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რეზიუმე 

eleqtroenergia amJamad warmoadgens erTerT mniSvnelovan 
resurss, romelic gamoiyeneba adamianis mier misi moqmedebis 
sxvadasxva sferoSi. amave dros absoluturad umravles 
SemTxvevaSi misi Secvla raime sxva wyaros gamoyenebiT 
SeuZlebelia. eleqtroenergetikaSi sabazro urTierTobebis 
ganviTarebasTan dakavSirebiT eleqtroenergia SeiZleba 
ganvixiloT aramarto rogorc fizikuri movlena, aramed rogorc 
saqoneli, romelic iwarmoeba, Seisyideba  da iyideba. 

amasTanave unda aRiniSnos, rom eleqtroenergia ki 
warmoadgens saqonels, magram es aris sruliad sxva saxis 
saqoneli, romlis Tvisebebi SeiZleba Seicvalos drois mixedviT. 
eleqtroenergiis xarisxis mimarT momxmareblis pretenziis 
SemTxvevaSi es eleqtroenergia ar SegviZlia momxmarebels 
SevucvaloT sxva analogiur ukeTesi xarisxis eleqtroenergiiT. 
eleqtroenergiis Semdegi Taviseburebaa is, rom misi xarisxi 
SeiZleba damokidebuli iyos ara marto eleqtroenergiis 
mimwodebelze, aramed TviT momxmarebelze. 

me-20-e saukunis 80-ian wlebamde eleqtroenergiis ZiriTad 
momxmareblebs warmoadgendnen wrfivi datvirTvis mqone 
momxmareblebi, rogoricaa: eleqtruli Zravebi, varvarebis 
naTurebi, eleqtrogamaT-boblebi da sxva.  

unda aRiniSnos, rom saqarTveloSi ukanasknel xanebSi Zlier 
gaizarda arawrfivi voltamperuli maxasiaTeblebis mqone  
momxmareblebis (kompiuterebi, klimat-kontrolebi, UPS-ebi, 
gammarTvelebi da sxva) ricxvi da simZlavre, romlebic 
moiTxoven dens ,romlis forma gansxvavdeba sinusoidurisagan. 
aseTi formis denis gavla  eleqtruli wredis elementebSi qmnis 
maTze Zabvis vardnas. Zabvis  formac aseve gansxvavdeba 
sinusoidurisagan arasinusoiduri deni aris Zabvis sinusoiduri 
formis damaxinjebis mizezi. 

eleqtrul qselebSi umaRlesi rigis harmonikebis problema 
warmoadgens eleqtromowyobilobis eleqtromagnituri Tavseba-
dobis nawils. misi mniSvneloba  Zlier gaizarda ukanaskneli 20-
25 wlis ganmavlobaSi axali teqnologiebis mZafr ganvi-
TarebasTan erTad, romelmac erTis mxriv migviyvana iseTi 
eleqtromimRebebis mier eleqtroenergiis gazrdil moxmarebas-
Tan, romelTac SeaqvT damaxinjebani eleqtrul wredSi (gardam-
qmneli danadgarebi, rkaluri foladsadnobi Rumelebi, da sxva), 
xolo meores mxriv - teqnologiuri procesebis marTvis 
eleqtronuli avtomatizirebuli sistemebis farTo gavrcele-
basTan, romlebic mgrZnobiareni arian Zabvisa da denis formis 
damaxinjebebis mimarT. ukanaskneli aTwleulebis ganmavlobaSi 
eleqtromomaragebaSi mniSvnelovani yuradReba eTmoba energo-
efeqturobisa da energodazogvis, sakiTxebs. eleqtromomaragebis 
ekonomiuri danaxarjebis Semcireba dakavSirebulia eleqtroener-
giis xarisxisa da eleqtromowyobilobis saimedobis amaRlebas-
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Tan. Tanamedrove warmoeba–dawesebulebebi, administraciuli da 
sacxovrebeli Senobebi aRWurvilia sazRvargareTidan Semo-
tanili uaxlesi teqnologiuri da sayofacxovrebo danadgarebiT.  

naSromis I TavSi moyvanilia literaturul mimoxilvis 
Sedegebi, sadac ganxilulia  eleqtroenergiis arawrfivi momxma-
reblebi da maTi gavlena eleqtroenergiis xarisxze, harmonikebis 
ZiriTadi wyaroebi;  umaRlesi rigis harmonikebiT gamowveuli 
problemebi da maTi aqtualoba; Zabvisa da denis arasinusoi-
durobis gavlena eleqtruli wredis funqcionirebis xarisxze; 
harmonikebis gavlena simZlavrisa da energiis gazomvaze; 

naSromis II TavSi ganxilulia eleqtroenergiis xarisxi da 
misi maCveneblebis gavlena eleqtromomxmareblebze. ganxilulia 
standartiT dadgenili eleqtroenergiis xarisxis TerTmetive 
maCvenebeli: Zabvis damyarebuli gadaxra (δUdamy); Zabvis cvli-
lebis manZili (δUt); flikeris doza (Pt); Zabvis mrudis 
sinusoidurobis damaxinjebis koeficienti (KU); Zabvis n-uri 
harmoniuli mdgenelis koeficienti [KU(n)]; ukuTanmimdevrobis 
Zabvis arasimetriulobis koeficienti (K2U); nulovani Tanmimdev-
robis Zabvis arasimetriulobis koeficienti (K0U); sixSiris 
gadaxra (∆f); Zabvis Cavardnis xangrZlivoba (∆tC); impulsuri Zabva 
(Uimp); droebiTi gadaZabvis koeficienti (Kdr.U). dawvrilebiT 
ganxilulia da TiToeuli am maCveneblis gavlena eleqtro-
momxmarebelze; 

naSromis III Tavi eZRvneba  eleqtroenergiis faqtiuri da 
teqnikuri danakargebis dadgenas. eleqtruli energiis gadacemis 
dros eleqtruli wredis TiToeul elementSi adgili aqvs 
energiis danakargebs. Qqselis sxvadasxva elementebSi 
danakargebis mdgenelebis Seswavlisa da danakargebis Semcirebis 
ama Tu im RonisZiebis Catarebis saWiroebis SefasebisaTvis 
pirvel rigSi Sesrulebulia  eleqtroenergiis danakargebis 
struqturis analizi. ganxilulia teqnikuri da komerciuli 
danakargebi da am danakargebis mdgenelebi; reaqtiuli 
simZlavris kompensaciis sakiTxebi; dawvrilebiT ganxilulia 
kompiuteruli datvirTvis gavlena denisa da Zabvis mrudis 
formaze. warmodgenilia samuSaos farglebSi Seswavlili 
saqarTvelos teqnikuri universitetis momxmarebelTa struqtura, 
romlis safuZvelzec ganisazRvra saerTo dadgmul simZlavreSi 
TiToeuli kategoriis momxmareblis dadgmuli simZlavrisa da 
moxmarebuli eleqtroeneriis   wili.  

naSromis IV TavSi warmodgenilia saqarTvelos teqnikur 
universitetSi damontaJebuli eleqtromomaragebis monitoringis  
Tanamedrove kompiuteruli  SCADAA-s sistema, romelic 
avtomatur da uwyvet reJimSi akontrolebs ara mxolod 
daxarjuli eleqtroenergiis raodenobas, aramed akontrolebs, 
kompiuteris ekranze gamoaqvs da monacemTa bazaSi agrovebs  
eleqtroenergiis kidev TerTmeti parametris: xazuri da fazuri 
Zabvebis, denebis, aqtiuri, reaqtiuli da sruli simZlavreebis, 
sixSiris, simZlavris koeficientis, Zabvisa da denis 
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harmonikebisa da arawrfivi damaxinjebis koeficientis 
mniSvnelobebs. rogorc dabali ise maRali Zabvis mxares.  

amave TavSi warmodgenilia am sistemis bazaze Catarebuli 
samecniero-kvleviTi muSaobis Sedegebi. miRebuli  monacemebis 
safuZvelze gansazRvrulia eleqtroenergiis xarisxis 
gauaresebiT gamowveuli danakargebis raodenoba erTi saswavlo 
korpusis magaliTze. Camoyalibebulia  denis umaRlesi rigis 
harmonikebis Semcirebis xerxebi. 
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Abstract 
 

          Currently electricity represents one of the most important resources used by 
human in different fields of man activity. In the same time it is impossible to replace it 
by using another resources. In electric power industry relative to the development of 
market relations electricity can be reviewed not only as a physical phenomenon but as 
a subject of sale, as well, which is produced, purchased and sold.  
          It has to be mentioned that indeed electricity represents a subject of sale but it is 
quite different one, properties of which can be changed according to time. In case of 
customer pretension to the quality of electricity, it can be replaced by analogous one 
of better quality. The peculiarity of electricity is that its quality may depend not only 
on electricity supplier but on customer as well.  
          Before 80-s of the 20th century main consumers of electricity were customers of 
linear loading, such as: electric engines, heat lamps, electric heaters, etc. 
          It has to be denoted that in Georgia the power and number of consumers of 
nonlinear current voltage characteristics (computer, climate-control, UPS,  adjusters, 
etc.) has significantly increased in recent years. This needs current different from 
sinusoidal. Such current passing through electric circuit parts  causes voltage drop in 
them. Voltage form differs from sinusoidal as well. Non-sinusoidal current is the 
reason of distortion of voltage sinusoidal form.  
          Through electric nets a problem of high level harmonics represents a part of 
electromagnetic compatibility of electric facility. Its importance has greatly increased 
through last 20-25 years together with strong development of new technologies 
caused, on the one hand, increased consumption of electricity by such electric 
receivers as ones making distortions in electric circuits (transformer facilities, steel 
producing furnaces, etc.), and on the other hand, wide spreading electronic automated 
systems of technological process management. During last decades issues of energy 
efficiency and saving have been paid significant attention. Decreasing in economical 
expenses of energy supply is related to rising the reliability of electric facilities and 
quality of electricity. Modern production-establishments, administrative and 
residential buildings are equipped with newest technological and household facilities 
brought from abroad.  
           In the first chapter of the work, results of literature review are given where 
nonlinear consumers of electricity and their influence on the quality of electricity, 
main sources of harmonics; problems caused by major parts of harmonics and their 
urgency;  influence of non-sinusoidal  property of current and voltage on functioning 
quality of electric circuit; influence of harmonics on measuring power and energy, are 
discussed.  
           In the second chapter of the work quality of electricity and its data influence on 
electricity consumers are discussed. All eleven data of  electricity quality specified by 
standard and their influence on electricity consumers are discussed in details. Data of 
electricity quality:  voltage steady-state deviation (δUst.); voltage variation distance 
(δUt); flicker dose (Pt); coefficient (Ku) of sinusoidal distortion of voltage curve; 
coefficient [KU(n)] of n-th harmonic constituent of stress; non-symmetry coefficient 
(K0U) of voltage inverse order; frequency deviation (∆f);  duration of voltage falling 
(∆tf); impulse voltage (Uimp); coefficient of temporary overvoltage (Ktemp.U).  
           The third chapter of the work is devoted to the establishing real and technical 
losses of electricity. At transferring electricity energy loss takes place in each part of 
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electric circuit.  For estimation of necessity of various arrangements of loss reduction 
and learning loss constituents in different parts of the net, first of all, analysis of 
electricity loss structure is carried out. Technical and commercial losses and 
constituents of these losses; compensation issues of idle  power are discussed. 
Influence of computer loading on the shape of current and voltage curve are discussed 
in details. Consumers’ structure of technical university of Georgia, learnt in the limits 
of  the work, is represented basing on which a part of consumed electricity and 
nameplate rating of each category consumer in total nameplate rating was determined. 
          In the fourth chapter modern computer SCADA system of energy supply 
monitoring, installed in technical university of Georgia, is represented. This system 
controls not only spent electricity amount, in automatic and continuous mode, but it 
controls, displays and collects other eleven data values of electricity in database. 
These data are: linear and phase voltage, current, active, idle and gross powers, 
frequency, power coefficient, current and voltage harmonics and coefficients of non-
linear distortions, either on the part of high or low voltage.  
          In the same chapter results of scientific-research works carried out on the base 
of this system are represented.  In the result of received data amount of losses caused 
by deterioration of electricity quality is determined as exemplified by one academic 
block. Reduction ways of highest level current harmonics are established.  
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შესავალი 

samuSaos aqtualoba. eleqtrul qselebSi umaRlesi rigis 

harmonikebis problema warmoadgens eleqtromowyobilobis 

eleqtromagnituri Tavsebadobis nawils. misi mniSvneloba  Zlier 

gaizarda ukanaskneli 20-25 wlis ganmavlobaSi axali 

teqnologiebis mZafr ganviTarebas-Tan erTad, romelmac erTis 

mxriv migviyvana iseTi eleqtromimRebebis mier eleqtroenergiis 

gazrdil moxmarebasTan, romelTac SeaqvT damaxinjebani eleq-

trul wredSi (gardamqmneli danadgarebi, rkaluri foladsad-

nobi Rumelebi, da sxva), xolo meores mxriv - teqnologiuri 

procesebis marTvis eleqtronuli avtomatizirebuli sistemebis 

farTo gavrcelebasTan, romlebic mgrZnobiareni arian Zabvisa da 

denis formis damaxinjebebis mimarT. ukanaskneli aTwleulebis 

ganmavlobaSi eleqtromomaragebaSi mniSvnelovani yuradReba 

eTmoba energoefeqturobisa da energodazogvis, sakiTxebs. 

eleqtromomaragebis ekonomiuri danaxarjebis Semcireba dakavSi-

rebulia eleqtroenergiis xarisxisa da eleqtromowyobilobis 

saimedobis amaRlebasTan. Tanamedrove warmoeba–dawesebulebebi, 

administraciuli da sacxovrebeli Senobebi aRWurvilia 

sazRvargareTidan Semotanili uaxlesi teqnologiuri da 

sayofacxovrebo danadgarebiT.  

aseT danadgarebs miwodebuli eleqtroenergiis mimarT 

gaaCniaT garkveuli saxis moTxovnebi. erTerTi maTgania 

standartis Sesabamisi eleqtroenergiis  xarisxi. saqarTvelos 

teqnikuri universiteti eleqtroenergiis monitoringis `SCADA” 

sistemis safuZvelze Catarebuli eqsperimentuli monacemebi, 

romlebic TvalnaTliv gviCveneben eleqtroenergiis xarisxis 

maCveneblebis standartTan Seusabamobas. 

standartis [1] mixedviT 0,4 kv Zabvis qselebisaTvis 

arsebobs Zabvis mrudis sinusoidurobis damaxinjebis koeficien-

tis normirebuli normaluri da zRvrulad dasaSvebi mniSvne-

lobebi, romlebic Seadgenen Sesabamisad 8 % da 12 % -s. 
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0,4 kv Zabvis qselebisaTvis Zabvis n‐uri rigis harmoniuli 

mdgenelis koeficienti saxelmwifo standartiT normirebulia 

TiToeuli harmonikisaTvis (normebi dadgenilia me-40 harmo-

nikamde). 

umaRlesi harmonikebis arseboba 0,4 kv Zabvis qselebis 

datvirTvis kvanZebSi iwvevs  Zabvebis dasaSvebze met mkveTr 

ryevas; teqnologiuri mowyobilobebis mwyobridan gamosvlas; 

qselebis datvirTvas; moaqvs mniSvnelovani materialuri zarali 

da amcirebs eleqtromowyobilobis muSaobis teqniko-ekonomiur 

maCveneblebs; garda amisa isini axdenen negatiur gavlenas 

eleqtroenergiis mricxvelebis muSaobaze, zrdian maTi gazomvis 

cdomilebas. 

aRniSnuli problebis Seswavlisadmi miZRvnilia uamravi 

naSromi iseTi mecnierebisa, rogorebic arian: i.v JeJelenko [2], 

i.s. Jelezko [3] da sxva. 

yofili sabWoTa kavSiris eleqtrul qselebSi eleqtro-

energiis danakargebi Seadgenen qselSi gaSvebuli eleqtroe-

nergiis 9-10% [4, 5]. marTalia Semcirda eleqtroenergiis 

moxmareba, magram gaizarda jamuri danakargebi da Seadgens 

qselSi gaSvebuli eleqtroenergiis 8-13 % -s [5,6]. specialistebis 

SefasebiT eleqtroenergiis danakargebis zrdis mizezia moZve-

lebuli  eleqtrodanadgarebi da eleqtroenergiis komerciuli 

danakargebis zrda. i. Jelezkos gamokvlevebis mixedviT sasargeb-

lod ixarjeba energoresursebis potencialuri energiis 30 % [4]. 

saxeldobr, soflis meurneobaSi, eleqtroenergiis 

moxmareba mniSvnelovnad Semcirda agrosamrewvelo warmoebis 

Semcirebis gamo, xolo komunalur-sayofacxovrebo kompleqsis 

mier moxmarebuli energia gaizarda. 

eleqtromomaragebis sferoSi teqnikuri saSualebebis 

efeqturi analizisaTvis, damuSavebisa da danergvisaTvis saWiroa 

gaTvaliswine-buli iqnes eleqtroenergiis danakargebis yvela 

mdgeneli da maTi aRZvris mizezebi. 
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ukanasknel xanebSi eleqtruli reJimebis maCveneblebis 

gazomvis Tanamedrove mravalfunqciuri saSualebebisa da 

kompiuteruli teqnikis gamoCenisa da gavrcelebis xarjze 

SesaZlebelia iseTi damatebiTi faqtorebis  Rrma analizi da 

aRricxva, romelTa Sefaseba adre Zneli iyo.  

damatebiT da mcired gamokvleuli faqtorebs miekuTvneba 

eleqtroenergiis dabali xarisxi da saxeldobr, denisa da Zabvis 

arasinusoiduroba. 

eleqtromomaragebaSi pirvel rigSi es dakavSirebulia 

datvirTvis arawrfivi maxasiaTeblis mqone eleqtromimRebebis 

simZlavrisa da  raodenobis zrdasTan. 

eleqtroenergiis danakargebis Semcirebis sakiTxebTan 

erTad, ukanasknel xanebSi mecnierebisa da specialistebis 

muSaoba mimarTulia yvela klasis Zabvis eleqtrul qselebSi 

eleqtroenergiis xarisxis gaumjobesebisaken. 

am mimarTulebiT ZiriTadi kvlevebi Catarebulia eleq-

truli qselis kvanZebSi eleqtroenergiis xarisxze sxvadasxva 

eleqtromimRebebis gavlenis SefasebisaTvis. ganxilul samuSao-

ebSi eleqtroenergiis xarisxis Semcirebis dros gamokvleulia 

eleqtruli qselis elementebisa da sxvadasxva saxis datvirTve-

bis reJimebi da Sedgenilia maTi modelebi, romlebic saSualebas 

iZlevian proeqtirebis stadiaze gansazRvruli sizustiT Seva-

fasoT eleqtroenergiis xarisxis maCveneblebi, aseve SevimuSaoT 

eleqtroenergiis xarisxis gaumjobesebis RonisZiebani. 

[7-9] gamokvlevebis Tanaxmad eleqtrul qselebSi umaRlesi 

rigis harmonikebisagan gamowveuli damatebiTi danakargebis done 

Seadgens sinusoiduri Zabvis dros arsebuli mTeli danakargebis 

9 %-s. eleqtroenergiis xarisxis gauaresebiT gamowveuli dama-

tebiTi danakargebis Sesaxeb specialistTa azri sxvadasxvaa, 

magram maTi umravlesoba aRniSnavs,rom am danakargebis mniSv-

neloba arsebiTia da maTi ugulvebelyofa ar SeiZleba [1,10,11]. 
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amgvarad, eleqtroenergiis gadacemisa da ganawilebis 

efeqturi SefasebisaTvis aucileblad saWiroa mxedvelobaSi 

miviRoT eleqtro-energiis damatebiTi danakargebi. 

samuSaos samecniero siaxles warmoadgens: 

-  Tanamedrove arawrfivi eleqtromomxmareblebis, kerZod 

kompiuteruli teqnikis  datvirTvis gavlenis gamokvleva 

eleqtroenergiis xarisxze;  

- sistema `SCADA”-s gamoyenebiT stu-s mkvebav Semomaval 

fiderze Zabvisa da denis umaRlesi rigis harmonikebis 

procentuli Semcvelobisa da damaxinjebis koeficientis  

gansazRvra;  

-  Zabvisa da denis umaRlesi rigis HharmonikebiT  gamow-

veuli damaxinjebis xarisxis simZlavreze damokidebule-

bis gansazRvra; 

- damaxinjebis simZlavriT gamowveuli eleqtroenergiis 

danakargebis gansazRvra; 

samuSaos praqtikuli mniSvneloba. sadisertacio samuSaos 

praqtikuli mniSvneloba mdgomareobs sistema `SCADA”-s gamoye-

nebaSi, romelic saSualebas iZleva eleqtruli qselebis 

arasinusoidur reJimebSi muSaobisas didi sizustiT ganisaz-

Rvros ara marto moxmarebuli eleqtroenergiis raodenoba, 

aramed damaxinjebis simZlavrec da am simZlavriT gamowveuli 

eleqtroenergiis danakargebic.  B 

samuSaos aprobacia. sadisertacio samuSaos ZiriTadi 

debulebebi gamoqveynebulia 4 samecniero statiaSi. aseve 

moxsenebuli iqna saerTaSoriso konferenciaze ` garemos dacva 

da mdgradi ganviTareba” 2010 
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1. ლიტერატურის მიმოხილვა 

1.1. zogadi cnobebi 

eleqtroenergia amJamad warmoadgens erTerT mniSvnelovan 

resurss, romelic gamoiyeneba adamianis mier misi moqmedebis 

sxvadasxva sferoSi. amave dros absoluturad umravles SemTxve-

vaSi misi Secvla raime sxva wyaros gamoyenebiT SeuZlebelia. 

eleqtroeneretikaSi sabazro urTierTobebis ganviTarebasTan 

dakavSirebiT eleqtroenergia SeiZleba ganvixiloT aramarto 

rogorc fizikuri movlena, aramed rogorc saqoneli, romelic 

iwarmoeba, Seisyideba  da iyideba. warmoebis avtomatizaciis 

xarisxis mudmiv zrdasa da axali manqanebisa da meqanizmebis 

danergvasTan  erTad mwvaved dgeba mowyobilobis kvebisa da 

Zabvis xarisxis mimarT mgrZnobiarobis problema. eleqtroe-

nergiis dabali Zabvis problemam SeiZleba gamoiwvios mniSvne-

lovani zarali, romelic dakavSirebulia teqnologiuri 

mowyobilobis muSaobaSi mtyunebebTan da SeferxebebTan, ris 

gamoc mcirdeba gamoSvebuli produqciis raodenoba da 

amasTanave xdeba mowyobilobis mwyobridan gamosvla. amitom 

iseve rogorc rogorc nebismier saqonels eleqtroenergiis 

xarisxsac waeyeneba gansakuTrebuli moTxovnebi da aqedan 

gamomdinare arsebobs eleqtroenergiis xarisxis maCveneblebi. 

iTvleba, rom idealur energetikul sistemebSi energia unda 

gadaices Zabvisa da sixSiris nominaluri mniSvnelobebis dros. 

es nominaluri mniSvnelobebi ki drois mixedviT ar unda 

icvlebodes. realur energosistemebSi sistemebSi es pirobebi ar 

sruldeba. energetikul sistemebSi inJiner - energetikosebis mier 

Zabvis formis damaxinjeba ama Tu im saxiT ganixileboda cvladi 

denis gamoyenebis dasawyisidan. amJamindeli gaZlierebuli inte-

resi am  problemis mimarT dakavSirebulia arawrfivi eleqtro-

nuli mowyobilobebis ricxvisa da simZlavris gazrdasTan. 
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amasTanave unda aRiniSnos, rom eleqtroenergia ki 

warmoadgens saqonels, magram es aris sruliad sxva saxis 

saqoneli, romlis Tvisebebi SeiZleba Seicvalos drois mixedviT. 

eleqtroenergiis xarisxis mimarT momxmareblis pretenziis 

SemTxvevaSi es eleqtroenergia ar SegviZlia momxmarebels 

SevucvaloT sxva analogiur ukeTesi xarisxis eleqtroenergiiT. 

eleqtroenergiis Semdegi Taviseburebaa is, rom misi 

xarisxi SeiZleba damokidebuli iyos ara marto eleqtroenergiis 

mimwodebelze, aramed TviT momxmarebelze. magaliTad, 

eleqtroenergiis mimwodebels SeuZlia momxmareblis mierTebis 

adgilze daiWiros eleqtroenergiis xarisxis iseTi maCveneblebi, 

rogoricaa eleqtruli denis sixSire da Zabva, magram faza da 

denis Zala ganisazRvreba momxmarebliT. 

 

1.2.eleqtroenergiis arawrfivi momxmareblebi da maTi 

zemoqmedeba eleqtrul wredebze. 

me-20-e saukunis 80-ian wlebamde eleqtroenergiis ZiriTad 

momxmareblebs warmoadgendnen wrfivi datvirTvis mqone 

momxmareblebi, rogoricaa: eleqtruli Zravebi, varvarebis 

naTurebi, eleqtrogamaTboblebi da sxva.  

unda aRiniSnos, rom saqarTveloSi ukanasknel xanebSi Zlier 

gaizarda arawrfivi voltamperuli maxasiaTeblebis mqone  

momxmareblebis (kompiuterebi, klimat-kontrolebi, UPS-ebi, 

gammarTvelebi da sxva) ricxvi da simZlavre, romlebic 

moiTxoven dens ,romlis forma gansxvavdeba sinusoidurisagan. 

aseTi formis denis gavla  eleqtruli wredis elementebSi qmnis 

maTze Zabvis vardnas. Zabvis  formac aseve gansxvavdeba 

sinusoidurisagan (nax.1.1) arasinusoiduri deni aris Zabvis 

sinusoiduri formis damaxinjebis mizezi. 
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nax.1.1. arasinusoiduri formis Zabva. 

  arawrfivi voltamperuli maxasiaTeblebis mqone eleqtro-

mimRebebi abinZureben eleqtrul qselebs umaRlesi rigis harmo-

nikebiT, romlebic Semdeg uaryofiTad moqmedeben eleqtroener-

giis xarisxze, aRricxvis wredebSi CarTuli denis transforma-

torebis muSaobis sizusteze da iwveven eleqtroenergiis 

damatebiT danakargebs. 

ra aris harmonika? termini `harmonika” momdinareobs 

akustikidan, sadac igi gamoyenebulia simis rxevis aRsaniSnavad 

im sixSiriT, romelic rxevis ZiriTadi sixSiris jeradia.  

denisa da Zabvis mrudeebis gadaxra sinusoididan Cveulebriv 

warmodgindeba harmoniuli mdgenelebis saxiT. 

denis an Zabvis damaxinjebuli mrudi SeiZleba daSlili 

iqnes furies mkrivad. damaxinjebuli mrudis warmodgena furies 

mwkrivad gulisxmobs am mrudis daSlas  mudmiv mdgenelad, 

ZiriTad  sinusoidad (50 hc), romelsac pirveli rigis harmonika 

ewodeba da am sixSiris jeradi gansazRvruli raodenobis 

sinusoidebad, romelTa sixSire ZiriTadi harmonikis  sixSiri-

sagan mTel ricxvjer gansxvavdeba. maT umaRlesi rigis harmo-

nikebi ewodebaT. Ddenisa da Zabvis arsebuli formis misaRebad, 

saWiroa am sinusoidebis Sekreba. Sesabamisad am sinusoidebis 

amplitudis, fazisa da sixSiris cvlilebiT icvleba denisa da 

Zabvis mrudis forma, rogorc am harmonikebis sinTezis Sedegi. 
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Nnax.1.2. damaxinjebuli mrudi = pirvel harmonikas (50 hc) + me-3 

(150 hc) + me-5 (250 hc). 

magaliTisaTvis nax.1.2-ze warmodgenilia denis damaxinjebu-

li i(t),  mrudis, pirveli i1(t) (sixSire 50 hc), mesame i3(t),  (150 hc) 

da mexuTe i5(t) (250 hc) harmonikebi. maTi jami Seadgens 

damaxinjebul mruds. 

 

1.3. harmonikebis ZiriTadi  wyaroebi 

denis umaRlesi harmonikebis yvelaze ufro gavrcelebul 

wyaroebs warmoadgenen: statikuri gardamqmnelebi (gammarTvelebi, 

uwyveti kvebis wyaroebi, tiristoruli regulatorebi, kvebis 

impulsuri wyaroebi, sixSiruli amZravebi, eleqtroZravebis 

mdovre gaSvebis mowyobilobebi da sxva); induqciuri da rkaluri 

Rumelebi, luminescenciuri naTurebi; kompiuteruli qselebi; 

transformatorebi da reaqtorebi; airganmuxtvis sanaTi 

mowyobilobebi da eleqtronuli balastebi; mudmivi da cvladi 

denis eleqtrorkaluri Rumelebi; SeduRebis aparatebi; 

gaJRenTil eleqtromagnitur elementebiani mowyobilobebi; 

sayofacxovrebo mowyobilobebidan umaRlesi harmonikebis 

ufro Zlier wyaros warmoadgens televizorebi. Hharmonikebis 

gansazRvruli donis Seqmna SeuZliaT mbrunav manqanebs, magram 

isini ZiriTad wyaroebs ar warmoadgenen. 
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Aarajeradi harmonikebis ZiriTad wyaroebs warmoadgenen: 

sixSiris statikuri gardamqmnelebi, ciklokonvertorebi, 

induqciuri Zravebi, SeduRebis aparatebi,rkaluri Rumelebi, 

dadebuli sixSiriT deniT mmarTveli sistemebi. 

sixSiris statikuri gardamqmnelebi Sedgebian sawyisi 

sixSiris cvladi denis mudmiv denad gammarTvelisa da mudmivi 

denis moTxovnili sixSiris cvlad denad gardamqmnelisagan. 

Mmudmivi  denis Zabva modulirdeba gardamqmnelis gamosaval 

sixSired, ris gamoc Sesaval denze aRiZvreba arajeradi 

harmonikebi. 

sixSiris statikuri gardamqmnelebi ZiriTadad gamoiyeneba 

Zravebis siCqaris regulirebis dros, romelTa gamoyeneba 

swrafad viTardeba. ramdenime aTeuli kilovati simZlavris 

Zravebi uSualod mierTebulia dabalvoltian qselebTan, xolo 

ufro meti simZlavrisa – saSualo Zabvis qselebTan sakuTari 

transformatorebis gavliT. arajeradi harmonikebis sixSire 

damokidebulia gardamqmnelis gamosaval sixSiresa da 

pulsaciaze. Mmsgavsi gardamqmnelebi gamoiyeneba agreTve 

saSualo sixSireebze momuSave RumelebSi. 

ciklokonvertorebi warmoadgenen ramdenime megavati 

simZlavris samfaza gardamqmnelebs, romlebic sawyisi sixSiris 

samfaza dens gardamqmnian dabali sixSiris (15 hc da naklebi) 

samfaza an erTfaza denad da gamoiyeneba didi simZlavris 

nelmavali Zravebis kvebisaTvis. isini Sedgebian ori mmarTuli 

gammarTvelisagan, romlebic dens atareben xan erTi da xan meore 

mimarTulebiT. ciklokonvertorebi gamoiyenebian Zalian iSviaT 

SemTxvevebSi. Aam dros umaRlesi rigis harmonikebis denebi 

aRweven ZiriTadi harmonikis denis 8-10 %. Ddidi simZlavreebis 

gamo ciklo-konvertorebi mierTebulia didi simZlavris mokled 

SerTvis qselebTan, amitom harmonikebis Zabvebi Zalian mcirea. 

induqciuri Zravebi mTel rig SemTxvevebSi generireben 

umaRlesi rigis harmonikebs statorsa da rotors Soris 

arsebuli RreCos gamo, gansakuTrebiT gaJRenTili foladis 
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dros. rotoris normaluri brunvis dros harmonikebis sixSire 

500-200 hc diapazonSia. Mmagram Zravis gaSvebisas isini `gairbenen” 

sixSireTa mTel diapazons. 

