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seqcia 1. eleqtroenergetikuli teqnologiebi 
 
 
 

damaxinjebis  simZlavris gansazRvris  meTodika  
arasimetriuli da arawrfivi datvirTvis mqone samfaza 

eleqtrul qselebSi. 
 

museliani T., SariqaZe d., gurgeniZe m. 
saqarTvelos teqnikuri universiteti 

 
Catarebuli kvleviTi samuSaos safuZvelze, SemoTavazebuli iqna sistema 

SCADA-s saarqivo monacemebis mixedviT samfaza qselis arasinusoiduri da araw-
rfivi datvirTvis SemTxvevisaTvis damaxinjebis simZlavris mniSvnelobisa da am 
simZlavriT  gamowveuli eleqtroenergiis  danakargebis  gansazRvris meTodika. 
sruli simZlavrisa da misi mdgenelebis gazomva da gaangariSeba  martivi da mosa-
xerxebelia   sistema SCADA-s gamoyenebiT, swored damaxinjebis simZlavris gan-
sazRvris am martiv xerxs gTavazobT winamdebare samuSaoSi. 
 

rogorc cnobilia  arasimetriul da arawrfiv datvirTvas mivyavarT 

eleqtrul qselebSi denebisa da Zabvebis sinusoidurobis did damaxinje-

bebTan. am dros mniSvnelovan sakiTxad dgeba samfaza qselSi sruli sim-

Zlavrisa da misi aqtiuri da reaqtiuli mdgenelebis swori gazomvis saki-

Txi. amitom   aqtualuri xdeba  arasimetriuli da arawrfivi datvirTvis 

mqone samfaza eleqtrul qselebis parametrebis gazomvis Sedegebis utyua-

ri Sefasebis amocana. 

dReisaTvis qselSi sruli simZlavris gansazRvrisaTvis farTod gamo-

iyeneba ori midgoma. pirveli midgomiT qselis sruli simZlavre ganisaz-

Rvreba rogorc fazebis srul simZlavreTa algebruli jami: 

                      =                           (1) 

sadac U f, If- Sesabamisad, fazuri denebisa da Zabvebis moqmedi mniSvnelo-

bebia.  

aseTi midgomiT gansazRvrul srul simZlavres qselis ariTmetikul 

srul simZlavres uwodeben. 

meore midgomiT sruli simZlavre ganisazRvreba rogorc qselis aqti-

uri da reaqtiuli simZlavreebis geometriuli (veqtoruli) jami: 

              (2) 

sadac P da Q -Sesabamisad qselis aqtiuri da reaqtiuli simZlavreebia da 

samfaza qselSi Sesabamisad ganisazRvrebian formulebiT: 

P= Pa + Pb + Pc = Ua * Ia  * Cosφa + Ub * Ib  * Cosφb + Uc* Ic  *Cosφc 
Q= Qa + Qb + Qc = Ua*  Ia  * Sinφa + Ub * Ib  * Sinφb + Uc* Ic  * Sinφc 

xelsawyoTa da gardamqmnelTa umravlesoba,  romlebic zomaven samfa-

za eleqtruli qselebis parametrebs, oTxsadenian  qselSi  srul simZlav-

res gansazRvraven (1) formuliT, xolo samsadenian qselSi, radgan fazuri 

Zabvebis moqmedi mniSvnelobebis gazomva SeuZlebelia, zomaven (2) formu-
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liT. aseTi midgoma samarTliania wrfivi simetriuli datvirTvis mqone 

eleqtrul qselebSi, maSin: 

S1 = S2 
amasTanave, zogad SemTxvevaSi: 

 S1 > S2 
saxeldobr, Zabvebisa da denebis sinusoidurobis damaxinjebis piro-

bebSi, ariTmetikuli da geometriuli sruli simZlavreebis toloba dar-

Rveulia qselis sruli simZlavris mesame mdgenelis -  damaxinjebis T sim-
Zlavris gamovlenis gamo. damaxinjebis simZlavre  ganpirobebulia umaRle-

si rigis harmonikebis  gavleniT. am SemTxvevaSi (2) formula iRebs saxes 

[1]:  

            (3) 

ariTmetikuli da veqtoruli sruli simZlavris gansazRvris tradi-

ciuli meTodebis ZiriTad xarvezs warmoadgens is, rom qselis arasinusoi-

duri da arawrfivi dartvirTvis pirobebSi  isini ar asaxaven sruli sim-

Zlavris mTavar Tvisebas: eleqtrul qselSi simZlavris danakargebi sruli 

simZlavris proporciulia [2]. 

arasinusoiduri  da arawrfivi datvirTis pirobebSi sruli simZlav-

ris gazomvisaTvis IEEE 1459-2010 standarti [3]gTavazobs samfaza qselis  

sruli simZlavris gamoTvlas e.w. efeqturi sruli simZlavris  Uef  

saxiT, formuliT:    Sef =3* Uef* Ief 

sadac Uef -aris samfaza  qselis efeqturi Zabva da  samsadeniani qseli-

saTvis: iangariSeba formuliT: 

 
oTxsadeniani qselisaTvis ki - formuliT: 

U@                      

Ief - -aris samfaza  qselis efeqturi deni da samsadeniani qselisaTvis ian-

gariSeba formuliT: 

 
oTxsadeniani qselisaTvis  formuliT: 

 
cxrili 1-Si warmodgenilia saqarTvelos teqnikuri universitetis,  

kompiuteruli da sxva saofise teqnikiT datvirTuli,  me-6  saswavlo kor-

pusis erTi blokis, 2015 wlis 18 martis Sedegebis mixedviT simZlavreTa da 

simZlavris koeficientis amonaweri  eleqtroenergiis monitoringis siste-

ma SCADADA-s arqividan. 

sistema SCADAADA-s arqividan amoRebulia me-2, me-3, me-4 da me-7 svetis 
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monacemebi. me-2 da me-3  svetis monacemebis safuZvelze (2) formuliT gan-

sazRvruli gansazRvruli iqna Ssin, xolo (3) formulidan ganisazRvra da-

maxinjebis simZlavre: 

 
am formulis mixedviT gaangariSebis Sedegebi moyvanilia me-6 svetSi. 

me-8 svetSi moyvanili simZlavris koeficientis mniSvnelobebi ganisazRvra 

formuliT: 

Cos φφsin = PP/Ssin 
cxrili 1. 

# Pkvt Q kvar Sarasr  Ssin T, kva cosφarasr cosφsin 
1 2 3 4 5 6 7 8 
1 16,90 3,80 22,40 17,32  14,22 0,75 0,98 
2 17,80 2,60 23,6 18,00 15,26 0,75 0,99 

3 18,60 3,73 23,97 18.97 14,65 0,79 0,98 
4 19,60 2,78 25,40 19,79 15,92 0,77 0,99 
5 20,04 2,53 26,85 20,10 17,80 0,75 0,99 
6 21,02 2,53 26,65 21,15 16,21 0,79 0,99 
7 27,67 10,75 40,74   29,68 27,85 0,68 0,93 
8 28,90 7,01 41,52 29,73 28,98 0,70 0,97 
9 29,60 8,85 43,79 30,9 31,02 0,68 0,96 
10 30,60 9,42 44,90 31,06 32,42 0,68 0,98 
11 35,13 8,24 54,07 36,08 40,26 0,65 0, 97 
12 38,24 9,54 54,08 39,41 37,04 0,71 0,97 
13 43,14 10,45 62,44 44,39 43,90 0,69 0,97 
14 44,70 12,44 64,78 46,40 45,20 0,69 0,96 
15 46,67 10,13 65,14 47,75 44,30 0,72 0,98   

saSua-
lo 

mniSvne-
loba 

29,24 6,97 41,37 30,05 28,33 0,706 0,973 

 
rogorc me-4, me-5 da me-6 svetebSi moyvanili monacemebidan Cans, dama-

xinjebis simZlavres arc Tu mcire mniSvneloba aqvs, igi  Saras, da Ssin,  

sruli simZlavreebis   Tanazomvadia. 

me-7 svetis monacemebidan Cans, rom arasinusoiduri datvirTvis dros 

damaxinjebis simZlavre Zalian amcirebs qselis simZlavris koeficients,  

mocemul SemTxvevaSi igi meryeobs 0,68-0,79-s farglebSi,  miuxedavad imisa, 

rom ZiriTadi harmonikis reaqtiuli simZlavris (me-2 sveti) Sesabamisi sim-

Zlavris koegicienti (me-8 sveti) Zalian maRalia da TiTqmis 1-s aRwevs. 

radganac eleqtrul qselebSi danakargebi sruli simZlavris  proporciu-

lia, amitom sakvlev  obieqtze damaxinjebis simZlavris arsebobis gamo 

eleqtroenergiis danakargebi izrdeba  

 
konkretul ganxilul   obieqtze saangariSo periodSi arasinusiodu-

ri datvirTvis reJimSi muSaobis gamo,  Sesabamis sinuisoidur reJimTan Se-

darebiT danakargebi gazrdilia: 
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amrigad, Catarebuli kvleviTi samuSaos safuZvelze SemoTavazebuli iqna 

sistema SCADA-s saarqivo monacemebis mixedviT samfaza qselis arasinusoi-

duri da arawrfivi datvirTvis SemTxvevisaTvis damaxinjebis simZlavris 

mniSvnelobisa da am simZlavriT  gamowveuli eleqtroenergiis  danakarge-

bis gansazRvris meTodika. 

 
literatura 
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составляющих в трехфазных электрических сетях с несимметричной и нелинейной нагрузкой.-Ж.-
Приборы, -№ 8,-2012 г.стр.49-55 
 3.IEEE Std 1459-2010. IEEE Standard Definitions for the Measurement of Electric Power Quantities Under 
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MEASURING DISTORTION POWER NETWORK IN THREE-PHASE ELECTRIC NETWORKS 

WITH ASYMMETRIC AND NON-LINEAR LOAD 
 T.Museliani, D.SariqaZe, M.GurgeniZe 

Summary 
On the basis of research on the archive data of   SCADA, for the case of non-sinusoidal and unba-

lanced load three-phase proposed method of determining the values distortion power and electric power los-
ses caused by this distortion. 

 
 
 
 
 

sahaero eleqtruli sadenebis meqanikuri 
 gaangariSeba maqsimaluri Zabvebis mixedviT 

 
kikviZe o. 

akaki wereTlis saxelmwifo universiteti 

 
statiaSi mocemulia sadenis meqanikuri gaangariSeba maqsimaluri Zabvebis 

mixedviT. miRebulia maqsimaluri Zabvis gamosaTvleli formula sadenis simrudis 
gaTvaliswinebiT.  Cawerilia  sadenis Cakidulobis isris da malSi sadenis sig-
rZis gasaangariSebeli formulebi . 

 
 sahaero sadenebis meqanikuri simtkicis gaangariSebisaTvis aucilebe-

lia  aRZruli Zabvebis gansazRvra sakuTari wonis da klimaturi pirobe-

biT gamowveuli Zalebisa da deformaciebis gaTvaliswinebiT. cnobilia, 

rom Tu malebi ganlagebulia vakeze sadenis dakidebis wertilebSi Zabva 

A metia, vidre Zabva Cakidulobis isris adgilze O . Tu xazi gadis zomie-

rad mTian adgilze da malebs aqvs normaluri sigrZe ( 700500 l m) sxvao-

ba aRniSnul Zabvebs Soris mcirea (ar aRemateba 0.3%). rogorc wesi Tvli-

an, rom sadeni mTel sigrZeze Tanabrad datvirTulia 0  ZabviT. 

O Zabva Tanabradaa ganawilebuli sadenis kveTSi da dakavSirebulia 
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gamWimav ZalasTan ./00 FT  sadac T0 - gamWimavi Zalaa, F - sadenis ganiv-

kveTis farTia. amave dros kveTSi aRiZvreba normaluri Zabva, romelic da-

kavSirebulia sadenis simrudis cvlilebasTan. es Zabva simtkicis Tvalsaz-

risiT mniSvnelovania gaWimuli boWkoebisaTvis.  maqsimaluri Zabva kveTSi, 

gamowveuli simrudis cvlilebiT ganisazRvreba formuliT )2/(max  Ed , 

sadac Ε - sadenis masalis drekadobis modulia, ρ - sadenis simrudis ra-

diusia, d- kveTis diametria. Tu simrudesTan dakavSirebuli Zabva imave ri-

gisaa rac gamWimavi Zalisagan gamowveuli Zabva, sadenis simtkiceze gaanga-

riSebisas mxedvelobaSi unda iqnes miRebuli sadenis simrudis cvlilebiT 

gamowveuli Zabvebi, romlebic gansakuTrebiT saSiSia gaWimuli boWkoebi-

saTvis. aRniSnuls adgili aqvs maSin, roca: 

Ed/(2ρ)  T0/F             an                       1/ρ 2T0/(EFd)     (1) 
sadenis simrude gamowveuli sakuTari wonis moqmedebiT gamoiTvleba 

formuliT [1] 

)1(
//1

2
0 


tgT

F
dsd


                (2) 

sadac α - sadenis mxebis daxris kuTxea, γ - sadenis sakuTari kuTri wonaa. 

rogorc cnobilia, sadenis masalis racionalur gamoyenebas (malSi 

sadenis sigrZe minimaluria) adgili aqvs maSin, Tu maqsimaluri Zabva saden-

Si udris dasaSvebs. maqsimaluri Zabvis sidide saSiS wertilSi me (2) for-

mulis gaTvaliswinebiT ganisazRvreba formuliT: 

)1(2
)2/(

2
0

00max 


tg

dE
Ed


                       (3) 

dasaSvebi Zabvebis meTodiT gaangariSebisas, maqsimaluri Zabva ar un-

da aRematebodes saSualo   wliuri dasaSvebi Zabvis sidides da simtkicis 

pirobas aqvs saxe: 

][
)1(2 2

0
0 Stg

dE 


 


                                      (4) 

sadac [σS ] saSualo   wliuri dasaSvebi Zabvis sididea. 

me (4) pirobidan O Zabvis gansazRvrisaTvis gvaqvs kvadratuli gan-

toleba 

0
)1(2

][
20

2
0 






tg

dE
S                                 (5) 

 romlis amonaxsnia: 

)
])[1(

2
11(

2

][
222,01
S

S

tg

dE





                             (6) 

cxadia, rom me (4) utoloba dakmayofildeba gantolebis fesvebs So-

ris. 

Zabvis maqsimaluri mniSvneloba Seesabameba me (6) formulis marjvena 

mxareSi Sekrebis moqmedebas.  

)
])[1(

2
11(

2

][
22max0
S

S

tg

dE





                          (7) 
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gamWimavi Zalis sidide tolia 0 FT .  

daxrilobis α  kuTxisaTvis me (7) formuliT gaiangariSeba Zabvis si-

dide max0 , xolo sadenis Cakidulobis isari malSi gamoiTvleba [1] naS-

romSi miRebuli formuliT, romelSic  O Zabva Seicvleba max0 ZabviT: 

)1
2

(
max0

max0 




 l

chf                               (8) 

analogiuri cvlilebiT Sesabamis formulaSi gaiangariSeba sadenis 

sigrZe malSi 

max0

max0

2

2





 l

shL                                     (9) 

praqtikaSi xSirad (8) da (9) formulebis nacvlad gamoiyeneba marti-

vi miaxloebiTi formulebi. 

amdenad, mocemulia sadenis meqanikuri gaangariSeba maqsimaluri Zab-

vebis mixedviT, saSualo Zabvis nacvlad. 

 
literatura 

1. TvalWreliZe a., cxakaia q. sahaero eleqtruli sadenebis meqanikuri angariSi. - 

quTaisi: ak.wereTlis saxelmwifo universiteti, 2012.- 40 gv.  

 
 MECHANICAL CALCULATION OF AIR ELECTRICITY CABLES  FOR THE MAXIMUM 

STRESS 
 Kikvidze O. 

Akaki Tsereteli State University  
Summary 

The article deals with mechanical calculation of  an electricity cable for the maximum mechanical 
stress. The formula for calculation of the maximum stress, taking into account curvature of a wire is  given. 
Formulas for calculation of length and sagging of an electricity cable are written down. 
 
 
 
 
 

rkinigzis qvesadgurebis modernizacia reaqtiuli 
energies avtomaturi eleqtronuli kompensatorebis 

gamoyenebiT 
 

xurcilava g., kiRuraZe o. 
saqarTvelos teqnikuri universiteti 

 
„saqarTvelosrkinigzis“ obieqtze- zahesis qvesadgurSi eleqtronuli analiza-

toris da xmarebiT Catarebulma dakvirvebebma aCvena, rom sakontaqto qselSi adgi-
li aqvs gadaZabvebs, gansakuTrebiT im momentebSi, roca eleqtromatarebeli swra-
fad gamodis wevis reJimidan. 

Reaqtiuli energies kompensaciis mowyobilobebis da nergviTZabvis ryevebi, ga-
daZabvebi da Zabvis vardnebi praqtikulad moispoba, radganac swrafi eleqtronu-
li mowyobilobebis daxmarebiT da maRali xarisxis Tanamedrove kondensatorebis 
gamoyenebiT reaqtiuli energiis kompensacia uwyvetad ganxorcieldeba.    
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reaqtiuli energia irxeva qselsa da datvirTvas Soris. misi warmo-

Sobis mizezebia: eleqtro kvebis sistemaSi transformatorebis, Zravebis, 

grZeli sahaero an sakabelo xazebis arseboba, rac xels uSlis eleqtroe-

nergiis gadacemas datvirTvis wredebSi.  

reaqtiuli energiis moxmarebis Sefaseba SesaZlebelia erT-erTi mniS-

vnelovani parametris - simZlavris koeficientis daxmarebiT. datvirTvis -

wredebis mier moxmarebuli eleqtroenergiis saSualo mniSvneloba aris 

aqtiuri energiis saxiT. rac ufro mcirea simZlavris koeficienti miT uf-

ro naklebi SesaZlebloba aqvs eleqtroenergiis wyaros (qvesadguri) ga-

dasces moTxovnili eleqtroenergia momxmarebels.  

eleqtromatareblebis kvebis sitema warmoadgens ganawilebul paramet-

rian sistemas da datvirTvis swrafi cvlilebebi iwvevs Zabvis gauTvalis-

winebel vardnebs da Zabvis sididis rxevebs garkveuli drois ganmavloba-

Si. amave mizezis gamo adgili aqvs simZlavris koeficientis cvlilebas 

did farglebSi (zogierT reJimebSi simZlavris koeficienti mcirdeba 

0.4÷0.6-mde). simZlavris dabali koeficienti ganapirobebs reaqtiuli energi-

is rxevas qselsa da datvirTvas Soris, rac Tavis mxriv iwvevs damatebiT 

danakargebs SemaerTebel xazebSi.  

dakvirvebebi aCvenebs, rom sakontaqto qselSi adgili aqvs gadaZabvebs, 

gansakuTrebiT im momentebSi roca eleqtromatarebeli swrafad gamodis 

wevis reJimidan. 

sakontaqto qselSi Zabvis sididis cvlilebaze mniSvnelovan gavlenas 

axdens aseve sxva eleqtromatareblebis sakontaqto qselSi swrafi CarTva-

amorTva, radganac isini muSaoben paralelur reJimSi (sakontaqto qseli 

gaerTianebulia safidero avtomatebis meSveobiT). cxadia idealur SemTxve-

vaSi simZlavris koeficienti K=1 da eleqtroenergiis wyaros SeuZlia 

mTlianad gadasces sasargeblo simZlavre momxmarebels. datvirTvis wredi 

moixmars miT ufro met dens rac ufro mcirea simZlavris koeficienti. me-

ti denis moTxovna ki iwvevs met danakargebs SemaerTebel xazebSi da kabe-

lebSi siTbos saxiT. reaqtiuli energiis kompensaciiT praqtikulad SesaZ-

lebeli xdeba simZlavris koeficientis mniSvnelobis erTTan miaxloeba. 

samuSaos mizania: 

• rkinigzis qvesadgurebSi energoefeqturi RonisZiebebis gatareba; 

• reaqtiuli energiis avtomaturi eleqtronuli kompensatorebis danergva; 

• el.energiis xarjis Semcireba; 

• moZraobis usafrTxoebis amaRleba. 

dasaxuli miznebis miRweva iTvaliswinebs Semdegi amocanebis gadawyve-

tas: 

• rkinigzis qvesadgurebis muSaobis detalur Seswavlas; 

• arsebuli naklovanebebis gamovlenas da maT analizs; 

• energoefeqturi RonisZiebebis damuSavebas, danervas da monitorings.  

reaqtiuli energiis kompensaciis saWiroeba Seswavlili iqna s/s „saqar-

Tvelos rkinigzis“ obieqtebze - zahesisa da moliTis qvesadgurebSi. dak-

virvebebi ganxorcielda modernizirebul „es“ da „vmk“  tipis eleqtromata-

reblebze. qarTul mxaresTan erTad dakvirvebebSi monawileobdnen ucxoe-



 

saerTaSoriso samecniero konferencia 

INTERNATIONAL   SCIENTIFIC  CONFERENCE 
 

 10

li specialistebic CexeTidan. dakvirvebaTa Sedegebi mocemulia grafikebis 

1-4 saxiT. 

eqsperimentulma gamokvlevebma cxadyo, rom mudmivi denis sakontaqto 

qselSi adgili aqvs Zabvis ryevebs dasaSvebi diapazonis farglebs gareT. 

Seswavlil iqna wevis qvesadgurebis gamanawilebel mowyobilobebze miwo-

debuli eleqtroenergiis parametrebi. dakvirveba mimdinareobda kompania 

“lspec”-is mier warmoebuli eleqtronuli analizatoris daxmarebiT. 

SemowmebiT dadginda, rom gauTvaliswinebeli Zabvis vardnebis da gada-

Zabvebis gamomwvev mniSvnelovan faqtors warmoadgens reaqtiuli energiis 

arseboba eleqtromatarebelTa kvebis sistemaSi, romelic Tavis mxriv war-

moiSoba SemaerTebeli kabelebis induqtivobis, transformatorebis, eleq-

troZravebis, mZlavri gammarTveli mowyobilobebis da sxva arsebobis gamo. 

reaqtiuli energiis arseboba mkveTrad auaresebs simZlavris koeficients  

K=P/S (P-sasargeblod moxmarebuli simZlavre, xolo S-qselidan moTxovni-

li sruli simZlavre).  

simZlavris koeficientis Semcireba Tavis mxriv auaresebs kvebis wya-

ros efeqturobas, rac Tavis mxriv xels uwyobs eleqtroteqnikuri mowyo-

bilobebis muSaobis resursis Semcirebas. Zabvis ryevebis gamo ki xSiria 

eleqtroteqnikuri mowyobilobebis mwyobridan gamosvlis SemTxvevebi. 

aRniSnuli qvesadgurebisaTvis ganisazRvra: aqtiuri da reaqtiuli 

energiis moxmareba; Zabvis cvlilebis diapazoni; simZlavris koeficienti; 

maRalsixSiruli denebis harmonikebis Semadgenloba; denisa da Zabvis dama-

xinjebis koeficienti da sxva energetikuli maCveneblebi. 

dakvirvebis Sedegebidan Cans, rom sakmaod didia reaqtiuli energiis 

moxmareba da zogierT momentebSi igi aRwevs 700kvar-s (kilovolt amper re-

aqtiuli), xolo aqtiuri energiis moxmareba icvleba 1.4 mgvt-mde. xSiria 

SemTxvevebi, roca qvesadguri muSaobs uqm svlasTan miaxloebul reJimebSi. 

naCvenebia aseve qvesadguris Zabvis da denis cvlilebebi. rogorc diag-

ramebidan Cans Zabva icvleba 30kv-dan 39kv-mde, adgili aqvs Zabvis swraf Ca-

vardnebsac da xanmokle gadaZabvebs. aseTi reJimebi arasasurvelia eleq-

troteqnikuri mowyobilobebisTvis, gansakuTrebiT ki eleqtronuli kvanZe-

bisaTvis romlebic gadaZabvebis gamo SeiZleba swrafad gamovidnen mwyob-

ridan an dacvis sistemis meSveobiT aekrZaloT muSaoba garkveuli drois 

ganmavlobaSi, rac faqtiurad gamoiwvevs eleqtromatareblebis gaCerebas 

arastandartuli parametrebis eleqtroenergiis miwodebis gamo.  

analoguri tipis maxasiaTeblebi gadaRebuli iqna qvesadgur moliTis-

Tvisac, sadac aRiniSna igive xasiaTis problemebi.  

reaqtiuli energiis kompensaciis mowyobilobebis danergviT aRniSnuli 

problema (Zabvis ryevebi, gadaZabvebi da Zabvis vardnebi) praqtikulad mo-

ispoba, radganac swrafi eleqtronuli mowyobilobebis daxmarebiT da ma-

Rali xarisxis Tanamedrove kondensatorebis gamoyenebiT SesaZlebelia 

mudmivad moxdes reaqtiuli energiis kompensacia.    

reaqtiuli energiis kompensaciis procesi warimarTeba Semdegnairad: 

 eleqtronuli analizatoris daxmarebiT ganisazRvreba moxmarebuli re-

aqtiuli energiis sidide, romelic induqtiuri xasiaTisaa; 
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 eleqtronuli kontroleris daxmarebiT ganisazRvreba kondensatoris te-

vadobis sidide, romelic CairTveba wredSi avtomaturad eleqtronuli 

swrafi CamrTvelebis daxmarebiT; 

 reaqtiuli energiis kompensatoris (kondensatorebis) CarTva amorTva 

cvladi denis wredSi imdenad swrafad ganxorcieldeba (miliwamebi), rom 

rom kompensacia Sesruldeba praqtikulad uwyvetad. 

reaqtiuli energiis swrafi da zusti kompensacia Tavis mxriv: 

• gamoricxavs gadaZabvebs da xels Seuwyobs Zabvis sididis SenarCunebas 

da simZlavris stabilizacias; 

• zrdis eleqtroqselis datvirTvisunarianobas; 

• icavs eleqtroteqnikur mowyobilobebs dazianebisagan da amiT amcirebs 

momsaxureebis xarjebs; 

• ganapirobebs eleqtroenergiis ekonomias (8÷12)%-is farglebSi, radganac 

praqtikulad nulamde Semcirdeba reaqtiuli energiis moxmareba. 

• Tanamedrove modernizebuli da eleqtronuli matareblebs miawodebs  

standartuli parametrebis eleqtroenergias da gamoricxavs gauTvalis-

winebel gaCerebebs. 

 

 
ნახაზი1 Zabvis da denis efeqturi sidideebis cvlileba (avWalis qvesadguri) 

 
ნახაზი 2 aqtiuri da reaqtiuli simZlavreebis moxmareba (avWalis qvesadguri) 
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ნახაზი 3 Zabvis da denis sinusoidebis damaxinjebis koeficienti  

(avWalis qvesadguri) 

 

 
ნახაზი 4. Zabvis da denis mdgeneli harmonikebi (avWalis qvesadguri) 

 
literatura: 

1. Бессонов Л. А. Теоретические основы электротехники. Электрические цепи 
Издание девятое переработанное и дополненное. 2012 

2. Потапов А.И., Пугачев А.А., Потапов И.А. Контроль, диагностика, обеспечение 
качестваэлектроэнергии. 2010 

 
THE GEORGIAN RAILWAY’S SUBSTATION MODERNIZE WITH REACTIVE ENERGY 

COMPENSATING DEVICE 
G.KHURTSILAVA   O. KIGURADZE 

Georgian Technical University 
Summary 

 
The frequent  changes  in the traction network  of el. trains make the voltage drop down in the definite 

period of time. Low co-efficient of power causes reactive energy between load and source, thus it causes loo-
se of energy. The “Georgian Railway” substations: the Moliti and the  Zahesi were researched and according 
to this there were many overvoltages, especially   when locomotives are being  switched  out of the traction. 
These reseasrches were conducted with “ElspecComunicator”.  To improve this kind of errors it needs instal-
ling of reactive energy compensating devices which contains high quality capacitors which will work in con-
tinuous regime. 
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naxevargamtarul agregatebSi eleqtromagnituri teqnologiuri 
procesebis maTematikuri Dda kompiuteruli modelireba 

 
koxreiZe g., nemsaZe s., frangiSvili g., gabraSvili m., SukakiZe T. 

saqarTvelos teqnikuri universiteti 
 

naSromSi ganxilulia naxevargamtaruli samfaza marTvadi gammarTvel da 
qselis mimyol invertorul agregatebSi eleqtromagnituri gardamavali procese-
bis maTematikuri da kompiuteruli modelirebis sakiTxebi. gamoyenebulia Cems mi-
er damuSavebuli cvladTa kompleqsuri sqematur-operatiuli gardaqmnebis mode-
lirebuli meTodi. gaTvaliswinebuli iqna mTeli wredis ZiriTadi parametrebi, re-
gulirebis, winswrebis da komutaciis kuTxeebi. miRebuli iqns droSi uwyveti saZi-
ebeli sidideebis analizuri gamosaxulebebi. 

 
warmodgenilia samfaza marTvad gammarTvelebSi da qselis mimyol 

invertorebSi eleqtromagnituri procesebis dinamikis analizi. zogadad 

miRebuli daSvebebis gaTvaliswinebiT da cvladTa kompleqsuri da speq-

tralur–operatoruli gardaqmnebis gamoyeneba saSualebas iZleva arawrfi-

vi amocana daviyvanoT wrfivze da miRebuli iqnas diferencialuri ganto-

lebaTa sistema cvladi koeficientebiT|1,2-3,4  |. yovelive amis Sedegad mar-

tivdeba gardamavali procesebis gaangariSeba rTul sistemaSi. gamoviyenoT 

kompleqsuri gardaqmnebi samfaza transformatorisa da ventiluri mowyo-

bilobis rezultirebuli kompleqsuri gantolebebis misaRebad. 

sawyisi gantolebaTa sistemis amoxsnisas SeiZleba gaviTvaliswinoT 

komutaciuri funqciebis harmonikebis nebismieri ricxvi, magram Caweris mo-

culobis SemcirebisaTvis SemovifargloT mxolod am mwkrivebis pirveli 

rigis harmonikebiT, e.i. gaangariSeba vawarmovoT gamarTuli denis saSualo 

mniSvnelobis mixedviT. am dros maRali harmonikebis ugulvebelyofis gamo 

gaangariSebis  cdomileba umniSvneloa|5-6|. 

miRebuli gantolebebis uSualo amoxsna denebisa da Zabvebis myisa 

mniSvnelobebis mimarT warmoadgens Sromatevads da veeberTelas.  am Sem-

TxvevaSi sistemaSi eleqtromagnituri procesebi xasiaTdebian pirveladi 

da meoradi gragnilTa denebis, Zabvebisa da nakadSebmebis rezultirebuli 

veqtorebiT: 

 

(1)

maSin  mTeli gardamqmneli sistemisaTvis miviRebT: 

    (2) 

                (3) 
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amgvarad, samfaza transformatorisaTvis cvladTa gardaqmnis meSve-

obiT eqvsi gantolebis magivrad gvaqvs ori gantoleba denebisa da Zabvebis 

rezultirebuli veqtorebis mimarT. 

samfaza qselis mimyoli invertorebSi eleqtromagnituri  procese-

bis  gaangariSebis  maTematikuri modelireba   

aRniSnul gardaqmnel sistemaSi procesebis maTematikuri modelirebisaT-

vis vRebulobT cnobil daSvebebs. 

samfaza qselis mimyoli invertoris gardamqmnel sistemaSi eleqtro-

magnituri gardamavali da stacionaluri procesebis gaangariSebis, gamok-

vlevisa da analizis mizniT vadgenT srul maTematikur models|7|. 

gantolebebi ara rTuli gardaqmnebis Semdeg rezultirebuli kom-

pleqsuri eleqtruli sidideebis mimarT warmoidgineba Semdeg saxeSi: 

    (4) 

 ;(5) 

        (6) 

 

  ;              (7) 

 ;    (8) 

  (9) 

 
miRebuli (4)-(10) gantolebebi warmoadgenen perioduli koeficiente-

bian srul diferencialur gantolebaTa sistemas kompleqsur formaSi. 

denebisa Zabvebis  da  RerZebis mimarT mdgenelisaTvis vRebu-

lobT. Semdeg gantolebaTa sistemas matricul formaSi:  

= 

= *             (11) 

samfaza marTvad gammarTvelebSi eleqtromagnituri procesebis gaan-

gariSebis  kompiuteruli modelireba 
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gantolebebis zogierTi maTematikuri gardaqmnebis safuZvelze vRe-

bulobT cvladebis  mdgenelebis mimarT rezultirebuli cvladebis 

warmoebulebis mimarT gantolebaTa sistemas matricul formaSi:  

 

 

 

 
 

sadac(12)-Si eqvivalenturi cvladi koeficientebisaTvis vRebulobT 

saangariSo droSi cvalebad mniSvnelobebs. 

 amis Sedegad SesaZlebelia avagoT saZiebeli eleqtruli sidideebis gar-

damavali procesebis modelis struqturuli  sqema Tu calcalke Sev-

ZlebT avagoT eqvivalenturi cvladi parametrebis da koeficientebis mode-

lis struqturuli sqemebi. 

samfaza qselis mimyol invertorebSi eleqtromagnituri procesebis 

gaangariSebis  kompiuteruli modelireba   

(11)  gantollebaTa sistemis amoxsna denebis warmoebulebis mimarT 

gvaZlevs Semdeg diferencialur gamosaxulebebs matricul formaSi: 

 

       (13) 

(13) gantolebaTa sistemis integrireba 0-dan tk-mde gvaZlevs Semdeg 
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integralur gamosaxulebebs  denebis mimarT: 

 

 

 

 

 

 
 

daskvna: 

1. marTvadi gammarTveliani samfaza gardamqmnel sistemaSi eleqtromagni-

turi gardamavali procesebis srulyofili maTematikuri modelis misaRe-

bad mizanSewonili da efeqturia erToblivad gamoyenebuli iqnas cvladTa 

kompleqsuri  da  speqtralur-operatoruli gardaqmnis meTodi. 

2. Catarebulia samfaza marTvadi gammarTvelis da qselis mimyoli inverto-

ris danadgarebis procesebis kompiuteruli modelireba gardamavali pro-

cesebis modelis struqturuli sqemebis agebis safuZvelze. 

 
literatura 

1. Лутидзе Ш.И. Основы теории  электрических  машин с управляемым полупроводниковым 
коммутатором. М. Энергия. 1968. 303с. 

2. Шелесть В.А. Компьютерное моделирование переходных  процессов    в электротехнических 
устройствах. Техническая электродинамика. Часть 8.Киев. 2000. 9-14с. 

3. Мерабишвили П.Ф.,Кохреидзе Г.К. Электромагнитные процессы в трёхфазных управляемых 
выпрямителях. Электричество М.1986. 8. Энергоатом-издат. 28-33с. 

4. Мерабишвили П.Ф.,Кохреидзе Г.К. Математическое моделирование электромагнитных 
процессов впреобразовательной системе с трёхфазнымавтономным инвертором 
тока.Электричества. 1990. З.Энергоатом-издат. 31-37с. 

5. Л. О. Чуа; Пен-Мин Лин. Машинний анализ электронных схем (алгоритмы и вычислительные 
методы). Перевод с английского. Москва «Энергия» 1980. 638 с. 

6. И. В. Черных. Моделирование электротехнических устройств в МАТLAB, Sim Power Systems и 
Simulink. Санкт-Петербург. 2008. 285 с. 

7. С. Г. Герман-Галкин. Компьютерное моделирование полупроводниковых систем. МАТLAB 6.0 
Корона принт, 2001. 320с. 

 
MATHEMATICAL AND COMPUTER MODELING OF ELECTRIC-MAGNETIC 

TECHNOLOGICAL PROCESSES IN SEMICONDUCTOR ALTERING AGGREGATIONS. 
Kokhreidze G., Nemsadze S., Prengishvili G., Gabrashvili M., Shukakidze T. 

Georgian Technical University 
Summary 

In the work one has discussed matters of mathematical and computer modeling of eclectic-magnetic 
transition processes through the inverter aggregations following the semiconductor three-phase guided tuner 
and network. One has used the modernized method of complex and spectral-operative alters of variables pro-
cessed by us. One has foreseen the main parameters of the whole circuit, angles of regulating, advancing and 
commutation. One has got analytic expressions of values, being scanned continuously in time. 
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biometriis gamoyenebis perspeqtivebi energetikul 
obieqtebze 

 
imnaiSvili l., bedineiSvili m., kirkitaZe n. 

saqarTvelos teqnikuri universiteti 
 

ganxilulia energetikul obieqtze personalis fizikuri daSvebis, teqnolo-
giuri procesebis marTvis eleqtronul sistemebSi da biznes–procesebis marTvis 
eleqtronul sistemebSi momxmareblis autentificirebis problemebi. energetikuli 
daniSnulebis informaciul sistemebSi personalis daSvebisa da autentificirebis 
saimedoobis amaRlebis mizniT personalis identificirebisaTvis SemoTavazebulia 
biometriuli teqnologiebis, kerZod ki kvazimultibiometriuli meTodis gamoyene-
ba. ganxilulia kvazimultibiometriuli meTodis energetikuli daniSnulebis in-
formaciul sistemebSi gamoyenebis konkretuli sakiTxebi. 

 
I. Sesavali 

energetikis dargSi informaciuli da kompiuteruli teqnologiebis 

gamoyenebas, rogorc teqnologiuri procesis, aseve biznes–procesebis da 

organizaciuli marTvis nawilSi, aqvs intensiuri xasiaTi. aseTi tendencie-

bi energetikis dargis obieqtebisaTvis badebs axal SesaZleblobebs saime-

doobis, funqciuri SesaZleblobebis gazrdis, produqciis da momsaxurebis 

procesis Rirebulebis Semcirebis da a.S. TvalsazrisiT. 

energetikis dargis obieqtebi arian maRali safrTxis Semcveli obieq-

tebi, amitom maTze subieqtebis fizikuri daSvebis da kontrolis saimedo-

obas didi mniSvneloba aqvT. am saqmes sakmaod kargad emsaxureba Tanamed-

rove cifrul teqnologiebze dayrdnobili daSvebisa da kontrolis sis-

temebi [1], sadac subieqtis identificirebisaTvis SeiZleba gamoyenebuli 

iyos plastikuri baraTi an sxva teqnikuri saSualeba. 

energetikis dargi mowodebulia awarmoos eleqtroenergia da miawo-

dos momxmarebels. Sesabamisad, gvaqvs eleqtroenergiis warmoebis, gadace-

mis da ganawilebis teqnologiuri procesebi. dReisaTvis seriozul faza-

Sia eleqtroenergiis warmoebis, gadacemis da ganawilebis teqnologiuri 

procesis aRWurva cifruli marTvis sistemebiT. es ukve drois moTxovnaa. 

rogorc wesi, energetikuli teqnologiuri procesebis marTva xorcielde-

ba SCADA sistemis gamoyenebiT [2], romelic aris rTuli programul–apara-

turuli kompleqsi. Tavisi arsiT SCADA sistema gulisxmobs teqnologiur 

procesSi adamianis monawileobas. TavisTavad dgas sakiTxi adamiani–opera-

toris daSvebisa SCADA sistemasTan, romelic dRes xorcieldeba operato-

ris „saxelisa“ da „parolis“ gamoyenebiT, anu operatoris identificireba 

xdeba im informaciiT, romelic icis operatorma da axsovs mas.  

energetikis dargis biznes–procesebis marTvaSi farTo xasiaTi aqvs 

informaciuli teqnologiebis gamoyenebas, sadac aseve sistemasTan daSveba 

xdeba „saxelisa“ da „parolis“ gamoyenebiT. 

vinaidan saubaria maRali safrTxis Semcvel obieqtebze da  sapasu-

xismgeblo teqnologiur procesebze, amitom subieqtis obieqtze da mar-

Tvis sistemasTan operatoris daSvebis aseTi meqanizmebi gaumarTlebelia, 

ramdenadac SesaZlebelia misi daviwyeba, dakargva an Tundac sxva pirze 

gadacema da a.S.  
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II. energetikul obieqtebze biometriis gamoyeneba 

dReisaTvis, pirovnebis identificirebis saukeTeso saSualebad iT-

vleba biometriuli teqnologiebi, romelic eyrdnoba adamianis biometriu-

li maCveneblis [3] gamoyenebas. ramdenadac adamianis biometriuli maCvenebe-

li mravalia, Sesabamisad mravalia biometriuli sistemebis arqiteqture-

bic, romlebic muSaoben sxvadasxva biometriuli maCveneblebis gamoyenebiT. 

biometriuli maCveneblebis upiratesoba sadavo ar aris pirovnebis identi-

ficirebis iseT saSualebebTan mimarTebaSi, rogoricaa: piradobis damadas-

turebeli mowmobebi (identificireba subieqturia da identificirebis sai-

medooba damokidebulia Semmowmebel subieqtze), plastikuri baraTebi 

(identificirebis saimedooba didi ar aris, ramdenadac SesaZlebelia misi 

sxva pirovnebaze gadacema, dakargva da a.S.), JurnalSi fizikurad xelis 

mowera (identificireba subieqturi da rTulia).  

cxril 1–Si warmodgenilia adamianis informaciul sistemaSi autenti-

ficirebis zemoT motanili saSualebebis SedarebiTi analizi. 

cxrili 1 

autentificirebis sa-
Sualebebi 

dadebiTi mxareebi uaryofiTi mxareebi 

 
paroli dinamiuria dakargva

daviwyeba 

aRreva 

sxvaze gadacema 

morgeba 
plastikuri baraTi saimedoa dakargva daviwyeba 

sxvaze gadacema morgeba 
biometriuli monace-
mi 

ergonomiulia 
saimedoa 

Secdomis daSvebis albaTobaze damo-
kidebuleba 

morgeba 

 

sistemaSi autentificirebisaTvis biometriuli monacemis ergonomiu-

loba mdgomareobs misi gamoyenebis komfortulobaSi, ramdenadac adamians 

sul „Tan axlavs“, ar SeiZleba daaviwydes, dakargos da a.S. 

miuxedavad imisa, rom biometriuli monacemis gamoyenebas autentifi-

cirebisas aqvs upiratesoba sxva saSualebebTan mimarTebaSi, mis farTo 

gavrcelebas mainc axlavs winaaRmdegobebi, dakavSirebuli: biometriuli 

sistemis SecdomebTan, momxmarebelTa mentalobasTan, kanonmdebloblobas-

Tan, momxmarebelTa aRmsareblobasTan da a.S. 

CamoTvlilTagan mTavaria biometriuli sistemis Secdomebi. biometri-

uli sistema, romelic muSaobs erTi biometriuli maCveneblis gamoyenebiT,  

uSvebs sami tipis Secdomas [4]: 

• mcdari uaryofis done – “ver cnobs Tavisians”, e.i. miiReba gadawyveti-

leba, rom „ucxoa“, miuxedavad imisa, rom subieqti aris daregistrirebu-

li momxmarebeli. 

• mcdari daSvebis done.  “daSvebuli iqnas ucxo”, e.i. miiReba gadawyveti-

leba, rom “Tavisiania”, miuxedavad imisa, rom subieqti ar aris daregis-

trirebulimomxmarebeli.  

• registrirebis SeuZleblobis done. miiReba gadawyvetileba, rom  subieq-



 

saerTaSoriso samecniero konferencia 

INTERNATIONAL   SCIENTIFIC  CONFERENCE 
 

 19

ti “ucxoa”  imis gamo, rom biometriuli sensoriT teqnikurad ver xer-

xdeba subieqtis biometriuli maxasiaTeblis aRqma. 

amdenad, erT biometriul maCvenebels ar SeuZlia yvela momxmareblis 

100%–iani garantirebuli identificireba. biometriul sistemebSi dReisa-

Tis ZiriTadaT gamoiyeneba daqtiloskopiuri biometriuli maCvenebeli (Ti-

Tis anabeWdi). miuxedavad imisa, rom daqtiloskopiuri maCveneblis gamoye-

nebas aqvs rigi teqnikuri da ekonomikuri upiratesobebi, mis gamoyenebas 

sxvadasxva daniSnulebis energetikul obieqtze SeiZleba qondes rigi xar-

vezebi, rac dakavSirebulia muSakis mier TiTis dazianebasTan, gaWuWyiane-

basTan da a.S. Tumca igive biometriuli maCvenebeli warmatebiT SeiZleba 

iqnas gamoyebuli ofisebSi dasaqmebuli muSakebisaTvis. 

amdenad, energetikul seqtorSi dasaqmebuli muSakebi unda gavyoT or 

ZiriTad jgufad: ofisebSi dasaqmebulni da administraciuli personali 

(1–li jgufi) da sainJinro–teqnikuri personali (me–2 jgufi), romelic em-

saxureba teqnologiur process.  

imisaTvis, rom amaRldes biometriuli maCvenebliT subieqtis identi-

ficirebis saimedooba energetikul obieqtze, SemoTavazebulia kvazimul-

tibiometriuli meTodis gamoyeneba [5]. kvazimultibiometriuli meTodi gu-

lisxmobs subieqtis identificirebisaTvis ori an meti biometriuli maCve-

neblis gamoyenebas ise, rom pirovnebam identificireba gaiaros erTi bio-

metriuli maCvenebliT da uaryofis SemTxvevaSi – meore biometriuli maC-

venebliT. 

biometriuli teqnologiebis energetikul obieqtebze gamoyenebisaTvis 

biometriuli maCveneblebebis mimarT CamovayalibeT Semdegi moTxovnebi: sa-

imedooba, gayalbebisadmi mdgradoba, ergonomiuloba, biometriuli maCve-

neblis stabiluroba, misaRebloba da garemos mimarT stabiluroba. 

saimedooba. biometriuli sistemebisadmi damaxasiaTebeli samive saxis 

Secdoma [4] uaryofiTad iCens Tavs rogorc daSvebis, aseve marTvis siste-

mebSi autentificirebisas. amitom, biometriuli maCveneblis SerCevisas ga-

damwyveti mniSvneloba mivaniWeT mis saimedoobas. kvlevis Sedegad mivdi-

varT daskvnamde, rom saimedoobis TvalsazrisiT energetikis dargis bio-

metriul  sistemebSi upriania Tvalis feradi garsis, daqtiloskopiuri da 

saxis geometriis (2D/ 3D) biometriuli maCveneblebis gamoyeneba.  

gayalbebisadmi mdgradoba. gamomdinare iqedan, rom energetikuli obi-

eqtebi arian sapasuxismgeblo, amdenad, biometriuli maCvenebeli gayalbebe-

sadmi unda iyos mdgradi. 

ergonomiuloba. subieqtis biometriuli maCveneblis aRqma sistemis mi-

er sasurvelia xdebodes momxmareblis sistemis elementebTan fizikuri 

kontaqtis gareSe. subieqtis urTierToba sistemasTan unda iyos mosaxerxe-

beli da unda xorcieldebodes subieqtis mosamzadebeli treiningis gare-

Se. 

biometriuli maCveneblis stabiluroba. energetikis dargis biometri-

uli sistemisaTvis mniSvnelovani momentia biometriuli maCveneblis stabi-

luroba, ramdenadac sistemaSi autentificirebis procedurebi SeiZleba 

tardebodes  subieqtis sawyisi registrirebidan mniSvnelovani drois gas-

vlis Semdeg. cnobilia, rom biometriuli maCvenebeli SeiZleba Seicvalos 
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sxvadasxva mizeziT: yofiTi da sawarmoo travmebi, daavadebebiT gamowveu-

li cvlilebebi, plastikuri manipulaciebiT gamowveuli cvlilebebi da 

a.S. tradiciuli daniSnulebis (fizikuri daSvebis sistemebi, autentifici-

rebis sistemebi, samuSao drois aRricxvis sistemebi da a.S.) sistemebSi yo-

veldRiurad xdeba adamianis biometriuli daSveba da, Sesabamisad, fonovan 

reJimSi srulebiT SesaZlebelia biometriuli maCveneblis ganaxleba. prob-

lema SeiZleba Seiqmnas maSin, roca adamiani, magaliTad, brundeba xan-

grZlivi mivlinebidan,Svebulebidan da a.S. 

misaRebloba. biometriuli maCvenebeli misaRebi unda iyos energetiku-

li seqtoris TanamSromlisaTvis: aRmsareblobiTi Tu sxva motivebiT ar 

unda iwvevdes masSi diskomforts da a.S. 

garemos mimarT stabiluroba. biometriuli maCvenebeli ar unda iyos 

damokidebuli gamoyenebis iseT garemo pirobebze, rogoricaa temperatura, 

tenianoba, gare ganaTeba da a.S.  

cxril  2–Si warmodgenilia Camoyalibebuli moTxovnebis saWiroebis 

xarisxis dakmayofilebis eqspertuli Sefasebebi 10–baliani sistemiT 1–li 

(Ria feris ujrebi) da me–2 (muqi feris ujrebi) jgufis momxmareblebisaT-

vis gankuTvnili biometriuli sistemebisaTvis da SerCeuli biometriuli 

maCveneblebis SedarebiTi analizi maT mimarT wayenebuli moTxovnebis uz-

runvelyofis TvalsazrisiT. es ukanasknelni aRebulia samuSaoebidan [3,6]. 

cxrili 2 

  

s
ai
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md
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 m
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ar

T
 s
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a-

b
il

u
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b
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R
ir

eb
u
l
eb
a 

moTxovnis saWiroebis xarisxi 10 10 10 8 7 9 5 

Tvalis feradi garsi  10 10 10 10 9 9 7 

10 8 10 10 9 9 7 
daqtiloskopia  10 6 9 9 8 10 10 

7 6 9 9 8 10 10 

saxis geometria 2D 7 4 8 10 10 6 10 

7 4 8 10 10 6 10 

saxis geometria 3D 10 9 10 10 10 8 5 

10 9 10 10 10 8 5 

  

rogorc cxrilis monacemebis analiziT irkveva, energetikuli biznes–

procesebis marTvis sistemebSi gamoyenebis mizniT upiratesoba unda mieni-

Wos Tvalis feradi garsis da daqtiloskopiur biometriul maCveneblebs, 

ramdenadac maTi SefasebaTa maCveneblebi ufro axlosaa moTxovnis saWiro-

ebaTa xarisxebTan. rac Seexeba saxis geometriis 3D maCvenebels, is mniSvne-

lovnadaa damokidebuli garemo ganaTebaze, rac saboloo jamSi gavlenas 

axdens subieqtis identificirebis saimedoobaze. igive midgoma unda iqnas 

gamoyenebuli administraciuli da ofisebis personalis mimarT SenobaSi 
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fizikuri daSvebisas. 

energetikuli obieqtebis momsaxure personalis SemTxvevaSi rogorc 

fizikuri daSvebis sistemebSi, aseve teqnologiuri procesis marTvis sis-

temebSi autentificirebisas upiratesoba unda mieniWos Tvalis feradi 

garsis da saxis geometria 3D maCvenebels. am SemTxvevaSi daqtiloskopiuri 

biometriuli maCveneblis saimedooba SedarebiT dabali iqneba, ramdenadac 

aseT obieqtebze personals uwevs fizikuri muSaobac, ramac SeiZleba gamo-

iwvios daqtiloskopiuri maCveneblis gauareseba. 

kvazimultibiometriuli meTodis gamoyenebisas mniSvnelobas iZens bi-

ometriuli maCveneblebis gamoyenebis Tanmimdevrobac prioritetebis mixed-

viT. 1–li jgufis momxmareblebisaTvis biometriuli maCveneblis Tanmimdev-

robas eqneba saxe: daqtiloskopiuri�Tvalis feradi garsi�saxis geometria, 

xolo me–2 jgufis momxmareblebisaTvis – Tvalis feradi garsi�daqtilos-

kopiuri�saxis geometria. 

Ш. daskvna 
energetikis dargSi biometriis gamoyeneba moiTxovs momxmarebelTa 

or jgufad dayofas: ofisebSi dasaqmebulni da administraciuli persona-

li (1–li jgufi) da sainJinro–teqnikuri personali (me–2 jgufi), romle-

bic uzrunvelyofen teqnologiur process. amasTan, momxmareblebis bio-

metriuli identificirebis saimedoobis amaRlebis mizniT SemoTavazebu-

lia kvazimultibiometriuli meTodis gamoyeneba, romlisTvisac SerCeulia 

sami biometriuli maCvenebeli: daqtiloskopia, Tvalis feradi garsi da sa-

xis geometria. kvazimultibiometriuli meTodSi biometriuli maCveneble-

bis gamoyenebis Tanmimdevroba gansazRvrulia Semdegnairad: 1–li jgufis 

momxmareblebisaTvis biometriuli maCveneblis Tanmimdevrobas eqneba saxe: 

daqtiloskopiuri Tvalis feradi garsisaxis geometria, xolo me–2 

jgufis momxmareblebisaTvis – Tvalis feradi garsidaqtiloskopiu-

risaxis geometria. 
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hidroenergosistemis optimaluri ganviTarebis  
wrfivi modeli 

 
maxaraZe g., samsonia n., maxaraZe i. 

NsaqarTvelos teqnikuri universiteti 
 

   statiaSi ganxilulia eleqtrosistemaSi axali eleqtrosadgurebis optimaluri 
gaadgilebisa da maTi optimaluri dadgmuli simZlavris SerCevis sakiTxi. naCvene-
bia, rom qselSi aqtiuri simZlavris minimizaciis TvalsazrisiT axali eleqtro-
sadgurebis ageba mizanSewoniliadatvirTvis im kvanZis axlo regionSi,romelic xa-
siaTdeba didi dadebiTi sididis aqtiuri simZlavris wilobrivi danakargebiT, an 
generaciis im kvanZis axlo regionSi, romelic xasiaTdeba absoliturad didi 
uaryofiTi sididisaqtiuri simZlavris wilobrivi danakargebiT.  
 
    hidroenergosistemis ganviTarebis optimizaciis amocana gulisxmobs 

momxmarebelTa datvirTvis zrdasTan erTad axali hesebis dadgmuli sim-

Zlavrisa da maTi eleqtrisistemaSi gaadgilebis optimaluri variantis 

dadgenas. 

    generaciis wyaroebidan momxmareblebamde eleqtroenergiis gadace-

masTan dakavSirebuli jamuri wliuri xarjebi, axali hesebisa da axali 

eleqtrogadacemis xazebis saeqspluatacio xarjebis gaTvaliswinebiT, Se-

iZleba gamovTvaloT Semdegi saxis gamosaxulebiT, romelic optimizaciis 

amocanisTvis miznis funqcias warmoadgens 

                       

.min])[( .,
0

.,.,0 


xazgadgad i

m

i
iii KPCCCN

 

lari/sT             (1) 

sadac: i=0m _ moqmedi da perspeqtiuli eleqtrosadguris nomeri. amasTan, 

i=1n–moqmedi eleqtrosadgurebi da mni  1 - perspeqtiuli eleqtro-

sadgurebi (indeqsi „0“ miniWebuli aqvs mabalansebel sadgurs);  

Pi – gansaxilvelii–uri sadguris datvirTva dReRamis mocemul saaTze; 

Ci – i-uri sadguris mier gamomuSavebuli eleqroenergiis tarifi, romelic 

gamoiTvleba am sadguris saeqspluatacio xarjebis mixedviT 

                             
.,

,,0 .

..
.

1

dadgm

sadg

eqs.sadginv
inv i

i

T

K

T
Ci 










  ,   lari/sT;                         (2) 

aq: Tinv. – investiciis gamosyidvis vada, weli; inv. – wliuri danaricxebi in-

vesticiaze, f.e.;eqspl.sadg. – eleqtrosadguris wliuri saeqspluatacio 

xarjebi, f.e.; K0,i,sadg. – i-uri axladagebuli eleqtrosadguris xvedriTi Ri-

rebuleba, lari/mgvt; C0,gad._ eleqtroenergiis gadacemis tarifi saangariSo 

periodis wina bazisur wels, lari/mgvtsT; Ki,xaz– Sesakrebi, romelic iTva-

liswinebs axlad agebuli i‐uri eleqtrosadguridan am sadguris Pi simZlav-

ris eleqtrosistemaSi SemotanisaTvis axladagebuli i‐uri eleqtrogadace-

mis xazis saeqspluatacio xarjebs, dayvanils wlis erT saaTze da gadasa-

cemi simZlavris erT mgvt-ze  

            
8760

.
1 .,,0

.
.,
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i

K

T
K

xaz
xaz.eqspinv.

inv
xaz ,lari/mgvtsT.                     (3) 
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   am gamosaxulebaSi:ხაზ.ექსპ. – eleqtrogadacemis xazis saeqspluatacio da-

naricxebi amortizaciaze, remontsa da momsaxurebaze, f.e.; K0,i,xaz – axlada-

gebuli i‐uri eleqtrogadacemis xazis xvedriTi Rirebuleba  

                               K0,i,xaz= babFa 
ekn 




,

3

3

10

i

i

U

P
,  lari/km; 

aq: a  - xazis mSeneblobis xvedriTi Rirebulebis mudmivi Semdgeni, lari/km,  

b  -  mza sadenis xvedriTi Rirebuleba, lari/km.mმ2;μ -xazis xvedriTi Rirebu-

lebis Semasworebeli koeficienti, romelic iTvaliswinebs sadguris sis-

temasTan kavSiris saxes.  kerZod: 

  a) roca axladagebuli eleqtrosadguri sistemaSi Semodis erTjaWva xa-

ziT - μ =1; b) roca axladagebuli eleqtrosadguri sistemaSi Semodis or-

jaWva xaziT - μ=1,5; g) roca axladagebuli eleqtrosadguri sistemaSi Se-

modis arsebuli qselis arsebuli Stos/Stoebis paraleluri Stos (xazis) 

agebis gziT -  μ =0,5. 

   unda aRiniSnos, rom moxmareba-generaciis zrdasTan dakavSirebuli gada-

cemis qselis gafarToebiT (gadacemis axali elementis SemoyvaniT) gamowve-

uli saeqspluatacio xarjebi izrdeba, magram aseve izrdeba qseliT gada-

cemuli eleqtroenergiac. Sedegad, eleqtroenergiis gadacemis tarifi, ro-

gorc praqtika gviCvenebs, umniSvnelod icvleba. aqedan gamomdinare, amoca-

nis gamartivebis mizniT, igi SeiZleba mxedvelobaSi ar miviRoT da, Sesaba-

misad, miznis funqcia (gamosaxuleba (1)) miiRebs saxes   

         

.min])[( .,
0

.,0 


xazgad i

m

i
ii KPCCN lari/sT                   (4) 

    saZiebeli Pi cvladebis mimarT N xarjebis minimizaciis amocanis ganxil-

visas gaTvaliswinebuli unda iqnes kavSiris gantolebebi da SezRudvis 

urolobebi. 

   Cvens SemTxvevaSi kavSiris gantolebis saxiT ganixileba simZlavris ba-

lansis gantoleba   

                                                              




m

i
i PPPW

0

0sist

                                         

(5) 

aq:  Psist.   – eleqtrosistemis jamuri datvirTva, mgvt;  

P – simZlavris jamuri danakargebi gadacemis qselSi, mgvt.  

    SezRudvis utolobaTa saxiT ganixileba:  

 eletrosadgurebis dasaSvebi datvirTvebi  

                                                                                           maqsmin ,, iii PPP 
                                                                                      

(6) 

 eleqtrogadacemis xazis dasaSvebi datvirTva  

                                                                                                                          
dasaSv.xaz ,., ii PP 

                                                                              
(7) 

   SevadginoT lagranJis gantoleba  

                                                                    L=N+ minW  

anu gvaqvs  
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sadac: 
ip  _ i-uri kvanZis mimarT qselSi aqtiuri simZlavris danakargebis 

fardobiTi nazrdi. 

  Tu (8) gantolebas CavwerT mabalansebeli sadguris mimarT, romlisTvi-

sac Ci=C0, b=0 da ,0
0
P maSin lagranJis ganusazRvreli mamravlisTvis mivi-

RebT  

                                                        
)(

.,00 gad
CC   

da, Sesabamisad, gvaqvs  

                                  
0)1()(

.,00.,.,0  Piii CCACC 
gadgad xaz .                               (9) 

aq 

                                Ai,xaz=
.,

..
. 87603

10001

ekn

xaz.eqspinv
nvi 

















iU

b

T



                        

(10) 

    xazis saeqspluatacio xarjebis proporciuli sidide, dayvanili wlis 

erT saaTze da datvirTvis erT mgvt simZlavreze.  

   (9) gamosaxulebidan:  

a) moqmedi eleqtrosadgurebisTvis (Ai,xaz=0) 

                                               gad,00

0

CC

CC i
Pi 


  ,   i=1n                                     (11,a)   

b) perspeqtiuli eleqtrosadurebisTvis  

                                    gad

xaz

,00

.,0

CC

ACC ii
Pi 


  ,   i=n+1m                                 (11,ბ) 

   am gamosaxulebebSi Ci dadgenili unda iqnes (2) gamosaxulebis mixedviT, 

xolo Ai,xaz ki  - (10)  gamosaxulebis mixedviT.  

    Tu gaviTvaliswinebT, rom i-uri qselis kvanZisTvis aqtiuri simZlavris 

danakargebis fardobiTi nazrdis saangariSo gamosaxulebas aqvs saxe [1, 2, 

3, 4]  
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maSin (11,a) da (11,b) gantolebebi Caiwereba Semdeg saxeSi  
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 ,     i=n+1m              (12,ბ) 

sadac: ymj  1 _ qselis kvanZebis nomeri. maT Soris ymm 1 datvir-

Tvis (momxmareblebis) kvanZis nomeri;  Rji _ jdai kvanZebis urTierT winaRoba. 

    (12,a) da (12,b) gantolebaTa sistema Caiwereba yvela i eleqtrosadguris mi-

marT da, amasTan Pj generaciis kvanZis SemTxvevaSi aiReba “+” niSniT, xolo 

datvirTvis kvanZis SenTxvevaSi “-“ niSniT. 

    es gantolebebi Pj saZiebeli cvladebis mimarT warmodgens wrfiv ganto-

lebaTa sistemas da, Sesabamisad, energosistemaSi axali eleqtrosadgure-

bis optimaluri gaadgilebis zemoT moyvanili maTematikuri modeli (12,a 

da 12,b) wrfivia.    

    (12,a) da (12,b) gantolebaTa sistemidan, (5) kavSiris gantolebisa da (6) 

SezRudvis utolobaTa gaTvaliswinebiT, ganisazRvreba eleqtro-sadgure-

bis optimaluri Pi simZlavre, roca cnobilia maT (moqmedi da axladagebuli 

sadgurebis) mier gamomuSavebuli eleqtroenergiis tarifi Ci. amave ganto-

lebaTa sistemidan, roca cnobilia eleqtrosadgurebis Pi datvirTvebi, Seg-

viZlia ganvsazRvroT maTi optimaluri tarifebi: 
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     (12,b) gamosaxulebidan ganvsazRvroT Pi 
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   es gamosaxuleba gadavweroT Semdeg saxeSi  
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 am gamosaxulebis didi frCxilebis pirveli Sesakrebi gviCvenebs sadguris 

optimaluri datvirTvis im nawils, romelic damokidebulia am sadguris 

mier gamomuSavebuli eleqtroenergiis tarifze. meore Sesakrebi warmoad-

gens sistemaSi arsebuli danarCeni (moqmedi da axali) sadgurebis simZlav-

reTa tolqmed moments, xolo mesame Sesakrebi warmoadgens momxmarebelTa 
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datvirTvebis tolqmed moments.     
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Summary 
Article describes an optimal placement of the new power stations in the power grid. It is shown, that 

in a condition of the other same requirements regarding the minimization loses in the network, construction 
of the new power stations is reasonable in an area close to that loading node, which is characterized by the 
partial loses of the actual power of a high positive value and also, in an area close to the generation node, 
which is characterized by the partial loses of the active power of a high negative value.   
 
 
 
 

inteleqtualuri qselebi da eleqtrogadacemis 
moqnili sistemebi 

 

zivzivaZe o., zivzivaZe l., გვეტაძე n., gogisvaniZe v. 

აკაკი წერეთლის სახელმწიფო უნივერსიტეტი 

 
statiaSi ganxilulia inteleqtualuri qselebis praqtikul realizaciasTan 

dakavSirebuli problemebi. naCvenebia misi arsebobis aucilebloba Tuki msoflio 
energetika ganviTardeba e.w. inovciur - revoliuciuri scenariT. mocemulia aseTi 
tipis qselebis agebis zogadi principebi. statiSi gansakuTrebuli adgili uWiravs 
eleqtrogadacemis moqnili sistemebis FACTS analizs, romelic warmoadgens inte-
leqtualuri qselebis erT-erT yvelaze mTavar komponents. moyvanilia marTvadi 
xazebis magaliTi romelic SeiZleba mivakuTnoT aseT teqnologiebs. 

 
msoflio eneregetika warmoadgens msoflio civilizaciis ganuyofel 

nawils, romlis ganviTarebaSic dominirebuli xdeba socialur_ ekonomiku-

ri, geopolitikuri da klimaturi problemebi. aRniSnulis gaTvaliswine-

biT, grZelvadian perspeqtivaSi, msoflio ganviTarebis dinamika ganxiluli 

unda iqnes erTian, energo_ekologiur_ekonomikur (sami ~e”) midgomaTa Car-

CoSi.  

Tanamedrove msoflios mzardi winaaRmdegobebis gadawyveta, iseTebis 

rogoricaa: demografiuli, resursuli, finansuri, teqnologiuri da eko-

logiuri, rogorc wesi xdeba Rrma krizisebis gziT, romlebic cvlian eke-

onomikisa da energetikis ganviTarebis paradigmas. 

msoflio energetikis Semdgomi ganviTarebis scenari didad iqneba da-

mokidebuli imaze Tu rogori iqneba krizisidan gamosvlis mimarTuleba. 

aRniSnulTan mimarTebaSi eqspertebi saubroben sami SesaZlo scenaris: 

inerciul_katastrofuli, stabilizaciur_stagnaciuri da inovaciur_revo-
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luciuri scenarebis  Taobaze.  

statiis mizans ar warmoadgens aRniSnuli scenarebis detaluri gan-

xilva, Tumca aucileblad unda aRiiSnos, rom msoflio energetikis ganvi-

Tarebis gza swored bolo, inovaciur - revoluciur scenarze gadis.  

am scenaris mixedviT, energetikis gaviTarebis  tendeciebis Secvlas 

inovaciuri ganviTarebis gziT, ukve  2020_2030 wlebisaTvis unda velodoT, 

rogorc energiis warmoebis aseve saboloo moxmarebis seqtorebSi. 

im uamravi tendenciidan romelsac ganviTarebis aRniSnuli scenari 

gvTavazobs, Cveni azriT umniSvnelovanesia  swrafi inovaciuri ganviTare-

bis tendencia, romelic gulisxmobs e.w. inteleqtualuri an kidev rogorc 

mas xSirad  uwodeben gonieri eleqtroenergetikuli qselebis Smart Grid 

Seqmnas da aseve energiis Sor manZilebze gadacemis axali teqnologiuri 

sqemebis,  SemuSavebas [1]. 

termini `gonieri qseli~ («Smart Grid») pirvelad gamoCnda 1998 wels, 

dasavleTSi, erT-erTi mecnieris statiaSi. Semdeg igi gamoyenebuli iyo, 

rogorc avtonomiuri qargeneratorebis eleqtrul qselTan damakavSirebe-

li da   reJimis parametrebis   mmarTveli kontrolirebis   wmindad sa-

reklamo saxelwodeba. dasavleTSi am terminis qveS moiazreboda eleqtro-

energiis mikroprocesoruli mricxvelebi,  romelTac SeuZliaT informaci-

is dagroveba, damuSaveba, Sefaseba da gadacema specialuri arxebiT, maT 

Soris internetiT. ukanasknel wlebSi  terminis gamoyenebis areali gafar-

Tovda da igi moicavs eleqtroenergetikis mowyobilobebis monitoringisa 

da informaciis dagroveba- damuSavebis sistemebs.  

eqspertTa azriT[2] `gonieri qseleb~-Si devs imaze didi potenciali, 

rasac flobda interneti cifruli revoluciis dasawyisSi 1996 wels. ker-

Zod, amerikuli konsaltinguri firma Cisco-s prognoziT es potenciali 100-

1000-jer metia, vidre internetis, xolo maTSi Cadebuli momavali investi-

cia 100 mlrd dolari iqneba. 

inteleqtualuri qseli warmoadgens gamanawilebel qsels, romelic 

aerTianebs kontrolis da monitoringis kompleqsur instrumentebs, infor-

maciuli teqnologiebs da komunikaciis saSualebebs maRali xarisxis da 

mwarmoeblobis energiis misawodeblad. 

   maTi meSveobiT generacia, gadacema da ganawileba SesaZlebelia 

gaxdes `inteleqtualuri~, aRiWurvos eleqtruli qseli diagnostikis Tana-

medrove saSualebebiT, marTvis eleqtronuli sistemebiT, algoriTmebiT da  

mecnierebis da teqnikis sxva mravali miRwevebiT. 

inteleqtualuri qselebi es aris teqnikuri saSualebebis kompleqsi, 

romlebic avtomatur reJimSi aRmoaCens qselis SedarebiT sust da avariu-

lad saSiS ubans, cvlis qselis maxasiaTeblebs da sqemas avariis da dana-

kargebis Tavidan asacileblad. amis garda aqvT TviTdiagnostikisa da Tvi-

TaRdgenis funqcia,   SeuZliaT CarTon sensoruli, komutaciuri da mmar-

Tveli teqnologiebi energiis gadacema-ganawilebis efeqturobisaTvis. 

inteleqtualuri qselis ageba unda iqces gamanawilebeli eleqtroq-

seluri kompleqsis strategiul kursad, romelic gulisxmobs srulyofis 

oTx ZiriTad segments[4], kerZod:   
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1. Zaluri danadgarebis da eleqtroenergiis gadacemisa da ganawilebis 

teqnologiebis srulyofas. 

2. teqnologiuri procesebis marTvis srulyofas. 

3. specializirebuli sakomunikacio da sainformacio mowyobilobebis axa-

li sqemebis SemuSavebas. 

4. eleqtromoxmarebis aRricxvisa da marTvis axali Taobis avtomatizire-

buli sistemebis Seqmnas.  

rogorc vxedavT, saubaria grandiozul proeqtze, romlis warmate-

bul ganxorcielebas aTeulobiT wlebi dasWirdeba, amitom dReisaTvis rea-

lurad SeiZleba ganxiluli iqnas eleqtroenergetikis ganviTarebis am 

grandiozuli koncefciis, romelsac  Smart Grid ewodeba,  mxolod calkeu-

li komponentebi. amasaTan erTad viyenebT   Zvel damkvidrebul sayovelTa-

od miRebul terminologias, romelsac gaaCnia erTmniSvnelovani ganmarte-

ba.  

eleqtroenergiis generaciis sistemebi 

dedamiwaze klimaturi cvlilebebis problemebi da organuli saxis 

sawvavis deficiti iZleva stimuls eleqtroenergiis alternatiuli wyaro-

ebis ganviTarebisaTvis, pirvel rigSi iseTebis, rogoricaa qaris generato-

rebi, mzis fotoeleqtruli sistemebi, biosawvavaze momuSave generatorebi, 

moqcevis da talRuri generatorebi, romlebic moixmaren planetis wiaRis 

siTbos da a.S.  axal ganviTarebas hpovebs agreTve hidrosaakumulacio sad-

gurebi, romlebic iZlevian saSualebas ukve gamomuSavebuli eleqtroener-

giis ufro efeqturad gamoyenebisaTvis. mosalodnelia, rom aseTi wyaroe-

bis raodenoba momavalSi SesaZloa ganuxrelad gaizrdon  da SeurTdnen 

saerTo eleqtrul qsels, mis sxvadasxva wertilebSi.  anu sageneracio sis-

temebi eleqtromomaragebis momaval sistemaSi iqneba ufro metad ganawile-

buli, vidre koncentrirebuli, rogorc es aris amJamad.   

eleqtruli qselebi 

dReisaTvis eleqtruli qselebis ageba xdeba ierarqiuli principis 

mixedviT (generatori, magistraluri xazebi,, Semdeg gamanawilebeli qsele-

bi, saqalaqo qselebi da a.S.)[3]. 

Tanamedrove eleqtruli qselebi, umetes SemTxvevaSi,  Sedgeba radia-

luri xazebisagan energiis calmxrivi nakadiT. mxolod zogierT SemTxveva-

Si eleqtruli qselebi arian wriuli.  Smart Grid_s koncefciis Tanaxmad, 

momavlis qsels ukve aRar eqneba ierarqiuli struqtura da msxvili mom-

xmareblebi masSi Sereuli iqnebian rogorc didi raodenobis SedarebiT 

nakleb simZlavris, aseve mZlavri erTeul simZlavris mqone eleqtrul sad-

gurebTan, Zabvis regulatorebTan, reqatiuli simZlavris kompensatorebTan 

da a.S. ase rom,es iqneba namdvili, sakmaod rTuli, arastruqturirebuli, 

ganStoebuli qseli.  

sagulisxmoa isic, rom aseT qselSi simZlavris gadadinebebi ar iqne-

ba mkacrad determinirebuli. 

eleqtrodanadgarebis monitoringis da TviTdiagnostikis sistemebi  

energosistemis komponentebis mkveTri garTuleba, erTis mxriv, da 

progresi Tanamedrove kompiuterizirebul sistemebSi, meores mxriv, ganapi-
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robeben eleqtrodanadgarebis monitoringisa da diagnostikuri sistemebis 

intensiuri ganviTarebis aucileblobas, romlebic iZlevian qselis umniS-

vnelovanesi komponentebis mwyobridan gamosvlis Tavidan aridebissaSuale-

bas. 

 eleqtroenergetikul obiqtebs SoriskavSirgabmulobisa da monacem-

Ta gadacemis sistemebi  

dReisaTvis kavSirgabmulobisa da infromaciis gadacemisaTvis sxva-

dasxva obieqtebs Soris gamoiyeneben kavSirgabmulobis sxvadasxva arxebs. 

maT Soris; kavSirgabmulobis dabali Zabvis sadenebiT (dabalsixSiriani 

sakontrolo kabelebiT, koaqsialuri, maRalsixSiriani kabelebiT), optiku-

ri kabelebiT, maRali Zabvis eleqtrogadamcemi xazebiT, mimarTuli dacu-

li radioarxiT da a.S.    

ukanasknel periodSi sul ufro xSirad agreTve gamoiyeneba qseluri 

teqnologiebic Ethernet/Internet. es pirvel rigSi ukavSirdeba aseTi qselebis 

siiafes, farTed gavrcelebas da sayovelTao xelmisawvdomobas, kargad Se-

muSavebuli teqnologiiT da kavSirgabmulobis protokolebiT, momavalSi 

uzaramazari masivebis informaciis gacvlas energisistemis mravalricxova-

ni kompoenentebidan, romlebic mofantulia did teritoriaze. dRes ukve 

bazarze aresebobs sxvadasxva saxis eleqtruli gadamwodebi, transdiuse-

rebi, gamzomi gardamqmnelebi, romlebic uzrunvelyofilia maTSi moTavse-

buli iafi modemiT, romelic Tavis mxriv iZleva maTi  Ethernet/ Intranet 
qselSi CarTvis saSualebas. rac Seexeba optikur-boWkovan kavSirgabmulo-

bas, romelic dResdReobiT gamoiyeneba sareleo dacvaSi, iTvleba, rom is 

zedmetad Zviria gafarToebuli da sayovelTao gamoyenebisaTvis Smart Grid-
s momaval koncefciaSi  

eleqtroenergiis aRricxvis sistemebi 

eleqtroenergiis mikroprocesoruli mricxvelebi ukve didi xania ga-

moCnden bazarze  Smart Grid-s koncefciasTan yovelgvari kavSiris gareSe. 

ufro piriqiT, sufTa sareklamo termini Smart Grid, romelic Tavdapirve-

lad gamoiyeneboda aseTi mricxvelebis reklamisaTvis, gadaizarda momava-

li eleqtroenergetikis garkveul globalur koncefciaSi. mravaltarifia-

ni mikroprocesoruli mricxvelebi, romlebsac SeuZliaT gaangariSebebis 

Sesruleba, sxva analogiur mricxvelebTan kavSiris damyareba, informaciis 

Segroveba da qselSi gadacema praqtikulad ukve didi xania gamoiyeneba 

eleqtroenergetikaSi.   

 
naxati 1. eleqtroenergiis `gonieri~ mricxvelebi 

ukanasknel wlebSi aseTi mricxvelebis gamartivebuli variantebis ga-
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moyeneba daiwyo yoveldRiur cxovrebaSi, nax. 1. am dargSi miRweuli teqni-

kis done mTlianad Seesabameba   Smart Grid-s koncefcias 

Smart Grid-s funqcionirebis principi 

iseTi rTuli sistemis saimedo funqcionirebisaTvis, rogoric Smart 

Grid-ia, calkeuli mravalfunqciuri modulebis raodenoba, romlebic amu-

Saveben informacias, unda Semcirdes minimumamde (anu adgili eqneba fun-

qciebis erTeulovan modulebSi Semdgomi koncentraciis tendencias). in-

formacia Smart Grid-s mravalricxovani komponenetebisagan unda miewodebo-

des qselis meSveobiT mZlavr serverebze, gadamuSavdes kompiuteruli cen-

trebis mier da gadaisrolebodes qselSi, Semsrulebel elementebze. eq-

spertTa azriT Smart Grid-s ZiriTadi funqcionaluroba uzrunvelyofili 

unda iyos  programis doneze. 

sareleo dacva 

Smart Grid-s axal koncefciaSi sareleo dacva unda iyos SeTavsebuli 

sainformacio-gamzomi sistemis funqciebTan. amis mizezi aris is, rom sare-

leo dacvis mikroprocesoruli mowyobilobebi awarmoeben denebis da Zab-

vebis  gazomvebs veqtorul formaSi da  amasTan erTad isini axorcieleben 

informaciis Caweras da Segrovebas avariuli reJimebisa da sakuTari moqme-

debis Sesaxeb. es informacia SeiZleba pirdapir gamoyenebuli iqnas moma-

val sakontrolo-sainformacio-gamzom Smart Grid-s sistemebSi.   

inteleqtualuri qselebis umniSvnelovanes komponents warmoadgenen 

eleqtrogadacemis xazebi. rogorc cnobilia xazi warmoadgens eleqtruli 

qselis pasiur elements. inteleqtualuri qselis pirobebSi ki xazi unda 

gaxdes marTvadi da maSasadame gardaiqnas qselis aqtiur elementad. 

energetikosebis leqsikonSi TandaTan mkvidrdeba termini `marTvadi 

xazebi~, rac faqtobrivad msgavsia terminisa `moqnili xazebi~ an kidev 

FACTS (Flexsible Alternative Current Transmission Sistems-cvladi denis gadacemis 

moqnili sistemebi). Tavis mxriv FACTS-i SeiZleba miviCnioT inteleqtualu-

ri qselebis (Smart Grid) erT-erT qvesistemad. 

FACTS--is sitemis gamoyeneba, eqspertTa mosazrebiT, saSualebas iZleva 

20%-iT gavzardoT eleqtrogadacemis xazis gamtarunarianoba, 40%-mde Se-

vamciroT aqtiuri simZlavris danakargebi da uzrunvelvyoT energo siste-

mis mdgradi muSaoba dispeCeris mier dadgenili sistemis reJimuli para-

metrebiT. 

arsebobs FACTS-s mowyobilobebis ramodenime varianti: statikuri sin-

qronuli kompensatorebiT, marTvado reaqtorebiTa da kondensatoruli ba-

tareiebi, rogorc tiristoruli, aseve meqanikuri gadarTviT da a.S.  

dReisaTvis yvelaze garvcelebulia reaqtiuli simZlavris kompensaci-

is xelsawyoebi, romlebic asruleben erTdroulad ramodenime funqcias, 

romelTagan erT-erTi  reaqtiuli simZlavris kompensaciaa. qselSi reaqti-

uli simZlavris gadadinebebis Semcireba saSualebas iZleva  Semcirebiuli 

iqnas aqtiuri energiisa da Zabvis danakargebi riTac qseli gacilebiT eko-

nomiuri xdeba. 

marTvadi xazebis kategorias SeiZleba mivakuTvnoT axali Taobis, 

TviTkompensirebadi, ekologiurad maRali sisufTavis mqone, eleqtrogada-



 

saerTaSoriso samecniero konferencia 

INTERNATIONAL   SCIENTIFIC  CONFERENCE 
 

 31

cemis xazebi[5].  

 

 

 marTvadi eleqtrogadamcemi xazebis qveS, am konkretul SemTxve-

vaSi, moiazreben Cveulebriv orjaWvian eleqtrogadamcem xazebs, romelTa jaW-

vebis erTsaxela fazebi erTmaneTis mimarT minimalurad dasaSveb manZilze 

arian ganTavsebuli. jaWvebs Soris CarTulia fazismombrunebeli mowyobilo-

ba, romelic saSualebas iZleva jaWvebis Zabvebs Soris arsebuli Zvris kuTxe – 

Θ  vcvaloT 0 da 1800-is farglebSi. aseTi konstruqciuli mowyobis  wyalobiT 
marTvadi xazebi gamoirCevian jaWvebs Soris gaZlierebuli eleqtromagnituri 

zegavleniT, rac pirvel rigSi mkveTrad aisaxeba iseT parametrebze, rogori-

caa urTierTinduqcia M, urTierTtevadoba C da urTierTgamtaroba G. swored 
am parametrebze zemoqmedebis saSualebiT SesaZlebeli xdeba xazis talRuri 

Tvisebebis Secvla da Sesabamisad misi sistemis pasiuri elementidan, aqtiur 

elementad gardaqmna anu misi operatiul marTvas damorCileba.  

 fazamombrunebeli mowyobiloba, romliTac aRWurvili arian marTvadi xa-

zebi, garda Tavisi ZiriTadi funqciisa  SeiZleba gamoyenebuli iqnas xazis re-

aqtiuli simZlavris kompesaciis axali, aratradiciuli sqemis gansaxorcie-

leblad[6]. kerZod, Tuki Cveulebriv, ganivi kompesaciis dros, maSuntebeli re-

aqtori irTveba fazasa da miwas Soris, Cven gTavazobT sakompensacio danadga-

ris CarTvas marTvadi xazis jaWvebis erTsaxela fazebs Soris. SemoTavazebu-

li sqemis moqmedebis principis gasagebad warmovidginoT konturi, romelic 

Sedgeba paralelurad SeerTebuli induqtiuri da tevaduri elementebisagan, 

romlis erT mxares modebulia fiqsirebuli   Zabva, xolo meore mxares faziT 

cvladi   Zabva. Tuki danadgaris eqvivalentur winaRobas aRvniSnavT  Zeqv , xo-

lo gamtarobas  Yeqv-iT, maSin danadgaris simZlavrisaTvis gveqneba:  

   
eqv.

YUU
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2
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eqv.

 

 imisda mixedviT Tu rogori xasiaTisaa danadgaris eqvivalentur winaRoba 

Zeqv, danadgari gascems an moixmars reaqtiul simZlavres. 
 Tuki aRniSnul danadgars CavrTavT marTvadi xazis jaWvebis erTsaxela 

fazebis sadenebs Soris da imasac gaviTvaliswinebT, rom fazismombrunebeli 
danadgaris saSualebiT SeiZleba danadgarze  Zabvebs Soris Zvris kuTxe Seic-

valos 0-dan 1800-mde, Zneli ar iqneba davrwmundeT imaSi, rom danadgaris saSua-

lebiT SeiZleba movaxdinoT xazis reaqtiuli simZlavris mdored kompensireba. 
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INTELLECTUAL NETWORKS AND FLEXIBLE POWER TRANSMISSION SYSTEMS 
O. Zivzivadze, L. Zivzivadze, N. Tsutskhvashvili, V. Gogisvanidze 

Akaki Tsereteli  State University 
Summary 

The paper dwells on the problems related to practical implementation of intellectual networks. There 
is shown the necessity of its existence if the world energy sector will be developed in the so-called innovative 
revolutionary scenario. There are described the general principles of constructing such types of networks. 
The paper highlights the analysis of flexible power transmission system FACTS, which represents one of the 
components of intellectual networks. There is also given an example of controllable lines, which can be attri-
buted to these technologies.    

 

 

 

Zalovani transformatoris akustikuri 
maxasiaTeblebis eqsperimentuli kvleva maRali Zabvis 

qvesadgurSi 
 

kopaliani n., zivzivaZe o.,.ZaZamia d 
akaki wereTlis saxelmwifo universiteti 

 
statiaSi eqsperimentulad ganxilulia maRali Zabvis qvesadgurSi Zalovani 

transformatoris akustikuri maxasiaTeblebi. kerZod, dadgenilia transformato-
ris momsaxureobis moedanze  --  bgeris done - db A, da bgeriTi wnevis doneebi, db, 
sixSireTa standartul oqtavur diapazonebSi. miRebuli Sedegebi Sedarebulia sa-
erTaSoriso standartebis dasaSveb sidideebTan. agreTve, zogadad, gaanalizebu-
lia transformatoris xmauris warmoSobis procesi, akustikuri signalebis forme-
bi da speqtraluri Semadgenloba. 

   

rogorc kvlevebi uCveneben, Tanamedrove qalaqebis ZiriTadi ekologiu-

ri saSiSroebebia: haeris dabinZureba, radiacia, xmauri, niadagis dabinZure-

ba, eleqtromagnituri velebi, wylis dabinZureba. Tavisi mniSvnelobiT xma-

urs am rigSi ukavia mesame adgili, xolo eleqtromagnitur velebs mexuTe-

adgili. 

qalaqebis pirobebSi adamianis organizmze did uaryofiT zemoqmedebas 

axdenen akustikuri da eleqtromagnituri velebi, romelTa wyaroebi arian 

agreTve sxvadasxva saxis radiogadamcemi danadgarebi da mowyobilobebi, 

eleqtroficirebuli satransporto xazebi da maRali Zabvis eleqtrogadam-

cemi xazebi. aseTi wyaroebis raodenoba mzardia da dRiTiQdReQmatulobs.  

zogadaT, rogorc cnobilia, eleqtruli sistemis ZiriTad struqturas 

aqvs Semdegi saxe: 
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ნახ.1. eleqtruli sistemis ZiriTadი struqtura (Savi feriT gamosaxulia – 

generacia, lurji feriT – gadacema da mwvane - distribucia)  

 

Cvens mier eqsperimentulad Seswavlili iqna 110/35/10 kv Zalovani tran-

sformatoris (wiTeli isari nax.1-ze) akustikuri maxasiaTeblebi. 

eleqtroqseluri obieqtebis proeqtirebisas da eqspluataciisas auci-

leblad undaUiqnas gaTvaliswinebuli da  miRebuli zomebi bgeriTi wnevis 

da bgeris dasaSvebi doneebis uzrunvelsayofad mosaxleobisaTvis daQmom-

saxureQpersonalisaTvis. 

xmauris ZiriTadi wyaroebia qvesadgurebSi transformatorebi, savinti-

liacio danadgarebi, salteebisa (коронирование ошиновки)  da danadgarebis 
elementebis gvirgvinoba maRali Zabvebis xazebisagan xmauris ZiriTadi wya-

roebia mavTulebis, izoliatorebis da armaturis gvirgvinoba, romelic 

damokidebulia rogorc eleqtruli velis daZabulobaze mavTulebis zeda-

piridan, aseve mavTulebis zedapiris mdgomareobaze, haeris simkvriveze da 

amindis pirobebze. 

standartis mixedviT ГОСТ 12.1.036  (СТ СЭВ 2834-80, romlebic aRebulia  

ISO-s normebidan) Zalovani transformatorebis momsaxureobis moedanze  --  

bgeris done ar unda aRematebodes 85 dBA-s, xolo bgeriTi wnevis doneebi 

(dB) oqtavur sixSirul diapazonebSi unda iyos ara umetes: 

Ooqtavuri zoli, hc 31.5   63 125 250 500 1000 2000 4000 8000 

bgeriTi wnevis dasaS-

vebi done, (dB) 

- 99 92 86 83 80 78 76 74 

 

mudmivi xmauris normirebuli parametria bgeriTi wnevis done L, db 

(dB), oqtavur zolebSi saSualogeometriuli sixSireebiT 31.5, 63, 125, 250, 

500, 1000, 2000, 4000, 8000 hc. miaxloebiTi SefasebisTvis daSvebulia bgeriTi 

donis LA, dbA gamoyeneba, romelic iZleba adamianis smenis organos fizio-

logiuri Taviseburebebis karg aproqsimacias. 

qvemoT me-2 naxazze warmodgenilia damwevi 110/35/10 kv Zalovani  tran-

sformatoris gazomvis wertilebis sqema da Cvens mier Catarebuli xmauris 

gazomvebis Sedegebi.  

radgan transformatoris xmauri SeiZleba CaiTvalos mudmivი xmauris 

wyarod droSi da sivrceSi, amitom gazomili iqna jamuri bgeris  doneebi, 

db A, erTi metris manZilze miwidan da transformatoris  zedapiridan ir-
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gvliv oTx wertilSi. agreTve gazomili da naangariSebi iqna bgeriTi wne-

vis doneebi sixSireTa oqtavur zolebSi, db. 

 
nax. 2. transformatoris gazomvis wertilebi da bgeris doneebi am wertilebSi   

 

gazomili akustikuri signalebi Cawerili iqna kompiuterSi *.wav for-

matSi xmauris monakveTebi saxiT da Semdeg detalurad iqna damuSavebuli 

da gaanalizebuli es signalebi SpectraLab-sa da MathCad-is garemoSi. 
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Nnax.3. bgeriTi wnevis gazomvis Sedegebis Sedareba normasTan   

akustikur signalebs gazomvebis wertilebSi aqvT QqvemoT warmodgeni-

li saxe. SeimCneva sxvaobebi maRali nomrebis harmonikebSi. 

          
xolo speqtrs (magaliTad, pirvel wertilSi) aqvs Semdegi saxe: 

 
naz. 4. gazomili xmauris signalebis formebi da tipiuri speqtri  

 

transformatorebSi ar aris moZravi nawilebi, magram cvladi magnituri 

veli iwvevs transformatoris gularis formis Secvlas, ris Sedegadac 

warmoiSveba xmauri. gularis formis Secvla gamowveulia magnitostriqci-

iT, efeqtiT, romlis drosac rkinis gulari icvlis Tavis formas damagni-

tebis dros. formis Secvla aris erTnairi damagnitebis poliarobis miuxe-

davad, amitom gulari icvlis formas kvebis ormag   sixSireze, radgan 

formis Secvla iqneba erTnairi damagnitebis yovel mimarTulebisaTvis. 

procesi aris arawrfivi, da saboloo forma akustikuri signalis aris Se-

darebiT rTuli formis da aqvs bevri mdgenelebi. 50 hc-ni kvebis dros mag-

nitostriqciis sixSire udris 100 hc da harmonikebi warmoiSvebian 1000 hc-

mde sixSireebze. 

garda amisa, adgili aqvs magnituri gularis zogad meqanikuri vibraci-
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as, romelsac Seaqvs Tavisi wvlili xmauris jamur doneSi. 

saerTod, mcire transformatorebisaTvis haeris gagrilebiT, araxistad 

damagrebuli gularis furclebis vibraciebis dros agreTve warmoiSoba 

xmauri. did transformatorebSi es efeqti ar aris gularis furclebis 

fenebs Soris xaxunis Zalebis Sedegad. aseTi transformatorebis xmauris 

Camocilebas xels uwyobs agreTve demfireba transformatoris CaSvebisas 

zeTis auzSi gagrilebisaTvis. magram, am SemTxvevaSi, rodesac transforma-

tori CaSvebulia zeTis auzSi, xmauri gamoisxiveba auzis kedlebisagan da 

gularis rxevebisagan, romlebic gadaecema gare zedapirs sayrdeni mowyo-

bilobis da Txevadi Semavseblis gavliT. auzis sisqe da konstruqcia um-

niSvnelo gavlenas axdenen xmauris gamosxivebaze. 

didi auzebi gamoasxiveben xmaurs dabal sixSireebze, da xmauris sixSi-

re, romelic damaxasiaTebelia aseTi transformatorebisaTvis eleqtrul 

gamanawilebel sistemebSi, Cveulebrivad Seadgens 100 hc-s. ufro mcire zo-

mis transformatorebi warmoSonen sust xmaurs ZiriTad sixSireebze, mag-

ram gamoasxiveben Zlier xmaurs maRalsixSirul mdgenelebze. 

adamianis bgeriT diapazonSi samrewvelo sixSiris (50 hc) denebis eleq-

tromagnituri velebi arian Zlieri akustikuri (gansakuTrebiT wvimis dros 

– gvirgvinis efeqtis dros) da eleqtromagnituri talRebis wyaroebi.  

 
Nnax.2. eleqtrogadacemis mavTulebis gvirgvinebi 

 

wvimian amindSi eleqtrogadacemis xazebis xmauri matulobs radgan 

mavTulebi xdebian gvirgvinovani (nax.2). sveli mavTulebis dros wylis wve-

Tebi erTiandebian da iqcevian didi raodenobis gvirgvinovani ganmuxtvis 

areebad, sadac yoveli maTgani aris xmauris wyaro. 

maRali Zabvis gadamcemis xazis xmauri mavTulebis qveS Cvens SemTxve-

vaSi iyo 62 dBA. wvimis dros xmauri matulobs. 

calke interess warmoadgens xmauris warmoSoba eleqtrogadacemis 

mavTulebis gvirgvinebisagan, romlebic Cvens eqsperimentebSi ar iqna gazo-

mili. 
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EXPERIMENTAL STUDY OF ACOUSTIC CHARACTERISTICS OF THE POWER  
TRANSFORMER IN A HIGH VOLTAGE SUBSTATION 

Kopaliani N., Zivzivadze O., Dzadzamia D. 
akaki Tsereteli State University 

Summary 
In article acoustic characteristics of the power transformer on substations of a high voltage are experi-

mentally investigated. In particular, on a platform of service of the transformer are established – the level of a 
sound, dBA, and levels of sound pressure, dB, in standard octavе ranges of frequencies. The received results 
are compared to levels of the international standards. Also, generally, process of noise generation of transfor-
mers, forms of acoustic signals and spectral structure is analyzed. 

 
 
 
 

mZlavri hidrogeneratorebis rotoris formisa da 
eleqtromagnituri mdgomareobis gamovlena da 
Seswavla axali tipis integrirebadi sensorebiT 

 

gugulaSვili l., azmaifaraSvili z., mecxvariSvili i. 
saqarTvelos teqnikuri universiteti 

 
ganxilulia mZlavri generatorebis saimedoobis amaRlebisa da maTi saeq-

spluatacio resursebis zrdis sakiTxebi da naCvenebia rom, es damokidebulia hid-
roagregatis vibraciul mdgomareobaze. hidrogeneratorebis vibraciuli mdgomare-
obis SeswavlisaTvis dRes gamoyenebuli mowyobilobebi ver uzrunvelyofen roto-
ris formis fiqsirebas da mokled SerTuli xviebis aRmoCenas. warmodgenilia ro-
toris formis eleqtromagnituri gadamwodis axali principuli sqema, romelic 
advilad SeiZleba CarTuli iqnas generatorebis kompiuteruli monitoringis 
qselSi. 

 
mZlavri hidrogeneratorebis saimedoobis amaRleba, saeqspluatacio 

resursebis zrda, hidrogeneratoris mocdena da kapitalur remontebze 

xarjebis Semcireba didadaa damokidebuli hidroagregatis vibraciul 

mdgomareobaze. 

     hidrogeneratoris vibraciuli mdgomareobis Seswavla gulisxmobs 

hidroagregatis vibraciis mizezebis gamovlenas da aucileblobis SemTxve-

vaSi, vibraciis aRmofxvras  balansirebis gziT. 

     hidrogeneratoris vibraciis gamomwvevi ZiriTadi mizezebia: 

1. hidrogeneratoris mbrunavi nawilebis meqanikuri 

gauwonasworeblobiT gamowveuli daubalansebloba; 

2. hidroturbinaSi mimdinareprocesebiT (turbinis mimmarTveli 

aparatis araTanabari gaReba, ucxo sxeulis moxvedra turbinis spiraluri 

kameris niJaraSi, turbinis muSa Tvlis asimetriuli ganlageba turbinis 

kameraSi da sxv.) gamowveuli hidrodinamikuri daubalansebloba; 

3. generatoris statoris mimarT rotorisasimetriuli 

mdebareobiT, rotoris araswori magnituri da meqanikuri formiT; gene-

ratoris statoris elifsuri formiT; generatoris rotoris konstruqciis 

an sxvadasxva kvanZisda nawilis e.w. sunTqva_gadaadgilebiT; generatoris 

rotoris polusis gragnilebSi gaCenili mokled SerTuli xviebis gavle-

niTgamowveulieleqtromagnituri daubalansebloba. 
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hidrogeneratoris vibraciuli mdgomareobis gamosavlenad da Sesaswav-

lad msoflioSi arsebobs sxvadasxva tipis gadasatani dastacionarulivib-

rosazomi kompleqsebi da xelsawyoebi. ეssazomi kompleqsebi da xelsawyoe-

bi ZiriTadad gamoiyeneba vibraciis amplitudis, vibraciis sixSiruli speq-

tris, vibraciis fazis, vibraciis siCqarisa da aCqarebis, RerZis cemis fiq-

sirebisaTvis, vibraciis speqtruli analizisaTvis, magram maT ar SeswevT 

unari gamoavlinon da daaregistriron hidrogeneratoris eleqtromagnitu-

ri ubalanseblobis ZiriTadi gamomwvevi mizezi, kerZod, generatoris ro-

toris formis fiqsireba da rotoris polusis gragnilis koWaSi gardama-

vali, aradamyarebuli, mokled SerTuli xviebis aRmoCena. 

aseTi mokled SerTuli xviebisgamovlena Zalian rTulia, radgan gaCe-

rebul hidrogeneratorSi es xviaTaSorisi izolaciaSeiZleba aRdges da 

veraviTari laboratoriuli gamokvleviT ver moxerxdes misi aRmoCena; xo-

lo agregatis brunviT, centridanuli Zalebis amoqmedebiTxdeba rotoris 

polusis gragnilis xviaTSorisi mokled SerTvis gamovlena. 

rotoris polusis xviaTSorisi mokled SerTva gamoiwvevs hidrogenera-

toris magnituri velis asimetrias, xolo hidrogeneratoris rotoris mag-

nituri velis asimetria, Tavis mxriv iwvevs damatebiTi datvirTvebis gaCe-

nas hidrogeneratoris mimmarTvel sakisrebze da, Sesabamisad, hidroagrega-

tis zeda da qveda jvaredebze _ vibraciis gazrdas. 

dReisaTvis saqarTveloSi arsebobs meTodika, romelic saSualebas iZ-

leva aRmovaCinoT rotoris polusis gragnilis koWebSi mokled SerTuli 

xviebi da davafiqsiroT rotoris forma [1, _ 4]. 

    am meTodis muSaobis principi dafuZnebulia generatoris rotorsa da 

stators Soris sahaero RreCoSi gatarebul xviaSi rotoris brunviT eleq-

tromamoZravebeli Zalis aRZvris procesze. xviaSi aRZruli eleqtromamoZ-

ravebeli Zalisa da generatoris rotoris N1 polusis gaswvriv damagrebu-

li RerZis brunvis aRmniSvnelis dafiqsireba xdeba sxivuri galvanometriT 

Suqsxivuri oscilografis specialur SuqmgrZnobiare fotoqaRaldze. 

warmodgenili meTodikis naklia: 

1. hidrogeneratoris statorze e.w. sazomi xviis dayeneba- 

damagrebis sirTule; 

2. hidrogeneratoris rotoris polusSi mokled SerTuli 

xviis(1 – 2 cali) aRmoCena rTulia da praqtikulad, TiTqmis SeuZlebeli; 

3. hidrogeneratoris rotoris polusis gamWeqi solebis moSvebis 

SemTxvevaSi SeuZlebelia polusis sivrculi sunTqva-gadaadgilebis aRmo-

Cena. 

Cven mier damuSavebuli, damzadebuli da gamoyenebulia e.w. rotoris 

formis eleqtromagnituri gadamwodi. igiwarmoadgens aramagnituri masali-

sagan damzadebuli Reros wverze damagrebul integrirebad sensors iseTi 

gaTvliT da gabaritebiT, rom SesaZlebeli iyos statoris zurgis mxridan-

misi Tavisuflad Seyvana da Camagreba hidrogeneratoris statoris aqtiuri 

rkinis saventilacio arxSi. gadamwodis Reros wverze damagrebuli senso-

ri mcire zomisaa da Tavsdeba rotorsa da stators Soris sahaero RreCo-

Si araumetes 3mm siRrmeze. 

aRwerili rotoris formis eleqtromagnituri sensoris, sxvadasxva 
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energoobieqtebze gamoyenebiT, hidrogeneratorebis vibraciuli mdgomareo-

bis kvlevisa da vibraciis mizezebis gamovlenis procesSi miRebuli da da-

fiqsirebulia Semdegi Sedegebi: kerZod,1-l nax-ze moyvanilia elifsuri 

formis rotori, anu rotoris formis cvlileba, rogorc rotoris manebis 

da rotoris fersos solebis moSvebiT gamowveuli Sedegi. 

nax. 1. deformirebuli elifsuri formis rotori. 
1 _ rotoris erTi bruni. 2 _ elifsuri formis rotori. 

me-2 nax-zewarmodgenilia diagrama rotoris N2 polusSi mokled SerTuli xviebis 
fiqsirebiT. 

nax.2. rotoris forma mokled SerTuli polusis fiqsirebiT. 

1 _rotoris erTi bruni, 2_mokled SerTvaN2 polusSi. 3_rotoris forma. 

 

me-3 nax-zewarmodgenilia diagrama, romelzedac dafiqsirebulia gene-

ratoris rotoris sivrculi SeSfoTeba-Sextomebi, gamowveuli generato-

ris mimmarTveli sakisrebismwyobridan gamosvlis gamo.  

Tu aseTi tipis rotoris formis eleqtromagnitur gadamwodebs ganva-

lagebT erT vertikalur sibrtyeSi, generatoris statoris aqtiuri rkinis 

zeda da qveda paketebis saventilacio arxebSi gamovavlenT rotoris po-

lusebis mdebareobis cvlileba-gadaadgilebas sivrceSi.  
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nax.3. generatoris rotoris SeSfoTeba. 

1_rotoris erTi bruni, 2_ rotoris SeSfoTeba. 

 

აmrigad,praqtikuli da mniSvnelovani iqneba ganxorcieldes mZlavri 

hidrogeneratorebis muSaobis uwyvet reJimSi generatoris rotoris formi-

sa da generatoris polusis gragnilebSi mokled SerTuli xviebis aRmoCe-

nis kompiuteruli monitoringi. aRniSnul sakiTxebze amJamad mimdinareobs 

muSaoba. 
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INVESTIGATION AND DETECTION OF POWERFUL HYDRO GENERATORS ROTOR SHAPE 

AND ELECTROMAGNETIC STATE BY NEW INTEGRATING SENSORS 
L. Gugulashvili, Z. Azmayparashvili, I. Metskhvarishvili 

Georgian Technical University 
Summary 

  In this paper are discussions the problemsconnection with enhanced trustworthiness and operating life of 
powerful hydro generators and was find that it depends on their vibration state. Now in use equipments for 
investigation vibration condition of generators is not able distinguish rotor shapes and definition search the 
shortly closed coils. We present the new electromagnetic sensor for detection of a form of a rotor, which can 
be easily included in a network of computer monitoring of the generator. 
 
 
 

 

eleqtruli qselis gantolebebis  
gaiSviaTebuli matricebi 

 
baZgaraZe  a.g.  

akaki wereTlis saxelmwifo universiteti  

 
mecnierebasa da teqnikis sxvadasxva dargSi   xSirad gviwevs  iseTi amocane-

bis amoxsna,  romlebic aRiwereba  wrfiv gantolebaTa sistemiT. aseTi sistemebis 
amoxsna, roca maTi raodenoba didia,  garkveul sirTuleebTan aris dakavSirebu-
li. amitom saWiroa ise SevadginoT gantolebebi, rom  misi koeficientebisgan  
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Sedgenili matrica  Seicavdes rac SeZleba  met  nulebs.es ganapirobebs amoxsnis 
efeqturobas.  statiaSi gansazRvrulia sidid,  romelic gansazRvravs  qselebis 
gantolebebis matricSi nulebis  raodenobas sistemis Sedgenis gareSe. mocemulia  
gaiSviaTebis   koeficientis gamosaTvleli formulebi kvanzuri koeficientebis 
matricisaTvis da konturuli koeficientebis matricisaTvis. 
 

wrfivi  eleqtruli  qselebis gaangariSeba moiTxovs, pirvel rigSi, gan-

tolebaTa sitemis Sedgenas, xolo, meore mxriv, am sistemis koeficientebis 

matricaze garkveuli garkveuli operaciebis Catarebas. arsebobs eleqtru-

li qselebis gantolebebis Sedgenis ramdenime xerxi. maTgan erTi emyareba 

kvenZebis potencialebsa da Stoebs Soris kavSiris damyarebas, xolo meore 

_ StoebSi nakadebsa da konturebSi nakadebs Soris kavSirs. am dros miRe-

buli gantolebebi gansxvavdeba erTmaneTisgan da cxadia, gansxvavdebian nu-

lovani elementebis raodenobiTac. aqedan gamomdinare, amoxsnis meTodis 

SerCeva da Sesabamisi matricis sustadSevsebadoba damokidebulia  ganto-

lebebis Sedgenis meTodebze. 

am statiaSi saubari iqneba im maxasiaTeblebze, romlebic gansazRvravs 

matricis gaiSviaTebis xarisxs.   

fizikuri amocanebis umravlesoba xasiaTdeba imiT, rom masSi Semavali 

yvela cvladi ar arian erTmaneTTan uSualo damokidebuli erTmaneTze. ma-

galiTad, eleqtrul qselSi TiToeul kvanZTan SeiZleba midiodes erTi an 

ramdenime Sto. aqedan gamomdinare, koeficientebis matrica Seicavs didi 

raodenobis nulebs. aseT matricas ewodeba gaiSviaTebuli, anu sustadSev-

sebuli . gaiSviaTebis (sustadSevsebis) koeficienti ewodeba matricaSi nu-

lovani elementebis raodenobis Sefardebas elementTa aerTo raodenobas-

Tan da aRiniSneba  K asoTi.  

ganvixiloT sakvanZo koeficientebis  matrica. damoukidebeli kvanZebis 

raodenoba aRvniSnoT _iT, xolo  Stoebis raodenoba, romlebic damouki-

debel kvanZebs aerTeben  aris  . maSin aranulovani elementebis raode-

noba  iqneba  . matricaSi elementebis saerTo raodenobaa . aqe-

dan gamomdinare, gaisviaTebis koeficienti aris  

 .  

magaliTad, ganvixiloT qseli,  romelSic aris 1000 kvanZi da 1500  Sto. 

gaiSviaTebis koeficienti iqneba 

 . 

qselebis umravlesobaSi  Stoebis raodenoba  proporciulia kvanZebis 

raodenobisa. magaliTad, eleqtrul qselebSi Stoebis raodenobis Sefar-

deba kvanZebis raodenobasTan daaxloebiT 1,5 _is tolia. aqedan gamomdina-

re, aranulovani elementebis raodenoba izrdeba wrfivad. Tu  ,  

sadac   proporciulobis koeficientia,  maSin  

. 

cxadia, kvanZebis zrdasTan erTad gaiSviaTebis koeficienti miiswrafis  
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erTisaken.  sakvanZo koeficientebis matricis  mniSvnelovani Tvisebaa, rom   

nebismieri qselisTvis gaiSviaTebis koeficienti damokidebulia mxolod 

qselis grafze. anu, kvanZebisa da Stoebis raodenobaze.  

ganvsazRvroT gaiSviaTebis koeficienti roca gantolebebi Cawerilia 

konturuli dinebebis saSualebiT. e.i. gvaqvs konturuli koeficientebis 

matrica. aseT matricaSi aranulovani koeficientebis raodenoba tolia 

  

sadac - Stoebis raodenobaa,   - damoukidebeli Stoebis ricxvi, e.i. 

kvanZebis raodenoba sabazo kvanzebis gareSe, xolo  im Stoebis raodeno-

ba, romlebic Sedian or konturSi. matricis elementebis raodenoba  to-

lia  . aqedan gamomdinare, konturuli koeficientebis matricis-

Tvis gaiSviaTebis koeficienti udris    

 . 

gaiSviaTebis koeficienti damokidebulia konturis arCevaze. ganvixiloT 

qseli (nax.1), sadac konturis arcevis ori sxvadasxva xerxia mocemuli. da-

vuSvaT, rom sabazo kvanZi aris erTi. maSin  pirvel SemTxvevaSi (nax.1a) 

 aranulovani elementebis saerTo ricxvi aris 63, 

Sesabamisad,  xolo meore SemTxvevaSi    

Sesabamisad,    

 

   

 

 

 

 

 

 

moyvanili magaliTebi aCvenebs, rom gaiSviaTeba  arsebiTadaa damokidebu-

li konturebis arCevis wesze. didi qselebis kvlevis dros mniSvnelovania  

aranulovani elementebis raodenoba daviyvanoT  minimumamde. magram, garda 

martivi sqemebisa, Znelia iseTi meTodebis SemuSaveba, romlebic saSuale-

bas mogvcems davadginoT im konturebis Semadgenloba, romelic migviyvans 

meti raodenobis nulovan elementebTan. Tu nax.1_ze naCvenebi qselisaTvis 

gamoviyenebT sakvanZo gantolebebs, maSin aranulovani elementebis raode-

noba iqneba  59,  xolo  gaiSviaTebis   koeficientia  0,693.  Tu konturebs 

dakvirvebiT avarCevT, maSin  aranulovani koeficientebis raodenoba kontu-

ruli koeficientebis  matricaSi iqneba ufro mcire. xolo Tu arCevani 

arasworad iqneba gakeTebuli, maSin es sidideebi ufro meti SeiZleba aR-

moCndnen.   garda amisa, marTalia kvanZuri gantolebebis raodenoba metia, 

vidre konturulis, gaiSviaTebis  koeficienti naklebia. es koeficienti 

gansazRvravs gantolebaTa sistemis efeqturobas.  

 

ნახ.1

ა) ბ გ) 
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THE FILLINGWEAK  MATRIX OF ELECTRICAL CHAINS 
Badzgaradze A. G. 

Akaki Tsereteli state University 
Summary 

In many areas of science and equipment often it is necessary will solve the problems mathematically 
described in the form of systems of the linear equations with poorly filled matrix. The decision of these 
systems is connected with defined difficulties. therefore will conveniently make system of the equations so 
that the corresponding matrixes contained as much as possible zero. in this article is stated the method of de-
finition of degree poorly  to fullness the matrixes of   electric equations. 

 

  

 

 

eleqtroenergiis usadenod gadacema da misi 
marealizebeli mowyobilobebi 

 
azmaifaraSvili z., foladaSvili m., mesxiZe n. 

saqarTvelos teqnikuri unuversiteti 
 

naSromi miekuTvneba energetikis sferos da moicavs eleqtroenergiis usade-
nod gadacemis sakiTxebs. ganxilulia arsebuli mowyobilobebis mokle analizi 
da SemoTavazebulia avtorebis mier axlad Seqmnili eleqtroenergiis usadenod 
gadacemis sistemis marealizebeli mowyobiloba, dasabuTebulia SemoTavazebuli 
mowyobilobis upiratesobani arsebul sistemebTan SedarebiT.. eleqtroenergiis ga-
dacemis axali principi SeiZleba gamoyenebul iqnas sxvadasxva saxis eleqtronuli 
mowyobilobebis usadenod kvebisaTvis, moZravi obieqtebisaTvis eleqtroenergiis 
usadenod miwodebisaTvis, akumulatorebis ukontaqto damuxtvisaTvis, naTurebis 
usadenod  ganaTebisaTvis da sxva.am mimarTulebiT ganxorcielebuli proeqtebi 
Seitanen siaxles Tanamedrove energetikaSi, rac didi ekonomikuri efeqtis momtani 
iqneba.  

 
1. problemis aqtualuroba 

cnobilia eleqtroenergiis gadacemis xerxi erTi gamtaris gamoyenebiT, 

romlis avtoria n.tesla(1900w). am xerxis mixedviT[1] eleqtrosadguridan 

gamomuSavebuli energia miewodeba naperwklur ganmmuxtvels, romelic mim-

devrobiT aris CarTuli teslas transformatoris pirvelad gragnilTan. 

transformatoris meoradi gragnilis erT-erTi bolo damiwebulia – mier-

TebuliadedamiwasTan, xolo meore bolo mierTebulia datvirTvasTan. dat-

virTva Sesrulebulia sferuli an toroidaluri formiskondensatoris sa-

xiT, romelic moTavsebulia izolirebul sadgamze.  naperwkvlovan gan-

mmuxtvelze maRali Zabvis miwodebis Sedegad, teslas transformatoris me-

orad gragnilSi gamomuSavdeba maRali amplitudis mqone sinusoidaluri 

rxevebi, romelic iwvevskondensatorze Zabvis warmoSobas. aRwerili xerxi-

sa da mowyobilobis nakls warmoadgens naperwklovani ganmmuxtavis arse-

boba, romelic TamaSobs maRalsixSiruli generatoris rols, rac ganapi-

robebs erTi fiqsirebulisixSiris gamomuSavebas damisi sidide ar aris da-

mokidebuli datvirTvaze, anu rsebul mowyobilobaSi, sixSiris cvlilebis 
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meqanizmi ar aris gaTvaliswinebuli, rac zRudavs mis funqcionalur Se-

saZleblobebs da Sesabamisad izRudeba misi gamoyenebis sfero. 

cnobilia masaCuseTsis teqnologiur institutSi Seqmnili mowyobilo-

ba [2](a.S.S. patenti WO 2007/008646 A2 romelic Seicavs or spilenZis koWas 

(antenas), romelTagan erTi SeerTebulia kvebis wyarosTan, xolo meore da-

yenebulia eleqtroenergiis gadasacem mowyobilobaze. 

mowyobilobas safuZvlad udevs eleqtromagnituri induqciis rezonan-

suli principi. imisaTvis, rom erTma koWam SeZlos eleqtroenergia gadas-

ces meores da Sesabamisad xelsawyos, aucilebelia, rom isini momarTuli 

iyvnen erT rezonansul sixSireze, anu kvebis wyarosTan mierTebuli koWa, 

mis irgvliv hqmnis eleqtromagnitur vels, romlis zonaSic xvdeba igive 

sixSireze momarTuli meore koWa. amis Sedegad isini iReben SesaZleblobas 

cvalon energia garkveul manZilze.  

arsebuli mowyobilobis naklia is rom misi saSualebiT ver xdeba 

energiis gadacema did manZilze da amave dros eleqrtomagnituri veliT 

gadacemuli energiis mikirotalRovani sixSiruli diapazoni mavnebelia 

adamianis organizmisaTvis. 

SemoTavazebuli naSromis[3] mizania gaumjobesebuli parametrebis mqone 

mowyobilobis Seqmna, romelic mogvcems eleqtroenergiis usadenod gada-

cemis saSualebas im adgilebSi sadac sadenebiT eleqtroenergiis gadacema 

SezRudulia an saerTod SeuZlebelia. Mam xelsawyos muSaobis Seqmnis 

principi SeiZleba iqnas gamoyenebuli sxvadasxva saxis eleqtronuli mo-

wyobilobebis usadenod kvebisaTvis, moZravi obieqtebisaTvis eleqtroener-

giis usadenod miwodebisaTvis, akumulatorebis ukontaqto damuxtvisaTvis, 

naTurebis usadenod ganaTebisaTvis da sxva. 

2.  kvlevis obieqti da amocanebi 

kvlevis obieqtia energiis eleqtromagnituri veliT gadacemis gacile-

biT dabali fiqsirebuli sixSire, energiis gadacemis manZilis gazrda da 

danakargebis Semcireba.  

SemoTavazebuli mowyobilobis (razedac  gacemulia saqarTvelos pa-

tenti gamogonebaze) moqmedebis principi emyareba eleqtromagnituri rezo-

nansis movlenas sadac, rezonansis damyarebis procesis marTva xdeba mik-

roprocesoruli mmarTveli blokis saSualebiT, rac ganapirobebs veeber-

Tela energiis miRebis kontrolirebad process. rezonatorSi mimdinare 

fizikuri procesebis WeSmariteba dayrdnobilia mravali kvlevis da eqspe-

rimentis safuZvelze.  mikroprocesoruli mmarTveli blokis saSualebiT 

xorcieldeba  generirebuli energiis zusti marTva. maRali sizustiT 

imarTeba sixSire, simZlavre, statikuri veli da manZili, romelzec unda 

gadaeces eleqtroenergia. SemoTavazebul mowyobilobis rxeviT sistemaSi 

SesaZlebelia seqciebis raodenobis, Sesabamisad impulsTa ricxvi ufro 

moimatebs, ris safuZelzec eleqtromagnituri rezonansuli energia gaiz-

rdeba, rac xels Seuwyobs ufro did manZilze eleqtroenergiis gadacemas. 

eleqtroenergiis gadacemis dros Cven SegviZlia mikroprocesoris saSua-

lebiT vareguliroT CvenTvis misaRebi sixSire.  sixSiris marTva iZleva 

mowyobilobis SesaZleblobebis gafarToebas.  

SemoTavazebul mowyobilobaSi energiis gadacemis distanciis gafar-
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Toeba ganpirobebulia gamosxivebuli eleqtromagnituri velis energiis si-

didis pirdapirproporciuli damokidebulebiT rxeviTi sistemis seqciebis 

raodenobaze, rac teqnikurad SesaZlebelia da misi realizacia ar warmo-

adgens konstruqciul siZneles. xolo eleqtromagnituri velis gadamtani 

dabalsixSiruli signalis miRebas ganapirobebs mikroprocesorul mmar-

Tvel blokSi Cawerili  marTvis specipikuri algoriTmi da mis gamosas-

vlelebze gamomuSavebuli signalebis mier gasaRebebis mkafio marTva. 
3. muSaobis principis aRwera 
mowyobilobis struqturuli sqema mocemulia nax.1-ze.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

nax. 1 

 

misi muSaobis pribcipi mdgomareos SemdegSi: eleqtroenergia cvladi 

denis wyarodan 1, miewodeba gammarTvels 2, romelic cvlad dens gardaq-

mnis mudmiv denad  da dadebiTi (pulsirebuli) Zabva miewodeba stabiluri 

kvebis wyaros 3. stabiluri kvebis wyaro arastabilur (pulsirebul) Zabvas 

gardaqmnis stabilur mudmiv ZabvaSi da misi pirveli gamosasvlelidan  

Zabva miewodeba mikroprocesorul mmarTvel bloks 4. garda amisa stabi-

luri Zabvis wyaros meore gamosasvlelze gamomuSavebuli garkveuli sidi-

dis stabiluri mkvebavi Zabva miewodeba K1,K2,..,Kn gasaRebebs, rac aucilebe-

lia gasaRebebis normaluri funqcionirebisaTvis. mikroprocesorul mmar-

Tvel blokSi 4 Cawerilia rezonansuli procesis adaptiuri marTvis al-

goriTmi, romlis mixedviTac mikroprocesoruli mmarTveli blokis  N rao-
denobis  gamosasvlelebze  garkveuli kodis saxiT. gamomuSavdeba  cifru-

li signali gamosasvlelze formirebuli maRali donis cifrul signali - 

logikuri ”1” aRebs Sesabamis gasaRebs, xolo dabali donis signals (lo-

gikuri  ”0”)  Sesabamisi gasaRebi gadahyavs Caketil mdgomareobaSi. es sig-

nalebi miewodeba Sesabamisad K1,K2,..,Kn gasaRebebis mmarTvel Sesasvlelebs 

da anxorcieleben maT Caketva-gaRebas.  am gasaRebebis informaciul Sesas-

vlelebs kvebis blokidan miewodeba mkvebavi Zabva, rac ganapirobebs gasa-
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Rebebis A1,A2,..,An  gamosasvlelze mierTebuli П-s magvar formis metalis 

amRgzneb elementebze potencialis impulsur miwodebas.  impulsebis miwo-

deba iwvevs  aRniSnuli elementebis A1,A2,..,An  Tanmimdevrul aRgznebas, 

romlebic Tavis mxriv moqmedeben Sesabamis muxtis gadamtan S1,S2,..,Sn fir-

fitebze, razedac xdeba miwodebuli impulsebis П-s magvari formis liTo-

nis amRznebi elementebis qveda da zeda mxridan ganmuxtva, eleqtruli ve-

lis energia nawildeba  S1,S2,..,Sn firfitebis qveda da zeda zedapirebze da 

miewodeba firfitis centrSi ganTavsebul D2,D3,..,Dn diodebs. aRniSnuli 

firfitebis centrSi Cadgmuli diodebis saSualebiT xdeba muxtis gadata-

na anodidan kaTodisaken, ris Sedegadac xdeba qveda da zeda firfitebis 

potencialebis Sejameba  da miewodema mis zemoT ganlagebul firfitebis 

seqciebs. amgvarad, xdeba qveda  seqciidan zeda seqciebisaken  potencialTa 

ajamva, rac iwvevs bolo zeda seqciaSi muxtis dagrovebas da dagrovili 

energia miewodeba rezonators 1.        

amgvarad, xdeba sinusoidaluri signalis parametrebis, kerZod am-

plitudis Tanmimdevruli formireba da rezonatorSi aRiZvreba cvladi 

magnituri veli. es procesi xorcieldeba mikroprocesoruli mmarTveli 

blokis mier gamomuSavebuli signalebis sinqronulad, anu gamomuSavebuli 

cifruli signalis yovel fazaSi xdeba rezonansuli signalis amplitudis  

swrafi gazrda arawrfivi kanoniT. gasaRebebis saimedo muSaobis reJimis 

miRwevis TvalsazrisiT,  yoveli fazis dasrulebisas (cifruli signalis 

frontebis formirebisas)  gamomuSavdeba t1 xangrZlivobis mqone droiTi in-

tervali (gasaRebebis gaReba-Caketvis sasruli drois arsebobis gamo), rom-

lis ganmavlobaSi xdeba K1,K2,..,Kn gasaRebebis mdgomareobis cvlileba.  am 
intervalis dasrulebisas gasaRebebis komutaciis procesi gadadis erTifa-

zidan meore fazaSi,  grovdeba fazebis n raodenoba, rasac Tan sdevs re-

zonatorSi arsebuli magnituri energiis Tanmimdevruli zvaviseburi zrda 

da xdeba am energiis gamosxiveba U1 antenis saSualebiT. amasTan,             P1 
kvarcis kilitis saSualebi TrezonatorSi dagrovili energia ramdenadme 

Zlierdeba da gamosasxivebuli energia kidevufro izrdeba. gamomuSavebuli 

magniturivelis energia rodesac miaRwevs kritikul mniSvnelobas, anu dag-

rovdeba fazebis m raodenoba, mikroprocesoruli mmarTveli mowyobiloba 

gamoimuSavebs t2 xangrZlivobis Sesabamis dayovnebas da xdeba yvela 

K1,K2,..,Kn gasaRebebis Caketva. rasac Tan sdevs rezonansis formorebis pro-

cesis Sewyveta, xdeba sinusoidaluri rxevebisa mplitudis mkveTri Semci-

reba da rezonansuli signalis gamomuSavebis procesi ubrundeba Tavdapir-

vel mdgomareobas. am momentidan marTvis cikli meordeba da Tavidan iwye-

ba rezonansis procesis Camoyalibeba.   

4. kvlevis Sedegebi da maTi mniSvneloba kvlevis samecniero mimar-

TulebebisaTvis 

eleqtroenergiis usadenod gadacemis mowyobiloba, romelic Seicavs cvla-

di denis wyaros da gadamcem rezonators, arsebuli mowyobilobebisagan 

gansxvavdeba imiT, rom damatebiT Seicavs gammarTvels, dakavSirebuls sta-

bilur kvebis wyarosTan romlis erTi gamosasvleli mierTebulia mikrop-

rocesorul mmarTvel blokTan, romelic raodenobis cifruli gamosas-
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vlelebiT mierTebulia Sesabamisad K1,K2,..,Kn gasaRebebis mmarTvel Sesas-

vlelebTan, xolo stabilur kvebis wyaros meore gamosasvleli mierTebu-

lia TviToeuli gasaRebis Sesabamis informaciul SesasvlelebTan, 

K1,K2,..,Kn,,gasaRebebis TviToeuli gamosasvleli Sesabamisad mierTebulia 

liTonis calkeul П-magvari formis amRgzneb A1,A2,..,An elementebTan,  Tvi-

Toeuli amRgznebi elementis RreCoSi eleqtruli kontaqtis gareSe ganTav-

sebuli S  farTis mqone   liTonis brtyeli firfita Sj, romelsac gaaCnia 

magaliTad diskoseburi forma (an swori mravalkuTxedis forma) da igive 

masalisaganaa damzadebuli romlisganac  П-magvari formis Aj amRgznebi, Sj 

firfita daamRgznebi elementi Aj  qmnis Cj seqcias, romlebic  erTmaneTis 

paralelurad da TanaRerZulad ganlagebulni arian vertikalurad qvevi-

danzeviT, romelTa centrebi eleqtrulad dakavSirebulia  Dj diodebis sa-
SualebiT, amasTan yvelaze qveda seqciis  Sn firfitis qveda zedapiri da-

miwebulia, xolo yvelaze zeviT ganlagebuli seqciis Sesabamisi S1 firfi-

tis zeda zedapirTan mierTebulia kvarcis P1 kilitaSi moTavsebuli L1 re-

zonatoris erT-erTi bolo, xolo meore bolo mierTebulia antenasTan U1.  
rogorc cnobilia, „hilips”-is standartis mixedviT maRali sixSire rome-

lic aRemateba 400 khc. mavnebelia cocxali organizmebisaTvis. SemoTavaze-

bul mowyobilobis mier gamomuSavebuli  sixSiris mniSvneloba ar aRemate-

ba 250 khc.,rac uvnebelia cocxali organizmebisaTvis xolo energiis gada-

cemis distancia Seadgens 3-4 metrs. am SemTxvevisaTvis energiis gadacemis 

margi qmedebis koeficienti Seadgens  60%-67%, xolo  wyarodan moxmarebu-

li simZlavre - 200 vt. amgvari Tvisebebi mowyobilobas aZlevs upirateso-

bas  arsebul teqnologiebTan SedarebiT, rac SeiZleba CaiTvalos siax-

led da mowinave adgili daikavos msoflio teqnologiebSi. 

