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samuSaos zogadi daxasiaTeba 

samuSaos aqtualoba. eleqtrul qselebSi umaRlesi rigis 

harmonikebis problema warmoadgens eleqtromowyobilobis 

eleqtromag-nituri Tavsebadobis nawils. misi mniSvneloba  Zlier 

gaizarda ukanask-neli 20-25 wlis ganmavlobaSi axali 

teqnologiebis mZafr ganviTarebas-Tan erTad, romelmac erTis 

mxriv migviyvana iseTi eleqtromimRebebis mier eleqtroenergiis 

gazrdil moxmarebasTan, romelTac SeaqvT damaxinjebani eleqtrul 

wredSi (gardamqmneli danadgarebi, rkaluri foladsadnobi 

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 eleqt-romomaragebaSi mniSvnelovani yuradReba 

eTmoba energoefeqturobisa da energodazogvis, sakiTxebs. 

eleqtromomaragebis ekonomiuri danaxarjebis Semcireba 

dakavSirebulia eleqtroenergiis xarisxisa da eleqtromo-

wyobilobis saimedobis amaRlebasTan. Tanamedrove warmoeba–

dawesebu-lebebi, administraciuli da sacxovrebeli Senobebi 

aRWurvilia sazRvar-gareTidan Semotanili  uaxlesi teqnologiuri 

da sayofacxovrebo danadgarebiT.  

aseT danadgarebs miwodebuli eleqtroenergiis mimarT 

gaaCniaT garkveuli saxis moTxovnebi. erTerTi maTgania standartis 

Sesabamisi eleqtroenergiis  xarisxi. saqarTvelos teqnikuri 

universiteti eleqt-roenergiis monitoringis sistema `SCADA” 

safuZvelze Catarebuli eqsperimentuli monacemebi, romlebic 

TvalnaTliv gviCveneben eleqtroenergiis xarisxis maCveneblebis 

standartTan Seusabamobas. 

standartis mixedviT 0,4 kv Zabvis qselebisaTvis arsebobs 

Zabvis mrudis sinusoidurobis damaxinjebis koeficientis 
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normirebuli normaluri da zRvrulad dasaSvebi mniSvnelobebi, 

romlebic Seadgenen Sesabamisad 8 % da 12 % -s. 

0,4 kv Zabvis qselebisaTvis Zabvis n-uri rigis harmoniuli 

mdgenelis koeficienti saxelmwifo standartiT normirebulia 

TiToeuli harmonikisaTvis (normebi dadgenilia me-40 harmonikamde). 

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  

yofili sabWoTa kavSiris eleqtrul qselebSi 

eleqtroenergiis danakargebi Seadgenen qselSi gaSvebuli 

eleqtroenergiis 9-10%. marTalia Semcirda eleqtroenergiis 

moxmareba, magram gaizarda jamuri danakargebi da Seadgens qselSi 

gaSvebuli eleqtroenergiis 8-13 % -s. specialistebis SefasebiT 

eleqtroenergiis danakargebis zrdis mizezia moZvelebuli  

eleqtrodanadgarebi da eleqtroenergiis komerciuli danakargebis 

zrda. i.Jelezkos gamokvlevebis mixedviT sasargeblod ixarjeba 

energoresursebis potencialuri energiis 30 % . 

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 eleqtruli 

qselis kvanZebSi eleqtroenergiis xarisxze sxvadasxva 

eleqtromimRebebis gavlenis SefasebisaTvis. ganxilul samuSaoebSi 

eleqtroenergiis xarisxis Semcirebis dros gamokvleulia 

eleqtruli qselis elementebisa da sxvadasxva saxis datvirTvebis 

reJimebi da Sedgenilia maTi modelebi, romlebic saSualebas 

iZlevian proeqtirebis stadiaze gansazRvruli sizustiT SevafasoT 

eleqtroenergiis xarisxis maCveneblebi, aseve SevimuSaoT 

eleqtroenergiis xarisxis gaumjobesebis RonisZiebani. 

gamokvlevebis Tanaxmad eleqtrul qselebSi umaRlesi rigis 

harmonikebisagan gamowveuli damatebiTi danakargebis done Seadgens 

sinusoiduri Zabvis dros arsebuli mTeli danakargebis 9 %-s. 

