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SUMMARY 

RUSSIAN ACADEMY OF ENGINEERING – A POWERFUL ENGINE OF INTEGRATION OF THE 

ENGINEERING COMMUNITY 

Gusev B.V. 

International Engineering Academy 

The Russian Academy of Engineering is the successor of the Engineering Academy of the USSR established on 

the 13
th

 of May, 1990. From the very beginning, the Engineering Academy launched targeted efforts to 

strengthen the links between science and industry, to resolve the problems associated with the application of the 

results of fundamental research and their accelerated adaptation to industry. The Engineering Academy 

contributed and contributes to the preservation and development of the intellectual potential of science and 

engineering by effective implementation of the fundamental achievements of science in the industrial sector.   

Keywords: Russian Academy of Engineering, engineering activity, fundamental research, new technology. 
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SUMMARY 

GEORGIAN ENGINEERING ACADEMY: FUNDAMENTAL PRINCIPLES OF ORGANIZATION 

MANAGEMENT IN RESPECT OF SYSTEM LAWS   

Prangishvili A.I. 

President of the Georgian Engineering Academy 

The scientific activity is the system activation associated with scientific research including  fundamental studies 

with revealing the laws and mechanisms of processes and phenomena, and applied ones studying the possibilities 

for deriving practical benefit from the knowledge gained. The scientific and technical activities of the Georgian 

Engineering Academy represent the synergy of scientific, engineering and organizational activities, which, in its 

turn, implies research, R&D and technological work, including scientific studies and technological developments 

ending by production and testing of prototypes. 

Keywords: Georgian Engineering Academy, engineering activity, fundamental research, new technology.  

 

 

 



   saqarTvelos sainJinro siaxleni, GEORGIAN ENGINEERING NEWS, №2, 2016  
 

25 

miznebis struqturireba da `Sewonva~ regionis mdgradi 

 ganviTarebis  amocanaSi 

 
frangiSvili a.i., namiCeiSvili o.m., gasitaSvili z.a., verulava d.i., kiknaZe m.g. 

 
saqarTvelos teqnikuri universiteti 

 
Sesavali 

regionis mdgradi ganviTarebis mizanTa optimaluri nakrebisa da maTi 
e.w. `wonebis~ SerCevis sainformacio teqnologia, gamomdinare [1-6] naSromebSi 
miRebuli mniSvnelovani Sedegebidan,  SeiZleba Semdeg sam etaps Seicavdes. 

1. miznebis struqturireba. gamoiyofa mTavari (globaluri) mizani, 
romelic regionis mdgradi ganviTarebis problemaze muSaobas gansazRvravs. 
globaluri mizani, romelsac nulovani done eniWeba, iSleba (ganicdis dekompo-
zicias) pirveli donis mdgenelebad - pirveli donis miznebad. daSlis arsi is 
aris, rom garkveuli donis miznis Sesrulebis uzrunvelyofa qvemdebare donis 
yvela miznis SesrulebiT xdeba (aRweris gamWvirvalobisaTvis dasaSleli 
miznis mdevnelTa ricxvi ar unda aRematebodes oTxs - xuTs, rac yovelTvis 
SesaZlebelia doneTa raodenobis gazrdiT). analogiurad xdeba pirveli donis 
mizanTa daSla da ase Semdeg, vidre ar miiReba dauSladi miznebi, romlebsac 
lokaluri (anu elementaruli) vuwodoT. saqmianobaSi miznebis ierarqiuli 
struqturis warmodgena xorcieldeba xis tipis grafiT, romlis fesvia 
globaluri mizani, xolo foTlebi lokalur miznebs Seesabameba. 

2. miznebis `Sewonva~. davuSvaT, rom pirvel etapze gansazRvruli 
lokaluri miznebis raodenoba N-s udris, xolo yoveli miznis miRwevadobis 
done k-s tolia. aseT viTarebaSi mravalmiznobriv alternativebad wodebul 
SesaZlo gadawyvetilebaTa (amonaxsnebis) sivrce (e.i. lokaluri miznebis 
miRwevadobis doneTa mniSvnelobebis nakrebebi) N

k sidides Seadgens. am 
uzarmazari ganzomilebis sivrceSi optimaluri alternativis pirdapiri 
gziT arCeva saeWvoa, rom SesaZlebeli iyos. amitom miznebis dasaxvis efeqtu-
rad warmarTvisaTvis, jer erTi, lokaluri miznebis ranJirebas axorcieleben 
da maT Soris yvelaze mniSvnelovan miznebs irCeven, riTac N sidide 
mcirdeba, meorec da, amcireben miRwevadobis doneTa k ricxvs gonivrulad 
minimalur zRvramde (magaliTad,   mniSvnelobamde). 

miznebis ranJirebisaTvis yoveli maTgani fasdeba ricxviTi sididiT - 
miznis e.w. woniT. wonebis gansazRvris proceduras, romelic garkveuli 
sferos eqspertebis monawileobiT xorcieldeba, miznebis `Sewonva~ ewodeba. 

miznebis `Sewonvis~ universaluri meTodi, romelsac aseve ierarqiaTa 
analizis anu Tomas saatis [1] meTodi ewodeba, TanamimdevrobiT gamoiyeneba 
oriarusiani fragmentebis mimarT miznebis xeze, romelic Seicavs fesvis 
wveros da misadmi daqvemdebarebul kvanZebs - foTlebs, romlebic ganla-
gebulia mimarTulebiT zemodan qveviT. sawyis fragmentSi, romlis fesvis 
wvero Seesabameba globalur mizans mocemuli woniT, eqsperti wyvil-wyvilad 
adarebs yvela daqvemdebarebul qsels (qveda iarusebis yvela wveros) gan-
sakuTrebuli skalis safuZvelze, romelic asaxavs miznebis mowesrigebuli 
wyvilis  SedarebiT mniSvnelovnobas xarisxobriv da raodenobriv gamosa-
xulebaSi. Sedarebis Sedegad xdeba wrfiv gantolebaTa sistemis Sedgena, 
romlis amoxsna daqvemdebarebuli miznebis dasadgen wonebs iZleva. Semdeg 
miznebis xis sawyisi fragmentis yoveli daqvemdebarebuli miznis gaigiveba 
xdeba  qveda fragmentis fesvis wverosTan (kvanZTan) da procedura meordeba 
sistemis lokaluri miznebis wonaTa gamoTvlamde. 

Tu miznebis struqtura ganisazRvreba zeda donis miznebis daSliT 
qveda donis miznebis simravled, maSin SeiZleba «Sewonvis» arsebiTad ufro 
martivi empiriuli xerxis gamoyeneba.  

fragmentis yoveli i-uri  1, . ),( ..i   daqvemdebarebuli miznisaTvis  eqs-

perti uSualod iZleva mis `wilobriv di  koeficients~, iseTs, rom wi xolo miz-
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nis wona ganisazRvreba w d wi i k
  namravliT, sadac fragmentis fesvis wveros 

wonaa. 
aseTi xerxis dasabuTebisas, romelsac wilobrivi koeficientebis 

meTods uwodeben, misi avtorebi [3] eyrdnobian im faqts, rom eqspertisaTvis 
ufro advilia da bunebrivic erTbaSad Seafasos fragmentis fesvuri miznis 
mdgenelis (Sesakrebis) wili, vidre iangariSos mdgenelebis SedarebiTi 
mnoSvnelovnoba, e.i. Seafasos maTi wyvilebi (mdgenelebis raodenoba erTi 
rigiT naklebia am mdgenelTa wyvilebis ricxvze). garda amisa ar warmoiqmneba 
im gamoTvliTi procedurebis aucilebloba, romlebic damaxasiaTebelia 
saatis meTodisaTvis, Tumca es Zalian umniSvnelo upiratesobaa. 

amitom qvemoT miznebis `Sewonvis~ mxolod pirveli meTodi iqneba 
gamoyenebuli. 

3. lokaluri miznebis raodenobis minimizacia. regionis mdgradi 
ganviTarebis dasaxvisas yvelaze mniSvnelovani lokaluri miznebis arCeva 
xorcieldeba gansakuTrebiT umniSvneloTa amoRebiT im lokaluri miznebis 
simravlidan, romlebic ganisazRvra pirvel etapze da `Seiwona~ meore etapze. 

lokaluri miznebis raodenobis minimizaciisas saWiroa erTdroulad 
ramdenime pirobis Sesruleba: 

• aucilebelia lokaluri miznebis urTierTgavlenis gaTvaliswineba, 
romelic asaxulia matriciT - kognituri rukiT [2, 3]; 

• amosaRebi miznebis miRwevadobis jamuri xarisxi, romelsac ricxviTi 
gamosaxuleba aqvs da kognituri rukis saSualebiT ganisazRvreba, ar unda 
aRematebodes dasaSveb zRurbls - garkveul mniSvnelobas; 

• amosaRebi lokaluri miznebis raodenoba unda iyos maqsimaluri. 
 

miznebis struqturireba regionis mdgradi ganviTarebis dagegmvisas. 
naxazze naCvenebia regionis mdgradi ganviTarebis gegmis ganmsazRvreli 

miznebis xis Zalian gamartivebuli magaliTi. miznebi aRniSnulia asoTi, 
romelsac aqvs qveda indeqsi cifrebis nakrebis saxiT. Tu miznis daSla mdge-

nelebad xdeba, es ukanasknelebi .1 .2, ,
i i

c c  saxiT aRiniSneba. globaluri mizani 

(xis fesvi) aRiniSneba 0c  simboloTi, magram am fesvis incidenturi wveroebis 

indeqsSi nuli ar iwereba. ganvsazRvroT miznebis aRniSvnaTa Sinaarsi (cxr.1). 
 

cxrili 1. miznebis aRniSvnaTa Sinaarsi 
aRniSvna Sinaarsi 

c0 regionis mdgradi ganviTareba 

c1 socialuri indikatorebis SerCeva 
c2 ekonomikuri indikatorebis SerCeva 
c3 ekologiuri indikatorebis SerCeva 
c4 organizaciuli indeqsebis SerCeva 
c1.1 siRaribesTan brZola 
c1.2 demografiuli dinamikis gaumjobeseba 
c1.3 regionuli kadrebis momzadebisTvis  xelSewyoba 
c1.4 mosaxleobis janmrTelobis dacva 
c1.5 mosaxleobis dasaqmeba 
c2.1 tradiciuli ekonomikis ganviTareba 
c2.2 moTxovnis xasiaTis cvlileba 
c2.3 finansuri meqanizmebis srulyofa 
c3.1 wylis resursebis gamoyenebis mowesrigeba 
c3.2 saxmeleTo resursebis gamoyenebis gafarToeba 
c3.3 sxva bunebrivi resursebis moxmarebis racionalizacia 
c3.4 atmosferos mdgomareobaze monitoringis gafarToeba 
c3.5 narCenebis utilizaciis srulyofa 
c4.1 gadawyvetilebaTa miRebis strategiis damuSaveba 
c4.2 informaciuli bazis Seqmna regionis mosaxleobis 

nacionaluri tradiciebis Sesaxeb 
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miznebis Sekvecili xe 

 
gamovyoT xeze (misi Semovlisas zemodan qveviT) ordoniani fragmentebi, 

romlebic Sedgeba `mSoblis~ wverosgan da misi incidenturi wveroebis — 
`STamomavlebis» — erTobliobisagan. fragments, romelSic `mSobelia~ xis 
`fesvuri~ wvero, eniWeba nulovani rangi. am fragmentis qveda donis wveroebi 
`mSoblebia~ pirveli rangis fragmentebisaTvis da a.S. 

naxazis magaliTSi nulovani rangi warmodgenilia 0 1 2 3 4, , ,  , } { М frag-

mentiT, miznebis pirveli rangi — 1 1.1 1.2 1.3 1.4 1.5, , , },{ ,  , 2 2.1 2.2 2.3, , ,{ },  

3 3.1 .2 3.3 3.43 3.5, , , },{ ,  da 4 4.1 4.2, ,{ }  fragmentebiT, xolo meore da momdevno 

rangis fragmentebi, Sekvecili mocemulobis Sesabamisad, ar arsebobs. 
3. miznebis `Sewonva~ 

ganvixiloT miznebis xis `Sewonvis~ meTodi wyvil-wyvilad SedarebaTa 

safuZvelze. miznebis SedarebiTi mniSvnelovnoba fasdeba balebis 
ij

b  ricxviT 

eqspertebTan SeTanxmebuli skaliT, romelic asaxulia cxr. 2-Si.  
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cxrili 2. miznebis SedarebiTi mniSvnelovnoba 
 

sityvieri (verbaluri) mniSvneloba ricxviTi (balobrivi) mniSvneloba 

i
c  da 

j
c  miznebis erTnairi mniSvnelovnoba 1 

i
c -is mniSvnelovnobis 

j
c -is mniSvnelovnobaze 

garkveuli (susti) Warboba 
3 

i
c -is mniSvnelovnobis  

j
c -is mniSvnelovnobaze 

arsebiTi (Zlieri) Warboba 
5 

i
c -is mniSvnelovnobis  

j
c -is mniSvnelovnobaze 

cxadi (Zalian Zlieri) Warboba 
7 

i
c -is mniSvnelovnobis

j
c -is mniSvnelovnobaze 

absoluturi Warboba 
9 

Sualeduri mniSvnelobebi skalis mezobel 
mniSvnelobebs Soris 

2, 4, 6, 8 

 
 miznebis xis yoveli fragmentisTvis, nulovani rangidan dawyebuli, 
aigeba kvadratuli matrica.  

R  matricis striqonebi (svetebi) Seesabameba xis fragmentis wveroebs -
`memkvidreebs~. ganapira marcxena svetis zeda ujredSi iwereba fragmentis 
mSobeli wveros mocemuli wona (xis fesvisaTvis - globaluri miznisaTvis -   

wona). striqonisa da 
j

c  svetis gadakveTaze uTiTeben 
ij

r  elementis mniSvnelo-

bas, romelic aris: 

• 1 , Tu  ;
i j

c c  

• balebis 
ij

b  ricxvi SedarebiTi mniSvnelovnobis skaliT (ix. zemoT), 

roca ufro mniSvnelovania, vidre 
j

c ; 

• 1/ ,
ij

b Tu i
c  nakleb mniSvnelovania, vidre 

j
c  

davuSvaT, rom R matricis striqonebi (svetebi) Seesabameba miznebs, 

romlebic fasdeba saZiebeli  
1 2, , ,

p
W W W  wonebiT, xolo mSoblis wveros 

mocemuli 
q

W wona aqvs. amasTan erTad samarTliania Semdegi piroba: 

                                 
1

.
p

q i

i

W W


                          (1) 

saZiebeli 
1 2, , ,

p
W W W wonebi wrfiv algebrul gantolebaTa Semdegi siste-

mis amonaxsnebia: 

                

1

1 1,1

1

2 2,1

1

1 1,1

1

1

.

p
W r W jjjp

p
W r W jjjp

p
W r W jp p jjp

p
W W Wp q i

i

 


 


  


  
















                                  (2)  

 

nulovani rangis 0 1 2 3 4, , ,  , } { М  fragmentisTvis naxazis magaliTSi matrica 

asaxulia  cxr. 3-Si. 
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cxrili 3. wyvil-wyvilad SedarebaTa matrica nulovani rangis fragmentisaTvis 

0 1 2 3 4, , ,  , } { М  

 

 
  
  
  
  
  
  
 

wrfiv algebrul gantolebaTa zemoT motanili me-(2) sistema saxisaa da 

0,5, 0, 277778 0, 28, 0,154321 0,15, 0, 067901 0, 07
1 2 3 4

W W W W       amonaxsns iZleva, 

rogorc es cxr. 3-is marjvena svetSia asaxuli. 

                        

 1
3 3 3

1 1 2 3 44

1 1
3 3

2 1 2 3 44 3

1 1 1
3

3 1 2 3 44 3 3

1
4 1 2 3

W W W W W

W W W W W

W W W W W

W W W W

   

   

   

   





    
  

 
 

 


                (3)  

momdevno pirveli rangis erT-erTi 
1 1.1 1.2 1.3 1.4 1.5, , , },{ ,  fragmentis-

Tvis matrica asaxulia cxr. 4-Si. 
 

cxrili 4. wyvil-wyvilad SedarebaTa matrica pirveli rangis fragmentisaTvis 

1 1.1 1.2 1.3 1.4 1.5, , , },{ ,  

  
  

 
  
  
  
  
  

wrfiv algebrul gantolebaTa me-(2) sistemas amjerad ukve aseTi saxe aqvs: 

    

 1
3 3 3 3

1,1 1,1 1,2 1,3 1,4 1,55

1 1 1 1

1,2 1,1 1,2 1,3 1,4 1,55 3 3 3

1 1 1 1

1,3 1,1 1,2 1,3 1,4 1,55 3 2 2

1 1
3 2 3

1,4 1,1 1,2 1,3 1,4 1,55 3

0, 5
1,5 1,1 1,2 1,3 1,4

W W W W W W

W W W W W W

W W W W W W

W W W W W W

W W W W W

    

    

    

    

    





   
 
 

 
 
 
 










,                  (4) 

saidanac 1.1 0,214286 0,21W  , 1.2 0,046584 0,05W   , 1,3 0,052795 0,05W   , 

1.4 0,125111 0,13W   ,  1,5 0,061224 0,06W   , rogorc es cxr. 4-is marjvena svetSia 

asaxuli. 

1
0

W Wq    C1 C2 C3 C4 miznis wona 

C1 1 3 3 3 5
1

0, 0W   

C2 1/3 1 3 3 2
2

0, 8W   

C3 1/3 1/3 1 3 1
3

0, 5W   

C4 1/3 1/3 1/3 1 0
4

0, 7W   

1 0,5W Wq    C1.1 C1.2 C1.3 C1.4 C1.5 miznis wona 

C1.1 1 3 3 3 3 W1,1=0,21 

C1.2 1/3 1 3 3 1/3 W1,2=0,05 
C1.3 1/3 1/3 1 3 1/2 W1,3=0,05 
C1.4 1/3 1/3 1/3 1 1,3 W1,4=0,13 

C1.5 
1/3 3 2 1/3 1 W1,5=0,06 
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analogiurad ganisazRvreba wveroTa wonebi mizanTa xis yvela danar-
Ceni fragmentisTvis. saTanado wrfis algebrul gantolebaTa me-(2) sistemis 
amosaxsnelad SeiZleba, magaliTad, Wolfram Research kompaniis kompiuteruli 
algebris `Wolfram Mathematica 10.4.1.~ sistemis gamoyeneba [7]. 

 
lokaluri miznebis minimizacia 

regionis mdgradi ganviTarebis dagegmvisas lokaluri miznebis Sesam-
cireblad aigeba cxrili - kognituri ruka, romelic lokaluri miznebis 
urTierTgavlenas warmoaCens. sazogadod kognituri ruka aris nacnobi 
sivrciTi garemocvis saxe zogadobis sxvadasxva xarisxiT da es termini Semo-
Rebulia 1948 wels cnobili amerikeli fsiqologis edvard Ceis tolmenis 
(ingl. Edward Chace Tolman,  1886-1959) mier. 

am kognituri rukis striqonebi da svetebi Seesabameba lokalur 

miznebs, marcxniv striqonis win dasmulia 
i

c  miznis aRniSvna, xolo marjvniv 

striqonis Semdeg - misi  
i

W  wona.  

i
c  striqonisa da  , 1, ,

j
c i j N   svetis gadakveTaze Caiwereba 

i j
   

saeqsperto Sefaseba, Tu 
i

c  miznis miRweva aZlierebs (xels uwyobs) 
j

c  miznis 

miRwevas, da 
i j

  Sefaseba, Tu, piriqiT, asustebs. 

aseT  0 1
ij ij

    saeqsperto Sefasebas, romelic asaxavs 
i

c  miznis ze-

moqmedebis Zalas 
j

c  mizanze regionis mdgradi ganviTarebis dagegmvisas, 

SeiZleba mexuTe cxriliT mocemuli forma gaaCndes. 
praqtikaSi 

ij
 Sefaseba SeiZleba ar emTxveodes wertilebs am cxrilis 

skalaze da imyofebodes maT Soris. magaliTad, 
i

c  miznis zemoqmedebis Zala 
j

c  

mizanze, roca es Zala Sefasebulia 0,2; 0,4; 0,6 an 0,8 ricxvebiT warmoadgens 
Sualedur mniSvnelobas saTanado sityvier (`Zalian sust~ da `sust~, `sust~ da 
`saSualo~, `saSualo~ da `Zlier~, `Zlier` da `absolutur~) Sefasebebs Soris.  

Tu miznebi gavlenas ar axdens erTmaneTze  0
ij

   an maTi Tanamoqmedebis 

xasiaTi ucnobia, maSin cxrilis  ,
i j

c c  ujredi carieli rCeba. 

cxrili 5. 
i

c  da 
j

c  miznebis urTierTgavlenis Sefasebis sityvieri da ricxviTi skala 

i
c   da  

j
c  miznebis urTierTgavlenis 

Sefasebis sityvieri (verbaluri) skala 

i
c   da  

j
c   miznebis urTierTgavlenis 

Sefasebis ricxviTi skala:  0 1i j i j    

gavlenis ararseboba 0 
Zalian susti gavlena 0,1 

susti gavlena 0,3 
saSualo gavlena 0,5 
Zlieri gavlena 0,7 

absoluturi gavlena 1,0 

 

miznebis urTierTgavlenis kognitur rukaze SemoaqvT raodenobrivi 

maxasiaTeblebi - globaluri  0c  da lokaluri  j
c  miznebis miRwevadobis 

(ingl. reachability) xarisxebi: 

                          0

1 1

,
N N

ij i

j i

J c W
 

                         (5) 

                            
1 1

0

1 1

.

N N

i j i i j i

i i
j N N

i j i

j i

W W

J c
J c

W
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yvela lokaluri miznis simravle aRvniSnoT  C  simboloTi, amosaRebi 

miznebis qvesimravle - *
C -Ti, xolo misi simZlavre - *

C  niSniT. miznebis   

qvesimravlis miRwevadobis xarisxi am miznebis urTierTgavlenis gaTvalis-
winebiT ganisazRvreba Semdegi TanafardobiT: 

                              *

1j jk
J C J c J c                (7) 

 *
J C sididis maqsimaluri dasaSvebi mniSvneloba aRvniSnoT asoTi. maSin 

lokaluri miznebis minimizaciis amocana SeiZleba aseTnairad Camoyalibdes: 

ganisazRvros iseTi *
C  daC , rom erTdroulad sruldebodes Semdegi pirobebi: 

                    
 *

*
.

max

J C

C

  


 
                            (8) 

aseTi tipis amocanebis gadasaWrelad ki mravali efeqturi algoriTmia 
cnobili. 
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SUMMARY 
STRUCTURING AND «АEIGHING» OF THE GOALS IN THE TASK OF SUSTAINABLE 
DEVELOPMENT OF THE REGION 
Prangishvili A.I., Namicheishvili N.O., Gasitashvili Z.A., Verulava D.Y. and Kiknadze M.G. 
Georgian Technical University  
A significant step in the establishment, development and realization of the organizational system is a pre-design 
analysis and modeling. The development of modern, large-scale and complex systems revived interest in the 
techniques of their modeling, including the development and analysis of the system model. We can formulate a 
set of goals and factors based on the analysis of complex organizational systems. Usually, these goals are 
structured, i.e. consist of sub-goals, these sub-goals may include other sub-goals, etc. As a result, we get a list of 
atomic goals. The number of sub-goals may be very large. Also we must underline that particular elements of 
these atomic goals do not have an equal impact on the  main goal. The selection of an optimal set of system goals 
and information technology for system operation includes several stages. The objective of the paper is to develop 
the theory and methodology of economic-mathematical modeling based on a cognitive approach to the research 
methodology and decision-making for sustainable development of regional socio-economic systems. The present 
study considers the possibility of applying the cognitive analysis to the solution of the following tasks: 
minimization of the local goals based on the  mathematical model; selection of more important goals among the 
obtained local goals; expert estimation of goals interrelation  and establishment  of   goals weights for the 
developed model; minimization of the local goals based on the mathematical model; construction of the model of 
the region sustainable development based on the cognitive modeling methodology. 
Keywords: local goals, weights of goals, expert estimation, tree of goal, structurization of system goals, 
indicators of sustainable development. 
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SUMMARY 

DISTORSION COMPENSATION IN SIMPLE REPRODUCING SYSTEMS 

Morozov V. P. and Babayan R.R. 

