Seqmnili viTarebis gamo, ra drosac ver 
xerxdeba qveyanaSi erTdRiani wiwilis  gegmuri  Semoyvana da Sesabamisad ad-
gili aqvs warmoebis ciklis Cavardnas, aqtualuri sakiTxi da didi gamo-
wvevaa iseTi kvlevebis Catareba, romelic saTanadod upasuxebs zemoaRniSnul 
gamowvevebs da resursebis racionalurad gamoyenebiT _ frinvelis eqsplua-
taciis gaxangrZlivebiT, mniSvnelovan wvlils Seitans sasursaTo usafr-
Txoebasa da ekonomikur mdgradobaSi. 

zemoaRniSnulidan gamomdinare kvlevis mizans warmoadgens wvrili 
fermeruli meurneobis magaliTze Segveswavla mekvercxul frinvelSi minima-
luri danaxarjebiT xelovnuri ganguris Catarebis ekonomikuri efeqturoba, 
multivitaminovani, mineraluri nivTierebebisa da eleqtrolitebis Semcevli 
„ganasupervit pliusi“ danamatis gavlenis Seswavla ganguris procesze da 
mTel eqspluataciis periodze: frinvelis SenarCunebaze, kvercxdebis inten-
sivobaze, cocxal masaze, miRebuli produqciis raodenobasa da xarisxze, 
amasTan aRniSnuli maCveneblebis Sedareba gangur gauvleli gundis mekver-
cxul produqciasTan, raTa moxdes  sxvadasxva gundidan miRebuli sasursaTo 
kvercxis TviTRirebulebis ekonomikuri gaangariSeba.  

kvlevis miznebidan gamomdinare Cvens mier gamoyenebul iqna zooteqni-
kuri meTodi da SerCeul iqna axmetis raion sofel xorxelSi mdebare mekver-
cxuli mimarTulebis mefrinveleobis ferma: sul ori safrinvele _ 8600 
frTa qaTamis tevadobiT, saSualo kvercxmdebloba 80%, fermaSi gamoyenebu-
lia qaTmis Senaxvis galiuri sistema, sadac kvebasTan, dawyurebasTan, nake-
lis gatanasTan da produqciis SegrovebasTan dakavSirebuli yvela procesi 
avtomatizirebuli da meqanizirebulia, SenobaSi aseve ganTavsebulia zoohi-
gienuri normebis dacvisTvis yvela saWiro aRWurviloba. 

cdebi tardeboda mekvercxuli mimarTulebis qaTmis 4 xazian kros 
„loman LSL klasikze “, sacdeli suladoba 72 kviris asakis 2000 frTa qaTami, 
saSualo cocxali masa 1,5 kg (cxr.1) [3].  

 
cxrili 1. 4 xaziani krosi „loman LSL klasiki “-s daxasiaTeba  
 

mekvercxuli 
produqtiuloba 

asaki 50% kvercxmdeblobisas 140 _ 150 dRe 
kvercxmdeblobis piki 92 _ 95% 

12 Tvis mekvercxuli produqtiuloba 305 _ 315 cali 
warmoebuli kvercxis masa weliwadSi 19,0 – 20,0 kg 

erTi kvercxis saSualo masa 
weliwadSi 

62,0 – 63,0 g 

kvercxis 
daxasiaTeba 

naWuWis feri TeTri 
naWuWis gatexvis simZlavre 40 Н 

sakvebis moxmareba 

1 _ 20 kvira 7,0 – 7,5 kg 
produqcia 105 _ 115 g/dReSi 

sakvebis aTviseba 
2,0 – 2,2 kg/kg 
kvercxis masa 

cocxali masa 
20 kviraSi 1,3 – 1,4 kg 

warmoebis bolos 1,7 – 1,9 kg 
  
 kvlevis dawyebis win dagegmili eqspluataciis periodis da sasurveli 
produqtiulobis maCveneblebis miRebis mixedviT ganisazRvra xelovnuri 
ganguris periodebi:  

1. winaswari (mosamzadebeli) periodi _ winaswar (mosamzadebeli) 
periodSi ganguris efeqturobisaTvis, xangrZlivi eqspluataciis periodis-
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Tvis da produqtiulobis maqsimalurad zrdisTvis fermers miveciT rekomen-
dacia ganguris dawyebis win qaTmis cocxali masis, mekvercxuli produqtiu-
lobis, ganguramde gundis mdgomareobisa da Senaxvis sistemis gaTvaliswi-
nebiT moexdina suladobis ganguris wina wundeba, gundidan avadmyofi, susti, 
araerTgvarovani frinvelis gamowuneba da erTgvarovani suladobiT saf-
rinvelis dakompleqteba, Tumca SenobasTan, eleqtroenergiasTan da muSa xe-
lis damatebiTi xarjebis Tavidan acilebis mizniT moxda erT safrinveleSi 
_ sam iarusian galiebSi araerTgvarovani suladobis dasma da gangurisTvis 
mosamzdebeli periodis gavla. minimaluri da maqsimaluri cocxali masis maC-
venebeli meryeobda 1,1 kg-dan 1,5 kg-mde. 

2. stres-faqtoris zemoqmedebis periodi _ 1_9 dRis ganmavlobaSi qa-
Tams wyalTan erTad multivitaminovani, mineraluri nivTierebebisa da eleqt-
rolitebis Semcevli „ganasupervit pliusi “eZleoda Tavisuflad (1 tona _ 
250gr). sakvebis miwodeba ar xdeboda, sakvebi nivTierebebidan eZleoda mxo-
lod kirqva (1 frTa: 6_8 gr), sinaTlis xangrZlivoba 2-_3 sT, xolo sinaTlis 
intensivoba normaze 1/3-iT naklebi. stres-faqtoris zemoqmedebis periodi 
gagrZelda 9 dRe, ra drosac suladobis saSualo dacemis procentma 2_3%-s 
miaRwia.  

