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naSromi eZRvneba larbi kasraZis naTel xsovnas 
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რეზიუმე 

saqarTvelos eleqtrosistemis perspeqtiuli ganviTarebis 

gegmis Sesabamisad uaxloes momavalSi ganxorcieldeba TurqeTSi 

aseulobiT mgvt simZlavris eqsporti. amasTan, saqarTvelosa da 

TurqeTis eleqtrosistemebi erTmaneTs daukavSirdebian 

asinqronulad, mudmivi denis CanarTebis saSualebiT. pirvel etapze 

moxdeba 700 mgvt simZlavris eqsporti axalcixis mudmivi denis 

CanarTidan, xolo mogvianebiT eqspluataciaSi Seva 350 mgvt 

dadgmuli simZlavris mqone baTumis mudmivi denis CanarTi.  

aseTi kavSiri, rogorc saqarTvelos, ise TurqeTis 

eleqtrosistemebSi iwvevs Zabvis formis damaxinjebas, ramdenadac 

konvertoruli blokebi warmoadgenen arawrfiv momxmareblebs. 

Zabvis damaxinjeba Tavis mxriv orive sistemaSi qmnis rig problemebs 

(elenergiis xarisxis gauareseba, generatorebis da 

transformatorebis damatebiTi gaxureba, izolaciis naadrevi 

dabereba, gazrdili danakargebi da a.S.) da aucilebelia Sefasdes 

arasinusoidurobis xarisxi da saWiroebis SemTxvevaSi gatardes 

Sesabamisi RonisZiebebi. 

naSromSi Catarebulia harmonikuli analizi saqarTvelos 

eleqtrosistemisTvis axalcixis mudmivi denis CanarTiT 700 mgvt 

simZlavris eqsportis pirobebSi. harmonikuli analizisTvis 

Seqmnilia saqarTvelos eleqtrosistemis maRali Zabvis qselisa da 

mudmivi denis CanarTis maTematikuri modelebi. ZiriTadi 

gaangariSebisaTvis gamoyenebulia eleqtromagnituri procesebis 

saangariSo kompiuteruli programa “Asnsoft Simplorer”.   

naSromis pirvel TavSi ganxilulia HVDC teqnologia, 

kovertorebis klasifikacia, maTi gamoyenebis sfero da dadebiTi da 

uaryofiTi mxareebi. Sedarebulia axalcixis klasikuri mudmivi denis 

CanarTi da HVDC light sistema.  zogadad   aris   aseve   ganxiluli  

HVDC sistemiT ganpirobebuli ekologiuri faqtorebi. 

 meore TavSi ganxilulia mudmivi denis CanarTis Semadgeneli 

ZiriTadi Zaluri elementebi. aRwerilia 12-pulsiani ventiluri 

sqema da  mis  mier  genenirebuli  harmonikuli  speqtri.   

moyvanilia mudmivi denis CanarTis tiristoruli moduli da misi 

damxmare wredebis principialuri sqema. aRwerilia konvertoruli 

qvesadguris tipiuri sqemis mniSvnelovani kvanZebi.  

 axalcixis qvesadguris klasikur HVDC sistemaSi gamarTvisa da 

invertirebis procesebi Sesrulebulia qselis ZabviT, anu bunebrivi 

komutaciis pirobebSi, rac imas niSnavs, rom ventilis Casaketad 

gamoyenebulia qselis Zabva. aseTi komutaciisas cvladi Zabvebi, 

rogorc gammarTvelis, ise invertoris mxares uzrunvelyofili 

unda iyos eleqtruli qselis mier. sistemis normaluri 

muSaobisaTvis aucilebelia daculi iyos sami fazis simetria da 

sinusoiduroba. 
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amave TavSi axsnilia mokle SerTvis simZlavris indeqsis 

mniSvneloba eleqtrosistemebisTvis. saqarTvelos eleqtrosistema 

aseTi klasifikaciiT miekuTvneba mZlavri sistemebis jgufs, radgan 

saSualod TiTqmis yvela perspeqtiul reJimSi ESCR koeficienti 3-ze 

metia. ganxilulia, aseve, mudmivi denis CanarTis ZiriTadi 

maxasiaTeblebi da aRwerilia specialuri daniSnulebis ramdenime 

kontroli, romelTac gansakuTrebuli mniSvneloba aqvT 

saqarTvelos eleqtrosistemisTvis konvertoruli qvesadguriT 

muSaobis pirobebSi. 

mesame TavSi Catarebulia mudmivi denis CanarTis maTematikuri 

modelireba. naCvenebia da detalurad aris aRwerili mudmivi denis 

CanarTis gamartivebuli kompiuteruli modelis sqema. konvertoris 

mkvebavi transformatorebi warmodgenilia “Asnsoft Simplorer”-is 

specialuri, mZlavri transformatoruli modelebiT. 

 sawyisi modelirebis rezultatis saxiT naCvenebia gamarTuli 

mudmivi Zabvis, datvirTvis denis, qselidan moTxovnili denis da 

mkvebavi sistemis Zabvebis mrudebi. gamoTvlilia Zabvis jamuri 

damaxinjebis koeficientebi konvertoris mkvebavi cvladi Zabvis 

salteze da gamokvleulia arasinusoidurobis xarisxi CanarTiT 

gadasacem simZlavresTan damokidebulebaSi qselis parametrebis 

gaTvaliswinebis gareSe. 

 meoTxe TavSi “Asnsoft Simplorer”-Si modelirebulia gadacemis 

qseli da gamokvleulia misi gavlena jamuri damaxinjebis 

koeficientebis sidideze. moyvanilia saqarTvelos maRali Zabvis 

qselis sxvadasxva kvanZSi Zabvebis harmonikuli damaxinjebis suraTebi 

mudmivi denis CanarTis 700 mgvt-iT datvirTvisas. naCvenebia 

harmonikuli mdgenelebis cxrili, romelic Seicavs TiTqmis yvela 

arsebul da perspeqtiul 500 kv Zabvis kvanZebs.  

amave TavSi Catarebulia energosistemis harmonikuli analizi 

n-1 reJimSi. ganxilulia SemTxveva rodesac xdeba egx “zestafoni – 

axalcixis” gamorTva. n-1 reJimSi miRebuli rezultati gansxvavdeba 

normaluri reJimis Sedegebisgan da situacia garkveulwilad 

damZimebulia, radgan aseT dros xdeba mudmivi denis CanarTis 

mkvebavi eleqtrogadacemis xazebis ekvivalenturi winaRobis gazrda, 

rac Tavis mxriv iwvevs harmonikuli Zabvis vardnebis gazrdasac. es 

ukanaskneli ki aisaxeba harmonikuli damaxinjebis donis awevaSi. 

gamokvlelulia Zabvis da denis jamuri damaxinjebis  

koeficientebis damokidebuleba CanarTiT gadasacems simZlavreze 

qselis parametrebis gaTvaliswinebiT. calkea naCvnebi am 

damokidebulebis mrudebi enguris da gardabanis 500 kv Zabvis 

kvanZebisTvis. ჩანართისაგან ელექტრულად daშორებულ კვანძებSi ძაბვის 

ჯამური დამახინჯების კოეფიციენტების ცვლილების კანონზომიერებაში 

raime gansakuTrebuli gansxvaveba ar შეიმჩნევა. 

amave TavSi Catarebulia arakanonikuri harmonikebis erTerTi 

gamomwvevi mizezis modelireba da analizi. modelirebisTvis 

gamoyenebulia ori kompiuteruli programa: “PSS/E” da “Ansoft 
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simplorer”. naCvnebia qselis sixSiris, axalcixis 500 kvanZis Zabvis, 

konvertoris mudmivi Zabvis, mudmivi denis da sxva mrudebi. mkvebavi 

sistemis cvladi Zabvis harmonikul suraTSi mkafiod Cans, Tu rogor 

icvleba harmonikuli speqtri konvertoris normaluridan avariul 

reJimSi gadasvlisas. 

 naSromis bolo, mexuTe Tavi moicavs saqarTvelos 

eleqtrosistemaSi CanarTis mier generirebuli harmonikebis 

filtraciis RonisZiebebs, kerZod ki cvladi Zabvis harmonikuli 

filtrebis SerCevis sakiTxebs. ganxilulia filtrebis SerCevis 

logika. aRwerilia winaRobebis wris da poligonis meTodebi. 

xazgasmiTaa aRniSnuli winaRobebis wris meTodis ZiriTadi 

naklovaneba. poligonis meTodiT da kompiuteruli maqsimizaciis 

gamoyenebiT SerCeulia Sedgenili cvladi Zabvis filtrebis 

ramdenime paraleluri Sto. mocemulia aRniSnuli filtrebis 

sqemebi da sixSiruli maxasiaTeblebi. SerCeuli filtrebi srulad 

uzrunvelyofen mudmivi denis CanarTs misTvis aucilebeli 

reaqtiuli simZlavriT.  

saqarTvelos eleqtrosistemisTvis Catarebulia ganmeorebiTi 

harmonikuli gaangariSebebi filtrebis gaTvaliswinebiT, rogorc 

normalur, aseve n-1 reJimebSi. orive reJimSi filtrebis 

instalaciis Semdeg jamuri harmonikuli damaxinjebis done 

praqtikulad yvela kvanZSi dasaSveb sidides ar aRemateba.  

naSromis dasasruls gamokvleulia jamuri damaxinjebis 

koeficientebis damokidebuleba mudmivi denis CanarTis datvirTvaze 

filtrebis gaTvaliswinebiT da gakeTebulia Sesabamisi daskvnebi.  
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Abstract 

In a nearest future Georgian and Turkish power systems will be connected to 

each other in parallel asynchronous operation through the b2b station. On a first step 

Georgia will export 700 MW power through Akhaltsikhe b2b station and a bit later 300 

MW through Batumi b2b station. 

Such connection  will create high frequency harmonics in both of power 

systems, which causes sinusoidal voltage waveform distortion. The main reason of 

such distortion is a nonsinusoidal characteristic of  a load of  the converter blocks. 

Voltage distortion creates several problems in both of power systems (worsening of 

power quality, additional heating of generators and transformers, increased losses in 

power system elements, earlier crocking of insulation and etc.) and it’s necessary to 

estimate the rate of nonsinusoidality and in case of inevitability to provide appropriate 

activities.  

In the work is carried out harmonic analysis for Georgian power system in 

case when Georgia in asynchronous operation exports 700 MW power to Turkey via 

Akhaltsikhe b2b station. For harmonic analysis the mathematical models of high 

voltage grid and of b2b station are created.  Modeling and most of Simulations are 

realized in the “Ansoft simplorer” program. 

The work contains five chapters. It consists of introduction, experimental 

part, analytical part and conclusions.  

In a chapter I, it is discussed HVDC technology, high voltage converters 

classification,  their sphere of utilization and their main advantages and disadvantages. 

It is also considered in general environmental factors caused by HVDC system. 

In a chapter II, it is considered main circuits and power constituents of back to 

back station. It is also described 12 pulse converter scheme and all canonical 

harmonics generated by it. It is shown thyristor module and it’s auxiliary circuits. In 

general it is discussed important buses of a conventional converter station.  

In Akhaltsikhe HVDC system the rectification and inversion processes are 

done by AC system’s grid voltage (natural commutation), it means, that for switching 

of thyristor is used systems voltage. In case of such commutation for normal operation 

of HVDC converter, supplied voltages must be sinusoidal and symmetrical. 
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In that chapter it is also explained the meaning of ESCR ratio for power 

systems. Based on such  like classification, Georgian power system belongs to strong 

power systems group, because the ESCR ratio almost in every perspective scenarios is 

more than 3. It’s also considered the main characteristics of back to back station and 

described some of special controls, which are very important for Georgian power 

system when it operates with converter station.  

In a chapter III, it is carried out mathematical modeling of back to back 

station. It is shown and in detailed described the simplified model of back to back 

station. The converter transformers are represented as the special powerful 

transformer’s models of “Asnsoft Simplorer”. 

In first step modeling result it is shown the waveforms of rectified DC 

voltages, DC current, supply AC voltages and AC currents consumed by converter 

station. It is calculated  THDs for voltage at converter supply bus bar  and explored the 

degree of nonsinusoidality in dependence of exported power by back to back  station.  

In a chapter IV, it is modeled high voltage transmission grid of a Georgian 

power system and it is explored it’s influence on THD’s levels. It is shown the diagrams 

of distorted voltages for various bus bars of a high voltage grid when back to back 

station was exporting 700 MW power to Turkey. It is also shown the table of harmonic 

contetns , which contains almost every existing and perspective high voltage bus bars. 

In a same chapter have been carried out n-1 harmonic analysis. It is 

considered an event, when the outage of OHL line “Zestafoni-Akhaltsikhe” takes place. 

Obtained results defers from normal regime’s results. The situation is a little bit 

heavier , because in such case the equivalent resistance and reactance of supplier OHL 

lines is increased that accordingly causes increasing of harmonical voltage drops on 

those lines. Resulting this , in n-1 regime the THD levels are higher than in normal 

regime. 

Have been researched the dependence of voltage and current distortion 

ratios on exported power by converter station, considering the parameters of high 

voltage transmission grid. It is shown the waveforms on that dependence for 500 kv 

bus bars of “Gardabani” and “Enguri” substations. At other bus bars , those are 

electrically far away from back to back station important difference in character of 

alternation of THDs  is not noticed. 
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In a same chapter has been carried out the modeling of one of the 

challenging  reason of noncanonical harmonics. For modeling has been used two 

software: “PSS/E” and “Ansoft simplorer”. It is shown the waveforms of system 

frequency, 500 kv bus bar voltage, DC voltage, DC current and etc. On the picture of 

voltage distortion sharply seems how the harmonic spectre changes when converter 

moves from normal to emergency mode. 

Last, fifth chapter of work includes the arrangement of filtration . Here is 

discussed the filters selection issues. Has been considered the logic of filter selection. 

It is described the polygon and circle impedances method. By using polygon method 

and computer maximization appropriate AC filters are selected. It is shown the 

schemes and frequency characteristics of the selected filters. These filters fully provide 

b2b station with necessary reactive power. 

Have been repeatedly carrying out harmonic analysis for Georgian power 

system with installed selected filters in normal and n-1 regimes. For both regimes after 

filters installation the THDs for every bus burs don’t exceed desirable value.  

At the end of the work  have been researched  the dependence between 

levels of THDs and exported power by back to back station considering AC filters and 

respective conclusions are done.  
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მადლიერება 

madlobas vuxdi baton guram dgebuaZes da baton mixeil 

ruxvaZes kvlevis procesSi gaweuli konsultaciebisa da 

TanamSromlobisaTvis.  
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შესავალი 

kvlevis aqtualuroba. samrewvelo eleqtrodanadgarebi 

gaTvlilia 50 herci sixSiris sinusoidur cvlad denze. denis 

arasinusoidurobisas adgili aqvs maRali rigis hamonikebis 

warmoqmnis SemTxvevebs. cvladi denis sinusoidurobis darRvevis 

xarisxis Sefaseba xorcieldeba e.w. damaxinjebis koeficientiT, 

romlis ricxviTi mniSvneloba standartiT SemosazRvrulia 

(zemodan) da saqarTvelos eleqtrosistemis qselis kodis mixedviT 

ar unda aRematebodes 3%-s.     

maRali rigis hamonikebi uaryofiT gavlenas axdens 

eleqtrosistemis calkeuli eleqtrodanadgarebis muSaobaze da, 

Sesabamisad, aucilebelia maTi gamoTvla da, saWiroebis SemTxvevaSi 

sinusoidurobis damaxinjebis koeficientis Sesamcireblad, Sesabamisi 

RonisZiebebis gatareba. 

uaxloes periodSi dagegmilia “axalcixis 500/400/220” da 

“baTumis 220/110” qvesadgurebSi mudmivi denis CanarTebis mowyoba da 

maTi gavliT 1000 mgvt da meti simZlavris eqsporti saqarTvelos 

eleqtrosistemidan TurqeTis eleqtrosistemaSi. mudmivi denis 

CanarTi warmoadgens maRali rigis hamonikebis wyaros, rasTanac 

dakavSirebulia qselis sinusoiduri Zabvebis damaxinjeba.  

saqarTvelos eleqtrosistemis, mTlianad, da misi calkeuli 

eleqtrodanadgarebis normaluri muSaobis TvalsazrisiT da, 

amasTan, momxmareblTan miwodebuli energiis saTanado xarisxis 

uzrunvelyofis mizniT Zalian aqtualuria, TurqeTSi 

eqsportirebul simZlavresTan damokidebulebaSi, gamokvleuli 

iqnes energiis gamcem sistemaSi (saqarTvelos eleqtrosistemaSi) 

sinusoidurobis damaxinjebis koeficientebi da dadgenili iqnes am 

koeficientis dasaSveb mniSvnelobamde dayvanis Sesabamisi specialuri 

mowyobilobebis saTanado saangariSo parametrebi eleqtrosistemis 

yvela saxasiaTo reJimebisTvis. 
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arsebuli meTodebis naklovaneba. harmonikuli analizis 

arsebuli meTodebidan yvelaze xSirad gamoiyeneboda harmonikuli 

zeddebis meTodi, romelic dRevandeli gadasaxedidan garkveul- 

wilad moZvelebulia. zeddebis meTodi moiTxovs qselis yvela 

elementis Canacvlebis sqemis Sedgenas yoveli rigis harmonikis 

sixSirisTvis, rac sakmaod arTulebs kvlevis process da rodesac 

saqme exeba mravalkvanZiani eleqtruli sistemebis harmonikul 

analizs, misi gamoyeneba praqtikulad mouxerxebelia. 

sadisertacio naSromSi gamoyenebuli harmonikuli analizis 

kompiuteruli modelirebis meTodi moiTxovs yoveli konkretuli 

eleqtrosistemisTvis Seiqmnas individualuri modeli, romelic 

maqsimalurad upasuxebs am modelisadmi wayenebul moTxovnebs. 

naSromis mizani. naSromis mizania gamokvleuli da Sefasebuli 

iqnes arasinusoidurobis xarisxi saqarTvelos elqtrosistemis 

qselis sxvadasxva kvanZebisTvis maRali rigis hamonikebis wyaros 

CarTvasTan dakavSirebiT. dadgindes denisa da Zabvis damaxinjebis 

koeficetebi sxvadasxva reJimebSi. Seswavlil iqnas jamuri 

damaxinjebis koeficentebis mudmivi denis CanarTiT eqsportirebul 

simZlavreze damokidebulebis xasiaTi da gatardes specialuri 

RonisZiebebi arasinusoidurobis xarisxis SesaTanxmeblad 

saqarTvelos qselis kodiT gansazRvrul normebTan. 

mecnieruli siaxle. axalcixisa da baTumis mudmivi denis 

CanarTebi, romlebic uaxloes momavalSi gaeSveba da asinqronulad 

daakavSirebs saqarTvelosa da TurqeTis eleqtrosistemebs, 

warmoadgens pirvel CanarTs mTel kavkasiaSi da mis momijnave 

energosistemebSi. Sesabamisad mis mier generirebuli harmonikebis 

Seswavla-gamokvlevac pirveli mcdelobaa saqarTvelos 

eleqtrosistemisTvis. amasTan harmonikuli analizis moZvelebuli 

zeddebis meTodis nacvlad sadisertacio naSromSi gamoyenebulia 

kompiuteruli modelirebis meTodi, risTvisac SevqmeniT 

saqarTvelos elqtrosistemis gadacemis qselisa da mudmivi denis 
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CanarTebis maTematikuri modelebi da harmonikuli analizi 

CavatareT eleqtromagnituri procesebis saangariSo programa 

“Ansoft Simplorer”-iT.  

praqtikuli mniSvneloba. saqarTvelos elqtrosistemis 

gadacemis qselisa da mudmivi denis CanarTis, am naSromSi Seqmnili, 

specialuri kompiuteruli modelebi saSualebas gvaZlevs 

saqarTvelosa da TurqeTis eleqtrosistemebis paraleluri 

asinqronuli muSaobisas nebismier reJimSi Catardes harmonikuli 

analizi. agreTve, SesaZlebelia dadgindes jamuri damaxinjebis 

koeficientebi eleqtrosistemis nebismieri Semadgenlobis, 

konfiguraciisa da eqsportirebuli simZlavris nebismieri sididis 

dros, rasac didi praqtikuli mniSvneloba aqvs saqarTvelos 

eleqtrosistemisTvis qselis kodis moTxovnebidan gamomdinare.    

naSromis aprobacia. naSromis ZiriTadi Sedegebi 

warmodgenili iqna saqarTvelos teqnikuri universitetis 

energetikisa da telekomunikaciis fakultetis Tematur seminarebze 

da mowonebul iqna fakultetis samecniero sabWos mier. agreTve, 

warmodgenili iqna saqarTvelos teqnikuri universitetis Ria 

saerTaSoriso samecniero konferenciebze: 

 2010 weli,  energetikis seqcia - III adgili; 

 2011 weli, energetikis seqcia -  I adgili. 

publikaciebi. disertaciis Temaze gamoqveynebulia statiebi 

saerTaSoriso samecniero JurnalSi.  

naSromis moculoba da struqtura. sadisertacio naSromi 

Sedgeba 128 gverdisagan. igi Seicavs Sesavals, xuT Tavs, daskvnasa da 

gamoyenebuli  literaturis sias. 
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eqsperimentuli nawilis Sesaxeb 

naSromis II, III, IV da V Tavebi warmoadgens kvlevisa da 

eqsperimentis Sedegebs. eqsperimentebi Catarebuli iqna saqarTvelos 

teqnikuri universitetSi (eleqtruli energiis gadacema da 

ganawilebis mimarTuleba) da saqarTvelos saxelmwifo 

eleqtrosistemis dispetCerizaciis departamentSi. 
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Tavi I 

HVDC  teqnologia 

1.1 zogadi cnobebi 

 Tavdapirvelad eleqtroenergiis gadasacemad gamoiyeneboda 

mudmivi deni. SemdgomSi transformatorebis gamoyenebis 

SesaZleblobam უფრო მიმზიდველი გახადა cvladi ZabviT 

eleqtroenergiis gadacemა. cvladi Zabvis gamoyenebam miiRo masiuri 

saxe. Tumca am drois ganmavlobaSi ar Sewyvetila mudmivi ZabviT 

gadacemis ganviTareba. izrdeboda eleqtroenergiis moxmareba da 

interesi mudmivi Zabvis mimarT ufro da ufro Rrmavdeboda da 

aSkarad ikveTeboda misi upiratesoba cvladi ZabviT gadacemasTan 

SedarebiT.  

SvedeTSi, kompania ASEA (Allmana Svenska Electriska Aktiebolaget) – Si 

Catarebulი intensiurი kvlevebის საფუძველზე 1929 wlidan დაიწყო 

mravaleleqtrodiani badiT marTvadi vercxliswylis ventilebis 

warmoebა. aseTi tipis ventilebi mzaddeboda maRal Zabvaze da 

sakmaod did simZlavreze. 1930 wels SvedeTSi da SeerTebul 

StatebSi, TiTqmis erTdroulad, gauSves pirveli eqsperimentaluri 

sadgurebi, eleqtroenergiis konversiis da sixSiris cvlilebis 

procesebSi, vercxliswliani ventilebis საიმედოობisა და 

ეფექტურობis gamokvlevis mizniT. 

mudmivi deniT gadacema mas Semdeg gaxda praqtikuli rაც gaCnda 

moTxovna eleqtroenergiis Sor manZilebze gadacemisa. ასევე 

გარდაუვალი იყო მისი გამოყენება კაბელური გადაცემის SemTxvevebSi. 

meore msoflio omis Semdeg eleqroenergiaze moTxovnis mkveTrma 

zrdam damatebiTi stimuli gamoiwvia da intensiuri kvlevebi კვლავ 

დაიწყო ZiriTadad SvedeTsa da ruseTSi. 1950 wels eqspluataciaSi 

iqna Seyvanili pirveli eqperimentaluri 200 kv მუდმივი ძაბვის xazi 

“moskovi - kaSira”, სიგრძით 116 km. xolo pirveli komerciuli 

proeqti gaeSva 1954 wels, 98 km sigrZis wyalqveSa kabeliT  denis 
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miwiT dabrunebiს კონტურით. kabeli akavSirebda kunZul goTlends 

SvedeTis materikTan. ეს იყო ფაქტიურად msoflioSi pirveli HVDC 

(High Voltage Direct Current - maRali Zabvis mudmivi deni) sistema, 

romelic damzadebuli iyo vercxliswylis konvertorebis bazaze. 

proeqtis avtori da gamSvebi iyo kompania ABB (Asea Brown Boveri). amas 

SemdgomSi moyva msoflios sxvadasxva wertilebSi msgavsi tipis 

mravali mcire  da didi simZlavris  HVDC kavSirebis Seqmna. 20 wlis 

Semdeg, 70-iani wlebidan naxevargamtarulma tiristorebma Caanacvla 

vercxliswylis konvertorebi, rac win gadadgmuli nabiji iyo.  

 pirveli aseTi proeqtis ganxorcieleba moxda kanadaSi 1969 

wels, rodesac eqspluataciaSi gauSves el-riveris HVDC sistema. 

 dReisaTvis mudmivi denis eleqtrogadacema msoflios mraval 

qveyanaSia gamoyenebuli da misi perspeqtiuloba da praqtikuloba 

sul ufro da ufro izrdeba,  raSic did rols TamaSobs Zaluri 

eleqtronikis uwyveti ganviTareba.  

2010 wlis monacemebiT dReisaTvis msoflioSi 90-ze meti HVDC 

sistemaa gaSvebuli, jamuri simZlavriT 67000 mgvt, maTgan yvelaze 

mZlavri sistemis dadgmuli simZlavre 3150 mgvt-ia [11]. 

kavkasiaSi saqarTvelo warmoadgens pirvel qveyanas, sadac 

uaxloes momavalSi moxdeba HVDC sistemis erT-erTi tipis (mudmivi 

denis CanarTi) proeqtis ganxorcieleba [18].  

 

 

1.2 mudmivi denis eleqtrogadacema  

mudmivi denis gadacemis upiratesoba cvladi denis gadacemasTan 

SedarebiT ZiriTad SemTxvevebSi ganpirobebulia ekonomikuri 

kuTxiT. mudmivi denis arCeva simZlavris gadacemis amocanis 

gadawyvetisas nakarnaxebia CamoTvlilTagan erT-erTi mizeziT: 
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1. gadasacemi  sigrZis erT erTeulze erTi da igive simZlavris 

gadacemisas mudmivi denis sayrdenebi gacilebiT iafia, vidre cvladi 

denisa. Tumca mudmivi denis konvertoruli qvesadgurebi ufro 

Zviria, vidre cvladi Zabvis qvesadgurebi. ase rom arsebobs 

gadacemis sasazRvro sigrZe (700-800 km), romlis zemoTac jamuri 

danaxarjebi mudmivi deniT gadacemisTvis mniSvnelovnad  naklebia. 

mudmivi deniT sahaero gadacemisas aseve naklebia vizualuri 

zegavlena garemoze, ramdenadac gvaqvs sadenebis naklebi raodenoba 

da ufro mcire zomis sayrdenebi. aseve, mudmiv dens aqvs sxva 

ekologiuri upiratesobebi magnituri da eleqtruli velebis 

TvalsazrisiTac, rac aseve mudmivi deniT eleqtrogadacemis 

dadebiT mxares warmoadgens. 

2. Tu eleqtrogadacema xdeba miwisqveSa an wyalqveSa kabeliT maSin 

zemoT naxsenebi sasazRvro sigrZe gacilebiT naklebia sahaero 

gadacemasTan SedarebiT (50-60 km). dRes ukve eqspluataciaSia mudmivi 

denis kabelebi, romelTa sigrZe asulobiT kilometrs aRwevs. 

3. xSirad eleqtruli sistemis sxvadasxva areebi an sxvadasxva 

eleqtruli sistemebi ar arian sinqronul kavSirSi, maSinac ki, 

rodesac maT Soris Zalian mcire manZilia an emezoblebian 

erTmaneTs. magaliTad, iaponiaSi eleqtruli sistemis erTi nawili 

muSaobs 60 hercze, xolo meore nawili 50 hercze. sistemis am 

nawilebs Soris elenergiis mimocvlis mizniT cvladi ZabviT 

kavSiris ganxorcieleba fizikurad SeuZlebelia. Tu am nawilebs 

Soris davayenebT mudmivi denis konvertorul qvesadgurebs, maSin 

ukve SesaZlebeli xdeba maT Soris sasurveli sididis simZlavris 

mimocvlis ganxorcieleba, miuxedavad maTi asinqronuli muSaobisa 

[11].  

 msgavsi kavSiris naTeli magaliTia mudmivi denis CanarTis 

proeqti, romelsac winamdebare naSromi uSualod exeba. marTalia 

saqarTvelos da TurqeTis eleqtrosistemebis sixSire ar 

gansxvavdeba erTmaneTisgan, magram am or qveyanas Soris Catarebuli 
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molaparakebebis safuZvelze gadawyda maTi kavSiri ganxorcieldes 

asinqronulad, rac sistemebis damoukidebeli marTvis saSualebas 

iZleva. aRniSnulis miRweva konvertoruli kavSiris gareSe 

SeuZlebelia. 

 

 

1.3 HVDC konvertorebis gamoyenebis sfero 

HVDC konvertorebi pirvelad gamoiyenes ori asinqronulad 

momuSave eleqtruli sistemis SesaerTeblad. Tumca garda amisa 

SesaZloa SevxvdeT maTi gamoyenebis sxva mraval SemTxvevas, 

romelTagan aRsaniSnavia: 

1. ori eleqtruli sistemis asinqronuli paraleluri 

muSaoba. zogierTi kontinentaluri eleqtruli sistemebi Seicaven 

ramdenime asinqronul zonas, romelTa dakavSirebac tradiciuli 

meTodiT SeuZlebelia. aseT SemTxvevaSi HVDC–is gamoyeneba 

erTaderTi gamosavalia. 

2. eleqtroenergiis gadacema Soreuli energiis 

wyaroebidan. rodesac energiis wyaroebi Zalian daSorebulia 

moxmarebis kvanZebs, aseT SemTxvevaSi HVDC–is gamoyeneba 

ekonomikurad gamarTlebul gzas warmoadgens. 

3. deficitur zonebSi eleqtroenergiis importi. iseT 

areebSi, sadac axali generaciis damateba SeuZlebelia da, amasTan,  

mWidrod dasaxlebis gamo SeuZlebelia sahaero xazebiT Sesvla, 

eleqtroenergiis importis gamarTlebul gzas warmoadgens mudmivi 

Zabvis miwisqveSa kabelebis gamoyeneba. 

4. ukve arsebuli cvladi Zabvis gadacemis xazis 

gamtarunarianobis gazrda misi gadakeTebiT mudmivi Zabvis xazad. es 

xdeba maSin, rodesac trasis gaswvriv meore jaWvis agebaSi 

SezRudulebi varT, mudmivi Zabvis xaziT trasis siganis Seucvlelad 

SevZlebT avamaRloT xazis gamtarunarianoba. 
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5. simZlavris nakadis kontroli. cvladi Zabvis qselebSi 

simZlavris nakadis kontroli garTulebulia. amis gamo xSir 

SemTxvevaSi saWiro xdeba cvladi Zabvis qselSi mudmivi Zabvis 

gadacemis CaSeneba, raTa gaadvildes es kontroli [15]. 

 

 

1.4 HVDC konvertorebis klasifikacia 

HVDC konvertorebis xidebi (bogebi) da xazebi an kabelebi 

SeiZleba daiyos sxvadasxva konfiguraciad maTi efeqturi 

gamoyenebisaTvis. konvertoruli xidebi SeiZleba iyos 

monopolaruli da bipolaruli. HVDC–is gamoyenebis zogierTi 

yvelaze gavrcelebuli gza CamoTvlilia qvemoT:  

1. mudmivi denis CanarTi, gamoiyeneba im SemTxvevaSi, rodesac ori 

dasakavSirebeli sistema erTmaneTis mezobladaa da gadamcemi 

xazis an kabelis saWiroeba ar arsebobs (saqarTvelo - TurqeTis 

magaliTi). aseT dros konvertors SeiZleba hqondes rogorc 

monopolaruli, aseve bipolaruli konfiguracia. 

2. simZlavris gadacema or qvesadgurs Soris, rodesac ekonomiur 

gzas warmoadgens geografiulad daSorebul or wertils Soris 

simZlavris gadacema mudmivis Zabvis xaziT an kabeliT, rogorc 

wesi orterminaliani sqemiT. aseT sqemas iyenebs dRemde aSenebuli 

HVDC sistemebs Soris umetesoba. 

3. multiterminaliani HVDC sistema. Tu sami an meti HVDC qvesadguri 

geografiulad gamoyofilia erTmaneTTan dakavSirebuli 

xazebiT an kabelebiT,  maSin aseT sistemas uwodeben multi an 

mravalterminalians. Tu yvela qvesadguri CarTulia erT Zabvaze, 

maSin sistemas uwodeben paralelur multiterminalians. Tu 

konvertors damatebuli aqvs mimdevrobiT erTi (an orive) 

polusi maSin sistemas uwodeben mimdevrobiT multiterminalians. 

paraleluri da mimdevrobiTi sistemebis kombinacia gvaZlevs 
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hibridul multiterminalian sistemas. saboloo jamSi 

multiterminaliani sistemebi ekonomikurad naklebad gamarTle-

bulia damatebiTi qvesadgurebze gaweuli xarjebis gamo [16]. 

garda zemoT CamoTvlilisa, arsebobs aseve sxva specifikuri 

daniSnulebis konfiguraciebi, romlebic konkretuli mizezebiTaa 

nakarnaxebi. 

 

 

1.5 HVDC light  sistema 

HVDC light sistema warmoadgens HVDC ojaxis erT-erT axal wevrs 

da aris warmatebuli da xSirad gamarTlebuli gza 

eleqtroenergiis gadasacemad wyalqveSa an miwisqveSa kabelebiT, 

sahaero xazebiT an mudmivi denis CanarTiT gansazRvrul gadasacem 

simZlavremde. HVDC light sistema warmoadgens Zabvis wyaros 

konvertorebze (VSC – voltage source converter) dafuZnebul HVDC 

teqnologias kombinirebuls mudmivi Zabvis kabelebTan, sahaero 

xazebTan an mudmivi denis CanarTTan da misi dadgmuli simZlavre 

icvleba ramdenime aTeuli mgvt – dan aseulobiT mgvt - mde. HVDC light 

konvertorebi dafuZnebulia IGBT tranzistorebze da muSaoben 

maRalsixSiruli ganivimპulsuri modulaciiT, rac mkveTrad 

amcirebs filtrebis zomebs da aqtiuri da reaqtiuli simZlavris 

damoukidebeli da swrafi kontrolis saSualebas iZleva. 

HVDC light sistemis kabelebs (nax.1) aqvT dapresili polimeruli 

izolacia. maTi meqanikuri simtkice da moqniloba amartivebs maT 

instalacias rogorc miwisqveSa ise wyalqveSa gadacemis dros. 

HVDC light teqnologias aqvs SesaZlebloba erTmaneTisgan 

damoukideblad aqtiuri da reaqtiuli simZlavris swrafi 

kontrolisa, Zabvisa da sixSiris stabilurobis SenarCunebiT. es 

moqniloba saSualebas iZleva, rom CavaSenoT es sistema  cvladi  

Zabvis  qselSi  maSinac  ki,  rodesac  mokled  SerTvis  simZlavre 
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mierTebul cvladi Zabvis qselSi aris Zalian mcire (nulTan axlos). 

HVDC light sistema igeba moduluri principiT. TiTqmis yvela 

mowyobiloba Zalovani transformatorebis garda moTavsebulia 

daxurul SenobaSi. aseTi tipis qvesadgurSi ar aris saWiro momsaxure  

personalis arseboba, ramdenadac misi marTva xdeba distanciurad an 

avtomaturad. teqnikuri momsaxureba ganisazRvreba ZiriTadad 

mxolod amomrTvelebiT, gamTiSvelebiT, gaciebis sistemebiT da a.S. 

kabelebi muSaoben bipolarul reJimSi, erTi kabeli dadebiTi 

polarobisaa xolo meore uaryofiTi [3]. maT aqvT polimeruli 

izolacia, romelic Zalian gamZle da saimedoa. meqanikuri medegoba 

da moqniloba ganumeorebels xdis aseT kabelebs Semdeg pirobebSi 

dasainstalireblad: 

wyalqveSa kabelebi SeiZleba damontaJdes Rrma wylebSi da 

uswormasworo fskerzec ki. 

miwisqveSa kabelebi montaJdeba gacilebiT iafad saxnavi 

teqnikis gamoyenebis xarjze. 

agreTve aRniSvnis Rirsia am sistemis ekologiuri 

upiratesobebi: magnituri veli CaxSobilia (wyvil kabelSi gadis 

sawinaaRmdego mimarTulebis denebi da velebi akompensireben 

erTmaneTs), zeTis daRvris riskis ararseboba, rasac adgili aqvs 

zeTqaRaldiani kabelebis SemTxvevaSi, naklebad xanZarsaSiSi, 

aranairi vizualuri zemoqmedeba, ramdenadac kabelebi miwaSia 

Cafluli, miwis denis ararseboba. 

energosistemis mdgradi muSaoba damokidebulia aqtiuri da 

reaqtiuli simZlavris stabilur da saimedo kontrolze. am 

kontrolis dakargvam SeiZleba gamoiwvios sistemuri avaria. Zabvis 

wyaros konvertoris bazaze agebul gadacemis sistemas aqvs 

upiratesoba TiTqmis myisierad Seicvalos muSa wertili 

SesaZleblobis farglebSi da moaxdinos aqtiuri da reaqtiuli 

simZlavris damoukidebeli kontroli. es  gvaZlevs  saSualebas  

movaxdinoT    aqtiuri    da    reaqtiuli    simZlavris  optimaluri 



 

ganawileba Zlieri datvirTvis reJimSic

gauwios eleqtrul qsels sxva saxis mxardaWerac. 

 

 

rom paraleluri xazebis SemTxvevaSi  (cvladi Zabvis xazi da mudmivi 

Zabvis xazi), sadac Zabvis wyaros konvertoruli gadacemis sistema 

paraleluradaa cvladi Zabvis xazTan,

ryevebis 2

mowyobilobebi (kondensatorTa batareebi, sinqronuli kompensa

torebi)

gafarToebasTan, ramdenadac mas SeuZlia Zabvis da sixSiri

stabilizacia (Zabvis stabilizacia misgan moSorebul kvanZSic ki).

 

imsaxurebs mowonebas 

SemTxvevaSi

CanarTis

sistemis gamoucdeloba, ramdenadac igi sul ramdenime wlis win 

Seiqmna. mniSvnelovani sistemaTaSorisi kavSirebisas jer kidev 

sariskoa aseTi tipis konvertorebis gamoyeneba, radgan mcire 

ganawileba Zlieri datvirTvis reJimSic

gauwios eleqtrul qsels sxva saxis mxardaWerac. 

 

rom paraleluri xazebis SemTxvevaSi  (cvladi Zabvis xazi da mudmivi 

Zabvis xazi), sadac Zabvis wyaros konvertoruli gadacemis sistema 

paraleluradaa cvladi Zabvis xazTan,

ryevebis 2

mowyobilobebi (kondensatorTa batareebi, sinqronuli kompensa

torebi)

gafarToebasTan, ramdenadac mas SeuZlia Zabvis da sixSiri

stabilizacia (Zabvis stabilizacia misgan moSorebul kvanZSic ki).

 

imsaxurebs mowonebas 

SemTxvevaSi

CanarTis

sistemis gamoucdeloba, ramdenadac igi sul ramdenime wlis win 

Seiqmna. mniSvnelovani sistemaTaSorisi kavSirebisas jer kidev 

sariskoa aseTi tipis konvertorebis gamoyeneba, radgan mcire 

ganawileba Zlieri datvirTvis reJimSic

gauwios eleqtrul qsels sxva saxis mxardaWerac. 

            

                                   

 

 magaliTisTvis kompiuteruli simulaciis Sedegad aRmoCnda, 

rom paraleluri xazebis SemTxvevaSi  (cvladi Zabvis xazi da mudmivi 

Zabvis xazi), sadac Zabvis wyaros konvertoruli gadacemis sistema 

paraleluradaa cvladi Zabvis xazTan,

ryevebis 2

mowyobilobebi (kondensatorTa batareebi, sinqronuli kompensa

torebi)

gafarToebasTan, ramdenadac mas SeuZlia Zabvis da sixSiri

stabilizacia (Zabvis stabilizacia misgan moSorebul kvanZSic ki).

 zemoT CamoTvlili upiratesobebiT

imsaxurebs mowonebas 

SemTxvevaSi

CanarTis

sistemis gamoucdeloba, ramdenadac igi sul ramdenime wlis win 

Seiqmna. mniSvnelovani sistemaTaSorisi kavSirebisas jer kidev 

sariskoa aseTi tipis konvertorebis gamoyeneba, radgan mcire 

ganawileba Zlieri datvirTvis reJimSic

gauwios eleqtrul qsels sxva saxis mxardaWerac. 