V. Trapeznikov Institute of Control Sciences of  RAS, Moscow, Russia 

The circuit of the analog scaling unit with additional amplifier circuitry for distortions extraction and 

compensation is presented.  

Keywords: reproducing system, analog scaler, amplification error, compensation. 
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SUMMARY 

INTELLIGENT CONTROL MECHANISMS 

Burkov V.N., Burkova I.V., Gasitashvili Z.A., Gorgidze I.A., Javakhadze G.S. and Khutsishvili S.A. 

V. Trapeznikov Institute of Control Sciences of RAS, Moscow, Russia 

Georgian Technical University 

The paper deals with intelligent control mechanisms. Some examples are given. The elaboration of intelligent 

control mechanisms is based on the active systems theory. For further  progress of economy the state program 

―IЧЭОХХТРОЧЭ CШЧЭrШХ‖ Тs ОssОЧЭТКХ.  
Keywords:  intelligent control, active systems. 
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ROBUST DECENTRALIZED INVENTORY CONTROL IN LARGE-SCALE SUPPLY 

NETWORKS 

 

Lyubchyk L. M. and Dorofieiev Yu.I. 

 

National Technical UЧТЯОЫЬТЭв “KСКЫФТЯ PШХвЭОМСЧТМ IЧЬЭТЭЮЭО”  
 

Abstract.The problem of decentralized inventory control in large-scale supply chains under uncertain but 

bounded external demand and transport time-delays and in the  presence of asymmetric structural constraints on 

states and controls is considered. Local inventory controllersuse linear dynamic feedback with respect to 

deviation of the current inventory levels from the chosen safety levels. To suppress the influence of disturbances, 

modelling external demand, while ensuring robust stability of closed local subsystems, the method of invariant 

ellipsoids is used, which allowed formulating the problem in terms of linear matrix inequalities, wherein the 

synthesis of control reduced to a semi-definite programming problem. Stability analysis of inventory control 

systems for large-scale supply networks with decentralized controllers is performed using the comparison 

method and vector Lyapunov functions technique. 

Keywords: invariant ellipsoids, inventory control, linear matrix inequality, semidefinite programming, 

comparison method, robust control, supply network, vector Lyapunov function. 

 

Introduction 

A supply network is a complex large-scale system consisting of interconnected agents which 

is engaged in the extraction of raw materials, production, storage, transportation and distribution of 

products to satisfy consumer demand [1]. Supply network model is usually represented as a directed 

graph so that its vertices corresponding to the network nodes define the types and volumes of the 

controllable inventory and its arcs represent controllable and uncontrollable flows in the network. 

Controllable flows describe the processes of resource reprocessing and redistributing between network 

nodes and external supply processes for raw materialswhile uncontrollable flows describe the resource 

demand formed by external consumers.  

Operation of production links associated with supply network nodes and influence of demand 

from external consumers make typically resource inventory in the network nodes vary over time. Thus 

there is a need to develop methods for inventory control for supply networks in order to meet external 

demand and minimize own costs. At that under inventory control strategy is meant the structure of the 

rules for determining the time of order formation and its sizes to resupply. 

From the point of supply network control, it is reasonable to consider volumes of demand on 

the resources which acts at the network nodes from the external environment as external disturbances. 

The choice of inventory control model is defined by nature of demand.  

Inventory control strategy with the given demand model is usually designed by the Model 

Predictive Control method [2], application of this approach to the problems of robust inventory control 

considered in[3,4].In practice, generally, there is no information in order to select a proper model of 

external demand needed to predictive control. One of approaches to the solution of the inventory 

control problem under demand uncertainty is use of the concept of "unknown, but bounded" 

disturbances [5,6], wherein the corresponding demand model is characterized by the interval 

uncertainty. 

Another source of uncertainty in the inventory control problems is the presence of transport 

lag caused by delays in restocking regarding the moments of orderformation. It is assumed that the 

values of the duration of processing and transportation resources in the nodes of the network are 

known. However, during the operation supply network parameters may vary from their nominal 

values. As a result, there is a need to ensure the robustness of the control system with respect to 

variations in these parameters. 

In the last decade, it has formed a new approach to robust control problem, based on the 

concept of invariant sets [5], among which especially allocated ellipsoids due to their simple structure 

and a direct connection with quadratic Lyapunov functions. 

The inventory controller design problemneed to take into account some constrains of network 

variables. Thus, as a rule, in control theory frequently considering constrains specified in any norm, 

while the specifics of inventory control problems is non-negative values of variables, which 
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characterized by asymmetric constraints on values of states and control actions. In such a case a 

constrained Predictive Control Method may be used for inventory controllerdesign [7.8]. 

Most of the procedures for the analysis and synthesis of inventory control systems in recent 

decades were developed using a centralized approach, where all the information about the current 

system state is transferred to a single controller, which formed the control actions for all system nodes. 

However, a centralized approach to the large-scale control system design is characterized by 

significant computational complexity and the need a centralized system for collecting information. 

Therefore, to solve the control problems of supply networks perspective is decentralized approach, in 

which the original control optimization problem is replaced by a set of local problems of smaller 

dimension that can be solved in parallel and independently of each other. At once, it is necessary to 

ensure the robust stability of the entire system, taking into account the presence of interconnections. 

The problem of robustness in a decentralized control structure was considered in[9, 10]. For 

the design of stabilizing control algorithms in the form of a static output feedback the authors propose 

to use the estimate of the upper bound of non-linear terms or interconnections between local 

subsystems. To get the results that are acceptable from the point of view of computational complexity, 

the stability conditions are formulated using the technique of Linear Matrix Inequalities (LMI) [11]. 

However, in this approach, decentralized control is found by solving the optimization problem whose 

dimension is determined by the dimension of entire system.Also it should be noted that in the works 

devoted to the problem of suppression of bounded external disturbances, LMI technique is usually 

applied to suppress disturbances that are limited in some norm. While expanding this approach for 

asymmetric constraints of the states and control actions is of a great scientific and practical interest. 

To reduce the dimension of the problem in the synthesis of decentralized control for large-

scale systems the concept of a diagonal or block-diagonal dominance may be used [12]. Thoughthis 

concept,an approach to decentralized control designbased on equivalent subsystems method is 

proposed[12]. The main advantage of this approach is that the static output feedback, providing robust 

stability and given performance values, is designed on the level of the individual subsystems, which 

reduces the dimension of the problem to the dimension of the subsystems. In this case, the estimates of 

the degree of subsystems stability obtained as a result of the optimization problem solution are 

considered as constraints on the value of the interconnections between the subsystems. However, this 

approach does not take into account the structural constraints, as well as external disturbances are not 

considered. 

Thus, the actual problemfor large-scale supply network efficiency improvement isrobust 

decentralized inventory control designin the presence of unknown, but bounded external demand and 

transport delays,taking into account structural constraints on the states and control actions. 

 

Problem statement 

Consider the supply network ,S consisting of interconnected nodes NiSi ,1,  , which 

described by discrete state-space model. As state variables available inventory levels of resources are 

considered. Control actions are orders volumes for the resources supply, which are formed by nodes in 

the current period, as well as external disturbances is the demand orders, which act at the network 

nodes from the outside. 

System behavior is determined by the equations describing the change of inventory levels of 

each node iS . It is assumed that the supply network structure is known, and the states are available to 

direct measurement. It is also assumed that the measured values of the local states used only by their 

local controllers.Transport time-delays are described using the discrete delay model. Values of time-

delays that give the duration of transportation and resource reprocessing at the network nodes are 

supposed to be known and are multiples of the sampling period.  

Then each of the supply network nodes is described by a difference equation with delay 
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where ,...2,1,0k  is number of discrete time interval; in
i k Rx )(  is state vector of node iS ; 

im
i k Ru )(  is control actions vector; in

i k Rw )(  is external disturbances vector; 
max
iΛ  is 

discrete variable, multiple of the sampling period, that determines the maximum value of the time-

delays of controlled flows between the node iS  and the network nodes that are resource suppliers for 

him; 
max,0, i

mnt
i Λtii  

RB  are control influence matrices, ii nn
i

RE  is disturbances 

influence matrix. Obviously, the network structure is determined by the matrices i
t
i EB , , methods of 

construction which are set out in [13]. The composite vector  TTT
2

T
1 )(...,),(),()( kkkk Nxxxx  , 

which composed of the individual nodes state vectors, is the state vector of the whole system S  and 

has dimension 



N

i
inn

1

.  

External actions for each node iS  include the external demand generated outside the network, 

and internal demand generated by nodes for which the node iS  is a resources supplier 

 ,)()()(
,1





N

ijj
ijiji kkk duw  (2) 

where 
q

k Rd )(  is external demand vector; Njiji nn
ij ,1,,  

R  are technological 

matrices, which are formed on the basis of the process description being implemented by the supply 

network, namely, the element value  tsij ,  is equal to the amount of resource units ins ,1  of 

node iS  required to produce one resource unit jnt ,1  by node jS ; 
qn

i
i R  is external 

demand influence matrix.Obviously, a matrix completely characterizes the nodes interactions that 

define the supply network structure and given technological process.  

 

 





















0

0

0

21

221

112







NN

N

N

 (3) 

DЮrТЧР ЭСО sвsЭОЦ’s ШЩОrКЭТШЧ, ЭСО ПШХХШаТЧР sЭrЮМЭЮrКХ МШЧsЭrКТЧЭs sСШЮХН СШХН 

 
 
 ,0:)(

,0:)(

max

max

ii
m

iii

ii
n

iii

i

i

Uk

Xk

uuRuu

xxRxx




 (4) 

where vectors 
max
ix  and 

max
iu  setting maximal storage capacities of the network nodes and maximal 

transportation volumes are considered given. 

We assume that the vectors of external disturbances satisfy the constraints: 

  ,:)( maxmin
dddRdd  q

Dk  (5) 

wherevectors 
min

d  and 
max

d  give the boundary values of demand and are supposed to be known. 

Sets of admissible values of the states iX , controls iU  and demand D  are bounded polyhedrons 

given by intersection of finite number of closed subspaces, i.e. they are compact convex sets, with the 

coordinate origin being outside their interior:      DUX ii int0,int0,int0  . 

For a system consisting of the nodes described by equations (1) and interconnections defined by (2), 

consider the problem of decentralized inventory robust control design with respect to unknown, but 
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bounded demand disturbances Dk )(d  that for any initial state )0(x , where NiX ii ,1,)0( x  

provides 

 full and timely satisfaction of both external and internal demand;  

 minimization of the local quality criteria; 

 asymptotic robust stability of the entire interconnected system; 

 fulfillment the given constraints on the state and control. 

 

Local inventory controllers design 
Carrying out the transformation network node model (1) to the standard form without delays 

based on extending state vector   .)(...,),2(),1(),()( maxTTTT T
uuuxξ iiiiii Λkkkkk  by 

including vectors of previously ordered volumes resources which are in the process of transportation 

and processing [6], the equations of the extended model of the node obtained in the following form 
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where matrices iiiiiiii Nn
i

qN
i

mN
i

NN
i ,,

  RCRGRBRA , , 
max
iiii ΛmnN   

have the corresponding block structure[4, 13] 
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The necessary conditions for the existence of an inventory control strategy for every node ,Si  

providing full and timely satisfaction of uncertain but limited, external demands are 

 stabilizability conditions for pairs matrices  ,B,A ii ;1 N,i   

 conditions for the presence of required control resources[14], which has the following geometric 

interpretation: a convex polyhedron, which describes the influence of external disturbances should be 

strictly within the convex polyhedron, describing control resources constraints for each node iS , 

namely, iii UBDG  .  

Checking such aconditions for each node is a NP-complete problem of ii
qm 

2  dimension, 

which may be formulated as a linear programming problem, whose solution presented in [14] along 

with corresponding computational algorithm. 

The next step is external disturbance set for each node approximation by ellipsoid of minimum 

volume. The boundary values of the external disturbancemay be obtained as 
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(7) 

Then the external disturbance set for node iS  can be approximated by an ellipsoid 

       ,1)()(:),( *1T**
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w
ii kkE i wwPwwRwPw  (8) 

whose matrix 
w
iP  and vector 

*
iw are determined by solving a convex optimization problem: 

 mindetlog  W  (9) 

subject to constraints on the matrix ii nn  RWW
T

 and vector in
Rz  variables 
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IzWw

zWw
W  (10) 

where jw  are the vectors includes all possible combinations of vectors 
min
iw  and 

max
iw .  

The solution of (10) zW ˆ,ˆ  defines the parameters of the ellipsoid (8) 

 zWwWP ˆˆ,ˆ 1*2   i
w
i . (11) 

We construct the local control law in the form of non-stationary linear feedback with respect 

to the deviation between the available and safety inventory levels 

  *)()()( iiii kkk ξξKu  , (12) 

where ii Nm
i k

RK )(  is the non-stationary feedback gain matrix at the instant k . 

The values of the vector 
*
iξ  that consists of 1max iΛ  vectors 

*
ix  and gives the amount of 

safety inventory levels are calculated based on the upper boundary values 
max
iw  of external 

disturbances for the node iS subject time-delay value 
max
iΛ , namely, 

maxmax*
T

1

T*T** ,...,,

max

iii

Λ

iii Λ

i

wxxxξ 








.  

Then the extended model of the closed-loop node for control low (12) may be presented as 

 
   

).()(),()(

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

kkkk

kkkk

iiiifiii

iiiiiiiiiifi

KBAAξCx

wGwwGξAξξAξ




 (13) 

Local control design problem is to find the feedback gain matrices )(kiK  such that closed-

loop subsystems (13) are asymptotically robustly stable. The stability conditions of the entire 

controlled supply network with decentralized controllers will be discussed below. 

Designed controller should ensure the minimizing of the following local subsystem criteria in case of 

an infinite time horizon 
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u
iiiiiiii kkkkkkkJ uRuuRuξξRξξ , (14) 

where iiiiii mm
i

mmu
i

NN
i

  RRRRRR ,,  are diagonal positive definite weighting 

matrices, )1()()(  kkk iii uuu . 

The first term in (14) determines the amount of penalties for deviation of available resources 

levels from safety inventory levels, the second take into account the cost of resources transportation 

and storage, and the third is introduced for smoothing of control actions jumps, since the change in 

resources production volumes should be carried out smoothly.  

Stabilizing control algorithm are generally based on the estimation of the upper boundary value of the 

system performance criterion using a suitable quadratic Lyapunov function, defined on the subsystem 

(13) models equations solutions 

       .0)()(,)()()()( T*T** kkkkkkV iiiiiiiiii PPξξPξξξξ   (15) 

LОЭ’s rОqЮТrО ЭСКЭ 0k  and for any value of the external disturbance belonging to 

approximating ellipsoid ),()( * w
iii Ek Pww  for the first difference of the Lyapunov functionholds 

the inequality, guaranteeing the Lyapunov functiondecreasing over time  

     )()()1( **
kJkVkV iiiiiii

 ξξξξ . (16) 

If inequality (16) holds it may be show that 0k  the following inequality is valid 

   )(max)(
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*

*
kJkV i

Ek
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w
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Pww

ξξ . (17) 

Local control actions )(kiu  will be determined from the minimization of criterion (14) upper 

bound. Then in accordance with (17) the control actions may be found from the minimization 

condition of the Lyapunov function 

  *
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)(minarg)( iii
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i kVk
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. (18) 

The problem (18) is equivalent to the problem of calculating the minimum value of a scalar 

0)( kγi  such that 0k  the following inequality is valid 

     ).()()()( *T*
kγkkk iiiiii  ξξPξξ  (19) 

In accordance with [8] matrix variables should be introduced 

 )()()(
1

kkk iii
 PQ  (20) 

and using Schur lemma the problems of minimizing the scalar value )(ki  under the condition (19) 

may be presented as a semidefinite programming problem(SDP) 
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 (21) 

Thus the synthesis of local robustly stable control is to calculate at each instant k  the 

feedback gain matrix )(kiK  which stabilizes the closed-loop subsystems (13) and minimizes the 

Lyapunov function (17). The appropriate results are presented in the following theorem. 

T h e o r e m.Consider the set of subsystems (6) with constraints (4) with the control law (12), and let 

the feedback gain matrix )()()( 1
kkk iii

 QYK  is obtained by solving the optimization problem 

 )(min
),(),(

kγi
αkk iii YQ

 (22) 
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subject to matrix variables )(kiQ , ii Nm
i k

RY )(  and scalar parameters iα , )(kγi constraints 
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where )()()( kkk iiiii YBQAΣ  , )1(1  kik KK , 
 i

u
ii RRR , «+»НОЧШЭО MШШrО-

Penrose pseudoinverse. 

If the problem (22) which can be considered as a set of one-dimensional convex optimization 

problem with respect to the parameter iα  and SDP has a solution, then the set of closed-loop 

subsystems (6) with control law (12) for any initial state ii X)0(x  in the presence of external 

disturbances ),()( * w
iii Ek Pww   is asymptotically robustly stable.  

Herein
x
iP  is the matrix of the ellipsoid that approximates set iX  of admissible state values, 

calculated by solving the problem, which is similar to the problem (9). 

The proof is analogous to the proof of the Theorem 2 in [4]. 

 

Stability analysis of decentralized inventory control system 
If during the process of decentralized control design for each subsystem the optimization 

problem (22) – (25) is solved, it can be asserted that all closed local subsystems are asymptotically 

robust stable.To analyze stability of the entire controlled supply network S  with decentralized 

controllers represent the equations of the extended node models (6), taking into account the 

relationships (2), by analogy with [5] as follows 
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The dynamic equation (26) under the control (12) takes the form 
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To analyze the stability of the entire controlled supply network S  with decentralized 

controllers it is effective to use the method of comparison based on vector Lyapunov functions 

approach [15].Consider a vector Lyapunov function 

 

        ,)(,...,)()(
T**

111
*

NNN kvkvkV ξξξξξξ   (27) 

where  TTT
1 )(...,),()( kkk Nξξξ   and     T

T*T*
1

* ...,, 



 Nξξξ  are a component vectors of 

appropriate dimension.The components of vector function (27) areLyapunov functions of local 

subsystems in the Siljakform [9] 
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  ξξPξξξξ  (28) 

where the matrices )(kiP  in accordance with (20) are equal ).()()(
1

kkk iii
 QP  

On the basis of vector Lyapunov function (27) the general Lyapunov function for controlled supply 

network S is the following 

 

    *
0

*
0 )()( ξξPξξ  kVkV , (29) 

where   Nippp iN ,1,0,...,, 00010 P . 

Withcontrolled large-scale system S may be associated the linear comparison system[15]  

 

 ),()(),()()1( 0 kυkηkυkkυ PΛ   (30) 

where  TTT
1 ...,, Nυυυ   is the state vector of comparison system; η  is scalar function, which is the 

output of comparison system; 
NN

k
RΛ )(  is non-stationary matrix with non-negative elements, 

describes the comparison system dynamics.  

In [16] was formulated the theorem according to which for the vector Lyapunov function (27) 

and general Lyapunov function (29) the following inequalities are equitable 
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ifmatrix )(kΛ elements is determined by the characteristic equation of quadratic formspencil 
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Herewith   2
1

max)( ijij kλ  , where 
max
ij  is the maximum value of the appropriate 

characteristic equation (32) root. Thus the comparison system (30) majorizes componentwise vector 

Lyapunov function (27) and gives an upper estimate of the processes behavior of entire system S . As 

a result stability analysis of the entire controlled supply network S  with decentralized controllers 

reduces to the analysis of the comparison system (30) stability.  

Under supply network model construction the nodes are numbered and grouped according to 

the stages of processing of raw materials and semi-finished products, starting with those that exposed 

external disturbance, specifically demand. Moreover, any layer of the network combines nodes that are 

resource suppliers for the nodes belonging to the layers with numbers strictly less than l  and at least 

for one node of the layer 1l . If a directed graph described the supply network, is a tree, that is, has 
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no cycles, then non-stationary dynamic matrix )(kΛ  of the comparison system (30) is lower 

triangular. Since the diagonal elements of the matrix )(kΛ  are calculated based on the first of 

equations (32), their values are positive and 1)(0  kλii .  

As a result, non-stationary matrix kk )(Λ  is nilpotent and therefore, the comparison system 

(30) is stable. Consequently, the entire controlled supply network S  consisting of interconnected 

subsystems NiSi ,1,  , which with local feedback decentralized controllers (12) will be Lyapunov 

stable. 

 

Conclusions 
The invariant ellipsoids method along with LMI technique is an effective approach to solving 

the robust decentralized inventory control problem in large-scale supply networks. The specific 

features of this problem aredecomposed structure of complex supply network, the uncertainty, but 

boundedness of external demand and the presence of asymmetric structural constraints on the states 

and control actions values. 

To suppress influence of disturbances witch describes the change of external demand together 

with ensuring stability of the closed-loop local subsystems the invariant ellipsoid technique is applied 

that allowed control problem statement in terms of LMI and reduce the control synthesis to SDP and 

one-dimensional convex optimization problems. The most important property of obtained solution is 

the Lyapunov stability of the entire controlled supply network with decentralized controllers which is 

guaranteed by use of the comparison method and the technique of vector Lyapunov functions. 

The resulting control depends on the chosen value of the safety inventory levels. One can 

choose optimal values of local safety levels within the proposed technique since the solution of the 

robust decentralized control synthesis problem involved actually gives the algorithmic dependence 

between the local safety inventory level and the optimal value of the local performance criterion. 

Further research in this area may be related to the multi-agent and consensus control theory for 

load and flows coordination in large-scale supply chains networks. 
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ABSOLUTE CONVERGENCE AND SUMMABILITY OF THE FOURIER-BESSEL SERIES 

 

Skhirtladze I.A. and Skhirtladze N.I. 

 

V. Chavchanidze Institute of Cybernetics, Georgian Technical University 
 

Abstract. The sufficient conditions for absolute convergence and summability of the Fourier-Bessel series are 

given. 

Keywords: Fourier-Bessel series, absolute convergence, absolute summability. 

