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reziume 
 
energosistemaSi sinqronuli manqanebis muSaobis  

efeqturoba mWidrodaa dakavSirebuli agznebis sistemis saimedo 
muSaobasTan. 

Tanamedrove sinqronuli Tbo da hidrogeneratorebi 
aRWurvilia TviTagznebis cifruli sistemebiT. mZlavri 
sinqronuli generatorebis TviTagznebis sistemebSi gamoiyeneba 
mZlavrdenisa tiristoruli gardamqmnelebi, romelSic 
normirebuli denebi uzrunvelyofilia ramodenime ventiluri 
Stoebis paraleluri SeerTebiT,  Sesrulebuli bogiruli 
sqemiT. sinqronuli generatorebis agznebis sistemasTan 
wayenebuli moTxovnebis Sesabamisad, TviTagznebis sistemam unda 
uzrunvelyos maTi muSaobis yvela reJimi, maT Soris sinqronuli 
generatoris gamomyvanebze Zabvis forsirebis CaTvliT, roca 
adgili aqvs mokle SerTvas energosistemaSi. 

agznebis sistemaSi mraval rTul movlenebs Soris 
gansakuTrebuli adgili ukavia eleqtromagnitur procesebs. 
sadisertacio samuSaoSi aRniSnuli procesebi ganxilulia 
statikuri tiristoruli TviTagznebis sistemisaTvis da moicavs 
damyarebul da gardamaval reJimebs. Tanamedrove TviTagznebis 
sistemebSi mikroprocesoruli marTvis gamoyeneba qmnis pirobas 
mZlavrdenisa tiristoruli gardamqmnelis marTvis efeqturi  
algoriTmis damuSavebisa, romelic iTvaliswinebs realur 
eleqtromagnitur da Tbur reJimebs gardamqmnelis muSaobaSi, 
uzrunvelyofs generatoris forsirebas, roca adgili aqvs 
StoebSi paraleluri ventilebis mtyunebas. 

naSromis pirvel TavSi warmodgenilia hidrogeneratoris 
mZlavrdenisa tiristoruli agznebis sistemaSi 
eleqtromagnituri procesebis maTematikuri modeli. mocemulia 
hidrogeneratoris statikuri mZlavrdenisa tiristoruli 
agznebis sistema. 

ganxilulia agznebis sistemis muSaobis Taviseburebani. 
eleqtromagnituri procesebi tiristoruli agznebis sistemaSi  
ganixileba gammarTvel sistemebSi jer erTjgufiani, Semdeg 
orjgufiani gardamqmnelis bogiruli sqemiT. generatoris 
agznebis deni normalur reJimSi ganisazRvreba gardamqnelis 
gare maxasiaTeblis da Zabvebis veqtoruli diagramis 
saSualebiT. miRebulia ZiriTadi Tanafardobebi rogorc 
erTjgufiani ise orjgufiani gardamqmnelebisTvis, romlebic 
saSualebas iZleva eleqtromagnituri procesebis analizis. 
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 SemTxvevisaTvis. miRebulia  perioduli da 
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aperioduli mdgenelebis saangariSo 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 
monakveTze; ganxilulia arasimetriuli mokle SerTvis dros 
TviTagznebiT hidrogeneratoris muSaoba, roca sistemaSi gvaqvs 
mimdevrobiTi voltsamati transformatori. naCvenebia, rom 
mimdevrobiTi voltsamati transformatori aumjobesebs Zabvebis 
simetrias ventilur gardamqmnelze. miRebulia ZiriTadi 
Tanafardobebi arasimetriuli mokle SerTvis reJimebis 
angariSisaTvis. 

Seswavlilia forsirebisa da ganagznebis procesi. naCvenebia, 
rom generatoris dinamikuri mdgradobis amaRlebisaTvis 
aucilebelia agznebis forsireba ara mxolod mokle SerTvis 

dros, aramed  misi gamorTvis Semdegac, roca mimdinareobs θ 
kuTxis zrda. 

naSromis mesame TavSi mocemulia hidrogeneratoris 
statikuri mZlavrdenisa tiristoruli agznebis sistemaSi 
eleqtromagnituri procesebi da maTi gansakuTrebuloba. 
ganxilulia agznebis sxvadasxva sqemebi: agzneba 
gawonasworebuli marTvadi sqemiT, nulovani ventilebiT da 
samfaza gammarTveliT, 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, mis gareSe denis cvladi mdgenelis 
gavlena gamarTuli Zabvis saSualo mniSvnelobaze miiReba meti, 

vidre samfaza bogiruli sqemaSi da aRwevs 12÷15%. 
naSromis meoTxe TavSi mocemulia regulirebad 

hidrogeneratorSi gardamavali eleqtromagnituri procesebi. 
gamokveTilia hidrogeneratorSi regulirebis amocanebi. 
miRebulia regulirebadi hidrogeneratoris gantolebebi. 
dadgenilia regulirebis sistemis gavlena hidrogeneratoris 
dinamikur Tvisebaze. Sedgenilia agznebis regulirebis  
ganzogadoebuli struqturuli sqema. ganxilulia 
hidrogeneratoris muSaoba arasimetriuli datvirTvis dros. 
mocemulia hidrogeneratoris tiristoruli agznebis sistemis 
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wredebSi gadametZabvebi, ganpirobebuli komutaciuri procesebiT 
mocemulia sqema gadametZabvisgan dacvis. 

naSromis mexuTe TavSi mocemulia engurhesis 306 mgva 
simZlavris hidrogeneratoris marTvisa da regulirebis 
maxasiaTeblebi. hidrogeneratoris da tiristoruli agznebis  
parametrebi. mikroprocesorebis gamoyeneba engurhesis 
hidrogeneratorebis marTvisa da regulirebis mowyobilobebSi.  
mocemulia hidrogeneratoris reJimebis eleqtromagnituri 
parametrebis cvlilebis oscilogramebi droSi. 
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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.   

 

 

 

 

 

8 

 



Sinaarsi 

Sesavali ............................................................................................................................... 17 

literaturuli mimoxilva ........................................................................................... 20 

Sedegebi da maTi gansja ............................................................................................... 25 

Tavi I. hidrogeneratoris mZlavrdenisa tiristoruli agznebis 
sistemaSi eleqtromagnituri procesebis maTematikuri modeli............... 25 

1.1. hidrogeneratoris statikuri mZlavrdenisa tiristoruli 

agznebis sistema ........................................................................................................... 25 

1.2. statikuri mZlavrdenisa tiristoruli agznebis sistemaSi 

eleqtromagnituri procesebis maTematikuri modeli ................................ 27 

1.3. samfaza mokle SerTvis reJimi........................................................................ 33 

Tavi II. hidrogeneratoris statikuri mZlavrdenisa tiristoruli 
agznebis sistemaSi samfaza mokle SerTvis reJimis analizi ..................... 43 

2.1. samfaza mokled SerTvis dros mimdevrobiTi voltsamati 

transformatoris moqmedebis efeqturoba ....................................................... 43 

2.2. arasimetriuli mokle SerTvis dros TviTagznebiT 

hidrogeneratoris muSaoba ...................................................................................... 50 

2.3. TviTagzneba mimdevrobiTi voltsamati transformatoris 

gamoyenebis gareSe ....................................................................................................... 61 

2.4. forsirebisa da ganagznebis procesebi ..................................................... 62 

2.5. asinqronuli reJimis, TviTsinqronizaciis da resinqronizaciis 

gansakuTrebuloba ....................................................................................................... 62 

Tavi III. hidrogeneratoris statikuri mZlavrdenisa tiristoruli 
agznebis sistemaSi eleqtromagnituri procesebi ............................................ 63 

3.1. eleqtromagnituri procesebis gansakuTrebuloba ............................... 63 

3.2. arasimetriuli marTvis sqema .......................................................................... 66 

3.3. sqemebi nulovani ventilebiT .......................................................................... 69 

3.4. wredis cvladi mdgenelebis gavlena cvladi denis Zabvaze ........... 73 

Tavi IV. regulirebad hidrogeneratorSi gardamavali 
eleqtromagnituri procesebi .................................................................................... 77 

9 

 



4.1. hidrogeneratorSi regulirebis amocanebi .............................................. 77 

4.2. regulirebadi hidrogeneratoris gantolebebi ..................................... 78 

4.3. regulirebis sistemis gavlena hidrogeneratoris dinamikur 
Tvisebaze .......................................................................................................................... 82 

4.4. regulirebadi hidrogeneratoris ganzogadoebuli struqturuli 

sqema .................................................................................................................................... 87 

4.5. hidrogeneratoris muSaoba arasimetriuli datvirTvis dros ........ 91 

4.6. hidrogeneratoris tiristoruli agznebis sistemis wredebSi 
gadametZabvebi ................................................................................................................ 98 

Tavi V. engurhesis 306 mgva simZlavris hidrogeneratoris marTvisa da 
regulirebis eqsperimentaluri maxasiaTeblebi ............................................. 104 

5.1. engurhesis 306 mgva simZlavris hidrogeneratoris tiristoruli 

agznebis mowyobilobebi da maTi parametrebi. ............................................. 104 

5.2. mikroprocesorebis gamoyeneba engurhesis hidrogeneratorebis 

marTvisa da regulirebis mowyobilobebSi ................................................... 107 

5.3. engurhesis 306 mgva simZlavris hidrogeneratoris tiristoruli 

agznebis mowyobilobebSi eqsperimentaluri eleqtromagnituri 

procesebi ....................................................................................................................... 128 

daskvnebi ............................................................................................................................. 145 

gamoyenebuli literatura ......................................................................................... 148 

 

 

 

 

 

 

 

 

 

10 

 



cxrilebis nusxa 
 
                                                                                                                                                                gv. 
cxrili 4.1. sinqronuli manqanis statoris da rotoris 
gragnilebSi maRali rigis harmonikebis warmoqmnis meqanizmi.........97 

cxrili 5.1. regulatorebis SedarebiTi maxasiaTeblebi.......................124 

cxrili 5.2. Setyobinebis teqsti.....................................................................................130 

cxrili 5.3. Setyobinebis teqsti.....................................................................................131 

cxrili 5.4. Setyobinebis teqsti.....................................................................................132 

cxrili 5.5. Setyobinebis teqsti......................................................................................133 

cxrili 5.6. Setyobinebis teqsti.....................................................................................134 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

11 

 



naxazebis nusxa 

 

                                                                                                                                                               gv. 
 
 

nax.1.1. hidrogeneratoris statikuri tiristoruli  
agznebis sistema.................................................................................................................................26 
 

nax. 1.2. gardamqmnelis orjgufiani sqema tiristoruli    
agznebis sistemis..............................................................................................................................31 

nax. 2.1. damokidebuleba 𝑘𝑘пр = 𝑓𝑓(𝑘𝑘)   (1) da √6 𝐸𝐸 = 𝑓𝑓(𝑘𝑘)  (2)...................... 46 

nax. 2.2. damokidebuleba 𝛼 = 𝑓𝑓(𝑘𝑘), 𝛾 = 𝑓𝑓(𝑘𝑘)............................................................... 46 

nax.2.3. mimdevrobiTi da gammarTveli transformato-rebis 
simZlavreebis damokidebuleba 𝑘𝑘-Tan........................................................................ 48 

nax. 2.4. TviTagznebis sistemis moqmedebis efeqturoba samfaza  
mS-is reJimSi gadamcemi xazis dasawyisSi, roca 𝑋𝑋д1 = 0,5%.............. 49 

nax. 2.5. gadamcemi xazis dasawyisSi orfaza mS-is dros miwaze 
Zabvebisa da denebis veqtoruli diagrama............................................................54 

nax. 2.6. eleqtrogadacemis Canacvlebis sqema....................................................58 

nax. 3.1. amaRlebuli forsirebis jeradobis dros gamarTuli 
Zabva (𝛾 = 0)...........................................................................................................................................65 

nax. 3.2. agzneba gawonasworebuli marTvadi sqemiT I – mTavari 
generatori, II – damxmare generatori.......................................................................65 

nax. 3.3. nulovani ventilebiT da samfaza gammarTvelebiT 
agznebis sqema......................................................................................................................................65 

nax. 3.4. hidrogeneratoris agznebis sistemis principuli sqema...68 

nax. 3.5. agznebis forsirebis jeradobis damokidebuleba  
tipiuri simZlavrisagan.............................................................................................................69 
 

nax. 3.6. TviTagznebis tiristoruli sistema nulovani  
ventilebiT da eqvsfaza sqemiT samfaza gamaTanabrebeli 
reaqtoriT...............................................................................................................................................70 
 

12 

 



nax.3.7. a) samfaza bogiruli sqema ori nulovani ventiliT        
1,2 (a), fazuri deni da gamarTuli Zabva samfaza sqemaSi   
nulovani ventiliT (b)..............................................................................................................71 

nax. 3.8. 𝛾1,𝛾2, 𝛾3 komutaciis kuTxeebis gansazRvra.........................................74  

nax. 3.9. gamarTuli Zabvis saSualo mniSvnelobis gansazRvris 
cdomilebis mrudi.........................................................................................................................75 

nax. 4.1. eleqtrosistemis umartიvesi sqema............................................................79 

nax. 4.2. Zlieri moqmedebis regulatoris Canacvlebis sqema..............81 

nax. 4.3. hidrogeneratoris agznebis regulirebis sistemis 
ganzogadoebuli struqturuli sqema..........................................................................90 

nax. 4.4. gadametZabvisagan dacva, ganpirobebuli komutaciuri 
procesebiT gardamqmnelSi....................................................................................................102 

nax. 5.1. agznebis avtomaturi regulatoris funqcionaluri   
sqema...............................................................................................................................................................110 

nax. 5.2. agznebis cifruli regulatoris blok-sqema...............................121 

nax. 5.3. tiristoruli gardamqmnelis funqcionaluri sqema 
cifruli marTvis sistemiT..................................................................................................126 

nax. 5.4. hidrogeneratoris reJimis parametrebis cvlilebis 
oscilogramebi droSi..............................................................................................................135 

nax. 5.5. hidrogeneratoris reJimis parametrebis cvlilebis 
oscilogramebi droSi...............................................................................................................136 

nax. 5.6. hidrogeneratoris reJimis parametrebis cvlilebis 
oscilogramebi droSi...............................................................................................................137 

nax. 5.7. hidrogeneratoris reJimis parametrebis cvlilebis 
oscilogramebi droSi...............................................................................................................138 

nax. 5.8. hidrogeneratoris reJimis parametrebis cvlilebis 
oscilogramebi droSi...............................................................................................................139 

nax. 5.9. hidrogeneratoris reJimis parametrebis cvlilebis 
oscilogramebi droSi...............................................................................................................140 

nax. 5.10. hidrogeneratoris reJimis parametrebis cvlilebis 
oscilogramebi droSi...............................................................................................................141 

nax. 5.11. hidrogeneratoris reJimis eleqtromagnituri 
parametrebis cvlilebis oscilogramebi droSi...........................................142 

13 

 



nax. 5.12. hidrogeneratoris reJimis eleqtromagnituri 
parametrebis cvlilebis oscilogramebi droSi...........................................143 

nax. 5.13. hidrogeneratoris reJimis eleqtromagnituri 
parametrebis cvlilebis oscilogramebi droSi..........................................144 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

14 

 



ZiriTadi aRniSvnebi 
 

𝑐𝑐𝑜𝑠𝜑 – simZlavris koeficienti 

𝑡𝑡f – forsirebis gadatvirTvis dro 

𝑃𝑃 – aqtiuri simZlavre 

𝛾 – komutaciis kuTxe 

𝐸𝐸� – fazuri mniSvnelobis komutaciis emZ 

𝑈𝑈� – generatoris Zabva 

𝐼𝐼 ̅– generatoris deni 

𝑘𝑘пр – gammarTveli transformatoris transformaciis koeficienti 

𝑋𝑋𝑀′  _ transformatoris induqciuri winaRoba  

𝐸𝐸𝑚_ emZ-is amplituda 

𝜑 _ kuTxe 𝑈𝑈 da 𝐼𝐼 Soris 

𝑈𝑈𝑑 – agznebis wredis Zabva 

𝐼𝐼𝑑 _ gamarTuli denis saSualo mniSvneloba 

𝛼 – mZlavrdenisa tiristoris marTvis kuTxe 

∆𝑈𝑈 – pirdapiri Zabvis vardna tiristorebSi sqemis erT mxares 

𝑅𝑓 _ omuri winaRoba agznebis gragnilis da SemaerTebeli   
kabelebis mudmivi denis mxareze 

𝑘𝑘 _ agznebis forsirebis jeradoba 

𝑈𝑈𝑑𝐻_ agznebis wredis Zabva nominalur reJimSi 

𝑋𝑋д1_transformatoris pirveladi gragnilis induqciuri winaRoba 

𝐾𝐾_mimdevrobiTi transformatoris transformaciis koeficienti 

𝑌𝑃_komutaciis kuTxe mxolod erTi muSa jgufis muSaobis dros 

𝑋𝑋𝑃, 𝑟𝑃 – induqciuri da aqtiuri winaRoba mokle SerTvis dros 
gammarTveli transformatoris pirveladi da nawili meoradi 
gragnilis, SemaerTebeli kabelebis gaTvaliswinebiT 
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𝑋𝑋𝐵 – induqciuri winaRoba mS-is wertilsa da generatoris 
gamomyvanebs Soris 

𝑟_jamuri winaRoba statoris wredis mS-is wertilamde 

𝑃𝑃1_tiristoruli agznebis sistemis regulirebis (𝛼 ≠ 0) dros 
gardamavali denebis mdgenelebis milevis koeficienti 

𝑃𝑃10_tiristoruli agznebis sistemis araregulirebis (𝛼 = 0) 
dros gardamavali denis mdgenelebis milevis koeficienti 

𝑒𝑑_sinqronuli generatoris e.m.Z. 

𝐾𝐾(𝑃𝑃) _regulatoris, agznebis sistemis da rotoris gadamcemi 
funqcia 
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Sesavali 
 

 energosistemaSi sinqronuli manqanebis muSaobis maRali 

efeqturoba mWidrodaa dakavSirebuli agznebis da agznebis 

avtomaturi regulatorebis srulyofili sistemebis 

gamoyenebasTan. 

amJamad,FfarTod gamoiyeneba statikuri da mbrunavi 

naxevradgamtaruli gammarTvelebi,romlebmac mTlianad Secvales 

agznebis koleqtoruli sistemebi. 

agznebis sistemaSi mraval rTul movlenas Soris 

gansakuTrebuli adgili ukavia eleqtromagnitur procesebs. 

mocemul samuSaoSi aRniSnuli procesebi ganxilulia statikuri 

tiristoruli TviTagznebis sistemebisaTvis 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. 

Esadisertacio naSromSi eleqtromagnituri procesebis 

Seswavla moicavs Semdeg sakiTxebs: 

 hidrogeneratoris tiristoruli agznebis sistemaSi 

eleqtromagnituri procesebis maTematikuri modelis damuSavebas 

rogorc simetriuli samfaza mokle SerTvis ise arasimetriuli 
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mokle SerTvis dros. hidrogeneratoris tiristoruli agznebis 

sistemis sxvadasxva sqemebis, samfaza bogiruli sqema nulovani 

ventilebiT da mis gareSe; TviTagznebis tiristoruli sistema 

nulovani ventilebiT da eqvsfaza sqemiT samfaza 

gamaTanabrebeli reaqtoriT,kvlevas. miRebuli ZiriTadi 

Tanafardobebis safuZvelze  regulirebis kuTxis da komutaciis 

kuTxis cvlilebis aris gansazRvras. nulovani ventilebis 

rolis kvlevas hidrogeneratoris tiristoruli agznebis 

sistemis sxvadasxva sqemebSi. hidrogeneratoris tiristoruli 

agznebis sistemaSi mimdevrobiTi voltsamati transformatoris 

rols. Kkvlevebis procesSi gamoyenebuli iqna induqciurad 

dakavSirebuli wredebis Teoria da maTematikuri modelirebis 

meTodebi. 

naSromis samecniero siaxlea: 

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 

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 uwesrivobaTa acilebas, 

xarisxovnad aumjobesebs tiristoruli agznebis sistemas. 
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sadisertacio samuSaoSi miRebuli Sedegebi SeiZleba 

gamoyenebuli iqnes sinqronuli Tbo da hidrogeneratorebis 

tiristoruli agznebis sistemis eqspluataciis procesSi. 

sadisertacio samuSaoebis Sedegebi gamoqveynebuli iqna oTx 

samecniero statiaSi. 

sadisertacio samuSaos ZiriTadi Sedegebi moxsenebuli iqna 

akaki wereTlis saxelmwifo universitetSi me-III saerTaSoriso 

samecniero konferenciaze, energetika: regionuli problemebi da 

ganviTarebis perspeqtivebi (2015 w). 
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literaturuli mimoxilva 

 

Tanamedrove sinqronuli Tbo da hidrogeneratorebi 

aRWurvilia TviTagznebis cifruli sistemebiT [1-3]. mZlavri 

sinqronuli generatorebis TviTagznebis sistemebSi gamoiyeneba 

mZlavrdenisa tiristoruli gardamqmnelebi (tg), romelSic 

normirebuli denebi uzrunvelyofilia ramodenime ventiluri 

Stoebis paraleluri SeerTebiT. aRniSnuli SeerTeba 

struqturulad da konstruqciulad realizebulia an 

gardamqmnelis mxarSi an paralelur ventlur nawilebSi, 

Cveulebriv Sesrulebuli bogiruli sqemiT [1,4-10]. sinqronuli 

generatorebis (sg) agznebis sistemasTan wayenebuli moTxovnebis 

Sesabamisad, TviTagznebis sistemam unda uzrunvelyos maTi 

muSaobis yvela reJimi, maT Soris sg-is gamomyvanebze Zabvis 

forsireba, roca adgili aqvs mokle SerTvas (mS) 

energosistemaSi [11-14].  paraleluri Stoebis an ventiluri 

nawilebis mtyuneba mZlavrdenisa gardamqmnelSi iwvevs misi 

datvirTvis unarianobis Semcirebas, ris Sedegad izRudeba 

sinqronuli generatoris muSaobis reJimebi. amave dros Zabvis 

forsirebis uzrunvelyofa sg-is gamomyvanebze warmoadgens 

aucilebel pirobas energosistemaSi avariis dros g-is mdgradi 

muSaobis SenarCunebisaTvis aucilebel pirobas. amgvarad 

saangariSo reJimebSi tiristorebis arCevis dros TviTagznebis  

sistemaSi miiReba generatoris forsireba ramodenime 

paraleluri ventilebis erTdrouli mtyunebis gaTvaliswinebiT. 

erT mxarSi ventilebis mtyunebis ricxvidan damokidebulebaSi 

saxelmwifo standarti adgens generatoris rotoris denis 

SezRudvas da Semoaqvs akrZalva sg-is gamomyvanebze Zabvis 

forsirebaze [15-19]. 

Tumca am dros ar iTvaliswineba situacia, romelSic tg-s 

gaaCnia unari aRadginos Zabva sg-is gamomyvanebze normirebulze 

naklebi denis mixedviT forsirebis faqtiuri jeradobis dros. 
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garda amisa forsirebis realuri xangrZlivoba 

ganisazRvreba mS-is gamorTvis droiT da warmatebuli gamorTvis 

SemTxvevaSi roca ganviTarebuli mS xSirad aRmoCndeba 

mniSvnelovnad naklebi normirebulze [20]. amitom, roca mS-is 

gamorTvis dro ar aWarbebs tg-is gaxurebis xangrZlivobas 

zRvrul dasaSveb temperaturamde, forsireba ar iwvevs 

tiristorebis gaxurebas da ar unda iyos mizezi misi Sewyvetisa. 

Tanamedrove TviTagznebis sistemebSi mikroprocesoruli marTvis 

gamoyeneba [16,18] qmnis pirobas mZlavrdenisa tiristoruli 

gardamqmnelis marTvis efeqturi  algoriTmis damuSavebisa, 

romelic iTvaliswinebs realur eleqtromagnitur da Tbur 

reJimebs gardamqmnelis muSaobaSi, uzrunvelyos generatoris 

forsireba, roca adgili aqvs StoebSi paraleluri ventilebis 

mtyunebas. 

radganac forsirebis dasaSvebi xangrZlivoba SezRudulia 

tiristorebis gaxurebis droiT normirebuli temperaturamde, 

amitom misi sidide damokidebulia mraval faqtorze: wina 

reJimSi ventiluri gardamqmnelis datvirTva, gardamqmnelis 

mxarSi gamtari ventiluri Stoebis raodenoba, tiristorebis 

gaxurebis temperaturis teqnologiuri gafantva da sxva. garda 

amisa TviTagznebis sistemaSi ventiluri gardamqneli kvebas 

Rebulobs sg-is gamomyvanebidan da amitom misi muSaobis 

pirobebze da reJimze forsirebis procesSi axdenen gavlenas 

gardamavali procesebi ara  mxolod rotoris wredSi aramed sg-

is statoris wredSi. [21-24]. Sedegad, miswrafebisa SeinarCunos 

sinqronuli generatoris funqcionaluri SesaZlebloba 

paraleluri tiristorebis mtyunebis dros, saWiroa 

gaTvaliswinebuli iqnes sinqronul generatorSi da tiristorul 

gardamqmnelSi procesebis urTierTkavSiri. am SemTxvevaSi unda 

ganisazRvros damokidebuleba denis mixedviT forsirebis 

dasaSvebi jeradobisa da misi xangrZlivobisa mS-is saxeobisa da 

daSorebisagan. 
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TviTagznebis sinqronuli generatoris muSa reJimSi 

tiristoruli gardamqmnelis yvela mxarSi datvirTva, rogorc 

wesi erTnairia. datvirTvis araTanabari ganawileba  aRiZvreba 

paraleluri ventiluri Stoebis mtyunebis dros an generatoris 

arasimetriuli mS-is dros. am SemTxvevaSi gansxvaveba 

tiristorebis gaxurebis temperaturas Soris sxvadasxva mxarSi 

damokidebulia tiristoruli gardamqmnelis mkvebavi Zabvebis 

arasimetriulobisagan, tiristorebis marTvis sistemis 

Sesrulebisagan da mkvebavi qselis ZabvasTan misi sinqronizaciis 

meTodiT. gardamqmnelis impulsur-fazuri marTvis dros misi 

muSaobis reJimebi ganisazRvreba tiristorebis CarTvis 

kuTxeebiT, romlis marTva SeiZleba ganxorcieldes 

sxvadasxvagvarad [25-26]/ agznebis denis SezRudva tiristorebis 

simetriuli marTvis dros saSualebas iZleva saWiro drois 

momentSi Seamciros Zabvis mixedviT forsirebis jeradoba da 

amiT SezRudos agznebis deni da aicilos gardamqmnelis 

gadaxureba forsirebis deniT. meore mxriv, Tu gardamqmnelis 

sxvadasxva mxarSi tiristorebis datvirTva ama Tu im mizezis 

gamo aRmoCndeba ara erTnairi, maSin simetriuli marTva ar 

iZleva saSualebas srulad gamoviyenoT gardamqmnelis arsebuli 

maragi. es SesaZlebelia mxolod mxrebis arasimetriuli marTvis 

dros. 

aRniSnuli rezervis realizacia saSualebas iZleva ara 

mxolod agvacilos tiristoruli gardamqmnelis gadaxureba 

forsirebuli deniT paraleluri tiristorebis mtyunebis dros, 

aramed imoqmedos misi dasaSvebi xanmgrZlivobaze da miT meti 

SeinarCunos funqcionaluri Tviseba tiristoruli 

gardamqmnelis da TviTagznebis sistemis tiristorebis ufro 

efeqturi marTvis xarjze. 

amitom  tiristoruli gardamqmnelis efeqturi marTvis 

algoriTmis damuSaveba, moiTxovs forsirebuli reJimis kvlevas 

tiristorebis marTvis sxvadasxva meTodis dros. garda amisa 
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mokle SerTvis dros energosistemaSi sinqronuli generatoris 

gamomyvanebze Zabva da, Sesabamisad forsirebis jeradoba Zabvis 

mixedviT mcirdeba. amitom aRniSnul reJimebSi tiristorebis 

marTviT, SeiZleba aviciloT jeradobis aseTi Semcireba, romlis 

drosac SeuZlebelia forsireba an aRiZvreba Zabvis zvavi 

sinqronuli generatoris gamomyvanebze [27-31]. aRniSnuli amocanis 

gadawyvetisaTvis gamokvleuli unda iqnes damokidebuleba 

forsirebis dasaSvebi xangrZlivobis generatoris rotoris 

Zabvisa da denis mixedviT jeradobisagan tiristorebis 

sxvadasxva meTodiT marTvis dros. 

amisaTvis unda Catardes Semdegi RonisZiebebi: 

• unda damyardes urTierTkavSiri tiristorebis marTvis 

meTodebs Soris, mxrebSi denebis ganawilebasTan, 

gardamqmnelis gamarTul ZabvasTan da Tburi 

danakargebTan maT ventilebSi sinqronuli  

generatoris gared sxvadasxva saxis mS-is dros. 

• unda daukavSirdes eleqtroTburi procesebi 

tiristoruli gardamqmnelSi eleqtromagnituri 

gardamaval procesebTan sinqronuli generatoris 

gragnilebSi energosistemaSi mS-s sxvadasxva 

xangrZlivobisa da daSorebisa. 

• ganisazRvros forsirebis dasaSvebi jeradoba da 

xangrZlivoba tiristorebis marTvis sxvadasxva 

meTodebisaTvis. aRniSnuli amocanis gadawyvetosaTvis 

aucilebelia maTematikuri modeli sinqronuli 

generatoris TviTagznebis sistemiT, romelmac unda 

aRweros urTierTkavSiri tiristoruli gardamqmnelis 

elementebis parametrebsa da sinqronuli generatoris 

Soris muSaobis gardamaval reJimSi, tiristorebis 

marTvis SesaZlo meTodebis gaTvaliswinebiT. 

agznebis ventiluri sistemebiT sinqronuli manqanebis 

muSaobis reJimebis analizi da angariSis sakiTxebi ganxiluli 
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iqna cnobili mecnierebis mxriv, rogorebic iyvnen: gorevi a.a., 

venikovi s.a, ulianovi a.a., kovaCi a.a., kazovski e.p., kriuCkovi i.p., 

ourganovi a.s., esipoviCi a.x., loxanini e.k., da sxva., xolo 

samuSaoebSi glebovi i.a., vinogradovi a.a., veigandti v.i., koste-

lianci v.s., abramoviCi b.n., plaxtini o.g., loginovi a.g., lutiZe 

S.i., maRlaferiZe o.k., fedotovi a.i da Semdegi. sinqronuli 

generatorebis analizi ganixileba TviTagznebis ventilur 

sistemebTan. aRniSnul samuSaoebSi sinqronuli generatoris 

agznebis denis mixedviT forsirebis jeradobis SezRudva 

paraleluri ventilebis Stoebis dros ar ganixileba. 

urTierTkavSirSi Zabvis mixedviT jeradobasTan da forsirebis 

dasaSvebi xangrZlivobasTan. amitom dasmulia amocana – 

damuSavdes maTematikuri modeli “sinqronuli generatori 

TviTagznebis sistemiT – mZlavrdenisa toristoruli 

gardamqneli”, romelSic tiristorul gardamqmnelSi 

eleqtroTburi procesebi dakavSirebulia sinqronuli 

generatoris gragnilebSi eleqtromagnitur gardamaval 

procesebTan, da mis safuZvelze damuSavdes mikroprocesoruli 

mowyobilobebiT marTvadi TviTagznebis sistemis marTvis 

algoriTmi  tiristoruli gardamqmnelis paraleluri 

ventiluri Stoebis mtyunebis dros, rodesac SenarCunebuli 

iqnes sinqronuli generatorebis da maTi mZlavrdenisa 

TviTagznebis sistemebis maRali funqcionaluri Tvisebebi 

energosistemaSi mS-is dros. 
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Sedegebi da maTi gansja 

 

Tavi I. hidrogeneratoris mZlavrdenisa tiristoruli 

agznebis sistemaSi eleqtromagnituri procesebis 

maTematikuri modeli 

 

 

1.1. hidrogeneratoris statikuri mZlavrdenisa tiristoruli 

agznebis sistema 

 

nax.1.1. mocemulia hidrogeneratoris statikuri mZlavrdenisa 

tiristoruli agznebis sistema. rotoris gragnili kvebas 

Rebulobs gammarTvelebidan, romlebic mierTebuli arian 

gammarTveli transformatoris meorad gragnilTan. pirveladi 

gragnili uSualod mierTebulia hidrogeneratoris 

gamomyvanebTan.  gammarTvelebs cvladi da mudmivi denis mxares 

gaaCnia Camrazebi. es iZleva saSualebas  profilaqtikuri da 

saremonto samuSaoebis Catarebisa erT-erT maTganze generatoris 

gamorTvis gareSe. 

 gammarTvelebis Tburi angariSi 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 (𝑡𝑡ფ) nominaluri reJimidan 

2𝐼𝐼𝑑ნ-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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nax.1.1.  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. 
 

datvirTvis SezRudvis reJimi 𝑃𝑃 = 𝑃𝑃ნ da cos𝜑 = 1 

uzrunvelyofili unda iqnes roca adgili aqvs gammarTvelis 

nebismier mxareSi ori paraleluri Stos mtyunebas an roca 

adgili aqvs ori gammarTvelidan erT-erTis gamorTvas. 

sawyisi agzneba generatoris qselSi CarTvis dros zusti 

sinqronizaciis meTodiT, xorcieldeba sakuTari moxmarebis 0,4 

kv Zabvis qselidan an saakumulatoro batareadan. 

velis qroba generatoris muSaobis normalur reJimSi 

xorcieldeba, roca adgili aqvs agregatis normalur gaCerebas, 

gardamqmnelis invertorul reJimSi gadayvaniT, xolo avariul 

reJimSi velis qrobis avtomatiT. 
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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. mimyol reJimSi Zabvis avtomaturi 

regulatori imaxsovrebs signalebs, proporciul generatoris 

statorze Zabvis da miwodebuls 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. 

 

 

 

 

1.2. statikuri mZlavrdenisa tiristoruli agznebis sistemaSi 

eleqtromagnituri procesebis maTematikuri modeli 

 

tiristoruli agznebis sistemaSi eleqtromagnituri 

procesebi upirveles yovlisa ganixileba gammarTvel sistemebSi. 

Tavidan ganvixileba agznebis sistema erTjgufiani, Semdeg 

orjgufiani gardamqmnelis bogiruli sqemiT [52,54]. 

generatoris agznebis deni normalur reJimSi ganisazRvreba 

gardamqmnelis gare maxasiaTeblis da Zabvebis veqtoruli 
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diagramis saSualebiT. gammarTveli normalur reJimSi muSaobs 

komutacis kuTxiT γ. fazuri mniSvnelobis komutaciis emZ 

gamoisaxeba Semdegi gamosaxulebiT 

𝐸𝐸� =
𝑈𝑈�
𝑘𝑘пр

+ 𝑗𝑥𝑥𝑀′ 𝐼𝐼 ,̅                 (1.1) 

sadac 𝑈𝑈� da 𝐼𝐼 ̅ - generatoris Zabva da deni, 𝑘𝑘пр- gammarTveli 

transformatoris transformaciis koeficienti, 𝑥𝑥𝑀′ -

transformatoris induqciuri winaRoba. 

Tu agznebis avtomaturi regulatori inarCunebs mudmiv 𝑈𝑈 

Zabvas generatoris momWerebze, maSin 𝑈𝑈 = 𝑐𝑐𝑜𝑛𝑛𝑠𝑡𝑡. im SemTxvevaSi, 

roca SenarCunebulia Zabva mudmivi ara generatoris momWerebze, 

aramed sadguris maRali Zabvis salteze, aucilebelia 

gaviTvaliswinoT Zabvis vardna amamaRlebel transformatorSi. 

