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ჯგ N__________  სტუდენტი:___________ 

ამოსავალი მონაცემები 

N variantი

mdinare --------------
# wlebiEE I II III IV V VI VII VIII IX X XI XII
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3

Lder=
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მდინარეების ჰიდროლოგიური მონაცემების ვარიანტები  
I variantი

mdinare rioni-sad.namaxvani
# wlebiEE I II III IV V VI VII VIII IX X XI XII

1 1931-32 47,5 62,4 227 244 350 320 268 137 125 111 65,6 75,8

2 1939-40 110 96,6 94,5 285 357 275 277 235 199 291 178 117

3 1973-74 37,7 49,7 125 184 224 228 217 119 49,1 76,6 111 97,1

Lder=

II varianti
mdinare rioni-sad.namaxvani

# wlebiEE I II III IV V VI VII VIII IX X XI XII
1 1936-37 54,2 123 160 400 276 329 262 159 108 204 167 135

2 1935-36 30,2 53,6 85 240 247 209 149 106 100 65,2 74,7 89,1

3 1977-78 75,5 125 191 272 281 228 199 176 178 159 98,6 83

Lder=

III variantი
mdinare rioni-sad.namaxvani

# wlebiEE I II III IV V VI VII VIII IX X XI XII
1 1940-41 115 140 194 400 276 329 262 159 108 204 167 135

2 1955-56 54,7 79,4 87,5 240 247 209 149 106 100 65,2 74,7 89,1

3 1959-60 82,3 139 103 272 281 228 199 176 178 159 98,6 83

Lder=

IV varianti
mdinare rioni-sad.namaxvani

# wlebiEE I II III IV V VI VII VIII IX X XI XII
1 1951-52 72,2 106 128 173 245 245 183 115 126 186 135 109

2 1962-63 114 83,5 99,5 163 193 158 136 97,8 57,4 87,5 49 129

3 1978-79 116 128 113 306 348 361 268 238 105 102 99,1 96,5

Lder=

V variantი
mdinare rioni-sad.namaxvani

# wlebiEE I II III IV V VI VII VIII IX X XI XII
1 1956-57 50,3 70,5 168 343 394 405 255 159 157 116 209 121

2 1969-70 50,3 114 117 182 246 189 127 90,1 61,1 87,2 62,2 79,5

3 1982-83 45,7 64,1 150 362 355 270 266 189 89,5 40,3 48,4 41

Lder=

VI varianti

mdinare xudoni-sad.xaiSi
# wlebiEE I II III IV V VI VII VIII IX X XI XII
1 1942-43 15,9 14,1 14,4 68,9 174 192 225 145 72,9 30,1 35,1 25,2

2 1983-84 30,9 28 45,5 119 250 263 381 328 179 117 107 57,8

3 1986-87 19,5 20,2 26,9 112 147 314 359 225 130 42,3 32,3 23,1

Lder=
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VII varianti

mdinare xudoni-sad.xaiSi
# wlebiEE I II III IV V VI VII VIII IX X XI XII
1 1943-45 25,7 19,1 17,7 38,6 87,6 121 138 126 57,6 41 34 22,2

2 1967-68 28,2 21,6 30 63,5 198 205 256 252 93 54,2 34,6 34,2

3 1978-79 33,2 42,8 51,2 71,5 207 301 467 320 127 88,3 53,8 33,2

Lder=

VIII variantი

mdinare xudoni-sad.xaiSi
# wlebiEE I II III IV V VI VII VIII IX X XI XII
1 1945-46 26,2 21,2 22,9 47,4 105 143 162 118 83,4 56,3 40,1 31,7

2 1966-67 19,2 16,2 19,5 94,5 195 274 243 250 111 49,8 31,5 25,5

3 1982-83 27,1 27 37,3 148 314 378 410 222 125 49 35,6 27,3

Lder=

IX variantი

mdinare xudoni-sad.xaiSi
# wlebiEE I II III IV V VI VII VIII IX X XI XII
1 1969-70 20,3 20,6 35,2 61,2 174 203 163 162 77,9 42,2 27,3 25,4

2 1965-66 37,3 32,6 37,6 96,5 229 278 271 212 105 52,1 41,9 35,2

3 1979-80 19,3 19,7 33,5 145 338 354 320 264 134 60,9 104 51,5

Lder=

X varianti

mdinare xudoni-sad.xaiSi
# wlebiEE I II III IV V VI VII VIII IX X XI XII
1 1973-74 67,9 147 202 240 196 64,3 48,1 43,8 37,6 28,2 26 44,8

2 1982-83 27,1 27 37,3 148 314 378 410 222 125 49 35,6 27,3

3 1987-88 30,5 27,6 41,2 75,1 408 603 586 354 137 98,1 49,6 46,5

Lder=

XI varianti

mdinare xudoni-sad.xaiSi
# wlebiEE I II III IV V VI VII VIII IX X XI XII
1 1942-43 15,9 14,1 14,4 68,9 174 192 225 145 72,9 30,1 35,1 25,2

2 1983-84 30,9 28 45,5 119 250 263 381 328 179 117 107 57,8

3 1986-87 19,5 20,2 26,9 112 147 314 359 225 130 42,3 32,3 23,1

Lder=
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Sesavali
cnobilia, rom mdinaris Camonadenis cvalebadobis xasiaTi ar

Seesabameba adamianis mier wyalze moTxovnilebis cvalebadobis xasiaTs.
amitom ismis sakiTxi, mdinaris Camonadeni gadanawildes adamianis
moTxovnilebis Sesabamisad, aseT gadanawilebas regulirebas uwodeben.
cxadia, rom sxvadasxva organizacia da sawarmo ayenebs sxvadasxva
moTxovnas rogorc wylis xarjvis odenobaze, aseve wylis moxmarebis
reJimze. aqedan gamomdinare, regulirebis mizania SeZlebisdagvarad
erTdroulad daakmayofilos es moTxovnebi. am miznis
gansaxorcieleblad mdinareze iqmneba Camonadenis saregulacio
wyalsacavebi. maTi saSualebiT SesaZlebeli xdeba wyalmomxmareblebs
mivawodoT gacilebiT ufro meti wyali gazrdili moTxovnilebis
periodSi, vidre es moxerxdeboda bunebrivi Camonadenis SemTxvevaSi.
wylis raodenobriv gadanawilebas wyalsacavidan sxvadasxva
organizaciebs Soris safuzvlad unda daedos TiToeuli organizaciis
mier maqsimaluri mogebis miRebis principi, magram, radganac sxvadasxva
organizacia da sawarmo urTiersawinaaRmdego moTxovnebs ayenebs, aseTi
principi saxalxo meurneobisaTvis mTlianobaSi SeiZleba araxelsayreli
aRmoCndes. iseTi momxmareblebisaTvis, romlebic wyalsameurneo
kompleqsSi ZiriTads warmoadgenen, SesaZlebelia visargebloT
warmoebuli produqciis erTeulze minimaluri danaxarjebis miRebis
principiT.