SemoTavazebul principze agebuli mowyobilobebi-sistemebis daner-

gva SesaZlebelia sayofacxovrebo daniSnulebis xelsawyo-mowyobilobebSi 

rogorebicaa: marTvis distanciuri pultebi avtonomiuri kvebis wyaros ga-

reSe (eleqtro batariebisa da akumulatorebis Secvla usadenod gadacema-

miRebis sistemiT), usadeno „mausis“ Seqmna kompiuterebisaTvis, mobiluri 

telefonebis usadenod damuxtva gansazRvrul distanciaze. garda amisa 

eleqtromobilebis usadenod damuxtvis globaluri sistemis Seqmna moZra-

vi eleqtromobilebis energiis SevsebisaTvis, mfrinavi obieqtebisa  da ro-

botebisaTvis eleqtroenergiis miwodeba da sxva.  

CamoTvlili Tematika ganapirobebs axali inovaciuri proeqtebis Seq-

mnas  mTeli qveynis masStabiT (da mis farglebs gareTac). yovelive es aris 

siaxle da am mimarTulebiT ganxorcielebuli proeqtebi didi ekonomiuri  

efeqtis momtani iqneba rogorc energetikis sferoSi, aseve sxva dargebSi. 
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Summaty 
Paper is intended for the field of power engineering and includes the issues of wireless electric-power 

transmission. It reviews brief analysis of existing devices and authors offer realizing equipment fornewly-cre-
ated wireless electric-power transmission. It grounds peculiarities of offered devices in comparison with exis-
ting systems. New principles of power transmission may be used in wireless feeding of different kind of po-
wer devices, for wireless power supply to movable objects, for noncontact charge of accumulators, lightning 
of bulbs without wires and etc. Projects carried out in this section will make a novelty in modern power engi-
neering, which will bringa great economic efficiency.  
 
 
 
orTqlairuli danadgarebis mokle daxasiaTeba da maTi 

efeqturobis ZiriTadi maCveneblebi 
 

mWedliZe q.,  fancxava e. 
saqarTvelos teqnikuri universiteti 

                                 
binaruli tipis qvab-utilizatoriani Tbofikaciuri orTq-lairuli danad-

garebi gamoirCeva eleqtroenergiis maqsimaluri gamomuSavebiT Tburi moxmarebis 
bazaze da yvelaze perspeqtiu-lia TecebisaTvis. dadgenilia, rom qvab-utilizato-
riani orTqlairuli Tecis energoefeqturoba ZiriTadad damokide-ulia gamoyene-
buli atd-is mq koeficientze da Tbofikaciuri orTqlis turbinis energoefeqtu-
robis maCveneblebze. aotd-TecSi, eleqtroenergiis kuTri gamomuSaveba Tburi mox-
marebis bazaze yvelaze maRalia da 2,0...2,3 –s aRwevs. Sesabamisad yvelaze metia 
saTbobis fardobiTi ekonomia energosistemaSi (35...47%). es maCvenebeli arsebiTad 
aris damokidebuli Casanacvlebeli raionuli saqvabis da kondensaciuri eleqtro-
sadguris mq koeficientze. 
 

Tboenergetikuli danadgarebis racionaluri ganviTarebis mTavar 

mimarTulebas warmoadgens kombinirebuli ciklebis damuSaveba da gamoyene-

ba. aseTi ciklebis Seqmnis mizania danadgarebis Tburi ekonomiurobis gaz-

rda da saWiro kapitaldabandebebis Semcireba.  

rogorc kondensaciuri, ise Tbofikaciuri eleqtrosadgurebis Ter-

modinamikuri srulyofis Semdgomi mniSvnelovani mimarTulebaa  orTqlai-

rul ciklze gadasvla. 

bolo dros didi yuradReba eqceva oatd-s sqemas qvab-utilizatoriT 

(oatd- qut-Ti), sadac orTqlis generaciisaTvis gamoiyeneba mxolod warma-

vali airebis siTbos utilizacia. kondensaciur danadgarTan SedarebiT 

oatd-qut-Ti SeiZleba iyos ufro maRalefeqturi, vidre sxva tipis oatd, 

amasTan ekonomiurobis amaRleba miiRweva bazisuri reJimis dros, xolo sa-

manevro reJimebis dros saWiro iqneba blokSi 3-4 atd-s CarTva, romelic 

gamoirTveba datvirTvis Semcirebisas, rom ar moxdes mq koeficientis da-

uSvebeli Semcireba. Tbofikaciuri oatd-saTvis qut-iT Tanabarekonomiuro-

ba sxvadasxva oatd-Si miiRweva atd-s win airis SedarebiT dabali tempera-

turisas (daaxloebiT 1000 C0
), rac imis Sedegia, rom izrdeba eleqtroener-

giis kuTri gamomuSaveba Tbur moxmarebaze. garda amisa, aseTi danadgarebi 

ukeTesia yvela tipis oatd-sTan SedarebiT, rac gamoixateba imaSi, rom mq 

koeficienti naklebadaa damokidebuli simZlavris Semcirebaze, radgan saT-

bobis energiis 50-60% nominalur reJimSi gamoiyeneba Tburi datvirTvebis 

dasafaravad. 
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principSi Tbofikaciuri oatd-Tvis qut-iT SeiZleba SevimuSaoT sxva-

dasxva sqemebi, magram Sesrulebulma analizma daadastura [1], rom yvelaze 

mizanSewonilia iseTi oatd-s Seqmna orTqlis orsafexuriani wneviT, roca 

Tbofikaciis pirobiTi koeficienti t.r =1 (mTeli Tburi datvirTva ifare-

ba qut-dan da turbinis arTmevidan) Tbofikaciur TecSi sakvebi wylis da-

matebiTi SeTboba ganxorcieleba xdeba turbodanadgaris Semdeg pikur qse-

lis SemTbobebSi dabali wnevis orTqliT. aseTi Tecis sqema mocemulia  

nax. 1-ze. 

 
nax. 1.Qqvab-utilizatoriani Tbofikaciuri oatd-is principuli sqema 

1-kompresori; 2-wvis kamera; 3-airis turbina; 4-eleqtrogeneratori; 5-qvab-utiliza-
tori (orwneviani); 6-orTqlis turbina; 7-8-qselis SemTbobebi; 9- kondensatori;  __ 
haeri;   

 __ saTbobi;    wvis produqtebi;      orTqli;     wyali; 
 

aRniSnuli midgomis ZiriTad Taviseburebas oatd-s mowyobilobis ar-

Cevisas warmoadgens is, rom am dros gveZleva saSualeba atd-is simZlavris 

Semcirebisas, roca garemos temperatura izrdeba, misi kompensacia movaxdi-

noT orTqlis turbinis simZlavris zrdiT.  

orTqlairul ciklze gadasvla orTqlZalovanTan Sedare- 

biT uzrunvelyofs ekonomiurobis mkveTr zrdas. is Tavis gamoxatulebas 

poulobs ori ZiriTadi maCveneblis erTobliv gavlenaSi, romelic axasia-

Tebs energomomaragebis kombinirebul sqemas, esenia: eleqtrulienergiis 

kuTri gamomuSaveba Tbur moxmarebaze da saTbobis kuTri xarji eleqtroe-

nergiis gamomuSavebaze.  

garda ciklis Termodinamikuri efeqturobis gazrdisa, orTqlairian  

danadgarze gadasvla uzrunvelyofs TecSi danadgaris kuTri kapitalda-

bandebis mniSvnelovan Semcirebas dadgmuli eleqtruli simZlavris erTe-

ulze. 

     binaruli tipis qvab-utilizatoriani Tbofikaciuri orTqlai-ruli 

danadgarebi gamoirCeva eleqtroenergiis maqsimaluri gamomuSavebiT Tburi 
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moxmarebis bazaze da yvela perspeqtiulia TecebisaTvis [2,3].  

nax. 2-ze moyvanilia aseTi tipis danagarebiT aRWurvili Tecis prin-

cipuli Tburi sqema [3], sadac gamoyenebulia umartivesi tipis airturbinu-

li danadgari (atd), KO tipis (T an П) erTregulirebad arTmeviani Tbofika-

ciuri orTqlis turbina, romelsac ara aqvs orTqlis regeneraciuli ar-

Tmevebi. 

 
 

nax. 2. qvab-utilizatoriani aotd-Tecis principuli Tburi sqema 
1-atd-s haeris kompresori; 2- wvis kamera; 3- airturbina; 4- eleqtroge-neratori; 5- 
qvab-utilizatori; 6- orTqlis turniba; 7- kondensatori; 8- orTqlwyliani qselis 
SemTbobi; 9- airwyliani qselis SemTbobi; 10- kondensatis tumbo; 11- qselis wylis 
tumbo; I- haeris Sewova kompresorSi; II- saTbobis miwodeba wvis kameraSi; III- or-
Tqli qvab-utilizato-ridan; IV- warmavali airebi atmosferoSi; V- dabrunebuli 
qselis wyali;   VI- pirdapiri qselis wyali; VII- sacirkulacio wyali; VIII- or-
Tqlis regulirebadi arTmeva; IX-kondensati; X- arTmeuli orTqlis drenaJi; XI- 
namuSevari orTqli. 
 

atd-is warmavali airebis siTbos utilizacia xdeba Tanmimdevrulad jer 

qvab-utilizatorSi 5 orTqlis turbinisaTvis 6 dabali an saSualo wnevis 

orTqlis misaRebad, Semdeg ki airwylian SemTbobSi 9. amis Sedegad warma-

vali airebis temperatura mcirdeba 450...5500C-dan (atd-is gamosasvlelze) 

100...1500C-mde (atmosferoSi gatyorcnisas). gaTboba-cxelwyalmomaragebis 

sistemaSi misawodebeli qselis wyali SeTbeba jer orTqlwylian SemTbob-

Si (boilerSi) 8 orTqlis turbinidan arTmeuli orTqliT, Semdeg ki air-

wylian SemTbobSi 9 atd-is warmavali airebiT. 

warmodgenili tipis orTqlairuli Tecis energoefeqturobis Ter-

modinamikuri analizis safuZvelze, gansazRvrulia [4] aseTi Tecis Tburi 

ekonomiurobis ZiriTadi maCveneblebi: 

a) 











 





  ;/1/1/11

otd

el

T

el

T
warematdgmatd

sr

aotd
 NNq           (1) 

   b) Tecis kerZo mq koeficienti `bruto” eleqtroenergiis gamomuSavebaze 
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   g) TecSi eleqtroenergiis kuTri gamomuSaveba Tburi moxmarebis bazaze 
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   d) piribiTi saTbobis kuTri xarji eleqtroenergiis gamomuSavebaze, 

kgp.s./(kvt.sT) 
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   e) TecSi eleqtroenergiis gamomuSavebaze daxarjuli saTbobis wili 

               






 





  otd

el
atd

sr
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N11  ;                (5) 

   v) energosistemaSi orTqlairuli Tecis funqcionirebiT ganpirobebuli 

saTbobis fardobiTi ekonomia – energowarmoebis gancalkevebul meTodTan 

SedarebiT (eleqtroenergia kondensaciur eleqtrosadgurSi, siTbo – raio-

nul saqvabeSi): 

         
   saq

sr
aotd

otd

elsaqkesatdek  /1/1/1/11  NB ;         (6) 

em
 - atd-is da otd-is eleqtromeqanikuri mq koeficientia   

( 97,0
em

 ); 
saqkesatd

 ,, Sesabamisad airturbinuli danadgaris, kondensaciu-

ri eleqrosadguris da raionuli saqvabis mq koeficientebi; 
otd

 - or-

Tqlturbinul danadgarSi eleqtroenergiis kuTri gamomuSaveba Tburi mox-

marebis bazaze   [5]; 
gm

 - atd-is warmavali airebis siTbos wili, romelic 

miewodeba airwylian SemTbobs; 
otd

elN -orTqlairul TecSi Semavali or-

Tqlturbinuli da airturbinuli danadgarebis eleqtrul simZlavreTa 

fardoba [4]; 
el

TN  orTqlis turbinaSi Tbofikaciuri nakadiT gamomuSavebu-

li fardobiTi eleqtruli simZlavre ; 
war

q atd-is warmavali airebiT siT-

bos kuTri danakargi – atd-is 1 kvt simZlavreze gaangariSebiT [6]. 

zemoT moyvanili formulebis da [68]-Si damuSavebuli meTodis gamo-

yenebiT agebulia grafikebi, romlebic asaxaven ganxiluli tipis orTqlai-

ruli Tecis energoefeqturobis ZiriTadi maCveneblebis damokidebulebas 

maxasiaTebel parametrebze. 

gm
 - koeficienti SeiZleba icvlebodes diapazonSi 0-dan  1-mde, ro-

ca 
gm

 =0, maSin atd-is warmavali airebis siTbo mTlianad gamoiyeneba qvab-

utilizatorSi orTqlis misaRebad. am SemTxvevaSi otd-is eleqtruli sim-

Zlavre maqsimaluria. Sesabamisad eleqtroenergiis kuTri gamomuSaveba 

otd
 Zalian maRali gamodis 

otd
 =2,0...2,3, saTbobis fardobiTi ekonomiac 
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maqsimaluria: ekB =0,47. rodesac, 
gm

 =1, maSin atd-is warmavali airebis siT-

bo gamoiyeneba mxolod qselis wylis SesaTbobad, airwylian SemTbobSi, 

orTqli qvab-utilizatorSi ar gamomuSavdeba, amitom orTqlis turbina 

sqemidan gamoiricxeba da aotd airturbinul Tecad gardaiqmdeba [6]. am 

SemTxvevaSi eleqtruli simZlavris generireba warmoebs mxolod airturbi-

nul danadgarSi, Sesabamisad parametric  gamodis minimaluri -   0,8, 

saTbobis fardobiTi ekonomiac ramdenadme Semcirebulia: ekB =0,41. 

amrigad, 
gm

 parametris gadidebisas izrdeba aotd-Tecis rogorc 

sruli, aseve kerZo (eleqroenergiis gamomuSavebaze) mq koeficienti, Tumca 

ukanaskneli ufro naklebi intensiurobiT, vidre 
sr

aotd
 . 

                               ekB  

 

nax. 3. damokidebuleba 






aotd
ek fB aotd-TecisaTvis, roca

kes
 =0,37, 

saq
 =0,8,

atd
 =0,4, 

otd
 =0,6, 

war
t =1000C 

 

nax. 3–ze naCvenebia saTbobis fardobiTi ekB
 
ekonomiis damokidebule-

ba 
aotd


 
parametrze. am funqcias mkveTrad zrdadi xasiaTi aqvs. es mrudi 

adasturebs, rom eleqtroenergiis kuTri  

gamomuSaveba Tburi moxmarebis bazaze arsebiTad gansazRvravs saTbo-

bis im ekonomias, romelic miiRweva energosistemaSi orTqlairuli Tecis 

funqcionirebisas – Tboeleqtromomaragebis gancalkevebul meTodTan Se-

darebiT. 
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SHORT DESCRIPTION OF  STEAM-AIR DEVICES AND  MAIN INDICATORS OF THEIR EFFI-

CIENCY 
Mtchedlidze K., Pantskhava H. 
Georgian Technical University 

Summary 
      Binary steamer-utilizer heating gas-vapor plants are distinguished by maximal generation of electricity on 
the basis of thermal consumption and are the most perspective for heat and power plants. It has been establis-
hed that power efficiency of steamer-utilized gas-vapor heat and power plant is mainly depended on the effi-
ciency factor of gas-turbine plant and the showings of heating gas-vapor turbine power efficiency. Specific 
generation of electricity if gas-turbine installation heat and power plant is the highest on the basis of thermal 
consumption and reaches to 2,0…2,3. Accordingly, relative savings of fuel is the most of all in energy 
system (35…47%). The present index is significantly depended to the efficiency factor of the sectional boiler 
house to be replaced and condense power plant. 
 
 
 
 

Suqdioduri sanaTebis kvebis naxevargamtaruli 
wyaroebi 

 
qaTamaZe i. 

akaki wereTlis saxelmwifo universiteti 
 

mokle anotacia: statiis Sinaarsi exeba energodazogvis RonisZiebebs da 
ekologiur problemebs, agreTve, Suqdioduri sanaTebis  gamoyenebis upiratesobebs 
da popularizacias, Tanamedrove  marTvis naxevargamtaruli  kvebis wyaroebis mi-
moxilvas, draiverebis mniSvnelovan rols Suqdiodebis saimedo muSaobisTvis. 

 
Eeleqtruli energiis dazogva - bunebrivi resursebis Senaxvis mniS-

vnelovani amocanaa. dReisaTvis energodazogvis RonisZiebebis gatareba  ga-

naTebis sistemaSi aqtualuria. mTel msoflioSi ganaTebis sistemaSi ener-

godamzog teqnologiebze gadasvla eleqtruli energiis ekonomiisa da eko-

logiis TvalsazrisiT did interess iwvevs. izrdeba moTxovna  Suqdiodu-

ri sanaTebze da maTi gamoyeneba ganaTebaSi sul ufro popularuli xdeba. 

magaliTad, eleqtroenergiis ekonomiisa da atmosferoSi naxSirmJava gazis 

gamonabolqvis Semcirebis  mizniT, 2009 wlis 1 seqtembris 2005/32/E direqti-

vis Sesabamisad, evrokavSirSi ZalaSi Sevida varvara naTurebis warmoebis 

etapobrivi akrZalva. SemdgomSi mosalodnelia SeizRudos sxva araefeqtu-

ri naTurebis warmoebac. zogierTi maTgani Seicavs adamianis janmrTelo-

bisTvis metad saSiS nivTerebebs (mag. vercxliswyali da misi SenaerTebi). 

Suqdioduri sanaTi warmoadgens naxevargamtarul xelsawyos eleq-

trul-xvreluri gadasasvleliT, romelic qmnis optikur gamosxivebas mas-

Si denis gavlis dros. Suqdioduri sanaTebi farTod gamoiyeneba proJeqto-
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rebSi, Suqdiodur lentebSi, dekoratiul SuqteqnikaSi da kompaqtur sanaT 

xelsawyoebSi. Suqdioduri sanaTi xelsawyoebi iyofa quCisa da interieris 

xelsawyoebad. amJamad maT iyeneben Senobebis, quCebis, sawarmoo da saofise  

Senobebis, sareklamo konstruqciebis,  fantanebis, gvirabebisa da xidebis, 

saxlis interierisa da avejis, avtomobilebis gasanaTeblad. 

Suqdioduri sanaTebis upiratesobebia: maRali margi qmedebis koefi-

cienti; mcire zomebi; muSaobis didi xangrZlivobis vada; maRali meqaniku-

ro simtkice da vibromedegoba; maRali eleqtro da xanZarsawinaaRmdego 

usafrTxoeba; dabali temperaturis mimarT aramgrZnobiaroba; Suqfiltre-

bis gamoyenebis gareSe sxvadasxva speqtraluri maxasiaTeblebis miRebis Se-

saZlebloba; umniSvnelo ultraiisferi da infrawiTeli gamosxiveba; umniS-

vnelo siTbos gamoyofa; momwamlavi mdgenelebis arqona, rac gamoricxavs 

eqspluataciisas mowamvlis saSiSroebas.  

SeiZleba aRiniSnos misi ZiriTadi uaryofiTi Tvisebebic: maRali fa-

si; varvara naTurebTan Sedarebis mniSvnelovnad dabali kvebis Zabva, ami-

tom Suqdiodebs aerTeben mimdevrobiT an gamoiyeneben Zabvis gardamqmne-

lebs; dabali zRvruli temperatura; mZlavri gamanaTebeli Suqdiodebi ga-

civebisTvis moiTxoven gare radiators. 

sanaTi danadgarebis dadebiTi maCveneblebis uzrunvelsayofad arse-

biTi mniSvneloba aqvs sxvadasxva sainJinro meTodebisa da xerxebis gamoye-

nebas, magaliTad, bunebrivi ganaTebulobis donis mixedviT xelsawyoebis 

CarTva-gamorTvas. es mosaxerxebelia quCis ganaTebis marTvis inteleqtua-

luri sistemis gamoyenebiT. 

konstruqciulad Suqdioduri sanaTi Sedgeba ori blokisgan - sinaT-

lis gamosxivebuli nawili da kvebis naxevargamtaruli wyaro (nax.1).  

 
  

nax.1. kvebis naxevargamtaruli wyaros  struqturuli sqema. 1. maRalsixSiruli 
dabrkolebebis CamxSobi filtri, 2. gammarTveli, 3. eleqtruli qselidan moxmare-
buli denis formis koreqtori, 4. mmarTeli kaskadi, 5. simZlavris gamaZlierebeli, 

6. gamosasvleli kaskadi. 
 

Suqdiodebis saimedo muSaobisTvis didi mniSvneloba aqvs kvebis wya-

ros sworad SerCevas. kvebis naxevargamtaruli wyaro gankuTvnilia Suqdio-

debis marTvisaTvis. zogadad kvebis wyaro warmoadgens calke funqciona-

lur bloks, romelsac aqvs Sesasvleli da gamosasvleli parametrebi 

(nax.2). 
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ansxvaveben kvebis wyaros ori ZiriTad tips, esenia: draiveri da kve-

bis bloki transformatoriT.  

draiveri - igive  kvebis blokia. misi daniSnulebaa mimdevrobiT Se-

erTebuli  Suqdiodebis kveba. uzrunvelyofs stabilur dens gamosasvlel-

ze. ganapirobebs Suqdiodebis saimedo da xangrZliv muSaobas.   ZiriTadad 

gamoiyeneba sxvadasxva sanaT saSualebebSi. sxvagvarad mas denis wyarosac 

uwodeben. 

kvebis  bloki transformatoriT - yovelTvis   iZleva erTi da igive 

sididis Zabvas datvirTvis miuxedavad da gankuTvnilia paralelurad Seer-

Tebuli Suqdiodebis kvebisTvis. mas Zabvis wyaros uwodeben. ganaTebis si-

temaSi draiveris farTo gamoyeneba ganapiroba misma upiratesobam kvebis 

blokTan SedarebiT:  

draiveriT kvebis dros Suqdiodebi iReben mTel mis simZlavres da 

amis gamo gamosxivebuli sinaTle ufro mkveTria. vidre igive simZlavris 

kvebis blokis SemTxvevaSi, sadac simZlavris nawili ixarjeba sqemaSi Car-

Tul  denis SemzRudvel rezistorebze da transformatorze. draiveriT 

kvebisas Suqdiodebi usafrTxod  ikvebeba denis kritikuli mniSvnelobis 

drosac. 

draiveriT kvebisas Suqdiodebis muSaobis xangrZlivoba gacilebiT 

metia, vinaidan denis mniSvneloba ar aWarbebs normiT gaTvaliswinebuls. 

draiveris naklad SeiZleba CaiTvalos denis da simZlavris gansaz-

Rvruli mniSvneloba, aqedan gamomdinare saWiroa mkacrad SevarCioT  Sesa-

bamisi Suqdiodebis raodenoba gansazRvruli simZlavriT. arsebobs univer-

saluri draiverebi, romlebic uzrunvelyofen nebismieri raodenobis Suq-

diodebis muSaobas mocemul denze, Tu maTi jamuri simZlavre ar aRemateba 

draiveris simZlavres. magram isini naklebad efeqturia. am upiratesobebis 

gamo draiverebma farTo gamoyeneba hpoves ganaTebis sistemebSi.  

  

 

 
nax.2  draiveri 

amJamad draiverebis eleqtroteqnikuri SesaZleblobebi mniSvnelov-
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nad aRemateba Cveulebriv gamSveb-maregulirebeli aparaturis SesaZleblo-

bebs. draivers aqvs unari Zabvis mniSvnelovani rxevebis dros 70-150%-is 

farglebSi (150-330v) Suqdiodebis wyobaze SeinarCunos Zabvisa da denis mo-

Txovnili parametrebi. am dros Zabvis gadaxra 220v-dan araviTar gavlenas 

ar axdens draiverisa da Suqdiodebis muSaobis xangrZlivobaze. maSasadame 

Suqdioduri sanaTebis rekonstruqciisa da daproeqtebis dros SesaZlebe-

lia gverdi avuaroT eleqtrodanadgarebis mowyobis wesebSi naCveneb Zabvis 

gadaxris dasaSveb zRvars (5% Un). es niSnavs, rom quCis ganaTebis qselis 

daproeqtebis dros ixsneba mTavari SemzRudveli faqtori - Semowmeba Zab-

vis vardnis mixedviT.    

sxvadasxva firmis kvebis naxevargamtaruli blokebis eleqtruli pa-

rametrebi praqtikulad erTnairia: m.q.k.- 86-94%; simZlavris koeficienti-ro-

gorc wesi ≥0,95 da umravles SemTxvevaSi damokidebulia gamoyenebul teva-

dur elementebze; qseluri kvebis naxevargamtaruli blokebi normalurad 

muSaoben 80-360v Zabvis diapazonSi da praqtikulad yvelas SeuZlia muSaoba 

mudmivi Zabvis qselebidan 170-340 v farglebSi;  moxmarebul denSi harmoni-

kebis Semcveloba Sveulebriv ar aRemateba 15%-s.  

zemoaRniSnulidan gamomdinare, SegviZlia gavakeTod Semdegi ZiriTa-

di daskvnebi: 

 energoefeqturoba ganaTebis sferoSi gulisxmobs swor da xarisxi-

an ganaTebas. eleqtronikis uaxlesi miRwevebis danergva sanaT mowyobilo-

bebSi mniSvnelovnad aumjobesebs  sanaTebis Suqteqnikur monacemebs. Tana-

medrove mikrosqemebis gamoCena Suqdiodur kvebis wyaroebSi sagrZnoblad 

amcirebs eqspluataciis danaxarjebs, zrdis Suqdioduri sanaTebis muSao-

bis xangrZlivobas, zogavs energoresursebs da aumjobesebs ekologiur 

mxares. Sedegad, swori ganaTebis RonisZiebebis gatareba saSualebas iZle-

va, mniSvnelovnad Semcirdes eleqtroenergiis moxmareba. 

 
literatura 

1. Голъцова М.  Драйверы Светодиодов : От мобилъных телефонов до уличных светилъников,  
Выпуск №8/2011 

2. alled.ru/led-drivers.html 
 

SEMICONDUCTIVE LED LAMP POWER SOURCES 
Katamadze Irma 

Akaki Tsereteli State University 
Summary 

 Improvement of energy efficiency and environmental conditions is a problem of the whole world. 
Introduction of energy-saving technologies in the lighting systems is given great prominence. This is an irre-
versible process and develops continuously. The use of high-tech power semiconductive sources in the lig-
hting facilities improves the quality of lighting and fosters energy conservation.   

 
 
 
 
 
 
 

Zaluri tranzistorebi- IGBT, maTi 
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agebuleba da muSaobis Taviseburebebi 
 

qaTamaZe i. 
akaki wereTlis saxelmwifo universiteti 

 
mokle anotacia: statiis Sinaarsi exeba Tanamedrove Zaluri eleqtronikis 

ganviTarebis sakiTxebs. statiaSi ganxilulia izolirebul saketiani bipolaruli 
tranzistoris struqtura, ganviTarebis sxvadasxva safexurze misi parametrebi da 
volt-amperuli maxasiaTeblebi, agreTve ganxilulia  IGBT -s dadebiTi da uaryo-
fiTi mxareebi. 

 
Tanamedrove Zaluri eleqtronikis progresi pirdapir dakavSirebu-

lia Zaluri naxevargamtaruli gasaRebebis teqnikur srulyofasTan. gasu-

li saukunis 80-iani wlebidan msoflios wamyvanma firmebma da kompaniebma  

((Motorola, general Electric, Mitsubichi Mda sxva) seriozuli samuSaoebi Caatares am 

saxis xelsawyoebis dasamzadeblad. maT Soris, gamoyenebis mixedviT, erT-

erTi gamorCeulia bipolaruli tranzistori izolirebuli saketiT - IGBT. 
es xelsawyo warmoadgens ldn (liTon-dieleqtrik-naxevarfamtaris) da bi-

polaruli tranzistorebis struqturaTa planarul kombinacias.  

xelsawyos sabazo ujredi miiReba ldn--is Sesasvleli da bipolaru-

li tranzistoris  gamosasvleli struqturaTa Serwymis Sedegad da  Sesa-

bamisad masSi gaerTianebulia orive tranzistoris dadebiTi Tvisebebi. 

              a)       b) 
nax.1-a) IGBT -s pirobiTi aRniSvna; b) sabazo ujredis struqtura. 

IGBT - sruliad marTvadi naxevargamtaruli xelsawyoa, romlis sa-

fuZvels warmoadgens samfenovani struqtura (nax.1-b). misi Semavali maxasia-

Tebeli  veliT marTuli tranzistoris msgavsia, xolo gamosasvleli maxa-

siaTebeli  ki bipolaruli tranzistoris.  IGBT -s CarTvis procesi SeiZ-

leba Semdegnairad warmovidginoT: 

I etapi - saketsa da saTaves Soris dadebiTi Zabvis miwodebisas gai-

Reba veliT marTuli tranzistori; 

emiteri 

koleqtori 

saketi 

saketis izolacia 
 

emiteri 

 
saketi 

 

n-

P+

n p 

p-baza 

n+
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II etapi - n sferodan p-Si muxtebis moZraobis Sedegad iReba bipola-

ruli tranzistori da gaivlis deni emiteridan koleqtorisken. 

IGBT -s Tvisobrivi daxasiaTebis mizniT movaxdinoT bipolaruli da 

veliT marTuli tranzistorebis Sefaseba: 

bipolaruli tranzistoris ZiriTadi uaryofiTi Tvisebebia: 

● CarTvisas saWiro bazis denis didi mniSvnelobebi; 

● marTvis denis moxsnis Semdeg koleqtoris deni myisierad ar mcirdeba, 

ris gamoc koleqtoris wredSi warmoiqmneba winaRoba. rac iwvevs tran-

zistoris gaxurebas; 

● bipolaruli tranzistoris parametrebi mniSvnelovnad aris damokidebu-

li temperaturaze; 

● koleqtor-emiteris wredSi gajerebis Zabva gansazRvravs minimalur muSa 

Zabvas. 

veliT marTul tranzistorSi gaumjobesebulia mTeli rigi paramet-

rebi: 

● imarTeba ZabviT da ara deniT, rogorc es xdeba bipolarul tranzistor-

Si; 

● misi parametrebi ar aris mniSvnelovnad damikidebuli temperaturaze; 

● muSa Zabvas ar aqvs qveda zRvari; 

● gaaCnia arxis mcire winaRoba  (omis meaTedze naklebi); 

● muSaoba SeuZlia denebis did diapazonSi (miliamperidan ramodenime aso-

biT amperamde); 

● mas aqvs gadarTvis didi sixSire  (asobiT khc da meti); 

● aqvs maRali muSa Zabva  sxvadasxva datvirTvaze. 

IGBT xasiaTdeba aRniSnuli tranzistorebis saukeTeso TvisebebiT: 

● didi Sesasvleli winaRoba, marTvisTvis mcire moTxovnili simZlavre; 

● Ria mdgomareobaSi narCeni Zabvis dabali mniSvneloba; 

● misi marTva xdeba ZabviT; 

● muSa denis da Zabvis  didi diapazoni; 

● muSa sixSiris didi diapazoni;  

● didi denebisa da Zabvebis dros mcire danakargebi; 

● gadarTvebis dros swrafqmedebiT mniSvnelovnad aRemateba bipolaruls, 

magram CamorCeba veliT marTul tranzistorebs. 

IGBT -s ZiriTadi parametrebia:  

● tranzistoris CarTvis  da gamorTvis xangrZlivoba, mkwm. (umetesad 0.51.0 
mkwm); 

● saketi-emiteris, koleqtor-emiteris da saketi-kileqtoris tevadobebi, nf; 

● tranzistoris saketis muxti. nkl; 

● tranzistoris kristalis gaxurebis maqsimaluri dasaSvebi temperatura, 

°C; 

● fantvis maqsimaluri simZlavre, vt; 

● gajerebis Zabva, anu Zabva tranzistoris koleqtor-emiteris gamomyvaneb-

ze; 

●koleqtoris zRvruli dasaSvebi impulsuri deni 25°C temperaturaze, a; 
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●koleqtoris  zRvruli dasaSvebi mudmivi deni 25°C temperaturis dros, a; 

●Zabvis zrdis zRvruli siCqare, romelic ar gamoiwvevs tranzistoris 

TviTnebur gaRebas, dv/dt ; 

● gadasasvleli-korpusis Tburi winaRoba, °C /vt; 

● CarTvis, gamorTvis da gadarTvis energiebi, mgj. 

IGBT -m ukve Tavisi ganviTarebis rva safexuri gaiara. teqnologiaSi 

msoflio liderma kompaniam IR (International Rectifier ) warmoadgina IGBT axali 

me-8 Taoba, romelic uzrunvelyofs maRalmwarmoeblobas da energiis eko-

nomias. mas aqvs saukeTeso parametrebi:  emiter-koleqtoris gajerebis maRa-

li  Zabva, romelic amcirebs fantvis simZlavres;  minimaluri dv/dt - Zabvis 
zrdis zRvruli siCqare, rac iwvevs   eleqtromagnituri Seferxebebis Sem-

cirebas, iklebs gadaZabvis SesaZlebloba, izrdeba saimedoba; Tanamedrove 

Txeli firfitebis teqnologia aumjobesebs Tbur winaRobas da uzrunvel-

yofs gadasasvlelis maqsimalur temperaturas 175°C. 
tranzistoris tipiuri maxasiaTeblebi warmodgenilia nax.2 da nax.3 -ze. 

 

  

 

 

 

 

 

 

 

 

 

 

 

nax.2. IGBT -s gamosasvleli volt-amperuli maxasiaTebelTa ojaxi. 

nax.3 koleqtor-emiteris gajerebis Zabvis damokidebuleba saketi-emiteris ZabvasTan. 

dResdReobiT bipolarul tranzistorebs izolirebuli saketiT uS-
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veben modulebis saxiT, umetesad sworkuTxa korpusSi calmxrivi moWeriT 

da gagrilebiT (nax.4). agreTve arsebobs tableturi konstruqcia ormxrivi 

gagrilebiT. 

   
nax.4 a)  IGBT- modulis sqemebi; b) modulis tipiuri konstruqcia sworkuTxa  

korpusSi: 1-kristali; 2- keramikis fena; 3- mirCiluli fena; 4- qveda  
siTbogamomyofi fuZe. 

 

Tanamedrove IGBT - modulebma farTo gamoyeneba hpoves aramarTvadi 

da marTvadi gammarTvelebis SeqmnaSi, avtonomiur invertorebSi saSualo 

simZlavris mudmivi da cvladi denis Zravebis kvebisaTvis, induqciuri ga-

xurebis gardamqmnelebSi, SeduRebis aparatebSi, uwyveti kvebis wyaroebSi, 

sayofacxovrebo da studiur teqnikaSi. 

dResdReobiT Zaluri eleqtronikis Tanamedrove xelsawyoebs Soris  

IGBT-s ukavia dominantis mdgomareoba erTeuli kilovatidan erTeul mega-

vat simZlavreebisTvis. bazris moTxovnis Sesabamisad xorcieldeba misi 

Semdgomi ganviTareba da parametrebis gaumjobeseba: 

● makomutirebeli denebisa da Zabvebis diapazonis gazrda (erTeuli kilo-

amperi, 5-7kv) ; 

● swrafmoqmedebis gazrda; 

● gadaZabvis da avariuli SemTxvevebis dros gazrdili mdgradoba; 

● pirdapiri Zabvis vardnis Semcireba; 

● tiristorebTan miaxlovebuli axali struqturebis damuSaveba; 

● „inteleqtualuri“gagrilebiT  (romlebic agebulia diagnostikis da 

dacvis funqciebiT) da maT safuZvelze agebuli modulebis ganviTareba; 

● axali maRalsaimedo korpusebis Seqmna AAISIC-s (Aluminum Silicon Carbide) da 
momWeri konstruqciis gamoyenebiT; 

● sixSiris gazrda da SIC-s danakargebis Semcireba  swrafaRmdgen ukudio-
debze; 

● pirdapiri wylis gacivebis gamoyeneba, garda im SemTxvevisa,  rodesac ga-

moyenebulia gamacivebeli, aseTi tranzistorebi gamoiyeneba sarecx manqa-

nebSi da invertorul kondencionerebSi. 

 amrigad Catarebuli mimoxilvis safuZvelze naTlad Cans IGBT -s  

upiratesoba sxva tranzistorebTan SedarebiT da bazris moTxovnis Sesaba-

misad misi parametrebis gaumjobesebis SesaZlebloba. 
gamoyenebuli literatura: 

1. К.Д. Рогачев. Силовые биполярные транзисторы с изолированным затвором (IGBT); 
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2. g. dgebuaZe. Zaluri eleqtronikis safuZvlebi „teqnikuri universiteti“, Tbili-

si-2009. 

3. Дьяконов В.П., Ремнев А.М., Смердов В.Ю. Энциклопедия устройств на полевых транзисторах.     
Москва: Солон-Р, 2002, 512 с. 
 

IGBT MODE TRANSISTORS, THE CONSTRUCTION AND OPERATING PECULIARITIES 
katamadze I. 

Akaki Tsereteli State University 
Summary 

The analysis carried out clearly shows that the progress in power electronics directly depends on 
technical improvement of power semiconductor switches. An example of this is a modern power IGBT. Its 
widespread use leads to the decrease of electromagnetic noises, the possibility of extra voltage reduces, and 
reliability goes up, and it ensures high-efficiency and energy conservation. 

 

 

 

 
ЗАИЛЕНИЕ  ВОДОХРАНИЛИЩА  ВАРЦИХСКОЙ  ГЭС 

 
Д. В. Носелидзе, Б. Бандзеладзе, Ш.А. Момцемлидзе, Д.З. Каладзе 

Государственной университет Акакия Церетели 
 

Рассматриваются темпы намыва  водохранилища за период  начала эксплуатации (1976-2014 
гг). За этот период водохранилище намыло наносами в количестве 13,2 млн. м3, что составляет 90. 4 
% от полного объема (14.6.млн. м3). Промывы водохранилища через промывные галереи не дали 
ощутимых результатов. Рекомендуется очистку водохранилища осуществлять мощными 
землесосными установками. 

 
Рио́ни - одна из крупнейших рек Закавказья. В древности была известна под 

названием Фазис. большая река. 

 
Рис. 1 Отрезок верхнего течения реки Риони 

 
Река в Грузии. Протяжённость — 327 км, площадь бассейна 13400 км². Начинается 

на склонах Большого Кавказа; ниже города Кутаиси течёт по Колхидской низменности. 
Впадает в Чёрное море у города Поти. Средний расход воды 405 м³/с. 
сред. расход наносов 214 кг/с[1,2,3]      Сплавная от города Они. Используется для 
орошения. Рионский каскад ГЭС (Ладжанурская ГЭС, Гуматская ГЭС-1 и ГЭС-2, Рионская 
ГЭС, Варцихские ГЭС ). Судоходна от города Самтредиа 

Среднегодовой  расход  р. Риони возле с. Глола 27,3 м3/сек воды, возле Кутаиси 134 
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м3/сек воды, у Сакочакидзе - 406 м3/сек воды.  Максимальный  расход  возле с. Глола 345 
м3/сек воды, возле Кутаиси  -1440 м3/сек воды, у Сакочакидзе - 3640 м3/сек воды.  
Минимальный расход возле с.  Глола -   16 м3/сек воды, возле Кутаиси  -22,0 м3/сек воды, у 
Сакочакидзе – 34,0 м3/сек воды. 

Водоток  р. Риони согласно  сезонам  года: весной водоток  - 38,8%, летом – 28,5%, 
осенью  – 18,4 %, зимой- 14,3%.  

Распределение  водотока  согласно   компонентам подпитки  таково: подземные  
воды – 34,7 %,  дождь – 32,5%, снег -28,2 %, ледниковые  воды – 4,6%. Риони  за год 
сбрасывает в Черное море 12,9  куб.м.  воды и твердых  наносов в большом количестве. 

Среднегодовое количество  взвешенных наносов от истока  к дельте  возле села  
Геби составляет 96 тыс.т, у  Хидикари -2,2  млн.т, возле  села Намохвани – 4,9 млн.т, у 
Сакочакидзе – 6,9 млн.т. 

На р. Риони бывают береговой лёд, снежура, шуга, ледоход в верхнем и среднем 
течении, в особенности в суровую зиму, в общем, образуется  ледяной  покров. 
 

 
Рис. 2 Гуматская ГЭС -1 

 

Вода р. Риони  средней  солоноватости  (150-300 мг/л и согласно ионному  составу 
причисляется к гидрокарбонатному  классу. 

Русло р. Риони наполняется наносными материалами в изрядном  количестве, 
которые во время  наводнения сплавляются по нижнему  течению реки и впоследствии 
достигают до Черного моря. 

На рис. 1  представлен  отрезок  верхнего  течения  р. Риони 
На  рис.2 представлена плотина ГуматиГЭС  при  наводнении, когда  на плотину 

слева стекает замутненная вода, а справа   вода  из турбин. 
Отработанная  вода из ГуматиГЭС – I по деривационному  каналу подается 

ГуматиГЭС – II, затем вода сливается  в водохранилище Рионской ГЭС, откуда по  
деривационному к4аналу РионГЭС подается  турбинам РионГЭС. Из турбин вода 
деривационным каналом – в р. Квирила,  затем в обход города Кутаиси в Варцихское 
водохранилище. 

На рис. 3 представлен отрезок реки Риони между  ГуматиГЭС и ВарцихГЭС. В реку 
сбрасывается  санитарный расход. 
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Рис.3  Река Риони ниже Рионской ГЭС и выше  Варцихских  ГЭС 

 

Варцихское  водохранилище находится на  реке Риони, между впадением его  правого  
притока Губисцкали и РионГЭС. 
В состав сооружения гидроузла входят: головной  гидроузел и четыре однотипные 
электростанции, Варцихские  ГЭС I, II, III, IV, расположенные  на деривационном  канале. 

Интегральная  кривая  заиления  Варцихского  водохранилища 

 
Рис. 4 Интегральная  кривая заиления Варцихского  водохранилища по  годам 

 

Годы пуска в эксплуатацию: ГЭС I- 1976 г., ГЭС II- 1978 г., ГЭС III- 1980 г., ГЭС IV-
1988 г. 

Расчетный  напор каждой ГЭС составляет 15 м. Общая  мощность  комплекса 184МВт, 
а среднегодовая  выработка 1,0 млрд. кВт ч. 

Головной  узел ВарцихГЭС находится  вблизи впадения притоков Квирила и  
Ханисцкали в р. Риони. Служит  для  обеспечения забора расчётного расхода 350 м3/сек 
воды в деривацию, а в  нижнем бьефе обеспечивает  переброску 0,5%  максимального  
расхода 3640 м3/сек воды. 

В верхнем бьефе нормальный  подпорный  уровень составляет 87,0 м, а  
форсированный  подпорный  уровень -  87,6 м. 

Головной  узел состоит   из отверстия шириной 20м,  оснащенного  разборными  
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четырьмя   сегментными  затворами, земляной  плотины высотой 10 м, стыкующей с левым 
берегом реки,  правобережной  земляной  дамбы,  водоприемниками с промывными  
галереями,  находящимися  справа от  разборной  плотины. 

Деривация  представляет собой  канал  трапеционного  сечения общей  длиной 27,2 
кв.м.,  силовые  узлы идентичны  друг с другом как по составу, так и  по энергетическим  
характеристикам. В  состав  сооружений  входят здание ГЭС открытого типа, совмещенное с  
эксплуатационной  водосливной  частью, которая в свою очередь  соединяет  сооружения  
верхнего и нижнего бьефа. На каждой  ГЭС установлены по два агрегата суммарной  
мощностью 46 МВт. Расход ГЭС составляет 350 м3/сек воды, выработка – 250 млн.кВт ч. 

 
Рис. 5 Расход  взвешенных  наносов,  расход, замутнение воды  плотины Варцих ГЭС – р. Риони 

 
Рис. 6  План Варцихского  водохранилища. 
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Промывы  Варцихского  водохранилища,  переданного  в эксплуатацию в 1976  году, 
берут   исток с 1980 года.  Наиболее  эффективным оказался    осуществленный   в августе 
1982 года . К тому  времени  промыв расходом воды  колебался   в  пределах 170-240 м3/сек 
воды, замутнение  -  5-56 г/л. В конечном  итоге в течение двух суток произошёл   промыв   
свыше  1,0 млн. м3/сек . воды. 

 На рис.4 представлена интегральная  кривая заиления Варцихского  водохранилища со 
дня   пуска в эксплуатацию по настоящее  время. 

На рис.5 представлена р. Риони  в сечении  Варцихской  плотины: 
Q*  расход воды м3/сек,  R- расход  взвешенных частиц кг/сек.,  р- помутнение г/ м3 
По данным  1952 г. на рис.6 представлен  план Варцихского  водохранилища. 
На рис.7 представлен продольный  срез Варцихского  водохранилища,  водохранилище 

практически заилено.  
На рис.8 представлен поперечный  срез  Варцихского  водохранилища. 
Обработка  уровня 87,02-86,6 м происходит  в том случае, если расход в 

водохранилище ниже 350 м3/сек. воды и необходимо  увеличение мощности.  350 м3/сек. 
воды рабочий   расход ГЭС. Оба  агрегата  работают с максимальной  нагрузкой. При  
одноразовой  обработке  уровня возможно  увеличение  мощности на 10 мегаватт в течение  
одного  часа. 

Множество  проблем на  плотине создают  плавучие  наносы,  при их скоплении перед   
створкой до 1-метровой  глубины   необходимо  удаление  наноса. 

 
Рис.7. Продольный  срез Варцихского  водохранилища 

 
Рядом с водохранилищем размещен  отстойник. Для  промывки отстойника устроены 5 

моек. Как только  намыв  достигает  предельного уровня деривационного  канала, 
происходит промыв  отстойника.  На плотине возможен  прогон расхода  3640 м3/сек. воды. 
1  апреля  1982 года был зафиксирован расход  4300 м3/сек. воды. В том случае  уровень  
воды  у плотины во всех открытых  отверстиях достиг  отметки  98.0 м. Изобилие 
устойчивых наносов  создает в водохранилище  дополнительные  трудности. Если не не 
удался  своевременный  промыв отстойника,  нанос проникает в водоприемник  канала, 
повреждает охладительную систему,  радиаторы  холодильников забиваются  наносом и 
становится  необходимым  их промыв  изменением  направления  воды. В таком  случае 
происходит  отключение  ГЭС. 
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Рис.8.  Поперечный  срез  Варцихского  водохранилища 

 

Катастрофическим  уровнем для  плотины  считается -  87,6 м.  Дополнительный  рост  
уровня  обусловливает затопление территории винного  завода и хозяйства. Промывы  
водохранилища  посредством  промывных галерей  не дали ощутимых результатов. 
Рекомендуется  очистка  водохранилища мощными  землесосными  установками. 
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SILTINGOFVARCIXEHYDRO- ELECTRICPOWERSTATION 

RESERVOIR AND THE METHODS OF COMBATIONG 
J. V. Noselidze, B.     Bandzeladze, Sh, A. Momtsemlidze, D. Z. Kaladze 

Akaki Tsereteli State University 
Summary 

               Silting rates of reservoir have been examining since exploitation  years period (1976- 2014). During 
this period, the reservoir was silted by hard sedimentmaterial, quantities 14.6 млн. m3. which amounts to 90.4 
% of full scale, 13.2 млн. m3 of prognoses. Cleaning the reservoir from the washer Galleries hasn’t caused 
significant results. It’s recommended to clean the reservoir from sediment with special powerful land suction 
machines.   
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seqcia 2. energoefeqturoba da ganaxlebadi  
energiis wyaroebi 

 

 

q. quTaisis mdgradi energetikuli ganviTarebis 
 samoqmedo gegma 

 
AarabiZe g.,  fxalaZe i. 

saqarTvelos teqnikuri universiteti 
 

naSromSi ganxiluli samoqmedo gegmis mTavari mizania q.quTaisSi energiis 
moxmarebis Sedegad miRebuli CO2-is emisiis Semcireba da amasTan, emisiis STan-
Tqmis bunebrivi wyaroebis  gazrda da ganviTareba. samoqmedo gegmaSi ganxilulia 
saTburis gazebis emisiebis sami ZiriTadi seqtori – transportis, Senobebis da in-
frastruqturis. gegma  momzadda 2014 wels da moicavs 2020 wlamde darCenil 6 we-
liwads. samoqmedo  gegmaSi, yvela seqtorisaTvis,  ganxilulia emisiebis Semcire-
bis strategia mxolod ori periodiT: moklevadiani (2014-2017) da grZelvadiani 
(2018-2020). moklevadian periodSi dagegmili RonisZiebebi konkretulia da detalu-
ria, xolo grZlevadian periodSi dagegmili RonisZiebebi ufro strategiuli 
TvalsazrisiTaa ganxiluli da saWiroeben damatebiT kvlevas, dagegmvas da teqni-
kur-ekonomikur dasabuTebas.  

 
2010 wlis oqtomberSi saqarTveloSi gaimarTa merebis SeTanxmebisad-

mi miZRvnili konferencia, sadac xazi gaesva qalaqebis, rogorc kompleqsu-

ri sistemebis, mniSvnelobas saTburis gazebis emisiebis SemcirebaSi. evro-

kavSiris mier gansazRvruli energoefeqturobis ganxorcielebis priorite-

tebis farglebSi qalaqebisaTvis energetikis mdgradi ganviTarebis samoqme-

do gegmis SemuSavebisa da ganxorcielebis saqmeSi mTavar warmmarTvel Za-

lad ganisazRvra qalaqi. 

2011 wels merebis SeTanxmebis xelmoweriT q. quTaisis municipalite-

ti SeuerTda am iniciativas, romelic miznad isaxavs 2020 wlamde saTburis 

gazebis emisiebis minimum 20%-iT Semcirebas – mizani, romelic miRweul un-

da iqnas  qalaqis socialur da ekonomikur ganviTarebasTan erTad.   

aRniSnuli miznis misaRwevad SeimuSavebuli iqna energetikis mdgra-

di ganviTarebis gegma, romelic moicavs:  saTburis gazebis sabaziso emi-

siis inventarizacias transportis, Senobebis, gare ganaTebis, narCenebis da 

gamwvanebis seqtorSi;  am seqtorebisTvis saTburis gazebis gafrqvevis sa-

baziso, e.w. tradiciuli gziT saqmianobis (BAU) scenaris momzadebas; am 

seqtorebSi 2020 wlamde periodisTvis saTburis gazebis emisiebis Semarbi-

lebeli RonisZiebebis gansazRvras da maTi efeqtis Sefasebas; monitorin-

gis gegmas; adgilobrivi potencialis Seqmnisa da cnobierebis amaRlebis 

strategias. 

quTaisis ekonomikuri ganviTarebis  tempi, mosaxleobis zrdis tren-

di da erT sul mosaxleze mSp-s zrda safuZvlad daedo  2020 wlamde peri-

odis tradiciuli gziT ganviTarebis scenars da konkretuli RonisZiebe-

bis dagegmvas qalaqSi energiis moxmarebisa da CO2–is emisiis Semcirebis 
mizniT. am gegmaSi gaTvaliswinebul RonisZiebaTa Sesruleba 2020 wlisTvis 

uzrunvelyofs quTaisisTvis ganxilul seqtorebSi  CO2-is emisiebis mini-
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mum 22.9%-iT Semcirebas 2020 wlis sabaziso emisiasTan (BAU) SedarebiT. 

zogadad energetikis mdgradi ganviTarebis samoqmedo gegmis mTavari 

mizani quTaisSi energiis moxmarebis Sedegad miRebuli CO2-is emisiis Sem-

cirebaa. amasTan erTad moxdeba emisiis STanTqmis bunebrivi wyaroebis  

gazrda da ganviTareba, rogoricaa qalaqSi arsebuli parkebi, mwvane far-

Tobebi. 

am etapze quTaisis energetikis mdgradi ganviTarebis samoqmedo gegma 

ganixilavs saTburis gazebis emisiebis sam ZiriTad seqtors – transports, 

Senobebs da infrastruqturas (nagavsayrelebi, gare ganaTeba, mwvane zone-

bi). q.quTaisis energetikis mdgradi ganviTarebis  gegma  momzadda 2014 

wels da moicavs 2020 wlamde darCenil 6 weliwads. amitom samoqmedo  geg-

maSi ganxiluli yvela seqtorisaTvis emisiebis Semcirebis strategia mxo-

lod ori periodiT ganisazRvra: moklevadiani (2014-2017) da grZelvadiani 

(2018-2020). moklevadian periodSi dagegmili RonisZiebebi konkretulia da 

detaluria, xolo grZlevadian periodSi dagegmili RonisZiebebi ufro 

strategiuli TvalsazrisiTaa ganxiluli da saWiroeben damatebiT kvle-

vas, dagegmvas da teqnikur-ekonomikur dasabuTebas. aseTi midgoma srul Se-

sabamisobaSia energetikis mdgradi ganviTarebis gegmis SemuSavebis saxel-

mZRvanelo meTodologiasTan. 

2012 sabaziso wlis emisiis inventarizaciasa da 2020 wlamde perio-

disTvis CO2 emisiis zrdis maCveneblebze dayrdnobiT q. quTaisis energeti-

kis mdgradi ganviTarebis gegmis farglebSi ganxiluli yvela seqtoris-

Tvis  SemuSavda seqtoruli strategia da gamoikveTa ZiriTadi mimarTule-

bebi: 

 

transportis seqtori 

sazogadoebrivi transportis ganviTarebis mokle vadian strategiaSi 

ganixileba Semdegi RonisZiebebi: sazogadoebrivi transportis momsaxure-

bis gaumjobeseba, rac moicavs; adgilobrivi regularuli saqalaqo sam-

gzavro gadayvanebis marSrutebis optimaluri satransporto sqemebis Sed-

genas; saqalaqo transportSi mgzavrobis Rirebulebis gadaxdis Tanamedro-

ve sistemebis danergvas; qalaq quTaisSi saqalaqo transportis marTvis av-

tomatizirebuli sistemis Seqmnas; qalaq quTaisSi saqalaqo transportis 

gaCerebebze eleqtruli sainformacio teqnikuri mowyobilobebis danergva-

sa da maTi funqcionirebis programul uzrunvelyofas;sazogadoebrivi 

transportis popularizaciis kampaniisa da qcevis cvlilebis programebis 

gatarebas. garda amisa, mokle-vadian strategiaSi dagegmilia; satranspor-

to avtoparkebis ganaxleba; municipaluri transportis sawarmos Seqmna, sa-

dac pirvel etapze avtoparki aRWurvili iqneba 70-80 axali bogdanis tipis 

20-30 kaciani samgzavro satransporto avtobusebiT, romlebic aRWurvili 

iqneba GPRS sistemiT; 

sazogadoebrivi transportis grZelvadian strategiaSi ganixileba 

Semdegi RonisZiebebi: Seqmnili municipaluri transportis avtoparkis nawi-

lis gadayvana biodizelze, romelic damzaddeba restornebsa da sastum-

roebSi mogrovebuli naxmari samzareulo zeTebisagan; swrafi sazogadoeb-

rivi transportiT momsaxurebis uzrunvelyofa, rac moicavs:qalaq quTais-
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Si nikeas quCis dasawyisidan SemovliT gzamde (bani) 5.5 km-iani gzis monak-

veTze (calmxrivi) tramvais sistemis mowyobas; centralur marSrutebze 

Cqarosnuli avtobusebis sistemis Seqmnas (Bus Rapid Transit -BRT), romelic 

uzrunvelyofs avtobusebiT swraf da usafrTxo gadaadgilebas: 

kerZo transportis ganviTarebis moklevadian strategiaSi ganixile-

ba Semdegi RonisZiebebi: sagzao infrastruqturis mSenebloba-reabilitacia 

da movla-Senaxva, rac gulisxmobs Semdeg aqtivobebs; qalaqSi arsebuli 

reabilitirebuli centraluri gzebis mudmiv  movlasa da maTi mdgomareo-

bis SenarCunebas. aseve axali/meore xarisxovani gzebisa da Sidakvartalu-

ri misasvleli gzebis reabilitacias; sagzao moZraobis organizebisa da 

usafrTxoebis TvalsazrisiT  axali SuqniSnebis damontaJebas;quTaisis Se-

movliTi gzis mSenebloba da mTliani erTiani sistemis morgeba am gzasTan;  

kerZo transportis ganviTarebis grZelvadian strategiaSi ganixile-

ba Semdegi RonisZiebebi: fexiT sasiarulo da savelosipedo marSrutebis 

ganviTareba adamianebis qcevis Secvlis (behavior change) programebTan er-

Tad;parkirebis swori politikis SemuSaveba da gatareba, romlis fargleb-

Sic dawesdeba parkirebis gadasaxadi  da SeizRudeba parkirebis adgilebi 

qalaqis centralur ubnebSi;teqnikuri daTvalierebisa da sawvavis xarisxis 

standartebis SemuSavebis xelSewyoba. 

 

Senobebis seqtori 

q.quTaisSi municipaluri da rezidentuli Senobebidan saTburis gaze-

bis emisiis Semcirebis moklevadiani strategia gulisxmobs energoresurse-

bis moxmarebis Semcirebas iseTi RonisZiebebiT, rogoricaa energoefeqtur 

naTurebze gadasvla, Senobebis saxuravebis, sadarbazoebisa da saerTo sar-

geblobaSi arsebuli farTobebis  Tboizolaciis gaumjobeseba, saxurave-

bis SekeTeba da kar-fanjrebis dagmanva an gamocvla, rac zogavs sakmaod 

did siTbur energias da amave dros ekonomikuri kuTxiT SedarebiT xelmi-

sawvdomi RonisZiebaa. energoefeqtur naTurebze gadasvla iTvaliswinebs 

qveyanaSi gavrcelebuli varvara naTurebis Secvlas Tanamedrove fluores-

centuli naTurebiT, romlebic Tavisi ekonomiurobiT/energodazogviTa da 

xangrZlivi muSaobis unariT pozitiurad gamoirCevian sxva tipis naTurebi-

sagan. bunebrivia, rom aRniSnuli RonisZiebebis gatarebas win unda uZRo-

des sainformacio kampaniebi da Sesabamisi treningebi mosaxleobis cnobie-

rebis amaRlebis mizniT.  

naxSirorJangis emisiis Semcirebis Zalze perspeqtiuli gza energiis 

ganaxlebadi wyaroebis gamoyenebaa. rogorc cnobilia, SenobebSi  energo-

resursebis ZiriTadi nawili gaTbobasa da cxeli wyliT momaragebas xmar-

deba. amitom,  biomasisa da mzis energiis, rogorc energiis ganaxlebadi 

wyaroebis, gamoyeneba Senobebis gaTbobis da cxelwyalmomaragebis siste-

mebSi mniSvnelovnad Seamcirebs bunebrivi airis raodenobas da Sesabamisad 

- naxSirorJangis emisiasac. am RonisZiebebis realizeba, Tundac, kerZo sax-

lebis 16%–Si, naxSirorJangis emisias mTeli qalaqis masStabiT 20 %–iT Se-

amcirebs. 

aqedan gamomdinare, q.quTaisSi saTburis gazebis Semcirebis grZelva-

diani strategia SeiZleba gulisxmobdes narCeni biomasis briketebis war-
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moebas da mis gamoyenebas adgilobrivi gaTbobis sistemebSi da mzis koleq-

torebis damontaJebas municipalur da rezidentul SenobebSi. aRniSnuli 

RonisZiebebiT moxdeba ara marto cxeli wyliT momarageba, aramed, gaTbo-

bac da  Sedegad aratradiciuli ganaxlebadi energetikis danergvis xelSe-

wyoba Tbomomaragebis seqtorSi.   

q.quTaisSi energetikis mdgradi ganviTarebis mokle da grZelvadiani 

strategiis farglebSi  ganixileba Semdegi RonisZiebebis ganxorcieleba: 

2014-2017ww. 

1. ganaTebis sistemis varvara naTurebis fluorescentuli naTurebiT Ca-

nacvleba; 

2. Senobis saxuravebis Tboizolacia  baga–baRebSi; 

3. sacxovrebeli korpusebis saerTo farTobebSi fluorescentuli naTu-

rebis dayeneba; 

4. sacxovrebel korpusebSi saerTo farTobebisa  da    sadarbazoebis 

daTbuneba; 

5. saxuravebis Tboizolacia kerZo saxlebSi; 

6. energoefeqturi  da iafi saxli ltolvilebisaTvis (sapilote proeqti); 

7. „Rataki ojaxis“ statusis mqone  41 ojaxisaTvis saxlebis gadaxurvisa 

da Tboizolaciis programa. 

2018-2020ww 

� zis koleqtorebis dayeneba cxelwyalmomaragebis mizniT kerZo saxleb-

Si /investori/; 

� xe-tyis biomasisgan damzadebuli paletebisa da briketebis gamoyeneba 

municipalur da kerZo SenobebSi (sapiloto proeqtebi); 

� mzis energies koleqtorebis gamoyeneba baga-baRebSi; 

 

municipaluri infrastruqturis seqtori 

municipaluri infrastruqturis ganviTarebis starategia moicavs sam 

qveseqtors da miznad isaxavs municipaluri nagavsayrelidan meTanis (CH4) 
CaWeras da dawvas (grZelvadiani), energoefeqturobis gazrdas gareganaTe-

bis seqtorSi (etapobrivad sruli periodis ganmavlobaSi) da qalaqSi mwva-

ne zonebis gafarToebas.  gamwvanebis RonisZiebebi moicavs: qalaqis saxva-

dasxva rekriaciul zonebSi nargavebis gaSenebas, gzis gaswvriv bordiure-

bis gamwvanebasa (moklevadiani) da  botanikur baRSi tye –parkis gaSenebas 

(grZelvadiani). 

Eenergetikis mdgradi ganviTarebis samoqmedo gegmis Semajamebeli suraTi: 

quTaisis energetikis mdgradi ganviTarebis gegmis SemuSavebis meTodo-

logia ar gulisxmobs fiqsirebuli sabaziso wlis gamoyenebas, romelic 

qalaqis ganviTarebis procesisaTvis Zalian did riskebs Seicavs da TiT-

qmis Seusrulebels xdis qalaqebis mier aRebul valdebulebebs. meTodi, 

romelic gamoyenebulia, iTvaliswinebs qveynis da ganxiluli qalaqis gan-

viTarebis perspeqtivas da emisiebis (energiaSemcvelebze moTxovnilebis 

zrdis Sedegad) aucilebel zrdas 2020 wlisaTvis. Es zrda ganixileba, ro-

gorc tradiciuli gziT ganviTarebis (BAU) scenari, romlis mimarTac xde-

ba emisiebis Semcireba sxvadasxva RonisZiebebisa da saproeqto winadadebe-
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bis ganxorcielebis Sedegad.  

cxrilebSi moyvanilia inventarizaciis jamuri Sedegebi 2012 da 2020 

wlebisTvis da energetikis mdgradi ganviTarebis gegmaSi gaTvaliswinebu-

li RonisZiebebis mier dazogili emisiebis Sefaseba. 

seqtori 2012 2020 (BAU) 
transporti 152252 262069 
Senobebi 70606 145693 
gareganaTeba 1280 1604 
narCenebi 36960 28350 
sul 261098 437717 

Nnax.1. saTburi gazebis emisiebi (tonaCO2ekv.) 

seqtori dazogva  (tonaCO2ekv.) 
transporti 43548
Senobebi 30300
gareganaTeba 911
narCenebi 25192
gamwvaneba 178
sul 100128

Nnax.2 emisiebis dazogva mdgradi ganviTarebis  
gegmis mixedviTs xvadasxva seqtorSi. 

 
nax. 3-ze mocemulia emisiebis gadanawileba seqtorebis mixedviT, sa-

baziso (2012 w) da biznesis tradiciuli gziT (BAU) ganviTarebis scenaris 

(2020 w) Sesabamisad.  

 
Nnax.3. emisiebis gadanawileba seqtorebis mixedviT 

nax.4. emisiebis zrda transportis seqtorSi Nnax.5. emisiebis zrda  
ganaTebis seqtorSi 

nax.4-7-ze mocemulia emisiebis zrdis procesi, transportis, gare ga-

naTebis, narCenebis seqtorSi da SenobebSi, BAU  da energetikis mdgradi 
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ganviTarebis gegmis (SEAP) scenarebis mixedviT. 

 
Nnax.6. emisiebis zrda SenobebSi         nax.7. emisiebis zrda narCenebis seqtorSi     

L 
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Center Remissia; Tbilisi; 2014 

 
KUTAISI CITY SUSTAINABLE ENERGY ACTION PLAN (SEAP) 

G.O. Arabidzde, I. E. Pkhaladze 
Georgian Technical University  

Summary 
Thesis addresses the main goal of the Action Plan – reduction of CO2 emissions in Kutaisi as a result 

of energy consumption.  Action Plan identifies the main sectors of GHG emissions – Transport, Buildings 
and Infrastructure.  Action Plan defines emissions reduction strategy for all three sectors for short term 
(2014-2017) and long term (2018-2020) periods.  

Short-term Action Plan for transport sector includes: road infrastructure construction-rehabilitation; 
elaboration of optimal transport schemes; creation of transport management automatic system, renovation of 
transport fleets and etc. As for long term strategy the following actions are considered to be implemented: 
municipal transport partial shift on biodiesel, creation of express bus system on central routes, development 
of walking and cycling routes, elaboration and implementation of proper parking policy. 

Short term strategy aiming at reduction of GHG emissions from municipal and residential buildings 
includes energy resources consumption reduction with such measures like: switching to energy efficient 
bulbs, improving thermal insulation of the buildings roofs, entrances and common spaces areas, repairing ro-
ofs, replacement or weatherizin old windows and doors. Long term strategy identifies production of briquet-
tes from biomass waste for use in local heating systems as well as installation of solar collectors.  

Municipal infrastructure development strategy covers three sub-sectors and aims at methane (CH4) 
capture and combustion (long term) from municipal landfill, energy efficiency increase in outdoor lighting 
sector and expansion of the city green zones.  
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Mmzis energiis gamoyenebis SesaZleblobebi mcire sim-

Zlavris sayofacxovrebo da komunalur danadgarebSi 
 

arabiZe g.o.  arabiZe n.T 
saqarTvelos teqnikuri universiteti 

 
naSromSi ganmartebulia `mdgradi ganviTarebis~ arsi. daxasiaTebulia mdgra-

di ganviTarebis da garemosdacviTi sakiTxebis xelSemwyobi gzebi. ganxiluli da-
nadgarebi da sistemebi, romelebic muSaoben xelovnurad Seqmnili siTbos akumu-
liatoris, mzis mariliani avzis saSualebiT. aRwerilia heliosaSrobis, helioRu-
melis, helioabanos, heliobiogazis, heliowyalsaqaCis muSaobis principi. dasabuTe-
bulia, rom aRniSnuli danadgarebi da sistemebi arian mravalfunqciuri da SeuZ-
liaT gadawyviton konkretuli amocanebi zafxulis periodSi. es danadgarebi da 
sistemebi uzrunvelyofen efeqtian energodazogvas da organuli saTbobis mnivne-
lovan ekonomias. saqarTvelos klimaturi pirobebidan gamomdinare aRniSnuli miR-
wevadia Semodgomasa da zamTris dasawyisSic. 

 
cnobilia, rom  „mdgradi ganviTareba“ ganmartebulia, rogorc: „ganvi-

Tareba, romelic pasuxobs dRevandelobis saWiroebebs momavali Taobebis 

mier sakuTari saWiroebebis dakmayofilebis unaris riskis qveS dayenebis 

gareSe“ [1]. 

gaerTianebuli erebis ekonomikis departamentisa da msoflio energeti-

kis sabWos erToblivi kvlevis farglebSi Seqmnil msoflio energetikis 

Sefasebis angariSSi amgvari urTierTkavSiris ori mniSvnelovani maxasiaTe-

belia gamoyofili: 

pirveli maxasiaTebelia energia, rogorc dovlaTi - sakmarisi energe-

tikuli momsaxureba adamianis sabaziso moTxovnilebaTa dakmayofilebisaT-

vis, agreTve sazogadoebrivi keTildReobisa da ekonomikis ganviTarebisaT-

vis. meore maxasiaTebelia is garemoeba, rom energiis warmoeba da gamoyene-

ba ar unda uqmnides safrTxes amJamindeli da momavali Taobebis cxovre-

bis xarisxs da ar unda aWarbebdes ekosistemaTa maqsimalur datvirTvas. 

[2] 

energiis gamoyenebis imgvari gzebidan, romlebic mxars ubams mdgrad 

ganviTarebasa da xels uwyobs garemosdacviTi sakiTxebis dacvas mniSvne-

lovanis sami arCevani: 

 energiis moxmarebis kuTxiT, energoefeqturobis meti gamoyeneba, Senobeb-

Si, eleqtromowyobilebebSi, avtomobilebisa da samrewvelo procesebSi; 

 ganaxlebadi energo wyaroebis upiratesi gamoyeneba; 

 axali energoteqnologiebis ganviTarebis procesis daCqareba. 

energiis ganaxlebadi resursebis gamoyeneba mimdinare etapze warmoad-

gens aqtualur amocanas, rogorc energetikuli mrewvelobis, ise sayofa-

cxovrebo seqtorisTvis. “ganaxlebadi energetikuli teqnologiebi” far-

Tod inergeba adamianis saqmianobis mraval sferoSi. xSirad aseT teqnolo-

giebs aratradiciulsac uwodeben, Tumca maTi umetesoba emyareba sworedac 

rom yvelaze tradiciul da gamoyenebis uZvelesi istoriis mqone energiis 

wyaros – mzis energias. mzis energiis gamoyeneba sayofacxovrebo miznebis-

Tvis gansakuTrebiT aqtualuri da efeqturia mraval qveyanaSi. saqarTvelo 

mdebareobs sakmaod maRali insolaciis zonaSi (1200-1400 kvt*sT/(m2*w)), rac 
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qmnis qveyanaSi mzis energiis maRali efeqturobiT gamoyenebis pirobebs ]3]. 

mzi s saSual o r adi ac i a saqar Tvel oSi
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mzi s saSual o r adi ac i a naTel  dReebSi , kvt *sT/(m2*Tve)

mzi s saSual o r adi ac i a Rr ubl i an dReebSi , kvt *sT/(m2*Tve)

 
saqarTveloSi mziani dReebis raodenobisa da xarngrZlivobidan gamom-

dinare, SesaZlebelia mcire energetikuli danadgarebisa da sistemebis ga-

moyeneba, romlebic imuSaveben mzis energiis bazaze.  aRniSnuli danadgare-

bi sezonurad  SeiZleba iqcnen  lokaluri  ekologiuri da energetikuli 

usafrTxoebis garantad da zafxulis periodSi  sayofacxovrebo obieqtebi 

moamaragon meqanikuri da eleqtruli energiiT, siTboTi da siciviT. ganvi-

xiloT zogierTi maTgani. 

heliosaSrobi warmoadgens mowyobilobas, romlis korpusi Tbeba, xe-

lovnurad Seqmnili siTbos akumuliatoris, mzis mariliani avzis saSuale-

biT.  

CatvirTva
gadmotvirT

5

4

2 3 8 6  
nax.1. heliosaSrobi: 1-mzis gamosxiveba, 2- mzis mariliani avzi, 3-siTbos koleqto-
ris  korpusi (8-10)c. 4-gamwovi mili, 5-mzis gamosxivebis koncentratori, 6-tran-

sportiori(urika) 7- gasaSrobi masala,  8-grunti. 
 

heliosaSrobis Tburi koleqtoris korpusi 3 da misi Siga sivrce mud-

mivadaa gacxelebuli 90-95 0C, koncentratoridan 5 areklili mzis sxivebiT 

1. siTbo akumulirdeba mzis marilian avzSi 2. nakeTobis Srobis procesi 

mimdinareobs Semdegnairad. gasaSrob masalas aTavseben perforirebul 

lentur transportorze 6 CatvirTvis zonaSi, romelic gadaadgildeba 

Tburi koleqtoris 3 korpusis Siga sivrceSi gadmotvirTvis zonis mimar-

TulebiT. nakeTobis gacxeleba mimdinareobs misi moZraobis dros, koleq-

toris 3 korpusis Siga sivrceSi qveda nawilis SedarebiT maRal tempera-

turaze gacxelebuli mzis mariliani abazanidan.  

heliosaSrobi, SeiZleba gamoyenebul iqnas sasoflo-sameurneo nedleu-
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lis TermodamuSavebisaTvis (Tesli, xili, bostneuli, soko, samkurnalo 

balaxebi, Tiva da sxva) axalSeRebili zedapirebisaTvis (manqana, xelsawyo 

meqanizmi), briketebis da pelitebis gasaSrobad da sxva daniSnulebiTac. 

helioRumeli - warmoadgens mowyobilobas, romlis  korpusi Tbeba 

mzis mariliani avzis saSualebiT. igi SeiZleba iyos sazafxulo kafes saW-

mlis mosamzadebeli mowyobilobis nawili.  

 

 

 
nax.2. helioRumeli: 
1. mzis gamosxiveba; 
2. mzis mariliani avzi; 
3. Rumelis korpusi; 
4. Senobis amreklavi; 
5.saWmlis mosamzadebeli WurWe-
li.  

 

 

 

 

nax.3. helioRumeli. 1- mzis mariliani avzi; 2- Rumelis korpusi; 3-saxarSi; 4-marmi-
ti; 4-miwodebis magida; 5-magida; 6-sasadilo darbazi. 

 
 marilian avzSi 2 xdeba mzis 

sxivebis 1 pirdapiri da amrekli 

zedapiridan 4 miRebuli siTbos 

akumulireba da avzis qvedSi tem-

peraturis SenarCuneba. rogorc 

mocemuli sqemidan Cans, RumelSi 3, 

misi kedlebis maRali Tbogamtaro-

bis pirobebSi, SesaZlebelia 85-95 
0C temperaturis SenarCuneba da 

sxvadasxva saxis saWmelis momza 

Hheliobiogazis danadgari – da-

nadgari, romlis bioreqtoris 

korpusi Tbeba mzis mariliani av-

zis meSveobiT. 

 

 

 

 

А

1

4
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9

ბიოგაზ

ნედლეულ

შლამი

А— А11
8

13
107

1

3

12⁰14

2

 
nax.4. heliometanteki: 1-meTantek-reaqtori; 2-mzis mariliani avzi; 3- siTburi koleq-
toris korpusi; 4- mzis gamosxiveba; 5- mzis gamosxivebis koncentratori; 6-grunti; 
7-reaqtorSi nedleulis misawodebeli mili; 8-reaqtoridan biogazis gamosasvleli 
mili; 9-reaqtoridan narCenebis gamosatani mili; 10,11,12-ventilebi: 13-atmosferodan 
haeris Semkrebi; 14-siTburi koleqtoris korpussa(3) da meTanTek-reaqtoris kor-

puss Soris arsebuli dacileba. 
 

helioabano - mowyobiloba, sadac orTqlis miReba da gacxeleba xdeba 

xelovnurad Seqmnili siTbos akumulatoris bunebrivi fenis mzis marilia-

ni avzis xarjze. 

3

1

2

 
nax.5 helioabano: 1- mzis gamosxiveba; 2- koncentratori; 3- mzis mariliani avzi; 4-

saorTqle; 5-sabanao ganyofileba; 6- mosasvenebeli oTaxi. 

 

heliowyalsaqaCi sadguri - romelic muSaobs xelovnurad Seqmnili 

siTbo-sicivis akumuliatorebis (erTis mxriv, mzis mariliani, xolo, meo-

res mxris yinuliT/civi wyliT savse avzebi) Soris temperaturul sxvao-

biT.E 

ganxiluli masala gviCvenebs, rom danadgarebi da sistemebi, rimele-

bic muSaoben xelovnurad Seqmnili siTbos akumuliatoris, mzis mariliani 

avzis saSualebiT arian mravalfunqciuri da SeuZliaT gadawyviton kon-

kretuli amocanebi zafxulis periodSi. es danadgarebi da sistemebi uz-

runvelyofen efeqtian energodazogvas da organuli saTbobis mnivnelovan 

ekonomias. saqarTvelos klimaturi pirobebidan gamomdinare aRniSnuli 

miRwevadia Semodgomasa da zamTris dasawyisSic. 
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2

13
12

3

0 ⁰С1 4  
nax.6. heliowyalsaqaCi sadguri: 1-mzis gamosxiveba; 2-koncentratori; 3-Tburi izo-
lacia; 4-yinuliT/civi wyliT savse avzi; 5,8-Tburi gravitaciuli mili (Termosifo-
ni); 6-haeris Semkrebi; 7-stirlingis Zrava tumbosTan erTad; 9-mzis mariliani avzi; 
10-wyalsadeni; 11-grunti; 12- Tburi gravitaciuli milis gagrilebuli nawili, ro-
melic ganlagebulia haerze: 13-Tburi gravitaciuli milis gagrilebuli nawili, 

romelic ganlagebulia yinulis/civi wylis avzSi. 
 

  mcire energetikas, romelsac xelovnurad Seqmnili siTbos akumulia-

toris, mzis mariliani avzebTan erTad, SeuZlia imuSavos mzis energiaze 

momuSave sxva danadgarebTan (mzis brtyeli koleqtorebi, mzis eleqtro-

sadgurebi, fotogardamqnelebi da sxv.) da qaris energiis mniSvnelovani ga-

moyenebiT, xelewifeba saqarTvelos nebismier regionSi mcire dasaxlebis 

energouzrunvelyofa. 
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OPPORTUNITIES OF USING SONAR ENERGY IN SMALL CAPACITY HOUSEHOLD AND 

INDUSTRIAL DEVICES 
Arabidze G. O. Arabidze N. T. 
Georgian Technical University 

Summary 
The work explains the term sustainable development. It describes the options that would support sustai-

nable development and help resolve environmental issues. It discusses the devices and systems that operate 
on artificial heat accumulator solar salt tank. It describes the operation principle of helio drier, helio oven, he-
lio bath, helio biogas and helio water pump. It is confirmed that these devices and systems are multifunctio-
nal and can solve specific issues during the summer season. These devices and systems result in considerable 
increase of energy efficiency and fossil fuel consumption reduction. Georgian climatic conditions would al-
low usage of these technologies in autumn as well as beginning of winter.     
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Senobis sxvenis saxuravis sainJinro  
Tburi gaangariSebis meTodika 

 
kiRuraZe o.*, qeTelauri g.*, baramiZe s.** 
 * saqarTvelos teqnikuri universiteti 

** Sps „siTbo”    

 
Senobis sxvenis saxuravi aris araerTgvarovani sistema, romelic warmoadgens 

sxvadsxva samSenelo masalebis kompozicias. sxvenis saxuravidan siTbos xvedriTi 
danakargebi Senobis sxva SemomzRudi konstruqciebTan SedarebiT  maRalia.  

naSromSi damuSavebulia  araerTgvarovan sistemaSi siTbos gadacemis inJinru-
li Tburi gaangariSebis meTodika. gamoyenebulia elementaruli regularuli uj-
redis  izoTermuli da adiabaturi mkveTi sibrtyeebiT dayofis maTematikuri mid-
goma. Catarebulia sacxovrisad gamosayenebeli sxvenis saxuravis  variantuli 
Tburi  gaTvlebi da dagenilia konkretuli pirobebisaTvis  Tburi izolaciis sa-
xe da saWiro  sisqe. 

 
Senobis sxvenis saxuravi, rogorc araerTgvarovani sistema, warmoad-

gens sxvadsxva samSenelo masalebis kompozicias da gamoyenebulia: gare 

saxuravis fena (Tunuqi, kramiti, toli  da sxva); xis konstruqcia; haeris 

fena (uZravi an vetilirebadi); wyalgaumtari afski; orTqlgaumtari afski; 

TabaSir-muyao da sxva. gavrcelebulia  komponentebis SeTanwyobis sxvad-

sxva varianti, gansxvavebuli geometriuli parametrebiT. amasTan mdgeneli 

komponentebis Tbofizikuri Tvisebebi erTmaneTisagan SeiZleba mkveTrad 

gansxvavebuli iyos. aseT araerTgvarovan sistemaSi siTbos gadacemis pro-

cesi rTuli meqanizmiT xorcieldeba da misi  inJinruli Tburi gaangari-

Sebis meTodikis damuSaveba aqtualur amocanas warmoadgens.  

xSiria Senobebis sxvenis rekonstruqcia misi sacxovrisad gamoyenebis 

mizniT. sacxovrisSi normaluri mikroklimatis Sesaqmnelad aucilebelia  

saxuravis dagegmareba  energoefeqturi RonisZiebebis gaTvaliswinebiT.  

sxvenis saxuravidan siTbos xvedriTi danakargebi Senobis sxva Semom-

zRudi konstruqciebidan danakargebTan  SedarebiT  maRalia. aseve za-

fxulSi rTuldeba pirobebi saxuravis (gansakuTrebiT Tunuqis) maRal tem-

peraturamde (70°С) SesaZlo gacxelebis gamo.  amasTan erTad sxvenis saxu-

ravi xmauris gamomwvevi Zlieri  wyaroa (setyva, wvima). aRniSnuli uaryofi-

Ti faqtorebis minimumamde Semcireba gansakuTrebiT mniSvnelovania, roca 

sxvenSi sacxovrisis sasargeblo moculobis gadidebis motiviT, gadaxurva 

ar sruldeba.  

arsebobs mravali kvleva, romelic eZRvneba myar, Txevad da airad sis-

temebSi da maT kompoziciebSi Tbocvlis Seswavlas. naSromSi ganxilulia 

sxvenis saxuravis sistema, romelic Sedgeba erTmaneTTan meqanikurad dakav-

Sirebuli calkeuli erTgvarovani komponentebisagan. SesaZlebelia maTi 

sxvadsxva kombinatorika, rac garkveul struqturas iZleva, romelSic 

xorcieldeba rTuli Tbocvlis procesi. damuSavebulia sxvenis saxuravis 

modeli, romelic moicavs iseT komponentebs, rac uzrunvelyofs garemoSi 

siTbos danakargebis da saTavsSi xmauris Semcirebas, amasTan gaTvaliswi-

nebulia gamoyenebuli Tboizolaciis, garemo atmosferuli naleqis da sa-
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Tavsis haerSi  orTqlis maRali parcialuri wnevis gamo, dasvelebisagan 

dacva.  dasmuli amocanis raodenobrivi gadawyvetisaTvis aucilebelia sa-

xuravis gavliT Tbogadacemis koeficientis gaangariSeba da variantuli 

Tburi gaTvlebisaTvis inJinruli meTodikis damuSaveba[1-6].  

sxvenis saxuravis SerCeuli sistema,  warmoadgens sxvadsxva saWiro 

komponentebis erTobliobiT Sedgenil konstruqcias. misi struqtura xasi-

aTdeba did manZilzeSori wesrigiT (ganmeoradobiT). aseT SemTxvevaSi SeiZ-

leba gamovyoT elementaruli ujredi, romlis geometruli da fizikuri 

Tviseba igive iqneba, rac mTlianad saxuravisaTvis Sesabamisi Tvisebebi. 

sxvenis saxuravis elementaruli  ujredis  magaliTi naCvenebia nax.1. ele-

mentaruli ujredis efeqturi Termuli winaRobis (an gamtarobis) dasadge-

nad SeiZleba gamoyenebuli iyos sxvadasxva maTematikuri midgoma. naSromSi 

sxvenis saxuravis elementaruli ujredis efeqturi Tbogamtarobis koefi-

cientis dasadgenad gamoyenebulia releis kveTebis meTodi. elementaruli 

ujredis mimdevrobiT gameoreba iZleva saxuravis mTlian struqturas da 

amdenad elemenaruli ujredi warmoadgens regularul ujreds [2, 6].  

 

 
ნახაზი 5. sxvenis gadaxurvis regularuli ujredi 

 

ganvixiloT Tburi nakadis moZraoba am sistemis gavliT da ganvsaz-

RvroT misi efeqturi Tbogamtarobis koeficienti. zamTarSi Tburi nakadi 

mimarTuli iqneba sacxovrisis haeridan garemo haerisaken (zafxulSi piri-

qiT).davyoT elementaruli ujredi usasrulod Txeli damatebiTi zedapire-

biT: vertikaluri- adiabaturi sibrtyeebiT da horizontaluri- izoTermu-

li sibrtyeebiT.  elementaruli ujredi (nax.1) horizontaluri sibrtyee-

biT kveTis SemTxvevaSi  moicavs rva Sedgenil fenas: Tunuqi; tengaumtari 

afski; lartya 1 da haeris fena; nivnivis nawili da haeris fena; nivnivis na-

wili da Tboizolaciis fena;  orTqlgaumtari afski; lartya 2 da haeris 

fena; TabaSir-muyao.elementarul ujredSi gavlili Tburi nakadis mniSvne-

loba damokidebuli iqnebasxvenis saxuravisSiga da gare zedapirebis Ter-

mul winaRobebis dacalkeuli fenis winaRobebis mniSvnelobebze. 
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 mkveTi sibrtyeebi isea gatarebuli, rom TiToeuli fena dayofilia 

oTx maxasiaTebel farTobad (f1..f4). calkeuli elementis Termuli winaRoba 

(r) iangariSeba gamosaxulebiT iii hr /  °Сმ²/ვტ, sadac ih da i aris elementis 

sisqe (simaRle) da Tbogamtarobis koeficienti Sesabamisad. elementis day-

vanili Termuli winaRoba Tburi nakadis marTobuli sibrtyis farTobis 

erTeulze gamoiTvleba ii frR /  °С/vt. 

elementaruli ujredis fenaSi arsebuli oTxi elementis  Termuli wi-

naRiobebis Sebrunebuli sidideebis jami (eleqtruli analogiis mixedviT) 

warmoadgens konkretuli fenis Termuli winaRobis Sebrunebul sidides 

(elementebis paraleluri SeerTeba), xolo calkeuli fenis Termuli wina-

Robebis jami (mimdevrobiTi SeerTeba) iZleva  elementaruli ujredis ja-

mur Termul winaRobis mniSvnelobas R . elementaruli ujredis adiabatu-

ri sibrtyeebiT kveTis SemTxvevaSi miiReba calkeuli elementis (8-8 aseTi 

elementi)oTxi paraleluri Sto, rac iZleva adiabaturi dayofis SemTxve-

vaSi jamuri  Termuli winaRobis mniSvnelobas - adR .  elementaruli ujre-

dis izoTermuli da adiabaturi sibrtyeebiT dayofis wesiT miRebuli Ter-

muli winaRobebis saSualo mniSvneloba gaiangariSeba: 3/)2( izad RRR   

meores mxriv, elementaruli  ujredis efeqturi Termuli winaRoba  

SeiZleba gamovsaxoT efeqturi Tbogamtarobis koeficientiT ( efR ), maSin, 

)/( srefef FHR  , sadac H  da srF  aris elementaruli ujredis saerTo si-

maRle (sisqe) da Tburi nakadis marTobuli mimarTulebiT farTobi.   

RR ef tolobidan ganisazRvreba elemetaruli ujredis efeqturi Tbogam-

tarobis koeficientis mniSvneloba, romelic maxasiaTebeli iqneba sxvenis 

saxuravisaTvis. kedlis jamur Termul winaRobasTan erTad Siga da gare 

haerze Tbogacemis Termuli winaRobebis gaTvaliswinebiT SeiZleba sacxov-

risis Siga haeridan garemo haerze sxvenis saxuravis gavliT Tbogadacemis 

koeficientis da garemoSi xvedriTi Tburi danakargebis gansazRvra.  

  Senobis sxvenis saxuravis konstruqciis elementebis  Tburi balanse-

bis safuZvelze damuSavebulia saxuravidan Tburi danakargebis inJinruli 

gaangariSebis meTodika eqselis programuli uzrunvelyofiT. gaangariSeba 

tardeba Semdegi algoriTmiT: 1.saxuravis ZiriTadi elementebis da Tbosai-

zolacio masalis SerCeva; 2. calkeuli elementebis SeTanwyobis damuSave-

ba, saizolacio masalis datenianebisagan (gare da sacxovrisis Siga teni) 

dacvis gaTvaliswinebiT (specialuri tengaumtari da orTqlgaumtari af-

skebis gamoyeneba); 3. konstruqciis simtkicidan gamomdinare calkeuli ele-

mentebis geometruli zomebis da aseve saWiro Tbofizikuri monacemebis 

dadgena; 4. klimaturi zonis Sesabamisi saxuravis  moTxovnili Tburi  wi-

naRobis normis dadgena; 5. variantuli gaTvlebis safuZvelze konkretuli 

Tbosaizolacio masalis saWiro sisqis dadgena, romelic daakmayofilebs 

Tburi dacvis pirobas punqti - 4; 6. saWiroebis SeTxvevaSi variantuli ga-

moTvlebis Catareba sxvadasxva  Tbosaizolacio masalis gamoyenebiT (op-

timizaciis amocana); 7.teqnikur-ekonomikuri gaangariSeba konstruqciuli 
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gadawyvetis optimaluri variantis dadgena.  

Senobis sxvenis saxuravis inJinruli Tburi gaangariSebis damuSavebu-

li meTodikis gamoyenebiT Catarebulia sanimuSo gaangariSeba nax. 1 -ze 

moyvanili elementaruli regularuli ujredis magaliTze, romlis far-

Tobia 0,564m2(Tburi nakadis marTobulad). sacxovrisis Siga da gare haeris 

temperaturebis mniSvnelobebia 20°С da -8°С Sesabamisad. Tbogacemis koefi-

cientebi Siga haeridan Siga kedelze aris  8,7 vt/(m² K), xolo gare zedapi-

ridan garemo haerze 23vt/(m² K) Sesabamisad.  

haeris elementaruli ujredis farglebSi komponentebis geometruli 

da Tburi monacemebi moyvanilia cxrilSi 1.  

ცხრილი1 

# elementis dasaxe-
leba 

simaRle 
(sisqe), mm 

sigane, 
mm 

sigrZe, 
mm 

intervali, 
mm 

Tbogamtarobis 
koeficienti, 

vt/m/KK 
1 Tunuqi 0,7 600 940 - 58 
2 tengaumtari af-

ski 
1 600 940 - 0,17 

3 lartya1 30 200 940 400 0,14 
4 nivniva 160 90 600 850 0,14 
5 haeris fena 110 600 850 - Term.win0.15(მK)/

ვტ 
6 Tboizolacia 50 600 850 - 0,035 
7 orTqlgaumtari 

afski 
1 600 940 - 0,17 

8 ლარტყა2 25 200 940 - 0,14 

9 თაბაშირ-მუყაო 10 600 940 - 0,19 

   

magaliTisaTvis, mocemuli klimaturi zonisaTvis (q.Tbilisi) Tu mo-

Txovnilia Senobis saxuravisaTvis efeqturi Termuli winaRobis mniSvne-

loba -2 m2°С/vt, variantuli gaTvlebiT misi uzrunvelyofa SesaZlebeli iq-

neba 50 mm sisqis Tboizolaciis gamoyenebiT, romlis Tbogamtarobis koefi-

cientia 0,035 vt/m/K. aseT pirobebSi elementaruli ujredis izoTermuli 

sibrtyeebiT dayofis SemTxvevaSi Tbogadacemis jamuri Termuli winaRobam 

Seadgina 3,42KK/vt (1.929m2°С/vt), xolo adiabaturi dayofis dros 3,76 K/vt 

(2,121m2°С/vt). ujredis kombinirebuli dayofis SemTxvevaSi Sesabamisad miRe-

bulia mniSvneloba 3,53 K/vt (1,99m2°С/vt).   

Senobis sxvenis saxuravis efeqturi Tbogadacemis koeficienti tolia 

0,5vt/m2°С , xolo garemoSi siTbos xvedriTi danakargebi Seadgens 14,05 

vt/m2. 
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ENGINEERING CALCULATION METHOD OF HEAT  
TRANSFER FOR ATTIC ROOF. 

Summary 
The attic roof of building is heterogeneous system, which presents composition of different construction 

materials. Portion of heat losses from the roof of building is high than comparatively from other fencing con-
structions of buildings. 

In the report was developed heat transfer engineering calculation method for heterogeneous systems. Is 
utilized: sharply flatness  isothermal and adiabatic mathematical dividing approach of elementary regular 
cell. In the report are conducted of variant of thermal calculations for roof of attic, are determined  type of the 
thermal insulation and required thickness for the specific conditions. 
 

 

 

mduRare siTxis mier xurebis  zedapirze reaqtiuli  
Zalis warmoqmnis winaswari modelirebis Sedegebi 

 
maWavariani e. s., qsovreli n. T., jixvaZe m. j. 

saqarTvelos teqnikuri universiteti 
 

naSromSi warmodgenilia mduRare siTxis  mier xurebis zedapirze    reaq-
tiuli Zalis warmoqmnis movlenis Cvens mier SemuSavebuli fizikuri da geometri-
uli modelebi, romelTa damuSaveba aucilebelia maduRari siTxis mxridan xure-
bis zedapirze aRZruli reaqtiuli Zalis da misi warmoqmnis pirobebis gamosak-
vlevad da am bazaze, mzis TburamZraviani wyalsaqaCi tumbos energoefeqturobis 
gasaumjobeseblad. 

Cveni modelebi dafuZnebulia mzardi buStis tumbos efeqtisa da buStis 
qveSa siTxis soliseburi aredan aorTqlebis koncefciebis gaerTianebaze. es kon-
cefciebi sakmaod kargad eTanadeba erTmaneTs da amis safuZvelze davamuSaveT Se-
saswavli movlenis, kerZod reaqtiuli Zalis warmoqmnis dazustebuli geometriu-
li modeli.  

Catarebuli samuSaos safuZvelze vaskvniT, rom Sesaswavli fizikuri movle-
nis Cvens mier damuSavebuli geometriuli modelis gamoyenebiT SesaZlebeli gax-
deba aRwerili movlenis zusti maTematikuri modelireba.  

 
winamdebare naSromi warmoadgens SoTa rusTavelis erovnuli samec-

niero fondis mier gacemuli grantiT dafinansebuli Temis `TburamZraviani 

diafragmuli tumbo wylis gacxelebis avtonomiuri heliosistemisaTvis: 

winasawarmoo modelis damuSaveba~ farglebSi Catarebuli kvlevis sawyis 

etapze miRebuli Sedegebis erTgvar Sejamebas. 

cnobilia, რომ duRili warmoadgens siTxis orTqladqcevis process 

missave moculobaSi da upirveles yovlisa gaxurebis zedapirze [1]. duRi-

lis process, rasakvirvelia, Tan axlavs zedapiridan siTbos arTmevis pro-

cesi, romlis intensiuroba damokidebulia TviT duRilis intensiurobaze. 

es ukanaskneli ki damokidebulia im zedapiris temperaturaze, romelzec 

duRili mimdinareobs da amrigad, duRilis dros siTxis mier kedlis ze-

dapiridan arTmeul siTbos raodenobasa da kedlis zedapiris temperatu-

ras Soris arsebobs garkveuli damokidebuleba, romelic pirvelad iapo-

nelma mecnierma nukiamam [2] Seiswavla da romelic warmodgenilia nax. 1-ze. 
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nax.1. nukiamas mrudi 

 

rogorc am naxazidan Cans duRilis procesis dros zedapiridan si-

TxeSi gadacemuli siTbos raodenoba damokidebulia kedlis temperatura-

ze da kritikul K wertilamde kedlis temperaturis matebasTan erTad iz-

rdeba.  es xdeba imitom, rom amave dros matulobs zedapirze warmoqmnili 

buStebis raodenoba da vinaidan Cvens mier adre gamoqveynebul naSromSi  

[3] gamoTqmuli mosazrebis Tanaxmad  duRilis process Tan axlavs reaqti-

uli Zalis warmoqmna. mosalodnelia, rom warmoqmnili reaqtiuli Zalac 

imave kanonzomierebiT gaizrdeba. 

maSasadame, radgan buStebis warmoqmna nukiamas mrudis mixedviT (nax. 

1) iwyeba b wertilSi, amitomac reaqtiuli Zala unda gaCndes swored am 

wertilSi. es imas niSnavs, rom reaqtiuli Zalis mniSvneloba mTeli kon-

veqciuri Tbogadacemis procesSi, anu uSualod b wertilamde nulis to-

lia da rogorc ki buStebi warmoqmnas daiwyeben, maSinve unda gaCndes mini-

maluri reaqtiuli Zala.  

Semdeg, reaqtiuli Zala, duRilis intensiurobis zrdasTan erTad 

daiwyebs matebas da maqsimalur mniSvnelobas miaRwevs uSualod duRilis 

krizisis dadgomisas, anu K wertilis maxloblobaSi. e.i. reaqtiul Zalis 

damokidebuleba kedlis da mduRare siTxis temperaturebs Soris sxvaoba-

ze, daaxloebiT nukiamas mrudis (bK) monakveTis  analogiuri unda iyos, 

rogorc es nax. 2-zea warmodgenili. 

 
nax. 2. reaqtiuli Zalis SesaZlo damokidebuleba gamaxurebeli kedlis zedapirsa 

da mduRare siTxes Soris temperaturaTa sxvaobaze  
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siTxis duRilis TeoriaSi, romelic jer kidev samwuxarod ar aris 

bolomde dazustebuli, arsebobs mravalnairi mosazreba imis Taobaze Tu 

ra meqanizmebiT xdeba siTbos gadacema gamaxurebeli, anu amaorTqlebeli 

kedlis zedapiridan siTxeSi. samecniero literaturaSi yovelwliurad 

qveyndeba duRilis procesis Seswavlisadmi miZRvnili mravali qveynis mec-

nierTa asobiT naSromi, romelTa didi nawili eTmoba duRilis movlenis 

Teoriul kvlevas. am samuSaoebSi  ganixileba orTqlis buStebis warmoq-

mnis mravalnairi meqanizmi da sqema. magaliTisaTvis nax. 3-ze warmodgeni-

lia orTqlis buStebis warmoqmnisa da mowyvetis sxvadasxva avtoris mier 

SemoTavazebuli variantebi. garda amisa gaanalizebulia duRilis intensi-

vobaze moqmedi mravali fizikuri da geometriuli faqtori da a. S. swored 

am meqanizmebis da faqtorebis didi raodenoba da mravalmxrivoba arTu-

lebs duRilis movlenis Teoriul analizs, Tumca Tanamedrove etapze, uk-

ve Camoyalibebulia ramodenime Teoriuli koncefcia, romelTa safuZvelze 

Catarebuli gaangariSebebis Sedegebi garkveulwilad damakmayofileblad 

emTxvevian eqsperimentul Sedegebs.  

eqsperimentul monacemebTan Sedarebisas jerjerobiT yvelaze karg 

Sedegebs iZleva duRilis egrTwodebuli multifaqtoringis Teoria, rome-

lic qarTveli mecnierebis mieraa damuSavebuli profesor i. SeyrilaZis 

xelmZRvanelobiT [4]. am Teoriis mixedviT duRilis procesSi adgili aqvs 

gamaxureblis zedapiridan siTxeSi Tbogacemis sxvadasxva meqanizmebis er-

Tobliv moqmedebas da, amasTan, sxvadasxva pirobebSi madominirebel rols 

Tbogacemis intensiurobaSi ikaveben sxvadasxva faqtorebi da  meqanizmebi 

[5].  

aRniSnulidan gamomdinare mosalodnelia, rom duRilis procesSi 

warmoqmnili reaqtiuli Zalis xvedriT siTbur nakadTan an gamaxurebeli 

elementis zedapiris temperaturasTan damokidebulebis xasiaTi (kerZod 

simrude, daxris kuTxe) Seicvalos, rac damatebiT mogvcems safuZvels ze-

moxsenebuli multifaqtoringis koncefciis samarTlianobis Sesaxeb.  

 
nax. 3.  orTqlis buStebis warmoqmnis da mowyvetis sxvadasxva varianti 

 

duRilis procesSi siTxis mxridan gaxurebis zedapirze Zaluri moqme-

debis arsebobas Teoriulad amarTlebs is faqti, rom am bolo dros du-

Rilis meqanizmis SeswavlaSi seriozulad moikida fexi egreTwodebulma 

„tumbos efeqtma“, romelic profesor irakli SeyrilaZis mier  iyo damuSa-
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vebuli jer kidev gasuli saukunis 60-ian wlebSi [6] da Semdeg, misive xel-

mZRvanelobiT mravalmxriv Seswavlili. 

buStis zrdisas warmoqmnili tumbos efeqtis sqema warmodgenilia na-

xazze 4. 

 
nax. 4. buStis zrdis tumbos efeqtis sqema 

 

am sqemidan Cans, Tu rogor moqmedebs buStis zrdisas warmoqmnili eg-

reTwodebuli „tumbos efeqti“, rac gamoixateba mzardi buStis mier siTxis 

gasroliT maduRari zedapiris mxridan siTxis siRrmeSi. es efeqti dafiq-

sirebulia agreTve im SemTxvevaSic, roca maduRari zedapiri qvemoTaa mi-

marTuli da miuxedavad amomgdebi Zalis mimarTulebisa, mzardi buSti ga-

cxelebul siTxes qvemoT isvris [7]. 

cxadia, rom mzardi buStis mier siTxis maduRari zedapiridan Sors 

gasrolas Tan unda sdevdes buStis mxridan garkveuli reaqtiuli zemoqme-

deba TviT maduRar zedapirze.   

garda aRniSnulisa, unda iTqvas, Zalian gavrcelebulia mosazreba imis 

Taobaze, rom duRilis ganmavlobaSi orTqlwarmoqmnis procesis didi nawi-

li modis mzardi buStis maduRebel zedapirTan Sexebis zedapiris garSemo 

arsebuli siTxis solisebur ubanze da xsenebuli urTierTSexebis centra-

luri ubnis, anu mSrali zedapiris farTobis zrdasTan erTad izrdeba 

buStisqveSa wriulad ganlagebuli siTxis solis wriuli zoma, rasac Tan 

sdevs solis wverze aorTqlebuli siTxis raodenobis zrda [8].  

Cven gavaerTianeT mzardi buStis tumbos efeqtisa da buStisqveSa si-

Txis soliseburi aredan aorTqlebis koncefciebi, romlebic sakmaod kar-

gad eTanadeba erTmaneTs, da am gaerTianebis safuZvelze davamuSaveT Se-

saswavli movlenis, kerZod reaqtiuli Zalis warmoqmnis  geometriuli mo-

deli (nax. 5). 

rogorc es nax. 5-ze Cans, siTxis duRilis procesSi zrdadi buStis 

centraluri nawilis garSemo imyofeba siTxis erTgvari wriuli soli, ro-

melSic arsebuli siTxe aris duRilis temperaturasTan SedarebiT odnav 

gadaxurebuli vinaidan imyofeba gamaxurebel kedelTan, anu maduRari ele-

mentis zedapirTan  uSualo SexebaSi. zrdadi buStis centraluri nawil-

Tan axlos mdebare xsenebuli solis wverosTan myof yvelaze Txel da 
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wriul areSi arsebuli siTxis molekulebi iZenen sakmaris energias imisaT-

vis rom Txevadi fazidan gadavidnen orTqlis fazaSi, rasac Tan sdevs 

TviToeuli maTganis moZraobis raodenobis cvlileba, rac Tavis mxriv 

warmoqmnis gamaxurebel elementze vertikalurad zemodan qveviT moqmed 

reaqtiul Zalas. 

 
nax.5. reaqtiuli Zalis warmoqmnis geometriuli modeli 

 

kerZod, zemoxsenebuli, duRilis multifaqtoringis Teoriis mixedviT 

duRilis sxvadasxva reJimSi siTbogadacemis sxvadasxva meqanizmebi asru-

leben madominirebel rols. aseT SemTxvevaSi reaqtiuli Zalis damokide-

buleba gamaxurebeli kedlis zedapirsa da mduRare siTxes Soris arsebul 

temperaturaTa sxvaobaze gansxvavebuli unda iyos nikiamas mrudis bK mo-

nakveTisagan (ix. nax. 2) da unda xasiaTdebodes gadaxris wertilebiT, rad-

gan sxvadasxva meqanizmebiT siTbos gadacemisas mosalodnelia, rom reaqti-

uli Zalis warmoqmnis pirobebi sxvadasxva iqneba. 

damuSavebuli geometriuli modelis safuZvelze Seiqmneba movlenis ma-

Tematikuri da kompiuteruli modelebi da gaangariSebebiT miRebuli Sede-

gebi Sedardeba paralelurad mimdinare eqsperimentuli kvlevis Sedegebs. 
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PRELIMINARY MODELING RESULTS OF REACTIVE POWER GENERATION FROM  BOI-
LING LIQUID ON THE HEATING SURFACE 

Evtikhi Machavariani, Natia Ksovreli, Maia Jikhvadze 
Georgian Technical University 

Summary 
The paper presents developed by us the physical and geometric models of the phenomenon of reacti-

ve power generation from boiling liquid on the heating surface. These models are necessary for examination 
of conditions of reactive power formation from boiling liquid on the heating surface and to improve on this 
base, energy-efficiency of solar heat powered water pump. 

Our models are based on the reunification of vapor bubble increasing pumping effect and concept of 
evaporation of the fluid wedge which is on the heating surface, under of vapor bubble. This both concepts 
correspond well with one another and based on this, we have developed an adjusted geometric model of reac-
tive power generation phenomenon. 

From the results obtained, we conclude that using the geometric model developed by us, it will be 
possible exact mathematical modeling of study phenomenon. 
 

 

 

 

orTqladqcevis procesSi molekulebis moZraobis  
raodenobis cvlilebiT gamowveuli Zalis impulsiT  

momuSave Tburi manqanis ganxorcielebis  
SesaZleblobis Sesaxeb 

 
maWavariani e., rusiSvili j., gigineiSvili g., qsovreli n. 

saqarTvelos teqnikuri universiteti 
 

naSromSi mocemulia duRilis procesSi mduRare siTxis mxridan aRZruli da 
gamaxurebel zedapirze moqmedi reaqtiuli Zalis gamoyenebaze dafuZnebuli uwyve-
ti moqmedebis siTburi manqanis erT-erTi SesaZlo konstruqciuli varianti. aRwe-
rilia misi muSaobis procesi da dasaxulia kvlevis Semdgomi amocanebi. 

 
winamdebare naSromSi asaxulia SoTa rusTavelis erovnuli samecnie-

ro fondis mier gacemuli grantiT dafinansebuli Temis `TburamZraviani 

diafragmuli tumbo wylis gacxelebis avtonomiuri heliosistemisaTvis: 

winasawarmoo modelis damuSaveba~ farglebSi Catarebuli kvlevis sawyis 

etapze miRebuli Sedegebis erTi nawili. 

siTxis duRilis da orTqlis kondensaciis  procesebs mniSvnelovani 

adgili ukavia Tanamedrove Tbofizikis aqtualur problemebs Soris, rac 

kargad aisaxeba samecniero literaturaSi yovelwliurad gaqveynebul da 

am sakiTxebis Seswavlisadmi miZRvnil mravali qveynis mecnierTa naSrome-

bis simravleSi. amasTan, vinaidan arc duRilis da arc kondensaciis pro-

cesebisaTvis jer kidev ar aris miRebuli mkacri Teoriuli interpretacie-

bi, kvlav gansakuTrebuli yuradReba eqceva xsenebuli procesebis da maTi 

Tanmxlebi fizikuri movlenebis yovelmxriv eqsperimentul Seswavlas.  

am mxriv gamonakliss arc saqarTvelos teqnikuri universitetis arat-

radiciuli da damzogi energoteqnologiebis  mimarTulebis sakvlevi la-

boratoria warmoadgens. am laboratoriis TanamSromlebis mier miRebuli 

Sedegebi sistematurad qveyndeba samamulo Tu sazRvargareTis seriozul 

samecniero gamocemebSi [1-6] da xSirad aris warmodgenili saerTaSoriso 
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samecniero konferenciebze [7-10]. am samuSaoebSi asaxulia Ria kapilarul 

arxebSi duRilis [1,7], duRilis Tbogadacemis mraval faqtorze damokide-

bulebis [2-4, 6], qvemoT mimarTul gamaxurebel zedapirze duRilis [5, 8, 9] 

da duRilis procesSi gamaxurebeli zedapiridan siTxeSi siTbos gadacemis 

intensiurobaSi mzardi buStis efeqtis rolis [10] rogorc eqsperimentuli, 

aseve Teoriuli xasiaTis gamokvlevebiT miRebuli Sedegebi.   
winamdebare naSromi eZRvneba saqarTvelos teqnikuri universitetis 

zemoT xsenebul laboratoriaSi Sesrulebili samuSaoebis erTi nawilis  

[11, 12]  bazaze gamoTqmul mosazrebas, kerZod aorTqleba-kondensaciis pro-

cesebSi molekulebis moZraobis raodenobis cvlilebiT gamowveuli Zalis 

impulsiT momuSave Tburi manqanis SesaZlo praqtikul ganxorcielebas. 

Tavdapirvelad unda avRniSnoT erTi garemoeba. Tbogadacemis Teoriis 

erT-erTma korifem, samson simonis Ze quTaTelaZem, Tbogadacemis Teoriis 

safuZvlebisadmi miZRvnil Tavis wignSi [13] specialurad ganixila nivTie-

rebis Txevadi da orTqlis fazaTa Soris sazRvarze fazebs Soris Tburi 

da meqanikuri urTierTqmedebis pirobebi ris safuZvelzec daadgina, rom 

nivTierebis nakadis moZraobis raodenoba mkveTrad matulobs Txevadi fa-

zidan orTqlis fazaSi gadasvlisas da Sedegad warmoiqmneba reaqtiuli 

Zala, romelic mimarTulia orTqlis fazidan Txevadi fazisaken fazaTa 

gamyofi sazRvris marTobulad. iqve avtori ganmartavs, rom xsenebuli Za-

la mcire sididisaa da gansakuTrebul yuradRebas ar imsaxurebs. miuxeda-

vad amisa Cvens mier Seqmnil sademonstracio da eqsperimentul danadgareb-

ze miRebuli da adre gamoqveynebuli Sedegebi [14, 15] srul safuZvels gvaZ-

leven vivaraudoT xsenebuli reaqtiuli Zalis praqtikuli gamoyenebis Se-

saZlebloba.  

aRniSnulidan gamomdinare, qvemoT mocemulia Tburi energiis sasar-

geblo muSaobad uwyvetad gardamqmneli Tburi manqanis, Cveni azriT gan-

xorcielebadi konstruqciuli varianti, romlis principuli sqema mocemu-

lia  nax. 1-ze. 

 

 

 
nax. 1. uwyveti moqmedebis amaorTqlebel-sakondensacio 

Tburi manqanis SesaZlo konstuqciuli varianti 
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siTburi manqanis mTavar da erTaderT detals warmoadgens cilindru-

li formis WurWeli 1, romlis Siga moculoba ori nakveTurisagan Sedgeba. 

qveda nakveTurSi moTavsebulia muSa sxeuli-siTxe (raime advilad aqrola-

di nivTiereba) 2, xolo zeda, carieli nakveTuris Siga zedapirebi 6 gamo-

yenebulia duRilis procesSi warmoqmnili orTqlis sakondensaciod. qveda 

nakveTuris korpusi Siga mxridan  gawibovnebulia vertikaluri firfite-

biT 3, romelTa zedapirebi radialur sibrtyeebSi arian ganlagebuli, ro-

gorc es naxazze warmodgenil ganiv WrilSia naCvenebi. qveda nakveTuris 

fifitebs Soris arsebuli Siga cilindruli zedapirebi da TviT firfite-

bis radialuri zedapirebi cali mxridan dafarulia nakveTurSi arsebuli 

muSa siTxis mimarT mdgradi Tbosaizolacio da siTxegaumtari  masaliT  

8,  ris  gamoc muSa  siTxe SexebaSi imyofeba mxolod wibo-firfitebis 

cal, erTi wriuli mimarTulebiT Semxvedr zedapirebTan.  qveda nakveTuris 

korpusi da xsenebuli wiboebi kargi Tbogamtari, erTi mTliani masalisaga-

naa damzadebuli (vTqvaT spilenZisagan), rac uzrunvelyofs minimalur 

Tbur winaRobas qveda nakveTuris gare zedapirsa da firfitebTan SexebaSi 

myof muSa siTxes Soris. 

warmodgenili siTburi manqana moqmedebaSi modis qveda nakveTuris 

gare zedapirze garkveuli siTburi zemoqmedebis arsebobis SemTxvevaSi. 

siTbos raime wyaro, vTqvaT mzis Tburi gamosxiveba 4, aTbobs qveda nakve-

Turis gare zedapirs. miRebuli siTburi energia, masalis kargi Tbogamta-

robis gamo vrceldeba wibo-firfitebis muSa siTxesTan SexebaSi myof ze-

dapirebze da am zedapirebis temperaturis garkveuli mniSvnelobis miRwe-

vis Semdeg iwyeba muSa siTxis duRili. duRilis procesSi warmoqmnili, 

mduRare siTxis mxridan yovel maduRar zedapirze moqmedi reaqtiuli Za-

lebi erTi wriuli mimarTulebiT arian ganlagebuli da amis gamo iwveven 

mTeli korpusis imave wriuli mimarTulebiT Semobrunebas.  

duRilis procesSi warmoiqmnili muSa siTxis orTqli gadadis sa-

kondensacio nakveTurSi da kondensirdeba mis Siga zedapirebze. kondensa-

ti ki simZimis ZaliT, kvlav saduRar nakveTurSi brundeba.  

sakondensacio nakveTurze garedan damagrebulia mzis Tburi gamos-

xivebis amreklavi erTgvari saCrdilobeli 5, romelic uzrunvelyofs sa-

kondensacio nakveTuris kedlebis temperaturis simcires amaorTqlebeli 

nakveTuris kedlebis temperaturasTan SedarebiT. amasTan, am ori nakveTu-

ris kedlebis erTmaneTTan SeerTebis ubani garkveul sigrZeze gaTxelebu-

lia, raTa ar moxdes TbogamtarobiT siTbos gavrceleba amaorTqlebeli 

nakveTuris kedlidan sakondensacio nakveTuris kedelSi da ar Semcirdes 

orTqlis kondensaciis procesis intensiuroba.    

advili SesamCnevia, rom ganxilul Tbur manqanaSi mimdinare Tbofi-

zikuri procesebi da muSa nivTierebis cirkulacis meqanizmi gravitaciul 

TermosifonSi mimdinare procesebis analogiuria. am garemoebas Cven gansa-

kuTrebulad vusvavT xazs, radgan sayovelTaod cnobilia gravitaciuli 

Termosifonebis muSaobis saimedoobis maRali done. amasTan, aRsaniSnavia 

warmodgenili konstruqciuli variantis ukiduresi simartive. is praqtiku-

lad erTaderTi detalisagan Sedgeba, Tu ar CavTvliT RerZis damagrebis 

kvanZebs (romlebic nax. 3-ze naCvenebi ar arian) da saCrdilobels.   
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aRsaniSnavia agreTve, rom muSa siTxis duRilisa da kondesaciis 

procesebis uwyvetad mimdinareobis ganxorcielebis gamo, miiRweva Tburi 

manqanis cilindruli korpusis da masTan xistad damagrebuli RerZis uwy-

veti brunviTi moZraoba, rac ganxilul konstruqcias aniWebs garkveul 

upiratesobas aorTqleba-kondensaciis pulsaciuri moqmedebis Tbur manqa-

nasTan [11] SedarebiT.  

ar aris gamoricxuli, rom aRwerili Tburi manqanis efeqturoba ki-

dev ufro gaizrdeba, Tu siTxis aorTqlebis msgavsad, orTqlis kondensa-

ciac moxdeba radialurad ganlagebuli wiboebis cal zedapirebze, raTa 

gamoyenebuli iqnes orTqlis molekulebis siTxis fazaSi gadasvlisas aR-

Zruli Zalis impulsic. SesaZlebelia agreTve amaorTqlebel da sakonden-

sacio nakveTurebs Soris Caidgas kapilaruli masalisagan damzadebuli 

wriuli tixari, romelic amaorTqlebel da sakondensacio nakveTurebs So-

ris Seqmnis kapilaruli dawnevis tol wnevaTa sxvaobas, romelic damate-

biT SeiZleba iqnes gamoyenebuli   sasargeblo muSaobis misaRebad amaor-

Tqlebeli nakveTuridan sakondensacio nakveTurSi orTqlis gadasasvlel-

Si Cayenebuli daxrili firfitebis (erTgvari orTqlis turbinis) meSveo-

biT. 

dasasruls unda avRniSnoT, rom aRwerili movlenis teqnikur gamoye-

nebaze dafuZnebuli siTburi manqanebis Sesaqmnelad, jerjerobiT mizanSe-

wonilad migvaCnia mravalmxrivi, rogorc Teoriuli, ise eqsperimentuli 

kvleviTi samuSaoebis Sesruleba. aucilebelia iseTi moqmedi nimuSebis 

Seqmna, romelTa teqnikuri gamocdebis Sedegad SesaZlebeli gaxdeba muSao-

bis unarianobis, saimedoobis, masalatevadobis, SesaZlebeli xvedriTi sim-

Zlavris, margi qmedebis koeficientis, saeqspluatacio maxasiaTeblebisa da 

sxva maCveneblebis gamokvleva da Sefaseba. aseTi nimuSebis konstruqciuli 

sqemebi, Cveni azriT, mravalnairi SeiZleba iyos dasaxuli miznebisa da 

amocanebis mixedviT.  
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ON THE POSSIBILITY OF A HEAT ENGINE OPERATING ON THE FORCE OF  IMPULSE   

ARISING AS A CONSEQUENCE OF  CHANGE OF MOMENTUM  OF MOLECULES IN A PRO-
CESS OF VAPORIZATION 

Evtikhi Machavariani, Jondo Rusishvili, giorgi gigineishvili, Natia Ksovreli 
Georgian Technical University 

Summary 
The possibility of implementation of  continuous heat engine, operating on the force of  impulse   

arising as a consequence of  change of momentum  of  molecules in a process of  vaporization  and one of the 
possible structural options of  this heat engine and  it’s work process are described. For further  research tasks  
are  set. 

 

 

 

PROMOTION MECHANISMS FOR WIND POWER DEVELOPMENT 
IN THE WORLD 

 
Maghradze Nino 

Georgian Technical University 
 

Development of renewable energy technologies produces clean energy, increase number or employed 
people, contribute to GDP growth and create a new industrial sector by investing in research, development 
and innovation. 

Wind energy has re-emerged as one of the most important renewable energy resources in the late 25 
years. The cost of wind electricity production cost has been gradually decreasing with improving technology. 
Many countries have implemented special policies to promote development of wind power.  
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In this paper is analyzed and characterized three main supporting mechanisms of renewable energy. 
Experience in wind power development is shown on the example of China, USA, European countries and 
Turkey. Results of different countries show that development of renewable energy should be limited in order 
to avoid surplus in production and not to create financial problems in the future. 

Georgia does not have any promotion mechanism for wind power energy development. Analyzing 
world experience has to be one of the first steps to implement supporting mechanisms in the country. 
 

Renewable Energy promotion is one of the main directions for environmental and econo-
mic development in the World. The driving forces for promotion of Renewable Energy growth are: 
reduction of traditional energy supplies, diversification of energy sources, security in this regard, 
and existing documents, namely EU directives, the Kyoto Protocol. 

Different countries have different support schemes to promote growth of Renewable 
Energy Sources in their countries. Success of each support mechanism depends on the specified 
style of the deployed Renewable Energy. Electricity generated from Renewable Energy Sources re-
quires big investments; the cost for such electricity is very expensive and without help of State such 
projects cannot be developed.  

Three main supporting mechanisms are used for deployment of Renewable Energy in the 
World: 1.Feed in Tariff/Feed in Premium; 2.Quota mechanism or quantity mechanism known as a 
market mechanism (Green Certificate) and 3.Competitive auctions. 

The main difference between Feed in Tariff/Feed in Premium system and Competitive 
Auction system is that, for the first one electricity volume is defined by market participants and pri-
ce is established fully or partially by Regulator. For the second one electricity volume is defined by 
Regulator, but the price is determined competitively between market participants. Other mecha-
nisms are Renewable Energy Charge, which is paid by the consumer in proportion with its consum-
ption level, per kWh and Guarantee of Origin: in 2011, 33% of all Renewable Electricity consum-
ption in Europe was documented with Guarantee of Origin. The major markets were Germany, 
Sweden, Belgium, Norway, and Netherland [1]. 

By 2013 about 64 countries had adopted feed in tariff or feed in premium system; these 
systems are increasing popularity especially in emerging and developing countries [3]. 

General concept and main characteristics of auctions are that there are large numbers of of-
fers and project is selected according to price; also there are transparent procedures and prices for 
tendering.  

The Table 1 shows strength and weakness of Renewable Energy promotion mechanisms: 
Table 1. Strength and weakness of Renewable Energy promotion mechanisms 

Mechanism Strength Weakness 

Feed in Tariff 

 Less risk for investors; 
 New market player;  
 Mostly financed by consumers, rather  than 

State budget; 
 Development of the sector by long-term in-

vestments. 

 High prices; 
 Complexity for determination 

a price; 
 Irrelevance of generation with 

market prices. 

Feed in Premium 

 Less risk for investors; 
 Fixed premiums; 
 Well suited for liberalized markets; 
 Very flexible on market signals. 

 Project complexity; 
 Risk associated with absence 

of floor price. 

Competitive Aucti-
on 

 High efficiency due to price competition; 
 Useful instrument to establish competitive 

prices; 
 High investor security for long-term power 

purchase agreements; 
 Increasing predictability in renewable energy 

supply. 

 Discontinuous market deve-
lopment; 
 Risk of not winning the aucti-

on; 
 High administrative costs; 
 Penalties. 
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Renewable energy deployment in emerging countries is supporting growth globally. New 
renewable capacity installations outside the OECD (Organization for Economic Co-operation and 
Development) exceeded deployment within the OECD for the first time in 2013, with China domi-
nating new capacity additions of both solar PV and wind [4]. The rapid expansion is provoked by 
declining costs of renewable energy technologies. Renewable Energy is often competitive with fos-
sil fuel power at utility scale, and is generally cheaper in decentralized settings.  

For the efficiency of promotion mechanisms: promotion mechanisms should increase de-
mand of supply; give a long-term planning opportunities; renewable Energy sources should have 
free access on transmission grid; promotion mechanisms should be limited time by time; diversif-
ying promotion mechanisms by technologies. 

By the end of the 1990s, wind energy has re-emerged as one of the most important rene-
wable energy resources. The cost of wind electricity production cost has been gradually decreasing 
with improving technology. At present, wind energy has been widely used to produce electricity in 
many countries in America, Asia, and especially Europe. According to Global Wind Energy Coun-
cil among top ten wind power countries are: China, USA, Germany, Spain, India, France, Italy, 
UK, Canada, and Denmark [6]. 

The most progressive countries’ (China, USA, Germany, Spain, Denmark and Turkey) ex-
perience has been analyzed in order to make recommendations for Georgia. These countries have 
gone a significant growth in wind power production capacities during last 10 years and the major 
driving force for this growth is definitely the promotion mechanisms which these countries are 
using as a tool for wind power production growth [7]. Picture below shows growth in wind power 
production capacities in 2014.  

 

 
. 
Table 2 gives information about number of wind farms operating in these countries. The si-

ze of the power plants vary from few kW to 350 MW farm in China. 

Table 2. Operating Wind Farms  

№ Country Number of Wind Farms 
1 China 730 
2 USA 1036 
3 Germany 4011 
4 Spain 980 
5 Denmark 1512 
6 Turkey 77 
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China, the first developing countries to implement and substantially consolidate compre-
hensive wind energy policies and which have become major wind energy actors in the last few ye-
ars. Brazilian policy choices are also discussed. Nowadays China is the first country in the world in 
terms of wind power installed capacity, comprising 91324 MW in 2013. 

In 2003 China began the process of setting up a comprehensive wind energy policy by cre-
ating the Energy Bureau of the National Development and Reform Commission to oversee rene-
wable energy projects. In 2005 the Energy Bureau announced a reevaluated target of 30 GW of re-
newable energy in 2020 and adopted “The renewable energy law of the People’s Republic of Chi-
na”. The law provides that grid enterprises shall enter into grid connection agreements with rene-
wable power generation enterprises and the price of such energy shall be determined by the price 
authorities of the State Council. 

China has set an obligation for large utilities to source at least 5% of their electricity from 
renewable sources in 2010 (and 10 percent in 2020). Utilities appear to be preparing to comply 
with this obligation by getting control of land rights in areas where they could develop new wind 
farms. 

China has been organizing bids, called wind concessions, for construction of plants over 
100 MW since 2002. One of the conditions of the bids was that 50 % (later 70 %) of the equipment 
must be made locally. Prices were driven down by Chinese state-owned power companies. China 
has chosen to mix Feed-In tariffs and Quotas, in practice, the Chinese Feed-In pricing system is ba-
sed on tendering results. 

In 2002 value added tax of 17 % was cut by half for wind energy. The value added tax re-
duction was one of the measures that marked China’s transition to a model of policy measures of 
general application broadly stimulating private national and international investment in wind farms 
[9]. 

Wind is among the most mature of renewable energy technologies and is currently the 
USA’s largest source of renewable power. USA wind power capacity was 61108 MW as of the end 
of 2013. Over the last 30 years, the cost of wind power in the U.S. has come down by more than 80 
%, from over 30 cents/kWh in 1980, when the first large-scale wind turbines were installed, to less 
than 5 cents/kWh today, which is roughly competitive with fossil generation from new coal or na-
tural gas plants. 

The market for wind power, however, has grown primarily overseas due to strong, consis-
tent foreign government incentives and policies. In the USA, support for the Production Tax Credit 
(PTC) has been uncertain and unstable, disrupting domestic wind development. As a result, wind 
manufacturing, too, has grown largely overseas. Just in the last few years, thanks in large part to 
consistent USA policy support, the USA market for wind power has begun to grow dramatically 
and in response to that growth, more wind turbine manufacturing has located in the USA. 

Recovery Act investments are helping the USA re-establish leadership in innovation, ma-
nufacturing, and deployment in these fast-growing industries. There are three key programs thro-
ugh which the Recovery Act is driving manufacturing and deployment of renewable energy techno-
logies: 1) Payment-in-Lieu-Of-Tax-Credits; 2) Manufacturing Tax Credits; 3) Loan Guarantees 
[10]. 

Germany is the leader in renewable energy and has the first position in terms of installed 
capacity in Wind energy and the second position in PV solar energy (in EU). The success of such 
development in Germany is adopting feed in tariff system. 