3.  kvercxdebis dawyebis periodi _ me-9-e dRidan 5-6 dRis ganmavlobaSi 
dagegmili wonis klebis 25_30% miRwevis Semdeg, frinvels miewodeboda 
sakvebi 1 frTaze _ 30g odenobiT. sinaTlis xangrZlivoba 4 sT, xolo sinaT-
lis intensivoba ar aRemateboda 6_8 luqss.  yoveli kviris Tavze xdeboda 10-
20 g sakvebis momateba da kvercxdebis dawyebis periodSi, rodesac kvercx-
mdeblobam miaRwia 10%-s sakvebis raodenoba Seadgenda 100 g kombinirebul 
sakvebs, 30_40% kvercxmdeblobis miRwevisas 105g. sinaTlis xangrZlivoba 13 
sT, xolo intensivoba 10 luqsi.  

4. kvercxdebis pikze gasvlis periodi _ pikze gasavla moxda im raode-
nobis sakvebiT, ra raodenobasac qaTami iRebda kvercxdebis I periodSi pikis 
dros _ 110g, sinaTlis xangrZlivoba 14 saaTi, xolo intensivoba 10 luqsi. 
kvercxmdeblobis intensivobam 85_86%-s miaRwia ganguris dawyebidan 95_98-e 
dRes. pikis xangrZlivobam Seadgina saSualod 18 dRe.  

5. produqtiuli periodi _ produqtiuli periodi gagrZelda 8 Tvemde 
(cxr.2).   

 
cxrili 2. saSualo produqtiuli maCveneblebi ganguris Semdgom periodSi 
 

saSualo produqtiuloba (%) 75,4 
saSualo produqtiuloba 1 frTaze 

(cali kvercxi) 
180,96 

Tvis saSulo produqtiuloba 1 frTaze 
(cali kvercxi) 

22,6 

kvercxis saSualo masa (kg) 11,580 

kvercxis kategoriaTa Tanafardoba (%) 

nuli kategoria _ 85 
I kategoria _ 12 
II kategoria _ 2 

dazianebuli kvercxi _ 1 
 

sakvebis moxmareba 1 frTaze (g) 110 
sul moxmarebuli sakvebi (kg) 26,4 

 
zemoaRniSnul kvlevis Sedegebze dayrdnobiT xelovnuri ganguris ga-

moyenebiT kvercxmdebeli frinvelis eqspluataciis gaxangrZliveba da arse-
buli resursebis racionalurad gamoyenebiT warmoebuli produqciis raode-
nobrivi da xarisxobrivi maCveneblebis zrda ekonomikurad Zalzed efeq-
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tiania, gansakuTrebiT dRevandel periodSi, rodesac adgili aqvs msoflio 
pandemiiT gamowveul ekonomikur kriziss. 
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SUMMARY 

ARTIFICIAL MOLTING AND ITS IMPORTANCE IN EGG LAYER POULTRY 

Nozadze T.P 

Georgian Technical University  

Prolonging the period of laying hens using artificial molting at industrial poultry farms - the growth of 

quantitative and qualitative indicators of the produced products gain even more economic importance, especially 

in the context made due to the global pandemic, when there is a failure of a production cycle, scarcity of 

resources and economic crisis. In Georgia, the rational use of existing resources is especially important it is 

especially important due to the completely dependence of the sector on imports, that will make a significant 

contribution to the country's food security, economic sustainability and especially in improving the difficult 

socio-economic situation of small farms involved in the poultry sector. 

Keywords: lohmann LSL-Classic, artificial molting, egg production.  
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frinvelis kvercxis Semadgenloba da Tvisebebi 

 

nozaZe T.p. 
 

saqarTvelos teqnikuri universiteti 
 

kacobriobis winaSe mdgari globaluri problemebidan erT-erTi yve-
laze aqtualuria mosaxleobis sursaTiT uzrunvelyofa. am problemis 
gadawyvetaSi ki gadamwyveti roli akisria soflis meurneobas da mis dar-
gebs, romelic gvaZlevs adamianis cxovelmyofelobisaTvis aucilebel srul-
fasovan sakveb produqtebs. aRniSnulidan gamomdinare mosaxleobis sakmarisi 
raodenobis cilovani skvebiT uzrunvelsayofad, mefrinveleobis dargis 
malmwifadoba upiratess xdis mis moSenebas sxva saxis sasoflo – sameurneo 
cxovelebTan SedarebiT, igi gvaZlevs SesaZleblobas umokles droSi mivi-
RoT dieturi da ciliT mdidari cxoveluri warmoSobis sursaTi. 

frinvelis kvercxSi yvela sayuaTo nivTierebaa, romelic axali orga-
nizmis Sesaqmneladaa saWiro, agebulebiT igi Sedgeba yviTris, cilis da 
naWuWisagan. sxvadasxva sasoflo-sameurneo frinvelis kvercxis agebulebaSi 
aRniSnuli komponentebi sxvadasxva TanafardobiTaa warmodgenili (cxr.1).  

 
  cxrili 1. vercxis nawilebis Tanafardoba (%) 

 
fr-is saxeoba cila yviTri naWuWi 

qaTami 55,8 31,9 12,3 
indauri 55,9 32,3 11,8 

ixvi 52,6 35,4 12,0 
bati 52,5 35,1 12,4 

mwyeri 60,9 31,9 7,2 

 
kvercxis naWuWi dafarulia naWuWzeda Txeli garsiT _ kutikuliT, 

warmoiqmneba kvercxdebis procesSi da warmoadgens gamSral lorwos, ro-
melic xels uSlis garemodan kvercxSi mikroorganizmebis SeRwevas da wylis 
aorTqlebas.  

