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samuSaos zogadi daxasiaTeba 

 

sadisertacio Temis aqtualoba. samuSaos aqtualoba ganpiro-

bebulia eleqtroenergiis Rirebulebis mudmivi zrdiT.Aamitom ele-

qtromomaragebis sistemebis ekonomiurobis amaRleba Tanamedrove 

energetikis mniSvnelovani amocanaa. masTan mWidrod dakavSirebulia 

eleqtromomaragebis saimedobis problemebi, eleqtroenergiis raci-

onaluri gamoyeneba da misi xarisxis amaRleba. Ddidi mniSvneloba 

aqvs agreTve eleqtrul qselebSi eleqtroenergiis warmoebis, gada-

cemis, ganawilebisa da moxmarebis procesSi danakargebis Semci-

rebis RonisZiebaTa kompleqss. 

eleqtroenergia aris produqciis erTaderTi saxe romlis gada-

adgilebisaTvis warmoebis adgilidan momxmareblamde ar gamoiyeneba 

sxva resursebi. amisaTvis ixarjeba TviT gadasacemi eleqtroener-

giis nawili. amitom gardauvalia misi danakargebi. amocana mdgoma-

reobs danakargebis ekonomiurad dasabuTebuli donis gansazRvraSi. 

eleqtrul qselebSi eleqtroenergiis danakargebis am donemde 

Semcireba energodazogvis erTerTi mniSvnelovani mimarTulebaa. 

eleqtrul qselebSi eleqtroenergiis danakargebis zrda gan-

sazRvrulia mTlianad energetikis ganviTarebis obieqturi kanonzo-

mierebiT. MmaT Soris ZiriTadia: eleqtroenergiis warmoebis msxvil 

eleqtrosadgurebSi koncentraciis tendenciiT; eleqtruli qsele-

bis datvirTvis uwyveti zrdiT, romelic dakavSirebulia momxmare-

belTa datvirTvis bunebriv zrdasa da xazebis gamtarunarianobis 

SemcirebasTan. 

rogorc samamulo da sazRvargareTis gamocdileba gviCvenebs 

mTlianad qveyanaSi da saxeldobr energetikaSi mimdinare krizi-

suli movlenebi uaryofiTad aisaxeba eleqtroenergiis efeqturi  

gadacemisa da ganawilebis iseT energetikul maCvenebelze, rogo-

ricaa misi danakargebi eleqtrul qselebSi.  
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am droisaTvis damaxasiaTebelia is, rom ekonomikis krizissa 

da eleqtrul qselebSi danakargebis zrdas Soris damokidebulebas 

adgili aqvs ara marto saqarTveloSi da dsT-s qveynebSi, aramed 

sxva qveynebSic romlebic ekonomikis marTvis centralizebuli me-

Todebidan gadadian sabazro meTodebze.Ees cxadia damokidebulia 

aseT periodSi eleqtroenergiis moxmarebis kontrolis Sesuste-

basTan, eleqtroenergiis momxmareblebis, pirvel rigSi mosaxleo-

bis, ZiriTadi nawilis gadaxdisunarianobis SemcirebasTan, eleqt-

roenergiis datacebis zrdasTan, eleqtroenergiis aRricxvis trad-

iciuli sistemebis arasrulyofilebis problemebis gamwvavebasTan 

da sxva.  

eleqtroenergiis zenormatiuli danakargebi eleqtrul qseleb-

Si es aris eleqtroqselis mflobeli kompaniis pirdapiri finan-

suri zarali. danakargebis Semcirebis xarjze miRebuli ekonomia 

SeiZleba mimarTuli yofiliyo qselebis teqnikuri gadaiaraRebi-

saken; personalis xelfasis momatebisaken; eleqtroenergiis gadace-

misa da ganawilebis organizaciis daxvewisaken, momxmareblebis 

eleqtromomaragebis saimedobisa da xarisxis amaRlebisaken; eleq-

troenergiis tarifis Semcirebisken. 

eleqtrul qselebSi eleqtroenergiis danakargebis Semcireba 

rTuli kompleqsuri problemaa, romelic moiTxovs mniSvnelovan 

kapitaldabandebebs, romelic saWiroa eleqtruli qselebis ganvi-

Tarebis optimizaciisaTvis, eleqtroenergiis aRricxvis sistemebis 

daxvewisaTvis, energogasaRebis saqmianobasa da qselebis reJimebis 

marTvaSi axali informaciuli teqnologiebis danergvisaTvis; per-

sonalis swavlebisa da maTi eleqtroenergiis sazomi saSualebebis 

Sesamowmebeli xelsawyoebis SeZenisaTvis. 

eleqtruli sistemebi warmoadgenen kvlevis rTul obieqtebs, 

romlebic Sedgebian didi raodenobis sxvadasxva saxis elemente-

bisagan. maT miekuTvnebian: transformatorebi, eleqtruli xazebi, 

sxvadasxva sakomutacio da gamanawilebeli mowyobilobebi, romel-
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Tac gaaCniaT aqtiuri winaRoba da romlebSic eleqtroenergiis ga-

dacemisa da ganawilebis dros xdeba energiis danakargebi. Keleqt-

ruli energiis danakargebs qselebsa da mowyobilobebSi ewodebaT 

teqnikuri danakar-gebi. 

Eeleqtrul gamanawilebel qselebSi eleqtroenergiis danakar-

gebi warmoadgenen energomommaragebeli organizaciis ekonomiisa da 

efeqturi muSaobis  mniSvnelovan maCvenebels. 

energosistemis Taviseburebas miekuTvneba masze eqsperimentebis 

Catarebis SezRuduli SesaZlebloba da miRebuli sawyisi informa-

ciis arasrulyofileba. gamanawilebeli eleqtruli sistemebis 

gaangariSebisaTvis sawyisi monacemebis arasrulyofileba ganpiro-

bebulia imiT, rom SeuZlebelia yvela elementze Catardes mudmivi 

gazomvebi. datvirTvis gazomvebs atareben konkretuli periodi-

saTvis: zamTarsa da zafxulSi. datvirTvis cvlilebas aqvs rogorc 

kanonzomieri xasiaTi aseve SemTxveviTi rxevebic. 

eleqtroenergiis danakargebis Semcirebas gansakuTrebuli yu-

radReba eqceva.Mmagram eleqtroenergiis ekonomiis arsebuli Ronis-

Ziebebi ver uzrunvelofen energetikuli maCveneblebis SesaZlo 

maqsimumis miRwevas, radgan energetikuli sistemebis maxasiaTeb-

lebis gaangariSebis arsebuli meTodebi mxedvelobaSi ar iReben 

mTel rig realur faqtorebs, gaTvaliswinebuli ar aris datvir-

Tvis droiTi grafikis ekonomiuri maCveneblebis gavlena. gamana-

wilebeli qselebisEenergetikuli maxasiaTeblebis xangrZliv 

periodze gaangariSebisas gamoiyeneben SezRuduli eqsperimentebis 

monacemebs. mowyobilobebis Rirebulebisa da tarifebis swrafad 

cvlas mivyavarT eleqtroenergiis ekonomiis SeTavazebuli Ronis-

Ziebebis ekonomiuri dasabuTebis siZneleebamde. E 

eleqtruli sistemebis maxasiaTeblebis gaumjobesebis amocana 

unda gadawydes kompleqsuradMmTeli arsebuli informaciis safuZ-

velze, romelic mxedvelobaSi iRebs yvela im realur faqtors, 
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romlebic arsebiT gavlenas axdenen gamanawilebeli qselis eko-

nomiur maxasiaTe-lebze.  

amgvarad, metad aqtualuria kompleqsuri gamokvlevebis Cata-

reba im faqtorebisa da mowyobilobebis  gamosavlenad, romlebic 

arsebiT gavlenas axdenen gamanawilebel qselSi eleqtroenergiis 

danakargebis sidideze da eleqtroenergiis danakargebis Semcirebis 

problemisadmi axali xerxebisa da midgomebis damuSaveba. 

dReisaTvis damuSavebulia eleqtroenergiis danakargebis 

gaangari-Sebis sakmaod didi raodenoba. es meTodebi specialistebis 

didi armiis mravalwliani Sromis Sedegia, romlebmac sxvadasxva 

raodenobis wlebi miuZRvnes eleqtrul qselebSi danakargebis zust 

gaangariSebas. am TematikiT Ddaculia sakandidato da sadoqtoro 

disertaciebis didi raodenoba, magram sakiTxi DdReisaTvisac ki 

aqtualuria da bolomde Seuswavleli. es dakavSirebulia imasTan, 

rom ar arsebobs Zabvis yvela safexurze eleqtruli qselis 

datvirTebis Sesaxeb sruli da utyuari informacia. amasTanave, rac 

ufro dabalia qselis nominaluri Zabva, miT ufro naklebia 

datvirTvis Sesaxeb informacia.  

