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რეზიუმე 

 

gaanalizebulia hidroeleqtrosadgurebis rogorc 

sadgurSiga reJimis, aseve moklevadiani da xangrZlivi reJimebis 

Taviseburebebi da Sefasebulia TviTeuli maTganis roli 

energosistemis funqcionirebaSi. vrclad aris ganxiluli samive 

reJimis, gansakuTrebiT sadgurSiga reJimis optimizaciis 

sakiTxebi. Sefasebulia eleqtroenergiis warmoebis 

teqnologiuri procesis Taviseburebebis gavlena sadgurSiga 

reJimis optimizaciis efeqturobaze. aRniSnulia gegmiuri 

ekonomikidan sabazroze gadasvlasTan dakavSirebiT tendecia 

decentralizaciisken reJimiebis marTvaSi, rac ufro aqtulurs 

xdis eleqtrosadgurebis, kerZod, hidroeleqtrosadgurebis 

sadgurSiga reJimebis optimizaciis meTodebis srulyofas 

TviToeuli obieqtis specifikis gaTvaliswinebiT. moyvanilia 

teqnologiuri da sxva saxis SezRudvebis sistema da 

optimalurobis kriteriumebi. dasabuTebulia dinamikuri 

programirebis meTodis upiratesoba hesis sadgurSiga 

optimaluri reJimebis gaangariSebaSi. aRniSnulia calkeuli 

hesis sadgurSiga reJimis optimizaciis kavSiri mTlianad 

energosistemis reJimis optimizaciis amocanasTan da misi roli 

am ukanasknelis gadawyvetaSi. amasTan erTad aRniSnulia, rom 

eleqtrosadgurebis arasakmarisad SeTanxmebuli funqcionirebas 

axal sabazro pirobebSi mivyevarT wylis uqmi gadagdebis, 

wyalsacavebis vadaze adre daclisa da calkeuli 

hidroeleqtrosadgurebis araoptimaluri datvirTvebisken. 

amitom sabazro ekonomikis pirobebSi aqtualurad rCeba 

energosistemebis grZelvadiani optimaluri reJimebis dagegmva 

maTi SemdgomSi operatiuli koreqtirebis SesaZleblobiT. 

imasTan dakavSirebiT, rom eleqtroenergiis bazars gaaCnia 

Tavisi kriteriumebi da imisaTvis, rom TanxmobaSi iyos 

teqnologiuri da sabazro efeqturoba, uyuradRebod ar 

dagvrCenia kriteriumebis ierarqiis dadgenis sakiTxic. 

warmodgenili kriteriumebs gaaCnia gamoyenebis gansazRvruli 

are, isini dakavSirebulia erTmaneTTan da urTierT-

damokidebulebia. 

imis gamo, rom eleqtroenergiis moxmarebis 

ganusazRvreloba obieqturi realobaa, xolo prognozebis 
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absoluturi sizustis moTxovna absurduli, sadisertacio 

naSromSi mniSvnelovani yuradReba aqvs daTmobili optimizaciis 

amocanebis gadawyvetisas sawyisi informaciis SemTxveviTi 

xasiaTis gaTvaliswinebas, xolo iseTi SemTxvevebisTvis roca 

ver xerxdeba sawyisi informaciis albaTuri aRwerac, _ 

minimaqsuri kriteriumebiT sargeblobas, romlebic farTod 

gamoiyeneba TamaSebis TeoriaSi. 

imasTan dakavSirebiT, rom hesebis hidroagregatebis 

energetikuli maxasiaTeblebi sawyisia optimizaciuri amocanebis 

gadasawyvetad, sadisertacio naSromSi mocemulia 

maxasiaTeblebis analizi da vrclad aris ganxiluli maTi 

aproqsimaciis da kompiuteris mexsierebaSi Senaxvis sakiTxebi. 

mocemulia hidroeleqtrosadguris sadgurSiga reJimis 

optimizaciis ZiriTadi amocanis maTematikuri formulireba, 

hesis optimaluri energetikuli maxasiaTeblis agebis algoriTmi 

da hidroagregatebis Semadgenlobisa da reJimebis marTvis 

algoriTmi dinamikuri programirebis meTodis gamoyenebiT. 

ganxilulia agreTve calkeul SemTxvevebSi sxva maTematikuri 

meTodebis, kerZod, Stoebisa da sazRvrebis da variantebis 

mimarTuli gadarCevis meTodebis gamoyenebis sakiTxebi. 

ramdenadac reJimis optimizaciis rTuli amocanebis ricxviTi 

amoxsnebis garda, mizanSewonilia am amocanebis gamartivebuli 

variantebis analizuri amoxsnebis qona, romlebic 

SesaZleblobas mogvcems amovicnoT hesebis reJimebis optimaluri 

marTvis ZiriTadi kanonzomierebebi, rac Tavis mxriv iZleva 

ricxviTi meTodebis amoxsnebis koreqtirebis kontrolis 

saSualebas, ganxilulia, agreTve gamartivebul SemTxvevebSi 

variaciuli aRricxvis meTodebis, pirvel rigSi lagranJis 

mamravlis meTodis gamoyenebis sakiTxebi. mocemulia aRniSnuli 

algoriTmebis mixedviT Sedgenili kompiuteruli programis 

aRwera, misi gamoyenebiT Catarebuli gaangariSebebiT miRebuli 

Sedegebi da maTi analizi. 
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Summary 
 

 

Characteristic features of Hydro Power Stations as an intra-station regime, as 

well as short term and long term characteristics have been analyzed and their role in 

the functioning of energy system has been estimated.   The matters related to 

optimization of all three regimes and especially intra-station regime, have been widely 

discussed. The influence of the peculiarities of the technological process related to 

energy production on the efficiency of the intra-station regime optimization has been 

assessed. The tendency related to changing scheduled economy by the market 

economy in the process of managing regimes towards decentralization has been also 

mentioned, which makes it more actual to complete the intra-station regime 

optimization methods of the power plants and particularly of the hydro power plants, 

considering the specifics of each project. The system of technological and other 

limitations are mentioned, with its optimality criteria. Priority of dynamical 

programming method for calculating intra-station optimal regimes has been 

substantiated. The link of the intra-station regime optimization of separate HPP-s to 

the energy system regime optimization task and its role in the solution of the latter has 

been mentioned. Besides, it is mentioned, that due to insufficient functioning of the 

HPP-s on the background of the new market leads us towards an idle diversion of 

river water, the discharge of reservoir water earlier than needed and towards non-

optimal loading of separate HPP-s.  Due to this, under the conditions of market 

economy it is optimal to plan a long term optimal regimes of the energy system with a 

possibility of their future correction.  Due to the fact, that the energy market has its 

own criteria and due to the necessity of its being consistent with technological and 

market efficiency, the matter of determining hierarchy criteria has become the issue of 

discussion. The presented criteria have their own area of application, which are 

interconnected with each other and are interdependent.  

Due to the fact that non-determination of power consumption requirements is 

an objective reality and a requirement for the absolute precision in this case is a real 

absurd, a great deal of attention is paid to the consideration of occasional character of 

the initial information in the dissertation work, but is such cases, when it is impossible 

to provide a probable description of the initial information - an attention is paid to the 

use of minimum and maximum criteria, which are widely used in the game theory.   
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Due to the fact that the energetic characteristics of the HPP aggregates are 

initial for solving the optimization tasks, the dissertation work describes analysis of 

characteristics, including discussion of approximation and the issues of keeping them 

in the computer memory. 

Mathematical formulation of the main task of HPP regime optimization is also 

provided, including the algorithm of creating optimal energetic properties and the 

algorithms of HPP structures and regime management by using dynamical 

programming method. Also the issues related to the use of selection methods for the 

boundaries and variants of other mathematical methods for separate cases have been 

also discussed.  

As long as it is recommended to have analytical solving of the simplified 

variants of the mentioned tasks, besides solving of the difficult tasks of regime 

optimization, which would give us a possibility to find main regulations of optimal 

management of HPP regimes, which in itself gives a possibility to control the solving 

correction process, it is also discussed in the work, including variation estimation 

methods in the simplified cases and first of all the issues of using the Lagranzhe 

multiplier factor method. Description of the computer program based on the 

mentioned algorithms and the calculations carried out by using them, their results and 

analysis have been also discussed.  
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შესავალი 

sakiTxebis wre, romlebic exeba hidroenergetikuli 

resursebis efeqturi gamoyenebis problemas 

hidroeleqtrosadgurebis eqspluataciis periodSi, ZiriTadad 

moicavs eleqtroenergiis warmoebis teqnologiuri procesis 

srulyofis amocanebs da, Tu wyalsacavebis wylis resursebis 

racionaluri gamoyenebis amocanebis gadawyvetaSi miRweulia 

sakmaod STambeWdavi Sedegebi, sxva suraTia hidroagregatebis 

reJimebis optimizaciis sferoSi. jer kidev arasakmarisad aris 

damuSavebuli da gaSuqebuli hesis momuSave agregatebis 

Semadgenlobisa da maT Soris datvirTvis ganawilebis meTodika. 

gansakuTrebiT mcire yuradReba aqvs daTmobili hesis 

agregatebis Semadgenlobis arCevas sadgurSiga optimizaciis 

poziciebidan. 

gegmiuri ekonomikidan sabazroze gadasvlam iseve, rogorc 

sameurneo moRvaweobis sxva dargebis, Secvala eleqtro-

nergetikis ganviTarebisa da funqcionirebis pirobebi. kerZod, 

SeimCneva tendecia decentralizaciisaken reJimebis marTvaSi da 

obieqtis calkeuli mesakuTreebis swrafva individualuri 

sargeblobis miRwevisken. es kidev ufro aqtualurs xdis 

eleqtrosadgurebis, kerZod, hidroeleqtrosadgurebis 

sadgurSiga reJimebis optimizaciis meTodebis srulyofas 

TviToeuli obieqtis specifikis gaTvaliswinebiT. 

hidroeleqtrosadguris (hesis) sadgurSiga reJimis 

optimizacia, garda imisa, rom xels uwyobs hidroenergo-

resursebis moculobiT SezRuduli da droiT 

reglamentirebuli maragebis racionalur gamoyenebas, zogad 

SemTxvevaSi aregulirebs energosistemis datvirTvasa da 

sixSires, rac dakavSirebulia agregatebis mudmivi CarTvasa da 

gamorTvebTan, agregatebs Soris datvirTvebis sistematur 

gadanawilebasTan. 
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hesi, rogorc samrewvelo sawarmo, cdilobs TavisTvis rac 

SeiZleba racionalurad gamoiyenos moculobiT SezRuduli da 

droSi regalmentirebuli hidroenergoresursebi. amasTan erTad 

igi monawileobs energosistemis saerTo datvirTvis dafarvaSi, 

rac gansazRvravs misi reJimis optimizaciis amocanis 

zogadsistemur xasiaTs, romelic ganuyrelad aris 

dakavSirebuli mTeli eleqtroenergetikuli warmoebis 

TaviseburebebTan. 

hesis sadgurSiga reJimis optimizaciis amocanas gaaCnia 

ramdenime ZiriTadi qveamocana, maT Soris dReRamuri reJimis 

dagegmva da misi koreqcia hesis energosistemaSi muSaobis 

pirobebis cvlilebis gaTvaliswinebiT. maTematikuri gansxvaveba 

am qveamocnebs Soris ganisazRvreba mxolod saangariSo 

periodiT, rac iZleva zogadi amocanis dasmis SesaZleblobas, 

romelsac daemateba Semdgom sxvadasxva hesebis Taviseburebebis 

analizi. teqnologiuri procesis yvela Taviseburebebis 

koreqtuli gaTvaliswinebisagan didad aris damokidebuli 

hidroenergoresursebis gamoyenebis efeqturoba mTlianobaSi, 

rac sadgurSiga reJimebis optimizaciis amocanas aniWebs 

gansakuTrebul mniSvnelobas. 

Tu hidrokvanZebs mxolod energetikuli daniSnuleba 

gaaCnia, maSin maTi muSaobis reJimi mTlianad ganisazRvreba im 

energosistemis moTxovnebiT, romlebSic isini Sedis. 

mniSvnelovnad ufro rTulia kompleqsuri daniSnulebis 

hidrokvanZis SemTxveva, roca misi momsaxurebis areals Seadgens 

ara mxolod energetika. am SemTxvevaSi jer yalibdeba SezRud-

vebis sistema, romelic axdens wylis resursebis ganawilebis 

regalmentirebas, xolo Semdeg wydeba hesis energetikuli 

reJimebis gaangariSebis amocanebi, magram ukve aRniSnuli 

SezRudvebis gaTvaliswinebiT. 

eleqtroenergetikaSi arsebuli marTvis ierarqiis 

gaTvaliswinebiT hesis reJimis optimizaciis amocana pirobiTad 

iyofa ramdenime gaangariSebis etapad, drosa da sivrceSi 
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urTierTdakavSirebuli cvladebiT: hesis optimaluri 

grZelvadiani reJimis gaangariSeba; hesis moklevadiani reJimis 

gaangariSeba; hesis ZiriTadi mowyobilobis optimaluri sadgur-

Siga reJimis gaangariSeba. pirveli ori amocana zogadsistemuria. 

mesame amocanis gadawyveta xdeba hidroagregatebis muSaobis 

damyarebuli normaluri pirobebisaTvisa da garda imisa, rom 

aqvs TavisTavadi mniSvneloba, warmoadgens informaciul bazas 

sxva amocanebisaTvis. ramdenadac samive reJimi mWidrod aris 

dakavSirebuli erTmaneTTan da gavlenas axdenen erTmaneTze, 

naSromSi ZiriTad Temaze _ hesis ZiriTadi mowyobilobebis 

sadgurSiga reJimis gaangariSebis meTodebze gadasvlamde 

ganxilulia hesis moklevadiani da grZelvadiani reJimebis 

gaangariSebis sakiTxebi. 

mocemulia hidroeleqtrosadguris sadgurSiga reJimis 

optimizaciis ZiriTadi amocanis maTematikuri formulireba, 

hesis optimaluri energetikuli maxasiaTeblis agebis algoriTmi 

da hidroagregatebis Semadgenlobisa da reJimebis marTvis 

algoriTmi dinamikuri programirebis meTodis gamoyenebiT. 

ganxilulia agreTve calkeul SemTxvevebSi sxva maTematikuri 

meTodebis gamoyenebis da energetikuli maxasiaTeblebis 

aproqsimaciis sakiTxebi. mocemulia aRniSnuli algoriTmebis 

mixedviT Sedgenili kompiuteruli programis aRwera, misi 

gamoyenebiT Catarebuli gaangariSebebiT miRebuli Sedegebi da 

maTi analizi. 
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Tavi I. sakiTxi Seswavlis Tanamedrove  

mdgomareobis analizi. 

 

1.1. hidroeleqtrosadgurebis da 

eleqtroenergეtikuli sistemebis reJimebis 

optimizaciis Tanamedrove koncefciebi 

 

ekonomikis eleqtroenergetikul seqtorSi mimdinare 

sabazro gardaqmnebis mizania eleqtroenergetikis muSaoebis 

efeqturobis amaRleba saboloo momxmareblisaTvis: 

eleqtroenergiaze gadaxdisunariani moTxovnis dakmayofileba da 

misi Rirebulebis Semcireba, mowodebuli energiis da 

momsaxurebis xarisxis gazrda, progresuli teqnologiebis 

gamoyeneba, investiciebis mozidva aucilebeli moculobebiT da 

a.S. eleqtrosadgurebis arasakmarisad SeTanxmebuli 

funqcionirebas axal sabazro pirobebSi mivyavarT wylis uqmi 

gadagdebis, wyalsacavebis vadaze adre daclisa da calkeuli 

hidroeleqtrosadgurebis araoptimaluri datvirTvisaken. amitom 

sabazro ekonomikis pirobebSi aqtualurad rCeba 

energosistemebis grZelvadiani optimaluri reJimebis dagegmva 

maTi SemdgomSi operatiuli koreqtirebis SesaZleblobiT. 

sabazro urTierTobebi gulisxmobs, rom TviToeuli 

mewarme damoukideblad iRebs gadawyvetilebas, Tu ramdeni 

energia da drois romel momentSi unda awarmoos. arsebobs 

mosazreba, [1], rom energrtikuli sistemebisaTvis, romlebSic 

hesebis wili mcirea eleqtroenergiis gamomuSavebaSi, aseTi 

midgoma gamarTlebulia. eleqtroenergiis warmoebis moculoba 

ganisazRvreba bazarze moTxovniT, saTbobis maragiT, teqnikuri 

SezRudvebiT da SeiZleba CaiTvalos damoukideblad drois 

sxvadasxva intervalSi. yvela ryevebi, dakavSirebuli 

wyalsacavSi wylis Semodinebis ganusazRvrelobasTan, hesebze 
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gamomuSavebis mcire wilis SemTxvevaSi SeiZleba gaswordes 

Tbosadgurebis rezervebiT. 

energetikuli sistemebisaTvis, romlebSiac hesebis wili 

didia eleqtroenergiis warmoebaSi (saqarTvelos garda aseTi 

qveynebia brazilia, axali zelandia da sxv.), energosistemis 

mdinaris Camonadenis regulirebasTan mibmulobis gamo, am 

midgomam SeiZleba gamoiwvios Semdegi negatiuri Sedegebi: 

 wylis resursebis araoptimaluri gamoyeneba; 

 Tbosadgurebze saTbobis ekonomiurad araefeqturi 

gamoyeneba; 

 eleqtroenergiis droebiTi deficitis warmoqmna. 

Tu mimdinare intervalSi hesi zrdis eleqtroenergiis 

gamomuSavebas (iyenebs wylis damatebiT moculobebs), rom 

dazogos saTbobi Tbosadgurze (an miiRos damatebiTi mogeba), 

maSin momdevno periodSi, Tu isini iqneba wyalmcire, SeiZleba 

moxdes Tbosadgurebis araekonomiuri datvirTva, xolo maTSi 

saTbobis ukmarisobisas _ eleqtroenergiis deficiti. Tu ki 

mimdinare periodSi hesi imaragebs wyals momavalSi 

gamosayeneblad, maSin momdevno wyaluxvi periodebis SemTxvevaSi 

aris albaToba, rom saWiro gaxdeba Tbosadguris araekonomiuri 

gantvirTva an wylis uqmi gadagdeba. 

maSasadame, imisaTvis, rom uzrunvelyofili iyos 

energositemis, romelSic hidroeleqtrosadgurebis wili 

eleqtroenergiis gamomuSavebaSi mniSvnelovania, ekonomiurad 

efeqturi muSaoba, da energo resursebis optimaluri gamoiyeneba, 

aucilebelia reJimebis centralizebuli dagegmva ciklSi, 

romelic gaiTvaliswinebs hesis reJimebis gaZRolis 

Taviseburebebs. reJimebis dagegmvis meTodika unda Seicavdes 

aucilebel cvlilebebs da damatebebs, romlebic uzrunvelyofs 

eleqtroenergetikaSi urTierTobebis sabazro xasiaTs [2, 3, 4]. 
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hidroeleqtrosadgurebis da eleqtroenergetikuli 

sistemebis reJimebis optimizaciis amocanebis gadawyvetis 

efeqturobis amaRlebis upirvelesi gzaa optimizaciis Sesabamisi 

maTematikuri meTodebis gamoyeneba, rac Txoulobs maTematikuri 

modelebis da algoriTmebis gamoyenebas. zogierTi amocanis 

gaangariSebis Sedegebi moyvanilia [5] monografiaSi. Tu hesze 

avirCevT momuSave agregatebis optimalur ricxvs optimizaciis 

Sesabamisi meTodebis gamoyenebiT, maSin sadguris m.q.k. amaRldeba 

3_5%-iT (aq rekomendirebulia variantebis mimarTuli gadarCevis 

meTodi). Tu moxdeba wyalsacavis wylis resursebis gamoyenebis 

reJimis optimizacia sxvadasxva wylianobis wlebSi _ 5_10%-iT 

(rekomendirebuli gradientuli meTodi da lagranJis 

mamravlebis meTodi). Tu sistemaSi optimalurad ganawildeba 

datvirTva, maSin saTbobis gadametwva Semcirdeba _ 2_5%-iT 

(rekomendirebulia arawrfivi programirebis meTodebis 

kompleqsi [6, 7, 8, 9]. eleqtroqselebis optimaluri reJimi _ 

mivyevarT eleqtroenergiis danakargebis Semcirebamde 1_5%-iT. 

optimaluroba damokidebulia mraval faqtorze, magram 

pirvel rigSi SesaZlo variantebis ricxvze. magaliTad Tu 

eleqtroenergiis siWarbes aqvs adgili, maSin SeiZleba iyos 

alternativebi. 

energetikaSi warmoiSveba principuli SekiTxva _ rogor 

warimarTos optimizaciis procesi? sawarmoo SesaZleblobebidan 

gamomdinare Tu sabazro Sexedulebebidan. investiciebis 

efeqturobas uzarmazari roli gaaCnia energetikis ganviTarebaSi. 

arc erTi investori ar Cadebs saxsrebs warmoebis ganviTarebaSi, 

Tu mas SemdgomSi igi ver gamoiyenebs efeqturad. maSasadame, 

bunebrivi gzaa _ `warmoebis teqnikuri SesaZleblobebis 

efeqturi gamoyenebidan komerciul Sedegebamde~. am principis 

gamoyenebisas erTerTi ZiriTadi kiTxvaa _ romeli maCvenebeli an 

maCveneblebi iqnas miRebuli Sefasebis kriteriumad? saxalxo 

moxmarebis  saqonlisa da samrewvelo saqonlis komerciuli 

sawarmoebisTvis _ es aris mogeba. energetikisaTvis mogeba ar 
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SeiZleba iyos kriteriuli maCvenebeli. energetika aris 

sazogadoebis sicocxlis uzrunvelyofis are, misi roli 

gansazRvravs ekonomikis ganviTarebas, saxelmwifos politikur 

mdgradobas, mosaxleobis socialur mdgomareobas. aqedan 

gamomdinare kriteriumi SeiZleba iyos mxolod danaxarjebi 

eleqtroenergiis da simZlavris warmoebaze, xolo bazris wesebs 

unda mieniWos mxolod damxmare, makoreqtirebeli, da ara 

mTavari roli. 

eleqtroenergiis bazars gaaCnia Tavisi kriteriumebi da 

imisaTvis, rom TanxmobaSi iyos teqnologiuri efeqturoba da 

sabazro, aucilebelia kriteriumebis ierarqiis dadgena. amasTan 

SeiZleba gamoyenebuli iqnas optimizaciis kriteriumebis Semdegi 

ierarqia [3, 4]. 

 umaRlesi done _ energetikis sawarmos Siga 

danaxarjebis optimizacia _ `optimizacia danaxarjebis 

mixedviT~. esaa minimizacia danaxarjebisa warmoebaze sasaqonlo 

asortimentis (reJimis parametrebis eleqtroenergiisa da 

simZlavris da momsaxurebis mixedviT) gaTvaliswinebiT, rac 

srulad exmianeba biznesis, konkurenciisa da marketingis tipiur 

strategiebs. 

