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naSromis zogadi daxasiaTeba 

 

samuSaos aqtualoba. energosistemaSi sinqronuli manqanebis 

muSaobis maRali efeqturoba mWidrodaa dakavSirebuli agznebis 

da agznebis avtomaturi regulatoris srulyofili sistemebis 

gamoyenebasTan. 

amJamad, warsuls Cabarda koleqtoruli agznebis sistemebi. 

isini Secvala statikuri da mbrunavi naxevradgamtaruli 

gammarTvelebma. 

agznebis sistemaSi mravali rTuli movlenebs Soris 

gansakuTrebuli adgili ukavia eleqtromagnitur procesebs. 

mocemulsamuSaoSi aRniSnuli procesebi ganxilulia statikuri 

tiristoruli TviTagznebis sistemisaTvis da moicavs 

damyarebul da gardamaval reJimebs.  

mZlavrdenisa naxevradgamtaruli ventilebis gamoyenebas 

Semoaqvs specifikuri gansakuTrebuloba mowyobilobis 

eqsploataciaSi, romelic muSaobs manqanis rotoris gragnilis 

wredSi. maT miekuTvneba maRalsixSiruli rxevebi da 

gadametZabvebi. 

denebis cvlilebis arasinusoiduri xasiaTma gamoiwvia 

aucilebloba momqmedi da harmonikuli denebis angariSis 

meTodebis ganviTarebisa. 

agznebis sistemas da agznebis avtomatur regulators 

gaaCnia gadamwyveti gavlena sinqronuli generatorebis statikur 

da dinamikur mdgradobaze. gamomdinare aqedan hidrogeneratoris 

tiristoruli agznebis sistemaSi eleqtromagnituri procesebis 

Seswavla ar kargavs aqtualobas. 

samuSaos mizani: gamokvleuli iqnes hidrogeneratoris 

tiristoruli agznebis sistemaSi eleqtromagnituri procesebi. 

ZiriTadi amocanebi. dasaxuli miznis Sesabamisad 

formulirebuli iqna Semdegi amocanebi: 
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1. damuSavebuli iqnes hidrogeneratoris tiristoruli 

agznebis sistemaSi eleqtromagnituri procesebis saangariSo 

maTematikuri modeli. rogorc simetriuli samfaza mokle 

SerTvis ise arasimetriuli mokle SerTvis dros.  

2. gamokvleuli iqnes hidrogeneratoris tiristoruli 

agznebis sistemis sxvadasxva sqemebi; samfaza bogiruli sqema 

nulovani ventilebiT da mis gareSe; TviTagznebis tiristoruli 

sistema nulovani ventilebiT da eqvsfaza sqemiT samfaza 

gamaTanabrebeli reaqtoriT. miRebuli iqnes ZiriTadi 

Tanafardobebi, romlis safuZvelze agebuli iqneba regulirebis 

kuTxis da komutaciis kuTxis cvlilebis are. 

3. gamokvleuli iqnes nulovani ventilebis roli 

hidrogeneratoris tiristoruli agznebis sistemis sxvadasxva 

sqemebSi, eleqtromagnituri procesebis Seswavlis safuZvelze. 

4. Seswavlili iqnes hidrogeneratoris tiristoruli 

agznebis sistemaSi eleqtromagnituri procesebi mimdevrobiTi 

voltsamati transformatoris monawileobiT da mis gareSe. 

kvlevis meTodebi. sadisertacio samuSaos Sesrulebisas 

gamoyenebuli iqna Teoriuli da empiriuli SemecnebiTi meTodebi. 

Teoriul doneze es meTodia induqciurad dakavSirebuli 

wredebis Teoria. empiriul doneze gamoyenebuli iqna 

maTematikuri modelirebis meTodebi. 

samecniero siaxle: 

1. damuSavebulia hidrogeneratoris tiristoruli agznebis 

sistemaSi eleqtromagnituri procesebis saangariSo maTematikuri 

modeli rogorc simetriuli samfaza mokle SerTvis ise 

arasimetriuli mokle SerTvis dros. 

2. gamokvleulia hidrogeneratoris tiristoruli agznebis 

sistemis sxvadasxva sqemebi: samfaza bogiruli sqema nulovani 

ventilebiT da mis gareSe; TviTagznebis tiristoruli sistema 

nulovani ventilebiT da eqvsfaza sqemiT samfaza 

gamaTanabrebeli reaqtoriT. miRebuli formulebis safuZvelze 
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agebulia regulirebis kuTxis da komutaciis kuTxis cvlilebis 

are (𝛼, 𝛾) kordinatebSi. aRniSnuli diagramebi naTel warmodgenas 

iZlevian tiristoruli agznebis sistemis yvela reJimSi 

muSaobaze. 

3. naCvenebia, rom tiristoruli agznebis sistemaSi nulovani 

ventilebis gamoyeneba axdens mTeli rigi uwesivribaTa acilebas, 

xarisxovnad aumjobesebs tiristoruli agznebis sistemas. 

Sedegebis gamoyenebis sfero. sadisertacio samuSaoSi 

miRebuli Sedegebi SeiZleba gamoyenebuli iqnes sinqronuli Tbo- 

da hidrogeneratorebis tiristoruli agznebis sistemebis 

eqspluataciis procesSi. 

aprobacia. sadisertacio samuSaos ZiriTadi Sedegebi 

moxsenebuli iqna akaki wereTlis saxelmwifo universitetSi me-III 

saerTaSoriso samecniero konferenciaze, energetika: regionuli 

problemebi da ganviTarebis perspeqtivebi (2015 w.). 

sadisertacio samuSaos Sedegebi gamoqveynebuli iqna oTx 

samecniero statiaSi. 

disertaciis struqtura da moculoba. disertacia Sedgeba 

Sesavlisa da 5 Tavisagan, romlebic gadmocemulia 152 gverdze. 