calkeuli specialistebis mier SemoTavazebul meTodebs Soris 

ZiriTadi gansxvaveba mdgomareobs arasakmarisi informaciis Sevse-

bis, ganzogadoebis xarjze sizustis amaRlebis, ganvlili periode-

bis statistikuri monacemebis gamoyenebisa da sxvaTa mcdelobis 

xarjze. teqnikuri danakargebis gaangariSebis meTodebis unifici-

rebis dasawyisi daaxloebiT emTxveva me-20 saukunis 60-ian wlebSi 

eleqtruli qselebis reJimebis gaangariSebis praqtikaSi gamoTv-

liTi teqnikis aqtiuri danergvis dasawyiss. 

sabazro urTierTobis ganviTarebasTan dakavSirebiT eleqtro-

energiis danakargebis problemis mniSvneloba arsebiTad gaizarda. 

eleqtroenergiis danakargebis gaangariSebisa da analizis meTo-

debis damuSaveba da maTi SemcirebisaTvis ekonomiurad dasabuTe-

buli RonisZiebebis SerCeva mravali welia mimdinareobs. damuSave-
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bulia programuli kompleqsebic, magram danakargebis gaangariSebis 

sirTulesa da arsebiTi cdomilebebis arsebobasTan dakavSirebiT 

ukanasknel xanebSi gansakuTrebuli yuradReba eTmoba eleqtroe-

nergiis danakargebis normirebis meTodikis damuSavebas. 

eleqtroenergiis danakargebis normativebis gansazRvris meTo-

dologia jer kidev sabolood dadgenili ar aris, ganusazRvrelia 

normirebis principebic ki. normirebisadmi midgomis azrebi Zevs 

farTo diapazonSi – dawyebuli dadgenili myari normativebis sur-

vilidan damTavrebuli danakargebis procentis saxiT kontrolamde.  

miRebuli eleqtroenergiis dankargebis normebis mixedviT adge-

nen eleqtroenergiis tarifs. tarifebis regulirebas axdenen sa-

xelmwifo maregulirebeli organoebi. energomommaragebelma organi-

zaciebma unda daasabuTon eleqtroenergiis danakargebis is done, 

romelsac isini Tvlian mizanSewonilad tarifSi Sesatanad, xolo 

energetikuli komisiebi analizs ukeTeben am dasabuTebas da amis 

Semdeg axdenen an ar axdenen koreqtirebas. 

ukanasknel xanebSi didi mniSvneloba eniWeba msoflio eko-

logiur problemebs. eleqtroenergiis danakargebi garkveulwilad 

dakavSirebulia ekologiur problemebTan. kerZod,Eeleqtroenergiis 

moxmarebis zrda gardauvalad iwvevs naxSirmJava gazis gamona-

bolqvis gazrdas, rac Tavis mxriv, specialistTa mtkicebiT iwvevs 

dedamiwis temperaturis gzrdas.Kklimatis cvlilebasTan brZolis 

CarCoebSi adamianis mier garemoze zemoqmedeba minimumamde unda 

iqnes dayvanili. 

2008 wlis ivlisSi iaponiaSi `didi rvianis” samitze lideri 

qveynebi SeTanxmdnen 2030 wlisaTvis atmosferoSi naxSirmJava gazis 

gamonabolqvi Semcirdes 50%-iT da Tavidan aviciloT atmosferos 

globaluri gaWuWyianeba. 

2007 wlis monacemebiT msoflio masStabiT naxSirorJangis 

yovelwliurma gamonabolqvma Seadgina 44 gigatona, maT Soris 26 

gigatona miekuTvneba energetikas[4]: 
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naxSirmJava gazis gamoyofis ZiriTad wyaroebs (80 %-mde) war-

moadgenen navTobproduqtebi, bunebrivi airi da naxSiri, romelTa 

dawvis Sedegad TboeleqtrosadgurebSi miiReba eleqtruli energia. 

Aaqedan gamomdinare eleqtruli energiis moxmarebis zrda gar-

dauvalad iwvevs misi gamomuSavebisaTvis saWiro sawvavis raode-

nobis gazrdas da Sesabamisad, naxSirmJava gazis gamonabolqvis 

gazrdas, rac Tavis mxriv, specialistTa mtkicebiT iwvevs dedamiwis 

temperaturis gazrdas.  

msoflio tendencia mimarTulia atmosferoSi naxSirorJangis ga-

zis gamoyofis SezRudvisaken energetikuli efeqturobis gaum-

jobesebis gziT. 

es tendencia agreTve amaRlebs energetikul usafrTxoebas 

uaxloes da grZelvadian perspeqtivaSi. 

eleqtroenergetikul seqtorSiswori strategiisa  da faruli 

rezervebis  gamoyenebiT,  SesaZlebelia SevamciroT an stabiluri 

gavxa-doT eleqtroenergiis moxmareba da Sesabamisad, naxSirmJava 

gazebis atmosferoSi gamofrqveva. 

samuSaos mizans warmoadgens eleqtroenergiis moxmarebis aR-

ricxvis avtomatizaciisa da marTvis iseTi Tanamedrove sistemis 

Seqmna, romelic uwvetad da adamianis Caurevlad gaakontrolebs 

eleqtroenergiis moxmarebis procesis mimdinareobas da saSualebas 

mogvcems 0,4-6-10 kv Zabvis safexurze miRebuli iqnes eleqtruli 

qselis datvirTvis Sesaxeb maqsimalurad sruli da utyuari 

informacia. 

sakvlev obieqtad SerCeuli iqna saqarTvelos teqnikuri univer-

siteti, radgan igi aris dabali Zabvis eleqtroenergiis erTerTi 

msxvili momxmarebeli (daaxloebiT 5 mln kvt.sT weliwadSi) da 

amave dros gaaCnia didi datvirTvis rogorc wrfivi, aseve 

arawrfivi momxmareblebi. 

kvlevis meTodebi. sadisertacio samuSaos Sesrulebisas gamo-

yenebuli iqna Semdegi meTodebi: elementebis mixedviT gaangariSebis, 
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damaxasiaTebeli reJimisa da dRe-Ramis, udidesi danakargebis 

saaTTa ricxvis, saSualo datvirTvisa da statistikuri meTodebi  

samuSaos samecniero siaxles warmoadgens: saqarTvelos teq-

nikur universitetSi damuSavebuli da damontaJebuli Tanamedrove 

dispetCeruli marTvisa da eleqtroenergiis moxmrebis monitori-

ngis sistema SCADA (Supervizory Control And Acquisition), romelic saSua-

lebas gvaZlevs 0,4-6-10 kv Zabvis safexurze miRebuli iqnes eleqt-

ruli qselis datvirTvis Sesaxeb sruli da utyuari informacia, 

radganac ufro dabalia Zabva, miT ufro naklebia datvirTvis 

Sesaxeb informacia. miRebuli informaciis damuSavebis safuZvelze 

ganisazRvreba  danakargebis ekonomiurad dasabuTebuli done. 

samuSaos praqtikuli mniSvneloba. sadisertacio samuSaos 

praqtikuli mniSvneloba SemdegSi mdgomareobs; 

1.  Tanamedrove poziciidan warmodgenilia eleqtroenergiis da-

nakargebis gaangariSebis, analizisa da normirebis prob-

lemebi da maTi praqtikulad gadawyvetis gzebi; 

2. warmodgenilia saqarTvelos teqnikur universitetSi damon-

taJebuli eleqtromomaragebis monitoringis Tanamedrove 

SCADA sistema, romelic avtomatur reJimSi akontrolebs 

ara mxolod daxarjuli eleqtroenergiis raodenobas, 

aramed akontrolebs eleqtroenergiis xarisxs; 

3.  SCADA sistemas kompiuteris ekranze gamoaqvs da monacemTa 

bazaSi agrovebs eleqtroenergiis TerTmeti parametris: Zab-

vebis, denebis, aqtiuri, reaqtiuli da sruli simZlavreebis; 

sixSiris; simZlavris koeficientis; Zabvisa da denis 

harmonikebisa da arawrfivi damaxinjebis koeficientebis 

mniSvnelobebs rogorc dabali, ise maRali Zabvis mxares. 

4. SCADA sistema saarqivo monacemebis mixedviT SesaZlebelia 

ganisazRvros danakargebis sidideebi da damaxinjebis 

simZlavreebi. 