 Semdegi donea _ energetikuli sawarmoebis 

eleqtroenergiis da simZlavris optimaluri gamoyeneba 

eleqtroenergetikul bazarze (`komerciuli optimizacia~) 

saqonlis gasayidi fasis minimumis kriteriumis mixedviT da 

gasayidi fasi emyareba warmoebis optimalur danaxarjebs. 

 da bolos _ energetikuli sawarmoebis reJimebis 

optimizacia bazarze sazogadoebrivi interesebisaTvis 

(`optimizacia sazogadoebrivi interesebis wesebis mixedviT~) _ 

fasCamokleba / danamati, SeRavaTebi, jarimebi. 

warmodgenil kriteriumebs gaaCnia gansazRvruli are da 

isini dakavSirebulia erTmaneTTan da urTierTdamokidebulia. 
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kavSiri gamoixateba maTi ieraarqiis saxiT da Tu amovalT 

principidan `teqnikuri warmoebis efeqturi gamoyenebidan 

komerciuli Sedegebisaken~, maSin ierarqiul sqemas eqneba saxe: 

warmoebaze danaxarjebis minimizacia mTel teqnologiur ciklze, 

danaxarjebis minimizacia transportirebaze, gasayidi fasis 

minimizacia, gayidvis da Sesyidvis wesebis dadgena sasaqonlo _ 

fuladi urTierTobebis damuSavebisas. 

sawyisi informacia reJimebis optimizaciis amocanebis 

gadasawyvetad aris datvirTvis da eleqtromoxmarebis 

grafikebis prognozi, obieqtebis maxasiaTeblebi, romlebic 

akavSireben kriteriumebs da damoukidebel cvladebs, sistemis 

struqturis Tvisebebs, romlebic gavlenas axdens maTematikur 

modelze, SezRudvebi (teqnikuri, sameurneo, komerciuli). 

komerciuli principebi damyarebulia eleqtroenergiis 

Sesyidvaze ganacxadebis srul gansazRvrulobaze, radganac 

eleqtroenergiis dasawyobeba ar SeiZleba. magram 

eleqtroenergiis moxmarebis ganusazRvreloba es obieqturi 

realobaa da prognozebis absoluturi sizustis moTxovna 

absurdulia _ cdomilebebi garduvalia. 

optimizaciisTvis arsebiTi mniSvneloba aqvs datvirTvis 

grafiks da energetikuli balansebis prognozebis utyuarobas. 

prognozebis cdomilebebi SeiZleba miviRoT modelebis 

cdomilebidan da damatebiTi saeqsperto Sesworebebidan. aseTi 

Sefasebebi Zalian pirobiTia _ esaa gadawyvetilebebis miReba 

ganusazRvrelobis pirobebSi. SeiZleba mocemul iqnas 

prognozuli parametrebis cvlilebebis zona da Semdeg masSi 

napovni iqnas gadawyvetis alternatiuli variantebi. datvirTvis 

grafikebis cvlilebis procesis drois mixedviT modelireba 

jerjerobiT ver xerxdeba sakmarisad kargad. 
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1.2. hidroenergetikuli danadgarebis moklevadiani 

reJimebis gaangariSebis sakiTxebi 

 

energosistemis datvirTvis dRe-Ramuri (kviriani) grafikis 

erT-erT ZiriTad Taviseburebas warmoadgens misi 

araTanabarzomiereba, rac gansazRvravs ZiriTad moTxovnebs 

eleqtrosadgurebis mimarT. ase, magaliTad, datvirTvis 

maqsimumis periodebSi yvela eleqtrosadguri itvirTeba 

mTlianad, sxva dros dRe-Ramis ganmavlobaSi sistemis datvirTva 

naklebia maqsimalurze.  

amasTan dakavSirebiT iqmneba eleqtrosadguris datvirTvis 

qveSmyofi danadgarebis ricxvisa da Semadgenlobis optimizaciis 

aucilebloba, aseve aucilebelia misi ganawilebis racionaluri 

meTodi. energosistemis moklevadiani reJimis optimizaciis 

amocana msgavsia, magram gacilebiT rTulia hes-is sadgurSiga 

reJimis optimizaciis amocanaze didi zomis, eleqtosadgurTa 

tipebis mravalferovnebis gamo, romlebic monawileoben 

energosistemis datvirTvis dafarvaSi, sxadasxva 

eleqtrosadgurebis reJimebis urTierTgavlenis gaTvaliswinebis 

sirTulis, eleqtrosadgurebis reJimis efeqturobis 

ganmsazRvreli faqtorebis simravlis, gamoyenebuli 

damokidebulebiebis arawrfivobis, sxvadasxva gantolebebis da 

eleqtrosadgurebis utolobaTa tipis SezRudvebis didi 

simravlis gamo da a.S. garda amisa, saWiroa reJimis mimarT im 

moTxovnebis gaTvaliswineba, romelic wayenebulia 

wyalsameurneo sistemis araenergetikuli ubnis mier. damatebiTi 

sirTuleebi Seaqvs albaTuri da ganusazRvreli xasiaTis sawyisi 

informaciis gaTvaliswinebas [10, 11, 12, 13, 14]. 

aRniSnulis gaTvaliswinebiT energosistemis normaluri 

moklevadiani reJimis optimizaciis amocana unda mivakuTvnoT 

arawrfivi (stoqastikuri) programirebis mTelricxva 

mravaleqstemalur amocanas [12, 13, 14]. 
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amoxsnis gasamartiveblad iyeneben sxadasxva maTematikur 

xerxebs. ase, magaliTad, amocanis ganzomilebis Sesamcireblad, 

energetikaSi Camoyalibebuli marTvis struqturis 

gaTvaliswinebiT, gamoiyeneba agregirebis meTodi, romelic imaSi 

mdgomareobs, rom energosistemis ZiriTadi elementebis saxiT 

gamoiyeneba ara calkeuli energoblokebi, aramed 

eleqtrosadgurebi mTlianobaSi. am dros eleqtrosadgurebis 

reJimebis Sidasasadguro optimizaciis amocana iTvleba 

amoxsnilad. 

am mizniTve gamoiyeneba dekompoziciis meTodi, romlis 

daxmarebiT SesaZlebeli xdeba rTuli amocanis dayofa ufro 

martiv amocanebis rigad. wyalsameurneo sistemis da garemos 

dacvis moTxovnaTa gaTvaliswineba gardaqmnis moklevadiani 

optimizaciis amocanas araformalizebulSi. am ukanasknelis 

amoxsna SesaZloa kvalimetriis meTodebis gamoyenebiT. 

unda aRiniSnos, rom gaangariSebebSi monawile mTeli 

sawyisi informacia xasiaTdeba garkveuli cdomilebiT. amis gamo 

nebismieri Sedegi, miRebuli gaangariSebebSi unda ganixilebodes 

rogorc raRaca zomiT saorientacio. 

zemoxsenebuli exeboda e.w. eqsploataciur amocanas, anu 

energosistemis dRe-Ramur da erTkviriani dagegmvis amocanas 

sadispetCero marTvis avtomatizirebuli sistemis 

funqcionirebis pirobebSi. saproeqto amocanisaTvis aseTi 

detalizacia, eleqtrosadgurebis reJimebis gansakuTrebulobis 

gaTvaliswinebis dros, ar moiTxoveba, misTvis sakmarisia 

gaTvaliswinebuli iyos datvirTebis miaxloebiTi ganawileba 

energosistemis eleqtrosadgurebs Soris, datvirTva SeiZleba 

CaiTvalos mocemulad erT eqvivalentur kvanZSi, xolo 

datvirTvis dRe-Ramuri grafiki SeiZleba warmodgenil iqnas 

xangrZlivobis mrudis saxiT da a.S. 

rogorc saproeqto, aseve saeqsploatacio amocanas ara 

aqvT amonaxsnebi zogadi saxiT. is SeiZleba iyos miRebuli 

mxolod ricxviTi meTodebiT, romelTa koreqtuli gamoyeneba 
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bevr SemTxvevaSi ganisazRvreba amocanis dasmiT. aranakleb 

mniSvnelovania misaRebi Sedegebis fizikuri azris codna uxeSi 

Secdomebis Tavidan asacileblad. 

Tanamedrove energosistemebis optimaluri sadReRamiso 

reJimis optimaluri gaangariSeba zogad SemTxvevaSi sakmaod 

rTulia. amasTan dakavSirebiT, ganvazogadoT miRebuli Sedegebi 

da gavaanalizoT sxvadasxva faqtorebis gavlena 

hidroeleqtrosadgurebis maCveneblebze. 

erTeuli hes-is moklevadiani reJimebis optimzaciis amocana 

(umartivesi SemTxveva) maTematikurad SeiZleba iyos 

warmodgenili Semdegnairad. 

mocemulia koncentrirebuli energosistema erTi 

kaSxaluri hes-iT da ramodenime Tes-iT anu SemTxveva rodesac 

eleqtrogadamcem xazebSi da qselis gamanawileblebSi SiZleba 

vugulebelvyoT danakargebi. cnobila Tes-is CarTuli 

danadgarebis mudmivi Semadgenloba erTi dRe-Ramis ganmavlobaSi 

da misi energetikuli maxasiaTeblebi. hes-isaTvis mocemulia 

energetikuli maxasiaTeblebi, romlebic agebulia xarjis 

gamSvebi danakargebis gaTvaliswinebis gareSe da 

hidroagregatebis ucvleli dawnevisas dRe-Ramis ganmavlobaSi. 

garkveulobisaTvis miviRoT, rom yvela hidroagregati erTnairia. 

moiTxoveba hes-is da Tes-is iseTi reJimebis povna erTi 

dRe-Ramis ganmavlobaSi anu     m,1.2j  ,tN  ,tN j Teshes  romlebic 

uzrunvelyofen pirobiTi sawvavis minimalur xarjvas sistemaSi: 
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aqtiuri simZlavreebis balansis pirobebSi: 
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roca mocemulia Cadinebis moculoba hes-is gavliT erT 

dRe-RameSi: 

 

   0dttQW
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to

  heshes   (1.3) 

 

da cnobilia eleqtrosadgurebis reJimebi gansaxilveli 

dRe-Rameebis 0t  dasawyisze da bt  boloze. aucilebelia aseve 

uzrunvelyofili iyos hes-is da Tes-is reJimebis mocemuli 

SezRudvebis Sesruleba saxiT: 
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davuSvaT, rom yvela damokidebulebani, romlebic 

gamoiyeneba gaangariSebaSi wyalsameurneo sistemis ara 

energetikuli ubnis mier, uwyvetia da orjer diferencirebadi. 

maSin dayenebuli amocana SeiZleba miekuTvnos sasazRvro 

variaciul amocanebs (1.3) saxis pirobebiT, (1.2) saxis kavSiris 

gantolebebisa da (1.4) da (1.5) utolobaTa tipis SezRudvebis 

arsebobisas. 

am SemTxvevaSi SeiZleba CaiTvalos, rom (1.1) eqstremumi 

miiRweva imave eqstremalebze, sadac miiRweva Semdegi 

gamosaxulebis eqstremumi: 
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sadac   Tesλ  , tλ _ lagranJis ganusazRvreli aratrivialuri 

mamravli; 

   tS  ,tS t

j

t

Teshes  _ sajarimo funqciebi, Semotanili miznobriv 

funqciaSi utolobis tipis SezRudvaTa gasaTvaliswineblad. 

cnobilia, rom (1.1) minimums adgili eqneba, Tu 

   tN    tN jTeshes da  ..m 1,2,.i   warmoadgenen eqstremalebs anu maT 

gaswvriv Sesruldeba eileris cnobili gantoleba _ 

funqcionalis eqstremumis aucileblobis piroba (1.6): 
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gavxsnaT (1.7) da (1.8) gantolebebi: 

 

   

   1.11                 0,
Nd

dβ

dt

d

dN

dS
tλ

dN

dβ
F

dt

d
F

1.10         0,
Nd

dQ

dt

d
λ

dN

dS
tλ

dN

dQ
λF

dt

d
F

j

j

j

j

j

j

j Nj N

 N N





TesTes

Tes

Tes
TesTes

hes

hes

hes

hes

hes

hes

hes

hesheshes









 

 



25 

gavaanalizoT (1.10) da (1.11) gantolebebis amoxsnis miRebis 

saSualeba. ucnobTa raodenoba udris 5m3  -s; 2m2  _ 

integrirebis mudmivebis ricxvi; 1m   _ Nhes da jNTes  

gaangariSebaTa ucnobebis ricxvi; hesλ  da  tλ . gaangariSebaTa 

ricxvi aseve udris 5m3  -s; 1m  _eileris gantolebaTa ricxvi; 

2m2   _ zRvruli pirobebisa da kavSiris gantolebebis (1.2) da 

(1.3) ricxvi. 

sxva sityvebiT, Tu gansaxilveli gantolebebi 

araerToblivia, xolo SezRudebi ar ewinaaRmegebian erTmaneTs, 

maSin amocanis amoxsna SeiZleba moiZebnos, Tuki is arsebobs.  

energosistemebis aqtiuri datvirTvis optimaluri 

ganawilebis aucilebeli pirobebi SeiZleba warmodgenili iyos 

analizuri saxiT Semdegnairad: 
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Tuki yvela procesi energosistemaSi CaiTvleba 

damyarebulad, xolo agregatebis da eleqtrosadgurebis 
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diferencialur maxasiaTeblebs sajarimo funqciebis 

gaTvaliswinebiT ganvixilavT, roca  jjμ   da  , maSin 

(1.12) miiRebs saxes: 

 

         ,tλtq tbtbtb m  TesTes TesTes2Tes1    (1.15) 

 

zogjer ufro moxerxebulia (3.15) CavweroT Semdegi saxiT: 
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  (1.16) 

 

sadac Tes1b  _ energosistemaSi aragegmuri datvirtvis 

cvlilebis dasafaravad gaTvaliswinebuli eleqtrosadguris (am 

SemTxvevaSi Tes-1-is) fardobiTi namati. 

 (1.15)-is gaTvaliswinebiT SeiZleba aigos energosistemis 

ekvivalenturi Tes-is energetikuli maxasiaTebeli da Semdgom 

gamoyenebul iqnas gaangariSebebSi. 

 

         ,tλtNbtbtb m  eqveqv TesTes1   (1.17) 

 

zemoTqmulis safuZvelze (1.17)-is gaTvaliswinebiT 

warmovadginoT (1.15) Semdegi saxiT. 

        tλtNqλtNb  heshesheseqveqv   (1.18) 

da ganvixiloT energosistemaSi hes-is optimaluri 

reJimebis gansakuTrebulobani. 

davuSvaT, rom hes-is datvirTvis qveS CarTuli agregatebis 

ricxvi dRe-Ramis ganmavlobaSi mudmivia da hesλ  mocemulia. maSin 

A energosistemis nebismieri datvirTvisaTvis piroba (1.17) 

Seesabameba gadakveTas beqv(Neqv) da hes-is diferencialuri 
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daxasiaTebisa qhes (Nhes), gamravlebuls hesλ -ze (wertili α  nax. 1.1-

ze). α wertilSi pirobiTi saTbobis xarji sistemaSi iqneba 

yvelaze minimaluri 0Bα . nebismier gadaxras 0
heseqv   da  NN -sgan 

mivyavarT sistemaSi reJimuli danakargebis gaCenasTan reJΔB . 

energosistemis datvirTvis cvlilebisa GP f  -mde 

constλ hes -is dros hes-is energetikuli maxasiaTebeli inacvlebs 

Tavisi Tavis paralelurad,  eqveqv Nb -is gadakveTiT axal β  

wertilSi (nax. 1.1). 

(1.17)-idan hesλ -is fizikuri azri SeiZleba interpretirebuli 

iyos rogorc hes-ze wylis xarjis yoveli erTeulis saTbobi 

efeqturoba, anu hesλ  uCvenebs, Tu ramdenjer Semcirdeba Tes-ze 

saTbobis xarji, hes-ze wylis xarjis gazrdisas 1 m3/dRe-RameSi 

energosistemis simZlavreebis balansis dacvisas. marTlac (1.17)-

is safuZvelze gvaqvs: 

 

 
hes

eqv

hes

eqv

hes
dQ

dB

q

b
λ   (1.19) 

 

gaangariSebebSi hesλ -is mniSvneloba Cveulebriv 

ganisazRvreba iteraciuli gziT ise, rom uzrunvelyofili iyos 

(1.3) pirobis Sesruleba. rac metia hesW  erTi dRe-Ramis 

ganmavlobaSi, miT naklebia hesλ  da piriqiT. 
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nax. 1.1.  datvirTvis optimaluri ganawileba hes-sa da Tes 

Soris hess   da P  mocemuli mniSvnelobebisas. 
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ilustraciis saxiT nax. 1.2-ze naCvenebia hes-is muSaobis 

grafikebi sxvadasxva hesλ -sTvis min
hesλ -dan  maq

hesλ -mde, romlebic 

gamoiTvleba formuliT: 

 

 min
hes

maq
eqvmaq

hes
q

b
λ  ;  (1.20) 

 

maq
hesλ -is dros datvirTvis maqsimumSi yvela Tes-ebi muSaoben 

zRvruli simZlavriT maq
eqvN . Tu maq

s
maq
eqv pN  , maSin   0W 

maq
heshes  da 

  0N thes . Tuki  maqmaq
eqv spN  , maSin hesi muSaobs datvirTvis 

grafikis pikSi iZulebiTi reJimiT, romelic ganisazRvreba 

energosistemaSi simZlavreTa balansis pirobebiT: 

 

     maq
eqvs

maq
heshes NtPt,λN  , (1.21) 

 

hes-is maqsimaluri samuSao simZlavre am dros udris  

 

 
maq
eqv

maq
s

muS
hes NPN  ,  (1.22) 

 

maq
hesN  da muS

hesN -is Soris sxvaoba Seadgens energosistemis 

mbrunav rezervs. 

min
hesλ -is dros hesi muSaobs energosistemaSi maqsimalurad 

SesaZlebeli simZlavriT; energosistemis rezervebi gadadian Tes-

ze (nax. 1.2 a) hesλ -is nebismieri zrda maq
hesλ -is zeviT an Semcireba 

min
hesλ -is qveviT ar axdens gavlenas hes-is reJimebze roca constH a . 
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nax.1.2 hes  -is gavlena hes-is muSaobis reJimze datvirTvis 

dReRamur grafikSi. 

 

hesλ -is cvlilebas maq
hesλ -dan min

hesλ -mde izrdeba hes-is 

monawileobis xarisxi energosistemaSi datvirTvis optimalur 

ganawilebaSi; aseve erTdroulad izrdeba muS
hesN  (nax. 1.2 b). 
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optimizaciuri gaangariSebebis Sedegebis mixedviT 

sxvadasxva hesλ - sTvis SeiZleba aigos damokidebulebebi  hesλBs  

da  heshes λW  Soris. 

 

 

nax. 1.3  hesλBs -is da  heshes λW -is damokidebulebebi. 

 

am mrudebis gansakuTrebuloba mdgomareobs imaSi, rom maT 

aqvT TiTqmis wrfivi xasiaTi saSualo hesλ -is zonaSi 

(daStrixulia nax. 3.3-ze). am zonaSi hesW -is nebismier cvlilebas 

mivyavarT sB -is proporciul cvlilebamde. 

swored am zonaSi didi mniSvneloba aqvs energosistemaSi 

datvirTvis ganawilebis racionaluri meTodis SerCevas. hesλ -is 

mniSvnelobebisaTvis, romlebic axloa min
hesλ  an maq

hesλ -Tan, 

energosistemaSi datvirTvis ganawilebis meTodis efeqturoba 

bevrad naklebi iqneba, xolo maq
heshes λλ   an min

heshes λλ  -sTvis _ ar 

aris masze damokidebuli. 
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zemoxsenebuli miekuTvneba SemTxvevas, roca hes-is 

xvedriTi wona energosistemaSi Seadgens aranakleb 20_30% maqs
sP . 

