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reziume 

uaxloes perpeqtivaSi saqarTvelos energosistema “simZlavris 

xidis” proeqtis farglebSi daukavSirdeba azerbaijanisa da 

TurqeTis energosistemebs, amasTan, saqarTvelos sistemaSi aSendeba 

hidrosadgurebis didi raodenoba. es, erTi mxriv, gazrdis sistemis 

mdgradobasa da saimedoobas, Tumca, meores mxriv,  warmoSobs 

saqarTvelos sistemaSi simZlavris didi ubalansobis warmoqmnis 

safrTxes,rac mdgomareobs SemdgegSi: azerbaijanTan 

damakavSirebeli 500 kv egx “muxranis” gamorTvisas misi paraleluri 

330 kv Sto – egx “muxrani” ver uzrunvelyofs avaramdel simZlavris 

tranzits da gamoTuli iqneba gadatvirTvisagan dacviT da radgan 

saqarTvelos sistema TurqeTis sistemasTan dakavSirebuli iqneba 

mudmivi denis CanarTiT, TurqeTisken gadadineba ar Seicvleba da am 

sistemaSi mimdinare procesebi gavlenas ver moaxdens saqarTvelos 

energosistemaze, Sedegad, saqarTvelos sistemaSi warmoiqmneba 

simZlavris didi deficiti - sididiT azerbaijanidan saqarTveloSi 

avariamdeli Semodinebis toli, generatorebis pirveladi amZravebis 

siCqaris regulatorebis gavleniT, saqarTvelos sistemis meqanikuri 

simZlavris zrda, bunebrivia myisierad ver moxerxdeba, amitom 

generatorebi damoxruWdebian da sistemis sixSire daiwyebs 

intensiur Semcirebas, rac deficitis aRmofxvris RonisZiebebis 

gamuyenlobis SemTxvevaSi, sistemis daSliT damTavrdeba. 

sapirispiro process eqneba adgili saqarTvelosa da TurqeTis 

damakavSirebeli 400 kv egx “mesxeTis” gamorTvis SemTxvevaSi. am 

dros saqarTvelos sistemaSi Seiqmneba TurqeTSi avariamdeli 

gadinebis toli simZlavris naWarbi, generatorebis pirveladi 

amZravebis siCqaris regulatorebis gavleniT, saqarTvelos sistemis 

meqanikuri simZlavris Semcireba, bunebrivia myisierad ver 

moxerxdeba, amitom generatorebi aCqardebian da sistemis sixSire 

daiwyebs intensiur zrdas da am naWarbis aRmofxvris RonisZiebebis 

gautareblobis SemTxvevaSi, gardamavali procesi saqarTvelos 

sistemaSi SeiZleba dasruldes mdgradobis darRveviT an sistemis 

daSliT. amitom mniSvnelovani iqneba simZlavris naWarbisa da 

deficitis Sesabamisi RonisZiebebis SemuSaveba da gatareba 

saqarTvelos perspeqtiul energosistemaSi. swored am problebas da 

misi gadawyvetis alternativebs eZRvneba aRniSnuli naSomi.  

naSromSi dadgenilia empiruli da analizuri 

damokiebulebebi simZlavris balanssa da sixSires Soris. 

dadgenilia simZlavris ubalansobis aRmofxvris iseTi 

siCqare/kanonzomiereba romelic gardamaval procesSi sistemis 

generatorebis nebismieri Semadgenlobisas iZleva sistemis sixSiris 

SenarCunebis saSualebas dasaSveb farglebSi. 

 



4 
 

naSromi Sedgeba Sesavlisagan, literaturis mimoxilvisgan, da 

ZiriTadi teqstis xuTi Tavisagan, romelic moicavs eqspermentalur 

nawils, mis analizsa da daskvnebis. naSroms bolos Tan axlavs 

danarTi. 

pirvel TavSi energosistemis sainJinro modelirebis 

programiT PSS/E (Power System Simulator for Engineering) saqarTvelos 

energosistemis generatorebis sxvadasxva SemadgenlobisaTvis da 

dadgenilia sixSiris empiruli damokidebuleba sistemaSi CarTuli 

generatorebis jamur inerciis mudmivasa da simZlavris deficitis 

mniSvnelobaze, agebulia zedapiri – sistemis sixSiris cvlilebis 

damokidebuleba sistemaSi CarTuli generatorebis mbrunav masebsa 

(inerciis mudmivebze) da sistemaSi warmoqmnil simZlavris 

ubalansobis sidideze. Sedarebulia miRebuli empiruli 

formuliTa da PSS/E - Ti miRebuli Sedegebi. gansxvaveba maT Soris 

ar aRemateba 5%-s. 

meore TavSi, mravalricxovani angariSebis gamocdilebis 

safuZvelze, simZlavris ubalansobis warmoqmnis Semdgomi sixSiris 

droSi cvlilebis mrudi Secvlilia ori eqsponencialuri funqciis 

jamiT. Visual Basic-Si dawerili programis safuZvelze dadgenilia 

sistemis ekvivalenturi inerciis mudmivasa da simZlavris 

deficitis sidideze sixSiris damokidebuleba. aseve dadgenilia 

avariis Semdgomi simZlavris ubalansobis Semcrebis iseTi siCqare, 

rom sixSiris mniSvneloba ar gascdes dasaSveb zRvrebs. 

Catarebulia Sesabamisi gaangariSebebi da PSS/E - Ti da 

SemuSavebulia rekomendaciebi sistemis mbrunavi rezervisa, sag-ebis/ 

sixSiris awevis faqtiT generatoris gamorTvebis releebis 

optimaluri moqmedebebisaTvis simZlavris ubalansobis warmoqmnis 

Semdeg sistemaSi mimdinare gardamavali procesebis sxvadasxva 

scenaris analizis safuZvelze. 

mesame TavSi SemuSavebulia maTematikuri modeli, romelic 

garkveuli daSvebebis safuZvelze iZlava saSualebas gansazRvruli 

iqnas analizuri damokidebuleba sistemis mveanikur da eleqtrul 

simZlavreebis sxvaobasa da sistemis sixSires Soris. gakeTebulia 

Semdegi daSvebebi:  

• sistema warmodgenilia erTi ekvivalenturi generatoris 

saxiT; 

• sistemis yvela elementis sixSire erTnairad icvleba, 

generatorebs Soris rxevebi ugulvebelyofilia; 

• meqanikuri simZlavre icvleba wrfivad da regulirebis 

daxrilobisagan damoukideblad; 

• eleqtruli simZlavre icvleba naxtomisebrad.  

dadgenilia sixSiris cvlilebis analizuri gamosaxuleba. 