Seicavs 34 naxazs, 7 cxrils da 55 dasaxelebis literaturas. 
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samuSaos ZiriTadi Sinaarsi 

 

SesavalSi dasabuTebulia problemis aqtualoba, 

Camoyalibebuli da gansazRvrulia gamosakvlevi sakiTxis wre, 

aseve kvlevis mizani da amocanebi. formulirebulia naSromis 

mecnierul siaxleTa da praqtikuli mniSvnelobis ZiriTadi 

aspeqtebi. 

pirvel TavSi warmodgenilia hidrogeneratoris mZlavr-

denisa tiristoruli agznebis sistemaSi eleqtromagnituri 

procesebis maTematikuri modeli. 

nax.1. mocemulia hidrogeneratoris statikuri mZlavrdenisa 

tiristoruli agznebis sistema. ganxilulia agznebis sistemis 

muSaobis Taviseburebani. 

rotoris gragnili kvebas Rebuloba gammarTvelebidan, 

CarTuli gammarTveli transformatoris meorad gragnilTan. 

pirveladi gragnili uSualod mierTebulia hidrogeneratoris 

gamomyvanebTan. TiToeuli gammarTveli gaTvlilia imaze, rom 

uzrunvelyos generatoris muSaobis reJimi nominaluri aqtiuri 

simZlavriT, roca 𝑐𝑐𝑜𝑠𝜑 = 1. gammarTvelebs cvladi da mudmivi 

denis mxares gaaCnia Camrazebi. es iZleva saSualebas CavataroT 

profilaqtikuri da saremonto samuSaoebi erT-erT maTganze 

generatoris gamorTvis gareSe. 

Tburi angariSi gammarTvelebis iTvaliswinebs Semdegi 

pirobebis Sesrulebas: 

- nominaluri muSaobis reJimi uzrunvelyofilia ventilebis 

sruli ricxvis dros da roca TiToeul mxareSi paralelur 

Stodan erT-erTis mtyunebas aqvs adgili; 

- gadatvirTva forsirebis dros (𝑡f) nominaluri reJimidan 

2𝐼𝐼𝑑n-mde. 

aRniSnuli reJimi uzrunvelyofili unda iqnes ventilebis 

sruli ricxvis dros da roca TiToeul mxareSi paralelur 

Stodan erT-erTis mtyunebas aqvs adgili; 
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datvirTvis SezRudvis reJimi 𝑃𝑃 = 𝑃𝑃n da 𝑐𝑐𝑜𝑠𝜑 = 1 

uzrunvelyofili unda iqnes roca adgili aqvs gammarTvelis 

nebismier mxareSi ori paraleluri Stos mtyunebas an roca 

adgili aqvs ori gammarTvelidan erT-erTis gamorTvas. 
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nax.1. hidrogeneratoris statikuri mZlavrdenisa tiristoruli 
agznebis sistema: 1 - hidrogeneratori; 2,3 - tiristoruli 
gardamqmnelebi;  4 - Camrazebi mudmivi denis mxares;  5 - Camrazebi 
cvladi denis mxares;  6 - gammarTveli transformatori;              
7,8 - sakuTari moxmarebis transformatorebi;  9,10 - mZlavrdenisa 
tiristoruli gardamqmnelebis marTvis sistemebi; 11 - agznebis 
avtomaturi regulatori; 12 - Zabvis avtomaturi regulatori;         
13 - velis qrobis avtomati;  14 - TviTsinqronizaciis kontaqtori;     
15 - mcleli; 16 - TviTsinqronizaciis winaRoba; 17,19 - Zabvis 
transformatorebi; 18 - denis transformatori;  20 - kvebis rele. 

 

sawyisi agzneba generatoris qselSi CarTvis dros zusti 

sinqronizaciis meTodiT, xorcieldeba sakuTari moxmarebis 0,4 

kv Zabvis qselidan an saakumulatoro batareadan. 
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velis qroba generatoris muSaobis normalur reJimSi 

xorcieldeba, roca adgili aqvs agregatis normalur gaCerebas, 

gardamqmnelis invertorul reJimSi gadayvaniT, xolo avariul 

reJimSi velis qrobis avtomatiT. 

agznebis regulireba xorcieldeba Zlieri moqmedebis 

agznebis avtomaturi regulatoriT, romelic zemoqmedebs 

tiristoruli gammarTvelebis orive marTvis sistemaze. Zlieri 

moqmedebis agznebis avtomaturi regulatoris paralelurad 

gvaqvs proporciuli moqmedebis Zabvis avtomaturi regulatori, 

romelic muSaobaSi Sedis ZiriTadi regulatoris gamorTvis 

dros.Zabvis avtomaturi regulatori muSaobs or reJimSi – 

mimyoli da wamyvani; mas gaaCnia maxsovrobis da regulirebis 

arxebi.momyol reJimSi Zabvis avtomaturi regulatori 

imaxsovrebs signalebs, proporciuli generatoris statorze 

Zabvis da miwodebuli tiristorebis marTvis sistemaze mTavari 

regulatoridan. mTavari regulatoris gamorTvis dros Zabvis 

avtomaturi regulatori gadadis wamyvan reJimSi da axorcielebs 

generatoris Zabvis regulirebas. Zabvis avtomaturi 

regulatoris danayenis cvlileba mimdinareobs distanciurad 

marTvis faridan.mTavari regulatoris gadasvlis dros 

sarezervoze, rotoris denis cvlileba ar aWarbebs ±10%. 

mocemul agznebis sistemaSi gammarTvelebs gaaCnia bunebrivi 

sahaero gaciveba. 

eleqtromagnituri procesebi tiristoruli agznebis 

sistemaSi upirveles yovlisa ganixileba gammarTvel sistemaSi. 

Tavidan ganxilulia agznebis sistema erTjgufiani, Semdeg 

orjgufiani gardamqmnelis bogiruli sqemiT.generatoris 

agznebis deni normalur reJimSi ganisazRvreba gardamqmnelis 

gare maxasiaTeblis da Zabvebis veqtoruli diagramis 

saSualebiT. miRebulia ZiriTadi Tanafardobebi rogorc 

erTjgufiani ise orjgufiani gardamqmnelebisaTvis, romlebic 

saSualebas iZleva eleqtromagnituri procesebis analizis. 
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miRebulia samfaza mokle SerTvis reJimisTvis gantolebebi. 

mokle SerTva ganxilulia generatoris gamomyvanebsa da 

gadamcemi xazis dasawyisSi, romelic warmoadgens gacilebiT 

mZime pirobas TviTagznebis sistemis muSaobis dros. amitom 

gardamavali procesis gamokvleva mizanSewonilia Sesruldes 

aRniSnuli zRvruli SemTxvebisaTvis. miRebulia rogorc 

perioduli, ise aperioduli mdgenelebis saangariSo 

Tanafardobebi, romlebic iZlevian procesebis analizis 

Catarebis saSualebas.  

generatoris agznebis wredze modebuli mudmivi Zabva 

normalur reJimSi 𝑈𝑈𝑑 tolia: 

 

𝑈𝑈𝑑 =
3√3
𝜋

𝐸𝐸𝑚𝑐𝑐𝑜𝑠𝛼 − 2Δ𝑈𝑈 −
3
𝜋
𝑥𝑥𝐼𝐼𝑑 − �2 −

3𝛾
2𝜋
� 𝑟𝐼𝐼𝑑,     (1) 