            

                                   

 

magaliTisTvis kompiuteruli simulaciis Sedegad aRmoCnda, 

rom paraleluri xazebis SemTxvevaSi  (cvladi Zabvis xazi da mudmivi 

Zabvis xazi), sadac Zabvis wyaros konvertoruli gadacemis sistema 

paraleluradaa cvladi Zabvis xazTan,

ryevebis 2

mowyobilobebi (kondensatorTa batareebi, sinqronuli kompensa

torebi) 

gafarToebasTan, ramdenadac mas SeuZlia Zabvis da sixSiri

stabilizacia (Zabvis stabilizacia misgan moSorebul kvanZSic ki).

zemoT CamoTvlili upiratesobebiT

imsaxurebs mowonebas 

SemTxvevaSi

CanarTis 

sistemis gamoucdeloba, ramdenadac igi sul ramdenime wlis win 

Seiqmna. mniSvnelovani sistemaTaSorisi kavSirebisas jer kidev 

sariskoa aseTi tipis konvertorebis gamoyeneba, radgan mcire 

ganawileba Zlieri datvirTvis reJimSic

gauwios eleqtrul qsels sxva saxis mxardaWerac. 

            

                                   

magaliTisTvis kompiuteruli simulaciis Sedegad aRmoCnda, 

rom paraleluri xazebis SemTxvevaSi  (cvladi Zabvis xazi da mudmivi 

Zabvis xazi), sadac Zabvis wyaros konvertoruli gadacemis sistema 

paraleluradaa cvladi Zabvis xazTan,

ryevebis 2

mowyobilobebi (kondensatorTa batareebi, sinqronuli kompensa

 [4]

gafarToebasTan, ramdenadac mas SeuZlia Zabvis da sixSiri

stabilizacia (Zabvis stabilizacia misgan moSorebul kvanZSic ki).

zemoT CamoTvlili upiratesobebiT

imsaxurebs mowonebas 

SemTxvevaSi,

  

sistemis gamoucdeloba, ramdenadac igi sul ramdenime wlis win 

Seiqmna. mniSvnelovani sistemaTaSorisi kavSirebisas jer kidev 

sariskoa aseTi tipis konvertorebis gamoyeneba, radgan mcire 

ganawileba Zlieri datvirTvis reJimSic

gauwios eleqtrul qsels sxva saxis mxardaWerac. 

            

                                   

magaliTisTvis kompiuteruli simulaciis Sedegad aRmoCnda, 

rom paraleluri xazebis SemTxvevaSi  (cvladi Zabvis xazi da mudmivi 

Zabvis xazi), sadac Zabvis wyaros konvertoruli gadacemis sistema 

paraleluradaa cvladi Zabvis xazTan,

ryevebis 2-3 jer ukeTesad CaxSobas, vidre

mowyobilobebi (kondensatorTa batareebi, sinqronuli kompensa

[4] . agreTve upiratesia es sistema Tu saqme gvaqvs qselis 

gafarToebasTan, ramdenadac mas SeuZlia Zabvis da sixSiri

stabilizacia (Zabvis stabilizacia misgan moSorebul kvanZSic ki).

zemoT CamoTvlili upiratesobebiT

imsaxurebs mowonebas 

, 

 tipis gadacema, magram aucilebelia aqve aRiniSnos am 

sistemis gamoucdeloba, ramdenadac igi sul ramdenime wlis win 

Seiqmna. mniSvnelovani sistemaTaSorisi kavSirebisas jer kidev 

sariskoa aseTi tipis konvertorebis gamoyeneba, radgan mcire 

ganawileba Zlieri datvirTvis reJimSic

gauwios eleqtrul qsels sxva saxis mxardaWerac. 

            

                                   

magaliTisTvis kompiuteruli simulaciis Sedegad aRmoCnda, 

rom paraleluri xazebis SemTxvevaSi  (cvladi Zabvis xazi da mudmivi 

Zabvis xazi), sadac Zabvis wyaros konvertoruli gadacemis sistema 

paraleluradaa cvladi Zabvis xazTan,

3 jer ukeTesad CaxSobas, vidre

mowyobilobebi (kondensatorTa batareebi, sinqronuli kompensa

. agreTve upiratesia es sistema Tu saqme gvaqvs qselis 

gafarToebasTan, ramdenadac mas SeuZlia Zabvis da sixSiri

stabilizacia (Zabvis stabilizacia misgan moSorebul kvanZSic ki).

zemoT CamoTvlili upiratesobebiT

imsaxurebs mowonebas 

 iqneba 

tipis gadacema, magram aucilebelia aqve aRiniSnos am 

sistemis gamoucdeloba, ramdenadac igi sul ramdenime wlis win 

Seiqmna. mniSvnelovani sistemaTaSorisi kavSirebisas jer kidev 

sariskoa aseTi tipis konvertorebis gamoyeneba, radgan mcire 

ganawileba Zlieri datvirTvis reJimSic

gauwios eleqtrul qsels sxva saxis mxardaWerac. 

            

                                   

magaliTisTvis kompiuteruli simulaciis Sedegad aRmoCnda, 

rom paraleluri xazebis SemTxvevaSi  (cvladi Zabvis xazi da mudmivi 

Zabvis xazi), sadac Zabvis wyaros konvertoruli gadacemis sistema 

paraleluradaa cvladi Zabvis xazTan,

3 jer ukeTesad CaxSobas, vidre

mowyobilobebi (kondensatorTa batareebi, sinqronuli kompensa

. agreTve upiratesia es sistema Tu saqme gvaqvs qselis 

gafarToebasTan, ramdenadac mas SeuZlia Zabvis da sixSiri

stabilizacia (Zabvis stabilizacia misgan moSorebul kvanZSic ki).

zemoT CamoTvlili upiratesobebiT

imsaxurebs mowonebas 

iqneba 

tipis gadacema, magram aucilebelia aqve aRiniSnos am 

sistemis gamoucdeloba, ramdenadac igi sul ramdenime wlis win 

Seiqmna. mniSvnelovani sistemaTaSorisi kavSirebisas jer kidev 

sariskoa aseTi tipis konvertorebis gamoyeneba, radgan mcire 

ganawileba Zlieri datvirTvis reJimSic

gauwios eleqtrul qsels sxva saxis mxardaWerac. 

              

                                   

magaliTisTvis kompiuteruli simulaciis Sedegad aRmoCnda, 

rom paraleluri xazebis SemTxvevaSi  (cvladi Zabvis xazi da mudmivi 

Zabvis xazi), sadac Zabvis wyaros konvertoruli gadacemis sistema 

paraleluradaa cvladi Zabvis xazTan,

3 jer ukeTesad CaxSobas, vidre

mowyobilobebi (kondensatorTa batareebi, sinqronuli kompensa

. agreTve upiratesia es sistema Tu saqme gvaqvs qselis 

gafarToebasTan, ramdenadac mas SeuZlia Zabvis da sixSiri

stabilizacia (Zabvis stabilizacia misgan moSorebul kvanZSic ki).

zemoT CamoTvlili upiratesobebiT

imsaxurebs mowonebas 

iqneba 

tipis gadacema, magram aucilebelia aqve aRiniSnos am 

sistemis gamoucdeloba, ramdenadac igi sul ramdenime wlis win 

Seiqmna. mniSvnelovani sistemaTaSorisi kavSirebisas jer kidev 

sariskoa aseTi tipis konvertorebis gamoyeneba, radgan mcire 

ganawileba Zlieri datvirTvis reJimSic

gauwios eleqtrul qsels sxva saxis mxardaWerac. 

                                   

magaliTisTvis kompiuteruli simulaciis Sedegad aRmoCnda, 

rom paraleluri xazebis SemTxvevaSi  (cvladi Zabvis xazi da mudmivi 

Zabvis xazi), sadac Zabvis wyaros konvertoruli gadacemis sistema 

paraleluradaa cvladi Zabvis xazTan,

3 jer ukeTesad CaxSobas, vidre

mowyobilobebi (kondensatorTa batareebi, sinqronuli kompensa

. agreTve upiratesia es sistema Tu saqme gvaqvs qselis 

gafarToebasTan, ramdenadac mas SeuZlia Zabvis da sixSiri

stabilizacia (Zabvis stabilizacia misgan moSorebul kvanZSic ki).

zemoT CamoTvlili upiratesobebiT

imsaxurebs mowonebas 

iqneba es 

tipis gadacema, magram aucilebelia aqve aRiniSnos am 

sistemis gamoucdeloba, ramdenadac igi sul ramdenime wlis win 

Seiqmna. mniSvnelovani sistemaTaSorisi kavSirebisas jer kidev 

sariskoa aseTi tipis konvertorebis gamoyeneba, radgan mcire 

ganawileba Zlieri datvirTvis reJimSic

gauwios eleqtrul qsels sxva saxis mxardaWerac. 

                                   nax.

magaliTisTvis kompiuteruli simulaciis Sedegad aRmoCnda, 

rom paraleluri xazebis SemTxvevaSi  (cvladi Zabvis xazi da mudmivi 

Zabvis xazi), sadac Zabvis wyaros konvertoruli gadacemis sistema 

paraleluradaa cvladi Zabvis xazTan,

3 jer ukeTesad CaxSobas, vidre

mowyobilobebi (kondensatorTa batareebi, sinqronuli kompensa

. agreTve upiratesia es sistema Tu saqme gvaqvs qselis 

gafarToebasTan, ramdenadac mas SeuZlia Zabvis da sixSiri

stabilizacia (Zabvis stabilizacia misgan moSorebul kvanZSic ki).

zemoT CamoTvlili upiratesobebiT

imsaxurebs mowonebas 

es 

tipis gadacema, magram aucilebelia aqve aRiniSnos am 

sistemis gamoucdeloba, ramdenadac igi sul ramdenime wlis win 

Seiqmna. mniSvnelovani sistemaTaSorisi kavSirebisas jer kidev 

sariskoa aseTi tipis konvertorebis gamoyeneba, radgan mcire 

ganawileba Zlieri datvirTvis reJimSic

gauwios eleqtrul qsels sxva saxis mxardaWerac. 

nax.

magaliTisTvis kompiuteruli simulaciis Sedegad aRmoCnda, 

rom paraleluri xazebis SemTxvevaSi  (cvladi Zabvis xazi da mudmivi 

Zabvis xazi), sadac Zabvis wyaros konvertoruli gadacemis sistema 

paraleluradaa cvladi Zabvis xazTan,

3 jer ukeTesad CaxSobas, vidre

mowyobilobebi (kondensatorTa batareebi, sinqronuli kompensa

. agreTve upiratesia es sistema Tu saqme gvaqvs qselis 

gafarToebasTan, ramdenadac mas SeuZlia Zabvis da sixSiri

stabilizacia (Zabvis stabilizacia misgan moSorebul kvanZSic ki).

zemoT CamoTvlili upiratesobebiT

imsaxurebs mowonebas 

es wyalqveSa, saxmeleTo Tu

tipis gadacema, magram aucilebelia aqve aRiniSnos am 

sistemis gamoucdeloba, ramdenadac igi sul ramdenime wlis win 

Seiqmna. mniSvnelovani sistemaTaSorisi kavSirebisas jer kidev 

sariskoa aseTi tipis konvertorebis gamoyeneba, radgan mcire 

ganawileba Zlieri datvirTvis reJimSic

gauwios eleqtrul qsels sxva saxis mxardaWerac. 

nax. 1  

magaliTisTvis kompiuteruli simulaciis Sedegad aRmoCnda, 

rom paraleluri xazebis SemTxvevaSi  (cvladi Zabvis xazi da mudmivi 

Zabvis xazi), sadac Zabvis wyaros konvertoruli gadacemis sistema 

paraleluradaa cvladi Zabvis xazTan,

3 jer ukeTesad CaxSobas, vidre

mowyobilobebi (kondensatorTa batareebi, sinqronuli kompensa

. agreTve upiratesia es sistema Tu saqme gvaqvs qselis 

gafarToebasTan, ramdenadac mas SeuZlia Zabvis da sixSiri

stabilizacia (Zabvis stabilizacia misgan moSorebul kvanZSic ki).

zemoT CamoTvlili upiratesobebiT

sxvadasxva tipis

wyalqveSa, saxmeleTo Tu

tipis gadacema, magram aucilebelia aqve aRiniSnos am 

sistemis gamoucdeloba, ramdenadac igi sul ramdenime wlis win 

Seiqmna. mniSvnelovani sistemaTaSorisi kavSirebisas jer kidev 

sariskoa aseTi tipis konvertorebis gamoyeneba, radgan mcire 

ganawileba Zlieri datvirTvis reJimSic

gauwios eleqtrul qsels sxva saxis mxardaWerac. 

1  HVDC light 

magaliTisTvis kompiuteruli simulaciis Sedegad aRmoCnda, 

rom paraleluri xazebis SemTxvevaSi  (cvladi Zabvis xazi da mudmivi 

Zabvis xazi), sadac Zabvis wyaros konvertoruli gadacemis sistema 

paraleluradaa cvladi Zabvis xazTan,

3 jer ukeTesad CaxSobas, vidre

mowyobilobebi (kondensatorTa batareebi, sinqronuli kompensa

. agreTve upiratesia es sistema Tu saqme gvaqvs qselis 

gafarToebasTan, ramdenadac mas SeuZlia Zabvis da sixSiri

stabilizacia (Zabvis stabilizacia misgan moSorebul kvanZSic ki).

zemoT CamoTvlili upiratesobebiT

sxvadasxva tipis

wyalqveSa, saxmeleTo Tu

tipis gadacema, magram aucilebelia aqve aRiniSnos am 

sistemis gamoucdeloba, ramdenadac igi sul ramdenime wlis win 

Seiqmna. mniSvnelovani sistemaTaSorisi kavSirebisas jer kidev 

sariskoa aseTi tipis konvertorebis gamoyeneba, radgan mcire 

ganawileba Zlieri datvirTvis reJimSic

gauwios eleqtrul qsels sxva saxis mxardaWerac. 

HVDC light 

magaliTisTvis kompiuteruli simulaciis Sedegad aRmoCnda, 

rom paraleluri xazebis SemTxvevaSi  (cvladi Zabvis xazi da mudmivi 

Zabvis xazi), sadac Zabvis wyaros konvertoruli gadacemis sistema 

paraleluradaa cvladi Zabvis xazTan,

3 jer ukeTesad CaxSobas, vidre

mowyobilobebi (kondensatorTa batareebi, sinqronuli kompensa

. agreTve upiratesia es sistema Tu saqme gvaqvs qselis 

gafarToebasTan, ramdenadac mas SeuZlia Zabvis da sixSiri

stabilizacia (Zabvis stabilizacia misgan moSorebul kvanZSic ki).

zemoT CamoTvlili upiratesobebiT

sxvadasxva tipis

wyalqveSa, saxmeleTo Tu

tipis gadacema, magram aucilebelia aqve aRiniSnos am 

sistemis gamoucdeloba, ramdenadac igi sul ramdenime wlis win 

Seiqmna. mniSvnelovani sistemaTaSorisi kavSirebisas jer kidev 

sariskoa aseTi tipis konvertorebis gamoyeneba, radgan mcire 

ganawileba Zlieri datvirTvis reJimSic

gauwios eleqtrul qsels sxva saxis mxardaWerac. 

HVDC light 

magaliTisTvis kompiuteruli simulaciis Sedegad aRmoCnda, 

rom paraleluri xazebis SemTxvevaSi  (cvladi Zabvis xazi da mudmivi 

Zabvis xazi), sadac Zabvis wyaros konvertoruli gadacemis sistema 

paraleluradaa cvladi Zabvis xazTan,

3 jer ukeTesad CaxSobas, vidre

mowyobilobebi (kondensatorTa batareebi, sinqronuli kompensa

. agreTve upiratesia es sistema Tu saqme gvaqvs qselis 

gafarToebasTan, ramdenadac mas SeuZlia Zabvis da sixSiri

stabilizacia (Zabvis stabilizacia misgan moSorebul kvanZSic ki).

zemoT CamoTvlili upiratesobebiT

sxvadasxva tipis

wyalqveSa, saxmeleTo Tu

tipis gadacema, magram aucilebelia aqve aRiniSnos am 

sistemis gamoucdeloba, ramdenadac igi sul ramdenime wlis win 

Seiqmna. mniSvnelovani sistemaTaSorisi kavSirebisas jer kidev 

sariskoa aseTi tipis konvertorebis gamoyeneba, radgan mcire 

ganawileba Zlieri datvirTvis reJimSic

gauwios eleqtrul qsels sxva saxis mxardaWerac. 

HVDC light 

magaliTisTvis kompiuteruli simulaciis Sedegad aRmoCnda, 

rom paraleluri xazebis SemTxvevaSi  (cvladi Zabvis xazi da mudmivi 

Zabvis xazi), sadac Zabvis wyaros konvertoruli gadacemis sistema 

paraleluradaa cvladi Zabvis xazTan,

3 jer ukeTesad CaxSobas, vidre

mowyobilobebi (kondensatorTa batareebi, sinqronuli kompensa

. agreTve upiratesia es sistema Tu saqme gvaqvs qselis 

gafarToebasTan, ramdenadac mas SeuZlia Zabvis da sixSiri

stabilizacia (Zabvis stabilizacia misgan moSorebul kvanZSic ki).

zemoT CamoTvlili upiratesobebiT

sxvadasxva tipis

wyalqveSa, saxmeleTo Tu

tipis gadacema, magram aucilebelia aqve aRiniSnos am 

sistemis gamoucdeloba, ramdenadac igi sul ramdenime wlis win 

Seiqmna. mniSvnelovani sistemaTaSorisi kavSirebisas jer kidev 

sariskoa aseTi tipis konvertorebis gamoyeneba, radgan mcire 

ganawileba Zlieri datvirTvis reJimSic

gauwios eleqtrul qsels sxva saxis mxardaWerac. 

HVDC light kabelebis wyvili

magaliTisTvis kompiuteruli simulaciis Sedegad aRmoCnda, 

rom paraleluri xazebis SemTxvevaSi  (cvladi Zabvis xazi da mudmivi 

Zabvis xazi), sadac Zabvis wyaros konvertoruli gadacemis sistema 

paraleluradaa cvladi Zabvis xazTan,

3 jer ukeTesad CaxSobas, vidre

mowyobilobebi (kondensatorTa batareebi, sinqronuli kompensa

. agreTve upiratesia es sistema Tu saqme gvaqvs qselis 

gafarToebasTan, ramdenadac mas SeuZlia Zabvis da sixSiri

stabilizacia (Zabvis stabilizacia misgan moSorebul kvanZSic ki).

zemoT CamoTvlili upiratesobebiT

sxvadasxva tipis

wyalqveSa, saxmeleTo Tu

tipis gadacema, magram aucilebelia aqve aRiniSnos am 

sistemis gamoucdeloba, ramdenadac igi sul ramdenime wlis win 

Seiqmna. mniSvnelovani sistemaTaSorisi kavSirebisas jer kidev 

sariskoa aseTi tipis konvertorebis gamoyeneba, radgan mcire 

ganawileba Zlieri datvirTvis reJimSic. 

gauwios eleqtrul qsels sxva saxis mxardaWerac. 

kabelebis wyvili

magaliTisTvis kompiuteruli simulaciis Sedegad aRmoCnda, 

rom paraleluri xazebis SemTxvevaSi  (cvladi Zabvis xazi da mudmivi 

Zabvis xazi), sadac Zabvis wyaros konvertoruli gadacemis sistema 

paraleluradaa cvladi Zabvis xazTan, VSC

3 jer ukeTesad CaxSobas, vidre

mowyobilobebi (kondensatorTa batareebi, sinqronuli kompensa

. agreTve upiratesia es sistema Tu saqme gvaqvs qselis 

gafarToebasTan, ramdenadac mas SeuZlia Zabvis da sixSiri

stabilizacia (Zabvis stabilizacia misgan moSorebul kvanZSic ki).

zemoT CamoTvlili upiratesobebiT

sxvadasxva tipis

wyalqveSa, saxmeleTo Tu

tipis gadacema, magram aucilebelia aqve aRiniSnos am 

sistemis gamoucdeloba, ramdenadac igi sul ramdenime wlis win 

Seiqmna. mniSvnelovani sistemaTaSorisi kavSirebisas jer kidev 

sariskoa aseTi tipis konvertorebis gamoyeneba, radgan mcire 

. VSC

gauwios eleqtrul qsels sxva saxis mxardaWerac. 

kabelebis wyvili

magaliTisTvis kompiuteruli simulaciis Sedegad aRmoCnda, 

rom paraleluri xazebis SemTxvevaSi  (cvladi Zabvis xazi da mudmivi 

Zabvis xazi), sadac Zabvis wyaros konvertoruli gadacemis sistema 

VSC

3 jer ukeTesad CaxSobas, vidre

mowyobilobebi (kondensatorTa batareebi, sinqronuli kompensa

. agreTve upiratesia es sistema Tu saqme gvaqvs qselis 

gafarToebasTan, ramdenadac mas SeuZlia Zabvis da sixSiri

stabilizacia (Zabvis stabilizacia misgan moSorebul kvanZSic ki).

zemoT CamoTvlili upiratesobebiT 

sxvadasxva tipis

wyalqveSa, saxmeleTo Tu

tipis gadacema, magram aucilebelia aqve aRiniSnos am 

sistemis gamoucdeloba, ramdenadac igi sul ramdenime wlis win 

Seiqmna. mniSvnelovani sistemaTaSorisi kavSirebisas jer kidev 

sariskoa aseTi tipis konvertorebis gamoyeneba, radgan mcire 

VSC sistemas aseve SeuZlia 

gauwios eleqtrul qsels sxva saxis mxardaWerac. 

kabelebis wyvili

magaliTisTvis kompiuteruli simulaciis Sedegad aRmoCnda, 

rom paraleluri xazebis SemTxvevaSi  (cvladi Zabvis xazi da mudmivi 

Zabvis xazi), sadac Zabvis wyaros konvertoruli gadacemis sistema 

VSC sistema u

3 jer ukeTesad CaxSobas, vidre

mowyobilobebi (kondensatorTa batareebi, sinqronuli kompensa

. agreTve upiratesia es sistema Tu saqme gvaqvs qselis 

gafarToebasTan, ramdenadac mas SeuZlia Zabvis da sixSiri

stabilizacia (Zabvis stabilizacia misgan moSorebul kvanZSic ki).

 aseTi

sxvadasxva tipis 

wyalqveSa, saxmeleTo Tu

tipis gadacema, magram aucilebelia aqve aRiniSnos am 

sistemis gamoucdeloba, ramdenadac igi sul ramdenime wlis win 

Seiqmna. mniSvnelovani sistemaTaSorisi kavSirebisas jer kidev 

sariskoa aseTi tipis konvertorebis gamoyeneba, radgan mcire 

sistemas aseve SeuZlia 

gauwios eleqtrul qsels sxva saxis mxardaWerac. 

kabelebis wyvili

magaliTisTvis kompiuteruli simulaciis Sedegad aRmoCnda, 

rom paraleluri xazebis SemTxvevaSi  (cvladi Zabvis xazi da mudmivi 

Zabvis xazi), sadac Zabvis wyaros konvertoruli gadacemis sistema 

sistema u

3 jer ukeTesad CaxSobas, vidre

mowyobilobebi (kondensatorTa batareebi, sinqronuli kompensa

. agreTve upiratesia es sistema Tu saqme gvaqvs qselis 

gafarToebasTan, ramdenadac mas SeuZlia Zabvis da sixSiri

stabilizacia (Zabvis stabilizacia misgan moSorebul kvanZSic ki).

aseTi

 eleqtrogadacemebis 

wyalqveSa, saxmeleTo Tu

tipis gadacema, magram aucilebelia aqve aRiniSnos am 

sistemis gamoucdeloba, ramdenadac igi sul ramdenime wlis win 

Seiqmna. mniSvnelovani sistemaTaSorisi kavSirebisas jer kidev 

sariskoa aseTi tipis konvertorebis gamoyeneba, radgan mcire 

sistemas aseve SeuZlia 

gauwios eleqtrul qsels sxva saxis mxardaWerac.  

kabelebis wyvili

magaliTisTvis kompiuteruli simulaciis Sedegad aRmoCnda, 

rom paraleluri xazebis SemTxvevaSi  (cvladi Zabvis xazi da mudmivi 

Zabvis xazi), sadac Zabvis wyaros konvertoruli gadacemis sistema 

sistema u

3 jer ukeTesad CaxSobas, vidre 

mowyobilobebi (kondensatorTa batareebi, sinqronuli kompensa

. agreTve upiratesia es sistema Tu saqme gvaqvs qselis 

gafarToebasTan, ramdenadac mas SeuZlia Zabvis da sixSiri

stabilizacia (Zabvis stabilizacia misgan moSorebul kvanZSic ki).

aseTi 

eleqtrogadacemebis 

wyalqveSa, saxmeleTo Tu

tipis gadacema, magram aucilebelia aqve aRiniSnos am 

sistemis gamoucdeloba, ramdenadac igi sul ramdenime wlis win 

Seiqmna. mniSvnelovani sistemaTaSorisi kavSirebisas jer kidev 

sariskoa aseTi tipis konvertorebis gamoyeneba, radgan mcire 

sistemas aseve SeuZlia 

kabelebis wyvili

magaliTisTvis kompiuteruli simulaciis Sedegad aRmoCnda, 

rom paraleluri xazebis SemTxvevaSi  (cvladi Zabvis xazi da mudmivi 

Zabvis xazi), sadac Zabvis wyaros konvertoruli gadacemis sistema 

sistema u

 makompensirebeli 

mowyobilobebi (kondensatorTa batareebi, sinqronuli kompensa

. agreTve upiratesia es sistema Tu saqme gvaqvs qselis 

gafarToebasTan, ramdenadac mas SeuZlia Zabvis da sixSiri

stabilizacia (Zabvis stabilizacia misgan moSorebul kvanZSic ki).

 sistema 

eleqtrogadacemebis 

wyalqveSa, saxmeleTo Tu 

tipis gadacema, magram aucilebelia aqve aRiniSnos am 

sistemis gamoucdeloba, ramdenadac igi sul ramdenime wlis win 

Seiqmna. mniSvnelovani sistemaTaSorisi kavSirebisas jer kidev 

sariskoa aseTi tipis konvertorebis gamoyeneba, radgan mcire 

sistemas aseve SeuZlia 

kabelebis wyvili 

magaliTisTvis kompiuteruli simulaciis Sedegad aRmoCnda, 

rom paraleluri xazebis SemTxvevaSi  (cvladi Zabvis xazi da mudmivi 

Zabvis xazi), sadac Zabvis wyaros konvertoruli gadacemis sistema 

sistema uzrunvelyofs  

makompensirebeli 

mowyobilobebi (kondensatorTa batareebi, sinqronuli kompensa

. agreTve upiratesia es sistema Tu saqme gvaqvs qselis 

gafarToebasTan, ramdenadac mas SeuZlia Zabvis da sixSiri

stabilizacia (Zabvis stabilizacia misgan moSorebul kvanZSic ki).

sistema 

eleqtrogadacemebis 

 mudmivi denis 

tipis gadacema, magram aucilebelia aqve aRiniSnos am 

sistemis gamoucdeloba, ramdenadac igi sul ramdenime wlis win 

Seiqmna. mniSvnelovani sistemaTaSorisi kavSirebisas jer kidev 

sariskoa aseTi tipis konvertorebis gamoyeneba, radgan mcire 

sistemas aseve SeuZlia 

 

 

magaliTisTvis kompiuteruli simulaciis Sedegad aRmoCnda, 

rom paraleluri xazebis SemTxvevaSi  (cvladi Zabvis xazi da mudmivi 

Zabvis xazi), sadac Zabvis wyaros konvertoruli gadacemis sistema 

zrunvelyofs  

makompensirebeli 

mowyobilobebi (kondensatorTa batareebi, sinqronuli kompensa

. agreTve upiratesia es sistema Tu saqme gvaqvs qselis 

gafarToebasTan, ramdenadac mas SeuZlia Zabvis da sixSiri

stabilizacia (Zabvis stabilizacia misgan moSorebul kvanZSic ki).

sistema 

eleqtrogadacemebis 

mudmivi denis 

tipis gadacema, magram aucilebelia aqve aRiniSnos am 

sistemis gamoucdeloba, ramdenadac igi sul ramdenime wlis win 

Seiqmna. mniSvnelovani sistemaTaSorisi kavSirebisas jer kidev 

sariskoa aseTi tipis konvertorebis gamoyeneba, radgan mcire 

sistemas aseve SeuZlia 

magaliTisTvis kompiuteruli simulaciis Sedegad aRmoCnda, 

rom paraleluri xazebis SemTxvevaSi  (cvladi Zabvis xazi da mudmivi 

Zabvis xazi), sadac Zabvis wyaros konvertoruli gadacemis sistema 

zrunvelyofs  

makompensirebeli 

mowyobilobebi (kondensatorTa batareebi, sinqronuli kompensa

. agreTve upiratesia es sistema Tu saqme gvaqvs qselis 

gafarToebasTan, ramdenadac mas SeuZlia Zabvis da sixSiri

stabilizacia (Zabvis stabilizacia misgan moSorebul kvanZSic ki).

sistema marTlac 

eleqtrogadacemebis 

mudmivi denis 

tipis gadacema, magram aucilebelia aqve aRiniSnos am 

sistemis gamoucdeloba, ramdenadac igi sul ramdenime wlis win 

Seiqmna. mniSvnelovani sistemaTaSorisi kavSirebisas jer kidev 

sariskoa aseTi tipis konvertorebis gamoyeneba, radgan mcire 

sistemas aseve SeuZlia 

magaliTisTvis kompiuteruli simulaciis Sedegad aRmoCnda, 

rom paraleluri xazebis SemTxvevaSi  (cvladi Zabvis xazi da mudmivi 

Zabvis xazi), sadac Zabvis wyaros konvertoruli gadacemis sistema 

zrunvelyofs  

makompensirebeli 

mowyobilobebi (kondensatorTa batareebi, sinqronuli kompensa

. agreTve upiratesia es sistema Tu saqme gvaqvs qselis 

gafarToebasTan, ramdenadac mas SeuZlia Zabvis da sixSiri

stabilizacia (Zabvis stabilizacia misgan moSorebul kvanZSic ki).

marTlac 

eleqtrogadacemebis 

mudmivi denis 

tipis gadacema, magram aucilebelia aqve aRiniSnos am 

sistemis gamoucdeloba, ramdenadac igi sul ramdenime wlis win 

Seiqmna. mniSvnelovani sistemaTaSorisi kavSirebisas jer kidev 

sariskoa aseTi tipis konvertorebis gamoyeneba, radgan mcire 

sistemas aseve SeuZlia 

magaliTisTvis kompiuteruli simulaciis Sedegad aRmoCnda, 

rom paraleluri xazebis SemTxvevaSi  (cvladi Zabvis xazi da mudmivi 

Zabvis xazi), sadac Zabvis wyaros konvertoruli gadacemis sistema 

zrunvelyofs  

makompensirebeli 

mowyobilobebi (kondensatorTa batareebi, sinqronuli kompensa

. agreTve upiratesia es sistema Tu saqme gvaqvs qselis 

gafarToebasTan, ramdenadac mas SeuZlia Zabvis da sixSiri

stabilizacia (Zabvis stabilizacia misgan moSorebul kvanZSic ki). 

marTlac 

eleqtrogadacemebis 

mudmivi denis 

tipis gadacema, magram aucilebelia aqve aRiniSnos am 

sistemis gamoucdeloba, ramdenadac igi sul ramdenime wlis win 

Seiqmna. mniSvnelovani sistemaTaSorisi kavSirebisas jer kidev 

sariskoa aseTi tipis konvertorebis gamoyeneba, radgan mcire 

sistemas aseve SeuZlia 

magaliTisTvis kompiuteruli simulaciis Sedegad aRmoCnda, 

rom paraleluri xazebis SemTxvevaSi  (cvladi Zabvis xazi da mudmivi 

Zabvis xazi), sadac Zabvis wyaros konvertoruli gadacemis sistema 

zrunvelyofs  

makompensirebeli 

mowyobilobebi (kondensatorTa batareebi, sinqronuli kompensa

. agreTve upiratesia es sistema Tu saqme gvaqvs qselis 

gafarToebasTan, ramdenadac mas SeuZlia Zabvis da sixSiri

 

marTlac 

eleqtrogadacemebis 

mudmivi denis 

tipis gadacema, magram aucilebelia aqve aRiniSnos am 

sistemis gamoucdeloba, ramdenadac igi sul ramdenime wlis win 

Seiqmna. mniSvnelovani sistemaTaSorisi kavSirebisas jer kidev 

sariskoa aseTi tipis konvertorebis gamoyeneba, radgan mcire 

31

sistemas aseve SeuZlia 

magaliTisTvis kompiuteruli simulaciis Sedegad aRmoCnda, 

rom paraleluri xazebis SemTxvevaSi  (cvladi Zabvis xazi da mudmivi 

Zabvis xazi), sadac Zabvis wyaros konvertoruli gadacemis sistema 

zrunvelyofs  

makompensirebeli 

mowyobilobebi (kondensatorTa batareebi, sinqronuli kompensa-

. agreTve upiratesia es sistema Tu saqme gvaqvs qselis 

gafarToebasTan, ramdenadac mas SeuZlia Zabvis da sixSiris 

marTlac 

eleqtrogadacemebis 

mudmivi denis 

tipis gadacema, magram aucilebelia aqve aRiniSnos am 

sistemis gamoucdeloba, ramdenadac igi sul ramdenime wlis win 

Seiqmna. mniSvnelovani sistemaTaSorisi kavSirebisas jer kidev 

sariskoa aseTi tipis konvertorebis gamoyeneba, radgan mcire 

31 

sistemas aseve SeuZlia 

magaliTisTvis kompiuteruli simulaciis Sedegad aRmoCnda, 

rom paraleluri xazebis SemTxvevaSi  (cvladi Zabvis xazi da mudmivi 

Zabvis xazi), sadac Zabvis wyaros konvertoruli gadacemis sistema 

zrunvelyofs  

makompensirebeli 

- 

. agreTve upiratesia es sistema Tu saqme gvaqvs qselis 

s 

marTlac  

eleqtrogadacemebis 

mudmivi denis 

tipis gadacema, magram aucilebelia aqve aRiniSnos am 

sistemis gamoucdeloba, ramdenadac igi sul ramdenime wlis win 

Seiqmna. mniSvnelovani sistemaTaSorisi kavSirebisas jer kidev 

sariskoa aseTi tipis konvertorebis gamoyeneba, radgan mcire 
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saeqspluatacio istoriis gamo maTi naklovanebebi bolomde 

Seswavlili ar aris [24].  

 winamdebare naSromSi vixilavT klasikuri tipis gamocdil  

HVDC  sistemas da qvemoT gamoyenebul orive kompiuterul 

programaSi swored aseTi sistema gvaqvs modelirebuli, radgan 

axalcixis mudmivi denis CanarTi warmoadgens klasikuri tipis 

mudmivi denis CanarTs.  

 

 

1.6 ekologiuri faqtorebi 

HVDC sistemebis gavlena garemoze eleqtruli kuTxiT SeiZleba 

aRiweros velis da ionizaciis efeqtiT, rogorc gvirgvinis movlena. 

eleqtruli veli warmoiqmneba, rogorc gamtaris muxtebiT aseve  

HVDC sistemis gadamcemi xazisTvis gamtarze garSemortymuli haeris 

ionebiT da aerozolebiT. mudmivi magnituri veli ki warmoiqmneba 

gamtarSi gamavali mudmivi deniT. gadamcemi xazis mier generirebuli 

ionebi aformireben Rrublebs, romlebic qaris Sedegad moZraobas 

iwyeben da SesaZloa Seexon adamians, cxovels an trasis siaxloves 

mdebare qvesadgurs an sadgurs.   

 gvirgvinis movlenam SeiZleba gamoiwvios radio xelSeSla, 

xmauri da ozonis generacia. 

mudmivi Zabvis xazebs am mxriv cvladi Zabvis xazebTan mkveTri 

upiratesobebi aqvT:  

1. mocemuli simZlavris dros rodesac saWiro xdeba zemaRali 

Zabvis gamoyeneba, mudmivi Zabvis gadamcemi xazis sayrdenebi ufro 

mcire zomisaa, vidre cvladis. es garemoeba TavisTavad 

ganapirobebs mas, rom mudmivi Zabvis gadacemis trasis siganec 

naklebia. 

2. mudmivi denis xazis magnituri velis daZabuloba trasis 

siaxloves sididiT dedamiwis magnituri velis Tanazomadia. 
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3. monopolaruli reJimis dros, Tu denis dabrunebis gzad miwaa 

gamoyenebuli, aman SeiZleba gamoiwvios kompasebis araswori 

moqmedeba. amitom rogorc wesi gamoiyeneben metalur dabrunebas 

kabelis saxiT, romelic SeZlebisdagvarad axlosaa ZiriTad 

gamtarTan magnituri velis efeqturi CaxSobis mizniT. 
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Tavi II 

mudmivi denis CanarTis moqmedebis pricnipi da mis mier 

generirebuli harmonikebi 

2.1 mudmivi denis CanarTis dadebiTi mxareebi 

tipiuri mudmivi denis CanarTi Seicavs or konvertors 

romlebic erTmaneTTan axlos, anu erT qvesadgurSia moTavsebuli  

da erTmaneTs ukavSirdebian mudmivi Zabvis salteebiT. 

saqarTvelosa da TurqeTis eleqtruli sistemebi 

warmoadgenen damoukidebel erTeulebs da maT Soris kavSiri 

gacilebiT martivad ganxorcieldeba mudmivi denis CanarTis 

saSualebiT tradicul kavSirTan SedarebiT (kavSiri cvladi Zabvis 

xaziT). aseTi kavSiri iZleva rig upiratesobebs:  

- cxel rezervSi monawileobis miReba; 

- kritikuli mdgomareobis an gauTvaliswinebeli SemTxvevis 

dros simZlavris mimocvla sistemebs Soris; 

- arsebuli generaciis ukeTesi efeqturi gamoyeneba orive 

sistemaSi; 

- gadadinebis swrafi regulirebis saSualeba erT erTi sistemis 

sixSiriT an sixSiris warmoebuliT; 

- da sxva. 

 

 

   2.2 mudmivi denis CanarTis konvertoris ventilebi 

HVDC konvertoris ZiriTadi detali aris ventili an 

ventiluri mxari. ventiluri mxari arakontrolirebadia Tu igi 

agebulia mimdevrobiT CarTuli diodebiT da kontrolirebadia Tu 

agebulia mimdevrobiT CarTuli tiristorebiT. nax.2 - ze naCvenebia 

saerTaSoriso eleqtrotqnikuri standartis (International 
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Electrotechnical Commission - IEC) mixedviT ventilebisa da ventiluri 

xidebis aRniSvnebi.  

 

 

nax. 2  ventilebisa da ventiluri xidebis aRniSvnebi 

 

standartuli ventiluri xidis erT ventilSi SeiZleba 

igulisxmebodes mimdevrobiT CarTuli ramdenime tiristori an 

diodi. rodesac eleqtruli simZlavris nakadi miemarTeba cvladi 

Zabvis qselidan ventiluri jgufisken (ventiluri xidi), maSin igi 

muSaobs gamarTvis reJimSi xolo rodesac piriqiT maSin inversiis 

reJimSi. TiTeul ventilSi ramdenime eleqtronuli gasaRebis 

CarTva nakarnaxebia maRali uku ZabviT, romelzec erTi erTeuli 

gasaRebis damzadeba jer-jerobiT SeuZlebelia. vercxliswyliani 

ventilebis epoqaSi 6 pulsiani sqema warmoadgenda tradiciuls, 

magram dRes igi mZlavri kavSirebisas praqtikulad ar gamoiyeneba. 

Tanamedrove energetikul sistemebis konvertorebSi yvelaze 



36 
 

gavcrcelebulia 12 pulsiani sqema. swored aseTi tipisaa axalcixis 

mudmivi denis CanarTic [7]. 

 aqve aucilebelia aRiniSnos rom rodesac konvertoruli 

kavSiri gansakuTrebiT mZlavria da aTasobiT mgvt-s Seadgens, 12- 

pulsiani sqema gamousadegari xdeba da mimarTaven 24-pulsiani sqemis 

gamoyenebas. amas akeTeben harmonikuli TvalTaxedviT, radgan rac 

metia sqemaSi pulsebis raodenoba erTi da igive datvirTvisas 

Zabvebisa da denebis damaxinjebis koeficientebi, rogorc mudmivi, 

aseve cvladi Zabvis mxares mcirea.  

 

 

2.3 12-pulsiani ventiluri jgufi da Sesabamisi harmonikebi 

 rogorc zemoT avRniSneT TiTqmis yvela HVDC konvertori, 

romelSic gamoyenebulia tiristorebi, awyobilia 12-pulsiani xidis 

(bogis) saxiT. aseTi tipis kovertorebs aqvT ori samfaza mkvebavi 

orgragnila transformatori, romelTagan erT-erTis meoreuli 

gragnili SeerTebulia varskvlavad xolo meorisa samkuTxedad. 