Visual Basic-Si dawerilia programa, romelic sistemaSi CarTuli 

generatorebis konkretuli Semadgenlobis, maTi meqanikuri 

simZlavris zrdis unarisa da sistemaSi warmoqmnili aqtiuri 
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simZlavris deficitis an naWarbis warmoqmnis SemTxvevaSi 

angariSobs ra simZlavris datvirTva an ra simZlavrisa da inerciis 

generatorebi unda gamoirTos, Sesabamisad, rom sistemis sixSiris 

mniSvneloba ar gascdes dasaSveb zRvrebs. agreTve mocemulia 

meTodi da SemuSavebulia Sesabamisi maTematikuri modeli 

zemoTaRniSnul simZlavreebis balansze sistemis sixSiris 

gansasazRgvar, rodesac sistemis generatorebis mbrunavi rezervi 

SezRudulia. sistemaSi simZlavris ubalansobis warmoqmnis Semdeg 

mimdinare gardamavali scenarebi modelirebulia mesame TavSi 

SemuSavebil Visual Basic-Si daweril modeliTa da PSS/E – Ti. 

Sedegebis maqsimaluri gansvaveba ar aRemateba 7%-s, rac aRniSnuli 

meTodis safuZvelze dawerili modelis gamoyenebis saSualebas 

iZlava energosistemis marTvisa da monacemTa Segrovebis 

programaSi SCADA.  
meoTxe TavSi sistemis ekvivalenturi generatoris, misi 

turbinisa da siCqaris regulatoris maTematikuri modelis 

magaliTze, SemuSavebuli da ganxilulia simZlavris ubalansobis 

likvidaciis iteraciuli meTodi sistemis elementebis 

maxasiaTeblebis gaTvaliswiebis pirobebSi. aRniSnul meTods 

dawerili programis SCADA  - Si integrirebis Sedegad SeuZlia 

simZlavris ubalansobis likvidaciis mxriv saukeTeso sizustis 

mocema. 

mexuTe TavSi SemuSavebuli da warmodgenilia SCADA  - s 

avariuli reJimebis marTvis moduli da simZlavris deficitisa da 

naWarbis warmoqmnis dros misi moqmedebis sqema. am modulis 

moqmedeba saqarTvelos energosistemaSi dafuZlebuli iqneba 

naSromis pirvel-oTx TavSi SemuSavebul maTematikur modelebsa da 

meTodebze. ganxilulia da PSS/E – Ti modelirebulia simZlavris 

ubalansobisas SCADA – s aRniSnuli modulis saSualebiT egx 

“muxranis” gamorTvis SemTxvevaSi saqarTvelosa da azerbaijanis 

energosistemaSi mimdinare gardamavali procesebis sami 

alternatiuli scenari da Catarebuli analizis safuZvelze 

gamovlenilia am scenarebidan optimaluri. 
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kvlevis aqtualuroba 

 

Tanamedrove energosistemebSi iseTi avariebi, romelebic 

iwvevs aqtiuri simZlavris didi deficitis an naWarbis warmoqmnas, 

anu sixSiris intensiur Semcirebas an gazrdas, xasiaTdebian 

yvelaze mZime mosalodneli SedegebiT. Tu ar moxda maTi 

adekvaturi lividacia, SesaZloa, rogorc momxmareblebis mkveTri 

dazaraleba, aseve mTlianad energosistemis sistemis sruli 

Caqroba. 

 uaxloes perpeqtivaSi saqarTvelos energosistema 

daukavSirdeba azerbaijanisa da TurqeTis energosistemebs. amasTan, 

saqarTvelos sistemaSi aSendeba hidrosadgurebis didi raodenoba 

da mniSvnelovanwilad gaZlierdeba saqarTvelos sistemis maRali 

Zabvis – 500-220 kv qseli, rac, erTis mxriv, aamaRlebs sistemis 

potencials dinamikuri mdgradobisa da saimedoobis TvalsazrisiT, 

magram, meores mxriv, sistemis satranzito funqciis gazrda da 

TurqeTSi 600-1000 mgvt simZlavris gacemis perspeqtiva warmoSobs 

mdgradobis SenarCunebis problemas simZlavris didi deficitisa an 

naWarbis warmoqmnisas. kerZod, rTuli situacia iqmneba 

azerbaijanidan saqarTvelos gavliT TurqeTSi simZlavris 

gacemisas. azerbaijanidan simZlavris miReba SeiZleba 

ganxorcieldes 500 kv Zabvis egx-iT - “muxrani” da 330 kv Zabvis egx-

iT “gardabani”. imdenad ramdenadac saqarTvelos energosistema 

daukavSirdeba TurqeTis energosistemas mudmivi denis CanarTiT, 

TurqeTSi gacemuli simZlavris sidide ar Seicvleba. maSasadame, Tu 

gamoirTo egx “muxrani” da misi paralelur egx “gardabanze” 

gadmodinebam gadaaWarba am xazis gadatvirTvisagan dacvis sidides, 

bunebrivia es ukanasknelic gamoirTveba. Mamrigad, moxdeba 

azerbaijanisa da saqarTvelos sistemebis gayofa. simZlavris 

deficitis pirobebSi sistemis sixSire daiwyebs Semcirebas da 

sixSiriT avtomaturi  gantvirTvis  (sag) mowyobilobebi daiwyeben 
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datvirTebis gamorTvas.  sag-ebi  iwyeben  muSaobas, roca sixSire 