 

sadac, 𝐸𝐸𝑚-emZ-is maqsimaluri mniSvneloba, α- marTvis kuTxe, 

Δ𝑈𝑈 − pirdapiri Zabvis vardna tiristorebSi sqemis erT mxares, 𝐼𝐼𝑑 

- gamarTuli denis saSualo mniSvneloba, 𝑋𝑋 – gammarTveli 

transformatoris induqciuri winaRoba, 𝛾 – komutaciis kuTxe 

gammarTvelis normalur reJimSi muSaobis dros, 𝑟-gammarTveli 

transformatoris aqtiuri winaRoba. 

emZ-is maqsimaluri 𝐸𝐸𝑚-is mniSvneloba gamoisaxeba Semdegi 

gamosaxulebiT: 

𝐸𝐸𝑚 = √2�� 𝑈
𝑘пр

+ 𝐼𝐼𝑥𝑥𝑀′ 𝑠𝑖𝑛𝜑�
2

+ (𝐼𝐼𝑥𝑥𝑀′ 𝑐𝑐𝑜𝑠𝜑)2 (2) 

 

sadac, 𝑈𝑈 da 𝐼𝐼-generaoris Zabva da deni, 𝑘𝑘пр-gammarTveli 

transformatoris transformaciis koeficienti, 𝑥𝑥𝑀′ -

transformatoris induqciuri winaRoba, ϕ-kuTxe 𝑈𝑈 da 𝐼𝐼 Soris. 

(1) da (2) gamosaxulebidan erTjgufiani gardamqmnelis 

sqemisTvis vpoulobT: 
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𝐼𝐼𝑑𝑅𝑓 +
3
𝜋
𝑥𝑥𝐼𝐼𝑑 + �2 −

3𝛾
2𝜋
� 𝑟𝐼𝐼𝑑 + 2Δ𝑈𝑈 =

=
3√6
𝜋

��
𝑈𝑈
𝑘𝑘пр

+ 𝐼𝐼𝑥𝑥𝑀′ 𝑠𝑖𝑛𝜑�
2

+ (𝐼𝐼𝑥𝑥𝑀′ 𝑐𝑐𝑜𝑠𝜑)2𝑐𝑐𝑜𝑠𝛼,   (3) 

 

sadac, 𝑅𝑓-omuri winaRoba agznebis gragnilis da 

SemaerTebeli kabelebis mudmivi denis mxareze. 

deni 𝐼𝐼 da 𝑐𝑐𝑜𝑠𝜑 ganisazRvreba sinqronuli generatoris 

muSaobis reJimiT. generatoris agznebis deni 𝐼𝐼𝑑 gamoiTvleba 

Zabvebis veqtoruli diagramis saSualebiT. marTvis kuTxe  α 

damokidebulia imaze, Tu rogori sawyisi reJimia miRebuli 

agznebis forsirebis dros.  

nax.2. naCvenebia gardamqmnelis orjgufiani sqema 

tiristoruli agznebis sistemis. agznebi sistemis orjgufiani 

sqemis SemTxvevaSi gragnilebis forsirebuli nawili avlens 

mcire gavlenas gare maxasiaTebelze. amitom sawyis reJimSi 

 

𝐸𝐸𝑚𝑝 = √2 (1−𝑎)𝑈
𝑘пр

,  (4) 

 

sadac, 𝑎𝑎 = 𝓌𝓌𝜙

𝓌𝓌
, 𝑘𝑘пр = 𝓌𝓌1 𝓌𝓌(𝓌𝓌𝜙⁄ -xviaTa ricxvi gragnilis 

forsirebuli nawilis, 𝓌𝓌-meoradi gragnilis sruli xviaTa 

ricxvi, 𝓌𝓌1-gammarTveli transformatoris pirveladi gragnilis 

xviaTa ricxvi). 

(4)-is mxedvelobaSi miRebiT, (3)-is nacvlad gveqneba 

 

𝐼𝐼𝑑𝑅𝑓 + 3
𝜋
𝑥𝑥𝑃𝐼𝐼𝑑 + �2 − 3ɣ𝑝

2𝜋
� 𝑟𝑃𝐼𝐼𝑑 + 2∆𝑈𝑈 = 3√6

𝜋
(1−𝑎)𝑈
𝑘пр

 (5) 

 

 (5) gantolebaSi𝛾 −komutaciis kuTxe mxolod erTi muSa 

jgufis muSaobis dros, 𝑋𝑋𝑃 da 𝑟𝑃-induqciuri da aqtiuri winaRoba 

mokle SerTvis dros gammarTveli transformatoris pirveladi 
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da nawili meoradi gragnilis, SemaerTebeli kabelebis 

gaTvaliswinebiT. 

 

1

√3𝑈𝑈 

I

Ud

Lf
Rf 2

Id

5 4

�
𝑋𝑋𝑃𝑃
𝑋𝑋𝜙𝜙 𝐸𝐸𝑃𝑃

𝐸𝐸𝜙𝜙
� 𝐸𝐸

𝓌𝓌𝑃𝑃
𝓌𝓌𝜙𝜙

� 

𝓌𝓌1 

𝑋𝑋𝜕𝜕1
𝑋𝑋𝑀𝑀′
𝑋𝑋𝜕𝜕2

 3

 

 

nax.2. gardamqmnelis orjgufiani sqema tiristoruli agznebis sistemis: 
1 - sinqronuli generatori; 2 - gammarTveli transformatori;          
3 - mimdevrobiTi voltsamati transformatori; 4 – ventilebis muSa 
jgufi; 5 – ventilebis forsirebuli jgufi. 

 

Tu sawyis reJimSi adgili aqvs muSa da forsirebuli 

jgufis ventilebis monacvleobiT muSaobas, maSin: 

 

𝑈𝑈𝑑 = 3√3
𝜋
𝐸𝐸𝑚𝑝𝑐𝑐𝑜𝑠𝛼𝑃 + 3

𝜋
𝐸𝐸𝑚𝜙 �1 + 𝑐𝑐𝑜𝑠 �𝛼𝜙 + ɣ𝜙𝑃 + 𝜋

6
�� − 3

𝜋
𝑋𝑋𝑃𝐼𝐼𝑑 − �2 − 3ɣ𝑃

2𝜋
� 𝑟𝑃𝐼𝐼𝑑 −

2Δ𝑈𝑈,                              (6) 

sadac, 𝐸𝐸𝑚𝑝- gammarTveli transformatoris meoradi 

gragnilis muSa nawilis eleqtromamoZravebeli Zalis (e.m.Z) 

amplituda; 𝐸𝐸𝑚𝜙-mimdevrobiTi transformatoris meoradi 

gragnilis e.m.Z-isa da gammarTveli transformatoris gragnilis 
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forsirebuli e.m.Z-is geometriuli jamis e.m.Z-is amplituda; 𝛼𝑃 da 

𝛼𝜙 - muSa da forsirebuli ventilTa jgufebis marTvis kuTxeebi; 

ɣ𝜙𝑃-komutaciis kuTxe forsirebuli ventilTa jgufis gadasvlis 

dros muSa ventilTa jgufze. 𝐸𝐸𝑚𝑃gamoiTvleba (4) gamosaxulebiT. 