 

1. Some Notions and Definitions 

We deal with Lebesgue integrable functions, periodic with period 1, i.e.  0;1f L . Let us 

introduce the following notions 
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It is called the l-order difference. 

It is well known that the 0   order Bessel function is determined by the equation [1] 
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аСОrО Γ Тs ЭСО EЮХОr ТЧЭОРrКХ ШП ЭСО ПТrsЭ ФТЧН КЧН Тs РТЯОЧ ПШr ЭСО  0  number by the equality 
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   , we can 

assume in Eq (2) that   >-1 . LОЭ 1,  2, …, n …ЛО ЭСО гОrШОs ШП ЭСО КsМОЧНТЧР BОssОХ  J x -

function. Then the [nb:3] system of functions      1 2, ... ...nJ x J x J x      is an xdx-weight 

orthogonal system defined on the [0, 1] segment. Hence, to any  0;1f  function, we can match the 

Fourier-Bessel series  
1

,n n
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 where the Fourier-Bessel coefficient Cn is computed by formula  
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Assume    , 0,1;0,1f x y L  is a Lebes gue function, periodic with separate variables with 

period 1. In this case, the Bessel system is written in the multiplication form    m nJ x J y   . 

It is obvious that this product is orthogonal [0,1; 0,1] on the two-dimensional segment, and its 

Fourier-Bessel series takes the form [2] 

   
,

mn m n

m n

C J x J y  


  

where the coefficient Cmn is determined by the equality [3] 
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Let us introduce the functions 

   
1

0

,x f x y dy    and    
1

0

,y f x y dx    

and quantities 

       

       

     

1

12

1

12

1 1

1

1

0

1

1

0

1

1 1
, ,

1 1
,

0 0 2 2

2 ,

2 ,

2 , ,

m

n

m n

p p

r rm

m p

p p

s sn

n p

p p

t d t dm n

mn p

A f x dx

B f y dy

D f f dxdy









 



 
  
 
 

 
  
 
 

 
  
 
 





 

 

 

 

where 
     

1 2

,

, 1 2

0

[4]1 , .
t d

t d kt d

h h

D k

t d
f x h y kh

k








  

 

  
      

  
  

2. Theorems about Absolute Convergence and Summability 

Theorem 1. Say  1, 2p  is some number, and function  f  with period 1 belongs to Lp[0, 1], or for 

some natural number 
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hence follows the absolute convergence of the Fourier-Bessel series. 

Theorem 2. Say  0,1; 0,1pf L   1,2p and  
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Theorem 3. Say  0,1; 0,1pf L and 1< 2.p   if 
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Then the Fourier-Bessel series 1 2, ,C      is summarized. 
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foTis portis Semosasvleli arxis mimdebare teritoriis 

liTodinamikis ricxviTi modelireba. 

 mosilvebis sawinaaRmdego sainJinro RonisZiebebi 

 
saRinaZe i.s., bregvaZe a.v., gagoSiZe S.n.  

 
akaki wereTlis saxelmwifo universiteti, quTaisi 

 saqarTvelos teqnikuri universiteti 
  
foTis navsadguris Semosasvleli arxis mosilvisagan dacvis problema 

aqtualuri da mniSvnelovania. misi mougvareblobis SemTxvevaSi, axlo 
momavalSi SesaZloa navsadguris funqcionirebis SezRudva.  

1939 wlamde mdinare rionis SesarTavi mdebareobda navsadguris 
samxreTiT. is warmoadgenda ortotian deltas, romlis CrdiloeTi totis 
SesarTavi mdebareobda navsadguris samxreTi molos siaxloves, xolo 
samxreTi totis SesarTavi Suquras siaxloves.  gazafxulis wyaldidobebis 
dros q. foTis teritoriebi itboreboda, rac did zians ayenebda qalaqs. 
aRniSnuli uaryofiTi procesebis Tavidan aridebis mizniT 1939 wels mdinare 
rioni gadagdebuli iqna navsadguris CrdiloeTiT nabadis midamoebSi. 

mdinaris gadagdebis Semdeg q. foTis portis samxreTiT daiwyo 
sanapiros intensiuri warecxvebi, rac ganpirobebuli iyo myari natanis 
deficitiT. sawinaaRmdego procesebi daiwyo navsadguris Semosasvlel arxsa 
da mis CrdiloeTiT. am midamoebSi dafiqsirebulia fskeris siRrmeebis 
Semcireba (natanis akumulacia) siCqariT 0,2-0,3 metri weliwadSi. es procesi 
mimdinareobs md.rionidan Semotanili natanis wvrilmarcvlovani fraqciebis 
xarjze.  

tvirTbrunvis gazrdis SemTxvevaSi navsadgurs aqvs SemuSavebuli 
arsebuli portis CrdiloeTiT, nabadis deltis mimarTulebiT gafarToebis 
gegma. es gegma gulisxmobs mdinare rionis nabadis arxis SesarTavis 
mimdebare teritoriidan samxreTiT arsebuli portis mimarTulebiT 2-2,5 
kilometri sigrZis damcavi molis mSeneblobas. es moli portis Semosasvlel 
arxs aacilebs rionis CrdiloeT totidan Semotanil natans da daicavs mas 
mosilvebisagan. 

im SemTxvevaSi, roca damcavi moli ar Sendeba saWiroa procesebis 
Seswavla da Sesabamisi sainJinro RonisZiebebis dasaxva. 

problemis Seswavlisas visargebleT portis Sesasvleli arxis mimde-
bare teritoriis liTodinamikis maTematikuri modelirebis meTodebiT. amo-
cana davyaviT sam etapad rac niSnavs, rom Tavidan amovxsnaT talRebis 
organzomilebiani amocana, Semdeg miRebuli Sedegebis gamoyenebiT gamovT-
valoT sanapiro dinebebi da bolos miRebuli Sedegebis gamoyenebiT natanis 
moZraoba da fskeris topografiis cvlileba [1-4]. 

rogorc natanis masis mudmivobis gantolebidanaa cnobili, wylis 
siRrmis cvlileba SeiZleba Caiweros Semdegnairad [1,5,6]: 

    

,
y

q

x

q

t

h yx












      (1) 

sadac x da y  horizontaluri koordinatebia; 
x

q da
y

q
 
ki - elementis sazRv-

rebSi natanis moZraobis moculobiTi siCqare x  da y  mimarTulebebiT. moZ-

raobis moculobiTi siCqareebi  gamoisaxeba elementis vertikaluri ganivi 
kveTis mier drois erTeulSi gatarebuli efeqturi natanis moculobiT.  

natanis moZraobis siCqaris gansazRvrisaTvis miRebulia formula [1,5]:  

          
wywxcycxyx

qqqqqq ,,,  ,    (2)       
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sadac  
cycx

qq ,  gasaSualebuli dinebebiT gamowveuli natanis transporti-

rebis siCqarea,  
wywx

qq ,  ki - talRebiT gamowveuli natanis transportirebis 

siCqare. dinebebiT gamowveuli natanis transportirebis siCqare gamoiTvleba 
formuliT:  

UQq ccx  ,  VQq ccy  , gAQ crmcc  /)(  , 

sadacUU da V gasaSualebuli dinebebis siCqareebia  da  mimarTulebiT,   

Ac-0,1-1 rigis uganzomilebo koeficientia; m  - talRebisa da dinebebis 

erToblivi moqmedebiT gamowveuli fskeruli Zvris Zabvis maqsimaluri 
mniSvnelobaa. 

talRebis mier natanis moZraoba gamowveulia fskeruli talRuri 
siCqaris asimetriulobiT da ufro rTulia, radganac is iTxovs iseTi 
faqtorebis gaTvaliswinebas, rogoricaa talRaTa refraqcia, difraqcia, 
damsxvreva, arekvla da fskeris daxriloba. talRebiT gamowveuli natanis 
transportirebis siCqare gamoiTvleba formuliT [5]: 

 

,  ,   ,      

 

sadac 
w

A  
uganzomilebo koeficientia; bû fskeruli orbituli siCqaris 

amplitudaa;  kuTxea talRebis gavrcelebis mimarTulebasa da  RerZs 
Soris. 

formulebSi, romlebiTac ganisazRvreba  
yx qq , , ar aris gaTvaliswine-

buli fskeris daxris faqtori. misi gaTvaliswinebiT miiReba: 
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h
qqq xsxx 
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qqq ysyy 


 '    (3)                

da (1)-is nacvlad miviRebT: 
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.               (4)  

amoxsnis algoriTmi. SemovitanoT (3) gantolebebSi aRniSvnebi: 

 xqA  ,      
xqB  ,        

yqC  ,        .yqD   

 
Dda (4) gadavweroT Semdegi saxiT: 
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CamovayaliboT ganzogadoebuli amocana. (5) gantolebis ganzoga-

doebuli amoxsna vuwodoT funqcias  1

2

~
Wh (  1

2

~
W -sobolevis funqcia), rome-

lic akmayofilebs gantolebas [3-5]: 
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.   (6)  

nebismieri  
0

1

2, Wji  , aq  
0

1

2W - Tavis pirveli rigis warmoebulTan erTad 

kvadratulad Sejamebadi funqciebis sivrcea, romelic   sazRvarze nulis 

tolia da Rebulobs nebismier fiqsirebul mniSvnelobas S  aris SigniT. 
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gamoviyenoT (6)-Si grinis formula, miviRebT:   
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gadavideT aproqsimaciis sqemis Sedgenaze. SemdgomSi S areSi vagebT 

badur marTkuTxovan 
n

S ares bijiT xa  da yb  .  proeqciul-sxvaobiani 

sqemis asagebad 
n

S areze badis TiToeul kvanZs ),( ji yx  vuTavsebT kurantis 

ji ,
  funqcias, romelic mocemul kvanZSi erTis tolia, xolo badis danarCen 

kvanZebSi – nulisa: 

     
   








nmji

nmji
yx jinm

,,,0

,,,1
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nax. 1. integrebis are, romelic moicavs portis Semosasvlel  arxs 
 (naCvenebia wyvetili xazebiT) 

 

funqciebs  
jinm yx ,,  matareblad aqvs eqvskuTxedi, romelic 

gamosaxulia nax. 2-ze:    

ნ  
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nax. 2. sasruli elementi 

 
 
me-(5) gantolebis miaxloebiTi amonaxsnis povna SesaZlebelia formuliT: 
 

     

   yxthh
n

Sji

jiji ,
,

,,


                           (8)           

),(, yxji - funqcia nulisgan gansxvavebulia mxolod aris  
ji yx ,  kvanZis 

momijnave eqvs samkuTxedSi. amitom me-(5) gantolebis integrireba xdeba am 
samkuTxedebis gaerTianebiT.   

 th ji,
 koeficientebis mosaZebnad (7) gantoleba CavweroT Semdegi saxiT: 
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   (9)          

CavsvaT (8) gamosaxuleba (9)-Si da sabolood vRebulobT veqtorul 
tolobas:  

   0



hE
t

h 
 ,   ,0 0hh


 abyx  .                 (10)            

unda aRiniSnos, rom naSromSi droiTi wevris aproqsimaciis dros 
gamoyenebulia maaproqsimebeli formulebi:     

    jiji hh ,, .,
  





 . 

es iZleva saSualebas, rom gamoTvlebis gasamartiveblad evoluciuri 
amocanis nacvlad SemdgomSi ganxilul iqnes koSis amocana. rogorc 
cnobilia, am dros aproqsimaciuli Tvisebebi ar icvleba [3,4].  

yoveli   n
Sji ,  -saTvis (10) tolobas mivceT saxe: 

  FhEhEhEhEhE
dt

dh
jijijijiji

ji   1,5,141,3,12,1

, ,           (11)                

me-(11) gantolebis amoxsnisas viyenebT krank-nikolsonis sqemas, 
romelic uzrunvelyofs droSi meore rigis aproqsimacias. miRebuli 
gantolebebi Sesabamisi sasazRvro da sawyisi pirobebis dros efeqturad 
ixsneba zeda relaqsaciis meTodiT. 

ricxviTi gamoTvlebis Sedegebi mocemulia nax. 3 da 4-ze. samodelo 
droa 48 saaTi (erToStormi – 5-6 baliani), drois biji _ 5 wuTi. zRvis donis 
saSualo awevis sawyisi sidide angariSis dros aris 0,1m.  

1,1  ji  

ji,
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portis Semosasvlel arxSi fskeris topografiis cvlileba arsebuli 
mdgomareobis SemTxvevaSi mocemulia nax. 3-ze. uaryofiTi mniSvnelobebi Seesa-
bameba fskeris erozias, dadebiTi ki – akumulacias. is icvleba – 0,16 m-dan  
0,80 m-mde. natanis mniSnelovan akumulacias adgili aqvs portis Semosasv-
leli arxis mosaxvevSi da icvleba 0,68-dan 0,80 metramde (nax. 3). 

nax. 4-ze mocemulia portis Semosasvlel arxSi fskeris topografiis 
cvlileba wyalqveSa arxis gaWrisa da tomrebis ganlagebis SemTxvevaSi. 
rogorc nax. 4-dan Cans arxis gakeTebisa da tomrebis ganlagebis SemTxvevaSi 
Semosasvleli arxis mosaxvevSi daleqvis suraTi icvleba da is moTavsebu-
lia diapazonSi 0,18-0,26m, e. i. Semcirda daaxloebiT 60-70%-iT. 

 

 
nax. 3. portis Semosasvlel arxSi fskeris topografiis cvlileba  arsebuli 

mdgomareobis SemTxvevaSi 
 

 
nax. 4. portis Semosasvlel arxSi fskeris topografiis cvlileba  arxis 

gakeTebisa da tomrebis ganlagebis SemTxvevaSi 
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nax. 4-ze mocemulia portis Semosasvlel arxSi fskeris topografiis 
cvlileba wyalqveSa arxis gaWrisa da tomrebis ganlagebis SemTxvevaSi. 
rogorc nax. 4-dan Cans arxis gakeTebisa da tomrebis ganlagebis SemTxvevaSi 
Semosasvleli arxis mosaxvevSi daleqvis suraTi icvleba da is moTavsebu-
lia diapazonSi 0,18-0,26m, e. i. Semcirda daaxloebiT 60-70%-iT. 

amrigad, foTis navsadguris Semosasvleli arxis mosilvisagan dacvi-
saTvis saWiroa: 

1.  portis CrdiloeTiT garkveul siRrmemde damcavi molos mSenebloba, 
romelic Sesasvlel arxs aacilebs natanis Setanas da daicavs mas mosilve-
bisgan. 

2. im SemTxvevaSi, Tu damcavi molo araSendeba, maSin saWiroa portis 
Sesasvleli arxis mimdebare teritoriaze wyalqveSa arxis gaWra da garkveu-
li wesiT siliT avsebuli tomrebis ganlageba (nax. 4) ricxviTi modelireba 
gviCvenebs, rom aRniSnuli RonisZieba 60-70%-iT Seamcirebs dasilvebis 
intensiobas. 
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SUMMARY 

NUMERICAL SIMULATION OF LITHODYNAMICS PROCESSES IN THE AREA OF THE 

CHANNEL TO THE PORT OF POTI: ENGINEERING MEASURES AGAINST SILTING CHANNEL 

Saghinadze I.S., Bregvadze A.V. and  Gagoshidze Sh.N. 

Akaki Tsereteli State University, Kutaisi 

Georgian Technical University  

In the paper the problem of protecting the channel and internal waters of the Poti port from silting is discussed. A 

mathematical model of  lithodynamics of the channel and  the algorithm for the numerical solution of the  

problem are designed. The finite element method and the Crank-Nicholson scheme are used. The numerical 

experiments show that the deposition of sediment in the channel is intense 0.7-0.8m/year. Engineering measures 

are proposed to solve the existing problems. 

Keywords:  seaport channel, silting,  lithodynamics, numerical simulation, engineering measures. 
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TRANSVERSE DAMPING OF MAIN PIPELINES OF HYDROTRANSPORT SYSTEMS 

UNDER THE INFLUENCE OF PARAMETRIC FORCES 

 

Makharadze L.I. and Gavasheli L. Sh. 

 

Georgian Technical University 

 
Abstract: The paper deals with damping of transverse vibrations in main hydrotransport pipelines with 

consideration for the effect of parametric forces. It was determined that the transverse (parametric) forces are 

damped when an flexible dampimg device is installed at one end of the pipeline. The intensity of transverse 

vibrations increases with the damping factor and the liquid mass (hydro-air mixture) flow velocity in the 

pipeline. Besides, the system is entirely in the low-frequency range of transverse vibrations, which, for its part, 

exerts an additional effect on the sustainability and reliability, i.e. the safe operation, of the main.  

Keywords: hydrotransport systems, main pipeline, liquid mass, flow frequency, vibration, flexible damping 

device. 

 

1. Introduction 

Transverse vibrations always develop in main pipelines of pressure hydrotransport systems as 

in distributed parametric systems which transport the liquid mass (mixture of water and loose solid 

material particles – hydraulic fluid) during operation. These vibrations are also called parametric 

vibrations, as their origin and development depend on the range of variation of the values of 

hydrodynamic parameters of liquid mass transported through the pipeline. Sometimes, the transverse 

vibrations are characterized by high frequency and amplitude in accordance with the dynamic 

processes developed in the main pipeline, which exerts an adverse effect on the sustainability and 

reliability of the main pipeline, the main pipeline and the pipeline fittings are expected to break down.  

Despite the importance and newsworthy of the problem, which has been studied by the many 

famous scientists since last century, there are still several issues which have never been considered. 

Such issue is the one of pipeline transverse vibrations, which in specific circumstances have a 

significant impact on the sustainability of the entire hydrotransport operation. This was proved by our 

experimental research, which was carried out on industrial sites of different capacity and semi-

industrial laboratory equipment [1-10]. 

It should be noted that, for its part, the pipeline represents a damping element to a certain 

extent, which contradicts the development of transverse, i.e. parametric vibrations.  

Therefore, the objective of our research was to establish the link between the damping forces 

predetermined by the pipeline and the velocity of the liquid mass flow transported through the main 

pipeline, as well as to identify the conditions which ensure the minimum vibrations of the main 

pipeline in the transverse direction.    

It was determined that the transverse (parametric) vibrations of the pipeline are damped if an 

flexible damping device is attached to the one end of the main pipeline (Fig. 1). The intensity of 

damping increases with the increasing velocity of the liquid mass (liquid flow) transported through the 

pipeline and the damping capacity (damping factor) of the damping device when the pipeline system 

entirely falls within the range of low-frequency transverse vibrations, which in its part, exerts an 

additional effect on the sustainability and safe operation of the pipeline.  

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 1. Mechanical model of the system "Pipeline – Flexible damping element" 

C 

μ 

ℓ 
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For a theoretical analysis, let us review the distributed parameter stem (pipeline) of a certain 

length equal to the length of the wave propagated in it. One end of the pipeline is attached to the 

flexible-damping element and the other end is free (Fig. 1).  

 

2. Theoretical analysis 
  

In the considered case, the frequency of parametric vibrations is calculated based on the 

relationship 

     

,
3

3

2

m

c  


                                   

(1) 

 

where m is the mass of unit length of the stem (pipeline), km;   is the entire length of the stem, m; c is 

the stiffness of the stem (pipeline) during its transverse movement at an angle equal to its unit, N/M, 

  is the viscous friction factor of the stem (pipeline).  

 In case of parametric vibrations of the reviewed model, a certain force ( 0v2 m ) develops in 

it (where v is the velocity of the longitudinal wave propagated in the stem (pipeline), m/sec; 0  is the 

angle between the longitudinal displacement point and the horizontal state (in degrees) which is 

directed against the transverse displacement, which acts against their critical amplitudes forced by the 

system and to a certain extent acts as a damper to suppress the transverse vibrations of the stem 

(pipeline).  

 

 

 

 

 

 

 

 

 

 

  
 

Fig. 2. Graphical drawing of the inclination angle in the pipeline transverse plane at any moment of time  

 

 

In the course of the analysis of transverse vibrations of pipelines, it should be considered that 

the parametric vibrations occurring in the system are to a certain extent influenced by the velocity of 

the liquid mass flow moving in it and the pressure pulsation (fluctuation). Thus, the objective of our 

next research is to establish the link between the above-mentioned damping force, the flow velocity 

and the pressure pulsation to identify the conditions under which the displacement (vibration) in the 

transverse plane of the pipeline will be minimal.  

 Let us use the following symbols to make up a differential equation of transverse vibrations of 

the reviewed system. 

 In Fig. 2 is shown a longitudinal z section of the pipeline in coordinate x,  t  being the angle 

of pipeline deflection at any moment of time. Accordingly, zz  , and z   will be the 

displacement, velocity and acceleration of this pipeline section, respectively. The forces developing 

during the interaction of liquid mass particles and pipeline walls will be dependent on the coordinates 

of z and will be directed perpendicular to the pipeline axis, i.e.  tzFF , . Accordingly, the force 

acting on the pipeline section of dz length will be Fdz, while the mass of liquid particles will be equal 

to dzm1 (where m1 is the mass equal to the unit length of liquid flow). In this case, the differential 

equation of transverse vibrations of the system will be as follows:  

φ(Э) 

z 
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  ,)(, 1 txmtzF 
                                                           

 (2) 

 

where )(tx is the acceleration of  liquid particles moving perpendicular to the pipeline axis. 

Iin our case,  

 

,v2)(    ztx
                                                                

(3) 

 

where v  is the velocity of liquid flow in the pipeline.  

 From equation (2) the intensity of forces acting on the liquid flow from the pipeline walls may 

be identified, i.e. it can be written as follows  

 

  .)v2(, 1    zmtzF                                                           (4) 

 

 Really, analogous opposite forces from the liquid flow act on the pipeline walls as well and 

will create a negative point in respect to the center of connection of the flexible-damping device: 
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 mzdzzmM                                  (5) 

 Besides, the point of connection of the flexible-damping device to the pipeline – M1 acts on 

the pipeline, which will be directed perpendicular to its geometric axis, opposite its transverse 

displacement which will be equal to: 

.)(1   cM                                                    (6) 

 

 Due to the above reasoning, the differential equation of the pipeline transverse vibration will 

be as follows: 

.
3

3

1  
m

MM                                                    (7) 

 If expressions (5) and (6) are considered in this equation, we will obtain: 
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(8) 

 

 It is seen from expression (8) that )(t represents an angle between the horizontal position of 

the pipeline and its inclination at a certain moment of time. The factor of its first derivative is positive, 

i.e. the process of vibration of the pipeline in transverse direction entirely bears a suppressible nature, 

and, at the same time, the suppression intensity increases with increasing liquid flow velocity and the 

damping factor. From the theoretical point of view, absolute balance - sustainability of the pipeline 

may be achieved by selection of their optimal values.  

Physically, the achievement of effective suppression of transverse vibrations of the pipeline 

may be explained as follows: the second member in equation (8), which contains the first derivative of 

the rotation angle and represents a quasi-suppressive element, is derived by the force acting on the 

pipeline from the side of the liquid flow which in the considered case will be equal to: 

 

  ,v2 12   mF                                                        (9) 

 

 The pressure profile of  force 2F  is shown in Fig. 3. 
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Fig. 3. Pressure profile of forces acting on the internal surface of the pipeline walls  

 

 Really, force 2F  depends on the liquid flow velocity (v) and the damping factor (  ). 