 10 

5. SCADA sistemis gamoyeneba SesaZlebelia ara marto saqar-

Tvelos teqnikuri universitetis eleqtro¬- momaragebis 

monitoringisaTvis, aramed informatikis, energetikisa da 

telekomunikaciis fakultetebis studentebis, magistran-

tebis, doqtorantebisa da profesor-maswavleblebis mier 

saswavlo da samecniero-kvleviTi samuSaoebis Sesrulebisas.  

samuSaos aprobacia. sadisertacio samuSaos ZiriTadi debule-

bebi gamoqveynebulia oTx samecniero statiasa da erT saxelm-

ZRvaneloSi. aseve moxsenebuli iqna saerTaSoriso konferenciaze 

`garemos dacva da mdgradi ganviTareba” 2010 w.  

disertaciis struqtura da moculoba. disertacia Sedgeba 

Sesavalisagan, xuTi Tavisagan, daskvnisa da literaturis siisagan. 

disertacia warmodgenilia  164 gverdze, Seicavs  19 cxrils,  46 

naxazs da 28 dasaxelebis literaturul wyaros. 

 

samuSaos ZiriTadi Sinaarsi 

  SesavalSi dasabuTebulia problemis aqtualoba, Camoya-

libebuli da gansazRvrulia gamosakvlevi sakiTxebis wre, aseve 

kvlevis mizani da amocanebi. formulirebulia naSromis mecnierul 

siaxleTa da praqtikuli mniSvnelobis ZiriTadi aspeqtebi. 

pirvel TavSi moyvanilia literaturuli wyaroebis analizi, 

romelTa safuZvelze Qqselis sxvadasxva elementebSi danakargebis 

mdgenelebis Seswavlisa da danakargebis Semcirebis ama Tu im 

RonisZiebis Catarebis saWiroebis SefasebisaTvis Sesrulebulia  

eleqtroenergiis danakargebis struqturis analizi. 

eleqtroenergiis faqtiuri (saangariSo) danakargebi ganisazRv-

reba rogorc qselSi Semosuli eleqtroenergiisa da qselidan 

momxmarebelze gadacemuli eleqtroenergiis sxvaoba. Ees danakar-

gebi Tavis TavSi Seicaven sxvadasxva bunebis mdgenelebs: dana-

kargebi qselis elementebSi, romlebsac gaaCniaT sufTa fizikuri 

xasiaTi; eleqtroenergiis xarji qvesadgurebSi dadgmuli im mowyo-
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bilobebis muSaobaze, romlebic uzrunvelyofen eleqtroenergiis 

gadacemas; eleqtroenergiis aRricxvis xelsawyoebis cdomilebiTY 

gamowveuli danakargebi; eleqtroenergiis datacebiT, mricxvelebis 

mier aRricxuli daxarjuli eleqtroenergiis safasuris gadaux-

delobiT an nawilobrivi gadaxdiT gamowveuli danakargebi. 

faqtiuri danakargebis mniSvnelobebis raodenobis gansazRvris 

meTodebis specifikisa da fizikur bunebis Sesabamisad 

danakargebi dayofilia  oTx mdgenelad: 

1. Eeleqtroenergiis teqnikuri danakargebi (ΔWteq), romlebic 

ganpirobebulia eleqtroqselebSi eleqtroenergiis gadacemis 

dros mimdinare fizikuri procesebiT, gamoxatuli qselis 

elementebSi  energiis nawilis siTbod gadaqceviT. 

2. eleqtroenergiis sakuTari moxmarebis xarjebi (ΔWsak), romle-

bic saWiroa qvesadgurebis teqnologiuri mowyobilobebis 

muSaobisa da momsaxure personalis moqmedebisaTvis. sakuTari 

moxmarebis xarjebi ganisazRvreba qvesadguris sakuTari mox-

marebis transformatorze dayenebuli mricxvelebiT. 

3. instrumentaluri danakargebi (ΔWgaz), romlebic ganisazRvre-

bian gamoyenebuli xelsawyoebis metrologiuri maxasiaTeble-

biTa da muSaobis reJimebiT. 

4. Kkomerciuli danakargebi ganpirobebulia eleqtroenergiis da-

tacebiT, mricxvelebis Cvenebisa da momxmareblebis mier da-

xarjuli eleqtroenergiis safasuris gadaxdis SeusabamobiT, 

gadaxdis dagvianebiT, gadauxdelobiTa daaseve energiis moxma-

rebis kontrolis organizaciis sferos sxva mizezebiT. 

danakargebis Semadgeneli pirveli sami mdgeneli ganpirobe-

bulia eleqtroenergiis qselSi gadacemis procesis teqnologiuri 

moTxovnebiTa da eleqtroenergiis Semodineba gadinebis instrumen-

taluri aRricxviT. am danakargebis jami kargad aRiwereba terminiT 

- teqnologiuri danakargebi. meoTxe mdgeneli – komerciuli 
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danakargebi - warmoadgenen `adamianis faqtoris” zemoqmedebas da 

aqvs organizaciuli, ekonomiuri, fsiqologiuri da iuridiuli 

fesvebi. isini Tavis TavSi Seicaven adamianis zemoqmedebis gamov-

linebas: zogierTi abonentis mier mricxvelebis Cvenebebis cvli-

lebiT eleqtroenergiis Segnebuli dataceba an eleqtroenergiis 

safasuris arasruli gadaxda da sxva. danakargebi SeiZleba iyos 

fizikuri da ekonomiuri xasiaTis. 

 dawvrilebiT ganxilulia danakargebis oTxive saxe, mocemu-

lia maTi gaangariSebis maTematikuri gamosaxulebebi. 

moyvanilia eleqtroenergiis komerciuli danakargebis struq-

tura romelic iZleva eleqtromommaragebeli organizaciis 

fuqcionirebis efeqturobis amaRlebis ZiriTad mimarTulebebis 

formirebis saSualebas..  

naSromis meore Tavi eZRvneba eleqtroenergiis danakargebis 

gaangariSebis MmeTodebs. 

danakargebis zusti gansazRvra T drois intervalSi SesaZ-

lebelia cnobili R da Px parametrebisa da mTel intervalSi I(t) 

da U(t) droiTi funqciebis dros. R Dda Pxparametrebi Cveulebriv 

cnobilia da Tvlian mudmivad. magram amave dros gamtaris winaRoba 

damokidebulia temperaturaze. informacia I(t) da U(t) reJimul 

parametrebze arsebobs mxolod sakontrolo gazomvebis Catarebis 

dReebSi. umetes qvesadgurebSi, sadac ar aris momsaxure persona-

li,sakontrolo gazomvebi tardeba 3-jer DdRe-RameSi. es infor-

macia arasrulia da naklebad saimedoa, radgan gazomvebi tardeba 

gansazRvruli sizustis klasis aparaturiT da araerTdroulad 

qvesadgurebze.Eelementebis datvirTvebis Sesaxeb informaciis sru-

lyofilobidan gamomdinare datvirTvis danakargebis gaangariSebi-

saTvis gamoiyeneba Semdegi meTodebi: elementebis mixedviT gaangari-

Sebis, damaxasiaTebeli reJimisa da dRe-Ramis, udidesi danakargebis 

saaTTa ricxvis, saSualo datvirTvisa da statistikuri meTodebi. 
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ss `Telasi“-s magaliTze gansazRvrulia 0,4kv Zabvis eleqtrul 

qselebSi simZlavrisa da eleqtroenergiis gaSualebuli normativi.  

 konkretul magaliTze mocemulia produqciis TviTRirebu-

lebaSi eleqtroenergiis wilis gansazRvris meTodika. produqciis 

TviTRirebulebaze eleqtroenergiis amJamindeli tarifi mniSvne-

lovan gavlenas axdens. Aamitom eleqtroenergiis wilis gansazRvra 

produqciis TviTRirebulebaSi mniSvnelovani sakiTxia. 

