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saqarTvelos eleqtorenergetikuli sistemis optimaluri

struqturis gansazRvra

lela gaCeCilaZe, nana kurkumuli, sofio barnovi, lia nonikaSvili

saqarTvelos teqnikuri universiteti

reziume

naSromSi dasmuli da gadawyvetilia saqarTvelos eleqtroenergetikuli sistemis

maTematikuri modelis SemuSavebisa da misi optimaluri struqturis gansazRvris amocana.

eleqtroenergetikuli sistemis optimalur struqturaSi igulisxmeba sxvadasxva tipisa

da simZlavris eleqtrosadgurebis erToblioba, romelic uzrunvelyofs eleqtro-

energiiT qveynis dakmayofilebas, risTvisac aucilebelia, rom saqarTvelos

eleqtroenergetikuli sistemis mier yovelwliurad gamomuSavebuli eleqtroenergia erT

sul

mosaxleze iyos saSualo evropuli donis (daaxloebiT 78 aTasi kilovatsaaTi

weliwadSi), xolo saerTo wliuri gamomuSaveba – 45 miliardi kilovatsaaTi.

sakvanZo sityvebi: gradientuli meTodi. simZimis centrebis meTodi. iteraciuli

algoriTmi. eleqtroenergia. bazisuri simZlavre. pikuri energia. pikuri simZlavre.

1. Sesavali

cnobilia, rom eleqtroenergiis warmoeba saqarTveloSi 1887 w. daiwyo. istoriul

wyaroebze dayrdnobiT, TbilisSi eleqtroganaTebis gamoyenebis pirveli iniciatori

qarTveli mwerali da sazogado moRvawe ilia WavWavaZe gaxldaT. saqarTvelos hidroener-

getikuli potenciali msoflioSi erT-erT pirvel adgilzea farTobis gaTvaliswinebiT.

samwuxaroa, magram faqtia, saqarTvelos eleqtroenergetikuli sistema ukanaskneli

oTxi aTeuli wlis ganmavlobaSi mkveTrad deficituri iyo, rac ganpirobebuli gaxldaT

araswori energetikuli politikiT, romelic wlebis ganmavlobaSi xorcieldeboda saqar-

TveloSi. aseTi politikis Sedegad saqarTvelos eleqtroenergetika didwilad dafuZne-

buli iyo importul organul saTbobebze, xolo saqarTvelos hidroenergoresursebis

mxolod mcire nawili iyo aTvisebuli.

ukanasknel wlebSi garkveulwilad gaumjobesda qveynis eleqtroenergiiT momarageba,

Tumca, umZimesi krizisi, romelic gasuli saukunis 90-ian wlebidan daiwyo, ar SeiZleba

CaiTvalos daZleulad.organul saTbobebze fasebis zrdis arnaxuli tempebis pirobebSi

gansakuTrebiT did mniSvnelobas iZens hidroenergoresursebis aTviseba. saqarTvelo, ki

cnobilia mdidari hidroenergetikuli resursebiT.

energetikuli politikis SemuSavebaSi didi mniSvneloba eniWeba ekonomikur

sakiTxebsac, romlis gareSec praqtikulad SeuZlebelia ama Tu im energoresursis

konkurentunarianobis dadgena. amasTan dakavSirebiT, dReisaTvis aqtualuria saqarTvelos

eleqtroenergetikuli sistemis optimaluri struqturis gansazRvra, rac aRniSnuli

sistemis yovelmxrivi analizis, maTematikuri modelirebisa da optimizaciis ricxviTi

meTodebis saSualebiT SeiZleba ganxorcieldes.

2. ZiriTadi nawili

naSromis mizania ganisazRvros, Tu ra tipis da ra simZlavris eleqtrosadgurebi

unda aSendes saqarTveloSi, rom kapitaluri dabandebisa da saeqspluatacio xarjebis

jami iyos minimaluri da energiis saerTo wliuri gamomuSaveba Seadgendes 45 mlrd.

kvt.sT-s.aRniSnuli amocanis gadasawyvetad mivmarTavT optimizaciis wrfivi daprogramebis

didi ganzomilebis amocanas, romlis sarealizaciod SemoTavazebulia ori iteraciuli
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algoriTmis gamoyeneba. pirveli algoriTmi SemuSavebulia simZimis centrebis meTodis

bazaze, xolo meore – mudmivbijiani gradientuli meTodis bazaze.

ganvixiloT wrfivi daprogramebis standartuli amocana: [1,4].
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rogorc cnobilia, wrfivi daprogramebis amocanebSi simZimis centrebis meTodis

gamoyeneba SesaZlebelia mxolod im SemTxvevaSi, Tu damoukidebeli x cvladebis

SemTxveviTi wesiT gamomuSaveba dasaSveb amonaxsnTa simravleSi ganxorcieldeba. magram

cvladebis dasaSvebi mniSvnelobebis aseTi wesiT gansazRvra didi raodenobiT

statistikuri cdebis Catarebas iTvaliswinebs, rac kompiuteruli drois mniSvnelovan

danakargebs ukavSirdeba. meTodis efeqturobis gazrdis mizniT SevimuSaveT dasaSveb

amonaxsnTa gansazRvris damxmare algoriTmi, romlis idea SemdegSi mdgomareobs. Rn

sivrcis nebismieri x(0)wertilidan, romelic i-ur utolobas ar akmayofilebs,

ganxorcieldeba orTogonaluri daSveba am utolobis Sesabamis hipersibrtyeze Semdegi

rekurentuli formulis saSualebiT:
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im SemTxvevaSi, roca x(0) wertili erTdroulad ar daakmayofilebs SezRudvaTa

sistemis ramdenime utolobas, maSin dasaSvebi wertilis misaRebad orTogonaluri daSevba