(1.1) gantolebidan vpoulobT emZ-is amplitudas 

𝐸𝐸𝑚 = √2��
𝑈𝑈
𝑘𝑘пр

+ 𝐼𝐼𝑥𝑥𝑀′ 𝑠𝑖𝑖𝑛𝑛𝜑�
2

+ (𝐼𝐼𝑥𝑥𝑀′ 𝑐𝑐𝑜𝑠𝜑)2                 (1.2) 

sadac ϕ-kuTxe 𝑈𝑈 da 𝐼𝐼 Soris. 

agznebis wredisTvis gveqneba [32] 

𝑈𝑈𝑑 =
3√3
𝜋𝜋

𝐸𝐸𝑚𝑐𝑐𝑜𝑠𝛼 − 2Δ𝑈𝑈 −
3
𝜋𝜋
𝑥𝑥𝐼𝐼𝑑 − �2 −

3𝛾
2𝜋𝜋
� 𝑟𝐼𝐼𝑑,     (1.3) 

sadac α- marTvis kuTxe, Δ𝑈𝑈 − pirdapiri Zabvis vardna 

tiristorebSi sqemis erT mxares, 𝐼𝐼𝑑 - gamarTuli denis saSualo 

mniSvneloba. 

(1.2) da (1.3) gamosaxulebidan erTjgufiani gardamqmnelis 

sqemisTvis vpoulobT 

𝐼𝐼𝑑𝑅𝑓 +
3
𝜋𝜋
𝑥𝑥𝐼𝐼𝑑 + �2 −

3𝛾
2𝜋𝜋
� 𝑟𝐼𝐼𝑑 + 2Δ𝑈𝑈 =

=
3√6
𝜋𝜋

��
𝑈𝑈
𝑘𝑘пр

+ 𝐼𝐼𝑥𝑥𝑀′ 𝑠𝑖𝑖𝑛𝑛𝜑�
2

+ (𝐼𝐼𝑥𝑥𝑀′ 𝑐𝑐𝑜𝑠𝜑)2𝑐𝑐𝑜𝑠𝛼,   (1.4) 

sadac 𝑅𝑓-omuri winaRoba agznebis gragnilis da 

SemaerTebeli kabelebis mudmivi denis mxareze. 
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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. Zabvis Semcirebisas 

Weruli Zabvis mniSvneloba agznebis avtomaturi regulatoris 

SesasvlelSi unda aRwevdes  5%-mde forsirebis jeradobis dros 

3 da 7,5%-mde, forsirebis didi jeradobis dros. Tu avRniSnavT 

𝜀 =
100 − (5 ÷ 7,5)

100
, 

maSin forsirebis reJimSi α-s myisi cvalebadobiT nulamde (1.4)-

dan miviRebT 

𝐾𝐾𝐼𝐼𝑑𝑅𝑓 + 3
𝜋
𝐼𝐼𝑑 + �2 − 3ɣ

2𝜋
� 𝑟𝐼𝐼𝑑 + 2∆𝑈𝑈 = 3√6

𝜋
��𝜀𝑈

𝑘пр
+ 𝐼𝐼𝑋𝑋𝑀′ 𝑠𝑖𝑖𝑛𝑛𝜑�

2
+ (𝐼𝐼𝑋𝑋𝑀′ 𝑐𝑐𝑜𝑠𝜑)2, (1.5) 

sadac 𝑘𝑘 - agznebis forsirebis jeradoba, denebi 𝐼𝐼𝑑 da 𝐼𝐼, agreTve 

𝑐𝑐𝑜𝑠𝜑 igivea, rac (1.4)-Si. 

unda aRiniSnos, rom Zabvis Semcireba 5 da 7,5%-ze 

warmoadgens zRvruls. Zlieri moqmedebis agznebis avtomatur 

regulators gaaCnia sakmarisi maRali regulirebis koeficienti 

Zabvis mixedviT. Tu magaliTad, regulirebis koeficienti tolia 

50, maSin Cveulebrivi forsirebis jeradobis 2-is dros da 

sawyisi nominaluri reJimis dros agznebis Weruli Zabva iqneba 

miRweuli generatoris Zabvis 2%-iT Semcirebis dros. moyvanili 

magaliTi miuTiTebs SesaZleblobebze mxedvelobaSi ar miviRoT 

generatoris Zabvis mcire Semcireba agznebis forsirebis dros 

sawyisi nominaluri reJimidan. am SemTxvevaSi (1.4)-dan (1.5)-is 

nacvlad gveqneba  

𝑐𝑐𝑜𝑠𝜑 = 1 − �𝐾𝐾 − 𝑈𝑑
𝑈𝑑𝐻

� 𝜋𝑈𝑑𝐻
3√6𝐸

, (1.6) 

sadac 𝑈𝑈𝑑-sawyisi Zabva, xolo 𝑈𝑈𝑑𝐻-Zabva nominalur reJimSi. 

savaraudo angariSebis dros dasaSvebia (1.4)-is kidev 

gamartiveba Tu dauSvebT, rom mimdevrobiTi transformatoris 
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gragnilebisTvis magnituri kavSiris koeficienti miaxloebiT 

tolia erTis. am SemTxvevaSi 

𝑋𝑋𝑀′ = 𝑘𝑘𝑋𝑋Д1, 𝑋𝑋𝐻 = 𝑘𝑘2𝑋𝑋Д1 + 𝑋𝑋т, 

sadac 𝑘𝑘-mimdevrobiTi transformatoris transformaciis 

koeficienti, 𝑋𝑋Д1-transformatoris pirveladi gragnilis 

induqciuri winaRoba. maSin (1.4) gardaiqmneba Semdegi saxiT 

𝐼𝐼𝑑𝑅𝑓 + 3
𝜋
�𝑘𝑘2𝑋𝑋Д1 + 𝑋𝑋т� + �2 − 3ɣ

2𝜋
� �𝑟д2 + 𝑟т�𝐼𝐼𝑑 + 2∆𝑈𝑈 =

3√6
𝜋

 �� 𝑈
𝑘пр

+ 𝐼𝐼𝐾𝐾𝑋𝑋д1𝑠𝑖𝑖𝑛𝑛𝜑�
2

+ �𝐼𝐼𝐾𝐾𝑋𝑋д1𝑐𝑐𝑜𝑠𝜑�
2
𝑐𝑐𝑜𝑠𝛼   (1.7) 

Ggamosaxulebis Semdegi gamartiveba, mdgomareobs 

transformatorebis da SemaerTebeli kabelebis aqtiuri 

winaRobebis ugulvelyofiT. maSin 

𝐼𝐼𝑑𝑅𝑓 + 3
𝜋
�𝑘𝑘2𝑋𝑋Д1 + 𝑋𝑋т� + 2∆𝑈𝑈 = 3√6

𝜋
 �� 𝑈

𝑘пр
+ 𝐼𝐼𝐾𝐾𝑋𝑋д1𝑠𝑖𝑖𝑛𝑛𝜑�

2
+ �𝐼𝐼𝐾𝐾𝑋𝑋д1𝑐𝑐𝑜𝑠𝜑�

2𝑠𝑖𝑖𝑛𝑛𝛼 (1.8) 

(1.6)-dan SeiZleba vipovoT 𝑐𝑐𝑜𝑠𝛼. maSin (1.8) adgens kavSirs 𝑘𝑘пр,𝑘𝑘  da 

𝑋𝑋д1 mTavari parametrebs Soris. amitom maTi gansazRvrisaTvis 

saWiroa damatebiTi gantolebebi, romlebic qvemod iqneba 

miRebuli gardamavali procesebis Seswavlis safuZvelze. 

nax.1.2 naCvenebia tiristoruli agznebis sistemis 

gardamqmnelis orjgufiani sqema.  
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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.1.2. gardamqmnelis orjgufiani sqema tiristoruli agznebis 
sistemis: 

1-sinqronuli generatori, 2-gammarTveli transformatori, 
3-mimdevrobiTi voltsamati transformatori, 4-ventilebis muSa 

jgufi, 5-ventilebis forsirebuli jgufi. 
 

agznebis sistemis orjgufiani sqemis SemTxvevaSi (nax.1.2) 

gragnilebis forsirebuli nawili axdens mcire gavlenas gare 

maxasiaTebelze. amitom sawyis reJimSi 

𝐸𝐸𝑚𝑝 = √2 (1−𝑎)𝑈
𝑘пр

,  (1.9) 

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). 

(1.9)-is mxedvelobaSi miRebiT, (1.4)-is nacvlad gveqneba 

𝐼𝐼𝑑𝑅𝑓 + 3
𝜋
𝑥𝑥𝑃𝐼𝐼𝑑 + �2− 3ɣ𝑝

2𝜋𝜋 � 𝑟𝑃𝐼𝐼𝑑 + 2∆𝑈𝑈 = 3√6
𝜋

(1−𝑎)𝑈
𝑘пр

 (1.10) 
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aq ɣ𝑃 −komutaciis kuTxe mxolod erTi muSa jgufis 

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

SerTvis dros gammarTveli transformatoris pirveladi da  

meoradi gragnilis muSa nawilis, SemaerTebeli kabelebis 

gaTvaliswinebiT. 

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, (1.11) 

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 meoradi gragnilis forsirebuli 

nawilis e.m.Z-is geometriuli jamis amplituda; 𝛼𝑃 da 𝛼𝜙 - muSa 

da forsirebuli ventilTa jgufebis marTvis kuTxeebi; ɣ𝜙𝑃-

komutaciis kuTxe forsirebuli ventilTa jgufis gadasvlis 

dros muSa ventilTa jgufze. 𝐸𝐸𝑚𝑃 gamoiTvleba (1.9) 

gamosaxulebiT. 𝐸𝐸𝑚𝜙 gamoTvlisaTvis gamoiyeneba gamosaxuleba, 

analogiuri (1.2) gamosaxulebisa, saxeldobr 

𝐸𝐸𝑚𝜙 = √2��𝛼𝑈
𝑘пр

+ 𝐼𝐼𝑋𝑋𝑀′ 𝑠𝑖𝑖𝑛𝑛𝜑�
2

+ (𝐼𝐼𝑋𝑋𝑀′ 𝑐𝑐𝑜𝑠𝜑)2  (1.12) 

forsirebis  reJimSi imuSavebs mxolod erTi, forsirebis 

tiristoruli jgufi. vinaidan voltsamati transformatoris 

meoradi gragnili CarTulia mimdevrobiT, gammarTveli 

transformatoris gragnilis meorad forsirebul nawilTan 

(nax.1.2), maSin (1.4)-(1.8) formulebi samarTliania orjgufiani 

sqemebisaTvis. mokle SerTvis winaRoba 𝑋𝑋т da 𝑟т miekuTvneba 

gammarTveli transformatoris meorad srul gragnils, 

SemaerTebeli kabelebis gaTvaliswinebiT. 

unda aRiniSnos, rom fardoba induqciuri winaRobebis 

𝑐𝑐 = 𝑥𝑥𝑃 𝑥𝑥⁄  ventilTa ori jgufiT TviTagznebis sqemisaTvis iqneba 
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mniSvnelovnad naklebi, vidre damoukidebeli agznebis 

sistemisTvis. es aixsneba mniSvnelovani damatebiTi winaRobis 

arsebobiT, forsirebuli tiristoruli jgufis komutaciis 

wredebSi. 

 

 

1.3. samfaza mokle SerTvis reJimi 

 

Tu damamSvidebel sistemas gaviTvaliswinebT erTi 

ekvivalenturi konturiT TiToeul RerZSi da, garda amisa, 

miviRebT, rom konturebis urTierT induqciis induqciuri 

winaRoba erTmaneTis tolia, maSin (4.8) gantolebis Sesabamisad 

[30]-dan samfaza mokle SerTvis (mS) reJimisaTvis gadamcem 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

⎣
⎢
⎢
⎢
⎡
𝑖𝑖𝑑
𝑖𝑖𝑞
𝐼𝐼𝑑∗
𝐼𝐼𝑘𝑑
𝐼𝐼𝑘𝑞⎦

⎥
⎥
⎥
⎤

=

⎣
⎢
⎢
⎢
⎡
𝑂
𝑂
𝑈𝑈𝑑∗
𝑂
𝑂 ⎦
⎥
⎥
⎥
⎤

, (1.13) 

sadac 𝑥𝑥𝐵-induqciuri winaRoba mS-is wertilsa da 

generatoris gamomyvanebs Soris; 𝑟-jamuri winaRoba statoris 

wredis mS-is wertilamde. (1.13) gantoleba ar iTvaliswinebs 

rotoris siCqaris cvlilebas da foladis gajerebas. amave dros 

unda aRiniSnos, rom rotoris siCqaris mcire cvlilebam samfaza 

mS-is dros, ar SeiZleba mniSvnelovani gavlena iqonios denebze 

generatoris konturSi. rac Seexeba gajerebulobas, is icvleba 

mS-is momentSi foladis gajerebiT ganbnevis gziT da 

daaxloebiT SeiZleba gaTvaliswinebuli iqnes parametrebis 

gajerebuli mniSvnelobebis gamoyenebiT. am SemTxvevaSi 

mxedvelobaSi unda miviRoT, rom mS-is dros amamaRlebeli 

transformatoris iqiT denebi generatoris konturebSi da 

Sesabamisad foladis gajereba icvleba naklebad, vidre mS-is 

dros momWerebze. mS-is mcire xangrZlivobis Sedegad (0,1÷0,25) wm 

rotoris siCqare da foladis gajereba SeiZleba ganvixiloT 
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daaxloebiT mudmivi. (1.13) gantolebis da gardamqmnelis gare 

maxasiaTeblebis erToblivi Seswavlis aucileblobasTan 

dakavSirebiT moxerxebulia gamoviyenoT agznebis denis da 

ZabvisaTvis fardobiT erTeulebSi specialuri aRniSvna * 

indeqsis saSualebiT. 

aRsaniSnavia rom, vinaidan mS-is dros gammarTveli gadadis 

maRali gamarTuli Zabvis mniSvnelobaze,  orjgufian sqemaSi, 

aRniSnul reJimSi, imuSavebs mxolod ventilebis erTi 

forsirebis jgufi. aRniSnul pirobebSi erTi da orjgufiani 

sqemebi iqneba identuri. 

𝐸𝐸𝑑 gansazRvrisaTvis aucilebelia vicodeT 𝐸𝐸𝑚 samfaza mS-is 

reJimSi. [30]-dan SeiZleba CavweroT 

𝐸𝐸𝑚 = �𝑥𝑥𝑀2 + 𝑟𝑀2�𝑖𝑖𝑑2 + 𝑖𝑖𝑞2 𝑖𝑖𝛿   (1.14) 

aq mxedvelobaSi ar miiReba emZ, ganpirobebuli statoris 

denebis qrobiT. aseTi daSvebis SesaZlebloba dafuZnebulia 

imaze, rom denis cvlilebis siCqare, roca misi mileva 

eqsponencialuri kanonis mixedviT mniSvnelovnad naklebia denis 

cvlilebis siCqareze, romelsac gaaCnia sixSire 𝑓𝑓𝑜 = 50 hc. 

radgan 𝑟𝑀 ≪ 𝑥𝑥𝑀, maSin Sesabamisad [30]-dan gvaqvs 

𝐸𝐸𝑚 ≈ �𝑥𝑥𝑀′ + 𝑥𝐵
𝑘пр
��𝑖𝑖𝑑2 + 𝑖𝑖𝑞2 𝑖𝑖𝛿    (1.15) 

CavweroT 𝐸𝐸𝑑 da 𝑅𝑑 fardobiT erTeulebSi. avRniSnoT 

bazisuri sidideebi 𝑈𝑈𝑑𝛿 = 𝑈𝑈𝑓𝛿 da 𝐼𝐼𝑑𝛿 = 𝑖𝑖𝑓𝛿 Sesabamisad. maSin 

gveqneba  

ℓ𝑑 = 𝐸𝑑
𝑈𝛼𝛿

= 2
3

𝐸𝑑
𝑈𝛿𝑖𝛿

𝐼𝐼𝑑𝛿 ,

𝑟𝑑 = 𝑅𝑑
𝑈𝑑𝛿
𝐼𝑑𝛿

= 2
3

𝑅𝑑
𝒰𝛿𝑖𝛿

𝐼𝐼𝑑𝛿2
�    (1.16) 

(1.13) gantolebis mesame striqoni SeiZleba warmovidginoT 

Semdegi saxiT  

𝑥𝑥𝛼𝑑𝑃𝑃𝑖𝑖𝑑 + �𝑟𝑓 + �𝑥𝑥𝑓 + 𝜔𝐿𝑑�𝑃𝑃�𝐼𝐼𝑑∗ + 𝑥𝑥𝛼𝑑𝑃𝑃𝐼𝐼𝑘𝑑 = 𝑒𝑑 − 𝑟𝑑𝐼𝐼𝑑∗ − ∆𝑈𝑈∗ (1.17) 
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sadac  

∆𝑈𝑈∗ =
2∆𝑈𝑈
𝑈𝑈𝑑𝛿

=
2
3

2∆𝑈𝑈
𝒰𝛿𝑖𝑖𝛿

𝐼𝐼𝑑𝛿 

Tu gaviTvaliswinebT, rom 𝜔𝐿𝑑 ≪ 𝑥𝑥𝑓 , maSin (1.17) toloba miiRebs 

Semdeg saxes: 

𝑥𝑥𝛼𝑑𝑃𝑃𝑖𝑖𝑑 + �𝑟𝑓 + 𝑟𝑑 + 𝑥𝑥𝑓𝑃𝑃�𝐼𝐼𝑑∗ + 𝑥𝑥𝛼𝑑𝑃𝑃𝐼𝐼𝑘𝑑 = 𝑟𝑒�𝑖𝑖𝑑2 + 𝑖𝑖𝑞2 − ∆𝑈𝑈∗,  (1.18) 

sadac  

𝑟𝑒 = 2
3
�𝑥𝑥𝑀′ + 𝑥𝐵

𝑘пр
� 𝐼𝛼𝛿
𝒰𝛿
𝑘𝑘𝐵       (1.19) 

(1.18)-is Casmis Semdeg (1.13)-Si mesame striqonis nacvlad 

gantolebis marjvena nawilSi warmoiqmneba denebis geometriuli 

jami grZiv da ganiv RerZebSi. amitom siCqaris mudmivobis da 

foladSi magnituri SeRwevadobis ucvlelobis miuxedavad (1.13) 

gantoleba gaxdeba araxazovani. ricxobrivi meTodebis 

gamoyenebis SemTxvevaSi diferencialuri gantolebis amoxsnis 

gantoleba (1.13) winaswar unda gardaiqmnas pirveli rigis 

diferencialuri gantolebaTa sistemaSi, romelic amoixsneba 

denebis warmoebulebis mimarT. aseTi gardaqmna mizanSewonilia 

agreTve, roca viyenebT diferencialuri gantolebaTa sistemis 

amoxsnisaTvis kompiuteruli teqnikas. 

gacilebiT mZime piroba miiReba TviTagznebis sistemis 

muSaobisas gadamcemi xazis dasawyisSi ganxorcielebuli samfaza 

m.S. dros, amitom gardamavali procesis gamokvleva 

mizanSewonilia Sesruldes aRniSnuli zRvruli SemTxvevisaTvis. 

am SemTxvevaSi 𝑥𝑥𝐵 = 𝑥𝑥𝑇 , sadac 𝑥𝑥𝑇 - amamaRlebeli transformatoris 

mS-is induqciuri winaRoba. 

radganac gadamcemi xazi mocemul SemTxvevaSi ar Sedis 

statoris gragnilebis wredebSi, maSin aqtiuri winaRoba 

mocemuli wredebisTvis miiReba SedarebiT mcire. es iZleva 

saSualebas gamoviyenoT generatoris gardamavali reJimis 

gamartivebuli analizi statoris denebis  perioduli da 

araperioduli mdgenelebis ganszRvrisaTvis. pirvel SemTxvevaSi 
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statoris gragnilebis winaRoba SeiZleba miviRoT nulis tolad, 

rasac mivyavarT denebis qrobis nakleb siCqaresTan 

damamSvidebel sistemaSi da manqanis gamaTanabrebeli nakadebis 

brunvis gamoricxvasTan. meore SemTxvevaSi generatoris 

TiToeuli faza SeiZleba ganxiluli iqnes, rogorc konturi, 

romelic Seicavs mimdevrobiT SeerTebuli 𝑟 winaRobas da uku 

mimdevrobis induqciuri winaRobas 𝑥𝑥2. 

sawyisi pirobebis mniSvnelobebi da 𝑟 da 𝑥𝑥2 winaRobebi 

iZleva SesaZleblobas ganisazRvros statoris denebis 

aperioduli mdgenelebi. 

sanam gadavidodeT (1.13) gantolebis gamartivebuli formiT 

Caweraze, ganvixiloT sakiTxi statoris aperioduli denebis 

gavlenaze agznebis sistemis muSaobaze. mocemul SemTxvevaSi es 

zegavlena SeiZleba iyos rogorc cvladi denis wredis mxridan, 

ise gamarTuli denis mxridan. 

aperioduli denebis gavlena gardamqmnelis kvebis wredze 

mimdinareobs agznebis sistemis transformatoris mxridan, 

romlis meorad gragnilebSi gamovlindeba aperioduli denebi, 

romelTa sidide ZiriTadad damokidebulia voltsamati da 

gammarTveli transformatoris gragnilebis urTierT induqciis 

koeficientebis Tanafardobaze, gamarTuli denis wredis 

induqciurobasTan erTad. vinaidan voltsamati transformatoris  

magnituri wredi gaxsnilia, gammarTveli transformatoris 

magnituri wredi Sekruli da agznebis gragnils gaaCnia didi 

induqciuroba, maSin transformatoris meorad gragnilebSi 

denebis aperioduli mdgenelebi warmoadgenen mcire sidideebs 

SedarebiT periodul mdgenelebTan, romlTa sidide 

ganisazRvreba ZiriTadad mudmivi denis agznebis gragnilis 

winaRobiT. denebis aperioduli mdgenelebi axdenen uaryofiT 

gavlenas ventilebis Zabvaze. es mimdinareobs aperioduli denebis 

xangrZlivobis SezRudvis Sedegad, ventilebis gamtarobis erTi 
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mimarTulebiT, agreTve transformatoris meoradi gragnilis 

konturSi aperioduli denebis milevis Sedegad. 

amgvarad, statoris denebis aperioduli mdgenelebi axdenen 

mcire gavlenas gardamqmnelis kvebis wredze. meore mxriv, es 

gavlena SeiZleba iyos mniSvnelovani, Tu voltsamati 

transformatoris pirveladi da meoradi gragnilebis 

magnitomamoZravebeli Zala (mmZ) miiReba gansxvavebuli da 

aperioduli denebi iwvevs am transformatoris magnituri wredis 

gajerebulobis mniSvnelovan gazrdas. 

rac Seexeba aperioduli denebis gavlenas gamarTuli denis 

mxareze, is damokidebulia, imaze generators gaaCnia Tu ara 

damamSvidebeli sistema. aseTi sistemis arsebobis dros agznebis 

denis pulsacia miiReba minimaluri, amitom aperioduli denebis 

gavlena gamarTuli Zabvis saSualo mniSvnelobaze praqtikulad 

SeiZleba ar gaviTvaliswinod. damamSvidebeli sistemis gareSe 

statoris aperioduli denebis gavlena iqneba didi, meore mxriv 

am SemTxvevaSi mas SeiZleba ar qondes arsebiTi mniSvneloba. 

exla gadavideT (1.13) gantolebis gamartivebul saxeSi 

warmodgenaze: 

⎣
⎢
⎢
⎢
⎡
(𝑥𝑥𝑑 + 𝑥𝑥𝐵)𝑃𝑃
−(𝑥𝑥𝑑 + 𝑥𝑥𝐵)

𝑥𝑥𝛼𝑑𝑃𝑃
   

𝑥𝑥𝛼𝑑𝑃𝑃

𝑥𝑥𝑞 + 𝑥𝑥𝐵
�𝑥𝑥𝑞 + 𝑥𝑥𝐵�𝑃𝑃  

𝑥𝑥𝛼𝑞𝑃𝑃

𝑥𝑥𝛼𝑑𝑃𝑃
 −𝑥𝑥𝛼𝑑    

𝑟𝑓 + 𝑟𝑑 + 𝑥𝑥𝑓𝑃𝑃
  

𝑥𝑥𝛼𝑑𝑃𝑃

𝑥𝑥𝛼𝑑𝑃𝑃
 −𝑥𝑥𝛼𝑑
  𝑥𝑥𝛼𝑑𝑃𝑃

𝑟𝑘𝑑 + 𝑥𝑥𝑘𝑑𝑃𝑃

𝑥𝑥𝛼𝑞
    𝑥𝑥𝛼𝑞𝑃𝑃

𝑟𝑘𝑞 + 𝑥𝑥𝑘𝑞𝑃𝑃⎦
⎥
⎥
⎥
⎤

𝑋𝑋

⎣
⎢
⎢
⎢
⎡
𝑖𝑖𝑑
𝑖𝑖𝑞
𝐼𝐼𝑑∗
𝐼𝐼𝑘𝑑
𝐼𝐼𝑘𝑞⎦

⎥
⎥
⎥
⎤

=

⎣
⎢
⎢
⎢
⎢
⎡

𝑂
𝑂

𝑟𝑒�𝑖𝑖𝑑2 + 𝑖𝑖𝑞2 − 𝑈𝑈∗

𝑂
𝑂 ⎦

⎥
⎥
⎥
⎥
⎤

, (1.20) 

miRebuli gantoleba rCeba araxazovani. gamovricxoT misgan 

damamSvidebeli sistemis denebi. gardaqmnis Semdeg SeiZleba 

miviRoT  
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∆𝑃𝑃2𝑖𝑖𝑑 + �𝜌𝑓𝜎𝜎𝑑′ + 𝜌𝑘𝑑𝜎𝜎′ − 𝜌𝑒(𝜎𝜎𝑑 − 𝜎𝜎𝑑′ ) 𝑖𝑑

�𝑖𝑑
2+𝑖𝑞2

� 𝑃𝑃𝑖𝑖𝑑 +

+�𝜌𝑓𝜌𝑘𝑑𝑖𝑖𝑑 + 𝜌𝑘𝑑𝜌𝑒(1 − 𝜎𝜎𝑑)�𝑖𝑖𝑑2 + 𝑖𝑖𝑞2 + 𝜌𝑒(𝜎𝜎𝑑 − 𝜎𝜎𝑑′ ) ×

× 𝑖𝑞

�𝑖𝑑
2+𝑖𝑞2

𝑃𝑃𝑖𝑖𝑞� = 𝜌𝑘𝑑(1 − 𝜎𝜎′)∆𝑈𝑈∗,
⎭
⎪
⎪
⎪
⎬

⎪
⎪
⎪
⎫

𝜎𝜎𝑞′𝑃𝑃𝑖𝑖𝑞 + 𝜌𝑘𝑞𝑖𝑖𝑞 = 0

 (1.21) 

aq ganbnevis koeficientebisaTvis gamoyenebulia Semdegi 

aRniSvnebi: 

𝜎𝜎𝑑 = 1 −
𝑥𝑥𝛼𝑑

𝑥𝑥𝑑 + 𝑥𝑥𝐵
,𝜎𝜎𝑑′ = 1 −

𝑥𝑥𝛼𝑑2

𝑥𝑥𝑘𝑑(𝑥𝑥𝑑 + 𝑥𝑥𝐵), 

𝜎𝜎′ = 1 − 𝑥𝛼𝑑
2

𝑥𝑓(𝑥𝑑+𝑥𝐵) ,𝜎𝜎𝑞′ = 1 − 𝑥𝛼𝑞2

𝑥𝑘𝑞�𝑥𝑞+𝑥𝐵�
, 

∆= 1 + 2 𝑥𝛼𝑑
3

𝑥𝑓𝑥𝑘𝑑(𝑥𝑑+𝑥𝐵) −
𝑥𝛼𝑑
2

𝑥𝑘𝑑(𝑥𝑑+𝑥𝐵) −
𝑥𝛼𝑑
2

𝑥𝑓𝑥𝑘𝑑
− 𝑥𝛼𝑑

2

𝑥𝑓(𝑥𝑑+𝑥𝐵)  (1.22) 

milevis koeficientebi tolia 

𝜌𝑓 = 𝑟𝑓+𝑟𝑑
𝑥𝑓

,𝜌𝑒 = 𝑟𝑒
𝑥𝑓

, 𝜌𝑘𝑑 = 𝑟𝑘𝑑
𝑥𝑘𝑑

, 𝜌𝑘𝑞 = 𝑟𝑘𝑞
𝑥𝑘𝑞

    (1.23) 

(1.21)-is meore gantolebidan vpoulobT 

𝑖𝑖𝑞 = 𝑖𝑖𝑞𝑜′′ 𝑒−𝜌𝑘𝑞
′′
𝑡𝑡,        (1.24) 

sadac 𝑖𝑖𝑞𝑜′′  - deni damamSvidebeli konturis ganivi RerZSi samfaza 

mS-is reJimSi (roca 𝑡𝑡 = 𝑜), 

𝜌𝑘𝑞′′ = 𝜌𝑘𝑞
𝜎𝑞′

        (1.25) 

𝑖𝑖𝑞𝑜′′ -is mniSvneloba SeiZleba ganisazRvros nakadSebmis mudmivobis 

pirobidan mS-is momentSi. (1.20) gantolebidan roca 𝑃𝑃 = ∞ gveqneba 

�𝑥𝑥𝑞 + 𝑥𝑥𝐵�𝑖𝑖𝑞𝑜′′ + 𝑥𝑥𝛼𝑞𝐼𝐼𝑘𝑞𝑜′′ = 𝑜
𝑥𝑥𝛼𝑞𝑖𝑖𝑞𝑜′′ + 𝑥𝑥𝑘𝑞𝐼𝐼𝑘𝑞𝑜′′ = 𝑥𝑥𝛼𝑞𝑖𝑖𝑞𝑜,

�     (1.26) 

sadac 𝑖𝑖𝑞𝑜-statoris gragnilis deni ganivi RerZSi mS-is 

dawyebis win. 

(1.26) gantolebebidan ganvsazRvravT 

𝑖𝑖𝑞𝑜′′ = 𝜎𝑞′−1
𝜎𝑞′

𝑖𝑖𝑞𝑜       (1.27) 

CavsvaT 𝑖𝑖𝑞 (1.24)-dan (1.21)-is pirvel gantolebaSi, miviRebT 
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𝑦′′ + 𝛼1𝑦′ + 𝛼2𝑦 = 𝑐𝑐,     (1.28) 

sadac  

𝑦 = 𝑖𝑖𝑑 ,𝑎𝑎1 =
1
∆
⎣
⎢
⎢
⎡
𝜌𝑓𝜎𝜎𝑑′ + 𝜌𝑘𝑑𝜎𝜎′ − 𝜌𝑒(𝜎𝜎𝑑 − 𝜎𝜎𝑑′ )

𝑖𝑖𝑑

�𝑖𝑖𝑑2 + �𝑖𝑖𝑞𝑜′′ �
2
𝑒−2𝜌𝑘𝑞𝑡⎦

⎥
⎥
⎤
, 

𝑎𝑎2 = 1
∆𝑖𝑑

�𝜌𝑓𝜌𝑘𝑑𝑖𝑖𝑑 + 𝜌𝑘𝑑𝜌𝑒(1 − 𝜎𝜎𝑑)�𝑖𝑖𝑑2 + �𝑖𝑖𝑞𝑜′′ �
2
𝑒−2𝜌𝑘𝑞

′′ 𝑡 − 𝜌𝑒𝜌𝑘𝑞′′ (𝜎𝜎𝑑 −

𝜎𝜎𝑑′ ) �𝑖𝑞𝑜′′ �
2
𝑒−2𝜌𝑘𝑞

′′ 𝑡

�𝑖𝑑
2+�𝑖𝑞𝑜′′ �

2
𝑒−2𝜌𝑘𝑞

′′ 𝑡
�, 

𝑐𝑐 = 𝜌𝑘𝑑�1−𝜎′�
∆

(∆𝑈𝑈∗). 

(1.28) araxazovani gantoleba amoixsneba ricxobrivi meTodiT. 

amisaTvis SeiZleba gamoyenebuli iqnes rungas, eileris da sxva 

meTodebi. meore mxriv mizanSewonilia maTTan erTad 

gamoyenebuli iqnes integraluri gantoleba. 

funqcia 𝑦(𝑡𝑡) SeiZleba warmodgenili iqnes mTeli rigi 

wevrebiT integralur formaSi Semdegi saxiT: 

𝑦(𝑡𝑡) = 𝑦(𝑜) + 𝑦′(𝑜)𝑡𝑡 + � (𝑡𝑡 − 𝑆𝑆)𝑦′′(𝑆𝑆)𝑑𝑑𝑠
𝑡

𝑜
 

avRniSnoT 𝑦′′(𝑆𝑆) = 𝑥𝑥(𝑆𝑆) da CavsvaT 𝑦(𝑡𝑡) diferencialur 

gantolebaSi (1.28). maSin miviRebT 

𝑥𝑥(𝑡𝑡) + ∫ [𝑎𝑎1 + 𝑎𝑎2(𝑡𝑡 − 𝑆𝑆)]𝑡
𝑜 𝑥𝑥(𝑆𝑆)𝑑𝑑𝑆𝑆 = 𝑐𝑐 − 𝑎𝑎1𝑦′(𝑜) − 𝑎𝑎2[𝑦(𝑜) + 𝑦′(𝑜)𝑡𝑡]   (1.2) 

Ees aris volteris meore rigis integraluri gantoleba,is 

SeiZleba Caiweros SemoklebiT Semdegnairad 

 𝑥𝑥(𝑡𝑡) − ∫ 𝐾𝐾𝑡𝑜 (𝑡𝑡,𝑦, 𝑆𝑆)𝑥𝑥(𝑆𝑆)𝑑𝑑𝑠 = 𝑁𝑁(𝑡𝑡),      (1.30) 

sadac 𝑘𝑘(𝑡𝑡,𝑦, 𝑆𝑆) = −[𝑎𝑎1(𝑦, 𝑡𝑡) + (𝑡𝑡 − 𝑆𝑆)𝑎𝑎2(𝑦, 𝑡𝑡)] warmoadgens 

integraluri gantolebis birTvs, xolo 𝑁𝑁(𝑡𝑡) = 𝐶 − 𝑎𝑎1𝑦′(𝑜) −

𝑎𝑎2[𝑦(𝑜) + 𝑦′(𝑜)𝑡𝑡]. 

Tu gamovTvliT (1.30) integralur gantolebas trapeciis 

formulis mixedviT, maSin SeiZleba miviRoT rekurentuli 

formula 

39 
 



𝑥𝑥𝑛 =
𝑁𝑛+∆𝑡�

𝑥𝑜𝑘𝑛,𝑛
2 +𝑥1𝑘𝑛,𝑛−1+⋯+𝑥𝑛−1𝑘𝑛,1�

1−∆𝑡2 𝑘𝑛,𝑜
,    (1.31) 

sadac ∆𝑡𝑡-integrirebis biji, 𝑛𝑛 −bijis rigiTi nomeri, 

𝑥𝑥𝑛 − 𝑡𝑡𝑛 = 𝑛𝑛∆𝑡𝑡 drois momentSi 𝑥𝑥-is mniSvneloba. 

𝑘𝑘 birTvs gaaCnia ori indeqsi: pirveli miekuTvneba drois 

mniSvnelobas, romlis drosac gamoiTvleba 𝑎𝑎1 da 𝑎𝑎2, xolo meore 

miekuTvneba 𝑡𝑡𝑛 − 𝑆𝑆 sxvaobas. 

radganac 𝑥𝑥 = 𝑦′′, maSin integrirebis gziT da trapeciis 

formulis gamoyenebiT vpoulobT 

𝑦 = ∆𝑡𝑡2 �𝑥𝑜𝑛
2

+ 𝑥𝑥1(𝑛𝑛 − 1) + 𝑥𝑥2(𝑛𝑛 − 2)+. . . +𝑥𝑥𝑛−1� + 𝑦′(𝑜)𝑡𝑡𝑛 + 𝑦(𝑜) (1.32) 

𝑥𝑥𝑛 da 𝑦𝑛 angariSi mimdinareobs paralelurad, Tanac (1.32) 

formulis mixedviT gamoiTvleba erTi bijis winswrebiT. 