kvercxis cila Tavisi struqturiT araerTgvarovania, arCeven cilis ga-
reTa Txel, Sua mkvriv, Sua Txel da Siga mkvriv Sreebs, romelic gars 
akravs yviTrs da xalazebis saSualebiT unarCunebs mas centralur mdeba-
reobas. cilis xarisxis Sesafaseblad yvelaze mniSvnelovvania cilis Sua 
mkvrivi Sris raodenoba da mdgomareoba, rac umniSvnelovanesia sainkubacio 
kvercxis SefasebisTvis.  

yviTri cilisgan gamoyofilia Txeli, magram gamZle samSriani garsiT, 
arCeven muq da naTel yviTris Sreebs, romlebic erTmaneTisgan gansxvavdebian 
qimiuri SemadgenlobiT. yviTris zedapirze ganTavsebuli kvercxujredis 
birTvi, ganayofierebuli kvercxi _ blastoderma gaunayofierebeli kvercxi _ 
blastodiskisgan gansxvavdeba ufro didi zomiT da erTgvarovani formiT, 
romelic moTavsebulia sxvadasxva tonalobis koncentrirebul SreebSi da 
inkubaciis periodSi gamoiyenebs swored yviTris SreebSi arsebul sakveb niv-
Tierebebs.    

kvercxi rogorc Zvirfasi dieturi produqtia sasursaTo daniSnule-
biT, ise srulfasovani sayuaTo nivTierebebis kompleqsia embrionis zrda-
ganviTarebisTvis. sxvadasxva saxeobis sasoflo-sameurneo frinvelis kvercxi 
qimuri SemadgenlobiT mkveTrad ar gansxvavdeba erTmaneTisgan (cxr.2). 
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cxrili 2. kvercxis qimuri Semadgenloba (100 g nedl fraqciaSi, %) 
 

saxeoba wyali proteini cximi naxSirwylebi nacari 
qaTami 73,9 12,8 11,8 1,0 0,8 
indauri 73,7 13,1 11,7 0,7 0,8 

ixvi 69,9 13,5 14,4 1,2 1,0 
bati 70,6 14,0 13,0 1,2 1,2 

mwyeri 74,3 13,1 11,1 0,4 1,1 
 
qaTmis kvercxi naWuWTan erTad 66% wyals da 34% mSral nivTierebas 

Seicavs, saidanac 68% organuli, xolo 32% mineraluri nivTierebaa. kvercxis 
naWuWi ZiriTadad mineraluri nivTierebebisgan Sedgeba, romlis Semadgelo-
baSia: 94% naxSirmJava kalciumi, 1,5 % naxSirmJava magniumi, 0,5% fosforis 
naerTi da 4% organuli nivTiereba.  

cila Seicavs embrionis ganviTarebisTvis wylis saWiro marags, agreTve 
igi warmoadgens aminomJavebis, jgufis vitaminebis da mcire raodenobiT mine-
raluri nivTierebebis wyaros. qaTmis kvercxis cilaSi 88% wyalia, 10,6% 
proteini, 0,9% naxSirwyali da 0,6% nacari. cilis proteini yvela Seucvlel 
aminomJavas Seicavs rac sxva saxeobis cxoveluri warmoSobis produqtebTan 
SedarebiT meti srulfasovnebiT xasiaTdeba.  

kvercxis yviTri Seicavs yvela sayuaTo nivTierebas, rac aucilebelia 
embrionis srulyofili ganviTarebisTvis, igi ufro mniSvnelovani kvebis way-
roa embrionisTvis vidre cila da naWuWi. yviTri Seicavs cximebs, proteinebs, 
pigmentebs, vitaminebs, umniSvnelo raodenobiT naxSirwylebs da mineralur 
nivTierebebs. yviTris Seferiloba gansxvavdeba Sreebis mixedviT rac ganpi-
robebulia Sreebis qimiuri SemadgenlobiT kerZod, yviTris Ria SreSi 86% 
wyalia, 4,6% proteini da 3,5% lipidebia, xolo muq SreSi 45,4% wyali, 15% 
proteini da 36,6% lipidebia, es ukanaskneli qaTmis mTliani yviTris cximebis 
90%-ia, romelsac emulgirebis kargi unari aqvs da adamianis organizmSi misi 
aTviseba 96_100% aRwevs. yviTris lipidebis maRali kvebiTi Rirebuleba 
ganpirobebulia masSi cximovani mJaveebis arsebobiT:  34% najeri cximovani 
mJaveebi (palmitini, stearini) da 66% ujeri cximovani mJaveebi (oleini, li-
noli, linoleni). kvercxis yviTrSi Tavisi wonis 8,6% anu 1,6 g. lecitinia 
(fosforiT mdidari lipidi), romelic aucilebelia adamianis nervuli ujre-
debis kvebisTvis, amasTan igi astimulirebs zrdis process, aRsaniSnavia is 
faqtic, rom sxva cxoveluri warmoSobis sursaTTan SedarebiT kvercxSi le-
citinis Semcveloba 1,6 g maSin, roca 100 g Zroxis xorcSi igi mxolod 1g-ia, 
karaqSi _ 0,15 g, rZeSi _ 0,06 g, qaTmis kvercxi didi raodenobiT Seicavs aseve 
vitaminebs: B12 _ 9%, B2 – 15%, A – 6%, B5 – 7%, garda aRiSnuli vitaminebisa 
kvercxSi mcire raodenobiT TiTqmis yvela vitaminia warmodgenili, aseve 
mineraluri nivTierebebi: fosfori, kalciumi, magniumi, spilenZi, cinki, iodi, 
seleni. qaTmis kvercxis kvebiTi Rirebuleba sakmaod maRalia _ 100 g. yviTri 
1600 k/joul energias Seicavs, cila 214 g k/jouls. erTi cali saSualo zomis 
kvercxi Tavisi kvebiTi RirebulebiT eqvivalenturia 200 g mouxdeli rZisa da 
40 g Zroxis xorcisa, amasTan kvercxSi arsebuli sayuaTo nivTierebebi imyo-
feba Txevad mdgomareobaSi, rac adamianis organizmis mier aadvilebs mis 
aTvisebas. 

