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რეზიუმ ე 

maTematikuri modelireba warmoadgens adamianis mier gare 

samyaros movlenebis Secnobis erT-erT ZiriTad instruments. igi 

aris realuri obieqtis, procesis an sistemis Seswavlis 

saSualeba maTi maTematikuri modeliT Secvlis gziT, romelic 

ufro moxerxebulia gamomTvleli manqanis gamoyenebiT 

eqsperimentuli kvlevis Catarebisas. 

maTematikuri modeli es aris realuri obieqtis, procesis 

an sistemis miaxloebiTi warmodgena gamosaxuli maTematikuri 

terminebiT, romelic inarCunebs originalis Tvisebebs. isini 

logikur-maTematikuri konstruqciebis daxmarebiT aRwers 

obieqtis, procesis an sistemis ZiriTad Tvisebebs, maT 

parametrebs, Sida da gare kavSirebs. maTematikuri modelis ageba 

niSnavs ama Tu im processa da movlenas Soris kavSiris 

gansazRvras, maTematikuri aparatis Seqmnas, romelic saSualebas 

gvaZlevs raodenobrivad da Tvisobrivad gamovsaxoT kavSiri 

specialistebisaTvis saintereso fizikur sidideebsa da im 

faqtorebs Soris, romlebic gavlenas axdenen saboloo Sedegze. 

MmaTematikur modelirebaSi kompiuteris gamoyenebam 

Secvala TviT mcneba “amocanis amoxsna”. aqamde mkvlevari 

kmayofildeboda maTematikuri modelis daweriT, amJamad saWiroa 

amocana davides gamoTvlebamde, risTvisac saWiroa triada: 

“modeli-algoriTmi-programa”. 

naSromis I TavSi moyvanilia, rom maTematikuri modelebis 

farTo gamoyeneba saSualebas iZleva aiwios Teoriuli 

gamokvlevebis saerTo done, Catardes isini eqsperimentul 

gamokvlevebTan mWidro kavSirSi Tanamedrove gamoTvliTi 

meTodebisa da informatikis teqnikur instrumentebze 

dayrdnobiT, zedmiwevniT da siRrmiseulad sakmaod srulad 

SeviswavloT obieqti, rac wminda Teoriuli midgomis dros 

SeuZlebelia. 
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naSromSi amave TavSi ganxilulia agreTve dakavSirebuli 

eleqtruli wredebi: galvanuri, induqciuri, 

avtotransformatoruli, tevaduri da kombinirebuli induqciur-

tevaduri kavSirebiani. ganxilulia am wredebis fizikuri 

safuZvlebi da maTi maTematikuri problemebi. istoriuli 

rakursi dawyebuli eleqtrobis aRmoCenidan dRemde. arsebuli 

maTematikuri modelebis zogierTi uzustobani. 

gasuli saukunis 60-70 -iani wlebi gansakuTrebiT nayofieri 

gamodga eleqtroteqnikis Teoriuli problemebis ganviTarebis 

TvalsazrisiT. egm-is ganviTarebam, maTi gamoyenebis efeqturobis 

aucilebelma amaRlebam gansazRvra eleqtruli wredebis 

Teoriis sferoSi axali Teoriuli midgomebis damuSaveba. egm-is 

unarma daimaxsovros ricxvTa didi masivebi, Seasrulos 

logikuri operaciebi aiZula mecnierebi gadaexedaT eleqtruli 

wredebis gaangariSebis meTodebisaTvis. 

warmoiqmna im meTodebis ganviTarebis moTxovna, romlebic 

yvelaze metad iyeneben egm-is specifikur Tvisebebs, aseT 

meTodebs miekuTvneba matriculi meTodebi. amasTanave 

aucilebeli xdeba mimdinare procesebis fizikuri mxaris gageba 

da amis safuZvelze miRebuli Sedegebis WeSmaritebis Sefaseba. 

zusti informaciis gadacemisa da gardaqmnis sakiTxTan 

dakavSirebiT mizanSewonilia eleqtruli wredebis Teoriis 

zogierTi sakiTxis gadmocemis meTodikaSi garkveuli 

cvlilebebis Setana. yvelaze met damuSavebas moiTxovs zogierTi 

saxis induqciurad dakavSirebuli, gawonasworebis eleqtruli 

da samfaza wredebSi mimdinare procesebi, romlebSic fizikuri 

procesebis maTematikuri aRwera ar Seesabameba realurad 

mimdinare procesebs, ris garSemoc mimdinareobda gauTavebeli 

diskusiebi, magram saboloo pasuxebi dResac ar aris miRebuli. 

meore TavSi moyvanilia rom induqciurad dakavSirebuli 

wredebi yvelaze farTod gamoiyeneba saxvadasxva eleqtruli 

mowyobilobebis Seqmnisas da amitom am saxis dakavSirebul 

wredebs yvelaze meti yuradReba daeTmo aRniSnul samuSaoSi. 
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pirvel rigSi ganxilulia mimdevrobiT SeerTebuli induqciurad 

dakavSirebuli wredebi, romlis zusti maTematikuri modeli 

Cvenamde Seqmnili ar iyo, ris gamoc arsebuli maTematikuri 

modelis gamoyenebisas TiTqosda Tavs iCenda e.w. “tevaduri 

efeqti’. Cvens mier Seqmnili maTematikuri modelis safuZvelze 

dadginda, rom araviTari  “tevaduri efeqti’ ar arsebobs, aramed 

saWiroa induqciurad dakavSirebuli wredebis fizikuri 

procesebis zusti maTematikuri aRwera. Sedgenilia agreTve 

maTematikuri modelebi kirxhofis gantolebaTa sistemis 

safuZvelze axali aTvlis sistemaSi erTfaza da samfaza 

transformatorebisaTvis uqmi svlisa da datvirTvis reJimSi. am 

modelebis safuZvelze Sedgenilia blok-sqema da programa 

transformatorebisaTvis optimaluri parametrebis dasadgenad. 

aqve mocemulia samfaza transformatoris maTematikuri modelis 

mniSvneloba da saWiroeba. 

naSromSi ganxilulia agreTve samfaza wredebis samkuTxedi-

varskvlavze SeerTebis gaangariSebis sakiTxebi. sadac 

damtkicebulia, rom Tanamedrove eleqtroteqnikur 

literaturaSi sayovelTaod miRebuli gaangariSebis meTodika am 

SemTxvevaSi uvargisia da moyvanilia am SeerTebis gaangariSebis 

magaliTebi arsebuli da Cvens mier SemoTavazebuli emZ.-ebis 

(Zabvebis) sistemis safuZvelze. 

naSromis mesame Tavi eZRvneba transformatorul sazom 

bogirebsa da gawonasworebis eleqtrul sqemebs. moyvanilia 

bogirebis klasifikaciis, gawonasworebisa da simetriis, 

maqsimaluri mgrZnobiarobis, ormagi bogiris maTematikuri 

modelis sakiTxebi, aseve gawonasworebis eleqtruli sqemebis 

Tanamedrove mdgomareobis erT-erTi ZiriTadi amocanis – 

wonasworobis pirobis gamoyvana eleqtruli wredebis Teoriis 

safuZvelze Cvens mier Seqmnili maTematikuri modelis 

gamoyenebiT, romlis mixedviTac Seqmnilia blok-sqema da 

programa, romelic saSualebas gvaZlevs SerCeuli iqnas 
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gawonasworebis eleqtruli wredebis iseTi parametrebi, 

romlebic akmayofileben wonasworobis pirobebs. 

amave TavSi agreTve gansazRvrulia gawonasworebis 

eleqtruli sqemebis erTfaza transformatoris namdvili 

gardaqmnis koeficienti, romelic farTod aris gamoyenebuli 

sworkuTxa koordinaciuli kompensatorebis gavrcelebul 

konstruqciebSi, kompleqsuri winaRobebisa da 

urTierTinduqciurobis koeficientis gamzom sqemebSi. 

naSromis meoTxe TavSi ganxilulia Txevadxviiani 

konduqtometris maTematikuri modelebisa da kompiuteruli 

programebis damuSavebis sakiTxebi sakompensacio gargnilebiTa 

da mis gareSe. aRniSnuli programebiT SesaZlebelia 

ganisazRvros am klasis konduqtometrebis optimaluri 

parametrebi maqsimaluri mgrZnobiarobis misaRebad, rac 

saSualebas miscems  mecnierebs damuSavdes maRali 

mgrZnobiarobis Tanamedrove konduqtometruli xelsawyoebi. 

naSromis bolos moyvanilia daskvnebi, sadac mocemulia 

Catarebuli gamokvlevebis safuZvelze miRebuli Sedegebi. 
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Abstract 

Mathematical modelling is the most powerful tool of knowledge the person of 

an environment. It is means of knowledge of real object of process or system by their 

displacement by mathematical models which are more comprehensible in 

experimental researches by means of computers. Mathematical model, this 

approached representation of real object, processes or the systems, expressed in 

mathematical terms which keeps properties of the original. They by means of 

mathematikal - logic designs describe the basic properties of object, process or 

system, their parameters, internal and external communications. Construction of 

mathematical model means, to define communication between process and event, to 

create the mathematical device which enables to display quantitative and qualitative 

communications between physical sizes interesting experts and factors which 

influence an end result. Use of a computer in mathematical modelling has changed 

concept? To set the task?. About one today the researcher was content with the 

description of mathematical model, but today the problem should be finished to 

calculations for which it is necessary a triad: modell-algorithm? The program. In 1 

chapter of the presented work it is specified, that wide application of mathematical 

models enables to lift the general level of theoretical researches, to spend them in 

close communication with experimental researches by means of modern computing 

methods and technical tools and more deeply to study object, that at the theoretical 

approach not probably. In the same chapter the connected electric circuits are 

considered: галваничный, inductive, autotransformer, capacitor and combined 

inductance-capacitor. Physical bases and mathematical problems of these circuits, 

some discrepancies of existing mathematical models are considered. 60-70-ие years 

have appeared fruitful in sphere of development of the theory electrical engineers. 

Development electronic computing. 

In the second chapter are considered it is inductive the connected circuits 

Which are widely applied at creation electric оборудований and consequently in the 

given work the greater attention is given the connected circuits of such type. First of 

all are considered consistently connected it is inductive the connected circuits, exact 

mathematical model which did not exist. Therefore at use of existing mathematical 

model there was a so-called capacitor effect. On the basis of the mathematical model 

developed by us it is possible to draw a conclusion, that no capacitor effect exists, 
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only it is necessary математически to describe precisely physical processions and 

occuring in is inductive the connected circuits. Also mathematical models for single-

phase and three-phase transformers in modes of idling and loading, on the basis of 

system of the equations Kirkhopps are constructed. On the basis of these models the 

program of calculation of optimum parameters of the transformer is constructed. Here 

value of model of the three-phase transformer is specified. In work questions of 

calculation connection of type a triangle also are considered? A star. Where it is 

proved, that in the technique of calculation accepted in the modern electrotechnical 

literature to not suit and examples of calculation of this connection on the basis of 

already existing and the system offered by us электро motive forces (pressure) are 

resulted. In thirds to chapter transformer measuring bridges and electric schemes of an 

equilibration are considered. It is resulted classification of measuring bridges, 

conditions of balance, symmetry and the maximal sensitivity. Questions of 

mathematical model of the double bridge, also the primary goal of electronic schemes 

of an equilibration are considered? To deduce a condition of balance on the basis of 

the theory of electric circuits, by means of the mathematical model developed by us. 

On the basis of this model the program which enables is developed to pick up for 

circuits of an equilibration parameters which satisfy conditions of balance. Here the 

real factor is certain 
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მ ა დ ლ იე რე ბ ა  

pirvel rigSi didi madloba minda vuTxra am gverdis 

Semqmnelebs, radgan momeca saSualeba Cemi madliereba gamomexata 

am qveynad yvelaze gulisxmieri da erTguli adamianebis mimarT.  

es adamianebi arian  batonebi zurab wveraiZe da Tengiz 

museliani. 

 gulwrfelad vusurveb am or CemTvis Zvirfas adamins, 

baton Tengizs da baton zurabs xangrZliv da janmrTels 

sicocxles, did bednierebas TavianT mravalricxovan didebul 

ojaxebTan erTad. 



შ ე ს ა ვ ა ლი 

Tanamedrove pirobebSi SeuZlebelia warmovidginoT 

adamianis cxovreba da moqmedeba eleqtroenergiis gamoyenebis 

gareSe. eleqtroenergia ukve didi xania myarad Sevida saxalxo 

meurneobisa da yofa-cxovrebis yvela dargSi. am energiis 

ZiriTadi Rirsebaa warmoebis, gadacemis ganawilebisa da 

gardaqmnis SedarebiTi simartive. 

rogorc yvela dargi eleqtroteqnikuri mowyobilobebic 

saWiroeben mudmiv ganaxlebasa da srulyofas, radgan sabazro 

urTierTobebis ganviTarebasTan erTad TandaTan matulobs 

energiis fasi, sadac TviTRirebulebas emateba mogebis norma. 

amitom saWiroa energiis TviTRirebulebis Semcireba, rac 

moiTxovs mecnierTa dauRalav muSaobas. evropasa da a.S.S.-Si 

mimdinareobs uwyveti muSaoba energoefeqturi 

eleqtromowyobilobebisa da energodamzogi teqnologiebis 

danergvis da arasawarmoo danakargebis Semcirebis aqtiuri 

politikis gatarebisaTvis. 

mecnierebisa da teqnikis ganviTarebis Tanamedrove etapi 

xasiaTdeba saxalxo meurneobis sxvadasxva dargebSi da maT 

Soris eleqtroteqnikaSi maTematikuri modelirebis farTod 

gamoyenebiT. maTematikuri modelireba es aris realuri obieqtis, 

procesis an sistemis Seswavlis saSualeba maTi maTematikuri 

modeliT Secvlis gziT, romelic ufro moxerxebulia 

kompiuteris gamoyenebiT eqsperimentuli kvlevis Catarebisas. 

maTematikuri modelis qveS igulisxmeba Sesaswavli movlenis 

ZiriTadi kanonzomierebebi da kavSirebi.  eleqtrodanadgarebis 

maTematikuri modelebis Seqmna da Seswavla iZleva 

eleqtrodanadgarebis kvlevis did perspeqtivebs. 

eleqtroteqnikur sferoSi mimdinare samecniero kvleviT 

samuSaoebSi kompiuteris farTod gamoyenebam aucilebeli gaxada 

maTematikur modelirebasTan erTad eleqtruli wredebis 

Teoriis sferoSi axali Teoriuli midgomebis damuSaveba da 
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miRebuli Sedegebis WeSmaritebis Sefaseba da zogierTi sakiTxis 

gadmocemis meTodikaSi garkveuli cvlilebebis Setana. 

fizikuri movlenebis kvlevis maTematikurma meTodebma 

uCvena, rom magnetizmi dakavSirebulia eleqtrobasTan da 

piriqiT. winamdebare samuSaoSi ganxilulia dakavSirebuli 

wredebis maTematikuri modelebi Tavisi fizikuri safuZvlebiTa 

da maTematikuri problemebiT. gansakuTrebuli yuradReba 

gamaxvilebulia induqciurad dakavSirebul wredebze, radganac 

aseTi saxis wredebi farTod gamoiyeneba sxvadasxva eleqtruli 

mowyobilobebis Seqmnisas. induqciurad dakavSirebuli wredebis 

modelirebis amocana dReisaTvis aqtualurad iTvleba. 

induqcirebuli e.m.Z.-ebisa da denis pirobiTi dadebiTi 

mimarTulebis arCeva arsebuli Teoriis safuZvelze ar eTanxmeba 

lencis eleqtromagnituri inerciis kanons, rasac mivyavarT 

eleqtruli velis realuri fizikuri procesebis araerTgvarovan  

asaxvasTan. induqciurad dakavSirebul wredebSi mimdinare 

fizikuri procesebis Sesabamisi maTematikuri modelebis 

Sesadgenad saWiro gaxda axali aTvlis sistemis SemoReba da 

calsaxa fizikuri cnebebis dakanoneba. adekvaturi modelirebis 

amocana didi xania aRelvebs swavlul eleqtroteqnikosebs, 

razec metyvelebs eleqtroteqnikosTa saerTaSoriso komisiis 

kongresze gamarTuli diskusiebi. 

axali aTvlis sistemis SemoRebas eleqtrodinamikaSi aqvs 

erTaderTi mizani: induqciurad dakavSirebuli wredebis 

adekvaturi maTematikuri modelebis Sedgena kirxhofis meore 

kanonis safuZvelze gamartivebuli meTodiT. induqciurad 

dakavSirebuli koWebisagan Sedgeba eleqtroenergetikuli, 

eleqtrokavSirgabmulobisa da avtomaturi gamomTvleli 

mowyobilobebis erT-erTi ZiriTadi elementi – transformatori, 

romelic fizikuri procesebis TvalsazrisiT xasiaTdeba 

rogorc energiis mimRebis, aseve energiis wyaros 

TaviseburebebiT. rogorc erTfaza aseve samfaza 

transformatorebisaTvis maTematikuri modelebisa da Sesamabisi 
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programebis Sedgenas optimaluri geometriuli da eleqtruli 

parametrebis gansazRvrisaTvis udidesi mniSvneloba eniWeba. maT 

safuZvelze SeiZleba Seiqmnas energoefeqturi gamanawilebeli 

transformatorebi uqmi svlisa da datvirTvis mcire 

danakargebiT. energiis gadacema Sor manZilze ZiriTadad xdeba 

samfaza wredebiT, romelTac gaaCnia sxvadasxva saxis SeerTeba. 

CvenTvis gansakuTrebiT sainteresoa SeerTeba samkuTxedi-

varskvlavze, romelic ar emorCileba samfaza wredebis 

gaangariSebis sayovelTaod miRebul xerxs. aRniSnuli SeerTeba 

gamokvleulia naSromSi da xarvezic gamosworebulia. 

eleqtruli da araeleqtruli sidideebis zusti gazomvis 

ZiriTad saSualebad iTvlebian transformatoruli sazomi 

bogirebi, romlebic farTod gamoiyenebian sainformacio sazom 

teqnikaSi. maTi wonasworobis pirobis gamoyvanas axali aTvlis 

sistemis safuZvelze didi mniSvneloba eniWeba, radgan am dros 

izrdeba gazomvis sizuste da mgrZnobiaroba. 

avtomatikisa da gamoTvliTi teqnikis mowyobilobebSi didi 

adgili uWiravT gawonasworebis eleqtrul sqemebs. am sqemebis 

Teoriisa da gamoyenebisadmi miZRvnilia monografiebisa da 

statiebis didi raodenoba. maTdami gaunelebeli interesi 

ZiriTadad aixsneba im faqtoriT rom maTi realizacia 

uzrunvelyofs xelsawyoTa maRal metrologiur Tvisebebs da 

optimalur saeqspluatacio – teqnikur maCveneblebs, rac 

saSualebas iZleva pirdapir an iribad gaizardos da 

daregulirdes yvela fizikuri sidide. miuxedavad imisa, rom 

gawonasworebis eleqtrul sqemebis Teoriasa da praqtikaSi 

dagrovda kolosaluri masala, mainc ar arsebobs am sqemebis 

erTiani analitikuri aRwera rac garkveul winaaRmdegobas uqmnis 

am gamocdilebis gamoyenebas. gawonasworebis sqemebis analizis 

erT-erTi mTavari amocanaa maTi wonasworobis pirobebis 

gamoyvana maTematikuri modelirebis safuZvelze. Cvenamde 

wonasworobas aRwevdnen eqsperimentiT, parametrebis cvlilebiT, 

magram am gziT wonasworobis miRweva Zalian Znelia, radgan 
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raime parametris cvlilebiT erTdroulad icvleba sxva 

sidideebic. 

winamdebare naSromSi Sedgenili iqna gawonasworebis 

eleqtruli sqemebis maTematikuri modeli da mis safuZvelze 

damuSavda programa, romelic saSualebas iZleva swrafad da 

didi sizustiT ganvsazRvroT am saxis sqemebisaTvis saWiro 

parametrebis mniSvnelobebi. sakontrolo gamzom teqnikaSi 

gansakuTrebuli adgili uWiravs eleqtroqimiur, saxeldobr, 

konduqtometrul gardamqmnelebs, romlebic xasiaTdebian 

universalurobiT, gazomvis farTo diapazoniT, maRali 

sizustiTa da mgrZnobiarobiT da rac yvelaze mTavaria advilad 

ergeba gazomvis procesis avtomatizacias. 

unda aRiniSnos rom transformatoruli sazomi bogirebis 

mravalwliani da farTo gamoyenebis miuxedavad maTi Tanamedrove 

Teoria saWiroebs Semdgom Seswavlas. kerZod ar arsebobs gamzom 

gardamqmnelSi mimdinare fizikuri procesebis maTematikuri 

modelirebis Camoyalibebuli Teoria. Cvens mier SemoRebuli 

axali aTvlis sistemaze dayrdnobiT aRniSnuli 

gardamqmnelebisaTvis Sedgenili iqna maTematikuri modeli da 

programa romelic saSualebas iZleva maqsimaluri 

mgrZnobiarobisa da sizustis misaRebad ganisazRvros 

optimaluri geometriuli da eleqtruli parametrebi. 

winamdebare samuSaos mizani iyo dakavSirebuli eleqtruli 

wredebis, umetesad induqciurad dakavSirebuli wredebis 

maTematikuri modelebis damuSaveba da maT safuZvelze 

Tanamedrove kompiuteruli programebis Sedgena, romlebic 

saSualebas mogvcemen ganisazRvros eleqtroteqnikuri 

mowyobilobebis optimaluri geometriuli da eleqtruli 

parametrebi, ris safuZvelzec Seiqmneba axali Tanamedrove 

eleqtronuli mowyobilobebi.  
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1. ლიტერა ტურის მ იმოხილვ ა  

1.1. maTematikuri modelirebis arsi da misi istoria 

maTematikuri modelireba warmoadgens adamianis mier gare 

samyaros movlenebis Secnobis erT-erT ZiriTad instruments. igi 

aris realuri obieqtis, procesis an sistemis Seswavlis 

saSualeba maTi maTematikuri modeliT Secvlis gziT, romelic 

ufro mosaxerxebelia gamomTvleli manqanis gamoyenebiT 

eqsperimentuli kvlevebis Catarebisas. maTematikuri modelirebis 

qveS igulisxmeba Sesaswavli movlenis ZiriTadi kanonzomierebani 

da kavSirebi. es SeiZleba iyos formulebi an gantolebebi, 

wesebis an SeTanxmebebis krebuli gamosaxuli maTematikuri 

formiT. 

maTematikuri modeli es aris realuri obieqtis, procesis 

an sistemis miaxloebiTi warmodgena gamosaxuli maTematikuri 

terminebiT, romelic inarCunebs originalis Tvisebebs. es 

modelebi logikur-maTematikuri konstruqciebis daxmarebiT 

aRweren obieqtis, procesis an sistemis ZiriTad Tvisebebs, maT 

parametrebs, Sida da gare kavSirebs. 

maTematikuri modelireba samecniero-teqnikuri progresis 

ganuyofeli nawilia. Ees aris meTodologia, romelic ar cvlis 

samecniero disciplinebs, ar uwevs maT konkurencias, magram 

monawileobs yvela sferoSi mimdinare SemoqmedebiT  kvlevebSi. 

uZvelesi droidan meqanikaSi, fizikaSi da sxva zust 

sabunebismetyvelo mecnierebebSi Sesaswavli movlenebis 

aRwerisaTvis gamoyenebulia maTematikuri modelebi. mag. 

niutonis kanonebi mTlianad gansazRvraven mzis garSemo 

planetebis moZraobis kanonzomierebas. meqanikis ZiriTadi 

kanonis gamoyenebiT martivad SeiZleba kosmosuri aparatis 

dedamiwidan mTvaremde moZraobis aRwera. 

maTematikuri modelis ageba niSnavs ama Tu im processa da 

movlenas Soris maTematikuri kavSiris gansazRvras, maTematikuri 

aparatis Seqmnas, romelic saSualebas gvaZlevs raodenobrivad 
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da xarisxobrivad gamovsaxoT kavSiri specialistisaTvis 

saintereso fizikur sidideebsa da im faqtorebs Soris, 

romlebic gavlenas axdenen saboloo Sedegze. 

eqsperimentis monacemebis safuZvelze wamoiWreba  

hipoTezebi saboloo Sedegis gamomsaxvel sidideebsa da 

maTematikur modelSi Setanil faqtorebs Soris kavSiris 

Sesaxeb. aseTi kavSirebi umetesad gamoisaxeba diferencialur 

gantolebaTa sistemebiT. magaliTad eleqtrostatikuri da 

eleqtrodinamikuri velebis TeoriaSi. am etapis saboloo  

mizania amocanis maTematikuri formulireba, romlis amoxsnac 

saWiro sizustiT asaxavs specialistisaTvis  saintereso Sedegs. 

maTematikuri modelis forma da warmodgenis principi 

damokidebulia bevr faqtorze. agebis principis mixedviT 

maTematikuri modelebi iyofian analitikur da imitaciur 

modelebad: 

analitikur modelebSi obieqtis, procesebis an sistemebis 

funqcionirebis procesebi Caiwereba cxadi funqcianaluri 

damokidebulebebis saxiT. 

analitikuri modeli maTematikuri problemebis mixedviT 

iyofa tipebad. 

• gantolebebi (algebruli, transcendenturi, 

diferencialuli, integraluri) 

• aproqsimuli (aproqsimaciuli) amocanebi 

(interpolacia, eqstrapolacia, ricxviTi integrireba da 

diferencireba) 

• optimizaciis meTodebi 

• stoqasturi problemebi. 

modelirebis obieqtis garTulebasTan erTad analitikuri 

modelebis ageba gadaiqceva rTulad gadasawyvet problemad. 

maSin mizanSewonilia imitaciuri modelirebis gamoyeneba. 

imitaciuri modelirebis dros obieqtis, procesis an 

sistemis funqcionirebis aRwera xdeba algoriTmebis nakrebis 

saSualebiT. algoriTmebi akeTeben procesebis an sistemebis 
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Semadgeneli elementaluri movlenebis imitacias, maTi logikuri 

struqturis da droSi mimdinareobis Tanmimdevrobis 

SenarCunebiT. imitaciuri modelireba saSualebas iZleva sawyisi 

monacemebis mixedviT miviRoT informacia procesis an sistemis 

mdgomareobis Sesaxeb drois garkveul momentSi. magram obieqtis 

sistemis an procesis yofaqcevis prognozireba aq garTulebulia. 

SeiZleba iTqvas, rom imitaciuri modeli es aris maTematikur 

modelze e.g.m-is saSualebiT Catarebuli gamoTvliTi 

eqsperimenti, romelic akeTebs realuri obieqtis, procesis an 

sistemis imitacias. 

gamosakvlevi realuri procesebis da sistemebis xasiaTidan 

gamomdinare maTematikuri modelebi SeiZleba iyos: 

determinirebuli da stoqasturi. 

determinirebul modelebSi gamoricxulia nebismieri 

SemTxveviTi zemoqmedebis arseboba, modelis elementebi 

(cvladebi, maTematikuri kavSirebi) sakmaod zustad aris 

dadgenili, sistemis moqmedeba zustad SeiZleba ganisazRvros. 

determinirebuli modelebis agebisas yvelaze xSirad 

gamoiyeneba algebruli da integraluri gantolebebi, matriculi 

algebra. 

stoqasturi modeli iTvaliswinebs mosakvlev obieqtebsa da 

sistemebSi mimdinare procesebis SemTxveviT xasiaTs, romlis 

aRwerac xdeba albaTobis Teoriis da maTematikuri statistikis 

meTodebiT. 

Semavali informaciis mixedviT modelebi iyofa Semdeg 

jgufebad: uwyveti da diskretuli: Tu informacia da parametrebi 

uwyvetia, xolo maTematikuri kavSirebi myari, maSin modeli 

uwyvetia. da piriqiT – Tu informacia da parametrebi 

diskretulia da kavSirebi aramyari, maSin maTematikuri modeli 

diskretulia. 

droSi qcevis mixedviT modelebi iyofian Semdeg jgufebad: 

statikuri da dinamikuri: statikuri modeli aRwers obieqtis, 

procesis an sistemis qcevas drois romelime momentSi. 
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dinamikuri modelebi gamoxataven obieqtis, procesis an sistemis 

qcevas droSi. 

maTematikur modelsa da realur obieqts, processa an 

sistemas Soris Sesatyvisobis xarisxis mixedviT maTematikuri 

modelebi iyofian: izomorful (formiT erTgvarovani) da 

homomorful (formiT sxvadasxva) modelebad. modeli 

izomorfulia Tu massa da realuri obieqtis, procesis an 

sistemis yvela elements Soris arsebobs sruli Sesatyvisoba. 

homomorfulia – Tu Sesatyvisoba arsebobs mxolod obieqtis da 

modelis metnaklebad mniSvnelovan Semadgenel nawilebs Soris. 

maTematikuri modelebis klasifikacias sxvadasxva avtorebi 

sxvadasxvanairad udgebian, klasifikacias safuZvlad udeben 

sxvadasxva principebs. modelebis klasifikacia SeiZleba moxdes 

mecnierebis dargebis mixedviT (maT modelebi fizikaSi, 

biologiaSi, sociologiaSi da a.S.) – es bunebrivia, Tu am 

sakiTxze msjelobs romelime erTi dargis specialisti. SeiZleba 

klasifikacia moxdes gamoyenebuli maTematikuri aparatis 

mixedviT (modelebi, dafuZnebuli Cveulebrivi diferencialuri 

gantolebis, kerZo warmoebuliani diferencialuri gantolebebis, 

stoqasturi meTodebis, diskretuli algebruli gardaqmnebis da 

a.S gamoyenebaze) -es bunebrivia maTematikosisTvis, romelic 

muSaobs maTematikuri modelirebis aparatze. 