Semcirdeba 48,8 hc-mde da ufro qveviT. xSirad, sag-ebis mier 

gamorTuli simZlavre deficits aWarbebs da warmoiqmneba sistemaSi 

ukve simZlavris naWarbi, ris Sedegad aiweva sixSire da SeiZleba 

romelime generatori an generatorTa jgufi gamorTuli iqnas 

sixSiris awevisgan dacviT. es procesi ki SeiZleba ramdenimejer 

ganmeordes da sistemis daSliT damTavrdes. 

sawinaaRmdego viTarebas eqneba adgili, Tuki saqarTvelos 

sistema izolirebulad imuSavebs, TurqeTSi mudmivi denis CanarTis 

gavliT gadascems 600-1000 mgvt simZlavres da moxdeba TurqeTTan 

damakavSirebeli 400 kv egx-is “mesxeTi” gamorTva. am dros 

saqarTvelos sistemaSi warmoiqmneba simZlavris didi naWarbi, 

sixSire daiwyebs intensiur zrdas. Sedegad, am sistemis 

generatorebis garkveuli raodenoba gamoirTveba sixSiris awevisgan 

dacviT. magram ar aris gamoricxuli gamorTuli generatorebis 

simZlavre “xerTvisis” gamorTvis Semdeg gaCenili simZlavris 

naWarbze meti aRmoCndes. amrigad, energosistemaSi warmoiqmneba ukve 

simZlavris deficiti da a.S. wina SemTxvevis msgavsad es procesic 

SesaZloa sistemis daSliT dasruldes. 

 

nax 1 
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arsebuli meTodebis naklovaneba 

 

  simZlavreebis balanze sixSiris damokidebuleba, dRemde 

arsebul meTodebs ZiriTadad xarisxobrivad aqvT mocemuli vidre 

raodenobrivad. sixSiris Rrma Semcirebis an zrdis SemTxvevebis 

Tavidan asacileblad sag-ebisa da generatorebis sixiSiris 

awevisgan dacvebis ganlagebisaTvis am meTodebiT rekomendirebulia 

sistemaSi simZlavris ubalansobis warmoqmnisas gardamavali 

procesebis mravalricxovani modelireba saxasiaTo reJimebSi. rac, 

TavisTavad, did dros da Zalisxmevas moiTxovs. TumcaRa isini, 

Cveulebriv, naklebi sizustiT xasiaTdeba da, imdenad ramdenadac 

SeiZleba realur sistemaSi iarsebos saxasiaTo reJimisgan 

gansxvavebulma reJimebma, Sedegad, SeiZleba am reJimebSi 

ganviTarebuli procesebis dros sasistemo avtomatikis moqmedebiT 

gamorTos saWiroze meti datvirTva an generacia. rac kvlav 

gamoiwvevs simZlavris ubalansobas, romelic sawyisi ubalansobis 

sapirispiro niSnisa iqneba. es procesic bunebrivia, sistemis 

dazaralebis da daSlis mizezic ki SeiZleba gaxdes. nebismieri 

SesaZlo reJimSi SesaZlo avariebis variantis ricxvma ki SeiZleba 

warmoudgenlad did sidides miaRwios da ara Tu maTi monacemebis 

damuSaveba, ubralod maTi modelirebac ki Zalian Zneli iqneba 

ramodenime Tvis an wlis ganmavlobasic ki. 

 

naSromis mizani 

 

 maTematikuri modelebis, meTodebis da Sesabamisi 

RonisZiebebis SemuSaveba sistemaSi warmoqmnili simZlavris 

deficitisa da naWarbis efeqturi likvidaciis uzrunvelsayofad. 

maT safuZvelze sasistemo avtomatikis damuSaveba da misi 

programuli mudulis Seqmna. am modulis integrireba sistemis 

marTvisa da monacemTa Segrovebis programaSi SCADA. 
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kvlevis amocanebi 

 

kvlevis miznebidan gamomdinare, dasmuli da gadawyvetili 

iqna Semdegi amocanebi: 

• sixSiris cvlilebis xasiaTis dadgena da misTvis empiruli 

saxis micema, simZlavris deficitis an naWarbis warmoqmnisas; 

• sistemis meqanikuri simZlavris cvlilebis im kanonzomierebis 

povna, romelic uzrunvelyofs simZlavris ubalansobis 

warmoqmnisas sixSiris sasurvel cvlilebas; 

•  analizur saxeSi sistemis sixSiris damokidebulebis  

dadgena warmoqmnili simZlavris deficitsa an naWarbze; 

• Visual Basic-is programul enaze simZlavris ubalansobis 

likvidaciis ricxviTi modelis Seqmna; 

• SCADA-sTvis modulis Seqmna, romelic asrulebs sasistemo 

avtomatikis funqciebs, sistemaSi warmoqmnili simZlavris 

ubalansobis dros. 

• simZlavris ubalansobis likvidaciisTvis datvirTvebis/ 

generaciis gamorTvisa da mbrunavi rezervis mobilizebis 

optimaluri pirobebis dadgena; 

• urTirTdakavSirebuli sistemebis ZiriTadi kavSiris 

gamorTvisas gardamavali procesebis warmarTvis optimaluri 

scenaris gamovlen. 

mecnieruli siaxle 

 

naSromSi SemuSavebulia maTematikuri meTodebi da modelebi - 

sixSirisa da simZlavris balansis damokidebulebis 

gansazRvrisaTvis. miRebulia am damokidebulebis empiruli saxe. 

igve damokidebuleba gansazRvrulia rogorc ori, droze 

eqsponencialurad damokidebuli funqciis jami; meqanikuri da 

eleqtruli simZlavreebis mrudebis wrfiv ubnebad dayofiT, 

amoxsnilia sistemis ekvivalenturi generatoris rotoris 
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moZraobis gantoleba. SemuSavebulia iteraciuli modeli, romelic 

ricxviTi meTodis safuZvelze maqsimaluri sizustiT adgens 

ubalansobis aRmofxvris saWiro kanonzomierebas. 