Spain also achieved its success by adopting regulatory framework, which is based on a fe-
ed in premium system. Table 3 shows established ranges of FIP in Spain. 
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Table 3. FIP ranges in Spain [5] 

FIP Spain 
€ cent/kWh 

Reference Upper limit Lower limit 

Wind 

<=5 MWh 2,929 8,494 7,127 

<=5 MWh (Offshore) 8,43 16,4  

 
By the end of 2013, Denmark had installed 4772 MW of wind capacity. According to the 

Danish Transmission System Operator, wind power represented a share of 28.3% of the country’s 
total electricity demand in, by far the largest share of any country in the world. Under its energy 
plans, the Danish government was Europe’s first country to bring in large subsidies for its nascent 
wind industry, including the feed-in-tariff system, which was successfully replicated in Germany. 

The industry also received significant subsidies for research and development in the late 
1970-1980’s. As a result of the Danish energy debate, the four energy plans, and the comprehensi-
ve reform of the electricity sector by the current Danish government, Denmark has for several years 
now been a net energy exporter. The country’s electricity grid connects hundreds of small-sca-
le distributed generators making use of wind resources and efficient use of a range of fuels. The co-
untry is also a pioneer in the use of environmental taxation, with a range of primary energy taxes. 
These taxes helped support development, with the revenue being used to support a range of techno-
logies. 

Cooperatives have played an important role in the development of wind power by helping 
create public acceptance. Their engagement has ensured that communities directly benefitted from 
wind power development, especially in the form of profit- sharing from electricity generation from 
renewable energy sources and from lower energy taxes. The planning responsibility for offshore 
wind farms is currently managed at government level, while the planning of onshore wind farms is 
collaborative [11]. 

Turkey’s wind power installed capacity is 2959 MW. The new renewable energy law in-
troduced fairly attractive incentives for wind power plants in Turkey. In early 2007, the Turkish go-
vernment updated the renewable energy law that guarantees wind generators with 10 year agree-
ments involving a fixed tariff between 50 USD/MWh and 55 USD/MWh. The law also guarantees 
reduced costs for land access, generation, and licenses, as well as no VAT or custom taxes for wind 
equipment. It is seen that this law has encouraged many investors for making investments given be-
low regarding renewable energies in Turkey and especially wind energy [8]. 

Turkey is facing serious challenges in satisfying its growing energy demand. Turkey is 
an energy-importing country. In order to be less dependent on other countries, Turkey needs to use 
its sustainable sources. From this point of view, wind power is a very attractive choice, since it is 
economical, sustainable, environment friendly, and a familiar energy source in Turkey. 

Georgia does not have any promotion mechanism for wind power energy development. 
Analyzing world experience has to be one of the first steps to implement supporting mechanisms in 
the country. Georgian Energy Development Fund is currently building 20 MW wind farm in Gori, 
which will be the first wind farm in the country. In order to make Wind Power more popular in Ge-
orgia, we need: 
 Development of appropriate legislative framework; 
 Creating special conditions to attract foreign investment;  
 Give more guarantees for electricity sale;  
 Make a clear set of procedures;  
 Joint work with various state agencies and investors;  
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 Implementation of Renewable energy sources in terms of research, development and inno-
vation. 
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reziume 

ganaxlebadi energiis teqnologiebis ganviTareba uzrunvelyofs sufTa ener-
giis warmoebas, dasaqmebuli xalxis raodenobis, mSp-s maCveneblis zrdas da qmnis 
axal mwarmoeblur seqtors investiciebis ganxorcielebiT kvlevaSi, ganviTarebaSi 
da inovaciebSi. qaris energiis ganviTareba gansakuTrebiT gaaqtiurda bolo 25 
wlis ganmavlobaSi. qaris energiis Rirebuleba teqnologiebis ganviTarebis Sesa-
bamisad, TandaTanobiT mcirdeboda. bevrma qveyanam SeimuSava qaris energiis ganvi-
TarebisaTvis specialuri meqnizmebi.  

winamdebare naSromSi gaanalizebulia da daxasiaTebulia ganaxlebadi energi-
ebis sami ZiriTadi mxardamWeri meqanizmebi. qaris energiis ganviTareba naCvenebia 
CineTis, aSS-s, espaneTis, germaniis, daniis da TurqeTis magaliTze. sxvadsxva qvey-
nebis Sedegema aCvena rom garkveul etapze unda moxdes ganaxlebadi energiebis 
ganviTarebis limitireba, raTa Tavidan iqnas acilebuli warmoebaSi siWarbe da ar 
Seiqmnas momavalSi finansuri problemebi. 

saqarTvelos ar aqvs danergili qaris energiis ganviTarebisaTvis aranairi me-
qanizmi, Sesabamisad msoflio gamocdilebis analizi unda daedos safuZvlad qve-
yanaSi damxmare meqanizmebis ganviTarebas.    

 
 

 

Qenergoefeqtur avtonomiur hibridul erTian 

gardamqmnel sistemaSi procesebis modelireba cvladi 
denis qselTan paraleluri muSaobis pirobebSi. 

 
koxreiZe g.*; rexviaSviliz.*; fxakaZeS.**;papiZez.**;tetunaSvilie.*. 

* saqarTvelos teqnikuri universiteti 
** akaki wereTlis saxelmwifo universiteti 

 
naSromSi warmodgenilia energoefeqtur avtonomiur hibridul erTian gar-

damqnel sistemaSi procesebis maTematikuri da kompiuteruli modelirebis Sedege-
bi. damuSavebuli da Seqmnilia qaris da mzis eleqtruli sadgurebis, agreTve maT-
Tan paralelurad mierTebuli akumuliatoruli batariebis erToblivi hibriduli 
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avtonomiuri eleqtroenergetikuli sistemis principuli da saangariSo eleqtru-
li sqema cvladi denis qselTan paraleluri muSaobis pirobebSi agebulia cvla-
debis gardamavali procesebis modelis struqturuli sqemebi. 

 
Gpirvelad, qaris energies meqanotronuli, mzis energies fotoeleq-

truli gardaqmnebis da akumuliatoruli batareiebis paraleluri damux-

tva-ganmuxtvis procesebis erTdroulad gamoyenebis pirobebSi Sesrulda 

mizanmimarTuli samuSaoebi maTi kvalifikaciisaTvis, sistematizaciisaTvis 

da gardaqmna-gamoyenebis teqnologiebis danergvisaTvis hibriduli eleq-

troenergetikis sistemissaimedo, mdgradi avtomaturi eleqtromomaragebis 

uzrunvelyofis mizniT[1]. 

damuSavebulia mzis fotoeleqtruli elementis Senacvlebis eleq-

truli sqema, romelSic gaTvaliswinebulia yvela aangariSo parametrebi. 

miRebulia mzis fotoeletruli elementis volt-amperuli maxasiaTeblis 

kvadratuli samwevris gamosaxuleba sainJinro gaangariSebisaTvis xelsay-

rel saxeSi. damuSavebulia impulsuri gardamqnelisa da modulaciuri 

wredis Semcveli hibriduli paraleluri eleqtroenergetikuli reJimebis 

saangariSo principuli eleqtruli sqemebi (nax.1-3). [2]. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Catarebulia erTiani gardamqmneli sistemis procesebis maTematikuri 

da kompiteruli modelireba ganzogadebul kent da luw muSaobis reJimeb-

Si. Catarebuli kompiuteruli modelirebis safuZvelze agebulia erTian 

gardaqmnel avtonomiur sistemaSi cvladi eleqtruli sidideebis gardama-

vali procesebis modulis struqturuli sqemebi, romlebic SeTavsebadia 

ricxviTi gaangariSebis kompiuterul programebTan. Catarebulia avtonomi-

uri hibriduli energosistemebis paraleluri muSaobis reJimebis marTva 

impulsuri gardamqnelisa da modulaciuri wredebis saSualebiT [3]. 

Seqmnilia qaris eleqtrosadguris, mzis eleqtrosadguris, akumulia-

toruli batariebis da samfaza cvladi denis qselis erToblivi parale-

luri muSaobis erTiani gardaqmneli sistema. 

nax.1 hibriduli paraleluri energetikuli sistemis ganzogadoebuli 
struqturuli sqema: qes - qaris eleqtro-sadgurebi; mes- mzis eleqtro-
sadguri; ab – akumuliatoruli batareia; ahes - avtonomiuri hibriduli 
eleqtroenergetikuli sistema; mdg- mudmivi denis gardaqmneli; sqmi - 
samfaza qselis mimyoli invertori; scdq- samfaza cvladi denis qseli. 

 

qes 

mes 

ab

ahe

mdg sqm scdq 

 



 

saerTaSoriso samecniero konferencia 

INTERNATIONAL   SCIENTIFIC  CONFERENCE 
 

 98

 

A
B
C

Ci  

BL  

B

scdq 

A  

C

Bi  

Ai  

AU  

BU  

CU  

Be  

Ce  
Ae  

AL  

CL  

BR  

AR  

CR  

0  



sqmi 

dcU

3a

3b

3VT  

4VT  

5VT

6VT

7VT

8VT

dci  

Ai  

Bi  

Ci  

A
B  

C

iK  

mdg 

dcU

dcU0dcU  

2VD  

3VD  

1VD

2VT

1VT  

dcU

2a  

2b  

3a

3b

1L  

1C  3C  

2C  

2cU  
smg 

PI  I

qi  

SR  

PR  

VD  







mes 

qes 
ahes 

sag 

ab 

K  

J  

mi  

mi  

1a  

1b  

qi  

m

I
ku  

m

II
ku  

m

I
ki  m

II
ki  

3,2,1k  

tr 

nax.2. avtonomiuri hibriduli eleqtroenergetikuli sistemis princi-
puli eleqtruli sqema samfaza cvladi denis qselTan paraleluri 
muSaobis pirobebSi: qse – qaris eleqtrosadguri; mes – mzis eleq-
trosadguri; ab – akumuliatoruli batarea;  ahes – avtonomiuri hib-
riduli eleqtroenergetikuli sistema; mgd – mudmivi denis gardaq-
mneli; sqmi -  samfaza qselis mimyoli invertori; scdq – samfaza 
cvladi denis qseli. 
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sadac 

 
qaris generatoris momWerebze fazuri Zabvebis gamosaxulebebSi fun-

qcionirebs qaris borbalze moqmedi parametrebi -  da 

cvladi denis qselis Zabvis moqmedi mniSvneloba damyarebuli reJimebisaT-

vis. 

(2) gamosaxulebaSi Semavali parametrebia: 

-gansaxilveli periodis dro; -jamuri reaqtiuli winaRoba mTe-

li gardamqneli sistemisa; - frTissaqarewinaRobisaerodinamiurikoefici-

enti; -qaris simkvrive; -frTisganikveTisfarTi; -qarissiCqare; -

frTiswriulimoZraobissiCqare; -mimRebicvladidenisqselisZabvismaqsima-

lurimniSvnelobaa; -gadasacemi qselis Zbvisa da mimRebiqselis -Zabvis-

SoriskuTxea. 

MmdgSedgeba  tranzitorebisagan; diodebisagan;  

kondesatorebisagan da  droselisagan. Mdg-is gamosavalze gvaqvs  da 

 denis myisa mniSvnelobebi, romlebic agreTve warmoadgenen samfaza in-

vertoris (ci) Sesaval Zabvasa da dens. 

samfazainvertoriwarmoadgens  tranzistorebis boguri sqe-

miT SeerTebad, romlis gamosavalze vRebulobT cvladi denis qselismi-

marTeleqtromagnituradSeTavsebadi  da  Zabvebsa da denebs. 

mdgwarmoadgensaradisipatiurbuferulwreds, romelicasrulebsmodu-

laciuriwredisrols. 

mdg-Si  tranzistorebi sistemis muSaobis yvela reJimSi an Cake-

tia, an Ria mdgomareobaSia. xolo samfaza invertoris  tranzis-

torebis Caketva-gaRebis mdgomareoba mimyolia cvladi denis qselis fazu-

ri Zabvebis cvlilebasTan. 

ganxilvis yuradRebas ipyrobs warmodgenili erTiani gardamqneli -

naCvenebia kenti da luwi reJimebis unificirebulia, gsqemebi. 

TiToeuli reJimisaTvis Catarebulia mTliani sistemis maTematikuri 

da kompiuteruli modelireba maTTvis eleqtruli wonasworobis gantole-

bebis Sedgenis safuZvelze[4]. 
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MODELING THE PROCESSES IN JOINT REGENERATOR ENERGY EFFICIENT AUTOMIC 

HYBRID SYSTEM IN THE TERMS OF SIMULTANEOUS WORKING WITH ALTERING 
CURRENT NETWORK 

Kokhreidzeg.K*;Rekhviashvili Z.Z *;Pkhakadzesh. A **; Papidzez. Z **; Tetunashvili E.R*. 
Georgian Technical University* 

AkakiTsereteli State University** 

Summary 
In the work one has presented results of mathematical and computer modeling in energy effective 

autonomic hybrid joint regenerator system. One has processed and created principal and accounting electro-
nic schedule of joint hybrid autonomic electricity of wind and sun electric stations, as well accumulative bat-
teries, being connected in parallel in the terms of simultaneous working with altering current network. One 
has done the structural schedules of the model of transition processes of variables.  
 

 
 
 

GTxevaddguSiani stirlingis Zravis  
Termodinamikuri analizi 

 

javSanaSvili n., qevxiSvili n. 
saqarTvelos teqnikuri universiteti 

 
globalur problemebs Soris, romelic dRes msoflios winaSe dgas da moi-

Txovs swraf gadawyvetas, gansakuTrebiT mniSvnelovania bunebrivi resursebis Sem-
cirebis Sedegad gamowveuli energetikuli krizisi da garemos ekologiuri dabin-
Zureba. Aamdenad, wina planze dgeba iseTi axali teqnologiebis Seqmna, romlebic 
efeqturad gamoiyeneben ganaxlebad wyaroebs da amave dros ar daabinZureben gare-
mos.  

kvlevis mizania  TxevaddguSian stirlingis Zravis Termodinamikuri analizi 
da mis bazaze Zravis prototipis Seqmna. 

 

ekologiuri da energetikuli problemebis gadawyvetis kuTxiT erT-er-

Ti yvelaze perspeqtiul mimarTulebad miCneulia energogardamqmneli sis-

temebis damuSaveba da danergva stirlingis cikliT momuSave Tburi Zravis 

bazaze. 

stirlingis Zravebis SeTanwyobis Sesrulebis mravalferovneba mniSvne-

lovnad arTulebs masSi mimdinare fizikuri procesebis erTi saerTo Teo-

riiT aRweras. amJamad arsebobs Tburi Zravebis Teoriuli analizis ramde-

nime midgoma [1]. arsebuli modelebi  efuZneba Zravis kvanZebis dayofas sas-

rul elementebad. am elementebSi mimdinare procesebis aRsawerad gamoiye-

neba Termogazodinamikuri gantolebebis sistema, romelic moicavs masis da 

energiis Senaxvis kanonebs. am gantolebebis analizuri gadawyvetebi xSi-

rad dauZlevel winaaRmdegobebs awydeba, amitom maTi amoxsna xSirad xor-

cieldeba  ricxviTi meTodebis gamoyenebiT.  

kvanZebad dayofis yvela arsebuli programa, maT Soris Cvens mier qve-

moT warmodgenili, moiTxovs Zravis konstruqciis detalur codnas: ci-
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lindrebis zomebis, Tbomcvlelebis, regeneratoris da maT urTierTSeTan-

wyobas [2]. 

saangariSo models safuZvlad udevs Semdegi daSvebebi: 1) wnevis myisie-

ri mniSvnelobebi sistemaSi yvelgan erTnairia; 2) muSa sxeulisTvis samar-

Tliania idealuri airis gantoleba PV=RT; 3) muSa sxeulis sistemidan ga-

parvebi (gaJonvebi) nulis tolia; 4) temperaturuli gradienti Tbomcvle-

lebSi ar gagvaCnia; 5) cilindris moculobebSi muSa sxeulis gadareva er-

TmaneTSi idealuria. 

am daSvebebis safuZvelze SesaZlebelia ganvsazRvroT muSa sxeulis ma-

sebi, romelic gagvaCnia maRaltemperaturul moculobaSi, macivarSi da re-

generatorSi: 

g

gg
g RT

VP
M   

                                                                        x

xx
x RT

VP
M   

                                                                       R

RR
R RT

VP
M   

sadac, P, T da V Sesabamis zonebSi wnevebi, temperaturebi da moculobebia: 

vinaidan myisieri wnevebi am moculobebSi erTnairia Rxg PPPP  , xo-

lo muSa sxeulis masa ciklSi rCeba ucvleli masis Senaxvis kanonidan ga-

momdinare 0 Rxg dMdMdM ,  gveqneba: 
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muSa sxeulis sruli masis gaTvaliswinebiT SesaZlebelia myisieri wne-

vis gansazRvra ciklis nebismieri momentisaTvis:
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                                                    (1) 

wnevis mniSvnelobebis gansazRvra, rogorc (1) gantolebidan Cans, moi-

Txovs mTeli sistemis elementarul kvanZebad dayofas da aseve regenera-

toris elementarul moculobebSi muSa sxeulis temperaturebis gansaz-

Rvras.

 

 

 

 

 

 

 

 

nax.1. regeneratoris kvanZebi 
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nax.1.–ze warmodgenilia regeneratoris elementarul moculobebad da-

yofis sqema, romelic sqematurad gviCvenebs masSi mimdinare Tbocvlis pro-

cess gazebsa da regeneratoris badis masalas Soris. energiis Senaxvis ka-

nonis safuZvelze SegviZlia davweroT balansuri gantoleba regenerato-

ris masalasa da gazebs Soris                  TbocvlisTvis: 
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                                                    (2) 

sasrul sxvaobiT gantolebad gardaqmniT  miviRebT Semdeg gantoleba-

Ta sistemas: 
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(3) 

muSa sxeulis temperaturebis mniSvnelobebis gamoTvla (3) gantolebaTa 

sistemidan, moiTxovs damatebiT Semdegi gantolebebis gamoyenebas Tvlis  

TiToeuli bijisaTvis: 
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                                                         (4) 

ricxviTi meTodebis gamoyeneba saWiroebs amoxsnis krebadobisa da 

mdgradobis sakiTxis detalur Sesawavlas. ganzomilebaTa Teoriis safuZ-

velze dadgenil iqna kriteriumi, romelic uzrunvelyofs sistemis sawyisi 

mdgomareobidan stacionarul mdgomareobamde asiptoturi miaxloebisas 

amonaxsnis krebadobas da mdgradobas. mas gaaCnia Semdegi saxe: 
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(5) 

sadac,  – Tbogacemis koeficientia, vt/(m2K); 

g – muSa sxeulis simkvrivea, kg/m3; 

gC – muSa sxeulis siTbotevadobaa, j/(kg K); 

RV  – regeneratoris elementaruli moculobaa, m3; 

f – regeneratoris badis zedapiris farTobia, m2; 

  – droiTi bijia, wm. 

ganvixiloT Txevad dguSiani stirlingis Zravis muSaobis  principi 

(nax. 2. (a),( b)). im momentSi, rodesac disfleiseri  (2) imyofeba cilindris 

(1) zeda mkvdar wertilSi ( 0;0 VVV  cvcx ) Semwovi (6) da damWirxni (7) sar-

qvelebi daketilia. cilindrSi wneva aris 3PP 
.
 disfleiseris qveda 
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mkvdar wertilisken moZraobisas muSa sxeuli Tbomcvlelebis (3, 5) da re-

generatoris (4) gavliT gadaedineba cxeli aridan civ areSi; temperatura 

da Sesabamisad wneva sistemaSi mcirdeba (procesi 3–4). rodesac wnevis 

mniSvneloba miaRwevs minPP 4  
da maqscvcx VVV  )( gaiReba Semwovi (6) sarqve-

li da siTxe dabali wnevis saakumulacio moculobidan (8) Seiwoveba muSa 

areSi. Sewova mTavrdeba, rodesac disfleiseri miaRwevs qveda mkvdar wer-

tils. 

 

                                

 a)                                            b) 
nax.2  Txevad dguSiani stirlingis Zravis principialuri sqema (a) da  

indikatoruli diagrama  (b)  cxel areSi 

 

disfleiseris uku svlisas adgili aqvs muSa sxeulis gadadinebas Zra-

vis cxel areSi, ris Sedegadac izrdeba misi temperatura da Sesabamisad 

wneva (procesi 1–2). rodesac wnevis mniSvneloba miaRwevs maqsPP 2 da 

mincvcx VVV  )( iReba damWirxni (7) sarqveli da siTxe gadadindeba maRali  

wnevis saakumulacio moculobaSi (9). daWirxvna mTavrdeba, rodesac dis-

fleiseri miaRwevs zeda mkvdar wertils. Semdeg muSa procesi meordeba. 

 

 
nax.3 Zravis muSaobis damokidebuleba saakumulacio moculobebSi 

 wnevaTa sxvaobaze 
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nax.2. b)–ze warmodgenilia 100 mililitriani moculobis mqone Txevad-

dguSiani stirlingis Zravis angariSi zemoT moyvanili gantolebebis gamo-

yenebiT. indikatoruli diagramis saSualebiT SesaZlebelia Sefasdes cik-

lis muSaoba da miRebuli simZlavre. saakumulacio moculobebSi wnevebi 

Pmin  da Pmaqs SeirCeva iseTi mniSvnelobebis, rom cikliSi miRebuli iqnas maq-

simaluri muSaoba  da simZlavre (nax.3). 

 
literatura: 

1.  Уокер Г. Двигатели стирлинга. М.: Машиностроение, 1985. 408 с. 
2. qevxiSvili n., javSanaSvili n. Txevad dguSiani stirlingis Zravi//Georgian Enginee-

ring News, 2013, № 2, p. 60-63. 
 

Summary 
The article discusses the theoretical analysis of physical processes of the liquid piston Stirling engine 

with the assumption that operating of heat exchanger was considered to be an ideal; the gas temperature in 
the cylinders was considered to be constant and equal to amount of the external heat sources; the hydraulic 
resistances in the gas path is neglected; dead volume in the devices is also neglected. Based on these assum-
ptions, there is a relationship between the supplied and taken off heat, and the work performed by the engine. 
Also, there was established the geometric dimensions of the engine. 

 
 
 

 

adgilobrivi saTbobis - tyibul-Saoris 
qvanaxSiris Tbounarianoba 

 
CxikvaZe q.T. 

saqarTvelos teqnikuri universiteti 
 

saqarTvelos bunebrivi energetikuli Tburi resursebi praqtikulad Semosaz-
Rvrulia tyibul-Saoris qvanaxSiris sabadoTi. am resursis efeqturad gamoyeneba 
moiTxovs wvis progresuli meTodebis gamoyenebas. erT-erTi aseTi meTodia wvril-
fraqciuli qvanaxSiris wva “mduRare SreSi”. am teqnologiis srulyofili gamoye-
neba moiTxovs sawvavis Tvisebebis yovelmxriv Seswavlas. statiaSi mocemulia tyi-
bul-Saoris sabados qvanaxSiris Tbounarianobis eqsperimentuli gamokvlevis Se-
degebi. 

 
qveynis ekonomikis zrda mWidrodaa dakavSirebuli eleqtroenergetikis 

ganviTarebasTan, Sesabamisad igi qveynisTvis prioritetuli dargia. eleq-

troenergiis deficitis prevenciisaTvis aucilebelia qveyanaSi arsebobdes 

sabaziso eleqtrosadgurebi, romlebic ZiriTadad warmoadgenen organul 

saTbobze (airadi, Txevadi da myari) momuSave Tboeleqtrosadgurebs. uka-

nasknel wlebSi TboeleqtrosadgurebSi umetesad airadi da Txevadi saT-

bobi gamoiyeneba. es gamowveulia erTis mxriv energetikul balansSi buneb-

rivi gazisa da Txevadi saTbobis wilis mniSvnelovani zrdiT, xolo meo-

res mxriv myari sawvavis, kerZod qvanaxSiris, Zveli meTodebiT wvasTan da-

kavSirebuli problemebiT. 

prognoziT XXI saukunis bolosTvis energiis araganaxlebadi wyaroe-

bis – navTobis da bunebrivi gazis msoflio maragebi praqtikulad mTlia-

nad amoiwureba. am deficitis Sevseba SesaZlebeli iqneba qvanaxSiris wia-
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Riseuli maragebis da ganaxlebadi energiis wyaroebis xarjze. qvanaxSiris 

efeqturad gamoyenebisTvis saWiro iqneba misi wvis axali teqnologiebis 

SemuSaveba. 

dReisTvis naxSiris wvis procesis gasaumjobeseblad damuSavebulia 

progresuli teqnologiebi. maT Soris aRsaniSnavia wvrilfraqciuli naxSi-

ris wva egreTwodebul “mduRare fenaSi”. am meTodis Tanaxmad, qvanaxSiris 

nawilakebi wvisTvis saWiro wnevis haerSi Sewonil mdgomareobaSi imyofeba. 

amiT gaumjobesebulia qvanaxSiris nawilakebis haeris JangbadTan Sexebis 

pirobebi, ris Sedegad misi wvis xarisxi 98-99%-s aRwevs. aRniSnuli meTodi 

pasuxobs Tanamedrove ekologiur moTxovnebsac, rac  gulisxmobs wvis ise-

Ti pirobebis Seqmnas, romlis drosac xdeba sawvavis maqsimaluri wva, da 

Sesabamisad, mavne nivTierebebis gamoyofis minimalizeba. “mduRare SreSi” 

saTbobis wvis teqnologia mgrZnobiarea saTbobis fraqciuli Sedgenilo-

bis, wvisTvis saWiro pirveladi haeris wnevis, saTbobis Sedgenilobis da 

Tbounarianobis mimarT. Sesabamisad, misi srulyofili gamoyeneba moiTxovs 

sawvavis Tvisebebis yovelmxriv Seswavlas. 

adgilobrivi bunebrivi Tburi energetikuli resursebis gamoyenebis 

TvalsazrisiT saqarTvelos SesaZleblobebi praqtikulad SemosazRvrulia 

tyibul-Saoris qvanaxSiris sabadoTi (cxrili 1). amdenad misi efeqturi ga-

moyeneba saqarTvelos ekonomikisTvis ganviTarebis mniSvnelovani faqtoria. 

cxrili 1 

saqarTvelos naxSirebis samrewvelo maragi da prognozuli resursebi 

 

 
pirvel suraTze mocemulia tyibul-Saoris sabados gavrcelebis area-

li. aTvisebulia sabados samxreT nawili, romlis resursi Seadgens 338 mi-

lion tonas, xolo jer kidev auTvisebeli, CrdiloeT nawilis resursi Se-

adgens 373 milion tonas. geografiulad  tyibul-Saoris sabado vrceldeba 

raWisken, Saoris wyalsacavis qveS. 

meore suraTze naCvenebia qvanaxSiris ganawileba sabadoSi siRrmis mi-

xedviT. qvanaxSiris mopoveba xdeba eqvsi niSnulis doneebidan. sxvadasxva 

niSnulis doneebis qvanaxSiris Tvisebebi gansxvavebulia erTmaneTisgan. ga-

madidrebel fabrikaSi sxvadasxva niSnulis donis qvanaxSiri erTmaneTSi 

ireva da ise miewodeba momxmarebels. 

mTavrobis gadawyvetilebiT dagegmilia tyibulSi 150 megavatiani Tboe-

leqtrocentralis aSeneba, romelic adgilobriv qvanaxSirze imuSavebs. sa-

bados sxvadasxva niSnulis Sesabamisi rigiTi qvanaxSiris, saleqarebidan 

aRebuli Slamis da qvanaxSiris gamamdidrebeli fabrikis narCenebis gamoye-

nebiT SesaZlebelia Seiqmnas kompozituri sawvavi romelic uzrunvelyofs 

# 
sabados dasaxele-

ba 

samrewvelo ma-
ragebi, 

mln tona 

prognozuli 
resursebi, mln 

tona 

mTliani ma-
ragi, 

  mln tona 

1 tyibul-Saoris 338,5 373,0 711,5 

2 tyvarCelis 20,3 12,0 32,3 

3 axalcixis 75,7 - 75,7 

4 Gelatins 5,0 - 5,0 
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“mduRare SreSi” wvis efeqtur process. kompozituri saTbobis Sesaqmnelad 

aucilebelia calkeuli komponentis Tvisebebis Seswavla. 

 
 

suraTi 2. qvanaxSiris ganawileba tyibul-Saoris sabadoSi siRrmis mixedviT 
 
samuSaos mizania saTbobis erT-erTi mniSvnelovani maxasiaTeblis – 

Tbounarianobis eqsperimentuli gamokvleva. 

Tbounarianobis gamokvlevisTvis gamoiyenebulia kalorimetruli xel-

sawyo XRY-1C, romelic warmoadgens Txevadi da myari nivTierebebis Tbou-

narianobis sazom izoTermul kalorimetrs [1-2]. kalorimetris sqema moce-

mulia mesame suraTze. sakvlevi nimuSi moTavsebulia specialur tigelSi, 

romelic Tavis mxriv moTavsebulia maRali wnevis konteinerSi. wvisTvis 

suraTi 1. tyibul-Saoris sabados gavrcelebis areali 
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xelsayreli pirobebis Seqmnis mizniT konteineri Sevsebulia 25 atmosferu-

li wnevis mqone JangbadiT. konteineri moTavsebulia gamoxdili wyliT Sev-

sebul kalorimetrul WurWelSi. sakvlevi nimuSis dawvis Sedegad gamoyo-

fili siTbo gadaecema kalorimetrul WurWelSi moTavsebul gamoxdil 

wyals. gamoxdili wylis mier miRebuli siTbos raodenobis gansazRvriT 

dgindeba sakvlevi nimuSis Tbounarianoba. 

sakvlevi numuSi warmoadgens daaxloebiT 1 sm diametris da 1 sm simaR-

lis cilindrs. 

 

kalorimetris kalibreba Catarda fardobiTi meTodiT, romlis drosac 

gamoyenebul iqna “STANCHEM”–is markis benzoinis mJavas safuZvelze Seq-

mnili sanimuSo nivTiereba “stu-1”, romlis sisufTave ZiriTadi nivTierebis 

mixedviT aris 99,24%, xolo Tbounarianobis mniSvneloba tolia 26437 j/g 

 0,78% [3]. kalorimetris Tburi eqvivalentis sididem Seadgina 13947 j/K. 

მocemul xelsawyoze Tbounarianobis kvlevebis eqsperimentuli cdomileba 

Seadgens 1,5%-s.  
me-4 suraTze mocemulia eqsperimentis dros miRebuli kalorimetruli 

sistemis mimdinare da sawyis temperaturebs Soris ∆T sxvaobis drois mi-
xedviT cvlilebis tipiuri grafiki. wertili 1 Seesabameba temperaturis 

sxvaobas eqsperimentis sawyis, xolo 2 wertili – eqsperimentis saboloo 

momentSi. 

kalorimetruli sistemis mier miRebuli siTbos raodenoba, da Sesaba-

misad sakvlevi nimuSis Tbounarianoba – Q, gamoiTvleba formuliT 

 
sadac H  aris kalorimetris kalibrebis Sedegad miRebuli kalorimetru-

li sistemis Tburi eqvivalentis mniSvneloba, ∆T – kalorimetruli siste-

mis saboloo da sawyis temperaturaTa Soris sxvaoba. 

PC 

1

2

3

4

5 6

suraTi 3. kalorimetr XRY-1C –is sqema. 1-tigeli nimuSiT, 2-
konteineri maRali wnevis JangbadiT, 3-kalorimetruli WurWeli, 4-

kalorimetruli garsacmi, 5-siTxis Semrevi, 6-Termometri 
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kalorimetruli gazomvebi Catarebul iqna tyibul-Saoris sabados sxva-

dasxva donis niSnulebis rigiTi qvanaxSiris narevis nimuSebze. gaizoma 

Svidi nimuSis Tbounarianoba 

suraTi 4. kalorimetruli sistemis mimdinare da sawyis temperaturebs Soris 
sxvaobis droze damokidebulebis grafiki 

 

kalorimetruli gazomvebi Catarebul iqna tyibul-Saoris sabados 

sxvadasxva donis niSnulebis rigiTi qvanaxSiris narevis nimuSebze. gazo-

mil iqna Svidi nimuSi, romelTa Tbounarianobis mniSvnelobebi Semdegia: 

20604 j/g, 20566 j/g, 20661 j/g, 20738 j/g, 22011 j/g, 20468 j/g da 20495 j/g. mo-

nacemTa statistikuri damuSavebis Sedegebis mixedviT saSualo kvadratul-

ma gadaxram Seadgina 192 j/g, rac Seadgens daaxloebiT 1%-s. 
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Tbilisi, 2014, #3, gv.15-18 
 

SPECIFIC VALUE OF LOCAL FUEL – TKIBULI-SHAORI COAL 
Chkhikvadze K. 

Summary 
Georgian natural energy thermal resources practically are limited by Tkibul Shaori coal deposit. The ef-

ficient usage of above mentioned resources requires applying of progressive methods of burning. As of to-
day, from progressive technologies in regard of coal burning, the most remarkable is small fraction burning 
so called in Boiled Layer. Based on this method, coal particles are in weighted condition in needed pressured 
air. This improves terms of coal fractious connection to air, and after which its burning quality reached 98-
99%. Perfect usage of this technology requires knowledge in-depth of fuel features. In this article we describe 
results of experimental investigation of calorific value of Tkibul Shauri coal. In the experiment, we have used 
isothermal calorimeter XRY-1C, which experimental error is 1.5%. The measurements were performed on 
coal mixtures obtained from six different layers. As a result of seven samples’ measurement, the caloric value 
is 20,792 J/G with standard error of 1%. 
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energoresursebis maragi, aratradiciuli da 
ganaxlebadi  energiis wyaroebis mdgomareoba  

da gamoyenebis perspeqtivebi 
 

fxakaZe S. 
akaki wereTlis saxelmwifo universiteti 

 
naSromSi warmodgenilia energoresursebis maragi, aratradiciuli da ganax-

lebadi  energiis wyaroebismdgomareoba da gamoyenebis perspeqtivebi.ukanasknel pe-
riodSi gazrdilia interesi aratradiciuli da ganaxlebadi energiis wyaroebis 
miRebisa da gamoyenebis teqnologiebis mimarT. saqarTveloSi didi mniSvneloba 
eniWeba mzis da qaris energiebis eleqtruli energiad gardaqmnisa da gamoyenebis 
teqnologiebs. naSromSi ganxilulia saqarTveloSi arsebuli mzisa da qaris ener-
giis bunebrivi potenciali. Eleqtrosadgurebis ganTavsebis adgilebi, romlebic 
saqarTvelos TiTqmis mTel teritorias moicavs. naSromSi naCvenebia aratradiciu-
li da ganaxlebadi energiis wyaroebis klasifkaciis cxrili, agreTve warmodgeni-
lia energiis ganaxlebadi wyaroebis da sawvavis adgilobrivi saxeobebis gamoyene-
bis strategiuli miznebi. 

 
samecniero - teqnikuri programebis arsebuli donis pirobebSi ener-

gomoxmareba SeiZleba daifaros organuli sawvavis (naxSiri, navTobi, gazi), 

hidroenergiis da Tburi neitronebis safuZvelze atomuri energiebis gamo-

yenebis xarjze. erTis mxriv, mravalricxovani gamokvlevebis Sedegebis mi-

xedviT. 2020 wlisaTvis organuli sawvavi mxolod nawilobriv daakmayofi-

lebs msoflio energetikis moTxovnebs. energomoxmarebis darCenili nawi-

li SeiZleba dakmayofildes aratradiciuli da ganaxlebadi energiis wya-

roebis xarjze. 

energiis araganaxlebadi wyaroebi warmoadgenen nivTierebisa da masa-

lebis bunebriv marags, romlebic gamoiyenebian adamianis meSveobiT energi-

is misaRebad. magaliTad: birTvuli sawvavi, naxSiri, navTobi da gazi. ara-

ganaxlebadi wyaroebis energia bunebaSi imyofeba SekavSirebul mdgomareo-

baSi  da gamoTavisufldeba adamianis mizanmimarTuli moqmedebis Sedegad. 

ganaxlebadi energiis wyaroebi garemomcvel garemoSi arseboben mudmi-

vad, an periodulad aRZruli energiis nakadebis safuZvelze. 

aratradiciuli da ganaxlebadi energiis wyaroebs ganekuTvneba mzis, 

qaris, geoTermuli, zRvis talRebis, okeaneebis mimoqcevis, biomasis, naxSi-

ris, torfis, didi da mcire wylis nakadebis energiebi. 

ukanasknel periodSi gazrdilia interesi aratradiciuli da ganaxle-

badi energiis wyaroebis miRebisa da gamoyenebis teqnologiebis mimarT. sa-

qarTveloSi didi mniSvneloba eniWeba mzis da qaris energiebis eleqtruli 

energiad gardaqmnisa da gamoyenebis teqnologiebs. 

      saqarTveloSi mzis energiis sruli wliuri potenciali Sefasebulia 

108 mgvt-iT. mzis fotoeleqtrul gardamqmnelebis gamoyeneba mizanSewoni-

lia mxolod mTagorian adgilebSi, Znelad misasvleli da mcired dasax-

lebuli adgilebis eleqtromo-maragebisaTvis. 

mzis efeqturi gamosxiveba saqarTveloSi sakmaod maRalia. umetes rai-

onebSi mzis naTebis wliuri xangrZlivoba 250-dan 280 dRemde meryeobs, rac 

weliwadSi daaxloebiT  saaTs Seadgens. 
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saqarTvelos agreTve aqvs qaris energiis mniSvnelovani potenciali, 

romlis meSveobiT eleqtroenergiis saSualo wliuri gamomuSaveba saori-

entaciod 4 mlrd.kvt.sT-iT, xolo dadgmuli simZlavre 1500 mgvT-iT aris 

Sefasebuli. qaris energetikuli bunebrivi potencialis mixedviT saqarTve-

los teritoria daraionebulia maRal, saSualo da dabal siCqarian zone-

bad, sadac qaris siCqare weliwadSi 2,5 m/wm-dan 9,0 m/wm-mde meryeobs, samu-

Sao drois xangrZlivoba weliwadSi 4000-50000 sT-s Seadgens. SerCeulia qa-

ris eleqtrosadgurebis ganTavsebis saukeTeso adgilebi, romlebic saqar-

Tvelos TiTqmis mTel teritorias moicavs. amJamad mimdinareobs samuSaoe-

bi perspeqtiuli qaris eleqtrosadgurebis teqnikur-ekonomikuri dasabuTe-

bisaTvis, romlebic SesaZlebelia ganlagdnen : -ialRujas qedze (45 mgvt, 

110 mln.kvt.sT), mTa sabueTze - (100 mgvt, 370 mln. kvt.sT), samgoris zeganze 

(45 mgvt, 130 mln.kvt.sT), -goris-skras monakveTze (90 mgvt, 250 mln.kvt.sT), 

quTaisis mimdebare teritoriaze (90 mgvt, 225 mln.kvt.sT) - mdinare faravni-

sa da Woroxis xeobebSi - Sesabamisad 120 da 30 mgvt dadgmuli simZlavriTa 

da 336 da 90 mln.kvt.sT eleqtroenergiis gamomuSavebiT. 

dReisaTvis qaris eleqtrosadgurebSi, rogorc wesi, gamoiyeneba Ziri-

Tadad asinqronuli generatorebi. qaris eleqtrosadgurebis paraleluri 

muSaobisas asinqronuli generatorebis upiratesobad iTvleba eleqtromag-

nituri momentis, denis da generirebuli simZlavris SedarebiT mcire rxe-

vebi qaris siCqaris cvlilebaTa  pirobebSi. 

hibriduli paraleluri energosistemebis eleqtromomaragebis mdgra-

di da stabiluri reJimebis uzrunvelsayofad saWiroa tyvia-mJaviani akumu-

latorebis gamoyeneba, romlebisTvisac Tanmxlebia mudmivad damuxtvisa da 

ganmuxtvis procesebi. aseTi procesebi mimdinareobs kontrolioris, sim-

Zlavris regulatoris da Sesabamisi marTvis impulsebis zemoqmedebiT. 

mzis, qaris, dizelgeneratorebis da akumulatoruli batareis energi-

ebis erTdrouli an seleqciuri gziT gamoyeneba warmoadgens ZiriTad sa-

fuZvlebs mudmivi da cvladi Zabvis hibriduli energosistemis ganviTarebi-

saTvis. 

qvemoT naCvenebia aratradiciuli da ganaxlebadi energiis wyaroebis 

klasifkacia (cxrili1). 

cxrili 1. 

pirveladi 
energiis 
wyaroebi 

energiis bunebrivi gardaqmna energiis teqnikuri gardaqmna 
meoradi 

moxmarebis 
energia 

dedamiwa miwis geoTermuli siTbo geoTermuli eleqtro sadguri 

eleqtroo-
ba 
 

mze 
 

atmosferuli naleqis aor-
Tqleba 

hidroeleqtruli sadguri 

atmosferuli haeris moZraoba qaris energetikuli danadgarebi 
zRvis dinebebi zRvis eleqtro sadgurebi 

talRebis moZraoba talRuri eleqtro sadgurebi 

yinulis dnoba yinulovani eleqtro sadgurebi 

fotosinTezi 
 

eleqtrosadgurebi biomasaze 

fotoeleqtrooba 

planetebi moqceva da miqceva miqceviTi eleqtro sadgurebi 
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aratradiciuli da ganaxlebadi energiis wyaroebis potenciuri SesaZ-

leblobebi weliwadSi Seadgenen miliard tona pirobiTi sawvavs; 

 mzis energia - 2300; 

 qaris energia - 26,7; 

 biomasis energia - 10; 

 miwis siTbo - 40000; 

 mcire mdinareTa energia - 360; 

 zRvisa da okeaneebis energia - 30; 

 meoradi dabal potenciuri siTbos wyaroebis energia - 530; 

energiis ganaxlebadi wyaroebis da sawvavis adgilobrivisaxeobebis 

gamoyenebis strategiulimiznebia; 

 araganaxlebadi saTbob-energetikuli resursebis gamoyenebis SezRudva; 

 saTbob-energetikis kompleqsisgan ekologiuri datvirTvis Semcireba; 

 decentralizebuli  momxmareblisa da regionebis uzrunvelyofa sawva-

vis Soreuli da sezonuri SemotaniT; 

 Soridan Semotanili sawvavis xarjebis Semcireba; 

 ganaxlebadi energetikis ganviTarebis aucilebloba ganisazRvreba misi 

rolis mixedviT Semdegi problemebis gadawyvetaSi; 

 decentralizebuli eleqtromomaragebis zonebSi dasaxlebebisa da war-

moebebis mdgradi Tbo da eleqtromomaragebis uzrunvelyofa; 

 centralizebuli energomomaragebis zonebSi, romlebic ganicdian ener-

giis deficits, avariuli da SezRuduli gamorTvebisagan zaralis aR-

mofxvras, mosaxleobebisa da warmoebebis garantirebuli energomomara-

gebis minimumis uzrunvelyofa; 

 rTuli ekologiuri garemoebian da agreTve mosaxleobis masiuri dasve-

nebis adgilebian qalaqebSi da dasaxlebul punqtebSi energetikuli da-

nadgarebisagan mavne gamonatyorcnebis Semcireba. 
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ENERGY SUPPLY RESERVES, CONDITION OF NON-TRADITIONAL AND RENEWING 

POWER SOURCES AND PROSPECTS OF THEIR UTILIZATION 
PKHAKADZE SH.  

AkakiTsereteli State University 
 

In the article is presented energy supply reserves, condition of non-traditional and renewing power 
sources and prospects of their utilization. In recent years the interest is increased to obtaining non-traditional 
and renewing power sources and technology of their utilization. In Georgia the attention is paid to transfor-
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mation of the sun and wind energy into power energy and technology of their utilization. The article discus-
ses natural potential of the sun and wind energy, the place for power stations covering the whole territory of 
Georgia. In the article there is presented the classification schedule of non-traditional and renewing energy, 
also strategic aims of using energy renewing sources and local types of the oil.  

 

 

 

 
hidroresursebis efeqturi gamoyenebis Sesaxeb mcire  

hidroeleqtro sadgurebis daproeqtebisas  
 

joxaZe p.d., kuciava v.a. 
saqarTvelos teqnikuri universiteti 

 
statiaSi ganxilulia perspeqtiuli mcire hidroeleqtro sadgurebis proeq-

tebis Sedgenisas agregatebis SerCevisa da maTi marTvis principebi, romlebic uz-
runvelyofen hidroresursebis gacilebiT efeqtur gamoyenebas. moyvanilia perspeq-
tiuli hes-is wliuri gamomuSavebis modelirebis Sedegebi, sxvadasxva principebiT 
SerCeuli agregatebis SemTxvevebSi. 
 

saqarTveloSi arsebuli hidroresursebis maqsimaluri aTviseba saxel-

mwifos erT-erT prioritetul mimarTulebas warmoadgens. energetikul seq-

torSi gatarebuli grZelvadiani politikis amocanaa investiciebis mozid-

va axali eleqtrosadgurebis mSeneblobisTvis. am politikis mizans Sead-

gens sakuTari hidroresursebis gamoyenebiT qveyanaSi arsebuli moTxovnis 

sruli dakmayofileba da etapobrivad: jer eleqtroenergiis importis, Sem-

deg Tbogeneraciis Canacvleba, perspeqtivaSi ki – Warbi eleqtroenergiis 

eqsporti mezobel qveynebSi. dasaxuli miznis misaRwevad Sedgenili iqna 

perspeqtiuli hes-ebis nusxa, romelTa umravlesobis winaswari kvlevebis 

Catarebis Semdeg investorebi uars acxadeben proeqtis realizebaze daba-

li rentabelobis gamo. gansakuTrebiT es exeba mcire hes-ebs (13 mgvt-ze da-

bali simZlavre), romelTa TviTRirebuleba dadgmuli simZlavris yovel 

kilovatze SedarebiT maRalia.   

aRniSnuli problemis arsebobis ZiriTad mizezs warmoadgens perspeq-

tiuli hes-ebis umetes proeqtebSi stereotipiuri midgomebi, kerZod: mcde-

loba maqsimalurad gaizardos maTi dadgmuli simZlavre, rac faqtobrivad 

amcirebs hidroresursebis efeqtur gamoyenebas da amrigad amcirebs hes-is 

rentabelobas, meore mniSvnelovan mizezs warmoadgens hes-ebis hidroagre-

gatebis tipebisa da raodenobis SerCevisadmi araswori midgoma, proeqtebis 

umravlesobaSi gaTvaliswinebulia ori hidroagregatis gamoyeneba frensi-

sis tipis turbiniT. proeqtebSi araferia naTqvami agregatebis marTvis 

principebze.     

statiis avtorebis mier Catarebuli iqna im proeqtebis analizi, ro-

melTaTvisac SesaZlebeli iyo sakmarisi hidrologiuri monacemebis mopo-

veba, Catarda perspeqtiuli hesebis gamomuSavebis modelireba, ris safuZ-

velzedac aRmoCnda, rom proeqtebis Sedgenisas, daSvebuli iqna rigi uzus-

tobebisa, kerZod: arasworad iqna gaTvlili perspeqtiuli hes-bis dadgmu-
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li simZlavreebi da wliuri gamomuSavebis gaTvlebisas ar iqna gaTvalis-

winebuli agregatebis mocdenebiT miRebuli danakargebi, romlebic gamowve-

ulia agregatis gasaSvebad arasakmarisi xarjebiT, ar iqna gaTvaliswinebu-

li turbinebis margi qmedebis koeficientis damokidebuleba turbinis xar-

jze, ar iqna gaTvaliswinebuli sadawneo milsadenSi dawnevis danakarkebis 

damokidebuleba xarjze. yovelive amis gamo perspeqtiuli hes-ebis gaTvle-

biT dadgenili savaraudo saSualo wliuri gamomuSaveba 20-25 procentiT 

aRemateba realurad mosalodnel saSualo wliur gamomuSavebas. 

statiaSi ganixileba erT-erTi perspeqtiuli hes-is proeqti, romlis 

realizebazec winaswari kvleviTi samuSaoebis Sesrulebis Semdeg inves-

torma ganacxada uari, proeqtis dabali rentabelobis gamo. garkveuli mo-

sazrebebiT perspeqtiuli hes-is proeqtis adgilmdebareoba da dasaxeleba 

araa moyvanili. es proeqti ganxilvis sagnad arCeuli iqna imitom, rom mas-

Si kargad aisaxeba saqarTvelos mdinareebisaTvis damaxasiaTebeli modine-

bis cvalebadoba Tveebis mixedviT (ix. nax.1), agreTve winaswar gaTvlebSi 

daSvebuli uzustobani. winaswari gaTvlebisas perspeqtiuli hes-is stati-

kuri dawneva 83 metris, xolo saangariSo xarji 18 m3/wm-is tolad iqna aRe-

buli, amis gaTvaliswinebiT hes-is dadgmuli simZlavre 12600 kvt-is toli 

gamovida, magram gaTvlebisas ar iqna gaTvaliswinebuli dawnevis danakar-

gebi, romelic aRebuli xarjisaTvis 6.95 m-s Seadgens, anu hes-is dadgmuli 

simZlavre arazustadaa gaTvlili, aRebuli xarjisaTvis dawnevis danakar-

gebis gaTvaliswinebiT dadgmuli simZlavre iqneboda 11600 kvt, magram TviT 

saangariSo xarji ar iqna SerCeuli koreqtulad.       
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nax. 1. mdinaris saSualo mravalwliuri xarjebi Tveebis mixedviT 

saangariSo xarjis SesarCevad, upirveles yovlisa, 30 welze meti peri-

odis yoveldRiuri xarjebiT unda aigos modinebis xangZlivobis mrudi sa-

nitaruli xarjis gamoklebiT (ix. nax. 2). sayovelTaod miRebuli principe-

bis mixedviT, perspeqtiuli hes-is rentabelobis uzrunvelsayofad igi dad-

gmuli simZlavris xarjiT uzrunvelyofili unda iyos aranakleb 3 Tvis 

ganmavlobaSi, anu igi unda Seesabamebodes 25%-ian uzrunvelyofas. nax. 2-ze 

mocemuli mrudis mixedviT saangariSo xarji 18 m3/wm-is nacvlad unda yo-
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filiyo 15 m3/wm, romlisTvisas dawnevis danakargebi Seadgens 4.85 m-s (ix. 

nax. 3) da Sesabamisad gamoTvlili dadgmuli simZlavre nacvlad 12600 kvt-

isa, toli iqneba 9940 kvt-is, anu danaxarjebi agregatebze mcirdeba TiT-

qmis 22%-iT, Tu gaviTvaliswinebT, rom danadgarebis Rirebuleba proeqtis 

sruli Rirebulebis 30-35 procents Seadgens, proeqtis rentabeloba sag-

rZnoblad izrdeba. 

rentabelobis Semdgomi zrda SesaZlebelia arsebuli hidroresursebis 

efeqturad gamoyenebiT, risTvisac optimalurad unda SeirCes agregatebis 

raodenoba da turbinebis tipebi. ratomRac 300 metramde dawnevisaTvis pro-

eqtebis umravlesobaSi SerCeulia frensisis tipi turbiniani ori agregati. 

frensisis tipis turbinis margi qmedebis koeficienti maqsimums aRwevs 

turbinis saangariSo xarjis 90%-ze da mkveTrad ecema dabali xarjebisaT-

vis (ix. nax. 4). am tipis turbinas saangariSo xarjis 35-37%-ze dabali xar-

jisaTvis axasiaTebs vibraciis maRali done, ris gamoc agregats uSveben 

saangariSo xarjis 40%-dan da zeviT, naklebi xarjisaTvis turbinas aCere-

ben, anu adgili aqvs agregatis mocdenas da modinebaze momuSave mcire hes-

ebis SemTxvevisaTvis hidroresursebis uqmad daRvras. izrdeba agregatis 

mocdeniT gamowveuli danakargebi da Sesabamisad mcirdeba hes-is gamomuSa-

beba. danakargebis Sesamcireblad unda gaizardos agregatebis raodenoba, 

anu unda Semcirdes yoveli turbinis saangariSo xarji, rac Tavis mxriv 

iwvevs proeqtis Rirebulebis zrdas da misi rentabelobis Semcirebas. 
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nax. 2. modinebis xangZlivobis mrudis 

 

agregatebis mocdenebiT gamowveuli danakargebis Semcirebisa da wylis 

resursebis efeqturad gamoyenebis mizniT uari unda iTqvas erTgvar ste-

reotipur midgomebze. erTis mxriv frensisis tipis turbiniani agregatebis 

gamoyenebas upiratesoba eniWeba imitom, rom turbinas gaaCnia SedarebiT ma-

Rali margi qmedebis koeficienti (91%), magram ratomRac ar gaiT-

valiswineba misi zemoT aRniSnuli Taviseburebebi, ris gamoc mniS-

vnelovnad izrdeba mocdenebisgan danakargebi. Seqmnili situaciidan gamo-

savals warmoadgens iseTi turbinis gamoyeneba, romlis gaSvebac SesaZlebe-
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lia gacilebiT naklebi xarjebisaTvis. aseTs warmoadgens orkameriani oz-

bergeris tipis turbina, romlis gaSvebac SesaZlebelia saangariSo xarjis 

6%-dan (ix. nax. 4), am xarjisaTvis turbinis margi qmedebis koeficienti 

30%-is tolia, saangariSo xarjis 8%-is toli xarjisaTvis misi margi qme-

debis koeficienti 71%-is tolia, rogoric gaaCnia frensisis tipis turbi-

nas saangariSo xarjis 40%-is toli xarjisaTvis. ozbergeris tipis turbi-

nis margi qmedebis koeficienti maqsimums aRwevs saangariSo xarjis 19%-is 

toli xarjisaTvis da igi toli xdeba 87%-isa, rogoric frensisis tipis 

turbinas gaaCnia saangariSo xarjis 69%-is toli xarjisaTvis (ix. nax. 4).   
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nax. 3. dawnevis danakrgebis damokidebuleba xarjze 
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nax. 4. frensisisa da ozbergeris tipis turbinebis mqk-s mrudebi 

 

zemoT aRniSnulidan gamomdinare, ozbergeris tipis turbinis gamoyene-

ba saSualebas mogvcems turbinis saangariSo xarjis 6%-dan 40%-mde Sua-

ledSi, maSin roca frensisis tipis turbina gaCerebulia, miviRoT damate-

biTi eleqtroenergia, xolo saangariSo xarjis 40%-dan 69%-mde SualedSi 

miviRoT imaze meti energia, rasac mogvcems igive SualedSi frensisis ti-
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pis turbina. Catarebuli iqna hes-is gamomuSavebis gaTvlebi mravalwliuri 

hidrologiuri monacemebis gamoyenebiT. gaTvlebisas gaTvaliswinebuli iq-

na mimdinare xarjisaTvis dawnevis danakargebi da turbinis margi qmedebis 

koeficienti. Sedarebis mizniT, moyvanilia gaTvlebis ori varianti: 18 m3/wm 

saangariSo xarjisaTvis ori frensisis tipis turbinisaTvis da 15 m3/wm sa-

angariSo xarjisaTvis erTi frensisis tipisa da erTi ozbergeris tipis 

turbinebisaTvis. meore variantSi ozbergeris tipis turbinis marTva iTva-

liswinebs frensisis tipis turbinis xarjis uzrunvelyofas saangariSo 

xarjis 70%-dan 105%-mde farglebSi, romlisTvisas frensisis tipis turbi-

nas gaaCnia meti margi qmedebis koeficienti. gaTvlebis Sedegebis mixedviT, 

mosalodnelma saSualo mravalwliurma gamomuSavebam pirveli varianti-

saTvis Seadgina 59,800,000 kvtsT nacvlad winaswar dadgenili 71,750,000 

kvtsT-isa, dadgmuli simZlavris mosalodneli gamoyenebis koeficienti to-

li gamovida 59.5%-is nacvlad 68%-isa. meore variantisaTvis mosalodnelma 

saSualo mravalwliurma gamomuSavebam Seadgina 60,060,000 kvtsT, xolo 

dadgmuli simZlavris mosalodneli gamoyenebis koeficienti toli gamovi-

da 72.9%-is, anu hes-is rentabeloba mniSvnelovnad gaizarda. orive varian-

tis mixedviT energiis saSualo mravalwliuri generacia Tveebis mixedviT 

mocemulia nax. 5-ze. 
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nax. 5. gamomuSavebuli saSualo mravalwliuri energia  

Tveebis mixedviT 

 

miuxedavad imisa, rom ozbergeris tipis turbinas saangariSo xarjze 

gaaCnia naklebi margi qmedebis koeficienti, misi gamoyeneba mTel rig Sem-

TvevebSi iZleva ukeTes Sedegebs, rac gamowveulia misi margi qmedebis koe-

ficientis turbinis xarjze damokidebulebis mrudis TanabrobiT xarjis 

sakmaod did diapazonSi cvlilebisas. meores mxriv am tipis turbina ar 

moiTxovs teqnikuri momsaxurebis Catarebas iseTi intensivobiT, rogorc 

amas moiTxovs frensisis tipis turbina, anu mcirdeba momsaxurebis dana-

xarjebi da rac mTavaria igi iafia evropuli warmoebis frensisis tipis 

turbinasTan SedarebiT, yovelive aRniSnuli uzrunvelyofs perspeqtiuli 

hes-is rentabelobis zrdas. 
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Summary 
This article describes some principles of choice of hydropower units and their control during the design of 
perspective small hydropower plants which provide efficient use of hydro resources. The results of simulati-
on of annual energy production of perspective small hydropower plants for different principles of choice of 
hydropower units are given in the article. 
  

 

 
        samoqalaqo Senobebis energoefeqturoba 

 
grZeliSvili a.a. 

akaki wereTlis saxelmwifo universiteti 
                                               

moxsenebaSi, ,,samoqalao Senobebis energoefeqturoba”, ganxilulia, is piro-
bebi ris safuZvelzec   samoqalaqo Senobebi SeiZleba iyvnen energoefeqturni, anu 
ekonomiurad moixmaron eqspluataciis procesSi energia da dazogon saxelmwifo 
xarjebi. energoefeqturobis mixedviT SesaZlebelia Senobebis serTificireba, rom-
lis mizanic moxmarebuli enegiis raodenobis gansazRvris Sedegad im susti adgi-
lebis gamovlenaa, ris gamoc Senoba SeiZleba iyos araenergoefeqturi, amis safuZ-
velze ki SesaZlebelia dainergos energodamzogveli RonisZiebebi.       

                        
   energoefeqturi samoqalaqo Senobebi ekonomiurad moixmaren energias 

da zogaven saxelmwifo xarjebs. energoefeqturobis mixedviT SesaZlebe-

lia Senobebis serTificireba, romlis mizania gavigoT ra raodenobis 

energoresursebis momxmarebelia esa Tu is Senoba. Aamis dadgena ki dagvex-

mareba aRmovaCinoT is susti adgilebi, ris gamoc    Senoba araenergoefeq-

turia da davnergoT energodamzogveli RonisZiebebi. 

Tbodanakargebis ZiriTadi zonebi SenobebSi Semomfarglavi nawile-

bia, kerZod, kedlebi da saxuravebi, aqedan gamomdinare SenobaTa arqiteq-

turul-konstruqciuli daproeqtebisas saWiroa ganxiluli iqnas Senobebis 

Semomfarglav konstruqciebSi mimdinare Tbofizikuri procesebi romlebic 

mogvcemen saSualebas SeirCes saTanado saeqspluatacio Tvisebebis da xan-

medegobis Semomfarglavi konstruqciebi minimaluri danaxarjebiT. 

Senobis racionalurad daproeqtebuli gare Semomfarglavi kon-

struqciebi unda akmayofilebdnen Semdeg Tboteqnikur moTxovnebs: 

1. axasiaTebdeT sakmarisi Tbodamcavi Tvisebebi, raTa ukeT SeinarCu-

non saTavsebSi siTbo wlis civ periodSi (samxreT raionebSi saTavsebis 

dacva saWiroa mziT gadaxurebisagan zafxulis periodSi). 

2.  eqsploataciis dros Siga zedapirze ar hqondeT Zalze dabali, 

Siga haeris temperaturisagan mniSvnelovnad gansxvavebuli temperaturა, 

raTa aviciloT maTze kondesatis warmoSoba da adamianis tanis gaciveba 

gamosxivebiTi Tbodanakargebis gamo. 

3. axasiaTebdeT haerSeRwevadoba, araumetes dasaSvebi zRvrisa, rom-

lis Semdegac haergacvla daaqveiTebs Semomfarglavis Tbodacvis xarisxs 

da gaacivebs saTavss, SemomfarglavTan axlo mjdom adamianebSi gamoiwvevs 

gamWoli ganiavebis SegrZnebas. 

4. inarCunebdnen normaluri tenianobis reJims, gamomdinare iqidan 

rom Semomfarglavis danestianeba amcirebs mis xangrZlivobas da auaresebs 
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Semofargluli saTavsis sanitarul-higienur pirobebs. 

Semomfarglavis umniSvnelovanes Tboteqnikur Tvisebas warmoadgens 

winaaRndegoba masSi siTbos gatarebisadmi, an Termiuli winaRoba, romelic 

xasiaTdeba Semomfarglavis Siga da gare zedapirebis temperaturaTa sxvao-

biT, roca 1 m2 zedapirze 1 saaTis ganmavlobaSi gadis 1 kkl siTbo. 

Semomfarglavis erTgvarovani fenis Termiuli winaRoba iangariSeba 

formuliT 

                                        grad.m2.s/kkal 

sadac δ aris Semomfarglavis sisqe, m; 

       λ _ Semomfarglavi masalis Tbogamtarobis koeficienti, romelic 

warmoadgens siTbos raodenobas kilokaloriebSi, romelsac atarebs 1 s 

ganmavlobaSi 1 m sisqis Semomfarglavis 1 m2 farTobi, gare da Siga zedapi-

rebis temperaturaTa 10 sxvaobisas. Mmisi ganzomilebaa kkl/m-s grad. 

 rac metia Termiuli winaRobis sidide, miT ukeTesia Semomfarglavis 

TbodacviTi Tviseba. Ffrmulidan Cans, rom Termiuli winaRobis gazrdi-

saTvis saWiroa an gavzardoT Semomfarglavis δ sisqe, an SevamciroT Tbo-

gamtarobis λ koeficienti. Eekonomiis mizniT momgebiania gamoviyenoT mcire 

Tbogamtarobis koeficientis mqone masalebi, Tu amasTanave daculi iqneba 

Semomfarglavis saTanado simtkicis pirobebi. 

 Tbogamtarobis koeficientis sidide, ZiriTadad damokidebulia masa-

lis moculobiT wonaze, tenianobasa da temperaturaze. rac ufro naklebia 

masalis moculobiTi wona da maSasadame metia masSi siTbos cudi gamtari 

haeriT saves forebi, miT naklebia misi Tbogamtarobis koeficientic, mag-

ram moculobiT wonasa da Tbogamtarianobas Soris ar aris pirdapirpro-

porciuli damokidebuleba, radganac ukanasknelze arsebiT gavlenas as-

dens masalis buneba da misi struqturis xasiaTi.   

Tbogamtarobis kowficientis sidideze arsebiT gavlenas axdens Se-

momfarglavi masalis tenianoba, masalis tenianobis gazrdasTan erTad 

mkveTrad maRldeba misi Tbogamtarobis koeficienti. Ees aixsneba imiT, rom 

Tbogamtarobis koeficienti wyals 25-jer meti aqvs, vidre uZrav haers.  

 siTbos raodenobas, romelic gadis 1 saaTis ganmavlobaSi 1 m2 Semom-

farglavSi, uwodeben siTbur nakads da gamosaxaven formuliT.   

 kkal/m2s,  

sadac  aris siTbos raodenoba kkal.  

  - Semomfarglavis Siga zedapiris temperaturaa; 

  - Semomfarglavis gare zedapiris temperaturaa;  

  Я  - Termiuli winaRoba.       

Semomfarglavis sisqeSi temperatura ecema siTburi nakadis Semom-

farglavSi gavlisas misi Siga zedapiridan garesaken. temperaturis dawevas 

ganpirobebuls Termiuli winaRobiT uwodeben temperaturul vardnas. siT-

buri nakadis SemomfarglavSi gavlisas temperatura qveviT iwevs ara mar-

to Semomfarglavis masalaSi, aramed mis zedapirTanac, ase rom Siga zeda-
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piris τS temperatura naklebia saTavsis haeris tS temperaturaze, xolo ga-

re zedapiris τg metia gare haeris tg temperaturaze. Aaqedan gamomdinare, 
raime garemoSi siTbos gatarebis procesSi temperaturis daqveiTeba misi 

Termiuli winaRobiTaa gamowveuli. aseTi winaRoba gvaqvs siTburi nakadis 

gadasvlis dros Siga haeridan Siga zedapirzec da agreTve, gare zedapiri-

dan gare haerze siTbos gadacemis drosac.  

Ppirveli winaRoba (Siga zedapirTan) iwodeba TboaTvisebis winaRo-

bad da aRiniSneba ЯS, meore _ Tbogadacemis winaRobad da aRiniSneba Яg, 

orive saxis winaRobas zogjer aerTianeben saerTo saxelwodebiT Tboga-

dasvlis winaRobiT. 

Semomfarglavis Tbogadasvlis  Я0 winaRoba tolia  

                Я0= ЯS+ Я+ Яg= ЯS+ + Яg grad. m2. saaT/kkal  

gasaTbobi saTavsebis Semomfarglavi konstruqciebis praqtikuli 

Tboteqnikuri gaangariSebisas TboaTvisebis winaRoba miiReba ЯS = 0,133 

grad. m2 saaT/kkal, xolo Tbogadacemis winaRoba kedlebsa da usxveno sa-

xuravebisaTvis SeiZleba miviRoT Яg = 0,05 grad. m2 saaT/kkal, xolo sxveni-

ani saxuravebisaTvis Яg = 0,10 grad. m2 saaT/kkal.     

 Semomfarglavi konstruqciebis tenianoba did gavlenas axdens mis 

Tboteqnikur xarisxze. Mmasalis Tbogamtarobis koeficienti mkveTrad iz-

rdeba tenianobis zrdasTan dakavSirebiT, xolo Semomfarglavis Tbogada-

cemis winaRoba mcirdeba.  

 Ggare Semomfarglav konstruqciebSi ar SeiZleba gamoyeneoT maRali 

tenianobis mqone masalebi, garda amis Senobebis eqspluataciis periodSi 

unda uzunvelyoT Semomfarglavis normaluri tenianobis reJimi, davicvaT 

isini SesaZlebeli danestianebisagan.  

 Semomfarglavis danestianebis mizezi SeiZleba iyos Semdegi: 

a) samSeneblo teni, romelic aRwevs SemomfardlavSi Senobis 

agebis dros; 

b) gruntis teni, romelic aRwevs SemomfarglavSi kapilaruli Zalebis 

moqmedebiT; 

g) metorologiuri teni, romelic aRwevs SemomfarglavSi wvimis mosvlas-

Tan dakavSirebiT; 

d) saeqspluatacio teni, romelic SemomfarglavSi aRwevs sveli procese-

bis Sesrulebisas SenobaTa eqspluataciis dros; 

e) higroskopuli teni, rmelic SemomfarglavSi aRwevs misi masalis hig-

roskopulobis gamo; 

v) kondesirebuli teni, romelic SemomfarglavSi warmoiqmneba haeridan 

SeRweuli wylis orTqlis kondesaciiT; 

      datenianebis yvela CamoTvlili wyaroebidan wylis orTqlis konde-

sacia warmoadgens SemomfarglavSi tenis gaCenis ZiriTad mizezs. 

 Hhaeri yovelTvis Seicavs garkveuli raodenobis tens wylis or-

Tqlis saxiT. haeris teniT gaJRenTvis xarisxi isazRvreba misi fardobiTi 

tenianobiT, romelsac gamosaxaven procentebSi. is warmoadgens haerSi 

wylis orTqlis namdvili drekadobis  e-s Sefardebas mis maqsimalur dre-



 

saerTaSoriso samecniero konferencia 

INTERNATIONAL   SCIENTIFIC  CONFERENCE 
 

 120

kadobasTan  E.     

                     
        haeris temperaturis gazrdasTan erTad misi fardobiTi tenianoba 

qveviT iwevs da  piriqiT, haeris gacivebasTan erTad fardobiTi tenianoba 

gaizrdeba E -s Semcirebis Sedegad. 
 zogierT temperaturaze, roca E gautoldeba e - s, fardobiTi tenia-

noba φ = 100%. Mmocemuli tenianobis haerisaTvis aseTi temperatura ata-

rebs namis wetilis saxels da aRiniSneba τn. 
 Tu haeris gacivebas gavagrZelebT namis wertilis qveviT, maSin tenis 

garkveuli raodenoba, romelic orTqlis mdgomareobaSia, kondesirdeba, e.i. 

gadadis wveTovan mdgomareobaSi. 

 umniSvnelovanes konstruqciul RonisZiebad, Semomfarglavis SigniT 

kondesaciis acilebisaTvis, gvevlineba fenebis swori ganlageba: mkvrivi da 

orTqlis naklebad SeRwevadi masalis fenebi unda moTavsdes Semomfargla-

vis Siga zedapirTan, xolo forovani da ufro orTqlSeRwevadi fenebi – 

garesTan. 
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                           CIVIL BUILDINGS ENERGY-EFFICIENCY 
A.A. Grdzelishvili 

Summary 
 The paper dwells on the civil buildings energy-efficiency problems, and there are also considered  
those conditions, on the basis of which the civil buildings the civil buildings can be considered energy-effici-
ent, i.e. they are capable of efficient consumption of electric power and saving state expenses. In accordance 
with energy0efficiency it is possible to certify the buildings, which as a result of determining the amount of 
consumed  are aimed at identifying those weaknesses, due to which the building cannot be considered as 
energy-efficient, and on that in turn it is possible to apply the energy-saving measures.     
  
 

 

 
geoTermuli wylebis racionaluri gamoyenebis  

specifika da perspeqtivebi 
 

 veziriSvili-nozaZe q., papava l., razmaZe m., keJeraZe n. 
saqarTvelos teqnikuri universiteti 

 
geoTermuli wylebis racionaluri gamoyenebis specifika da perspeqtivebi 
statiaSi ganxilulia avtorTa mosazreba im specifikur sakiTxebze, romlebic 

gvxvdeba agrosamrewvelo kompleqsSi geoTermuli wylebis gamoyenebisas. cdebis 
monacemTa damuSavebis Sedegad miRebulia empiriuli formula saTburebis kuTri 
Tburi datvirTvisTvis angariSisTvis. 
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saqarTvelos gaaCnia geoTermuli wylebis garkveuli maragi: 50-1100C 
temperaturis Termuli wylebis raodenoba 220-250 mln.m3-iT ganisazRvreba 

weliwadSi. Termuli wylebis mier dakavebuli saerTo auzebis farTi Sead-

gens 22459 km2-s, anu qveynis mTeli teritoriis 32%-s. miwis wiaRSi gavrce-

lebis aseTi diapazonisa da eqspluataciisaTvis sasurveli fiziko-qimiuri 

Tvisebebis gamo (mineralizaciis dabali xarixi 0,4-2,2 gr/l) Termuli 

wylebis aTvisebas didi perspeqtiva aqvs saqarTveloSi. 

dReisaTvis, arsebuli geoTermuli wylebi gamoiyeneba komunaluri mo-

Txovnilebebis (60%) dasakmayofileblad, soflis meurneobaSi (ZiriTadad 

saTburebSi) - (25%), mrewvelobaSi (15%). amasTan Tburi energiis mxolod na-

wili gamoiyeneba da 30-40% namuSevari wyali ki umisamarTod iRvreba. mig-

vaCnia, rom TiToeuli regionisTvis unda damuSavdes geoTermuli energiis 

gamoyenebis kompleqsuri sistemebi, romlebSic mTlianad iqneba aTvisebuli 

Termuli energia. misi gamoyenebis efeqturoba damokidebulia mTel rig 

urTierTdakavSirebul teqnikur-ekonomikur da ekologiur faqtorebze. 

teqnikur faqtors ganekuTvneba geoTermuli potencialis sruli aTvisebi-

saTvis kompleqsuri sistemebisa da teqnikurad efeqturi danadgarebis da-

muSaveba-gamokvleva da iseTi momxmareblebis SerCeva, romelnic mimdevro-

biT (mravaljeradad) SeZleben geoTermuli wylis gamoyenebas teqnologiu-

ri procesebis gansaxorcieleblad. ZiriTadad ekonomikuri faqtors gane-

kuTvneba - geoTermuli WaburRilebis burRvis Rirebuleba, kapitaldaban-

debebi TbosiciviT momaragebis kompleqsuri sistemebis Sesaqmnelad, aseve 

saeqspluatacio danaxarjebi da regionis saerTo energetikuli maCveneble-

bi. ekologiur faqtorebs ganekuTvneba - garemos Tburi dabinZurebis prob-

lemebis gadaWra. am movlenis Tavidan asacileblad, aucilebelia namuSeva-

ri gadasaRvreli geoTermuli wylis reinJeqcia (kvlav ukuCabruneba). 

geoTermuli wylebis gamoyenebis dRevandeli mdgomaorebis analizi 

cxadyofs rigi problemebis aucilebel gadawyvetas, rac amuxruWebs geo-

Termuli energetikis ganviTarebas Cvens qveyanaSi, Ziritadad esenia: 

_ geoTermuli wylis debitis da Tburi potencialis aRvisebis dabali 

done: 

_ geoTermuli Tbomomaragebis sistemebis arasrulyofileba da specifi-

kis gauTvaliswinebloba; 

_ geoTermul wylebze fasTwarmoqmnis arsebuli meqanizmebis uvargiso-

ba, vinaidan tarifis dadgena warmoebs wylis raodenobis mixedviT (tempe-

raturis gauTvaliswineblad), rac stimuls ukargavs rogorc mwarmoebels, 

ise momxmarebels, geoTermuli siTbos srulad gamoyenebisas; 

_ zemoTqmulidan gamomdinare, aucilebelia geoTermuli energiis baza-

ze saqarTvelos meurneobis sxvadasxva dargebis TbosiciviT momaragebis 

axali kompleqsuri sistemis damuSaveba - gamokvleva yoveli regionisTvis 

Sesabamisi bunebriv-klimaturi pirobebis gaTvaliswinebiT. 

geoTermuli wylebis Tburi energiis gamoyenebisas saWiroa ganisaz-

Rvros geoTermuli wylis momxmarebelTa ricxvi, romlebic klasificirde-

ba maT mier wamoyenebuli moTxovnebiT, Semdeg isaxeba geoTermuli miwode-

bis mimdevroba, romelic iTvaliswinebs mosaxleobis sxvadasxva kategorie-

bis urTierTganlagebas da geoTermuli wylidan maqsimaluri arTmevis Se-
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saZleblobas; ganisazRvreba sqemebis gaangariSebuli parametrebi da moi-

Zebneba SesaZlebeli sezonuri momxmareblebi. 

rogorc cnobilia, geoTermuli wylebis temperatura meryeobs farTo 

zRvrebSi. amitom temperaturam, rogorc miwisqveSa wylebis dayofis krite-

riumma, maTi Tvisebrivi maCveneblebis mixedviT, asaxva hpova mraval klasi-

fikaciaSi, magram es klasifikaciebi ar iZleva naTel warmodgenas sameur-

neo kompleqsSi geoTermuli wylebis gamoyenebis SesaZleblobis Sesaxeb. 

naxazze 1 SemoTavazebulia geoTermuli wylebis dayofa temperaturebis mi-

xedviT da motanilia Termuli wylebis gamoyenebis SesaZlebeli variantebi 

TbosiciviT momaragebisaTvis - teqnologiuri procesebis, gaTbobis, cxel-

wyalmomaragebis, haeris kondicirebis, xilbostneulis sacavebis siciviT 

momaragebis, macivrebisaTvis sicivis miRebis, saTburebis Tbomomaragebis, 

kvalsaTburebSi gruntis gaTbobis mizniT. aseTi klasifikacia saSualebas 

qmnis geoTermuli WaburRilis temperaturuli diapazonidan gamomdinare, 

SeirCes Termuli wylis kompleqsuri gamoyenebis Sesaferisi varianti. ro-

gorc nax.2-is monacemebidan Cans, geoTermuli wylis momxmarebeli mTeli 

wlis ganmavlobaSi aris cxelwyalmomaragebis sistemebi da samacivro sad-

gurebi. sezonuri momxmareblebia saTburebi, gaTbobis, haeris kondicirebis 

sistemebi, Cais fabrikebi, sakonservo qarxnebi, rZis kombinatebi, soflis 

meurneobis produqtebis saSrobi danadgarebi da sxv. sxvadasxva momxmareb-

lebis geoTermul wylebTan mierTebis Tanmimdevroba damokidebulia maTi 

muSaobis parametrebsa da reJimebze. amitom aucilebelia sxvadasxva momxma-

reblebis siTbo da siciviT momaragebis optimaluri sqemebis damuSaveba 

geoTermuli Tbomomaragebis specifikis gaTvaliswinebiT. 

mebostneoba dacul gruntSi sasoflo-sameurneo warmoebis erT-erTi 

yvelaze energotevadi dargia. magaliTad, eqsperimentul siTbur kombinatSi 

"caiSi" energodanaxarjebi produqciis TviTRirebulebis 21% Seadgens. da-

naxarjebis Semcirebis ZiriTadi gza - es kapitalur dabandebaTa da saTbo-

bis xarjis Semcireba saTburebis gaTbobaze, saTburebis gaTbobis sistemis 

Rirebuleba damokidebulia or ZiriTad parametrze: gaangariSebul dad-

gmul Tbur simZlavreze da liTontevadobaze. pirveli ganisazRvreba raio-

nis klimaturi pirobebiT, meore gaTbobis sistemis konstruqciiT da moqme-

debis principiT. amJamad dagrovilia eqsperimentuli monacemebi, romlebic 

axasiaTebs siTbo da masagacvlis procesis calkeuli elementebis raode-

nobis mxares sistemaSi niadagi-mcenare-haeri-saTburi. mravalwliani cdebis 

monacemTa damuSavebis Sedegad, miRebulia empiriuli formula saTburebis 

kuTri Tburi datvirTvis angariSisaTvis, gj/s, erT ha-ze: 

                                         61011,0/)tt(FQ  gmsaT                           (1) 

 

                           )tt/()35t(GG1011,0F 6
m.g.T.w.TT.w.saTb                                  (2) 

sadac GTw. - geoTermuli wylis xarji, t/sT; 

tg.w. - geoTermuli wylis temperatura saTburebis gaTbobis sistemaSi; 

tm - haeris temperatura saTburis SigniT; 

tg - gare haeris gaangariSebuli temperatura; 

350C - geoTermuli wylis temperatura gaTbobis sistemidan gamosvlisas. 
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nax.1. geoTermuli wylebis gamoyenebis SesaZlebeli variantebis sqema: 

1 - cxelwyalmomarageba (cwm); 2 - saTburebi; 3 - SemTbari grunti; 4 - gaT; 5 

- haeris kondicirebis sistema (hks); 6 - saSrobebi;  

7 - xilbostneulis sacavebi; 8 - macivrebi   

 
I cxrilSi moyvanilia geoTermuli wylis  xarjis mniSvnelobebi: saT-

burebis 1 ha-ze Termuli wylisa da gare haeris sxvadsxva sawyis tempera-

turaze. 

 
nax.2. geoTermuli wylis moxmarebis wliuri reJimi: 1-8 aRniSvnebi (ix.nax.1) 

geoTermuli wylis kuTri xarjebi 

cxrili I 

geoTermuli 
wylis tempe-
ratura 0C 

geoTermuli wylis kuTri xarjebi, m3/s, gare haeris temperatura 
-16 -12 -8 -4 0 4 8 12 16 

100 50,4 44,8 39,2 33,6 28,0 22,4 16,8 11,2 5,6 
90 60,5 53,9 47,3 39,7 33,1 26,5 19,8 13,2 9,9 
80 72,5 64,5 56,5 48,5 40,4 32,3 24,2 16,2 11,2 
70 93,4 83,0 72,6 62,5 52 41,6 31,2 20,8 12,3 
60 116,9 108,6 101,3 87,3 72,7 58,2 43,6 29,1 14,5 
50 122,4 116,9 109,3 95,8 81,2 66,7 52,1 38,6 22,9 
40 132,9 127,4 119,8 105,9 91,7 77,9 62,6 48,9 33,4 

 

geoTermuli wylebis farTod gamoyeneba uzrunvelyofs qveynis saTbob-

energetikuli resursebis dazogvas, zrdis TbosiciviT momaragebis siste-

maTa ekonomikur maCveneblebs da saimedoobas, sagrZnoblad aumjobesebs 

ekosistemas da xels uwyobs adgilobrivi mosaxleobis keTildReobis do-

nis amaRlebas. 



 

saerTaSoriso samecniero konferencia 

INTERNATIONAL   SCIENTIFIC  CONFERENCE 
 

 124

literatura: 
1. cercvaZe n., vardigoreli o. "saqarTvelos Termuli wylebi". Tbilisi, 1998 w. 
2. veziriSvili q. "saTbob-energetikuli kompleqsis ganviTarebis mimarTulebebi. 

Energy Forum Collection  of Papers. 2003. p.169-172. 
3. veziriSvili q. geoTermuli wylebis saTbob-energetikul kompleqsSi CarTvis 

ekonomikuri Sefasebis sakiTxebi sabazro pirobebSi. Tbilisi "energia" #4(28), gv. 
88-92. 

 
RATIONAL USE OF GEOTHERMAL WATER SPECIFICATION AND PERSPECTIVES 

K. Vezirishvili-Nozadze, L. Papava, M. Razmadze, N. Kezheradze 
Georgian Technical University 

Summary 
This article reviews the authors’ opinion on those specific issues which are agro industrial complex in 

utilization of geothermal waters. As a result of processing the data of experiments, empirical formula has be-
en obtained for accounting the specific heating load of greenhouses.   

 
 
 
 
 

eleqtromobilebi da hibridebi – momavlis 
avtomobilebi 

 
furcxvaniZe g.n., kamlaZe a.j., danelia i.z. * 
akaki wereTlis saxelmwifo universiteti 
*ssip sazogadoebrivi koleji “iberia” 

 
naSromSi warmodgenilia momavlis avtomobilebis – eleqtromobilebis da 

hibridebis muSaobis principi. maTi dadebiTi da uaryofiTi mxareebi, upiratesobe-
bi Cveulebriv dguSian Sigawvis ZravebTan SedarebiT da urTierTSedarebiTi daxa-
siaTeba.  
 

sul raRac aTi-oci wlis win eleqtromobili da hibriduli manqana 

mxolod proeqti iyo. am ori “axali” tipis avtomobilis gamoCenis ori mi-

zezi arsebobs. pirvel rigSi, navTobze fasis mateba. meore mxriv, avtomo-

bilebi Zalian abinZureben garemos. maT mier warmoebuli siTbos garda, at-

mosferoSi  didi raodenobiT mavne airebi da nivTierebebi xvdeba. 

manqana Sigawvis erTi ZraviT, romelTa muSaobis principi ar Secvli-

la asi wlis manZilze, swrafad Tmobs poziciebs. msoflio avtomobilebis 

warmoebaSi pirvel planze gamodis ori axali metoqe. uaxloes momavalSi 

isini ara marto tradiciul manqanebs, aramed konkurencias erTmaneTsac ga-

uweven. 

tradiciulad, Cveulebrivi avtomobili aRWurvilia mxolod Sidaw-

vis ZraviT, romelic benzinze an dizelze muSaobs. hibrid avtomobils ki 

Sigawvis ZravTan erTad aqvs meore, damatebiTi eleqtro Zravi, romelic 

Sigawvis Zravis muSaobis Sedegad iteneba da sruli datenviT gadis 90 - 110 

km-s (nax. 1). 

es ki ra Tqma unda didi SeRavaTia adamianis ekonomikuri mdgomareo-

bisTvis. magaliTad: aviRoT hibridi-avtomobili TOYOTA Prius, pirveli se-

riuli hibriduli avtomobili, romelic gamosvlis dRidanve didi popula-

roviT sargeblobs Tavisi ekonomiurobiT, fasiT. avtomobili aRWurvilia 4 
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- cilindriani 1.5 litri moculobis benzinis ZraviT da meore eleqtro 

ZraviT. 

 
nax. 1. hibriduli avtomobili 

 

nax. 2. hibriduli avtomobili ‘Semper Vivus replica’ 
 

mas Semdeg, rac pirveli avtomobili Seiqmna, kacobriobisTvis gaCnda 

kidev erTi problema – garemos dabinZureba. es problema dResac bevri 

mecnieris Tavis tkivilia. amitom gadawyvites SeeqmnaT e.w hibriduli Zra-

vis mqone avtomobili. pirveli avtomobili internetze dayrdnobiT Seqmna 

porSes kompaniam. is 1900 wels Seiqmna da dResac gamarTul mdgomareobaSia 

(nax. 2). am avtomobilis saxelia ‘Semper Vivus replica’ rac qarTulad mudam 

cocxals niSnavs. 

mecnierebi varaudoben, rom 2020 wlisaTvis hibriduli manqanebis ga-

yidva gaizrdeba 23-jer da gadaaWarbebs 11 milions. am droisaTvis amerika-

Si yoveli mexuTe gayiduli manqana ukve hibriduli iqneba, iuwyeba JPMorgan-

ი.  
hibridul eleqtronuli avtomobili, anu HEV es aris Sidawvis Zrava 

+ eleqtroZrava, romlebTaganac erTi umetes SemTxvevaSi ZiriTadia, xolo 

meore damatebiTi. aseTi tipis manqanebi ZiriTadad msubuqi avtomobilebis 

klasSi gvxvdeba, Tumca arseboben hibridul Zraviani satvirTo manqanebi da 

traqtorebi. Tanamedrove eleqtroZraviani avtomobilebi iyeneben teqnolo-

gias saxelwodebiT regeneraciuli damuxruWeba. es gulisxmobs Semdegs: av-

tomobilis kinetikuri energia gardaiqmneba eleqtro energiad, romelic 
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muxtavs eleqtro batareebs, anu avtomobilis energiis wyaros. Cveulebriv 

Zravian avtomobilebSi ki damuxruWebisas warmoqmnili energia gardaiqmneba 

siTbur energiad rac iwvevs samuxruWe xundebis gadaxurebas. zogierTi hib-

riduli avtomobili iyenebs Sidawvis Zravas generatoris asamuSaveblad, 

romelic Tavis mxriv gamoimuSavebs eleqtrodens batareebis dasamuxtad. 

arsebobs hibriduli avtomobilebis tipebi, romlebic mflobelisgan moi-

Txoven daclili batareebis Secvlas an sulac e.w. Stefselidan datenvas.  

SevadaroT erTmaneTs hibriduli da Cveulebrivi Sigawvis Zraviani av-

tomobilebi. Cveulebrivi Sigawvis Zraviani avtomobili muSaobis yvela re-

Jimze sawvavs wvavs, xolo  hibriduli avtomobili erTmaneTs anacvlebs 

eleqtroZravisa da Sigawvis Zravis muSaobas. kerZod, daZvris momentSi ga-

moiyenebs akumulatoris energias, xolo sruli svlisas moixmars energiis 

orive wyaros. damuxruWebisas avtomobili inerciiT ganagrZobs moZraobas 

da orive Zravi iTiSeba. am dros eleqtroZravi gadairTveba generatoris 

reJimSi da Tvlebidan miRebuli brunvis Sedegad gamoimuSavebs eleqtroe-

nergias da muxtavs sakuTar akumulators. 

xanmokle dgomis reJimSi Sigawvis Zraviani avtomobilis Zravi ganag-

rZobs muSaobas, xolo hibriduli avtomobilis orive Zravi gamoirTveba da 

aranair energias ar xarjavs. aseTi reJimiT muSaoba qalaqis pirobebSi moZ-

raobisas gansakuTrebiT ekonomiuria. ganmeorebiTi daZvrisas hibriduli av-

tomobilis eleqtroZravi denis miwodebisTanave myisierad CairTveba da 

swrafad daZravs avtomobils. Sigawvis Zravs ki gasaSvebad sWirdeba 2 – 3 

wami da sakmao raodenobiT sawvavi, amasTanave misi akumulatori starteris 

xSir CarTvis reJims ver gauZlebs.  

rodesac hibriduli avtomobili aRmarTSi adis orive Zravi muSaobs 

da sakmarisi simZlavrec gamomuSavdeba. sakmarisia gzis swor monakveTze 

sistemam daafiqsiros, rom winaaRmdegoba Semcirda gaiTiSeba eleqtro Zra-

vi da muSaobas ganagrZobs mxolod mcire simZlavris Sigawvis Zravi, xolo 

eleqtroZravi kvlav generatoris reJimSi gadadis da ganagrZobs akumula-

toris damuxtvas. rodesac avtomobili TavdaRmarTSi moZraobs misi benzi-

nis Zravi srulad iTiSeba, eleqtroZravi ki isev axdens akumulatorTa ba-

tareiis damuxtvas.  

 garda hibridi avtomobilebisa, arc ise didi xania msoflio bazarze 

gamoCdnen eleqtro-mobilebi, romlebic mxolod deniT sazrdooben. tradi-

ciulad aseTi tipis avtomobils aqvs mxolod erTi, denis Zrava. misi da-

tenva xdeba Cveulebrivi denis wyarodan 3-4 saaTis ganmavlobaSi. srulad 

datenili Zravi ki saSualebas mogcemT 110-150 km gaiaroT faqtiurad mize-

rul Tanxad. Tan amasTan erTad gaviTvaliswinoT Cveni planetis mZime eko-

logiuri mdgomareoba. 

warmogidgenT dResdReisobiT yvelaze popularul seriul eleqtro 

mobils Chevrollet Volt, romelmac revolucia Seitana eleqtro mobilebSi 

(nax. 3). avtomobili aris sruliad usafrTxo, Tanamedrove eleganturi di-

zainis da rac mTavaria Zalian Zalian ekonomiuri. 

ganvixiloT ZiriTadi gansxvavebebi eleqtromobilebsa da hibridebs 

Soris. 

praqtikulad yvela Tanamedrove avtomobili uxmoa. aseve, eleqtromo-
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bili dabal siCqareebze xmas TiTqmis saerTod ar gamoscems, amitom zog-

jer fexiT mosiaruleTa usafrTxoebis mizniT xelovnur xmaurs qmnian. hib-

riduli manqanebis patronebi ki piriqiT, ver faraven gaocebas, roca manqa-

na gaCerebulia da  motoris daZabuli muSaoba esmiT. es xdeba maSin, roca 

hibridis motori benzinze, akumulatoris dasatenad muSaobs. 

ramden xans SeiZleba tareba? es yvelaze mniSvnelovani punqtia avto-

mobilis mflobelebisTvis.  eleqtromobils SedarebiT naklebi manZilis 

gavla SeuZlia da amas naklad uTvlian. Tumca, magaliTad, nisan lifs-s 

SeuZlia gaiaros 76-169 km, rac savsebiT sakmarisia adamianisaTvis samsaxur-

Si wasasvlelad da Sin dasabruneblad. Rame manqana srulad daimuxteba da 

dilisTvis mzad iqneba. 

hibridul manqanas ki akumulatorze SeuZlia  daaxloebiT 30 km. gaia-

ros. amis Semdeg CairTveba benzinze momuSave Zrava, romelic akumulators 

damuxtavs. gamodis, rom aseTi hibridis mflobels SeuZlia Cveulebrivi 

benzingasamarTi sadgurebi gamoiyenos. 

 

 
nax. 3. Eleqtromobili Chevrollet Volt 

yvelaze problemuri kiTxva fass exeba. eleqtromobili Zviria. fasis 

gazrdas xels uwyobs ZviradRirebuli akumulatorebi. samagierod, eleq-

tromobilis “sawvavi” gacilebiT iafia da yvela saxlSia xelmisawvdomi. 

rac Seexeba hibridul manqanebs, Cveulebriv avtomobilebTan Sedare-

biT isini ufro ekonomiuria, eleqtromobilzec ufro iafi. magram benzini 

maTac WirdebaT, romlis fasi sul ufro izrdeba da is damokidebulia 

msoflioSi arsebul situaciaze. 

eleqtromobili iTvleba ekologiurad sufTa transportis saxeobad. 

magram es bolomde ar Seesabameba sinamdviles. eleqtrooba manqanebisTvis 

iSviaTad iwarmoeba ganaxlebadi wyaroebidan (wyali, qari, mze). ufro xSi-

rad, eleqtromobilebi moZraoben atomuri an Tboeleqtrosadgurebidan mi-

Rebuli eleqtrobiT. amitom eleqtromobili ar aris absoluturad sufTa. 

hibridebis mwarmoeblebi acxadeben “diax, Cven vwvavT benzins da gamo-

vimuSavebT CO2-ს”, amasTan erTad amateben: “ magram Zalian cotas”. amitom 

hibriduli manqanebi mniSvnelovani nabijia ekologiurad usafrTxo gada-

adgilebis saSualebebisken, Tumca, absolutur sisufTaveze laparaki zed-
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metia. 

daskvna. xSirad gvsmenia, rom momavali eleqtromobilebisaa, hibridi 

ki erTgvari xidia Sigawvisa da eleqtroZravebs Soris. esec kidev erTi mi-

zezi, ris gamoc hibridebi ufro ukeT unda gavicnoT da davafasoT. amJamad 

Znelia imis Tqma, transportis romeli tipi gaimarjvebs – eleqtromobili 

Tu hibridi. am droisTvis arsebobs araerTi teqnologia da proeqti, rom-

lebmac SeiZleba suraTi kardinalurad Secvalos. 
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ELECTRIC MOTOR CARS AND HYBRIDS – THE CARS OF THE FUTURE 

G.N. Purtskhvanidze, A.J. Kamladze, I.Z. Danelia 
Akaki Tsereteli State University 
*LEPL – Public College “Iberia” 

Summary 
The paper dwells on the operating principle of the cars of the future – electric motor cars and hybrids, 

their positive and negative sides, advantages in comparison with the ordinary reciprocating internal combusti-
on engine, as well as their comparative analysis.    
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seqcia 3 sainformacio teqnologiebi energetikasa da 
telekomunikaciaSi 

 
 

satelekomunikacio qselebis ukanaskneli aTwleulis 
ganviTarebis etapebi da arsebuli tendenciebi 

 
jRamaZe m. s.*, xunwaria j. m.** 

*satelekomunikacio kompania “axali qselebi” 
**saqarTvelos teqnikuri universiteti 

 
warmodgenilia ukanasknel aTwleulSi satelekomunikacio qselebis ganvi-

Tarebis etapebi da samomavlo tendenciebi. naCvenebia meoTxe Taobis 4G teqnolo-
giis Rirsebebi da saqarTveloSi misi da momdevno Taobis 5G teqnologiis daner-
gvis perspeqtivebi.  

 
2009 wlamde didi moTxovna arsebobda analogur satelefono momsaxu-

rebaze, rac ganpirobebuli iyo swrafad ganviTarebadi DSL-teqnologiiT. 

misi ganxorcieleba teqnologiurad SeuZlebeli iyo analogiuri satele-

fono momsaxurebis miRebis gareSe, vinaidan DSL momsaxureba fizikurad 

mibmulia analoguri satelefono momsaxurebis spilenZis wyvilze. amave pe-

riodSi axali teqnologiebis saSualebiT momxmarebels SeeZlo mieRo 

farTozolovani internet momsaxureba mobiluri qselebis saSualebiT. ma-

galiTad GSM, UMTS, CDMA, 2G, 3G da a.S. magram aseTi momsaxurebis uaryo-

fiT mxares warmoadgenda dabali siCqare da maRali fasi. amis gamo  es 

momsaxureba yvelasTvis xelmisawvdomi ar iyo. paralelurad 2007 wlidan 

gamoCnda momsaxurebaTa iseTi saxeobebi, rogoricaa FTTH da FTTB, romle-

bic ZiriTadad viTardeboda GPON, P2P da Ethernet teqnologiebis ganviTare-

bis gamo. iseve rogorc mobiluri farTozolovani momsaxureba, es teqno-

logiebic da momsaxurebebic Zviri iyo, rac ganpirobebuli iyo qselis 

mTliani reorganizaciis ganxorcielebis aucileblobiTa (optikuri kabe-

liT daqselva) da aparaturis siZviriT. miuxedavad imisa, rom abonenti 

iRebda gacilebiT met siCqares (100 mgbt/wm-mde) da SesaZlebloba qonda mi-

eRo maRali xarisxis IPTV-HDTV momsaxureba, mainc tendencia mobiluri in-

ternet momsaxurebis miRebaze miuTiTebs, rac, pirvel rigSi, gamowveulia 

maTi mobilurobiT da mobilur telefonebSi internet momsaxurebis marti-

vad gamoyenebis SesaZleblobiT.  

2009 wlidan mTel msoflioSi mcirdeba analoguri satelefono momsa-

xurebis miRebis survili, rac ganpirobebulia mobiluri satelefono mom-

saxurebebis farTo gavrcelebiT (GSM, CDMA, UMTS da sxva). am momsaxure-
bebze mkveTri konkurenciis gamo fasebi mkveTrad ecema da mosaxleobis 

yvela fenisTvis xelmisawvdomi xdeba, rac, Tavis mxriv, kidev ufro zrdis 

amgvar momsaxurebaze moTxovnas. 

Tanamedrove msoflioSi, pirovnebis ganviTareba da warmateba didad 

aris damokidebuli mis mier nebismier adgilze informaciis xelmisawvdo-

mobaze (miReba/gadacemaze). Tanamedrove msoflioSi ukve arsebobs iseTi 
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termini, rogoricaa mobiluri pirovneba. aseT momxmarebelTa raodenoba ki 

dRiTidRe izrdeba.  

satelekomunikacio bazarze meoTxe Taobis 4G mobiluri farTozolo-

vani daSvebis teqnologiis Semotanam didi gavlena iqonia satelekomunika-

cio momsaxurebis arsebul saxeobebze da maTi Semdgomi ganviTarebis eta-

pebze. 

4G Taobis LTE (Long-Term Evolution _ ganviTareba xangrZlivi droiT) teq-

nologiis saSualebiT momxmarebels SeuZlia qondes farTozolovani mobi-

luri internet momsaxurebebi (zogadad ki  satelekomunikacio qselis mom-

saxurebebis yvela saxeoba: VoIP, IPTV, VoD, GSM, VPN, WLAN da ase Semdeg.) 

igi xSirad aseve aRiniSneba rogorc 4G LTE. aRniSnuli teqnologia iZleva 

saSualod 50 mgbt/wm  siCqaris wvdomas momxmareblidan qselis mimarTule-

biT da piriqiT, Tumca Teoriulad maqsimaluri siCqare SeiZleba iyos 300 

mgbt/wm. 

aRniSnuli tendenciebidan gamomdinare, aucilebelia arsebuli qse-

lis modernizacia, analoguri nomris mobilurobis momsaxurebis Semotana, 

VoIP momsaxurebis ufro farTod danergva da sxvadasva damatebiTi momsa-

xurebis miwodeba da erT paketSi gaerTianeba. 2014 wlis dubaiSi Catare-

bul ITU-s konferenciaze miRebul iqna momsaxurebis ramdenime saxeobis 

erT paketSi (Bundle) gaerTianebis rekomendacia. misi mixedviT SesaZlebelia 

gaerTiandes mobiluri da fiqsirebuli kavSiris ramdenime saxeoba, rac 

uzrunvelyofs analoguri satelefono momsaxurebis SenarCunebas. 

saqarTvelos komunikaciebis maregulirebelma erovnulma komisiam ga-

moacxada moratoriumi kompaniebis mflobelobaSi arsebul sixSireTa zo-

lebze, ramac kompaniebs misca maT sakuTrebaSi arsebuli sixSiruli zo-

lebis TavianTi Sexedulebis Sesabamisad gamoyenebis SesaZlebloba (sixSi-

reTa zoli ar aris mibmuli teqnologiaze). amJamad SesaZlebelia arsebu-

li CDMA sixSiruli zolis gamoyeneba regionebSi, sadac mosaxleobis ur-

banizacia arc ise didia da erTi fiWis saSualebiT SesaZlebelia 100-mde 

abonentisaTvis maRali xarisxis fiqsirebuli internet momsaxurebis miwo-

deba. magaliTad, saqarTveloSi arsebul erT-erT kompanias aqvs  CDMA six-

Siruli zolis licenzia 1894.375 mhc-dan  1899.375 mhc-mde da 1974.375 mhc-dan 

1979.375 mhc-mde 5-5 mghc sixSiruli zoliT. Tu gaviTvaliswinebT imas, rom 

daaxloebiT 4 bitis gadacema SeiZleba 1 hc sixSiriT, maSin miviRebT, rom 

erT fiWaze SesaZlebeli iqneba 40 mgbt/wm siCqaris internetis ganawileba. 

dadgenilia, rom erT momxmarebels realur droSi saSualod (paketebi 5 

mgbt-dan 50 mgbt-mde) sWirdeba 0,5 mgbt-dan 1 mgbt-mde internet trafiki, 

anu erT fiWaze SesaZlebelia 40-dan 80 momxmareblebamde momsaxureba.  

ukve arsebuli da qarTul kompaniebis qselSi swrafad mzardi GPON, 

P2P da Ethernet teqnologiebis ganviTareba SemdgomSi saSualebas mogvcems 

optikur qselze momavali fiqsirebuli internet momsaxureobis qselebis 

daSenebis SesaZleblobas. ukve mimdinareobs momavali Taobis GPON da P2P 
teqnologiebis ganviTareba, rac momxmarebels ukve saSualebas miscems Ca-

erTos nakadis 1 gbt/wm-mde siCqaris mqone qselSi.   

optikuri qselis saSualebiT SemdgomSi SesaZlebelia momavlis qse-
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lis FN,  Wkviani qselebis SG (Smart Grids), monacemTa qselebis BD (Big Date) da 

Wkviani yvelgan SeRwevadi qselebis SUN (Smart Ubiquitous Networks) ageba.  mo-

mavlis qselis FN  gulisxmobs mravalSriani rogorc fizikuri aseve vir-

tualuri qselebis Seqmnas. aseT qselebs SemdgomSi gamoiyenebs iseTi zed-

naSeni qselebi, rogoricaa SG, BD, SUN da sxva. aRniSnuli qselebis erTob-

liobiT SesaZlebeli iqneba rogorc satelekomunikacio, aseve marTvisa da 

kontrolis sxvadasxva sistemebis momsaxureobebis gaerTianeba, magaliTad, 

iseTi momsaxurebebisa, rogoricaa nebismieri adgilidan saxlSi temperatu-

ris, sxvadasxva sayofacxovrebo aparaturisa da ganaTebis marTva da kon-

troli.  

am etapze momavali aTwleulebis yvelaze pespeqtiul mimarTulebas 

mainc warmoadgens 4G Taobis LTE teqnologia, romelTa dakavSirebiTac uk-

ve miRebulia mravali saerTaSoriso standarti da rekomendacia. saqarTve-

loSi misi ganviTarebisaTvis ekonomikis saministrom miiRo gadawyvetileba 

700-800 mgh sixSiruli zolis gamonTavisuflebisaTvis, rac xels Seuwyobs 

4G Taobis LTE teqnologiis ganviTarebas. 2016 wlisaTvis ukve igegmeba 5G 

Taobis LTE teqnologiis standarticazia, rac, Tavis mxriv, gulisxmobs mi-

si danergvis perspeqtiulobas. 
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Summary 

Work provides discussion of the development stages of telecommunication networks in the last decade 
and future trends. It describes advantages of 4G technologies and prospects of their introduction, as well as 
next generation, 5G technologies in Georgia.  
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diskretuli kosinusuri gardasaxvis 
transformantebis  adapturi dakvantva  

 
xunwaria j. m., maCalaZe r. i., xunwaria l. j., gogberaSvili m. r. 

saqarTvelos teqnikuri universiteti 
 

naSromSi SemoTavazebulia gamosaxulebaTa diskretuli kosinusuri garda-
saxvis transformantebis dakvantvis adapturi meTodi, romlis safuZvelze SesaZ-
lebelia an gamosaxulebaTa kompresiis gazrda an aRdgenil gamosaxulebaTa xa-
risxobrivi parametrebis gaumjobeseba.  

 
uZrav da moZrav gamosaxulebaTa kompaqturi kodirebisaTvis (kompresi-

isaTvis) SemuSavebuli JPEG da sxvadasxva daniSnulebis  MPEG rekomendaci-
ebis erT-erTi ZiriTadi komponentia ferad gamosaxulebaTa sikaSkaSis 

(Sav-TeTri) Y da fersxvaobiTi Cr da Cb Semdgenebis 8x8 zomis fragmentebis 
diskretuli kosinusuri gardasaxvis Sedegad formirebuli transforman-

tebis TiToeuli elementis (koeficientis) dakvantva am miznisaTvis reko-

mendirebuli Qy da Qrb matricebis saSualebiT [1,2,3,4].  

 

 
 zogadad dakvantvis matricebis Sedgenis safuZvelia formula 

                          Qi,j=1+(i+j)R,                                                               (1) 
sadac R koderis damkveTis mier mocemuli sididea, xolo i da j dakvantvis 
matricis elementebis koordinatebia.  

transformantebis dakvantvis Sedegad koeficientebis umravlesoba aR-

moCndeba nulis toli an SedarebiT mcire mniSvnelobis, rac sabolood iZ-

leva maTi ufro mcire raodenobis simboloebiT (bitebiT) warmodgenis sa-

Sualebas, anu kompresiis ganxorcielebis SesaZleblobas. cxadia, rom dak-

vantva iwvevs informaciis nawilobriv danakargs, rac zemoaRniSnuli reko-

mendaciebis mixedviT dasaSvebadaa miCneuli. dakvantuli transformantebis 

koeficientebis kodirebisaTvis zemoT aRniSnuli rekomendaciebis mixedviT 

gamoiyeneba hafmanis cvladi sigrZis kodebi, rac ar iwvevs damatebiT dana-

kargebs.  

kompaqturi kodirebis efeqturoba fasdeba kompresiis faqtoriT  

                                                                  F=m1/m2,                                                           (2) 
sadac m1 pirveladi gamosaxulebisaTvis daxarjuli bitebis raodenobaa,  

xolo m2 _ bitebis raodenoba kompresiis Semdeg.       

rogorc dakvantvis warmodgenili matricebidan Cans, gamosaxulebis 
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sikaSkaSis Semdgenis Sesabamisi transformantebis dakvantvisaTvis gamoye-

nebuli matrica arasimetriulia, rac ganpirobebulia gamosaxulebis sikaS-

kaSis Semdgenis statistikuri maxasiaTeblebiTa da am Semdgenis mimarT 

adamianis subieqturi aRqmis TaviseburebebiT. rac Seexeba gamosaxulebis 

fersxvaobiTi Semdgenebis Sesabamis dakvantvis matricas, igi simetriulia, 

ris gamoc amjerad es matrica ar warmoadgens ganxilvis sagans.  

aRsaniSnavia is garemoeba, rom dakvantvis rekomendirebuli matricebi 

sulac ar aris savaldebulo nebismieri gamoyenebisaTvis. konkretul Sem-

TxvevebSi SeiZleba, rom dakvantvis matricebis calkeuli elementi gan-

sxvavebuli iyos rekomendirebulisagan [2].   

aqedan gamomdinare, vinaidan gamosaxulebis Y Semdgenis Sesabamisi 

transformantebis dakvantvis matrica Qy (ZiriTadi matrica) arasimetriu-

lia, amitom zogierTi uZravi gamosaxulebisaTvis (an moZravi gamosaxule-

bis kadrisaTvis) SeiZleba sasurveli aRmoCndes transformantebis dakvan-

tva Qy-is  transponirebuli TQy matriciT P mamravlis saTanadod SerCevis 

SemTxvevaSi, anu zog SemTxvevaSi gamoyenebuli iyos matrica Qy, romlis-

Tvisac P=1, xolo sxva SemTxvevaSi _ TQy, romlisTvisac mamravli, rogorc 

wesi, gansxvavebuli iqneba erTisagan (P≠1). dakvantvis aseTi adapturi al-

goriTmis ganxorcielebiT SeiZleba SesaZlebeli aRmoCndes ukeTesi Sede-

gis miRweva damatebiTi danakargebis (xarisxobrivi parametrebis gauarese-

bis) gareSe  kompresiis faqtoris gazrdis an aRniSnuli faqtoris Senar-

Cunebis pirobebSi aRdgenil gamosaxulebaTa xarisxobrivi parametrebis ga-

umjobesebis TvalsazrisiT mxolod Qy matriciT dakvantvasTan SedarebiT. 

 

 

 

 

 

 

 

 

 

 

 

aRniSnuli msjelobis Semowmebis mizniT sacdeli (satesto) gamosaxu-

lebebis arqividan SemTxveviTi wesiT SerCeuli iqna 6 feradi  gamosaxule-

ba: “lena”, “parki”, “buneba”, “Ti-bi-si”, “ferma” da “kata” (ix. sur. 1 da sur. 

2). SerCeuli pirveladi gamosaxulebebis rogorc sikaSkaSis, aseve fersxva-

obiTi Semdgenebis formatia 256x256, anu TiToeuli Semdgeni Seicavs 256 

striqons, romelTagan TiToeulSi 256 diskretuli elementia (piqselia). 

TiToeuli piqselis kodirebisaTvis ki 8-Tanriga kodia (256 done) gamoyene-

buli. Sesabamisad pirveladi gamosaxuleba  warmodgenilia 

m1=256x256x8=524288 orobiTi simboloTi (bitiT).  

cxrilSi 1 warmodgenilia aRniSnuli sacdeli gamosaxulebebis sikaS-

kaSis Y Semdgenis dakvantvis Sesabamisi parametrebis monacemebi dakvantvis 
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ZiriTadi matricis gamoyenebisas, kerZod: kompresirebuli (aRdgenili) ga-

mosaxulebis aRniSnuli Semdgenis saSualo kvadratuli cdomileba ε; sig-

nalisa da xmauris fardoba S (db); kompresirebuli gamosaxulebisaTvis da-

xarjuli bitebis raodenoba m2;  kompresiis Sedegad Semcirebulki bitebis 

raodenoba Δm=m1_m2; kompresiis faqtori F, xolo cxrilSi 2 _ igive  mona-

cemebi dakvantvis transponirebuli matricis gamoyenebisas, romlis mamrav-

lia P.    
aRniSnuli cxrilebis analizis safuZvelze SeiZleba davaskvnaT, rom  

transponirebuli matricis gamoyeneba aRdgenil gamosaxulebaTa xarisxob-

rivi parametrebis SenarCunebis pirobebSi iZleva kompresiis faqtoris    

gaumjobesebis saSualebas gamosaxulebebisaTvis “lena”, “parki” da “bune-

ba”, xolo danarCeni sami gamosaxulebisaTvis ufro efeqturia dakvantvis  

ZiriTadi matricis gamoyeneba. es garemoeba, agreTve, iZleva imis saSuale-

bas, rom kompresiis faqtoris SenarCunebis pirobebSi gaumjobesdes gamosa-

xulebebis “lena”, “parki” da “buneba” aRdgenis   xarisxobrivi  parametre-

bi (cxrili 3). am cxrilSi Δε da ΔS saSualo kvadratuli cdomilebis Sem-

cirebis da signalisa da xmauris fardobis gazrdis monacemebia.   
cxrili 1 

sacdel gamosaxulebaTa sikaSkaSis Y Semdgenis dakvantvis Sesabamisi  
parametrebis monacemebi dakvantvis ZiriTadi matricis gamoyenebisas 

gamosaxulebebi ε S, db m2 Δm FF 
“lena” 5,145 28,242 55771 468517 9,40 
“parki” 5,664 25,504 62080 462208 8,45 
“buneba” 7,358 21,839 69692 454596 7,52 
“Ti-bi-si” 5,250 30,838 44937 479311 11,65 
“ferma” 6,184 28,274 76645 447643 6,84 
“kata” 6,194 27,265 61743 462545 8,49 

 

cxrili 2 

sacdel gamosaxulebaTa sikaSkaSis Y Semdgenis dakvantvis Sesabamisi  
parametrebis monacemebi dakvantvis transponirebuli matricis  

gamoyenebisas damatebiTi danakargebis gareSe 

gamosaxulebebi P ε S, db m2 Δm FF 
“lena” 1,0315 5,145 28,242 55387 468901 9,47 
“parki” 1,0072 5,664 25,504 61720 462568 8,50 
“buneba” 0,9888 7,358 21,839 69570 454718 7,54 
“Ti-bi-si” 0,9880 5,250 30,838 45164 479124 11,61 
“ferma” 0,9930 6,184 28,274 76650 447638 6,84 
“kata” 1,0041 6,194 27,265 61937 462351 8,47 

 

    sur. 1-ze warmodgenilia: sacdeli pirveladi gamosaxulebebi “lena”,   

“parki” da “buneba” (sur. 1ª); kompresirebuli gamosaxulebebi transfor-  

mantebis ZiriTadi an transponirebuli matricebiT dakvantvis SemTxvevaSi  

kompresiis  faqtoris  SenarCunebisas  (sur. 1b)  da kompresirebuli gamo-

saxulebebi transformantebis transponirebuli matriciT dakvantvis Sem-

TxvevaSi,  rodesac  gamosaxulebebis  aRdgena xdeba gaumjobesebuli xa-

risxobrivi parametrebiT (sur. 1g). 
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cxrili 3 

sacdel gamosaxulebaTa sikaSkaSis Y Semdgenis dakvantvis Sesabamisi para-
metrebis monacemebi dakvantvis transponirebuli matricis gamoyenebisas 

kompresirebul (aRdgenil) gamosaxulebaTa kompresiis faqtoris SenarCune-

biT da maTi xarisxobrivi parametrebis gaumjobesebiT  

gamosaxulebebi P ε S, db m2 Δε F ΔS, db 
“lena” 1,0315 5,145 28,242 55387 0,027 0,046 
“parki” 1,0072 5,664 25,504 61720 0,018 0,027 
“buneba” 0,9888 7,358 21,839 69570 0,010 0,012 

 

                              
                                                    

                            
          

                            
               a                       b                        g 

sur. 1. sacdeli gamosaxulebebi “lena”, “parki” da “buneba”: pirveladi ga-
mosaxulebebi (a); kompresirebuli gamosaxulebebi transformantebis Ziri-
Tadi  an transponirebuli matricebiT dakvantvis SemTxvevaSi (kompresiis 
faqtoris erTi da imave mniSvnelobisas); kompresirebuli   gamosaxulebe-
bi transformantebis transponirebuli matriciT dakvantvis SemTxvevaSi 
(gamosaxulebebis aRdgena gaumjobesebuli xarisxobrivi parametrebiT) 
 
imis gamo, rom dakvantvis transponirebuli matricis gamoyeneba arae-

feqturi aRmoCnda gamosaxulebebisaTvis “Ti-bi-si”, “ferma”, da “kata”, ami-
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tom sur. 2-ze naCvenebia mxolod maTi Sesabamisi pirveladi da kompresire-

buli gamosaxulebebi dakvantvis ZiriTadi matricis gamoyenebis SemTxvevi-

saTvis.  

amrigad, rogorc Catarebulma gamoTvlebma da personalur kompiuter-

ze Sesabamisma modelirebam gviCvena, gamosaxulebaTa kompresiis sistemebSi 

mizanSewonilia transformantebis dakvantvis ZiriTadi matricis garda 

transponirebuli matricis gamoyeneba. 

unda aRiniSnos, rom miRebuli Sedegebi iZleva imis safuZvels, rom   

transformantebis dakvantvisaTvis yovel konkretul SemTxvevaSi SeiZleba  

SeirCes ufro optimaluri matrica ZiriTad an transponirebul matriceb-

Tan SedarebiT. 

                                             
 

                                             
 

                                             
                         a                            b                         
sur. 2. sacdeli gamosaxulebebi “Ti-bi-si”, “ferma” da “kata”: pirveladi gamosaxu-
lebebi (a); kompresirebuli gamosaxulebebi transformantebis ZiriTadi  matriciT 

dakvantvis SemTxvevaSi 
 
L 
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moTxovnaTa nakadebis Tvisebebi da maxasiaTeblebi 
multiservisul qselSi 

 
mardaleiSvili z.*, gelxviiZe p.*, koplataZe m.** 

*akaki wereTlis saxelmwifo universiteti 
**saqarTvelos teqnikuri universiteti  

 
multiservisul qselSi gansakuTrebuli mniSvneloba eniWeba moTxovnebis 

Semosvlis nakadebis Seswavlas, romlis Sedegebis safuZvelze SesaZlebelia qsel-
Tan dakavSirebuli problemebis Sefaseba da gadawyveta. naSromSi ganxilulia mo-
TxovnaTa nakadebis fundamenturi Teoriis gamoyenebis samarTlianoba pulsirebu-
li, anu struqturuli nakadebis aRwerisa da raodenobrivi Sefasebis mizniT.  

 
 monoservisuli qselis daproeqteba, ganxorcieleba da eqspluatacia 

emyareba codnas  satelekomunikacio qselSi trafikis aRweris tradiciu-

li meTodebisa da modelirebis gzebis Sesaxeb, kerZod, unda ganisazRvros: 

qselis trafikis maxasiaTeblebi; momsaxurebis xarisxis mimarT moTxovnebi; 

trafikis saxeebi (uwyveti trafiki, elastiuri trafiki, trafikis gaerTia-

neba). trafikis modelirebis TvalsazrisiT, aucilebelia trafikis maTema-

tikuri aRwera, kerZod bitebis, paketebis da a.S. Semosvla, rogorc werti-

lovani procesi   T1, T2, . . . Tn  drois momentebSi. gasaTvaliswinebelia tra-

fikis pulsirebadi struqtura,  dispersiis indeqsi, trafikis pikuroba, pi-

kurobis ganzomilebebi, pikurobis gazomva sxvadasxva servisebisaTvis: ker-

Zod, videotrafikisaTvis, ATM - trafikisaTvis, Ethernet - trafikisaTvis.  

multiservisul qselebSi  gansakuTrebuli mniSvneloba eniWeba sate-

lekomunikacio qselSi moTxovnebis Semosvlis nakadebis Seswavlas, rom-

lis Sedegebis safuZvelze SesaZlebelia qselTan dakavSirebuli proble-
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mebis ganxilva da gadawyveta. SeiZleba iTqvas, rom qselis proeqtirebas-

Tan dakavSirebuli nebismieri procesi warmoadgens mxolod rTuli gamoT-

vlebis Sesrulebas, xolo fundamentaluri Teoria, romelic aseTi  gamoT-

vlebis Catarebis saSualebas iZleva, aris qselSi Semosuli moTxovnebis 

nakadebis Teoria, romelic Tavisi doniT warmoadgens erT_erT mwyobrsa 

da dasrulebul Teorias. Sesabamisad naSromSi Seswavlili gvaqvs ,,mo-

TxovnaTa nakadebis Tvisebebi da maxasiaTeblebi”,  romlis gamoyenebis sa-

marTlianobas vikvlevT pulsirebuli, anu struqturuli nakadebis aRweri-

sa da raodenobrivi Sefasebis mizniT.  aq  korelaciis funqciis gansaz-

Rvra umniSvnelovanesia,  vinaidan is warmoadgens im ZiriTad kriteriums,  

romlis saSualebiTac ganisazRvreba aseTi  procesebis masStaburi invari-

antuloba. ,,daSorebiT” arsebul (anu drois sxva intervalSi arsebul) ko-

relacias uwodeben xangrZel damokidebulebas. TviTmsgavsi procesebis ko-

relaciis funqciis ganmasxvavebeli niSani, Cveulebriv procesebTan Sedare-

biT imaSi mdgomareobs, rom korelacia, rogorc drois funqcia,  eqvemdeba-

rebahiperbolur da ara eqsponencialuri milevis kanonzomierebas.  

sawyisi etapis kvlevis mizans warmoadgenda teletrafikis amocaneb-

Si TviTmsgavsebis mizezebis Seswavlis Sedegebis warmoCena. es Sedegebi, mi-

uxedavad maTi mniSvnelobisa da daxvewilobisa, moikoWlebs ararealuri 

daSvebebis arsebobis gamo. realuri saqselo garemocva yovelTvis Seicavs 

SezRuduli raodenobis resursebs, rac imas niSnavs, rom SezRuduli rao-

denobis resursis  mopovebis procesSi aucileblad warmoiqmneba arawrfi-

vi movlenebi da amis Sedegad Tavs iCens  trafikis wyaroebs Soris damoki-

debuloba. gadatvirTulobis SemTxvevaSi warmoiqmneba aseTive arawrfiobe-

bi marTvis meqanizmebSic, rogorebicaa TCP (gadacemis marTvis protokoli), 

Ethernet da sxva. qselis resursebis gamoyeneba mimdinareobs qselis arqiteq-

turis yvela doneze, rac iZleva imis saSualebas, rom arsebuli resursebi  

optimalurad gadanawildes statistikur safuZvelze. radganac Tanamedro-

ve  multiservisuli qseli warmoadgens satelekomunikacio sistemas saSua-

ledo dagrovebebiT, leonard klainrokis azriT, swored aseT qselebSi 

vlindeba ,,didi populaciebis mosworebis  efeqti, romlis daxvewil gansa-

xierebas warmoadgens paketuri komutacia” da Sesabamisad am mosazrebis sa-

fuZvelze paketebis nakadze SesaZlebelia gavrceldes moTxovnaTa nakade-

bisaTvis arsebuli  klasikuri Teoria [1]. 

magram, aRniSnuli procesebi masStabirebis dros statistikuri 

msgavsebis garda avlenen raodenobriv Tvisebebsac. TviTmsgavsebis niSnebi 

SeiZleba gamomJRavndes ramodenime, tolfasi niSniT [2]. 

pirveli imaSi mdgomareobs, rom TviTmsgavs process, rogorc zemoT 

avRniSneT, gaaCnia hiperboluri milevadi korelaciuri funqcia: 

 ),()( )22( tLkkR H     rodesac k , 

sadac H _aris TviTmsgavsebis maCvenebeli; )(kR _ korelaciis koefi-

cienti, xolo )(tL _aris mdovred cvladi funqcia, gansazRvruli usasru-

loobaze, anu 1
)(

)(
lim 

 tL

txL
t

, yvela 0x  _ Tvis. Sesabamisad, korelaciis fun-

qcia aris arakrebadi da korelaciis funqciis Tanamimdevruli mniSvnelo-
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bebiT warmoqmnili mwkrivi Semdegi saxis iqneba: 

 
k

kR )( . 

es usasrulo mwkrivi warmoadgens agreTve, xangrZeli damokidebule-

bis erT-erT ganmartebas  da Sesabamisad yvela TviTmsgavsi procesi aris 

xangrZeli damokidebulebis procesi. am movlenis Sedegebi Zalze mniSvne-

lovania, vinaidan dayovnebis farTo diapazonSi, dagrovebebis efeqti SeiZ-

leba Zalze gansxvavebuli aRmoCndes xanmokle dakvirvebebis Sedegad miRe-

buli daskvnebis mimarT, romelsac Seesabameba puasonis, markovis an avto-

regresiuli tipis procesebi.  unda gaviTvaliswinoT, rom teletrafikis 

amocanebSi xangrZeli damokidebulobis Sedegebi SeiZleba aRmoCndes Zalze 

seriozuli. xangrZeli damokidebuleba aris xangrZlivi pulsaciebis mize-

zi, romlebic aWarbeben  trafikis saSualo mniSvnelobebs, rac iwvevs bu-

ferebis gadavsebas da amis Sedegad izrdeba kargvebi da dayovnebebi. 

ganvixiloT TviTmsgavsebis warmoqmnis mizezebi qselis trafikSi 

trafikis sxvadasxva wyaroebis kvlevam daadastura, rom ON/OFF (anu aqtiu-

ri/araaqtiuri) tipis wyaroebis maRalcvalebadi xasiaTi (qceva) - es aris Tvise-

ba, romelic Tan axlavs klient/serveris arqiteqturas (kerZod, xangrZeli da-

mokidebulebis arseboba). 
 CamovTvaloT zogierTi ZiriTadi faqtorebi, romelTa gavleniT 

qselSi arsebul trafikSi Caisaxeba sxvadasxva saxis xangrZeli damokide-

bulebebi [2]: 

1. momxmareblis qceva (kavSiris wamowyebisas da kavSiris procesSi) - 

samomxmareblo moTxovnilebebze da internet dokumentebis SerCevaze dro-

is xangrZliobebi xasiaTdeba mniSvnelovani fluqtuaciebiT. garda amisa, 

arsebobs moTxovnaTa nakadis trafikis regulirebis meqanizmebi, romlebic 

agreTve aZliereben trafikis pulsirebad xasiaTs. 

2. monacemTa generireba, struqtura da Zebna. zedapirulad, aq saqme 

gvaqvs, Semdeg organzomilebian TvisobriobasTan: erTis mxriv drois Sua-

ledebTan failebis/paketebis/ ujredebis Semosvlebs Soris da meores 

mxriv maT zomebTan. amrigad trafiki yalibdeba statistikurad gansxvavebu-

li maxasiaTeblebiT da Sesabamisad aq mkafiod iCens Tavs ganawilebebi 

wagrZelebebiT. 

3. trafikis gaerTianeba. statistikuri multipleqsireba, romelsac vi-

yenebT paketuri komutaciis teqnologiebSi. ON/OFF wyaroebis zeddebebi, 

agreTve warmoqmnis usasrulo dispersiis niSnebs. 

4. marTvis saSualebebi. xangrZeli damokidebulebis warmoqmnis erT-er-

Ti mniSvnelovani mizezia resursebis SezRuduli raodenoba, rac damaxasi-

aTebelia realuri qselebisaTvis. magaliTad, SezRuduli sakomutacio re-

sursebi, gamtarunarianoba, buferis SezRuduli zomebi, monacemTa damuSa-

vebis SezRuduli unari, ris gamoc Tavs iCens ganawilebis kanoni wagrZe-

lebebiT da xangrZeli damokidebulebebi. es faqtorebi SeiZleba Semcirdes 

qselis resursebis mniSvnelovnad gazrdis SemTxvevaSi. marTlac, xangrZe-

li damokidebulebis trafiki, romelic Zlierdeba mravalricxovani momxma-

reblebis SezRuduli raodenobis resursebTan urTierTqmedebis pirobebSi, 
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moiTxovs aparaturuli uzrunvelyofis, mexsierebis, gamtarunarianobis, 

programuli saSualebebis, anu mravalganzomilebiani struqturis Semcve-

li resursebis gazrdas. 

5. ukukavSirze dafuZnebuli marTvis meqanizmebi. magaliTad, nakadisa 

da gadatvirTulobis marTva, rogoricaa, vTqvaT TCP (gadacemis marTvis 

protokoli). aq xdeba trafikis xasiaTis cvlileba marTvis meqanizmebis 

meSveobiT. 