saqarTveloSi, gansakuTrebiT ki mis dasavleT nawilSi, cylis
ZiriTad momxmarebels warmoadgens hidroenergetika, ris gamoc am
ukanasknelisTvis SesaZlebelia iseTi kriteriumis miReba, romlis
mixedviTac hesis gamoyeneba mizanSewonilia sistemis dRe-Ramuri
datvirTvis grafikis pikur nawilSi. garkveul pirobebSi es kriteriumi
segviZlia SevcvaloT ufro martivi (gmomuSavebuli energiis maqsimumis)
kriteriumiT. miRebuli kriteriumebi saSualebas iZleva calsaxad
ganvsazRvroT hidroeleqtrosadguris mier wylis moxmarebis reJimi, e.i.
turbinebSi gasuli xarjis cvalebadobis kanoni saangariSo
periodisaTvis da maSasadame, maqsimaluri (dadgmuli) simZlavrec da
saSualo mravalwliuri gamomuSavebac. aseTi gaangariSebis sirTulis
gamo students ar moeTxoveba romelime kriteriumis mixedviT wylis
moxmarebis optimaluri reJimis dadgena. Tumca, miuxedavad amisa, man
unda icodes realur proeqtSi gamoyenebuli is Tanmimdevroba, romelsac
mivyavarT wyalsacavisa da hidroeleqtrosadguris optimaluri
parametrebis dadgenamde. magaliTad, proeqtis teqnikur-ekonomikuri
dasabuTebis stadiaze (ted), SeirCeva ra xelsayreli kveTi mdinareze
ekonomikuri tipis kaSxlis gansaxorcieleblad, warmoebs gaangariSebebi
yvelaze xelsayreli normaluri Setborvis donis (nSd) niSnulis
dasadgenad. es gaangariSebebi moiTxovs dainiSnos ramdenime Setborvis
niSnuli da TiToeuli maTganisaTvis miRebuli kriteriumis safuZvelze
dadgindes wylis moxmarebis optimaluri reJimi, rac gamoavlens
wyalsacavis damuSavebis optimalur siRrmes, dadgmul simZlavresa da
saSualo mravalwliur gamomuSavebas. gveqneba, ra eleqtrosadguris
aseTi parametrebi Setborvis sxvadasxva niSnulisaTvis da agreTve misi
Sesabamisi dayvanili dinamiuri danaxarjebi, SegviZlia vipovoT
dasaproeqtebeli sadguris gansaxilveli variantis tolfasi (Semcveli)
eleqtrosadgurisaTvis saWiro dayvanili danaxarjebi. cxadia, nSd-is
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zrdasTan erTad erTeuli produqciis misaRebad saWiroa dayvanili
dinamikuri danaxarjebis gazrda, magram damatebiTi 1 kvt simZlavris
misaRebad saWiro dinamiluri danarjebi mcirdeba, rodesac es nazrdi
gautoldeba Semcvlel eleqtrosadgurze (mag., sakondensacio sadgurze)
saTanado energiis misaRebad saWiro danaxarjebis nazrds, miviRebT
uxelsayreles nSd-is niSnuls. am niSnulisaTvis Catarebuli
gaangariSebis mixedviT ukve grkveuli iqneba wylis moxmarebis
optimaluri rejimi da, maSasadame, Sesabamisad wyalsacavis damuSavebis
optimaluri siRrme, dadgmuli simZlavre da saSualo mravalwliuri
gamomuSaveba.

sakurso proeqtSi, zemoaRniSnulisagan gansxvavebiT, nSd iniSneba
winaswar, adgilmdebareobis topografiuli da geologiuri pirobebis
gaTvaliswinebiT.

wyalsacavis damuSavebis siRrmed ki aiReba kaSxliT Seqmnili

dawnevis daaxloebiT erTi mesamedi, e.i.
3

Set

dam

H
h  . garda amisa, nSd-sa da

damh -is dadgenisas mxedvelobaSi miiReba mdinaris zemo an qvemo welze

aSenebuli eleqtrosadgurebis zemo da qvemo biefebis niSnulebi,
wyalsacavis tafobis topografia (rac gamosaxulia wyalsacavis
moculobis mrudis moxazulobiT), geologia (gruntis filtraciis
maxasiaTebeli) da mravali sxva faqtori. aRniSnuli faqtorebis
gaTvaliswineba sakurso proeqtSi xdeba maswavlebelTan SeTanxmebiT.
modinebuli xarjis hesis mier (optimaluri rejimis dadgena) proeqtSi
Secvlilia wyalmcirobis periodSi modinebuli xarjis
SeZlebisdagvarad gazrdiTa da gaTanabrebiT. aseTi gazrdisa da
gaTanabrebis xarisxi damokidebulia wyalsacavis sasargeblo
moculobaze.

radganac hidroteqnikur nagebobaTa specialobis studentebisaTvis
hidroenergetikuli gaangariSebani da hesis Senobis daproeqteba keTdeba
erTad, pirvel sakurso proeqtSi es angariSebi gavaerTianeT erT
meTodur miTiTebaSi.

hidrosadgurebis mSeneblobis specializaciis studentebisaTvis es
angariSebi keTdeba gayofilad-pirveli da meore sakurso proeqtis saxiT.

amosavali monacemebi hesis hidroenergetikuli gaangariSebisaTvis
1. saSualo Tviuri xarjebi uxvwyliani, saSualowyliani da

mcirewyliani wlebisaTvis (cxrili1).
2. wyalsacavSi wylis donesa da moculobas Soris damokidebulebis

mrudi (nax.1.).
3. qvemo biefSi wylis donesa da xarjs Soris damokidebulebis mrudi

(nax.2.).
4. energosistemis dRe-Ramuri datvirTvis grafiki, perspeqtivaSi misi

moxazulobis cvlilebis maCvenebeli koeficientebi (nax.3).
5. derivaciuli sadgurisaTvis derivaciisa da saturbino milsadenis

jamuri sigrZe (L).

wyalsameurneo gaangariSebebi da hesis wyaldeniT uzrunvelyofili
simZlavris dadgena

1. mocemuli saSualo Tviuri xarjebis safuZvelze sami
damaxasiaTebeli wyalsameurneo wlisaTvis vagebT hidrografs
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milimetrulaze (zomebiT 60*100sm). grafikis agebisas unda
gaviTvaliswinoT, rom yvelaze wyaluxvi Tvis saSualo Tviuri xarjis
Sesabamisi vertikaluri zoma masStabSi Seadgens 8sm-s; horizontaluri
mimarTulebiT_1sm-s SeusabamebT 1 Tves. imave naxazze wyvetili xaziT
davitanoT saSualo wliurisa (wyalsameurneo wlisaTvis) da saSualo
mravalwliuris Sesabamisi wirebi (nax.4).