eleqtroenergiis xarisxis gauaresebiT gamowveuli damatebiTi 

danakar-gebis Sesaxeb specialistTa azri sxvadasxvaa, magram maTi 

umravlesoba aRniSnavs, rom am danakargebis mniSvneloba arsebiTia 

da maTi ugulvebelyofa ar SeiZleba. 
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samuSaos mizans warmoadgens 0,4 kv Zabvis eleqtromomaragebis 

qselebSi umaRlesi rigis harmonikebis eleqtroenergiis xarisxis 

maCveneblebze gavlenis gamokvleva. 

sakvlev obieqtad  SerCeuli iqna saqarTvelos teqnikuri 

univer-siteti, radgan igi aris dabali Zabvis eleqtroenergiis 

erTerTi msxvili momxmarebeli (daaxloebiT 5 mln kvt.sT 

weliwadSi) da amave dros gaaCnia didi datvirTvis rogorc wrfivi, 

aseve arawrfivi momxmareblebi. 

kvlevis meTodebi. sadisertacio samuSaos Sesrulebisas 

gamoyenebuli iqna Semdegi meTodebi: eleqtruli wredebis Teoria; 

harmonikebis analizi furies mwkrivis mixedviT; maTematikuri 

modelirebis meTodi; Tanamedrove sazomi saSualebebis gamoyenebiT 

moqmed eleqtrul qselebSi eqsperimentuli gazomvebi. 

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  

gamowveuli  damaxinjebis xarisxis simZlavreze 

damokidebulebis gansazRvra; 

- damaxinjebis simZlavriT gamowveuli eleqtroenergiis 

danakargebis gansazRvra; 

samuSaos praqtikuli mniSvneloba. sadisertacio samuSaos 

praqtikuli mniSvneloba mdgomareobs sistema `SCADA”-s 

gamoyenebaSi, romelic saSualebas iZleva eleqtruli qselebis 

arasinusoidur reJimebSi muSaobisas didi sizustiT ganisazRvros 
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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 w.  

disertaciis struqtura da moculoba. disertacia Sedgeba 

Sesavalisagan, oTxi Tavisagan, daskvnisa da literaturis siisagan. 

disertacia warmodgenilia  133 gverdze, Seicavs  14 cxrils,  31 

naxazs da 33 dasaxelebis literaturul wyaros. 

 

samuSaos ZiriTadi Sinaarsi 

  SesavalSi dasabuTebulia problemis aqtualoba, Camoyali-

bebuli da gansazRvrulia gamosakvlevi sakiTxebis wre, aseve 

kvlevis mizani da amocanebi. formulirebulia naSromis mecnierul 

siaxleTa da praqtikuli mniSvnelobis ZiriTadi aspeqtebi. 

naSromis pirveli Tavi eZRvneba literaturul mimoxilvas. 

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. 

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. eleqtroenergiis dabali 

Zabvis problemam SeiZleba gamoiwvios mniSvnelovani zarali, 
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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. 

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. 

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 
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gansxvavdeba sinusoidurisagan arasinusoiduri deni aris Zabvis 

sinusoiduri formis damaxinjebis mizezi. 

arawrfivi voltamperuli maxasiaTeblebis mqone eleqtromim-

Rebebi abinZureben eleqtrul qselebs umaRlesi rigis harmonikebiT, 

romlebic Semdeg uaryofiTad moqmedeben eleqtroenergiis xarisx-

ze, aRricxvis wredebSi CarTuli denis transformatorebis muSao-

bis sizusteze da iwveven eleqtroenergiis damatebiT danakargebs. 

Ddenis 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 sixSirisagan mTel ricxvjer 

gansxvavdeba. maT umaRlesi rigis harmonikebi ewodebaT (nax.1). 

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. 