DdReisaTvis saqarTveloSi ar arsebobs sxvadasxva saxis pro-

duqciis erTeulis warmoebisaTvis eleqtroenergiis dadgenili 

normebi, rac Zalian did problemas qmnis zogierTi mniSvnelovani 

sakiTxebis gadawyvetisas. 

amave TavSi mocemulia eleqtroenergiis danakargebis Semci-

rebis RonisZiebebisa da analizis struqtura da meTodebi 

naSromis mesame Tavi eZRvneba aRricxvis kvanZis unmiSvnelova-

nes elements-denis transformators, romelic ZiriTadad gamoiyene-

ba sazomi xelsawyoebis gazomvis zRvaris gafarToebis mizniT, rom-

lebic saSualebas gvaZleven qselSi gamavali didi sididis deni 

davadabloT mricxvelis nominalur denamde. maT unda uzrunvelyon 

eleqtroenergiis utyuari aRricxva aTeulobiT wlebis 

ganmavlobaSi.  

denis transformatoris normaluri muSaobis reJimad iTvleba 

misi meoreuli wredis mokled SerTvis reJimi. (magaliTad, S2n=5va 

meoreuli datvirTvis nominaluri simZlavrisa da I2n = 5a nomi-

naluri meoreuli denis mqone denis transformatoris meoreuli 

wredis maqsimaluri gare datvirTva ar unda aRematebodes sidides: 

Z2maqs<Z2n = S2n / I
2
2n = 5/52 = 0,2 omi.  

meoreuli wredis maqsimaluri datvirTva Z2maqs tolia gamtarTa 

Z2gam da denis transformatorTan mimdevrobiT CarTuli sazomi 

xelsawyoebis Z2sx winaRobaTa jamis: 

Z2maqs = Z2gam + Z2sx 
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am reJimSi denis transformatoris meoreul wredSi gadis 

induqcirebuli I2 deni, romelic Tavisi magnitomamoZravebeli 

ZaliT magnitogamtarSi qmnis Φ2 magnitur nakads, romelic eleqt-

romagnituri induqciis kanonis Tanaxmad mimarTulia pirvelad 

gragnilSi gamavali I1 denis mier Seqmnili Φ1 magnituri nakadis 

sawinaaRmdegod (nax.2).Sedegad stacionarul reJimSi gularaSi myar-

deba magnituri induqciis SedarebiT mcire nominaluri magnituri 

nakadi Φ0=Φ1–Φ2, romelic Seadgens pirveladi denis magnituri na-

kadis 2-3 %-s, romelic meoreul gragnilSi ainduqcirebs mcire 

sididis (ara umetes 1v) emZ-s. es emZ meoreul gragnilSi iWers 

nominalur dens I2n-s 0-100 % diapazonSi. Ees deni Tavis mxriv 

proporciulia pirvelad wredSi gamavali denis I1 = 1 – 100% I1n. 

pirvelad wredSi gamavali deni damokidebuli ar aris meoreuli 

wredis datvirTvaze da icvleba nulidan nominalur mniSvnelobam-

de, xolo pirveladi wredis mokled SerTvis SemTxvevaSi (Z1 =0) 

nominalurs aTjer aRemateba 

 

nax.2. 
Tu denis transformatoris meoreul wreds gavTiSavT 

(avariuli reJimi), maSin meoreuli denis I2-sa da mis mier Seqmnili 

Φ2 magnituri nakadis gaqrobas mivyavarT pirveladi denis mier 

Seqmnili magnituri jamuri magnituri nakadis mniSvnelovan zrdas-

Tan  Φ0 = Φ2 da Sesabamisad meoreul wredSi izrdeba emZ ramdenime 
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kv-mde. Aman SeiZleba gamoiwvios izolaciis garRveva da momsaxure 

personalis eleqtruli deniT dazianeba. 

Tanamedrove bazarze warmodgenilia denis transformatorebis 

aTobiT modeli, romlebic Setanilia saxelmwifo reestrSi. Yyvela 

es nakeToba Seesabameba saxelmwifoTaSoris standarts da bevrad 

axloa Tavis deklarirebul teqnikur maxasiaTeblebTan. magram 

rogorc gviCvenebs maTi gamocda da eqspluataciis gamocdileba 

xangrZliv perspeqtivaSi eleqtrosistemebsa da momxmareblebSi 

eleqtroenergiis ekonomiuri, utyuari da zusti aRricxvisaTvis 

isini tolfasni ar arian. 

amitom ss `Telasis mricxvelebis laboratoriaSi Catarebuli 

iqna denis transformatorebis nimuSebis gamocda. gamocdisaTvis 

SerCeuli iqna oTxi qveynis oTxi firmis:Mminskis eleqtroteqnikuri 

qarxnis mier gamoSvebuli T – 0,66УЗtipis denis transformatorebi 

koeficientebiT: 50/5, 75/5, 100/5, 150/5, 200/5, 300/5, 400/5; litvuri firma 

Elfita–s mier gamoSvebuli TAL- 0,72 N3 tipis denis transformatorebi 

koeficientebiT: 10/5, 150/5, 200/5, 300/5, 400/5, 600/5; ss `samaris 

transformatoris” T–0,66УЗ tipis 300/5 koeficientis denis trans-

formatori;Uukrainuli firma `dnesta”–s mier gamoSvebuli T–0,66УЗ 

tipis denis transformatorebi koeficientebiT: 50/5, 75/5, 100/5,150/5, 

200/5, 300/5, 400/5, 500/5, 600/5. sul 25 nimuSi. TiToeuli nimuSisaTvis 

winaswar Sedgenili iqna sampunqtiani programa: 

 pirveladi denis cvlilebis mTel diapazonSi: 1,5,20,100,120 % 

I1n samuSao pirobebSi gamoyenebisas denuri da kuTxuri 

cdomilebis gansazRvra; 

 meoreuli wredis datvirTvis sruli simZlavris S2 = 25,50,75, 

100 % S2n diapazonSi cvlilebisas (cosφ= 0,8 da S2 =0 dros) 

denuri da kuTxuri cdomilebis gansazRvra; 
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 Ddenuri da kuTxuri cdomilebebis gansazRvra denis 

transformatorebis gragnilebis gavliT gularas erTjeradi 

damagnitebis Semdeg; 

gamocda Catarebuli iqna U=230v fazuri Zabvis dros. yvela 

SemTxvevaSi nominaluri meoreuli datvirTva toli iyo S2n =5va, 

cosφ= 0,8;  datvirTvis winaRobis moduli icvleboda erTnair farg-

lebSi: Z2=0,2; 0,15; 0,1; 0,05; 0 omi. damagnitebis gavlenis gansaz-

RvrisaTvis damagniteba xdeboda pirvelad gragnilze 5a mudmivi 

denis miwodebiT. xolo monacemebi aRebulia, roca Z2=0,2 omi 

SemTxvevis dros anu S/Sn = 100 %.  

naSromSi moyvanilia gamocdis procesSi miRebuli denis 

transformatorebis zogierTi nimuSis denuri da kuTxuri cdomi-

lebebis pirvelad denze, datvirTvaze da damagnitebaze damo-

kidebulebis gansazRvris gamocdis oqmis monacemebi da dama-

xasiaTebeli grafikebi.  

rogorc gamocdis Sedegebma aCvena denis transformatoris yve-

la warmodgenili nimuSi Seesabameba saxelmwifo standartis moT-

xovnebs gareSe faqtorebis gavlenis gareSe. Mmxolod ukrainuli 

firma `dnesta”–s mier gamoSvebuli denis transformatorebi  

mdgradia mudmivi deniT gularis damagnitebis mimarT, romelic 

eqspluataciis procesSi SeiZleba gaxdes eleqtroenergiis aRuric-

xvianobis mizezi, radganac 2-2,5-jer zrdis denis transformatoris 

uaryofiT denur cdomilebas momxmareblis nominalurze 50%-ze 

naklebi datvirTvis SemTxvevaSi.  

unda aRiniSnos, rom denis transformatorebis simyare mudmivi 

deniT damagnitebis mimarT gamomdinareobs gularas masalis Tvise-

bidan – igi damzadebulia nanokristaluri Senadnobisagan, xolo 

danarCeni denis transformatorebis gularebi damzadebuli iyo 

Cveulebrivi magniturad rbili eleqtroteqnikuri foladisagan. 
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ukanasknel xanebSi energetikaSi Zlier gaizarda moTxovnebi 

eleqtroenergiis aRricxvis sizustis mimarT gansakuTrebiT dabali 

Zabvis qselebSi. eleqtroenergiis aRricxvis sizustis gazrdis 

erTerT xerxs warmoadgens induqciuri mricxvelebis sayovelTao 

Secvla ufro maRali sizustis klasis mqone eleqtronuli mricx-

velebiT. magram praqtikaSi mxolod mricxvelebis Secvla ver 

iZleva mosalodnel Sedegs. gazomvis sizustis gazrdis magier 

SeiZleba miviRoT ukuSedegi.  

 am problemis erTerTi ZiriTadi mizezi mdgomareobs imaSi, 

rom Ddenisa da Zabvis transformatorebis eqspluatacia xdeba stan-

dartiT daSvebuli, maTi nominaluri parametrebis gazomvis diapa-

zonis sazRvrebs gareT, rac iwvevs eleqtroenergiis mricxvelebis 

Cvenebebis damaxinjebas. 