2. mocemuli saSualo Tviuri xarjebis safuZvelze aigeba
Camonadenis integraluri mrudi iribkuTxa koordinatTa sistemaSi
Semdegi formuliT:

  tQQW
t

t
tt 





36

1
saS.mr. (1)

sadac  36,...3,2,1tQt aris modinebis saSualo Tviuri xarjebi

wyalsameurneo wlis pirveli, meore da danarCeni TveebisaTvis; saS.mr.Q -

saSualo mravalwliuri xarji da warmoadgens mudmiv sidides; t -
drois intervali da wliuri an mravalwliuri regulirebis SemTxvevaSi,

aiReba 1 Tvis tolad, e.i. 60602430 t wm; tW -Camonadenis is

moculoba, romelic iribkuTxa koordinatTa sistemaSi horizontalurad
aRebuli zemoT an qvemoT unda gadaizomos (misi niSnis mixedviT t -s

yvela mniSvnelobisaTvis, e.i.  36,...3,2,1t . mizanSewonilia, tW -saTvis

masStabi ise SevarCioT, rom misi Sesabamisi vertikaluri zoma naxazze
Seadgendes 7-8 sm-s. amave dros xelsayreli iqneba, Tu 1 sm-s SevusabamebT
10-is jerad moculobas.
(1) formulis mixedviT agebul integralur mrudze gatarebul nebismier
wrfes Seesabameba garkveuli xarji da cxadia wrfis daxris kuTxe
gansazRvravs mis sidides.

3. imisaTvis, rom SegveZlos am integraluri mrudis sibrtyeze
gatarebuli wrfis Sesabamisi xarjis gamoTvla, saWiroa koordinatTa
saTavidan gavataroT nulovani xarjis Sesabamisi daxrili wrfe.
amisaTvis unda vipovoT iseTi wertili sibrtyeze, romelic gamoxatavs
ori an sami Tvis Sesabamis saSualo mravalwliuri xarjiT gamoTvlil
Camonadenis moculobas, e.i. iribkuTxa koordinatTa sistemaSi saWiroa
vipovnoT wertili, romlis abscisa 3T Tves da ordinata

6060243030  saS.mr.QW m3. amave dros unda gvaxsovdes, rom napovni W

moculoba gadaizomeba t RerZis qvemoT. koordinatTa saTavis da napovni
wertilis SemaerTebeli wrfe warmoadgens nulovani xarjis Sesabamis
wrfes. naxazze gatarebuli nebismieri wrfis Sesabamisi xarji
gamoiTvleba am wrfesa da nulovani xarjis Sesabamis wrfes Soris
arsebuli kuTxis mixedviT. Tu gatarebuli wrfe horizontaluri t-Ta
RerZis dadebiT mimarTulebasTan mis qvemoT qmnis maxvil kuTxes, maSin
am wrfis Sesabamisi xarji (m3/wm):

n

m
tgtgQ  )(  (2)

sadac  aris kuTxe RerZsa da gatarebul nulovani xarjis

Sesabamis wrfes Soris:  _ki kuTxe t RerZsa da gatarebul wrfes Soris;
m _naxazze 1 sm-iani monakveTis Sesabamisi siTxis moculoba, m3; n _imave
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naxazze t RerZis gaswvriv aRebuli 1 sm-iani monakveTis Sesabamisi dro,
wm.

Tu gatarebuli wrfe abscisaTa RerZis zemoT qmnis maxvil kuTxes,
maSin (2) gamosaxulebaSi uaryofiTi niSani unda Seicvalos dadebiTi
niSniT. rogorc zemoT aRvniSneT, mizanSewonilia, drois masStabisaTvis
1 sm-s SevusabamoT 1 Tve, maSin gveqneba 60602430  tn wm, rogorc
Cans, nm / Tanafardoba SerCeuli masStabisTvis warmoadgens mudmiv
sidides.

agebuli integraluri mrudis saSualebiT SegviZlia vipovoT
wyalsacavis is moculobebi, romlebic saWiroa mcirewyliani,
saSualowyliani da uxvwyliani wlebis Camonadenis dasaregulireblad.
aq daregulirebis qveS igulisxmeba mdinaris modinebuli uTanabro
xarjis gaTanabreba ise, rom wlis SigniT aRebuli nebismieri
momentisaTvis moxmarebis xarji saSualo wliuri xarjis toli iyos.
saregulacio moculobis dasadgenad unda gavavloT integraluri
mrudis iseTi mxebi, romelic saSualo wliuri wrfis paraleluri iqneba.
am or wrfes Soris vertikaluri manZili gamoxatavs Camonadenis

dasaregulireblad saWiro wyalsacavis moculobas ( sar.wl.W ).

analogiurad, Tu integralur mrudze gavatarebT iseT mxebs,
romelic saSualo mravalwliuri wrfis paraleluri iqneba, SevZlebT
davadginoT Camonadenis mTlianad dasaregulireblad saWiro
wyalsacavis moculoba. miRebuli moculobebis gayofiT Camonadenis
saSualo mravalwliur moculobaze, vipoviT wyalsacavis tevadobis
koeficients:

saS.mr.wl.

sas.wy.

W

W


radganac wyalsacavis nSd-s da damuSavebis prizmis siRrmes
vniSnavT winamdebare miTiTebis Sesaval nawilSi aRniSnul mosazrebaTa
safuZvelze, moculobaTa mrudis gamoyenebiT advilad davadgenT
wyalsacavis sasargeblo moculobas. vadarebT ra am moculobas
integraluri mrudidan napovn saregulacio moculobebTan, vafasebT
Seqmnili wyalsacavis maregulirebel unars. ase, magaliTad, Tu

mcirewyliani wlis Camonadenis dasaregulireblad saWiro sasW

moculoba daaxloebiT dadgenili sasargeblo moculobis tolia,
gveqneba wliuri regulirebis wyalsacavi, xolo Tu aRmoCndeba, rom
saregulacio moculoba SedarebiT mcirea, maSin_sezonuri regulirebis
wyalsacavi.

