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რეზიუმე 

      gvaramaZe ninos disertacia `axali tipis amorfulmagnitur 

gulariani transformatorebis Taviseburebebis kvleva~ exeba 

aqtualur problemas. naSromi Sedgeba 130 gverdisgan da doqtoris 

akademiuri xarisxis mosapoveblad wardgenili disertaciis 

gaformebis instruqciis mixedviT moicavs: titulis gverds, 

xelmowerebis gverds, saavtoro uflebebis gverds, reziumes or 

enaze (qarTul-inglisuri), Sinaarss (sarCevs), cxrilebis da 

naxazebis nusxas. ZiriTadi teqsti Sedgeba Sesavlis, literaturis 

mimoxilvis, oTxi Tavis, daskvnis da gamoyenebuli literaturis 

siisagan.  

      SesavalSi ganxilulia kvlevis aqtualuroba, problemis 

Seswavlis mdgomareoba, kvlevis mizani da amocanebi, kvlevis 

sagani, Teoriuli da meTodologiuri safuZveli, kvlevis 

mecnieruli siaxle, naSromis praqtikuli mniSvneloba, naSromis 

aprobacia, misi moculoba da struqtura.  transformatoris  

gularisaTvis masalis SerCeva warmoadgens erT-erT umTavres 

amocanas transformatoris damzadebisas. mniSvnelovania, rom am 

masalas hqondes kargi magnituri da meqanikuri Tvisebebi. liTonis 

SerCeva damokidebulia uqmi svlis danakargebze da srul 

TviTRirebulebaze.   

  disertaciis pirvel Tavi _ amorfuli masalebis 

daxasiaTeba. moicavs Semdeg paragrafebs: amorfuli liToni; 

amorfuli lenti; amorfuli masalis Sedgenilobis 

mikrorentgenul-speqtruli analizi; amorfuli lentisa da 

amorfulmagnitur gulariani transformatoris damzadebis  

teqnologia.  

       arsebobs ori ZiriTadi masala, romelic gamoiyeneba 

transformatorebis gularis dasamzadeblad: amorfuli liToni 

da civad naglini foladi. uqmi svlis danakargebi amorful 

gularaSi Seadgens civad naglini foladisagan damzadebuli 

transformatoris gularis uqmi svlis danakargebis 25%-s.  
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       disertaciis meore Tavi _ amorfulmagnitur gulariani    

transformatoris  daxasiaTeba. moicavs Semdeg paragrafebs: 

gularis dizaini da zomebi; gularis Termiuli Tvisebebi; 

amorfuli liTonisagan damzadebuli transformatoris  warmoeba 

da satransformatoro upiratesobebi; amorfuli liTonisagan 

damzadebuli transformatoris  saimedooba, xarisxi da remontis 

Taviseburebani; amorfuli liTonisagan damzadebuli Zalovani 

transformatorebis tipebi da maxasiaTeblebi.amorfulmagnitur 

gulariani transformatorebis dizaini da remontis 

Taviseburebebi klasikuri (civad naglini foladisagan 

damzadebuli) transformatoris da remontis Taviseburebebis 

msgavsia.  

disertaciis mesame Tavi _ transformatoris eleqtruli 

parametrebi. moicavs Semdeg paragrafebs: orgragnila 

transformatorebis Canacvlebis sqema da eleqtruli parametrebi; 

samgragnila transformatorebis da   avtotransformatorebis 

Canacvlebis sqema da eleqtruli parametrebi; satransformatoro 

danakargebis aRwera. 

      transformatorebis SerCeva xdeba maTi sapasporto 

monacemebis mixedviT. transformatorebisa da 

avtotransformatorebis sapasporto monacemebs miekuTvneba 

nominaluri simZlavre, gragnilTa nominaluri Zabvebi, agreTve 

uqmi svlisa da mokle SerTvis denis monacemebi, uqmi svlis 

aqtiuri simZlavris danakargebi da uqmi svlis deni, mokle 

SerTvis aqtiuri simZlavris danakargebi da mokle SerTvis Zabva.   

      am eleqtruli parametrebis safuZvelze ganisazRvreba sxva 

eleqtruli parametrebi.        

      disertaciis meoTxe Tavi _ amorfulmagnitur gulariani da 

klasikuri transformatorebis urTierTSedareba. moicavs Semdeg 

paragrafebs: amorfulmagnitur gulariani da kalsikuri 

transformatorebis eleqtruli maxasiaTeblebis 

urTierTSedareba; amorfulmagnitur gulariani da kalsikuri  

transformatorebis magnituri da fizikuri Tvisebebis 
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urTierTSedareba; uqm svlaze momuSave 10 kv Zabvis klasikuri 

transformatorisa da amorfulmagnitur   gulariani 

transformatoris gamorTviT gamowveuli gadametZabvis 

urTierTSedareba; ferorezonansis movleniT gamowveuli 

gadametZabvebis urTierTSedareba amorfulmagnitur gulariani da 

kalsikuri  transformatorebisaTvis; amorfulmagnitur 

gulariani da kalsikuri  transformatorebis upiratesobebi da 

naklovanebebi; amorfulmagnitur gulariani da kalsikuri  

transformatorebis margi qmedebis koeficientebis 

urTierTSedareba; amorfulmagnitur gulariani da kalsikuri  

transformatorebis ekonomikuri urTierTSedareba. 