Tu davinteresdebiT modelirebis saerTo kanonzomierebiT 

sxvadasxva mecnierebebSi maTematikuri aparatisgan 

damoukideblad da pirvel adgilze davayenebT modelirebis 

miznebs, maSin SeiZleba misaRebi iyos Semegi klasifikacia: 

• deskriptuli (aRweriTi) modelebi 

• optimizaciuri modelebi 

• mravalkriteriumini modelebi 

• saTamaSo modelebi 

• imitaciuri modelebi 

ganvmartoT es magaliTis safuZvelze. Mmzis sistemaSi 

SemoWrili kometis moZraobis modelirebisas, Cven aRvwerT 
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(vwinaswarmetyvelebT) misi frenis traeqtorias, manZils, 

romelzec is Caivlis dedamiwasTan da a.S. e.i. Cvens winaSe dgas 

wminda aRweriTi miznebi. Cven aranairi saSualeba ar gvaqvs 

vimoqmedoT kometis moZraobaze , an SevcvaloT rame. 

procesebis  sxva doneze Cven SegviZlia maTze zemoqmedeba, 

raime miznis misaRwevad, am SemTxvevaSi modelSi Semodis erTi an 

ramodenime parametri, romelic xelmisawvdomia Cveni 

zemoqmedebisTvis. Mmag. Mmarcvleulis sacavSi temperaturis 

cvlilebiT SegviZlia mivaRwioT marcvleulis Senaxvis yvelaze 

xelsayrel pirobebs e.i. procesis optimizacias. 

xSirad saWiroa procesis optimizacia erTdroulad 

ramodenime parametris mixedviT, Tan mizani SeiZleba iyos 

urTieTsawinaaRmdegoc. Mmag. Tu viciT produqtis fasi  da 

adamianis moTxovna sakvebze, SesaZlebelia adamianebis didi 

jgufis (armia, banaki) kvebis organizeba rac SeiZleba 

sasargeblod da iafad. cxadia es miznebi sul ar  emTxveva 

erTmaneTs e.i. modelirebis dros iqneba ramodenime kriteriumi 

da unda moiZebnos maT Soris balansi. 

maTematikur modelirebaSi kompiuteris gamoyenebam Secvala 

TviT mcneba “amocanis amoxsna”. aqamde mkvlevari kmayofildeboda 

maTematikuri modelis daweriT, Tu imasac daamtkicebda, rom 

amoxsna (algoriTmi) principSi arsebobs, es sakmarisi iyo, Tu 

apriori CavTvliT, rom adekvaturad aRwers Sesaswavl movlenas. 

ramdenadac formulebi romlebic aRweren modelis da obieqtis 

qcevas, romelic aRwerilia modeliT,  rogorc wesi ar arian 

martivni, maSin rCeba erTaderTi gza – amocana davides 

gamoTvlebamde, e.i. amocanis amosaxsnelad ricxviTi meTodebis 

gamoyenebamde. aseT SemTxvevaSi saWiroa konkretuli algoriTmi, 

romelic miuTiTebs im gamoTvliTi da logikuri operaciebis 

Tanmimdevrobas, romlebic unda Sesruldes ricxviTi amonaxsnis 

misaRebad. algoriTmebTanaa dakavSirebuli maTematikis mTeli 

istoria. TviT sityva algoriTmi warmodgeba Suasaukuneebis 

uzbeki maTematikosis al-xorezmis saxelidan. jer kidev 
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ZvelberZeni mecnierebisTvis iyo cnobili π‐s maRali sizustiT 

gamoTvlis algoriTmi. niutonma SemogvTavaza efeqturi ricxviTi 

meTodi algebruli gantolebebis amosaxsnelad, xolo eilerma _ 

Cveulebrivi diferencialuri gantolebebis amoxsnis ricxviTi 

meTodi. rogorc cnobilia niutonis da eileris modificirebuli 

meTodebi am dromde ikaveben sapatio adgilebs gamoTvliTi 

maTematikis arsenalSi. mis sagans warmoadgens im saangariSo 

aris da wertilebis SerCeva romelSic unda gamoiTvalos 

modelirebadi obieqtis maxasiaTeblebi, sawyisi maTematikuri 

modelis swori Secvla misi analogiT, romelic gamosadegia 

gamoTvlebisTvis e.i. romelime diskretuli modeliT. ramdenadac 

modelebma unda warmoadginon Sesaswavli movlenebi saWiro 

sisruliT da sicxadiT, imdenad isini sakmaod rTuldebian.  

modeli Seicavs mraval sidides, romelic eqvemdebareba 

gansazRvras, xolo Tavad damokidebulni arian cvladi da 

mudmivi paramatrebis did raodenobaze. da bolos realuri 

procesebis modelebi arawrfivia. klasikuri maTematikuri 

fizikis aparati morgebulia wrfiv modelebTan muSaobaze. am 

SemTxvevaSi gantolebis kerZo amoxsnebis jami (superpozicia) 

aris misi amonaxsni. wrfivi modelisaTvis kerZo amonaxsnis 

povnis Semdeg, superpoziciis principis daxmarebiT SeiZleba 

miviRoT amoxsna saerTo SemTxvevaSi. magram es aparati aRar 

gamodgeba arawrfiv modelebTan. superpoziciis principis 

gamoyeneba aq miuRebelia da saerTo amoxsnis algoriTmi ar 

arsebobs. amitom arawrfivi modelebisTvis miRebulia Zalian 

mcire damTavrebuli Teoriuli Sedegebi. maTematikuri 

modelirebis meTodologia mokled aRwerilia ganTqmuli 

triadiT “modeli_algoriTmi_programa”, romlis formulirebac 

ekuTvnis akademikos samarskis, maTematikuri modelirebis erT-

erT fuZemdebels. am meTodologiam ganviTareba hpova a.a. 

samarskis skolis mier damuSavebuli gamoTvliTi eqsperimentis 

ganviTarebis saxiT, _ es aris erT-erTi informaciuli 

teqnologia gankuTvnili garemo samyaros movlenebis 
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Sesaswavlad, maSin rodesac eqsperimenti naturaze Zalian rTuli 

da ZviradRirebulia. [1] 

kvlevebis bevr sferoSi eqsperimenti naturaze SeuZlebelia, 

an imitom rom akrZalulia (adamianis janmrTelobis Seswavla) an 

Zalian saSiSia (ekologiuri movlenebis Seswavla) an 

ganuxorcielebelia (atmosferuli movlenebi). 

nobelis premiebis damaarsebelma Aalfred nobelma, 

maTematika gamoricxa im mecnierebebis siidan, romelSi 

miRwevebisaTvisac mieniWebaT es udidesi samecniero jildo. 

amasTanave Tanamedrove maTematikuri modelireba moicavs 

gamokvlevebis farTo ares, romelic dRevandlamde 

maTematikisaTvis ucxo iyo. bolo wlebSi qimiis, medicinis, 

ekonomikis, fizikis sferoSi nobelis premia mieniWa naSromebs, 

romelTa safuZvels warmoadgenda maTematikuri modelireba.  

 

1.2. maTematikuri modelireba da gamoTvliTi 
eqsperimenti 

maTematikuri modelirebis farTo gamoyeneba saSualebas 

iZleva aiwios Teoriuli gamokvlevebis saerTo done, Catardes 

isini eqsperimentalur gamokvlevebTan mWidro kavSirSi. 

maTematikuri modelireba SeiZleba ganixilebodes rogorc 

Semecnebis, konstruirebis, proeqtirebis axali meTodi, romelic 

Tavis TavSi Seicavs, rogorc Teoriis aseve eqsperimentis 

dadebiT mxareebs.  [2] 

muSaoba ara Tavad obieqtTan (movlena, procesi) aramed mis 

modelTan saSualebas iZleva umtkivneulod, SedarebiT swrafad 

da mniSvnelovani danakargebis gareSe gaviTvaliswinoT misi 

Tvisebebi da qceva yvela SesaZlo situaciaSi (Teoriis 

upiratesoba). amave dros gamoTvliTi eqsperimentebi 

(kompiuteruli, imitaciuri) obieqtebis modelebze saSualebas 

iZleva Tanamedrove gamoTvliTi meTodebisa  informatikis 

teqnikur instrumentebze dayrdnobiT, zedmiwevniT da 

siRrmiseulad sakmaod srulad SeviswavloT obieqti, rac wminda 
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Teoriuli midgomis dros SeuZlebelia (eqsperimentis 

upiratesoba). 

teqnikuri, ekologiuri, ekonomikuri da sxva sistemebi 

Tanamedrove mecnierebis mier Cveulebrivi Teoriuli meTodebiT 

kvlevas aRar emorCilebian (saWiro sizustiT da sirTuliT). 

naturaze eqsperimenti xangrZlivi, ZviradRirebuli, xSirad 

saSiSi an ubralod SeuZlebelia. gamoTvliTi eqsperimenti 

saSualebas iZleva kvleva warimarTos ufro swrafad da iafad. 

dReisaTvis maTematikuri modelireba samecniero-teqnikuri 

progresis umniSvnelovanesi mdgenelia. am meTodologiis 

gamoyenebis gareSe ganviTarebul qveynebSi ar xdeba arc erTi 

farTomasStabiani teqnikuri, ekologiuri an ekonomikuri 

proeqtis realizeba. 

maTematikuri modelirebis meTodologiis Casaxva da 

Camoyalibeba daiwyo XX saukunis 40-iani wlebis bolos da 50-

iani wlebis dasawyisSi. es ganpirobebuli iyo sul mcire ori 

mizeziT: pirveli, magram araZiriTadi motivia, kompiuteris 

gamoCena, romelmac mkvlevarebi gaanTavisufla didi moculobis 

rutinuli gamoTvliTi samuSaoebisagan. meore ufro 

mniSvnelovani motivi iyo uprecedento socialuri SekveTa – 

ssrk da aSS-s raketul-birTvuli faris Seqmnis nacionaluri 

programebis Sesruleba. es urTulesi samecniero teqnikuri 

problemebi ver iqneboda realizebuli tradiciuli meTodebiT, 

gamoTvliTi saSualebebis gamoyenebis gareSe. atomuri 

afeTqebebi, raketebis da Tanamgzavrebis frenebi jer 

kompiuterze iqna ganxiluli modelebis saxiT da mxolod Semdeg 

ganxorcielda praqtikaSi. 

rogorc  wina paragrafSi aRvniSneT maTematikuri 

modelirebis safuZvels warmoadgens triada modeli-algoriTmi-

programa. realurad gamosakvlevi procesebis maTematikuri 

modelebi rTulia da Seicaven arawrfivi funqcionalur-

diferencialuri gantolebebis sistemebs. maTematikuri modelis 

birTvs qmnian kerZo warmoebuliani gantolebebi. 
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gamoTvliTi eqsperimenti naturaze eqsperimentisagan 

gansxvavebiTYamocanebis garkeveuli wris gamokvlevebisas 

miRebuli Sedegebis dagrovebisa da SemdgomSi sxva sferos 

amocanebis amoxsnaSi moqnili gamoyenebis saSualebas iZleva. es 

Tvisebebi axasiaTebT universalur maTematikur modelebs. 

magaliTad arawrfivi Tbogamtarobis gantoleba gamodgeba ara 

marto siTburi, aramed nivTierebis difuziis, gruntis wylebis 

moZraobis, forovan areSi gazis filtraciis procesebis 

aRwerisaTvis. icvleba mxolod gantolebaSi Semavali sidideebis 

fizikuri arsi. 

yofil sabWoTa kavSirSi gamoTvliTi eqsperimentebis 

pirveli seriozuli Sedegebis gamoCenis TariRi oficialurad 

aris dafiqsirebuli – 1968 weli, rodesac sakavSiro 

saxkomitetma aRmoCenebisa da gamogonebis sakiTxebSi daadastura 

movlenis aRmoCena, romelsac realurad aravin akvirdeboda. es 

iyo egreT wodebuli T-fenis efeqtis aRmoCena (temperaturul-

denuri fena plazmaSi, romelic warmoiqmneba mZlavr 

generatorebSi). am aRmoCenis avtorobis mowmoba gadaecaT 

akademikosebs a.n. tixonovs da a.a. samarskis, mecnierebaTa 

akademiis wevr-korespondents s.p.kurdiumovs da sxva. am 

SemTxvevaSi gamoTvliTi eqsperimenti win uZRoda naturalurs. 

naturaze eqsperimentebis “SekveTa” xdeboda maTematikuri 

modelirebis Sedegebis safuZvelze. ramodenime wlis Semdeg sam 

fizikur laboratoriaSi, sxvadasxva eqsperimentalur 

danadgarebze, praqtikulad erTdroulad saimedod 

daregistrirda T-fena, ris Semdegac inJinrebisaTvis sabolood 

gaxda gasagebi T-feniani  mZlavri generatoris muSaobis 

principi. 

plazma Tavisi arawrfivi TvisebebiT gaxda maTematikuri 

modelirebisa da gamoTvliTi eqsperimentis erT-erTi 

umniSvnelovanesi obieqti. energetikuli problemis gadaWris 

momxibvleli perspeqtiva dakavSirebulia wyalbadis izotopis, 

deiteriumisa da tritiumis TermobirTvuli sinTezis marTvasTan. 
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energetikuli problemidan gamosavlad SeiZleba CaiTvalos 

lazeruli TermobirTvuli marTvadi sinTezi, romlis kvlevebic 

warmoebs gamoTvliTi eqsperimentis saSualebiT.  

gamoTvliTi eqsperimentis gamoyenebis kidev erTi sferoa 

“gamoTvliTi teqnologia”- kompiuteris saSualebiT maTematikuri 

modelirebis gamoyeneba ara marto fundamentaluri samecniero 

amocanebis amosaxsnelad aramed warmoebis teqnologiuri 

procesebis damuSavebisaTvis. im SemTxvevebisaTvis, rodesac 

teqnologiuri procesebis aRwera xdeba kargad cnobili 

maTematikuri modelebiT, romelTa gamosaTvlelad 

SemoTavazebulia efeqturi algoriTmebi, damuSavebulia 

gamoyebiTi programebis paketebi, gamoTvliTi eqsperimenti 

saSualebas gvaZlevs SevqmnaT axali programebi da davxvewoT 

adamianis kompiuterTan urTierTobis saSualebebi. 

gamoTvliTi eqsperimentis Catareba pirobiTad SeiZleba 

gaiyos or etapad. [1] gamoTvliTi eqsperimentis pirvel etapze 

airCeva an aigeba gamosakvlevi obieqtis modeli, romelic 

maTematikur formaSi gamosaxavs mis umniSvnelovanes Tvisebebs – 

kanonebs romelsac is emorCileba, kavSirebs mis Semadgenel 

nawilebs Soris da a.S. obieqtze winaswari codnis (informaciis) 

misaRebad maTematikuri modelis (misi ZiriTadi fragmentebis) 

gamokvleva xdeba gamoyenebiTi maTematikis tradiciuli 

analitikuri saSualebebis gamoyenebiT. meore etapi 

dakavSirebulia modelis kompiuterze realizaciis gamoTvliTi 

algoriTmis amorCevasTan am damuSavebasTan. saWiroa arsebul 

gamomTvlel teqnikaze miviRoT saZiebeli sidideebi mocemuli 

sizustiT. gamoTvliTi algoriTmebi ar unda amrudebdnen 

modelis da Sesabamisad sawyisi obieqtis ZiriTad Tvisebebs, 

isini adaptirebuli unda iyos gadasawyveti amocanis 

Taviseburebebsa da gamoyenebul gamoTvliT sistemebTan. 

maTematikuri modelebis Seswavla warmoebs gamoTvliTi 

maTematikis meTodebiT, romelTac safuZvelSi udevT 
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maTematikuri fizikis amocanebis – kerZo warmoebuliani 

gantolebebis amoxsnis ricxviTi meTodebi. 

mesame etapze iqmneba modelis da kompiuterze algoriTmis 

realizaciis programuli uzrunvelyofa. programuli produqti 

unda iTvaliswinebdes maTematikuri modelirebis specifikas, 

dakavSirebuls maTematikuri modelirebis mwkrivis (ierarqiis) 

gamoyenebasTan. es gulisxmobs gamoyenebiTi programebisa da 

paketebis, romlebic damuSavebulia obieqt-orientirebuli 

programirebis safuZvelze, farTo gamoyenebas. 

maTematikuri modelirebis warmatebas ganapirobebs yvela 

Semadgeneli rgolis erTnairad Rrma damuSaveba. triadaze  

modeli-algoriTmi-programa dayrdnobiT mkvlevars xelT aqvs 

universaluri, moqnili da iafi instrumenti, romelic Tavidan 

yalibdeba sacdeli amocanebis nakrebis gadawyvetis safuZvelze. 

amis Semdeg iwyeba maTematikuri modelis farTomasStaburi 

gamokvleva, sakvlevi obieqtis aucilebeli xarisxobrivi da 

raodenobrivi Tvisebebis da maxasiaTeblebis misaRebad. 

gamoTvliTi eqsperimenti bunebiT disciplinaTSorisi 

xasiaTisaa. didia maTematikuri modelirebis roli Tanamedrove 

samecniero teqnikur siaxleebSi. Tanamedrove gamokvlevebSi 

monawileoben gamoyenebiTi da gamoTvliTi maTematikis, 

gamoyenebiTi da sistemuri programuli uzrunvelyofis 

specialistebi. gamoTvliTi eqsperimenti warmoebs sxvadasxava 

meTodebze da midgomebze dayrdnobiT – arawrfivi maTematikuri 

modelebis xarisxobrivi analiziT dawyebuli, programirebis 

Tanamedrove enebiT damTavrebuli. 

modelireba ama Tu im saxiT monawileobs SemoqmedebiTi 

moRvaweobis yvela sferoSi. maTematikuri modelireba afarToebs 

zusti codnis sferoebs da racionaluri meTodebis danarTebis 

vels. misi safuZvelia ZiriTadi mcnebebis da winadadebebis 

zusti formulireba, gamoyenebuli modelis adekvaturobis 

aposterioruli analizi, gamoTvliTi algoriTmebis sizustis 
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kontroli, mocemuli gaTvlebis kvalificirebuli damuSaveba da 

analizi.  

Tanamedrove etapze cxovrebiseuli problemebis gadaWra 

efuZneba maTematikuri modelirebisa da gamoTvliTi 

eqsperimentis farTo gamoyenebas. gamomTvleli saSualebebi 

(kompiuterebi da gamoTvliTi meTodebi) tradiciulad kargadaa 

warmodgenili sabunebismetyvelo mecnierebebis gamokvlevebSi, 

upirvelesad fizikasa da meqanikaSi. mimdinareobs   qimiis, 

biologiis, humanitaruli da dedamiwis Sesaxeb mecnierebebis 

maTematizacia. 

yvelaze STambeWdavi miRwevebi maTematikur modelirebas 

aqvs  inJineriasa da teqnologiaSi. maTematikuri modelebis 

teqnologiurma gamokvlevebma mniSvnelovnad Caanacvles mfrinavi 

aparatebis modelebis gamocda aerodinamikur milebSi, birTvuli 

da TermobirTvuli mowyobilobebis afeTqeba brZolis velze. 

cnobilia “birTvuli zamTris” movlenis globaluri 

modelirebis Sedegebi, Sesrulebuli akademikos moiseevis 

xelmZRvanelobiT am Sedegebma misca kacobriobas, maT Soris 

politikosebs utyuari mtkicebulebebi da argumentebi birTvuli 

omis winaaRmdeg. 

maTematikuri modelirebisa da gamoTvliTi 

eqsperimentisaTvis ZiriTadad gamoiyeneboda universaluri 

cifruli gamomTvleli manqanebi, romelTaTvisac muSavdeboda 

gamoTvliTi maTematikis gamoyenebiTi programebis paketebi da 

biblioTekebi. personaluri kompiuterebis gamoCenam ganaviTara 

gamoTvliTi eqsperimentis informaciuli teqnologiebi, romelic 

gulisxmobs samomxmareblo interfeisis mxardaWeras da saWiro 

algoriTmebis da programebis moZiebas. 

gamoTvliTi eqsperimentis moTxovnebi mecnierebis 

metnaklebad rTul sferoebSi, iseTSi rogoricaa elementaruli 

nawilakebis fizikis, molekuluri biologiis (mag. adamianis 

geni), geofizikis (atmosferos fizika) da sxva problemebi, 

dakavSirebulia gamoTvliTi simZlavreebis zRvruli 
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SesaZleblobebis uzrunvelyofasTan. gamosavali moiZebna 

mkvlevarebis mier kompiuteruli qselebis saSualebiT 

gamoTvliTi simZlavreebis koleqtiur gamoyenebaSi.   

zemoT aRwerilia maTematikuri modelebis agebisa da 

analizisadmi ZiriTadi midgomebi, romlebic saerToa codnis 

yvela sferosTvis da ar aris damokidebuli konkretul 

specifikaze. garemo samyaro erTiania, rac mJRavndeba 

maTematikuri modelebis universalobaSi – erTidaigive 

maTematikuri konstruqciebis gamoyeneba sxvadasxva movlenebis 

da obieqtebis aRwerisaTvis. miTiTebulia gamoTvliTi 

eqsperimentis Teoriuli da eqsperimentuli meTodebis saerTo 

xasiaTi samecniero gamokvlevebSi. qveviT ganxilulia 

gamoTvliTi eqsperimentis sxvadasxva saxeebi. gamoTvliTi 

eqsperimenti ganixileba, rogorc maTematikuri modelirebis 

ufro maRali safexuri, romlis warmoSobac ganapiroba 

maTematikuri modelebis Sesaswavlad kompiuteris da ricxviTi 

meTodebis upiratesma gamoyenebam. 

 

1.3. dakavSirebuli eleqtruli wredebis saxeebi 

dakavSirebuli ewodeba iseT eleqtrul wredebs, 

romlebSic mimdinare procesebi gavlenas axdenen erTmaneTze 

saerTo magnituri velis an saerTo eleqtruli velis 

saSualebiT. 

imisda mixedviT Tu rogor xorcieldeba wredebs Soris 

kavSiri, ganasxvaveben kavSiris Semdeg saxeebs [3]:  

• galvanuri 

• induqciuri anu transformatoruli 

• avtotransformatoruli 

• tevaduri anu kondensatoruli 

• kombinirebuli induqciur-tevaduri. 

ganvixiloT TiToeuli maTgani calk-calke: 
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galvanuri kavSiris dros eleqtruli wredebi erTmaneTTan 

dakavSirebulia gamtar garemoSi eleqtruli velis saSualebiT. 

es kavSiri sakmaod Rrmad aris Seswavlili da am kavSirs ar 

ganvixilavT. ukanasknel xanebSi didi moculobis kvleviTi 

samuSaoebi mimdinareobs ara galvanuri kavSiris, aramed 

galvanuri ganmxoloebis mimarTulebiT, radgan monacemTa 

Sekrebisa da damuSavebis, kontrolisa da marTvisaTvis 

signalebis cifruli damuSavebis gamzomi sistemebis agebisas 

mkvlevarebi dgebian erTis mxriv monacemTa Setana-gamotanis 

gamzomi wredebis da meores mxriv personaluri kompiuteris 

wredebisa da signalebis cifruli damuSavebis wredebis 

galvanuri ganmxoloebis aucileblobis winaSe. 

induqciuri anu transformatoruli kavSiris dros 

eleqtruli wredebi erTmaneTTan dakavSirebulia magnituri 

velis saSualebiT. es kavSiri yvelaze xSirad gamoiyeneba 

eleqtroteqnikur mowyobilobebSi da amitom am kavSirs 

winamdebare samuSaoSi yvelaze meti yuradReba eqceva. 

induqciuri kavSiris wredi naCvenebia nax 1.1-ze 

                                                   M 
                      Ǐ1                                                                 Ǐ2        
 
       
       Ĕ                            L1                               L2 

                                       R1                                                  R2 
                                                                    
 

naxazi 1. 1 induqciuri kavSiris wredi. 

induqciuri kavSiris principi mdgomareobs SemdegSi: 

pirvelad konturSi gamavali deni I1,  L1 koWaSi gavlisas qmnis 

magnitur vels, romlis Zalovani xazebic gadakveTen L2 koWas 

xviebs da aRZraven masSi induqcirebul emZ-s. es ukanaskneli ki 

meorad konturSi aRZravs I2 dens.  amgvarad induqciuri kavSiris 

dros energia erTi konturidan meores gadaecema magnituri 

velis saSualebiT. nebismieri transformatori induqciuri 

kavSiris magaliTia. or koWas, romlebic induqciurad 
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akavSireben maRalsixSirian konturebs  ewodebaT maRali 

sixSiris transformatorebi. 

induqciuri kavSiri SeiZleba iyos mudmivi an cvladi. 

mudmivi induqciuri kavSiri gamoisaxeba erTSriani an 

mravalSriani (Cveulebriv erT karkasze gverdi-gverd daxveuli) 

koWebis saxiT. cvladi induqciuri kavSiris misaRebad saWiroa 

koWebs Soris daSorebis an maTi urTierTmdebareobis cvlileba. 

konturebis urTirTgavlenis raodenobrivi SefasebisaTvis 

gamoiyeneben kavSiris koeficientis mcnebas. kavSiris koeficienti  

k  ganisazRvreba rogorc kavSiris winaRobis Sefardeba orive 

konturis winaRobis saSualo geometriul sididesTan. mag. 

transformatoruli kavSirisaTvis (nax.1.1) 
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gavarkvioT kavSiris koeficientis fizikuri arsi 

induqciuri kavSiris dros. Tu  L1 da  L2  msgavsia da konturSi 

sxva koWebi ar arsebobs, maSin kavSiris koeficienti gviCvenebs L1 

koWas  sruli magnituri nakadis ra wils Seadgens orive 

koWis gadamkveTi e.i. orive wredis damakavSirebeli 

1Φ

kavS.Φ    

magnituri nakadi. mag. Tu  kavS.Φ 1Φ Seadgens -is 20%-s  maSin   

 = 0.2. kavS.Φ

avtotransformatoruli kavSiri miekuTvneba induqciur-

galvanuri kavSiris jgufs. am SemTxvevaSi konturebs aqvT 

saerTo koWa. energia nawilobriv gadaecema magnituri veliT, 

xolo nawilobriv konturebs Soris eleqtruli kavSiris 

arsebobis saSualebiT. 

 

                         L2                                             L1 

 
        L1        A              I2                L2 

                       C 1                                               C 

2 
kavS.L kavS.L

                            C 2              C 1          
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Aa)                     L1                         b)               L2 
  
                               
                                                       kavS.L
                            C 1    C 2 

    g) 

 

 

naxazi 1. 2 avtotransformatoruli kavSiris sxvadasxva SemTxvevebi 

sqemaze (nax.1..2a) koWa ESedis pirvelad konturSi, xolo 

amave koWis nawili Sedis meoradi konturis SemadgenlobaSi da 

masze arsebuli Zabva qmnis I2  dens. koWa  aris rogorc 

damwevi avtotransformatori an Zabvis induqciuri gamyofi. 

damatebiTi koWa L2 -sTan erTad qmnis meoradi konturis 

induqciurobas. L1 koWis rac ufro didi nawili Sedis orive 

konturSi miT ufro Zlieria kavSiri sqemaze (nax.1.2 b) L2 koWa 

Sedis meorad konturSi rogorc amamaRlebeli transformatori.  

xolo misi nawili Sedis pirvelad konturSi, romelSic 

damatebiT CarTulia L1 koWi. arsebobs  koWis sxvadasxva 

CarTvis sqema, magram yvela SemTxvevaSi gazrdiT konturebs 

Soris transformatoruli kavSiri Zlierdeba. 

kavS.L

kavS.L

kavS.L

kavS.L

kavS.L

kavS.L

sqemaSi (nax.1.2b) rac naklebia  L1 da  L2-Tan SedarebiT 

miT sustia kavSiri. 

kavS.L

avtotransformatoruli kavSirisaTvis 
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tevaduri kavSiris dros kavSiri xorcieldeba kavSiris 

kondensatoris -s  saSualebiT (nax.1.3) da Sesabamisad energia 

pirveladi konturidan meorad konturSi gadaecema eleqtruli 

velis saSualebiT. sqemebs Soris xSirad Cndeba tevaduri 

kavSiri, iq sadac ar aris saWiro, da arRvevs sqemis normalur 

muSaobas, aseT kavSirs uwodeben parazituls. xSirad aris 

kavS.C
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saWiro muSaoba am arasasurveli kavSiris asacileblad an 

Sesamcireblad. sqemas (nax.1.3a) romelSic kavSiris kondensatori  

 ar Sedis pirvelad da meorad konturSi uwodeben gare 

tevadur kavSirs. sqemas (nax.1.3b) ewodeba Sida tevaduri kavSiri, 

radgan kavSiris kondensatori mimdevrobiT aris CarTuli 

rogorc pirvelad aseve meorad konturSi am konturebis C1 da C2  

kondensatorebTan. kavSiris sididis Sesacvlelad  

kondensators unda hqondes cvalebadi tevadoba. 

kavS.C

kavS.C

                                                                                C1                  1     C2 kavS.C
 
   L1                                                                   L2                              L1                                                  L2 

                        C1           C2                                                                                           kavS.C
 
                                                     
 
                                                                                                2 
naxazi 1. 3 tevaduri kavSiris sqemebi: a) gare tevaduri kavSiri Bb) Sida 

tevaduri kavSiri 

gare tevadur kavSirian sqemaSi pirveli konturis Zabva 

kavSiris kondensatoris gavliT zemoqmedebs meorad konturze da 

qmnis masSi dens. rac metia -s tevadoba miT naklebia misi 

winaRoba cvladi denis mimarT da miT ufro Zlieria kavSiri. 

praqtikulad, kavSiris Sesasusteblad  unda iyos 

pikofaradis erTeulis Tanrigis (bevrad mcire vidre C1 da C2) 

sxvadasxva wredebs Soris parazituli kavSiri xorcieldeba gare 

tevaduri kavSiris sqemiT, radganac amisaTvis sakmaod mcire 

tevadobac sakmarisia. induqciur kavSirs mudam Tan axlavs gare 

tevaduri kavSiri koWebsa da mimyvan gamtarebs Soris arsebuli 

tevadobis gamo. 

kavS.C

kavS.C

Sida tevadobian sqemaSi (nax. 1.3 b) Zabva romelic 

warmoiqmneba  kondensatorze masSi I1 denis gavlis dros, 

moqmedebs meoradi konturis  C2, L2   wredze da qmnis masSi I2  

dens. sxvagvarad SeiZleba iTqvas, rom wertilSi 1 (an 2) xdeba 

denis ganStoeba da misi nawili midis meorad konturSi. nax 1.3a 

kavS.C
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sqemisgan gansxvavebiT kavSiris gasaZliereblad saWiroa - 

tevadobis Semcireba. maSin I1 denis mimarT C - kondensatoris 

winaRoba izrdeba, imatebs masSi Zabvis vardna, da radganc es 

moqmedebs meorad konturze, amitom izrdeba I2 deni. 

kavS.C

kavS.

mocemul sqemaSi susti kavSiris ganxorcielebisaTvis - 

unda iyos aTasi da aTi aTasi pikofaradis erTeulis Tanrigis 

(bevrad didi vidre C1 da C2). 

kavS.C

Sida tevaduri kavSirisTvis (nax.3.b) 
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kavSkavS
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22sadac  ,      

C1 da C2 tevadobebis 0-dan ∞- mde cvlilebisas kavSiris 

koeficienti icvleba k=1-dan  k=0 mde 

                                                C       
 
       
             
                           C1                                                    C2              C1                                             C2 
                                                          L1            L2                                           L1             L2 
                                                                                                               
                                                                                                             C 
 
  a)                            b) 

 

naxazi 1. 4 kombinirebuli induqciur-tevaduri kavSiris sqema 

 

kombinirebuli induqciur-tevaduri kavSirisas energiis 

gadacema konturebSi xdeba rogorc eleqtruli ise magnituri 

velebis mier. magaliTisaTvis induqciur-tevaduri kavSiris sqema 

mocemulia nax.1.4-ze am sqemas naklebi gamoyeneba aqvs.     
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1.4. dakavSirebuli wredebis  fizikuri safuZvlebi da 
maTematikuri problemebi 

adamiani uxsovari droidan swavlobda eleqtrul da 

magnitur movlenebs. cdilobda maT praqtikul gamoyenebas. 

droTa ganmavlobaSi Camoyalibda mecnierebis ori, ermaneTisagan 

damoukidebeli dargi – eleqtroba da magnetizmi. Ffizikuri 

movlenebis maTematikurma meTodebma uCvena, rom magnetizmi 

dakavSirebulia eleqtrobasTan da piriqiT. saWiro iyo am 

Teoriuli varaudis eqsperimentaluri dadastureba. pirveli, 

vinc es moaxerxa iyo erstedi. igi sxvebTan erTad fiqrobda am 

movlenebs Soris SesaZlo   kavSirebze da sruliad SemTxveviT 

SeamCnia, rom gamtarSi denis gatarebis Sedegad masTan axlos 

myofi magnituri isari gadaixara. es iyo pirveli didi 

eqsperimentuli aRmoCena, romelmac safuZveli daudo 

eleqtromagnituri velis, rogorc erTiani fizikuri velis 

mecnierul Seswavlas. dRes es veli ganixileba rogorc materiis 

gansakuTrebuli forma, romelic materiis moZraobis 

gravitaciuli da atomguluri moZraobis formebisagan 

gansxvavebiT xasiaTdeba specifikuri TaviseburebebiT – 

vrceldeba sinaTlis sxivis moZraobis siCqariT da 

potencialuria, SeuZlia muSaobis Sesruleba. pirveli Tviseba 

gamoiyeneba eleqrokavSirgabmulobaSi, xolo meore Tviseba – 

eleqtroenergetikaSi. 

erstedis aRmoCenidan sul ramdenime xanSi amperma 

gamoiyvana ori deniani gamtaris, rogorc ori magnitis meqanikuri 

urTierTqmedebis Zalis saangariSo formula, romelic 

safuZvlad daedo Tanamedrove eleqtromeqanikas. erstedisa da 

amperis aRmoCenebiT damTavrda eleqtrobisagan magnetizmis 

miRebis istoriuli amocana. ukve ar iyo saeWvo is faqti, rom 

eleqtruli da magnituri movlenebi erTi da igive fizikuri 

velis ori sxvadasxva gamovlinebaa. amperis aRmoCenam saTave 

daudo axal-axal aRmoCenebs.  
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erstedisa da amperis aRmoCenebis Semdeg mecnierebis winaSe 

dadga axali amocana – amocana magnetizmisagan eleqtrobis 

miRebisa. am amocanaze sxvebTan erTad muSaobda faradei. igi 10 

wlis ganmavlobaSi gulmodgined atarebda eqsperimentebs. 1831 

wels aRmoaCina eleqtromagnituri induqciis kanoni, romelic 

safuZvlad udevs Tanamedrove generators. 

lencma[4] gaagrZela erstedis, amperis, faradeis da sxvaTa 

eqsperimentebi da daadgina eleqtromagnituri induqciis Sedegad 

aRZruli denis mimarTuleba (1833 w.). lencis Tanaxmad, magnitur 

velSi moZrav gamtarSi aRZrul dens aqvs iseTi mimaarTuleba, 

rom amperis Zala amuxruWebs gamtaris moZraobas. 