 

praqtikuli mniSvneloba 

 

 saqarTvelos energosistemaSi danergil marTvisa da monacemTa 

Segrovebis sistemas SCADA ar gaaCnia sasistemo avtomatikis 

funqcia. naSromSi SemuSavebuli meTodebisa da Visual Basic-is enaze 

dawerili programebis safuZvelze, SCADA saTvis Seiqmna avariuli 

reJimebis marTvis moduli, romelic uzrunvelyofs sistemaSi 

simZlavris ubalansobis likvidacias. 

 

 

 

naSromis aprobacia 

 

• naSromis ZiriTadi Sedegebi warmodgenili iqna saqarTvelos 

teqnikuri universistetis #17 mimarTulebis Tematur seminarebze 

da mowonebuli iqna. 

• 2009 weli saqarTvelos teqnikuri universitetis Ria 

samecniero konferencia, energetikis seqcia - I adgili.  

• 2010 weli saqarTvelos teqnikuri universitetis Ria 

saerTaSoriso samecniero konferencia energetikis seqcia - I 

adgili. 

 

publikaciebi 

 

 diseraciis Temaze gamoqveynebulia statiebi recenzirebad, 

referirebad reitingul samecniero JurnalebSi. 
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eqsperimentuli nawilis Sesaxeb 

 

 naSromis xuTive Tavis analizis daskvnebi gamyarebulia 

eqsperimentuli modelirebis SedegebiT. ZiriTadi gamoyenebuli 

eqsperimetuli instrumentia energosistemis sainJinro modelirebis 

programa PSSE (Power System Simulator for Engineering), amasTan, II, III, 

IVTavebSi SemuSavebuli maTematikuri meTodebisa da modelebis 

safuZvelze Visual Basic-is programul enaze Seqmnilia originaluri 

programebi, pirobiTi saxelwodebebiT GAMA (II Tavi); APUL, APULS 

(III Tavi), FREQ-30 (IV Tavi). 
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Tavi I 

sixSiris cvlilebis xasiaTis dadgena aqtiuri simZlavris 

deficitisa da naWarbis warmoqmnis dros 

 

daSvebis safuZvelze, rom tvirTebi gardamaval procesSi 

mudmivi sididisaa, SeniSnuli iqna, rom sistemaSi aqtiuri 

simZlavris deficitis gaCenis Semdeg sixSiris zrdis siCqare 

damokidebulia swored am deficitis sidideze da sistemis jamur 

inerciis mudmivaze, anu sistemaSi momuSave generatorebis 

Semadgenlobaze. aseve, daSvebuli iqna, rom reJimis darRvevidan 1 

wm-is ganmavlobaSi sixSiris dacemas aqvs wrfivi xasiaTi. am 

daSvebiT sixSiris mniSvneloba t = 1 wm momentamde SegviZlia 

CaTvlili iqnas sixSiris cvlilebis siCqared. 

sixSiris cvlilebis xasiaTis dasadgenad gamoyenebuli iqna 

programuli kompleqsi PSS/E da aRebuli iqna saqarTvelos 

energosistemis perspeqtiuli sqemis 10 reJimi. gaSvebuli iqna 

normaluri reJimebi, sistemis ekvivalenturi inerciis mudmivebiT: 

158 wm - 434 wm farglebSi. pirvel etapze, gamoyenebuli iqna 

generatoris rotoris iZulebiTi moZraobis gantolebis 

gamartivebuli forma 

                             P
dt
dsTj ∆=                       (1.1)     

sadac s  - srialia, jT  - ekvivalenturi turbina-generatoris 

erToblivi inerciis mudmiva wm, xolo P∆ - simZlavris ubalansobis 

fardobiTi sidide 100 mgva baz. simZlavris mimarT.  

gantolebis marjvena mxaris mudmiv sidided CaTvlis safuZvelze, 

moxda misi gantolebis analizuri meTodiT amoxna. miRebuli iqna am 

amonaxsnis saxe fizikuri erTeulebisTvis: 

(hc/wm)
jT
Pdtdf ∆

⋅=
2
1/                   (1.2)       
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Sedarebuli iqna aRniSnuli formuliTa da PSSE-Ti miRebuli 

Sedegebi. dadginda am Sedegebs Soris cdomilebis damokidebuleba  

simZlavris ubalansobis sididesa da sistemaSi CarTuli 

generaorebis jamur inerciis mudmivaze: (hc/wm)
12044.250165.1 / jTP∆ . am 

ukanasknelis

 

gaTvaliswinebiT, moxda (1.2)-is koreqcia. sabolood,

 
miRebuli iqna saZiebeli damokidebulebis empiruli saxe (1.3). 

agebuli iqna Sesabamisi zedapiri (nax 2)

 

(hc/wm)12044.2

50165.1

2
1/

jj T
P

T
Pdtdf ∆

−
∆

⋅=

               (1.3)   

am formulas simZlavris uaryofiT nazrds – deficits – 

Seesebameba df/dt-s uaryofiTi mniSvnelobebi, xolo dadebiTs – 

naWarbs - df/dt-s dadebiTi mniSvnelobebi.           

 
nax 2. sixSiris cvlilebis siCqaris damokidebuleba simZlavris 

ubalansobasa da sistemis jamur inerciis mudmivaze 

 

Tj (wm)  

|df / dt| (hc/wm)  

|∆P| (mgvt)  
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Tavi II 

sistemis meqanikuri simZlavris saWiro cvlilebis 

xasiaTis dadgena, sixSiris cvlilebis sasurveli 

kanonzomierebis mixedviT 

 

 

mravalricxovani gaangariSebebis gamocdilebis safuZvelze, 

SeniSnuli iqna: nebismieri sididis simZlavris deficitis 

warmoqmnisas, Tuki miRebuli iqna am deficitis aRmofxvris 

adekvaturi RonisZiebebi, maSin sixSiris droSi cvlileba SeiZleba 

gamosaxuli iyos Semdegi formuliT: 

 

 ( )tt eef 21 1 αα −− −+=  (2.1)

 

sadac α1 da α2 saZiebeli koeficientebia, xolo sixSire mocemulia 

fardoboT erTeulebSi misi nominaluri mniSvnelobis - 50 hc-is 

mimarT. saidanac  

                                                
tt ee

dt
df

21
21

α−α− α+α−=
                                           (2.2) 