Tu hes-is xvedriTi wona umniSvneloa, hesW -is didi cvlilebis 

drosac sB -is xarji mcired Seicvleba. es niSnavs, rom 

energosistemaSi datvirTvis ganawilebis meTodi hes-sa da Tes-s 

Soris moaxdens mcire gavlenas sB -ze. sB -is xarji ZiriTadad 

ganisazRvreba datvirTvis ganawilebis meTodiT Tes-ebs Soris 

rogorc pirobiTi, aseve naturaluri saTbobis mixedviT. 

hesλ -is mcire da saSualo mniSvnelobebis dros, romlebic 

Seesabameba muSaobis sabazo an naxevradpikur reJims, bevri hes-

Tvis (dabaldawneviani da saSualodawnevisaTvisac ki) 

samarTliania daSveba hidroagregatebis dawnevis mudmivobaze 

erTi dRe-Ramis ganmavlobaSi. Tu qveda biefis doneTa rxevebi 

mniSvnelovania, maSin maTi gaangariSebebisaTvis SeiZleba 

damyarebuli reJimis damokidebulebaTa mrudebiT sargebloba. 

Sesabamisi cvlilebebis Setana aucilebelia diferencialur 

maxasiaTebelSi. wylis resursebis deficitis pirobebSi, 

romlebic gamoiyeneba energetikuli miznebisaTvis, hesi 

gazafxul-zamTris periodSi muSaoben hesλ -is didi 

mniSvnelobebiT, romlebic Seesabamebian mkveTrad cvlad reJims 

 thesN  (nax. 1.2, b). aseT SemTxvevebSi mcire dawnevis da saSualo 

dawnevis hes-sTvis aucilebelia qveda biefSi wylis 

daumyarebeli moZraobis gaTvaliswineba da Sesabamisi 

cvlilebebis Setana hes-is diferencialur maxasiaTebelSi. 

biefebSi dimakuri procesebis gaTvaliswineba moiTxovs hes-

is reJimis ramdenamde Secvlas erTi dRe-Ramis ganmavlobaSi: 

metad daitvirTos hesi datvirTvis zrdis periodebSi da 

Semcirdes datvirTvis daqveiTebis pirobebSi. 

grZeli wyalsataris mqone kaSxaluri hes-ebisTvis da 

xangrZlivi regulirebis derivaciuli hes-ebisTvis optimaluri 

dRe-Ramuri reJimis gaangariSeba SeiZleba Catardes mudmivi 
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ag.blH s dros erTi dRe-Ramis ganmavlobaSi, amis 

gaTvaliswinebiT hes-ebis diferencialur maxasiaTebelebSi. 

moklevadiani regulirebis dabali dawnevis hes-ebisTvis 

damatebiT saWiro gaxdeba zeda biefis doneebis cvlis 

gaTvaliswineba erTi dRe-Ramis ganmavlobaSi cvladi  Hhes-s da 

Ha-si. 

Tanamedrove pirobebSi Tes-ebisTvis damaxasiaTebelia 

saTbobis SezRuduli xarjvis arseboba erTi dRe-Ramis 

ganmavlobaSi. es ar iZleva Tes-ebis eqvivalenturi 

maxasiaTeblebis winaswar agebas da arTulebs amocanis amoxsnas. 

magaliTad, Tu Tes-ze nomrebiT m-r-dan  m-mde mocemulia 

saTbobis dRe-Ramuri xarji 

 

      0,tΨdttNBB jj

t

t

jj

k

0

  TesTes  (1.23) 

 

maSin energosistemaSi datvirTvis optimaluri ganawilebis 

aucilebel pirobas aqvs saxe: 
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heshes Tes Tes

 Tes Tes TesTes1





 (1.24) 

 

energosistemaSi eleqtrosadgurebis reJimebis 

urTierTkavSirebis sirTulis gamo Tesλ  da jλTes  mniSvnelobebi, 

romlebic Seesabamebian (1.23) pirobis Sesrulebas Tes-sTvis da 

(1.24)-sa hes-sTvis, SeiZleba moiZebnon mxolod Ziebis iteraciuli 

meTodebis gamoyenebiT. uganzomilebo mamravli jλTes  Seesabameba 

mocemuli j-uri Tes-is SefardebiT efeqturobas sxva Tes-ebTan 

SedarebiT. rac ufro meti BTesj moculobaa mocemuli, miT 
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hes
 q

hes

beqv

naklebia jλTes  da metia j-uri Tes-is datvirTva, da piriqiT. roca 

jλTes =1, gvaqvs SemTxveva saTbobis usazRvro maragisa  j-uri Tes-ze. 

ganxilul SemTxvevaSi daSvebuli iyo hes-is CarTuli 

agregatebis Sedgenilobisa da ricxvis mudmivoba. magram 

hidroeleqtrosadgurebisaTvis CarTuli hidroagregatebis 

mudmivi ricxvis SenarCuneba hes-is datvirTvis Secvlisas 

araracionaluria, vinaidan gamoiwvevs simZlavris danakargs. hes-

is diferencialuri maxasiaTebeli, romelic iTvaliswinebs 

CarTuli agregatebis cvlad ricxvs, iqneba xerxismagvari saxis 

(ix. nax. 1.4). amis Sedegs warmoadgens amoxsnaTa simravle 

energosistemaSi datvirTvis optimaluri ganawilebis 

aucilebeli pirobebis gansazRvris dros.  

calsaxa amoxsnis misaRebad Cveulebriv gamoiyeneba hes-is 

gasworebuli diferencialuri daxasiaTeba. amisaTvis atareben 

horizontalur AB xazs (nax. 1.5) ise, rom S1 da S2 farTobebi 

iyos erTmaneTis toli. es imas niSnavs, rom hes-is xarjviT 

maxasiaTebelze Sesabamisi AB ubani aseve iqneba sworxazovani. 

 

nax. 1.4. hes-is CamrTveli agregatebis cvalebadi ricxvis 

gavlena energosistemis muSaobis reJimze 
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miRebul  OABC mruds iyeneben optimizaciur gaangariSebebSi. 

 heshes Nq -is horizontalobis gamo  ABC zonaSi energosistemaSi 

datvirTvis yvela cvlileba iqneba ZiriTadad aRqmuli hes-is 

mier  m
maq
hes HN -s mniSvnelobis miRwevamde. 

amonaxsnis mraval mniSvnelovnobis (ganuzRvrelobis) 

gamosaricxad kompiuterze 1qq hes -is dros AB monakveTs 

gamosaxaven daxrili mrudis saxiT. 

ra Tqma unda, gasworebuli  heshes Nq  mrudis gamoyenebam 

SeiZleba gamoiwvios saTbobis raRac gadaxarjva 

energosistemaSi, magram misi mniSvneloba Cveulebriv iseTi 

pataraa, rom ugulebelyofen. hes-is diferencialuri 

maxasiaTeblis gasworebisas aucilebelia im 

gansakuTrebulebebis gaTvaliswineba, romlebic ganisazRvreba 

hidroagregatebis araoptimaluri CarTviT. 

xarjebis danakargebi hes-is agregatebis gaSveba-gaCerebaze, 

iseve, rogorc danadgarebis tipebis sxvadasxvaoba, SedarebiT 

nakleb gavlenas axdens gasworebuli maxasiaTeblis saerTo 

saxeze. 

SedarebiT ufro Znelia Tes-ze CarTuli danadgarebis 

optimaluri ricxvis da Semadgenlobis povnis amocanis amoxsna. 

aq aucilebelia gaTvaliswinebuli iyos saTbobis danakargebi 

agregatebis gaSvebisas, TviT gaSvebis xangrZlivoba da 

datvirTvis aRebisa da swrafi moxsnis SezRuduli siCqare. 

garda amisa, saWiroa aseve gaTvaliswinebuli iyos qselSi 

simZlavris danakargebis cvlileba, gamowveuli datvirTvis 

gadanawilebiT eleqtrosadgurebis mier agregatebis gaSveba-

gaCerebis gamo. amrigad, hes-ze CarTuli agregatebis 

Semadgenlobis SerCevis amocana hes-ze, miTumetes Tes-ze, xdeba 

zogadsistemuri, romelic ganisazRvreba sistemis yvela 

eleqtrosadguris erTiani muSaobis yvelaze xelsayreli reJimis 

gaangariSebis safuZvelze. 
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nax. 1.5. hes-is gasworebuli maxasiaTebeli 

 

aseTi amocanis zogadi amoxsnis miReba SeiZleba mxolod 

ricxviTi meTodebiT. amoxsnasTan midgomis principi da misi 

fizikuri arsi SeiZleba ganvmartoT iseve, rogorc analogiur 

amocanaSi hes-is donisaTvis.  
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Tes-is j-uri agregatis gaCereba, romelic muSaobs 

 eqvbNN j ag -iT racionaluria saTbobis ekonomiis TvalsazrisiT, 

Tu  
jj Nb  metia  jNNb Teseqv -ze. j-uri turboagregatis gasaSvebad 

unda Sesruldes piroba xv
ageqv jbb  . 

eqvb  da xv
ajb -s Tanafardobis analizi saSualebas iZleva 

napovni iqnas Tes-is mowyobilobis optimaluri Semadgenloba 

drois nebismier momentSi. gadawyvetilebis povnis dasaCqareblad 

SeiZleba winaswar movaxdinoT Tes-is agregatebis ranJireba xv
ajb -s 

klebis mixedviT. 

rogorc aCvenebs energosistemebis dRe-Ramuri reJimebis 

gaangariSebebis gamocdileba, swored Tes-is muSa danadgarebis 

optimaluri Semadgenlobis SerCevis amocanam SeiZleba mogvces 

maqsimaluri ekonomikuri efeqti SedarebiT, magaliTad, 

energosistemaSi datvirTvis ganawilebis amocanasTan. ganxiluli 

amocanis amoxsna mniSvnelovnad garTuldeba, Tu 

gaTvaliswinebuli iqneba gaTiSuli agregatis gaSvebis 

aucilebloba dilis saaTebSi datvirTvis gazrdisas, aseve 

eleqtromomaragebs saimedoobis mocemuli donis uzrunvelyofa 

(rezervebis arseboba sistemaSi). 

hesis marTvis erT-erTi umniSvnelovanesi amocanaa 

agregatebis Semadgenlobis racionaluri marTva. agregatebis 

Semadgenloba did gavlenas axdens hesis ekonomiur maCvenebelze. 

cnobilia, rom agregatebis araoptimaluri SemadgenlobiT 

muSaobas mivyavarT hesis m.q.k.-s Semcirebisken 1_5%-iT. 

hidrosadguri sistemaSi asrulebs sxvadasxva funqciebs: 

monawileobs aqtiuri simZlavris balansSi da aregulirebs 

simZlavres farTo diapazonSi, aregulirebs sixSires da Zabvas, 

uzrunvelyofs sxva sadgurebTan erTad sistemis avariul da 

saremonto rezervebs. am funqciebis normaluri Sesruleba 

emyareba CarTuli agregatebis Semadgenlobis da maTi aqtiuri da 

reaqtiuli simZlavreebis swor arCevans! 
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agregatebis Semadgenlobis optimaluri marTva Zneldeba 

sawyisi informaciis ganusazRvrelobiT: energosistemis 

datvirTvebi, sixSire, Zabva, gankargulebaSi myofi 

eleqtrosadguris simZlavreebi, gamoyenebisaTvis SesaZlo 

hidroresursebi da sxva maCveneblebi Cveulebrivad SemTxveviTi 

sidideebia. hesebis reJimebs am SemTxvevaSi axasiaTebT raRac 

ganusazRvreloba. 

amrigad, hesis agregatebis Semadgenlobis arCevis amocana 

aris umniSvnelovanesi zogadsistemuri amocana da misi 

gadawyveta aucilebelia sistemis sxva reJimul amocanebTan 

yvela urTierTkavSiris gaTvaliswinebiT. es miiRweva sistemis 

reJimebis martvis ierarqiis principisa da dekompociziis gziT. 

ierarqiuli midgoma iZleva calkeuli amocanebis gadwyvetis 

prioritetuli sqemis Seqmnis, azrobrivi da gamoTvliTi 

algoriTmebis gamartivebis, moTxovnil droSi gadawyvetis 

miRebis SesaZleblobas. 

sadgurSiga optimizacia mimdinareobs ara marto 

operatiuli dagegmvis doneze aramed procesis tempSic. 

sadgurSiga optimizaciis meTodebze saubari iqneba II TavSi. aq 

ganxiluli iqneba mxolod procesis tempSi marTvis amocanebis 

Sinaarsi. yvelaze ufro xSirad wydeba aTi ZiriTadi amocana. 

momuSave agregatebis aqtiuri simZlavreebis regulireba 

sistemis sixSiris normirebuli mniSvnelobebis SenarCunebis 

pirobiT. 

agregatebis reaqtiuli simZlavreebis regulireba 

sakontrolo kvanZebSi Zabvis SenarCunebis pirobiT. 

agregatebis CarTva sixSiriTi rezervis SesanarCuneblad 

kontrolirdeba f  sixSire. 

agregatebis CarTva avariuli rezervis SesanarCuneblad _ 

kontrolirdeba sadguris mbrunavi rezervi. 

agregatebis swrafi CarTva normirebuli Zabvis 

SesanarCuneblad _ kontrolirdeba Zabva da Zabvis droSi 

cvlilebis siCqare  
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 maSin aucilebelia rac SeiZleba Cqara gaizardos 

reaqtiuli simZlavris mbrunavi rezervi. 

agregatebis CarTva dasaSvebi Zabvebis SesanarCuneblad. 

 

     maxmin uuu   

 

agregatebis Semadgenlobis da aqtiuri simZlavreebis 

optimizacia aqtiuri datvirTvis mimdinare mniSvnelobebisaTvis. 

agregatebis reaqtiuli simZlavreebis da Semadgenlobis 

optimizacia reaqtiuli datvirTvis mimdinare 

mniSvnelobebisaTvis. 

sadguris simZlavreebis koreqcia da agregatebis 

Semadgenlobisa da aqtiuri simZlavreebis arCeva xarjebis 

normirebuli mniSvnelobebis an qveda biefis doneebis 

SenarCunebiT. 

agregatis Semadgenlobisa da reJimis operatiuli dagegmva, 

magaliTad, dReRamiT winaswar. 

TiToeuli CamoTvlili amocana optimizaciuria. am 

amocanis gadasawyvetad sakmarisia gvqondes oTxi algoriTmi: 

aqtiuri datvirTvis yvelaze xelsayreli ganawileba agregatebs 

Soris (1 amocanisaTvis), reaqtiuli datvirTvis yvelaze 

xelsayreli ganawileba agregatebs Soris (2 amocanisaTvis), 

agregatebis Semadgenlobis arCeva  gankargulebaSi arsebuli 

simZlavreebis sididis mixedviT (3_5 amocanebi), agregatebis 

Semadgenlobisa da reJimebis optimizacia (6_10 amocanebi). 

sxvadsxva amocanebs Soris arsebobs pirdapiri da ukukavSirebi 

da yvela amocana dakavSirebulia sadgurSiga optimizaciis 

erTian kompleqsTan. 

dasaxelebuli aTi amocana uzrunvelyofs sadgurSiga 

optimizaciis ierarqiulobas droSi. pirvel stadiaze dgeba 
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operatiuli gegmebi prognozuli sawyisi monacemebis mixedviT (10 

amocana). operatiuli dagegmvis droulad momzadeba gulisxmobs 

erT an ramodenime dReRames. meore stadiaze ganxorcieldeba 

dasaxuli gegmis koreqtireba procesis tempSi reJimis 

parametrebis mimdinare mniSvnelobebis mixedviT. (1_9 amocanebi). 

koreqtirebis aucilebloba Cndeba muSaobis prognozuli da 

realuri pirobebis daumTxvevlobis SemTxvevaSi. 

Cveulebrivad orstadiuri sqema gamoiyeneba energosistemis 

da sadgurebis aqtiuri simZlavreebis balansebis marTvisas. 

energosistemis aqtiuri simZlavreebis prognozi grafikrebis 

mixedvoT ganisazRvreba calkeuli eleqtrosadgurebis 

datvirTvebis grafikebi. datvirTvis mocemuli grafikis 

dasafaravad airCeva agregatebis Semadgenloba da maT Soris 

yvelaze ufro xelsayreli saxiT ganawildeba sadguris aqtiuri 

datvirTva. Semdeg procesis tempSi korqtirdeba agregatebis 

gegmiuri Semadgenloba da reJimi. 

reaqtiuli simZlavrebis balansebis marTvis ganxorcieleba 

xdeba, rogorc wesi, tempSi kontrolirebadi parametrebis 

mimdinare mniSvnelobebis mixedviT. operatiuli dagegmvis stadia 

aq Cveulebrivad ar gamoiyeneba (garda calkeuli SemTxvevebisa), 

rac aixsneba energosistemis reaqtiuli datvirTvebis grafikebis 

dagegmvasTan dakavSirebuli siZneleebiT. reaqtiuli 

simZlavreebis balansebi sruldeba aqtiuri simZlavreebis 

balansebis darRvevis gareSe. 
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1.3. hidroenergetikuli danadgarebis grZelvadiani 
reJimebis gaangariSebis sakiTxebi. 

 

energosistemaSi hes-is muSaobis xangrZlivi reJimis 

optimizaciis amocana da, aqedan gamomdinare, mTeli 

energosistemisa mTlianobaSi, principulad cotaTi gansxvavdeba 

amocanisagan, romelic ganxiluli iyo pirvel TavSi. marTlac 

xangrZlivi reJimis optimizaciis nebismieri amocana SeiZleba 

warmovadginoT iseve, rogorc dRe-RamisaTvis, mxolod gazrdili 

saangariSo T intervaliT, magram am dros mniSvnelovnad 

matulobs amocanis ganzomileba; misi amoxsna SesaZlebeli xdeba 

mxolod Tanamedrove kompiuterebis gamoyenebiT ara nakleb 

milioni operaciiT wamSi da mexsierebis praqtikulad 

SeuzRudavi moculobiT. aseTi amocanis realizacia 

xorcieldeba mxolod gaangariSebebiT, romelTa mizania 

Teoriuli problemuri sakiTxebis gadawyveta. 

energosistemis eqsploataciis praqtikaSi aisaxeba Seqmnili 

ierarqiuli struqtura maTi reJimebis marTvisa, romelic 

iTvaliswinebs aseve amocanis gansakuTrebulobebs drois didi T 

periodisaTvis. 

marTlac, xangrZlivi reJimebis optimizacias, moklevadiani 

optimizaciisagan gansxvavebiT, gaaCnia Semdegi Taviseburebani: 

sawyisi informaciis didi cdomileba; datvirTvis da 

sayofacxovrebo modinebis grafikis sezonuri cvlilebebis 

gaTvaliswinebis aucilebloba; qveda biefis maxasiaTeblebis 

cvlileba zamTarSi yinulovani pirobebis an zafxulSi 

wyaldenis mcenareebiT gabardvis gamo; eleqtrosadgurebze 

mowyobilobis ricxvisa da Sedgenilobis cvlileba remontis 

Sedegad; hidroenergodanadgarebis reJimis mimarT mniSvnelovani 

moTxovnebi wyalsameurneo sistemis monawileTa mxridan 

(SezRudvebi zeda da qveda biefis niSnulebSi naosnobis, soflis 

meurneobis, samrewvelo da komunaluri wyalmomaragebis 

pirobebiT da a.S.) specifikuri moTxovnebi arsebobs garemos 
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dacvis mxriv. gansakuTrebuli sirTuleebi Semoaqvs 

gaangariSebebSi dedamiwaze mtknari wylis SezRuduli maragebis 

kompleqsuri gamoyenebis aucileblobas, masSi moTxovnilebis 

uwyveti zrdis pirobebSi. aranakleb rTulia sawyisi 

informaciis albaTuri da ganusazRvreli xasiaTis 

gaTvaliswinebac [15, 16, 17]. 

xangrZlivi reJimebis gaangariSebebSi, gansxvavebiT 

moklevadiani reJimebis gaangariSebebisagan, aucilebelia imis 

gaTvaliswinebac, rom hesi wyalsacavebiT gadanaawileben droSi 

mdinareebis sayofacxovrebo Cadinebas da Sesabamisad, mdinaris 

 modmd WЭ  energias. 

mniSvnelovani gavlena energoresursebis optimalur 

gamoyenebaze xangrZliv T periodSi SeuZlia moaxdinos hed-is 

hidravlikurma kavSirma kaskadSi ( damτ _is da qvemoT ganlagebuli 

hes-ebis Setborvis gaTvaliswinebam). 

hes-is xangrZlivi reJimebis efeqturobaze gavlenas axdenen 

aseve dawnevebis mniSvnelovani rxevebi wyalsacavebis dacla-

avsebis gamo. am pirobebSi (Tes-ebisagan gansxvavebiT) adgili aqvs 

amocanas SedegebiT, kerZod, wyalsacavis naadrevi amuSaveba 

Seamcirebs hes-is gamomuSavebas dawnevis Semcirebis gamo; 

amuSavebis dagvianebas didi wyaldidobisas mosdevs wylis fuWi 

gadagdeba da Cadgmuli energiis  mod
Cad
hes WЭ  danakargebi sxva 

sityvebiT rom vTqvaT, Cndeba energiis damatebiT danakargebi, 

romlebic ganisazRvreba ara marto mowyobilobebis, aramed 

wyalsacavebis reJimebiTac. 

amasTan dakavSirebiT gamovlindeba hes-is xangrZlivi 

reJimebis marTvis amocanis ZiriTadi arsi, romelic gansxvavdeba 

moklevadiani amocanebis daniSnulebisagan, kerZod, amocanis 

amoxsna sistemaSi energiis balansisas da hes-ze Camonadenis 

gaangariSebebis mixedviT. amasTanave, bunebrivia, amoxsnilad 

igulisxmeba moklevadiani optimizaciis amocana, romelic axdens 

simZlavris balansis realizacias droSi [18, 19, 20, 21]. 
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zemoTqmuli da aseve sxva mosazrebebi ganapirobeben  

wyalsacavebiani hes-ebis reJimebis marTvaSi agregirebisa da 

dekompoziciis meTodebis gamoyenebis aucileblobas. 