 It is seen from equation (9) that force 2F  is proportional to angular velocity  t and creates a 

moment opposite in sign in the pipeline, when  
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then the general solution of equation (8) will be as follows:  

 

  ,cossin 21 tctc
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                                      (11) 

 

where  c1 and c2  are any constants which are defined from the initial conditions.  

 

3. Conclusion 
 

 It is seen from equation (11) that, as mentioned above, the intensity of suppression of 

transverse vibrations of the pipeline increases with the increasing liquid flow velocity and damping 

factor, while the frequency of free vibrations (in our case, the frequency of parametric vibrations) 

decreases with the increasing liquid flow velocity and damping factor, i.e. more effective suppression 

of lower frequency vibrations is achieved, which positively affects the pipeline sustainability and 

operation safety, i.e. the rational values of the liquid flow velocity and the damping factor to be 

realized in practice ensure the minimal transverse displacement of the pipeline.  

 We developed the effective means of damping the transverse vibrations of the main pipelines 

of pressure hydrotransport systems [11, 12] and, by selecting the parameter values of their damping 

elements, the sustainability and safe operation of the main pipeline can be achieved.  
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ferTa Teoria veb-dizainSi 

 
namCevaZe c.v. 

 
akaki wereTlis saxelmwifo universiteti, quTaisi 

 
ferTa Teoria veb-dizainSi aris mecniereba da igi gamudmebiT viTar-

deba. rogorc yvela mecnierebas masac Wirdeba Rrmad Cawvdoma. veb-dizainerma 
aucilebelia icodes rogor SearCios ferebi imisaTvis, rom ferTa 
SeTanxmeba sasiamovno iyos momxmareblebisaTvis. statiaSi ganxilulia ferTa 
Teoriis zogierTi sakiTxi veb-dizainisaTvis. 

ferTa harmoniuli SeTanxmeba SeiZleba iyos rbili da dinamiuri. 
rbili harmoniis dros gamoiyeneba gardamavali ferebi da ferebi ganza-
vebuli TeTriT an SaviT. dinamiuri harmonia gvaqvs, rodesac gamoiyeneba 
naTeli, sufTa ferebi Serevis gareSe da Zlier kontrastuli ferebi. 

ferTa harmonias ganapirobebs Semdegi faqtorebi: pirveli ferTa 
kombinacia, meore – ferTa kontrasti Seferilobis, sikaSkaSis da gajere-

bulobis mixedviT. kontrastuli ferebi Seferilobis (Hue) mxriv gulisxmobs 
absoluturad gansxvavebul ferebs. magaliTad, lurji da wiTeli, Savi da 

TeTri. ferTa sikaSkaSe (Brightness)  damokidebulia ferSi TeTri an Savi feris 
Semcvelobaze. Tu aviRebT nebismier fers TeTri feris damatebiT misi 
sikaSkaSe gaizrdeba, xolo Savi feris damatebiT igi gamuqdeba. feris 
gajerebuloba (Saturation) gansazRvravs ramdenadaa feri ,,sufTa” e.i. Seicavs 
Tu ara is nacrisferis Senarevs. asprocentiani gajereba niSnavs mxolod 
sufTa fers (rogoricaa cisartyela caze). absoluturad  gaujerebeli feri 
aris aqromatuli magaliTad, nacrisferi. 

harmoniul kombinaciaSi aucileblad unda iyos kontrasti 
Seferilobis, sikaSkaSis da gajerebulobis mixedviT.  [1,2]. 

Savi da TeTri ferebi. Savi da TeTri ferebi aris yvelaze martivi 
ferebi. isini aqromatuli ferebia e.i. iseTi ferebia, romlebic ar Seicavs 
ferad Seferilobebs. Tu erTmaneTSi SevurevT sufTa Sav  fers da sufTa 
TeTr fers nebismieri TanafardobiT miviRebT mxolod  sxvadasxva Sefe-
rilobis nacrisfers. Savi da TeTri ferebidan miiReba aqromatuli Sefe-
rilobebi. Savi da TeTri ferebi yvelaze lakonuri da Zlieri SeTanxmebaa. 
saitebis mcire raodenobaSi Tu iqneba gamoyenebuli mxolod es ori feri. 
ferebis aseTi minimizireba gulisxmobs minimalur teqsts, romelic  datvir-
Tuli iqneba siRrmiseuli azrebiT. 

Savi, TeTri da wiTeli ferebi. qromatuli ferebidan e.i. iseTi 
ferebidan, romlebsac gaaCniaT Seferilobebi adamiani pirvelad aRiqvams 
wiTel fers. 2 aqromatuli ferisa da 1 qromatuli feris SeTanxmeba 
sakmarisad harmoniulia. Tu vqmniT saits minimaluri dizainiT, maSin yvelaze 
martivi gadawyvetaa TeTri foni, wiTeli saTaurebi da wiTeli bmulebi. 
gasaTvaliswinebulia, rom wvrili wiTeli asoebi Sav fonze (da piriqiT) 
cudad gamoiyureba. Sav da TeTr ferebze  nebismieri naTeli feris 
SeTanxmebiT miviRebT sasiamovno kombinacias. aqromatuli ferebi SeeTanxmeba  
nebismier qromatul fers. Tu sami feri cota iqneba, maSin ZiriTadi 
qromatuli feri ganazaveT SaviT an TeTriT. 

monoqromuli harmonia. monoqromuli kompozicia aigeba erT qromatul 
ferze da mis sxvadasxva Seferilobaze. Seferiloba iqneba ZiriTad ferze 
ufro naTeli, Tu ganvazavebT mas TeTri feriT. Seferiloba iqneba muqi, Tu 
ZiriTad fers ganvazavebT Savi feriT. monoqromuli harmonia aris Zalian 
rbili harmonia. praqtikaSi saintereso SeTanxmebas warmoadgens ramodenime 
monoqromuli Seferiloba da ZiriTad ferTan mimarTebaSi erTi kontrastuli  
feri. aRniSnuli gamoacocxlebs kompozicias da aZlevs mas dinamikas. 
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analoguri harmonia. analoguri harmoniis asaTviseblad saWiroa gamo-
viyenoT ferebis rgoli – cisartyela. 
ferebis rgolSi feri erTidan meoreSi 
gadadis segmentebis mixedviT. rgoli 
Sedgeba 12 segmentisagan. TiToeul seg-
ments miwerili aqvs ferebi TeqvsmetobiT 
sistemaSi. ferTa SeTanxmebis analoguri 
harmonia aigeba Zalian martivad: ferebis  
rgolze   unda  airCes  erTi feri, 
xolo masTan SeTanxmebaSi ori mezobeli 
feri an ori Semdegi feri  an ori wina 
feri: naxazze isrebiT naCvenebia ferebis 
SerCeva. Tu sami feri cotaa dizai-
nisaTvis, maSin  sasurvelia aqromatuli 
feris damateba. agreTve SesaZlebelia 
ferTa sikaSkaSis gazrdiT an SemcirebiT 
pasteluri tonebis miReba rbili 
harmoniis Sesaqmnelad. 

komplementaruli harmonia. komplementaruli harmoniis dros aiReba 
nebismieri ori feri, romlebic ferebis rgolze ganlagebulia erTmaneTis 
sawinaaRmdegod. MmagaliTad, wiTeli da mwvane, iisferi da yviTeli.  radgan 
es ferebi maqsimalurad kontrastulia, amitom sasurvelia erT-erTi feri 
iyos naklebad kaSkaSa da naklebad gajerebuli. komplementaruli wyvili, 
rogorc wesi, gamoiyeneba naTeli, dinamiuri dizainisaTvis. magaliTad, es 
exeba saitebs sportul Tematikaze. ra Tqma unda, ori feri sakmarisi ar 
iqneba dizainisaTvis. sasurvelia ZiriTadi ferebis ufro naTeli da ufro 
muqi Seferilobebis damateba. 

analogur-komplementaruli harmonia. analogur-komplementaruli 
harmoniis arsi mdgomareobs imaSi, rom ferebs analoguri harmoniidan 
daemateba feri, romelic Sua feris sawinaaRmdego mxarezea. jamSi gamodis  
oTxi feri. Tu davumatebT am oTx fers Seferilobebs, romlebic miiReba 
ZiriTad ferebze TeTris SereviT, maSin SesaZlebeli iqneba saitis yvela 
ganyofilebis sxvadasxva feriT gaformeba. es ferebi iqneba harmoniulad 
Sewyobili. 

split-komplementaruli harmonia. split-komplementaruli harmoniis 
dros rgolze aiReba ori ZiriTadi feri, aseve masTan SeTanxmebaSi aiReba 
ZiriTadi feris sapirispiro feris ori mezobeli feri. aseTi SeTanxmebis 
dros harmonia aris naklebad agresiuli. zogierTi SeTanxmeba SeiZleba 
Candes, rogorc arastandartuli. magaliTad, mewamuli, yviTeli da mwvane. am 
SemTxvevaSi gamoyaviT erTi feri sikaSkaSis mixedviT da SecvaleT danarCeni 
feris sikaSkaSe da gajerebuloba. 

samkuTxa harmonia. samkuTxa harmonia miiReba im ferebis SeTanxmebiT, 
romlebic ganlagebulia ferebis rgolze centrSi moTavsebul tolgverda 
samkuTxedis wveroebTan. samkuTxedis yovel erTi seqtoriT gadaadgilebisas 
miiReba ferebis axali sameuli. magaliTad, wiTeli, lurji da yviTeli. 

oTxkuTxa harmonia. oTxkuTxa harmoniis dros ferebis SerCeva 
damokidebulia  imaze, Tu romel figuras gamoviyenebT kvadrats Tu 
marTkuTxeds. oTxkuTxa harmoniis upiratesoba isaa, rom pirveli – airCeva 
oTxi feri, meore - ferebi iqneba saintereso SeTanxmebis. rogorc sxva 
SemTxvevaSi aqac sasurvelia 1-2 feris aReba rogorc ZiriTadi feris, xolo 
danarCeni feri saWiroebisamebr unda gamuqdes an gaRiavdes.  

Cveulebriv, foni xangrZlivi kiTxvis mizniT aiReba naTeli feris, 
xolo teqsti muqi feris. arsebobs aseTi wesi: saiti qvemo nawilSi ar unda 

 analoguri harmonia 
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iyos vizualurad ufro mZime, vidre zemoT. es niSnavs, rom gajerebuli da 
muqi ferebi unda gamoviyenoT zemoT, xolo qvemoT – piriqiT.  [3,4]. 

statiaSi ganxilulia ferTa Teoriis  zogierTi sakiTxi veb-dizainSi, 
romlebic sasargeblo iqneba veb-dizainiT dainteresebuli pirovnebebisaTvis. 
veb-saitebis Seqmnisas aqtiurad unda iyos gamoyenebuli veb-dizainisaTvis 
Camoyalibebuli wesebi ferebisa da ferTa SeTanxmebebis Sesaxeb. 
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SUMMARY 

WEB DESIGN COLOR THEORY  

Namchevadze  Ts.V. 

Akaki Tsereteli State University, Kutaisi 

The paper deals with the color theory for web designers. It considers the factors determining the color harmony: 

color complementation and contrast according to color, brightness, and saturation. Some combinations of 

achromatic and chromatic colors are considered. There are established the types of color harmony: 

monochromatic, analogous, complementary, analogous-complementary, split-complementary, triad and 

rectangle. 

Keywords: color theory, web design, color harmony. 
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veb-dizaini mobiluri mowyobilobebisaTvis 
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 Tanamedrove pirobebSi gaizarda im momxmarebelTa raodenoba, 
romlebic iyeneben internets mobiluri mowyobilobebis saSualebiT. maT sul 
ufro metad WirdebaT arastandartuli da mosaxerxebeli dizainis Seqmna 
mobilurebisaTvis. statiaSi mokled aris gadmocemuli Tu rogor unda 
Seiqmnas dizaini saitisaTvis, romelsac daaTvalierebs momxmarebeli 
mobiluri mowyobilobebidan. aseTi dizainis SeqmnisaTvis: 
 pirvelad, unda ganisazRvros ekranis SesaZleblobebi fiqselebSi. 
magaliTad, mowyobilobebisaTvis: Apple iPhone 3G es aris 480X320 fiqseli, 
xolo Apple  iPone 4G – 960X640 fiqseli. logikuria, rom maketi unda gakeTdes 
yvelaze gavrcelebuli mobilurisaTvis. 
 meored, unda gairkves risTvisaa saWiro dizainis mobiluri versia, ra 
unda iyos masSi yvelaze mniSvnelovani da Rirebuli. aRniSnulis 
gaTvaliswinebiT unda gakeTdes sasargeblo servisebi (momsaxurebebi)  da 
funqciebi. davuSvaT, Sesaqmnelia sakonsultacio kompaniis saiti, maSin 
saWiro iqneba: mokle cnobebi kompaniis Sesaxeb, momsaxurebis sia,  kontaqtebi 
da sxva. amasaTan SesaZlebelia gvqondes Semdegi funqciebi: matareblebis 
ganrigi, amindi, axali ambebi da sxva. 
 vTqvaT, saWiroa 480X320 fiqselis mqone mobilurisaTvis dizainis 
Seqmna. cxadia patara area, magram vertikaluri gadamxvevis saSualebiT 
SesaZlebelia simaRlis gazrda. aRniSnul SemTxvevaSi swori iqneba erTi 
svetis gamoyeneba e.i. informacia unda iqnas ganTavsebuli erT svetSi. 
blokebi unda ganlagdes erTmaneTis qvemoT maTi mniSvnelovnebis klebis 
mixedviT ise, rogorc naCvenebia sur. 1-ze. 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
       
 
 
  sur. 1. iPhone-isaTvis saitis maketi              sur. 2. saitis mza dizaini 
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mobilurisaTvis saitis Sesaqmnelad mniSvnelovania vicodeT Semdegi: 
1)  momxmareblebi yvelaze metad mobiluri mowyobilobebisaTvis iyeneben ara 
Tagvs an marTvis Rilakebs, aramed sakuTar TiTs. TiTis patara obieqtebze 
daWera an Sexeba Zalian rTulia. amitom Rilakebi da bmulebi unda gakeTdes 
iseTi, rom mosaxerxebeli iyos maTze TiTis daWera. 
2) saiti unda iyos: swrafad CatvirTvadi, informacia aqtualuri da advilad 
misawvdomi, gamosayeneblad mosaxerxebeli ramdenadac es SesaZlebelia. 
3)   saiti mobilurisaTvis saWiroa iyos wevadi imisaTvis, rom didi ekranis 
SemTxvevaSi momxmarebelma miiRos ufro didi are. saitis maketis Seqmnis 
Semdeg unda moxdes Semdeg stadiaze gadasvla – teqstebis, navigaciis 
elementebis damateba da a.S. (sur. 2) [1-3]. 
      dizainis Seqmnis Semdeg programisti uzrunvelyofs saitis asaxvas 
ekranze. aRsaniSnavia, rom popularul programebs PHP, Wordpress aqvs 
modulebi, romelTa gamoyenebac aCqarebs saitis damuSavebas. 
 sasargeblo utilitebi (momsaxure programebi). Tu saWiroa saitis 
mobiluri versiis Seqmna da dizainers ar unda daxarjos bevri resursi, 
amisaTvis arsebobs sasargeblo utilitebi. aseTi utilitebis saSualebiT 
SesaZlebelia sakmaod swrafad Seiqmnas saiti mobiluri 
mowyobilobebisaTvis. dizainers saSualeba eZleva CatvirTos logotipi, 
piktogramebi da mcired Secvalos standartuli dizaini. utilitis 
gamoyeneba aris advili da ekonomiuri xerxi mobilurisaTvis saitis 
Sesaqmnelad. 
 saitis wirenode.com utilitebi warmoadgens saitebis konstruqtors. misi 
gamoyenebiT SesaZlebelia saitis ara marto garegnuli saxis cvlileba,  
amasTan kontentis, bmulebis survilisamebr ganTavseba. agreTve miwvdomadia 
mnaxvelTa statistika, romliTac gasagebi gaxdeba Tu ramdeni momxmarebeli 
Semovida saitze mobiluri mowyobilobebidan  [4-5]. 
      Damrigad, SesaZlebelia mobilurebisaTvis arastandartuli servisebisa 
da funqciebis gakeTeba. amisaTvis saWiroa Sesabamisi dizainis Seqmna da 
Semdeg daprogrameba.  dizainis SeqmnisaTvis dizainerma unda icodes zogadi 
wesebi mobiluris dizainisaTvis. Ggarda amisa, dizainis vizualuri saxe da 
moxerxebuloba damokidebulia dizaineris gemovnebasa da profesionalizmze.    
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SUMMARY 

WEB DESIGN FOR MOBILE DEVICES 

Namchevadze  Ts.V. 

Akaki Tsereteli State University, Kutaisi 

The paper deals with web design for mobile devices. It is emphasized that, to make a web design for such 

devices, it is essential to know the display capability in pixels. For this purpose, a mobile version of design is 

necessary. With this in mind, desired applications and functions must be installed. There are such utility software 

that facilitate the work of a web designer. 

Keywords: web design, mobile device, Apple iPhone, service, utility. 
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Mmzis fotoeleqtruli gardamqmnelebis Termosifonuri  

gacivebis sistema 

 

xaCiZe T.i., avaliani i.m. 
 

ssip instituti `optika~ 
saqarTvelos teqnikuri universiteti 

 
xSir SemTxvevaSi fotoelementis efeqturobis gasazrdelad foto-

voltur blokebSi gamoiyeneba mzis energiis optikuri koncentracia. rac 
Tavis mxriv masalis ekonomiisa da mTlianad fotovolturi blokis fasis 
Semcirebas iwvevs.  

magram mzis energiis koncentrirebisas izrdeba ara marto eleqtruli 
energia aramed fotoelementis mier gamoyofili siTburi energiac, romelic 
sagrZnoblad acxelebs fotoelementis kristals, auaresebs mis parametrebs 
da SeiZleba mwyobridanac gamoiyvanos [1]. amis Tavidan asacileblad 
gamoiyeneba fotoelementis gacivebis sxvadasxva meTodebi da sistemebi. 
erTerTi yvelaze gavrcelebulia maRali Tbogamtarobis liTonis (alumini, 
spilenZi) radiatoriT elementidan siTbos arTmeva. mxolod radiatoriT 
gaciveba ver uzrunvelyofs maRali koncentraciisas kristalze gamoyofili 
siTbos arTmevas, ris gamoc saWiro xdeba airis an siTxis nakadiT gacivebis 
damateba, rac sagrZnoblad arTulebs konstruqcias da zrdis mis fass.  

mzis fotoelementisaTvis gacivebis sistemis damuSavebisas CvenTvis 
pirvel rigSi mniSvnelovani iyo gagverkvia konkretuli fotoelementisaTvis 
muSaobis optimaluri temperatura. anu misi gacxelebis temperaturuli 
diapazoni romlis drosac is gamoimuSavebs maqsimalur eleqtrul simZlav-

res da muSaobs stabilurad. gamokvleva Catarebuli iqna GaInP/GaAs/Ge struq-
turis mqone fotoelementze. fotoelementis gaciveba xdeboda wylis naka-
diT, romlis siCqaris cvlileba saSualebas gvaZlevda dagveyenebina foto-
elementis temperatura. miRebuli eleqtruli simZlavris aTvla xdeboda 
fotoelementis sxvadasxva temperaturisas. am dros ar icvleboda foto-
elementze dacemuli sxivuri energia da temperaturis cvlileba ganpiro-
bebuli iyo mxolod gacivebis xarisxis cvlilebiT. 

 

        
nax.1. fotoelementidan gamomavali eleqtruli simZlavris damokidebuleba 

fotoelementis temperaturaze 
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SeviswavleT fotoelementidan gamomavali eleqtruli simZlavris 

damokidebuleba fotoelementis temperaturaze (nax.1). miRebuli Sedegebidan 

Cans, rom fotoelementidan gamomavali eleqtruli simZlavre 60°C 
temperaturamde praqtikulad ar mcirdeba, xolo Semdgom iwyebs mkveTr 

Semcirebas. e.i. Cven SegviZlia davuSvaT koncentrirebisas fotoelmentis 

gacxeleba 60°C temperaturamde ise, rom ar davkargoT eleqtruli simZlavre. 

Catarebuli kvlevidan gamomdinare unda damuSavebuliyo gacivebis 

sistema, romelic uzrunvelyofda fotoelementis temperaturis SenarCunebas 

ara umetes 600C, masze dacemuli mzis sxivuri energiis sakmaod didi 

mniSvnelobisas (koncentraciis maRali xarisxis dros). tipis mixedviT aseT 

SemTxvevaSi erT-erT saukeTeso variantad Cvens mier miCneuli iqna 

Termosifonis principze dafuZnebuli gacivebis sistema. 

Termosifonebi warmoadgenen yvelaze martiv Tbur milebs. hermetiulad 

daxurul milSi, romlidanac amotumbulia haeri moTavsebulia siTxis   

raRac   raodenoba.  milis qveda nawilis (aorTqlebis zona) gacxelebisas 

xdeba siTxis aorTqleba da orTqli adis civi bolosken (kondensaciis zona), 

sadac kondensirdeba. kondensati gravitaciuri Zalebis zemoqmedebiT milis 

kedlebiT brundeba aorTqlebis zonaSi. garkveul pirobebSi es procesi 

grZeldeba uwyvetad. aqedan gamomdinare orTqladqcevis siTbos L xarjze 

warmoebs Tbogadacemis procesi. radgan orTqladqcevis siTbo didia, 

Termosifonis boloebs Soris mcire temperaturis sxvaobis SemTxvevaSic 

xorcieldeba sakmaod didi siTbos gadatana [2]. 

orTqlis gadatana TermosifonSi aorTqlebis zonidan kondensaciis 

zonaSi xdeba am zonebs Soris wnevaTa sxvaobiT. radgan Termosifonis 

muSaobas Tan axlavs pirveli rigis fazuri gardaqmnebi, SesaZlebelia 

klapeiron-klauziusis gantolebis gamoyeneba, romelic warmoadgens pirveli 

rigis fazuri gadasvlebis ZiriTad gantolebas. 

 

 
 

sadac dp/dT - temperaturisgan wnevis cvlilebaa; L - gardaqmnili siTboa;             

T - fazuri gadasvlis temperaturaa; V2 -V1 - siTxe-orTqli sistemisTvis 

moculobaTa sxvaobaa.  

Termosifonebs gaaCniaT maRalefeqturi Tbogamtaroba. magram maT aseve 

gaaCniaT naklovanebebic. erTerTi ZiriTadi naklovaneba isaa, rom konden-

satis dabruneba aorTqlebis zonaSi xorcieldeba gravitaciuli ZalebiT, es 

ki niSnavs, rom aorTqlebis zona mudam dabla unda iyos kondensaciis 

zonaze. es naklovaneba praqtikulad gamoiricxeba mzis energiis gardaqmnisas, 

radgan  fotoelementi mzis energiis eleqtrul energiad gardaqmnisas daxri-

lia (ar imyofeba horizontalur mdgomareobaSi), Sesabamisad daxrili iqneba 

gacivebis is sistema, romelzec is aris ganTavsebuli. gamomdinare aqedan 

gacivebis sistemis sxvadasva nawilebi iqneba sxvadasxva doneze. es ki 

saSualebas gvaZlevs gamoviyenoT gacivebis Termosifonis principi. Cvens mier 

damuSavebuli fotoelementidan siTbos arTmevis Termosifonuri sistema 

WrilSi mocemulia nax..2-ze. 
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nax.2.  fotoelementis TermosifoniT gacivebis sistema. 
1 - Termosifonis kedlebi; 2 – minateqstoliti; 3 - kristalis damWeri-gamomyvani;             

4 - fotoelementis kristali; 5 - indiumis kilita. 
       