cnobilia, rom transformators gaaCnia uqmi svlis danakar-

gebi. rodesac aRricxvis kvanZi mowyobilia transformatoris daba-

li Zabvis mxares, maSin aRricxvis kvanZis mier es danakargebi ar 

aRiricxeba. amitom energokompaniebi ukanasknel xanebSi iswrafvian, 

rom aRricxvis kvanZebi dayenebuli iqnes transformatoris maRali 

Zabvis mxareze. am SemTxvevaSi aRiricxeba transformatoris uqmi 

svlis danakargebi.  

 konkretul praqtikul magaliTze dayrdnobiT damtkicebulia, 

rom es meTodi yovelTvis gamarTlebuli ar aris aRricxvis kvanZis 

gadatana transformatoris dabali Zabvis mxridan maRali Zabvis 

mxareze unda moxdes teqnikur-ekonomikuri dasabuTebis Semdeg. 

amJamad bazarze sxvadasxva firmebis mier aris eleqtroene-

rgiis mricxvelebisaTvis denis transformatorebis  Zalian didi 

SemoTava-zebebi, gansakuTrebiT aziis qveynebidan, romlebic TiTqos 

akmayofileben МЭК62053-21–is moTxovnebs.Mmagram gamocdebi gviC-

veneben, rom aseTi denis transformatorebis gularebi ar iJRi-

nTebian pirveladi denis mudmivi mdgenelis dros, magram rogori 
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ucnauric ar unda iyos, maTSi ar aris kuTxuri cdomileba. nuTu 

ase martivad aris saqme? 

am kiTxvaze pasuxs scems naSromis amave TavSi miyvanili  

kompania VACUUMSCHMELZE–s laboratoriaSi Catarebuli gamokvlevebis 

Sedegebi, romlebmac aCvena, rom, aseTi transformatoris gularebi 

Sedgeba ori erTmaneTze adebuli da Sewebebuli toroidaluri 

gularebisagan: erTi gulara damzadebulia Senadnobisagan, romlis 

SeRwevadobaa 400 000, meore – damzadebulia amorfuli Senadnobi-

sagan rkinis safuZvelze, romlis SeRwevadobaa 700000. gamocdebisas 

SemCneuli iqna, rom pirvelad denSi mudmivi mdgenelis Seyvanisas 

izrdeba denis transformatoridan gamomavali signalis fazuri da 

amplituduri cdomilebebi. es ki iwvevs simZlavris gamoTvlisas 

damatebiT cdomilebebs. magaliTad, roca cosφ=0,9, rac savsebiT 

SesaZlebelia sayofacxovrebo eleqtroqselebSi, aseTi denis 

transformatorebis gamoyeneba iZleva 13% cdomilebas. am 

cdomilebis gasworebisaTvis saWiroa mudmivi dakalibreba, rac 

praqtikulad SeuZlebelia. 

aRsaniSnavia, rom nanokristaluri Senadnobebisagan damzade-

buli magnitogamtaris mqone denis transformatorebi, maRali 

magnituri Tvisebebis gamo, maqsimaluri pirveladi denis dros 

meoreul wredSi nominalurze zemoT datvirTvis gazrdis mimarT 

xdian mgrZnobiareni, rac praqtikaSi moiTxovs yvela gadatvirTvis 

sawinaaRmdego moTxovnebis mkacr Sesrulebas. 

aseTi transformatorebis gadatvirTvis unarianoba SeiZleba 

avamaRloT mZlavri gularebis damzadebiT, rac yovelTvis gamar-

Tlebuli ar aris, radganac nanokristaluri Senadnobebisagan dam-

zadebuli gularebi 1,2-2-jer ufro Zviria, vidre eleqtroteqnikuri 

foladisagan. 

mTlianobaSi nanokristaluri masalisagan damzadebuli gula-

rebi xasiaTdebian mcire masalatevadobiT, mcire gabaritebiTa da 
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woniT eleqtroteqnikuri foladisagan damzadebul gularebTan 

SedarebiT. 

amave TavSi mocemulia aseve umaRlesi rigis harmonikebis arse-

bobis SemTxvevaSi denuri da kuTxuri cdomilebebis gasaangariSe-

beli maTematikuri gamosaxulebebi. 

naSromis meoTxe Tavi exeba eleqtroenergiis monitoringis sis-

tema ~SCADA”–s gamoyenebas eleqtroenergiis aRricxvis mowesri-

gebis saqmeSi. 

energoresursebiT Tanamedrove civilizebuli vaWroba dafuZ-

nebulia avtomatizebul energoaRricxvaze, romelsac minimumamde 

dahyavs adamianis Careva gazomvis, monacemTa aRebisa da damuSavebis  

etapze da uzrunvelyofs namdvil, zust, operatiul da moqnil, 

sxvadasxva satarifo sistemasTan adaptirebul aRricxvas, rogorc 

eleqtroenergiis mimwodeblis, aseve momxmareblis mxridan. am miz-

niT rogorc mimwodebeli, aseve momxmarebeli TavianT obieqtebze 

qmnian energoresursebis kontrolisa da aRricxvis avtomatizebul 

sistememebs – ekaas, romlis struqturaSi zogad SemTxvevaSi SeiZ-

leba gamovyoT oTxi done: pirveli done – moicavs pirvelad sazom 

xelsawyoebs telemetruli an cifruli gamosasvlelebiT, romle-

bic axorcieleben parametrebis (simZlavris, moxmarebuli energiisa 

da sxvaTa) gazomvas uwyveti an minimaluri intervalebiT aRricxvis 

wertilebSi (mag.fiderebze); meore done – monacemTa Sekrebisa da 

momzadebis mowyobilobebi, specializebuli sazomi sistemebi an 

mravalfunqciuri programuli gardamqmnelebi energoaRricxvis Ca-

Senebuli programuli uzrunvelyofiT, romlebic axorcieleben mo-

cemul ciklSi dReRamis ganmavlobaSi gazomili monacemebis dagro-

vebas, damuSavebasa da am monacemebis zeda doneze gadacemas; mesame 

done - personaluri kompiuteri an monacemTa Sekrebisa da damuSa-

vebis centris serveri specialuri programuli uzrunvelyofiT, 

romelic axorcielebs meore donidan informaciis miRebas, am 

informaciis damuSavebas rogorc aRricxvis wertilebis, aseve 



 20 

jgufebis (dawesebulebebis obieqtebis) mixedviT, axdens aRricxvis 

monacemebis dokumentirebas asaxvas iseTi saxiT, rom mosaxerxebeli 

iyos analizisa da operatiuli personalisaTvis gadawyvetilebis 

misaRebad; meoTxe done- monacemTa Sekrebisa da damuSavebis centris 

serveri specialuri programuli uzrunvelyofiT, romelic axor-

cielebs informaciis miRebas personaluri kompiuteridan  an cen-

tris serverTa jgufidan, axdens maT dokumentirebas da monacemTa 

asaxvas  iseTi saxiT, rom moxerxebuli iyos operatiuli persona-

lisaTvis analizisa da gadawyvetilebis misaRebad, xelSekrule-

baTa gasaformeblad eleqtroenergiis mowidebisa da safasuris 

gadaxdis dokumentebis gasaformeblad. 

ekaas-is yvela done erTmaneTTan dakavSirebulia kavSiris 

arxebiT msoflio gamocdileba aCvenebs, rom energomoxmarebis komp-

iuteruli sistemis gamoyenebiT miiRweva saSualod eleqtroener-

giis wliuri moxmarebis 15-30 % ekonomia, xolo masze daxarjuli 

Tanxa anazRaurdeba 2-3 kvartlis ganmavlobaSi. 

eleqtroenergetikaSi gansakuTrebul adgils iWers ekaas-is 

erTerT saxeoba, zemoTaRniSnuli dispetCeruli marTvisa da moni-

toringis sistema SCADA - es aris programuli paketi, romelic 

gamoiyeneba  realur droSi obieqtis monitoringis an marTvisaTvis 

informaciis Sekrebis, damuSavebis, asaxvisa da arqivirebis sistemis 

damuSavebis an muSaobis uzrunvelyofisaTvis. 

sistema SCADA eleqtroenergetikis dargSi ZiriTadad gam-

oiyeneba Semdegi sakiTxebis kontrolisa da marTvis saqmeSi: 

- eleqtroenergiis gadacemisa da ganawilebis marTva; 

- eleqtroenergiis warmoebis marTva; 

- samrewvelo sawarmoebis eleqtromomaragebis marTva; 

- eleqtroenergiis parametrebis kontroli; 

- samrewvelo sawarmoebisa da dawesebulebebis mier moxmare-

buli eleqtroenergiis aRricxvis kontroli; 
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- eleqtroenergiis xarisxis kontroli; 

naSromSi moyvanilia sistema SCADA-s ZiriTadi struqturuli 

komponentebi: Remote Terminal Unit (RTU) –DdaSorebuli terminali, 

romelic anxorcielebs amocanebis damuSavebas (marTvas) drois 

realur reJimSi.; Master Terminal Unit (MTU) – marTvis dispetCeruli 

punqti anu mTavari terminali, romelic axorcielebs maRali donis 

marTvasa da monacemTa damuSavebas `rbili” realuri drois reJimSi. 

mTavari terminalis erT erTi ZiriTadi funqciaa samomxmareblo 

interfeisis Seqmna adamian-operatorsa da sistemas Soris; 

Communication System (CS) - komunikaciuri sistema (kavSiris arxi), 

romelic aucilebelia daSorebuli obieqtidan monacemTa miRebi-

saTvis da marTvis signalebis gadacemisaTvis. 