agregirebis meTodi mdgomareobs imaSi, rom yvela 

eleqtruli sadguri warmoidgineba saSualo intervaluri an 

reJimuli maxasiaTeblebiT, romlebic akavSireben integralur 

energetikul maCveneblebs drois gansazRvrul intervalebSi, 

romlebic saerTod miiRebian erTi dekadisa an erTi Tvis 

tolad. es maxasiaTeblebi SeiZleba gansxvavdebodnen 

hidroenergetikuli danadgarebis teqnologiuri an myisi 

energetikuli maxasiaTeblebisagan. maTi gaangariSebebisa da 

agebis dros unda gaTvaliswinebuli iyos eleqtrosadguris 

reJimis parametrebis gansazRvris algoriTmi, aseve miRebuli 

fazuri koordinatebi da energosistemis marTvis struqtura. 

dekompoziciis meTodi mdgomareobs xangrZlivi reJimebis 

optimizaciis amocanis iteraciul amoxsnaSi, roca pirveli 

rigis amocanad gamoiyofa energosistemis aqtiuri energiis 

gamomuSavebis balansi. 

miRebuli amoxsnis efeqturobis Sefaseba rTulia sawyisi 

informaciis albaTuri da ganusazRvreli xasiaTisa da wylis 

resursebis mravalmiznobrivi gamoyenebis gamo. magram 

gaangariSebebis meTodebisa da amocanis dasmis miuxedavad 

sxvadasxva hidroenergetikuli danadgarebi masSi iqneba 

warmodgenili garkveuli energetikuli maxasiaTeblebiTa da 

maCveneblebiT. kanonzomieri iqneba aseve sxvadasxva 

kriteriumebis urTierTkavSiric. 

cnobilia, rom hidroenergetikuli danadgarebis 

maCveneblebis Sesafaseblad gamoiyeneba zogierTi, wylianobis 

mixedviT saSualo, pirobebi. wss-is sxva monawileebis moTxovnebi 

hes-is reJimis mimarT gaTvaliswinebulia SezRudvebis saxiT. 

xdeba am SezRudvebis gavlenis gaanalizeba hidroenergetikuli 

danadgarebis reJimze da misi cvlilebebis SesaZleblobaze 

mravalmiznobrivi kriteriumebis Semoyvanis SemTxvevaSi. 
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Tavi II. hidroeleqtrosadgurebis sadgurSiga 

reJimebis optimizaciis kvlevis meTodikis 

SemuSaveba 

 

 

2.1. amocanebis dasma da maTematikuri forulireba 
 

sityvas `optimizacias~ SeiZleba hqondes Rrma azri, magram 

SeiZleba arc hqondes raime konkretuli azri, Tu mas 

gamoviyenebT, rogorc es xSirad xdeba, mxolad sitva `kargis~ 

eqvivalenturad. sityva `optimaluri~ unda niSnavdes, rom raime 

obieqti (procesi) ukeTesad, vidre sxva obieqtebi (procesebi), 

pasuxobs garkveul maCveneblebs _ optimalurobis kriteriumebs. 

amrigad, optimalurobis cneba fardobiTia.  

procesebis Sedareba dadis iseT amocanebze, romelTa 

gadawyvetac, rogorc wesi, unda aCvenebdes, ramdenad (an 

ramdenjer) erTi gansaxilveli procesi ukeTesia meoreze, an 

danarCenebze, romelTa Sedareba SesaZlebelia optimalurobis 

kriteriumebis gamoyenebiT. zogierT SemTxvevebSi mxolod 

optimalurobis raodenobrivi maCveneblebis Semotana rTuldeba 

da amitom iZulebulebi varT visargebloT zogadi Tvisobrivi 

maxasiaTebliT. magaliTisTvis SeiZleba moviyvanoT energetikuli 

nagebobis ekologiuri zegavlenis optimizaciis SemTxveva, roca 

sistemis daproeqtebisas an eqspuataciisas xdeba gadawyvetis 

yvelaze nakleb arasasurveli zegavlenis uzrunvelyofa garemos 

sxvadsxva aspeqtebze.  

  procesebi energetikul sistemebSi aisaxeba Cveulebrivi 

diferencialuri da algebruli gantolebis sistemebiT. am 

sistemebSi procesebis ganxilvisas aucilebelia ganxiluli 

iqnas SemaSfoTebeli zemoqmedebebi Semosuli gare arxebiT 

(nedleulis Semadgenlobis cvlileba, resursebis gazrda an 

Semcireba) da Siga arxebiT (marTvis wina periodebSi davalebis 

realizaciis uzustobebi, mowyobilobis mwyobridan gamosvla). 
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SeSfoTebebis moqmedeba iwvevas operatiuli marTvis 

aucileblobas energetikaSi. aseTi marTvis amocanaa sawarmoo 

programis Sesrulebis uzrunvelyofa konkretuli situaciebis 

aRniSnuli Taviseburebebis gaTvaliswinebiT, romlebic Tavs 

iyris operatiuli marTvisas. am amocanis gadawyveta 

xorcieldeba operatiuli marTvis modelebis daxmarebiT. 

operatiuli marTvis dinamikuri modeli Sedgeba ori 

nawilisagan, romlebic gankuTvnilia SeTanxmebuli optimaluri 

gadawyvetilebis ZiebisTvis: pirveli (Tavad operatiuli marTva) 

_ drois mimdinare momentisTvis (saaTisTvis, cvlisTvis), meore   

(dagegmvis modeli) _ mTels wina periodisTvis (dRe-RamisTvis, 

kvirisTvis, kvartlisaTvis, weliwadisaTvis).  

operatiuli marTvis gadawyvetis efeqturoba 

dakavSirebulia sistemis funqcionirebis pirobebis 

prognozirebis SesaZleblobasTan operatiuli marTvis etapze. 

amasTan ZiriTadi SemaSfoTebeli zemoqmedebebis prognozireba 

sakmarisi sizustiT SeiZleba ganxorcieldes mxolod drois 

SezRudul intervalze. 

operatiuli marTvis amocana SezRudvebis gamo, romlebic 

asaxaven warmoebis specifikas, warmoadgens arawrfivi 

programirebis mraval ganzomilebian amocanas, romelic 

gadasawyvetad sakmaod rTulia.  

gegmiuri ekonomikidan sabazroze gadasvlam iseve, rogorc 

sameurneo moRvaweobis sxva dargebis, Secvala 

eleqtroenergetikis ganviTarebisa da funqcionirebis pirobebi. 

kerZod, SeimCneva tendecia decentralizaciisaken reJimebis 

marTvaSi da obieqtis calkeuli mesakuTreebis swrafva 

individualuri sargeblobis miRwevisken. es kidev ufro 

aqtualurs xdis eleqtrosadgurebis, kerZod, 

hidroeleqtrosadgurebis sadgurSiga reJimebis optimizaciis 

meTodebis srulyofas TviToeuli obieqtis specifikis 

gaTvaliswinebiT. 
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hesis sadgurSiga reJimis optimizaciis amocanas gaaCnia 

ramdenime ZiriTadi qveamocana, maT Soris dReRamuri reJimis 

dagegmva da misi koreqcia hesis energosistemaSi muSaobis 

pirobebis cvlilebis gaTvaliswinebiT. maTematikuri gansxvaveba 

am qveamocnebs Soris ganisazRvreba mxolod saangariSo 

periodiT, rac iZleva zogadi amocanis dasmis SesaZleblobas, 

romelsac daemateba Semdgom sxvadasxva hesebis Taviseburebebis 

analizi. teqnologiuri procesis yvela Taviseburebebis 

koreqtuli gaTvaliswinebisagan didad aris damokidebuli 

hidroenergoresursebis gamoyenebis efeqturoba mTlianobaSi, 

rac sadgurSiga reJimebis optimizaciis amocanas aniWebs 

gansakuTrebul mniSvnelobas. 

radganac hesis energetikuli maxasiaTeblebi miiReba 

sadgurSiga reJimebis optimizaciis amocanis gadawyvetisagan, 

misi dasmisa da gadawyvetis meTodebisagan iqneba damokidebuli 

am maxasiaTeblebis zogadi saxe da xasiaTi. 

zogad SemTxvevaSi, rogorc cnobilia calkeuli hesis 

sadgurSiga reJimis optimizaciis amocana, roca mis agregatebis 

gaaCnia sxvadasxva energetikuli maxasiaTeblebi, ase SeiZleba 

daisvas: gansaxilveli 0b ttT   periodisaTvis moiZebnos 

datvirTvis qveS CarTuli hidroagregatebis iseTi  tz0  ricxvi, 

maTi  tS0  Semadgenloba da hesis mocemuli  tN
moc
hes  aqtiuri da 

 tmoc
hes  reaqtiuli datvirTvebis grafikebis ganawileba romelic 

upasuxebs miRebul optimalurobis kriteriumis eqstremums 

agregatebis reJimebis cnobili SezRudvebis pirobebSi. 

mocemulad igulisxmeba hesis mowyobilobis reJimebis da 

biefebis mdgomareoba T  periodis 0t  sawyis da bt bolo 

momentebSi, agregatebis energetikuli maxasiaTeblebi, biefebis 

maxasiaTeblebi, hidroagregatebis eleqtruli SeerTebebis sqema 

da hesis hidravlikuri sqema. 

hesis zogadi kanonzomierebebis da efeqturi sadgurSiga 

reJimis organizebis Taviseburebebis gaTvaliswinebis mizniT 
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mizanSewonilia ara ramodenime, aramed erTi yvelaze ufro 

saCvenebeli sadgurisaTvis optimalurobis kriteriumi, romelic 

gamomdinareobs hesis Taviseburebebidan. aseTi kriteriumebi 

SeiZleba iyos, magaliTad, hesze energiis danakargis minimumi, an 

m.q.k-s maqsimumi. tolobebis tipis SezRudvebad Cveulebrivad 

miRebuli unda iyos hesis aqtiuri da reaqtiuli simZlavreebis 

balansi, xolo utolobis tipis SezRudvebad gaTvaliswinebuli 

unda iyos SezRudvebi hidroagregatis an mTlianad hesis aqtiur 

simZlavreze. 

agregatebis zRvruli datvirTvebi ganisazRvreba rogorc 

maTi gamtarunarianobiT, aseve ekonomikuri SezRudvebiT maTi 

mcire datvirTvisas. mTlianad hesze SeiZleba dadebuli iqnes 

SezRudvebi eleqtrogadamcemi xazebis gamtarunarianobazec da 

a.S. 

utolobis tipis SezRudvebi reaqtiuli datvirTvebis 

mixedviT ZiriTadad ganisazRvreba energosistemis reJimis 

mdgradobiT da damokidebulia mTlianad hesze da ara TviTeul 

agregatze. daSvebebi agregatis gaSveba-gaCerebis dasaSvebi 

maqsimaluri ricxvis mixedviT T  periodis ganmavlobaSi 

ganisazRvreba moTxovnebiT hidroagregatebis muSaobis 

saimedobis uzrunvelyofaze. 

optimalurobis ZiriTad erTmiznobriv kriteriumad 

SeiZleba gamoyenebuli iqnas Semdegi: 

hesSi Cadgmuli energiis minimumi T  periodis ganmavlobaSi 
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hesi gavliT Cadenis minimumi amQ  amuSavebis danakargebis, 

uq.sQ  uqm svlaze danakargebis  da s.kQ  sinqronuli 

kompesatoris reJimSi   mimmarTveli aparatidan wylis gaJonvebis 

gaTvaliwinebiT 
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agregatebis zRvruli datvirTvebi ganisazRvreba rogorc 

maTi gamtarunarianobiT, aseve ekonomikuri SezRudvebiT maTi 

mcire datvirTvisas. mTlianad hesze SeiZleba dadebuli iqnes 

SezRudvebi eleqtrogadamcemi xazebis gamtarunarianobis 

mixedviT wyalsameurneo sistemis moTxovnebis mixedviT da a.S. 

utolobis tipis SezRudvebi reaqtiuli datvirTvebis 

mixedviT ZiriTadad ganisazRvreba energosistemis reJimis 

mdgradobiT da damokidebulia mTlianad hesze da ara TviTeul 

agregatze. daSvebebi agregatis gaSveba-gaCerebis dasaSvebi 

maqsimaluri ricxvis mixedviT T  periodis ganmavlobaSi 

ganisazRvreba moTxovnebiT hidroagregatebis muSaobis 

saimedoobis uzrunvelyofaze. 

zemoT dasmuli ZiriTadi amocana sxvadasxva tipis 

agregatebiT arawrfivia hesis agregatebis maxasiaTeblebis 

arawrfivobis gamo, ar gaaCnia zogadi amoxsna analizuri saxiT 

da yovel kerZo SemTxvevaSi SeiZleba gadawyvetili iqnas 

mxolod ricxviTi gziT maTematikuri programirebis meTodebis, 

kerZod, dinamikur programirebis meTodis gamoyenebiT. qvemoT 

mogvyavs am gadawyvetis algoriTmi. 

mocemuli algoriTmi emyareba hidroagregatebis 

energetikuli maxasiaTeblebis biblioTekis da ZiriTadad 

dinamikuri programirebis (sxvanairad ,,dinamikuri dagegmvis”) 

maTematikur meTodis gamoyenebas. rogorc cnobilia, aRniSnuli 

maxasiaTeblebi miiReba modeluri an naturuli gamocdebiT 

miRebuli Sedegebis damuSavebis safuZvelze da masze ar 

SevCerdebiT. rac Seexeba dinamikuri programirebis meTods, 

rogorc misi gamoyenebis gamocdileba aCvenebs, igi iZleva 

yvelaze ufro zust Sedegebs da SeiZleba gamoyenebuli iqnas 

rogorc etalonuri meTodi algoriTmebis Sedarebisas. unda 

aRiniSnos, rom ,,programirebaSi” aq igulisxmeba 

,,gadawyvetilebis miReba”, ,,dagegmva”, xolo sityva ,,dinamikuri” 

miuTiTebs drois da operaciebis Sesrulebis rigis mniSvnelobas 

ganxilvaSi myofi procesebisaTvis. dinamikuri programirebis 
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meTodiT zogadi eqstremaluri amocana daiyvaneba ufro martivi 

eqstremaluri amocanebis mwkrivze da igi warmatebiT gamoiyeneba 

rogorc diskretul, aseve uwyveti procesebis kvlevaSi. saerTod, 

am meTods ar gaaCnia raime gansakuTrebuli moTxovnebi 

agregatis maxasiaTeblebisa da amocanis ganzomilebis mimarT [25, 

26].  

SemoTavazebuli algoriTmi Sedgeba ori nawilisagan: 

pirveli – hidroeleqtrosadguris energetikuli maxasiaTeblebis 

ageba, meore – hidroagregatebis Semadgenlobisa da reJimebis 

marTvis gegmis Sedgena SezRudvebis gaTvaliswinebis mTel 

gansaxilvel periodze. 

zemoT dasmuli ZiriTadi amocana sxvadasxva tipis 

agregatebiT arawrfivia hesis agregatebis maxasiaTeblebis 

arawrfivobis gamo, ar gaaCnia zogadi amonaxsni analizuri saxiT 

da yovel kerZo SemTxvevaSi SeiZleba gadawyvetili iqnas 

mxolod ricxviTi meTodebis gziT, ZiriTadad maTematikuri 

programebis meTodebiT.  

qvemoT mocemulia hesis hidroagregatebis energetikuli 

maxasiaTeblebis analizi, romlis ZiriTadi elementebia: 

hidroturbina da generatori. sawyis informaciad gamoiyeneba 

simZlavris danakargebis maxasiaTeblebi. 

hidroagregatSi aN  simZlavris danakargebi tolia tN  

da gN  jamisa, romelTagan TiToeuli damokidebulia mraval 

faqtorisagan da amasTan umetes SemTxvevebSi es 

damokidebulebebi SeiZleba warmodgenili iyos mxolod 

aracxadi funqciis saxiT. amitom tN  da gN
 damokidebulebebis 

gamokvlevisaTvis damyarebul reJimSi saWiroa visargebloT 

balansuri meTodiT. 

Cveulebriv, damyarebul reJimebSi ganixileba turbinis 

Semdegi ZiriTadi maCveneblebi da parametrebi: tN  _ Cadgmuli 

simZlavre generetorTan  mit
gt NN  ; ta QQ   _ wylis xarji 
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agregatSi: at HH  _ turbinis dawneva (agregatis dawneva anu 

dawneva neto); t _ turbinis m.q.k.; 0a _ mimmarTveli aparatis 

gaReba;  _ turbinis muSa Tvalis frTebis dayenebis kuTxe; 1D _ 

turbinis muSa Tvalis diametri; n _ brunTa sixSire; sn _ 

swrafmavlobis koeficienti. 

garda miTiTebuli ZiriTadi parametrebisa da 

maCveneblebisa, Cveulebrivad gamoiyeneba agreTve maTgan 

warmoebulebi, maT Soris tN _ simZlavris danakargebi an tQ _ 

wylis xarjis danakargi, sxvadasxva saxis 

t
xv
t  da qq

diferencialuri maxasiaTeb, gansxvavebiT  tN , tQ , 

 xv
tq , t q , t  sidideebis ttt   Q,H,N  sidideebs uwodeben turbinis 

reJimis absolutur maCveneblebs. 

turbinis reJimis CamoTvlili maCveneblebi da parametrebi 

gamoiyeneba agregatebis reJimebis sxvadsxva gaangariSebebsa da 

gamokvlevebSi. ase magaliTad tttt  da   da Q,N,Q,N   gamoiyeneba 

simZlavris balansisa da wylis xarjis gaangariSebaSi hesis 

gasworSi, tH  gansazRvravs siTxis TiToeuli moculobis 

energetevadobas. amis garda, tN  da tQ  iseve rogorc t  

gamoiyeneba hidroagregatis reJimis efeqturobis Sesafaseblad 

ttt   Q,H,N  absoluturi gamzomil maCveneblebTan erTad. 

Cven ZiriTad sawyis maCveneblad turbinis reJimisaTvis 

energetikul gaangariSebebSi vRebulobT tN . 

hidroagregatebis optimaluri reJimebis gaangariSebisa da 

analizisas farTod gamoiyeneba turbinisa da mTlianad 

agregatis diferencialuri maCveneblebi da maxasiaTeblebi. am 

maxasiaTeblebis saxeze da Taviseburebebze didadaa 

damokidebuli hesis optimaluri reJimebis Ziebis ama Tu im 

meTodis koreqtuloba da TviTon reJimis efeqturoba. 

zogadi saxiT turbinisaTvis damyarebuli reJimisas, 

reJimis ZiriTadi maCveneblebis da parametrebis damokidebuleba 
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SeiZleba gamoisaxos Semdegi saxis tF  aracxadi funqciis 

(turbinis zogadi maxasiaTeblis) saxiT: 

 

        0nD,,a,Q,NFF  10tttt   (2.9) 

 

radialur-RerZuli da CamCiani turbinebis gaangariSebeSi 

 gamoitoveba. mbrunavfrTiani da diagonaluri turbinebs aqvT 

xuTi saangariSo cvladi: n,D,,a 1    0  da erT-erTi ttt   Q,H,N -dan. 

radialur-RerZulSi oTxi: n,D,a 1   0  da erT-erTi ttt   Q,H,N -dan. 