 

Termosifoni warmoadgens spilenZis (aluminis) mils (1), romlis erTi 

mxarec brtyelia. brtyeli mxare gankuTvnilia fotoelementis kristalis (4) 

dasamagreblad. fotoelementsa da mils Soris kargi siTburi kontaqtis 

uzrunvelsayofad moTavsebulia indiumis kilita (5) sisqiT 150 mkm. Txeli da 

rbili indiumis kilita avsebs im RreWoebs romlebic SeiZleba warmoiSvas 

fotoelementsa da mils Soris. fotoelementidan emZ-s moxsna xorcieldeba 

(3) kristalis damWeri-gamomyvaniT, romelic Tavis mxriv uerTdeba (2) 

folgirebul minateqstolits. Termosifonis qveda mxare daxurulia, xolo 

zeda uerTdeba kondensators, romelic moTavsebuli wylis avzSi. wyali 

arTmevs kondensators energias da acivebs mas. fotoelementis gacivebisa da 

wylis gacxelebis erTiani sistema mocemulia nax. 3-ze. 

 

 

 
 
 
 

nax.3. fotoelementis gacivevebisa da wylis gacxelebis erTiani sistema  
1 - fotoelementis kristali; 2 - indiumis kilita; 3 - Termosifonis mili;                

4 - wylis avzi; 5 – kondensatori; 6 - wylis Sesasvleli da gamosasvleli milebi;             
7 - maorientebeli sadgami. 
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imisaTvis, rom gacxelebul fotoelements wavarTvaT siTbo saWiroa 

TermosifonSi movaTavsoT Tbomatarebeli siTxe. am siTxis SerCevisas pirvel 

rigSi gasaTvaliswinebeli iyo misi duRilis temperatura. es parametri unda 

yofiliyo fotoelementis muSaobisaTvis optimalur temperaturaze naklebi 

an toli. am mxriv Cveni azriT saukeTeso variants warmoadgenda acetoni, 

romlis duRilis temperatura daaxloebiT 56 0
C-ia. TermosifonSi 

gansaTavsebuli acetonis raodenoba imdeni unda iyos, rom man mTlianad 

Seavsos fotoelementis gacxelebis zona anu unda Seqmnas aorTqlebis zona. 

Tu fotoelementi mzis energiis zemoqmedebiT gacxeldeba ise, rom misi 

temperatura da misi ganTavsebis zonis temperatura gadaaWarbebs 560
C maSin 

acetoni daiwyebs duRils da Sesabamisad intensiur aorTqlebas. 

aorTqlebisas acetoni arTmevs siTbur energias fotoelementis kristals da 

gadaaqvs kondensatorisaken, romelic ganTavsebulia wylis avzSi da civdeba 

wyliT. kondensatorSi civdeba acetonis orTqli da gadascems sakmaod did 

siTbur energias wyals, romelic Tavis mxriv Tbeba. gacivebuli acetoni 

kvlav gadadis Txevad mdgomareobaSi da simZimis Zalis zegavleniT kvlav 

Camoedineba aorTqlebis zonaSi. es procesi uwyvetad meordeba manamde sanam 

mzis energia moqmedbs fotoelementze. aRniSnuli procesi imiTacaa kargi, 

rom is uzrunvelyofs fotoelementis temperaturis stabilizaciasac 

garkveul diapazonSi, radgan Tu fotoelementis temperatura moimatebs 

acetonis aorTqleba ufro intensiuri xdeba da Sesabamisad fotoele-

mentidan siTbos gadatanac ufro intensiuri xdeba, riTac xdeba foto-

elementis temperaturis SenarCuneba, izrdeba mxolod gacxelebuli wylis 

temperatura. 

 

 

 
 

nax.4 fotoelementis temperaturis damokidebulebi mzis energiiT gacxelebis 
droze 

 
aRniSnuli Termosifoni gamoicada mzis energiis sxvadasxva koncen-

traciis xarisxisas am dros koncentraciis zrdisas izrdeboda, rogorc 

fotoelementis mier gamomuSavebuli eleqtruli simZlavre aseve misi 

temperaturac. garkveul momentSi temperaturis zrda Sewyda (nax.4) gadavida 

gajerebis reJimSi. es imiT aixsneba, rom TermosifonSi daiwyo acetonis 

duRili da misi intensiuri aorTqleba Sesabamisad intensiurad daiwyo 

fotoelementis gacivebac. am dros vzomavdiT temperaturebs aorTqlebis 
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zonis dasawyissa da boloSi. gazomvebma gviCvena, rom temperaturaTa sxvaoba 

ar aRemateba 30
C. es imaze miuTiTebs, rom fotoelementze temperatura 

Tanabradaa gadanawilebuli, rac Zalian mniSvnelovania misi stabiluri da 

efeqturi muSaobisaTvis.  
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SUMMARY 

THERMOSYPHON COOLING SYSTEM FOR SOLAR THERMOELECTRIC TRANSDUCERS 

Khachidze T.I. and Avaliani I.M. 

LEPL IЧЬЭТЭЮЭО “OЩЭТМК” 

Georgian Technical University 

The paper deals with the design of a  thermosyphon cooling system for solar cells. From the obtained 

investigation results, it can be inferred that the thermosyphon system is efficient for cooling the thermoelectric 

transducers with high concentration of solar energy. At the same time, this system provides high  temperature 

stability of the cells. 

Keywords: solar cell, thermoelectric transducer, thermosyphon cooling system. 
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saqarTvelos, rogorc evraziis satransporto 

 derefnis roli da mniSvneloba 

 

margalitaZe i.n., gegeSiZe e.i., gabiZaSvili l.g. 
 

saqarTvelos teqnikuri universiteti 
 
 

saqarTvelos geopolitikuri mdebareoba, rogorc qveynis  mniSvne-
lovani strategiuli resursi, qmnis xelsayrel pirobebs saerTaSoriso   
satransporto sistemaSi saqarTvelos integrirebisTvis. saxelmwifo politi-
ka  upirvelesad  mimarTuli unda iqnas axal ekonomikur sivrceSi saqarTve-
los mewarmeTa efeqtianad Sesvlis pirobebis Sesaqmnelad. amave dros, ekono-
mikuri sazRvrebis  gaxsnasTan erTad es politika, gansakuTrebiT gardamaval 
periodSi, unda iTvaliswinebdes  saSinao bazrisa da adgilobrivi mewarmis  
dacvas gacilebiT ufro Zlieri ucxouri mewarmisgan. 

saqarTvelos geopolitikuri potencialis aTvisebis da  saerTaSoriso 
satransporto sistemaSi  misi integraciis erT-erTi efeqtiani forma aris 
saqarTvelos mier  satranzito satransporto derefnis  Tanamomsaxurebis 
funqciis Sesruleba. 

satransporto derefani SeiZleba warmodgenili iyos, rogorc gark-
veuli geografiuli arealebis  damakavSirebeli da maT Soris satransporto 
nakadebis mimarTuli moZraobis momsaxure sistema, uzrunvelyofili sakanonm-
deblo baziT, ganviTarebuli infrastruqturiT da marTvis logistikuri 
sistemebiT.   

panevropuli satransporto derefnebis formirebis koncefcia, rome-
lic kretis konferenciaze  (1994w.)  Camoyalibda, asaxavs  evropis erTian 
socialur-ekonomikur sivrceSi centraluri da aRmosavleT evropis  qveya-
naTa integraciis politikas. saqarTvelosTvis udidesi mniSvneloba aqvs  
trasekas derefnis mierTebas pan-evropul  derefnebTan, agreTve Savi zRvis 
pan-evropuli arealis koncefciis realur ganxorcielebas. imisTvis, rom 
Seswavliliyo trasekas marSrutis dakavSireba Savi zRvis regionTan da pan-
evropul derefnebTan, evrokomisiis mxardaWeriT 1997 wels TbilisSi  
Catarda konferencia  Savi zRvis ekonomikuri TanamSromlobisa da trasekas 
monawile qveynebis  maRali oficialuri pirebis warmomadgenlobiT. swored 
es Sexvedra gaxda winapiroba 1997 wlis helsinkis pan-evropuli satranspor-
to konferenciisa, romelzec 4 pan-evropuli satransporto areali  gani-
sazRvra: xmelTaSua zRvis, adriatikis, barencis da Savi zRvebis (Pan European 

Transport Area. PETRA).  
kavkasiis regionis mimarT dasavleTis qveyanaTa realuri interesis 

konkretuli gamoxatulebaa evrokavSiris tasisis programis farglebSi 
mimdinare trasekas regionaluri proeqti, romlis mizania evropa-kavkasiis-
aziis satransporto derefnis    ganviTarebis xelSewyoba, raTa Seiqmnas  am 
regionis qveyanaTa  Soris (bulgareTi, ukraina, saqarTvelo, azerbaijani, 
somxeTi, TurqmeneTi, yazaxeTi, yirgizeTi, tajikeTi, uzbekeTi  da monRo-
leTi) urTierTobaTa iseTi meqanizmi, romelic xels Seuwyobs tvirTebis 
moZraobas aRniSnuli mimarTulebiT. 

 gansakuTrebulia amierkavkasiisa da centraluri aziis, rogorc 
energomatareblebiT da sxva resursebiT erT-erTi umdidresi regionis, 
mniSvneloba. realisturad afaseben ra kaspiispireTis regionis arsebuli 
politikur mdgomareobasa da resursebs, msoflios umsxvilesi navTobmompo-
veblebi Tvlian, rom aucilebelia daiwyos am regionSi  navTobisa da gazis 
mopovebisa da transportirebisTvis  saWiro farTomasStabiani samuSaoebi. 



   saqarTvelos sainJinro siaxleni, GEORGIAN ENGINEERING NEWS, №2, 2016  
 

75 

Sesabamisad, transkavkasiuri satransporto derefnis  funqcionirebis  
uzrunvelyofaSi SeuZlebelia, Tavisi mniSvnelobiT, erTmaneTs gaemijnos 
politikuri da ekonomikuri aspeqtebi.   

iqmneba politikuri da ekonomikuri stabilobis iseTi garemos Camoya-
libebis saimedo pirobebi, romelSiac sagrZnoblad izrdeba eTnokonfliq-
tebis daregulirebisa da maTi mSvidobiani gziT mowesrigebis Sansebi. 
energomatareblebis da sxva tvirTebis satranzito funqciis  Sesrulebas 
Tan moyveba: ekonomikis mravali seqtoris gamococxleba; axali samuSao adgi-
lebisa da adeqvaturi infrastruqturis Seqmna;  qveynis biujetis Sevsebis  
stabiluri da mZlavri damatebiTi wyaros Seqmna;  gzebis keTilmowyoba da 
rkinigzis transportis aRdgena; portebis  rekonstruqcia da ganviTareba;   
turizmis ganviTareba; qveynis satransporto sistemaSi marTvisa da regu-
lirebis Tanamedrove formebis  amoqmedeba; konkurenciis principulad axal 
garemoSi satransporto  momsaxureobis  Tvisobrivad axali normebis 
damkvidreba [1,2]. 

kavkasiis derefani  saukunis proeqtia, mravalmxrivi da globaluri, 
romelsac bevri umniSvnelovanesi wamowyeba ukavSirdeba. mag. inogeiti - 
saxelmwifoTaSorisi proeqtebi navTob- da gazsadenebisTvis, kavkasiis 
rkinigzebis sareabilitacio proeqtebi, sahaero marSrutebi da xva. 

trasekas proeqtis realizaciiT saqarTvelo realurad erTveba msof-
lios globalur interesTa sferoSi. trasekas derefnis amoqmedebis 
procesSi saqarTvelo evrokavSiris  strategiuli partniori xdeba.  Sesaba-
misad, transkavkasiuri satransporto derefnis funqcionirebis  uzrunvel-
yofaSi SeuZlebelia, Tavisi mniSvnelobiT, erTmaneTs gaemijnos politikuri 
da ekonomikuri aspeqtebi.   

trasekas  derefnis ganviTarebis mniSvnelovani piroba aris trans-
portis ministrTa Tbilisis (1996w.) konferenciis gadawyvetilebaTa reali-
zacia.  maT Sesabamisad, trasekas warmatebis mniSvnelovani pirobebia: 
• trasekas kavkasiuri nawilis CarTva Savi zRvis panevropul satransporto 
arealSi (PETRA), an trasekas kavkasiuri nawilisTvis arsebuli 10 panevro-
puli derefnis statusis miniWeba; 
• panevropul derefnebTan (kerZod, me-4, me-7,  me-8 da me-9 derefnebTan)  
dakavSireba; 
• xmelTaSua zRvis auzis satransporto sistemasTan dakavSireba; 
• marSrutis ganviTareba aRmosavleTis mimarTulebiT da aziis satranspor-
to derefnebTan  (ESKAP –is proeqtebi) dakavSireba. 

Savi zRvis ekonomikuri TanamSromlobisa da trasekas qveynebis sat-
ransporto koncefciis mier mowonebuli ideebis ganxorcieleba  - trasekas 
derefnis marTvis  komitetis Camoyalibeba  da sagadamxdelo  sakliringo  
meqanizmis  Seqmna -  xels Seuwyobs am mimarTulebis ganviTarebas.   

amierkavkasiis satransporto derefnis  formirebisTvis gansakuTre-
buli mniSvneloba eniWeba oTxi qveynis - saqarTvelos, azerbaijanis, Turqme-
neTisa da uzbekeTis - prezidentebis  mier xelmoweril seraxsis (1996 w.) 
xelSekrulebas, romelsac SemdgomSi, SeuerTdnen bulgareTi da yirgizeTi.  
saqarTvelos satransporto politikis strategiul amocanas wamoadgens am 
xelSekrulebis  moqmedebis arealis gafarToeba  rogorc dasavleTis, aseve 
aRmosavleTis mimarTulebiT. gansakuTrebiT mniSvnelovania sami qveynis - 
CineTis, yirgizeTis da uzbekeTis   - xelSekrulebiT Seqmnili, am qveynebze 
gamavali umoklesi sarkinigzo gzis gamoyeneba da misi dakavSireba, rogorc 
trasekas programasTan, aseve, seraxsis xelSekrulebasTan. Sesabamisad, iqmne-
ba erTiani grandiozuli satransporto areali, romelic aRmosavleTidan, 
CineTis sazRvao portebidan, gavrceldeba CrdiloeT evropis  sazRvao 
portebamde (amsterdamamde). amgvar pirobebSi saqarTvelos geopolitikuri 
mdgomareoba  gansakuTrebul mniSvnelobas iZens. 



   saqarTvelos sainJinro siaxleni, GEORGIAN ENGINEERING NEWS, №2, 2016  
 
76 

evraziis satranzito marSrutebi dasavleT-aRmosavleTis mimarTu-
lebasTan  erTad moicavs CrdiloeT-samxreTis mimarTulebasac.  

 

 
  

saqarTvelos aqvs mniSvnelovani potenciali am mimarTulebiT  satran-
sporto derefnis CamoyalibebaSi. sadReisod, erTmaneTisgan damoukideblad 
moqmedeben saqarTvelodan CdiloeTisaken da samxreTsaken mimarTuli trasebi.  
saqarTvelos SeuZlia Seasrulos am mimarTulebiT integrireba CrdiloeT-
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samxreTis SemaerTebel  derefanSi, misi didi politikuri da ekonomikuri 
mniSvnelobis gamoyenebiT. 

gansakuTrebiT yuradReba unda mieqces CrdiloeT-samxreTis mimarTu-
lebiT  ruseTTan satransporto  urTierTobis  gazrdis politikur aspeqts, 
rogorc didi mniSvnelobis mqones, amierkavkasiaSi konfliqtebis dareguli-
rebisTvis.   

aRsaniSnavia, rom  regionSi arsebobs  amgvari derefnis ganviTarebis 
perspeqtivis  gansxvavebuli xedvebi. saqarTvelos dasWirdeba moqnili poli-
tikis  gatareba arsebuli potencialis sakuTari interesebis Sesabamisad 
wasamarTavad. 

CrdiloeT-samxreTis mimarTulebis derefnis ganviTarebis grZelvadian  
perspeqtivas qmnis saqarTvelos monawileoba  gaeros ekonomikuri komisiis 
proeqtebSi, rogoric aris transevropuli Crdilo-samxreTuli  saavtomo-
bilo magistrali da transevropuli Crdilo-samxreTuli   sarkinigzo  
magistrali  (TEM   da   TER). es proeqtebi mimarTulia Tanamedrove saavtomo-
bilo  da sarkinigzo qselis Seqmnaze, romelic daakavSirebs baltiis, adria-
tikis, egeosis da Savi  zRvebis  regionebs. 

saqarTvelos mier satranzito funqciis Sesruleba gulisxmobs ara 
marto sazRvao da saxmeleTo, aramed sahaero derefnebis  ganviTarebas. 
arsebuli potencialis  gamosayeneblad aucilebelia  sahaero-sanavigacio  
sistemebis  reabilitacia/ganviTareba, frenis Tanamedrove saerTaSoriso   
standartebis uzrunvelyofis mizniT. 

saqarTvelos satransporto sistemis saerTaSoriso sistemaSi  
integraciis uaxloesi mimarTulebebia:  
• regularuli sarkinigzo, horizontaluri da vertikaluri  tvirTdamu-
Savebis tipis gemebiT  Savi zRvisa da xmelTaSua zRvis auzis qveynebSi 
tvirTgadazidvebis uzrunvelyofa; 
• evropasTan dasakavSireblad samdinaro transportis gamoyeneba (dunai-rein-
maini sistema) tvirTebis gadasazidad Savi zRvis saqarTvelos navsadgurebi-
dan (e. w. mdinare-zRvis principi); 
• samxreTis (TurqeTi) mimarTulebiT sarkinigzo xazebis ganviTareba; 
• sahaero derefnis ganviTareba dasavleT-aRmosavleT da CrdiloeT-
samxreTis mimarTulebebiT; 
• saavtomobilo gzebis ganviTareba  CrdiloeTis (ruseTi) da samxreTis 
(TurqeTi)  mimarTulebebiT; 
• politikuri mowesrigebis Semdeg afxazeTze saavtomobilo da sarkinigzo 
mimosvlis aRdgena. 
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SUMMARY 

GEORGIA’S ROLE AS A EURASIA’S TRANSPORT CORRIDOR 

Margalitadze I.N., Gegeshidze E.I. and Gabidzashvili L.G. 

Georgian Technical University 

Georgia should participate in international transport programs to realize fully Georgia's geopolitical potential and 

to integrate in the international transport system. By participating in the TRACECA (Transport Corridor Europe-

Caucasus-Asia) program, Georgia is involved in the sphere of interests of global powers. In the framework of 

TRACECA, Georgia becomes a strategic partner of the European Union. 

Keywords: TRACECA, transport corridor, transit, geopolitics. 
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5. P. Michelson, H. Tudeshki, S. Rossbach. Industrial explosives based on waste military ammunition. 
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SUMMARY 

RESEARCH OF THE PROPERTIES OF EXPLOSIVES PRODUCED ON THE BASIS OF UTILIZED 

AMMUNITION 

Khomeriki S.K., Kuchukhidze Z.K., Apriashvili A.G., Shatberashvili G.G., Abesadze N.A.  

and  Aptsiauri A.M. 

G. Tsulukidze Mining Institute 

The problems of storage or mass destruction of ammunition expired are put forward. Recycling of out-of-date 

ammunitionopens ample opportunities of use of fighting equipment in the industry. At G. Tsulukidze Mining 

Institute, in the project framework, based on utilized ballistite and pyroxylin gunpowder, cheap and highly 

effective industrial safe explosives were developed, which application at open mining operations, besides 

considerable economic benefit, provides a higher level of ecological safety of recycling in comparison with their  

destruction on open ranges. At the Laboratory of Explosives Research and Blasting Technologies of                  

G. Tsulukidze Mining Institute, the gravitation density and the speed of charge detonation were experimentally 

defined.  As is obvious from the presented data, the experimental structures based conversion explosive 

compounds by their detonation characteristics surpass the explosives (ANFO). 

Keywords: recycling, utilized ammunition, explosives, ballistite, pyroxylin gunpowder, conversion, open 

charge, intermediate detonator, speed of detonation, critical diameter. 
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OPTICAL CONTROL OF THE TRANSMISSION SPECTRUM OF THE OPTICALLY 

ACTIVE LIQUID CRYSTAL LAYER 

 

Ponjavidze N.T., Bortolozzo U., Residori S., Chanishvili A.G., Chilaya G.S. and                     

Petriashvili G.Sh. 

 

Nonlinear Institute of Nice, France 

Institute of Cybernetics of Georgian Technical University 

 
Abstract. A several micron thick layer of a photosensitive optically active liquid crystal material possessing the 

optical activity of a very high value was studied. A photoinduced change in optical rotation resulting in a 

significant shift of the transmittance spectrum of the layer between crossed polarizers was obtained. 

Keywords: optical activity, cholesteric liquid crystal, photosensitivity, optical information recording. 

 

Optical information recording systems are usually based on using a layer of photosensitive 

material wherein, under the effect of light, one of the optical parameters can be modulated. A number 

of publications on this topic were concentrated on using the optical activity of the material as a 

modulated property [1,2].The optical parameter changing under the light effect in this case is the angle 

of polarization plane rotation. However this principle was ultimately rejected due to the absence of a 

photosensitive material with sufficiently high optical activity. The value of specific rotation of the best 

one was 22 deg/mm [3,4]. To obtain an appreciable photoinduced change of the polarization plane 

rotation in this material, the layer several millimeters thick was required. 

In this paper we demonstrate a photosensitive optically active cholesteric liquid crystal (CLC) 

material possessing a very high value of specific rotation (10
4
deg/mm), which allows obtaining a 

significant photoinduced change of optical properties in a layer several microns thick. We used a 

photo-isomerisable nematic ZhK-440 (NIOPIK) [5-8] and anon-photosensitive optically active dopant 

MLC-6β48 (MОrМФ). VКrвТЧР ЭСО ЩОrМОЧЭКРОs ШП ЭСОsО МШЦЩШЧОЧЭs, аО ШЛЭКТЧОН К ―ЩЮrО‖ ШЩЭТМКХХв 
active CLC mixture [9,10] rotating in the polarization plane of the transmitting light at 90 degrees in a                

7 -thick layer. The rotation angХО НТsЩОrsТШЧ ПШr ЭСО 7 -thick layer of this mixture is shown in Fig.1.  