SCADA sistema uzrunvelyofilia programuli garsiT Trace Mode. 

igi gankuTvnilia energoobieqtebis, gamoyenebiTi inteleqtualuri 

sistemebis, energosaaRricxvo sistemebis da sxva sawarmoo proce-

sebis avtomatizaciisaTvis. 

naSromis mexuTe Tavi mTlianad daTmobili aqvs saqarTvelos 

teqnikuri universitetis eleqtromomaragebis monitoringis sistema 

SCADA-s da am sistemiT Catarebul gamokvlevebs. 

saqarTvelos teqnikuri universiteti warmoadgens eleqtroe-

nergiis did momxmarebels. misi satransformatoro parkis dadg-

muli simZlavrea 7,7 mvt. 2010 wels moxmarebuli iqna 4.684.110 kvt.sT 

eleqtroenergia, xolo 2011 wels – 5.121.180 kvt.sT. 

aRniSnulidan gamomdinare, gansakuTrebul aqtualobas iZens 

eleqtroenergiis moxmarebis monitoringis sakiTxi, momxmareblebis 

teqnikuri reJimebis gamokvleva-gazomva da struqturis dadgena. 

am amocanebis moTxovnebis doneze Seswavla saSualebas mogv-

cems sworad daigegmos moxmarebis reJimebi da SemuSavebuli iqnes 

eleqtroenergiis ekonomikurad xarjvis dasabuTebuli programa, 
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romlis ganxorcielebamac unda uzrunvelyos universitetis 

eleqtromomaragebis sistemis ekonomiur reJimSi muSaoba. 

gamokvlevebis mixedviT dadginda, rom saqarTvelos teqnikur 

universitets hyavs sami tipis momxmarebeli: sakuTari, komerciuli 

qveabobentebi da ss `Telasi”-s abonentebi. 

saqarTvelos teqnikuri universitetis eleqtromomaragebis cal-

xazovani sqemisa da programuli produqtis Trace Mode-s bazaze Semu-

Savebul iqna stu–s energomomaragebis monitoringis SCADA sistema. 

 

nax.3. 

monitoringis sistemam unda uzrunvelyos eleqtromomaragebis 

qselis Semomaval da gamaval wertilebSi eleqtruli parametrebis 

gazomva, ekranze asaxva da Senaxva realur droSi (monitoringi). 

agreTve amomrTvelebis da gamTiSvelebis mdgomareobis fiqsireba 

da Senaxva realur droSi. sistemis funqcionirebis principi 

naCvenebia nax. 3-–ze. 

saqarTvelos teqnikur universitetSi damontaJebuli eleqt-

romomaragebis monitoringis Tanamedrove SCADAsistema avtomatur 

reJimSi akontrolebs ara mxolod daxarjuli eleqtroenergiis 

raodenobas, aramed akontrolebs, kompiuteris ekranze gamoaqvs da 

monacemTa bazaSi agrovebs eleqtroenergiis kidev TerTmeti para-
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metris: Zabvebis; denebis; aqtiuri, reaqtiuli da sruli simZlavre-

ebis; sixSiris; simZlavris koeficientis; Zabvisa da denis harmo-

nikebisa da arawrfivi damaxinjebis koeficientebis mniSvnelobebs 

rogorc dabali, ise maRali Zabvis mxares. misi saarqivo monacemebis 

mixedviT ganisazRvreba danakargebis sidideebi. 

aRniSnuli monitoringis sistema gamoiyeneba ara marto saqar-

Tvelos teqnikuri universitetis eleqtro¬momaragebis monitorin-

gisaTvis, aramed informatikis, energetikisa da telekomunikaciis 

fakultetebis studentebis, magistrantebis, doqtorantebisa da 

profesor-maswavleblebis mier saswavlo da samecniero-kvleviTi 

samuSaoebis Sesrulebisas. saqarTvelos teqnikuri universitetis 

eleqtromomaragebis monitoringis SCADA sistema aris aseve 

Tanamedrove  laboratoriuli baza, romelic  saSualebas iZleva 

warmatebiT iqnas SemoRebuli saqarTvelos teqnikur universitetSi 

aseTi sistemebis swavleba. 

saqarTvelos teqnikuri universitetis eleqtromomaragebis 

kompiuteruli sistemis ganxorcielebiT saqarTvelos teqnikuri 

universiteti SeiZens  msgavsi sistemebis proeqtirebisa da reali-

zaciis did gamocdilebas, daamuSavebs eleqtromomaragebis 

monitoringis sistemebis efeqturad gamoyenebis meTodebs da aRzr-

dis saTanado profilis axalgazrda specialistebs.  

mocemuli proeqtis ganxorcielebiT saqarTvelos teqnikur 

universitets eqneba saTanado inteleqtualuri potenciali da gamo-

cdileba am organizacia-dawesebulebebSi xelSekrulebis safuZ-

velze ganaxorcielos energomomaragebis monitoringis kompiute-

ruli sistemebi, gauwios saTanado sakonsultacio momsaxureba da 

treiningi, gasces saTanado rekomendaciebi da dausaxos Ronis-

Ziebani eleqtroenergiis momWirneobiT moxmarebisaTvis da xarisxis 

uzrunvelyofisaTvis. 

saqarTvelos teqnikuri universitetis energomomaragebis moni-

toringis ganxorcielebuli sistemis Sedegad SesaZlebeli gaxda 



 24 

calkeuli abonentebis mier aqtiuri da reaqtiuli simZlavreebis 

moxmarebis analizis Catareba. 

ganxorcielebuli sistemis meSveobiT SegviZlia avagoT aqtiu-

ri da reaqtiuli simZlavreebis moxmarebis 24 saaTiani grafikebi 

calkeuli abonentebisaTvis (nax.4). am grafikebis meSveobiT SegviZ-

lia CavataroT moxmarebuli simZlavreebis analizi, ganvsazRvroT 

maTi pikuri da minimaluri moxmarebis droiTi Sualedebi. garda 

amisa SesaZlebelia davafiqsiroT simZlavreTa moulodneli cvli-

lebis momentebi dRe–Ramis ganmavlobaSi. 

 

nax.4. 

cxrili 1-is saxiT warmodgenili saarqivo Canawerebis mixedviT 

SesaZlebelia SevafasoT kontrolirebadi parametrebis cvlilebis 

dinamika. 

cxrili 1. monitoringis sistemis 2011 wlis noembris Tvis 
saarqivo monacemebi.  

ric-
xvi  L1, kv  L2, kv  L3, kv  L1, ka  L2, ka L3, ka P,kvt Q, kvar S, kva cosφ 

01 0,3774 0,3789 0,3734 0,1123 0,1029 0,1176 64,884 5,6389 72,169 0,9045 

02 0,3747 0,37610 0,37123 0,1247 0,1215 0,130 71,91 8,814 80,62 0,8933 

03 0,3755 0,3768 0,3723 0,1281 0,1122 0,1270 70,281 7,5637 78,886 0,8941 

04 0,3763 0,3761 0,3720 0,1317 0,1063 0,1492 73,026 -1,551 83,290 0,8939 

05 0,37751 0,37776 0,37404 0,06241 0,05793 0,06988 37,7146 15,8884 41,2428 0,91513 
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06 0,3755 0,3759 0,3727 0,0601 0,0184 0,0330 22,583 5,3270 24,062 0,9434 