Tanmimdevrulad xorcieldeba TiToeuli daukmayofilebeli utolobis mimarT.

dasaSvebi amonaxsnebis gansazRvris ganxiluli damxmare algoriTmisa da simZimis

centrebis meTodis bazaze SemuSavebuli pirveli iteraciuli algoriTmi saSualebas

gvaZlevs optimizaciis wrfivi amocanebi sainJinro praqtikaSi misaRebi sizustiT

martivad da swrafad gadavwyvitoT [2].

wrfivi daprogramebis didi ganzomilebis amocanebis gadasawyvetad SemuSavebulia,

agreTve, meore iteraciuli algoriTmi, romlis arsi SemdegSi mdgomareobs. dasaSvebi

aris sawyisi  (0) (0) (0) (0)
1 2, ,..., nx x x x wertilidan ganxorcieldeba gadaadgileba miznis ( )f x

funqciis gradientis veqtoris mimarTulebiT Semdegi rekurentuli formulis

safuZvelze:
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sadac 0  raRac dadebiTi sididea, xolo 0,1,2,...k  iteraciebis ricxvia. Tu gaviTva-

liswinebT, rom wrfivi funqciis kerZo warmoebulebi miznis funqciis Sesabamis
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cvladebTan mdgomi koeficientebis tolia, anu
1
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gamosaxuleba SeiZleba gavamartivoT da Semdegi saxiT warmovadginoT:
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algoriTmis mixedviT, gadaadgilebis yovel bijze miRebuli wertili Semowmdeba

SezRudvebze [3].

swored, zemoT warmodgenili algoriTmebis safuZvelze gadawyvetil iqna naSromSi

dasmuli amocana, romlis miznis funqcias aqvs Semdegi saxe:
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sadac, Pi aris i-uri tipis sadgurebis jamuri simZlavre, ia ki i -uri tipis sadguris
erTeuli simZlavris asaSeneblad saWiro kapitaluri dabandebebi, dol/kvt; Сi - i-uri
tipis sadguris erTeul simZlavreze gaweuli wliuri saeqspluatacio danaxarjebi,

dol/kvt.w; xolo E - normatiuli koeficienti da igi normatiuli vadis Sebrunebuli

sididea
E

T 1
 . eleqtroenergetikaSi 12.0E .

amocanis SezRudvebi ki warmodgenilia Semdegi saxiT:

1. energosistemaSi Sesayvani axali pikuri eleqtrosadgurebis da arsebulis jamuri

simZlavre meti unda iyos moTxovnil pikur simZlavreze:

p044 PPP  , anu
404 PPP  p

(7)

sadac
p0P aris moTxovnili pikuri simZlavre, xolo 4P - arsebuli pikuri sadgurebis

jamuri simZlavre.

2. energosistemaSi Sesayvani axali pikuri eleqtrosadgurebis da arsebuli pikuri

sadgurebis mier gamomuSavebuli energia meti unda iyos moTxovnil pikur energiaze:

pp WWPt  044 (8)

sadac
p0W aris moTxovnili pikuri energia, xolo

pW _ arsebuli pikuri sadgurebis mier

gamomuSavebuli energia.

3. energosistemaSi Sesayvani axali bazisuri eleqtrosadgurebisa da arsebuli

bazisuri eleqtrosadgurebis jamuri simZlavre  unda aWarbebdes moTxovnilebas bazisur

simZlavreze:
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sadac
b0P aris moTxovnili bazisuri simZlavre, xolo

bP - arsebuli bazisuri sadgurebis

jamuri simZlavre.

4. asaSenebeli bazisuri sadgurebis da arsebuli bazisuri sadgurebis mier ga-

momuSavebuli jamuri energia meti unda iyos moTxovnil bazisur energiaze:
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sadac
b0W aris moTxovnili bazisuri energia, xolo

bW _ arsebuli bazisuri sadgurebis

mier gamomuSavebuli energia.

5. wyalsacaviani bazisuri eleqtrosadgurebis jamuri simZlavre ver gadaaWarbebs

imas, risi SesaZleblobac aris saqarTvelos mdinareebze:

022 PP  (11)

dRevandeli monacemebiT   6
02 105.22 P kvt.