𝐸𝐸𝑚𝜙gamoTvlisaTvis gamoiyeneba gamosaxuleba, analogiuri (2) 

gamosaxulebisa, saxeldobr 

 

𝐸𝐸𝑚𝜙 = √2��𝛼𝑈
𝑘пр

+ 𝐼𝐼𝑋𝑋𝑀′ 𝑠𝑖𝑛𝜑�
2

+ (𝐼𝐼𝑋𝑋𝑀′ 𝑐𝑐𝑜𝑠𝜑)2  (7) 

 

forsirebis  reJimSi imuSavebs mxolod erTi forsirebis 

tiristorebis jgufi. vinaidan voltsamati transformatori 

CarTulia mimdevrobiT, gammarTveli transformatoris gragnilis 

meoradi forsirebuli nawilis gragnilTan (nax.2), maSin (3)-(6) 

formulebi samarTliania orjgufiani sqemebisaTvis. mokle 

SerTvis winaRoba 𝑋𝑋т da 𝑟т miekuTvneba gammarTveli 

transformatoris meoradi srul gragnils, SemaerTebeli 

kabelebis gaTvaliswinebiT. 

unda aRiniSnos, rom fardoba induqciuri winaRobebis 

𝑞 = 𝑥𝑥𝑃 𝑥𝑥⁄  ventilTa ori jgufiT TviTagznebis sqemisaTvis iqneba 

mniSvnelovnad naklebi, vidre damoukidebeli agznebis 

sistemisTvis. es aixsneba mniSvnelovani damatebiTi winaRobis 

arsebobiT, forsirebuli tiristorebis jgufis komutaciis 

wredebSi. 

miRebulia samfaza mokle SerTvis reJimisTvis gantolebebi. 

mokle SerTva ganxilulia generatoris gamomyvanebsa da 

gadamcemi xazis dasawyisSi, romelic warmoadgens gacilebiT 

mZime pirobas TviTagznebis sistemis muSaobis dros. Tu 

damamSvidebeli sistemas gaviTvaliswinebT erTi ekvivalenturi 

konturiT TiToeul RerZSi da, garda amisa, miviRebT, rom 

konturebis urTierT induqciis induqciuri winaRoba erTmaneTis 
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tolia, maSin samfaza mokle SerTvis reJimisaTvis gadamcemi 

xazze miviRebT 

 

⎣
⎢
⎢
⎢
⎡𝑟 + (𝑥𝑥𝑑 + 𝑥𝑥𝐵)𝑃𝑃
−(𝑥𝑥𝑑 + 𝑥𝑥𝐵)

𝑥𝑥𝛼𝑑𝑃𝑃
𝑥𝑥𝛼𝑑𝑃𝑃

𝑥𝑥𝑞 + 𝑥𝑥𝐵
𝑟 + �𝑥𝑥𝑞 + 𝑥𝑥𝐵�𝑃𝑃

𝑥𝑥𝛼𝑞𝑃𝑃

𝑥𝑥𝛼𝑑𝑃𝑃
 −𝑥𝑥𝛼𝑑
𝑟𝑓 + 𝑥𝑥𝑓𝑃𝑃
𝑥𝑥𝛼𝑞𝑃𝑃

𝑥𝑥𝛼𝑑𝑃𝑃
 −𝑥𝑥𝛼𝑑
  𝑥𝑥𝛼𝑑𝑃𝑃

𝑟𝑘𝑑 + 𝑥𝑥𝑘𝑑𝑃𝑃

𝑥𝑥𝛼𝑞
    𝑥𝑥𝛼𝑞𝑃𝑃

𝑟𝑘𝑞 + 𝑥𝑥𝑘𝑞𝑃𝑃⎦
⎥
⎥
⎥
⎤

𝑋𝑋

⎣
⎢
⎢
⎢
⎡
𝑖𝑑
𝑖𝑞
𝐼𝐼𝑑∗
𝐼𝐼𝑘𝑑
𝐼𝐼𝑘𝑞⎦

⎥
⎥
⎥
⎤

=

⎣
⎢
⎢
⎢
⎡
𝑂
𝑂
𝑈𝑈𝑑∗
𝑂
𝑂 ⎦
⎥
⎥
⎥
⎤

, (8) 

 

sadac, 𝑥𝑥𝐵-induqciuri winaRoba mS-is wertilsa da 

generatoris gamomyvanebs Soris; 𝑟-jamuri winaRoba statoris 

wredis mS-is wertilamde. (8) gantolebis da gardamqmnelis gare 

maxasiaTeblebis erToblivi Seswavlis aucileblobasTan 

dakavSirebiT moxerxebulia gamoviyenoT agznebis denis da Zabvis 

fardobiT erTeulebSi specialuri aRniSvna * indeqsis 

saSualebiT. 

unda aRiniSnos, rom, vinaidan mS-is dros gammarTveli 

gadadis maRali gamarTuli Zabvis mniSvnelobaze, maSin 

orjgufiani sqemaSi aRniSnul reJimSi imuSavebs mxolod 

ventilebis erTi forsirebis jgufi. aRniSnul pirobebSi erTi 

da orjgufiani sqemebi iqneba identuri. (8) gantolebebis 

safuZvelze miRebulia rogorc perioduli, ise aperioduli 

mdgenelebis saangariSi Tanafardobebi, romlebic iZlevian 

procesebis analizis Catarebis saSualebas. 

naSromis meore TavSi Catarebulia hidrogeneratoris 

statikuri mZlavrdenisa tiristoruli agznebis sistemaSi 

samfaza mokle SerTvis reJimis analizi. ganxilulia mokle 

SerTva mimdevrobiTi voltsamati transformatoris arsebobis 

dros da mis gareSe. 

