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uak 628.1 

 

wyalmomaragebis sistemis elementebiT Sedgenili 

variantul-struqturuli sqemebis saimedoobis Sefaseba 

 

l. klimiaSvili, z. cixelaSvili, m. gujabiZe 

(saqarTvelos teqnikuri universiteti) 

 

 reziume: SemoTavazebuli midgoma emyareba wyalmomaragebis sainJinro sis‐

temis elementebis mimdevrobiTi, paraleluri da Sereuli Seer‐

Tebis kombinaciebis dros Sedgenili SesaZlo variantul-struq‐

turuli sqemebis saimedoobis Sefasebas. 

 

sakvanZo sityvebi: wyalmomaragebis sainJinro sistemis elementebi; struqtu-

ruli sqemebi; sistemis saimedooba – baiesis Teorema. 

 

1. Sesavali 

 

wyalmomaragebis sistemis saimedoobis Sefasebas didi mniSvneloba 

eniWeba wyalmomaragebis sainJinro sistemis variantul-struqturuli sqeme-

bis agebis dros rogorc winasaproeqto da saproeqto, ise saeqspluatacio 

stadiebze [1,2,3]. 

moyvanilia wyalmomaragebis sistemis struqturuli sqemebis saime-

doobis Sefasebis midgoma baiesis Teoremis gamoyenebiT. 

 

2. ZiriTadi nawili 

 

wyalmomaragebis sainJinro sistemis saimedooba aris kompleqsuri 

maCvenebeli, romelic axasiaTebs sistemis umtyunebo muSaobis Tvisebas, 

iyos xangamZle, SekeTebaunariani da Seasrulos misdami wayenebuli funqcia 

anu momxmareblebs miawodos saWiro raodenobis wyali saWiro dawnevebiTa 

da xarisxiT (sanitaruli normebis Sesabamisad). 

sistemis saeqspluatacio saimedoobis ZiriTadi maCvenebelia umtyunoba, 

muSaunarianobisa da Tvisebebis SenarCunebis albaToba eqspluataciis 
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garkveul pirobebSi. wyalmomaragebis sistemis mtyuneba unda gavigoT, 

rogorc misi sruli an nawilobrivi muSaobis Sewyveta. 

mtyunebis albaToba )(tQ -is albaTobaa, rodesac eqspluataciis gar-

kveul pirobebSi, t periodis ganmavlobaSi moxdeba erTi mtyuneba mainc; 

umtyunebo muSaobis albaToba )(tp  ki is albaTobaa, rodesac t periodis 

ganmavlobaSi sistemaSi saerTod ar moxdeba mtyuneba. amrigad, mtyuneba da 

umtyunoba Seadgens movlenebis srul jgufs da erTmaneTTan dakavSirebulia 

Semdegi damokidebulebebiT:  

)(1)( tQtp −= , amasTan 0)(1 >> tp . 

wyalmomaragebis sistemis elementebi (satumbi sadgurebi, rezervuarebi 

da sxv.) SeiZleba SeerTebuli iyos mimdevrobiT (nax. a), paralelurad (nax. 

b) da Sereulad (nax. g) [1]/ 

CamoTvlili a, b, g xerxebiT SesaZlebelia elementebis mierTebis 

sxva rTuli struqturuli sqemis agebac. 
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rodesac sistemis n odenoba mierTebulia mimdevrobiT (ix. nax. a), 

maSin misi albaTobis saimedooba iqneba 

∏
=

=
n

i
ic tptp

1
)()( , 

sadac Π aRniSnavs yvela elementis saimedoobis namravls, rodesac 

ni ,,2,1 …= . 

elementebis paralelurad mierTebis SemTxvevaSi (nax. b), sistemis 

saimedooba iqneba 

[ ]∏
=

−−=
n

i
ic tptp

1
)(11)( . 

amave dros, paraleluri SeerTebisas sistemis saerTo saimedooba 

maRalia TviT sistemis saukeTeso elementis saimedoobaze. 

Sereuli mierTebis SemTxvevaSi (mimdevrobiTi da paraleluri Seer-

Tebis kombinaciebis dros), amocanis gadasawyvetad iyeneben baiesis Teo-

remas [2]. 

am Teoremis Tanaxmad, Sereuli sistemis mtyunebis albaToba tolia 

sistemis mtyunebaTa albaTobisa im pirobiT, rom, Tu romelime gamoyofili 

elementi wesivrul mdgomareobaSia, maSin is mravldeba am elementis 

wesivruli mdgomareobis albaTobaze. aseve, Tu igive elementi arawesivrul 

mdgomareobaSia, maSin is mravldeba am elementis arawesivruli mdgomare-

obis albaTobaze. 