07 0,3755 0,3764 0,3706 0,1290 0,1157 0,1446 71,286 -16,287 83,386 0,8660 

08 0,3750 0,3776 0,3693 0,1230 0,1404 0,1557 76,298 -18,45 89,663 0,8652 

09 0,3759 0,3768 0,3698 0,1121 0,1134 0,1440 67,925 -14,32 79,411 0,8685 

10 0,3758 0,3795 0,3702 0,1110 0,1231 0,1545 70,142 -16,15 83,495 0,8475 

11 0,3763 0,3776 0,3705 0,1268 0,1309 0,1617 77,147 -14,46 89,960 0,8650 

12 0,3768 0,3771 0,3720 0,0637 0,0572 0,0990 43,358 16,918 47,237 0,9298 

13 0,3766 0,3774 0,3710 0,0432 0,0209 0,0701 25,767 11,369 28,860 0,9229 

14 0,3776 0,3801 0,3711 0,1307 0,1083 0,1380 71,702 -0,603 81,294 0,8887 

15 0,3758 0,379 0,3694 0,1152 0,1084 0,1305 67,866 15,464 76,034 0,8905 

16 0,3747 0,3794 0,3699 0,1532 0,1317 0,1537 83,904 25,173 94,390 0,8890 

17 0,3734 0,3770 0,3690 0,1839 0,1188 0,1680 89,393 45,970 101,05 0,8832 

18 0,3779 0,3792 0,3735 0,0905 0,0556 0,0483 39,701 11,710 42,091 0,9458 

21 0,3750 0,3776 0,3685 0,1656 0,1078 0,1407 79,593 37,335 88,600 0,8972 

22 0,3755 0,3776 0,3705 0,1001 0,0825 0,0943 52,471 26,967 59,281 0,8800 

23 0,3762 0,3797 0,3743 0,0214 0,0168 0,0300 13,199 5,9831 14,867 0,9006 

24 0,3754 0,3785 0,3712 0,1032 0,0932 0,0967 55,998 26,697 62,881 0,8858 

25 0,3766 0,3781 0,3706 0,1012 0,0894 0,0826 52,507 25,359 58,700 0,8858 

26 0,3764 0,3791 0,3710 0,0777 0,0657 0,0475 36,349 17,140 41,074 0,85837 

27 0,3788 0,3814 0,3750 0,0698 0,0376 0,0348 28,579 10,873 31,020 0,9183 

28 0,3755 0,3778 0,3692 0,1280 0,1133 0,0924 64,997 28,709 71,581 0,9169 

29 0,3763 0,3792 0,3716 0,0466 0,0484 0,0520 29,084 11,342 31,600 0,9328 

cnobilia, rom arawrfivi  datvirTvis dros garda aqtiuri da 

reaqtiuli simZlavreebisa gamtarebSi gaedineba damatebiTi 

simZlavreebi, romelic gamowveulia damaxinjebis simZlavriT. 

damatebiTi simZlavre warmoadgens reaqtiuli simZlavris nawils, 

romelic axasiaTebs sxvadasxva sixSiris Zabvisa da denis 

urTierTmoqmedebiT ganpirobebul procesebs. am SemTxvevaSi sruli 

simZlavre gamoiangariSeba formuliT: 

                              (1) 

saarqivo Canawerebi saSualebas gvaZlevs ganvsazRvroT arawr-

fivi datvirTvis Sedegad gamowveuli damaxinjebis simZlavreebi da 

am simZlavreebiT danakargebi. magaliTad, cxrili 1-dan 2011 wlis 14 

noembris  monacemebis mixedviT miRebulia Semdegi monacemebi: 

yvela harmonikis aqtiuri simZlavre  P = 71,7kvt; 

yvela harmonikis reaqtiuli simZlavre  Q = 0,60kvar; 

damaxinjebis simZlavris gareSe sruli simZlavre toli iqneba: 

   =  = 71,7kva              (2) 
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damaxinjebis simZlavris gaTvaliswinebiT cxrili 1-is 

monacemebis mixedviT sruli simZlavre tolia: 

S1 =  81,29 kva.  (3) 

(1), (2), (3) tolobebis urTierTSedarebidan gvaqvs, rom damaxinjebis 

simZlavre tolia: 

   =  = 38,29kva. 

miRebuli Sedegebidan Cans, rom damaxinjebis simZlavre 

Seadgens datvirTvis sruli simZlavris mniSvnelovan  nawils, 

riTac damatebiT tvirTavs eleqtrul qsels ise, rom ar asrulebs 

sasargeblo muSaobas. 

71,7kva sruli simZlavris dros 380 v Zabvis SemTxvevaSi qselSi 

gamavali denis saSualo mniSvneloba toli iqneba: 

IsaS. = 71700 / 1,73 . 380 = 109,07 a, 

xolo 81,29 kva sruli simZlavris dros: 

IsaS.= 42940/1,73 . 380 = 123,6a. 

anu denebs Soris sxvaobam Seadgina 123,6 – 109,07  = 14,53 a. TiToeul 

fazaSi gamavali deni tolia 14,53 : 3 = 4,8 a. danakargebi eleqtrul 

qselebSi ki denis kvadratis proporciulia.  

daskvnebi 

1. Eeleqtrul gamanawilebel qselebSi eleqtroenergiis danakar-

gebi warmoadgenen energomommaragebeli organizaciis ekonomi-

isa da efeqturi muSaobis  mniSvnelovan maCvenebels. 

2. eleqtroenergiis danakargebis normativebis gansazRvris meTo-

dologia jer kidev sabolood dadgenili ar aris, ganusaz-

Rvrelia normirebis principebic ki.   

3. eleqtroenergiis danakargebs aqvT ara marto ekonomiuri 

xasiaTi, aramed  garkveulwilad es danakargebi dakavSirebulia 

ekologiur problemebTan. kerZod,Eeleqtroenergiis moxmarebis 

zrda gardauvalad iwvevs naxSirmJava gazis gamonabolqvis 
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gazrdas, rac Tavis mxriv, specialistTa mtkicebiT iwvevs 

dedamiwis temperaturis gazrdas.  

4. eleqtroenergiis aRricxvis saqmeSi erTerTi mniSvnelovani 

roli ekisreba denis sazom transformatorebs, romelTa 

sizustis klassa da sworad SerCevaze bevrad aris damoki-

debuli aRricxvis siswore. 

5. denis transformatorebis Semowmebam aCvena, rom yvela denis 

transformatori normalurad muSaobs datvirTvis 20-120 % -s 

farglebSi. 

6. xSirad denisa da Zabvis transformatorebis eqspluatacia 

xdeba standartiT daSvebuli, maTi nominaluri parametrebis 

gazomvis diapazonis sazRvrebs gareT, rac iwvevs eleqtro 

energiis mricxvelebis Cvenebebis damaxinjebas. 

7. eleqtroenergia produqciis  TviTRirebulebaSi Semavali erT-

erTi komponentia, magramDdReisaTvis saqarTveloSi ar arsebobs 

sxvadasxva saxis produqciis erTeulis warmoebisaTvis eleq-

troenergiis dadgenili normebi, rac Zalian did problemas 

qmnis zogierTi mniSvnelovani sakiTxebis sakiTxebis 

gadawyvetisas. 

8. eleqtroenergiis danakargebis SemcirebisTvis moqmedebis, saor-

ganizacio muSaobis daxvewis da `adamiani-faqtoris” gasaTval-

iswineblad dasabuTebuli programis damuSavebisaTvis saWiroa 

eleqtroqseluri organizaciis kvalificiuri energoauditi, 

9. aRricxvis kvanZis gadatana transformatoris dabali Zabvis 

mxridan MmaRali Zabvis mxareze unda moxdes ekonomiuri 

dasabuTebis Semdeg. 

10. amorful masalebze damzadebuli magnituri gamtarebi saSua-

lebas iZlevian miRweuli iqnes damagnitebis mrudis maRali 

sworxazovnoba denis transformatoris pirveladi nominaluri 

denis 1-120% da meoreuli nominaluri datvirTvis 0-100% 

diapazonSi.  
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11. denis transformatoris pirvelad da meoreul denebs Soris 

fazaTa Zvris kuTxe damaxasiaTebelia TiToeuli harmonikisaT-

vis, amitom arasinusoiduri pirveladi denis dros ufro koreq-

tulia vTqvaT denis transformatoris cdomilebis Sesaxeb 

TiToeuli harmonikisaTvis. 

12. kavSiri pirveladi da meoreuli denebis harmonikebis fazaTa 

Zvrebs Soris rTulia. pirveladi da meoreuli denis TiToeul 

harmonikas Soris fazaTa Zvris jami ar iqneba toli am 

signalebs Soris fazaTa Zvrisa radgan sxvadasxva sixSiris 

ori sinusoidis fazaTa Zvra ar aris toli am signalebis 

fazaTa Zvris jamis. 

13. arasinusoiduri denebis SemTxvevaSi denis transformatoris 

cdomilebisaTvis gamosaxulebis misaRebad, saWiroa pirobebis 

gaTvaliswinebiT Seiqmnas feromagnituri gularas maTematikuri 

modeli. 