dadgenilia, rom voltsamati transformatoris arsebobis 

dros agznebis sistemis efeqturoba samfaza mokle SerTvis 

SemTxvevaSi gadamcemi xazis dasawyisSi miiRweva sami ventilis 

rigiTobiTi muSaobis  reJimSi, e.i.  gare  maxasiaTeblis elifsur  
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monakveTze; ganxilulia arasimetriuli mokle SerTvis dros 

TviTagznebiT hidrogeneratoris muSaoba, roca sistemaSi gvaqvs 

mimdevrobiTi voltsamati transformatori. naCvenebia, rom 

mimdevrobiTi voltsamati transfortmatori aumjobesebs Zabvebis 

simetrias ventilur gardamqmnelebze. miRebulia ZiriTadi 

Tanafardobebi arasimetriuli mokle SerTvis reJimebis 

angariSisaTvis. magaliTisTvis ganxilulia mimdevrobiTi 

voltsamati transformatoris moqmedebis efeqturoba 

hidrogeneratoris TviTagznebis tiristoruli sistemaSi 

simZlavriT 73,3 mgvt. miviRoT, rom gardamqmnels gaaCnia 

ventilebis erTi jgufi, gammarTvelis sqema – samfaza bogiruli, 

gammarTvel transformators gaaCnia SeerTeba ⋌ ⋌⁄ , mS-is dros 

misi induqciuri winaRoba tolia 0,07. mimdevrobiTi 

transformatoris pirveladi gragnilis induqciuri winaRoba 

hidrogeneratoris 𝐶𝐵𝐵780/190 − 32tipis Seadgens 0,005 an 

procentebSi 0,5%. nominaluri monacemebi da parametrebi 

hidrogeneratoris Semdegia: 

𝑈𝑈𝐻 = 13,8kv, 𝐼𝐼𝐻 = 3.58 ka, 𝑛𝐻 = 125 br/wT, 𝑐𝑐𝑜𝑠𝜑𝐻 = 0,85,𝑃𝑃𝐻 = 73,3 

aT.kvt, 𝑋𝑋𝑑′′ = 0,23,𝑋𝑋𝑑′ = 0,32,𝑋𝑋𝑑 = 0,87. 

bazisuri winaRoba 𝑥𝑥𝛿 warmoadgens nominaluri fazuri Zabvis 

mniSvnelobis fardobas statoris denTan. (3)  gamosaxulebebidan 

ganvsazRvravT damokidebulebas 𝑘𝑘 da 𝑘𝑘пр koeficientebs Soris. am 

SemTxvevaSi sawyisi reJimad miRebulia nominaluri; forsirebis 

jeradoba miRebulia 2-is tolad. mxedvelobaSi ar miiReba 

SemaerTebeli kabelebis induqciuri winaRoba da miRebulia, rom 

𝑐𝑐𝑜𝑠𝜑𝐻 = 0,85 da Δ𝑈𝑈 = 3v. nax. 3. naCvenebia damokidebuleba 

gammarTveli transformatoris transformaciis koeficientis 𝑘𝑘пр  

da emZ-is √6𝐸𝐸 damokidebuleba mimdevrobiTi voltsamati 

transformatoris transformaciis koeficientisagan 𝑘𝑘. 
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nax.3. damokidebuleba  𝒌пр(𝟏)da √𝟔 𝑬 (2) 𝒌-mniSvnelobisagan 

 

nax. 4-ze agebulia damokidebuleba marTvis kuTxis 𝛼 da 

komutaciis kuTxis 𝛾, mimdevrobiTi voltsamati transforma-

toris transformaciis koeficientis  𝑘𝑘 mniSvnelobisgan. 

 

4 8
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nax.4. marTvis kuTxis α da komutaciis kuTxis γ damokidebuleba 𝒌-ze 

 

nax. 5. agebulia damokidebuleba mimdevrobiTi voltsamati 

transformatoris tipiuri simZlavris 𝑆д, gammarTveli 

transformatoris tipiuri simZlavris 𝑆𝑇 da jamuri simZlavris 

𝑆Σdamokidebuleba mimdevrobiTi voltsamati transformatoris 

transformaciis koeficientis 𝐾 mniSvnelobisagan.  
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nax.5. mimdevrobiTi da gammarTveli transformatorebis simZlavreebis 

damokidebuleba 𝒌-mniSvnelobisagan 
 

nax.5. maxasiaTeblebidan Cans, rom damkidebuleba 𝑆д = 𝑓(𝑘𝑘) 

aris wrfivi, 𝑆Σ = 𝑓(𝑘𝑘) damokidebuleba swrafad iwyebs zrdas 

roca 𝑘𝑘 > 5 ÷ 6, 𝑆𝑇 = 𝑓(𝑘𝑘) damokidebuleba minimalur mniSvnelobas 

Rebulobs, roca 𝑘𝑘 = 5. 

gardamaval reJimSi tiristoruli TviTagznebis sistemis 

moqmedebis efeqturoba Sefasebulia fardobiT: 

 

𝐴 = 𝑃10−𝑃1
𝑃10

,   (9) 

sadac, 𝑃𝑃1–tiristoruli agznebis sistemis regulirebis 

kuTxis (𝛼 ≠ 0) dros gardamavali denebis mdgenelebis milevis 

koeficienti, 𝑃𝑃10-tiristoruli agznebis sistemis regulirebis 

kuTxis (𝛼 = 0) dros gardamavali denebis mdgenelebis milevis 

koeficienti. Tu 𝐴 < 1, maSin is gviCvenebs, agznebis gragnilis 

winaRobaSi simZlavris saerTo danakargebidan, ra nawili ifareba 

gardamqmnelis gardamavali reJimis dros. gardamavali denebi am 

SemTxvevaSi iqneba milevadi. Tu 𝐴 = 1, maSin yvela danakargebi 

agznebis gragnilSi daifareba gardamqmneliT.gardamavali deni 

am SemTxvevaSi iqneba ucvleli (igulisxmeba, rom ∆𝑈𝑈 ≈ 0). Tu 
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𝐴 > 1, maSin tiristoruli agznebis sistema ara mxolod dafaravs 

danakargebs agznebis gragnilSi, aramed gazrdis gardamaval 

denebs. 

nax. 6-ze naCvenebia damokidebuleba gardamaval reJimSi 

tiristoruli TviTagznebis sistemis moqmedebis efeqturobis 

koeficientis 𝐴 midevrobiTi voltsamati transformatoris 

transformaciis koeficientis 𝑘𝑘 mniSvnelobisagan, romlisganac 

SeiZleba gakeTdes mniSvnelovani daskvna: 