1845 wels neimanma faradeisa da lencis kanonebis analizis 

safuZvelze Seadgina induqciis kanonis fundamentaluri 

formula magnitur velSi moZravi gamtarisaTvis [5] 

1845 wels neimanma faradeisa da lencis kanonebis analizis 

safuZvelze Seadgina induqciis kanonis fundamentaluri 

formula magnitur velSi moZravi gamtarisaTvis [5] 

 

dt
de Φ

−=                   (1.1) 

romelSic lencis inerciis kanoni asaxulia amperis Zalis 

uaryofiTi niSniT gamtaris gadaadgilebis mimarT. amave wels 

neimanis seminaris msmenelma, 18 wlis kirxhofma wredSi denebisa 

da Zabvebis ganawilebis kanonebi, romlebic emyareba 

potencialisa da energiis mudmivobis kanonebs. 

maqsvelma ganavrco da ganazogada eleqtromagnituri 

induqciis kanoni magnitur velSi moZravi konturisaTvis, 

warmoadgina igi Semdegi saxiT [6] da Camoyalibda 

eleqtromagnituri velis, rogorc erTiani fizikuri velis 

mwyobri Teoria. 

      

t
BEtro ∂
∂

−=
r

(1.2) 
 

eleqtromagnituri movlenebis Seswavla SesaZlebelia 

rogorc velis Teoriis, aseve wredebis Teoriis safuZvelze. 
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maqsveli upiratesobas wredebis Teorias aniWebda. man ganixila 

induqciurad dakavSirebuli wredi, romelic Sedgeba ori 

konturisagan erTSi CarTulia gareSe emZ-is wyaro, xolo 

meoreSi galvanometri (henris eqsperimenti). mogvca 

urTierTinduqciurobis niSnis bundovani ganmarteba, miiRo igi 

dadebiT sidided da Seadgina Semdegi saxis, e.w. “denebis 

diferencialuri gantolebebis sistema”. 

dt
diM

dt
diLire 2

12
1

111 ++=  

dt
diM

dt
diLiro 1

21
2

222 ++=                                           (1.3) 

sadac r1, i1  da r2, i2  “winaRobebis Zalebia”, xolo danarCeni 

wevrebi – eleqtromagnituri moZraobis raodenobis cvlilebebi 

Sesabamisad pirvelad da meorad konturebSi. 

maqsvelis Tanaxmad, rodesac wredebi moTavsebulia 

erTmaneTis gverdiT erTidaimave mimarTulebiT, 

urTierTinduqciuroba dadebiTi sididea. aqedan gamomdinareobs, 

rom pirveli denis CarTvis momentSi induqcirdeba uaryofiTi 

deni. 

meoradi denis uaryofiTi niSani migviTiTebs imaze, rom 

induqcirebuli denis magnituri nakadi mimarTulia 

mainduqcirebeli denis magnituri nakadis sawinaaRmdegod da 

isini akldebian erTmaneTs. ase SeiZleba gavigoT uaryofiTi 

induqcirebuli denis amperiseuli interpretacia. magram, 

arsebobs uryofiTi denis amperiseuli interpretacia, romlis 

Tanaxmadac uaryofiTi deni iseTi denia, romlis mimarTuleba ar 

emTxveva muxtis moZraobis mimarTulebas (burRis wesi). da 

bolos arsebobs agreTve uaryofiTi denis kirxhofiseuli 

interpretacia – uaryofiTi deni iseTi denia, romlis 

mimarTuleba ar emTxveva konturis Semovlis mimarTulebas. 

yovelive es iwvevs arsebiT gaugebrobas orkonturiani wredebis 

analizis dros. xolo rac Seexeba samkonturian wreds (nax.5) 

rodesac konturebSi moqmedebs gareSe emZ-ebi (samfaza 
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transformatoris uqmi (svla), gantolebaTa sistemis Sedgena (1.3) 

sistemis analogiurad dadebiTi urTierTinduqiurobebiTa da 

uaryofiTi denebiT, saerTod SeuZlebelia, vinaidan aseT 

gantolebaTa sistemas, romelic agebulia dekartes koordinatTa 

sistemaSi, araferi ar aqvs saerTo samfaza transformatoris 

uqmi svlis reJimis realur fizikur movlenebTan [nax5]. 

        
dt
di

M
dt
di

M
dt
diLiru 5

15
3

13
1

1111 +++=  

              
dt
di

M
dt
di

L
dt
di

Miru 5
35

3
3

1
31333 +++=                      (1.4)       

dt
di

L
dt
di

M
dt
di

Miru 5
5

3
53

1
51555 +++=                

 
 

       Φ1                                            Φ3                                              Φ5 

 

        

       u1                 i1                        u3                     i3                           u5                i5 

                                                                             

 

                             

 

naxazi 1. 5 samfaza transformatoris uqmi svlis sqema 

 

                            u3 

              Φ1                    i3                           Φ3 

 

     i1 

     u1                            u5 

                                                         

                 Φ5                          i5  

 

 

naxazi 1. 6 erTfaza samgragnila transformatori 
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fizikur azrs moklebulia agreTve samfaza 

transformatoris gantolebaTa sistema datvirTvis reJimSi, 

romelic Sedgenilia maqsvelis (1.3) sistemis analogiurad da 

romlis induqciurobaTa matricas aqvs Semdegi saxe (1.5). 

literaturaSi gavrcelebulia induqcirebuli denisa da emZ-is 

pirobiTi dadebiTi mimarTulebis cneba [7]. erTsaxela momWerebs, 

urTierTinduqciurobis niSnebs da induqcirebuli emZ-is 

mimarTulebas irCeven nebismierad. aseTi meTodiT Sedgenili 

maTematikuri modelebi ver asaxaven realuri fizikuri 

danadgarebis eleqtromagnitur movlenebs. 

                                        (1.5) 
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magaliTad, SeuZlebelia transformatoruli sazomi 

bogiris adekvaturi wonasworobis pirobis Sedgena induqciurad 

dakavSirebuli wredebis Teoriis safuZvelze. amocana 

problematuria [8.9] da misi gadawyveta dakavSirebulia 

eleqtromagnituri inerciis kanonis adekvatur maTematikur 

interpretaciasTan. 

nax. 7-ze mocemulia oTxgragnila transformatoruli 

sazomi bogiris eleqtruli sqema.  Z1 aris gasazomi kompleqsuri 

winaRoba. Z Z2 da 3  etalonuri kompleqsuri winaRobebia. gasazomi 

da etalonuri winaRobebi, rogorc wesi, erTnairi xasiaTis 

kompleqsuri winaRobebia – aqtiur-induqciuri, an kidev aqtiur-

tevaduri.           1
2

1
1 , ZZ       da    1

3Z     Zabvis gamyofi winaRobebia. 

etalonuri winaRobebis CarTviT miiRweva bogiris gawonasworeba, 

nulovani balansis miReba, rodesac magnituri sistemis 

damamagnitebeli magnitomamoZravbeli Zalebisa da galvanometris 

Cveneba nulis tolia, an kidev axlos aris nulTan. 
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literaturaSi miRebulia oTxgragnila transformatoruli 

sazomi bogiris wonasworobis piroba Semdegi saxiT:  
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naxazi 1. 7 oTxgragnila transformatoruli sazomi bogiris 

eleqtruli sqema 
 

es toloba ver asaxavs bogiris wonasworobis realur 

pirobebs. igi ar Seicavs fizikur azrs da saerTod ar 

gamoiyeneba praqtikaSi, vinaidan cnobilia, rom am tolobis 

TiToeuli kompleqsuri Sesakrebi rogorc wesi Seicavs 

nulisagan gansxvavebul dadebiT namdvil nawils. da maTi jami 

ubralod ar SeiZleba nulis toli iyos. kompleqsuri 

winaRobebis namdvili nawilebi warmodgenilia eqvivalenturi 

aqtiuri winaRobebiT, romlebic axasiaTeben siTbos gamoyofis 

process joul-lencis kanonis Tanaxmad:  
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 (1.6) gamosaxulebidan SeuZlebelia gasazomi winaRobis 

saangariSo formulis gamoyvana. uamisod ki SeuZlebelia imis 
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dadgena Tu ra Tanafardoba arsebobs gasazom da etalonur 

winaRobebs Soris wonasworobis momentSi, rodesac gamosavali 

signali nulis tolia, an gadadis Tavis minimalur 

mniSvnelobaze. transformatoruli sazomi bogiris 

wonasworobis piroba, iseve rogorc cvladi denis uitstonis 

sazomi bogiris wonasworobis piroba, Seicavs or gantolebas, 

romelTagan erTi gviCvenebs kompleqsuri winaRobebis modulebis 

tolobas, xolo meore maTi argumentebis tolobas. bgeriTi 

sixSiris generatoridan kvebis SemTxvevaSi am tolobebis 

realizacia dakavSirebulia induqciuri da tevaduri winaRobebis 

zustad SerCevasTan. idealuri nulis miReba praqtikulad 

SeuZlebelia, amitom umetes SemTxvevaSi bogirs miiCneven 

gawonasworebulad, rodesac galvanometris Cveneba minimaluria. 

garda imisa rom (1.6) tolobidan SeuZlebelia gasazomi 

winaRobis saangariSo formulis miReba, aris kidev aranaklebi 

mniSvnelobis sxva problemebi, rogoricaa gazomvis 

mgrZnobiarobis Sefaseba, gazomvis sizustis analizi, antenuri  

efeqtisa da gareSe velebis gavlenis Sefaseba da sxva. am 

amocanebis gadawyveta SeuZlebelia arsebuli Teoriis 

farglebSi. es aris kidev erTi magaliTi imisa, rom induqciurad 

dakavSirebuli wredebis Teoriisa da praqtikas Soris arsebobs 

arsebiTi xasiaTis Seusabamoba. 

rogorc zemoT aRvniSneT maqsvelma henrisa da faradeis 

eleqtromagnituri induqciis eqsperimentis maTematikuri 

modelis Sedgenis dros dauSva, rom mainduqcirebel da 

dainduqcirebul denebs Soris urTierTinduqciuroba dadebiTi 

sididea da am daSvebis Sedegad miiRo rom meorad konturSi 

dainduqcirebuli  deni uaryofiTia. igi miiCnevda, rom am 

SemTxvevaSi urTierTinduqciurobis niSani ganisazRvreba 

konturebis urTierTmdebareobiT. es iyo arsebiTi xasiaTis 

Secdoma, romlis gamosworeba, maqsvelis uzomod didi 

avtoritetis gamo, dRemde ver moxerxda. SemdgomSi Catarebuli 

gamokvlevebiT damtkicebulia, rom miuxedavad konturebis  
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urTieTmdebareobisa, meoradi konturi yovelTvis ganamagnitebs 

pirvelad konturs  da Sesabamisad urTierTinduqciuroba 

mainduqcirebel da dainduqcirebul denebs Soris yovelTvis 

uaryofiTia, miuxedavad maTi urTieTrganlagebisa da datvirTvis 

xasiaTisa TviTinduqciisa da urTierTinduqciis magnitur 

nakadebs aqvT urTierTsapiripiro mimarTuleba. es aris bunebis 

kanoni, romelsac eleqtromagnituri inerciis kanoni, an rac 

igivea, energiis Senaxvis kanoni hqvia. es udao faqtia da misi 

Semowmeba SesaZlebelia eqsperimentis saSualebiT. 

gasuli saukunis 60-70 wlebi gansakuTrebiT nayofieri 

gamodga eleqtroteqnikis Teoriuli problemebis ganviTarebis 

TvalsazrisiT. egm-is ganviTarebam, maTi gamoyenebis efeqturobis   

aucilebelma amaRlebam gansazRvra eleqtruli wredebis 

Teoriis sferoSi axali Teoriuli midgomebis damuSaveba. egm-is 

unarma daimaxsovros ricxvTa didi masivebi, Seasrulos 

logikuri operaciebi aiZula mecnierebi gadaexedaT eleqtruli 

wredebis gaangariSebis meTodebisTvis. warmoiqmna im meTodebis 

ganviTarebis moTxovna, romlebic yvelaze metad gamoiyeneben egm-

is specifiur Taviseburebebs. aseT meTodebs ganekuTvneba 

eleqtruli wredebis gantolebebis formirebis da amoxsnis 

matriculi meTodebi. Catarebuli samuSaos didi moculobis 

miuxedavad eleqtroteqnikis Teoriuli problemebis ganviTarebis 

TvalsazrisiT ufro da ufro aucilebeli xdeba mimdinare 

procesebis fizikuri mxaris gageba da amis safuZvelze Sefaseba 

miRebuli Sedegebis WeSmaritebisa. es ukanaskneli SesaZlebelia  

mxolod eleqtrul wredebSi, romlebic warmoadgenen raime 

miaxloebiT sxvadasxva mowyobilobebis erTianobas, romelSic 

nawildeba eleqtromagnituri veli da mimdinareobs sxvadasxva 

eleqtrodinamikuri procesebi, mimdinare eleqtromagnituri 

movlenebis fizikis gagebis da gaazrebis Semdeg. daniSnulebis 

mixedviT ganasxvaveben: eleqtruli wredebi, romlebic gamoiyeneba 

eleqtruli energiis gadacemisa da gardaqmnisaTvis 

(eleqtroenergetikaSi gamoyenebuli wredebi) da wredebi, 
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romlebic gamoiyeneba informaciis gadacemisa da gardaqmnisaTvis 

(kavSirgabmulobis, radioteqnikuri, avtomatikis da 

telemeqanikuri mowyobilobebis wredebi da sxva). 

zusti informaciis gadacemisa da gardaqmnis sakiTxTan 

dakavSirebiT mizanSewonilia eleqtroteqnikuri wredebis 

Teoriis zogierTi sakiTxebis gadmocemis meTodikaSi garkveuli 

cvlilebebis Setana. yvelaze met damuSavebas moiTxovs Semdegi 

sakiTxebi: induqciuri da samfaza wredebi, induqciurad 

dakavSirebul wredebSi mimdinare gardamavali procesebi, 

transformatorebi, transformatoruli gamzomi bogirebi, 

gawonasworebis eleqtruli sqemebi, romelSic mimdinare 

fizikuri procesebis maTematikuri aRwera ar Seesabameba realur 

procesebs. am sakiTxis garSemo mimdinareobda gauTavebeli 

diskusiebi, rogorc respublikuri aseve yofili sabWoTa 

kavSiris qveynebis eleqtroteqnikuri Jurnalebis furclebze, 

magram dResac ar aris miRebuli saboloo pasuxi. 

eleqtroteqnikosTa saerTaSoriso komisiis (IEC) kongresze 

ramdenjerme iyo ganxiluli transformatoris TeoriaSi 

arsebuli Seusabamobebi [10]. imarTemoda diskusiebi sxvadasxva 

doneze, magram uSedegod. eleqtroteqnikosTa saerTaSoriso 

komisiis moskovis kongresze profesorma a. netuSilma mimoixila 

induqciurad dakavSirebuli wredebis TeoriaSi arsebuli 

problemebi [11], uCvena rom literaturaSi gavrcelebulia 

erTfaza transformatoris oTxi maTematikuri modeli (nax.1.8.) da 

oTxive es modeli adekvaturia realuri fizikuri movlenebisa, 

magram imis gamo, rom maTi SerCevis dros ar aris 

gaTvaliswinebuli gansaxilveli transformatoris muSaobis 

Taviseburebebi, mosalodnelia Secdomebi da gaugebroebebi. 

mdgomareobis gamosworebis mizniT avtori gvTavazobs e.w. 

kompromisul kriteriumebs  am modelebidan saukeTeso modelis 

SesarCevad. sakiTxis aseTi dasma ar aris marTebuli, vinaidan 

erTi da imave fizikuri danadgaris eleqtromagnituri 
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movlenebis adekvaturi movlenebis adekveturi maTematikuri 

modeli logikurad erTaderTi unda iyos. 

ar SeiZleba oTxi sxvadasxva modeliT erTidaigive 

fizikuri movlenebis adekvaturi maTematikuri interpretacia. 

sakiTxis aseTi dasma miuTiTebs imaze, rom an oTxive modeli 

uvargisia da SesarCevi araferia, an kidev am oTxi modelidan 

mxolod erTia misaRebi. ganvixilod TiTouli maTgani; modeli 

(nax. 1..8.a) agebulia im daSvebiT rom pirvelad da meorad denebs 

erTsaxelia moWerebis mimarT aqvT Tanxvdenili mimarTuleba da 

TviTinduqciis emZ-bi mimarTulebiT emTxveva denebs. 

           i1                                          i2                                    i1                                     i2                                                 

 

    u1       e1                           e2        u2                         u1         e1                           e2       u2 

 

 i1                                             i2                                  i1                                            i2 

 

   u1       e1                 e2  u2                   u1         e1                     e2   u2 

 

naxazi 1. 8 literaturaSi gavrcelebuli transformatoris 

maTematikuri modelebi 

 

es daSveba ewinaRmdegeba lencis eleqtromagnitur energias 

da miuRebelia. (nax. 1.8 b) modelSi miRebulia daSveba, rom 

pirveladi gragnilis TviTinduqciis emZ mimarTulebiT emTxveva 

dens, xolo meorad gragnilSi meoradi Zabva faziT emTxveva emZ-

as. aq ramdenime Secdomaa erTdroulad daSvebuli. (nax.1.8.g) 

modelSi aris naCvenebi pirveladi gragnilis 

urTieTrTinduqciis emZ da meoradi gragnilis TviTinduqciis  

emZ. uamisod ki SeuZlebelia gantolebaTa sistemis Sedgena. 

bolos (nax. 1.8 d) modelSi rogorc pirvelad gragnilSi, aseve 

meorad gragnilSi Zabvas da eZm-s aqvT erTidaigive mimarTuleba, 

rac ewiaaRmdegeba Zabvis da emZ-is miRebul cnebebs. amrigad, 
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a.netuSilis oTxi modelidan, rac igivea literaturaSi 

gavrcelebili modelebidan arc erTi ar aris srulyofili da 

realuri fizikuri movlenebis adekvaturi. 

axla ganvixiloT is kompromisuli kriteriumebi, romelTa 

daxmarebiT a. netuSili cdilobs mdgomareobis gamosworebas. 

pirveli kriteriumi aseTia: emZ da deni pirvelad gragnilSi 

mimarTulia erTmaneTis sapirispirod, vinaidan pirveladi 

gragnili energiis mimRebia. 

                         i1                                  i2 

 

           u1        e1L     e1M              e2M    e2L     u2 

 

 

naxazi 1. 9 erTfaza transformatoris realuri 

maTematikuri modeli 

diax, transformatoris pirveladi gragnili energiis 

mimRebia da deni da Zabva erTmaneTs emTxveva mimarTulebiT, 

xolo TviTinduqciis emZ mimarTulia maT sapirispirod, magram 

pirvelad gragnilSi garda TviTinduqciis emZ-isa arsebobs 

agreTve urTierTinduqciurobis emZ, romelic Cveni gamokvlevebis 

Tanaxmad, mimarTulebiT emTxveva dens. amis Sesaxeb avtori 

arafers ambobs. nax. 1.8-ze naCvenebi emZ-ebidan da gaugebaria, Tu 

romeli emZ aqvs avtors mxedvelobaSi. 

meore kriteriumis mixedviT Zabva da deni meoreul 

gragnilSi faziT emTxveva erTmaneTs, vinaidan meoreuli 

gragnili energiis wyaroa. aqac gaugebrobasTan gvaqvs saqme, 

vinaidan meoreul gragnilze Zabva uqmi svlis reJimSi tolia 

uaryofiTi urTieT- induqciis emZ-sa da es cxadad unda 

gaviTvaliswioT. nax 1.9-ze mocemulia Cvens mier SemoTavazebuli 

maTematikuri modeli erTfaza transformatorisTvis, romelic 

gansxvavdeba literaturaSi gavrcelebuli modelebisagan. 
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2.  შ ედ ე გე ბი დ ა  მ ა თ ი გ ა ნ სჯა  

2. induqciurad dakavSirebuli wredebis maTematikuri 
modelebi 

2.1. induqciurad dakavSirebuli wredebi 

rogorc cnobilia Tu erT konturSi denis mier Seqmnili 

magnituri nakadi kveTs sxva romelime konturs da warmoqmnis am 

konturSi emZ-s, maSin amboben, rom es ori konturi 

induqciuradaa dakavSirebuli. es kavSiri xasiaTdeba 

urTierTinduqciis koeficientiT. denis dadebiTi mimarTuleba da 

mis mier Seqmnili magnituri nakadis mimarTuleba erTmaneTTan 

SeTanxmebulia marjvena burRis wesiT. pirobiTad miRebulia, rom 

i1 da i2 dadebiTi mimarTulebebi or induqciurad dakavSirebul 

konturSi Tanxvedrilia, Tu maT mier Seqmnili TviTinduqciis Φ1L  

da Φ2L da  urTierTinduqciis  Φ1м daΦ2м magnituri nakadebis 

mimarTuleba emTxveva erTmaneTs, winaaRmdeg SemTxvevaSi isini 

Semxvedria.  

induqciurad dakavSirebuli wredebis ganxilvis dros 

aucileblad unda davafiqsiroT erTsaxela momWerebi, 

romlebsac, rogorc wesi sqemaze aRniSnaven wertilis, 

varskvlavis, samkuTxedis da sxva saxiT. erTsaxela ewodebaT 

momWerebs, romlebSic denebis erTnairi mimarTulebis dros 

TviTinduqciis da urTierTinduqciis magnitur nakadebs erTi 

mimarTuleba aqvT. 

induqciurad dakavSirebuli wredebi farTod gamoiyeneba 

sxvadasxva eleqtruli mowyobilobebis Seqmnisas 

nax. 2.1-ze naCvenebia induqciurad dakavSirebuli koWebi, 

romlebic Camocmulia erT magnitogamtarze. erTsaxela 

momWerebTan mimarTebaSi i1 da i2 denebis erTi mimarTulebis 

dros (nax.2.1a) TviTinduqciis (Φ1L  da Φ2L) da urTierTinduqciis 

(Φ1м daΦ2м) magnituri nakadebi emTxvevian mimarTulebiT da 
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erTmaneTs aZliereben. Semxvedri  mimarTulebis dros  (nax.2.1b) 

isini  mimarTulni arian Semxvedrad da asusteben erTmaneTs. 

 

 
 
   Φ1L    Φ2L                                                                                                                     Φ1L     Φ2L 

                   
     Ф                              Φ1м               Φ2м                                                                   Ф                                             Φ1м       Φ2м        

 
            
                  i1       e1                i2                 e2                                           i1            e1                                          e2 

  
a) b) 
 

naxazi 2. 1 erT magnitogamtarze Camocmuli induqciurad 
dakavSirebuli koWebi 

klasikur eleqtroteqnikur literaturaSi (12-15) Tanxvedr 

SeerTebas Seesabameba gantolebaTa sistema (2.1) ,xolo Semxvedrs 

– (2.2). 

dt
diM

dt
diLe 21

11 −−=                                                  (2.1) 

dt
diM

dt
diLe 12

22 −−=  

                                                  

dt
diM

dt
diLe 21

11 +−=                                                                                (2.2) 

dt
diM

dt
diLe 12

22 +−=  

 

 (2.1) da (2.2) gantolebaTa sistemaSi: L1   da L2 koWebis 

induqciurobaa, xolo M – urTierTinduqciuroba, isini 

damokidebulia geometriul zomebze, xviaTa ricxvze, absolutur 

magnitur gamtarobaze da gamoisaxeba formulebiT 

                               ,          ,             λ2
11 WL = λ2

22 WL = λ21WWM =               (2.3) 

sadac W1   da W2  xviebis ricxvia. 
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l
S

l
S

a 0μμμλ ==                   (2.4) 

λ - maqsimaluri gamtaroba (hn) 

μа – absoluturi magnituri SeRwevadoba (hn/m) 

μ – fardobiTi magnituri SeRwevadoba 

μо =4п* 10-7  – magnituri mudmiva (hn/m) 

S – gularis kveTis farTobi (m2) 

l _ saSualo sigrZe 

eleqtroteqnikur literaturaSi [12-15] istoriulad 

miRebulia, rom induqciurad dakavSirebul wredebSi 

TviTinduqciis  L1 da L2 koeficientebi yovelTvis dadebiTia, 

xolo urTierTinduqciis koeficienti M Tanxvedri SeerTebis 

dros dadebiTia, xolo Semxvedrisas-uaryofiTi. es aris  

gansxvaveba Tanxvedri da  Semxvedri SeerTebebis maTematikur 

aRweraSi. Sedegad induqciurad dakavSirebul wredebSi mimdinare 

fizikuri eleqtromagnituri movlenebis maTematikur modelebs 

ar gaaCniaT fizikuri arsi [7-8], ar aris Sesabamisoba Teoriasa 

da praqtikas Soris amitom garTulebulia  analizisa da 

sinTezis rigi praqtikuli amocanebis amoxsna, gansakuTrebiT 

transformatoruli gamzomi bogirebisa da gawonasworebis 

eleqtruli sqemebis. 

Sesabamisad TviTinduqciis emZ lencis wesis Tanaxmad 

yovelTvis aiReba (-) niSniT 
dt
diLeL −= , xolo urTierTinduqciis 

emZ – niSniT ( )
dt
diMeM ±=± :  .  (-) niSani Seesabameba Tanxvedr 

SeerTebas, xolo (+) Semxvedrs. 

Cveni SexedulebiT [16] es arakoreqtuli warmodgenaa. 

realurad, (2.3) gamosaxulebis Tanaxmad rogorc  L iseve M 

yovelTvis dadebiTi sidideebia. induqciurad dakavSirebuli 

wredebis erTerTi ZiriTadi sididea jamuri magnituri nakadi 

Ф=Ф1+ Ф2 sadac 

  da  ML 211 Φ±Φ=Φ ML 222 Φ±Φ=Φ
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Ф nakadis pirobiTad dadebiTi mimarTuleba naCvenebia 

nax.2.1a da nax.21b-ze. es mimarTuleba aTvlis sistemaSi miviRoT 

rogorc dadebiTi mimarTuleba. 

gantolebaTa sistema (2.1) mTlianad asaxavs Tanmxvedri 

SeerTebis dros magnitur wredebSi mimdinare fizikur procesebs, 

radganc yvela nakads aqvs jamuri nakadis mimarTuleba. 

gantolebaTa sistema (2.2), Cawerilia Semxvedri SeerTebis dros 

magnitur wredebSi mimdinare fizikuri procesebisaTvis, da 

rogorc zemoT aRiniSna romelzec dafuZnebulia rogorc 

erTfaza aseve samfaza transformatorebis da mbrunavi 

eleqtromanqanebis muSaoba, ver asaxavs am mowyobilobebSi 

mimdinare realur fizikur procesebs, radgan sistema (2.2)-is 

gantolebebi Cawerilia sxvadasxva sistemebSi, kerZod, pirveli 

gantoleba Cawerilia i1 denis sistemaSi, xolo meore  - i2  denis. 

aqedan gamomdinare, am gantolebaTa sistemis gamoyenebiT 

winaswar vuSvebT Secdomas, radganc saWiroa orive gantoleba 

Caiweros erT sistemaSi. 

