Tavi 1.

saqarTvelos energetikuli usafrTxoebis hidroenergetikuli potenciali. hesebis garemoze uaryofiTi zemoqmedebis sakiTxebi
АННОТАЦИЯ

Даются краткие сведения о гидроэнергетическом потенциале рек Грузии. В частности отмечается, что потенциальная мощность и  энергия рек составляет соответственно 15,6 млн кВт и 136,9 млн кВт.ч. Соответствующая удельная мощность и энергия (на 1 км2 территории страны) равна 224 квт/км2 и около 2 млн кВт.ч/км2, что является одним из самых высоких показателей в мире. Технический и экономический гидроэнергетический потенциал оценивается соответственно, как 50% и 23% от общей потенциальной энергии. 
30 рек Грузии обладают гидроэнергетическими ресурсами, которые составляют 60% от суммарной величины этих ресурсов, из них 34% обладают такие реки, как: Энгури, Риони, Кура, Цхенис-цкали, Кодори и Бзыпь.

В 2001 и 2008 гг. гидроэлектростанциями Грузии была выработана электроэнергия, которая составляла всего 17% и 22% от экономического гидроэнергетического потенциала страны (Еэк=32 млрд кВт.ч). 
Это показывает, что в настоящее время степень использования гидроэнергетических ресурсов в отличие от многих развитых стран мира, является достаточно низкой. Это хорошо понимает правительство Грузии и всячески старается привлечь в частности, иностранные инвестиции для активации в стране гидроэнергетического строительства с целью более полного использования существующего ценного природного гидроэнергетического ресурса, что является одним из главнейших факторов обеспечения энергетической независимости и безопасности страны.

Отмечаются общие гидроэкологические аспекты, связанные с функционированием гидроузлов энергетического и других назначений в горных и сейсмоактивных регионах разных стран (в том числе Грузии).

1.1. saqarTvelos mdinareTa 
hidroenergetikuli potenciali

qveynis ekonomikuri, maT Soris energetikuli usafrTxoebis erT-erTi mTavari ganmsazRvrelia bunebrivi pirobebi. es exeba pirvel rigSi, qveynis saTbob-energetikuli kompleqsis bunebriv resursul uzrunvelyofas, rac Tavis mxriv ganpirobebulia iseTi faqtorebiT, rogoricaa qveynis teritoriaze tradiciuli da aratradiciuli energetikuli resursebis arseboba, maTi raodenoba, sameurneo aTvisebis done, gamoyenebis procesSi garemoze zemoqmedebis xasiaTi da sxva [18, 20, 24, 25].

bunebriv simdidreTa Soris saTbob-energetikul resursebs gansakuTrebuli mniSvneloba eniWeba, xolo saqarTvelos tradiciul saTbob-energetikuli resursebidan, hidroresursebs erT-erTi yvelaze ufro mniSvnelovani adgili ukavia [10-12, 26].

saqarTvelos wylis anu hidroenergetikuli resursebiT erT-erTi umdidresi qveyanaa. aq aRiricxeba daaxloebiT 26 aTasi mdinare, romelTa saerTo sigrZe 60 aTas km aRwevs. mTliani raodenobis 99,3% da sigrZis 76% Seadgenen mcire mdinareebi (romelTa sigrZe saSualod 2,3 km-ia). saqarTvelos mdinareTa saSualo wliuri Camonadenis jamuri moculoba 60 kub.kilometrs aRemateba (maT Soris rionis – 12,7; mtkvaris – 9,4; Woroxis – 8,7, enguris – 6,0 kub.km).
eleqtroenergetikaSi mdinaris potenciuri (Teoriuli) hidroenergia (E) warmoadgens Zalis mier Sesrulebul muSaobas garkveul vertikalur manZilze (simaRleze). 

aRniSnuli Zalis saxiT am SemTxvevaSi, gvevlineba wylis moculobis wona (G), xolo vertikalur manZils ((H) warmoadgens mdinaris ubnis e.w. vardna. amgvarad,

                                                         E = G(H
sadac

                                                         (H = H1 - H2
H1 da H2 – aris mdinaris gansaxilveli ubnis wylis donis niSnuli Sesabamisad, sawyis da bolo kveTebSi.

energia Cveulebriv aRiricxeba kilovatsaaTebSi (kvt.sT) wlis ganmavlobaSi (anu Ty = 8760 saaTis ganmavlobaSi).

rac Seexeba simZlavres (N) is warmoadgens muSaobis raodenobas (E), romlis Sesruleba xdeba drois erTeulSi, anu
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simZlavris erTeulad Cveulebriv, miiReba kilovati (1 kvt=1000 vats) an megavati (1 mgv=1000000 vats).