𝐴 = 𝑓(𝑘𝑘), romlisganac SeiZleba gakeTdes mniSvnelovani 

daskvna: 

2 4 6 8 k

0,5

1,0

A

0

2,3 3 3,4

Am

 

nax.6. TviTagznebis sistemis moqmedebis efeqturobis koeficientis 𝑨 
damokidebuleba (samfaza mS-is reJimSi gadamcemi xazis dasawyisSi), 
mimdevrobiTi voltsamati transformatoris transformaciis 
koeficientis 𝒌 mniSvnelobisagan 

 

1) agznebis sistemis efeqturoba samfaza mS-is dros 

gadamcemi xazis dasawyisSi miiRweva sami ventilis rigiTobiTi 

muSaobis reJimSi, e.i. gare maxasiaTeblis elifsur monakveTze; 

maqsimaluri mniSvnelobas 𝐴𝑚 adgili aqvs gansaxilvel 

konkretul SemTxvevaSi roca 𝑘𝑘 = 5,5; 

2) zRvrul reJimSi 2,3, roca 𝑘𝑘 = 4,24 da reJimSi, romelsac 

Seesabameba 𝐴𝑚, efeqturobis sxvaoba maT Soris, miiReba 

SedarebiT umniSvnelo. amitom zRvruli reJimi 2,3 komutaciis 
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kuTxiT 600 iZleva saSualebas gvqondes agznebis sistemis maRali 

efeqturoba. 

miRebulia ZiriTadi Tanafardobebi arasimetriuli mokle 

SerTvis reJimebis angariSisaTvis. Seswavlilia forsirebisa da 

ganagzebis procesi. naCvenebia, rom generatoris dinamikuri 

mdgradobis amaRlebisaTvis aucilebelia agznebis forsireba ara 

mxolod mokle SerTvis dros, aramed agreTve misi gamorTvis 

Semdeg, roca mimdinareobs 𝜃 kuTxis zrda. miRebuli 

gantolebebis Sesabamisad agebulia Zabvebisa da denebis 

veqtoruli diagrama (nax.7). 

𝑈𝑈д𝑏𝑏 𝑈𝑈д𝑐𝑐 

𝑈𝑈д𝑎𝑎 

𝐼𝐼𝑎𝑎𝑥𝑥𝑀𝑀′  

𝐼𝐼𝑏𝑏𝑥𝑥𝑀𝑀′  𝐼𝐼𝑐𝑐𝑥𝑥𝑀𝑀′  

𝑈𝑈𝑏𝑏
𝑘𝑘пр

 

𝑈𝑈𝑎𝑎
𝑘𝑘пр

 

𝑈𝑈𝑐𝑐
𝑘𝑘пр

 

𝐼𝐼𝑐𝑐 

𝐼𝐼𝑎𝑎 

Ib

 

nax.7. gadamcemi xazis dasawyisSi orfaza mS-is dros miwaze 
Zabvebisa da denebis veqtoruli diagrama 

 

analogiurad SeiZleba aigos Zabvebisa da denebis veqtoruli 

diagrama sxva saxis dazianebisaTvis. 

samuSaoSi ganxilulia TviTagzneba mimdevrobiTi 

voltsamati transformatoris gamoyenebis gareSe, rogorc 

gamartivebuli agznebis sistema.  

TviTagznebis sistema voltsamati transformatoris gareSe 

xasiaTdeba Semdegi TvisebebiT: 
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1. generatoris dinamikuri mdgradobis garkveuli sididiT 

dadableba; 

2. xangrZlivi samfaza mS-is dros generatorTan axlos, 

swrafi mileva denebis, amitom ZiriTadi dacvis mtyunebis 

SemTxvevaSi da statoris gragnilSi denebis Semcirebis dros, 

SeiZleba ar imoqmedos maqsimaluri denuri dacvam, romelsac 

gaaCnia didi dayovnebis dro. generatoris dinamikuri mdgradobis 

garkveuli Semcireba mimdinareobs imasTan dakavSirebiT, rom 

uecrad mcirdeba agznebis Zabva, uecari samfaza mS-is Semdeg. 

Seswavlilia forsirebisa da ganagznebis procesi. naCvenebia, 

rom generatoris dinamikuri mdgradobis amaRlebisaTvis 

aucilebelia agznebis forsireba ara mxolod mokle SerTvis 

dros, aramed agreTve misi gamorTvis Semdeg, roca mimdinareobs 

𝜃 kuTxis zrda. 

mesame TavSi mocemulia hidrogeneratoris statikuri 

mZlavrdenisa tiristoruli agznebis sistemaSi eleqtro-

magnituri procesebi da maTi gansakuTrebuloba. ganxilulia 

agznebis sxvadasxva sqemebi, rogoricaa: agzneba gawonasworebuli 

marTvadi sqemiT; samfaza gammarTveli nulovani ventilebiT; 

arasimetriuli marTvis sqema; TviTagznebis tiristoruli sistema 

nulovani ventilebiT da eqvsfaza sqemiT samfaza 

gamaTanabrebeli reaqtoriT; samfaza bogiruli sqema ori 

nulovani ventiliT. mocemuli sqemebisaTvis miRebulia ZiriTadi 

Tanafardobebi eleqtromagnituri procesebis angariSisaTvis da 

Catarebulia maTi analizi. amave TavSi Seswavlilia wredis 

cvladi mdgenelebis gavlena cvladi denis Zabvaze. dadgenilia, 

rom eqvsfaza sqemaSi samfaza gamaTanabrebeli reaqtoriT da mis 

gareSe denis cvladi mdgenelis gavlena gamarTuli Zabvis 

saSualo mniSvnelobaze miiReba meti, vidre samfaza bogiruli 

sqemaSi da aRwevs 12÷15%. 
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nax.8. mocemulia TviTagznebis tiristoruli sistema 

nulovani ventilebiT da eqvsfaza sqemiT samfaza 

gamaTanabrebeli reaqtoriT. 

 

eI eII eIII

1

2  

nax.8. TviTagznebis tiristoruli sistema nulovani ventilebiT da 
eqvsfaza sqemiT samfaza gamaTanabrebeli reaqtoriT: 

1-eqvsfaza transformatori, 2-samfaza gamaTanabrebeli reaqtori 
 

nax. 9. mocemulia samfaza bogiruli sqema ori nulovani 

ventiliT. 