14. yvela Tanamedrove sawarmosaTvis umniSvnelovanesi amocanaa 

teqnologiuri procesis avtomatizaciisa da marTvis sistemis 

Seqmna, romelic uwyvetad gaakontrolebs teqnologiuri proce-

sis mimdinareobas da moaxdens mis marTvas. aseT sistemas 

warmoadgens dispetCeruli marTvisa da monitoringis sistema 

SCADA, romelic danergili iqna saqarTvelos teqnikur 

universitetSi. 

15. saqarTvelos teqnikur universitetSi damontaJebuli eleqt-

romomaragebis monitoringis Tanamedrove SCADA sistema avto-

matur reJimSi akontrolebs ara mxolod daxarjuli eleqt-

roenergiis raodenobas, aramed akontrolebs akontrolebs 

eleqtroenergiis xarisxs. 

16. SCADA sistemas kompiuteris ekranze gamoaqvs da monacemTa 

bazaSi agrovebs eleqtroenergiis TerTmeti parametris: Zabve-

bis; denebis; aqtiuri, reaqtiuli da sruli simZlavreebis; 
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sixSiris; simZlavris koeficientis; Zabvisa da denis harmo-

nikebisa da arawrfivi damaxinjebis koeficientebis mniSvne-

lobebs rogorc dabali, ise maRali Zabvis mxares.  

17. SCADA sistema saarqivo monacemebis mixedviT SesaZlebelia 

ganisazRvros danakargebis sidideebi da damaxinjebis 

simZlavreebi. 

18. aRniSnuli monitoringis sistema gamoyeneba SesaZlebelia ara 

marto saqarTvelos teqnikuri universitetis eleqtro-momara-

gebis monitoringisaTvis, aramed informatikis, energetikisa da 

telekomunikaciis fakultetebis studentebis, magistrantebis, 

doqtorantebisa da profesor-maswavleblebis mier saswavlo da 

samecniero-kvleviTi samuSaoebis Sesrulebisas.  

 

დისერტაციის თემაზე გამოქვეყნებული  ლიტერატურა 

1. g.museliani, d.iaralaSvili. Tanamedrove teqnikis gavlena 

energousafrTxoebasa da energoefeqturobaze. saerTaSoriso 

samecniero Jurnali `inteleqtuali”, # 15, 2011w. gv. 131-135. 

2. v.nozaZe, g.museliani. eleqtroenergiis aRricxvis teqnikuri 

saSualebebi da meTodebi. sagamomcemlo saxli `teqnikuri 

universiteti”, Tbilisi, 2009w. 53gv. 

3. museliani T., museliani g., iaralaSvili d. Tanamedrove 

teqnika da energoefeqturoba. saerTaSoriso konferencia 

`garemos dacva da mdgradi ganviTareba”-s Sromebi. Tbilisi, 

2010 w. gv.392-394. 

4. T.museliani, g.museliani, d.iaralaSvili. eleqtroenergiis 

aRricxvis kvanZis mowyobis Sesaxeb. saerTaSoriso samecniero 

Jurnali `inteleqtuali”, # 19, 2012w. gv. 133-137. 

5. museliani T., imnaiSvili l.,naWyebia S., museliani g., CxikvaZe k., 

iaralaSvili d. kompiuteruli teqnikis  datvirTvis gavlena  

eleqtroenergiis xarisxze. Georgian Engineering News, #4,2011 w. gv. 
63-66. 



 30 

Abstract 

Electricity is the only kind of production for movement from production place to 

the costumer there are no recourses used.  For this it takes just the part of the transferring 

part of electricity itself that is why its losses are so unavoidable.  

The loss of electricity above of the norm in electric nets is the direct financial loss 

for the direct owner of the electrical net. The economy made for the reduction of losses 

could be directed to the technical reinforcement of the nets; to increase the salary of the 

stuff; to improve the organization of transferring and distribution of electricity, to 

increase the quality and trustworthiness of electricity for costumers; to decrease the tariff 

of the electricity. 

Electrical systems present the difficult objects of surveys, which consist of great 

amount of other elements, it includes: transformers, electrical lines, various 

computational and distributing tools, which have active resistance and where the loss of 

the energy happens at the time of transferring and distribution of it.  The losses in nets of 

electrical power and devices are called technical losses.  

The losses of electricity in the electricity distributing nets present the economy and 

effective working of the energy supplying organization. 

There is paid great attention to the reduction of electricity losses. But the existed 

events of economy of electricity cannot provide the maximum of the energetic indicator, 

because the existed calculation methods of the energy systems do not take into 

consideration many factors, there are not overseen the economical indicators of the load 

about the time agenda.  

The task on the electric system characterizations must be done in complex 

according to the full existed information, which oversees every real fact; those make the 

great influence over the economical characterizations of the net. 

Nowadays there is worked out the great amount of the calculations on the loss of 

electricity. These methods are the result of the many years work of big army of 

specialists, who dedicated years to exact calculation of losses in electric nets. There are 

many candidacy or doctor dissertations on this topic, but this issue is still active and not 

learnt yet. This is related to the fact that there is no full and valid information about the 

load on electric net on every step of the strain. Also, lower is the nominal strain of the net, 

less exists the information on the load. 

Among the methods offered by the separate specialists the main difference non-

sufficient filling of information, increasing exactness on the basis of generalization, and 

usage of the past information and done trials. Recently they pay great attention on the 

ecological problems. Mostly the loss of electricity is related to the problems of ecology. 

Namely, increasing of electricity usage in thermo electric power stations creates the steam 

of coal acid that increases the temperature of the earth according to the specialists. In the 

framework of struggling against the changing of climate the influence of the human on 

environment must be reduced into minimum. 

The first unit of the work is dedicated to the literature overview, where there are 

discussed all four issues of the electricity losses:  

1. Technical losses of the electricity (∆W tech), those are the result of the physical 

processes at the time of electricity transfer in electric nets, those are expressed by the 

transfer of power part into warmth in the elements of net; 
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2. Expenses of power self-usage (∆W self) those are needed for the work of 

technical devices and activity of the stuff. The expenses of self-usage are defined by 

counters fixed on transformers in the sub-station. 

3. Instrumental losses (∆W gas) those are defined by the metrological 

characteristics and working regimes of used tools. 

4. Commercial losses are the result of the theft of electricity, by the irrelevance of 

the data of counters and payment of the customer for the spent electricity, by the late 

payment, for not paying also for other reasons of the energy supply controlling 

organization. 

In the second unit of the work there are given the methods to calculate losses as 0,4 

also 6(10) KW strain nets; namely according to the elements, characterized regimes and 

day-night, the amount of hours of the biggest loss, medium load and static methods.  

There is overviewed the exact sample about the definition of electricity part in the 

cost of product, because the tariff of electricity makes great impact on production self-

cost. That is why definition of electricity part in the production self-cost is so important. 

Nowadays there are no fixed norms on various products producing for electricity that 

creates a very big problem when solving some important issues.  

In this unit there are also given the structure and methods of electricity loss 

reducing events and analyze.  

The third part of the work is dedicated to the important elements on electricity 

registration – power transformers. There are presented the results of trials on transformers 

issued by many firms, in the form of graphic and schedule also. 

According to the results there is stated that on the amorphous sources prepared 

magnet conductors give opportunity to reach the right rectilinear of magnetizing circle in 

the diapason of power transformer first nominal power 1-120 % and second nominal load 

0-100 %. 

Following the exact overseen sample there is stated that transferring of registration 

node from the low strain side to the high strain must be done after the economical 

confirmation.  

The fourth part of the work is dedicated to auto registration electricity systems, 

namely the traffic control and monitoring system SCADA, which minimizes the human’s 

involvement in measurement, taking data and working out and provides the real, exact, 

operative and flexible, to every tariff system adapted registration, as from  the side of 

electricity supplier also from costumer. There is given the main structure of this system, 

program provision and main characterizations.  

In the fifth unit there are presented the one-linear scheme of electricity supply to 

Georgian Technical University and the structure of the costumers; the detailed description 

about the elements and function of full system of SCADA in GTU. There are presented 

also some results received by this system.  

In Georgian Technical University fixed electricity supplier monitoring current 

system of SCADA controls not only the quantity of wasted electricity permanently; also it 

controls the quality of the electricity.  SCADA system shows on the screen and collects in 

database eleven parameters of electricity: strains, powers, active, reactive and full 

capacity; frequency, capacity coefficient; strain and power harmonics and the meanings 

of non-circular distortion, also the side of low and high strains. According to the archive 

data of the system of SCADA it is possible to define the size of losses and the distortion 

of capacity.    
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