           Catarebuli gaangariSebis analizidan Cans, rom 

amorfulmagnitur gularian transformatorSi mokled SerTvis 

danakargebi da uqmi svlis danakargebi gacilebiT naklebia 

klasikur transformatorTan SedarebiT. Catarebuli  

gadametZabvis analizidan gamomdinareobs, rom amorfulmagnitur 

gulariani transformatori ukeTesia klasikur transformatorTan 

SedarebiT, radgan uqmi svlis reJimSi amorfulmagnitur gularian 

transformatorze gadametZabvis daaxloebiTsidide 3-jer naklebia 

klasikur (civad naglini foladisagan damzadebuli) 

transformatorTan SedarebiT.  satransformatoro danakargebis 

Semcirebis mizniT, rekomendirebulia Zalovani 

transformatorebis gamoyeneba, romlebic damzadebulia amorfuli 

masalebis bazaze. amorfulmagnitur gularian transformatorebs 

aqvT bevrad ufro naklebi gabaritebi da masa, vidre klasikuri 

tipis Zalovan transformatorebs. amorfuli masalebisagan 

damzadebuli transformatorebi yoveldRiurad ufro moTxovnadi 

xdeba msoflios ganviTarebul qveynebSi.  

        bolos mocemulia daskvnebi da gamoyenebuli literaturis 

CamonaTvali.  kvlevaSi mocemuli masala daexmareba, rogorc 

saxelmwifo, ise kerZo energetikul kompaniebs teqnikuri da 

ekonomikuri maCveneblebis gaumjobesebaSi.  
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ნაშრომის ზოგადი დახასიათება 
 

naSromis aqualuroba: Tanamedrove eleqtroteqnikur 

mrewvelobaSi sagrZnoblad amaRlda magnituri teqnikis 

konkurentunarianoba, rac ganapiroba bolo aTwleulSi magnituri 

Senadnobebis warmoebis teqnologiaSi miRweulma warmatebebma. 

aSS-Si, iaponiaSi, germaniaSi, ruseTSi, inglissa da sxva 

maRalganviTarebul qveynebSi miRebuli iqna sruliad axali 

klasis magnituri masalebi amorfuli magnituri Senadnobebis 

saxiT. 

      amorfuli magnituri masalebis miRebis ramodenime 

teqnologiuri meTodia damuSavebuli. maT Soris: liTonuri 

Senadnobis orTqlis kondensaciis, zeCqaruli ionurplazmuri 

dafrqvevis, liTnur nadnobTa swrafad wrTobisa da sxva. 

dReisaTvis upiratesad gamoiyeneba liTonur nadnobTa 

swrafadwrTobis meTodi da am wesiT miRebuli masalisagan 

mzaddeba sxvadasxva zomis Txeli firfitebi, lentebi, mavTulebi 

da fxvnilebi. amorfuli magnituri masalebis Tvisebebi zogadad 

damokidebulia masalis Sedgenilobasa da Termuli damuSavebis 

xarisxze; iyofa or ZiriTad jgufad – magniturrbil da 

magniturxist masalebad. 

     atomTa ganlagebaSi Sorisi wesrigis uqonlobam da 

idealurma atomurstruqturulma da fazurma erTgvarovnebam 

gansazRvra amorfuli magnituri masalebis unikaluri fizikuri, 

meqanikuri, qimiuri da eleqtroteqnikuri Tvisebebis erToblioba. 

amdenad amorfuli masalebi warmoadgenen  mravalfunqcionaluri 

daniSnulebis masalebs. maTi mkveTri magnituri Tvisebebi 

ganpirobebulia imiT, rom  maTSi SeiniSneba domenuri sazRvrebis 

urTierTqmedeba marcvlebis sazRvrebTan da kristaluri gisosis 

defeqtebTan. gansakuTrebiT is garemoeba, rom maT didi magnituri 

SeRwevadoba (µn – 80 000, µmaqs – 300 000 ÷ 700 000 ) axasiaTebT, romlis 

cvlileba naklebadaa damokidebuli sixSireze. isini xasiaTdebian 

agreTve koherciuli Zalis simciriT (Hc naklebia 0,01 erTeulze), 
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marTkuTxovani histerezisis maryuJiT, didi eleqtruli kuTri 

winaRobiT (ρ - 1 ÷ 1,5 omi 
m

mm2

)  gajerebis didi induqciiTa da 

gadamagnitebaze mcire kuTri danakargebiT. amorfuli magnituri 

masalebi agreTve Zlieri korozia, radiacia da cveTamedegobiT 

gamoirCevian. yovelive amis gamo eleqtroteqnikur mrewvelobaSi 

intensiurad daiwyo aRniSnuli magnituri masalebis bazaze 

sxvadasxva mowyobilobebisa da danadgarebis warmoeba. 

     mecnieruli siaxle. naSromis mecnierul siaxles 

warmoadgens is, rom miuxedavad imisa, rom amorfulmagnitur 

gulariani transformatorebis warmoeba xorcieldeba ufro 

maRal Zabvebzec maTi gamoyeneba gacilebiT gamarTlebulia 10 kv 

da naklebi Zabvaze. am Zabvaze amorfulmagniturgulariani 

transformatorebis gamoyeneba ekonomikurad ufro momgebiania, 

vidre Cveulebrivi klasikuri  transformatorebis gamoyeneba. 

Catarebulia gadaZabvis angariSebi, rogorc 

amorfulmagniturgulariani transformatorebisaTvis, ise 

klasikuri transformatorebisaTvis, kvlevebis safuZvelze 

dadginda, rom amorfulmagniturgularian transformatorebs 

ufro meti medegoba gaaCniaT gadaZabvebis mimarT, vidre klasikur 

transformatorebs. 

   problemis Seswavlis mdgomareoba. saxeldobr dReisaTvis 

amorfuli magnituri masalebi warmatebiT gamoiyeneba, rogorc 

Zalovan, aseve mcire simZlavris transformatorebis, Zravebis, 

meoreuli kvebis wyaroebis, magnituri maZliereblebisa da 

modulatorebis, ferorezonansuli stabilizatorebis, didi 

simZlavris aqtiuri filtrebis, magnituri ekranebis, 

damamaxsovrebeli magnituri mowyobilobebisa da sxva 

eleqtroteqnikuri aparaturis dasamzadeblad. 

       pirveli 200 vt simZlavris amorfulgulariani 

transformatori damzadda germaniaSi da igi gaTvaliswinebuli 

iyo impulsuri stabilizaciiT kvebis wyarosaTvis. misi gulara 

daxveuli iyo “VITROVAC-4040” markis amorfuli magnituri 
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masalisagan damzadebuli lentiT. am transformatoris moculoba 

2-3-jer naklebi aRmoCnda imave simZlavris tradiciuli masalebiT 

damzadebul transformatorebTan SedarebiT. Semdgom igive 

germanul firmaSi intensiuri samuSaoebi gaiSala Zalovani 

transformatorebis dasamzadeblad amorfuli magnituri 

masalebis bazaze. 