Tu romelime emZ-s magaliTad e2-s (nax.2.1a) CavrTavT wredSi 

sawinaaRmdego mimarTulebiT, miviRebT Semxvedr SeerTebas 

naCvenebs nax.2.1b-ze. am SemTxvevaSi i2  denis pirobiT dadebiT 

mimarTulebasTan dakavSirebuli Ф2L da Ф1M da nakadebi, miiReben 

pirobiT dadebiTad miCneuli jamuri Ф nakadis sawinaaRmdego 

mimarTulebas. amitom Ф2L da Ф1M nakadebis cvlilebiT aRZruli 

emZ-ebi unda gamoisaxos Semdegi formulebiT: 

                                        
dt
diL

dt
diLe L

2
2

2
22 )( =−−=                                                 (2.5) 

                                       
dt
diM

dt
diMe                                              (2.6) M

22
21 )( =−−=

niSani (-) frCxilebSi miRebulia lencis wesis Tanaxmad, 

xolo niSani (-) frCxilebs gareT gviCvenebs jamuri Ф nakadis 

pirobiTad uaryofiTi mimarTulebis sawinaaRmdego mimarTulebas. 
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davuSvaT rom jamuri Ф nakadis pirobiTad dadebiTi 

mimarTuleba emTxveva  Ф1L nakadis pirobiTad dadebiT 

mimarTulebas (nax,2.1.b) , romelic Tavis mxriv dakavSirebulia i1  

denis marjvena burRis wesiT gansazRvrul pirobiTad dadebiT 

mimarTulebasTan, maSin gantolebaTa sistema (2.2) SeiZleba 

Caiweros 

dt
diM

dt
diLe 21

11 +−=                                                                         (2.7) 

dt
diM

dt
diLe 12

22 −=  

Tu davuSvebT, rom jamuri magnituri nakadis pirobiTi 

dadebiTi mimarTuleba emTxveva  Ф2L nakadis pirobiTad dadebiT 

mimarTulebas, romelic dakavSirebulia i2  denis dadebiT 

mimarTulebasTan (igive wesiT), gantolebaTa sistema (2.2) 

SeiZleba ase Caiweros 

dt
diM

dt
diLe 21

11 −=                                                                            (2.8) 

                      
dt
diM

dt
diLe 12

22 +−=  

Cvens mier Catarebuli gamokvlevebidan gamomdinare aseTi 

wredebisaTvis gantolebebis Sedgenisas unda davicvaT Semdegi 

wesebi: 

1. aRvniSnoT erTsaxela momWerebi da  mivuTiToT 

denebis maT mimarT pirobiTad dadebiTi mimarTulebebi: 

Tanmxvedri SeerTebis dros erTnairi da Semxvedri SeerTebis 

dros sawinaaRmdego mimarTulebebi 

2. gantolebaTa Sedgenis dros, Tu denebi Sedian 

erTsaxela momWerebSi, maSin am denebiT gamowveuli magnituri 

nakadebis cvlilebiT aRZruli TviTinduqciisa da 

urTierTinduqciis emZ-ebi aiReba uaryofiTi niSniT (xolo 

Zabvebi dadebiTiT). Tu denebi gamodian erTsaxela momWerebidan 

maSin TviTinduqciisa da urTierTinduqciis emZ-ebi aiReba 

dadebiTi niSniT (xolo Zabvebi uaryofiTiT). 
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davuSvaT, rom energiis ori mimRebi winaRobebiT R1  da  R2, 

induqciurobebiT L1  da  L2 da urTierTinduqciurobiT М 

SeerTebulia mimdevrobiT (nax.11) SesaZlebelia CarTvis ori tipi 

– Tanxvedrili (nax.2.2a) da Semxvedri (nax.2.2b.) Canacvlebis 

sqemebi, romelic mocemulia nax.12-ze Tanxvedrili CarTvisas 

drois nebismier momentSi deni orive koWaSi mimarTulia 

erTnairad erTsaxela momWerebTan mimarTebaSi, amitom 

TviTinduqciisa(Φ1L  da Φ2L) da urTierTinduqciis Φм   magnituri 

nakadebi  ikribeba. wredis sxvadasxva koWebze Zabvebi ase 

gamoisaxeba 

dt
diM

dt
diLiRu ++= 111  

                                             
dt
diM

dt
diLiRu ++= 222                                       (2.7) 

 

 

  
Φ1L    Φ2L                                                                                   Φ1L    Φ2L 
Φ1м    Φ2м                                                                                                                              Φ1м    Φ2м 

  
                    

                      
  u1                                                               u2                                                                 
                     i                                                                                                    u1                i                     u2 

                                                                                                                                                                                                     
R1                                                                                      R2                         R1                                                     R2            

          u                                                                                       
             u                                                
                       

naxazi 2. 2 Tanmxvedri(a) da Semxvedri(b) SeerTebebi 

                       M                                                                              M      
                                                                                                             
i           L1          R1        L2         R2                           i          L1         R1      L2           R2   
                                                        

u           u1                                 u2                                                          u                 u1                                    u2  

                                                                                                                                                                                   u2                                    
 

 
u1                                                                                                                                                              

a)                                        b) 

naxazi 2. 3 Tanmxvedri da Semxvedri SeerTebebis Canacvlebis sqema 
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nax.2.3.a-dan kirxhofis meore kanonis Tanaxmad SeiZleba 

davweroT 
 
    (2.8) 

 

( ) ( )⎥⎦
⎤

⎢⎣
⎡ ++++=+= MLL

dt
diiRRuuu 2212121

xolo kompleqsur formaSi 

(2.9) 

 

Sesabamis veqtorul diagramas aqvs Semdegi saxe (nax.2.4) 

L1>М, L2<М dros  

               
                                                                                                               
                                                                                                                       +L    
   
                     ĺjωM                   j  

                    
                                                                                                                                                                   

                                                                                 Ù                      ĺR2 
                                                                 ĺjωM  
                        Ù1                Ù2 

                                             +j                                       ĺR1 
                                                                                                                    

                                                                             ĺjωL1                                 ĺjωL2 

naxazi 2. 4 Tanxvedrili SeerTebis veqtoruli diagrama 

gantolebebi (2.7),(2.8),(2.9) da veqtoruli diagrama (nax.2.4) 

mTlianad Seesabameba aseT wredebSi mimdinare fizikur 

procesebs. 

Semxvedri SeerTebis dros (nax2.3.b) wredis orive koWaSi 

deni mimarTulia sxvadasxva mxares (erTsaxela momWerebTan 

mimarTebaSi) amitom TviTinduqciisa (Φ1L  da Φ2L) da 

urTierTinduqciis Φм  magnituri nakadebi erTmaneTs akldeba. 

literaturis [12-15] Tanaxmad Zabvebi calke koWebSi gamoiTvleba 

formulebiT 

                                              
dt
diM

dt
diLiRu −+= 222                                       (2.10) 

dt
diM

dt
diLiRu −+= 111  

([ ) ( )] TanxZIMLLjRRI =++++=+= 2ÙÙÙ 212121 ω&
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nax.2.3.b-dan kirxhofis meore kanonis Tanaxmad SeiZleba davweroT 
 

 ( ) ( )⎥⎦
⎤

⎢⎣
⎡ −+++=+= MLL

dt
diiRRuuu 2212121 (2.11) 

 
xolo kompleqsur formaSi 

           

(2.12) ( ) ( )[ ] Semk212121 2 IMLLjRRIUUU =−+++=+= ω

 

Sesabamisi veqtoruli diagrama mocemulia nax.2.5-ze 

veqtoruli diagramidan Cans, rom Tu erT-erTi koWis 

induqciuroba naklebia urTierTinduqciurobaze, maSin Semxvedri 

SeerTebis dros adgili aqvs Tavisebur “tevadur efeqts”. 

magaliTad, Tu L2<М, maSin gvaqvs ω(L2-М)<0 da Sesabamisad Zabva 

 faziT CamorCeba dens 2U& I& , iseve rogorc tevaduri winaRobis 

dros. ra Tqma unda mTeli wredis reaqtiuli winaRobebi 

yovelTvis induqciuria L= L1+ L2-2M>0 da deni I&  yovelTvis 

CamorCeba faziT U  Zabvas, radganac pirobebs L1< М, L2<М 

erTdroulad arseboba ar SeuZliaT[14]. 

&

(2.10) sistemis meore gantoleba da veqtoruli diagrama 

(nax.2.5) ar Seesabamebian meore koWas ubanSi mimdinare fizikur 

procesebs, rasac eqsperimentic adasturebs. miuxedavad imisa, rom 

mimdevrobiTi SeerTebis dros orive koWaSi gadis erTi da igive 

deni, pirveli koWa muSaobs mimRebis reJimSi, xolo meore –

energiis wyaros reJimSi (koWas aqtiur simZlavres Р2=-U2Icosφ2 

aqvs uaryofiTi niSani, e.i. .     900< φ2 ≤1800). 

maTematikur aRweraSi am procesis gasaTvaliswineblad, 

erTi da igive denis dros, sqemaze aucilebelia koWebze 

modebuli Zabvebis mimarTuleba  aviRoT erTsaxela momWerebidan 

[17-18] amavdroulad unda aRiniSnos, rom erTsaxela momWerebs 

aqvT Tviseba, rom nebismier maTganTan mzardi denis miwodeba 

iwvevs meore koWas erTsaxela momWerze[13] potencialis gazrdas. 
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zemoTmoyvanili pirobebidan Zabva u2 unda mivmarToT erTsaxela 

momWeridan (es mimarTuleba naCvenebia punqtiriT nax.2.3.b-ze). 
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           +j         ĺR1                                                                                     +j         ĺR1 
 
ĺjωL1                         ĺjωMĵ                                                              ĺjωL1                         ĺjωM 
 

                                                                                                                  
             

                                                                                                                   Ù      
            Ù 1     ĺR2             Ù                                                             Ù 1 

                                                                                                      Ù 2              
      ĺjωL2                                             - ĺjωM                                                     ĺjωL2 - ĺjωM 
                                                                ĺjωM                                                        J& J&

                                            +1                                            - ĺjωL2                        +1                              
           Ù2                                                                                                      Ù 2 

  

 
naxazi 2. 6 Semxvedri SeerTebis 

realuri veqtoruli 
diagrama 

naxazi 2. 5 Semxvedri SeerTebis 
gavrcelebuli veqtoruli 

diagrama 

 

am SemTxvevaSi, SevadginoT diferencialuri gantolebebis 

erTaderTi swori sistema, Cawerili erTsaxela momWerebis 

aTvlis sistemaSi. 

dt
diM

dt
diLiRu −+= 111  

                                                  
dt
diM

dt
diLiRu +−−= 222

  

                                     (2.13) 

nax.2.3b-s mixedviT kirxhofis meore kanonis Tanaxmad 

SeiZleba davweroT: 

 

( ) ( )⎥⎦
⎤

⎢⎣
⎡ −+++=−= MLL

dt
diiRRuuu 2212121      (2.14) 

 

kompleqsur formaSi 

( ) ( )[ ]MLLjRRIUUU 2212121 −+++=−= ω&&&& (2.15) 

 

Sesabamisi veqtoruli diagrama mocemulia nax.2.6-ze 

(punqtiriT aRniSnulia meore koWas veqtoruli diagrama). 



gantolebebi (2.13), (2.14), (2.15) da veqtoruli diagrama  

(nax.2.6) mTlianad Seesabamebian meore koWas ubanSi mimdinare 

fizikur procesebs, am dros ar SeiniSneba “tevaduri efeqti”, 

radganac Zabva  ar CamorCeba dens  φ2 kuTxiT, aramed piriqiT 

win uswrebs (1800- φ2) kuTxiT. ris gamoc aqtiuri simZlavre        

Р2=U2I cos(1800-φ2) miiReba uaryofiTi. fazaTa sxvaoba , U& Zabvasa 

a 

2U& 2I&

φ

d I&  dens Soris ar aris darRveuli. ar Secvlila wredis 

mTliani winaRobac. 

( )MLLjRRZ 22121 −+++= ωSemxv                     

miRebuli Sedegebis safuZvelze SeiZleba davaskvnaT, rom 

mimdevrobiT SeerTebuli induqciurad dakavSirebuli wredebis 

swori maTematikuri modelis SedgenisaTvis, Semxvedri SeerTebis 

dros  erTsaxela momWerebis aTvlis sistemaSi, pirvel rigSi 

koWebze modebul Zabvebs unda mieces erTsaxela momWerebidan 

gamomavali mimarTuleba. Tu Ddeni i koWaSi mimarTulia 

erTsaxela momWerebisaken, maSin es koWa SeiZleba CaiTvalos 

energiis mimRebad da masze Zabva toli iqneba  

dt
diM

dt
diLiRu kskkk −+=  

xolo Tu deni mimarTulia erTsaxela momWeridan, maSin 

koWa SeiZleba CaiTvalos energiis wyarod da masze Zabva toli 

iqneba: 

dt
diM

dt
diLiRu sksss +−−=  

amrigad ori induqciurad dakavSirebuli koWas Semxvedri 

CarTvis dros mimdinare fizikuri procesebis swori 

maTematikuri aRweris safuZvelze miRebulia erTaderTi swori 

Sedegi. aqedan gamomdinare SemdgomSi specialistebi ar miiReben 

induqciurad dakavSirebuli wredebis iseT maTematikur 

modelebs, romlebic moklebulia fizikur azrs. 
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2.2. kirxhofis gantolebaTa sistemis Sedgena erTfaza 
transformatorisaTvis axali aTvlis sistemaSi 

galvanurad dakavSirebuli wredebisaTvis kirxhofis meore 

kanoniT wonasworobis gantolebaTa sistemis Sedgena kargad 

aris cnobili, magram induqciurad dakavSirebuli wredebisaTvis 

kirxhofis gantolebaTa sistemis Sedgenis sakiTxi problemuri 

sakiTxia.  

rogorc wina paragrafSi aRvniSneT induqciurad 

dakavSirebuli wredebis gantolebebis sworad dasawerad 

aucilebelia erTsaxela momWerebis moniSvna. radganac 

transformatori warmoadgens induqciurad dakavSirebul 

wredebs. misi gantolebebis dawerisas unda gvaxsovdes 

induqciurad dakavSirebuli wredebis Tviseba, kerZod Tu erTi 

maTganis erTsaxela momWerSi Sedis mzardi deni, maSin es deni 

iwvevs meore erTsaxela momWeris potencialis gazrdas, rac 

damtkicebulia eqsperimentiT[32] 

erTfaza transformatoris pirveladi gragnili, romelic 

warmodgens energiis mimRebs mierTebuls energiis wyarosTan da 

mis erTsaxela momWerSi Semavali cvladi i1 deni qmnis cvlad 

magnitur nakads –s, romelic i1 denTan dakavSirebulia 

marjvena burRis wesiT. nax.2.7-ze mocemuli gragnilebis daxvevis 

SemTxvevaSi  nakads aqvs pirveladi gragnilis gularSi 

erTsaxela momWeris mxridan Semavali mimarTuleba da pirvelad 

gragnilSi aRZravs TviTinduqciis emZ-s.                     

1Φ

1Φ

                

( )111
1

1
1

1 , iL
dt
diL

dt
de L =Φ−=
Φ

−=
           

(2.16) 

lencis wesis Tanxmad, niSani(-) miuTiTebs imaze, rom am emZ-s 

aqvs i1 denis sawinaaRmdego mimarTuleba , rac naCvenebia nax 2.7-

ze, xolo meoreuli gragnilis gularSi, romelic warmoadgens 

energiis wyaros, am nakads erTsaxela momWeris mimarT aqvs 
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gamomavali mimarTuleba da aRZravs masSi urTierTinduqciis  

emZ-s.  

  

          (2.17) ( )iM M
dt
diM

dt
de =Φ=⎟

⎠
⎞

⎜
⎝
⎛ Φ
−−= 21

121
2 ;

 

 

                                         Ф1          Ф2                  

 

 
         
         R1               e1L                                                                                                        i2         R2            e2L 
i1                                                                                                                          
 
 
u1                                                                                                                                                                                    u2 

 
 

            e1M                                                                                                   e2M 

  

naxazi 2. 7 erTfaza transformatoris principuli sqema 

 

sadac frCxilebSi moTavsebuli niSani (-) aris lencis 

niSani, xolo frCxilebs gareTa niSani gviCvenebs, rom  nakadma 

pirveladi gragnilis gularTan SedarebiT meoreuli gragnilis 

gularSi Seicvala Sesvlis mimarTuleba erTsaxela  momWeris 

mimarT. am nakadis cvlilebiT aRZruli ki ar ewinaaRmdegeba i2 

dens, aramed radgan meoreuli gragnili warmoadgens energiis 

wyaros, amitom am wyaros emZ aris swored  , romelic qmnis i2 

dens da aqvs am denis mimarTuleba. analogiurad i2 deni qmnis 

1Φ

Me2

Me2

2Φ  

nakads da meoreul gragnilSi aRZravs 

( 122
2

2
2

2 iL
dt
di

L
dt

d
e L =Φ=

Φ
−= ; )                                   (2.18) 

TviTinduqciis emZ-s, romlis mimarTuleba nax.2.7-ze iqneba 

denis sawinaaRmdego mimarTulebis xolo pirvelad gragnilSi 

aRiZvreba urTierTinduqciis emZ 
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( 212
212

2 iM
dt
diM

dt
de M =Φ=⎟

⎠
⎞

⎜
⎝
⎛ Φ

−= ; )                     (2.17) 

romelsac eqneba i1 denis Tanxvdenili mimarTuleba.  

R1             e1L                                                    i2         e2L              R2             
i1 

 
 
              L1                                           L2 
 

u1                                                                                                                                                                     u2  

                             e1M                                                e2M 

                                                                                                                                                                                                  

 

naxazi 2. 8 erTfaza transformatoris Canacvlebis sqema 

 

nax. 2.7-ze mocemuli sqemis eqvivalenturi Canacvlebis sqemas aqvs 

nax.2.8-ze mocemuli saxe 

nax. 2.8-ze mocemuli Canacvlebis sqemisaTvis kirxhofis II kanonis 

safuZvelze vwerT gantolebaTa sistemas (Semovlis mimarTuleba 

emTxveva denebis mimarTulebas). 

11111 uRiee LM −=−                            (2.20) I konturi     

22122 uRiee LM +=−II konturi                            (2.21)  

anu Zabvebis mixedviT 

dt
di

M
dt
di

LRieeRiu ML
21

11111111 −+=−+=               (2.22)                       

dt
di

M
dt
di

LRieeRiu ML
22

22222222 +−−=+−−=             (2.23) 

(2.22) da (2.23) kompleqsur saxeSi Semdegnairad Caiwereba 

( ) MZIZIMjILjRIU 21121111
&&&&& −=−+= ωω                   (2.24)    

( ) MZIZIMjILjRIU 12212222
&&&&& +−=++= ωω                 (2.25) 

 
(2.22) da (2.23) gantolebebi gviCvenebs, rom mcdaria 

sayovelTaod miRebuli formulireba imis Sesaxeb, rom 

TviTinduqciis koeficientebi erTfaza transformatorSi L1 da L2 

yovelTvis dadebiTia, xolo urTierTinduqciis koeficienti M 
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SeiZleba iyos, rogorc dadebiTi ise uaryofiTi. aRniSnuli 

koeficientebi aris geometriuli sidideebi da yovelTvis 

dadebiTi ricxvebia, xolo dadebiTi da uaryofiTi niSnebi 

gantolebebis wevrebis win ganpirobebulia nakadebisa da denebis 

mimarTulebiT erTsaxela momWerebis mimarT. aRniSnuli sakiTxi 

damtkicebulia naSromSi [18]. aRniSnuli sakiTxis zusti 

gadawyvetis meti damajereblobisaTvis movitanT amerikeli 

fizikosis robert j. distintis naSroms [19], sadac mocemulia, 

rom faradeis kanoni 
dt
dNe Φ

−=  aris klasikuri mamoZravebeli 

eleqtruli kanonis mxolod gansakuTrebuli SemTxveva. Tu 

faradeis kanonSi 
dt
dΦ

 ganmartebulia, rogorc nakadis cvlilebis 

siCqare konturSi, maSin dadebiTi 
dt
dΦ

miuTiTebs, rom nakadi 

Sedis konturSi. am dakvirvebis Sedegad faradeis kanoni 

Semdegnairad Caiwereba: 

dt
dNe Φ

−=
dt
dN Φ

 (Semsvleli) =  (gamomsvleli)           (2.26) 

aqedan gamomdinareobs, rom konturSi faradeis kanoni 

warmoqmnis uaryofiT emZ-s Semsvleli nakadisaTvis da dadebiT 

emZ-s gamomsvleli nakadisaTvis [19] 

  

                  i1                                                                 ik 
                  e                                                              Rk 
 

   
 

                  i2                          in 
          R2                                                                                              

 
 

naxazi 2. 9 erTfaza mravalgragnila transformatoris Canacvlebis 
sqema 

analogiurad wina SemTxvevisa, mravalgragnila erTfaza 

transformatorisaTvis (nax.2.9) kirxhofis gantolebaTa sistema 

literaturaSi [8] warmodgenilia rogorc (2.27) garda imisa, rom 
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am sistemaSi ar aris gaTvaliswinebuli energiis Senaxvis kanoni 

da amis gamo mas ar aqvs fizikuri azris mqone amonaxsni 
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 (2.27) 

Tu gaviTvaliswinebT, rom energiis Senaxvis kanonis 

Tanaxmad urTierTinduqciuroba pirvelad da meoreul 

gragnilebs Soris uaryofiTia, xolo meoreul gragnilebs 

Soris dadebiTi da gaviTvaliswinebT nakadebis Sesvlis 

mimarTulebas erTsaxela momWerebis mxridan [18], miviRebT 

fizikuri movlenebis adekvatur gantolebaTa sistemas [20]. 
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 (2.28) 

romelSic gaTvaliswinebulia calsaxad faradeis, lencisa 

da kirxhofis kanonebi. 

amrigad, imisaTvis, rom SevadginoT kirxhofis gantolebaTa 

sistema erTfaza transformatorisaTvis, induqcirebuli denebisa 

da emZ-ebis mimarTulebebi ki ar unda SevirCioT nebismierad, 

rogorc es literaturaSia dRemde, aramed unda ganvsazRvroT 

energiis Senaxvis kanonis Tanaxmad da davakanonoT erTxel da 

samudamod, rom urTierTinduqcia pirvelad da meoreul 

gragnilebs Soris uaryofiTia, xolo meoreul gragnilebs 
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Soris dadebiTi. amasTanave unda gaviTvaliswinoT nakadebis 

mimarTuleba erTsaxela momWerebis mimarT [18]. amiT cxadia, 

gamartivdeba analizisa da sinTezis amocanebis gadawyveta. ar 

iqneba Seusabamoba Teoriasa da praqtikas Soris. 

 

2.3. kirxhofis gantolebaTa sistemis Sedgena samfaza 
transformatorisaTvis eleqtruli wredebis Teoriis 

safuZvelze 

samfaza transformatorSi adgili aqvs sami saxis 

eleqtromagnitur induqcias: TviTinduqcia, urTierTinduqcia 

uaryofiTi magnituri kavSiriT da urTierTinduqcia dadebiTi 

magnituri kavSiriT. imisaTvis rom sworad SevadginoT kirxhofis 

wonasworobis diferencialuri gantolebebis sistema, saWiroa 

samfaza transformatori warmovidginoT, rogorc sami erTfaza 

transformatorebis erToblioba (nax 2.10).  

 

                    A                               B                               C  
                                                                    AΦ BΦ                               CΦ
    +                                 
    _                                                                                              Ai Ci

a b c

Bi
       
 
 
                   
                                     
 
      G                               i                                 i                               i  

 
               
 
                       
                                                                                                         aΦ bΦ cΦ

naxazi 2. 10 samfaza transformatoris sami erTfaza transformatoriT 
warmodgenis sqema 

sworad movniSnoT erTsaxela momWerebi, ganvsazRvroT 

induqcirebuli denebisa da emZ-ebis mimarTuleba erTsaxela 

momWerebis mimarT, induqcirebuli emZ-ebi ganvixiloT rogorc 
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gareSe emZ-ebi da amis Semdeg daviwyoT gantolebaTa sistemis 

Sedgena wrfivi eleqtruli wredebis Teoriis safuZvelze [22] 

literaturaSi [23] iyo mcdeloba, samfaza transformatoris 

praqtikuli monacemebisaTvis moergoT realuri Teoriuli 

mosazrebebi, magram es sakiTxi am SemTxvevaSi bolomde ver iqna 

miyvanili. 

samfaza transformatoris diferencialuri gantolebaTa 

sistemis Sedgenis amocana uSualod kirxhofis meore kanonis 

safuZvelze ganxiluli iqna naSromSi [24] sadac nax. 2.11-ze 

moyvanili sqemisaTvis ganxilulia diferencialuri gantolebaTa 

sistemis Sedgenis meTodika samfaza transformatoris rogorc 

uqmi svlis aseve datvirTvis reJimSi. naxazze niSnebiT ,, O,     

aRniSnulia samfaza transformatoris gragnilebis sawyisebisa 

da boloebis erTmaneTis mimarT erTsaxela momWerebi. 

 

2.4. gantolebaTa sistemis Sedgena uqmi svlis reJimSi 

pirvel rigSi ganvixiloT uqmi svlis reJimi, anu roca 

meoreul gragnilebi gaTiSulia ( )0=== cba iii . pirveladi 

gragnilebis boloebi gaerTianebulia erT wertilSi da 

damiwebulia. am SemTxvevaSi miiReba SeerTeba ( / ) da 

gragnilebis sawyisebis potencialebi miwis mimarT gansazRvraven 

Sesabamis fazur Zabvebs. pirvelad gragnilebze modebulia 

sinusoiduri Zabvebi: 

 

(
( )0

0

120

120

+=

−= )
=

tSinUu

tSinUu

tSinUu

mC

mB

mA

ω

ω

ω

                         (2.29)               

es modebuli Zabvebi ganapirobeben pirvelad gragnilebSi 

Sesabamisi  da  denebis gavlas. es denebi gragnilebSi 

qmnian  magnitur nakadebs, romlebic ikvrebian 

magnituri gamtaris anu foladis gularis gavliT. rogorc 

ba ii ,

B ΦΦ ,,

ci

CAΦ
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viciT, magnituri nakadis wirebi Sekruli wirebia da foladis 

gularSi gavlis dros es nakadebi erTmaneTis sawinaaRmdegod 

ikvrebian. TiToeul koWaSi gamavali denis mier Seqmnili nakadi 

gavlenas axdens danarCeni ori fazis gularze da rogorc 

nax.2.11-dan Cans magnitur nakadebs aqvT Semxvedri mimarTuleba 

 

            Aφ               Bφ            Cφ  

                                  AL Bi Ci

A R C

a b c

                       

     U                 U             U                       

 
 
 
 
 

    U            U              U  

 
 
 
 
 

naxazi 2. 11 samfaza transformatoris eqvivalenturi Canacvlebis sqema 

e.i. urTierTinduqciuroba uaryofiTia. amitom aRniSnuli 

sqemis diferencialuri gantolebebis sistemas mocemul reJimSi 

eqneba saxe: 

dt
di

L
dt
diM

dt
diMRiu

dt
di

M
dt
diL

dt
diMRiu

dt
di

M
dt
diM

dt
diLRiu

C
C

B
CB

A
CACCC

C
BC

B
B

A
BABBB

C
AC

B
AB

A
AAAA

+−−=

−+−=

−−+=

                  (2.30)    

Tu mocemul gantolebaTa sistemaSi maTi simciris gamo 

ugulvebelvyofT Zabvis vardnebs aqtiur winaRobebze: 

, maSin (2.30) gantolebaTa sistema kompleqsur saxeSi 

SegviZlia warmovadginoT Semdegi saxiT: 

CCBBAA RiRiRi ,,

                     (2.31) 

CCBCBACAC

CBCBBABAB

CACBABAAA

ILjIMjIMjU

IMjILjIMjU

IMjIMjILjU

&&&&

&&&&

&&&&

ωωω

ωωω

ωωω

−−−=

−−−=

−−=
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aqedan gamomdinare induqciurobis matricas samfaza 

transformatorisaTvis uqmi svlis reJimSi eqneba saxe: 

cCBCA

BCBBA

LMM

MLM

−−

−−
ACABA MML −−

                   (2.32)             

CAACCBBCBAAB MMMMMM === ;;(2.32) matricaSi  e.i. uqmi 

svlis reJimSi gvaqvs urTierTinduqciurobis sami koeficienti, 

romelTagan yvela uaryofiTia. 