CamoTvlili saangariSo cvladebidan SeiZleba ganisazRvros, 

rogorc darCenili cvladebi, aseve maTgan warmoebulebi. es 

miuTiTebs cvladebis dayofis pirobiTobas saangariSod da 

maTze damokidebulebad. maTi amorCeva ganisazRvreba amocanis 

konkretul pirobebiT. 

tF  funqcia (2.9) mravalganzomilebiania da ar gaaCnia 

analizuri gamosaxuleba, misi analizisaTvis gamoiyeneba tF  

hiperzedapiris sxvadasxva kveTebi. Tu ganvixilavT tF  funqcias, 

damokidebuls mxolod erTi cvladisagan danarCenebis 

mudmivobis pirobiT, maSin amis Sedegi iqneba fazuri 

maxasiaTeblebi, kibernetikaSi miRebuli terminebiT, anu wrfivi, 

rogorc es miRebulia hidravlikur manqanebSi. 

arsebobs ramodenime midgoma dasaxelebul fazuri (wrfivi) 

maxasiaTeblis gansazRvrisaTvis: 

pirveli _ damoukidebuli cvladis mixedviT: dawneviTi, 

Seqcevadi, xarjviTi da simZlavriTi da a.S. magaliTad, Seqcevadi 

maxasiaTebeli warmoadgens    nQ,nN tt   da a.S. 10t D,,a,H      

mudmivobis SemTxvevaSi. 

meore _ damokidebuli cvladis mixedviT: muSa (m.q.k 

mixedviT), tQ  (xarjvis mixedviT) da a.S. 

fazuri maxasiaTeblebi arasrulad gamosaxavs tF  mraval-

ganzomilebiani zedapiris yvela Taviseburebas. am TvalsazrisiT 
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ufro warmomadgenlobiTia universaluri maxasiaTeblebi, 

romlebic asaxavs turbinis reJimis parametrebis maCveneblebis 

damokidebulebas ori cvladisagan. amJamad farTod aris 

gavrcelebuli  ttt H,N    dawneviT_simZlavriTi eqspluataciuri 

(zogjer mas uwodeben eqspluataciurs),  ttt H,Q    _ dawneviT 

xarjviTi eqspluataciuri, ubralod  t0 H,a    _ kombinatoruli 

da a.S. TiToeuli CamoTvlili maxasiaTeblebidan gamoiyeneba 

sxvadasxva gaangariSebebSi. magaliTad:  ttt H,N    dawneviT _ 

simZlavriTi mosaxerxebelia agregatis muSaobis efeqturobis 

Sesafaseblad tt da H,N   cvladebis gazomili mniSvnelobebisas; 

 ttt H,Q    dawneviT _ xarjviTi maxasiaTebeli wylis xarjis 

gamoyenebis an agregatTan Cadgmuli energiis analizisas. 

kombinatoruli maxasiaTebeli aucilebelia nakadis energies 

optimaluri gamoyenebisaTvis mbrunavfrTian da diagonalur 

turbinebSi. 

fazuri da universaluri maxasiaTeblebi farTod iqneba 

gamoyenebuli Semdgomi msjelobebisas. agregatis reJimebis 

analizi damyarebuli iqneba simZlavris danakargebis 

maxasiaTeblis gamoyenebaze, rogorc safuZvelze yvela danarCeni 

maxasiaTeblis misaRebad. turbinisa da generatoris reJimuli 

maCveneblebis urTierTdamokidebuleba xorcieldeba simZlavreTa 

balansis sasfuZvelze agregatTan Cadgmuli simZlavris 

mocemuli mniSvnelobebisas, romelic proporciulia at QQ   da 

at HH  . mcire agregatebisaTvis aucilebelia, agreTve, 

gaTvaliswinebuli iqnas simZlavris danakargebi reduqtorSi, 

romelic akavSirebs turbinas generatorTan. 

turbinis reJimis sxvadasxva maCveneblebis urTirT 

dasakavSireblad da maTi energetikuli maxasiaTeblis misaRebad 

ganvixiloT misi simZlavris balansis mdgenelebi. 

tN turbinaSi simZlavris sruli danakargebi Sedgeba sami 

ZiriTadi mdgenelisagan: 
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       meq
tttt NNNN HQ                      (2.10) 

 

QNt  _ moculobiTi danakargebi damokidebulia imaze, rom 

turbinis xarjis nawili muSa Tvalsa da mis kameras Soris 

arsebuli RreCoebis gavlisas ar monawileobs muSa procesSi; 

HNt  _ dawnevis hidravlikuri danakargebi, romelic 

iTvaliswinebs Cadgmuli simZlavris danakargebs nakadis 

dartymiTi Sesvlis gamo muSa Tvalze, adgilobrivi da sagzao 

(sigrZeze) dawnevis danakargebi hidroturbinul danadgarSi, 

simZlavris danakargebi wylis warmavali nakadisagan da a.S.; 

meq
tN  _ meqanikuri da sxva saxis danakargebi, dakavSirebuli 

xaxunis gadalaxvasTan turbinis mbrunav nawilebSi, 

ventilaciaze da a.S.; QNt  da  HNt  _jams ewodeba tN  

simZlavris hidravlikuri  danakargebi turbinaSi.   

yvela CamoTvlili danakargebi erTmniSvnilovnad aris 

damokidebuli turbinis reJimis ZiriTad maCveneblebze 

damyarebul reJimSi. (2.10)-is TiToeuli mdgenelis xvedriTi wili 

damokidebulia turbinebis tipisagan da umetesad gansazRvravs 

hidroagregatis energetikuli maxasiaTeblebis zogad saxes 

mTlianobaSi.                 

at HH   da at QQ    mniSvnelobebisTvis, romlebic miiReba 

hesis otimaluri sadgurSiga reJimebis gaangariSebiT agregatTan 

(e.i. turbinasTan) mitanili simZlavre kvt-Si tolia:  

anu mgvteb-Si       



















t

meq.
ttCad

t
Cad
a

tt
Cad
t

Cad
a

102

HQ
NN

HQ81.9NN

       (2.11) 

turbinis sasargeblo simZlavre anu simZlavre Cadgmuli 

generatorTan (mcire hesebisaTvis es simZlavre Cadgmuli 
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reduqtorTan) t
Cad
t NN  iqneba naklebi vidre  tttt

Cad
t H,QNN,N   

danakargiT, e.i. 

 

      ttt

tt

t
Cad
tt H,QN

102

HQ
NNN            (2.12)  

 

Sesabamisad t  turbinis sruli m.q.k. toli iqneba:  

 

     
Cad
t

t

Cad
t

t
Cad
t

Cad
t

t

t
N

N
1

N

NN

N

N 



                (2.13) 

 

 (1.34)-is adgilas SeiZleba daiweros 

  

      ttttttt
Cad
gt QQH81.9HQ81.9NN 0       (2.14) 

 

sadac 0Ht  _ turbinis xarji, roca 1t ;  

 

     
t

g

t





81.9
Q                          (2.15)      

                                

maSasadame 

 

 
  tttt

Cad
gt

-1
QH81.9N1NN 












   (2.16)        

              

anu fardobiT erTeulebSi: 

 

       
t

t

t

t

t

-1







 

N

N
N                          (2.17) 
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(2.11) _ (2.12) gamomdinareobs, rom reJimis yvela parametrebi 

SeiZleba erTmniSvnelovnad iqnas gamosaxuli tN -Ti ∆ tQ  da tH  

cnobili mniSvnelobebisas, rac arsebiTad amartivebs 

gaangariSebas.  

wylis xvedriTi xarjebi simZlavris mixedviT toli iqneba: 

 

   
ttt

t

t

Cad
t

t

txv
t
















 


H

102

N

N
1

N

102

N

N102

Q

N
q              (2.18) 

 

xv
tq  sidide Seesabameba wylis xarjs erTeul simZlavreze 

absoluturi mniSvnelobiT xv
tq  aRwevs ramdenime m3/(wm.mgvt). 

dabalwneviani hesisaTvis ar aRemateba 1 m3/(wm.mgvt).  

maRaldawneviani hesebisaTvis. aqedan Cans ukanasknelTa 

maRaalefeqturoba. 

xv
tq  –is Sebrunebuli sidide axasiaTebs wylis xarjis 

TiToeuli erTeulis energetikul tevadobas: 

 

    
102

H

N

N
1

102

N

Q

N

q

1
q

tt

Cad
t

tt

t

t

xv
t

xv
t1
















 
              (2.19) 

 

xv
t1q  maqsimaluri, e.i. yvelaze efeqturi mniSvnelobebi 

damaxasiaTebelia maRalwneviani hesebisaTvis. 

praqtikaSi gamoiyeneba sxva xvedriTi maCveneblebi: xv
tq   

m3/(wm.mgvt sT) da   xv
te1q  (mgvt.sT/m3), romlebic axasiaTebs tW  

Camonadenis gamoyenebis efeqturobas: 

 

    3600q
J

W
q 

xv
t

t

txv
te                               (2.20) 
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turbinaSi simZlavris balansis zogadi gantolebebi tQ  da 

tH  mocemuli mniSvnelobebisas  da  ttt HQN  simZlavris 

danakargebis maxasiaTeblebisas SeiZleba Caiweros Semdegi saxiT: 

 

      
HQ NNNNNN t

meq
tt

Cad
t

Cad
gt 

      (2.21) 

 

optimizaciur gaangariSebebSi gamoiyeneba turbinis 

diferencialuri maCveneblebi hesze simZlavris balansis 

pirobidan, roca .constH t  miRebuli maCveneblebis sandoobisa 

da gaangariSebebis  moxexebulobis TvalsazrisiT. yvelaze ufro 

sworia, Tu hidroagregatis reJimis analizisas gamoyenebuli 

iqneba ganzogadebuli diferencialuri maCvenebelebi 
Cad
tN

, 
Nqt  e.i.  

 

    












 





Cad
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N
               (2.22) 

 

an tQ -s mixedviT, e.i. 
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t
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102 dQ

d
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H

dQ

Nd
q Q    (2.23) 

 

roca .constH t   

 

am maCveneblis daxmarebiT SeiZleba ganisazRvros turbinis 

diferencialuri  maCveneblic sayovelTaod miRebuli 

formuliT, e.i. 

 

   
  N

t
a

t

t
Cad
t

t

tN
t

t
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N

QQ q
H

dQ

NNd

dQ
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           (2.24) 
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amrigad, hesis reJimebis  gaangariSebisa da analizis 

balansuri meTodi saSualebas iZleva Seikvecos turbinis 

sxvadasxva diferencialuri maCvenebleneblebis ricxvi da 

dayvanili iyos N

Qqt  erT maCvenebelze,  romelic ganisazRvreba 

 tt QN -is mixedviT da mowmdeba  tt Q -iT. 

yvela sadgurSiga reJimebis optimizaciis algoriTmo 

struqturulad SeiZleba daiyos sam nawilad. pirvel nawilSi 

warmoebs gaangariSebebi, romlebic dakavSirebulia sawyisi 

informaciis momzadebasTan, magaliTad, agregatebis 

maxasiaTeblebis gaangariSebasTan, radganac zogad SemTxvevaSi 

agregatebis daZvelebis, sadgurebisa da agregatebis reJimebis 

cvalebadobis gamo maxasiaTeblebi icvleba. meoro nawilSi 

xdeba agregatebis Semadgenlobisa da reJimebis optimizacia 

romelime maTematikuri meTodis gamoyenebiT. yvelaze ufro 

gavrcelebulia: dinamikuri programebis (dp), Stoebis da 

sazRvrebis (Ss), variantebis mimarTuli metnakrebis (vmm), 

meTodebi. mesame nawilSi winaswari programa swordeba, masSi 

Sedis Sesworebebi, dakavSirebuli SezRudvebTan, romlebic ar 

iyo gaTvaliswinebuli misi damuSavebisas. SezRudvebis 

gaTvaliswinebis aramkacri meTodebis gamoyeneba amcirebs 

optimizaciis efeqts. 

dasaxelebuli meTodebidan dp da Ss iZleva ufro zusti 

gadawyvetis miRebas, vidre vmm. amasTan erTad orive ar iZleva 

garkveuli SezRudvebis gaTvaliswinebis SesaZleblobas da 

amitom algoriTmis mesame nawilSi kompromisuli gzebiT xdeba 

damatebiTi SezRudvebis gaTvaliswineba. 3mm meTods am mxriv 

gaaCnia upiratesoba [7, 16]. 

samive meTodis SedarebiTi Sefaseba sxvadasxva hesebisaTvis 

aCvenebs, rom meTodebis gansxvavdeba erTmaneTisgan saboloo 

SedegebiT. arsebiTi gansxvavebaa meTodebs Soris algoriTmebis 

saeqsploatacio parametrebis daTvlis drois, mexsierebis 

moculobis, algoriTmis saerTo Sefasebis mixedviTac. marTalia 
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dp meTodi 2-3-jer met mexsierebis moculobas moiTxovs, vidre 

Ss meTodi da 3-5-jer mets vidre 3mm meTodi, agreTve meti dro 

sWirdeba gamoTvlebisTvis, magram is iZleva yvelaze ufro zust 

Sedegebs. amasTan erTad mas, danarCeni ori meTodisgan 

gansxvavebiT, ar gaaCnia raime gansakuTrebuli moTxovnebi 

agregatis maxasiaTeblebisa da amocanis ganzomilebis mimarT. Tu 

gaviTvaliswinebT Tanamedrove kompiuteruli teqnikis 

ganviTarebis donesac, Cven vfiqrobT da albaT bevri sxvac, rom 

upiratesoba unda mieniWos dinamikuri programirebis meTods da 

ZiriTadad masze gavamaxvilebT yuradRebas. 

 

 

 

2.2. gamoyenebuli maTematikuri aparati 
 
 
 

 
dinamikuri programireba(dinamikuri dagegmva) aris 

gadawyvetilebebis optimizaciis gansakuTrebuli meTodi, 

romelic specialurad mimarjvebulia mravalbijian an 

mravaletapian operaciebisadmi. procesi, romelzec mimdinareobs 

saubari, iTvleba marTvadad. mis TiToeul bijze miiReba raime 

gadawyvetileba, romlzedac damokidebulia am bijis da 

mTlianad operaciis warmateba. operaciis marTva jamdeba 

elementaruli “bijuri” marTvis mwkrivisagan. 

dinamikuri programirebis principi ar gulisxmobs, rom 

TiToeuli bijis optimizacia xdeba gancalkavebulad, 

sxvebisagan damoukideblad da bijuri marTvis arCeviT SeiZleba 

daviviwyoT yvelaferi sxva bijebis Sesaxeb, piriqiT, bijuri 

marTva unda avirCioT yvela misi SedegebiT momavalSi. dagegmva 

unda iyos SorsmWvreteluri, perspeqtivis gaTvaliswinebiT. ra 

xeiria, Tu mocemul bijze avirCevT marTvas, romlisaTvisac am 

bijis efeqturoba iqneba maqsimaluri, Tu ki momavalSi es xels 
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SegviSlis miviRoT kargi Sedegebi sxva bijebze.  virCevT ra 

marTvas TiToeul bijze, es unda gavakeToT aucileblad 

momavlis xedviT, sxvanairad SesaZlebelia seriozuli Secdomebi 

[26, 27]. 

amrigad, vgegmavT ra, mravalbijian operacias, aucilebelia 

avirCioT marTva yovel bijze misi momavali gamovlinebebis 

gaTvaliswinebiT jer kidev momdevno bijebze. 

am wesSi aris gamonaklisi, yvela bijebs Soris arsebobs 

erTi, romelic SeiZleba daigegmos martivad momavalSi mzeris 

gareSe, es bolo bijia.es biji erTaderTia, romelic SeiZleba 

dagegmo ise, rom mogvces maqsimaluri sargebeli. Tu 

optimalurad dagegmav bolo bijs SeiZleba mas Seuwyo 

boloswina, xolo boloswinas wina da a.S. amis gamo dinamikuri 

programirebis procesi mimdinareobs bolodan dasawyisamde: 

yvelaze adre igegmeba bolo m biji.  m Seileba iyos xelovnuri 

an bunebrivi. rogor davgegmoT bolo biji Tu ar viciT Tu 

rogor dasrulda boloswina? rogorc Cans, unda gavakeTod 

sxvadasxva varaudebi, rogor dasrulda (m-1) biji da TiToeuli 

maTganisaTvis vipovoT iseTi marTva, romlisaTvisac mogeba 

(Semosavali) bolo bijze iyos maqsimaluri. am amocanis 

gadawyvetiT Cven vipoviT pirobiT optimalur marTvas, romelic 

unda miviRoT Tu (m-1) biji damTavrda garkveuli saxiT.  

yovel bijze iZebneba iseTi marTva, romelic 

uzrunvelyofs procesis optimalur gagrZelebas mocemul 

momentSi miRweuli mdgomareobis mimarT. marTvis arCevis am 

princips optimalurobis principi ewodeba. TviTon marTva, 

romelic uzrunvelyofs procesis optimalur gagrZelebas 

mocemul  mdgomareobis mimarT ewodeba piroboTi optimaluri 

marTva mocemul bijze.  

algoriTmi, romelic emyareba hidroagregatebs 

energetikuli maxasiaTeblebis biblioTekis da dinamikuri 

programebis (sxvanairad ,,dinamikuri dagegmvis”) maTematikur 

meTodis gamoyenebas. rogorc cnobilia, aRniSnuli 
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maxasiaTeblebi miiReba modeluri an naturuli gamocdebiT 

miRebuli Sedegebis damuSavebis safuZvelze da masze ar 

SevCerdebiT. rac Seexeba dinamikuri programirebis meTods, 

rogorc misi gamoyenebis gamocdileba aCvenebs, igi iZleva 

yvelaze ufro zust Sedegebs da SeiZleba gamoyenebuli iqnas 

rogorc etalonuri meTodi algoriTmebis Sedarebisas. unda 

aRiniSnos, rom ,,programirebaSi” aq igulisxmeba 

,,gadawyvetilebis miReba”, ,,dagegmva”, xolo sityva ,,dinamikuri” 

miuTiTebs drois da operaciebis Sesrulebis rigis mniSvnelobas 

ganxilvaSi myofi procesebisaTvis. dinamikuri programirebis 

meTodiT zogadi eqstremaluri amocana daiyvaneba ufro martivi 

eqstremaluri amocanebis mwkrivze da igi warmatebiT gamoiyeneba 

rogorc diskretul, aseve uwyveti procesebis kvlevaSi. saerTod, 

am meTods ar gaaCnia raime gansakuTrebuli moTxovnebi 

agregatis maxasiaTeblebisa da amocanis ganzomilebis mimarT.  

Stoebis da sazRvrebis meTodi iZleva kombinatoruli 

amocanebis, e.i. kombinaciebis simravleze mocemuli raime 

funqciis minimumis (maqsimumis)gansazRvris amocanebis 

gadawyvetis SesaZleblobas. kombinaciebad SeiZleba ganxilul 

iqnas raime elementebis Sexamebebi, magaliTad, momuSave 

hidroagregatebis Semadgenlobebi [7]. 

Stoebis da sazRvrebis meTodis arsi Cvens SemTxvevaSi 

mdgomareobs imaSi, rom agregatebis yvela SesaZlo SexamebaTa 

simravle Tanamimdevrulad daiyofa qvesimravleebad. 

qvesimravleebis Sedareba xdeba raime kriteriumis qveda 

sazRvris mixedviT, xolo Semdgom gaangariSebebSi xdeba im 

qvesimravleebis gadagdeba, romlebic winaswarve ar moicavs 

optimalur gadawyvetas. optimizaciuri procesi ganisazRvreba 

saerTo simravlis qvesimravleebad ganStoebis (dayofis) xerxiT. 

ganStoebis miRebuli sqemis gamoyenebiT SeiZleba SeirCes 

Sesadareblad Semadgenlobebis variantebi da TviToeuli 

variantebisTvis iwarmoos datvirTvis yvelaze xelsayreli 

ganawileba. 
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amocanis gadawyveta xdeba Semdegi formiT. mocemulia 

 tNN rr   sadguris datvirTvis grafiki, agregatebis 

 iiii H,NQQ   xarjiTi maxasiaTeblebi, fardobiTi namatis 

(nazrdis) maxasiaTeblebi da  iH   dawnevebi agregatebze, 

romelic ar icvleba mTeli optimizaciis periodis ganmavlobaSi. 

asamuSavebeli xarjebis gaTvaliswineba xdeba. aucilebelia hesis 

simZlavris TviToeuli diskretuli mniSvnelobisaTvis 

minimizireba funqciis 
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ii NQNf  

 

im pirobiT, rom daculi iqneba simZlavris balansi 

 

                      





ni

1i

irt NN  

 

da Sesrulebuli iqneba SezRudva simZlavris mixedviT 

CarTuli agregatisaTvis 

 

                 max. iimin. i NNN   

 

agregatebis mdgomareobis mocema moxdeba  n321 ,...,,    

veqtoriT, romlis TviToeuli komponentia 

 

 














CarTulia agregati uri Tu 1,

gamorTulia agregati uri Tu 0,

i

i

i  

 

Tu SerCeulia romelime Semadgenloba da 

ganxorcielebulia datvirTvebis ganawileba agregatebs Soris, 

romelic xasiaTdeba   n21 N,...N,NN   veqtoriT, maSin 
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          .NQNf i

ni

1i

i




  

 

maSasadame, amocana daiyvaneba iseTi G. opt  veqtoris 

povnamde, romlisTvisac  

 

    .NQminf i

ni

1i

i. 




opt       (2.25) 

 

aq G _ agregatebis dasaSvebi kombinaciebis simravle. 

am meTodis gamoyenebiT qvesimboloebis Sefaseba xdeba (1.46) 

kriteriumis qveda sazRvris mixedviT. qveda sazRvarSi 

igulisxmeba raime fiqtiuri sidide, miRebuli im pirobiT, rom 

gansaxilveli qvesimravlis agregatebis nawili muSaobs 

maqsimaluri m.q.k.-iT. amasTan iTvleba, rom maTi datvirTva 

SeiZleba icvlebodes nulidan simravlemde, romelic Seesabameba 

m.q.k.-s maqsimums xarjiT maxasiaTebelze. amisaTvis TviTeuli 

agregatis xarjiTi maxasiaTebeli icvleba udidesi amozneqili 

funqciiT romlisTvisac 

 

 
 






















max. ii

o

i

ii

i

*

iii*

i

*

i

o

i

o

i

NNN
H81.9

N

NNN
N

Q

NQ

 roca ,

0 roca    ,

 

 

sadac *

i

*

i Q,N  _i-uri agregatis simZlavre da xarji m.q.k._s 

maqsimumis wertilSi. 

am agregatebis ,,Sesworebuli” maxasiaTeblebis mixedviT 

xdeba optimizaciis kriteriumis qveda sazRvris damxmare 

amocanis gadaeyveta. 
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    o

i

ni

1i

o

i

o NQminNf 




                     (2.26) 

 

amasTan 

               max. i

o

i NN0    

 

variantebis formireba xdeba agregatebis sawyisi 

Semadgenlobidan erT-erTis gamorTviT. gamorTvis kriteriumad 

miiReba Tanafardoba wylis xvedriT xarjsa da agregatebis 

fardobiT namats Soris. 

variantebis mimarTuli metnakrebis (gadarCevis) meTodis 

gamoyeneba gansakuTrebiT efeqturia misi dinamikuri 

programirebis meTodTan SexamebiT. dinamikuri programirebis 

principze agebul algoriTmSi, romliTac xdeba agregatebis 

Semadgenlobis da datvirTvis optimizacia, SeiZleba Setanili 

iqnas cvlilebebi da optimizaciis TviToeul bijze agregatebis 

Semadgenloba arCeuli iqnas mimarTuli Zebnis meTodiT. 

saukeTeso agregatis Zebna SeiZleba ukeTesad iqnas 

organizebuli im SemTxvevaSi, Tu cnobili iqneba momuSave 

agregatebis ricxvi da maTi datvirTvebi [7]. 

pirveli bijis optimizaciis maxasiaTebeli igeba 1z   

mniSvnelobisTvis. iTvleba, rom sadgurze dayenebuli erTnairi 

simZlavris agregatebi, maSin amocana daiyvaneba Semdegi 

gantolebis amoxsnamde 

 

         ii1zz NQminN1Q  

ee                           (2.27) 

 

igive SezRudvebisas rogorc wina algoriTmSi, sadac e
1zQ   

_ eqvivalenturi maxasiaTeblis xarji, roca 1z  . 

amocanis gadawyveta xorcieldeba erTagregatiani sadguris 

muSaoebis yvela SesaZlo variantis martivi metnakrebiT, roca 

sadguris simZlavre e
1zN  . 
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meore bijis eqvivalenturi maxasiaTeblis asagebad 

aucilebelia  ee
1z1z NfQ     maxasiaTebliT sargebloba da am 

maxasiaTeblis saukeTeso kombinaciis povna nebismieri darCenili 

agregatis maxasiaTebelTan. amisaTvis jer warmoebs datvirTvis 

ganawileba eqvivalentur da ucnob CarTul agregats Soris, 

xolo Semdeg moiZebneba is agregati, romlis xarji umciresia 

(agregatis simZlavre, romelic erTveba, _ cnobilia). maSasadame, 

datvirTvis ganawilebis TviToeuli variantisaTvis moxdeba 

maxasiaTeblis gaangariSeba erTaderTi SexamebisaTvis, roca 

2z  . 