gavixsenoT, rom energiis erTeuli aris jouli (j), romelic warmoadgens 1 niutoni (n) Zalis meqanikur muSaobas, ris Sedegad meqanikuri tani gadaadgildeba 1 m manZilze Zalis moqmedebis mimarTulebiT. Tavis mxriv, 1 n is Zalaa, romelic 1 kg masis mqone tans aniWebs 1 m/wm2 tol aCqarebas. amgvarad, 1 vati aris simZlavre, rodesac erTeuli drois ganmavlobaSi sruldeba 1 j toli musaoba. Cveulebriv, is mcire sididea da amitom, praqtikaSi, rogorc zemoT aRvniSneT, simZlavris erTeulad ixmareba kvt.

saqarTvelos mdinareTa saerTo raodenobidan energetikuli mniSvnelobiT gamoirCeva 319 mdinare ("hidroproeqtis" monacemiT), romelTa saerTo wliuri potenciuri simZlavre da energia Sefasebulia Sesabamisad, rogorc [25, 26].

                 Npot = 15,63 mln kvt, Epot  = 136,9 mlrd kvt.sT.

aRvniSnoT, rom aqedan, 208 saSualo da didi mdinaris jamuri simZlavre mdinareta saerTo simZlavris (Npot) 94,6% Seadgens, xolo danarCeni 111 mcire mdinaris simZlavre ki mxolod 5,4%-s.

saqarTvelos mdinareTa aRniSnuli potenciuri simZlavris (an energiis) mixedviT, saqarTvelo iyo meoTxe adgilze dsT-s qveynebis rigSi (ruseTis, tajikeTisa da yazaxeTis Semdeg) da swarbobs bevr evropul qveyanas (espaneTs, safrangeTs, avstrias, portugalias da sxv.) [26].

rac Seexeba hidroresursebis xvedriTi potenciur simZlavres da energias, romelic qveynis erT kvadratul kilometrs Seesabameba, saqarTvelosTvis maTi mniSvneloba Semdegia:
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sadac F saqarTvelos teritoriis farTobia (F = 69,7 aT.kvadr.km).

saqarTvelo am maCveneblebis mixedviT sWarbobs yvela dsT qveyanas da erT-erTi pirveli adgili uWiravs msoflioSi (sainteresoa aRiniSnos, rom dasavleT saqarTvelos mdinareTa xvedriTi potenciuri simZlavre da energia kidev ufro didi mniSvnelobiT xasiaTdeba. kerZod, am teritoriis TiToeul kvadratul kilometrze mdinareTa energia TiTqmis 3,0 mln kvt.sT-s aRwevs [22, 25].

hidroenergetikuli potencialis maRali mniSvneloba aixsneba qveynis teritoriaze atmosferuli naleqebis siuxviT da reliefis TaviseburebebiT, rac gamoixateba didi qanobebiT (vardniT). hidroresursebiT yvelaze maRali maCveneblebiT gamoirCeva kavkasionis mTavari qedis samxreTi ferdobis mdinareebi: bzifi, kodori, enguri, rioni, cxenis-wyali, liaxvi, aragvi, alazani (zeda ubani). aRsaniSnavia, rom atmosferuli naleqebis klebasTan erTad dasavleTidan aRmosavleTisaken, xvedriTi energetikuli potenciali mcirdeba. aRniSnulis gamo dasavleT saqarTvelos mdinareTa potenciuri energia Seadgens 97,9 mlrd kvt.sT, anu 71,5%, xolo aRmosavleT saqarTvelosi 39,3 mlrd kvt.sT anu 28,7%.
qveynis yvelaze ufro did 30 mdinares gaaCnia saerTo hidroenergetikuli resursebis 60%. maT Soris daaxloebiT 34% modis 6 Ziritad wyalsadinarze, rogoricaa: enguri, rioni, mtkvari, cxenis-wyali, kodori, bzifi (ix. cxrili 1.1). am garemoebas didi mniSvneloba aqvs wylis energiis praqtikuli gamoyenebis TvalsazrisiT [22, 26].

cxrili 1.1

saqarTvelos ZiriTadi mdinareebis potenciuri 
simZlavreebis ganawileba

	mdinare
	sigrZe L km
	simZlavre N (aT.kvt)
	fardoba yvela mdinaris jamur simZlavresTan, %
	saSualo xved-riTi simZlavre Nxv, aT.kvt/km