(2.31) gantolebaTa sistemidan ganisazRvrebian uqmi svlis 

denebi pirvelad gragnilSi. am denebis mier Seqmnili CBA ΦΦΦ ,,  

magnituri nakadebi ganWolaven ra meoreul gragnilis xviebs 

daainduqcireben maTSi urTierTinduqciis emZ-ebs, romlebic 

gansazRvraven Sesabamisi uqmi svlis Zabvebs meoreul gragnilis 

momWerebze, romelTa warmodgena diferencialur saxeSi 

Semdegnairad xdeba (Zabvis vardnebi aqtiur winaRobaze 

ugulvebelyofilia): 

            

dt
di

M
dt
diM

dt
diMul

dt
di

M
dt
diM

dt
diMul                  (2.33) 

dt
di

M
dt
diM

dt
diMul

C
cC

B
cB

A
cAcc

C
bC

B
bB

A
bAbb

C
aC

B
aB

A
aAaa

−+=−=

+−=−=

++−=−=

miRebuli gantolebaTa sistema kompleqsur saxeSi 

Semdegnairad Caiwereba: 

                         (2.34) 

CcCBcBAcAcc

CbCBbBAbAbb

CaCBaBAaAaa

IMjIMjIMjUE

IMjIMjIMjUE

IMjIMjIMjUE

&&&&&

&&&&&

&&&&&

ωωω

ωωω

ωωω

−+=−=

+−=−=

++−=−=

(2.4) gantolebaTa sistemidan ganisazRvreba 

transformatoris meoreul gragnilebSi dainduqcirebuli emZ-

ebi, romlebic uqmi svlis reJimSi am gragnilebis boloebze 

modebuli Zabvebis tolia Sebrunebuli niSniT. 
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2.5. datvirTuli transformatoris arsebuli 
gantolebaTa sistema 

Tu transformatoris meoreuli gragnilebis momWerebze 

CavrTavT datvirTvebs  winaRobebis saxiT, maSin 

miviRebT datvirTul samfaza trasformators. nax.2.12-ze 

mocemulia samfaza transformatoris varskvlavi varskvlavze 

( / ) SeerTebis sqema. 

cba RRR ,,

 

Ai                          AΦ BΦ                                        CΦ
                                     

Bi                                           Ci

A C

a c

aR bR Rc

b

       u                            u  Bu
 
  

      i                                  i  bi
 

                                   

 
 

                             aΦ Φ                Φ                c

 
 

naxazi 2. 12 datvirTuli samfaza transformatoris eqvivalenturi 
Canacvlebis sqema 

sadac transformatoris meoreuli gragnilebis boloebis 

gamaerTianebeli sadeni gamoyvanilia meoTxe momWeris saxiT da 

mas nulovani anu neitraluli momWeri ewodeba. 

transformatoris meoreuli gragnilebis boloebs Soris 

winaRobebis CarTviT meoreul gragnilebSi gaivlis  da  

denebi, romlebic Tavis mxriv qmnian Sesabamisad 

ba ii ,

a

ci

cΦ , bΦ ,Φ  

nakadebs. nax. 2.12-ze   denebi mainduqcirebeli denebia, 

xolo  da - dainduqcirebuli. mainduqcirebel da 

dainduqcirebul denebs Soris magnituri kavSiri uaryofiTia, 

rac imas niSnavs, rom maT mier Seqmnili magnituri nakadebi 

CBA iii ,,

ba ii , ci
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erTmaneTis sawinaaRmdego mimarTulebisaa rac naCvenebia nax. 3.3-

ze sadac       ;aA Φ↑↓Φ ;bB Φ↑↓Φ cC Φ↑↓Φ

naSromSi [2.4] gaTvaliswinebulia magnitur gamtarSi 

nakadebis Sekvris gza da mocemulia datvirTuli 

transformatoris diferencialur gantolebaTa sistema Semdegi 

saxiT: 
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       (2.35) 

samfaza transformatoris eleqtromagnituri movlenebis 

zemoT moyvanili maTematikuri interpretacia arsebiTad 

gansxvavdeba sxva literaturaSi moyvanili interpretaciisgan. am 

sistemaSi simciris gamo ugulvebelyofilia Zabvis vardnebi 

aqtiur winaRobebze , , , ,  ,  da mocemulia 

induqciurobebis matrica Semdegi saxiT (2.36):  

AAiR BBiRaaiR bbiR CCiR cciR

−ωjam sistemis yvela elementis ze gamravlebiT miviRebT 

winaRobaTa matricas kompleqsur saxeSi: 

 

ccCcbcBcacA

CcCCbCBCaCA

bcbCbbBbabA

BcBCBbBBaBA

acaCabaBaaA

AcACAbABAaA

LMMMMM
MLMMMM
MMLMMM

MMMLMM
MMMMLM
MMMMML

−−−
−−−
−−−

−−−
−−−

−−−

       (2.36)         

miRebuli (2.35) gantolebaTa sistemis Sedgenisas [24] 

naSromis avtorebma ZiriTadi yuradReba gaamaxviles 
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urTierTinduqciurobis koeficientis niSanze da daadgines rom 

ar SeiZleba urTierTinduqciurobis koeficientis nebismieri 

niSniT aReba, rogorc es ZiriTadad warmodgenilia teqnikur 

literaturaSi, aramed aucileblad calsaxad unda iqnas 

gansazRvruli, rom urTierTinduqciuroba pirvelad gragnilebs 

Soris (3 koeficienti) unda aviRoT uaryofiTi niSniT: 

;0<= CAAC MM ;0<= CBBC MM;0<= BAAB MM                (2.37) 

aseve urTierTinduqciuroba meoreul gragnilebs Soris (3 

koeficienti) unda aviRoT uaryofiTi niSniT: 

;0<= baab MM ;0<= caac MM ;0<= cbbc MM               (2.38) 

dainduqcirebul da mainduqcirebel denebs Soris, rogorc 

aRvniSneT kavSiri aris uaryofiTi (3 koeficienti) anu: 

;0<= aAAa MM ;0<= bBBb MM ;0<= CccC MM               (2.39) 

yvela sxva danaCen SemTxvevaSi urTierTinduqciurobis 

koeficienti aris dadebiTi (6 koeficienti): 

;0>= bAAb MM ;0>= cAAc MM ;0>= aBBa MM         

;0>= cBBc MM ;0>= aCCa MM ;0>= bCCb MM               (2.40) 

e.i. datvirTul transformatorSi gvaqvs 15 

urTierTinduqciurobis koeficienti aqedan 9 uaryofiTi (2.37; 2.38; 

da 2.39) da 6 dadebiTi (2.40) 

 

2.6. samfaza transformatoris arsebuli 
diferencialuri gantolebaTa sistemis xarvezebi 

(2.35) gantolebaTa sistemaSi moyvanili maTematikuri 

interpretacia aris mxolod saqmis nawili, radgan am sistemaSi 

ugulvebelyofilia Zabvis vardnebi aqtiur winaRobaze , , 

, ,  , da miRebulia induqciurobebis matrica (2.36), 

romelic gamoyenebuli unda iqnas Semdgomi angariSis dros. 

miRebuli (2.35) gantolebaTa sistemidan cnobili parametrebis 

mixedviT unda ganisazRvros pirvelad da meoreul gragnilebSi 

gamavali denebi transformatoris datvirTvis reJimSi risTvisac 

aairAAir

BBir bbir CCir cc ir
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saWiroa zusti diferencialur gantolebaTa sistema. (2.35) sistema 

didi sizustiT ar gamoirCeva Semdegi mizezebis gamo: 

1. (2.35) gantolebaTa sistemaSi ugulvebelyofilia Zabvis 

vardnebi aqtiur winaRobebze ris safuZvelzec miRebulia (2.36) 

matrica. Tu am gantolebaTa sistemaSi igulisxmeba Zabvis 

vardnebi mxolod gragnilebis aqtiur winaRobebze, maSin am 

sistemis meore, meoTxe da meeqvse gantolebebi dawerilia 

transformatoris mokled SerTvis reJimisaTvis (romelic 

avariul reJims miekuTvneba) radgan am gantolebaSi ar Cans Zabvis 

vardnebi datvirTuli transformatoris winaRobebze cba RRR ,,

2. Tu winaRobebis qveS igulisxmeba, rogorc 

gragnilebis ise datvirTvis winaRobebi, maSin (2.35) sistemis 

meore, meoTxe da meeqvse gantolebebSi datvirTvisaTvis aqtiur 

winaRobaze Zabvis vardnebis ugulvebelyofa kategoriulad ar 

SeiZleba. 

cba RRR ,,

3. gantolebaTa sistemis Caweris dros gaTvaliswinebuli ar 

aris aTvlis sistema, radgan (2.35) sistemis pirveli, mesame da 

mexuTe gantolebebi Cawerilia pirveladi denebis sistemaSi, 

xolo meore, meoTxe da meeqvse gantolebebi meoreul denebis 

sistemaSi. Cvens naSromSi [16] damtkicebulia rom induqciurad 

dakavSirebuli wredebis maTematikuri modelebi Cawerili unda 

iqnen erT sistemaSi. 

amitom unda gaviTvaliswinoT, rom gantolebaTa sistemis 

Caweris dros unda avirCioT gantolebaTa sistemis Caweris 

sistema. 

  

2.7. datvirTuli transformatoris realuri 
gantolebaTa sistema 

nax. 2.13-ze naCvenebia datvirTuli samfaza transformatoris 

magnituri nakadebis mimarTulebani. TiToeuli nakadi Sesabamis 

denTan dakavSirebulia marjvena burRis wesiT, romelic SemdegSi 

mdgomareobs: Tu burRis taris moZraobis mimarTuleba emTxveva 
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denis mimarTulebas, maSin burRis wveris gadaadgilebis 

mimarTuleba emTxveva nakadis mimarTulebas. 

TiToeuli fazis gragnilSi gamavali denis mier Seqmnili 

nakadi iyofa or nawilad da ganWolavs danarCeni ori fazis 

gragnilebis xviebs da aRZravs maTSi urTierTinduqciis emZ-ebs. 

magaliTad , '''
AAA Φ+Φ=Φ Ai nakadi Seqmnili iqna AΦ  denis mier da 

am nakadis nawili  ganWolavs B fazis rogorc maRali ise 

dabali Zabvis gragnilebs da orive maTganSi aRZravs 

urTierTinduqciis emZ-ebs, xolo   ganWolavs C fazis rogorc 

maRali ise dabali Zabvis gragnilebs da maTSic aRZravs 

urTierTinduqciis emZ-ebs. 

'
AΦ

''
AΦ

analogiurad gveqneba danarCeni fazebis nakadebiTvisac. 

Tu aRniSnulidan gamomdinare nax.2.13-ze mocemuli 

sqemisaTvis SevadgenT gantolebaTa sistemas kirxhofis II kanonis 

safuZvelze da gaviTvaliswinebT, rom meoreul gragnilSi: 

CCCBBBaaa RiuRiuRiu === ;;                     (2.41)                 

AΦda sistemas CavwerT  nakadis aTvlis sistemaSi, maSin 

gevqneba 
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    (2.42) 

(2.41) is gaTvaliswinebiT da gantolebaTa sistemis wevrobriv 

dalagebiT (2.42) sistema kompleqsur saxeSi miiRebs (2.43) saxes:

73 



                                                     '
cφ

'''
CbBaA φφφφφ ''''''''

AaBbCc φφφφφφ

Ai

Bi Ci

 
 
 
 
 
 

             

                                                   

                                                                                                                       

            Au
                                                                                          Bu Cu

 Bφ                                                                                  

 
                                                                                      ai bφ                                           

                                                                                                                            i                          bi b

''
cφ

''
cφ

''
aA φφ

 

                                                                                     au bu cu

                                                                                      

 
 
 
 
 
 
 

  naxazi 2. 13                                               
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( )
( )

( )
( )

( ) cCcCCCbCbBCBaCaACAC

cbcCbCbbbbBbBabaAbA

cBcCBCbBbBBBaBaABAB

cacCaCbabBaBaaaaAaA

cAcCACbAbBABaAaAAAA

IMjILjrIMjIMjIMjIMjU

IMjIMjILjRrjIMjIMjIMj

IMjIMjIMjILjrIMjIMjU

IMjIMjIMjIMjILjRrIMj

IMjIMjIMjIMjIMjILjrU

&&&&&&&

&&&&&&

&&&&&&&

&&&&&&

&&&&&&&

ωωωωωω

ωωωωωωω

ωωωωωω

ωωωωωω

ωωωωωω

−+++−+−=

−++++−−=

−−−+++−=

−+−++++−=

+−+−−+=

0

0

(2.43) 

( ) ccccCcCbcbBcBacaAcA ILjRrIMjIMjIMjIMjIMj &&&&&& ωωωωωω +++−−+−=0

miRebul gantolebaTa sistemaSi maTi Zalian mcire 

mniSvnelobebis gamo SeiZleba ugulvebelvyoT gragnilebis 

aqtiuri winaRobebi  ris Semdegac SeiZleba 

SevadginoTYara induqciurobebis aramed winaRobaTa matrica, 

romelsac aqvs qvemoT moyvanili saxe: 

cbaCBA rrrrrr ,,,,,

)(

)(

)(

cccCcbcBcacA

CcCCbCBCaCA

bcbCbbbBbabA

BcBCBbBBaBA

acaCabaBaaaA
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−−−
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−−−

+

  (2.44) 

mocemul (2.44) winaRobaTa marticaSi zogierTi koeficienti 

erTmaneTis tolia. davadginoT toli koeficientebi da 

SemovitanoT gamartivebuli aRniSvnebi. transformatoris 

pirveladi gragnilebis xviaTa ricxvebi erTmaneTis tolia 

.  Ш-magvari gularis A da C fazebis magnituri 

gamtarebis saSualo sigrZe erTmaneTis tolia l , xolo 

1WWWW CBA ===

2ll

1llCA ==

B =  gansxvavebulia, amitom fazebis pirveladi gragnilebis 

induqciurobebi tolia: 
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S
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B
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2
12

2
1

1
0

2
11

2
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μμλ

μμλ

==

===
         (2.45) 

 

 

sadac,  μ  – magnitogamtaris fardobiTi magnituri 

SeRwevadobaa da misi mniSvneloba aiReba specialuri 

cxrilebidan foladis markis mixedviT. 
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0μ  - vakuumis magnituri SeRwevadoba da tolia hn/m 75
0 104 −= πμ

S – magnituri gamaris ganivkveTis farTobia. 

analogiurad meoradi gragnilebisaTvis gvaqvs: 
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 (2.46) 

 

SeiZleba miviRoT, rom gragnilebs Soris kavSiris koeficienti 

K=1 amitom urTierTinduqciurobebi tolia: 
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  (2.47) 

gragnilebis sruli winaRobebi tolia: 
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;
090j
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3142 == fπωyvela SemTxvevaSi radiani/wami, radgan 

samrewvelo sixSire =f 50 hc-s 

xolo (2.45); (2.46); (2.47); da (2.48)-is gaTvaliswinebiT (2.44) 

winaRobebis matrica miiRebs saxes: 

 

 

 

 

          
(2.49) 

 
 
 

 

 

(2.49) winaRobaTa matrica warmoadgens (2.43) sistemis mTavar 

ganmsazRvrels, anu 

 

 

 

 

 

Δ =                                                        (2.50) 

 

 

 

 

 

 (2.50) sistemaSi TiToeuli saZiebeli denis qveS 

moTavsebulia maTi koeficientebi. garda mTavari determinantisa 

(Δ) denebis gansazRvrisaTvis gvesaWiroeba damatebiTi 

ganmsazRvrelebi. damatebiTi ganmsazRvrelis misaRebad denebis 

qveS moTavsebuli koeficientebi unda Seicvalos (2.43) sistemis 

AZ 5Mj ω− 1Mj ω− 6Mj 5Mj2Mjω ω− ω   

5Mjω−  aZ 8Mj 3Mj 5Mj 4Mjω ω ω− − ω     

1Mjω− 6Mj ω  BZ 7Mj 8Mj1Mjω ω− − ω   

6Mj 3Mjω  ω− 7Mj ω− bZ 6Mj 3Mjω ω−   

2Mjω− 5Mj ω  1Mjω− 6Mj ω  CZ 5Mjω−  

5Mjω  4Mjω− 8Mj 3Mj 5Mjω ω ω− −   cZ

AJ& aJ& BJ& bJ&
AJ & CJ& cJ&

 

      

AZ 5Mj 6Mj 5Mj ω− 1Mj 2Mjω ω− ω − ω    

5Mjω−  aZ 8Mj 3Mj 5Mj 4Mjω ω ω− − ω     

1Mjω− Mj 6ω  B 7Z Mj 8Mj1Mjω ω− − ω   

6Mj 3Mjω  ω− 7Mj ω− bZ 6Mj 3Mjω ω−   

2Mjω− 5Mj 6Mj ω  1Mjω−  ω  CZ 5Mjω−  

4Mj5Mjω  ω− 8Mj 3Mj 5Mj ω  ω−  ω− cZ  
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marcxena nawilSi arsebuli Tavisufali wevrebiT. magaliTad  

denis damatebiTi ganmsazRvreli ganisazRvreba (2.51) matriciT. 

AJ&

 

5Mjω− 6Mjω 5Mjω1Mjω− 2Mjω−AU&        

4Mjω−aZ 8Mjω 3Mjω− 5Mjω0       

 
6Mjω BZ 7Mjω− 8Mjω1Mjω−BU&      

=Δ AJ& 
3Mjω− 7Mjω− bZ 6Mjω 3Mjω−0      

 

5Mjω 6Mjω CZ 5Mjω−1Mjω−CU&       
 

8Mjω 3Mjω− 5Mjω− cZ4Mjω−0       

(2.51) 

 

saZiebeli  deni ganisazRvreba formuliT: AI&

Δ
Δ

= A
A

II
&

&                          (2.52) 

 

analogiurad ganisazRvreba danarCeni denebic: 

Δ
Δ

=
Δ
Δ

=
Δ
Δ

=
Δ
Δ

=
Δ
Δ
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c

C
C

b
b

B
B

a
a

I
I

I
I

I
III

I
I

&
&

&
&

&
&

&
&

&
& ;;;;        (2.53)       

 

 

2.8. datvirTuli samfaza transformatoris realuri 
gantolebaTa sistemis amoxsnis blok-sqema 

 

nax.2.14-ze mocemulia datvirTuli samfaza 

transformatoris gantolebaTa sistemis amoxsnis blok-sqema, 

sadac saZiebeli sidideebia transformatoris gragnilebSi 

gamavali denebi: (2.52) da (2.53) 
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dasawyisi 

aRvweroT winaRobaTa 
Z , denebis I da       

G damatebiTi 
ganmsazRvrelis masivebi

Z masivis ricxviTi 
mniSvnelobebis Setana 

Z masivis determinantis 
gamoTvla

K=1 

Z masivSi K svetis 
SecvliT damatebiTi 
ganmsaRvrelis G-s 

gansazRvra

G masivis determinantis 
gamoTvla

I[k]=detZ/detG 

K=K+1 

naxazi 2. 14 samfaza transformatoris gantolebaTa sistemis 

amoxsnis blok-sqema 

K<=6 
+ 

I masivis beWdva 

dasasruli 
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2.9. samfaza transformatoris maTematikuri modelis 
mniSvneloba da saWiroeba 

samfaza transformatoris swori maTematikuri modelis 

Sedgenas da gamoyenebas udidesi mniSvneloba eniWeba 

transformatoris optimaluri parametrebis dasadgenad. rogorc 

winamdebare samuSaoSi aRvniSneT, dRemde ar arsebobs 

transformatorebis srulyofili maTematikuri modeli, 

miuxedavad imisa, rom evropis masStabiT transformatorebis 

parki  Seadgens 4 milionze mets da transformatorebi 

xasiaTdebian sakmaod maRali margi qmedebis koeficientiT, 

daaxloebiT 99%. miuxedavad amisa danakargebi gvaqvs 

eleqtroenergiis moZraobis TiToeul ubanze, rac 

dakavSirebulia Zabvebis gardaqnasTan. Tanamedrove qselebSic ki 

transformatoruli gardamqmnelebiT danakargebi Seadgens 

mTlianad warmoebuli energiis 2%-s anu mTliani danakargebis 

1/3-s. 

sabazro urTierTobebis ganviTarebasTan erTad izrdeba 

energiis Rirebuleba, romelic mZime tvirTad awevs aramarto 

mosaxleobas aramed warmoeba-dawesebulebebs. amitom mTeli 

evropis masStabiT udidesi mniSvneloba eniWeba energoekonomiuri 

gamanawilebeli transformatorebis gamoyenebas. 2005 wlis 

monacemebiT evrokavSirSi energoekonomiuri transformatorebis 

gamoyenebiT daizoga weliwadSi daaxloebiT 22 mlrd kv/sT 

energia, ramac Seadgina 1.171 mlrd. evro fulad 

gamosaxulebebSi[25]. 

cnobilia rom transformatori xasiaTdeba uqmi svlisa da 

mokled SerTvis anu datvirTvis danakargebiT. 

mokled SerTvis danakargebis Semcireba SeiZleba Semdegi 

RonisZiebebis gatarebiT: 

⎯ gragnilis gamtaris kveTis gazrdiT, rasac mivyavarT 

winaRobis Semcirebamde da Sesabamisad mcirdeba danakargebic, 
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magram am SemTxvevaSi izrdeba transformatoris gabaritebi da 

Rirebuleba. 

⎯ maRali gamtarobis masalebis gamoyeneba, TviT 

zegamtarobamde, magram am teqnologiebma jer-jerobiT ver 

miaRwies saWiro dones. 

uqmi svlis danakargebi SeiZleba Semcirdes Semdegi gziT: 

⎯ gularis kveTis gazrdiT, rasac mivyavarT 

gabaritebisa da Rirebulebis gazrdamde 

⎯ gularis firfitebis sisqis Semcireba, rac amcirebs 

denebs. 

⎯ gularSi amorfuli metalebis gamoyeneba. am sakiTxSi 

yvelaze meti rezervebi gagvaCnia. sxvanairad rom vTqvaT 

danakargebis Semcirebis teqnikuri rezervebi mTlianad 

amowuruli ar aris da efeqturobis done SeiZleba amaRldes  

ukve cnobili teqnologiebisa da principebis gamoyenebiT. unda 

gvaxsovdes rom konstruqciebis Semdgomi srulyofisaTvis 

mxedvelobaSi unda miviRoT mravali urTierTdakavSirebuli 

faqtori dawyebuli gabarituli zomebidan damTavrebuli 

xmauriT aseve minimumamde unda iqnas dayvanili teqnologiuri 

riski. aqedan gamomdinare srulyofili maTematikuri modelis 

saWiroeba aucilebelia. Cvens mier Sedgenili modeli 

iTvaliswinebs, rogorc konkretuli elementebis (W, l ,S), aseve 

masalis Tvisebebs (μ μ λ,0, ). amitom transformatorebis 

optimaluri parametrebis dasadgenad aRniSnuli maTematikuri 

modeli did daxmarebas gauwevs transformatorebis 

daproeqtebisa da kvlevis saqmeSi dasaqmebul specialistebs. 

 

2.10. samfaza wredebis samkuTxedi varskvlavze ( ) 
SeerTebis gaangariSebis Sesaxeb 

/Δ

rogorc cnobilia Tanamedrove eleqtruli sistemebi, 

romlebic Sedgebian eleqtruli sadgurebis generatorebis, 
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transformatorebis, eleqtro energiis gadamcemi xazebisa da 

gamanawilebeli qselisagan warmoadgenen cvladi denis samfaza 

sistemebs. 

eleqtruli energiis wyarodan mimRebze eleqtruli 

energiis gadasacemad gamoiyeneba sxvadasxva saxis SeerTebebi. 

Tavisi gaangariSebis specifikidan gamomdinare Cven ganvixilavT 

SeerTebas samkuTxedi – varskvlavze ( ) (nax. 2.15).  /Δ
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A A

C B B C

ABU&
I&

ABI&

ABE&

BCU&

BCI&

BCE&

CAU&CA

CAE&

BI&

CAU& ABU&

BCU&

CI&

AZ

BZ

CZ

AU ′&

BU ′&

AI&
 
 
 
 

CU ′& O 
  

 

 

 

                                                                                              

naxazi 2. 15 samfaza wredis SeerTeba samkuTxedi-varskvlavze 

aseTi SeerTebis gaangariSeba mocemulia literaturaSi [26], 

sadac xazis winaRoba ugulebelyofilia ( )0=xZ  da xdeba 

mimRebis fazebSi gamavali denebis gaangariSeba. kirxhofis I 

kanonis safuZvelze 0 kvanZisaTvis vwerT gantolebas  

                                             (2.54) 0=++ CBA III &&&

magram omis kanonis Tanaxmad  

;;; CCCBBBAAA YUIYUIYUI ′=′=′= &&&&&&                   (2.55)           

(2) gamosaxulebis (1) SetaniT miviRebT 

0=′+′+′ CCBBAA YUYUYU                     (2.56) &&&               

A
A Z

Y 1
=

B
B Z

Y 1
=sadac ; ;  

C
C Z

Y  mimRebis fazebis sruli 

kompleqsuri gamtarobebia; 

1
=

meores mxriv cnobilia, rom mimRebSi xazuri Zabvebis 

moqmed mniSvnelobaTa kompleqsebi tolia: 



   ;  ;  ;           (2.57) BAAB UUU ′−′= &&&
CBBC UUU ′−′= &&&

ACCA UUU ′−′= &&&

(2.56) da (2.57) gantolebaTa erToblivi amoxsniT miviRebT, rom : 

CBA

CCABAB
A YYY

YUYU
U

++
−

=′
&&

&

CBA

AABCBC
B YYY

YUYU
U

++
−

=′
&&

&

CBA

BBCACA
A YYY

YUYU
U

++
−

=′
&&

&;  ;  ; (2.58) 

mimRebze fazuri Zabvebis gansazRvris Semdeg (2.55) 

gamosaxulebiT ganisazRvreba xazuri denebi . CBA III &&& ,,

(2.58) gamosaxulebaSi mocemuli  xazuri Zabvebi 

warmoadgenen (2.57) gamosaxulebis mixedviT gansazRvruli 

mimRebis xazur Zabvebs, radganac gadamcemi xazis winaRoba 

ugulvebelyofilia 

CABCAB UUU &&& ,,

( 0)=xZ , amitom miRebulia rom generatorisa 

da mimRebis xazuri Zabvebis sistema erTnairia. 

Tu (2.58) gamosaxulebaSi CavsvamT samfaza wredebis 

samkuTxedi – samkuTxedze SeerTebis gaangariSebis dros 

eleqtroteqnikur literaturaSi [12,13,14,15,27] sayovelTaod 

miRebuli simetriuli samfaza generatoris xazuri Zabvebis 

sistemas (sadac erTi Zabva, magaliTad  kompleqsur sibrtyeze 

emTxveva namdvil RerZs, xolo danarCeni ori misgan daZrulia 

1200-iT), romelsac aqvs saxe: 

ABU&

xUU AB =& ; ;                 (2.59) 
0120j

AB eUU −= x
& 0120j

CA eUU x=&

maSin (2.59) gamosaxulebis mixedviT (2.58)-Si Casmuli xazuri 

Zabvebis mniSvnelobebi iZlevian mimRebze fazuri Zabvebis 

( ) mcdar Sedegebs. es gamowveulia (2.57) da (2.59) 

gantolebaTa marjvena mxareebis araTavsebadobiT. kerZod, Tu 

generators xazuri Zabva  emTxveva kompleqsur sibrtyeze 

namdvil RerZs, maSin mimRebis igive 

CBA UUU ′′′ &&& ,,

ABU&

ABU&  xazuri Zabva gansazRvru-

li (2.57) gamosaxulebiT daZrulia namdvili RerZidan +300 kuT-

xiT. 

imisaTvis, rom generatorisa da mimRebis xazuri Zabvebis 

sistemebi gaxdes Tavsebadi saWiroa kompleqsuri sibrtyis saTave 

SevuTavsoT romelime (mag. A ) wertils, rogorc generatoris 
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aseve mimRebis Zabvebis sistema ise, rogorc es naCvenebia nax. 2.15-

ze. 

am SemTxvevaSi generatoris emZ simetriuli sistema iqneba 

(nax. 2.16a.) 
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j+ A

C B

CAU&
ABU&

BCU&

1+
j+ A

C B

CAU& ABU&

BCU&

AU ′

CU ′ BU ′

1+a.)                    b.)                       g.) 

j+ A

C B

CA AB  
E& E&

BCE&

 

 

 

 

 

 

 

 

naxazi 2. 16 generatorisa da mimRebis xazuri da fazuri Zabvebis 
veqtoruli diagrama 

 

;
030j

AB eEE x=& ;
090j

BC eEE −= x
& ;

0150j
CA eEE x=&  xolo radgan 

generatoris emZ da Zabva mimarTulia erTmaneTis sapirispirod, 

amitom generatorisa da mimRebis xazuri Zabvebis sistema iqneba 

erTnairi da gamoisaxeba Semdegnairad (nax. 2.16 b.g.): 

0150j
AB eUU −= x

&& ; U ; U              (2.60) 
090j

BC eUx=& 030j
CA eU −= x
&

(2.60) gamosaxulebis mixedviT gansazRvruli xazuri Zabvebis 

mniSvnelobebis Casma (2.58) – Si iZleva swor Sedegebs. 

aRniSnulis sailustraciod ganvixiloT konkretuli 

magaliTi. nax. 2.15-ze mocemuli sqemisaTvis cnobilia: U v; 380=x

04550 j
A eZ = omi, 

06020 j
B eZ −= ; 

03025 j
C eZ = omi. ganvsazRvroT xazuri 

denebi. Tavdapirvelad amocana amovxsnaT literaturaSi 

arsebuli wesis mixedviT, sadac simetriuli samfaza generatoris 

xazuri Zabvebis sistemas (2.59) gamosaxulebis mixedviT eqneba 

saxe: 

generatoris 

xazuri Zabvebis 

sistema 

mimRebis xazuri 

da fazuri 

Zabvebis sistemebi 

generatoris 

xazuri emZ-ebis 

sistema 



⎪
⎪
⎩

⎪⎪
⎨

⎧

+−===

−−===

==
−−

v330190380

v330190380

v380

120120
x

120120
x

x

00

)(

)(

jeeUU

jeeUU

UU

jj
CA

jj
BC

AB

&

&

&

; 

mimRebis fazebis sruli kompleqsuri gamtarobebia: 

)0141,00141,0(02,0
50

11 45
450 je

eZ
Y j

j
A

A −==== − sim; 

)0433,0025,0(05,0
20

11 60
600 je

eZ
Y j

j
B

B −====
−

sim; 

)02,00346,0(04,0
25

11 30
300 je

eZ
Y j

j
C

C −==== − sim; 

(2.58) gamosaxulebis mixedviT mimRebis fazuri Zabvebis 

moqmed mniSvnelobaTa kompleqsebia: 

05,0129 j
A eU =′& v; U v; v; 

0180250 j
B eU −=′&

0122159 j
C eU =′&

mimRebis fazebSi gamavali denebis moqmed mniSvnelobaTa 

kompleqsebia: 

a)82,182,1(58,2
045 jeYUI j

AAA −==′= −&&  

a),j,(e,YUI j
BBB 810256512

0120 −−==′= −&&  

a),j,(e,YUI j
CCC 410630410

098 +−==′= && . 

amoxsnis siswores vamowmebT kirxhofis I kanoniT (2.54) 

gamosaxulebis mixedviT. 

0=++ CBA III &&&  

042,106,5 ≠−− j  

e.i. amoxsnis Sedegebi arasworia. 

amovxsnaT igive amocana Cems mier SemoTavazebuli (2.60) 

gamosaxulebis mixedviT. aRniSnuli xazuri Zabvebis 

mniSvnelobebis CasmiT (2.58)-Si miviRebT: 

05,14994,128 j
A eU −=′& v; U v; v; 

08,291,251 j
B eU =′&

04,499,335 j
C eU −=′&

mimRebis fazebSi gamavali denebis moqmed mniSvnelobaTa 

kompleqsebia: 

a)82,15,2(58,2
05,194 jeYUI j

AAA +−==′= −&&  
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a)55,12044,0(55,12
08,89 jeYUI j

BBB +==′= &&  

a)2,1345,2(436,13
05,79 jeYUI j

CCC −==′= −&& . 