4. rogorc zemoT aRvniSneT, sakurso proeqtiT gaTvaliswinebuli
moculobiT gaangariSebaTa Catarebisas wyalsacavis moculobas viyenebT
ara romelime kriteriumidan gamomdinare optimaluri reJimis misaRwevad,
aramed wyalmcirobis xarjis gasazrdelad. amisaTvis_ki saWiroa agebuli
integraluri mrudis qvemoT vertikalurad gadavzomoT sasargeblo
moculobis toli monakveTebi da maTi boloebis SeerTebiT avagoT
eqvidistanciuri mrudi. am mruds xSirad sasargeblo moculobis
maqsimalur narCenTa mrudsac uwodeben. Semdeg am or mruds Soris
darCenil zonaSi gaWimuli Zafis kanoniT SegviZlia gavataroT
moxmarebis wrfe, romlis mixedviTac hesisaTvis moxmarebis xarjis
daniSvna iZleva ara marto wyalmcirobis xarjebis gazrdas, aramed
garkveul periodSi gaTanabrebis saSualebasac. magram, Tu uxvwyliani



10

wlis wyaldidobis periodSi gamoTvlili xarji aRemateba turbinebis
maqsimaluri gamtarobis unars, cxadia igi ar SeiZleba hesis moxmarebis
xarjad CaiTvalos. radganac gaangariSebis pirvel etapze Cven
gamoviTvliT mxolod wyaldeniT uzrunvelyofil simZlavresa da
gamomuSavebas, xolo turbinebis gamtarobis unari ucnobia ( e.i. turbinis
gamtarobis unarze gaangariSeba ar aris Catarebuli), es SezRudva
SegviZlia ar gaviTvaliswinoT.

5. gvaqvs ra gatarebuli integralur mrudze moxmarebis wiri,
SegviZlia vipovoT rogorc wyalsacavSi donis cvalebadobis grafiki
wlis ganmavlobaSi, aseve qvemo biefSi wylis Setborvis donis rxevac.
wyalsacavSi donis cvalebadobis grafiki SegviZlia avagoT masSi narCeni
moculobis gansazRvris gziT. drois nebismieri momentisaTvis
wyalsacavSi darCenili sasargeblo moculoba gamoiTvleba integralur
mrudsa da moxmarebis wirs Soris arsebuli vertikaluri manZilis
saTanado masStabze gamravlebis gziT. wyalsacavis moculobis mrudze
yovel moculobas Seesabameba garkveuli Setborvis niSnuli da amgvarad

SegviZlia avagoT grafiki )(tfZ z.b. . am grafiks ufro swrafad avagebT,

Tu naxazze integraluri mrudis gaswvriv davitanT moculobaTa mruds
ise, rom moculobebisaTvis SerCeuli masStabebi orive mrudisaTvis
erTnairi iyos.

qvemo biefSi donis cvalebadobis grafikis asagebad vpoulobT
moxmarebis xarjebs integralur mrudze gatarebuli moxmarebis
wirebisaTvis. Semdeg qvemo biefSi donesa da xarjs Soris
damokidebulebis mrudis mixedviT vadgenT niSnulebs da vagebT grafiks
(nax.5).

6. agebulia ra zemo da qvemo biefSi doneTa cvalebadobis
grafikebi, vagebT hesis statikuri dawnevis grafiks Semdegi formuliT:

)()()( 21 tftftH st. (3)

turbinis neto dawnevis gasaangariSeblad saWiro sigrZeze da
adgilobrivi danakargebis codna. danakargebis zustad gamoTvla ki
daproeqtebis sawyis etapze SeuZlebelia eleqtrosadguris wyalgamtari
traqtis zomebisa da masSi gamavali xarjis reJimis codnis gareSe.
amitom pirveli miaxloebiT Catarebul gaangariSebebSi, roca saWiroa
wyaldenis simZlavris mxolod Sefaseba, derivaciuli sadgurebisaTvis
adgilobriv danakargebs viRebT sigrZeze danakargebis 10%-s. sigrZeze
danakargebis Sesafaseblad vsargeblobT praqtikaSi dagrovili
gamocdilebiT. cnobilia, rom ekonomiuri siCqaris mniSvneloba

derivaciaSi icvleba )53( ek.V m/wm-is farglebSi (ufro didi siCqareebis

daniSvna SeiZleba maSin, roca gvirabis diametri 8-10 m-is tolia). amave
dros Tu gaviTvaliswinebT, rom sezonuri da wliuri regulirebis
sadgurebSi xerxdeba daaxloebiT 10-20% uzrunvelyofis mqone saSualo
Tviuri xarjebis gatareba turbinebSi, xolo mravalwliuri regulirebis
sadgurebSi 5-10% uzrunvelyofisac ki (radganac turbinis saangariSo
xarji gacilebiT metia saSualo Tviur xarjebze), amitom gvirabis
saorientacio diametri SegviZlia gaviangariSoT formuliT:

ek.V

Q
d P







%4

(4)

sadac %PQ aris miRebuli uzrunvelyofis mqone saSualo Tviuri

xarji. Tviuri kvireuli da dRe-Ramuri regulirebis sadgurebisaTvis
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unda aviRoT saTanado uzrunvelyofis saSualo dRe-Ramuri an saSualo
dekaduri xarji. maTi mniSvnelobebis dasadgenad mocemuli saSualo
Tviuri an saSualo intervaluri xarji unda davalagoT variaciul
rigSi da miRebul grafikze aviRoT saTanado uzrunvelyofis xarji.

amgvarad gamovTvaliT ra (4) gamosaxulebis mixedviT gvirabis
diametrs da Sesabamis hidravlikur radiuss ( 4/dR  ), sigrZeze
danakargs vipoviT Semdegi formuliT:

l
Rcr

Q
h 




242

2
mox.

d (5)

sadac 6

1
1

R
n

c  aris Sezis koeficienti; n _xorklianobis

koeficienti da aiReba 0.01-0.025-is farglebSi; l _gvirabis da milsadenis
sigrZe; Q_moxmarebis xarji da igi aiReba integralur mrudze

gatarebuli moxmarebis wiris mixedviT.
dawnevis mTliani danakargebi adgilobrivi danakargebis

gaTvaliswinebiT gamoiTvleba formuliT:

d.d.a.d.d.d.d hhhh  1.1

amgvarad, neto dawneva turbinebze drois yoveli momentisaTvis iqneba:

d.st.net. hHH  (6)