 SemoviRoT aRniSvnebi: −cQ sistemis mtyunebis albaToba; −xP sistemis 

X elementis arawesivruli mdgomareobis albaToba; −cP sistemis saimedooba. 

maSin baiesis Teorema SeiZleba Caiweros Semdegi saxiT: 

       xcxcc QQPQQ += ; 

       )1)(1()1(1 xcxccc PPPPQP −−+−−−= . 

magaliTi. g sqemis magaliTze, sadac A, B, C aRniSnavs paralelurad 

SeerTebul wyalmimReb Webs, xolo 1, 2 – maTTan mimdevrobiT SeerTebul 

madezinficirebel mowyobilobebs, gamoviyenoT baiesis Teorema. maSin aseTi 

Sereuli sistemis saimedooba iqneba 

[ ][ ])1)(1(1 )1)(1)(1( 21 PPPPPP CBAc −−−−−−= . 
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Tu miviRebT. rom WisPPPP cBA === , madezPPP == 21 , maSin n Wisa da m 

madezinficirebeli mowyobilobebis dros, erTiani saimedooba iqneba 

][][ )1(1 )1(1 mn
c PPP madezWis −−−−= . 

davuSvaT, Webis saimedooba 9,0=WebP , xolo madezinficirebeli mowyo-

bilobebis saimedooba 8,0=madezP . maSin, bolo formulis Tanaxmad, erTiani 

sistemis saimedooba iqneba  

96,0)8,01(1 )9,01(1 ][][ 23 =−−−−=cP . 

 

3. daskvna 

 

SemoTavazebuli midgoma emyareba wyalmomaragebis sainJinro sistemis 

elementebis mimdevrobiTi, paraleluri da Sereuli SeerTebis kombinaciebis 

dros Sedgenili SesaZlo variantul-struqturuli sqemebis saimedoobis 

Sefasebas baiesis Teoremis gamoyenebiT. 

wyalmomaragebis sistemis saimedoobis Sefasebis moyvanil midgomas 

didi mniSvneloba eniWeba wyalmomaragebis sistemis struqturuli sqemebis 

variantuli agebis dros rogorc winasaproeqto da saproeqto, ise saeq-

spluatacio stadiebze. ganxilulia saimedoobis Sefasebis magaliTi. 

 

literatura 

 

1. Белозоров Н.П., Луговской М.В. Расчет систем водоснабжения с применением вычис-

лительной техники. М.: Колос, 1973. – 246 с. 
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uak 528 

 

sasmeli wylis gausnebovnebis 

Tanamedrove alternatiuli xerxi 

 

g. soselia, i. mixelaSvili, r. kizivaZe 

(saqarTvelos teqnikuri universiteti) 

 

reziume: warmodgenilia wylis gausnebovnebis erT-erTi Tanamedrove xerxis 

gamoyenebis, kerZod, airovani qloris oqsidentis xsnariT Secvlis 

SesaZlebloba q. Tbilisis saTave nagebobebze. meTodi damuSavda 

sainJinro akademiis samecniero centrSi. sasmeli wylis gausne-

bovnebis efeqtis misaRebad Catarda eqsperimenti samgoris gamwmend 

nagebobebze. aseve dadasturda oqsidentis upiratesoba airovan 

qlorTan SedarebiT, rogorc usafrTxo, saimedo siTxis, romlis 

gamoyeneba mkveTrad Seamcirebs saeqspluatacio danaxarjebs. 

 

sakvanZo sityvebi: gausnebovneba; oqsidentis xsnari; akvaqlori; planqtoni; 

aqtivacia; ozoni; degazacia; stabilizacia. 

 

1. Sesavali 

 

dReisaTvis mTels msoflioSi 1 miliard 200 milioni adamiani ganic-

dis usafrTxo sasmeli wylis deficits. msoflio jandacvis organizaciis 

mier gamoqveynebuli monacemebiT, yovelwliurad 3,4 milioni adamiani, 

ZiriTadad bavSvebi, iRupebian sasmeli wyliT gamowveuli daavadebebiT. 

wyali, romelsac moixmars Tanamedrove sazogadoeba, Seicavs asiaTaso-

biT dasaxelebis sxvadasxva saxis dambinZurebels. organizmisaTvis sul 

erTi ar aris, Tu ra nivTierebebi, umciresi raodenobiTac ki, xvdeba masSi 

wyalTan erTad. isini yvela erTad, monawileoben bioqimiuri mimocvlis 

reaqciebSi, amaxinjeben ukanasknelT, widebiT avseben ujredebsa da 

ujredTSoris sivrceebs, rac droTa ganmavlobaSi ujredTa genetikuri 
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aparatis dazianebas iwvevs. wyalmomzadebis etapze es dambinZureblebi ar 

vlindeba. 