 

sistemis moZraobis gantoleba warmodgenil iqna formiT: 

 

                             
( ) LOADGENGENLOADGENM PtPPPP

dt
dfT −∆+=−= 0

   (2.3) 

 

sadac TM sistemis ekvivalenturi inerciis mudmivaa, PGENo 

generatorebis sawyisi jamuri simZlavrea, PLOAD datvirTvis 

simZlavrea misi naxtomiseburi momatebis Semdeg, xolo ∆PGEN(t) – 

deficitis Semcirebaa droSi. aRsaniSnuli iqna, rom es ukanaskneli 
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SeiZleba miRweuli iqnas rogorc sistemaSi generaciis zrdiT anu 

mbrunavi rezevis mobilizaciiT, aseve datvirTvebis gamorTviT. 

datvirTvis myisieri zrdis momentSi generaciis matebas adgili ar 

aqvs, e.i. roca t=0, ∆PGEN(t)=0. amitom am momentisTvis (2.2)-is (2.3)-Si  

SetaniT f=fmin-Tvis da Sesabamisi t=tmin-Tvis gveqneba: 

 

M

LOADGEN

T
PP −

=α−α 0
12  

                             21

2

1

min

ln

α−α

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
α
α

=t
                        (2.4)              

da 

                                          
21

2

1

2
21

2

1

1

lnln

min 1 αα
α
α

α
αα

α
α

α
−

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛

−
−

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛

−

−+= eef                                        (2.5)
 

 

α1 - da α2  napovni iqna niutonis iteraciebis meTodiT. amis Semdeg 

(2.3) dan gansazRvruli iqna simZlavris ubalansobis Semcirebis 

kanonzomiereba: 

 

( ) ( ) 021
21

GENLOAD
tt

M PPeeTtP −+α+α−=∆ α−α−

                           (2.6) 

 

am midgomiT SeiZleba dadgenili iqnas rogorc sistemaSi 

warmoqmnili aqtiuri simZlavris deficitis, aseve naWarbis 

Semcirebis saWiro kanonzomiereba – sixSiris cvlilebis sasurveli 

kanonzomierebis mixedviT. 
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nax 3 

 

 

Tavi III 

simZlavris ubalansobisa da sixSiris analizuri 

damokidebulebis dadgena 

 

am damokidebulebis dasadgenad, daSvebuli iqna: 

 

1. sistema warmodgenilia erTi ekvivalenturi generatoris 

saxiT; 

2. sistemis yvela elementis sixSire erTnairad icvleba; 

3. radgan generatorebis siSire erTnairad icleba, amitom 

CaTvlilia rom isini asinqronul simZlavres ar anviTareben; 

4. meqanikuri simZlavre icvleba wrfivad da regulirebis 

daxrilobisagan damoukideblad;  

5. eleqtruli simZlavre icvleba naxtomisebrad.  

deficiti  

naWarbi 
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ganxiluli iqna mbrunavi masebis moZraobis gantoleba, romlic 

gamosadegia sistemis ekvivalenturi generatorisaTvis. 

gansazRvruli iqna am gantolebebis forma fardobiTi 

erTeulebisTvis. 

                          
n
PP

dt
ndH em

+
−

=
1

2                    (3.1) 

=n  = generatoris rotoris sriali (fe), 

mP  = sistemis  generatorebis  jamuri  meqanikuri  simZlavre  100 

mgva bazisuri simZlavris mimarT (fe),  

eP  = sistemis jamuri eleqtruli (datvirTvis da danakargebis) 

simZlavre imave bazisuri simZlavris (fe) mimarT, 

H = sistemis ekvivalenturi generatoris inerciis midmiva (wm). 

(3.1) dan 

                   

( ) 111
−+∆−∆= ∫ dtPP

H
n em

                   (3.2)
 

daSvebebis safuZvelze: 

              

11
2

1 2
1 −+⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
⋅∆−

⋅
= tPtV

H
n e

m

                    (3.3) 

aq tVP mm ⋅=∆ 1  - sistemis  generatorebis  jamuri  meqanikuri  

simZlavris fardobiTo zrdaa droSi  100 mgva bazisuri simZlavris 

mimarT, mV1  misi zrdis siCqare, eP∆  - sistemis jamuri eleqtruli 

simZlavris fardobiTo nazrdia imave bazisuri simZlavris mimarT. 

(3.3) formulaSi mV1  da eP∆  dadebiTia simZlavris deficitis dros, 

xolo uaryofiTia naWarbis SemTxvevaSi.  

napovni iqna sistemaSi warmoqmnili eP∆ -s toli simZlavris 

ubalansobis dros, am ubalansobis Semcirebis iseTi minimaluri 

saWiro siCqare mV1 , romelic uzrunvelyofs  generatorebis mier 

sistemis srialis SenarCunebas ];[ kritmaxkritminkrit nnnn +=−=−  zRvrebSi: 
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])1(1[2 2
krit

2

1 nH
P

V e
m +−

∆
=                 (3.4) 

sadac mocemul dasaSveb srials minus niSani aqvs deficitis (nax 4) 

SemTxvevaSi, plusi – naWarbis dros (nax 5). 

 

nax 4       nax 5 

aRniSnuli midgomiT, miRebuli iqna sixSiris cvlilebis 

kanonzomiereba simZlavris deficitis/naWarbis Semcirebis 

SemTxvevaSi sistemis generatorebis meqanikuri simZlavris 

zrdis/Semcirebis da datvirTvebis/generaciis nawilis gamorTvis 

dros, risTvisac damatebiT daSvebuli iqna: 

• simZlavris ubalansobis warmoqmnidan 1 wm-is ganmavlobaSi 

sistemis meqanikuri simZlavris zrdis/Semcirebis siCqare 

maqsimaluris 1/2-ia. 1 wm-is Semdgom ki aRwevs srul siCqares; 

• simZlavris ubalansobis warmoqmnidan 0.2 wm-Si xdeba 

datvirTvis/generaciis gamorTva; 

• gardamavali procesi dayofilia xuT saxasiaTo wertilad: 0 – 

ubalansobis warmoqmna; 1 – datvirTvis/generaciis gamorTva; 2 – 

meqanikuri simZlavre izrdeba/mcirdeba maqsimaluri siCqariT; 3 – 

meqanikuri simZlavre eleqtrulis toli xdeba; 4 – meqanikuri 
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simZlavre aRwevs Tavis maqsimums/minimums; 5 – meqanikuri simZlave 

kvlav eleqtrulis toli xdeba. 