SeduRebis aparatebi da rkaluri foladsadnobi Rumelebi 

generireben harmonikebis farTo da uwyvet speqtrs. 

kompiuteruli teqnika rogorc harmonikebis wyaro [12]. 

yvela qveyana kompiuteruli teqnikisa da sxva arawrfivi 

eleqtromomxmareblebis  koncentraciis gansazRvrul etapze 

dgeba umaRlesi rigis harmonikebis problemis winaSe  da 

iZulebulni arian kardinalurad Secvalon eqspluataciis 

teqnikuri reglamenti, proeqtirebis normebi, da daamuSaon 

Sesabamisi standartebis baza. saqme imaSia, rom CamoTvlili 

eleqtromowyobilobebis kvebisaTvis gamoiyeneba impulsuri 

kvebis wyaroebi, romelTa winaRoba drois ganmavlobaSi icvleba. 

Sesabamisad aseTi saxis  wyaros mier moxmarebul dens aqvs 

mkveTrad gamoxatuli impulsuri xasiaTi. 

K kompiuteruli teqnologiis sferoSi mowyobilobaTa sirTulis 

done mudmivad izrdeba. Aamitom eleqtromomaragebis xarisxis 

uzrunvelyofis sistemebi damuSavebuli unda iqnes imgvarad, rom 

maT hqondeT unari gaumklavdnen problemebis farTo speqtrs, 

dawyebuli Cavardnebidan, rxevebidan, Zabvebis amovardnebidan, 

maRalsixSiruli xmaurebidan, impulsuri dabrkolebebidan da 

qselis Zabvis Sewyvetis SemTxvevaSi eleqtrokvebiT uzrunvel-

yofiT  damTavrebuli. erT erT aseT problemas  warmoadgens  

arawrfivi datvirTvis mier moxmarebuli denis harmoniuli 

mdgenelebiT gamowveuli Zabvis formis damaxinjeba.  damaxin-

jebis xarisxi SeiZleba gansazRvruli iqnes sinusoidurobis 

damaxinjebis koeficientiT, romelic ganisazRvreba umaRlesi 

rigis harmonikebis moqmedi mniSvnelobis fardobiT ZiriTadi 

harmonikis moqmed mniSvnelobasTan, romelic gamoisaxeba 

formuliT. 
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Kd =  

Dda datvirTvis amplitudis koeficientiT, romelic warmoadgens 

moxmarebuli denis pikuri mniSvnelobis fardobas mis moqmed 

mniSvnelobasTan da gamoisaxeba formuliT:       

Ka =  

 

1.4. umaRlesi rigis harmonikebiT gamowveuli problemebis 

aqtualoba 

E eleqtrodanadgarebis mflobelebi, romlebsac gaaCniaT 

naxevargamta-ruli mowyobilobebi da kompiuteruli qselebi, 

ukanasknel xanebSi ufro da ufro xSirad ejaxebian axal 

useriozules problemas. saqme imaSia, rom im  warmoeba-

dawesebulebebisa da Senobebis eleqtro-momaragebis 0,4 kv Zabvis 

eleqtromomaragebisQqselebi, rogorc zemoT aRvniSneT,  

`dabinZurebulia”  umaRlesi rigis harmonikebiT. 

   Lliteraturidan [13,14] cnobilia, rom im SemTxvevebSi roca 

arawrfivi momxmareblebis simZlavre ar aRemateba 10-15 %-s, maSin, 

rogorc wesi, eleqtromomaragebebis sistemebis eqspluataciis 

dros raime Taviseburebebi ar SeiniSneba. Aam zRvaris 

gadaWarbebis SemTxvevaSi unda velodoT sxvadasxva problemebis 

gamovlenas, romelTa Sedegebi cxadi ar aris,xolo im SenobebSi, 

romlebSic arawrfivi datvirTvis wili 25 % -ze metia calkeuli 

problemebi SeiZleba maSinve gamomJRavndes. rogorc yvela sxva 

damaxinjebis forma, harmonikebi zemoqmedeben yvela saxis 

eleqtromowyobilobebze, romlebic imyofebian harmonikebis 

generaciis adgilidan sakmaod didi daSorebiTac ki. 

gansakuTrebiT cxadad vlindeba Zalovan wredebSi aRZruli 

harmonikebis gavlena satelefono kavSiris xarisxze. amasTanave 

sxva, naklebad mosasmeni, magram ufro saSiSi zemoqmedebani. 

arawrfivi eleqtromomxmareblebis umaRlesi rigis harmonikebis 

Semcveli denebi iwveven negatiur da zogjer katastroful 
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Sedegebs. kerZod: wyaroebis mier generirebuli harmonikebi ar 

rCebian sistemaSi da mJRavndebian mezoblad dakavSirebul 

eleqtroqselebSi da mivyavarT katastroful Sedegebamde sxva 

sistemebSi. 

winaT harmonikebi eleqtrul qselSi qmnidnen mcire prob-

lebemebs.Ggamonakliss warmoadgendnen rkinigzis wevis qvesadgu-

rebi, mudmivi denis maRali Zabvis gadamcemi xazebis gardamqmneli 

mowyobilobebi, metalurgiuli da  eleqtromeqanikuri qarxnebi. 

eleqtrul qselTan mierTebuli damamaxinjebeli datvirTvebis 

simZlavrisa da ricxvis zrdasTan erTad situacia Seicvala, 

ramac mTeli rigi qveynebisa miiyvana eleqtrul qselebSi 

harmonikebis donis SemzRudveli standartebis SemoRebamde. 

saqarTveloSi ki es muSaoba jerjerobiT saerTod ar dawyebula. 

umaRlesi rigis harmonikebiT gamowveuli efeqtebi iyofa 

myisieri da xangrZlivi aRZvris efeqtebad. 

M myisieri aRZvris problemebs miekuTvnebian:  

- mkvebavi Zabvis formis damaxinjeba; 

- Zabvis vardna gamanawilebel qselebSi; 

- samfaza wredebSi samis jeradi harmonikebis efeqti; 

- rezonansuli movlenebi umaRlesi rigis harmonikebis sixSire-

ebSi; 

xangrZlivi aRZvris problemebs miekuTvnebian: 

- gaxureba da damatebiTi danakargebi transformatorebsa da 

eleqtrul manqanebSi; 

- kondensatorebis gaxureba; 

- gamanawilebeli qselebis kabelebis gaxureba. 

dawvrilebiT ganvixiloT zemoT aRniSnuli zogierTi 

efeqtis aRZvris mizezebi da maTi gadawyvetis SesaZlo gzebi da 

saSualebebi.    

1.5. mkvebavi Zabvis formis damaxinjeba. 

Tanamedrove uwyveti kvebis wyaroebs (ukw) gaaCniaT 

datvirTvis impulsuri xasiaTi. impulsuri datvirTvis mier 
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moxmarebuli denisaTvis  damaxasiTebelia datvirTvis momWerebze 

moqmedi Zabvis sinusoidis deformacia. Zabvis sinusoida xdeba  

“brtyeli”( nax.1.3), radganac denis impulsis momentSi izrdeba 

Zabvis vardna qselis Siga winaRobaze 

u datv.(t) = uqsel.(t) – i(t) X Z qsel. 

sadac u datv.(t) - datvirTvis momWerebze Zabvis damaxinjebuli 

sinusoidaa; uqsel.(t)- mkvebavi qselis sinusoiduri Zabvaa; i(t) –

datvirTvis impulsuri denia; Z qsel – qselis sruli winaRobaa 

datvirTvis momWerebis mxridan. 

 
nax.1.3. Zabvis `brtyeli”sinusoida 

     Tu davuSvebT, rom qselis winaRoba TiToeuli eleqtro-

momxmareblis momWerebis mimarT nulis tolia, maSin Zabvis 

sinusoidis damaxinjeba ar iqneboda. realurad qseli nebismieri 

eleqtromomxmareblisaTvis warmoadgens raRac winaRobas. 

 

nax.1.4. Zabvis “brtyeli” sinusoidis zemoqmedebiT Zabvis 

Semcirebis SemTxveva. 

A  arasinusoiduri denebi, gaedinebian ra am winaRobaSi, iwveven 

Zabvis vardnas masze. Sedegad arawrfivi eleqtromomxmareblis 
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momWerebsa da sxva masTan paralelurad CarTuli eleqtromom-

xmareblis momWerebze Cndeba arasinusoiduri Zabva, Cveulebriv 

“brtyeli” sinusoida. ”brtyeli” sinusoida zemoqmedebs ra kvebis 

impulsur wyaroze, amcirebs gamarTuli Zabvis dones; impulsuri 

kvebis wyaros elementebze zrdis siTbos gamoyofas; amcirebs 

mdgradobas Zabvis xanmokle Cavardnebis mimarT.     

    gamarTuli Zabvis donis Semcirebasa da mkvebavi Zabvis 

sinusoidis deformacias mivyavarT Sesavali Zabvis amplitudis 

SemcirebasTan. Amis gamo mcirdeba Zabva kondensatorze. nax.1.5 –

ze mocemulia impulsuri kvebis wyaros magluvebel kondensator-

ze Zabvis “brtyeli” sinusoidis zemoqmedebiT Zabvis Semcirebis 

SemTxveva, sadac 1 aris sinusoiduri Zabva; 2- Zabvis “brtyeli” 

sinusoida; 3- Zabva kondensatorze sinusoiduri Zabvis SemTxve-

vaSi; 4 - Zabva kondensatorze “ brtyeli” sinusoidis SemTxvevaSi. 

    impulsuri kvebis wyaros momWerebze Zabvis sruli gaqrobis 

an Cavardnebis SemTxvevaSi mudmivi denis wredebma SeiZleba 

gaagrZelon TavianTi normaluri muSaoba drois raRac mcire 

drois ganmavlobaSi. Aam xnis ganmavlobaSi kvebis wyaro moixmars 

magluvebeli kondensatoris energias. Mmiuxedavad imisa,rom am 

kondensators gaaCnia didi tevadoba, mis mier dagrovebuli 

energia W=CU2/2 damokidebulia im Zabvaze, romliTac igi iyo 

dasawyisSi damuxtuli. 

   Mmkvebavi Zabvis mrudis sinusoiduri formis dros  

kondensatori SeiZleba daimuxtos imaze metad, vidre “brtyeli” 

formis Zabvis dros. aseT SemTxvevaSi kondensatorze dagrovili 

energia SeiZleba sakmarisi ar iyos mudmivi denis wredebis 

normaluri muSaobis SesanarCuneblad mkvebavi Zabvis aRdgenamde 

misi xanmokle Cavardnis an gaqrobis SemTxvevaSi. 

 

1.6. Zabvis vardna gamanawilebel qselebSi. 

erTfaza (nax.1.5) da samfaza (nax.1,6) gammarTvelebSi  denebis 

formebi xasiaTdebian maRalsixSiruli kenti rigis harmonikebis 
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gansazRvruli procentuli SemcvelobiT (cxrili 1) [15]. aseTi 

denebis Sesabamisi speqtri moyvanilia nax.1.6-ze. 

  

Nnax.1.5.erTfaza gammarTvelis denis forma.  

 

N   nax.1.6. samfaza gammarTvelis denis forma 

  
a)               b) 

nax.1.7. erTfaza (a) da samfaza (b) gammarTvelebis Sesavali 

denebis speqtrebi: 

cxrili 1.1.ukw-s Sesavalze denis speqtraluri Sedgeniloba. 

Hharmonikis # erTfaza ukw, In/I1 (%) samfaza ukw, In/I1  

(%) 

             1              100                 100 

             3               65,7                   - 

             5               37,7                  33 

             7               12,7                  2,7 
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             9                4,4                    - 

            11                5,3                  7,3 

            13                2,5                  1,6 

            15                1,9                   - 

            17                1,8                  2,6 

gamanawilebeli qselebis srul winaRobas aqvs mniSvnelovani 

sididis induqciuri xasiaTi. amitom denebis Zalian didi 

harmonikebis Semcvelobisas kabelebsa da sadenebze Sesabamisi 

Zabvis vardnebi aWarbeben zRvrulad dasaSveb mniSvnelobebs da 

tipiur gamanawilebel sistemebSi, romelTa trasebi 100 m-ze 

metia datvirTvebze SeiZleba moxdes Zabvis Zlieri damaxinjeba. 

aseTi damaxinjebis magaliTs warmoadgens denisa da Zabvis 

grafiki erTfaza gammarTvelis Sesavalze, romelic damokide-

bulia Sesavali fideris winaRobis fardobiTi reaqtiuli 

mdgenelis sidideze an gammarTvelis kvebis wyaros Siga 

winaRobaze (nax.1.9) [16]. 

 

nax.1.8.. erTfaza utransformatoro gammarTvelis Sesavalze 

fideris Sesavali winaRobis fardobiTi reaqtiuli mdgenelze 

damokidebuli denisa da Zabvis formebi. 

1.7. rezonansuli movlenebi arasinusoiduri denis wredebSi. 

Tavmoyril da ganawilebulparametrebian eleqtrul wre-

debSi umaRlesi harmonikebis arsebobis dros aRiZvreba rezo-

nansuli movlenebis gamovlenis saSiSroeba. arasinusoiduri 
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denis wredebSi rezonansuli movlenebi SesaZlebelia sxvadasxva 

harmoniuli mdgenelebisaTvis. iseve rogorc sinusoiduri denebis 

dros,  k –rigis harmonikis rezonansi Seesabameba muSaobis reJims, 

romlis drosac denisa da Zabvis k-uri rigis harmonikebi wredis 

Sesavalze erTmaneTs faziT emTxvevian. 

    denisa da Zabvis romelime maRali rigis harmonikis 

rezonansuli an masTan axlo reJimis dros es mdgeneli 

aRmoCndeba ufro didi, vidre denisa da Zabvis pirveli 

harmonikis amplituduri mniSvneloba wredis imave ubanze. Ees ki 

uaryofiTad aisaxeba sistemis calkeuli elementebisa da 

kvanZebis muSaunarianobaze [17,18,19] 

davuSvaT, nax.1.10.a-ze mocemuli wredi ikvebeba arasinuso-

iduri emZ-is wyaroTi, romelSic kondensatoris tevadoba 

mdovred icvleba nulidan usasrulobamde. 

 

Dnax.1.9. wredi arasinusoduri emZ-is wyaroTi (a) da emZ-ebis 

sidideebi arasinusoiduri denis wredebSi rezonansis dros 

denis K-uri rigis harmonikisaTvis SeiZleba davweroT: 

                   =  

sadac Ek  -  emZ-is K-uri rigis harmonikis moqmedi mniSvnelobaa. 

A   amgvarad, kondensatoris tevadobis cvlilebiT K rigis 

harmonikis sidide icvleba nulidan (roca C=0),   = 

  sididemde (roca C= ∞) da aRwevs maqsimums    = 
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  rezonansis dros (nax.1.10b). kondensatoris tevadobis sidide 

ganisazRvreba formuliT:  

 =  

unda aRiniSnos, rom miuxedavad imisa, rom harmoniuli emZ-

is rigis zrdasTan erTad misi amplituda mcirdeba, K- rigis 

harmonikis rezonansis dros denis mniSvnelobam   SeiZleba 

gadaaWarbos denis pirveli harmonikis sidides. 
     rezonansuli movlenebi gamoiyeneba erTi sixSiris harmo-

nikebis gamoyofisa da sxvaTa CaxSobisaTvis. davuSvaT, magali-

Tad, nax.1.11-ze mocemul wredSi saWiroa datvirTvaze gaZlierdes 

denis q – rigis harmonika da CaixSos p – rigis harmonika. 

D  denis p rigis harmonikis CaxSobisaTvis aiwyoba konturi L2-C2: 

  = pωC2 

 

Nnax.1.10.rezonansuli movlenebis sakvlevi wredi 

q rigis harmonikis gamoyofisaTvis mTeli wredi aewyoba Zabvebis 

rezonansis reJimSi: 

 +  

saidanac cnobili L2 da C2 mixedviT L1 ganisazRvreba  formuliT: 

 

aRsaniSnavia, rom ganxiluli movlenebi daedo safuZvlad L-C 

filtrebis muSaobas. 

 Eeleqtromomaragebis sistemebSi rezonansuli movlenebi 

ZiriTadad ganixileba Zalovani kondensatorebis mimarT. konden-
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satorebisaTvis harmonikebis dasaSvebi donis gadaWarbebis Semdeg 

uaresdeba kondensatorebis muSaobis reJimi da ramdenime xnis 

Semdeg gamodian mwyobridan. 

 meore dargi, sadac rezonansulma movlenebma SeiZleba 

mwyobridan gamoiyvanos mowyobilobis elementebi, aris tonalu-

ri sixSiris saSualebiT datvirTvis marTvis sistema. imisaTvis, 

rom Tavidan aviciloT Zalovani kondensatorebis mier signalis 

STanTqma, maTi wredebi ganmxoloebulia awyobili mimdevrobiTi 

filtriT.Aadgilobrivi rezonansis dros denis harmonikebi Zal-

ovani kondensatoris wredSi swrafad izrdebian, rasac mivyavarT 

mimdevrobiTi filtris awyobili kondensatoris mtyunebamde.  

1.8. umaRlesi harmonikebi samfaza wredebSi. 

energiis samfaza wyaroebis Zabvebi xSirad arasinusoiduria 

(mkacrad Tu mivudgebiT, yovelTvis arasinusoiduria). Aam dros 

Zabvebi B da C fazebze imeoreben A fazis Zabvis uA=f(t) 

arasinusoiduri mrudis formas da erTmaneTisagan isini 

daZrulia ZiriTadi harmonikis T periodis mesamediT: 

uB= f(t - T/3); uC= f(t + T/3); 
davuSvaT A fazisaTvis Zabvis K - rigis harmonikaa 

uAk = Ukm sin(kωt + φk) 
maSin ωT =2π mxedvelobaSi miRebiT B da C fazebis Zabvebis   K –

rigis harmonikebisaTvis  Sesabamisad SeiZleba davweroT:  

uBk = Ukm sin(kωt + φk - 2πk/3) 

uCk = Ukm sin(kωt + φk + 2πk/3) 

K rigis harmonikebis mTeli erToblioba  0 –dan ∞∞ - mde 

SeiZleba davyoT sam jgufad:  

1. k = 3n+1(n=0;1;2…) mocemuli jgufis harmonikebi qmnian Zabvebis 

simetriul sistemas, romelTa Tanmimdevroba Seesabameba pirveli 

harmonikis fazis Tanmimdevrobas, anu isini qmnian Zabvebis 

pirdapiri Tanmimdevrobis sistemas. marTlac, 

uBk = Ukm sin(kωt + φk - 2π(3n+1)/3)   = Ukm sin(kωt + φk - 2π/3) 
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da  

uCk = Ukm sin(kωt + φk + 2π(3n+1)/3)= uCk = Ukm sin(kωt + φk + 2π/3) 
2. k=3n+2 am harmonikebisaTvis adgili aqvs damokidebulebas: 

   uBk = Ukm sin(kωt + φk - 2π(3n+2)/3)   = Ukm sin(kωt + φk + 2π/3) 
da 

   uCk = Ukm sin(kωt + φk + 2π(3n+2)/3) = Ukm sin(kωt + φk - 2π/3) 
Aanu am jgufis harmonikebi qmnian uku Tanmimdevrobis Zabvebis 

sistemas. 

3. k=3n am harmonikebisaTvis marTebulia damokidebuleba: 

uBk = Ukm sin(kωt + φk - 2π3n)/3)   = Ukm sin(kωt + φk ) 

uCk = Ukm sin(kωt + φk + 2π(3n+1)/3)= Ukm sin(kωt + φk ) 
A   amgvarad, mocemuli jgufis Zabvis veqtorebs yvela fazaSi da 

drois nebismier momentSi aqvT erTnairi moduli da mimarTu-

leba. Aamitom es harmonikebi qmnian nulovani Tanmimdevrobis 

sistemas. 

1.9. samis jeradi harmonikebis efeqti. 

denis samis jerad [n = 3 (2 k + 1) , sadac k = 0, 1, 2, ..] 

harmonikebs, romlebic generirebulia erTfaza datvirTvebiT da 

gansazRvraven amplitudis koeficientis maRal mniSvnelobas, sam-

faza wredebSi aqvT specifikuri majamebeli zemoqmedebis unari. 

Bbalansirebul (simetriul) samfaza sistemaSi harmoniuli (sinu-

soiduri) denebi erTmaneTis mimarT daZrulia 1200 –iT, ris Sede-

gadac neitralur sadenSi gamavali denebis jami nulis tolia 

da Sesabamisad ar aris Zabvis vardna kabelis neitralur saden-

Si. Ees mtkiceba samarTliania harmonikebis umetesobisaTvis. mag-

ram samis geradi harmonikebi samfaza sistemebSi isini daZrulni 

arian 360 gradusiT, erTmaneTs emTxvevian faziT da rogorc 

zemoT aRvniSneT, qmnian nulovan Tanmimdevrobas. samis jeradi 

kenti rigis harmonikebi ikribebian neitralur sadenSi (nax.1.12). 
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Nnax.1.11 arawrfivi datvirTvis dros neitralSi denis formirebis 

procesi. 

   imis gaTvaliswinebiT,rom  samis jeradi harmonikebis wili 

didia fazuri denebis moqmed mniSvnelobaSi,SeiZleba neitralSi 

gamavali denis sididem gadaaWarbos fazuri denis mniSvnelobas. 

               (1.1) 

sadac I3, I9, I15 —  denis Sesabamisi harmonikis moqmedi 

mniSvnelobaa. 

 yvelaze ufro mZlavri wrfivi datvirTvis dros deni 

nulovan muSa gamtarSi iqneba ufro mcire, vidre maqsimaluri 

deni fazur gamtarebSi. sruliad sxvagvari viTarebaa arawrfivi 

datvirTvis dros. am SemTxvevaSi denma nulovan sadenSi SeiZleba 

gadaaWarbos fazur sadenSi gamaval dens 1,5-jer da ufro metad. 

ase magaliTad, 23 a fazuri denebis dros denma neitralur 

gamtarSi Seadgina 49 a [20]. 

 arasworad daproeqtebulma samfaza qselis oTxsadeniani 

kabelebi SeiZleba gadaxurdnen gadnobamdec ki. amiT mtkicdeba, 

rom saWiroa kompiuteruli mowyobilobis mkvebavi qselis 

samfaza kabelebis neitralis gamtaris kveTis gazrda. samis 

jeradi harmonikebi iwveven Zabvis vardnas rogorc neitralSi 

aseve fazur gamtarebSi da Zabvis formis damaxinjebas am qselSi 

CarTul sxva datvirTvebze. 

garda zemoTTqmulisa samfaza qselis fazebs Soris 

ZabvebSi ar arseboben samis jeradi harmonikebi, ris gamoc 

damokidebuleba xazur da fazur Zabvebs Soris 1,73 –ze naklebia.     
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1.10. samis jeradi harmonikebis arsebobiT ganpirobebuli 

samfaza sistemebis muSaobis Taviseburebani 

1. Tu generatoris fazebi SeerTebulia samkuTxedad 

(nax1.12.a), maSin arasinusoiduri fazuri emZ-ebis SemTxvevaSi, 

maSin konturSi moqmedi emZ-ebis jami ar aris nulis toli da 

ganisazRvreba samis jeradi harmonikebiT. Ees harmonikebi 

generatoris Caketil samkuTxedSi iwveven dens im SemTxvevaSic 

ki, roca gare wredi gaxsnilia. 

                                  (1.2) 

sadac 

                                     (1.3) 

sadac Zi –  generatoris fazis winaRobaa samis jeradi i-uri rigis 

harmonikisaTvis. 

2. Tu generatoris fazebs SevaerTebT Ria samkuTxedad 

(nax.1.12.b).maSin 1-2 momWerebze adgili eqneba Zabvas, romelic 

ganisazRvreba emZ-ebis samis jeradi harmonikebis jamiT. 

 

a)                         b) 

nax.1.12. samkuTxedad (a) da Ria samkuTxedad (b) SeerTebuli 

generatoris fazebi 

= 3  
Aamgvarad, nax.1.13-ze mocemuli voltmetris Cveneba tolia: 

 + … 
3. SeerTebis xerxisagan damoukideblad - varskvlavi Tu 

samkuTxedi- xazuri Zabvebi ar Seicaven samis jerad harmonikebs. 
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varskvlavad SeerTebisas es aixsneba  imiT,rom samis jeradi 

harmonikebi, rogorc aRvniSneT,qmnian nulovani Tanmimdevrobis 

sistemas. radganac xazuri Zabvebi warmoadgenen fazuri Zabvebis 

sxvaobas, amitom isini qrebian xazuri Zabvebis Semadgenlobidan. 

samkuTxa SeerTebis dros samis jeradi harmonikebis Semcveli 

emZ-ebi ar mJRavndebian xazuri (fazuri) Zabvebis SemadgenlobaSi, 

radgan kompensirdebian generatoris fazebis sakuTar 

winaRobebze Zabvis vardnebiT. 

  Aamgvarad, samkuTxa SeerTebis dros generatoris Zabvebi 

ganisazRvrebian formuliT [17,18,19]: 

 =  

xolo denebi tolia: 

 

Tavis mxriv varskvlavad SeerTebisas: 

 

4. simetriuli datvirTvis dros deni neitralur sadenSi 

ganisazRvreba samis jeradi harmonikebiT (1.1), radgan isini qmnian 

nulovan Tanmimdevrobas [21]. 

5. varskvlava SeerTebis dros neitraluri sadenis gareSe 

datvirTvis denebi ar Seicaven samis jerad harmonikebs 

(kirxhofis pirveli  kanonis Tanaxmad kvanZSi denebis jami nulis 

tolia, rac SeuZlebelia am harmonikebis arsebobisas). 

Sesabamisad, ar aris es harmonikebi datvirTvis fazur Zabvebze, 

romlebic denebTan dakavSirebulia omis kanoniT. Aamgvarad, 

samis jeradi harmonikebis arsebobisas generatoris  fazur 

ZabvebSi simetriul reJimSi neitralis wanacvlebis Zabva 

ganisazRvreba am harmonikebiT: 

 

E eleqtromomaragebeli organizaciebi ixsnian pasuxismgeb-

lobas harmonikebis aRZvris mizezebze, SemoaqvT standartebi da 
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rekomendaciebi momxmarebelTa saerTo mierTebis wertilebSi 

harmoniuli mdgenelebis donis SezRudvis Sesaxeb. 

    amasTanave harmonikebis dasaSvebi donis gansazRvra ar 

warmoadgens martiv da calsaxa amocanas. sxvadasxva wyaros 

denis harmonikebis mniSvnelobis codna sakmarisi ar aris 

imisaTvis, rom davadginoT zRvari, romlebic uzrunvelyofen 

nebismieri energosistemis mowyobilobis eleqtromagnitur 

Tavsebadobas. denis harmonikebis Sesaxeb codna ZiriTadad 

gamomdinareobs movlenis fizikuri arsidan, xolo damuSavebuli 

standartebi da rekomendaciebi warmoadgens praqtikuli 

gamocdilebis analizis Sedegs, romelic gamoiyeneba imisaTvis, 

rom momavalSi Tavidan aviciloT msgavsi problemebis gamovlena. 

manam sanam ar iqneba miRweuli rTul sistemebSi har-

moniuli movlenebis xasiaTis sakmarisi gageba, energomomarageba 

darCeba momatebuli safrTxis qveS da energomomaragebeli 

organizaciebi da momxmareblebi xSirad iZulebulni iqnebian 

miiRon zomebi avariis Semdeg. Aam problemebis gadasawyvetad 

pirvel rigSi saWiroa gadawydes zusti gazomvebis Catarebisa da 

mkvebavi qselebis modelirebis  sakiTxebi, romlebic saSualebas 

iZlevian Catardes qselebSi mimdinare  harmoniuli procesebis 

Rrma analizi. 
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2. შედეგები და მათი განსჯა 

Tavi II. eleqtroenergiis xarisxi da misi maCveneblebis gavlena 

eleqtromomxmareblebze. 