 

amoxsnis siswores vamowmebT kirxhofis I kanoniT (2.54) 

gamosaxulebis mixedviT 

 

02,1345,255,12044,0624,05,2 =−++++− jjj  

0021,0006,0 ≈−− j  

 

e.i. amoxsna sworia. 

amgvarad dadgenilia, rom samfaza wredebis samkuTxedi 

varskvlavze ( ) SeerTebis angariSis dros simetriuli 

samfaza generatoris xazuri (fazuri) emZ an Zabvebis sistemis 

Cawerisas ar SeiZleba visargebloT generatoris romelime 

xazuri (fazuri) emZ an Zabvis kompleqsur sibrtyeze namdvil 

RerZze damTxveviT, rogorc es miRebulia eleqtroteqnikur 

literaturaSi samkuTxedi – varskvlavze (

/Δ

/Δ ) SeerTebis dros 

aucilebelia am emZ sistema Caiweros Semdegnairad: 

 

;
030j

AB eEE x=& ;
090j

BC eEE −= x
& ;

0150j
CA eEE x=&   

 

xolo Sesabamisi Zabvebis sistema iqneba: 

                               

  ; ;  
090j

BC eUU x=& 030j
CA eUU −= x
&0150

x
j

AB eUU −=&

 

rac yvelaze ufro zustad Seesabameba samfaza wredebSi 

SeerTebisas mimdinare fizikur amocanebs [28]. /Δ
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3. transformatoruli sazomi bogirebis da 
gawonasworebis el. sqemebis maTematikuri modelebi da 

maTi programuli damuSaveba 

3.1. bogirebis klasifikacia 

transformatoruli sazomi bogirebi [28,29] farTod 

gamoiyeneba sainformacio sazom teqnikaSi eleqtruli da 

araeleqtruli sidideebis gasazomad.  
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<<                                                        I               

 
 

                                             0J& 0J&

              W3                                               W3 
                                  
 
 
         W1                           W2                                                                                      W1                             W2 

/
1I&

/
2
&

J&                       
     1Z               2Z                      1Z               2Z

1I& 2I&
                

                                       
'
1Z          

'
2

2Z 1Z

Z  
 
                                                                        

naxazi 3. 1 transformatoruli 
sazomi bogiri 
damamagnitebeli Zalebis 
gamoklebiT (kveba denis 
wyaroTi) Zabvis gamyofis 
gareSe 

 

                      / /<<
 

naxazi 3. 2 transformatoruli 
sazomi bogiri 

damamagnitebeli Zalebis 
gamoklebiT (kveba denis 
wyaroTi) Zabvis gamyofiT 

 
gazomva xdeba nulovani an aranulovani meTodiT. orive SemTxve-

vaSi gamosavali signali miiReba gasazomi ucnobi signalis eta-

lonur, cnobil sididesTan Sedarebis gziT. bogirebis SemoTava-

zebul klasifikacias safuZvlad udevs maTi moqmedebis principi, 

gazomvis meTodi  da gamoyenebuli kvebis wyaros Siga 

winaRobebis Tanafardoba bogiris Sesaval winaRobasTan. 

naxazebze 3.1, 3.2, 3.3, 3.4 mocemulia oTxi SesaZlo varianti 

samgragnila transformatoruli bogiris sqemis agebisa.                     



 

 E 

    E           
 
 

                                              3I& 3I&

              W3 
 
 
 
    W1                            W2 

                                                        "
1I&

"
2I&

 

1Z 2Z                                   1Z 2Z                  

                  2I&1I&

                                                     /
1Z /

2Z
                                         
                                             

       
naxazi 3. 3 transformatoruli 
sazomi bogiri damamagnitebeli 
Zalebis gamoklebiT (kveba Zabvis 
wyaroTi) Zabvis gamyofis gareSe 

    
 

naxazi 3. 4 transformatoruli 
sazomi bogiri damamagnitebe-li 
Zalebis gamoklebiT (kveba Zabvis 

wyaroTi) Zabvis gamyofiT     
 
 

transformatoruli sazomi 
bogirebi 

eleqtruli denebis 
gamoklebiT 

damamagnitebeli 
Zalebis gamoklebiT 

Zabvis gamyofis  Zabvis gamyofi 
gareSe 

denis wyaros 
gamoyenebiT 

Zabvis wyaros 
gamoyenebiT 

 

naxazi 3. 5 transformatoruli sazomi bogirebis klasifikacia 
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nax. 3.1-ze warmodgenili  bogiri muSaobs damagnitebuli 

Zalebis gamoklebis principiT da maTi wonasworobis piroba 

gamoixateba tolobiT: 

2

1

22

11
W
W

RZ
RZ

w

w =
+
+

                                                   (3.1) 

1Z 2Z aris gasazomi kompleqsuri winaRoba, xolo sadac   - 

Sesabamisi etalonuri winaRoba. 

damamagnitebeli Zalebis gamoklebis principiT muSaobs 

agreTve nax.3.2-ze mocemuli bogiri. aq gamoyenebulia damatebiTi 

Zabvis gamyofi. Sesabamisi winaRobis piroba SegviZlia 

warmovadginoT Semdegi tolobiT: 

1
1

1
2

2

1
1
222

1
111 *

Z

Z
W
W

ZRZ

ZRZ

w

w =
++

++
                           (3.2)                  

denebis da Zabvis vardnebis gamoklebis principebzea 

agebuli transformatoruli gamzomi bogirebi nax.3.3 da 3.4 

Sesabamisad wonasworobis pirobebi gamoisaxeba Semdegnairad 

2

1

22

11
W
W

ZZ
ZZ

w

w =
+
+

                            (3.3)                        

1
1

1
2

2

1

2
1
22

1
1
11 *

Z
Z

W
W

ZZZ

ZZZ

w

w =
++

++
                                           (3.4) 

nax. 3.5-ze mocemulia transformatoruli sazomi bogirebis 

klasifikaciis sqema . 

denis wyaros Siga winaRoba gacilebiT metia bogiris 

Sesaval winaRobaze, xolo Zabvis wyaros winaRoba gacilebiT 

naklebia bogiris Sesaval winaRobaze. 

 

3.2 bogirebis gawonasworebisa da simetriis pirobebi 

bogirebis gawonasworebis procesi miznad isaxavs gasazomi 

da etalonuri winaRobebis sidideebis iseTi Tanafardobis 

miRwevas, rodesac gamosavali signali (Zabva an deni)nulis 

tolia. amasTan cnobili unda iyos Tanafardoba gragnilebis 
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xviTa ricxvebs Soris. nax. 3.1-ze mocemuli bogiris 

gasawonasworeblad saWiroa davicvaT piroba [30] 

                                                   (3.5) 02211 =− WIWI &&

analogiurad miiReba naxazi 5.2-ze mocemuli bogiris 

gawonasworebis piroba 

                                                    (3.6) 02
'
21

'
1 =− WIWI &&

TviTinduqciisa da urTierTinduqciis magnituri nakadebi 

ganisazRvrebian rogorc 

;11! iLФL =    ;222 iLФL =   ;333 iLФL =  

               ;21212 iMФ = ;31313 iMФ = ;32323 iMФ =          (3.7) 

  ;12121 iMФ = ;13131 iMФ = ;23232 iMФ =  

induqciurobebisa da urTierTinduqciurobebis 

mniSvnelobebi ganisazRvrebian formulebiT 

;2
11 λWL = ;2

212 λWL = ;2
313 λWL = ;2112 λWWM =  

        ;3113 λWWM = ;3223 λWWM =   ;
e
S

aμλ =  (3.8) 

sadac S da I Sesabamisad toroidaluri magnitogamtaris 

ganivkveTis farTi da sigrZea. 

bogiris wonasworobis momentSi damamagnitebeli 

magnitomamoZravebeli Zala tolia ganmamagnitebeli 

magnitomamoZravebeli Zalisa, rac imas niSnavs, rom jamuri 

magnituri nakadi nulis tolia da gragnilebis kompleqsuri 

winaRobebi tolia maTi aqtiuri winaRobebisa. gazomvis 

mgrZnobiaroba am momentSi gazrdilia. aseTi daSveba 

SesaZlebelia im SemTxvevaSi, rodesac gragnilebi daxveulTa 

erTnairad xviebis Tanabari daSorebiT erTi da imave kveTis 

gamtariT. am SemTxvevaSi daculia pirobebi 

             ;111 rWrZ WW == ;222 rWrZ WW ==                 (3.9) 

sadac r aris erTi xviis aqtiuri winaRoba. 

denebi nax.3.1-ze mocemuli bogirisaTvis paralelur 

StoebSi nawildebian winaRobaTa ukuproporciul sidideebad 
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;
)( 2121

22
1 WWrZZ

rWZ
II

+++
+

= &&  

                      ;
)( 2121

12
2 WWrZZ

rWZ
II

+++

+
= &&                   (3.10) 

analogiurad, wonasworobis momentSi nax.5.2-ze 

bogirisaTvis gveqneba 

11
'
1

'
1'

1 rWZZ
ZII
++

= &&  

                         
111

11
2 rWZZ

ZII
++

= '

'
&&                      (3.11) 

Tu (3.5) tolobaSi gaviTvaliswinebT (3.10) gamosaxulebis, 

saTanado gardaqmnebis Sedegad miviRebT gasazomi winaRobis 

saangaroSo formulas: 

( ) 122
2

1
1 rWrWZ

W
WZ −+=                                           (3.12) 

analogiurad (3.6) da (3.11) formulebidan nax.3.2-ze mocemuli 

bogirebisaTvis gveqneba 

( ) 1
1
22

1
22

2

1

2

1
1 * rWZrWZZ

Z
Z

W
WZ −−++=                               (3.13) 

(3.12) da (3.13) formulebis Tanaxmad, bogirebis 

gawonasworeba, rac igivea (3.1) da  (3.2) tolobebis miRweva 

SesaZlebelia gragnilebis xviaTa ricxvebis da kompleqsuri 

winaRobebis SerCevis gziT. gawonasworebis procesis 

gamartivebis mizniT iReben simetriul magnitur sistemas da 

aqtiuri winaRobebis Zabvis gamyofs. simetris pirobebi SegviZlia 

warmovadginoT gantolebebiT 

                        
0

1
2

'
1

21

rZZ

WW

==

=
                            (3.14) 

simetriuli bogirebisaTvis kvebis wyarosa da 

galvanometris adgilebis SecvliT wonasworobis mdgomareoba 

ar irRveva. da gasazomi winaRoba tolia etalonuri winaRobisa 

21 ZZ =                                             (3.15) 
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3.3 bogirebis maqsimaluri mgrZnobiarobis kriteriumebi 

sazomi bogirebis maqsimaluri mgrZnobiarobis kriteriumebi 

dRemde ganisazRvrebian sazomi gardamsaxis mier moxmarebuli 

enerigiis sididiT. amasTan, Tanamedrove cifruli sazomi 

xelsawyoebi xasiaTdebian sakuTari moxmarebis minimaluri 

simZlavriT. amiT dRis wesrigidan moxsnilia energetikuli 

SezRudvebi da wina planze wamoweulia sazomi sqemis 

parametrebis, kvebis wayarosa da galvanometris winaRobebis 

optimizaciis amocanebi. analizis gamartivebis mizniT 

parametrebis optimizaciis amocanebi ganxilulia uitstonis 

mudmivi denis bogiris magaliTze. cxadia miRebuli Sedegebi 

vrceldeba transformatorul sazom bogirebze da sxva nebismier 

sazom gardamsaxebze. 

ganvixiloT sazomi sqemis agebis oTxi SesaZlo varianti [31, 

32]. 
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         I1                                                       I2 

                              r1                r4                                                                     r1                r4 

            
 ^ ^

^ ^                                  V                                                      A J J
 
 
                               r2                r3                                                                  r2                r3 
 
 
 
 
naxazi 3. 6  bogiris kveba 
denis wyarodan. signalis 
gazomva voltmetriT     

naxazi 3. 7 bogiris kveba denis 
wyarodan. signalis gazomva 
ampermetriT

I. sazomi bogiri ikvebeba denis wyarodan, romlis Siga 

winaRoba gacilebiT metia bogiris Sesasvlel winaRobaze da 

gamosavali signali izomeba voltmetriT, romlis Siga winaRoba 

gacilebiT metia bogiris gamosasvlel winaRobaze (3.6) 



paralelur StoebSi gamavali denebi ganisazRvrebian 

rogorc  

;
4321

43
1 rrrr

rr
II

+++
+

=  

;
4321

21
2 rrrr

rrII
+++

+
=                       (3.16)                      

bogiris gamosasvlel momWerebze Zabva iangariSeba formulebiT 

( ) ( )
IKI

rrrr
rrrrr

U 1
4321

43431 =
+++
+−+

=                                    (3.17) 

SevadginoT gardaqmnis koeficientis  saangariSo 

formula gardamqmnelis CarTvis yvela eqvsi SesaZlo 

SemTxvevisaTvis. 

1K

Δ+==== rrrrrr 4321 ;                          (3.18)            

(3.18) SevitanoT (3.17)-Si gamartivebis Sedegad miviRebT: 

r

K
Δ

+

Δ
=

4
1  

analogiurad iangariSeba gardaqmnis koeficientebi 

danarCeni xuTi ESemTxvevisaTvis: 

Δ=
Δ+====

5.0
;

1

4231

K
rrrrrr

 2)  

Δ=
Δ+=Δ−===

5.0
;;

1

4321

K
rrrrrrr

3)   

r
K

rrrrrrr

4

;;
2

1

4231

Δ−
=

Δ+=Δ−===
 4)  

Δ=

Δ+=Δ−=Δ+=Δ−=

1

4321 ;;;

K

rrrrrrrr
5)          

Δ−=
Δ−===Δ+=

5.0
;;

1

4321

K
rrrrrrr

    6)   

 

II. bogiri ikvebeba denis wyarodan da gamosavali signali 

izomeba ampermetriT, romlis Siga winaRoba nulis tolia (nax.5.7) 
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paralelur StoebSi denebi nawildebian gamtarobaTa 

proporciul sidideebad da gamoisaxebian Semdegi saxiT: 

 

 

 

                             I         1I 1r 4r 2I 1 1r 4r 2I

     u                                                       u 

                                 V                                                  A 
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naxazi 3. 8 bogiris kveba Zabvis 
wyarodan. signalis gazomva 

voltmetriT                                 

naxazi 3. 9 bogiris kveba Zabvis 
wyarodan. signalis gazomva 

ampermetriT
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III bogiri ikvebeba Zabvis wyarodan, romlis Siga winaRoba 

nulis tolia da gamosavali Zabva izomeba voltmetriT (nax.3.8) 

denebi paralelur StoebSi ganisazRvrebian omis kanoniT 
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voltmetris Cveneba 
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saTanado gardaqmnebis Sedegad miviRebT gardaqmnis 

koeficientis saangariSo formulebs: 
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IV. bogiri ikvebeba Zabvis wyarodan da gamosasvleli deni 

izomeba ampermetriT (nax.3.9) 

ampermetrmetrSi gamavali deni SegviZlia viangariSoT 

rogorc fardoba wina SemTxvevisaTvis gansazRvruli Zabvisa uqmi 

svlis Sesasvlel winaRobasTan 
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cxrili 3 1 

IKU 1

 96

# CarTvis 
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gardaqmnis koeficientis saangariSo formulebi mocemulia 

cxrilSi #3.1 

ganxilulia sakontrolo ricxviTi magaliTi mudmivi denis 

bogirisaTvis rodesac gasazomi winaRoba  

( ) ( )500;1100xr = + Δ Δ = ±  omi 

sakontrolo ricxviTi magaliTis Sedegebi mocemulia 

cxrilSi #3.2 

miRebuli Sedegebis ganzogadoebis Sedegad SegviZlia 

davaskvnaT: gazomvis maqsimaluri mgrZnobiarobis misaRwevad 

saWiroa bogiri vkveboT didi Siga winaRobis mqone denis 

wyaroTi da gamosavali signali gavzomoT didi Siga winaRobis 

mqone voltmetriT. 



Δ 
omi 

sqema #1 sqema # II sqema # III sqema # IV sqema # V sqema # VI 

1K  2−
210K 4

410−K 1K
210K 4

410−K 310K 4
410K 1K

210K 4
410−K 1K  2− 2− −  2−  2−

210K 4
410−K 210K 410K 2− 4−

 

 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 
-50 -14.3 -16.7 -20.0 -25.0 -33.3 -50.0 -27.6 -28.6 -6.2 6.7 -7.1 -50.0 -50.0 -66.7 -25.0 -28.6 

-40 -11.1 -12.5 -14 -20.0 -25.0 -33.0 -20.8 -21.7 -4.0 -4.2 -4.3 -40.0 -40.0 -47.6 -20.0 -21.7 

-30 -8.1 -8.8 -9.6 -15.0 -17.6 -21.0 -15.3 -15.7 -2.3 -2.3 -2.4 -30.0 -30.0 -33.0 -15.0 -15.7 

-20 -5.3 -5.6 -6.0 -10.0 -11.0 -12.5 -10.1 -10.2 -1.0 -1.0 -1.0 -20.0 -20.0 -20.8 -10.0 10.7 

-10 -2.6 -2.6 -2.7 -5.0 -5.3 -5.5 -5.0 -5.0 -0.2 -0.2 -0.2 -10.0 -10.0 -10.1 -5.0 -5.0 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

10 2.4 2.4 2.3 5.0 4.8 4.5 5.0 5.0 -0.2 0.2 -0.2 10.0 10.0 10.1 5.0 5.0 

20 4.8 4.5 4.3 10.0 9.1 8.3 10.1 10.2 -1.0 -1.0 -1.0 20.0 20.0 20.8 10.0 10.5 

30 70 6.5 6.1 15.0 13.0 11.5 15.3 15.7 -2.3 2.3 -2.4 30.0 30.0 33.0 15.0 17.7 

40 9.1 8.3 7.7 20.0 16.6 14.3 20.8 21.7 -4.0 -4.2 -4.3 40.0 40.0 47.6 20.0 21.7 

50 11.1 10.0 9.1 25.0 20.1 16.7 26.7 28.6 -6.2 -67 -7.1 50.0 50.0 66.7 25.0 28.6 

cxrili 3 2
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3.4 ormagi bogiri 

ormagi transformatoruli bogiri (nax.3.10) warmoadgens 

induqciurad dakavSirebuli oTxkonturiani wredis magaliTs [29-33] 

igi Sedgeba ori transformatoris, kvebis wyarosa da 

galvanometrisagan.  aris gasazomi ucnobi winaRoba, xolo  - 

cnobili etalonuri winaRoba. bogiris gawonasworeba xdeba koWebis 

xviaTa ricxvisa da etalonuri winaRobis SerCeviT. 
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naxazi 3. 10 ormagi transformatoruli bogiris sqema 
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naxazi 3. 11 ormagi transformatoruli bogiris Canacvlebis sqema 
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bogiris eleqtromagnituri movlenebi aisaxeba kirxhofis 

meore kanoniT Sedgenili Semdegi diferencialuri gantolebebis 

sistemiT: ( ) ( )
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(3.22) gantolebaTa sistema Sedgenilia eleqtromagnituri 

inerciis kanonis calsaxa, adekvaturi maTematikuri interpretaciis 

safuZvelze. urTierTinduqciuroba transformatoris pirvelad da 

meoreul gragnilebs Soris, rogorc wesi, yovelTvis uaryofiTia, 

xolo or meoreul gragnils Soris-dadebiTi. dadebiTi magnituri 

kavSiris dros, roca urTierTinduqciuroba dadebiTia 

urTierTinduqciis emZ ewinaaRmdegeba im konturis denis 

cvlilebebs, romlebSiac igi induqcirdeba. xolo uaryofiTi 

magnituri kavSiris dros, rodesac urTierTinduqciuroba 

uaryofiTia, urTierTinduqciis emZ xels uwyobs konturSi denis 

cvlilebas. am SemTxvevaSi SegviZlia vTqvaT, rom inerciis Zala ki 

ar ewinaaRmdegeba moZraobis raodenobis cvlilebas, rogorc amas 

adgili aqvs eleqtrodinamikuri induqciis dros, aramed piriqiT, 

xels uwyobs am cvlilebas. yovelive es gaTvaliswinebulia am 

gantolebaTa sistemaSi da amiT gansxvavdeba igi literaturaSi 

gavrcelebuli maTematikuri modelebisagan. 

(3.22) diferencialur gantolebaTa sistema SegviZlia 

warmovadginoT kompleqsur saxeSi: 
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       (3.23) 

(3.23) gantolebaTa sistema warmoadgens oTxkonturiani 

galvanurad dakavSirebuli eleqtruli wredis konturuli denebis 

gantolebaTa sistemas kompleqsur saxeSi. Sesabamisi eleqtruli 

sqema, romelic warmoadgens ormagi bogiris adekvatur Canacvlebis 

sqemas, mocemulia nax. 3.11-ze 

 

3.5 bogiri ori damoukidebeli magnitogamtariT 

bogiri ori damoukidebeli magnitogamtariT (nax.3.12) 

wonasworobis reJimSi SegviZlia SevcvaloT eqvivalenturi sqemiT 

(nax. 3.12) romelic Sedgeba erTmaneTTan mimdevrobiT da 

Tanxvdenilad SeerTebuli ori erTfaza transformatorisagan. 

aseTi wredebis eleqtromagnituri movlenebis analizi maqsvelis 

denebis diferencialuri gantolebebis [34]  
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+++++=
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                   (3.24)         

safuZvelze SeuZlebelia, vinaidan aq miRebulia mcdari 

debuleba imis Sesaxeb, rom urTierinduqciuroba yovelTvis 
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dadebiTi sididea da inerciis kanoni aisaxeba meoreuli denebis 

uaryofiTi niSniT. 

SevadginoT gantolebaTa sistema Cvens mier SemoTavazebuli 

meTodiT urTierTinduqciurobis niSnis gaTvaliswinebiT, miviRebT: 
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                     (3.25) 

 

(3.25)   diferencialuri gantolebebis sistema warmovadginoT 

kompleqsur saxeSi: 
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naxazi 3. 12   bogiri ori 
damoukidebeli magnitogamtariT. 

principuli sqema 

naxazi 3. 13 bogiri ori 
damoukidebeli magnitogamtariT. 

eleqtruli sqema                       
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naxazi 3. 14 bogiris eqvivalenturi Canacvlebis sqema 

 

saidanac 

( ) ( )
( )

( )
( )42

1
4

1
2

14612
2

42
1
4

1
2

3412
2

3131

1

LLjrr
IMMjI

LLjrr
MMLLjrr

UI

+++

+
=

+++

+
++++

=

ω
ω

ω
ωω

&
&

&
&

 

SevadginoT eqvivalenturi Canacvlebis sqema induqciuri 

kavSiris gareSe galvanuri kavSirebiT. amisaTvis (3.26) sistema 

warmovadginoT Semdegi saxiT: 
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E        (3.27) 

(3.27) gantolebaTa sistemis Sesabamisi eleqtruli sqema, rac 

igivea nax. 3.13-ze mocemuli bogiris eqvivalenturi Canacvlebis 

sqema, mocemulia nax.3.14-ze 
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3.6 gawonasworebis eleqtruli sqemebi 

gawonasworebis eleqtruli sqemebi realizdeba avtomatikasa 

da gamoTvliT teqnikaSi, saxalxo meurneobasa da samecniero 

gamokvlevebSi farTod gamoyenebuli  mravalferovani xelsawyoebis 

da kontrolis mowyobilobebis saxiT. 

gawonasworebis sqemebis mniSvneloba gaizarda eleqtronikis 

ganviTarebis periodSi, romlis miRwevebmac mniSvnelovnad gazarda 

Sesabamisi mowyobilobebis mgrZnobiaroba, swrafqmedeba da bevri 

sxva maCvenebeli da Seqmna pirobebi  cifrul aTvlaze, cifrul 

registraciasa da cifrul marTvaze gadasasvlelad. 

gawonasworebis sqemebis Teoriis da gamoyenebis 

sakiTxebisadmi  miZRvnilia monografiebis da statiebis didi 

raodenoba, gamoqveynebuli krebulebsa da periodul gamocemebSi, 

daculia uamravi sadisertacio naSromi rogorc yofil sabWoTa 

respublikebSi, aseve sazRvargareT. gawonasworebis sqemebis 

garSemo gamoqveynebuli publikaciebis moculoba aseulobiT nabeWd 

furcels iTvlis (zogierTi gamocemis bibliografiuli maCvenebeli 

500 da met dasaxelebas Seicavs). 

gawonasworebis sqemebis mimarT gaunelebeli interesi 

ZiriTadad aixsneba  im faqtoriT, rom maTi realizacia 

uzrunvelyofs xelsawyoebis maRal metrologiur Tvisebebsa da 

optimalur saeqspluatacio-teqnikur maCveneblebs. aranaklebi 

mniSvneloba aqvs miTiTebuli xalsawyoebis gamoyenebis farTo 

diapazons, rac saSualebas iZleva pirdapir an iribad gaizomos da 

daregulirdes  yvela fizikuri sidide da agreTve SesaZlo  

teqnologiuri procesebis sxvadasxva maxasiaTeblebis didi 

raodenoba. 

rogorc cnobilia gawonasworebis eleqtruli sqemebi ukve 

didi xania arsebobs. 1833 wels SemoTavazebuli iyo bogiris tipis, 

xolo 1841 wels mudmivi denis makompensirebeli sqemebi. bogiris 

 103



tipis da makompensirebeli sqemebi cvladi denisaTvis gamoCnda 

Sesabamisad 1888 da 1891 wlebSi. ganvlil periodSi gawonasworebis 

sqemebis Teoriisa da  praqtikis sxvadasxva aspeqtebSi kolosaluri 

masala dagrovda. magram gawonasworebis sqemebis erTiani 

analitikuri aRweris arqona winaaRmdegobas uqmnis am gamocdilebis 

gamoyenebas sainformacio gamzomi teqnikis am mniSvnelovan 

sferoSi. analizis meTodebis mniSvnelovani raodenoba, romelic 

amorCeviT gamoiyeneba gawonasworebis sxvadasxva sqemebisaTvis, 

arTulebs am sakiTxis Teoriul ganzogadebas, romlis 

aucileblobac ukve didi xania momwifda. 

farTod cnobilia mxolod k.b. karandeevis da g.a. 

Stambergeris [35] monografia, miZRvnili cvladi denis oTxmxriani 

bogiruli wredis ganzogadebuli Teoriisadmi, romelic am 

sferoSi originalur namuSevars warmoadgens. xolo [36]  Sroma 

warmoadgens ganmazogadebel naSroms cvladi denis, Zabvebis da 

kompleqsuri winaRobebis bogiruli da makompensirebeli 

gawonasworebis sqemebis daxmarebiT mimdinare gazomvebTan 

dakavSirebuli  sakiTxebis didi wris Sesaxeb. mocemul SromaSi 

bogiruli da makompensirebeli wredebis erTianoba danaxulia 

SemdegSi: gawonasworeba dgeba wredSi Zabvis ori gansazRvruli 

veqtoris tolobis dros. gawonasworebis sqemebis [36]-Si 

SemoTavazebul  ganzogadebul gantolebaSi Sedis miTiTebuli 

veqtorebis toloba, romelic adre gamoiyeneboda mxolod 

bogiruli wredebis ganxilvisas. 

gawonasworebis sqemebis Tanamedrove Teoriis mdgomareobis 

Sesaxeb msjeloba marTebulia misi realuri miRwevebis da 

SesaZleblobebis, ganzogadebis donis, cnobili Sedegebis 

moxerxebuli warmodgenis da maTSi orientaciis analizis da 

sinTezis amocanebis amoxsnis meTodebis efeqturobis mixedviT. 

literaturuli monacemebis analizi gviCvenebs, rom 

mravalferovani gawonaworebis sqemebs aerTianebT mxolod maTTvis 
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damaxasiaTebeli Sesabamisi wredebis nul-indikatoris nulis toli 

Cveneba, romelic mowmobs gamzomi mdgomareobis miRwevas[37]. ori 

gasawonasworebeli sididis toloba gawonasworebuli 

mdgomareobisas udaod swori, magram sakmaod zogadi kriteriumia. 

TiTqmis yvela gawonasworebuli sistemisaTvis (kerZod ki 

gawonasworebis eleqtruli sqemebisaTvis) samarTliani toloba, 

TviTon saWiroebs   gasawonasworebeli sidideebisaTvis damatebiT 

moxerxebuli gzebiT gamosaxulebebis miRebas, romelTa 

gawonasworebac did sirTules ar warmoadgens. 

gawonasworebis sqemebi istoriulad Camoyalibebuli 

tradiciis mixedviT or klasad iyofa: bogiruli da 

makompensirebeli   jer ar aris saerTo azri imis Sesaxeb Tu 

romeli sqemebi CaiTvalos bogirulad da romeli makompensireblad. 

amis miuxedavad da (SeiZleba am faqtis damsaxurebiTac), bolo 

dros xSirad gamoiyeneba termini “makompensirebel-bogiruli 

xelsawyoebi”. 

gawonasworebis sqemebis analizis erT-erTi mTavari amocanaa 

maTi wonasworobis pirobebis dadgena. am mizniT dRevandel dRes 

gamoiyeneba eleqtruli wredebis Teoriis aranakleb 12 meTodisa, 

rac mowmobs msgavsi amocanebis amoxsnisadmi saerTo analizuri 

midgomis ararsebobas. 