 

 

nax 6       nax 7 

 

gadawyvetili iqna amocanebi: 

1. gamosarTavi tvirTis sididis dadgena, Tu cnobilia 

minimaluri/maqsimaluri dasaSvebi brunTa (sixSire) ricxvi, 

deficitis/naWarbis sidide, meqanikuri simZlavris zrdis siCqare, 

avariis momentidan tvirTis moxsnis dayovnebis dro t1;  

2. vipovoT avariis momentidan tvirTis moxsnis dayvovnebis 

dro t1, Tu cnobilia minimaluri dasaSvebi brunTa ricxvi, 

deficitis sidide, meqanikuri simZlavris zrdis siCqare, 

gamosarTavi tvirTis sidide. 

 

es amocanebi gadawyda rogorc generatorebis rogorc Tanabari 

datvirTulobisas, aseve araTanabari datvirTulobis SemTxvevaSi 
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Sedarebuli iqna aRniSnuli midgomiTa da PSS/E-Ti miRebuli 

modelirebis Sedegebi. gansxvaveba sainJinro gaangariSebebisaTvis 

dasaSveb farglebSia (nax 8). 

0
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nax 8  

naSromSi SemuSavebuli meTodis safuZvelze Visual Basic – Si dawerili 

programiT (VB) da PSSE-Ti (PSS/E) miRebuli simZlavreebisa da sixSireebis 

cvlilebis mrudebi 

 

 

 

 

 

f (hc)  
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Tavi IV 

simZlavris ubalansobis likvidaciis modelireba 

iteraciuli meTodiT 

 

ganxiluli iqna agregatis “generatori – turbina siCqaris 

regulatori“ – moZraobis gantolebis amoxsna ricxviTi meTodis 

safuZvelze. mTeli sistema warmodgenili iqna erTi ekvivalenturi 

agregatiT. modelirebuli iqna gardamavali procesebi am sistemaSi 

deficitis warmoqmnisas. zemoaRniSnuli, cnobili ricxviTi meTodis 

safuZvelze, SemuSavebuli iqna simZlavris ubalansobis 

likvidaciis e.w “iteraciuli meTodi”. misi arsi SemdegSi 

mdgomareobs: radgan, zogadad, simZlavris dadebiT nazrds (naWarbs) 

Seesabameba sixSiris zrda, xolo uaryofiTs (deficits) – sixSiris 

Semcireba, amitom nabij-nabij miaxloeebiT, sasurveli sizustiT, 

SesaZlebelia napovni iqnas sistemaSi warmoqmnili simZlavris 

ubalansobis sidide, an misi cvlilebis iseTi xasiaTi, rom 

gardamaval procesSi sixSiris mniSvneloba ar gaxdes dasaSvebze 

naklebi an meti. deficitis SemTxvevaSi, pirvel iteraciaze 

daSvebuli unda iqnas, rom gamosarTavi tvirTebis raodenobaa 0 

mgvt, sixSiris sidide naklebi aRmoCnda dasaSveb sixSireze, maSin 

programa dabrunebuli unda iqnas mis dasawyisSi da sawyisi 

eleqtruli sididis naxtomi unda Semcirda ε  mgvt sididiT, rac 

warmoadgens dasaSveb sizustes. programa kvlav unda iqnas 

gaSvebuli da kvlav unda iqnas Semowmebuli sixSiris sididis mis 

dasaSveb mniSvnelobaze naklebobis piroba. vTqvaT k iteraciis 

Semdeg Sesrulda igi. e.i. unda gamorTuli iqnas εk  mgvt sididis 

datvirTva. 

nax 8-ze moyvanilia SemTxveva rodesac 500 mgvt simZlavriT 

momuSave, 20 mgvt/wm meqanikuri simZlavris cvlilebis unaris mqone 



22 
 

ekvivalentur generatorze adgili aqvs 500 mgvt simZlavris 

deficits. sizuste 10 mgvt-ia. rogorc naxazidan Cans, saWiro gaxda 

k = 32 iteracia, anu sawyisi deficitis Semcireba saWiroa sididiT 

3201032 =⋅=εk mgvt sididiT. anu saWiroa am sididis datvirTvis 

gamorTva. aRniSnuli iqna, rom analogiiuri midgomiT SeiZleba 

dadgenili iqnas gamosarTavi generacis raodenoba, sistemaSi 

simZlavris naWarbis warmoqmnisas. aRniSnuli midgomiT dawerili 

programis SCADA-Si integrirebis Sedegad, simZlavris ubalansobis 

aRmofxvris mxriv iZleva saukeTeso Sedegs.  

 

nax 9 

 

SeiZleba ganxorcielebuli iqnes sitemaSi gardamavali 

reJimebis modelireba. “iteraciuli meTodi” SeiZleba gamoyenebuli 

iqnas programebisTvisac PSS/E, ETAP, PSLF. 
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Tavi V 

sistemis marTvisa da monacemebis Segrovebis 

programis SCADA avariuli reJimebis marTvis 

moduli 

 

ganxiluli iqna marTvisa da monacemebis Segrovebis sistemis  

SCADA (supervisory control and data acquisition) funqciebi:  

• mniSvnelovani informaciis mimocvla; 

• RonisZiebebis uzrunvelyofa avariebis prevenciisTvis; 

• eleqtroenergiis warmoebis gadacemis da ganawilebis 

rgolebis efeqturad dakavSireba, eleqtroenergiis maRali 

xarisxis uzrunvelyofa. 