6. ganviTareba. qselis trafikis pulsirebadi struqturis zrdis mniS-

vnelovani mizezia momxmareblebisa da axali servisebis damatebis procesi.  

7. efeqturoba. efeqturi saqselo struqturebis damuSavebis dros, ro-

desac gasaTvaliswinebelia momsaxurebis  xarisxis SenarCuneba mTel qsel-

Si, gamWolad, mxolod fizikuri procesebis Sinaarsis codna TviTmsgavse-

bis gansazRvrisaTvis ar aris sakmarisi. aucilebelia rigebis Seqmnisa da 

momsaxurebis procesis Seswavla fraqtalur safuZvelze. 

 

daskvna 

1. kvlevis  mizania, damuSavdes maTematikuri modelebi trafikisaTvis, 

xangrZeli damokidebulebebiT, imisaTvis, rom SesaZlebeli gaxdes qselis 

warmadobis analizi rigebis arsebobis pirobebSi. aseTi Sedegebi dReisaT-

vis Zalze mniSvnelovania, radganac is iZleva saSualebas, rodesac momsa-

xurebis sistemis Sesasvlelze gvaqvs procesi xangrZeli damokidebulebiT, 

davadginoT qselis warmadobis SesaZlo sazRvrebi. kerZod, Cven vixilavT 

SemTxvevas usasrulo tevadobis buferSi rigis sigrZis ganawilebis kanzo-

mierebis Sesaxeb, romelic xangrZeli damokidebulebis SemTxvevaSi, miileva 

gacilebiT mdored, vidre eqsponencialuri kanoniT ganawilebis SemTxveva-

Si, romelic Seesabameba stacionaluri xasiaTis, anu eqsponencialuri da-

mokidebulebis Sesabamis nakads.  

2. aRniSnuli Sinaarsis amocanebis amoxsna SesaZlebelia, fraqtaluri, 

anu TviTmsgavsi procesebisaTvis aRwerili maxasiaTeblebisa da Tvisebebis 

safuZvelze. 

3. mocemul kvlevaSi saqme gvaqvs bitebis, paketebis an ujredebis Se-

mosvlisa da gadacemis nakadebTan, romelTa intensioba qmnis Sesabamis 

trafiks.  

amasTanave intensiobas vukavSirebT im drois momentebs, rodesac Semo-

dis, an buferidan/sistemidan gadis biti, paketi an ujredi. e. i. Cven saqme 

gvaqvs drois momentebis nakadTan, an Semosvlis/gasvlis drois momentebs 

Soris drois Sualedebis nakadTan. . e.i. yvelaferi ganixileba drosTan mi-

marTebaSi. 

4. gamoTqma xangrZeli damokidebuleba, Sinaarsobrivad Seesabameba cne-

bas, `persistentuloba”, romelic Sinaarsobrivad niSnavs _ gaWimuls, wag-

rZelebul, gaxangrZlivebul, xangrZel damokidebulebas. sityvis informa-

tiuli potencialis Sefasebidan gamomdinare, SevCerdiT terminze _ xan-

grZeli. 
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CHARACTERISTICS OF REQUESTS IN MULTI-SERVICE NETWORKS 

Mardaleishvili Z.*, Gelkhviidze P.*, Koplatadze M.** 
*Akaki Tsereteli State University 
**Georgian Technical University 

Summary 
Analysis of incoming requests is crucial for multi-service networks, for the purpose of identifying and 

resolving network related problems. The thesis discusses adequacy of utilizing fundamental theory in descri-
bing structural flow and performing quantitative assessment. 
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informaciis mimocvlis procesSi, satelekomunikacio qselSi SesaZlo xifa-

Tis warmoqmnis gaTvaliswineba da misi marTvis unaris arseboba warmoadgens in-
formaciuli daculobis uzrunvelyofis safuZvels. naSromSi dasabuTebulia, rom 
autentifikaciis miznebisaTvis arsebuli identifikatorebis namdvilobis damowme-
bisaTvis aucilebelia SesaZlo saxifaTo movlenebis analizi da informaciis gac-
vlis sistemiT maTi mogeriebis uzrunvelyofis pirobebis gaTvaliswineba.  

 
dReisaTvis rigi organizaciebisaTvis aucileblobas warmoadgens in-

formaciis daculobis mdgomareobis Sefaseba, raTa minimumamde iqnas dayva-

nili is saxifaTo movlenebi, romlebic dakavSirebulia TaRliTur qmede-

bebTan eleqtronuli urTierTqmedebebis procesSi.  momxmareblebis identi-

fikaciis meTodebis Sefasebisa da analizs eZRvneba [1], sadac saxifaTo 

movlenis Sedegi Sefasebulia formuliT:  

1

[ ( ) ( )],
M

i i
i

R P U L U


 
 

aq  iU  aris i saxifaTo movlena;
 

( )iP U - i- uri saxifaTo movlenis mosalodneli albaToba; 

( )iL U -  i - uri saxifaTo movlenisgan SesaZlo zaralis odenoba; 

M- mosalodneli saxifaTo movlenebis raodenoba. 

[2] naSromSi dasabuTebulia SesaZlo saxifaTo movlenebis ranJirebis 

aucilebloba, wlis ganmavlobaSi garkveuli movlenis warmoCenis albaTo-

bisa da riskis fardobiT R mniSvnelobis Sesabamisad, sadac  normirebis 

pirobas warmoadgens:  

 
1

1

( )

M

i
i

M

i
i

R
R

L U
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Cveni naSromis mizania, satelekomunikacio qselSi saxifaTo movlene-

bis ranJirebisaTvis informaciis gaJonvis SesaZlo wyaroebis, gaJonvis ge-

ografiis, informaciis gaJonvebis dargobrivi specifikis, gaJonvis mizeze-

bisa da Sedegebis analizi, rac ganvaxorcieleT [3] gamoyenebuli masalebis 

safuZvelze. 

2013 wels, wina wlebTan SedarebiT, dawesebulebebSi incidentebis rao-

denoba umniSvnelod Seicvala. wlidan - wlamde incidentebis raodenobis 

gaTanabrebis tendencia aRiniSneba kompania Zecurion-is analitikuri ganyo-

filebisa angariSebSi. amis ZiriTadi mizezia - masobrivi informaciis saSu-

alebebis gajereba SetyobinebebiT gaJonvebis Sesaxeb. gaJonvebis dafiqsire-

bul raodenobaze SeiZleba iTqvas, rom incidentebis realuri raodenoba 

calkeul qveynebSi da mTlianad msoflioSi, ramodenime TanrigiT ufro ma-

Ralia, magram maTi didi nawili arasdros ar xdeba sajaro, xolo rig Sem-

TxvevebSi gaJonvis Sesaxeb informacia rCeba dafaruli Sesabamisi monace-

mebis mflobelebisaTvisac ki. 

gaJonvebis geografiuli ganawileba Seesabameba gasuli wlebis saxes - 

daaxloebiT, incidentebis ori mesamedi modis amerikis SeerTebul Stateb-

ze. sxva qveynebidan, yvelaze metad dazaraldnen britanelebi da kanadele-

bi. garda amisa, aTeulobiT incidents hqonda adgili indoeTSi, avstralia-

Si, germaniasa da axal zelandiaSi. aRiniSna rom ruseTSi gaizarda ara 

marto incidentebis raodenoba (2013 wels - 48), aramed maTi simZimec. in-

formaciuli usafrTxoebis samsaxurebis xelmZRvanelebis gamocdilebiT 

DLP (Data Leak Prevention - gaJonvebis Tavidan acileba) -teqnologiis gamoye-

nebis CarCoebSi, romelic ganxorcielda 2013 wels, mainc aRiniSneba milio-

nobiT zarali. 

SesamCnevi gaxda incidentebis dargobrivi saxecvlileba. Tu 2012 wels  

Sinagani incidentebis raodenobis udidesi nawili modioda ganaTlebis 

sferoze, 2013 wels saganmanaTleblo dawesebulebebi ar moxvdnen pirvel 

sameulSic ki. maTi wili Semcirda 20,1 % - dan, 11,6 % - mde. 

2013 wels, erTdroulad sami dargi warmoCinda gaJonvebis raodenobis 

mixedviT. esenia sacalo vaWroba (16,2 %), jandacvis organizaciebi (16%) da 

saxelmwifo dawesebulebebi (15,5). unda aRiniSnos, rom konfidencialuri 

informaciis dacvis TvalsazrisiT, saxelmwifo seqtori gamoirCeva maRali 

stabilurobiT. am sferoSi gaJonvebis cvlilebis wili minimaluria. 
 gaJonvis arxebi (informaciis wyaro: Zecurion 2014) 

 
veb-servisebi 

 

 
nouTbukebi 

da 
planSetebi 

 
 

eleqronuli 
fosta 

2013w                                                   24,5%

2012w 20,5%
2011w 18,2% 

2013w 16,3% 
2012w 16,5% 
2011w 10,1%

2013w 9,2%
2012w 5,8%

2011w 7,4%
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kompiuterebi 

 

 
araeleqtronuli 

matareblebi 

 

 
mobiluri 

damgroveblebi 

 
araswori 

 
sxva 

SemTxvevebi 
 
 
 

gaJonvis geografia 

(informaciis wyaro: Zecurion, 2014) 
amerikis 

SeerTebuli 
Statebi 

 
ruseTis 

federacia 
 

 
sxva 

qveynebi 
 

 
informaciis gaJonvaTa dargobrivi specifika 

 
sacalo 
vaWroba 

 
 

medicina 

 
 

saxelmwifo 
organizaciebi 

 
 

finansebi 

 
 

ganaTleba 

2013w 8,8%
2012w 10,7%
2011w 16,1% 

2013w 8,2%
2012w 10,2%
2011w 13,8% 

2013w 8,0%
2012w 11,1%
2011w 9,3%

2013w 6,7%
2012w 8,2%
2011w 10,4%
utilizireba 
2013w 18,3% 
2012w 17,1% 
2011w 14,8% 

2013w 67,2% 
2012w 69,0%
2011w 72,4%

2013w 6,0%
2012w 4,3%
2011w 5,0%

2013w 26,8%
2012w 26,7%
2011w 22,6%

2013w 16,2%
2012w 12,4%
2011w 13,8%

2013w 16,0%
2012w 12,3%
2011w 20,4% 

2013w 15,5%
2012w 16,9%
2011w 16,7%

2013w 11,7%
2012w 10,4%
2011w    6,5%

2013w 11,6%
2012w 20,1% 

2011w 15,2%
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                   maRali 
           teqnologiebi 

 
sastumro, 
restornebi 

da kafe                                          

 
transporti 

da lojistika 

 

 
mrewveloba 

 
masobrivi 

informaciis 
saSualebebi 

 

 

 
sxva dargebi 

 
miuxedavad imisa, rom konfidencialuri informaciis mopovebaSi yovel-

Tvis aris vinme dainteresebuli, arsebuli statistikuri masalebis safuZvel-

ze, SeiZleba davaskvnaT, rom incidentebis umetesi nawili ar aris dakavSirebu-
li TaRliTobasTan da gamowveulia SemTxveviTobebiT an pirovnebebis gulgri-

lobiT. es tendencia arsebobs, grZeldeba da yovelTvis, simartivis gamo xdeba 

sajarod cnobili. xolo, rodesac saqme gvaqvs informaciis mizandasaxul ga-

tanasTan, monacemTa qurdobasTan Semogzavnili an mosyiduli piris mier, isini 
yovelTvis dainteresebulebi arian konfidencialurobis  SenarCunebaSi da ga-

Jonvis faqti SeiZleba gaamJRavnos mxolod informaciis mepatronem, Tu is vi-

Tarebas droulad Seafasebs. 
gamoikveTa agreTve, rom umetes SemTxvevebSi erT-erTi mTavari proble-

ma dakavSirebulia ara imasTan, rom borotganmzraxvelebs SeuZliaT sxvisi 

saxeliT Sesabamis saitze avtorizeba, aramed imaSi, rom  momxmareblebi 

xSirad iyeneben  eleqtronuli fostis misamarTis da parolis erTi da 

igive Sexamebas sxvadasxva sistemis servisebTan misaerTeblad. aq ki iSleba 

TaRliTobisaTvis xelsayreli garemo. momxmareblisaTvis SesaZlo Sedege-

bi varirebs pirdapiri fuladi danakargebidan, rodesac xdeba qselis safi-

nanso servisebis pirdapiri gamoyeneba, banalur gamoZalvamde socialur 

qselebSi gamogonili servisebisaTvis.  

es magaliTi, imis maCvenebelia, rom arsebobs informaciis gaJonvebi, 

romelTa Tavidan acileba Cveulebrivi teqnikuri saSualebebiT SeuZlebe-

lia. rogori srulyofilic ar unda iyos informaciis kontrolis saSua-

lebebi, yovelTvis arsebobs imis SesaZlebloba, rom informaciis garkveu-

2013w 6,2%
2012w 7,5%
2011w 6,1%

2013w    5,2%
2012w 3,6%

2011w  4,6%

2013w         4,7%
2012w     4,1%

2011w 3,2%

2013w 1,2%
2012w 0,6%

2011w 0,9%

2013w 0,6%
2012w  1,7%
2011w 1,4%

2013w     11,2%
2012w     10,5%
2011w     11,1%
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li Sinaarsi dainteresebulma pirma daimaxsovros, amitom, teqnikuri saSua-

lebebis doneze aucileblad unda iqnas ganxiluli, agreTve organizaciu-

li sakiTxebic. 
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ASSESSMENT OF CAUSES FOR DATA SECURITY BREACHES 
Kipiani K.*, Gvalia T.*, Kupatadze T.** 

*Akaki Tsereteli State University 
**Georgian Technical University 

Summary 
During the exchange of information in the telecommunication networks, the ability to consider and ma-

nage risks is crucial for data protection. The thesis argue that for the purpose of identifying authenticity of in-
dicators it is necessary to analyze possible threat containing events and determine ways of avoiding such bre-
aches with data protection system. 
 
 
 
 

qarTuli teqstis optimaluri kodireba 
 

uRreliZe n.a., zurabiSvili v.i., robitaSvili a.g.,  

dekanosiZe T.შ., gorZamaSvili d.k. 
saqarTvelos teqnikuri universiteti 

                  
   moxsenebaSi ganxilulia qarTuli asoebisa da niSnebis cifrulad warmodgenis  
sakiTxi,  romelic  safuZvlad udevs teqstis optimalur kodirebas.  am  dros ga-
moyenebulia  hafmenis procedura, agebulia kodebi  da isini tabulirebulia. ga-
moTvlilia agreTve aso-niSnebis sa-kuTari informaciebi, qarTul teqstSi maTi en-
tropia da kodirebis efeqturoba. 
  
   Tanamedrove qarTuli anbani, mxedruli, aris anbanuri tipis sistema da 

is warmodgenilia mraval teqsts, xelnawerebsa Tu warwerebSi [1-2]. dRei-

saTvis qarTuli anbani Seicavs  33 asos. faqtobrivad  isini warmoadgenen 

qarTul sametyvelo bgeraTa Sesabamis pirvelad kods. 

   naSromis  ZiriTad  mizans  warmoadgens movaxdinoT qarTuli aso-niSne-

bis efeqturi kodireba maTi Tanamedrove,  informaciis Senaxvisa  da gada-

cemis, sistemebSi  gamoyenebis mizniT;  am  amocanis gadasaWrelad aucile-

belia qarTul aso-niSanTa  gameorebis  sixSiris  codna; es parametri 

asoebisaTvis mocemulia [3]-Si; aq ki, aso-niSanTaTvisac, is gamoTvlilia 

aseve Cvens mier da moyvanilia qvemoT, cxril 1-Si.  

   roca laparakia kodis efeqturobaze an optimalurobaze, igulisxmeba 

misi saukeTeso varianti garkveul (konkretul) pirobebTan kavSirSi (mimar-

TebaSi). magaliTad, SeiZleba gvqondes saukeTeso kodi informaciis gadace-
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mis siCqaris mimarT an saukeTeso kodi informaciis zustad gadacemis mi-

marT da a.S. winamdebare naSromSi Cven avagebT saukeTeso kods informaci-

is gadacemis siCqaris mimarT. vinaidan aso-niSnebi araTanabar albaTurebia, 

cxadia am dros ufro efeqturia kodirebisas gamiviyenoT sxvadasxva sig-

rZis koduri sityvebi. qarTul aso-niSanTa aRniSvnisaTvis Cven gamoviyenebT 

a simboloebs Sesabamisi indeqsiT. magaliTad, rigiT pirveli niSani, pauza, 

aRniSnuli gveqneba a1 simboloTi, meore, aso a a2 – iT,  …  , bolo, 46-e niSani ) 

a46 – iT.…… 

moviyvanoT ramodenime Tanafardoba. 

romeliRac ai   aso-niSnis sakuTari informaciis raodenoba bitebSi to-

lia [4,5]: 

                             I (ai)=  �  log2 P(ai ),                                          (1) 

sadac P(ai) aris ai  aso-niSnis gamoCenis albaToba. aq da SemdgomSi Cven 

vTvliT, rom aso-niSanTa gameorebis sixSiris gansazRvrisas cdebis raode-

noba iyo imdenad didi, SeiZleba miviCnioT aso-niSanTa gameorebis sixSire 

aso-niSnis gamoCenis albaTobis tolad; maSin SegviZlia, [3]-Si moyvanili 

monacemebisa da (1) gamosaxulebis gamoyenebiT, viangariSod TiToeuli aso-

sa da niSnis sakuTari informaciis raodenoba; isini gamoTvlilia da moy-

vanilia qvemoT, cxril 1-Si. 

   aso-niSanTa simravleSi, saSualod, aso-niSnis informaciis raodeno-

ba bitebSi tolia [4,5]: 

                         HH(a)= (ai)I (ai), 

saidanac qarTuli aso-naSanTaTvis gvaqvs HH(a)=4.3424. am sidides aso-niS-
nis entropiasac uwodeben.  

Tu kodi orobiTia,  maSin misi efeqturoba SeiZleba Sefasdes ase [6]:  

                         E=H(a)/  (ai)ni ,                                                              (2) 

sadac ni Baris i-ur aso-niSnis Sesabamis kodur sityvaSi bitebis raodenoba. 
   zemoT, cxril 1-Si, mocemulia qarTuli asoebisa da niSnebis orobiTi 

kodirebis procedura, romelic ganxorcielebulia e.w.  hafmenis  algo-

riTmis mixedviT [5-7]  da is mdgomareobs SemdegSi: pirvel rigSi aso-niSne-

bi lagdeba maTi gamoCenis albaTobebis klebadobis Sesabamisad. Semdeg 

yvelaze dabali albaTobebis mqone ori aso-niSani erTiandeba erT axal, 

jamuri albaTobis mqone simbolod da aso-niSanTa da simboloTa aseTi we-

siT gaerTianebis procesi grZeldeba manam, sanam ar dagvrCeba erTi gaer-

Tianebuli simbolo. es procesi gvaZlevs xes, romelic moyvanilia cxril 

1-Si. am dros koduri sityva formirdeba xis Ziridan aso-niSnisken mimavali 

gzis MmixedviT, sadac zeda ganStoebas Seesabameba simbolo 0, qvedas ki 1. 

    vinaidan moyvanili algoriTmiT agebuli kodisaTvis sruldeba kraf-

tis utoloba [6], kodi prefiqsulia; es imas niSnavs, rom nebismieri mocemu-

li koduri sityva ar iwyeba arcerTi sxva koduri sityviT, rac gansakuT-

rebiT moxerxebuls xdis dekodirebis process.  

   cxrili 1-is mixedviT  (ai)ni = 4.3843, maSin (2)-dan E = 99,04%, rac sak-

maod maRali maCvenebelia. 
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cxrili 1. aso-niSanTa gameorebis sixSire qarTul damwerlobaSi da  

maTi kodireba.     

 
sabolood, daskvnis saxiT SegviZlia vTqvaT Semdegi: hafmenis algoriT-

mis gamoyenebiT ganxorcielebulia qarTuli asoebis da niSnebis optimalu-

ri kodireba 99,04%-iani efeqturobiT. moyvanilia kodi, romlis koduri 

sityvis minimaluri sigrZea 2, maqsimaluri ki 13. kodi akmayofilebs prefiq-

sulobis pirobas, rac ganapirobebs gamosayenebeli dekoderis simartives. 

mocemuli kodi SeiZleba rekomendebuli iqnas nebismieri zomis qarTuleno-

vani teqstis maRali siCqariT gadasacemad. 
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OPTIMAL ENCODING OF GEORGIAN TEXT 
Ugrelidze N.A., Zurabishvili V.I., Robitashvili A.G., Dekanosidze T.Sh., 

Gordzamashvili D.K. 
Georgian Technical University 

Summary 
     We  have  considered  the  question  of  digital  encoding  of  Georgian  letters  and  simbols,   using  

nonredun-dancy  codes  and   Huffmans  procedures.  The  codes are built   and  they  are  tabulated.  The  
own   information  of  letters  and  simbols,  the entropy  of   the  Georgian  letters  and  the efficiency of the  
coding  are also calcula-ted.  Presented  results  can  be  used  for  optimal  encoding  of  Georgian  texts  of  
any  size. 
 
 
 
 
KONkonkurenciis regulirebis amocanebi saqarTvelos        

cifrul mauwyeblobaze gadasvlis procesSi 
 
                   xunwaria l. j.   jalabaZe n. i. 

saqarTvelos teqnikuri universiteti 
 
    saqarTvelos mier Jenevis 2006 wlis saerTaSoriso satelekomunikacio kavSi-

ris xelSekrulebis farglebSi aRebuli valdebulebebis Sesabamisad, gaTvaliswi-
nebulia yvela moqalaqisTvis garantia, rom safasuris gadaxdis gareSe, an xelmi-
sawvdom fasad miiRon cifruli saeTero satelevizio momsaxureba. Sesabamis sae-
Tero miwodebas ganaxorcieleben konkurentul bazarze moqmedi samauwyeblo qse-
lis operatorebi da mauwyeblebi. Aarsebuli reforma kavSirSia konkurenciis re-
gulirebis amocanebTan da Sesabamis kompleqsuri RonisZiebebTan. 
 

saqarTvelos mTavrobis 2007 wlis 21 ivnisis №384 brZanebulebiT aRe-

buli aqvs valdebuleba 2015 wlis 17 ivnisamde ganaxorcielos da daasru-

los satelevizio da radio mauwyeblobis sferos analoguridan cifrul 

mauwyeblobaze gadayvanis procesi. 

reformis mizans warmoadgens: 

 saqarTveloSi informaciuli sazogadoebis ganviTarebis xelSewyoba; 

 efeqturi konkurentunariani bazrebis Semdgomi ganviTarebis xelSewyoba; 

 saeTero samauwyeblo bazarze Sesvlis dabrkolebis minimumamde dayvana; 

 mediis Tavisuflebis mudmivi xelSewyoba; 

 momxmarebelTa interesebis dacva; 

 erovnuli sixSiruli resursis ufro efeqturad gamoyeneba; 

 mravalferovan da maRalxarisxian saeTero samauwyeblo kontentze mom-
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xmarebelTa wvdomis uzrunvelyofa; 

 dargSi investiciebis mozidvis xelSewyoba; 

 saerTaSoriso standartebisa da valdebulebebis Sesruleba. 

 cifruli saeTero teqnologiis danergvisas konkurenciasTan dakav-

Sirebuli sakiTxebis regulireba aqtualur problemas warmoadgens, mosag-

varebelia daSvebis, gamWvirvalobis, konkurenciis SezRudvis riskebi, rac 

safrTxes uqmnis cifruli mauwyeblobis process da media pluralizms. 

 konkurenciis sworma da efeqturma regulirebam unda uzrunvelyos 

Semdegi amocanebis gadaWra: 

 investiciebis mozidva da saxelmwifos minimaluri finansuri monawileo-

ba cifruli saeTero mauwyeblobaze gadasvlis procesSi; 

 bazarze Semosvlis sistemuri da arasistemuri barierebis minimalizacia; 

 cifruli mauwyeblobis biznes sistemis finansuri da saqselo stabilu-

roba; 

 inovaciebis danergva seqtorSi; 
 amowurvadi resursebis efeqturi gamoyeneba; 

aRniSnuli miznebis misaRwevad, aucilebelia Semdegi RonisZiebebis 

kompleqsuri ganxorcieleba: 

 bazris winaswari da Semdgomi regulirebis sakiTxebis drouli gansaz-

Rvra da regulirebis drouli da zomieri ganxorcieleba, romelic ga-

moyenebuli unda iyos rogorc saqselo  servisis provaideris mimarT, 

romelsac mniSvnelovani sabazro Zalaufleba aqvs; 

 bazarze pirobiTi daSvebis sistemebis miwodebis konkurenciis reguli-

reba; 

 savaldebulo tranzitis regulireba; 

 “savaldebulo SeTavazebis” valdebulebis regulireba. 

konkurenciis regulireba paralelur reJimSi unda ganxorcieldes 

dominant platformebTan mimarTebaSi (sakabelo da satelituri mauwyeb-

loba). aRniSnulis gamo, mizanSewonilia, rom cifruli miwiszeda samau-

wyeblo qselis operatoris marTvis qveS arsebul pasiur da aqtiur saqse-

lo infrastruqturasTan gardamaval periodSi, saqarTvelos komunikacie-

bis erovnuli komisiis mier gamokvleuli iqnes bazris is segmentebi, rom-

lebic dakavSirebulni arian cifruli miwiszeda samauwyeblo qseliT ope-

rirebasTan. komisiam unda gamoiyenos minimaluri Carevis principi da gan-

sazRvros, Tu romel bazarze unda moxdes Careva da ra masStabiT. agreTve 

mniSvnelovania mudmivi kontroli. 

cifrul mauwyeblobaze gadasvlis procesi moicavs garkveul riskebs, 

im realobisagan gansxvavebiT, romelic analoguri mauwyeblobisas arse-

bobs. am sakiTxis Sefasebisas mniSvenlovania, rom gamoiyos ori mimarTu-

leba: 

 pirveli Seexeba cifruli saeTero qselebis simZlavreebTan daSvebis pi-

robebis regulirebas; 

 xolo meore im resursebTan daSvebis bazris segmentebis regulirebas, 

romelic aucilebelia cifruli saeTero qselebis formirebisaTvis (ix. 
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nax. 1)  

saqarTvelos komunikaciebis erovnuli komisiis amocanaa, aramarto 

pirvel bazris segmentebze moxdes konkurenciis winaswari regulireba, 

aramed pirvel rigSi daregulirdes swored meore bazris segmentebi, rad-

gan misi gamWvirvaloba da xarjebze orientirebuloba, mniSvnelovnad war-

moadgens cifruli saeTero qselebis droulad da daubrkoleblad kom-

pleqtaciis garantias. es pirobebi ukavSirdeba qselis agebis da multip-

leqsoris simZlavreebTan daSvebis dros tarifebis sidides. es faqtorebi 

pirdapir kavSirSia cifrul mauwyeblobaze gadasvlis sakiTxebTan. 

mniSvnelovania, rom uzrunvelyofili iyos cifruli saeTero qselis 

operatoris multipleqsoris simZlavreebTan daSvebis pirobebis da ele-

mentebis maqsimaluri gamWvirvaloba da xelmisawvdomoba daSvebis msurve-

li yvela operatorisaTvis. saqselo operatorebma unda uzrunvelyon maT 

resursebTan SeuzRudavi wvdoma, radgan am SemTxvevaSi izrdeba konkuren-

ciis SezRudvis safrTxe. 

 

 
      nax.1 cifruli saeTero qselebis formirebisaTvis aucilebeli  resursebi 

 

saxelmwifos erT-erTi umTavresi amocanaa, aseve cifruli saeTero ma-

uwyeblobis qselis pasiur elementebTan da Tanalokaciis farTis, dakavSi-

rebuli servisebTan wvdomis samarTliani da Tanabari pirobebis dadgena. 

Tu mauwyeblebs ar eqnebaT daSveba cifrul saeTero signalebis gav-

rcelebis infrastruqturasTan gonivruli pirobebiT, cifrul saeTero ma-

uwyeblobaze gadasvlis riskebi piriqiT gaizrdeba, maTi Semcirebis nac-

vlad. 

savaldebulo tranzitis da savaldebulo SeTavazebis regulireba: 

savaldebulo tranzitis valdebulebebis Sesabamisad, saxelmwifos SeuZ-

lia daavaldebulos operatorebi miawodon sazogadoebrivi mauwyeblis an 

sxva mauwyeblis programebi bolo momxmarebels. yvelaze moTxovnad unda 

iyos miCneuli is programa, romelsac aqvs sainformacio, debatebis gada-

cemebi da romelsac uyurebs konkretuli qalaqis an/da regionis mosaxle-

obis 20%. savaldebulo tranzitis ganxorcielebis kriteriumebi unda 

dadgindes strategiis samarTlebrivi nawiliT.  
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 “savaldebulo SeTavazebis” valdebulebis regulireba ki emyareba 

saqarTvelos komunikaciebis erovnuli komisiis kvlevas, romlis mizania 

yvelaze moTxovnadi arxebis gamovlena, erovnul da regional doneze. 

aranakleb mniSvnelovania kontrolis meqanizmis SemuSaveba, romelic uz-

runvelyofs, rom programebis cifrul saeTero qselSi ganTavseba xorci-

eldebodes diskriminaciis gareSe da emsaxurebodes sazogadoebriv da sa-

xelmwifoebriv interess, aseve ar arRvevdes bazarze konkurenciis princi-

pebs. gardamaval periodSi, konkurentuli multipleqsoris mflobeli ar 

unda iyos uflebamosili moaxdinos fasiani programebis, damatebiTi prog-

ramuli servisebis da sxva arasamauwyeblo kontentis gavrceleba saqar-

Tvelos komunikaciebis erovnuli komisiis Tanxmobis gareSe. komisiam Ta-

vis mxriv, unda daadginos, rom amgvari servisebis multipleqsorSi ganTav-

seba ramdenad SezRudavs resursTan daSvebuli sxva mauwyeblebis intere-

sebs da da ramdenad gaauaresebs mauwyeblobis xarisxs. 

 daSvebis prioritetulobis Sefaseba unda moxdes Semdegi kriteriu-

mebis mixedviT: 

 pirvel or multipleqsorSi arxebis ganTavsebisas prioriteti unda mie-

niWos arakomerciul mauwyeblebs, aseve adgilobriv da ufasod transli-

rebad arxebs; 

 prioriteti unda mieniWos mauwyeblebs, romlebmac unda ganaxorcielon 

prioritetuli mimarTulebebis kontentis translireba. 

am mimarTulebiT saukeTesod unda miviCnioT italiis modeli, romlis 

Sesabamisad, kerZo mauwyeblebisaTvis, gansazRvrulia multipleqsoris sim-

Zlavris 40 %-iani kvota, CamoTvlilia is principebi, romlebic unda daic-

vas am mauwyeblebma. imisaTvis, rom moxdes arxis ganTavseba multipleq-

sorSi, aucilebelia minimum ori kriteriumis dakmayofileba: 

1. sainformacio da sadiskusio programebis warmoeba; 
2. gasarTobi – pirdapir translirebadi sportuli, sazogadoebrivi, kul-

turuli da a.S.; 

3. SemecnebiTi xasiaTis – istoriuli, kulturuli, samecniero, musikaluri 

da a.S.; 

4. mxatvruli programebi, filmebi da aseve bavSvebze da mozardebze gaT-

vlili programebi. 

prioriteti unda mieniWos im mauwyebels, romlis programebic maqsima-

lurad daakmayofileben zemoT CamoTvlil prioritetebs. 

aranakleb mniSvnelovania konkurenciis regulireba dakavSirebul servi-

sebTan daSvebis nawilSi. saxelmwifos erT-erTi umniSvnelovanesi amocanaa 

pirobiTi daSvebis sistemebis (mTavari mimarTulebebia API – gamoyenebuli 

programuli interfeisi – cifruli resiveris saoperacio programasTan 

wvdoma da EPG – programebis eleqtronuli gzamkvlevi – TandarTuli 

programa, romelic dafuZnebulia cifruli televiziis mimRebis Tandar-

Tuli programebis interfeisze. Eleqtronuli gzamkvlevis gamoyenebiT ma-

yureblebs SesaZlebloba aqvT moiTxovon bevrad ufro meti informacia 

programebze) regulireba. 

operatorebma srulad unda gamoaqveynon maT mier SemoTavazebuli yve-
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la servisis safasuri (maT Soris signalis sqremblingis, Ria pirobiTi 

daSvebis (EPG da a.S.) da sxva servisebis safasuri da daSvebis pirobebi). 
gadamcemi qselis Rirebulebis da maTi agebis sirTulis gamo, Cveu-

lebriv, mxolod ramdenime gadamcemi qseli iqmneba. damatebiTi saeTero 

qselis ageba SesaZloa waaxalisos koncentraciis akrZalvis normebis ar-

sebobam, romlis mTavari mizania programebis mravalferovnebis SenarCune-

ba. 

koncentraciaze saxelmwifo politikis Camoyalibebisas mxedvelobaSi 

miiReba erTi mxriv is safrTxeebi, romelic wrmoiSoba koncentraciis ga-

mo, xolo meores mxriv, saqselo infrastruqturis didi danaxarjebi, rad-

gan misi akrZalvis SemTxvevaSi bevri mcire zomis kompania gakotrdeba da 

SesaZlebelia, Sedegad mohyves cifrul mauwyeblobaze gadasvlis procesis 

Seferxeba.  

cifrul mauwyeblobaze gadasvlis procesSi mcire zomis zogierTi 

mauwyebeli, finansuri aramdgradobis, resursebis naklebobis, sakadro da 

sxva mizezebis gamo, SesaZloa ar iyos daculi gakotrebisgan, xolo kon-

centraciis Tavidan asacileblad, aucilebelia, rom moxdes maTi daxmare-

ba. 

evrokavSiris rekomendaciebi: msoflio media bazari swrafad icvleba 

koncentraciis da globalizaciis gamo, ris Sedegadac, SesaZlebelia saf-

rTxeebi Seeqmnas patara qveynebis media bazars, Semcirdes qarTuli arxe-

bis raodenoba, sainformacio da debatebis sivrce, ris gamoc gardamaval 

periodSi unda dadgindes adgilobrivi warmoebis kontentis saeTero gav-

rcelebis prioriteti.  

evrokavSiris funqcionirebis SeTanxmeba adgens ZiriTad pirobebs, ro-

melTa arsebobis SemTxvevaSi saxelmwifos nebismieri daxmareba, romelic 

xorcieldeba evrokavSiris wevri saxelmwifos mier, romelic zRudavs kon-

kurencias an qmnis misi SezRudvis safrTxeebs, Tu ar arsebobs gamonakli-

si SemTxvevebi, miiCneva araTavsebadad evropis Sida bazris principebTan 

da saerTaSoriso vaWrobis wesebTan. konkurenciis SezRudva xorcieldeba 

garkveuli mwarmoeblebis an garkveuli produqciis warmoebisaTvis Seda-

rebiT ukeTesi pirobebis Seqmnis gziT. saxelmwifo daxmareba ar unda iw-

vevdes konkurenciis SezRudvas an qmnides amgvari SezRudvis safrTxes. Se-

sabamisad, saxelmwifos mier dagegmili yvela aqtivoba SesabamisobaSi unda 

movides am principTan. 

saxelmwifos konkurenciis regulirebis amocanebi cifruli mauwy-

blobis gardamaval da Semdgom etapebze: 

 kontentis sakiTxi daregulirebuli unda iyos gadamcemi qselis reguli-

rebisagan gansxvavebulad, aseve mWidrod unda daregulirdes im infras-

truqturasTan daSvebis sakiTxi, romlebmac SesaZloa xeli SeuSalos 

maT konkretul resursTan wvdomaSi; 

 winaswari regulirebis farglebSi komisiis mier unda moxdes konkuren-

ciis regulireba “bolo momxmareblisaTvis samauwyeblo kontentis miwo-

debis” sabiTumo bazarze mniSvnelovani sabazro Zalauflebis mqone pi-

rebisaTvis specialuri valdebulebebis dadgeniT. 
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 winasawari regulirebis farglebSi, konkurencia unda ganisazRvros sa-

biTumo bazris yvela im segmentze, romelic gamoyenebuli unda iyos sa-

mauwyeblo signalebis gavrcelebis provaideris mier, maT Soris anZeb-

Tan, Tanalokaciis farTTan daSvebis mimarTulebiT; 

 regionebSi konkurenciis uzrunvelsayofad, saxelmwifos mier xelSewyo-

bis reJimiT unda moxdes regionuli da adgilobrivi mauwyeblebisTvis 

Sesabamisi pirobebis Seqmna, rom daizogos resursebi cifruli saeTero 

mauwyeblobis daSvebis momsaxurebis misaRebad da gaizardos maTi kon-

tentis konkurentunarianoba; 

 unda daregulirdes konkurencia satelevizio signalebis gadacemis mar-

Tvis momsaxurebis bazris segmentze; 

 efeqturi konkurenciis da qmediTi regulirebis uzrunvelsayofad, unda 

moxdes aseve arsebuli fizikuri infrastruqturis erToblivad aSenebis, 

aseve gamoyenebis sakiTxis regulaciebi; 

 komisias unda mieniWos uflebamosileba ganixilos dava mauwyebelsa da 

saqselo operators Soris, xolo misi ganxilvis vadebi unda iyos maqsi-

malurad mokle; 

 davebis xelSekrulebis moSlis ufleba, telefoniis urTierTCarTvis 

msgavsad, unda xdebodes komisiis nebarTviT da TanxmobiT; 

 yvela arsebuli mauwyeblis interesebis dasacavad, cifrul saeTero ma-

uwyeblobaze gadasvlis da mis sawyis etapze, unda dadgindes standar-

tuli xarisxis signalebis gavrcelebis valdebuleba; xolo arsebuli 

analoguri sixSireebis gamoTavisuflebis Semdgom, simZlavris gazrdis 

da/an alternatiuli saeTero qselis Seqmnis Semdgom, saqarTvelos komu-

nikaciebis erovnuli komisiis mier unda gaices Tanxmoba HD arxebis mi-
wodebis Sesaxeb, aseve fasiani satelevizio servisis misawodeblad; 

 cifruli mauwyeblobis gardamaval etapze multipleqsoris simZlavreeb-

Tan daSvebis principi “pirveli movedi, pirveli unda damiSva” unda Se-

izRudos komisiis mier.  

 Tu dasaSvebad miviCnevT, rom mauwyebeli amavdroulad cifruli samau-

wyeblo qselis licenziis mflobelia cifrul mauwyeblobaze gadas-

vlis etapze, unda daekisroT xarjebisa da danaxarjebis gancalkevebu-

lad aRricxvis valdebuleba, saqselo da samauwyeblo kontentis warmo-

ebis mimarTulebiT; 

 cifruli mauwyeblobis gardamaval etapze unda daregulirdes e.w. sa-

valdebulo tranzitis valdebuleba; 

 resiverebze dabali fasis SenarCunebis mizniT, saxelmwifom unda moax-

dinos importiorebis mier Semotanili aparaturis sacalo bazarze kon-

kurenciis uzrunvelyofa, aseve garantirebuli rom iyos Semotanili re-

siverebis sruli urTierTSenacvlebadoba da maTi Tavsebadoba sxva 

qselTan. 

konkurenciis regulirebis sworma mimarTulebam, kargad dagegmilma 

da droulma RonisZiebebma , unda uzrunvelyos daSvebis pirobebis maqsima-

luri gamWvirvaloba, daSvebis aradiskriminaciuloba da qselis yvela sa-

Wiro elementebis wvdoma xarjebze orientirebuli da gonivruli tarife-
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biT. RonisZiebebi warmoqmnis konkurentul da samarTlian pirobebs mau-

wyeblisaTvis, rac ganaviTarebs bazars da uzrunvelyofs uklebliv yvela 

momxmareblisaTvis miwodebuli servisebis farTo arCevans.  
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THE REGULATION TASKS OF COMPETITION IN THE PROCESS 
OF TRANSITION FROM  ANALOG TO DIGITAL BROADCASTING 

Khuntsaria L. J., Jalabadze N. I. 
Georgian Technical University 

Summary 
By the agreement, which was signed between Georgian side and International Telecommunication 

Union in Geneva- 2006, provided the guaranty for each Georgian citizen, that after transition from Analog to 
Digital Broadcasting they will take high quality services without payment or available paiment. This reform 
is connected with task the regulation of competition and appropriate well-planned measures. 

 
 
 
 

radioSeRwevis teqnologiebs Soris mobilobis 
 proceduris meTodebis gamokvleva 

 
ZoweniZe g., murjikneli g.  

saqarTvelos teqnikuri universiteti 
 

    SemoTavazebulia radioSeRwevis teqnologiebs Soris mobilobis proceduris 
gaumjobesebuli algoriTmebi, romlis saSualebiTac SesaZlebelia aRniSnuli 
proceduris daCqareba, aseve mobiluri mowyobilobis energiis moxmarebis Semcire-
ba da qselSi gadatvirTvebis minimizacia. 
 
    iqidan gamomdinare, rom radiokavSiris teqnologiebma farTo gamoyene-

ba hpova mTels msoflioSi, Zalian mniSvnelovania, rom TiToeuli geogra-

fiuli adgili dafarul iqnas erTze meti radioteqnologiiT. radioteqno-

logiebis raodenoba TiToeul adgilas navaraudebia, rom gaizrdeba, rad-

gan dRiTi-dRe izrdeba Wi-Fi teqnologiis danergvis trendi, farTod mimdi-

nareobs 4G qselis integracia da ganviTareba. aqedan gamomdinare, konkre-

tul erT wertilSi abonentisTvis xelmisawvdomi iqneba ramdenime teqno-

logia. teqnologiebTan wvdomis SesaZlebloba mowyobilobebSi SezRudu-

lia, imis mixedviT Tu romeli radiomxardaWeriT funqcionirebs mobiluri 

mowyobiloba. imis mere rac momxmarebeli airCevs radioqsels, TiToeuli 

qseli cdilobs, rom momxmarebels moemsaxuros saukeTeso pirobebiT. lo-

kalizebuli resursis gamoyofis meTodi, ZiriTadad ar warmoadgens opti-

malur variants vidre centralizebuli marTvis sistemis mier miRebuli 

gadawyvetileba. efeqturoba izrdeba im SemTxvevaSi, roca resursis menej-

mentis procesi erToblivad iTvaliswinebs resursis ganawilebas teqnolo-
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giebs Soris da optimalurad iyenebs mravalteqnologian qsels. qselis ma-

Rali xelmisawvdomobisa da speqtruli efeqturobis misaRwevad saWiroa 

kognituri mowyobilobebis gamoyeneba da resursis gamoyofis kontrolis 

globalur doneze implementacia. 

    mniSvnelovani Zalisxmevaa saWiro imisaTvis, rom moxdes resursis gamo-

yofis procesis erToblivi optimizacia fiWur an WLAN sistemebSi raTa 

Sedegad iqnas miRebuli qselis saimedooba, efeqturoba da energiis opti-

maluri moxmareba. mniSvnelovani samuSaoebi mimdinareobs qselis arCevis 

problemasTan dakavSirebiT, sadac ganxilulia meTodebi romlis saSuale-

biTac mobiluri mowyobiloba gansazRvravs Tu rodis unda ganxorciel-

des vertikaluri mobiloba da romel teqnologiebs Soris.  

ramdenime teqnologiis mxardamWeri mowyobilobebisaTvis, qselis Ser-

Cevis algoriTmebi, romelTa saSualebiTac miiRweva optimaluri servisis 

miwodeba, iyofian Semdeg kategoriebad: 

a) algoriTmebi gadawyvetilebis funqciaze dafuZnebuli strategiiT,  

b) algoriTmebi momxmarebelze centralizebuli strategiiT, 

g) algoriTmebi ramdenime Tvisebis gamoyenebaze dafuZnebuli strategiiT, 

d) algoriTmebi bundovan logikaze dafuZnebuli strategiiT. 

    sazogadod, gadawyvetilebis miRebis dros, yvela strategia iyenebs 

rig Tvisebebs, romelebic dakavSirebulia mobilur mowyobilobasTan an 

servisis momwodebelTan.  

    mobiluri mowyobilobis Tvisebebi moicavs: TiToeuli momxmareblis mi-

er miRwevad gamtarunarianobas, el.kvebis wyaros sicocxlisunarianobas da 

servisis xarisxis iseT maCveneblebs, rogoricaa, paketebis danakargebi, pa-

ketebis dayovneba da paketebis kankali anu jiteri.  

    servisis momwodeblis TvisebebSi Sedis: datvirTvis balansireba, gam-

tarunarianoba, Rirebuleba TiToeul gadacemul baitze da jamuri Semosa-

vali.  

    gadawyvetilebis funqciaze dafuZnebuli strategia iyenebs Sewonil 

funqcias, romelic aerTianebs orives - momxmareblis da servisis momwo-

deblis Tvisebebs.  

    momxmarebelze centralizebuli strategia fokusirebulia momxmareb-

lis erT an met moTxovnaze, raTa airCios momsaxure qseli.      gadawyve-

tilebis miRebis multi-Tvisebiani strategia umklavdeba problemebs, ro-

melTa gadawyveta dakavSirebulia alternativebis SerCevaze. 

    ramdenime radioteqnologiis Tanaarseboba qmnis heterogenul qsels. im 

SemTxvevaSi, Tu TiToeuli teqnologia imuSavebs damoukideblad (igulis-

xmeba radioresursis menejmenti) qselis doneze mwarmoebluroba arc Tu 

ise saxarbielo iqneba. maRali Sedegebis misaRebad aucilebelia, radioteq-

nologiebis erToblivi menejmenti, romelic SesaZlebelia ganxorcieldes 

resursis globaluri GRC (Global Resource Controller) makontroleblis saSua-

lebiT. amasTan, unda aRiniSnos, rom qselSi aRniSnuli kvanZis Semotana 

qmnis garkveul problemebs, kerZod warmoSobs zednadebs (Overhead) da mom-
xmareblis mowyobilobis mier energiis danaxarjis matebas. magram amavdro-

ulad miviRebT Semdeg upiratesobebs: kavSiris gawyvetis albaTobis Semci-

rebas, trafikis optimalur da prioritetizebul momsaxurebas, gadatvir-



 

saerTaSoriso samecniero konferencia 

INTERNATIONAL   SCIENTIFIC  CONFERENCE 
 

 156

Tvebis Semcirebas, rogorc saqselo, aseve TiToeuli radioteqnologiis 

doneze. navaraudebia, rom mobiluri mowyobiloba aris ramdenime teqnolo-

giis mxardaWeriT da saSualebas aZlevs momxmarebels, nebismier dros 

isargeblos nebismieri xelmisawvdomi teqnologiiT.  

    Cvens mier damuSavebul iqna radioteqnologiebis erToblivi menejmen-

tis mowyobilobis algoriTmebi, romlis saSualebiT SesaZlebelia daCqar-

des mobilobis procesi, Semcirdes mobiluri mowyobilobis mier energiis 

moxmareba da aseve Semcirdes gadatvirTvebis albaToba. 

    imisaTvis, rom gamoyenebul iqnas SemoTavazebuli algoriTmebi, saWi-

roa ganxorcieldes garkveuli cvlilebebi, rogorc heterogenuli qselis 

mxares, ise mobiluri mowyobilobis mxares. kerZod, mobiluri UE mowyobi-

lobis mxares CarTuli unda iyos 2G/3G/4G/WLAN teqnologiebis avtomatu-

rad daskanirebis funqcia. 

xolo qselis mxares: 

 saWiroa ganxorcieldes resursis globaluri kontroli GRC kvanZis sa-
SualebiT, 

 Seicvalos sakontrolo mesijebis bloki (SIB, MIB), 

 Seicvalos sakontrolo da sasignalo mesijebis nakadebis mimarTuleba, 

 saWiroa ganxorcieldes sxva damatebiTi parametruli da funqciuri 

cvlilebebi. 

 
nax.1. mobilobis proceduris gaumjobesebuli algoriTmi #1. 
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SemoTavazebuli algoriTmi warmodgenilia LTE teqnologiis magaliT-

ze, rodesac aRniSnuli teqnologiis SigniT warmoiSoba gadatvirTva da 

mocemuli viTarebidan gamomdinare rekomendirebulia garkveuli moculo-

bis trafikis gadasrola sxva radioteqnologiaze. rogorc naxaz 1-ze aris 

warmodgenili, algoriTmis struqtura salaparako da monacemTa trafikis-

Tvis garkveul wilad gansxvavebulia. salaparako trafikis SemTxvevaSi ma-

Rali prioriteti eniWeba GSM da UMTS teqnologias, xolo monacemTa tra-

fikisTvis maRalprioritetul teqnologias WLAN-i warmoadgens. sxva teq-

nologiebTan SedarebiT WLAN teqnologia monacemTa gadacemis siCqaris 

TvalsazrisiT akmayofilebs LTE teqnologiis momxmareblis moTxovnas, 

swored amitom aRniSnul teqnologias eniWeba maRali prioriteti. algo-

riTmi №1-is mixedviT, mobiluri mowyobiloba WLAN qsels im SemTxvevaSi 

daaskanirebs Tu mas winaswar ecodineba mocemul arealSi aris Tu ara aR-

niSnuli teqnologiis dafarva. am informacias momsaxure LTE qseli siste-

muri sainformacio blokebis saSualebiT awvdis mobilur mowyobilobas. 

sainformacio blokebi Seicavs TA (Timing Advance)  gazomvebze dayrdnobil 

monacemebs, romlis saSualebiTac mobiluri mowyobiloba Rebulobs in-

formacias, rom igi imyofeba WLAN qseliT dafarul teritoriaze da 

iwyebs skanirebas. Tu Wi-Fi-s signalis done aRemateba dasaSveb zRvars, ma-

Sin ganxorcieldeba mobiloba aRniSnul teqnologiaze. saWiroa operator-

ma SeimuSaos akuratuli gegma, sadac zustad iqneba gansazRvruli TiToeu-

li teqnologiis dafarvis areali da sazRvrebi. 

 

 
nax. 2. mobilobis proceduris gaumjobesebuli algoriTmi #2. 
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imisaTvis, rom daCqardes mobilobis proceduris ganxorcieleba LTE 

qselidan WLAN qselze, aseve dazogil iqnas abonentis mowyobilobis ener-

gia, qvemoT SemoTavazebuli algoriTmi #2-iT SesaZlebelia e.w. “brma” mo-

bilobis ganxorcieleba. es algoriTmi ar iTvaliswinebs signalis donis 

Sefasebas da mobilobis ganxorcielebisas igi eyrdnoba sistemuri infor-

maciis blokebis meSveobiT miRebul TA (Timing Advance) gazomvebis Sedegad 
warmodgenil monacemebs. ra Tqma unda, aris imis albaToba, rom mobiluri 

mowyobilobis gadarTva Sesruldes iseT WLAN sadgurze, romlis signali 

sustia da Sedegad miviRoT servisis xarisxis garkveulwilad gauareseba 

calkeuli momxmareblebisTvis. am algoriTmis gamoyeneba dasaSvebia mxo-

lod im SemTxvevaSi, rodesac LTE qselSi aris gadatvirTvebis maRali done 

da aucilebelia qselis operatiuli gantvirTva, misi funqcionirebis Se-

narCunebis mizniT.     

SemoTavazebuli algoriTmebis saSualebiT, SesaZlebelia teqnologiis 

SigniT arsebuli gadatvirTvebis Semcireba, trafikis sxva teqnologiebze 

gadanawilebis gziT, amavdroulad mcirdeba mobilobis proceduris xan-

grZlivoba da izrdeba mobiluri mowyobilobis kvebis wyaros sicocxli-

sunarianoba. aRniSnuli upiratesobebidan gamomdinare SesaZlebelia, ro-

gorc heterogenuli qselis, aseve masSi Semavali calkeuli teqnologiis 

doneze mwarmoeblurobis amaRleba. 
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INVESTIGATION OF INTER RADIO ACCESS TECHNOLOGY HANDOVER PROCEDURE 

METHODS 
Dzotsenidze G., Murjikneli G. 
Georgian Technical University 

Summary 
               In this thesis, it is described handover procedure between different radio access  technology. It is of-
fered improved algorithm by which, it is possible to faster handover procedure, reduce mobile device power 
consumption and minimize congestion in the network. 
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multiservisuli qselis gamtarunarianobis Sefasebis 
problema 

 
bJinava e. 

saqarTvelos teqnikuri universiteti 
 
     moxsenebaSi warmodgenili Teoriuli kvlevebis mizans warmoadgens, qselSi 
warmoqmnili trafikis moculobebs Soris funqcionaluri damokidebulebebis, mom-
saxurebis xarisxis maCveneblebis da qselis struqturuli parametrebis gansaz-
Rvra, rac agreTve SeiZleba gamoviyenoT qselis agebis Rirebulebis gamosavlenad. 
 
     Teoriuli kvlevebis mizans warmoadgens, qselSi warmoqmnili trafi-

kis moculobebs Soris funqcionaluri damokidebulebebis, momsaxurebis 

xarisxis maCveneblebis da qselis struqturuli parametrebis gansazRvra, 

romlebic agreTve gamoyenebuli iqneba, qselis agebis Rirebulebis gamosav-

lenadac. dReisaTvis mTavar sirTuled miCneulia momsaxurebis xarisxis 

(QoS – Quality of Service)  maCveneblebis Sefaseba IP – paketebis gadatanis sxva-
dasxva aspeqtebTan. qselis mravalferovani maxasiaTeblebidan aucilebelia 

ramodenime ZiriTadi maCveneblis gamoyofa, romlebic momsaxurebis xaris-

xis srulad Sefasebas axdenen da SeiZleba gamoviyenoT qselis resursebis 

aucilebeli raodenobis dasadgenad, xolo danarCeni maxasiaTeblebi ki,  

infromaciis nakadebis momsaxurebis procesis calkeuli Semadgenlebis da-

sazusteblad. ganvixiloT Sesabamisi maCveneblebis SerCevisaTvis ori cno-

bili midgoma. 

      pirvel SemTxvevaSi viyenebT ITU- s У.1541 rekomendaciebs (2002 wlis 

maisi), romelSic momsaxurebis doneebi iyofa kategoriebad IP - paketebis 
gadacemis maxasiaTeblebis mniSvnelobaTa Sesabamisad:  gadacemis dayovne-

bebis; gadacemis dayovnebebis variaciebis; dakarguli paketebis wilobrivi 

mniSvnelobebis; SecdomebiT gadacemul paketebis wilobriv mniSvnelobaTa 

Sesabamisad. am maxasiaTeblebis mniSvnelobebi, gansazRvruli momsaxurebis 

eqvsi klasisaTvis, mocemulia cxrilSi: 

  IP – paketebis  gadacemis maxasiaTeblebis  mniSvnelobebi, romlebiTac 

ganisazRvreba infosakomunikacio momsaxurebis klasebi 

(ITU- s У.1541 rekomendaciebi [1]) 
IP – paketebis gadacemis maxa-

siaTeblebi 
(araumetes) 

informaciis paketebis gadacemis xarisxis klasebi 

0 1 2 3 4 5 

IP – paketis gadacemis dayov-
neba  

(IPTD – IP Packet Transfer Delay) 

100 mwm 400 mwm 100 mwm 400 mwm 1 wm -(ar aris 
gansaz-
Rruli) 

IP - paketis gadacemis dayov-
nebis variacia (IPDV – IP Packet 

Delay Variation) 

50 mwm 50 mwm - - - - 

dakarguli IP –paketebis wili 
(IPLR – IP Packet Loss Ratio) 

1 x10-3 1 x10-3 1 x10-3 1 x10-3 1 x10-3 - 

SecdomiT gadacemuli IP pake-
tebis wili 

(IPER – IP Packet Error Ratio). 

1 x 10-4 1 x 10-4 1 x 10-4 1 x 10-4 1 x 10-4 - 
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SeniSvna:  

• IP –paketis gadacemis dayovneba : IPTD parametri ganisazRvreba rogorc pa-
ketis gadatanis drois xangrZlioba gadamcemsa da mimRebs Soris – ro-

gorc warmatebulad gadacemuli paketisaTvis, aseve Secdomebis Semcveli 

paketisaTvis. 

• IP –paketis dayovnebis variacia anu jiteri, imaSi vlindeba, rom Tanamim-

devruli paketebi mimRebTan Semodian drois araregularul momentebSi. 

• dakarguli IP –paketis wili IPLR koeficienti ganisazRvreba rogorc da-
karguli paketebis jamuri raodenobis fardoba miRebuli paketebis saer-

To ricxvTan, miRebuli da gadacemuli paketebis Sesabamisi  krebulidan. 

• SecdomiT gadacemuli IP –paketis wili: IPLR koeficienti ganisazRvreba 
rogorc Secdomebis Semcveli paketebis miRebuli jamuri raodenobis 

fardoba warmatebulad da SecdomebiT miRebul paketebis jamur raode-

nobasTan. 

      paketebis gadacemis pirobebisadmi moTxovnebi gamomdinareobs momsa-

xurebis miwodebuli saxeobis maxasiaTblebidan. momsaxurebis saxeobaTa 

klasebis CamonaTvali maxasiaTblebis Sesabamisad, Semdegi saxisaa: ([1]) 

0 klasi – realuri drois nakadi, romelic gamoirCeva interaqtiuro-

bis maRali xarisxiT da mgrZnobiarea dayovnebis variaciis mimarT (maRal-

xarisxovani  paketuri telefonia da videokonferenckavSiri). 

1 klasi – realuri drois nakadi, interaqtiuri da mgrZnobiare dayov-

nebis variaciis mimarT (paketuri telefonia, videokonferenckavSiri). 

2 klasi – monacemTa tranzaqcia, romelic gamoirCeva interaqtiobis ma-

Rali xarisxiT (signalizacia). 

3 klasi– monacemTa interaqtiuri tranzaqcia. 

4 klasi – nakadebi, romlebic mgrZnobiareni arian informaciis kargve-

bis mimarT qselSi maTi gadacemis procesSi (moTxovnaTa masivebi, nakaduri 

video). 

5 klasi– IP – qselSi arsebuli momsaxurebis tradiciuli saxeobebi, 

gadacemis „miCqmaluli“  maxasiaTblebiT. 

SeniSvna:  

• interaqtiuri nakadi (trafiki) aris trafikis tipi, romlisTvisac damaxa-

siaTebelia momxmarebelTa an mowyobilobaTa uSualo urTierTqmedeba 

(dialogi). 

• nakaduri trafiki aris trafikis tipi, romlisTvisac damaxiaseTebelia 

informaciis mosmena an xilva samomxamreblo (damaboloebel) mowyobi-

lobaze uwyvetad miwodebis Sesabamisad. 

K   kavSiris seansi Sedgeba sami fazisagan – kavSiris damyareba, informa-

ciis gadacema da kavSiris daSla. rodesac msjeloba exeba IP  protokols 

(OSI modelis me – 3 done, maRali donis protokolebis arsebobis gauTva-

liswineblad) unda ganvixiloT mxolod erTi faza – IP  paketebis gadata-
nis faza. 

    unda aRiniSnos, rom ganxiluli klasifikacia Camoyalibebulia IP – pa-
ketebis gadatanis teqnikuri parametrebis warmoCenis pozicidan da momsa-

xurebis diferencirebis aseTi dawvrilmaneba iZleva saSualebas, Sevafa-

soT multiservisul qselSi informaciis nakadebis gadacemis calkeuli 

detalebi. meores mxriv, klasebis (kategoriebis) aseTi raodenobis gamoye-
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neba multiservisul qselSi  arTulebs qselis fuqncionirebis aRwerisaT-

vis Sedgenil models. 

      ganvixiloT momsaxurebis saxeobebis miwodebis xarisxis  uzrunvel-

yofis Sefasebis meore midgoma. davyoT momsaxureba sam kategoriad da mom-

saxurebis xarsixis kriteriumad SevirCioT momxmareblis mier xarisxis aR-

qma informaciuli Setyobinebis miRebis procesSi arsebuli dayovnebebis 

zegavlenis Sesabamisad.  pirveli kategoria mivakuTnoT monacemebis gada-

cemas drois realur reJimSi. Sesabamisi informaciis nakadebis gadacema 

xorcieldeba dayovnebis gareSe, an dayovnebis minimaluri mniSvnelobebiT. 

momsaxurebis Sesabamis saxeobas ewodeba realuri drois momsaxureba (real – 

time services). mas miekuTvneba xmovani signalis gadacema da vidoekonferen-

ckavSiri. meore kategoria miekuTvneba monacemebis gadacemas interaqtiur 

reJimSi (interactive data). momsaxurebis am saxeobas ewodeba monacemebis inte-
raqtiuri gadacemis reJimis momsaxurebis saxeoba. am SemTxvevaSi Setyobine-

bis gadagzavna SeiZleba xdebodes mcire dayovnebebiT. momxmarebeli momsa-

xurebis xarisxis Sefasebas axdens Setyobinebis miwodebis drois xan-

grZliobis gaanalizebis Sedegad, rac ganisazRvreba momxmareblis infor-

maciis gadacemis siCqariT. momsaxurebis aseT saxeobas miekuTvneba veb–

gverdidan informaciis gadmoqaCva. xolo, momsaxurebis mesame kategorias 

ganekuTvneba is saxeobebi, romelTa gadacemis dros dasaSvebia gacilebiT 

mniSvnelovani dayovnebebi, magram momxmareblis SefasebiT, es xdeba momsa-

xurebis xarisxis dakargvis gareSe – delay tolerant services. momsaxure-

bis es saxeoba ganekuTvneba momacemebis gadacemas, romlebic ar aris 

mgrZnobiare dayovnebebis mimarT, magaliTad eleqtronuli fostis Setyo-

binebis gadacema, an failebis gadagzavna da a. S. CamoTvlili kategoriebis 

Sesabamisi momsaxurebis saxoebebis CamonaTvali, maTi mgrZnobiarobis miTi-

TebiT paketebis kargvebisa da dayovnebaTa variaciis (jiteris) mimarT, mo-

cemulia cxrilSi: 

momsaxurebis saxeobaTa ganawileba kategoriebad, momxmareblis mier xaris-

xis aRqmis  Sesabamisad ([1]). 

 

trafikis kla-
si 

momsaxurebis saxeobis tipi IP –paketebis gadatanis maCve-
neblebisadmi mgrZnobiaroba 
kargve-
bi 
 

dayovne-
ba 
 

dayovne-
bis va-
riacia 
(jiteri) 

monacemebis ga-
dacema realu-
ri drois re-
JimSi 

xmovani signali 
monacemTa tranzaqcia 
videokonferenckavSirisaSua-
lo 

saSualo 
maRali 
maRali 

maRali 
maRali 
maRali 

maRali 
maRali 
maRali 

monacemTa inte-
raqtiuri 
gadacema 

veb–gverdebis daTvaliereba 
dokumentebis gadmoqaCva 
videofalebis gadmoqaCva 

maRali  
maRali 
maRali 

saSualo 
saSualo 
saSualo 

Ddabali 
Ddabali 
saSualo 

monacemebis ga-
dacema, romle-
bic egueba da-
yovnebebs 

Ffailebis gadagzavna 
eleqtronuli fosta 
telemetriis zogierTi saxe-
obebi 

maRali  
maRali  
maRali 

Ddabali 
Ddabali 
 dabali 

Ddabali 
Ddabali 
 dabali 
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    amrigad, es kalsifikacia Sesrulebulia momsaxurebis xarisxis momxma-

reblis TvalsazrisiT  Sefasebis safuZvelze. ganvixiloT formaluri ma-

xasiTeblebi, romlebic SeiZleba iqnas gamoyenebuli momxmareblis momsaxu-

rebis xarisxis Sesafaseblad. 

realuri drois trafikis momsaxureba aris tradiciuli da xorcieldeba 

qselebSi  arxebis komutaciiT. aq informaciis nakadebi, romlebic Semodi-

an qselis kvanZebSi, momsaxurebuli unda iqnan maSinve, dayovnebis gareSe. 

rodesac informaciis nakadis dayovneba da dayovnebis variacia kontrol-

deba qselSi arsebuli meqanizmebiT, cxadia realuri drois servisebisaT-

vis momsaxurebis xarisxi iqneba paketebis kargvebis wili da saarxo resur-

sTan miRwevadoba, anu kavSiris damyarebaze uarebis wilobrivi maCvenebeli. 
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       The goal of presented theoretical rewiew is to determine dependency between volume of traffic created 
in the network, service quality indicators and network’s structural parameters. These can also be used in cal-
culating the cost of network construction. 
 

 
 
 
Tanamedrove kavSirgabmulobis qselebis organizacia, 

marTva da teqnikuri momsaxureba 
 

RibraZe n., xunwaria l., xaxutaSvili e. 
saqarTvelos teqnikuri universiteti 

 
naSromSi ganxilulia kavSirgabmulobis saSualebebis da momsaxurebebis 

farTo gamoyeneba sazogadoebis sasicocxlo yvela sferoSi, rac aiZulebs adamia-
nebs orientacia aiRon swrafad cvalebad nairsaxeobis yvelaze efeqtur arCevanze. 
axalma moTxovnebma Secvala kavSirgabmulobis qselebis ganviTarebis koncefcia, 
ris Sedegadac mTel msoflioSi mkvidrdeba cifruli multiservisebis qselebis 
teqnologiebi, kavSirgabmulobis momsaxurebiT, romelic xorcieldeba umeteswi-
lad kompiuterebis Semqmnel teqnologiur bazaze. problema mdgomareobs imaSi, 
rom infokomunikaciuri bazris ganviTarebam momxmarebeli ver daakmayofila. ami-
tom gamoikveTa, dargisTvis upirvelesia teqnologia, xolo klientebis moTxovni-
lebebi da maTi dakmayofileba meoradi. 

infokomunikaciis mWidro kavSiri da mis safuZvelze informatizaciis miR-
wevebi mowmobs infokomunikaciis eris dadgomas. fasdaudebeli roli iTamaSa stan-
dartizaciasTan erTad teqnologiur-revoluciurma miRwevebma. pirvelad gaxda Se-
saZlebeli nebismieri informaciis wardgena, gadacema, Senaxva da damuSaveba, stan-
dartul cifrul formatSi “standartul” kompiuterze. msoflio qseli interneti 
qmnis axal erTian sivrces informaciuli gacvlisaTvis, saSualebas iZleva gaaer-
Tianos xalxi jgufebi biznes interesebis mixedviT rac iwvevs seriozul cvlile-
bebs telekomunikaciuri qselebis teqnologiebis Secvlas. iqmneba multiservisu-
li qselebi, globaluri bazari saSualo da mcire sawarmoTaTvis, telekomunika-
ciis erTiani unificirebuli sistemebi, axali teqnologiebis danergva, kavSirgab-
mulobis qselebis organizacia, pirveladi da meoradi qselebis ganvrcobadi mode-
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li, romelic iZleva saSualebas erT kabelSi iyos moTavsebuli wvdomis da sat-
ransporto qselis fragmentebi informaciis gadasatanad. 

 
kavSirgabmulobaSi (telekomunikaciaSi) teqnologiebis ganviTarebam 

da momxmareblis axalma moTxovnebma Secvales dargis koncefcia, ris Se-

degad 100 wliani analogiuri satelefono qselebis dominireba Seicvala 

mTel msoflioSi cifruli multiservisuli qselebis teqnologiebiT, ro-

melic xorcieldeba umeteswilad kompiuterebis Seqmnil teqnologiur ba-

zaze, vidre tradiciul satelefono danadgarebze. 

XXI saukunis dasawyisSi mTel msoflioSi infokomunikaciuri bazris 

ganviTarebis arabunebriobam ver daakmayofila kavSirgabmulobis sisteme-

bis Semqmnelebi da operator-kompanionebi. isini Tvlian, rom dargisTvis 

upirvelesia teqnologia, xolo klientebis moTxovnilebebi da maTi dakma-

yofileba meoradi. 

infokomunikacia niSnavs informaciuli da telekomunikaciuri ele-

mentebis informaciis gacvlis uwyvet kavSirs, romelic viTardeba konver-

genciis (niSnavs miaxloebas, gasworebas) procesSi. xolo infokomunikaciu-

ri qselebi warmoadgenen informaciuli da kavSirgabmulobis qselebis in-

tegraciis Sedegs. orive erTad Seadgenen sazogadoebis infokomunikaciur 

infrastruqturas.  

informaciis epoqaSi “kavSirgabmuloba” iRebs ufro farTo mcnebas, 

xolo msoflio qseli interneti qmnis axal erTian sivrces informaciuli 

gacvlisTvis. es axali realobaa, romelSic Sexamebulia satelevizio da 

zepiri gadacemis uSualoba. Tumca telekomunikaciuri qselebis teqnolo-

giebi Txouloben seriozul cvlilebebs. 

amJamad, telekomunikaciurma samyarom waradgina axali Taobis kav-

Sirgabmulobis qselebi (Next Generation Network, NGN). TandaTan Seiqmna er-

Tdriulad funqcionirebadi arxebi mTeli jgufi momxmareblisaTvis, rom-

lis safuZvelze Seiqmna virtualuri kerZo qseli (Virtual Private Network, VPN), 

romlebic xdebian multiservisulni: sityva+monace-mebi+video. amis safuZ-

velze SesaZlebeli gaxda xalxis saqmianobis globaluri informacizacia. 

globalizacia aris adamianuri civilizaciis komponentebis Serwymis 

saerTo procesi, romelic moicavs informaciuli teqnologiebis gavrcele-

bis process. 

aranakleb mniSvnelovania Tanamedrove sazogadoebaSi cifruli wyve-

ta an cifruli utoloba. Camoyalibda globaluri sainformacio sazoga-

doeba (Global Information Society, GIS), romelic warmoadgens integrirebul 

msoflio sainformacio qsels mTeli planetis masobrivi momsaxurebisaT-

vis globaluri da regionaluri informaciuli-komunikaciuri sistemebi-

saTvis. 

globaluri informaciuli procesebi eqvemdebareba samarTlebriv re-

gulirebas. saerTaSoriso informaciul samarTals aqvs Tavisi regulire-

bis obieqti-saerTaSoriso sainfomacio urTierTobebi, romelic warmoiqmne-

ba saerTaSoriso sainformacio sivrcis aTvisebisas. 

“globalur sainformacio sazogadoebis qartiam” (GIS) gaaZliera mi-

si strategiebis safuZvlebi da teqnika saqmianobis sam doneze: msoflio, 
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regionalur da nacionalurze. qartias gaaCnia GIS-is formirebis mniSvne-
lovani principebi. qartia udides rols aniWebs informaciul-komunikaci-

ur teqnologiebs ekonomikuri da socialuri problemebis gadasaWrelad. 

infokomunikaciuri qselebis struqtura Sedgeba Semdegi elementebi-

sagan: satransporto, misawvdomlobis qselebisagan, momxmareblobiTi ter-

minalebisagan da momxmareblebisagan. terminali uzrunvelyofs momxmareb-

lis interfeiss isargeblos infokomu-nikaciuri qseliT an sistemis in-

formaciiT, romelic gamoiyeneba gadacemisTvis. 

infokomunikaciuri qselis arqiteqtura gamosaxulia modelis saxiT, 

sxvadasxva topologiuri struqturiT. umartivesia topologiaa “wertili-

wertili”, topologia “xe”, radianur-kvanZuri topologia rgoluri; ormagi 

rgoli; mTliankavSiriani, ujredovani da fiWuri. 

funqcionirebis TvalsazrisiT qselebi SeiZleba ganxiluli iyos 

rogorc damoukidebeli struqturuli komponentebi. funqcionaluri mode-

li asaxavs qselis logikur doneze qseluri funqciebis urTierTkavSirs. 

logikuri interfeisebi gansazRvraven kavSirgabmulobis qselebis 

funqcionirebis urTierTmoqmedebis wess. erTidaigive tipis funqciebs So-

ris logikuri interfeisi warmoadgens protokols. 

infokomunikaciuri qselis marTva flobs teqnikur sistemas, romel-

sac aqvs marTvis ierarqiis oTxi done da kompetenciebi. I doneze xdeba ad-

ministraciuli an komerciuli sferos marTva; II doneze _ momsaxurebis 

marTva; III doneze _ qseluri marTva; IV_elementebiT marTva. 

infokomunikaciuri qseli SeiZleba ganixilos rogorc informaciu-

li sistema, gankuTvnili Senaxvis, gadacemis an monacemTa damuSavebisaTvis, 

dadebuls eleqtrokavSiris qselze. 

Tanamedrove telekomunikaciuri qseli warmoadgens informaciul 

birTvs, romelic uzrunvelyofs gadacemis da zogierTi saxis monacemTa 

damuSavebas. 

qselis mowyoba mTlianobaSi Seadgens mis struqturas, romelSic 

igulisxmeba calkeuli elementebis gaerTianeba segmentebad. mTlianobaSi 

nebismieri qseli warmoadgens punqtebs da maTi SemaerTebeli xazebis kav-

Sirgabmulobas. 

monacemTa gadacemis protokoli garda sinqronizaciisa, gansaz-

Rvravs Semdeg elementebs: marSrutizacias, komutacias, koncentracias, 

multipleqsirebas, arxebis komutacias da sinqronizacias. 

komutaciis meTodebis klasifikaciis dros, cnobilia ori ZiriTadi 

principi: uSualo SeerTeba da informaciis dagrovebiT SeerTeba. 

arxebis komutacia xorcieldeba komutatoriT sivrciTi an drouli 

komutaciiT an maTi kombinaciebiT. arxebis komutaciis reJimi bazirdeba 

viwrozolovan qselebSi arxebis droiTi gayofis principiT. es xerxi cno-

bilia, rogorc gadatanis sinqronuli reJimi. 

arxebis komutacia warmoadgens Zalian rTul mouqnel proceduras. 

yvela arxebis marTva da simfazurobis uzrunvelyofa SeerTebis damyare-

biT, praqtikulad gadauwyveti amocanaa. Tu sirTulis Sesamcireblad Ziri-

Tadi cifruli arxisTvis SeirCeva did siCqariani arxi, maSin gaSvebis zo-

lebis sigane gamouyenebelia, sigane Zalian didia, ris Sedegadac gamtanu-
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narianobis gamoyeneba dabalefeqtiania. 

naklis aRmosafxvrelad SemuSavebuli iqna farTodiapazoniani siCqa-

ris komutaciis varianti-mravalsiCqariani arxebis koncefcia. am qseluri 

resursebis gamoyeneba gadacemis siCqaris SecvliT efeqturobis amaRlebis 

mizniT SemoTavazebuli iyo swrafi komutaciis arxebis koncefcia. 

komutacia dagrovebiT-es aris komutaciis kvanZebSi operaciebis er-

Toblioba, gadacemis an misi nawilis dagroveba da Setyobinebis momdevno 

gadacema masSi Semavali misamarTis mixedviT. dagrovili komutaciis dros 

qselis gamtarunarianoba ar aris damagrebuli mTeli seansis dros or 

momxmarebels Soris. is miewodeba mxolod saWiroebis SemTxvevaSi. am dros 

informaciis wyaros aqvs mudmivi kavSiri Tavis komutaciis kvanZTan. Semdeg 

es informacia etapobrivad gadaecema komutaciis kvanZebis saSualebiT. 

Tanamedrove kavSirgabmulobis qselebis organizacia xorcieldeba 

“dagrovebiTi sistemis” ori saxeobiT: pirveli es aris sistema Setyobine-

bis komutaciiT (Sk) da meore sistema paketebis komutaciiT (pk). 

paketebiT komutaciis meTodi Tavisi ideologiiT emTxveva Setyobne-

bis komutaciis (Sk) meTods da gansxvaveba mxolod imiT, rom grZeli Se-

tyobinebebi gadaicema ara mTlianad, aramed dayofilia SedarebiT mokle 

nawilebad-paketebad. ganasxvaveben paketebis gadacemis or xerxs (reJims): 

virtualuri SeerTebis reJims da deitagramul reJims. 

virtualuri SeerTeba SeiZleba arsebobdes iqamde, sanam erTi abonen-

tis mier gagzavnili specialuri samsaxurebrivi paketi ar waSlis instruq-

cias kvanZebSi. 

standartul saerTaSoriso protokolebSi gaiTvaliswineba ori ti-

pis virtualuri arxi: mudmivi da komutirebuli. mokle SetyobinebisaTvis 

ufro efeqturia deitagramuli reJimi. gamoiyeneba damoukidebeli paketis 

aRsadgenad, romelic moZraobs qselSi sxva paketebis damoukideblad. dei-

tagramuli reJimi gamoiyeneba internetSi. 

paketebis Cqari komutacia aris koncefcia, romlis ideuri safuZveli 

aris paketuri komutacia minimaluri funqciebiT, Sesrulebuli komutaciis 

kvanZebiT rgolis doneze qselis droiTi gamWvirvalobis amaRlebis miz-

niT. 

aRsaniSnavia, rom kavSirgabmulobis cifruli traqtebis gamtaruna-

rianobis efeqturoba cvladi sigrZis paketebis gamoyenebisas ufro maRa-

lia, vidre mudmivi sigrZis paketebisa. eqspertebi iZlevian rekomendacias 

gamoyenebuli iqnas termini “fiWa”, raTa xazi gaesvas miRebul buferuli 

sivrcis moculobis fiqsirebuli sigrZis paketebis gamoyenebas. 

Tanamedrove teqnologiebiT SesaZlebeli gaxda komutatorebis war-

madobis miRweva. 

Tanamedrove kavSirgabmulobis qselis muSaobas destabili-zirebuli 

faqtorebis zemoqmedebisas ewodeba mdgradoba, romelic ganisazRvreba qse-

lis saimedoobiT, sicocxlis unarianobiT da xarvezebisadmi mdgradobiR. 

am dros gamoiyeneba organizaciul-ekonomikuri xasiaTis sxvadasxva Ronis-

Ziebani: kavSirgabmulobis qselis topologiis optimizacia ekonomikurobis 

da saimedoobis kriteriumebiT, kavSirgabmulobis nagebobebis racionaluri 

ganlageba adgilze SesaZlo ngrevis zonebSi, qselebis ganlagebis dacvis 
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specialuri RonisZiebebi dabrkolebis zegavlenisagan; rezervebis sisteme-

bi; marTvis avtomatizirebuli sistemebi, romlebic organizacias ukeTeben 

samuSaoebs sxvadasxva pirobebiT. magram nebismieri qselis sando muSaobis 

safuZvelia misi struqtura. 

yvelaze ganviTarebuli struqtura aqvs satelefono qsels, romelic 

farTod gamoiyeneba infokomunikaciuri momsaxurebisaTvis. qalaqis satele-

fono qsels aqvs radialur-kvanZuri tipologia. 

Tanamedrove satelefono qselebs aqvT centraluri birTvi, Sesru-

lebuli rgoluri an mravali rgoluri tipologiiT. 

eleqtrokavSiris yvela saxeobani Camoyalibda da viTardeboda damo-

ukideblad, ris Sedegadac Camoyalibda sxvadasxva qselebi dadgenili sa-

xelmwifos kanonmdeblobiT. 

eleqtrokavSiris erTiani qselis teqnikuri saSualebebis erToblio-

ba qmnis pirvelad qsels, romelic uzrunvelyofs satelefono qselis uni-

ficirebul arxebs da gadacemis traqtebs urTierTSeerTebisaTvis. arse-

bobs pirveladi da meoradi kavSirgabmulobis qselebi, romlebic uzrun-

velyofen gansakuTrebuli saxis Setyobinebis gadacemas danadgarebis gamo-

yenebis gziT. 

erT-erTi ZiriTadi idea, romelic Tan misdevs pirvelad qselis ie-

rarqiul warmodgenas ramodenime damoukidebeli ierarqiuli donis saxiT, 

Sedgeba dayenebaSi garkveuli urTierTdakavSirebuli mezobel doneebs So-

ris. am urTierTobas ewodeba klientebis serverebTan urTierToba. Tavda-

pirvelad serveri Semdgom gamodis rogorc klienti. arsebobs pirveladi 

da meoradi qselebis ganvrcobadi modeli. am modelebSi, warmodgenil Ti-

Toeul dines aqvs Sesasvlelebi da gamosasvlelebi Sereuli doneebidan, 

xolo SigniT erT fenaSi cirkulirdeba gansazRvruli formatis signale-

bi, romlebic iZleva saSualebas standartebis zeddebisa, rogorc qselis 

musaobis eleqtruli elementebis urTierTmoqmedebis qselis modeli ie-

rarqiuli Sreebis saxiT. Tanamedrove qslebSi wvdomis da satransporto 

qselis fragmentebi SesaZlebelia moTavsebuli iyos erT kabelSi. gamoyene-

buli iqnas mezobeli traqtebi erTi sistemisa da SeuZliaT gadaitanon er-

Tnairi informacia da sxva. 

amrigad, Tanamedrove kavSirgabmulobis qselebis organizacia da 

marTva, maTi ganviTarebis ZiriTadi mimarTulebebi, globaluri infokomu-

nikaciuri infrastruqtura, infokomunikaciebis pirveladi da meoradi qse-

lebis organizaciuli elementebis urTierTmoqmedebis modeli warmodgeni-

li ierarqiuli Sreebis saxiT, saSualebas iZleva moTavsebuli iyos kabel-

Si, aseve SeiZleba gamoyenebuli iqnas mezobeli traqtebi erTi sistemisa 

erTnairi informaciis gadasatanad, rac iZleva saSualebas ekonomikuri 

problemis gadaWraSi. 
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ORGANIZATION OF MODERN COMMUNICATIONS NETWORKS, MANAGEMENT AND TEC-
HNICAL SERVICE 

N. Gibradze, L. Khuntsaria, E. Khakhutashvili 
Georgian Technical University  

Summary 
The development of communication (telecommunication) technologies and modern demands of custo-

mers has changed the concept of the field. The domination of telephone networks had been changed by digi-
tal multiservice network technologies, which are carried out on the technological base of computers.  

Close relation of info-communication and its bases, information achievements with standardization gi-
ves us opportunity to present, deliver, save and process information in standard digital format via standard 
computer.  

Info-communicational networks represents the integration result of informational and communication 
networks. The architecture of photo communication network is outlined in a form of model, by different to-
pological structure. Its is easiest topology “point-point” typology “tree”, radian-nodal topology; annular; do-
uble ring; Complete Connection; multicellular and cellular. 

Network arrangement overall makes up its structure, this means the unification of separate elements in 
segments. Each network represents paragraphs and communications of their connecting lines.  

Should be noticed the effectiveness of digital communication treatise throughput while using variable-
length packets.  

There are extensible models of the primary and secondary networks of modern communications. These 
models have inputs and outputs in the mixed levels. Organizational elements of the interaction network mo-
del are presented in the form of hierarchical layers. In the each cable can be placed the fragments of access 
and transport networks, also may be used neighbor tracts to convey the similar information that gives us op-
portunity to resolve economical problems.   
 
 

 
 
 

perspeqtiuli da Tanamedrove sensoruli qselebi 
 

maxaraZe s., beriZe j, 
saqarTvelos teqnikuri universiteti  

 
moxsenebaSi ganxilulia infotelekomunikaciis sferoSi erTerTi yvelaze 

perspeqtiuli da Tanamedrove teqnologiis-usadeno sensoruli qselebis agebis, 
ganviTarebis sakiTxebi, qselis danergvasTan dakavSirebuli sakvlevi problemebi. 
usadeno sensoruli qselebis gansakuTrebulobebis _ qselis TviTorganizebis, 
TviTaRdgenis, TviTkonfigurirebis gaTvaliswinebiT maTi gamoyeneba sxvadasxva 
sferoebSi. 

 
 usadeno sensoruli qseli (usq) (Wireless Sensor Network-WSN) warmoad-
gens telekomunikaciis Tanamedrove teqnologiebis ganviTarebis erTerT 

yvelaze perspeqtiul mimarTulebas. maTi gamoyenebis perspeqtuloba ganpi-

robebulia kabeluri infrastruqturis SecvliT usadeno teqnologiebiT 

da axali funqcionaluri SesaZleblobebiT. usq-is iseTi maxasiaTeblebis 

wyalobiT, rogorebicaa kvanZis miniaturoba, dabali energo moxmareba, Ca-

Senebuli radiointerfeisi, sakmarisi gamoTvliTi simZlavre, dabali Rire-

buleba, SesaZlebelia maTi farTo gamoyeneba adamianis moRvaweobis bevr 

sferoSi, informaciis Segrovebis avtomatizaciis procesebis mizniT, sxva-

dasxva teqnikuri da bunebis procesebis monitoringisa da kontrolisaT-

vis. 

 usq-is CamoTvlili gansakuTrebulobebis gaTvaliswinebiT maTi gamo-
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yeneba SesaZlebelia Semdeg sferoebSi (nax.1) [1]: 

- satelekomunikacio qselebis infrastruqturis monitoringi; 

- satransporto magistralebis monitoringi (sarkinigzo gza, metropoli-

teni da sxva), navTobisa da gazsadenebi, energo da gaTbobis sainJinro 

qselebi; 

- satrasporto tvirTis nakadis kontroli da analizi; 

- ekologiuri, biologiuri da samedicino monitoringi; 

- cxovrebisaTvis damxmare sistemebis avtomatizacia da “Wkviani saxle-

bis” klasis sistemebi; 

- gamouvali situaciebis gamovlineba da maT Sesaxeb winaswar gafrTxi-

leba (seismuri aqtivobis da vulkanuri moqmedebis monitoringi, atmos-

feros analizi da amindis prognozis Sesaxeb droulad gafrTxileba, 

ubeduri stiqiuri SemTxvevis Tavidan acilebis mizniT). 

 

 
nax.1. usq-is gamoyenebis sferoebi 

 

cnobebi usq-is Sesaxeb da maTi pirveli nimuSebi gamoCnda aSS-Si. 

Zlier warmatebuli aRmoCnda profesor kristofer pisteris (2001w) kvleva 

kaliforniis Statis berklis universitetidan, romelmac miipyro aSS-s 

Tavdacvis saministros perspeqtiuli SemuSavebis marTvis samsaxuris 

(PARPA) yuradReba. kristofer pisteris mier 2001 wels daproeqtebuli ni-

muSi smart dust, flobda unikalur funqcionalur SesaZleblobebs. 

usq – ganawilebuli qselia, romelic Sedgeba aramomsaxurebadi mini-

aturuli eleqtronuli mowyobilobebisagan (qselis kvanZebi), romlebic 

axorcieleben sxvadasxva saxis monacemTa Segrovebas da maT gadacemas sa-

bazo sadgurebSi, kvanZidan kvanZTan usadeno kavSiriT retranslaciiT [2]. 

msgavsi sensoruli kvanZebi SeiZleba iyos stacionaruli, an mobiluri, anu 

Tavisuflad gadaadgildebodes sivrceSi gverdigverd, ise rom ar dair-

Rves qselis logikuri kavSiri. am SemTxvevaSi sensorul qsels ar gaaCnia 

fiqsirebuli mudmivi topologia, misi struqtura dinamiurad icvleba 

drois ganmavlobaSi. qselis kvanZi (nax.2), romelsac ewodeba sensori, Sei-

cavs gadamcems, romelic iRebs monacemebs garemodan (sakuTriv sensori), 

mikrokontroleri, mexsiereba, radiogadamcemi, kvebis avtonomiuri wyaro 
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da Semsrulebeli meqanizmi (naxazze ar aris naCvenebi) [3,4]. 

 
nax.2 sensoruli qselis kvanZis modeli da misi aparaturuli Semadgenloba 

 

usq-i Tavisi ganviTarebis mixedviT miekuTvneba usadeno personalur 

gamoTvliT qselebs (WPAN). WPAN qselebis maxasiaTebel gansakuTrebulo-

bas warmoadgens maTi dabali energomoxmareba. amJamad WPAN qselebi war-

modgenilia 2 klasiT: Semcirebuli moqmedebis radiusiT (10 m-mde) da gaz-

rdili moqmedebis radiusiT (100 m-mde). personaluri qselebi SeiZleba Se-

iqmnas sxvadasxva standartebis protokolebis da teqnologiebis gamoyene-

biT. magaliTad Bluetooth- IEEE802.12.1 standartis, ZigBee, 6loWPAN, DigiMesh-

IEEE802.15.4 standartis, WiMedia/MBOA UWB (Ultra Wideband)-ECMA368 standar-

tis (IEEE802.15.3a standartis bazaze) an  DS-UWB Forum-IEEE802.15.4a standar-

tis [5]. IEEE802.15.4 standartisaTvis monacemTa radio gadacemis zogierTi 

maxasiaTebeli moyvanilia nax.3-ze. IEEE802.15.4 standartSi sensoruli qseli 

SeiZleba moicavdes 264 qselur mowyobilobas. 

 
nax.3 IEEE802.15.4 standartis maxasiaTeblebi 

 

IEEE802.15.4 standarti warmoadgens sabazo safuZvels ufro maRal-

doniani protokolebisaTvis (ZigBee, 6loWPAN, DigiMesh da sxva) da saSuale-

bas iZleva qseli aigos qselur da ufro maRal doneze programuli CaSe-

nebiT, nax.4-ze moyvanili topologiebiT. 

ZigBee protokolebi saSualebas iZleva Seiqmnas TviTorganizebadi da 

TviTaRdgenadi sensoruli qselebi. qselis ZigBee mowyobilobebi CaSenebu-

li programuli uzrunvelyofiT SesaZleblobas iZlevian kvebis CarTvisas 

TviTon ipovon erTmaneTi da aformiron qseli, xolo romelime kvanZis 

mwyobridan gamosvlis SemTxvevaSi qselis koordinatoris funqcias iRebs 

sxva kvanZi, romelsac SeuZlia axali marSrutis damyareba Setyobinebis ga-

dacemisaTvis [6]. 
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nax.4 sensoruli qselis topologiebi  

 

aRsaniSnavia sensoruli qselebis Semdegi gansakuTrebulobebi: 

- TviTaRdgenis da TviTorganizebis SesaZlebloba; 

- mniSvnelovan manZilze informaciis gadacemis SesaZlebloba gadacemis 

mcire simZlavriT (retranslaciis gziT); 

- kvanZebis dabali Rirebuleba da maTi mcire zoma; 

- dabali energomoxmareba da eleqtrokvebis SesaZlebloba avtonomiuri 

wyarodan; 

- qselis gaSlis simartive sadenebis gamoyenebis aucileblobis ar arsebo-

bis gamo (srulad usadeno teqnologiis da elementidan kvebis wyalo-

biT) [7]; 

- aseTi qselebis gaSlis SesaZlebloba ukve arsebul da eqspluatirebul 

obieqtebze damatebiTi samuSaoebis Catarebis gareSe; 

- usq-is infrastruqturis marTvis SesaZlebloba planSetis saSualebiT; 

- teqnikuri momsaxurebis dabali Rirebuleba. 

sensoruli qselis proeqtirebisas da agebisas unda iqnas gaTvalis-

winebuli aspeqtebi, romlebic dakavSirebulia samecniero-teqnikur amoca-

nebTan da romlebic miekuTvneba infokomunikaciuri teqnologiebis sxva-

dasxva sferoebs da telekomunikaciis saSualebebs. 

usq-is sferoSi sakvlevi problemebia: 

- qselis kvanZebis SemuSaveba; 

- qselis struqtura da topologia; 

- marSrutizacia da adresacia; 

- arasanqcirebuli SeRwevisagan dacva; 

- radio dafarviT uzrunvelyofa; 

- mimRebisa da gadamcemis efeqturi antenebis SemuSaveba; 

- urTierTkavSiri; 

- qselis energomoxmarebis optimizacia da qselis muSaobis saerTo drois 

gazrdis mizniT; 

- monacemTa Segroveba da agregacia; 

- TviTkonfigurireba, TviToptimizacia da TviTaRdgena; 

- generacia, modulacia, gamosxiveba da radio signalebis gavrceleba; 

- urTierTqmedebis protokolebi; 

- saimedooba, sicocxlisunarianoba da usafrTxoeba; 

- Segrovebuli informaciis sizustis amaRleba; 
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- QoS-is uzrunvelyofa. 

farTozolovani konvergenciuli qselis BCN (Broadband Convergence Net-

work) [8] koncefciis Sesabamisad, morigi xarisxovani naxtomi infokomunika-
ciis momsaxurebis sferoSi iqneba usadeno sensoruli qselebis danergva, 

romlebic globaluri satelekomunikacio qselis momxmarebels saSuale-

bas miscems miiRos telemetruli informacia sxvadasxva obieqtebisagan da 

aseve gaagzavnos brZanebebi teritoriulad gabneul obieqtebze. amasTan 

sensoruli qselebis trafiki SeiZleba gadacemuli iqnas saerTo sargeb-

lobis kavSiris qseliT. (nax.5). 

 
nax.5 yvelganSemRwevi sensoruli qselis funqcionaluri doneebi 

 

 yvelganSeRwevadi sensoruli qselebi saerTo sargeblobis satele-

fono qselebTan, mobilur qselebTan, internetsa da monacemebis gadacemis 

sxva qselebTan erToblivi gamoyenebis dros (konvergencia) qmnian teqnikur 

da organizaciul SesaZleblobebs satelekomunikacio momsaxureba miyvani-

li iqnas nebismier nivTTan, saganTan, procesTan, cxadia saboloo momxma-

reblis _ adamianis moTxovnilebebis srul dasakmayofileblad. aseTi mid-

goma Tanamedrove qselebis agebis mimarT gaTvaliswinebulia Semdgomi Ta-

obis qselebis (NGN-Next Generation Network) agebis koncefciaSi [9]. 
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Summary 
Wireless sensor networks W-PAN (Wireless Personal Area Network)  and the use of their facilities 

are divided into areas of low-speed  LR (Low RATE), medium-speed (MR) and higt-speed (HR) networks.  
Sensory Networks are low-speed networks (LR WPAN), transmission speed is 250 Kbit/Sec. Such 

speed is sufficient for ubiquitous sensory networks, which are designed to take information, its routing  by 
the end nodes (sensors) and co-ordinates transmission by its superior  network (for example, Internet net-
work) 

The work presents analysis of sensor networks characteristics, features of their building, problems are 
identified  for the further development of such networks. 
 

 
 
 

MIMO В СОВРЕМЕННЫХ И ПЕРСПЕКТИВНЫХ СИСТЕМАХ 
БЕСПРОВОДНОЙ СВЯЗИ 

 
Беридзе Дж. Л., Буркадзе Т.О. 

Грузинский Технический Университет 
 
 В современных беспроводных системах связи увеличение скорости передачи и спектральной 
эффективности, уменьшение вероятности ошибок возможно за счёт ортогонального частотного 
мультиплексирования и технологии многоантенных систем – MIMO. Технология  MIMO 
подразумевает использование нескольких антенн  на передающей стороне и нескольких антенн на 
приёмной стороне, что позволяет значительно повысить пропускную способность и/или 
помехоустойчивость системы связи. Рассмотрены две системы беспроводного широкополосного 
доступа, в которых использована технология  MIMO, это – LTE и LTE-Advanced. Для этих систем 
показаны методы использования технологии MIMO и существующие различия между ними.  
 
 Из года в год к современным системам связи  возрастают требования к их 
пропускной способности и ёмкости, что может быть достигнуто разными методами, одним 
из которых является повышение спектральной эффективности. Спектральная эффективность 
в случае голосовых услуг измеряется в Эрл/Гц или бит/с/Гц при передаче данных. 
Спектральная эффективность может быть повышена различными способами, такими, как: 
оптимальный выбор схем модуляции и кодирования, быстрая адаптация системы к 
характеристикам беспроводного канала связи и др.  Мы  в нашей работе рассматриваем 
увеличение спектральной эффективности за счёт технологии многоантенных систем – 
MIMO (Multiple-Input-Multiple-Output). 
 В  работе традиционной беспроводной системы связи подразумевается обычно одна 
передающая и одна приёмная антенна (SISO – Single-Input-Single-Output). В 
противоположность SISO, технология  MIMO подразумевает использование нескольких 
антенн  на передающей стороне и нескольких антенн на приёмной стороне, что позволяет 
значительно повысить пропускную способность и/или помехоустойчивость системы связи. 
 В системах MIMO, как на передающей стороне, так и на приёмной используются 
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многоэлементные антенны или антенные решётки. Такие антенны  используются в одних 
случаях для того, чтобы сосредоточить энергию в направлении определённого абонента и 
сформировать соответствующую диаграмму направленности, в других случаях антенные 
решётки могут быть использованы для формирования нескольких параллельных потоков 
данных.  Совместное использование эффектов формирования луча диаграммы 
направленности, пространственного мультиплексирования и пространственного разнесения 
позволяет [1]: 
 увеличить зону покрытия; 
 повысить скорость передачи в системе; 
 повысить помехоустойчивость системы;  
 уменьшить требуемую мощность передатчика. 

 При разработке конкретной системы связи необходимо между этими 
положительными свойствами систем MIMO находить компромисс, так как, к сожалению, 
они не могут быть реализованы одновременно. 
 Из широко известной формулы Шенона для пропускной способности канала связи 
[2-3] при нетривиальном обобщении на многомерный случай и с учётом свойства 
определителя диагональной матрицы, было получено окончательное выражение для 
спектральной эффективности (которая равна пропускной способности в единичной полосе 
частот) канала MIMO [4]: 
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 Величина  r называется рангом канала связи MIMO. 
 Выражение (1) показывает, что пропускная способность канала MIMO равна сумме  
пропускных способностей r каналов SISO, каждый из которых имеет комплексный 
коэффициент передачи |λi|

2 и отношение  сигнал/помеха Es/N на входе приёмника. Из выше 
сказанного следует, что канал MIMO может быть представлен в виде совокупности 
параллельных каналов SISO, что иллюстрируется  рис.1. 

 
 
 
 
 
 
 
 

Рис. 1. Представление канала связи MIMO в виде 
 нескольких параллельных каналов SISO 

 
 

 Для спектральной эффективности ортогонального канала связи MIMO  [4]: 
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 Из (2) можно сделать вывод, что пропускная способность ортогонального канала 
связи MIMO в М раз выше пропускной способности канала связи  SISO. Из чего следует, что 
возможно достичь очень высокой эффективности использования спектра в системах связи, 
использующих технологию MIMO. 
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 В современных системах беспроводного широкополосного доступа, а именно: LTE, 
LTE-Advanced, UMTS, WiMax IEEE 802.16e и  IEEE 802.16m, WiFi IEEE 802.11n и IEEE 
802.11ac предусматривается использование технологии MIMO. В нашей работе мы 
рассматриваем использование технологии MIMO только в системах LTE и LTE-Advanced. 
 Система LTE (Long Term Evolution) в рамках  3GPP (3rd Generation Partnership 
Project) стандартизирована в Release 8 и 9. В этой системе  на линиях "вверх" и "вниз" 
реализация технологии MIMO существенно различается. На линии "вверх"  ранг MIMO 
(величина r) не превышает 1 (по числу передаваемых в системе независимых потоков 
информации), даже если абонентская станция оснащается несколькими антеннами, а на 
линии "вниз возможны схемы MIMO максимального размера 4х4 с пространственным 
мультиплексированием до 4 независимых потоков информации. В Release 8 для линии 
"вниз" специфицированы следующие схемы MIMO: разнесённая передача (ТМ2 – 
Transmission Mode 2), пространственное мультиплексирование (ТМ3); простран-ственное 
мультиплексирование с прекодированием (ТМ4); схема многопользовательского MIMO 
(MU-MIMO) (ТМ5); схема с прекодированием и с рангом 1 (ТМ6); адаптивное 
формирование луча диаграммы направленности (ДН) (ТМ7). В Release 9 была добавлена 
возможность адаптивного формирования луча диаграммы направленности с поддержкой на 
линии "вниз" двух пространственных уровней, или ранга 2 (ТМ 8). 
 Системы LTE-Advanced, начиная с Realease 10, за счёт использования на линиях 
"вверх" и "вниз" схем MIMO более высокого порядка, чем в системе LTE, позволяют 
повысить спектральную эффективность. Максимальный размер схем MIMO  в системе LTE-
Advanced на линии "вниз" – 8х8, а на линии "вверх" 4х4. Повышение скорости передачи 
данных на краях сот может обеспечиваться благодаря схемам скоординированной 
многоточечной связи (CoMP – Coordinated Multi Point),  специфицированным в Realease 11 
[5]; в такой схеме абонентская станция может одновременно работать с несколькими 
базовыми станциями. В спецификации Realease 10 для линии "вниз" был добавлен новый 
режим MIMO – ТМ9, позволяющий мультиплексировать до 8 пространственных уровней с 
прекодированием и с использованием новых типов пилот-сигналов. В этом режиме система 
может динамически переключаться между схемами SU-MIMO (Single User MIMO) и MU-
MIMO (Multi User MIMO) [6]. В  Realease 11 этот режим был расширен до режима ТМ10 для 
поддержки схем CoMP на линии "вниз": была введена возможность передачи абонентской 
станцией информации о характеристиках каналов для каждой из базовых станций, с 
которыми она работает в режиме CoMP. 
 Одним из серьёзных нововведений в спецификациях LTE-Advanced, позволяющим 
реализовать схемы пространственного мультиплексирования высокого порядка и повысить 
эффективность технологии MU-MIMO, стало включение новых типов пилот-сигналов. В 
системе LTE пилот-сигналы CRS (Cell reference Signal) на линии "вниз" передаются 
централизованно для всех пользователей, специфичны для каждой соты в отдельности и 
идентичны для всех пользователей одной соты (за исключением режима адаптивного 
формирования луча диаграммы направленности, при котором используются специфичные 
для каждого пользователя пилот-сигналы). В LTE-Advanced добавлен новый тип пилот-
сигналов для линии "вниз" – пилот-сигналы для оценивания канала (Channel State 
Information Reference Signal – CSI-RS), а также расширены возможности использования 
специфичных для каждого пользователя пилот-сигналов для демодуляции канала трафика 
PDSCH (DeModulation Reference Signal – DM-RS) [7]. В системах LTE-Advanced 
специфицированы сигнально-кодовые конструкции DM-RS на линии "вниз" для 8 
пространственных уровней в отличие от систем LTE, где сигналы DM-RS могли 
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использоваться только в схемах адаптивного формирования луча диаграммы 
направленности с рангом 1 и рангом 2. 
 Однако  в системах LTE-Advanced могут также использоваться сигналы CRS. 
 Сигналы  DM-RS, как и информационные символы, подвергаются операции 
прекодирования (рис.2). Кроме того, сигналы DM-RS, передаваемые на разных 
пространственных уровнях, ортогональны между собой. 

   
 
 
 
 
  
 

 
 
 

Рис. 2. Формирование пилот-сигналов 
 

 В системе LTE специфичные для каждого пользователя пилот-сигналы на линии 
"вверх", используются только в схеме MU-MIMO. В системе LTE-Advanced  на линии 
"вверх" введены пилот-сигналы DM-RS для всех схем MIMO. 
 В системах LTE-Advance сигналы DM-RS на линии "вверх" также подвергаются 
прекодированию вместе с полезной информацией. Поэтому по этим сигналам невозможно 
выбрать прекодирующую матрицу и ранг канала на базовой станции. Для выбора 
прекодирующих параметров используются те же пилот-сигналы SRS (Saunding Reference 
Signal), что и в системе LTE. В отличие от сигналов DM-RS, специфичных для каждого 
пространственного уровня, пилот-сигналы SRS различны для разных антенн. Таким-
образом, для сигналов SRS требуется столько ортогональных переносчиков, сколько антенн 
на абонентской станции. Передача сигналов SRS на различных ресурсных позициях в кадре 
OFDM и использование различных циклических сдвигов обеспечивают ортогональность 
этих сигналов. 
 При использовании технологии MIMO в современных системах беспроводной связи, 
крайне важно учитывать пространственные характеристики многоэлементных антенных 
систем, так как длина волны, или рабочая частота радиосигнала является критическим в 
дизайне систем MIMO. Именно для того, чтобы расстояние между излучающими 
элементами антенны оставалось реалистичным, технология MIMO была внедрена в 
системах сотовой связи тех поколений, которые предполагали работу в диапазонах частот 2 
ГГц и выше, так как в этих случаях упрощалась техническая реализация многоэлементных 
антенн на базовых станциях и в абонентских терминалах.  
 В настоящее время идёт освоение более высоких диапазонов частот, например, 
сантиметрового. В результате, при длине волны значительно меньше размеров абонентского 
терминала, упростится реализация многоэлементных антенн, как в абонентских устройствах, 
так и в базовых станциях. В результате, станет возможным переход к системам  MIMO 
значительно большего порядка, чем настоящие системы - в несколько раз больше, чем 8х8. 
Как следствие, могут быть предложены новые методы формирования и обработки сигналов 
MIMO, что, бессомнения, отразится в стандартах для систем беспроводного 
широкополосного доступа и, безусловно, найдёт применение в реальных сетях связи. 
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Summary 
In modern wireless broadband systems of a radio access - LTE, LTE-advanced, WiMAX and WiFi, 

are widely used the MIMO technologies. These technologies increase transmission capacity of network and 
(or) noise stability. The last releases (Release 8, 9, 10, 11) of mobile communication 3GPP (3rd Generation 
Partnership Project) are devoted to different aspects of improving of LTE systems, in particular: diversity 
transmission; spatial multiplexing; space division with recoding; MU-MIMO; the adaptive formation of the 
direction characteristic of the antenna; use of a high rank of the MIMO technologies for increase in spectral 
efficiency, use of CoMP (Coordinated Multi Point), etc. 

Introduction of the reference signals in LTE systems represents the considerable innovation which 
provide spatial multiplexing of a high rank and using technologies with the MU-MIMO the significant 
increase in spectral efficiency. 

LTE-Advanced of the system the requirement  (transmission rate of 1 Gbit/s and spectral efficiency 
of bit/s/Hz) without mastering of the new spectral range, is impossible. On the one hand, it is the centimetric 
range in which the required frequency band will be selected (100 MHz). On the other hand, perhaps, for a 
technical solution, in mobile stations of a high rank of MIMO technologies to make and place miniature 
antennas which correspond to wavelength of this range. 

 
  

 
 

saswavlo-meToduri kompiuteruli amocanebi 
mikrokontroleris muSaobis principis Seswavlaze 

  
gvalia T.  

akaki wereTlis saxelmwifo Uuiნიversiteti 
 
naSromSi ganxilulia AVR  mikrokontrolerebis daprogramebis   da misi 

praqtikuli gamoyenebis swavlebis meTodika saswavlo laboratoriebSi, programa-
tori 51 MCU - s  gamoyenebiT. magaliTisTvis ganxilulia mikrokontroler  
STC89C52RC -s daprogrameba garemos temperaturis gazomvisTvis. mocemulia proce-
sis eleqtruli sqema programa  Proteus 8 - Si.  Sesabamisi ilustraciebiT aRweri-
lia mikrokontroleris daprogramebis meTodika . 

1968 wels murma da noisma Seqmnes firma Iintegrated Electronics SemoklebiT 

Intel, romelic ZiriTadad gankuTvnili iyo mexsierebis damuSavebisa da war-

moebisTvis. magram am firmis yvelaze popularuli nakeToba aRmoCnda pir-

veli mowyobiloba, romlis damuSaveba Tavdapirvelad gankuTvnili iyo Cve-

ulebrivi kalkulatoris proeqtirebis  damatebiT etapad.  maT Wirdebo-

daT 12 integraluri sqema axali, iafi kalkulatoris ZiriTad elementad. 

magram inJinrebi male mixvdnen, rom programirebadi kalkulatorebis Seq-
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mnis nacvlad sjobda damzadebuliyo kompiuteri, romelic programirebu-

li iqneboda kalkulatorad muSaobisTvis. Semdgomi kvlevebis Sedegad Se-

iqmna pirveli 4 bitiani centraluri procesori (cp) 4004, romelic Sedge-

boda 2300 tranzistorisgan da muSaobda 108 khc taqtur sixSireze.   xolo 

1971 wlis 25 noembers gamocxadda, rom Seiqmna pirveli mikroprocesori 

(mp). 

mp 4004 pirvelad gamoiyenes sagzao SuqniSnebis marTvaSi da sisxlis 

analizatorebSi.  es mikroprocesori gamoyenebulia saplanetaTSoriso 

zondi Pioner _ 10 -s  saborto sistemaSi, romelic gaSvebuli iqna 1972 w-s 

da rogorc Cans axlac muSaobs. 2001 w-s misi daSoreba dedamiwidan 11,78 

mlrd km-ia.  

dReisaTvis farTod aris gavrcelebuli kompania Atmel-s mier damuSave-

buli sxvadasxva tipis da modifikaciis  AVR mikrokontrolerebi.  AVR  

mikrokontrolerebis ZiriTadi ori upiratesoba sxva modelebTan Sedare-

biT aseTia. pirveli is, rom am mikrokontrolerebis daprogrameba SesaZle-

belia C enazec da meore is rom, AVR  mikrokontrolerebisTvis gamoiyene-

ba konveiruli sistema, anu maTTvis ar arsebobs samanqano ciklis cneba. 

brZanebebis umravlesoba sruldeba erT taqtSi. 

imiTvis, rom mikrokontroleri gamoyenebuli iqnas  sxvadasxva saxis 

amo canebis SesrulebisTvis, saWiroa moxdes misi daprogrameba Sesabamisi 

programebiT, romelsac praqtikulad axorcielebs specialuri xelsawyo  

programatori.    

studentebisTvis ufro naTeli gaxdes mikrokontrolerebis daprograme-

bis procesi. Cvens saswavlo laboratoriaSi gamoyenebuli iqna programa-

tori 51 MCU (51/AVR mikrokontroleris bazaze awyobili win7 sistemis 

satransporto saSualebaTa  usadeno marTvis mowyobiloba.)  (nax.1.a.) mik-

rokontroleri  STC89C52RC  - s bazaze. 

     
a                      b                 g 

nax. 1. 

magaliTisTvis Cven ganvixilavT  mikrokontroleriს daprogramebis 

process garemos temperaturis gazomvisTvis. amisTvis  gamoyenebulia tem-

peraturis gadamcemi 2PCS IC DS18B20 TO-92. (nax.1 b.) romelic magrdeba xel-

sawyos specialur budeSi. programa dawerilia C – enaze, პროგრამირების in-

tegrirebul garemo  Keil 5 - Si. 
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nax. 2. 

 

nax. 2 - ze  mocemulia am procesis aRmweri eleqtruli sqema, romelic 

Sesrulebulia kompiuteruli programa  Proteus 8 - s saSualebiT. 

 
nax.3. 

 
nax.4 

mikrokontrolerSi programis CatvirTvis procesi aseTia:  kompiuter-

Tan programatoris  USB kabeliT  SeerTebis Semdeg  gavxsniT STC 

_ISP_V483 fails.  romelzec  dawkapunebis Sedegad gamova fanjara.  (ix. 

nax.3.)  masSi  mivuTiTebT winaswar dawerili ,,temperaturis gazomvis prog-

ramis"    HEX  - fails (ix. nax. 4 ) da gavxsniT mas. amiT movaxdenT prog-

ramis  ,,daheqsvas~, anu mivcemT manqanur kods, romliTac xdena mikrokon-
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troleris uSualo daprogrameba.  amis Semdeg  davawkapunebT imave fanja-

raSi Rilakze Downloade, xmovani signalis miRebis Semdeg  CavrTavT xelsa-

wyos Rilaks da daviwyebT mikrokontroleris daprogramebas.  procesis 

damTavrebas  kvlav xmovani signali gvauwyebs. amiT mTavrdeba mikrokon-

troleris daprogramebis procesi. 

Cvens mier aRwerili meTodis ganxorcielebis Semdeg programatoris 

displeize ainTeba oTaxis temperaturis gazomvis Sedegi. (ix. nax. 1. g.) 

aseTi meTodiT saswavlo laboratoriaSi studentebi daaprogrameben 

mikrokontrolers sxvadasxva amocanebis Sesasruleblad.  
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THE TRAINING-METHODOLOGICAL COMPUTER-BASED PROBLEMS ON STUDYING  
THE OPERATING PRINCIPLES OF MICROCONTROLLER 

T. Gvalia 
Akaki Tsereteli State University 

Summary 
The paper dwells on the methodology for the study of programming the AVR microcontrollers and 

their practical use in the university laboratories by using 51 MCU programming unit (51/AVR MCU Mini-
mum Wireless Intelligent Vehicle Control Development Board win7). As an example, there is considered the 
programming of STC89C52RC microcontroller for measuring the ambient temperature. There is also given 
the process electric circuit in Proteus 8 software, and through the relevant illustrations there is described the 
microcontroller programming technique.    

 
 

 

 

sityva-konceptis sxvadasxva mniSvnelobaTa albaTuri 
SerCeva-kombinireba da prognozireba 

 
kakabaZe a., kupataZe T. 

saqarTvelos teqnikuri universiteti 
 

     naSromi exeba sityvis informaciuli potencialis gamovlenas, anu misi sa-
metyvelo realizaciis ilustrirebas naSromSi, rogorc sinamdvilis teqstadqmna-
dobis urTules process. 
    enaTmecniereba, romelic Seiswavlis enis erTeulebisa da sxva-

dasxva formaTa funqcionirebas, naklebad amaxvilebs yuradRebas 

enis sistemisaTvis damaxasiaTebel iseT arsebiT Tvisebebze, rogore-

bicaa enis erTeulis semantikuri usazRvroba, sityva-konceptis sxva-

dasxva mniSvnelobaTa albaTuri SerCeva-kombinireba da prognozire-

ba, sityvis informatiulobis xarisxis cvalebadoba, mkiTxvelis 
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adaptacia sityvasTan da Sesabamisad sityvis SinaarsTan. erT-erT 

statiaSi l. klainroki wers: ,, проявляется сглаживающий эффект больших 

популяций  изящним  воплощением которого является  пакетная коммутация” [1]. 
cxadia amis pirdapiri Targmani dauSvebelia, radgan mkiTxvelisTvis 

arafris mTqmelia gauToebis efeqti. marTebuli iqneba misi Semdegna-

iri Targmna: didi populaciebis mosworebis efeqti, romlis daxve-

wil gansaxierebas warmoadgens paketuri komutacia.   

    teqnikuri revoluciis Sedegebma da gansakuTrebiT satelekomu-

nikacio sferoSi wina planze gadmoitana, umjobesia vTqvaT, rom Seq-

mna mkafio mizezi, enobrivi erTeulis Seswavlisa, sxvadasxva kultu-

raTa Sepirispirebis fonze, SemecnebiTi meTodebiT. ,,ra ena waxdes 

eri daeces”, ilia WavWavaZis es sityvebi SegviZlia mivusadagoT dRe-

vandel realobas. Yyvela sferoSi mkvidrdeba axali terminebi, rom-

lebis sruliad Seusabamoa Cveni saliteraturo enisTvis, araviTari 

azris gamomxatveli ar aris. ZiriTadSi viciT Tu ras niSnavs moce-

muli sityva konteqstSi, magram calke aRebuli es sityva xSirad ga-

ugebari rCeba. amis Tqmis uflebas gvaZlevs skolaSi Catarebuli 

cdis Sedegebi. samizne jgufs warmoadgendnen 13-15 wlis Tineijerebi. 

kvlevaSi monawileoba miiRo 21 moswavlem, aqedan 12 gogona da 9 va-

Ji. samizne jgufs daurigda internet sivrceSi gavrcelebuli is in-

glisuri terminebi, romlebsac isini qarTulad komunikaciis dros 

xSirad iyeneben. 19 gamokiTxulidan 15 ar icoda srulad am sityvebis 

mniSvneloba.                                                

    sityvis informatiuli potencialis siRrmiseuli Seswavla gvTa-

vazobs teqstis Sinaarsis warmoqmnisa da struqturuli organizebis 

iseT ZiriTad princips, rogoricaa TviTregulirebadi organizebis 

principi, rodesac sityvis informaciuli potenciali moicavs teq-

stis, rogorc erT mTlian konsidirebulad SekumSul struqturul 

kods, romelic iqceva am teqstis Sinaarsis simbolod. ganvixiloT 

rigi terminebi da vnaxoT Tu ramdenad gasagebi iqneba mkiTxvelis-

Tvis isini Tuki maT qarTuli SesatyvisiT CavanacvlebT:       

    klasteri- aris garkveuli Semadgenlobis grova, sadac cakleul 

Semadgenel elementebs aqvT sxva Tvisebebi, xolo jgufs sxva Tvise-

ba. Tu davtovebT klasters, students unda ganvumartoT, rom es 

aris moTxovnis sainformacio wyaroebis jgufi, romelsac unda moem-

saxuros satelekomunikacio sistema da aq gvesaWiroeba termini, an 

sityvaTa erToblioba, romelic miuTiTebs, rom klasterSi Semavali 

calkeuli moTxovnis wyaroebi garkveul xasiaTs amJRavneben, xolo 

mTeli gundi gansxvavebuli xasiaTis xdeba.                                        

    klienti- leqsikonSi ganmartebulia, rogorc klienti, Cvens sa-

xelmZRvaneloebSi, konspeqtebSi da samecniero saqmianobaSi sityva 

,,klienti” araviTar Sinaarss ar atarebs, amitom sworia, rodesac vi-
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yenebT sityvas ,,momxmarebeli”, vinaidan mis mier ,,moxmareba” dakavSi-

rebulia mis aqtiurobasTan satelekomunikacio qselSi, sadac movle-

nas aqtiuri/pasiuri gansakuTrebli mniSvneloba eniWeba.            

    @ - niSani, romelic Semoklebuli varanitia „at“ sityvisa, rome-
lic qarTulSi ,,Tan”, ,,Si” Tandebulia. Ggamoxatavs, rom garkveul 

veb-gverdSi gaxsnilia unikaluri misamarTi. marTebuli iqneba Tu 

vityvi Cemi eleqtronuli fostis misamarTs Semdegnairad, magali-

Tad, anakakabadze  yahoo com-ში.  rusul literaturaSi is damkvidrebu-

lia, rogorc ,,собачка”, @- niSnis ZaRlTan mimsgavsebis gamo. Ddamaxin-
jebulad pirdapir iTargmna qarTulSi, rogorc ,,ZaRluka”. Ees Se-

satyvisi termini ki didi moculobiT gvxvdeba qarTul enaSi.       

    Host – inglisuri sityvidan momdinareobs, mepatrone, romelic Re-

bulobs stumrebs anu igive maspinZeli. Qqselis kvanZSi xSirad Host-

is qveS igulisxmeba nebismieri kompiuteri, serveri, CarTuli loka-

lur an globalur qselSi. Ees sityva TavisTavad warmoadgens Jar-

gonul termins da ar iZleva araviTar informacias mowyobilobisa 

da misi funqcionirebis Sesaxeb. sityva Host –is gamoyenebas azri aqvs 

mxolod mis gamartebasTan erTad. umjobesi iqneba Tuki magaliTad, 

Host serveris nacvlad vityviT maspinZel servers.  

    rodesac raime struqtura Sedgeba mTliani struqturis msgavsi 

nawilebisgan, mas fraqtaluri struqtura ewodeba. MmagaliTad, tona 

wyali, kasri wyali da wveTi wyali SeiZleba warmodgenili iqnas 

wylis erTi da igive qimiuri formuliT. telekomunikaciaSi aseTi 

fraqtaluri procesebi stoqasturia. magaliTad, qselSi Tu Seswav-

lilia bitebis nakadis xasiaTi da es bitebi garkveul etapze pakete-

bis nakadad agrZelebs gadacemas, fraqtalurobis aRiarebis safuZ-

velze, SeiZleba paketebis nakadis SeswavliTvis igive wesebi gamovi-

yenoT, rac samarTliania bitebis nakadisTvis. fraqtalurobisTvis 

iyeneben sityvebs:  inglisurenovan literaturaSi- self-similarity; rusu-

lenovanSi- самападобныйю. qarTulenovanSi unda iyos TviTmsgavsi, 

rac ar aris gavrcelebuli, vinaidan aseTi sakiTxebiT jer-jerobiT 

mkvlevarTa mxolod viwro wrea dainteresebuli. 

    qvemoT CamoTvlil neologizmebs qarTul enaSi moepovebaT bada-

li sityvebi, magram iSviaTad Tu iyeneben maT qarTul Sesatyvisebs.              

Upload- atvirTva 

Download- CamotvirTva 

Save- Senaxva 

Log out- gamosvla 

Link- sabmuli 

Refresh- ganaxleba 

Share- gaziareba 
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Print- beWdva 

Install- dayeneba 

Restart- xelaxla dawyeba 

Email- eleqtronuli fosta 

Search- Zebna 

Inbox- eleqtronuli safosto yuTi                                   

Desktop- samuSao magida                                             

Password- kodi, paroli 

    terminTa damkvidrebisas qarTul enaSi unda moxdes Semdegi saki-

Txebis gaTvaliswineba:  

1. aris Tu ara misi badali qarTul enaSi; 

2. ra Sinaarsis gamomxatvelia originalSi da CvenSi; 

3. ramdenad sworad aris qarTul enaSi damkvidrebuli gramatikuli 

normebis dacviT. 

   amrigad, termini qarTuli sityvebiT, naTlad unda gadmogvcemdes 

im gaazrebas, ris gamosaxatavadac dedanis sityvebia mowodebuli. 

yvela sxva SemTxvevaSi viyenebT termins ucxouri sityvebiT. Tu mov-

ZebniT sityvasityviT Sesabamis Targmans, isini ver iqnebian gamoyene-

buli, raime garkveulis, gamiznulis gamosaxatavad. 
 

Lliteratura: 
1. Клайнрок Л. Принципи и уроки пакетной связи //ТИИЭР, 1978, т.66, №11, с.30-42. 

 
PROBABILITY SELECTION-COMBINING AND PREDICTION OF THE DIFFERENT MEANING 

OF THE WORD-CONCEPT 
Kakabadze A.*, Kupatadze T. 
Georgian Technical University 

Summary 
The goal of this work is to express informational potential of the word, Illustrate its correct realization. 

It's a very hard process to express correct reality by word. 
 

 
 
 

satransporto qselebis organizebis Taviseburebebi 

mobiluri kavSiris LTE sistemebisaTvis 
 

murjikneli g., murjikneli g. 
saqarTvelos teqnikuri universiteti 

 
naSromSi ganxilulia ZiriTadi moTxovnebi satransporto qselebis mimarT, 

romlebic maT waeyenebaT LTE teqnologiaze dafuZnebuli mobiluri kavSiris qse-
lebis agebisaTvis. gaanalizebulia am moTxovnebis dakmayofilebis SesaZlebloba 
da SemoTavazebulia maRalefeqturi satransporto qselis topologia, romelic 
uzrynvelyofs maT mimarT wayenebuli moTxovnebis dakmayofilebas. 
 

LTE sistemis arqiteqturis Tavisebureba imaSi mdgomareobs, rom igi 

mTlianad dafuZnebulia IP teqnologiaze da Sesabamisad amisa morgebulia 
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monacemebis paketur formatSi gadacemaze. LTE sistemis arqiteqturis ga-
martivebuli ilustracia warmodgenilia nax.1-ze. igi Sedgeba ori ZiriTadi 

komponentisagan - Evolved Universal Terrestrial Radio Access Network (E-UTRAN) da 

Evolved Packet Core (EPC). E-UTRAN-is daniSnulebaa radioSeRwevadobis marTva 

da uzrunvelyofs momxmareblisa da marTvis sibrtyeebis mxardaWeras mom-

xmareblis UE mowyobilobisaTvisE(User Equipment). momxmareblis sibrtye 

aris  protokolebis jgufi, romelTa mizania qselSi momxmareblis monace-

mebis gadacemis mxardaWera, xolo marTvis sibrtrye aris protokolebis 

erToblioba, romelTa daniSnulebaa momxmareblis monacemebis gadacemis 

kontroli da kavSiris marTva  UE-sa da qselebs Soris. aseTi kavSiris 

marTvis zogierTi funqciaa: hendoveri, servisis damyareba, resursebis kon-

troli da a.S. E-UTRAN-i moicavs sabazo  eNB sadgurebs  (eNodeB-ebs). Evol-

ved Pacet Core (EPC) aris mobiluri qselis centraluri nawili da misi Ziri-

Tadi funqciebia: mobilobis marTva, politikis marTva  da usafrTxoeba. 

EPC moicavs MME-s (Mobility Management Entity), S-GW-s (Serving Gateway-s) da P-

GW-s (Packet Data Network Gateway-s). 3GPP arqiteqturasTan SedarebiT, am axal 

arqiteqturas aqvs naklebi kvanZebi da aqedan gamomdinare ufro naklebia 

momxmareblis sibrtyis informaciis dagvianeba. Tumca es Tavis mxriv gu-

lisxmobs eNB-s mier momxmareblis sibrtyis damatebiTi funqciebis Sesru-

lebas, rasac tradiciulad ar asrulebda sabazo sadguri, magaliTad, ro-

goricaa daSifvra. orive, E-UTRAN da EPC LTE-Si pasuxismgebelni arian 

momsaxurebis xarisxis (QoS) kontrolze. 

specifikaciaSi gansazRvrulia ori mTavari interfeisi sxvadasxva 

LTE obieqtebs Soris kavSiris uzrunvelsayofad - S1 da X2. X2 interfeisi 

uzrunvelyofs sabazo eNB sadgurebs Soris kavSirs da gamoiyeneba momxma-
reblisa da marTvis-sibrtyeebis informaciis gadasacemad. misi saSualebiT 

xorcieldeba eNB-ebs Soris hendoveris informaciis, gazomviTi da xelSeS-

lebis koordinaciis Setyobinebebis, datvirTvis gazomvebis, eNB-ebis kon-
figuraciis parametrebis  gacvla da momxmareblis monacemebis gadagzavna. 

S1 interfeisi gamoiyeneba eNB-ebis da EPC-s Semadgenel MME-s an S-GW 

kvnaZebTan dasakavSireblad. eNB-sa da S-GW-s Soris interfeiss ewodeba 

S1-U da gamoiyeneba momxmareblis infomaciis gadasacemad, xolo interfe-

iss eNB-sa da MME-s Soris ewodeba S1-MME interfeisi da is gamoiyeneba 
marTvis sibrtyis informaciis gadasacemad.  

marTvis sibrtyis informaciis magaliTebia: mobilobis mxardaWera, 

peijingi, monacemebis momsaxurebis marTva, adgilmdebareobis momsaxureba 

da qseluri momsaxureba [1, 2]. 