(1.29) gantolebidan da rekurentuli (1.31) da (1.32) 

formulebidan Cans, rom 𝑖𝑖𝑑 denis gansazRvrisaTvis, rogorc 

drois funqcia aucilebelia am denis mniSvneloba da misi 

warmoebuli samfaza mS-is reJimSi roca 𝑡𝑡 = 𝑜. denis mniSvneloba 

SeiZleba ganisazRvros nakadSebmis mudmivobis pirobidan mS-is 

momentSi. (1.20) gantolebidan gveqneba  

�
𝑥𝑥𝑑 + 𝑥𝑥𝐵 𝑥𝑥𝑎𝑑 𝑥𝑥𝑎𝑑
𝑥𝑥𝑎𝑑 𝑥𝑥𝑓 𝑥𝑥𝑎𝑑
𝑥𝑥𝑎𝑑 𝑥𝑥𝑎𝑑 𝑥𝑥𝑘𝑑

� × �
𝑖𝑖𝑑𝑜′′

𝐼𝐼𝑑𝑜∗′′

𝐼𝐼𝑘𝑑𝑜′′
� = �

𝑂
𝑥𝑥𝑎𝑑𝑖𝑖𝑑𝑜 + 𝑥𝑥𝑓𝐼𝐼𝑑𝑜∗

𝑥𝑥𝑎𝑑𝑖𝑖𝑑𝑜 + 𝑥𝑥𝑎𝑑𝐼𝐼𝑑𝑜∗
�.   (1.33) 

aq 𝑖𝑖𝑑𝑜 da 𝐼𝐼𝑑𝑜∗ -denebis mniSvneloba mS-mde; 

𝑖𝑖𝑑𝑜′′ , 𝐼𝐼𝑑𝑜′′  da 𝐼𝐼𝑘𝑑𝑜′′ -denebis mniSvneloba samfaza mS-is reJimSi, 

roca 𝑡𝑡 = 𝑜, Tanac 𝑖𝑖𝑑𝑜′′ = 𝑦(𝑜). 

𝑃𝑃𝑖𝑖𝑑(𝑡=𝑜) denis warmoebulis gansazRvrisaTvis (1.20) 

gantolebidan vpoulobT 

�𝑟𝑓 + 𝑟𝑑 − 𝑟𝑘𝑑
𝑥𝑓−𝑥𝑎𝑑
𝑥𝑘𝑑−𝑥𝑎𝑑

� 𝐼𝐼𝑑𝑜∗′′ − 𝑟𝑘𝑑
(𝑥𝑑+𝑥𝐵)�𝑥𝑓−𝑥𝑎𝑑�
𝑥𝑎𝑑(𝑥𝑘𝑑−𝑥𝑎𝑑) 𝑖𝑖𝑑𝑜′′ − 𝑃𝑃𝑖𝑖𝑑(𝑡=𝑜) =

−𝑟𝑒��𝑖𝑑𝑜
′′ �2+�𝑖𝑞𝑜′′ �

2
+∆𝑈∗

𝑥𝑑+𝑥𝐵−𝑥𝑎𝑑+�𝑥𝑓−𝑥𝑎𝑑�
�𝑥𝑑+𝑥𝐵�𝑥𝑘𝑑−𝑥𝑎𝑑

2

𝑥𝑎𝑑�𝑥𝑘𝑑−𝑥𝑎𝑑�

 (1.34) 

vinaidan yvela deni cnobilia, maSin vpoulobT 𝑃𝑃𝑖𝑖𝑑(𝑡=𝑜) =

𝑦′(𝑜). 
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(1.31), (1.32) formulebi, tolia rogorc (1.33), (1.34), Seicavs 𝑟𝑑 

da 𝑟𝑒, romlebic damokidebulia imaze gardamqmneli gare 

maxasiaTeblis romel monakveTze muSaobs. amitom angariSisaTvis 

rekurentuli (1.31) da (1.32) formulebis mixedviT aucilebelia 

vicodeT 𝑟𝑑 da 𝑟𝑒 . 

gare maxasiaTebeli mocemuli parametrebis da regulirebis 

kuTxis dros damokidebulia gammarTvelis denis 𝐼𝐼𝑑 sidideze da 

komutaciis 𝐸𝐸𝑚 emZ-is sidideze. gardamaval reJimSi agznebis 

Zabvis maqsimaluri sididis miRebisaTvis mizanSewonilia 

gvqondes ventilebis CarTva drois momentSi, romelic Seesabameba 

𝒰𝑎 = 𝑜 (aramarTvadi reJimi). vinaidan emZ 𝐸𝐸𝑚 gamoiTvleba (1.14), 

maSin sakmarisia vipovoT 𝐼𝐼𝑑 deni. (1.20) gantolebidan SeiZleba 

miviRoT 𝐼𝐼𝑑 denisTvis Semdegi gamosaxuleba: 

𝑟𝑒�𝑖𝑖𝑑2 + 𝑖𝑖𝑞2 + �𝑥𝑥𝑑 + 𝑥𝑥𝐵 − 𝑥𝑥𝑎𝑑 + �𝑥𝑓−𝑥𝑎𝑑��𝑥𝑘𝑑(𝑥𝑑+𝑥𝐵)−𝑥𝑎𝑑
2 �

𝑥𝑎𝑑(𝑥𝑘𝑑−𝑥𝑎𝑑) � ∆𝑖𝑑
∆𝑡

+    

 𝐼𝐼𝑑 =
𝑟𝑘𝑑

�𝑥𝑑+𝑥𝐵��𝑥𝑓−𝑥𝑎𝑑�

𝑥𝑎𝑑�𝑥𝑘𝑑−𝑥𝑎𝑑�
𝑖𝑑−∆𝑈∗

𝑟𝑓+𝑟𝑑−𝑟𝑘𝑑
𝑥𝑓−𝑥𝑎𝑑
𝑥𝑘𝑑−𝑥𝑎𝑑

𝐼𝐼𝑎𝛿 ,      (1.35) 

sadac 𝑖𝑖𝑑 Caismeba im drois momentSi, romelSic 

ganisazRvreba 𝐼𝐼𝑑, xolo ∆𝑖𝑖𝑑  ricxvSi miiReba  denis nazrdis 

saSualo ariTmetikuli mniSvneloba, grZiv RerZSi mocemuli 

drois momentis win da mis Semdeg. 

viciT  𝐼𝐼𝑑 ,𝐸𝐸𝑚, parametrebi da gardamqmnelis sqema, SeiZleba 

ganisazRvros gardamqnelis muSaobis reJimi, Sesabamisad gare 

maxasiaTeblis monakveTi, romelic Seesabameba aRniSnul 𝐼𝐼𝑑 da 𝐸𝐸𝑚 

mniSvnelobebs. imasTan dakavSirebiT, rom emZ 𝐸𝐸𝑚 ar warmoadgens 

mudmiv sidides, aq gansakuTrebiT moxerxebulia gamoviyenoT gare 

maxasiaTebeli fardobiT erTeulebSi, romelic am SemTxvevaSi ar 

iqneba damokidebuli 𝐸𝐸𝑚 −isgan. maSin deni 𝐼𝐼𝑑 = 𝑥𝑥𝛿 𝐼𝐼𝑑 𝐸𝐸𝑚⁄  

gadaizomeba absicTa RerZze da ganvsazRvravT 𝑘𝑘𝑒 da 𝑘𝑘𝑅′ , xolo 

Semdeg 𝑟𝑒 da 𝑟𝑑. 
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Tu gardamqmneli gadadis gare maxasiaTeblis erTi ubnidan 

meoreze, maSin aseTi gadasvlis momentSi unda Seicvalos 𝑟𝑒 da 𝑟𝑑 

sidideebi. elifsur ubanze muSaobis dros Semdeg 𝑟𝑒 da 𝑟𝑑 

sidideebi Seicvleba wertilebis gadaadgilebis mixedviT, 

romelic Seesabameba 𝐼𝐼𝑑 da 𝐸𝐸𝑚 parametrebis mimdinare 

mniSvnelobebs gare maxasiaTeblebis mixedviT. 

gardamavali reJimis sawyis momentSi denebi 𝑖𝑖𝑑𝑜′′ , 𝑖𝑖𝑞𝑜′′  da 𝐼𝐼𝑑𝑜∗′′ 

cnobilia. amitom gardamavali reJimis gansazRvra gardamqmnelis 

muSaobis dros ar warmoadgens siZneles. 
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Tavi II. hidrogeneratoris statikuri mZlavrdenisa 

tiristoruli agznebis sistemaSi samfaza mokle 

SerTvis reJimis analizi 

2.1. samfaza mokled SerTvis dros mimdevrobiTi voltsamati 

transformatoris moqmedebis efeqturoba 

 

gardamaval reJimSi tiristoruli TviTagznebis sistemis 

moqmedebis efeqturoba mizanSewonilia SevafasoT fardobiT 

𝐴 = 𝑃10−𝑃1
𝑃10

,    (2.1) 

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 danakargi 

agznebis gragnilSi daifareba gardamqmneliT. gardamavali 

denebi am SemTxvevaSi iqneba ucvleli (igulisxmeba, rom ∆𝑈𝑈 ≈ 𝑜). 

Tu 𝐴 > 1, maSin tiristoruli agznebis sistema ara mxolod 

dafaravs danakargebs agznebis gragnilSi, aramed gazrdis 

gardamaval denebs. 

Tu ar gaviTvaliswinebT damamSvidebeli sistemis gavlenas 

𝑃𝑃1 milevis koeficientze, e.i. SemovifarglebiT ZiriTadi 

mniSvnelobiT 𝑃𝑃1 [34], gveqneba  

𝑃𝑃1 = − 𝑟Σ
𝑥𝑓

𝑥𝑑+𝑥𝐵
𝑥𝑑
′ +𝑥𝐵

,    (2.2) 

maSin (2.2)-is tolobis Sesabamisad  

𝐴 = 𝑟𝑓−𝑟𝑒
𝑟𝑓

=
𝑟𝑒

𝑥𝑎𝑑
𝑥𝑑+𝑥𝐵

−𝑟𝑑

𝑟𝑓
; 

𝑟𝑒 ganisazRvreba  
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𝑟𝑒 =
2
3

 (𝑥𝑥𝑀′ +
𝑥𝑥𝐵
𝑘𝑘пр

)
𝐼𝐼𝛼𝛿
𝑈𝑈𝛿

𝑘𝑘𝑒 , 

xolo 𝑟𝑑 ganisazRvreba 

𝑟𝑑 = 𝑅𝑑
𝑈𝑑𝛿
𝐼𝑑𝛿

= 2
3

𝑅𝑑
𝑈𝛿𝑖𝛿

𝐼𝐼𝑑𝛿2 , 

maSin 𝐴 −saTvis gveqneba 

𝐴 =
𝑘𝑒
𝑏 �𝑥𝑀

′ +𝑥𝐵
𝑘пр

�−(𝑘𝑅𝑥𝛿+𝑘𝑟𝑟𝛿)

𝑅𝑓
,    (2.3) 

sadac 𝑏𝑏 = 𝑥𝑑+𝑥𝐵
𝑥𝑎𝑑

𝐼𝛼𝛿
𝑖𝛿
      (2.4) 

winaswari angariSebis dros, SeiZleba mxedvelobaSi ar 

miviRoT aqtiuri winaRoba da miviRoT mimdevrobiTi 

transformatoris gragnilis kavSiris koeficienti erTis tolad. 

am SemTxvevaSi mimdevrobiTi transformatoris urTierT 

induqciis induqciuri winaRoba 𝑥𝑥𝑀′ = 𝐾𝐾𝑥𝑥д1 (2.3)-is nacvlad 

miviRebT   

𝐴 =
𝑘𝑒
𝑏 �𝑘𝑥д1+

𝑥𝐵
𝑘пр

�−𝑘𝑅(𝑘2𝑥д1+𝑥т)

𝑅𝑓
,    (2.5) 

𝑘𝑘𝑒 da 𝑘𝑘𝑅 koeficientebi damokidebulia imaze, Tu 

gammarTveli gare maxasiaTeblis romel ubanze muSaobs. gare 

maxasiaTeblis erTi ubnidan  meoreze gadasvlis dros, 

aucilebelia gamoviyenoT 𝑘𝑘𝑒 da 𝑘𝑘𝑅 koeficientebis axali 

mniSvnelobebi. gare maxasiaTeblis ubnis dadgenisaTvis 

moxerxebulia gamoviyenoT toloba  

𝐼𝐼𝑑 =
𝑥𝑥𝐼𝐼𝑑
𝐸𝐸𝑚

 

mxedvelobaSi miviRoT (1.14), (1.15) da (2.3), vpoulobT 

𝐼𝐼𝑑 ≈ 𝑏𝑏 𝑘2𝑥д1+𝑥т
𝑘𝑥д1+

𝑥𝐵
𝑘пр

     (2.6) 

magaliTisTvis ganvixiloT 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 
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transformators gaaCnia SeerTeba ⋌ ⋌⁄ , mS-is dros misi 

induqciuri winaRoba tolia 0,07. 𝐶𝐵𝐵𝐵𝐵780/190 − 32 tipis 

hidrogeneratoris mimdevrobiTi transformatoris pirveladi 

gragnilis induqciuri winaRoba Seadgens 0,005-s an procentebSi 

0,5%. nominaluri monacemebi da parametrebi hidrogeneratoris 

Semdegia: 

𝑈𝑈𝐻 = 13,8 kv, 𝐼𝐼𝐻 = 3.58 ka, 𝑛𝑛𝐻 = 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. 

(1.6) da (1.7) gamosaxulebebidan ganvsazRvravT 

damokidebulebas 𝑘𝑘 da 𝑘𝑘пр koeficientebs Soris. am SemTxvevaSi 

sawyisi reJimad miRebulia nominaluri; forsirebis jeradoba 𝑘𝑘 

miRebulia 2-is tolad. mxedvelobaSi ar miiReba SemaerTebeli 

kabelebis induqciuri winaRoba da miRebulia, rom 𝑐𝑐𝑜𝑠𝜑𝐻 = 0,85 

da Δ𝑈𝑈 = 3 v, 𝑘𝑘-s erTi mniSvnelobisTvis, magaliTad 5-isTvis, 

gveqneba 

454 +
3
𝜋𝜋

(25 ∙ 0,00527 + 0,016)1762 + 2 ∙ 3 =
3√6
𝜋𝜋

𝐸𝐸𝑐𝑐𝑜𝑠𝛼, 

𝐸𝐸 = �(9090
𝑘пр

+ 5 ∙ 0,00527 ∙ 0,53)2 + (5 ∙ 0,0527 ∙ 0,85)2, 

𝑐𝑐𝑜𝑠𝛼 = 1 −
𝜋𝜋 ∙ 454
3√6𝐸𝐸

 

aRniSnuli tolobidan vipoviT 𝑘𝑘пр = 27,2,𝐸𝐸 = 497 v, 𝛼 = 52,50. 

mxedvelobaSi unda miviRoT, rom gammarTveli transformatoris 

induqciuri winaRoba 

𝑥𝑥т = 13800

√3∙27,2�23 1762 
∙ 0,07 = 0,0142omi. 

analogiuri angariSis Catarebis dros 𝑘𝑘-s mniSvnelobisaTvis 

0-dan 10-mde, miviRebT saZiebel damokidebulebas, naCvenebi nax.2.1. 

iqve agebulia Zabvis amplitudis mrudi, romlis zemoqmedebaSi, 

SeiZleba imyofebodes tiristoruli gammarTvelis mxari 
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nominalur reJimSi. miTiTebuli Zabva arsebiTad izrdeba, roca 

𝑘𝑘 > 5. 

cos(𝛼 + 𝛾) = 𝑐𝑐𝑜𝑠𝛼 − 2𝑥𝐼𝑑
√3𝐸𝑚

= 𝑐𝑐𝑜𝑠52,50 − 2∙0,148∙1762
√6∙497

, 

 

2 4 6 8 k

1000

1500

0
10

20

30

kпр
√6 𝐸𝐸, v

2 1

500

 

nax.2.1. damokidebuleba  𝒌пр(𝟏) da √𝟔 𝑬 (2) 𝒌-mniSvnelobisagan 

nax. 2.2-ze agebulia damokidebuleba marTvis kuTxis 𝛼 da 

komutaciis kuTxis 𝛾,𝑘𝑘-s mniSvnelobisgan. 
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nax.2.2. marTvis kuTxis α da komutaciis kuTxis γ damokidebuleba 𝒌-ze. 
 

gammarTveli transformatoris tipiuri simZlvare SeiZleba 

ganisazRvros Semdegi gamosaxulebiT 

𝑆𝑆т =
1
2

(𝑆𝑆т1 + 𝑆𝑆т2), 
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sadac 𝑆𝑆т1 da 𝑆𝑆т2 - pirveladi da meoradi gragnilebis sruli 

simZlvare. 

pirvelad gragnilze Zabva warmoadgens sinusoidurs; Zabva 

meorad gragnilze damaxinjebulia komutaciuri procesebiT. 

gvaqvs, ra Zabvis mrudi, SeiZleba gamovTvaloT 𝑈𝑈т2-s momqmedi 

mniSvneloba. miviRoT mxedvelobaSi, is rom 𝑥𝑥т mniSvneloba 

SedarebiT araa didi, savaraudo angariSebisaTvis SeiZleba 

aviRoT meoradi Zabva sinusoiduri. 

𝑈𝑈т2 ≈
𝑈𝑈л

√3 𝑘𝑘пр
 

gammarTveli transformatoris meoradi gragnilis momqmedi 

denis mniSvneloba ganisazRvreba gamosaxulebiT 

𝐼𝐼 ≈ �2
3

 𝐼𝐼𝑑 

Tu agznebis sistemisTvis da transformatorisTvis ar 

miviRebT mxedvelobaSi denis mixedviT maragis koeficients, maSin 

𝑆𝑆т ≈ 𝑚𝑚𝑈𝑈т2𝐼𝐼, 

sadac 𝑚𝑚-fazaTa ricxvi 

𝑘𝑘 = 5 SemTxvevisTvis gveqneba 

𝑆𝑆т ≈ 3 13800
√3 ∙27,2

∙ �2
3

 1762 = 1264 kva 

nax. 2.3. agebulia damokidebuleba 𝑆𝑆т da 𝑘𝑘-s Soris. mas gaaCnia 

minimumi roca 𝑘𝑘 = 5. 

mimdevrobiTi voltsamati transformatoris tipiuri 

simZlavre ganisazRvreba Semdegi saxiT [35]: 

𝑆𝑆д = 3
4
𝐴𝑆𝑆д1 �1 + 𝑆д2

3𝑆д1
�, 

sadac 𝑆𝑆д1 da 𝑆𝑆д2 - pirveladi da meoradi gragnilis 

simZlavre, transformatorisTvis sahaero gacivebiT koeficienti 

𝐴 tolia (0,62÷0,65) 𝐾𝐾𝐼 . aq 𝐾𝐾𝐼-denis gajerebis jeradoba. 

47 
 



saangariSo Zabvad miiReba meoradi gragnilis Zabva 

gammarTvelis uqmi svlis dros da pirveladi nominaluri denis 

dros [36]. 

savsebiT bunebrivia, rom gammarTvelis nominalur reJimSi 

muSaobis dros, Zabvis momqmedi mniSvneloba miiReba ramodenimed 

naklebi. 

Tu miviRebT, rom 𝐾𝐾𝐼 = 3, 𝐾𝐾 = 5-isaTvis gveqneba  

𝑆𝑆д1 = 3 ∙ 86302 ∙ 0,00527 = 1177 kva, 

𝑆𝑆д2 = 3 ∙ 8630 ∙ 5 ∙ 0,00527�2
3

1762 = 981 kv.a, 

𝑆𝑆д = 3
4

0,635 ∙ 3 ∙ 1177 �1 + 981
3∙1177

� = 2139 kv.a. 

damokidebuleba 𝑆𝑆д da 𝐾𝐾 Soris aris wrfivi (nax. 2.3). imave 

naxazze naCvenebia transformatorebis jamuri simZlavre. 
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nax.2.3.  mimdevrobiTi da gammarTveli transformatorebis 

simZlavreebis damokidebuleba 𝒌-mniSvnelobisagan. 
 

miRebuli damokidebulebidan Cans, rom 𝑆𝑆Σ iwyebs swrafad 

zrdas roca 𝑘𝑘 > 5 ÷ 6. Semdgomi etapi angariSis mdgomareobs 𝐴-s 

gansazRvraSi. amisaTvis winaswar vpoulobT aucilebel 

parametrebs (2.4) da (2.5)-is mixedviT. agznebis gragnilis 
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bazisuri deni 𝐼𝐼𝑑𝛿 ganisazRvreba mS-is samkuTxedis an reaqtiuli 

samkuTxedis mixedviT. statoris gragnilis bazisuri deni 

𝑖𝑖𝛿 = √2𝐼𝐼𝐻. 

nax. 2.4-ze naCvenebia damokidebuleba 𝐴 = 𝑓𝑓(𝑘𝑘), romlisganac 

SeiZleba gakeTdes mniSvnelovani daskvna: 

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 

kuTxiT 600 iZleva saSualebas gvqondes agznebis sistemis maRali 

efeqturoba. 
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nax.2.4. TviTagznebis sistemis moqmedebis efeqturobis koeficientis 𝑨 
damokidebuleba (samfaza mS-is reJimSi gadamcemi xazis dasawyisSi, 
roca 𝒙д𝟏 = 𝟎,𝟓%) mimdevrobiTi voltsamati transformatoris 
transformaciis koeficientis 𝒌 mniSvnelobisagan. 

 

Tu gammarTvelis gare maxasiaTebeli iqneboda wrfivi, maSin 

(2.5)-dan vipoviT maqsimumis pirobas 
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𝑑𝑑𝐴
𝑑𝑑𝑘𝑘

=
𝑘𝑘𝑒𝑥𝑥д1
𝑏𝑏

− 2𝑘𝑘𝑟𝑘𝑘𝑥𝑥д1 = 0, 

aqedan 𝑘𝑘-s optimaluri mniSvneloba iqneba 

𝑘𝑘опт =
𝑘𝑘𝑒

2𝑏𝑏𝑘𝑘𝑅
. 

 

2.2. arasimetriuli mokle SerTvis dros TviTagznebiT 

hidrogeneratoris muSaoba  

 

TviTagznebis sistemis Seswavla arasimetriuli mS-is dros 

mimdinareobs daSvebiT, rom sistemaSi gvaqvs mimdevrobiTi 

voltsamati transformatori. mocemul SemTxvevaSi 

mniSvnelovania vipovoT piroba, romlis drosac aRdgeba Zabvebis 

simetria ventilur gardamqmnelze, agreTve ganvixiloT 

gansakuTrebuloba generatoris damyarebuli da gardamavali 

procesebis angariSisTvis arasimetriuli dazianebis dros. 

vinaidan fazebSi gvaqvs mcire Zabva da didi denebi, maSin 

mimdevrobiTma voltsamatma transformatorma, SeiZleba 

gaaumjobesos Zabvebis simetria, miyvanili gardamqmnelis 

transformatorTan. komutaciuri procesebi ganisazRvreba 

ZiriTadad mimdevrobiTi voltsamati transforatorisa da 

gammarTveli transformatoris winaRobebiT. komutaciis 

pirveladi wredis winaRoba axdens SedarebiT mcire gavlenas 

komutaciur procesze. amitom SeiZleba ar gaviTvaliswinoT 

arasimetriulobis gavlena pirveladi komutaciis wredSi mS-is 

dros winaRobis mniSvnelobaze, ganpirobebuli komutaciis 

kuTxiT. Aam SemTxvevaSi mimdevrobiT voltsamati 

transformatoris gavlenis efeqturobis gansazRvrisaTvis 

Zabvebis simetriis aRdgenisTvis sakmarisia vipovoT komutaciuri 

emZ-is mniSvneloba. 

arasimetriuli dazianebis SemTxvevaSi generatoris muSaobis 

analizi, mizanSewonilia CavataroT simetriuli mdgenelTa 

meTodiT. 
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imasTan dakavSirebiT, rom amamaRlebeli transformatori 

SeerTebulia sqemiT samkuTxedi - varskvlavi, arasimetriuli mS-

is dros gadamcem xazze generatoris gragnilebSi SeiZleba 

gaiaros mxolod pirdapiri da uku mimdevrobis denebma. 

mimdevrobiTi voltsamati transformatori CarTulia 

imgvarad, rom induqciuri denis dros Zabva meorad gragnilze 

amaRldes, e.i. unda ganxorcieldes nawilobrivi an sruli 

kompensacia Zabvis vardnisa generatoris induqciur winaRobaSi. 

uku mimdevrobis sqemaSi generatori warmogvidgeba induqciuri 

winaRobiT 𝑥𝑥2, roca emZ nulis tolia. amitom emZ, aRZruli 

mimdevrobiTi transformatoris meorad gragnilSi uku 

mimdevrobis denebiT, iqneba Semxvedrad mimarTuli Zabvis vardna 

generatoris winaRobaSi 𝑥𝑥2. Tu meoradi gragnilebi mimdevrobiTi 

transformatorebis SeerTebulia generatoris gamomyvanebTan, 

maSin maTi induqciuri winaRobebi, urTierT induqciis da 

generatoris uku mimdevrobis winaRoba, Zabva gammarTveli 

transformatoris momWerebze ar Seicavs uku mimdevrobis 

mdgenelebs, e.i. iqneba simetriuli. Zabvebi miiReba toli da 

daZruli erTmaneTis mimarT 1200-iT. amgvarad Zabvebis simetriis 

aRdgenisaTvis aucilebelia pirobis dakmayofileba. 

𝑥𝑥𝑀′ = 𝑥𝑥2     (2.7) 

mimdevrobiTi transformatorebis CarTvis SemTxvevaSi 

dabali Zabvis mxareze saWiroa ventilebze Zabvis simetriis 

aRdgena. amis miRweva SesaZlebelia pirobis dakmayofilebiT. 

𝑥𝑥𝑀′ = 𝑥2
𝑘пр

    (2.8) 

meore mxriv mxedvelobaSi unda miviRoT, rom aseTi 

simetriuloba Zabvebis, miiReba mxolod aqtiuri winaRobis 

gamoricxviT generatoris pirveladi komutaciis wredebSi, 

radganac winaaRmdeg SemTxvevaSi gveqneba Zabvebis vardna ara 

mxolod induqciur, aramed aqtiur winaRobaSi. mimdevrobiTi 

transformatorebi urTierT-induqciis xarjze warmoqmnian emZ, 

daZruls 𝜋𝜋 2⁄  kuTxiT generatoris denis mimarT. Sesabamisad, maT 
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ar SeuZliaT kompensacia Zabvis vardnis aqtiur winaRobaSi. am 

mdgomareobas aqvs mniSvneloba mcire simZlavris 

generatorebisTvis. 

magaliTis saxiT ganvixiloT orfaza mS-is reJimi miwaze 

gadamcemi xazis dasawyisSi, roca gamoricxulia kavSiri mimReb 

energosistemasTan. miviRoT, rom mimdevrobiTi transformatori 

CarTulia dabali Zabvis mxareze. dauSvaT, rom generators 

gaaCnia damoukidebeli agzneba, xolo gardamqmneli muSaobs uqmi 

svlis reJimSi. 

pirdapiri da uku mimdevrobis denebi mS-is wertilSi tolia 

[37]. 

𝐼𝐼𝐴1 =
−𝑗𝑈𝑈𝐴

𝑥𝑥1 + 𝑥𝑥𝐵 + (𝑥𝑥2 + 𝑥𝑥𝐵)𝑥𝑥𝑜
𝑥𝑥2 + 𝑥𝑥𝐵 + 𝑥𝑥𝑜

, 

𝐼𝐼𝐴2 = −𝐼𝐼𝐴1
𝑥𝑥𝑜

𝑥𝑥2 + 𝑥𝑥𝐵 + 𝑥𝑥𝑜
, 

sadac 𝑈𝑈𝐴 - mS-is win amamaRlebeli transformatoris fazuri 

Zabva maRali Zabvis mxareze. 𝑥𝑥𝐵 - amamaRlebeli transformatoris 

induqciuri winaRoba; 

mS-is wertilSi pirdapiri da uku mimdevrobis Zabva tolia 

𝑈𝑈𝐴1
(𝐾) = 𝑈𝑈𝐴2

(𝐾) = 𝑗𝐼𝐼𝐴1
(𝑥𝑥2 + 𝑥𝑥𝐵)𝑥𝑥𝑜
𝑥𝑥2 + 𝑥𝑥𝐵 + 𝑥𝑥𝑜

. 

transformatoris dabali Zabvis mxareze Zabvis mniSvneloba 

SeiZleba miRebuli iqnes 𝑗𝑥𝑥𝐵𝐼𝐼𝐴1 da 𝑗𝑥𝑥𝐵𝐼𝐼𝐴2 Zabvis vardnebis jamiT 

da Semdgom gamravlebuli pirdapiri mimdevrobis veqtorebi −𝑗-

ze, xolo uku mimdevrobis veqtorebi - +𝑗-ze. maSin generatoris 

fazuri Zabvebi da denebi miiReben Semdeg mniSvnelobebs: 

𝑈𝑈𝑎 = 𝑗𝐼𝐼𝑎1 �𝑥𝑥𝐵 + 𝑥𝐵𝑥𝑜
𝑥2+𝑥𝐵+𝑥𝑜

� ,

𝑈𝑈𝑏 = −1
2
𝑗𝐼𝐼𝑎1 �𝑥𝑥𝐵 + 𝑥𝐵𝑥𝑜

𝑥2+𝑥𝐵+𝑥𝑜
�+

+ √3
2
𝐼𝐼𝑎1 �𝑥𝑥𝐵 + (𝑥𝐵+2𝑥2)𝑥0

𝑥2+𝑥𝐵+𝑥𝑜
� ,

𝑈𝑈𝑐 = −1
2
𝑗𝐼𝐼�̇�1 �𝑥𝑥𝐵 + 𝑥𝐵𝑥𝑜

𝑥2+𝑥𝐵+𝑥𝑜
� −

−√3
2
𝐼𝐼𝑎1 �𝑥𝑥𝐵 + (𝑥𝐵+2𝑥2)𝑥0

𝑥2+𝑥𝐵+𝑥𝑜
� , ⎭

⎪
⎪
⎪
⎬

⎪
⎪
⎪
⎫

   (2.9) 
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𝐼𝐼𝑎 = 𝐼𝐼𝑎1
𝑥2+𝑥𝐵+2𝑥𝑜
𝑥2+𝑥𝐵+𝑥𝑜

,

𝐼𝐼𝑏 = −1
2
𝐼𝐼𝑎1

𝑥2+𝑥𝐵+2𝑥𝑜
𝑥2+𝑥𝐵+𝑥𝑜

− √3
2
𝑗𝐼𝐼𝑎1

𝑥2+𝑥𝐵
𝑥2+𝑥𝐵+𝑥𝑜

𝐼𝐼𝑐 = −1
2
𝐼𝐼𝑎1

𝑥2+𝑥𝐵+2𝑥𝑜
𝑥2+𝑥𝐵+𝑥𝑜

+ √3
2
𝑗𝐼𝐼𝑎1

𝑥2+𝑥𝐵
𝑥2+𝑥𝐵+𝑥𝑜

,
,

⎭
⎪
⎬

⎪
⎫

   (2.10) 

sadac 𝐼𝐼𝑎1 = −𝑗𝐼𝐼𝐴1 

mimdevrobiTi transformatorebis meoradi gragnilebi unda 

iyos CarTuli ise, rom emZ maTSi daemTxves fazis mixedviT 

generatoris emZ samfaza mS-is reJimSi. aseTi pirobebis mixedviT 

emZ mimdevrobiTi transformatorebis meorad gragnilebSi tolia 

𝐸𝐸д𝑎 = 𝑗𝐼𝐼𝑎𝑥𝑥𝑀′ = 𝑗𝐼𝐼𝑎1𝑥𝑥𝑀′
𝑥2+𝑥𝐵+2𝑥𝑜
𝑥2+𝑥𝐵+𝑥𝑜

𝐸𝐸д𝑏 = 𝑗𝐼𝐼𝑏𝑥𝑥𝑀′ = −1
2
𝑗𝐼𝐼𝑎1𝑥𝑥𝑀′

𝑥2+𝑥𝐵+2𝑥𝑜
𝑥2+𝑥𝐵+𝑥𝑜

+

+ √3
2
𝐼𝐼𝑎1𝑥𝑥𝑀′

𝑥2+𝑥𝐵
𝑥2+𝑥𝐵+𝑥𝑜

, ⎭
⎪
⎬

⎪
⎫

   (2.11) 

 

𝐸𝐸д𝑐 = −
1
2
𝑗𝐼𝐼𝑎1𝑥𝑥𝑀′

𝑥𝑥2 + 𝑥𝑥𝐵 + 2𝑥𝑥𝑜
𝑥𝑥2 + 𝑥𝑥𝐵 + 𝑥𝑥𝑜

−
√3
2
𝐼𝐼𝑎1𝑥𝑥𝑀′

𝑥𝑥2 + 𝑥𝑥𝐵
𝑥𝑥2 + 𝑥𝑥𝐵 + 𝑥𝑥𝑜

 

voltsamati transformatoris meoradi gragnilis 

momWerebze Zabva 𝑈𝑈д tolia gammarTveli transformatoris 

meoradi gragnilis 𝑈𝑈2 da aRniSnuli transformatorebis meoradi 

gragnilebis 𝐼𝐼𝑥𝑥𝑀′  emZ-is jamisa. miviRoT mxedvelobaSi, rom 

𝑈𝑈2 = 𝑈𝑈 𝑘𝑘пр,⁄  agreTve (2.9) da (2.11), gveqneba 

𝑈𝑈д𝑎 = 𝑗𝐼𝐼𝑎1 �
1
𝑘пр

�𝑥𝑥𝐵 + 𝑥𝐵𝑥𝑜
𝑥2+𝑥𝐵+𝑥𝑜

� + 𝑥𝑥𝑀′
𝑥2+𝑥𝐵+2𝑥𝑜
𝑥2+𝑥𝐵+𝑥𝑜

� ,

𝑈𝑈д𝑏 = −1
2
𝑗𝐼𝐼𝑎1 �

1
𝑘пр

�𝑥𝑥𝐵 + 𝑥𝐵𝑥𝑜
𝑥2+𝑥𝐵+𝑥𝑜

� + 𝑥𝑥𝑀′
𝑥2+𝑥𝐵+2𝑥𝑜
𝑥2+𝑥𝐵+𝑥𝑜

� +

+ √3
2
𝐼𝐼𝑎1 �

1
𝑘пр

�𝑥𝑥𝐵 + (𝑥𝐵+2𝑥2)𝑥𝑜
𝑥2+𝑥𝐵+𝑥𝑜

�+ 𝑥𝑥𝑀′
𝑥2+𝑥𝐵

𝑥2+𝑥𝐵+𝑥𝑜
� ,

𝑈𝑈д𝑐 = −1
2
𝑗𝐼𝐼𝑎1 �

1
𝑘пр

�𝑥𝑥𝐵 + 𝑥𝐵𝑥𝑜
𝑥2+𝑥𝐵+𝑥𝑜

�+ 𝑥𝑥𝑀′
𝑥2+𝑥𝐵+2𝑥𝑜
𝑥2+𝑥𝐵+𝑥𝑜

� −

−√3
2
𝐼𝐼𝑎1 �

1
𝑘пр

�𝑥𝑥𝐵 + (𝑥𝐵+2𝑥2)𝑥𝑜
𝑥2+𝑥𝐵+𝑥𝑜

�+ 𝑥𝑥𝑀′
𝑥2+𝑥𝐵

𝑥2+𝑥𝐵+𝑥𝑜
�.