Sesabamisad cvladi Zabvebi, romlebic uSualod kvebaven or samfaza 

6-pulsian xids, daZrulni iqnebian 30 gradusiT. ori aseTi xidis 

mimdevrobiTi CarTva qmnis 12-pulsian sqemas. aseTi sqema upiratesia, 

radgan iwvevs cvladi Zabvis wredSi me-5 da me-7 rigis denis 

harmonikebis da mudmivi Zabvis wredSi me-6 rigis Zabvis harmonikis 

CaxSobas. es saboloo jamSi aisaxeba harmonikuli filtrebis 

mniSvnelovan ekonomiaSi. harmonikebis CaxSobis sakiTxebi da 

harmonikuli analizi ganixileba III TavSi. 

nax.3-ze naCvenebia wiTeli konturi ventilTa jgufis garSemo, 

romelsac aqvs svetis forma da Seicavs vertikalurad Camwkrivebul 

oTx ventils. aseT svetebs “oTxmag ventils” uwodeben da awyoben erT 

ventilur struqturad oTxi ventilis mimdevrobiTi CalagebiT. 
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d

d

oTxmagi ventili

 

nax. 3  oTxmagi ventilis struqtura 

Tanamedrove tiristorebis dasaSvebi uku Zabva ramdenime 

kilovoltis farglebSia, amitom 400 kv Zabvis oTxmagi ventili 

SesaZloa Seicavdes aTeulobiT mimdevrobiT CarTul tiristors, 

mimdevrobiTi jgufebis, an tiristoruli modulebis saxiT. oTxmagi 

ventili maRal Zabvaze fizikurad sakmaod maRali gamodis da 

xSirad misi simaRle izRudeba Senobis simaRliT, an seismuri kuTxiT 

seismurad aqtiur regionebSi [17]. 

 

 

2.4 tiristoruli moduli 

qvesadgur “axalcixeSi” gamoyenebuli CanarTis tiristoruli 

moduli warmoadgens mimdevrobiT CarTul tiristorebs da agreTve 
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Seicavs gamagrilebel radiatorebs, maRali Zabvis impulsebis 

CamxSob wredebs da marTvis wredebs. misi dizaini rogorc wesi 

gaTvlilia remontze, raTa dazianebis SemTxvevaSi martivi iyos misi 

Secvla da aRdgena. aseTi tipis moduli nax.4-zea naCvenebi damxmare 

wredebTan erTad. 

 

nax. 4  CanarTis tiristoruli moduli 

 

 

 

2.5 qvesadguris konfiguracia 

 mudmivi denis CanarTis qvesadguris ZiriTad mowyobilobas 

tiristoruli konvertorebi warmoadgenen, romlebic rogorc wesi 

ventilur  darbazSi arian moTavsebuli. tipiuri qvesadguris sqema 
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me-5 naxazzea naCvenebi. am naxazze ganxilulia bipolaruli 

konfiguracia. 

   aseT qvesadgurSi erT-erTi mniSvnelovani elementi 

konvertoris mkvebavi transformatoria. misi daniSnulebaa 

moaxdinos qselis Zabvis transformacia xidis mkvebav cvladi Zabvis 

sididemde. igi mzaddeba calfaza an samfaza Sesrulebis (mZlavri 

kavSirebisas ZiriTadad gamoiyeneba erTfaza Sesruleba, rac 

amaRlebs saimedoobas da aadvilebs transportirebas) da gaaCnia 

datvirTvis qveS Zabvis regulatori. meoreuli Zabva da filtrebis 

kvanZis Zabva kontroldeba am regulatoris saSualebiT. igi 

ganTavsebulia tr-is meoreul gragnilze,  maRali Zabvis mxares da 

mesameuli gragnilis arsebobis pirobebSi es garantias iZleva, rom 

transformaciis koeficienti mkvebav gragnilsa da mesameul 

gragnils Soris iqnes dafiqsirebuli. denebi transformatoris 

gragnilebSi Seicaven TiTqmis yvela rigis harmonikebs. aqedan 

gamomdinare, isini samrewvelo sixSiris garda gaTvlilia maRali 

rigis harmonikebze, raTa ar moxdes maTi Warbi gaxureba.  

konvertoris transformatoris mesameuli gragnilis 

arseboba saSualebas iZleva konvertoris kveba ganxorcieldes 

damoukidebeli energetikuli obieqtidan.  

 transformatorebis mudmivi Zabvis gragnilebi mierTebulia 

konvertorul xidebTan. isini ganlagebulia Ria gamanawilebel 

mowyobilobaSi da, Tu konvertoruli xidebi ventilur darbazSia 

moTavsebuli, maSin es SeerTeba xdeba darbazis kedlis gavliT. amis 

miRweva SesaZlebelia ori gziT:  

1. izolirebuli salteebiT, sadac gamtari izolirebulia 

sasalteo arxis kedlebisgan zeTiT an elegaziT da 

2. kedlis Semyvani izolatoriT. Tu mudmivi Zabva 400 kv-s 

scildeba maSin kedlis Semyvan izolatorebs moeTxovebaT 

specialuri dizaiani, raTa Tavidan iqnas acilebuli gare an 

Sida izolaciis garRveva. 



  

nax.5 mudmivi denis CanarTis tipiuri qvesadguris nax.5 mudmivi denis CanarTis tipiuri qvesadguris nax.5 mudmivi denis CanarTis tipiuri qvesadguris nax.5 mudmivi denis CanarTis tipiuri qvesadguris nax.5 mudmivi denis CanarTis tipiuri qvesadguris nax.5 mudmivi denis CanarTis tipiuri qvesadguris nax.5 mudmivi denis CanarTis tipiuri qvesadguris nax.5 mudmivi denis CanarTis tipiuri qvesadguris nax.5 mudmivi denis CanarTis tipiuri qvesadguris nax.5 mudmivi denis CanarTis tipiuri qvesadguris nax.5 mudmivi denis CanarTis tipiuri qvesadguris nax.5 mudmivi denis CanarTis tipiuri qvesadguris nax.5 mudmivi denis CanarTis tipiuri qvesadguris nax.5 mudmivi denis CanarTis tipiuri qvesadguris nax.5 mudmivi denis CanarTis tipiuri qvesadguris nax.5 mudmivi denis CanarTis tipiuri qvesadguris sqemasqema
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konvertoris reaqtori aseve erT-erTi mniSvnelovani 

komponentia qvesadguris sqemaSi. misi ZiriTadi funqciaa mudmivi 

denis gagluveba da mcire datvirTvis pirobebSi mudmivi denis 

uwyvetobis SenarCuneba, raTa ar moxdes komutaciuri CaSla. maTi 

CarTva rogorc wesi xdeba yvela polusSi.  

 harmonikuli filtrebi saWiroa, rogorc cvladi Zabvis, aseve 

mudmivi Zabvis mxaresac, magram unda aRiniSnos rom cvladi Zabvis 

filtrebi gacilebiT sapasuxismgeblo elementebia, ramdenadac 

qselSi SeWrili harmonikebis minimizacia swored maTi movaleobaa. 

 6-pulsiani konvertorebisTvis cvladi Zabvis mxares 

warmoiqmneba maxasiaTebeli harmonikebi 6n+/-1, xolo 12- 

pulsianisTvis 12n +/- 1, sadac n=1, 2, 3 da a.S. 12-pulsiani sqemisTvis 

cvladi Zabvis filtrebi rogorc wesi gaiwyoba me-11, me-13, 23-e, 25-e 

rigis harmonikebze. me-5 da me-7 rigis harmonikuli filtrebi 

saWiroa maSin, Tu 12-pulsian sqemas uwevs 6-pulsian reJimSi muSaoba. 

harmonikuli filtrebi cvladi Zabvis salteebze SeiZleba 

mierTebuli iyos an amomrTvelebiT an pirdapir gamTiSvelebiTi, 

isini garda filtraciisa asruleben reaqtiuli simZlavris 

kompensaciis funqiasac, ramdenadac fundamentalur sixSireze 

generireben garkveul reaqtiul simZlavres. paraleluri rezonansi 

rogorc wesi warmoiqmneba xolme filtrebis kondensatorebsa da 

cvladi Zabvis sistemis induqciur winaRobas Soris. gansakuTrebul 

SemTxvevebSi, rodesac aseTi rezonansi gvaqvs saWiro xdeba damatebiT 

dabali rigis harmonikuli filtrebis dayeneba me-2 an me-3 rigis 

harmonikaze, maSinac ki rodesac sistema muSaobs 12-pulsian reJimSi. 

aseTi gadawyveta rezonansuli konturis warmoqmnis Tavidan 

acilebis erT-erTi efetquri gzaa. 

 6-pulsiani konvertorisTvis mudmivi Zabvis mxares warmoiqmneba 

maxasiaTebeli  harmonikebi  6n  rigis, xolo 12-pulsianisTvis 12n 

rigis.  
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mudmivi Zabvis tevaduri filtrebis ZiriTadi daniSnulebaa 

Zabvis  gagluveba  mudmivi  Zabvis  salteze.   aRniSnuli   filtrebi  

axdenen mudmivi Zabvis salteze warmoqmnili harmonikebis CaxSobas. 

aseT filtrebs gansakuTrebuli yuradReba eqcevaT maSin, rodesac 

mudmivi denis CanarTis nacvlad sistemebi erTmaneTs ukavSirdebian 

mudmivi denis xaziT, radgan xazze warmoqmili maRali rigis 

harmonikebi iwvevn radioxelSeSlebs. 

 gadaZabvis SemzRudvelebi (gS) gansazRvrulia yoveli 

ventilis, yoveli ventiluri xidis da, aseve, mudmivi da cvladi 

Zabvis gamanawilebeli mowyobilobebis gadaZabvisagan dasacavad. 

maTi daniSnulebaa CamoTvlili elementebis dacva nebismieri saxis 

gadaZabvis warmoqmnisas. isini agreTve gamoiyeneba filtrebis 

gadaZabvisagan dasacavad. Tanamedrove HVDC qvesadgurebSi 

gamoiyeneba liTonis oqsidiani SemzRudvelebi, romelTa SerCevac 

xdeba izolaciis koordinaciis procesSi. 

 

 

2.6 konvertoris moqmedebis principi 

 6-pulsiani konvertoruli xidi warmoadgens HVDC 

konvertoris sabaziso erTeuls, romelSic simZlavre miedineba 

cvladi Zabvis mxridan mudmivi Zabvis mxares rodesac is muSaobs 

gamarTvis reJimSi da, piriqiT, rodesac is muSaobs invertirebis 

rejimSi. tiristoruli modulebi muSaoben rogorc eleqtronuli 

gasaRebebi. isini ixsnebian marTvis impulsis mosvlisas da iketebian 

maSin, rodesac deni maTSi utoldeba nuls. amitom aseT 

konvertorebs uwodeben qseliT komutirebads, radgan komutacias 

gansazRvravs qselis Zabva. 

2.6.1 komutacia 

“axalcixis” qvesadguris klasikur HVDC sistemaSi gamarTvisa da  
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invertirebis procesebi sruldeba qselis ZabviT, anu bunebrivi 

komutaciis pirobebSi, rac imas niSnavs rom ventilis Casaketad 

gamoyenebulia qselis Zabva. aseTi komutaciisas cvladi Zabvebi, 

rogorc gammarTvelis, ise invertoris mxares uzrunvelyofili 

unda iyos eleqtruli qselis mier. sistemis normaluri 

muSaobisaTvis aucilebelia daculi iyos sami fazis simetria da 

sinusoiduroba.  

ventilebis komutacia aris procesi, rodesac deni gadadis 

kovertoris erTi romelime ventilidan meoreze da am procesis 

ganmavlobaSi orive es ventili Riaa. 

gamarTvis procesSi TiToeuli ventili iwyebs denis gatarebas, 

maSin, rodesac is iRebs marTvis impulss da amavdroulad pirdapiri 

Zabvis myisa mniSvneloba xdeba meti, vidre ventilisa, romelic 

manamde atarebda dens. denis Secvla myisierad ar xdeba, radgan 

komutaciis procesi mimdinareobs transformatoris gragnilebis anu 

garkveuli induqtivobis gavliT. transformatoris fantvis 

induqciuri winaRoba warmoadgens sakomutacio induqciur winaRobas. 

es winaRobebi gammarTvelisTvis da invertorisTvis naCvenebia nax.6 –

ze da aRniSnulia ekvivalenturi XC - Ti. unda aRiniSnos, rom Semdeg 

TavSi ganxiluli modelirebisas Cven ar viyenebT induqciuri 

winaRobis ekvivalentirebas, radgan mkvebavi transformatorebis 

modelebi Seyvanili gvaqvs damoukidebel erTeulebad.  

ventilebis denebis jami mudmivi Zabvis mxares gvaZlevs mudmiv 

dens, romelic gaedineba mudmivi Zabvis reaqtorebis gavliT da es 

deni sakmaod gagluvebulia reaqtorisa da transformatoris 

induqtivobebis gavleniT [14].  

 invertorul ventilebs CarTva da denis gatareba SeuZliaT 

mxolod maSin, rodesac dadebiTi mudmivi Zabva mudmivi Zabvis wredis 

mxridan metia, vidre qselis sakomutacio Zabvidan miRebuli uku Zabva 

invertorze. 
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 komutaciuri procesebis gamo gammarTveli qselidan moiTxovs 

arasinusoidur dens da aseTive damaxinjebul dens awvdis invertori 

mimReb qsels. es denebi garda fundamentaluri 50 herciani 

Semdgenisa Seicaven maRali rigis harmonikebsac da, swored, maTi 

gamowveulia sinusoiduri Zabvis damaxinjeba orive sistemis cvladi 

Zabvis salteebze. cvladi Zabvis filtrebi, romlebic montaJdeba 

transformatorebis pirveladi gragnilebis mxares, am 

harmonikebisTvis qmnian dabal winaRobian arxebs da am gziT 

garkveulwilad amcireben damaxinjebis dones [14,17]. 

qseliT komutirebad HVDC sistemebSi simZlavris nakadis 

reversireba SeuZlebelia ganxorcieldes mudmivi denis 

mimarTulebis SecvliT. ventilebs denis gatareba SeuZliaT mxolod 

erTi mimarTulebiT. amitom reversis ganxorcieleba aseT sistemebSi 

SesaZloa moxdes mxolod mudmivi Zabvis polarobis SecvliT. 

konvertoruli xidebis ormxrivi muSaoba, rogorc gamarTvis is 

invertirebis reJimSi miiRweva tiristorebis marTvis kontroliT.  

 

 

2.6.2 konvertoris xidis kuTxeebi 

nax.6-ze naCvenebia ramdenime eleqtruli kuTxe, romlebic 

gansazRvraven konvertoruli xidebis muSaobas. es kuTxeebi izomeba 

ventilebis mkvebav samfaza Zabvebze. isini ekuTvnian gammarTvelsac da 

invertorsac. 

dayovnebis kuTxe α.  es aris dro sinusoidis nulze gadasvlis 

momentidan ventilSi pirdapiri denis gavlis dawyebamde, gamosaxuli 

eleqtrul kuTxeebSi. es kuTxe kontroldeba marTvis eleqtrodze 

miwodebuli impulsebis saSualebiT. Tu es kuTxe naklebia 900 – ze, 

maSin konvertoruli xidi aris gammarTveli, xolo Tu metia 900 – ze, 

maSin igi warmoadgens invertors.  



 

 

 

 

nax.nax.66 komutaciuri procesebi mudmivi denis CanarTSikomutaciuri procesebi mudmivi denis CanarTSikomutaciuri procesebi mudmivi denis CanarTSikomutaciuri procesebi mudmivi denis CanarTSikomutaciuri procesebi mudmivi denis CanarTSikomutaciuri procesebi mudmivi denis CanarTSikomutaciuri procesebi mudmivi denis CanarTSikomutaciuri procesebi mudmivi denis CanarTSikomutaciuri procesebi mudmivi denis CanarTSikomutaciuri procesebi mudmivi denis CanarTSikomutaciuri procesebi mudmivi denis CanarTSikomutaciuri procesebi mudmivi denis CanarTSikomutaciuri procesebi mudmivi denis CanarTSikomutaciuri procesebi mudmivi denis CanarTSi
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 winswrebis kuTxe β.  dro pirdapiri denis gavlis momentidan 

sakomutacio Zabvis sinusoidis nulTan gadakveTis momentamde. 

winswrebis kuTxe β gradusebSi dakavSirebulia dayovnebis kuTxe α – 

sTan Semdegi formuliT :  

                                                            β = 180 – α                                              (1) 

gadafarvis kuTxe µ.  konvertoris or ventilur mxars Soris 

komutaciis xangrZlivoba gamosaxuli eleqtrul gradusebSi. 

qrobis kuTxe . dro piradpiri denis gavlis dasrulebidan 

sakomutacio Zabvis nulTan gadasvlis momentamde, gamosaxuli 

eleqtrul gradusebSi.  damokidebulia winswrebis kuTxe β – ze da 

gadafarvis kuTxe µ - ze  da ganisazRvreba Semdegi formuliT: 

    = β - µ                                                  (2) 

 

2.6.3 konvertoruli xidis gantolebebi damyarebul reJimSi 

am qveTavSi ganvixilavT CanarTis damyarebuli reJimis im 

gantolebebsa da formulebs, romelTa saSualebiTac movaxdineT 

mudmivi denis CanarTis kompiuteruli modelireba PSS/E–Si da AS–Si. 

6-pulsiani konvertoruli xidis sakomutacio reaqtansis 

gamosaxva ufro mosaxerxebelia fardobiT erTeulebSi 

konvertoruli transformatoris nominalur simZlavresTan : 

   SN =	√2	UVN IdN                                            (3) 

sadac,  IdN  nominaluri mudmivi denia. UVN ki - nominaluri xazuri 

Zabva transformatoris meoreul gragnilze. Cveulebriv 

konvertoruli xidis nominaluri simZlavre gamoiTvleba 

nominaluri mudmivi deniTa IdN da nominaluri mudmivi ZabviT UdN. 

ventilebis da konvertoruli xidis dizaini mniSvnelovnadaa 

damokidebuli sakomutacio reaqtiul winaRobaze da, Sesabamisad, es 

sidide winaswar aris cnobili. Tanamedrove HVDC konvertorul 
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xidebSi is Cveulebriv moTavsebulia 0.1<XC<0.15 zRvrebSi, sadac 1 

fardobiTi erTeuli aris (UdN)2/ SN  omebSi. 

simZlavris koeficientis ganmsazRvrel miaxloebiT formulas aqvs 

saxe: 

     gammarTvelisTvis: 

cos(θ) = cos(α) - 0.5 XC(Id/IdN)                                   (4) 

sadac Id  aris datvirTva mudmivi denis mxares, IdN nominaluri deni, θ 

ki simZlavris koeficientis kuTxe. unda aRiniSnos, rom dayovnebis 

kuTxe α winaswar aris cnobili an gansazRvruli. magaliTad, 

normalur damyarebul reJimSi gammarTvelisTvis es kuTxe SeiZleba 

icvlebodes zRvrebSi 100 < α < 180 da yvelaze dabali simZlavris 

koeficienti iqneba 180 - is dros. 

    invertorisTvis: 

cos(θ) = cos(γ)- 0.5 XC(Id/IdN)                                (5) 

Cveulebriv invertorisTvis nominaluri qrobis kuTxe  = 180. 

konvertorSi, danakargebis gauTvaliswineblad,  simZlavris nakadi 

xidSi iqneba: 

Pd = Id Ud                                                                             (6) 

sadac Id da Ud mudmivi deni da mudmivi Zabvaa Sesabamisad. konvertoris 

mier moxmarebuli reaqtiuli simZlavre gammarTvelis an 

invertoris mxares gamoiTvleba formuliT: 

   QL = Pd tg(θ)                                                (7) 

SesaZloa, rom konvertoris mkvebavi transformatoris 

meoreuli gragnilis xazuri Zabva cnobili ar iyos, magram misi 

gamoTvla SesaZlebelia Tu nominaluri simZlavris koeficienti 

xidisaTvis cnobilia. maSin nominaluri xazuri Zabva 

transformatoris meoreul gragnilze tolia: 

UVN = UdN/[1.35 Cos(θ)]                                     (8) 

amis Semdeg ukve SesaZlebeli xdeba transformatoris simZlavris 

gamoTvlac.  
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xSirad aucilebelia agreTve ganisazRvros gadafarvis kuTxe 

µ. gammarTvelisTvis SeiZleba gamoviyenoT qvemoT moyvanili 

formula, rodesac dayovnebis kuTxe α, sakomutacio reaqtansi 

fardobiT erTeulebSi XC da datvirTvis deni Id cnobili 

sidideebia: 

Cos(α+µ) = Cos(α) - XC Id /IdN                                             (9) 

analogiurad invertorisTvis, qrobis kuTxe  normaluri 

reJimisTvis rogorc wesi cnobilia, ase rom: 

Cos(γ+µ) = Cos(γ) - XC Id /IdN                                             (10) 

dayovnebis kuTxe invertorisTvis TavisTavad SesaZloa ar iyos 

cnobili, magram ramdenadac qrobis kuTxe da gadafarvis kuTxe 

gansazRvrulia gveqneba: 

α = 1800 – (γ +µ)                                           (11) 

Tu cnobilia konvertoris transformatoris pirveladi 

gragnilis nominaluri xazuri Zabva ULN SesaZlebelia ganvsazRvroT 

nominaluri transformaciis koeficienti, ramdenadac meoreuli 

gragnilis nominaluri Zabva  UVN  ukve gansazRvruli gvaqvs:  

TRN = UVN/ ULN                                                                   (12) 

konvertoris muSaobis ganmavlobaSi konvertoruli 

transformatoris datvirTvis qveS Zabvis regulatori aregulirebs  

gamomyvanebiT meoreul Zabvas ise, rom gammarTvelis dayovnebis 

kuTxe iyos normalur zRvrebSi. analogiurad invertorze, ancafebis 

gadarTva xdeba ise, rom qrobis kuTxe SenarCundes sasurvel 

zRvrebSi. Tu cnobilia mudmivi Zabvis da mudmivi denis sasurveli 

sidideebi, nominaluri transformaciis koeficienti, transforma- 

toris mkvebavi qselis muSa Zabva da qrobis kuTxe (invertorisTvis) an 

dayovnebis kuTxe (gammarTvelisTvis), maSin konvertoris trans- 

formatoris transformaciis koeficienti fardobiT erTeulebSi 

iangariSeba Semdegi gamosaxulebis safuZvelze: 
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TR =
U� + U��

I�

I��

X�

(2cos() − X�)

1.35TR�U�cos	()
																																											(13) 

sadac X� aris konvertoris xidis sakomutacio reaqtansi fardobiT 

erTeulebSi da  = α gammarTvelisTvis da  =	γ invertorisTvis. 

I��	nominaluri mudmivi denia ki U��	nominaluri mudmivi Zabva. 

 zemoT moyvanili formulebi warmoadgenen 6-pulsiani 

konvertoris bazaze dafuZnebuli სისტემის ნორმალური რეჟიმის 

განტოლებებს. რაც შეეხება გარდამავალ პროცესებს, maTi amsaxveli 

gantolebebi gacilebiT rTulia da harmonikuli analizisTvis maTi 

ganxilva aucilebelobas ar warmoadgens.  

 

  

2.7 მოკლე შერთვის simZlavris indeqsi 

ელექტრული ქსელის სიძლიერე HVDC სისტემის კვანძში შეიძლება 

განისაზღვროს მოკლე შერთვის indeqsiT (კოეფიციენტით), რომელიც 

აკავშირებს ერთმანეთთან მოკლე შერთვის დონესა (მგვა) და მუდმივი 

დენის სიმძლავრეს (მგვტ), როდესაც ცვლადი ძაბვა ნომინალურის ტოლია. 

 ცვლადი ძაბვის სალტეზე მიერთებული კონდენსატორები და 

ფილტრები ამცირებენ მოკლე შერთვის დონეს. ეფექტური მოკლე შერთვის 

კოეფიციენტი (effective short circuit ratio - ESCR) ამყარებს კავშირს 

filtrebis da kondensatorebis reaqtiuli simZlavriT Semcirebul 

mokled SerTvis donesa da mudmivi denis simZlavres Soris 

nominaluri cvladi Zabvis dros. 

 cvladi Zabvis sistemebi siZlieris mixedviT SeiZleba daiyos 

Semdeg kategoriebad: 

1. mZlavri sistemebi maRali koeficientiT :  ESCR > 3.0 

2. sistemebi dabali koeficientiT :  3.0 > ESCR > 2.0 

3. susti sistemebi Zalian dabali koeficentiT :  ESCR < 2.0 
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     saqarTvelos eleqtrosistema aseTi klasifikaciiT 

miekuTvneba mZlavri sistemebis jgufs, radgan saSualod TiTqmis 

yvela perspeqtiul reJimSi aRniSnuli koeficienti 3-ze metia.  

maRali efeqturi mokle SerTvis koeficientis mqone sistemebSi 

HVDC სისტემის mier aqtiuri an reaqtiuli simZlavris cvlileba 

iwvevs qselis cvladi Zabvis mxolod umniSvnelo cvlilebas. aqedan 

gamomdinare gardamavali procesSi am kvanZSi Zabvis damatebiTi 

kontrolisTvis ar aris aucilebeli damatebiTi RonisZiebis 

gatareba. reaqtiuli simZlavris balansi cvladi Zabvis sistemasa da 

HVDC სისტემas Soris SeiZleba miRweul iqnes komutirebadi 

reaqtiuli elementebiT. 

dabali da Zalian dabali ESCR koeficientis mqone sistemebSi 

HVDC სისტემaSi momxdarma simZlavris cvlilebam SeiZleba 

gamoiwvios Zabvis ryevebi cvladi Zabvis qselSi, ris 

aRmosafxvreladac aucilebelia specialuri kontrolis sakiTxebis 

damuSaveba. gardamaval procesSi, rogorc wesi aucilebeli xdeba 

reaqtiuli simZlavris kontrolisTvis, HVDC kvanZSi an mis axlos 

eleqtronulad marTvadi reaqtiuli simZlavris makompensirebeli 

elementebis an sinqronuli kompensatorebis dayeneba. adreul 

wlebSi iyenebdnen mxolod sinqronul kompensatorebs, SemdgomSi ki 

Seiqmna ufro daxvewili da swrafi eleqtronulad marTvadi SVC 

(static var compensator) tipis kompensatorebi. msgavsi problemebi 

mudmivi denis CanarTis pirobebSi muSaobisas, rogorc angariSebma 

aCvena, saqarTvelos eleqtrosistemaSi mosalodneli ar aris. 

 

 

2.8 komutaciuri CaSla 

rodesac konvertoruli xidi muSaobs invertorul reJimSi, 

anu warmoadgens energiis mimReb bolos, ventili gamoirTveba maSin, 
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rodesac pirdapiri deni xdeba nulis toli da modebuli Zabva xdeba 

uaryofiTi.  

komutaciuri CaSla invertorul reJimSi momuSave konvertorSi 

SeiZleba gamoiwvios CamoTvlil mizezTagan romelimem:  

1. rodesac invertorSi Sesuli mudmivi deni izrdeba amplitudiT 

igi iwvevs gadafarvis µ kuTxis gazrdasac, qrobis  kuTxe 

mcirdeba da SesaZloa miaRwios wertils sadac ventili veRar 

moaxdens blokirebas. 

2. rodesac konvertoris mkvebavi cvladi Zabva erT an met fazaze 

mcirdeba, an maxinjdeba formiT, SeiZleba moxdes qrobis 

kuTxis Semcireba sididemde romlis drosac komutacia 

ventilebs Soris moxdeba warumateblad. 

3. komutaciuri CaSla aseve SeiZleba gamoiwvios sakomutacio 

Zabvis fazuri kuTxis Zvram , rac xSirad xdeba erTfaza mokle 

SerTvis dros rasac Tan axlavs agreTve fazis Zabvis 

amplitudis Semcireba. es ori faqtori: fazis Zvra da 

amplitudis Semcireba yvelaze metad dominirebs CaSlebis 

istoriaSi. 

4. komutaciuri CaSlis albaToba agreTve damokidebulia avariis 

wina reJimSi qrobis  kuTxis sidideze, rogorc Cveulebriv 

invertorisTvis is 180 – is farglebSia, misi gazrda 25 – 300 - 

mde an ufro metad Seamcirebs CaSlis risks, ramdenadac 

gaizrdeba invertorze reaqtiuli simZlavris moTxovna. 

5. asevea damokidebuli avariis win ventiluri denis sidideze. 

rac ufro didi iqneba es deni, miT ufro advilad moxdeba 

komutaciuri CaSla konvertorSi. 

saboloo jamSi SeiZleba iTqvas, rom Tu sistemaSi Zalian 

iSviaTad xdeba avariebi cvladi Zabvis mxares an es avariebi did 

zegavlenas ver axdens Zabvebze, maSin komutaciuri CaSlis albaToba 

HVDC სისტემaSi Zalian mcirea. 
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2.9 marTva da dacva 

HVDC სისტemas, rogorc wesi uwevs sakamod didi simZlavreebis 

gadacema, risi miRwevac daxvewili kontrolis sistemis gareSe 

SeuZlebelia. 

mudmivi Zabva da mudmivi deni didi sizustiTaa 

gakontrolebuli, raTa gadacemuli simZlavrec sasurveli 

gadasacemi simZlavris Zalian axlo farglebSi iyos. aucilebelia 

gadacemis procesSi uwyvetad da zustad xdebodes konvertoruli 

xidis reJimis parametrebis kontroli: mudmivi Zabva, mudmivi deni 

dayovnebis kuTxe gammarTvelisTvis da qrobis kuTxe 

invertorisTvis.  

 orterminaliani mudmivi denis gadacemis sistema ufro xSirad 

gvxvdeba praqtikaSi da maT aqvT sakmaod daxvewili kontrolis 

logika normaluri muSaobis SesanarCuneblad. damyarebul reJimSi 

invertors evaleba mudmivi Zabvis kontroli. erTis mxriv qrobis 

kuTxis mudmivi sididis daWeriT mudmivi denis zrdas moyveba Ud 

mudmivi Zabvis vardna, rogorc es naCvenebia minimaluri mudmivi 

qrobis kuTxis  A – B – C - D  maxasiaTebelze (nax.7). rac ufro sustia 

eletruli sistema invertoris mxares, miT ufro mkveTria es Zabvis 

vardna. meores mxriv invertors SeuZlia imuSaos mudmivi Zabvis 

mudmivi sididis SenarCunebis B - H - E maxasiaTebelze. es niSnavs, rom 

qrobis kuTxe unda gaizardos Tavis minimalur danayenze metad.  

Tu invertori muSaobs minimaluri qrobis kuTxis 

maxasiaTebelze, an mudmivi Zabvis konstanta maxasiaTebelze, maSin 

gammarTvelma unda akontrolos mudmivi deni I�. amis gakeTeba 

SesaZlebelia manamde, sanam dayovnebis kuTxe miaRwevs Tavis qveda 

zRvars (Cveulebriv 50). gammarTvelis damyarebuli reJimis 

ucvleli denis maxasiaTebeli naxazze naCvenebia Q – C – H – R seqciiT. 

wertili sadac invertoris da gammarTvelis maxasiaTeblebi kveTen 

erTmaneTs( C  an  H ) aris HVDC სისტემis muSa wertili. 



 

 

transformatorebis datvirTvis qveS Zabvis regulatorebis 

ancafebis gadarTvebis saSualebiT. invertorma unda uzrunvelyos 

mudmivi Zabvis sasurveli muSa done konvertoris transformatoris 

ancafebis regulirebiT, T

maxasiaTebelze. xolo Tu muSaobs ucvlel 

Zabvis regulatorma unda miaRwios mudmivi Zabvis sakontrolo 

dones ise

minimumze (18

 

transformatorebis datvirTvis qveS Zabvis regulatorebis 

ancafebis gadarTvebis saSualebiT. invertorma unda uzrunvelyos 

mudmivi Zabvis sasurveli muSa done konvertoris transformatoris 

ancafebis regulirebiT, T

maxasiaTebelze. xolo Tu muSaobs ucvlel 

Zabvis regulatorma unda miaRwios mudmivi Zabvis sakontrolo 

dones ise

minimumze (18

 muSa wertilis mdgomareoba miiRweva konvertorebis 

transformatorebis datvirTvis qveS Zabvis regulatorebis 

ancafebis gadarTvebis saSualebiT. invertorma unda uzrunvelyos 

mudmivi Zabvis sasurveli muSa done konvertoris transformatoris 

ancafebis regulirebiT, T

maxasiaTebelze. xolo Tu muSaobs ucvlel 

Zabvis regulatorma unda miaRwios mudmivi Zabvis sakontrolo 

dones ise

minimumze (18

muSa wertilis mdgomareoba miiRweva konvertorebis 

transformatorebis datvirTvis qveS Zabvis regulatorebis 

ancafebis gadarTvebis saSualebiT. invertorma unda uzrunvelyos 

mudmivi Zabvis sasurveli muSa done konvertoris transformatoris 

ancafebis regulirebiT, T

maxasiaTebelze. xolo Tu muSaobs ucvlel 

Zabvis regulatorma unda miaRwios mudmivi Zabvis sakontrolo 

dones ise

minimumze (18

muSa wertilis mdgomareoba miiRweva konvertorebis 

transformatorebis datvirTvis qveS Zabvis regulatorebis 

ancafebis gadarTvebis saSualebiT. invertorma unda uzrunvelyos 

mudmivi Zabvis sasurveli muSa done konvertoris transformatoris 

ancafebis regulirebiT, T

maxasiaTebelze. xolo Tu muSaobs ucvlel 

Zabvis regulatorma unda miaRwios mudmivi Zabvis sakontrolo 

dones ise, 

minimumze (18

muSa wertilis mdgomareoba miiRweva konvertorebis 

transformatorebis datvirTvis qveS Zabvis regulatorebis 

ancafebis gadarTvebis saSualebiT. invertorma unda uzrunvelyos 

mudmivi Zabvis sasurveli muSa done konvertoris transformatoris 

ancafebis regulirebiT, T

maxasiaTebelze. xolo Tu muSaobs ucvlel 

Zabvis regulatorma unda miaRwios mudmivi Zabvis sakontrolo 

 rom qrobis kuTxe iyos toli an odnav meti Tavis 

minimumze (180  

nax.7  mudmivi denis CanarTis maxasiaTeblebi

muSa wertilis mdgomareoba miiRweva konvertorebis 

transformatorebis datvirTvis qveS Zabvis regulatorebis 

ancafebis gadarTvebis saSualebiT. invertorma unda uzrunvelyos 

mudmivi Zabvis sasurveli muSa done konvertoris transformatoris 

ancafebis regulirebiT, T

maxasiaTebelze. xolo Tu muSaobs ucvlel 

Zabvis regulatorma unda miaRwios mudmivi Zabvis sakontrolo 

rom qrobis kuTxe iyos toli an odnav meti Tavis 

0  ganxilul SemTxvevaS

nax.7  mudmivi denis CanarTis maxasiaTeblebi

muSa wertilis mdgomareoba miiRweva konvertorebis 

transformatorebis datvirTvis qveS Zabvis regulatorebis 

ancafebis gadarTvebis saSualebiT. invertorma unda uzrunvelyos 

mudmivi Zabvis sasurveli muSa done konvertoris transformatoris 

ancafebis regulirebiT, T

maxasiaTebelze. xolo Tu muSaobs ucvlel 

Zabvis regulatorma unda miaRwios mudmivi Zabvis sakontrolo 

rom qrobis kuTxe iyos toli an odnav meti Tavis 

ganxilul SemTxvevaS

nax.7  mudmivi denis CanarTis maxasiaTeblebi

muSa wertilis mdgomareoba miiRweva konvertorebis 

transformatorebis datvirTvis qveS Zabvis regulatorebis 

ancafebis gadarTvebis saSualebiT. invertorma unda uzrunvelyos 

mudmivi Zabvis sasurveli muSa done konvertoris transformatoris 

ancafebis regulirebiT, T

maxasiaTebelze. xolo Tu muSaobs ucvlel 

Zabvis regulatorma unda miaRwios mudmivi Zabvis sakontrolo 

rom qrobis kuTxe iyos toli an odnav meti Tavis 

ganxilul SemTxvevaS

nax.7  mudmivi denis CanarTis maxasiaTeblebi

muSa wertilis mdgomareoba miiRweva konvertorebis 

transformatorebis datvirTvis qveS Zabvis regulatorebis 

ancafebis gadarTvebis saSualebiT. invertorma unda uzrunvelyos 

mudmivi Zabvis sasurveli muSa done konvertoris transformatoris 

ancafebis regulirebiT, T

maxasiaTebelze. xolo Tu muSaobs ucvlel 

Zabvis regulatorma unda miaRwios mudmivi Zabvis sakontrolo 

rom qrobis kuTxe iyos toli an odnav meti Tavis 

ganxilul SemTxvevaS

nax.7  mudmivi denis CanarTis maxasiaTeblebi

muSa wertilis mdgomareoba miiRweva konvertorebis 

transformatorebis datvirTvis qveS Zabvis regulatorebis 

ancafebis gadarTvebis saSualebiT. invertorma unda uzrunvelyos 

mudmivi Zabvis sasurveli muSa done konvertoris transformatoris 

ancafebis regulirebiT, T

maxasiaTebelze. xolo Tu muSaobs ucvlel 

Zabvis regulatorma unda miaRwios mudmivi Zabvis sakontrolo 

rom qrobis kuTxe iyos toli an odnav meti Tavis 

ganxilul SemTxvevaS

nax.7  mudmivi denis CanarTis maxasiaTeblebi

muSa wertilis mdgomareoba miiRweva konvertorebis 

transformatorebis datvirTvis qveS Zabvis regulatorebis 

ancafebis gadarTvebis saSualebiT. invertorma unda uzrunvelyos 

mudmivi Zabvis sasurveli muSa done konvertoris transformatoris 

ancafebis regulirebiT, T

maxasiaTebelze. xolo Tu muSaobs ucvlel 

Zabvis regulatorma unda miaRwios mudmivi Zabvis sakontrolo 

rom qrobis kuTxe iyos toli an odnav meti Tavis 

ganxilul SemTxvevaS

nax.7  mudmivi denis CanarTis maxasiaTeblebi

muSa wertilis mdgomareoba miiRweva konvertorebis 

transformatorebis datvirTvis qveS Zabvis regulatorebis 

ancafebis gadarTvebis saSualebiT. invertorma unda uzrunvelyos 

mudmivi Zabvis sasurveli muSa done konvertoris transformatoris 

ancafebis regulirebiT, Tu igi muSaobs minimaluri qrobis kuTxis 

maxasiaTebelze. xolo Tu muSaobs ucvlel 

Zabvis regulatorma unda miaRwios mudmivi Zabvis sakontrolo 

rom qrobis kuTxe iyos toli an odnav meti Tavis 

ganxilul SemTxvevaS

nax.7  mudmivi denis CanarTis maxasiaTeblebi

muSa wertilis mdgomareoba miiRweva konvertorebis 

transformatorebis datvirTvis qveS Zabvis regulatorebis 

ancafebis gadarTvebis saSualebiT. invertorma unda uzrunvelyos 

mudmivi Zabvis sasurveli muSa done konvertoris transformatoris 

u igi muSaobs minimaluri qrobis kuTxis 

maxasiaTebelze. xolo Tu muSaobs ucvlel 

Zabvis regulatorma unda miaRwios mudmivi Zabvis sakontrolo 

rom qrobis kuTxe iyos toli an odnav meti Tavis 

ganxilul SemTxvevaS

nax.7  mudmivi denis CanarTis maxasiaTeblebi

muSa wertilis mdgomareoba miiRweva konvertorebis 

transformatorebis datvirTvis qveS Zabvis regulatorebis 

ancafebis gadarTvebis saSualebiT. invertorma unda uzrunvelyos 

mudmivi Zabvis sasurveli muSa done konvertoris transformatoris 

u igi muSaobs minimaluri qrobis kuTxis 

maxasiaTebelze. xolo Tu muSaobs ucvlel 

Zabvis regulatorma unda miaRwios mudmivi Zabvis sakontrolo 

rom qrobis kuTxe iyos toli an odnav meti Tavis 

ganxilul SemTxvevaS

nax.7  mudmivi denis CanarTis maxasiaTeblebi

muSa wertilis mdgomareoba miiRweva konvertorebis 

transformatorebis datvirTvis qveS Zabvis regulatorebis 

ancafebis gadarTvebis saSualebiT. invertorma unda uzrunvelyos 

mudmivi Zabvis sasurveli muSa done konvertoris transformatoris 

u igi muSaobs minimaluri qrobis kuTxis 

maxasiaTebelze. xolo Tu muSaobs ucvlel 

Zabvis regulatorma unda miaRwios mudmivi Zabvis sakontrolo 

rom qrobis kuTxe iyos toli an odnav meti Tavis 

ganxilul SemTxvevaSi).

nax.7  mudmivi denis CanarTis maxasiaTeblebi

muSa wertilis mdgomareoba miiRweva konvertorebis 

transformatorebis datvirTvis qveS Zabvis regulatorebis 

ancafebis gadarTvebis saSualebiT. invertorma unda uzrunvelyos 

mudmivi Zabvis sasurveli muSa done konvertoris transformatoris 

u igi muSaobs minimaluri qrobis kuTxis 

maxasiaTebelze. xolo Tu muSaobs ucvlel 

Zabvis regulatorma unda miaRwios mudmivi Zabvis sakontrolo 

rom qrobis kuTxe iyos toli an odnav meti Tavis 

i). 

nax.7  mudmivi denis CanarTis maxasiaTeblebi

muSa wertilis mdgomareoba miiRweva konvertorebis 

transformatorebis datvirTvis qveS Zabvis regulatorebis 

ancafebis gadarTvebis saSualebiT. invertorma unda uzrunvelyos 

mudmivi Zabvis sasurveli muSa done konvertoris transformatoris 

u igi muSaobs minimaluri qrobis kuTxis 

maxasiaTebelze. xolo Tu muSaobs ucvlel 

Zabvis regulatorma unda miaRwios mudmivi Zabvis sakontrolo 

rom qrobis kuTxe iyos toli an odnav meti Tavis 

 

nax.7  mudmivi denis CanarTis maxasiaTeblebi

muSa wertilis mdgomareoba miiRweva konvertorebis 

transformatorebis datvirTvis qveS Zabvis regulatorebis 

ancafebis gadarTvebis saSualebiT. invertorma unda uzrunvelyos 

mudmivi Zabvis sasurveli muSa done konvertoris transformatoris 

u igi muSaobs minimaluri qrobis kuTxis 

maxasiaTebelze. xolo Tu muSaobs ucvlel 

Zabvis regulatorma unda miaRwios mudmivi Zabvis sakontrolo 

rom qrobis kuTxe iyos toli an odnav meti Tavis 

nax.7  mudmivi denis CanarTis maxasiaTeblebi

muSa wertilis mdgomareoba miiRweva konvertorebis 

transformatorebis datvirTvis qveS Zabvis regulatorebis 

ancafebis gadarTvebis saSualebiT. invertorma unda uzrunvelyos 

mudmivi Zabvis sasurveli muSa done konvertoris transformatoris 

u igi muSaobs minimaluri qrobis kuTxis 

maxasiaTebelze. xolo Tu muSaobs ucvlel U

Zabvis regulatorma unda miaRwios mudmivi Zabvis sakontrolo 

rom qrobis kuTxe iyos toli an odnav meti Tavis 

nax.7  mudmivi denis CanarTis maxasiaTeblebi

muSa wertilis mdgomareoba miiRweva konvertorebis 

transformatorebis datvirTvis qveS Zabvis regulatorebis 

ancafebis gadarTvebis saSualebiT. invertorma unda uzrunvelyos 

mudmivi Zabvis sasurveli muSa done konvertoris transformatoris 

u igi muSaobs minimaluri qrobis kuTxis 

Ud  

Zabvis regulatorma unda miaRwios mudmivi Zabvis sakontrolo 

rom qrobis kuTxe iyos toli an odnav meti Tavis 

nax.7  mudmivi denis CanarTis maxasiaTeblebi

muSa wertilis mdgomareoba miiRweva konvertorebis 

transformatorebis datvirTvis qveS Zabvis regulatorebis 

ancafebis gadarTvebis saSualebiT. invertorma unda uzrunvelyos 

mudmivi Zabvis sasurveli muSa done konvertoris transformatoris 

u igi muSaobs minimaluri qrobis kuTxis 

  maxasiaTebelze, maSin 

Zabvis regulatorma unda miaRwios mudmivi Zabvis sakontrolo 

rom qrobis kuTxe iyos toli an odnav meti Tavis 

nax.7  mudmivi denis CanarTis maxasiaTeblebi

muSa wertilis mdgomareoba miiRweva konvertorebis 

transformatorebis datvirTvis qveS Zabvis regulatorebis 

ancafebis gadarTvebis saSualebiT. invertorma unda uzrunvelyos 

mudmivi Zabvis sasurveli muSa done konvertoris transformatoris 

u igi muSaobs minimaluri qrobis kuTxis 

maxasiaTebelze, maSin 

Zabvis regulatorma unda miaRwios mudmivi Zabvis sakontrolo 

rom qrobis kuTxe iyos toli an odnav meti Tavis 

nax.7  mudmivi denis CanarTis maxasiaTeblebi

muSa wertilis mdgomareoba miiRweva konvertorebis 

transformatorebis datvirTvis qveS Zabvis regulatorebis 

ancafebis gadarTvebis saSualebiT. invertorma unda uzrunvelyos 
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 gammarTvelis transformatoris Zabvis regulatorma unda 

areguliros ancafebi ise rom dayovnebis kuTxes hqondes muSa 

diapazoni daaxloebiT 100 - 150  - mde, raTa daiWiros mudmivi denis 

Idanay danayenis  ucvleli mniSvneloba. Tu invertori muSaobs 

ucvlel Ud  maxasiaTebelze muSa wertil H – Si da Idanay gaizrdeba ise, 

rom muSa wertili gadainacvlebs H– Si, invertori gadava ucvleli 

qrobis kuTxis kontrolis reJimSi da imuSavebs A– B  maxasiaTebelze. 

mudmivi Zabva iqneba sasurvel sidideze mcire da amitom invertoris 

transformatoris datvirTvis qveS Zabvis regulatori mxares awevs 

mudmiv Zabvas manamde sanam ar miaRwevs sasurvel sidides. 

 yvela HVDC sistemas ar gaaCnia iseTi ucvleli mudmivi Zabvis 

maxasiaTebeli rogoric zemoT aRvwereT (B-H–E), mis nacvlad 

ucvleli mudmivi Zabvis reJimis daWera xdeba ucvleli qrobis 

kuTxis kontrolis A-B–C–D  maxasiaTebliTa da transformatoris 

Zabvis regulatoris ancafebis gadarTvebis saSualebiT. 