  

dasaxuli iqna erTerTi konkretuli amocana, romlis gadaWra 

SesaZlebelia SCADA-s saSualebiT: saqarTvelos energosistemaSi 

simZlavris didi deficitis an didi naWarbis warmoqmnis dros 

saTanado sasistemo avtomatikis ganxorcieleba.  sakuTriv SCADA-s 

ar gaaCnia sasistemo avtomatikis funqcia, igi gankuTvnilia 

eleqtruli sistemis elementebisa da mTlianad reJimis monacemebis 

Segrovebisa da samarTavi signalebis gadacemisaTvis. amitom avariis 

sawimaaRmdego avtomatikis Sesaqmnelad, aRniSnuli iqna, rom 

saWiroa calke komputeri (vTqvaT CA), romelic dakavSirebuli 

iqneba  SCADA-s serverTan.  

komputerisaTvis Seqmnili iqna SCADA-s sasistemo avtomatikis 

logikiT momuSave programa. SemuSavebuli iqna sqema, romliTac am 

programam unda imuSaos avariul simZlavris ubalansobis 

likvidaciisaTvis (nax 9). 
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nax 10 

SCADA-s avariuli reJimebis marTvis modulis moqmedebis sqema 
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simZlavris deficitiT gamowveuli avariuli situaciis 

prevencia. CarTuli datvirTvebis Sesaxeb informacia Sedis 

datvirTvebis monacemTa blokSi informaciis damuSavebis Semdeg, 

xdeba am datvirTvebis dalageba zrdadobis mixedviT, amave dros, 

SCADA-Si Sedis informacia azerbaijanTan damakavSirebeli 500 kv 

egx muxranis Sesaxeb. egx muxranis gamorTvis SemTxvevaSi, 

Semowmebuli iqneba piroba: metia Tu ara avariamdeli gadmodineba 

azerbaijanidan (muxranze gadmodinebas damatebuli gardabanze 

gadmodnibeba) egx gardabnis maqsimalur gamtrarunarianobaze, Tu 

ki, maSin dadgenili iqneba sistemaSi gamosarTavi datvirTvebi, ise 

rom maTi jamuri sidide toli iyos an odnav aRematebodes, 

minimaluri sixSiris SezRudvis pirobidan gamomdinare, gamoTvlil 

gamosarTav simZlavres da gamorTvis signali telemetriis 

saSualebiT gadacemuli iqneba zemoaRniSnuli datvirTvebis 

amomrTvelebisaTvis. 

simZlavris naWarbiT gamowveuli avariuli situaciis prevencia. 

Tuki saqarTvelos energosistema izolirebul reJimSi muSaobs 

danarCeni sistemebisgan da mxolod TurqeTis sistemaSi gascems 

energias mudmivi denis CanarTisa da egx mesxeTis gavliT, am xazis 

gamorTvis SemTxvevaSi warmoiqmneba simZlavris naWarbi, romelic 

sididiT egx mesxeTis avariamdeli gadadinebis toli iqneba. am 

SemTxvevaSi, maqsimaluri sixSiris SezRudvis pirobidan 

gamomdinare gamoTvlili sistemaSi gamosarTavi generaciis 

simZlavris mixedviT identificerebulni iqnebian generatorebi, 

romelTa jamuri simZlavre zemoaRniSnul gamoTvlili simZlavris 

toli an masze odnev meti iqneba da gamorTvis signalebi 

gadacemulni iqnebian am generatorebis amomrTvelebisaTvis (es 

generatorebi ZiriTadad iqnebian iseTebi, romelTa inerciis 

mudmivebi sxvebTan SedarebiT mcirea da/an siCqaris regulatorebi 

ar gaaCniaT). 
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deficitisa da naWarbis prevencia arsebuli sqemis SemTxvevaSi. 

Tuki saqarTvelos sistema imuSavebs izolirebul reJimSi da 

gamoirTveba 500 kv egx imereTi, misi paraleluri 220 kv Sto egx 

kolxeTi-1-is saxiT ver uzrunvelyofs saWiro simZlavris gatarebas 

da gamoirTveba gadatvirTvisgan dacviT. amrigad, saqarTvelos 

sistemis dasavleT nawilSi adgili eqneba simZlavris naWarbs, ise 

rogorc wina SemTxvevaSi azerbaijanSi, xolo aRmosavleT nawilSi 

ki – deficits, iseve rogorc wina SemTxvevaSi saqarTveloSi. am  

dros,    aRmosavleT   saqarTvelosTvis   egx imereTi analogiuri  

iqneba wina SemTxvevis egx muxranisa,  xolo  egx kolxida-1 – egx 

gardabanisa. 

 

ganxiluli iqna, aseve, saqarTvelos sistemis paraleluri 

muSaoba sxva mezobel sistemebTan. damuSuvebuli iqna logika 

SCADA-s mier gardamavali procesebis scenarebis marTvisTvis - 

gaerTianebuli sistemis gayofis da mis nawilebSi simZlavris 

ubalansobis warmoqmnis prevenciis mizniT. ganxiluli, Sedarebuli 

da gaanalizebuli iqna sami scenari: 

scenari 1. rodesac kavSiris erTi Stos gamorTvis Sedegad 

gamoirTveba meorec da sistemebi gaiyofa; 

scenari 2. rodesac kavSiris erTi Stos gamorTvis Semdeg 

gamcem sistemaSi avtomatika gamorTavs generaciis nawils, mimRebSi 

sistemaSi ki - igve sididis datvirTvas. gaerTianebuli sistemis 

muSaoba SenarCunebulia. 

scenari 3. kavSiris erTi Stos gamorTvis Semdeg gamcem 

sistemaSi avtomatika gamorTavs generaciis nawils, muSaobaSi myofi 

generatorebis siCqaris regulatorebs ki gamoiyvans muSaobidan. 

gaerTianebuli sistemis muSaoba SenarCunebulia. 
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dadgenili iqna, rom optimaluria am scenarebidan 3-e. am 

SemTxvevaSi sixSirec dasaSveb farglebSi rCeba (nax 11) da rac 

mTavaria, SenarCunebulia gaerTianebuli sistemaSi sruli 

datvirTvis kveba (nax 12). 