7. zemoT aRniSnulidan gaangariSebebi saSualebebs gvaZlevs
saangariSo periodis nebismieri intervalisaTvis davadginoT e.w. hesis
wyaldeniT uzrunvelyofili simZlavre Semdegi formuliT:

,81.9 gentnet.mox.wy.   HQN kvt (7)

sadac net.H aris neto dawneva da gamoiTvleba (6) formuliT;

t turbinis m.q.-is koeficienti aiReba 0.85-0.95-is farglebSi;

gen generatoris m.q.-is koeficienti aiReba 0.95-0.98-is farglebSi. Semdeg

(7) formulis mixedviT vagebT simZlavris cvalebadobis grafiks

)(tfN wy. .

unda gvaxsovdes, rom am grafikiT Semofargluli farTobi mxolod

miaxloebiT gamoxatavs eleqtrosadguris gamomuSavebas, radganac wy.N

simZlavre gamoiTvleba im daSvebiT, rom turbinebSi dRe-Ramis

ganmavlobaSi gadis Tanabari mox.Q xarji. sinamdvileSi

hidroeleqtrosadguri muSaobs dRe-Ramis pikur nawilSi da turbinebSi
gasuli xarji mniSvnelovnad icvleba (Ramis saaTebSi nulamdec ki

dadis), garda amisa, moxmarebis xarjis mixedviT wyaldenis wy.N

simZlavris gaangariSebisas ver xerxdeba turbinis gamtarobis unariT
gamowveuli SezRudvis mxedvelobaSi miReba.

aqedan gamomdinare, cxadia, hesis mier gamomuSavebuli energiis

dasadgenad saWiro xdeba miRebuli )(tfN Nwy. grafikis dazusteba.

8. rogorc aRvniSneT, wy.N warmoadgens saSualo dRe-Ramur

simZlavres da imisda mixedviT Tu rogori maregulirebeli unari gaaCnia
wyalsacavs, es simZlavre SeiZleba SenarCunebul iqnas kviris an Tvis

ganmavlobaSi. maSin, cxadia, Catarebuli gaangariSeba mogvcems wy.N _is
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imden mniSvnelobas, ramdeni kvira an Tve aris saangariSo periodSi (Cvens

SemTxvevaSi welisaan 3T ).

gamoTvlili wy.N simZlavreebi saWiroa davalagoT variaciul

rigSi klebis mixedviT. Tu ordinatTa RerZze gadavzomavT simZlavreTa
sidideebs, xolo abscisaTa RerZze-am sidideTa aRmatebis albaTobas

procentebSi, miviRebT uzrunvelyofis mruds )(PfN Pwy. romelzedac

yvelaze did simZlavres Seesabameba %100
1


n
uzrunvelyofa, sadac n aris

wy.N simZlavreTa saerTo raodenoba saangariSo periodisaTvis yvelaze

mcire simZlavres Seesabameba %100
1




n

n
uzrunvelyofa. aqedan cxadia,

roca n sakmaod didia 30n , maSin mcire simZlavris uzrunvelyofa
uaxlovdeba 100%-s.

simZlavreTa uzrunvelyofis grafiki mizanSewonilia aigos )(tf N

grafikis gverdiT, simZlavreebisaTvis erTnairi masStabis SenarCunebiT.

hesis dadgmuli simZlavris SerCeva da saSualo mravalwliuri
gamomuSavebis Sefaseba

proeqtis pirvel nawilSi Catarebuli gaangariSebis safuZvelze
davadgineT, Tu rogori saSualo integraluri (saSualo dekaduri,
saSualo Tviuri da a.S.) simZlavreebis miReba SeiZleba wyaldenisagan
sxvadasxva siuxvis wlebSi. axla ki saWiroa am monacemebze dayrdnobiT
vipovoT saproeqto sadguris iseTi simZlavre, romelic sistemis dRe-
Ramuri datvirTvis grafikis dafarvaSi yvelaze rentabeluri iqneba. es
arsebiTad hidroeleqtrosadguris dadgmuli simZlavris SerCevis
amocanaa da misi jerovani sizustiT gadawyveta saWiroebs saTanado
teqnikur_ekonomikur gaangariSebaTa Catarebas, romelic moicavs
energetikuli sistemis struqturis optimizaciis gaangariSebasac. aseT
gaangariSebaTa safuZvelze dgindeba ara marto hesis dadgmuli
simZlavre, aramed misi datvirTvis grafikSi monawileobis zonac.

sakurso proeqtis moculobiT, aseTi gaangariSebebi ar aris
gaTvaliswinebuli.
dadgmuli simZlavre:

hes
rez

hes
dam

hes
muS.gar.

hes
dad NNNN  (8)

sadac hes

muS.gar.N aris hesis muSa garantirebuli simZlavre;

hes
damN _damatebiTi simZlavre, romelic drois yvela periodisaTvis ar aris

uzrunvelyofili. es simZlavre gamoiyeneba mxolod uxvwylian wlebSi an
wlis wyaldidobis periodSi uqmad gadasaRvreli moculobis

Sesamcireblad; hes

rezN _sarezervo simZlavre, romelic gamoiyeneba avariis,

remontisa da sxva SemTxvevaSi.
(8) tolobis mixedviT dadgmuli simZlavris dasadgenad saWiroa

Sesruldes Semdegi gaangariSebebi:
1. mocemuli dRe-Ramuri datvirTvis grafiki, romelic Seesabameba

wlis yvelaze ufro daZabul periods (dekember-ianvars), agebuli unda
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iqnes milimetrulaze sakmaod msxvil masStabSi ise, rom mis gverdiT
darCes sakmao adgili saanalizo mrudis asagebad. radganac dRe Ramuri
datvirTvis grafiki yovelwliurad izrdeba simZlavreSi energiis axal
momxmarebelTa gamoCenis Sesabamisad, saWiroa aigos grafikic, romelic
aigeba pirveli grafikis ordinatebis saTanado koeficientebze
gadamravlebis gziT. magaliTad, xuTi wlis perspeqtivis
gaTvaliswinebiT, dRe-Ramuri datvirTvis grafikis moxazulobis
misaRebad SegviZlia aviRoT koeficienti ,3.1K xolo 10 wlis

perspeqtivis gaTvaliswinebiT- 6.1K  .
dRe-Ramuri datvirTvis grafiki unda daiyos zolebad t -Ta RerZis

paraleluri wirebiT. maSin TiToeul zolSi moqceuli datvirTvis
grafikis FfarTobi gamoxatavs muSaobas da igi gamoiTvleba formuliT

ii tNЭ  ,

sadac N aris paralelur gamyof wirebs Soris manZili da

masStabSi gamoxatavs simZlavres; it -zolis saSualo sigrZe, romelic

masStabSi gamoxatavs dros, sT.
Tu aseT gamomuSavebebs SevkrebT zemodan qvemoT, miviRebT

simZlavres da gamomuSavebas Soris damokidebulebis mruds, sadac





n

i
itNЭ

1

romelsac saanalizo mruds uwodeben da igi aigeba

datvirTvis grafikis gverdiT ise, rom simZlavris masStabi orivesTvis
erTi da igive iyos.