Tundac erTi klasis sqemebisaTvis cnobili meTodebiT 

miRebuli wonasworobis pirobebs erTmaneTTan saerTo araferi ar 

aqvT. amaSi dasarwmuneblad sakmarisi ASevadaroT oTxmxriani, 

eqvsmxriani da T-magvari struqturebis, romlebic realizebulia 

gawonasworebis bogiruli sqemebis saxiT [37], wonasworobis 

pirobebi. umravles SemTxvevaSi wonasworobis pirobaSi Semavali 

Tanamamravlebs, romlebic gamosaxulia mxrebis imitansebis saxiT, 

ar gaaCniaT fizikuri arsi. 

gawonasworebis bogiruli sqemebis sakmaod dawvrilmanebul 

gradacias, romelic ganasxvavebs eqvsmxrian, Svidmxrian, erTmag, 
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ormag, T-magvar, ormag  T-magvar, rezonansul, transformatorul, 

eqstremalur bogirebs, romelTac safuZvlad udevs mizani: 

yuradReba dafiqsirebuliyo gawonasworebis sqemebis garegnul 

niSanTvisebebze. 

gawonasworebis bogiruli sqemebisaTvis klasifikaciuri 

agebebi Seicavs garkveul SeuTavseblobebs. ase magaliTad, 

gawonasworebis sqemebSi mxrebis raodenobis niSanTviseba 

mouxerxeblia, radgan wesiT unda aerTianebdes uinstonis 

oTxmxrian bogirs T-magvar bogirTan, romelsac agreTve oTxi mxari 

aqvs, magram es ar SeuZlia. igive SeiZleba iTqvas gawonasworebis 

eqvsmxrian sqemebsa da ormag  T-magvar bogirebze, romlebsac 

agreTve eqvsi mxari aqvT. garegnuli msgavsebis niSanTvisebac (T-

magvari da ormag  T-magvari bogirebi) ar aris warmatebuli, radgan 

sqemebi SeiZleba gamoisaxos sakmaod mravalferovnad[37]. 

klasifikaciis niSanTvisebebis sakmaod didi raodenoba 

klasifikaciis moxerxebulobas gadaaqcevs uxerxulobad. 

gawonasworebis sqemebis erTiani analizuri aRweris uqonloba 

uaryofiTad moqmedebs sinTezis meTodebis ganviTarebaze, romelic 

Tavis mxriv yvelaze metad pasuxobs kontrolis da regulirebis 

Tanamedrove amocanebis moTxovnebs. arsebobs statiebis umniSvnelo 

ricxvi, romelSic ganxilulia mocemuli struqturis 

gawonasworebis sqemebis sinTezis sakiTxebi: masala struqturis 

sinTezis Sesaxeb literaturaSi TiTqmis ar aris. SesaZlebelia 

mxolod Kk.b. karandeevis erTi naSromis [38] miTiTeba , romelSic 

mocemulia originaluri mosazreba eqvsmxriani bogirebis 

warmoSobis Sesaxeb.  magram swored struqtura warmoadgens 

amosaval punqts axali sqemebis sinTezis dros.  amas mowmobs 

literaturad cnobili  sinTezis uamravi kerZo magaliTebi, da rac 

mTavaria cvladi denis uinstonis bogiris struqturis mqone axali 

sqemebis uwyveti warmoSoba. 
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gawonasworebuli sqemebis sinTezis amocanebisaTvis 

elqtruli wredebis sinTezis meTodebis gamoyeneba namdvilad ar 

iyo warmatebuli [39]. rogorc wesi wonasworul mdgomareobaSi 

myofi gawonasworebis sqemebi akmayofileben miTiTebul pirobebs, an 

maTgan erT-erTs.  

literaturidan motanil uamrav magaliTze dayrdnobiT 

SeiZleba davrwmundeT aseTi SemoTavazebis sisworeSi da davaskvnaT 

Semdegi: 

gawonasworebis eleqtruli sqemebi mizanSewonia CavTvaloT 

sami saxis struqturebis realizaciad Semdegi aqtiuri sidideebis 

gawonasworebiT: struqturebi denebis gawonasworebis kvanZiT,  

struqturebi Zabvebis gawonasworebis konturiT da agreTve 

struqturebi  denebis gawonasworebis kvanZiT da Zabvebis 

gawonasworebis konturiT. 

struqturebis aseTi dayofa kargad asaxavs wonasworobis 

fizikur suraTs da amavdroulad gansazRvravs kanons, romliTac 

xdeba misi aRwera. meore dadebiTi momentia sakiTxis moxsna Tu 

romel klass ekuTvnis konkretuli struqtura bogirs Tu 

makompensirebels., radganac am ukanasknelis nebismieri dasaxelebis 

dros is erTmniSvnelovnad miekuTvneba zemoT dasaxelebuli 

struqturebidan erT-erTs. erTaderTi gamonaklisia avtodualuri 

struqturis SemTxveva, magram analizis da sinTezis dros es 

aranair sirTules ar warmoqmnis. 

gamzomi gardamqnelebis, romelTac xSirad damoukidebladac 

iyeneben (denis, Zabvis gamyofebi, makoreqtirebeli konturebi, 

fazisdamZvreli wredebi)  winaswari gamokvleva saSualebas iZleva 

ganisazRvros im gawonasworebuli sqemebis bevri maCvenebeli, 

romlebSic gamoyenebulia naxsenebi gardamqmnelebi. 

gawonasworebis sqemebis erT-erTi mTavari amocanaa maTi 

wonasworobis pirobis gamoyvana. rogorc zemoT iyo aRniSnuli 

dReisaTvis am mizniT gamoiyeneba eleqtruli wredebis Teoriis 
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Tormet meTodamde, magram SemuSavebuli ar aris analizuri 

midgomis sistema erTi klasis sqemebisaTvisac ki.. umravles 

SemTxvevaSi wonasworobis pirobaSi Semaval Sesakrebebs, romlebic 

gamosaxulia mxrebis sruli winaRobebiT, ar gaaCniaT fizikuri 

azri. erT-erTi aseTi gawonasworebis sqema mocemulia nax3.4-ze [8] 

mocemul sqemaSi unda dakmayofildes piroba : 

                                                        (3.28) 032 =+UU &&

imasaTvis rom Sesruldes (3.28) piroba saWiroa Zabvebi 

gamovsaxoT denebiTa da winaRobebiT 

V
V

                    333222 ; ZIUZI &&&& ==U                            (3.29) 

                                 4Z   

                  

                         1Z                 3Z

3
&

2
&

 

 

                                             U  

             E              U        3Z  

 
 

 

naxazi 3. 15 gawonasworebis sqema 

magram 
              

          
)()(

)(
)( 4314312

431

431

431
2

2 ZZZZZZZ
ZZZE

ZZZ
ZZZZ

EI
++++

++
=

++
+

+
=

&&
&         (3.30) 

 

         
)()( 4314312

1

321

1
23 ZZZZZZZ

ZE
ZZZ

ZII
++++

=
++

=
&

&&            (3.31) 

 
(3.28) da (3.29) gantolebebidan gvaqvs 
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03322 =+ ZIZI &&  

 
anu 

 

0
)()()()(

)(

4314312

31

4314312

2431 =
++++

+
++++

++
ZZZZZZZ

ZZE
ZZZZZZZ

ZZZZE &&

 
 

wonasworobis pirobaa: 
 

042323121 =+++ ZZZZZZZZ                     (3.32) 
 

literaturaSi [8] avtorma (3.32) tolobis safuZvelze 

gamoitana daskvna, rom: marcxena mxaris SesakrebebSi Znelia dainaxo 

raime fizikuri azri, miuxedavad imisa, rom toloba upirobod 

sworia. marTlac kompleqsuri winaRobebis jami, romelTa namdvili 

nawilebi dadebiTia ar SeiZleba zogadad iyos nulis toli. 

amis Semdeg wredis wonasworobas aRweven eqsperimentiT, 

parametrebis cvlilebiT, magram am gziTac wonasworobis monaxva 

Zalian Znelia, radgan raime parametris cvlilebiT erTdroulad 

icvleba orive gasawonasworebeli Zabva  da . amitom aseT 

sqemebSi mimarTaven gardaqmnis koeficientis gamoyenebas. 

2U& 3U&

gardaqmnis koeficientebis meTodi damuSavebulia 

gasawonasworebeli struqturebis analizisa da sinTezisaTvis da 

dafuZnebulia maTSi Zabvis mawonasworebeli konturebis da denebis 

mawonasworebeli kvanZebis gamoyofaze. gardaqmnis koeficientis 

meTodi iseve, rogorc eleqtruli wredebis gaTvlis sxva meTodebi, 

efuZneba omis da kixhofis kanonebs. es meTodi, romelic principSi 

gamoTvlis miznebisaTvis  ar moiTxovs wredis konfiguraciis 

Secvlas cnobili klasifikaciis mixedviT [24], miekuTvneba 

gamoTvlebis pirdapir meTods. 

yvelaze martivi da sakmaod mosaxerxebeli klasifikaciaa 

struqturis dayofa gasawonasworebeli sidideebis zomebis 

mixedviT. gasawonasworebeli struqturebi iyofa  Semdegnairad: 
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struqturebi denebis gamawonasworebeli kvanZebiT, struqturebi 

Zabvebis gamawonasworebeli konturebiT, da struqturebi denebis 

gamawonasworebeli kvanZebiT da Zabvebis gamawonasworebeli 

konturebiT. yvelaze metad gavrcelebulia struqturebi, romelTac 

aqvT erTi denebis gamawonasworebeli kvanZi an erTi Zabvebis 

gamawonasworebeli konturi. 

koeficientebis gardaqmnis meTodi, iseve, rogorc yvela sxva 

meTodi, ar SeiZleba mizanSewonili iyos gawonasworebis sqemebis 

Teoriisa da praqtikis yvela amocanisaTvis. 

amitom winamdebare samuSaos mizania yvelaze ufro 

gavrcelebuli denebis gamawonasworebeli kvanZebisa da Zabvebis 

gamawonasworebeli konturebis struqturis gawonasworebis 

eleqtruli sqemisaTvis parametrebis SesarCevad  maTematikuri 

modelis  da am maTematikuri modelis safuZvelze kompiuteruli 

programis damuSaveba, romelic saSualebas mogvcems swrafad da 

didi sizustiT ganvsazRvroT gawonasworebuli eleqtruli 

sqemisaTvis saWiro parametrebis mniSvnelobebi. 

  
3.7. gawonasworebis eleqtruli sqemebis maTematikuri 

modelebi 

rogorc §3.6 aRvniSneT winamdebare samuSaos mizania (3.32) 

wonasworobis pirobis analizis safuZvelze iseTi maTematikuri 

modelisa da mis safuZvelze iseTi  kompiuteruli programis 

damuSaveba, romelic saSualebas mogvcems wredis parametrebi 

SevarCioT ise, rom dakmayofildes (3.32) piroba. eleqtroteqnikis 

safuZvlebis Teoriuli kursis  [13,15] mixedviT advili dasadgenia, 

rom (3.28) pirobis SesrulebisaTvis aucilebelia Zabvebi moduliT 

iyos erTnairi, xolo fazebiT sawinaaRmdego, amis gamo erTi Sto 

unda iyos induqciuri, xolo meore tevaduri xasiaTis, anu 

( ) ( ) 0
23 180argarg ±= UU && ( ) ( ) 0

32 180argarg ±= UU &&
32 UU && =  da  an  
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03322 =+ ZIZI &&
3322 ZIZI && −=e.i.         anu        

2

3

3

2

Z
Z

I
I

−=
&

&
                             (3.33)                          

(3.30) da (3.31) gamosaxulebebis mixedviT gvaqvs 

1

431

3

2

Z
ZZZ

I
I ++

−=
&

&
                                              (3.34) 

2

3

1

431

Z
Z

Z
ZZZ

−=
++

(3.33) da (3.34) Sedareba gvaZlevs     aqedan 

)180(
22

431

31
2

0
22 −=−=

++
−= ϕϕ ij eZeZ

ZZZ
ZZ

Z             (3.35)              

imisaTvis, rom daculi iyos (3.28) piroba saWiroa (3.36) 

gamosaxulebis mixedviT 1Z 3Zda  winaRobebis mniSvnelobebi 

arCeuli unda iqnes Semdegi pirobebis dacviT: 

1. orive isini unda iyos an induqciuri an tevaduri xasiaTis 

nebismieri moduliT. 

2. induqciuri xasiaTis dros maTi argumenyebis jami unda iyos  

, xolo tevaduri xasiaTis dros  0
31 90)( ≥+ϕϕ 0

31 90)( −≤+ϕϕ

1Z 3Z 4Z3.  da  winaRobebis induqciuri xasiaTis dros  winaRoba 

unda iyos tevaduri xasiaTis, xolo 1Z 3Z da  winaRobebis 

tevaduri xasiaTis dros 4Z  winaRoba unda iyos induqciuri 

xasiaTis. orive SemTxvevaSi daculi unda iyos piroba, rom 1Z  

da 3Z 4Z winaRobebis jami moduliT naklebi unda iyos  

winaRobis modulze. 

[ ] [ ] [ ]314 ZIZIZI mmm +>  

2Zam pirobebis gaTvaliswinebiT ganisazRvreba  winaRobis 

moduli da argumenti, romelic daakmayofilebs (3.28) da (3.32) 

pirobebs nebismier sixSireze da modebul Zabvaze. 
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naxazi 3. 16 parametrebis arCevis blok-sqema 

zemoT moyvanili pirobebis dacviT, parametrebis asarCevad 

SemuSavebuli iqna specialuri programa, romlis blok-sqema 

warmodgenilia nax.3.16-ze 

aRniSnuli programis gamoyenebis sailustraciod ganvixileT 

konkretuli magaliTi. aviReT aqtiuri winaRobebi: R1= R3= R4=150 omi; 

ori droseli parametrebiT: aqtiuri winaRobebiT: r1=r3=21.7  omi, 

induqciurobebiT: L1=L3=1 hn da kondensatori, romlis tevadobaa   
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C4=6 mkf. am parametrebis gaTvaliswinebiT  f = 50hc sixSireze 

(   rad/wm) sruli kompleqsuri winaRobebi toli iqneba: 3142 == fπω

( ) 05.61
11131 3.3608.3161.171 jejLjrRZZ =+=++== ω             omi 

074

4
44 8.5515311501 jej

C
jRZ =−=−=
ω

                      omi 

maSin (3.35)-is safuZvelze nax. 3.16-ze mocemuli blok-sqemis 

mixedviT mixedviT Sedgenili programis safuZvelze SerCeuli iqna 

R2=92 omi; xolo C2=13 mkf anu 

069

2
22 6.257240921 jej

C
jRZ =−=−=
ω

                   omi 

am winaRobaTa CasmiT (3.30) da (3.31) gamosaxulebebSi 

vsazRvravT denebis kompleqsur mniSvnelobebs a. da 

a. xolo (3.29) gamosaxulebebis mixedviT Zabvebi tolia: 

v. ,  v. 

07.24
2 558.0 jeI =&

02.74
3 4.0 jeI =&

44
2 7.143 jeU −=&

03. 07.135
3 7.143 jeU =&

Zabvebis veqtorul diagramas kompleqsur sibrtyeze eqneba 

nax.3.17-ze, xolo gawonasworebis sqemas nax.3.18-ze mocemuli saxe: 

 

                     2J&

3J&

3U&

                      07.24
 

                             03.44−
             02.74

 
 

      07.135
 
 
 

   2U&

 

naxazi 3. 17 gawonasworebis sqemis veqtoruli diagramaMAMAA 
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naxazi 3. 18 gawonasworebis sqema realuri parametrebiT 

rogorc. nax. 3.17-dan Cans, Cvens mier Catarebuli gamokvlevebis 

safuZvelze SerCeuli iqna wredis iseTi parametrebi, romlebmac 

daakmayofila (3.28) piroba [40]. 

amrigad Cvens mier eleqtroteqnikis Teoriuli safuZvlebis 

bazaze gadawyvetili iqna erTi jgufis gawonasworebis sqemebSi 

parametrebis gansazRvris analizuri meTodi. 

 

3.8 gawonasworebis eleqtruli sqemebis erTfaza 
transformatoris gardaqmnis koeficienti 

gamzomi gardamqmnelis gardaqmnis koeficienti warmoadgens 

gamzomi gardamqmnelis Sesavalze aqtiuri  sididis fardobas 

gamosasvlel 

A&

B&  aqtiur sididesTan e.i. 

           

B
AK B

A

&

&
& =                                                   (3.36) 

gardaqmnis koeficienti kompleqsuri ricxvia, e.i. gaaCnia 

moduli da argumenti. 
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avtorisaTvis [8] did interess warmoadgens erTfaza sahaero 

transformatoris gardaqmnis koeficienti, rogorc gamzomi 

gardamqmnelis Semadgeneli rgoli, e.w. urTierTinduqciis M koWi. 

sahaero transformatoris sqema moyvanilia nax.3.19-ze 

 

                                  -M 
                                 R1                                                              r2 1I& 2I&
 
 

          1U&

                                                                    R2              
 
 
 

 

naxazi 3. 19 erTfaza transformatoris eleqtruli sqema 

 
sahaero transformatori gamoyenebulia sworkuTxa 

koordinaciuli kompensatorebis gavrcelebul  konstruqciebSi, 

kompleqsuri winaRobebis da urTierTinduqciurobis koeficientis 

gamzom sqemebSi. 

nax.3.19-ze moyvanili eleqtruli sqema gamoiyeneba gamzomi 

gardamqmnelis 
I
I&
 fardobis Sefasebis muSaobis dros, Sesabamisad 

Mj
LjrR

I
IK I

I

ω
ω 222

2

1 ++
−==

&

&
&                                          (3.37) 

(3.37) toloba ar Seesabameba realur fizikur process, 

radganac eleqtroteqnikur literaturaSi [41] erTfaza 

orgragniliani transformatorisaTvis kirxhofis kanonebis 

safuZvelze gantolebaTa sistemis Sedgenis dros denebisa da 

Sesabamisad urTierTinduqciis emZ-ebis mimarTuleba aRebulia 

nebismierad. marTalia nax.3.19-ze aRniSnulia erTsaxela momWerebi, 

magram mxedvelobaSi araa miRebuli transformatoris moqmedebis 

 116



principidan gamomdinare pirveladi  da meoreuli  denebis 

mimarTuleba erTsaxela momWerebis mimarT. agreTve miRebulia, rom 

urTierTinduqcia M pirvelad da meoreul gragnilebs Soris 

dadebiTia da gantolebaTa sistema warmodgenilia Semdegi saxiT: 

1I& 2I

( ) 21111 MIjLjRIU ωω ++= &&  

                        ( ) 122220 MIjLjrRI ωω +++= &                  (3.38) 

(3.38) gantolebaTa sistemis meore gantolebidan miRebulia 

gardaqmnis koeficienti (3.37). 

Cvens mier dadgenilia [42], rom erTfaza orgragnila 

transformatorSi TviTinduqciis emZ yovelTvis uaryofiTia da 

ewinaaRmdegeba konturuli denebis cvlilebas, xolo 

urTierTinduqciis emZ yovelTvis dadebiTia da xels uwyobs 

konturuli denebis cvlilebas. TviTinduqciisa da 

urTierTinduqciis emZ-ebi aseT transformatorebSi mimarTulia 

Semxvedrad da wonasworobis gantolebaTa sistema gamoisaxeba 

Semdegi saxiT: 

( ) 21111 MIjLjRIU ωω −+= &&  

                        ( ) 122220 MIjLjrRI ωω −++= &                  (3.39) 
 

(3.39) sistemis meore gantolebidan ganisazRvreba erTfaza 

sahaero transformatoris gardaqmnis koeficienti: 

Mj
LjrR

I
IK I

I

ω
ω 222

2

1 ++
==

&

&
&                                        (3.40) 

miRebuli koeficienti (3.40) faziT ewinaRmdegeba (3.37) 

koeficients. 

amrigad, Cvens mier Catarebuli kvlevebis safuZvelze [42] 

miRebulia gawonasworebis sqemebSi gamoyenebuli erTfaza sahaero 

transformaciis namdvili gardaqmnis koeficienti. 
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 4. Txevadxviian kavSiriani konduqtometrebis 
maTematikuri modelebisa da kompiuteruli programebis 

damuSaveba 

winamdebare TavSi moyvanilia wrfivi eleqtruli wredebis 

Teoriis safuZvelze maTematikuri modelirebis damuSavebis 

Sedegebi TxevadxviiankavSiriani konduqtometrebisaTvis, rogorc 

sakompensacio gragniliT, aseve mis gareSe [43] aRniSnuli modeli 

saSualebas mogvcems konduqtometris gamosasvleli signali 

ganvixiloT rogorc TxevadxviiankavSiriani konduqtometris 

gadamwodis sxvadasxva parametrisa da gasazomi eleqtrogamtarobis 

funqcia. maTematikuri modelis mixedviT damuSavda kompiuteruli 

programa optimaluri parametrebis dasadgenad. 

 

4.1 TxevadxviiankavSiriani konduqtometri sakompensacio 
gragnilis gareSe 

wrfivi pasiuri orpolusiani sinTezis damuSavebuli meTodebi 

eyrdnoba iseT arsebul dadebiT funqciebs, rogorebicaa wrfivi 

orpolusa wredebis winaRoba da gamtaroba. am meTodebiT 

eqvivalenturi sqemis sinTezis praqtikaSi ganxorcieleba sakmaod 

rTuli da Sromatevadi proceduraa, romelic ar iZleva modelis 

optimaluri variantis moZebnis garantias. 

Seswavlili eleqtroqimiuri sistemebis analizisaTvis 

mosaxerxebelia is meTodebi, romlebic daiyvaneba im eqvivalenturi 

sqemebis parametrebis gaTvlaze, romlebic winaswar agebulia 

sistemis xasiaTze saerTo warmodgenis safuZvelze. ganzogadebuli 

sqemebis analizis meTodebi garda imisa rom erTdroulad wyveten 

eleqtroqimiur da fizikoqimiur amocanebs, agreTve uzrunvelyofen 

drois da Sromis danaxarjis Semcirebas algoriTmebis da Semdgom 

maT dasamuSaveblad programis Sedgenisas. 
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miuxedavad imisa rom  Txevadxviian kavSiriani konduqtometris 

maTematikuri modelis saWiroeba didi xania momwifda, dRemde mainc 

sargebloben wminda eqsperimenturi monacemebiT Teoriuli 

safuZvlis gareSe. 

wrfivi eleqtruli wredebis Teoriis safuZvelze [13] SeiZleba 

miviRoT gansaxilveli gamzomi gardamqmnelis realuri fizikuri 

movlenebis analizuri gamosaxulebebi. 

Txevadxviian kavSiriani konduqtometris Canacvlebis sqema 

mocemulia nax.4.1-ze [44] is Sedgeba Sesasvleli (trI) da 

gamosasvleli (tr2) transformatorebisagan, romlebis erTmaneTTan 

Txevadi xviiT aris dakavSirebuli. transformatorebs Soris 

arsebuli magnituri kavSiri naCvenebia nax. 4.2-ze, xolo Txevadi – 

nax.4.3-ze 

maTematikuri modeli saerTo SemTxvevisaTvis kirxhofis 

kanonebis safuZvelze SeiZleba Semdegnairad warmovadginoT [44] 

dt
di

M
dt
di

LiRO

dt
di

M
dt
di

M
dt
di

LiRO

dt
di

M
dt
di

LiRu

3
32

3
3333

3
23

1
21

2
2222

2
12

1
11111

−+=

−−+=

−+=

                       (4.1)         

sadac  aris eleqtrolitis gasazomi omuri winaRoba; , 

, ,  Sesabamisad Sesasvleli da gamosasvleli 

transformatoris omuri winaRobebi da gragnilebis 

induqciurobebia; - Txevadi xviis induqciurobaa; ,  - 

urTierTinduqciurobebi;  - modebuli Zabvaa. 

2R

33L

1R

3R 11L

23L22L 12L

1U

wriuli magnitogamtarebisaTvis gabnevis nakadebis 

ugulvebelyofiT miviRebT 

( )

2

2
202

1

1
101233223

1121122
2

33321221
2

111

2
;

2
;

;;;;

r
S

r
SWMM

WMMWLLWL

π
μμλ

π
μμλλ

λλλλλ

====

===+==
        (4.2) 

 119



                                                   3i1i
 
 

                                               1R 3R

1L 3

1 3W

1B

 u                                          L       R          V 2i
                        W                                                     Ugam  2R 21L
 
 
                tr.1                       tr.2 
 

naxazi 4. 1 Txevadxviebiani konduqtometris Canacvlebis principialuri 
sqema: 

3, ii  - denebi Sesasvleli da gamosasvleli transformatoris 

gragnilebSi; 

2i  - deni Txevad xviaSi; 

231 ,, RRR  - Sesabamisad Sesasvleli da gamosasvleli 

transformatorebis da Txevadi xviis aqtiuri winaRobebia; 

231 ,, LLL   -  Sesabamisad Sesasvleli da gamosasvleli 

transformatorebis da Txevadi xviis induqciurobebia; 
R – gamosasvleli transformatoris datvirTvis winaRoba. 

 
 

 
 
 
 
 

                    
r
                        2B

r
                           

1μ 2μ                                             
 
                           tr.1            tr.2   
 
 
 
 

naxazi 4. 2 transformatorebs Soris arsebuli magnituri kavSiri: 

2,1 BB
rr
-  Sesabamisa tr.1 da tr.2 transformatorebis magnituri 

induqciebia. 
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21, μμ  - maTi magnituri SeRwevadobebi.            

 
 

                   Ф1                                    Ф2                        3i1i
                                                                  2i
               U                                                                                                 R                 V 
 
 
 
 
 

naxazi 4. 3 transformatorebs Soris arsebuli Txevadi  kavSiri: 

21 , ΦΦ  - Sesabamisad tr1 da tr2 transformatorebis 

magnituri nakadebia 

sadac  hn/m – magnituri mudmivaa; - 

magnitogamtarebis ganivkveTi, m2;  - wriuli magnitogamtarebis 

saSualo radiusi, m;  -Sesasvleli transformatoris xviebis 

ricxvi; 

7
0 104 −= πμ

2

21, SS

21 , rr

1W

1 ,λ λ  - Sesabamisad Sesasvleli da gamosasvleli 

transformatorebis magnitogamtarebis magnituri gamtaroba, hn; -

gamosasvleli transformatoris xviebis ricxvi. 

3W

gazomvebis maqsimaluri mgrZnobiarobis pirobidan gamomdinare, 

mizanSewonilia gvqondes usasrulod mcire Siga winaRobis mqone 

kvebis wyaro (Zabvis wyaro) [44]. am SemTxvevaSi  dros (4.1)-is 

safuZvelze miviRebT: 

∞→R

dt
di

M
dt
di

LIRO

dt
diM

dt
diLIRu

1
21

2
2222

2
12

1
11111

−+=

−+=
                                      (4.3)              

amovxsnaT (4.3) diferencialuri gantolebebis sistema kompleqsuri   

amplitudebis meTodis saSualebiT.   

amisaTvis  (4.3) gantolebebi warmovadginoT Semdegi saxiT: 

                                         (4.4) 
( )
( ) 1212222

21211111

IMjILjRO

IMjILjRU
&&

&&&

ωω

ωω

−+=

−+=
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(4.4)-dan miviRebT 

        ( ) ( ) jBARLRLjLLM
UMjI

+
=

++−
= 112

1222112211
2

12
2

112
2

&
& ω

ωω
ω

        (4.5) 

sadac 

UMj &

RR +21

( ) ( )1222112211
2

12
2

21 ; RLRLjBLLMRRA +=−+= ωω  

Tu CavTvliT, rom  Sesabamisi gardaqmnebis Semdeg (4.5) 

iRebT: 

     

11 UU =&

dan miv

( )][ ( )[ ]2122211

2

2211
2
12

2
21

1

RR
I =&               (4.6) 12
2

RLRLjLLL

ULj

++−+ ωω

ω &

Txevad xviaSi induqcirebuli denis myisi mniSvneloba (4.6) 

gantolebis Tanaxmad SeiZleba Semdegi saxiT gamovsaxoT: 

          
( )

( )[ ] ( )[ ]2122211

2

2211
2

12
2

21

112 sin2

RLRLLLMRR

tUMi
++−+

−
=

ωω

ϕωω
2              (4.7) 

 
B
Aarctg=ϕsadac  aris  Zabvasa da  den

daZvra, gradusi; 

 deni  xviaSi gavlis dros warmoqmnis magnitur nakads 

1U 2I s Soris fazaTa 

2i 23Φ  

romelic gadakveTs W koWas xviebs da warmoqmnis urTierTinduqciis 

nakadSebmas  23323 Φ=Wψ  

magnituri nakadi 23Φ  da Sesabamisad nakadSebma 2I&  denis 

proporciulni arian, 223I&Φ . 23 M=

faradeis eleqtromagnituri induqciis kanonze dayrdnobiT 

urTierTinduqciis bmnakadSe is cvlileba warmoSobs 

urTierTinduqciis eleqtromamoZravebel Zalas, romelic tolia: 

                       
dt
di

M
dt

d
e 223 −=−= 233

ψ
                         (4.8) 

xolo Zabva gamosasvlelze 

                     
dt
di

Meu 2
233 =−=gam                            (4.9) 

(4.7) da (4.9)dan vRebulobT 
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( )
( )[ ] ( )[ ]2122211

2

2211
2
12

2
21

12312 cos2

RLRLLLLRR

tULL
u

−
=

ϕ
gam             (4.10)    

++−+ ωω

ωω

 (4.10)-is Sesabamisad da (4.2)-is gaTvaliswinebiT  idealuri 

voltmetriT  gazomili is moqmedi mniSvnelo

SeiZleba ganisazRvros 

gamU - ba Semdegnairad 

      
( )[ ]{ }222

1

RRWWRR

UWWU
λλλλω

ωλλ

+++
=gam                (4.11) 

f

121211
2
2

2
1121

1221

λ +

sadac πω 2= modebuli Zabvis kuTxuri sixSirea, rad/wm. 

mosasvleli signalis analizuri g  

gviCvenebs, rom gamzomi gardamqmnelis mgrZnobiaroba 

erTma an da Zod: 

kvebis

transformatorebis xviaTa ricxvis, 

ga amosaxuleba (4.11),

neTisag moukidebeli parametrebis funqciaa, ker

 wyaros sixSiris f, 1W  da 3W  Sesasvleli  gamosasvleli  

1λ 2λ da  Sesasvleli 

gamosasvleli  transformatorebis magnituri gamtarobebis, 

Sesasvleli tranformatoris omuri winaRobis , gamosakvlevi 

4.2 gamzomi gardamqmnelis parametrebis gazomvis 

gamzomi gardamqmnelis gamosasvleli signalis analizuri 

gamosaxulebis (4.11) monacemebidan Cans, rom gamosasvleli  

transformatoris  xviaTa ricxvis  da kvebis wyaros Zabvis 

transformatoris omuri winaRobis  gazrdiT- mgrZnobiaroba 

mcirdeba. (danarCeni pirobebis ucvlelobis dros) 

1R

siTxis winaRobis R  da modebuli Zabvis . 

mgrZnobiarobaze zemoqmedebis gamokvleva 

1U2

3W

gazrda zrdis gazomvis mgrZno1U biarobas, xolo Sesasvleli 

1

gazomvis mgrZnobiarobis gardamqmnelis parametrebze 

damokidebulebis gamosakvlevad aRvniSnoT 13UKWU

R

=gam , sadac K 

gardaqmnis koeficients (4.2)-is gaTvaliswinebiT aqvs saxe: 
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 }([ ]{ ) 2
12121

2
1

2
2 R

K =               (4.12) 

 xviaze, 

Sesasvleli Zabvis 

2
1

4
1

2
21

211
2

RWWRR

W

λλλλλω

λλω

++++

koeficinti K ricxobrivad tolia Zabvisa erTerT

IU =1  v. dros. danarCeni param

gamosakvlevad Sedgenilia blok-sqema (nax4.4)  

etrebis gavlenis 

programis safuZvelze gamokvlevisaTvis gadamwodis 

parametrebis mniSvnelobebi icvleboda farglebSi: 

⎯ sakvlevi siTxis winaRoba: 10012 ÷=R  omi 

⎯ kvebis wyaros sixSire: 15001000 ÷=f  omi 

⎯ Sesavali transformatoris xviaTa ricxvi: 1 =W 201÷  

⎯ Sesavali transformatoris inaRo aqtiuri w ba:  omi 

toris magnitogamtaris magnituri 

⎯ transformato xviaTa ricxvi 

is Sedegebi Se lia cxrilSi 4.1 xolo cxrilis 

mo .7;4.8-z  

yaros sixSiris da 

(an) 

ricxvis 

Semci

 

101.01 ÷=R

⎯ Sesavali transforma

gamtaroba 56
1 10.110.1 −− ÷=λ  hn 

⎯ gamosavali transformatoris magnitogamtaris magnituri 

gamtaroba 56
2 10.110.1 −− ÷=λ  hn 

gamosavali ris 203 =W  

⎯ Sesaval transformatorze modebuli Zabva 201 =U v 

gamokvleveb tani

nacemebiT agebuli mrudebi mocemulia nax. 4.5;4.6;4 e

gamokvlevebis Sedegebma aCvena, rom kvebis w

gamosasvleli transformatoris magnituri gamtarobis 

gazrdiT, agreTve Sasavali transformatoris xviTa 

rebiT gamomavali signali izrdeba. xolo Sesasvleli 

magnituri gamtarobisa da aqtiuri winaRobis (diapazonSi 0.01 -1 

omde) cvlilebisas gamomavali signali faqtiurad ar icvleba. 
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dasawyisi 

cvladebis aRwera 

masivebis R2[7],  f[3], W1
[3] 

[3], R1[3], 
L1[3],L2 mn-ebis Setana 

ki

ff,W i 
mniSvnelobebis gamoTvlis procedura 

W1,RR1,LL1,LL2 SemTxveviT

I=1 

ff=f[I] 

J=1 

k[I]= koeficientis gamoTvla 

J=J+1 

J<=7

k-s amobeWdva 

I=I+1 

I<=3 
ki 

ff,WW1,RR1,LL1,LL2 SemTxveviTi 
mniSvnelobebis gamoTvlis procedura 

I=1 

WW1=W[I] 

1

2 

      
 
 
 
 
 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
1 
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J=1 

k[I]= koeficientis gamoTvla 

J=J+1 

J=J+1 

J<=7
ki

k-s amobeWdva 

I=I+1 

I<=3 

2  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

F,W1,R1,L1,L2 SemTxveviTi 
mniSvnelobebis gamoTvlis procedura 

I=1 

RR1=R1[I] 

ki  
 
 
 
 
 
 
 4  

 
 
 
 
 
 

J=1 

k[I]= koeficientis gamoTvla 

J=J+1 

J=J+1 

J<=7

 
 
 
 
 
 
 
 

ki  
3 



3 

k-s amobeWdva 

I=I+1 
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I<=3
ki 

4 

LL1=L1[I] 

J=1 

k[I]= koeficientis gamoTvla 

J=J+1 

J=J+1 

J<=7

k-s amobeWdva 

I=I+1 

F,W1,R1,L1,L2 SemTxveviTi 
mniSvnelobebis gamoTvlis procedura 

I=1 

I<=3

F,W1,R1,L1,L2 SemTxveviTi 
mniSvnelobebis gamoTvlis procedura 

5



5

I=1 

LL2=L2[I] 
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naxazi 4. 4 

konduqtometruli gardamqmnelis optimaluri parametrebis ganmsazRvreli 
blok-sqema 

 
 
 
 

J=1 

k[I]= koeficientis gamoTvla 

J=J+1 

J=J+1 

J<=7

k-s amobeWdva 

I=I+1 

I<=3

dasasruli 
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                                                                                                                          omi 
                                                                                                                                                                   

naxazi 4. 5 gardaqmnis koeficientis damokidebuleba eleqtrolitis 
eleqtrul winaRobaze kvebis wyaros sxvadasxva sixSiris dros  

( O - 1000 hc-s dros; 

 

2R

Δ −

0,0

1,0

2,0

3,0

4,0

5,0

6,0

7,0

0 2 4 6 8 0 121

 10000 hc-s dros; X- 15000 hc-s dros;). 