  Cveulebriv Zalovan transformatorebTan SedarebiT 

amorfuli “VITROVAC”- magnituri masalebis bazaze damzadebuli 

transformatoris upiratesobas warmoadgens marTkuTxovani 

histerezisis maryuJi da dabali magnituri danakargebi, amorfuli 

masalebi warmoadgens saukeTeso masalas feritebTan SedarebiT. 

“VITROVAC” transformatorebi gamoirCevian SedarebiT ufro 

msubuqi woniT, mcire moculobiT, ufro maRali efeqtiurobiT da 

temperaturuli diapazoniT (“ C120− ”- mde). 

       zemoT naxsenebi upiratesobebidan aRsaniSnavia, is rom am 

tipis transformatorebis mier SesaZlebelia gacilebiT didi 

simZlavris (energiis) gardaqmna, Cveulebriv kristalur 

transformatorebTan SedarebiT. 

    kvlevis mizani da amocanebi: sadisertacio naSromis 

ZiriTadi mizania amorfulmagnitur gulariani da klasikuri 

transformatorebis urTierTSedareba, maTi eleqtruli da 

ekonomikuri maxasiaTeblebis Seswavla da saqarTvelos 

energetikuli sistemisaTvis axali ufro gaumjobesebuli 

danadgarebis damontaJebis SeTavazeba Zveli teqnikis nacvlad.  

     dasaxuli miznis misaRwevad gamoiyo kvlevis 

yvelaze ufro aqtualuri amocanebi:  

  amorfuli masalebisa da maTi warmoebis teqnologiis 

ganxilva.  

  amorfuli masalebisagan damzadebuli transformatorebis 

gularis tipebis ganxilva da maTi daxasiaTeba. 

  transformatorebisa da avtotransformatorebis 

eleqtruli da magnituri maxasiaTeblebis ganxilva.  
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  amorfulmagnitur gulariani da klasikuri 

transformatorebis eleqtruli da ekonomikuri maxasiaTeblebis 

urTierTSedareba.  

  saqarTvelos energetikuli sistemisaTvis axali tipis 

amorfulmagnitur gulariani transformatoriebis damontaJebis 

mizanSewonilobis dasabuTeba.  

      kvlevis sagania amorfulmagnitur gulariani 

transformatorisa da klasikuri transformatoris  eleqtruli 

da ekonomikuri maxasiaTeblebis upiratesobebisa da 

naklovanebebis dadgena da maTi urTierTSedareba.  

     kvlevis Teoriuli da meTodologiuri safuZveli.     

sadisertacio naSromis gegmiT gaTvaliswinebuli sakiTxebis 

kvleva moxda mecnieruli analizis safuZvelze. kvlevis dros 

gamoyenebul iqna adgilobrivi da ucxoeli avtorTa 

fundamentaluri naSromebi. Cvens mier Sesrulebuli naSromi  

efuZneba sakvlevi obieqtis kompleqsur, sistemur midgomas. zemoT 

CamoTvlil problemaTa analizisas vaxdenT calkeul movlenaTa 

sinTezs da analizs, rasac mivaRwieT sistemuri meTodologiisa 

da deduqciuri midgomis safuZvelze.  

      naSromSi gamoyenebuli sainformacio masala eyrdnoba firma 

ABB-sa da Siemens-is monacemebsa da saqarTvelos teqnikur 

universitetTan arsebuli struqturuli kvlevis centris bazaze 

Catarebuli amorfuli lentis gamokvlevis masalebs.  

         kvlevis mecnieruli Sedegebi mdgomareobs SemdegSi:  

  damuSavebulia transformatorebis eleqtruli da 

ekonomikuri maxasiaTeblebis angariSis meTodebi;  

  gamokvleulia transformatorebis bazris 

infrastruqtura msoflio masStabiT. dadgenilia 

transformatorebis bazris formirebis mimarTulebebi;  

  gamokvleuli da gaanalizebulia transformatorebis  

moTxovna-miwodebaze moqmedi faqtorebi da moTxovna-miwodebis 

arsebuli mdgomareoba;  
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  amorfulmagnitur gulariani da klasikuri 

transformatorebis ekonomikuri da eleqtruli maxasiaTeblebis 

angariSisa da urTierTSedarebis safuZvelze Sedgenilia 

transformtorebis maxasiaTeblebis saangariSo maTemaTikuri 

modeli ;  

  amorfulmagnitur gulariani da klasikuri 

transformatorebis ekonomikuri da eleqtruli maxasiaTeblebis 

angariSisa da urTierTSedarebis safuZvelze Camoyalibebulia da 

dasabuTebulia daskvnebi da rekomendaciebi amorfulmagnitur 

gulariani transformatorebis gamoyenebis efeqturobis Sesaxeb.  

      naSromis praqtikuli mniSvneloba. naSromSi moyvanili 

transformatorebis eleqtruli da ekonomikuri maxasiaTeblebis 

angariSis meTodebi da Sedgenili angariSis maTemaTikuri modeli 

SeiZleba gamoyenebul iqnas rogorc studentebisaTvis, aseve 

magistrantebis momzadebisaTvis. kvlevaSi mocemuli masala 

daexmareba, rogorc saxelmwifo, ise kerZo energetikul kompaniebs 

teqnikuri da ekonomikuri maCveneblebis gaumjobesebaSi.  

      naSromis aprobacia. sadisertacio naSromis ZiriTadi 

debulebebi da Sedegebi gamoqveynebulia samecniero statiebis 

saxiT referirebad da recenzirebad saerTaSoriso JurnalebSi.  