2. agebuli saanalizo mrudis gamoyenebiT unda vipovoT (8)
tolobis pirveli Sesakrebi. amisaTvis saWiroa ganisazRvros simZlavris
saangariSo uzrunvelyofis sidide procentobiT. Semdeg misi gamoyenebiT

zemoT agebuli )(PfN Pwy. grafikidan vpoulobT am procentis Sesabamis

saSualo Tviur simZlavres. simZlavris saangariSo uzrunvelyofis
dadgena, Cveulebriv, xdeba teqnikur-ekonomikur gaangariSebaTa
safuZvelze, romelic iTvaliswinebs energosistemaSi simZlavris
deficitiT gamowveuli zaralis Sefasebasac. students SeuZlia
isargeblos im mosazrebiT, rom, rac ufro metia saproeqto sadguris
xvedriTi wona energosistemaSi, miT ufro meti unda iyos saangariSo
uzrunvelyofa. ase, magaliTad, saorientaciod SegviZlia miviRoT, rom,
Tu saproeqto sadguris simZlavre Seadgens energosistemis maqsimalur
simZlavris 15-20%-s, maSin saSualo Tviuri, anu, rac igivea (roca gvaqvs
aranakleb Tviuri regulirebis sadguri), saSualo dRe-Ramuri
simZlavris uzrunvelyofa, SegviZlia aviRoT 85-97%-is farglebSi.

aviRebT ra )(PfN Pwy. grafikidan miRebul uzrunvelyofis Sesabamis

simZlavres, gamovTvliT saTanado (e.i. aseTive uzrunvelyofis)
gamomuSavebas (kvt).

uzruzr NЭ  24 (9)

am gamomuSavebiT SegviZlia davfaroT sistemis dRe-Ramuri
datvirTvis grafikis pikuri an naxevarpikuri nawili. Tu wyalsacavis
tevadoba iseTia, rom igi uzrunvelyofs dRe Ramuri regulirebisaTvis
saWiro moculobas, formuliT gamoTvlili gamomuSaveba umjobesia

movaTavsoT naxevar pikur an pikur nawilSi. amisaTvis saWiroa uzrЭ -is

Sesabamisi monakveTi gadaizomos saanalizo mrudis Э -Ta RerZze. Tu
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gamomuSavebas vaTavsebT mTlianad pikSi, maSin uzrЭ -is Sesabamisi

monakveTis sawyisi unda daemTxves saanalizo mrudis koordinatTa
saTaves. bolo wertilze gavlebuli vertikaluri wiris gadakveTa ki

)(NfЭ  mrudTan mogvcems 1-2 monakveTs (nax.5), romlis Sesabamisi

simZlavrec warmoadgens muSa garantirebul simZlavres. Tu sistemis
maqsimalur simZlavres gamovaklebT napovn muSa garantirebul
simZlavres, miviRebT energosistemaSi gaerTianebul, sxva
eleqtrosadgurebis simZlavres.

3. (8) formulaSi Semavali hes
damN simZlavris mniSvnelobis dasadgenad

saWiroa Catardes specialuri energoekonomikuri gaangariSebebi, xolo
sakurso proeqtisaTvis sakmarisia visargebloT formuliT

hes
muS.gar.

heshes
dam NNN  %10 (91)

sadac hes
%10N aris )(Pf grafikidan aRebuli 10% uzrunvelyofis mqone

simZlavre. Tu aRmoCndeba, rom hes

muS.gar.

hes NN %10 >0, maSin damatebiTi

simZlavris dadgma saWiro ar iqneba.
4. (8) formulis mesame Sesakrebis mniSvneloba dgindeba

energosistemaSi gaerTianebuli sxva eleqtrosadgurebis muSaobis
xasiaTis mxedvelobaSi miRebiT. gaangariSebaTa gamartivebis mizniT,
sakurso proeqtSi SegviZlia saproeqto sadgurze sarezervo simZlavre
gaviTvaliswinoT maSin, roca wina proeqtSi gaangariSebaTa Sedegad

miviRebT 0hes
damN , e.i. roca damatebiTi simZlavre ar idgmeba sadgurze. am

SemTxvevaSi sarezervo simZlavre SeiZleba Seadgendes muSa

garantirebuli simZlavris daaxloebiT 10%-s, e.i. hes

muS.gar.

hes

rez NN  1.0 . im

SemTxvevaSi, roca 0hes
damN , dadgmul damatebiT simZlavres SeiZleba

davakisroT sarezervo simZlavris funqcia da maSin ar aris
savaldebulo calke gaviTvaliswinoT sarezervo simZlavre, e.i. miviRoT,

rom 0hes

rezN .

5. roca zemoT moyvanili wesiT vpoulobT hes

muS.gar.N simZlavres,

cxadia, igulisxmeba, rom gvaqvs SeuzRudavi dRe-Ramuri regulirebis
saSualeba. winaaRmdeg SemTxvevaSi Cven ver SevZlebT dRe-Ramuri
gamomuSavebis pikur nawilSi ganTavsebas. amitom saWiroa vicodeT
wyalsacavis is moculoba, romelic uzrunvelyofs sadguris pikur
nawilSi muSaobas. mas advilad vipovniT, Tu davuSvebT, rom dawneva
sadgurze dRe-Ramis ganmavlobaSi umniSvnelod icvleba. aseTi daSveba
xSirad misaRebia, radganac dRe-RameSi donis cvalebadoba (derivaciuli
da kaSxaluri tipis sadgurebSi) sakmaod mcirea, saSualo dRe-Ramur
dawnevasTan SedarebiT.