cxovrebis donis Sesadareblad, sxvadasxva qveynebSi gaerom 2002 wli-

dan SemoiRo Sefasebis axali maCveneblebi. ekonomikuri maxasiaTeblebis 

nacvlad, dRes ekologiuri maCvenebeli - mosaxleobis sasmeli wyliT 

momaragebis sakiTxi pirvel adgilze dgas, rac problemis simZafreze met-

yvelebs. medikosebi amtkiceben, rom daavadebaTa 80%-s, dabali standarte-

bis wyalTan erTad, Cven “vsvamT”. sasmel wyalSi igulisxmeba iseTi wyali, 

romlis moxmareba ar iwvevs mosaxleobis janmrTelobis negatiur cvlile-

bebs. saerTaSoriso doneze am problemisadmi yuradReba wliTiwlobiT 

izrdeba. 

mosaxleobisaTvis saWiro higiena Zalian mniSvnelovani da aqtualuri 

problemaa, romlis gareSe SeuZlebelia jansaRi momavali Taobebis zrda-

ganviTareba, xolo ekokanalizacia da mosaxleobis sufTa sasmeli wyliT 

uzrunvelyofa erTmaneTis Semavsebeli da Semadgeneli nawilebia. 

sxvadasxva qveynis specialistebis SefasebiT, xarisxiani wylis miRebis 

problema erT-erT mwvave sakiTxad dadgeba, radgan bunebrivi wylis 

xarisxis gauaresebasTan erTad, wylis aRebis adgilebSi, Zalian nela 

inergeba wyalgawmendis Tanamedrove teqnologiebi. 

gamwmendi nagebobebi wyalmomaragebis sistemis erT-erTi Semadgeneli 

elementia. wylis damuSavebis tradiciuli teqnologiebi: gauferuleba, 

darbileba, degazacia, stabilizacia da sxva mravali umetes SemTxvevaSi, 

garemos bunebrivi gaWuWyianebisa da anTropogenuri zemoqmedebis gamo, nak-

lebad efeqturi gaxda, amitom aucilebelia wylis gawmendisa da gauvne-

belyofis maRalefeqturi meTodebis gamoyeneba.  

erT-erTi tradiciuli da efeqturi meTodia wylis qlorireba. wylis 

gawmendis msoflio praqtikaSi sul ufro farTod gamoiyeneba ozoni. 

evropis wyalgawmendis 1000-ze meti sadguri ozonirebas iyenebs, rogorc 

wyalmomaragebis teqnologiuri procesis Semadgenel nawils. ozonirebis 

meTodi farTod gamoiyeneba ruseTis sxvadasxva qalaqebSic. ozoni aumjo-

besebs koagulaciis procesis mimdinareobas, saSualebas iZleva Semcirdes 

koagulantisa da qloris dozebi, daiwios aqroladi, toqsikuri haloge-
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norganuli naerTebis koncentracia, gaumjobesdes wylis xarisxi anu misi 

mikrobiologiuri da organoleptikuri maxasiaTeblebi. wylis gauvnebel-

yofis yvelaze usafrTxo perspeqtiuli meTodia misi ultraiisferi sxive-

biT damuSaveba. garda baqteriebze maRalefeqturi zemoqmedebisa, ultraiis-

feri gamosxiveba ar warmoqmnis TandarTul nivTierebebs, romelnic nega-

tiurad moqmedebs cocxal organizmebze; garda amisa, qlorirebisa da ozo-

nirebisagan gansxvavebiT, ar iTxovs specialuri, teqnikuri da ekologiuri 

usafrTxoebis RonisZiebebis gatarebas. bolo aTwleulis ganmavlobaSi, 

ruseTSi am meTodze momuSave 700-ze meti sadguri dainerga. 

Teoriuli da praqtikuli TvalsazrisiT, garkveulwilad sainteresoa 

spilenZis ionis baqtericiduli aqtivoba. gamokvlevbiT dadginda, rom spi-

lenZis ionebi wyalSi, gansakuTrebiT maRali temperaturis periodSi, aviTa-

rebs misi baqteriologiuri gaWuWyianebisadmi winaaRmdegobis unars, rac ar 

axasiaTebs arc qlors da arc ozons. 