yovelive zemoaRniSnuli faqtorebis gamo adamianis ulufis Semadgen-
lobaSi udidesi mniSvneloba eniWeba organizmisTvis saWiro nivTierebebis 
Setanas. bevri aucilebeli mikroelementi, romelsac adamiani Rebulobs 
abebis, kafsulebis da sxva qimiuri saxiT Seqmnili farmacevtuli saSuale-
bebiT, umjobesia miRebul iqnes bunebrivi kompleqsis saxiT, uSualod sakvebi 
produqtebidan. swored amitom deficituri da Seucvleli nivTierebebiT 
gamdidrebuli sakvebi produqtebis warmoeba adamianis kvebis erT-erTi aqtua-



   saqarTvelos sainJinro siaxleni, GEORGIAN ENGINEERING NEWS, #3, 2021  

 

96 

luri problemaa. am mizniT sasoflo-sameurneo frinvelis kvercxis gamoye-
neba Tavisi maRali kvebiTi Rirebulebisa da bioqimuri Semadgenlobis gaTva-
liswinebiT saukeTeso saSualebaa. Tanamedrove mefrinveleobis winaSe dgas 
sakiTxi iseTi produqciis warmoebisa, romelic winaswar gansazRvruli iq-
neba adamianis janmrTelobis gaumjobesebisaken. am mimarTulebiT SemuSavebu-
lia sxvadasxva programebi, romelTa mizans warmoadgens vitaminzirebuli, 
iodizirebuli, kalciumiT gamdidrebuli da sxva organizmisTvis aucilebeli 
nivTierebebiT gamdidrebuli kvercxis warmoeba. aRniSnulidan gamomdinare 
kvercxi aramarto sasursaTo daniSnulebiT aramed samkurnalo daniSnule-
biTac iwarmoeba, razec mowmobs msoflios sxvadasxva qveynebis mier Cata-
rebuli kvlevebi kerZod, niu-iorkis orTopediul saavadmyofoSi Zvlis aRd-
genasa da gamagrebaSi Catarebuli gamokvlevebiT dadginda, rom kvercxis 
naWuWis gamoyeneba Zalzed efeqturia, rac ganpirobebulia im faqtiT, rom 
sxva preparatebisgan gansxvavebiT, organizmis mier naWuWis SeTviseba 100 %-s 
aRwevs, radgan naWuWis kalciumis _ 1 kvercxis naWuWi 2,2_2,3 g kalciums Sei-
cavs, sinTezi uSualod frinvelis organizmSi xdeba, sadac organuli kal-
ciumi gadadis araorganul formaSi da kalciumis ionebi iseTi zomisaa rom 
advilad xvdebian adamianis ujredSi, toveben nivTierebaTa mTel jaWvs da 
xels uwyoben ujredSorisi membranis gamagrebas, es ukanaskneli ki uzrun-
velyofs ujredSi virusebis SeWris dablokvas da amiT organizms unarCunebs 
imunitets. iaponelma mecnierebma medicinaSi gamoiyenes naWuw-kalciumiani 
wyali, romelic advilad da swrafad SeTvisebadia organizmis mier, radgan 
naWuWSi arsebuli kalciumi ionuri saxiT adviladSeTvisebadia, asufTavebs 
wyals _ axdens qloris dezaqtivacias, STanTqavs mZime metalebis marilebs 
da mavne mikroorganizmebs. unda aRiniSnos, rom frinvelis sakveb ulufaSi 
mineraluri nivTierebebis, cximebis da vitaminebis damateba cvlis kvercxSi 
mineralur, vitaminovan da lipidur Semadgenlobas, swored amitom msoflios 
mraval qveyanaSi ukanasknel wlebSi daiwyo kvercxis warmoeba samkurnalo 
miznebisTvis.  
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SUMMARY 

COMPONENTS AND PROPERTIES OF THE EGG  
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Production of deficient and nutrient-rich foods is one of the actual problems in human nutrition. The use of 

poultry eggs due to its high nutritional value and biochemical composition is the best way to solve the aforesaid 

problem. 
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ТЕРМАЛЬНЫЕ ИСТОЧНИКИ И МИНЕРАЛЬНЫЕ ВОДЫ В ПРОИЗВОДСТВЕ     
СПРЕЙ-МИСТОВ ДЛЯ ЛИЦА 

 

Джикидзе В.Б. 

 

Грузинский Технический Университет 

 

Минеральная вода – уникальный дар природы. Этот натуральный ресурс из подземных 

источников обладает лечебными свойствами, оказывает на организм человека исцеляющее 

воздействие за счет повышенного содержания полезных биологически активных компонентов и 

особенностей химического состава. Минеральные воды – сложные растворы, в которых ве-

щества содержатся в виде ионов, недиссоциированных молекул, газов и коллоидных частиц. 

Классификация имеет следующий вид: Гидрокарбонатные воды (натриевые, кальциевые имаг-

ниевые), Хлоридные (натриевые, кальциевые, магниевые), Сульфатные (натриевые, кальцие-

вые, магниевые), Воды сложного состава: гидрокарбонатно-хлоридные, гидрокарбонатно-суль-

фатные, гидрокарбонатно-хлоридно-сульфатные, с активными ионами: железистые, мышьяко-

вистые, кремнистые, с другими активными ионами (фтор, литий, кобальт и прочие), Газовые: 

углекислые, сероводородные, другие (азотные, метановые, азотно-метановые и прочие) и 

Термальные – имеющие температуру 20 °C и выше.  Минеральная вода по праву считается од-

ним из древнейших лекарств, созданных природой. Использование их было известно еще ан-

тичным и средневековым врачам в Европе и на арабском Востоке. Но наибольшее свое 

применение минеральные воды получили в XX веке [1]. Живительнaя водa – это непревзойден-