        სადისერტაციო ნაშრომის ძირითადი შედეგები მოხსენებული 

იყო: 

•   საქართველოს ტექნიკური უნივერსიტეტის საერთაშორისო 

სამეცნიერო-ტექნიკურ კონფერენციაზე: „ამორფულმაგნიტურ გულარიანი 

ტრანსფორმატორები“ თბილისი 2009. 

• საქართველოს ტექნიკური უნივერსიტეტის #17 მიმართულების 

სხდომებზე და თემატურ სემინარებზე. 

     disertaciis moculoba da struqtura. sadisertacio 

naSromi moicavs 130 gverds da Sedgeba Sesavlis, oTxi Tavis, 

daskvnis, gamoyenebuli literaturis siisa da danarTisagan. 
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დისერტაციის შინაარსი 

 
I Tavi.amorfuli masalebis daxasiaTeba 

 

arsebobs liTonebis didi asortimenti, romlTa gamoyenebac 

SeiZleba transformatorebSi. yvela liTons aqvs gavlena 

transformatoris mqk-sa da mis masa-gabaritebze. liTonis SerCeva 

damokidebulia uqmi svlis danakargebze da srul 

TviTRirebulebaze. dReisaTvis TiTqmis yvela transformatoris 

mwarmoebeli iyenebs folads TavianTi transformatorebis 

gularisaTvis, romelic uzrunvelyofs danakargebis simcires 

histerezisze da uqmi svlaze. 

 

amorfuli liToni 

arsebobs ori ZiriTadi masala, romelic gamoiyeneba 

transformatorebis gularis dasamzadeblad: amorfuli liToni 

da civad naglini foladi. uqmi svlis danakargebi amorful 

gularaSi Seadgens civad naglini foladisagan damzadebuli 

transformatoris gularis uqmi svlis danakargebis 25%-s. 

      amorfuli liToni aris mravalfunqciuri masala, romelic 

warmoadgens Fe (rkina), B (bori), Si (siliciumi) da sxva 

nivTierebebis Senadnobs. misi miReba xdeba liTonur nadnobTa 

swrafad wrTobis (106 oC/wm) meTodis saSualebiT. 

      amorfuli magnituri masalebis Tvisebebi zogadad 

damokidebulia masalis Sedgenilobasa da Termuli damuSavebis 

xarisxze; iyofa or ZiriTad jgufad – magniturrbil da 

magniturxist masalebad.  

• amorful struqturaSi atomebi ganlagebulia qaosurad 

(mouwesrigebeli struqtura) 

• im upiratesobis gamo, rasac warmoadgens magnituri velis 

cvlilebiT atomTa advili mobruneba, amorfuli masala 



12 

ufro kargad amcirebs danakargebs vidre Cveulebrivi 

foladi kristaluri struqturiT. 

• amorful liTons aqvs maRali winaRoba (3-jer meti vidre 

folads) da Txeli sisqe (daaxloebiT foladis erTi 

meaTedi, amorfuli masala xels uwyobs uqmi svlis 

danakargebis Semcirebas). 

 

 
 

nax. 1 – amorfuli liTonisa da foladis struqturis 
urTierTSedareba 

 
 

 

amorfuli lენტი 
 

      specifiuri teqnologiebi saSualebas iZleva amorfuli 

Senadnobebi damzaddes lentebis saxiT 40 mkm-ze mcire sisqis (25 ± 

5 mkm) da mikrosadenebi damzaddes metalis ZarRvis toli 

diametris 5-dan ramdenime aTeul mkm-mde. 

      lentis formis amorfuli masalebis dasamzadeblad 

Cveulebrivad iyeneben gacivebis meTods, romlis drosac Txevadi 

liTonis nakadi garkveuli siswrafiT miemarTeba mbrunavi 

cilindris zedapirze, romelic damzadebulia maRali 

siTbogamtarobis mqone masalisagan. 
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nax. 2– amorfuli lentis miRebis procesi 

 

 

amorfuli masalis Sedgenilobis mikrorentgenul-speqtruli 

analizi 

        saqarTvelos teqnikur universitetTan arsebul 

struqturuli kvlevis centrSi ganxorcielda amorfuli 

magnituri masalisagan damzadebuli lentis nimuSebis 

struqturuli analizi da zogierTi sxva fizikuri Tvisebebis 

Semowmeba. gadaRebuli iqna eleqtrograma, rentgenodifragtograma, 

aseve miRebuli iqna nimuSis eleqtromikroskopuli gamosaxuleba 

da rastruli eleqtromikroskopiuli gamosaxuleba, romelic 

adasturebs masalis amorful aRnagobas. 

 
 

II Tavi. amorfulmagnitur gulriani transformatoris 
daxasiaTeba 

 
 
      standartuli gamoSvebebis garda xelmisawvdomia agreTve 

ovaluri an marTkuTxa formis gularebi.  
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nax. 3 - gularis dizaini 
 
       amorfuli lentisagan damzadebuli magnitogamtarebi 

gamoirCevian, imiT rom SesaZlebelia sxvadasxva sisqis lentebis 

gamoyeneba (ramodenime mikrometramde), rac xels uwyobs maT 

gamoyenebas maRalsixSirul transformatorebSi. amorfuli 

lentisagan damzadebul magnitogamtarebs ukeTesi meqanikuri da 

fizikuri Tvisebebi gaaCniaT feritebisagan damzadebul 

magnitogamtarebTan SedarebiT. amorful masalebs aqvT ukeTesi 

magnituri maxasiaTeblebi civad naglini foladisagan damzadebul 

magnitogamtarebTan SedarebiT, romlebic gamoirCevian ufro meti 

danakargebiT, sahaero RreCos arsebobiT da damzadebis mcire 

RirebulebiT. 

      konstruqciis mixedviT amzadeben: Rerovani, javSniani, da 

rgoliseburi (toroidaluri) tipis magnitogamtarebs. 