2.1. zogadi cnobebi. 

eleqtroenergiis xarisxi es aris eleqtroenergiis 

parametrebis Sesabamisobis xarisxi maT dadgenil 

mniSvnelobasTan. Tavis mxriv eleqtruli energiis parametric 

aris sidide, romelic axasiaTebs eleqtruli energiis raime 

Tvisebas. eleqtruli energiis parametrebis qveS gagebulia Zabva, 

sixSire, deni, eleqtruli denis forma da sxva. eleqtroenergiis 

xarisxi warmoadgens eleqtromagnituri Tavsebadobis mdgenels, 

romelic axasiaTebs eleqtromagnitur garemos. eleqtro-energiis 

xarisxi SeiZleba icvlebodes DdReRamis, amindis, klimaturi 

pirobebis, energosistemis datvirTvis, qselSi avariuli 

reJimebis aRZvrisa da sxvaTa mixedviT. 

eleqtroenergiis xarisxis Semcirebam SeiZleba migviyvanos 

eleqtromimRebebis MmuSaobis reJimebis SesamCnev cvlilebamde da 

Sedegad samuSao meqanizmebis mwarmoeblobis Semcirebamde, 

oroduqciis xarisxis gauaresebamde, eleqtromowyobilobis 

muSaobis xangrZlivobis Semcirebamde da avariebis albaTobis 

gazrdamde. 

im wertilebisaTvis, romelTanac mierTebulia eleqtruli 

qselebi an momxmareblis eleqtrodanadgarebi 50 hc sixSiris 

erTfaza da samfaza saerToO daniSnulebis eleqtromomaragebis 

sistemebis eleqtruli qselebi, eleqtroenergiis xarisxis 

maCveneblebi da normebi dadgenilia standartiT [1].  am 

standartis mixedviT arsebobs eleqtroenergiis xarisxis 11 

maCvenebeli: 

- Zabvis damyarebuli gadaxra (δUdamy); 

- Zabvis cvlilebis manZili (δUt); 

- flikeris doza (Pt) 
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- Zabvis mrudis sinusoidurobis damaxinjebis koeficienti (KU); 

- Zabvis n-uri harmoniuli mdgenelis koeficienti [KU(n)] 

- ukuTanmimdevrobis Zabvis arasimetriulobis koeficienti (K2U) 

- nulovani Tanmimdevrobis Zabvis arasimetriulobis koeficienti 

(K0U); 

- sixSiris gadaxra (∆f); 

- Zabvis Cavardnis xangrZlivoba (∆tC); 

- impulsuri Zabva (Uimp) 

- droebiTi gadaZabvis koeficienti (Kdr.U) [22]. 

sixSiris maCvenebeli erTiania yvela eleqtrulad 

dakavSirebuli qselisaTvis. danarCeni maCvenelebi lokaluria da 

damokidebulia gazomvis adgilze. 

dadgenilia eleqtroenergiis xarisxis ori saxe: 

normalurad dasaSvebi da zRvrulad dasaSvebi. eleqtroenergiis 

xarisxis maCveneblebis Sesabamisobis Sefaseba mocemuli normebis 

mixedviT warmoebs 24 saaTis tol saangariSo periodSi. 

rogorc zemoT aRvniSneT, eleqtroenergiis xarisxis 

maCveneblebis gadaxra normirebuli mniSvnelobidan auareseben 

energomommaragebeli organizaciebisa da eleqtroenergiis 

momxmareblebis eqspluataciis pirobebs da SeiZleba gamoiwvion 

rogorc warmoebis, ise sayofacxovrebo seqtoris mniSvnelovani 

zarali, aseve ganapirobeben teqnologiur da eleqtromagnitur 

zians.  

saerTo daniSnulebis eleqtromomaragebis sistemebis 

eleqtruli qselebidan ikvebeba sxvadasxva daniSnulebis 

eleqtromomxmarebeli. ganvixiloT sawarmo da sayofacxovrebo 

eleqtromomxmareblebi. 

eleqtromomxmreblebis yvelaze ufro damaxasiaTebeli 

tipebi, romlebic gamoiyeneba warmoebis sxvadasxva dargis 

dawesebulebebSi aris eleqtroZravebi da eleqtroganaTebis 

danadgarebi.  

mniSvnelovani gavrceleba hpoves eleqtroTermulma danad-

garebma, aseve ventilurma gardamqmnelebma, romlebic gamoiye-
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nebian cladi denis mudmivad gardasaqmnelad. mudmivi deni  

samrewvelo sawarmoebSi gamoiyeneba mudmivi denis Zravebis kve-

bisaTvis, eleqtrolizisaTvis, galvanur procesebSi, Sedurebis 

zogierT saxeobaSi da sxva. 

eleqtroZravebi gamoiyeneba sxvadasxva sawarmoo meqaniz-

mebis amZravebSi. danadgarebSi, romlebic ar moiTxoven muSaobis 

procesSi brunvis sixSiris regulirebas, gamoiyeneba cvladi 

denis amZravebi: sinqronuli da asinqronuli eleqtroZravebi. 

dadgenilia Zabvaze damokidebulebis mixedviT asinqronuli 

da sinqronuli Zravebis yvelaze ufro ekonomiuri gamoyenebis 

are. 1 kv Zabvamde da 100 kvt simZlavremde ufro ekonomiuria 

asinqronuli Zravebis gamoyeneba, xolo 100 kvt zeviT –

sinqronulis gamoyeneba. 6 kv Zabvamde da 300 kvt simZlavremde 

ufro ekonomiuria asinqronuli Zravebis gamoyeneba, xolo 300 

kvt zeviT –sinqronulis; 10 kv Zabvaze  da 400 kvt simZlavremde- 

asinqronuli Zravebi, xolo 400 kvt zeviT – sinqronuli. 

asinqronuli Zravebis farTo gamoyeneba ganpirobebulia 

maTi konstruqciisa da eqspluataciis simartiviTa da SedarebiT 

dabali RirebulebiT. 

sinqronul Zravebs asinqronul ZravebTan SedarebiT aqvT 

mTeli rigi upiratesobebi: isini Cveulebriv gamoiyenebian 

reaqtiuli simZlavris wyaroebad, maTi brunvis moment naklebad 

aris damokidebuli momWerebze modebul Zabvaze, bevr SemTxvevaSi 

maT aqvT maRali mqk. amave dros sinqronuli Zravebi ufro Zviria, 

maTi damzadeba da eqspluatacia rTulia. 

 eleqtruli ganaTebis danadgarebi varvarebis, lumines-

cenciuri, rkaluri,natriumisa da qsenonisnaTurebiT gamoiyeneba 

yvela dawesebulebaSi gare da Siga ganaTebisaTvis, quCebis 

ganaTebis saWiroebisa da sxva. 

rkaluri kontaqturi SeduRebis cvladi denis eleqtro-

SeduRebis danadgarebi warmoadgenen erTfaza araTanabar da 

arasinusoidur datvirTvas dabali simZlavris koeficientiT: 0,3 

rkaluri SeduRebisa da 0,7 kontaqturi SeduRebisaTvis. mcire 
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simZlavris SeduRebis transformatorebi da aparatebi CairTve-

bian 380/220 v qselSi, xolo didi simZlavrisa – 6-10 kv Zabvis 

qselSi. 

ventiluri gardamqmnelebi maTi regulirebis specifikidan 

gamomdinare wamoadgenen reaqtiuli simZlavris momxmareblebs 

dabali simZlavris koeficientiT. magaliTad saglinavi Carxis 

ventiluri gardamqmnelis simZlavris koeficienti meryeobs 0,3-0,8 

farglebSi, rac iwvevs mkvebav qselSi Zabvis mniSvnelovan 

gadaxras; saglinavi Carxebis tiristoruli gardamqmnelebis 

muSaobisas arasinusoidurobis koeficientma mkvebavi Zabvis 10 kv 

mxareze SeiZleba miaRwios 30 %-ze mets; ventiluri 

gardamqmnelebi maTi datvirTvis simetriulobidan gamomdinare 

Zabvis simetriaze gavlenas ver axdenen. 

eleqtroSeduRebis danadgarebi SeiZleba iyvnen sxva eleqt-

romomxmareblebis normaluri muSaobis pirobebis darRvevis 

mizezi. saxeldobr, SeduRebis agregatebi, romelTa simZlavre 

dReisaTvis aRwevs 1500 kvt-me eleqtrul qselebSi iwvevs Zabvis 

ufro mniSvnelovn rxevas, vidre mokledSerTul rotoriani 

asinqronuli Zravebi gaSvebis dros. garda amisa Zabvis es rxevebi 

mimdinareobs xangrZlivad da sixSiris farTo diapazoniT, maT 

ricxvSi eleqtruli ganaTebis danadgarebisaTvis arasasurvel 

(10 hc rigis) diapazonSi. 

eleqtroTermuli danadgarebi gaxurebis meTodidan gamom-

dinare iyofa Semdeg jgufebad: rkaluri Rumelebi, pirdapiri da 

iribi moqmedebis winaRobis Rumelebi; eleqtronuli sadnobi 

Rumelebi; vakuumuri; widis gadadnobis; induqciuri Rumelebi.  

eleqtromimRebebis mocemuli jgufi aseve arasasurvel gavlenas 

axdens mkvebav qselze. magaliTad, rkaluri Rumelebi, romelTa 

simZlavre 10 mvt-mdea dReisaTvis igeba rogorc erTfaza. amas 

mivyavarTdenebisa da Zabvebis simetriis darRvevasTan. Zabvebis 

simetriis darRveva xdeba sxvadasxva Tanmimdevrobis denebis mier 

wredis winRobaze Zabvis vardnasTan dakavSirebiT. garda amisa 

rkaluri Rumelebi ventiluri gardamqmnelebis msgavsad arian 
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mcire inerciulobis arawrfivi eleqtromomxmareblebi. amitom 

isini iwvven denebisa da aqedan gamomdinare Zabvebis 

arasinusoidurobas. 

sacxovrebeli saxlebis Tanamedrove eleqtruli datvirTva 

xasiaTdeba sayofacxovrebo eleqtromomxmareblebis farTo 

speqtriT, romlebic maTi daniSnulebisa da eleqtrul qselze 

gavlenis mixedviT SeiZleba davyoT Semdeg jgufebad: aqtiuri 

simZlavris pasiuri momxmareblebi (varvarebis naTurebi, uToebi, 

qurebi, wylis gamacxeleblebi d sxva). samfaza reJimSi momuSave 

asinqronulZraviani eleqtromimRebebi (liftebis amZravebi, wyal-

momaragebisa da gaTbobis tumboebi da sxva); erTfaza reJimSi 

momuSave asinqronulZraviani eleqtromimRebebi (macivrebis komp-

resorebis amZravebi, sarecxi manqanebi da sxva); eleqtromimRebebi 

koleqtoruli ZravebiT (mtversasrutebi, eleqtroburRebi da 

sxva); mudmivi da cvladi denis SeduRebis agregatebi (saxelos-

noebSi saremonto samuSaoebisaTvis da sxva). gammarTveli 

mowyobiloba (akumulatoris dasamuxtad da sxva); radioeleq-

tronuli aparatura (televizorebi, kompiuteruli teqnika da 

sxva); maRalsixSiruli danadgarebi (maRalsixSiruli Rumelebi 

da sxva); luminescenciuri ganaTebis naTurebi [22]. 

TiToeuli calke aRebuli sayofacxovrebo eleqtromom-

xmareblis zemoqmedeba umniSvneloa, magram satransformatoro 

qvesadguris 0,4 kv salteebze erToblivad CarTuli eleqtro-

momxmareblebi arsebiT gavlenas axdenen mkvebav qselze. 

 

2.2. Zabvis gadaxris gavlena 

Zabvis gadaxra aris procentebSi gamosaxuli fardobiTi 

sxvaoba Zabvis faqtiur da nominalur mniSvnelobebs Soris, 

romelic aRiZvreba reJimis SedarebiT neli cvlilebis dros 

(roca Zabvis cvlilebis siCqare wamSi 15-ze naklebia): 

∆ U = (U – Unom)X 100/Unom. 

Zabvis gadaxra xasiaTdeba Zabvis damyarebuli gadaxriT 

(δUdamy.) romlisTvisac dadgenilia Semdegi normebi: 
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- eleqtroenergiis mimRebebis momWerebze Zabvis damyarebuli 

gadaxris normalurad da zRvrulad dasaSvebi mniSvnelobebi da 

es normebi Sesabamisad tolia ± %  da ±10 %; 

- 0,38 kv da zeviT Zabvis eleqtrul qselebSi eleqtruli energiis 

momxmareblebis saerTo mierTebis wertilebSi Zabvis 

damyarebuli gadaxris normalurad da zRvrulad dasaSvebi 

mniSvnelobebi dadgenili unda iqnes eleqtromommaragebel 

organizacisa da momxmarebels Soris eleqtroenergiis 

gamoyenebaze dadebuli xelSekrulebebiT, romlebSic 

gaTvaliswinebuli unda iyos eleqtruli energiis mimRebebis 

gamomyvanebze standartiT dadgenili normebis Sesrulebis 

saWiroeba. normalurad da zRvrulad dasaSvebi naCvenebi 

mniSvnelobebis gansazRvras axdenen Sesabamisi normatiuli 

dokumentebiT, romlebic damtkicebulia dadgenili wesiT. 

dasaSvebia Zabvis nominaluri mniSvnelobidan Semdegi 

gadaxrebi: sawarmoo da sazogadoebriv SenobebSi MmuSa ganaTebis 

xelsawyoebis momWerebze -  - 2,5 –dan + 5 %-mde; eleqtruli 

Zravebisa da aparatebis momWerebze maTi gaSvebisa da 

marTvisaTvis - 5 – dan +10 %-mde; yvela danarCeni eleqtro 

mimRebebisaTvis - ± 5 %; sasoflo raionebis eleqtruli 

qselebisaTvis, aseve mecxoveleobis fermebisa da mefrinveleobis 

fabrikebisaTvis da eleqtroficirebuli transportis wevis 

qvesadgurebis salteebidan mkvebavi qselebisaTvis ± 5 %. 

Zabvis gadaxra mniSvnelovan gavlenas axdens asinronuli 

Zravas muSaobaze, romelic warmoebaSi yvelaze ufro 

gavrcelebuli eleqtroenergiis mimRebia. 

Zabvis cvlilebis dros icvleba asinqronuli Zravas 

meqanikuri maxasiaTebeli, romelic warmoadgens misi mbrunavi M 

momentis S srialze (nax.1) an n brunvis sixSireze damokide-

bulebas. sakmarisi sizustiT SeiZleba CaiTvalos, rom  Zravas 

mbrunavi momenti mis momWerebze Zabvis kvadratis proporciulia. 

Zabvis Semcirebis dros mcirdeba mbrunavi momenti da rotoris 

brunvis sixSire, radgan izrdeba misi sriali. brunvis sixSiris 
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Semcireba aseve damokidebulia Mc winaRobis momentis 

cvlilebis kanonze (nax.1-ze Mc miRebulia mudmiv sidided) da 

Zravas datvirTvaze [22].  

Zravas rotoris brunvis sixSiris Zabvaze damokidebuleba 

gamoisaxeba formuliT: 

n= ns (1-KdU2
nomSnom/U

2),                 (2.1) 

sadac ns – brunvis sinqronuli sixSirea; Kd – Zravas datvirTvis 

koeficienti; Unom, Snom- Sesabamisad Zabvisa da srialis 

nominaluri mniSvnelobebia. 

 

nax.2.1. asinqronuli Zravas meqanikuri maxasiaTebeli nominaluri 

(M1) da Semcirebuli (M2) Zabvis dros. 

 formula (2.1)-dan Cans, rom Zravas mcire datvirTvebis 

dros rotoris brunvis sixSire brunvis nominalur sixSireze 

meti iqneba (Zravas nominaluri datvirTvis dros). am SemTxvevaSi 

Zabvis Semcireba ar iwvevs teqnologiuri mowyobilobis 

mwarmoeblobis Semcirebas, radgan Zravas brunvis sixSiris 

Semcireba nominaluris qveviT ar xdeba. 

 mTeli datvirTviT momuSave ZravebisaTvis Zabvis Semcireba 

iwvevs brunvis sixSiris Semcirebas. Tu meqanizmebis 

mwarmoebloba damokidebulia Zravas brunvis sixSireze, maSin 

rekomendirebulia Zravas momWerebze SenarCuebuli iqnes 

nominaluri sididis Zabva. mTeli datvirTviT momuSave  Zravas 

momWerebze Zabvis mniSvnelovani Semcirebisas meqanizmis 
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winaRobis momentma SeiZleba gadaaWarbos mbrunav moments, rasac 

mivyavarT Zravas `gadayiravebasTan” anu mis gaCerebasTan. Zravas 

dazianebis Tavidan acilebis mizniT am SemTxvevaSi saWiroa misi 

qselidan gamorTva. 

 Zabvis Semcireba  auaresebs Zravas gaSvebis pirobebs, 

radgan am dros mcirdeba misi gamSvi momenti. 

praqtikul interess iwvevs Zravas mier moxmarebuli aqtiuri 

da reaqtiuli simZlavris damokidebuleba mis momWerebze 

modebul Zabvaze. 

 Zravas momWerebze Zabvis 1 %-iT Semcirebisas damagnitebis 

reaqtiuli simZlavre 2-3 %-iT mcirdeba. ris gamoc imave 

moTxovnili simZlavris dros izrdeba Zravas deni, rac iwvevs 

izolaciis gadaxurebas. 

Tu Zrava xangrZlivad muSaobs Semcirebuli Zabvis dros, 

maSin izolaciis daCqarebuli cveTis gamo Zravas muSaobis 

xangrZlivoba mcirdeba. miaxloebiT izolaciis muSaobis 

xangrZlivoba T ganisazRvreba formuliT: 

                                         T=Tnom/R                                         (2.2) 

sadac Tnom- Zravas izolaciis muSaobis xangrZlivobaa 

nominaluri Zabvisa da nominaluri datvirTvis dros.; R- 

koeficientia, romelic damokidebulia Zabvis gadaxris sididesa 

da niSanze, aseve Zravas datvirTvis koeficientze  da tolia: 

R = (47δU2 – 7,55δU + 1) K2
d, roca -0,2 <δU<0            (2.3) 

da  

         R= K2
d, roca 0,2≥ δU>0                                                                  (2.4) 

 amitom Zravas gadaxurebis TvalsazrisiT ufro saSiSia 

ganxilul sazRvrebSi Zabvis uaryofiTi gadaxra. Zabvis 

Semcirebas mivyavarT reaqtiuli simZlavris mniSvnelovan 

zrdasTan, romelic ikargeba xazis reaqtiul winaRobebSi, 

transformatorebsa da asinqronul ZravebSi. 

 Zravas momWerebze Zabvis aweva iwvevs mis mier moxmarebuli 

reaqtiuli simZlavris gazrdas. am dros reaqtiuli simZlavris 

kuTri moxmareba izrdeba, xolo Zravas datvirTvis koeficienti 
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mcirdeba. saSualod Zabvis TiToeuli procentiT matebisas 

moTxovnili reaqtiuli simZlavre izrdeba 3 % -Ta da metiT 

(ZiriTadad Zravas uqmi svlis denis zrdis xarjze), rac Tavis 

mxriv wredis elementebSi iwvevs aqtiuri simZlavris 

danakargebis zrdas. 

 varvarebis naTurebi xasiaTdebian nominaluri parametrebiT: 

moxmarebuli simZlavriT Pnom, sinaTlis nakadiT Fnom, 

SuqgadacemiT ηnom (romelic tolia naTuris mier gamosxivebuli 

sinaTlis nakadis fardobisa naTuris simZlavresTan) da saSualo 

nominaluri muSaobis xangrZlivobiT Tnom. es maCveneblebi 

mniSvnelovnad damokidebulia varvarebis naTuraze modebul 

Zabvaze. Zabvis 10 %--iT gadaxris dros es maxasiaTeblebi 

fardobiT erTeulebSi SeiZleba aRvweroT Semdegi empiriuli 

formulebiT [22]: 

Pf.e = P/Pnom = ( U/Unom)1,53                               (2.5) 

Ff.e = F/Fnom = ( U/Unom)3,67                                (2.6) 

 Tf.e = T/Tnom = ( U/Unom)–14,8                               (2.7) 

ηf.e = η/ηnom = ( U/Unom)2,14                                (2.8) 

 nax.2.2-ze mocemuli mrudeebidan Cans, rom Zabvis 

SemcirebasTan erTad ufro SesamCnevad mcirdeba sinaTlis 

nakadi. Zabvis nominalur sidideze metad gazrdis SemTxvevaSi 

izrdeba sinaTlias nakadi F, naTuris simZlavre P da Suqgadacema 

η, magram mkveTrad mcirdeba naTuris muSaobis xangrZlivoba T da 

Sedegad isini swrafad gadaiwvebian. amave dros adgili aqvs 

eleqtroenergiis gadaxarjvas. 

 Zabvis cvlilebas mivyavarT sinaTlis nakadisa da ganaT-

ebulobis Sesabamis cvlilebasTan, rac saboloo jamSi gavlenas 

axdens Sromis nayofierebasa da adamianis daRlilobaze. 
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nax.2.2. varvarebis naTuris maxasiaTeblebis Zabvaze 

damokidebuleba:  1 - moxmarebuli simZlavre; 2 - sinaTlis nakadi; 

3 - Suqgacema; 4 -  naTuris muSaobis xangrZlivoba. 

 luminescenciuri naTurebi Zabvis gadaxris mimarT 

naklebad mgrZnobiareni arian. Zabvis momatebis dros moTxovnili 

simZlavre da sinaTlis nakadi izrdeba, xolo Semcirebis dros – 

mcirdeba, magram ara im xarisxiT, rogorc varvara naTurebSi. 

Semcirebuli Zabvis dros luminescenciuri naturebis anTebis 

pirobebi uaresdeba, amitom maTi muSaobis xangrZlivoba, romelic 

ganisazRvreba eleqtrodebis oqsiduri dafarvis gafrqveviT, 

Zabvis rogorc dadebiTi aseve  uaryofiTi gadaxris dros. 

 Zabvis 10 %-iT gadaxris dros luminescenciuri naTurebis 

muSaobis xangrZlivoba saSualod 20-25 %-iT mcirdeba. lumines-

cenciuri naTurebis arsebiTi naklia maT mier reaqtiuli 

simZlavris moxmareba, romelic Zabvis zrdasTan erTad izrdeba 

[22]. 

 Zabvis gadaxra aseve uaryofiTad moqmedebs sayofacxovrebo 

eleqtronuli teqnikis (radiomimRebebi,televizorebi, telefoni, 
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kompiuteruli teqnika da sxva) muSaobis xarisxsa da xangrZ-

livobaze [22]. 

 ventilur gardamqmnelebs Cveulebriv aqvT fazuri marTvis 

gziT mudmivi denis avtomaturi regulirebis sistema. qselSi 

Zabvis momatebis dros regulirebis kuTxe avtomaturad izrdeba, 

xolo Semcirebisas- mcirdeba. Zabvis 1 %-iT  momateba iwvevs 

gardamqmnelis mier moxmarebuli reaqtiuli simZlavris gazrdas 

daaxloebiT 1-1,4 %-mde, rasac mivyavarT simZlavris koeficientis 

gauaresebisaken. amave dros ventiluri gardamqmnelebis sxva 

maCveneblebi Zabvis momatebiT umjobesdeba, amitomufro momge-

biania mis momWerebze avwioT Zabva dasaSvebi mniSvnelobis 

farglebSi. [23]. 

 eleqtruli Rumelebi Zabvis gadaxris mimarT mgrZnobiareni 

arian. magaliTad Zabvis 7 %-iT Semcireba iwvevs foladis dnobis 

procesis gaxangrZlivebas 1,5- jer. Zabvis momateba 5 %-iT ki 

iwvevs eleqtroenergiis gadaxarjvas. 

 eleqtroSeduRebis manqanebze Zabvis gadaxra uaruofiT 

gavlenas axdens maT muSaobaze. magaliTad, wertilovani 

SeduRebis manqanebSi Zabvis 15 %-iT cvlileba iwvevs produqciis 

100 %-ian wuns. 

Zabvis gadaxra gamanawilbel qselSi iwvevs misi donis 

cvlilebas calkeul ubnebze. qselSi da momxmarebelTan Zabvis 

misaRebi donis SeqmnisaTvis saWiroa misi regulireba, romelic 

sruldeba momxmareblis datvirTvis mixedviT rogorc eleqtru-

li sadgurebis generatorebze, aseve Zalur transformatorebze. 

datvirTvis momatebis dros generatoris Zabvas umateben, xolo 

Semcirebisas – amcireben. 

qselSi Zabvis reJimebis gaumjobesebis efeqtur xerxs 

warmoadgens xazSi kondensatorebis mimdevrobiTi CarTva, 

romlebic amcireben xazis induqciur winaRobas da Sesabamisad, 

Zabvis vardnas masSi. 
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2.3. Zabvis rxevis (cvlilebis) manZilis gavlena 

Zabvis rxeva warmoadgens  Zabvis udidesi da umciresi 

moqmedi mniSvnelobebis ( Zabvis cvlilebis procesSi aranakleb 1 

% wamSi siCqariT)  sxvaobis fardobas nominalur 

mniSvnelobasTan gamosaxuls procentebSi: 

ΔU = (Umaqs-Umin) X 100% /Unom. 

Zabvis rxeva xasiaTdeba Semdegi maCveneblebiT: 

- Zabvis cvlilebis manZili (δUt); 

- flikeris doza (Pt). 

Zabvis cvlilebis manZili (δUt); dadgenilia Zabvis 

cvlilebis manZilis zRvrulad dasaSvebi mniSvnelobebi 

eleqtruli qselebTan saerTo mierTebis wertilebSi, Zabvis 

rxevebis dros.  

a) Zabvis cvlilebis dros eleqtrul qselebTan saerTo 

mierTebis wertilebSi Zabvis cvlilebis manZilis (δUt) 

zRvrulad dasaSveb mniSvnelobebs aqvs nax.2.3-ze mocemuli 

mrudis forma (romelsac meandris formas uwodeben). misi 

mniSvneloba damokidebulia Zabvis cvlilebis ganmeorebis (FδUt) 

sixSireze an Zabvis cvlilebebs Soris drois itervalze (∆ti,i+1), 

romelTa mniSvneloba ganisazRvreba nax.1-ze mocemuli 1 

mrudidan. eleqtroenergiis im momxmareblebisaTvis, romlebsac 

ganaTebisaTvis aqvT varvara naTurebi SenobebSi, sadac 

moiTxoveba mxedvelobisaTvis mniSvnelovani sididis Zabva, 

zRvrulad dasaSvebi mniSvnelobebi ganisazRvrebian nax.2.3-ze 

mocemuli 2 mrudidan [1]. 

Senobebis CamonaTvali samuSaoTa TanrigiT, romlebic moiT-

xoven mniSvnelovan mxedvelobiT Zabvas, dadgenilia normatiul 

dokumentebSi, romlebic damtkicebulia dadgenili wesiT. 

b) Zabvis gadaxris damyarebuli (δUdamy.) da Zabvis cvlilebis 

manZilis (δUt) jamis zRvrulad dasaSvebi mniSvneloba  0,38 kv 

Zabvis eleqtrul qselebTan mierTebis wertilebSi tolia 

nominaluri Zabvis ± 10 %. 
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Zabvis rxevebi gavlenas axdenen eleqtroZravebis gaSvebis, 

teqnologiuri danadgarebis SeduRebis agregatebis, rkaluri 

Rumelebis, gammarTveli danadgarebis muSaobis reJimebze. 

Zabvebis rxevis Semcirebis mizniT didi kveTis gamtarebis 

gamoyenebiT amcireben mkvebavi qselis winaRobas, aseve 

gamoiyeneben kondensatorebs, eleqtroenergiis mimRebebs 

uaxloeben kvebis wyaroebs da sxva. 

 
nax.2.3. 1 wuTis ganmavlobaSi  Zabvis cvlilebis 

ganmeorebiT sixSireze damokidebuli meandris formis mqone  

Zabvis cvlilebis zRvrulad dasaSvebi manZilebi. 

Zabvis rxevis mimarT gansakuTrebiT mgrZnobiareni arian 

iseTi eleqtromomxmareblebi, rogoricaa: sanaTi xelsawyoebi da 

gansakuTrebiT varvarebis naTurebi da eleqtronuli teqnika. 

Zabvis rxevebi arRveven eleqtronuli aparaturis: 

radiomimRebebis, televizorebis, telefonebis, kompiuteruli 

teqnikis,rentgenis danadgarebis, radio, satelevizio da 

mobiluri kavSiris sadgurebis normaluri muSaobis reJims da 

amcireben muSaobis vadas. 

Zabvis mniSvnelovani rxevebis dros (15 %-ze meti) SeiZleba 

darRveuli iqnes eleqtroZravebis normaluri muSaobis pirobebi. 
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SesaZlebelia magnituri amamuSaveblis kontaqtebis amovardna da 

Sesabamisi muSa Zravas gamorTva. 

Zabvis 10-15 % -iT rxevam SeiZleba mwyobridan gamoiyvanos 

kondensatorebis batareebi da ventiluri gardamqmnelebi. 

Zabvis rxevis gavlena eleqtroenergiis calkeul mimRebebze 

arasakmarisad aris Seswavlili. es ki aZnelebs teqniko-ekonomiur 

analizs mkveTrad cvladi datvirTvebis mqone eleqtruli 

sistemebis proeqtirebisa da eqspluataciis dros. 

flikeris doza (Pt). flikeri aris adamianis mier 

xelovnuri sinaTlis wyaroebis mkvebav eleqtrul qselSi Zabvis 

rxeviT gamowveuli sinaTlis nakadis cvlilebis subieqturi 

aRqma. nax.4-ze mocemulia flikeris efeqtis gamomwvevi Zabvis 

rxevis mrudi [24]. 

 

 

nax.2.4. flikeris efeqtis gamomwvevi Zabvis rxevis mrudi. 

Zabvis rxeva gamowveulia cvalebadi simZlavriTa da 

maSasadame datvirTvis deniT, rac iwvevs Zabvis vardnis 

cvlilebas sinaTlis wyaros Siga winaRobaze. sxva Tanabari 

pirobebis dros rac ufro didia wyaros siga winaRoba, miT 

maRalia flikeris doza. flikeris efeqts iwveven iseTi 

mowyobilobebi, rogoricaa: SeduRebis transformatorebi, 

liTonsaWreli Carxebi, qvissamtvrevebi da sxva. 

standartiT gansazRvrulia Zabvis rxevis zemoqmedeba sanaT 

xelsawyoebze, gavlena adamianis mxedvelobaze. ganaTebis 

wyaroebis cimcimi (fliker-efeqti) iwvevs arasasurvel 

fsiqologiur efeqts, mxedvelobisa da mTlianad organizmis 

daRlas. es ki iwvevs Sromis nayofierebis Semcirebasa da 

zogierT SemTxvevaSi adamianis tramvasac ki. 
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adamianis Tvalze yvelaze Zlier zemoqmedebas axdens 3-10 

hc sixSiris cimcimi, amitom Zabvis dasaSvebi rxevebi am 

diapazonSi minimaluria – 0,5 %-ze naklebi. 

Zabvis rxevebis dros, romlis forma gansxvavebulia 

meandris formisagan flikeris xanmokle dozis Pst zRvrulad 

dasaSvebi mniSvnelobaa 1,38, xolo Zabvis igive rxevisaTvis 

flikeris xangrZlivi dozisaTvis PLt = 1,0. 

flikeris xanmokle dozas gansazRvraven 10 wuTi 

dakvirvebis drois intervaliT, xolo xangrZliv dozas- 2 sT 

dakvirvebis drois intervaliT. 

saerTo mierTebis wertilebSi flikeris xanmokle dozis Pst 

zRvrulad dasaSvebi mniSvneloba im eleqtruli energiis momxma-

reblebisaTvis, romelTac SenobebSi aqvT varvarebis naTurebi da 

meandris formisagan gansxvavebuli Zabvis cvlilebis dros 

moiTxoveba mniSvnelovani mxedvelobiTi Zabva, tolia 1,0, xolo 

amave wertilebSi flikeris xangrZlivi dozisaTvis PLt = 0,74 

Zabvis erTnairi rxevis pirobebSi uaryofiTi gavlena ufro 

metad aisaxeba varvarebis naTurebSi, vidre airganmuxtvis 

naTurebSi. Zabvis 10 %-ze meti rxevis pirobebSi SeiZleba moxdes 

airganmuxtvis naTurebis Caqroba. maTi anTeba naTuris tipidan 

gamomdinare SeiZleba moxdes ramdenime wamidan ramdenime wuTis 

ganmavlobSi. 

 

2.4. Zabvis arasinusoidurobis gavlena 

Zabvis mrudis formis arasinusoiduroba xasiaTdeba 

umaRlesi harmoniuli mdgenelebiT (13-is CaTvliT)  da daiSveba 

Semdeg sazRvrebSi: nebismieri eleqtromimRebis momWerebze yvela 

umaRlesi harmonikis moqmedi mniSvneloba ar unda aRematebodes 

Zabvis ZiriTadi harmonikis 5 %-s. 

UumaRlesi harmoniuli mdgenelebi arasasurvel gavlenas 

axdenen eleqtruli qselebisa da eleqtroenergiis mimRebebis, 

kavSirgabmulobisa da avtomatikis saSualebebis, sazomi 

xelsawyoebis, gamomTvleli manqanebisa da sxva eleqtronuli 



 

54 

mowyobiloebis muSaobaze. umaRlesi harmonikebis wyaroebs 

warmoadgenen momxmareblebTan dayenebuli gammarTveli danadga-

rebi, mudmivi denis eleqtrogadamcemebi, Zaluri transforma-

torebi, rkaluri eleqtroRumelebi, SeduRebis agregatebi. umaR-

lesi rigis harmonikebis Semcireba miiRweva eleqtromomaragebis 

sqemis racionaluri gamoyenebiTa (naCveneb datvirTvebs gamoyofen 

da miuaxloveben kvebis mZlavr wyaroebs) da specialuri 

filtrebis gamoyenebiT (filtrebs aawyoben gansazRvrul 

harmonikebze da maTgan SezRudaven qsels). 