 

a) 

21

 

nax.9. samfaza bogiruli sqema ori nulovani ventiliT 
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b) 

e1

iφ 

𝑈𝑈𝑑𝑑′  

t3t1 t2

γ2γ1

oα 

 

nax.10. fazuri deni da gamarTuli Zabva samfaza bogirul sqemaSi 
ori nulovani ventiliT  

 

samuSaoSi naCvenebia, rom tiristoruli agznebis sistemaSi 

nulovani ventilebis gamoyeneba axdens mTeli rigi uwesivrobaTa 

acilebas, xarisxovnad aumjobesebs tiristoruli agznebis 

sistemas. 

• nulovani ventilis gamoyeneba zrdis regulirebis 

kuTxis 𝛼 cvlilebis zRvars 𝛼𝑚 = 1500-mde nacvlad 

𝛼𝑚 = 900 sqemaSi nulovani ventilis gareSe. amgvarad 

farTovdeba gamarTuli Zabvis saSualo mniSvnelobis 

regulirebis diapazoni. 

• fazis tiristoris mtyunebis SemTxvevaSi nulovani 

ventili uzrunvelyofs hidrogeneratoris normalur 

muSaobas. gamarTuli Zabvis saSualo mniSvneloba 

fazis tiristoris mtyunebis SemTxvevaSi mcirdeba 

umniSvnelod - 10÷ 20%. 

• amcirebs gare maxasiaTeblis daxras. 

• Rrma regulirebis kuTxis dros 𝛼 > 800; amcirebs 

gamarTuli Zabvis harmonikebis sidides da Sesabamisad 

pulsaciebs hidrogeneratoris agznebis denSi, roca 

nulovani ventilis gamoyenebis gareSe gaaCnia uku 

suraTi; aumjobesebs simZlavris koeficients 𝑐𝑐𝑜𝑠𝜑; 
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• iZleva saSualebas imuSaos Rrma regulirebis kuTxiT 

da Sesabamisad uzrunvelyos forsirebis reJimi 

ventilebis meore jgufis gamoyenebis gareSe. 

meoTxe TavSi mocemulia regulirebadi hidrogeneratorSi 

gardamavali eleqtromagnituri procesebi. gamokveTilia 

hidrogeneratorSi regulirebis amocanebi. miRebulia 

regulirebadi hidrogeneratoris gantolebebi. dadgenilia 

regulirebis sistemis gavlena hidrogeneratoris dinamikur 

Tvisebaze. Sedgenilia hidrogeneratoris agznebis regulirebis 

sistemis ganzogadoebuli struqturuli sqema.ganxilulia 

hidrogeneratoris muSaoba arasimetriuli datvirTvis dros. 

mocemulia hidrogeneratoris tiristoruli agznebis sistemis 

wredebSi gadametZabvebi. damuSavebulia dacvis, sqema 

gadametZabvisgan, ganpirobebuli komutaciuri procesebiT 

gardamqmnelSi. 

mexuTe TavSi mocemulia engurhesis 306 mgva simZlavris 

hidrogeneratoris da tiristoruli agznebis mowyobilobebis 

teqnikuri parametrebida regulirebis maxasiaTeblebi. 

mikroprocesorebis gamoyeneba engurhesis hidrogeneratorebis 

marTvisa da regulirebis mowyobilobebSi. mocemulia 

hidrogeneratoris tiristoruli agznebis mowyobilobebSi 

eleqtromagnituri procesebis eqsperimentuli oscilogramebi. 
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nax.11. hidrogeneratoris reJimebis eleqtromagnituri parametrebis 
cvlilebis oscilogramebi droSi 
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nax.12. hidrogeneratoris reJimebis eleqtromagnituri 
parametrebis cvlilebis oscilogramebi droSi 
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nax.13. hidrogeneratoris reJimebis eleqtromagnituri parametrebis 
cvlilebis oscilogramebi droSi 
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daskvna 

 

1. damuSavebulia hidrogeneratoris  tiristoruli agznebis 

sistemaSi eleqtromagnituri procesebis saangariSo maTematikuri 

modeli, rogorc simetriuli samfaza mokle SerTvis ise 

arasimetriuli mokle SerTvis dros. 

2. ganxilulia hidrogeneratoris induqciuri winaRobis 

gavlena tiristoruli agznebis sistemis muSaobaze da mocemulia 

meTodi gare maxasiaTeblis agebis. naCvenebia, rom gare 

maxasiaTebeli warmoadgens arawrfiv funqcias generatoris 

parametrebis, regulirebis kuTxis da komutaciis kuTxis. 

3. gamokvleulia hidrogeneratoris tiristoruli agznebis 

sistemis sxvadasxva sqemebi. miRebuli formulebis safuZvelze 

agebulia regulirebis kuTxis da komutaciis kuTxis cvlilebis 

are (𝛼, 𝛾) koordinatebSi. aRniSnuli diagramebi naTel 

warmodgenas iZlevian tiristoruli agznebis sistemis yvela 

reJimis muSaobaze, regulirebis kuTxis, komutaciis kuTxis da 

tiristoris muSaobis xangrZlivobaze. 

4. naCvenebia, rom tiristoruli agznebis sistemaSi 

komutaciis dros mimdinareobs arasimetriuli mokle SerTva 

gammarTveli transformatoris momWerebze. amasTan dakavSirebiT 

angariSisTvis gamoyenebulia simetriuli mdgenelTa meTodi da 

mocemulia sruli analizi komutaciuri procesebis. 

5. gamokvleulia eleqtromagnituri procesebi tiristoruli 

agznebis sistemis samfaza gammarTvelis sqemaSi nulovani 

ventiliT Tanac anoduri denis formis gansazRvra ganxorcielda 

gammarTveli transformatorze orfaza mokle SerTvis ganxilvis 

safuZvelze komutaciis dros. miRebulia formulebi ZiriTadi 

harmonikis da anoduri denis maRali rigis harmonikebis 

amplitudisa da fazis mniSvnelobebis gansazRvrisaTvis. 

miRebuli formulebiT gaangariSebulia komutaciis koeficientis 

mniSvneloba 𝑘𝑘𝑘 sxvadasxva regulirebis kuTxis 𝛼 mniSvnelobebis 
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dros da agebulia mrudeebi. Catarebuli analizis safuZvelze 

SeiZleba ganisazRvros anoduri denis harmonikebis amplituda da 

faza normalur da avariul reJimebSi, roca adgili aqvs 

tiristorebis mtyunebas. 

6. gamokvleulia eleqtromagnituri procesebi tiristoruli 

agznebis sistemis samfaza bogiruli gammarTvelis sqemaSi 

nulovani ventilebiT. miRebuli formulebis safuZvelze 

agebulia regulirebis kuTxis 𝛼 da komutaciis kuTxis 𝛾 

cvlilebis are tiristoruli agznebis sistemis sxvadasxva 

reJimebSi muSaobis dros. 