radganac saangariSo uzrunvelyofis mqone saSualo Tviuri
simZlavre saWiroa sistemaSi miRebul iqnes yvelaze ufro daZabul,
deficitur periodSi_dekembris TveSi, cxadia, saangariSo dawnevad
SegviZlia miviRoT am Tvis dawneva mcirewyliani TvisaTvis. igi

moiZebneba  tNnet. grafikze, xolo misi Sesabamisi saSualo Tviuri, anu

rac igivea, saSualo dRe-Ramuri (regulirebis SemTxvevaSi) xarji (m3/wm)
gamoiTvleba formuliT
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saang
netgent

hes

uzr

uzr
H

N
Q




8.9
(10)

am xarjis Sesabamisma moculobam ( 606024  uzrdR QW m3) turbinebSi

unda gaiaros iseTi reJimiT, rom uzrunvelyofil iqnes pikuri
simZlavreebis miReba. es imas niSnavs, rom dRe-Ramis sxvadasxva
saaTisaTvis datvirTvis grafikis im zolis simZlavreebi, romlebsac
Cveni sadguri faravs, miRebuli unda iqnes turbinebSi sxvadasxva xarjis
gatarebis gziT. amitomac grafikis saTanado zolidan aRebuli
simZlavreebis Sesabamisi xarji, (m3/wm) ase gamoiTvleba:

saang

netgent H

N
Q




8.9
i

i (11)

aq  24...2,1iN aris datvirTvis grafikis im zolidan aRebuli

saSualo Tviuri simZlavreebi i _saaTisaTvis, romelSic Cveni sadguri

movaTavseT; iQ _misi Sesabamisi saSualo Tviuri xarji. radganac sistemis

dRe-Ramuri datvirTvis grafikSi saproeqto sadguri muSaobs mxolod
pikur nawilSi (igulisxmeba wyalmcirobis periodi)DdRe-Ramis zogierTi

saaTisaTvis simZlavre 0iN da, Sesabamisad, 0iQ xarji.

(11) formuliT gaangariSebis Casatareblad saWiroa sadguris
samuSaod gankuTvnili zoli warmovadginoT diskretuli saxiT.
diskretizaciis intervali unda iyos 1sT-is toli.

6. gamovTvliT ra saSualo Tviur xarjebs (11) formuliT,
SegviZlia avagoT dRe-Ramis ganmavlobaSi wyalsacavSi moculobis
cvalebadobis mrudi Semdegi formuliT:

,)(
0

tQQW
i

ii  m3 )24,...2,1( i , (12)

sadac 1t sT 60601  wm.
am integraluri mrudis zemo da qvemo ukiduresi wertilebidan

unda gavataroT t -Ta RerZis paraleluri wiri. maT Soris vertikaluri
manZili masStabSi mogvcems Seuzrudavi dRe-Ramuri regulirebisaTvis
saWiro wyalsacavis moculobas. es moculoba saWiroa SevadaroT dRe-
Ramis ganmavlobaSi turbinebSi gasuli wylis moculobas:

dReRamuri

n.s.
dReRamuri

W

W


sadac 24dReRamuriW sT.

7. maqsimaluri saturbino xarjis sapovnelad sakmarisia (11)
formulaSi CavsvaT dadgmuli simZlavris mniSvneloba

saang
netgent

dad

maqs
H

N
Q




8.9
(13)

radganac sadgurs dadN _ze meti simZlavris ganviTareba ar SeuZlia,

(13) formulidan gamomdinareobs, rom, roca saang

netnet HH  turbinebSi

gasuli xarji naklebi iqneba maqsQ _ze. amitomac gavsebuli wyalsacavis

SemTxvevaSi, Tu sadguri aviTarebs dadN simZlavres, turbinebSi gasuli

xarji toli iqneba
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maqs
netgent

dadnSd

maqs
H

N
Q




8.9
(14)

aqedan Cans, rom wyalsacavis avsebis periodSi maqsimaluri

saturbino xarji mcirdeba nSd

maqsQ _is mniSvnelobamde (rasakvirvelia,

igulisxmeba, rom sadguri gadasulia bazisSi muSaobaze). amitom roca
gvaqvs sezonuri regulirebis sadguri da mosalodnelia wyalsacavis

swrafad avseba, saWiroa gaviTvaliswinoT, rom nSd

maqsQ _ze met xarjs ver

gaatarebs wyalsacavSi arsebuli donis nSd-sTan miaxloebis periodSi.
miaxloebiT gaangariSebebSi Zalian Znelia wyalsacavSi donis awevasTan
dakavSirebiT turbinebis gamtarobis Semcirebis gaTvaliswineba, ris
gamoc SegviZlia gamartivebulad dadgindes is xarji, romelic SeiZleba
CaiTvalos xarjis zRvrul an kritikul mniSvnelobad da romlis
zemoTac modinebuli wylis xarji igulisxmeba gadasaRvrelad.kerZod,
zRvrul xarjad SeiZleba vigulisxmoT zemoT ganmartebul maqsimalur
xarjTa saSualo ariTmetikuli, e.i. gamovTvaloT Semdegi formuliT:

2

nSd

maqsmaqssaS
maqs

QQ
Q




am xarjis Sesabamisi moxmarebis wiris qveda eqvidistanciur
mrudTan gadakveTis momentidan daiwyeba wyalsacavidan wylis gadaRvra.
gadasaRvreli wylis moculobis sapovnelad saWiroa integralur

mrudze gavataroT saS
maqsQ xarjis Sesabamisi mxebi wiri. manZili Sesabamisi

wertilidan moxmarebis wiramde ( saS
maqsmox QQ  ) masStabSi mogvcems

gadaRvrili wylis moculobas.
9. gaangariSebis bolo etapze saWiroa SevafasoT saproeqto

eleqtrosadguris saSualo mravalwliuri gamomuSaveba. amisaTvis
saWiroa vipovoT sadguris realuri datvirTvis cvalebadobis grafiki

saangariSo periodisaTvis ( 3saangT weli), magram radganac sadguris

realuri datvirTvis dadgena dakavSirebulia mTel rig sirTuleebTan
(saWiroa saoptimizacio gaangariSebaTa safuZvelze sadguris marTvis
dispetCeruli grafikis Sedgena), mivmarTavT gamartivebas:

upirveles yovlisa, integralur mrudze gatarebuli saS
maqsQ xarjis

Sesabamisi wiris mixedviT saWiroa SevasworoT  tHst funqciis grafiki.

am grafikidan neto dawnevis grafikze gadasasvlelad unda gamovTvaloT
hidravlikuri danakargebi

l
Rc

Q
hhh 






 22

21.1



t

dad (15)

sadac tQ aris turbinebSi gamavali jamuri xarji; romlis

gamosaTvlelad saWiroa vicodeT gvirabis diametri. mis dasadgenad
SegviZlia gamoviyenoT zemoT aRniSnuli mosazrebebi imis Sesaxeb, rom
ekonomikuri siCqare gvirabSi gatarebuli maqsimaluri xarjisaTvis ar
SeiZleba aRematebodes 5 m/wm-s

ek.

maqs

V

Q
d








4
(16)
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aq maqsQ _is mniSvneloba aiReba (13) formulis mixedviT. (15)

formulaSi Semavali tQ xarji icvleba ara marto Tveebis mixedviT,

aramed dRe-Ramis ganmavlobaSic da am cvlilebis zusti gaTvaliswineba
sakmaod Znelia. amitom mizanSewonilia igi SevcvaloT saSualo dRe-

Ramuri saS.dRQ xarjiT, romelic sezonuri an ufro xangrZlivi

regulirebis SemTxvevaSi saSualo Tviuris toli iqneba da misi
gamoTvla SegveZleba integralur mrudze gatarebuli moxmarebis wiris
mixedviT.