 

nax.1 

denis umaRlesi harmonikebis yvelaze ufro gavrcelebul 

wyaroebs warmoadgenen: statikuri gardamqmnelebi;  induqciuri da 

rkaluri Rumelebi; luminescenciuri naTurebi; kompiuteruli 

teqnikis qselebi; transformatorebi da reaqtorebi da sxva. 
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umaRlesi rigis harmonikebiT gamowveuli efeqtebi iyofa 

myisieri da xangrZlivi aRZvris efeqtebad. myisieri aRZvris 

problemebs miekuTvnebian: mkvebavi Zabvis formis damaxinjeba; Zabvis 

vardna gamanawilebel qselebSi; samfaza wredebSi samis jeradi 

harmonikebis efeqti; rezonansuli movlenebi umaRlesi rigis 

harmonikebis sixSireebSi; dabrkolebebi telekomunikaciisa da 

marTvis qselebSi; eleqtromagnitur mowyobilo-bebSi momatebuli 

akustikuri xmauri; 

Eeleqtrodanadgarebis mflobelebi, romlebsac gaaCniaT naxe-

vargamtaruli mowyobilobebi da kompiuteruli qselebi, ukanasknel 

xanebSi ufro da ufro xSirad ejaxebian axal useriozules 

problemas. saqme imaSia, rom im  warmoeba-dawesebulebebisa da 

Senobebis eleqtromomaragebis 0,4 kv Zabvis eleqtromomara-

gebisQqselebi `dabinZurebulia” umaRlesi rigis harmonikebi. 

 rogorc yvela sxva damaxinjebis forma, harmonikebi 

zemoqmedeben yvela saxis eleqtromowyobilobebze, romlebic 

imyofebian harmonikebis generaciis adgilidan sakmaod didi 

daSorebiTac ki. 

Tavmoyril da ganawilebulparametrebian eleqtrul wredebSi 

umaRlesi harmonikebis arsebobis dros aRiZvreba rezonansuli 

movlenebis gamovlenis saSiSroeba. arasinusoiduri denis wredebSi 

rezonansuli movlenebi SesaZlebelia sxvadasxva harmoniuli 

mdgenelebisaTvis. 

samfaza wredebSi denis samis jerad harmonikebs, romlebic 

generirebulia erTfaza datvirTvebiT da gansazRvraven amplitudis 

koeficientis maRal mniSvnelobas, aqvT specifikuri majamebeli 

zemoqmedebis unari da  imis gaTvaliswinebiT, rom  samis jeradi 

harmonikebis wili didia fazuri denebis moqmed mniSvnelobaSi, 

SeiZleba neitralSi gamavali denis sididem ramdenimejer 

gadaaWarbos fazuri denis mniSvnelobas. 
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samfaza qselis fazebs Soris ZabvebSi ar arseboben samis 

jeradi harmonikebi, ris gamoc damokidebuleba xazur da fazur 

Zabvebs Soris 1,73 –ze naklebia.     

naSromis meore TavSi  ganxilulia  eleqtroenergiis xarisxi 

da misi maCveneblebis gavlena eleqtromomxmareblebze. 

eleqtroenergiis xarisxi es aris eleqtroenergiis paramet-

rebis 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 eleqtro-

magnituri Tavsebadobis mdgenels, romelic axasiaTebs eleqtromag-

nitur garemos. eleqtroenergiis xarisxi SeiZleba icvlebodes 

DdReRamis, amindis, klimaturi pirobebis, energosistemis datvir-

Tvis, qselSi avariuli reJimebis aRZvrisa da sxvaTa mixedviT. 

eleqtroenergiis xarisxis Semcirebam SeiZleba migviyvanos 

eleqtromimRebebis MmuSaobis reJimebis SesamCnev cvlilebamde da 

Sedegad samuSao meqanizmebis mwarmoeblobis Semcirebamde, produq-

ciis 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. 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). 

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. 

Zabvis gadaxra xasiaTdeba Zabvis damyarebuli gadaxriT 

(δUdamy.) romlisTvisac dadgenilia Semdegi normebi: 

- eleqtroenergiis mimRebebis momWerebze Zabvis damyarebuli 

gadaxris normalurad da zRvrulad dasaSvebi mniSvnelobebi. 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 
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eleqtruli energiis mimRebebis gamomyvanebze standartiT 

dadgenili normebis Sesrulebis saWiroeba.  

Zabvis gadaxra mniSvnelovan gavlenas axdens asinronuli 

Zravas muSaobaze, romelic warmoebaSi yvelaze ufro 

gavrcelebuli eleqtroenergiis mimRebia 

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 eleqtromimRebebisaTvis - ± 5 %; 

sasoflo raionebis eleqtruli qselebisaTvis, aseve mecxoveleobis 

fermebisa da mefrinveleobis fabrikebisaTvis da 

eleqtroficirebuli transportis wevis qvesadgurebis salteebidan 

mkvebavi qselebisaTvis ± 5 %. 