⎭
⎪
⎪
⎪
⎪
⎬

⎪
⎪
⎪
⎪
⎫

  (2.12) 

samfaza simetriuli sistemis miRebisaTvis aucilebelia 
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1
𝑘𝑘пр

�𝑥𝑥𝐵 +
𝑥𝑥𝐵𝑥𝑥𝑜

𝑥𝑥2 + 𝑥𝑥𝐵 + 𝑥𝑥𝑜
� + 𝑥𝑥𝑀′

𝑥𝑥2 + 𝑥𝑥𝐵 + 2𝑥𝑥𝑜
𝑥𝑥2 + 𝑥𝑥𝐵 + 𝑥𝑥𝑜

=

= �1
4
�

1
𝑘𝑘пр

�𝑥𝑥𝐵 +
𝑥𝑥𝐵𝑥𝑥𝑜

𝑥𝑥2 + 𝑥𝑥𝐵 + 𝑥𝑥𝑜
� + 𝑥𝑥𝑀′

𝑥𝑥2 + 𝑥𝑥𝐵 + 2𝑥𝑥𝑜
𝑥𝑥2 + 𝑥𝑥𝐵 + 𝑥𝑥𝑜

�
2

+
3
4
�

1
𝑘𝑘пр

�𝑥𝑥𝐵 +
(𝑥𝑥𝐵 + 2𝑥𝑥2)𝑥𝑥𝑜
𝑥𝑥2 + 𝑥𝑥𝐵 + 𝑥𝑥𝑜

� + 𝑥𝑥𝑀′
𝑥𝑥2 + 𝑥𝑥𝐵

𝑥𝑥2 + 𝑥𝑥𝐵 + 𝑥𝑥𝑜
�
2

, 

saidanac 𝑥𝑥𝑀′ = 𝑥𝑥2 𝑘𝑘пр⁄  

(2.9)-(2.12) gantolebebis Sesabamisad agebulia Zabvebisa da 

denebis veqtoruli diagrama (nax. 2.5): 

𝑈𝑈д𝑏𝑏 𝑈𝑈д𝑐𝑐 

𝑈𝑈д𝑎𝑎 

𝐼𝐼𝑎𝑎𝑥𝑥𝑀𝑀′  

𝐼𝐼𝑏𝑏𝑥𝑥𝑀𝑀′  𝐼𝐼𝑐𝑐𝑥𝑥𝑀𝑀′  

𝑈𝑈𝑏𝑏
𝑘𝑘пр

 

𝑈𝑈𝑎𝑎
𝑘𝑘пр

 

𝑈𝑈𝑐𝑐
𝑘𝑘пр

 

𝐼𝐼𝑐𝑐 

𝐼𝐼𝑎𝑎 

Ib

 

 
 

nax.2.5.  gadamcemi xazis dasawyisSi orfaza mS-is dros miwaze 
Zabvebisa da denebis veqtoruli diagrama 

 

analogiurad SeiZleba aigos Zabvebisa da denebis veqtoruli 

diagrama sxva saxis dazianebisaTvis. 

radganac gardamqmneli warmoadgens simetriuls, maSin  

simetriuli sistemis komutaciis emZ-is miRebisaTvis sakmarisia, 

rom agznebis gragnilze muSaobis dros mis denebsa da Zabvebs 

qondeT erTnairi forma yvela fazaSi. 

Tu mimdevrobiT transformators wayenebuli aqvs moTxovna 

aRadginos Zabvebis simetria gardamqmnelze arasimetriuli 

dazianebis dros, maSin toloba (2.8) SeiZleba ganvixiloT 

rogorc erT-erTi piroba 𝑘𝑘,   𝑘𝑘пр da 𝑥𝑥𝐴1 gansazRvrisaTvis. 
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gardamqnelis Zabvebis da denebis simetriis aRdgenis piroba 

miRebulia im daSvebiT, rom arasimetriuli mS-is reJimSi 

statoris gragnilebSi gadis mxolod ZiriTadi sixSiris denebi. 

meore mxriv rotoris arasimetriuli eleqtromagnituri 

procesebis Sedegad statoris denebi warmoadgens 

arasinusoidurs; ris Sedegad agznebis deni miiReba ara mudmivi, 

aramed pulsirebuli. es movlena gansakuTrebiT Zlier 

gamoixateba cxadpolusa generatorebSi damamSvidebeli 

konturebis gareSe. Tu damoukidebel agznebian sistemaSi denebis 

maRali rigis harmonikebis mdgenelebis gavlena SeiZleba 

gamovlindes mxolod rotoris mxridan, maSin TviTagznebis 

sistemaSi am gavlenas  adgili aqvs rogorc rotoris, ise 

statoris mxridanac. 

eleqtromagniturma arasimetriulobam SeiZleba upirveles 

yovlisa migviyvanos generatoris Zabvis Zlier damaxinjebasTan. 

TviTagznebis sistemaSi rotoris arasimetriis arasasurveli 

gavlena gardamqmnelis muSaobaze Zlierdeba mimdevrobiTi 

voltsamati transformatoris Sedegad. radganac urTierT 

induqciis emZ proporciulia denebis warmoebulis, maSin 

aRniSnuli denebis maRali rigis harmonikebis mdgenelebma 

SeiZleba Zlier daamaxinjos emZ, Sesabamisad ventilebis Zabva. 

agznebis sistemaSi pulsirebuli denis gavlas  gardamqmnelis 

gavliT, mivyavarT Zabvis damaxinjebis Semdgom zrdasTan. 

statoris Zabvis da denis mrudSi maRali rigis harmonikebis 

mdgenelebis  arseboba qmnis damatebiT siZneleebs ventilebis 

marTvis mowyobilobis muSaobaSi. mTlianobaSi yovelive es 

warmoSobs, generatoris TviTagznebis sistemaSi damamSvidebeli 

konturebis gareSe, ufro mZime pirobas, vidre damamSvidebeli 

konturebis arsebobis dros.  amis axsna SeiZleba imiT, rom 

damamSvidebeli konturis arsebobisas rotoris 

eleqtromagnituri arasimetriuloba xdeba SedarebiT mcire da 

denebis maRali rigis harmonikebis gavlena gardamqmnelis 
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muSaobaze arasimetriuli mS-is dros praqtikulad SeiZleba ar 

gaviTvaliswinoT. amitom miaxloebiT SeiZleba miviRoT, rom 

generatorebisTvis damamSvidebeli konturebiT SesaZlebelia 

gardamqmnelis Zabvis da denis simetriis aRdgena. gamarTuli 

Zabvis saSualo mniSvneloba ganisazRvreba gardamqmnelis gare 

maxasiaTebliT. 

rac Seexeba generators damamSvidebeli sistemis gareSe, aq 

SeiZleba ganvixiloT mxolod miaxloebiT Zabvebis simetriuloba 

da angariSebSi gamoviyenoT gare maxasiaTeblebi, gansazRvruli 

denebis maRali rigis harmonikebis gaTvaliswinebis gareSe. 

 ganvixiloT gardamqmnelis muSaobis gansakuTrebuloba, 

roca adgili aqvs Zabvebis arasrul simetriulobas, romelic 

aRiZvreba im SemTxvevaSi, roca araa Sesrulebuli (2.7) da (2.8) 

piroba. radganac mS-is dros TviTagznebis sistemas unda qondes 

Cveulebriv maRali gamarTuli Zabvis mniSvneloba, maSin miiReba, 

rom gardamqmneli muSaobs 𝛼 = 𝑜 marTvis kuTxiT. 

gamarTuli Zabvis saSualo mniSvnelobas ganvsazRvravT 

reJimSi, romelic Seesabameba gammarTvelis uqm svlas da 

generatoris agznebis gragnilis kvebas damoukidebeli kvebis 

wyarodan. am SemTxvevaSi dauSvebT, rom mimdevrobiTi 

transformatori CarTulia maRali Zabvis mxareze da 

gammarTveli transformatori SeerTebulia ⋌ ⋌⁄  sqemiT. 

gardamqnelis muSaobis dros agznebis gragnilze gamarTuli 

Zabva mcirdeba agznebis denis mniSvnelobis mixedviT. agznebis 

Zabva gare maxasiaTeblis pirvel monakveTze muSaobis dros 

iqneba. 

𝑈𝑈𝑑 = 𝑘𝑘𝑒𝐸𝐸𝑚𝑐𝑝 − 𝐾𝐾𝑅𝑥𝑥𝛿𝐼𝐼𝑑 − 2Δ𝑈𝑈,   (2.13) 

sadac  

𝐸𝐸𝑚𝑐𝑝 = 𝑈𝑈𝑚𝑔.л.ср
′ √3.⁄  

gare maxasiaTebeli (2.13), rogorc piroba Zabvebis simetriisa, 

daaxloebiT samarTliania generatoris agznebis sistemisaTvis 

damamSvidebeli sistemiT. generatorisTvis damamSvidebeli 
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sistemis  gareSe (2.13) gantoleba SeiZleba gamoyenebuli iqnes 

miaxloebiTi angariSebisaTvis. arasimetriuli mS-is SemTxvevaSi 

Zabva generatoris momWerebze miiReba ufro meti, vidre samfaza 

mS-is dros. es qmnis mniSvnelovan dadebiT pirobas arasimetriul 

reJimSi TviTagznebisTvis, SedarebiT samfaza mS-is reJimiTan. 

garda amisa gardamqmneli arasimetriuli dazianebis dros 

aRmoCndeba naklebad mZime reJimSi, vidre samfaza mS-is dros. 

aRniSnuli movlena aixsneba komutaciuri emZ-is gazrdiT da 

agznebis denis gazrdis SemcirebiT mS-is reJimSi. 

arsebiT gansakuTrebulobas arasimetriuli mS reJimisa, 

warmoadgens is, rom generatori inarCunebs kavSirs mimReb 

energosistemasTan. TviTagznebiT sinqronuli generatoris 

gardamavali procesebis angariSis gansakuTrebulobis Seswavlis 

mizniT, arasimetriuli dazianebis dros ganvixilavT martiv 

SemTxvevas, roca: 

1. erTi sadguri muSaobs gadamcem xazze mZlavr mimReb 

 energosistemasTan, 2. generatoris siCqare mudmivia; 3. 

mxedvelobaSi ar miiReba generatoris denebis maRali rigis 

harmonikebis mdgenelebi, damamSvidebeli konturebis gavlena    

da statoris wredis aqtiuri winaRoba. am pirobebSi ZiriTadi 

gantolebebidan pirdapiri mimdevrobis denebisa da ZabvebisaTvis 

miviRebT: 

�
−(𝑥𝑥𝑑 + 𝑥𝑥𝐵 + 𝑥𝑥𝑛) −𝑥𝑥𝑎𝑑

𝑥𝑥𝑎𝑑𝑃𝑃 𝑟𝑓 + 𝑥𝑥𝑓𝑃𝑃
� × �

𝑖𝑖𝑑
𝐼𝐼𝑑∗
� = �

𝒰𝑞
𝑈𝑈𝑑∗
�,   (2.14) 

sadac, nax. 2.6-is Tanaxmad 

𝑥𝑥𝑛 =
𝑥𝑥∆𝑥𝑥4
𝑥𝑥∆ + 𝑥𝑥4

, 𝑥𝑥4 = 𝑥𝑥1 +
𝑥𝑥3(𝑥𝑥2 + 𝑥𝑥𝑐)
𝑥𝑥3 + 𝑥𝑥2 + 𝑥𝑥𝑐

; 

𝑈𝑈𝑞 =
𝑈𝑈𝑐𝑞′ 𝑥𝑥∆
𝑥𝑥∆ + 𝑥𝑥4

,𝑈𝑈𝑐𝑞′ =
𝑈𝑈𝑐𝑞𝑥𝑥3

𝑥𝑥3 + 𝑥𝑥2 + 𝑥𝑥𝑐
, 

𝑈𝑈𝑐𝑞 - energosistemis saltis ekvivalenturi Zabva 

generatoris ganivi RerZis mixedviT, 𝑖𝑖𝑑 - statoris gragnilis 

pirdapiri mimdevrobis deni, 𝑥𝑥𝑐 - ekvivalenturi winaRoba 

gadamcemi xazis boloebs da energosistemis ekvivalentur 
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saltes Soris. 𝑥𝑥∆ - damatebiTi induqciuri winaRoba 

(damokidebulia mS-is saxeobaze). 

gamarTuli Zabvis saSualo mniSvneloba warmoadgens zogad 

SemTxvevaSi  generatoris fazuri Zabvebis da denebis funqcias, 

agreTve 𝐼𝐼𝑑∗ denis. 

g
𝑥𝑥𝐵𝐵  𝑥𝑥1 𝑥𝑥2 𝑥𝑥𝑐𝑐  

𝑥𝑥∆ 𝑥𝑥3 

𝑈𝑈𝑐𝑐𝑐𝑐  

g
𝑥𝑥𝐵𝐵  𝑥𝑥𝑛𝑛  

𝑈𝑈𝑐𝑐  

Aa)

b)
 

nax.2.6. eleqtrogadacemis Canacvlebis sqema: 
a) - sawyisi,  b) - gardaqmnili 

 

mS-is wertilSi pirdapiri mimdevrobis deni da Zabva. 

𝐼𝐼𝐴1
(𝐾) =

𝑈𝑈𝑐𝑞′

𝑗(𝑥𝑥∆ + 𝑥𝑥4)
+ 𝐼𝐼𝑎1

𝑥𝑥4
𝑥𝑥∆ + 𝑥𝑥4

, 

𝑈𝑈𝐴1
(𝐾) = 𝑗𝐼𝐼𝐴1

(𝐾)𝑥𝑥∆, 

sadac 𝐼𝐼𝑎1 = 𝑖𝑖𝑑 

generatoris pirdapiri mimdevrobis Zabva 

𝑈𝑈𝑎1 = 𝑈𝑈𝐴1
(𝐾) + 𝑗𝐼𝐼𝑎1𝑥𝑥𝐵 . 

mS-is wertilSi uku mimdevrobis deni SeiZleba gamovsaxoT 

pirdapiri mimdevrobis deniT. maT Soris Tanafardoba 

damokidebulia dazianebis saxeobaze. magaliTad erTfaza da 

orfaza mS-is dros 𝐼𝐼𝐴2
(𝐾) = 𝐼𝐼𝐴1

(𝐾)
 da 𝐼𝐼𝐴2

(𝐾) = −𝐼𝐼𝐴1
(𝐾)

. uku mimdevrobis deni 

𝐼𝐼𝑎2 = −𝐼𝐼𝐴2
(𝐾) 𝑥𝑥4

𝑥𝑥2 + 𝑥𝑥𝐵 + 𝑥𝑥4
. 

aq transformatorze gadasvlis dros, romlis SeerTebis 

sqemaa samkuTxedi - varskvlavi, uku mimdevrobis denebis 
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veqtorebi mobrunebulia 1800-iT. generatoris uku mimdevrobis 

Zabva  

𝑈𝑈𝑎2 = 𝑈𝑈𝐴2
(𝐾) + 𝑗𝐼𝐼𝑎2𝑥𝑥𝐵 . 

viciT, ra Zabva da denebi pirdapiri da uku mimdevrobis, 

vpoulobT fazur Zabvebs,  

𝑈𝑈𝑎 = 𝑈𝑈𝑎1 + 𝑈𝑈𝑎2,𝑈𝑈𝑏 = 𝑎𝑎2𝑈𝑈𝑎1 + 𝑎𝑎𝑈𝑈𝑎2,𝑈𝑈𝑐 = 𝑎𝑎𝑈𝑈𝑎1 + 𝑎𝑎2𝑈𝑈𝑎2  (2.15) 

analogiurad vpoulobT generatoris fazur denebs. denebis 

gansazRvris Semdeg vRebulobT emZ mimdevrobiTi 

transformatoris meorad gragnilebSi 

𝐸𝐸д𝑎 = 𝑗𝐼𝐼𝑎𝑥𝑥𝑀′ ,𝐸𝐸д𝑏 = 𝑗𝐼𝐼𝑏𝑥𝑥𝑀′ ,𝐸𝐸д𝑐 = 𝑗𝐼𝐼𝑐𝑥𝑥𝑀′     (2.16) 

 (2.15)-is mixedviT gansazRvrul generatoris fazur Zabvebs 

gavyofT 𝑘𝑘пр-ze da SevajamebT mimdevrobiTi transformatoris emZ-

ebTan  gansazRvruls 2.16 formuliT. . Sedegad miviRebT 

mimdevrobiTi transformatoris gamomyavnebze fazur Zabvebs. 

Semdeg vpoulobT xazuri Zabvebis saSualo mniSvnelobebs 𝑈𝑈д.л.ср
′  

da, bolos 𝐸𝐸𝑐𝑝 da 𝐸𝐸𝑚𝑐𝑝. 

(2.13)-is Sesabamisad Zabva 𝑈𝑈𝑑∗ gantolebaSi (2.14) SeiZleba 

warmovidginoT Semdegi saxiT 

𝑈𝑈𝑑∗ = 𝑘𝑘𝑒𝐸𝐸𝑚𝑐𝑝∗ − 𝑟𝑎𝐼𝐼𝑑∗ − 2∆𝑈𝑈∗. 

radganac zogad SemTxvevaSi damokidebuleba 𝐸𝐸𝑚𝑐𝑝∗ , 𝑖𝑖𝑑 denisgan 

warmoadgens arawrfivs, maSin (2.14) gantolebis amoxsnisaTvis 

mizanSewonilia gamoviyenoT ricxviTi integrirebis meTodi. 

eileris meTodis gamoyenebiT gveqneba 

 

∆𝐼𝐼𝑑(𝑛)
∗ = �𝑘𝑒𝐸𝑚𝑐𝑝

∗ −2∆𝑈
𝑟𝑑+𝑟𝑓

− 𝐼𝐼𝑑(𝑛−1)
∗ � 𝑃𝑃1∆𝑡𝑡,

𝐼𝐼𝑑(𝑛)
∗ = 𝐼𝐼𝑑(𝑛−1)

∗ + ∆𝐼𝐼𝑑(𝑛)
∗ , 𝑖𝑖𝑑(𝑛) =

𝒰𝑞−𝑥𝑎𝑑𝐼𝑑(𝑛)
∗

𝑥𝑑+𝑥𝐵+𝑥𝑛
,
�  (2.17) 

sadac 𝑃𝑃1 = 𝑟𝑑+𝑟𝑓
𝑥𝑓

𝑥𝑑
′ +𝑥𝐵+𝑥

𝑥𝑑+𝑥𝐵+𝑥𝑛
 

𝐼𝐼𝑑𝑜∗′  da 𝑖𝑖𝑑𝑜∗′  denebis sawyis mniSvnelobebs vpoulobT 

nakadSebmis mudmivobis pirobidan. (2.14) gantolebidan gvaqvs  
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𝐼𝐼𝑑𝑜∗′ =
𝑥𝑓𝐼𝑑𝑜

∗ +𝑥𝑎𝑑𝑖𝑑𝑜−
𝑥𝑎𝑑

𝑥𝑑+𝑥𝐵+𝑥𝑛
𝒰𝑞

𝑥𝑓−
𝑥𝑎𝑑
2

𝑥𝑑+𝑥𝐵+𝑥𝑛

,  (2.18) 

𝑖𝑖𝑑𝑜′ = −
𝑥𝑥𝑎𝑑𝐼𝐼𝑑𝑜∗′ − 𝒰𝑞

𝑥𝑥𝑑 + 𝑥𝑥𝐵 + 𝑥𝑥𝑛
 

𝐼𝐼𝑑𝑜∗′  denis miRebuli mniSvneloba unda iqnes gamoyenebuli 

(2.17) tolobaSi drois pirveli intervalisTvis (𝑛𝑛 = 1). 

Tu miviRebT, rom generatoris siCqare araa mudmivi, maSin 

angariSi mniSvnelovnad rTuldeba, radganac aucilebelia 

gaviTvaliswinoT kuTxis cvlileba polusebis ganivi RerZsa da 

energosistemis mimRebi ekvivalenturi saltis Zabvas Soris. am 

SemTxvevaSi gardamavali procesebis angariSi moxerxebulia 

CavataroT ise, rogorc is sruldeba dinamikuri mdgradobis 

dros [38]. generatori warmogvidgeba faqtiuri emZ-iT 𝐸𝐸𝑄 da 

induqciuri winaRobiT 𝑥𝑥𝑞 . jer gamoiTvleba denebi da Zabvebi 

pirdapiri da uku mimdevrobis, Semdeg generatoris Zabva da 

denebi, mimdevrobiTi transformatoris emZ, fazuri da xazuri 

Zabvebi modebuli gammarTvelze da bolos, 𝐸𝐸𝑚𝑐𝑝. amis Semdeg 

vpoulobT gardamavali emZ-is 𝐸𝐸𝑑′  mniSvnelobas. 𝐸𝐸𝑄 axal 

mniSvnelobas gamovTvliT generatoris eleqtromagnitur 

momentsa da turbinis moments Soris sxvaobiT, ∆𝜃 kuTxis 

cvlilebiT da a.S. 

aRniSnul angariSebSi agznebis emZ-ad miRebulia 

𝐸𝐸𝑑𝑒 =
𝑘𝑘𝑒𝐸𝐸𝑚𝑐𝑝 − 2∆𝑈𝑈

𝑈𝑈𝑑𝑥
, 

sadac 𝑈𝑈𝑑𝑥-agznebis Zabva, romlis dros statoris gragnilSi 

uqmi svlis reJimSi miiReba nominaluri Zabva. gardamaval 

procesSi drois mudmiva 

𝑇𝑇𝑑′ = 𝑇𝑇𝑑𝑜′
𝑅𝑓

𝑅𝑓 + 𝑘𝑘𝑅𝑥𝑥𝛿 + 𝑘𝑘𝑟𝑟𝛿
 

savsebiT bunebrivia, rom arasimetriuli mS-is dros 

gardamavali procesebis angariSi mniSvnelovnad martivdeba, Tu 

mimdevrobiTi transformatorebi aRadgenen komutaciis emZ-is 

60 
 



simetrias. aq sakmarisia ganisazRvros  generatoris mxolod  

erTi fazis Zabva da deni. 

kvebis simetria qmnis dadebiT pirobas ventilebis marTvis 

mowyobilobis muSaobisaTvis. 

 

 

2.3. TviTagzneba mimdevrobiTi voltsamati transformatoris 

gamoyenebis gareSe  

 

rogorc wina paragrafSi aRniSnuli iyo, ventilebis Zabvis 

stabilizaciisTvis mS-is dros gamoiyeneba mimdevrobiTi 

voltsamati transformatori. vinaidan pirveladi da meoradi 

gragnilebis denebi gansxvavdebian, maSin aseTi transformatori 

unda ganxorcieldes gaxsnili magnituri wrediT, rac arTulebs 

mis konstruqcias da zrdis Rirebulebas. garda amisa, 

aucilebelia  voltsamati transformatoris  meoradi 

gragnilebis mimdevrobiTi SeerTeba generatoris nulovan 

gamomyvanebTan salteebis saSualebiT,rac arTulebs generatoris 

pirveladi komutaciis wredebis Sesrulebas. amasTan 

dakavSirebiT gamartivebuli agznebis sistema mimdevrobiTi 

transformatorebis gareSe poulobs farTo gamoyenebas. 

TviTagznebis sistema voltsamati transformatoris gareSe 

xasiaTdeba Semdegi TvisebebiT: 

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 maqsimalurma denurma dacvam, romelsac 

gaaCnia didi dayovnebis dro. generatoris dinamikuri mdgradobis 

garkveuli Semcireba mimdinareobs imasTan dakavSirebiT, rom 

uecrad mcirdeba agznebis Zabva, myisieri samfaza mS-is Semdeg. 
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2.4. forsirebisa da ganagznebis procesebi 

generatoris dinamikuri mdgradobis amaRlebisaTvis 

aucilebelia agznebis forsireba ara mxolod mS-is dros, aramed  

misi Sewyvetis Semdegac, roca mimdinareobs 𝜃 kuTxis zrda. 

swrafmomqmedi agzneba iZleva saSualebas miviRoT intensiuri 

demfireba generatoris rotoris rxevisa avariis Semdgom reJimSi. 

es miiRweva cvalebadi forsirebiT da ganagznebiT. komutaciuri 

emZ forsirebis da ganagznebis dros SeiZleba gaviangariSoT 

formuliT 

𝐸𝐸𝑚 = √2 �� 𝑈
𝑘пр

+ 𝐼𝐼𝑥𝑥𝑚′ 𝑠𝑖𝑖𝑛𝑛𝜑�
2

+ (𝐼𝐼𝑥𝑥𝑚′ 𝑐𝑐𝑜𝑠𝜑)2, 

sadac 𝜑 − 𝑈𝑈  da 𝐼𝐼 Soris kuTxe. 

am SemTxvevaSi aucilebelia vicodeT generatoris Zabva, deni 

da maT Soris fazuri kuTxe, radganac es sidideebi icvleba 

droSi rxevebiT, aq ar SeiZleba dauSvaT generatoris brunvis 

siCqaris mudmivoba. amitom Zabvebisa da denebis angariSi 

mizanSewonilia SevasruloT mimdevrobiTi intervalebis 

meTodiT. 

 

2.5. asinqronuli reJimis, TviTsinqronizaciis da 

resinqronizaciis gansakuTrebuloba 

 

mimdevrobiTi voltsamati transformatoris arseboba iwvevs 

zogierT gansakuTrebulobas asinqronul, sinqronizaciis da 

resinqronizaciis reJimebSi. es dakavSirebulia imasTan, rom  

mimdevrobiTi transformatoris Zabva emateba gammarTveli 

transformatoris Zabvas geometriulad. generatoris gadasvlis 

dros reaqtiuli simZlavris moTxovnis reJimSi,  mimdevrobiTi 

transformatoris Zabva akldeba gammarTveli transformatoris 

Zabvas. Sedegad mcirdeba gamarTuli Zabva. mxedvelobaSi unda 

gvqondes, rom sqemaSi orjgufiani ventilebiT,  Zabvis aseTi 

Semcireba mimdinareobs forsirebis jgufze. 
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Tavi III. hidrogeneratoris statikuri mZlavrdenisa 

tiristoruli agznebis sistemaSi eleqtromagnituri 

procesebi 

 

3.1. eleqtromagnituri procesebis gansakuTrebuloba 

 

Tu sinqronuli generators unda qondes agznebis forsirebis 

amaRlebuli jeradoba, maSin marTvadi gardamqmneli imuSavebs 

didi regulirebis kuTxeebiT. amas Tan sdevs reaqtiuli 

simZlavris mniSvnelovani gazrda ris Sedegad  

transformatorebis da damxmare sinqronuli generatorebis 

tipiuri simZlavre izrdeba.  

tipiuri simZlavris Semcireba, SeiZleba miRweuli iqnes ori 

paralelurad CarTuli ventilebis jgufis sqemebis gamoyenebiT, 

arasimetriuli marTvis gamoyenebiT, nulovani ventilebis 

CarTviT, impulsuri marTvis gamoyenebiT. bolo SemTxvevaSi 

mTavari generatoris Zabvisgan damokidebulebaSi gammarTveli 

iketeba an srulad iReba. qvemoT ganvixiloT sxvadasxva marTvadi 

sqemebi da sqemebi nulovani ventilebiT.  

gardamqmnelebi forsirebis reJimSi unda muSaobdes sruli 

gamarTuli ZabviT, rac uzrunvelyofilia misi gadayvaniT 

simetriuli marTvis reJimSi. amitom sakmarisia ganvixiloT 

gardamqnelis moqmedeba Semcirebuli simZlavriT normalur 

reJimSi. am SemTxvevaSi sakmarisia gamoviyenoT gardamqmnelis 

gare maxasiaTeblis sawyisi ubani. 

agznebis erTjgufiani sqemis simetriuli marTvis da  

forsirebis amaRlebuli jeradobis SemTxvevaSi , gamarTuli 

Zabvas gaaCnia xerxisebri forma (nax.3.1.) 𝑡𝑡1 − 𝑡𝑡2 drois intervalSi 

Zabva miiReba uaryofiTi. es aRniSnavs, rom gamarTuli deni aq 

mimarTulia Semxvedrad kvebis wyaros emZ-is mimarT. amitom 

savsebiT bunebrivia  miswrafeba damatebiTi gzebis SeqmnisaTvis, 

romelSic dens SeeZleba gaiaros mocemuli drois intervalSi. 
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aseTi gzebi SeiZleba Seiqmnas bogirul sqemaSi denis gavlis 

SesaZleblobebis gamoyeneba, generatoris gragnilebis 

gamoricxviT (nax. 3.2), an damatebiTi (nulovani an buferuli) 

ventilebis gamoyneba (nax. 3.3). pirveli meTodi moxerxebulia 

imiT, rom is ar moiTxovs damatebiT ventilebs. am SemTxvevaSi 1,3 

da 5 ventilebs gaaCnia erTi kuTxe regulirebis, xolo 2,4 da 6 

ventilebs - meore kuTxe. 

eleqtromagnituri procesebis Semdeg saxes miekuTvneba 

iseTi procesebi, romlebic dakavSirebulia gammarTvelis Zabvaze, 

gamarTuli denis cvladi mdgenelebis gavlenasTan. aseT 

procesebs adgili aqvs mTavar generatorze mS-is dros. 

mTavari generatoris simetriuli mS-is dros statoris 

wredSi warmoiqmneba aperioduli denebi, xolo rotoris 

konturSi misi Sesabamisi ZiriTadi sixSiris (50hc) cvladi 

denebi. arasimetriuli mS-is SemTxvevaSi rotoris konturSi 

aRiZvreba sxva sixSiris denebic, romlisganac ZiriTad 

mniSvnelobas gaaCnia ormagi sixSire, gamowveuli uku mbrunavi 

magnituri nakadebiT. amgvarad, mTavari generatoris avariuli 

reJimebis dros gardamqmnelis mudmivi denis wredSi gaivlis 

pulsirebuli deni. amisaTvis aucilebelia gairkves, rogor 

moqmedebs cvladi mdgeneli, mudmiv denze, gardamqmnelis 

muSaobaze, pirvel rigSi mis gare maxasiaTebelze. bunebrivia, 

rom es gavlena iqneba mniSvnelovani generatorSi damamSvidebeli 

sistemis gareSe, sadac pulsacia gamovlindeba didi formiT. 

cxadpolusa generatorSi damamSvidebeli sistemiT pulsacia 

mniSvnelovnad mcirdeba. pulsaciis gavlena gamarTuli Zabvis 

saSualo mniSvnelobaze damokidebulia agreTve gardamqmnelis 

cvladi denis wredis winaRobaze. 
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𝑡𝑡1 

𝑡𝑡2 

𝑡𝑡3 

𝑈𝑈𝑑𝑑′  

nax. 3.1. amaRlebuli forsirebis 
jeradobis dros gamarTuli 

Zabva (γ=0)

        II

1

3

5

4

6

2

  I

nax. 3.2. agzneba gawonasworebuli 
marTvadi sqemiT

I – mTavari generatori,
II – damxmare generatori

1

2

nax. 3.3.. nulovani ventilebiT da samfaza 
gammarTveliT agznebis sqema. 1-generatori;
 2-gammarTvelis kveba sadguris sakuTari 

moxmarebis sistemidan  
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specifikur eleqtromagnitur movlenas miekuTvneba agreTve 

maRalsixSiruli rxevebi gardamqmnelis wredSi, gamowveuli 

ventilebis komutaciiT da eleqtruli wredis gawyvetiT . 

sixSiris sidide ZiriTadad damokidebulia kvebis wyaros 

tevadobisgan da induqciurobisagan  da 𝑅 − 𝐶 wredebisagan, 

romlebic aSunteben naxevradgamtarul ventilebs. am SemTxvevaSi 

arsebiT interess warmoadgens Zabvebis ganawileba cxadpolusa 

generatoris rotoris koWas gaswvriv. agznebis wredSi 

gammarTvelis arseboba gamoricxavs SesaZleblobas mis gavliT 

uku mimarTulebis denis gavlisa, Tumca aseTi reJimebs 

eqspluataciaSi aqvs adgili da is aucilebelia gaviTvaliswinoT 

naxevradgamtaruli agznebis sistemis proeqtirebis dros. kerZod 

agznebis dakargvis dros da generatoris gadasvlisas 

asinqronul reJimSi, drois intervalSi, roca agznebis dens ar 

SeuZlia gaiaros uku mimarTulebiT, rotoris gragnilze 

SeiZleba warmoiSvas amaRlebuli Zabva. amitom gadametZabvis 

problemas, maT angariS da dacvis danayenis arCevas aqvs didi 

praqtikuli mniSvneloba. 

gadametZabvis da maRalsixSiruli rxevis arseboba agznebis 

wredSi gammarTveliT, moiTxovs gansakuTrebul yuradRebas 

rogorc generatoris rotoris gragnilis, aseve rotoris wredSi 

CarTuli gammarTvelebis, damxmare generatorebis da 

transformatorebis gamosacdeli Zabvis sididis dadgenaSi, 

 

 

3.2. arasimetriuli marTvis sqema 

 

arasimetriuli marTvis sqemis upiratesoba mdgomareobs 

imaSi, rom tipiuri simZlavris SemcirebisaTvis, araa saWiro 

ZviradRirebuli saSualeba, radganac problema mocemul 

SemTxvevaSi gadaiWreba mxolod marTvis sistemis garTulebiT. 

uaryofiT mxares warmoadgens fazuri denebis mrudebis formis 
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damaxinjeba, romelic aixsneba luwi harmonikebis mdgenelebis 

gamovlenaSi.  aRniSnuli viTarebis gamosworeba, SeiZleba 

miRweuli iqnes gardamqmnelis sqemis garTulebaSi, rac 

xorcieldeba paralelurad SeerTebuli martivi gammarTvelebiT 

da gamaTanabrebeli reaqtorebis saSualebiT [39,40]. 

arasimetriuli marTva sruldeba bogirul sqemaSi, sadac araa 

saWiro sixSiris gardaqmna marTvis mowyobilobis kvebisaTvis. 

agznebis sistemisaTvis aseTi marTva iyo SemoTavazebuli e. 

etingeris mier. 

arasimetriuli marTvis naklovanebas warmoadgens, is rom 

gammarTvelis cvladi denis mxareze iqmneba ara mxolod kenti, 

aramed luwi harmonikebis mdgenelebi. 

nax.3.4 mocemulia hidrogeneratoris agznebis sistema, sadac 

gamoyeneulia arasimetriuli marTvis sqema. agznebis sistema 

warmoadgens damoukidebels, damxmare sinqronuli generatoriT 

saerTo RerZiT mTavar agregatTan. gammarTvelis sqema 

kaskaduria, Sedgeba sami mimdevrobiT SeerTebuli tiristoruli 

gammarTvelisagan. 

damxmare sinqronul generators gaaCnia sami sinfazuri 

statoris gragnili toli ZabvebiT, CarTuli Sesabamisi 

gammarTvelebTan. gammarTveli 4 simetriuli marTviT, 

uzrunvelyofs hidrogeneratoris normalur reJimSi muSaobas. 

ori erTnairi gammarTveli 5  arasimetriuli marTviT  gadadis 

muSaobaze marTvis kuTxeebiT, axlos nulTan forsirebis 

reJimSi, uzrunvelyofs forsirebis jeradobas 𝐾𝐾 = 4. nominaluri 

agznebis dros, normalur reJimSi  gammarTvelebi arasimetriuli 

marTviT muSaoben iseTi marTvis kuTxiT, roca gammarTvelis 

saSualo gamarTuli Zabva miiReba nominaluris 10-15%. am 

SemTxvevaSi arsebiTad mcirdeba statoris ori gragnilis 

fazuri denebis momqmedi mniSvnelobebi, Sesabamisad, mTlianad 

damxmare generatoris tipiuri simZlavris. 
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nax.3.4.  hidrogeneratoris agznebis sistemis principuli sqema 
1- hidrogeneratori, 2 - damxmare generatori, 
3- agznebis avtomaturi regulatori (aar), 

4 - gammarTveli simetriuli marTviT, 
5 - gammarTveli arasimetriuli marTviT. 

 

tipiuri simZlavre damxmare sinqronuli generatoris an 

gammarTveli transformatoris, roca 𝑥𝑥 = 𝑜 tolia 

𝑆𝑆𝐻
𝑃𝑃𝑑𝐻

=
𝜋𝜋
√6

𝐾𝐾�
𝜋𝜋 − 𝑎𝑎
𝜋𝜋

, 

 

𝑐𝑐𝑜𝑠𝛼 =
2 − 𝐾𝐾
𝐾𝐾

, 𝛼 ≥
𝜋𝜋
3

, 

sadac 𝑃𝑃𝑑𝐻 - sinqronuli manqanis agznebis nominaluri 

simZlavre. Sesabamisi damokidebuleba mocemulia nax. 3.5. 
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nax.3.5.  agznebis forsirebis jeradobis damokidebuleba tipiuri 
simZlavrisagan: 

1- samfaza bogiruli sqema, 2 - arasimetriuli marTviT, 
3 - nulovani ventilebiT. 