 

             ijziizz NNNNQminN2Q  

e
1

e
e

e  

 

roca min. ijmax. i NNN   

       

      min. ijmax. i N2N2N  . 

 

dagegmvis process yovelTvis gaaCnia prognozis xasiaTi. 

erTis mxriv prognozirdeba gansaxilveli dargis an misi 

sawarmoebis produqciaze moTxovna, meores mxriv _ sawarmoo 

SesaZleblobebi. prognozirebis meTodebi sxvadasxvanairia da 

emyareba eqstrapolacias, anu Sefasebebis miRebas momavlisTvis 

warsulze da awmyoze arsebuli informaciis safuZvelze. bevri 

naSromi, Sesrulebuli energetikuli amocanebisaTvis, gviCvenebs 

albaTobis Teoriis da maTematikuri statistikis meTodebis 

farTod gamoyenebis SesaZleblobebs dagegmvis amocanebisTvis. 

damuSavebulia prognozirebis ekonomika_maTematikuri modelebi 

eleqtoenergiis gamomuSavebis, eleqtromoxmarebis, siTburi 

energiis moxmarebis qselebSi energiis danakargebis, sakuTrad 

sadgurisTvis moxmarebis, saTbobis xvedriTi xarjebis 

eleqtrul da siTbur energiaze, eleqtruli da Tburi energiis 

TviTRirebulebis da sxv.  
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optimizaciuri amocanebis gadawyveta albaTuri midgomiT 

sul ufro da ufro met ganviTarebas iZens. sistemebis marTvisas 

saWiro xdeba SemTxveviTi sidideebis, funqciebis da procesebis 

gaanalizeba. amasTan SeuZlebelia parametrebis gansazRvruli 

mniSvnelobebis miReba, SesaZlebelia mxolod maTi 

mniSvnelobebis kanonzomierebebze msjeloba masobriv 

movlenebSi. aseT SemTxvevaSi optimizaciuri amocanebis 

gadawyvetisas minimizirdeba optimalurobis kriteriumis 

maTematikuri molodini [7, 22, 23]. 

 

   minфM   (2.28) 

 

(2.28) pirobis Sesruleba laparakobs optimalur 

gadawyvetaze saSualod  фM -ze gavlenas axdens 
*X  sawyisi 

parametrebis SemTxveviTi realizaciebi. amasTan isinis 

emorCilebian cnobil albaTur kanonzomierebebs, SeiZleba 

CavweroT, rom 

 

  ** XXX  saS  (2.29) 

 

sadac saSX  _ parametrebis saSualo mniSvneloba; 
*X  _ 

SemTxveviTi gadaxrebi saSualodan. (2.29) Cawerisas warmoiSoba 

sawyisi informaciis cvalebadobis (cdomilebis) saboloo 

Sedegze gavlenis Sefasebis amocana 

sawyisi informaciis cvalebadobis gavlenis 

gaTvaliswinebis amocanisTvis farTod gamoiyeneba statistikuri 

modelirebis meTodi. informaciis cdomilebebi xSirad 

ganisazRvreba SemTxveviTi faqtorebiT, romlebisTvisac 

cnobilia albaTobis ganawilebis kanonebi, maTi maTematikuri 

molodinebi, dispersiebi da sxva maxasiaTeblebi. amasTan erTad 

ver xerxdeba im sididis maTematikuri molodinis analizuri 

gamosaxulebis miReba, romelzec gavlenas axdens sawyisi 
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informaciis SemTxveviTi realizaciebi. maSin gamoiyeneba 

statistikuri modelirebis meTodi, romelic iZleva garkveuli 

sidideebis saSualo Sefasebis (maTematikuri molodinis) 

saSualebas. 

sadguris sawyisi energetikuli maxasiaTeblebis 

SemTxveviTi xasiaTis gaTvaliswinebiT datvirTvis yvelaze 

xelsayreli ganawilebis efeqturobis SefasebisTvis 

gaangariSebebi sruldeba Semdegi saxiT. agregatebis 

maxasiaTeblebi dasawyisSi CaiTvleba zustad da maTi mixedviT 

xdeba reJimebis optimizaciis amocanis gadawyveta. Semdeg 

CaiTvleba, rom mocemul cdomilebis intervalSi maxasiaTeblebi 

SeiZleba icvlebodes SemTxveviTad. SemTxveviTi maxasiaTeblebis 

mixedviT SeiZleba Catardes optimizaciis analogiuri 

gaangariSebebi da Sedegad gamovlindeba pirobiTi sawvavis 

gadaxarjva optimalurTan SedarebiT. msgavsi gaangariSebebis 

seriis Sesrulebis Semdeg SeiZleba ganisazRvros sawvavis 

(wylis) saSualo gadaxarjva: 

 

 BBB 00   (2.30) 

 

sadac 0B  _ sawvavis (wylis) xarji optimalur reJimSi; B  _ 

sawvavis xarji SemTxveviTi maxasiaTeblebisas. 

maxasiaTeblebis variaciebs Rebuloben SemTxveviTi 

ricxvebis erTobliobis daxmarebiT, romelTa gamomuSavebac 

xdeba specialuri generatorebiT kompiuterze. 

fsevdoSemTxveviTi ricxvebis generatori realizebas ukeTebs 

winaswar mocemul albaTobebis ganawilebis kanons da mis 

ricxviT maxasiaTeblebs. roca laparakoben maxasiaTeblebis 

SemTxveviT cvlilebebze, xSirad miiCneven rom sawvavis (wylis) 

xarjis cvalebadoba emorCileba Tanabari albaTobebis kanons 

(pirveli miaxloebiT SeiZleba CavTvaloT mravali teqnikuri 

parametris cvlileba TanabaralbaTurad), xolo agregatis 
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simZlavris cvlileba _ normalur kanons. magaliTad swori 

warmodgena SemTxveviT sidideebze SeiZleba miviRoT mxolod 

sadgurebisa da sistemis eqspluataciisas miRebuli 

statistikuri monacemebis damuSavebiT. 

am meTodikis sakvanZo momentia sawyisi informaciis 

albaTuri modeli, magaliTad maxasiaTeblis cvlileba. Tu 

albaTuri meTodi ar iqneba dasabuTebuli, maSin statistikuri 

modelirebis meTodi agreTve ver mogvcems saimedo pasuxs 

saSualo Sefasebebis miReba ki dakavSirebulia statistikuri 

informaciis damuSavebis Sromatevad gaangariSebebTan. 

gansaxilvel amocanaSi maxasiaTeblebis (fardobiTi 

namatebis da simZlavreebis) koordinatebis imitacia miiRweva 

sibrtyeze ori arCeuli ganawilebis kanonis kombinaciiT 

cdomilebis ib  da iP  intervalebSi, sadac ib  _ fardobiTi 

namatebis cdomilebebi, xolo iP  _ simZlavreTa cdomilebebi. 

fsevdoSemTxveviTi sidideebis generatori garscems ricxvebs 

arCeuli ganawilebis kanoniT nulis toli maTematikuri 

molodiniT da 1  saSualo kvadratuli gadaxriT. gamocdebis 

didi ricxvisas, romlebSic maxasiaTeblebis zRvruli 

cdomileba erTnairia, SeiZleba napovni iqnas kavSiri sawvavis 

(wylis) saSualo kvadratul gadaxarjvasa da cdomilebas Soris. 

Tu gamoiyeneba normaluri kanoni, maSin 9973.0P  albaTobiT 

SeiZleba CaiTvalos, rom SemTxveviTi sididis gadaxra Tavisive 

ganawilebis centridan absoluturi mniSvnelobiT iqneba naklebi 

 3 , sadac   _ saSualo kvadratuli gadaxra. maSin cnobili 

zRvruli   cdomilebisas advilad ganisazRvreba 
3

1
. 

Tanabarzomieri kanonisaTvis  . 

kompiuteris SemTxveviTi ricxvebis generatori gascems ф  

da   ricxvebs, Sesabamisebs modelis gansazRvrul albaTobebis, 

romlebic iZlevian axali maxasiaTeblelis koordinatebis 



69 

povnis SesaZleblobas. fardobiTi namatis SemTxveviTi sidide 

roca constPi  . 

 

  iiii

*

i bk1bb    (2.32) 

 

xolo simZlavris SemTxveviTi sidide constb i   

 

  iiii

*

i Pm1PP    (2.33) 

 

sadac ib  da iP  _ mocemuli sidideebia; ib , iP  _ maTi 

zRvruli gadaxrebis mniSvnelobebi; ik , im  _ mudmivebi, 

damokidebulebebi arCeul albaTobaTa ganawilebis kanonze. 

modelirebisas  ii Pb  fardobiTi namatebis maxasiaTeblebi 

unda Semowmdes monotonurobaze. es piroba adebs SezRudvebs 

statistikuri modelirebisas modelis parametrebs. marTlac, 

SeuZlebelia maxasiaTeblis sxvadasxva wertilebis 

damokidebuli modelirebis ganxorcieleba. arsebobs sxvadasxva 

winadadebebi, romlebic uzrunvelyofs monotonurobis pirobebis 

Sesrulebas. ase magaliTad, arsebobs mosazreba, gaangariSebuli 

iqnas maxasiaTebeli nabij nabij ise, rom datovebuli iqnas 

misaRebi Sedegebi an modelirebuli iqnas mxolod maxasiaTeblis 

kiduri wertilebi, xolo danarCeni nawilebisaTvis gamoyenebuli 

iqnas damakmayofilebeli analizuri gamosaxulebebi. yvelaze 

ufro xSirad gamoiyeneba debuleba maxasiaTeblis yvela 

wertilis fardobiTi cvlilebis erTianobaze. es miiRweva 

maxasiaTeblis mxolod erTi wertilis SemTxveviTi mdgomareobis 

gansazRvriT, xolo yvela danarCenis cvlilebiT k  koeficientis 

proporciulad. 

 
*

0

X

X
k  , 



70 

sadac 0X  _ pirvel sawyisi ricxvi, xolo *X  _ 

SemTxveviTi. 

gaangariSebaTa didi ricxvis Catareba (Cveulebrivad 

saWiroa ramodenime aseuli gamocda) iZleva saSualo 

mniSvneloebisa da maTi albaTobebis miRebis SesaZleblobebs. 

magaliTad, SeiZleba miRebul iqnas saTbobis (wylis) 

gadaxarjvis sididis saSualo Sefasebebi garkveuli 

cdomilebebisas. 

statistikuri gamocdebis didi ricxvisas moxerxebulia 

SefasebebisaTvis gamoyenebuli iqnas statistikuri mwkrivebi, 

romlebsac gaaCnia histogramis saxe. rogorc cnobilia, didi 

ricxvisas faqtiurad gardaiqmna ganawilebis simkvrivis mrudad 

da mis mixedvid SeiZleba agebuli iqnas gadaxarjvis albaTobis 

ganwilebis statistikuri funqcia, romlis mixedviTac SeiZleba 

ganisazRvros ama Tu im gadaxarjvis gaCenis albaToba. 

rogorc ukve vnaxeT, sawyisi informaciis SemTxveviTi 

xasiaTis gaTvaliswinebis meTodika moiTxovs didi moculobis 

gaangariSebebis Catarebas da Zalian Sromatevadia. bunebrivia 

Sromatevadoba gaizrdeba, Tu gaizrdeba im parametrebis ricxvi, 

romlebsac SemTxveviTi xasiaTi aqvs. amis magaliTia agregatebis 

Semadgenlobis optimizaciis amocana. am SemTxvevaSi 

ganisazRvreba agregatebis optimaluri Semadgenlobis arCevis 

albaToba simZlavris TiToeuli mniSvnelobisaTvis da xarjviTi 

maxaiaTeblebis gansazRvruli cdomilebebis. Semadgenlobis 

TiToeuli variantisaTvis tardeba gaangariSebebi. simZlavris 

erTi mniSvnelobisaTvis SeiZleba iyos SesaZlebeli aseuli 

SesaZlo Semadgenloba da TiToeuli SemadgenlobisaTvis _ 

datvirTvis ganawilebis ramodenime aseuli varianti, anu 

Sromatevadoba kidev ufro izrdeba. 

xSir SemTxvevaSi ver xerxdeba sawyisi informaciis 

albaTuri aRwerac, magaliTad roca ar aris sakmarisad saimedo 

statistikuri masala, an statistikis damuSavebisas ar 

gamovlinda albaTuri kanonzomierebebi da sxv. Cveulebrivad 
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aseT SemTxvevebSi xerxdeba mxolod sidideTa zRvruli 

mniSvnelobebis (cvlilebis zonis) gansazrvra. yvelaze ufro 

xSirad im amocanebis gadasawyvetad, romlebsac gaaCnia 

ganusazRvreli informacia, gamoiyeneba minimaqsuri kriteriumebi. 

minimaqsuri kriteriumebi farTod gamoiyeneba TamaSebis 

TeoriaSi, isini iZlevian garantirebuli (minimaluri) efeqtis 

miRebis saSualebas mowinaaRmdegis ganusazRvreli yofaqcevis 

pirobebi [24, 25]. 

msgavsi tipis reJimuli amocanebi naklebad aris 

damuSavebuli, amitom aq davkmayofildebiT erTi kerZo amocanis 

mokle aRweriT _ gadawyveta hidrosadguris agregatebis 

reJimebis da Semadgenlobis marTvis sxvadasxva xerxebis 

SefasebisTvis. xdeba avtooperatoris (avtomaturi mowyobilobis 

CasarTveli da gamosarTveli agregatebis Semadgenlobis 

asarCevad) gamoyenebisa da avtomatizirebuli sistemis pirobebSi 

marTvis (roca SeiZleba optimizireba specialuri kompiuteruli 

programebis gamoyenebiT). meore xerxs gaaCnia didi 

SesaZleblobebi da amocana mdgomareobs misi efeqturobis 

SefasebaSi. 

Sedareba moiTxovs hesis datvirTvebis prognozs xangrZliv 

periodze (erT welze mainc); hesis kveTTan modinebas, hesis 

dawnevebs, agregatebis maxasiaTeblebs da sxva monacemebs. 

prognozebs, Sedgenils win waswrebis xangrZliv intervalze, 

gaaCniaT didi cdomilebebi, amasTan statistika iZleva mxolod 

cdomilebebis intervalebis gamomJRavnebis SesaZleblobas. 

faqtorebis kombinaciebis mravalferovneba da nebismieroba, 

romlebic gansazRvravs hesis reJims, am amocanas aqcevs 

ganusazRvrelad. misi gadawyveta SeiZleba mxolod minimaqsis 

kriteriumis gamoyenebiT, amasTan Cveulebrivad xerxdeba 

TanamimdevrobiT ori faqtoris ganusazRvrelobisas. mocemul 

SemTxvevaSi, yvelaze meti cdomileba gaaCnia datvirTvas da 

dawnevas hesis gasworTan Semodinebis gansazRvrul 

mniSvnelobisas. 
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gaangariSebebi sruldeba oTx etapad hesis TiToeul 

saangariSo xarjis hidrografiisaTvis: pirvel etapze 

ganisazRvreba datvirTvebis da dawnevebis SesaZlo grafikebi 

drois TiToeul saangariSo intervalisaTvis, meoreze _ 

datvirTvebisa da dawnevebis grafikebis yvela SesaZlo 

kombinaciebi, mesameze _ TiTouli kombinaciisaTvis 

ganisazRvreba eleqtroenergiis mogebis sidide marTvis 

sxvadasxva xerxebis gamoyenebisas, xolo meoTxe etapze, 

minimaqsuri kriteriumebis gamoyenebiT ganisazRvreba mogebis 

garantirebuli mniSvneloba. 

 

 

 

 

 

Tavi III. hidroeleqtrosadgurebis sadgurSiga 

reJimebis optimizaciis algoriTmi da 

kompiuteruli programa 

 

 

3.1. hidroeleqtrosadguris energetikuli 

maxasiaTeblebis agebis algoriTmi 

 

 

zogad SemTxvevaSi, hidroagregatebis maxasiaTeblebs, 

SeiZleba hqondes nebismieri forma, calkeul zonebSi Cavardnebi 

da Taroebi. aseTi maxasiaTeblebi aradiferencirebadia, ar 

izrdeba monotonurad, rac garkveulad arTulebs maT 

gamoyenebas [7,15]. 

hidroeleqtrosadguris energetikuli maxasiaTeblebis 

agebis amocana gulisxmobs hidroagregatebis mdgomareobis 
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analizs, xolo sadgurSiga reJimis optimizaciis amocanis dasma 

da gadawyvetis meTodebi gavlenas axdens am maxasiaTeblebis 

saerTo saxeze da kanonzomierebebze. 

Tavdapirvelad mogvyavs hes-is myisieri energetikuli 

maxasiaTeblebis agebis algoriTmi. es maxasiaTeblebi aigeba 

hidroagregatebis energetikuli maxasiaTeblebis safuZvelze, ar 

aris damokidebuli droze da gamoxatavs kavSirs Cadgmul da 

sasargeblo energiebs an maT mimarT pirdapir proporciul 

maCveneblebs Soris. aq unda aRiniSnos, rom energetikuli 

sistemis xanmokle reJimebis gaangariSebis drosac, rasac 

Cveulebrivad Tan axlavs sawyisi informaciis gasaSualeba 

drois diskretul saangariSo intervalebze ramdenime wuTidan 1-

3 saaTamde farglebSi, gaangariSebebi mimdinareobs myisieri 

energetikuli maxasiaTeblebis mixedviT. 

hes-is eqvivalenturi optimaluri  hhh H,NQ  xarjis 

maxasiaTeblis (aq hN _hesis Cadgmuli simZlavre, hH _dawneva) 

asagebad nebismieri reJimisaTvis hN  simZlavrisa da hH  dawnevis 

mixedviT aucilebelia muSaobisas gvqondes agregatebis 

optimaluri Semadgenloba da am agregatebis optimaluri reJimi. 

optimalurobis kriteriumad aiReba sadguris xarjis minimumi. 

zogad SemTxvevaSi  iii H,NQ  hidroagregatebis 

energetikuli maxasiaTeblebis arawrfivobis gamo dasmuli 

amocanac arawrfivi iqneba da, ramdenadac SesaZlebelia  

hidroagregatebis Semadgenlobis araerTi varianti, romelic 

uzrunvelyofs hesis simZlavris balanss, amocana iqneba 

mravaleqstremaluric. hes-is TiToeuli simZlavrisTvis iZebneba 

agregatebis optimaluri Semadgenloba da maT Soris datvirTvis 

optimaluri ganawileba. 

Tu miviRebT ,constH   maTematikuri modeli gamartivdeba 

da warmodgenili iqneba Semdegi gantolebiT: 

miznis   
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   minNQQ i

i

ij    (3.1) 

 

sadac j_hes-is jN _simZlavreebis nomeri, xolo 

i _hidroagregatis nomeri;  

kavSiris gantolebebi _ agregatebis  ii NQ  xarjiTi 

maxasiaTeblebi. 