 

 

 

 

 

 

 

 

 

 

  omi 

naxazi 4. 6 gardaqmnis koeficientis damokidebuleba eleqtrolitis 
eleqtrul winaRobaze Sesasvleli transformatoris xviebis 

ricxvis sxvadasxva mniSvnelobis dros ( O -  dros; 

210−K  

2R

101 =W −Δ  

101 =W 11 =W dros; X-  dros;). 
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naxazi 4. 7 gar mnis koeficientis damokidebul ba eleqt litis 
eleqtrul winaRobaze Sesasvleli transformatoris magnituri 

gamtarobis sxvadasxva mniSvnelobis dros ( O -  hn-s 

dros; 6  hn-s dros; X- 

     210−K  
 
 
 
 
 
 
 
 
                                                                                  
 
 
 
 
 
 

                                                              omi 

naxazi  gar koeficient  okid ba eleq olitis 
q ul winaRobaze gamo leli transformatoris 

magnituri gamtarobis sxvadasxva mniSvnelobis dros ( O - 

 hn-s dros; 

310−K

 
 
 
 
 

2R

daq e ro

6
1 100,1 −⋅=λ

5−  hn-s dros;). − 1 105 −⋅=λΔ 1 100,1 ⋅=λ

2R

4. 8
e

daqmnis 
le tr

is dam
sasv

ebule tr

6
2 100,1 −⋅=λ −Δ  6

2 105 −⋅=λ
hn-s dros;). 

5
2 100,1 −⋅=λ   hn-s dros; X- 
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                                                              omi  2R
 

naxazi 4. 9 gardaqmnis koeficientis damokidebuleba eleqtrolitis 
eleqtrul winaRobaze Sesasvleli transformatoris winaRobis 

sxvadasxva mniSvnelobis dros ( O - 11 =R  omis dros; −Δ  

1.11 =R  omis dros; X- 001.11 =R  omis dros;). 

 

si

4.3 TxevadxviiankavSiriani konduqtometri 
makompensirebeli gragniliT. 

TxevadxviiankavSiriani konduqtometri makompensirebeli 

gragniliT warmoadgens ormag transformatorul gamzom bogirs, 

romlis maTematikuri modeli da Canacvlebis sqema sakmaod 

kargadaa aRwerili naSromSi [29], xolo wonasworobis piroba 

naSromSi [45] 

ormagi transformatoruli gamzomi bogiris principuli 

sqema moyvanilia naxazze 4.10 

gazomvebis dros ormag transformatorul gamzom bogirSi 

mimdinare eleqtromagnituri movlenebis aRwera saerTo 

SemTxvevebSi xdeba Semdegi diferencialuri gantolebebis 

stemebiT: 



( )

( )

dt
di

M
dt
diM

dt
diLiRO

dt
diM

dt
diLM

dt
diM

dt
di

LiRO

dt
di

M
dt
di

LM
dt
di

M
dt
di

LiRO

dt
di

M
dt
diM

dt
diL
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  (4.13) 

sadac aris eleqtrolitis gasazomi omuri winaRoba; 

 - Sesabamisad 

 

Zabvaa.

 

      ;  

 

2R  

22 ,L 443311431 ,,,,, LLLRRR 1356462312 ,,,, MMMMM  

debulikonturebis omuri winaRobebi da induqciurobebia. 1U  mo

  fantvis nakadebis ugulvebelyofiT miviRebT: 

   1
2

111 λWL = 2122 λλ +=L ;   2133 λλ +=L ; 

        2
2

644 λWL = ;   112212 λWMM == ;   113113 λWMM == ;        (4.14) 

13223 λ== MM ; 2646 λWM = ;  2656 λWM = ; 45 254 λ== MM

      

 

         

                                            

                         2R                    

    

   1R                22L  

                         

                         23M                            4R  

               V             

L M
   

46M12M

2I& 4I&1I&     
 
  

  

  

  

 1u&  

        11                         45          44         L  

E& U                                                            

                    33M                               

                           
               

      13M                          56M        

i

- gasazomi omuri winaRoba 

, ,  - konturis omuri winaRobebi 

gam

  

3I& 3R

naxazi 4. 10 ormagi transformatoruli gamzomi bogiris princ puli 
sqema. 

2R

1R 4R3R



11L , ,  - konturebis induqciurobebi 

, , , ,  - konturebis urTierTinduqciurobebia; 

, , ,  - konturuli denebi 

33L22L 44L, 

13M 23M 46M 56MM 12

2I& 4I&1I& 3I&

E&

bul

- kvebis wyaros eleqtromamoZravebeli Zala, - 

de i Zabva,  - gamosasvleli Zabva. 

magnitogamtarebis magnituri gamtarobebia:
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sadac hn/m;  7104 −⋅= πμ0 21,μμ - magnitogamtarebis fardobiTi 

magnit

- magnitogamtarebis ganivkveTebia; 

 - magnitogamtarebis saSualo radiusebi. 

diferencialuri gantolebebis sistema (4.13) amovxsnaT 

kompleqsuri amp amisaTvis (4.13) 

warmovadginoT Semdegi saxiT: 

uri SeRwevadobebia; 

21 , SS

2, rr1

litudebis meTodis gamoyenebiT. 
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SemoviRoT Semdegi aRniSvnebi: 
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gantolebaTa sistema 4.15 SesaZlebelia warmovadginoT 

Semdegi saxi
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(4.16) gantolebaTa sistemis amoxsniT  mimarT, miviRebT 
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sadac  - mTavari ganmsazRvreli, tolia Δ
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4.17) gantolebis analizi gviCvenebs, rom gamosasvleli 

TmaneTisagan damoukidebeli parametris 

ixS or atoris 

; 

e
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(

signali 4I  aris cxra er&

funqcia: kvebis wyaros s ire f ; Semavali transf m

aqtiuri winaRoba 1 ; makompensirebeli gragnilis winaRoba R 3

li 

R

Txevadi koWas winaRoba 2R ; Sesasvleli da gamosasvl

1λ  transformatorebis magnituri gamtarobebi Sesabamisad da 2λ ; 

vi 

ris

Sesasv f rmatorebis xvia

Sesaba li sfo to  

d

am parametrebis gazomvis mgrZnobiarobaze zemoqmedebis 

ga s saSualebiT, romlis blok-sqemac 

mo an i narTSi #4 

leli da gamosasvleli tran os Ta ricx

rmamisad 1 da 2W ; gamosasvle  tranW

atvirTvis winaRoba 4R . 

mokvleva xdeboda  programi

yv il a nax. 4.11-ze xolo programa da
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damuSavebuli programis safuZvelze movaxdineT gamzomi 

gardamqmnelis optimaluri parametrebis SerCeva. gardamqmnelis 

parametrebi icvleboda farglebSi: 

⎯ Sesavali transformatoris aqtiuri winaRoba: omi 

⎯ sakompensacio gragnilis winaRoba:

1001.01 ÷=R

500103 ÷=R  omi 

⎯ Txevadi xviis winaRoba: 500102 ÷=R omi 

⎯ kvebis wyaros sixSire: 20001000 ÷=f hc 

⎯ Sesavali transformatoris xviaTa ricxvi: 

⎯ gamosavali transformatoris xviaTa ricxvi: 

⎯ gamosavali transformatoris datvirTvis winaRoba 

omi 

ebuli mniSvnelobebis dros Sesavali 

da gamos arebis magnituri 

gamtaroba ebuli Zabva 

aWiroa gardamqmneli muSaobdes 

16000khc sixSireze. makompensirebeli gragnilis da Txevadi xviis 

winaRobebi saorientaciod unda iyos 10 omi. Sesasvleli da 

gamosasvleli transformatorebis xviaTa ricxvi Sesabamisad 1 

da 20; gamosasvleli da Sesasvleli transformatorebis 

winaR am parametrebis dros denis 

maqsimaluri moqmedi mniSvnelobaa 

2511 ÷=W  

2020206 ÷=W  

2000÷  1004 =R

am parametrebis miTiT

avali transformatorebis gul

 toli iyo: 6
21 10.2 −== λλ  hn; xolo mod

21 =U 0v. 

gamokvlevis Sedegebma aCvena rom maqsimaluri 

mgrZnobiarobis misaRwevad s

oba Sesabamisad 100 da 1 omi. 

676.04 =I a amave dros 

magnitogamtarebis magnituri gamtarobebi toli iyo hn, 

xolo kvebis wayaros Zabva 

6102 −⋅

BU 201 = .  

konduqtometris maTematikuri modelis damuSavebisa

optimaluri pa

 da 

rametrebis gansazRvris Semdeg mizanSewonilad 

vTvliT aRniSnuli parametrebiT damuSavdes gamdinare tipis 

Txevadxviian kavSiriani konduqtometruli gardamqmneli.  

 

 136



4. და ს კ ვ ნ ა  

Cat vlevebis i 

Sedegebi: 

1. dadgenilia, rom kompiuterebis masiurma gamoyenebam 

aucilebeli gaxada eleqtruli wredebis TeoriaSi axali 

Teoriuli midgomebis damuSaveba, ramac aiZula mecnierebi 

gadaexedaT  eleqtruli wredebis gaangariSebis 

meTodikisaTvis. 

2. dadgenilia, rom yvelaze met damuSavebas moiTxovda 

induqciurad dakavSirebul wredebSi mimdinare procesebis 

maTematikuri modelirebis sakiTxebi. 

3. damuSavebul iqna mimdevrobiT SeerTebuli induqciurad 

dakavSirebuli wredebis maTematikuri modelebi, romlebic 

ad S am a T wr i imd nare fizikur 

oricxavs dRemde miRebul e.w. tevadur 

efeqts. 

4. damuSavebuli iqna erTfaza da samfaza transformatorebis 

maTematikuri modelebi uqmi svlisa da datvirTvis reJimSi, 

sadac damtkicebulia, rom ar SeiZleba urTierTinduqciis 

ko

r

RonisZiebebis gatarebisaTvis samfaza transformatoris 

maTematikuri modelis saWiroeba. 

Zab i

o is romelime emZ-is kompleqsur 

si

arebuli gamok  safuZvelze miRebulia Semdeg

 

srul  eesab eb ase edebS m i

procesebs da gam

eficientis nebismieri niSniT aReba, rogorc es dRemde iyo 

miRebuli, aramed igi calsaxad unda iqnes gansazRvruli 

aTvlis sistemasTan kavSirSi 

5. damtkicebulia Tanamedrove pirobebSi energoefeqtu i 

6. dadgenilia, rom samfaza wredebis samkuTxedi-varskvlavze 

SeerTebis angariSis dros  simetriuli samfaza generaciis 

xazuri vebis s stemis Cawerisas ar SeiZleba 

visargebloTgenerat r

brtyeze namdvil RerZze damTxveviT, rogorc es dRemde iyo 

miRebuli, aramed aucilebelia am emZ-ebis sistema Caiweros 

Semdegnairad: 
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7. ga

vebeba denis wyaroTi da 

8. sformato sazomi 

irebis  wonasworobisa da simetriis pirobebi 

9. eleqtroteqnikis Teoriuli safuZvlebis bazaze gadawyvetili 

iqna erTi saxeobis gawonasworebis eleqtruli sqemebis 

10. mebis erTfa a 

11. damuSavebul iqna TxevadxviiankavSiriani konduqtometrebis 

maT

optimaluri parametrebi. 

12. damuSavebul iqna kompiuteruli programebi optimaluri 

parametrebis SesarCevad samfaza transformatorisaTvis 

datvirTvis reJimSi, gawonasworebis eleqtruli sqemebisa da 

Txevadxviian kavSiriani konduqtometrisaTvissakompensacio 

gragniliTa da mis gareSe, romlebic farTo gamoyenebas 

samecniero kvleviT samuSaoebSi. 

 

mokvleulia sazomi bogirebis mgrZnobiarobis kriteriumebi 

da dadgenilia, rom maqsimaluri mgrZnobiaroba miiRweva im 

SemTxvevaSi, roca bogiri ik

gamosavali signali izomeba voltmetriT. 

gamoyvanilia samgragniliani tran ruli 

bog

parametrebis gansazRvris analizuri meTodi 

dadgenil iqna gawonasworebis eleqtruli sqe z

transformatoris namdvili gardaqmnis koeficienti 

ematikuri modeli sakompensacio gragniliTa da mis gareSe, 

romelic calsaxad asaxavs sazom gardamqmnelSi mimdinare 

procesebs da romliTac ganisazRvreba gardamqmnelis 

 138



გ ა მოყ ე ნ ე ბული ი  

 Детской Энциклопедия”) 

 
вычислительный эксперимент. http://www.imamod.ru/publikations

 ლ ტერა ტურა

[1] Самарский А.А.,Михайлов А.П., Компютеры и жизнь. Педагогика, 1987 
(серия “библиотека

[2] Самарский А.А. Вабищев П. Н.  Математическое моделирование и 
  

uka

[3] 

nasknelad Semowmda 15.07.2008 

Реферат: связанные контуры. http://works.tarefer.ru/89/100278/index.html. 
ukanasknelad Semowmda 15.07.2008 

Ленц Э.Х. Об [4] определении направления гальванических токов, 

СССР ,1990 с.146-458 

[5] ванных электрических  токов. 
Труды берлинской академии. с-1-87 

[6] 
ГИ

[7] Антик И.В. О выборе условно положительныхнаправлений напряжений и 
ток

[8] А.А. Электрические схемы уравновешивания. М. энергия, 1976, 

[9] 
М.,

[10
тра

[11 е в преподавании Электротехнических 

[12
Высшая школа, 1975 

[14] Зевеке Г.В., Ионкин П.А., Нетушил А.В., СтраховС.В., Основы Теории 
цеп

[15] Нейман Л.Р., Демирчян К.С. Теоретические основы электротехники 
Л.,э

[16] 
инд хэлектрических цепей. Georgien Engineering news, #3, 
2008 г. 

возбуждаемых электродинамической индукцией. Избранние труды. Изд. АН 

Нейман Ф. Математические законы индукциро

Максвелл Д.К. Избранные сочинения по теории электромагнитного поля. 
ТТЛ, М., 1952, стр.266-279 

ов при анализе работы трансформаторов. Электричество, 1985, №11, с.59-60. 

Кольцов 
стр.114-115 

Транформаторные измерительные мосты ё под ред К.Б. Карендеева.Энергия 
 1970 стр.247-251 

] Бульгаков Н.И. Об устранении несогласованности в изложении теории 
нсформаторов. Электричество, №1 1984 стр. 64-65 

] Нетушил А.В. О системном подход
дисциплин.  Электричество, №5 1986  стр. 43-47 

] Теоретические основы электротехники(М, Т-1 под.ред.П.А.Ионкина ) М. 

[13] Атабеков Г.И. Теоретические основы электротехники. Часть 1 –М., 
Энергия, 1978  

ей. – М., 1975 

нергоатомиздат 1981 г.,536 стр. 

Цвераидзе З.Н., Муселиани Т.Г. ,Рочикашвили Э.Г. Математическая модель 
уктивно связанны

 139



[17] Муселиани Т.Г. О взаимоиндуктивносвязанных электрических цепях. 
#4, 2002г., стр.138-143  

] Муселиани Т.Г. Последовательное соединение индуктивносвязанных 
#1, 2004

Georgien Engineering news, 

[18
катушек. Georgien Engineering news, г., стр.126-130 

[19] Robert J.Distinti. Classic Flux Anomaly. http://distinti.com ukanasknelad 
iqna gadamowmebuli 10.07.2008 

Georgien Engineering news, #3, 2003 стр. 73-75 

[21]  преобразования 
одн х уравновешивания 

стр

вопросу моделирования трехфазных трансформаторов. сообщения  АН  ГССР   
Т.1

[23] 
кат

[24] aburjania a. naWyebia S. museliani T. aburjania l. 

 [25
рас
http://www.avok.ru/for_spec/artccles/11/2384/table.html

[20] Муселиани Т.Г. Уравнение кирхгофа однофазного трансформатора . 

Муселиани Т.Г. ,Рочикашвили Э.Г. Коеффициент
офазного трансформатора в электрических схема

измерительних преобразователей. Georgien Engineering news, #2, 2007г., 
.148-149 

[22] Абурджания А.Н., Буденный Г.Г.. Муселиани Т.Г., Никурадзе Г.А. К 

25, №3, 1987 г. 

Смирнов В.П., Мушегянц Х.А. Модель и системы индуктивносвязанных 
ушек, энергетика, изд. ВУЗ-в, №2, 1984. стр.31-40 

induqciurad dakavSirebuli wredebi. Tbilisi 2007w. 250gv.  

] Энергосбережение в эвропе применение энергоеффективных 
спределительных трансформаторов. 

  
gad

[26] Цапенко Е.Ф. Специальные вопросы теории трехфазных цепей Уч. пособие 
М. 

7] Бессонов Л.А., Теоретические основы электротехники. М. 'высшая школа”. 
1984г. 

[28] T. museliani. Ee.roWikaSvili. samfaza wredebis samkuTxedi-
varskvlavze SeerTeba gaangariSebis Sesaxeb. saerTaSoriso 
samecniero konferenciis “informaciuli teqnologiebi marTvaSi” 
moxsenebaTa krebuli. Tbilisi, 2007w. gv.407-410 

[29] Абурджания А.Н., Муселиани Т.Г., Николаишвили И.С., Математическая 
модель и схема замещения двоичного трансформатора измерительного моста  
сообщения А.Н. ГССР   Т.129, №1, 1988 г. стр.129-132 

[30] Абурджания А.Н., Муселиани Т.Г., Котия  К.А., Никурадзе Г.А., Условия 
равновесия и симметричности трехобмоточных трансформаторных 
измерительных мостов   - М. Измерительная техника –метрология, №6, 1984 
стр.56-63 

ukanasknelad iqna 
amowmebuli 12.07.2007w. 

издат МГУ, 1984 

[2

 140



[31] Муселиани Т.Г., Абур Котия  К.А., Муселиани 
Т.Г., Абурджания А.Н.,  Никурадзе Г.А, Котия К. А., Новые критерии 

. 377-380 

 
 мостов ных сх

 
оцессы и установки. Тбилиси   Научные 

ды  #

обенности индуктивносвязанных электричеслих  цепей 

 Г.А. Обощенная теория мостовых цепей 

 в цепях переменного тока (методы 

[37] Нестеренко А.Д. Основырассчета электроизмерительных схем 

[38] Карендеев К. Б. Методы Электрических измерений. М.Л. Госэнергоиздат  

К . у

с 125-130 

ering news, #3, 2003г. стр. 73-75 

, се Прове
 кондуктометрическогоизмерительного преобразователя. 

,  Г.Г.. Муселиани Т.Г., Кондуктометр с 

джания А.Н., Никурадзе Г.А., 

наибольшей чувствительности неуровновешенных  мостовых схем постоянного 
тока. Сообщения А.Н. ГССР Т112  #2 , 1983 г

[32] Муселиани Т.Г., Абурджания А.Н.,  Котия К. А.,  Никурадзе Г.А,  О 
чувствительности ых измеритель ем. М. электричество, 1985 с. 50-
52 

[33] Муселиани Т.Г., Абурджания А.Н.,  Двойной трансформаторный 
измерительный мост. Электрические пр
тру  ГПИ 3 (315),1987.c.96-103 

[34] Муселиани Т.Г., Абурджания А.Н., Абурджания Л.А. Идзиковский А. И., 
Мушкудиани Г.Г. Ос
двумя магнитопроводами. Сообщения А.Н. ГССР Т112  #2 , 1983 г. 377-380 

[35] Карендеев К. Б., Штамбергер
переменного тока. Новосибирск, изд-во СО АН СССР,1961, 224с 

[36] Штамбергер Г.А Изменения
уровновешивания) Новосибирск, “Наука”, 1972,162с. 

уровновешивания. Киев. изд-во АН УССР, 1960г, 716стр. 

,

1952, 335с. 

[39] Соболевский .М электроизмерительные цепи ровновешивания и 
элементы их общей теории. – “Автометрия”, 1965, #2 , стр. 26-37 

[40] museliani T., roWikaSvili e., dondua m., gawonasworebis 
eleqtruli sqemebis maTematikuri modelebi. J.”inteleqti”, #3(23), 
2005w gv.72-76 

[41] Копилов И. П. Математическое моделирование элуктрических машин. М. 
Высшая школа, 1987, 

[42] Муселиани Т.Г. Уровнения  кирхгофа  для однофазного трансформатора. 
Georgien Engine

[43] Абурджания А.Н.   Му лиани Т.Г., дение исследований и 
изготовление макета
Отчет НИР – Тбилиси.  1986г. 113с. 

[44] Абурджания А.Н.   Буденный
жидкостным витком  - Тбилиси, Сообщения А.Н. ГССР Т126  #1 , 1987 г. стр 
121-124 

 141



[45] Абурджания А.Н., Муселиани Т.Г., Николаишвили И.С., Условия 
равновесия двойного трансформаторного измерительного моста. Тбилиси 

.Н.  1987 .

 

 

 

 

Тбилиси, Сообщения А  ГССР Т127  #1 , г  стр 626-628 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

 
 
 

danarTi 1 

 
PROGRAM GAWONASWOREBA; 
VAR  
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R1,R2,R3,R4,X1,X2,X3,X4,F1,F2,F3,F4,F21:REAL; 
LABEL M1,M2,M3,M4,M5;M6,M7,M8,M9,M10; 
BEGIN 
M1:   WRITE(‘R1=’);  READ (R1); 
IF R1<0 THEN begin  write(‘SemoitaneT dadebiTi mniSvneloba’); 

:   WRITE(‘R3=’);  READ (R3); 
oitaneT dadebiTi mniSvneloba’); 

ELSE GOTO 

               M7:     WRITE(‘X4=’);  READ (X4); 
 F

      M8:  WRITE(‘R4=’);  READ (R4); 

oitaneT dadebiTi 

 THEN begin 

oba’); 

                                       goto M1; 
                                       end; 
M2
IF R3<0 THEN begin  write(‘Sem
                                       goto M1; 
                                       end; 
M5: WRITE(‘SearCieT X1 da X3’) ; 
WRITE(‘X1=’);  READ (X1); 
WRITE(‘X3=’);  READ (X3); 
F1:=arctan(X1/R1)*180/pi; 
F3:=arctan(X3/R3)*180/pi; 
IF (X1=abs(X1)) AND (X3=abs(X3)) THEN GOTO M3 
                                ELSE    IF (X1<>abs(X1)) AND (X3<>abs(X3))   THEN GOTO 
M4 
                                                                                                                 
M5;                                                                                    
M3:  IF (F1+F3)<90 THEN GOTO M5 
                                   ELSE begin 
                                  M6:  WRITE(‘R4=’);  READ (R4); 
                                   IF R4<0 THEN begin  write(‘SemoitaneT dadebiTi 
mniSvneloba’); 
                                       goto M6; end;  
                                              ELSE  begin 
                     
                                 I  X4>0 THEN begin  write(‘SemoitaneT uaryofiTi 
mniSvneloba’); 
                                       goto M7; end; end;end;  
GOTO M10; 
M5: IF (F1+F3)>-90 THEN GOTO M5 
                                   ELSE begin 
                            
                                   IF R1<0 THEN begin  write(‘SemoitaneT dadebiTi 
mniSvneloba’); 
                                       goto M8; end;  
                                              ELSE  begin 
                                    M9:     WRITE(‘X4=’);  READ (X4); 
                                  IF X4<0 THEN begin  write(‘Sem
mniSvneloba’); 
                                       goto M9; end; end;end; 
M10:  F4:=arctan(X4/R4)*180/pi; 
IF abs(X1+X2)>=qrt(sqr(R4)+sqr(X4))
                                             IF X4<0 THEN write(‘SemoitaneT dadebiTi 
mniSvneloba’) 
               ELSE  write(‘SemoitaneT uaryofiTi 
mniSvnel
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                                                            WRITE(‘X4=’);  READ (X4); end; 
 ELSE    F21:=F1+F3-arctan((X1+X3+X4)/(R1+R3+R4))*180/pi; 
IF F21>=180 THEN GOTO M5; 
R2:=((R1*R3-X1*X3)*(R1+R3+R4)+(R1*X3+X1*R3)*(X1+X3+X4))/ 
           (sqr(R1+R3+R4)+sqr(X1+X3+X4)); 
2:= ((R1*X3+X1*R3)*( R1+R3+R4)- (R1*R3-X1*X3)*( X1+X3+X4))/ 
            (sqr(R1+R3+R4)+sqr(X1+X3+X4)); 
RITELN (‘R1=’, R1:10.3, ‘     X1=’,X1:10:3); 
RITELN (‘R2=’, R2:10.3, ‘     X2=’,X2:10:3);  
RITELN (‘R3=’, R3:10.3, ‘     X3=’,X3:10:3); 
RITELN (‘R4=’, R4:10.3, ‘     X4=’,X4:10:3); 

ND. 
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E
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
danarTi 2 
 
PROGRAM gardasaxvisK; 
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VAR  
K , R2 : ARRAY[1..7] OF REAL; 
f3, W1, R1, L1, L2 : ARRAY[1..3] OF REAl; 

; 

]); 

:=1 to 3 do begin ff := f[I] ; write (‘f=’, ff:10); 

/Sqrt(RR1*RR2+ 
)* Sqr(LL2)+Sqr((Sqr(WW1)* LL1*RR2 + 

 (‘W1=’, WW1:10); 

 
r(Sqr(WW1]))*Sqr(LL1)* Sqr(LL2)+Sqr((Sqr(WW1)* LL1*RR2 + 

, ‘      ‘); end; 

         For J:=1 to 7 do begin 
WW1*LL1*LL2/Sqrt(RR1*RR2+ 

 Sqr(LL2)+Sqr((Sqr(WW1)* LL1*RR2 + 

1:10); 

          K:=Sqr(2*pi*ff)*WW1*LL1*LL2/Sqrt(RR1*RR2+ 
1*RR2 + 

)); 

I , J : INTEJER; 
ff: real; 
Procedure R; 
begin 
var c:intejer: 
c:=random(2); ff:=f[c+1]; 
c:=random(2); WW1:=W1[c+1]; 
c:=random(2); RR1:=R1[c+1]
c:=random(2); LL1:=L1[c+1]; 
c:=random(2); LL2:=L2[c+1]; 
end; 
BEGIN 
For I:=1 to 7 do readln (R2[I
For I:=1 to 3 do readln (F3[I], W1[I], R1[I], L1[I], L2[I]; 
Procedur R; 
For I
                                    For J:=1 to 7 do begin 
                                    K:=Sqr(2*pi*ff)*WW1*LL1*LL2
Sqr(2*pi*ff)*(Sqr(Sqr(WW1]))*Sqr(LL1
(LL1+LL2)*RR1)); 
Write (K:10:3, ‘      ‘); end; 
Writeln: end; 
 
Procedur R; 
For I:=1 to 3 do begin WW1:= W[I] ; write
                                    For J:=1 to 7 do begin 
                                    K:=Sqr(2*pi*ff)*WW1*LL1*LL2/Sqrt(RR1*RR2+
Sqr(2*pi*ff)*(Sq
(LL1+LL2)*RR1)); 
Write (K:10:3
Writeln: end; 
 
Procedur R; 
For I::=1 to 3 do begin RR1 := R1[I] ; write (‘R1=’, RR1:10); 
                           
                                    K:=Sqr(2*pi*ff)*
Sqr(2*pi*ff)*(Sqr(Sqr(WW1]))*Sqr(LL1)*
(LL1+LL2)*RR1)); 
Write (K:10:3, ‘      ‘); end; 
Writeln: end; 
 
Procedur R; 
For I:=1 to 3 do begin LL1 := L1[I] ; write (‘L1=’, LL
                                    For J:=1 to 7 do begin 
                          
Sqr(2*pi*ff)*(Sqr(Sqr(WW1]))*Sqr(LL1)* Sqr(LL2)+Sqr((Sqr(WW1)* LL
(LL1+LL2)*RR1
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riteln: en

1*LL2/Sqrt(RR1*RR2+ 
2)+Sqr((Sqr(WW1)* LL1*RR2 + 

: end; 
ND. 

Write (K:10:3, ‘      ‘); end; 
W d; 
 
 
Procedur R; 
For I:=1 to 3 do begin LL2 := L2[I] ; write (‘L2=’, LL2:10); 
                                    For J:=1 to 7 do begin 
                                    K:=Sqr(2*pi*ff)*WW1*LL
Sqr(2*pi*ff)*(Sqr(Sqr(WW1]))*Sqr(LL1)* Sqr(LL
(LL1+LL2)*RR1)); 
Write (K:10:3, ‘      ‘); end; 
Writeln
E
 
 