	enguri
	206,3
	1414,7
	9,0
	6,857

	rioni
	333,0
	1140,6
	7,3
	3,425

	mtkvari
	350,8
	1073,0
	6,9
	3,058

	cxeniswyali
	184,4
	645,8
	4,1
	3,500

	kodori
	78,6
	610,9
	3,9
	7,772

	bzifi
	101,5
	503,2
	3,2
	4,958


energetikuli SesaZleblobis sailustraciod, [22] naSromSi moyvanilia saqarTvelos ruka, romelzedac naCvenebia mdinareTa sxvadasxva ubnis xvedriTi simZlavris (Nxv) (romelic am SemTxvevaSi, gamoixateba aT.kvt/km erTeuliT). amave sidides gamoxatavs (garkveul masStabSi) mdinareTa dinebis gaswvriv datanili zolis sisqe; Sesabamisi feriT aRiniSneba is ubnebi, romlebisTvisac Nxv sidide tolia an metia 5 aTas.kvt/km-ze.
teqnikuri gamoyenebisaTvis SesaZlebeli hidroenergiis e.w. teqnikuri potenciali Eteq damokidebulia ZiriTadad, konkretul geografiul pirobebze. rac Seexeba ekonomikurad xelsayrel hidroenergiis, anu ekonomikuri potencialis Eek gamoyenebas, igi ganpirobebulia, rogorc mdinareTa geografiuli pirobebiT, aseve rigi ekonomikuri xasiaTis faqtoriT (qveynis ganviTarebis teqnikuri done, energiis moxmarebis maCveneblebi, mosaxleobis socialuri mdgomareoba da sxva). saqarTvelos teqnikuri da ekonomikuri potenciali (saqarTvelos mecnierebata akademiis masalebiT) SeiZleba Sefasdes, rogorc

                       Eteq = 68 mlrd kvt.sT, Eek = 32 mlrd kvt.sT,

rac Seadgens saerTo potenciuri energiis Sesabamisad, daaxloebiT 50% da 23%.

qvemoT moyvanilia cxrili, sadac warmodgenilia monacemebi saqarTvelos mTavari mdinareebis ekonomikuri hidroenergetikuli resursebis Sesaxeb da maTi procentuli Sefaseba jamur sididesTan SedarebiT. cxr. 1.2 Sedgenilia [25] saqarTvelos mecnierebaTa akademiis masalebis mixedviT.

cxrili 1.2

saqarTvelos ekonomikuri hidroenergetikuli resursebi 
mTavari mdinareebis mixedviT

	mdinareTa dasaxeleba
	mlrd kvt.sT
	%-ad jamTan

	enguri
	10,0
	31,3

	rioni
	7,5
	23,4

	cxeniswyali da lajanuri
	2,5
	7,8

	Saori da tyibuli
	0,3
	0,9

	kodori
	2,5
	7,8

	bzifi
	1,5
	4,7

	mtkvari da aragvi
	3,0
	9,4

	xrami da faravani
	1,1
	3,4

	TuSeTis alazani
	3,2
	10,0

	danarCeni
	0,4
	1,3

	s u l
	32,0
	100


unda aRiniSnos, rom amJamad, saqarTveloSi wylis resursebis gamoyeneba warmoebs sxvadasxva sauwyebo samsaxuris mier mTeli rigi mizniT (energetika, irigacia, mrewveloba, wyalmomarageba da sxv.), rac wylis resursebis araracionaluri gamoyenebis mizezs warmoadgens. amitom, mizanSewonilia erTian marTvad wyalmoxmarebis sistemaze gadasvla da wylis resursebis racionaluri gamoyenebis strategiuli gegmis damuSaveba, romelSic saTanado mecnieruli sefasebisa da prognozirebis safuZvelze gaTvaliswinebuli iqneba iseTi sakiTxebi, rogoricaa: wylis resursebis aRricxva, maTi sargeblobis regulireba, dabinZurebis kontroli, wyaldidobebis, Rvarcofebisa da sxva saxis sagangebo situaciebis SemTxvevaSi mosaxleobis dacvis uzrunvelyofa, sarekreacio potencialis ganviTareba da sxv.

rac Seexeba hidroresursebis energetikul potencials, misi swori gamoyenebis SemTxvevaSi, cnobili qarTveli mecnierebisa da specialistebis azris Tanaxmad, saqarTvelos SesaZlebloba eqneba qveynis ara marto mTlianad uzrunvelyofa eleqtroenergiiT, aramed miRebuli Warbi da iafi energiis gayidva mezobel saxelmwifoebSi [12, 24].

1.2. saqarTvelos hidroresursebiT momarageba. 
hesebi maTi damaxasiaTebeli mxareebi

saqarTveloSi pirveli hidroeleqtrosadguri (hesi), romlis  simZlavre iyo N = 213 kvt - borjomis hesi, aSenda 1903 wels. sabWoTa xelisuflebis damyarebis Semdeg ki, pirveli hesi iyo "zahesi", romelic amuSavda 1927 wels (N = 7,0 aT.kvt). 1940 wels saqarTveloSi mTlianad gamomuSavebuli eleqtroenergia Seadgenda 742 mln kvt.sT, amasTan am energiis 78% awarmoebda hesebi, danarCens ki, Tboeleqtrosadgurebi (Tesebi) [15, 23].

omis Semdeg saqarTveloSi aSenda mTeli rigi hesi, maT Soris rvas gaaCnda saproeqto simZlavre (Nsap), 50 aTas kvt. esenia: xrami 1 (113,5 aT.kvt), Saorisa da tyibulis (120 aT.kvt), gumaTis (66,8 aT.kvt), lajanuris (112,5 aT.kvt), xrami 2 (110 aT.kvt), Jinvalis (130 aT.kvt), enguris (1600 aT.kvt), varcixis kaskadis (170 aT.kvt) hesebi. am hesebis 4 kaSxali simaRliT aRemateba 50 m-s, maT Soris aris msoflioSi yvelaze ufro maRali (271,5 m) betonis TaRovani engurhesis kaSxali.
nax.1.1-nax.1.3-ze [25] naCvenebia moqmedi da saproeqto hesebi.