 SezRudvebis gantolebebi: 

 

 simZlavreebis balansi hes-ze 

 

 
i

ij ;NN   (3.2) 

 

hes-is simZlavris cvlilebis dasaSvebi zRvrebi 

 

  ;NNN maxj,jminj,    (3.3) 

hidroagregatebis simZlavris cvlilebis dasaSvebi zRvrebi 

 

 .NNN maxi,imini,    (3.4)  

 

hidroagregatebi Semadgenlobisa da reJimis optimizaciis 

procesis i _ur bijze dinamikuri programirebis funqcionaluri 

gantoleba gamoisaxeba Semdegi rekurentuli TanafardobiT  

 

       1i1iiiii NQNQminNQ 
ee , (3.5)    

    

sadac e
iQ - eqvivalenturi maxasiTeblis xarji optimizaciis  

i _uri bijze  hes-is iN  simZlavrisTvis; 1-iN _igive ( 1i ) 

bijisTvis; iQ  da  Sesabamisad CarTuli agregatis xarji da 

simZlavre optimizaciis i _ur bijze. 
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simZlavris balansis gantolebis gamoyenebiT 

funqcionaluri gantoleba daiyvaneba iN  erT cvladze. raki 

cnobilia iN  hesis datvirTva, amitom ij

j

1j NNN  , maSin (3.5) 

miiRebs saxes: 

 

       ij1iiiii NNQNQminNQ  

eee . (3.6) 

 

amrigad, mravali cvladis funqciis optimizaciis amocana 

dadis iN  erTi cvladis funqciis optimizaciis mravalbijian 

amocanaze. 

gaangariSebis procdura gulisxmobs eqvivalenturi 

maxasiaTeblebis Tanmimdevrul agebas hidroagregatebis 

n , ... 3, 2, 1,i   mocemuli rigiTobis mixedviT. agregatebi SeiZleba 

ganxiluli iqnas nebismieri rigiTobiT. 

dinamikuri programirebis meTodis gamoyenebiT agebuli 

energetikuli maxasiaTeblebis safuZvelze SeiZleba zogad 

SemTxvevaSi ganisazRvros hidroagregatebis Semadgenloba da 

simZlavre optimizaciis gansaxilveli periodis drois 

nebismieri intervalisaTvis. 

optimizaciis pirveli bijis maxasiaTebeli moicema rogorc 

erTerTi agregatis, magaliTad 1i   maxasiaTebeli. SemdgomSi is 

gaswordeba optimaluriT. meore bijze saWiroa aigos ori 

erToblivad momuSave agregatis eqvivalenturi maxasiaTebeli. 

amisaTvis ganixileba pirveli bijis cnobili (mocemuli) 

maxasiaTeblis da mocemuli rigiTobidan momdevno agregatis, anu 

2i   maxasiaTeblis SeuRleba. 

optimizaciis gantoleba iZleva am ori agregatis 

eqvivalentur xarjsa da eqvivalentur simZlavres, anu  

  

       2i122i2.1i NNQNQminNQ 

ee ,  (3.7) 
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sadac marjvena frCxilis pirveli Sesakrebi _ CarTuli 

2i   agregatis maxasiaTebeli, xolo meore _ optimizaciis 

pirveli bijis maxasiaTebeli. 

2N  simZlavris varirebiT constN j   pirobebSi SeiZleba 

miviRoT iseTi ganawileba, romlisTvisac (2.7) funqcias eqneba 

minimumi. Tu aseT gaangariSebebs CavatarebT sxvadasxva jN -isTvis 

ori agregatis SesaZleblobis diapazonSi, miviRebT  ee
i2.1i NQ   

optimizaciis meore bijis maxasiaTebels, romelic iqneba 2,1i   

agregatebis maxasiaTebeli. maxasiaTebelze iqneba wertilebi, 

romlebSic muSaobs erT-erTi agregati, da wertilebi, sadac 

isini muSaoben erToblivad. yvelafers gansazRvravs wylis 

xarjis minimumi. amis Semdeg aigeba eqvivalenturi maxasiaTebeli 

sami 2,3,1i   agregatisaTvis Semdegi gantolebis gamoyenebiT. 

 

       3i2.1i33i3.2.1i NNQNQminNQ  

eee .  (3.8) 

 

aq CairTveba mesame 3i   agregati da ganixileba misi 

erToblivi gamoyeneba hipoTezur agregatTan erTad, romelsac 

gaaCnia  ee
i2.1i NQ   maxasiaTebeli. 3N  simZlavris varirebiT 

SeiZleba napovni iqnas optimaluri gadawyvetileba rigrigobiT 

yvela jN -isTvis sami agregatis muSaobis diapazonSi da agebuli 

iqnas  ee
i3.2.1i NQ   eqvivalenturi maxasiaTebeli. gaangariSebebis 

Sedegad SeiZleba miRebuli iqnas muSaobis reJimebi an samidan 

erTerTi agregatis, an maTgan or-oris kombinaciebis, an yvela 

sami agregatis muSaobisaTvis. Semdeg gaangariSebebi meordeba 

yovel bijze agregatebis ricxvis erTiT gazrdisas. naTlad Cans, 

rom eqvivalenturi maxasiaTeblebis asagebad saWiroa didi 

raodenobis gaangariSebebis Catareba. zogad SemTxvevaSi 

gaangariSebebis ricxvi iqneba: 
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   ,ki1kim
i

   

 

sadac Nk   simZlavris diskretulobis bijebis ricxvi, 

romlis mixedviTac mimdinareobs gaangariSebebi; i _bijis nomeri. 

gaangariSebebi maxasiaTeblebis asagebad martivi 

ariTmetikuli operaciebia, Tumca mravalricxovani, rac 

kompiuterisTvis ar aris rTuli. mniSvnelovnad ufro rTulia 

maTi ageba da damaxsovreba. optimaluri reJimis povna xdeba 

ukusvlis proceduris gamoyenebisas, rac SesaZleblobas iZleva 

mniSvnelovnad Seikvecos kompiuteris mexsierebis moculoba, 

romelic saWiroa eqvivalenturi maxasiaTeblis 

dasamaxsovreblad. imisaTvis, rom napovni iqnas optimaluri 

gadawyveta, sakmarisia mexsierebaSi sadguris yoveli jN  

simZlavrisaTvis daxsomebuli iqnas im agregatis nomeri da 

datvirTva, romelic mierTebulia eqvivalenturTan am 

simZlavrisas da ara yvela momuSave agregatis nomeri da 

datvirTva [28, 29, 30]. 

 

 

 

3.2. hidroagregatebis Semadgenlobisa da reJimebis 

marTvis algoriTmis Sedgena. 

 

 

hesis reJimis sadgurSiga optimizaciis dros 

dekompoziciis ganxorcieleba xdeba droiTi, situaciuri da 

funqcionaluri principiT. 

droiTi principis Sesabamisad amocanis gadawyveta xdeba 

or stadiad: jer operatiuli dagegmvis stadiaze, xolo Semdeg 

procesis tempSi marTvis stadiaze. operatiuli dagegmvis 

stadiaze prognozuli informaciis safuZvelze dgeba 
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agregatebis gamoyenebis gegma. SemdegSi procesis tempSi gegma 

koreqtirdeba mimdinare informaciis mixedviT. am ori stadiis 

algoriTmebs waeyeneba sxvadasxva moTxovnebi. pirvel SemTxvevaSi 

ar aris specialuri SezRudvebi algoriTmis sirTulis mimarT. 

meore SemTxvevaSi algoriTmi unda iyos swrafad moqmedi, rom 

minimumamde iyos dayvanili reaqciis dayovneba mimdinare 

informaciaze. 

situaciuri TvalsazrisiT agregatebis marTva SeiZleba 

xdebodes sistemis normalur, avariul da avariis Semdgom 

reJimebSi. optimizaciis kriteriumebi aRniSnul situaciebSi 

sxvadasxvaa. Tu normaluri eqspluataciis pirobebSi kriteriumia 

energoresursi, avariul situaciebSi _ esaa saimedoobis 

romelime maCvenebeli. kriteriumebs Soris gansxvaveba aisaxeba 

sadgurSiga optimizaciis algoriTmis struqturaze. 

funqcionaluri TvalsazrisiTac SeiZleba calke gamoiyos 

rezervis kontrolis, datvirTvis ganawilebis, agregatebis 

Semadgenlobis cvlilebis da sxva qveamocanebi. 

amrigad, sadgurSiga optimizaciis amocana mravalferovania 

Tavisi miznebiT da gadawyvetis meTodebiT. aq Cven ganvixilavT 

mxolod agregatebis Semadgenlobis da aqtiuri simZlavreebis 

marTvis gegmis Sedgenis amocanas operatiuli dagegmvis 

stadiaze, ramdenadac sxva amocanebi mWidrod aris 

dakavSirebuli mTeli sistemis algoriTmul struqturasTan.  

sadgurSiga optimizaciisas xdeba arCeva agregatebis 

Semadgenlobis, romlebic zogad SemTxvevaSi SeiZleba 

muSaobdnen generetoris da sinqronuli kompesatoris reJimSi da 

maTi aqtiuri da reaqtiuli simZlavreebis sadguris 

energetikuli resursebis ekonomiuri gamoyenebis pirobiT. 

ganvixiloT sadgurSiga optimizaciis erTerTi amocana, 

roca sadgurisaTvis moicema aqtiuri datvirTvis grafiki. 

amocana mdgomareobs imaSi, rom gacemuli iqnas moTxovnili 

aqtiuri simZlavre resursis minimaluri daxarjviT. aseTi 

amocanis gadawyveta xdeba sasadguro da ara sistemuri 
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efeqturobis kriteriumebiT _ es an resursis xarjia, an 

teqnologiuri procesis m.q.k.  

mocemulia  tN j  hesis aqtiuri datvirTvis grafiki. 

samuSaod gamosayenebeli agregatebis Semadgenloba, romelTa 

veqtoria  hk  amasTan   Mk h , M _ agregatebis saerTo ricxvi. 

TviToeuli agregati warmodgenilia individualuri 

energetikuli maxasiaTebliT  iii H,NQ , sadac ,...,2,1i   j_ 

agregatis nomeri, iQ _ agregatis xarji, iN _ agregatis 

simZlavre, iH _ agregatis dawneva. agreTve mocemulia: agregatis 

asamuSavebeli xarjebi, amasTan asamuSavebeli xajebi ar aris 

damokidebuli agregatis gacdenis drosgan; yvela SezRudva 

agregatebis Semadgenlobisa da gamoyenebis reJimis mimarT. 

saWiroa ganisazRvros dagegmvis mTeli periodis 

TviToeuli droiT intervalze agregatebis Semadgenloba da 

simZlavre wylis Camonadenis minimumze. yvela SezRudvebis 

gaTvaliswinebiT gansaxilveli periodis ganmavlobaSi. 

amocanis maTematikuri models gaaCnia miznis gantoleba _ 

hesis Camonadenis minimumi optimizaciis periodSi. hesis 

Camonadeni optimaluri gadawyvetisas 

  

  min,cQNQW t,i,

ji

1i

mt

1t

t,i,t,i,t

ji

1i

mt

1t

t,it,i  



















   (3.9) 

 

sadac m,...,1t  _ saangariSo drois intervalis nomeri t  

xangrZlivobiT; j,...,1i   _ agregati nomeri  hk  Semadgenlobidan; 

t,i,Q _ asamuSavebeli xarjebi; t,i,  _ agregatis gaSvebis 

xangrZlivoba; t,i,c  _gaSvebis ricxvi i -uri agregatisaTvis t  

intervalSi. 

amocanis gadawyveta xdeba agregatebis Semadgenlobisa da 

reJimebisa da sadguris mimarT SezRudvebiT. es SezRudvebia: 

1). sadguris aqtiuri simZlavris balansis mimarT 
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 ;NN
ji

1i

t,it 




   (3.10) 

 

2). sadguris aqtiuri simZlavris mimarT 

 

 t,t

ji

1i

t,i,, NNN rezfl 




  (3.11) 

 

sadac t,Nrez  _ mocemuli rezervi; t,i,,N fl  _ agregatis 

flobaSi arsebuli simZlavre; 

3). agregatebis dasaSvebi simZlavreebis mimarT. dasaSvebi 

zRvrebi ar aris mudmivi da ganisazRvreba generatorebis, 

saqusleebis, sakisrebis temperaturuli reJimiT, kavitaciuri 

movlenebiT turbinaSi, agregatebis vibraciiT, da sxv. 

moklevadiani dagegmvisas SezRudvebi xSirad iTvleba ucvlelad 

da maSin 

 

 

 max,iimin,i NNN   (3.12) 

 

4). agregatebis Semadgenlobis mimarT, roca magaliTad 

sakuTari saWiroebebis sqemebis saimedooba moiTxovs garkveuli 

agregatebis muSaobas, an sareleo dacvis swori moqmedebis 

pirobebis mixedviT unda muSaobdes agregatebis garkveuli 

ricxvi, an dauSvebelia agregatebis romelime kombinaciebi 

kalapotis an qveda biefis napirebis warecxvis pirobebiT. 

5). agregatebis ricxvis mimarT. agregatebis ricxvi 

metwilad ganisazRvreba sistemis muSaobiT winaavariuli da 

avariul situaciebSi, magaliTad sadguris dayofaze 

arasinqronul nawilebad. SezRudvebs momuSave agregatebis 

minimaluri ricxvis mixedviT aqvs saxe: 
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 t,t ZZ das , 

sadac tZ  _ momuSave agregatebis ricxvi; t,Zdas  _ momuSave 

agregatebis dasaSvebi ricxvi. 

6). agregatebiT sargeblobis xangrZlivobis mimarT. maT 

SeiZleba miekuTvnos SezRudvebi agregatebis mocdenis 

xangrZlivobis mimarT civ rezervSi gaSvebis win an muSaobis 

xangrZlivobis mimarT agregatebis gaCerebis win, magaliTad, 

saquslis saimedo muSaobis pirobebidan gamomdinare. 

7). gaSvebis ricxvis mimarT _ agregatebis gaCerebebi 

gansaxilveli periodis ganmavlobaSi. 

8). gadawyvetilebis realizaciis mimarT. es SezRudvebi 

ganpirobebulia avtomatikis sqemebiT da mowyobilobebiT. 

cnobilia, magaliTad, rom moqmed mowyobilobebSi xSirad 

datvirTva agregatebs Soris nawildeba an simZlavreebis 

Tanabrobis mixedviT, an mimmarTveli aparatis Tanabari gaRebiT. 

SeiZleba sxva SezRudvebis mocemac. SezRudvebis 

Sedgeniloba ganisazRvreba konkretuli pirobebiT. 

amocanis gadawyveta miiReba agregatebis da maTi aqtiuri 

simZlavreebis gamoyenebis gegmis saxiT dagegmvis mTeli periodis 

TviToeul intervalze. 

sadgurSiga reJimebis optimizaciis algoriTmi zogadad 

struqturulad SeiZleba daiyos sam nawilad. pirveli nawilSi 

sruldeba gaangariSebebi, dakavSirebuli sawyisi informaciis 

momzadebasTan, magaliTad, agregatebis maxasiaTeblebis 

gaangariSebebi, radganac zogadad agregatebis daZvelebis, 

sadgurisa da agregatebis reJimebis cvalebadobis gamo 

maxasiaTeblebi icvleba. meore nawilSi warmoebs agregatebis 

Semadgenlobisa da reJimebis optimizacia romelime maTematikuri 

meTodis gamoyenebiT, magram optimizaciisas Cveulebrivad 

xerxdeba mxolod winaswari programis Sedgena. mesame nawilSi 

winaswari programa swordeba, kerZod im Sesworebebis SetaniT, 
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romlebic dakavSirebulia SezRudvebTan, romelTa 

gaTvaliswinebac ar moxdeba programis Sedgenisas. 

sadgurSiga optimizaciis algoriTmis dinamikuri 

programirebis meTodis gamoyenebiT damyarebulia 

hidroagregatebis maxasiaTeblebis biblioTekis gamoyenebaze da 

Sedgeba ori nawilisagan: pirveli hesis energetikuli 

maxasiaTeblebis ageba, romlis aRwerac zemoT iyo moyvanili, da 

meore _ agregatebis Semadgenlobisa da reJimebis marTvis gegmis 

Sedgena SezRudvebis gaTvaliswinebiT mTeli gansaxilveli 

periodis ganmavlobaSi [31]. 

dinamikuri programirebis meTodiT agebuli hesis 

energetikuli maxasiaTeblebis safuZvelze SeiZleba zogad 

SemTxvevaSi ganisazRvros agregatebis Semadgenloba da 

simZlavre optimizaciis gansaxilveli periodis TviToeuli 

droiTi intervalisTvis. amasTan umetesad ver xerxdeba 

SezRudvebis mTeli kompleqsis gaTvaliswineba, ris gamoc 

algoriTmis meore nawilSi xdeba pirvel nawilSi miRebuli 

gadawyvetis Sesworeba. gasworeba Cveulebrivad miiRweva 

kompromisuli gziT. ase magaliTad, Tu momuSave agregatebis 

ricxvi naklebia mocemul ricxvze, winaswari gegmis agregatebis 

ricxvi izrdeba. Tu ar kmayofildeba SezRudvebi simZlavris 

rezervis mimarT, maSin agreTve CairTveba damatebiTi agregatebi. 

CarTva gamorTvis operaciebis minimizaciisTvis romeliRac 

agregatebi rCeba samuSao procesSi, an naadrevad gamoirTveba, 

vidre amas Txoulobs pirvel nawilSi napovni gegma, amasTan 

xdeba gasaSvebi xarjebis gaTvaliswineba. aseT SemTxvevaSi 

momuSave agregatebis Semadgenloba aRar iqneba yvelaze 

xelsayreli, magram iseT SemTxvevebSi, roca SezRudvebi ar aris, 

an maT ar SeuZliaT arsebiTi zegavlena moaxdinon gadawyvetis 

ekonomiurobaze, algoriTmi, damyarebuli dinamikuri programebis 

meTodze, SeiZleba warmatebiT iqnas gamouyenebeli. algoriTmi 

sqema mocemulia nax. 3.1-ze. 
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pirvel blokSi ganisazRvreba hesis dasaSvebi reJimebis are 

da sadguris maxiaTeblebis parametrebi, kerZod dawnevebi. 

meore blokSi warmoebs amocanis pirveli nawilis 

gadawyveta, anu warmoebs optimaluri maxasiaTeblebis ageba 

dinamikuri programebis meTodis gamoyenebiT. mesame blokSi 

ganisazRvreba mocH  mocemuli dawnevebis Sesabamisoba 

gaangariSebisaTvis arsebul saanH  saangariSo maxasiaTeblebTan. 

Tu es Sesabamisoba ar iqneba (meoTxe bloki), maSin agregatebis 

Semadgenloba da reJimi mocH -isTvis gautoldeba erTerT 

gadawyvetas saangariSo dawnevebidan. interpolacia dawnevis 

mixedviT warmoebs xarjis danakargebis minimumis mixedviT. 

analogiurad warmoebs interpolacia simZlavreebis 

mixedviT (mexuTe da meeqvse blokebi), Tu saanN   maxasiaTeblebis 

saangariSo wertilebi ar Seesabameba mocN  sadguris 

simZlavreebs maTi muSaobisas mocemuli grafikis mixedviT. 

meSvide blokSi datvirTvis gegmiuri grafikisaTvis 

ganisazRvreba agregatebis Semadgenloba da simZlavreebi. am 

programas hqvia winaswari imitom, rom masSi ar aris 

gaTvaliswinebuli yvela Sezrudvebi. winaswari programa 

swordeba merve blokSi, xolo mecxre blokSi miiReba saboloo 

Sedegi.   

reJimis optimizaciis rTuli amocanebis ricxviTi 

amoxsnebis garda, mizanSewonilia am amocanebis gamartivebuli 

variantebis analizuri amoxsnebis qona, romlebic 

SesaZleblobas mogvcems amovicnoT hesebis reJimebis optimaluri 

marTvis ZiriTadi kanonzomierebebi, rac Tavis mxriv iZleva 

ricxviTi meTodebiT amoxsnebis koreqtirebis kontrolis 

saSualebas. martiv SemTxvevebSi, kerZod, SezRudvebis tolobis 

formiT mocemisas dasmuli optimumis Ziebis amocana SedarebiT 

martivdeba da mis gadasawyvetad SeiZleba gamoyenebuli iqnas 

variaciuli aRricxvis meTodebi, pirvel rigSi lagranJis 

meTodi. es meTodi iZleva uwyveti funqciis eqstremumis moZebnis 
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SesaZleblobas, romelic iqneba maqsimumi an minimumi damatebiTi 

pirobebis Sesrulebisas tolobebis (kavSiris gantolebebis) 

formiT. 

lagranJis mamravlebis meTodi SesaZleblobas iZleva 

napovni iqnas gantolebaTa iseTi sistema, romelsac 

daakmayofilebs  k1 x,....xf  funqciis eqstremums N  simravleze 

romelic ganisazRvreba  xg i  gantolebaTa sistemiT m,...,2,1i  .  

imisaTvis, rom napovni iqnas eqstremumis wertili, 

aucilebelia napovni iqnas m raodenobis m1 ,...., , ricxvi, 

romlebic X  veqtorTan erTad daakmayofileben Semdeg nm   

gantolebaTa sistemis nm   ucnobebiT: 

 

 
   

0
X

Xg

X

Xf

j

i
m

1i

i

j













 

 ;n,....,1j    ;0Xg i   m,...,2,1i  .  