ное по эффективности средство для красоты внутри и снаружи. Сегодня косметика на основе 

минеральной воды совершила огромный шаг из медицины в косметологию. Косметологи 

утверждают, что лечение минеральной водой – это лучшее натуральное косметическое средст-

во для питания и увлажнения кожи. При использовании в уходе за кожей лица с ее помощью 

можно быстро восстановить природный баланс в тканях. При регулярном использовании мине-

ральной воды в качестве уходового средства для кожи можно ожидать антиоксидантный, тони-

зирующий, матирующий и имунностимулирующий эффекты. Она насыщает кожу кислородом, 

помогает заживлять мелкие ранки и укреплять стенки сосудов. Минеральная вода способна 

возвратить кожному покрову упругость и устранить специфическую стянутость эпидермиса, а 

ее компоненты (кальций, магний, калий и фтор) снимают воспаления и аллергические проя-

вления, способствуют выработке коллагена, придают коже гладкость и ухоженный вид [1,2]. 

При применении минеральной воды необходимо учитывать особенности и тип кожи. 

Минеральные воды с высоким процентом солевого состава подходят для ухода за жирной и 

пористой кожей, уменьшают сальный блеск и суживают поры. Для сухой и нормальной кожи 

подходит слабоминерализованная вода, которая тонизирует и смягчает ее. В зависимости от 

химического состава, наиболее популярны и универсальны бикарбонатно-натриевые и суль-

фатно-бикарбонатные, есть и разновидности с высоким содержанием селена, калия или каль-

ция. Воды с преобладанием натрия, серы и цинка отлично подходят для жирной кожи, регули-

руют выделение кожного себума, но не стоит их применять на чувствительную или сухую так 

как они могут её стягивать. Натрий отвечает за регуляцию клеточного увлажнения, поддержи-

вает водно-соляной баланс, а так  же заряд клеточной оболочки. Ионы натрия являются источ-

ником энергии, доставляя питательные вещества в клетки [2,3] Калий функционально связан с 

натрием, вместе они принимают участие в поддержании кислотно-щелочного баланса. Сов-

местно с хлоридами калий отвечает за нормализацию водно-солевого баланса. Бикарбонаты 

предохраняют от закупоривания сальные железы, устраняют жирный блеск кожи, также выс-

тупает в качестве бикарбонатной буферной системы: в условиях взаимодействия бикарбонат-

ного буфера с кислотами происходит их нейтрализация с образованием слабой угольной кис-

лоты. Термальные воды с содержанием селена имеют антиоксидантные свойства, воды с высо-

ким содержанием кремния хорошо матируют и укрепляют эпидермис, а благодаря водородным 

связям выступают как фиксатор макияжа, невидимо закрепляющую тон и пудру. Основной и 

самой важной характеристикой любой термальной воды является успокаивающее и тонизи-

рующее действие, которое она оказывает на кожу. Термальная вода снимает раздражения, успо-

каивает чувствительную, реактивную кожу, эффект выражен тем сильнее, чем больше в тер-
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мальной воде кальция, который известен успокаивающим эффектом. Термальная вода также 

очень полезна и для детской кожи: она эффективно заживляет порезы и царапины, уменьшая 

покраснения [3,4]. 

Рассмотрим применение минеральных вод термального типа: 

Термальная вода Uriage Thermal Water Spray – Термальная вода Урьяж – идеальное 

косметическое средство для ухода за кожей, как взрослых, так и детей, начиная с рождения. 

Термальная вода предназначена для поддержания равновесия влаги и минеральных компонентов 

в клетках эпидермиса. Подходит для всех типов кожи лица и тела.  Благодаря 100% составу воды 

и большого количества минеральных компонентов препарат прекрасно увлажняет и питает кожу. 

Сохраняет природный уровень PH кожи. Ежедневное использование дарит коже здоровье, 

красоту и защиту от неприятных факторов внешней среды. Чистота и богатство природных 

компонентов по праву может назвать Термальную воду Uriage – «живой водой» [11].  

Термальная вода Uriage, Eau thermale – природная изотоническая вода. Она нахо-

дится в полном осмотическом равновесии с клетками эпидермиса и их естественной средой. 

Уникальная концентрация минеральных элементов делает воду Урьяж великолепным средст-

вом для ухода за кожей. Термальная вода Урьяж вырывается из недр в сердце Альп, проделав 

длинный путь через множество кристаллических горных пород, надежно укрывающих ее от 

воздуха и загрязнений и насыщающих минералами и микроэлементами.  Термальная вода 

Урьяж прошла испытания, подтвердившие её изотоничность, увлажняющий эффект, противо-

воспалительное и антирадикальное действие, эффект улучшения клинических признаков 

псориаза, прекрасную переносимость.  Назначение: увлажняющая, смягчающая, заживлющая и 

противоспалительная средство. Тип кожи: Для повседневного ухода за чувствительной и гипер-

чувствительной кожей новорожденных, детей, взрослых [11]. 

Термальная вода Avene Thermal Water – Термальная вода Avene эффективно 

успокаивает, освежает и питает кожу полезными микроэлементами. Это прекрасное смягчаю-

щее и противовоспалительное средство. Согласно дерматологическим исследованиям, после 

использования данной термальной воды: Кожа становится более защищенной от агрессивной 

окружающей среды; Происходит полное восстановление естественного баланса, то есть 

качественно улучшается процесс обновления клеток кожи; Снижается уровень чувствитель-

ности клеток кожи (раздражения, высыпания на лице значительно сокращаются) [9]. 