 

 

 

3.3. sqemebi nulovani ventilebiT 

nax.3.6. gardamqmneli awyobilia eqvsfaza sqemiT,samfaza 

gamaTanabrebeli reaqtoriT da nulovani ventilebiT. agznebis am 

sistemaSi miiReba  gammarTveli transformatoris saukeTeso 

gamoyeneba, gare da maregulirebeli maxasiaTeblebis naklebi 

daxriT,gamarTuli Zabvis naklebi pulsaciiT, uku Zabvis 

naxtomiseburi zrdis gamoricxviT. 

nulovani ventilebi uzrunvelyofen gamarTuli denis 

gavlas, garda gammarTvelisa, drois im intervalSi, romlis 

drosac gamarTuli Zabvis myisi mniSvneloba xdeba uaryofiTi. 

aseTi piroba aRiZvreba agznebis sistemis marTvis gazrdili 

kuTxeebis muSaobis dros, agreTve ventilebis gamorTvis dros. 

bolo SemTxvevaSi igulisxmeba, rom fazaSi an bogiruli sqemis 

mxarSi gamoiyeneba erTi ventili. 

gamarTuli denis gavlis SesaZlebloba nulovani ventilis 

gavliT muSaobis reJimSi amaRlebuli marTvis kuTxeebiT, iwvevs 

gamarTuli Zabvis saSualo mniSvnelobis gazrdas da kvebis 

wyaros simZlavris Semcirebas. 
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1
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nax.3.6.  TviTagznebis tiristoruli sistema nulovani ventilebiT da 
eqvsfaza sqemiT samfaza gamaTanabrebeli reaqtoriT: 
1- eqvsfaza transformatori, 2- samfaza gamaTanabrebeli reaqtori 

 

ganvixiloT samfaza sqema nulovani ventiliT (nax.3.7). 

𝑡𝑡2 − 𝑡𝑡3 drois intervalSi 𝑖𝑖 deni, piriqiT, gadadis 1 

ventilidan nulovan ventilze. radganac komutacia iwyeba 

momentSi, roca emZ 𝑒1 = 𝑜, maSin gveqneba aramarTvadi reJimi. 

amitom (3.1) da (3.2)-is nacvlad miviRebT 

𝐼𝐼𝑑 =
𝐸𝐸𝑚
𝑥𝑥

(1 − 𝑐𝑐𝑜𝑠𝛾2),   𝑖𝑖 =
1 − 𝑐𝑐𝑜𝑠𝜔𝑡𝑡
1 − 𝑐𝑐𝑜𝑠𝛾2

𝐼𝐼𝑑 

ventilebis komutaciis dros gamarTuli Zabva tolia nulis 

(zustad, - ∆𝑈𝑈). amitom nax. 3.7, b vpoulobT 

𝑈𝑈𝑑′ =
3

2𝜋𝜋
𝐸𝐸𝑚 � sin �𝜔𝑡𝑡 + 𝛼 +

𝜋𝜋
6
� 𝑑𝑑𝜔𝑡𝑡

𝜋

𝛼+𝛾1+
𝜋
6

=
3

2𝜋𝜋
𝐸𝐸𝑚 �1 + 𝑐𝑐𝑜𝑠 �𝛼 + 𝛾1 +

𝜋𝜋
6
�� .          (3.3) 

(3.2) da (3.3)-dan vRebulobT gare maxasiaTeblis gantolebas 

𝑈𝑈𝑑′ = 3
2𝜋
𝐸𝐸𝑚 �1 + 𝑐𝑐𝑜𝑠 �𝛼 + 𝜋

6
�� − 3

2𝜋
𝑥𝑥𝐼𝐼𝑑   (3.4.) 
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nax.3.7.  samfaza bogiruli sqema ori nulovani ventiliT 1,2 (a), fazuri 
deni da gamarTuli Zabva samfaza sqemaSi nulovani ventiliT (b) 

 

aqtiuri winaRobis gavlenas gamarTuli Zabvis mniSvnelobaze 

aqvs adgili mxolod 𝑡𝑡1 − 𝑡𝑡2 intervalSi. amitom saboloo 

gamosaxuleba gare maxasiaTeblis iqneba 

𝑈𝑈𝑑′ = 3
2𝜋
𝐸𝐸𝑚 �1 + 𝑐𝑐𝑜𝑠 �𝛼 + 𝜋

6
�� − 3

2𝜋
�𝑥𝑥 + �5

6
𝜋𝜋 − 𝛼 − 𝛾1� 𝑟� 𝐼𝐼𝑑. 

samfaza bogiruli sqemis SemTxvevaSi SesaZlebelia ori 

meTodi nulovani ventilebis CarTvis: 1. nulovani ventili 

CairTveba gammarTvelis gamomyvanze, 2. CairTveba ori nulovani 
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ventili anoduri da  kaToduri jgufisaTvis (nax. 3.7, a). pirveli 

sqema naklebad efeqturia kvebis wyaros gantvirTvis 

TvalsazrisiT, SedarebiT meoresTan. es aixsneba imiT, rom 

sqemaSi erTi nulovani ventiliT mimdinareobs gammarTvelis 

daSunteba mokle drois intervalSi, xolo sqemaSi ori nulovani 

ventiliT imave regulirebis kuTxiT daSuntebis xangrZlivoba 

mniSvnelovnad izrdeba. ris Sedegad mimdinareobs gamarTuli 

Zabvis sagrZnobi gazrda. 

bogirul sqemaSi muSa da nulovani ventilebis 

monacvleobiTi muSaobis reJimisaTvis gamarTuli Zabvis saSualo 

mniSvneloba ormagdeba SedarebiT martiv samfaza sqemasTan. 

amitom (3.4)-is nacvlad gveqneba 

𝑈𝑈𝑑′ =
3
𝜋𝜋
𝐸𝐸𝑚 �1 + 𝑐𝑐𝑜𝑠 �𝛼 +

𝜋𝜋
6
�� −

3
𝜋𝜋
𝑥𝑥𝐼𝐼𝑑 

auclebelia avRniSnoT, rom nulovan ventilad diodis 

gamoyenebis SemTxvevaSi gardamqmneli miiReba ufro martivi. 

aseTi sqemis naklovanebas  warmoadgens is, rom SeuZlebelia 

gardamqnelis gadasvla invertorul reJimSi. invertoruli 

reJimis miRebisaTvis, aucilebelia nulovan ventilad 

gamoviyenoT tiristori, romelic iketeba marTvis sistemiT 

invertirebis dros. nax. 3.7, b-dan gamomdinareobs, rom denis 

gavlis xangrZlivoba kvebis wyaros fazis mixedviT, roca kuTxe 

𝛼 ≥ 𝜋𝜋 6⁄  Seadgens (5𝜋𝜋 6⁄ ) − 𝛼 (igulisxmeba, rom 𝛾1 = 𝛾2 = 𝑜). 

𝑆𝑆𝐻 = 𝑚𝑚
𝐾𝐾𝑈𝑈𝑑И
𝜋𝜋
3√3

�
5𝜋𝜋
6 − 𝛼
𝜋𝜋

, 

saidanac 
𝑆И
𝑃𝑑И

= 𝜋
√6
𝐾𝐾�5

6
− 𝛼

𝜋
 

Sepirispireba damokidebulebebis (nax.3.4) gviCvenebs, rom 

orive ganxiluli meTodi, kvebis wyaros tipiuri simZlavris 

Semcirebis, iZleva daaxloebiT erTi da igive Sedegs. garda amisa 

nax. 3.4-dan Cans, rom mocemuli meTodebis gamoyeneba 𝑆𝑆𝐻-is 
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SemcirebisTvis, mizanSewonilia agznebis forsirebis jeradobis 

amaRlebis dros. 

 

3.4. wredis cvladi mdgenelebis gavlena cvladi denis Zabvaze 

   

mTavari generatoris simetriuli mS-is dros statoris wredSi 

gamovlindeba aperioduli denebi, xolo rotoris konturSi - 

maTi Sesabamisi ZiriTadi sixSiris (50hc) cvladi denebi 

arasimetriuli mS-is SemTxvevaSi rotoris konturSi 

gamovlindeba denebi sxva sixSiris, romelTa Soris ZiriTadi 

mniSvneloba gaaCnia ormag sixSires, gamowveuls uku mbrunavi 

magnituri nakadebiT. Aamgvarad, mTavari generatoris avariuli 

reJimis dros gardamqmnelis mudmivi denis wredSi gadis 

pulsirebuli deni. amitom aucilebelia gavarkvioT, rogor 

zemoqmedebs gamarTuli denis cvladi mdgeneli gardamqmnelis 

muSaobaze,pirvel rigSi mis gare maxasiaTebelze. savsebiT 

bunebrivia, rom es gavlena iqneba maqsimaluri generatorSi 

damamSvidebeli sistemis gareSe, sadac pulsacia  gamovlindeba 

maqsimaluri formiT. cxadpolusa  generatorSi damamSvidebeli 

sistemiT denis pulsacia mniSvnelovnad mcirdeba. es Semcireba 

damokidebulia agznebis gragnilis parametrebis da 

damamSvidebeli sistemis konturis parametrebis Tanafardobaze. 

pulsaciis gavlena gamarTuli Zabvis saSualo mniSvnelobaze 

damokidebulia agreTve, gardamqmnelis cvladi denis wredis 

winaRobaze. 

   magaliTisaTvis ganvixiloT denis ormagi sixSiris gavlena, 

gardamqnelis bogiruli sqemaSi gamarTuli Zabvis mniSvnelobaze. 

radganac gamarTuli deni warmoadgens pulsirebuls da 

gaaCnia ormagi sixSire, maSin sruli komutaciuri cikli moicavs 

mocemul SemTxvevaSi ZiriTadi sixSiris naxevar periods. es 

cikli unda daiyos drois rigi intervalebiT, romlis 

xangrZlivobaSi Seswavlili eleqtruli wredi, warmoadgens 
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wrfivs. miviRoT, rom marTvad Zabvas gaaCnia sakmarisi sigane da  

miewodeba daumaxinjebeli emZ-is gadakveTis momentSi, rasac 

Seesabameba 𝛼 = 𝑜. marTvadi Zabvebis miwodebis momenti avRniSnoT 

𝑡𝑡1, 𝑡𝑡2 da 𝑡𝑡3 (nax. 3.8). dauSvaT fazuri kuTxe gamarTuli denis 

nominaluri mniSvnelobasa da 2 ventilis CarTvis moments Soris 

toli iqneba 𝜓. maSin  

𝑖𝑖 = 𝐼𝐼𝑎 − 𝐼𝐼𝑚𝑓𝑐𝑐𝑜𝑠2(𝜔𝑡𝑡 + 𝜓) 

γ2γ1

t3

t1 t2

t4

𝑖𝑖1 = 𝑖𝑖 

𝑖𝑖2 = 𝑖𝑖 

𝑖𝑖3 = 𝑖𝑖 

γ3

𝑖𝑖2 = 𝑖𝑖3 = 𝑖𝑖 

𝑖𝑖3 = 𝑖𝑖4 = 𝑖𝑖 
𝑖𝑖𝜎𝜎 = 𝑖𝑖1 = 𝑖𝑖 

𝜋𝜋
3 

𝜋𝜋
3 

𝐼𝐼𝑚𝑚𝑡𝑡 
𝑖𝑖2 

𝐼𝐼𝑑𝑑 

𝑖𝑖3 

o

𝑖𝑖 

t

 

nax.3.8. 𝜸𝟏,𝜸𝟐,𝜸𝟑 komutaciis kuTxeebis gansazRvra 

 

Tu 𝑡𝑡1 momentSi sqema gadadis sam-sami jgufis ventilebis 

muSaobis reJimSi, maSin 𝑡𝑡1 − 𝑡𝑡2 drois intervalisTvis vpoulobT 

𝑥𝑥
𝑑𝑑𝑖𝑖1
𝑑𝑑𝜔𝑡𝑡

+ 𝑥𝑥
𝑑𝑑𝑖𝑖2
𝑑𝑑𝜔𝑡𝑡

+ 𝒰𝑑
′ = 𝑒1 − 𝑒3, 

𝑥𝑥
𝑑𝑑𝑖𝑖1
𝑑𝑑𝜔𝑡𝑡

+ 𝑥𝑥
𝑑𝑑𝑖𝑖6
𝑑𝑑𝜔𝑡𝑡

+ 𝒰𝑑
′ = 𝑒1 − 𝑒2, 

𝑖𝑖1 = 𝑖𝑖, 𝑖𝑖2 + 𝑖𝑖6 = 𝑖𝑖 

aqedan  

𝒰𝑑
′ =

3
√2

𝐸𝐸𝑐𝑐𝑜𝑠𝜔𝑡𝑡 − 3𝑥𝑥𝐼𝐼𝑚𝑓𝑠𝑖𝑖𝑛𝑛2(𝜔𝑡𝑡 + 𝜓), 
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𝑖𝑖2 = −�
3
2
𝐸𝐸
𝑥𝑥
𝑐𝑐𝑜𝑠𝜔𝑡𝑡 −

1
2
𝐼𝐼𝑚𝑓𝑐𝑐𝑜𝑠2(𝜔𝑡𝑡 + 𝜓) + 𝐶, 

sadac 𝐶 integrirebis mudmiva ganisazRvreba pirobidan 

𝑖𝑖2(𝑡=𝑡1) = 𝑜. komutaciis kuTxes vpoulobT tolobidan 𝑖𝑖2 = 𝑖𝑖. Semdeg 

gadavdivarT drois Semdgom intervalze da a.S. viciT,  ra 

xangrZlivoba drois calkeuli intervalebis da gvaqvs 𝒰𝑑
′  

gamosaxuleba, SegviZlia vipovoT gamarTuli Zabvis saSualo 

mniSvneloba naxevar periodSi. vadarebT miRebul mniSvnelobas 

𝑈𝑈𝑑′  mniSvnelobasTan gare maxasiaTeblidan roca 𝑖𝑖 = 𝐼𝐼𝑑 da 

ganvsazRvravT fardobiTi cdomilebas, romelic mogviwodebs 

SevafasoT denebis cvladi mdgenelebis gavlena gamarTuli 

Zabvis saSualo mniSvnelobaze. 

nax. 3.9. mocemulia fardobiTi cdomileba sxvadasxva fazuri 

𝜓 kuTxis sididis dros. angariSis Sesabamisad Cans, rom 𝑖𝑖 denis 

cvladi mdgeneli gamosaxulia ufro Zlierad �𝐼𝐼𝑚𝑓 = 𝐼𝐼𝑑�. garda 

amisa, miRebuli iqna, rom cvladi denis wreds gaaCnia 

mniSvnelovani induqciuri winaRoba (mudmivi denis reJimSi 

𝑖𝑖 = 𝐼𝐼𝑑 , 𝛾 = 600). 

mocemuli angariSebidan gamomdinareobs, rom aseTi 

SedarebiT mZime piroba,rogoricaa: 

∆Ud,%

8

6

4

2 10 30 50
ψ,ο

 

nax.3.9. gamarTuli Zabvis saSualo mniSvnelobis gansazRvris 
cdomilebis mrudi 

  

1.denis cvladi mdgeneli ormagi sixSiriT gamoxatulia 

SedarebiT Zlierad (𝐼𝐼𝑚𝑓 = 𝐼𝐼𝑑), 2. cvladi denis wreds gaaCnia 
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mniSvnelovani induqciuri winaRoba (mudmivi denis reJimSi 

𝛾 = 600), 3.gardamqmneli muSaobs aramarTvad reJimSi, cvladi 

mdgenelis gavlena gare maxasiaTebelze miiReba mcire, - 

gamarTuli Zabvis saSualo mniSvneloba icvleba fazis denis 

cvladi mdgenelis fardobiT kvebis wyaros ZabvasTan 2-4%-iT.      

eqvsfaza sqemaSi samfaza gamaTanabrebeli reaqtoriT, mis gareSe 

cvladi mdgenelis gavlena gamarTuli Zabvis saSualo 

mniSvnelobaze miiReba meti, vidre samfaza sqemaSi da aRwevs 12-

15%-s. 
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Tavi IV. regulirebad hidrogeneratorSi gardamavali 

eleqtromagnituri procesebi 

 

4.1. hidrogeneratorSi regulirebis amocanebi 

nax.1.1. mocemulia regulirebadi hidrogeneratori 

tiristoruli agznebis sistemiT.  

sinqronuli manqanebisaTvis damaxasiaTebels warmoadgens 

didi Sida winaRoba, romelic iwvevs Zabvis dadablebas mis 

momWerebze datvirTvis gazrdis dros da simZlavris SezRudvas 

paraleluri muSaobis dros mdgradobis pirobis mixedviT. 

Sida reaqtiuli winaRobis kompensacia miiRweva agznebis 

regulirebis saSualebiT, reJimuli Π sidideebis ama Tu im 

gadaxrebis funqciiT. regulirebis aseTma saxem SeiZleba 

uzrunvelyos Zabvis mudmivoba an misi ramodenimed gazrda 

generatoris momWerebze an sadguris Semkreb salteze, roca 

adgili aqvs datvirTvis cvlilebas farTo diapazonSi. 

regulirebadi hidrogeneratoris gansakuTrebulobas 

warmoadgens is, rom misi e.m.Z. warmoadgens funqcias reJimuli Π 

sidideebis gadaxrebis funqciis: 

𝑒𝑑 = 𝐾𝐾(𝑃𝑃)ΔΠ,           (4.1) 

sadac 𝑒𝑑 - manqanis e.m.Z.; 𝐾𝐾(𝑃𝑃) - regulatoris, agznebis 

sistemis da rotoris gadamcemi funqcia. 

sinqronuli manqanis TviTgaqanebis movlena zRudavs 

regulirebis koeficientis zeda zRvrul mniSvnelobas gadaxris 

mixedviT. gamomdinare aqedan aRiZvreba amocana agznebis sistemis 

regulirebis stabilizaciis. stabilizaciis meTodi 

ganisazRvreba mdgradobis zRvaris SesaZlo gazrdiT. manqanis 

e.m.Z, aRWurvili Zlieri moqmedebis regulatoriT, damokidebulia 

ara mxolod gadaxrebisgan, agreTve reJimuli Π sidideebis 

warmoebulisagan. 

𝑒𝑑 = 𝑘𝑘(𝑃𝑃)ΔΠ + 𝐾𝐾1(𝑃𝑃)𝑃𝑃Π1 + 𝐾𝐾2(𝑃𝑃)𝑃𝑃2Π2,   (4.2) 
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sadac Π1,Π2 - reJimuli sidideebis pirveli da meore 

warmoebulebi, romelic Semodis regulatorebiT; 𝐾𝐾1(𝑃𝑃),𝐾𝐾2(𝑃𝑃)- 

gadamcemi funqcia regulatoris, agznebis da rotoris 

sidideebis. zogad SemTxvevaSi Π,Π1 da Π2 SeiZleba Serwymuli 

iqnes ramodenime reJimuli sidideebTan. 

mdgradobis zRvaris amaRlebis garda, agznebis regulirebis 

sistemas ekisreba sxva mTeli rigi amocana: demfirebis rxevebis 

intensivobis amaRleba, reaqtiuli simZlavris ganawileba 

eleqtrosadguris paralelurad momuSave generatorebs Soris 

mdgradobis amaRleba sistemis SeSfoTebis dros, romelsac 

SeiZleba adgili qondes sistemaSi calkeuli sadgurebis 

asinqronuli svlis dros. 

gamosakvlevi sistema miekuTvneba avtomaturi regulirebis 

mravalkavSiriani sistemis klass, romelSic gardamavali 

procesebi naklebad Seswavlilia. 

 

4.2. regulirebadi hidrogeneratoris gantolebebi 

 

gardamavali procesebis xarisxis analizis dros arsebiTi 

mniSvneloba gaaCnia sawyisi gantolebaTa sistemis arCevas. 

gardamavali procesebis gaTvaliswineba generatoris 

statoris wredSi arTulebs miRebuli eqsperimentuli Sedegebis 

interpretacias  da sruli diferencialuri gantolebebis 

amoxsnis, agreTve regulirebis sistemis racionaluri 

struqturis sinTezis meTodis Seqmnas. amocana ufro rTuldeba, 

roca ganixileba ramodenime paralelurad momuSave 

hidrogeneratoris avtomaturi regulirebis sistemebis sinTezi. 

hidrogeneratoris statoris wredSi gardamavali procesis 

mxedvelobaSi ar miReba sagrZnoblad amartivebs amocanas. 

Semdgomi analizis dros hidrogeneratoris statoris wredSi 

gardamavali procesebi mxedvelobaSi ar miiReba. turbinis 

moments vuSvebT mudmivs. 
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statoris wredSi aqtiur winaRobas viTvaliswinebT, mxolod 

diferencialuri gantolebebis koeficientebis gansazRvris dros. 

gamokvlevis pirvel etapze vTvliT, rom hidrogeneratoris 

bunebrivi demferuli Tviseba, maT Soris rotorze specialuri 

demferuli konturebis moqmedeba, SeiZleba gaviTvaliswinoT 

rotoris moZraobis gantolebaSi wevris SeyvaniT, romelic 

proporciulia urTierT kuTxis cvlilebis siCqaris. Tu 

gaviTvaliswinebT CamoTvlil daSvebebs regulirebadi 

hidrogeneratoris gantolebebi sagrZnoblad gamartivdeba. sawyis 

gantolebaTa sistemaSi [41] hidrogeneratoris statoris wredSi 

gardamavali eleqtromagnituri procesebis gantoleba 𝑑𝑑 da 𝑐𝑐 

RerZebis mimarT iqneba Cawerili, rogorc damyarebuli reJimis 

gantoleba. 

mocemuli daSvebebi iZleva saSualebas SevamciroT sistemaSi 

cvladebis ricxvi da gadavideT reJimuli sidideebis momqmed 

mniSvnelobebze. gamoviyenoT farTod gavrcelebuli 𝑑𝑑 da 𝑐𝑐 

koordinatTa sistema. namdvil sidideTa RerZad miviRoT – 𝑐𝑐 

RerZi, xolo warmosaxviTi sidideTa RerZad - 𝑑𝑑 RerZi, maSin 

SeiZleba miviRoT Semdegi warmodgena reJimul sidideebze 

kompleqsur formaSi 

𝑈𝑈 = 𝑈𝑈𝑞 + 𝑗𝑈𝑈𝑑, 𝐼𝐼 = 𝐼𝐼𝑞 + 𝑗𝐼𝐼𝑑, 𝐸𝐸𝑑 = 𝑗𝐸𝐸𝑑    (4.3) 

SemoviyvanoT gadacemis sruli kuTxis cneba 𝛿𝛿12 − Ε𝑑 e.m.Z-is 

veqtoris Zvris kuTxe mimRebi sistemis 𝑈𝑈2 Zabvis veqtoris mimarT 

(nax.4.2). 

 

   𝐸𝐸𝑑             𝑈𝑈t                                 𝑈𝑈2   

        𝑈𝑈g                   𝑍1            𝑍2 

 

   𝑋𝑋𝑑                                 𝑍3    

 

 

nax.4.1. eleqtrosistemis umartivesi sqema 

~ 
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kavSiri denis, e.m.Z-is 𝐸𝐸𝑑 da 𝛿𝛿12 kuTxis mdgenelebs Soris 

axal koordinatTa sistemaSi iqneba gansazRvruli gantolebebiT 

𝐼𝐼𝑑 = 𝐸𝑑
𝑍11

𝑐𝑐𝑜𝑠𝛼11 −
𝑈2
𝑍12

cos(𝛿𝛿12 − 𝛼12),    (4.4) 

𝐼𝐼𝑞 = 𝐸𝑑
𝑍11

𝑠𝑖𝑖𝑛𝑛𝛼11 + 𝑈2
𝑍12

sin(𝛿𝛿12 − 𝛼12),     (4.5) 

sadac 𝑍11, 𝑍12- sakuTari da urTierT sruli winaRobebis 

modulebi; 𝛼11,𝛼12 - sakuTari da urTierT sruli winaRobebis 

damatebiTi kuTxeebi. 

sruli winaRobebis Semoyvana saSualebas iZleva ufro 

zustad gaviTvaliswinoT statikuri maxasiaTeblebi realuri 

sistemis gantolebebSi mcire gadaxrebis dros. 

miRebuli daSvebebis Sedegad regulirebadi 

hidrogeneratoris gantolebebi SeiZleba Caiweros Semdegi saxiT: 

𝐽𝑃𝑃2𝛿𝛿12 + 𝐷𝐷𝑃𝑃𝛿𝛿12 + 𝑃𝑃 = 𝑀𝑀meq.,     (4.6) 

�1 + 𝑇𝑇𝑑𝑜𝑃𝑃�𝐸𝐸𝑑 − 𝑇𝑇𝑑𝑜(𝑋𝑋𝑑 − 𝑋𝑋𝑑′ )𝑃𝑃𝐼𝐼𝑑 = 𝑈𝑈a,    (4.7) 

(1 + 𝑇𝑇a𝑃𝑃)𝑈𝑈a = 𝑈𝑈r,       (4.8) 

𝑈𝑈r = 𝐾𝐾(𝑃𝑃)Π + 𝐾𝐾′(𝑃𝑃)𝑃𝑃Π1 + 𝐾𝐾′′(𝑃𝑃)𝑃𝑃2Π2,   (4.9) 

sadac 𝐷𝐷 = 𝑑𝑑 𝑑𝑑𝑡𝑡,⁄  𝑃𝑃 – eleqtromagnituri momenti; 𝑇𝑇𝑑𝑜-rotoris 

drois mudmiva, roca statoris gragnilebi gaxsnilia;  

𝑈𝑈a = 𝑈𝑈g - agznebis Zabva; 𝑇𝑇a - agznebis drois mudmiva;                

𝑈𝑈r-regulatoris Zabva; 𝐾𝐾(𝑃𝑃),𝐾𝐾′(𝑃𝑃),𝐾𝐾′′(𝑃𝑃)-regulatoris gadamcemi 

funqciebi. 

pirveli miaxloebiT gantolebebis miRebisaTvis sakmarisia 

gamoviyenoT teiloris formula da masSi gamovricxoT maRali 

rigis wevrebi. 

virCevT damoukidebeli cvladebis ricxvSi eleqtruli 

koordinatebs - 𝐸𝐸𝑑 e.m.Z. da meqanikur - 𝛿𝛿12 kuTxe.  yvela danarCeni 

reJimuli sidideebi warmodgenilia maTi funqciiT. 

miTiTebuli operaciis SesrulebiT, (4.6)-(4.9) gantolebaTa 

sistemisaTvis  miviRebT: 

𝐽𝑃𝑃2∆𝛿𝛿12 + 𝐷𝐷𝑃𝑃𝛿𝛿12 + 𝜕𝑃
𝜕𝛿12

∆𝛿𝛿12 + 𝜕𝑃
𝜕𝐸𝑑

∆𝐸𝐸𝑑 = 0,     (4.10) 
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∆𝐸𝐸𝑑 + 𝑇𝑇𝑑𝑜 �1 − (𝑋𝑋𝑑 − 𝑋𝑋𝑑′ ) 𝜕𝐼𝑑
𝜕𝐸𝑑

� 𝑃𝑃∆𝐸𝐸𝑑 − 𝑇𝑇𝑑𝑜(𝑋𝑋𝑑 − 𝑋𝑋𝑑′ ) 𝜕𝐼𝑑
𝜕𝛿12

𝑃𝑃∆𝛿𝛿12 = ∆𝑈𝑈a  (4.11) 

(1 + 𝑇𝑇a𝑃𝑃)∆𝑈𝑈a = ∆𝑈𝑈r,        (4.12) 

∆𝑈𝑈r = 𝐹(𝑃)
𝐺(𝑃)

𝐾𝐾Π �
∂Π
𝜕𝛿12

∆𝛿𝛿12 + 𝜕Π
𝜕𝐸𝑑

∆𝐸𝐸𝑑� + 𝐹1(𝑃)
𝐺(𝑃)

𝐾𝐾Π′ �
∂Π1
𝜕𝛿12

𝑃𝑃∆𝛿𝛿12 + 𝜕Π1
𝜕𝐸𝑑

𝑃𝑃∆𝐸𝐸𝑑� +

+ 𝐹2(𝑃)
𝐺(𝑃)

𝐾𝐾Π′′ �
∂Π2
𝜕𝛿12

𝑃𝑃2∆𝛿𝛿12 + 𝜕Π2
𝜕𝐸𝑑

𝑃𝑃2∆𝐸𝐸𝑑�
 (4.13) 

Zlieri moqmedebis regulatoris Canacvlebis sqemisTvis 

(nax.4.3) operatoruli koeficientebis mniSvneloba 𝐹(𝑃𝑃),𝐹1(𝑃𝑃),𝐹2(𝑃𝑃) 

da 𝐺(𝑃𝑃) ganisazRvreba Semdegi formulebiT: 

𝐹(𝑃𝑃) = (1 + 𝑇𝑇1𝑃𝑃)(1 + 𝑇𝑇2𝑃𝑃)2, 

𝐹1(𝑃𝑃) = (1 + 𝑇𝑇2𝑃𝑃)2,𝐹2(𝑃𝑃) = (1 + 𝑇𝑇1𝑃𝑃),    (4.14) 

𝐺(𝑃𝑃) = �1 + 𝑇𝑇𝜙𝑃𝑃�(1 + 𝑇𝑇1𝑃𝑃)(1 + 𝑇𝑇2𝑃𝑃)2, 

sadac 𝑇𝑇𝜙,𝑇𝑇1,𝑇𝑇2-filtris da pirveli da meore rigis 

warmoebulebis diferenciatorebis drois mudmivebi. 

U1

U2

U3

Ur

𝑘𝑘п
1 + 𝑇𝑇𝜙𝜙𝑃𝑃

 

𝑘𝑘п′

1 + 𝑇𝑇𝜙𝜙𝑃𝑃
 

𝑘𝑘п′

1 + 𝑇𝑇𝜙𝜙𝑃𝑃
 

𝑃𝑃
1 + 𝑇𝑇1𝑃𝑃

 

𝑃𝑃
1 + 𝑇𝑇2𝑃𝑃

 
𝑃𝑃

1 + 𝑇𝑇2𝑃𝑃
 

 

nax.4.2. Zlieri moqmedebis regulatoris Canacvlebis sqema 

 

reJimuli sidideebis Sesabamisi kerZo warmoebulebi , 

gamoisaxeba 𝐼𝐼𝑑 da 𝐼𝐼𝑞 denebis kerZo warmoebulebiT. aRniSnuli 

denebis kerZo warmoebulebi ganisazRvreba (4.4) da (4.5) 

gantolebebis diferencirebiT: 

𝜕𝐼𝑑
𝜕𝛿12

= 𝑈2
𝑍12

sin(𝛿𝛿12 − 𝛼12) , 𝜕𝐼𝑞
𝜕𝛿12

= 𝑈2
𝑍12

cos(𝛿𝛿12 − 𝛼12) ,
𝜕𝐼𝑑
𝜕𝛿12

= 1
𝑍11

cos𝛼11, 𝜕𝐼𝑞
𝜕𝛿12

= 1
𝑍11

sin𝛼11
  (4.15) 
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Tu hidrogeneratoris aqtiuri simZlavris gantolebas 

CavwerT saxeSi 

𝑃𝑃 = 𝐸𝐸𝑑𝐼𝐼𝑞 ,        (4.16) 

maSin kerZo warmoebulis sidideebi tolia 

𝜕𝑃
𝜕𝛿12

= 𝐸𝐸𝑑
𝜕𝐼𝑞
𝜕𝛿12

,        (4.17) 

𝜕𝜕𝑃𝑃 𝜕𝜕𝐸𝐸𝑑 = 𝐸𝐸𝑞 + 𝐸𝐸𝑑⁄ 𝜕𝐼𝑞
𝜕𝐸𝑑

;      (4.18) 

hidrogeneratoris Zabvisa da denis gantoleba SeiZleba 

warmodgenili iqnes Semdegi saxiT: 

𝑈𝑈12 = �𝐸𝐸𝑑 − 𝐼𝐼𝑑𝑋𝑋𝑑g�
2

+ 𝐼𝐼𝑞2𝑋𝑋𝑑g2 ,      (4.19) 

𝐼𝐼12 = 𝐼𝐼𝑑2 + 𝐼𝐼𝑞2         (4.20) 

(4.19)-dan miviRebT gantolebas Zabvis kerZo 

warmoebulebisTvis: 

𝜕𝑈1
𝜕𝛿12

=
�𝐸𝑑−𝐼𝑑𝑋𝑑g� �−

𝜕𝐼𝑑
𝜕𝛿12

𝑋𝑑g�+𝐼𝑞𝑋𝑑g
2 𝜕𝐼𝑞
𝜕𝛿12

𝑈1
,      (4.21) 

𝜕𝑈1
𝜕𝐸𝑑

=
�𝐸𝑑−𝐼𝑑𝑋𝑑g� �1−

𝜕𝐼𝑑
𝜕𝐸𝑑

𝑋𝑑g�+𝐼𝑞𝑋𝑑g
2 𝜕𝐼𝑞
𝜕𝐸𝑑

𝑈1
,      (4.22) 

(4.20) gantolebis diferencirebiT, vpoulobT gantolebebs 

denebis warmoebulebis gansazRvrisaTvis: 

𝜕𝐼1
𝜕𝛿12

= 1
𝐼1
�𝐼𝐼𝑑

𝜕𝐼𝑑
𝜕𝛿12

+ 𝐼𝐼𝑞
𝜕𝐼𝑞
𝜕𝛿12

�,      (4.23) 

𝜕𝐼1
𝜕𝐸𝑑

= 1
𝐼1
�𝐼𝐼𝑑

𝜕𝐼𝑑
𝜕𝐸𝑑

+ 𝐼𝐼𝑞
𝜕𝐼𝑞
𝜕𝐸𝑑

�,      (4.24) 

(4.10)-(4.13) gantolebaTa sistemis saSualebiT SeiZleba 

gaanalizdes hidrogeneratoris gardamavali procesebis xarisxi, 

agreTve agznebis avtomaturi regulirebis sistemis racionaluri 

struqturis Seqmnis sinTezi. 

 

4.3. regulirebis sistemis gavlena hidrogeneratoris 

dinamikur Tvisebaze 

 

im SemTxvevaSi, roca regulireba xorcieldeba gadacemis 

kuTxis funqciiT, SeiZleba gamoyenebuli iqnes SedarebiT martivi 
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meTodi hidrogeneratoris dinamikuri Tvisebis miaxloebiTi 

analizis. SemoviyvanoT daSveba, mZlavri hidrogeneratorebis 

parametrebis specialur Tanafardobaze. hidrogeneratoris 

agznebis gragnils gaaCnia didi induqciuri da mcire aqtiuri 

winaRoba. xarisxobrivi analizisaTvis SeiZleba gamoviyenoT is 

mdgomareoba, rom signali, romelsac gaaCnia rotoris rxevis 

sixSire (0,5-1 period/wm), gaivlis gragnils, Seicvlis Tavis 

fazas TiTqmis 𝜋𝜋 2⁄ -iT. dauSvaT, rom signalebi miTiTebuli 

sixSiriT miwodebuli rotoris gragnilze icvlis Tavis fazas 

zustad 𝜋𝜋 2⁄ . aseTi daSveba tolfasia agznebis gragnilis aqtiuri 

winaRobis gavlenis ugulvebelyofisa gardamaval procesebze. 