 

 

2.10 denis  maragi 

mudmivi denis Idanay danayeni gagzavnilia rogorc 

gammarTvelis, aseve invertoris mxares. rogorc wesi invertoris 

mxares gagzavnil denis danayens akldeba mcire sidide, da mas  Imarag.  

denis marags uwodeben (nax7). invertors aseve gaaCnia denis 

kontroleri da is cdilobs akontrolos mudmivi deni Idanay -  Imarag. 

sidideze, magram gammarTvelis denis kontroleri normalur 

reJimSi Tavis Tavze iRebs mudmivi denis kontrols da invertoris 

mcdeloba aridebulia. invertoris denis kontroleri mxolod 

maSin iwyebs moqmedebas, rodesac gammarTveli denis kontroleri 

veRar axerxebs amas, rodesac dayovnebis kuTxe Tavis minimumis 

zRvarzea misuli. nax.7-ze gammarTvelis minimaluri dayovnebis 

kuTxis maxasiaTebeli P – Q monakveTiTaa aRniSnuli. Tu raime mizezis 
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gamo, vTqvaT gammarTvelze sakomutacio Zabvis dabali donis gamo 

Camova  D, an E wertilebze ufro qvemoT, muSa wertili 

gadainacvlebs H – dan D – E – F vertikaluri seqciis romeliRac 

wertilSi sadac gadaikveTeba Camoweuli P – Q maxasiaTebeli. 

invertori ubrundeba denis kontrolis reJims, da akontrolebs 

dens Idanay -  Imarag. sidideze, da gammarTveli efeqturad akontrolebs 

Zabvas vinaidan igi muSaobs minimaluri dayonebis kuTxis P – Q 

maxasiaTebelze. kontrolis logika SesaZlebelia aiwyos ise, rom 

gadasvla denis kontrolisa gammarTvelidan invertorze moxdes 

avtomaturad da mdored. 

 

 

2.11 Zabvaze damokidebuli denis danayenis limiti 

(VDCOL - Voltage Dependent Current Order Limit) 

      gammarTvelis an invertoris mxares cvladi Zabvis sistemebSi 

avariebis dros cvladi Zabvis done rogorc wesi ecema da susti 

eleqtruli sistemisTvis gaumarTlebeli iqneba Tu aseT SemTxvevaSi 

HVDC sistema Seecdeba sruli datvirTvis denis SenarCunebas. Zabvis 

Cavardna HVDC sistemis nebismier boloSi aseve gamoiwvevs Zabvis 

donis Semcirebas mudmivi denis wredSic. es procesi gammarTvelis 

maxasiaTebelze Seesabameba R-S–T ubans, xolo invertoris 

maxasiaTebelze F-G ubans (nax.7). kontrolers, romelic 

uzruvelyofs maqsimaluri denis danayenis Semcirebas uwodeben 

Zabvaze damokidebuli denis danayenis limitis kontrolers, 

SemoklebiT VDCOL kontroleri. (zogjer ubralod VDCOL) . 

VDCOL  kontroli sistemidan miRebuli informaciis safuZvelze 

Seamcirebs mudmiv dens qveda limitamde sanam ar moxdeba Zabvis 

aRdgena. da mxolod maSin, rodesac mudmivi Zabva daubrundeba 

nominalur sidides kontroleri daabrunebs dens davdapirvel 

sidideze. nax.8 - ze naCvenebia HVDC sistemis kontrolis logika. 
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2.12 cvladi Zabvis kontroli 

HVDC sistemis Seuferxebeli da saukeTeso muSaobisTvis 

sasurvelia rom cvladi Zabva sakomutacio kvanZebSi SevinarCunoT 

ucvleli sididis. es SedarebiT adviladaa miRweuli, Tu mokle 

SerTvis koeficienti maRalia. dabali an Zalian dabali mokle 

SerTvis koeficientis SemTxvevaSi sirTuleebi warmoiqmneba 

datvirTvis Secvlisas. datvirTvis swrafma cvalebadobam SeiZleba 

gamoiwvios sakomutacio kvanZSi reaqtiuli simZlavris siWarbe an 

deficiti, rac Sesabamisad gadaZabvas an Zabvis donis Semcirebas 

gamoiwvevs. rodesac cvladi Zabvis sistema sustia Zabvis cvalebadoba 

sakomutacio kvanZSi SesaZloa gadiodes dasaSvebi zRrebidan. aseT 

SemTxvevaSi qvemoT CamoTvlili mizezebis gamo gamoiyeneba cvladi 

Zabvis kontroleri: 

1. dinamikuri gadaZabvebis limitacia da im zRvrebSi moqceva 

romelic nakarnaxebia qvesadguris mowyobilobebis specifikaciidan 

da standartebidan; 

2. filtrebis an tvirTis CarTva - gamorTvebiT gamowveuli  

Zabvis fluqtuaciisas komutaciuri CaSlis arideba;   

3. normaluri reJimis aRdgenis unarianobis gazrda serio- 

zuli  sistemuri avariis Semdeg; 

4. kontrolis sistemis arastabiluri muSaobis arideba, 

gansakuTrebiT maSin, roca igi muSaobs qrobis kuTxis kontrolis 

reJimSi.



  

naxnax.88. HVDCHVDC  - is marTvis sistemis blokuri diagramais marTvis sistemis blokuri diagramais marTvis sistemis blokuri diagramais marTvis sistemis blokuri diagrama

 

 

is marTvis sistemis blokuri diagramais marTvis sistemis blokuri diagramais marTvis sistemis blokuri diagramais marTvis sistemis blokuri diagramais marTvis sistemis blokuri diagramais marTvis sistemis blokuri diagramais marTvis sistemis blokuri diagramais marTvis sistemis blokuri diagrama

5757 
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sinqronuli kompensatori warmoadgens Zabvis 

kontrolisTvis upiratesobis mqone mowyobilobas, ramdenadac igi 

aseve zrdis mokle SerTvis koeficients HVDC sistemis kvanZSi da 

muSaobs rogorc regulirebadi reaqtiuli simZlavris wyaro. misi 

ZiriTadi naklia maRali danakargebi da momsaxurebis xarjebi. garda 

amisa Zabvis kontrolisTvis arsebobs sxva saSualebebic: 

1. tiristorebis bazaze damzadebuli statikuri kompensatorebi. 

maT SeuZliaT reaqtiuli simZlavris swrafi kontroli Zabvis 

sasurveli donis misaRwevad. naklovan mxared iTvleba is rom 

isini mokle SerTvis koeficientis gazrdaSi ver monawileoben; 

2. dayovnebis kuTxis kontroli, romlis saSualebiTac xdeba 

konvertoris mier moTxovnili reaqtiuli simZlavris 

regulireba; 

3. specialuri gagrilebis sistemis mqone metalis oqsidis 

varistorebis gamoyeneba swrafad komutirebad Sunturi 

reaqtorebTan,  kondensatorebTan da filtrebTan. metalis 

oqsidis varistorebi icaven HVDC qvesadgurs dinamikuri 

gadaZabvebisagan, xolo reaqtiuli simZlavris makompensi- 

rebeli mowyobilobebis CarTviT miiRweva reaqtiuli 

simZlavris balansi. amis uaryofiTi mxare aris is, rom Zabvis 

kontroli ar aris uwyveti, reaqtiuli simZlavris kontroli 

xdeba dayovnebebiT, rac meqanikuri komutaciiTaa gamowveuli 

da mokle SerTvis koeficienti ar izrdeba; 

4. gaJRenTvadi reaqtorebi gamoiyeneba gadaZabvebis mosaxsnelad 

da reaqtiuli simZlavris balansis dasamyareblad. mokle 

SerTvis koeficienti arc am SemTxvevaSi ar izrdeba; 

5. mimdevrobiTi kondensatorebi (capacitor commutated converter 

(CCC)-kondensatoriT komutirebadi konvertori) zrdian mokle 

SerTvis koeficients da aumjobeseben Zabvis regulirebas 

sakomutacio kvanZSi; 
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6. statikuri kompensatorebi (STATCOM) komutaciisTvis iyeneben 

oroperaciul tiristorebs. ZiriTadad maT vxvdebiT Zabvis 

wyaros konvertoris mqone  HVDC sistemebSi da warmoadgenen 

yvelaze swraf saSualebas Zabvis kontrolisaTvis. 

imis gamo, rom cvladi Zabvis sistemis da HVDC sistemis 

nebismieri kombinacia ganumeorebeli SemTxvevaa, yvela calkeuli 

kavSirisTvis aucilebelia Zabvis kontrolis sakiTxebis calke 

Seswavla da damuSaveba. 

 

 

2.13 specialuri daniSnulebis kontroli 

arsebobs ramdenime specialuri daniSnulebis kontroleri, 

romlebic SeiZleba daematos danarCen kontrolerebs, raTa 

miRweul iqnas HVDC sistemis swrafi reagireba cvladi Zabvis 

sistemaSi sxvadasxva saxis SeSfoTebis an avariis dros. swored aseTi 

specialuri daniSnulebis kontrolerebi gvaqvs gamoyenebuli 

mudmivi denis CanarTis PSS/E modelSi. isini Seicaven: 

1. cvladi Zabvis sistemis dempfirebis kontroli. eleqtrul 

sistemaSi xSirad xdeba simZlavris ryevebi eleqtromeqanikuri 

ryevebis gamo. am kontrolers SeuZlia moaxdinos mudmivi denis 

simZlavris an mudmivi denis modulacia ise, rom cvladi Zabvis 

sistemisTvis miviRoT dempferirebis efeqti. sistemis sixSire da 

Zabvis fazuri kuTxe izomeba konvertoris an erT an orive boloSi 

da kontroleris logikas SesabamisobaSi mohyavs mudmivi denis 

simZlavre; 

2. cvladi Zabvis sistemis sixSiris kontroli. am daniSnulebis 

nelmoqmed kontrolers SeuZlia areguliros mudmivi denis 

simZlavre ise, rom daexmaros cvladi Zabvis sistemas sixSiris 

regulirebaSi. Tu gammarTveli da invertori or asinqronul 

sistemas akavSireben erTmaneTs, maSin kontrolers aqvs unari 
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sixSiris dasaregulireblad moaxdinos erTi sistemidan meoreSi 

simZlavris damatebiTi porciis Setana an uares SemTxvevaSi 

Seucvalos kidec mimarTuleba mudmivi denis simZlavres [14]; 

3. simZlavris safexurebrivi regulireba. aseTi regulireba 

gamoiyeneba maSin rodesac saWiroa rom HVDC sistemam myisierad 

moxsnas an aiRos simZlavris raRac porcia. vTqvaT Tu cvladi Zabvis 

sistemis releurma dacvam aRmoaCina, rom romelime generatori an 

xazi avariulad gamoirTo, signali SeiZleba gaigzavnos HVDC 

sistemis kontrolSi, romelic Sesabamisad Seamcirebs simZlavris 

nakads an dens mudmivi denis wredSi iseT sididemde rom 

daakompensiros es danakargi. aseTi kontroli raRa Tqma unda 

aZlierebs sistemis dinamiur mdgradobas da momxdari SeSfoTebis 

myisierad CaxSobasac ganapirobebs; 

4. Zabvis Semcirebis kompensacia. eleqtruli sistemis zogierTi area 

xSirad xasiaTdeba Zabvis donis sisustiT, Tu HVDC sistemis aseT 

adgilze muSaobs, kontrolers SeuZlia SeigrZnos Zabvis Semcireba 

da myisierad Seamciros mudmivi deni an simZlavre mudmivi denis 

wredSi, rasac Sedegad mohyveba Zabvis donis amaRleba cvladi Zabvis 

qselSi.  

miuxedavad imisa, rom saqarTvelos eleqtrosistema CanarTis 

salteze mokle SerTvis koeficientis TvalTaxedviT mZlavri 

sistemebis jgufs miekuTvneba, xSirad gardamaval procesebSi adgili 

aqvs qselSi Zabvis donis mniSvnelovan dawevas, rac SeiZleba 

gamowveuli iyos sxvadasxva faqtoriT. aseT situaciaSi meoTxe 

punqtSi ganxiluli kontroli maRalefeqturi saSualebaa situaciis 

gamosworebisTvis.  
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Tavi III 

CanarTis modelireba da harmonikuli analizi 

3.1 12-pulsiani gamarTvis sqemis maTematikuri modelireba 

rogorc zemoT avRniSneT mudmivi denis CanarTSi cvladi denis 

gardaqmnisaTvis mudmivad da Semdeg mudmivi denis gardaqmnisaTvis 

kvlav cvlad denad gamoyenebulia 12-pulsiani konvertoruli 

gardamqmneli, romlis Semadgenel ZiriTad nawilebs warmoadgens 

gammarTveli da invertori. simZlavris mimarTulebis 

reversirebisas xdeba gammarTvelis gadasvla invertirebis reJimSi 

da invertoris gadasvla gamarTvis reJimSi. sqemis muSaobis 

detaluri analizisaTvis movaxdineT CanarTis erTi nawilis, 

kerZod, ki 12-pulsiani gammarTvelis modelireba. amasTan, 

ganxiluli gvaqvs  aramarTvadi  gammarTveli,  anu Zalovan  

naxevargamtarebad gamoyenebulia diodebi (an tiristorebi, 

romlebic muSaoben diodur reJimSi). maTematikuri modelireba  

Sesrulebuli iqna kompiuteruli programa “Ansoft Simplorer”-is 

saSualebiT. 

nax. 9-ze mocemulia “Ansoft Simplorer”-Si agebuli modelis sqema, 

sadac E1, E2 da E3 gammarTvelis mkvebavi samfaza sistemis 

eleqtromamoZravebeli Zalebia. T1  transformatori kvebavs 

pirvel samfaza bogas (I xidi) da rogorc naxazidan Cans misi 

meoreuli gragnili CarTulia samkuTxedad.  T2  transformatori 

kvebavs meore samfaza bogas (II xidi) da misi meoreuli gragnili ki 

CarTulia izolirebuli neitralis mqone varskvlavis sqemiT. V1 

da V2 voltmetrebi, Sesabamisad, aCvenebs pirveli da meore xidebis 

mier gamarTul Zabvebs, xolo V3 voltmetri ki aCvenebs am ori 

Zabvis jams (radgan zemoT xsenebuli ori samfaza xidis 

gamosasvlelebi, anu  mudmivi  Zabvis  momWerebi  erTmaneTTan  

CarTulia  mimdevrobiT, Suawertili ki Camiwebulia). sqema muSaobs 

Ld, Rd datvirTvaze. 
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nax.9 12-pulsiani gammarTvelis sqema 

 

gammarTvelis sqemidan naTlad Cans, rom pirvel xids 

miewodeba T1  transformatoris meoreuli gragnilis fazebis 

Zabvebi, xolo meore xids T2 transformatoris meoreuli 

gragnilis fazebs Soris Zabvebi anu xazuri Zabvebi. amitom T1–isTvis 

transformaciis koeficienti isea SerCeuli, rom misi fazuri Zabvebi 

sididiT T2-is xazuri Zabvebis toli gamodis, anu KT1=1.73KT2 .   

pirveli xidis mkvebavi gragnilis fazis amplituda 49 kv-ia  

xolo meore  xidis mkvebavi  gragnilisa ki 1.73-jer naklebi, anu 28.3 

kv. nax.10-ze da nax. 11-ze mocemulia, Sesabamisad, I da II xidis mkvebavi 

Zabvebi. 
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        nax.10 gammarTvelis I xidis mkvebavi emZ-ebi ( -ad CarTuli 

                                          d.Z. gragnili) 

 

   nax.11 gammarTvelis II xidis mkvebavi emZ-ebi (�-ad CarTuli  

d.Z. gragnili) 

am ori gragnilis fazebs Soris Zvris kuTxe, maTi SeerTebis 

jgufidan gamomdinare, 300–ia. (��/∆		; 	��/�). 
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nax. 12-ze moyvanilia gamarTuli Zabvebis mrudebi, anu V1, V2 

da V3 voltmetrebis Cvenebebi. 

 

nax.12 mudmivi Zabvebi gammarTvelis momWerebze 

 
rogorc zemoT avRniSneT xidebis mkvebavi cvladi Zabvebis 

erTsaxela fazebi daZrulebi arian 300–iT da, amitom, maT mier 

gamarTuli pulsirebuli Zabvebic (gammarTvelis sqemidan 

gamomdinare TiToeulisaTvis 6 pulsi periodSi) 300-iT iqnebian 

daZrulebi (V1 da V2 voltmetrebis Cveneba), xolo maTi myisa 

mniSvnelobebis jami (V3 voltmetris Cveneba) gvaZlves jamur 

gamarTul Zabvas, romlis pulsebis ricxvi periodSi 12–is tolia. 

aqedan gamomdinareobs gamarTvis sqemis saxelwodebac.     

 SefasebiTi analizis Casatareblad anagariSebis pirvel etapze 

datvirTvis winaRoba, pirobiTad, aRebuli gvaqvs R=100 omi, 

datvirTvis induqtivoba ki L=1 hn da CavTvaleT, rom deni 

datvirTvaSi praqtikulad gagluvebulia, anu TiTqmis ar feTqavs 

(nax.13). realur srul sqemaze, sadac konvertori gammarTvelis 

garda Seicavs invertorsac, gammarTvelis datvirTvis mxares 

warmoadgens invertori Tavisi uku eleqtromamoZravebeli ZaliT. 
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warmodgenil sadisertacio naSromSi Catarebulia 

harmonikuli analizi saqarTvelos eleqtrosistemisTvis, romelic 

warmoadgens simZlavris gamcem sistemas, anu gammarTvelis mxares da 

radgan aseTi analizis dros gammarTvelis mkvebav salteze Zabvis 

damaxinjebaze invertoruli mowyobilobis gavlena mcirea, amitom 

naSromSi invertoris modelirebas ar vaxdenT da mis nacvlad 

viyenebT ekvivalentur wreds.  

 

                                    nax.13 datvirTvis deni 

nax.13-ze warmodgenil diagramaze naCvenebi datvirTvis denis 

mdore zrda ganpirobebulia mudmivi denis mxares CarTuli didi 

induqtivobiT. 

T1 transformatoris  dabali Zabvis  gragnilSi gamaval  

denebs aqvT nax.14-ze naCvenebi saxe, xolo denebs T2 

transformatoris dabali Zabvis gragnilSi gamaval  denebs ki nax. 

15-ze naCvenebi saxe. 
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    nax.14 denebi transformatoris samkuTxedad SeerTebul gragnilSi 

 

        nax.15 denebi transformatoris varskvlavad SeerTebul gragnilSi 

rogorc bolo ori diagramidan Cans, denebi 

transformatorebis meoreul gragnilebSi mkveTrad gansxvavdebian 

sinusoidisagan. 12-pulsiani sqemis gamoyenebis azri mdgomareobs 

masSi, rom wyarodan moTxovnili denebi,  anu denebi E1, E2  da E3 

mkvebav samfaza sistemaSi warmoadgens am ori diagramis zeddebas 
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(radgan transformatorebi CarTulia paralelurad) da 

zeddebuli deni garkveulwilad uaxlovedeba sinusoidas. 

(SesaZlebelia agreTve SemTxveva, romlis drosac T1  da T2 

transformatorebis nacvlad gveqneba erTi transformatori 

romelsac eqneba ori dabali Zabvis gragnili TiTeuli T1  da T2 

transformatorebis dabali gragnilebis msgavsad CarTuli, da 

miRebuli efeqti ar Seicvleba).  

nax.16-ze mocemulia transformatorebis pirveladi 

gragnilebis denebis jami, anu CanarTis mier mkvebavi qselidan 

moTxovnili deni. 

 

nax.16 CanarTis mier qselidan moTxovnili denebi 

miuxedavad imisa, rom viyenebT 12-pulsian sqemas,  mkvebavi 

qselidan moTxovnili deni damaxinjebuli sinusoidaa da Seicavs 

sxvadasxva rigis harmonikebs, romelTa xarisxobrivi da 

raodenobrivi gavlenis Seswavla da analizi mniSvnelovania mkvebavi 

eleqtrosistemisTvis. aseTi Seswavla da analizi Catarebuli iqna 

saqarTvelos  eleqtrosistemisTvis, rameTu qvesadgur “axalcixeSi” 

daidgmeba didi simZlavris mudmivi denis CanarTi TurqeTTan 

arasinqronuli kavSiris ganxorcielebis mizniT (Tavi III, IV, V).  
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3.2 arasinusoidurobis xarisxis gamokvleva CanarTiT 

         gadasacem simZlavresTan damokidebulebaSi 

rogorc zemoT avRniSneT konvertori qselidan moiTxovs 

arasinusoidur (damaxinjebul) dens. saqarTvelos eleqtrosistema 

warmoadgens simZlavris gamcem sistemas da gamosakvlevia 

gammarTvelis mier moTxovnili damaxinjebuli denis gavlena 

sistemis Zabvis damaxinjebaze.  

damaxinjebuli deni gadis mkvebavi transformatorebis 

pirvelad gragnilebSi da iwvevs transformatorebze modebuli 

sinusoiduri Zabvis damaxinjebasac. es damaxinjeba umniSvnelo 

sididisaa maSin, rodesac mudmivi denis datvirTva gacilebiT mcirea 

simZlavris gamcemi sistemis jamur datvirTvasTan SedarebiT, xolo 

rodesac es datvirTvebi Tanazomadia, maSin  Zabvis sinusoidis 

damaxinjebis xarisixi SedarebiT maRalia, rac moiTxovs saTanado 

analizis Catarebas da saWiroebis SemTxvevaSi, Sesabamisi 

RonisZiebebis gatarebas. Tanamedrove teqnikuri standardebis 

mixedviT (IEEE Standards ) Zabvis (denis) damaxinjeba dasaSvebia, Tu igi 

ZiriTadi harmonikis mimarT ar aRemateba (2,5-3)%-s. Zabvis (denis) 

damaxinjebis (arasinusoidurobis) koeficienti gamoiTvleba 

formuliT:  

�������% =
�∑ ��

�∞
���

��
100                      (14) 

sadac ��  - � rigis harmonikis amplitudaa �� ki pirveli rigis 

(ZiriTadi) harmonikis amplituda. ufro konkretulad, Cveni 

sistemisTvis �� im kvanZis 50 herci sixSiris Zabvaa, romelisTvisac 

vaxdenT harmonikuli analizis Catarebas. amasTan,  �� aris reJimis 

Zabva da ara nominaluri Zabva. nax.17-ze mocemulia konvertoris 100 

mgvt simZlavriT datvirTvisas mis mier qselidan moTxovnili denis 

mrudi,  romlis harmonikuli Semadgenloba nax.18-zea naCvenebi. 
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nax.17   100 mgvt – iT datvirTuli konvertoris mier mkvebavi qselidan 

moTxovnili denis mrudi 

       qselidan   moTxovnil   denis   mrudSi  harmonikuli   speqtri 

ganisazRvreba formuliT : 

� = �� ± 1 ,                                                     (15) 

sadac m gamarTuli Zabvis pulsebis raodenobaa cvladi Zabvis erT 

periodSi, Cven SemTxvevaSi m=12 da k naturalur ricxvTa simravlea 

da �	=1; 2; 3; 4; 5; 6 .  . mniSvnelobebisTvis gvaqvs Semdegi rigis 

harmonikebi n=11; 13; 23; 25. amasTan, harmonikis amplituda misi 

nomris gazrdisas mkveTrad mcirdeba (nax.18). harmonikuli 

speqtridan Cans, rom yvelaze didi amplituda 1 harmonikis 

(ZiriTadi harmonika) Semdeg aqvs me-11 rigis anu 550 herci sixSiris 

harmonikas, Semdeg modis me-13 rigis anu 650 herci sixSiris da a.S. 
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     nax.18 100 mgvt – iT datvirTuli konvertoris mier mkvebavi          

 qselidan moTxovnili denis harmonikuli speqtri 

500 kv Zabvis salteze fazuri Zabvis mruds aqvs nax.19-ze 

naCvenebi  saxe. misi harmonikuli speqtri ki naCvenebia nax.20-ze. 

 Zabvisa da denis damaxinjebis koeficientebi simZlavris 

cvlilebasTan erTad icvleba. zemoT moyvanili CanarTis 

gamartivebuli sqemis (nax.9) safuZvelze modelirebis pirvel etapze 

CavatareT SefasebiTi analizi gadasacemi simZlavris 100 700 mgvt 

mniSvnelobebisas 100 mgvt-iani bijiT.  

Zabvisa  da  denis  damaxinjebis  koeficientebis   cvlilebis  

kanonzomiereba  naCvenebia nax. 21-ze. rogorc am naxazidan Cans, 100-

dan 700 mgvt-mde datvirTvis gazrdisas denis damaxinjebis 

koeficienti 12.11%-dan  7.98 %-mde mcirdeba, xolo Zabvis 

damaxinjebis koeficienti, piriqiT, 0.81 % -dan 2 %-mde izrdeba.  
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Name X Y

h 1 0.0500 146.4950

h 5 0.2500 2.5182

h 7 0.3500 2.4402

h11 0.5500 12.0070

h13 0.6500 9.6550

h17 0.8500 2.1860

h19 0.9500 2.0771

h23 1.1500 3.9760

h25 1.2500 3.3421

h29 1.4500 1.6432

h31 1.5500 1.5228
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          nax.19 fazuri  Zabva 500 kv-ian salteze 

 

nax.20 fazuri Zabvis speqtri 

arsebuli Teoriuli kvlevebi gviCvenebs, rom denisa da 

Zabvis damaxinjebis koeficientebze gavlenas axdens mTeli rigi 

faqtorebi. kerZod, simZlavris gamcemi sistemis jamuri datvirTva, 

qselis konfiguracia da misi elementebis eleqtruli parametrebi, 

generatorebisa da moxmarebis kvanZebis urTierT eleqtruli 

ganlageba da a.S. nax.21-ze mocemul rezultatSi es faqtorebi 
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mierTebuli wyarosTan. aqedan gamomdinare igi ar aris zusti, 

ubralod iZleva zogad warmodgenas denisa da Zabvis damaxinjebis

koeficientebis gadasacem simZlavreze damokidebulebis xasiaTs.

mniSvnelovania, 

generatore

(gadacemis qseli). amitom

aucilebelia garda mudmivi denis CanarTisa

saqarTvelos elqtrosistemis generaciis kvanZebisa da 

eleqtrogadacemis qselis modelirebac.

gaTvaliswinebuli ar gvqonda, radgan CanarTi pirdapir iyo 

mierTebuli wyarosTan. aqedan gamomdinare igi ar aris zusti, 

ubralod iZleva zogad warmodgenas denisa da Zabvis damaxinjebis

koeficientebis gadasacem simZlavreze damokidebulebis xasiaTs.

    

mniSvnelovania, 

generatore

(gadacemis qseli). amitom

aucilebelia garda mudmivi denis CanarTisa

saqarTvelos elqtrosistemis generaciis kvanZebisa da 

eleqtrogadacemis qselis modelirebac.

gaTvaliswinebuli ar gvqonda, radgan CanarTi pirdapir iyo 

mierTebuli wyarosTan. aqedan gamomdinare igi ar aris zusti, 

ubralod iZleva zogad warmodgenas denisa da Zabvis damaxinjebis

koeficientebis gadasacem simZlavreze damokidebulebis xasiaTs.

    nax.

mniSvnelovania, 

generatore

(gadacemis qseli). amitom

aucilebelia garda mudmivi denis CanarTisa

saqarTvelos elqtrosistemis generaciis kvanZebisa da 

eleqtrogadacemis qselis modelirebac.

gaTvaliswinebuli ar gvqonda, radgan CanarTi pirdapir iyo 

mierTebuli wyarosTan. aqedan gamomdinare igi ar aris zusti, 

ubralod iZleva zogad warmodgenas denisa da Zabvis damaxinjebis

koeficientebis gadasacem simZlavreze damokidebulebis xasiaTs.

nax.21

CamoTvlili

mniSvnelovania, 

generatore

(gadacemis qseli). amitom

aucilebelia garda mudmivi denis CanarTisa

saqarTvelos elqtrosistemis generaciis kvanZebisa da 

eleqtrogadacemis qselis modelirebac.
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gaTvaliswinebuli ar gvqonda, radgan CanarTi pirdapir iyo 

mierTebuli wyarosTan. aqedan gamomdinare igi ar aris zusti, 

ubralod iZleva zogad warmodgenas denisa da Zabvis damaxinjebis

koeficientebis gadasacem simZlavreze damokidebulebis xasiaTs.

damaxinjebis koeficientebis damokidebuleba simZlavreze

CamoTvlili

mniSvnelovania, 

bs Soris arsebobs garkveuli eleqtruli daSoreba

(gadacemis qseli). amitom

aucilebelia garda mudmivi denis CanarTisa

saqarTvelos elqtrosistemis generaciis kvanZebisa da 

eleqtrogadacemis qselis modelirebac.
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gaTvaliswinebuli ar gvqonda, radgan CanarTi pirdapir iyo 

mierTebuli wyarosTan. aqedan gamomdinare igi ar aris zusti, 

ubralod iZleva zogad warmodgenas denisa da Zabvis damaxinjebis

koeficientebis gadasacem simZlavreze damokidebulebis xasiaTs.

damaxinjebis koeficientebis damokidebuleba simZlavreze

CamoTvlili

mniSvnelovania, 

bs Soris arsebobs garkveuli eleqtruli daSoreba

(gadacemis qseli). amitom

aucilebelia garda mudmivi denis CanarTisa

saqarTvelos elqtrosistemis generaciis kvanZebisa da 

eleqtrogadacemis qselis modelirebac.

100

Ku , Ki  [%]Ku , Ki  [%]

dasaSvebi  zRvari

gaTvaliswinebuli ar gvqonda, radgan CanarTi pirdapir iyo 

mierTebuli wyarosTan. aqedan gamomdinare igi ar aris zusti, 

ubralod iZleva zogad warmodgenas denisa da Zabvis damaxinjebis

koeficientebis gadasacem simZlavreze damokidebulebis xasiaTs.

damaxinjebis koeficientebis damokidebuleba simZlavreze

CamoTvlili

mniSvnelovania, radgan realurad sistemaSi CanarTsa da 

bs Soris arsebobs garkveuli eleqtruli daSoreba

(gadacemis qseli). amitom

aucilebelia garda mudmivi denis CanarTisa

saqarTvelos elqtrosistemis generaciis kvanZebisa da 

eleqtrogadacemis qselis modelirebac.
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dasaSvebi  zRvari

gaTvaliswinebuli ar gvqonda, radgan CanarTi pirdapir iyo 

mierTebuli wyarosTan. aqedan gamomdinare igi ar aris zusti, 

ubralod iZleva zogad warmodgenas denisa da Zabvis damaxinjebis

koeficientebis gadasacem simZlavreze damokidebulebis xasiaTs.

damaxinjebis koeficientebis damokidebuleba simZlavreze

CamoTvlili faqtorebis gavlenis xarisxis Sefaseba metad 

radgan realurad sistemaSi CanarTsa da 

bs Soris arsebobs garkveuli eleqtruli daSoreba

(gadacemis qseli). amitom

aucilebelia garda mudmivi denis CanarTisa

saqarTvelos elqtrosistemis generaciis kvanZebisa da 

eleqtrogadacemis qselis modelirebac.

dasaSvebi  zRvari

gaTvaliswinebuli ar gvqonda, radgan CanarTi pirdapir iyo 

mierTebuli wyarosTan. aqedan gamomdinare igi ar aris zusti, 

ubralod iZleva zogad warmodgenas denisa da Zabvis damaxinjebis

koeficientebis gadasacem simZlavreze damokidebulebis xasiaTs.

damaxinjebis koeficientebis damokidebuleba simZlavreze

faqtorebis gavlenis xarisxis Sefaseba metad 

radgan realurad sistemaSi CanarTsa da 

bs Soris arsebobs garkveuli eleqtruli daSoreba

(gadacemis qseli). amitom

aucilebelia garda mudmivi denis CanarTisa

saqarTvelos elqtrosistemis generaciis kvanZebisa da 

eleqtrogadacemis qselis modelirebac.

200

dasaSvebi  zRvari

gaTvaliswinebuli ar gvqonda, radgan CanarTi pirdapir iyo 

mierTebuli wyarosTan. aqedan gamomdinare igi ar aris zusti, 

ubralod iZleva zogad warmodgenas denisa da Zabvis damaxinjebis

koeficientebis gadasacem simZlavreze damokidebulebis xasiaTs.

damaxinjebis koeficientebis damokidebuleba simZlavreze

faqtorebis gavlenis xarisxis Sefaseba metad 

radgan realurad sistemaSi CanarTsa da 

bs Soris arsebobs garkveuli eleqtruli daSoreba

(gadacemis qseli). amitom

aucilebelia garda mudmivi denis CanarTisa

saqarTvelos elqtrosistemis generaciis kvanZebisa da 

eleqtrogadacemis qselis modelirebac.

200

dasaSvebi  zRvari

gaTvaliswinebuli ar gvqonda, radgan CanarTi pirdapir iyo 

mierTebuli wyarosTan. aqedan gamomdinare igi ar aris zusti, 

ubralod iZleva zogad warmodgenas denisa da Zabvis damaxinjebis

koeficientebis gadasacem simZlavreze damokidebulebis xasiaTs.

damaxinjebis koeficientebis damokidebuleba simZlavreze

faqtorebis gavlenis xarisxis Sefaseba metad 

radgan realurad sistemaSi CanarTsa da 

bs Soris arsebobs garkveuli eleqtruli daSoreba

(gadacemis qseli). amitom, ufro zusti rezultatis misaRebad 

aucilebelia garda mudmivi denis CanarTisa

saqarTvelos elqtrosistemis generaciis kvanZebisa da 

eleqtrogadacemis qselis modelirebac.

dasaSvebi  zRvari

gaTvaliswinebuli ar gvqonda, radgan CanarTi pirdapir iyo 

mierTebuli wyarosTan. aqedan gamomdinare igi ar aris zusti, 

ubralod iZleva zogad warmodgenas denisa da Zabvis damaxinjebis

koeficientebis gadasacem simZlavreze damokidebulebis xasiaTs.

damaxinjebis koeficientebis damokidebuleba simZlavreze

faqtorebis gavlenis xarisxis Sefaseba metad 

radgan realurad sistemaSi CanarTsa da 

bs Soris arsebobs garkveuli eleqtruli daSoreba

, ufro zusti rezultatis misaRebad 

aucilebelia garda mudmivi denis CanarTisa

saqarTvelos elqtrosistemis generaciis kvanZebisa da 

eleqtrogadacemis qselis modelirebac.

300

dasaSvebi  zRvari

gaTvaliswinebuli ar gvqonda, radgan CanarTi pirdapir iyo 

mierTebuli wyarosTan. aqedan gamomdinare igi ar aris zusti, 

ubralod iZleva zogad warmodgenas denisa da Zabvis damaxinjebis

koeficientebis gadasacem simZlavreze damokidebulebis xasiaTs.

damaxinjebis koeficientebis damokidebuleba simZlavreze

faqtorebis gavlenis xarisxis Sefaseba metad 

radgan realurad sistemaSi CanarTsa da 

bs Soris arsebobs garkveuli eleqtruli daSoreba

, ufro zusti rezultatis misaRebad 

aucilebelia garda mudmivi denis CanarTisa

saqarTvelos elqtrosistemis generaciis kvanZebisa da 

eleqtrogadacemis qselis modelirebac.