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 rxeva xasiaTdeba Semdegi maCveneblebiT: 

- Zabvis cvlilebis manZili (δUt); 

- flikeris doza (Pt). 
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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. 

flikeris doza. flikeri aris adamianis mier xelovnuri 

sinaTlis wyaroebis mkvebav eleqtrul qselSi Zabvis rxeviT 

gamowveuli sinaTlis nakadis cvlilebis subieqturi aRqma.  

adamianis Tvalze yvelaze Zlier zemoqmedebas axdens 3-10 hc 

sixSiris cimcimi, amitom Zabvis dasaSvebi rxevebi am diapazonSi 

minimaluria – 0,5 %-ze naklebi. 

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 

mowyobiloebis muSaobaze. umaRlesi harmonikebis wyaroebs 

warmoadgenen  momxmareblebTan dayenebuli gammarTveli 

danadgarebi, mudmivi denis eleqtrogadamcemebi, Zaluri 

transformatorebi, rkaluri eleqtroRumelebi, SeduRebis 

agregatebi. umaRlesi rigis harmonikebis Semcireba miiRweva 

eleqtromomaragebis sqemis racionaluri gamoyenebiTa (naCveneb 

datvirTvebs gamoyofen da miuaxloveben kvebis mZlavr wyaroebs) da 
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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 1. 

cxrili 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. 

cxrili 2. Zabvis n – harmoniuli mdgenelis koeficientis  

            normalurad dasaSvebi mniSvnelobebi procentebSi. 

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 
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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   

Zabvis arasimetriulobis gavlena. samfaza sistemis 

arasimetri-uloba 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. 
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arasimetriuli reJimi xasiaTdeba ukuTanmimdevrobis ZabviT. 

nebismieri simetriuli eleqtromimRebis momWerebze ukuTanmim-

devrobis Zabvam ar unda gadaaWarbos nominaluri Zabvis 2 %-s. 

Zabvebis arasimetriuloba xasiaTdeba Semdegi maCveneblebiT: 

- ukuTanmimdevrobis Zabvis arasimetriulobis koeficienti; 

- nulovani Tanmimdevrobis Zabvis arasimetriulobis koefi-

cienti. 

standartiT dadgenilia am maCveneblebis normebi. 

eleqtrul qselebTan saerTo mierTebis wertilebSi ukuTan-

mimdevrobis 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 arasimetriu-

lobis koeficientis normalurad dasaSvebi da zRvrulad dasaSvebi 

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

arasimetriuli denebi iwveven arasimetriul Zabvis vardnebs. 

ris Sedegadac eleqtromimRebis momWerebze Cndeba Zabvebis 

arasimetriuli sistema, ris gamoc  arsebiTad uaresdeba rogorc am 

eleqtromom-xmareblis, aseve am qselSi CarTuli yvela elementis 

muSaobis pirobebi, mcirdeba eleqtromowyobilobisa da mTlianad 

eleqtromomaragebis sistemis muSaobis saimedoba.  

sixSiris gadaxra aris mis faqtiur da nominalur 

mniSvnelobebs Soris sxvaoba, gasaSualebuli 10 wT ganmavlobaSi. 

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

droebiTi muSaoba ± 0,2 hc gadaxriT. 

eleqtrul qselebSi sixSiris gadaxris normalurad dasaSvebi 

da zRvrulad dasaSvebi mniSvnelobebi aris Sesabamisad ± 0,2 da 

±0,4 hc. 
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sixSiris gadaxra uaryofiT gavlenas axdens eleqtronuli 

teqnikis muSaobaze: 

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. 

Zabvis Cavardna. Zabvis Cavardna aris eleqtruli qselis 

wertilSi Zabvis uecari Semcireba 0,9Unom qvemoT, romlis Semdegac 

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. 