Zabvis arasinusoiduroba xasiaTdeba Semdegi maCveneblebiT:  

- Zabvis mrudis sinusoidurobis damaxinjebis koeficientiT; 

- Zabvis n – harmoniuli mdgenelis koeficientiT. 

dadgenilia moyvanili maCveneblebis normebi. 

sxvadasxva nominaluri Unom Zabvis eleqtruli qselebis 

saerTo mierTebis wertilebSi Zabvis mrudis sinusoidurobis 

damaxinjebis koeficientis normalurad dasaSvebi da zRvrulad 

dasaSvebi mniSvnelobebi procentebSi moyvanilia cxrilSi 2.1. 

          cxrili 2.1. Zabvis mrudis sinusoidurobis damaxinjebis  

                       koeficientis mniSvnelobebi. 

  normaluri zRvruli 

nominaluri Zabva, U nom. kv 0,38 6-20 35 110-330 0.38 6-20 35 110-330 

dasaSvebi mniSvnelobebi, 

% 

8,0 5,0 4,0 2,0 12,0 8,0 6,0 3,0 

sxvadasxva nominaluri Unom Zabvis eleqtruli qselebis 

saerTo mierTebis wertilebSi Zabvis n – harmoniuli mdgenelis 

koeficientis normalurad dasaSvebi mniSvnelobebi procentebSi 

moyvanilia cxrilSi 2.2. 
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 cxrili 2.2. Zabvis n – harmoniuli mdgenelis koeficientis   

               normalurad dasaSvebi mniSvnelobebi procentebSi. 

 

Zabvis n-uri harmoniuli mdgenelis koeficientis dasaSvebi 

mniSvneloba gamoiTvleba formuliT: 

K U(n) = 1,5 K U(n)norm, 

sadac K U(n)norm. - Zabvis n-uri harmoniuli mdgenelis 

koeficientis dasaSvebi mniSvnelobaa, gansazRvruli cxrili 2-is 

mixedviT. 

arawrfivi volt-amperuli maxasiaTeblebis mqone 

eleqtromimRebebi maT momWerebze sinusoiduri Zabvis arsebobis 

SemTxvevaSi qselidan moixmaren arasinusoidur denebs. umaRlesi 

harmonikebis denebi gaivlian ra wredis elementebs am elementis 

winaRobebze qmnian Zabvis vardnebs, romlebic daedebian Zabvis 

ZiriTad harmonikas da eleqtruli qselis kvanZebSi iwveven 

Zabvis formis damaxinjebas. amasTan dakavSirebiT arawrfivi 

harmonikis rigis nomeri, 
n 

5 7 11 13 17 19 23 25 >25 

3-is 
arajera-
di kenti 
harmoni-

kebi 

nominaluri 
Zabva, kv 

         

0,38 6,0 5,0 3,5 3,0 2,0 1,5 1,5 1,5 0,2+1,3 X25/n 
6-20 4,0 3,0 2,0 2,0 1,5 1,0 1,0 1,0 0,2+0,8 X25/n 
35 3,5 2,5 2,0 1,5 1,0 1,0 1,0 1,0 0,2+0,6 X25/n 

110-300 1,5 1,0 0,7 0,5 0,4 0,4 0,4 0,4 0,2+0,2 X25/n 
harmonikis rigis nomeri, 

n 
3 9 15 21 >21 3 da 9 harmonikebis monacemebi 

ekuTvnis erTfaza eleqtrul 
qselebs. samfaza qselebisaTvis 
maTi monacemebi orjer unda 

iqnes Semcirebuli. 

3-is 
jeradi 
kenti 

harmoni-
kebi 

nominaluri 
Zabva, kv 

     

0,38 5,0 1,5 0,3 0,2 0,2 
6-20 3,0 1,0 0,3 0,2 0,2 
35 3,0 1,0 0,3 0,2 0,2 

110-330 1,4 0,4 0,2 0,2 0,2 
harmonikis rigis nomeri, 

n 
2 4 6 8 10 12 >12   

luwi 
harmoni-

kebi 

nominaluri 
Zabva, kv 

         

0,38 2,0 1,0 0.5 0,5 0,5 0,2 0,2   
6-20 1,5 0,7 0,3 0,3 0,3 0,2 0,2   
35 1,0 0,5 0,3 0,3 0,3 0,2 0,2   

110-330 0,5 0,3 0,2 0,2 0,2 0,2 0,2   
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volt-amperuli maxasiaTeblebis mqone eleqtromimRebebs xSirad  

umaRlesi rigis harmonikebis wyaros uwodeben. 

eleqtrul qselSi eleqtroenergiis xarisxis ufro 

seriozul darRvevebs adgili aqvT mZlavri marTuli ventiluri 

gardamqmnelebis muSaobis dros. am dros  denisa da Zabvis  

umaRlesi rigis harmoniuli mdgenelebis rigi ganisazRvreba 

formuliT: 

n= mk ± 1 

sadac m – gammarTvelis fazaTa ricxvia; k- naturalur ricxvTa 

rigia (0,1,2,3 . . .). 

 gamarTvis sqemidan gamomdinare ventiluri gardamqmnelebi 

qselSi generireben denis Semdeg harmonikebs: 6 fazian sistemaSi 

19 rigamde; 12  fazian sistemaSi – 25 rigis CaTvliT. 

 eleqtrorkalur foladsadnobi da madanTermuli 

Rumelebis qselebSi Zabvis sinusoiduri mrudis damaxinjebis 

koeficienti ZiriTadad ganisazRreba  2,3,4,5, 7 rigis 

harmonikebiT. 

 rkaluri da kontaqturi SeduRebis danadgarebSi Zabvis 

sinusoiduri mrudis damaxinjebis koeficienti ZiriTadad 

ganisazRreba  5,7, 11,13 rigis harmonikebiT. 

 airganmuxtvis naTurebSi denis me-3 da me-5 rigis 

harmonikebi Seadgenen denis pirveli harmonikis 10 ra 3 %-s. me-3 

rigis harmonikis  denebi faziT emTxvevian qselis Sesabamis 

fazur gamtarebSi, jamdebian 380/220 v qselis nulovan gamtarSi 

da ganapirobeben masSi TiTqmis fazuri denis tol dens. 

airganmuxtvis naTurebSi danarCeni harmonikebi SeiZleba 

mxedvelobaSi ar miviRoT. 

 qselSi sinusoidur Zabvaze CarTuli transformatoris 

damagnitebis denis mrudis gamokvlevam aCvena rom samReroiani 

gularas dros, roca gragnilebi SeerTebulia Y/Y da ∆/Y 

eleqtrul qselSi adgili aqvs kenti rigis, maT Soris samis 

jerad, harmonikebs. samis jeradi harmonikebi ganpirobebulia 

fazebSi damagnitebeli denebis arasimetriiT.  
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  1,5                                (2.9) 

transformatoris damamagnitebeli denis moqmedi mniSvneloba 

tolia: 

  = (  )/3                       (2.10) 

damagnitebis denebi qmnian denebis pirdapir da 

ukuTanmimdevrobis sistemebs, romlebic absoluturi sididiT 

erTmaneTis tolia samis jeradi harmonikebisaTvis. sxva kenti 

rigis harmonikebisaTvis ukuTanmimdevrobis denebi Seadgenen 

pirdapiri Tanmimdevrobis denebis 25%-s. 

 Tu transformatoris Semyvanebze miewodeba arasinusoi-

duri Zabva, maSin aRiZvrebian denis umaRlesi rigis harmonikebis 

damatebiTi mdgenelebi. MmTavari gamanawilebeli qvesadguris 

transformatorebi iZlevian mcire sididis me-5 harmonikas. 

MmTlianobaSi arasinusoidur reJimebs gaaCniaT igive nakli, 

rac arasimetriuls. 

DEdenisa da Zabvis umaRlesi rigis harmonikebi 

eleqtromomaragebis sistemis yvela elementSi: eleqtrogadacemis 

xazebSi,transformatorebSi, eleqtrul manqanebSi, statikur 

kondensatorebSi iwveven aqtiuri simZlavris damatebiT 

danakargebs, radgan am elementebis winaRobebi damokidebulia 

sixSireze. ase magaliTad, eleqtrul qselebSi reaqtiuli 

simZlavris kompensaciis mizniT dayenebuli kondensatorebis 

tevaduri winaRoba miyvanili Zabvis sixSiris gazrdiT mcirdeba. 

amitom Tu mkvebavi qselis ZabvaSi aris umaRlesi Fharmonikebi, 

maSin kondensatorebis winaRoba am harmonikebze aRmoCndeba 

mniSvnelovnad mcire, vidre 50 hc sixSireze. amis gamo reaqtiuli 

simZlavris kompensaciisaTvis gankuTvnili kondensatorebSi 

umaRlesi harmonikebis mcire Zabvasac ki SeuZlia gamoiwvios 

harmonikebis mniSvnelovani sididis deni [24]. 

dawesebulebebSi, romlebsac gaaCniaT arawrfivi datvir-

Tvis didi raodenoba, kondensatorebis batarea cudad muSaobs. 

isini an gamoirTvebian gadatvirtvis denebis  dacvis mier an 

mokle xanSi gamodian mwyobridan qilebis amoburcvis gamo (an 
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izolaciis daCqarebuli daZvelebis Sedegad). cnobilia iseTi 

SemTxvevebi, roca ganviTarebuli 6-10 kv Zabvis sakabelo qselis 

mqone dawesebulebebSi kondensatorebis batareebi aRmoCenilan 

denebis rezonansis reJimSi raime harmonikis sixSireze, rac 

iwvevs denebis mixedviT saSiS gadatvirTvas. 

amrigad umaRlesi rigis harmonikebi iwveven: 

- sinqronul da asinqronul manqanebSi - parazitul velebsa da 

eleqtromagnitur momentebs, romlebic auareseben manqanis 

meqanikur maxasiaTeblebsa da mqk-s. 

- umaRlesi harmonikebis  velebis zemoqmedebiT mimdinare  

Seuqcevadi fiziko-qimiuri procesebisa da dengamtari 

nawilebis momatebuli gaxurebis  Sedegad xdeba: 

- eleqtruli manqanebis, transformatorebisa da kabelebis 

izolaciis daCqarebuli daZveleba; 

- eleqtromimRebis simZlavris koeficientis gauareseba; 

- avtomatikis, telemeqanikis, kompiuteruli teqnikisa da sxva  

mowyobilobebis muSaobis gauareseba an darRveva; 

- eleqtroenergiis induqciuri mricxvelebis gazomvis 

cdomilebebi, romlebic iwveven moxmarebuli eleqtroenergiis 

arasrul aRricxvas; 

- umaRlesi rigis harmoniuli mdgenelebis maRali donis 

SemTxvevaSi ventiluri gardamqmnelebis muSaobis reJimis 

darRveva; 

- umaRlesi harmonikebis arseboba arasasurvelad aisaxeba ara 

marto momxmareblis eleqtromowyobilobis, aramed 

eleqtrosis-temis eleqtronuli mowyobilobis muSaobazec; 

- zogierTi danadgarisaTvis (ventiluri gardamqnelebiT 

impulsur-fazuri marTvis sistema, avtomatikis kompleqturi 

mowyobilobebi da sxva). denis (Zabvis) calkeuli harmonika 

naCvenebia pasportSi. 

      eleqtromimRebze modebuli Zabvis mrudi eleqtroqselis 

muSaobis damyarebul reJimSi ar unda Seicavdes umaRles 

harmonikebs. xazi unda gavusvaT, rom eleqtromimRebis muSaobis 
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pirobebSi Zabvis arasinusoi-duroba vlindeba sxva faqtorebis 

zemoqmedebasTan erTad da amitom saWiroa yvela faqtoris 

erToblivi ganxilva. 

 

2.5. Zabvis arasimetriulobis gavlena. 

samfaza sistemis arasimetriuloba SeiZleba AaRiZras ara 

mxolod avariul situaciebSi (xazis gawyvetisas, erTi fazis 

gamorTvisas), aramed normalur reJimebSic (erTeulovani 

erTfaza mZlavri datvirTvebis dros –Eeleqtruli Rumelebi, 

eleqtruli transporti, masiuri erTfaza eleqtromimRebebis 

fazebis mixedviT araTanabari ganawilebis dros).  

arasimetriuli datvirTvis dros uaresdeba eleqtromim-

Rebebisa da qselis yvela elementis muSaobis pirobebi, mcirdeba 

mowyobilobis ekonomiuroba da muSaobis xangrZlivoba, qselis 

gamtarunarianoba. izrdeba eleqtroenergiis danakargebi. 

arasimetriuli reJimi xasiaTdeba ukuTanmimdevrobis ZabviT. 

rogorc eleqtroteqnikis Teoriuli safuZvlebidan aris cnobi-

li, Zabvis an denis arasimetriuli samfaza sistema SeiZleba 

daiSalos sam simetriul mdgenelad: pirdapiri, uku da nulovani 

Tanmimdevrobis. nebismieri simetriuli eleqtromimRebis momWe-

rebze ukuTanmimdevrobis Zabvam ar unda gadaaWarbos nominsluri 

Zabvis 2 %-s. 

Zabvebis gauwonasworebloba SeiZleba aRiZras samfaza 

sistemaSi neitralis wanacvlebiT, roca fazebs Soris Zabvebis 

simetriulobis SenarCunebis dros aRiZvreba fazuri Zabvebis 

asimetria. es xdeba 1000 v-mde ZAbvis oTxgamtarian sistemaSi, 

sadac neitralis wanacvleba ganisazRvreba nulovani gamtaris 

mimarT eleqtromimRebebis CarTvis adgilze. 

Zabvebis arasimetriuloba xasiaTdeba Semdegi maCveneblebiT: 

- ukuTanmimdevrobis Zabvis arasimetriulobis koeficienti; 

-  nulovani Tanmimdevrobis Zabvis arasimetriulobis 

koeficienti. 

standartiT dadgenilia am maCveneblebis normebi. 
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eleqtrul qselebTan saerTo mierTebis wertilebSi 

ukuTanmimdevrobis Zabvis arasimetriulobis koeficientis 

normalurad dasaSvebi da zRvrulad dasaSvebi mniSvnelobebi 

Sesabamisad tolia 2,0 da 4,0 %-s. 

0,38 kv Zabvis oTxgamtarian eleqtrul qselebTan saerTo 

mierTebis wertilebSi nulovani Tanmimdevrobis Zabvis arasimet-

riulobis koeficientis normalurad dasaSvebi da zRvrulad 

dasaSvebi mniSvnelobebi Sesabamisad tolia 2,0 da 4,0 %-s. 

rogorc ukve aRvniSneT Zabvebis arasimetrias iwvevs 

arasimetriuli datvirTva. eleqtromomaragebis sistemis 

elementebSi datvirTvis arasimetriuli denebis gavla yvelaze 

xSirad gamowveulia arasimetriuli datvirTviT. arasimetriuli 

denebi iwveven arasimetriul Zabvis vardnebs. ris Sedegadac 

eleqtromimRebis momWerebze Cndeba Zabvebis arasimetriuli 

sistema. eleqtromimRebis gadatvirTul fazaze Zabvis gadaxram 

SeiZleba gadaaWarbos Zabvis normalurad dasaSveb mniSvnelobas, 

maSin roca am eleqtromimRebis danarCen fazebze Zabva normis 

farglebSia. am eleqtromomxmareblis Zabvis reJimis gauaresebis 

garda arsebiTad uaresdeba rogorc am eleqtromomxmareblis, 

aseve am qselSi CarTuli yvela elementis muSaobis pirobebi, 

mcirdeba eleqtromowyobilobisa da mTlianad eleqtromoma-

ragebis sistemis muSaobis saimedoba.  

arasimetriuli reJimis moqmedeba simetriul reJimTan 

SedarebiT xarisxobrivad gansxvavdeba iseT gavrcelebul 

samfaza eleqtromimRebebSi, rogoricaa asinqronuli Zravebi. 

maTTvis gansakuTrebuli mniSvneloba aqvs ukuTanmimdevrobis 

Zabvebs. eleqtroZravebis ukuTanmimdevrobis winaRoba daaxloe-

biT damuxruWebuli Zravas winaRobis tolia maSasadame 5-8jer 

naklebia pirdapiri Tanmimdevrobis winaRobaze. amitom Zabvebis 

mcire asimetriac ki iwvevs ukuTanmimdevrobis mniSvnelovani 

sididis denebs. ukuTanmimdevrobis denebi daedeba pirdapiri 

Tanmimdevrobis denebs da iwvevs statorisa da rotoris 

damatebiT gaxurebas, rasac mivyavarT izolaciis daCqarebul 
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daZvelebasTan da Zravas simZlavris da Sesabamisad mqk-s 

SemcirebasTan. ase magaliTad, Zabvis 4%-iT arasimetriis dros 

mTlianad datvirTuli asinqronuli Zravas muSaobis xangrZli-

voba mcirdeba 2-jer. 5 % arasimetriis dros Zravas simZlavre 

mcirdeba 5-10 %-iT. 

sinqronul ZravebSi qselis Zabvis arasimetriis dros 

aqtiuri simZlavris danakargebsa da rotorisa da statoris 

gaxurebasTan erTad niSancvladi mbrunavi momentebisa da ormagi 

sixSiriT pulsiradi tangencialuri Zalebis gavlenis gamo 

SeiZleba aRiZras saSiSi vibraciebi.  mniSvnelovani arasimetriis 

dros  vibracia SeiZleba aRmoCndes saSiSi, gansakuTrebiT ara-

sakmarisi simtkicisa da SeduRebis adgilebSi defeqtebis arse-

bobisas. denebis arasimetriisas, romlebic ar aRemateba 30 %-s, 

saSiSi gadaZabvebi konstruqciis elementebSi, rogorc wesi, ar 

aRiZvrebian. 

eleqtruli qselebisa da sadgurebis teqnikuri eqsplua-

taciis wesebis Tanaxmad generatorebisa da sinqronuli 

kompensatorebis xangrZlivi muSaoba fazebSi araTanabari 

denebisas dasaSvebia, Tu denebis sxvaoba statoris nominaluri 

denasagan turbogeneratorebisaTvis ar aRemateba 10 %-s, xolo 

hidrogeneratorebisaTvis – 20 %-s. amave  dros denebi fazebSi 

ar unda arEmatebodnen nominalur mniSvnelobebs. Tue s pirobebi 

dakmayofilebuli ar aris, maSin miRebuli unda iqnes specialu-

ri zomebi arasimetriis Sesamcirblad. 

nulovani da ukuTanmimdevrobis denebis arsebobisas qselis 

elementebis calkeul fazebSi izrdeba jamuri denebi, rac iwvevs 

aqtiuri simZlavris Semcirebas SeiZleba gaxurebis mxriv iyos 

dauSvebeli. Nnulovani Tanmimdevrobis denebi mudmivad gaedineba 

Camamiweblebis gavliT. am dros damatebiT Sreba da izrdeba 

Camamiwebeli mowyobilobis winaRoba. es SeiZleba iyos 

dauSvebeli releuri dacvis, kavSirgabmulobis dabalsixSiruli 

danadgarebisa da rkinigzis blokirebis mowyobilobebis 

muSaobis TvalsazrisiT. 
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Zabvis arasimetriuloba mniSvnelovnad auaresebs mraval-

faza ventiluri gardamqmnelebis muSaobis reJimebs: mniSvnelo-

vnad izrdeba gamarTuli Zabvis pulsacia, uaresdeba tiristo-

ruli gardamqmnelebis fazur-impulsuri marTvis sistemebis 

muSaobis pirobebi.  

kondensatoruli danadgarebi Zabvebis arasimetriis dros 

fazebis mixedviT araTanabrad itvirTeba reaqtiuli simZlavriT, 

rac SeuZlebels xdis kondensatorebis dadgmuli simZlavris 

srul gamoyenebas. garda amisa kondensatoruli danadgarebi am 

SemTxvevaSi aZliereben ukve arsebul arasimetrias, radganac 

reaqtiuli simZlavris gacema im fazis qselSi ufro naklebia 

vidre danarCen fazebSi (kondensatorul danadgarze reaqtiuli 

simZlavre Zabvis kvadratis proporciulia).  

Zabvis arasimetria mniSvnelovan gavlenas axdens erTfaza 

eleqtromomxmareblebze. Tu fazuri Zabvebi araTanabaria, maSin  

ufro maRal Zabvaze CarTuli varvarebis naTurebs aqvT didi 

sinaTlis nakadi, magram mniSvnelovnad naklebi muSaobis xangr-

Zlivoba, vidre dabal Zabvaze CarTul naTurebs. Zabvebis arasi-

metria arTulebs releuri dacvis muSaobas da eleqtroenergiis 

mricxelebis  muSaobSi iwvevs Secdomebs da sxva.  

 

2.6. sixSiris gadaxris gavlena 

sixSiris gadaxra aris mis faqtiur da nominalur 

mniSvnelobebs Soris sxvaoba, gasaSualebuli 10 wT ganmavloba-

Si. normalur reJimSi sixSiris gadaxra  unda iyos ± 0,1 hc. 

dasaSvebia droebiTi muSaoba ± 0,2 hc gadaxriT. 

eleqtrul qselebSi sixSiris gadaxris normalurad dasaS-

vebi da zRvrulad dasaSvebi mniSvnelobebi aris Sesabamisad ± 0,2 

da ±0,4 hc. 

sixSiris rxeva  xasiaTdeba drois gansazRvrul SualedSi 

ZiriTadi sixSiris udides da umcires mniSvnelobebs Soris 

sxvaobiT. sixSiris rxevis manZili ar unda aRematebodes mis 

naCveneb dasaSveb mniSvnelobebs. sixSiris Rrma xangrZlivi 
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Semcirebis mizezia energosistemaSi simZlavris an energoresur-

sebis balansis deficiti. 

mkvebavi Zabvis siSiris mimarT standartis moTxovnebi 

ufro mkacria,rac ganpirobebulia sixSiris mniSvnelovani 

gavleniT eleqtromowyobilobis muSaobis reJimze, warmoebis 

teqnologiuri procesis mimdinareobiT, rogorc samrewvelo 

warmoebis muSaobis teqnikur-ekonomiuri maCvenebeli. 

zaralis eleqtromagnituri mdgeneli ganpirobebulia eleq-

trul qselebSi aqtiuri simZlavris danakargebiTa da aqtiuri da 

reaqtiuli simZlavreebis moxmarebis gazrdiT. cnobilia, rom 

sixSiris 1 %-iT Semcireba eleqtrul qselebSi danakargebs 

zrdis 2 %-iT. 

zaralis  teqnologiuri mdgeneli ZiriTadad gamowveulia 

samrewvelo sawarmos mier Tavisi produqciis gegmaze naklebi  

gamoSvebiTa da gegmis SesrulebisaTvis warmoebis damatebiT 

droSi muSaobis RirebulebiT.  eqspertebis Sefasebis Tanaxmad 

teqnologiuri zaralis mniSvneloba eleqtromagniturze erTi 

rigiT maRalia. 

uwyveti ciklis warmoebis dawesebulebebis muSaobis 

analizma aCvena, rom ZiriTadi teqnologiuri xazebis umetesoba 

aRWurvilia winaRobebis mudmivi da ventilatoruli momentebiT, 

xolo maT amZravebad gamoiyeneba asinqronuli Zravebi. Zravebis 

rotorebis brunvis sixSire proporciulia qselis sixSiris 

cvlilebisa, xolo teqnologiuri xazis mwarmoebloba 

damokidebulia Zravas brunvis sixSireze [23]. 

mTeli rigi meqanizmebis mwarmoeblobaze sixSiris gavlenis 

xarisxi SeiZleba gamosaxuli iqnes mis mier moxmarebuli 

aqtiuri simZlavris saSualebiT: 

                       P= afn                                         (4) 

sadac  a – aris proporciulobis koeficienti, romelic 

damokidebulia meqanizmis tipze; f – qselis sixSirea; n – 

xarisxis maCvenebeli. 
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 n xarisxis maCveneblis mixedviT eleqtroenergiis momxmareblebi 

SeiZleba dayofili iqnes Semdeg jgufebad: 

1. meqanizmebi winaRobis mudmivi momentiT – dguSiani tumboebi, 

kompresorebi, liTonsaWreli Carxebi da sxva. maTTvis n=1.; 

2. meqanizmebi winaRobis ventilatoruli momentiT – centri-

danuli tumboebi, ventilatorebi, kvamlis gamwovebi da sxva. 

maTTvis n=3. Tbo, kondensaciur da atomur eleqtrosadgurebSi  

es meqanizmebia: sasmeli wylis, cirkulaciisa da zeTis  

tumboebis, sakvamle ventilatorebis da sxvaTa Zravebi. 

3. meqanizmebi, romelTaTvisac n =3,5- 4, aris centridanuli 

tumboebi, romlebic muSaoben didi statikuri dawneviT 

(ukuwneviT), magaliTad, saqvabeebis mkvebavi tumboebi. 

me-2 da me-3 jgufis eleqtromimRebebi ufro metad 

eqvemdebarebian sixSiris gavlenas, aqvT regulirebis SesaZleb-

loba, ris wyalobiTac maT mier qselidan moTxovnili simZlavre 

praqtikulad ucvleli rCeba. 

sixSiris Semcirebi mimarT yvelaze mgrZnobiarea eleqtro-

sadgurebis sakuTari moxmarebis Zravebi. sixSiris Semcireba 

iwvevs maTi mwarmoeblobis Semcirebas, rasac Tan axlavs genera-

torebis simZlavris Semcireba da SemdgomSi aqtiuri simZlavris 

deficit da sixSiris Semcireba (adgili aqvs sixSiris zvavs). 

iseTi eleqtromomxmareblebi, rogoricaa varvarebis 

naTurebi, winaRobis Rumelebi da rkaluri eleqtruli Rumelebi 

sixSiris cvlilebaze praqtikulad ar reagireben. 

sixSiris gadaxra uaryofiT gavlenas axdens eleqtronuli 

teqnikis muSaobaze: sixSiris gadaxra  +0,1 hc-ze metad iwvevs 

satelevizio gamosaxulebis sikaSkaSisa da geometriuli fonis 

damaxinjebas. sixSiris cvlileba 49,9 hc-dan 49,5 hc-mdeiwvevs 

satelevizio signalis fonuri dabrkolebis dasaSvebi gaqanebis 

TiTqmis oTxjer gazrdas. sixSiris cvlileba 49,5 hc-mde satele-

vizio traqtis yvela rgolSi  dawyebuli aparaturul –studiu-

ri kompleqsidan telemimRebebamde signali/ fonuri dabrkoleba  
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fardobis mimarT moiTxovs moTxovnebis arsebiT gamkacrebas, rac 

dakavSirebulia mniSvnelovan materialur danaxarjebTan. 

garda amisa Semcirebuli sixSire eleqtrul qselSi gavle-

nas axdens aseve im eleqtromowyobilobis muSaobis xangrZlivo-

baze, romlebic Seicaven foladis gularian elementebs (eleq-

troZravebi, transformatorebi, foladis magnitogamtariani reaq-

torebi da sxva), aseT aparatebSi damagnitebis denis gazrdisa da 

foladis gularebis damatebiTi gaxurebis  gamo. 

saerTo sistemuri avariebis Tavidan acilebis mizniT, 

romlebic gamowveulia sixSiris SemcirebiT, gaTvaliswinebulia 

specialuri avtomaturi sixSiris gantvirTvis (asg) mowyobilo-

bebi, romlebic avtomaturad gamorTaven naklebad sapasuxism-

geblo momxmareblebs. simZlavris deficitis likvidaciis Semdeg, 

magaliTad, sarezervo wyaroebis CarTvis Semdeg, specialuri 

sixSiruli ganmeorebiTi CarTvis mowyobilobebi rTaven gamor-

Tul eleqtromomxmareblebs da sistemis normaluri muSaoba 

aRdgeba. 

standartis moTxovnis Sesabamisad normaluri sixSiris 

SenarCuneba aris teqnikuri da ara mecnieruli amocana. am 

amocanis gadawyvetis ZiriTadi gzaa axali simZlavreebis 

amoqmedeba da energomommaragebeli organizaciis qselebSi 

sarezervo simZlavris Seqmna. 

 

2.7. eleqtromagnituri dabrkolebebis gavlena 

saerTo daniSnulebis eleqtrommaragebis sistemebSi farTo 

gamoyeneba hpoves marTvis eleqtronulma da mikroeleqtronulma 

sistemebma, mikroprocesorebma, ramac gamoiwvia eleqtromimRebe-

bis marTvis sistemebis dabrkolebamdgradobis donis Semcireba 

da maTi mtyunebebis raodenobis zrda. 

Mmtyunebebis  ZiriTad mizezs, rogorc energosistemis aseve 

saqalaqo da samrewvelo eleqtrul qselebSi, warmoadgens maTSi 

eleqtromagnituri gardamavali procesebis dros aRZruli 

gardamavali eleqtromagnituri zemoqmedeba, gardamavali proce-
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sis xangrZlivoba Seadgens samrewvelo sixSiris denis ramdenime 

periodidan ramdenime wamamde, xolo dabrkolebaTa sixSiris 

efeqturma zolma SeiZleba miaRwios aTeulobiT megahercs. 

eleqtromagnituri gardamavali dabrkolebebis maxasiaTeb-

lebia: Zabvis Cavardnebi da impulsebi, xanmokle gadaZabvebi. 

eleqtroenergiis xarisxis am maCveneblebisaTvis standarti ar 

adgens dasaSveb ricxviT mniSvnelobebs. magram es dabrkolebebi 

ganixileba eleqtromagnituri Tavsebadobis problemebis 

CarCoebSi. 

Zabvis Cavardna. Zabvis Cavardna aris eleqtruli qselis 

wertilSi Zabvis uecari Semcireba 0,9Unom qvemoT, romlis Semde-

gac xdeba Zabvis aRdgena pirvelsawyis an masTan miaxloebul 

doneze 10 mwm-dan ramdenime aTeul wamamde drois SualedSi. 

Zabvis Cavardna xasiaTdeba Zabvis Cavardnis xangrZlivobis 

maCvenebliT, romlisTvisac dadgenilia Semdegi norma: 

- 20 kv-mde CaTvliT eleqtruli qselebisaTvis Zabvis Cavardnis 

xangrZlivobis zRvrulad dasaSvebi mniSvnelobaa 30 wm. nebismier 

eleqtrul qselTan mierTebis wertilSi Zabvis Cavardnis 

avtomaturad gamosworebis xangrZlivoba ganisazRvreba releuri 

dacvisa da avtomatikis drois dayovnebiT. 

nax.2.5 - ze warmodgenilia Zabvis Cavardnis Sesabamisi mrudi [24]. 