LTE teqnologiis zegavlena satransporto qselebze 

LTE teqnologis saSualebiT miiRweva mobiluri farTozolovani mom-

saxurebis sruliad axali xarisxsi - 100 mb/wm-ze maRali siCqare da dayov-

neba araumetes 20 ml/wm-isa (es monacemebi Seesabameba fiqsirebuli kavSiris 

SemTxvevas). magram unda aRiniSnos, rom LTE teqnologiis radio nawilisa 

da centraluri nawilis uzarmazari progresic ki ver mogvcems maRal Se-

degs, Tu maTi damakavSirebeli satransporto arqiteqtura ver daakmayofi-
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lebs qselis muSaobis Sefasebis im sakvanZo indikatorebs (KPI),  romlebic 

saWiroa aseTi maRali maCveneblebis SesaTavazeblad. 

 
nax.1. LTE sistemis arqiteqtura 

arsebobs Sexeduleba, rom paketur-gadacemaze dafuZnebul satran-

sporto qsels SeuZlia am moTxovnebis dakmayofileba. magram, amasTan er-

Tad unda aRiniSnos, rom jer kidev arsebobs transportirebasTan dakavSi-

rebuli  ramdenime gadauWreli sakiTxi da maTi gadawyveta unda iZleodes 

pasuxebs Semdeg kiTxvebze:  

•  rogor unda vuzrunvelyoT momxmareblis gamocdileba? gamtarunariano-

bisa da dayovnebis ra mniSvnelobebia savaldebulo da rogor unda mivaR-

wioT maT? 

• rogor movaxerxoT am miznis rentabeluri realizeba da rogor Sevamci-

roT TiTo bitze mosuli xarji?  

• ra aris transformaciis swori strategia? ra aris optimaluri gamiznu-

li arqiteqturuli gadawyveta da rogor mivaRwioT mas? 

am naSromSi Cven ZiriTadad yuradRebas gavamaxvilebT pirvel Se-

kiTxvaze da ganvixilavT  LTE-saTvis saWiro SesaZleblobis mqone satran-

sporto qselisadmi moTxovnebs, kerZod, satransporto qselSi signalebis 

gavrcelebisas droiT TanafardobebTan dakavSirebul problemebs. maTgan 

umniSvnelovanesia terminalidan informaciis Semcvel serveramde inter-

netSi da piriqiT paketebis mimocvlis droiTi dayovneba. es dayovneba Sed-

geba ramdenime komponentisagan:  

1. sistemisaTvis damaxasiaTebeli dayovneba, romelic damokidebulia gamo-

yenebul radioteqnologiaze, marSrutizatorebze da a.S.); 

2. damatebiTi dayovnebebi, romlebic satransporto qselSi warmoiqmneba sa-

komunikacio momsaxurebis provaideris qselsa da internets Soris kavSiri-

sas;  
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3. dro, romlis ganmavlobaSic xdeba im serverTan dakavSireba, romelzec 

moTxovnili servisia gaSvebuli;'  

4. rigiTobiT ganpirobebuli dayovneba qselis sxvadasxva kvanZebSi, Tu ar-

sebobs raime gadatvirTuloba. 

sakomunikacio momsaxurebis provaiderebis gadmosaxedidan arsebobs 

am dayovnebis ori komponenti. pirveli maTgani gamowveulia operatoris 

qseliT da es aris dro, romlis ganmavlobaSic xdeba momxmareblis termi-

nalsa da operatoris internetTan damakavSirebel marSrutizators Sors 

monacemebis miReba-gadacema (RTT). sakomunikacio momsaxurebis provaiders 

SeuZlia am dayovnebaze zegavlena da misi minimizacia. meore komponenti 

aris dro, romlis ganmavlobaSic xdeba monacemis gagzavna-miReba am mar-

Srutizatoridan sasurvel serveramde, da sakomunikacio momsaxurebis pro-

vaiders aranairi pirdapiri gavlena ar aqvs am procesze [3, 4]. 
radioteqnologiisaTvis damaxasiaTebeli dayovneba 

LTE-s radioteqnologiaSi dayovnebis maCvenebeli (yvela gadacema-mi-

Rebis dros) Semcirebulia 20 mwm-mde. nacvlad 60 mwm-sa wina HSPA teqno-
logiisa. 

aRsaniSnavia, rom am mniSvnelobaSi gaTvaliswinebulia dayovnebis 

mxolod radio da birTvuli komponentebi. ugulebelyofilia is faqti, 

rom fizikur satransporto arxs SeuZlia mniSvnelovani zegavlena moaxdi-

nos saerTo dayovnebaze. sxva sityvebiT rom vTqvaT, LTE-is mier dapirebu-
li mcire dayovnebis ganxorcieleba momxmareblisaTvis SesaZlebelia mxo-

lod im SemTxvevaSi Tu naxsenebi satransporto arxic uzrunvelyofs mci-

re dayovnebas [3, 4]. 

dayovneba satransporto qselSi 

eleqtromagnituri talRis gavrcelebis sasrulo siCqare (sinaTlis 

siCqare) ganapirobebs monacemis gadacema-miRebis dayovnebas 1 mwm-iT yovel 

300 km-ze. aqedan Cans, rom satransporto qselis topologia zegavlenas mo-

axdens mTlian dayovnebaze. 

paketuri gadacemis mowyobilobebSi adgili aqvs buferul da rigi-

Tobis dayovnebas (rigis organizebiT gamowveuli dayovneba). paketuri sat-

ransporto sistemebi iyeneben ramodenime buferul da rigiTobis meqaniz-

mebs, yvela maTgani qmnis dayovnebas. arxis sworad dagegmareba am efeqtis 

minimizacias axdens.  

gadacemis procesiT ganpirobebuli dayovneba: monacemTa pakets gan-

sazRvruli dro sWirdeba gadasacemad da es dro damokidebulia kavSiris 

sigrZesa da gamtarunarianobaze. didi zomis paketebisaTvis dayovneba SeiZ-

leba gagrZeldes ramdenime mwm-mde traqtis dabali gamtarunarianobis 

dros [4]. 

satransporto qselis topologia LTE qselisaTvis 

mobiluri kavSiris qselis saWiroebisaTvis Cvens mier damuSavebul 

iqna satransporto qselis topologia, romelic uzrunvelyofs sabazo eNB 

sadgurebidan paketuri qselis centralur EPC nawilamde monacemebis gada-

cemas Semcirebul droSi. misi agebis principi efuZneba 4-Sriani arqiteqtu-

ris gamoyenebas, rac iZleva saSualebas nebismieri sabazo sadguridan qse-
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lis centralur nawilamde informaciis gavla moxdes SedarebiT mcire ra-

odenobis ruterebis gavliT da Tavidan iqnas acilebuli am ukanasknele-

biT ganpirobebuli damatebiTi dayovnebebi (ix. nax. 2).  

warmodgenili satransporto qseli Sedgeba sami agregaciis qselis-

gan da sadgurebis momsaxurebis qselisgan. agregaciis qseli-1 axorcie-

lebs momsaxurebis qselidan Semosuli paketebis nakadebis gaerTianebas mi-

si Semadgeneli AR1 agregaciis ruterebis saSualebiT. nakadebis agregaciis 

momdevno etapi realizdeba agregaciis qsel-2-Si CarTuli SedarebiT maRa-

li warmadobis AR2 ruterebis saSualebiT. Anakadebis agregaciis bolo - me-

same etapi xorcieldeba umaRlesi swrafqmedebis agregaciis AR3 ruterebis 
saSualebiT, romlebic erTmaneTTan da centralur sapaketo qselTan da-

kavSirebulia talRis sigrZis mixedviT dayofiT Semkvrivebuli multipleq-

sirebis DWDM  aRWurvilobis gamoyenebiT. DWDM  mowyobilobis mTavari 

upiratesoba imaSi mdgomareobs, rom talRis sigrZeebis farTo diapazoni-

saTvis SesaZlebelia jgufuri optikuri gamaZlierebis gamoyeneba, da er-

TmaneTisagan did manZilze ganlagebuli AR3 ruterebis wredebSi ar aris 
saWiro regeneratorebisa da damatebiTi ruterebis CarTva.  aseve, 

 

X2

X
2

S1

 
nax.2. satransporto qselis 4-Sriani topologia 

TiToeuli AR3 ruterisaTvis SesaZlebelia DWDM-is gansxvavebul 

talRis sigrZeebze momuSave traqtebis gamoyeneba, rac uzrunvelhyofs yve-

la maTganidan centramde informaciis paraleluri mimocvlis SesaZleb-

lobas. es orive momenti ganapirobebs zemoT CamoTvlili dayovnebebis 

mniSvnelovnad Semcirebas da mimocvlis procesebis mniSvnelovan daCqare-

bas. TiToeuli agregaciis qselis ruterebis ori sxvadasxva gziT CarTva 

qselSi amaRlebs satransporto qselis saimedobas. realur pirobebSi Cata-

rebulma gazomvebma gviCvena, rom erTmaneTisagan araumetes 300 km-iT daSo-

rebuli, 10 gbt/wm siCqareze momuSave AR3 ruterebis SemTxvevaSi, paketebis 

gavlis dro ar aRemateboda 2mwm-s. 
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FEATURES OF THE ORGANIZATION OF TRANSPORT NETWORKS FOR MOBILE COMMU-
NICATION LTE SYSTEMS 

Murjikneli Giorgi, Murjikneli Givi  
Georgian Technical University 

Summary 
This paper focuses on the main requirements for transport networks, which are needed for building LTE 

technology-based mobile communication networks. It analyzes the opportunity to meet these requirements 
and finally offers high-performance transport network topology, which ensures to satisfy these requirements 
towards them. 
 
 
 
 
 

me-5 Taobis (5G) mobiluri kavSiris sistemebisa da 
qselebis Seqmnis mdgomareoba da perspeqtivebi 

 
i. cqvitiniZe 

saqarTvelos teqnikuri universiteti 
 

amJamad msoflioSi mimdinareobs mobiluri fiWuri kavSiris qselebis me-4 
Taobis (4G) intensiuri danergva. es pirvel yovlisa LTE da LTE-Advenced teqnologi-
ebia, magram es teqnologiebi ukve dRes ver akmayofileben momxmarebelTa zvavise-
burad mzardi raodenobis moTxovnilebebs maTi trafikis momsaxurebaze. garda 
amisa izrdeba moTxovnileba informaciul urTierTobebze manqanebsa da mowyobi-
lobebs Soris (M2M, D2D), adamianis Carevis gareSe, TviT organizebadi sensoruli 
qselebisSeqmnaze. yovelive es iwvevs axali midgomebis Camoyalibebebs 4G  qselebis 
Semdgomi ganviTarebisaken. moxsenebaSi Camoyalibebulia konceftualuri midgomebi 
5G-qselebis agebisaTvis. mocemulia maTi momavali parametrebi, maxasiaTeblebi, 
evoluciuri da revoluciuri gardaqmnebis xedva da kritikuli analizi. gansakuT-
rebuli yuradReba gamaxvilebulia kvlevebze radio-interfeisebis Seqmnis mimar-
TulebiT. 

 
me-5 Taobis (5G) standarti aris mobiluri kavSiris teqnologiebis 

ganviTarebis axali etapi, romelic uzrunvelyofs individualur momxmare-

belTa da mowyobilobaTa SeRwevas qselebSi faqtiurad maTi moTxovnile-

bebis sruli dakmayofilebiT. 

mobiluri kavSiris teqnologiebi bolo aTwleulSi gamovidnen bge-

riTi trafikis momsaxurebis CarCoebidan da iqmnebian informaciis mimoc-

vlis axal-axali meTodebi, orientirebuli adamianis, biznesis yoveldRiur 

moTxovnilebaze. axali tipis samomxmareblo mowyobilobebis gamoCenam (no-

utbuki, planSeti, smartfoni), internet-momsaxurebiT sargeblobis gadaqce-

vam adamianis saqmianobis ganuyrel sferod, gamoiwvia satelekomunikacio 

qselebSi trafikis eqsponencialuri zrda. aseTi uswrafesad mzardi tra-
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fikis momsaxurebisaTvis sakmarisi ar aRmoCnda arsebuli teqnologiebis 

SesaZleblobebi da Sesabamisad qselebis gamtarunarianoba, ramac gamoiwvia 

mobiluri kavSiris Taobebis da teqnologiebis cvla da urTierTdamateba 

(nax.1) [1]. 

miRebulia, rom mobiluri kavSiris Taobebi Seicvala yovel 10 weli-

wadSi. ase, magaliTad, gasuli saukunis 80-ian wlebSi Seiqmna da eqsplua-

taciaSi iyo analoguri 1G sistemebi da qselebi, 90-ian wlebSi cifrul 2G, 

XXI- saukunis pirvel aTwleulSi ganxorcielda 3G, meore aTwleulSi mim-

dinareobs swrafi gadasvla 4G-ze, 2020 wlidan ki igegmeba 5G – ze TandaTa-

nobiTi gadasvla. 

mobiluri qselebs ganviTarebisa da momxmarebelTa mowyobilobebis 

axal nomeklaturasTan adaptaciis procesSi   waeyeneba axal-axali, xSi-

rad erTmaneTisagan Zalian gansxvavebuli moTxovnebi. amitom midgoma `erTi 

teqnologia yvelasaTvis~ SeuZlebelia efeqturi iyos mTlianad sazogado-

ebis, calkeuli momxmareblebis, biznesis moTxovnilebebis dasakmayofileb-

lad [2,3]. 

 
mobiluri teqnologiebi viTardeba maRali mwarmoeblurobis (efeq-

turobis) miRwevis mimarTulebiT. radioSeRwevis arsebuli teqnologiebis 

ganviTarebasTan erTad Cndeba aqamde ucnobi axali teqnologiebi, romle-

bic uzrunvelyofen axal momsaxurebebs, SeuZlebels 3G da 4G – teqnolo-

giebiT. amasTanave SenarCunebulia arsebuli da axali teqnologiebis gam-

Wvirvale integracia. amis magaliTia GSM, WiFi, 3G , 4G da WiMAX teqnologi-

ebis integraluri gamoyenebis perspeqtiva 2020 wlis Semdgom periodSic 

(nax.1). 

5G SeiZleba ganxiluli iqnas, rogorc radioSeRwevis arsebuli teq-

nologiebis ganviTarebis Sedegi. mobiluri farTozolovani SeRwevis arse-

buli teqnologiebi HSPA  da  LTE  SemdgomSic farTod ganviTardeba da uz-

runvelyofen 5G standartis safuZvlis Seqmnas. amasTanave Cndeba qselebis 

agebis axali standartebi. kerZod, mcire fiWebis agebis strategia da man-

qanebs, xelsawyoebs, nivTebs Soris urTierTkavSiris strategia (nax.2). 

Zalian maRali samomxmareblo trafikis momsaxurebisaTvis, monacem-
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Ta gadacemis siswrafeebis uzrunvelyofisaTvis erTeuli gbit/wm da meti, 

konkretul qselebSi SesaZlebelia fiWebis zemkvrivi ganlagebis scenaris 

gamoyeneba. aseTi fiWebis sabazo sadgurebi imuSaveben sixSirul diapazon-

Si (10-100)gghc, radiomiRwevis axali teqnologiebis gamoyenebiT. 

 

 
momavlis mobilur qselebSi momxmareblebad Cndebian axali obieqte-

bi –manqanebi, mowyobilobebi, sensoruli elementebi da sxva, romelTa rao-

denobam 2020 wlisTvis SeiZleba miaRwios 7 miliards [4]. LTE da LTE-Advan-

ced standartebs ar SeuZliaT daakmayofilon aseTi raodenobis momxmareb-

lebis Zalian maRali moTxovnebi, amitom saWiroa alternatiuli teqnolo-

giebis Seqmna (magaliTad, didi SezRudvebiT energomoxmarebis mimarT, in-

formaciis gavrcelebis drois mimarT (<1 mwm) da a. S. 

5G – mobiluri kavSiris Seqmna daiwyo 2012 wels satelekomunikacio 

mowyobilobebis msoflio wamyvani mwarmoeblebisa da mobiluri kavSiris 

operatorebis (Ericsson, Sumsung, Huawei, Vodafone dasxv.) TaosnobiT. amJamad, 5G  
koncefciis Seqmnaze msoflioSi specializebulia 3 samecniero koleqtivi: 

evrokomisiis (proeqti METIS), sureas (didi britaneTi) universitetis (pro-

eqti 5GIC) da kompania INTEL – aliansi (proeqti – ISRA).  proeqtis METIS (Mo-

bile and communication Enable for the Twenty-twenty Information Society) daniSnulebaa 5G   
mobiluri da usadeno kavSirebis sistemebisaTvis safuZvlis Seqmna. kerZod, 

arsebuli teqnologiebis evoluciisa da usadeno kavSiris axali radio-

teqnologiebis Seqmna. gaTvaliswinebulia 5G – is koncefciis formulireba, 

romelic uzrunvelyofs saWiro efeqturobas, universalurobas da masSta-

burobas. proeqtis farglebSi Seswavlili iqneba sistemis mxardamWeri Zi-

riTadi teqnologiuri komponentebi, Sefasebuli da eqsperimentalurad da-

dasturebuli iqneba ZiriTadi funqcionaluri maxasiaTeblebi. 
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proeqtiT 5GIC (5G Inovation Center) gansazRvrulia  5G proeqtis  kon-

cefciis ganviTareba sami mimarTulebiT: 

- monacemebis gadacemis siswrafis gazrda 10 ggbit/wm –mde. 

- zemaRali sixSiris diapazonis gamoyeneba gamtarunarianobis gazrdisaT-

vis; 

- eqspluataciisaTvis operaciuli danaxarjebis Semcireba; 

      proeqti  ISRA  ZiriTadi amocanebia: 

- gamtarunarianobis mravaljeradi amaRleba ganuxrelad mzardi multime-

diuri trafikis momsaxurebis moTxovnilebis dasakmayofileblad;  

- damatebiT miliardobiT axali samomxmareblo mowyobilobebis qselTan 

mierTebis amocanis gadawyveta. 

- momsaxurebis xarisxis adaptacia momxmareblebis mier  gamoyenebul da-

narTebTan, informaciis gadacemis maqsimaluri  efeqturobis misaRwevad. 

  evrokomisiis SefasebebiT, 5G proeqtis Seqmnis warmatebiT dasrulebi-

saTvis, 2020 wlamde moiTxoveba 27 miliardi evros invsticiebi, rac biznes-

CarTulobis gareSe SeuZlebelia. amitom am proeqtSi farTod erTvebian 

iseTi  msoflio satelekomunikacio gigantebi rogorebicaa – zemoT dasa-

xelebuli Ericsson, Sumsung, Huawei da aseve Alcatel-Lucent, Nokia, Deutsche Telekom, 

NTTDoCoMo, Telekom Italia, Intel da sxva. 

  5G koncefciis Seqmnasa da samecniero-kvleviT samuSaoebSi farTod 

monawileoben sxvadasxva qveynebis universitetebi: samxreT kaliforniis, 

niu-iorkis, prinstonis, stendfordis, ilionisis, texasis, kaliforniis 

(los anJelesi), perdius, korneliis, raisis (yvela aSS), pompeu fabras (es-

paneTi), makkousis (avstralia) da sxva. 

  ZiriTadi moTxovnebi, romlebic waeyeneba 5G sistemebs da qselebs da 

romelTa uzrunvelyofa ver xerxdeba wina Taobebis (4G-s CaTvliT) teqno-
logiebiT, Semdegia: 

- zvaviseburad zrdadi mobiluri trafikis momsaxureba; 

- SeerTebebidan `adamiani-adamiani~ (H2H) gadasvla SeerTebebTan  - `mowyo-

biloba-mowyobilobasTan~ (D2D), `manqana-manqanasTan~  M2M. 

- qselebis agebaze kapitaluri danaxarjebis Semcireba wina Taobebis qse-

lebze danaxarjebTan SedarebiT da ekonomiuri efeqturobis amaRleba 

saoperacio danaxarjebis SemcirebiT. 

  5G – ganviTarebis gzaze mniSvnelovania gadawyvetilebis miReba Tu ra 

xedviT moxdeba ganviTareba – evoluciuriT - LTE-Advanced – dan 5G – ken Tu 

- revoluciuriT. dReisaTvis miRebuli gadawyvetilebebis umravlesoba em-

xroba evoluciuri ganviTarebis mimarTulebas, rogorc aqamde iyo sxva Ta-

obebis cvlilebebis periodSi. im gansxvavebiT, rom aq zrdis, gaumjobese-

bis, efeqturobis amaRlebis xarisxi Zalian maRalia, rac naTlad Cans 

msoflio vendoruli (mwarmoebeli) kompaniebis Sefasebebidan, romelTa az-

riT 5G  unda uzrunvelyofdnen: 

- qselebiT gadasacemi monacemebis moculobis zrdas 1000-jer (dRevandel-

Tan SedarebiT) speqtruli efeqturobis amaRlebiT, axali sixSiruli di-

apazonis moZiebiT da heterogenuli qselebis gamoyenebiT; 

- mobiluri qselis kvanZebTan mierTebuli saabonento mowyobilobebis ra-
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odenobis gazrdas 100-jer da ufro metad; 

- gadacemis siswrafis gazrdas momxmareblisken/momxmareb-lisgan 100-jer; 

- momxmarebelTa saabonento mowyobilobis mkvebavi kvebis wyaros muSaobis 

xangrZlivobis gazrdas 10-jer; 

- jaWvSi `saboloo momxmarebeli – saboloo momxmarebeli~ (end to end) da-
yovnebis (gavrcelebis dro) Semcirebas 1 mwm-ze nakleb mniSvnelobamde 

(10 mwm dayovnebis drosTan SedarebiT LTE sistemebSi). 

5G – ganviTarebis gzaze mniSvnelovan amocanas warmoadgens sixSi-

rul resursebiT uzrunvelyofa.  

                                                                cxrili 1 

teqnikuri ma-
xasiaTeblebi  

3G HSPA+ LTE LTE-A 5G 

sixSiruli 
zoli 

5 5 20 100 100+ 

fiWis speqtra-
luri efeqtu-
roba bit/wm/hc 

0,5 2 4 -8 10+ 

pikuri siCqare 
mgbit/wm 

2 Doulink: 42; 
Uplink: 11 

Doulink: 326; 
Uplink: 86 

Doulink: 1000; 
Uplink: 375 

Doulink: 10000+; 
Uplink: 5000+ 

dayovneba, mwm 50 20 10 10 0,1-1 
 

cxr.1 naCvenebia gamoyenebuli teqnologiebis ZiriTadi sistemuri ma-

xasiaTeblebi da arxebis gatarebis zolebi, rogorc arsebuli sistemebis-

Tvis aseve perspeqtulobis. 5G – Tvis saWiro arxis gatarebis zoli  (>100 

mhc) SeiZleba Sedges LTE – teqnologiis sixSiruli arxebis agregirebiT 

(gaerTianebiT) speqtruli efeqturobis Seucvlelad (evoluciuri midgo-

ma). revoluciuri midgomiT ki saWiroa modulaciis iseTi axali meTode-

bis gamoyeneba, romlebic speqtrul efeqturobas gazrdian ramodenimejer. 

  axali sixSiruli diapazonis gamoyofa radioteqnologiebisTvis, m.S. 

5G – Tvis, rogorc wesi xorcieldeba msoflio radiokonferenciebis 

(WRC) gadawyvetilebebiT. am gadawyvetilebebis Sesabamisad 3 GPP – sapar-

tnioro proeqtis farglebSi miiReba relizebi (Relize), romlebic Seadgenen 

safuZvels axali standartebis misaRebad. nax.3. naCvenebia WRC-s Catarebi-
sa da axali relizebis miRebis qronologia. axali me-14 da me-15 realize-

bis miRebis vadebi dakonkretebuli iqneba WRC–15-is Catarebis Semdeg (2015 
wlis oqtomber-noemberSi). mosalodnelia, rom axali sixSiruli diapazo-

nebi mobiluri teqnologiebisaTvis gamoyofili iqneba Ku – diapazonSi 

(10,7-18gghc) da Ka – diapazonSi (26,5 – 40 gghc) [5]. 

rogorc zemoT iyo aRniSnuli, 5G – s ganviTareba ganxorcieldeba ro-

gorc arsebuli teqnologiebis ganviTarebiT, aseve axali teqnologiebis 

SemoRebiT. gamoricxuli araa, rom 5G-s sabaziso teqnologia gansxvavebu-

li aRmoCndes LTE-Advanced-gan heterodinuli da Mesh qselebis tipis axali 

teqnologiebis axali radiointerfeisebiT. 5G-s kvlevis erT-erT ZiriTad 

mimarTulebas warmoadgens zemkvrivi qselebis Seqmnis koncefciis damuSave-

ba. garda amisa mimdinareobs kvlevebi saabonento mowyobilobebisaTvis qse-

lis kvanZebis funqciebis gadacemis Taobaze, ris Sedegadac momxmareblis 

mowyobilobebi erTmaneTTan dakavSirebas da informaciis mimocvlas SeZ-
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leben uSualod, sabazo sadgurebis gareSe. e.i. Seqmnian gigantur Mesh 

qsels. msgavs mimarTulebas warmoadgens Mesh qselebis `saavtomobilo~ va-

rianti, e.w. V2V (Vehikle-to-Vehikle – satransporto saSualeba-satransporto 

saSualeba) – teqnologiis ganviTareba.  unda aRiniSnos, rom kvlevebSi am 

mimarTulebiT aqtiur monawileobas Rebulobs saavtomobilo koncerni 

BMW. am teqnologiis saboloo azria satransporto saSualebis gadaqceva 

saSualedo satelekomunikacio kvanZad.  

 

 

 

 

 

 

 

 

 

 

 

  

 

  

 

 

 

 

 

  5G-s saboloo Camoyalibebis gzaze misi zemoTmoyvanili maxasiaTeb-

lebis misaRwevad dasaxulia ganviTarebis Semdegi mimarTulebebi, romle-

bic  dafuZnebulia [6] : 

- axali radiointerfeisis gamoyenebaze mcire zomebis fiWebiT (New Air 

Interface Small Cells). es radiointerfeisi dafuZnebuli iqneba gadamtani rxe-

vebis axali formebis  New Wave form) gamoyenebaze, axali saxis dupleq-

sebze (New Dulexing), modulaciis maRal rangebze (Higher Order modulation), Si-

dasistemuri xelSeSlebis efeqtur kompensaciaze (Interference cancelation/uzi-

lation) da mravalganzomilebian saanteno sistemebze (Massive MIMO); 

-  radioqselis axali arqiteqturaze (New NW Architecture). 
 es arqiteqtura gulisxmobs resursebis ganawilebas da marTvas hetero-

genul arqiteqturaSi, rekonfigurebad radio da saqselo elementebs 

(SDR – Software Defined Radio, SDR – Software Defined Networks) da sxv. 
-  axali radiosixSiruli resursebis gamoyenebaze. aq aqcenti aRebulia 

axali - milimetruli sixSiruli diapazonis gamoyenebaze, licenzirebis 

axal reJimze (licenzirebuli da aralicenzirebuli speqtrebis erTob-

livi gamoyeneba), speqtris kombinirebul gamoyenebaze Senobis Sida da 

gare sivrceebSi (Indoor-Outdoor operacion). 

- inteleqtualuri da adapturi qselebis gamoyenebaze (Intelligent and Adaptive 

METIS 

axali 
midgomebis  
safuZvlebis, 
koncefciis  
Seswavla 

sistemebis 
optimizacia/standartizacia 
gamocda 
 

(realizacia 
winakomerciuli  
gamocda) 

sistema 
2020 
wlis  
Semdeg 

Semdgomi ganviTareba 

 2012 2013 2014 2015 2016 2017 2018 2019 2020  

reliz 12 
reliz 13 

BBKP- 12 BBKP- 15 BBKP- 18 

3GPP 

ITU 

IMT –s aRdgena, 
trafiki da a.S.

speqtris erToblivi gamoyenebis 
gamokvleva , xedva `out IMT-Advanced~

 

nax. 3. msoflio radiokonferenciebis (WRC)  da relizebis   
qronologia 
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Networks). aseT qselebSi gaTvaliswinebulia saqselo resursebis  stoxas-

turi  da adapturi gamoyeneba, xelmisawvdomi speqtris aRmoCena da misi 

gamoyeneba  kognituri radios principebiT, TviTorganizebadi da TviT-

mmarTveli qselebis  Seqmna da sxv.  

   momavlis radioSeRwevis qselebSi (FRA – Future Radio Access) gaTvalis-

winebulia specifikuri teqnikuri gadawyvetilebebi, romelTa Soris mniS-

vnelovan adgils daiWers mravlobiTi SeRwevis ara orTogonaluri meTodi 

(Non – orthogonal multiple access – NOMA). amasTanave, kvlevebiT dadasturebulia, 

rom (FRA qselebSi radioSeRwevis sxvadasxva meTodebis superpozicia (er-

Toblivi gamoyeneba) mniSvnelovnad gazrdis momavlis qselebis gamtaruna-

rianobas. 
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Summary 

In the process of generational change of mobile communication systems and networks, new period has 
came when in near future 4G technologieswill not be able to meet customers increasing traffic demands and 
provide them with relevant service.Therefore, from 2012 scholar-research works have been progressing to 
create 5G conceptions.Because of this,three groups (alliances) of researchers were created: European Com-
mission (METIS), UK Surea  University and Intel Corporation (ISRA). The scientific and technical wor-
ksshould be completed by 2020 and create a basis for the commercial use of 5G. 

There is a number of works that should be done in the process of creation 5G conceptions. Firstly, 4G 
technologies LTE and LTE-Advanced - must be developed and improved andsecondly, new wireless techno-
logy must be established. It's been set that 5G networks speed should reach 10 GB/Sc. mobile web will serve 
a specific traffic cell 160 GB per square meter.Delaying of information will decrease from 10 m/sc to 1 m/sc. 

Nowadays, ininternet usage systems there is a process of creation of a new direction – the subjects 
Internet (Internet of Things, IoT), which provides data exchange withinequipments(D2D), machinery(M2M), 
transport(V2V) and other.5G mobile phone networksmust ensure acreation of IoT's technical base. 

The creation of perfect 5G needs establishment ofthe new radio interfaces, which will work in networks 
witharrangedbase stations, using a new high-efficient coding and modulation methods in a new ultra-highfre-
quency (Centimeter and millimeter) range. 

 

 
 

Tanamedrove optikuri satransporto qseli 
 

xoStaria k., modebaZe i. 
saqarTvelos teqnikuri universiteti 

 
   statiaSi ganxilulia Tanamedrove OTN qselisa da koherentuli DWDM sisteme-
bis SesaZlebobebi maRali siCqaris cifruli nakadebis gadacemis TvalsazrisiT, 
naCvenebia am ukanasknelis agebis principebi, sxvadasxva variantebidan gadawyveti-
lebis  arCeva gadacemis maqsimaluri siCqaris misaRwevad. 
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   imisaTvis, rom ukeTesad viwinaswarmetyveloT ra mimarTulebiT ganvi-

Tardeba optikuri satransporto qselebi, saWiroa mokled mimovixiloT 

ganviTarebis ra etapebi gaiara aRniSnulma qselebma dRemde. 

   OTN Seiqmna optikuri qselebis ganxorcielebisaTvis, romlebic iyeneben 

talRis sigrZiT dayofasa da multipleqsirebas (DWDM), gansxvavebiT misi 

winamorbedi SDH–sagan.  OTN-ma SeZlo optikuri satransporto sistemebis-

Tvis talRis sigrZeebis safuZvelze igives ganxorcieleba, rac SeZlo 

SDH–ma 1980-ani wlebis bolosa da 90 wlebis dasawyisis (PDH) plezioqro-

nuli cifruli ierarqiis sistemebisaTvis. aqve unda aRiniSnos, rom bevri 

ram Seicvala Ethernet transportis warmoqmniTa da nebismieri tipis maRal-

siCqaruli signalebis sxvadasxva talRis sigrZiT gadacemis aucileblo-

biT. 

   OTN teqnologia dafuZnebulia ITU-T-s rekomendaciebze, romelTagan Zi-

riTadad SeiZleba CaiTvalos G.709. es ukanaskneli gansazRvravs moTxovnebs 

optikuri satransporto ierarqiis (OTH) mimarT, kadrebis struqturas, Tav-

sarTebs, bitur siCqareebsa da formatebs sasargeblo tvirTvis ganTavsebi-

saTvis optikur qselSi [1]. 

   2009 wlis dekemberSi standartizebuli iqna OTH ierarqiis saxazo siCqa-
reebi:              

signali siCqare (gbiti/wm)                 transportireba 
  OTU1          2,66 SONET  OC-48 an  (SDH) STM-16 signali 
  OTU2         10,70 OC-192 STM-64 (WAN) fizikuri Sre (PHY) 10 gbiti  

Ethernet (10GBASE-W) 
  OTU2e         11,09 (LAN) PHY mosuli IP/Ethernet komutator. an mar-

Srutiz. saxazo siCqariT 10,31gbiti/wm 
  OTU2f         11,32 10 Fiber Channei 
  OTU3         43,01 OC-768 an STM-256sign. an 40 gbit. Ethernet sign. 
  OTU3e2         44,58 oTxi OTU2e signali 
  OTU4         112 100 gbiti Ethernet signali 

   OTN signalebis struqtura Seicavs:  optikuri arxis sasargeblo tvirTis 

bloks (Optikal channel Payload Unit – OPU), sadac aisaxeba gadasacemi signali; 

monacemebis bloks (ODU), romelic uzrunvelyofs samarSruto monacemebis 

kontrols erTi bolodan meore bolomde da axorcielebs tandemuri kav-

Siris monitorings – Zalze sasargeblo funqcias domenebs Soris tran-

sportirebisaTvis; agreTve satransporto bloks (OTU), romelic pasuxismge-

belia Secdomebis koreqciaze (FEC) da OAM funqciaze transportisaTvis op-

tikuri signalebis terminirebis wertilebs Soris, sadac xdeba sinqroni-

rebis, formisa da simZlavris aRdgena (3R). 

   aRniSnuli struqturis saSualebiT SesaZlebelia realizacia OTN-is 

sami umniSvnelovanesi SesaZleblobis: mxardaWera operirebis, administri-

rebisa da monitoringis (OAM) funqciebis talRis sigrZeebisaTvis, imisda-

miuxedavad Tu ra trafiki gadaicema maTi saSualebiT, SesaZlebloba miw-

vdomis zonis gafarToebis, Secdomebis koreqciis xarjze da damcavi komu-

tacia optikur doneze ise, rom gadarTvis dro ar aRematebodes 50 mwm-s. 

     OTN-is funqcionirebis monitoringi uzrunvelyofilia, rogorc optiku-

ri arxis doneze, aseve OTN-is mowyobilobebisTvisac. rac Zalze aadvi-
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lebs dazianebebis lokalizacias TiToeuli gadasacemi talRis sigrZisaT-

vis. monitoringis monacemebi SeiZleba gadaeces EMS an NMS marTvis siste-

mebs. 

    ITU-T-s rekomendacia G.709 gansazRvravs standartul meTods Secdomebis 

winmswrebi koreqciis, rac saSualebas iZleva, gavzardoT xazis optikuri 

biujeti 6 db-iT, rac Seesabameba damatebiT 25_30 km-s 1550 nm talRis sig-

rZeze. Tanamedrove sistemebSi Secdomebis gaumjobesebuli koreqciis meTo-

dis AFEC-is gamoyenebiT optikuri biujeti kidev ufro gazrdilia. 

   gansakuTrebiT aRsaniSnavia, rom ODU-s TavsarTSi aqvs velebi, romle-

bic uzrunvelyofen avtomaturi dacvis komutacias (APS), ramac SesaZlebe-

li gaxada Ethernet signalebis ganTavseba OTN-is kadrSi dacviTi komutaci-

is uzrunvelyofiT. Ees gansakuTrebiT mniSvnelovania, radgan Ethernet-ma mi-

aRwia gadacemis siCqares _ 100 gbiti/wm, maSin roca SDH-s SeuZlia uzrun-

velyos mxolod 40 gbiti/wm siCqare, ris gamoc am ukanasknelis gamoyeneba 

Ethernet signalebisaTvis aris efeqturi SedarebiT dabal siCqareebze. 

   meore mxriv, dReisaTvis dadga aucilebloba DWDM sistemebis calkeu-

li arxebiT gadasacemi cifruli nakadebis tevadobis mkveTri zrdis, ramac 

gamoiwvia kavSiris optikuri koherentuli DWDM sistemebis Seqmna. 

   informaciis gadacemis jamuri siCqaris zrda kavSiris sistemebSi speq-

truli multipleqsirebiT xorcieldeba informaciis gadacemis saarxo siC-

qaris, speqtruli monakveTebis muSa diapazonebis speqtruli efeqturobisa 

da regeneraciis gareSe gadacemis manZilis gazrdiT. 

   kavSiris optikur sistemebSi 10 gbiti/wm saarxo siCqariT ZiriTadad ga-

moiyeneba modulaciis binaruli amplituduri formatebi. 40 gbiti/wm siCqa-

ris dros modulaciis ekonomiurad efeqturi formatia adapturi diferen-

cialuri fazuri modulaciis formati (ADPSK) [2]. amasTanave SeuZlebelia 

binaruli fazuri formatis gamoyeneba kavSiris sistemebisaTvis 100 gbi-

ti/wm saarxo signalebisaTvis, radgan aRniSnuli formatis gamoyenebis Sem-

TxvevaSi cifruli damuSavebisa da simboloebis gadacemis siCqare izRude-

ba fizikuri faqtorebiT 50 gbod-is doneze. Aamis gamo 100 gbiti/wm da uf-

ro meti saarxo siCqareebis dros unda iqnas gamoyenebuli modulaciis 

mravaldoniani formatebi, romlebsac SeuZliaT ramdenjerme Seamciron 

simboloebis gadacemis siCqare [3]. 

   modulaciis nebismieri mravalarxiani formatis realizacia SesaZlebe-

lia kavSiris koherentul sistemebSi. Sesabamisad informaciis gadacemis 

siCqare gaizrdeba ramdenjerme formatis tevadobaze damokidebulebiT. mag. 

formati DPQPSK, tevadobiT 4 biti/simbolo, uzrunvelyofs 2biti/hc speq-

trul efeqturobas, roca optikur arxebs Soris daSoreba 50 ghc-ia.  

   optikuri signalebis koherentuli mimRebis muSaobis principis Tanaxmad 

(sur.1), SemrevSi (S) optikuri signali ereva sayrdeni gamosxivebis (sg) sig-

nals da deteqtirdeba balansuri fotomimRebiT (bfm), romelic Seicavs or 

fotodiods (fd1 da fd2) da gamoklebis (g) sqemas. sayrdeni optikuri ga-

momsxivebelis sinqronizacia xdeba avtomaturi awyobis sqemis (aas) saSua-

lebiT. 
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          optikuri                              Sualeduri sixSiris 

          signali                                   signali 

 

 

 

 
             sur.1  optikuri signalebis koherentuli mimRebis  

                  gamartivebuli struqturuli sqema       
 

   aq ori SemTxvevaa SesaZlebeli:  

   1. roca xdeba optikuri signalis speqtris gardaqmna heterodinul  

mimRebSi da Sesabamisad warmoiqmneba  gadamtani talRisa da sayrdeni ga-

mosxivebis speqtrebi. miRebuli Sualeduri sixSire bevrad unda aRematebo-

des signalebis gadacemis sixSires, ris gamoc am meTodis gamoyeneba 100 

gbiti/wm siCqaris gadacemis sistemebSi naklebad savaraudoa.  

   2. roca emTxveva  sayrdeni gamosxivebisa da optikuri signalis gadamta-

ni talRis sixSireebi erTmaneTs, koherentul sistemas ewodeba homodinuri. 

am SemTxvevaSi Zalze rTulia am ori sixSiris urTierTsinqronizacia. Se-

uZlebeli gaxda agreTve sixSiris ultramaRali stabilurobis uzrunvel-

yofa.  

   kavSiris koherentuli sistemebis Seqmna mxolod mas Semdeg gaxda SesaZ-

lebeli, roca ganxorcielda mimRebi signalebis maRalsiCqaruli damuSave-

biT, sadac optikuri signalis gadamtanis fazuri dreifis acileba SesaZ-

lebeli gaxda eleqtrul formaSi. koherentul optikur mimRebSi optikuri 

signalis amplituduri da fazuri informacia gardaiqmneba eleqtrul 

formaSi. signalebis cifruli damuSavebis gareSe Zalze mkacri moTxovnebi 

waeyeneba optikuri signalis gadamtansa da sayrdeni gamosxivebis sixSiree-

bisa da fazebis urTierTsinqronizacias. cifruli damuSavebisas ki es uka-

naskneli ar aris saWiro. am SemTxvevaSi sruldeba mxolod sinqronizaci-

is, fazuri diversificirebisa da cifruli informaciis dekodirebis fun-

qciebi. koherentuli mimRebis struqtura naCvenebia sur.2-ze. 

Sesasvleli signali da sayrdeni gamosxiveba iyofa or polarizaciul kom-

ponentad polarizaciuli seleqciis blokebiT (PBS). informaciuli signa-

lis ori polarizaciuli komponenti Seereva uwyveti gamosxivebis or po-

larizaciul komponents sayrdeni lazeris 900–optikur SemrevSi (Polarizati-

on-diversity, 90-degree optical Hybrid). sayrdeni lazeri regulirdeba mimRebze sig-

nalis centraluri sixSiris mimarT diapazonSi ±20 mhc. gadamcemisa da say-
rdeni gamosxivebis wyaros lazerebis siganeebi unda iyos 100 khc-ze nakle-

bi. analogur-cifrul gardamsaxSi (ADC) xdeba balansuri fotomimRebidan 

gamosuli 4 wyvilis gacifruleba, romlebic miewodeba signalebis cifru-

li damuSavebis mowyobilobas. ADC-is gamosasvlelze formirebuli simbo-

loebis oTxi nakadi interpretirdeba rogorc kompleqsuri signalis ori 

nakadis namdvili da warmosaviTi nawilebi (R da I). TiToeuli polarizaci-

        bfm    
 S  

 S 

fd1

fd2

 
 g 

aassog
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isTvis TiTo “kompleqsuri” nakadi damuSavdeba signalebis cifruli naka-

dis blokSi. 

 

 

signali 

 

 

 

sayrdeni 

lazeri 

 

  
sur.2 polarizaciuli da fazuri diversifikaciiT koherentuli mimRebis 

gamartivebuli struqturuli sqema 

 

      informaciis gadacemis maqsimaluri siCqare kavSiris koherentul sis-

temebSi ganisazRvreba Tanamedrove analogur-cifruli gardamsaxebis Se-

saZleblobiT, romelTa muSaobis siCqaremac miaRwia 56 gbod-s. maT safuZ-

velze SesaZlebeli gaxda signalebis damuSavebis cifruli sistemebis mu-

Saobis siCqarisa da Sesabamisad koherentuli mimRebis siCqaris gazrda 28 

gbod-mde. 

   koherentuli mimRebebis saSualebiT SesaZlebelia modulaciis sxvadas-

xva tipis mravaldoniani formatis danergva. yvelaze misaReb formatad 100 

gbiti/wm siCqariT informaciis gadasacemad iTvleba DP-QPSK formati [2].  
   kombinacia polarizaciuli multipleqsirebisa da kvadratuli fazuri 

ZvriT manipulaciis (PM-QPSK an DP-QPSK) iTvleba yvelaze perspeqtiul ga-

dawyvetad, rom miRweuli iqnas gadacemis siCqare 100 gbiti/wm an ufro ma-

Rali. TiToeulSi ori orTogonalurad polarizebuli mimdevrobidan in-

formacia gadaicema oTxdoniani fazuri modulaciis (QPSK) gamoyenebiT. Se-

degad TiToeul poziciaSi gadaicema 2 biti simboloze, sul 4 biti simbo-

loze. 28 gbodi simboloebis siCqarisas uzrunvelyofilia bituri siCqare 

112 gbiti/wm, romelic sakmarisia informaciis gadasacemad 100 gbiti/wm da 

12%-iani siWarbiT FEC-s gamosayeneblad.  

   amasTanave koherentul sistemebSi signalebis cifruli damuSavebiT uz-

runvelyofilia qromatuli da polarizaciul-moduri dispersiebis adap-

turi kompensacia.  

   aqve unda aRiniSnos, rom rac ufro metdonian formats gamoviyenebT, 

miT ufro mokle manZilzea SesaZlebeli signalebis gadacema. mniSvnelova-

nia isic, rom bevrad rTuldeba iseTi mniSvnelovani parametris dadgena, 

rogoricaa DWDM sistemebisaTvis OSNR. es sirTule ZiriTadad gamowveu-

lia xelSeSlis donis dadgenis siZneleebiT. saqme imaSia, rom DWDM sis-
temebiT 10 gbiti/wm siCqaris nakadebis gadacemisas xmauris mniSvnelobis 

dadgena xdeba interpolaciis meTodiT, risTvisac gamoiyeneba talRebs So-

ris SualedebSi aRebuli wertilebi, Semdeg ki gamoiTvleba xmauris saSua-

lo mniSvneloba, romelzec gaiyofa mocemuli talRis (arxis) mniSvneloba. 

igives gameoreba 50 ghc-iT dacilebuli 100 gbitiani arxebisaTvis SeuZle-
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belia, radgan am dros arxebs Soris xdeba signalebis gadafarva da xmau-

ris doned iZulebuli viqnebiT aviRoT signals damatebuli xmauri. amis 

gamo aseT siCqareebze aucilebelia sruliad axali tipis gamzomi xelsa-

wyoebis gamoyeneba [4].  

                                daskvna 

   kavSiris koherentuli sistemebi eleqtrul signalad gardaqmnis Semdeg 

inarCuneben optikuri signalis fazur da polarizaciul informacias, rac 

saSualebas gvaZlevs, iqnas gamoyenebuli modulaciis nebismieri formati, 

ganxircieldes polarizaciuli multipleqsireba da rogorc qromatuli, 

aseve polarizaciul moduri dispersiis kompensacia. 

   dReisaTvis damuSavebulia informaciis koherentuli sistemebi simbolo-

ebis gadacemis 25 gbodi siCqariT. aseTi sistemebi oTxdoniani fazuri mo-

dulaciisa da polarizaciuli multipleqsirebis gamoyenebiT iZleva saSu-

alebas gadavceT informacia 100 gbiti/wm siCqariT OTN satransporto blo-

kis, OUT-4-is saSualebiT. 

   optikuri signal/xmauris gasazomad 100 gbiti/wm saarxo siCqarisas 

DWDM sistemebSi saWiroa sruliad sxva meTodiT momuSave gamzomi mowyo-

bilobebis gamoyeneba. 
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seqcia 4 energiisa da resursebis damzogavi 
teqnologiebi energetikaSi, mrewvelobaSi, 
mSeneblobasa da transportSi 
 

 
 

energodamzogi teqnologiis damuSaveba da danergva 
sawarmoSi SeduReba-daduRebisas plastikuri 

deformaciis procesis gamoyenebiT 

 
yifiani p.n., mindaZe s.o., geraZe p. 

akaki wereTlis saxelmwifo universiteti 

 
naSromSi ganxilulia SenaduRi SeerTebis plastikuri deformacia, rogorc ener-
godamzogi saSualeba, romelic cvlis SeduRebis Semdgom Termul damuSavebas da 
zrdis SenaduRi SeerTebis meqanikur Tvisebebs. 

 
SeduRebis process Tan sdevs liTonis mcire moculobis adgilobrivi 

gaxureba maRal temperaturebamde maRalkoncentrirebuli siTbis wyaros 

gamoyenebisas. aseTi zemoqmedebis Sedegad SenaduR SeerTebebSi miiReba 

Termuli gavlenis zona, romlis sxvadasxva ubani xasiaTdeba araerTgvaro-

vani struqturebis warmoqmniT. aman ki SeiZleba gamoiwvios liTonis meqani-

kuri Tvisebebis mniSvnelovani cvlileba da bzarebis warmoqmnac. Tumca 

TvisebaTa cvlileba SesaZlebelia mimdinareobdes Termuli gavlenis zo-

nis ubnebis struqturuli cvlilebebis gareSec. 

SenaduR konstruqciaze aRniSnuli faqtorebis uaryofiTi gavlenis Se-

samcireblad SeduRebamde an SeduRebis procesSi miRebuli zomebi (SeTbo-

ba, Sualeduri moSveba) sasurvel Sedegs yovelTvis ar iZleva. amis gamo 

xSirad saWiro xdeba SeduRebis Semdgomi damuSavebis gamoyeneba, romelic 

warmoadgens SenaduRi konstruqciis Termuli an sxva saxis damuSavebas. sa-

survelia iseTi damuSavebis gamoyeneba, romelic xasiaTdeba naklebi ener-

go- da SromatevadobiT, gamoyenebuli mowyobilobis simartiviT. SeduRebis 

Semdgomi damuSavebis energodamzog xerxad miviCnieT SenaduRi SeerTebis 

plastikuri deformireba, kerZoT, gaWedva CaquCis magvari iaraRiT. 

mocemul naSromSi ganxilulia erTgvarovani da sxvadasxvagvari Sena-

duRi SeerTebebis struqturul-meqanikuri araerTgvarovnebis warmoqmnis 

Taviseburebani SeduRebisas da SeduRebis Semdgomi damuSavebis procesSi. 

gamokvleuli iqna 09Г2С+09Г2С perlituri klasis da 

12Х18Н10Т+12Х18Н10Т austenituri klasis foladis erTgvarovani SenaduRi 

SeerTebebi, aseve foladebis 09Г2С+12Х18Н10Т SenaduRi SeerTebebi. 

SeduRebis Semdeg swarmoebda nakeris gaWedva, kristalizaciis Semdeg 

misi gacivebis procesSi, ara nakleb 10000C temperaturisas, raTa Tavidan 

iqnas acilebuli bzarebis warmoqmnis saSiSroeba plastikuri deformaciis 

dros. damuSaveba utardeboda daduRebuli liTonis mxolod meore da me-

same fenebs. 

damuSavebis gareSe 09Г2С foladis SenaduRi SeerTebebi xasiaTdeba 
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mcire raodenobis feritis mqone uxeSi nemsisebri beinituri struqturis 

warmoqmniT. nakeris liTonis periferiaze miiReba vidmanStedtis feritisa 

da uxeSi nemsisebri beinituri struqtura, xolo nakeris centrSi - mar-

cvlovani feritisa da beinitis struqtura. 

radgan 12Х18Н10Т foladis SenaduRi SeerTebebis nakeris liToni Ta-

vis SemadgenlobaSi Seicavs rogorc feritwarmomqmnel, aseve austenitis 

warmomqmnel malegirebel elementebs, maTi fazuri Sedgenilobis zusti 

gansazRvrisaTvis gamoyenebuli iqna Sefleris diagrama, romelic iTvalis-

winebs qromisa da nikelis eqvivalents. gaangariSebam aCvena, rom qromis ma-

Rali Semcvelobis Sedegad struqturaSi warmoiqmna -feriti (miaxloebiT 

10% - ОЗЛ-6 eleqtrodis liTonSi da TiTqmis 20% - ЦЛ-11 eleqtrodis li-

TonSi). gaangariSebiT miRebuli -feritis Semcvelobas adasturebs miRebu-

li struqturebi. 

12Х18Н10Т foladis nakeris liTonis struqtura rTuli agebulebisa 

aRmoCnda - SenarCunda kristalizaciisas warmoqmnili pirveladi struqtu-

ra. uSualod Sednobis zonasTan ganlagebul ubanze warmoiqmna austenitis 

Zalian wvrili marcvlebi, romelTagan iwyebda zrdas svetisebri krista-

lebi. nakeris centralur nawilSi liTons ZiriTadad tolRerZa struqtu-

ra hqonda. yvela am zonisaTvis damaxasiaTebelia -feritis ubnebis arsebo-
ba dendritTa Soris sivrceebSi. 

09Г2С+12Х18Н10Т SenaduRi SeerTeba xasiaTdeba kveTSi struqturis 

mniSvnelovani araerTgvarovnebiT. nakeris liTonSi aRiniSna maRali dis-

persiulobis mqone austenitis ganviTarebuli svetisebri kristalebi, amav-

droulad maT Stoebs Soris ganlagebuli maRaltemperaturuli feritis 

ubnebiT. garda amisa, kristalizaciisas xdeba aseTi ubnebis gamdidreba go-

girdisa da fosforis advildnobadi minarevebiT. 

SenaduRi nakeris  sxmuli struqturis aRniSnuli naklovanebebis aR-

mosafxvrelad swarmoebda liTonis gaWedva cxel mdgomareobaSi SeduRebis 

Semdeg. 

09Г2С foladis SenaduRi SeerTebis Termuli gavlenis zonaSi, defor-

maciuli zemoqmedebis Sedegad miRebuli iqna struqtura beinitis ufro 

wvrili nemsisebri agebulebiT, feritis wvrili marcvlebis SemcvelobiT. 

nakermimdebare zonaSi struqtura kidev ufro wvrilmarcvlovani gaxda da 

nakeris liTonSi Camoyalibda wvrili nemsisebri struqtura, mis sazRvreb-

ze ganlagebuli wvrili feritis badiT. 

nakeris liTonSi rogorc periferiaze, aseve centralur nawilSic, 

warmoiqmna wvrilmarcvlovani feritul-austenituri narevi, romelsac um-

niSvnelo orientacia hqonda deformaciis mimarTulebis gaswvriv. amave 

dros, svetisebri kristalebi ar SeiniSneboda. 

analogiuri cvlilebebi moxda sxvadasxvagvari 09Г2С+12Х18Н10Т Sena-
duRi SeerTebis liTonSi. nakeris liTonSi struqtura wvrilmarcvlovani, 

tolRerZa da SedgenilobiT austenitur-ferituli iyo. 09Г2С foladis 

mxridan Sednobis zonaSi warmoiqmna austenitis wvrili marcvlebis Txeli 

Sre. 

amrigad gamosakvlevi foladebis yvela SemTxvevaSi, rogorc erTgvaro-
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vani, aseve sxvadasxvagvari foladebis SenaduRi SeerTebebis miRebisas, na-

keris liTonSi moxda struqturis dawvrilmarcvlovneba da uxeSi krista-

lebis gaqroba, kerZoT: 

- perlituri foladis nakeris liTonSi warmoiqmna Txeli feritis kris-

talebis mqone wvrili nemsisebri beinitis struqtura; 

- austenituri foladis nakeris liTonSi ar aris svetisebri kristalebi, 

mTels kveTSi miRebulia austenitur-ferituli tolRerZa struqtura, 

romelsac ar aqvs mkveTrad gamoxatuli nakeris zonaloba kveTSi (sxvao-

ba struqturebs Soris nakeris kideze Sednobis zonis maxloblad da na-

keris centrSi); 

- perlituri da austenituri foladebis araerTgvarovani SenaduRi Seer-

Tebis nakeris liTonSi sxmuli dendrituli struqtura mTlianad daS-

lilia da warmoiqmna isev tolRerZa wvrilmarclovani struqtura. 

gamosakvlevi SenaduRi SeerTebebis liTonis meqanikur maxasiaTeblebze 

SeduRebis Semdgomi damuSavebis zemoqmedebis gamovlenisaTvis, Sesrulebu-

li iqna sisalis gazomva kveTSi, aseve ganisazRvra dartymiTi siblante 

sxvadasxva zonebSi (ZiriTad liTonSi, Termuli gavlenis zonaSi da nake-

ris liTonSi). kvlevis Sedegad gamoirkva, rom  09Г2С foladis erTgvaro-

vani da sxvadasxvagvari SenaduRi SeerTebebi xasiaTdeba sisalis ganawile-

bis mniSvnelovani araerTgvarovnebiT, rac Termuli gavlenis zonaSi 

wrTobis beinituri struqturis warmoqmnis Sedegia. nakerebis gaWedvis Se-

degad miRebuli iqna sisalis gadideba yvela gamokvleul SenaduR SeerTe-

baSi. 

nakeris liTonis wvrilmarcvlovanma struqturam gaWedvis Semdeg  sa-

Sualeba migvca agvemaRlebina misi dartymiTi siblante, plastikurad dau-

muSavebel mdgomareobasTan SedarebiT. 

xSirad sawarmoo pirobebSi detalebis SeduRebisa Tu daduRebisas, 

wrTobis struqturebis Tavidan asacileblad, aucilebelia rogorc winas-

wari Tu Tanmxvedri gaxureba, aseve SeduRebis Semdgomi Termuli damuSave-

ba, rogorc zemoT iyo aRniSnuli. es garemoeba gansakuTrebiT sagrZnobia 

maRali simtkicis foladebis SeduReba-daduRebisas. magram xSir SemTxveva-

Si garkveuli sirTuleebi iqmneba energiis danaxarjebis da detalebis zo-

mebis zrdis gamo. garda amisa, zogjer aucilebelia damatebiTi sawarmoo 

farTi da amweebi detalebis transportirebisaTvis [1,2]. 

zemoTqmulis naTeli magaliTia rkinigzis transportis navTobproduq-

tebis gadamzidi cisternebis gogoraTvlis gacveTili qimis aRdgenis teq-

nologia. arsebuli teqnologiiT winaswar gaxurebasTan erTad aucilebe-

lia detalebis Semdgomi Termuli damuSaveba, wrTobis struqturebis Tavi-

dan asacileblad, rac daduRebuli gogoraTvlebis TermostatSi moTavse-

bas iTvaliswinebs ise, rom gacivebis siCqare 50 0С/sT ar unda aRematebo-

des, 6 sT-is ganmavlobaSi1. risTvisac aucilebelia TermostatSi 2 kvt sim-

Zlavris gamaxureblebis CamontaJeba da maTi winaswar CarTva saWiro tempe-

raturis misaRebad. TermostatSi gogoraTvlis eqvsi saaTis Semdeg gamaxu-

                                                 
1  aRniSnuli teqnologia damuSavebulia da ubani gaSvebulia eqspluataciaSi 
statiis avtorebis mier. 
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reblebs gamorTaven da Semdgomi eqvsi saaTis ganmavlobaSi gogoraTvali 

TermostatSi rCeba. rac jamSi 12 sT-s Seadgens. garda amisa, Termostati 

Tavisi zomebiT (150015002500 mm) sakmao farTs ikavebs saamqroSi. Tu gaviT-

valiswinebT im garemoebas, rom aRniSnuli teqnologiiT erTi samuSao 

cvlis ganmavlobaSi minimum eqvsi Termostatia saWiro, advili warmosadge-

nia ramden energias da sawarmoo farTs moiTxovs aRniSnuli operacia. 

laboratoriul pirobebSi miRebuli Sedegebis sawarmoebSi dasanergad 

eqsperimentebi Catarebuli iqna naturalur gogoraTvlebze samtrediis sa-

vagono depoSi. gacveTili gogoraTvlebis qimis geometriuli zomebis da-

duRebiT aRdgenis yvela operacia, garda saboloo Termuli damuSavebisa, 

Catarebuli iqna Cvens mier damuSavebuli teqnologiiT am savagono depos-

Tvis. kerZod: gogoraTvlis qimi daduRebis win gaxurebuli iqna 180 0С-mde. 

SeduRebis reJimi: ISed=300-320 a, Urk=30-32 v, VSed=20 m/sT, del=3 mm. gamoyene-

buli iqna saSemduReblo mavTuli Св-08ХГ2СМФ da flusi АН-348А. daduRe-
buli lilvakebis raodenoba icvleboda 6-dan 8-mde cveTis sidideze damo-

kidebulebiT. daduRebis procesSi, dawyebuli me-2 lilvakidan, CaquCis ga-

moyenebiT xdeboda dartyma gogoraTvlis qimze 3-8 sm-is intervaliT. 

eqsperimentebma gviCvena, rom gogoraTvlidan amoWril yvela nimuSze 

wvrilmarcvlovani struqtura SeiniSneboda da marcvlis zoma damokidebu-

li iyo dartymaTa sixSireze da nimuSze, sadac dartymaTa didi raodenoba 

modioda, ufro wvrilmarcvlovani struqtura miiReboda. Sesabamisad, am 

nimuSebze dartymiTi siblantis sidide ukeTesi iyo. rac Seexeba struqtu-

ras, is ZiriTadad wvrilmarcvlovani sorbitia, mciredi wrTobis struqtu-

rebiT. sisale nimuSze 300-330 HV farglebSi icvleboda, rac sakmarisi aR-

moCnda kargi cveTamedegobis misarebad. 

miRebulma Sedegebma gviCvena, rom sawarmoo pirobebSi SeiZleba mniS-

vnelovnad Semcirdes energodanaxarjebi da gamonTavisufldes sawarmoo 

farTi ise, rom ar gauaresdes daduRebuli liTonis meqanikuri Tvisebebi, 

Tumca plastikuri deformaciis procesi saWiroebs Semdgom srulyofas. 
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THE DEVELOPMENT AND INTRODUCTION OF ENERGY-SAVING TECHNOLOGY FOR 

WELDING AND SURFACING USING PLASTIC DEFORMATION 
Kipiani P., Mindadze S., Geradze P. 

Akaki Tsereteli State University 
Summary 

The paper considers plastic deformation of welds as an energy-saving method, which replaces post-
weld heat treatment and increases their mechanical properties. 
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saavtomobilo gzebis mSeneblobisa da eqspluataciis 

stadiaze energo danaxarjebi da misi Semcirebis gzebi  
 

baraTaSvili m. 
akaki wereTelis saxelmwifo universiteti 

 
statiaSi ganxilulia im faqtorebis erToblioba, romlebic saavtomobilo 

gzis mSeneblobisa da eqsplutaciis stadiaze   qmnian energo danaxarjebs, Seswav-
lilia am faqtorebis xvedriTi wili energo danaxarjebis warmoqmnaSi da warmod-
genilia faqtorebis mixedviT am danaxarjebis Semcirebis gzebi. Mmocemulia gzis 
efeqturobis gansazRvris pirobebi da efeqturobis gansazRvrisas energo danaxar-
jebis xvedriTi wilis mniSvnelobis Sefasebis wesi. 

 
Tanamedrove msoflioSi MmSeneblobaSi Cadebuli invisticiebis mocu-

loba sam trilion dolars Seadgens, es ki mrewvelobis sxva dargebTan, 

maT Soris samxedro seqtoris moculobasTan SedarebiT gacilebiT metia. 

mSeneblobis seqtorSi rogorc mSeneblobis aseve eqspluataciis stadiaze 

inovaciuri da energoefeqturi teqnologiebis intensiuri danergva, serio-

zul cvlilebebs gamoiwvevs energo danaxarjebis Semcirebis sasargeblod. 

saavtomobilo gzebis mSenebloba samSeneblo seqtoris mniSvnelovani nawi-

lia, qveynebis ekonomikis ganviTareba iTxovs Tanamedrove maRal rentabe-

luri axali gzebis sistematiur mSeneblobas da Zvelis rekonstruqcias.  

sayuradReboa rom gzebis mSeneblobis, remontisa da eqspluataciis xaris-

xis amaRlebis mizniT saWiroa gamoyenebuli iqnas axali teqnologiebi da 

Tanamedrove masalebi,  es ar unda iwvevdes mSeneblobis da remontis sta-

diaze energo danaxarjebis zrdas, amasTan  saimedobisa da xarisxis zrdam 

unda uzrunvelyofdes eqspluataciis stadiaze  energo danaxarjebis mniS-

vnelovani Semcireba. Ggzebis mSeneblobis remontis da eqspluataiis xarji 

mniSvnelovnada damokidebuli, mis kategoriaze, gamtarunarianobaze, moZra-

obis usafrTxoebis xarisxsa  da moZraobis arsebul intensivobaze. saavto-

mobilo gzebis MmSeneblobaze da eqspluataciaze energo danaxarjebis Sem-

cireba proeqtirebis stadiaze mnisvnelovani faqtoria da is gzis ekonomi-

kuri maCveneblis ZiriTadi Semadgeneli nawilia. Aam etapze warmoebs gzis 

trasis da misi ZiriTadi parametrebis SerCeva. gzis reliefze mdebareoba-

ze ki arsebiTadaa damokidebuli miwis samuSaoebis moculoba, razec gzis 

mSeneblobisas energo danaxarjebis mniSvnelovani nawili modis. Pproeqti-

rebis stadiaze warmoebs miwis yrilebis mosawyobad saWiro inertuli ma-

salis karierebis mowyoba, karieridan samSeneblo ubnamde manZili arsebi-

Tad gansazRvravs mSeneblobaze gaweul energo danaxarjebis moculobas. 

saavtomobilo gzis ganiv da grZiv profilis parametrebi, ganiv da grZiv 

sibrtyeSi moxvevis radiusis mniSvnelobebi ganapirobeben gzis konstruqci-

is xasiaTs, gansazRvraven masze Tanabar reJimSi usafrTxod satransporto 

nakadebis gadaadgilebis SesaZleblobas, satransporto saSualebebi ener-

go danaxrajebis minimizacia uzrunvelyofilia maT damyarebul Tanabar 

reJimSi muSaobis SemTxvevaSi. am dros minimaluria sawvavisa da sapoxi ma-

salebis xarji, saburavebis cveTa.AaseTi rejimebSi transportis muSaobis 

uzrunvelyofa ki gzis parametrebzea damokidebuli, parametrebi ki sapro-
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eqto samuSaoebis warmoebisas ganisazRvreba. maRali kategoriebis gzebis 

SemTxvevaSi moZraobis saTanado intensivobis pirobebSi, gzis saTanado pa-

rametrebis sworad SerCevisas, transportze gadaadgilebaze gaweuli ener-

go danaxarjebis  Semcirebis Sedegad, @20%-iT mcirdeba gzis saerTo saeq-

splotacio energo danaxarjebis maCvenebeli. 

    mSeneblobis stadiaze energies xarjis umniSvnelovanesi nawili asfal-

tbetonis momzadebaze modis. Aasfaltbetonis narevis momzadebisas energia 

ixarjeba inertuli masalis mopvebaze, msxvrevaze, daxarisxebasa, transpor-

tirebaze da teqnologiur procesSi mis gaxurebaze. bitumis galRobaze, 

inertuli masalis gaxurebaze, da narevis momzadebaze. saSualod miCneu-

lia rom  erTi tona asfaltbetonis masis momzadebaze ixarjeba 130 kv.sT 

energia.  

     Aam dros arsebobs energiis xarjis Semcirebis rezervebi; bitumis ma-

sis iseT daxurul rezervuarebSi dasawyobeba sadac SesaZlebeli iqneba 

bitumis masis maqsimalurad maRal temperatururis pirobebSi Senaxva. iner-

tuli masalis gaxurebisas axali teqnologiebis gamoyeneba, maT Soris 

mzis energiiT masalis saTanado temperaturamde winaswari gaxureba. Aarse-

bul pirobebSi erTi tona masalis saTanado temperaturamde gaxurebisaT-

vis  6-22 kg. mazuTia saWiro. 

Aasfaltbetonis masalis momzadebisas energiis xarjis mniSvnelovan 

ekonomias praqtikaSi Tvisobrivad axali Tbili asfaltis narevis momzade-

ba iZleva. AaseTi asfaltbetonis narevis momzadebisas izogeba 25%, xolo 

dagebis  procesSi 5% energia. amasTan mniSvnelovnad mcirdeba warmoebis 

procesSi damabinZurebeli gazebis garemoSi gatyorcna.  

saavtomobilo gzebis MmSeneblobisas da remontisas asfltbetonis sa-

faris saimedoba da misi meoradi gamoyeneba energiis  danaxarjebis mniS-

vnelvani Semcirebis SesaZleblobas iZleva. savaraudo ekonomis gansaz-

Rvris mizniT sayuradReboa rom 1 kv.m asfaltbetonis safaris mowyobaze  

energiis xarji 100-300 g/j Seadgens.  

    aSS-Si 2011 wels samSeneblo seqtorSi gamoyenebuli iqna 66.7 ml.t Zve-

li asfaltbetonis masa, es 19%-it meti iyo 2009 wlis igive monacemTan Se-

darebiT. 

EsamSeneblo manqanaTa parkis Tanamedrove teqnikuri saSualebebiT ganaxle-

ba energo danaxarjebis Semcirebis saukeTeso saSualebaa. Pparkis ganaxle-

basTan erTad mniSvnelovania samuSaos moculobisa da xasiaTis mixedviT 

manqanaTa klasis SerCeva, maT rentabelur energodamzog reJimSi muSaobis 

mizniT. 

Ggzis sigrZe da wagrZelebis koeficienti nebismieri saavtomobilo 

gzis ZiriTadi teqnikur ekonomikuri maxasiaTebelia,  

1l

l
a   

 sadac; l - trasis saerTo sigrZea xolo, 
1

l - trasis sahaero xaziT sigrZea. 

Ggzis efeqturobis koeficienti damokidebulia, mimdinareD da kapitaluri 

danaxarjebis Tanafardobaze,  
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12

21

KK
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E




  

sadac; 21 ,CC  - trasis variantebis mixedviT mimdinare danaxarjebia, 

          21 , KK - trasis variantebis mixedviT kapitaluri danaxarjebia. 

Eefeqturobis koeficientis normatiuli mniSvneloba 17,0E . 

Ggzis mSeneblobaze gaweuli danaxarjebis gamowyidvis vada iangariSeba;  

21

12

CC

KK
T




  

tvirTbrunvis maCvenebeli tolia; LQG .  

sadac; Q -gadazidvebis wliuri moculobaa;  

k

gN
Q si 307
  

sadac; iN -gzaze moZraobis intensivobaa. 

        sg -satransporto saSualebis saSualo tviTamweobaa, 

        -avtomobilis garbenis gamoyenebis koeficientia, 

        -avtomobilis tvirTamweobis gamoyenebis koeficientia, 

       k -dautvirTavobis gamaTvaliswinebeli koeficientia. 

trasis variantebis SerCeva warmoebs dayvanili jamuri danaxarjebis mixed-

viT, CKEP   

 sadac; K -erToblivi danaxarjebis, C -ki kapitaluri danaxarjebis odeno-

baa. aRniSnulis SefasebiT SesaZlebelia Menergo danaxarjebis struqturis 

analizi, energo danaxarjebis Semcirebis gzebis gamoZebnis mizniT, ise rom 

ar dazaraldes mSeneblobis xarisxi da SenarCunebuli iqnas gzis, proeq-

tiT gaTvaliswinebuli teqnikur ekonomikuri maCvenebeli. 
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Baratashvili M. 
Akaki Tsereteli State University 

Summary 
The article deals with the totality of the factors that determine the amount of energy expenditure in the 

phase Building and operation of highways. Presented ways to reduce the energy costs of construction and 
operation of highways. The technique that determine the effectiveness of road. Determine the value of the 
energy component in the costs construction of highways. 
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agregatebis resursdamzogi gamoyenebis sistemuri 
midgomis principebis sakiTxisaTvis 

 
თავბერიძე ს., ციბაძე ზ., კილასონია ე.  

akaki wereTlis saxelmwifo universiteti 
 

agrosaqonelwarmoebaSi meurneobriobis mravalformianobis pirobebSi um-
niSvnelovanesia samanqano-satraqtoro agregatebis (ssa) efeqturi eqspluatacia 
energodamzogi teqnologiebis gamoyenebiT. amavdroulad SeuZlebelia ssa-is re-
sursdazogviT gamoyenebis problemis kompleqsuri gadaWra optimalurobis rome-
lime erTi kriteriumis mixedviT. aRniSnuli problemis gadasaWrelad warmodge-
nil naSromSi mocemulia misi gadaWris efeqturi gza – sistemuri midgomis gamoye-
nebis aucilebloba da SemoTavazebulia ssa-isa da teqnologiuri kompleqsebis 
resursdazogviT gamoyenebis ierarqiuli struqturuli sqema sistemuri midgomis 
principebis gaTvaliswinebiT. 

 
sabazro ekonomikisa da meurneobriobis mravalformianobis pirobeb-

Si gansakuTrebul aqtualobas iZens calkeuli agregatebis, teqnologiuri 

kompleqsebisa Tu mTliani manqana-traqtorTa parkis (mtp) resursdazogviT 

gamoyenebis amocanebis gadaWra. 

meuneobriobis Tanamedrove pirobebSi (glexuri, fermeruli da sxva) 

mtp gamoyeneba arsebiTad gansxvavdeba meurneobriobis wina formebisagan. 

es gansxvaveba gamoixateba dasamuSvebeli farTobebis sididiT, meqaniza-

torTa raodenobiT, finansuri SesaZleblobebiTa da sxva faqtorebiT. 

calkeuli samanqano-satraqtoro agregati, ssa teqnologiuri kom-

pleqsebi da mtp warmoadgenen rTul mobilur teqnikur sistemebs, romleb-

mac muSaobis procesSi unda daakmayofilon, rogorc agroteqnikuri da 

ekonomikuri moTxovnebi, aseve unda iqnes gaTvaliswinebuli agregatebis 

muSaobis sxvadasxva reJimebi (samuSao svla, uqmi svla, gaqaneba, damuxruWe-

ba da a. S.), agregatebis muSaobisas resursebis mravalferovneba (SromiTi, 

finansuri, materialuri, sawvav-energetikuli da a. S.), garemos dacvis saki-

Txebi da sxva. 

ssa-is qveS igulisxmeba yvela mobiluri sasoflo-sameurneo agrega-

tebi, romlebic Sedgenilni arian traqtorebis, TviTmavali Sasebisa da 

sxva mobiluri energetikuli saSualebebis bazaze TviTmavali sasoflo-sa-

meurneo manqanebis CaTvliT  

resursdazogvis udidesi efeqti miiRweva agregatebis Sedgenisas ana-

lizisa da sinTezis amocanis kompleqsurad urTierTkavSirSi gadawyvetisa 

da maTi optimalur reJimSi gamoyenebisas. 

Sesadgen agregatTa konstruqciulma parametrebma unda uzrunvelyon 

optimaluri weviT-energetikuli Tvisebebi resursdazogvisa da mwarmoeb-

lurobis saukeTeso maCveneblebis misaRwevad.  

ssa-is dakompleqteba da gamoyeneba gulisxmobs Semadgenlobis (ener-

gomanqanebis, CamWidi mowyobilobebis, muSa manqanebis raodenobis SerCeva) 

da maTi muSaobis reJimebis (muSa da uqmi svlebi, teqnologiuri momsaxure-

ba da sxva) dasabuTebas. 

xSirad ssa gamoiyenebian teqnologiuri kompleqsebis Semadgenloba-

Si. amasTan dakavSirebiT resursdazogvis problemis kompleqsuri gadawyve-
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tisaTvis aucilebelia aseTi teqnologiuri kompleqsebis raodenobrivi Se-

madgenlobisa da gamoyenebis reJimebis dasabuTeba. saWiroa erTiani meTo-

dologiuri koncefciis SemuSaveba, rogorc calkeuli agregatis, aseve 

teqnologiuri kompleqsebis resursdazogviT gamoyenebisaTvis. dReisaTvis 

mocemul sferoSi arsebuli mecnieruli kvlevebi ZiriTadad eZRvneba cal-

keuli agregatebis da maTi muSaobis reJimebis resursdazogvis kerZo amo-

canebis gadaWras. resursdazogvis gamoyenebuli kriteriumebi da maT mi-

xedviT optimizirebuli parametrebi Tu agregatis muSaobis reJimebi (samu-

Sao da uqmi svlebi, teqnologiuri da teqnikuri momsaxurebis reJimebi da 

sxva) xSirad mniSvnelovnad gansxvavdebian. aseve gansxvavebulia agregate-

bis muSaobisas gamoyenebuli resursebic (SromiTi, materialuri, sawvav-

energetikuli da sxva). 

arsebuli Sromebis analizis safuZvelze SeiZleba davaskvnaT, rom 

erTi maTematikuri modelis zRvrebSi SeuZlebelia ssa-is resursdazogviT 

gamoyenebis problemis kompleqsuri gadaWra optimalurobis romelime er-

Ti kriteriumis mixedviT. 

gamomdinare aqedan gansaxilveli problemis gadasaWrelad yvelaze 

efeqturia sistemuri midgoma, romlis drosac mizanSewonilia kvlevebis 

Catareba Sesabamis urTierTdakavSirebuli qvesistemebis mixedviT. amasTan 

sistemis elementebis (qvesistemis) rolSi SeiZleba ganxilul iqnas agrega-

tis funqcionirebis ZiriTadi reJimebi s.s. kulturebis movla-moyvanis teq-

nologiis mTeli masStabiT (samuSao svla, uqmi svla, gaqaneba, damuxruWe-

ba, teqnologiur momsaxurebaTa reJimi da sxva). 

naxsenebi Taviseburebani adastureben imas, rom agregatebis funqcio-

nirebis procesi, rogorc rTuli sistema xasiaTdeba ierarqiuli struqtu-

riT urTierTdakavSirebuli qvesistemebis vertikaluri dekompoziciis Se-

saZleblobiT. amasTan ZiriTadi amocana mdgomareobs qvesistemis optimalu-

robis kriteriumis SesabamisobasTan mecnierul dasabuTebaSi, romlebic 

kompleqsSi uzrunvelyofen ganzogadebuli kriteriumis realizacias – yve-

la ZiriTadi saxis resursis danaxarjis minimizacias, romlebic gamoyene-

bul iqna ssa da masTan urTierTdakavSirebul s. s. manqanebisa da agregate-

bis muSaobisas. 

nax. 1-ze warmodgenilia ssa-sa da teqnologiur kompleqsebis resur-

sdazogviT gamoyenebis ierarqiuli struqturuli sqema sistemuri midgomis 

principebis gaTvaliswinebiT. 

problemis kompleqsuri gadawyveta xorcieldeba resursdazogvis 

doneze s. s. kulturebis movla-moyvanis teqnologiidan dawyebuli calkeu-

li agregatebis funqcionirebis kerZo reJimebiTa da TviT teqnikuri eq-

spluataciis amocanebis CaTvliT damTavrebuli. resursdazogvis amocanebi 

yovel doneze ise formulirdeba, rom yoveli wina donis gamomavali Sede-

gebi gamoyenebul iqnas ierarqiuli struqturis momdevno donis sawyis in-

formaciad. funqcionirebis TiToeuli donisaTvis dgeba Sesabamisi maTema-

tikuri modeli resursdazogvis konkretuli kriteriumebiT (saeqspluata-

cio da SromiTi danaxarjebis minimumiT, sawvavis xarjiTa da sxva). amav-

droulad xdeba optimizaciis yvela donis resursdazogvis efeqturobis 

Sekreba. saukeTeso Sedegi miiReba yvela urTierTdakavSirebuli donis op-
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timizaciis realizebisas. 

 

 

 

  

 

 

 

  

 

 

 

 

 

 

  

 

 

 

  

 

 

 

  

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
nax. 1. sas. sam. teqnikisa da teqnologiur kompleqsebis resursdazogviT gamoyene-

bis ierarqiuli struqtura 

s. s. kulturebis movla-moyvanis resursdamzogi 
teqnologiebis SerCeva 

ekonomikuri kriteriumebiT calkeuli agregatebis 
ganzogadebuli parametris dasabuTeba

Sesadgen agregatTa energetikuli parametrebis dasabuTeba 

resursdamzogi kriteriumebiT agregatebis muSa svlis 
reJimis optimizacia 

resursdamzogi kriteriumebiT agregatebis uqmi svlis 
reJimis optimizacia 

agregatebis gaqanebis reJimis optimizacia 

agregatebis siCqaris da datvirTviTi reJimebis optimizacia 

agregatebis damuxruWebis reJimis optimizacia 

agregatebis mobrunebis reJimis optimizacia 
 

agregatebis optimaluri teqniko-ekonomikuri maCveneblebis 
dasabuTeba 

nakaduri muSaobisas sxvadasxva tipis 
urTierTdakavSirebuli agregatebis optimaluri 

raodenobrivi Tanafardobis dasabuTebaU 

samuSaoTa mTeli moculobisaTvis mtp Semadgenlobis 
optimizacia

sas. sam. teqnikis teqnikur momsaxurebebisa da remontis 
sistemebis optimizacia 

resursdamzogi kriteriumebiT teqnologiur moculobaTa 
tevadobis optimizacia 
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resursdazogvis amocanebis gadaWris meTodebi misaRebia, rogorc 

manqanebisa da agregatebis axali konstruqciebis damuSavebis stadiaze, 

aseve arsebuli s. s. teqnikis sawarmoo eqspluataciis pirobebSi. 
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THE PRINCIPLES OF SYSTEMIC APPROACH TO RESOURCE-SAVING 

 UTILIZATION OF AGGREGATES 
S. Ch. Tavberidze, Z.G. Tsibadze, E.O. Kilasonia 

Akaki Tsereteli State University 
Summary 

In agricultural commodity producing efficient exploitation of machine and tractor aggregates by using 
power inputs technolgies is very important. At the same time it’s impossible to solve problem of resource-sa-
ving utilization of the machine and tractor aggregates according to any criteria of optimality. For solving the 
problem there are given the efficient ways – necessity of systemic approach utilization and there is offered 
hierarchical structural scheme of resource-saving utilization of machine and tractor aggregates and technolo-
gies considering the pricniples of systemic approach.  
 
 

 
 

materialuri da energoresursebis damzogi 
mowyobilobis gamoyeneba liTonebis wertilovani 

SeduRebisaTvis 

 
mindaZe s., yifiani p., geraZe p. 

akaki wereTlis saxelmwifo universiteti 

 
naSromSi ganxilulia SenaduRi SeerTebisaTvis samSeneblo-samontaJo dambaCe-

bis gamoyeneba  afeTqebiT SeduRebis energodamzogi SesaZleblobis gamoyenebiT, 
rac zrdis SenaduRi SeerTebis meqanikur Tvisebebs. miRebulia procesis paramet-
rebis gaangariSebis sqema. 

 
bolo periodSi mniSvnelovnad gaizarda liTonis konstruqciebis ga-

moyenebis wili sxvadasxva saxis samrewvelo Tu samoqalaqo obieqtebis mSe-

neblobisas. amis naTeli magaliTia  bolo wlebSi q.quTaisSi agebuli 

sportis sasaxle da parlamentis Senoba, romlebic mTlianad liTonis Se-

naduR konstruqciebs warmoadgens. liTonis konstruqciebi TiTqmis Seuc-

vlelia Senoba-nagebobebis rekonstruqcia-gaZlierebis dros. Tumca, xSir 

SemTxvevaSi aucilebelia rTuli energotevadi mowyobilobis gamoyeneba, 

romelTa gamoyeneba, sxva sirTuleebTan erTad, dakavSirebulia did ener-

godanaxarjebTan. 

xSir SemTxvevaSi konstruqciis SeduRebiT agebisas saWiroa Txeli 1-3 

mm sisqis furclebis miduReba SedarebiT didi sisqis detalebTan, rac, 
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sakmaod rTulia SeduRebis TvalsazrisiT (ar unda moxdes furclebis 

gawva da ar unda dagvrCes SeuduRebeli adgilebi). garkveuli sirTule iq-

mneba im SemTcvevaSi, Tu sxvadasxva qimiuri Sedgenilobis masalebia gamo-

yenebuli [1]. 

mocemul samuSaoSi ganxilulia energodamzogi teqnologiis gamoyene-

ba sxvadasxvagvari liTonebis pirgadadebiTi wertilovani SenaduRi Seer-

Tebebis misaRebad samSeneblo-samontaJo dambaCis meSveobiT. ganixileba 

procesis iseTi optimaluri parametrebis SerCeva, romlebic uzrunvelyofs 

ZiriTadi liTonisa da wertilovani SeerTebebis Tanabarsimtkices. naSrom-

Si aseve ganxilulia SenaduRi wertilebis meqanikuri Tvisebebi da maTi 

formirebis Taviseburebani. 

TviT wertilovani SeduRebis sqema moyvanilia nax.1-ze. 

 
nax.1. wertilovani SeduRebis sqema: 1-dambaCa; 2-lula; 3-sartyami; 

4-damcvelis buniki; 5-firfita; 6-RreCos fiqsatori; 7-sayrdeni; 8-fuZeSre. 

 
misaduRebeli firfita 5 ganlagebulia raRac RreCoTi liTonis fuZis 

(fuZeSris) 8 zemoT. firfitis zedapiris mimarT perpendikularulad ganla-

gebulia damcvelis bunikis 4 mqone dambaCa 1, romlis lulaSi 2  moTavse-

bulia sartyami 3. am ukanasknelis mdgomareoba dambaCis lulas arxSi, ro-

melic fiqsirdeba danayofebis mqone specialuri zumbis meSveobiT, gansaz-

Rvravs wvis kameris moculobas da sartyamis sasrul siCqares (ramdenime 

aseul metrs wamSi) SesaduRebel firfitasTan misi Sexebis momentSi. fir-

fitasTan Sejaxebis Semdeg sartyamis Semdgomi moZraoba xdeba SesaduRebe-

li firfitis ubanTan erTad farTobze, romelic miaxloebiT misi ganivi 

kveTis farTobis tolia. fuZeSresTan maTi Sejaxebis Sedegad warmoiqmneba 

pirobebi, romlebic saWiroa wertilovani SenaduRi SeerTebis 6 warmoqmni-

saTvis. iseve, rogorc afeTqebiT SeduRebis Cveulebrivi brtyel-paralelu-

ri sqemis SemTxvevaSi, SeerTebis warmoqmnis piroba mdgomareobs sakmarisi 

sididis wnevis SeqmnaSi da  saWiro xarisxis plastikuri deformaciis gan-

viTarebaSi. 

liTonebis SeduRebisaTvis saWiro wneva miiRweva mZlavri denTis mux-

tebis gamoyenebis xarjze da foladis sartyamis masis varirebis xarjze. 

plastikuri deformaciis sakmaris xarisxs ganapirobebs RreCoebi SesaerTe-

bel firfitebs Soris, romlebic meryeobs 0,5 mm-dam 4 mm-mde da sartyamis 

konusuri forma wveros kuTxiT =150-1600. am pirobebis SemTxvevaSi firfi-

tisa da fuZeSris sartyamis qveS mdebare ubnebis Sejaxeba Zvris deforma-



 

saerTaSoriso samecniero konferencia 

INTERNATIONAL   SCIENTIFIC  CONFERENCE 
 

 211

cias warmoqmnis, romelic am zonaSi dinebis saxes iRebs. 

SeduRebis procesi Seswavlili iqna samodelo konstruqciaze, rome-

lic damzadebuli iyo 12Х18Н10Т foladisagan. misaduRebeli namzadis sis-

qe iyo 1-3 mm, fuZeSrisa - 3-20 mm. fuZe mzaddeboda foladebisagan Ст3, Ст7сп, 

АМг6 Senadnobisagan, betonisa da merqnisagan. optimalur reJimze SeduRe-

buli 12Х18Н10Т+12Х18Н10Т foladis SeerTebebis meqanikuri gamocdebisa da 

metalografiuli analizis Sedegad dadgenilia Semdegi. 

Txelfurclovani masalebis wertilovani SeduRebisas, fuZeSre unda 

iyos sakmaod damyoli, raTa miRebuli iqnas sakmarisi xarisxis plastikuri 

deformacia, da sakmaod xisti, raTa winaaRmdegoba gauwios zedmet daTxe-

lebas (ix. cxrili 1). 

cxrili 1 

 
parametri 

fuZeSris masala
Ст3

(130 НВ) 
Ст7сп

(250 НВ) 
АМг6
(70 НВ) 

betoni merqani

fuZis fardobiTi defor-
macia, % 

33 23 73 40 203 

simtkicis zRvari Wraze, 
mpa 

210 125 196 121 30 

 

optimalur reJimze SeduRebisas wertilovani SeerTebebis rRveva mimdi-

nareobs zeda firfitis liTonidan wertilebis amoglejis gziT 170-210 mpa 

wnevisas da wertilis mimdebare zonis daTxelebiT 15-25%-iT. procesis op-

timaluri parametrebis gadameteba iwvevs mikrobzarebis warmoqmnas inten-

siuri deformaciis zonebSi da zeda firfitis mniSvnelovan daTxelebas. 

optimaluri parametrebis Semcireba ki ar uzrunvelyofs plastikuri de-

formaciis saWiro xarisxs. 

plastikuri deformaciis intensivoba ar aris erTnairi wertilovani Se-

erTebis profilis mixedviT, is aRwevs maqsimums wertilis centrSi da Tan-

daTan mcirdeba periferiisaken. 

sisalis ganawilebas aqvs sawinaaRmdego xasiaTi: misaduRebeli firfi-

tis mxridan periferiaze is maqsimaluria da Seadgens 4300 mpa-s, fuZis 

mxridan - 3540 mpa-s, wertilis centrSi -3300 da 3800 mpa-s. 

SesaerTebeli zedapirebis adiabaturi gaxureba plastikuri deformaci-

is Sedegad iwvevs maT SemolRobasa da cvladi sisqis sxmuli struqturis 

mTliani fenis warmoqmnas. wertilis centrSi gamdnari liTonis sisqe mci-

rea da Seadgens 0,09 mm-s, centridan 1,5 mm manZilze - 0,05 mm-s, xolo 2,8 mm 

manZilze - praqtikulad ar arsebobs. wertilis birTvSi sxmuli struqtu-

ris maqsimaluri sisale Seadgens 3970 mpa-s, xolo ZiriTadi liTonis saz-

Rvarze mcirdeba 2710 mpa-mde. 

12Х18Н10Т foladis kvlevis Sedegad gamovlenilma kanonzomierebebma  

saSualeba mogvca migveRo xarisxovani wertilovani SeerTebebi sxvadas-

xvagvari liTonebis SeduRebisas - М1+М1, М1+АД1, М1+Ст3, 

12Х18Н10Т+12Х18Н10Т, 12Х18Н10Т+Ст3, АД1+12Х18Н10Т. 

dadgenili iqna, rom wertilovani SeerTebebisa da ZiriTadi liTonis 

Tanabarsimtkicis uzrunvelyofisaTvis sartyamis siCqare unda iyos ara 
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nakleb 

y = (y + П)/yС, 

sadac y - sartyamis sigrZea; П - elementis liTonis sisqea; С - satyorcni 
da uZravi elementebis Sejaxebis optimaluri siCqarea [2]. amasTan 

С  (1+ МСМ/ТСТ) ТМ/М , 

sadac М, СМ, Т, СТ - Sesabamisad, bgeris simkvrive da siCqare naklebad da 

metad mtkice foladSi; ТМ - naklebad sali liTonis denadobis 

zRvari. 

RreCo SesaduRebel elementebs Soris 

h=R tg , 

sadac R - sartyamis radiusia;  - alesvis kuTxea. 

-s mniSvneloba unda iyos intervalSi 

180-2 arcsin С /2 СМ, <  < 180 - 2 arcsin С /СМ , 
sartyamis masala ki unda Seesabamebodes satyorcni elementis masalas. 

amrigad, arsebuli samSeneblo-samontaJo dambaCis meSveobiT wertilova-

ni SenaduRi SeerTebebis miRebis damuSavebuli xerxi saSualebas iZleva 

gadavwyvitoT erTgvarovani da sxvadasxvagvari liTonebis saimedo SeerTe-

bis sakiTxi ZviradRirebuli specialuri mowyobilobis gamoyenebis gareSe. 
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USE OF THE MATERIAL- AND ENERGY-RESOURCES SAVING DEVICE FOR A SPOT WELDING OF 

METALS 
Mindadze S., Kipiani P., Geradze P. 

Akaki Tsereteli State University 
Summary 

The paper dwells on the use of construction and mounting gun for obtaining the welded joint by using 
the energy-saving capabilities of explosion welding that increases the mechanical properties of welded joints. 
There has been obtained the scheme for calculating the process parameters. 

 
 

 

Tburi reJimebis gavlena saavtomobilo  
Zravis saimedobaze 

 
kamlaZe a. furcxvaniZe g. 

akaki wereTlis saxelmwifo universiteti 
 

avtomobilis daRmarTze moZraobisas, Zravi ZiriTadad muSaobs rogorc mux-
ruWi an kidev mcire datvirTvebiT, ris gamoc icvleba temperaturuli reJimi da 
Zravi `civdeba~. 

Zravis gadagrilebiT zeTis Sesqelebis gamo, izrdeba meqanikuri danakargebi, 
cilindrebis kedlebze kondensirebuli sawvavis wveTebi Camoirecxavs zeTis Txel 
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fenas da iwvevs gazrdil cveTas. 
naSromSi ganxilulia Tbmuri reJimebis gavlena, saavtomobil Zravis saimedo-

basa da ekonomiurobaze. 
 
eqspluataciis periodSi, saavtomobilo transportze uwyvetad moqme-

di cvladi pirobebi, mniSvnelovan gavlenas axdenen Zravis sadatvirTo re-

Jimebze da teqnikur mdgomareobaze. magaliTad, avtomobilis daRmarTze 

moZraobisas, Zravi ZiriTadad muSaobs mcire datvirTvebiT an kidev ro-

gorc muxruWi, ris gamoc icvleba temperaturuli reJimi da Zrava `civde-

ba~, rac arRvevs misi normaluri muSaobis pirobebs. eqsperimentaluri 

kvleva gviCvenebs, rom avtomobilis moZraoba daRmarTze an iZulebiT uqm 

svlaze iwvevs Zravas `gacivebas~ da gamagrilebeli siTxis 300C temperatu-

raze, ZiriTadi detalebis cveTa 6-jer metia, vidre 800C temperaturis 

dros. 

Zravis gadagrilebiT zeTis Sesqelebis gamo, izrdeba meqanikuri dana-

kargebi, xolo cilindrebis kedlebze kondensirebuli sawvavis wveTebi Ca-

morecxavs zeTis Txel fenas da iwvevs gazrdil xaxuns. 

civi Zravis gaSveba da SeTboba warmoadgens rTul arastacionalur 

Tbocvlis process, romlis drosac mkveTrad icvleba moxaxune wyvilebis 

muSaobis pirobebi. aRsaniSnavia, rom Zravis gaSveba-SeTbobis procesSi mo-

xaxune wyvilebis gazrdil cveTasa da saimedobis Semcirebis mizezebze ar-

sebobs sxvadasxvanairi mosazreba. eqspluataciis procesebSi msxvili ci-

lindrebis saerTo cveTaSi (40÷70%) da gaSvebis reJimSi (2,5÷24%) aris abra-

ziuli cveTa. 

rogorc analizi gviCvenebs gaSvebisa da SeTbobis procesSi, Zravis 

detalebis cveTis ZiriTadi saxea molekulur-meqanikuri cveTa, romelic 

ZiriTadad gamowveulia sawvavSi teqnikuri minarevebis arsebobiT. sawvavSi 

myari meqanikuri minarevebi (mtveri, qviSa da sxv.) iwvevs ZiriTadi detale-

bis abraziul cveTas. magaliTad, dizelis sawvavSi meqanikuri minarevebis 

arseboba iwvevs: yvinTas adgilobrivi cveTis 30÷35 mkm-iT; 15÷17 mkm-iT icvi-

Teba cilindrebis masrebi da 25÷30 mkm-iT damWirxni sarqveli. amasTan cve-

Ta mfrqvenaSi da damWirxn sarqvelSi uaryofiT gavlenas axdens Zravis mu-

Saobaze. cveTis am saxis Semcireba SesaZlebelia zeTis miwodebis dagviane-

bis SemcirebiT sawvavi narevis gaumjobesebiT da SeTbobis optimaluri re-

Jimis SerCeviT [1]. 

gamokvlevebi gviCveneben, rom didi simZlavris Zravis gaSvebisas ci-

lindrebis cveTis 75÷80% gamowveulia moxaxune wyvilebTan zeTis miRwevis 

dagvianebis mizeziT; 11÷16% dabal temperaturul reJimze Zravis muSaobiT, 

9÷11% cilindrebis kedlebze mimdinare koroziuli procesebiT. 

eqsperimentaluri kvlevebiT, gaSvebis reJimSi Zravas cveTaze arsebiT 

gavlenas axdens gagrilebis sistemis konstruqcia, xelis Zravis SeTbobis 

reJimi gansazRvravs cilindrebSi zeTis afskis sisqes, rac arsebiT gavle-

nas axdens cilindrebis saimedobaze. 

Zravis gaSveba SeTbobis procesSi cilindrebis cveTis Semcirebis 

erT-erTi RonisZiebaa, gamagrilebeli siTxis temperaturis regulireba da 

SeTbobis drois Semcireba, rogorc gagrilebis sistemaSi Termostatis, 
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ventilatoris da Jaluzebis TermoregulirebiT, aseve anTebis avtomaturi 

dagvianebisa da SeTbobis reJimis SerCeviT. nax. 1-ze mocemulia dizelis 

Zravis cilindrebis cveTis damokidebuleba gamagrilebeli siTxis tempera-

turaze gaSveba-SeTbobis reJimSi, saidanac naTlad Cans, rom ZravSi tempe-

raturis SemcirebiT izrdeba cveTis sidide. 

nax. 1. cilindrebis cveTis damokidebuleba gamagrilebeli  

siTxis temperaturaze. 

 

Zravis gagrilebis perangebSi Tburi reJimi damokidebulia gamagrile-

beli siTxisa da zeTis temperaturaze. rogorc wesi gamagrilebeli siTxis 

optimaluri temperaturaa 80÷950C da am zRvrebidan siTxis temperaturis 

gadaxriT mkveTrad uaresdeba Zravis weviTi da ekonomiuri maCveneblebi, 

mcirdeba misi saimedoba. amitom gagrilebis sistemis mimarT wayenebuli mo-

Txovnebi mdgomareobs optimaluri Tburi reJimis uzrunvelyofaSi, Zravis 

muSaobis pirobebisagan damoukideblad. 

Zravis SeTbobis reJimi ise unda SeirCes, rom uzrunvelyofil iqnes 

misi saimedo muSaoba, cilindrebisa da muxla lilvis sakisrebis minima-

luri cveTa, moxaxune wyvilebTan zeTis miwodebis daCqareba, karterSi ai-

rebis gaparvisa da zeTis damaWuWyianebeli produqtebis Semcireba. amasTan 

unda Semcirdes Zravis SeTbobis xangrZlivoba. 

Zravis SeTbobis optimaluri reJimis SerCevis gamokvlevebi gviCvenebs, 

rom uqm svlaze muxla lilvis sixSiris gazrdiT da Zravis datvirTvis 

qveS SeTbobiT izrdeba gamagrilebeli siTxis SeTbobis siCqare. yvela Sem-

TxvevaSi, karterSi zeTis temperatura 10÷300-iT naklebia gamagrilebeli 

siTxis temperaturaze. Zravis SeTboba muxla lilvis gazrdili sixSiriT 

uzrunvelyofs moxaxune wyvilebTan zeTis miwodebas, narevwarmoqmnis da 

wvis procesis gaumjobesebas. 

gamokvlevebi gviCvenebs, rom dizelis Zravis SeTboba muxla lilvis 

uqmi svlis minimalur sixSireze ar aris mizanSewonili, radgan am dros 

uaresdeba muxlis turbulentoba, mcirdeba wneva da temperatura kumSvis 

taqtis bolos, mcirdeba Sefrqvevis wneva da sawvavis denadoba izrdeba 

wveTis zomebi da gafrqvevis xangrZlivoba maqsimalur mniSvnelobamde iz-

rdeba haeris siWarbis koeficienti da uaresdeba sawvavis sruli wvis pro-
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cesi. izrdeba karterSi airis gaparva, Wvartlianoba da Zravis SeTbobis 

xangrZlivoba. 

civi Zravis SeTbobisas, muxla lilvis brunTa sixSiris gavlena cve-

Taze gviCvenebs, rom cveTa da airebis gaparva icvleba erTi da igive kanon-

zomierebiT. gamokvlevebiT da eqspluataciis gamocdilebiT mtkicdeba, rom 

uqm svlaze civi Zravis SeTbobis procesi SeiZleba Sewyvetili iqnes, ro-

gorc ki Tburi mdgomareoba saSualebas mogvcems, Zravam miiRos datvirTva, 

im pirobiT, rom moxaxune wyvilebSi zeTis wneva miaRwevs maqsimalur mniS-

vnelobas. es ukanaskneli ki uzrunvelyofs benzinze momuSave ZravSi 4÷6, 

xolo dizelebSi 2÷3 wT-is Semdeg. 

uqm svlasTan SedarebiT dizelis SeTboba datvirTvaze ar iwvevs ci-

lindrebis intensiur cveTas. ufro metic, datvirTvis reJimSi dizelis 

SeTbobiT mcirdeba cilindrebis cveTa. aRniSnulis gaTvaliswinebiT dauS-

vebelia dizelis gaSvebis Semdeg uqm svlaze xangrZlivi muSaoba. avtomo-

bilma moZraoba unda daiwyos mas Semdeg, rac Zravis SezeTvisa da pnevmosa-

muxruWo sistemaSi miRweuli iqneba saWiro wneva. 

analizi gviCvenebs, rom Zravas Tburi reJimi arsebiTad aisaxeba efeq-

tur simZlavreze, rac Tavis mxriv gavlenas axdens avtomobilis iseT maxa-

siaTeblebze, rogoricaa saSualo teqnikuri siCqare da sawvavis xarji. 

Zravis Tburi reJimis temperaturis SemcirebiT izrdeba transportis dat-

virTva dabal gadacemebze. aseT SemTxvevaSi Zravis mabruni momenti mcirde-

ba 1,5÷2-jer, xolo efeqturi simZlavre 40÷50%-iT. mocemul siCqaremde gaqa-

nebis dro da manZili izrdeba 2÷3-jer. maRal gadacemiT gaqanebaze maqsima-

luri siCqare mcirdeba daaxloebiT 2-jer da icvleba mabruni momentis 

mniSvnelobebis (misi maqsimaluri mniSvneloba gadainacvlebs muxla lil-

vis brunvis dabali sixSirisaken). Zravis sawvavis xvedriTi xarji izrdeba 

40÷50%-iT, xolo avtomobilis sawvavis xarji 30÷40-iT. amitom Zravis opti-

maluri Tburi reJimis uzrunvelyofa konstruqciis gaumjobesebiT, warmo-

adgens aqtualur amocanas, riTac izrdeba saimedoba da mcirdeba sawvavis 

xarji. 
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THERMAL REGIMES INFLUENCE OF ENGINE RELIABILITY 

Kamladze A., P Purtskhvanidze G. 
Akaki Tsereteli state university 

Summary 
Cold engine start-up and warming is a complex non-stationary tbotsvlis Process, which dramatically 

changing working conditions mokhakhune couples. Research shows that the vehicle rolled down the move-
ment or forced idle along the path causes the engine "cooling" and cooling fluid temperature of 30 ° C, the 
basic details of the depreciation of 6 times higher than the temperature at 80 ° C.  

Engine optimal thermal regime of the pressing task of improving the structure, thus increasing reliabi-
lity and reduced fuel consumption. 
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ТЕРМОСТОЙКАЯ КОМПОЗИЦИЯ ДЛЯ МЕЖСЛОЙНОЙ 
ИЗОЛЯЦИИ В ГИБРИДНЫХ ИНТЕГРАЛЬНЫХ СХЕМАХ 

 
Ормоцадзе Н.*, Бибилеишвили Д.**, Гветадзе Н.* 
*Государственный Университет Акакия Церетели,  

**Грузинский Технический Университет 
 

        Для получения  предложенных  термостойких композиционных материалов исползуется  
полимер- аминоимидного типа, который  отличается от практический использованной диоксида 
кремния со своей эластичности и хорошой адгезионнимы свойствами это композиция используется 
для формирования межслойной изоляции в гибридных интегральных схемах по двухслойной 
технологии, позволяет получать разрешенный высокотермостойкий рельеф, обладающий хорошими 
электроизоляционными свойствами, выдерживающий температуру 500-520 0С кратковременно. 

 
          На полученной в процессе первой ступени гетероциклизации  полимер- 
аминоимидного типа [1-7] наносят негативний фоторезист, в нем формируют рельеф, затем 
в образовавшихся окнах травят полимер с помощью специальных травителей, снимают 
фоторезист с аминоимидного полимера с помошью специальных удалителей и полученный 
рельеф термозадубливают. 
        Поли(о-амино)фенилнафтальимид (ПАНИ) хорошо ростворим в травителях: гидразин-
гидрате, смеси гидразин-гидрата и этилендиамина, а также смеси, состоящей из пиридина, 
диметилсульфоксида и тетрааэтиламмония гидроксида, а в то время как  
полинафтоиленбензимидазол растворим лишь концентрированной серной кислоте. 
Поскольку в процессе выделения в пристствии остаточного ростворителя, сушки и хранения 
в полимере происходит частичное образование нафтоиленбензимидазолных фрагменов, то 
для получения хороших результатов при травлении важно знать содержание 
нафтоиленбензимидазолных фрагменов в молекуле и найти оптимальное их количество, 
котором полимерная пленка растворялась бы травителе с достаточной скоростью.                  
      Для этой оценки был использован метод ЯМР 13С-{IH}  спектроскопии, позволяющий 
однозначно идентифицировать различные типы ядер атомов углерода карбонилов (о-
амино)фенилнафтальимидных и нафтоиленбензимидазолных фрагменов. Высаженный из 
реакционного раствора полимер растворялся в 25% растворе серной кислоты и измерялась 
интегральная интенсивность полосы сигнала при 146,5м.д. Предварительно была построена 
колибровочная кривая, выражающая завысимость интегральной интенсивности при 146.5 
м.д. от соотношения нафтальимидных и нафтоиленбензимидазолных фрагменов в 
искуственно приготовленой смеси модельных соединений: продуктов взаимодеийствия о-
фенилендиамина и нафталевого ангидрида, на первой стадии (о-амино) фенил-нафтальимид 
и после термоциклизации 1,8-нафтоилен-1,2-бензимидазол.  
        Из образцов полимера содержащих различные количества нафтальимидных и 
нафтоиленбензимидазолных фрагменов были получени пленки на кремниевой подложке и 
контролировалось время травления пленки толщиной 1.5мкм (таблица 1). В качестве 
травителя использовался травитель следующего состава: пиридин – 40 об.ч., 
диметилсульфоксид -10 об.ч., тетрааэтиламмоний гидроксид – 20 об.ч. 
  Было установлено, что пленка толщиной 1.5 мкм травится в этом травителе в течение 30-45 
секунд в этом случае, если содержание нафтоиленбензимидазолных фрагменов в полимере 
не превышает 25%. 
       При большем, чем 25% содержании нафтоиленбензимидазолных фрагменов пленка 
травится более чем 60 с, при этом происходит ее набухание, частичное отслаивание и 
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остается вуаль, которая приводит к отсуствию контактов в окнах при последующем 
напилении металла. При меншем чем 10% содержании нафтоиленбензимидазолных 
фрагменов травление протекает очень бистро, вуаль после травления отсуствует, однако при 
этом резко увеличивается число пор в пленке после задубливания, т. к. При 
термоциклизации выделяется значительное количество паров воды, приводящее появлению 
пор, которие впоследствии не затекают и приводит к дефектности. 
    Если содержание нафтоиленбензимидазолных фрагменов  превышает 25%, то такой 
полимер не пригоден для использования, т.к. он практически не растворим в травителе.  
   Если в полученном по реакционной поликонденсации аминоимидной полимере 
(контролируется по ЯМР 13С-{IH}  спектрам, образец осажденного полимера) содержание 
нафтоиленбензимидазолных фрагменов  ниже 10%, то его следует донести до этой 
величини, т. к. противном  случае резко увеличивается число пор в пленке за счет виделения 
большого количества воды. Увеличении количество  нафтоиленбензими-дазолных 
фрагменов в полимерной пленке можно достичь путем увеличения времени сушки пленка 
при 95 0С до 30-40 мин или повишенном температуре сушки до 105-1100С. В последном 
случае термоциклизация протекает  очень бистро за 5-7 минут на 20-25%. 
                                                                                                                                Таблица 1 
Зависимость скорости травления, дефективности пленок наличия вуали при травлени от 
соотношения о-аминофенил нафтальимдных и нафтоиленбензимидазольных фрагментов в 

полимере 

 
Содержание о-
аминофенил 
нафтальимидн
ых 
фрагментов, % 
мас 

Содержание  
нафтоиленбенз
имидазольных 
фрагментов, % 
мас 

Темпе
ратура 
сушки 
0С, 
время, 
мин,  

Темпе
ратура 
термо
цикли
зации 
0С 

Время 
термоцик
лизации 
0С 

Время 
травления, 
сек 

Наличие 
вуали при 
травлении 
высушенной 
пленки 

Число 
пор на 
1см2 

 

95 5 95/15 350 30 30 отсуствует 10 
92 8 95/15 350 30 32 отсуствует 5-7 
90 10 95/15 350 30 35 отсуствует 2,5-3 
85 15 95/15 350 30 40 отсуствует 2,5-3 
80 20 95/15 350 30 40 отсуствует 2-2,5 
75 25 95/15 350 30 45 отсуствует 2  
70 30 95/15 350 30 60 Вуал /слабая/ 2 
50 50 95/15 350 30 180 Вуал 

/сильная/ 
1-2 

25 25 95/15 350 30 Практическ
и не  

травится 

 1-2 
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HEAT-RESISTANT COMPOSITION FOR INTERLAMINATION INSULATION IN HYBRID 

INTEGRTAED CIRCUITS 
N. Ormotsadze*, D. Bibileishvili** N.Gvetadze* 

*Akaki Tsereteli State University, 
**Georgian Technical University 

Summary 
 To obtain the proposed heat-resistant composite materials there is used the  aminoindan-type 
polymer. which differs from the practically used silicon dioxide. with its elasticity and good adhesive 
properties.  This composition is used for the formation of interlamination insulation in hybrid integrated 
circuits zaccording to the double-layer technology, allows for obtaining the high-heat-resistant relief, which 
has good electrical insulation properties, and withstands the temperature at 500-520 0С for the short moment.  

 
 

 
 

ТЕРМОСТОЙКАЯ  КОМПОЗИЦИЯ 
  

Ормоцадзе Н.Ш.*, Бибилеишвили Д.В** 
* Государственный Университет Акакия Церетели,  

** Грузинский Технический Университет 
 

    Целью данного исследования является уменьшение дефективности слоя, снятие вуали при 
травлении полимерного лака и повышение его стабильности при хранении. Поставленная цель 
достигается тем, что используется композиция на основе полимера аминоимидного типа 
разнозвенного строения содержащей о-аминофенилнафтальимдние и нафтоиленбензимидазольние 
фрагменты с блокированными концевыми ангидридными группами 
 

Используемый полимер получается реакцией поликонденсации диангидрида 
нафталин-1,4,5,8-тетракарбоновой кислоты и 3,3I,4,4I-тетрааминодифенилоксида в амидном 
растворителе в присутствии катализатора – ледянной уксусной кислоты. Синтез 
форполимера поли(о-амино)фенилнафтальимида (ПНБИ) проводили постадийним методом 
в среде аргона. Образующихся на первой стадии реакции поли[(о-амино)фенил-пери-
карбокси]амиде легко замикается шестичленный имидный цикл и образуется достаточно 
стабильный при комнатной температуре поли(о-амино)фенилнафтальимид. Последний 
содержит пространственно удобно расположенные о-аминогрупп, способные с 
расположенные по соседству карбонильной группой замыкать энергетический выгодный 
шестичленный цикл, образуя  нафтоиленбензимидазольную структуру, схема 1. 
        Одним из узких  мест в технологии при использовании полимеров такого типа является 
малий срок хранения полимерных растворов. Это объясняется тем, что после окончения 
реакции в полимере остаются свободные ангидридные группы, которые могут реагировать с 
аминогруппами (о-амино)фенилнафтальимидных фрагментов, образуя сшитые 
неростворимые системы. Поэтому нами предлагается блокировать эти свободные 
ангидридные группы вводя  в реакционную смесь дополнительное количество о-
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фенилендиамина или любого амина с о-расположенными аминогруппами,  в частности в 
данный полимерный раствор мы вводили 3,3I,4,4I-тетрааминодифенилоксид. При расчете 
необходимого количества вводимого о-амина учитивалось количество свободных 
ангидридных групп, которое принималось равным количеству свободных аминогрупп. 
Содержание свободных аминогрупп определялось аналогично количественной реакцией с п-
диметиламинобензальдегидом и последующим определением  количества образовавшегося 
вещество спектрофотометрическим методом. Как видно из данных Таблица 1, блокирование 
концевых ангидридных групп резко увеличило сроки хранения полимерных растворов, 
причем следует отметит, что термостойкость полимерных пленок при этом не меняется. 

 
 

   
 
 
 
 
 
 
 
 
 

ПНБИ 
Схема 1 

       
Как правило содержание концевых ангидридных групп в полимере не 

превышает 10-3 мол/г на грамм сухого полимера. Для связывания как правило, 
добавлялось несколько больше количества 5. 10-3 г/мол о-диамина Избыток удаляли 
из полимера при высаживание и экстракций. 

                                                                                                                       Таблица 1 
Зависимость сроков хранения раствора предварительно  осажденного полимера 

в N-метил-2-пирролидоне (N-МП) от количества 3,3I,4,4I-тетрааминодифенилоксида 
(ТАДФО), введенного для связывания концевых ангидридных групп.  
Количество 
ангидридных 
групп в г-мол/г-
мол полимера 

Количество 
введенно 
ТАДО /г-мол 

Время 
реакции, 
ч 

Температу
ра, 0С 

Срок 
хранения, 
суток 

примечание 

1 .10-3 - - - Менее 1 Образуется геле-образная 
нетекучая масса, 
нераствори-мая в амидных 
растворителях 

1 .10-3 0.5 .10-3 3 60 2 Раствор полимера, 
вязкость во време-ни 
увеличивается 

1 .10-3 0.7. 10-3 3 60 5 Раствор полимера, 
вязкость во време-ни 
увеличивается 

1 .10-3 1. 10-3 3 60 20 Раствор полимера, 
постаянной вязкости 

1 .10-3 5. 10-3 3 60 25-30 Раствор полимера, 
постаянной вязкости 

2 .10-3 5 . 10-3 3 60 25-30 Раствор полимера, 
постаянной вязкости 

-2nH2O -2nH2O 



 

saerTaSoriso samecniero konferencia 

INTERNATIONAL   SCIENTIFIC  CONFERENCE 
 

 220

        Отличитительными признаками предлагаемом методе является то, что (о-
амино)-фенилнафтальимидные и нафтоиленбензимидазольные фрагменты долхны 
содержаться в используемом полимере в соотношении от 90-10 до 75-25 масс % и 
для блокирования концевых ангидридных групп используют ароматический о-
диамин. 
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HEAT-RESISTANT COMPOSITION  

N. Ormotsadze*, D. Bibileishvili** 
*Akaki Tsereteli State University, 
**Georgian Technical University 

Summary 
The paper aims to reduce the defectiveness of layer, remove the veil when etching the polymeric 

lacquer and increase its shelf stability. Said aim is attained by fact that there is used the composition based on 
aminoindan-type polymer of different-section construction containing the o-aminophenil-naphthalmide and 
naphthoyl-benzo-imidazole fragments with the blocked terminal anhydride groups.     

 
 

 
 

Teslis daxarisxeba gvirgvinuli ganmuxtvis velSi 
    

wiqoriZe m., ebanoiZe i., cibaZe z. 
akaki wereTlis saxelmwifo universiteti 

 
meqanikur  manqanebSi Teslis daxarisxeba absoluturi woniT ar warmoebs, 

amitom daxarisxeba araa efeqturi, radgan Teslis xarisxis maCveneblebi pirdapir 
kavSirSia  absolutur wonasTan. absoluturi woniT Teslis daxarisxebis sauke-
Teso saSualebaa gvirgvinuli ganmuxtvis eleqtrul velSi daxarisxeba. 

gvirgvinuli ganmuxtvis eleqtrul velSi Teslis  dieleqtrikuli SeRweva-
dobis damokidebuleba tenTan gansazRvrulia Teslis nawilakebis traeqtoriiT. 
 

Teslis daxarisxebas atareben  maRalxarisxovani saTesle masalis mi-

Rebis mizniT, Tesls axarisxeben zomis, wonis, aerodinamikuri Tvisebebis 
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da sxva  niSanTvisebebiT. 

Telis sawmendi manqana erTi gatarebiT unda iZleodes gawmendil 

Tesls, romelic unda pasuxobdes saTesle an sasursaTo marcvlis moTxov-

nilebebs. manqanis muSa organoebi da meqanizmebi ar unda azianebdes gasaw-

mend da dasaxarisxebel marcvals, manqana unda iyos universaluri, e.i. un-

da SeZlos sxvadasxva kulturis Teslis gawmenda minarevebisa da sarevela 

mcenareebis Teslisagan.  

agreTve Teslgamwmendma manqanam unda uzrunvelyos Teslis daxarisxe-

ba absoluturi woniT. 

absoluturi woniT Teslis daxarisxebis saukeTeso saSualebas war-

moadgens maRali Zabvis eleqtrul velSi gvirgvinuli ganmuxtvis gamoyene-

biT daxarisxeba. garda xarisxis maCveneblebis gaumjobesebisa, eleqtruli 

daxarisxebis dros xorcieldeba Teslis gaTanabreba zomebiT, absolutu-

ri woniT da sxva niSanTvisebebiT. 

eleqtruli daxarisxebis procesSi garda fiziko–meqanikuri paramet-

rebisa, monawileoben Teslis nawilakis eleqtruli Tvisebebi, rogoricaa 

dieleqtrikuli SeRwevadoba, eleqtruli winaRoba, gamtaroba da sxva.  

Teslis  dieleqtrikuli SeRwevadoba mis tenTan damokidebulebiT ic-

vleba farTo farglebSi, ramdenime erTeulidan–usasrulobamde, roca Tes-

lis sinotive (sineste) –16%–ze metia, Tesls Tvlian gamtarobis unariT. 

xolo saTesle masalis (Teslis) winaRoba imyofeba zRvrebSi 10–16%, maSin 

Tesli gaumtaria. 10÷16%–mde tenis dros Tesli iTvleba naxevargamtarad, 

amis Sesabamisad winaRoba imyofeba zRvrebSi 133-1010. 
gvirgvinuli ganmuxtvis eleqtrul velSi daxarisxebis xarisxi damo-

kidebulia nawilakis zedapirul formaze. rac ufro waxnagovania Teslis 

nawilaki, miT metia masze moqmedi eleqtruli Zalis sidide da Sesabamisad 

Teslis gadaxris manZili. erTi da igive eleqtruli velis daZabulobis 

dros sxvadasxva geometriuli formis da waxnagovani Teslis  nawilakebis 

moZraoba warmoebs sxvadasxva traeqtoriiT. 

 
Teslis nawilakebis daxarisxeba gvirgvinul saxarisxebelSi 

 
vardnili nawilakebis moZraobis tolobis gamoyvanis dros, gvirgvin-

warmomqmneli eleqtrodis mimarTuleba aRebulia Z - RerZad, xolo  X- 
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RerZi miRebulia uaryofiTi eleqtrodis marTobulad. 

suraTze aRniSnulia: R - saxarisxeblis radiusi, D - diametri,     l-si-

maRle, B - dadebiTi eleqtrodi, A - eleqtrodebs Soris Teslis Camoyris 

adgili,  – nawilakebis dadebiT eleqtrodTan Sexebis adgili.  

gvirgvinuli ganmuxtvis eleqtrul velSi Teslis nawilakze moqmedebs 

elqtruli velis Zalebi, romlebic Semdegnairad gamoisaxeba: 

       (1) 

sadac       - nawilakis masaa, 

             - manZili Teslis mimReb bunkerebs Soris, 

           F - eleqtruli velis Zala 

             – Teslis dieleqtikuri SeRwevadoba 

             – Teslis absoluturi wona 

            E- eleqtruli velis daZabuloba 

aRsaniSnavia ε –is cvlilebis dros (1– ∞)–mde nawilakis muxti 

icvleba. amitom nawilakis muxti gvirgvinuli ganmuxtvis velSi pirdapir 

proporciulia velis kvadratisa da nawilakebis dayofa sxvadasxva die-

leqtrikuli SeRwevadobiT SesaZlebelia mxolod viwro klasifikaciiT.  

Tu dauSvebT, rom gvigvinuli ganmuxtvis eleqtrul velSi Teslis na-

wilakebi moZraoben sworxazovnad, maSin misi kuTxis koeficienti gamoiT-

vleba Semdegi gamosaxulebiT: 

               (2) 

xolo Teslis nawilakis eleqtruli Tvisebebis gamosaxvisaTvis 

gvaqvs Semdegi damokidebuleba: 

 
sadac  γ–Teslis nawilakis  simkvrivea. 

manZili nawilakis vardnis adgilidan dadebiTi eleqtrodis Sexebis 

wertilamde gamoiTvleba formuliT: 

                              (3) 

Tu dasaxarisxebeli Teslis eleqtrul Tvisebebs aRvniSnavT X1, gamo-

fituli da sxvadasxva minarevebis eleqtrul Tvisebebi iqneba X2,maSin da-

xarisxeba miT ukeTesi iqneba, rac metia maTi eleqtruli Tvisebebis sxvao-

ba.  

nawilakis daxarisxebisaTvis damaxasiaTebeli sxvaoba -sa da   –s 

Soris, romelic gviCvenebs ra manZiliT cviva Teslis nawilakebi dadebiTi 

eleqtrodis gareT. 

          (4) 
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sadac d-warmoadgens manZils wertilebs Soris, romelc floben sxva-

dasxva  X1 da X2. 

bolo me–4 gantolebidan gamomdinare eleqtordebs Soris  manZilis 

gazrdiT izrdeba d. amitom daxarisxeba miT ufro efeqturia, rac ufro 

didia manZili eleqtrodebs Soris. xolo am ukanasknelis zRvari ganisaz-

rvreba danadgaris simZlavriT, kvebis wyaros Zabvis moTxovniT. rac didia 

d-s sidide, miT kargia daxarisxeba. xolo roca d mcirea, maSin nawilakebis 

ukeT daxarisxebis mizniT saWiroa gavzardoT  eleqtrodze modebuli Zab-

va da mivuaxlovoT erTmaneTs mimRebi bunkerebi. 

rodesac gansazRvrulia eleqtrodebs Soris manZili R=200mm, ℓ=200 mm, 

d=250mm, maSin daxarisxeba warmoebs  oTx fraqciad. 

 
literatura: 

1. Олофинский Н.Ф. - электрические методы обогашения. Гостехиздат 1972. 
2. Балабанов Е.Н. Боровик М.Г. - электрическая сепарация форяовочных песков. М. машгиз-1970 
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SEED SORTING IN CORONA DISCHARGE FIELD 

M. Tsikoridze, I. Ebanoidze, Z. Tsibadze 
Akaki Tsereteli State University 

Summary 
Seed sorting in mechanical machines isn’t made with absolute weight. Therefore, sorting isn’t effecti-

ve as the quality coefficient of seed is directly connected to the absolute weight. The best way of sorting seed 
with absolute weight is the sorting in corona discharge field.  

The relation of dielectric access of seed with moisture in the corona discharge field is determined by 
path of seed particles.   

 
 

 

 
adsorbirebuli bunebrivi gazi satransporto seqtorSi 

 
ananiaSvili g.  

visol petrolium jorjia 
  

naSromSi warmodgenilia adsorbirebuli gazis teqnologiis gamoyenebis 
upiratesoba dawnexil bunebriv gazTan SedarebiT. ganxilulia meTanis, rogorc 
bunebrivi gazis umTavresi Semadgeneli komponentis fizikur-qimiuri Tvisebebi. naC-
venebia motoruli sawvavis simkvrivesa da energoefeqturobas Soris damokidebu-
leba. winamdebare naSromis mizania adsorbirebuli bunebrivi gazis mravalfaqto-
ruli potencialis mokle analizi.     

 
dReisaTvis bunebriv gazs, rogorc energiis wyaros, dominanturi 

mdgomareoba uWiravs da Tanamedrove energetikis mniSvnelovan amocanas mi-

si racionaluri gamoyenebis, transportirebisa da Senaxvis teqnologiis 

SemuSaveba warmoadgens. 

energiis wyarod bunebrivi gazis gamoyeneba saSualebas iZleva, qvey-

nisTvis erTdroulad ori saxis problema gadaiWras: es aris ekologiuri 

da energetikuli usafrTxoeba. pirveli gulisxmobs avtomobilis mavne ga-

monabolqvi airebisa da myari nawilakebis haerSi emisias, meore ki - stabi-
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lur xelmisawvdomobasa da gonivrul fasebs. 

dReisaTvis saavtomobilo seqtorSi bunebriv gazs dawnexili (kom-

presirebuli) saxiT iyeneben. bunebrivi gazi milsadenis saSualebiT xvdeba 

gazgasamarT sadgurze da gadis gafiltvris, gaSrobisa da  dawnexvis eta-

pebs. bunebrivi gazis 70-98%-s meTani Seadgens [1], xolo danarCeni nawili 

minarevis saxiT naxSirwyalbadebis, azotisa da naxSirorJangisgan Sedgeba. 