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. 

droebiTi gadaZabvebi. droebiTi gadaZabvebi aris eleqtruli 

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

xangrZlivobiT, romelic aRiZvreba eleqtromomaragebis sistemebSi 

komutaciisa da mokled SerTvis dros. 

naSromis mesame Tavi exeba   eleqtroenergiis faqtiur da 

teqnikur danakargebs. pirvel rigSi Catarebulia eleqtroenergiis 

danakargebis struqturis analizi. 
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moqmed normatiul dokumentebSi eleqtroenergiis danakar-

gebis gansazRvrisaTvis gamoiyeneba faqtiuri (saangariSo) 

danakargebis cneba. 

 eleqtroenergiis faqtiuri danakargebi (ΔWf) ganisazRvreba 

transformatoris salteebidan gacemuli eleqtroenergiisa (W0) da 
momxmareblis mier gadaxdili da energosistemis sawarmoo 

saWiroebisaTvis daxarjuli eleqtroenergiis jamis (Wmomx.+Ws.m),  
sxvaobiT: 

ΔWf = W0 – (Wmomx.+Ws.m),  

 am formulidan gamomdinareobs, rom ΔWf sidide  Tavis TavSi 

Seicavs ara marto teqnikur danakargebs (ΔWt), aramed eleqtro-

energiis danakargebsac, romlebic ganpirobebulia aRricxvis xel-

sawyoebis 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 xelsaw-

yoebis cdomilebiTY gamowveuli danakargebi; 4. eleqtroenergiis 

datacebiT, mricxvelebis mier aRricxuli daxarjuli eleqtroener-

giis safasuris gadauxdelobiT an nawilobrivi gadaxdiT gamow-

veuli danakargebi. danakargebis pirveli sami mdgeneli warmoadgens 

teqnikur danakargs, xolo meoTxe - komerciul danakargs. 

 amave TavSi warmodgenilia eleqtroeneriis gadacemis proce-

sis ZiriTadi maxasiaTeblebi. reaqtiuli simZlavris kompensaciis 

sakiTxebi da kompiuteruli datvirTvis denisa da Zabvis mrudis 

formaze gavlenis gamokvlevis Sedegebi. 
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arawrfivi datvirTvis eleqtroenergiis xarisxze gavlenis 

dasadgenad saqarTvelos teqnikuri universitetis kompiuterul 

centrSi gadaRebuli iqna fazur da nulovan gamtarebSi gamavali 

denebisa da qselis Zabvis oscilogramebi fazebis simetriuli 

datvirTvis dros, romlebic warmodgenilia Sesabamisad nax.2.a da 

nax.2.b-ze. 

sayovelTaod cnobilia, rom oTxsadenian  samfaza wredebSi 

simetri-uli datvirTvis SemTxvevaSi nulovan gamtarSi gamavali 

deni nulis tolia, Cvens SemTxvevaSi ki rogorc nax.2.b- dan Cans 

bevrad gansxvavebulia nulisagan da aRemateba kidec fazur 

sadwenSi gamaval dens (nax.2.a).  

   

a)                                b) 

nax.2. 

sadisertacio samuSaos farglebSi Seswavlili iqna 

saqarTvelos teqnikuri universitetis momxmarebelTa struqtura. 

kvlevis Sedegad dadginda, rom saqarTvelos teqnikur universitets 

hyavs sami tipis momxmarebeli: sakuTari momxmarebeli, stu-s 

komerciuli qveabonentebi da ss `Telasi”-s abonentebi. 

gansazRvruli iqna wliurad saerTo moxmarebul eleqtro-

energiaSi TiToeuli kategoriis momxmareblis mier moxmarebuli 

eleqtroenergiis  procentuli wili, saidanac dadginda, rom 

sakuTari momxmareblebis mier saerTo moxmarebul energiaSi 

arawrfivi datvirTva  50 % - ze metia. 
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naSromis meoTxe TavSi mocemulia saqarTvelos teqnikur 

universitetSi danergili sistema SCADA-s gamoyenebiT Catarebuli 

eqsperimentuli gamokvlevebis Sedegebi. 

SCADAA-s sistema, 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 

harmonikebisa da arawrfivi damaxinjebis koeficientis mniSvne-

lobebs. rogorc dabali ise maRali Zabvis mxares, ris safuZvelzec 

SesaZlebelia ganisazRvros danakargebis sidideebi. aRniSnuli 

monitoringis sistemis gamoiyenebaSesaZlebelia ara marto stu-s 

eleqtromomaragebis monitoringisaTvis, aramed informatikis, 

energetikisa da telekomunikaciis fakultetebis studentebis, 

magistrantebis, doqtorantebisa da profesor - maswavleblebis 

mier saswavlo da samecniero -kvleviTi samuSaoebis Sesrulebisas. 

kvlevebis Casatareblad arCeuli iqna sami tipis  momxmare-

beli: erTi saswavlo korpusi – VIII saswavlo korpusis Zaluri 

transformatoris gamosasvleli; meore – sakuTari dabali Zabvis 

momxmarebeli – administraciuli korpusi; didi simZlavris 

komerciuli momxmarebeli – Telasis abonenti, kvebis obieqti 

`TaRlaura“.  