 

2. ZiriTadi nawili 

 

saqarTvelos qalaqebSi (Tbilisi, quTaisi, samtredia) da dasaxlebul 

adgilebSi wylis gausnebovnobis meTodad jer kidev gamoiyeneba qlori-

reba, romlis uaryofiT mxareebze gvqonda ukve saubari. sxvadasxva gausne-

bovnebis meTodebis analizis safuZvelze davadgineT, rom yvelaze efeqtu-

rad da adamianis janmrTelobaze naklebi uaryofiTi zemoqmedebiT gamoir-

Ceva qloris oqsidenti xsnaris saxiT, romelic eleqtroqimiuri aqtivaciis 

teqnologiiT miiRo saqarTvelos sainJinro akademiis “samecniero teqni-

kuri centri”-s direqtorma Tengiz cecxlaZem da amasTan erTad, warmogvid-

gina teqnologiuri danadgaris “akvaqlori”-s teqnikuri maxasiaTeblebi, 

kerZod “akvaqlor-500”, romelsac SeuZlia erT saaTSi gamoimuSaos 500g 

(0,5kg) airovani oqsidenti wylis xsnaris saxiT anu 4000 l/sT-Si. xsnari 

aris airovani qloris alternatiuli saSualeba da igi sasmeli wylis 

gausnebovnebisaTvis gamoiyeneba rogorc saTave nagebobebze, ise wyalgam-

Sveb sadgurebSi bunebrivi wylebis damuSavebis Semdeg, sufTa wylis de-

zinfeqtantad. 
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miRebuli xsnari ereva dasamuSavebel wyals im moculobiT, romelic 

uzrunvelyofs gausnebovnebis process. moculoba ekvivalenturia aqtiuri 

qloris dozis (mg/l, g/m3-ze). 

qloris gamoyenebis normatiuli dokumentebis Sesabamisad, danadgari 

“akvaqlor-500”-is sagarantio samuSao vada Seadgens 5 weliwads (normaluri 

saeqspluatacio pirobebis SemTxvevaSi, regularulad reaqtorebis gawmen-

da-garecxvisas es vada SeiZleba gaxangrZlivdes). aRniSnuli teqnologia 

maRalefeqturia, miRebuli oqsidentis xsnaris Sedareba wylis damuSavebis 

SemTxvevaSi molekulur qlorTan (0,7 mg/dm3-ze) da imave xsnaris saxiT 0,7 

mg/dm3, gvaZlevs Semdeg Sedegs: narCi qlori wyalTan 30-wuTiani kontaqtis 

Semdeg iqneba 0,4 mg/dm3-ze, xolo oqsidentis xsnaris imave doziT 

damuSavebul wyalSi narCi Tavisufali qlori (30 wuTis konc. Semdeg) aris 

0,35 mg/dm3. 

miRebuli xsnari usafrTxoa, TviT procesic xsnaris miRebisa, rome-

lic sufris marilis xsnarzea damokidebuli. SemoTavazebuli xsnari, Sesa-

niSnavi dezinfeqtantia, rasac adasturebs sxvadasxva obieqtebze wylis 

gausnebovnebis eqsperimentebi da maTze miRebuli daskvnebi. 

ama wlis 27 marts “samgoris” wyalgamwmend nagebobaze CavatareT 

winasaeqsperimento samuSaoebi, Sps “Tbilisis wyali”-s teqnikuri samsaxu-

ris warmomadgenlebma _ g. soseliam, i. mixelaSvilma, i. gogriWianma. eqspe-

rimenti Catarda nedl dasamuSavebel wyalze da im mcenareul (planqtonis) 

warmonaqmnebze, romelsac iWers pirveladi uxeSi Tevz damWeri badeebi.  

Sedegad, nedli wylis gafiltvris Semdeg da oqsidentiT damuSave-

buli imave masalis filtrebze gafiltvrisas SeuiaraRebeli TvaliTac 

naTlad Canda oqsidentis moqmedeba, faqtiurad man mospo organuli naer-

Tebi, nawilakebi da TiTqmis “koagulantis” rolic Seasrula. nedli wylis 

filtri xasiaTdeboda muqi feriT da Sewonili mcire nawilakebis arse-

bobiT filtrebis zedapirze (qaRaldis filtri diametriT 30 mm), xolo 

oqsidentis Semdeg filtrma feri ar Seicvala; maSasadame, filtrze aravi-

Tari narCenebi ar Canda (es aris SeuiaraRebeli TvaliT oqsidentis xsna-

ris efeqtis pirveladi Sefaseba). 
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specialur WurWelSi CavfineT planqtonis masa (daaxloebiT 5-8 g) da 

davasxiT (0,7 mg/dm3) oqsidentis xsnari. daaxloebiT 3 wuTis Semdeg, 

wyalmcenarem feris Secvla daiwyo, xolo 5 wuTis Semdeg mwvane feri 

saerTod daikarga da daiwyo daSla. winaswari mosazrebiT SeiZleba davas-

kvnaT, rom xsnars SeuZlia “sunis” winaaRmdeg brZola, radgan igi wyalmce-

nareebs Tu mospobs, “sunic” TavisTavad moispoba. xsnari SeiZleba gamoye-

nebul iqnes saTave nagebobebTan wyalmcenareebis winaaRmdeg sabrZolvelad. 