 

nax.2.5  Zabvis Cavardnis Sesabamisi mrudi. 

evrokavSiris qveynebis  sakabelo xazebSi Zabvis Cavardnis 

statistikuri monacemebi mocemulia cxrili 2.3-Si. 

cxrili 2.3. evrokavSiris qveynebis  sakabelo xazebSi Zabvis  

             Cavardnis maxasiaTeblebi 

Cavardnis 

siRrme, % 

intervalebis wili, % Cavardnis 

xangrZlivobis dros, wm 

sul,% 

0,01-0,1 0,1-0,5 0,5-1,0 1,0-3,0 3,3-20 20-60 

10-30 33,0 20,0 4,0 0,5 0,5 - 58,0 
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30-60 4,0 15,0 2,0 - - - 21,0 

60-95 3,0 9,0 0,5 1,5 - - 14,0 

100 0,5 0,5 1,0 - - 5,0 7,0 

sul 40,5 44,5 7,5 2,0 0,5 0,5 100 

evrokavSiris qveynebis  sahaero -sakabelo xazebSi Zabvis 

Cavardnis statistikuri monacemebi moyvanilia cxrili 2.4-Si. 

cxrili 2.4. evrokavSiris qveynebis  sahaero - sakabelo  

             xazebSi Zabvis Cavardnis maxasiaTeblebi. 

Cavardnis 

siRrme, % 

intervalebis wili, % Cavardnis 

xangrZlivobis dros, wm 

sul,% 

0,01-0,1 0,1-0,5 0,5-1,0 1,0-3,0 3,3-20 20-60 

10-30 19,0 17,0 4,0 1,0 0,5 - 41,5 

30-60 8,0 10,0 3,0 0,5 - - 21,5 

60-95 1,0 4,0 2,0 0,5 - - 7,5 

100 1,0 4,0 17,0 2,0 1,5 4,0 29,5 

sul 29,0 35,0 26,0 4,0 2,0 4,0 100 

eleqtromagnituri gardamavali dabrkolebebi, romelsac 

Tan axlavs Zabvis Cavardnebi, ZiriTadad  aRiZvrebian izolaciis 

gadafarvis Sedegad sahaero xazebSi erTfaza mokled SerTvis 

dros. es dazianebebi an TviTlikvidirdeba an gamoswordeba 

xanmokle gamorTvis dros SemdgomSi avtomaturi ganmeorebiTi 

CarTviT (agC). garda amisa Zabvis Cavardnis mizezs warmoadgens 

atmosferuli movlenebis Sedegad aRZruli fazaTaSorisi mok-

led SerTva, aseve mkvebavi xazebisa da kondensatorebis  gadaxra. 

20 %- mde siRrmis Zabvis Cavardnis raodenoba gamana-

wilebel qselebSi aRwevs 55-60 %-s. ^60 %-s zemoT meqanizmebis 

gaCereba modis 20 %-ze meti siRrmis Zabvis Cavardnebze. 

eleqtroenergiis xarisxTan aseve dakavSirebulia kidev 

erTi problema – Zabvis dakargva. es aris Zabvis nulamde 

Semcireba, romelic dakavSirebulia generaciisa da gadacemis 

mowyobilobebis muSaobaSi SeferxebasTan. Zabvis dakargva 

SeiZleba moxdes amindis gauaresebiT. Zabvis dakargva SeiZleba 

iyos erT an ramdenime fazaSi, mas aqvs xanmokle xasiaTi, 30 wamze 
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naklebi  drois xangrZlivobiT. Zabvis dakargvis Sesabamisi 

mrudi warmodgenilia nax.2.6 –ze [24]. 

 
nax.2.6. Zabvis dakargvis Sesabamisi mrudi. 

Zabvis impulsi. Zabvis impulsi aris eleqtruli qselis 

wertilSi Zabvis mkveTri cvlileba, romlis Semdegac xdeba 

Zabvis aRdgena pirvelsawyis an masTan axlos donemde ramdenime 

mwm drois SualedSi. 

Zabvis impulsi xasiaTdeba impulsuri Zabvis maCvenebliT 

(Uimp).  energomommaragebeli organizaciis eleqtrul qselSi 

Weqa-quxilisa aRZruli Zabvis impulsis mniSvnelobebi transfor-

matoris maRali Zabvis mxareze moyvanilia cxrili 2.5-Si. 

cxrili 2.5. Weqa-quxilis impulsuri Zabvis mniSvnelobebi. 

qselis nominaluri Zabva,kv 6 10 35 110 220 330 500 750 

impulsuri Zabva 

transformatoris maRal 

mxareze, Uimp. kv 

60 80 200 480 750 1050 1550 1950 

komutaciis impulsuri Zabvis mniSvnelobebi, romlis 

xangrZlivoba 1000 - 5000 mkwm-ia moyvanilia cxrilSi 2.6. 

cxrili 2.6. komutaciis impulsuri Zabvis mniSvnelobebi 

qselis nominaluri 

Zabva, kv 

0,38 3 6 10 20 35 110 220 

komutaciis 

impulsuri Zabva, kv 

4,5 15,5 27 43 85,5 148 363 705 

droebiTi gadaZabvebi. droebiTi gadaZabvebi aris eleqt-

ruli qselis wertilSi Zabvis aweva 1,1 Unom –ze metad 10 mwm –ze 

meti xangrZlivobiT, romelic aRiZvreba eleqtromomaragebis 

sistemebSi komutaciisa da mokled SerTvis dros. 

droebiTi gadaZabva xasiaTdeba droebiTi gadaZabvis 

koeficientis maCvenebliT. energomommaragebeli organizaciis 
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eleqtrul wredebSi aRZruli droebiTi gadaZabvis koeficientis 

mniSvnelobebi mocemulia cxrili 2.7-Si. 

   cxrili 2.7. droebiTi gadaZabvis koeficientis mniSvnelobebi 

droebiTi gadaZabvis 

xangrZlivoba, wami 

1 -mde 20-mde 60-mde 

droebiTi gadaZabvis 

koeficienti 

1,47 1.31 1,15 

saerTo daniSnulebis eleqtromomaragebis sistemebSi 

eleqtromagnituri gardamavali dabrkolebebis aRZvris mizezi 

SeiZleba iyos miwasTan erTfaza mokledSerTvis, kondensatoru-

li batareebisa da rezonansuli filtrebis komutaciis, dautvir-

Tavi sakabelo xazebisa da transformatorebis gamorTvis, 

amomrTvelebis kontaqtebisa da sxva sakomutacio aparaturis 

erTdrouli komutaciis  dros aRZruli gadaZabvebi. aseve sxva-

dasxva mizezebis gamo eleqtruli qselis arasrulfazovan 

reJimSi MmuSaobisas aRZruli gadaZabvebis gamo, romlebic iwve-

ven ferorezonansul movlenebs. eleqtronuli mowyobilobisa da 

egm-is gadaZabvebis mimarT amTvisebloba damokidebulia rogorc 

eleqtromimRebis aseve eleqtromagnituri dabrkolebebis ampli-

tudur-sixSirul maxasiaTeblebze. 

samrewvelo dawesebulebebis saimedobis amaRlebis mizniT 

energosistemis simZlavrisa da sahaero gadacemi xazebis 

raodenobis gazrda iwvevs marTvis rTuli eleqtruli sistemis 

funqcionirebis imedianobis Semcirebasa da dabrkoleba 

mgrZnobiare eleqtromimRebebis mtyunebaTa ricxvis gazrdas [25]. 

rogorc ukve aRvniSneT, Zabvis mixedviT eleqtrenergiis 

xarisxis yvela maCveneblis mniSvnelobis dros, romlebic 

gansxvavebulia normirebuli mniSvnelobebisagan, xdeba eleqtro-

mowyobilobis izolaciis daCqarebuli daZveleba, ris gamoc 

drois mixedviT izrdeba mtyunebaTa ricxvi. ase magaliTad, 

qselis Zabvis mrudis arasinusoidurobis dros, rkalmqrobi 

aparatebis rezonansuli awyobis drosac ki, miwasTan mokled 

SerTvis SemTxvevaSi gaivlis umaRlesi harmonikebis denebi, ris 
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gamoc SeiZleba moxdes pirveli dazianebis adgilze kabelis 

gawva. rogorc eqspluataciis gamocdileba aCvenebs am 

SemTxvevaSi gadaZabvebis gamo SeiZleba dazianeba erTdroulad 

aRiZras or da met adgilze. 

eleqtroenergiis dabali xarisxis dros adgili aqvs 

elementebis mtyunebaTa urTierTdamokidebulebas. magaliTad, 

roca arawrfivi, arasimetriuli da dartymiTi datvirTvebis  

uaryofiTi gavlena kompensirebulia ama Tu im elementis 

gamorTvis dros Sesabamisi makoreqtirebeli mowyobilobis 

daxmarebiT. 

swrafadmoqmedi statikuri kondensatoris mwyobridan 

gamosvla iwvevs Zabvis arasimetriis, rxevebisa da harmonikebis 

gamovlenas, romlebic adre kompensirebuli iyo, rac Tavis mxriv 

iwvevs sareleo dacvis cru amuSavebas, zogierTi saxis 

eleqtromowyobilobis mwyobridan avariul gamosvlasa da sxva 

analogiur uaryofiT Sedegebs. harmonikebis arsebobis dros 

Zalovani qselebis gavliT informaciis gadacemis arxebSi 

Seferxeba iwvevs sakomutacio aparaturis marTvaze araswori 

brZanebis gacemas. 

amgvarad eleqtroenergiis xarisxi arsebiT gavlenas axdens 

eleqtromomaragebis saimedobaze, radganac dabali xarisxis 

eleqtroenergiis qselebSi avariuloba ufro metia vidre maSin 

roca eleqtroenergiis xarisxis maCveneblebi dasaSveb 

farglebSia. 

eqspluataciis pirobebSi eleqtroenergiis xarisxis 

kontrolisaTvis gamoiyeneba seriulad gamoSvebuli xelsawyoebi: 

maCvenebeli da maregistrirebeli sixSirmzomebi da voltmetrebi, 

Zabvis xarisxisa da arasinusoidurobis analizatorebi, 

oscilografebi, arasimetriulobis analizatori, mrudis formis 

damaxinjebis registratorida sxva. 
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Tavi III. eleqtroenergiis faqtiuri da teqnikuri 

danakargebis dadgena  

3.1. zogadi cnobebi 

 eleqtruli energiis gadacemis dros eleqtruli wredis 

TiToeul elementSi adgili aqvs energiis danakargebs. Qqselis 

sxvadasxva elementebSi danakargebis mdgenelebis Seswavlisa da 

danakargebis Semcirebis ama Tu im RonisZiebis Catarebis 

saWiroebis SefasebisaTvis pirvel rigSi sruldeba eleqtro-

energiis danakargebis struqturis analizi. 

moqmed normatiul dokumentebSi eleqtroenergiis danakar-

gebis gansazRvrisaTvis gamoiyeneba faqtiuri (saangariSo) 

danakargebis cneba. 

 eleqtroenergiis faqtiuri danakargebi (ΔWf) ganisaz-

Rvreba transformatoris salteebidan gacemuli eleqtroener-

giisa (W0) da momxmareblis mier gadaxdili da energosistemis 

sawarmoo saWiroebisaTvis daxarjuli eleqtroenergiis jamis 

(Wmomx.+Ws.m),  sxvaobiT [26]: 

ΔWf = W0 – (Wmomx.+Ws.m),  

 am formulidan gamomdinareobs, rom ΔW sidide  Tavis 

TavSi Seicavs ara marto teqnikur danakargebs (ΔWt), aramed 
eleqtroenergiis danakargebsac, romlebic ganpirobebulia 

aRricxvis xelsawyoebis cdomilebiTa (ΔWxels.) da komerciuli 

danakargebiT (ΔWk). 

E es danakargebi Tavis TavSi Seicaven sxvadasxva bunebis 

mdgenelebs: 1. danakargebi qselis elementebSi, romlebsac 

gaaCniaT sufTa fizikuri xasiaTi; 2. eleqtroenergiis xarji 

qvesadgurebSi dadgmuli im mowyobilobebis muSaobaze, romlebic 

uzrunvelyofen eleqtroenergiis gadacemas; 3. eleqtroenergiis 

aRricxvis xelsawyoebis cdomilebiTY gamowveuli danakargebi; 4. 

eleqtroenergiis datacebiT, mricxvelebis mier aRricxuli 

daxarjuli eleqtroenergiis safasuris gadauxdelobiT an 



 

72 

nawilobrivi gadaxdiT gamowveuli danakargebi. danakargebis 

pirveli sami mdgeneli warmoadgens teqnikur danakargs, xolo 

meoTxe- komerciul danakargs. 

 eleqtroenergiis danakargebis dawvrilebiT ganxilvamde 

warmovadginoT eleqtroenergiis gadacemis procesis ZiriTadi 

maxasiaTeblebi [1]. 

 sinusoiduri Zabvisa da denis dros: 

erTfaza kvebis SemTxvevaSi: 

aqtiuri simZlavre   

P = UIcosφ 

reaqtiuli simZlavre 

Q = UIsinφ                                                   

sruli simZlavre 

S=      = UI                                       

samfaza kvebis SemTxvevaSi:  

 aqtiuri simZlavre 

P=    UxIxcosφx = 3UfIfcosφf 

reaqtiuli simZlavre 

Q=    UxIxsinφx = 3UfIfsinφf 

sruli simZlavre 

S=      =    UxIx= 3UfIf 

arasinusoiduri Zabvisa da denis dros: 

erTfaza kvebis SemTxvevaSi: 

aqtiuri simZlavre 

PkΣ =  

reaqtiuli simZlavre 

QkΣ =  

sruli simZlavre 

SkΣ=  



 

73 

sadac k aris harmonikis rigia;     ‐  damaxinjebis simZlavrea, 

romelic gamowveulia denisa da Zabvis mrudeebis 

arasinusoidurobiT. 

samfaza kvebis SemTxvevaSi gaangariSeba xdeba TiToeuli 

fazisaTvis erTfaza kvebis analogiurad, xolo Semdeg miRebuli 

Sedegebi jamdeba. anu aqtiuri simZlavre tolia: 

P  =  +   +   

reaqtiuli simZlavre tolia: 

 =   +   +   

sruli simZlavre tolia: 

S =  

ganvixiloT TiToeuli danakargi calcalke. 

eleqtroenergiis teqnikuri danakargebi (ΔWteq), ganpiro-

bebulia eleqtroqselebSi eleqtroenergiis gadacemis dros 

mimdinare fizikuri procesebiT, gamoxatuli qselis elementebSi  

energiis nawilis siTbod gadaqceviT. 

sinusoiduri Zabvisa da denis dros R  winaRobis qselis 

elementze aqtiuri simZlavris danakargebi ganisazRvreba 

formuliT: 

ΔP = S2R/U2 = I2R 

arawrfivi anu arasinusoiduri  datvirTva sasargeblo energiad 

gardaqmnis mxolod pirveli harmonikis energias, moxmarebuli 

energiis danarCeni nawili ubrundeba ukan eleqtrul qsels, 

riTac qmnis simZlavris damatebiT danakargebs, romlebic tolia 

∆PkΣ =  , 

sadac rk mocemuli elementis winaRobaa. 

 amgvarad, simZlavris  saerTo danakargebi Seadgens: 

∆P = I1
2.r1 + Ik

2.r k 

moTxovnili aqtiuri eleqtroenergia damaxinjebis simZlavris 

gaTvaliswinebiT Seadgens: 

W0=T .  = T. , 



 

74 

sadac T eleqtroenergiis moxmarebis droa,sT. 

eleqtruli qselis R winaRobis elementSi eleqtroenergiis 

teqnikuri danakargebi ganisazRvreba formuliT: 

∆Wt = , 

sadac Ik(t) –aris t drois momentSi elementSi gamavali sruli 

deni, romelic iTvaliswinebs yvela harmonikas; ∆T –aris drois 

intervali or mimdevrobiT gazomvas Soris, Tu gazomvebi 

xorcieldeboda diskretulad drois mcire tol SualedebSi.  

cnobili teqnikuri danakargebis dros komerciuli danakargebi 

ganisazRvreba formuliT: 

∆Wk = ∆Wt - ∆Wxels. 

 ekonomiurad dasabuTebuli anu optimaluri teqnikuri 

danakargebi (∆Wopt) ganisazRvreba rogorc faqtiuri danakar-

gebisa (∆Wfaqt.) da im miRebuli danakargebis (δW) sxvaobiT, 

romelic SeiZleba miRweuli iqnes danakargebis Semcirebis yvela 

SesaZlo RonisZiebis danergvis Semdeg. 

∆Wopt = ∆Wfaqt. - δW 

qselis elementebSi danakargebs miekuTvneba transformatorebis 

uqmi svlisa da mokled SerTvis danakargebi  

eleqtroenergiis sakuTari moxmarebis xarjebi (ΔWsak), 

romlebic saWiroa qvesadgurebis teqnologiuri mowyobilobebis 

muSaobisa da momsaxure personalis moqmedebisaTvis. sakuTari 

moxmarebis xarjebi ganisazRvreba qvesadguris sakuTari 

moxmarebis transformatorze dayenebuli mricxvelebiT. sakuTari 

moxmarebis transformatori stu-s energetikis samsaxurs ar 

gaaCnia da Sesabamisad sakuTari moxmarebis xarjebic nulis 

tolia.  

instrumentaluri danakargebi (ΔWgaz), romlebic ganisaz-

Rvrebian gamoyenebuli xelsawyoebis metrologiuri maxasiaTe-

blebiTa da muSaobis reJimebiT. Zabvisa da denis arasi-

nusoiduroba did  gavlenas axdens gazomvis sistemebsa  da simZ-

lavris koeficientze [27].  
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dReisaTvis eleqtroenergiis mricxvelebis umetesoba, 

iseTebi, rogoricaa evroalfa, alfa da sxva Sesrulebulia 

mikroprocesorul bazaze. maTi mTavari daniSnulebaa ZiriTadi 

sixSiris eleqtroenergiis gazomva. cnobilia, rom zogad 

SemTxvevaSi arasinusoiduri denis wredebisaTvis aqtiuri 

simZlavre gamoisaxeba Semdegi formuliT: 

PΣ = U0I0 + U1I1cosφ1 + UnIncosφn = P0 + P1 +Pn, 
sadac U0, I0 da P0 – Zabvis, denisa da simZlavris mudmivi 

mdgenelebia; U1, I1 da P1 – ZiriTadi anu pirveli harmonikis 

Sesabamisi mdgenelebia; Un, In da Pn –umaRlesi n- uri rigis 

harmonikebis Sesabamisi mdgenelebia;  

aqtiuri simZlavris formulidan Cans, rom radgan 

eleqtruli energiis mricxvelebi aRricxaven mxolod ZiriTadi 

Hharmonikis Sesabamis eleqtroenergias, amitom eleqtroener-

getikul sistemebSi umaRlesi rigis harmonikebis gamovlena 

iwvevs gazomvis cdomilebis gazrdas. 

garda amisa umaRlesi rigis harmonikebi uaryofiT gavlenas 

axdenen simZlavris koeficientze da amcireben mis mniSvnelobas, 

romelsac Cveulebriv cdiloben SeinarCunon 0,85-1,0 diapazonSi. 

saqarTvelos teqnikuri universitetis saangariSo evroalfa 

tipis mricxveli dayenebulia sanapiros qvesadgurSi. zemoTq-

mulidan gamomdinare e.i. isini aRricxaven mxolod pirveli rigis 

harmonikis mier moxmarebul eleqtroenergias. 

 

3.2. reaqtiuli simZlavris kompensaciis sakiTxebi. 

eleqtroenergiis gadacema warmoebidan moxmarebamde uwyve-

ti procesia, romlis drosac qselSi yovelTvis moiTxoveba aqti-

uri da reaqtiuli simZlavreebis generaciisa da moxmarebis 

toloba. 

eleqtrosistemebisa da samrewvelo sawarmoebisaTvis reaq-

tiuli simZlavre yovelTvis rCeboda eleqtroenergiis teqnolo-

giuri brunvis ganuyofeli atributi, romelic gavlenas axdens 

mis ekonomiur efeqturobaze. amitom zemoqmedebis iseTi mZlavri 
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berketi rogoricaa reaqtiuli simZlavriT marTva-energodazog-

visa da energoefeqturobis  erT-erTi yvelaze ufro efeqturi 

da mciredanaxarjiani xerxia, rogorc eleqtrosistemebSi, aseve 

dawesebulebebSi da komunalur-sayofacxovrebo meurneobis 

qselebSi. Aaqtiuri simZlavris wyaros warmoadgens mxolod 

eleqtrosadguris generatorebi, xolo reaqtiuli simZlavris 

generireba SeiZleba moxdes ara marto generatorebSi, aramed 

sahaero da sakabelo xazebSi da misi moxmarebis adgilze 

dayenebuli reaqtiuli simZlavris  sxva wyaroebiTac. amitom im 

mravalricxovan faqtorebTan erTad, romlebic gavlenas axdenen 

eleqtromomaragebis sistemebis efeqtur muSaobaze gamanawile-

bel qselSi reaqtiuli simZlavris kompensaciis sakiTxs 

prioritetuli adgili unda mieniWos. 

reaqtiuli simZlavris kompensacia - es aris saimedo da 

uwyveti eleqtromomarageba, eleqtroenergiis danakargebis Semci-

reba, moxmarebuli eleqtroenergiis Semcirebis SesaZlebloba. 

gamanawilebel eleqtrul qselebSi reaqtiuli simZlavris 

sidideze gansakuTrebul gavlenas axdens datvirTvis xasiaTi.  

 xangrZlivi drois ganmavlobaSi 10(6)-0.4 kv. gamanawilebel 

eleqtrul qselebSi reaqtiuli simZlavris kompensaciis 

problemebs saWiro yuradReba ar eqceoda. es aixsneboda imiT, 

rom komunalur sayofacxovrebo teqnikas (varvara naTurebi,  

eleqtroRumelebi, eleqtro-gamacxeleblebi da sxva), romlebic 

umetesad muSaoben erTfaza datvirTvis reJimSi da   ZiriTadad 

hqonda aqtiuri datvirTvis xasiaTi, romelTa simZlavris 

koeficienti 1cos =ϕ  da Sesabamisad makompensirebeli mowyo-

bilobebi ar gamoiyeneboda. simZlavris koeficienti ki axasiaTebs 

aqtiuri energiis gamoyenebis sisrules. Mmisi dabali mniSvne-

loba gviCvenebs, rom  energiis wyaros simZlavre  sustad aris  

gamoyenebuli. ukanasknel aTwleulSi sacxovrebeli seqtoris 1m2 

farTobze eleqtroenergiis xarji samjer gaizarda, xolo 

simZlavris koeficientis saSualo mniSvneloba dRe-Ramis 

ganmavlobaSi icvleba 0.84-0.99 farglebSi [29]. 
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reaqtiuli simZlavris koeficientis optimaluri mniSvne-

lobis SenarCunebis mizniT gasuli saukunis 30-iani wlebidan 

yofil sabWoTa kavSirSi SemoRebuli iyo eleqtroenergiis 

tarifze fasCamoklebisa da wanamatis stimulirebis moqnili 

sistema, romelic reaqtiuli simZlavris optimaluri koefi-

cientis dadgenili normis cvlilebis Sesabamisad ganicdida 

cvlilebas. aRniSnulma sistemam ruseTis  eleqtrosistemaSi, 

romelTanac garkveulwilad dakavSirebulia saqarTvelos 

eleqtromomarageba, ukanaskneli cvlileba ganicada 1997 wels, 

xolo 2000 wels saerTod gauqmda, riTac eletrosistemasa da 

momxmarebels Soris daikarga urTierTmoqmedebis samarTlebrivi 

safuZveli, romelic moiTxovs dauyonebliv aRdgenas, radgan 

reaqtiuli simZlavris koeficientis normebis daucveloba qmnis 

ara marto danakargebs eleqtrosistemaSi, aramed qselis 

gamtarunarianobis Semcirebis gamo auaresebs eleqtromomarage-

beli kompaniis muSaobis maCvenebels. Sesabamisad gaizarda 

qselSi danakargebi. Tu gasuli saukunis 80-ian wlebSi 

komunalur – sayofacxovrebo teqnikis aqtiur da reaqtiul 

simZlavreebze  moTxovnaTa  Tanafardoba Seadgenda 0,7/0,3; DdRei-

saTvis es Tanafardoba Seadgens 1/1. aseTi Tanafardobisas 

reaqtiuli simZlavriT gamowveuli danakargebis wili Seadgens 

30-50%. Ddanakargebis sidide damokidebulia datvirTvis xasiaTze, 

transformatoris safexurebis ricxvze da qselis sigrZeze. 

komerciuli danakargebi ganpirobebulia eleqtroenergiis 

datacebiT, mricxvelebis Cvenebisa da momxmareblebis mier 

daxarjuli eleqtroenergiis safasuris gadaxdis SeusabamobiT, 

gadaxdis dagvianebiT, gadauxdelobiTa da  aseve energiis 

moxmarebis kontrolis organizaciis sferos sxva mizezebiT. 

 

3.3.kompiuteruli datvirTvis gavlenis gamokvleva denisa da 

Zabvis mrudis formaze. 

Arogorc zemoT aRvniSneT, kompiuteruli datvirTva iwvevs 

denisa da Zabvis mrudebis damaxinJebas. ris gamoc eleqtronul 



 

78 

mowyobilobebSi AaRiZvreba damaxinjebuli formis mkvebavi Zabva, 

rasac Tavis mxriv mivyavarT gamarTuli Zabvis mniSvnelobis 

Semcirebamde, impulsuri kvebis wyaros elementebSi siTbos gamo-

yofis gazrdamde, mdgradobis Semcirebamde da Zabvis xanmokle 

vardnamde. 

Semavali Zabvis amplitudis 10 %-iT Semcireba iwvevs denis 

11 %-iTa da Tburi danakargebis 23 %-iT gazrdas. 

eleqtrul qselis Zabvaze kompiuteruli datvirTvis gavle-

nis dakvirvebisa da SeswavliT mizniT gadaRebuli iqna  stu-s VI 

saswavlo korpusis informatikisa da marTvis sistemebis 

fakultetis mkvebavi fiderisa da I saswavlo korpusSi ganTav-

sebuli kompiuteruli centris mkvebavi kabelis fazebSi gamavali 

datvirTvis denebis mrudebis oscilogramebi.  

sayovelTaod cnobilia, rom oTxsadenian samfaza wredebSi 

simetriuli datvirTvis SemTxvevaSi nulovan gamtarSi gamavali 

deni nulis tolia, Cvens SemTxvevaSi ki gansxvavebulia nuli-

sagan da 49 a-s tolia. am mizezis dasadgenad gadaRebul iqna fa-

zur da nulovan gamtarebSi gamavali denebisa da qselis Zabvis 

oscilogramebi, romlebic warmodgenilia Sesabamisad nax.3.1-ze. 

wrfivi datvirTvis SemTxvevaSi qselis Zabva sufTa sinu-

soiduri formisaa, Cven SemTxvevaSi ki, rogorc mocemuli mrude-

bidan Cans Zabvis mrudis forma gansxvavebulia sinusoidisagan, 

mas wakveTili aqvs wvero, xolo fazur gamtarSi gamavali denis 

forma ki saerTod damaxinjebulia. Adamaxinjebuli formis 

denebi Seicaven umaRlesi rigis harmonikebs, romelTa sixSireebi 

ramdenime aTeuli, aseuli da aTaseuli hercia. maRali sixSiris 

harmonikebi warmoadgenen eleqtromagnituri gamosxivebis wayros, 

romlebic qmnian adamianis janmrTelobisaTvis mavne eleqtro-

magnitur vels da arsebiTad cvlian garemos xarisxs. 

Mmedicinis mier dadgenilia, rom eleqtromagnituri gamos-

xivebis velSi xangrZlivi yofna iwvevs Tavis tkivils, daRli-

lobas, uZilobas. am simptomebis ukan dgas funqcionaluri darR-
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vevebi, centraluri nervuli da gulsisxlZarRvTa sistemis 

problemebi. 

rogorc cnobilia, wrfivi datvirTvis SemTxvevaSi, TviT 

mZlavri datvirTvebis drosac ki, deni nulovan gamtarSi ufro 

mcire iqneba, vidre maqsimaluri deni fazur gamtarebSi. magram 

rogorc oscilogramebidan Cans, sul sxva procesia arawrfivi 

datvirTvis SemTxvevaSi.Aam dros denma nulovan gamtarSi SeiZ-

leba gadaaWarbos fazur gamtarSi gamaval dens 1,5-jer metad. 

Aamis Sesaxeb naTlad metyveleben nax.3.1-ze warmodgenili osci-

logramebi, romlebic gadaRebulia fiderze, romelic kvebavs 

saqarTvelos teqnikuri universitetis informaciuli teqnolo-

giebis fakultetis eleqtroenergiiT mkvebav fiderze, sadac Car-

Tulia kompiuteruli teqnika, klimat-kontrolebi  da sxvadasxva 

arawrfivi datvirTvebi. 

 

           A fazis datvirTva                B fazis datvirTva 

     

         C fazis datvirTva                nulovani sadenis datvirTva 

nax.3.1. fazuri da nulovani sadenebis  datvirTvebi. 

 G  gazomvebisas denebis moqmedma mniSvnelobebma Seadgines: A – 

fazaSi 57,9 a; B fazaSi – 65 a; C fazaSi – 69,5 a; xolo nulovan 

gamtarSi 105,7 a. e.i. nulovan gamtarSi gamavalma denma bevrad 

gadaaWarba fazur sadenSi gamavali denis udides mniSvnelobas. 
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aRniSnul fiderze CarTuli eleqtronuli droselebis 

mqone dRis naTebis naTurebi ver uZleben Zabvis impulsebs da 

Zalian xSirad xdeba maTi afeTqeba da mwyobridan gamosvla, 

romelsac Tan axlavs xmauri. 

arasworad daproeqtebul samfaza qselebSi oTxsadeniani 

kabelebi SeiZleba gadaxurdnen aalebamde, riTac amtkiceben 

kompiuteruli mowyobilobebisaTvis gankuTvnil samfaza kabeleb-

Si neitraluri sadenis kveTis gazrdis saWiroebas. samis jeradi 

harmonikebi iwveven Zabvis vardnebs rogorc neitralur, aseve 

fazur sadenebSi da Zabvis formis damaxinjebas am qselSi 

CarTul  sxva datvirTvebze. 

    zemoT naCvenebis garda, samfaza qselis xazuri Zabvebi  samis 

jerad harmonikebs ar Seicavs, ris gamoc arasinusoiduri denis 

SemTxvevaSi xazur da fazur Zabvebs Soris damokidebuleba 

SeiZleba iyos  -ze naklebi. 

2. eleqtrul qselze kompiuteruli datvirTvis gavlenis 

gamokvlevis mizniT Seswavlili iqna msxvili kompiuteruli 

datvirTvis mqone dawesebulebis - saqarTvelos teqnikuri 

universitetis kompiuteruli centris datvirTvis gavlena qselis 

muSaobis reJimze [30]. 

aRniSnul centrSi, romelic ganlagebulia saqarTvelos teq-

nikuri universitetis I saswavlo korpusSi, ganlagebulia 160 

kompiuteri, kveba xorcieldeba 50mm2 kveTis samfaza kabeliT. 

imisaTvis, rom fazebSi datvirTva yofiliyo erTnairi anu simet-

riuli, gazomvisas CarTuli iqna 150 kompiuteri, TiToeul faza-

Si - 53 kompiuteri, ris gamoc fazur sadenSi gamavalma denebma 

Seadgines IA=IB=IC=23a; xolo nulovan sadenSi gamavalma denma 

Seadgina I0=49a. 

xazuri Zabvebis mniSvnelobebi iyo  UAB=UBC=UCA=378v. 

fazuri Zabvebis mniSvnelobebi iyo  UA=UB=UC=218v. 

rogorc gazomvis monacemebidan Cans, datvirTva iyo simet-

riuli. sayovelTaod cnobilia, rom samfaza oTxsadenian wredSi 



 

81 

simetriuli datvirTvis dros nulovan sadenSi gamavali deni 

nulis tolia,. Cven SemTxvevaSi ki I0= 49 a. 

am mizezis dasadgenad gadaRebuli iqna denebisa da Zabvebis 

oscilogramebi, romlebic warmodgenilia naxazebze #2,3,4;. 