1989 wels saqarTveloSi moqmedma hesebma gamoimuSaves Tavis istoriaSi pirvelad, eleqtroenergiis maqsimaluri sidide Egam=8797 mln kvt.sT, romelic qveynis teqnikuri potencialis (Eteq) 12,9%-s, xolo ekonomikuri potencialis (Eek) 27,5%-s Seadgenda. 2000 wels aRniSnuli maCveneblebi Semcirda 8,7 da 18,6%-mde. (am mxriv, yvelaze minimaluri maCveneblebi – 7,2% da 15,4% aRiniSna 1994 wels). 2000 wels qveyanaSi mTlianad (hesebSi da TesebSi) warmoebuli eleqtroenergia 1989 welTan SedarebiT Semcirda 2,1-jer [25]. rac Seexeba mxolod hesebSi warmoebul eleqtroenergias, igi Semcirda 1,5-jer. amdenad, hesebis xvedriTi wili qveyanaSi eleqtroenergiis warmoebaSi gaizarda (ix. cxrili 1.3 da nax. 1.4). es aixsneba Ziritadad, TesebisaTvis SeZenili importuli sawvavis raodenobisa da gamomuSavebuli energiis SemcirebiT. 2002-2003 ww. hesebSi gamomuSavebuli energiis (Eh) wilma qveyanaSi mTlianad gamomuSavebul energiasTan (EmT) mimarTebaSi 90%-s gadaaWarba (nax.1.4). 2004 w. Semdeg ki Eh / EmT fardoba saSualod 82% Seadgenda.

unda aRiniSnos, rom hidroenergetikuli resursebiT iseT mdidar qveyanaSi, rogoricaa: Sveicaria, SvedeTi, norvegia, kanada, safrangeTi da sxva, hidroresursebis aTvisebis done bevrad ufro maRalia, vidre saqarTveloSi. jer kidev 60-ian wlebSi (hidroresursebis aTvisebis sawyis etapze) am qveynebis hesebSi gamomuSavebuli eleqtroenergiis odenobam qveynis mTliani gamomuSavebis udidesi nawili Seadgina. kerZod, SveicariaSi, SveciaSi da norvegiaSi aTvisebuli iyo ekonomikuri hidroenergetikuli potencialis 60%, 30,2% da 44,6%. mxolod am resursebis srulad aTvisebis Semdgom moxda energiis sxva saxeobebis ganviTareba (imata, kerZod, Tbo- da atomuri energiis wvlilma) Tumca exlac norvegiaSi, eleqtroenergias TiTqmis mTlianad gamoimuSaveben hesebi [25, 27].

cxrili 1.3

saqarTvelos eleqtrobalansi 2000-2008 w.w.

eleqtroenergia mln kvt.sT

	#
	dasaxeleba
	2000 w.
	2001 w.
	2002 w.
	2003 w.
	2004 w.
	2005 w.
	2006 w.
	2007 w.
	2008 w.

	1
	warmoeba EmT
	7216,9
	6738,2
	7118,0
	7008,6
	6706,0
	6880,8
	7425,4
	8169,5
	8279,1

	maT Soris

	1.1
	hesi   Eh
	5805,2
	5481,9
	6660,0
	6420,7
	5892,8
	5850,2
	5321,6
	6724,5
	7053,6

	1.2
	Tesi   ET
	1411,7
	1256,3
	467,9
	587,9
	813,2
	1030,6
	2103,8
	1445,0
	1225,5

	1.3
	Eh/EmT, %
	80
	81
	94
	92
	88
	85
	72
	82
	85


qvemoT moyvanilia cxrili 1.4, romlis safuZvelze SeiZleba miviRoT warmodgena msoflios zogierT qveyanaSi eleqtroenergiis gamomuSavebis struqturis Sesaxeb (monacemebi Seesabameba 1998 w. pirobebs). 