TiToeuli tipis momxmareblisaTvis analizis Catarebis miz-

niT  saarqivo monacemebis mixedviT agebuli iqna sixSiris, simZlav-

ris koeficientis, aqtiuri reaqtiuli da sruli simZlavreebis 

cvlilebis grafikebi, rogorc samuSao ise arasamuSao 

DdReebisaTvis. 

magaliTis saxiT nax.3-ze warmodgenilia administraciuli 

korpusis mier moxmarebuli aqtiuri, reaqtiuli da sruli 

 21



simZlavris Tviuri cvlilebis grafikebi, saidanac Cans, rom 

administraciul korpusSiAaqtiuri da reaqtiuli simZlavreebis 

mniSvnelobebi erTmaneTisagan sididiT didad ar gansxvavdebian. es 

ki  ganapirobebs simZlavris dabal koeficients, romlis saSualo 

mniSvneloba 0,75 tolia. 

 

nax.3 

kompiuteruli teqnikiT datvirTvis dros dadgenili iqna, rom  

garda aqtiuri da reaqtiuli simZlavreebisa gamtarebSi gaedineba 

damatebiTi simZlavreebi, romelic gamowveulia damaxinjebis 

simZlavriT. damatebiTi simZlavre warmoadgens reaqtiuli simZlav-

ris nawils, romelic axasiaTebs sxvadasxva sixSiris Zabvisa da 

denis urTierTmoqmedebiT ganpirobebul procesebs. 

Cvens winaSe daisva sakiTxi. rogor damokidebulebaSia 

erTmaneTTan qselSi gamavali deni da damaxinjebis simZlavre?. 

qselSi gamavali denisa da damaxinjebis simZlavres Soris 

damokidebulebis dadgenis mizniT monitoringis sistemis saarqivo 

masalebidan movaxdineT damaxinjebis simZlavris gaangariSeba 
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rogorc dadebiTi, ise uaryofiTi  reaqtiuli simZlavris 

SemTxvevaSi. gaangariSebis Sedegebi moyvanilia cxrili 1 -Si.  

 

cxrili 1 

# 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 
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am cxrilis monacemebiT agebulia  aqtiuri, reaqtiuli, 

sruli da damaxinjebis simZlavris denis saSualo mniSvnelobaze  

damokidebulebis grafikebi dadebiTi reaqtiuli simZlavris 

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

(nax.4). 

 

nax.4. 

rogorc nax.4-dan Cans, rogorc dadebiTi, aseve uaryofiTi 

reaqtiuli simZlavris SeTxvevaSi denis saSualo mniSvnelobis  

gazrdiT yvela saxis simZlavre, garda reaqtiulisa, 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 danakargebi da 

uaresdeba eleqtronergiis xarisxi. rac ganapirobebs dabali 

simZlavris koeficients. 

gamokvleuli iqna VI saswavlo korpusis mkvebavi ori 

fideridan erTerTis  arawrfivi datvirTvis gavleniT gamowveuli 
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danakargebi kabelebsa da transformatorSi. aRniSnuli fideris 

saSualo aqtiuri datvirTva 37,5 kvt-ia. sabolood damaxinjebisa da 

reaqtiuli simZlavriT  gamowveuli eleqtroenergiis wliuri 

danakargebi tolia 1117,36.kvt.sT. 

saarqivo monacemebis analizis safuZvelze aseve SeiZleba 

dadgenilia, rom stu-Si moTxovnili  reaqtiuli simZlavris sidide 

arsebiT gavlenas ver axdens simZlavris koeficientis mniSvneloba-

ze. simZlavris koeficientis dabali mniSvneloba ZiriTadad gamow-

veulia arawrfivi datvirTvis Sedegad  gamowveuli eleqtroener-

giis xarisxis gauaresebiTa da damaxinjebis simZlavris SemotaniT. 