 

Termiuli Tvisebebi 

 

 

nax. 4 – infrawiTel kameraSi moTavsebuli amorfuli da foladis 
gularebis urTierTSedareba 
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amorfuli liTonis satransformatoro upiratesobebi 
 

 
 
 

saimedooba da xarisxi 
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Ggamanawilebeli transformatoris remontis 
Taviseburebebi 

 
       amorfuli liTonis gamanawilebeli transformatorebis 

gulara damzadebulia civad naglini foladis 

transformatorebis gularis msgavsad.  amorfuli liTonis 

gamanawilebeli transformatorebis remonti tardeba civad 

naglini foladis transformatorebis remontis msgavsad. 

 

III Tavi. transformatorebis eleqtruli parametrebi 
 

        transformatorebis SerCeva xdeba maTi sapasporto 

monacemebis mixedviT. transformatorebisa da 

avtotransformatorebis sapasporto monacemebs miekuTvneba 

nominaluri simZlavre Sn, gragnilTa nominaluri Zabvebi Um.n ; Us.n ; 

 Ud.n , agreTve uqmi svlisa da mokle SerTvis denis monacemebi 

(uqmi svlis aqtiuri simZlavris danakargebi ∆Ρu.s da uqmi svlis  

deni Iu.s %, mokle SerTvis aqtiuri simZlavris danakargebi ∆Ρm.S 

 da mokle SerTvis Zabva Um.S % ) da am eleqtruli parametrebis  

safuZvelze gansazRvruli eleqtruli parametrebi 

(transformatorebis ganivi gamtaroba G, B da grZivi winaRoba 

R,X). 

  * histerezisis danakargebi: foladis gularaSi magnituri 

nakadis   gavlis dros adgili aqvs danakargebs 

magnitur nawilakebs Soris. 

  *  danakargebi grigalur denebze: foladis gularaSi 

magnituri  nakadis gavlis dros adgili aqvs 

danakargebs, romlebic  gamowveulia grigaluri denebiT. 

  * uqmi svlis danakargebi: am danakargebs adgili aqvs 

transformatoris pirveladi gragnilis mxridan, 

datvirTvis miuxedavad. am danakargebs yovelTvis aqvs 

adgili foladis gularaSi (agznebul mdgomareobaSi). 

  *  danakargebi datvirTvaze: perioduli danakargebi, 

romlebic damokidebulia transformatoris gragnilebis 
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datvirTvaze. es danakargebi datvirTvis kvadratis 

pirdapirproporciulia. tvirTis ar arsebobis 

SemTxvevaSi danakargebi nulis tolia. 

 

 
Tavi IV. amorfulmagnitur gulariani da klasikuri 

transformatorebis urTierTSedareba 

      dReisaTvis yvelaze konkurentunariania 400 kva da 630 kva 

amorfulmagnitur gulariani transformatorebi, romelTa 

maRali Zabva 10,5 kv, xolo dabali Zabva 0,4 kv-a. saqarTveloSi 

arsebuli energoobieqtebis udides nawilSi ki swored am 

simZlavris transformatorebia damontaJebuli 10 kv Zabvis 

mxares. magaliTisaTvis mocemulia cxrili #14 

 

cx. #1  - saqarTvelos saxelmwifo eleqtrosistemis balansze 
arsebuli 10 kv Zabvis transformatorebi 

250 kva 
amorfulmagnitur 

gulariani 
transformatori 

400 kva 
amorfulmagnitur 

gulariani 
transformatori 

630 kva 
amorfulmagnitur 

gulariani 
transformatori 

q/s “menji 220” q/s “gldani 220” q/s “qsani 500” 

 q/s “lisi 220” q/s “zestafoni 
500” 

 q/s “didi baTumi 
220” 

q/s “didi baTumi 
220” 

 q/s “zugdidi 220” q/s “quTaisi 220” 

 q/s “wyaltubo 
220” 

q/s “wyaltubo 
220” 

 q/s “marneuli 220” q/s “fero” 

 q/s “gurjaani 220” q/s “rusTavi 220” 
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     aRniSnul TavSi (IV Tavi) warmodgenili angariSebi 

Catarebulia imis gaTvaliswinebiT, rom SesaZlebelia zemoT 

moyvanil qvesadgurebSi 10 kv mxares damontaJebuli klasikuri 

transformatorebis amorfulmagnitur gulariani 

transformatorebiT Secvla. 

      aRsaniSnavia, rom msoflio bazarze yovelwliurad 

matulobs moTxovna amorfulmagnitur gularian 

transformatorebze. 