 
Fig.1. Dispersion curve of the polarization plane rotation angle 

 

As seen, at 682nm the rotation angle of 90 degrees is reached. It means that, at this 

wavelength, the CLC layer is maximally transparent in crossed polarizers. The 180 degrees rotation is 

observed at 545nm. Thus, in cross polarizers,  the light transmission is close to zero. Such a dispersion 

curve of the optical rotation results is an interesting form of the transmission spectrum between 

crossed polarizers (Fig.2). Using different filters, any part of the shown spectrum can be highlighted 

for subsequent monitoring of the photoinduced changes. Further we used a yellow-red filter to observe 

the 682nm peak shift. 



   saqarTvelos sainJinro siaxleni, GEORGIAN ENGINEERING NEWS, №2, 2016  
 

87 

 
Fig.2. Transmission spectrum of the layer between crossed polarizers 

 

The CLC mixture is sensitive to UV radiation. Under exposure to UV, a change in the rotation 

angle and hence in the transmission spectrum is observed (Fig.3,a).We used a mercury lamp with a 

UV filter as a light source. The exposure intensity was 0.5mW/cm
2
. 

 

 

Fig.3. Transmission spectrum change (a) and transmission maximum wavelength shift (b)  

under exposure to UV 

a 

b 
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It can be seen that the wavelength of the transmission maximum shifted from 682 nm to                    

510 nm (Fig.3,b). Further exposure leads to the phase transition from the CLC to the isotropic liquid. 

It should be noted that all photoinduced transformations in this mixture are reversible. The reverse 

process occurs with exposure to the blue range or with heating the material. 

TСЮs, ТЭ аКs sСШаЧ ЭСКЭ, ТЧ ЭСО 7 -thick optically active CLC layer, the photoinduced 

modulation of optical activity results in a significant shift of the maximum transmittance wavelength 

between crossed polarizers. 

 

This study has been fulfilled by financial support of Shota Rustaveli National Science Foundation 

(Georgia) and CNRS (France) (Grant No.04/25). Any idea in this publication is possessed by the 

authors and may not represent Shota Rustaveli National Science Foundation and SNRS. 
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  [Mg(OH2)6](NH4)2(SO4)2 

 

 . .,  . .,  . . 
 

   

    

 
                           Э. . : 
                                                                    

 

      ДM(OH2)6](NH4)2(SO4)2, (  M=Mg, V, Fe, 

Co, Ni, Cu, Zn, Cd ),          -  
    Д1-5Ж.        

[M(OH2)6](SO4)∙(NH4)2(SO4).  

       
[Mg(OH2)6](NH4)2(SO4)β.      1λ64 .    

     .      
 μ  a = λ,γ8γ±0,015, b=1β,66λ±0,0β, c=6,66λ±0,005;  =107º0γ’±6’

.
     P21/c 

  β1         y (b),    
   , ,   z         

 Д1Ж.  
      ,  

        .   
 R=0,0β67.         .  

 .   H20N2MgO14S2,                  

Mr= γ60,601;  , =6,β4β(1)й, b=1β,475(β)й, =λ,β51(7)й, =107,07(γ)º, 
V=688,65(5)й3

, T =153(2)K, . . P21/c, Z=2; D =1,7γ8 / 3
, ( α)=0,γ4 -1.  -

 /2-  ( = 1,45–38,57 , γ7γ1      , 
γ5λ4  ).   R(F) = 0,0β67    3121 

   I>2(I).      
  ,       -

.         
         -   .  

       
[Mg(OH2)6](NH4)2(SO4)2      (з 15γ K)   
Bruker AXS SMART CCD,      

       
(MoK , λ = 0,7107γ й).      SHELXL97 [6].  

   Ueq  U     . 1,     

   [Mg(OH2)6](NH4)2(SO4)2   .1,     
     . 2. 

 

 1.  (10
4     10

3
   )    

 (й210
3)    

 x y z Ueq  x y z UH 

Mg 0 5000 5000 11,51(7) H(11) 109(2) 381(1) 736(2) 27(3) 

O(1w) 1655(1) 3957,6(5) 6721,1(7) 16,1(1) H(12) 296(3) 408(1) 714(1) 32(4) 

O(2w) 2968(1) 5688,2(5) 4975,2(7) 15,5(1) H(22) 323(2) 629(1) 522(1) 23(3) 

O(3w) 302(1) 3883,7(5) 3409,1(7) 16,2(1) H(21) 343(3) 563(1) 431(2) 48(5) 

O(4w) 5353(1) -5,2(6) 878,5(4) 17,9(2) H(31) -37(2) 401(1) 250(2) 32(4) 

S 2614,2(3) 6347,6(1) 915,7(2) 12,15(5) H(32) 7(2) 327(1) 357(2) 28(3) 

O(1) 2130(1) 5742,2(6) -500,0(7) 23,0(1) H(1N) 440(3) 337(1) 79(2) 34(4) 

O(2) 4131(1) 7258,1(5) 877,3(7) 18,7(1) H(2N) 222(3) 336(1) 72(2) 38(4) 

O(3) 513,0(9) 6762,1(5) 1151,2(7) 17,1(1) H(3N) 366(2) 411(1) 163(2) 25(3) 

O(4) 3777,8(9) 5638,2(5) 2194,7(6) 15,5(1) H(4N) 382(2) 304(1) 208(2) 26(3) 

N 3567(1) 3451,2(6) 1336,9(8) 17,9(1)      
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 .       -

.      μ   
[Mg(OH2)6]

2+,      - a  ( .1). 
        -   

 .        ,  -

        .    
 μ Mg - O(H2O) 2,048(2); 2,079(3); 2,080(3)й,    

Mg(II)  ,   ,    Mg-O(H2O) 2,033(2)-

2,094(4)й Д7Ж,        [8].  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

.1.     

 

 

-        
.  -         

           

[Ni(OH2)6](NH4)2(SO4)2 [5].   

 

 2.   d, й   , .   

 d   

Mg-O(1w) 2,080(3) O(1w)-Mg-O(2w) 91,3(1) 

Mg-O(2w) 2,048(2) O(1w)-Mg-O(3w) 89,8(2) 

Mg-O(3w) 2,079(3) O(2w)-Mg-O(3w) 90,1(1) 

S-O(1) 1,464(3) O(1)-S-O(2) 109,8(2) 

S-O(2) 1,486(3) O(1)-S-O(3) 110,6(2) 

S-O(3) 1,484(2) O(1)-S-O(4) 109,2(3) 

S-O(4) 1,485(3) O(2)-S-O(3) 109,5(3) 

N-H(1N) 0,828(4) 

0,872(4) 

0,866(4) 

0,832(4) 

O(2)-S-O(4) 

O(3)-S-O(4) 

H(1N)-N-H(2N) 

H(1N)-N-H(3N) 

H(1N)-N-H(4N) 

H(2N)-N-H(3N) 

H(2N)-N-H(4N) 

H(3N)-N-H(4N) 

107,9(2) 

N-H(2N) 109,7(2) 

N-N(3N) 

N-H(4N) 

104,2(7) 

108,1(7) 

115,1(7) 

106,6(7) 

111,9(7) 

110,5(7) 

 

 

         OH…O  
NH…O,      (SO4)

2-
   ,   - 

  (SO4)
2-  (NH4)

+
.  

,    ,   . γ. 
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 3.      

 D-H...A  d (D-H) / й d (H...A) / й d (D...A) / й (DHA) / ° 

N-H(3N)...O(4) 

O(2w)-H(21)...O(4) 

O(1w)-H(11)...O(3)
1
 

O(3w)-H(32)...O(3)
2
 

O(2w)-H(22)...O(2)
3
 

0,866(4) 

0,758(5) 

0,794(4) 

0,800(4) 

0,792(4) 

1,968(4) 

2,030(5) 

2,053(4) 

1,951(4) 

1,936(4) 

2,834(4) 

2,764(3) 

2,842(2) 

2,749(3) 

2,726(3) 

177,2(6) 

163,0(8) 

172,2(7) 

176,0(7) 

175,0(7) 

      : 
1
 -x, -y+1,-z+1;  

2 
-x,y-1/2, -z+1/2;  

3
x, -y+3/2,z+1/2.. 

 

 
.2.       
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SUMMARY 

CRYSTAL STRUCTURE OF [Mg(OH2)6](NH4)2(SO4)2 

Zazashvili S. R., Beridze L.A. and  Miminoshvili K.E.  

Georgian Technical University 

Tbilisi State Medical University 

There was studied the structure of compound [Mg(OH2)6](NH4)2(SO4)2 (a = 6,7426(5); b = 16,053(1);                        

c = βγ,0λ5(β) й;   = λ7,787(β)º; T = 153K, P21/n, Z = 2, R(F) = 0,0267,). The compound is formed of cations: 

[Mg(OH2)6]
2+

, two - (NH)
+
 and two anions (SO4)

2-
.  

 : X-ray structure analysis, complex compounds, magnesium, sulphate, ammonium.   

http://scripts.iucr.org/cgi-bin/citedin?search_on=name&author_name=Witkowska,%20A.M.
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DETERMINATION OF THE SHARE OF THE ELECTRIC QUADRUPLE ADMIXTURE 

FOR THE 
169

Tm 93.61 keV –TRANSITION 

 

Metskhvarishvili M.R., Razmadze T.O., Kvirikashvili M.G., Baramidze K.K.,   

Beridze M.G. and Shogiradze M.Kh. 

 

Georgian Technical University 

 
Abstract. The results of investigation of the internal conversion electron spectrum of the

169
Tm 93.61 keV                  

-transition are presented. A magnetic prism beta spectrometer with 0.04% resolution was used for the 

measurements. The forms of  , ,I II IIIL L L  conversion lines were studied, and the values of their expansion ratio 

were determined. From the determined internal conversion coefficients, the mean value of 2 
was calculated, 

2
=0.0340.003. The average value of the share of the electric quadruple admixture equal to a=(3.30.3)% was 

found, which corresponds to the +3.3%2 mixed -transition. 

Keywords: -transition, internal conversion coefficients, multipole.  

 

Introduction 

The ratios of internal conversion coefficients (ICC) and their absolute values of nuclei depend 

on the multipole of the respective nuclear transition. The dependence of ICC on the share of admixture 

 [1] for the -transition can be expressed by the equation  

        1 2
1i i i              (1) 

where 
i  is the absolute ICC; 

L

i is the electrical quadruple; 
L

i is the magnetic dipolar theoretical 

ICC on the corresponding   i-shells.  

 The share of admixture   is connected with  

1
2

L

L

N

N




  through the equation  

     

2

21




 


         (2) 

where  
 L

N  and 
 1L

N


 are the intensities of -irradiation of L  and 1L  multipoles during nuclear 

transitions.  

 For the mixed 1 2M E  transition for the  /K L  ratio, from (1) we get 

   
)2(2)1(

)2(2)1(

)2()1(

)2()1(

)1(

)1(

LL

KK

LL

KK

L

K















           (3) 

We have the same equations for  , ,I I

I II III

l lK

L L L
 etc. 

The quantity 
2 can be calculated by experimental absolute ICC [2] for  1ML M L   

      
exp2

1

exp

ML

er

E L

er

 


  





     (4) 

               

and for  1EL M L   mixed transition by equation 

      
exp2

1

exp

EL

er

M L

er

 


  





 

               (5) 

where  exper  is the value of experimental absolute ICC for the -transition of radioactive nuclei in the 

corresponding i-shells or subshells. The quantities 
ML and  

 1E L 
are the theoretical absolute ICC 

for the -transition of ML and E(L+1)multipoles, respectively.  

 If, from the experiment not absolute ICC of the -transition but ICC ratios are determined, then 
2 can be determined by the following formula [3]. 
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 ,           (7)       

where  ,
ij

i ij

ik

R





  and 
ik  are the i-type absolute ICC of -irradiation on the j  and k  shells and 

subshells. 
exp

oj

er

ok

R



 are the experimental values of ICC ratios on the j  and k  shells and subshells. 

 

Measurements and Calculation Results 
 The 

169
Tm 93.61 keV energy -transition happens 

between the excited levels with quantum characteristics 

9

2


and 

7

2


 [4]. This indicates that the -transition 

represents mainly the mixtureof magnetic dipolar (M1) and 

electric quadruple (E2) multipolar transitions.  

The radioactive source represented a lutetium 

fraction containing 
169

Lu nuclei, educed by a chemical 

method from the tantalum target of the synchrotron 

irradiated with 600 meV energy protons in Dubna, Russia. 

The -decay period of 
169

Lu is T1/2=2 days, and it transits 

in 
169

Yb. The latter transits in 
169

Tm nuclei giving 93.61 

keV energy radiation. 

The measurement of the  
169

Tm conversion electron 

spectrum began after 1.5 months from the educing of the 

lutetium fraction. During this time, the intensity of lutetium 

radiation reduced significantly, and the intensity of 

radiation was mainly connected with the 
169

Tm  radiation. 

The  LI, LII, LIII conversion lines of the 
169

Tm  93.61 keV                    

-transition obtained with the help of the magnetic prism beta spectrometer [5, 6] are shown in the 

figure. As seems from the figure, all conversion lines are well divided, which gave the possibility to 

study their forms. The investigation showed that the lines have no same forms. The LIII -line has the 

minimal half-width (1402.5) eV, and the half-widths of LI and  LII  are (2701)eV and (2302)eV, 

respectively. The LI and LII lines broaden in respect to LIII by 130 and 90 eV, respectively (Table 1). 

The expansion of conversion lines can be explained by the influence ofthe energetic levels of natural 

widths of  L -subshells of the 
169

Tm atom on the conversion process. The observation of this process 

will be possible if, as a result of the improvement of the resolution of the spectrometer, the half-width 

of the conversion line will be equilized to the half-width of the natural excited level of the atom. 

 

Table 1. Half-widths of   LI, LII, LIII  conversion lines in eV for the 
169

Tm  93.613 keV -transition  

 

Nuclei Eγ, keV 
Conversion lines half-widths in eV 

LI LII LIII 
169

Tm  93.613 2701 2302 1402.5 

 

 

The ICC ratios of the 93.61keV -transition for LI, LII, LIII subshells obtained from the 

experimental results are given in Table 2. The theoretical data calculated from the tables of paper [7] 

are given in the same table. The values of 2
 and a determining the share of the admixture of                      

E2-multipole are also given. 
 

 

   169
Tm      L1 

    L1II 

     L1I 

50 

150 

250 

350 

C
o

u
n

ts
 

82      83     84      85    86  keV 

 
The LI, LII, LIII conversion lines of  

169
Tm  93.61 keV-transition 
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Table 2. Experimental and theoretical values of ICC for the 93.61 keV -transition, the 2
 values and 

shares of admixtures for E2 in per cents 

 

Nuclei Eγ, keV ICC ratio Experiment 
Theory  2   %  

M1 E2 

169
Tm  93.613 

LI / LII  5.50.2 11.010 0.113 0.039 3.7 

LIII / LI  0.480.03  0.143 1.042 0.030 2.9 

 

By using the data fromTable 2, the values of absolute ICC for the investigated -transition are 

given in Table 3.  

 

Table 3.  Experimental and theoretical values of absolute ICC for the
169

Tm 93.61 keV -transition on                  

LI, LII, LIII subshells 

 

Nuclei Eγ,  keV Absolute ICC Experiment 
Theory  

Multipole 
M1 E2 

169
Tm  93.613 

LI 0.425 0.436 0.116 

M1+3.3%E2 LII 0.077 0.0396 1.027 

LIII 0.037 0.00568 1.070 

 

The average value of 2
 determined from Table 2 is 2

=0.0340.003, and the average value of the 

share of the admixture for E2-multipole is a=(3.30.3)%, which corresponds to the compounds of 

multipoles from Table 3. 
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SUMMARY 
HEAT-RESISTANT COMPOSITION BASED ON POLYNAPHTOYLEN BENZIMIDAZOLE 
Ormotsadze N.Sh., Meskhishvili M.M. and Bibileishvili D.V. 
Akaki Tsereteli State University, Kutaisi 
Georgian Technical University 
The objective of the research involves the reduction of layer defectiveness, veil removal at etching of the 
polymer lacquer and an increase of its stability at storage. The aim is attained by using the composition based on 
the different-section structure containing o-aminophenyl-naphtoylimide and naphtoylen benzimidazole 
fragments with the blocked - end anhydryde groups.The method for preparation of press-materials based on 
polynaphtoylbenzimidazole by means of thermal polycyclocondensation was developed. 
Keywords: heat-resistant composition, polynaphtoylen benzimidazol, polycyclocondensation. 
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SUMMARY 

THE IMPACT OF SOME PARAMETERS ON THE SORPTION PROPERTIES OF NATURAL 

GEORGIAN ZEOLITES 

Gudushauri  Ts.N., Kochiashvili M.S. and Ugrekhelidze I.R. 

Georgian Technical University 
The correlation between the zeolites studied and some parameters was made based on the experimental results. 

As a function is taken the correlation of exchange capacity with the parameters such as the content of 

zeolite in a mineral, the kinetic (effective) diameter of windows and the Si:Al ratio. The determined 

correlation can be used as a justified zeolite criterion for separation of rare and intermediate metals, and for 

development of new chromatographic concentration methods. 

Keywords: zeolite, sorption, sorbent, DOE. 
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SUMMARY 

MICRO-COLUMN LIQUID CHROMATOGRAPHY OF SUNFLOWER OIL PHOSPHOLIPIDS   

Siradze M.G.,  Berdzenishvili I.G.,  Neparidze N.S., Jokhadze G.A., Tvaliashvili V.B. and  Diogidze O.Sh. 

Georgian Technical University 

Batumi State Maritime Academy 

The developed technique is suitable for the analysis of  concentrates of  phospholipids if their content in the 

concentrate is no less than 50%. If the share of neutral lipids is above 50%, it is expedient to separate the  

phospholipid concentrate from neutral lipids. Special requirements are imposed on  the purity of solvents meant 

for the mobile phase. Acetonitrile and methanol should be of  the `sЮЩОrЩЮrО ПШr HPLC‖ grade, i.e. they must not 

have intense absorption at the wavelength above 200 nm.  

Keywords: phospholipids, sunflower oil, micro-column HPLC. 
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acetilenis dimerizaciis da ciklodimerizaciis reaqciebis 

maTematikur-qimiuri Seswavla 

  

lobJaniZe T.e., gverdwiTeli m.i., giorgaZe q.p. 
 

iv. javaxiSvilis saxelobis Tbilisis saxelmwifo universiteti 
 
anb-matrica warmoadgens molekuluri grafis Tanaziarobis matricis 

modificirebul saxeobas. misi diagonaluri elementebia molekulaSi Semava-
li qimiuri elementebis atomuri nomrebi, aradiagonaluri elementebia 
qimiuri bmebis jeradobebi [1-2]. 

qvazi-anb-matrica ( bna
~

) anb-matricis iseTi gamartivebuli variantia, rom-
lis diagonaluri elementebia molekulis calkeul struqturul frag-
mentebSi Semavali qimiuri elementebis atomuri nomrebis jami, aradiagonalu-
ri elementebia qimiuri bmebis jeradobebi struqturul fragmentebs Soris 

[3]. amgvarad, bna
~

-matrica igeba garkveuli molekuluri modelis safuZvelze 

da es ukanaskneli, amocanis qimiuri Sinaarsis mixedviT SeirCeva. bna
~

-

matricebis meTodis gamoyenebiT SesaZlebelia rogorc individualuri 
molekulis (qimiuri statistika), ise qimiuri gardaqmnebis _ qimiuri 
reaqciebis (qimiuri dinamika) Seswavla. 

bna
~

-matricebis meTodis farglebSi Seswavlilia acetilenis trimeriza-
ciis da ciklotrimerizaciis reqciebi 

                               3HC  CH  H2C = CH – C  C – CH = CH2               (1) 

 

                                 

3HC CH

CH

CH

CH

CH

HC

HC
(2)

 
am reaqciebis modeluri Canawerebia: 
 

                  3A  A  B = A – C  C – A = B                             (3) 

 

3A  A

A
A

A
A

A

A
(4)

 
 

sadac: A  CH, B  CH2, C – naxSirbadatomia. 

bna
~

-matricebis saxiT (3) procesis Canaweria: 
 

  

7   3   0   0   0   0 8   2   0   0   0   0 

 3   7   0   0   0   0  2   7   1   0   0   0

 0   0   7   3   0   0  0   1   6   3   

 0   0   3   7   0   0

 0   0   0   0   7   3

 0   0   0   0   3   7



  

    
0   0 

 0   0   3   6   1   0 

 0   0   0   1   7   2 

 0   0   0   0   2   8 

                     (5) 
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(4) procesis Canaweria: 

                                    

 7   3   0   0   0   0   7   1   0   0   0   2 

 3   7   0   0   0   0  1   7   2   0   0   0

 0   0   7   3   0   0  0   2   7   1

 0   0   3   7   0   0 

 0   0   0   0   7   3 

 0   0   0   0   3   7

    
   0   0

 0   0   1   7   2   0 

 0   0   0   2   7   1 

 2   0   0   0   1   7

                    (6) 

ganvixiloT gamosaxuleba: 

                           r = f – i                                                (7) 

sadac: f  - saboloo sistemis Sesabamisi bna
~

-matricis determinantis mniSvne-

lobaa; i - sawyisi sistemis Sesabamisi bna
~

-matricis determinantis mniSvne-

loba; r - determinantis mniSvnelobis cvlileba reaqciis Sedegad. 

orive ganxiluli reaqciisTvis r<0. Tu gaviTvaliswinebT, rom -s sidide 
molekuluri sirTulis [4-6] proporciulia, SegviZlia davaskvnaT, rom 
acetilenis rogorc trimerizacia, ise ciklotrimerizacia mimdinareobs mo-
lekuluri sirTulis SemcirebiT. 

Senonis informaciis entropia [5,6] gamoiTvleba formuliT:  

                                           i2i plogpH                              (8) 

sadac: pi – garkveuli xdomilebis (mag.: A-struqturuli fragmentis alalbed-
ze `Sexvedris~) albaTobaa.  

ganvixiloT gamosaxuleba: 
                         Hr = Hf – Hi                                     (9) 

sadac: Hf  - saboloo sistemis Sesabamisi Senonis informaciis entropiaa;               
Hi  - sawyisi sistemis Sesabamisi Senonis informaciis entropia; Hr - informa-
ciis entropiis cvlileba reaqciis Sedegad. 

aRmoCnda, rom acetilenis trimerizaciis (1) reaqcia mimdinareobs sistemis 
informaciis entropiis zrdiT (Hr>0), amgvarad, sistemis informatiuloba 
izrdeba. acetilenis ciklotrimerizaciis procesisaTvis, sistemis informa-
ciis entropia ar icvleba (Hr=0). amgvarad, sistemis informatiuloba ucvle-
li rCeba. 
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SUMMARY 

MATHEMATIC-CHEMICAL INVESTIGATION OF ACETYLENE TRIMERIZATION AND 

CYCLOTRIMERIZATION REACTIONS   

Lobdjanidze T.E., Gverdtsiteli M.I. and Giorgadze K.P. 

Iv. Javakhishvili Tbilisi State University 

Within the scope of the quasi-ANB-matrices method, the mathematic-chemical investigation of acetylene 

trimerization and cyclotrimerization reactions was carried out. These reactions proceed with the decrease of 

molecular complexity. 