Термальная вода Vichy Thermal SPA Water. С 1846 года признаны успокаивающие и 

укрепляющие свойства термальной воды Vichy Thermal SPA Water. Термальная вода Vichy 

является самой высокоминерализованной водой во Франции. Именно благодаря ей возник 

бренд Vichy, продукция которого основана на восхитительных свойствах этого природного 

компонента. Она содержит тринадцать микроэлементов и семнадцать минералов, оказывающих 

благотворное влияние на кожу. Успокаивает и освежает чувствительную кожу, снимает 

раздражение, которое обусловлено сухостью, и полностью завершает этап очищения кожи [12]. 

Термальная вода Librederm Thermal Water. Термальная вода из горных недр 

Шотландии богата микро-, макроэлементами и минеральными солями. Уникальный состав 

минералов исключительно полезен для кожи. Благодаря Librederm Thermal Water кожа 

увлажненная, мягкая и нежная на ощупь, устраняется стянутость, покраснения и шелушения. 

Имеет легкий матирующий эффект, снимает воспаления и защищает от раздражений [10]. 

La Roche-Posay Zinc Sulfate Solution – Себорегулирующий, Назначение: антибакте-

риальное, матирование, сужение пор.Тип кожи: жирная, проблемная Состав:   За счет содержа-

ния цинка спрей-контроль действует против основных признаков жирной кожи – жирного 

блеска и расширенных пор. Обогащен активным ингредиентом сульфатом цинка, известным 

своим себорегулирующим и антибактериальным действием [7]. 

Eau Cellulaire Water Mist  Institut Esthederm(France) – для лучшего увлажнения 

кожи, гипотаурин – аминокислота, действующая как ревитализант для продления молодости 

клеток, кальций – способствует восстановлению барьерной функции и участвует в процессах 

себорегуляции кожи, калий – предотвращает потерю влаги внутри клеток. Для жирной кожи 

лица. состав: Клеточная вода (вода, карнозин, минеральные соли, гипотаурин, гиалуронат 

натрия), глюкоза, маннитол, кальция хлорид, магния хлорид, магния сульфат, калия фосфат, 

экстракт водорослей, супероксиддисмутаза, экстракт артемии, лимонная кислота, натрия 

цитрат, натрия хлорид, натрия бикарбонат  [5].            
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Chanel Hydra Beauty Essence Mist Hydration Protection Radiance Energizing Mist 
(France) – Увлажняющий спрей-дымка заряжающий кожу энергией.  Mist увлажняет, защищает 

и тонизирует кожу, идеально фиксирует макияж. подходит для всех типов кожи содержит: 
активный компонент Камелия Альба PFA, Голубой имбирь PFA, мощный антиоксидант,  вита-

минов C и E, гиалуроновоa я  кислотa [13]. 
Увлажняющая вуаль для лица Пион от L'Occitane En Provence (France) – Деликатно 

ароматизированный мультифункциональный спрей для лица, сужает поры и выравнивает 

текстуру кожи, увлажняет и освежает лицо, при помощи спрея можно закреплять макияж. 
Состав: экстракт корней пиона (корректирует текстуру кожи и недостатки тона кожи), 

цветочная вода герани (сужает поры и не щиплет глаза) глицерин (увлажнение) [5]. 
Ultraceuticals Ultra Balancing Skin Mist – Ультра балансирующий спрей для лица, 

Обладателям жирной проблемной кожи. Обеспечивает глубокое увлажнение и восстановление 
гидро-липидного барьера, Для всех типов кожи. средство не только не забивает поры, но и 

очищает их, помогает избавиться от высыпаний, снимает раздражения, освежает. Состав: 
Молочная кислота – 1,2%, Пантенол, Витамин Е, Экстракт зеленого чая, Гамамелис, Сок алоэ 

вера, Церамиды, Линолевая и линоленовая кислоты, Холестерол, Термальная вода. 
Yves Rocher Sensitive Végétal (France) – cпрей для лица Успокаивающим эффектом. 

Тонизирует и успокаивает кожу, мгновенно возвращая ей ощущение комфорта. подходит для 

всех типов кожи. Состав: Экстракт сигезбекии обладает выраженным противовоспалительным 
действием. Без отдушек‚ спирта‚ красителей‚ минеральных масел и парабенов [14]. 

Caudalie BEAUTY ELIXIR (France) – Разработанное на основе эликсира молодости 
Королевы Венгрии Изабеллы, сужает поры и приносит изысканное сияние коже, предназначена 

для кожи с недостатком сияния, главным образом у курящих, а также для мужчин после бритья. 
Состав: экстракты винограда, росный ладан, мирра, экстракты цветков апельсина и розы, 

эфирное масло розмарина, эфирные масла био меллисы и мяты, вода цветков апельсина [6]. 
Is Clinical, Copper Firming Mist (USA) – укрепляющий спрей для лица, подходит для 

всех типов кожи, особенно для сухой, обезвоженной, раздраженной солнечным облучением 

или косметологическими процедурами. Состав: однопроцентный биопептид меди, экстракт 
гуараны, орехов кола и листьев падуба парагвайского. 

Piel Cosmetics, Silver Aqua Spray (Ukrain) – увлажняющий спрей для  чувствительной 
кожи лица, Продукт способствует снятию раздражений, покраснений, а также заживлению 

после косметических процедур, он может легко заменить средства для умывания, которые так 
или иначе раздражают чувствительную кожу лица. Можно использовать как фиксатор для 

макияжа. Состав: низкомолекулярная гиалуроновая кислота, наносеребро. 
Vichy, Normaderm Phytosolution Mattifying Mist (France) – матирующий спрей умень-

шает жирный блеск и увлажняет кожу лица, подходит для чувствительной, комбинированной и 

жирной кожи. Состав: Вулканическая термальная вода укрепляет защитный барьер и норма-
лизует pH. Аминокислота натурального происхождения эффективно впитывает себум. Гли-

церин смягчает и увлажняет кожу, защищает от сухости [12]. 
HydroPeptide, OptiMist Radiance Serum Mist – двухфазная сыворотка-спрей  восста-

навливает защитные функции кожи, улучшает содержание влаги и увеличивает микроциркуля-
цию в эпидермисе. средство подходит для всех типов кожи, в том числе для чувствительной и 

раздражённой. Состав: питательный комплекс из морских водорослей, экстракты корня софоры 
японской и клюквы, Масло арганы и зеленого чая. 