xsnaris miRebas, bunebrivi wylebis gausnebovnebis teqnologiebis daner-

gvas, eqspluataciis CatarebisaTvis kadrebis momzadeba-treiningebs da sxva 

teqnikuri sakiTxebis gadawyvetas iTvaliswinebs saqarTvelos sainJinro 

akademiis “samecniero teqnikuri centri”, Sps “Tbilisis wyalTan” Tanam-

Sromlobis SemTxvevaSi.  

“antiqloris” gamoyenebis rentabelurobis Sesaxeb Catarebulma teqni-

kur-ekonomikurma gaangariSebebma, sadac ZiriTadad viyenebT oqsidentis 

xsnars, mis zemoqmedebas dasamuSavebel wyalTan, SevadarebT airovani qlo-

ris Tvisebebs erTsa da imave dozis SemTxvevaSi. 

ganvixiloT q. Tbilisis wyalmomaragebis erT-erTi wyaros, nataxtaris 

bunebrivi wylebis oqsidentiT damuSavebis SesaZlebloba. 

nataxtaris mwarmoebloba Seadgens 

3,5 m3/wm – 12 600 m3/sT – 302 400 m3/dR.R – 110 376 000 m3/wl. 

airovani qloris saaTuri raodenoba (Tu qloris dozaa 0,7 g/m3) gani-

sazRvreba Semdegi formuliT: 

GsT = Dql × QsT / 1000 , kg/sT 

sadac Dql qloris saangariSo dozaa g/m3 (mg/l); 

QsT
 – wylis saaTuri xarji. 

am monacemebidan gamomdinare, qloris saaTuri raodenoba Seadgens 

GsT = 0,7 × 12 600 / 1000 = 8,82 kg/sT. 

qloris dReRamuri moxmareba gamoixateba Semdegi gamosaxulebiT: 

GdR.R
 = GsT × T, kg/dR.R, 

sadac T dRe-RameSi qloris mowodebis saaTebia. Cven SemTxvevaSi, T=24 sT. 

moyvanilidan gamomdinare, qloris dReRamuri moxmareba Seadgens 

GdR.R = 8,82 × 24 = 211,68 kg/dR.R. 
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qloris wliuri moxmareba Seadgens 

211,68 × 365 = 77 263,20 kg/wl. 

airovani qloris Sesasyidi Rirebulebaa 2 256,16 l (1 350 aSS dol. ekv.) 

1 t qlorze. 

weliwadis ganmavlobaSi qlorze daxarjuli Tanxa Seadgens 

77 263,20 × 2 256,16 / 1000 = 174 318,14 lari. 

imave mwarmoeblobis wylis gausnebovnebisaTvis Tu gamoviyenebT 

oqsidentis xsnars da davuSvebT, rom misi dozac iqneba 0,7 g/m3, maSin dag-

vWirdeba danadgarTa moduli, romelic Sedgeba (Tu ganvixilavT “akva-

qlor-500”-is analogs) 16 erTeulisagan, kerZod, erTi moduli (8 cali) 

mogvcems 4 000 litr oqsidents anu 4 kg qlors. maSasadame, saWiroa ori 

moduli 2 × 4 000 – aRniSnuli mwarmoeblobisaTvis 8 000 litri oqsi-

denti. 

Tu gaviTvaliswinebT, rom SegviZlia gamoviyenoT saangariSo dozaze 

daaxloebiT 5-10%-iT naklebi doza, maSin miRebuli raodenoba sakmarisi 

iqneba, anu 8kg saaTSi _ 8 000 litri oqsidenti. aseTi raodenobis 

oqsidentis xsnaris misaRebad saWiroa 16 erTeuli danadgari. 

erTi erTeulis Rirebuleba 650 000 rusuli maneTia, rac Seadgens 20 

136 aSS dolars (15.05.2009 w. valutis kursiT), e.i mTliani Rirebuleba 

danadgarebisa 16 × 20 136 = 322 176 dolars (538 033,90 lari). samontaJo 

Rirebuleba, damxmare elementebTan erTad avzebi, mildenebi, eleqtroxaze-

bi, farebi da sxv., daaxloebiT saerTo Rirebulebis 40 %-s Seadgens.  

mTliani erTdrouli danaxarjebi oqsidentis momzadeba-miwodebaze 

iqneba 927 565,60 lari. 