300

dasaSvebi  zRvari

gaTvaliswinebuli ar gvqonda, radgan CanarTi pirdapir iyo 

mierTebuli wyarosTan. aqedan gamomdinare igi ar aris zusti, 

ubralod iZleva zogad warmodgenas denisa da Zabvis damaxinjebis

koeficientebis gadasacem simZlavreze damokidebulebis xasiaTs.

damaxinjebis koeficientebis damokidebuleba simZlavreze

faqtorebis gavlenis xarisxis Sefaseba metad 

radgan realurad sistemaSi CanarTsa da 

bs Soris arsebobs garkveuli eleqtruli daSoreba

, ufro zusti rezultatis misaRebad 

aucilebelia garda mudmivi denis CanarTisa

saqarTvelos elqtrosistemis generaciis kvanZebisa da 

eleqtrogadacemis qselis modelirebac.

gaTvaliswinebuli ar gvqonda, radgan CanarTi pirdapir iyo 

mierTebuli wyarosTan. aqedan gamomdinare igi ar aris zusti, 

ubralod iZleva zogad warmodgenas denisa da Zabvis damaxinjebis

koeficientebis gadasacem simZlavreze damokidebulebis xasiaTs.

damaxinjebis koeficientebis damokidebuleba simZlavreze

faqtorebis gavlenis xarisxis Sefaseba metad 

radgan realurad sistemaSi CanarTsa da 

bs Soris arsebobs garkveuli eleqtruli daSoreba

, ufro zusti rezultatis misaRebad 

aucilebelia garda mudmivi denis CanarTisa

saqarTvelos elqtrosistemis generaciis kvanZebisa da 

eleqtrogadacemis qselis modelirebac.

400

gaTvaliswinebuli ar gvqonda, radgan CanarTi pirdapir iyo 

mierTebuli wyarosTan. aqedan gamomdinare igi ar aris zusti, 

ubralod iZleva zogad warmodgenas denisa da Zabvis damaxinjebis

koeficientebis gadasacem simZlavreze damokidebulebis xasiaTs.

damaxinjebis koeficientebis damokidebuleba simZlavreze

faqtorebis gavlenis xarisxis Sefaseba metad 

radgan realurad sistemaSi CanarTsa da 

bs Soris arsebobs garkveuli eleqtruli daSoreba

, ufro zusti rezultatis misaRebad 

aucilebelia garda mudmivi denis CanarTisa

saqarTvelos elqtrosistemis generaciis kvanZebisa da 

eleqtrogadacemis qselis modelirebac.

400

gaTvaliswinebuli ar gvqonda, radgan CanarTi pirdapir iyo 

mierTebuli wyarosTan. aqedan gamomdinare igi ar aris zusti, 

ubralod iZleva zogad warmodgenas denisa da Zabvis damaxinjebis

koeficientebis gadasacem simZlavreze damokidebulebis xasiaTs.

damaxinjebis koeficientebis damokidebuleba simZlavreze

faqtorebis gavlenis xarisxis Sefaseba metad 

radgan realurad sistemaSi CanarTsa da 

bs Soris arsebobs garkveuli eleqtruli daSoreba

, ufro zusti rezultatis misaRebad 

aucilebelia garda mudmivi denis CanarTisa

saqarTvelos elqtrosistemis generaciis kvanZebisa da 

eleqtrogadacemis qselis modelirebac.  

3%

gaTvaliswinebuli ar gvqonda, radgan CanarTi pirdapir iyo 

mierTebuli wyarosTan. aqedan gamomdinare igi ar aris zusti, 

ubralod iZleva zogad warmodgenas denisa da Zabvis damaxinjebis

koeficientebis gadasacem simZlavreze damokidebulebis xasiaTs.

damaxinjebis koeficientebis damokidebuleba simZlavreze

faqtorebis gavlenis xarisxis Sefaseba metad 

radgan realurad sistemaSi CanarTsa da 

bs Soris arsebobs garkveuli eleqtruli daSoreba

, ufro zusti rezultatis misaRebad 

aucilebelia garda mudmivi denis CanarTisa

saqarTvelos elqtrosistemis generaciis kvanZebisa da 

 

500

3% 

gaTvaliswinebuli ar gvqonda, radgan CanarTi pirdapir iyo 

mierTebuli wyarosTan. aqedan gamomdinare igi ar aris zusti, 

ubralod iZleva zogad warmodgenas denisa da Zabvis damaxinjebis

koeficientebis gadasacem simZlavreze damokidebulebis xasiaTs.

damaxinjebis koeficientebis damokidebuleba simZlavreze

faqtorebis gavlenis xarisxis Sefaseba metad 

radgan realurad sistemaSi CanarTsa da 

bs Soris arsebobs garkveuli eleqtruli daSoreba

, ufro zusti rezultatis misaRebad 

aucilebelia garda mudmivi denis CanarTisa

saqarTvelos elqtrosistemis generaciis kvanZebisa da 

500

 

gaTvaliswinebuli ar gvqonda, radgan CanarTi pirdapir iyo 

mierTebuli wyarosTan. aqedan gamomdinare igi ar aris zusti, 

ubralod iZleva zogad warmodgenas denisa da Zabvis damaxinjebis

koeficientebis gadasacem simZlavreze damokidebulebis xasiaTs.

damaxinjebis koeficientebis damokidebuleba simZlavreze

faqtorebis gavlenis xarisxis Sefaseba metad 

radgan realurad sistemaSi CanarTsa da 

bs Soris arsebobs garkveuli eleqtruli daSoreba

, ufro zusti rezultatis misaRebad 

aucilebelia garda mudmivi denis CanarTisa, 

saqarTvelos elqtrosistemis generaciis kvanZebisa da 

600

gaTvaliswinebuli ar gvqonda, radgan CanarTi pirdapir iyo 

mierTebuli wyarosTan. aqedan gamomdinare igi ar aris zusti, 

ubralod iZleva zogad warmodgenas denisa da Zabvis damaxinjebis

koeficientebis gadasacem simZlavreze damokidebulebis xasiaTs.

damaxinjebis koeficientebis damokidebuleba simZlavreze

faqtorebis gavlenis xarisxis Sefaseba metad 

radgan realurad sistemaSi CanarTsa da 

bs Soris arsebobs garkveuli eleqtruli daSoreba

, ufro zusti rezultatis misaRebad 

 aseve

saqarTvelos elqtrosistemis generaciis kvanZebisa da 

600

gaTvaliswinebuli ar gvqonda, radgan CanarTi pirdapir iyo 

mierTebuli wyarosTan. aqedan gamomdinare igi ar aris zusti, 

ubralod iZleva zogad warmodgenas denisa da Zabvis damaxinjebis

koeficientebis gadasacem simZlavreze damokidebulebis xasiaTs.

damaxinjebis koeficientebis damokidebuleba simZlavreze

faqtorebis gavlenis xarisxis Sefaseba metad 

radgan realurad sistemaSi CanarTsa da 

bs Soris arsebobs garkveuli eleqtruli daSoreba

, ufro zusti rezultatis misaRebad 

aseve

saqarTvelos elqtrosistemis generaciis kvanZebisa da 

600

gaTvaliswinebuli ar gvqonda, radgan CanarTi pirdapir iyo 

mierTebuli wyarosTan. aqedan gamomdinare igi ar aris zusti, 

ubralod iZleva zogad warmodgenas denisa da Zabvis damaxinjebis

koeficientebis gadasacem simZlavreze damokidebulebis xasiaTs.

damaxinjebis koeficientebis damokidebuleba simZlavreze

faqtorebis gavlenis xarisxis Sefaseba metad 

radgan realurad sistemaSi CanarTsa da 

bs Soris arsebobs garkveuli eleqtruli daSoreba

, ufro zusti rezultatis misaRebad 

aseve, 

saqarTvelos elqtrosistemis generaciis kvanZebisa da 

700

gaTvaliswinebuli ar gvqonda, radgan CanarTi pirdapir iyo 

mierTebuli wyarosTan. aqedan gamomdinare igi ar aris zusti, 

ubralod iZleva zogad warmodgenas denisa da Zabvis damaxinjebis

koeficientebis gadasacem simZlavreze damokidebulebis xasiaTs.

damaxinjebis koeficientebis damokidebuleba simZlavreze

faqtorebis gavlenis xarisxis Sefaseba metad 

radgan realurad sistemaSi CanarTsa da 

bs Soris arsebobs garkveuli eleqtruli daSoreba

, ufro zusti rezultatis misaRebad 

 movaxdinoT  

saqarTvelos elqtrosistemis generaciis kvanZebisa da 

700

gaTvaliswinebuli ar gvqonda, radgan CanarTi pirdapir iyo 

mierTebuli wyarosTan. aqedan gamomdinare igi ar aris zusti, 

ubralod iZleva zogad warmodgenas denisa da Zabvis damaxinjebis

koeficientebis gadasacem simZlavreze damokidebulebis xasiaTs.

damaxinjebis koeficientebis damokidebuleba simZlavreze

faqtorebis gavlenis xarisxis Sefaseba metad 

radgan realurad sistemaSi CanarTsa da 

bs Soris arsebobs garkveuli eleqtruli daSoreba

, ufro zusti rezultatis misaRebad 

movaxdinoT  

saqarTvelos elqtrosistemis generaciis kvanZebisa da 

gaTvaliswinebuli ar gvqonda, radgan CanarTi pirdapir iyo 

mierTebuli wyarosTan. aqedan gamomdinare igi ar aris zusti, 

ubralod iZleva zogad warmodgenas denisa da Zabvis damaxinjebis

koeficientebis gadasacem simZlavreze damokidebulebis xasiaTs.

damaxinjebis koeficientebis damokidebuleba simZlavreze

faqtorebis gavlenis xarisxis Sefaseba metad 

radgan realurad sistemaSi CanarTsa da 

bs Soris arsebobs garkveuli eleqtruli daSoreba

, ufro zusti rezultatis misaRebad 

movaxdinoT  

saqarTvelos elqtrosistemis generaciis kvanZebisa da 

800

P, MWP, MW

gaTvaliswinebuli ar gvqonda, radgan CanarTi pirdapir iyo 

mierTebuli wyarosTan. aqedan gamomdinare igi ar aris zusti, 

ubralod iZleva zogad warmodgenas denisa da Zabvis damaxinjebis

koeficientebis gadasacem simZlavreze damokidebulebis xasiaTs. 

damaxinjebis koeficientebis damokidebuleba simZlavreze 

faqtorebis gavlenis xarisxis Sefaseba metad 

radgan realurad sistemaSi CanarTsa da 

bs Soris arsebobs garkveuli eleqtruli daSoreba

, ufro zusti rezultatis misaRebad 

movaxdinoT  

saqarTvelos elqtrosistemis generaciis kvanZebisa da 

800

P, MWP, MW

gaTvaliswinebuli ar gvqonda, radgan CanarTi pirdapir iyo 

mierTebuli wyarosTan. aqedan gamomdinare igi ar aris zusti, 

ubralod iZleva zogad warmodgenas denisa da Zabvis damaxinjebis

 

faqtorebis gavlenis xarisxis Sefaseba metad 

radgan realurad sistemaSi CanarTsa da 

bs Soris arsebobs garkveuli eleqtruli daSoreba

, ufro zusti rezultatis misaRebad 

movaxdinoT  

saqarTvelos elqtrosistemis generaciis kvanZebisa da 

P, MWP, MW

72

gaTvaliswinebuli ar gvqonda, radgan CanarTi pirdapir iyo 

mierTebuli wyarosTan. aqedan gamomdinare igi ar aris zusti, 

ubralod iZleva zogad warmodgenas denisa da Zabvis damaxinjebis

faqtorebis gavlenis xarisxis Sefaseba metad 

radgan realurad sistemaSi CanarTsa da 

bs Soris arsebobs garkveuli eleqtruli daSoreba

, ufro zusti rezultatis misaRebad 

movaxdinoT  

saqarTvelos elqtrosistemis generaciis kvanZebisa da 

72 

gaTvaliswinebuli ar gvqonda, radgan CanarTi pirdapir iyo 

mierTebuli wyarosTan. aqedan gamomdinare igi ar aris zusti, 

ubralod iZleva zogad warmodgenas denisa da Zabvis damaxinjebis 

faqtorebis gavlenis xarisxis Sefaseba metad 

radgan realurad sistemaSi CanarTsa da 

bs Soris arsebobs garkveuli eleqtruli daSoreba 

, ufro zusti rezultatis misaRebad 

movaxdinoT  

saqarTvelos elqtrosistemis generaciis kvanZebisa da 
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Tavi IV 

gadacemis qselis gavlena  

damaxinjebis  koeficientebze 

4.1 gadacemis qselis modelireba ”Ansoft Simplorer” - Si 

 gadacemis qselis gavlenis Sesaswavlad programa ”Ansoft 

Simplorer” movaxdineT saqarTvelos perspeqtiuli sqemis modelireba. 

es sqema mocemulia nax.22-ze. modelirebulia 500 kv Zabvis arsebuli 

(“gardabani–qsani”, “qsani–zestafoni”, “enguri–zestafoni”) da 

perspeqtiuli (“gardabani–marneuli”, “qsani–marneuli”, “marneuli– 

axalcixe”, “zestafoni–axalcixe”, “wyaltubo–axalcixe”, “wyaltubo– 

jvari”, “enguri–jvari”, “xudoni–jvari”) xazebi, axalcixis mudmivi 

denis CanarTis gammarTveli da 220 kv Zabvis qselis nawili. aseve 

gaTvaliswinebulia 500 kv Zabvis kavSiri azerbaijanis eleqtro- 

sistemasTan, romelic warmodgenilia ekvivalenturi sistemis saxiT. 

sistemis danarCeni kvanZebi, romelTa gavlena qselSi sinusoiduri 

Zabvis damaxinjebis xarisxze Zalian umniSvneloa, gaTvaliswinebuli 

ar aris.  

 xazebi warmodgenilia П-sebri Canacvlebis sqemis saxiT. 

transformatorebis modelად ki gamoyenebulia ”ანსოფტ 

სიმპლორერის” TFR3P6WL მოდელი, romelic specialuradaa Seqmnili 

didi simZlavris transformatorebis modelirebisaTvis. 

 Zabvisa da denis damaxinjebis koeficientebis dasaSvebi 

sidideebi saerTaSoriso standartis gaTvaliswinebis garda, 

agreTve, unda iTvaliswinebdes im qveynis qselis gridkodis (qselis 

kodi) moTxovnebs, romel qselSic vaxdenT harmonikuli analizis 

Catarebas. saqarTvelos 500/220 kv qselisTvis Zabvis jamuri 

damaxinjebis koeficientis dasaSvebi sidide Tanxvdeba saerTaSoriso 

sidides da Seadgens (2.5 −3)%	-s.  

 

 



nax.nax. 2222 saqarTvelos eleqtrosaqarTvelos eleqtrosaqarTvelos eleqtrosaqarTvelos eleqtrosaqarTvelos eleqtrosaqarTvelos eleqtrosaqarTvelos eleqtrosaqarTvelos eleqtrogadamcemi qselis modelirebuli nawili “ansoft simplorerSi”gadamcemi qselis modelirebuli nawili “ansoft simplorerSi”gadamcemi qselis modelirebuli nawili “ansoft simplorerSi”gadamcemi qselis modelirebuli nawili “ansoft simplorerSi”gadamcemi qselis modelirebuli nawili “ansoft simplorerSi”gadamcemi qselis modelirebuli nawili “ansoft simplorerSi”gadamcemi qselis modelirebuli nawili “ansoft simplorerSi”gadamcemi qselis modelirebuli nawili “ansoft simplorerSi”gadamcemi qselis modelirebuli nawili “ansoft simplorerSi”gadamcemi qselis modelirebuli nawili “ansoft simplorerSi”gadamcemi qselis modelirebuli nawili “ansoft simplorerSi”gadamcemi qselis modelirebuli nawili “ansoft simplorerSi”gadamcemi qselis modelirebuli nawili “ansoft simplorerSi”gadamcemi qselis modelirebuli nawili “ansoft simplorerSi”gadamcemi qselis modelirebuli nawili “ansoft simplorerSi”gadamcemi qselis modelirebuli nawili “ansoft simplorerSi”gadamcemi qselis modelirebuli nawili “ansoft simplorerSi”gadamcemi qselis modelirebuli nawili “ansoft simplorerSi”gadamcemi qselis modelirebuli nawili “ansoft simplorerSi” 

7474 
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nax.23 Zabva q/s “axalcixe 500”-is 500 kv – is salteze 

nax.23-ze mocemulia axalcixis 500 kv saltis Zabva, xolo 

nax.24-ze misi harmonikuli Semadgenloba axalcixis mudmivi denis 

CanarTis maqsimaluri datvirTvisas (700 mgvt). amave naxazze 

datanilia TiToeuli harmonikis sixSire da amplituda. 

 

nax.24 q/s “axalcixe 500”-is 500 kv – is saltis Zabvis speqtri 
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jamuri damaxinjebis damaxinjebis koeficienti axalcixis 500 kv  

saltis ZabviTvis iqneba: 

���	%	(�. ��ℎ��) =
�ℎ�

� + ℎ�
� + ℎ��

� + ℎ��
� + ℎ��

�

ℎ�
× 100 =  

=
√10.9� + 6.12� + 14.42� + 11.09� + 4.4�

404.18
× 100 =

22.5

404.18
× 100 = 5.57% 

enguris 500 kv saltis Zabvis forma da misi harmonikuli 

Semadgenloba Sesabamisadaa mocemuli 25-e da 26-e naxazebze. 

       jamuri damaxinjebis koeficienti q/s “enguri 500”-is 500 kv 

saltis ZabvisTvis iqneba: 

���	%	(�. ������) =
�ℎ�

� + ℎ�
� + ℎ��

� + ℎ��
�

ℎ�
× 100 =  

=
√9.05� + 4.79� + 10.51� + 7.69�

410.43
× 100 =

16.58

410.43
× 100 = 4.04% 

 

nax.25 Zabva q/s “enguri 500”-is 500 kv – is salteze 
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   nax.26 q/s “enguri 500”-is 500 kv – is saltis Zabvis speqtri 

 “zestafoni 500”-is Zabvis forma da harmonikuli speqtri 27-e 

da 28-e naxazebzea mocemuli. 

 

nax.27 Zabva q/s “zestafoni 500”-is 500 kv – is salteze 

       jamuri damaxinjebis koeficienti q/s “zestafoni 500”-is 500 kv 

saltis  ZabvisTvis iqneba: 
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=
√10.12� + 5.49� + 12.52� + 9.4�

407.08
× 100 =

19.43

407.08
× 100 = 4.77% 

 

 
   nax.28 q/s “zestafoni 500”-is 500 kv – is saltis Zabvis speqtri 

“gardabani 500”-is Zabvis forma da harmonikuli speqtri 29-e 

da 30-e naxazebzea mocemuli. 

 

nax.29 Zabva q/s “gardabani 500”-is 500 kv – is salteze 

gardabanSi 500 kv Zabvis saltis ZabvisTvis jamuri 

damaxinjebis koeficienti iqneba : 

0.00 0.25 0.50 0.75 1.00 1.25 1.50
Spectrum [kHz]

 0.00

100.00

200.00

300.00

400.00

m
a

g
(Z

e
s
ta

fo
n

i5
0

0
.V

) 
[k

V
]

h1

h5 h7 h11 h13

Name X Y

h1 0.0500 407.0839

h5 0.2500 10.1179

h7 0.3500 5.4949

h11 0.5500 12.5157

h13 0.6500 9.4025

Curve Info

mag(Zestafoni500.V)
TR

200.00 210.00 220.00 230.00 240.00 250.00 260.00
Time [ms]

-600.00

-400.00

-200.00

 0.00

200.00

400.00

600.00

G
a

rd
a

b
a

n
i5

0
0

.V
 [

k
V

]

Curve Info

Gardabani500.V
TR



79 
 

���	%	(�. ����. ) =
�ℎ�

� + ℎ�
� + ℎ��

� + ℎ��
�

ℎ�
× 100 =  

=
√8.92� + 4.87� + 11.22� + 8.49�

407.14
× 100 =

17.35

407.14
× 100 = 4.26% 

 

          nax.30 q/s “gardabani 500”-is 500 kv – is saltis Zabvis speqtri 

modelirebam aCvena rom maRali rigis harmonikebi 

transformirdebian da maTi gavlena SeimCneva 220kv da ufro dabali 

Zabvis wredebSic. 31-e da 32-e naxazebze ganxiluli gvaqvs qsanis 220 kv 

saltis Zabva da misi harmonikuli speqtri. jamuri damaxinjeba misTvis 

tolia: 

���	%	(�. ����. ) =
�ℎ�

� + ℎ�
� + ℎ��

� + ℎ��
�

ℎ�
× 100 =  

=
√3.84� + 2.09� + 4.81� + 3.63�

170.98
× 100 =

17.35

407.14
× 100 = 4.35% 
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nax.31 Zabva q/s “qsani 500”-is 220 kv – is salteze 

 

 

             nax.32 q/s “qsani 500” - is 220 kv – is saltis Zabvis speqtri 

sinusoiduri Zabvis damaxinjeba aseve SesamCnevia sageneratoro 

Zabvazec. magaliTisTvis rezultati gamoviyvaneT enguris g1-is 

saltis ZabvisTvis. es Zabva da misi harmonikuli speqtri Sesabamisad 

33-e da 34-e naxazebzea mocemuli. 
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   nax.33 Zabva enguris g1-is salteze 

 

         nax.34 enguris g1-is saltis Zabvis speqtri 

jamuri damaxinjeba enguris pirveli generatorisTvis gveqneba: 

���	%	(�. ���. ) =
�ℎ�

� + ℎ�
� + ℎ��

� + ℎ��
�

ℎ�
× 100 =  

=
√0.28� + 0.15� + 0.33� + 0.24�

12.87
× 100 =

0.517

12.87
× 100 = 4.02% 

saqarTvelos eleqtrosistemi maRali Zabvis qselis 

danarCen kvanZebSi Zabvebis harmonikul damaxinjebaze warmodgenis 

Sesaqmnelad detaluri rezultati naCvenebi gvaqvs cx#1-Si 
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       cxr.1 saqarTvelos eleqtrosistemis 500 kv qselis kvanZebis harmonikuli speqtri

harmonikis 

rigi 

harmonikis 

sixSire 

harmonikis amplituda  

axalcixe  enguri  

 

zestafoni 

 

gardabani  

 

qsani  

 

wyaltubo  

 

 

xudoni 

 

#  hc kv kv kv kv kv kv kv 

h 1  50  404.18 410.43  407.08  407.14  406.06 408.54 410.87 

h 5  250  10.91  9.05  10.12  8.92  9.21 9.77 8.84 

h 7  350  6.12  4.78  5.49  4.87  5.02 5.24 4.66 

 h 11  550  14.42  10.51  12.51  11.22  11.53 11.73 10.21 

h13  650  11.09  7.68 9.40  8.49  8.71 8.71 7.44 

h 17  850  4.34 0. 2  0.3 0.15  0.21 0.25 2.12 

h 19  950  0.03  0.005  0.01 0.09  0.01  0.004 0.025 

h 23  1150  0.005  0.003  0.004  0.0025  0.003 0.002 0.01 

h 25  1250  0 0  0  0  0 0 0 

THD, % - 5.57 4.04 4.77 4.26 4.39 4.48 3.95 
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4.2 arasinusoidurobis xarisxis damokidebuleba gadasacem 

simZlavreze sqemis parametrebis gaTvaliswinebiT  

 zemoT, 3.2 paragrafSi ganxiluli gvqonda Zabvebis 

harmonikuli damaxinjebis damokidebuleba gadasacem simZlavreze 

iseTi kerZo SemTxvevisTvis, rodesac mudmivi denis CanarTi uSualod 

iyo mierTebuli Zabvis wyarosTan da sqemis parametrebi 

ugulebelyofili iyo. aseTi modelireba movaxdineT gaangariSe- 

bebis sawyis sdatiaze. saqarTvelos eleqtrosistemis 500 da 220 kv 

Zabvis qselis garkveuli fragmentis modelirebis Semdeg saSualeba 

gvaqvs gamovikvlioT Tu ra gavlenas axdens CanarTiT gadacemuli 

simZlavris sidide simZlavris gamcemi sistemis qselis Zabvebis 

arasinusoidurobaze. rogorc zemoT avRniSneT “ansoft 

simplorerSi” modelirebul saqarTvelos maRali Zabvis qselis 

ZiriTad nawils aqvs nax.22-ze naCvenebi saxe. 

 modelirebis sawyis etapze miRebuli Sedegebis Tanaxmad 

axalcixis mudmivi denis CanarTis mier qselidan moTxovnili denis 

jamuri damaxinjebis koeficienti simZlavris 100 dan 700 mgvtmde  

gazrdisas daaxloebiT 12%–dan 8%-mde mcirdebobda. axalcixis 500 

kv Zabvis salteze ki Zabvis jamuri damaxinjebis koeficienti 0.8%-dan 

2.1%-mde izrdeboda.  

 qslis modelirebis Semdeg movaxdineT axalcixis CanarTis 

mier TurqeTSi gacemuli simZlavris kvlav 100 dan 700 mgvt-mde 100 

mgvt-iani bijiT cvlileba da gamovTvaleT jamuri damaxinjebis 

koeficientebi 500 kv Zabvis qselis sxvadasxva kvanZebisaTvis.  

 nax.35-ze naCvenebia denisa da Zabvis jamuri damaxinjebis 

koeficientebis gadasacem simZlavreze damokidebuleba qselis 

modelis gaTvaliswinebiT axalcixis 500 kv Zabvis saltisTvis. (denSi 

igulisxmeba axalcixis mudmivi denis CanarTis mier qselidan 

moTxovnili  jamuri   deni,   anu  konvertoris  transformatorebis  

pirveladi gragnilebis denebis jami). 
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nax.35 jamuri damaxinjebis koeficientebis gadasacem simZlavreze 

damokidebuleba qselis parametrebis gaTvaliswinebiT 

rogorc nax.35-dan Cans qselis gavlenis gaTvaliswinebiT 

Zabvis jamuri damaxinjebis koeficienti mniSvnelovnad gansxvavdeba 

modelirebis sawyis etapze miRebuli Sedegebisagan.  

denis jamuri damaxinjebis koeficienti simZlavris aRniSnul 

diapazonSi 12.6%-dan 5.5%-mde mcirdeba, xolo Zabvis jamuri 

damaxinjeba ki 1.9%-dan 7%-mde izrdeba.  

 ქსელის დანარჩენ კვანძებში ძაბვის jamuri დამახინჯების 

კოეფიციენტის სიმძლავრეზე დამოკიდებულების გამოკვლევis mizniT  

ganvixileT ენგურის და გარდაბანის 500 კვ Zabvis კვანძები. ამ 

კვანძებითვის ძაბვის ჯამური დამახინჯების კოეფიციენტების სიმძლავრეზე 

დამოკიდებულება ნაჩვენებია 36-e da 37-e naxazebze  

y = -5E-09x3 + 7E-06x2 + 0,0051x + 1,4048

y = -1E-08x3 + 2E-05x2 - 0,0226x + 14,599
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nax.36 ძაბვის jamuri damaxinjebis koeficientის gadasacem simZlavreze 

damokidebuleba ენგურის 500 კვ Zabvis კვანძისთვის 

                   

nax.37 ძაბვის jamuri damaxinjebis koeficientის gadasacem simZlavreze 

damokidebuleba გარდაბანის 500 კვ Zabvis კვანძისთვის 

მიღებული მრუდებიდან შეიძლება ითქვას რომ ქსელის gavlena 

დენისა და ძაბვის დამახინჯების კოეფიციენტების სიდიდეებში საკმაოდ 

y = 2E-06x2 + 0,0043x + 0,9833
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SesamCnevია. განსაკუთებით დიდ განხსვავებას ვღებულობთ ძაბვის 

დამახინჯების კოეფიციენტებში.  

 რაც შეეხება ჩანართისაგან ელექტრულად daშორებულ კვანძებს, აქ 

ძაბვის ჯამური დამახინჯების კოეფიციენტების ცვლილების 

კანონზომიერებაში raime gansakuTrebuli gansxvaveba ar შეიმჩნევა. 

 

 

4.3 n-1 analizi 

  500 kv Zabvis wredSi romelime egx-იs რემონტში ჩაყენების ან სხვა 

რაიმე მიზეზით გეგმიური (an avariuli) გამორთვის შემთხვევაში ქსელი 

მეტ-ნაკლებად სუსტდება და, mudmivi denis CanarTis pirobebSi, es 

შესუსტება  gamoiwvevs qselis kvanZebSi sinusoiduri Zabvebis 

damaxinjebis gaZlierebas, ramdenadac aseT situaciaSi CanarTis 

mkvebavi xazebis ekvivalenturi winaRoba gaizrdeba da Sesabamisad 

harmonikuli Zabvis vardnebi gazrdil winaRobebze kidev ufro 

maRali iqneba. 

 n-1 analizis Casatareblad ganvixileT “zestafoni – axalcixe” 

eleqtrogadacemis xazis avariuli gamorTva. 

 გაანგარიშებები ჩავატარეთ ახალციხის კვანძიდან ჩანართით 690 

მგვტ სიმძlავრის ექსპორტისას. ახალციხის 500 კვ ძაბვის სალტეზე ძაბვის 

დამახინჯების სურათი და მისი ჰარმონიკული სპექტრი 38-ე და 39-ე 

სურათებზეა ნაჩვენები. 

 ჯამური დამახინჯების კოეფიციენტი ახალციხის კვანძისთვის ტოლია: 

���	%	(�. ��ℎ��) =
�ℎ�

� + ℎ�
� + ℎ��

� + ℎ��
� + ℎ��

� + ℎ��
� + ℎ��

�

ℎ�
× 100 =  

=
√11.1� + 6.48� + 16.51� + 13.35� + 5.45� + 4.42� + 4.58�

396.93
× 100 =  

26,19

396.93
× 100 = 6,59% 
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nax.38 Zabva q/s “axalcixe 500”-is 500 kv – is salteze 

 

  nax.39 q/s “axalcixe 500”-is 500 kv – is saltis Zabvis speqtri 

როგორც ჩანს n-1 რეჟიმში axalcixis kvanZSi Zabvis damaxinjeba 

TiTqmis 1% -iTaa gazrdili avariiswina  reJimSi damaxinjebis 

koeficientTan (5.57%) SedarebiT. marTalia es nazrdi mcirea, magram 

filtrebis SerCevisas gasaTvaliswinebelia. 

 enguris 500 kv saltis Zabva da misi speqtri mocemulia, 

Sesabamisad, me-40 da 41-e naxazebze. 
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h17 0.8500 5.4500

h19 0.9500 4.4275

h29 1.4500 4.5830
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nax.40 Zabva q/s “enguri 500”-is 500 kv – is salteze 

 

      nax.41 q/s “enguri 500”-is 500 kv – is saltis Zabvis speqtri 

gamoTvaloT THD enguris 500 kv Zabvis saltisTvis: 

 

���	%	(�. ������) =
�ℎ�

� + ℎ�
� + ℎ��

� + ℎ��
�

ℎ�
× 100 =  

=
√8.54� + 4.52� + 10.86� + 8.22�

407.32
× 100 =

16.96

407.32
× 100 = 4.17% 
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42-e da 43-e naxazebze naCvenebia rezultatebi “zestafoni 500”-

sTvis 

 

nax.42 Zabva q/s “zestafoni 500”-is 500 kv – is salteze 

 

            nax.43 q/s “zestafoni 500”-is 500 kv – is saltis Zabvis speqtri 

jamuri damaxinjebis koeficienti zestafonis kvanZiTvis gveqneba: 

���	%	(�. ����) =
�ℎ�

� + ℎ�
� + ℎ��

� + ℎ��
�

ℎ�
× 100 =  

=
√9.05� + 4.87� + 11.91� + 9.17�

404.12
× 100 =

18.21

404.12
× 100 = 4.51% 

200.00 210.00 220.00 230.00 240.00 250.00 260.00
Time [ms]

-600.00

-400.00

-200.00

 0.00

200.00

400.00

600.00
Z

e
s
ta

fo
n

i5
0

0
.V

 [
k
V

]

Curve Info

Zestafoni500.V
TR

0.00 0.25 0.50 0.75 1.00 1.25 1.50
Spectrum [kHz]

 0.00

100.00

200.00

300.00

400.00

460.00

m
a

g
(Z

e
s
ta

fo
n

i5
0

0
.V

) 
[k

V
]

h1

h5 h7 h11 h13

Curve Info

mag(Zestafoni500.V)
TR

Name X Y

h1 0.0500 404.1211

h5 0.2500 9.0497

h7 0.3500 4.8735

h11 0.5500 11.9075

h13 0.6500 9.1650
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     q/s “gardabani 500”–is 500 kv saltis Zabvis mrudi da misi 

harmonikuli speqtri naCvenebia, Sesabamisad, 44-e da 45-e naxazebze. 

 

nax.44 Zabva q/s “gardabani 500”-is 500 kv – is salteze 

 

nax.45 q/s “gardabani 500”-is 500 kv – is saltis Zabvis speqtri 

        jamuri damaxinjebis koeficienti gardabanis kvanZisTvis iqneba:  

���	%	(�. ����) =
�ℎ�

� + ℎ�
� + ℎ��

� + ℎ��
�

ℎ�
× 100 =  

=
√8.56� + 4.76� + 11.81� + 9.35�

399.54
× 100 =

17.97

399.54
× 100 = 4.497% 
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        rac Seexeba 220 kv Zabvis qsels, SefasebisTvis harmonikuli 

analizi CavatareT qsanis 220 kv saltis ZabvisTvis. rezultati 46-e 

da 47-e naxazebzea naCvenebi. 

 

          nax.46 Zabva q/s “qsani 500”-is 220 kv – is salteze 

 

           nax.47 q/s “qsani 500”-is 220 kv – is saltis Zabvis speqtri 

jamuri damaxinjebis koeficienti qs qsanis 220 kv saltisTvis iqneba: 
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���	%	(�. �����) =
�ℎ�

� + ℎ�
� + ℎ��

� + ℎ��
�

ℎ�
× 100 =  

=
√3.64� + 2.02� + 4.98� + 3.92�

167.88
× 100 =

7.58

167.88
× 100 = 4.52% 

sainteresoa agreTve, Tu ra wili aqvs TiTოeul 

(individualur) harmoniკas ჯამური დამახინჯების კოეფიციენტში. ამის 

შეფასებისთვის განვხილოთ ახალციხის კვანძის ძაბვა, რადგან დამახინჯების 

წყარო სწორედ აქ გვაქვს. axalcixis 500 kv Zabvis speqtrs aqvs cxr.2-Si 

mocemuli saxe:   

cxr.2 axalcixis qvesadguris 500 kv saltis Zabvis speqtri 

#	 sixSire, khc amplituda, kv 

		h1 0.05 396.9391 

h5 0.25 11.1011 

h7 0.35 6.4815 

h11	 0.55 16.5061 

h13	 0.65 13.3492 

h17	 0.85 5.4500 

h19	 0.95 4.4275 

h29	 1.45 4.5830 

 

     gamovTvaloT individualuri harmonikuli damaxinjeba TiTeuli 

harmonikisaTvis 

���	(ℎ5)% =
h5

h1
´100 =

11.1

396.94
´100 = 2.79 

���	(ℎ7)% =
h7

h1
´100 =

6.48

396.94
´100 = 1.63 

���	(ℎ11)% =
h11

h1
´100 =

16.51

396.94
´100 = 4.15 

���	(ℎ13)% =
h13

h1
´100 =

13.35

396.94
´100 = 3.36 

���	(ℎ17)% =
h17

h1
´100 =

5.45

396.94
´100 = 1.37 
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���	(ℎ19)% =
h19

h1
´100 =

4.43

396.94
´100 = 1.12 

���	(ℎ29)% =
h29

h1
´100 =

4.58

396.94
´100 = 1.15 

procentulad yvelaze didi wili jamur harmonikul 

daminjebaSi me-11 rigis harmonikas aqvs, rac savsebiT logikuria  

radgan axalcixis CanarTSi gamoyenebulia 12-pulsiani sqema, 

romelic moicavs me-5 da me7 rigis harmonikebis CaxSobis RonisZiebas. 

 cxr.3-Si moyvanilia saqarTvelos eleqtrosistemis 500 kv 

Zabvis qseli harmonikuli speqtri saqarTvelodan TurqeTSi 

daaxloebiT 700 mgvt simZlavris eqsportisass n-1 reJimSi 

(“zestafoni – axalcixis” gamorTva). aRniSnuli cxrilis cxr.1-Tan 

(avariiswina  reJimi) Sedareba gvaZlevs suraTs, Tu ramdenad mZimdeba 

situacia arasinusoidurobis kuTxiT. 

 

 

4.4 kanonikuri da arakanonikuri harmonikebi 

 CanarTis struqturis ganxilvisas (Tavi II) avRniSneT, rom 12- 

pulsiani blokis mkvebavi transformatorebidan erTis meoreuli 

gragnili CarTulia varskvlavad, meorisa ki samkuTxedad, rac 

warmoadgens me-5 da me-7 rigis harmonikebis CaxSobis RonisZiebas. 

idealurad gasworebuli mudmivi denis pirobebSi CanarTis 

transformatorebis mier qselidan moTxovnili denebis (nax.48) 

furies analizi gvaZlevs Semdeg gamosaxulebebs: 

1)/ 

� =
�×√�

p
× �� × ����w� −

�

�
���5w� +

�

�
���7w� −

�

��
���11w� +

�

��
���13w� … �(16) 

2)/∆ 

� =
�×√�

p
× �� × ����w� +

�

�
���5w� −

�

�
���7w� −

�

��
���11w� +

�

��
���13w� … �(17)
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       cxr.3 saqarTvelos eleqtrosistemis 500 kv qselis kvanZebis harmonikuli speqtri N-1 reJimSi

harmonikis 

rigi 

harmonikis 

sixSire 

harmonikis amplituda  

axalcixe  enguri  

 

zestafoni 

 

gardabani  

 

qsani  

 

wyaltubo  

 

 

xudoni 

 

#  hc kv kv kv kv kv kv kv 

h 1  50  396.94 407.32  404.12 399.54  401.1 402.21 403.5 

h 5  250  11.10  8.54  9.5  8.56  9.32 9.91 8.91 

h 7  350  6.48  4.52 4.87  4.76 5.11 5.31 4.72 

 h 11  550  16.51  10.86  11.91  11.81 10.52 11.22 10.41 

h13  650  13.35  8.22 9.17 9.35  8.9 8.93 7.88 

h 17  850  5.45 0. 01 0.05 0.02  0.01 0.06 0.03 

h 19  950  4.43  0.004  0.02 0.04  0.015 0.002 0.002 

h 23  1150  0.002 0.001  0.003 0.001 0.002 0.001 0.001 

h 25  1250  0 0  0  0  0 0 0 

h 29 1450 4.58 0 0 0 0 0.02 0.05 

THD, % - 6.59 4.18 4.51 4.49 4.35 4.53 4.09 
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am gamosaxulebebidan naTlad Cans rom TiToeuli 6-pulsiani 

bloki generirebs 6n±1	 	 (n=1,	 2,	 3	 …) rigis harmonikebs. 

transformatorebis meoreuli grganilebis fazebis erTmaneTisagan 

30 gradusiT daZvris Sedegad denis forma ufro uaxlovdeba 

sinusoidas (nax.35)  

 

nax.48 12-pulsiani konvertoris denebi 

aseTi mrudis furies analizi faqtiurad  warmoadgens 

calcalke aRebuli 6-pulsiani blokebis gamosaxulebebis jams, sadac 

me-5 da me-7 rigis harmonikebi sapirispiro niSnis gamo baTildebian:  

� =
4 × √3

p
× �� × 

× ����w� −
�

��
���11w� +

�

��
���13w� −

�

��
���23w� +

�

��
���25w� … �(18) 

e.i. 12 pulsian blokebSi kvebavi qselis Zabvis jamur 

damaxinjebaSi wamyvan rols TamaSoben 12n±1	 	 (n=1,	 2,	 3	 …) rigis 

harmonikebi, rac SesamCnevi iyo zemoT Catarebuli modelirebis 

rezultatebis gamoyvanisas. Tuma es gamosaxulebebi samarTliania 

pirobebisTvis, rodesac mudmivi denis reaqtoris induqciuroba 

usasrulod didia da konvertoruli sistemis mkvebavi sistemis 

cvladi Zabvebis mrudebi ki idealuri sinusoidebi. aseTi idealuri 

pirobebiT miRebul harmonikebs kanonikuri harmonikebi ewodebaT. 

magram realur sistemebSi arc mkvebavi qselic Zabvebic da 



96 
 

konvertoris denebic idealurisagan xSirad sakmaod ganxsvavebulia. 

amitom savsebiT logikuria, rom praqtikaSi garda zemoT aRniSnuli 

kanonikuri harmonikebisa gvxvdeba sxva rigis harmonikebic, 

romlebsac arakonikuri harmonikebi ewodebaT [24].  

 arakanonikuri harmonikebis gamomwvevi mizezebi SesaZloa 

sxvadasxva iyos: mkvebavi Zabvebis asimetria (rac iwvevs nulovani 

mimdevrobis denebis gaCenas), konvertoris transformatorebis 

fantvis induqtivobebis aratoloba (rac iwvevs me-5 da me-7 rigis 

harmonikebis gamoCenas, romlebic sqemis mixedviT unda 

gabaTilebuliyvnen), konvertoris transformatorebis Semyvanebis 

tevadobebis sxvadasxvaoba da a.S. 

 arakanonikuri harmonikebis gaCenis erTerTi mizezia asimetria 

mkvebavi samfaza sistemis wredSi. aseTi asimetria yvelaze mkveTr 

saxes iRebs erTfaza mokle SerTvis dros, rodesac mokle SerTvis 

Semdeg xorcieldeba dazianebuli fazis avtomaturi ganmeorebiTi 

CarTva. aseTi arasimetriisas arakanonikuri harmonikebis gaCenis 

procesis modelireba da analizi Sesrulebulia momdevno 

paragrafSi.  