Zravuli meTodis mixedviT, meTanis oqtanuri ricxvi 110-ia. zogierTi mona-

cemebiT, bunebrivi gazis oqtanuri ricxvi Semadgenlobis mixedviT SeiZle-

ba 136,9-sac ki aRwevdes [2]. SedarebisTvis, standartuli benzinis oqtanuri 

ricxvi mxolod 87-ia. maRali oqtanuri ricxvi meTans detonaciur mdgra-

dobas aniWebs da Zravis kumSvis xarisxis gazrdis saSualebas iZleva, rac 

Zravis simZlavris mniSvnelovan momatebasa da efeqtianobis gaumjobesebas 

ganapirobebs [3]. meTanis kritikuli  temperatura -82oC-ia; amis gamo, Cveu-
lebriv temperaturaze wnevis vercerT mniSvnelobaze meTani Txevad mdgo-

mareobaSi ver gadava, Sesabamisad, Senaxvisa da milsadenis gareSe tran-

sportirebisTvis unda moxdes misi ZviradRirebuli gaTxevadeba -163 oC tem-
peraturaze, romlis drosac meTanis moculoba 600-jer mcirdeba, an wnevis 

qveS dawnexva kompaqtur moculobamde. dawnexili bunebrivi gazis sacavi 

aris maRali wnevis baloni, romelsac gansazRvruli geometriuli forma 

aqvs: cilindruli da sferosebri. Teoriulad, erTi da igive kedlis sis-

qis mqone sferosebr balons 2-jer ufro meti simtkice aqvs cilindruli 

formis mqone balonTan SedarebiT, magram sferosebri balonebis warmoeba 

ufro rTulia da Sesabamisad, ZviradRirebulic; amis gamo, maRali wnevis 

WurWels, ZiriTadad, cilindruli forma aqvs. cilindruli da naxevrad-

sferosebri formebi uZlieresi struqturiT gamoirCeva, radganac aseTi ge-

ometria balonis mTel Sida sivrceze gazis wnevis mier gamowveuli daZa-

bulobis Tanabar ganawilebas ganapirobebs. balonis mouxerxebeli forma, 

romelsac sabargulis sasargeblo moculobis mniSvnelovani nawili uWi-

ravs da moculobis erTeulze mosuli Tbounarianobis dabali maCvenebeli 

bunebrivi gazis mniSvnelovan nakls warmoadgens. SedarebisTvis: 20megpa 

wnevaze dawnexili bunebrivi gazis 1m3 5l moculobas ikavebs da moculo-

bis erTeulze mosuli saSualo benzinis TbounarianobasTan SedarebiT, bu-

nebrivi gazis Tbounarianoba 0.09%-s Seadgens. saTbobis energiis dabali 

moculobiTi simkvrive avtomobilis mcire garbens ganapirobebs, Sesabami-

sad garbenis gazrda gazis sacavis moculobasa da tevadobazea damokide-

buli. bunebrivi gazis Semadgenloba da Sesabamisad, simkvrivec sabados ad-

gilmdebareobazea damokidebuli. benzinis simkvrive, aseve, cvalebadia da 

damokidebulia produqtis xarisxze. cxrilSi #1 moyvanilia saSualo maC-

veneblebi Cveulebriv pirobebSi [4,5]. 

cxrili #1. gazisa da benzinis saTbobis SedarebiTi Tbounarianoba. 
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20megpa wnevaze dawnexili gazis simkvrive sawyis mniSvnelobas 200-

jer aRemateba da daaxloebiT 150g/sm3-s utoldeba, rac benzinis simkvrivis 

21%-s Seadgens. wnevis qveS gazis miReba mravalsafexurian dawnexvas moi-

Txovs maRali wnevis kompresorSi, rac, Tavis mxriv, ZviradRirebuli pro-

cesia. mZimea TviTon gazis balonebic, rac avtomobilis tvirTamweobas am-

cirebs. ese, magaliTad, Tu foladis (I tipi) balonis wonas kilogramebSi 

gavyofT misive moculobaze litrebSi m/v, es Tanafardoba daaxloebiT 1.1 

- 2.0-s gautoldeba, radgan metalis balonebSi wonis mniSvneloba moculo-

bis mniSvnelobaze yovelTvis metia. bevrad ufro msubuqia IV tipis, kompo-

zituri masalisgan Semdgari baloni (m/v = 0.6 - 0.8), magram is yvelaze Zvi-

ria da amis gamo, saqarTveloSi gavrcelebuli ar aris [6].   

saavtomobilo gazis balonebis msoflio masStabiT gamoyeneba ramde-

nime aTwleuls iTvlis da am xnis ganmavlobaSi mogrovili statistika ga-

zis balonebis xangamZleobas, simtkicesa da usafrTxoebas adasturebs, mag-

ram,  miuxedavad amisa, dawnexili airis energiis SesaZlo gaTavisuflebas-

Tan dakavSirebuli riskebi kvlav aqtualuri rCeba. gazis balonis gaskdo-

mis incidentebis ZiriTadi mizezi adamianuri faqtoria – SemTxvevebi, ro-

desac adgili aqvs gazbaloniani sistemebis eqspluataciis normebis dauc-

velobas mZRolis arainformirebulobis gamo an arakvalificiuri memonta-

Je-specialistebis mxridan uxeSi teqnikuri Secdomebis daSvebas [7]. Teori-

ulad, wnevis qveS myofi airis adiabaturi gafarToebisas Sesrulebuli mu-

Saobis formulis Tanaxmad, 120l moculobisa da 20megpa-ze bunebrivi ai-

riT gamarTuli balonis gaskdomis simZlavre 7,5megj-s aRwevs, rac daax-

loebiT 1,8kg trotilis ekvivalenturia. garda amisa, wnevis qveS myofi 

WurWlis, magaliTad, mzis sxivebiT 150C-dan 450C-mde gaTbobisas, wnevis 

mniSvneloba 10%-iT izrdeba, rac, Tavis mxriv, zrdis daZabulobas Wur-

Wlis kedlebSi. 

dawnexili bunebrivi gazis saTbobad gamoyenebis, transportirebisa da Se-

naxvis CamoTvlili sirTuleebis gadawyvetas SesaZlebels xdis adsorben-

tis gamoyeneba. maRalforovani adsorbenti gazis balonSi Tavsdeba da ga-

zis didi moculobis SenarCunebiT, balonis samuSao wnevis mravaljer Sem-

cirebis saSualebas iZleva. dabali wnevisa da adsorbentis gamoyenebisas, 

gazis molekulebs bevrad naklebi energia gaaCniaT, rac wnevis qveS myofi 

WurWlis dehermetizaciasTan dakavSirebul riskebs mniSvnelovnad amci-

rebs. adsorbirebuli gazis sistemebis gamoyenebis upiratesoba didia, rad-

ganac balonis damzadebisTvis naklebi raodenobis liTonia saWiro (Txel-

kedliani balonebi) da Sesabamisad, balonis wonac mcirdeba; agreTve, 

mcirdeba gazis dasawnexad saWiro energodanaxarjebic, radgan adsorbenti 

didi kuTri zedapiris gamo Tavis moculobasTan SedarebiT bevrad meti 

moculobis adsorbtivs STanTqavs [8]. kuTri zedapiri adsorbentis 1 gram-

ze mosuli m2 raodenobiT ganisazRvreba. didi kuTri zedapiri aqvs meta-

lorganul naerTebs, ris gamoc maTi meTanis adsorbentad gamoyeneba did 

interess warmoadgens. mag., metalorganuli naerTis savaWro saxelwodebiT 

“bazolaiTi”, qimiuri formuliT Cu3(btc)2,  kuTri zedapiri 2200m2/g-ia da 
3,5megpa wnevaze 1 moculoba am adsorbents 220-mde moculobis meTanis 

STanTqma SeuZlia [9]; Sesabamisad, Tu 50 litris moculobis carieli ba-
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loni itevs 10m3 meTans 20megpa wnevaze, maSin adsorbentiani, imave moculo-

bisa da TiTqmis 1,5-jer msubuqi WurWeli imave raodenobis gazs 6-jer nak-

leb wnevaze daitevs. gazis raodenobis did nawils balonSi adsorbenti 

STanTqavs, rac WurWlis tevadobas mniSvnelovnad zrdis. adsorbcia xdeba 

SedarebiT dabal, 3,5megpa wnevaze, romlis miRweva kompresorSi SesaZlebe-

lia erTsafexuriani dawnexvis pirobebSic. adsorbentis warmoebuloba da 

adsorbciuli tevadoba adsorbentis klassa da mis Tvisebebzea damokide-

buli. adsorbciis procesi didi raodenobis siTbos gamoyofiT mimdinare-

obs da es movlena gazis damatebiTi raodenobis STanTqmas uSlis xels. 

adsorbciis procesis gaaqtiureba SeiZleba moxdes adsorbentis macivar 

agentiT gacivebis Sedegad, gasamarTi gazis wnevis gazrdiT, an gamarTvis 

neli tempis SerCeviT gamoyofili siTbos sivrceSi gafantvis siCqaresTan 

SesabamisobaSi. Tbomimocvlis gaumjobesebisTvis SesaZlebelia mravali 

sxva saSualebis gamoyenebac.  adsorbentidan gazis aorTqleba xdeba TviT-

dinebis saSualebiT, xolo, roca gazis wneva atmosferuls utoldeba, 

darCenili meTanis gamoyofa da amiT adsorbentis sruli aRdgena xdeba ga-

xurebiT, magaliTad, ramdenime aseul gradusamde gacxelebuli klaknili 

milis saSualebiT cirkulirebadi Tboagentis meSveobiT an adsorbentze 

qimiuri reagentebiT (mag., tutis gazavebuli xsnari, zedapirulad aqtiuri 

nivTierebebi) zemoqmedebis Sedegad. desorbciisTvis efeqturia, agreTve, 

eleqtrogamtarianobis mqone adsorbentze (mag., naxSirbadovani boWkos bri-

keti) dabalvoltiani eleqtruli stimulaciis gamoyeneba [10]. SesaZlebe-

lia, rom ukanaskneli varianti satransporto seqtorSi gamoyenebis kuTxiT 

yvelaze mosaxerxebeli iyos. desorbciis dros adsorbentis temperatura 

vardeba. temperaturis Zlieri vardna xels uSlis srul desorbcias. mra-

valma kvlevam aCvena, rom adsorbentis Semcveli balonis gaziT swrafi ga-

marTva, iseve, rogorc swrafi dacla dabal warmoebulobas iZleva. maRal 

wnevaze mravaljeradi cikluri gamoyenebis dros adsorbentis struqtura 

ziandeba da Sesabamisad, adsorbciuli unaric qveiTdeba. adsorbentis ga-

moyenebis mravaljeradoba bunebrivi gazis siwmindezea damokidebuli, rad-

gan meqanikuri minarevebi adsorbents abinZurebs. qvemoT mocemuli grafa 

adsorbirebuli bunebrivi gazis efeqturobas asaxavs [11]. grafaze wiTeli 

da lurji punqtiri, Sesabamisad, adsorbentiani da carieli sacavis teva-

dobas aRniSnavs. adsorbentad gamoyenebulia gaaqtiurebuli naxSiri. mwvane 

punqtiri am ori meTodis efeqturobis SedarebiT maCvenebels aRniSnavs. 

adsorbentiT savse sacavis gamoyenebis upiratesoba, dawnexili buneb-

rivi gazis balonTan SedarebiT, damatebiT, mdgomareobs imaSi, rom adsor-

bentiani sacavis forma SeiZleba Seicvalos da avtomanqanis benzobaks da-

emsgavsos, rac  avtomanqanis sasargeblo moculobis ekonomiis saSualebas 

iZleva. . adsorbirebuli bunebrivi gazis teqnologiaSi adsorbciis movle-

nas iyeneben, rogorc raime sivrcis tevadobis gazrdis saSualebas. myar, 

forovan sxeulze gazis adsorbcia xorcieldeba adsorbatis molekulebiT 

adsorbentis forebis Sevsebis meqanizmiT. fizikurad adsorbenti SeiZleba 

sferosebri granulebis, Reroebis, Camosxmebis an dapresili briketebis sa-

xiT iyos. Teoriulad, meTanis adsorbentis forebis optimaluri diametri 

11,4 -s unda Seadgendes da am mniSvnelobidan 2-3 -is gadaxrac ki fore-
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bis adsorbciis Tvisebas sakmaod amcirebs [12]. meTanis molekulis zoma 

aris  3,8 ; efeqturi adsorbentis erTi foris moculoba meTanis 3 mole-

kulas itevs. adsorbentis ganviTarebuli zedapiri, upiratesad, mikrofore-

bisgan unda Sedgebodes, mezoforebs naklebad unda Seicavdes, makrofore-

bi ki saerTod ar unda iyos saxeze. adsorbentebs Soris xSirad gamoiyene-

ba gaaqtiurebuli naxSiri, TermogafarToebuli naxSiri, gaaqtiurebuli 

aluminis oqsidi, polimeruli fisi da metalorganuli naerTebi. adsorben-

ti, romelic meTanis adsorbciis  dros siTbos mcire raodenobas gamo-

yofs da maRali Tbotevadoba aqvs, STanTqmisas naklebad xurdeba da de-

sorbciisas metad inarCunebs siTbos (naklebad civdeba). cxrilSi #2 moy-

vanilia zogierTi adsorbentis fizikuri maxasiaTeblebi [11]. 

  
 

cxrili 2. xSirad gamoyenebadi adsorbentis fizikuri maxasiaTebeli. 

 
 

 aRsaniSnavia, rom WurWelSi myofi myari nivTierebis adsorbciis Tvi-

sebaze mniSvnelovan zegavlenas axdens adsorbentis Semkvriveba. erTi 

mxriv, fxvnilis Zlieri Semkvriveba moculobis erTeulSi meti raodenobis 

adsorbentis moTavsebis saSualebas iZleva, meore mxriv ki Semkvrivebisas 

warmoqmnilma meqanikurma daZabulobam SesaZloa damazianebeli efeqti mo-
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axdinos adsorbentis forovan struqturaze, Sesabamisad bunebrivi gazis 

adsorbenti meqanikuri zemoqmedebisadmi gamZleobis moTxovnasac unda akma-

yofilebdes.  

adsorbirebuli saxiT gazis Senaxvisa da transportirebis teqnolo-

gias didi praqtikuli potenciali gaaCnia. adsorbirebuli bunebrivi gazis 

teqnologiis ganviTarebisa da danergvisTvis mniSvnelovan amocanas sauke-

Teso fizikur-qimiuri maCveneblis mqone adsorbentis miReba da damuSaveba 

warmoadgens.   
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ADSORBED NATURAL GAS IN THE TRANSPORTATION SECTOR 

Giorgi Ananiashvili 
Wissol Petroleum Georgia 

Summary 
The work discusses one of the methods of storing and transporting natural gas as an alternative mo-

tor fuel - adsorption of natural gas on solid adsorbent at low pressure. The author discusses high prospects of 
using the mentioned method in the transportation sector. Technical difficulties of using the method are also 
discussed which require to be solved in order to implement the method in the transportation sector so that it 
can substitute the existing compressed natural gas. 
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eleqtrodializis procesis maTematikuri modelis  
ricxviTi kvlevebis Sedegebi 

 
ruxaZe S., afciauri a., afridoniZe m. 

 akaki wereTlis saxelmwifo universiteti 
 
statiaSi mocemulia  wylis gawmendis eleqtromembranuli sistemis gamtkna-

rebis sakanSi gravitaciuli da iZulebiTi konveqciis erTdrouli moqmedebis pi-
robebSi, masa da siTbo gadatanis arastacionaluri araizoTermuli procesebis 
matematikuri modelis ricxviTi kvlevebis Sedegebi. moyvanilia ricxviTi eqsperi-
mentebi NaCl xsnarisaTvis iseTi parametrebis farTo speqtrisaTvis, rogoricaa sa-
wyisi koncentracia, xsnaris temperatura da gadtumbvis siCqare, membranebs Soris 
dacileba, gamtknarebis arxis sigrZe da daxris kuTxe da eleqtro denis simkvrive 
(galvanostatikuri modelisaTvis), an elqtruli potencialis naxtomi am arxSi 
(potenciostatikuri modelisaTvis). 

 
SoTa rusTavelis erovnuli samecniero fondis garantis #31/71 farglebSi 

Cvens mier agebulia ori sakmaod zogadi eleqtro membranul sistemebSi ganza-

vebul xsnarebSi binaruli eleqtrolitis arastacionaluri araizoTermuli 

gadatanis maTematikuri modeli, eleqtro neitralobis pirobebis Sesrulebis 

dros, gravitaciuli da iZulebiTi konveqciis erTdrouli moqmedebis gaTva-

liswinebiT. es modelebi warmoadgenen sasazRvro amocanebs  kerZo warmoebu-

liani ara wrfivi gantolebaTa sistemisaTvis. pirvel maTgans vuwodeT poten-

ciostatikuri, xolo meores-galvanostatikuri [1,2,3]. 

galvanostatikuri reJimi ganisazRvreba pirobiT, romelic aRniSnavs, 

rom denis saSualo integraluri simkvrive  sistemaSi mudmivia. potenci-

ostatikurs Seesabameba piroba, romelic aRniSnavs, rom membranebs Soris siv-

rceSi potencialis vardnis sidide  mudmivia. 

miRebuli maTematikuri modelebiT wylis gamtknarebis procesSi gravi-

taciuli da iZulebiTi konveqciis erTdrouli moqmedebis meqanizmis analizi-

saTvis CavatareT ricxviTi eqsperimenti. qvemod moyvanilia ricxviTi eqsperi-

mentebis zogierTi Sedegi, Catarebuli NaCl  xsnarisaTvis Semdeg Semaval para-

metrebze: 

 gamtknarebis arxis sigane mm, uganzomilebo sigrZe H=1; 

 arxis sigrZe 20mm, uganzomilebo sigrZe L=2.85714; 

 arxis daxris kuTxe a)γ=0° (vertikaluri ganlageba, xsnari gadaitumbeba qve-

modan-zemod), b) γ=-90° (horizontaluri ganlageba, xsnari gadaitumbeba mar-

cxnidan-marjvniv); 

 xsnaris gadatumbvis siCqare a) =0.1mm/wm, b) =0.5mm/wm, g) =3mm/wm, ugan-

zomilebo siCqare  =1; 

 xsnaris sawyisi koncentracia =0.1(100 moli/m3), uganzomilebo koncentra-

cia  =1; 

 xsnaris sawyisi temperatura =20°C, uganzomilebo temperatura  =1; 

 xsnaris sawyisi simkvrive  =1002.5 kg/m3, uganzomilebo  simkvrive  =1; 
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 koeficientebi: kinematikuri siblantis   =1006·10-9 m2/wm, difuziis kaTio-

nis da anionis Sesabamisad  =1.33·10-9, =2.051.33·10-9,temperaturagamtareb-

lobis  =142.5. 

 eleqtruli denis simkvrive a) =70a/m2, b) =50a/m2, uganzomilebo mniSvne-

lobebi damokidebulia  (galvanostatikuri modeli); 

 eleqtruli potencialis vardna membranebs Soris sivrceSi a) =-0.4v, ugan-

zomilebo mniSvneloba  ≈-15.8432, b) =-0.3 v, uganzomilebo mniSvneloba 

 ≈-11.8824 (potenciostatikuri modelisaTvis). 

simkvriveebis da koeficientebis mniSvnelobebi aRebulia sacnobaro masa-

lidan da eqsperimentuli monacemebidan.  yvela Sedegi qronopotenciogramis 

garda warmodgenilia uganzomilebo saxiT. koordinatebi x=0 da x=1 Seesabame-

bian anion- da kaTioncvladi membranebis zedapirebs Sesabamisad.  aRniSnavs 

zRvrul dens, romelic miiRweva sistemaSi gravitaciuli konveqciis ar arse-

bobis SemTxvevaSi da ganisazrvreba formuliT  

ionebis gadatanis ricxvi membranebSi arsebiTad metia vidre xsnarSi. ker-

Zod, gaangariSebebSi miRebulia da gamoiTvlebian 

 sadac  - Sesabamisad,  i-ri sortis ionebis gadatanis 

ricxvebi xsnarSi da agreTve anioncvlad da kaTioncvlad membranebSi. amitom 

eleqtrodenis gavlisas xdeba xsnaris gamtknareba (koncentraciis Semcireba) 

membranebis zedapiris maxloblobaSi (nax.2), rasTanac mivyavarT xsnaris jou-

lur gacxelebas da misi simkvrivis Semcirebas am areSi. am dros aRZruli arqi-

medes Zala aiZulebs gamtknarebul xsnars aiwios raRac siCqariT. 

 

 

 

nax. 1 - gamtknarebis arxSi siTxis 

dinebis wirebi, gaangariSebuli poten-

ciostatikuri modeliT, arxis verti-

kaluri ganlagebis dros. 

 

 

 

 

 

 

naxazi 1 aCvenebs, rom gadtumbvis sakmaod maRali ( ) siCqaris 

dros xsnaris «amocurvis» siCqare SedarebiT mcirea da gravitaciuli konveq-

cia ar SeimCneva. SeiZleba iTqvas, rom is iTrguneba iZulebiTi konveqciiT. am pi-

robebSi sistemaSi myardeba stacionaluri reJimi, adgili aqvs siTxis dinebis 

laminarul xasiaTs, xolo koncentraciis ganawileba gamtknarebis arxSi 
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(nax.2), sakmarisi sizustiT emTxveva gaangariSebas, warmoebuls konveqciur di-

fuziuri modeliT [4,5]. gadatumbis siCqaris Semcirebisas aRiZvreba situacia, 

roca gamtknarebuli xsnari aiwevs cotaTi swrafad, vidre xsnari, romelic 

ufro metadaa dacilebuli membranebidan (nax.3a). am dros difuziuri fenis na-

wili «irecxeba» nakadiT, misi sisqe mcirdeba (nax.3b), xolo sistemaSi zRvruli 

deni izrdeba zRvrul eleqtrodifuziur denTan  SedarebiT. 

 

 

nax.2 - koncentraciis veli gamtknare-

bis arxSi, gaangariSebuli potenciosta-

tikuri modeliT, eleqtro denis CarTvi-

dan 60 wamis Semdeg, arxis vertikaluri 

ganlagebisas. 

 

 

 

 

 

 

siTxis dinebis wirebi, gaangariSebuli potenciostatikuri modelis daxma-

rebiT, romlebic gamosaxulia nax. 4, mowmoben, rom Semavali siCqaris Semdgomi 

Semcireba ( ) iwvevs Sewyvilebuli grigalis aRZvras. grigalebidan 

erTi ganlagebulia anioncvlad membranasTan, xolo meore kaTioncvlad mem-

branasTan. 

 

 

nax.3 - siTxis dinebis wire-

bi, gaangariSebuli galvanos-

tatikuri modeliT,denis Car-

Tvis momentidan 20 wT Semdeg. 

 

 

 

 

 

 

Catarebuli gaangariSebebi gviCveneben, rom eleqtrodializis procesis 

warmarTvidan ukve 60 wamis Semdeg siTxis dinebis siCqareebi am grigalebis Sig-

niT SeiZleba Seadgendnen 1,7-mde (grigali anioncvlad membranasTan) da 2,0 

(grigali kaTioncvlad membranasTan). xsnaris mocemuli iZulebiTi konveqciis 

siCqarisa  da gamtknarebis arxis mocemuli geometriuli parametrebis 

dros dawyvilebuli grigali ikavebs membranebs Soris mTlian sivrces da amav-

droulad siTxis dinebis siCqare TiTeul grigalSi izrdeba xsnaris koncen-

traciis C SemcirebiT da fazebs Soris sazRvris maxloblobaSi temperaturis 
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T gazrdiT. TiTeuli grigali anxorcielebs xsnaris arevas, nivTierebis miwo-

debas misi siRrmidan fazebs Soris sazRvarze membrana/xsnari, arRvevs ra amiT 

difuziur fenas, zrdis zRvrul dens da uzrunvelhyofs gamtknrebis procesis 

intensifikacias. 

 

 

nax. 4 - siTxis dinebis wirebi gamtknare-

bis arxSi, gaangariSebuli potenciostati-

kuri modeliT, eleqtrodenis CarTvidan 60 

wamSi, arxis vertikaluri ganlagebis dros. 

 

 

 

 

 

 

 

siTxis grigaluri nakadis moqmedebiT formirdeba koncentraciis veli, ro-

melic warmodgenilia naxazze 5.  

 
nax. 5-koncentraciis veli (a) da koncentraciis profili (b) gamtknarebis arxSi, ga-

angariSebuli potenciostatikuri modeliT, eleqtruli denis CarTvidan 60 wamis gas-
vlis Semdeg arxis vertikaluri ganlagebis dros. xsnaris gadatumbis siCqare   

 da potencialis naxtomi ; 1-Sesasvlel-

Si (  2-SuaSi (  3-arxis gamosasvlelSi (  

 
cxadia, rom am dros gamtknarebis arxSi koncentraciis ganawileba gansxvav-

deba konveqciur-difuziuri modelis CarCoebSi miRebulisagan, rasac adgili 

hqonda gadatumbvis maRali siCqaris dros.  konveqciur-difuziuri modelis 

dros koncentraciis velis kveTi Oy is mimarT warmoadgens parabolis msgavs 

mruds (naxazi 6.2, [6], gv.267), daZruls anioncvladi membranisaken. aseTi koncen-

traciuli profili ganpirobebulia kaTionis difuziis koeficientis  ufro 

maRali mniSvnelobiT vidre anionis . gansaxilvel sistemaSi koncentraciu-
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li profili transformirdeba mrudSi, romelsac aqvs trapeciismagvari for-

ma, erTi lokaluri minimumiT roca  (nax.5b, mrudi 2) gamtknarebis arxis 

gamosasvlelSi (  fazebs Soris sazRvridan siTxis nakadis mier gam-

tknarebuli xsnaris mis siRrmeSi gadatanis Sedegad. siTxis arevis maRali siC-

qaris zonaSi (  nivTierebis miwodeba arxis boloSi (  fa-

zebs Soris sazRvridan xsnaris siRrmeSi aris mizezi koncentraciuli profi-

lis ori lokaluri minimumis (nax. 5b, mrudi 3). 

ukanaskneli mrudis korelacia xdeba monacemebTan, romlebic miRebulia 

lazeruli interferometriiT [7]. 

zemod warmodgenili Sedegebi miRebulia cxad sxvaobiT sqemebze dafuZ-

nebuli algoriTmebisagan. aracxadi sqemebis gamoyenebiT miRebulma gaangari-

Sebebma pirvelad saSualeba mogvces migveRo Sedegebi drois mniSvnelovnad ma-

Rali monakveTisTvis (3 saaTi da meti denis CarTvis momentidan). am Sedegebis 

analizma gviCvenes, rom drois gasvlasTan erTad (roca t) gamtknarebis sa-

kanSi gravitaciuli konveqciiT aRZruli procesebi gadian stacionalur re-

Jimze arxis vertikaluri ganlagebis dros da ar gadian masze horizontaluri 

ganlagebis dros. orive SemTxvevaSi siTxis grigaluri moZraobis ganviTare-

bas da marilis koncentraciis Sesabamis cvlilebas aqvs ramdenime faza.  
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THE RESULTS OF QUANTITATIVE STUDIES OF THE MATHEMATICAL MODEL OF ELEC-
TRODIALYSIS PROCESS  

Rukhadze Sh.Sh., Aptsiauri A.Z., Apridonidze M.D. 
Akaki Tsereteli State University 

Summary 
 The paper dwells on the results of quantitative studies of the mathematical model of mass- and heat-
transfer non-stationary non-isothermal processes under conditions of gravitational and forced convection in 
the desalination chamber of water purification electro-membrane system.  There are given the quantitative 
experiments for the wide range of those parameters of NaCl solution, such as initial concentration, the tempe-
rature of the solution and pumping speed, the distance between membranes, length and the inclination angle 
of desalination channel and the electric current density (for the galvanostatic model), or a jump of electrical 
potential in this channel (for the potentiostatic model). 
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 The given results have been obtained from the algorithms based on the explicit difference schemes. 
The calculations obtained by using the implicit difference schemes for the first time enabled us to obtain the 
results for the considerably large length of time (3 hours and more since the moment of current switching)> 
the analysis of these results has shown that at the time progress (when t), the processes triggered by gra-
vitational convection in the desalination chamber occur in a stationary mode during the vertical arrangement 
of channel, and do not occur during its horizontal  arrangement.  

 
 
 
 

mravalkomponentiani azeotropuli xsnarebis gayofa 
membranebis gamoyenebiT 

 
ruxaZe S., afciauri a., afridoniZe m., SoTaZe a. 

akaki wereTlis saxelmwifo universiteti 

 
arsebobs spirtebis regeneraciis bevri tradiciuli meTodi. Axlos maduRari da 

azeotropuli narevebis SemTxvevaSi, rogoric aris wyal-spirtis sistemebi, am meTode-
bis gamoyeneba warmoadgens gansakuTrebul sirTules. Amis gamo am problemaze miZR-
vnil bevr samuSaoSi naCvenebia membranuli gayofis procesis-pervaporaciis (difuziu-
ri aorTqleba membranis gavliT) SesaZlebloba. 

Ppervaporaciis procesis aRmweri arsebuli maTematikuri modelebi ar arian uni-
versaluri. Bbinarul narevebSi sxva da sxva danamatebis gavlena procesze da mraval-
komponentiani narevebis gayofa gamokvleulia mcired, ar gvaqvs aseTi sistemebis praq-
tikuli gaangariSebis meTodikebi. vinaidan mravalkomponentians miekuTvneba warmoeba-
Si gasayofi narevebis umravlesoba, amitom am procesis Rrma Seswavla da pervaporaci-
is aparatebis racionaluri konstruqciis damuSaveba aqtualuri amocanaa rogorc Te-
oriuli ise meTodis sawarmoebSi farTo praqtikuli danergvis TvalsazrisiT. 

 
Txevadi narevebis gayofis da sufTa nivTierebebis miRebis meTodebs ukavi-

aT mniSvnelovani adgili kvebis, qimiur da farmacevtul mrewvelobebSi. uka-

naskneli 50 wlis ganmavlobaSi gayofis tradiciul meTodebTan (reqtifikacia, 

distilacia, sorbcia da sxva) erTad farTod ikvleven da gamoiyeneba Txevadi 

narevebis gayofa naxevargamtari membranebis saSualebiT. membranuli distila-

ciis (ukuosmosis), dializis da eleqtrodializis garda, maT Soris gansakuT-

rebuli adgili uWiravs jer kidev arasakmaod Seswavlil - membranis gavliT 

difuziuri aorTqlebis process - pervaporacias [1]. 

am procesis ZiriTadi Rirseba, rac iwvevs misdami mecnierebis did  inte-

ress, aris misi saSualebiT maxlobeli duRilis temperaturis mqone da azeot-

ropuli narevebis gayofis SesaZlebloba, romelTa gayofa tradiciuli meTo-

debiT SeuZlebelia an Zviria. 

Tanamedrove pirobebSi pervaporacia gamoiyeneba wyal-spirtis narevebis 

gasayofad.  

uforo membranebis gamoyeneba xsnis maTi perioduli garecxvis aucileb-

lobas, amartivebs teqnologiur process. 

literaturuli monacemebis analizi gviCvenebs procesis arasakmao Teori-

ul Seswavlas, arsebuli maTematikuri modelebi ar arian universaluri, uka-

nasknel dromde kvlevebi umTavresad exeboda binaruli narevebis gayofas. bi-

narul narevebSi sxvadasxva danamatebis gavlena procesze da mravalkomponen-

tiani narevebis gayofa gamokvleulia mcired, ar gvaqvs aseTi sistemebis praq-
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tikuli gaangariSebis meTodikebi. vinaidan mravalkomponentians miekuTvneba 

warmoebaSi gasayofi narevebis umravlesoba, amitom am procesis Rrma Seswavla 

aqtualuri amocanaa rogorc Teoriuli ise meTodis sawarmoebSi farTo praq-

tikuli danergvis TvalsazrisiT. 

membranis gavliT aorTqlebis procesze, ukanaskneli drois publikaciebi-

dan, umravlesi eZRvneba membranis masalebisa da pervaporaciis aparatebis 

srulyofas, romlebic daniSnulia eTanolis da sxva spirtebis wylidan sepa-

raciisaTvis [3]. es aixsneba sxva da sxva qveynebis miswrafebiT gamoiyenon advi-

lad aRdgenadi energiebis resursi, nawilobriv eTanoli, miRebuli frmentire-

buli nedleulisagan, romelis raodenoba bioteqnologiebis intensiur ganvi-

TarebasTan erTad uwyvetad izrdeba. ase magaliTad belgiaSi iyeneben benzins 

20% eTanolis danamatiT. gayidvaSi gaCnda avtomobilebi, romlebic benzinis 

nacvlad moixmars 99% eTanols, magram Tanamedrove pirobebSi sawvavi eTanoli 

Zviria, radgan mas iReben, azeotropuli reqtifikaciis gamoyenebiT. am dros da-

namatad, romelic arRvevs azeotropul narevs (95,6% eTanoli da 4,4% wyali) 

farTod gamoiyeneba benzoli. azeotropuli reqtifikacia maRalmwarmoeblu-

ri procesia, magram aqvs uaryofiTi Tvisebebi: eTanolis koncentrirebaze da-

xarjuli mTeli energiis 70%-is STanTqma da garemos dabinZureba benzoliT. 

amasTan dakavSirebiT rig qveynebSi intensiurad amuSaveben gayofis energo-

damzog meTodebs, maT Soris membranuls, romelic uzrunvelhyofs azeotropu-

li reqtifikaciis Secvlas. 

iyo mcdeloba eTanolis koncentrireba moexdinaT ukuosmosis, membranis 

gavliT aorTqlebis da membranuli distilaciis saSualebiT. aRmoCnda, rom 

ukuosmosiT SeiZleba mivaRwioT koncentracias 20-30%-mde, membranaze 100-150 

atm wnevaTa sxvaobiT. eTanolis Semdgomi koncentrireba ukuosmosiT, moi-

Txovs kidev ufro didi wnevebis gamoyenebas da teqnikurad rTulad gansaxor-

cielebelia. 

 
nax.1 fermentaciuli siTxidan eTanolis miRebis teqnologiuri sqema 

 
ukanasknel wlebSi biomasis uwyveti fermentaciis warmarTvisaTvis inten-

siurad damuSavebad midgomebs Soris erT erTia spirtebis gamoyofis stadiis 

integrireba fermentaciis procesTan, egreT wodebuli eqstraqciuli fermen-

tacia. procesis warmarTva aseTi teqnologiiT saSualebas gvaZlevs movaxdi-

noT spirtebis mikroorganizmebze damrTgunavi zemoqmedebis minimizacia, gav-
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zardoT reaqtoris mwarmoebloba da SevamciroT energo danaxarjebi miznob-

rivi produqtis Semdgomi koncentrirebisaTvis. am miznebisaTvis pervaporaci-

uli membranuli bioreaqtoris gamoyeneba xsnis perspeqtiul gzas bioeTano-

lis da biobutanolis ekonomiuri miRebisaTvis. amis sademostraciod SeiZle-

ba moviyvanoT fermentaciuli siTxidan eTanolis miRebis saorientacio teqno-

logiuri sqema (nax. 1). 

fermentaciuli siTxe Tavidan Seicavs 5-10% eTanols. procesis  pirvel 

stadiaze gafiltruli fermentaciuli siTxe xvdeba pirvel pervaporaciul 

danadgarze (hidrofoburi pervaporacia), romlidanac gamodis orTqli eTano-

lis 20-25% SemcvelobiT. deflegmatoris gavlis Semdeg, eTanoli 90-95% kon-

centraciiT xvdeba meore pervaporaciul danadgarze (hidrofiluri pervapo-

racia), sadac xdeba spirtis dehidratacia. gamosasvlelSi eTanols aqvs sisuf-

Tave 99%-ze meti. 

azeotropuli reqtifikaciis Semcvlel perspeqtiul procesad gvesaxeba 

aorTqleba membranis gavliT. am procesis ganmasxvavebeli Tavisebureba aris 

siTbos miwodeba permeatis asaorTqleblad. amasTan erTad membranam SeiZleba 

mogvces mniSvnelovani mogeba seleqciurobaSi, roca reqtifikaciis dros 

orTql-siTxis wonasworoba fiqsirebulia. am ori procesis SedarebisaTvis ga-

moyenebul iqna eqsergetikuli analizi, romelSiac energiis doneebi energoga-

damcemi da energomimRebi procesebisaTvis, izomeba transformirebuli energi-

is raodenobisagan damokidebulebiT. Catarebuli eqsergetikuli analizis Se-

degebma gviCvenes, rom membranis gavliT aorTqlebis energo moTxovnileba mci-

rea da saerTo temperaturuli done dabali. gamacivebel agentad wylis gamoye-

nebis dros membranis gavliT aorTqlebis procesi gansakuTrebiT efeqturia. 

efeqturia agreTve membranis gavliT aorTqlebis kombinacia reqtifikaciasTan 

da koncentraciuli polarizaciis Sesamcireblad wnevis pulsaciis gamoyene-

ba [2]. am dros SesaZlebelia energomoxmarebis Semcireba pervaporaciis mamoZ-

ravebeli Zalis gazrdasTan erTad. 
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SEPARATION OF MULTICOMPONENT AZEOTROPIC SOLUTIONS USING MEMBRANES 

Rukhadze Sh.Sh., Aptsiauri A.Z., Apridonidze M.D., Shotadze A.G. 
Akaki Tsereteli State University 

Summary 
There are many traditional methods for alcohol recovery.In case with mixtures having close boiling 

temperatures andazeotropic ones like the water-alcohol systems, use of these methods is especially complex. 
Thereat, in many papers devoted to these problems there is described the possibility of using the membrane 
separation process, particularly, the pervaporation (diffusive evaporation through the membrane). 

The mathematical models describing the pervaporation process are not universal. The influence of diffe-
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rent additives in the binary mixtures on this process and separation of multicomponent mixtures are underin-
vestigated so far, and we have no the practical calculation methodology for such systems. Due to fact that the 
majority of mixtures to be separated in the production pertain to multicomponent ones, the in-depth study of 
this process and developing the rational designs of pervaporation apparatus is an important and urgent prob-
lem, as a theoretical one and so as a method with view to wide practical manufacturing application. 
 
 

 
 

gazis gaTxevadebis teqnologiebi, 
gaTxevadebuli gazis biznesis-potenciali 

saqarTveloSi 
 

SoSiaSvili T. 
saqarTvelos teqnikuri universiteti  

  
dRes msoflioSi gamoiyeneba  bunebrivi gazis gaTxevadebis, transportirebisa 

da regazifikaciis  Tanamedrove teqnologiebi. Ggazis gaTxevadebis meTodebi kla-
sificirebulia gacivebis ciklebis saxeebis mixedviT, romlebic uzrunvelyofen 
didi da mcire zomis gazis gamaTxevadebeli terminalebis komerciul saqmianobas. 
statiaSi mocemulia gaTxevadebuli gazis gadatanis saSualebebis kvleva da misi 
regazifikaciis teqnologiuri  ciklis analizi. amasTan, ganxilulia saqarTvelo-
Si Txevadi gazis biznesis potenciali, azerbaijani-saqarTvelo-rumineTis inter-
koneqtoris perspeqtivebi da mcire zomis terminalebis upiratesoba masStabul ga-
maTxevadebel warmoebasTan SedarebiT. 

 
bunebrivi gazis gaTxevadebis teqnologiebis damuSaveba me-19 saukune-

Si britanelma mecnierma maikl faradeim daiwyo. gazis pirveli gamaTxeva-

debeli sawarmo amerikaSi aSenda 1917 wels. mas Semdeg gazis gaTxevadebis 

teqnologiebis ganviTarebam es biznesi komerciulad momgebiani gaxada.  

LNG (bunebrivi gazis  gaTxevadeba)-is biznesi saqmianobis ramdenime 

segments moicavs: gazis mopoveba, gaTxevadeba, transportireba da regazi-

fikacia.  
gazis mopoveba 

moicavs geologiuri struqturisa da specialur seismur analizs, ri-

Tac irkveva naxSirwyalbadebis SesaZlo arseboba. dadebiTi Sedegis Sem-

TxvevaSi iwyeba burRvis procesi naxSirwyalbadebis aRmoCenis mizniT. Zeb-

na-Ziebis procesis warmatebiT dasrulebis Semdeg iwyeba mopoveba.  

gazis gaTxevadeba 

Txevadi gazi miiReba bunebrivi gazis dabal temperaturamde gacivebiT 

gaTxevadebis stadiamde. atmosferuli wnevis pirobebSi gazis gaTxevadeba 

xdeba -1620C dros. gaTxevadebisas xdeba moculobis 600-jer Semcireba, rac 

imas niSnavs, rom Txevadi gazis xvedriTi simkvrive 600-jer ufro maRalia 

bunebriv gazTan SedarebiT atmosferul mdgomareobaSi. maqimaluri wneva 

gaTxevadebuli gazis transportirebisas Sedagens 25 kilopaskals. haerTan 

Serevisas Txevadi gazi SeiZleba afeTdes mxolod im SemTxvevaSi Tu gazi-

sebri meTanis koncentracia 5-15%-ia. imis gamo, rom gazis gaTxevadebisaT-

vis saWiroa didi raodenobis energia, mniSvnelovania ramdeniT SeiZleba 

gasaciveblad gamoyemebuli energiis Semcireba. amJamad msoflioSi daner-

gili gazis gaTxevadebis teqnologiebi erTmaneTs konkurencias swored am 
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kuTxiT uweven.  

arsebobs gazis gaTxevadebis ramdenime teqnologia, romelsac okla-

homas universitetis mecnierebi, gacivebis ciklebis mixedviT, oTx tipad 

yofen:  

gacieba erTi cikliT 

gazis gaTxevadebisTvis gamoiyeneba gacivebis erTi teqnologiuri xa-

zi, romelic gazs acivebs saWiro temperaturamde. am dros Cveulebriv sa-

Wiroa naklebi mowyobilobebi da rogorc wesi SesaZlebelia mcire sabazi-

so datvirTviT muSaoba.  procesi gamoirCeva dabali kapitaluri xarjiT 

da maRali efeqturobiT.  

gazis gaTxevadebis am teqnologias iyenebs amerikuli kompania “Black & 

Vetach“-is mier dapatentebuli„PRICO“meTodi, romelic amJamad msoflios 20 

terminalSi gamoiyeneba. misi gamoyeneba kompaniam 1970 wlidan daiwyo. 

gacivebis kombinirebuli cikli 

gazis gaTxevadebisaTvis gamoiyeneba gaciebis ori ar orze meti cik-

li. gamacivebelad ki gamoiyeneben an narev an mxolod erTi saxis gamacie-

bels. zogierTi ciklis dros gazis gacivebamde xdeba Tavad gamaciveblis 

xelaxali gacivebac. am dros saWiroa meti mowyobiloba da SesaZlebelia 

didi sabaziso datvirTviT muSaoba. process gaaCnia maRali kapitaluri 

xarjebi, xolo misi wliuri optimaluri simZlavre 5 milioni tonaa.  

gazis gaTxevadebis am teqnologias miekuTneba C3MR  meTodi, romelic 

kompania„Air Products & Chemicals, Incorporation“-Seqmna.  aRniSnuli meTodis dros 

gazis gacivebisTvis gamoiyeneba jer propani, xolo Semdeg ciklze kombini-

rebuli Semadgenlobis gamacivebeli (Semadgenloba: nitrogeni, meTani, eTa-

ni da propani[7],[8]. pirvel etapze gazi civdeba -35-400C-mde, xolo meore 

etapze kombinirebuli Semadgenlobis gamaciebliT – 1620C-mde. msoflioSi 

moqmedi LNG terminalebis 68%  gazis gaTxevadebisTvis am teqnologias iye-

nebs. 

  Sida gaciebis cikli  

gazis gaTxevadebisTvis xdeba gazis SemadgenlobaSi Semavali naxSir-

wyalbadebis gaciveba. gaTxevadebisTvis saWiro temperaturis misaRwevad 

naxSirwyalbadebis gaciveba xdeba mravaljeradad. miuxedavad imisa, rom 

ganixileba, yvelaze usafrTxo meTodad (ar saWiroebs damatebiT gamaciveb-

lebs) iTvleba rogorc yvelaze ZviradRirebuli, radgan saWiroebs did ka-

pitalur xarjebs, moixmars didi odenobiT eletroenergias da gamoirCeva 

dabali mwarmoeblobiT (51%). misi wliuri optimaluri simZlavre 1.3 mili-

oni tonaa. gacivebis es meTodi britanulma kompania “BP“-m daapatenta 2002 
wels. 

kaskaduri gacieba 

kaskaduri gacivebis dros sami cikli gamoiyeneba. TiToeul maTganze 

xdeba sxvadasxva gamaciveblis gamoyeneba, gamoirCeva maRali kapitaluri 

xarjiT da SesaZlebelia didi sabaziso datvirTva. misi wliuri simZlavre 

5 milioni tonaa. pirveli ciklis dros gamoiyeneba propani, meore ciklis 

dros eTileni, xolo mesameze meTani. gazis gaTxevadebis es meTodi ameri-

kulma kompania „ConocoPhillips“-ma 40 wlis win danerga. meTodi wlebis ganmav-
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lobaSi periodulad ixveweba.    

transportireba 

Txevadi gazis transportirebisTvis iyeneben specialur gemebs, specia-

lizebuli cistenebiT aRWurvil did satvirTo manqanebs da rkinigzas.  

Txevadi gazis  satransporto saSualebebi aRWurvilia gazis gaJonvi-

sa da xanZris aRmoCenis sistemebiT, agreTve, aseTi SemTxvevebis dros maTi 

aRmofxvris sistemebiT. usafrTxoebis am sistemis gaaqtiureba iwyeba im 

SemTxvevaSi Tu transportirebis dros winaswar dadgenili kritikuli pa-

rametrebi dafiqsirdeba. amasTan, Txevadi gazis satransporto saSualebebi 

aRWurvilia radariTa da Ziebis sistemebiT, romlebic Setyobinebis sig-

nals gadascemen momsaxure personals, Tu isini potenciurad saSiS adgi-

lebSi gadaadgildebian.     

Txevadi gazis sazRvao satransporto saSualebebi sferuli an membra-

nuli  tipis rezervuarebia. gemze Cveulebriv oTxi an eqvsi rezervuaria, 

romlebic gemis centrSia ganTavsebuli, maT garSemo ki kofedramebi , ba-

lastis avzebi  da sivrcea. gemebi sxvadasxva simZlavris SeiZleba iyos.  

maT Soris yvelaze mZlavrebi„Q-Flex“da „Q-Max“gemebia. 
satvirTo avtomobilebiT Txevadi gazis gadatana xdeba im SemTxveva-

Si, roca gazis miwodeba xorcieldeba lokalur saditribucio qselSi.  

Txevadi gazis transportirebis specializebuli cistenebi Cveulebrivad 

Termosis msgavsi orkedliani vakuumiT izolirebuli cistenebia. maTi meS-

veobiT SesaZlebelia 36 000m3 bunebrivi gazis transportireba. erTi mimar-

TulebiT gadazidva SesaZlebelia maqsimum 8 dReSi, gaaCnia manZils. cis-

ternaSi maqsimaluri dasaSvebi wneva 5-dan 12  baramde meryeobs.  

Txevadi gazis rkinigziT transportirebis teqnologia iaponelebma 

SeimuSaves 2000 wels. maT Seqmnes specialuri konteineri, romliTac SesaZ-

lebeli gaxda 10 tona LNG-is (14 600 m3) transportireba rkinizgiT, sul 

mcire 350 kilometris manZilze. 

regazifikacia 

regazifikaciis terminalSi SesuligaTxevadebuligaziTavdapirvelad 

rezervuarSi Tavsdeba da misi airad mdgomareobaSi gadayvana saWiroebis 

SemTxvevaSi xdeba. procesi mimdinareobs aorTqlebis sistemaSiLNG-is gaT-

bobiT.  

regazifikaciis terminalebSi gazisebr mdgomareobaSi dabrunebuli 

bunebrivi gazi misaldenis sistemiT gazgamanawilebel sistemas miewodeba. 

regazifikaciis terminalebs gaaCniaT navmisadgomi, saniaRvrebi, LNG Senax-
vis rezervuarebi, aorTqlebis sistema, romelic rezervuarebidan gazs 

aorTqlebisgan icavs. 

arsebobs gaTbobis ori teqnologia - pirdapiri da arapirdapiri. pir-

dapiri gaTbobis dros gamoiyeneben wyals, arapirdapiri gaTbobis dros ki 

- propans.  

arsebobs didi da patara zomis gazis gamaTxevadebeli da regazifika-

ciis sawarmoebi, sadac msgavsi teqnologiebi gamoiyeneba, gansxvaveba maT 

Soris warmoebis masStabsa da saqmianobis RirebulebaSia.  

mcire zomis LNGsawarmoebad iTvleba saSualod weliwadSi 1 milioni 
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tona an ufro naklebi LNG-is waradobis qarxnebi. mcire zomis tankerebad 

(gadasazidi mowyobiloba) ki miiCneva 18 000 m3 an naklebi moculobis mqone 

tankerebi. mcire zomis LNGsawarmoebi ZiriTadad Sendeba milsadenis ax-

los, xolo maT mier warmoebuli LNG-iT xdeba im  dasaxlebuli punqtebis 

an sawarmoebis momarageba, romlebic milsadenisgan moSorebiT mdebareobs. 

agreTve, mcire zomis LNG sawarmoebis mier warmoebuli Txevadi gazi gamo-

iyeneba rogorc sawvavi satvirTo avtomanqanebisa da sazogadoebrivi tran-

sportisTvis[1] [2]. 

mcire zomis LNG sawarmo ZiriTadad 10 konteinerisgan Sedgeba[3], sa-

dac gazis gaTxevadeba didi zomis LNG terminalebSi danergili teqnolo-

giiT xdeba. kerZod, montaJdeba mcire turbina eleqtroenergiis generaciis-

Tvis; ori, saSualod 100m3 zomis rezervuari, gazis gamwmendi, gamaciebeli 

kompresori da gaTxevadebis sistema.  

mcire zomis LNG sawarmo didi zomis terminalTan SedarebiT nakleb 

kapitaldabandebas moiTxovs da gamoirCeva maRali energoefeqturobiT, mi-

si warmoebuliLNGiafia dizelTan da mazuTTan SedarebiT. 

Txevadi gazis perspeqtivebi saqarTveloSi 

LNG-is didi masStabis proeqtebSi saqarTvelo ukve CarTulia. evropis 

gazis samxreT koridoris proeqtis farglebSi ganixileba gaTxevadebuli 

gazis tranzitis proeqtic(AGRI LNG),romelic iTvaliwinebs  saqarTvelos 

zRvispireTSi gazis gamaTxevadebeli terminalis, xolo rumineTSi regazi-

fikaciis terminalis mSeneblobas. proeqtis iniciatorebma azerbaijanma, 

rumineTma da saqarTvelom 2010 wels erToblivi kompania Seqmnes, romel-

sac mogvianebiT ungreTic SeuerTda. kompaniam 2011 wels tenderiT SearCia 

britanuli sakonsultacio kompania„Penspen Limited“-i, romelsac proeqtis 

teqnikur-ekonomikuri dasabuTebis momzadeba daukveTa.  
saqarTvelosTvis gazis nebismieri nakadi, romlis transportirebac 

misi teritoriis gavliT moxdeba, momgebiania. garda tranzitis safasurisa, 

„AGRI LNG“-is proeqtis ganxorcielebis SemTxvevaSi, gamoyenebuli iqneba 

saqarTvelos magistraluri gazsadenebis sistema, terminalis mSenebloba 

da misi eqspluatacia ki qveynis ekonomikur ganviTarebas waadgeba.  

perspeqtivebi saqarTvelloSi mcire zomis LNG-is biznesisTvisac  ik-

veTeba. saqarTvelos maRalmTiani regionebi da sazRvrispira teritoriebi, 

rac qveynis teritoriis daaxlovebiT 30%-ia, mcireLNG-is sawarmoebisTvis 

xelsayreli garemoa. amasTan, LNG-is gamoyenebis SesaZlebelobas ganixila-

ven avtoparkis sawvavad. agreTve,  perspeqtiulia did qalaqebSi sazogado-

ebrivi transportis gazze gadayvana. es, erTis mxriv, ekonomikuri zrdis 

winapiroba gaxdeba (axali biznesi qveyanaSi mTliani Sida produqtis 

zrdas gamoiwvevs) da, meores mxriv, ekologiurad sufTa sawvavis gamoyene-

biT Semcirdeba naxSiroJangis emisiebi, rac saerTaSoriso garemosdacviTi 

organizaciebis mTavari moTxovnaa.     
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GAS LIQUEFACTION TECHNOLOGIES AND THEIR POTENTIAL IN GEPORGIA 
Shoshiashvili T. 

Summary 
Article represents research on natural gas liquefaction, its transportation and regasification technologi-

es, which is currently mostly relevant in the world. Gas liquefaction methods are classified by cooling cycles 
types, which enables large and small scale gas liquefaction terminals commercial activity. The article pre-
sents research on liquefied gas transportation opportunities and its regasification technological cycles anal-
ysis. In addition, article contains discussion about liquefied gas potential in Georgia, Azerbaijan-Georgia-Ro-
mania interconnector infrastructure prospects and advantages of small scale terminals over large scale lique-
faction plants. 

 

 
 
 

energomatareblebis transportirebis perspeqtivebi 
kaspiis regionidan evropaSi 

 
koCaZe T., Tofuria r., SoTaZe z. 

 akaki wereTlis saxelmwifo universiteti  

 
statiaSi ganxilulia kaspiis regionidan evropis mimarTulebiT energomatareb-

lebis pransportirebis perspeqtiuli proeqtebi da maTi ganxorcielebis etapebi. aRwe-
rilia navTobis gaTxevadebuli gazis transportirebis transanatoliuri proeqtis 
mniSvneloba.    
 

 sadReisod kaspiis navTobis  da navTobproduqtebis  ZiriTadi moculobebi 

gadaizideba oTxi ZiriTadi satransporto arteriiT: 
1.  evropul bazrebze ruseTis CrdiloeTis da dasavleTis milsadenebiT  da 

sarkinigzo magistralebiT ruseTis teritoriis gamoyenebiT;  
2.  evropul bazrebze azerbaijanis da saqarTvelos satransporto infras-

truqturis gamoyenebiT  ;  

3.  aziis bazrebze iranis satransporto infrastruqturis gamoyenebiT ;  
4.  CineTis mimarTulebiT milsadeniT   

bolo aTwleulSi saqarTveloze gamavali energoderefnebiT navTob-

nakadis moculobebis zrdis perspeqtivebma, paralelurad ki axali milsa-de-

nebis sistemebis eqspluataciaSi gaSvebam, mniSvnelovnad Secvala samxreT kav-

kasiis regionSi energomatareblebis transportirebis Tanafardobis su-raTi. 
saqarTveloze gamavali axali energoderefnebis amoqmedeba ara mxolod kaspi-

is regionSi navTobis eqsportis zrdiTaa gamowveuli, aramed gan-pirobebulia 

rogorc yazaxeTis da azerbaijanis, ise msxvili dasavluri navTobkompaniebis 
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surviliT moaxdinon navTobnakadebis diversifikacia, raTa rac SeiZleba nak-
lebad iyvnen damokidebulni romelime erT mimarTulebaze  (nax.1). 

arsebuli energosatransporto sistemebi jer kidev ar arian saTana-

dod aRWurvilni, raTa uzrunvelyon momavalSi kaspiis regionidan mosalod-

neli gazrdili  navTobnakadebis transportireba. saprognozo gaTvlebiT am 

regionidan 2005 wlidan 2010 wlamde navTobnakadis eqsporti 80 mln-dan 152 

mln. tonamde gaizarda, xolo 2015 wlisaTvis 200 mln. tonas miaRwevs. aqedan 
gamomdinare momavalSi saWiro iqneba milsadenebis da satransporto sisteme-
bis simZlavreebis saprognozo monacemebis  da bazris moTxovnilebis Sesabami-

sad gazrda. eqspertTa varaudiT navTobnakadebis srulad transportireba Zi-
riTadad damokidebuli iqneba ori milsadenis gamtarunarianobis gazrdis da 

datvirTvis perspeqtivebze.  

ბაქო-თბილისი-ჯეიჰანის (BTC) სრულად დატვირთვის შემთხვევაში და 

რუსეთზე გამავალი კასპიის მილსადენის კონსორციუმის (CPC) გამტარუნარია-ნობის 

გაზრდის შემთხვევაში, შესაძლებელი იქნება 2015 წლისათვის დაგეგმილი 

საპროგნოზო ნავთობნაკადების შეუფერხებელი მიწოდება მსოფლიოს ბაზარზე, ხოლო 

(CPC) არსებული გამტარუნარიანობის შენარჩუნების შემთხვევაში ნავთობის daubrko-
leblad transportirebis ganxorcielebis mizniT aucilebeli iqneba damate-

biT, SedarebiT mcire gamtarunarianobis mqone sxvadasxva satransporto sis-

temebis - simZlavreebis (milsadeni, rkinigza) gafarToeba.  

 

 
nax.1. energomatareblebis transportirebis derefani `kaspiis  

regioni-samxreT kavkasia - evropa~. 

perspeqtivaSi baqo-Tbilisi-jeihanis milsadenis garda yazaxuri navTobis 

transportireba baqodan gaxorcieldeba baqo-sufsis da baqo-novorosiiskis 

milsadenis saSualebiT. garda amisa, kavkasiis regionis rkinigzebiT navTobna-
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kadebis transportirebis zrdis tendencia gavlenas moaxdes saqarTvelos da 

Savi zRvis navsadgurebis infrastruqturis ganviTarebaze.  
dRes saqarTvelos rkinigza kaspiuri navTobis msoflio bazarze gadazid-

vas axorcielebs. is mniSvnelovani arteriaa, romelic centralur azias evro-
pasTan alternatiuli gziT akavSirebs. saqarTvelos gavliT rkinigzis tvir-
Tbrunvis potencialis samomavlo gaTvla sakmaod rTulia, radaganc ZiriTadi 
tvirTbrunva modis tranzitze, rac mas gare faqtorebze mniSvnelovnad damo-
kidebuls xdis. amasTan, sarkinigzo tvirTebis ZiriTad nawils navTobproduq-

tebi Seadgens, rac trasekas samxreT kavkasiis monakveTis specifikurobas gana-
pirobebs.  

2018 wlisTvis pesimisturi prognozis scenaris ganviTarebis da azerbai-
janis navTobsabadoebSi navTobis mopovebis Semcirebis SemTxvevaSidac ki nav-

Tobis eqsportis zrda kompensirebuli iqneba kaSaganis (yazaxeTis) sabadoSi 

mopovebis gazrdiT.  

am scenariT umniSvnelod Seicvleba navTobis transportirebis suraTi. 

(BTC) milsadeni darCeba erT-erT mTavar da stabilur satransporto sistemad 

regionSi. arsebuli situaciiT saqarTvelo-azerbaijanis satransporto sis-

temebiT (rkinigza-milsadeni) transportirebuli azerbaijanis navTobis 90%-

ის nacvlad 2018 wlisaTvis daaxloebiT 40-50% iqneba yazaxuri navTobi. amgva-

rad, ruseTis wili saerTo eqsportSi mosalodnelia Semcirdes 30%-mde.  

baqo-sufsis milsadeni - cnobilia dasavleTis marSrutis saxelwodebiT. 

milsadenis diametri 530 mm-ia, xolo gamtarunarianoba 7 mln. tona. damatebiTi 

saqaCi sadgurebis damontaJebis SemTxvevaSi, SesaZlebelia gamtarunarianobis 

gazrda daaxloebiT 10 mln. tonamde.   

baqo-Tbilisi-jeihanis (BTC) milsadenis saSualebiT xorcieldeba navTo-

bis transportireba baqodan saqarTvelos teritoriis gavliT TurqeTisken, 
romlis saboloo punqts xmelTaSua zRvaze arsebuli TurqeTis navsadguri 

jeihani warmoadgens, ris Semdgomac tankerebis saSualebiT navTobi evropul 

bazars miewodeba. proeqtis ganxorcieleba miznad isaxavda ruseTis satran-

sporto sistemaTa alternativis Seqmnas.  

milsadenis sigrZe 1780 km-ia da SesaZlebelia 50 mln. tona nedli navTobis 

transportireba weliwadSi. damatebiTi saqaCi mowyobilobebis damontaJebis 

SemTxvevaSi gamtarunarianoba SesaZlebelia gaizardos 60-65 mln. tonamde we-

liwadSi.  

arsebuli energosatransporto sistemebi ar arian saTanadod aRWurvilni, 
raTa uzrunvelyon momavalSi kaspiis regionidan mosalodneli gazrdili nav-

Tobnakadebis transportireba. saprognozo gaTvlebiT kaspiis regionidan  nav-

Tobnakadis eqsporti gaizrdeba da  2015 წლისათვის 200 mln. tonas miaRwevs. aqe-
dan gamomdinare momavalSi saWiro iqneba maT Soris saqarTveloze gamavali 

milsadenebis da satransporto sistemebis simZlavreebis saprognozo monace-

mebis  da bazris moTxovnilebis Sesabamisad gazrda. eqspertebis gaTvlebiT, 

ekonomikuri, politikuri da ekologiuri faqtorebis gaTvaliswinebiT milsa-

deni kaspiis regionis azerbaijanis da yazaxeTis seqtoridan nedli navTobis 
msoflio bazrebze transportirebis yvelaze mosaxerxebel alternativadaa 
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miCneuli. agreTve Tu gaviTvaliswinebT im faqtors, rom kaspiis regionSi mopo-

vebuli navTobis da gazis ZiriTadi momxmareblebi  evropis qveynebi arian da 

romlebisaTvisac energomatareblebis miwodebis yvelaze mimzidvel marSru-

tad samxreT kavkasiis qveynebze da  Sav zRvaze gamavali  satransporto trasebi 

warmoadgenen, gamoricxuli ar aris kvlav dRis wesrigSi dadges e.w. ~nabuqos” 

proeqtis aRorZineba, an Seiqmnas kaspiis regionis Sav zRvasTan damakavSirebe-

li axali mZlavri milsadenuri proeqtebi. 

arsebobs imis SesaZlebloba,rom baqo-sufsis navTobsadenis (WREP) para-

lelurad aSendes kidev erTi milsadeni navTobs gaTxevadebuli gazis tran-

sportirebisaTvis. nax.2. 

navTobis gaTxevadebuli gazis transpoprtireba `trasekas~ regionSi (ya-

zaxeTidan da TurqmneTidan) xdeba Semdegi saxiT:  

- avtiotransportiT, produqtis  warmoebis adgilidan uaxloes sarkinig-

zo gadamtvirTav sadgurebamde; 

 
nax.2. kaspiis regionidan navTobis gaTxevadebuli gazis evropaSi  

miwodebis samxreTis  marSruti 

 

- sarkinigzo gadamtvirTavi sadgurebidan navTobis gaTxevadebuli  gazis 

transportireba xdeba specializirebuli sarkinigzo cisternebiT da kaspiis 

zRvis boraniT baqomde, Semdgomi sarkinigzo transportirebiT  saqarTvelos 

Savi zRvispira portebamde  tranzituli gadatvirTvebis mizniT. 

        navTobis gaTxevadebuli gazis gadasatvirTi erTaderTi terminali saqar-

Tvelos sanapiroze baTumSi mdebareobs (nax. 3). terminali aRWurvi-lia Tana-

medrove evropuli teqnologiebiT da standartebiT. am etapze baTumis termina-

lian xorcieldeba mxolod azerbaijanuli gaTxevadebu-li gazis eqsporti. 

aseve aRsaniSnavia, rom evrokavSiri ”samxreT gazis derefnis” proeqtis mar-

Srutis gazrdas gegmavs, realizaciis procesSia  baqo-Tbilisi-jeihanis arse-

buli  navTobsadenis paralelurad gaTxevade-buli gazis gasatareblad axali 

milsadenis mSeneblobis proeqti, romelic azerbaijanidan iRebs saTaves da 

italiis samxreT nawilSi sruldeba. nax.4. ”samxreT derefnis” proeqti 2019 

wlisaTvis TANAP-TAP(trans-anatoliis da trans-adriatikis milsadenebi) 

gazsadenebis sistemis  mSeneblobas gulisxmobs, romelic azerbaijanis Sah-
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denizis sabadodan saqarTvelos, TurqeTs, saberZneTs, albaneTs da  samxreT 

italias gaivlis. am milsadenebiT igegmeba weliwadSi TurqeTisaTvis 6 mili-

ardi kuburi metris, evropisaTvis ki 10 miliardi kuburi metris gazis miwode-

ba.Sah-denizi 2-is farglebSi 735 milion dolarian kontraqts moewera xeli 

"Sah-denizis" azerbaijanis kaspiis seqtorSi sabados damuSavebis meore stadi-

is partniorebma 735 mln aSS dolaris Rirebulebis kontraqti gaaformes. kon-

traqts xeli moewera erTobliv sawarmo Saipem/Azfen-Tan (Saipem Contracting 

Netherlands BV da Azfen BM), samxreT kavkasiuri milsadenis samSeneblo da ga-

safarToebeli samuSaoebis Casatareblad. kontraqtis pirobebis Tanaxmad, maT 

unda aaSenon 428 kilometris sigrZis milsadeni da saxmeleTo mowyobilobebi 

azaerbaijanisa da saqarTvelos teritoriaze, aseve, 59 kilometris sigrZis 

milsadeni saqarTvelos teritoriaze. samuSaoebis daiwo 2015 wlis ianvarSi, 

romlebic saqarTvelos teritoriaze 2016 wlis, xolo azerbaijanis terito-

riaze 2017 wlis bolomde dasruldeba. proeqti SesaZlebels gaxdis damate-

biT 16 miliardi kuburi metri gaTxevadebuli bunebrivi airis transportire-

ba ganxorcieldes azerbaijanidan evropisken. 

 
nax.3. navTobis Txevadi gazis terminali baTumSi 

   

. azerbaijanuli gazis evropisTvis miwodeba 50 miliard dolarze meti 

dajdeba „Sah denizis" sabados damuSavebis meore stadiis farglebSi mopo-

vebuli gazis evropisTvis miwodebis proeqtis ganxorcieleba 50,6 mlrd 

aSS dolarad aris Sefasebuli. SesaZlebelia momavalSi es  maCve-nebeli 

gaizardos,  gansakuTrebiT saqonlisa da momsaxurebis bazarze fasebis Se-

saZlo cvlilebis gaTvaliswinebiT kaspiis regionidan evropisaken  energo-

matareblebis axali marSrutebis Seqmnis ideas 2014 wlis maisSi saqarTve-

loSi oficialuri vizitiT yofnisas dadebiTad gamoexmaura safrangeTis 

prezidenti fransua olandi. man qarTul-frangul biznesforumze sityviT 

gamosvlisas ganacxada: saqarTvelo ar awarmoebs energias, magram energia 

gadis saqarTveloze. swored es aris koziri TqvenTvis da perspeqtiva da 

Sansi evropisTvis, rom ufro mravali gaxados energiis wyaroebi saqarTve-

loSi, SeiZinos gazi da a.S. aqedan gamomdinare, Tqvens qveyanaSi investiciebis 
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Cadeba, es mniSvnelovani poziciaa evropisTvis. msurs evropas hqondes daaxlo-

ebiT 10 wliani, 20 wliani energetikuli politika saqarTvelosTan mimarTeba-

Si. es SesaZleblobas mogvcems, rom iyos saukeTeso fasebi, davicvaT garemo da 

a.S. evropas unda hqondes Tavisi energetikuli politika, raTa uzrunvelyos 

misi energetikuli damoukidebloba. evropas SeuZlia amisi gakeTeba saqarTve-

losTan erTad. 

 
nax.4. ”samxreT gazis derefnis” proeqtis marSruti 
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Summary 

       This paper deals with the transportation of energy resources from the Caspian region to Europe promi-
sing projects and their implementation stages. TRACECA corridor for transit of energy is important to the re-
gion for use Estimated value of the project for liquefied gas transportation. 
 
 

 
 

saqalaqo samgzavro transportSi energodanaxarjebis 

Semcirebis ZiriTadi aspeqtebi 
 

gogiaSvili f., lekveiSvili g. 

(akaki wereTlis saxelmwifo universiteti) 
 

saqalaqo samgzavro transporti unda asrulebdes Tavis ZiriTad 

amocanas _ daakmayofilos qalaqis mosaxleobis moTxovnileba gadayvanaze. 

Sesabamisad, jamuri saeqspluatacio danaxarjebis Semcirebis mizniT unda 

gadaixedos saqalaqo samgzavro transportis (sst) sawarmoTa momsaxurebis 

organizebis, kontrolis da marTvis mTeli jaWvi, amasTanave unda 

SenarCundes satransporto momsaxurebis maRali xarisxi. 

 radganac sxvadasxva marSrutebze mgzavrTa nakadebis vardnis perio-

debi ar Seesabameba erTmaneTs, ganvixiloT mgzavrTa momsaxurebis organi-

zebis SesaZlebloba, romlis drosac moZravi Semadgenlobis konkretuli 

erTeuli mkveTrad ar aris mibmuli gansazRvrul marSrutze, anu muSaobis 
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periodSi xdeba marSrutebs Soris satransporto saSualebebis operatiu-

li gadanawileba. 

 marSrutebs Soris satransporto saSualebebis gadanawileba warmo-

adgens satransporto saSualebebis moZraobis dispetCeruli marTvis erT-

erT xerxs (marTvis operatiuli strategia) [1]. Tumca, rogorc dispetCeru-

li marTvis meTodi, mocemuli gadanawileba atarebs droebiT xasiaTs da 

gamoiyeneba daugegmavi situaciebis wamoWrisas mgzavrTa nakadis cvlile-

bis gamo samarSruto xazis calkeul monakveTebze. 

 samarSruto qselis gamoyenebis optimizaciis amocana marSrutebs So-

ris moZravi Semadgenlobis gadanawilebis gziT mdgomareobs wyvilSi Seda-

rebuli marSrutebis satransporto muSaobis maqsimalurad momgebiani vari-

antis povnaSi [2]. 

saavtobuso marSrutebis organizebis racionalur safuZvels warmo-

adgens moZravi Semadgenlobis moTxovnilebis gansazRvra avtobusebis moZ-

raobis marSrutze. moZravi Semadgenlobis moTxovnileba rig faqtorebzea 

damyarebuli da mudmivad icvleba ara marto xangrZlivi drois ganmavlo-

baSi (wlis dro, sezonuroba), aramed dRis ganmavlobaSic ki. ZiriTadi faq-

tori, romelic moZravi Semadgenlobis raodenobas gansazRvravs, aris mar-

Srutze mgzavrTa nakadis intensivoba. moZravi Semadgenlobis moTxovnile-

bas gansazRvravs centraluri sadispetCero punqti, is gamodis TiToeul 

marSrutze gansazRvruli mgzavrTa tevadobis raodenobis avtobusebis da-

yenebis aucileblobidan, romelic uzrunvelyofs gadamyvanis minimalur 

danaxarjebs, satransporto momsaxurebis xarisxis normatiuli moTxovne-

bis dacvisas mgzavrTa nakadis aTvisebis pirobiT. 

 moZravi Semadgenlobis moTxovnilebis gaTvla damokidebulia mgzav-

rTa nakadis intensivobis Sesabamisobis normativebis gamoyenebaze marSru-

tis yvelaze moTxovnad monakveTze da avtobusebis tevadobaze. marSrutis 

erTi mimarTulebiT mgzavrTa raodenobidan gamomdinare, romelic 1 saaTis 

ganmavlobaSi yvelaze mgzavrmraval monakveTze gaivlis, irCeven შ emdegi 

saxis avtobusebs (cxr. 1) 

cxrili 1. 

gamoyenebuli avtobusis tipis damokidebuloba mgzavris nakadis in-

tensivobaze 
> mgz./sT avtobusis tipi 
500-mde mcire 
500-1000 saSualo 
1000-1800 didi 
1800-ze meti Zalian didi 

 
 mocemuli Sesabamisoba mgzavrTa nakadis intensivobasa da gamoyenebu-

li avtobusis tevadobas Soris unda ganvixiloT rogorc sanimuSo. saer-

Tod xelmZRvaneloben mgzavrTaTvis misaRebi avtobusebis moZraobis 3-12 

wuTiani intervaliT da avtobusebis eqspluataciis xarjebiT. 

 es xarjebi avtobusis mgzavrTa tevadobis proporciulad izrdeba, 

magram misi gazrdisas avtobusebis naklebi raodenobaa saWiro, ris gamoc 

avtobusTa sxvadasxva tipebisaTvis xarjebi gansxvavdeba. 
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amocana amoixsneba or variantad: avtobusis micemuli da avtobusis 

sxvadasxva tevadobebisas. pirveli varianti gankuTvnilia gadayvanebis mim-

dinare organizebisaTvis, meore _ moZravi Semadgenlobis perspeqtiuli 

parkis formirebisaTvis. avtomatizirebuli sadispetCero dagegmarebis sis-

temaSi ivaraudeba garkveul droSi ama Tu im marSrutze avtobusis swored 

moTxovnadi tevadobis gansazRvra. amave dros ivaraudeba, rom intervale-

biT operirebas ganaxorcielebs gansazRvruli algoriTmiT moqmedi kompiu-

teri, xolo sxvadasxva marSrutebze avtobusebs gadaiyvans dispetCeri an 

gadawyvetilebis mimRebi sxva piri. 

 gaangariSebisas SezRudvis saxiT gamoiyeneben avtobusebis moZraobis 

minimalur da maqsimalur dasaSveb intervalebs da gadayvanebis xarisxis 

normativebis Sesabamisad pikis saaTebSi mgzavrTa momsaxurebisaTvis sakma-

risi samgzavro adgilebis ricxvis miwodebis dacvis moTxovnebs.  

mgzavrTa nakadebis Sesaxeb axali informaciis miRebisas, reisebis 

Sesrulebaze drois normebis ganaxlebisas, sagzao situaciis Secvlisas 

pikis saaTebSi avtobusebs gadavanawilebT tevadobis mixedviT mgzavrTa na-

kadis sidididan gamomdinare. 

saqalaqo samgzavro transportis momsaxurebis SeTavazebis organize-

bisa da dagegmarebis miznebisaTvis arsebuli samarSruto qselis optimiza-

cia moZravi Semadgenlobis gadanawilebis gziT marSrutebs Soris sst-is 

sistemis muSaobis dros efeqturi iqneba im SemTxvevebSi, roca mocemuli 

gadanawilebis Sedegad xdeba an jamuri saeqspluatacio xarjebis Semcire-

ba, an mgzavrTa satransporto momsaxurebis xarisxis maCveneblebis gaumjo-

beseba. maSasadame, savaraudo kriteriumebis saxiT unda gamodiodes saeq-

spluatacio xarjebis jamuri Semcireba da satransporto momsaxurebis xa-

risxis maCveneblebis gaumjobeseba. 
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THE MAIN ASPECTS OF URBAN PASSENGER TRANSPORT ENERGY REDUCTION 
Gogiashvili P.., Lekveishvili G. 
Akaki Tsereteli State University 

Summary 
In this article is considered the problem of rational organization of bus routes, which aims to deter-

mine demand for vehicle type on the route of buses. 
The problem is solved in two ways: at a given bus capacity and the capacity of buses, selected from 

the range of values. The first option is for the current organization of transport, the second for the formation 
of long-term vehicle. In computer-aided dispatch planning involves determining precisely of the required ca-
pacity of the bus on a particular route at a certain time. 
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kursebis teSenitis qvis WriT damuSavebis 
energoefeqtianobis Sesaxeb 

 
bolaTaSvili n.,  saxanberiZe n. 

akaki wereTlis saxelmwifo universiteti 
 

naSromSi warmodgenili masala exeba almasuri qvismWreli iaraRis medegobi-
sa da warmadobis gazrdiT energodanaxarjebze miRebul efeqts 

 
     energiis dazogvis mizans warmoadgens energoefeqtianobis gazrda 

mrewvelobis yvela dargSi qveynis ekonomikis ganviTarebisa da ekologiu-

ri situaciis gaumjobesebisaTvis. 

     energoefeqtianobis zrdaSi da energoresursebis racionalur gamoye-

nebaSi ZiriTad rols TamaSobs energiis damzogavi teqnologiebi. 

     warmoebaSi energomomaragebis potencialis 2/3 ze meti imyofeba ener-

gomoculobiTi dargebis moxmarebis sferoebSi, kerZod qimiur, samSeneblo, 

mZime, msubuq da a.S. warmoebebSi. aRniSnul dargebSi energiis ekonomiis 

mniSvnelovani rezervebis arseboba rig sxva mizezebTan erTad ganpirobebu-

lia teqnologiuri procesebisa da mowyobilobebis arasrulyofiT, aseve 

axali energo kvebis sqemebis, energodazogvisa da unarCeno teqnologiebis 

danergvis arasakmarisobiT.  

     samSeneblo masalebis WriT damuSavebisas energoefeqtianobis Tval-

sazrisiT didi mniSvneloba eniWeba mWreli iaraRis medegobas. iaraRis cve-

Ta iwvevs Wris Zalebis zrdas, rac Tavis mxriv zrdis Wris procesis gan-

xorcielebisaTvis da Sesabamisad eleqtroZravis saWiro simZlavres. aRniS-

nulidan gamomdinare axali, cveTamedegi saiaraRo masalebis Seqmnas arse-

biTi mniSvneloba eniWeba Wris procesSi eleqtruli energies dazogvis 

TvalsazrisiT. 

     teSeniti-analcimuri gabro, romelic sofel kursebis sabados ekuT-

vnis, magmuri qanisaa. mosapirkeTebeli nakeTobebis warmoebis teqnologiur 

procesSi arsebiTi adgili uWiravT operaciebs, romlebic sruldebian al-

masuri gadasaWreli qargolebiT. qvisdamamuSavebel sawarmoebSi es opera-

ciebi am droisaTvis praqtikulad warmoebs mxolod almasuri iaraRiT. am 

operaciebis warmatebiT Sesruleba mniSvnelovan wilad damokidebulia al-

masuri iaraRis sworad SerCevaze.  

     almasis Semcvelobis Semcireba, almasuri qvismWreli iaraRis medego-

bisa da Sesabamisad Wris procesis energoefeqtianobis gazrda, xerxebis 

konstruqciis Secvla – qvis damuSavebis mrewvelobis mniSvnelovani amoca-

naa. 

     kursebis teSenitis qvis Wris mTavar problemas warmoadgens almasuri 

iaraRis adheziuli Semkvrelis optimaluri Semadgenlobis SerCeva. 

     dasmuli amocanis gadawyvetis mizniT, specialurad Seqmnil aparatu-

raSi, maRal vakuumSi warmoebda almasi-liTonis kompoziciis Txevadfazu-

ri SecxobiT almasuri iaraRis damzadeba, misi cveTis kvleva da diagnos-

tika. 

     kursebis teSenitis qvis WrisaTvis axali M50-G Semkvrelis gamoyene-
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biT (igi flobs aucilebeli Tvisebebis gansazRvrul kompleqsebs: sisales, 

cveTamedegobas, TviTalesvis unars, adheziuli Tvisebebis gaumjobesebas 

misi fizikur-meqanikuri Tvisebebis SenarCunebiT)  miiRweva iaraRis muSao-

bisunarianobis mniSvnelovani zrda. aRniSnuli saiaraRo masalis miRebis 

xerxi iTvaliswinebs liTonebisa da almasis fxvnilis Serevas, narevis 

dawnexvas 196-392 mpa  wneviT, miRebuli briketebis Secxobas 8000C tempera-
turamde da gacivebas. gansxvavdeba imiT, rom damatebiT xorcieldeba Se-

cxobili briketebis dawnexva 98-196 mpa. wneviT da Secxoba mimdinareobs 

wyalbadis garemoSi 30-40 wT-is ganmavlobaSi.   

     SenadnobSi Seyvanili danamati TiH2,   Zlieri adsorbciuli efeqtis 

gamo mkveTrad cvlis dasvelebis xarisxs, fazaTaSoris daWimvas da adhezi-

as zRvarze almasi-liToni. garda aRniSnulisa, fxvnilisebr SemkvrelSi 

Seyvanilia spilenZi-kalis (Cu-Sn) Senadnobi. am Semkvrelis SemadgenlobaSi 

damatebulia Zneldnobadi sali abraziuli Semadgeneli: borisa da qromis 

karbidi BK  tipis Senadnobi, riTac izrdeba matricis cveTamedegoba  op-

timalur zRvrebSi sisalis SenarCunebiT.  

     saukeTeso Sedegebi iqna miRebuli titanur Semkvrelze iaraRiT muSao-

bisas (Semcveloba: Cu-Sn Senadnobi 4:1; Ti-10%, BK-25%, almasis pirobiTi 

koncentracia-50%).  

     gansakuTrebiT saukeTesoa Semkvreli titanis fuZiT (Co=36,2-44,8; 

Ti=13,0-14,0;  Cu=40-32; Sn=10-8;  FeS=0,8-1,2), romelSic almasis kuTri xarji 1,5-

2 jer mcirea, vidre arsebul qargolebSi. 

     almasur-abraziuli iaraRebis damuSavebis teqnologiis da dasamuSave-

bel masalasTan maTi urTierTqmedebis Taviseburebebis gamokvlevebis Sede-

gebis analizis safuZvelze moxerxda almasuri diskuri segmenturi xerxis 

WraSi uSualod monawile   (aqtiuri) marcvlebis ricxvis analitikuri da-

mokidebulebis miReba  d  siganis Wris erTi xazisaTvis.  naxazidan 1 Cans,  

rom    muSa  moculobaSi  hp   simaRleze  moxvdebian marcvlebi geomet-

riuli centrebiT, romlebic ganlagebulni arian rogorc Semkvrelis nu-

lovani donis qvemoT, aseve mis zemoT. Mmarcvlebis ricxvi, romelTa geo-

metriuli centrebi imyofebian nulovani donis zemoT, ganisazRvreba Sem-

kvrelis makavebeli unariT, dasamuSavebeli masalis TvisebebiT da reJime-

bis parametrebiT. erTobliobaSi yvela es parametri gansazRvravs minima-

lur h3 CaRrmavebis sidides. Camagrebis siRrme SesaZloa ganisazRvros eq-

sperimentalurad da zemoT warmodgenili Tvisebebis codnisas gamoiTva-

los. rRvevis procesSi monawile muSa marcvlebis ricxvis angariSi, rome-

lic gansazRvravs  Wris siganes da arsebiTi mniSvneloba aqvs optimaluri 

Wris reJimebis dadgenisas, daiyvaneba  gadanaWeris siganisagan damokidebu-

lebiT maTi ganawilebis albaTobis kanonis dadgenaze.  

Tu miviRebT aTvlis sawyisad Semkvrelis zemoT maqsimalurad gamoSverili  

marcvlis dones [1,2,3],  WraSi uSualod monawile almasuri da diskuri 

segmenturi xerxis marcvlebis ricxvis gansazRvra SesaZlebelia analiti-

kuri damokidebulebidan 
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nax.1. a-almasnadebi fenis Wris erTi xazis muSa moculoba; b- xerxis almasnadebi 

fenis muSa moculobaSi marcvlebis geometriuli centrebis mdebareobebi  
simaRliT. 

                                                                                                                        

sadac:    n1-almasuri fxvnilis marcvlebis saSualo ricxvia 1karatSi aTasi 

cali; lc - segmentis sigrZe, mm; z -xerxSi segmentebis ricxvi;  -nakeTobas-

Tan iaraRis kontaqtis kuTxe; Φ (t1) - gausis integraluri funqcia; t1- gana-
wilebis normaluri kanonis standartizirebuli parametri;             

                                                            t1 = (amax − b)/ σ                                              (2) 

    sadac: amax -calkeuli gadanaWeris maqsimaluri siganea, romelic aiReba 

xerxis kontaqturi rkalis zeda wertilSi, mm.; σ − rigis saSualokvadratu-

li gadaxraa Sverze, mm. 

  

    sadac R  -  iaraRis radiusia, mm.;   - iaraRis nakeTobasTan kontaqtis 

kuTxis mimdinare mniSvneloba. 

      

 

 

 

 

 

 

 

 

 

 

 

 

 
nax.2. 460 mkm zomis bunebrivi (1) da sinTezuri (2) almasis marcvlis cveTis damo-
kidebuleba darRveuli masalis moculobasTan:  a-abraziuli cveTa; k-kombinirebu-
li cveTa; c- moxleCa-myife rRveva; cb-  marcvlis amovardna. dasamuSavebeli masala - 

graniti. 

eqsperimentalurad dadgenilia, rom  M50-G  almasuri saiaraRo masa-

lis saSualo kuTri cveTa, Wris optimaluri reJimebiT muSaobisas, misi 

prototipisagan gansxvavebiT 0.07 mg/sm3 -dan mcirdeba 0.03 mg/sm3 - mde, xolo 

a)                                   b) 
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Wris siCqare  izrdeba 6 sm/wm-dan    20sm/wm-mde.  warmadoba 1-1,5-jer metia 

mis prototipTan SedarebiT.      

unda aRiniSnos, rom sxva xasiaTi aqvs almasuri iaraRis urTierTqme-

debas iseTi maRali sisalis mqone dasamuSavebel masalasTan,  rogoricaa 

graniti, romlis SemadgenlobaSi Sedis 30% -ze meti kvarci.  

     sali qanebis damuSavebisas, Zaluri da temperaturuli faqtorebis 

moqmedebiT, rogorc sinTezuri, aseve bunebrivi almasebi cvdebian dablag-

vis farTis warmoqmniT. am dros marcvlebis simtkice da forma, sisale da 

Semkvrelis Semakavebeli unari arsebiT gavlenas axdens iaraRis muSaobisu-

narianobaze da Wris simZlavreze.  

eqsperimentalurad dadgenilia (nax.2), rom bunebrivi almasebiT muSao-

bisas marcvlebis cveTis farTis saSualo diametri 15-20%-iT da marcvlis 

Semakaveblis wili mxolod 5-8%-iT metia, vidre sinTezuri almasebiT muSa-

obisas. anu bunebrivi almasebis  didi cveTisa da mcire simyifis gamo, ma-

Ti Wris unari gacilebiT  dabalia, vidre sinTezurisa. 

 

ZiriTadi daskvnebi 

1. rekomendirebuli M50-G almasuri saiaraRo masalis Semkvreli, romelic 

Seicavs kobaltisa da spilenZ-kalis Senadnobis, legirebuli FeS da ti-

tanis hidridis (TiH2) saxiT titanis fxvnilis narevis garkveul Tanafar-

dobas, xasiaTdeba adheziuri Tvisebis mkveTri gaumjobesebiT;  

2. TiH2-is daSlisas wyalbadis gamoyofiT aRmdgeni garemos Seqmnisa da 

fxvnilebis zedapiris Jangiani afskisagan gaTavisuflebiT mniSvnelovnad 

umjobesdeba Semkvrelis fiziko-meqanikuri Tvisebebi, rac zrdis abrazi-

uli iaraRis medegobas, sisales da TviTalesvis unars, Wris siCqares da 

damuSavebis warmadobas 1,5-2 jer Wris simZlavreze erTi da igive dana-

xarjebis  SemTxvevaSi; 

3. abraziuli iaraRis cveTamedegobisa da warmadobis gazrda  minimaluri 

cveTis pirobebSi warmadobis proporciulad amcirebs eleqtroenergiis 

danaxarjebs WriT damuSavebaze. 
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 ON ENERGY-EFFICIENCY OF STONECUTTING PROCESSING OF KURSEBI’S  

TESCHENITE STONE 
Bolatashvili N., Sakhanberidze N.  

Akaki Tsereteli State University 
Summary 

The paper dwells on the technological process for producing binder from diamond tool materials for 
the M-150G type stonecutter, which in contrast to its prototype is characterized by high physical and mecha-
nical properties, wear resistance, self-whetting capacity and limit cutting speed. It has been experimentally 
established that in case of the same cutting power, the productivity increases by 1,5-2 times when processing 
granite by using the stonecutter diamond tool made of the mentioned binder that ensures the electric power 
saving proportionally to productivity.   
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РАЗРАБОТКА РЕСУРСОСБЕРЕГАЮЩИХ 
ТЕХНОЛОГИЧЕСКИХ ПРОЦЕССОВ ХОЛОДНОЙ ОБЪЕМНОЙ 

ШТАМПОВКИ ИЗ МАЛОПЛАСТИЧНЫХ МАТЕРИАЛОВ  
 

Зивзивадзе Б.Л. 
Государственный Университет Акакия Цуретели 

 
            Работа посвящена разработке, исследованию и внедрению методов холодного выдавливания 
деталей из малопластичных сплавов (литье вторичные алюминиевые сплавы и литье бронзы) и 
порошковых полуфабрикатов. 
           На основе результатов теоретических и экспериментальных исследований разработаны 
ресурсосберегающие технологические процессы холодного выдавливания с противодавлением 
малопластичных материалов и спеченных порошковых полуфабрикатов и научно обоснованная 
методика их проектирования. 

 
В металлообработке все более значительное место занимает разработка и внедрение 

ресурсосберегающих технологии. Особенно быстрыми темпами развывается холодная 
объемная штамповка (ХОШ), обеспечивающая высокий коэффициент использования 
металла и высокое качество изделий. В тоже время широкому внедрению ХОШ 
препятствует ряд факторов, к основным из которых относятся повышенное сопротивление 
деформированию и невысокая пластичность металлов в холодном состоянии. 

Рост объемов производства поковок и деталей прогрессивными методами холодной 
объемной штамповки, и в частности выдавливанием, во многом зависит от вовлечения в 
обработку пластическим деформированием большой номенклатуры малопластичных 
сплавов и порошковых полуфабрикатов. Интенсивное развитие порошковой металлургии во 
многом зависит от эффективных методов пластического деформирования 
компактированных спеченных заготовок. Однако сдерживающим фактороь внедрения 
технологии ХОШ деталей из этих нетрадиционных заготовок является отсутствие научно-
обоснованных рекомендаций по оптимизации процессов, протекающих в условиях 
всестороннего неравномерного сжатия с целью деформирования без разрушения. 

Проблема выдавливания деталей из этих материалов успешно решается путем создания 
схем, обеспечивающих всесторонее неравномерное сжатие при формообразовании деталей 
главным образом типа втулок, фланцев и других деталей с небольшим отношением высоты 
к диаметру. Отдельные исследования по выдавливанию деталей стержневого типа не 
систематизированы и требуют специального анализа с целью выработки практических 
рекомендаций. Тоже относится и к деталям типа стакана с высотой в пределах одного-двух 
диаметров полости. 

При разработке и совершенствовании процессов исследовали напряженно-
деформированное состояние малопластичных материалов и влияние на ных различных 
технологических параметров. 

Способность металла пластически деформироваться без разрушения, определяется не 
только его физическими и физико-химическими свойствами, но и условием обработки, под 
которым понимается схема напряженного и деформированного состояния. 

Повышение гидростатического давления и, таким образом, повышение пластичности 
малопластичных материалов может быть достигнуто путем приложения противодавления в 
направлении противоположном течению металла [1]. 

Сущность метода выдавливания с противодавлением заключается в том, что при 
истечении металла через матрицу со стороны ее выходного конца создается 
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противодавление. 
Исследование осуществляли с помощью метода полуобратного решения и планирования 

эксперимента, а также измерением твердости поляризационно-оптическим методом, 
микроструктурным анализом и анализом остаточных напряжении [2-5]. В пластической 
области, в том числе в зоне локализации деформации, были определены такие параметры 
напряженно-деформированного состояния как скорость, компоненты и степень деформации, 
компоненты тензора напряжении, интенсивность напряжении, показатель напряженного 
состояния. Оценку деформируемости малопластичных материалов осуществляли с 
помощью феноменологической теории разрушения. 

По результатам исследований выявлены и реализованы пути улучшения 
деформируемости малопластичных материалов, факторы обеспечивающие устойчивость 
деформирования, параметры гарантирующие высокое качество изделий [6]. 

С целью экспериментальных исследовании является оценка приемлемости 
теоретичесских предпосылок по возможности холодного выдавливания деталей из 
малопластичных материалов без разрушения, определение оптимальных параметров 
технологического процесса получения изделий с требуемыми физико-механическими 
свойствами и выработки рекомендаций для разработки новых технологических процессов 
ХОШ. 

В работе на технологическую деформируемость исследовались три группы 
малопластичных материалов: Литейные вторичные алюминиевые сплавы; Спеченные 
порошковые полуфабрикаты; Литейные малопластичные бронзы. 

Из первой группы исследовались два вида вторичных алюминиевых сплавов – 
заготовки, полученные кокильным литьем из найболее распространненных в 
машиностроении сплава АК5М2 и заготовки из сплава АК3МЖМг, полученных 
полунепрерывной разливкой с использованием электромагнитных кристаллизаторов. 
СплавАК3МЖМг имеет мелкозернистую структуру (35-40 мкм) и лучшие, чем у кокильного 
литья, механические показвтели. Он обладает большой пластичностью, чем более 
качественный по химсоставу сплав АК5М2, но имеющий величину зерна 120 мкм. 
Пластичность этих сплавов позволяет мспользовать их для холодной объемной штамповки 
только при наличии схемы всесторроннего неравномерного сжатия. 

Представителями второй группы материалов являлись спеченные порошковые 
полуфабрикаты марки ПЖ2, ПЖГр042 пористостью 15-20%, химический состав которых 
примерно соответствует химсоставу малоуглеродистых и низколегированных сталей, и 
порошковые полуфабрикаты на основе бронзы. 

Представителями третьей группы были литые оловянные бронзы марки ОЦС5-5-5 и 
О10С2Н3. 

Исследование процесса холодного выдавливания с механическим противодавлением 
проводили в специальном штампе установленном на одностоечном гидравличесском прессе 
модели П3234А. Прессы усилием от 250 до 2500 кН этого типа поставляются с 
гидроподушкой с регулируемым усилием противодавления (0-1000 кН), благодаря которой 
создается противодавление в штампе. 

Выдавливались заготовки из сплавов АК5М2, АК3МЖМг, ОЦС5-5-5, О10С2Н3 и 
порошковые полуфабрикаты марки ПЖ2, ПЖГр042 с диаметром 33 мм со степенью 
деформации ε1=0,50 и  ε2=0,65. Противопуансон имел диаметр 23 см. Плотность исходных 
порошковых заготовок составляла 6,3 г/см3. Заготовки перед выдавливанием смазывались 
дисульфидом молибдена. 

При выдавливании заготовок без противодавления у получаемых стержневых поковок 
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обнаруживается нарушение сплошности в выде кольцевых трещин и надрывов по всей 
длине стержня, что свидетельствует о наличии растягивающих напряжении. Приложение 
противодавления величиной 480 Мпа резко повышает пластичность малопластичных 
сплавов и порошковых полуфабрикатов и предотвращает появление трещин. 

С целью выяснения характера распределения деформации при выдавливании с 
противодавлением стержневых изделий из спеченных порошковых полуфабрикатов 
исполбзован метод измерения твердости. Так как твепдость повышается с увеличением 
степени наклепа металла, то, определяя твердость в различных точках деформируеиого тела, 
можно получить представление о степени неоднородности деформации и, следовательно, 
можно судить о неоднородности напряжении деформированного тела. 

Полученные результаты измерения твердости показали, что наиболее деформированной 
является область стержня, находящаяся между зонной очага деформации и 
противопуансона. Максимальная твердость в этой зоне равна НВ257. В зоне очага 
деформации твердость равна НВ246. В жесткой зоне, контактирующей с рабочей 
поверхностью пуансона уплотнение происходит менее интенсивно, чем в остальных зонах 
стержня и твердость составляет НВ222. Полученные значения твердости показывают, что 
деформации по объему поковки распределены неравномерно. Твердость и плотность 
поковок значительно повышается по сравнению с исходными заготовками. Твердость 
повышается в два и более раз (исходная твердость НВ120). Плотность поковок после 
выдавливания составляет 7,8 г/см3 , что говорит о том, чтополученные поковки максимально 
уплотнены и практически ре имеют пор (исходная пористость 15%). 

Технологические возможности гидромехнического выдавливания деталей стержневого 
типа из вторичных алюминиевых сплавов исследовали на эксперимертальных устройствах 
для гидромеханического выдавливания деталей стержневого типа и гилбз со сквозным 
отверстием. В схеме этого устройства заложен принцип саморегулирования давления в 
камере противодавления за счет перемещения матрицы навстречу пуансону под действием 
столба жидкости над плунжером. Величина давления в камере  противодавления зависит от 
диаметра плунжера и усилия, необходимого для деформирования металла. Удвление 
выдавленного изделия проводится жидкостью путем силового перемещения контейнера 
вниз.  

На этом устройстве выдавливали заготовки из сплава АК3МЖМг и сплава АК5М2 с 
диаметром 30 мм с разными степениями деформации (ε1=0,65 и  ε2=0,90). При выдавливании 
без противодавления конечная часть прутка имела трещину на участке выхода из матрицы 
из-за возникновения в прутке растягивающих напряжении. При наложении противодавления 
величиной 95 Мпа поковки не разрущались. Это свидетельствует о том, что при прямом 
выдавливании с противодавлением пластичность вторичных алюминиевых сплавов 
значительно повышается. 

На основе этих экспериментов и анализа конструктивных решении различных устройств 
разработали и изготовили конструкцию устройства, реализующую схему всестороннего 
неравномерного сжатия на которую получена авторское свидетельство на изобретение. 

Преймуществом этого устройства является возможность получения длинномерных 
изделий круглого и профильного сечения, высокая производительность, сокращение расхода 
металла и обеспечение непрерывности процесса выдавливания. 

Для определения возможности выдавливания с активными силами трения нами в 
лаборатории кафедры МТ6 МГТУ им. Н.Э.Баумана были проведени эксперименты по 
выдавливанию с активными силами трения предварительно обжатых в газостате  вторичных 
алюминиевых сплавов. 
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Экспериментально было установлено, что для схемы обратного выдавливания при 
изготовлении деталей типа стакана со степенью деформации   ε=0,50 благоприятный режим 
течения металла без разрущения достигается за счет противодавления, создаваемого силами 
сухого трения по стенке матрицы. Для определения возможности выдавливания еще с 
большими степенями деформации выдавливание проводилось на специализированном 
прессе ПАСТ. Пресс имеет два независимых привода: перемещения плунжера и 
перемещения подвижной траверсы, в которой расположена матрица. Усилие развиваемое 
плунжером - 1600 кН, а траверсой - 800 кН. Принудительное перемещение матрицы в 
направлении, противоположном направлению движения пуансона, вызывает активное 
действие сил трения, что способствует появлению сжимающих напряжении в стенке стакана 
и тем самым созданию схемы всестороннего неравномерного сжатия. 

По этой схеме выдавливались заготовки диаметром 42 мм со степенью деформации 
ε=0,65. При наличии активных сил трения предварительно обработанные в газостате 
заготовки не имели нарушение сплошности. У поковок, выдавливаемых без применения 
активных сил трения, на наружной цилиндрической поверхности появляются  
поверхностные трещины. 

Из проведенных экспериментов следует, что контактное трение при выдавливании с 
активными силами трения оказывает благоприятное влияние на качество поверхности 
изделий. 

На основе результатов экспериментальных исследовании можно сделать следующие 
выводы: 

- Оптимальным способом изготовления деталей из малопластичных вторичных 
алюминиевых сплавов, малопластичных бронз, спеченных порошковых полуфабрикатов 
является выдавливание с противодавлением, что обеспечивает благоприятные условия 
всестороннего неравномерного сжатия; 

- При небольших степенях деформации (ε<0,50) преймущество следует отдавать схемам 
выдавливания с противодавлением от механического противопуансона, связанного с 
гидроподушкой пресса; 

- Максимальную степень деформации (ε=0,90) при выдавливании деталей стержневого 
типа и типа гильз из малопластичных сплавов можно получить путем использования 
жидкостей высокого давления в гидромеханических и гидростатических устройствах; 

- Изготовление деталей типа стакана из малопластичных сплавов следует вести 
обратным выдавливанием с использованием активных сил трения; 

- Внедрение новых процессов выдавливания с противодавлением повышает 
эффективность производства, качество деталей и сокращает расход черных металлов. 

 
СПИСОК ЛИТЕРАТУРЫ 

1. Обработка давлением тугоплавких металлов и сплавов / Н.И.Корнеев, С.Б.Певзнер и др. – М.: 
Металлургия, 1967. -267 с. 

2. Смирнов В.С. Теория обработки металлов давлением. –М.: Металлургия, 1973. -496 с. 
3. Колмогоров В.Л. Механика обработки металлов давлением. –М.: Металлургия, 1986. -688 с. 
4. Новик Ф.С., Арсов Я.Б. Оптимизация процессов технологии металлов методами планирования 

экспериментов. –М.: Машиностроение, 1980. -304 с. 
5. Степанский Л.Г. Расчет процессов обработки металлов давлением. –М.: Машиностроение, 1979. -

216 с. 
6. Зивзивадзе Б.Л.Холодное выдавливание малопластичных алюминиевых сплавов // Кузнечно-

штамповочное производство. 1990, №1. С. 31-33 
 
 
 



 

saerTaSoriso samecniero konferencia 

INTERNATIONAL   SCIENTIFIC  CONFERENCE 
 

 257

DEVELOPMENT OF LOW-WASTE TECHNOLOGICAL PROCESSES OF COLD FORGING 
PRODUCED FROM LOW-DUCTILITY MATERIALS 

Zivzivadze B.L. 
Akaki Tsereteli State University 

Summary 
The paper is devoted to the development, testing and introduction of the method of cold extrusion of 

parts from low-ductility alloys (casting of secondary aluminum alloys and bronze) and powdery semi-
finished products.  

There are established the relationships of strain stress state of low-ductility materials under the 
conditions of full non-uniform compression with physical and mechanical characteristics of these materials 
and kinematics of cold extrusion with backpressure. 

There are experimentally obtained relationships of the influence of deformation relative degrees, angle 
of matrix conical funnel and percent elongation of material on specific efforts of backpressure.   

There are developed the designs of custom device for hydro-mechanical extrusion with a backpressure of 
parts made of low-ductility materials and powdery semi-finished products.   

Based on the results of theoretical and experimental investigations there are developed the low-waste 
technological processes of cold extrusion with a backpressure of low-ductility materials and sintered 
powdery semi-finished products, and scientifically grounded methods of their testing.   
 

 
 
 
 
 

axali Sedgenilobis minis boWkos sinTezis aqtualoba 
 

bakuraZe e., zivzivaZe b., vadaWkoria z., bakuraZe k., abesaZe n.  
akaki wereTlis saxelmwifo universiteti 

 
     naSromi eZRvneba Cveni qveynis metelurgiuli da qimiuri warmoebebis myari 
narCenebidan axali saxis minis boWkos miRebis aqtualur sakiTxebs. ganxilulia 
arsebuli minis boWkoebis dadebiTi da uaryofiTi Tvisebebi. avtorebis mier das-
mulia amocana axali saxisa da Tvisebebis minis boWkos sinTezis Sesaxeb zestafo-
nis feroSenadnobTa da quTaisis liTofonis qarxnebis narCenebis bazaze, makoreq-
tirebeli danamatebis gamoyenebiT. dadgenilia, rom axali saxisa da Tvisebebis 
boWkos warmoebasTan erTad gadawydeba ekologiuri sakiTxic, radganac saqarxno 
narCenebs uWiravT teritoriis mniSvnelovani nawili da abinZurebs garemos. 

 
safeiqro mrewveloba yovelTvis iyo da darCeba msoflios ekonomikuri 

da strategiuli mniSvnelobis erT-erT ZiriTad dargad. is mudmivad  afar-

Toebs Tavis gamoyenebis sferos mravali asortimentis, rogorc sayofa-

cxovrebo, aseve teqnikuri  da kompoziciuri masalebis warmoebiT.  

XXI saukune  aSS mecnierTa SefasebiT, kompozitTa eraa, romlis war-

moebis umetesi nawili, TavianTi unikaluri Tvisebebis gamo, safeiqro fuZe-

ze damzadebul kompozitebze modis. kompozitebis udides mniSvnelobaze 

miuTiTebs is, rom axali saxis safeiqro boWkos gamomuSavebas, maTi Tvise-

bebis kvlevis sakiTxebs da maT fuZeze kompoziciuri masalebis warmoebis  

dargs aSS–Si kuratorobs aeronavtikis da kosmosuri sivrcis kvlevis na-

cionaluri sammarTvelo (NASA) da qveynis sahaero samxedro Zalebi (BBS) 
[1]. safeiqro da kompoziciur masalebze msoflio masStabiT progresulad 

mzardi moTxovnileba naTlad miuTiTebs Cvens mier miRebuli axali saxis 

maRali teqnologiuri Tvisebebis, Termo da agresiuli garemosadmi mdgra-

di safeiqro boWkos gamomuSavebis udides msoflio aqtualobaze. 
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amJamad msoflio bazarze SeimCneva qimiur boWkoebze da maT fuZeze 

damzadebul safeiqro kompozitebze mzardi moTxovnileba. msoflioSi qimi-

uri boWkoebis bazris moculoba yovelwliurad izrdeba. kompoziciuri ma-

salebis msoflio bazari amJamad Seadgens 26 miliard evros, Tanac msof-

lio bazris zrdis saSualo tempi Seadgens 4-5%-s weliwadSi. mxolod 

Tbosaizolacio kompoziciuri masalebis bazari Sefasebulia 4.1 miliard 

evrod. 

msoflio mravali mecnieruli Sromebi [2-4] migviTiTeben iseTi nedleu-

lis da recepturis Ziebis aqtualobaze, romelic boWkos mianiWebs Termom-

dgradobas da qimiur medegobas. aRniSnaven, rom mJavamedegobis maRali maC-

venebeli miiRweva nazavSi BaO–30%-s Tanaobisas, xolo nazavSi  MnO – 10% 

arsebobiT izrdeba qimiuri mdgradoba. aseve aRniSnaven, rom boWkos qimiu-

ri da temperaturis mimarT mdgradobis asamaRleblad nazavSi iTvaliswi-

neben  MnO da FeO Jangeulebis Setanas 20%-is farglebSi. 

Cvens mier SemoTavazebulia konkurentunariani qimiuri boWkos miReba 

inovaciuri teqnologiis gamoyenebiT (teqnologia daculia patentiT) [5]. 

kvlevis siaxlea axali qimiuri boWkos miRebis teqnologia,  axali qimiuri 

recepturiT Cveni qveynis metalurgiuli da qimiuri sawarmoebis teqnolo-

giuri myari narCenebis (romlebic am daniSnulebiT adre ar iyvnen gamoyene-

buli) da makoreqtirebeli iaffasiani danamatebis gamoyenebiT. 

 ZviradRirebuli qimiuri reagentebis gareSe maRali fizikur-qimiuri 

Tvisebebis qimiuri boWkoebis  miRebis analogi msoflioSi ar arsebobs. 

axali saxis boWkos formirebisaTvis Cvens mier SerCeuli   nedleuli 

(metalurgiuli da qimiuri qarxnis  samrewvelo teqnologiuri narCenebi) 

bunebrivad Seicavs zemoT aRniSnuli saxis Jangeulebs, aucilebelia swo-

rad SevirCioT maTi kompoziciuri nazavi saWiro Tvisebebis boWkos formi-

rebisaTvis. perspeqtivaSi am boWkoebs gamoviyenebT sxvadasxva daniSnule-

bis  safeiqro masalebis da kompozitTa dasamzadeblad. 

miRebuli boWkos saeqspluataciod gamoyenebis temperaturuli zRvari 

winaswari eqsperimentis safuZvelze iqneba 700 0C, mJavamedegoba xsnarebSi 

pH (H2SO4,  NaOH,  HCl) 92-95%,  wylis mimarT medegoba –  99,9%, boWkos sawyisi 
simagre 2050 mpa. gamomuSavebuli elementarul boWkos diametri savarau-

doT iqneba 6-18 mkm, SesaZlebelia boWko gamomuSavdes saWiro siwvrilis. 

boWko ekologiurad sufTaa. 

boWkos unikaluri Tvisebebis gamo kompleqsuri boWkoebisa (rovingi) 

da Zafebisagan gamomuSavebul safeiqro masalebs (qsovili, trikotaJi, uq-

sovadi masalebi da sxva) eqnebaT farTo gamoyenebis sfero    saxalxo me-

urneobis da mrewvelobis mraval dargSi, bavSvTa saTamaSoebidan dawyebu-

li kosmosis CaTvliT. misgan SeiZleba gamomuSavebuli iqnas mrewvelobis 

gamonabolqvi airebis gamfiltravi ekologiuri filtrebi, Tbo da bgerasa-

izolacio masalebi, Termomdgradi muyao, milsadenebi, Senobis saxuravis 

brtyeli da reliefuri damfari masalebi, აიriს da Txevadi masalebis  re-

zervuarebi, manqanis mTliankompoziciuri Zaris korpusi, TviTmfrinavebis, 

kosmosuri xomaldebis, gemis korpusis sxvadasxva nawilebi da a.S. 
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     axali saxis boWkos warmoebas qveynisaTvis eqneba didi ekonomiku-

ri da ekologiuri mniSvneloba. SesaZlebelia nebismieri simZlavris war-

moebis Seqmna, ris saSualebasac iZleva narCenebis arsebuli raodenoba da 

yovelwliurad maTi mateba. aseT warmoebaSi  dasaqmdeba adgilobrivi  mo-

saxleoba da samecniero-teqnikuri kadrebi. narCenebisagan gamoTavisuflde-

ba mniSvnelovani teritoriebi da gaumjobesdeba ekologiuri mdgomareoba.  

realuria imis prognozireba, rom unikaluri Tvisebebis  gamo axali saxis 

safeiqro masalebze iqneba didi moTxovnileba rogorc Cvens qveyanaSi, ase-

ve sazRvargareT.  axali saxisa da Tvisebebis boWkos warmoebasTan erTad 

gadawydeba ekologiuri sakiTxic, radganac saqarxno narCenebs uWiravT te-

ritoriis mniSvnelovani nawili da abinZurebs garemos.  
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THE URGENCY OF THE SYNTHEIS OF NOVEL GLASS FIBER 
Bakuradze E,, Zivzivadze B., Vadachkoria Z., Bakuradze K., Abesadze N. 

AAkaki Tsereteli State University 
Summary 

 The paper dwels on urgent issues of producing of novel glass fiber from solid waste of metallurgical 
and chemical enterprises. There are consodered the positive and negative properties of the existing glass fi-
bers. The authors claimed the objective of synthsis on the bais of waste of Zestaphoni Ferroalloy and Kutaisi 
Lithpone plants by using tye corrective additives. It has been established that along with the production of 
novel fibers there will be resolved the environmental problem as well, since the industrial waste products co-
ver significant part of the territory and they pollute the environment.   
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seqcia 5. energetikis ekonomika da menejmenti. 
 energetikis regulireba  

 
 
 

Mmsoflio energetikis ganviTarebis ekologiuri da 

resursuli SezRudvebi 
 

 museliani T., SariqaZe მ., arabiZe m., mTvarelaSvili g. 
saqarTvelos teqnikuri universiteti 

 
naSromSi ganxilulia energetikuli problemebi da misi kompleqsurad gadawy-

vetis gzebi, romelmac asaxva unda hpovos grZelvadian energetikul politikaSi.  
masSi dawvrilebiT aris ganxiluli msoflio energetikis resursuli baza; 

navTobis, gazis, qvanaxSiris, uranis resursebi da ganaxlebadi energetikis poten-
ciali. Aaseve didi yuradReba aqvs daTmobili msoflio energetikis ganviTarebis 
ekologiur faqtorebs, globaluri klimatis cvlilebis problemebs, saerTaSori-
so SeTanxmebas globaluri klimatis cvlilebis Taobaze, ganaxlebadi energiis 
stimulirebis sakiTxebs.  
 

21 saukunis dasawyisidan kacobriobam fexi Sedga globaluri energe-

tikuli gamowvevebis periodSi. Mmdgradi ganviTarebis miRwevisaTvis  saWi-

ro qmedebebSi energetikam daiWira centraluri adgili.  

Pproblemis arsi mdgomareobs energiaze mzardi moTxovnis dakmayofi-

lebasa da bunebrivi resursebis bazaze energetikis gavlenas Soris balan-

sis uzrunvelyofis meTodebis ZiebSi. 

Eenergetikuli problemebi unda gadawydes kompleqsurad, wylis, sa-

sursaTo da socialuri problemebis gaTvaliswinebiT. Aaman asaxva unda 

hpovos grZelvadian energetikul politikaSi, romelsac atarebs msoflio 

TiToeulisa da yvelas interesebis gaTvaliswinebiT.    

Eenergetikis ganviTarebis gareSe faqtorebad, makroekonomikis da mak-

rosociologiuri dinamikis garda, aseve gvevlineba xelmisawvdomi bunebri-

vi resursebi da ekologiuri SezRudvebi.  

Aarsebobs gansxvavebuli gansazRvrebebi maragebisa~ da `resursebis~ 

gagebebs Soris. Aamerikis inJiner-menavTobeebis sazogadoebis, msoflio nav-

Tobis sabWos, amerikis geolog-menavTobeebis asociaciisa da Semfasebeli 

inJiner-menavTobeebis sazogadoebis klasifikaciis bazaze 2007 wels Semu-

Savebeuli iqna gaerTianebuli sistema  Petroleum Resources Menagement System  

(PRMS),  romlis  Tanaxmadac arsebobs kategoriebis  mTeli rigi, maT So-

ris  1P – damtkicebuli maragebi da amoRebadi (mopovebadi) resursebi. 

cxrili 1-Si mocemulia informacia msoflio energomatareblebis ma-

ragebisa da resursebis Sesaxeb [1]. rogorc cxrilidan Cans,   navTobis 

damtkicebuli maragi Seadgens 190,4 mlrd.tn-as, rac dRevandeli mopovebis 

donis Sesabamisad sakmarisia daaxloebiT 48 weli  [1] (TeTri wigni). 

navTobis amoRebadi (mopovebadi) resursis moculoba Seadgens - 500,3 

mlrd.tn, rac dRevandeli mopovebis donis Sesabamisad sakmarisia daaxloe-
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biT 127 weli  [1] (TeTri wigni).   

cxrili 1.   

msoflio energetikuli maragebi da resursebi 
dasaxeleba Ddamtkicebuli  maragebi 

Mmlrd. tn. 
Mmopovebadi resursi 

mlrd. tn 
navTobi 190,4 500,3 
Ggazi 182 400  404 400 

qvanaxSiri 826,0 6 500 
urani 0,0055 0, 0134 

 

Bbunebrivi gazis msoflio maragebi Seadgens 182,4 trln.kub.metrs, rac 

arsebuli mopovebis donis pirobebis Sesabamisad 60 wlis manZilze iqneba 

sakmarisi. 

 Tanamedrove teqnologiebis gamoyenebiT, rogorc tradiciuli ise 

aratradiciuli resursebi gaTvaliswinebiT, saerTo mopovebadi gazis mo-

culoba Seadgens 858 trln.kub.metrs, romlisaganac ukve  66 trln.kub.met-

ri mopovebulia, xolo darCenilis naxevari moiTxovs axali teqologiebis 

damuSavebas, axali sabadoebis damuSavebas.  

Aam monacemebSi Sesuli ar aris gazhidrantis moculobebi. Ggazhidran-

ti warmoadgens meTanisa da wylis myar (arqtikuli sabado)  an Txevad  

(zRvis sabado)  naerTs, romlis resursi miaxloebiTi SefasebiT Seadgens 

1000 – 5000 trln.kub,metrs. jerjerobiT misi mopoveba ar mimdinareobs. 

rogorc wesi, qvanaxSiris maragebis monacemebi ufro sandoa, vidre nav-

Tobisa da bunebrivi gazis monacemebi. rac ganpirobebulia misi Camoyalibe-

bis TaviseburebebiT. Aamavdroulad naxSiri xasiaTdeba Tbounarianobis 

farTo diapazoniT. naxSiris msoflio resursi Seadges 6,5 trln.tn-as, xo-

lo damtkicebuli maragi – 826 mln.tn-as. Aaqedan 85% Seadgens qvanaxSiri. 

Bbunebrivi uranis resursebi pirobiTad dayofilia or saxed: 1. urani -

235, romelsac iyeneben Tburneitronebian  reaqtorebSi da 2. Uurani -238, 

romelsac iyeneben swraf reaqtorebSi, rogorc plutoniumze danamats. Uu-

ranis daZiebuli maragi Seadges 5,5 mln.tn-as. jamuri resursi Seadgens 13,4 

mln.tn-as, maT Soris daZiebuli maragi – 5,5 mln.tn.  

tradiciuli birTvuli teqnologiebis gamoyenebis SemTxvevaSi uranis 

resursi mcirea. Tumca Tu gamoyenebuli iqneba perspeqtiuli teqnologie-

bis gamoyenebis pirobebSi da birTvuli saTbobis unarCeno ciklis SemTxve-

vaSi, urani - 238–is resursi SesaZlebelia msoflio energetikas eyos aso-

biT weli. 

cxrili 2. U 

uranis msoflio energetikuli maragi da resursi 

(mlrd.kvt.sT/weliwadSi) 

 
Gganaxlebadi energiis 

wyaro 
biomasa Hhidro Mmze qari geoTermuli 

teravat.sT/weliwadSi 25 590 7 779,0 12 765 14 695 5 860 

 
cxril 2-Si warmodgenilia ganaxlebadi energiis wyaroebis msoflio 

resursebi. 
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miRebulia ganvasxvaod energoresursebis Teoriuli, teqnikuri da 

ekonomikuri potenciali. 

Teoriuli potenciali es aris maqsimaluri SesaZlo moculoba. xolo 

teqnikuri potenciali es aris Teoriuli potencialis nawili, romelic 

SesaZlebelia praqtikulad iqnes gamoyenebuli, is rogorc yovelTvis Teo-

riulis naxevarze naklebs Seadgens. Eekonomikuri potenciali es aris teq-

nikuri potencialis nawili, romlis aTviseba ekonomikurad gamarTlebu-

lia im droisaTvis arsebuli teqnologiebis ganviTarebis mixedviT da igi 

cvalebadia.  

teqnikurad ganxorcielebadi biomasis msoflio resursi energetiki-

saTvis Seadges 2,2 mlrd.tn.n.ek./weliwadSi.  

Hhidroresursis msoflio maragi Seadgens 7 779 mlrd.kvt.sT/weliwad-

Si. 

saSualo wliuri mzis gamosxiveba dedamiwaze daaxloebiT 160 vt/m2. 

Tumca is mkveTrad icvleba adgilmdebareobis mixedviT. Mmag. Aafrikis, av-

straliis, amerikis udabnoenSi es sidide aRwevs 250 vt/m2, sxva maRal gane-

debSi ki 90 vt/m2 –s Seadgens.  Mmzis energiis  ekonomikuri resursi Sead-

ges 12, 8 mlrd.kvt.sT/weliwadSi.  

daaxloebiT mzis radiaciis 25 %, romelic aRwevs dedamiwis atmosfe-

ros dabal fenebSi, gardaiqmneba qaris kinetikur energiad, mxolod misi 

umniSvnelo nawili SeiZleba iqnas gamoyenebuli. xelmisawvdomi resursi 

Sezudulia simaRlisa da xmeleTis moculobis gamo. 

Q msoflio qaris teqnikuri potenciali Sefasebulia 14,7  

mlrd.tn.n.ek./weliwadSi, 30%-iani margi qmedebis koeficientis pirobebSi. 

Mmsoflios geoTermuli energiis teqnikuri potenciali Sefasebulia 

5 mlrd.terajouli/weliwadSi (119 mlrd.tn.n.ek/weliwadSi). Ffaqtiurad es 

resursi aris amouwuravi. geoTermuli resursi SeiZleba daiyos oTx jgu-

fad. 1. tradiciuli;  2. Aaratradiciuli;  3. petroTermuli (siTbo, rome-

lic akumulirebulia mTis mSral qanebSi);  4. Mmagmis Tburi energia. 

maT Soris yvelaze iafad iTvleba 1 kategoriis resursi. mTlianad 

msoflio ekonomikuri  resursi Sefasebulia 5,9 mlrd.kvt.sT/weliwadSi. 

amasTan unda aRiniSnos, rom msoflio energetikis ganviTareba warmoSobs 

ekologiuri problemebis kompleqss, rogorc globalur, aseve lokalur 

doneze. Sesabamisad, 2010 - 2050 ww ekologiurma problemebma SesaZlebelia 

wamyvani adgili daikavon saxelmwifos mier energetikis dargis regulire-

bis sistemaSi. 

 lokalur energetikul problemebs miekuTvneba: 

- navTobproduqtebis, qvanaxSirisa da bunebrivi gazis wvis Sedegad 

did qalaqebSi atmosferuli haeris dabinZureba; 

- sawvav-energetikuli resursebis mopovebis Sedegad niadagis daziane-

ba; 

- navTobis daRvra mTliani teqnologiuri procesis manZilze (mopove-

bidan moxmarebamde); 

- sasargeblo wiaRiseulis mopovebiT an didi  hesebis mSeneblobiT 

gamowveuli SesaZlo geologiuri Sedegebi. 

zemoTxsenebuli problemebi gavrcelebulia mTeli msoflios masSta-
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biT da gavlena aqvs mTliani regionis ekologiaze. 

   calke yuradRebis sagania radiaciuli usafrTxoebis sakiTxi, ro-

melic aerTianebs rogorc aesis muSaobis, aseve birTvuli sawvavis da ra-

diaciuli narCenebis utilizaciisa da konservaciis Temebs. Aam etapze es 

sakiTxi ar aris bolomde daregulirebuli.  

Gglobaluri klimatis cvlileba Zireuli ekologiuri problemaa 

msoflio energetikaSi. Ees ukve mecnierulad dadgenili faqtia da bolo 

saukunis manZilze aisaxeba 0,6°С  globaluri temepraturis zrdaSi. Tavis 

mxriv, amas mohyveba wyaldidobebisa da gvalvis sixSiris dinamikis cvli-

leba, naleqebis kleba da a.S.  

klimatis cvlilebis problemis gadasaWrelad, 1992 wels gaeroSi mi-

Rebuli iqna klimatis cvlilebis CarCo konvencia (kiotos protokoli), sa-

dac gaiwera adamianisa da garemosTvis damangreveli klimatis cvlilebis 

SeCerebis mizani, am miznis misaRwevad saWiro ZiriTadi principebi da am 

kuTxiT saxelmwifoebis valdebulebebi. Aam konvenciam TiToeuli qveynis-

Tavis konkretulad gansazRvra valdebulebebi da Seqmna TanamSromlobis 

saerTaSoriso meqanizmebi.    

kiotos protokolis #2 danarTSi CamoTvlilia yvelaze mniSvnelova-

ni zomebi klimatis cvlilebebis SesaCereblad: energiis gamoyenebis efeq-

turobis zrda, ganaxlebadi energiis wyaroebis gamoyeneba, energoefeqtu-

roba da a.S.  

- 2050 wlisaTvis emisiebis ormagi Semcireba, 1990 wlis donemde dab-

runeba. ganviTarebulma qveynebma 80%-iT da metiT unda Seamciron sakuTari 

maCvenebeli 1990 wlis donis misaRwevad. 

- 2020 wlisaTvis emisiebi unda Semcirdes 25 - 40 %-iT, 1990 wlis do-

nis misaRebad. 

amJamad ar aris SemuSavebuli axali dokumenti, romelic Caanacvlebs 

kiotos protokols.  yvelaze kargad energetikis da garemos Temebs erTma-

neTSi aTavsebs evrokavSiri.  Mmisi wevri 28 qveyana valdebulia 2020 wli-

saTvis 20% - iT Seamciros emisiebis raodenoba 1990 wlis monacemebis do-

nemde. Aaseve energomoxmareba unda Semcirdes 20% - iT 2005 wlis maCveneb-

lis gaTvaliswinebiT. 

   CineTi arc CarCo konvenciis  da arc kiotos protokolis xelmom-

weri ar aris, Tumca man Tavad ikisra valdebulebebi klimatis cvlilebis 

erovnuli programis farglebSi.  

aSS – ma  Tavis mxriv miiRo kanoni sufTa energiisa  da usafrTxo-

ebis Sesaxeb (vaqsman-markeis bili). Ees   dokumenti qveynis erovnuli da 

energetikis detaluri ganviTarebis gegmaa. is iTvaliswinebs  17 % - ian 

Semcirebas 2020 wlisaTvis da 2050 wlisaTvis 83 % - ian klebas 2005 wlis 

donesTan mimarTebaSi.  

  Mmsoflio gamocdileba adasturebs, rom saxelmwifo mxardaWeris 

gareSe warmoudgenelia ganaxlebadis kuTxiT mniSvnelovani Sedegebis miR-

weva. Gganaxlebadi energiis  wyaroebis stimulirebis saxelmwifo politi-

kis mniSvnelovani komponentia samizne maCveneblebis gansazRvra da maTi 

ganviTareba.  Yyvelaze Tanmimdevruli am mxriv evrokavSiria. 2020 wlisaT-

vis, is gegmavs ganaxlebadis jamuri wili energiis moxmarebaSi 20 % - mde 
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gaizardos, maSin rodesac es monacemi 2007 wels 6,7 % - s Seadgenda. amav-

droulad evrokavSiri, am miznis miRwevasTan erTad, cdilobs gazardos 

energetikuli usafrTxoeba gare momwodeblebze damokidebulebis Semcire-

biT da Seamciros emisiebis gamofrqveva. 

K kvlevebma daadastura, rom ganaxlebadi energiis gavrcelebaSi pir-

veladi mniSvneloba aqvs samarTlebriv regulirebas, politikuri gadawyve-

tilebebis arsebobasa da ekonomikuri mxardaWeris zomebs. 
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Summary 
The paper deals with the complex energy problems and solutions, which should reflect the long-term 

energy policy. 
World oil and gas industry is provided with at least 2050. Natural resources provide a significant increa-

se in gas production 50-60 years perspective. 
Perspective usage of resources in nuclear energy is depending on creation and utilization of new genera-

tion reactors, which promote to use the uranium-28. Such a solution will allow us 99% usage of the resource. 
Renewable energy resources are quite large, but its use is limited by existing technologies, their further 

development will enable us to rapidly utilize the resource. 
In addition the focus on environmental factors in the development of the world energy, stimulating rene-

wable energy issues and global problems of climate change. Obligations under international agreements must 
be implemented. 

 
 
 
 

saqarTvelos energetikis mdgradi ganviTarebis  
ekonomikuri aspeqtebi  

 
ComaxiZe d.*, cxakaia q.**, zivzivaZe a.*** 
*saqarTvelos teqnikuri universiteti,  

**akaki wereTlis saxelmwifo universiteti 
*** sajaro samarTlis magistri 

 
ganxilulia saqarTvelos energetkis ganviTarebis mniSvnelovani faqtorebi 

qveynis ekonomikis moTxovnilebaTa gaTvaliswinebiT. arsebuli simZlavreebis gamo-
yenebis kritikuli analizis safuZvelze mocemulia rekomendaciebienergetikuli 
kompleqsis ganviTarebisaTvis, raTa uzrunvelyofili iqnas qveynis ekonomikis 
mdgradi funqcionireba.  

 
energetika qveynis ganviTarebis erT-erT mTavar mamoZravebel Zalas 

warmoadgens. qveynis saimedo da mdgradi energouzrunvelyofa  gansakuTre-

bul aqtualobas iZens Tanamedrove etapze. zogierTi eqspertis SefasebiT, 

arsebuli globalizaciis ekonomikur sistemaSi `biosfero-sazogadoeba-
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ekonomika~, ekonomikis ganviTarebis dasaxasiaTeblad  energomoxmarebis  

done da dinamika  gacilebiT ufro  mniSvnelovan maCvenebels warmoadgens, 

vidre qveynis mTliani Siga produqti. 

amaze miuTiTebs  saqarTvelos saxelmwifoebrivi damoukideblobis 

pirveli wlebis (1991-1995ww.) gamocdileba. cnobilia, rom saqarTveloSi 

1990 wlidan moyolebuli eleqtroenergiis warmoeba da moxmareba mkveTrad 

Semcirda, ramac Tavisi asaxva hpova ekonomikis ganviTarebaze. 1994 wels, 

qveyanaSi warmoebul iqna mxolod  7 mlrd kvt.sT anu 1989 wels miRweuli 

maqsimaluri donis 43%. eleqtroenergiis warmoebis 1994 wlis done ki sa-

qarTveloSi jer kidev 1968 wels - 26 wlis win aRiniSna. e.i. am sferoSi 

qveyanam meoTxed saukuneze meti  xniT daixia ukan. umTavresad swored aman 

daswia ekonomika 36 wliT,  xolo zogireTi misi dargi - naxevari saukuniT 

da metadac (cxrili 1). 

cxrili 1 

saqarTveloSi eleqtroenergiis warmoebis Semcirebisa da ekonomikis  

daqveiTebis maCveneblebi 1994 wels 

maCvenebeli 1994 wlis done 
Seesabameba 

daqveiTeba 1994 
welTan SedarebiT 

koefici-
enti 

eleqtroenergiis warmoeba. 1968 wels 26 weli  1,0
warmoebuli erovnuli Semosavali 1961 wels 33 weli 1.27
mrewvelobis produqcia 1958 wels 36 weli 1.38
soflis meurneobis produqcia 1945 wels 49 weli 2.08
rkinigzis transportiT tvirTis 
gagzavna 

1940 wels 54 weli  2.08

sazogadoebrivi Sromis nayofie-
reba 

1961 wels 33 weli 1.27

 

 

Tanamedrove monacemebiT saqarTvelos saTbob-energetikul kompleq-

sSi Tavmoyrilia mTeli mrewvelobis ZiriTadi fondebis  naxevarze meti 

(52,8%), xolo iwarmoeba produqciis TiTqmis 15%. produqciis mixedviT 

energetikis dargobriv struqturaSi wamyvania eleqtroenergetika -75,3%. 

navTobze modis  -7,3%, gazze - 13,3%, naxSirze - 3,9%. 