Re-Fresh Hydrating Beauty Mist, Clarins – Увлажняющий спрей из новой молодежной 

линии французской натуральной марки Clarins. Состав: кокосовая вода, цветочная вода на 
основе акации, растительные экстракты. спрей работает бережно, но надежно, подходит для 

всех типов кожи [6]. 
Минеральная вода-спрей «Бакуриани» Минеральная вода-спрей «Бакуриани» произво-

дится в Чехии компанией Czech Aerosol. увлажняет кожу и сохраняет ее гидробаланс, поддер-
живает здоровый вид кожи; тонизирует; используется в качестве основы под макияж и для 

удержания макияжа; снимает «следы» усталости и успокаивает кожу; имеет освежающий 
эффект и защищает кожу от воздействия внешних факторов. Благодаря своей слабой минера-

лизации «Бакуриани» является самой лучшей водой для спрея. подходит для всех типов кожи. 
Состав: Природная минеральная вода «Бакуриани, азот, пропиленгликоль, этилгексилглицерин, 
HCl октенидин, токоферол. 
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«Бакуриани» – слабоминерализованная вода. Она характеризуется минимальной кон-
центрацией кальция, калия, натрия и магния. Ее частое использование активизирует физиоло-

гическое состояние человека. «Бакуриани» содержит в незначительном количестве ионы фтора 
и йода. Рекомендуется для использования в детском питании, поскольку это единственная 

грузинская вода, получившая санитарный и гигиенический сертификат института имени Г. На-
тадзе. Минеральный состав, мг/л: кальций – 25-50; магний – 5-16; калий – 1-2; натрий – 5-15; 
хлориды – 4-15; сульфаты – 5-20; Общая минерализация – 0,20-0,35 г/л, рH 6,5-8,0; Своим 

уникальным составом она является лучшей для людей, ведущих активный образ жизни. 
«Бакуриани» регулирует водный баланс организма, сохранения  молодости и красоты [8]. 
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SUMMARY 

THERMAL SPRINGS AND MINERAL WATERS IN PRODUCTION SPRAY MIST FOR FACE 

Jikidze V.B. 

Georgian Technical University 

One of the best things about mists is that there are many ways to use them. They come in different varieties 

boasting good-for-your-skin ingredients, but most of them focus on hydration. And whose skin doesn’t need a 

little more of that? Here are five ways to use them: In lieu of toner, right after cleansing your face. A great way 

to give your skin a first dose of hydration! For a midday pick-me-up. It feels refreshing and makes a difference 

when it comes to keeping your skin hydrated throughout the day.  To set your makeup. When applied as a last 

makeup step, a face mist can help your masterpiece stay put, all the while boosting your skin’s hydration levels.  

Misting regularly during the flight is a good way to provide your skin with that much-needed hydration without 

actually touching it.  Right before bed,   mist can help calm your senses, helping prepare your skin for nighttime, 

which is when it kicks into repair mode. 

Keywords: face sprey-mist, thermal spring water mist, natural mineral water facial sprey, calming facial mist, 

hydrating face mist,  repairing mist. 
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saferavis jiSis yurZnis wipwis bioqimiuri kvleva da kosmetikaSi 

gamoyeneba 

 

devdariani n.g, bokuCava n.v,  wereTeli T.m. 
 

saqarTvelos teqnikuri universiteti 
 

bolo wlebSi mniSvnelovnad izrdeba moTxovna kosmetikur nawarmze, 
romelic Tavis SedgenilobaSi Seicavs bunebrivi warmoSobis komponentebs 
(emolentebi, Semasqeleblebi, saRebavebi, konservantebi, afskwarmomwmnelebi 
da sxva.) 

kosmetikuri nawarmi axdens, rogorc momentalur efeqts (darbileba, 
datenianeba, garkveuli feris miniWeba, toni, dekoratiuli kosmetikis SemTx-
veva kanis defeqtebis SeniRbva), aseve unarCunebs kans mimzidvel garegnul Se-
xedulebas. kosmetikuri nawarmi Tavis SedgenilobaSi Seicavs nivTierebebs, 
romlebsac gaaCnia sxvadasxva funqciuri Tvisebebi (antioqsidanturi aqtiu-
roba, naoWebis Semcireba, kolagenis sinTezi, stimulireba da a.S) [3]. 

dReisaTvis gansakuTrebuli yuradReba eqceva antioqsidantebis Semc-
vel kosmetikur saSualebebs, romelic icavs kanis ujredebs stresis, ui-das-
xivebis negatiuri zemoqmedebis da Sesabamisad, adreuli daberebisgan.  

erT-erTi perspeqtiuli bunebrivi wyaro antioqsidantebidan aris yur-
Zeni, romlis SedgenilobaSia polifenolebis ramdenime klasi: antocianebi, 
fenolomJavebi, flavonolebi, leikocianidebi, katexinebi da maTi oligo-
merebi, proantocianidebi, e.w taninebi.  

kvlevis mizania biologiurad aqtiuri nivTierebebis, kerZod, bunebrivi 
nedleulis Tvisebebis, maTi gamoyofis xerxebis da sxvadasxva saxeobaSi (kve-
ba, medicina, farmacia, kosmetika) Seswavla da  gamoyeneba.  

biologiurad aqtiuri nivTierebebs miekuTvneba: naxSirwylebi, cilebi, 
lipidebi, vitaminebi, organuli mJavebi, alkaloidebi, glikozidebi, 
fenoluri naerTebi, mineraluri elementebi, terpenebi da eTerzeTebi [6].  

bunebrivi fenoluri naerTebis mravalricxovani klasis warmomadgene-
lia flavanoidebi. 

mcenareuli flavanoidebi simsivnis perspeqtiuli samkurnalo saSuale-
baa, aratoqsikuria, limfosarkomebis zogierT saxeobaSi aCerebs metastazebs.  

termini _ flavanoidebi aerTianebs naxSirbadis ConCxis genetikurad 
SekavSirebul sxvadasxva naerTebs saerTo formuliT  C6-C3-C6 da maT war-
moebulebs.  