aRniSnuli raodenobis xsnaris misaRebad saWiroa sufris marili NaCl 

– (1 kg oqsidentis misaRebad 1,8-2,0 kg marili), e.i 16 kg marili erT saaTSi.  

marilis dReRamuri raodenoba Seadgens: 16 × 24 = 384 kg-s; weliwadSi 

ki _ 140 160 kg (140,16 t). 

weliwadSi daxarjuli eleqtroenergiis Rirebuleba ganisazRvreba 

Semdegi formuliT: 

Nwl = N1 × q × T × δ , lari 

sadac N1 eleqtroenergiis xarjia 1 kg aqtiur qlorze, N1 = 2÷2,5 kvt/sT; 
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q – oqsidentis xsnaris doza, q = 8 kg; 

T – saaTebis raodenoba weliwadSi, T = 8760 sT; 

δ – erTi kvt-is Rirebuleba larebiT, δ = 0,058 lari. 

am monacemebis gaTvaliswinebiT, wliuri eleqtroenergiis xarji Sead-

gens 8129.00 lars. 

 

wliuri saeqspluatacio xarjebi: 
 

dasaxeleba 
erTe-

uli 

raodenoba Rirebuleba, lari 

dRe-RameSi weliwadSi dRe-RameSi weliwadSi 

soda - Na2CO3 (10%) kg 8064.00 2943.36 0.17 62.00 

marilmJava - HCl (3%) l 0.10 18.00 0.02 3.60 

sufris marili - NaCl kg 384.00 140160.00 73.15 26699.70 

eleqtroenergia (1 kvt - 

0,16 lari) 
kvt  384.00 140160.00 22.27 8129.00 

momsaxure personalis xelfasi 3 kaci (24 sT-iani samuSao dRe, 3 cvla,  

Tv. xelfasi 700 l) 
25200.00 

Σ 60094.30 

gauTvaliswinebeli xarjebi – 5% 3004,70 

sul 169.86 63099,00 

 

- oqsidentis xsnaris gamoyenebis SemTxvevaSi, 1 m3 wylis gausnebov-

nebisaTvis saeqspluatacio xarjebi iqneba (dayvanili): 

63 099 : 110 376 000 = 0,00057 lari; 

- 1 m3 wyalze mosuli danadgarebis samontaJo samuSaoebTan erTad, 

Rirebuleba 

927 565,60 : 110 376 000 = 0,0084 lari; 

- qloris gamoyenebis SemTxvevaSi, 1 m3 wylis gausnebovnebisaTvis saeq-

spluatacio xarjebi (aq ar aris eleqtroenergiis da momsaxurebis 

xarjebi) mxolod qloris Rirebulebaa. 

77 263,20 : 110 376 000 = 0,0007 lari. 

oqsidentis xsnaris gamoyeneba 1.23-jer ufro iafi jdeba qlorTan Se-

darebiT. amave dros yuradsaRebia oqsidentis xsnaris usafrTxoeba eqsplu-

ataciis dros da misi moqmedeba sunisa da gemos mospobis TvalsazrisiT. 
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3. daskvna 

 

oqsidentis xsnaris gamoyeneba S.p.s “Tbilisis wyali”-s yvela obieqtze 

mogvcems ekonomikur efeqts airovani qloris gamoyenebasTan SedarebiT, 

daaxloebiT 57%-is odenobiT, saerTo gausnebovnebis arsebul xerxTan 

mimarTebiT. fulad gamosaxulebaSi igi warmoadgens daaxloebiT 170 aTas 

lars weliwadSi. 
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uak 628.1 
 

wyalmomaragebis optimaluri rezervirebis SefasebisaTvis 

 

n. lafaCi, l. klimiaSvili, n. nacvliSvili 

(saqarTvelos teqnikuri universiteti) 

  

 reziume: ganxilulia wyalmomaragebis sistemebis funqcionirebis optima-

luri rezervirebis Sefasebis sakiTxebi, mtyunebaTa intensivobis 

monacemebis statistikuri damuSavebiT. wylis miwodebis sistemis 

daproeqtebisas optimaluri rezervirebis variantebis analizi, 

miRebuli q da a parametrebis pirobebSi, unda ganxorcieldes 

ekonomikuri maCveneblebis SedarebiT.  

 

sakvanZo sityvebi: wyaldenebi; gadarTvebi; saimedooba; optimaluri rezer-

vireba.  