Keywords: trimerization, cyclotrimerization, quasi-ANB-matrices method. 
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platonis sxeulebis algebruli maxasiaTebeli da misi gamoyeneba 

koordinaciuli naerTebis modelirebisaTvis 

 
rusia m.S., lobJaniZe l.v., gverdwiTeli m.i. 

 
iv. javaxiSvilis saxelobis Tbilisis saxelmwifo universiteti 

 
platonis sxeulebis _ wesieri poliedrebis (tetraedri, kubi, oqtaedri, 

dodekaedri da ikosaedri) daxasiaTeba SesaZlebelia sxvadasxva maTematikuri 
kriteriumiT. naSromSi ganxilulia am poliedrebis daxasiaTebis meTodi 
grafebis Teoriis farglebSi [1-2]. 

grafis Tanaziarobis matrica (Tm) ewodeba kvadratul simetriul matr-
icas, romlis diagonaluri elementebia `0~, xolo aradiagonaluri elemen-
tebi _ `0~ an `1~ (Tu grafis ori wvero SekavSirebulia _ Tanaziaria _ `1~, 
Tu araa SekavSirebuli _ `0~). 

qvemoT motanilia tetraedris Sesabamisi grafi (wveroebis numeraciiT) da 
misi Tm: 

                       

 

0 1 1 1

1 0 1 1

1 1 0 1

1 1 1 0

                   (1) 

   

radgan matricis diagonaluri elementebi nulebia, cxadia, misi determi-
nantis mniSvneloba nulis tolia. 

maTematikur qimiaSi [3-5] efeqturi gamoyenebis mizniT Catarebuli iqna Tm 
matricis garkveuli gardaqmna. axali tipis matricas fsevdoTanaziarobis 
matrica (fTm) ewoda. misi diagonaluri elementebia grafis wveroebis 
xarisxebi, aradiagonaluri _ wiboebis jeradoba. (1) grafis fsevdoTanaziaro-
bis matricas gaaCnia saxe: 

 

      

3 1 1 1

1 3 1 1

1 1 3 1

1 1 1 3

        (2) 

 

modificirebuli fsevdoTanaziarobis matrica (mfTm) meore rangisaa. misi 
erT-erTi diagonaluri elementia grafis erT-erTi wveros xarisxi, meore 
diagonaluri elementia danarCeni wveroebis xarisxebis jami. aradiagonaluri 
elementebia wibos jeradoba SerCeul erT-erT wveros da grafis danarCen 
fragments Soris. amgvarad, (2)-is Sesabamisi mfTm-s saxe iqneba: 

 

       
3 3

3 9
    (3) 

 
 
oqtaedrisTvis, mfTm-matricas gaaCnia saxe: 
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4 4

4 20
      (4) 

 
mfTm-matricebis determinantebis mniSvnelobebi warmoadgens poliedrebis 

digitalur (ricxobriv) maxasiaTebels. qvemoT moyvanilia es maxasiaTebeli 
xuTive poliedrisaTvis. 

  det (tetraedri) = 18 
  det (kubi) = 54 
  det (oqtaedri) = 64                    (5)     
  det (dodekaedri) = 162 
  det (ikosaedri) = 250 

aRniSnuli midgomis gamoyenebiT SesaZlebelia koordinaciul naerTebis 
modelireba da kvleva, radganac koordinaciuli naerTebis Sida koordi-
naciuli sfero xSirad warmoadgens wesier poliedrs. ase, magaliTad, 
M1[M2L6] tipis koordinaciuli naerTis Sida koordinaciuli sferos modelia 
oqtaedri. Tu davuSvebT, rom M1 orvalentovania (M1-is Sesabamisi wveros 
xarisxia 2), Sesabamis modelur grafs eqneba saxe: 

 
 
 
                                                                                                                        (6) 

   

 
 

Sesabamisi mfTm-matricis determinanti SeiZleba ase Caiweros: 
 

     
2 2

det
2 64

            (7) 

 
(7) saxis determinantebis mniSvnelobebis safuZvelze SeiZleba gainsazRv-

ros garkveuli topologiuri indeqsebi, romlebic saSualebas iZleva aigos 
`aRnagoba-Tvisebebi~ tipis korelaciuri gantolebebi [6-7]. es sakiTxebi 
intensiuri Seswavlis stadiaSi imyofeba. 
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SUMMARY 

ALGEBRAIC CHARACTERISTICS OF PLATO’S BODIES AND THEIR APPLICATION IN 

MODELING OF COORDINATION COMPOUNDS 

Rusia M.Sh., Lobjanidze L.B. and  Gverdtsiteli M.I. 

Iv. Javakhishvili Tbilisi State University 

AХРОЛrКТМ МСКrКМЭОrТsЭТМs ШП PХКЭШ’s ЛШНТОs аere elaborated within the scope of the matrices method. The concept 

of pseudo-contiguity and modified pseudo-contiguity matrices was introduced. The application of this approach 

to modeling of coordination compounds is considered. 

Keywordsμ PХКЭШ’s ЛШНТОs, РrКЩС, ЦШНТПТОН ЩsОЮНШ-contiguity matrix, coordination compounds. 
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Abstract. Mathematical-chemical investigation of some alkenes was carried out within the scope of the quasi–
ANB-matrices method. Three correlation equations of the structure-properties type were derived. Correlations 

are satisfactory. 

Keywords: alkanes, quasi-ANB–matrix, correlation equation. 

  

 

Contiguity matrices of molecular graphs and their various modifications are widely used in 

mathematical chemistry for investigation of molecules and their transformations, and the ANB–matrix 

falls into this type [1-2]. 

The diagonal elements of the ANB–matrix represent the atomic numbers of chemical 

elements, and the nondiagonal elements are the multiplicaties of the chemical bonds. For an arbitrary 

XYV molecule, the ANB–matrix has the form: 

 

 

     

Zx Δбв ΔбЯ
Δбв Гв ΔвЯ
ΔбЯ ΔвЯ ГЯ

     (1) 

 

 

For large molecules, the calculations based on the  ANB–matrices are labour-consuming. 

Hence a  modernized form of the ANB–matrix - a quasi-ANB–matrix (A͠NB) was elaborated. Its 

diagonal elements are the sums of the atomic numbers of those chemical elements, which the 

structural fragments of the molecule contain, the nondiagonal ones are the multiplicaties of the 

chemical bonds between these structural fragments. 

Some alkenes [3] were investigated within the scope of A ͠NB–matrices method. A simple 

model was elaborated: 

 

                                         A – B                                                   (2) 

 

where: A = CH2 = CH;  B = CH3 , C2H5, C3H7….. 
 The corresponding A ͠NB–matrix has the form: 

 

                  

                                               
A

B

Z 1

 1 Z
      (3) 

 

              

 In the table the data on ХР (∆A͠NB), Tboil, d and S
o

298  for these alkanes are given. 
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The values of ХР (∆A͠NB), Tboil[3], d and S
o
298[4] for alkenes 

 
 

 

 

 

 

 

 

 

 

 

The correlation equations were derived using a computer: 

                                                            Tboil=γβ7,7 ХР (∆A͠NB) – 818,0                                          (4) 

                                                              Н=0,β500      ХР (∆A͠NB) +0,0005    (5) 

                                                              S
o

298=γ7,78   ХР (∆A͠NB) – 9,60     (6) 

The correlation coefficient r is  equal to 0,981; 0,983; 0,988, respectively. 

Thus, in accordance with Jaffe’s criterion [5], the correlation is  satisfactory. 

The value of S
o
298 for  C7H14 is calculated theoreticaly (is given in brackets) baed on 

correlation equation (6). 
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Alkene ХР (∆A ͠NB) Tboil, 
o
C d, g/cm

3 S
o

298  cal/(mole K) 

CH2=CH-CH3 2,13 -48 - 63,80 

CH2=CH-C2H5 2,19 -6,5 - 73,04 

CH2=CH-C3H7 2,57 30 0,643 82,05 

CH2=CH-C4H9 2,69 63,5 0,675 91,93 

CH2=CH-C5H11 2,79 93 0,698 (95,80) 

CH2=CH-C6H13 2,87 122,5 0,716 - 

CH2=CH-C7H15 2,93 146 0,731 - 

CH2=CH-C8H17 2,97 171 0,743 - 
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Abstract. The chain growth in the reaction of methane halogenation was studied within the scope of ANB – and 

quasi–ANB–matrices methods. Two correlation equations of the structure-properties type were derived and 

investigated. The correlations are satisfactory.  

Keywords: chain growth, methane halogenation, correlation equation. 

 

Contiguity matrices of molecular graphs and their modifications are widely used in 

mathematical chemistry for investigation of molecules and their transformation, and the ANB-marix 

falls into this type [1]. 

The diagonal elements of the ANB–matrix are the atomic numbers of chemical elements, the 

nondiagonal ones – the multiplicaties of the chemical bonds. For arbitrary XYV molecule, the ANB–
matrix has the form:   

 

 

 

Zx Δбв ΔбЯ
Δбв Гв ΔвЯ
ΔбЯ ΔвЯ ГЯ

      (1) 

                                            

 

wСОrОμ Гб, Гв КЧН ГЯ КrО ЭСО КЭШЦТМ ЧЮЦЛОrs ШП Б, В, Г МСОЦТМКХ ОХОЦОЧЭs; ∆бв, ∆бЯ КЧН ∆вЯ КrО ЭСО 
multiplicaties of X ̴Y, X ̴V, Y ̴V chemical bonds, respectively. 

The modernized form of the ANB–matrix – a quasi–ANB-matrix (A ͠NB) was elaborated [2]. 

Its diagonal elements are the sums of the atomic numbers of those chemical elements, which the 

structural fragments of the molecule contain, the nondiagonal elements represent the multiplicaties of 

the chemical bonds between the structural fragments. Thus,  the calculation based on the A͠NB–matrix 

is less locbour-consuming and gives a possibility to  underline the chemical essence of the problem. 

Decimal logarithms of the values of ANB– and A͠NB–matrices are effective topologic indices for 

construction and investigation of the correlation equations of the structure-properties type. 

The chain growth stage for the methane halogenation reaction is: 

 

 

            CH4  +  Б∙  →  CH3∙  +  HБ,     ∆H1    (2) 

    CH3∙  +  Б2  →  CH3Б  +  Б∙,   ∆H2    (3) 

 

 

аСОrОμ Б ≡ F, Br, I; ∆H1 КЧН ∆H2 are the enthalpies of the reactions [3]. 

IЧ ЭСО ЭКЛХО ЭСО ЯКХЮОs ШП ХР (∆ANB) (for H - Б), ∆H1, ХР (∆A͠NB) (for CH3Б) КЧН ∆H2 are given.  

For CH3X the simplest model R-X was constructed. 
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TСО ЯКХЮОЬ ШП ХР (∆ANB), ∆H1,  ХР(∆A͠NB), ∆H2 

 

 

 

 

 

 

 

 

 

 

 

 

 

Two correlation equations were derived using a computer: 

                                                  ∆H1 = 78 ХР (∆ANB) – 103                 (4) 

                                                   ∆H2 = 6λ ХР(∆A͠NB) – 202                  (5) 

          The correlation coefficient r is respectively equal to 0.978; 0.980. Thus, in accordance with 

Jaffe’s criterion [4], the correlation is satisfactory. 
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HX HF HCL HBr HI 

ХР(∆ANB) 0,90 1,20 1,53 1,77 

∆H1, ccal/mde -33 -1 15 31 

CH3X CH3F CH3CL CHBr CH3I 

ХР(∆A ͠NB) 1,90 2,18 2,50 2,68 

∆H2, ccal/mde -71 -23 -21 17 
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Abstract.    Mathematical-chemical investigation of some alkynes was carried out within the scope of the quasi-

ANB-matrices method. Three  correlation equations of the structure-propertes type were derived. The 

correlations are satisfactory. 

Keywords:   alkynes,   quasi-ANB-matrix,   correlation equations. 

         

The ANB-matrix  falls into the type of  modified contiguity matrices of molecular graphs, and 

it is effectively used in mathematical  chemistry [1, 2].  The diagonal elements of the ANB-matrix are 

the atomic numbers of chemical elements (which the corresponding  molecule  contains); the 

nondiagonal elements  represent the multiplicities of the  chemical  bonds. 

 

ZA          AB            AC

  AB        ZB          BC

   AC          BC            ZC

(1)

 
 

 
where  ZA,  ZB  and  ZC  are the atomic numbers of  A, B and C chemical elements, respectively;  Δ AB,  

Δ AC and Δ BC  are   the multiplicities of the chemical bonds  A   A   B  respectively. 

The modernized form of the ANB-matrix – a quasi-ANB –matrix   ANB was elaborated  

[3].  Its diagonal elements represent the sums of the atomic numbers of those elements, which the 

structural fragments of the molecule contain; the nondiagonal elements are the multiplicities of the 

chemical bonds   between these structural elements. Thus, the ANB-matrix is constructed based on the 

molecular model. 

Some alkynes were investigated within the scope of the  ANB - matrices method. A simplest 

model was elaborated for them: 

 
                                        

                                                     X  -  Y                                                     (2) 

 

X HC C;      Y CH3,   C2H5,    C3H7 . . . .where:
 

 

The corresponding    ANB - matrix has the form: 

 

ZX        1

1           ZY

(3)

 
 

In the table the data on   ANB
lg   ,  Tboil.,  and  S

0
298   for these alkynes are given [5].    
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 ANB
~ ),   Tboil. [4] ,   d [4]  and   So

298  [5]  are  for alkyneslg(
 

 

Alkynes ANB
~  lg ( )

 
Tboil. 

0
C d, g/cm

3
 

S
0
298 , 

cal/ (mole x k) 

HC     C - CH3  2.06 - 23 - 
59.60 

 

HC     C - C2H5  
2.34 9 - 

69.51 

 

HC     C - C3H7  
2.51 40 

0.695 

 

79.16 

 

HC     C - C4H9  
2.63 72 

0.719 

 

88.13 

 

HC     C - C5H11  
2.73 100 

0.733 

 
- 

HC     C - C6H13  
2.80 126 

0.747 

 
- 

HC     C - C7H15  
2.87 151 0.763 - 

HC     C - C8H17  
2.93 182 0.770 - 

 

 

 

Three correlation equations were derived using a computer: 

ANB
~  lg (   Tboil.  =   273

   So
298   =  50.00 ANB

~  lg ( )

) 645                                                     (4).

d   = 0.172 ANB
~ ) 0.263                                                  (5)lg (

.

.
+

43.40                                                  (6)
 

The correlation coefficient   r is equal to 0.983, 0.981 and 0.985, respectively. Thus, in 

accordance with the Jaffe's   criterion, the correlations are satisfactory.  
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specifikuri konformaciuli struqturis gavlena klotrimazolis 

biokompleqsTa citotoqsikuri aqtiurobis gaZlierebaSi 
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petriaSvili J.d., kldiaSvili r.S., jafariZe r.j. 

 
saqarTvelos teqnikuri universiteti 

 
imidazolis struqtura warmoadgens cocxali sistemebisa da orga-

nizmebisaTvis aucilebel biologiurad aqtiur mraval nivTierebaTa 
safuZvels. amis garda, cocxal organizmTa normaluri funqcionirebisaTvis 
aucilebelia iseTi specifikuri metalebis, e.w. mikroelementebis arseboba, 
rogorebicaa: vanadiumi, qromi, manganumi, rkina, kobalti, nikeli, spilenZi, 
TuTia, molibdeni da sxv. biologiuri sistemebis mikroelementTa ionebi 
warmoqmnian koordinaciul naerTebs, sadac ligandis rolSi gamodis azotis 
atomis Semcveli heterociklebi, kerZod, imidazolisa da misi warmoebulebis 
struqturebi. gardamaval metalebTan kompleqsuri naerTebis warmoqmna 
ganpirobebulia heterocikluri naerTebis struqturiT, maTSi arsebuli 
azotis donoruli atomis gamo. aseTi naerTebi monawileobs mravali 
biologiurad aqtiuri struqturis stabilizaciaSi. cnobilia cilis 
kompleqsuri naerTebi metalTa ionebTan. fermentuli reaqciebis mimdi-
nareobac aseve metalTa ionebTanaa dakavSirebuli.   ribosomebis muSaoba da 
nukleinis mJavebis struqturis regulacia metalis bunebazea damokidebuli. 

imidazolis warmoebul samkurnalo preparatebs Soris Cveni yuradReba 
miipyro metronidazolma da klotrimazolma. metronidazoli warmoadgens 
farTo speqtris antiprotozoul saSualebas. mas farTod iyeneben mwvave da 
qronikuli triqomoniazis samkurnalod; niSnaven agreTve lambliozis, 
amebiazis da kanis leiSmaniozis dros; anaerobuli  infeqciebis dros mas  
iyeneben, rogorc antibaqteriul saSualebas. bolo dros metronidazols 
iyeneben gastroduodenaluri wylulebis samkurnalod, rac asocirdeba 
helikobaqteria pilorTan (helicobacter pylori). 

preparati metronidazoli xsnis alkoholis dezintoqsikacias (damTr-
gunvelad moqmedebs ferment acetaldehidpogenazaze), zrdis acetaldehidis 
dones sisxlSi, axdens organizmis sensibilizacias alkoholuri sasmelebis 
moqmedebis mimarT, ris gamoc metronidazoli gamoiyeneba alkoholizmiT 
daavadebuli pacientebis samkurnalod.  

metronidazols agreTve iyeneben sxivuri Terapiis mimarT simsivnis 
mgrZnobelobis asamaRleblad. 

Tanamedrove kvlevebis Tanaxmad, gamoikveTa sokovani daavadebebis 
zrdis tendencia, gaizarda mdgradoba sokos gamomwvev mikrobTa da arsebul 
sokosawinaaRmdego preparatTa mimarT, ris gamoc mTel msoflioSi 
seriozuli yuradReba eTmoba axali sokosawinaaRmdego preparatebis miRebas. 

Tanamedrove sokosawinaaRmdego preparatebs Soris wamyvani adgili 
daikava imidazolis da triazolis warmoebulebma (klotrimazoli, ketoka-
nazoli, ekanazoli, mikonazoli, bifonazoli, travogeni, flukonazoli, 
kanazoli da sxv.) 

bolo periodSi mniSvnelovani Sedegebia miRweuli antifungiciduri 
preparatebis moqmedebis meqanizmis SeswavlaSi. am preparatebis ZiriTadi 
jgufebis fungiciduri moqmedeba dakavSirebulia sokos ujredebis kedlebze 
maTi pirdapiri moqmedebiT, rac mdgomareobs ergosterinis sinTezis inhi-
birebaSi. zemoCamoTvlili sinTezirebuli sokosawinaaRmdego preparatebis 
qimiuri formulebi mocemulia sur.1: 
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sur.1. sinTezirebuli sokosawinaaRmdego preparatebi 
 

klotrimazoli pirveli sinTezirebuli imidazolinuri antifungaluri 
preparatia, romelmac farTo aRiareba moipova samedicino praqtikaSi (1970). 
amis Semdeg gamoCnda imidazolis da triazolis sxva sokosawinaaRmdego 
warmoebulebi. klotrimazoli aqtiuria paTogenuri dermatofitebis, 
safuaris sokoebis, sxvadasxva feris liqenis da eriTrazmis gamomwvevebis 
mimarT. is aseve avlens antibaqteriul moqmedebas stafilokokebsa da 
streptokokebze.  

azotis donoruli atomis Semcveli metronidazoli da klotrimazoli 
3d metalebTan kompleqsuri marilebis warmoqmnis reaqciebSi aqtiuri 
ligandebis rolSi gamodian. 

TiToeul am samkurnalo saSualebaSi SeiniSneba biologiuri aqtiu-
robis sxvadasxva saxe (antimikrobuli, antiprotozouli, sokosawinaaRmdego 
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da a.S.), maT aqvT ara marto saerTo biologiuri aqtivoba, aramed amJRavneben 
sruliad axali tipis biologiur aqtivobebs da farmakologiur Tvisebebs. 

kompleqswarmoqmnis reaqciebis daxmarebiT SesaZlebelia ara mxolod 
preparatis biologiuri aqtiurobis gaZliereba, aramed, SesaZlebelia iseTi 
sruliad axali simsivnissawinaaRmdego kompleqsuri naerTebis miReba 
klotrimazolTan, romelic ukeTesia, vidre preparati cis-platina. amasTan 
klotrimazolis miRebuli koordinaciuli naerTebi Cu

2+
   , Co

2+
   , Ni

2+
   da  Zn

2+
   

ionebTan amJRavnebs ukeTes citotoqsikur aqtivobas Tavisufal ligandTan 
da arsebul simsivnissawinaaRmdego preparat cis-platinasTan SedarebiT. 

rogorc cnobilia, cis-platinis simsivnissawinaaRmdego moqmedebis 
meqanizmi dakavSirebulia dnm-is bifunqciur alkilirebasTan, rasac moyveba 
nukleinis mJavebis biosinTezis daTrgunva da ujredis sikvdili. 
cisplatinis miReba peroralurad araefeqturia, amitom mas niSnaven 
parenteralurad. 

jer kidev 1974 wels [1,2] aRmoCenil iqna metronidazolis specifikuri 
kompleqswarmoqmnis unari spilenZ (II)-is ionebTan. nivTierebis 
[CuCl

.(MN)2
.
(H2O)]

+
Cl

–Nstruqtura ionuria da agebulia diskretuli kompleq-
suri kationebisa [CuCl

.(MN)2
.
(H2O)]

+ da  Cl
–-is anionebisagan, rac mtkicdeba 

eleqtrogamtarobis monacemebiT. SemdegSi, rentgenostruqturuli monace-
mebiT dadgenil iqna metronidazolis spilenZ (II)-is ionebTan koordinaciis 
sruliad axali tipi. spilenZis atomebis irgvliv warmoiqmneba trigonalur 
bipiramiduli koordinacia 2 atomi azotiT, metronidazolis 2 monodenta-
turi molekuliT, wylis molekulaTa atomebiT da qloris xiduri atomiT. 
pirvelad iqna damtkicebuli, rom metronidazolTan kompleqsSi spilenZis 
koordinaciuli ricxvi 5-is tolia. 

zemoTqmulis Sedegad SesaZlebelia organizmSi aRniSnuli preparatis 
liganduri paTologiis meqanizmis axsna [3]. 

warmoqmnis ra ,,cru~ ligands, metronidazoli koordinirebs orga-
nizmis spilenZSemcveli cilebisa da fermentebis spilenZis atomebTan, axdens 
maT blokirebas da iwvevs sxvadasxva paTologiur cvlilebas organizmSi 
(organizmSi alkoholis dezintoqsikacia). 2009 wels [3] wamoiwia koncefcia 
ligandisa da organizmis metalSemcveli makromolekulebis urTierTindu-
cirebadi Sesabamisobis, rac Cveni azriT ZiriTadia liganduri paTologiis 
warmoqmnisaTvis. organizmSi kompleqswarmoqmnis dros bioligandebsa da 
metalSemcvel cilebs Soris adgili aqvs drekadi struqturebis warmoqmnas 
da ara mxolod ,,gasaRebi’’ da ,,boqlomi’’ tipis komplementaruli 
konfiguraciis mqone struqturebis meqanikur gaerTianebas. sxva sityvebiT 
rom vTqvaT, adgili aqvs ligandis da makromolekulis konformaciis 
erTdroul cvlilebas. 

dReisaTvis amerikeli kolegebisagan miviReT Sesabamisoba Cven koncef-
ciaze, rac gulisxmobs klotrimazolTan spilenZ (II)-is  specifikuri 
pentakoordinaciuli struqturis kompleqsebis formirebas da Sesabamisad 
preparatis citotoqsikuri Tvisebebis mravaljerad gazrdas [4]. Cveni azriT 
simsivnuri ujredebis dnm warmoadgens realur xafangs msgavsi 
kompleqsebisaTvis. mraval biologiur reaqcias Tan erTvis dnm-is molekulis 
konformaciuli cvlileba. azotis atomebis sxvadasxva naSTebis Semcveli 
dnm-is molekula sxvadasxvagvarad moqmedebs mZime metalTa ionebze. oTx 
nukleotids - adenini, Timini, guanini da citozini, maTi ganlagebis mixedviT, 
aqvs metalTa ionebis Canergvis 10 sxvadasxva SesaZlo adgili. sxva 
elementebTan SedarebiT 3d –elementTa ionebs aqvs SekavSirebis upiratesoba 
da iwvevs sxvadasxva efeqts imis gamo, rom maT SeuZliaT dakavSireba 
rogorc fosfaturi jgufebiT, aseve heterocikliT [5]. amasTan, pirveli 
gardamavali rigis TiToeuli metalis ioni xasiaTdeba am ori adgilis 
dakavSirebisaTvis fardobiTi swrafvis  sxvadasxvagvari mniSvnelobiT. 
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specifikuroba gamoisaxeba ara metalis ioni-nukleotidis urTierT-
qmedebaSi, aramed, SeerTebis adgilis konformaciaSi. Sedegi, Tavis mxriv, 
damokidebulia dnm-is atomTa Tanmimdevrobaze, ionur Zalaze da pH-is 
mniSvnelobaze. aseTi tipis struqturuli cvlileba xsnis dnm-is molekulaSi 
arsebuli biologiuri informaciis gadacemis meqanizms. orvalentiani 
metalis ionebis da sxva eleqtrolitebis  SerCeviT SesaZlebelia ormagi 
spiralis, erTmagi spiralis urTierTgardaqmna. idea, rom metalTa ionebi 
uwesrigod ar aris gabneuli dnm-is molekulis gaswvriv, pirvelad gamoTqva 
kirbma [6], romlis varaudiT, molekulebs SeuZlia Seasrulos SemakavSi-
rebeli roli nukleinis mJavebsa da cilebs Soris  dezoqsi- da ribonukleo-
proteinebSi.  

heterocikluri naerTebis hidroqso- da aminonawarmebi ganicdis 
laqtim-laqtamur da amino-iminur tautomerias. 