Cveulebriv reJimebSi eleqtroenergiis wyaros Zabva da deni  

sufTa sinusoiduri formisaa (nax.3.2),  

 

Nnax.3.2. sinusoiduri formis Zabva da deni. 

Cven SemTxvevaSi ki, rogorc Zabvebis mrudebidan Cans Zabvis 

forma gansxvavebulia sinusoidisagan, mas wakveTili wvero aqvs 

(nax.2.3).  

gadaRebuli iqna denis oscilogramebi TiToeul fazaze da 

nulovan sadenSi, romlebic warmodgenilia nax.2.4 da nax.2.5 –ze. 

 

nax.3.3 arasinusoiduri Zabvis mrudis forma 

 

nax.3.4 fazur sadenSi gamavali denis mrudis forma 



 

82 

 

nax.3.5 nulovan sadenSi gamavali denis mrudis forma 

nax.3.3-ze warmodgenilia qselis Zabvis mrudi, saidanac Cans, 

rom kompiuteruli datvirTvis gamo Zabvis mrudis forma 

gasxvavdeba sinusoidisgan. 

nax3.4-ze warmodgenilia fazur sadenSi gamavali denis 

mrudi, romlis forma saerTod damaxinjebulia kompiuteruli 

datvirTvis gamo. 

nax.3.5-ze warmodgenilia nulovan sadenSi gamavali denis 

mrudi, romlis sidide aSkarad gansxvavdeba da metia fazaSi 

gamavali denis sidideze, rac gviCvena kidec gazomvebma. 

 

Nnax.3.6. denis harmoniuli mdgenelebis speqtri. 

damaxinjebuli formis Ddenebi Seicaven umaRlesi rigis 

harmonikebs (nax.3.6), romelTa sixSireebi ramdenime aTeuli, 

aseuli da aTaseuli hercia. maRali sixSiris harmonikebi 
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warmoadgenen eleqtromagnituri gamosxivebis wyaros, romlebic 

qmnian adamianis janmrTelobisaTvis mavne eleqtromagnitur vels 

da arsebiTad cvlian garemos xarisxs. Mmedicinis mier dadge-

nilia, rom eleqtromagnituri gamosxivebis velSi xangrZlivi 

yofna iwvevs Tavis tkivils, daRlilobas, uZilobas da tkivi-

lebs gulis areSi.Aam simptomebis ukan dgas funqcionaluri dar-

Rvevebi, centraluri nervuli da gulsisxlZarRvTa sistemis  

problemebi. 

Semdgomi samuSaos mizania ZiriTadad eqsperimentuli samu-

Saoebis Catareba, romelSic Zalian dagvexmareba amJamad teqnikur 

universiteSi damamTavrebel stadiaSi myofi eleqtroenergiis 

moxmarebisa da xarisxis monitoringis sistema. romelic daafiq-

sirebs da kompiuteris ekranze gamoitans eleqtroenergiis 11 

parametrsa da Zabvisa da denis Semadgenlobas 24 –e rigis 

harmonikis CaTvliT. Mmisi monacemebiT gansazRvruli iqneba ama 

Tu im saxis datvirTvis gavlena eleqtroener-giis xarisxze, 

moxdeba monacemebis Semdgomi damuSaveba da saWiroebis SemTx-

vevaSi miRebuli iqneba RonisZiebebi eleqtroenergiis xarisxis 

gasaumjobeseblad. 

 

3.4. momxmareblis struqturis dadgena da energiis moxmarebis 

kvleva 

sadisertacio samuSaos farglebSi Seswavlili iqna 

saqarTvelos teqnikuri universitetis momxmarebelTa struqtura. 

kvlevis Sedegad dadginda, rom saqarTvelos teqnikur univer-

sitets hyavs sami tipis momxmarebeli: sakuTari momxmarebeli, 

stu-s komerciuli qveabonentebi da ss `Telasi”-s abonentebi. 

sakuTari momxmareblebi moicavs saswavlo korpusebsa da 

kabinet- laboratoriebsa da sxva saTavsoebs. sakuTari momxma-

reblebis dadgmuli simZlavreebi mocemulia cxrilSi 3.1 
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   cxrili 3.1.stu-s sakuTari moxmarebis dadgmuli simZlavreebi. 

# korpusi audit. lab. kabin. deref. komp. kond. sxva jami 

1 I 61,44 68,49 26,21 56,74 288,3 66 1018 1585,18 

2 II 17,47 37,56 5,18 57,74 24,6 55,2 720 917,75 

3 III 10,68 42,6 9,65 7,06 29,4 14,4 640 753,79 

4 IV 11,32 16,46 4,32 11,38 25,8 9,6 270 348,88 

5 VI 51,36 41,37 27,6 39,62 177,6 48 293,28 678,83 

6 VII 6,62 5,9 1,15 3,46 9,0 6,0 75 107,13 

7 VIII 22,68 24,05 10,66 20,16 91,8 40,8 328 538,15 

8 IX 5,04 7,92 0,86 2,88 37,8 8,4 10,0 72,9 

9 X 14,83 11,66 1,87 20,32 15,6 12,0 274,0  350,28 

10 administ.  - 2,64 66,22 14,4 91,2 98,4 150 422,86 

 sul 201,44 258,65 153,72 233,76 791,1 358,8 3778,28 5775,75

rogorc zemoT aRvniSneT,stu-s satransformatoro parkis 

saerTo dadgmuli simZlavre Seadgens 7,7 kvt-s, xolo rogorc 

warmodgenili cxrilidan Cans, stu – s sakuTari  momxmareblis 

saerTo dadgmuli simZlavre Seadgens 5775,75 kvt-s. saerTo 

dadgmul simZlavreSi TiToeuli kategoriis momxmareblis 

dadgmuli simZlavris  wili Seadgens: 

1. auditoriebis -  3,5 %; 

2. laboratoriebis -4,5 %; 

3. kabinetebis – 2,7 %; 

4. derefnebis –4,0 %; 

5. kompiuterebi – 13,7 %; 

6. kondicioneri -6,2 %; 

7. sxva (Carxebi, sakvlevi danadgarebi) – 65,4 %. 

      sul                                    100 % 

2010 wels stu-s sakuTari momxmareblis mier moxmarebuli 

iqna 3. 469.280 kvt.sT eleqtroenergia, TanxiT 509025,6 lari. 

cxrilidan Cans rom Carxebisa da sxvadasxva MmZlavri 

danadgarebis simZlavre Seadgens 3778,28 kvt-s, magram ro-

gorcESemowmebiT dadginda, maTi dadgmuli simZlavris gamoye-

nebis saSualo  koeficienti 0,2-ia, anu muSaobaSia 755,6 dadgmuli 
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simZlavre, dReSi saSualod 4 saaTi. amitom am kategoriis 

momxmareblebis  mier wliurad  moxmarebuli eleqtroenergia 

tolia 755,6 kvt X 4 sT X 26 dRe X 11 Tve  = 864406 kvt.sT. 

sakuTari moxmarebis TiToeuli kategoriis momxmareblis 

mier saSualod  moxmarebuli eleqtroenergia tolia: 

1. auditoriebis – 201,44 kvt X 2 sT X 26 dR X 10 Tve =104749 kvt.sT; 

2. laboratoriebi -258,65 kvtX 6 sT X 26 dR X 10 Tve =403494 kvt.sT; 

3. kabinetebi – 153,72 kvt X 8sT X 26dR X 11 Tve = 350064 kvt.sT; 

4. derefnebi – 233,76 kvt X 8 sT X 26 dR X 10 Tve = 486221 kvt.sT; 

5. kompiuterebi 791 kvt X 6 sT X 26 dR X 8 Tve = 987168 kvt.sT; 

6. kondicionerebi 358,8 kvt  X 8 sT X 26 dR X 4 Tve = 298522 kvt.sT; 

7. sxva danadgarebi 755,6 kvt X 4 sT X 26 dR X 11 Tve =864406 

kvt.sT; 

sul sakuTari momxmareblebi                   3 494 614 kvt.sT. 

gaangariSebiT miRebuli moxmarebuli energiis raodenoba 

daaxloebiT tolia realurad moxmarebuli eleqtroenergiisa (3 

494 614 kvt.sT   kvt.sT). 

wliurad saerTo moxmarebul eleqtroenergiaSi stu-s 

sakuTari moxmarebis TiToeuli kategoriis mier moxmarebuli 

eleqtroenergia Seadgens: 

1.  auditoriebis – 3%; 

2. laboratoriebis – 11,5 %; 

3. kabinetebis –10 %; 

4. derefnebi - 14 %; 

5. kompiuterebi – 28,2%; 

6. kondicionerebi – 8,5 %; 

7. sxva danadgarebi –24,8 %. 

      sul                      100 % 

rogorc aqedan Cans, saerTo moxmarebul eleqtroenergiaSi 

sakmaod didia kompiuterebis datvirTvisa da  da derefnebis 

ganaTebis wili. derefnebSi ZiriTadad dayenebulia luminescen-

ciuri sanaTebi, romelTa simZlavris koeficienti sakmaod 

dabalia. mxolod derefnebis ganaTebis moTxovnili simZlavris 
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50%-iT Semcireba ekonomiur naTurebze gadasvlis xarjze 

mogvcems mniSvnelovan ekonomiur efeqts. 

grantis farglebSi calke iqna Seswavlili komerciuli 

momxmareblebis mier eleqtroenergiis moxmareba. qvemoT cxrili 

3.2-Si warmodgenilia stu-s komerciuli qveabonentebis sia 

korpusebis mixedviT. 

cxrili 3.2. stu-s komerciuli qveabonentebis mier moxmarebuli  

             energia 2010 wels 

# obieqtis dasaxeleba mricxvelis 

# 

daxarjuli 

energia,kvt.sT 

Tanxa, 

lari 

I korpusi 

1 Sps „amirani XXI 28885255 29177 4344,45 

2 mrewv.ganviTareba 

kavkasiaSi 

28886162 17763 2644,95 

3 i.m. „beJaniSvili“ 296593 1497 222,9 

4. struqturuli 

kvlevis centri 

2131421 14284 2126,9 

5 i.m `n.gogolaZe‘‘ simZlavriT 

180 

2160 321,65 

5 S.p.s `devdarianis 

skola“ 

simZlavriT 

1956 

12672 1886,85 

6 S.p.s. „tonusi“ M 128 196800 29303,55 

7 S.p.S `makoto“ 40436 866 128,95 

8 sakancelario maRazia 233456 347 51,7 

9 i.m. „zaaliSvili“ 625341 4149 617,8 

10 S.p.s. „ libero turi“ 121739 6448 960,1 

II-VII – X  korpusebi 

11 S.p.s. „falavani“ 394822 15099 2248,25 

12 savaWro jixuri me-10 

korp. 

simZlavriT 

175 

2100 312,7 

13 S.p.s. „maWaxela 

jgufi“ 

71464706 989 147,25 
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14 Qqseroqsi II k.I 

sarTuli 

0656335 140 20,85 

15 kublaSvilida 

advokatebi 

071298040 1651 245,85 

16 i.m. z. romaniSvili simZlavriT 

175 

2100 312,7 

III-IV korpusebi 

17 Kkafe „vila Zara“ 293647 117180 17448,1 

18 S.p.s. 

`jeoprogresgrupi“ 

36811498 6750 1005,0 

19 S.p.s. `minitelsi“ 0854 850 126,55 

20 S.p.s.`orbi‘ 00385 385 57,35 

V- VIII korpusebi 

21 S.ps. „mobiteli“ simZlavriT 

1186 

14232 2119,15 

22 S.p.s. „mikrolabi“ simZlavriT 
280 

3360 500,3 

23 S.p.s. „magTikomi“ 9183802 30847 4593,1 

24 S.p.s. „jeoseli“ 1017746 38609 5748,9 

26 Mmeriis sacigurao 866140 115920 17260,5 

27 saqarTvelos 

universiteti 

085991 62640 9327,1 

28 qarTul-evropuli 

uni 

54119006 17443 2597,25 

29 S.p.s. 

„transfiberservisi“ 

simZlavriT 

168 

2016 300,2 

VI korpusi 

30 S.p.s. „jeoseli“ 004038 89137 13272,5 

31 S.p.s. „global erTi“ 0923415 1962 292,15 

32 S.p.s. `teqnikosi“ 28754419 8396 1250,15 

33 kavkasiis un-ti  77400 11524,85 

34 S.p.s.„rompetroli- 

saqarTvelo“ 

29672312 81780 12177,0 



 

88 

35 sabiliardo 

„universi“ 

31066671 15810 2354,1 

36 Spp.s. 

gamakreditjgufi 

453467 1296 193,0 

37 avtoskola simZlavriT 

105 

1260 180,15 

38 qseroqsi  699860 2458 366,0 

39 Ggadamzadebis centri 30351504 12013 1788,75 

40 kafe`i.m.d.samuSia“ VI 

sarT. 

simZlavriT 

112 

1344 200,15 

41 kafe IV sarT. 020045 5266 784,1 

42 kafe I sarT. 28885315 3445 512,95 

administraciuli korpusi 

43 S.p.s. „ori wuTi“ 539893 19109 2845,35 

44 intern.devel.kompani 0183446 44400 6611,15 

45 saof. mSenebloba 

„krona“ 

0429464 17250 2568,55 

46 S.p.s. „bombora“ 248005 1194 117,8 

47 S.p.s. „planeta 

forte“ 

simZlavriT 

85 

1020 151,88 

sul 1 214.830 183 133,4 

komerciuli obieqtebis saerTo dadgmuli simZlavre Seadgens 452 

kvt-s. 

rogorc zemoT aRvniSneT, saqarTvelos teqnikuri univer-

sitetis eleqtroenergiis momxmarebelTa erTerT kategorias 

warmoadgens `Telasis~ abonentebi, romelTa mier warmodgenili 

dokumentebis safuZvelze 2010 wels moxmarebuli iqna 1 435 514 

kvtsT eleqtroenergia TanxiT 213 748, 27 lari.`Telasis 

abonentebi ZiriTadad mierTebulia I da II korpusebis satran-

sformatoro jixurebze, saidanac eleqtroenergias iReben aseve 

stu-s I-II-VII _X korpusebi. eleqtromomarageba xorcieldeba 

saburTalo-I qvesadguridan.MaRniSnul jixurebze saangariswo-

rebo mricxvelebi dayenebulia dabali Zabvis mxares. radganac 
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stu warmoadgens maRali Zabvis momxmarebels, amitom pirvel 

rigSi `Telasis~ abonentebis mier moxmarebuli eleqtroenergia 

akldeba jamur moxmarebul eleqtroenergias, darCenil sxvaobas 

emateba misi 3%, riTac gaTvaliswinebulia danakargebi tran-

sformatorsa da gadacemis xazebSi da miRebuli Sedegi mravl-

deba maRali Zabvis tarifze (0,1489 lari/kvt.sT). nacvlad dabali 

Zabvis tarifisa  (16 TeTri/kvt.sT). 

ss `Telasis” abonentebis jamuri dadgmuli simZlavre 

Seadgens 356 kvt-s. 

danakargebis gansazRvrisaTvis gamoyenebuli iqna saqarTve-

los teqnikur universitetSi damontaJebuli eleqtroenergiis 

moxmarebis monitoringis sistema `SCADA”. 
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Tavi IV. saqarTvelos teqnikuri universitetis 

eleqtroenergiis moxmarebis monitoringis sistema `SCADA’. 

4.1. zogadi cnobebi 

dReisaTvis eleqtroenergiis msxvil momxmareblebSi aRricx-

vis problemis gadawyveta dakavSirebulia eleqtroenergiis 

moxmarebis kontrolisa da aRricxvis avtomatizirebuli siste-

mis SeqmnasTan, romelsac minimumamde dahyavs adamianis Careva 

gazomvis sistemebSi. am sistemis Seqmnis mizania minimaluri 

sawyisi fuladi danaxarjebiT eleqtroenergiisa da aqedan 

gamomdinare finansebis mudmivi ekonomia. 

 

nax.4.1. monitoringis sistemis ZiriTadi ekrani 

msoflio gamocdileba aCvenebs, rom energomoxmarebis moni-

toringis kompiuteruli sistemis gamoyenebiT miiRweva saSualod 

eleqtroenergiis wliuri moxmarebis 15-30%-is ekonomia, xolo mis 

Seqmnaze daxarjuli Tanxa anazRaurdeba 2-3 kvartlis 

ganmavlobaSi 
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am mizniT saqarTvelos teqnikur universitetSi Seiqmna da 

damontaJebul iqna eleqtromomaragebis monitoringis  Tanamed-

rove kompiuteruli  SCADAA-s sistema, romelic avtomatur da 

uwyvet reJimSi akontrolebs ara mxolod daxarjuli eleqtro-

energiis raodenobas, aramed akontrolebs, kompiuteris ekranze 

gamoaqvs da monacemTa bazaSi agrovebs  eleqtroenergiis kidev 

TerTmeti parametris: xazuri da fazuri Zabvebis, denebis, 

aqtiuri, reaqtiuli da sruli simZlavreebis, sixSiris, simZlav-

ris koeficientis, Zabvisa da denis harmonikebisa da arawrfivi 

damaxinjebis koeficientis mniSvnelobebs. rogorc dabali ise 

maRali Zabvis mxares, ris safuZvelzec ganisazRvreba danakar-

gebis sidideebi. aRniSnuli monitoringis sistema gamoiyeneba ara 

marto stu-s eleqtromomaragebis monitoringisaTvis, aramed in-

formatikis, energetikisa da telekomunikaciis fakultetebis 

studentebis, magistrantebis, doqtorantebisa da profesor – mas-

wavleblebis mier saswavlo da samecniero -kvleviTi samuSaoebis 

Sesrulebisas. 

nax.4.1.-ze warmodgenilia monitoringis sistemis monitorze 

gamosaxuli ZiriTadi ekrani saidanac xdeba dakvirveba calkeul 

fiderebze. 

4.2. Sida qselebis kvleva 

 Sida qselebSi eqsperimentuli kvlevebisaTvis avirCieT sami 

tipis momxmarebeli: erTi saswavlo korpusi – VIII saswavlo 

korpusis Zaluri transformatoris gamosasvleli; meore – 

sakuTari dabali Zabvis momxmarebeli – administraciuli korpu-

si; didi simZlavris komerciuli momxmarebeli – Telasis abonen-

ti, kvebis obieqti TaRlaura. monacemebi aRebulia zafxulisa 

(ivlisis Tve) da gviani Semodgomis (noembris Tve) periodebi, 

samuSao (xuTSabaTi) da arasamuSao (kvira) dReebSi. 

yvela momxmareblisaTvis saerTo parametrs warmoadgens 

sixSire., radgan yvela momxmareblis eleqtromomarageba xdeba 

erTi da igive (sanapiros) qvesadguridan, amitom parametrebis 

ganxilva daviwyeT sixSiriT. 
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nax.4.2. stu-s VIII saswavlo korpusis elmomaragebis qselis 

sixSiris saaTuri cvlilebis grafiki 

nax.4.2-ze warmodgenilia VIII saswavlo korpusis Zaluri trans-

formatoridan gamomavali qselis sixSiris saaTuri cvlilebis 

grafiki, xolo nax.4.3 -ze naCvenebia sixSiris saSualo mniSvne-

lobebi DdRisa da Tvis ganmavlobaSi. rogorc am naxazidan Cans, 

mocemul periodebSi qselis sixSire dasaSveb farglebSia. 

danarCeni momxmareblebis sixSirec am periodSi analogiuria. 

 

nax.4.3. stu-s VIII saswavlo korpusis elmomaragebis qselis 

sixSiris dReRamuri  cvlilebis grafiki 
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eleqtroenergiis ekonomiurad moxmarebis TvalsazrisiT 

Zalzed mniSvnelovania iseTi parametris mniSvneloba, rogoricaa 

simZlavris koeficienti (Cos �).am parametris mniSvneloba 

normalur pirobebSi unda iyos 0,95-ze zeviT. nax.4.4-ze warmod-

genilia `TaRlauras” mier gamoyenebuli danadgarebis simZlavris 

koeficientis cvlilebis grafiki. aRniSnuli obieqti CarTuli 

gamaxurebeli danadgarebis (romelTa Cos � =1) TandaTanobiT 

gamorTvas iwyebs Ramis 11-12 saaTidan, rac kargad Cans grafi-

kidan. am dros CarTuli rCeba mxolod macivrebi da ganaTeba, 

romelTa simZlavris koeficienti 0,8-0,85-ia. dilis rva saaTidan 

irTveba gamaxurebeli danadgarebi da am obieqtis jamuri 

simZlavris koeficientic uaxlovdeba 1-s. 

 nax. 4.5-ze warmodgenilia `TaRlauras~ simZlavris saSualo 

koeficientis mniSvnelobebi DerTi Tvis ganmavlobaSi dReebis 

mixedviT. rogorc am grafikidan Cans, simZlavris koeficientis 

mniSvneloba ar ecema 0,9-s qvemoT, rac sakmaod dadebiT 

mniSvnelobad miiCneva. 

 aqedan gamomdinare obieqti `TaRlaura”-s reaqtiuli simZlavris 

kompensacia aucileblobas ar warmoadgens. 

 

nax.4.4. obieqt `TaRlauras” mier gamoyenebuli danadgarebis 

simZlavris koeficientis saaTuri cvlilebis grafiki. 
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nax.4.5 obieqt `TaRlauras~ simZlavris saSualo koeficientis 

mniSvnelobebi DerTi Tvis ganmavlobaSi dReebis mixedviT. 

 

nax.4.6-ze warmodgenilia administraciuli korpusis mier 

moxmarebuli eleqtroenergiis saSualo DdRiuri simZlavris 

koeficienti erTi Tvis ganmavlobaSi. rogorc am grafikidan Cans, 

administraciuli korpusis simZlavris koeficienti dabalia. es 

ganpirobebulia imiT, rom administraciul korpusi datvirTulia 

kompiuteruli teqnikiTa da klimat-kontrolebiT, romelTa 

simZlavris koeficienti 0,85-ze dabalia. simZlavris koeficientis 

minimaluri mniSvnelobebi aris dasvenebis DDdReebSi, romlis 

drosac zogierT adgilebSi CarTulia mxolod ganaTeba. 

sanaTebis simZlavris koeficinti ki 0,7- 0,75-ia. 
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nax.4.6 administraciuli korpusis mier moxmarebuli 

eleqtroenergiis saSualo DdRiuri simZlavris koeficienti erTi 

Tvis ganmavlobaSi. 

nax.4.7-ze warmodgenilia VIII saswavlo korpusis jamuri 

simZlavris koeficienti, romelic sakmaod maRalia. radgan masze 

CarTulia maRali simZlavris koeficientis mqone obieqti – 

TaRlaura. aseve VIII saswavlo korpusSi gvaqvs kompiuteruli 

datvirTva tevaduri xasiaTis reaqtiuli energiiTa da stambisa 

da   liftebis Zravebi, lumenescenciuri ganaTebis droselebi, 

aseve eleqtroteqnikuri laboratoriebis Zravebi induqciuri 

xasiaTis reaqtiuli energiiT. tevaduri da induqciuri xasiaTis 

reaqtiuli energiebi erTmaneTs akompensireben, ris gamoc miiReba 

maRali simZlavris koeficienti.  
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nax.4.7. stu-s  VIII saswavlo korpusis jamuri simZlavris 

koeficientis dReebis mixedviT cvlilebis grafiki 

 

nax.4.8.stu-s administraciuli korpusis aqtiur, reaqtiul da 

srul simZlavreTa dReRamuri cvlilebis grafiki. 

rac Seexeba simZlavreebs: administraciul korpusSiAaqtiuri da 

reaqtiuli simZlavreebis mniSvnelobebi erTmaneTisagan sididiT 

didad ar gansxvavdebian (nax.4.8), rac ganapirobebs simZlavris 

dabal koeficients, xolo TaRlauraSi reaqtiuli simZlavris 

mniSvneloba gacilebiT naklebia, rac ganapirobebs maRal 

simZlavris koeficients (nax.4.9). 
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nax.4.9.obieqt `TaRlauras’ aqtiur, reaqtiul da srul 

simZlavreTa dReRamuri cvlilebis grafiki 

 

nax.4.10. stu-s administraciuli korpusis  aqtiur, reaqtiul da 

srul simZlavreTa saaTuri  cvlilebis grafiki 

nax.4.10-ze warmodgenilia administraciul korpusSi moTx-

ovnili simZlavris dinamika samuSao saaTebis mixedviT. rogorc 

cnobilia administraciul korpusSi muSaoba iwyeba dilis 9 sa-
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aTi da 30 wuTidan da mTavrdeba 17 saaTze, rac kargad Cans moT-

xovnili simZlavris dinamikidan. samuSao saaTebSi administra-

ciuli korpusis moTxovnili simZlavre Seadgens 160 kvt-ze mets. 

bolos CvenTvis yvelaze ufro sainteresoa monitoringis sistema, 

rogorc moxmarebuli eleqtroenergiis aRricxvis kontrolis 

saSualeba. 

 nax.4.11-dan Cans, rom `TaRlauras~ mier ivlisis Tvis 

dasawyisisaTvis monitoringis sistemis aRricxvis dawyebidan 

daxarjuli iyo 87 000 kvt.sT eleqtroenergia, xolo erTi Tvis 

bolos dafiqsirda 120 000 kvt.sT. anu erTi Tvis ganmavlobaSi 

mis mier moxmarebuli iqna 33000 kvt.sT eleqtroenergia. rogorc 

zemoT aRvniSneT `TaRlaura~ warmoadgens Telasis abonents, 

romlis mier moxmarebuli eleqtroenergia akldeba teqnikur 

universitets. ivlisis Tvis warmodgenili dokumentiT teqnikur 

universitets `Telasma~ Camoaklo 33300 kvt.sT eleqtroenergia. 

gansxvaveba 300 kvt.sT dakavSirbulia monacemebis aRebis droSi 

sxvaobis gamo. 

 

nax.4.11. obieqt `TaRlauras’ aqtiuri da reaqtiuli simZlavreebis 

moxmarebis Tviuri grafiki. 

 aqedan gamomdinare monitoringis sistemis aRricxvis 

kvanZebi maRali sizustiT muSaoben. CvenTvis metad sainteresoa 

VI da IX korpusebis datvirTvis xasiaTi da misgan gamomdinare 

Sedegebi. radgan am korpusebis ZiriTad datvirTvas warmoadgens 
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kompiuteruli teqnika, romlis datvirTvas aqvs tevaduri xasiaTi 

da rogorc praqtika adasturebs es datvirTva auaresebs 

eleqtroenergiis xarisxs. 

nax.4.12-ze warmodgenilia IX saswavlo korpusis simZlavris 

koeficientis  cvlilebis grafiki.  

 

nax.4.12 stu-s IX saswavlo korpusis simZlavris koeficientis  

cvlilebis grafiki 

warmodgenili grafikidan  Cans, rom am korpusis simZlavris 

koeficienti icvleba 0,51-0,62 farglebSi, rac Zalzed dabali 

maCvenebelia. saqme imaSia, rom am korpusis ZiriTad datvirTvas 

warmoadgens informatikis fakultetis kompiuteruli klasi 

romlis datvirTva tevaduri xasiaTisaa da mcire jamuri 

simZlavris luminescenciuri ganaTebebi, romlis datvirTvis 

xasiaTi induqciuria. maTi reaqtiuli simZlavrebis kompensaciis 

Semdeg darCa sakmaod didi sididis datvirTvis tevaduri 

xasiaTi, rac kargad Cans cxrili 4.1-is monacemebis reaqtiuli 

simZlavris (Q) svetidan misi uaryofiTi niSniT.  
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cxrili 4.1. stu-s IX saswavlo korpusis simZlavreebisa da 

simZlavris koeficientis cvlilebis monacemebi. 

TariRi P, 
kvt 

Q, 
kvar 

S, 
kva 

cos� 

01/11/11 10.35783 -11.8892 19.88403 0.565848 

02/11/11 9.802774 -12.1141 19.32157 0.561625 

03/11/11 9.353529 -12.5884 18.65565 0.55644 

04/11/11 9.144905 -12.1592 18.70311 0.564413 

05/11/11 7.455994 -10.5683 15.19089 0.584866 

06/11/11 6.628907 -8.63006 12.97984 0.509 

07/11/11 10.76926 -12.7875 21.31266 0.559293 

08/11/11 11.11996 -14.5042 22.48862 0.552814 

09/11/11 12.15819 -13.8323 22.69355 0.579305 

10/11/11 11.38564 -14.7488 23.07613 0.543751 

11/11/11 12.30817 -14.6506 24.16824 0.569413 

12/11/11 8.982347 -12.9111 18.75594 0.547698 

13/11/11 7.257542 -13.0019 16.6802 0.569799 

14/11/11 13.60461 -15.7875 27.45877 0.537914 

15/11/11 12.87981 -16.5161 26.53855 0.536682 

16/11/11 13.59146 -18.614 28.72987 0.529509 

17/11/11 15.36569 -18.9049 30.77202 0.556048 

18/11/11 9.361618 -12.4627 18.27375 0.559803 

21/11/11 14.41849 -20.3598 31.90354 0.532854 

22/11/11 13.00786 -16.2305 27.19524 0.526319 

23/11/11 11.44291 -14.6108 21.22908 0.616668 

24/11/11 13.7381 -17.3246 28.20373 0.535864 

25/11/11 13.04123 -17.5518 27.55941 0.531551 

26/11/11 12.39406 -16.7632 25.66263 0.526522 

27/11/11 10.56181 -13.987 20.59674 0.578624 

28/11/11 13.77395 -18.0905 30.025 0.519858 

29/11/11 11.46468 -16.4907 24.65681 0.52189 

amasTanave unda aRiniSnos rom dabalia  VI korpusis I A-B 

blokis simZlavris koeficientis mniSvnelobebic, romelic 
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warmodgenilia nax.4.13-ze. am SemTxvevaSi simZlavris koeficienti 

icvleba 0,68-0,78—is farglebSi. cxrili 4.2-Si mocemulia VI 

korpusis I A-B blokis eleqtroenergiis parametrebis cvlile-

bebi. cxrili 4.1 da cxrili 4.2 –is monacemebidan SeiZleba 

gamovyoT damaxinjebis simZlavreebi. 

 

nax.4.13 stu-s VI korpusis I A-B blokis simZlavris koeficientis 

dReRamuri cvlilebis grafiki. 