 

1. Sesavali  

 

wyalmomaragebis sistemebSi dazianebebis dros momxmareblebTan wylis 

miwodebis Semcirebis dasaSveb sidideebs adgens qveyanaSi moqmedi samSeneb-

lo normebi da wesebi. Tumca, unda aRiniSnos, rom wylis miwodebisa da 

ganawilebis sistemis calkeuli elementebis mtyunebebi sistemaSi, TavianTi 

adgilmdebareobis gansxvavebulobis gamo sxvadasxvagvarad axdens gavlenas 

momxmarebelTa wyliT uzrunvelyofis xasiaTze. momxmareblebi, romlebic 

daSorebuli arian sistemis mkvebavi wyarodan, avariebis dros ufro metad 

zaraldebian (xarjebiT da wnevebiT), vidre is momxmareblebi, romlebic 

wyaldenebis qselTan SeerTebis ufro axlo raionebSi arian. am mdgomare-

obis aRsakveTad normatiul dokumentaciaSi dadgenilia ara mxolod miwo-

debuli wylis raodenobis Semcirebis dasaSvebi sidide, aramed, amasTan 

erTad, sistemis kritikul wertilebSi dawnevebis Semcirebis zRvrulad 

dasaSvebi sidideebic.  

dReisaTvis, wyalmomaragebis sistemebis saimedoobisadmi normatiuli 

moTxovnebi atarebs wminda funqciur xasiaTs, ar iZleva safuZvels Sefasdes 

sistemis mtyunebaTa warmoqmnis albaTobebi. sistemis saimedoobis uzrunvel-
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yofis optimaluri variantis povna ki SesaZlebelia ekonomikuri da saimedo-

obis maCveneblebis sxvadasxva variantebis SedarebiTi analiziT. aseT maCve-

neblebad SeiZleba miRebul iqnes: wylis miwodebis dasaSvebi Semcirebis 

sidide, umtyuno muSaobis albaToba drois erTeulSi, xarjis sidide avarie-

bisas da sxv. cxadia, optimalurad unda CaiTvalos yvelaze ekonomiuri 

varianti saimedoobis moTxovnili maCveneblebis dacvisas.  

saimedoobis maCveneblebis angariSis meTodikis safuZvlad unda CaiT-

valos sistemis sxvadasxva elementebis dazianebis intensivobis monacemebis 

statistikuri damuSavebis Sedegebi. 

 

2. ZiriTadi nawili 

 

optimaluri rezervirebis procesSi fasdeba: 

a) mosamaragebeli obieqtisaTvis wylis miwodebis dasaSvebi Semcirebis 

sidide mocemuli sistemis wyaldenebze SesaZlo darRvevebisas, romelic 

xasiaTdeba fardobiT 
qα
q

= a . 

aq q da qa Sesabamisad, wylis xarjia, gamarTuli sistemisas da avariis 

SemTxvevaSi; 

b) rezervirebis meTodi; 

g) sistemis elementebis saimedoobis gamoyenebuli maCveneblebi. 

miTiTebuli faqtorebis erToblivi qmedebebi sxvadasxva xarisxiT ax-

dens gavlenas sistemis samSeneblo Rirebulebis sididis cvlilebasa da 

saimedoobaze. 

sistemis optimizaciis amocanis gadawyvetisas aucileblad migvaCnia _ 

mocemuli parametrebisas q, d, l da Pnorm, vipovoT varianti, romelic uz-

runvelyofs dayvanili Rirebulebebis sididis umcires SesaZlo mniS-

vnelobas, gansazRvruls Semdegi formuliT: 

 1min W K C C ,
t

⎛ ⎞= + +⎜ ⎟
⎝ ⎠

mS eqspl   (1.1) 

sadac t gamosyidvis saangariSo vadaa;  

CmS _ samSeneblo danaxarjebi; 

Ceqspl _ saeqspluatacio danaxarjebi; 

K _ saamortizacio anaricxebis koeficienti. 
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rodesac gvaqvs SezRudvebi: 

a) wyaldenebis sistemis umtyuno muSaobis albaToba t drois inter-

valSi 

  P P ;≥ norm   (1.2) 

b) dazianebebisas xarjis Semcirebis koeficientis sidide 

  
qα α .
q

= ≥a
norm   (1.3) 

igulisxmeba, rom cnobilia Semdegi parametrebi: 

H _ momxmarebelTan dawnevis sidide; 

 l _ wylis transportirebis saangariSo sigrZe; 

λ  _ elementebis mtyunebebis nakadis parametri; 

μ  _ sistemaSi elementebis aRdgenis funqciis parametri. 

ganvixiloT sqema, romelSic m wyaldenia n ubnebiT, romlebic xasiaT-

deba winaRobis iS  sididiT. wyaldenebis sistemaSi avariebis ararsebobis 

dros saangariSo xarji q -s tolia. erTi wyaldenis ubanze dawnevis sruli 

danakargi Seadgens 

  