cxrili 1.4

msoflios zogierT qveyanaSi eleqtroenergiis 

warmoebis struqtura

	qveynis dasaxeleba
	maT Soris %-Si

	
	sul 

mlrd kvt.sT
	hesi
	Tesi
	aesi
	sxva

	aSS
	3832,6
	8,4
	70,7
	18,7
	2,2

	CineTi
	1166,2
	17,8
	81,0
	1,2
	-

	iaponia
	1046,3
	9,8
	56,0
	31,8
	2,4

	ruseTi
	827,1
	19,3
	68,2
	12,5
	-

	kanada
	561,8
	59,1
	27,0
	12,7
	1,1

	germania
	556,4
	3,8
	64,7
	29,0
	2,4

	safrangeTi
	510,9
	12,9
	10,5
	75,9
	0,6

	SvedeTi
	158,3
	47,0
	4,4
	46,5
	2,1

	norvegia
	117,0
	99,4
	0,3
	-
	0,3

	TurqeTi
	111,0
	38,0
	61,7
	-
	0,2

	azerbaijani
	18,0
	11,1
	88,9
	-
	-

	saqarTvelo
	8,1
	79,0
	21,0
	-
	-

	somxeTi
	6,2
	24,2
	50,0
	25,8
	-


zemoaRniSnuli mowmobs, rom amJamad saqarTveloSi, rogorc hidroenergetikuli resursebis aTvisebis, aseve moqmedi hesebis gamoyenebis xarisxi damakmayofilebeli ar aris. amitom, orive aRniSnuli maCveneblis donis amaRleba qveynis usafrTxoebis uzrunvelyofis saqmeSi udavod mniSvnelovani faqtoris rols Seasrulebs. es kargad esmis saqarTvelos amJamindel mTavrobas da yovelnairad cdilobs moizidos ucxouri investiciebi qveyanaSi hidroenergetikuli mSeneblobis ufro farTo aqtivizaciis mizniT.
saqarTvelos mdidari hidroenergetikuli resursebi da maTi bunebrivi pirobebi saSualebas iZleva, rom qveyanaSi warmatebiT ganxorcieldes saSualo da SedarebiT msxvili hidroenergetikuli mSenebloba. amis garda, regionSi arsebuli sawarmoo potencialis, finansuri resursebisa da kerZo kapitalis mozidvis xarjze aucilebelia, agreTve, mcire hesebis fartomasStabiani mSenebloba, Ziritadad lokaluri energomomxmareblebis saWiroebis dakmayofilebis mizniT. amasTan dakavSirebiT aRvniSnoT, rom saqarTvelos energetikisa da energetikul nagebobaTa samecniero-kvleviT institutSi Catarebuli saorientacio gaTvlebis Sedegebi gviCvenebs, rom saqarTvelos mcire mdinareebze SeiZleba aigos 200-ze meti hesi, romelTa saerTo gamomuSaveba 12 mlrd kvt.sT gadaaWarbebs [25].
hidroeleqtrosadgurs, iseve rogorc nebismier sxva sameurneo obieqts gaaCnia Tavisi dadebiTi da uaryofiTi mxareebi. jer SevCerdeT dadebiT mxareebze.

hesebis mSenebloba maregulirebeli wyalsacavebiT saSualebas iZleva, rom mdinaris Camonadenis gamoyenebis xarisxi gaizardos da aniWebs obieqts kompleqsur xasiaTs. es gamoixateba imiT, rom wylis resursebis gamoyeneba xdeba rogorc eleqtroenergiis gamomuSavebisaTvis, aseve irigaciisa da wyalmomaragebis saWiroebisaTvis, agreTve satevzao meurneobaSi, rekreaciuli miznebisaTvis da  sxv.; wyalsacavebi amSvenebs qveynis landSafts (amis magaliTia, Sveicaria, italia, safrangeTi da sxv.); wyalsacavebi warmoadgenen, swori eqspluataciis pirobebSi, wyaldidobebTan brZolis faqtiurad, erTaderT da yvelaze ufro qmediT saSualebas [2, 8]; hesebi warmatebiT muSaoben energosistemaSi erToblivad TboeleqtrosadgurebTan da warmoadgenen sakmaod mobilur sistemas, ris Sedegad droebiTi maqsimaluri moxmarebis datvirTvis (dRe-Ramuri pikebis) dafarva maT saSualebiT operatiulad xorcieldeba.

hidroenergetikuli mSenebloba xasiaTdeba Zlier maRali kapitalSemcvelobiT, samagierod, hesis yovelwliuri saeqspluatacio danaxarjebi 5-6-jer ufro dabalia, vidre Tbo- an atomur eleqtrosadgurebis SemTxvevaSi. amasTan, sawyisi kapitaldabandebis ukuamogeba hesis eqspluataciaSi gaSvebis Semdeg, Cveulebriv ramdenime weliwadSi xdeba (hesebSi 1 kvt.sT eleqtroenergiis TviTRirebuleba daaxloebiT 5-jer naklebia, vidre TboeleqtrosadgurSi da isini wliurad mniSvnelovan ekonomias iZlevian) [5, 6, 24, 25].