 

4.3. kompiuteruli teqnikis gavlenis gamokvleva 

VI korpusis I A da B blokebis mkvebavi fideriT 

eleqtroenergias iRebs rogorc tevaduri xasiaTis reaqtiuli 

datvirTvis mqone kompiuteruli mowyobilobebi aseve didi 

raodenobis  induqciuri xasiaTis reaqtiuli simZlavris mqone 

luminescenciuri ganaTebebi da liftebisa da benzingasamarTi 

sadguris  eleqtroZravebi. rogorc cxrili 4.2-dan Cans, 

reaqtiuli simZlavris xasiaTi cvalebadia. 

cxrili 4.2. stu-s VI korpusis I A-B blokis simZlavreebisa da 

simZlavris koeficientis  cvlilebis monacemebi.  

TariRi P,kvt Q ,kvar S,kva cos� 

01/11/11 30.43211 2.993355 42.94205 0.71306 

02/11/11 27.45639 1.000519 40.01787 0.704864 
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03/11/11 27.21107 0.134941 38.75309 0.703993 

04/11/11 28.9558 1.266921 41.51695 0.709023 

05/11/11 25.6644 0.537473 35.43726 0.718434 

06/11/11 16.7375 -1.51512 21.30699 0.757426 

07/11/11 35.4633 2.530544 50.75389 0.713845 

08/11/11 35.91815 1.536088 50.367 0.715742 

09/11/11 37.06407 0.075726 51.61204 0.715684 

10/11/11 35.25131 1.733133 49.3452 0.710551 

11/11/11 35.5542 1.094765 49.96261 0.710897 

12/11/11 28.59388 -2.19468 39.14059 0.722445 

13/11/11 19.46035 -1.61753 24.15795 0.768348 

14/11/11 38.24366 0.48003 53.35181 0.718546 

15/11/11 33.23365 0.593683 48.02574 0.694786 

16/11/11 36.95287 1.01373 54.13845 0.684359 

17/11/11 39.41456 1.070708 55.56178 0.693541 

18/11/11 23.38832 -1.49889 30.68628 0.752514 

21/11/11 35.74244 3.096582 52.09149 0.689273 

22/11/11 29.42199 2.699941 42.60879 0.710777 

23/11/11 14.15394 0.066823 17.96183 0.785441 

24/11/11 28.25986 4.189 40.4961 0.711886 

25/11/11 29.63691 3.136023 43.08619 0.693537 

26/11/11 24.67369 1.106866 33.83128 0.730848 

27/11/11 13.93873 0.702738 18.24004 0.771249 

28/11/11 31.12277 4.8627 46.16076 0.711594 

29/11/11 23.32433 2.144947 33.33028 0.733564 

 

kompiuteruli teqnikiT 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 [31]: 
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                                (4.1) 

cxrili 4.2-idan 2011 wlis 1 noembris  monacemebis mixedviT 

miRebulia Semdegi monacemebi: 

yvela harmonikis aqtiuri simZlavre  P = 30,43 kvt; 

 yvela harmonikis reaqtiuli simZlavre  Q = 2,99 kvar; 

damaxinjebis simZlavris gareSe sruli simZlavre toli iqneba: 

   =  = 30,58 kva              (4,2) 

damaxinjebis simZlavris gaTvaliswinebiT cxrili 4.2-is 

monacemebis mixedviT sruli simZlavre tolia: 

S1 =  42,94 kva.            (4.3) 

(4.1), (4.2), (4.3) tolobebis urTierTSedarebidan gvaqvs, rom 

damaxinjebis simZlavre tolia: 

   =  = 30,14 kva. 

miRebuli Sedegebidan Cans, rom damaxinjebis simZlavre 

Seadgens datvirTvis sruli simZlavris udides nawils, riTac 

damatebiT tvirTavs eleqtrul qsels ise, rom ar asrulebs 

sasargeblo muSaobas.\ 

30,58 kva sruli simZlavris dros 380 v Zabvis SemTxvevaSi  

qselSi gamavali denis saSualo mniSvneloba toli iqneba: 

 IsaS. = 30580 / 1,73 . 380 = 46,5 a, 

xolo 42,94 kva sruli simZlavris dros: 

 IsaS.= 42940/1,73 . 380 = 65,32a. 

anu denebs Soris sxvaobam Seadgina 65,32 – 46,5  = 18,8 a. TiToeul 

fazaSi gamavali deni tolia 18,8 : 3 = 6,27 a. danakargebi 

eleqtrul qselebSi ki denis kvadratis proporciulia.  

aqedan gamomdinare vaskvniT, rom kompiuterul datvirTvas 

Tavisi mravalricxovani eleqtronuli elementebiT Seaqvs arasi-

nusoiduri denebisaTvis damaxasiaTebeli damaxinjebani eleqt-

rul qselebSi, rac Tavis mxriv zrdis eleqtroenergiis 

damatebiT danakargebs.  

arasinusoidur reJimebSi eleqtroenergiisa da simZlavris  

damatebiTi danakargebis SefasebisaTvis kvlevis obieqtebs 
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warmoadgenen eleqtruli wredis calkeuli elementebi. denisa 

da Zabvis sinusoiduri mrudebis damaxinjebis wyaroebi 

moiZebnebian sakvlev qselebSi eleqtroenergiis xarisxis gazovis 

Sedegebis mixedviT. 

aseTi gazomvebis Sedegebi warmodgindeba cxrilur an grafikul 

saxeSi, romlebic saSualebas iZlevian SevafasoT eleqtroenergi-

is xarisxis cvlilebis kanonzomirebani, gamovavlinoT sistemis 

fragmentebi, romlebSic sinusoidurobis damaxinjeba mniSvne-

lovania da maSasadame, damatebiTi danakargebi arsebiTi iqneba. 

cxrili 4.3 -Si warmodgenilia VI korpusis  II A-B blokis 

mkvebavi fideris parametrebis monacemebi. am fideriT kvebas 

iRebs  kompiuterebis klasebi da induqciuri xasiaTis mcire 

jamuri reaqtiuli simZlavris mqone luminescenciuri ganaTeba.  

reaqtiuli simZlavreebis gakompensirebis Semdeg darCa mxolod 

tevaduri tvirTi, magram Semcirda damaxinjebis simZlavre. 

magaliTad, 2011 wlis 15 noembris monacemebiT aqtiuri 

simZlavre tolia 52,407 kvt, reaqtiuli- 14,015 kvar, xolo sruli 

54,900 kva. 

sinusoiduri denis SemTxvevaSi sruli simZlavris 

gasaangariSebeli formulis  Tanaxmad, 

S  =  =   = 54,248 kva,  

xolo damaxinjebis simZlavre tolia: 

T =    =    = 8,43 kva 

e.i. roca qselSi aris mxolod  tevaduri, xasiaTis  datvirTva, 

maSin mcirdeba damaxinjebis simZlavre da simZlavris 

koeficientis sidide damokidebulia mxolod reaqtiuli 

simZlavreze. 

cxrili 4.3. stu-s VI korpusis  II A-B blokis simZlavreebisa da 

simZlavris koeficientis cvlilebis monacemebi 

TariRi P,kvt Q,kvar S,kva cos� 

01/11/11 38.63855 -14.1225 41.92595 0.936201 

02/11/11 38.3999 -14.5303 41.79457 0.933137 
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03/11/11 37.68996 -14.4988 41.11367 0.93129 

04/11/11 39.15637 -14.9121 42.53933 0.933821 

05/11/11 27.85709 -11.6112 30.67428 0.92367 

06/11/11 11.0217 -6.36491 12.82487 0.894868 

07/11/11 50.56218 -19.1685 54.61139 0.935315 

08/11/11 49.20145 -19.5075 53.41231 0.93035 

09/11/11 51.57706 -20.1679 55.87192 0.934082 

10/11/11 52.41603 -20.6896 56.81878 0.932855 

11/11/11 56.68221 -18.4976 60.14867 0.952475 

12/11/11 40.94282 -11.6978 43.26572 0.94875 

13/11/11 16.60156 -6.86865 18.35123 0.969869 

14/11/11 62.55505 -17.278 65.53271 0.958859 

15/11/11 52.40783 -14.0151 54.90046 0.957346 

16/11/11 54.84787 -14.1804 57.32849 0.958928 

17/11/11 52.80586 -15.1745 55.26801 0.960527 

18/11/11 33.05451 -4.91077 33.93153 0.977143 

21/11/11 60.77804 -16.8025 63.76441 0.953576 

22/11/11 50.17652 -11.558 52.04079 0.966472 

23/11/11 24.42563 -3.60677 25.03886 0.979515 

24/11/11 48.7026 -10.8296 50.57672 0.967564 

25/11/11 46.53638 -10.9153 48.36698 0.962433 

26/11/11 39.23077 -7.56107 40.57035 0.965728 

27/11/11 22.95222 -4.36438 23.69842 0.971829 

28/11/11 51.48793 -12.0708 53.47025 0.965014 

Cvens winaSe daisva sakiTxi. rogor damokidebulebaSia erT-

maneTTan qselSi gamavali deni da damaxinjebis simZlavre?. 

am mizniT monitoringis sistemis saarqivo masalebidan moT-

xovnili aqtiuri simZlavris sididis zrdis mixedviT movaxdineT 

damaxinjebis simZlavris gaangariSeba rogorc dadebiTi, ise 

uaryofiTi reaqtiuli simZlavris SemTxvevaSi. gaangariSebis 

Sedegebi moyvanilia cxrili 4.4.-Si.  
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cxrili 4.4. stu-s VI saswavlo korpusis I  A da B blokebis  

              samuSao dRis datvirTva  

# UsaS.
v 

IsaS. 
a 

P, 
vt 

Q, 
var 

Sarasin, 
va  

Ssin, 
va 

T, 
va 

Cosφ, 
arasin 
Scada 

Cosφ,sin. 
gaangar. 

1 2 3 4 5 6 7 8 9 10 
dadebiTi reaqtiuli simZlavris SemTxvevaSi 

1 371 155 60000 16600 99870 62254 78090 0,60 0,963 
2 371 136,6 55000 14380 87830 56849 66950 0,63 0,967 
3 373 121 50000 3000 79100 50090 61200 0,63 0,99 
4 369 111,8 45000 12300 71480 46651 54160 0,64 0,964 
5 370 96,6 40000 4220 62070 40222 47300 0,65 0,994 
6 377 79,8 35000 8730 52100 36072 37600 0,65 0,97 
7 370 66 30000 4960 43200 30407 30700 0,64 0,987 
8 372 54,3 25000 6000 34920 25710 23600 0,65 0,97 
9 375 41,7 20000 1500 26950 20056 18000 0,72 0,997 
10 370 30,6 15000 1110 19590 15041 12500 0,67 0,997 
saS. 372 89,3 37500 72800 57740 38335,2 43010 0,65 0,977 

uaryofiTi reaqtiuli simZlavris SemTxvevaSi 
1 372 111,3 45000 -460 71980 45002 56000 0,62 0,99 
2 371 96,0 40400 -300 62110 40401 47000 0,64 0,99 
3 368 80,7 35400 -466 51670 35403 37600 0,67 0.99 
4 370 67,2 32200 -2464 43000 32294 30500 0,69 0,99 
5 373 56,1 25200 -6076 35460 25922 25600 0,688 0,97 
6 373 45,1 20380 -5820 29600 21195 20600 0,71 0,96 
7 379 31,4 15100 -1760 20690 15202 14000 0,74 0,99 
sul 372 69,7 30526 -2478 44930 30774 33043 0,68 0,983 
am cxrilis  mixedviT nax.4.14-ze  agebulia aqtiuri, reaqtiuli, 

sruli da damaxinjebis simZlavris denis saSualo mniSvnelobaze  

damokidebuleba dadebiTi reaqtiuli simZlavris SemTxvevaSi, 

Sesabamisad: P = f(IsaS); Q = f(IsaS); Saras. = f(IsaS):  T = f(IsaS)., xolo 

nax.4.15-ze igive damokidebulebani uaryofiTi reaqtiuli 

simZlavris SemTxvevaSi. 
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nax.4.14. stu-s VI saswavlo korpusis I  A da B blokebis 

simZlavreTa grafikebi dadebiTi reaqtiuli  simZlavris 

SemTxvevaSi. 

rogorc nax.4.14 da nax.4.15-dan Cans, rogorc dadebiTi, aseve 

uaryofiTi reaqtiuli simZlavris SeTxvevaSi denis saSualo 

mniSvnelobis gazrdiT yvela saxis simZlavre, garda reaqtiuli-

sa, izrdeba. reaqtiuli simZlavre xan zrdadia da xan klebadi, 

magram misi mniSvneloba sxva simZlavreebTan SedarebiT imdenad 

mcirea, rom arsebiTad ver cvlis srul simZlavres. damaxinjebis 

simZlavris gazrdiT Sesabamisad izrdeba eleqtroenergiis da-

nakargebi da uaresdeba eleqtronergiis xarisxi. rac ganapi-

robebs dabali simZlavris koeficients (cxrili 4.4, sveti 9). 

nax.4.14 da nax.4.15-ze naCvenebi ar aris cxrilSi mocemuli 

aqtiuri da reaqtiuli simZlavreebis Sesabamisi sruli simZlav-

re, radgan Tu erTmaneTs SevadarebT cxrili 4.4-is me-4 da me-7 

svetebis monacemebs, isini erTmaneTisagan didad ar gansxvav-

debian. anu reaqtiuli simZlavre imdenad mcirea, rom sruli 

simZlavre Ssin Tavisi mniSvnelobiT igi aqtiuri simZlavris 

TiTqmis tolia da Sesabamisi simZlavris koeficientic maRalia.   
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nax.4.15. stu-s VI saswavlo korpusis I  A da B blokebis 

simZlavreTa grafikebi uaryofiTi reaqtiuli   simZlavris 

SemTxvevaSi 

cxrili 4.4 -is monacemebis  analizis safuZvelze aseve 

SeiZleba davaskvnaT, rom VI saswavlo korpusSi moTxovnili 

reaqtiuli simZlavris sidide arsebiT gavlenas ver axdens am 

korpusis simZlavris koeficientze da eleqtroenergiis danakar-

gebi ZiriTadad gamowveulia VI da am korpusis kompiuteruli 

datvirTviT gamowveuli eleqtroenergiis xarisxis gauaresebiT 

da damaxinjebis simZlavris SemotaniT. 

 magaliTisaTvis moviyvanT, Tu ra ekonomiuri efeqti gaaCnia 

da simZlavris koeficientis amaRlebas. magaliTad, 2011 wlis 

noembris TveSi VI korpusis I A - B blokis mier, romlis 

simZlavris koeficientis saSualo mniSvnelobaa cosφ =0,71 

moxmarebuli iqna 18801 kvt.sT aqtiuri eleqtroenergia. aRniS-

nuli sididis aqtiuri eleqtroenergia qselidan moiTxovs 

sruli simZlavris Sesabamis energias: 
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18801/0,71 = 26480 kva.sT 

 Tu DCavTvliT, rom aRniSnuli bloki dReSi saSualod 

CarTulia 12 saaTis ganmavlobaSi, maSin erT TveSi bloki 

CarTuli iqneba  30 X 12 = 360 sT. ganmavlobaSi. 

erT saaTSi moTxovnili sruli simZlavre toli iqneba: 

S = 26480/360 = 73,5 kva 

380 v xazuri Zabvis SemTxvevaSi am moTxovnil srul simZlavres 

Seesabameba xazuri denis saSualo mniSvneloba: 

IsaS1 = 73500/  •380 = 111,56 a 

Tu teqnikuri RonisZiebebis Sedegad moxdeba simZlavris 

koeficientis aweva 0,71-dan  0, 95-mde, maSin aRniSnuli sididis 

aqtiuri energia qselidan moiTxovs srul simZlavris Sesabamis 

energias: 

18801/0,95 = 19790 kva.sT. 

erTi Tvis ganmavlobaSi saSualod 12 saaTis CarTvis 

xangrZlivobiT  

saaTSi moTxovnili sruli simZlavre iqneba: 

19790/360 = 55 kva, 

 380 v xazuri Zabvis SemTxvevaSi, am moTxovnil simZlavres 

Seesabameba xazuri denis saSualo mniSvneloba: 

I saS2 = 55000/  •380 = 83,7 a 

saSualo denebis sxvaobam Seadgina: 

∆IsaS = 111,56 – 83,7 = 27,86 a, 

TiToeul fazaSi gamavali damatebiTi deni tolia: 

27,86/3 = 9,3 a, 

 e.i. 9,3 a sididis deni aris TiToul fazaSi damatebiTi 

danakargebis gamowvevi. danakargebis sidide ki damokidebulia am 

damatebiTi denis sididis kvadratze da im elementis winaRobaze, 

romelSic gadis aRniSnuli sididis deni. 

administraciuli korpusis mier noembris TveSi moxmarebuli iqna 

36734 kvt.sT eleqtroenergia. analogiuri gaangariSebiT miviReT, 

rom am korpusis simZlavris koeficientis 0,89 – dan 0,95-mde 
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gaumjobesebis SemTxvevaSi qselSi gamavali  denebis sxvaoba 

Seadgens 11 a-s. TiToeul fazaSi gamavali damatebiTi deni 

tolia 3,67 a. 

 

4.4. kompiuteruli teqnikis datvirTviT 

gamowveuli danakargebi 

ganvsazRvroT aRniSnuli sididis denebiT gamowveuli 

danakargebi kabelebsa da transformatorSi.  

VI saswavlo korpusis I A-B bloki ikvebeba 120 m sigrZis 

aluminis ZarRviani 150 mm2 kveTis kabeliT, romlis erTi ZarRvis 

winaRoba cnobarebis mixedviT aris R0 = 0,21 omi/km. aqedan 

gamomdinare 120 m kabelis erTi ZarRvis winaRobaa R = 0,0252 omi. 

aRniSnuli kabelis ZarRvSi cosφ1 = 0,71 –is toli simZlavris 

koeficientis dros, roca erT ZarRvSi anu erT fazaSi  gadis I1 

= IsaS1/3 = 111,56/3 = 37,19 a deni, aqtiuri simZlavris energiis 

danakargi t = 1 sT-is ganmavlobaSi iqneba:  

∆W1 = I1
2 . R.t = 37,192 • 0,0252•1 = 34,85 vt.sT = 0,03485 kvt.sT 

radgan miviReT, rom  I A-B bloki DdReSi saSualod CarTulia 12 

saaTs, xolo TveSi 360 saaTs, amitom erTi wlis ganmavlobaSi 

kabelis erT fazaSi aqtiuri simZlavris energiis danakargi 

iqneba: 

∆Wwl1 = ∆W1 • 360 sT•12 Tve = 0,03485•360•12 = 166,3 kvt•sT 

samive fazaSi danakargebi toli iqneba: 

∆Wwl1Σ = ∆Wwl1 • 3 = 166,3 • 3 =499 kvt.sT 

Tu teqnikuri saSualebebiT movaxdenT simZlavris koeficientis 

amaRlebas cosφ2 = 0,95-mde, maSin kabelis erT fazaSi gaivlis I2 

=IsaS2/3 = 83,7/3= 27,9 a. am SemTxvevaSi igive sididis winaRobaze 

aqtiuri simZlavris energiis danakargi erTi saaTis ganmavlobaSi 

iqneba: 

∆W2 = I2
2 . R.t = 27,92 • 0,0252•1 = 19,62 vt.sT = 0,01962 kvt.sT  

erTi wlis ganmavlobaSi kabelis erT fazaSi aqtiuri simZlavris 

energiis danakargi iqneba: 
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∆Wwl2 = ∆W2 • 360 sT•12 Tve = 0,01962•360•12 = 84,76 kvt•sT 

samive fazaSi danakargebi toli iqneba: 

∆Wwl2Σ = ∆Wwl2 • 3 = 84,76 • 3 =254,28 kvt.sT 

e.i. eleqtroenergiis danakargi I A-B korpusis kabelebSi erTi 

wlis ganmavlobaSi tolia: 

∆Wwl. kab. = ∆W1 - ∆W2 = 499 – 254,28 =244,72 kvt.sT 

 

4.5. danakargebi transformatorSi. 

VI saswavlo korpusis I A-B bloki ikvebeba 1000 kva simZlavris 

transformatoridan, romlis mokled SerTvis danakargi Seadgens 

11 kvt-s. 

aRniSnuli transformatoris erT gragnilSi  cosφ1 = 0,71 –is 

toli simZlavris koeficientis dros gadis IsaS.1 = 111,56 a deni. 

am deniT gamowveuli simZlavris  danakargi toli iqneba: 

 ΔP1tr = ΔPm.S. • IsaS1/In = 11 • 111,56/1521 = 0,807 kvt. 

erTi wlis ganmavlobaSi am simZlavris mier gamowveuli 

eleqtroenergiis danakargi toli iqneba: 

∆Wtr.wl.1 = ΔP1tr •360 • 12 = 0,807 •360 • 12 = 3486,24 kvt.sT. 

simZlavris koeficientis cosφ2 = 0,95-mde amaRlebis dros: 

ΔP2tr = ΔPm.S. • IsaS2/In = 11 • 83,7/1521 = 0,605 kvt. 

xolo eleqtroenergiis danakargi toli iqneba: 

∆Wtr.wl.2 = ΔP2tr •360 • 12 = 0,605 • 360 • 12 = 2613,6 kvt.sT. 

anu damaxinjebisa da reaqtiuli simZlavriT gamowveuli 

danakargi toli iqneba: 

∆Wtr.wl. = ∆Wtr.wl1 - ∆Wtr.wl.2 = 3486,24 – 2613,6 = 872,64 kvt.sT. 

sabolood VI korpusis I A-B blokis mier damaxinjebisa da 

reaqtiuli simZlavriT  gamowveuli eleqtroenergiis danakargebi 

tolia: 

∆W = ∆Wwl. kab + ∆Wtr.wl = 244,72 + 872,64 = 1117,36.kvt.sT. 

Cvens mier eleqtroenergiis danakargebis dawvrilebiTi 

gamokvlevebi Catarebuli  iqna VI saswavlo korpusis im blokis 

eleqtromomaragebaze, sadac ganlagebulia sxvadasxva saxis 
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eleqtro-energiis mimRebebi: kompiuteruli klasebi, liftis 

eleqtroZravebi, klimatkontrolebi. am eleqtromomxmareblebis 

reaqtiuli datvirTva aris rogorc tevaduri, aseve induqciuri 

xasiaTis. am blokis  zogierTi eleqtromomxmarebeli aris  

umaRlesi rigis harmonikebis wyaro, romlebic auareseben 

eleqtroenergiis xarisxs. 

transformatoris uqmi svlis danakargebi. saerTo 

danakargebis gansazRvris mizniT saWiro Seiqmna Sejamebuliyo 

SCADA – s  sistemis kontrol qveS myofi transformatorebis 

uqmi svlis simZlavreebi.  

SCADA – s  sistemis kontrol qveS imyofeba 2 cali 1000 kva 

da 1 cali 630 kva simZlavris transformatorebi, romelTa 

sapasporto jamuri uqmi svlis simZlavrea 6,450 kvt. Tu 

gaviTvaliswinebT rom trans-formatorebi moZvelebulia, maSin 

uqmi svlis danakargebi ufro meti iqneba.  

2011 wlis 21 noembridan zamTris dadgomasTan dakavSirebiT 

qselSi mudmivad CarTuli iqna samive transformatori. 

sapasporto monacemebis mixedviT samive transformatoris uqmi 

svlis danakargebi erT TveSi Seadgens: 

∆Wu.s. = 6,45 kvt X 24sT X 30 dR. = 4644 kvt.sT. 

transformatoris mokled SerTvis danakargebi. transfor-

matoris uqmi svlis danakargebs emateba mokled SerTvis 

danakargebi, romlis sidide damokidebulia datvirTvaze da 

ganisazRvreba formuliT: 

∆Wm.S. = ∆P m.S • Kd • t, 

sadac Kd = I2/In –aris transformatoris datvirTvis koeficienti; 

t- aris transformatorze datvirTvis CarTvis xangrZlivoba, sT; 

∆P m.S – aris transformatoris mokled SerTvis simZlavris 

danakargebi. 1000kva transformatorebisaTvis igi tolia 11 kvt, 

xolo 630 kva transformatorebisaTvis 7,3 kvt. radganac 

transformatoris datvirTva Cvens SemTxvevaSi  cvalebadia da 

amitom uqmi svlis danakargebTan SedarebiT Znelia datvirTvis 

danakargebis zusti gansazRvra.  
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4.6. eleqtroenergiis aRricxvis kvanZis mowyobis Sesaxeb 

 ukanasknel xanebSi energetikaSi Zlier gaizarda 

moTxovnebi eleqtroenergiis aRricxvis sizustis mimarT 

gansakuTrebiT dabali Zabvis qselebSi. amasTan dakavSirebiT 

mimdinareobs induqciuri mricxvelebis sayovelTao Secvla ufro 

maRali sizustis klasis mqone eleqtronuli mricxvelebiT. 

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 

standartiT daSvebuli, maTi nominaluri parametrebis gazomvis 

diapazonis sazRvrebs gareT, rac iwvevs eleqtroenergiis 

mricxvelebis Cvenebebis damaxinjebas. 

 denis transformatori warmoadgens  sainformacio sazomi 

sistemis wredis pirvelad rgols. sainformacio - sazomi sistema 

Seicavs monacemebis mimReb, damamuSavebel da gadamcem 

mowyobilobebs, programul uzrunvelyofasa da eleqtroenergiis 

mricxvelebs. amasTanave  mTel am mowyobilobis sizustes ar 

eqneba azri, Tu denis transformatorebis sizuste dabalia. 

amitom ukanasknel xanebSi denis transformatorebis sizustis 

klasma gansakuTrebuli mniSvneloba SeiZina. sizustis klasi es 

aris transformatoris erTerTi mniSvnelovani maxasiaTebeli, 

romelic aRniSnavs, rom misi cdomileba ar aRemateba 

normatiuli dokumentebiT gansazRvrul mniSvnelobas, xolo 

TviT cdomileba, Tavis mxriv,  damokidebulia mraval faqtorze, 

maT Soris: denis transformatoris konstruqciaze anu 

geometriul zomebze, magnitogamtaris formaze, xviaTa ricxvze, 

gragnilis gamtaris ganivkveTze. garda amisa erTerTi yvelaze 

ufro mniSvnelovani faqtori, romelic gavlenas axdens denis 

transformatoris cdomilebaze, aris magnitogamtaris masala. 

magnituri masalis Tvisebaa is, rom mcire pirveladi denebis 

dros (nominaluris 1-5% farglebSi) cdomileba maqsimaluria. 
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amitom denis transformatoris konstruqciis ZiriTadi 

problemaa swored am diapazonSi miaRwion sizustis Sesabamis 

klass. 

 amJamad denis transformatorebis gularis dasamzadeblad 

gamoiyeneben ara eleqtromagnitur folads, aramed  nanokris-

talur (amorful) Senadnobebs, romelTac gaCniaT maRali 

magnituri SeRwevadoba. swored es Tviseba iZleva saSualebas 

mcire pirveladi denebis dros miRebuli iqnes 0,5S da 0,2S 

sizustis klasis mqone denis transformatorebi.  

pirvelad densa da transformatoris cdomilebas Soris 

damokidebuleba arawrfivia, ramdenadac  igi pirdapir 

damokidebulia magnitogamtaris damagnitebis maxasiaTebelze, 

romelic aseve magnituri eleqtroteqnikuri masalebisaTvis 

arawrfivia. amitom moTxovnebi sizustis klasis mimarT 

warmodgenilia raRac diapazonisaTvis, romelSic unda 

moTavsdes transformatoris cdomileba. rac ufro maRalia 

sizustis klasi, miT ufro viwroa diapazoni. magaliTad, 0,5 da 

0,5S (an 0,2 da 0,2S) klasebs Soris gansxvaveba mdgomareobs imaSi, 

rom 0,5 klasis denis transformatorisaTvis nominaluri denis 

5%-is qvemoT cdomileba ar normirdeba. swored aseTi sididis 

denis dros xdeba eleqtroenergiis aRricxvis danaklisi, 

romelic SeiZleba SevamciroT ramdenjerme, Tu gamoviyenebT 0,5S 

da 0,2S sizustis klasis transformatorebs. magram yovelive 

zemoTmoyvanilis miuxedavad udidesi mniSvneloba eniWeba 

datvirTvis mixedviT denis transformatorebis sworad SerCevas. 

magaliTad, eleqtroteqnikuri foladis gularaze damzadebuli 

denis transformatorebis sizustis klasi sizustis klasis 

pirobas ZiriTadad akmayofilebs misi nominaluri datvirTvis 

denis 20%-dan 120 % -mde datvirTvis denis farglebSi. danarCen 

SemTxvevaSi sizustis klasi darRveulia. rac ufro metad an rac 

ufro naklebad aris datvirTuli denis transformatori, miT 

ufro izrdeba misi cdomileba. denis transformatorebis 

SerCevis sakiTxs gansakuTrebuli yuradReba unda mieqces im 
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SemTxvevaSi, roca aRricxvis kvanZis gadatana xdeba 

transformatoris dabali Zabvis mxaridan maRali Zabvis mxareze. 

amasTanave unda moxdes teqnikur ekonomikuri gaangariSeba 

ramdenad mizanSewonilia aRricxvis kvanZis gadatana dabali 

mxaridan maRal mxareze. 

magaliTad, Cvenss mier sasamrTlo eqspertizis farglebSi 

erTerTi sawarmos gamokvlevis dros aRmoCnda, rom sawarmos 

gaaCnda 400 kva simZlavris transformatori koeficientiT Ktr = 

10/0,4=25. sawarmos eleqtrodanadgarebis dadgmuli simZlavre 

Seadgenda 248 kvt-s, xolo produqciis gamoSvebis procesSi 

moiTxovda 90 kvt simZlavres, anu sawarmos eleqtrodanadgarebis 

datvirTvis koeficienti toli iyo Kd= 90/248 = 0,36. garkveuli 

periodis ganmavlobaSi aRniSnuli sawarmos aRricxvis kvanZi 

damontaJebuli iyo dabali (0,4 kv) Zabvis mxares, romlis denis 

transformaciis koeficienti iyo K = 50/5 =10. aRniSnuli 

nominalis transformatori, zemoT moyvanili datvirTvis denis 

normebidan gamomdinare, dasaSvebi sizustiT muSaobs 10 – 60 a 

datvirTvis farglebSi. 

rogorc zemoT aRvniSneT, produqciis gamoSvebis procesSi 

sawarmo moixmarda 90 kvt simZlavres. mis datvirTvas Seadgenda 

samfaza Zravebi, romelTa simZlavris saSualo koeficienti iyo 

cosφ = 0,8. aseTi datvirTvis dros TiToeul fazaSi gamavali denis 

sidide tolia: 

I.1 = Pteq/1,73 . Ux1 . cosφ = 90000/1,73 . 380 . 0,8 = 171 a. 

cxadia, rom jer erTi  50 a pirveladi denis mqone denis  

transformato-ri ver uzrunvelyofs 171 a denis xangrZlivad 

gatarebas da denis trans-formatori xSirad gamodioda 

mwyobridan, xolo meorec, denis trans- formatori gamosulia 

Tavisi sizustis klasidan (171   60). 