Zabva miwodebuli rotoris rgolebze, warmoqmnis dens, romlis 

veqtori daZrulia Zabvis veqtoris mimarT 𝜋𝜋 2⁄  kuTxiT. Tu garda 

amisi ugulvebelyofT agznebis da regulatoris inerciulobas, 

maSin hidrogeneratori, romlis agzneba regulirdeba gadaxris 

funqciiT, rotoris daZvris kuTxis pirveli da meore 

warmoebuliT, SeiZleba ganvixiloT rogorc rxeviTi konturi. 

gantolebebi (4.11)-(4.13) SeiZleba CavweroT rogorc erTi 

gantoleba: 

(1 + 𝑇𝑇𝑑′𝑃𝑃)∆𝐸𝐸𝑑 + 𝑁𝑁𝑃𝑃∆𝛿𝛿12 = 𝐾𝐾𝛿∆𝛿𝛿12 + 𝐾𝐾𝛿′𝑃𝑃∆𝛿𝛿12 + 𝐾𝐾𝛿′′𝑃𝑃2∆𝛿𝛿12,   (4.25) 

sadac 

𝑇𝑇𝑑′ = 𝑇𝑇𝑑𝑜 �1 − (𝑥𝑥𝑑 − 𝑥𝑥𝑑′ ) 𝜕𝐼𝑑
𝜕𝐸𝑑

�,      

 (4.26) 

𝑁𝑁 = −𝑇𝑇𝑑𝑜(𝑥𝑥𝑑 − 𝑥𝑥𝑑′ ) 𝜕𝐼𝑑
𝜕𝛿12

,                   

(4.27) 

𝐾𝐾𝛿 ,𝐾𝐾𝛿′ ,𝐾𝐾𝛿′′-gadaxrebis mixedviT regulirebis koeficientebi, 𝛿𝛿12 

kuTxis pirveli da meore rigis warmoebulebiT. SemoRebuli 

daSveba iZleva saSualebas, rom 𝑇𝑇𝑑′ ≫ 1. maSin ∆𝐸𝐸𝑑 sidide SeiZleba 

warmovadginoT Semdegi saxeSi 

∆𝐸𝐸𝑑 = 𝐾𝛿
𝑇𝑑
′𝜔2 𝑃𝑃𝛿𝛿12 + 𝐾𝛿

′−𝑁𝑃
𝑇𝑑
′ ∆𝛿𝛿12 + 𝐾𝛿

′′

𝑇𝑑
′ 𝑃𝑃∆𝛿𝛿12     (4.28) 
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CavsvaT ∆𝐸𝐸𝑑 mniSvneloba (4.28) dan (4.10) gantolebaSi, 

miviRebT gantolebas rotoris mcire rxevebiT 

𝐽𝑃𝑃2∆𝛿𝛿12 + �𝐷𝐷 − 𝑆𝐸
𝑇𝑑
′𝜔2 𝐾𝐾𝛿 + 𝑆𝐸𝐾𝛿

′′

𝑇𝑑
′ � 𝑃𝑃∆𝛿𝛿12 + �𝑆𝑆𝛿 + 𝑆𝑆𝐸

𝐾𝛿
′−𝑁
𝑇𝑑
′ � ∆𝛿𝛿12 = 0,  

 (4.29) 

sadac 𝑆𝑆𝐸 = 𝜕𝜕𝑃𝑃 𝜕𝜕𝐸𝐸𝑑 , 𝑆𝑆𝛿 = 𝜕𝜕𝑃𝑃 𝜕𝜕𝛿𝛿12⁄⁄  

gantoleba (4.29) SeiZleba gamoyenebuli iqnes 

hidrogeneratoris agznebis regulirebis sistemis sakuTari 

rxevebis ZiriTadi parametrebis miaxloebiTi gansazRvrisaTvis. 

amgvarad (4.29)-iT vpoulobT milevis koeficients 𝛼 da kuTxuri 

sixSires 𝜔0 

𝛼 = 1
2

𝐷−𝑆𝐸
𝑇𝑑
′ ( 1
𝜔2
𝐾𝛿−𝐾𝛿

′′)

𝐽
,          (4.30) 

𝜔0 =
𝑆𝛿

𝑆𝐸
′

𝑇𝑑
′ (𝐾𝛿

′−𝑁)

𝐽
.         (4.31) 

ganvixiloT regulirebadi hidrogeneratori rogorc martivi 

rxeviTi konturi, maSin SeiZleba vipovoT rotoris moZraobis 

gantoleba  

∆𝛿𝛿12 = 𝑎𝑎𝑒−𝛼𝑡 cos(𝜔𝑡𝑡 − 𝜑),        (4.32) 

sadac 𝑎𝑎- Serevis amplituda, 𝜑-sawyisi faza, 𝜔-sakuTari 

rxevis kuTxuri sixSire, gansazRvruli sistemis demferuli 

momentis gaTvaliswinebiT. kuTxuri sixSire sakuTari milevadi 

rxevebiT ganisazRvreba gantolebiT 

𝜔 = �𝜔02 − 𝛼2 ,         (4.33) 

Tu 𝛼 > 0, maSin 𝜔 < 𝜔0 

gantolebebi (4.30)-(4.33) garkveuli pirobebis dros iZleva 

sakmaod karg Tanxvedras eqsperimentis SedegebTan, magram amasTan 

erTad unda aRiniSnos fardobiTi utyuaroba (4.29) sawyisi 

gantolebis. bolo mdgomareoba martivad SeiZleba gamovavlinoT 

araregulirebadi hidrogeneratoris statikuri mdgradobis 

analizis dros (𝐾𝐾𝛿 = 𝐾𝐾𝛿′ = 𝐾𝐾𝛿′′ = ∆𝐸𝐸𝑑 = 0). 

aRniSnuli SemTxvevisaTvis gvaqvs 
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𝜔0 =
𝑆𝛿−

𝑆𝐸
𝑇𝑑
′ 𝑁

𝐽
,          (4.34) 

𝛼 = 𝐷𝐷 2𝐽⁄           (4.35) 

hidrogeneratorSi agznebis regulirebis gareSe Cveulebriv 

𝛼 𝜔 ≪ 0,1,⁄  amitom SeiZleba miviRoT 𝜔 = 𝜔𝑜. 

 vaCvenoT, rom gamartivebuli gantoleba (4.29) da  regulirebadi 

hidrogeneratoris sruli gantoleba (4.10)-(4.13) iZlevian 

sxvadasxva Sedegebs reJimis mdgradobis analizis dros, 

romelsac Seesabameba kuTxe 𝛿𝛿12 = 900. hidrogeneratorisTvis, 

romelic muSaobs usasrulo sididis simZlavreze, xazis gavliT, 

Canacvlebuli reaqtiuli winaRobiT, roca 𝛿𝛿12 = 900 gveqneba 

𝑆𝑆𝛿 = 𝑜,𝑁𝑁 = −𝑇𝑇𝑑𝑜𝑈𝑈(1 − 𝑥𝑥𝑑′ 𝑥𝑥𝑑⁄ ) 

(4.34)-is Sesabamisad sakuTari rxevebis sixSire iqneba nulze 

meti. (4.26), (4.27) gantolebebis saSualebiT SeiZleba vaCvenoT, rom 

ekvivalenturi masinqronizirebeli momenti (4.29) ganisazRvreba 

formuliT 

𝑆𝑆𝛿 −
𝑆𝐸
𝑇𝑑
′ 𝑁𝑁 = 𝑈2𝐸𝑑

𝑥𝑑
′ 𝑐𝑐𝑜𝑠𝛿𝛿12 −

𝑈22(𝑥𝑑−𝑥𝑑
′ )

𝑥𝑑𝑥𝑑
′ 𝑐𝑐𝑜𝑠2𝛿𝛿12,     (4.36) 

romelic Seesabameba masinqronizirebel moments, miRebuli 

hidrogeneratoris e.m.Z-is mudmivobis pirobidan gardamavali 

winaRobis Semdeg. araregulirebadi hidrogeneratoris sakuTari 

rxevebis sixSire aRmoCndeba nulze meti, gansazRvruli pirobiT 

aRniSnuli momentis nulTan gatolebiT. es daskvna, miRebulia 

(4.29) gantolebis analizidan. (4.29) gantolebiT ar SeiZleba 

aixsnas mdgradobis darRveva kuTxis 𝛿𝛿12 mniSvnelobis dros, 

roca is metia 900-ze. sruli gantolebaTa sistemas (4.10)-(4.13), 

roca ganixileba piroba ∆𝑈𝑈𝐵 = 0 gaaCnia mesame rigis 

maxasiaTebeli gantoleba  

𝐽𝑇𝑇𝑑′𝑃𝑃3 + (𝐽 + 𝐷𝐷𝑇𝑇𝑑′)𝑃𝑃2 + (𝑆𝑆𝛿 + 𝑇𝑇𝑑′ + 𝐷𝐷 − 𝑆𝑆𝐸𝑁𝑁)𝑃𝑃 + 𝑆𝑆𝛿 = 0 (4.37) 

rogorc (4.37)-dan gamomdinareobs araregulirebadi 

hidrogeneratoris zRvruli reJimi mdgradobis mixedviT 

ganisazRvreba pirobiT 𝑆𝑆𝛿 = 𝑜, romelsac Seesabameba 𝛿𝛿12 = 900 
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kuTxe. es piroba ar SeiZleba miviRoT (4.29) gantolebidan, rac 

aixsneba erTi fesvis dakargviT gamartivebuli gantolebaze 

gadasvlis dros (4.29) gantoleba iZleva saSualebas vipovoT 

zRvruli mniSvneloba regulirebis koeficientis, 𝛿𝛿12 kuTxis 

gadaxris mixedviT da mieces martivi ganmarteba agznebis 

avtomaturi regulatoris sistemis TviTgaqanebis movlenas. 

regulirebis gareSe (𝐾𝐾𝛿′′ = 𝐾𝐾𝛿′′ = 𝑜) milevis koeficientis 

mniSvneloba ganisazRvreba (4.30) gantolebidan: 

𝛼 = 1
2

𝐷−𝑆𝐸
𝑇𝑑
′
1
𝜔2
𝐾𝛿

𝐽
        (4.38) 

𝐾𝐾𝛿-s zRvruli mniSvnelobas vpoulobT pirobidan 𝛼 = 0, romlis 

dros samarTliania gamosaxuleba 

𝐾𝐾𝛿 = 𝐷𝐷𝑇𝑇𝑑′ 𝜔2 𝑆𝑆𝐸⁄          (4.39) 

Tu gaviTvaliswinebT, rom Cveulebriv hidrogeneratorebSi 𝐷𝐷-s 

gaaCnia mcire sidide (0,01-0,03 wm), maSin zRvruli sidide 𝐾𝐾𝛿,  (4.39) 

pirobidan, aRmoCndeba mniSvnelovnad naklebi im mniSvnelobaze, 

romelic saWiroa hidrogeneratoris statikuri maxasiaTeblebis 

uzrunvelyofisaTvis. rogorc Cans (4.30) gantolebidan, dadebiTi 

mniSvneloba qrobis koeficientis, didi 𝐾𝐾𝛿-s dros, SeiZleba 

uzrunvelyofili iqnes 𝛿𝛿12 kuTxis meore rigis warmoebulis 

mixedviT agznebis regulirebisas. amave gantolebidan Cans, rom 

pirveli warmoebulis saSualebiT aRniSnuli amocanis gadawyveta 

ar SeiZleba. pirveli warmoebulis gamoyenebiT SeiZleba gazrda 

ekvivalenturi masinqronizebeli momentis (4.29). amas aqvs 

mniSvneloba statikuri mdgradobis zRvaris gafarToebisaTvis. 

aRniSnuli zRvari emTxveva pirobas 

𝑆𝑆𝛿 −
𝑆𝐸
𝑇𝑑
′ 𝑁𝑁 = 0  (4.40) 

(4.33) gantoleba sakuTari milevadi rxevebis sixSirisaTvis 

da (4.30), (4.31) toloba iZleva saSualebas davadginoT 

regulirebis koeficientebis mniSvnelobebis gavlena rxevis 

sixSiris sidideze, warmoebulebis mixedviT. regulirebis 

koeficientis gazrda pirveli warmoebulis 𝐾𝐾𝑆′ mixedviT iwvevs 
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sakuTari rxevebis sixSiris gazrdas, xolo meore warmoebuli 𝐾𝐾𝛿′′ 

iwvevs sakuTari rxevebis sixSiris Semcirebas. imave gantolebis 

gamoyenebiT, SeiZleba vipovoT aperioduli gadasvlis piroba 

(𝜔 = 0) agznebis regulirebis sistemisTvis. amisaTvis unda 

Sesruldes toloba 𝛼 = 𝜔𝑜 , romelic (4.30), (4.31) gaTvaliswinebiT 

gardaiqmneba Semdegi saxeSi 

𝐷𝐷 − 𝑆𝐸
𝑇𝑑
′ �

𝐾𝛿
𝜔2 − 𝑘𝑘𝛿′′� = 2 �𝑠𝛿 + 𝑆𝐸

𝑇𝑑
′ (𝑘𝑘𝛿′ − 𝑁𝑁)�.       (4.41) 

 

 

4.4. regulirebadi hidrogeneratoris ganzogadoebuli  

struqturuli sqema 

 

struqturuli sqemis SedgenisaTvis SeiZleba gamoyenebuli 

iqnes gantolebebi (4.10)-(4.13), romlebic SemoRebuli aRniSvnebis 

gaTvaliswinebiT miiRebs Semdeg saxes 

𝐽𝑃𝑃2∆𝛿𝛿12 + 𝐷𝐷𝑃𝑃∆𝛿𝛿12 + 𝑆𝑆𝛿∆𝛿𝛿12 + 𝑆𝑆𝐸∆𝐸𝐸𝑑 = 𝑜,     (4.42) 

𝑁𝑁𝑃𝑃∆𝛿𝛿12 + (1 + 𝑇𝑇𝑑′𝑃𝑃)∆𝐸𝐸𝑑 = ∆𝑈𝑈𝐵,      (4.43) 

(1 + 𝑇𝑇𝐵)𝑃𝑃∆𝑈𝑈𝐵 = ∆𝑈𝑈𝑃,       (4.44) 

∆𝑈𝑈𝑃 = 𝐹(𝑃)
𝐺(𝑃)

𝐾𝐾п
𝜕П
𝜕𝛿12

∆𝛿𝛿12 + 𝐹(𝑃)
𝐺(𝑃)

𝐾𝐾п
𝜕П
𝜕𝐸𝑑

∆𝐸𝐸𝑑 + 𝐹1(𝑃)
𝐺(𝑃)

𝐾𝐾п′
𝜕П1
𝜕𝛿12

Р∆𝛿𝛿12 +

𝐹1(𝑃)
𝐺(𝑃)

𝐾𝐾п′
𝜕П1
𝜕𝐸𝑑

Р∆𝐸𝐸𝑑 + 𝐹2(𝑃)
𝐺(𝑃)

𝐾𝐾п′′
𝜕П2
𝜕𝛿12

Р2∆𝛿𝛿12 + 𝐹2(𝑃)
𝐺(𝑃)

𝐾𝐾п′′
𝜕П2
𝜕𝐸𝑑

Р2∆𝐸𝐸𝑑,  (4.45) 

𝑁𝑁 = −𝑇𝑇𝑑𝑜𝑈𝑈2
𝑥𝑑−𝑥𝑑

′

𝑍12
sin(𝛿𝛿12 − 𝛼12),     (4.46) 

𝑇𝑇𝑑′ = 𝑇𝑇𝑑𝑜(1 − 𝑥𝑑−𝑥𝑑
′

𝑍11
𝑐𝑐𝑜𝑠𝛼11)      (4.47) 

(4.45) gantoleba SeiZleba gadaiweros Semdegi saxiT: 

∆𝑈𝑈𝑃 = 𝐹(𝑃)
𝐺(𝑃)

𝐾𝐾𝛿∆𝛿𝛿12 + 𝐹(𝑃)
𝐺(𝑃)

𝐾𝐾𝐸∆𝐸𝐸𝑑 + 𝐹1(𝑃)
𝐺(𝑃)

𝐾𝐾𝛿′Р∆𝛿𝛿12 + 𝐹1(𝑃)
𝐺(𝑃)

𝐾𝐾𝐸′Р∆𝐸𝐸𝑑 +

𝐹2(𝑃)
𝐺(𝑃)

𝐾𝐾𝛿′′Р2∆𝛿𝛿12 + 𝐹2(𝑃)
𝐺(𝑃)

𝐾𝐾𝐸′′Р2∆𝐸𝐸𝑑,      (4.48) 

sadac  

𝐾𝐾𝛿 = 𝐾𝐾п
𝜕П
𝜕𝛿12

,       𝐾𝐾𝐸 = 𝐾𝐾п
𝜕П
𝜕𝐸𝑑

, 

𝐾𝐾𝛿′ = 𝐾𝐾п′
𝜕П1
𝜕𝛿12

,              𝐾𝐾𝐸′ = 𝐾𝐾п′
𝜕П1
𝜕𝐸𝑑

, 
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𝐾𝐾𝛿′′ = 𝐾𝐾п′′
𝜕𝜕П2
𝜕𝜕𝛿𝛿12

,              𝐾𝐾𝐸′′ = 𝐾𝐾п′′
𝜕𝜕П2
𝜕𝜕𝐸𝐸𝑑

 

(4.48) gantolebaSi ar monawileobs regulirebis koeficienti 

gadaxris mixedviT 𝐾𝐾п, pirveli warmoebuli 𝐾𝐾п′ da meore 

warmoebuli 𝐾𝐾п′′ reJimis sidideebis. maT magivrad Seyvanilia 

sidideebi 𝐾𝐾𝛿 ,𝐾𝐾𝛿′ ,𝐾𝐾𝛿′′,𝐾𝐾𝐸 ,𝐾𝐾𝐸′ da 𝐾𝐾𝐸′′, romlebic SeiZleba ganvixiloT 

rogorc regulirebis koeficientebi gadaxrebis mixedviT da 𝛿𝛿12 

kuTxis warmoebulebiT da 𝐸𝐸𝑑 emZ-iT. aseTi Caweris forma xdis 

mizanSewonils ganxiluli iqnes sistema, rogorc 

mravalkavSiriani, romelSic xorcieldeba regulireba ori 

parametris: 𝛿𝛿12 kuTxe da 𝐸𝐸𝑑 emZ. 

agznebis regulirebis sistemis analizis dros 

koeficientebis 𝐾𝐾𝛿 ,𝐾𝐾𝛿′ ,𝐾𝐾𝛿′′,𝐾𝐾𝐸 ,𝐾𝐾𝐸′ da 𝐾𝐾𝐸′′ sidideebi iqneba 

gansazRvruli reJimebis sidideebiT, romlis funqciiT 

xorcieldeba regulireba. ase, magaliTad, Tu regulireba 

mimdinareobs statoris denis funqciiT da Zabva mis momWerebze 

Sesabamisad 𝐾𝐾𝐽 da 𝐾𝐾𝑈 regulirebis koeficientebiT, maSin 𝐾𝐾𝛿 da 

𝐾𝐾𝐸 ganisazRvreba formulebiT 

𝐾𝐾𝛿 = 𝐾𝐾𝐼
𝜕𝐼
𝜕𝛿12

− 𝐾𝐾𝑈
𝜕𝑈
𝜕𝛿12

,            (4.49) 

     𝐾𝐾𝐸 = 𝐾𝐾𝐼
𝜕𝐼
𝜕𝐸𝑑

− 𝐾𝐾𝑈
𝜕𝑈
𝜕𝐸𝑑

        (4.50) 

(4.42)-(4.47) gantolebaTa sistemis safuZvelze, konkretuli 

regulirebis sqemis (nax.4.3) gaTvaliswinebiT SeiZleba aigos 

ganzogadoebuli struqturuli sqema, romelic gamosaxulia 

nax.4.4. aRniSnuli sqemis gansakuTrebulobas warmoadgens 

regulatorebis yvela rgolebis orjeradad ganmeoreba. amitom 

sqemaSi gamoricxulia realuri reJimuli sidideebi, romlis 

funqciiT Cveulebriv xorcieldeba agznebis regulireba. amiT 

miiRweva sqemis ganzogadoeba da gamoikveTeba regulirebadi 

hidrogeneratoris specifikuri gansakuTrebuloba, rogorc 

mravalkonturiani da mravalkavSiriani sistemebis. 
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hidrogeneratoris agznebis regulirebis sistemis 

struqturuli sqema miRebuli daSvebis dros Seicavs Svid 

konturs. erTi maTgani. (1,5,3,2,1), warmoadgens Sida uku kavSirs, 

damaxasiaTebeli hidrogeneratorisTvis, rogorc regulirebis 

obieqti. fizikurad es uku kavSiri warmoSobs damatebiT e.m.Z-is 

process agznebis gragnilSi rxevebis dros. 

sqemaSi danarCeni eqvsi konturis arseboba ganpirobebulia 

regulatoris moqmedebiT, romelic warmoSobs gare uku 

kavSirebs. konturebi, Seqmnili agznebis regulatorebiT, 

SeiZleba daiyos or jgufad: eleqtromeqanikuri da 

eleqtromagnituri. 

gansakuTrebulobas eleqtromeqanikuri konturebis 

warmoadgens is, rom isini Seicavs rxeviTi rgolebs. aRniSnul 

jgufs miekuTvneba sami konturi: 𝛿𝛿12 kuTxis gadaxra (1,6,4,3,2,1), 

misi pirveli (1,7,4,3,2,1) da meore (1,8,4,3,2) warmoebulebiT. unda 

aRiniSnos, rom konturi, warmoqmnili Sida uku kavSiriT 𝑁𝑁𝑃, 

Tavisi bunebiT agreTve warmoadgens eleqtromeqanikurs. 

eleqtromagnituri konturebi ar Seicavs rxeviT rgolebs. 

maT miekuTvneba 𝐸𝐸𝑑 emZ-is gadaxris konturebi (2,9,4,3,2), misi 

pirveli (2,10,4,3,2) da meore (2,11,4,3,2) warmoebulebi. 

hidrogeneratoris agznebis regulirebis princips 

safuZvlad udevs moTxovna, rom regulirebis dros nebismieri 

sididis SemTxvevaSi uku kavSiri kuTxis mixedviT iyos dadebiTi 

(𝐾𝐾𝛿 > 0). aRniSnuli  mdgomareobidan ganisazRvreba niSani, 

romliTac unda Semovides 𝛿𝛿12 kuTxis gadaxra, statoris deni da 

generatoris Zabva. 
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𝐾𝐾𝛿𝛿′′𝑃𝑃2

(1 + 𝑇𝑇2𝑃𝑃)2 

𝐾𝐾𝛿𝛿′ 𝑃𝑃
1 + 𝑇𝑇1𝑃𝑃

 

𝐾𝐾𝛿𝛿  

−𝑁𝑁𝑃𝑃 

1
1 + 𝑇𝑇𝜙𝜙𝑃𝑃

 
1

1 + 𝑇𝑇𝐵𝐵𝑃𝑃
 

1
1 + 𝑇𝑇𝑑𝑑𝑃𝑃

 
𝑆𝑆𝐸𝐸

ℐ𝑃𝑃2 + 𝐷𝐷𝑃𝑃 + 𝑆𝑆𝛿𝛿
 

𝐾𝐾𝐸𝐸′ 𝑃𝑃
1 + 𝑇𝑇1𝑃𝑃

 

𝐾𝐾𝐸𝐸′′𝑃𝑃2

(1 + 𝑇𝑇2𝑃𝑃)2 

𝐾𝐾𝐸𝐸 

8

7

6

5

1
2

4

9

10

11

∆𝛿𝛿12 

∆𝐸𝐸𝑑𝑑 

 
 

 

nax.4.3. hidrogeneratoris agznebis regulirebis sistemis 

ganzogadoebuli struqturuli sqema 

 

 

agreTve ganisazRvreba uku kavSiris niSani    𝐸𝐸𝑑-emZ-is mixedviT. 

denis mixedviT regulirebis dros uku kavSiri 𝐸𝐸𝑑-s mixedviT 

warmoadgens dadebiTs (𝐾𝐾𝐸 > 0), Zabvis mixedviT regulirebis dros 

–uaryofiTi (𝐾𝐾𝐸 < 0), xolo kuTxis mixedviT regulirebis dros 

da misi warmoebuliT uku kavSiri emZ-is mixedviT da misi 

warmoebuliT gamoricxulia. amis Sesabamisad arsebiTad icvleba 

sistemis Tviseba mTlianobaSi. 

regulirebad hidrogeneratorSi gardamavali procesebis 

xarisxi ganisazRvreba calkeuli konturebiT da maTi 

urTierTkavSirebiT. dinamikuri Tvisebebi eleqtromeqanikuri da 

eleqtromagnituri konturebis sxvadasxvaa da SeiZleba 

gamokvleul iqnes SedarebiT martivad. Tu struqturul sqemaSi 

nax.4.4 gamovricxavT yvela eleqtromagnitur konturs, maSin 

SeiZleba miviRoT struqturuli sqema, romelic Seesabameba 

hidrogeneratoris regulirebis sistemas, romelic funqciaa 
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gadacemis kuTxis da misi warmoebulis. miRebuli sistema 

warmoadgens SedarebiT martivs gardamavali procesebis 

analizis TvalsazrisiT. 

 

4.5. hidrogeneratoris muSaoba arasimetriuli 

datvirTvis dros 

 

ganvixiloT movlena, romelic mimdinareobs 

hidrogeneratoris wredebSi sistemasTan paraleluri muSaobis 

dros. rogorc cnobilia arasimetriuli datvirTvis SemTxvevaSi 

generatoris rotoris da statoris wredebSi aRiZvreba Zabvisa 

da denis harmonikebi. [53] 

aRniSnul SemTxvevaSi statoris fazebis gragnilebSi 

gamavali denebi warmoqmnian arasimetriul sistemas. denebis 

arasimetriuli sistema garkveuli 𝜔 kuTxuri sixSiriT SeiZleba 

daiSalos sami simetriuli sistemiT imave kuTxuri sixSiriT: 

nulovani, pirdapiri da uku mimdevrobis. 

nulovani mimdevrobis denebi qmnian pulsirebul magnitur 

vels, romelic iwvevs statoris ganbnevis winaRobaze Zabvis 

vardnis zrdas. pirdapiri da uku mimdevrobis denebi qmnian 

Sesabamisad pirdapiri da uku mimdevrobis mbrunav magnitur 

velebs. maTi brunvis siCqare (el.grad.wamSi) tolia 𝜔 da - 𝜔 

statoris mimarT, (𝜔 − 𝜔r) da -(𝜔 + 𝜔r) rotoris mimarT. 

aRniSnuli velebi agazneben erTRerZian rotoris gragnilSi 

eleqtromamoZravebel Zalebs da denebs kuTxuri sixSireebiT - 

(𝜔 − 𝜔r) da (𝜔 + 𝜔r) [42]. 

aRniSnuli denebiT Seqmnili pulsirebuli magnituri velebi 

Tavis mxriv, SeiZleba daiSalos pirdapiri da uku mimdevrobis 

mbrunavi velebiT, romlis brunTa siCqare tolia: rotoris 

mimarT (𝜔 − 𝜔r),         -(𝜔 − 𝜔r) da (𝜔 + 𝜔r), -(𝜔 + 𝜔r), statoris 

mimarT 𝜔,−(𝜔 − 2𝜔r) da (𝜔 + 2𝜔r), -𝜔. aqedan Cans, rom statoris 

fazur gragnilebSi unda aRiZras eleqtromamoZravebeli Zalebi 
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da denebi ara mxolod 𝜔 kuTxuri sixSiriT, aramed |𝜔 − 2𝜔r| da 

|𝜔 + 2𝜔r|. 

datvirTvis arasimetriulobis gamo aRniSnuli denebi 

agreTve iqneba arasimetriuli. amitom maT mimarT gavimeorebT 

igive msjelobas, romelic iyo ganxiluli denebis mimarT 𝜔 

kuTxuri sixSiriT, vipoviT, rom rotoris wredSi unda aRiZras 

eleqtromamoZravebeli Zalebi da denebi sixSireebiT |𝜔 − 3𝜔r| da 

|𝜔 + 3𝜔r|, xolo statoris fazur gragnilebSi - kuTxuri 

sixSireebiT |𝜔 − 4𝜔r| da |𝜔 + 4𝜔r|. 

aseTi msjelobiT, mivdivarT daskvnamde, rom statoris 

fazebis gragnilebSi arasimetriuli denebis gavlis dros 𝜔 

kuTxuri sixSiriT rotoris gragnilSi unda aRiZras 

eleqtromamoZravebeli Zalebi da denebi, romlis sixSireebi 

ganisazRvreba zogadi formulebiT. 

𝜔kr = [𝜔 ± (2𝑘𝑘 − 1)𝜔r]  (𝑘𝑘 = 0,1,2, … ).   (4.51) 

erTdroulad statoris gragnilebis fazebSi unda aRiZras 

eleqtromamoZravebeli Zalebi da denebi sixSireebiT 

𝜔kst = [𝜔 ± 2𝑘𝑘𝜔r]  (𝑘𝑘 = 0,1,2, … ).   (4.52) 

mocemuli msjeloba da miRebuli Sedegi samarTliania 

rogorc iZulebiTi, ise Tavisufali denebisTvis. 

unda aRiniSnos, rom simetriuli datvirTvis dros 

eleqtromamoZravebeli Zalebis da denebis iZulebiTi mdgenelebi 

Seicavs harmonikebs ara yvela zemoT CamoTvlili sixSireebis. 

statoris gragnilebSi iarsebebs iZulebiTi rxevebi mxolod 

sixSiriT |𝜔𝑜 − 2𝜔r|. 

mocemuli msjeloba sinqronuli manqanis statoris da 

rotoris gragnilebSi maRali rigis harmonikebis warmoqmnis 

meqanizmze naTlad warmodgenilia cxrili 4.1-is saxiT, romelic 

Sedgenilia iZulebiTi mdgenelebisaTvis ZiriTadi 𝜔𝑜 sixSiriT, 

im daSvebiT, rom rotori brunavs 𝑆𝑆 srialiT. 

92 
 



SevCerdeT ufro detalurad iZulebiTi rxevebis sixSiris 

gansazRvraze sinqronuli manqanis calke asinqronuli da calke 

sinqronuli svlisaTvis. 

zogad SemTxvevaSi, roca rotoris brunvis siCqare |𝜔r| 

gansxvavdeba sinqronuli |𝜔𝑜| siCqarisagan, e.i. generatoris 

damyarebuli asinqronuli svlis SemTxvevaSi, simetriuli 

datvirTvis dros statoris fazebis gragnilebSi gaivlis denebi 

sixSireebiT 

𝜔st.
′ = 𝜔𝑜 da 𝜔st.

′′ = 𝜔r, sadac 

𝜔r = 𝜔𝑜(1− 𝑆𝑆).      (4.53) 

 

Sesabamisad, statoris wredSi arasimetriis arsebobis dros  

rotoris gragnilSi iarsebebs rxevebi sixSireebiT, 

gansazRvruli Semdegi formulebiT: 

𝜔𝑘r
′ = |1 ± (2𝑘𝑘 − 1)(2− 𝑆𝑆)|𝜔0,    (4.54) 

𝜔𝑘r
′′ = 1 ± (2𝑘𝑘 − 1) ∕ (1 − 𝑆𝑆)𝜔0,    (4.55) 

statoris fazis gragnilebSi, Sesabamisad iarsebebs rxevebi 

sixSireebiT 

𝜔𝑘st.
′ = |1 ± 2𝑘𝑘(1 − 𝑆𝑆)|𝜔0,      (4.56) 

𝜔𝑘st.
′′ = |1 ± 2𝑘𝑘|(1 − 𝑆𝑆)𝜔0,      (4.57) 

(4.54) da (4.56) formulebi miRebulia (4.51) da (4.52) 

formulebidan 𝜔 = 𝜔0-is CasmiT, (4.55) da (4.57) formulebi miiReba 

𝜔 = 𝜔0(1 − 𝑆𝑆)-is CasmiT. kerZo SemTxvevaSi, roca rotori brunavs 

sinqronulad sixSiriT (𝑆𝑆 = 0), formulebi (4.54), (4.55) da (4.56), 

(4.57) Caiwereba Semdegi saxiT 

𝜔𝑘r
′ = 𝜔𝑘r

′′ = |1 ± (2𝑘𝑘 − 1)|𝜔0,     (4.58) 

𝜔𝑘st.
′ = 𝜔𝑘st.

′′ = |1 ± 2𝑘𝑘|𝜔0,     (4.59) 

(4.58) da (4.59) formulebidan Cans, rom generatoris 

sinqronuli svlis SemTxvevaSi da arasimetriuli datvirTvis 

dros rotoris gragnilSi iarsebebs rxevebi sixSireebiT 

𝜔kr = 𝜔0, 2𝜔0, 4𝜔0, … , 2𝑘𝑘𝜔0 
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xolo statoris fazebis gragnilebSi - rxevebi sixSireebiT 

𝜔𝑘st. = 𝜔0, 3𝜔0, 5𝜔0, . . . , (2𝑘𝑘 + 1)𝜔0 

amgvarad, manqanis sinqronuli svlis dros statoris wredSi 

adgili aqvs mxolod kenti harmonikebs. 

aRwerili movlena, iwvevs rotorSi da statorSi  

harmonikebis usasrulo speqtris aRZrvas, romelic gamovlindeba 

rotoris eleqtruli da magnituri arasimetriis dros, romelsac 

adgili aqvs hidrogeneratorebSi romelTac ar gaaCniaT 

damamSvidebeli gragnili. hidrogeneratorebSi mZlavri 

damamSvidebeli gragnilebiT aRniSnuli movlena gamosaxulia 

sustad da amitom praqtikuli angariSebisaTvis mxedvelobaSi ar 

miiRebian. 
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cxrili 4.1 

 

rotori                           statori                rotori                             statori 

(𝜔𝑜 − 𝜔r) = 𝑆𝑆𝜔𝑜                   𝜔𝑜 0                     1 −(𝜔𝑜 + 𝜔r) = −(2 − 𝑆𝑆)𝜔𝑜                   −𝜔𝑜 0          

−(𝜔𝑜 − 𝜔r) = −𝑆𝑆𝜔𝑜                                                𝜔𝑜 + 𝜔r = (2 − 𝑆𝑆)𝜔𝑜                         

 

                        −(𝜔𝑜 − 2𝜔r) = (1 − 2𝑆𝑆)𝜔𝑜                                    (𝜔𝑜 + 2𝜔r) = (3 − 2𝑆𝑆)𝜔𝑜    1 

(𝜔𝑜 − 3𝜔r) = −(2− 3𝑆𝑆)𝜔𝑜 ← −(𝜔𝑜 − 2𝜔r) = −(1− 2𝑆𝑆)𝜔𝑜  1  2  −(𝜔𝑜 + 3𝜔r) = (4 − 3𝑆𝑆) ← −(𝜔𝑜 + 2𝜔r) = −(3− 2𝑆𝑆)𝜔𝑜   

−(𝜔𝑜 − 3𝜔r) = (2 − 3𝑆𝑆)𝜔𝑜                                    (𝜔𝑜 + 3𝜔r) = (4 − 3𝑆𝑆)𝜔𝑜   

 

                                                           −(𝜔𝑜 − 4𝜔r) = (3 − 4𝑆𝑆)𝜔𝑜                              (𝜔𝑜 + 4𝜔r) = (5 − 4𝑆𝑆)𝜔𝑜            2 

(𝜔𝑜 − 5𝜔r) = −(4− 5𝑆𝑆)𝜔𝑜 ← −(𝜔𝑜 − 4𝜔r) = −(3− 4𝑆𝑆)𝜔𝑜  2   −(𝜔𝑜 + 5𝜔r) = (6 − 5𝑆𝑆)𝜔𝑜 ← −(𝜔𝑜 + 4𝜔r) = −(5 − 4𝑆𝑆)𝜔𝑜 

                                                           −[𝜔𝑜 + (2𝑘𝑘 + 1)𝜔r] = [2𝑘𝑘 − (2𝑘𝑘 − 1)𝑆𝑆]𝜔𝑜 

[𝜔𝑜 − (2𝑘𝑘 − 1)𝜔r] = −[(2𝑘𝑘 − 2) + (2𝑘𝑘 − 1)𝑆𝑆]𝜔𝑜 

                                                                          (𝜔𝑜 + 2𝑘𝑘𝜔r) = [(2𝑘𝑘 + 1) − 2𝑘𝑘𝑠]𝜔0 

             -[𝜔𝑜 − 2𝑘𝑘𝜔r] = −[(2𝑘𝑘 − 2) + (2𝑘𝑘 − 1)𝑆𝑆]𝜔𝑜 
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sistemaSi, romelic Seicavs sxvadasxva Tavmoyril da 

ganmanawilebel induqciur da tevadur parametrebs, SeiZleba 

Seiqmnas xelsayreli piroba rezonansisTvis denis ama Tu im 

harmonikebisaTvis. am SemTxvevaSi sistemaSi SeiZleba aRiZras 

gadametZabva. 