2013 wlis SedegebiT  saqarTvelos energetikaSi funqcionirebda 66 

sawarmo, sadac dasaqmebuli iyo 19123 adamiani, warmoebuli iyo 1077,6 mln 

laris produqcia, xolo ZiriTadi aqtivebis  (fondebis) Rirebuleba Sead-

genda  3052,1 mln lars. es maCveneblebi ki mrewvelobis analogiur paramet-

rebSi Sesabamisad udrida 2,3%, 17,0%,14,8%,  52,8%. 

2013  wlis mdgomareobiT, saqarTvelo Tavis moTxovnilebas sakuTari 

energoresursebiT ikmayofilebs mxolod 34,5%-iT, anu importul resurseb-

ze 65,5%-iT aris damokidebuli. sakuTari warmoebis energoresursebis  

formirebaSi wamyvania hirdroenergia 711,2 aT t.p.s (49,85), meore adgilzea 

biosawvavi (SeSa da danarCenebi) _ 481,1aT. t.p.s. (33,6%), mesameze - qvanaxSiri 

168 aT t.p.s (11,8%) da a.S. rac Seexeba balansis xarjviT nawils saboloo 

moxmarebis mixedviT, aq pirvel adgilzea navTobproduqtebi 1077,6 aT t.p.s 

(28,9%),  meoreze - bunebrivi gazi 1058,7 aT. t.p.s (28,4%) da mesameze  -  eleq-

troenergia 780,3 aT t.p.s (20,9%). 

aRsaniSnavia, rom saqarTveloSi yvelaze metad moxmarebadi energo-
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resursi  (navTobproduqtebi, bunebrivi gazi) mTlianad importulia da mi-

si adgilobriviT Canacvleba nawilobriv mainc, qveynisaTvis gansakuTrebu-

li  mniSvnelobisaa (cxrili 2). 

cxrili 2 

saqarTvelos agregirebuli energetikuli balansi,  

2013 w. (aT. t navTobis eqvivalenti) 

maCveneblebi raodenoba %  jamTan
warmoeba 1428,7 34,4 
importi 2831,5 86,3 
eqsporti 110,8 -2,6 
maragis cvlileba -3,6 -,0,1 
Sida miwodeba 4145,8 100,0 
energiis gardaqmna, danakargebi da sakuTari moxmareba 419,5 10,1 
saboloo moxmareba 3726,3 89,9 
maT Soris   
mrewveloba 582,7 14,1 
mSenebloba 71,4 1,7 
transporti 963,1 23,2 
soflis meurneoba 13,7 0,3 
araenergetikuli miznebisaTvis 296,6 7,2 
sxva 1798,8 43,4 

 

saqarTvelos eleqtrobalansi sabWoTa periodSi ZiriTadad defici-

turi iyo. am mxriv gamonakliss Seadgenda mxolod ramdenime weli (1970-

1975, 1979-1980). 

damoukideblobis pirvel wlebSi saqarTvelos eleqtrobalansi 

kvlav, magram ufro Rrma deficituri gaxda. gansakuTrebiT es iTqmis 1990-

2005 wlebis Semodgoma-zamTris periodebze. 2000 wels ki eleqtroenergiis 

faqtobrivma deficitma saqarTvelSo 400 mln kvt.sT Seadgina. mcirdeboda 

eleqtroenergiis warmoebac (TiTqmis 2-jer), ramac ganapiroba eleqtroe-

nergiis moxmarebis iZulebiT Semcireba. mrewvelobaSi igi Semcida 11,5-jer, 

transportze - daaxloebiT 4-jer. igive tendencia iyo soflis meurneobaSi 

(2000 wels soflis meurneobaSi eleqtroenergiis wliurma moxmarebam 7,2 

mln kvt.sT Seadgina), mSeneblobaSi (2000 wlis moxmareba 9,0 mln kvt.sT) da 

a.S. 

2014 wels,  miuxedavad imisa, rom wina welTan SedarebiT eleqtroe-

nergiis warmoeba TiTqmis 3%-iT gaizarda, deficiti mainc moxmarebis ufro 

swrafma zrdam (7,3%) ganapiroba. am wels importis saWiroebam 248,3 mln 

kvt.sT-iT gadaaWarba eqsports. 

deficitis zemoT aRniSnuli odenoba gamoxatavs xilul deficits.  

igi srulebiT ar uwevs angariSs imas, Tu ramdenad pasuxobs igi ekonomikis 

ganviTarebis amocanebs. igive iTqmis energosistemis simZlavris balansze-

dac. amdenad mxolod am balansebis mixedviT SeuZlebeblia msjeloba 

eleqtroenergiiT qveynis namdvil saWiroebaTa dakmayofilebis xarisxze.       

realuri eleqtrobalansisaTvis gansakuTrebiT mniSvnelovania faru-

li deficiti, romelic warmoadgens im raodenobas, romelic faqtiurad 

warmoebuli eleqtroenergiis zeviT unda gamomuSavebuliyo meurneobis 

SigniT aucilebeli proporciebis  dacvisa da misi mTeli qveynis ekonomi-
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kis mimarT proporciulad ganviTarebis uzrunvelsayofad. aucileblobas 

warmoadgens  orive saxis deficitis gaTvaliswineba energosistemis sim-

Zlavris balansSic.  cxadia, faruli deficiti balansSi Tavisi raodenob-

rivi mniSvnelobiT asaxavs eleqtroenergetikis ganviTarebis faqtobrivad 

miRweul da optimalur saWiro doneTa sxvaobas. 

2005 wels eleqtroenergiis deficiti 96,2 mln kvt.sT-mde Semcirda, 

xolo 2007 wlidan 2014 wlamde balansi udeficito iyo (cxrili 3). 

cxrili 3 

saqarTvelos eleqtrobalansi 2005-2014 wlebSi, mln kvt.sT 

dasaxeleba 2005w. 2007w. 2010w. 2011w. 2012w. 2013w. 2014w.
warmoeba (saltedan 
gaSveba 

6 880,8 8 169,5 9 919,2 9 912,2 9 471,9 9 860,6 10153,7

maT Soris:        
hesi 5 850,2 6 724,5 9 263,3 7 788,7 7 122,1 8 163,5 8221,1
Tesi 1 030,6 1 445,0 655,9 2 123,4 2 349,8 1 697,1 1932,6

importi 
- ruseTidan 
- somxeTidan 
- TurqeTidan 
- azerbaijanidan 

 

1 398,6 
615,7 
752,9 
9,3 
20,7 

433,3
176,9 
- 

149,0 
107,4 

222,1
211,9 
- 

0,0001 
4 

470,9
447,6 
- 
2,8 
23,4 
10,1 

614,6 
517,05 
408,0 
629,0 
97,54 

484,1 
460,5 
- 
- 

23,6 

851,9
665,6 
2,1 
- 

184,2 

eqsporti 
-ruseTSi 
- azerbaijanSi 
- TurqeTSi 
- somxeTSi 

121,8 
- 
- 

121,8 
- 

625,5
- 

300,3 
215,6 
109,6 

1 524,2
1 117, 
14,31 
303,4 
89,5 

930,6
588,6 
5,9 
218,6 
117,5 

528,2 
369,43 
11,79 
79,0 
67,9 

450,4 
370,6 
6,6 
- 

73,2 

603,6
218,6 
8,0 
236,5 
140,5 

wminda moxmareba, 
sul  

balansi (±) 

7 842,8 
-96,2 

7 812,6
+356,9 

8 422,0
+1477,2 

9 256,6
+655,6 

9 379,4 
+92,5 

9 690,1 
+170,5 

10 402,0

-248,3` 

qveynis saimedo energouzrunvelyofis da, maSasadame, energetikuli 

usafrTxoebis saqmeSi didi roli ekuTvnis myar sagareo energetikul kav-

Sirebs. energetikaSi, kerZod eleqtroenergetikaSi amas ganapirobebs mini-

mum Semdegi oTxi faqtori: 

 danaxarjebis ekonomia eleqtroenergiis warmoebaSi 

 makroekonomikuri upiratesobani 

 makroekonomikuri upiratesobani 

 energetikuli seqtoris reformis SesaZlebloba 

 evrokavSiris Sida bazarSi monawileobis SesaZlebloba 

saqarTveloSi eleqtroenergiis importi cvalebadi dinamikiT xasiaT-

deba. ukanaskneli 14 wlis manZilze importis moculoba 39,3%-iT gaizarda. 

importis maqsimaluri done aRiniSna 2005 wels  (1398,6% mln kvt.sT), minima-

luri 2010 wels  (222,1 mln kvt.sT) 

saqarTvelosaTvis eleqtroenergiis mTavar importiorad kvlav ruseTi 

rCeba. am qveynis wili importis saerTo moculobaSi 2000 wlis 39,0%-dan  

(233,9 mln kvt.sT) 2008 wlisaTvis 86,3%-mde gaizarda (560,1 mln kvt.sT). sa-

qarTvelo eleqtroenergias Rebulobs yvela misi mezobeli qveynidan. am 

mxriv 2007-2008 wlebSi gamonaklisia somxeTi, romelic zogierT wlebSi 

ruseTsac ki uswrebda (2006 w.), an meore adgilze iyo, ruseTis Semdeg (2005 

w.). gasuli sabWoTa wlebisgan gansxvavebiT, saqarTvelosaTvis eleqtroe-
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nergiis importiori saxelmwifo gaxda TurqeTi. 2001 wels TurqeTidan mi-

Rebuli iqna 523 mln kvt.sT eleqtroenergia, romelic importis saerTo mo-

culobaSi TiTmis 40%-s Seadgenda. 

rac Seexeba eqsports, misi maqsimaluri odenoba aRiniSna 2010 wels (1,5 

mlrd kvt.sT), minimaluri - 2006 wels (84,4 mln kvt.sT). ruseTi am sfero-

Sic saqarTvelosaTvis eleqtroenergiis aramarto msxvili momwodebelia, 

aramed mas mniSvnelovani raodenbiT gaaqvs energia saqarTvelodanac - 2010 

wels 1117,1 mln kvt.sT, anu Cveni eqsportis saerTo raodenobis 73,3%,  2014 

wels - 218,6 mln kvt.sT, anu 36,2%. 

cnobilia, rom eleqtroenergiis importi saqarTveloSi xorcieldeba 

Semodgoma-zamTris periodSi, xolo eqsporti - gazafxuli-zafxulis Tveeb-

Si. saqarTvelos mdidari hidroenergoresursebis arseboba saSualebas iZ-

leva, rom qveyanam mniSvnelovnad gazardos eleqtroenergiis eqsporti. 

saqarTvelos energetikis ganviTarebis amJamindeli maCveneblebi sxva 

qveynebis analogiur parametrebTan SedarebiT saxarbielo ar aris. qveyana 

Tavis moTxovnilebas energoresursebze ZiriTadad importiT ikmayofilebs, 

dabalia dargis teqnikur-ekonomikuri maCveneblebi. 

saqarTveloSi mosaxleobis 1 sulze eleqtroenergiis moxmareba axla 

2000 kvt.sT-is farglebSia, maSin, roca es maCvenebeli sxva qveynebSi gaci-

lebiT maRalia (cxrili 4). mag., saqarTveloSi TiToeuli adamiani wliu-

rad moixmars TiTqmis 7,0-jer nakleb eleqtroenergias, vire aSS-Si, 3,4-jer 

naklebs, vidre ruseTSi da a.S. saqarTvelo am mxriv CamorCeba msoflios 

saSualo maCvenebelsac, uswrebs mxolod afrikas, azias, yirgizeTs da sxv. 

Sesabamisad, am qveynebSi da maT Soris saqarTveloSi dabalia ekonomikuri 

ganviTarebis maCveneblebic,  kerZod, mSp, 1 sulze saqarTveloSi iwarmoeba 

21,6-jer naklebi, vidre aSS-Si, 3,4-jer naklebi vidre ruseTSi da a.S. 

cxrili 4 

saqarTvelos makroekonomikuri da eleqtroenergetikuli maCveneblebis  

Sedareba msofilos zogierTi qveynis parametrebTan, 2011w. 

qveynis dasaxeleba mosaxleoba, 
mln kaci 

mSp warmoe-
ba, mlrd 

aSS dolari 

el.energiis 
moxmareba, 

mlrd kvt.sT 

el.energiis 
moxmareba mo-
saxleobis 1 
sulze, kvt.sT 

aSS 312,0 13225 1784,8 13227 
ruseTi 141,9 947,2 927,2 6533 
somxeTi 3,1 6,18 5,2 1678 
saqarTvelo 4,49 8,81 8,6 1917 
gaerTianebuli samefo 61,74 2386,63 346,16 5518 
germania 81,78 3048,69 579,21 7083 
iaponia 127,83 4621,97 1003,09 7847 
TurqeTi 73,95 614,68 197,94 2677 
ukraina 45,71 95,29 167,4 3662 
yazaxeTi 16,56 83,04 81,01 4892 
yirgizeTi 5,51 3,23 9,05 1644 
TurqmeneTi 5,11 15,22 12,48 2445 
azerbaijani 9,17 28,6 15,61 1706 
msoflio 6958 52486 20407 2933 
azia 2313 3386 1904,0 823 
afrika 1045 1267 619,0 592 



 

saerTaSoriso samecniero konferencia 

INTERNATIONAL   SCIENTIFIC  CONFERENCE 
 

 270

miuxedavad imisa, rom saqarTveloSi mimdinareobs mdidari hid-

roenergoresursebis aTvisebis farTomasStabiani programa, saxezea 

arsebuli simZlavreebis aradamakmayofilebeli aTviseba  (cxrili 5). 
cxrili 5 

saqarTvelos eleqtrosadgurebSi dadgmuli simZlavreebis  

gamoyenebis done 2010-2014 wlebSi, % 

eleqtrosadgurebis dasaxeleba   wlebi   

 2010 2011 2012 2013 2014

engurhesi 37,5 28,4 27,6 31,4 29,3

vardnilhesi 37,2 30 29,8 33,7 32,9

varcixehesi 49,3 53,8 44 52,6 55,0

lajanurhesi 42,6 35,1 26,9 45,2 41,5

Saorhesi 36,6 32,7 33,9 35,7 43,8

Zevrulahesi 22,3 20,3 14,1 15,3 20,7

gumaThesi 54,8 44,3 37,8 57 56,3

rionhesi 72,8 63,7 64,7 72 75,5

xramhesi I 29,8 29,9 26 18,6 20,8

xramhesi II 37,9 40,4 36,4 29,4 31,6 

Jinvalhesi 45,8 35,1 25,7 34,2 33,2

zahesi 59,9 45,9 36,9 51,5 59 

orTaWalhesi 60,9 52,6 43,8 52,6 57 

awhesi 31,4 49,9 52,1 56,4 57,3

xadorihesi 66,1 55,7 63,3 68 62 

Tbilsresi 3,8 31,4 46,4 34,3 32,8

mtkvari-energetika 20,9 49,2 42,5 32,5 46 

jifaueri (enerji investi) 1,7 8,6 13,2 2,7 4,6 

 

rogorc cxrilidan Cans, simZlavreebis gamoyenebis mxriv calkeul 

eleqtrosadgurebSi didi rezervebia, xolo 2010-2014 wlebSi zogierT 

eleqtrosadgurebSi simZlavris gamoyeneba gauaresda (engurhesi, vardnilhe-

si, Zevrulahesi, Jinvalhesi da a.S.). Tumca es maCvenebeli gaumjobesda var-

dnilhesSi, SaorihesSi, gumaTi hesSi, rionhesSi, awhesSi, TbosadgurebSi. 

martivi gaangariSeba gviCvenebs, rom qveynis masStabiT simZlavris gamoyene-

bis mxolod 1%-iT gaumjobeseba 2014 wels gazrdida eleqtroenergiis ga-

momuSavebas 305,2 mln kvt.sT-iT anu 3,0%-iT. es ki daaxloebiT igivea, rac 

2014 wels gamoimuSaves rionhesma (317,5 mln kvt.sT), an xramhesi II-ma (316,8 

mln kvt.sT). maSasadame, qveynis masStabiT dadgmuli simZlavris gamoyenebis 

mxolod 1%-iT gaumjobeseba eleqtrosistemaSi erTi saSualo simZlavris 

eleqtrosadguris Semomatebas niSnavs. 

energetikis mdgradi ganviTarebisaTvis  gansakuTrebuli mniSvneloba 

aqvs energodazogvis faqtors. saeqsperto gaTvlebiT energoefeqtianobis 

gamouyenebeli teqnologiuri potenciali qveynis mTliani energomomarage-

bis daaxloebiT erTi mesamedis tolia. amdenad igi SeiZleba Tamamad CaiT-

valos axal energetikul resursad. 

saqarTvelos energetikis mdgradi ganviTarebisaTvis  didi mniSvnelo-

ba aqvs sakanonmdeblo bazis srulyofas. aucilebelia iseTi kanonebis mi-
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Reba, rogoricaa “energodazogvis Sesaxeb”, “aratradiciuli energetikis 

Sesaxeb” da a.S. 

saqarTveloSi ki eleqtrotevadoba, marTalia bolo wlebSi mcirdeba, 

magram misi done jer-jerobiT mainc arasaxarbieloa. 

saqarTvelos ekonomikis normaluri funqcionirebisaTvis aucilebelia 

efeqtiani RonisZiebebis gatareba energetikuli kompleqsis ganviTarebisaT-

vis. kerZod, 

1. garemosdacviT  moTxovnaTa gaTvaliswinebiT racionalurad gamovi-

yenoT teritoriaze arsebuli saTbob-energetikuli resursebis mTeli kom-

pleqsi - hidroenergia, qvanaxSiri, navTobi da ganaxlebadi wyaroebi;  

2. Camoyalibdes saqarTvelos pirobebisaTvis Sesaferisi saTbob-energe-

tikuli kompleqsis optimaluri srtuqtura. saTbob-energetikul kompleq-

sSi, energetikul, ekologiur da socialur-ekonomikur moTxovnaTa gaTva-

liswinebiT, TavianTi adgili unda miekuTvnoT rogorc hidro, ise Tbosim-

Zlavreebs da energiis sxva alternatiul wyaroebs;  

3. aucilebelia respublikis energouzrunvelyofis saqmeSi didi roli 

Seasrulos am resursebis ekonomiurma da racionalurma gamoyenebam;  

4.  saqarTvelom saimedo da xelsayreli sagareo energetikuli kavSire-

bi unda daamyaros msofilos mowinave, maT Soris mezobel saxelmwifoeb-

Tan. 

saqarTvelos energosistema izolirebuli ar aris. igi CarTulia sxva 

sistemebTan da es xelsayrel pirobebs hqmnis saWiroebis SemTxvevaSi ener-

giis eqsport-importis swori manevrirebisaTvis, magram ekonomikurad uTu-

od gamarTlebulia is garemoeba, rom  saqarTvelom  energiaze, pirvel 

rigSi, eleqtroenergiaze moTxovnileba Tavadve daikmayofilos sakuTari 

warmoebiT. 
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Summary 

The paper dwells on the important factors of the development of Georgia’s power industry with a vi-
ew to the needs of the country’s economy. On the basis of the critical analysis of utilization of  the existing 
capacities, there are given the recommendations for the energy complex development, in order to ensure the 
country’s sustainable economic development.  
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saqarTvelos hidroenergetikis mdgradi ganviTarebis 
winapirobebi 

 
kereseliZe T. 

saqarTvelos teqnikuri universiteti 
 

rogorc angariSebi cxadyofen hidroenergetikis roli qveynis ekonomikaSi um-
niSvnelovanesia, swored amitomsaqarTvelos  hidroenergetikuli potencialis aT-
visebas sWirdeba adgilobrivi da ucxouri investiciebis mozidva, xolo saxelmwi-
fos mxridan xelSewyoba da specialuri RonisZiebebis gatareba. 

 
energetika nebismieri qveynis sawarmoo ZalTa da mTlianad qveynis 

ekonomikis ganviTarebis safuZvelia. energetika uzrunvelyofs mrewvelo-

bis, soflis meurneobis, transportis, komunaluri meurneobis, turizmis 

stabilur funqcionirebas. ekonomikis mdgradi ganviTareba warmoudgenelia 

energetikis mudmivi ganviTarebis gareSe. ar arsebobs meore dargi, romlis 

paralizeba iseT katastrofiul gavlenas axdendes qveynis cxovrebis nebis-

mier mimarTulebaze (maT Soris Tavdacvisunarianobaze), rogorc energeti-

ka. amitom saTbob-energetikuli kompleqsi saxelmwifos xelisuflebis gan-

sakuTrebuli kontrolis qveS unda iyos (miuxedavad sakuTrebis formisa). 

saTbob-energetikuli kompleqsis mdgomareobaze didwiladaa damokidebuli 

mTlianad qveynis usafrTxoeba. es ki saxelmwifos marTvis organoebisagan 

energetikis mimarT gansakuTrebul yuradRebas ganapirobebs. 

swored amitom energetikuli politikis mecnierulad damuSavebasa da 

swored ganxorcielebas yvela qveyanaSi udidesi yuradReba eqceva. gamonak-

lisi arc saqarTvelo unda iyos. 

energetikuli politika saxelmwifos ekonomikuri politikis erTerTi 

umniSvnelovanesi Semadgeneli nawilia. energetikuli politikis mizania 

saTbob-energetikuli resursebis maqsimalurad efeqtiani gamoyenebiT eko-

nomikis yvela sferos da mosaxleobis energetikuli resursebiT dakmayo-

filebis RonisZiebebis dagegmva da ganxorcieleba, energetikuli usaf-

rTxoebisa da SesaZlo damoukideblobis uzrunvelyofa. 

qveynis energetikuli damoukidebloba da energetikuli usafrTxoeba 

Zalze axlo kavSirSi arian erTmaneTTan da erTi SexedviT erTmaneTis ga-

reSe es ori ganmarteba arc SeiZleba ganvixiloT. Cveni SexedulebiT am or 

termins Soris mainc arsebobs garkveuligansxvaveba. 

energetikuli damoukidebloba metwilad ganpirobebulia qveynis saku-

Tari energetikuli potencialis maqsimaluri gamoyenebiT.imiT Tu ramde-

nadSeswevs qveyanas unari ekonomikis mzardi moTxovnebisa da mosaxleobis 

dakmayofileba adgilobrivi energetikuli resursebiT. 

energetikuli usafrTxoebis ZiriTadi principia qveynis ekonomikisa 

da mosaxleobis moTxovnilebis normalur pirobebSi sruli moculobiT, 

xolo sxvadasxva xasiaTis sagangebo situaciebis dros minimalurad auci-

lebeli moculobiT dakmayofileba xarisxiani energetikuli resursebiT, 

xelmisawvdomi da amavdroulad energetikuli resursebis ekonomiuri xar-

jvis mastimulirebeli fasebiT. (1, 2, 3). 

SeiZleba qveyana iyos energetikulad damoukidebeli, magram is ar 
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iyos energetikulad usafrTxo. 

aseve SesaZlebelia piriqiT qveyana iyos energetikulaT usafrTxo, 

magram ar iyos energetikulad damoukidebeli. ganvixiloT ufro dawvri-

lebiT es ori ganmarteba konkretuli qveynebis magaliTze. magaliTad, sa-

qarTveloSi misi hidroenergetikuli resursebis didi nawilis aTvisebis 

pirobebSi simZlavris bazisuri nawilis dafarvis dros aucileblad da-

Wirdeba TbosadgurebSi gamomuSavebuli eleqtroenergia damas praqtiku-

lad SeeZleba daakmayofilos, rogorc ekonomikis ise mosaxleobis moTxov-

nileba eleqtroenergiaze, e.i. is SeiZleba CavTvaloT energetikulad damo-

ukidebel qveynad.magram mas ver CavTvliT energetikulad usafrTxo qvey-

nad, radgan Tbosadgurebi romlebic muSaoben 100%-iT importirebul buneb-

riv airze, SesaZlebelia myisierad gaCerdnen bunebrivi gazis mowodebis 

Sewyvetis gamo. (ekonomikuri, politikuri, diversiuli, an sxva raime mize-

ziT).ganvixiloT meore magaliTi, belgia, romelic aris evrokavSiris wevri 

qveyana. belgias ar gaaCnia sakuTari energetikuli potenciali (magaliTad 

bunebrivi gazi an navTobproduqtebi) im moculobiT, rom uzrunvelyos Ta-

visi ekonomikisa da mosaxleobis moTxovnilebis dakmayofileba energetiku-

li resursebiT.Sesabamisad, is ver ganixileba rogorc energetikulad da-

moukidebeli qveyana, magram Tu Cven gaviTvaliswinebT imas, rom is aris ev-

rokavSiris wevri da yvela TavisTvis saWiro energetikul resurs Rebu-

lobs mezoblebisgan, sadac qveynebis energetikuli usafrTxoeba ayvanilia 

Zalian maRal niSnulamde, daculia kanonmdeblobiT da sadac qveynebis 

ekonomikebi iseTi maRali doniT arian erTmaneTTan integrirebulebi, rom 

SegviZlia vTqvaT, rom belgia aris energetikulad usafrTxo qveyana. 

saqarTvelos energetikuli usafrTxoebis ZiriTadi problemebia: 

1. naxSirwyalbadiani resursebis didi deficiti. dReisaTvis saqarTvelo-

Si moxmarebuli navTobproduqtebis da bunebrivi gazis TiTqmis 100% im-

portirebulia, im dros, rodesac ar xdeba arsebuli resursebis nawi-

lobrivi mopoveba mainc.aRniSnuli deficitis sruli aRmofxvra, Cveni 

azriT verc axlo da verc Soreul perspeqtivaSi ver moxerxdeba, Tumca 

importi garkveuli doziT SesaZlebelia Canacvlebuli iyos adgilob-

rivi resursebiT. 

2. hidroenergetikuli potencialis teqnikurad SesaZlebelida ekonomiku-

rad efeqturi nawilis mxolod 25%-iT aTviseba; 

3. eleqtroenergiis warmoeba moxmarebis sezonuri uTanxmoeba; 

4. bunebrivi gazis mowodeba mxolod erTi qveynidan; 

5. energiis ganaxlebadi resursebis arasakmarisi gamoyeneba; 

6. saqarTvelos energetikuli samecniero potencialis gamouyenebloba. 

erTaderTi resursi, romlis sidide ase Tu ise mecnierulad dadgeni-

lia da romelic Tavisi mniSvnelobiT saqarTvelosaTvis upirveles adgil-

zea – hidroenergetikuli resursia. am resursis potencialis dasadgenad 

kvlevebi gasuli saukunis 20-30-ian, Semdeg ki 60-ian wlebSi mimdinareobda. 

am monacemebiT hidroenergetikuli resursebis teqnikurad SesaZlebeli da 

ekonomikurad efeqtiani nawili 40 mlrd. kvt.sT. Seadgens (4). 

saqarTvelos mdidari hidroenergetikuli potencialis aTvisebas sWir-

deba adgilobrivi da ucxouri investiciebis mozidva. amgvar obieqtebs, 



 

saerTaSoriso samecniero konferencia 

INTERNATIONAL   SCIENTIFIC  CONFERENCE 
 

 274

pirvel rigSi, ganekuTvneba xudonhesi (mdinare enguri), namaxvanhesebis kas-

kadi (mdinare rioni) da mravali sxva.xudonhesisproeqtis sarealizaciod 

garkveuli samuSaoebi ukve Catarebulia. dazustebuli saproeqto monaceme-

biT xudonhess wliurad SeuZlia 1500 mln. kvt. sT.-ze meti eleqtroenergia 

gamoimuSaos. namaxvanis hesebis kaskadis (namaxvamhesi, tviSihesi, JoanTihesi) 

saSualo wliuri gamomuSaveba aseve 1500 mln. kvt. sT.-s Seadgens. 

gadamuSavebulia mcire da saSualo mdinareTa gamoyenebis moZvelebu-

li 300-mde sqema.am mdinareebze SeiZleba aigos mcire hidroeleqtrosadgu-

rebi, romelTa erTeuli simZlavre iqneba 1-dan 20 mvt-mde. isini ganlagdeba 

qveynis 47 regionSi. sadgurebisjamurisimZlavre Seadgens 2,1 mln. kvt.-s. 

isini SeZleben wliurad gamoimuSaon 10 mlrd. kvt. sT-ze meti eleqtroe-

nergia. samwuxarod, es monacemebi saqarTveloSi arsebul ekonomikur SesaZ-

leblobebs aRar esadageba. upirveles yovlisa, saWiroa qveynis hidroener-

getikuli resursebis gamoyenebis generaluri gegmis Sedgena da amis safuZ-

velze axali sainvesticio proeqtebis momzadeba. amavdroulad, amgvari do-

kumentis arseboba winapirobas Seqmnis hidroenergetikis ganviTarebis sti-

mulirebisaTvis (saTanado sakanonmdeblo da normatiuli bazis Camoyali-

beba, SeRavaTiani sagadasaxado da sabaJo reJimi da sxv.). 

am mimarTulebiT Seqmnili mdgomareoba kidev erTxel miuTiTebs imaze, 

rom hidroresursebis aTvisebas saxelmwifo mxardaWera sWirdeba. igi ener-

getikuli damoukideblobis safuZveli unda gaxdes, gazardos investorTa 

daintereseba Cveni sistemaTaSorisi SesaZleblobebiT. amgvar bazaze Seqmni-

li energosistebis warmatebuli integracia mezobel sistemebSi mkveTrad 

gaaumjobesebs qveynis ekonomikas, aamaRlebs mdgradobisa da saimedoobis 

paramatrebs. 

energetikuli strategiis ganxorcielebis pirveli periodis damTavre-

bis Semdeg, xudonhesis amoqmedebis pirobebSi, saqarTvelos uCndeba saSua-

leba mezobel energosistemebTan awarmoos eleqtroenergiis eqsport-im-

porti, risTvisac maseqneba ZviradRirebuli pikuri simZlavreebis (daaxlo-

ebiT 1000mtv.) miwodebis saSualeba. samagierod, saWiroebis SemTxvevaSi, Se-

saZebeli gaxdeba samjer da ufro meti bazisuri energiis miReba.(5). 

saTbob - energetikuli kompleqsis gavlena garemoze sakmaod mniSvne-

lovania. gansakuTrebiT es exeba Tboeleqtrosadgurebs, romelTa namwvi ai-

rebis SemadgenlobaSi maRali koncentraciiTaa mavne nivTierebebi, ris ga-

moc xdeba atmosferos dabinZureba. es globaluri problemaა, romlis aR-

mosafxvrelad gaerTianebuli erebis organizaciis xelSewyobiT Seqmnilia 

saerTaSoriso energetikuli fondi, romlis mTavari amocanaa waaxalisos 

mTel msoflioSi ganaxlebadi energiis wyaroebze momuSave eleqtrosadgu-

rebis mSenebloba, rac gamoixateba fuladi danamatebiT yovel gamomuSave-

bul kvt.sT eleqtroenergiaze. rac TavisTavad amcirebs Tboeleqtrosadgu-

rebze gamomuSavebuli elelqtroenergiis wils mTel msoflioSi da Sesa-

bamisad mavne nivTierebebis gamofrqvevas atmosferoSi. saqarTvelos aqamde 

ar aqvs gaformebuli xelSekruleba zemoT aRniSnul fondTan, rac Cveni 

azriT saswrafoდ aris gamosasworebeli.migvaCnia, rom amgvari xelSekru-

leba waaxalisebs investiciebs ganaxlebadi energiis wyaroebze momuSave 

eleqtrosadgurebis mSeneblobaze da miscems SesaZleblobas qveyanas Semo-
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iRos egreTwodebuli „mwvane tarifi“. romlis ZiriTadi principebia: 

• energiis ganaxlebadi wyaroebis mier gamomuSavebuli eleqtroenergiis 

sruli moculobiT Sesyidvis grZelvadiani kontraqtiT uzrunvelyofa; 

• energiis ganaxlebadi wyaroebis eleqtrul qselTan mierTebis garantia; 

• energiis ganaxlebadi wyaroebis mier gamomuSavebuli eleqtroenergiis 

Rirebulebaze danamatis uzrunvelyofa; 

Zneli saTqmelia Tanamedrove etapze ramdenad SeZlebs saqarTvelo 

yvelaferi amis ganxorcielebas, vinaidan „mwvane tarifi“ uaryifiTad aisa-

xeba samomxmareblo tarifze an saWiro gaxdeba saxelmwifos mxridan didi 

moculobis subsidirebis ganxorcieleba. migvaCnia saxelmwifo unda wavi-

des swored am gziT, kerZod, unda Seiqmnas energiis ganaxlebadi wyaroebis 

mSeneblobis mastimulirebeli fondi, romelic moaxdens fuladi saxsrebis 

akumulirebas da iTanamSromlebs zemoT aRniSnul saerTaSoriso fondTan, 

raTa moxdes energiis ganaxlebadi wyaroebis mier gamomuSavebuli eleq-

troenergiis Rirebulebaze danamatis uzrunvelyofa. 

magaliTisaTvis SeiZleba iTqvas, rom ukrainaSi mzis eleqtrosadgu-

rebisaTvis moqmedi mwvane tarifis minimaluri fiqsirebuli sidide 43-47 ev-

rocents Seadgenდა erT warmoebul kilovatsaaTze. qaris eleqtrosadgure-

bisaTvis 6-12 evrocents, biomasisaTvis 12 evrocents, xolo 10 megavatamde 

simZlavris hidroeleqtrosadgurebisaTvis 7-8 evrocentrs. ukrainis ener-

gosistemaSi ki, rogorc cnobilia domimnanturi roli swored naxSiris da 

atomur Tboeleqtrosadgurebs uWiravT. cxadia, rom energiis ganaxlebadi 

wyaroebis aTvisebisaTvis investiciebis mosazidad amgvari ekonomikuri da 

politikuri meqanizmis gamoyenebis gareSe energiis ganaxlebadi wyaroebis 

masStaburi aTviseba ver ganxorcieldeba. 

rac Seexeba sainvesticio mimzidvelobis Sida faqtorebs, aq umTavre-

sia qveynis kanonmdebloba, romelic gansazRvravs regulirebas daqvemdeba-

rebuli dargis funqcionirebis pirobebsa da ganviTarebis perspeqtivebs. 

marTalia, saqarTveloSi daSvebulia ucxouri kapitalis Semosvlis yvela 

cnobili forma (koncesia, erToblivi sawarmoebi, produqciis gayofis xel-

Sekruleba da sxv.) magram maTi praqtikuli damkvidrebisaTvis jer kidev 

bolomde ar aris Camoyalibebuli saTanado normatiul-samarTlebrivi ba-

za, Sesabamisi institucionaluri struqturebi. bolomde ar aris daxvewi-

li procedurebi, rogorc proeqtebis ganxilvebisa da mtkicebis, aseve am 

proeqtebis ganxorcielebis sakiTxebSi. garda amisa, ucxoeli investori sa-

qarTveloSi jer kidev ar aris sakmaod daculi biurokratiuli barierebi-

sagan. yovelive es, cxadia, erTi mxriv, xels uSlis investiciebis mozid-

vas, xolo, meore mxriv, iqmneba imis realuri winapirobebi, rom ucxoelma 

investorma calkeul SemTxvevaSi Tavis sasargeblod gamoiyenos Seqmnili 

situacia. am sferoSi normatiul-samarTlebrivi bazis srulyofa da ganvi-

Tareba, aseve saTanado institucionaluri struqturebis formebi, ufleba-

movaleobaTa mkafio ganawilebiT, metad mniSvnelovani amocanaa, romlis 

saTanadod mogvareba Zlier stimuls miscems rogorc energetikas, aseve 

mTlianad qveynis ekonomikis stabilur da perspeqtiul winsvlas. 
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BACKGROUND OF SUSTAINABLE HYDROPOWER DEVELOPMENT OF GEORGIA 
Kereselidze T. 

Georgian Technical University 
Summary 

Proceeding from above is available to make the next conclusions: 
To digest the hydro needs supporting from the State. It has to become the basis of energy independen-

ce, to improve the interests of investors by our system capacity. Such based  successful integration sharply 
will improve the economy of state, increase stability and reliability.  

As for, investment attractiveness of domestic factors, is paramount the legislation of state, which defi-
nes regulation for operating conditions of subject field and development perspectives. It is true that in Geor-
gia is allowed all known form of foreign capital inflows( concession, joint ventures, production sharing con-
tract and etc.) but for their practical introduction there is no established appropriate the normative-legal base, 
appropriate institutional  structures. There is no sophisticated procedures to the end, as the review and asserti-
on to projects also the implementation of subjects to these projects.  

Beside it the foreigner investor in Georgia is not still well protected from the bureaucratic barriers. All 
of this of course on the one hand intervenes to attracting the investments , but on the other hand is being crea-
ted real backgrounds that foreign investor has to use the situation in its favor in individual cases. Normative 
legal of perfection and development of base in this field also appropriate forms of institutional  structures ,  
by the clear assignment to the rights and duties , there is the important mission , which proper solution gives 
powerful incentive to as energetic also to the totally stable and promising progress to  the economy of state.  

 

 
 
 

mcire hesebi - adgilobrivi da regionuli ganviTarebis 
xelSemwyobi faqtori 

 
lomiZe i., xeliZe g., SatakiSvili l., kikaCeiSvili n.  

saqarTvelos teqnikuri universiteti 
 

dReisaTvis saqarTvelos mdinareebis mcire hidroenergetikuli potencialis 
mxolod 4.65%-ia aTvisebuli. amasTan, mcire hidroenergetikuli resursebis gamoye-
nebas SeuZlia didi roli Seasrulos regionebis socialur-ekonomikuri ganviTa-
rebaSi, gansakuTrebiT im adgilebSi, romlebic moSorebulia eleqtrogadamcemi xa-
zebidan. naSromSi ganxilulia borjomis raionis sofel mzeTamzes  mimdebared 
mdinare gujarulaze mcire simZlavris hidroeleqtrosadguris mowyobis SesaZleb-
loba. 
 

amJamad, saqarTvelos mdinareebis mcire  hidroenergetikuli teqniku-

ri potenciali Sefasebulia 19,47 milrd.kvt.sT wliuri gamomuSavebiT da 

3729 mgvt dadgmuli simZlavriT [1]. qveyanaSi registrirebulia 47 mcire he-

si, romelTa jamuri dadgmuli simZlavre Seadgens 170,91 mgvt-s [2], e.i po-

tencialis mxolod 4,6%-s.   

 mcire simZlavris hesebs axasiaTebs Taviseburebebi, rac arsebiTad 

ganasxvavebs mcire hidroenergetikas didi hidroenergetikisagan: efeqturi 
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teqnologiebi, datborvis minimaluri farTobi, sasoflo teritoriebis 

eleqtrifikacia, adgilobrivi da regionuli ganviTarebis xelSewyoba.  yo-

velive aRniSnuli gansazRvravs mcire hidroenergetikuli potencialis aT-

visebis  mizanSewonilobas. 

 Cvens qveyanaSi ukanasknel xans damkvidrda arasasurveli tendencia 

periferiidan centrisken Sromisunariani mosaxleobis migraciisa, rac uar-

yofiTad moqmedebs regionebis socialur-ekonomikuri zrdis  Tvalsazri-

siT. am problemis gadawyvetis xelSewyobaSi, Cveni azriT, dadebiTi rolis 

Sesruleba SeuZlia mcire hidroenergetikuli resursebis gamoyenebas, gan-

sakuTrebiT im adgilebSi, romlebic moSorebulia eleqtrogadamcemi xaze-

bidan. es  daexmareba adgilobrivi sakomunikacio infrastruqturis, saoja-

xo turistuli biznesis, sasoflo-sameurneo produqciis gadamamuSavebeli 

mcire sawarmoebis ganviTarebas. miTiTebuli RonisZiebebi  gazrdis adgi-

lobriv sawarmoebSi momuSaveTa raodenobas, regionul sabiujeto Semosav-

lebs,  Seamcirebs migraciis process. 

 magaliTis saxiT, SemoTavazebulia borjomis raionis teritoriaze, 

sofel mzeTamzes mimdebared mdinare gujareTis wyalze mcire simZlavris 

hidroeleqtrosadguris mowyoba. hesis ganTavsebis teritoria uSualod 

esazRvreba kurort waRvers da timoTesubnis samonastro kompleqss, rac 

miuTiTebs aRniSnuli hesis mniSvnelobas raionis energomomaragebis gaum-

jobesebisaTvis. 

          gujarula hesis nagebobebi, ganTavsdeba sof. patara mitar-

bsa da sof. mzeTamzes Soris, amasTan, wyalmimRebis mowyoba ganzraxulia 

1150,0 m niSnulze mdebare kveTSi, sadac mdinaris wyalSemkrebi auzis far-

Tobi tolia =155km2-is, xolo wyalSemkrebi auzis saSualo qanobi Se-

adgens  28%-s. saproeqto kveTSi mdinare gujareTiswyalis hidrologi-

ur reJimze dakvirvebis monacemebi ar arsebobs, amitom am monacemebis dad-

genisaTvis analogis saxiT gamoyenebul iqna mdinare gujareTis wylis da-

muSavebuli hidrologiuri monacemebi hidrometriuli saguSago waRveris 

(wyalSemkrebi auzis farTobi   = 238 km2, wyalSemkrebi auzis saSualo 

qanobi 27,5%) kveTisaTvis.  dadgenil iqna mdinare gujareTis wylis  

sxvadasxva uzrunvelyofis saSualo  wliuri xarjebi saproeqto kveTSi, 

romlebic moyvanilia cxrilSi 1. 

cxrili 1. 
kveTi

 F
F 

F,F 
km2 

saSualo mravalwliuri 
wylis xarji 

Q0Q,m3/wm 

uzrunvelyo-
fa, P% 

     

   10 25 50 75 90 95

 155 1,84 2,62 2,19 1,77 1,41 1,13 0,99

 
saangariSo uzrunvelyofis saSualo wliuri xarjebis Sidawliuri ga-

nawileba saproeqto kveTSi sanitaruli xarjebis gaTvaliswinebiT moyvani-

lia cxrilSi 2. sanitaruli xarji aRebulia saSualo mravalwliuri xar-

jis 10% -is odenobiT. 
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cxrili  2. 

xarji, m3/wm I II III IV V VI VII VIII IX X XI XII saSualo wliu-
ri 

10 %-iani uzrunvelyo-
fa              

saS. Tviuri xarji, 
m3/wm 1,13 0,61 1,699,65 10,103,72 1,16 0,680,62 0,79 0,64 0,62 2,62 

sanitaru-li xarji, 
m3/wm 0,18 018 0,18 0,18 0,18 0,180,18 0,18 0,18 0,18 0,18 0,18 0,18 

saangari-So xarji, m3/wm 0,95 0,43 1,51 9,47 9,92 3,540,980,500,44 0,61 0,46 0,44 2,43
50 %- iani uzrunvel-

yofa              

saS. Tviuri xarji, 
m3/wm 0,57 0,73 1,04 9,57 3,61 1,71 1,88 0,900,32 0,34 0,38 0,21 1,77 

sanitaru-li xarji, 
m3/wm 0,18 018 0,18 0,18 0,18 0,180,18 0,18 0,18 0,18 0,18 0,18 0,18 

saangariSo xarji, m3/wm 0,39 0,55 0,86 9,39 3,43 1,53 1,700,720,14 0,16 0,20 0,03 1,59
90 %- iani uzrunvel-

yofa              

saS. Tviuri xarji, 
m3/wm 0,39 0,72 0,76 1,97 2,91 1,86 1,18 1,35 1,05 0,47 0,41 0,53 1,13 

sanitau-li xarji, 
m3/wm 0,18 018 0,18 0,18 0,18 0,180,18 0,18 0,18 0,18 0,18 0,18 0,18 

saangarSo xarji, m3/wm 0,21 0,54 0,58 1,79 2,73 1,681,00 1,17 0,87 0,29 0,23 0,53 0,95

 

gujarula hesis saangariSo wylis xarjis saxiT miRebulia md. guja-

reTiswyalis 50 %-iani  uzrunvelyofis saSualo Tviuri wylis xarjebi 

saproeqto kveTSi  sanitaruli wyalgaSvebis gaTvaliswinebiT, rac moyvani-

lia cxrilSi 3. 

cxrili 3. 
Tveebi I II III IV V VI VII VIII IX X XI XII saS. wliuri

hesis wylis xarji, m3/wm 0,39 0,55 0,86 9,39 3,43 1,53 1,70 0,72 0,14 0,16 0,20 0,03 1,59 

 
gujarula hesis nagebobebis daproeqteba ganzraxulia md. gujareTis 

wyalze 1150 m da 1050 m niSnulebs Soris 5300 metrian monakveTze. hesis Se-

madgenlobaSi Sedis: 

• saTave nageboba: wyalsaSvi kaSxali, ,„tirolis“ samTo tipis wyalmimRebi, 

gamrecxi, zamTris wyalmimRebi, gverdiTi wyalsaSvi, saleqari, Tevzsavali. 

zeda biefis wylis done 1150,0 m.  

• foladis sadawneo milsadeni saerTo sigrZiT 5300 m. igi dayofilia or 

ubnad. pirveli ubnis sigrZe - 2700 m, diametri - 1400 mm, meore ubnis sigrZe 

- 2600 m, diametri - 1200 mm. 

• daxrili gamTanabrebeli rezervuari sigrZiT 300,0 m, diametriT 1400 mm. 

• hesis Senoba - turbinis RerZis niSnuli - 1050,0 m. 

• gamyvani arxi - saorientacio sigrZe - 50,0 m. 

hesis SerCeuli sqemis da hidrologiuri monacemebis safuZvelze Ca-

tarda hidroenergetikuli gaangariSeba, romlis mizania hesis dadgmuli 

simZlavris, saSualo wliuri eleqtroenergiis gamomuSavebis, hesis dadgmu-

li simZlavris gamoyenebis koeficientisa da mdinaris Camonadenis gamoyene-

bis koeficientis dadgena. 

hidroenergetikuli gaangariSebisas gaTvaliswinebul iqna Semdegi: 



 

saerTaSoriso samecniero konferencia 

INTERNATIONAL   SCIENTIFIC  CONFERENCE 
 

 279

• gujarula hesis saangariSo wylis xarjis saxiT miRebulia md.  gujare-

Tiswyalis 50 %-iani  uzrunvelyofis saSualo Tviuri wylis xarjebi sap-

roeqto kveTSi  sanitaruli wyalgaSvebis gamoklebiT; 

• hidroturbinebis margi qmedebis koeficienti - 0,9; 

• hidrogeneratorebis margi qmedebis koeficienti - 0,95; 

• sanitaruli wylis xarji miRebulia saproeqto kveTSi md. gujareTis wya-

lis saSualo mravalwliuri wylis xarjis 10 % - 0,18 m3/wm. 

gujarula hesis simZlavrisa da eleqtroenergiis gamomuSavebis si-

dideebi moyvanilia cxrilSi 4. 

amrigad, gujarula hesis dadgmuli simZlavre da saSualowliuri 

eleqtroenergiis gamomuSaveba Sesabamisad Seadgens: 1910 kvt-s da 6,47 

gvtsT-s. gazafxulis sezonze (marti-maisi) gujarula hesis gamomuSaveba 

Seadgens 3,33 gvtsT-s,  zafxulis sezonze (ivnisi-agvisto) –2,29 gvtsT-s, Se-

modgomaze (seqtemberi-noemberi) – 0,30 gvtsT-s, zamTarSi (dekemberi-Teberva-

li) – 0,54   gvtsT-s.  e.i. gazafxulis gamomuSaveba Seadgens wliuri gamo-

muSavebis 51,5 %-s, zafxulis - 35,4 %-s, Semodgomis - 4,7 %-s, zamTris - 8,4 

%-s. dadgmuli simZlavris gamoyenebis koeficienti - 38,7 %; mdinaris Camo-

nadenis gamoyenebis koeficienti - 61,3 %. 

cxrili 4.  
Tve saaTe-

bis r-
ba 

mdina-ris 
sa-Sualo 
Tviuri 

wylis xar-
ji, m3/wm 

sanita-
ruli 
wylis 
xarji, 
m3/wm 

hesis
wylis 
xarji,
m3/wm 

mdinar-
is Camo-
nadeni, 
mln.m3 

gamoyenebu-
li wylis 
moculoba, 

mln.m3 

simZl-
avre, 
kvt 

eleq-
tro-ener-
giis ga-
mo-muSa-
veba, 
gvtsT 

ianvari 744 0,57 0,18 0,39 1,53 1,04 326 0,24 
Tebervali 672 0,73 0,18 0,55 1,77 1,33 458 0,31 
marti  744 1,04 0,18 0,86 2,79 4,14 710 0,53 
aprili 720 9,57 0,18 3,0 24,80 7,78 1910 1,38 
maisi  744 3,61 0,18 3,0 9,67 8,04 1910 1,42 
ivnisi 720 1,71 0,18 1,53 4,43 3,97 1204 0,87 
ivlisi 744 1,88 0,18 1,70 5,04 4,55 1317 0,98 
agvisto 744 0,90 0,18 0,72 2,41 1,93 596 044 
seqtemberi 720 0,32 0,18 0,14 0,83 0,36 117 0,08 
oqtomberi 744 0,34 0,18 0,16 0,91 0,43 134 0,10 
noemberi 720 0,38 0,18 0,20 0,98 0,52 168 0,12 
dekemberi 744 0,21 0,18 0,03 0,56 0,08 0 0 
jami 8760    55,72 34,17  6,47 
saSualo  1,77  1,59     
maqsimumi  9,57  3,0   1910  
dadgmuli 
simZlavris 
gamoyenebis 
koeficien-
ti 

%       38,7% 

mdinaris 
Camonadenis 
gamoyenebis 
koeficien-
ti 

%   
 
 
 

61,3 %    
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SMALL HYDROELECTRIC POWER PLANTS - THE LOCAL AND REGIONAL  
DEVELOPMENT FACTOR. 

Lomidze I.B., Khelidze G. K., Shatakishvili L.A., Kikacheishvili N. G. 
Georgian Technical University 

Summary 
Currently, the full miner scale potential that Georgian rivers offer in terms of generating hydro-

energy only 4.6% is being utilized. In addition, utilizing these resources can play a significant role in social 
and economic development in the regions. Specifically, in such areas that are further away from power tran-
smission lines. This report focuses on the possibility of constructing a small hydro power station on the river 
“Gudjarula”, near the village “Mzetamze”, of the Borjomi region. 

 
 
 
 

geoTermuli energiis gamoyenebis Sefasebis 
meTodologia sainvesticio proeqtebisTvis 

 
veziriSvili q., jixvaZe m., mirianaSvili n. 

saqarTvelos teqnikuri universiteti 
 

samuSaos mizania geoTermuli energiis farTod gavrcelebisa da gamoyenebis 
popularizacia. energetikuli `SimSilis~ saSiSroebis droulad daZlevis auci-
leblobam dRis wesrigSi daayena geoTermuli wylebis gamoyeneba sayofacxovrebo-
komunaluri miznebisaTvis, soflis meurneobaSi saTburebis mosawyobad da sxva-
dasxva teqnologiuri procesis TbomomaragebisaTvis. saTbob-energetikul balan-
sSi geoTermuli energiis wilma 2014 wlisaTvis 1,5% Seadgina, rac imiT aixsneba, 
rom ar arsebobda geoTermuli wylis saeqspluatacio sawarmos an geoTermuli 
wylis gavrcelebis regionis momavali sargeblianobiT daintereseba. 

 
saqarTveloSi momxdarma politikurma da ekonomikurma gardaqmnebma, 

rac gamoixata damoukideblobis mopovebiTa da sabazro urTierTobebze ga-

dasvliT, am sakiTxis axleburad gaazrebis aucileblobis winaSe dagvayena. 

saWiro gaxda saxelmwifosa da geoTermuli wylis sabadoebiT mosargeble 

subieqtebs Soris, agreTve Termuli wylebiT mdidari raionebis adgilob-

riv mmarTvelobiT organoebs Soris urTierTobaTa reglamentireba. aman 

asaxva hpova saqarTvelos kanonebSi `wiaRis Sesaxeb~, `energetikis Sesaxeb~ 

da a.S. [1,2]. am kanonebis mixedviT, qveynis teritoriis farglebSi geoTermu-

li wylebis sabadoebi saxelmwifos kuTvnilebaa da maTi gadacema SeiZleba 

mxolod ijariT. magram is, Tu rogor unda gaices TiToeuli sabado an 

rogor unda daregulirdes geoTermuli wylebis biznesSi monawile subieq-

tebs Soris samarTlebrivi urTierToba, sabolood daxvewili ar aris. es 

miiRweva maSin, rodesac Sesruldeba wiaRSi arsebuli geoTermuli maragis 

swori ekonomikuri Sefaseba da rodesac masSi moxvdeba ara marto saxel-

mwifos, anu wiaRis mesakuTris, aramed wiaRiT mosargeblisa da am wiaRise-
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ulis mqone raionis interesebic. 

aqedan gamomdinare, saerTod sasargeblo wiaRiseulisa da maT Soris 

geoTermuli wylebis maragis ekonomikur Sefasebas saxelmwifosaTvis gan-

sakuTrebuli mniSvneloba aqvs, rac mTeli simwvaviT aRiqmeba swored dRe-

vandel viTarebaSi. 

problemis mecnierulad gadawyvetisaTvis Cven gavaanalizeT da kriti-

kulad ganvixileT wiaRSi arsebuli mineraluri resursebis sabadoebis 

ekonomikuri Sefasebis sazRvargareT cnobili yvela meTodi _ xoskildis, 

merkilis, SCerbakovisa da a.S. amasTan, dasabuTebulia, rom am meTodebis 

pirdapiri gamoyeneba ganuviTarebeli bazris pirobebSi mizanSewonili araa. 

ganxilul meTodTagan upiratesobas vaniWebT ekonomikuri Sefasebis ru-

seTSi oficialurad dakanonebul meTods [3,4]. Tumca aRiarebulia misi nak-

lic _ masSi ar aris gaTvaliswinebuli gadasaxadebi da gadasaxdelebi. 

Cveni azriT, amis gareSe geoTermuli wylebis gamoyenebiT miRebuli dis-

kontirebuli Semosavali gazrdili aRmoCndeba. amitom movaxdineT SCerba-

kovis formulis modificireba da gamoviyeneT igi konkretul gaangariSe-

bebSi. modificirebis Semdeg formulam aseTi saxe miiRo: 

 
sadac NPV aris wminda diskontirebuli Semosavali; H(t)-T _ wylis gadasa-

xadebi da gadasaxdelebi; (1+E)-n _ madiskontirebeli mamravli; n _ sabados 
damuSavebis dro. 

am formulis gamoyenebiT da maTematikuri prognozirebis meTodiT ga-

movTvaleT Tbilisis, zugdidisa da caiSis geoTermuli wylebis sabadoTa 

ekonomikuri Semosavlebis diskontirebuli nakadebi (NPV) [5]. meTods, rome-

lic gamoiyeneba am proeqtebis Sesafaseblad da moiTxovs kapitaldabande-

bebs, ewodeba wminda mimdinare Rirebulebis (NPV) meTodi, romelic agreT-

ve xSirad moixsenieba diskontirebuli fuladi nakadis an diskontirebuli 

mimdinare Rirebulebis saxelwodebiT. es meTodi proeqtis momavali SesaZ-

lo Semosavlis mimdinare Rirebulebas proeqtis ganxorcielebisaTvis sa-

Wiro Rirebulebas (investiciebs) adarebs. proeqtis NPV warmoadgens proeq-
tis Semosavlis Sesabamisi mimdinare Rirebulebisa da saWiro investicie-

bis sxvaobas: 

 
sadac l warmoadgens investiciis zomas konkretuli proeqtisaTvis moce-

mul momentSi. 

cxadia, rom, Tu NPV dadebiTia, proeqti misaRebi iqneba. Tu saWiroa or 

sxvadasxva proeqts Soris ukeTesis arCeva, arCeuli iqneba ufro didi NPV-

is proeqti. NPV-is meTodi saSualebas iZleva, miviRoT an uarvyoT aRniS-

nuli proeqti. im proeqtebis Sefasebisas, romlebic saWiroebs kapitalda-

bandebebs, mniSvnelovan rols asrulebs diskontirebis zoma; saTanado 

diskontirebis zomis arCeva kapitaldabandebebis mqone proeqtebisaTvis ga-
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damwyvetia. 

NPV-is garda, proeqtebis Sefasebisas yvelaze mniSvnelovani sidide Si-

nagani amonagebis zomaa (IRR), romelic mWidrodaa dakavSirebuli IRR fun-

qciasTan. IRR SeiZleba ganimartos, rogorc diskontirebis is zoma, rom-

lisTvisac proeqtis mimdinare Rirebuleba tolia masSi sawyis momentSi 

Cadebuli investiciisa, anu, sxvanairad rom vTqvaT, IRR diskontirebis zo-

mis dros NPV funqcia nulis toli xdeba: 

NPV(IRR) = 0 
IRR-is ganmartebidan gamomdinare, investireba mizanSewonilia, Tu IRR 

aRemateba moTxovnil amonagebs (IRR>r). sxva SemTxvevaSi proeqti gaumar-

Tlebeli iqneba. amiT vasabuTebT SemoTavazebuli ekonomikur-maTematikuri 

meTodis upiratesobas, rac imiT gamoixateba, rom Termuli wylebis yovel-

wliuri mopovebis prognozi aRebulia cvalebadi sididiT, momavali Semo-

savlebi gaangariSebulia gadasaxadebis mxedvelobaSi miRebiT da a.S. ami-

tom am meTodis gamoyeneba sasurvelia saqarTvelos geoTermuli wylebis 

yvela danarCen sabadoTa ekonomikuri SefasebisaTvis sabazro pirobebSi. 

garda amisa, mizanSewonilad migvaCnia, geoTermuli wylebis mompovebelma 

TiToeulma kompaniam TavianTi qonebrivi kuTvnilebisa da organizaciul-

samarTlebrivi formis miuxedavad, sabadoebi dayon biznes-erTeulebad. Ti-

Toeul biznes-erTeulze calke unda aRiricxos xarjebi da Semosavlebi, 

radgan saqarTveloSi arasodes yofila geoTermuli wylebis sabadoebisa 

da WaburRilebis danaxarjTa da SemosavalTa aRricxva da arc rentabelu-

ri debitia gansazRvruli. mas Semdeg, rac sabadoebsa da WaburRilebs ase-

Ti statusi mieniWeba da praqtikaSi damkvidrdeba `lokaluri sabados~ cne-

ba, unda daiwyos TiToeuli maTganisaTvis ganviTarebis strategiisa da 

biznes-gegmis Sedgena. es stimuls unda aZlevdes sabados eqspluatacias 

da sargebeli unda mohqondes saxelmwifosTvisac. mxolod am gziT aris 

SesaZlebeli geoTermuli wylebis sabadoTa aTvisebis teqnologiuri sqeme-

bis dasabuTeba da maTi CarTva saTbob-energetikul kompleqsSi. 

pirvelad Cven mieraa Sedgenili programa da algoriTmi mravalvarian-

tuli gaangariSebis Casatareblad, ris Sedegadac Sefasebulia geoTermu-

li wylebis sxvadasxva momxmareblis mier wliuri gamoyenebis reJimis op-

timizacia da dadgenilia misi energoekonomikuri efeqtianoba. pirveli sac-

del-samrewvelo danadgarebis ZiriTadi energoekonomikuri maxasiaTeblebis 

safuZvelze dadgenilia geoTermuli wylebis farTod gamoyenebis efeqtia-

noba respublikis erovnuli meurneobis sxvadasxva dargSi. damuSavebulia 

geoTermuli wylebis bazaze siTboTi da siciviT momaragebis kompleqsuri 

sistemebis ganviTarebis strategiuli principebi, romlebic sabazro ekono-

mikisa da SezRuduli kapitaldabandebebis pirobebSi am sistemebis racio-

naluri mimarTulebis gansazRvris saSualebas iZleva, riTac naTeli war-

modgena Seiqmneba saqarTveloSi siTboTi da siciviT momaragebis momaval 

ganviTarebaze. amiT ki ucxoeli investorebic dainteresdebian [6]. Sefase-

bulia geoTermuli resursebis saqarTvelos saTbob-energetikul kompleq-

sSi CarTvis masStabebi da gamoTavisuflebuli saTbobis yovelwliuri ra-

odenoba 1,4÷1,6 mln t pirobiTi saTbobis odenobiT. erovnuli meurneobis 

calkeuli dargebis mixedviT SesaZlebelia saTbobis ekonomiis miRweva: ko-



 

saerTaSoriso samecniero konferencia 

INTERNATIONAL   SCIENTIFIC  CONFERENCE 
 

 283

munalur-sayofacxovrebo sferoSi _ 45%; soflis meurneobaSi _ 55%; kvebis 

mrewvelobaSi _ 35%; msubuq mrewvelobaSi _ 30%; saSen masalaTa mrewvelo-

baSi _ 25%. geoTermuli resursebis masStaburi gamoyeneba udavod xels 

Seuwyobs energodeficitis aRmofxvras da adgilobrivi mosaxleobis ke-

TildReobis donis amaRlebas, rac saqarTvelos jansaRi erovnuli ekono-

mikis CamoyalibebisaTvis win gadadgmuli nabiji iqneba. 
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METHODOLOGY OF INVESTMENT PROJECT ESTIMATE AT THE USE OF THE 
GEOTHERMAL ENERGY 

K. Vezirishvili, M. Jikhvadze, N. Mirianashvili 
Georgian Technical University 

Summary 
The methods and mathematical models analysis allow choosing the projects with guaranteed efficiency 

of capital investment when geothermal energy is used, are offered. The methods and mathematical models of 
analysis allow to select a projects with guaranteed effectiveness of the capital investment at the use of geot-
hermal energy. 

 

 
 
 

Tburi tumbos gamoyenebis ekonomikuri efeqtianoba 
 

kublaSvili g. 
akaki wereTlis saxelmwifo universiteti 

 
msoflioSi gazrdilia interesi ganaxlebadi da aratradiciuli enrgiis wya-

roebis miRebisa da gamoyenebis teqnologiebis mimarT. Tburi tumbo aris swored 
is mowyobiloba romelic iyenebs garemos dabal potenciur energias da gvaZlevs 
3-4-jer met energias, vidre mas Wirdeba funqcionirebisaTvis. naSromSi gaanalize-
bulia Tburi tumbos danadgarebis roli saTbob-energetikuli resursebis dazog-
vis saqmeSi, naCvenebia detalurad Tburi tumbos muSaobis principi, Seswavlilia 
Tburi tumbos muSaobis reJimebi.  

 
Tburi tumbo aris danadgari, romlis daniSnulebaa dabali potencia-

lis Tburi energiis wyarodan siTbos ufro maRali potencialis mqone 

momxmarebelze gadacema. Tburi tumbo samacivro manqanis analogiuria, mag-

ram Tu samacivro manqanis ZiriTadi daniSnulebaa sicivis warmoeba amaor-

Tqleblis mier raRac moculobaSi siTbos arTmeviT, kondesatoriT ki – 

misi garemoSi gadagdebiT, Tburi tumboSi gvaqvs Sebrunebuli procesi. Mma-

civris muSaobis principi aris Semdegi: macivarSi xvdeba Tbili produqti, 

energia gadamtani romelic cirkulirebs macivris ukan mdebare radiator-

Si siTbos arTmevs produqts, da igive radiatoriT gadmocems oTaxSi, anu 
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martivad rom vTqvaT, Tu macivarSi bevr Tbil produqts SevawyobT maciva-

ri gaagrZelebes am siTbos arTmevas, produqti gacivdeba, OoTaxi ki gaTbe-

ba am produqtze arTmeuli siTbos xarjze. Tu macivars Signidan gareT ga-

moaqvs siTbo, Tburi tumbo akeTebs imas rom garedan (garemodan) SigniT 

(oTaxSi) Semoaqvs siTbo. 

 

 

nax.1.  Tburi tumbos principuli sqema. 

 
Nnax.1-ze naCvenebia Tburi tumbos principuli sqema. lurji konturi 

aris pirveladi koleqtori, romelic siTbos arTmevs garemos, am koleq-

torSi moZraobs rogorc gavrcelebulia, marilxsnari, aq cirkulacia xde-

ba sacikulacio tumbos meSveobiT, aarTmevs siTbos garemos da gadascems 

amaorTqlebels (1), Tburi tumbos konturSi cirkulirebs     energiagadam-

tani, freoni, amaorTqlebelSi miRebuli siTbodan Txevadi freoni gadadis 

airad mdgomareobaSi, es airi kompresoris (2) meSveobiT iWixneba kondesa-

torisken (3)  daWixvnisas gazs emateba siTbo, kondesatoridan siTbo gadae-

cema gaTbobis (wiTel) konturs da vRebulobT siTbos. Ees daWixnuli ai-

ris mdgomareobaSi myofi freoni kondesatoris gavlis Semdeg civdeba da 

isev siTxed gardaiqmneba, safarToebeli sarqvelis (4) meSveobiT uvardeba 

darCenili wneva da agrZelebs moZraobas amaorTlqlebelamde (1), Semdeg 
isev Tavidan iwyeba procesi. 

miRebuli Tburi energia SesaZlebelia gadaeces wyals da gamoviyenoT 

wyliT gaTbobisaTvis, cxeli wylis miRebisaTvis, aseve SesaZlebelia gada-

eces haers da gamoyenebuli iqnas gaTbobisaTvis da gagrilebisaTvis. ener-

giis mimRebi da energiis gamcemi konturebis gaTvaliswinebiT  Tburi tum-

boebi iyofa eqvs saxed: 

1. gruntidan-wyalze (grunti-wyali) 

2. gruntidan-haerze (grunti-haeri) 

3. wylidan-wyalze (wyali-wyali) 

4. wylidan-haerze (wyali-haeri) 

5. haeridan-wyalze (haeri-wyali) 

6. haeridan-haerze (haeri-haeri) 

TiToeul saxeobas gaaCnia sakuTari montaJis da eqspluataciis maxasi-

aTeblebi. qveviT cal-calke ganvixilav TiToeul maTgans. 

1. grunti-wyali. dedamiwis grunts gaaCnia dabaltemperaturiani Tburi 

energiis kolosaruli maragi. saqarTveloSi grunts 160-180 mm -is siRrmeze 
aqvs sul 00 C -ze meti temperatura, daaxloebiT 7-80 C. e.i. imisTvis rom mi-

viRoT siTbo dedamiwis gruntidan minimum 170 mm-is qveS unda movaTavsoT 

Tbomcvlelis konturi. aseT SemTxvevaSi Tbogadamtani, romelic am kon-

turSi cirkulirebs Tbeba gruntis siTbos meSveobiT, Semdeg es siTbo 
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Tburi tumbos meSveobiT gadaecema Tbomomxmarebels. 

Tbogadamtanad am tipis tumboebSi umetes SemTxvevaSi gamoiyeneba e.w. 

„marilxsnari“, romelic mzaddeba wylis da eTilenglikolis an propilen-

glikolis nazavidan. zog SemTxvevaSi aseve iyeneben freonsac. freonis ga-

moyeneba marTalia zrdis sistemis efeqturobas, magram moiTxovs gacile-

biT met danaxarjebs. 

gruntSi moTavsebuli Tmomcvlelis konturi aris ori saxis, horizon-

taluri da vertikaluri. Hhorizontaluri koleqtoris milebi aris moTav-

sebuli miwaSi, gruntis da Tmomcvlelis Tbocvlis farTobi rom gazar-

don, milebs axveven spiralurad, zigzagiseburad da a.S. 1  metri mili 

gruntidan 1 metris simaRleze, erTmaneTTan mezoblad mdebare milebis 1 
metris dacilebiT daaxloebiT 20-30 vt energias gvaZlevs. magaliTad imis-

Tvis rom miviRoT 10 kilovati simZlavris Tburi tumbo, 350-450 metri mi-
li unda Caixves, daWirdeba daaxloebiT 400 metri kvadratuli miwa.  ver-

tikaluri koleqtori aris milebis sistema, romlebic Tavsdeba miwaSi ver-

tikalurad. iburReba miwa ramodenime adgilas rom sasurveli siTbos miRe-

ba ganxorcieldes. magaliTad iangariSeba rom 1 metri siRrmidan SesaZle-

belia 50-60 vt energiis miReba, magaliTad imisaTvis rom miviRoT 10 kvt 
simZlavris energia Tburi tumbodan miwa unda gaiburRos 170 metr simaR-

leze, SesaZlebelia gakeTdes ori 85 metriani Wa, an aTi 17 metriani ჭა, 
mTavaria jamSi sasurveli siRrme miviRoT. 

2. grunti-haeri. Ggrunti-haeris saxis Tburi tumbos gruntidan siTbos 

mimRebi konturi msgavsia grunti-wylis tumbosi, gansxvavdeba mxolod Tbu-

ri tumbodan energiis miRebiT, cxeldeba an (grildeba) haeri da Semdeg 

fankoili, ventilatori uberavs haers SenobaSi da aTbobs farTs. 

3. wyali-wyali. wyali-wyali tipis Tburi tumboebi siTbos iRebs grun-

tis wylebidan, mdinareebidan, tbebidan, zRvebidan da am siTbos gadascems 

Tburi tumbos amaorTqlebels, Semdeg Tburi tumbo da siTbos gadamcemi 

konturi moqmedebs zeviT ganxiluli grunti-grunti tipis tumbos moqmede-

bis saxiT. niadagqveSa wylebis da mdinaris wylis gamoyenebis SemTxvevaSi 

mimRebi konturi aris Ria, xolo tbebis, zRvis da okeanis wylis gamoyene-

bisas mimRebi konturi SeiZleba iyos Riac da daxurulic. Ria konturis 

SemTxvevaSi wyali amoiqaCeba, gaivlis Tburi tumbos amaorTqlebelTan, ga-

dacems siTbos  da gagrilebuli sxvagan gadaisroleba, xolo daxuruli 

konturis SemTxvevaSi koleqtorebi keTdeba ZiriTadad mdgari wylebis 

fskerze. gruntis wylebis saSualo temperatura aris saSualod 4-10 gra-
dusi celsiusiT, mdgari wylebis 25-50 metris qveS aris 5-8 gradusi cel-

siusiT. erTi metri mili gvaZlevs daaxloebiT  30 vt energias, anu 10 kvt 
simZlavris Tburi tumbos misaRebad saWiroa 350 metri milis Caxveva wyal-

qveS, milebi rom ar ativtivdes unda daviWiroT simZimiT, erT metr mils 

unda davadoT 5 kilogrami simZime. 

4. wyali-haeris Tburi tumbos moqmedebis principi analogiuria  wyali-

wyali tumbos moqmedebis principis, mimRebi konturebi aris erTnairi, gan-

sxvavebaa is rom, kompresoris mier gacxelebuli freoni acxelebs haers 

(an agrilebs) da Semdeg fankoilis MmeSveobiT xdeba am siTbos oTaxebSi 

daberva. 

5. haeri-wyali Tburi tumbos SemTxvevaSi freoni Tbeba haeris energiiT, 
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mZlavri ventilatoris saSualebiT haeri moZraobs haersatarSi, Sedis, exe-

ba freons, freoni Tbeba da gadadis gazis mdgomareobaSi, Semdeg gamcemi 

konturi msgavsia wyali-wyali da grunti-wyali haeris konturis. SeiZleba 

gamoviyenoT SenobaSi arsebuli ventilaciis haeric da Senobis gareT mde-

bare haeric. –25 gradusi celsiusis SemTxvevaSic ki haers gaaCnia Tburi 

energia da Tburi tumbo iZleva am energiis gamoyenebis saSualebas. haeri-

wyali da haeri-haeris tipis tumboebis margi qmedebis koeficienti naklebia 

zemoT xsenebuli oTxive tumbosTan SedarebiT. 

6. haeri-haeri tumbos SemTxvevaSi mimRebi konturi msgavsia haeri-wylis 

mimRebi konturis. haeriT gamTbari freoni siTbos gadascems Senobis haers. 

arsebobs Tburi tumbos muSaobis sami reJimi: 1. monovalenturi, rode-

sac Tburi tumbo mTlianad akmayofilebs gaTbobis mTel sistemas. 2. mono-
energetikuli, rodesac gaTbobis sistemis gaTbobis erTaderTi wyaro aris 

erTi saxis energia, magaliTad eleqtroenergia, rodesac Tburi tumbo ve-

Rar akmayofilebs gaTbobis sistemis moTxovnebs irTveba meore generatori 

romelic muSaobs eleqtroenergiaze. 3. bivalenturi reJimis dros Tburi 

tumbo muSaobs haeris garkveul temperaturamde, haeris temperatura Tu Ca-

mocdeba garkveul  niSnuls irTveba meore generatori, vTqvaT bunebriv 

airze momuSave. bivalenturi da monoenergetikuli reJimebi erTmaneTis ana-

logiuria. 

Tburi tumbo muSaobis procesSi moixmars eleqtroenergias , am sim-

Zlavris da Tburi tumbos simZlavris sidideTa fardobas ewodeba Tburi 

tumbos simZlavris koeficienti. E 

E = T / P 
sadac, EE simZlavris koeficientia, QT miRebuli siTbo da P moxmarebu-

li eleqtroenergia. rac ufro maRalia Tburi wyaros temperatura da da-

balia Tburi energiis momxmareblis temperatura miT ufro maRalia koefi-

cienti. Kkoeficienti meryeobs 2,5-5-is farglebSi. 

Tburi tumbos SerCevisas unda dadgindes misi muSaobis reJimebi da 

Tburi datvirTvebi. Tburi datvirTvis gaangariSebisas SegviZlia visargeb-

loT evropis qveynebSi miRebuli parametrebiT: 1. axali Senoba (kargi Tbo-

izolacia) 50 vt/m2  2. saxli normaluri TboizolaciiT 80 vt/m2  3. Zveli 

aSenebuli saxli (specialuri Tboizolaciis gareSe) 120 vt/m2. Amas emateba 
cxeli wylis xarji, sacxovrebeli farTebisTvis saangariSod aiReba cxe-

li wylis maqsimaluri xarji, dRe-RameSi erT sul mosaxleze iangariSeba 

450 C–iani 200 litri wyali, es ki tolia  0,25 kvt-is erT sul mosaxleze 

gacxelebis 8 sT-iani periodisTvis. magaliTisTvis aviRoT, sacxovrebeli 

saxli 100 m2, eqvsi adamianiT dasaxlebuli. saqarTveloSi, quTaisSi sakma-

risia  rom 1 m2-ze Tburi datvirTva viangariSoT 100 vt-is tolad. e.i. 100 
m2-is gasaTbobad saWiro iqneba 100 * 100 = 10 000 vt = 10 kvt energia, cxeli 

wylis moxmareba iqneba 0,25 * 8 = 2 kvt-is toli, saxlisTvis sul gvWirde-

ba 10 + 2 = 12 kvt, Tu viangariSebT rom Tburi tumbos koeficienti 4-is 
tolia, eleqtroenergiis xarji gveqneba 12 / 4 = 3 kvt/sT-Si. Tu viangari-

SebT rom Tburi tumbos mTeli dRis ganmavlobaSi mouwevs maqsimum 12 sT 

sruli datvirTviT muSaoba, radgan danarCeni 12 sT mouwevs uqm reJimSi 

yofna, dRe-RameSi eleqtroenergiis xarji gveqneba 12 * 3 = 36 kvt, samas 
kvt-mde eleqtroenergia male eRireba 0,1652 lari, eseigi dRe-RameSi dagve-
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xarjeba Tburi tumbos muSaobaze 0,1652 * 36 = 5,947 lari, TveSi – 30 * 
5,947 = 178,41 lari, anu 179 larad miviRebT gamTbar saxls zamTarSi (za-

fxulSi-grils) da cxel wyals 24 saaTis ganmavlobaSi. igive rom miviRoT 

gazis gamaTbobliT, dagvexarjeba TveSi 12*1,2*0.45*30=194.4 lari, magram at-

mosferos davabinZurebT. xolo igive efeqti rom miviRoT eleqtro energia-

ze momuSave gamaTbobliT dagvexarjeba 12*12*0.1652*30=713.664 lari TveSi 

(analogiuri efeqti gveqneba Tu erTmaneTs SevadarebT am saxlis gagrile-

baze daxarjul eleqtroenergias da Tburi tumbos meSveobiT am saxlis 

gagrilebaze daxarjul eleqtroenergias). Ee.i. Tburi tumbos meSveobiT 

gveqneba gacilebiT naklebi xarji da garemos davicavT atmosferoSi nax-

SiroJangis moxvedrisagan. 

Tburi tumbos gamoyenebis samomavlo perspeqtivebi did imedebs iZleva. 

saqarTvelos zomieri klimatis, aq arsebuli gruntis wylebis didi mara-

gis, uamravi miwiszeda wylebis gaTvaliswinebiT SegviZlia Tamamad ganva-

cxadoT rom Tu mizanmimarTuli da gonivruli samuSaoebi ganxorcieldeba 

am mimarTulebiT, SesaZlebeli iqneba iafi, sufTa da advilad xelmisaw-

vdomi energiis didi moculobis miReba Tburi tumboebidan. 
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ECONOMIC EFFICIENCY OF USING HEAT PUMPS 
Kublashvili G. 

Akaki Tsereteli State University 
Summary 

there  is  raised  the  interest  in  generating  and  using  therenewable and non-traditional energy so-
urces throughout the world. Heat pump is just thattype of equipment, which consumes low-grade energy of 
the environment and generates 3-4times  more  energy,  than  it  needs  for  functioning.  The  paper  dwells  
on  the  analysis  ofprospects for using the renewable energy sources and the role of heat pump equipment in-
heat  and  power  resource  conservation. There also studied the ways of generating low-grade energy of earth 
byusing heat pump. The paper also describesthe  heat  pump  installed  capacity  selective  parameters  by  ta-
king  in  account  hot  waterconsumption and heat loads. There are studied the costs spent for generating this 
energy,and the economic efficiency of  heat pump using is clearly shaped out.  The paper oftenmentions the 
heat generated by heat pump, heat pump heats the building in cold weather, itmeans that it is capable of gene-
rating coolness of the same volume in warm weather. Thepaper highlights that with a view to moderate cli-
mate condittions of Georgia, there exist thereliable prospects for widespread use and introduction of heat 
pump in our country. 
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SromiT personalTan muSaobis teqnologiebi 
energetikaSi 

 

miqabaZe s. 
akaki wereTlis saxelmwifo universiteti 

  
energetika Cveni qveynis ekonomikis erT-erTi wamyvani dargia, igi gamoirCeva 

gansakuTrebuli specifikurobiT, amitom didi mniSvneloba eniWeba adamianuri re-
sursebis efeqturad marTvas.  

Tanamedrove pirobebSi SromiTi resursebis sistemuri organizacia sawarmoo 
procesSi organulad CarTul meTodebsa da teqnologiebs moiTxovs. winaaRmdeg 
SemTxvevaSi gamoyofili prioritetuli amocanebi SesaZloa ubralod deklarire-
buli survuli aRmoCndes. 

statiaSi ganxilulia iseTi unmiSvnelovanesi teqnologiuri meTodebi rogo-
ricaa: regulirebadi sakadro auditi, mmarTvelobiTi gundis Camoyalibeba, kvali-
ficiuri personalis SerCeva, romelic gamoiyeneba energetikuli sawarmoebis fun-
qcionirebis sxvdasxva etapze. 

mmarTvelobiTi saqmianobis efeqturobis asamaRleblad, saWiroa menejerebsa 
da specialistebs Soris codnis gacvlis kompiuteruli da Sida araformaluri 
komunikaciebis arseboba. codnis marTvis sistemis danergva TanamSromlebis profe-
siuli ganviTarebis erT-erTi yvelaze Zlieri saSualebaa. igi saSualebas iZleva 
ukeT moxdes profesiuli saqmianobis refleqsireba da am gziT moiZebnos SesaZ-
leblobebi misi srulyofisaTvis.  

 
adamianuri resursebis sistemuri orgnizacia sawarmoo procesSi orga-

nulad CarTul meTodebsa da teqnologiebs moiTxovs. winaaRmdeg SemTxve-

vaSi, gamoyofili prioritetuli amocanebi SesaZloa ubralod deklarire-

buli survili aRmoCndes. amasTan, aucilebelia sakadro muSaobis teqno-

logiuri organizacia.  

ganvixiloT SromiT personalTan muSaobis teqnologiebi: 

regularuli sakadro auditi.  esaa menejerTa da specialistTa mimdi-

nare da perspeqtiul amocanebTan Sesabamisobis Sefaseba. sakadro auditis 

teqnologia moicavs: 

 sakadro menejmentis mimdinare da perspeqtiul amocanebs 

 menejerebisa da specialistebis mimarT individuaruli moTxovnebisa Si-

naarssa da dones. 

 menejerebis mmarTvelobiTi kompetenciis struqturisa da maTi profsiu-

li zrdis potencials. 

 mTlianad energokompaniis  organizaciuli kulturis Taviseburebebisa 

da biznesis amocanebTan misi Sesabamisobis gansazRvras. 

sakadro auditis Sedegebi xelmZRvanelebs srul informacias aZlevs 

mmarTveli personalis realuri SesaZleblobebis Sesaxeb, raTa man gana-

xorcielos inovaciuri saqmianoba. auditis Sedegad: 

1. isini avlenen specialistebs, romelTa CarTvac aseT samuSaoSi ar aris 

mizanSewonili. 

2. gaisazRvreba perspeqtiuli menejerebi da konkretdeba maTi swavlebis 

Sinaarsi. 

3. yalibdeba saswavlo programebi personalis sxvadaxva kategoriebisaT-

vis. 
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4. fasdeba kompaniis mier mmarTvelobiTi personalis moTxovna uaxloes 

da saSualovadian perspeqtivaSi. 

5. muSavdeba konkretuli RonisZiebebi organizaciuli cvlilebebis mimarT 

personalis mzadyofnis asamarleblad. 

6. yalibdeba personalis marTvis samsaxuris srulyofis RonisZiebebi Ca-

moyalibebuli inovaciuri amocanebis Sesabamisad. 

mmarTvelobobiTi gundis Camoyalibeba - mmarTveloboTi gundi aris me-

nejerebisa da specialistebis jgufi, romelic iziarebs miznebs, faseulo-

bebs da zogad midgomebs erToblivi saqmianobis sarealizaciod. gunds ga-

aCnia urTierTSemsebeli codna da unari, orientirebulia saerTo Sedegeb-

ze da iRebs misi miwevis pasuxismgeblobas. gundis Camoyalibebis erT-erTi 

yvelaze Zlieri faqtoria gadasawyveti amocanebis maRali mniSvneloba. 

maStaburi da rTuli amocanebi xels uwyoben koncentracias maRali moti-

vaciis saerTo mizanze da piradi interesebis jgufuri faseulobebisadmi 

daqvemdebarebas. gacilebiT ufro advilia gundis Seqmna axali amocanis 

gadasawyvetad, vidre mimdinare  da kargad cnobili problemebis aRmosafx-

vrelad.  

efeqturi gundisTvis damaxasiaTebelia  iseTi Tvisebebi, rogoricaa 

urTierTmxardaWera, ndoba, mizanmimarTuloba, TanamSromlobis valdebu-

leba, siTamame, enTuziazmi, xazgasasmelia, rom namdvili gundi mxolod ma-

Ralkvalificiuri cpecialistebisagan iqmneba. romelTac gaaCnia erTobli-

vi saqmianobis, pasuxismgeblobis unari da romlebic asruleben sxvadasxva 

araformalur funqciur rolebs jgufSi.  

gundis formirebis optimaluri gegma (meTodebi, teqnologiebi da muSa-

obis etapebi) damokidebulia konkretul pirobebze. Tumca, arsebobs uni-

versaluri RonisZiebebi, romlebic praqtikulad, yvela SemTxvevaSi  gamoi-

yeneba: 

1. gundSi muSaobis unaris mqone menejerebis SerCeva. 

2. gundSi muSaobis unaris formireba 

3. jgufuri gadawyvetilebebis SemuSavebis Cvevis ganviTareba; 

4. menejerTa regularuli swavleba, romelic uzrunvelyofsprofesiul 

zrdas, axlis aRqmis unarisa da qcevis moqnilobis SenarCunebasa da 

dacvas. 

5. menejerTa monawileoba daqvemdebarebulTa swavlebaSi. 

6. saproeqto marTvis meTodis aqtiuri gamoyeneba axali amocanebis gadawy-

vetisas. 

saorganizacio kuTxiT gundis formireba sawarmos xelmZRvanelebisa 

da eqspert-konsultantebis erTobliv samuSaos warmoadgens. amasTan, gun-

dis formirebis procesSi gamoiyeneba sxvadasxva meTodika, teqnika da teq-

nologia. gansakuTrebiT efeqturia realur sawarmoo procesSi CarTuli 

meTodikebi. (sqema 1)  mocemuli teqnologiis idea mdgomareobs imaSi, rom 

gundi Camoyalibdes realuri saorganizacio da teqnikuri amocanebis ga-

dawyvetaze muSaobis procesSi. 

kvalificiuri personalis SerCeva- sabWoTa periodis praqtikidan cno-

bilia, rom xelmZRvanelebi axali TanamSromlebs xSirad arCevdnen kad-

rebs samsaxuris gareSe. am dros isini eyrdnobodnen sakuTar intuicias da 
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gamocdilebas, agreTve rekomendacias wina samuSao adgilidan, xSiri Sec-

domebi ki iwvevda TanamSromelTa xSir gaTavisuflebas da axlai kadrebis 

daniSvnas. aseTi midgoma araekonomiuri da araoefeqtiani iyo. Tanamedrove 

pirobebSi personalis marTvis teqnologiis erT-erTi umniSvnelovanesi mi-

marTulebaa kadrebis (Segroveba) da SerCeva. 

sqema 1 

gundis Seqmnis programa 

 

   გუნდი 

  
 

nebismieri kompaniis momavali saqmianoba personalis marTvis sferoSi  

didaTaa damokidebuli imaze, Tu rogori kadrebi iqna SerCeuli da rogor 

Catardeba SerCevis procesi. personalis SerCevis sistema gansxvavebulia 

qveynebis mixedviT. mag: iaponur firmebSi “organizacias argeben adamians` 

aq ufro nakleb yuradRebas aqceven specialur codnas, unar-Cvevbs da praq-

tikul gamocdilebas, romelic saWiroa Tanamdebobrivi movaleobebis dau-

yovnebliv SesrulebisaTvis da koncentrirebulni arian individualur po-

tencialsa da swavlebis xarisxze. es imit aixsneba, rom iaponur firmebSi 
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ama Tu im pirovnebis daqiraveba, rogorc wesi xangrZlivi drois ganmavlo-

baSi xdeba. konkretuli specialuri unar-Cvevbisa da gamocdilebis miReba 

xdeba uSualod kompaniaSi. kadrebTan muSaobis mTeli sistema aq morgebu-

lia `mudmivi daqiravebis” princips. aSS-Si ki upiratesobas aniWeben iseTi 

mumuSaveebis daqiravebas, romelsax gaaCnia praqtikuli gamocdileba ,pro-

fesiulobli codna da unar-Cvevebi. aseT SemTxvevaSi axali momuSaveebis 

swavlebaze gacilebiT naklebi danaxarjebia saWiro da daqiravebuls SeuZ-

lia, pirdapir Seudges masze dakisrebuli movaleobebis Sesrulebas.  

yvela SemTxvevaSi kadrebis SerCeva mimarTulia predendentis unarsa da 

SesaZleblobebis gamovlenisaken, raTa gansazRvruli iqnes misi Sesabamiso-

ba kompaniis muSaobis TaviseburebebTan da pirobebTan. 

personalis SerCevisa da daqiravebis procesi ganixileba  rogorc ada-

mianuri resursebis samsaxuris funqcia, magram am procis efeqtianad da Se-

degianad Catareba moiTxovs im qvedanayofis xelmZRvanelis monawileobas, 

romlisTvisac xdeba personalis SerCeva. amavdroulad am xelmZRvanelebs 

kargad unda esmodes SerCevis mniSvneloba da unda SeeZloT gamoyenebuli 

SerCevis procesis teqnologiebis efeqturobis Sefaseba. SerCevis samar-

Tliani, Ria  da misaRebi procedura warmoadgens kompaniis savizito ba-

raTs.  

personalis SerCeva aris procesi, romelsac sawarmo axorcielebs im 

adamianTa resursebis mosazidad, romelTac gaaCniaT kompaniis miznebis mi-

saRwevad saWiro unarebi, codna da kvalifikacia. am procesis dros kompa-

nia axdens moziduli dainteresebuli potenciuri kandidatebidan im pire-

bis gamovlenas, romlebic vakanturi adgilis moTxovnebs da kritetiumebs 

yvelaze metad akmayofileben. 

personalis SerCeva ar unda iyos adamianTa resursebis marTvis siste-

maSi izolirebuli procesi, is unda iyos Serwymuli personalis marTvis 

sxva aspeqtebTan da warmoadgendes erT mTlian kargad organizebul siste-

mas, romelic funqcionirebac  sawarmos mTlian mizans emsaxureba. sawar-

moSi personalis SerCevis cudad organizebul meqanizms rogorc wesi moh-

yveba adamianTa resursebis marali denadoba, cudi moralur-fsiqologiuri 

klimati, dabali disciplina, Sromisnayofierebis dabali done da sxva 

destruqciuli procesebi.  

Sromis bazarze warmoqmnili viTareba zogjer warmoSobs predendente-

bis did raodenobas, rac arTulebas da droSi aWianurebs SerCevis pro-

cess. aseT SemTxvevaSi damsaqmebeli organizacia ayenebs ufro mkacr da 

mravalferovan moTxovnebs, rac SesarCev kandidatTa sias garkveulwilad 

amcirebs. 

Sesabamisi kvalifikaciis mqone predendentebis deficitis SemTxvevaSi 

organizacia rogorc wesi amcirebs moTxovnebis moculobas, radgan arse-

bobs imis safrTxe, rom predendentebi saerTod aRar iqnebian  da SerCevis 

procesi CaiSleba.  

praqtikaSi, personalis SerCevisas gamovlenili yvelaze realuri kan-

didatic ki ar aris sawarmos mier dadgenili vakansiis moTxovnebis Sesaba-

misi `idealis” asli. amitom SerCevis mizani xdeba mxolod im kandidatis 

SerCeva, romelis maCveneblebi warmodgenil kandidatebs Soris yvelaze me-



 

saerTaSoriso samecniero konferencia 

INTERNATIONAL   SCIENTIFIC  CONFERENCE 
 

 292

tad aris miaxloebuli am `idealTan”. 

personalis SerCevis Sesaxeb gadawyvetilebis miRebis win, saWiroa ga-

keTdes Sesasrulebeli samuSaos analizi, Seswavlil iqnes samuSao proce-

si yvela TvalsazrisiT. ganviTarebul qveynebSi am etaps eniWeba gansakuT-

rebuli yuradReba. sqema. romelic moicavs: 

kandidatebis seleqciis meTodebi kadrebis SerCevisas gansxvavebulia 

erTi organizaciis farglebSi da damokidebulia vakansiis saxeobaze. yve-

laze xSirad ganixilaven sam ZiriTad koncefcias: 

1. SerCeva Sesabamisobis an `axali sisxlis `mosaZebnad” Sesabamisoba`  

gulisxmobs iseTi kadrebis moZiebas, romelic Seesabameba organizaciaSi 

arsebul sociums, xolo maTi codna da gamocdileba Sesasrulebel samu-

Saos moTxovnebs maqsimalurad akmayofilebs. xolo `axali sisxlis” moZeb-

nas eniweba upiratesoba, rodesac saxezea organizaciaSi iseTi mkveTri 

cvlilebebi, rogoric aris: finansuri krizisi, axali ekonomikurisferos 

aTviseba, axali produqtis gamoSveba, axali sawarmoo xazis danergva, 

mkveTri cvlilebebi marketingSi da konkurenciis pirobebSi. 

2. SerCeva mimdinare amocanebis Sesasruleblad an organizaciaSi karie-

rul zrdaze gaTvlili grZelvadiani daqiravebisaTvis. mimdinare amocane-

bis Sesasruleblad SerCeva xdeba organizaciis mimdinare moTxovnebidan 

gamomdinare. am SemTxvevaSi sasurvelia, rom kandidats qondes kargi adap-

taciis unari, raTa mokle droSi SeZlos sawarmoo procesSi CarTva. xolo 

`organizaciaSi karieruli zrdaze gaTvlili grzelvadiani daqiravebisaT-

vis” kadrebis SerCeva iTvaliswinebs kandidatis moZebnas xangrZlivi dro-

iT daqiravebis mizniT. droTa ganmavlobaSi am muSakis swavlebas kvalifi-

kaciis da profesionalizmis asamarleblad karieruli zrdis perspeqtiviT. 

3. SerCeva momzadebuli an mosamzadebeli kadrebis dasaqiraveblad. 

momzadebuli kadrebis daqiravebas sawarmebi cdiloben ekonomiis Tvalsaz-

risiT, raTa daizogos kadrebis swavlebis xarjebi. magram rig SemTxvevveb-

Si es midgoma ar amarTlebs. zogierT dargSi, magaliTad energetikaSi, sa-

warmoebi ar endobian mxolod miRebul codnas da amjobineben safuZvlia-

nad Seiswavlon da gadaamzadon personali Sesasrulebeli sasmuSaos spe-

cifikis gaTvaliswinebiT. ama SemTxvevaSi sawarmo sakmarisad miiCnevs kan-

didatebis sabaziso codnas. es saukeTeso Sansia axalgazrda umaRlesdam-

TavrebulebisaTvis.  

romel koncefciasac ar unda mimarTavdes  organizacia, mTavari amoca-

na aris rac SeiZleba ufro racionalurad da efeqturad Seivsos sawamos 

adamianuri resursebi. 

amgvarad, mmarTvelobiTi saqmianobis efeqturobis asamaRleblad, saWi-

roa menejerebsa da specialistebs Soris codnis gacvlis kompiuteruli 

da Sida araformaluri komunikaciebis arseboba. codnis marTvis sistemis 

danergva TanamSromlebis profesiuli ganviTarebis erT-erTi yvelaze Zli-

eri saSualebaa. igi saSualebas iZleva ukeT moxdes profesiuli saqmiano-

bis refleqsireba da am gziT moiZebnos SesaZleblobebi misi srulyofi-

saTvis.  
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TECHNOLOGIES OF WORK WITH LABOR PERSONNEL IN ENERGETICS 

Mikabadze S. 
Akaki Tsereteli State University 

Summary 
Energatics is one of the leading sectors of the economy of our country, it boasts exceptional specificity, 

so it is important for the effective management of human resources. 
The modern system of labor in terms of techniques and technologies involved in the production of orga-

nically required. Otherwise, you may have just announced a desire to be allocated to priorities. 
The article deals with the most important technological methods, such as adjustable audit staff, manage-

ment team, with the  qualified personnel selection, which is used in various stages of operation of power 
plants. 

To improve the efficiency of management, it is necessary for the managers and specialists to share their 
knowledge and internal computer communications are informal. Knowledge Management System in one of 
the most powerful means of professional development. This allows a better understanding of professional ac-
tivity and thus to explore the possibilities for improvement of reflexes. 
 

 
 

 
 

saqarTvelos eleqtroenergetikaSi arsebuli 
mdgomareoba da misi ganviTarebis perspeqtivebi 

 
ionaniZe a. 

aiip “studentebi energoefeqtianobisaTvis” 

 
statiaSi ganxilulia 2004 wlidan dRemde saqarTvelos eleqtrosistemaSi ar-

sebuli mdgomareoba da eleqtrosistemis saimedoobisaTvis ganaxlebadi energore-
sursebis gamoyenebis potenciali. 

 

2004 wlidan 2014 wlamde „saqarTvelos saxelmwifo eleqtrosistema“-m 

teqnikuri reabilitaciis mniSvnelovani etapebi ganvlo. reabilitaciis 

procesSi araerTi mniSvnelovani proeqti ganxorcielda, romlis mizanic 

iyo eleqtroenergetikuli seqtoris usafrTxoebis donis amaRleba. 

eleqtroenergetikul seqtorSi energetikuli usafrTxoebis ZiriTadi 

maxasiaTebelia eleqtroenergiis miwodebis uwyvetoba, romlis uzrunvel-

yofac SesaZlebelia qveyanaSi eleqtroenergiaze moTxovnilebis dakmayofi-

lebiT, rac Tavis mxriv, gulisxmobs sakuTari resursebis maqsimalurad 

gamoyenebas. rogorc CvenTvis cnobilia dReisaTvis wylis energetikuli 

resursis mxolod 18-20 % gvaqvs aTvisebuli. miuxedavad imisa, rom 2014 wi-

saTvis eqspluataciaSi Sevida 6 hidroeleqtrosadguri, romelTa saerTo 

dadgmuli simZlavre 131.64 mgvt-ia, eleqtroenergiis balansi mainc defici-

turi aRmoCnda. (ix. nax. 1.) Sesabamisad, adgilobrivi resurebiT moTxovnis 

dasakmayofileblad aucilebeli gaxdeba qveynis energosistemaSi axali ge-

neraciis simZlavris wyaroebis damateba, rac momavalSi mniSvnelovnad Se-

amcirebs qveynis damokidebulebas eleqtroenergiis importze. 
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nax. 1. bazris operatoris mier Sesyiduli sabalanso eleqtroenergiis struqtura 

2014 weli (%) [3] 

 
2014 wels eleqtroenergiis warmoebam (salteze gacemam) Seadgina 10 

153,72 mln. kvt.sT. da yovelwiurad inarCunebs zrdis tendencias. qselSi 

jamurad miwodebulma eleqtroenergiam Seadgina 11 005,6 mln. kvt.sT. hidro-

eleqtrosadgurebis mier gamomuSavebulma eleqtroenergiis odenobam Sead-

gina 8 333,7 mln. kvt.sT, rac qselSi miwodebuli eleqtroenergiis 75.7%-s 

Seadgens, mTlianobaSi, saqarTveloSi warmoebulma eleqtroenergiam daak-

mayofila qselSi miwodebuli eleqtroenergiis 92.3%, (ix. nax. 2.). xolo 

eleqtrosadgurebis sasadgure danakargebma da sakuTarma moxmarebam Sead-

gina 1.9%.  

aseve stabilurad izrdeba eleqtroenergiis moxmareba. romelmac 2014 

wels Seadgina 10 170,13 mln kvt.sT, 5%-iT meti, vidre wina wels, xolo 

8.4%-iT meti, vidre 2012 wels. aRsaniSnavia, rom saqarTvelos eleqtroener-

giis moxmareba 2004-2014 wlebis monacemebze dayrdnobiT yovelwliurad sa-

Sualod 3.3%-iT izrdeba, rac isedac deficituri warmoebisa da moxmarebis  

balansis pirobebSi kidev ufro deficituრs gaxdis sistemas. 2014 wels 

uaryofiTma saldom (-620 mln.kvt.sT) Seadgina, rac 2013 welTan SedarebiT 

2-jer aris gazrdili, xolo 2012 welTan SedarebiT – 1.5-jer. 

rogorc ukve avRniSneT zamTris periodSi eleqtroenergiaze moTxovnis 

dakmayofileba ver xerxdeba hidro- da Tbogeneraciis simZlavreebiT. Sesa-

bamisad, saWiroa eleqtroenergiis importi mezobel qveynebidan. rac Seexe-

ba zafxulis periods, Warbi wylis resursebi saSualebas iZleva, eleq-

troenergiaze moTxovna dakmayofildes da ganxorcieldes narCeni eleq-

troenergiis eqsporti. aRsaniSnavia is faqti, rom rogorc importis, ise 

eqsportis mniSvnelovani nawili xorcieldeba ruseTis mimarTulebiT. 

2014 wels kvlav uaryofiTi saldo dafiqsirda eleqtroenergiis im-

port-eqsportSi 2014 wels eleqtroenergiis importma 793,33 mln. kvt.sT Se-

adgina, rac 64%-iT metia wina wlis, xolo 29%-iT meti – 2012 wlis maCve-

neblebze. rac Seexeba eqsports, 2014 wels saqarTvelodan eqsportirebul 

iqna 545,06 mln. kvt.sT eleqtroenergia, rac wina wlis maCvenebelze 21%-iT, 

xolo 2012 wlis maCvenebelze – 3%-iT metia. (ix. nax. 3). 
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nax. 2. eleqtroenergiis warmoeba-moxmareba 2014 weli [3] 

 

 
nax. 3. eleqtroenergiis importi da eqsporti [3] 

 
qveynis eleqtroenergetikuli seqtoris ganviTarebis da mdgradobis 

perspeqtiva dakavSirebulia ganaxlebadi energoresursebis maqsimalur ga-

moyenebasTan. 

saqarTvelo ganaxlebadi energiis wyaroebiT mdidari qveyanaa, romlis 

didi energetikuli potencialic wylis resursebze modis. samomavlod isev 

igegmeba hidroeleqtrosadgurebis mSenebloba Tumca isic unda aRiniSnos, 

rom ekologiuri TvalsazrisiT arc Tu ise gamarTlebulia wyalsacaviani 

sadgurebis mSenebloba da bevri mowinaaRmdege hyavs aRniSnul proeqtebs. 

 meore mxriv, qaris energiis potencialis aTviseba gansakuTrebul mniS-

vnelobas iZens, qveynis eleqtroenergetikuli seqtoris sezonurobidan ga-

momdinare, zamTris periodis im TveebSi, roca saqarTvelos wylis resur-

sebis potenciali ecema. arsebuli kvlevebis safuZvelze saqarTveloSi 

wylisa da qaris resursebis jamuri savaraudo potenciali 16.5 aTasi mega-

vatia, xolo maTi saSualo wliuri gamomuSaveba – 54-55 mlrd.kvt saaTi. 

saqarTveloSi arsebobs mzis energoresursis gamoyenebis uzarmazari po-

tenciali.  

mzis energiis gamoyeneba kidev ufro perspeqtiuli gaxda organizacie-

bis „jagsa“–s da „micubiSi“–s mier warmatebiT ganaxorcielebuli proeqti 
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„tesla“-s Semdeg.  2015 wlis 10 marts iaponurma organizaciebma  „jagsa“–m 

da „micubiSi“–ma warmatebiT      ganaxorcieles proeqti „tesla“. ris Se-

degadac usadenod  50 metrze 1,8 kvt el. energiis gadacema moxerxda. tes-

las kidev erTi didi miRweva saxlis batareebia, saxelwodebiT „fauervo-

li“ (Powerwall) mas revoluciursac ki uwodeben. eqspertebis SefasebiT ba-

tareebi mzis energias efeqturad inaxavs da energomomaragebis uwyvetobas 

uzrunvelyofs. daaxloebiT erTmetriani Txeli batarea individualur 

moxmarebazea gaTvlili. is saxlis kedelze magrdeba an calkec SeiZleba 

damontaJdes. prezentaciaze warmodgenili TeTri da nacrisferi „fauervo-

lis“ fasebia 3 000 da 3 500 dolari, imis mixedviT, Tu ramden kilovatia-

nia, 7 Tu 10. aseve unda aRiniSnos isic rom teqnologiurma miRwevebma gana-

piroba mzis eleqtrobatareiebis fasis mkveTrad kleba. es tendencia nar-

Cundeba da yovel meore wels maTi fasi naxevrdeba. 

saqarTvelo rogorc samxreTis qveyana, mzis energiiT mdidaria da mde-

bareobs e.w.  ,,msoflios mzis sartyelSi”. mzis energiis Teoriuli odeno-

ba, romelic Cvens teritoriaze xvdeba wlis ganmavlobaSi aRwevs 1014  

kvtsT–s,anu 32,5 mlrd tona pirobiT saTbobs, saqarTvelos umetes raionSi 

mzis naTebis wliuri xangrZlivoba sakmaod didia da meryeobs 200 –dan 250 

dRemde. wlis ganmavlobaSi mzis naTebis yvelaze maRali maCvenebeli aRi-

niSneba radionovkaSi ( 2633sT), yvelaze dabali –  sairmeSi (1147sT). 

samwuxarod qveyanaSi samTavrobo doneze ar xorcieldeba mzis energi-

is gamoyenebis propaganda da ar gagvaCnia strategia am mimarTulebiT. Tum-

ca miuxedavad amisa arasamTavrobo organizaciebisa da saerTaSoriso do-

norebis daxmarebiT araerTi proeqti ganxorcielda aRniSnuli mimarTule-

biT. aRsaniSnavia isic rom xSiria mzis energiis gamoyenebis faqtebi kerZo 

seqtorSiSi,  ekonomikuri Sedegis misaRebad (sastumroebSi, ojaxebSi da 

a.S.) 
 

ლიტერატური. 
1. qeburia m. mzis energetikis SesaZleblobebi//ganaxlebadi, aratradiciuli ener-

goresursebi da maTi energetika, quTaisi, 2009,N#3, gv. 225-226 
2. ComaxiZe d. Aalternatiuli energoresursebi//saqarTvelos energetikuli usaf-

rTxoeba, Tbilisi, 2003, #2, gv.68-88 
3. energetikisa da wyalmomaragebis maregulirebeli erovnuli komisiis 2014 wlis 

angariSi. 
4. www.gnerc.org 
5.  https://www.youtube.com/watch?v=Fna1HACM81s 
6.  http://energynews.ge/inovacia-energetikashi/ 

 

Ionanidze A. 
Summary 

From 2004 to 2014 “Georgian National Electrical System” has passed important stages of technical 
rehabilitation. During the rehabilitation process, several important projects aiming increasing the safety of 
electrical technical sectors have been implemented. Unfortunately, despite the measures passed  the Georgian 
national electrical system still faces  big problems and  challenges.  

The perspective of development of energetic technical sector of the country and its sustainability is 
related to usage of renewable resources ( solar, weather, water, energy resources), unfortunately, promotion 
of renewable resources are not being discussed at governmental level and we have no strategy with this direc-
tion.  
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eleqtroenergetikis ganviTarebaze moqmedi faqtorebi 
da winapirobebi 

 
ukleba e. 

akaki wereTlis saxelmwifo universiteti 

 
energetikuli  resursebiT  uzrunvelyofa,  mdgradi  energetikuli infrastruq-

turis da saimedo energetikuli bazrebis arseboba sazogadoebis warmatebuli funqcio-
nirebis umniSvnelovanes elements warmoadgens. energiiT uzrunvelyofa iseve mniSvne-
lovania, rogorc pirveladi moxmarebis produqtebis miwodeba da warmoadgens ekonomi-
kuri da socialuri ganviTarebis aucilebel winapirobas. 

 
energetikis ganviTarebis winapirobebsa da moTxovnebs Soris, pirvel rig-

Si, unda davasaxeloT qveynis energetikuli resursebi, samecniero-teqnikuri 

baza da ZiriTadi sawarmoo fondebi (kapitali). dargi unda akmayofilebdes 

ekologiur moTxovnebs, energodazogvisa da ekonomikuri efeqtianobis miRe-

bul standartebs. 

energetikis ganviTarebaSi samecniero-teqnikuri progresi asrulebs gan-

sakuTrebul rols, igi uzrunvelyofs produqciis warmoebis gadidebas, nawar-

mis saxeobaTa gafarToebas, xarisxis amaRlebas, agreTve produqciis erTeul 

warmoebaze cocxali da ganivTebuli Sromis danaxarjebis Semcirebas. samecni-

ero-teqnikuri progresi aqtiurad zemoqmedebs materialur warmoebaze da sa-

warmoo ZalTa srulyofis safuZvelze, romelic warmoebiTi urTierTobis 

srulyofas ganapirobebs. 

Tanamedrove energetikuli warmoeba ar SeiZleba ganviTardes mecnierebis 

gareSe da misi teqnikuri done damokidebulia mecnieruli kvlevis Sedegebis 

danergvis masStabebze. 

energetikuli ganviTarebis winapirobaTa Soris erT-erTi mTavari ekono-

mikuri piroba adamianuri resursebisa da energetikuli kadrebis (energetikis 

maRalkvalificiuri speacialistebis) arsebobaa. igi dargis mTavari simdid-

rea da organul kavSirSia mis mudmiv ganviTarebasa da cvlilebebis rTul 

procesTan. 

Tavisi ganviTarebis rTul da xangrZliv periodSi saqarTvelos energeti-

kul seqtorSi mniSvnelovani SromiTi potenciali Seiqmna. es ukanaskneli misi 

raodenobrivi TvalsazrisiT gacilebiT ufro farTo cnebaa SromiT resur-

sebTan SedarebiT. SromiTi potenciali misi SromiTi resursebisagan gansxvav-

deba imiTac, rom SromiTi potencialis xarisxobrivi gaumjobeseba SromiTi 

resursebis gadidebis tolfasia. es, pirvel rigSi, Seexeba energetikul sain-

Jinro-teqnikur kadrebs, romlebsac dagrovili aqvT muSaobis mdidari gamoc-

dileba, magram axla sxvadasxva obieqturi da subieqturi mizezebis gamo ar mu-

Saoben, Tumca jer kidev aqvT unari sargebloba moutanon dargs (ix. cxrili 1). 

energetikis ganviTarebis winapirobaTa Soris erT-erTi mTavaria ZiriTa-

di kapitalis arseboba. (ix. cxrili 2). 

ZiriTadi kapitalis mTavar Semadgenels ZiriTadi fondebi warmoadgens. 

am fondebis raodenobrivi zrda da xarisxobrivi srulyofa ganuwyveteli teq-

nikuri progresis bazaze warmoebis Semdgomi gafarToebisa da qveynis ekonomi-

kuri Zlierebis maCvenebelia. 
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cxrili 1. 
eleqtroenergetikis seqtorSi dasaqmebuli kadrebis  

ricxovnoba 2000-2013 wlebSi 

weli 
eleqtroenergiis warmoe-

ba-ganawileba 
cvlileba 

% 

2000 16036 100,0 

2001 16270 101,45 

2002 15146 94,44 

2003 15014 93,62 

2004 15985 99,68 

2005 14934 93,12 

2006 13345 83,21 

2007 13073 81,52 

2008 12105 75,48 

2009 12120 75,57 

2010 11328 70,64 

2011 11654 72,67 

2012 11370 70,90 

2013 11024 68,74 

 
cxrili 2 

energetikis seqtoris ZiriTadi kapitalis Rirebuleba (mln. lari) 
weli mrewvelobaSi eleqtroenergetikaSi 

2000 2151,4 947,0

2001 2194,8 950,5

2002 2202,0 961,5

2003 2205,2 976,01

2004 2163,5 997,05

2005 1985,2 1050,0

2006 2124,4 1170,7

2007 2651,8 1245,7

2008 3276,2 1463,1

2009 3459,7 1487,6

2010 3856,2 1654,3

2011 4580,5 1967,5

2012 4982,9 2045,2

 
sxva winapirobaTa Soris unda davasaxeloT energoresursebis ekonomiku-

ri da racionaluri gamoyeneba, agreTve ekologiur moTxovnaTa dacva. energe-

tikis erT-erTi mTavari ganmsazRvreli faqtoria energomoxmarebis arsebuli 

sistema. 

saqarTveloSi mmarTvelobis damkvidrebuli sistemisa da sabazro ekono-

mikisaTvis damaxasiaTebelma reformebma jer kidev ver gamoiRo saTanado Sede-

gi. mkveTrad daeca energoresursebis gamoyenebis efeqtianoba. mwvaved dadga 

arsebuli Tbomomaragebis sistemebis nawilobrivi aRdgenisa da axal sistemeb-

ze gadasvlis problema. sxva SemTxvevaSi, energosistemis mier gamomuSavebuli 

produqcia Sesabamisi ukugebis gareSe STainTqmeba qveynis energomflangvelur 

infrastruqturaSi. 

energomoxmarebis sistemis moSla, rogorc qveynis energetikuli kompleq-
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sis mdgomareobis ganmsazRvreli faqtori, jer kidev ar gamxdara WeSmaritad 

kritikuli analizis sagani. ZiriTadi yuradReba gamaxvilebulia energowarmo-

ebis problemebze, romelTa gadawyvetis gzebis moZieba energomoxmarebis arse-

buli struqturebis racionalizaciis problemebidan mowyvetilad mimdinare-

obs da xels uSlis sakuTari resursebiT energowarmoebis zrdas. 

XXI saukunis pirveli ocwleulis sek-is ganviTarebas Semdegi ZiriTadi 

pirobebi gansazRvravs: 

- erovnuli ekonomikis ganviTarebis tempebi, warmoebis energotevadobis Sem-

cirebis tendencia, energiaSemcveli resursebis samomxmareblo tarifebis 

Tanmimdevrulad da samarTlianad regulireba, sagadasaxado politikis 

normalizacia da saTbob-energetikul resursebze moTxovnilebis dinamika 

da maTi optimaluri struqturis ganviTareba; 

- msoflios ekonomikuri da energetikuli bazrebis koniunqturis mdgomareo-

ba, saerTaSoriso energetikul sivrceSi saqarTvelos integraciis xarisxi; 

- ZiriTadad, sakuTar resursebze orientirebuli sek-is Seqmna da am mizniT 

hidroresursebisa da ganaxlebadi energiis sxva wyaroebis farTomasStabia-

ni aTviseba, sakuTari organuli saTbobis daZiebisa da mopovebis gafarToe-

ba, resursebis strategiuli maragis myari bazis Seqmna; 

- xelsayreli sainvesticio klimatis formireba da sagadasaxado, faswarmoq-

mnisa da sabaJo regulirebis meqanizmebis srulyofa; 

- energetikisa da garemos harmoniuli Tanaarsebobis pirobebis Seqmna; 

- sek-Si samecniero-teqnikuri miRwevebis gamoyenebisa da sakadro momzadebis 

masStabebis gafarToeba da momavlis energetikaze dafuZnebuli sek-is for-

mireba. 

sek-is Tvisebrivad axal sameurneo doneze ayvana da misi Tanmimdevrulad 

ganviTareba damokidebuli iqneba am procesSi monawile yvela subieqtis urTi-

erTpasuxismgeblobasa da saxelmwifos rolis gaZlierebaze, sakanonmdeblo 

da normatiuli bazis Seqmnisa da warmatebiT ganxorcielebaze. 

im mravalricxovan gamowvevaTa Soris, romelTa gadaWra aucilebelia 

dRevandel saqarTveloSi, gansakuTrebiT mniSvnelovania sakuTari ekonomikis 

saimedo da usafrTxo energouzrunvelyofa. am rTuli amocanis gadasawyvetad, 

pirvel rigSi, saWiroa sakuTari bunebrivi energetikuli resursebis gamoyene-

bis uwyveti gafarToeba. 

qveynis energetikuli usafrTxoebis politikis mTavari mizani unda gax-

des misi ZiriTadi parametrebis Tvisebrivad axali doneebis etapobrivi miRwe-

va. es parametrebia: 

_ saTbob-energetikuli kompleqsis unari _ Sesabamisi xarisxiTa da eko-

nomikurad gamarTlebuli fasebiT daakmayofilos energiaSemcvelebze mo-

Txovnileba; 

_ ekonomikis unari _ efeqtianad gamoiyenos sakuTari da importuli ener-

giis resursebi da Tavidan aicilos iracionaluri xarjebi da saTbob-energe-

tikuli balansis deficiti; 

_ energetikuli kompleqsis mdgradoba Siga da gare ekonomikur, teqnoge-

nur da bunebriv safrTxeTa mimarT da destabilizaciis gamomwvevi sxvadasxva 

gamovlenis Sedegad miyenebuli zaralis minimizaciis unari.  

energetikis usafrTxoebis uzrunvelyofis umniSvnelovanesi principebia: 
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_ normalur pirobebSi ekonomikisa da qveynis mosaxleobis srulad ener-

gouzrunvelyofa, xolo sxvadasxva saxis safrTxis,  an gansakuTrebuli situa-

ciebis warmoqmnis SemTxvevebSi _ minimaluri (aucilebeli) sasicocxlo para-

metrebis SenarCuneba; 

_ energoresursebis saxelmwifo maragis Seqmna; 

_ araganaxlebadi resursebis Sevsebadoba; 

_ moxmarebaSi arsebuli saTbobisa da energiis saxeobebis diversifikacia 

(energetika ar unda iyos mxolod erT romelime saxeobasa da erT momwodebel 

qveyanaze damokidebuli); 

_ ekologiuri usafrTxoebis uzrunvelyofa; 

_ energoefeqtianobis amaRleba; 

_ energoresursebis Siga bazrebze momgebiani ekonomikuri pirobebis Seq-

mna da saimporto struqturis racionalizacia; 

_ yvela SesaZlo teqnologiur processa da proeqtSi konkurentunariani 

adgilobrivi energiaSemcvelebisa da mowyobiloba-danadgarebis gamoyeneba. 

qveynis energetikuli usafrTxoebis ZiriTad ganmsazRvrel faqtors 

eleqtrofikaciis xarisxi warmoadgens, xolo am ukanasknelis gavlena ekono-

mikis nebismier sferoze damokidebulia eleqtroenergetikis ganviTarebis do-

neze. 
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Ukleba E. 
Summary 

Energy resources, existence of sustainable energy infrastructure and reliable energy markets is a key 
element in the successful functioning of the society. Providing energy is as important as the supply ofprimary 
products and it is essential precondition for the economic and social development. 
 

 
 
 

 
saqarTvelos hidroenergetikuli potenciali 

da misi aTvisebis perspeqtivebi 
 

nemswveriZe m. 
saqarTvelos teqnikuri universiteti 

 
saqarTvelo mdidaria hidroenergoresursebiT, magram maTi aTvisebis done 

jer kidev dabalia. saqarTvelos eleqtroenergiis generacia ZiriTadad hidroe-
leqtrosadgurebidan xorcieldeba. saqarTveloSi eleqtroenergiis moxmarebis 
zrdis tendencia momavalSi damatebiTi simZlavreebis sistemaSi gaSvebas saWiro-
ebs. statiaSi ganxilulia saqarTvelos eleqtroenergetikuli seqtoris ganviTare-
bisaTvis, hidroenergetikuli potencialis optimaluri aTvisebis aucilebloba. 
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mocemulia saqarTvelos eleqtrosistemis energiis saprognozo balansi, dagegmi-
li proeqtebi da perspeqtivebi, Camoyalibebulia Sesabamisi RonisZiebebi. 

 
cnobilia, rom saqarTveloSi arsebobs TiTqmis yvela saxis ganaxle-

badi energetikuli resursebis mniSvnelovani potenciali. aqedan yvelaze 

didi wili - daaxloebiT 80% hidroenergoresursebs uWiravs. 

didi da saSualo sididis mdinareTa Teoriuli hidroenergoresurse-

bi daaxloebiT 136 mlrd. kvt.sT -ia, maT Soris teqnikuri 68, xolo ekono-

miuri (ganviTarebis Tanamedrove etapze gamoyenebisaTvis ekonomikurad mi-

zanSewonili) 32 mlrd. kvt.sT-ia. 

saqarTveloSi aRricxuli 319 mdinaris teqnikuri hidroenergoresur-

sebis 40%, 8 mTavar mdinareze ( mtkvari, rioni, enguri, cxeniswyali, kodo-

ri, bzifi, xrami da aragvi) modis, rac xelsayrel pirobebs hqmnis hidroe-

nergomSeneblobisaTvis. 

hidroenergetikul mSeneblobaSi Tanamedrove miRwevaTa gamoyenebiT 

saqarTvelos mdinareebze SeiZleba aigos aTeulobiT msxvili da saSualo 

sididis ekonomiuri hidroeleqtrosadguri. miuxedavad amisa, saqarTveloSi 

hidroenergoresursebis gamoyenebis done kvlav dabalia. jer kidev 1989 

wels hidroeleqtrosadgurebma 8787  mlrd.kvt.sT eleqtroenergia gamoimu-

Saves, rac hidroresursebis teqnikuri SesaZleblobebis mxolod 12.9 %-s, 

xolo ekonomiuri hidroenergoresursebi 27.5 %-s udrida.   2014 wels es 

maCvenebeli Sesabamisad 12.1 da 25.7 %-mde Semcirda. 

hidroeleqtrosadgurs, iseve, rogorc nebismier sxva sameurneo obi-

eqts gaaCnia Tavisi dadebiTi da uaryofiTi mxareebi. jer SevCerdeT dade-

biT mxareebze. 

• hesebis mSenebloba maregulirebeli wyalsacavebiT saSualebas iZle-

va, rom mdinaris Camonadenis gamoyenebis xarisxi gaizardos da aniWebs obi-

eqts kompleqsur xasiaTs. es gamoixateba imiT, rom wylis resursebis gamo-

yeneba xdeba, rogorc eleqtroenergiis gamoyenebisTvis, aseve irigaciisa da 

wyalmomaragebis saWiroebisaTvis. wyalsacavebi warmoadgenen swori eq-

sploataciis pirobebSi, wyaldidobasTan brZolis, faqtiurad erTaderT 

da yvelaze ufro qmediT saSualebas. 

• hesebi warmatebiT muSaoben energosistemaSi erToblivad Tboeleq-

trosadgurebTan da warmoadgenen sakmaod mobilur sistemas, ris Sedega-

dac droebiTi maqsimaluri moxmarebis datvirTvis (dRe-Ramuri pikebis) da-

farva maTi saSualebiT operatiulad xorcieldeba. 

• hidroenergetikuli mSenebloba xasiaTdeba Zalian didi kapitalSem-

cvelobiT, samagierod hesebis yovelwliuri saeqsploatacio danaxarjebi 

5-6-jer ufro dabalia vidre Tbo da atomuri eleqtrosadgurebis SemTxve-

vaSi. amasTan sawyisi kapitaldabandebis ukugeba hesebis eqsploataciaSi 

gaSvebis Semdeg, Cveulebriv ramodenime weliwadSi xdeba. mag.: hesebSi 1 

kvt.sT. el.energiis TviTRirebuleba daaxloebiT 5-jer naklebia, vidre 

TboeleqtrosadgurebSi da isini wliurad mniSvnelovan ekonomias iZlevi-

an, radgan saqarTveloSi TboeleqtrosadgurebiT moxmarebuli sawvavis (ga-

zi, navTobi, navTob-produqtebi) 80%-ze meti Semodis importis saxiT, amas-

Tan sawvavi TandaTan gaZvirebis tendenciiT xasiaTdeba. bunebrivia, rom es 
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mZime tvirTad awveba qveynis biujets. 

 mniSvnelovania aRvniSnoT, rom ekonomiuri TvalsazrisiT hesebi mo-

ixmaren yvelaze ufro sufTa da ganaxlebadi energiis wyaros - wyals. 

amasTan hesebi TiTqmis absoliturad uvnebelia atmosferosaTvis, rasac 

gansakuTrebiT didi mniSvneloba eniWeba garemos dacvis TvalsazrisiT ( 

TesebiT garemos dabinZureba xdeba aTaobiT tona toqsikuri JangeuliT).  

 miuxedavad dadebiTi mxareebis siWarbisa, unda aRvniSnoT, rom hesebs 

garkveuli uaryofiTi mxareebic gaaCniaT. mokled SevexoT ZiriTad maTgans, 

agreTve garemoze zemoqmedebis Semarbilebel saSualebebs: 

• energiis gamomuSavebas axasiaTebs sezonuroba, amitom mizanSewoni-

lia hesebi erTdroulad muSaobdnen TboeleqtrosadgurebTan erTad. 

• wyalsacavebSi xdeba myari Camonadenis Sekaveba, amitom mdinareebs 

zRvaSi SesarTavis zonaSi natanis deficitis gamo zRvis napirebi TandaTa-

nobiT irecxeba. 

am mizezis gamo umjobesia, rom asaSenebeli wyalsacavebi SedarebiT 

mcire zomis iyos. am pirobebSi wyalsacavebis natanebisagan gawmendis miz-

niT damuSavebuli meTodebi da saSualebebi ufro efeqturi xdeba, vidre 

didi wyalsacavebis SemTxvevaSi. 

• hesebis mSeneblobam mTian regionebSi SeiZleba gamoiwvios seismuri 

da geodinamikuri procesebis aqtivacia da saSiSi talRuri movlenebi 

wyalsacavSi, magram Tanamedrove mecnieruli prognozirebis safuZvelze da 

swori dagegmvis SemTxvevaSi SesaZlebelia savaraudo zianis minimumamde 

dayvana an Tavidan acileba. 

• hesebis didi wyalsacavebis Seqmna dakavSirebuli dasaxlebuli zone-

bis, tyeebis da sasoflo savargulebisa da  sacxovrebeli teritoriebis 

datborvasTan. amitom mizanSewonilia hesebis mSeneblobisas mTian regio-

nebSi asaTvisebeli mdinareebis zeda ubnebis gamoyeneba viwro da Rrma xeo-

bebis arsebobis pirobebSi. amis Sedegad datborili zona SedarebiT mcire 

xdeba. 

datborili teritoriis farTobi kidev ufro mcirdeba, Tu hesi iyofa 

safexurebad, kaskadebad, ramodenime mcire wyalsacavis SeqmniT. amave dros, 

am sqemiT hesis funqcionirebisas energetikuli maCveneblebi TiTqmis igive 

rCeba.  

saerTod hesebis zomebis gonivrulad Semcirebis gziT, bunebisdamcav 

RonisZiebaTa gatarebiT da racionalurad dabalansebuli midgomis safuZ-

velze SesaZlebelia minimumamde iqnas Semcirebuli hesebisgan miyenebuli 

zarali. 

qveynis mdidar hidroenergetikul resursebs, rogorc saimedo da sa-

kuTari eleqtroenergiis wyaros aTvisebas da gamoyenebas alternativa ar 

gaaCnia, Tu ar CavTvliT energiis aratradiciul wyaroebs (mzis, qaris, 

Termuli wylebis, biogazis da sxva) amJamindel SedarebiT SezRudul Se-

saZleblobebs.  

saqarTveloSi eleqtroenergiis generacia ZiriTadad hidroeleqtro-

sadgurebidan xorcieldeba. eleqtroenergetikuli seqtoris generaciis 

simZlavreebs daaxloebiT 80% ganaxlebadi energiebis wyaroebze - hidroge-

neraciaze modis, xolo 20% - tradiciuli energiis wyaroebze - Tbogenera-
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ciaze. hidroeleqtrosadgurebisa da Tbosadgurebis salteze gacemuli 

eleqtroenergiis wilebi wlebis mixedviT (nax.1).  

 
nax. 1. eleqtrosadgurebis mier salteze gacemuli eleqtroenergia 2004-2014wlebSi 

 
rogorc naxazidan Cans, eleqtroenergiis moTxovnis zrdis tempis 

gaTvaliswinebiT (saSualod wliuri 4-5%), saqarTveloSi warmoebul eleq-

troenergiaSi ganaxlebadi energiis wili wlebis mixedviT izrdeba, rac 

eleqtroenergiis moTxovnis sakuTari resursebiT dakmayofilebis politi-

kas emsaxureba. 