  

 

4.5 erTfaza mS da agC egx “zestafoni – axalcixeze”  

 xSirad sahaero xazebze erTfaza mokle SerTvis gamomwvevi 

mizezi aris izolaciis gadafarva, romelsac rogorc wesi iwvevs 

atmosferuli gadametZabva. dazianebuli fazis gamorTvis Semdeg 

mcire drois gasvlis Semdeg (daaxloebiT 1 wami) garRveuli 

saizolacio Sualedi kvlav aRidgens dieleqtrikul Tvisebebs, anu 

haeri deionizirdeba da aseT pirobebSi dazianebuli fazis kvlav 

CarTva saSualebas iZleva aRdges egx-is normaluri funqcionireba. 

aRniSnuli procedura eleqtrul sistemebSi xorcieldeba 

avtomaturi ganmeorebiTi CarTvis (agC) mowyobilobis saSualebiT. 
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drois Sualeds fazis gamorTvidan ganmeorebiT CarTvamde agC-s 

pauzas uwodeben.  

 aRniSnuli saxis mokle SerTvebi da Sesabamisad Tanmdevi 

avtomaturi ganmeorebiTi CarTvac arc ise iSviaTia nebismier 

eleqtrosistemaSi. ganvixiloT aseTi procesis modelireba 

saqarTvelos eleqtrosistemaSi mudmivi denis CanarTis pirobebSi. 

 agC-s dros mimdinare procesebis Sesaswavlad gamoviyeneT ori 

kompiuteruli programa PSS/E da AS.  

 mudmivi denis CanarTis modeli, romelic PSS/E–Si gvaqvs 

gamoyenebuli, Seicavs invertorul wredsac da kontrolis bloksac. 

aseve gaaCnia sistemis sixSiriT da sixSiris warmoebuliT simZlavris 

regulirebis modeli, romelic faqtiurad warmoadgens CanarTis 

damatebiT kontrols. Tumca es ukanaskneli Cven modelirebisas 

gamorTuli gvaqvs radgan am kerZo SemTxvevaSi misi gavlena ar 

gvainteresebs.  

 განვიხილეთ რეჟიმი რომელშიც საქართველოს ელექტრო- 

სისტემიდან თურქეთის ელექტროსისტემაში მუდმივი დენის ჩანართის 

გავლით გადის დაახლოებით 680 მგვტ სიმლავრე. ეგხ ”ზესტაფონი -

ახალციხეზე” მოვახდინეთ ერთფაზა მოკლე შერთვა და განვახორციელეთ 

ავტომატური განმეორებითი ჩართვა. 

     avariis wina reJimSi eleqtrosistema muSaobda normalurad da, 

rogorc zemoT avRniSneT, TurqeTis mimarTulebiT CanarTis gavliT 

gadadineba Seadgens 680 mgvt-s. t=1 wm-ze egx “zestafoni - axalcixeze” 

moxda erTfaza mS 0.2 wamis xangrZlivobiT. 0.2 wm-Si dazianebuli 

faza amoirTo da erTi wamis Semdeg (agC-s pauza) kvlav CairTo.  

 49-e naxazze naCvenebia simZlavris gadadinebis cvlileba egx 

“zestafoni axalcixeze”. rogorc am naxazidan Cans normalur reJimSi 

gadioda 226 mgvt simlavre, fazaze mokle SerTvis SualedSi 

gadadineba ecema 40 mgvt-mde. mokle SerTvis moxsnis momentidan agC-s 

pauzis dasrulebamde gadadineba daaxloebiT 163 mgvt-s aRwevs,  rac 

Seesabameba  ori  jansaRi  faziT  muSaobas. 
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55-e naxazze naCvenebia konvertoris mudmivi Zabvis speqtri egx 

‘zestafoni 

Cans avariis dros mudmiv ZabvaSi Cndeba 100 herciani da misi jeradi 

axla ganvixiloT Tu ra xdeba aseTi avariisas harmonikuli 

TvalsazrisiT. amisaTvis movaxdineT identuri reJimis modelireba 

programa 

funqciebSi a

e naxazze naCvenebia axalcixis konvertoris 

harmonikuli speqtri normalur reJimSi muSaobisas, romelic Seicavs 

mudmiv mdgeenels (

gamomdinareobs kargad cnobili empiriuli formulidan

 –

(saqarTvelos eleqtrosistemis

pulsaciis ricxvia cvladi Zabvis erT periodSi da axalcixis 

konvertorisTvis 

axalcixis 

mudmivi Zabvis salteze damontaJebuli kondensatorebis gamo 

ze maRali rigis harmonikebi praqtikulad ganulebulia.

e naxazze naCvenebia konvertoris mudmivi Zabvis speqtri egx 

‘zestafoni 

Cans avariis dros mudmiv ZabvaSi Cndeba 100 herciani da misi jeradi 

axla ganvixiloT Tu ra xdeba aseTi avariisas harmonikuli 

TvalsazrisiT. amisaTvis movaxdineT identuri reJimis modelireba 

programa “asnoft simplorerSic

funqciebSi a

e naxazze naCvenebia axalcixis konvertoris 

harmonikuli speqtri normalur reJimSi muSaobisas, romelic Seicavs 

mudmiv mdgeenels (

gamomdinareobs kargad cnobili empiriuli formulidan

– konvertoris gammarTvelis mkvebavi qselis sixSirea

(saqarTvelos eleqtrosistemis

pulsaciis ricxvia cvladi Zabvis erT periodSi da axalcixis 

konvertorisTvis 

axalcixis 

mudmivi Zabvis salteze damontaJebuli kondensatorebis gamo 

ze maRali rigis harmonikebi praqtikulad ganulebulia.

e naxazze naCvenebia konvertoris mudmivi Zabvis speqtri egx 

‘zestafoni – axla

Cans avariis dros mudmiv ZabvaSi Cndeba 100 herciani da misi jeradi 

axla ganvixiloT Tu ra xdeba aseTi avariisas harmonikuli 

TvalsazrisiT. amisaTvis movaxdineT identuri reJimis modelireba 

asnoft simplorerSic

funqciebSi a

e naxazze naCvenebia axalcixis konvertoris 

harmonikuli speqtri normalur reJimSi muSaobisas, romelic Seicavs 

mudmiv mdgeenels (

gamomdinareobs kargad cnobili empiriuli formulidan

konvertoris gammarTvelis mkvebavi qselis sixSirea

(saqarTvelos eleqtrosistemis

pulsaciis ricxvia cvladi Zabvis erT periodSi da axalcixis 

konvertorisTvis 

axalcixis 

mudmivi Zabvis salteze damontaJebuli kondensatorebis gamo 

ze maRali rigis harmonikebi praqtikulad ganulebulia.

e naxazze naCvenebia konvertoris mudmivi Zabvis speqtri egx 

axla

Cans avariis dros mudmiv ZabvaSi Cndeba 100 herciani da misi jeradi 

axla ganvixiloT Tu ra xdeba aseTi avariisas harmonikuli 

TvalsazrisiT. amisaTvis movaxdineT identuri reJimis modelireba 

asnoft simplorerSic

funqciebSi a

e naxazze naCvenebia axalcixis konvertoris 

harmonikuli speqtri normalur reJimSi muSaobisas, romelic Seicavs 

mudmiv mdgeenels (

gamomdinareobs kargad cnobili empiriuli formulidan

konvertoris gammarTvelis mkvebavi qselis sixSirea

(saqarTvelos eleqtrosistemis

pulsaciis ricxvia cvladi Zabvis erT periodSi da axalcixis 

konvertorisTvis 

axalcixis konvertoris mudmivi Zabvis speqtri normalur reJimSi

mudmivi Zabvis salteze damontaJebuli kondensatorebis gamo 

ze maRali rigis harmonikebi praqtikulad ganulebulia.

e naxazze naCvenebia konvertoris mudmivi Zabvis speqtri egx 

axla

Cans avariis dros mudmiv ZabvaSi Cndeba 100 herciani da misi jeradi 

axla ganvixiloT Tu ra xdeba aseTi avariisas harmonikuli 

TvalsazrisiT. amisaTvis movaxdineT identuri reJimis modelireba 

asnoft simplorerSic

funqciebSi a

e naxazze naCvenebia axalcixis konvertoris 

harmonikuli speqtri normalur reJimSi muSaobisas, romelic Seicavs 

mudmiv mdgeenels (

gamomdinareobs kargad cnobili empiriuli formulidan

konvertoris gammarTvelis mkvebavi qselis sixSirea

(saqarTvelos eleqtrosistemis

pulsaciis ricxvia cvladi Zabvis erT periodSi da axalcixis 

konvertorisTvis �

konvertoris mudmivi Zabvis speqtri normalur reJimSi

mudmivi Zabvis salteze damontaJebuli kondensatorebis gamo 

ze maRali rigis harmonikebi praqtikulad ganulebulia.

e naxazze naCvenebia konvertoris mudmivi Zabvis speqtri egx 

axlacixeze” mokle SerTvis momentSi.

Cans avariis dros mudmiv ZabvaSi Cndeba 100 herciani da misi jeradi 

axla ganvixiloT Tu ra xdeba aseTi avariisas harmonikuli 

TvalsazrisiT. amisaTvis movaxdineT identuri reJimis modelireba 

asnoft simplorerSic

funqciebSi ar Sedis.

e naxazze naCvenebia axalcixis konvertoris 

harmonikuli speqtri normalur reJimSi muSaobisas, romelic Seicavs 

mudmiv mdgeenels (h

gamomdinareobs kargad cnobili empiriuli formulidan

konvertoris gammarTvelis mkvebavi qselis sixSirea

(saqarTvelos eleqtrosistemis

pulsaciis ricxvia cvladi Zabvis erT periodSi da axalcixis 

=

konvertoris mudmivi Zabvis speqtri normalur reJimSi

mudmivi Zabvis salteze damontaJebuli kondensatorebis gamo 

ze maRali rigis harmonikebi praqtikulad ganulebulia.

e naxazze naCvenebia konvertoris mudmivi Zabvis speqtri egx 

cixeze” mokle SerTvis momentSi.

Cans avariis dros mudmiv ZabvaSi Cndeba 100 herciani da misi jeradi 

axla ganvixiloT Tu ra xdeba aseTi avariisas harmonikuli 

TvalsazrisiT. amisaTvis movaxdineT identuri reJimis modelireba 

asnoft simplorerSic

r Sedis.

e naxazze naCvenebia axalcixis konvertoris 

harmonikuli speqtri normalur reJimSi muSaobisas, romelic Seicavs 

h0) 

gamomdinareobs kargad cnobili empiriuli formulidan

konvertoris gammarTvelis mkvebavi qselis sixSirea

(saqarTvelos eleqtrosistemis

pulsaciis ricxvia cvladi Zabvis erT periodSi da axalcixis 

12

konvertoris mudmivi Zabvis speqtri normalur reJimSi

mudmivi Zabvis salteze damontaJebuli kondensatorebis gamo 

ze maRali rigis harmonikebi praqtikulad ganulebulia.

e naxazze naCvenebia konvertoris mudmivi Zabvis speqtri egx 

cixeze” mokle SerTvis momentSi.

Cans avariis dros mudmiv ZabvaSi Cndeba 100 herciani da misi jeradi 

axla ganvixiloT Tu ra xdeba aseTi avariisas harmonikuli 

TvalsazrisiT. amisaTvis movaxdineT identuri reJimis modelireba 

asnoft simplorerSic

r Sedis.

e naxazze naCvenebia axalcixis konvertoris 

harmonikuli speqtri normalur reJimSi muSaobisas, romelic Seicavs 

 da 600 hercian harmonikas (

gamomdinareobs kargad cnobili empiriuli formulidan

konvertoris gammarTvelis mkvebavi qselis sixSirea

(saqarTvelos eleqtrosistemis

pulsaciis ricxvia cvladi Zabvis erT periodSi da axalcixis 

12, �

konvertoris mudmivi Zabvis speqtri normalur reJimSi

mudmivi Zabvis salteze damontaJebuli kondensatorebis gamo 

ze maRali rigis harmonikebi praqtikulad ganulebulia.

e naxazze naCvenebia konvertoris mudmivi Zabvis speqtri egx 

cixeze” mokle SerTvis momentSi.

Cans avariis dros mudmiv ZabvaSi Cndeba 100 herciani da misi jeradi 

axla ganvixiloT Tu ra xdeba aseTi avariisas harmonikuli 

TvalsazrisiT. amisaTvis movaxdineT identuri reJimis modelireba 

asnoft simplorerSic

r Sedis. 

e naxazze naCvenebia axalcixis konvertoris 

harmonikuli speqtri normalur reJimSi muSaobisas, romelic Seicavs 

da 600 hercian harmonikas (

gamomdinareobs kargad cnobili empiriuli formulidan

konvertoris gammarTvelis mkvebavi qselis sixSirea

(saqarTvelos eleqtrosistemis

pulsaciis ricxvia cvladi Zabvis erT periodSi da axalcixis 

� ki naturalur ricxvTa simravlea. 

konvertoris mudmivi Zabvis speqtri normalur reJimSi

mudmivi Zabvis salteze damontaJebuli kondensatorebis gamo 

ze maRali rigis harmonikebi praqtikulad ganulebulia.

e naxazze naCvenebia konvertoris mudmivi Zabvis speqtri egx 

cixeze” mokle SerTvis momentSi.

Cans avariis dros mudmiv ZabvaSi Cndeba 100 herciani da misi jeradi 

axla ganvixiloT Tu ra xdeba aseTi avariisas harmonikuli 

TvalsazrisiT. amisaTvis movaxdineT identuri reJimis modelireba 

asnoft simplorerSic

 

e naxazze naCvenebia axalcixis konvertoris 

harmonikuli speqtri normalur reJimSi muSaobisas, romelic Seicavs 

da 600 hercian harmonikas (

gamomdinareobs kargad cnobili empiriuli formulidan

�

konvertoris gammarTvelis mkvebavi qselis sixSirea

(saqarTvelos eleqtrosistemis

pulsaciis ricxvia cvladi Zabvis erT periodSi da axalcixis 

ki naturalur ricxvTa simravlea. 

konvertoris mudmivi Zabvis speqtri normalur reJimSi

mudmivi Zabvis salteze damontaJebuli kondensatorebis gamo 

ze maRali rigis harmonikebi praqtikulad ganulebulia.

e naxazze naCvenebia konvertoris mudmivi Zabvis speqtri egx 

cixeze” mokle SerTvis momentSi.

Cans avariis dros mudmiv ZabvaSi Cndeba 100 herciani da misi jeradi 

axla ganvixiloT Tu ra xdeba aseTi avariisas harmonikuli 

TvalsazrisiT. amisaTvis movaxdineT identuri reJimis modelireba 

asnoft simplorerSic

e naxazze naCvenebia axalcixis konvertoris 

harmonikuli speqtri normalur reJimSi muSaobisas, romelic Seicavs 

da 600 hercian harmonikas (

gamomdinareobs kargad cnobili empiriuli formulidan

�� =

konvertoris gammarTvelis mkvebavi qselis sixSirea

(saqarTvelos eleqtrosistemisTvis

pulsaciis ricxvia cvladi Zabvis erT periodSi da axalcixis 

ki naturalur ricxvTa simravlea. 

konvertoris mudmivi Zabvis speqtri normalur reJimSi

mudmivi Zabvis salteze damontaJebuli kondensatorebis gamo 

ze maRali rigis harmonikebi praqtikulad ganulebulia.

e naxazze naCvenebia konvertoris mudmivi Zabvis speqtri egx 

cixeze” mokle SerTvis momentSi.

Cans avariis dros mudmiv ZabvaSi Cndeba 100 herciani da misi jeradi 

axla ganvixiloT Tu ra xdeba aseTi avariisas harmonikuli 

TvalsazrisiT. amisaTvis movaxdineT identuri reJimis modelireba 

asnoft simplorerSic”

e naxazze naCvenebia axalcixis konvertoris 

harmonikuli speqtri normalur reJimSi muSaobisas, romelic Seicavs 

da 600 hercian harmonikas (

gamomdinareobs kargad cnobili empiriuli formulidan

= ���

konvertoris gammarTvelis mkvebavi qselis sixSirea

Tvis

pulsaciis ricxvia cvladi Zabvis erT periodSi da axalcixis 

ki naturalur ricxvTa simravlea. 

konvertoris mudmivi Zabvis speqtri normalur reJimSi

mudmivi Zabvis salteze damontaJebuli kondensatorebis gamo 

ze maRali rigis harmonikebi praqtikulad ganulebulia.

e naxazze naCvenebia konvertoris mudmivi Zabvis speqtri egx 

cixeze” mokle SerTvis momentSi.

Cans avariis dros mudmiv ZabvaSi Cndeba 100 herciani da misi jeradi 

axla ganvixiloT Tu ra xdeba aseTi avariisas harmonikuli 

TvalsazrisiT. amisaTvis movaxdineT identuri reJimis modelireba 

”, radgan harmonikuli analizi 

e naxazze naCvenebia axalcixis konvertoris 

harmonikuli speqtri normalur reJimSi muSaobisas, romelic Seicavs 

da 600 hercian harmonikas (

gamomdinareobs kargad cnobili empiriuli formulidan

���

konvertoris gammarTvelis mkvebavi qselis sixSirea

Tvis 

pulsaciis ricxvia cvladi Zabvis erT periodSi da axalcixis 

ki naturalur ricxvTa simravlea. 

konvertoris mudmivi Zabvis speqtri normalur reJimSi

mudmivi Zabvis salteze damontaJebuli kondensatorebis gamo 

ze maRali rigis harmonikebi praqtikulad ganulebulia.

e naxazze naCvenebia konvertoris mudmivi Zabvis speqtri egx 

cixeze” mokle SerTvis momentSi.

Cans avariis dros mudmiv ZabvaSi Cndeba 100 herciani da misi jeradi 

axla ganvixiloT Tu ra xdeba aseTi avariisas harmonikuli 

TvalsazrisiT. amisaTvis movaxdineT identuri reJimis modelireba 

, radgan harmonikuli analizi 

e naxazze naCvenebia axalcixis konvertoris 

harmonikuli speqtri normalur reJimSi muSaobisas, romelic Seicavs 

da 600 hercian harmonikas (

gamomdinareobs kargad cnobili empiriuli formulidan

���                                       

konvertoris gammarTvelis mkvebavi qselis sixSirea

 �

pulsaciis ricxvia cvladi Zabvis erT periodSi da axalcixis 

ki naturalur ricxvTa simravlea. 

konvertoris mudmivi Zabvis speqtri normalur reJimSi

mudmivi Zabvis salteze damontaJebuli kondensatorebis gamo 

ze maRali rigis harmonikebi praqtikulad ganulebulia.

e naxazze naCvenebia konvertoris mudmivi Zabvis speqtri egx 

cixeze” mokle SerTvis momentSi.

Cans avariis dros mudmiv ZabvaSi Cndeba 100 herciani da misi jeradi 

axla ganvixiloT Tu ra xdeba aseTi avariisas harmonikuli 

TvalsazrisiT. amisaTvis movaxdineT identuri reJimis modelireba 

, radgan harmonikuli analizi 

e naxazze naCvenebia axalcixis konvertoris 

harmonikuli speqtri normalur reJimSi muSaobisas, romelic Seicavs 

da 600 hercian harmonikas (

gamomdinareobs kargad cnobili empiriuli formulidan

                                       

konvertoris gammarTvelis mkvebavi qselis sixSirea

�=50hc), 

pulsaciis ricxvia cvladi Zabvis erT periodSi da axalcixis 

ki naturalur ricxvTa simravlea. 

konvertoris mudmivi Zabvis speqtri normalur reJimSi

mudmivi Zabvis salteze damontaJebuli kondensatorebis gamo 

ze maRali rigis harmonikebi praqtikulad ganulebulia.

e naxazze naCvenebia konvertoris mudmivi Zabvis speqtri egx 

cixeze” mokle SerTvis momentSi.

Cans avariis dros mudmiv ZabvaSi Cndeba 100 herciani da misi jeradi 

axla ganvixiloT Tu ra xdeba aseTi avariisas harmonikuli 

TvalsazrisiT. amisaTvis movaxdineT identuri reJimis modelireba 

, radgan harmonikuli analizi 

e naxazze naCvenebia axalcixis konvertoris 

harmonikuli speqtri normalur reJimSi muSaobisas, romelic Seicavs 

da 600 hercian harmonikas (

gamomdinareobs kargad cnobili empiriuli formulidan

                                       

konvertoris gammarTvelis mkvebavi qselis sixSirea

=50hc), 

pulsaciis ricxvia cvladi Zabvis erT periodSi da axalcixis 

ki naturalur ricxvTa simravlea. 

konvertoris mudmivi Zabvis speqtri normalur reJimSi

mudmivi Zabvis salteze damontaJebuli kondensatorebis gamo 

ze maRali rigis harmonikebi praqtikulad ganulebulia.

e naxazze naCvenebia konvertoris mudmivi Zabvis speqtri egx 

cixeze” mokle SerTvis momentSi.

Cans avariis dros mudmiv ZabvaSi Cndeba 100 herciani da misi jeradi 

axla ganvixiloT Tu ra xdeba aseTi avariisas harmonikuli 

TvalsazrisiT. amisaTvis movaxdineT identuri reJimis modelireba 

, radgan harmonikuli analizi 

e naxazze naCvenebia axalcixis konvertoris 

harmonikuli speqtri normalur reJimSi muSaobisas, romelic Seicavs 

da 600 hercian harmonikas (

gamomdinareobs kargad cnobili empiriuli formulidan

                                       

konvertoris gammarTvelis mkvebavi qselis sixSirea

=50hc), 

pulsaciis ricxvia cvladi Zabvis erT periodSi da axalcixis 

ki naturalur ricxvTa simravlea. 

konvertoris mudmivi Zabvis speqtri normalur reJimSi

mudmivi Zabvis salteze damontaJebuli kondensatorebis gamo 

ze maRali rigis harmonikebi praqtikulad ganulebulia.

e naxazze naCvenebia konvertoris mudmivi Zabvis speqtri egx 

cixeze” mokle SerTvis momentSi.

Cans avariis dros mudmiv ZabvaSi Cndeba 100 herciani da misi jeradi 

axla ganvixiloT Tu ra xdeba aseTi avariisas harmonikuli 

TvalsazrisiT. amisaTvis movaxdineT identuri reJimis modelireba 

, radgan harmonikuli analizi 

e naxazze naCvenebia axalcixis konvertoris 

harmonikuli speqtri normalur reJimSi muSaobisas, romelic Seicavs 

da 600 hercian harmonikas (

gamomdinareobs kargad cnobili empiriuli formulidan

                                       

konvertoris gammarTvelis mkvebavi qselis sixSirea

=50hc), �

pulsaciis ricxvia cvladi Zabvis erT periodSi da axalcixis 

ki naturalur ricxvTa simravlea. 

konvertoris mudmivi Zabvis speqtri normalur reJimSi

mudmivi Zabvis salteze damontaJebuli kondensatorebis gamo 

ze maRali rigis harmonikebi praqtikulad ganulebulia.

e naxazze naCvenebia konvertoris mudmivi Zabvis speqtri egx 

cixeze” mokle SerTvis momentSi.

Cans avariis dros mudmiv ZabvaSi Cndeba 100 herciani da misi jeradi 

axla ganvixiloT Tu ra xdeba aseTi avariisas harmonikuli 

TvalsazrisiT. amisaTvis movaxdineT identuri reJimis modelireba 

, radgan harmonikuli analizi 

e naxazze naCvenebia axalcixis konvertoris 

harmonikuli speqtri normalur reJimSi muSaobisas, romelic Seicavs 

da 600 hercian harmonikas (

gamomdinareobs kargad cnobili empiriuli formulidan

                                       

konvertoris gammarTvelis mkvebavi qselis sixSirea

�	gamarTuli Zabvis 

pulsaciis ricxvia cvladi Zabvis erT periodSi da axalcixis 

ki naturalur ricxvTa simravlea. 

konvertoris mudmivi Zabvis speqtri normalur reJimSi

mudmivi Zabvis salteze damontaJebuli kondensatorebis gamo 

ze maRali rigis harmonikebi praqtikulad ganulebulia.

e naxazze naCvenebia konvertoris mudmivi Zabvis speqtri egx 

cixeze” mokle SerTvis momentSi. rogorc

Cans avariis dros mudmiv ZabvaSi Cndeba 100 herciani da misi jeradi 

axla ganvixiloT Tu ra xdeba aseTi avariisas harmonikuli 

TvalsazrisiT. amisaTvis movaxdineT identuri reJimis modelireba 

, radgan harmonikuli analizi 

e naxazze naCvenebia axalcixis konvertoris 

harmonikuli speqtri normalur reJimSi muSaobisas, romelic Seicavs 

da 600 hercian harmonikas (

gamomdinareobs kargad cnobili empiriuli formulidan

                                       

konvertoris gammarTvelis mkvebavi qselis sixSirea

gamarTuli Zabvis 

pulsaciis ricxvia cvladi Zabvis erT periodSi da axalcixis 

ki naturalur ricxvTa simravlea. 

konvertoris mudmivi Zabvis speqtri normalur reJimSi

mudmivi Zabvis salteze damontaJebuli kondensatorebis gamo 

ze maRali rigis harmonikebi praqtikulad ganulebulia.

e naxazze naCvenebia konvertoris mudmivi Zabvis speqtri egx 

rogorc

Cans avariis dros mudmiv ZabvaSi Cndeba 100 herciani da misi jeradi 

axla ganvixiloT Tu ra xdeba aseTi avariisas harmonikuli 

TvalsazrisiT. amisaTvis movaxdineT identuri reJimis modelireba 

, radgan harmonikuli analizi 

e naxazze naCvenebia axalcixis konvertoris mudmivi Zabvis 

harmonikuli speqtri normalur reJimSi muSaobisas, romelic Seicavs 

da 600 hercian harmonikas (

gamomdinareobs kargad cnobili empiriuli formulidan

                                       

konvertoris gammarTvelis mkvebavi qselis sixSirea

gamarTuli Zabvis 

pulsaciis ricxvia cvladi Zabvis erT periodSi da axalcixis 

ki naturalur ricxvTa simravlea. 

konvertoris mudmivi Zabvis speqtri normalur reJimSi

mudmivi Zabvis salteze damontaJebuli kondensatorebis gamo 

ze maRali rigis harmonikebi praqtikulad ganulebulia.

e naxazze naCvenebia konvertoris mudmivi Zabvis speqtri egx 

rogorc

Cans avariis dros mudmiv ZabvaSi Cndeba 100 herciani da misi jeradi 

axla ganvixiloT Tu ra xdeba aseTi avariisas harmonikuli 

TvalsazrisiT. amisaTvis movaxdineT identuri reJimis modelireba 

, radgan harmonikuli analizi 

mudmivi Zabvis 

harmonikuli speqtri normalur reJimSi muSaobisas, romelic Seicavs 

da 600 hercian harmonikas (

gamomdinareobs kargad cnobili empiriuli formulidan: 

                                       

konvertoris gammarTvelis mkvebavi qselis sixSirea

gamarTuli Zabvis 

pulsaciis ricxvia cvladi Zabvis erT periodSi da axalcixis 

ki naturalur ricxvTa simravlea. 

konvertoris mudmivi Zabvis speqtri normalur reJimSi

mudmivi Zabvis salteze damontaJebuli kondensatorebis gamo 

ze maRali rigis harmonikebi praqtikulad ganulebulia.

e naxazze naCvenebia konvertoris mudmivi Zabvis speqtri egx 

rogorc

Cans avariis dros mudmiv ZabvaSi Cndeba 100 herciani da misi jeradi 

axla ganvixiloT Tu ra xdeba aseTi avariisas harmonikuli 

TvalsazrisiT. amisaTvis movaxdineT identuri reJimis modelireba 

, radgan harmonikuli analizi 

mudmivi Zabvis 

harmonikuli speqtri normalur reJimSi muSaobisas, romelic Seicavs 

da 600 hercian harmonikas (h

 

                                       

konvertoris gammarTvelis mkvebavi qselis sixSirea

gamarTuli Zabvis 

pulsaciis ricxvia cvladi Zabvis erT periodSi da axalcixis 

ki naturalur ricxvTa simravlea. 

konvertoris mudmivi Zabvis speqtri normalur reJimSi

mudmivi Zabvis salteze damontaJebuli kondensatorebis gamo 

ze maRali rigis harmonikebi praqtikulad ganulebulia.

e naxazze naCvenebia konvertoris mudmivi Zabvis speqtri egx 

rogorc naxazidan 

Cans avariis dros mudmiv ZabvaSi Cndeba 100 herciani da misi jeradi 

axla ganvixiloT Tu ra xdeba aseTi avariisas harmonikuli 

TvalsazrisiT. amisaTvis movaxdineT identuri reJimis modelireba 

, radgan harmonikuli analizi 

mudmivi Zabvis 

harmonikuli speqtri normalur reJimSi muSaobisas, romelic Seicavs 

h12

                                       

konvertoris gammarTvelis mkvebavi qselis sixSirea

gamarTuli Zabvis 

pulsaciis ricxvia cvladi Zabvis erT periodSi da axalcixis 

ki naturalur ricxvTa simravlea.  

konvertoris mudmivi Zabvis speqtri normalur reJimSi

mudmivi Zabvis salteze damontaJebuli kondensatorebis gamo 

ze maRali rigis harmonikebi praqtikulad ganulebulia.  

e naxazze naCvenebia konvertoris mudmivi Zabvis speqtri egx 

naxazidan 

Cans avariis dros mudmiv ZabvaSi Cndeba 100 herciani da misi jeradi 

axla ganvixiloT Tu ra xdeba aseTi avariisas harmonikuli 

TvalsazrisiT. amisaTvis movaxdineT identuri reJimis modelireba 

, radgan harmonikuli analizi 

mudmivi Zabvis 

harmonikuli speqtri normalur reJimSi muSaobisas, romelic Seicavs 

12), rac 

                                       

konvertoris gammarTvelis mkvebavi qselis sixSirea

gamarTuli Zabvis 

pulsaciis ricxvia cvladi Zabvis erT periodSi da axalcixis 

 

konvertoris mudmivi Zabvis speqtri normalur reJimSi

mudmivi Zabvis salteze damontaJebuli kondensatorebis gamo 

e naxazze naCvenebia konvertoris mudmivi Zabvis speqtri egx 

naxazidan 

Cans avariis dros mudmiv ZabvaSi Cndeba 100 herciani da misi jeradi 

101

axla ganvixiloT Tu ra xdeba aseTi avariisas harmonikuli 

TvalsazrisiT. amisaTvis movaxdineT identuri reJimis modelireba 

, radgan harmonikuli analizi 

mudmivi Zabvis 

harmonikuli speqtri normalur reJimSi muSaobisas, romelic Seicavs 

, rac 

                                       (19)

konvertoris gammarTvelis mkvebavi qselis sixSirea

gamarTuli Zabvis 

pulsaciis ricxvia cvladi Zabvis erT periodSi da axalcixis 

 

konvertoris mudmivi Zabvis speqtri normalur reJimSi

mudmivi Zabvis salteze damontaJebuli kondensatorebis gamo 

e naxazze naCvenebia konvertoris mudmivi Zabvis speqtri egx 

naxazidan 

Cans avariis dros mudmiv ZabvaSi Cndeba 100 herciani da misi jeradi 

101

axla ganvixiloT Tu ra xdeba aseTi avariisas harmonikuli 

TvalsazrisiT. amisaTvis movaxdineT identuri reJimis modelireba 

, radgan harmonikuli analizi 

mudmivi Zabvis 

harmonikuli speqtri normalur reJimSi muSaobisas, romelic Seicavs 

, rac 

(19)

konvertoris gammarTvelis mkvebavi qselis sixSirea

gamarTuli Zabvis 

pulsaciis ricxvia cvladi Zabvis erT periodSi da axalcixis 

 

konvertoris mudmivi Zabvis speqtri normalur reJimSi 

mudmivi Zabvis salteze damontaJebuli kondensatorebis gamo 

e naxazze naCvenebia konvertoris mudmivi Zabvis speqtri egx 

naxazidan 

Cans avariis dros mudmiv ZabvaSi Cndeba 100 herciani da misi jeradi 

101 

axla ganvixiloT Tu ra xdeba aseTi avariisas harmonikuli 

TvalsazrisiT. amisaTvis movaxdineT identuri reJimis modelireba 

, radgan harmonikuli analizi 

mudmivi Zabvis 

harmonikuli speqtri normalur reJimSi muSaobisas, romelic Seicavs 

, rac 

(19) 

konvertoris gammarTvelis mkvebavi qselis sixSirea 

gamarTuli Zabvis 

pulsaciis ricxvia cvladi Zabvis erT periodSi da axalcixis 

mudmivi Zabvis salteze damontaJebuli kondensatorebis gamo 

e naxazze naCvenebia konvertoris mudmivi Zabvis speqtri egx 

naxazidan 

Cans avariis dros mudmiv ZabvaSi Cndeba 100 herciani da misi jeradi 



 

harmonikebi, rac mokle SerTvisas mkvebavi samfaza sistemis 

arasimetriulobiTaa gamowveuli.

warmoqmnas. SedarebisTvis 56

mocemuli axalcixis 500 kv saltis Zabvebi mokle SerTvamde da 

mokle SerTvisas. am  naxazebiidan mkafiod Cans, rom normalur 

reJimSi konvertori generirebs mxolod kanonikur harmonikebs (

me-

rigis harmonika (150 herci) da misi jeradi me

 

harmonikebi, rac mokle SerTvisas mkvebavi samfaza sistemis 

arasimetriulobiTaa gamowveuli.

warmoqmnas. SedarebisTvis 56

mocemuli axalcixis 500 kv saltis Zabvebi mokle SerTvamde da 

mokle SerTvisas. am  naxazebiidan mkafiod Cans, rom normalur 

reJimSi konvertori generirebs mxolod kanonikur harmonikebs (

-7, me

rigis harmonika (150 herci) da misi jeradi me

nax.

 

harmonikebi, rac mokle SerTvisas mkvebavi samfaza sistemis 

arasimetriulobiTaa gamowveuli.

cvladi Zabvis qselSic adgili aqvs arakanonikuri h

warmoqmnas. SedarebisTvis 56

mocemuli axalcixis 500 kv saltis Zabvebi mokle SerTvamde da 

mokle SerTvisas. am  naxazebiidan mkafiod Cans, rom normalur 

reJimSi konvertori generirebs mxolod kanonikur harmonikebs (

7, me

rigis harmonika (150 herci) da misi jeradi me

nax.55

  

harmonikebi, rac mokle SerTvisas mkvebavi samfaza sistemis 

arasimetriulobiTaa gamowveuli.

cvladi Zabvis qselSic adgili aqvs arakanonikuri h

warmoqmnas. SedarebisTvis 56

mocemuli axalcixis 500 kv saltis Zabvebi mokle SerTvamde da 

mokle SerTvisas. am  naxazebiidan mkafiod Cans, rom normalur 

reJimSi konvertori generirebs mxolod kanonikur harmonikebs (

7, me-11, me

rigis harmonika (150 herci) da misi jeradi me

55  

 

harmonikebi, rac mokle SerTvisas mkvebavi samfaza sistemis 

arasimetriulobiTaa gamowveuli.

cvladi Zabvis qselSic adgili aqvs arakanonikuri h

warmoqmnas. SedarebisTvis 56

mocemuli axalcixis 500 kv saltis Zabvebi mokle SerTvamde da 

mokle SerTvisas. am  naxazebiidan mkafiod Cans, rom normalur 

reJimSi konvertori generirebs mxolod kanonikur harmonikebs (

11, me

rigis harmonika (150 herci) da misi jeradi me

  axalcixis konvertoris mudmivi Zabvis speqtri 

harmonikebi, rac mokle SerTvisas mkvebavi samfaza sistemis 

arasimetriulobiTaa gamowveuli.

cvladi Zabvis qselSic adgili aqvs arakanonikuri h

warmoqmnas. SedarebisTvis 56

mocemuli axalcixis 500 kv saltis Zabvebi mokle SerTvamde da 

mokle SerTvisas. am  naxazebiidan mkafiod Cans, rom normalur 

reJimSi konvertori generirebs mxolod kanonikur harmonikebs (

11, me-

rigis harmonika (150 herci) da misi jeradi me

axalcixis konvertoris mudmivi Zabvis speqtri 

harmonikebi, rac mokle SerTvisas mkvebavi samfaza sistemis 

arasimetriulobiTaa gamowveuli.

cvladi Zabvis qselSic adgili aqvs arakanonikuri h

warmoqmnas. SedarebisTvis 56

mocemuli axalcixis 500 kv saltis Zabvebi mokle SerTvamde da 

mokle SerTvisas. am  naxazebiidan mkafiod Cans, rom normalur 

reJimSi konvertori generirebs mxolod kanonikur harmonikebs (

-13 da me

rigis harmonika (150 herci) da misi jeradi me

axalcixis konvertoris mudmivi Zabvis speqtri 

harmonikebi, rac mokle SerTvisas mkvebavi samfaza sistemis 

arasimetriulobiTaa gamowveuli.

cvladi Zabvis qselSic adgili aqvs arakanonikuri h

warmoqmnas. SedarebisTvis 56

mocemuli axalcixis 500 kv saltis Zabvebi mokle SerTvamde da 

mokle SerTvisas. am  naxazebiidan mkafiod Cans, rom normalur 

reJimSi konvertori generirebs mxolod kanonikur harmonikebs (

13 da me

rigis harmonika (150 herci) da misi jeradi me

axalcixis konvertoris mudmivi Zabvis speqtri 

harmonikebi, rac mokle SerTvisas mkvebavi samfaza sistemis 

arasimetriulobiTaa gamowveuli.

cvladi Zabvis qselSic adgili aqvs arakanonikuri h

warmoqmnas. SedarebisTvis 56

mocemuli axalcixis 500 kv saltis Zabvebi mokle SerTvamde da 

mokle SerTvisas. am  naxazebiidan mkafiod Cans, rom normalur 

reJimSi konvertori generirebs mxolod kanonikur harmonikebs (

13 da me

rigis harmonika (150 herci) da misi jeradi me

axalcixis konvertoris mudmivi Zabvis speqtri 

harmonikebi, rac mokle SerTvisas mkvebavi samfaza sistemis 

arasimetriulobiTaa gamowveuli.

cvladi Zabvis qselSic adgili aqvs arakanonikuri h

warmoqmnas. SedarebisTvis 56

mocemuli axalcixis 500 kv saltis Zabvebi mokle SerTvamde da 

mokle SerTvisas. am  naxazebiidan mkafiod Cans, rom normalur 

reJimSi konvertori generirebs mxolod kanonikur harmonikebs (

13 da me-

rigis harmonika (150 herci) da misi jeradi me

axalcixis konvertoris mudmivi Zabvis speqtri 

harmonikebi, rac mokle SerTvisas mkvebavi samfaza sistemis 

arasimetriulobiTaa gamowveuli.

cvladi Zabvis qselSic adgili aqvs arakanonikuri h

warmoqmnas. SedarebisTvis 56

mocemuli axalcixis 500 kv saltis Zabvebi mokle SerTvamde da 

mokle SerTvisas. am  naxazebiidan mkafiod Cans, rom normalur 

reJimSi konvertori generirebs mxolod kanonikur harmonikebs (

-17). mokle SerTvis momentSi ki Tavs iCens me

rigis harmonika (150 herci) da misi jeradi me

axalcixis konvertoris mudmivi Zabvis speqtri 

harmonikebi, rac mokle SerTvisas mkvebavi samfaza sistemis 

arasimetriulobiTaa gamowveuli.

cvladi Zabvis qselSic adgili aqvs arakanonikuri h

warmoqmnas. SedarebisTvis 56

mocemuli axalcixis 500 kv saltis Zabvebi mokle SerTvamde da 

mokle SerTvisas. am  naxazebiidan mkafiod Cans, rom normalur 

reJimSi konvertori generirebs mxolod kanonikur harmonikebs (

17). mokle SerTvis momentSi ki Tavs iCens me

rigis harmonika (150 herci) da misi jeradi me

axalcixis konvertoris mudmivi Zabvis speqtri 

harmonikebi, rac mokle SerTvisas mkvebavi samfaza sistemis 

arasimetriulobiTaa gamowveuli.