 
C6-C3-C6 

 
flavanoidebs fiziologiuri aqtiurobis garda axasiaTebs mRebavi 

Tvisebebi. maTi gamoyeneba kosmetikur nawarmis da sakvebi produqtebis war-
moebaSi momxmareblisTvis metad mimzidvelia [1,4].  

bunebrivi warmoSobis mRebavi nivTierebebi qimiuri bunebiT miekuTvneba 
antocianebs, flavonebs, flavonoidebs. antocianebi Rebavs mcenareebis yva-
vilebis foTlebs, maT nayofs sxvadasxva ferSi _ vardisferi, wiTeli, lur-
ji. es naerTebi Sedis Sav mocxarSi, yurZnis kanSi, alubalSi, marwyvsa da 
sxva. [2,5]. 
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yvelaze popularul antocianur saRebavad dReisaTvis iTvleba wiTeli 
yurZnis kanis eqstraqti E163.  

yurZeni _ erT-erTi uZvelesi miwaTmoqmedebis kulturaa. is gavrcele-
bulia evropa-aziuri komponentis farTo teritoriaze, xSirad mas uwodeben 
evropul saxes _ Vitis Vinifera. yurZnis xarisxi, niadagisa da klimatis 
pirobebSi,  mniSvnelovan gavlenas axdens nayofis qimiur Sedgenilobaze [4]. 

saferavi – saqarTvelos standartuli, farTod gavrcelebuli vazis 
jiSia, igi msoflio asortimentis vazis wiTeli jiSebis erT-erTi saukeTeso 
warmomadgenelia. saferavSi antocianidinebi imyofeba mono da diglikozide-
bis saxiT. evropuli jiSis yurZenSi diglikozidebis Semcveloba saSualod 
ar aRemateba 15%. 

yurZnis damwifebis periodSi antocianebis raodenoba mudmivad izr-
deba. zogierTi jiSis yurZenSi antocianebi grovdeba rogorc kanSi, aseve 
rbilobSi. mwife yurZnis kanSi antocianebis raodenoba, xarisxis miuxedavad, 
3%-dan 6%-mdea, rbilobSi _ 0_500m g/dm3. 

antocianebis raodenoba damokidebulia yurZnis xarisxsa da  adgil-
mdebareobaze, sadac is xarobs. temperaturis gazrdiT badagSi izrdeba anto-
cianebis raodenoba. 

nedleulis SerCevis mizniT, romelic Seicavs biologiurad aqtiuri 
nivTierebebis umravlesobas, Catarda saferavis jiSis yurZnis wipwis bioqi-
miuri analizi [6] kvlevis Sedegebi warmodgenilia cxrilSi. 
 
saferavis jiSis yurZnis wipwis bioqimiuri analizi 
 

 maCvenebeli ganzomileba saferavis jiSis yurZnis wipwa 

1 mSrali nivTierebebi % 17,0  ± 0,96 
2 cilebi mg/sm3 6,45 ± 0,05 
3 saerTo azoti mg/sm3 1,05 ± 0,04 
4 mJavianoba % 14,45 ± 0,20 
5 vitamini E  kvali 

6 vitamini C mg/sm3 5,10 ± 0,2 
7 taninebi  kvali 
8 lignini % 0,1 
9 flavonoidebi % 1,58 ± 0,05 
10 antocianebi % 1,12 ± 0,06 

11 
fenoluri nivTierebebi 

galmJavaze 
gadaangariSebiT 

mg/sm3 1,88 ± 0,06 

12 peqtini % 0,35 0,5 
 

nedleulSi mSrali nivTierebebis raodenobis vsazRvravdiT wonakis 
105 °C gaSrobiT mudmiv wonamde, gost 28561-90 mixedviT. „nayofis da bostneu-
lis gadamuSavebis produqtebi. mSrali nivTierebebisa da sinestis gansazRv-
ris meTodebi“. 

mSrali nivTierebebis raodenobas eqstraqtebSi vsazRvravT refraqto-
metruli meTodiT gost 28562-90 mixedviT. xsnadi mSrali nivTierebebis gan-
sazRvris refraqtoruli meTodi. 

Catarebuli kvlevis safuZvelze SeiZleba Semdegi daskvnis gamotana; 
biologiurad aqtiuri eqstraqtis misaRebad mizanSewonilia saferavis jiSis 
yurZnis wipwis gamoyeneba. 
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SUMMARY 

BIOCHEMICAL RESEARCH AND USE OF SAPERAVI GRAPE SEED IN COSMETICS 

Devdariani N.G., Bokuchava N.V.  and Tsereteli T.M. 

Georgian Technical University 

Nowadays, special attention is paid to cosmetics containing antioxidants, which protect skin cells from stress, the 

negative effects of UV radiation and, consequently, premature aging.   One of the promising natural sources of 

antioxidants is grapes, which contain several classes of polyphenols: anthocyanins, phenolic acids, flavonols, 

leukocyanides, catechins and their oligomers proanthocyanidins, so-called tannins. Saperavi is a standard, 

widespread vine variety of Georgia, it is one of the best representatives of the world assortment of red vine 

varieties. Anthocyanins are present in Saperavi in the form of mono and diglycides. The content of diglycosides 

in European grapes does not exceed 15% on average.  Biochemical analysis of Saperavi grape seed was carried 

out in order to select the raw material, which contains most of the biologically active substances. 

Keywords: antioxidants, UV radiation, saperavi. 
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