 

moTxovna amorfuli liTonisagan damzadebul gamanawilebel 

transformatorebze 

 

moTxovnebi cnft-sa da algt-ze 

 

 
 

nax. 5 – transformatorebis realizacia 

 

 

4.1. amorfulmagnitur gulariani da klasikuri 

transformatorebis eleqtruli maxasiaTeblebis urTierTSedareba 

   amorfulmagnitur gulariani da klasikuri transformatorebis 

eleqtruli maxasiaTeblebis urTierTSedarebisaTvis saWiroa 

orive tipis transformatorisaTvis sxvadasxva eleqtruli 

parametrebis angariSi. danarTSi mocemulia Visual Basic-Si 

dawerili maTematikuri modeli, romlis saSualebiTac 
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SesaZlebelia amorfulmagnitur gulariani da klasikuri 

transformatorebis eleqtruli maxasiaTeblebisa da ekonomikuri 

urTierTSedareba. 

 
cxrili #15 - amorfulmagnitur gulariani transformatoris 

sapasporto monacemebi  
 

no
mi
na
l
u
r
i 

s
im
Zl

av
r
e 

(k
va
) 

Zabva  
SeerT
ebis 

jgufi 

 

∆Ρu.s 
(vt) 

 

∆Ρm.S 
(vt) 

 
Iu.s  
% 

 
Um.S  

% 
maRali 
Zabva 
(kv) 

Zabvis 
qveS 

regul
ireba 
% 

dabali 
Zabva 
(kv) 

30  
 
 
 
 
6  

6.6 

10 

10.5 

11 

 
 
 
 
±5 
an 
±2×2.5 

 
 
 
 

0.4 

 

 

 

 

∆Y011 

 

33 600 1.70  
 
 
 
 
 
 
4.0 
 
 
 
 
 
 
 
4.5 
 
 
5 

50 43 870 1.30 
80 50 1040 1.20 
100 60 1250 1.10 
125 75 1500 1.00 
160 85 1800 0.90 
200 100 2200 0.70 
250 120 2600 0.70 
315 140 3050 0.70 
400 170 3650 0.50 
500 200 4300 0.50 
630 240 5150 0.50 
630 320 6200 0.30 
800 380 7500 0.30 
1000 450 10300 0.30 
1250 530 12000 0.20 
1600 630 14500 0.20 
2000 750 17400 0.20 
2500 900 20200 0.20 
 
    transformatoris danakargebi ZiriTadad Sedgeba gularaSi da 

spilenZSi danakargebisagan (u.s. da m.S danakargebisagan), pirveli, 

warmoagens danakargebs uqm svlaze da mas adgili aqvs 

transformatoris mTeli eqspluataciis ganmavlobaSi, xolo meore 

_ datvirTvaze danakargebia da damokidebulia transformatoris 

datvirTvaze. iqidan gamomdinare, rom uqm svlaze danakargebi 

warmoadgenen transformatoris sruli datvirTvis daaxloebiT 

0.2-0.25 %, xolo spilenZSi danakargebi Seadgenen transformatoris 

sruli datvirTvis daaxloebiT 10%-s, Sesabamisad 

transformatorSi    danakargebis didi wili modis spilenZSi 
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danakargebze. am danakargebis Semcirebis mizniT rogorc didi ise 

mcire simZlavris transformatorebSi rkinis gularas cvlian 

amorfuli masalisagan (lentisagan) damzadebuli gulariT, imis 

gamo rom amorfulmagnitur gularian transformatorebSi 

gragnilebis xviaTa raodenoba gacilebiT naklebia klasikuri 

transformatorebis gragnilebis xviaTa ricxvze da Sesabamisad 

spilenZSi danakargebi amorfulmagnitur gularian 

transformatorebisaTvis gacilebiT (38%-iT) naklebia klasikur 

transformatorebTan SedarebiT. amorful transformatorebSi 

sruli danakargebi 75%-iT (u.s.d. = 37%; m.S.d. = 38%. sruli 

danakargebi = u.s.d. + m.S.d. = 37%+38% = 75%) naklebia vidre 

klasikuri transformatorebSi. 

       amorfulmagnitur gulariani transformatoris 

TviTgamosyidvis periodi Seadgens 2,5 wels, xolo maRali klasis 

cnf damzadebuli transformatoris TviTgamosyidvis periodi  3 

welia, amorfulmagnitur gulariani transformatoris 

eqspluataciis periodi 25 wels Seadgens. 

 
cxrili # 2 - Catarebuli gaangariSebis Sedegebi  

 
maxasiaTeblebi 

 
ganzomileba 

amorfulmagnitur 
gulariani 
transformatori 

klasikuri 
transformatori 

 
 

kva 5 10 

 
 

kva 4,9  

 
 

kva 125  

 
 

kva 123  

 
 

sim 0,000009  

 
 

sim 0,00005  

 
 

omi 0,35  

 omi   
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amorfulmagnitur gulariani da klasikuri 

transformatorebis magnituri da fizikuri Tvisebebis 

urTierTSedareba 

 

cxrili #3- gularis maxasiaTeblebis Sedareba  
 

  
maxasiaTebeli 

 
amorfuli 
liToni 

civad 
naglini 
foladi 

 
SeniSvna 

 
 
 
 
 
 
 
magnituri 
Tvisebebi 

 
 
foladis 
gularis 
danakargebi 
(vt/kg) 

 
 
 
 

0.23 

 
 
 
 

1.72 

amorfuli 
liToni: 
 
1.35 tesla 
 
foladi: 
 
1.7 tesla 
 

agznebis 
maxasiaTebeli 
(va/kg) 
 

 
0.37 

 
5.2 

 

gaJRenTvis 
maxasiaTebeli 
(25 oC) 
 

 
1.64 

 
1.86 

 

winaRoba 
(mkomi-sm) 
 

130 45  

fizikuri 
Tvisebebi 

sisqe (mkm) 
 

25 270 ~ 300  

kuTri wona 
(g/sm3) 
 

7.19 7.65 

simyife 
 

900 210 

 
 
 

histerezisis yulfi (maryuJi) 

      histerezisis yulfi (maryuJi)  aris magnituri masalis 

mTavari maxasiaTebeli.  
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nax. 6 – amorfulmagnitur gulariani da klasikuri transformatorebis 
histerezisis maxasiaTeblebis urTierTSedareba 

 

     imis gamo, rom amorfuli masalis kohercitiuloba naklebia 

civad naglin foladebTan SedarebiT da amorfuli liTons aqvs 

maRali gamtarunarianoba civad naglin foladTan SedarebiT, 

Sesabamisad amorfuli liTonis histerezisis danakargebi naklebia 

civad naglin foladTan SedarebiT.  