cvladi Zabvis qselSic adgili aqvs arakanonikuri h

warmoqmnas. SedarebisTvis 56

mocemuli axalcixis 500 kv saltis Zabvebi mokle SerTvamde da 

mokle SerTvisas. am  naxazebiidan mkafiod Cans, rom normalur 

reJimSi konvertori generirebs mxolod kanonikur harmonikebs (

17). mokle SerTvis momentSi ki Tavs iCens me

rigis harmonika (150 herci) da misi jeradi me

axalcixis konvertoris mudmivi Zabvis speqtri 

harmonikebi, rac mokle SerTvisas mkvebavi samfaza sistemis 

arasimetriulobiTaa gamowveuli.

cvladi Zabvis qselSic adgili aqvs arakanonikuri h

warmoqmnas. SedarebisTvis 56

mocemuli axalcixis 500 kv saltis Zabvebi mokle SerTvamde da 

mokle SerTvisas. am  naxazebiidan mkafiod Cans, rom normalur 

reJimSi konvertori generirebs mxolod kanonikur harmonikebs (

17). mokle SerTvis momentSi ki Tavs iCens me

rigis harmonika (150 herci) da misi jeradi me

axalcixis konvertoris mudmivi Zabvis speqtri 

harmonikebi, rac mokle SerTvisas mkvebavi samfaza sistemis 

arasimetriulobiTaa gamowveuli.

cvladi Zabvis qselSic adgili aqvs arakanonikuri h

warmoqmnas. SedarebisTvis 56–e da 57

mocemuli axalcixis 500 kv saltis Zabvebi mokle SerTvamde da 

mokle SerTvisas. am  naxazebiidan mkafiod Cans, rom normalur 

reJimSi konvertori generirebs mxolod kanonikur harmonikebs (

17). mokle SerTvis momentSi ki Tavs iCens me

rigis harmonika (150 herci) da misi jeradi me

axalcixis konvertoris mudmivi Zabvis speqtri 

harmonikebi, rac mokle SerTvisas mkvebavi samfaza sistemis 

arasimetriulobiTaa gamowveuli. 

cvladi Zabvis qselSic adgili aqvs arakanonikuri h

e da 57

mocemuli axalcixis 500 kv saltis Zabvebi mokle SerTvamde da 

mokle SerTvisas. am  naxazebiidan mkafiod Cans, rom normalur 

reJimSi konvertori generirebs mxolod kanonikur harmonikebs (

17). mokle SerTvis momentSi ki Tavs iCens me

rigis harmonika (150 herci) da misi jeradi me

axalcixis konvertoris mudmivi Zabvis speqtri 

harmonikebi, rac mokle SerTvisas mkvebavi samfaza sistemis 

cvladi Zabvis qselSic adgili aqvs arakanonikuri h

e da 57

mocemuli axalcixis 500 kv saltis Zabvebi mokle SerTvamde da 

mokle SerTvisas. am  naxazebiidan mkafiod Cans, rom normalur 

reJimSi konvertori generirebs mxolod kanonikur harmonikebs (

17). mokle SerTvis momentSi ki Tavs iCens me

rigis harmonika (150 herci) da misi jeradi me

axalcixis konvertoris mudmivi Zabvis speqtri 

harmonikebi, rac mokle SerTvisas mkvebavi samfaza sistemis 

cvladi Zabvis qselSic adgili aqvs arakanonikuri h

e da 57

mocemuli axalcixis 500 kv saltis Zabvebi mokle SerTvamde da 

mokle SerTvisas. am  naxazebiidan mkafiod Cans, rom normalur 

reJimSi konvertori generirebs mxolod kanonikur harmonikebs (

17). mokle SerTvis momentSi ki Tavs iCens me

rigis harmonika (150 herci) da misi jeradi me

axalcixis konvertoris mudmivi Zabvis speqtri 

harmonikebi, rac mokle SerTvisas mkvebavi samfaza sistemis 

cvladi Zabvis qselSic adgili aqvs arakanonikuri h

e da 57-

mocemuli axalcixis 500 kv saltis Zabvebi mokle SerTvamde da 

mokle SerTvisas. am  naxazebiidan mkafiod Cans, rom normalur 

reJimSi konvertori generirebs mxolod kanonikur harmonikebs (

17). mokle SerTvis momentSi ki Tavs iCens me

rigis harmonika (150 herci) da misi jeradi me

axalcixis konvertoris mudmivi Zabvis speqtri 

harmonikebi, rac mokle SerTvisas mkvebavi samfaza sistemis 

cvladi Zabvis qselSic adgili aqvs arakanonikuri h

-e naxazebze Sesabamisadaa 

mocemuli axalcixis 500 kv saltis Zabvebi mokle SerTvamde da 

mokle SerTvisas. am  naxazebiidan mkafiod Cans, rom normalur 

reJimSi konvertori generirebs mxolod kanonikur harmonikebs (

17). mokle SerTvis momentSi ki Tavs iCens me

rigis harmonika (150 herci) da misi jeradi me

axalcixis konvertoris mudmivi Zabvis speqtri 

harmonikebi, rac mokle SerTvisas mkvebavi samfaza sistemis 

cvladi Zabvis qselSic adgili aqvs arakanonikuri h

e naxazebze Sesabamisadaa 

mocemuli axalcixis 500 kv saltis Zabvebi mokle SerTvamde da 

mokle SerTvisas. am  naxazebiidan mkafiod Cans, rom normalur 

reJimSi konvertori generirebs mxolod kanonikur harmonikebs (

17). mokle SerTvis momentSi ki Tavs iCens me

rigis harmonika (150 herci) da misi jeradi me-15 rigis harmonikac.

axalcixis konvertoris mudmivi Zabvis speqtri 

harmonikebi, rac mokle SerTvisas mkvebavi samfaza sistemis 

cvladi Zabvis qselSic adgili aqvs arakanonikuri h

e naxazebze Sesabamisadaa 

mocemuli axalcixis 500 kv saltis Zabvebi mokle SerTvamde da 

mokle SerTvisas. am  naxazebiidan mkafiod Cans, rom normalur 

reJimSi konvertori generirebs mxolod kanonikur harmonikebs (

17). mokle SerTvis momentSi ki Tavs iCens me

15 rigis harmonikac.

axalcixis konvertoris mudmivi Zabvis speqtri 

harmonikebi, rac mokle SerTvisas mkvebavi samfaza sistemis 

cvladi Zabvis qselSic adgili aqvs arakanonikuri h

e naxazebze Sesabamisadaa 

mocemuli axalcixis 500 kv saltis Zabvebi mokle SerTvamde da 

mokle SerTvisas. am  naxazebiidan mkafiod Cans, rom normalur 

reJimSi konvertori generirebs mxolod kanonikur harmonikebs (

17). mokle SerTvis momentSi ki Tavs iCens me

15 rigis harmonikac.

axalcixis konvertoris mudmivi Zabvis speqtri 

harmonikebi, rac mokle SerTvisas mkvebavi samfaza sistemis 

cvladi Zabvis qselSic adgili aqvs arakanonikuri h

e naxazebze Sesabamisadaa 

mocemuli axalcixis 500 kv saltis Zabvebi mokle SerTvamde da 

mokle SerTvisas. am  naxazebiidan mkafiod Cans, rom normalur 

reJimSi konvertori generirebs mxolod kanonikur harmonikebs (

17). mokle SerTvis momentSi ki Tavs iCens me

15 rigis harmonikac.

axalcixis konvertoris mudmivi Zabvis speqtri avariul 

harmonikebi, rac mokle SerTvisas mkvebavi samfaza sistemis 

cvladi Zabvis qselSic adgili aqvs arakanonikuri h

e naxazebze Sesabamisadaa 

mocemuli axalcixis 500 kv saltis Zabvebi mokle SerTvamde da 

mokle SerTvisas. am  naxazebiidan mkafiod Cans, rom normalur 

reJimSi konvertori generirebs mxolod kanonikur harmonikebs (

17). mokle SerTvis momentSi ki Tavs iCens me

15 rigis harmonikac.

avariul 

harmonikebi, rac mokle SerTvisas mkvebavi samfaza sistemis 

cvladi Zabvis qselSic adgili aqvs arakanonikuri harmonikebis 

e naxazebze Sesabamisadaa 

mocemuli axalcixis 500 kv saltis Zabvebi mokle SerTvamde da 

mokle SerTvisas. am  naxazebiidan mkafiod Cans, rom normalur 

reJimSi konvertori generirebs mxolod kanonikur harmonikebs (

17). mokle SerTvis momentSi ki Tavs iCens me

15 rigis harmonikac.

avariul 

harmonikebi, rac mokle SerTvisas mkvebavi samfaza sistemis 

armonikebis 

e naxazebze Sesabamisadaa 

mocemuli axalcixis 500 kv saltis Zabvebi mokle SerTvamde da 

mokle SerTvisas. am  naxazebiidan mkafiod Cans, rom normalur 

reJimSi konvertori generirebs mxolod kanonikur harmonikebs (

17). mokle SerTvis momentSi ki Tavs iCens me

15 rigis harmonikac.

avariul reJimSi

harmonikebi, rac mokle SerTvisas mkvebavi samfaza sistemis 

armonikebis 

e naxazebze Sesabamisadaa 

mocemuli axalcixis 500 kv saltis Zabvebi mokle SerTvamde da 

mokle SerTvisas. am  naxazebiidan mkafiod Cans, rom normalur 

reJimSi konvertori generirebs mxolod kanonikur harmonikebs (

17). mokle SerTvis momentSi ki Tavs iCens me

15 rigis harmonikac.

reJimSi

harmonikebi, rac mokle SerTvisas mkvebavi samfaza sistemis 

armonikebis 

e naxazebze Sesabamisadaa 

mocemuli axalcixis 500 kv saltis Zabvebi mokle SerTvamde da 

mokle SerTvisas. am  naxazebiidan mkafiod Cans, rom normalur 

reJimSi konvertori generirebs mxolod kanonikur harmonikebs (

17). mokle SerTvis momentSi ki Tavs iCens me

15 rigis harmonikac.

reJimSi

102

harmonikebi, rac mokle SerTvisas mkvebavi samfaza sistemis 

armonikebis 

e naxazebze Sesabamisadaa 

mocemuli axalcixis 500 kv saltis Zabvebi mokle SerTvamde da 

mokle SerTvisas. am  naxazebiidan mkafiod Cans, rom normalur 

reJimSi konvertori generirebs mxolod kanonikur harmonikebs (me

17). mokle SerTvis momentSi ki Tavs iCens me

15 rigis harmonikac. 

 

reJimSi 

102

harmonikebi, rac mokle SerTvisas mkvebavi samfaza sistemis 

armonikebis 

e naxazebze Sesabamisadaa 

mocemuli axalcixis 500 kv saltis Zabvebi mokle SerTvamde da 

mokle SerTvisas. am  naxazebiidan mkafiod Cans, rom normalur 

me-5, 

17). mokle SerTvis momentSi ki Tavs iCens me-3 

 

 

102 

harmonikebi, rac mokle SerTvisas mkvebavi samfaza sistemis 

armonikebis 

e naxazebze Sesabamisadaa 

mocemuli axalcixis 500 kv saltis Zabvebi mokle SerTvamde da 

mokle SerTvisas. am  naxazebiidan mkafiod Cans, rom normalur 

5, 

3 



 

 

am dros generirebuli arakanonikuri harmonikebi did zians ver 

miayeneben sistemas da mis elemete

nax.

 

am dros generirebuli arakanonikuri harmonikebi did zians ver 

miayeneben sistemas da mis elemete

nax.

nax.57

 marTalia

am dros generirebuli arakanonikuri harmonikebi did zians ver 

miayeneben sistemas da mis elemete

nax.56

57  axalcixis 500 kv saltis Zabvis speqtri mokle SerTvis momentSi

marTalia

am dros generirebuli arakanonikuri harmonikebi did zians ver 

miayeneben sistemas da mis elemete

56  

axalcixis 500 kv saltis Zabvis speqtri mokle SerTvis momentSi

marTalia

am dros generirebuli arakanonikuri harmonikebi did zians ver 

miayeneben sistemas da mis elemete

  axalcixis 

axalcixis 500 kv saltis Zabvis speqtri mokle SerTvis momentSi

marTalia

am dros generirebuli arakanonikuri harmonikebi did zians ver 

miayeneben sistemas da mis elemete

axalcixis 

axalcixis 500 kv saltis Zabvis speqtri mokle SerTvis momentSi

marTalia

am dros generirebuli arakanonikuri harmonikebi did zians ver 

miayeneben sistemas da mis elemete

axalcixis 

axalcixis 500 kv saltis Zabvis speqtri mokle SerTvis momentSi

marTalia mokle SerTvis xangrZlivoba imdenad mcirea , rom 

am dros generirebuli arakanonikuri harmonikebi did zians ver 

miayeneben sistemas da mis elemete

axalcixis 

axalcixis 500 kv saltis Zabvis speqtri mokle SerTvis momentSi

mokle SerTvis xangrZlivoba imdenad mcirea , rom 

am dros generirebuli arakanonikuri harmonikebi did zians ver 

miayeneben sistemas da mis elemete

axalcixis 500 kv saltis 

axalcixis 500 kv saltis Zabvis speqtri mokle SerTvis momentSi

mokle SerTvis xangrZlivoba imdenad mcirea , rom 

am dros generirebuli arakanonikuri harmonikebi did zians ver 

miayeneben sistemas da mis elemete

500 kv saltis 

axalcixis 500 kv saltis Zabvis speqtri mokle SerTvis momentSi

mokle SerTvis xangrZlivoba imdenad mcirea , rom 

am dros generirebuli arakanonikuri harmonikebi did zians ver 

miayeneben sistemas da mis elemete

500 kv saltis 

axalcixis 500 kv saltis Zabvis speqtri mokle SerTvis momentSi

mokle SerTvis xangrZlivoba imdenad mcirea , rom 
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axalcixis 500 kv saltis Zabvis speqtri mokle SerTvis momentSi

mokle SerTvis xangrZlivoba imdenad mcirea , rom 

am dros generirebuli arakanonikuri harmonikebi did zians ver 

miayeneben sistemas da mis elemete

500 kv saltis Zabvis speqtri mokle SerTvamde

axalcixis 500 kv saltis Zabvis speqtri mokle SerTvis momentSi

mokle SerTvis xangrZlivoba imdenad mcirea , rom 

am dros generirebuli arakanonikuri harmonikebi did zians ver 

miayeneben sistemas da mis elemete

Zabvis speqtri mokle SerTvamde

axalcixis 500 kv saltis Zabvis speqtri mokle SerTvis momentSi

mokle SerTvis xangrZlivoba imdenad mcirea , rom 

am dros generirebuli arakanonikuri harmonikebi did zians ver 

miayeneben sistemas da mis elemete

Zabvis speqtri mokle SerTvamde

axalcixis 500 kv saltis Zabvis speqtri mokle SerTvis momentSi

mokle SerTvis xangrZlivoba imdenad mcirea , rom 

am dros generirebuli arakanonikuri harmonikebi did zians ver 

miayeneben sistemas da mis elemete

Zabvis speqtri mokle SerTvamde

axalcixis 500 kv saltis Zabvis speqtri mokle SerTvis momentSi

mokle SerTvis xangrZlivoba imdenad mcirea , rom 

am dros generirebuli arakanonikuri harmonikebi did zians ver 

miayeneben sistemas da mis elemetebs, magram arakanonikuri 

Zabvis speqtri mokle SerTvamde

axalcixis 500 kv saltis Zabvis speqtri mokle SerTvis momentSi

mokle SerTvis xangrZlivoba imdenad mcirea , rom 

am dros generirebuli arakanonikuri harmonikebi did zians ver 

bs, magram arakanonikuri 

Zabvis speqtri mokle SerTvamde

axalcixis 500 kv saltis Zabvis speqtri mokle SerTvis momentSi

mokle SerTvis xangrZlivoba imdenad mcirea , rom 

am dros generirebuli arakanonikuri harmonikebi did zians ver 

bs, magram arakanonikuri 

Zabvis speqtri mokle SerTvamde

axalcixis 500 kv saltis Zabvis speqtri mokle SerTvis momentSi

mokle SerTvis xangrZlivoba imdenad mcirea , rom 

am dros generirebuli arakanonikuri harmonikebi did zians ver 

bs, magram arakanonikuri 

Zabvis speqtri mokle SerTvamde

axalcixis 500 kv saltis Zabvis speqtri mokle SerTvis momentSi

mokle SerTvis xangrZlivoba imdenad mcirea , rom 

am dros generirebuli arakanonikuri harmonikebi did zians ver 

bs, magram arakanonikuri 
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axalcixis 500 kv saltis Zabvis speqtri mokle SerTvis momentSi

mokle SerTvis xangrZlivoba imdenad mcirea , rom 

am dros generirebuli arakanonikuri harmonikebi did zians ver 

bs, magram arakanonikuri 

Zabvis speqtri mokle SerTvamde

axalcixis 500 kv saltis Zabvis speqtri mokle SerTvis momentSi

mokle SerTvis xangrZlivoba imdenad mcirea , rom 

am dros generirebuli arakanonikuri harmonikebi did zians ver 

bs, magram arakanonikuri 

Zabvis speqtri mokle SerTvamde

axalcixis 500 kv saltis Zabvis speqtri mokle SerTvis momentSi

mokle SerTvis xangrZlivoba imdenad mcirea , rom 

am dros generirebuli arakanonikuri harmonikebi did zians ver 
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axalcixis 500 kv saltis Zabvis speqtri mokle SerTvis momentSi

mokle SerTvis xangrZlivoba imdenad mcirea , rom 

am dros generirebuli arakanonikuri harmonikebi did zians ver 

bs, magram arakanonikuri 
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axalcixis 500 kv saltis Zabvis speqtri mokle SerTvis momentSi
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bs, magram arakanonikuri 
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axalcixis 500 kv saltis Zabvis speqtri mokle SerTvis momentSi 

mokle SerTvis xangrZlivoba imdenad mcirea , rom 

am dros generirebuli arakanonikuri harmonikebi did zians ver 

bs, magram arakanonikuri 
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mokle SerTvis xangrZlivoba imdenad mcirea , rom 

am dros generirebuli arakanonikuri harmonikebi did zians ver 

bs, magram arakanonikuri 
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harmonikebis SesaZlo warmoqmna mainc gaTvaliswinebuli unda iqnes, 

radgan maT warmoqmnas realurad adgili aqvs ara marto mokle 

SerTvisas, aramed mkvebavi samfaza Zabvebis sistemaSi nebismieri 

ubalansobis drosac. aRniSnul garemoebas gansakuTrebiT didi 

yuradReba eqceva, maSin rodesac simZlavris gamcemi sistemis 

generacia konvertoris datvriTvas didad ar Warbobs. saqarTvelos 

da TurqeTis asinqronuli urTierTkavSiric msgavsi SemTxvevaa da 

aseT situaciaSi sasurvelia gamcemi sistemis salteze mesame rigis 

harmonikuli filtris arsebobac. 
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Tavi V 

harmonikebis filtracia 

5.1 filtrebis SerCevis logika 

 harmonikuli damaxinjebis mixedviT filtrebis SerCevas 

safuZvlad udevs 58-e naxazze mocemuli sqema: 

sadac , 

In  -    konvertoris mier generirebuli harmonikuli denebia; 

Ifn  -   filtrebSi gamavali harmonikuli denebia; 

Isn  -  mkvebav sistemaSi SeWrili harmonikuli denebia; 

Zfn  -  filtris harmonikuli winaRoba; 

Zsn –    mkvebavi sistemis harmonikuli winaRoba. 

 

nax.58  sistemis winaRobis mixedviT filtrebis Sefasebis sqema 

      Zabvis da denis damaxinjebebs TiTeuli harmonikisTvis 

gamovTvliT Semdegi gamosaxulebidan 

I�� =
Z��

Z�� + Z��
× I�																																																					(20) 

V�� =
Z�� × Z��

Z�� + Z��
× I�																																																					(21) 

         Tu aseT SemTxvevaSi miRebuli denis da Zabvis damaxinjebis 

koeficientebi zRvars gareT iqnebian , maSin aucilebelia filtrebis 

damateba an xelaxali SerCeva. 
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 rogorc zemoT avRniSneT saqarTvelos eleqtrosistemis 

maRali Zabvis qselSi Zabvis damaxinjebis done dasaSvebia, Tu jamuri 

damaxinjebis koeficienti ar aRemateba 2.5-3%-s.  

       maRali rigis harmonikebis CaxSobis TvalsazrisiT arsebobs 

filtrebis SerCevis sxvadasxva meTodi. 

 

 

5.2 winaRobebis wris meTodi 

 konvertoris mkvebav eleqtrosistemas konkretuli rigis 

harmonikisTvis gaaCnia an induqtiuri an tevaduri xasiaTis winaRoba. 

Tu romelime harmonikisTvis induqtiuri da tevaduri winaRobebi 

toli aRmoCndeba warmoiqmneba rezonansi da sistemis winaRoba am 

rigisTvis iqneba mxolod aqtiuri winaRobis toli.  59–e naxazze 

naCvenebia tipiuri sistemis winaRobebis mrudi 50–255 hc diapazonSi. 

 

nax.59 mkvebavi sistemis winaRobebi sixSiris mixedviT 

 rogorc am naxazidan Cans sistemas aqvs induqtiuri winaRoba 

daaxloebiT 140 hercamde. Semdeg TiTqmis 200 hercamde sistemas aqvs  

tevaduri winaRoba da a.S. amasTan, 140, 245 da 250 hercis 
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maxloblobaSi adgili aqvs rezonans. zogadad, sistemis winaRoba 

SeiZleba Zalian mkveTrad icvlebodes sixSiris Tundac mcire 

cvlilebisas. 

zemoT naCvenebi sistemis winaRobebis ganmsazRvreli mrudi 

samarTliania sistemis mxolod erTi konfiguraciisTvis, radgan 

eleqtrosistemas, qselis mocemuli konfiguraciisa da sistemis 

mocemuli Semadgenlobis dros, TiTeuli hamonikisTvis aqvs 

diskretuli erTi mniSvnelobis winaRoba. konfiguraciis Secvlilsas 

(magaliTad romelime xazis gamorTva, sxva generaciebis CarTva, 

datvirTvis Secvla da a.S.) aRniSnuli mrudis saxe icvleba da, 

Sesabamisad, misi gamoyeneba mouxerxebeli xdeba. amitom, zemoT 

aRniSnuli mrudis nacvlad ganixileba wre, romelic Tavis farTSi 

moicavs yvela SesaZlo wertilebs sistemis nebismieri (arsebuli da 

perspeqtiuli) konfiguraciisTvis (nax.60). 

 

nax.60 sistemis winaRobaTa wre 

filtrebis SerCevisas sistemis winaRobas viRebT nebismier 

sidides wridan, romelic iwvevs maqsimalur harmonikul 

damaxinjebas. kompiuteris daxmarebiT moiZebneba winaRobebis area 

yoveli harmonikisTvis. realur sistemasTan meti miaxloebis mizniT 
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Zebnis areals vzRudavT winaswar SemoRebuli 1 ,1 (tipiurad 50-150) 

limitis kuTxeebiTa da R-is sididiT. 

 maRali rigis harmonikebis CaxSobis TvalsazrisiT filtrebis 

SerCevis es meTodi usafrTxoa, ramdenadac iTvaliswinebs sistemis 

momaval gafarToebasac,  Tumca  ase SerCeuli filtrebi Zviria, 

radganac SerCeulia didi maragiT. 

 

 

5.3 poligonis meTodi 

 konkretuli rigis harmonikisTvis sistemis winaRoba, sistemis 

sxvadasxva Semadgenlobisa (generacia-datvirTva) da qselis yvela 

SesaZlo konfiguraciisaTvis, sxvadasxvaa. am winaRobaTa simravle R,X 

sibrtyeze SeiZleba warmovadginoT mravalkuTxedis saxiT,  

romelsac winaRobaTa poligons uwodeben (nax.61).  

 

nax.61 winaRobebis poligoni 

 kompiuteruli programis daxmarebiT moiZebneba Sesabamisi 

poligoni TiToeuli harmonikisTvis. maTi saSualebiT SevirCevT 

filtrebs, romlebic uzrunvelyofen maTdami wayenebul moTxovnebs 
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(maqsimaluri jamuri harmonikuli damaxinjebis koeficientis sidide 

ar aRematebodes dasaSvebs).   

 es meTodi gvaZlevs sistemis winaRobebis yvelaze realistur 

Sefasebas da Tavidan gvacilebs filtrebis zedmeti maragiT SerCevis 

problemas. 

 

5.4 axalcixis konvertoris cvladi Zabvis filtrebi 

Catarebuli kvlevebis safuZvelze (Tavi III, IV ) miRebuli 

harmonikuli damaxinjebebis koeficientTa mniSvnelobebis 

gaTvliswinebiT, poligonis meTodisa da kompiuteruli maqsimizaciis 

gamoyenebiT, axalcixis konvertoruli qvesadurisTvis SevirCieT 

cvladi Zabvis TT 3/12/24, DT 12/36 da C filtrebis ramdenime bloki.  

TT 3/12/24 da  DT 12/36 filtrebis sixSiruli maxasiaTeblebi  (nax.62, 

63) aRwerilia 5.4.1 da 5.4.2 qveparagrafebSi.  

5.4.1  T T 3/12/24 filtri 

64-e naxazze naCvenebi A1 bloki warmoadgens TT 3/12/24 (Triple 

Tuned –samrezonansiani, gaTvlili sam sixSireze)  tipis filtrs, 

romelic 50 herc sixSireze generirebs 80 mgvar reaqtiul 

simZlavres. misi winaRobis sixSiruli maxasiaTeblidan (nax.62)  

kargad Cans, rom yvelaze dabali winaRoba mas aqvs me-12 rigis 

harmonikis   maxloblobaSi (igi gaTvlilia, ZiriTadad, me-11 da me-

13 rigis harmonikebis CaxSobaze da, Sesabamisad, rezonansuli 

konturis gaangariSeba xdeba me-12 rigis harmonikis sixSireze). me-19 

rigis harmonikamde filtris winaRoba izrdeba, Semdeg mcirdeba da 

24-e harmonikisa ufro maRalsixSirul diapazonSi aqvs mcire 

winaRoba.  

A2 bloki warmoadgens A1-is absoluturad identur moduls da 

rogorc modelirebis rezultatma gviCvena misi CarTva saWiro xdeba 

CanarTis 50%-ze metad datvirTvisas. 
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nax.62 TT 3/12/24  filtris sixSiruli maxasiaTebeli 

 

5.4.2 DT 12/36 filtri 

64-e naxazze naCvenebi B1 bloki warmoadgens DT 12/36 (Double 

Tuned –orrezonansiani, gaTvlilia or sixSirul zolze)  tipis 

filtris moduls, romlis mier generirebuli reaqtiuli 

simZlavre 50 herze Seadgens 80 mgvar-s. misi winaRobis sixSiruli 

maxasiaTeblidan (nax.63) kargad Cans. rom pirveli rezonansuli 

konturis warmoqmna xdeba me-12 rigis harmonikaze da igi TiTqmis 

Tanabrad  axSobs  mis  mezobel  me-11 da me-13 rigis harmonikebsac. 

me-13-dan 30-e rigis harmonikis sixSireebis CaTvliT DT 12/36 filtrs 

aqvs maRali winaRoba da am diapazonSi igi faqtiurad ar 

monawileobs harmonikebis filtraciaze.  

meore rezonansuli konturi warmoiqmneba 36-e rigis 

harmonikis sixSirize. logika aqac igivea: rezonansul sixSired 

viRebT realurad CasaxSobi 35-e da 37-e harmonikebis SuaSi myof 36-e 

harmonikis sixSires. 
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nax.63  DT 12/36 filtris sixSiruli maxasiaTebeli 

es midgoma savsebiT gamarTlebulia radgan pasiur filtrebs 

gaaCniaT CasaxSobi sixSiruli zolis imdenad didi sigane, rom 

konkretuli sixSiris arCevisas xdeba mezobeli sixSireebis CaxSobac.  

B2 bloki warmoadgens B1-is  analogias da mis CarTvas gansazRvravs 

mudmivi denis CanarTis reJimi. rogorc modelirebam aCvena 

konvertoris 50-60% da ufro metad datvirTvisas aRniSnuli 

blokis CarTva aucilebelia rogorc harmonikuli damaxinjebis, aseve 

CanarTis reaqtiuli energiis uzrunvelyofis kuTxiT. 

5.4.3 C bloki 

C blokis mTavari daniSnuleba mudmivi denis CanarTis 

reaqtiuli energiiT kvebaSi monawileobis miRebaa. iseve rogorc 

danarCeni blokebis SemTxvevaSi, misi CarTvac reJimiT ganisazRvreba. 

rogorc wesi igi saWiroa didi datvirTvebisas, rodesac Zabva 

konvertoris cvladi Zabvis salteze dabalia. igi monawileobs 

maRali rigis harmonikebis filtraciaSic, magram ar aris gaTvlili 

romelime konkretul sixSirul zolze, ubralod warmoadgens 

maRali sixSireebisTvis dabali winaRobis arxs. 



112 

 

 

   nax.64 cvladi Zabvis harmonikuli filtrebi “axalcixe 500”–is salteze (modeli ansoft simplorerisTvis) 
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5.4.4 filtris blokebis jamuri sixSiruli maxasiaTebeli  

zemoT ganxiluli filtris blokebis erTdrouli muSaobisas 

jamuri sixSiruli maxasiaTebeli iRebs 65-ე ნახაზზე naCveneb  saxes. 

maxasiaTeblidan kargad Cans, rom garda ramdenime rigis harmonikisa 

TiTqmis mTel speqtrSi filtrebis jamuri winaRoba sakmaod 

dabalia. aRniSnuli mrudis amoზნექილი monakveTebi Seesabameba im 

rigis harmonikebs, romelTa warmoqmnac 12 pulsiani koნvertoris 

muSaobisas TiTqmis ar xdeba. aqedan gamomdinare SeiZleba iTqvas, 

rom SerCeuli blokebis sxvadasxva kombinaciiT SesaZlebelia 

CanarTis yvela konkretul reJimSi damaxijebis koeficientebis 

dasaSveb normebSi moqceva, magram aRniSnulis Semowmeba aucilebelia 

simploreris modelis ფილტრებთან ერთად ganmeorebiTi gaSvebiT 

da gaangariSebiT. 

ნახ.64-ზე მოცემული ფილტრების ბლოკები წარმოადგენენ 

სიმპლორერში აგებულ მოდელს და შემდეგ თავებში ჩატარებულ 

გაანაგარიშებებში ფილტრაცია ხდება მხოლოდ მათი გამოყენებით. 

ნახ.65 2A+2B+C filtrebis jamuri sixSiruli maxasiaTebeli 
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5.5 normalur reJimSi qselis Zabvebis harmonikuli speqtri 

filtrebis gaTvaliswinebiT  

filtrebis modelirebis Semdeg kvlav vaxdenT qselis Zabvebis 

harmonikuli Semadgenlobis Seswavlasa da jamuri damaxinjebis 

koeficientebis gamoTvlas. 

axalcixis ქვესაგურის 500 კვ სალტის ძაბვა ფილტრების 

გათვალისწინებით იღებს 66-e ნახazზე ნაჩვენებ სახეს. მისი ჰარმონიკული 

სპექტრი 67-e ნახazზეa ნაჩვენები. 

     Zabvis jamuri damaxinjebis koeficienti tolia: 

���	%	(�. ��ℎ��) =
�ℎ�

� + ℎ�
� + ℎ��

� + ℎ��
�

ℎ�
× 100 =  

=
√7.57� + 5.19� + 6.26� + 0.01�

448
× 100 =

11.11

448
× 100 = 2.47% 

 

ნახ.66 Zabva q/s “axalcixe 500”-is 500 kv – is salteze 

        rogorc zemoT aRvniSneT saqarTvelos eleqtrosistemis 

maRali Zabvis qselSi maqsimalurad dasaSvebi jamuri harmonikuli 

damaxinjebis koeficientis sidide 2.5 - 3 % - iT ganisazRvreba. 

maSasadame, Cvens mier miRebuli sidide, romelic naangariSebia 

maqsimaluri datvirTvis reJimSi, dasaSvebia. 
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=
√

is wred

ნახ.67

00 kv

damaxinjebis koeficienti 

eleqtrulad 

damaxinjebis koeficiente

miuTiTebs, 

harmonikebisaTvis 

warmoqmnila.

220 kv Zabvis qselis harmonikuli analizis gasakeTeblad

rogorc magaliTi,

. misi harmonikuli speqtri 

damaxinjebis koeficienti 

√2.65

is wred

.67 q/s 

00 kv

damaxinjebis koeficienti 

eleqtrulad 

damaxinjebis koeficiente

miuTiTebs, 

harmonikebisaTvis 

qmnila.

220 kv Zabvis qselis harmonikuli analizis gasakeTeblad

rogorc magaliTi,

. misi harmonikuli speqtri 

damaxinjebis koeficienti 

���

65�

is wred

q/s 

00 kv 

damaxinjebis koeficienti 

eleqtrulad da

damaxinjebis koeficiente

miuTiTebs, 

harmonikebisaTvis 

qmnila.

220 kv Zabvis qselis harmonikuli analizis gasakeTeblad

rogorc magaliTi,

. misi harmonikuli speqtri 

damaxinjebis koeficienti 

���

� +

is wredisTvis 

q/s “axalcixe 500

 Zabvis wredSi normalur reJimSi maqsimaluri 

damaxinjebis koeficienti 

daSorebul

damaxinjebis koeficiente

miuTiTebs, 

harmonikebisaTvis 

qmnila. 

220 kv Zabvis qselis harmonikuli analizis gasakeTeblad

rogorc magaliTi,

. misi harmonikuli speqtri 

damaxinjebis koeficienti 

���	%

+ 1.

isTvis 

axalcixe 500

Zabvis wredSi normalur reJimSi maqsimaluri 

damaxinjebis koeficienti 

Sorebul

damaxinjebis koeficiente

miuTiTebs, rom 

harmonikebisaTvis SesamCnevi rezonansuli konturebi

220 kv Zabvis qselis harmonikuli analizis gasakeTeblad

rogorc magaliTi, 

. misi harmonikuli speqtri 

damaxinjebis koeficienti 

%	(�

.03

186

isTvis 

axalcixe 500

Zabvis wredSi normalur reJimSi maqsimaluri 

damaxinjebis koeficienti 

Sorebul

damaxinjebis koeficiente

rom 

SesamCnevi rezonansuli konturebi

220 kv Zabvis qselis harmonikuli analizis gasakeTeblad

 ganvixileT

. misi harmonikuli speqtri 

damaxinjebis koeficienti 

�. �����

03� +

186.14

isTvis Zabvis damaxinjebis 

axalcixe 500

Zabvis wredSi normalur reJimSi maqsimaluri 

damaxinjebis koeficienti 

Sorebul

damaxinjebis koeficiente

rom 

SesamCnevi rezonansuli konturebi

220 kv Zabvis qselis harmonikuli analizis gasakeTeblad

ganvixileT

. misi harmonikuli speqtri 

damaxinjebis koeficienti 

�����

+ 2

14

Zabvis damaxinjebis 

axalcixe 500

Zabvis wredSi normalur reJimSi maqsimaluri 

damaxinjebis koeficienti 

Sorebul 

damaxinjebis koeficiente

rom 500 kv Zabvis qselSi maRali rigis 

SesamCnevi rezonansuli konturebi

220 kv Zabvis qselis harmonikuli analizis gasakeTeblad

ganvixileT

. misi harmonikuli speqtri 

damaxinjebis koeficienti Seadgens

�����

2.19

Zabvis damaxinjebis 

axalcixe 500”

Zabvis wredSi normalur reJimSi maqsimaluri 

damaxinjebis koeficienti 

  

damaxinjebis koeficiente

500 kv Zabvis qselSi maRali rigis 

SesamCnevi rezonansuli konturebi

220 kv Zabvis qselis harmonikuli analizis gasakeTeblad

ganvixileT

. misi harmonikuli speqtri 

Seadgens

) =

19� +

Zabvis damaxinjebis 

”-is 500 kv 

Zabvis wredSi normalur reJimSi maqsimaluri 

damaxinjebis koeficienti gvaqvs 

 yvela kvanZSi

damaxinjebis koeficiente

500 kv Zabvis qselSi maRali rigis 

SesamCnevi rezonansuli konturebi

220 kv Zabvis qselis harmonikuli analizis gasakeTeblad

ganvixileT

. misi harmonikuli speqtri 

Seadgens

=
�

+ 0

Zabvis damaxinjebis 

is 500 kv 

Zabvis wredSi normalur reJimSi maqsimaluri 

gvaqvs 

yvela kvanZSi

damaxinjebis koeficientebi kidev ufro naklebi sididisaa.

500 kv Zabvis qselSi maRali rigis 

SesamCnevi rezonansuli konturebi

220 kv Zabvis qselis harmonikuli analizis gasakeTeblad

ganvixileT qvesadgur

. misi harmonikuli speqtri 

Seadgens:

�ℎ�
�

0.9�

Zabvis damaxinjebis 

is 500 kv 

Zabvis wredSi normalur reJimSi maqsimaluri 

gvaqvs 

yvela kvanZSi

bi kidev ufro naklebi sididisaa.

500 kv Zabvis qselSi maRali rigis 

SesamCnevi rezonansuli konturebi

220 kv Zabvis qselis harmonikuli analizis gasakeTeblad

qvesadgur

. misi harmonikuli speqtri 

: 

�
� +

�

×

Zabvis damaxinjebis 

is 500 kv 

Zabvis wredSi normalur reJimSi maqsimaluri 

gvaqvs 

yvela kvanZSi

bi kidev ufro naklebi sididisaa.

500 kv Zabvis qselSi maRali rigis 

SesamCnevi rezonansuli konturebi

220 kv Zabvis qselis harmonikuli analizis gasakeTeblad

qvesadgur

. misi harmonikuli speqtri naCvenebia

ℎ�
�

× 100

Zabvis damaxinjebis 

is 500 kv – is 

Zabvis wredSi normalur reJimSi maqsimaluri 

gvaqvs axalcixeSi

yvela kvanZSi

bi kidev ufro naklebi sididisaa.

500 kv Zabvis qselSi maRali rigis 

SesamCnevi rezonansuli konturebi

220 kv Zabvis qselis harmonikuli analizis gasakeTeblad

qvesadgur

naCvenebia

�
� +

ℎ�

100

Zabvis damaxinjebis ეს

is saltis Zabvis speqtri

Zabvis wredSi normalur reJimSi maqsimaluri 

axalcixeSi

yvela kvanZSi

bi kidev ufro naklebi sididisaa.

500 kv Zabvis qselSi maRali rigis 

SesamCnevi rezonansuli konturebi

220 kv Zabvis qselis harmonikuli analizis gasakeTeblad

qvesadgur 

naCvenebia

ℎ��
�

�

=
186

ეს 

saltis Zabvis speqtri

Zabvis wredSi normalur reJimSi maqsimaluri 

axalcixeSi

yvela kvanZSi, rogorc gasmoTvlebma 

bi kidev ufro naklebi sididisaa.

500 kv Zabvis qselSi maRali rigis 

SesamCnevi rezonansuli konturebi

220 kv Zabvis qselis harmonikuli analizis gasakeTeblad

 qsani

naCvenebia

��
� +

3.698

186

 done dasaSvebia.

saltis Zabvis speqtri

Zabvis wredSi normalur reJimSi maqsimaluri 

axalcixeSi

, rogorc gasmoTvlebma 

bi kidev ufro naklebi sididisaa.

500 kv Zabvis qselSi maRali rigis 

SesamCnevi rezonansuli konturebi

220 kv Zabvis qselis harmonikuli analizis gasakeTeblad

qsani

naCvenebia

+ ℎ��
�

698

186.14

done dasaSvebia.

saltis Zabvis speqtri

Zabvis wredSi normalur reJimSi maqsimaluri 

axalcixeSi

, rogorc gasmoTvlebma 

bi kidev ufro naklebi sididisaa.

500 kv Zabvis qselSi maRali rigis 

SesamCnevi rezonansuli konturebi

220 kv Zabvis qselis harmonikuli analizis gasakeTeblad

qsanis 

naCvenebia 69

��
�

×

698

14
×

done dasaSvebia.

saltis Zabvis speqtri

Zabvis wredSi normalur reJimSi maqsimaluri 

axalcixeSi 

, rogorc gasmoTvlebma 

bi kidev ufro naklebi sididisaa.

500 kv Zabvis qselSi maRali rigis 

SesamCnevi rezonansuli konturebi

220 kv Zabvis qselis harmonikuli analizis gasakeTeblad

 220

69-

× 100

× 100

done dasaSvebia.

saltis Zabvis speqtri

Zabvis wredSi normalur reJimSi maqsimaluri 

 (2,47%).

, rogorc gasmoTvlebma 

bi kidev ufro naklebi sididisaa.

500 kv Zabvis qselSi maRali rigis 

SesamCnevi rezonansuli konturebi

220 kv Zabvis qselis harmonikuli analizis gasakeTeblad

220 

-e 

100

100

done dasaSvebia.

saltis Zabvis speqtri

Zabvis wredSi normalur reJimSi maqsimaluri 

(2,47%).