2014 wels eleqtroenergiis warmoebam ( salteze gacemam) Seadgina 

10,153.72 mln.kvt.sT, xolo moxmarebam - 10,173.13 mln.kvt.sT. 2004-2014 wle-

bis monacemebze dayrdnobiT yovelwliurad saqarTveloSi eleqtroenergi-

is warmoeba saSualod 5 %-iT izrdeba, rac mimdinare wlebSi eqsploataci-

aSi Sesuli eleqtrosadgurebis mier gamomuSavebuli eleqtroenergiiTaa 

ganpirobebuli (nax.2). 

 
nax. 2. eleqtroenergiis warmoeba da moxmareba saqarTveloSi  2004-2014 ww. 

 
warmatebiT xorcieldeba saxelmwifo programa,, ganaxlebadi energia 

2008“, romelic investorebs saSualebs aZlevs sxvadasxva perspeqtiuli 
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proeqtebidan airCion maTTvis saintereso. aRniSnuli proeqtis farglebSi 

2014 wels eqspluataciaSi Sevida 2 saSualo simZlavrisa - faravanhesi, 

dadgmuli simZlavre- 86.54 mgvt, larsihesi - 19 mgvt. da 4 mcire simZlavris  

- axmetahesi - 9.1 mgvt, aragvihesi - 8.5 mgvt, kazreTihesi - 2.5 mgvt, yazbegihe-

si -6 mgvt   simZlavriT hidroeleqtrosadguri, jamuri dadgmuli simZlav-

riT 131.64 mgvt, ramac qveynis generaciis obieqtebis dadgmuli simZlavre 

3.4% -iT gazarda 2013 welTan SedarebiT.  

hidroeleqtrosadgurebis dadgmuli simZlavre da maT mier gamomuSave-

buli (salteze gacemuli) eleqtroenergia 2014 wels mocemulia cxr.1-Si. 

    cxrili1.  
hidroeleqtrosadgurebis dadgmuli simZlavre da maT mier  gamomuSavebu-

li (salteze gacemuli)eleqtroeenergia 2014 wels 
№ eleqtrosadgurebis dasaxele-

ba 
eleqtroenergia 
(mln.kvt.sT) 

eleqtrosadguris dad-
gmuli simZlavre (mgvt) 

1 ენგურჰესი 3,304.82 1,300 

2 ვარდნილჰესი 612.34 220 

3 ხრამჰესი 1 202.49 112.8 

4 ხრამჰესი 2 312.94 110 

5 ჟინვალჰესი 374.0 130 

6 ვარციხეჰესებისკასკადი 871.02 184 

7 რიონჰესი 312.89 48 

8 გუმათჰესი 336.74 66.8 

9 ლაჯანურჰესი 402.71 112.5 

10 ძევრულჰესი 140.34 80 

11 შაორჰესი 146.46 38.4 

12 ზაჰესი 186.21 35.8 

13 ორთაჭალჰესი 85.37 18 

14 აწჰესი 79.51 16 

15 ჩითახევი 99.08 21 

16 საცხენჰესი 15.22 14 

17 ხადორჰესი 126.96 24 

18 ლარსიჰესი 42.86 19 

19 ფარავანჰესი 85.10 86.54 

20 დანარჩენიჰესები 484.05 153.86 

  ჰიდროსადგურებისულ 8,221.11 2,790.7 

 
 uaxloes momavalSi saqarTveloSi dagegmilia 8 hidroeleqtrosadgu-

ris da 1 Tbosadguris mSenebloba, aRniSnuli mSenebare eleqtrosadgure-

bis dadgmuli simZlavreebis gaTvaliswinebiT, qveynis generaciis simZlav-

reebis wilobrivi gadanawileba 2020 wlisaTvis (nax. 3). 

  
nax. 3 
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rogorc naxazidan Cans, 2020 wlisaTvis mSenebare eleqtrosadgurebis 

damatebiT qveyanaSi saerTo generaciis simZlavre iqneba 4,043.7 mgvt. 2014 

wels arsebul 3,470.7 mgvt.-Tan SedarebiT, sadac ganaxlebadi energiis wya-

roebidan generaciis simZlavris wili iqneba 80 %-mde, xolo danarCeni 20 

% - tradiciuli wyaroebidan. 

generaciisa da datvirTvis zrdis safuZvelze saqarTvelos saxelmwi-

fo eleqtrosistemam SeimuSava, saqarTvelos energosistemis energiis sap-

rognozo balansi, romelic daamtkica energetikis saministrom.  

cxrili 2. 
saqarTvelos energosistemis energiis saprognozo balansi (mlrd. kvt. sT.) 

 
am prognozidan gamomdinare, hidrogeneraciis wili 2025 wlisaTvis ga-

izrdeba 90 %-mde. 

amgvarad saqarTveloSi uaxloes periodSi ganaxlebad energetikul re-

sursebs Soris, Tavisi masStabiT yvelaze ufro did da efeqtur Sedegs 

hidroresursebis gamoyeneba mogvcems, amasTan hesebis mSeneblobisa da eq-

sploataciis problemebis optimalurad gadawyvetis mizniT aucilebelia 

saTanado teqnikur-ekonomikuri da ekologiuri dasabuTebis Catareba, mec-

nieruli gaTvlebisa da prognozirebis safuZvelze. amasTan, gaTvaliswine-

buli unda iqnas hesebisaTvis damaxasiaTebeli dadebiTi da uaryofiTi faq-

torebi maTi urTierTSejerebis gziT, ise rom ziani iyos minimaluri, xo-

lo miRebuli Sedegi maqsimaluri. 
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3. d.ComaxiZe. ,,saqarTvelos energetikuli potencialis gamoyenebis ekonomikur-
ekologiuri problemebi“. Tbilisi: Tergi, 2004.-272gv. 

4. saqarTvelos energetikisa da wyalmomaragebis maregulirebeli erovnuli komi-
sia(semeki), 2014 wlis wliuri angariSi. 

5. saqarTvelos energetikis saministro. www.menr.gov.ge 
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weli generacia hesebi Tbosadgurebi moxmareba eqsporti 

2014 10.37 8.34 2.04 10.62 -0.25 
2015 11.57 9.48 2.09 11.15 0.42 

2016 12.79 10.34 3.00 11.71 1.08 

2017 13.99 10.99 2.30 12.29 1.70 

2018 14.03 11.72 2.65 12.91 1.12 
2019 16.39 13.73 3.64 13.55 2.84 

2020 19.94 16.30 2.18 14.23 5.71 

2021 24.52 22.34 1.37 14.94 9.58 

2022 26.78 25.42 1.85 15.69 11.09 

2023 27.26 25.42 2.38 16.48 10.78 

2024 27.80 25.42 2.97 17.30 10.50 

2025 28.42 25.42 3.64 18.16 10.26 
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THE HYDROPOWER POTENTIAL OF GEORGIA AND ITS UTILIZATION PROSPECTS 
M. Nemstsveridze 

Georgian Technical University 
Summary 

  Georgia is rich with hydropower resources, but their utilization level is still very low.  Generation of electri-
city is mainly performed from hydroelectric power stations. Georgia's electricity consumption growth trends 
in the future need additional capacity to be circulated in the system.  This paper reviews that the optimal utili-
zation of hydropower potential is extremely important for development of the electricity sector. The projec-
ted balance of power energy, the future projects and prospects are also represented in the article and the ap-
propriate activities are set. 
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seqcia 6. ekologia da garemos dacva 
 
 
 

ekologiurad usafrTxo hidroenergetikuli danadgaris 
axali konstruqcia 

 
megreliZe T., gugulaSvili l., sadaRaSvili e., isakaZe T.,  

pirveli g., gugulaSvili g. 
saqarTvelos teqnikuri universiteti 

 
 statiaSi aRwerilia hidroeleqtrosadguris axali konstruqcia, romelSic 
ar gamoiyeneba wylis kaSxali da ar xdeba mdinaris dinebis gadaketva. mdinaris 
dinebis marTobulad ganlagebuli danawevrebuli muSa frTebi uzrunvelyofen 
wylis nakadis energiis gamoyenebas. amasTanave, danawevrebuli frTebi xels ar uS-
lian Tevzis Tavisufal moZraobas mdinaris dinebis gaswvriv da aumjobeseben ga-
remos ekologiur mdgomareobas.  

 
 Tanamedrove pirobebSi didi hidroeleqtrosadgurebis mSeneblo-ba 

Zalze mniSvnelovan ekonomikur danaxarjebs moiTxovs. isini saWiroeben 

mniSvnelovani farTobebis wyliT datborvas da moiTxoven mdinareTa kala-

potis gadaketvas, rac dakavSirebulia garemos ekologiuri pirobebis gau-

aresebasTan. Sesabamisad, iseTi hidroenerge-tikuli mowyobilobis Seqmna, 

romelic ar moiTxovs wylis didi masebis dagubebas, ar Seqmnis dabrkole-

bas mdinaris dinebis gaswvriv Tevzis Tavisufali gadaadgilebisaTvis da 

ar moaxdens uaryofiT zemoqmedebas garemos ekologiur mdgomareobaze, 

mniSvnelovani da aqtualuri sakiTxia.  

 tradiciuli hidroenergetikuli danadgari moicavs dagubebuli 

wylis kaSxals, saidanac miwodebul wyals brunviT moZraobaSi mohyavs 

hidrogeneratorebi. aseTi sistemis ZiriTad nakls warmoadgens kaSxalis 

arseboba, romliTac xdeba mdinaris gadaketva. marTalia, kaSxali uzrun-

velyofs wylis dagrovebas da iZleva eleqtruli energiis stabilurad mi-

Rebis saSualebas, magram meore mxriv, mdinaris nakadis kaSxaliT gadaketva 

mniSvnelovnad auaresebs garemos ekologiur mdgomareobas: wylis dagrove-

buli didi masa cvlis mocemuli teritoriis tenianobisa da temperatu-

rul pirobebs, moiTxovs sakmaod mniSvnelovani teritoriis datborvas, 

xels uSlis Tevzis Tavisufal gadaadgilebas mdinaris gaswvriv da sxv. 

kaSxalebis mSenebloba da maTi eqspluatacia dakavSirebulia agreTve mniS-

vnelovan ekonomikur danaxarjebTan. 

 ekonomikuri TvalsazrisiT iafi, konstruqciulad martivi da eko-

logiurad usafrTxo hidroenergetikuli danadgarebis Sesaxeb arsebuli 

literaturuli wyaroebis Seswavlis Sedegad damuSavebulia martivi kon-

struqciis danadgari (nax. 1), romelic warmoadgens mdinaris nakadis zeda 

da qveda nawilebSi dinebis marTobulad ganlagebul or lilvs 1, 2 maTze 

damagrebuli varskvlavebiT 3. varskvlavebze 3 gadadebulia wevis jaWvebi 

4, romlebic erTmaneTTan akavSirebs lilvebs 1, 2. lilvebze 1, 2 dasmulia 

erTi an ori eleqtrogeneratori 6, 11. 
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wevis jaWvebze 4 damagrebulia muSa frTebi 5, romlebic erTmaneTi-

sagan toli manZiliTaa daSorebuli. jaWvebis qveda Stoze ganlagebuli 

firfitebi mdinaris wyalSia moTavsebuli da SeuZliaT mdinaris nakadis 

zemoqmedebiT misi dinebis gaswvriv gadaadgileba. dinebis gaswvriv qveda 

lilvis miRwevis Semdeg wyalSi namyofi frTebi gamodian wyalTan Sexebi-

dan, gadadian jaWvebis zeda Stoze da haerSi aweul mdgomareobaSi ganag-

rZoben moZraobas zeda lilvisaken, romlis miRwevis Semdeg kvlav moxvde-

bian wylis nakadis zemoqmedebis qveS. erTmaneTis monacvleobiT wylis na-

kadSi sxvadasxva frTebis moxvedris Sedegad jaWvebis moZraoba ganuwyvet-

lad mimdinareobs. es uwyveti moZraoba gadaecema lilvebs, romlebzec 

dasmulia eleqtruli generatorebi 6, 11.  

 

 

 
nax. 1. hidroenergetikuli danadgaris principuli sqema 

 

msgavsi mowyobilobebisagan warmodgenili konstruqcia imiT gan-

sxvavdeba, rom ar xdeba muSa frTebiT mdinaris dinebis mTlianad gadaket-

va, rac miiRweva aRniSnuli frTebis danawevrebiT (nax. 2). kerZod, muSa 

frTebi sxvadasxva simaRlisaa da isea ganlagebuli, rom qmnian or (an met) 

jgufs 7, 8. yovel jgufSi 7, 8 frTebis simaRle icvleba minimaluridan 

maqsimaluramde mdinaris nakadis mimarTule-biT. amasTan, nebismieri jgufi-
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saTvis 7, 8, pirvelis Semdeg arsebul yovel momdevno frTas aqvs Г-s for-
ma, wanacvlebulia wina frTis mimarT erT mxareze mdinaris nakadisadmi ga-

nivad da orientirebulia Tavisi horizontaluri nawiliT 9 mis win arse-

buli frTisaken 5. amasTan, win arsebuli frTidan 5 momdevno frTis gamo-

weuli nawilis 10 zedapiris farTobi gegmaSi tolia am jgufSi 7 an 8 Se-

mavali pirveli frTis zedapiris farTobisa. mdinaris nakadis ganivad 

frTebi 5 yovel jgufSi SeiZleba wanacvlebuli iyos am jgufSi (7 an 8) 

myofi pirveli frTis siganis naxevris sididemde. yovel jgufSi nebismieri 

mezobeli frTebis simaRleebs Soris sxvaoba qmnis klebad geometriul 

progresias, romlis mniSvneli Seadgens 1/2. jaWvebis 4 raodenoba SeiZleba 

aRebuli iyos jgufebSi 7 an 8 frTebis raodenobis toli. yovel jaWvze 4 

(garda kidura jaWvebisa) Tavisi gverdiTi kedlebiT magrdeba ori mezobe-

li frTa 5.   

 

 
nax. 2. hidroenergetikuli danadgaris principuli sqema (xedi a) 

 

 danadgari Semdegnairad muSaobs.  

 wylis nakadi zemoqmedebs masSi CaZirul frTebze 5 da iwvevs maT ga-

daadgilebas dinebis mimarTulebiT. frTebi 5 iwveven maTze damagrebuli 

jaWvebis 4 gadaadgilebas, ris Sedegadac lilvebi 1, 2 modis brunviT moZ-

raobaSi. es ganapirobebs lilvebTan dakavSirebuli eleqtrogeneratorebis 

6, 11 brunviT moZraobas da wylis nakadis energiis eleqtrul energiad 

gardaqmnas. amasTan, frTebis 5 inovaciuri konstruqciuli gadawyveta saSu-

alebas iZleva yoveli frTis muSa zedapiris farTobi erTnairi iyos, rac 

ganapirobebs yovel  frTaze wylis nakadis erTnair zemoqmedebas. es uz-

runvelyofs wylis nakadTan kontaqtSi myofi frTebis efeqturi zedapiris 

farTobis mudmivobas da, Sesabamisad, danadgaris mier gamomuSavebuli sim-
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Zlavris (energiis) mudmivobas. amasTan, frTebi mTlianad ar ketaven mdina-

ris kalapots. danawevrebuli da erTmaneTisagan ganivi mimarTulebiT da-

cilebuli calkeuli frTebi xels ar uSlian Tevzis Tavisufal gadaadgi-

lebas mdinaris gaswvriv, rac aumjobesebs mdinaris ekologiur mdgomareo-

bas. yovel jaWvze (garda kidura jaWvebisa) ori mezobeli frTis damagreba 

uzrunvelyofs mRunavi momentebis Semcirebas da danadgaris muSaobis sai-

medobis amaRlebas. 

daskvna 

 warmodgenili konstruqcia ar moiTxovs mniSvnelovani ekonomikuri 

danaxarjebis ganxorcielebas, ar cvlis garemos ekologiur mdgomareobas 

da martivia gansaxorcieleblad. misi gamoyeneba SesaZlebelia rogorc di-

di da wyaluxvi mdinareebis SemTxvevaSi, aseve mcire mdinareebzec. zeda da 

qveda donis lilvebis ganlageba SesaZlebelia erTmaneTisagan nebismier 

manZilze. amitom yoveli konkretuli mdinaris an mdinaris mocemuli monak-

veTisaTvis SeiZleba SerCeuli iyos yvelaze optimaluri lilvebs Soris 

dacilebisa da firfitebis zomebi, romlebic uzrunvelyofen eleqtruli 

energiis maqsimaluri raodenobiT miRebas. 
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ECOLOGIC AN PERIL WATER POWER STATION NEW CONSTRUCTION  
T.Megrelidze, L.Gugulashvili, E.Sadagashvili, T.Isakadze, G.Pirveli, G.Gugulashvili  

Georgian Technical University 
Summary 

 In article is described the new construction of water power station, in which do not application the 
water dam and do not influence the river current stoppage. Towards the river stream perpendicular arranged 
dismemberment worker wings guaranteed the water energy application. With this, the dismemberment wings 
are not disadvantageous of fish freely traffic along the river and improvement the surroundings ecologic con-
ditions.   
 
 

 
saavtomobilo gzis satransporto derefnis mowyobis  

ekologiuri aspeqtebi 
 

baraTaSvili m. 
  akaki wereTlis saxelmwifo universiteti 

 
statiaSi ganxilulia saavtomobilo gzis mseneblobis da eqspluataciisas ga-

remoze mavne zemoqmedebis SesaZlo SemTxvevebi, misi aRmiofxvris gzebi da SesaZ-
lo perspeqtivebi,  saqarTveloSi mSenebare avtobanis SemTxvevaSi mTis pirobebSi, 
ferdobebze gzis vakisis mowyobisas mosalodneli negatiuri faqtorebi da maTi 
Tavidan acilebis SesaZleblobebi.  

 
saqarTveloSi bolo wlebia mimdinareobs Tanamedrove moTxovnebis Se-

sabamisi avtobanis mSenebloba, romelic mniSvnelovnad gazrdis   qveynis 
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satranzito rols da mniSvnelovnad  waaxalisebs qveynis ekonomikas, mosa-

xerxebels gaxdis tvirTebis gadatanas da mgzavrebis gadayvanas. saavtomo-

bilo gzis mSeneblobisas gadamwyvetia mis mimarT wayenebuli teqnikur 

ekonomikuri moTxovnebi, mSeneblobis fasi, proeqtis Sesrulebis xarisxi 

da mSeneblobis vadebi, magram mSeneblobis maRali tempebis pirobebSi  

mudmivad unda iqnas gaTvaliswinebuli, rom satransporto derefnebis mo-

wyobisTvis saWiro RonisZiebebis erToblioba da gzebis Semdgomi eqsplua-

tacia  iwvevs garemoze grZelvadian teqnogenur zemoqmedebas  da zrdis 

bunebaze negatiuri gavlenis riskebs. saavtomobilo gzis proeqtis “gare-

mos dacvis” nawilში gaTvaliswinebuli unda iqnas RonisZiebebis erTobli-

oba, romelTa meSveobiTac minimumamde iqneba dayvanili garemoze negatiuri 

zemoqmedebis SesaZleblobebi, kerZod gaTvaliswinebuli unda iqnas, gare-

mos fonur mdgomareobaze, zedaperul da gruntis wylebze, saSiS geolo-

giur procesebis ganviTarebaze, atmosferuli movlenebze, haerze, xmaurze, 

socialur garemoze, kulturul Zeglebze, arqeologiur ubnebze, gzis mSe-

neblobiTa da eqspluataciiT zegavlenis SesaZlebloba da masStabebi. mi-

Rebulma teqnikurma gadawyvetilebam unda uzrunvelyos miwis resursis ra-

cionaluri gamoyeneba, atmosferos, hidrosferos, florisa da faunis dac-

va.  

satrasporto derefnebis ekologiuri usafrTxoebis Sesabamisi Ronis-

Ziebebi unda xorcieldebodes winaswar proeqtirebis stadiaze, aseve  mSe-

neblobisa da eqspluataciis periodSic. saavtomobilo gzebis mSeneblobis 

etapze ganxiluli unda iyos garemoze potenciuri zemoqmedebis riskebi da 

Sesabamisi Semarbilebeli RonisZiebebi. saavtomobilo gzebis dagegmarebi-

sas garemoze mavne zemoqmedebis minimumade dayvanis mizniT ზustad unda 

iqnas Seswavlili: 

 miwis vakisis sainJinro da xelovnuri nagebobebis safuZvlis gruntebis 

geologiuri da hidrogeologiuri situacia; 

 WrilSi damuSavebuli da yrilis asagebi gruntebis geologiuri maxasi-

aTeblebi;  

 adgilmdebareobis ganivi qanobi da ferdobebis mdgradobis xarisxi  

 mudmivi da zedapiruli wyanakadebis hidrografiuli reJimi da xarji; 

 miwisqveSa wylebis arseboba maTi xasiaTi da reJimi;  

 mewyerebisa da Rvarcofebis arseboba da maTi muSaobis dinamika;  

 qvaTa cvenisa da naSali masalebis Camotanis SesaZlo adgilebis gamov-

lena;  

 Carecxvisa da gamorecxvis potencialuri ubnebis gamovlena; 

 gabatonebuli qarebis simZlrkinigzis trasis ferdobebze ganlagebisas. 

sayuradReboa, rom garemoze zemoqmedebis SesaZleblobebi gansakuTre-

biT izrdeba mTian pirobebSi gzebis mSeneblobisas, am dros  damatebiT 

faqtorebs warmoadgenen: urTulesi topografiuli, geologiuri, hidrogeo-

logiuri, hidrologiuri da klimaturi pirobebi. rogorc wesi gzebi  gan-
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lagebuleia mdinareebis xeobebSi. garTulebul geologiur da hidrogeo-

logiur pirobebSi, viwro SezRudul garemoSi, minimaluria trasis sxva-

dasxva variantebidan SerCevis SesaZlebloba, amitom aucilebeli xdeba sa-

avtomobilo gzis ganivi da grZivi profilis daproeqtebis normebis da 

teqnikuri pirobebis zRvruli dasaSvebi sidideebis gamoyeneba. 

gansakuTrebiT mniSvnelovani da yuradsaRebia, rom saqarTveloSi amja-

mad mSenebare, ori mimarTulebis avtobanis mSenebloba iTxovs 40 metris 

siganis ganivi zolis mowyobas. amisaTvis ki saWiroa mTis ferdobebze ga-

moTavisufldes saTanado zomis miwis vakisebi, risTvisac saWiroa didi mo-

culobis miwis samuSaoebis Sesruleba. Sedegad ki vRebulobT sxvadasxva 

daxris kuTxis mqone mwvane safarisagan Tavisufal gzis pira mTis SiSvel 

erozirebul ferdobebs.  aseT adgilebze mkveTrad izrdeba am gaxsnili 

mTis masivebis CamoSlisa da mewyeris safrTxe. es ki zians miayenebs saav-

tomobilo gzas, mkveTrad amcirebs masze usafrTxod moZraobis SesaZleb-

lobebs da Tavis mxriv ki procesebi seriozul negatiur zemoqmedebas ax-

dens garemoze, tyis masivebze da axlo mdebare wylis maragebis balansze. 

am dros ferdobebze mewyeruli movlenebis Tavidan acilebis mizniT sa-

survelia  vakisis ganivi profilebi upiratesad daproeqtdes naxevaryri-

lebis saxiT, riTac minimumade mcirdeba  ferdobebis da masze tyis masive-

bis Camoyalibebuli landSaftebis dazianebis xarisxi. aseT SemTxvevaSi sa-

Wiroa yvela konkretul SemTxvevaSi damWeri kedlebis an savali nawilis 

gzagamtari sayrdeni sainJinro nagebobebis ageba individualuri proeqtiT. 

am dros warmoebs ferdobebze eroziis sawinaaRmgdego drenirebuli tera-

sebis mowyoba, hidroteqnikuri nagebobebis mowyoba, gvirabebis ageba. miwis 

vakisis daproeqtebisadmis amgvari midgoma minimumade amcirebs bunebaze sa-

avtomobilo gzis  mSeneblobis ekologiur zegavlenas, mgram problemis am 

formiT gadawyveta mniSvnelovnad zrdis mSeneblobis Rirebulebas. 

mTis pirobebSi didi yuradRebiT unda Catardes proeqtirebis wina mok-

vlevisa da saZiebo geologiuri samuSaoebi es iZleva Semdgom garemoze ne-

gatiuri zemoqmedebis minimumamde dayvanis SesaZleblobebs.  avtobanis mSe-

neblobisas mTis pirobebSi savali nawilisTvis vakisisTvis adgilis gamoTavi-

suflebis dros ferdobebis CamSlili zedapirebis negatiur mniSvnelobaze 

metyvelebs avtobanis axalgaxsnil,  naxSirRele _ ukaneTis monakveTze, so-

fel WognarTan mdinare yvirilis piras, gzis savali nawilis mowyobis mizniT  

daxris mqone ferdobis moWrisas ganviTarebul movlenebi.  ferdobis CamoS-

lil nawilze  mewyeruli movlenebis SeCereba, miuxedavad mSeneblobisas da 

mis Semdeg Catarebuli samuSaoebisa, ver xerxdeba da yvela wvimiani amindis 

Semdeg, ferdobis intensiuri CamoSla grZeldeba. periodulad warmoiqmneba 

gzis am monakveTze transportis gadaadgilebis nawilobriv an mTlianad Sez-

Rudvis aucilebloba. niSandoblivia is faqti, rom mSenebare avtobanis mTel 

sigrZeze, es meore mniSvnelovani zomis da daxris kuTxis  ferdobia, romlsac 

avtobani Seexo. pirveli aseTi ferdobi goris maxlobladaa da iq probleba 
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gvirabis agebiT gadawyda. dRemde avtobanis mSenebloba vakisze, qarTlisa da 

kolxeTis zeganze mimdinareobda. uaxloes momavalSi samuSaoebis dawyeba 

igegmeba urTules, rokis gadasasvlelze, surami -zestafonis  monakveTze, 

romlis amJamad arsebuli gzis sigrze   60 km_a da  gzis derefani gadis  mdi-

nare Zirulas xeobaSi. 30-60% daxris kuTxis, rTuli reliefis mqone ferdo-

bebiT SezRudul garemoSi da am monakveTze amJamad  arsebobs ubnebi, sadac pe-

riodulad mewyerebis CamoSla seriozul problemas uCens gzaze transportis 

usarTxo gadaadgilebas.  gzis am monakveTze intensiuri wvimebis Sedegad war-

moqmnilma mewyerebma, ramdenime adgilas gza mTlianad CamoSala da gzis gam-

tar unariaobis aRdgenis mizniT gzis samSeneblo samuSaoebis Catareba iqna au-

cilebeli. 

amis gaTvaliswinebiT gzis am monakveTze avtobanis mSeneblobis dawyebam-

de, didi sizustiT unda iqnas Seswavlili yvela is umniSvnelo faqtori, rome-

lis iwvevs garemoSi wonasworobis umniSvnelod darRvevas. amasTan mniSvnelo-

vania,  uzrunvelyofili iqnas gzis teqnikur ekonomikuri maCveneblebi,  gzis  

Sesabamisi geometriuli parametrebiT, ise rom  daculi iqnas garemo mSeneblo-

biT gamowveul mavne zemoqmedebisagan da amiT vuzrunvelyoT garemoze zianis 

miyenebis gamo gamowveuli eqstremaluri movlenebiT gzaze negatiuri zemoqme-

deba. 
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Summary 
The article deals with the problem of the protection of nature during the construction and operation of 

highways The factors affecting the environment. methods to reduce the impact of negative factors on the na-
ture. especially important to study the result of the impact of road construction on nature in the mountains  to 
minimize negative impact on the environment 

 
 

 

SEASONAL CHANGES OF MUNICIPAL SOLID WASTE 
CALORICITY IN KUTAISI, GEORGIA 

 
Turkadze Ts., Bochoidze I., Gamkrelidze E. 

Akaki Tsereteli State University 
 
Solid waste incineration is a highly complex technology, which involves large investments and high 

operating costs. The successful outcome of a waste incineration project first depends on fairly accurate data 
on the future waste quantities and characteristics that form the basis for the design of the incineration plant. 
The waste composition may change in time because of either additional recycling or economic growth in the 
collection area. Both changes can significantly alter the amount of waste and its calorific value. 

In the article are presents the results of municipal solid waste (MSW) seasonal (monthly) composition 



 

saerTaSoriso samecniero konferencia 

INTERNATIONAL   SCIENTIFIC  CONFERENCE 
 

 314

research in Georgia (Kutaisi) conducted during the period of 2010–2011. Based on Study of Waste 
Generation and Composition was performed calculation MSW caloricity with regards of seasonal changes.  

 
Development of framework legislation and key procedures for waste management, as well as 

waste management planning is one of the commitments undertaken by Georgia under the EU-
Georgia association agreement (2014). 

Association Agreement creates new opportunities for the country to develop waste 
management, however at the same time to poses new challenges for the existing system. In order to 
attain a certain environmental level of waste treatment, convergence of the partner countries with 
the basic Waste Directives, the Landfill Directive and Directive the Management of Waste from 
Extractive Industries is recommended. 

The Waste Framework Directive (Directive 2008/98/EC of the European Parliament and of the 
Council of 19 November 2008 on waste) sets out the waste hierarchy incorporating the broad 
options for waste management, with energy recovery from waste being a preferred option to 
landfill/disposal. However, it recognizes that prior to energy recovery, waste prevention, 
preparation for re-use and recycling are preferable, where appropriate. MSW incineration is found 
at the most advanced level of the waste disposal/treatment hierarchy indiscriminate dumping and 
landfilling. 

One of the guiding principles, now enshrined in law, for European waste management has been 
the concept of a hierarchy of waste management options, where the most desirable option is not to 
produce the waste in the first place (waste prevention) and the least desirable option is to dispose of 
the waste with no recovery of either materials and/or energy. Between these two extremes there are 
a wide variety of waste treatment options that may be used as part of a waste management strategy 
to recover materials (for example furniture reuse, glass recycling or organic waste composting) or 
generate energy from the wastes (for example through incineration, or digesting biodegradable 
wastes to produce usable gases) [1]. 

European experience illustrates that recovery of energy from residual waste (including by 
incineration) is compatible with high recycling rates. Therefore, both incineration and Advanced 
Thermal Treatment can form part of an overall waste management strategy but not at the expense 
of waste reduction or recycling. 

Waste for incineration must meet certain basic requirements. In particular, the energy content of 
the waste, the so-called lower calorific value (LCV), must be above a minimum level. The specific 
composition of the waste is also important. Furthermore, in order to operate the incineration plant 
continuously, waste generation must be fairly stable during the year. Waste composition depends 
on variables such as cultural differences, climate, and socio-economic of the waste collection area. 

The quantity and composition of solid waste depend on how developed the community is and 
the state of its economy. Industrial growth is an important tool for raising the per capita income and 
welfare of the population. In general, high-income areas generate more waste than low- or middle-
income areas. In return, industrial growth and higher per capita income generate more waste, 
which, if not properly controlled, causes environmental degradation. Thus, waste generation and 
composition may differ greatly and therefore, data usually cannot be transferred from one place to 
another [2]. 

To establish a relationship between seasonality of waste composition and potential indicators 
(different geographical location and/or economical situation) 2010-2013 will be investigated 
Wastes from selected regions of four countries: Lithuania, Russia, Ukraine, and Georgia (Project  
Title: Seasonality of Municipal Waste Generation and Composition, and Corresponding 
Fluctuations of Various Environmental Indicators for Waste Management and Treatment Facilities, 
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the financial support of The Swiss National Science Foundation). 
Therefore, data and environmental indicators revealed through the project research e.g. seasonal 

dependence of municipal waste generation, composition, total municipal waste flow per capita; 
municipal waste composition; part of waste fractions to be suitable for recycling; part of 
biodegradable waste in total MSW flow; part of waste fractions not to be suitable for recycling etc.  

2010-2011 in collaboration with local firms on management of waste, MSW analysis in Kutaisi 
will be performed according to: 1) “Standard Test Method for Determination of the Composition of 
Unprocessed Municipal Solid Waste (D 5231-92, reproved 2008); 2) Methodology for 
Determination of the Composition of Unprocessed Municipal Solid Waste and Waste Composition 
Dependence from Regional Social-Economic and Climate Characteristics (Kaunas University of 
Technology, 2010). In the article are shown relevant results of waste composition analysis. For 10 
days in each month we have implemented sorting of waste according to the methodology. Data of 
waste accumulation and content in Kutaisi, Georgia, 2010-2011 are shown at Fig.1. MSW monthly 
generation is lowest in February (15,4 kg/capita), highest in August (21,7 kg per capita). A specific 
increase was observed in January (19,2 kg/capita). This is mostly due to food waste fraction. Paper, 
glas, other organic and other inorganic fractions are highest in January, plastics in June, yard waste 
and wood in August.  
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Fig 1. Monthly variation of MSW generation and composition in Kutaisi, 

Georgia, 2010-2011 

 
Usually Waste collected in affluent areas is typically less dense, as it contains more packaging 

and other lighter materials and less ash and food waste. This is because more ready-made products 
are consumed and the food processing takes place in the commercial/industrial sector. The moisture 
is greater in lower-income areas due to the water content of the food waste and smaller amounts of 
paper and other dry materials. Annual variations in moisture content depend on climatic conditions 
such as precipitation and harvest seasons for vegetables and fruit. 

Incinerating solid waste fulfills two purposes in the advanced waste management system. 
Primarily, it reduces the amount of waste for sanitary landfilling; and it uses waste for energy 
production (power or district heating). Hence, waste incineration plants are generally introduced in 
areas where the siting of sanitary landfills is in conflict with other interests such as city 
development, agriculture, and tourism. 
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The calorific value is calculated according to the composition of waste by fractions and the 
calorific value of these fractions. The calorific value of fractions in MJ/kg is calculated according 
to the chemical composition (Cerbe at all, 1994):  

HU = 0,34·C + 1,016·H + 0,063·N + 0,191·S – 0,098·O – 0,025W    (1); 
where: HU – calorific value of waste, MJ/kg; 

C – carbon amount, % according to the mass; 
H – hydrogen amount %, according to the mass; 
N – nitrogen amount %, according to the mass; 
O – oxygen amount %, according to the mass; 
W – moisture amount %, according to the mass. 
When calculating caloricity of the waste, the chemical composition of its fractions is first re-

calculated according to the total mass. For instance, the following formula is used to calculate 
carbon amount: 

                                                 C = CODM·ODMDM·DM/10000,    (2); 
where: C – carbon amount in the total waste mass, % 

CODM – carbon amount in the dry part of organic waste, % 
ODMDM – amount of organic dry waste part in dry waste part, % 
DM – dry part of waste fraction, %. 
The dry part of waste fraction is determined as follows: 
                                                        DM = 100 – W,     (3); 
The calorific value of incinerated waste is calculated as follows: 

                                                         


i

iUi
U m

Hm
H

,     (4); 
where: HUi – calorific value of i-fraction of waste, MJ/kg; 

mi – share of waste fraction in the total stream of incinerated waste, %. 
The analogical formula could be used for calculation of MSW moisture. 

ODM and its chemical compositions (Dehoust et al, 2002; Deliverable, 2003) for separate 
waste fractions are given below in Table 1. 

Table 1.  
ODM and its chemical compositions for MSW fractions 

MSW fractions 
ODM, 
%DM 

C, 
%ODM 

H, 
%ODM 

O, 
%ODM 

N, 
%ODM 

S, 
%ODM 

Paper and cardboard 87,00 48,60 6,40 44,30 0,20 0,20 
Plastics 91,83 77,71 11,98 10,99 0,62 0,10 
Metals 0,00 0,00 6,30 44,20 0,50 0,10 
Glass 0,00 0,00 10,00 40,00 3,00 0,00 
Kitchen and garden waste 87,00 50,70 6,20 43,70 0,50 0,10 
Other burnable 81,53 50,46 7,48 33,31 1,46 0,17 
Other unburnable 0,00 48,20 6,30 44,20 0,50 0,10 

 
Data of calculation MSW caloricity performed based on Study on Waste Generation and 

Composition are shown at Fig.2.  
The key factor describing the suitability of waste for incineration is its calorific value. For 

mixed municipal waste, as a rule, it varies in the range of 7.5 and 11 MJ/kg [Johnke, 2003]. 
The specific decrease was observed in July (7,16 MJ/kg), August (7,46 MJ/kg) and September 

(7,40 MJ/kg). This phenomenon may be explained by the geography and climate in Georgia, which 
leads to the more intensive harvesting and utilization of food products in summer and autumn. 
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Fig 2. Seasonal changes MSW caloricity in Kutaisi city, 2010-2011 (Georgia) 
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ქ. ქუთაისის მყარი მუნიციპალური ნარჩენების ენერგეტიკული პოტენციალის სეზონური 

ცვლილებები 

ც. თურქაძე, ი. ბოჭოიძე, ე. გამყრელიძე 

აკაკი წერეთლის სახელმწიფო უნივერსიტეტი 

ევროკავშირი-საქართველოს ასოცირების ხელშეკრულების მიხედვით საქართველოს ერთ-

ერთი ვალდებულებაა ნარჩენების მართვის სფეროში ჩარჩო კანონმდებლობისა და ძირითადი 

პროცედურების შემუშავება და ნარჩენების მართვის დაგეგმვის უზრუნველყოფა. ამ მხრივ ერთ-

ერთი დირექტივაა 2008 წლის 19 ნოემბრის ევროპარლამენტისა და საბჭოს 2008/98/EC  

დირექტივა ნარჩენების შესახებ, რომელშიც მოცემულია ნარჩენების მართვის ხუთსაფეხურიანი 

იერარქია. აღნიშნულ იერარქიაში ნარჩენებიდან ენერგიის აღდგენა მნიშვნელოვან ადგილს 

იჭერს და პრიორიტეტულია ნაგავსაყრელზე განთავსებასთან შედარებით. სამწუხაროდ, 

ნარჩენების მაღალტექნოლოგიური წვის დანერგვა საქართველოსათვის შორეული მომავლის 

პერსპექტივად ჩანს, თუმცა ნარჩენების ენერგეტიკული პოტენციალის კვლევა მნიშვნელოვანია 

ამ საკითხზე გადაწყვეტილებების მიღების მხრივ.  

 ნარჩენების ენერგეტიკული პოტენციალის სეზონური ცვლილებების კვლევა 

განხორციელდა ქ. ქუთაისში 2010-2011 წლებში ჩატარებული საყოფაცხოვრებო ნარჩენების 

შედგენილობის ანალიზის მონაცემთა გამოყენებით. შესრულებლი სამუშაოს შედეგების 

მიხედვით ნარჩენების ენერგეტიკული პოტენციალის სპეციფიკური კლება შეინიშნება ივლისი-

ოქტომბრის შუალედში (<7,5 მგჯ/კგ), რაც აიხსნება ქვეყნის გეოგრაფიული და კლიმატური 

პირობებით, რომლის შედეგად  ნარჩენების შედგენილობაში მაღალია უწვადი და ტენიანი 

ფრაქციის წილი. 
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Nnatanisagan wyalsacavis TviTgamwmendi kaSxali 
 

dadunaSvili g., cqifuriSvili T. 
akaki wereTlis saxelmwifo universiteti 

  
wyalsacavebis didi nawili Sevsebulia nataniT da praqtikulad dakarguli 

aqvs Camonadenis regulirebis funqcia. natanisagan meqanikuri gawmendis samuSaoebi 
ki arasakmarisi daSesasruleblad garTulebulia. 

Cvens mier SemoTavazebulia am problemis teqnikuri gadawyveta ukve wyalsa-
cavis proeqtirebis etapze, iseTi hidroteqnikuri nagebobis agebiT, romelic saSu-
alebas mogvcems wyalsacavi natanisagan gawmendili iqnas TviTdinebiT. Aarsebuli 
wyalsacavebisaTvis SesaZlebelia SemoTavazebuli hidroteqnikuri kvanZis CaSeneba. 

 
saqarTvelos wyalsacavebis umravlesoba daleqilia da darRveulia 

regulirebis pirobebi. Hhesebis kaskadis sadrenaJo sistemebis mouwesrigeb-

lobis Sedegad weliwadSi ramdenjerme itboreba da didi ziani adgeba ro-

gorc mosaxleobas, aseve sasoflo-sameurneo savargulebs. 

wyalsacavebis didi nawili Sevsebulia nataniT da praqtikulad da-

karguli aqvs Camonadenis regulirebis funqcia. Ddid teritoriebze Seqmni-

lia kunZulebi, romlebic dafarulia mcenareuli safariT. wyalsacavebis 

natanisagan meqanikuri gawmendis samuSaoebi ki arasakmarisia, xolo mdina-

ris  mier Semotanili narCenebis amoReba ar xdeba. 

Cvens mier SemoTavazebulia am problemis teqnikuri gadawyveta, speci-

fikuri hidroteqnikuri nagebobis agebiT, romelSic arsebiTi mniSvneloba 

eniWeba proeqtirebisa da mSeneblobis procesSi iseTi hidroteqnikuri kvan-

Zis gaTvaliswinebas, romelic saSualebas mogvcems TviTdinebiT gaiwmin-

dos natanisagan wyalsacavi. 

Hhidroteqnikuri nagebobis Aarsi irkveva naxaziT 

 
Nnax. wyalsacavis TviTgamwmendi kaSxali 
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natanisagan wyalsacavis TviTgamwmendi kaSxali Seicavs ZiriTad ke-

dels 1, misgan zeda biefis mxares moTavsebul da masTan grZivi tixarebiT 

2 dakavSirebul (fskerisagan dacilebul) fars 3, romelsac aqvs masTan da-

kavSirebuli da mis Sveul mimmarTvelebSi 4 gadaadgilebis SesaZleblob 

is mqone rkalur profiliani qveda nawili 5, romelic kinematikurad da-

kavSirebulia amwe mowyobilobasTan 6. 

kaSxali muSaobs Semdegnairad: wyalsacavis zeda biefSi wyals uWi-

ravs garkveuli done, xolo ZiriTadi kedlis erTi wyalgadasaSvebi qimi 

imyofeba masze dabla, ris Sedegadac wyalsacavis fskeridan xsenebuli 

kedlis gaswvriv aRmavali nakadiT mis qimze wyalis gadadineba xdeba Cvens 

SemTxvevaSi mudmivi siCqariT  Ees imitom, rom  zeda biefis do-

ne ucvleli  unda gvqondes , xolo wylis moculobiTi xarji 

(Qi), cvalebadobs, risTvisac saWiroa nakadis SemSvebi kveTis simaRlis  

(Hi) regulireba:  Ees proporciuli damokidebuleba warmoadgens 

rkalur profiliani qveda nawilis 5 marTvis funqcias, romlis gadaadgi-

lebac fskeridan simaRleze xdeba amwevi mowyobilobiT 6, faris 3 Sveul 

mimmarTvelebSi  4, gadaadgilebis  Sedegad. 

Aamrigad, aRniSnuli teqnikuri gadawyveta  SesaZleblobas iZleva ze-

da biefSi SenarCunebul iqnas mudmivi done wylis moculobiTi xarjis 

cvlilebisagan damoukideblad, ris Sedegadac Tavidan iqneba acilebuli 

sasoflo-sameurneo savargulebis datborva wyaldidobis dros. xolo qim-

ze gadadinebis siCqaris mudmivoba saSualebas iZleva zeda biefis done (H)  

SeirCes gadasatani natanis maqsimaluri simkvrivisa da zomebis mixedviT. 
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THE RESERVOIR SELF-CLEANING DAM FROM ALLUVIUM 

Dadunashvili G., Tskiphurishvili T. 
Akaki Tsereteli State University 

Summary 
Most of the water reservoirs in Georgia are precipitated and the regulatory conditions are violated. 

Most part of them is filled with alluvium materials. The works on mechanical cleaning are not sufficient, but 
the waste brought by the river are not taken away. 

We propose the technical solution of this problem, where great importance is given to taking into ac-
count such a solution in designing and constructing process, which should enable us to clean the reservoir 
from the self-flowing alluvium materials. 

The mentioned technical solution allows for preserving the constant headwater level independently of 
change in volumetric water discharge, as a result of which it will be possible to avoid submerging of agricul-
tural areas during the flood.  But the constancy of the flow speed on the side allows for selecting the headwa-
ter level in accordance with maximum density and dimensions of the transporting materials.  
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eleqtroenergetikis sferoSi momuSaveTaTvis 
gankuTvnili specfexsacmlis komfortuli 

maxasiaTeblebis problematika 
 

grZeliZe m., TxeliZe n. 
akaki wereTlis saxelmwifo universiteti 

 
stataSi sauბაrიa eleqtroenergetikis sferoSi, specifikidan gamomdinare 

gansxvavebulი Sromis pirobebის, Sesabamisad Sromis dacvisa da higienis საკი-
თხებზე, sanitarul-higienuri moTxovnebis zedmiwevniT dacvის aucilebelებლობაზე. 
mravali specialuri RonisZieba tardeba ara marto warmoebis procesis maRali xa-
risxis misaRwevad da uzrunvelsayofad, aramed momsaxure personalis dacvisaT-
vis. am TvalsazrisiT specfexsacmelis optimalur SerCevas  gansakuTrebuli ro-
li eniWeba. 

 
eleqtroenergetikis sferoSi, specifikidan gamomdinare, sxvadasxva 

obieqtze, gansxvavebuli Sromis pirobebia da Sesabamisad Sromis dacvisa 

da higienis moTxovnebic gansxvavebulia. samuSao adgilebze, EN ISO 

20345:2007 standartis mixedviT gaicema spectansacmeli, specfexsacmeli da 

sxva aqsesuarebi. maTi daniSnulebaa, zemoT aRniSnul sferoebSi ara marto 

procesis higienurobis dacva, aramed momsaxure personalis dacva Sromis 

arsebul garemoSi mavne zemoqmedebisagan. 

cnobilia, rom tansacmelsa da fexsacmels, sxvadasxva sagnebs da ma-

salebs, aseve klimatur faqtorebs SeuZliaT gamoiwvios statikuri muxtis 

warmoSoba. aseTi gansakuTrebuloba ara marto arasasurvelia, aramed saSi-

Sic aris swafaalebadi samosiT muSaobis dros. antistatikur fexsacmels 

SeuZlia mniSvnelovnad Semciros aseTi situaciebis riski. aseTi fexsac-

mlis SerCeva martivi ar aris, radgan TviT energetikis sfero mravalmxri-

via da muSaobis pirobebi mravalferovania. yvela mimarTulebisaTvis speci-

fikis gaTvaliswineba, ra Tqma unda SeuZlebelia, magram aris pirobebis 

erToblioba, romelic SeiZleba moeqces garkveul kanonzomierebaSi da 

Cაmoyalibdes moTxovnebis nusxa, romelic zogadia am sferosaTvis da misi 

gaTvaliswineba maqsimalurad daicavs personals profesiuli riskebisagan 

da Seqmnis usafrTxo Sromis pirobebs. specfexsacmlis mimarT aseTi mo-

Txovnebia: energomSTanTqavi lanCa da qusli, eleqtroizolacia, wyalmede-

goba, Tbomedegoba maRal temperaturaze (30 wm 1500C_ze), simtkice cxel pi-

robebSi (60 wm 3000C_ze), yinvamedegoba (30 wT _200C_ze), simtkice zeTebisa 

da navTobproduqtebisadmi, hermentuloba mtverisadmi da sxva inertuli 

damabinZureblebisadmi, medegoba agresiuli xsnarebis mimarT.   

Tanamedrove kanonmdeblobis Tanaxmad, energoteqnikuri personali sa-

muSao adgilze uzrunvelyofili unda iyos saimedo, individualuri dac-

vis saSualebiT. dacvis saSualebebis aseTi kompleqtebi warmoadgens si-

cocxlis da janmrTelobis dacvis Sanss, da iZleva saSualebas gazardos 

saSiSi zonidan evakuaciis dro. dacvisaTvis specekipirebis Sesaxeb reko-

mendaciebis gaTvaliswineba saSualebas iZleva Semcirdes ubeduri  Sem-

Txveebis albaToba eleqtroenergiis sawarmebSi da personali daculi 

iyos yvela saxis arasasurveli SemTxvevebisagan. amasTan organizms unda 
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mieces normaluri funqcionirebis saSualeba, romelSic igulisxmeba ro-

gorc Tavisufali, SeuzRudavi moZraoba, gadaadgileba da tarebis moxerxe-

buloba, aseve sxeulis bunebriv-anatomiuri mdgomareobis SenarCuneba. am 

mxriv fexsacmlis roli didia, romelsac mravali faqtori da konstruq-

torul-teqnologiuri parametri ganapirobebs. 

sawarmoo pirobebisaTvis gankuTvnil fexsacmels momsaxure persona-

li atarebs mTeli samuSao dRis ganmavlobaSi. amitom misi Siga forma op-

timalurad unda Seesabamebodes momxmareblis terfis formas da ar iwvev-

des mis meqanikur dazianebas, terfis Zval-saxsrovani Senawevrebebis zed-

met dawolas an SezRudvas da Sesabamisad terfis normaluri biomeqanikis 

darRvevas. garda amisa, Siga sayrdeni zedapiri unda iyos farTe, raTa day-

rdnobis da gaadgilebis procesSi ar iwvevdes siarulis SezRudvas, ar ar-

Rvevdes mis simdovres da maqsimalurad xels uwyobdes dgomisa da siaru-

lis dros wonasworobis SenarCunebas da lokaluri datvirTvebis minimi-

zacias dayrdnobis procesSi. specfexsacmlis cxviris nawilis forma au-

cilebelia iyos farTe da momrgvalebuli, raTa ar SezRudos fexsacmelSi 

TiTebis normaluri funqcionireba. quslis simaRle aucilebelia iyos sa-

Sualo - 25-45 mm, da ara dabali (0_24 mm). dabalqusliani fexsacmeliT mTe-

li dRis ganmavlobaSi dgomis an siarulis Semdeg quslis Zvalze da mis 

qvemoT ganTavsebul kunTovan qsovilze da myesebze (quslis kunTi da aqi-

levsis myesi) lokaluri datvirTva maqsimaluria da dRis bolos daRli-

loba da tkivili piks aRwevs. saSualo quslis SemTxvevaSi sxeulis RerZi 

gadanacvlebulia win, Sesabamisad datvirTva gadanawildeba wina terfis 

Zvlebisaken. am dros gantvirTulia quslis Zvali da is wina terf-falan-

gTa SenawevrebasTan erTad itvirTeba Tanabrad, anu simZime terfis gas-

wvriv gawonasworebulia [1]. 

specfexsacmlis lanCa sasurvelia damzadebuli iqnas msubuqi da 

elastiuri polimerebisagan, romlebic Tavis mxriv uzrunvelyofen fexsac-

mlis simsubuqes, elastiurobas, tendamcvel Tvisebebs, cveTamedegobas, mo-

curebisadmi winaaRmdegobas, gaaCniaT drekad_amortizaciuli unari. lanCa 

unda iyos monoliTuri, erTiani, quslTan erTad (calke gamoyofili qus-

lis gareSe), rac terfis kamaris nawilis daZabulobas amcirebs da Sesaba-

misad gantvirTavs terfs da amaRlebs komfortis SegrZnebas (sur. 1). 

    
sur. 1. specfexsacmelebis nairsaxeoba sezonis da samuSao pirobebis specifikis mi-

xedviT, damcavi cxvirqvediT da eleqtrostatikuri muxtis saizolacio lanCiT. 
 

masalebis xarisxze bevri ram aris damokidebuli. pirvel rigSi ter-

fis higiena da Siga komforti. rasac maRalxarisxovnad uzrunvelyofs bu-

nebrivi masalebi. bunebriv tyavs aqvs unari Seiwovos terfidan gamoyofi-
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li teni da Semdeg gasces is garemoSi. garda amisa, ar aris uxeSi, advi-

lad yalibdeba terfze eqspluataciis procesSi, aqvs maRali elastiuri 

Tvisebebi da mravaljeradi Runvisadmi  mdgradoba (Sesabamisad fexsac-

mlis saeqspluatacio vadac metia). gansakuTrebiT mniSvnelovania sasarCu-

le masalebis xarisxi, kerZod misi higienuroba da toqsikologiuri maxasi-

aTeblebi, radgan isini uSualod exebian fexis terfs. maRaltemperaturul 

garemoSi da intensiuri moZraobis dros terfidan Sesabamisad intensiurad 

xdeba tenis gamoyofa (oflis saxiT) da misi akumulireba garkveuli rao-

denobiT xdeba terfsa da fexsacmels Soris. tenis zemoqmedebiT sasarCu-

le masalebze xdeba toqsikuri nivTierebebis (arsebobis SemTxvevaSi) gamo-

recxva da terfis kanis saSualebiT didia maTi organizmSi moxvedris al-

baToba (radgan kani monawileobs organizmis nivTierebaTa cvlaSi). amitom 

specfexsacmelebis Siga komforti mniSvnelovani problemaa. 

sinTezuri masalebis mTavari uaryofiTi Tvisebaa mcire hidrofilu-

robis unari. maT umravlesobas es Tviseba saerTod ar axasiaTebs, riTac 

isini mkveTrad gansxvavdeba naturaluri masalebisagan. bambis an sxva na-

turaluri masalebisagan damzadebuli windis gamoyeneba sinTezuri masale-

bisagan damzadebul, an rezinis fexsacmelebSi ver uzrunvelyofs mis higi-

enurobas da terfis komforts. mxolod naturaluri masalebis sruli pa-

keti iZleva fexsacmlis optimalur haer da tengamtareblobas da fexsac-

mlis SigniT normaluri klimatis Seqmnasa da SenarCunebas dRis ganmavlo-

baSi. 

rac Seexeba iseT specifiur garemos (ZiriTadad maRali tenis piro-

bebSi), sadac aucilebelia rezinis fexsacmlebis gamoyeneba, terfis dasa-

cavad fexsacmlis mavne zemoqmedebisagan, aucilebelia gamoyenebuli iqnas 

maRalhigienuri sasarCule masalebi da bunebrivi boWkosagan damzadebuli 

windebi. aseTi fexsacmlebis sasarCuled rekomendirebulia gamoyenebuli 

iqnas e.w. bio_polimerebi, romelTa sanitarul_higienuri maxasiaTeblebi 

mniSvnelovnad uaxlovdeba bunebriv masalebs da damatebiT gaaCniaT unari, 

Tavisi aratoqsikurobis xarjze terfs SeunarCunos jansaRi mikroklimati 

da fexsacmlis terfidan gaxdis Semdeg tens gascems garemoSi ise, rom ar 

rCeba specifiuri suni. biopolimerebis es Tviseba da terfis normaluri 

funqcionirebisaTvis aucilebeli sxva RonisZiebebis dadebiTi mxareebi da-

dasturebulia Cvens mier Catarebuli mravaljeradi sacdeli eqspluataci-

iT [1, 2]. 
mTeli dRis ganmavlobaSi mouxerxebeli fexsacmeliT fexze dgomis 

an moZraobis dros, terfis arakomfortulobis gamo, momuSave ver SeZlebs 

samuSaos moxerxebulad Sesrulebas da Sesabamisad misi ganwyoba da Sro-

mis xarisxi iqneba dabali. terfs ki miayenebs mZime deformaciebis maprovo-

cirebel datvirTvebs, ramac SeiZleba mis janmrTelobaze mniSvnelovnad 

uaryofiTi gavlena iqonios, rogorc terfis da sayrden-mamoZravebeli 

apartis (gansakuTrebis xerxemlis) mxriv, aseve sxvadasxva Sinagani daavade-

bebis gamowvevi mizezi SeiZleba gaxdes, radgan terfis normalur funqcio-

nirebaze mTeli organizmis srulyofili funqcionirebaa damokidebuli. 
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THE PROBLEMS DETERMINING COMFORT PROPERTIES OF SPECIAL-PURPOSE SHOES 

FOR WORKERS OF THE SECTOR OF POWER INDUSTRY 
Grdzelidze M. Tkhelidze N. 

Akaki Tsereteli State University 
Summary 

Due to specificity of the sector of power industry, there are different labor conditions and, consequ-
ently, sanitary-hygiene requirements are different as well. it is necessary to ensure careful observance of wor-
king conditions of their maintenance staff sanitary-hygiene requirements of manufacturing process. From this 
point of view, the correct choice of particular special-purpose shoes is an important problem. 
 

 
 

 
maRali Zabvis qveS momuSave personalis  

spectansacmlisadmi wayenebuli moTxovnebi 
 

TxeliZe n., grZeliZe m. 
akaki wereTlis saxelmwifo universiteti 

 
  statiaSi ganxilulia maRali Zabvis qveS  momuSave personalis spectansacmli-

sadmi  wayenebuli moTxovnebi da  misi damzadebisaTvis qsovilebis SerCeva. aRniSnuli 
mrewvelobisaTvis arsebobs moTxovna spectansacmlis SerCevisaTvis. spectansacmlis 
SerCeva SesaZloa warmoebis gansakuTrebulobebis gaTvaliswinebiT. kostiumi pirvel 
rigSi unda iyos moxerxebuli, praqtikuli da funqcionaluri. qsovilis SerCeva erT-
erTi yvelaze sapasuxismgeblo momentia. 

 
maRali  profesiuli riskis Semcveli personalis dacva maTi samsaxure-

obrivi movaleobidan erT-erTi yvelaze aqtualuri sakiTxia, gansakuTrebiT ki 

es exeba maRali Zabvis qveS momuSave pirebs da energetikebs, radgan maTi jan-

mrTelobis mTliani dacva mosalodneli safrTxeebidan SeuZlebelia. aseT sa-
warmoebSi momuSave pirebi SeiZleba daculi iqnan dargobrivi spectansacmlis 

gamoyenebiT. Tumca Zalian  mwiri informacia arsebobs imis Sesaxeb Tu rogori 

unda iyos maTi spectansacmeli. rogorc ubeduri SemTxvevebis statistika gviC-

venebs, spectansacmlis ergonomikis mTliani  Sesabamisoba momuSaveTa „klima-

tur pirobebTan“  friad mniSvnelovani faqtoria. amitom SemuSavebuli unda iq-

nas normativebi, sadac mkacrad gawerili iqneba parametrebi energetikebis 

spectansacmlisaTvis. sadac gaTvaliswinebuli unda iyos rogorc spectansac-

mlis damcavi qsovilis struqtura, maxasiaTeblebi, konstruqcia, ise moxerxe-

buloba da dizainic ki. 

qsovilis SerCeva erT-erTi yvelaze sapasuxismgeblo momentia. damcavi 

kostumis qsovilebi warmoebulia para-metaarmirebuli boWkoebisagan, romle-

bic ar aaldebian da ar iwvian. maTi damcavi Tvisebebi Cadebulia molekulur 

donemde da mTlianad asaxulia mTel qsovilze. maRali temperaturis moqmede-

biT qsovilSi CaSvebulia karbonizaciis procesi: tansacmlis zedapirze war-



 

saerTaSoriso samecniero konferencia 

INTERNATIONAL   SCIENTIFIC  CONFERENCE 
 

 324

moiqmneba damcavi Txeli fena, romelic winaaRmdegobas uwevs  eleqtro denis 

SeRwevas tansacmlis SigniT. dReisaTvis mxolod armirebul qsovilebs aqvT 

aseTi unari. qsovilis warmoqmnis procesSi gamoiyeneba antistatikuri boWkoe-

bi, romlebic Sedis narTis SemadgenlobaSi, misi warmoebis procesSi. spectan-

sacmelze, romelic Seqmnilia aseTi qsovilebisagan,  kritikul donemde miRwe-

vamde Warbi eleqtromuxti ganibneva. aseTi qsovilebis maxasiaTeblebi mocemu-

lia cxrilSi 1. 

cxrili 1. 

 
qsovilis dasaxe-

leba 
artikuli Semadgenloba xlarTis

saxe 
zedapiruli 
simkvrive g/m2 

panacea 160 87001 65ПЭ б35вис tilo 160 
panacea 150 18012 60ХЛ 40ПЭ tilo 150 

premier FR350 10202 100ХЛ atlasi 340 
stong 400 15402 88ХЛ 12ПЭ sarJa 400 

 
yovel spectansacmels gaaCnia gansazRvruli dacvis unari, romelic mi-

iRweva SerCeuli qsovilisa da konstruqciis gansakuTrebulobebis erTmaneT-

Tan SesabamisobiT. mTavaria sworad ganisazRvros samuSao adgilis riskis xa-

risxi da dacvis done. unda iyos komfortuli da xasiaTdebodnen maRali dac-

vis unariT. 

energo danadgarebTan momuSaveTaTvis, sadac saWiroa maRali dacvis 

klasi, SeiZleba gamoyenebuli iqnas  damcavi qurTukebi, romelic   SedarebiT 

seriozuli dacvisaTvis unda gamoviyenoT, sxva danarCen SemTxvevaSi SeiZleba 

gamoviyenoT msubuqi damcavi kostumebi. dacvis aseTi midgoma farTodaa  gav-

rcelebuli da gamoyenebuli, damcavi qurTuki Sedis dacvis aucilebel atri-

butSi. 

unda aRiniSnos, rom mxolod zemoT aRniSnu-
li qsovilebisa da marto spectansacmlis gamoyene-

ba ar aris garanti usafrTxo muSaobisa. TiToeul-

ma momuSavem unda gaiTvaliswinos, rom kompleqsu-

ri damcavi saSualebebis gamoyenebaa aucilebeli 

imisaTvis, rom Tavidan aviciloT usiamovno Sedege-

bi. aseT saSualebebs warmoadgenen: spectansacme-

li, damcavi xelTaTmanebi, Cafxuti, damcavi ekrani, 

specfexsacmeli da sxva. amasTanave aucilebelia, 

rom spectansacmeli, damcavi qurTuki, saxeloebis 

manJetebi bolomde iyos Sekruli. 

da bolos ramdenime sityva dizainze. dReisaT-

vis spectansacmeli ar aris mxolod Sromis dacvis 

saSualeba. is aris amave dros sawarmosa Tu firmis 

saxe. masSi momuSave Tavs unda grZnobdes komfor-

tulad, riTac unda daicvas korporaciuli stili, 

amitom xSirad xmaroben termins „korporaciuli 

spectansacmeli“, romelic xSirad sawarmoebis sa-
maRali Zabvisagan dam-

cavi qurTuki 
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vizito baraTs warmoadgens. am dros iqmneba safirmo saxe, saerTo safirmo sim-

bolikiT. riTac SeiZleba momuSavis identificireba sxva sawarmos momuSaveTa-

gan. xarisxiani spectansacmeli xels uwyobs korporaciuli kulturis formi-

rebas. 
amrigad, yvela dargis momuSaveTaTvis arsebobs moTxovna spectansac-

mlis SerCevisaTvis. kostiumi pirvel rigSi unda iyos moxerxebuli, praqtiku-

li da funqcionaluri. originaluri modeli mocemul SemTxvevaSi ar warmoad-

gens ZiriTad faseulobas. 
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THE REQUIREMENT  TO SPECIAL CLOTHES FOR EMPLOYEES OF THE HIGH VOLTAGE 
N. Tkhelidze, M. Grdzelidze 

Akaki Tsereteli State university 
Summary 

The article deals with the requirement  to special clothes for employees of the high voltage and fabric 
selection for its for issuing. There is a request for selecting special clothes for designated industry. Taking in-
to account the peculiarities of the production of uniforms. Suit at first place should be comfortable, practical 
and functional. Fabric selection is one of the most responsibility moment. One of the most critical moments 
in the fabric selection. 
 
 
 

 

quTaisis zonis bunebrivi radiaciuli fonis Sefaseba 
mdgradi ganviTarebis principebis gaTvaliswinebiT 

 
xecuriani m. 

akaki wereTlis saxelmwifo universiteti 

 
q. quTaissa da mis mimdebare landSaftebSi bunebrivi radiaciuli foni vari-

rebs 8-14 mkr/sT-is farglebSi da dasaSvebad miRebul doneze (20-30 mkr/sT) gaci-
lebiT naklebia. 

warmoebuli gazomvebis Sedegad  gansazRvruli radiaciuli mdgomareoba sak-
vlev teritoriazemosaxleobas saSiSroebas ar uqmnis. kvlevis periodSi ar iqna 
gamovlenili ukontrolo radioaqtiuri wyaroebi da radioaqtiuri dabinZureba. 

 
dResdReobiT keTildReobis, cxovrebis xarisxis evropuli cneba, gar-

da wminda ekonomikuri maxasiaTeblebisa moicavs adamianis usafrTxoebas 

da janmrTelobas, Rirseuli muSaobis da srulfasovani dasvenebis SesaZ-

leblobas, sazogadoebriv cxovrebaSi CarTulobas, komfortul da usaf-

rTxo socialur garemos. 

bunebrivi radiaciuli foni aris ganmsazRvreli ZiriTadi radioeko-

logiuri situaciis SefasebisaTvis ama Tu im zonisaTvis. 

 saqarTvelo bunebrivad maRali radiaciuli fonis qveyanas miekuTvne-

ba, rac ganpiroebebulia misi geologiuri da geofizikuri mdgomareobiT. 

ganeduri mdebareoba da atmosferos cirkulaciuri Taviseburebebia saqar-

Tvelos teritoriaze xelovnuri radionuklidebis moWarbebuli gamoleq-

vis mizezi, es ukanaskneli ki iwvevs garemos radiaciuli fonis zrdasa da, 
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Sesabamisad, iqmneba mosaxleobis dasxivebis dozebis zrdis saSiSroeba. sa-

qarTveloSi radiaciuli usafrTxoebis sakiTxebi regulirdeba saqarTve-

los kanonebiT „janmrTelobis dacvis Sesaxeb“, „birTvuli da radiaciuli 

usafrTxoebis Sesaxeb“ da normatiul-teqnikuri dokumentaciiT: „radiaciu-

li usafrTxoebis normebi“ (run - 2000)  da „radioaqtiur nivTierebebTan da 

maionebeli gamosxivebis sxva wyaroebTan muSaobis ZiriTadi sanitariuli 

wesebi da normebi“. 

q. quTaisSi bolo wlebis ganmavlobaSi sagrZnoblad gaizarda turis-

tebis raodenoba, „saTafliis mRvimesa“ da „promeTes mRvimeSi“ yovelwliu-

rad eqskursiaze modis ramdenime aTasi adamiani (maTi ricxvi momdevno 

wlebSi kidev ufro gaizrdeba). amitom mniSvnelovania imis codna, Tu ram-

denad usafrTxo garemoa radiaciuli TvalsazrisiT adamianebisaTvis, ram-

denad efuZneba arsebuli garemo mdgradi ganviTarebis princips, romlis 

Tanaxmad, dRevandelobis moTxovnilebebi unda dakmayofildes ise, rom 

safrTxe ar Seeqmnas momaval Taobebs, ramdenad uzrunvelyofs sazogadoe-

bis keTildReobas mokle, saSualo da, rac mTavaria, xangrZlivi vadiT. 

q. quTaissa da mis SemogarenSi radiaciuli mdgomareobis Cvens mier 

warmoebuli kvleva moicavs landSaftebis, gzebis, quCebis, moednebisa da a. 

S. radiaciuli fonis Semowmebasa da gansazRvras.   

zogadad, nebismier qalaqSi, mcired momatebuli radiaciuli foni da-

kavSirebulia bunebriv araerTgvarovan geologiur qanebTan, didi raodeno-

biT samSeneblo masalebis momatebul bunebriv radioaqtiurobasTan (grani-

ti, xreSi da a.S.), qalaqSi ganTavsebuli mavne sawarmoo obieqtebis, avtot-

ransportis gamonabolqvTan. agreTve, radiaciuli fonis done damokidebu-

lia gazomvis Catarebis droze (magaliTad, wvimis Semdeg eqspoziciuri do-

zis donem SeiZleba aiwios 1-2 mkr/sT-iT atmosferodan radioaqtiuri niv-

Tierebebis gamorecxvis xarjze)  

qalaqSi ganviTarebuli mrewveloba da transporti,  Tavis mxriv, war-

moadgenen radioaqtiuri nivTierebebis moxvedris wyaros  qalaqis garemo-

Si. amitom radiaciuli foni yovelTvis SedarebiT maRalia qalaqis SigniT, 

vidre ganapira raionebSi. aRniSnuli procesis mecnierul termins ewodeba 

- teqnogenurad gaZlierebuli radiaciuli foni  

2011-2012–2013 wlebSi Catarebul iqna quTaisis zonis  bunebrivi radia-

ciuli fonis Seswavla scintilaciuri dozimetris СPП-68-01, №3213-is meS-

veobiT.  

rogorc moyvanili monacemebidan Cans, q. quTaisis mimdebare landSaf-

tebSi SedarebiT maRali maCveneblebi aRiniSneba, vidre qalaqis teritoria-

ze, rac SeiZleba aixsnas imiT, rom avtomagistralebze,  sadac intensiuri 

moZraobaa - aRiniSneba eqspoziciuri dozebis maRali maCveneblebi  qalaqis 

sxva adgilebTan SedarebiT. zogadad, q. quTaissa da mis mimdebare lan-

dSaftebSi bunebrivi radiaciuli foni varirebs 8-14 mkr/sT-is farglebSi 

da dasaSvebad miRebul doneze (20-30 mkr/sT) gacilebiT naklebia. 

 cxrilSi mocemulia agreTve radiaciuli higienis sanitariis Tval-

sazrisiT adgilobrivi macxovreblebis mier gamosxivebiT miRebuli wliu-

ri dozebi (mzv/weli). rogorc cxrilidan Cans, dasxivebis wliuri dozebi 

varirebs 0,70 mzv/w-dan 1,23 mzv/w-mde farglebSi.  
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bunebrivi radiaciuli  fonis gazomvis Sedegebi mocemulia cxrilSi. 

quTaisis zonis bunebrivi radiaciuli fonis maCveneblebi 

 

# sakvlevi teritoria 
radiaciu-
li foni 
mkr/sT 

(nr/sT) # 
sakvlevi 

teritoria 

1 md. WiSura 10 100 0,87 0,17 
2 md. wyalwiTela (axal xidTan) 14 140 1.23 0,25 
3 muxnaris tye 11 110 0,96 0.19 
4 sof. gumaTi 12 120 1,05 0.21 
5 sof. banoja 13 130 1,14 0,23 
6 sof. qvitiri 9 90 0.78 0,16 

7 
yofili avangardis qarxana  

(sulxan-sabas g.) 
11.5 115 1.01 0.20 

8 
yofili liTofonis qarxana  

(wereTlis q.) 
10 100 0,87 0,17 

10 quTaisSi Semos. (banojis mxridan) 10 100 0,87 0,17 
11 nagavsayreli (nikeas q) 10 100 0,87 0,17 

12 
saqarTvelos parlamenti  

(i.abaSiZis g.) 
12 120 1,05 0.21 

13 aRmaSeneblis gamz. 8 80 0,70 0,14 
14 nikeas q. 9 90 0.78 0,16 

15 awsu universiteti Tamar-mefis q.) 10 100 0,87 0,17 
16 CeCelaSvilis q. 8 80 0,70 0,14 

17 
daviT aRmaSeneb-lis saxelobis 

aero-porti  
(kopitnaris dasaxleba) 

10 100 0,87 0,17 

18 md. oRaskura (buxaiZis q.) 11.5 115 1,01 0.20 

19 WavWavaZis g. 12 120 1,05 0.21 
20 rusTavelis g. 10 100 0,87 0,17 
21 axalgazrdobis gamz. 13 130 1,14 0,23 

22 
quTaisSi Semosasvleli (aRmosav-

leTis mxridan) 
12 120 1,05 0.21 

23 
sayofacxovrebo teqnikis qarxana 
“resh-eorgia” (avtomSeneblis quCa) 

9 90 0.78 0,16 

24 
metalurgiuli qarxana „herkule-

si“ (SevCenkos quCa) 
11 110 0,96 0.19 

25 
betonis qarxana „Sps. tobe“ (av-

tomSeneblis quCa) 
9 90 0.78 0,16 

26 
avtomeqanikuri qarxana (avtomSe-

neblis quCa) 
10 100 0,87 0,17 

27 
limonaTis qarxana Sps „noka“ (Ta-

bukaSvilis quCa) 
12 120 1,05 0.21 

28 
yofili eleqtromeqanikuri qarxa-

na (gugunavas quCa) 
9 90 0.78 0,16 

29 botanikuri baRi (leseliZis q.) 9 90 0.78 0,16 
30 q.quTaisis centraluri baRi 10 100 0,87 0,17 
31 bagratis taZari 9 90 0.78 0,16 

 

sakvlev teritoriaze gansazRvruli saerTo radiaciuli foni da mo-

saxleobis wliuri dasxivebis dozebi yvelaze dabalia aRmaSeneblis gam-

zirsa da CeCelaSvilis quCaze (80 nr/sT; 0,70 mzr/weli), xolo yvelaze ma-

Ralia md. wyalwiTelasTan (e.w. axal xidTan) – (140 nr/sT; 1,23 mzr/weli). 

quTaisis zonaSi saSualod dasxivebis wliuri doza 0,92 mzv/wel-s Se-
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adgens. 

  mosaxleobis sxivur datvirTvaSi mniSvnelovani wvlili Seaqvs sam-

Seneblo masalebad niadagis qanebidan amoRebuli nedleulis (Tixa, kirqva, 

bazalti, graniti, tufi da a.S.) gamoyenebas, aseve sxva wiaRiseulis (navTo-

bi, qvanaxSiri da sxva) intensiur mopovebas, aqedan gamomdinare, aqtualuri 

xdeba saSeni masalebis, aseve, wiaRiseulis mopovebis arealebis kontroli 

radioaqtiur dabinZurebaze da personalis radiaciuli monitoringi. auci-

lebelia aRiniSnos, rom am monacemebSi araa gaTvaliswinebuli Senobebsa 

da mis sardafebSi arsebuli situacia, rac calke kvlevis sagania. 

amrigad, warmoebuli gazomvebis Sedegad  gansazRvruli radiaciuli 

mdgomareoba sakvlev teritoriaze mosaxleobas saSiSroebas ar uqmnis. 

kvlevis periodSi ar iqna gamovlenili ukontrolo radioaqtiuri wyaroebi 

da radioaqtiuri dabinZureba. 
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Khetsuriani M. 

Akaki Tsereteli State University 
Summary 

Natural radiation background varies in 8-14 mcr. per hour  in Kutaisi and the surrounding area.It is far 
less than the allowed level  (20-30 mcr./hr.). Estimated radiation rates on the research territory defined after 
conducted measurements are not hazardous for the settlers. No out of control radioactive resources and pollu-
tion  has been revealed during the study 

 
 

 
 

ЭКСПЕРИМЕНТАЛЬНОЕ ИССЛЕДОВАНИЕ ПРОЦЕССА 
РАСТЕКАНИЯ ПРИ АВАРИЙНЫХ РАЗЛИВАХ 

НЕФТЕПРОДУКТОВ 
 

Цецхладзе Р., Чоговадзе Дж., Чабукиани Р. 
Государственный университет Акакия Церетели 

 
Транспортирование нефти сопровождается авариями, которые, несмотря на заметное 

снижение  уровня экологического загрязнения больших водных масс, все еще остается 
проблематичной.  В работе дан  анализ системы перемещения нефтепродуктов по акватории, 
объемы перекачки нефти и нефтепродуктов через бассейн Черного моря Грузинского побережья. 
Экспериментально изучена природа растекания нефтепродуктов в пресной (речной) воде 
замкнутого водного бассейна. Опыты показали, что пятно моторного масло (ММ) в течении 2 часов 
продолжало свободное растекание, не изменяя форму круга. Однако после соприкосновения с 
бортами бассейна получило форму эллипса с большим диаметром по длине бассейна.  
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Ежедневная добыча и запасы сырой нефти на территориях разных стран мира 
распределено неравномерно, что обусловливает необходимость ее транспортирования из 
одних стран в другие. 

Абсолютное количество добываемой в мировом шельфе нефти перевозиться 
танкерным флотом, который в концу прошлого века составлял 1,5 млрд т в год. Логично, что 
транспортирование нефти сопровождается авариями, которые, несмотря на заметное 
снижение  их уровень экологического загрязнения больших водных масс, все еще остается 
проблематической. 

На территории Грузии, как исторически в ключевой стране ,,Великого шелкового 
пути” проходят все виды транспортных линий: автомобильное, речное, морское, 
железнодорожное, воздушные, трубопроводное, которые могут каждым годом увеличить 
объем перевозок энергоносителей из Азербайджана, Казахстана и Туркмении, отправляемой 
по всему миру. В связи с этим возрастает ответственность республики в обеспечении 
соответствующих структур и способов управления экологической безопасности 
транспортировки нефти и нефтепродуктов  

Согласно  анализа системы перемещения нефтепродуктов по акватории объемы 
перекачки нефти и нефтепродуктов через бассейн Черного моря Грузинского побережья 
нарастают с каждым годом. 

экспериментальном работе было изучение природы растекания нефтепродуктов в 
пресной (речной) воде замкнутой в рамках водного бассейна.  Исследования проводились на 
моторное масло.  

В середине бассейна на высоте 10 см в воде было накапано 3 капли ММ;  через 5-10 
мин. масса принял круглое очертание диаметром 0,5 м; далее, через каждый час измерялось 
площадь растекания ММ; Кинематика растекания ММ в течение три часа показана на рис. 1. 

Результаты экспериментальных исследовании растекания ММ во времени приведени в 
таблице 1 

таблица 1 
F, м2 0,5 0,7 1,2 1,5 
t, час 0,7 1,0 2,0 3,0 

 
Растекания ММ соответствует закономерности уравнения прямой  

F = at + b 
здесь t – время растекания ММ; а и b – коэффициенты регрессии, которые 

определяется методом суммы наименьших квадратов . 
После постановке значений коэффициентов регрессии получим следующее уравнение 

F = 0,44t -0,55 
На рисунке 2 представлена график изменения площадь растекании ММ в зависимости 

от времени.  
Изменение времени растекания ММ в часах дает возможности заранее определить 

площадь растекания любого типа нефтепродуктов. 
Как видно из рисунка 3. а.  пятно ММ в течение 2 часа продолжал растекания 

свободно без столкновения с какими-нибудь препятствиями, однако после соприкосновения 
с бортами бассейна оно изменяет форму и удлиняется по диаметру с одной стороны, по 
направлению длины бассейна. (см. рис. 3 б.) 
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Рис.1. Схема бассейна и кинематика растекания моторного масла в пресной воде 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
 

Рис. 2. Зависимости площади растекания от времени 
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а.       б. 

Рис. 3. Формы растекшихся пятен  до соприкосновения с бортами бассейна  (а) и после 
соприкосновения. 

 

    
Рис.4. Специальное техническое средство боновые ограждение для локализации 

нефтяного пятна. 

 
Аналогично действует большая вливающая масса нефтепродуктов при столкновении с 

берегом, что требует использованию соответствующих служб оснащенных специальными 
техническими нефтезаборными средствами (рис.4.). 

 
 

Литература 
1.Цецхладзе Р., Чоговадзе Дж., Чабукиани Р.  Анализ системы перемещения нефтепродуктов по 
акватории грузинского побережья. Международная научно-практическая конференция наука и 
инновационные технологии. Сборник трудов. Кутаиси, 2014, 403-405 с. 
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EXPERIMENTAL STUDY OF OIL SPREADING PROCESS DURING THE ACCIDENTAL  
OIL SPILLS   

Tsetskhladze R., Chogovadze J. Chabikiani. 
Akaki Tsereteli State University 

Summary 
The paper dwells on the analysis of the oil products transportation system in the water area,  

throughput volumes of oil and oil products through the Black Sea basin of Georgian sea shore. There has 
been experimentally studied the nature of oil products spreading in fresh (river) water in a closed water basin. 
The experiments have shown that the oil spot kept on freely spreading for 2 hours without changing the shape 
of circle. However, after colliding with the basin borders, it received the form of ellipse with a diameter 
along the length of the basin.     

 

 
 
 

niadagis minimaluri damuSaveba – mniSvnelovani  
ekologiuri rezervi 

 
TavberiZe s., wiqoriZe m., ebanoiZe e.  

akaki wereTlis saxelmwifo universiteti 
 

mosaxleobis raodenobis zrda adamians warmoebuli produqciis moculobis 
zrdisaken ubiZgebda, ramac garemoze negatiuri zemoqmedeba bolos ise gazarda, 
rom kacobrioba sagonebelSi Caagdo da miwadmoqmedebis SedarebiT daxvewili teq-
nologiebis Seqmnisken ubiZga; aman ki, Tavis mxriv, ekosistemis damcavi teqnologi-
ebis aqtiuri ganviTareba ganapiroba.  

niadagis damuSavebis Tanamedrove teqnologiebs qveynis soflis meurneobis 
ganviTarebisTvis didi mniSvneloba eniWeba. yoveli axali teqnologia, romelic 
ar aris tradiciuli saqarTvelosTvis, saWiroebs fermerTa cnobierebis amaRle-
bas am teqnologiis mniSvnelobaze wylismieri, qarismieri eroziisa Tu sxva eko-
logiuri negatiuri movlenebis Semcirebis kuTxiT. 

 
ukve mravali saukunea, rac kacobrioba niadagis eroziis Sedegad mniS-

vnelovan zarals ganicdis. niadagebis degradaciis procesi katastroful 

formebs iRebs. yovelwliurad msoflioSi sameurneo miznebiT gamoyenebas 

akldeba 5 – 7 mln. ha saxnavi miwis farTobebi, saidanac farTobebis 60% - 

wylismieri eroziis Sedegad, xolo 40% qarismieri eroziis mizeziT.  [2]  

dedamiwaze sxvadasxva ekologiur saSiSroebasTan damokidebulebaSi, 

msoflios analitikuri centrebi msjeloben niadagis mdgomareobis momav-

lis Sesaxeb. 2007 wlis 14 marts daniam, portugaliam, espaneTma da kanadam 

Seitanes kiotos oqmSi punqti, rom niadagSi -is Semcireba SesaZlebe-

lia niadagis damuSavebis raodenobebis Semcirebis xarjze. 

am teqnologiebis gamoyenebis gziT msoflio agrarikosebi aRweven or 

mizans: 

- ekologiur katastrofis saSiSroebis Semcirebas; 

- niadagis nayofierebis amaRlebas. 

niadagze mzardma meqanikurma zemoqmedebam gamoiwvia mTeli rigi nega-

tiuri movlenebi: 

pirvel rigSSi niadagis meqanikuri damuSaveba `ylapavs~ miwaTmoqmede-

baSi energetikuli danaxarjebis daaxloebiT 40% da SromiTi danaxarjebis 
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25 %-ze mets.  

meore – niadagze mzardi meqanikuri dawola, rogorc wesi maZravis ma-

sis zrdiTaa ganpirobebuli da masze agregatis xSiri gadaadgileba mkveT-

rad aZlierebs niadagis degradacias. mkveTrad gaizarda niadagis simkvrive 

da winaaRmdegoba, niadagSi humusis Semcveloba bolo 60 wlis ganmavloba-

Si Semcirda 25-30%-iT, gaZlierda eroziuli procesebi. 

mesame – miuxedavad imisa, rom bolo 20 wlis ganmavlobaSi niadagze 

meqanikuri zemoqmedeba gaizarda 3.5-jer, kulturaTa mosavlianoba Semcir-

da 12-30%-iT niadagis simkvrivis zegajerebulobis gamo. am da sxva negati-

urma aspeqtebma mkveTrad aamaRles niadagis minimaluri damuSavebis aqtua-

loba Tanamedrove miwaTmoqmedebaSi. 

niadagis damuSavebis minimizaciis ZiriTadi gza mdgomareobs SemdegSi: 

 damuSavebis raodenobebis Semcireba maTi niadagis optimalur fizikur 

mdgomareobaSi Catarebis Sesabamisad; 

 niadagis damuSavebis siRrmis Semcireba agroteqnikurad dasabuTebuli 

niadagis Rrma da zedapiruli damuSavebis xerxebis monacvleobiT; 

 samanqano-satraqtoro agregatis (ssa) erTi gavliT ramdenime teqnologi-

uri operaciis Sesrulebis SeTavseba; 

 dasamuSavebeli zedapiris farTobis Semcireba danarCen farTobze pesti-

cidebis gamoyenebiT; 

 niadagze minimaluri xvedriTi dawneviT momuSave maZravebisa da niadag-

damamuSavebeli iaraRebis gamoyeneba. 

amasTan am gzebis realizacia SesaZlebelia mxolod miwaTmoqmedebis 

praqtikaSi gansazRvruli pirobebis dacviT: 

 niadagis Tanabarfasiani simkvrivis formireba calkeul sasoflo-sameur-

neo kulturebis optimalur simkvriveTa Sesabamisad (marcvlovani kul-

turebisaTvis 1.1 - 1.3 g/sm3; saToxni kulturebisaTvis 1 – 1.2 g/sm3); 

 daculi iqnas niadagis saerTo forianoba aranakleb 50 – 55%-isa da ae-

raciis forianoba 15 – 20%-ze meti; 

 uzrunvelyofil iqnes niadagis wyalgamtarianoba aranakleb 60 mm/sT; 

 SenarCunebul iqnas mindvris niadagis tenmoculoba 30 – 33% zRvrebSi; 

 SenarCunebul iqnes makrostruqturis wyalmdgradi agregatebis Semcve-

loba 50%-ze meti;      

 saxnavi fenis simZlavris formireba aranakleb 200 - 220 mm-isa.  

am pirobebis Sesasruleblad aucilebelia sasoflo-sameurneo samuSa-

oebis procesSi mkacrad iqnes daculi sxvadasxva sasoflo-sameurneo kul-

turaTa movla-moyvanis agroteqnikuri moTxovnebi, resursdamzogi ssa-is 

dakompleqteba, garemoze mavne zemoqmedebis neitralizaciisaTvis Tanamed-

rove teqnikisa da sistemebis gamoyeneba. 

niadagdamcavi teqnologiebis daniSnuleba tradiciuli da kukturebis 

mosavlianobis Semcirebis gareSe intensiuri teqnologiebis uaryofiTi 

gavlenis Semcirebaa. saWiroa iseTi samanqano teqnologiebis da teqnikuri 

saSualebebis Zieba, romlebic uzrunvelyofs aramarto qarismieri da wya-

lismieri eroziebis Semcirebas, aramed miwis efeqtian gamoyenebas, niadagis 

nayofierebis aRdgenas da gazrdas, misi danagvianebis aRmofxvras da saer-
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Tod darRveuli ekologiuri wonasworobis aRdgenas. damcav teqnologieb-

Si datkepnili fenis periodul gafxviereba (gantkepvnas) da misi imfiltra-

ciuli Tvisebebis gaumjobesebas didi yuradReba eqceva. nidagis datkepnis 

Sesamcireblad miwis damuSavebis ramdenime teqnologiuri operaciis gaer-

Tianeba karg Sedegs iZleva, ra drosac xSirad gamoiyeneba farTo sabura-

viani an muxluxoiani agregatebi, romlebic specialurad datovebul teq-

nologiur nakvalevze gadaadgildebian. 

niadagis minimaluri damuSavebis teqnologia faqtobrivad niadagdamca-

vi teqnologiis erT-erTi meTodia. Tavisi arsiT is sasoflo-sameurneo 

kulturebis moyvanis teqnologiuri operaciebis kompleqsia, rac energeti-

kul, SromiT, materialur danaxarjebTan erTad niadagis fizikur Tvise-

bebze uaryofiT zegavlenas amcirebs. niadagis minimaluri damuSavebis mi-

marTulebebia: ZiriTadi Rrma damuSavebis mcire siRrmeze damuSavebiT Sec-

vla; sarevelebis winaaRmdeg brZolis qimiuri meTodebis gamoyenebiT rig-

TaSorisebis damuSavebis ricxvis Semcireba; ramdenime teqnologiuri ope-

raciis erT samuSao procesad (kombinirebuli manqanebiTa da agregatebiT) 

gaerTianeba; mindvris mxolog im mwkrivebis damuSaveba, romlebic iTeseba. 

niadagis eroziis Tavidan acilebisaTvis erT-erTi mTavari RonisZiebaa 

niadagis xvna beltis gadabrunebis gareSe. e. i. ar  xdeba nawveralisTvis 

da niadagis qveda fenebisaTvis adgilis Secvla, aramed mimdinareobs maTi 

adgilze erTdrouli gafxviereba. 

yvelaze ufro xSirad Tanawyobil operaciebs praqtikaSi niadagis Tes-

viswina da Tesvisas iyeneben. Teoriulad naTesebis damuSavebis ricxvi Se-

iZleba daviyvanoT erTamde – Tesvamde. praqtikulad niadagis damuSavebis 

ricxvis zRvrulamde Semcirebis ideas mraval qveyanaSi emsaxureba sasof-

lo-sameurneo kulturebis movla-moyvanis teqnologiebi kvalSi, RarSi an 

kordze pirdapiri Tesvis gamoyenebiT, romelic saSualebas iZleva Semcir-

des sawarmos danaxarjebi da niadagis danakargi qarismieri eroziisagan. 

miwis damuSavebis es meTodi tradiciulad ar gamoiyeneboda saqarTve-

loSi, amitom misi danergvisaTvis Tavdapirvelad sxvadasxva sapilote pro-

eqtebisa da fermerTa sakonsultacio momsaxurebis uzrunvelyofa iqneba 

aucilebeli. rameTu minimaluri damuSavebis teqnologia ar warmoadgens 

tradiciuls saqarTvelosTvis da Sesabamisad ar aris gavrcelebuli ba-

zarze, aseve saWiro iqneba bazris uzrunvelyofis rgolis Camoyalibeba. 

rekomendebuli teqnologiiT mkveTrad Semcirdeba an mTlianad aRikve-

Teba niadagis eroziis gamovlineba saxnav miwebze [4] da Semcirdeba miRebu-

li produqciis TviTRirebuleba. 
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MINIMAL SOIL TILLAGE-AN IMPORTANT ECOLOGICAL RESERVE. 
Tavberidze S. Tch., Tsikoridze M. G., Ebanoidze I. D. 

Akaki Tsereteli State University 
Summary 

Growth of population number used to stimulate humans to increase the volume of produced pro-
duction, which has increased the negative effect on environment finally so much  that mankind started to con-
cern about it and this inspired them to invent more refined technologies for ecosystem protection.     

Modern technologies in soil tillage are given a high importance in agricultural development. Each 
new technology, which is not traditional for Georgia requires awareness raising in farmers about the impor-
tance of these technologies in terms of elimination of water, wind caused erosions or other negative ecologi-
cal disasters. 
 

 

 

 

satransporto saSualebebi da ekologiuri problemebi 
 

Tofuria r., koCaZe T., SoTaZe z. 
akaki wereTlis saxelmwifo universiteti 

 
naSromSi mocemulia satransporto energetikuli danadgarebis mier Seqmnili 

mzardi ekologiuri problemebis mimoxilva da dasaxulia maTi Semcirebis perspeq-
tiuli mimarTulebebi. avtorTa azriT ekologiuri maCveneblebis gaumjobesebis 
erT-erT mTavar mimarTulebad dReisaTvis satransporto Tburi energetikuli da-
nadgarebis maRali ekologiuri maxasiaTeblebis mqone sawvavze gadayvana warmoad-
gens. 
    

msoflios mraval qveyanaSi satransporto mrewvelobis intensiuri ganvi-

Tareba daiwyo me-20 saukuneSi da maRal teqnologiur Sedegebs  miaRwia sauku-

nis dasasrulsa da 21-e saukunis dasawyisSi, rac gamoisaxeba  alternatiuli 

sawvavebis gamoyenebis SesaZleblobebiT, romelic pirvel rigSi aisaxeba ener-

getikuli danadgarebis garemoze zemoqmedebis gaumjobesebaSi. 

satransporto saSualebebidan arsaniSnavia saavtomobilo mrewvelobis 

ganviTarebis maCveneblebi, romelic pirobiTad SeiZleba daiyos Semdeg etape-

bad: 

 avtomobilebis sacalo da mcire seriuliwarmoeba - 1930 wlamde; 

 saavtomobilo mrewvelobis mZlavri bazis Seqmna, ramac uzrunvelyo sxva-

dasxva tipis avtomobilebis konveieruli warmoeba da masiuri gamoSveba - 

1930-1960 ww; 

 mTeli rigi axali saavtomobilo qarxnebis eqspluataciaSi gaSveba - 1960-

1980 ww; 

 avtomobilebis raodenobis mkveTri gazrda da damzadebis xarisxis gaumjo-

beseba - 1980—1990 ww; 

 atmosferos dabinZurebis Semcirebis mizniT alternatiuli sawvavebis Zie-

bisa da ekonomiurobis gaumjobeseba - 1990-2015 wlamde. 

rig qveynebSi sagrZnoblad izrdeba avtotransportis tvirTbrunva, gansa-

kuTrebiT didi tvirTamweobis transportisagan, radgan isini emsaxurebisn sa-

warmoebs, soflis meurneobas, qalaqebis da saqalaqTaSoriso magistralebs, 

sxvadasxva saxis mSeneblobebs, karierebs da mravali saxis specialur obieq-
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tebs. wlobiT izrdeba avtomobilebis gamoSvebis tempi da maTi tvirTbrunvis 

raodenoba. amasTan erTad mimdinareobs saavtomobilo parkebis struqturis 

Zlieri lojistikuri sistemebiT gaumjobesebiTi samuSaoebi, maTSi izrdeba 

mcire da maRali tvirTamweobis avtomobilebis kuTri wona. paralelurad mim-

dinareobs mravali saxis alternatiuli sawvavebis gamoyenebis SesaZlebloba 

da atmosferoze mavne zemoqmedebis Semcirebis samuSaoebic. 

saavtomobilo transportis  ganviTarebis perspeqtiul mimarTulebebSi 

unda iyos gaTvaliswinebuli Semdegi: 

 saavtomobilo firmebis parkis struqturis gaumjibeseba; 

 saavtomobilo transportis maqsimalurad SesaZlo gazodizelizacia.     es 

mimarTuleba imdenad aris perspeqtiuli, ramdenadac gazodizelebs gaaCni-

aT sxva sawvavebze momuSave ZravebTan SedarebiT mTeli rigi upiratesobani; 

 airbaloniani avtomobilebis gamoyenebis intensivobis gazrda saSualo da 

did qalaqebSi; 

 biosawvavebis gamoyenebis SesaZleblobebis gafarToeba; 

 sazogadoebrivi daniSnulebis transportis Semdgomi ganviTareba da kuTri 

wonis amaRleba; 

 satransporto saSualebebis hibriduli ZravebiT uzrunvelyofa sxvadasxva 

saxis energoresursebis gamoyenebiT; 

 saavtomobilo transportis sawarmoo-teqnikuri bazis Semdgomi srulyofa; 

moZraobis organizaciis gaumjobeseba da qalaqis urbanuli dagegmarebis 

axali meTodebis gamoyenebiT transportis gamonabolqv airebSi toqsiku-

robis Semcireba; 

 moZvelebuli transportis amoReba eqspluataciidan. 

zemoT moyvanili transportis ganviTarebebis perspeqtiuli mimarTule-

bis srulyofis sazRvari didad aris damokidebuli bolo periodSi momxdari 

giganturi gardaqmnebiT dedamiwis yvela nawilSi, adamianis moRvaweobis yvela 

sferoSi globaluri masStabis mZlavr faqtorebs Soris, romelic gansaz-

Rvraven transportis ganviTarebis gzebs, SeiZleba davasaxelo Semdegi: 

 msoflioSi moaxleobis uprecedento mateba, romelic xSirad demogtafiu-

li afeTqebas uwodeben, bolo 4-5 Taobis cxovrebis periodSi msoflios mo-

saxleoba gaizarda 1 mlrd-dan 6 mlrd-mde. Tanamedrove pirobebSi dedami-

wis mosaxleoba yovelwliurad izrdeba 75-80 milioni adamianiT da gaerTi-

anebuli erebis organizaciis gamoTvliT 2022 wlisaTvis 8 miliardi adamia-

ni iqneba. 

 mrewvelobs swrafi zrda da materialuri resursebis xarjva. bolo 75 

wlis ganmavlobaSi qvanaxSiris mopoveba gaizarda 3-jer, bunebrivi airebis 

25-jer, navTobis - 50-jer, amave periodSi eleqtro energiis warmoeba gaizar-

da 1000-jer, amasTan 80-85% gamomuSavebuli el.energia miiReba naxSirwyal-

badiani sawvavis dawviT. 

 mosaxleobis urbanizacia e.i. qalaqebis umagaliTo zrda, me-20 saukunis gan-

vlili wlebis miwurulis dedamiwis mosaxleobis saerTo raodenoba gai-

zarda 3-jer, xolo qalaqis mosaxleoba - 12-jer. araproporciulad izrde-

ba ara marto qalaqebis raodenoba, aramed qalaqSi macxovrebelTa ricxvi. 

 me-20 saukunis fenomenad  ingliselma fizikosma da filosofosma jon ber-
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nalma daasaxela samecniero teqnikuri revolucia. ZiriTadad am aswleul-

Si da umetesad mis meore naxevarSi, mecnierebam da teqnikam miaRwia arnaxu-

li ganviTarebis dones, aRmoaCines obieqturi msoflios arsebobis da ganvi-

Tarebis axali kanonebi, energiis axali saxeebi, axali masalebi, manqanis 

axali tipebi da saxeebi, axali teqnologiuri procesebi, marTvis da kavSi-

ris axali sistemebi da meTodebi. 

CamoTvlili da bunebriv-geografiuli, ekonomiuri, politikur-socialu-

ri da sxva fundamentaluri faqtorebis zegavleniT msoflio transporti gan-

viTarda rogorc raodenobrivad, aseve xarisxobrivadac. Tanamedrove tran-

sportma SesaZlebeli gaxada: masiuri industriuli warmoebis saSualebebis da 

samomxmareblo produqtebis specializirebuli Sromis ufro didi dayofa 

warmoebis yvela sferoSi, soflis meurneobaSi, mSeneblobaSi da ekonomikis 

sxva dargebSi; gafarTovda nacionaluri da saerTaSoriso vaWroba sxvadasxva 

saxis energomatareblebiT, nedleuliT, masalebiT, naxevarfabrikatebiT da 

mza produqciiT. 

satransporto saSualebebis ganviTarebas Tan sdevs xalxis mzardi migra-

cia (metnaklebad maRali donis komfortiT) garkveuli qveynebis CarCoebSi da 

saerTaSoriso marSrutebze; dedamiwasTan axlos mdebare kosmosuri sivrcis 

aTviseba da saplanetaSoriso kvlevebis da dakvirvebebis ganxorcieleba xel-

sawyoebiT, safreni aparetebis daxmarebiT momavalSi xalxis saplanetaSoriso 

mogzaurobani da turizmis intensiuri zrda. 

miuxedavad mniSvnelovani progresisa transportis ganviTarebaSi bevr 

qveyanaSi Camoyalibda Taviseburi paradoqsuli garemoeba. satransporto prob-

lemebi gamwvavda. irRveva ritmuli miwodeba  sakvebi produqtebis miwodebis 

dros qalaqebsa da dasaxlebul punqtebSi. tvirTis garkveuli nawili dagvia-

nebis gamo fuWdeba an saerTod gamousadegari xdeba. irRveva mravali saxeobis 

satransporto saSualebebis moZraobis grafikebi. mgzavrobis momsaxurebis 

done dabalia. yovelTvis ar aris mgzavrobis usafrTxoeba uzrunvelyofili, 

Sedegad yovelive es aferxebs qveynebis srulyofil ganviTarebas. 

zemoT moyvanili mizezebi gansakuTrebiT rTuli da mravalmxrivia. aqve 

SeiZleba mokled iTqvas, rom Tanamedrove transporti sxva dargebs CamorCeba 

ganviTarebaSi, rac uaryofiTad moqmedebs garemomcvel samyaroze. 

atmosferos dabinZurebasTan brZola rTuli problemaa, romelic moi-

cavs politikur, ekonomiur, teqnologiur, sociologiur da sxva aspeqtebs. 

zogierT SemTxvevaSi gansaxorcielebeli teqnikuri proeqtebi ekonomiurad mi-

uRebelia, radgan ar Seesabameba normativebs gamonabolqviT an sxva romelime 

parametrebiT daWuWyianebaze. atmosferos dabinZurebis kompleqsur sakiTxeb-

Si optimaluri gadawyvetilebebis miReba yovelTvis SeuZlebeli da araefeq-

turia, magram yvela SemTxvevaSi ZiriTad moTxovnad rCeba iseTi RonisZiebebis 

gatareba, romelic miznad isaxavs atmosferos dabinZurebis Semcirebas da  ar 

unda auaresebs  ekologiur maCveneblebs garemos sxva sferoebSi. 

satransporto saSualebebis garemoze uaryofiTi zemoqmedebis mTlianad 

likvidacia SeuZlebelia, amitom aucilebelia miviRoT efeqturi zomebi maTi 

mkacrad SezRudvisaTvis da gonivrul zRvrebSi SenarCunebisaTvis. 

bolo wlebSi im sakiTxebis izolirebulad ganxilvis done, romelic See-

xeba avtomobilizaciis uaryofiTi gavlenis SezRudvas calkeuli mimarTule-
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bebiT ar Seesabameba moTxovnebs, romelsac gvkarnaxobs garemoze zemoqmedebis 

masStabebi, radgan xSirad erTi parametris optimizacia ver uzrunvelyofs 

sxva parametrebis srulyofas. sakiTxebis kompleqsuri gadaWra rTul proble-

mas warmoadgens, romelic dakavSirebulia mraval teqnikur, organizaciul, 

ekonomikur da mmarTvelobiT RonisZiebebTan. gadawyvetileba, romelic dRis 

wesrigSi dgas, gulisxmobs Seiqmnas satransporto sistemebi, romelSic Ser-

wymuli iqneba maRali efeqturoba da minimaluri zegavlena garemoze. 

yvelaze mniSvnelovnad garemos mdgomareobaze gavlenas axdens TviT sat-

ransporto saSualebebis mavne zemoqmedebis xarisxi. am mimarTulebiT zemoqme-

debis Semcireba SesaZlebelia avtomobilebis arsebuli konstruqciis srul-

yofiT, perspeqtiuli satransporto saSualebebis SeqmniT da maRalteqnolo-

giuri energoresursebis gamoyenebiT. 

ZiriTadi kvlevebi perspeqtiuli satransporto saSualebebis sferoSi mi-

marTulia aratradiciul sawvavze momuSave iseTi Zaluri danadgarebis Seqmna-

ze, romlebSic energiis gardaqmna xdeba minimaluri danakargebiT, xolo gare-

mos dabinZurebis done SedarebiT naklebia. am sakiTxebSi ukve miRweulia gar-

kveuli warmatebebi, magram jerjerobiT miRebuli Sedegebi ama Tu im miezebis 

gamo konkurencias ver uwevs navTobproduqtebze momuSave tradiciul energo-

danadgarebs. 
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TRANSPORT AND ENVIRONMENTAL PROBLEMS 
Topuria R., Kochadze T. Shotadze Z. 

Akaki Tsereteli State University 
Summary 

The paper gives an overview of the environmental problems of transport and energy installations cre-
ated by the growing trends are set to decrease. According to the authors to improve the environmental perfor-
mance of transport in one of the main directions of thermal power plants are currently high ecological charac-
teristics of the fuel transfer. 

 

 

 

 

hidroenergetikuli obieqtebis optimaluri marTvis 
amocanis dasmis sakiTxisaTvis  garemoze zemoqmedebis 

maCveneblebis SezRudviT 
 

cxakaia q., TevdoraZe s. 
akaki wereTlis saxelmwifo universiteti 

 
hidroenergetikuli  obieqtebi garkveul zemoqmedebas axdenen garemos mdgoma-

reobaze, gansakuTrebiT didis garemoze zemoqmedebis xarisxi wyalsacavebis mqone 
obieqtebidan., rac ganpirobebulia akumulirebuli wylis resursebis didi mocu-
lobiT. miuxedavad imisa, rom mTian teritoriaze ganlagebuli  hidroenergetiku-
li obieqtebis datborvis energetikuli efeqtianobis maCvenebeli ufro maRalia, 
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vidre dablobSi, Tavis aqtualobas ar kargavs  garemoze wyalsacavebis zemoqmede-
bis sakiTxi. gansakuTrebul mniSvnelobas iZens garemoze zemoqmedebis faqtorebis 
asaxva, magaliTad, hidroenergetikuli kompleqsebis optimaluri marTvis amocanis 
dasmis dros. 

 
maRalmTiani hidroenergetikuli kompleqsebi xSirad warmodgenilia 

ramdenime sadguriani kaskadis saxiT, romlebsac gaaCnia wyalsacavebi. maga-

liTisTvis ganvixiloT  hidroeleqtroenergetikuli kompleqsi, romlis 

SemadgenlobaSi Sedis ori wyalsacavi da ori hidroeleqtrosadguri. yove-

li eleqtrosadguri iyenebs Tavis wyalsacavs. kompleqsis muSaobis dageg-

mareba iyofa or periodad. erTi wyalsacavis Sevsebis dros Semomavali 

Warbi wylis  gaZeveba xdeba wyalsagdebis gamoyenebiT. wyalsagdebSi gama-

vali wyali eleqtroenergiis gamomuSavebaze ar moqmedebs. [1] -Si mocemu-
lia analogiuri sistemis funqcionirebis optimaluri marTvis modeli 

wrfivi programis gamoyenebiT. optimalurobis kriteriums warmoadgens maq-

simaluri saerTo Semosavali eleqtroenergiis gayidvidan.  

sainteresoa analogiuri amocanis  ganxilva  saqarTvelos pirobebi-

saTvis, sadac mTian regionebSi bevria moqmedi hidroeleqtrosadgurebi da 

igegmeba wyalsacavebis mqone axali hesebis mSenebloba.   

vTqvaT, A  sadgurze 1 m3 wylidan Rebuloben 61052,1  j eleqtroenergi-

as. B  sadgurisTvis es maCvenebeli tolia 61025,3   j. erTi periodis gan-

mavlobaSi  A  sadgurs SeuZlia awarmoos 0,830 106  mvt.sT (0,3 1016 j)  eleq-

troenergia, B  sadgurs ki - 2,22 106  mvt.sT (0,79 1016 j). 0,36 1010 j/mvt.sT 

aris  gadayvanis koeficienti. Tu eleqtroenergiis realizaciis saerTo 

moculoba erT periodSi ar aRemateba 1,5 106  mvt.sT, 1 mvt.sT eleqtroener-

giis fasi udris T1 pirobiT erTeuls. 75 000-ze zemod yoveli mvt.sT -is 

fasi Seadgens T2 p.e-s.  damatebiTi monacemebi amocanasTan dakavSirebiT 

(cxrili 1): 

cxrili 1. 

 A wyalsacavi B  wyalsacavi 
sasargeblo moculoba, gm3 (1 gm3 = 109 m3) 0,223 0,676 

prognozirebuli wylis  modineba, m3

        1 periodi 
        2 periodi 

 
3,1  

1,6  

 
0,4 

0,15 

minimaluri dasaSvebi wylis moculoba, m3 0,141 0,534 

wylis moculoba 1 periodis dasawyisSi, m3 0,15 0,2 

 

 amocanis miznis funqcias aqvs Semdegi saxe:   

Z = T1* (PH1 + PH2) + T2* (PL1 + PL2), 

sadac Z -aris saerTo Semosavali eleqtroenergiis gayidvidan,  

(PH1 + PH2) _ T1 p.e.-s fasad gayiduli eleqtronenrgiis raodenoba, mvt* 

sT; 

(PL1 + PL2) _  T2 p.e-s fasad  gayiduli eleqtroenergiis raodenoba, 

mvt*sT. 

            amocanaSi ganxilulia  Semdegi cvladebi: 

XA1 - pirvel sadgurSi gatarebuli wylis moculoba, gm3; 
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XB1 - meore sadgurSi gatarebuli wylis moculoba, gm3; 

SA1 - pirveli sadguridan gadagdebuli wylis moculoba, gm3; 

SB1 - meore sadguridan gadagdebuli wylis moculoba, gm3; 

EA1 - pirveli periodis bolos  A  sacavSi darCenili wylis moculo-

ba, gm3; 

EB1 - pirveli periodis bolos  B  sacavSi darCenili wylis moculoba, 

gm3. 

 pirveli periodis ganmavlobaSi warmoebuli saerTo energiis raodeno-

ba udris: 1,52 106 109 XA1 + 3,25 106 109 XB1 (j), an 4,22 105 XA1 + 9,02 105 XB1 

(mvt.sT). igive energiis raodenoba, warmodgenili gayidvis cvladebSi aris: 

PH1 + PL1. balansis pirobaa: 

4,22 105 XA1 + 9,02 105 XB1 = PH1 + PL1 

radgan maRal fasad gasayidi energiis maqsimaluri raodenoba udris 

50000 mvt.sT, sruldeba utoloba: 

PH1   1,5 106 .  

periodis ganmavlobaSi sadgurebSi gamomuSavebuli eleqtroenergiis 

raodenoba SezRudulia zemodan. Tu am energiebs gadaviyvanT Sesabamis 

wylis moculobebSi (0,3 1016/(1,52 106 109) = 1,97 gm3; 0,79 1016/(3.25 106 109) = 2,43 

gm3) miviRebT Semdeg SezRudvebs: 

XA1   1,97 

XB1   2,43 

A  wyalsacavSi wylis balansis pirobas aqvs Semdegi saxe: 

0,15  + 3,1  = XA1 + SA1 + EA1 

radgan A  wyalsacavis moculoba udris 7,5 gm3 da minimaluri dasaSvebi 

wylis moculobaa 3,2 gm3, vRebulobT damatebiT SezRudvebs: 

EA1   0,223  da  EA1   0,141. 
analogiurad, B  sacavisTvis gvaqvs: 

0,2  + 0,4 + XA1 + SA1 = XB1 + SB1 + EB1 

EB1   0,767  da  EB1   0,534. 
analogiurad vRbulobT SezRudvebs meore periodisaTvis:  

4,22 105 XA2 + 9,02 105 XB2 = PH2 + PL2 

PH2   1,5 106  

XA2   1,97 

XB2   2.43. 
wylis balansis pirobaa: 

EA1  + 1,6  = XA2 + SA2 + EA2 

EA2   0,223   da  EA2   0,141 
EB1  + 0,15 + XA2 + SA2 = XB2 + SB2 + EB2 

EB2   0,676  da  EB2   0,534. 
wrfivi programirebis modeli Seicavs 16 cvladsa da 36 SezRudvas. 

miRebuli wrfivi programirebis amocana formulirebulia Semdegnai-

rad:  

miznis funqcia: max Z = T1 (PH1 + PH2) + T2 (PL1 + PL2). 
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SezRudvebi: 

4,22 105 XA1 + 9,02 105 XB1 - PH1 - PL1 = 0 

PH1   1,5 106 

XA1  1,97  

XB1   2,43  

3,25  = XA1 + SA1 + EA1 

EA1   0,223   

EA1   0,141  

0,6 = XB1 + SB1 + EB1 _XA1 _ SA1 

EB1   0,676    

  EB1   0,534   

4,22 105 XA2 + 9,02 105 XB2 - PH2 - PL2 = 0 

PH2   1,5 106  

XA2   1,97  

XB2   2,43 

 1,6 = XA2 + SA2 + EA2 _ EA1 

EA2   0,223    

 EA2   0,141  

 0,15 = XB2 + SB2 + EB2 _EB1 _ XA2 _SA2 

EB2   0,676    

  EB2   0,534  

PH1   0; PL1   0; XA1   0; XB1   0; SA1   0; EA1   0; SB1   0; EB1   0; 
PH2   0; PL2   0; XA2   0; XB2   0; SA2   0; EA2   0; SB2   0; EB2   0 

sainteresoa aRniSnul modelSi wyalsacavis garemoze zemoqmedebis 

faqtoris gaTvalswineba, rogorc erT-erTi SemzRudveli komponentisa. 

wyalsacavebis pirdapiri zemoqmedeba gamoixateba teritoriebis datborva-

Si. magram aranakleb mniSvneovania iribi zemoqmdeba, romelic dakavSirebu-

lia mikroklimatis cvlilebasTan, kerZod, mimdebare teritoriaze teniano-

bis zrdasa da naleqebis saSualowliuri maCveneblebis SemcirebasTan. ase-

ve SesaZlebelia qaris mimarTulebisa da siCqaris cvlilebebi, haeris tem-

peraturis cvlilebis amplitudis Semcireba.  

amdenad, aqtualuria hidroenergetikuli obieqtebis optimaluri mar-

Tvis amocanebSi garemoze zemoqmedebis parametrebis gaTvaliswineba, rac 

TavisTavad sakmaod rTul amocanas warmoadgens, radganac  mikroklimatis 

cvlilebebis parametrebis pirdapir Seyvana aRniSnul amocanaSi SeuZlebe-

lia. amitom saWiroa moiZebnos iseTi parametri, romelic gamoxatavs mik-

roklimatis amsaxveli parametrebis damokidebulebas wylis resursebis ze-

moqmedebasTan dakavSirebiT. erT-erT aseT parametrs unda warmoadgendes 

wyalsacavis moculobisa da wylis zedapiris sarkis farTis zRvruli 

mniSvneloba. 

amdenad, zemoT mocemul wrfivi programirebis amocanis formulire-

baSi, erT-erTi SezRudvis saxiT unda iqnas Setanili wyalsacavis zedapi-

ris sarkis farTis mniSvnelobaze moTxovna, romelic ar unda aRematebo-
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des  kvlevebis Sedegad  dasabuTebul mniSvnelobas. 
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ON THE ISSUE OF SPECIFYING THE OPTIMAL CONTROL PROBLEM OF SERIES OF 

HYDROELECTRIC STATIONS WITH LIMITING ENVIRONMENTAL IMPACT     
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Summary 

 Hydropower sites have some environmental impacts, and the sites having the water reservoirs have 
especially high degree of environmental impact that is explained by a large volume of the accumulated water 
resources. Despite fact that the energy-efficiency parameters of hydropower sites flooding in the mountain 
area are higher than in the lowlands, the issue of water reservoirs environmental impact remains of high ur-
gency. Of special importance is the representation of environmental impact factors, for example when specif-
ying the optimal control problem of hydropower complexes.   
 

 

 

 

dacul teritoriebze bunebrivi resursebis mdgradi 
gamoyeneba 

 
gordaZe e. JorJoliani c. 

akaki wereTlis saxelmwifo universiteti 
 

bunebrivi resursebis mdgradi gamoyeneba biomravalferovnebis SenarCunebis 
erT_erTi umniSvnelovanesi pirobaa. am pirobis ganxorcieleba SesaZlebelia da-
culi teritoriebis buferul da aRdgeniT zonebSi. 

 
bunebrivi resursebis mdgradi gamoyeneba biomravalferovnebis Senar-

Cunebis erT_erTi umniSvnelovanesi da aucilebeli pirobaa.  

 mdgradi ganviTareba biologiuri resursebis iseTi gziT da siswra-

fiT gamoyenebaa, romelic momavalSi ar gamoiwvevs biologiuri mravalfe-

rovnebis Semcirebas da maT SeunarCunebs momaval Taobebs, risTvisac bu-

nebrivi resursebis konservacias da maT mdgrad gamoyenebas Soris balansi 

unda arsebobdes. bunebrivi resursebis mdgradi gamoyeneba SesaZlebelia 

biosferuli  nakrZalis buferul da ekosistemis, (aRdgeniT zonaSi),  

erovnuli parkis aRdgeniT da tradiciuli gamoyenebis zonebSi, aseve aR-

kveTilebSi. 
 daculi teritoriebis buferul zonebSi adgilobrivi mosaxleobi-

saTvis moqmedebs gansakuTrebuli kanonebi. maT eZlevaT saarsebo pirobebi-

saTvis saWiro masalebis da produqtebis mopovebis ufleba.  aseve SesaZle-

belia mkacrad limitirebuli raodenobiT gayidva Tu ki es resursi aq 

mcxovrebi adamianebisaTvis saarsebo saSualebaa. saarsebo resursebis mo-

povebis limitireba xdeba resursis raodenobis mixedviT. gaTvaliswinebu-

li unda iqnes resursis konservaciis saWiroba mkacrad unda iqnes miTiTe-

buli mosapovebeli TiToeuli resursis romeli saxeoba, ra raodenobiT 

SeiZleba iqnes mopovebuli. aseve unda iqnes miTiTebuli, ra asakis, sqesis, 
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ra saSualebiT, ra resursi rodis unda iqnes  mopovebuli. gaTvaliswine-

buli unda iqnes is saSualebebi, riTac SeiZleba resursis gamotana. mag., 

merqani, ramdeni SeiZleba moipovos SeSad, ramdeni samasaled, ramdeni sxva-

dasxva nakeTobebisaTvis; ra raiodenobiT SeiZleba kenkris, sokos, samkur-

nalo da sakvebi mcenareTa vegetatiuri organoebis mopoveba, romeli saxis 

da ra raodenobiT Tevzis Tu nadiris, frinvelis mopoveba SeiZleba, riT 

SeiZleba am teritoriaze gadaadgileba.  zogan ar SeiZleba resursis gamo-

tana cxeniT, marxiliT, urmiT, motorizebuli teqnikiT, traqtoriT, moto-

cikletiT, avtomanqaniT, motoriani naviT an Tundac TviTmfrinaviT.  mosax-

leoba rom darwmundes ama Tu im resursis mopovebis Semcireba, gazrda an 

Sewyveta ratomaa aucilebeli, yvelafer amas abalansebs teritoriis admi-

nistraciis xelmZRvaneloba adgilobriv mosaxleobasTan erTad.  
 zogjer daculi teritoriaze tradiciuli gamoyenebis zonaSi an da-

culi teritoriis momijnave teritoriebze mcxovrebi mosaxleoba iTxovs 

mtacebeli cxovelebis, mag. mglebis raodenobriv Semcirebas, radgan isini 

Tavs esxmian maT pirutyvs, magram, mtaceblebis ricxvis Semcirebaze ga-

dawyvetilebis miRebis ufleba daculi teritoriis administracias ara 

aqvs. aseT SemTxvevaSi unda CaerTos garemos dacvis saministro an sxva sa-

xelmwifoebrivi organizaciebi. 
 zogierTi resursis mopovebaze nebarTvis gacemis ufleba aqvs dacu-

li teritoriis administracias an Sinagan departaments, mas Semdeg rode-

sac dazustdeba resursis mopoveba ra gavlenas moaxdens konservaciaze. 

Tuki daculi teritoriis bunebrivi resursebis marTvis specialistebi ver 

gadawyveten am sakiTxs, saWiroa samecniero organizaciebis (universitete-

bis, institutebis, specialuri laboratoriebis) CarTva.  aliaskis erovnu-

li parkis resursis gamoyenebisas upiratesoba eniWeba saarsebo mizniT 

resursis gamoyenebas, Tu am resurszea damokidebuli mosaxleobis arsebo-

ba. sxva mizniT, sportuli, saTevzao, samonadireo, turistuli da a.S. gamo-

yeneba SeiZleba mxolod garkveul dacul teritoriebSi garkveuli wesebis 

dacviT. 
 miwaTmflobelobis sakiTxis gadawyvetis drosac didi mniSvneloba 

aqvs miwis saarsebo pirobebis mizniT gamoyenebas. Tu miwaTmflobels uf-

lebas vaZlevT iqve unda iyos gaTvaliswinebuli, miwis gamoyenebis mizani, 

rom am miwaze ar SeiZleba nagebobebis, gzebis, asafreni bilikebis da sxva-

Ta ganTavseba. 
 resursebis mopovebis uflebas vaZlevT socialur_ekonomikur prob-

lemebidan gamomdinare, mag. SeSa, sakvebi, saZovari, saqonlis gadasareki 

gza da a.S. gaTvaliswinebulia is, rom ojaxs aqvs Tu ara sxva Semosavali 

. resursebis gacemaSi zogjer vawydebiT problemebs, mag: adgilobrivi 

mTavrobas aqvs survili gasces rac SeiZleba meti licenziebi da hqondes 

Semosavali biujets. agreTve, rom gagrZeldes Zveli tradiciebi da Senar-

Cundes Zveli tradiciuli kulturebi. zogjer axalgazrdebze swavlis 

mizniT gamoiyeneba resursebi. magram ra mizniTac ar unda iqnes resursi 

gamoyenebuli, imdenad mcire raodenobiT unda xdebodes igi, rom biokon-

servacias xeli ar unda SeeSalos. zogjer saWiro xdeba biomravalferov-

nebidan amoviRoT invaziuri formebi.  
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 zogjer romelime resursis gamoyenebaze ramdenime daSvebaa SesaZle-

beli mag. resursis mopoveba SeiZleba sakvebis mizniT,  sarewao mizniT, 

sportuli mizniT da a.S. aseT SemTxvevaSi gasaTvaliswinebelia priorite-

tebi. am SemTxvevaSi  priotitetebidan pirvel adgilzea resursis gamoyene-

ba sakvebis mizniT da bolo adgilze resursis gamoyeneba sportuli miz-

niT. 
 resursis TiToeuli saxis mopovebisTvis saWiroa konkretuli midgo-

mebi. mag: oragulis mopoveba SeiZleba zvaSi, ar SeiZleba maTi mopoveba 

gamravlebis periodSi, rodesac isini Sedian mdinareebSi. 
 rewva komerciis mizniT ar SeiZleba, magram Tu SesaZlebelia resur-

sis komerciuli mizniT gamoyeneba nebarTva ar unda gaices iseT adgileb-

Si, sadac resursis saarsebo mizniT gamoyenebas eqmneba safrTxe.  
 gasaTvaliswinebelia is garemoebac Tu resursis Semcireba ra gavle-

nas moaxdens sxva resursze, mag: nadir_frinvelze, romelic am resursiT 

ikvebeba. 
 vizitors  SeuZlia daagemovnos kenkra, wiflis nayofi, wabli, 

zRmartli, magram dakrefva da daculi teritoriidan gatana ar SeiZleba.  
 samecniero mizniT resursis gamoyenebis SemTxvevaSi resursis mopo-

veba SeuZlia mkvlevars. komerciuli mizniT resursis gamoyenebis SemTxve-

vaSi unda aiRos nebarTva da gadaixados dawesebuli Tanxa. nebarTvaSi yve-

laferi unda iqnas gaTvaliswinebuli, mopovebis adgili, resursis saxe, 

raodenoba, mopovebis da gamotanis saSualebebi, agreTve vadebi, Tumca 

zogjer dacul teritoriebze SeiZleba zogierTi resursis ijariT mopove-

ba. 
 resursis gamoyenebis ufleba, rom gaices saWiroa gaTvaliswinebuli 

iqnas sad cxovrobs momxmarebeli. momxmarebeli unda iyos adgilobrivi ma-

cxovrebeli, prioriteti eniWeba Tu momxmarebeli cxovrobs dacul teri-

toriaze, an garkveuli radiusiT dacul teritoriasTan. amasTan upirate-

soba eniWeba sofelSi mcxovrebT. 
 resursis gamoyenebis zonas adgenen mosaxleobis gamokiTxviT. mag. 

istoriulad romel zonaSi axdendnen dacul teritoriad gamocxadebamde 

resursis mopovebas. 
 resursis mopovebaze saWiroa ganxorcieldes monitoringi, raTa vi-

codeT ra raodenobis resursia mopovebuli, SeZlebs Tu ara resursi aR-

dgenas. 
 resursis mompovebeli valdebulia resursis mopovebis Semdeg dacu-

li teritoriis administracias warudginos anketa, sadac miTiTebuli unda 

iyos rodis, ra adgilze, ra raodenobis resursi moipova. Tu igi cxovel-

Ta samyaros warmomadgenlebs ukavSirdeba unda mieTiTos romeli sqesis da 

ra asakis iyo mopovebuli resursi.  
 rodesac araoficialurad, werilobiTi nebarTvis gareSe aZleven re-

sursis mopovebis uflebas, maSin anketa saWiro ar aris, radgan resursi 

uxvia da konservacias safrTxe ar emuqreba, magram SemdgomSi konservacias 

xeli ar unda SeeSalos. 
 resursis mopovebis limiti daSvebuli unda iqnas drois erTeulSi. 

SezRudvebi SeiZleba dawesdes resursis asakze. magram radgan asakis dad-
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gena Znelia, iTvaliswineben individis zomas.  zoma da asaki TiTqmis em-

Txveva erTmaneTs. 
 SezRudvebi SeiZleba dawesdes sqesze, rac garegnul niSnebSi vlin-

deba, mag:  xarirems aqvs rqebi, furirems ara. mamri SaSvi Savia da aqvs yvi-

Teli niskarti, mdedri yavisferia. 
 resursis mopovebis dros arsebobs sxva moTxovnebic. mopovebuli re-

sursi mTlianad unda iqnas gatanili daculi teritoriidan. mag. jixvis 

mopovebaze Tu gaica nebarTva, mompovebelma jixivi mokla da moipova misi 

rqebi. is valdebulia mokluli jixvi mTlianad, yvela nawili gaitanos 

daculi teritoriidan. 
 Tu monitoringis samsaxurs sWirdeba SeiZleba mompovebels vTxovoT 

rqebi an sxva nawilebi.  droebiT, asakis dadgenis mizniT. 
 monitoringis mizania gamokvlevebis safuZvelze moaxdinos menejmen-

ti, ra unda gakeTdes dacul teritoriaze konservaciis da misi mdgradi 

gamoyenebis mimarTulebiT. 
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Summary 
Sustainable utilization of natural resources is one of the most important conditions to preserve biodi-

versity. This condition can be fulfilled  in buffer and restorable zones of protected territories 
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