 

 

   nax 11      nax 12 

 

zemoTmoyvanili scenarebiT SeiZleba marTuli iqnas 

mosalodneli ZiriTadi avariuli situaciebi, ara mxolod 

azerbaijanTan, aramed somxeTis sistemasTan kavSiris SemTxvevaSi. 

ufro metis, im SemTxvevebSic, Tuki saqarTvelo-azerbaijanis an 

saqarTvelo-somxeTis gaerTianebuli sistema ruseTis sistemasTan 

iqneba sinqronul kavSirSi, xolo TurqeTTan – mudmivi denis 

CanarTiT. 
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daskvna: 

1. dadgenili iqna da empiruli saxe mieca sixSiris cvlilebis 

xasiaTs simZlavris deficitis an naWarbis warmoqmnisas; 

2. napovni iqna sistemis meqanikuri simZlavris cvlilebis is 

kanonzomiereba, romelic uzrunvelyofs simZlavris 

ubalansobis warmoqmnisas sixSiris sasurvel cvlilebas; 

3. dadgenili iqna sistemis sixSiris analizuri damokidebuleba 

warmoqmnili simZlavris deficitsa an naWarbze, romelic 

saSualebas iZleva, gansazRvruli iqnas gamosarTavi 

datvirTvisa an generaciis sidide; 

4. Visual Basic-is programul enaze Seqmnili simZlavris 

ubalansobis likvidaciis ricxviTi modeli SeiZleba 

integrirebuli iqnas rogorc SCADA-Si, aseve sainJinro 

modelirebis programebSi; 

5. SCADA-sTvis Seiqmnili iqna moduli, romelic asrulebs 

sasistemo avtomatikis funqciebs, sistemaSi warmoqmnili 

simZlavris ubalansobis dros; 

6. dadgenli iqna simZlavris ubalansobis likvidaciisTvis 

datvirTvebis/generaciis gamorTvisa da mbrunavi rezervis 

mobilizebis optimaluri pirobebi;  

7. naSromSi warmodgenili Teoriuli daskvnebi da praqtikuli 

RonisZiebebi gamosadegia rogorc izolirebulad momuSave 

sistemisaTvis, aseve ori an meti sistemis gaerTianebis 

SemTxvevaSi. 
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Abstract 
 

In nearest perspective, Georgian Power System will be connected with Power 
Systems of Azerbaijan and Turkey, in range of  the project “Power-Bridge”,  in addition, 
there will be built big amount of Hydro Power Plants in Georgian System. By one side, 
this will increase stability and availability rates of the system, but in other hand, it will 
form a risk of arising of power unbalance in Georgian System. The problem is following: 
In case of outage of 500 kV OHL “Mukhrani” connecting Power Systems of Azerbaijan 
and Georgia, its parallel branch 330 kV OHL “Gardabani” will be unable to provide pre 
fault power transit, thus, it will be tripped by protection from overload, as long as 
Georgian System will be connected width Turkish one by Back-to-Back Station, last 
mentioned System will not be participate in processes developed in Georgian System and 
as result, there will be formed a big deficit of power – by value equal to pre fault inflow 
power from Azerbaijan. By action of prime movers of operating generators, it will be 
impossible sudden increasing of system mechanical power, so generators will be 
decelerating and system frequency will be decreasing intensively and in case of non-use 
of  measures of liquidation of power deficit, this process may be ended by system 
collapse. The opposite situation will have please in case of outage of 400 kV OHL 
“Meskheti” connecting Power Systems of Georgia and Turkey.  There will be formed a 
big surplus of power – by value equal to pre fault outflow power from Georgia to Turkey. 
By action of prime movers of operating generators, it will be impossible the sudden 
reduction of system mechanical power, so generators will be accelerating, system 
frequency will be increasing intensively and in case of non-use of measures of liquidation 
of power surplus, this process may be ended by system collapse or stability loss. So, this 
work is  devoted to above problem and alternatives of its decision. 

It is determined the empirical and analytical dependences between power balance 
and frequency, in this work. It’s obtained such law/speed of liquidation of power 
unbalance witch allow to remain the frequency in desired ranges for any composition of 
power system.  

The work consists from introduction, four chapter of main text, with experimental 
part, analytical part and conclusions. In the end of work there is an appendix. 

In chapter I, with software PSS/E (Power System Simulator for Engineering), for 
various composition of power system, it is obtained the empirical dependence between 
system frequency, total inertia constants of operating generator and power unbalance. It is 
built the appropriate surface.  

In chapter II, by basing on an experience of  big amount of  done calculations, in 
case of liquidation of  arisen power unbalance, the frequency curve may be replaced with 
sum of two exponential function. So, in this chapter is developed mathematical model 
which allows  for a system with any total inertia constant and for any power unbalance 
arisen in this system, obtaining of power unbalance liquidation law, which corresponds to 
a desired time response of system frequency.  

In chapter III, basing on some presumptions, it’s developed a mathematical model 
witch allow to determine an analytical dependence between difference of system active 
and reactive power and system frequency. The presumptions are following: 



31 
 

• The system is represented by a single equivalent generator; 

• Frequency of all generators are changing identically and in per units is 

equal to speed deviation of the equivalent generator, oscillations between 

generators are neglected; 

• Mechanical power changing have a linear character, independently from 

regulation droop; 

• Electrical power changing has a step character. 

 In Visual Basic it is developed a program. This program by considering any 
system generator composition and mechanical power increasing capability, in case of any 
amount of arisen power deficit and surplus, calculates an amount of loads power and 
generators power/inertia for tripping, so, that in transients the system frequency remains 
in desired ranges. 

In chapter 4, based on a mathematic model of a system equivalent generator, 
turbine and speed governor, it is developed and considered an iterative approach of 
liquidation of power unbalance. This approach, in case of integration with SCADA, can 
give the best results of accordance by mean of liquidation of power unbalance  

 In chapter 5 it is developed a control module of SCADA, for system control in 
case of arising power deficit or surplus. There is also developed action schema of this 
module. The action will be based on these mathematical models and approaches 
developed in above three chapters. There is discussed and modeled by PSS/E three 
alternative scenarios of transients arisen in case of outage 500 kV OHL “Mukhrani” 
connecting Power Systems of Georgia and Azerbaijan. On base of done analyze it is 
identified the best scenario from these three.  
 