amave TavSi konkretul organizaciaSi Catarebuli gamokvle-

vebis safuZvelze eleqtroenergiis danakargebis Semcirebis mizniT  

moyvanilia rekomendacia aRricxvis kvanZis mowyobis Sesaxeb. sadac 

dadgenilia, rom 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 

amave TavSi moyvanilia eleqtroenergiis saerTo danakargebis 

Sedegebi. amisaTvis saWiro sanapiros qvesadgurSi dayenebuli stu-s 

saangariSo mricxvelis mier aRricxul, qvesadguridan gacemul da 

stu-s # 1003 da # 1182 satransformatoro jixurebSi dayenebuli 

transformatorebidan gamomaval eleqtroenergiebs Soris 

Tanafardobis dadgena. riTac ganisazRvreboda maRali, 6 kv Zabvis 

kabelebsa da transformatorSi eleqtroenergiis faqtiuri da 

teqnikuri danakargebi. 

eqsperimentuli gamokvlevebiT dadginda, rom sanapiros 

qvesadgurSi dayenebuli saangariSsworebo mricxvelis mier aRric-

xul eleqtroenergiasa da transformatorebis gamosasvleleb-ze 
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jamur eleqtroenergiebs Soris sxvaoba, anu rac igivea, danakargebi 

sakabelo xazebsa da Zalur transformatorebSi Seadgens 12094 

kvt.sT, rac procentebSi gamosaxuli Seadgens 1,7 %-s. 

aseve Seswavlili iqna Zabvisa da denis meore da mesame rigis 

harmonikebis Semcveloba da damaxinjebis koeficientis mniSvne-

lobebi  6 kv Zabvis Semomaval fiderze 

standartis mixedviT 0,38 kv Zabvis qselebSi Zabvis meore da 

mesame rigis harmonikebis Semcvelobis procentis 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 gamokvlevebma gviCvena  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. 

denis meore rigis harmonikebis Semcvelobis maqsimaluri 

sididea 2,0 %, xolo mesame rigis harmonikisa – 0,95 %. standartSi  

denis harmonikebis Semcvelobis normebi dadgenili ar aris.   

imave standartis mixedviTYZabvis damaxinjebis koeficientis 

normirebuli mniSvnelobaa 0,38 kv qselebisaTvis 8 %, xolo 

maqsimaluri mniSvneloba -12 %. 6 kv qselebisaTvis normirebuli 

mniSvnelobaa 5 %, xolo maqsimaluri dasaSvebi mniSvneloba – 8 %. 
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nax.5. 

Cvens SemTxvevaSi Zabvis damaxinjebis koeficientis 

maqsimaluri mniSvneloba 3,51 %-ia (nax.5) rac dasaSveb farglebSia. 

rac Seexeba denis damaxinjebis koeficients, misi maqsimaluri 

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

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 

damaxinjebebi iwveven mraval uaryofiT Sedegs, maT Soris 

eleqtruli wredis elementebSi  simZlavrisa da eleqtroenergiis 

damatebiT 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. dadgenilia, rom kompiuterul datvirTvas Tavisi 

mravalricxovani eleqtronuli elementebiT Seaqvs arasinusoiduri 

denebisaTvis damaxasiaTebeli damaxinjebani eleqtrul qselebSi, 

rac Tavis mxriv zrdis eleqtroenergiis damatebiT danakargebs.  

6. 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 qselebisaTvis. e.i. 

Semomavali eleqroenergiis xarisxi aradamakmayofilebelia. mesame 

harmonikis Semcveloba dasaSveb normebSia, radgan misi maqsimaluri 

mniSvneloba 2,22 %-ia, roca dasaSvebi normaa 3 %. 

7. 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 
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denis damaxinjebis koeficientis maqsimaluri mniSvneloba 14,16 % -

ia rac arc Tu kargi maCvenebelia. 

8. dadgenilia, rom kompiuteruli teqnikiT datvirTvis dros 

garda aqtiuri da reaqtiuli simZlavrisa gamtarebSi gaedineba 

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. 

     9. saqarTvelos teqnikur universitetSi eleqtroenergiis 

saerTo danakargebi Seadgens 2% -s, amitom arasinusoidurobis 

donis Semamcirebeli teqnikuri saSualebebis gamoyenebas 

jerjerobiT ar saWiroebs.  

 10. 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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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).  
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           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 
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. 