7. naCvenebia, rom tiristoruli agznebis sistemaSi nulovani 

ventilis gamoyeneba axdens mTeli rigi uwesivrobaTa acilebas, 

xarisxovnad aumjobesebs tiristoruli agznebis sistemas. 

• nulovani ventilis gamoyeneba zrdis regulirebis 

kuTxis 𝛼 cvlilebis zRvars 𝛼𝑚 = 1500-mde, nacvlad 

𝛼𝑚 = 900 sqemaSi nulovani ventilis gareSe. amgvarad 

farTovdeba gamarTuli Zabvis saSualo mniSvnelobis 

regulirebis diapazoni. 

• fazis tiristoris mtyunebis SemTxvevaSi nulovani 

ventili uzrunvelyofs hidrogeneratoris normalur 

muSaobas. gamarTuli Zabvis saSualo mniSvneloba 

fazis mcirdeba umniSvnelod - 10÷20%. 

• amcirebs gare maxasiaTeblis daxras. 

• Rrma regulirebis kuTxis dros 𝛼 > 800: amcirebs 

gamarTuli Zabvis harmonikebis sidides da Sesabamisad 

pulsaciebs hidrogeneratoris agznebis denSi, roca 

nulovani ventilis gamoyenebis gareSe gaaCnia uku 

suraTi. aumjobesebs simZlavris koeficients 𝑐𝑐𝑜𝑠𝜑. 

• iZleva saSualebas imuSaos Rrma regulirebis kuTxiT 

da Sesabamisad uzrunvelyos forsirebis reJimi 

ventilebis meore jgufis gamoyenebis gareSe. 
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8. mocemulia engurhesis 306 mgva simZlavris 

hidrogeneratoris tiristoruli agznebis mowyobilobebSi 

eleqtromagnituri procesebis eqsperimentaluri oscilogramebi. 
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Summary 
 

High efficiency of synchronous operation of machines in energy system is 
closely related to reliable work of excitation system.  

Nowadays, lots of synchronous heat and hydro generators are equipped with 
self-excitation digital systems. In the self-excitation systems of powerful 
synchronous generators are used high-current thyristor converters, in which the 
rated currents are provided with parallel connection of several valve branches, 
which are usually executed by bridge circuit. According to requirements imposed 
to excitation system of synchronous generators, self-excitation system has to 
provide all modes of their operation, including power boost (voltage forcing) at 
leads of synchronous generator, where short circuit takes place in energy system.  

Electromagnetic processes hold a special place among many complex 
phenomena taking place in excitation system.  

Mentioned processes are considered in the thesis for static thyristor self-
excitation system and include steady and transitional states. Use of microprocessor 
management in modern self-excitation systems creates conditions for development 
of effective and more functional algorithm for control of high-current thyristor 
converter, which foresees real electromagnetic and heat modes in converters’ 
operation in order to provide generator forcing while failure of parallel valves in 
branches.  

In the first chapter we see mathematical model of electromagnetic processes 
in high-current thyristor excitation system of hydrogenerator. There is the static 
high-current thyristor excitation system of hydrogenerator. Peculiarities of 
excitation system operation are considered. Electromagnetic processes in thyristor 
excitation system first of all are considered in rectifying systems. First is 
considered the excitation system with bridge circuit of one-group, and then two-
group converter. Excitation in normal mode is identified by means of vector 
diagram of external rectifier characteristic and voltages. Basic ratios are obtained 
both for one-group and two-group converters that makes possible carrying out of 
analysis of electromagnetic processes. There are obtained equations for three-phase 
short circuit mode. Short circuit is considered in generator leads and in the 
beginning of transmission line that is much more complex condition during 
operation of self-excitation system. That is why is expedient to explore transition 
process for mentioned boundary case. There are obtained design ratios both for 
periodical and non-periodical components that makes possible carrying out of 
process analysis.  

In the second chapter of the work we observe the analysis of three-phase 
short circuit mode in static high-current thyristor excitation system of generator. 
Short circuit is considered in case of existence of series step-up (boost) transformer 
and without it.  

It is established that when step-up (boost) transformer is available the 
efficiency of excitation system in case of three-phase short circuit in the beginning 
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of transmission line is attained in alternate operation mode of three valves, i.e. at 
elliptic segment of external characteristic. There is considered the operation of 
hydrogenerator with self-excitation during non-symmetric short circuit, when we 
have series step-up transformer in the system. It is shown that series step-up 
transformer improves voltage symmetry of valve converter. Basic ratios are 
obtained for calculation of non-symmetric short circuit modes. Processes of forcing 
and de-excitation are studied. It is shown that excitation forcing is compulsorily 
for enhancement of transient (dynamic) stability of generator not only during 
short circuit, but also after its switching-out, when θ angle gets bigger.  

The third chapter provides electromagnetic processes in the static high-
current thyristor excitation system of generator, as well as their peculiarity, 
various excitation systems are considered, such as: excitation via balanced 
controllable circuit; three-phase rectifier with zero valves; non-symmetric control 
circuit; self-excitation thyristor system with zero valves and with six-phase circuit 
and three-phase balancing reactor; three-phase bridge circuit with two zero valves. 
Basic ratios for given circuit are obtained for calculation of electromagnetic 
processes and their analysis is carried out. In the same chapter is studied the effect 
of alternating circuit component on ac current voltage (volts alternating current). 
It is established that in six-phase circuit with three-phase balancing reactor, 
without it the effect of alternating current component on average value of rectified 
voltage is more than in three-phase bridge circuit and it reaches 12÷15%.  

In the fourth chapter of the work are given transition electromagnetic 
processes controlled in hydrogenerator. Issues of hydrogenerator control 
(regulation) are singled out. Equations for controlled hydrogenerator are obtained. 
Effect of control system on dynamic properties of hydrogenerator is established. 
Generalized structural chart of hydrogenerator excitation control system is 
composed. Operation of hydrogenerator in case of non-symmetric load is 
considered. Excess voltages in thyristor excitation system circuits of 
hydrogenerator are studied. There is given a circuit of protection from the excess 
voltage caused by commutation processes in converters.  

In the fifth chapter of the work there are given characteristics of control and 
regulation of 306 MgWt generator of Enguri HPP; devices for hydrogenerator and 
thyristor excitation system and their parameters; use of microprocessors in control 
and regulation devices of Enguri HPP hydrogenerator. Experimental oscillograms 
of electromagnetic processes in thyristor excitation devices of hydrogenerator are 
given.   
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