 
 

Timini (2,4-dihidroqsi-5-meTilpirimidini) 
 

 
                       citozini (4-amino-2-hidroqsipirimidini) 

 
hidroqsoforma laqtamur formas warmoadgens. wonasworobaSi Cveuleb-

riv Warbobs laqtamuri forma.  
pirimidinis aminowarmoebulebisaTvis damaxasiaTebelia agreTve amino-

iminuri tautomeria. citozins SeiZleba hqondes aminuri an iminuri formebi, 
magram ufro metad damaxasiaTebelia aminuri forma: 

 
                      (aminuri forma)       (iminuri forma) 

citozini 
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amasTan, fiziologiur pirobebSi nukleinuri fuZeebi arsebobs mxolod 
laqtamur da iminur formaSi. 
                       

 

 
 

 

nukleozidebi hidrolizis mimarT mdgradia sust tute garemoSi, xolo 
mJava garemoSi ixliCeba. amasTan, purinuli nukleozidebi, pirimidinulTan 
SedarebiT ufro advilad hidrolizdeba. 

dnm-is erTi jaWvis purinul da meore jaWvis pirimidinul naSTebs 
akavSirebs wyalbaduri bmebi. aseTi nukleinuri fuZeebi warmoqmnis 
komplementarul wyvilebs. amasTan adenini da Timini Seadgens erT 
komplementarul wyvils. komplementaruli naSTebis meore wyvils warmoqmnis 
guanini da citozini.  
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         wyalbaduri bmebi warmoiqmneba erTi nukleinuri fuZis aminojgufsa 
da meoris  karbonilur jgufs Soris  
                      
                   NH ∙∙∙ O = C         , 
 
 
aseve amidur da imidur azotis atomebs Soris 
 
                               NH ∙∙∙ N                . 
 

 
jaWvTa komplementaroba aris dnm-is molekulis mTavari funqciis 

(memkvidruli niSnebis Senaxva da gadacema) qimiuri safuZveli.  memkvidruli 
informaciis gadacemis utyuari sawindaria nukleotiduri Tanmimdevrobis 
SenarCuneba. amasTan, sxvadasxva faqtoris zemoqmedebiT dnm-is nukleotidur-
ma Tanmimdevrobam SeiZleba ganicados sxvadasxva saxis mutacia, romelTa 
dagroveba, iwvevs simsivneTa warmoqmnas. 

ganvixiloT zogierTi maTgani qimiuri TvalTaxedviT. 
mutaciis yvelaze gavrcelebuli saxea nukleinur fuZeTa  romelime 

wyvilis Secvla meoreTi. aseTi cvlilebis mizezi  xSirad SeiZleba iyos 
tautomeruli wonasworobis gadanacvleba. mag., Timini laqtamur formaSi ar 
warmoqmnis wyalbadur bmebs guaninTan , xolo laqtimur formaSi warmoqmnis 
uCveulo wyvils Timini-guanini.  

 

 
 

 
 

 
nukleinur fuZeTa  fiziologiuri wyvilis Secvla genetikuri kodis 

transkrifciiT (,,gadaweriT’’) gadaecema dnm-dan rnm-s da sabolood iwvevs 
sinTezirebul cilaSi aminomJavuri Tanmimdevrobis cvlilebas. mutaciaTa 
dagrovebisas izrdeba SecdomaTa ricxvi cilebis sinTezSi. 

mutaciaTa warmoSobis meore mizezia sxvadasxva saxis  gamosxivebis 
zemoqmedeba. aRsaniSnavia, rom mutaciis warmoqmnis umTavresi mizezi aris 
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qimiuri faqtorebis zemoqmedeba. sxvadasxva qimiuri nivTiereba, e.w. 
mutagenuri anu kancerogenuli naerTebi, iwvevs axal simsivnur warmonaqmnebs. 
amis dasturia qimiuri mutaciis magaliTi nitritebis zemoqmedebisas. 

 

 
 
 
 
adenozinze azotmJavas moqmedebiT, dezaminirebis reaqciis Sedegad 

aminojgufi gardaiqmneba hidroqsilurSi, ris Sedegad adenozinisgan 
warmoiqmneba meore nukleotidi-inozini, romelic Seicavs hipoqsantins. es 
iwvevs dnm-Si  komplementarul nukleinis fuZeTa wyvilis Secvlas, radgan 
adeninuri nukleotidi komplementarulia Timinuris, xolo inozini 
komplementarul wyvils warmoqmnis mxolod citidinur nukleozidTan.  

amasTan erTad, nukleotidebs aqvT Zalian didi mniSvneloba ara 
mxolod, rogorc nukleinuri mJavebis saSen masalas, aramed isini 
gansakuTrebiT mniSvnelovania fermentuli aqtivobis da bioqimiuri proce-
sebis gamovlenisaTvis aucilebeli kofermentebis rolSi.   

zemoTqmuli saSualebas gvaZlevs gavakeToT daskvna, rom kompleqswar-
moqmnisas spilenZ (II)-is ionebi iwvevs konformaciul cvlilebebs, rac 
klotrimazolTan specifikuri pentakoordinaciuli struqturis [7-10] 
kompleqsur naerTSi iwvevs sruliad axali saxis simsivnis sawinaaRmdego 
moqmedebas.  
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SUMMARY 

SPECIFIC CONFORMATICAL STRUCTURE BIOCOMPLEXES OF CLOTRIMAZOLE AS A 

RESULT OF ENHANCEMENT OF CYTOTOXIC ACTIVITY  

Chigogidze N.Sh., Tsivtsivadze T.I., Nadiradze I.Sh., Petriashvili Zh.D .,  

Kldiashvili R.S and Japaridze R.J. 

Scientific Center of Biologically Active Substances, Georgian Technical University  
Coordinate compounds of bivalent copper with clotrimazole were synthesized, and their composition, structure 

and biological activity were studied. Preparation clotrimazole (bioligand) belongs to imidazole derivatives 

(heterocyclic compounds) which combine different kinds of biological activity: antimicrobial, antiprotozoal, 

antifungal etc. It is shown that, by the reaction of complex formation with 3d-metals, both mutual enhancement 

of these activities and the emergence of an essentially new anticancirogenic activity of a complex compound of 

copper with clotrimazole, better than that of cisplatin, are possible. Possible mechanisms of the anticancirogenic 

effect of such complexes are discussed. The concept of the role of the formation of the specific pentacoordinate 

structure of the complexes of Cu
2+

 with imidazole derivatives in the enhancement of cytotoxic activity of these 

preparations, we proposed, is confirmed. 

Keywords: tumor, cell, inhibitor, chemotherapy, imidazole derivatives. 
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CELL DESTRUCTION IN TUMOR FORMATIONS 

 

Kadagishvili L.G. 

 

V. Chavchanidze Institute  man of Cybernetics, Georgian Technical University 

Georgian Engineering Academy 

 
Abstract. The paper deals with the structural analysis of tumor formations. Every element of the cell has its own 

function. Oxidation reactions proceed in mitochondria which supply the cell with energy. In the cell, this energy 

originates a quantum process that, together with chromosomes and the cell membrane, generates a spin field 

among nucleolui. Energy is primary as an irritator in mitotic cell division. If by any reason the number of 

chromosomes in the cell is less or more than in the parent cell, this will cause significant changes in the cell. In 

particular, the cell division could be accelerated. The cell division rate depends on the quantum process 

generated in the cell, which also determines the character of a tumor formation. The location of tumor is covered 

by a kind of film. The information is transmitted to all cells like in the case of DNA. This must make it easier to 

obtain the information about the existence of a tumor formation. 

Keywords: tumor, cell, chromosomes, quantum process, spin energy. 

 
A man is part of the nature. His life proceeds with interaction with other parts of the nature 

which either support or interfere with his viability [1]. 

Great progress was achieved in one of the fields of cybernetics called bionics (from Ancient 

GrООФ ―ЛТШЧ‖ – element of life). In bionics conceptual research is at the interdisciplinary boundary. 

The systems approach is its basis. At the junction of physics and biology, there emerged biophysics 

which in systems analysis unites with chemistry, then with molecular biology and physiology. By 

systems analysis, cybernetics conceptually united the research of the whole process of life. Elementary 

physical and chemical processes and certain laws characteristic of both live and unanimate nature 

underlie biological processes and phenomena [1].  In this paper, we would like to present the structural 

analysis of cancer cells - tumor formations.  

The cell is the foundation of life. The cell underlies the growth, development and 

differentiation of vegetable and animal tissues. The cell size varies within the range from a few tenths 

of a nanometer to a few millimeters. The cells of different organs of the human body are of different 

size. For instance, the liver cells are quite large - 18-β0 µЦ, rОН ЛХШШН МОХХs КrО sШЦОаСКЭ sЦКХХОr – 

ХОss ЭСКЧ 8.5 µЦ. SШЦО ЛКМЭОrТК, ПШr ТЧstance, so-called micrococci are barely visible under the 

microscope. 

The main elements of the cell are a nucleus and cytoplasm. The cell structure is rather 

complex. The cell consists of: 1. Nucleus; 2. Cytoplasm; 3. Nucleolus; 4. Nuclear membrane; 5. Cell 

membrane; 6. Endoplasmic reticulum; 7. Mitochondria; 8. Golgi apparatus; 9.Centrioles; 10. Lyso-

some; 11. Vacuoles [2]. 

The nucleus and cytoplasm as a level of system integrity of the cell structure are the vital 

elements of the living body. The nucleus has a unique structure. It contains relatively large 

micromolecular formations – chromosomes. Each organism has a distinct number of chromosomes of 

a particular shape and internal structure. The nucleus also contains one or a few nucleolui.  

Every element of the cell has its own function. Oxidation reactions proceed in mitochondria 

which supply the cell with energy. In the cell, this energy originates a quantum process that, together 

with chromosomes and the cell membrane, generates a spin field among nucleolui.  Energy is primary 

as an irritator in mitotic cell division. Centrioles, organelles of cytoplasm, play an important role in the 

mitotic cell division. These organelles provide the processes proceeding in the cell with the obtained 

quantum energy [3]. 

The chromosomal theory of inheritance states that chromosomes contain self-replicating 

particles – РОЧОs ЭСКЭ КrО ЭrКЧsЦТЭЭОН ЭШ ЭСО ШrРКЧТsЦ’s ШППsЩrТЧР КЧН ЧОбЭ РОЧОrКЭТШЧs, КrО ЭСО ЛКsТs ШП 
inheritance of phenotypic traits. One or the other set of genes determines the character of individual 

development of a biological system.                

As every living being transmits its phenotypic traits to its descendants, the prediction of an 

individual occurs through the investigation of DNA. By using the exact methods for determination of 

the content of DNA in the nucleus, it was found that the amount of DNA in the nuclei of different cells 
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of the organisms of the same species, as well as the number of chromosomes, is constant. The constant 

content of DNA in the nucleus is testimony of the continuity of chromosomes between cell divisions.  

Before every division, the cell not only grows in size and becomes as big as a parent cell, but 

also the amount of DNA in the nucleus doubles. Only after that the cell division can begin. The 

synthesis of DNA is of primary importance for preparing for cell division. The synthesis of DNA is an 

enzymatic process. It is executed by an enzyme – DNA polymerase. In the interphase period, mitosis 

provides exact distribution of the doubled number of DNA molecules among daughter cells, and 

inheritance of the information stored in DNA. If by any reason the number of chromosomes in the cell 

is less or more than in the parent cell, this will cause significant changes in the cell and sometimes 

even its death. 

Information about the structure of protein is stored in DNA molecules. For protein synthesis, 

this information is replicated in ribosomes. This happens via RNA which is synthesized using DNA as 

a template. Adenosine triphosphate (ATP) plays an important role in cellular activity. The reactions 

proceeding in the cell are characterized by high energy efficiency, i.e. energy release takes place. This 

energy is used for current cellular activities, first of all, for protein biosynthesis. ATP Тs ―ЭСО ОЧОrРв 
МЮrrОЧМв‖ ПШr МОХХs аСТМС ЭrКЧsЩШrЭs МСОЦТМКХ ОЧОrРв аТЭСТЧ МОХХs ПШr ЦОЭКЛШХТsЦ. 

ATP is synthesized in cell mitochondria. Then it transfers to endoplasmic reticulum channels, to 

energy consumption sites. ATP undergoes breakdown in the cell which is accompanied by energy release. 

Just at this time all other energy change reactions proceed in the cell. This promotes biological changes. 

The energy release takes place. This energy generates the quantum  process that summarizes the quantum 

energy formed by the spin field together with the cell membrane. The energy is high as an irritator for 

mitotic cell division. The higher is the evolved energy, the faster is the cell division. As it increases 

naturally which is a normal process, it does not accelerate mitosis. At the same time, the faster is the cell 

division, the faster increases the number of cells for the given section. This moment is to be captured for the 

process of cancer formation which is close to the process of chromosome change. 

During tumor formation, the cell grows in size, the amount of DNA doubles, triples, etc. The 

cell division at a certain rate begins. The higher is the quantum energy, i.e. the energy generated for 

cell destruction, the faster is the tumor formation. The type of a tumor formation depends on the cell 

division rate. The earlier we reveal the destruction process in the cellular system, the easier is to stop 

this process, to localize it, to cut damaged cells, to cauterize or to repay the process until it propagated 

to other cells. 
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inovaciuri teqnologiiT damzadebuli wiTeli sadeserto Rvino 

 

kekeliZe i.a. 
 

saqarTvelos agraruli universiteti, mevenaxeobis da meRvineobis instituti 
 

Rvino SedgenilobiT mdidar produqts warmoadgens. mecnierulad 
dadgenilia rom masSi  1000-ze meti komponentia. wiTeli Rvinoebis intensiuri 
kvleva daiwyo mas Semdeg, rac cnobili gaxda „franguli paradoqsis“ Sesaxeb 
- 1991 wlidan. yurZnis biologiurad aqtiuri nivTierebebidan, fenoluri 
nivTierebebi monawileoben Rvinis tipis CamoyalibebaSi; gavlenas axdenen 
gemoze, ferze, gamWvirvalobaze, stabilurobaze, antioqsidantur  Tvisebebze. 

dReisaTvis saerTaSoriso bazarze wiTel Rvinoebze mzardi moTxovna 
ganpirobebulia maTi antioqsidanturi aqtivobiT. amavdroulad, antioqsidan-
tur efeqtsa da fenoluri naerTebis raodenobas Soris arsebuli dadebiTi 
korelaciidan gamomdinare, mxolod im wiTel Rvinoebs aqvT antioqsidanturi 
efeqti, romlebSic maRalia maTi koncentracia [1-6]. mravalricxovani gamo-
kvlevebiT dadasturebulia, rom fenoluri naerTebis raodenoba RvinoSi 
damokidebulia yurZnis jiSze, vazis zrdis adgilze, damzadebis teqnolo-
giaze [7-14].  

wiTeli Rvinis antioqsidanturi Semcvelobis zrda (anu fenoluri 
nivTierebebis maRali koncentracia) aqtualuri sakiTxia, radgan msoflio 
masStabiT matulobs moTxovna antioqsidantebiT mdidar produqtebze da maT 
Soris Rvinoze. 

sadeserto Rvinoebi - popularuli specialuri tipis Rvinoebia; maT 
msoflios mraval qveyanaSi awarmoeben (portugalia, italia, ungreTi, 
espaneTi, safrangeTi, argentina, germania, moldova, bulgareTi, ruseTi), 
magram mecnierulad jer kidev naklebad Seswavlilia. 

samuSaos mizania, durdos maceraciis teqnologiuri xerxis gaumjo-
besebiT fenolebiT gamdidrebuli maRali antioqsidanturi aqtivobis wiTeli 
sadeserto Rvinis damzadebis inovaciuri teqnologiis SemuSaveba. 

kvlevis obieqtebi iyo 2015 wlis rTvelis sezonze saferavidan dam-
zadebuli wiTeli sadeserto Rvinis sakontrolo da sacdeli  nimuSebi da 
mSrali wiTeli Rvinis nimuSi. 

sadeserto Rvinis sakontrolo nimuSi damzadda standartuli teqno-
logiuri sqemiT: klertis mocileba;  daWyletva; durdos gacxeleba 70˚C-mde; 
β5˚C -mde gacivebis Semdeg  Rvinis safuaris  Setana; durdos gamownexa da 
alkoholuri duRilis Sewyveta spirt-reqtifikatiT [15], rodesac maduRar 
areSi darCa dauduRari Saqari 16% [16, 17]. miiReba Rvino kondiciebiT: Saqria-
noba 16% da alkoholis Semcveloba 16 % moc. 

Cvens mier damzadda sadeserto Rvinis nimuSis oTxi sacdeli varianti. 
sacdeli nimuSebis fenoluri nivTierebebiT gamdidrebisaTvis integri-

rebuli iqna perspeqtiuli teqnologiuri midgomebi, romelic warmoadgens 
Cveni samuSaos „know-how“-s.  

sadeserto da mSrali Rvinis nimuSebSi Catarda enoqimiuri da orga-
noleptikuri maxasiaTeblebis gamokvleva: titruli da mqrolavi mJavianoba,  
pH – standartuli meTodebis gamoyenebiT; fenoluri nivTierebebis jamuri 
raodenobis – folin-Cokalteus reaqtivis gamoyenebiT, kolorimetruli 
meTodiT; Sefervis intensiobis (420, 520, 620nm) da Sefervis tonalobis – 
speqtrofotometruli meTodiT [18]. kvlevis Sedegebi mocemulia cxrilSi. 
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kvlevis obieqtebis enologiuri gamokvlevis Sedegebi 
 

enoqimiuri da 
organoleptikuri  
maxasiaTeblebi 

 

kvlevis obieqtebi 
sadeserto Rvinis nimuSebi 

mSrali 
sakontrolo 

nimuSi 
sacdeli nimuSebis  variantebi 
1 2 3 4  

titruli 
mJavianoba, g/l 

4,93 7,24 7,56 4,61 7,56 5,59 

mqrolavi 
mJavianoba g/l 

0,18 0,23 0,23 0,18 0,29 0,44 

pHaqtiuri 
mJavianoba 

3,85 3,75 3,82 4,02 4,02 3,79 

fenoluri 
nivTierebebis jami, 

mg/l 
2588 3237 4139 3599 3909 2340 

feris intensioba, I 37,7 33,9 48,15 41,65 43,5 17,05 

Sefervis 
tonaloba, N 

0,664 0,827 0,853 0,652 0,806 0,754 

sadegustacio 
Sefaseba, bali 

8,1 8,2 8,4 8,25 8,3 – 

 
    

 
miRebuli Sedegebis analizidan Cans, rom sadeserto Rvinis nimuSebSi 

mSrali Rvinis nimuSTan SedarebiT, maRalia  fenoluri nivTierebebis 
raodenoba,  feris intensiobisa da Sefervis tonalobis  maCveneblebi.  

sacdeli nimuSebis variantebidan, aRniSnuli enoqimiuri maxasiaTeb-
lebis maRali SemcvelobiT gamoirCeva fenoluri nivTierebebiT gamdidrebis 
inovaciuri teqnologiuri xerxis (Cveni samuSaos „know-how“) gamoyenebiT 
damzadebuli meore variantis nimuSi. aseve misi sadegustacio Sefasebac 
maRalia sakontrolo nimuSTan da danarCen sacdel nimuSebTan SedarebiT. 

miRebuli kvlevis Sedegebi gviCvenebs inovaciuri teqnologiiT damza-
debuli sadeserto Rvinis nimuSis, rogorc maRalxarisxiani sasargeblo sas-
meli produqtis  upiratesobas, standartuli teqnologiiT damzadebul sade-
serto da mSrali Rvinis nimuSebTan SedarebiT. gamokvlevebi am mimarTu-
lebiT grZeldeba. 
 
aRniSnuli samuSao ganxorcielda ssip SoTa rusTavelis erovnuli samecniero 
fondis dafinansebiT, granti №DO/363/10-160/14. 
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SUMMARY 

RED DESSERT WINE PREPARED BY INNOVATIVE TECHNOLOGY 

Kekelidze I.A. 

Institute of Viticulture and Oenology, Agricultural University of Georgia 
The paper deals with the enological characteristics of red wine samples prepared from grape cultivar Saperavi: 

dessert type – with standard technology and with various technological techniques with the aim of enrichment 

with phenolic compounds; dry type - with standard technology. It is shown that red dessert wine prepared by 

innovative technology is much more advanced as the high-quality drink in comparison with the standard dessert 

and dry red wine samples.  

Keywords: red dessert wine, red dry wine, enological characteristics. 
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