CavTvaloT, rom wyalmcire wlis wyalmcirobis periodSi sadguri

muSaobs mudmivi muS.gar.N _is toli simZlavriT, maSin sadguris muSaobis

saSualo xangrZlivoba dRe-RameSi toli iqneba

muS.gar

uzr

muS.gar

uzr

saS
N

N

N

Э
T




24
(17)

saSualo saturbino xarji am periodisaTvis gamoiTvleba dRe-Ramis
ganmavlobaSi turbinebSi gatarebuli wylis moculobis pirobidan,
saidanac:

uzr

saS

t Q
T

Q 
24

(18)

(18) gamosaxulebis CasmiT (15) formulaSi miviRebT

l
Rc

Q

T
h 














22

22
1.124

1.1


t

saS

ad (19)

aseT danakargs adgili eqneba saST drois ganmavlobaSi. radganac

(19) gamosaxulebaSi Sedis saSualo dre-Ramuri xarji, xolo Semdeg
gaangariSebebSi Cven mogvixdeba saSualo Tviuri simZlavreebis gamoTvla,

saWiroa


h SevcvaloT saSualo dRe-Ramuri an, rac igivea, saSualo

Tviuri danakargebiT. amisaTvis


h unda gavanawiloT mTel dRe-Rameze,

risTvisac vadgenT Semdeg proporcias:

saSsaS hTh 


24 (20)

aqedan saSualo Tviuri xarjis Sesabamisi saSualo danakargebis
saangariSod vpoulobT

l
Rc

Q

T

T
hh 




  22

21.124

24 

t

saS

saS
saS (201)

Tu (20) gamosaxulebaSi uzrQ xarjis nacvlad CavsvamT integraluri

mrudidan aRebul romelime moxQ xarjs, saWiro iqneba masSi Semavali

saST _s gansazRvra e.i. saWiro gaxdeba saST drois intervalis moyvana

moxQ xarjTan SesabamisobaSi. am drois xangrZlivobis gamosaTvlelad

SegviZlia vimsjeloT ase: Tu wyalmcirobis periodSi uzrQ xarji gadis

saST droSi, maSin uqmad wylis gadaRvris Tavidan asacileblad saWiroa
saS
maqsQ xarji gavataroT mTeli 24 sT-is ganmavlobaSi. wlis im periodSi,

roca moxmarebis xarjis mniSvneloba icvleba saS
maqsmoxuzr QQQ 

intervalSi, SegviZlia davuSvaT, rom moxQ xarjsa da dRe-RameSi
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sadguris muSaobis saSualo xangrZlivobas Soris arsebobs wrfivi
damokidebuleba

  24
24





 saS

maqsmox

uzr
saS
maqs

saS
saS QQ

QQ

T
T (21)

amgvarad, sabolood, danakargis saangariSod vRebulobT Semdeg
damokidebulebas:

l
RC

Q

T
h 




22

2
24


mox

saS

saS (22)

es toloba gviCvenebs, rom energiis danakargi dRe-Ramuri
regulirebis SemTxvevaSi izrdeba, radganac garkveul periodSi
turbinebSi gasuli xarji aRemateba saSualo dRe-Ramur xarjs. Cven, rom
turbinebSi gasuli xarji moxmarebis xarjis tolad CagveTvala, e.i. ar
migveRo mxedvelobaSi sadguris simZlavris gazrdiT gamowveuli xarjis
gazrdis aucilebloba, (21) gamosaxulebis Tanaxmad miviRebT, rom

24saST sT-is da (22) formula daemTxveoda (5) formulas. am ukanaskneliT

danakargis gamoTvla, ki mogvcemda Semcirebul mniSvnelobebs.
derivaciuli sadgurebis SemTxvevaSi. aseTi gaangariSebiT gamowveuli
Secdoma sakmaod didi gamodis, ris gamoc mizanSewonilia (22) formuliT
visargebloT.

amgvarad, (6) formulaSi unda SevitanoT (22) formuliT miRebuli
Sedegebi da (7) gamosaxulebis gamoyenebiT Tavidan avagoT simZlavris

cvalebadobis grafiki_  tN . kargi iqneba, Tu gaviTvaliswinebT am

grafikze sadguris muSaobis saSualo xangrZlivobas yoveli TvisaTvis.

amisaTvis (21) formuliT miRebuli saST unda gadavamravloT TveSi

dReebis raodenobaze; miviRebT ra yvela TvisaTvis sadguris muSaobis
saaTebis saerTo ricxvs, SegviZlia gavigoT saangariSo periodisaTvis
sadguris muSaobisaTvis saaTebis saSualo ricxvi da, maSasadame,
weliwadSi sadguris muSaobis saaTebis saSualo ricxv-saaTic:







36i

1i
.iTn saS

3

36
(23)

 tN -s miRebuli (Sesworebuli) grafikis meSveobiT xelmeored

vpoulobT energiis gamomuSavebas saangariSo periodisaTvis:

 
36

1

tNЭ i (231)

da saSualo mravalwliur gamomuSavebas(kvt.sT)

3/ЭЭ saS (24)

(23) gamosaxulebaSi 2430 t sT. Cveulebriv, sadguris muSaobis
saaTebis saSualo ricxvs gansazRvraven Semdegi damokidebulebebiT:

dadsaS NЭn / (25)

amitom saWiroa (25) damokidebulebiT ganisazRvros sadguris
gamoyenebis saaTebis saSualo ricxvi da igi SevadaroT (23) formuliT
miRebul mniSvnelobas. (23) da (25) formulebiT miRebuli mniSvnelobebi
Zalian ar unda gansxvavdebodes erTmaneTisgan.
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