6. adgilobriv qvanaxSirze momuSave Tes-ebis mier gamomuSavebuli energia ver

gadaaWarbebs im energias, romlis gamomuSavebac SesaZlebelia saqarTveloSi mopovebuli

qvanaxSiriT:

0555 WPt  (12)

eqspertTa SefasebiT, arcTu Soreul momavalSi, SesaZlebeli iqneba saqarTveloSi

qvanaxSiris mopoveba gautoldes 3 mln tonas weliwadSi. tyibulis qvanaxSiris

Tbounarianobis mixedviT 1 kvt.sT energiis gamomuSavebas sWirdeba  0.6kg. es niSnavs,

rom 9
05 105 W kvt sT/w.

7. analogiuri SezRudva gvaqvs mura naxSirze momuSave Tes-ebisTvis:

0666 WPt  (13)

aseve, eqspertTa SefasebiT, axalcixis mura naxSiris mopovebam SeiZleba Seadginos

1mlnt/w. am mura naxSiris saSualo Tbounarianobidan gamomdinare,

1 kvt.sT eleqtroenergiis misaRebad saWiroa 0.95 kg muranaxSiri. rac imas niSnavs, rom
9

06 10W kvt sT/w.

8. aseve anlogiuri SezRudva gveqneba mazuTze momuSave Tes-ebisaTvis:

0777 WPt  (14)

saqarTvelos navTobgadamamuSavebel qarxnebSi axlo momavalSi SeiZleba gadamuSav-

des rogorc adgilobrivi, ise baqo-sufsa, baqo-Tbilisi-jeihanis magistralebiT gamavali

navTobis nawili 45 mlnt weliwadSi. Tanamedrove teqnologiebiT am raodenobis

navTobis gadamuSavebis Sedegad SeiZleba miviRoT daaxloebiT 1 mln.t mazuTi weliwadSi.

1 kvt.sT eleqtroenergiis misaRebad saWiroa 0.25kg mazuTi. aqedan gamomdinare,  109kg

mazuTis dawviT miviRebT 4 109kvt.sT/w, anu 9
07 104 W kvt sT/w.

9. adgilobriv airze momuSave Tes-ebSi gamomuSavebuli eleqtroenergia ver

gadaaWarbebs imas, ris SesaZleblobasac mogvcems mopovebuli airi:

0888 WPt  (15)

10. qaris eleqtrosadgurebis jamuri simZlavre ver gadaaWarbebs saqarTveloSi

arsebuli qaris realurad gamoyenebad simZlavres

099 PP  (16)

optimizaciis amocanis amoxsniT miRebuli Sedegebi warmodgenilia qvemoT. wrfivi

daprogrmebis (6)-(16) amocanaga dawyvetil iqna, xolo arsebuli Sedegi simZlavreebis

gaTvaliswinebiT Semdegia:

6
5 0.33 10P   kvt,

6
6 2.0 10P   kvt, 6

10 0.58 10P   kvt

iteraciuli algoriTmebiT miRebul iqna Semdegi optimaluri amonaxsni:
*

1 0P  , * 6
2 0.24 10P   , * 6

3 0.67 10P   , * 6
4 0.53 10P   ,
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* 6
5 2.00 10P   , * 6

6 2.28 10P   , *
7 0P  , *

8 0P  , *
9 0P  ,

* 6
10 0.67 10P   , * 6

11 0.50 10P   , *
12 0P  , *

13 0P  , * 631416.93 10F   .

3. daskvna

amrigad, miRebuli Sedegebis mixedviT SeiZleba davaskvnaT, rom saqarTvelos eleq-

troenergetikul sistemas praqtikulad SeuZlia eleqtroenergiaze moTxovnis

adgilobrivi energoresursebiT dakmayofileba weliwadSi 45 miliardi kilovatsaaTis

doneze.
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DETERMINATION OF THE OPTIMAL STRUCTURE OF THE ELECTRO ENERGY
SYSTEM OF GEORGIA

Gachechiladze Lela, Kurkumuli Nana, Barnovi Sophio, Nonikashvili Lia
Georgian Technical University

Summary

The paper posed and solved a mathematical model of the electro energy system of Georgia and
the optimal structure of the task. The unity of different types and capacity of electrical energy sta-
tions, which provides with energy the country, is meant in the optimal structure of the electro
energy system, for which it is necessary that Georgian electrical system averagely elaborated an-
nually for a person equally to European level (about 7-8 KWh annually), and generally 45 billion
KWh annually.

ОПРЕДЕЛЕНИЕ ОПТИМАЛЬНОЙ СТРУКТУРЫ ЭЛЕКТРОЭНЕРГЕТИЧЕСКОЙ
СИСТЕМЫ ГРУЗИИ

Гачечиладзе Л., Куркумули Н., Барнови С., Ноникашвили Л.
Грузинский Технический Университет

Резюме

Поставлена и решена задача разработки математической модели электроэнергетической
системы Грузии и определения её оптимальной структуры. Под оптимальной структурой
электроэнергетической системы подразумевается совокупность электростанций розличных
типов и мощностей, которые обеспечивают потребность республики электроэнергий.Для этого
необходимо, чтобы электроэнергетической системой Грузии была выработана  годовая
электроэнергия на душу населения, ровная в среднем европейскому уровню (около 7000 8000
кВт-ч в год), а общая  годовая выработка - 45 млрд кВтч.