 

 

 

4.6. hidrogeneratoris tiristoruli agznebis sistemis 

wredebSi gadametZabvebi 

 

hidrogeneratoris rotoris gragnilze, agreTve agznebis 

sistemis Zalovan mowyobilobebSi, romlis SemadgenlobaSi Sedis 

kvebis wyaro (transformatori), ventiluri gardamqmneli, velis 

qrobis mowyobiloba, muSaobis procesSi SeiZleba aRiZvras 

gadametZabvebi, romelsac gaaCnia Semdegi fizikuri buneba [55]: 

•  qselis mxridan, ganpirobebuli atmosferuli 

gadametZabvebiT (transformatoris gavliT), agreTve komutaciuri 

procesebiT mkvebavi qselSi; 

• gammarTveli transformatoris ganbnevis induqciurobebSi 

denis swrafi cvlilebiT, agreTve ventiluri gammarTvelSi 

komutaciuri procesebiT.; 

• gadametZabvebi mudmivi denis mxareze, gamowveuli Semdegi 

mizezebiT: 

- ventiluri gardamqmnelis Camketi moqmedeba, roca agznebis 

gragnilSi Ruzis mxridan aRiZvreba uaryofiTi mimarTulebis 

denebi; aseTi procesebi aRiZvreba asinqronuli reJimebis 

Sedegad; rotoris arasasurveli mdebareobis dros asinqronul 

reJimSi, generatoris qselidan gamorTva; agznebis denis mcire 

sawyisi mniSvnelobis dros uecari arasimetriuli mokle SerTva. 

zusti sinqronizaciis meTodis gamoyenebis SemTxvevaSi 

SecdomiTi sinqronizacia;  

98 
 



- uecari mokle SerTvis dros, generatoris velis qroba, 

roca statoris Tavisufali denebi araa mileuli, agznebis 

wredis Semdgomi damokleba didi jeradobis winaRobaze; 

- generatoris TviTsinqronizaciis reJimSi damcavi winaRobis 

gavliT denis gavla (araswori arCevis SemTxvevaSi). 

- tiristorebis Sekavebis denebze qvemoT, maTi 

mniSvnelobebis miRwevis dros agznebis denis gawyveta. 

gadametZabvebis aRZvris sxvadasxva fizikuri bunebis garda, 

isini gansxvavdebian erTmaneTisgan Sida energiiT, amplitudiT da 

sixSiriT. amis Sesabamisad gamoyenebuli unda iqnes sxvadasxva 

saSualeba gadametZabvebis SezRudvisa, raTa aRmovfxvraT 

generatoris gragnilebis izolaciis da  agznebis sistemis 

Zalovani mowyobilobebis calkeuli elementebis dazianeba. 

damcavi mowyobilobebis damuSavebis dros mniSvnelovania 

vicodeT SesaZlo daxriloba frontis zrdis da gadametZabvis 

talRis xangrZlivobis, xolo mudmivi denis mxareze dacvis 

SemTxvevaSi, damatebiT denebis xangrZlivoba da mniSvneloba, 

romlebic gaivlis damcavi wredis gziT agznebis gragnilis 

damoklebis SemTxvevaSi. mniSvnelovania agreTve davadginoT, 

romeli reJimi warmoadgens gadamwyvets damcavi mowyobilobis 

parametrebis SerCevis mizniT. 

ganvixiloT ufro detalurad gadametZabvebis warmoqmnis 

xasiaTi da maTi likvidaciis meTodebi. 

gadametZabva qselis mxridan. rogorc aRniSnuli iyo, am 

saxis gadametZabva ganpirobebulia komutaciuri procesebiT  

mkvebav qselSi an atmosferuli movlenebiT, Tanac aRniSnuli 

gadametZabvis energia SeiZleba iyos SedarebiT didi. savsebiT 

bunebrivia, rom aseTi saxis gadametZabva SeiZleba aRiZvras 

TviTagznebis sistemaSi da agznebis sistemaSi gammarTveli 

transformatoris kvebiT eleqtrosadgurebis sakuTari 

moxmarebis saltidan. gadametZabvis gadacema Zalovani 

transformatoris dabali Zabvis mxareze, Semdeg gardamqmnelze 
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gammarTveli transformatoris gavliT mimdinareobs nawilobriv 

tevaduri gziT da nawilobriv induqciuri kavSiris gziT 

gragnilebs Soris. damatebiTi faqtori, gadametZabvis impulsebis 

zrdis frontis daxrilobis mogluvebel unars, warmoadgens 

generatoris statoris gragnilebis tevadoba. generatorSi 

TviTagznebis sistemiT gadametZabvis SezRudva dasaSveb doneze 

xorcieldeba mclelebiT, dadgmuli hidrogeneratoris 

gamomyvanebze. garda amisa, gamoiyeneba dacva gadametZabvisgan 

gammarTveli transformatoris meoradi gragnilis mxareze. 

gadametZabva, ganpirobebuli gammarTveli transformatoris 

komutaciiT. aseTi gadametZabva SeiZleba aRiZvras mxolod im 

SemTxvevaSi, roca gammarTveli transformatori gamoirTveba 

pirveladi gragnilis mxares amomrTvelis saSualebiT. 

gadametZabvebis SesaZlo mizezebi, aRZruli gammarTveli 

transformatoris komutaciis dros, warmoadgens Semdegs: 

- maRali induqciuroba, romelic miiswrafis SeinarCunos 

ucvleli deni gammarTveli transformatoris mTavar 

induqciurobaSi transformatoris pirvelad mxareze, datvirTvis 

denis gawyvetis SemTxvevaSi. 

- gammarTveli transformatoris magnituri energiis 

gadasvla eleqtrulSi misi gamorTvis dros uqmi svlis muSaobis 

reJimSi. 

pirveli saxis gadametZabvis Tavidan acilebis mizniT 

Seqmnilia iseTi blokireba romelsac, cvladi denis 

amomrTvelis gamorTvis win, gardamqmneli gadahyavs invertorul 

reJimSi da mxolod rotoris denis nulamde Semcirebis Semdeg 

gamoirTveba cvladi denis amomrTveli. pirveli saxis 

gadametZabvis gamoricxvis sxva meTods warmoadgens agznebis 

wredSi uqmi svlis diodis CarTva. magram am SemTxvevaSi 

SeuZlebelia gardamqmnelis gadayvana invertorul reJimSi. 
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gadametZabva, ganpirobebuli gardamqmnelebSi komutaciuri 

procesebiT. rogorc cnobilia, naxevradgamtaruli ventilebis 

komutaciuri Tviseba, arsebiTad gansxvavdeba idealuri 

ventilebis Tvisebebisagan. roca naxevradgamtaruli ventili 

(tiristori) imyofeba Ria mdgomareobaSi [43], orive ventilis 

baza da zogierT SemTxvevaSi erTi an orive ventilis emiteruli 

are, Seicavs Warbi muxtebis matarebels, romelic izrdeba 

pirdapiri denis gazrdiT. imisaTvis, rom gadavrToT 

naxevradgamtaruli ventili Caketil mdgomareobaSi, aRniSnuli 

dagrovili Warbi muxti unda moSordes uSualod eleqtruli 

veliT. amitom polarobis Secvlis Semdeg modebuli Zabva 

naxevradgamtarul ventilze garkveul droSi atarebs dens uku 

mimarTulebiT. Tavidan uku deni izrdeba 𝐼𝐼𝑜-mde, xolo Semdeg 

iwyeba uku denis swrafad Semcireba, da is mcire droSi 

(tiristoris tipisa da klasis mixedviT - 6 wm) ecema (0,1-0,2) 𝐼𝐼𝑜-mde. 

aseTi swrafi cvlileba uku denis iwvevs imas, rom komutaciis 

konturis mcire induqciurobis drosac ki aRiZvreba 

mniSvnelovani TviTinduqciis emZ. 

aRniSnuli gadametZabvis SemcirebisTvis erToblivad 

gamoiyeneba 𝑅 − 𝐶-wredi, SeerTebuli samkuTxedad gardamqmnelis 

Sesasvlelze, da 𝑅3 − 𝐶3-wredi, aSuntebs tiristors. sxva meTods 

dacvisa warmoadgens tiristoruli gardamqmnelis mudmivi Zabvis 

mxareze, damcavi mowyobilobis (dm) CarTvisa. 𝑅1 − 𝐶1 

elementebiT, romelic es naCvenebia nax.4.5[44]. Cveulebriv 

dasaSvebia gadametZabva 30-40% zRvrebSi nominaluri cvladi 

Zabvis mniSvnelobidan.  

Catarebuli kvlevebma aCvena, rom maRalsixSirulma 

procesebma, romlebic mimdinareobs tiristorebis komutaciis 

dros, SeiZleba arsebiTi gavlena moaxdinos gardamqmnelebis 

muSaobis saimedoobaze, maT zomebze da margi qmedebis 

koeficientze. 𝑅 − 𝐶-wredebis parametrebis optimaluri SerCeviT, 

SeiZleba arsebiTad gavaumjobesoT kondensatorebis muSaobis 
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pirobebi da SevamciroT komutaciuri gadametZabvis koeficienti 

1,3-mde. 𝑅 − 𝐶-wredis parametrebis SerCeva unda ganxorcieldes 

proeqtirebis etapze, Sesabamisi angariSebis safuZvelze. 

 

( − )
( − )
( − )

g

tg

3t

dm

+
- 

C2

C2

C1

R1R1

C1

 

nax.4.4. gadametZabvisagan dacva, ganpirobebuli komutaciuri  
procesebiT gardamqmnelSi. 

 

gadametZabva mudmivi denis mxareze. rogorc naTqvami iyo 

zemoT, gadametZabva aRZruli mudmivi denis mxareze, warmoadgens 

mizezs sxvadasxva saxis avariuli situaciebis, dakavSirebuls 

hidrogeneratoris CarTvasTan eleqtrosistemaSi an mis 

gamorTvasTan qselidan avariul pirobebSi. 

ZiriTadi mizezi gadametZabvis ganpirobebulia agznebis 

sistemis ventilebis erTmxrivi gamtarobiT. saqme imaSia, rom 

hidrogeneratoris avariul da gardamaval reJimebSi agznebis 

gragnilSi dens drois garkveul monakveTSi gaaCnia uaryofiTi 

mniSvneloba, magram radgan ventilebs ar SeuZlia gaataros deni 
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uku mimarTulebiT, agznebis deni aRmoCndeba ganrTuli. amis 

Sedegad agznebis gragnilis momWerebze warmoiqmneba amaRlebuli 

Zabva. 

amgvarad, gadametZabvebis aRZvris kerZo SemTxvevebis 

Seswavla, saSualebas iZleva davamuSaoT angariSebis meTodi, 

romlTa gamoyenebiT, proeqtirebis dros,  maRali sizustiT 

SesaZlebelia rTuli reJimebis gaTvaliswineba damcavi 

mowyobilobebis parametrebis gansazRvrisTvis. 
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Tavi V. engurhesis 306 mgva simZlavris 

hidrogeneratoris marTvisa da regulirebis 

eqsperimentaluri maxasiaTeblebi 

 

5.1. engurhesis 306 mgva simZlavris hidrogeneratoris 

tiristoruli agznebis mowyobilobebi da maTi parametrebi. 

 

agznebis mowyobiloba generatorisaTvis 306 mgva simZlavris 

Sesdgeba gamanawilebeli dafisagan oTxi karadiT. 

hidrogeneratoris agznebis gragnili ikvebeba hidrogeneratoris 

momWerebidan damwevi transformatoriT 2000 kva simZlavriT, 15,75 

kv/525 v ZabviT. transformatoris meoradi denis gamarTva 

swarmoebs agznebis mowyobilobaSi da regulirdeba agznebis 

Zabvis Semavali signalis miTiTebis Sesabamisad. 

•  hidrogeneratoris teqnikuri parametrebi: 

tipi: 1𝐷𝐷𝐻𝐻7254 − 3𝑊𝐸𝐸12 − 𝑍 

nominaluri sruli simZlavre 𝑆𝑆n = 306 [mgva] 

nominaluri simZlavris koeficienti 𝑐𝑐𝑜𝑠𝜑 = 0,96 

nominaluri sixSire 𝑓𝑓n = 50 [herci] 

nominaluri brunva 𝑛𝑛n = 250 [b/wT] 

generatoris nominaluri Zabva momWerebze 𝑈𝑈n = 15750 [v] 

generatoris nominaluri deni momWerebze 𝐼𝐼n = 11217 [a] 

generatoris nulovani datvirTvis agznebis deni 𝐼𝐼𝑓 = 967 [a] 

generatoris nulovani datvirTvis agznebis Zabva 𝑈𝑈𝑓 = 104 [v] 

generatoris nominaluri agznebis deni 𝐼𝐼𝑓n = 2177 [a] 

generatoris nominaluri agznebis Zabva 𝑈𝑈𝑓n = 276 [v] 

drois mudmiva 𝑇𝑇𝑑𝑜′ = 8,8 [wm] 

reaqtiuli winaRoba 𝑋𝑋𝑑 = 1,87 [f.e.], 𝑋𝑋𝑑′ = 0,53 [f.e.] 

• gammarTveli transformatoris teqnikuri parametrebi: 

nominaluri sruli simZlavre 𝑆𝑆n = 2000 [kva] 
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pirveladi gragnilis nominaluri Zabva 𝑈𝑈1 = 15,75 [kv] 

meoradi gragnilis nominaluri Zabva 𝑈𝑈2 = 525 [v] 

mokle SerTvis Zabva 𝐸𝐸𝑘 = 13% 

• tiristoruli erTeulis 𝑱𝑻𝑲𝟗𝟒𝟎𝟔 ∙ 𝟏 tipis teqnikuri 

parametrebi. 

tiristoruli erTeulebi dagegmarebulia arareversuli 

tiristoruli gammarTvelebis mosaTavseblad. is Sedgeba 1 

tiristorisagan. samfaziani “bogiruli” gammarTveli Sedgeba 6 

tiristoruli erTeulisagan. distanciuri marTvis dacvis 

komutacia icavs tiristorebs gadametZabvisagan tiristoruli 

denis meSveobiT. maciveblis temperaturas marTavs bimetaluri 

temperaturuli gadamwodebi (𝑆𝑆𝑇𝑇1). gadamrTveli transfor-

matorebis wyvili (𝑇𝑇1,𝑇𝑇2) SesaZlebels qmnis “𝐿𝑂𝑁𝑁𝐺" (xangrZliv) 

gadasarTav impulsebs, romelic esaWiroeba tiristorebs 

CasarTavad tiristoruli gammarTvelis didi induqtivobiT 

datvirTvis SemTxvevaSi. 

TiToeuli tiristorisaTvis impulsebi gadaecema signalebis 

wyviliT, marTkuTxedis formis impulsebiT siganiT 0,025 

mikrowami da periodiT 0,050 mikrowami. tiristorul erTeulze 

impulsebis arsebobis Semdeg orTave signali ikribeba da am 

wesiT gardaiqmneba uwyvet impulsad tiristoris CarTvis 

ganmavlobaSi. transformatorebi uzrunvelyofilia 2 pirveladi 

gragniliT, romlebic SesaZlebels qmnis tiristoris CarTvas 

orive arxidan. tiristoruli erTeulis nominaluri Zabva: 690[v] 

nominaluri sixSire: 50 [hc] 

nominaluri efeqturi deni: 1587 [a] 

nominaluri mudmivi deni (faziani xidi, gaciveba – haeri 

400𝐶, 8 mikro wami-1): gadatvirTviT 1,6 × 20 wamis ganmavlobaSi, 

intervali 300 wami 2750 [a]. 

• cvladi denis gadametZabvisagan dacva. 

𝑂𝐿𝑇𝑇 tipis cvladi denis gadametZabvisagan dacvis 

mowyobiloba gegmardeba cvladi denis gammarTvelze Zabvis 
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SezRudvisaTvis. is icavs tiristorul erTeulebs da 

imavdroulad zRudavs gadametZabvis komutacias. is Sedgeba 

damxmare gammarTvelis, kondensatoris, ganmuxtvelis da 

mademfirebeli rezistorisagan. 

nominaluri Zabva:   1000[v], 50 [hc] 

tevadoba:             32 [mkf] 

madenfirebeli winaRoba:  0,22 [omi] 

ganmmuxtveli winaRoba:  22 [omi] 

• mudmivi denis gadametZabvisagan dacva 

𝑂𝑇𝑇𝐷𝐷 tipis mudmivi denis gadametZabvisagan dacvis 

mowyobilobis daniSnuleba SezRudos Zabvis gadameteba 

zogierTi arastandartuli mdgomareobidan sinqronul 

generatorze an amgznebi mowyobilobis araswori funqciis 

SemTxvevaSi, dacva zRudavs gadametZabvas. ganmmuxtveli 

rezistori SeiZleba paralelurad SeurTdes generatoris 

agznebis gragnils gadametZabvis SemTxvevaSi. ganmuxtveli 

rezistorebis SerCeva xdeba individualurad agznebis 

mowyobilobis Sesabamisad. 

dacvis CarTva da denis gavla fasdeba sensorebis (𝑈𝑈1,𝑈𝑈2) 

meSveobiT. 

uwyveti samuSao Zabva:   800 [v] 

nominaluri uwyveti deni:    63 [a] 

sawyisi Zabva (mudmivi deni): 1600 [v] ±50[v] 

sagamocdo Zabva damiwebis sapirispirod: 4000 [v] 

gadarTvis deni:    4÷8 [a] mudmivi deni 

kveba:      = 24[3]±10% mudmivi deni 

• 16 bitiani mikrokompiuteri 𝑫𝟖𝟐𝟏𝟒𝑩𝟏 

erTeuli sruldeba, rogorc erTi dafis mikrokompiuteri 

𝑃𝑃𝑅𝐼𝐼𝑀𝑀𝐼𝐼𝑆𝑆-is kontroleris saamwyobro saltisaTvis. damatebiTi 

mikroprocesori Seicavs mexsierebis, Semaval, gamomaval da sxva 

damxmare wredebs. “𝑃𝑃𝐶" qmnis momxmareblis programas (𝑠𝑜𝑓𝑓𝑡𝑡𝑤𝑎𝑎𝑟𝑒) 

damxmare 𝑆𝑆𝑂𝐹𝐼𝐼𝐶 programiT. 
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teqnikuri monacemebi 

-16 biti mikroprocesori 𝐼𝐼𝑁𝑁𝑇𝑇𝐸𝐸𝐿 80𝐶186𝐸𝐸𝐴, 16 mghc 

- mexsiereba 𝑅𝐴𝑀𝑀 448 kbaiti 

- orarxiani mexsiereba 𝐷𝐷𝑃𝑃𝑅𝐴𝑀𝑀 64 kbaiti 

- mexsiereba 𝐸𝐸𝐸𝐸𝑃𝑃𝑅𝑂𝑀𝑀 (momxmareblis programa) 256 kbaiti 

- mexsiereba 𝐸𝐸𝑃𝑃𝑅𝑂𝑀𝑀 128 kbaiti 

- realuri drois cikli 𝑅𝑇𝑇𝐶64611 

• konvertoris marTva 

erTeuli uzrunvelyofs generatoris asagznebi parametrebis 

(agznebis Zabva, agznebis deni) gazomvas da generatoris 

tiristoruli gammarTvelis marTvis impulsebis marTvas. 

garda amisa is gardaqmnis gaerTianebul analogiur 

galvanur gamoyofil signalebs 0(4) 20 ma-ze, mzomi xelsawyoebis 

an gardamqmnelis gare kavSirebisaTvis. erTeuli aRWurvilia 

diagnostikuri wredebiT. 

teqnikuri maxasiaTeblebi: 

- procesori 87𝐶196𝐾𝐾𝑅, 16 mghc 

- mexsiereba 𝐸𝐸𝑃𝑃𝑅𝑂𝑀𝑀 64 kbaiti 

- orarxiani mexsiereba 𝐷𝐷𝑃𝑃𝑅𝐴𝑀𝑀 2 kbaiti 

komunikacia: 

- 1 asinqronuli seriuli arxi 𝑅𝑆𝑆232 

kveba:     =5v mudmivi deni 𝐼𝐼𝑐𝑐 ≤ 0,5 a 

      =24v mudmivi deni 𝐼𝐼𝑐𝑐 ≤ 1 a 

 

 

5.2. mikroprocesorebis gamoyeneba engurhesis hidrogeneratorebis 

marTvisa da regulirebis mowyobilobebSi 

 

miRwevebi mikroeleqtronikis dargSi iZleva farTo 

SesaZleblobas Seiqmnas energetikuli manqanaTmSeneblobisaTvis 

axali Taobis aparatura marTvis, regulirebis, kontrolis, 
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dacvis, signalizaciis da diagnostikis. mikroprocesoruli 

teqnikis gamoyeneba saSualebas iZleva gafarTovdes 

diagnostikisa da regulirebis sistemebis funqciebi, amaRldes 

aparaturis sizuste, radikalurad gamartivdes kontrolis 

mowyobiloba, dacvebis da signalizaciis, ganxorcieldes 

energetikuli agregatebis marTva qvesistemurad 

saerTosasadguro avtomatizaciiT. 

mniSvnelovani upiratesoba mikroprocesoruli sistemebis 

mdgomareobs, misi funqciebis cvlilebis simartiveSi da agreTve 

misi amocanebis programebis uzrunvelyofiT. programuli 

uzrunvelyofa da misi detaluri Semowmeba ara nakleb 

mniSvnelovania, vidre aparaturis Seqmna mikroprocesorebze. 

bolo wlebSi naxevradgamtaruli agznebis avtomaturi 

regulatorebis mimarTulebam miiRo Semdgomi ganviTareba. 

mimdinareobs agznebis avtomaturi regulatorebis (aar) 

funqciebis gazrda da icvleba misi elementebis baza. rogorc 

cnobilia aar-is daxmarebiT xorcieldeba realizacia sami 

funqciis jgufis: sistemuri, teqnologiuri da dacvis [43]. 

sistemuri funqciebSi Sedis Zabvebis SenarCuneba maRali 

sizustiT, generatorebis statikuri da dinamikuri mdgradobis 

uzrunvelyofa yvela sasqemo-sareJimo situaciaSi, 

energosistemaSi avariis Semdgomi rxevebis demfireba. 

teqnologiur funqciebSi Sedis agznebis denis avtomaturi 

marTvis uzrunvelyofa brZanebis Sesrulebis dros, generatoris 

erTi reJimidan meore reJimSi gadasvlis dros, romlebic 

sruldeba mocemuli programebis mixedviT. maTSi Sedis: 

agregatis gaSvebis dros sawyisi agznebis reJimis uzrunvelyofa, 

zusti avtomaturi sinqronizacia an TviTsinqronizacia, 

programuli gaSveba hidrogeneratoris, generatoris gantvirTva 

reaqtiuli simZlavris mixedviT misi gamorTvis win qselidan 

normaluri gaCerebis dros, reaqtiuli datvirTvis ganawileba 
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paralelurad momuSave manqanebs Soris, generatoris Zabvis 

SezRudva sixSiris Semcirebis dros da a.S. 

dacvis funqciebi agznebis avtomaturi regulatoris 

mdgomareobs SemdegSi: hidrogeneratoris muSaobis dros 

reJimebis gamovlena rotoris an statoris gragnilebis 

dauSvebeli gaxureba mdgradobis pirobis mixedviT, agznebis 

sistemis gardamqmnelis tiristorebis gadatvirTva da a.S., 

uzrunvelyos dabruneba dasaSvebi muSaobis reJimSi inerciis 

gareSe an mcire drois dayovnebiT, gansazRvruli ZiriTadi 

mowyobilobis maxasiaTeblebiT. aseT funqciebs miekuTvneba: 

minimaluri agznebis SezRudva gamomdinare mdgradobis 

pirobidan an gadaxureba statoris Subluri zonis, reaqtiuli 

simZlavris moTxovnis reJimSi, rotoris an statoris 

gadatvirTva denis mixedviT, manqanis Tburi mdgomareobis 

gaTvaliswinebiT, agznebis maqsimaluri deni agznebis sistemis 

gardamqmnelis mdgomareobis gaTvaliswinebiT. 

bolo wlebSi mZlavr hidrogeneratorebze inergeba agznebis 

avtomaturi regulatori, romelic konstruqciulad 

Sesrulebulia ori standartuli kasetis saxiT, romelic 

moTavsebulia karadaSi agznebis avtomaturi marTvis 

aparaturasTan erTad. 

zeda kaseta ZiriTadad asrulebs agznebis avtomaturi 

regulatoris funqcias, xolo qveda kaseta ki hidrogeneratoris 

muSaobis reJimebis stabilizacias. TiToeuli bloki 

regulatoris Sedgeba platasgan wina panelze, romelzec 

dayenebulia aucilebeli elementebi blokis gawyobisaTvis da 

SemowmebisaTvis regulatoris yvela bloki warmoadgens 

kombinacias ramodenime tipiuri funqcionaluri elementebisagan 

(sumatori, integratori, diferenciatori, komparatori, 

fazomgrZnobiare gammarTveli, multivibratori), Sesrulebuli 

operaciul maZlierebelze – integraluri mikrosqemaze 

regulatori Seicavs calkeul blokebs. naTladaa gamoxatuli 
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mecnierul-teqnikuri progresi Zlieri moqmedebis agznebis 

avtomaturi regulatoris damuSavebis sakiTxebSi, romelic 

mdgomareobs masis sagrZnobi SemcirebiT 1100 kg-dan (magnituri 

maZliereblebis bazaze) 40 kg-mde (integraluri mikrosqemebis 

bazaze). 

funqcionaluri sqema agznebis avtomaturi regulatoris 

naCvenebia (nax.5.1). 
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nax.5.1. agznebis avtomaturi regulatoris funqcionaluri sqema. 

 

Semavali signalebs warmoadgens generatoris deni - 𝐼𝐼g, 

generatoris Zabva 𝑈𝑈g, agznebis deni - 𝐼𝐼𝑓 , generatorebis jamuri 

deni - 𝐼𝐼Σ da qselis Zabva - 𝑈𝑈𝑐 . gamosavali signali ganisazRvreba 

gamosaxulebiT 

𝑈𝑈aar = 𝑘𝑘𝑈𝑜Δ𝑈𝑈 + 𝑘𝑘𝑈1𝑈𝑈′ + 𝑘𝑘𝑓𝑜Δ𝑓𝑓 + 𝑘𝑘𝑓1𝑓𝑓′ + 𝑘𝑘𝐼𝑓1𝐼𝐼𝑓′ , 

sadac 𝑘𝑘𝑈𝑜 ,𝑘𝑘𝑈1,𝑘𝑘𝑓𝑜 ,𝑘𝑘𝑓1,𝑘𝑘𝐼𝑓1-regulirebis koeficientebi Zabvis 

gadaxris mixedviT da Zabvis pirveli warmoebulis mixedviT, 
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sixSiris gadaxris mixedviT da sixSiris pirveli warmoebulis 

mixedviT da Sesabamisad rotoris denis pirveli warmoebulis 

mixedviT. 

sidideebis jami, romlebic Sedian agznebis avtomaturi 

regulatoris kanonSi da gaZliereba jamuri signalebis 

xorcieldeba regulatoris maZliereblis blokSi (mb). misi 

gansakuTrebloba mdgomareobs imaSi, rom is Sesrulebulia 

cvlad denze. maZliereblis aseTi sqema saSualebas iZleva 

gamosavalze miviRoT Zabva ±20 v, romelic sagrZnoblad metia 

±12,6 v – kvebis wyaroze. mb-is funqcionaluri elementebi 10 

Sesasvlelze, modulaciis sixSire 5 кГц, modulatori, 

ortaqtiani simZlavris maZlierebeli, demodulatori. 

maZliereblis sqema praqtikulad uinercioa. garda amisa sqema – 

teqnikis gadawyvetis Sedegad maqsimaluri deni maZliereblebis 

gamosavalze SezRudulia 0,06 a mniSvnelobamde. amasTan 

dakavSirebiT ar saWiroebs regulatoris denis SemzRudvels mis 

gamosavalze mokle SerTvis moxdenis dros. 

generatoris Zabvis gadaxris signali mocemuli 

mniSvnelobidan da Zabvis pirveli warmoebuli formulirdeba 

Zabvis blokSi (Zb).  regulatoris swrafqmedebis amaRlebisaTvis 

gamoiyeneba generatoris Zabvis gadaxris gazomvisaTvis orarxiani 

sqema. swrafqmedebis arxi awyobilia Zabvis amplituduri 

mniSvnelobis gadaxris gazomvaze, xolo inerciulobis arxi ki 

samfaza Zabvis saSualo  mniSvnelobis gadaxraze. amplituduri 

Zabvis mniSvnelobis gadaxris gazomva xorcieldeba generatoris 

Zabvis calkeuli fazebisaTvis cal-calke, xolo gazomvis Sedegi 

jamdeba. amis Semdeg jamuri signali, romelic proporciulia 

∆𝑈𝑈, miewodeba Zb  blokis gamosavalze da aqtiur diferenciators, 

sadac gardaiqmneba pirveli warmoebulis signalad. 

sixSiris cvalebadobis proporciuli signalisa da misi 

pirveli warmoebulis (∆𝑓𝑓 da 𝑓𝑓′) signalis misaRebad gamoiyeneba 

sixSirisa da dacvis bloki (sdb). agznebis avtomaturi 
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regulatorSi izomeba cvladi denis Zabvis periodi da ara 

sixSire. aRniSnuli signalis Sedareba xdeba etalonurTan, 

romelic Seesabameba generatoris brunTa sixSiris nominalur 

mniSvnelobas; Semdeg sxvaoba, romelic proporciulia sixSiris 

gadaxris, gamoiyofa 𝑅𝐶 filtrebis saSualebiT. gamomavali 

signali sixSiris cvalebadobis da Semdgom misi diferencirebiT 

vRebulobT sixSiris warmoebuls. ∆𝑓𝑓 da 𝑓𝑓′ arxebis gamosavali 

Zabvebi miewodeba Semajamebeli maZliereblis mb Sesasvlelze. 

sixSiris gadaxris signali nominaluri mniSvnelobidan 

regulatorSi gamoiyeneba generatoris Zabvis danayenis 

gazomvisaTvis, sixSiris Semcirebis dros da agreTve dacvis 

mowyobilobisaTvis. 

Zabvis regulirebis kanonSi aRniSnuli signalebis Seyvana, 

rogoricaa Zabvis warmoebuli, sixSire da misi warmoebuli, 

rotoris denis warmoebuli uzrunvelyofs regulirebis maRal 

xarisxsa da mdgradobis gazrdas. meore mxriv, zogierT 

reJimebSi, magaliTad m.S-is gamorTvis momentSi da roca saWiro 

xdeba datvirTvis Camogdeba warmoebulis realizaciis wredebSi 

miewodeba signalebi, romlis moqmedeba aRniSnul situaciaSi 

arasasurvelia. amitom agznebis avtomatur regulatorSi 

gaTvaliswinebulia mTeli rigi blokirebebi. 

sixSiris blokSi Sedis damcavi mowyobiloba, romelic 

blokirebas ukeTebs ∆𝑓𝑓 da 𝑓𝑓′ signalebis moqmedebas, roca 

erTdroulad xorcieldeba generatoris Zabvisa da sixSiris 

zrda. SeCereba xdeba agznebis arasasurveli forsirebis 

datvirTvis Camogdebis dros. ∆𝑓𝑓 da 𝑓𝑓′ signalebis blokireba 

xorcieldeba generatoris gamorTvis dros. 

generatoris m.S. gamorTvis momentSi, ganagznebis signalis 

kompensaciisaTvis, romelic miewodeba sixSirisa da Zabvis 

warmoebulis wredebis mixedviT, agznebis avtomaturi 

regulatorSi gaTvaliswinebulia agznebis forsirebis bloki 

(afb). afb-is Semaval signalebs warmoadgens Zabvis gadaxris 
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signali. aRniSnuli signali edareba forsirebis danayenis 

sidides komparatorze (romelic SeiZleba mdovred 

regulirdebodes 0,8÷0,93 𝑈𝑈𝐻 diapazonSi), roca generatoris Zabvis 

Semcireba dabalia danayenze mb-s erT-erT Sesasvlelze 

miewodeba mudmivi Zabvis mniSvneloba, romelic gadaaWarbebs 

regulatoris maregulirebeli signalebis yvela jams da amitom 

gamoiwvevs aar-s gamosavali signalebis releur cvlilebis da 

agznebis forsirebas. forsireba moixsneba 0,1 wm drois 

dayovnebiT m.S-is gamorTvis Semdeg. 

rotoris denis warmoebulis signalis gamomuSaveba 

xorcieldeba denis blokSi (db). rotoris deni izomeba 

tiristoruli agznebis cvladi denis mxareze. gamzomi wredi 

Sedgeba sami denis transformatorisagan, samfaza gammarTveli 

bogirisagan da filtrisagan. Semdeg signali, proporciuli 

rotoris denisa, diferencirdeba da miewodeba mb-s Semajamebeli 

maZliereblis Sesasvlelze. 

exla ganvixiloT agznebis avtomaturi regulatoris 

ZiriTadi arxi – regulireba generatoris Zabvis gadaxris 

mixedviT mocemuli mniSvnelobidan. generatoris Zabvis danayeni 

miewodeba regulatoris Zabvis danayenis blokidan Zdb. danayenis 

Secvla SeiZleba ganxorcieldes rogorc xeliT regulatoris 

Rilakidan, ise avtomaturad. Zdb-is saSualebiT xorcielodeba 

regulatoris danayenis marTva: 

marTvis pultidan (siCqariT 0,005 erT.Zabvis/wm), avariis 

sawinaaRmdego avtomatikis mowyobilobidan (siCqariT 0,05 

erT.Zabvis/wm), Zabvis danayenis morgebis (Zdm) mowyobilobidan 

TviTsinqronizaciis dros da zusti sinqronizaciis dros, 

generatoris gantvirTvis mowyobilobidan misi gaCerebis dros 

reaqtiuli simZlavriT. 

garda amisa Zdb-is saSualebiT xorcieldeba danayenis 

programuli cvlileba agznebis CarTvisa da gamorTvis dros. 
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agznebis CarTvis brZanebis dros upirveles yovlisa Zdb 

adgens Zabvis danayens, romelic Seesabameba magaliTad Zabvis 

0,3𝑈𝑈𝐻 mniSvnelobas, Semdeg miewodeba brZaneba gadayvanisa 

tiristoruli agznebis invertorul reJimSi. 

Zabvis danayenis cvlilebis programuli mowyobiloba 

sinqronuli generatoris CarTva –gamorTvis dros warmoadgens 

axal funqcias agznebis avtomaturi regulatoris da warmatebiT 

gamoiyeneba eqspluataciaSi. 