unda aRiniSnos, rom saqarTveloSi TbosadgurebiT moxmarebuli sawvavis (gazi, navTobi, navTob-produqtebi) 80%-ze meti Semodis importis saxiT, amasTan sawvavi TandaTan gaZvirebis tendenciiT xasiaTdeba. bunebrivia, rom es mZime tvirTad awveba qveynis biujets. aqedan gamomdinare, qveynis mdidari hidroenergetikuli resursebis, rogorc saimedo da sakuTari eleqtroenergiis wyaros aTvisebas da gamoyenebas alternativa ar gaaCnia, Tu ar CavTvliT energiis aratradiciuli wyaroebis (mzis, qaris, Termuli wylebis, biogazis da sxv.) gamoyenebis amJamindel, SedarebiT SezRudul SesaZleblobebs [12]. saqarTveloSi uaxloes momavalSi, am wyaroebs eleqtro-moxmarebis uzrunvelyofis mizniT, eqnebaT garkveuli (damxmare) mniSvneloba (5-10%), Tumca axali teqnologiebis aTvisebisa da danergvis SemTxvevaSi, aRniSnuli wyaroebis gamoyenebis perspeqtiulobis xarisxi udavod gaizrdeba.

mniSvnelovania aRiniSnos, rom ekonomikuri TvalsazrisiT hesebi moixmaren yvelaze ufro sufTa da ganaxlebadi energiis wyaros – wyals. amasTan, hesebi absoluturad uvnebelia atmosferosTvis, rasac gansakuTrebiT didi mniSvneloba eniWeba garemos dacvis TvalsazrisiT (aRvniSnoT, rom TesebiT garemos gaWuWyianeba xdeba aTasobiT tona toqsikuri JangeulebiT, iwveba aTasobiT kub.metri Jangbadi da sxv.).

amave dros, hesebs gaaCniaT garkveuli negatiuri mxareebic. mokled SevexoT ZiriTad maTgans, agreTve garemoze negatiuri zemoqmedebis Semarbilebel saSualebebs.

a) energiis gamomuSavebas axasiaTebs sezonuroba. amitom, mizanSewonilia, rom hesebi erToblivad muSaobdnen TbosadgurebTan da maT erTmaneTis damxmare roli Seasrulon energomoxmarebis reJimis dakmayofilebis mizniT [5, 6].
b) wyalsacavebSi xdeba myari Canadenis Sekaveba, amitom mdinareebis zRvaSi SesarTavis zonebSi natanis deficitis gamo zRvis napirebi TandaTan irecxeba [14, 33]. amis sawinaaRmdegod 80-ian wlebSi sawarmoo organizacia "saqnapirdacva" warmatebiT axorcielebda Sesabamis samuSaoebs (inertuli masalis - qviSis xelovnurad miwodebis saSualebiT zRvis sanapiros garkveul ubnebze); am mizezis gamo, umjobesia, rom asaSenebeli wyalsacavebi SedarebiT mcire zomis iyos. am pirobebSi wyalsacavebis natanisgan gawmendis mizniT damuSavebuli meTodebi da saSualebebi ufro efeqturi xdeba, vidre didi wyalsacavebis SemTxvevaSi [17].

g) hesebis mSeneblobam mTian raionebSi SeiZleba ganapirobos seismuri da geodinamikuri procesebis aqtivizacia da saSiSi talRuri movlenebi wyalsacavSi (Tanamedrove mecnieruli prognozirebis safuZvelze SesaZlebelia savaraudo zianis minimumamde dayvana an Tavidan acileba) [4, 28-32].

d) hesebis didi wyalsacavebis Seqmna dakavSirebulia dasaxlebuli teritoriis, tyeebisa da sasoflo-sameurneo savargulebis datborvasTan. amitom, mizanSewonilia hesebis mSeneblobisas asaTvisebeli mdinareebis zeda ubnebis gamoyeneba mTian regionebSi viwro da Rrma xeobebis arsebobis pirobebSi. amis Sedegad datborvis zona SedarebiT mcire xdeba (aRvniSnoT, rom SedarebiT msxvili xudonis hesis wyalsacavis farTobi proeqtiT mxolod 5,2 km2-ia).

datborili teritoriis farTobi kidev ufro mcirdeba, Tu hesi iyofa mcire safexurebad (kaskadebad) ramdenime mcire wyalsacavebis SeqmniT. amave dros, am sqemiT hesis funqcionirebisas energetikuli maCveneblebi TiTqmis igive rCeba. am mxriv perspeqtiulia agreTve, specialuri reJimiT momuSave hidromaakumulirebeli sadgurebis gamoyeneba da sxva [22].

saerTod hesebis zomebis gonivrulad Semcirebis gziT, bunebisdamcav RonisZiebaTa gatarebiT da racionalurad dabalansebuli midgomis safuZvelze SesaZlebelia minimumamde iqnas Semcirebuli hesebisgan miyenebuli zarali.