, rogorc gasmoTvlebma 

bi kidev ufro naklebi sididisaa.

500 kv Zabvis qselSi maRali rigis 

SesamCnevi rezonansuli konturebi, 

220 kv Zabvis qselis harmonikuli analizis gasakeTeblad

 kv salt

 naxaz

100 =

100 =

done dasaSvebia.

saltis Zabvis speqtri

Zabvis wredSi normalur reJimSi maqsimaluri 

(2,47%).

, rogorc gasmoTvlebma 

bi kidev ufro naklebi sididisaa.

500 kv Zabvis qselSi maRali rigis 

 praqti

220 kv Zabvis qselis harmonikuli analizis gasakeTeblad

kv salt

naxaz

= 

= 1.98%

done dasaSvebia.

saltis Zabvis speqtri

Zabvis wredSi normalur reJimSi maqsimaluri 

(2,47%).

, rogorc gasmoTvlebma 

bi kidev ufro naklebi sididisaa.

500 kv Zabvis qselSi maRali rigis 

praqti

220 kv Zabvis qselis harmonikuli analizis gasakeTeblad

kv salt

naxazze.

98%

done dasaSvebia. 

saltis Zabvis speqtri 

Zabvis wredSi normalur reJimSi maqsimaluri 

(2,47%). 

, rogorc gasmoTvlebma 

bi kidev ufro naklebi sididisaa.

500 kv Zabvis qselSi maRali rigis 

praqtikulad

220 kv Zabvis qselis harmonikuli analizis gasakeTeblad

kv saltis Zabva

ze. 

98% 

 

Zabvis wredSi normalur reJimSi maqsimaluri 

 misgan 

, rogorc gasmoTvlebma 

bi kidev ufro naklebi sididisaa.

500 kv Zabvis qselSi maRali rigis 

kulad

220 kv Zabvis qselis harmonikuli analizis gasakeTeblad

is Zabva

 jamuri 
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Zabvis wredSi normalur reJimSi maqsimaluri 

misgan 

, rogorc gasmoTvlebma 

bi kidev ufro naklebi sididisaa. 

500 kv Zabvis qselSi maRali rigis 

kulad

220 kv Zabvis qselis harmonikuli analizis gasakeTeblad

is Zabva

jamuri 

115

 

Zabvis wredSi normalur reJimSi maqsimaluri 

misgan 

, rogorc gasmoTvlebma 

 es 

500 kv Zabvis qselSi maRali rigis 

kulad,

220 kv Zabvis qselis harmonikuli analizis gasakeTeblad, 

is Zabva

jamuri 

115 

 

Zabvis wredSi normalur reJimSi maqsimaluri 

misgan 

, rogorc gasmoTvlebma 

es 

500 kv Zabvis qselSi maRali rigis 

, 

, 

is Zabva 

jamuri 
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sainteresoa agreTve ra situaciaa sageneratoro 

magaliTisTvis ganvixileT enguris generatoris Zabva.

warmodgenilia

naxazze.  
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sainteresoa agreTve ra situaciaa sageneratoro 
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ნახ

sainteresoa agreTve ra situaciaa sageneratoro 

magaliTisTvis ganvixileT enguris generatoris Zabva.

warmodgenilia

200.00

ნახ

ნახ.69

sainteresoa agreTve ra situaciaa sageneratoro 

magaliTisTvis ganvixileT enguris generatoris Zabva.

warmodgenilia 

200.00

ნახ.68

.69 q/s 

sainteresoa agreTve ra situaciaa sageneratoro 

magaliTisTvis ganvixileT enguris generatoris Zabva.

 70

.68

q/s “

sainteresoa agreTve ra situaciaa sageneratoro 

magaliTisTvis ganvixileT enguris generatoris Zabva.

70-e naxaz

210.00

.68 Zabva q/s 

“qsani

sainteresoa agreTve ra situaciaa sageneratoro 

magaliTisTvis ganvixileT enguris generatoris Zabva.

e naxaz

210.00

Zabva q/s 

qsani

sainteresoa agreTve ra situaciaa sageneratoro 

magaliTisTvis ganvixileT enguris generatoris Zabva.

e naxaz

210.00

Zabva q/s 

qsani 500

sainteresoa agreTve ra situaciaa sageneratoro 

magaliTisTvis ganvixileT enguris generatoris Zabva.

e naxazზე

Zabva q/s “

500”

sainteresoa agreTve ra situaciaa sageneratoro 

magaliTisTvis ganvixileT enguris generatoris Zabva.

ზე,

220.00

“qsani

”-is 

sainteresoa agreTve ra situaciaa sageneratoro 

magaliTisTvis ganvixileT enguris generatoris Zabva.

, xolo misi harmonikuli speqtri 

220.00

qsani 

is 220

sainteresoa agreTve ra situaciaa sageneratoro 

magaliTisTvis ganvixileT enguris generatoris Zabva.

xolo misi harmonikuli speqtri 

220.00

 500

220 

sainteresoa agreTve ra situaciaa sageneratoro 

magaliTisTvis ganvixileT enguris generatoris Zabva.

xolo misi harmonikuli speqtri 

Time [ms]

500”-

 kv 

sainteresoa agreTve ra situaciaa sageneratoro 

magaliTisTvis ganvixileT enguris generatoris Zabva.

xolo misi harmonikuli speqtri 

230.00
Time [ms]

-is 

kv saltis Zabvis 

sainteresoa agreTve ra situaciaa sageneratoro 

magaliTisTvis ganvixileT enguris generatoris Zabva.

xolo misi harmonikuli speqtri 

230.00
Time [ms]

is 220

saltis Zabvis 

sainteresoa agreTve ra situaciaa sageneratoro 

magaliTisTvis ganvixileT enguris generatoris Zabva.

xolo misi harmonikuli speqtri 

230.00
Time [ms]

TR

220 kv salteze

saltis Zabvis 

sainteresoa agreTve ra situaciaa sageneratoro 

magaliTisTvis ganvixileT enguris generatoris Zabva.

xolo misi harmonikuli speqtri 

240.00

Curve Info

qsani220.V
TR

kv salteze

saltis Zabvis 

sainteresoa agreTve ra situaciaa sageneratoro 

magaliTisTvis ganvixileT enguris generatoris Zabva.

xolo misi harmonikuli speqtri 

240.00

Curve Info

qsani220.V

kv salteze

saltis Zabvis 

sainteresoa agreTve ra situaciaa sageneratoro 

magaliTisTvis ganvixileT enguris generatoris Zabva.

xolo misi harmonikuli speqtri 

240.00

Curve Info

qsani220.V

kv salteze

saltis Zabvis speqtri

sainteresoa agreTve ra situaciaa sageneratoro 

magaliTisTvis ganvixileT enguris generatoris Zabva.

xolo misi harmonikuli speqtri 

240.00

qsani220.V

kv salteze

speqtri

sainteresoa agreTve ra situaciaa sageneratoro 

magaliTisTvis ganvixileT enguris generatoris Zabva.

xolo misi harmonikuli speqtri 

250.00

kv salteze 

speqtri

sainteresoa agreTve ra situaciaa sageneratoro 

magaliTisTvis ganvixileT enguris generatoris Zabva. 

xolo misi harmonikuli speqtri 

250.00

speqtri 

sainteresoa agreTve ra situaciaa sageneratoro 

 Zabvis mrudi

xolo misi harmonikuli speqtri 

250.00

 

sainteresoa agreTve ra situaciaa sageneratoro salteebze

Zabvis mrudi

xolo misi harmonikuli speqtri 

250.00

salteebze

Zabvis mrudi

xolo misi harmonikuli speqtri 

260.00

salteebze

Zabvis mrudi

xolo misi harmonikuli speqtri 

260.00

116

 

salteebze

Zabvis mrudi

xolo misi harmonikuli speqtri 71

260.00

116

 

 

salteebze. 

Zabvis mrudi

71-e 

260.00

116 

 

. 

Zabvis mrudi 

e 
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ნახ.70 Zabva engurhesis sageneratoro salteze 

 

ნახ.71 engurhesis sageneratoro saltis Zabvis harmonikuli speqtri 

rogorc am ნახაზebიდან Cans harmonikuli speqtri praqtikulad 

ganulebulia, damaxinjeba gamowveulia mxolod me-5 rigis 

harmonikiT. am konkretul SemTxvevaSi jamuri damaxinjebis 

koeficienti praqtikulad warmoadgens individualuri damaxinjebis 

koeficients romelic gamowveulia swored me-5 harmonikiT: 

���	%	(�. ������) = ���	%	(�. ������, ℎ5) =
0.254

14.037
= 1.81% 
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TR

Name X Y

h1 0.0500 14.0371

h5 0.2500 0.2539

h7 0.3500 0.0000

h11 0.5500 0.0000

h13 0.6500 0.0000
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anu normalur reJimSi, CanarTis sruli datvirTvisas enguris 

sagenaratoro salteze  Zabvis damaxinjeba normas ar aRemateba. 

 

5.6 qselis Zabvebis harmonikuli speqtri  

              filtrebis gaTvaliswinebiT n-1 reJimSi 

odnav garTulebulia situacia energosistemis n-1 reJimSi. 

rogorc zemoT avRniSneT aseT dros mudmivi denis CanarTis mkvebavi 

gadacemis xazebis ekvivalenturi winaRoba izrdeba (radgan am 

konkretul SemTxvevaSi n-1 reJimSi vaxdenT CanarTis mkvebavi erT-

erTi gadacemis xazis “zestafoni-axalcixis” gamorTvas) da aqedan 

gamomdinare harmonikuli Zabvis vardnebic gaizrdeba. 

filtrebis gaTvaliswinebiT n-1 reJimSi axalcixis 500 kv 

salteze Zabvis mrudi da speqtri mocemulia 72-e da ნახ.73-ე naxazebze  

 

ნახ.72 Zabva q/s “axalcixe 500”-is 500 kv – is salteze (n-1, filtrebiT) 

jamuri damaxinjebis koeficienti axalcixis 500 kv saltisTvis iqneba: 

���	%	(�. ��ℎ��) =
�ℎ�
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� + ℎ��

� + ℎ��
�

ℎ�
× 100 =  
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73 q/s 

qsanis
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e.i normalur reJimJTan SedarebiT damaxinjebis koeficienti 
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e.i normalur reJimJTan SedarebiT damaxinjebis koeficienti 

gaizarda daaxloebiT 0.

“axalcixe 500

qsanis

naxazebzea
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8.0

e.i normalur reJimJTan SedarebiT damaxinjebis koeficienti 

gaizarda daaxloebiT 0.

axalcixe 500

qsanis 220

naxazebzea

200.00

0� +

e.i normalur reJimJTan SedarebiT damaxinjebis koeficienti 

gaizarda daaxloebiT 0.

axalcixe 500

220

naxazebzea naCvenebi. damaxinjeb

ნახ

200.00

+ 5.

e.i normalur reJimJTan SedarebiT damaxinjebis koeficienti 

gaizarda daaxloebiT 0.

axalcixe 500

220 kv

naCvenebi. damaxinjeb

ნახ.74

.38

445

e.i normalur reJimJTan SedarebiT damaxinjebis koeficienti 

gaizarda daaxloebiT 0.

axalcixe 500

kv saltis Zabva 

naCvenebi. damaxinjeb

.74

212.50

38� +

445.

e.i normalur reJimJTan SedarebiT damaxinjebis koeficienti 

gaizarda daaxloebiT 0.

axalcixe 500”-is 500 kv

saltis Zabva 

naCvenebi. damaxinjeb

.74 Zabva q/s 

212.50

+ 7

.96

e.i normalur reJimJTan SedarebiT damaxinjebis koeficienti 

gaizarda daaxloebiT 0.25

is 500 kv

saltis Zabva 

naCvenebi. damaxinjeb

Zabva q/s 

212.50

7.23

96

e.i normalur reJimJTan SedarebiT damaxinjebis koeficienti 

25%

is 500 kv

saltis Zabva 

naCvenebi. damaxinjeb

Zabva q/s 

212.50

23� +

e.i normalur reJimJTan SedarebiT damaxinjebis koeficienti 

%-

is 500 kv

saltis Zabva 

naCvenebi. damaxinjeb

Zabva q/s “

+ 1

e.i normalur reJimJTan SedarebiT damaxinjebis koeficienti 

-iT.

is 500 kv–is 

saltis Zabva 

naCvenebi. damaxinjeb

“qsani

225.00

1.0�

e.i normalur reJimJTan SedarebiT damaxinjebis koeficienti 

iT. 

is saltis Zabvis speqtri(

saltis Zabva 74

naCvenebi. damaxinjeb

qsani 

225.00

�

×

e.i normalur reJimJTan SedarebiT damaxinjebis koeficienti 

saltis Zabvis speqtri(

74-

naCvenebi. damaxinjeba 

 500

225.00
Time [ms]

× 100

e.i normalur reJimJTan SedarebiT damaxinjebis koeficienti 

saltis Zabvis speqtri(

-e, 

 aqac umniSvnelodaa gazrdili.

500”-

225.00
Time [ms]

100

e.i normalur reJimJTan SedarebiT damaxinjebis koeficienti 

saltis Zabvis speqtri(

 xolo harmonikuli speqtri ki 

aqac umniSvnelodaa gazrdili.

-is 

Time [ms]

=

e.i normalur reJimJTan SedarebiT damaxinjebis koeficienti 

saltis Zabvis speqtri(

xolo harmonikuli speqtri ki 

aqac umniSvnelodaa gazrdili.

is 220

237.50
Time [ms]

TR

12

445

e.i normalur reJimJTan SedarebiT damaxinjebis koeficienti 

saltis Zabvis speqtri(

xolo harmonikuli speqtri ki 

aqac umniSvnelodaa gazrdili.

220 kv salteze

237.50
Time [ms]

Curve Info

Qsani220.V
TR

12.09

445.96

e.i normalur reJimJTan SedarebiT damaxinjebis koeficienti 

saltis Zabvis speqtri(

xolo harmonikuli speqtri ki 

aqac umniSvnelodaa gazrdili.

kv salteze

237.50

Curve Info

Qsani220.V

09

96
×

e.i normalur reJimJTan SedarebiT damaxinjebis koeficienti 

saltis Zabvis speqtri(

xolo harmonikuli speqtri ki 

aqac umniSvnelodaa gazrdili.

kv salteze

237.50

Curve Info

Qsani220.V

× 100

e.i normalur reJimJTan SedarebiT damaxinjebis koeficienti 

saltis Zabvis speqtri(

xolo harmonikuli speqtri ki 

aqac umniSvnelodaa gazrdili.

kv salteze

Curve Info

Qsani220.V

100

e.i normalur reJimJTan SedarebiT damaxinjebis koeficienti 

saltis Zabvis speqtri(

xolo harmonikuli speqtri ki 

aqac umniSvnelodaa gazrdili.

kv salteze

250.00

Qsani220.V

100 =

e.i normalur reJimJTan SedarebiT damaxinjebis koeficienti 

saltis Zabvis speqtri(n-1, filtrebiT)

xolo harmonikuli speqtri ki 

aqac umniSvnelodaa gazrdili.

kv salteze 

250.00

Qsani220.V

= 2.

e.i normalur reJimJTan SedarebiT damaxinjebis koeficienti 

1, filtrebiT)

xolo harmonikuli speqtri ki 

aqac umniSvnelodaa gazrdili.

250.00

.72%

e.i normalur reJimJTan SedarebiT damaxinjebis koeficienti 

1, filtrebiT)

xolo harmonikuli speqtri ki 

aqac umniSvnelodaa gazrdili.

250.00

72% 

e.i normalur reJimJTan SedarebiT damaxinjebis koeficienti 

1, filtrebiT)

xolo harmonikuli speqtri ki 

aqac umniSvnelodaa gazrdili.

 

e.i normalur reJimJTan SedarebiT damaxinjebis koeficienti 

1, filtrebiT)

xolo harmonikuli speqtri ki 

aqac umniSvnelodaa gazrdili.

119

e.i normalur reJimJTan SedarebiT damaxinjebis koeficienti 

1, filtrebiT)

xolo harmonikuli speqtri ki 

aqac umniSvnelodaa gazrdili.

119

e.i normalur reJimJTan SedarebiT damaxinjebis koeficienti 

1, filtrebiT) 

xolo harmonikuli speqtri ki 

aqac umniSvnelodaa gazrdili.  

119 

e.i normalur reJimJTan SedarebiT damaxinjebis koeficienti 

 

 

xolo harmonikuli speqtri ki 

 



 

   damaxinjebis koeficienti

damaxinjeba gazrdilia 0.

500 kv 

rom

gansxvavdeba 

normalur reJimSi egx

axalcixe” SedarebiT gantvirTulia, xolo 

datvir

harmonikuli Zabvebis vardnas

damaxinjebis koeficientebis gazrdasac iwvevs.

 

harmonikuli Semadgenloba ki 

speqtridan 

damaxinjebis koeficienti

ნახ

damaxinjeba gazrdilia 0.

500 kv 

rom 

gansxvavdeba 

normalur reJimSi egx

axalcixe” SedarebiT gantvirTulia, xolo 

datvir

harmonikuli Zabvebis vardnas

damaxinjebis koeficientebis gazrdasac iwvevs.

 

harmonikuli Semadgenloba ki 

speqtridan 

damaxinjebis koeficienti

=

ნახ.75

normalur 

damaxinjeba gazrdilia 0.

500 kv saltisTvis 0.

 normalur reJimSi simZlavris nakadis mimarTuleba mkveTrad 

gansxvavdeba 

normalur reJimSi egx

axalcixe” SedarebiT gantvirTulia, xolo 

datvir

harmonikuli Zabvebis vardnas

damaxinjebis koeficientebis gazrdasac iwvevs.

 enguris

harmonikuli Semadgenloba ki 

speqtridan 

damaxinjebis koeficienti

=
√

.75 q/s 

normalur 

damaxinjeba gazrdilia 0.

saltisTvis 0.

normalur reJimSi simZlavris nakadis mimarTuleba mkveTrad 

gansxvavdeba 

normalur reJimSi egx

axalcixe” SedarebiT gantvirTulia, xolo 

datvirTvis didi wili am xazebze modis, rac Sesabamisad zrdis 

harmonikuli Zabvebis vardnas

damaxinjebis koeficientebis gazrdasac iwvevs.

enguris

harmonikuli Semadgenloba ki 

speqtridan 

damaxinjebis koeficienti

√2.67

q/s 

normalur 

damaxinjeba gazrdilia 0.

saltisTvis 0.

normalur reJimSi simZlavris nakadis mimarTuleba mkveTrad 

gansxvavdeba 

normalur reJimSi egx

axalcixe” SedarebiT gantvirTulia, xolo 

Tvis didi wili am xazebze modis, rac Sesabamisad zrdis 

harmonikuli Zabvebis vardnas

damaxinjebis koeficientebis gazrdasac iwvevs.

enguris

harmonikuli Semadgenloba ki 

speqtridan 

damaxinjebis koeficienti

���

67�

q/s “qsani

normalur 

damaxinjeba gazrdilia 0.

saltisTvis 0.

normalur reJimSi simZlavris nakadis mimarTuleba mkveTrad 

gansxvavdeba 

normalur reJimSi egx

axalcixe” SedarebiT gantvirTulia, xolo 

Tvis didi wili am xazebze modis, rac Sesabamisad zrdis 

harmonikuli Zabvebis vardnas

damaxinjebis koeficientebis gazrdasac iwvevs.

enguris

harmonikuli Semadgenloba ki 

speqtridan  Cans 

damaxinjebis koeficienti

���

� +

qsani

normalur 

damaxinjeba gazrdilia 0.

saltisTvis 0.

normalur reJimSi simZlavris nakadis mimarTuleba mkveTrad 

gansxvavdeba n-

normalur reJimSi egx

axalcixe” SedarebiT gantvirTulia, xolo 

Tvis didi wili am xazebze modis, rac Sesabamisad zrdis 

harmonikuli Zabvebis vardnas

damaxinjebis koeficientebis gazrdasac iwvevs.

enguris  

harmonikuli Semadgenloba ki 

Cans 

damaxinjebis koeficienti

���	%

1.27

qsani 500

normalur 

damaxinjeba gazrdilia 0.

saltisTvis 0.

normalur reJimSi simZlavris nakadis mimarTuleba mkveTrad 

-1 reJimSi simZlavris nakadis mimarTulebisagan. 

normalur reJimSi egx

axalcixe” SedarebiT gantvirTulia, xolo 

Tvis didi wili am xazebze modis, rac Sesabamisad zrdis 

harmonikuli Zabvebis vardnas

damaxinjebis koeficientebis gazrdasac iwvevs.

 generatoris

harmonikuli Semadgenloba ki 

Cans n-

damaxinjebis koeficienti

%	(�

27�

173

500

normalur reJimTan Sedarebi

damaxinjeba gazrdilia 0.

saltisTvis 0.

normalur reJimSi simZlavris nakadis mimarTuleba mkveTrad 

1 reJimSi simZlavris nakadis mimarTulebisagan. 

normalur reJimSi egx

axalcixe” SedarebiT gantvirTulia, xolo 

Tvis didi wili am xazebze modis, rac Sesabamisad zrdis 

harmonikuli Zabvebis vardnas

damaxinjebis koeficientebis gazrdasac iwvevs.

generatoris

harmonikuli Semadgenloba ki 

-1 

damaxinjebis koeficienti

�. �����

� +

173.15

500”-is 

reJimTan Sedarebi

damaxinjeba gazrdilia 0.

saltisTvis 0.25

normalur reJimSi simZlavris nakadis mimarTuleba mkveTrad 

1 reJimSi simZlavris nakadis mimarTulebisagan. 

normalur reJimSi egx

axalcixe” SedarebiT gantvirTulia, xolo 

Tvis didi wili am xazebze modis, rac Sesabamisad zrdis 

harmonikuli Zabvebis vardnas

damaxinjebis koeficientebis gazrdasac iwvevs.

generatoris

harmonikuli Semadgenloba ki 

1  reJimSi 

damaxinjebis koeficienti

�����

+ 2.63

15

is 220

reJimTan Sedarebi

damaxinjeba gazrdilia 0.

25 %

normalur reJimSi simZlavris nakadis mimarTuleba mkveTrad 

1 reJimSi simZlavris nakadis mimarTulebisagan. 

normalur reJimSi egx

axalcixe” SedarebiT gantvirTulia, xolo 

Tvis didi wili am xazebze modis, rac Sesabamisad zrdis 

harmonikuli Zabvebis vardnas

damaxinjebis koeficientebis gazrdasac iwvevs.

generatoris

harmonikuli Semadgenloba ki 

reJimSi 

damaxinjebis koeficienti 

�����

63�

220

reJimTan Sedarebi

damaxinjeba gazrdilia 0.56 %

%-s 

normalur reJimSi simZlavris nakadis mimarTuleba mkveTrad 

1 reJimSi simZlavris nakadis mimarTulebisagan. 

normalur reJimSi egx-ebi “qsani 

axalcixe” SedarebiT gantvirTulia, xolo 

Tvis didi wili am xazebze modis, rac Sesabamisad zrdis 

harmonikuli Zabvebis vardnas

damaxinjebis koeficientebis gazrdasac iwvevs.

generatoris

harmonikuli Semadgenloba ki 

reJimSi 

 qsanis 220 kv saltisTvis tolia:

) =

� +

220 kv 

reJimTan Sedarebi

6 %

s Seadgens

normalur reJimSi simZlavris nakadis mimarTuleba mkveTrad 

1 reJimSi simZlavris nakadis mimarTulebisagan. 

ebi “qsani 

axalcixe” SedarebiT gantvirTulia, xolo 

Tvis didi wili am xazebze modis, rac Sesabamisad zrdis 

harmonikuli Zabvebis vardnas

damaxinjebis koeficientebis gazrdasac iwvevs.

generatoris

harmonikuli Semadgenloba ki 

reJimSi 

qsanis 220 kv saltisTvis tolia:

=
�

+ 1.

kv saltis Zabvis speqtri (

reJimTan Sedarebi

6 %-iT, maSin rodesac es nazrdi axalcixis 

Seadgens

normalur reJimSi simZlavris nakadis mimarTuleba mkveTrad 

1 reJimSi simZlavris nakadis mimarTulebisagan. 

ebi “qsani 

axalcixe” SedarebiT gantvirTulia, xolo 

Tvis didi wili am xazebze modis, rac Sesabamisad zrdis 

harmonikuli Zabvebis vardnas

damaxinjebis koeficientebis gazrdasac iwvevs.

generatoris 

harmonikuli Semadgenloba ki 

reJimSi  enguris 

qsanis 220 kv saltisTvis tolia:

�ℎ�
�

.93

saltis Zabvis speqtri (

reJimTan Sedarebi

iT, maSin rodesac es nazrdi axalcixis 

Seadgens

normalur reJimSi simZlavris nakadis mimarTuleba mkveTrad 

1 reJimSi simZlavris nakadis mimarTulebisagan. 

ebi “qsani 

axalcixe” SedarebiT gantvirTulia, xolo 

Tvis didi wili am xazebze modis, rac Sesabamisad zrdis 

harmonikuli Zabvebis vardnas 

damaxinjebis koeficientebis gazrdasac iwvevs.

  Zabvis

harmonikuli Semadgenloba ki 77

enguris 

qsanis 220 kv saltisTvis tolia:

�
� +

93�

×

saltis Zabvis speqtri (

reJimTan Sedarebi

iT, maSin rodesac es nazrdi axalcixis 

Seadgens. aRniSnuli SeiZleba aixsnas imiT, 

normalur reJimSi simZlavris nakadis mimarTuleba mkveTrad 

1 reJimSi simZlavris nakadis mimarTulebisagan. 

ebi “qsani 

axalcixe” SedarebiT gantvirTulia, xolo 

Tvis didi wili am xazebze modis, rac Sesabamisad zrdis 

 

damaxinjebis koeficientebis gazrdasac iwvevs.

Zabvis

77-

enguris 

qsanis 220 kv saltisTvis tolia:

ℎ�
�

× 100

saltis Zabvis speqtri (

reJimTan Sedarebi

iT, maSin rodesac es nazrdi axalcixis 

. aRniSnuli SeiZleba aixsnas imiT, 

normalur reJimSi simZlavris nakadis mimarTuleba mkveTrad 

1 reJimSi simZlavris nakadis mimarTulebisagan. 

ebi “qsani –

axalcixe” SedarebiT gantvirTulia, xolo 

Tvis didi wili am xazebze modis, rac Sesabamisad zrdis 

 qsanis qvesadgurSi da jamuri 

damaxinjebis koeficientebis gazrdasac iwvevs.

Zabvis

-e naxazebzea mocemuli

enguris  

qsanis 220 kv saltisTvis tolia:

�
� +

ℎ�

100

saltis Zabvis speqtri (

reJimTan SedarebiT

iT, maSin rodesac es nazrdi axalcixis 

. aRniSnuli SeiZleba aixsnas imiT, 

normalur reJimSi simZlavris nakadis mimarTuleba mkveTrad 

1 reJimSi simZlavris nakadis mimarTulebisagan. 

– 

axalcixe” SedarebiT gantvirTulia, xolo 

Tvis didi wili am xazebze modis, rac Sesabamisad zrdis 

qsanis qvesadgurSi da jamuri 

damaxinjebis koeficientebis gazrdasac iwvevs.

Zabvis 

e naxazebzea mocemuli

 sageneratoro 

qsanis 220 kv saltisTvis tolia:

ℎ��
�

�

100 =

saltis Zabvis speqtri (

T 

iT, maSin rodesac es nazrdi axalcixis 

. aRniSnuli SeiZleba aixsnas imiT, 

normalur reJimSi simZlavris nakadis mimarTuleba mkveTrad 

1 reJimSi simZlavris nakadis mimarTulebisagan. 

 marneuli” da “marneuli 

axalcixe” SedarebiT gantvirTulia, xolo 

Tvis didi wili am xazebze modis, rac Sesabamisad zrdis 

qsanis qvesadgurSi da jamuri 

damaxinjebis koeficientebis gazrdasac iwvevs.

  

e naxazebzea mocemuli

sageneratoro 

qsanis 220 kv saltisTvis tolia:

��
� +

4

173

saltis Zabvis speqtri (

 qsanis 220 kv salteze 

iT, maSin rodesac es nazrdi axalcixis 

. aRniSnuli SeiZleba aixsnas imiT, 

normalur reJimSi simZlavris nakadis mimarTuleba mkveTrad 

1 reJimSi simZlavris nakadis mimarTulebisagan. 

marneuli” da “marneuli 

axalcixe” SedarebiT gantvirTulia, xolo 

Tvis didi wili am xazebze modis, rac Sesabamisad zrdis 

qsanis qvesadgurSi da jamuri 

damaxinjebis koeficientebis gazrdasac iwvevs.

 mrudi

e naxazebzea mocemuli

sageneratoro 

qsanis 220 kv saltisTvis tolia:

+ ℎ��
�

4.41

173.15

saltis Zabvis speqtri (

qsanis 220 kv salteze 

iT, maSin rodesac es nazrdi axalcixis 

. aRniSnuli SeiZleba aixsnas imiT, 

normalur reJimSi simZlavris nakadis mimarTuleba mkveTrad 

1 reJimSi simZlavris nakadis mimarTulebisagan. 

marneuli” da “marneuli 

axalcixe” SedarebiT gantvirTulia, xolo 

Tvis didi wili am xazebze modis, rac Sesabamisad zrdis 

qsanis qvesadgurSi da jamuri 

damaxinjebis koeficientebis gazrdasac iwvevs. 

mrudi

e naxazebzea mocemuli

sageneratoro 

qsanis 220 kv saltisTvis tolia:

��
�

×

41

15

saltis Zabvis speqtri (

qsanis 220 kv salteze 

iT, maSin rodesac es nazrdi axalcixis 

. aRniSnuli SeiZleba aixsnas imiT, 

normalur reJimSi simZlavris nakadis mimarTuleba mkveTrad 

1 reJimSi simZlavris nakadis mimarTulebisagan. 

marneuli” da “marneuli 

axalcixe” SedarebiT gantvirTulia, xolo n-1 reJimSi CanarTis 

Tvis didi wili am xazebze modis, rac Sesabamisad zrdis 

qsanis qvesadgurSi da jamuri 

mrudi 

e naxazebzea mocemuli

sageneratoro 

qsanis 220 kv saltisTvis tolia:

× 100

× 100

saltis Zabvis speqtri (n

qsanis 220 kv salteze 

iT, maSin rodesac es nazrdi axalcixis 

. aRniSnuli SeiZleba aixsnas imiT, 

normalur reJimSi simZlavris nakadis mimarTuleba mkveTrad 

1 reJimSi simZlavris nakadis mimarTulebisagan. 

marneuli” da “marneuli 

1 reJimSi CanarTis 

Tvis didi wili am xazebze modis, rac Sesabamisad zrdis 

qsanis qvesadgurSi da jamuri 

  

e naxazebzea mocemuli

sageneratoro 

qsanis 220 kv saltisTvis tolia:

100

100

n-1, filtrebiT)

qsanis 220 kv salteze 

iT, maSin rodesac es nazrdi axalcixis 

. aRniSnuli SeiZleba aixsnas imiT, 

normalur reJimSi simZlavris nakadis mimarTuleba mkveTrad 

1 reJimSi simZlavris nakadis mimarTulebisagan. 

marneuli” da “marneuli 

1 reJimSi CanarTis 

Tvis didi wili am xazebze modis, rac Sesabamisad zrdis 

qsanis qvesadgurSi da jamuri 

 76

e naxazebzea mocemuli

sageneratoro  

qsanis 220 kv saltisTvis tolia:

100 =

100 =

1, filtrebiT)

qsanis 220 kv salteze 

iT, maSin rodesac es nazrdi axalcixis 

. aRniSnuli SeiZleba aixsnas imiT, 

normalur reJimSi simZlavris nakadis mimarTuleba mkveTrad 

1 reJimSi simZlavris nakadis mimarTulebisagan. 

marneuli” da “marneuli 

1 reJimSi CanarTis 

Tvis didi wili am xazebze modis, rac Sesabamisad zrdis 

qsanis qvesadgurSi da jamuri 

76-e xolo 

e naxazebzea mocemuli

 Zabvaze 

qsanis 220 kv saltisTvis tolia:

= 

= 2

1, filtrebiT)

qsanis 220 kv salteze 

iT, maSin rodesac es nazrdi axalcixis 

. aRniSnuli SeiZleba aixsnas imiT, 

normalur reJimSi simZlavris nakadis mimarTuleba mkveTrad 

1 reJimSi simZlavris nakadis mimarTulebisagan. 

marneuli” da “marneuli 

1 reJimSi CanarTis 

Tvis didi wili am xazebze modis, rac Sesabamisad zrdis 

qsanis qvesadgurSi da jamuri 

e xolo 

e naxazebzea mocemuli

Zabvaze 

qsanis 220 kv saltisTvis tolia: 

2.54%

1, filtrebiT)

qsanis 220 kv salteze 

iT, maSin rodesac es nazrdi axalcixis 

. aRniSnuli SeiZleba aixsnas imiT, 

normalur reJimSi simZlavris nakadis mimarTuleba mkveTrad 

1 reJimSi simZlavris nakadis mimarTulebisagan. 

marneuli” da “marneuli 

1 reJimSi CanarTis 

Tvis didi wili am xazebze modis, rac Sesabamisad zrdis 

qsanis qvesadgurSi da jamuri 

e xolo 

e naxazebzea mocemuli. 

Zabvaze 

 

54% 

1, filtrebiT)

qsanis 220 kv salteze 

iT, maSin rodesac es nazrdi axalcixis 

. aRniSnuli SeiZleba aixsnas imiT, 

normalur reJimSi simZlavris nakadis mimarTuleba mkveTrad 

1 reJimSi simZlavris nakadis mimarTulebisagan. 

marneuli” da “marneuli 

1 reJimSi CanarTis 

Tvis didi wili am xazebze modis, rac Sesabamisad zrdis 

qsanis qvesadgurSi da jamuri 

e xolo 

 rogorc 

Zabvaze  kvl

 

1, filtrebiT)

qsanis 220 kv salteze 

iT, maSin rodesac es nazrdi axalcixis 

. aRniSnuli SeiZleba aixsnas imiT, 

normalur reJimSi simZlavris nakadis mimarTuleba mkveTrad 

1 reJimSi simZlavris nakadis mimarTulebisagan. 

marneuli” da “marneuli 

1 reJimSi CanarTis 

Tvis didi wili am xazebze modis, rac Sesabamisad zrdis 

qsanis qvesadgurSi da jamuri 

e xolo 

rogorc 

kvl

120

1, filtrebiT) 

qsanis 220 kv salteze 

iT, maSin rodesac es nazrdi axalcixis 

. aRniSnuli SeiZleba aixsnas imiT, 

normalur reJimSi simZlavris nakadis mimarTuleba mkveTrad 

1 reJimSi simZlavris nakadis mimarTulebisagan. 

marneuli” da “marneuli 

1 reJimSi CanarTis 

Tvis didi wili am xazebze modis, rac Sesabamisad zrdis 

qsanis qvesadgurSi da jamuri 

e xolo misi 

rogorc 

kvlav 

120

 

 

qsanis 220 kv salteze 

iT, maSin rodesac es nazrdi axalcixis 

. aRniSnuli SeiZleba aixsnas imiT, 

normalur reJimSi simZlavris nakadis mimarTuleba mkveTrad 

1 reJimSi simZlavris nakadis mimarTulebisagan. 

marneuli” da “marneuli –

1 reJimSi CanarTis 

Tvis didi wili am xazebze modis, rac Sesabamisad zrdis 

qsanis qvesadgurSi da jamuri 

misi 

rogorc 

av  

120 

qsanis 220 kv salteze 

iT, maSin rodesac es nazrdi axalcixis 

. aRniSnuli SeiZleba aixsnas imiT, 

normalur reJimSi simZlavris nakadis mimarTuleba mkveTrad 

1 reJimSi simZlavris nakadis mimarTulebisagan. 

– 

1 reJimSi CanarTis 

Tvis didi wili am xazebze modis, rac Sesabamisad zrdis 
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rogorc gaangariSebam aCvena normalur reJimTan SedarebiT   

n-1 reJimSi enguris sageneratoro salteze jamuri damaxinjebis 

koeficienti izrdeba 0.12%-iT magram ar scdeba dasaSveb zRvars.  

 

 

5.7 jamuri damaxinjebis koeficientebis damokidebuleba mudmivi denis 

CanarTis datvirTvaze filtrebis gaTvaliswinebiT 

kvlevis bolo etapze SevamowmeT SerCeuli filtrebis 

efeqturoba gadasacemi simZlavris mTel diapazonSi, radgan 

Teoriulad SesaZlebelia romelime konkretul reJimSi qselis 

konkretul ubnebSi rezonansuli konturebis warmoqmna da 

damaxinjebis koeficientebis dasaSvebi zRvrebidan gamosvla. 

amisaTvis rogor ukve zemoT filtrebis gareSe gavakeTeT, 

kvlav vzrdiT CanarTis datvirTvis 100 mgvt-iani bijiT 0-dan 700  

mgvt–mde da TiToeul bijze axalcixis qvesadguris 500 kv Zabvis 

saltisTvis vaxdenT denisa da Zabvis damaxinjebis koeficientebis 

gamoTvlas. 

jamuri damaxinjebis koeficientebis damokidebuleba CanarTiT 

gadacemul simZlavresTan da am damokidebulebis amsaxveli 

matematikuri funqciebi naCvenebia 78-ე naxazze. rogorc naxazidan Cans 

CanarTis datvirTvis mTel diapazonSi denisa da Zabvis damaxinjebis 

koeficientebi ar aRemateba saqarTvelos eleqtrosistemis maRali 

Zabvis qselisTvis dasaSveb normas. aqedan gamomdinare, SegviZlia 

davaskvnaT rom Cvens mier, poligonis meTodiT და კომპიუტერული 

მაქსიმიზაციით, SerCeuli TT 3/12/24, DT 12/36 da C tipis filtrebi 

uzrunvelyofen qselSi Zabvis damaxinjebis dasaSvebi donis 

SenarCunebas mudmivi denis CanarTis datvirTvis mTel diapazonSi da 

agreTve uzrunvelyofen CanarTs saWiro reaqtiuli simZlavriT, 

radgan maT mier 50 hercze generirebuli reaqtiuli simZlavre 
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daskvna 

 
1. gamokvleul iqna arasinusoidurobis xarisxis damokidebuleba 

CanarTiT gadasacem simZlavreze qselis parametrebis gareSe da 

am parametrebis gaTvaliswinebiT; 

2.  Seqmnilia saqarTvelos eleqtrosistemis maRali Zabvis qselisa 

da mudmivi denis CanarTis specialuri kompiuteruli modelebi 

“Ansoft Simplorer”–sTvis, rac saSualebas iZleva eleqtrosistemis 

nebismier reJimSi Catardes harmonikuli analizi.  

3.  dadginda, rom  axalcixis  konvertoruli qvesadguris 700 mgvt 

simZlavriT datvirTvisas, cvladi Zabvis filtrebis 

instalaciamde Zabvis maqsimaluri jamuri damaxinjebis 

koeficienti aRwevs 5.57%-s (axalcixis 500 kv Zabvis salte);  

4. Sedgenilia  damaxinjebis koeficientebisa  da harmonikuli 

mdgenelebis krebsiTi cxrilebi 500 kv Zabvis sxvadasxva 

kvanZebisTvis;  

5.  ganxiluli  iqna  enegrosistemis  n-1 reJimi, ramac aCvena, rom 

axalcixis 500 kv Zabvis salteze Zabvis damaxinjebis koeficienti 

gaizarda 6.59%-mde; 

6.  praqtikulad arc erT reJimSi maRali Zabvis qselSi SesamCnevi 

rezonansuli konturebis warmoqmna ar dafiqsirebula; 

7.   Seswavlil iqna zogierTi arakanonikuri harmonikebis warmoqmnis 

sakiTxi mudmivi denis CanarTis mkvebavi samfaza sistemis 

asimetriis dros; 

8.  kvlevebiTa  da  eqsperimentebiT miRebuli Sedegebis safuZvelze 

poligonis meTodiT da kompiuteruli maqsimizaciis gamoyenebiT 

SerCeul iqna cvladi Zabvis filtrebi axalcixis konvertoruli 

qvesadgurisTvis; 
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9. cvladi  Zabvis  filtrebis modelirebis Semdeg Catarda 

ganmeorebiTi gaangariSeba da axalcxis kvanZSi jamuri damaxinjebis 

koeficientma Seadgina normalur reJmSi 2.47%, xolo n-1 reJimSi 

2.72%, rac  saqarTvelos qselis kodiT dasaSveb dones 

warmoadgens; 

10. SerCeuli cvladi Zabvis filtrebi uzrunvelyofen 500 kv Zabvis 

yvela kvanZSi damaxinjebis koeficientebis dasaSveb donemde 

Semcirebas da axdenen konvertoruli qvesadguris mier 

moTxovnili reaqtiuli simZlavris kompensacias saWiro doneze.   
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