Zabvis danayenis bloki Sesrulebulia marTvadi sqemis 

mixedviT xangrZlivi drois mexsierebiT integratoris bazaze 

Senaxvis reJimiT [44]. danayenis cvlilebis SemTxvevaSi 

integratoris Sesasvlelze miewodeba Zabva Sesabamis 

Sesasvlelze (magaliTad, generatoris gantvirTvis procesSi 

reaqtiuli simZlavriT – Zabva, proporciulia generatoris 

reaqtiuli denis mniSvnelobis), xolo gamosasvlelidan 

moixseneba signali regulatoris danayenis, romelic miewodeba 

Zabvis blokis erT-erT gamzom Sesasvlelze. Zabvis danayenis 

morgebis mowyobiloba Zdm muSaobs roca generatori CarTulia 

energosistemaSi. generatoris TviTsinqronizaciis meTodiT 

CarTvis dros regulatoris Zabvis danayenis morgebis 

mowyobiloba CarTulia sinqronuli manqanis gamomyvanebze 

ZabvasTan, roca aar-is gamosavali daSuntebulia. Zabvebis 

morgeba xorcieldeba manamde, sanam mdgeneli ∆𝑈𝑈 ar gaxdeba 

nulis toli. amiT Zabvis danayenis morgebis procesi mTavrdeba 

da aar CairTveba muSaobaSi. 

generatoris zusti sinqronizaciis dros Zdm adarebs 

generatoris Zabvis mniSvnelobas qselis Zabvis mniSvnelobas, 

zemoqmedebs maT sxvaobaze da regulatoris danayenis 

cvlilebaze da xorcieldeba generatoris Zabvis morgeba qselis 

ZabvasTan. morgebis procesis damTavrebis Semdeg Seikvreba reles 

kontaqtebi da nebadarTuli xdeba sinqronizacia. 
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Zabvis blokTan (Zb)  miewodeba agreTve Zabva reaqtiuli 

denis blokidan (rdb-1), romelic proporciulia generatoris 

denis reaqtiuli mdgenelis, da rdb-2 blokidan, gamosavali 

Zabva, romelic proporciulia generatoris denis reaqtiuli 

mdgenelis, da rdb-2, gamosavali Zabva, romelic proporciulia 

paralelurad momuSave generatorebis jamuri denis reaqtiuli 

mdgenelebis. pirveli signalis daxmarebiT xorcieldeba an 

amamaRlebeli transformatoris reaqtiuli winaRobis 

kompensacia, raTa miviRoT sinqronuli generatoris gare 

maxasiaTeblis sasurveli statizmi sadguris maRali Zabvis 

salteze, an gare maxasiaTblis stabilizacia, raTa mdgradad 

gadanawildes reaqtiuli datvirTva paralelurad momuSave 

generatorebs Soris saerTo salteze. 

pirvel SemTxvevaSi signali rdb-1-dan miewodeba Zb-is 

Sesasvlelze ise, rom induqciuri datvirTvis gazrdis 

SemTxvevaSi generatoris Zabva gaizardos, xolo Zalovani 

transformatoris maRali Zabvis mxares SenarCunebuli iqnes 

ucvleli statizmi, romlis sidide SeiZleba iyos regulirebadi. 

meore SemTxvevaSi signali rdb-1 blokidan miewodeba sxva 

niSniT da induqciuri datvirTvis gazrdiT generatoris 

momWerebze Zabva mcirdeba statizmiT, romlis sidide agreTve 

SeiZleba davadginoT. Zalovani transformatoris reaqtiuli 

winaRobis kompensaciisaTvis gamoiyeneba signali rdb-2-is 

blokidan. 

denis reaqtiuli mdgenelis gazomva orive blokebSi 

identuria da Sesrulebulia fazomgrZnobiare gammarTvelis 

sqemis safuZvelze. blokis Semaval signalebs warmoadgens 𝐵𝐵 

fazis deni da xazuri Zabva 𝑈𝑈𝐴𝐶 . sufTa reaqtiuli denis 

SemTxvevaSi (𝜑 = ±900) 𝐵𝐵 fazaSi denis cvlileba an emTxveva 

faziT 𝑈𝑈𝐴𝐶 Zabvis cvlilebas, an imyofebian sawinaaRmdego fazaSi. 

am SemTxvevaSi fazomgrZnobiare gammarTveli asrulebs 

gammarTvelis funqcias, da mis gamosavalze gvaqvs maqsimaluri 
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dadebiTi Zabva an uaryofiTi polarobiT. roca 𝜑 < 900 

gamovlindeba Tviseba fazamgrZnobiare gammarTvelis, da mis 

gamosavalze saSualo denis mniSvneloba icvleba 𝐼𝐼𝑠𝑖𝑖𝑛𝑛𝜑-is 

proporciulad. SemdgomSi aRniSnuli signali gasaSualebdeba 

integratoris saSualebiT da gaifiltreba. 

garda regulirebis ZiriTadi arxebisa, agznebis avtomaturi 

regulatorSi arsebobs damatebiTi arxebi da mowyobiloba, 

romlis daniSnulebaa Seasrulos farTo moculobis dacviTi da 

teqnologiuri funqciebi. generatoris dacvis arxi rotoris an 

statoris denis gadatvirTvisgan, warmoqmnian denis bloks, 

gadatvirTvis gazomvis bloki (ggb) da rotoris denis 

SemzRudveli bloki (rdSb). 

Cveulebrivad statorisa da rotoris gadatvirTvis denebis 

maqsimaluri dasaSvebi mniSvnelobebi ar aWarbebs orjerads, 

nominalur denTan SefardebiT. aRniSnuli zRvarze meti denis 

SemTxvevaSi deni unda Semcirdes drois dayovnebis gareSe. mcire 

gadatvirTvebi dasaSvebia drois garkveul intervalSi, 

damokidebulia gadatvirTvis jeradobaze. regulatorSi 

gadaxurebis SezRudva xorcieldeba rotoris an statoris 

maqsimaluri denis mixedviT. signalis gadamwodiT SezRudvis 

dros gamoiyeneba gamosavali signali denebis seleqtoridan, 

ganlagebuli db blokSi. 

Semsrulebel mowyobilobad gadatvirTvis SemzRudvelad 

warmogvidgeba rdSb bloki. denis SezRudva 2𝐼𝐼𝑓𝐻 doneze 

xorcieldeba ori meTodiT. rodesac denis mniSvneloba miaRwevs 

1,8-2,0 𝐼𝐼𝑓𝐻, amoqmeddeba forsirebis SemzRudveli kvanZi, romelic 

daamoklebs reulatoris gamosavals stabilitronis gavliT 

miwaze. regulatoris gamosavali Zabvis mniSvneloba izRudeba 

signaliT, romelic Seesabameba rotoris dens orjeradi 

mniSvnelobiT. 

garda amisa, gaaCnia statoris denis SemzRudveli, is 

xorcieldeba denis regulatoriT, romelic amoqmeddeba im 
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SemTxvevaSi, roca denis mniSvneloba gadaaWarbebs 2𝐼𝐼𝐻 

mniSvnelobas. denis regulatori zemoqmedebs uSualod 

regulatoris gamosavalze, amoklebs mas miwaze marTvadi 

winaRobis (tanzistoris) gavliT. denis regulatoris danayeni 

SeiZleba Seicvalos 1,5𝐼𝐼𝐻 an 𝐼𝐼𝐻 tiristoruli gardamqmnelis 

gadatvirTvis Sedegad avariis sawinaaRmdego avtomatikisa da 

dacvis signalis mixedviT. 

2𝐼𝐼𝐻-ze gadatvirTvis SemTxvevaSi da gragnilebis gadaxurebis 

fiqsirebis SemTxvevaSi denis SezRudva xorcieldeba agreTve 

ori gziT: xorcieldeba sinqronuli generatoris Zabvis 

danayenis Semcireba manmade, sanam deni gadatvirTul gragnilSi 

ar miaRwevs Tavis nominalur mniSvnelobas. (rdSb-is zemoqmedeba 

Zb-ze); rotoris denis Semcirebis procesis daCqarebisaTvis 

mokle droiT, jer kidev Zabvis danayenma ver miaRwia 

mniSvnelobas, romelic Seesabameba nominalur dens, muSaobaSi 

Sedis denis regulatori, romelic axorcielebs agznebis 

regulirebas gadatvirTulo gragnilSi, nominaluri 

mniSvnelobidan denis gadaxris mixedviT. 

agznebis forsirebis SemTxvevaSi, gamowveuli m.S. 

energosistemaSi, SemzRudvelebis moqmedeba blokirdeba da 

mokle droiT izrdeba agznebis deni nominaluri mniSvnelobaze 

metad droiT ara naklebi 0.5wm. 

gadatvirTvis gazomvis blokis daniSnulebaa akontrolos 

generatoris Tburi mdgomareoba im mizniT, rom ganisazRvros 

dasaSvebi gadatvirTvis dro denis mixedviT, agreTve drois 

dayovnebiT gadatvirTvis ganmeorebiTi akrZalva generatoris 

gacivebis reJimSi. gadatvirTvis dasaSvebi dro ganisazRvreba 

dasaSvebi gadatvirTvis mrudeebidan, romelsac iZleva 

generatorebis damamzadebeli qarxana. funqcionalurad ggb 

Sedgeba gadatvirTvis gamzomisagan, analogiuri gamomrTveli 

mowyobilobidan da gadaxurebis fiqsatorisgan, gamosavali 
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signali, romelic warmoadgens brZanebas rdSb-is Semsrulebeli 

mowyobilobisaTvis. 

agznebis avtomatur regulatorSi SesaZlebelia gamoikveTos 

generatoris gacivebis ori reJimi: ganmeorebiTi gadatvirTvis 

daSveba (am SemTxvevaSi xdeba gaTvaliswineba generatoris 

mimdinare Tburi mdgomareoba) da misi akrZalva generatoris 

srul gacivebamde. 

generatoris mier moTxovnili metismetad gazrdili 

reaqtiuli simZlavris mniSvnelobis SezRudvisaTvis 

ukmaragznebis reJimSi funqcionirebs agznebis minimaluri 

SezRudvis bloki amSb, romelic zemoqmedebs Zb blokze. agznebis 

SezRudvisaTvis Zabvis regulirebis kanonSi Semodis mdgeneli, 

romelic proporciulia generatoris denis gadaxrisa 

danayenisgan, romelic damokidebulia generatoris aqtiuri denis 

mniSvnelobaze. garda amisa, mdgradobis gazrdis mizniT 

aRniSnul reJimSi generatoris muSaobisas Zabvis SemzRudvelSi 

Seyvanilia signali, romelic proporciulia rotoris denis 

warmoebulis. amSb-is funqcionalur elements warmoadgens 

generatoris aqtiuri da reaqtiuli denebis mdgenelebis gamzomi, 

amave dros generatoris Zabva da mowyobiloba, romelic 

aregulirebs SemzRudvelis daxris maxasiaTebels. 

agznebis avtomaturi regulatoris SemadgenlobaSi 

CarTulia kontrolis bloki (kb), romelic iZleva informacias 

regulatoris muSaobis vargisianobaze da axorcielebs 

avtomatur gadasvlas proporciuli moqmedebis sarezervo 

regulatorze, pirveli regulatoris mwyobridan gamosvlis 

SemTxvevaSi. 

regulatoris blokebis mkvebavi Zabvebi: stabilizirebuli 

mudmivi Zabva ±12,6 v da Zabva ±6,5 v. ZiriTadi kvebis wyaro (kw) 

ikvebeba sakuTari moxmarebis generatoris Zabvidan 3×380 v, 

sarezervo bloki mudmivi denis operatiuli kveba (mdok) ZabviT 

220 v. orive kvebis bloki warmoadgens impulsuri kvebis wyaros 
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energiis induqciuri magrovebliT da uzrunvelyofilia 

dacvebiT denis mixedviT gadatvirTvisagan da blokis 

gamosasvlelze Zabvis amaRlebisagan. 

zemoT aRniSnuli blokebis garda agznebis sistemis 

kompleqtSi saWiroebis SemTxvevaSi emateba myari ukukavSiris 

bloki (mukb), romelic Sedgeba Zabvis gamyofisagan, agznebis 

Zabvis gamzomi mowyobilobisagan da galvanuri gamyofi 

mowyobilobisagan. aRniSnuli mowyobilobis bloki moTavsebulia 

agznebis marTvis sistemis karadaSi. gaTvaliswinebulia 

SesaZlebloba uku kavSiris koeficientis diskretuli 

cvlilebisa 0,015÷0,025 zRvrebSi. mukb-is muSaobis dros jamuri 

maZliereblis gadacemis koeficienti aucilebelia gaizardos 5-6-

jer. 

agznebis Zabvis myari uaryofiTi uku kavSiri (muuk) 

ZiriTadaT daniSnulia agznebis maxasiaTeblebis 

gaumjobesebisaTvis. agznebis avtomaturi regulatoris 

saeqsploatacio gamocdilebam aCvena, rom agznebis sistemaSi 

statikuri tiristoruli gardamqmnelis muSaobis dros SeiZleba 

sistemam imuSaos aRniSnuli ukukavSiris gareSe. 

agznebis avtomaturi regulatorSi mikroprocesorebis 

gamoyeneba SesaZleblobas xdis reJimebis SenarCunebis sizustis 

amaRlebas, Sesasrulebeli funqciebis moculobis gazrdas, 

kerZod avtomaturi adaptireba regulatoris energosistemis 

muSaobaSi Secvlili pirobasTan, SesaZlebloba gveZleva miviRoT 

meti swrafqmedeba, miviRoT unificirebuli gadawyvetileba da 

maT safuZvelze mcire danaxarjebi [45,46,47]. 

cifruli tipis agznebis avtomaturi regulatori axali 

struqturuli da funqcionaluri elementebiT gansxvavdeba 

naxevradgamtaruli agznebis avtomaturi regulatorisagan 

proporciuli – integraluri – diferencialuri Zabvis 

regulirebis kanoniT (pid), agznebis denis mixedviT Rrma 

ukukavSiri (rogorc uwodeben rotoris denis regulatori), 
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uzrunvelyofs swrafqmedebis gazrdas, sizustes da reJimebis 

statikurad mdgradi ares gafarToebas, statikuri 

maxasiaTeblebis formirebis maRali sizuste, Zabvis cvlilebis 

SesaZlebloba avariis sawinaaRmdego avtomatikis brZanebis 

mixedviT, agregatis simZlavris mixedviT stabilizaciis arxis 

TviTawyoba, agznebis denis an Zabvis regulirebis reJimebis 

marTva, Tavsebadoba energoblokis da mTlianad 

eleqtrosadguris marTvis avtomatizirebul sistemebTan, 

distanciuri an adgilobrivi gadawyoba regulatoris, 

generatoris sruli SesaZleblobis gamoyeneba ukmaragznebis 

reJimSi muSaobis dros, momsaxure personalis informaciis 

gafarToebuli sistema regulatoris calkeuli arxebis 

muSaobaze da generatoris muSaobis reJimebze, regulatoris 

funqcionirebis algoriTmis cvlilebis SesaZlebloba, misi 

konstruqciis cvlilebis gareSe. 

analogiuri integrators gaaCnia SedarebiT naklebi sizuste. 

cifruli integratori xasiaTdeba maRali sizustiT. es arsebiTi 

garemoeba saSualebas gvaZlevs SeviyvanoT regulatorSi 

integraruli mdgeneli regulirebis kanonSi, ris Sedegad 

izrdeba statikuri sizuste regulirebis. 

cifruli tipis agznebis avtomaturi regulatorSi agznebis 

regulireba xorcieldeba: 

1) Zabvis gadaxris da warmoebulis mixedviT, sixSiris 

cvlilebis da warmoebulis mixedviT; 2) Zabvis gadaxris da 

reaqtiuli denis cvlilebis integralis mixedviT, statoris 

denis aqtiuri mdgenelis warmoebulis da rotoris denis 

warmoebulis funqciis mixedviT. Zabvis regulirebis kanoni 

SeiZleba Caiweros Semdegi saxiT: 

𝑈𝑈aar = 𝑘𝑘𝑈𝑜∆𝑈𝑈 + 𝑘𝑘𝑈1𝑈𝑈′ + 𝑘𝑘𝑓𝑜∆𝑓𝑓 + 𝑘𝑘𝑓1𝑓𝑓′ + 𝑘𝑘2 �(∆𝑈𝑈 + 𝛽𝐼𝐼𝑃)𝑑𝑑𝑡𝑡 + 𝑘𝑘3𝐼𝐼𝑑𝐼𝐼𝑓′ 

cifruli tipis agznebis avtomaturi regulatoris blok-

sqema naCvenebia nax. 5.2 [43,48]. 
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nax.5.2. agznebis cifruli regulatoris blok-sqema. 

 

Zabvis gazomvis gardamqmneli (Zgg), Zabvis warmoebulis 

signalis maformirebeli (Zwsm), sixSiris gazomvis gardamqmneli 

(sgg), sixSiris warmoebulis signalis maformirebeli (swsm),  

aqtiuri denis gazomvis gardamqmneli (adgg), reaqtiuli denis 

gazomvis gardamqmneli (rdgg), agznebis denis regulatori (adr),  

agznebis denis gazomvis gardamqmneli (adgg), qselis Zabvis 

gazomvis gardamqmneli (qZgg), t-taimeri, p-procesori, (odm)-

operatiuli damamaxsovrebeli mowyobiloba, mdm-mudmivi 

damamaxsovrebeli mowyobiloba, i1-interfeisis bloki, (m)-

multipleqsori, misamarTis da marTvis bloke (mmb), k-

komutatori, informaciis gacvlis bloki (igb), analogi-cifruli 

gardamqmneli (acg), cifroanalogiuri gardamqmneli (cg),  

obieqtis kavSiris mowyobiloba (okm), gamravlebis moduli (gm), 

diskretuli informaciis Semyvanis da gamomyvanis moduli 

(diSgm), p-regulatoris pulti, universaluri indikaciis 

xelsawyo (uix), klaviSiani registri (kr), 𝑈𝑈-Zabva, 𝑈𝑈′-Zabvis 

warmoebuli, 𝑓𝑓 da 𝑓𝑓′-sixSire da misi warmoebuli, 𝐼𝐼𝛼 da 𝐼𝐼𝑃 – 
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generatoris aqtiuri da reaqtiuli deni, 𝑖𝑖𝑓-agznebis deni, 𝑈𝑈𝑐-

sistemis Zabva. 

gamzomi sistemebi warmodgenilia informaciis gardamqmneli 

jgufiT, romlis gamosasvlelSi formulirdeba unificirebuli 

signalebi, romlebic Tavsebadia analogo-cifruli 

gardamqmnelis SesasvlelSi. agznebis regulatoris gamzomi 

nawili uzrunvelyofs generatoris Zabvis, generatoris aqtiuri 

da reaqtiuli denebis, rotoris denisa da sixSiris orobiTi 

kodis formirebas. 

principulad SeiZleba miviRoT aucilebeli mniSvneloba, 

gvaqvs ra sawyisi monacemebi denisa da Zabvis myisi 

mniSvnelobebis. es yvelaferi cnobilia, rogorc pirdapiri 

gazomvis varianti. misi upiratesoba mdgomareobs imaSi, rom ar 

saWiroebs damatebiT specialur aparaturas. meore variantiT 

gamzomi sistema dakavSirebulia Sualeduri gamzomi 

gardamqnelis arsebobasTan. 

gamzomi sistemebis orive variantis analizma aCvena, rom Tu 

pirveli variantisaTvis gamoiyeneba 16-Tanrigiani mikroprocesori 

swrafqmedebiT 1 milioni operaciiT wamSi, pirdapiri cifruli 

gazomviT SeiZleba uzrunvelyofili iqnes iseTive sizustis 

maCvenebeli, swrafqmedebisa da dabrkoleba mdgradobis, 

rogoricaa variantSi gamzomi gardamqnelis arsebobisas. 

kavSiris mowyobilobis bloki obieqtiT warmodgenilia 

modulebis jgufiT, gaerTianebuli saerTo salteebiT da 

dakavSirebuli interfeisis blokiT kompiuteris arxTan 

multipleqsoriT analogiuri gamzomi sistemasTan. obieqtis 

kavSiris blokSi Sedis agreTve regulatoris pulti da 

informaciis gacvlis moduli sadguris avtomatizirebuli 

marTvis sistemis zeda doniT. regulators gaaCnia saxeluri 

regulirebis koeficientis danayenis regulirebisaTvis 

(cvlilebisaTvis) Semdegi parametrebisaTvis Δ𝑈𝑈,𝑈𝑈′,Δ𝑓𝑓, 𝑓𝑓′. 

122 
 



distanciuri gadawyoba regulirebis koeficientebis 

xorcieldeba sadguris kompiuteruli arxis meSveobiT. 

kompiuteris bloki Seicavs saerTo arxs, romelzec 

SeerTebulia procesori, taimeri, agreTve operatiuli da 

mudmivi damamaxsovrebeli mowyobiloba. 

gaTvaliswinebulia Semdegi ZiriTadi reJimebi: gaSveba, 

sinqronizacia, Zabvis regulireba, agznebis denis regulireba. 

bolo reJimi miiRweva regulatoris ukukavSiris gaTiSviT, 

Sedegad gamoiricxeba uku kavSiri agznebis denis mixedviT da 

miwodeba agznebis denis mudmivi mniSvneloba.  

agznebis denis regulirebis reJimi SeiZleba agreTve 

ganxorcieldes generatoris uqmi svlis muSaobis dros, da im 

SemTxvevaSic, roca generatori Cerdeba agznebis SenarCunebiT, 

roca sasurvelia SevinarCunoT fardoba 𝑈𝑈 𝑓𝑓 = 𝑐𝑐𝑜𝑛𝑛𝑠𝑡𝑡⁄ . 

sinqronizaciis process cifruli aar-is daxmarebiT gaaCnia 

garkveuli upiratesoba. Cveulebrivad, sinqronizaciis procesSi 

xorcieldeba avtomaturi danayenis, generatoris Zabvisa da 

qselis Zabvis sxvaobis dayvana 0,5%-mde. cifruli aar-s SeuZlia 

ara marto morgeba danayenis, aramed ganaxorcielos TvalTvali 

qselis Zabvis cvalebadobis.  

integraluri mdgeneli Zabvis regulirebis kanonSi amaRlebs 

regulirebis wertilSi Zabvis daWeris sizustes da 

uzrunvelyofs mkacri Sesatyvisobas generatoris reaqtiuli 

simZlavrisa mocemul sididesTan. 

meore damatebiTi parametri stabilizaciis – namravli 

aqtiuri denisa agznebis denis pirvel warmoebulze – 

gamoricxavs zogierT nakls, damaxasiaTebeli sixSiris 

signalisTvis, da afarToebs mdgradobis ares regulirebis 

koeficientebis sibrtyeSi sixSiris cvalebadobis da misi 

warmoebulis mixedviT ukmaragznebis reJimSi. 

cifruli aar-is saSualebiT iolad Sedis kompiuteris 

mexsierebaSi damokidebulebebi rotorisa da statoris 
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gadatvirTvis denebisa droSi. SezRudva statoris an rotoris 

denis mimdinareobs imisda mixedviT, romeli maTgani Seesabameba 

gadatvirTvis xangrZlivobis minimalur dasaSveb mniSvnelobas. 

reaqtiuli simZlavris moTxovnis reJimSi cifruli regulatori 

uSvebs mokle droiT muSaobas reJimSi, romelic SesaZlebelia 

mdgradobis mixedviT, magram ara misaRebia Subluri zonis 

xangrZlivi gaxurebis pirobis mixedviT. yovelive aman SeiZleba 

ganaviTaros avaria xazis gamorTvis SemTxvevaSi, generatoris da 

momxmareblis. 

gamokvlevebma aCvena, rom cifruli regulatori uzrunvel-

yofs igive zRvars generatorebis statikuri da dinamikuri 

mdgradobis, rogorc naxevradgamtaruli aar Zlieri moqmedebis. 

orive regulatorebs aZleven karg rxevebis demfirebas. mTeli 

rigi sxva maCveneblebiT cifruli regulators gaaCnia 

upiratesoba naxevradgamtarul regulatorTan SedarebiT 

(cxr.5.1.). 

 

cxrili 5.1. 

regulatorebis SedarebiTi maxasiaTeblebi 

 naxevradgamtaruli cifruli 
statikuri sizuste Zabvis 

SenarCunebis, % 
1 0,1 

Tanafardoba zRvruli simZla-
vreebisa TviTgaqanebis pirobis 
mixedviT, stabilizaciis arxis 
gamorTvis SemTxvevaSi 

1 1,6 

Tanafardoba zRvruli 
simZlavreebisa TviTgaqanebis 

pirobis mixedviT, stabilizaciis 
arxis arsebobis SemTxvevaSi 

1 1 

dasaSvebi gadaxra reaqtiuli 
simZlavris, roca gamoricxulia 

jgufuri regulireba, % 

50 1 

informaciis gadacema centralur 
pultze generatoris 

sinqronizaciis dros Zabvebis 
gaTanabrebis dro, wm 

ara diax 

generatoris sinqronizaciis dros 
Zabvebis gaTanabrebis dro, wm 

- 0,5 

Zabvis donis prioritetuli marTva ara diax 
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aucilebelia aRiniSnos, rom cifruli regulatoris 

upiratesoba SeiZleba ufro metad gamovlindes, Tu iqneba 

dadgenili adaptaciis principi da misi realizaciis meTodi. 

mikroprocesoruli teqnikis gamoyenebis arsebiT sferos 

miekuTvneba tiristoruli gardamqmnelis marTvis cifruli 

sistema. man unda uzrunvelyos tiristorebis marTvis impulsebis 

mimdevrobis formireba da maTi fazis cvlileba Zabvis sididis 

Sesabamisad, modebuli tiristorze, da signalebiT, miwodebuli 

agznebis avtomaturi regulatoridan an sakuTriv marTvis 

cifruli sistemidan.  

warmatebebi cifruli integraluri mikrosqemebis warmoebis 

teqnologiaSi mogviwodebs daubrundeT marTvis cifrul 

meTodebs, mxolod axali elementebis bazaze. 

funqcionaluri sqema tiristoruli gardamqmnelis cifruli 

marTvis sistemiT mocemulia nax. 5.3. 

aRniSnul  sistemaSi informacia, mocemuli cifrul 

formaSi, uSualod gardaiqmneba marTvis impulsebis fazuri 

Zvris kuTxeSi tiristorebis gaRebis momentis mimarT. gardaqmna 

mocemuli kodis drois intervalSi xorcieldeba mricxvelis 

saSualebiT, impulsebis aTvlis warmarTviT, Seqmnili 

specialuri generatoriT. aTvlis signals warmoadgens 

komutaciis Zabvis nulze gadasvlis momenti, xolo marTvis 

impulsi warmoiqmneba mricxvelis ganulebis momentSi [49,50,51]. 

marTvis sistema Sedgeba Semdegi funqcionaluri 

modulebisagan: sami mricxveli 𝐴,𝐵𝐵 da 𝐶 (fazaze erTi 

mricxveli), cvladi sixSiris impulsebis generatori – (csig), 

sinqronizaciis mowyobiloba filtriT -(smf), funqcionaluri 

gardamqneli f.g.,  sumatori Σ, analogiuri Semyvanis moduli 

𝐴𝐵𝐵  (acg)-Ti da marTvis mowyobiloba (mm).  
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nax.5.3. tiristoruli gardamqmnelis funqcionaluri sqema cifruli 
marTvis sistemiT 

 

moqmedebis principiT sistema sinqronulia, samarxiani; 

marTvis kuTxis cvlilebis diapazoni 0-dan 170 el. grad. 

mricxveli aTi Tanrigiania, amitom erT kods Seesabameba kuTxe 

0,2 el.grad. 

agznebis sistemis marTvis signalebi (forsireba, dacva, 

roca mwyobridan gamodis garkveuli ricxvi ventilebis , signali 

gardamqnelis gadayvanaze invertorul reJimSi manqanis gaCerebis 

dros) miewodeba analogiur formaSi. maTi realizacia 

xorcieldeba analogiuri Semyvanis gavliT. amasTan erTad, 

analogiuri Semyvani axorcielebs  aar-s sarezervo funqcias. 

amave dros is asrulebs amocanas proporciuli moqmedebis Zabvis 

regulatoris. mas gaaCnia Semcirebuli maZlierebeli 

koeficienti Zabvis gadaxris mixedviT (rigiT 20). 

marTvis sistemaSi gaTvaliswinebulia agreTve SesaZlebloba 

muSaobis analogiuri regulatoridan analogiuri Semyvanis 

platis gavliT. platis daxmarebiT SeiZleba uzrunvelyofili 

iqnas, damoukidebeli regulirebis arxi sinqronuli manqanis 

reJimis parametrebis nebismieri mniSvnelobisaTvis. 
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analogiuri Semyvanis mowyobiloba, Semavali signalebi 

(danayeni, wanacvleba, agznebis Zabvis an denis ukukavSiris 

signali, avariis sawinaaRmdego avtomatikis mowyobilobidan da 

a.S.), romelic warmodgenilia analogiur formaSi, 

dakavSirebulia danarCen sistemasTan 10-Tanrigiani acg-Ti 

gardamqnelis 40 mk wm-is siCqariT. 

signalebi aar da acg-dan miewodeba sumatorSi sxvadasxva 

droSi Sesabamisi sixSiriT TiToeuli mowyobilobas. 

funqcionaluri gardamqmneli warmoadgens mudmiv 

damamaxsovrebel mowyobilobas, romelSic Cawerilia funqciis 

mniSvnelobebis masivi. funqcionaluri gardamqmnelidan marTvadi 

signalebi gadaiwereba mricxvelSi. 

signali, romelic nebas rTavs angariSze, miewodeba 

mricxvels sinqronizaciis platidan. aRniSnuli signali 

sinqronizirebulia xazuri komutaciis Zabvis nulTan gadasvlis 

momentTan. 

luwi impulsebi sistemaSi miewodeba cvladi sixSiris 

generatoridan (csig), moqmedebs ise, rom masinqronebeli Zabvis 

sixSiris cvalebadobis dros impulsebis ricxvi aRniSnuli 

Zabvis periodSi darCes mudmivi. unda aRiniSnos, rom 

kompiuteruli teqnikis gamoyeneba perspeqtiulia ara mxolod 

aar-sTvis tiristorebis marTvis sistemaSi, aramed ufro didi 

gegmebisaTvis rogoricaa energetikuli agregatebis marTvisaTvis. 

aRniSnuli, pirvel rogSi ekuTvnis agregatebis aqtiuri 

simZlavrisa da sixSiris regulirebis cifrul sistemebs. 

agznebis sistemebs, agregatebis aqtiuri simZlavrisa da 

sixSiris regulirebas mikroprocesoruli SesrulebiT gaaCnia 

bevri identuri elementebi (kvebis wyaroebi, gamzomi elementebi, 

procesorebi da a.S.) yovelive es iZleva SesaZleblobas 

funqcionaluri urTierTzemoqmedebisa. 

da bolos daubrundeT mikroprocesorebis gamoyenebas 

agznebis sistemaSi, gansakuTrebiT SevCerdeT mowyobilobaze 
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marTvis, kontrolis, dacvis da signalizaciis. radikalurad 

martivdeba konstruqcia, miiRweva imedianobis amaRleba, funqciis 

gafarToeba, gabaritebis da Rirebulebas Semcireba. agznebis 

sistema gaxdeba srulfasovani qvesistema eleqtrosadguris 

avtomatizirebuli marTvis sistemis. amitom mikroprocesoruli 

teqnikis danergva gansaxilveli mowyobilobaSi warmoadgens 

mniSvnelovan pirvelxarisxovan amocanas. 

 

 

5.3. engurhesis 306 mgva simZlavris hidrogeneratoris 

tiristoruli agznebis mowyobilobebSi eqsperimentaluri 

eleqtromagnituri procesebi 

cxrilebSi 5.2, 5.3, 5.4, 5.5, 5.6 mocemulia Jurnalis nusxidan 

amoRebuli Setyobinebebis teqsti TariRis dros klasis jgufis 

da kodis nomeris CvenebiT. Setyobinebis teqstSi naCvenebia 

sxvadasxva saxis gamafrTxilebeli informacia, rogoricaa 

magaliTad: generatoris daubalansebeli tvirTi; xviaTaSoris 

mokle SerTvis gamafrTxilebeli signali; sixSiris signali; 

generatoris xviaTa Soris mokle SerTva; sistemis sixSire; 

ukmaragznebis SemzRudveli; mimmarTvelis saerTo uwesivroba; 

agznebis gafrTxileba; sawyisi agznebis amomrTveli CarTulia; 

gadatvirTvis signali; sageneratoro amomrTvelis uwesivroba; 

ukmarZabvis gamafrTxilebeli signali; temperaturis gangaSi; 

generatoris diferencialuri dacva, generatoris saltis dif. 

dacviT gamorTva; qveda sakisarSi zeTis zedmetad dabali doniT 

gamorTva; generatoris denuri gadatvirTva; hidravlikuri 

marTvis saerTo gafrTxileba; zeda sakisris vibraciis 

gamafrTxilebeli signali; temperaturis signali da sxva 

mravali. cxrilebidan Cans Tu romeli saxis uwesivroba 

meordeba xSirad. magaliTisTvis SeiZleba moviyvanoT 

temperaturis signali, generatoris daubalansebeli tvirTi, 

xviaTaSoris mokled SerTvis gamafrTxilebeli signali da sxva. 
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uwesivrobis saxeobis xSirad ganmeorebis SemTxvevaSi miRebuli 

unda iqnes Sesabamisi zomebi, maTi aRmofxvrisaTvis. 

nax. 5.4-5.13 mocemulia hidrogeneratoris reJimebis 

eleqtromagnituri parametrebis cvlilebis oscilogramebi 

droSi, rogorc damyarebul ise gardamaval procesebSi. 
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cxrili 5.2. Setyobinebis teqsti 
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cxrili 5.3. Setyobinebis teqsti 
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cxrili 5.4. Setyobinebis teqsti 
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cxrili 5.5. Setyobinebis teqsti 
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cxrili 5.6. Setyobinebis teqsti 
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nax.5.4.  hidrogeneratoris reJimis eleqtromagnituri parametebis 

cvlilebis oscilogramebi droSi 
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nax.5.5.  hidrogeneratoris reJimebis eleqtromagnituri parametrebis 
cvlilebis oscilogramebi droSi 
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nax.5.6. hidrogeneratoris reJimebis eleqtromagnituri 
parametrebis cvlilebis oscilogramebi droSi 
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nax.5.7.  hidrogeneratoris reJimebis eleqtromagnituri parametrebis 

cvlilebis oscilogramebi droSi 
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nax.5.8. hidrogeneratoris reJimebis eleqtromagnituri 
parametrebis cvlilebis oscilogramebi droSi 
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nax.5.9.  hidrogeneratoris reJimebis eleqtromagnituri parametrebis 
cvlilebis oscilogramebi droSi 
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nax.5.10.  hidrogeneratoris reJimis eleqtromagnituri parametebis 
cvlilebis oscilogramebi droSi 
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nax.5.11.  hidrogeneratoris reJimebis eleqtromagnituri parametrebis 
cvlilebis oscilogramebi droSi 
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nax.5.12.  hidrogeneratoris reJimebis eleqtromagnituri parametrebis 

cvlilebis oscilogramebi droSi 
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nax.5.13.  hidrogeneratoris reJimebis eleqtromagnituri parametrebis 
cvlilebis oscilogramebi droSi 
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daskvnebi 
 

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. gamokvleulia eleqtromagnituri procesebi tiristoruli 

agznebis sistemaSi samfaza bogiruli sqemis, nulovani 

ventilebis gamoyenebiT da dadgenilia, rom nulovani ventilebis 

gamoyeneba axdens mTeli rigi uwesrovobaTa acilebas, 

xarisxovnad aumjobesebs tiristoruli agznebis sistemis 

bogirul sqemas. nulovani ventilebis gamoyeneba: 

- amcirebs gardamqmnelis gare maxasiaTeblis daxras; 

- zrdis regulirebis kuTxis diapazons 1500-mde, iZleva 

SesaZleblobas imuSaos Rrma regulirebis kuTxiT da 

Sesabamisad: 

- iZleva karg maCvenebels ventilebis arasruli ricxviT 

muSaobis dros, aumjobesebs simZlavris koeficients; 

- amcirebs albaTobas ventilebis uku CarTvisa da 

garRvevis; sqema warmoadgens martivs da saimedos, 

SeiZleba gamoyenebuli iqnes sinqronuli 

hidrogeneratorebisTvis ventilebis meore jgufis 

gareSe. 

9. ganxilulia eleqtromagnituri procesebi TviTagznebis 

tiristoruli sistemaSi nulovani ventilebiT da eqvsfaza sqemiT 

samfaza gamaTanabrebeli reaqtoriT. naCvenebia, rom marTvadi 

ventiluri sistema nulovani ventilebiT xasiaTdeba muSaobis 

reJimebis didi sxvadasxvaobiT, roml,ebic gansxvavdebian 

erTmaneTisagan, rogorc ricxobrivad, ise erTdroulad gamtari 

ventilebis SemadgenlobiT. agznebis sistemis gare maxasiaTebeli 

gamoirCeva minimaluri daxriT da didi mdgradobiT. 

10. mocemulia engurhesis 306 mgva simZlavris 

hidrogeneratoris tiristoruli agznebis mowyobilobebSi 

eleqtromagnituri procesebis eqsperimentaluri oscilogramebi. 
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