SemdegSi denis transformatoris koeficientis sworad 

SerCevis  magier im mosazrebidan gamomdinare, rom aRricxuli 

yofiliyo transformatoris uqmi svlis danakargebic, aRricxvis 

kvanZi gadatanili iqna transformatoris maRali (10kv) Zabvis 
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mxares, sadac saWiroebidan gamomdinare dayenebuli iqna Zabvis 

transformatori koeficientiT KZt = 10000/100 = 100, xolo  denis 

transformatori dayenebuli iqna igive  koeficientiT  Kdt = 50/5 

= 10, ris Sedegadac aRricxvis kvanZis koeficientma Seadgina KK = 

KZt . Kdt = 100 . 10 = 1000. 

mocemul SemTxvevaSi teqnologiuri ciklis mimdinareobis 

dros denis transformatoris pirvelad gragnilSi gamavali deni 

tolia: 

I2 = Pteq /1,73 . Ux2 . cosφ = 90000/1.73 . 10000 .0,8 = 6,5 a, 

rac naklebia 10 a-ze, anu am SemTxvevaSic denis transformatori 

gamosulia Tavisi sizustis klasidan. aq umjobesi  iyo denis 

transformatoris dayeneba koeficientiT Kdt=5/5=1 da aRricxvis 

kvanZis koeficienti iqneboda K = 100. denis transformatoric 

imuSavebda Tavisi sizustis klasis farglebTan axlos, radgan 

6,5/5 = 1,3 = 130 % ≈ 120 %. 

aRniSnul sawarmos teqnologiuri xarjebis garda gaaCnia 

arateqnologiuri xarjebic, kerZod, transformatoris uqmi 

svlis (P u.s = 1,1 kvt Iu.s. =0,53 a) xarji produqciis gamoSvebis 

Sewyvetis procesSi, gaTbobisaTvis 2 kvt simZlavris eleqtro-

qura da 3 kvt dadgmuli simZlavris proJeqtorebiT teritoriis 

ganaTeba. sul 6,1 kvt. ganaTebisa da gaTbobis datvirTva erTfa-

zaa. amitom ganaTebisa da gaTbobis CarTvis dros  erTi fazis 

denis transformatoris pirvelad wredSi gamavali deni tolia: 

I = Parateq/ . Uf1  =   5000. 1,41 /10000 = 0,865 a,  

sadac Uფ1 = Uხ1 /  = 1000/1,41 

am dens daemateba transformatoris uqmi svlis deni 0,53 a 

da gaxdeba 1,4 a. 

roca denis transformatoris  koeficienti Kdt= 50/5, maSin 

denis transformatoris sizustis klasi tolia 1,4 . 100/50 = 2,8 % 

< < 20 % da arateqnologiuri xarjebi aRiricxeba dabali 

sizustiT, xolo Tu denis transformatoris koeficienti 

iqneboda Kdt = 5/5, maSin sizustis klasi tolia 1,4 . 100/5 = 28 % 
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> 20 % da arateqnologiuri xarjebi aRiricxeba maRali 

sizustiT. 

CarTuli simZlavris mixedviT gaangariSebulma eleqtro-

energiis arateqnologiurma xarjis Sedarebam mricxvelis mier 

aRricxul eleqtroenergiasTan gviCvena, rom mricxveli aRric-

xavda eleqtroener-giis arateqnologiuri xarjis 55 - 60 %-s, anu 

mxolod arateqnologiuri procesis eleqtroenergiis danakargi 

Seadgens 40-45 %-s, rac danakargis Zalze maRali maCvenebelia 

[32]. 

amrigad, aRricxvis kvanZebis damontaJebis dros didi 

mniSvneloba eniWeba denis transformatoris sworad SerCevas. 

denis transformatori SerCeuli unda iqnes momxmareblis minima-

luri da maqsimaluri datvirTvis mixedviT iseTnairad, rom mas 

muSaoba  SeeZlos normirebul sizustis klasis farglebSi. 

amasTanave SerCeuli denis transformatoris gamoyeneba ekono-

miurad unda iyos dasabuTebuli 

 

4.7. komerciuli danakargebi. 

rogorc zemoT aRvniSneT komerciuli danakargebi ganpiro-

bebulia eleqtroenergiis datacebiT, mricxvelebis Cvenebisa da 

momxmareblebis mier daxarjuli eleqtroenergiis safasuris 

gadaxdis SeusabamobiT, gadaxdis dagvianebiT, gadauxdelobiTa 

da  aseve energiis moxmarebis kontrolis organizaciis sferos 

sxva mizezebiT. pirvel rigSi saWiro iyo mricxvelebis Semowmeba. 

mricxvelebis Semowmeba moxda literatura [33]-s mixedviT,  

romelSic moyvanilia aRricxvis kvanZebis diagnostikis meTodebi. 

aqtiuri energiis erTfaza da samfaza mricxvelebis 

Semowmeba moxda datvirTvis qveS. mricxvelebis Semowmebis 

meTodikis mixedviT Semowmebis Tanmimdevroba aseTia: pirvel 

rigSi unda ganisazRvros qselSi gamavali simZlavre. amisaTvis 

viRebT denis marwuxs da misi saSualebiT vzomavT fazebSi 

gamaval denebsa da Zabvebs. amavdroulad meore damkvirvebeli 

wammzomiT afiqsirebs dros da iTvlis mricxvelis diskos 
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garkveul brunTa ricxvs ra dro dasWirdeba. amis Semdeg  

vsazRvravT qselSi gamaval simZlavres formuliT: 

                                  Pqs= U. IsaS.cosφ,kvt,                           (4.1) 

sadac Uaris qselSi Zabvis mniSvneloba kilovoltebSi.  erTfaza 

mricxvelisaTvis U=Uf = 0,22 kv, xolo samfaza 

mricxvelebisaTvis U =3Uf = 0,66 kv; IsaS –aris fazebSi gamavali 

denebis saSualo ariTmetikuli mniSvneloba amperebSi; igi 

gamoiTvleba formuliT:  

IsaS. = (IA+IB+IC)/3 

cosφ – aris simZlavris koeficienti, romelic izomeba 

fazometriT. 

mricxvelis mier aRricxuli simZlavre ganisazRvreba 

formuliT: 

                                     P mr=                                 (4.2), 

sadac 3600 –aris saaTSi wamebis raodenoba; n-aris mricxvelis 

diskos brunTa ricxvi; K- denis transformatoris koeficienti; 

N –mricxvelis mudmivaa, br/kvt.sT, igi gviCvenebs, Tu ramdeni 

bruni unda gaakeTos mricxvelis diskom 1 kvt.sT eleqtro-

energiis daxarjvisas; t-aris dro wamebSi, romelic saWiroa 

diskos n raodenobis brunis gasakeTeblad. 

Tu (4.1) da (4.2) gamosaxulebebis mixedviT miRebuli 

mniSvnelobebi erTmaneTs emTxveva, maSin mricxveli sworad 

muSaobs. 

gazomvebi CavatareT Semdegi TanmimdevrobiT: 

qselSi gamavali simZlavris (Pqs) gansazRvrisaTvis denis 

marwuxis saSualebiT vzomavdiT fazebSi gamaval IA,IB da IC 

denebs. Semdeg vsazRvravdiT maT saSualo ariTmetikuls. miRe-

bul mniSvnelobas vamravlebdiT Zabvis sididesa da simZlavris 

koeficientze. Sedegebi SevitaneT cxrili 4.5- Si. 

mricxvelis mier aRricxuli simZlavris gasazomad vakvir-

debodiT mricxvelis diskos brunvas, vafiqsirebdiT  ramdeni t 

wami sWirdeboda n raodenobis brunvis Sesrulebas. miRebul 
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monacemebs, aseve mricxvelis mudmivas  N-isa da denis 

transformatoris koeficientis K-s mniSvnelobebi Segvqonda (4.2) 

gamosaxulebaSi da vsazRvravdiT Pmr-is mniSvnelobebs. amis 

Semdeg ganisazRvreboda gazomvis gazomvis  cdomileba 

formuliT; 

γ = (|P mr-Pqs|)x 100/Pqs 

komerciuli  obieqtebis mricxvelebis Semowmebis Sedegebi 

moyvanilia cxrili 4.5.-Si. 

sul Semowmebuli iqna 19 obieqti. rogorc cxrili 4.5 –dan 

Cans, mricxvelebi normalurad muSaoben, maTi cdomileba 

dasaSveb farglebSia (aklebia 5 %-ze). gamonakliss warmoadgens 

me-6, me-14 da me-15 poziciebi, sadac cdomileba dasaSvebze metia. 

es gamowveulia imiT, rom sazomi xelsawyoebi mcire simZlav-

reebis gazomvisas naklebad mgrZnobiareni arian. 

 cxrili 4.5. stu-s komerciuli obieqtebis mricxvelebis  

              Semowmebis Sedegebi. 

 

# 

 

obieqtis 

dasaxeleb. 

 

kor

pus

i 

 

mricx-

velis 

# 

 

mu

dm

iva 

marwuxiT gazomili  mricxveliT 

aRricxuli 

cdo

mile

b. IA, IB, IC, IsaS, cos φ Pqs. n t K P 

mri

c. 

a a a a - kvt br/

wT 

wm - kv

t 

% 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

1 saof.mS. 

`krona”  

IX 0429464 800

0 

50 38 46 44,7 0,75 22 20 12 30 22,

5 

2,3 

2 ind.devel.

kompania 

IX 0183446 800

0 

5 14 24 14,3 0,8 7,5 4 7 30 7,7 3,0 

3 Sps 

`bombora” 

adm. 248005 250

0 

0 2 0 2 0,9 0,4 1 4 1 0,3

8 

5,0 

4 kafe IV 

sarT 

VI 0200453 600 0 18 0 18 0,85 3,4 10 18 1 3,3

3 

2,0 

5 kafe I sar VI 28885351 75 1 2 6 3 0,9 1,8 1 25 1 1,9 5,0 

6 Sps `gama-

krediti” 

VI 30340106 128

0 

0 1,2 0 1,2 0,8 0,21 1 15 1 0,1

9 

14 
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7 sabili-

ardo 

VI 31066671 750 5 3 3 3,7 0,9 2,2 1  65 30 2,2

1 

0,5 

8 Sps 

`rompet-

roli”  

VI 29672312 37,5 3 18 4 8,3 0,85 4,6 1 20 1 4,8 4,0 

9 Sps 

`teqnikosi

” 

VI 28754419 37,5 2 1,4 0,

2 

1,2 0,9 0,7 1 68 1 1,4

1 

0,7 

10 Sps`globa

lerTi” 

VI 0923415 640

0 

0 0,

8 

0 0,8 0,95 0,175 5 15 1 0,1

8 

2.7 

11 Sps`jeose-

li” 

VI 0043838 165 6 12 6 8 0,85 4,47 1 5 1 4,3

6 

2,0 

12 Sps 

magTikomi 

VIII 0183802 800

0 

3 5 5 4,3 0,8 2,28 10 8 1 2,2

5 

1,0 

13 Sps 

`jeoprogr

es grupi” 

IV 36811498 75 7 5 6 6 0,9 3,6 1 13 1 3,7 2,0 

14 kublaSil

i da advok 

VII 071298040 320

0 

0 0,

6 

0 0,6 0,9 0,12 3 24 1 0,1

4 

14 

15 Sps` 

libero-

turi 

I 121739 400 0 0,

5 

0 0,5 0,9 0,1 1 80 1 0,1

1 

10 

16 mrewv.ganv. 

kavkas. 

I 28886162 75 8 16 6 10 0,85 5,6 2 17 1 6,6

5 

1,0 

17 Sps 

`amirani” 

I  28885255 75 1 5 10 8,7 0,9 3,1 2 30 1 3,2 3,0 

18 vila Zara IV 0025046 160

0 

15

0 

11

5 

14

5 

136,7 0,75 64,7 60 60 30 67,

5 

0,3 

19 Sps 

`tonusi” 

I 011269650 160

0 

13 19 36 22,7 0,9 13,5 2 39 12

0 

13,

8 

2,2 

 

4.8. saerTo danakargebi. 

CvenTvis ufro sainteresoa SCADA-s sistemis kontrol qveS 

myofi eleqtromimRebebis saerTo danakargebis sidide da 

procentuli raodenoba.  

pirvel rigSi miznad davisaxeT sanapiros qvesadgurSi 

dayenebuli stu-s saangariSo mricxvelis mier aRricxul, 

qvesadguridan gacemul da stu-s # 1003 da # 1182 
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satransformatoro jixurebSi dayenebuli transformatorebidan 

gamomaval eleqtroenergiebs Soris Tanafardobis dadgena. riTac 

ganisazRvreboda maRali, 6 kv Zabvis kabelebsa da transfor-

matorSi eleqtroenergiis faqtiuri da teqnikuri dankargebi. 

saerTo danakargebi ganvsazRvreT ori xerxiT. 

 I xerxiT danakargebi  ganvsazRvreT Semdegnairad: 

monitoringis CatarebisaTvis SerCeuli iqna # 1003  da # 

1182 satransformatro jixurebi.  

# 1003 satransformatoro jixuridan kvebas iRebs stu-s 

administraciuli, III, IV, VI, IX saswavlo korpusebi, maT 

teritoriaze ganlagebuli komerciuli obieqtebi da ss 

`Telasis~ sami abonenti: maRali Zabvis momxmarebeli Sps 

`komforti-50~, dabali Zabvis momxmareblebi: kavkasiis biznes-

skola da Telasis sxva abonentebi. 

# 1182 satransformatoro jixuridan kvebas iRebs stu-s 

VIII saswavlo korpusi, stu-s qveabonenti saqarTvelo univer-

siteti, VIII saswavlo korpusis teritoriaze ganlagebuli komer-

ciuli obieqtebi da ss `Telasis~ abonentebi: Sps ~TaRlaura~ da 

vaxuStis xidis obieqtebi. 

gamokvlevebis CatarebisaTvis 2011 wlis 15 ivlisis 1200 saaTze 

dafiqsirebuli iqna qvemoTCamoTvlili mricxvelebis Cvenebebi: 

1. sanapiros qvesadgurSi # 17 fiderze dayenebuli #01049553 

mricxvelis Cveneba – 8650,78. aRniSnuli mricxvelis transfor-

maciis koeficientia 4800.Aam mricxvelis Cvenebis mixedviT axdens 

stu angariSsworebas ss `TelasTan”. 

2. vaxuStis xidis mimdebare teritoriaze mimavali maRali 

Zabvis gamanawilebel karadaSi dadgmuli mricxvelis Cveneba-

2000,16, transformaciis koeficienti – 1200. Aam mricxvelis mier 

moxmarebuli eleqtroenergia akldeba teqnikuri universitetis 

xarjebs. 

3. VIII korpusis Zaluri tranformatoris gamosasvlelze 

dayenebuli SCADA-s sistemis mricxvelis Cveneba- 564185, 

transformaciis koeficientiT -1. 
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4. VI korpusis # 1 630 kva simZlavris transformatoris 

gamosasv-lelze dayenebuli SCADA-s sistemis mricxvelis 

Cveneba- 75652, transformaciis koeficientiT -1. 

5. VI korpusis # 2 1000kva simZlavris transformatoris 

gamosasv-lelze dayenebuli SCADA-s sistemis mricxvelis 

Cveneba- 125487, transformaciis koeficientiT -1. 

2011 wlis 22 ivlisis 1200 saaTze dafiqsirebuli iqna zemoT 

moyvanili mricxvelebis Cvenebebi da gansazRvruli iqna 

daxarjuli eleqtroenergiis raodenobebi: 

1. sanapiros qvesadgurSi mricxvelis Cvenebaa iyo - 8667,34.Aam 

mricxvelis Cvenebis mixedviT erTi kviris ganmavlobaSi daric-

xulma eleqtroenergiam Seadgina: (8667,34 – 8650,78)X 4800 = 79488 

kvt.sT. 

2. vaxuStis xidisaken mimavali eleqtroenergiis mricxvelis 

Cvenebaa – 2012,58. Aam mricxvelis mier aRricxuli eleqtro-

energia Seadgens: (2012,58 – 2000, 16)X 1200 = 14904 kvt.sT 

3. VIII korpusis Zaluri transformatoris gamosasvlelze  

dayenebuli SCADA-s sistemis mricxvelis Cvenebaa – 584212. 

Ddaxarjuli eleqtroenergiis raodenobaa: 584212 – 564185 = 20027 

kvt.sT 

4. VI korpusis # 1 transformatoris gamosasvlelze dayene-

buli SCADA-s sistemis mricxvelis Cvenebaa – 114152. daxarjuli 

eleqtroenergiis raodenobaa: 80574– 75652= 4922kvt.sT 

5. VI korpusis # 2 transformatoris gamosasvlelze  dayene-

buli SCADA-s sistemis mricxvelis Cvenebaa – 584212. Ddaxarjuli 

eleqtroenergiis raodenobaa: 163987 –125487 = 38500 kvt.sT 

 Aamrigad, stu-s teritoriaze ganlagebuli Zalovani 

transformatorebis gamosasvlelebze moxmarebuli eleqtroener-

giis jamuri raodenoba Seadgens: 

14904 + 20027 + 4922 + 38500 = 78353 kvt.sT. 

sanapiros qvesadgurSi dayenebuli saangariSsworebo mricx-

velis mier aRricxul eleqtroenergiasa da transformatorebis 

gamosasvleleb-ze jamur eleqtroenergiebs Soris sxvaoba, anu 
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rac igivea, danakargebi sakabelo xazebsa da Zalur transfor-

matorebSi Seadgens: 

79488 – 78353 = 1135 kvt.sT. 

procentebSi gamosaxuli danakargebi Seadgens: 

1135X100/79488 = 1,43 %. 

II xerxi. am xerxiT danakargebis gansazRvrisaTvis dakvirveba 

daviwyeT 2011 wlis 21 noembridan, radgan am dRidan acivebis gamo 

eleqtroenergiis moxmareba Zalian gaizarda.  

1. 2011 wlis 21 noembers 12 saaTze davafiqsireT SCADA-s 

sistemis Cveneba, romelic Seadgenda 750 405 kvt.sT –s. aseve 

aviReT imave sistemis Cveneba  2012 wlis  5 ianvars. igi Seadgenda 

1 449 724 kvt.sT. anu 45 dRis ganmavlobaSi maTma sxvaobam 

Seadgina: 

1 449724  – 750 405 = 699319 kvt.sT. 

2. noember-dekemberSi `Telasis“ mier stu-s daericxa SCADA-

s sistemis kontrol qveS myofi eleqtromimRebebis mier 60 dRis 

ganmavlobaSi moxmarebuli eleqtroenergiis raodenoba 743436 

kvt.sT. am daricxul eleqtroenergias daemata `Telasis„ 

abonentebis xarjebi, romelic gamoaklda stu-s, magram SCADA-s 

sistemam aRricxa.  

743436 + 22154 + 78579 + 79501 + 24881   = 948551 kvt.sT. 

anu 45 DdReSi moxmarebuli eleqtroenergiis raodenoba iqneba:  

948551 X 45/60 = 711413 kvt.sT. 

3. danakargebis raodenoba Seadgens: 

 711413 – 699319 = 12094 kvt.sT. anu procentebSi gamosaxuli iqneba. 

γ = 12094 X 100/711413 = 1,7 %. 

sxvadasxva drosa da sxvadasxva meTodiT gansazRvruli 

danakargebi TiTqmis erTnairia da rac yvelaze mTavaria igi 

naklebia miRebul dasaSveb normaze, anu 5 %-ze. 

aqedan vakeTebT daskvnas, rom teqnikuri universitetis 

masStabiT aRricxuli eleqtroenergiis danakargebi miRebul 

normaze bevrad naklebia.Edanakargebis aseTi dabali done miR-

weuli iqna aRricxvis sistemis mowesrigebiTa da transforma-
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torebis muSaobis reJimebis SerCeviT. dadgenilia, rom 

transformators optimaluri danakargebi gaaCnia, Tu igi muSaobs 

nominaluri datvirTviT. 

aseve SesaZlebelia, danakargebis aseTi dabali done ganpi-

robebuli iyos sanapiros qvesadgurSi dayenebuli stu-s saanga-

riSo, evroalfas tipis eleqtronuli mricxveliT. rogorc ze-

moT aRvniSneT eleqtronuli mricxvelebi aRricxaven pirveli 

harmonikis Sesabamis moxmarebul eleqtroenergias. eleqtroener-

getikul sistemebSi umaRlesi rigis har-monikebis gamovlena (rac 

sakmaodaa stu-s qselebSi) ki iwvevs gazomvis cdomilebis gazr-

das. aRniSnuli sakiTxi SesaZlebelia Semdgomi kvlevis sagani 

iyos. 

H4.9. harmonikebis Semcveloba `sanapiros“ qvesadguridan 

Semomavali kabelis Zabvasa da denze. 

CvenTvis metad saintereso iyo Segvemowmebina `Telasidan“ 

mowodebuli eleqtroenergiis xarisxi, ris saSualebasac gvaZ-

levs Scada-s sistema. am mizniT 2011 wlis 29 dekembers Scada-s 

sistemidan amoviReT ND-20 blokis monacemebi, romelic afiq-

sirebs harmonikebis Semcvelobis procents. nax. 4.16 da nax.4.17-ze  

warmodgenilia Sesabamisad Zabvisa da denis me-2 da me-3 rigis 

harmonikebis Semcveloba 6 kv Zabvis mxares. 

  
nax. 4.16 Zabvis me-2 da me-3 rigis harmonikebis Semcveloba 6 kv 

Zabvis mxares 
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nax.4.17. denis me-2 da me-3 rigis harmonikebis Semcveloba 6 kv 

Zabvis mxares. 

standartSi [1] mocemulia Zabvis meore da mesame rigis 

harmonikebis Semcvelobis procenti. kerZod, 0,38 kv Zabvis qseleb-

Si dasaSveebi normaa 2 %, xolo 6 kv Zabvis qselebSi- 1,5 %. igive 

standartis Tanaxmad mesame rigis harmonikis dasaSvebi normaa: 

0,38 kv qselebSi -5 %, xolo  6 kv qselebSi- 3 %. rogorc nax.4.16- 

dan Cans Zabvis meore rigis harmonikis maqsimaluri Semcveloba 

1,84 %, rac dasaSvebia 0,38 kv qselebisaTvis, xolo dauSvebelia 6 

kv qselebisaTvis. aRniSnuli harmonikis Semcveloba aRebulia 

swored 6 kv mxares. e.i. Semomavali eleqroenergiis xarisxi 

aradamakmayofilebelia. mesame harmonikis Semcveloba dasaSveb 

normebSia, radgan misi maqsimaluri mniSvneloba 2,22 %-ia. 

nax.4.17-dan Cans, rom denis meore rigis harmonikebis 

Semcvelobis maqsimaluri sididea 2,0 %, xolo mesame rigis 

harmonikisa – 0,95 %. zemoT moyvanil gost-Si denis harmonikebis 

Semcvelobis normebi dadgenili ar aris.   

imave standartis [1] mixedviTYZabvis damaxinjebis koefi-

cientis normirebuli mniSvnelobaa 0,38 kv qselebisaTvis 8 %, 

xolo maqsimaluri mniSvneloba -12 %. 6 kv qselebisaTvis 
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normirebuli mniSvnelobaa 5 %, xolo maqsimaluri dasaSvebi 

mniSvneloba – 8 %. 

nax.4.18 YZabvis damaxinjebis koeficientis cvlilebis grafiki 

nax.4.19. Ydenis damaxinjebis koeficientis cvlilebis grafiki 

rogorc nax.18-dan Cans, Zabvis damaxinjebis koeficientis 

maqsimaluri mniSvneloba 3,51 %-ia, rac dasaSveb farglebSia. rac 

Seexeba denis damaxinjebis koeficients, rogorc nax.19-dan Cans 

misi maqsimaluri mniSvneloba 14,16 % -ia rac arc Tu kargi 

maCvenebelia. 
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Cvens mier aseve Semowmebuli iqna simZlavris koeficientis 

mniSvneloba 6 kv Zabvis anu saangariSo mricxvelis mxares 

romlis sidide aris 0,95 . 

 

4.10. denis umaRlesi rigis harmonikebis Semcirebis xerxebi. 

specialistebis mier damuSavebulia mravali teqnikuri 

saSualeba, romlebic aumjobeseben eleqtroenergiis xarisxs 

Zabvisa da denis arasinusoidurobis  maCveneblebis mixedviT. 

denis maRalsixSiruli mdgenelebis Semcirebis teqnikuri 

saSualebebi SeiZleba daiyos sam jgufad: 

1. gansakuTrebuli konstruqciis eleqtruli manqanebi, romlebic 

amcireben denisa da Zabvis umaRlesi rigis harmonikebs da 

zRudaven maT gavrcelebas qselSi. 

2. Sesavali Zabvis  invertorebSi ganedur-impulsuri modulaciis 

gamoyeneba. 

3. gammarTvelis fazaTa ricxvis gazrda. 

4. mfiltrav-makompensirebeli mowyobilobebis gamoyeneba; 

5. 10/04 kv samfaza transformatorebis gamoyeneba, romlis 

gragnilebi SeerTebulia ` samkuTxedi-varskvlavze” saSualebas 

iZleva SevzRudoT samis jeradi harmonikebis gavrceleba 

transformatoris samkuTxedad SeerTebuli gragnilebs iqiT. 

es meTodi praqtikaSi xSirad gamoiyeneba, magram yovelTvis 

didi warmateba ar moaqvs. pirveladi gragnilebis mxares 

neitralis gamtaris ar arseboba gamoricxavs Zabvis vardnas 

neitralze. magram es mtkiceba nawilobriv aris swori. 

samis jeradi dabalansebuli harmonikebi transformatoris 

gularis ReroebSi aRZraven Sesabamis magnitur nakadebs. Tu es 

nakadebi tolia da faziT Tanxvdenili, maSin pirvelad 

gragnilSi aRZruli Zabvebi gakompensirebuli iqneba. 

transformatorebis gragnilebis msgavs SeerTebas mivyavarT 

imasTan, rom nulovani Tanmimdevrobis (samis jeradi) harmonikebi 

ar vrceldebian 6 kv eleqtrul qselSi, amasTanave 0,38 kv qselSi 

maRalsixSiruli denebis arsebobis gamo zarali ar mcirdeba. 
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reaqtiuli simZlavris kompensatorebis gamoyeneba. reaq-

tiuli simZlavris kompensatorebi warmoadgenen eleqtromowyobi-

lobebs, romlebic amcireben sruli simZlavris mniSvnelobebs. 

reaqtiuli simZlavris bunebidan gamomdinare igi SeiZleba iyos 

rogorc induqciuri xasiaTis (induqciuri reaqtori) simZlavris 

tevaduri mdgenelis kompensaciisaTvis, aseve tevaduri (konden-

satoris batarea) simZlavris induqciuri mdgenelis kompen-

saciisaTvis. 
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3. დასკვნა 
 

1. dadgenilia, rom Tanamedrove arawrfivi voltamperuli 

maxasiaTeblebis mqone eleqtroxelsawyoebi moqmed eleqtrul 

qselebSi warmoadgenen Zabvisa da denis sinusoidurobis 

damaxinjebis mizezs. 

2. 0,4 kv Zabvis eleqtrul qselebSi Zabvisa da denis dama-

xinjebebi iwveven mraval uaryofiT Sedegs, maT Soris eleqtru-

li wredis elementebSi simZlavrisa da eleqtroenergiis dama-

tebiT danakargebs. 

3. eleqtroenergiis teqnologiur, instrumentalur da 

komerciul danakargebSi gansazRvrul wils Seadgenen Zabvisa da 

denis sinusoidurobis damaxinjebiT gamowveuli danakargebi. 

4. 10/0,4 kv transformatorebis salteebze Zabvisa da denis 

sinusoidurobis damaxinjebis xarisxi gadacemuli simZlavris 

proporciulia. 

5. mTeli rigi eleqtromomxmareblebidan SeiZleba gamovyoT 

sxvadasxva maxasiaTeblebis mqone xelsawyoebis sami jgufi: ga-

maxurebeli xelsawyoebi da varvarebis naTurebi, romelTac gaaC-

niaT eleqtroenergiis moxmarebis wrfivi maxasiaTebeli; eleq-

troxelsawyoebi, romelTac Tavis SemadgenlobaSi gaaCniaT regu-

lirebadi da araregulirebadi eleqtromoxmarebis arawrfivi 

maxasiaTeblis mqone eleqtroZravebi; impulsuri kvebis blokebis 

mqone da energodamzogi sinaTlis wyaroebi, romelTac gaaCniaT 

eleqtromoxmarebis mkveTrad gamosaxuli arawrfivi maxasiaTe-

beli. 

6. pirveli jgufis eleqtromomxmareblebi ar warmoadgenen 

Zabvisa da denis sinusoidurobis damaxinjebis wyaroebs. maTze 

SeiZleba dafiqsirdes gareSe eleqtruli qselis gavleniT 

gamowveuli damaxinjebani. 

7. dadgenilia, rom kompiuterul datvirTvas Tavisi mraval-

ricxovani eleqtronuli elementebiT Seaqvs arasinusoiduri 
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denebisaTvis damaxasiaTebeli damaxinjebani eleqtrul qselebSi, 

rac Tavis mxriv zrdis eleqtroenergiis damatebiT danakargebs.  

8. dadgenilia, rom saqarTvelos teqnikuri universitetis 

sanapiros qvesadguridan Semomaval mkvebav 6 kv xazze Zabvis 

meore rigis harmonikis maqsimaluri Semcveloba 1,84 %, rac 

dasaSvebia 0,38 kv qselebisaTvis, xolo dauSvebelia 6 kv qsele-

bisaTvis. e.i. Semomavali eleqroenergiis xarisxi aradamakma-

yofilebelia. mesame harmonikis Semcveloba dasaSveb normebSia, 

radgan misi maqsimaluri mniSvneloba 2,22 %-ia, roca dasaSvebi 

normaa 3 %. 

9. imave mkvebav xazze YZabvis damaxinjebis koeficientis 

maqsimaluri mniSvnelobaa 3,51 %, maSin roca normirebuli 

mniSvnelobaa 5 %, xolo maqsimaluri dasaSvebi mniSvneloba – 8 

%-ia. e.i. Zabvis damaxinjebis koeficienti dasaSveb farglebSia, 

xolo denis damaxinjebis koeficientis maqsimaluri mniSvneloba 

14,16 % -ia rac arc Tu kargi maCvenebelia. 

10. dadgenilia, rom kompiuteruli teqnikiT datvirTvis 

dros garda aqtiuri da reaqtiuli simZlavrisa gamtarebSi gae-

dineba damatebiTi simZlavre, romelic gamowveulia damaxinjebis 

simZlavriT. damaxinjebis simZlavre Seadgens datvirTvis sruli 

simZlavris udides nawils, riTac damatebiT tvirTavs eleqtrul 

qsels ise, rom ar asrulebs sasargeblo muSaobas. 

     11. saqarTvelos teqnikur universitetSi eleqtroenergiis 

saerTo danakargebi Seadgens 2% -s, amitom arasinusoidurobis 

donis Semamcirebeli teqnikuri saSualebebis gamoyenebas 

jerjerobiT ar saWiroebs.  

    12. aRricxvis kvanZebis damontaJebis dros didi 

mniSvneloba eniWeba denis transformatoris sworad SerCevas. 

denis transformatori SerCeuli unda iqnes momxmareblis 

minimaluri da maqsimaluri datvirTvis mixedviT iseTnairad, rom 

mas muSaoba  SeeZlos normirebul sizustis klasis farglebSi. 

amasTanave SerCeuli denis transformatoris  gamoyeneba 

ekonomiurad unda iyos dasabuTebuli 
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