 

es gantolebebi miRebulia rogorc      XgX,XL ii f  

langranJis funqciis eqstremumis pirobebi, sadac m1 ,....,  

uwodeben langranJis mamravls. 
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nax. 3.1. sadgurSiga optimizaciis gamsxvilebuli blok-sqema 

dinamikuri programirebis meTodis gamoyenebiT. 

ki 

ki 
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maxasiaTeblebis parametrebis 

gaangariSeba 

maxasiaTeblebis ageba 

dinamikuri programirebis 

meTodiT 

dawnevebi 

saanmoc HH   

simZlavreebi 

saanmoc NN   

 

 

interpolacia 

simZlavris mixedviT 

winaswari marTvis pograma 

SezRudvebis gaTvaliswineba 

saboloo marTvis programa 
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interpolacia dawnevis 
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F sajarimo funqciebis Semotanisas SesaZlebelia 

utolobis tipi SezRudvebis gaTvaliswineba. sajarimo 

funqciebis Semotanis arsi mdgomareobs imasi, rom SezRudvebi 

aiReba raime woniTi koeficienti, ris Sedegadac akrZlaul 

zonaSi moxvedrisas f  funqciis mniSvnelobebidan xdeba jarimis 

gamokleba da xdeba gadaadgilebebis mimarTulebebis xelovnuri 

miaxloeba SezRudvebis zedapirTan. 

magaliTad, agregatebis mocemuli ricxvisa da 

Semadgenlobisas sadgurSiga optimizaciis kerZo amocanis 

gadawyvetisas, roca     consttHtH ji  aa  mocemuli  tN hes  

grafikisa da (1.4), (1.6) saxis SezRudvebis pirobebSi SeiZleba 

gamoyenebuli iyos lagranJis meTodi sajarimo funqciebTan 

erTad.  

mudmivi dawnevis pirobebSi agregatebis reJimebi ar aris 

erTmaneTze damokidebuli. es iZleva optimalurobis 

kriteriumebad (2.1), (2.2), (2.3) kriteriumebis qvemoT moyvanili keZo 

gamosaxulebebis gamoyenebis SesaZleblobas: 

 

 

 

 

 

     .mintQtQ

max;t

min;tN

min;tN









heshes

hes

hes

Cad

hes

  (3.13) 

raki reJimebis maCveneblebi am kriteriumebisaTvis iqneba 

erTnairi (gansxvaveba iqneba mxolod maT ricxviT SefasebaSi), 

ganvixiloT erTerTi maTgani, yvelaze ufro STambeWdavi,  tQ hes  

xarjis minimumi. maSin dasmuli amocana SeiZleba klasificirdes 

rogorc lagranJis amocana pirobiT eqstremumze diferencialur 

aRricxvis. mis amosaxsnelad aucilebelia iseTi   miznis 



87 

funqciis organizeba, romelic gaiTvaliswinebda (2.4) da (2.6) 

saxis SezRudvebs. gaviTvaliswinoT (2.4) SezRudvebi 0  

lagranJis ganusazRvreli aratrivialuri mamravlis SemotaniT, 

xolo (2.6) _ F sajarimo funqciis SemotaniT, anu  
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 (3.15) 

 

sadac i  da  0i z,...,5,1i   _ mudmivi mamravlebi 

(empirulebi);      gusinxxgnsin minmin  ff  _ funqcia_signatura, 

romelic ganisazRvreba TanafardobiT 

 







 .

0,u

;0u
gnusin

 roca 0

 roca 1
 (3.16) 

 

(2.6)-is eqstremumis aucilebeli piroba SeiZleba napovni 

iqnas Semdegi gantolebebiT 

 

  0

i

z,...,2,1i0
N






a

  (3.17) 

 

da (2.4) balansuri pirobis amoxsniT. amrigad   tN i  da a  

cvladebis  1z0  -e gantolebisaTvis gvaqvs 1z0   gantolebebi 

SeuTavsebelia da gvaqvs sawyisi amocanis amoxsna, maSin isini 

Sesabamisi iqnebian (3.14)-is amoxsnisa. 
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ramdenadac roca ,constHH ji  aa  agregatebis reJimebi 

damokidebulia erTmaneTisagan, amitom (3.17) piroba Rebulobs 

saxes:   
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(3.19) gantoleba asaxavs hidroagregatis reJimebis 

diferencialuri maCveneblebis tolobas. 

roca  iii N  a da  -is fiqsacia zRvrul 

mniSvnelobebze) vRebulobT  aa Nq  maxasiaTeblebis Semdeg 

warmodgenis formas (2.6)-is gaTvaliswinebiT: 
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 (3.21) 

   

am SemTxvevaSi  tN hes  datvirTvis optimaluri ganawilebis 

aucilebeli pirobas  z momuSave agregatebidan mocemuli 

SemadgenlobisaTvis (2.6) kriteriumis Sesabamisad eqneba saxe: 

            .ttNqtNq...tNq izzii  heshes a a a a   (3.22) 
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3.3. energetikuli maxasiaTeblebis aproqsimaciis 

sakiTxebi. 

 

  
energetikuli maxasiaTeblebi, romlebic gamoiyeneba 

gaangariSebisaTvis, kompiuteris mexsierebaSi warmodgenili 

cxriluri formis an sxvadasxva maaproqsimirebeli funqciebis 

saxiT. ufro meti sizuste miiRweva maxasiaTeblis cxriluri 

saxiT mocemis SemTxvevaSi. 

radganac agregatebis maxasiaTeblebi sawyisia teqnikuri 

amocanebis gadasawyvetad, misi sizuste ganisazRvreba ara 

gadaxriT dasawyisSi mocemuli koordinatebidan, aramed 

dasaxuli amocanis gadawyvetaze zegavleniT. es ori Sefaseba 

erTmaneTs ar emTxveva, radganac miznis funqcias reJimul 

amocanebSi arawrfivi xasiaTi aqvs. agregatebis reJimebis da 

Semadgenlobis optimaluri marTvis gansaxilvel amocanebSi 

maxasiaTeblebis sizuste unda ganisazRvros wylis gadaxarjviT 

(wylis gadaxarjvis maTematikuri lodiniT). amasTan erTad unda 

aRiniSnos, rom cdomilebebis miznis funqciaze gavlenis 

zRvruli mniSvneloba SeiZleba ganisazRvros zusti da 

mocemuli maxasiaTeblebis koordinatebis SedarebiT. 

maxasiaTeblebis modelirebis cdomilebebi zogad SemTxvevaSi 

damokidebulia koordinatebis Caweris sizustisagan sakvanZo 

wertilebSi, sakvanZo wertilebs dakvantvis bijisagan, 

maxasiaTeblebis modelirebis xerxisagan. 

Cven aq SevCerdebiT mxolod ramodenime hidroagregatebis 

maxasiaTeblebis aproqsimaciis magaliTze am sakiTxis 

gadawyvetis gzebis demonstrirebisaTvis. 

maxasiaTeblebis cxriluri formiT mocemisas gamoiyeneba 

wrfivi da kvadratuli interpolaciis xerxebi maxasiaTeblebis 

koordinatebis mosaZebnad, romlebic ar emTxveva sakvanZo 

wertilebs.  xfy   funqciis wrfivi interpolaciisas 
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aproqsimaciisaTvis gamoiyeneba niutonis formula [31] , romelic 

iZleva polonoms 

 

   001 yqyxP  ,  (3.23) 

 

sadac 0y  _ sakvanZo wertilis koordinati,  hy  _ gadaxra 

0y -dan; q  _ bijebis raodenoba, romelic aucilebelia 0x  

wertilidan x  wertilTan misaRwevad; h  _ interpolaciis biji. 

kvadratuli interpolaciisas gamoiyeneba meore xarisxis 

polonomi 

 

  
  2

0002 y
2

1qq
yqyxP 


   (3.24) 

 

aproqsimacia xdeba standartuli programebis daxmarebiT. 

interpolaciis da eqstrpolaciis xerxis arCeva damokidebulia 

maxasiaTeblis saxisgan. xarjviTi maxasiaTeblebs gaaCnia sustad 

gamoxatuli arawrfivoba, amitom savsebiT misaRebia wrfivi 

interpolacia. muSa maxasiaTeblebs m.q.k.-is vardnis marcxena da 

marjvena xazebze gaaCniaT forma, romelic axloa wrfivTan, 

xolo maqsimaluri m.q.k.-s zonaSi _ naTlad gamoxatuli 

arawrfivoba (nax. 3.2) cxadia isic, rom rac ufro mcire iqneba 

interpolaciis biji, miT ufro zustad iqneba asaxuli 

maxasiaTeblebi. 

aproqsimaciis formisa da h  interpolaciis bijis arCevis 

amocana Cveulebrivad warmoebs eqsperimentulad, radganac 

praqtikulad sainteresoa agregatebis reJimis optimizaciis 

efeqti, romelic m.q.k.-s procentis meaTed wilebs Seadgens, 

maxasiaTeblebis sizuste SeiZleba gatolebuli iqnas procentis 

meaTed wilaTan, e.i. rigiT ufro maRala optimizaciis efeqtze. 

aseTi sizustis SemTxvevaSi  SeiZleba CaiTvalos, rom 

maxasiaTeblebi kompiuterSi Setanilia cdomilebebis gareSe. 
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procentis meaTasedi wiliT cvlilebis midevneba xarjviT 

maxasiaTebelze Zalian Znelia, amitom ufro misaRebi am 

poziciidan muSa maxasiaTeblebia, anu maxasiaTeblebi fardobiT 

maCveneblebSi. 

yvelaze meti cdomilebebi SeiZleba aRmoCndes im 

wertilebSi, sadac irRveva maxasiaTeblebis simdovre. naturuli 

maxasiaTeblebisaTvis isini SeiZleba iyos ramdenime. magaliTad 

C,B,A , wertilebi nax. 3.3. aseTi wertilebs uwodeben 

maxasiaTebel wertilebs. maxasiaTeblebis sizuste maRldeba im 

SemTxvevaSi, Tu sakvanZo wertilebis ricxvSi Seva maxasiaTebeli 

wertili. 

mogvyavs interpolaciis bijis asarCevad Catarebuli 

eqsperimentuli gamokvlevebis zogierTi Sedegebi, romlebsac 

gaaCnia zogadi xasiaTi. gamokvlevebisaTvis aRebuli iyo 

mosabrunebelfrTiani, radialur-RerZuli da propeleruli 

turbinebis tipiuri maxasiaTeblebi. simZlavre muSa 

maxasiaTeblebis interpolaciis bijis Cadgmuli simZlavris 

erTidan 20%-mde margi qmedebis koeficientSi. cdomileba 

kvadratuli interpolaciisas nominaluri simZlavreebis 50-60% 

samuSao zonaSi Seadgens 0.004-0.05%. wrfivi interpolaciisas 

zRvruli cdomilebebi ufro maRalia da Seadgens igive 

pirobebSi 0.02-0.1%. cdomilebebi maxasiaTebelze uTanabrod 

nawildeba. kvadratuli interpolaciisas cdomilebebi metia m.q.k.-

s dawevisa da awevis Stoebze, xolo wrfivi interpolaciisas _ 

maqsimaluri m.q.k.-s zonaSi. interpolaciis bijis dasaSvebi 

sidide mWidrod aris dakavSirebuli maxasiaTeblis simrudesTan. 

mosabrunebelfrTiani turbinebis damreci maxasiaTeblebisaTvis 

h  biji zogad SemTxvevaSi SeiZleba aRebuli iyos ufro didi, 

vidre radialur-RerZuli turbinebis cicabo 

maxasiaTeblebisaTvis [7]. 

Catarebulma gaangariSebebis safuZvelze agebuli iqna 

simZlavris mixedviT interpolaciis bijis asarCevi planSeti 

(nax. 3.4), ris mixedviTac gaangariSebebis pirvelsawyis stadiaze 
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SeiZleba arCeuli iqnas interpolaciis biji. planSeti 

sedgenilia sxvadasxva turbinebis tipiuri muSa 

maxasiaTeblebisaTvis, romlebsac erTi maxasiaTebeli wertili 

aqvT (maqsimaluri m.q.k.-s wertili) da mudmivi biji kvadratuli 

interpolaciisas. principulad SeiZleba interpolaciis cvladi 

bijis arCevac, gansakuTrebiT im SemTxvevebSi, Tu maxasiaTeblebs 

gaaCnia ramodenime damaxasiaTebeli wertili planSeti Seicavs 

Semdeg sidideebs: maxasiaTeblis   daxrilobis maCvenebels, 

romelic ganisazRvreba rogorc tangensi kuTxisa mxebTan muSa 

maxasiaTeblis im wertilSi, sadac daxriloba yvelaze metia; 

c  _ dasaSveb absolutur cdomilebas; CN _ agrgatebis 

Cadgmuli simZlavre. ganixileboda mosabrunebelfrTiani, 

radialur-RerZuli, propeleruli da CamCiani turbinebis 

maxasiaTeblebi [8].  

nax. 3.2. xarjviTi muSa maxasiaTeblis nimuSi. 

η 

 #7
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gaangariSebebi uCvenebs, rom muSa maxasiaTeblebi SeiZleba 

mocemuli iyos zogad SemTxvevaSi 10_30 cxriluri wertiliT 

m.q.k.-s mixediT 0.05% dasaSvebi zRvruli absoluturi 

cdomilebiT. 

maxasiaTeblebis cxriluri da polimeruli formiT 

mocemuli Sedareba aCvenebs, rom cxriluri forma ufro zustia 

da 1.5_2.0-jer naklebi cdomileba gaaCnia. 

 
 

 
 
 

nax. 3.3. agregatis naturuli muSa maxasiaTeblis nimuSi. 
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nax. 3.4. simZlavriTi muSa maxasiaTeblebis interpolaciis 

bijis gansazRvris diagrama. 

 Cam.
 frT.mos. 
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daskvnebi 

 

 

1. eleqtroenergetikaSi arsebuli marTvis ierarqiis 

gaTvaliswinebiT, hesis reJimis optimizaciis amocana 

pirobiTad iyofa ramdenime gaangariSebis etapad, drosa da 

sivrceSi urTierTdakavSirebuli cvladebiT: hesis 

optimaluri grZelvadiani reJimis gaangariSeba; hesis 

moklevadiani reJimis gaangariSeba; hesis ZiriTadi 

mowyobilobis optimaluri sadgurSiga reJimis 

gaangariSeba. pirveli ori amocana zogadsistemuria. mesame 

amocanis gadawyveta xdeba hidroagregatebis muSaobis 

damyarebuli normaluri pirobebisaTvisa da garda imisa, 

rom aqvs TavisTavadi mniSvneloba, warmoadgens 

informaciul bazas sxva amocanebisaTvis; 

2. hidroeleqtrosadguris (hesis) sadgurSiga reJimis 

optimicazia, garda imisa, rom xels uwyobs 

hidroenergoresursebis SezRuduli da droiT 

reglamentirebuli maragebis racionalur gamoyenebas, 

zogad SemTxvevaSi aregulirebs energosistemis 

datvirTvasa da sixSires, rac dakavSirebulia agregatebis 

mudmivi CarTvasa da gamorTvebTan, agregatebs Soris 

datvirTvebis sistematiur gadanawilebasTan; 

3. gegmiuri ekonomikidan sabazroze gadasvlam iseve, 

rogorc sameurneo moRvaweobis sxva dargebis, Secvala 

eleqtroenergetikis ganviTarebisa da funqcionirebis 

pirobebi. kerZod, SeimCneva tendecia decentralizaciisaken 

reJimebis marTvaSi da obieqtis calkeuli mesakuTreebis 

swrafva individualuri sargeblobis miRwevisken. es kidev 

ufro aqtualurs xdis eleqtrosadgurebis, kerZod, 

hidroeleqtrosadgurebis sadgurSiga reJimebis 

optimizaciis meTodebis srulyofas TviToeuli obieqtis 

specifikis gaTvaliswinebiT; 
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4. eleqtroenergiis saerTo gamomuSavebaSi hesebze 

gamomuSavebuli eleqtroenergiis mniSvnelovani wilis 

mqone energosistemebis ekonomikurad efeqturi muSaobisa 

da enrgoresursebis optimaluri gamoyenebis 

uzrunvelyofisaTvis, aucilebelia reJimebis cikluri 

dagegmva maTi marTvis Taviseburebebis gaTvaliswinebiT. 

reJimebis dagegmvis meTodika unda Seicavdes aucilebel 

koreqtivebs elqtroenergetikaSi sabazro urTierTobebis 

xasiaTis gaTvaliswinebiT; 

5. hesis muSaobis optimaluri reJims mravali faqtori 

gansazRvravs, romelTagan arsebiTi mniSvneloba gaaCnia 

SesaZlo variantebis raodenobas. eleqtroenergiis 

deficitis pirobebSi SeuZlebelia optimaluri reJimiT 

muSaoba; 

6. hesis muSaobis zogadi kanonzomierebebis da efeqturi 

sadgurSiga reJimis organizebis Taviseburebebis 

gaTvaliswinebiT mizanSewonilia ara ramodenime, aramed 

erTi yvelaze ufro damaxasiaTebeli sadgurisaTvis 

optimalurobis kriteriumis SerCeva. aRniSnuli kriteriumi 

SeiZleba iyos, magaliTad, hesze energiis danakargebis 

minimumi, an m.q.k.-s maqsimumi. tolobebis tipis SezRudvebad 

Cveulebriv miRebuli unda iyos hesis aqtiuri da 

reaqtiuli simZlavreebis balansi, xolo utolobis tipis 

SezRudvebad _ hidroagregatis an mTlianad hesis aqtiuri 

simZlavris SezRudvebi; 

7. xangrZlivi reJimebis optimizacias, moklevadiani 

optimizaciisagan gansxvavebiT, gaaCnia Semdegi 

Taviseburebani: sawyisi informaciis didi cdomileba; 

datvirTvis da sayofacxivrebo modinebis grafikis 

sezonuri cvlilebebis gaTvaliswinebis aucilebloba; 

qveda biefis maxasiaTeblebis cvlileba zamTarSi 

yinulovani pirobebis an zafxulSi wyaldenis mcenareebiT 

gabardvis gamo; eleqtrosadgurebzemowyobilobis ricxvisa 
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da Semadgenlobis cvlileba remontis Sedegad; 

hidroenergodanadgarebis reJimis mimarT mniSvnelovani 

moTxovnebi wyalsameurneo sistemis monawileTa mxridan 

(SezRudvebi zeda da qveda biefis niSnulebSi naosnobis, 

soflis meurneobis, samrewvelo da komunaluri 

wyalmomaragebis pirobebiT da a.S.) specifiuri moTxovnebi 

arsebobs garemos dacvis mxriv. gansakuTrebuli 

sirTuleebi Semoaqvs gaangariSebebSi dedamiwaze mtknari 

wylis SezRuduli maragebis kompleqsuri gamoyenebis 

aucileblobas, masSi moTxovnilebis uwyveti zrdis 

pirobebSi. aranakleb rTulia sawyisi informaciis 

albaTuri da ganusazRvreli xasiaTis gaTvaliswinebac; 

8. hesis muSaobis zogadi kanonzomierebebis da efeqturi 

sadgurSiga reJimis organizebis Taviseburebebis 

gaTvaliswinebiT mizanSewonilia ara ramodenime, aramed 

erTi yvelaze ufro damaxasiaTebeli sadgurisaTvis 

optimalurobis kriteriumis SerCeva. aRniSnuli kriteriumi 

SeiZleba iyos, magaliTad, hesze energiis danakargebis 

minimumi, an m.q.k.-s maqsimumi. tolobebis tipis SezRudvebad 

Cveulebriv miRebuli unda iyos hesis aqtiuri da 

reaqtiuli simZlavreebis balansi, xolo utolobis tipis 

SezRudvebad _ hidroagregatis an mTlianad hesis aqtiuri 

simZlavris SezRudvebi; 

9. hesebis eqspluataciisaTvis damaxasiaTebeli 

specifikuri  hidroenergetikuli problemebis arsebobis 

gamo SeuZlebelia am etapze hesebis daproeqtebis stadiaze 

miRebuli gadawyvetis meTodebis gamoyeneba yvela reJimuli 

amocanisaTvis; 

10. mocemuli algoriTmebi, ZiriTadad emyareba 

hidroagregatebis energetikuli maxasiaTeblebis 

biblioTekis da ZiriTadad dinamikuri programirebis 

(`dinamikuri dagegmvis~) maTematikuri meTodis gamoyenebas. 

rogorc am  ukanasknelis gamoyenebis gamocdileba aCvenebs, 
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igi iZleva yvelaze ufro zust Sedegebs da SeiZleba 

gamoyenebuli iqnas rogorc `etalonuri~ meTodi 

algoriTmebis Sedarebisas; 

11. dinamikuri programirebis meTodiT agebuli hesis 

energetikuli maxasiaTeblebis safuZvelze SeiZleba zogad 

SemTxvevaSi ganisazRvros agregatebis Semadgenloba da 

simZlavre optimizaciis gansaxilveli periodis TiTeuli 

droiTi intervalisaTvis. amasTan, SezRudvebis kompleqsis 

srulad gaTvaliswinebis SeuZleblobis gamo algoriTmis 

meore nawilSi xdeba pirvel nawilSi miRebuli gadawyvetis 

kompromisuli gziT Sesworeba; 

12. situaciuri TvalsazrisiT agregatebis marTva 

SeiZleba ganxorcieldes sistemis normalur, avariul da 

avariis Semdgom reJimebSi. aRniSnul situaciebSi 

optimizaciis kriteriumi sxvadasxvaa. normaluri 

eqspluataciis pirobebSi kriteriumia energoresursi, 

avariul situaciebSi _ saimedoobis romelime maCvenebeli. 

kriteriumebs Soris gansxvaveba aisaxeba sadgurSiga 

optimizaciis algoriTmis struqturaze; 

13. utolobis tipis SezRudvebi reaqtiuli datvirTvebis 

mixedviT ZiriTadad ganisazRvreba energosistemis reJimis 

mdgradobiT da damokidebulia mTlianad hesze da ara 

TiToeul agregatze. daSvebebi agregatis gaSveba-gaCerebis 

dasaSvebi maqsimaluri ricxvis mixedviT T  periodis 

ganmavlobaSi ganisazRvreba hidroagregatebis muSaobis 

saimedoobis uzrunvelyofis moTxovnebiT; 

14. energetikuli maxasiaTeblebis ageba da maTi 

damaxsovreba mravalricxovani ariTmetikuli operaciebis 

ganxorcielebiT kompiuteris mexsierebaSi SesaZlebelia 

cxriluri formiT an sxvadasxva maaproqsimerebeli 

funqciebis saxiT. cxriluri forma ufro zustia da mas 
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1.5_2.0-jer naklebi cdomileba gaaCnia polinomur 

formasTan SedarebiT; 

15. reJimis optimizaciis rTuli amocanebis ricxviTi 

amoxsnebis garda, mizanSewonilia am amocanebis 

gamartivebuli variantebis amoxsnebis qona, romlebic 

SesaZleblobas mogvcems davadginoT hesebis sadguSiga 

reJimebis optimaluri marTvis ZiriTadi kanonzomierebebi, 

rac Tavis mxriv iZleva ricxviTi meTodebiT amoxsnebis 

koreqtulobis kontrolis saSualebas. 
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