amgvarad, saqarTveloSi uaxloes periodSi ganaxlebadi energetikuli resursebs Soris Tavisi masStabiT yvelaze ufro did da efeqtur Sedegs hidroresursebis gamoyeneba mogvcems, amasTan hesebis mSeneblobisa da eqspluataciis problemebis optimalurad gadawyvetis mizniT aucilebelia saTanado teqnikur-ekonomikuri da ekologiuri dasabuTebis Catareba mecnieruli gaTvlebisa da prognozirebis safuZvelze [6, 20, 21, 24, 30, 31]. amasTan, gaTvalisiwnebuli unda iqnas hesebisaTvis damaxasiaTebeli dadebiTi da uaryofiTi faqtorebi maTi urTierTSejerebis gziT, ise, rom miRweuli iqnas mTavari mizani: hesis aSenebis Semdeg ziani iyos minimaluri, xolo miRebuli efeqti maqsimaluri.
1.3. mTian raionebSi eqtremalur pirobebSi hidrokvanZebis garemoze zemoqmedebis 
prognozirebis zogadi aspeqtebi
hidroenergetikuli obieqtebis mSeneblobis Sedegad xdeba bunebrivi garemos wonasworobis darRveva, rac uSualod ukavSirdeba energetikuli usafrTxoebis sakiTxs. am wonasworobis darRveva gamoixateba (gansakuTrebiT mTian raionebSi) seismo-teqtonikuri, geo- da hidrodinamikuri, kalapoturi da sxva saxis procesebis aqtivizaciiT. swored es procesebi ganapirobeben iseTi eqstremaluri movlenebis warmoqmnas, rogoricaa: mewyeri, Rvarcofi, seismo-teqtonikuri deformacia (dedamiwis zedapirze), maRali talRebi wyalsacavSi, warecxva da erozia (wyalsatevebis sanapiro zolSi, hidro-nagebobebis burjebTan da sxva) [4, 7, 9, 14, 20]. am ekologiurad negatiuri (xSirad saSiSi) procesebisa da maT mier gamowveuli Sedegebis prognozireba da mecnieruli dasabuTeba aris is aucilebeli piroba, romlis safuZvelze SesaZlebelia ganxorcieldes Sesabamisi RonisZiebebi hesis raionSi teqniko-ekonomikuri, socialuri da ekologiuri zianis Tavidan acilebisa an Serbilebis mizniT, rac kerZod, SeiZleba iyos ganpirobebuli hidrodinamikuri procesebis garemoze zemoqmedebiT.
1.3.1. garemoze eqstremaluri zemoqmedebis 
safrTxe da prognozirebis meTodebi

(sainformacio sqema)

qvemoT moyvanilia informaciuli xasiaTis sqema, romelic mTiani hesebis raionebSi damaxasiaTebeli stiqiuri movlenebiT da teqnogenuri mizezebiT gamowveuli procesebis prognozirebis sainJinro hidroekologiis ZiriTad aspeqtebs Seexeba.

	bunebrivi (stiqiuri) movlenebi
	teqnogenuri mizeziT 
gamowveuli movlenebi

	miwisZvrebi,

mewyerebi,

Rvarcofebi,

wyaldidobebi da sxva
	wyalsacavis ferdobebze mewyeruli movlenebis aqtivizacia (wylis donis cvlilebis, mSeneblobis da sxv. Sedegad);

wyalsacavSi (kaSxlis mimdebare zonaSi) natanis daleqva;

hidrokvanZis wyalsadinarebis ferdobebze eroziuli procesebi;

hidroteqnikuri nagebobebis warecxva burjebTan da sxva.


eqstremaluri hidrodinamikuri procesebia:
maRali talRebi wyalsacavis zedapirze; swrafi arastacionaruli nakadebi da intensiuri talRuri procesebi wyalsadinarebSi, maT Soris mdinaris kalapotSi qveda biefSi (kaSxlis qvemoT); arastacionaruli hidrodinamikuri procesebi derivaciul sadawneo milsadenebSi seismuri zemoqmedebis SemTxvevaSi da sxv.
hidrodinamikuri zemoqmedebis obieqtebia: kaSxali, wyalsacavis da wyalsadinarebis ferdobebi, zeda da qveda biefebi da maTi mimdebare teritoriebi. sadawneo (an udawneo) milsadinarebi da sxva [3, 7, 16, 19, 21, 31, 33].