 

 

uqm svlaze momuSave 10 kv Zabvis klasikuri 

transformatorisa da amorfulgulariani 

transformatoris gamorTviT gamowveuli gadametZabvebis 

urTierTSedareba 

        satransformatoro danakargebis Semcirebis mizniT, 

rekomendirebulia Zalovani transformatorebis gamoyeneba, 

romlebic damzadebulia amorfuli masalebis bazaze. am 

transformatorebs aqvT bevrad ufro naklebi gabaritebi da masa, 

vidre klasikuri tipis Zalovan transformatorebs. amorfuli 
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masalebisagan damzadebuli transformatorebi yoveldRiurad 

ufro moTxovnadi xdeba msoflios ganviTarebul qveynebSi. 

      imis gaTvaliswinebiT, rom amorful transformatorebs aqvT 

mkveTrad gansxvavebuli histerezisis maxasiaTebeli, klasikuri 

tipis Zalovan transformatorebTan SedarebiT, sainteresoa Tu ra 

sididis gadametZabvas eqneba adgili komutaciis SemTxvevaSi. 

amisaTvis angariSi Catarda ori tipis 10kv Zabvis 

(amorfulgulariani da klasikuri) transformatorze ATPDraw 

programiT. mocemulia maTi sapasporto monacemebi: 

amorfulgulariani transformatori:    

Un =10 kv; S = 400kva; ∆Pu.s.= 200 vt; ∆Pm.S = 4300 vt; I u.s.= 0,5 %; 

 Um.S % = 4% 

klasikuri transformatori: 

Un =10 kv; S = 400kva; ∆Pu.s.= 900 vt; ∆Pm.S = 5500 vt; I u.s.= 1,9%;  

Um.S % =4,5 % 

 

 

nax. 7-ze warmodgenilia ATPDraw programaSi Sesayvani Canacvlebis sqema 
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nax. 8 - ATPDraw programiT Catarebuli angariSis Sedegebi mrudebis 

saxiT 

 
warmodgenilia ATPDraw programiT Catarebuli angariSis Sedegebi 

mrudebis saxiT. rogorc naxazidan Cans, klasikuri tipis 

transformatorze gadametZabvis sidide aRwevs 102 kv-s, xolo 

amorfulmagnitur gularian transformatorze gadametZabva aris 

43 kv. 

 

       Sedegebi gviCvenebs, rom amorful transformatorze 

gadametZabvis sidide gacilebiT naklebia vidre klasikur 

transformatorze. amas ganapirobebs is, rom amorfulgulariani 

tr-is  naklebia,  klasikurTan SedarebiT. rac Tavis mxriv 

damokidebulia I u.s.%-ze. 
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amorfulmagnitur gulariani da klasikuri 

transformatorebis upiretesobebi da naklovanebebi 

 

amorfuli transformatoris upiratesobebi klasikur 

transformatorTan SedarebiT 

 

• miniaturizacia: mkveTradaa Semcirebuli zomebi da 

gragnilebis gansakuTrebuli struqtura 

• maRali Bmax 

• mcire siTbogamocema:  

- sWirdeba mcire adgili dayenebisaTvis 

- gragnilebsa da saizolacio masalebis 

Secvla 

- gragnilebis temperaturis momatebis 

aRmofxvris gamo mcirdeba 

transformatoris gadatvirTvis 

albaToba 

 

• danakargebis Semcirebis gamo, transformatoris muSaobisa 

da remontis Rirebuleba mcirdeba, rac axangrZlivebs 

transformatoris eqspluataciis xangrZlivobas 

• saukeTeso magnituri Tvisebebi maRali sixSire da 

harmonikebi uzrunvelyofs transformatoris 

maRalefeqtiurobas da miniaturizacia 

• saukeTeso ekologiuri efeqtebi 

 

- Semcirebulia maRali temperaturis 

emisia, rac uzrunvelyofs globaluri 

daTbobis aRkveTas 

- uzrunvelyofs mavne airebis emisiis 

Semcirebas 

- eleqtruli sadguris zomebis Semcirebis 
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gamo gaumjobesebulia ekologiuri 

efeqtebi 

 

• transformators aqvs energiis maRalmwarmoeblurobis 

serTifikati. 

 

amorfulmagnitur gulariani transformatorebis naklovanebas 

klasikur transformatorTan SedarebiT warmoadgens 

  

1. marTkuTxovani histerezisis maxasiaTebeli 

2. maRali Rirebuleba 

3. temperaturuli SezRudvebi xangrZlivi eqspluataciis dros 

4. eleqtromagnituri xarvezebi 

5. gularis kveTi 

 
 
 

cxrili # 4 - mqk-ebis urTierTSedareba sxvadasxva simZlavris 
transformatorebisaTvis  

 

 
s
im
Zl

av
r
e 

(k
va
) 

zeTiT Sevsebuli 
transformatoris mqk 
(%) 

rezinis izolaciis 
transformatoris mqk (%) 

amorfuli 
liToni 

foladi amorfuli 
liToni 

foladi 

100 98.20 97.60 97.96 97.30 
200 98.40 97.80 98.28 97.80 
300 98.49 98.00 98.51 98.00 
400 98.64 98.10 98.61 98.10 
500 98.68 98.20 98.75 98.30 
600 98.71 98.30 98.76 98.50 
750 98.75 98.30 98.83 98.50 

1,000 98.78 98.40 98.96 98.60 
1,250 98.80 98.50 99.10 98.60 

 
 

 
 
 
 
 



27 

cxrili #5 - mqk-ebis urTierTSedareba transformatorebis 
datvirTvis mixedviT  

 
datvirTvis koeficienti (%) 30 50 70 100 

 
 
 

mqk 
(%) 

 
 

 
amorfuli 
transformatori 
rezinis 
izolaciiT 

 

99.33 99.19 98.99 98.65 

foladisagad 
damzadebuli 
transformatori 

98.55 98.60 98.54 98.30 

mqk-s gazrda 0.78 0.59 0.45 0.35 
  
 

 

 
 

nax. # 6 - transformatorebis m.q.k.-ebis urTierTSedareba 
datvirTvebis mixedviT 

 
amorfulmagnitur gulariani da klasikuri  
 
transformatorebis ekonomikuri urTierTSedareba 
 

transformatoris ekonomikuri analizis dros, danadgaris 

ekonomiurobis Tavdapirveli RirebulebiT Sefaseba iZleva mcdar 

ekonomikur Sedegs, zusti analizisaTvis saWiroa 

transformatoris sruli TviTRirebulebis gaTvaliswineba. 
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nax. 7 – amorfulmagnitur gulariani da klasikuri 
transformatorebis Rirebulebebis urTierTSedareba 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 



29 

დასკვნა 

   amorfulmagnitur gularian transformatorebze 

Catarebulma cdebma da dakvirvebebma aCvena, rom am 2500  kva 

simZlavriT 10 kv Zabvaze momuSave transformatorebs Soris 

upiratesoba eniWeba amorfulmagnitur gularian 

transformatorebs, garda mcire gabaritebisa da zomebis es 

transformatorebi gamoirCevian gularasa da gragnilebSi mcire 

danakargebiT, maTi TviTgamosyidvis periodi Zalian xanmoklea (3 

weli), xolo eqspluataciis periodi ki 25 wels aRemateba.   

amorfulmagnitur gulariani transformatorebi Cveulebrivi 

kristaluri transformatorebisagan gansxvavebiT gamoirCevian 

komutaciuri gadametZabvebis mimarT kargi medegobiT, am 

transformatorebis awyoba da remonti gacilebiT martivia, 

radgan isini kristaluri transformatorebisagan gansxvavebiT 

saWiroeben mcire xviaTa raodenobas gragnilebisaTvis. 

amorfulmagnitur gulariani transformatorebis upiratesobas 

Cveulebriv kristalur transformatorebTan SedarebiT 

adasturebs transformatorebis saangariSo maTematikuri modeli, 

romelic Seqmnili iqna specialurad amorfulmagnitur gulariani 

transformatorebisa da kristaluri transformatorebis 

Sesadareblad. 
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Abstract 

           Dissertation work of  Gvaramadze  Nino “New type amorphous metal core 

transformers properties study” deals with the significant problem. Work consists of 

130 pages and in accordance with the instructions for submission of the dissertations for 

award of doctor’s academic degree, includes: title page; signatures’ page, copyright 

page, summary in two languages (Georgian and English), contents, list of the tables and 

drawings. Body text consists of the introduction, literature overview, four chapters, 

conclusion and references.  

            The Introduction includes discussion of significance of the issue, current status 

of research, goals and objectives of research work, theoretical and methodological 

principles, scientific novelty of the research, as well as practical significance of the 

work, its approbation, volume and structure.  

            At manufacturing of transformers the most important thing a choice of a 

material for the core. Very important that the material had good magnetic and 

mechanical characteristics. The choice of material  depends from the cost and no load 

current.   

First chapter of the dissertation – Description of amorphous materials includes the 

following sections: Amorphous alloy; Amorphous ribbon; Microspectroscopy and 

rentgenoscopy of amorphous materials; Amorphous ribbon and amorphous metal core 

transformers making technology. 

            There are two basic materials for transformer cores amorphous materials and 

CRGO. No load loss in amorphous metal core makes 25%  of a no load loss in CRGO 

(classical) transformers core.  

Second chapter  of the dissertation – Description of amorphous metal core transformers  

includes the following sections: Core design and sizes; Core thermal propertys; Making 

of  amorphous metal core transformers and amorphous metal core transformers 

advantages; Amorphous metal core transformer reliability, quality and repairing; 

Amorphous metal core Power transformer types and characteristics. 

          design and repair of amorphous metal core transformer are the same like a design 

and repair of classical (CRGO) transformer. 
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Third chapter  of the dissertation – Transformer electric parameters  includes the 

following sections: Equivalent circuit and electric parameters of double-wound 

transformer; Triple-wound transformer and autotransformers equivalent circuit and 

electric parameters; Description of transformer losses. 

             The choice of transformers is made on nameplate data. The nameplate data of 

transformers and autotransformers are: rated power, rated voltages, also no load current 

and short circuit current, No load loss and No load current, load loss and  short circuit 

voltage. Other electric characteristics are calculated from this nameplate data.  

fourth chapter  of the dissertation – Comparison of amorphous metal core and classical 

transformers  includes the following sections: Electric parameters  comparison of 

amorphous metal core and classical transformers; Comparison of physical and magnetic 

property of  amorphous metal core and classical transformers; No load loss comparison 

of 10 kV  amorphous metal core and classical transformers; Ferroresonance overvoltage 

comparison for  amorphous metal core and classical transformers; Advantages and 

disadvantages of amorphous metal core and classical transformers; Efficiency 

comparison of amorphous metal core and classical transformers; Economical 

comparison of amorphous metal core and classical transformers.  

        From the analysis of calculations follows that in amorphous transformers no load 

loss end load loss are much less than in classical transformers. From the analysis of 

overvoltage calculation  follows that amorphous transformers are much better than 

classical transformers, at no load  state - overvoltage  on amorphous transformers in 3 

times is less than in classical (CRGO) transformers.   

 

For reduction transformer loss it is recommended to use amorphous metal for 

transformer manufacturing. Amorphous core transformer have much less dimensions 

and weight than  classical transformers. Amorphous core transformer are more required 

in many countries day by day.  

  

Finally there are provided the conclusions and list of the references.  

 

Materials provided in the work would assist both to the state and private power 

companies in  improvement of technical and economical characteristics.  
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