hidrodinamikuri zemoqmedebis SesaZlo Sedegebia: kaSxalze wyalsacavSi generirebuli eqstremaluri talRebis gadadineba da miwis kaSxlis garRveva warecxvis Sedegad; wylis eqstremaluri nakadisa da talRebis gavrceleba qveda biefSi, napirdamcavi nagebobebis garRveva, dasaxlebuli teritoriebis, satransporto da irigaciuli sistemebis, savargulebis da sxv. datborva; SesaZlebelia agreTve, katastrofuli Sedegebi da adamianTa msxverplic (rasac kerZod, adgili hqonda italiaSi 1963 wels, vaiontis maRali kaSxlis katastrofuli talRiT gadadinebis gamo); derivaciuli milsadenis gaxleCa seismuri zemoqmedebis dros da sxva. es gviCvenebs, rom garemoze saSiSi zemoqmedebis Sedegebi mWidrod aris dakavSirebuli teqnikur, ekonomikur da socialur problemebTan [7, 16, 31].

garemoze saSiSi zemoqmedebis prognozireba:

a) bunebrivi movlenebis warmoqmnis SesaZleblobis (albaTobis) da maTi parametrebis grZelvadiani da moklevadiani prognozi SesaZlebelia arsebuli statistikuri dakvirvebaTa monacemebis (seismo-teqtonikuri, hidrologiuri, geomorfologiuri, klimaturi da sxva) analizis, Sesabamisi samsaxurebis mier warmoebuli dakvirvebaTa Sedegebisa da maTematikuri gaTvlebis safuZvelze. kerZod, wyaldidobis prognozisaTvis, amJamad warmatebiT gamoiyeneba akad. g.svaniZis mier damuSavebuli hidrologiuri (e.w. monte-karlos) meTodi, prof. n.koduas mdinaris Camonadenis modelirebis meTodi stoqasturi diferencialuri gantolebata saSualebiT da sxv. [5, 6, 12].

b) bunebrivi (miwisZvrebiT gamowveuli seismo-teqtonikuri deformaciebi, mewyerebi, Rvarcofebi) da teqnogenuri (natanis daleqva da sxva) procesebis parametrebis (kerZod, mewyeris siCqare, xangrZlivoba, gavlili manZili, seismo-teqnikuri deformaciis zomebi, natanis daleqvis wliuri sisqe da sxv.) prognozireba SesaZlebelia, rogorc Sesabamisi maTematikuri modelebis damuSavebisa da maTi ricxviTi realizaciis Sedegad, aseve naturul dakvirvebaTa da eqsperimentuli monacemebis analizis safuZvelze [7, 17, 20, 31].

g) bunebrivi da teqnogenuri movlenebis Sedegad garemoze hidrodinamikuri zemoqmedebis Sedegebis prognozireba SesaZlebelia Sesabamisi talRuri procesebis maTematikuri modelirebis (imitaciis) safuZvelze, Tanamedrove gamoTvliTi meTodebis, integraluri gardaqmnis meTodebis da sxva saSualebiT. amasTan, gansaxilveli rTuli procesebis maqsimaluri identifikaciis mizniT, saangariSo modelSi unda iyos gaTvaliswinebuli iseTi faqtorebi, rogoricaa talRuri procesis arastacionaruloba da araerTgvaroba (drois da samive sivrciTi koordinatis mimarT), talRebis arawrfivi xasiaTi, maTi kaSxalze gadadinebis intensivoba, wyalsatevis rTuli konfiguracia da sxva. Teoriuli Sedegebis saimedoobisa da maTi praqtikuli gamoyenebis sazRvrebis dadgena unda warmoebdes Sesabamisi saangariSo da laboratoriuli testebis da naturuli dakvirvebis monacemebis Sedarebis safuZvelze [3, 7, 31].
eqstremalur pirobebSi hidrokvanZis sistemis marTva da gadawyvetilebaTa miReba xorcieldeba garemoze saSiSi zemoqmedebis Tavidan acilebis an Serbilebis mizniT, mTian da seismoaqtiur raionSi moqmedi (an saproeqto) hidrokvanZisaTvis unda Catardes saTanado sainJinro geologiuri da hidroekologiuri eqspertiza da garemoze SesaZlo zemoqmedebis mecnierulad dasabuTebuli Sefaseba-prognozi. damuSavebuli unda iqnas agreTve, hidrokvanZis usafrTxoebis uzrunvelyofis marTvis programa, romelSic gaTvaliswinebuli iqneba saTanado grZel da moklevadiani RonisZiebebis sistema da misi teqnikur-ekonomikuri dasabuTeba. kerZod, eqstremalur pirobebSi es sistema wyalsacavis ferdobze potenciuri mewyeris aqtivizaciis, wyalmovardnebis da sxva sagangebo pirobebSi swori sainJinro-menejmenturi gadawyvetilebis miRebis safuZveli iqneba. teqnikur-ekonomikuri dasabuTebis damuSavebisas, pirvel rigSi, unda iyos gaTvaliswinebuli garemoze zemoqmedebis zemoaRniSnuli Sefasebisa da prognozirebis konkretuli Sedegebi, maT Soris socialuri zianis miyenebis safrTxe da misi prevenciis saSualebebi.
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