2

i i
qh S .
m

⎛ ⎞= ⎜ ⎟
⎝ ⎠

 (1.4) 

yvela wyaldenze sruli danakargi Seadgens 

  n
m
qSh

2

i ⋅⎟
⎠
⎞

⎜
⎝
⎛= . (1.5) 

dawnevis danakargi mTlian sistemaSi sruli q  xarjis gatarebisas 

iqneba h . Tu miviRebT wS  wyaldenebis sistemis winaRobis mniSvnelobebs 

tolad, gveqneba: 

 i 2

nS S .
m

=w   (1.6) 

wyaldenis erT ubanze avariisas, imis gamo, rom Seicvala wyaldenebis 

sistemis winaRobis sidide, satumbi sadguri miawodebs avariul xarjs aq . 

dawnevis danakargi wyaldenebis sistemis dauzianebel nawilSi ganisaz-

Rvreba sididiT 

  ( )
2

i
qh S n 1 .
m

⎛ ⎞= −⎜ ⎟
⎝ ⎠

a
dauz   (1.7) 
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sistemis dazianebul nawilSi es sidide toli iqneba: 

  

2

i
qh S ,

m
⎛ ⎞= ⎜ ⎟
⎝ ⎠

a
daz

- 1  
 (1.8) 

xolo wyaldenebis mTlian sistemaSi 

  
( )( )

( )

2 2
2

a i 22

n 1 m 1 m
h S q .

m m 1

− − +
= ⋅

⋅ −
a   (1.9) 

sistemis kuTri ekvivalenturi winaRobis axali mniSvneloba miiRebs 

Semdeg saxes: 

  
( )( )

( )

2 2

22

n 1 m 1 m
S S .

m m 1

− − +
= ⋅

−
a.w. w

 

 (1.10) 

Tu CavTvliT, rom wyaldenebis maxasiaTebeli gantoleba avariis 

ararsebobis dros aseTi saxisaa: 

  
2H H S q ,= + ⋅w g w  

 (1.11) 

xolo satumbi sadguris agregatebis erToblivi muSaobis maxasiaTebeli 

gantoleba  

  
2H A C q ,= + ⋅t   (1.12) 

maSin SeiZleba miviRoT: 

  
2 A H

q .
S C

−
=

+
g

w

  (1.13) 

erTi wyaldenis erT ubanze avariisas, saavario xarjis sidide 

ganisazRvreba analogiuri gardaqmnebis gziT, amrigad: 

Tu CavTvliT, rom Semcirebis koeficienti 
qα
q

= a , SesaZleblad 

migvaCnia miviRoT misi sidide Semdegi gantolebidan: 

  
S Cqα .

q S C
+

= =
+

wa

a.w.

  (1.14) 

miRebuli gantolebis Semadgenlobis dajgufebiT da gardaqmnebiT, 

miviRebT: 

  
( )

( )

222

2 2

Sm m 1αn ,
S C1 α m 1

− −
= ⋅ ⋅

+− −
w

w
  (1.15) 
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avariebis K  ricxvisaTvis, romelsac adgili aqvs erTdroulad 

sxvadasxva wyaldenebis urTierTsawinaaRmdego ubnebze, gantoleba miiRebs 

Semdeg saxes: 

  
( )

( )

222

K 2 2

Sm m 1αn K.
S C1-α m 1

− −
= ⋅ ⋅ ⋅

+−
w

w

  (1.16) 

wyaldenebis R  ubnebze avariebis ricxvisaTvis gvaqvs avariuli xarjis 

sidide qa , dawnevis danakargi avariuli xarjisas Seadgens 

 

( ) ( ) ( )
( )

22 2 2

i i i 22

m R n R mq qh S n 1 S S q .
m m R m m R

− − +⎛ ⎞ ⎛ ⎞= − + = ⋅ ⋅⎜ ⎟ ⎜ ⎟−⎝ ⎠ ⎝ ⎠ −
2a

a.w. a
a

 
 (1.17) 

zogad SemTxvevaSi, wyaldenebis sistemaSi mtyunebaTa mocemuli kombi-

naciisas, ubnebis saangariSo ricxvi ganisazRvreba Semdegi gantolebiT: 

  
( )

( )

222

KR 2 2

Sm m R 1αn K.
S C1 α m R 1

− − −
= ⋅ ⋅ ⋅

+− − −
w

w
  (1.18) 

gvaxsovs, rom rodesac K 1≥ , sidide R 0=  da rodesac K 2≥ , maSin 

R 1= . 

 

3. daskvna 

 

zemoaRniSnulidan gamomdinare vaskvniT, rom wylis miwodebis sistemis 

daproeqtebisas unda Sefasdes wyalmomaragebis sistemebSi wylis miwodebis 

optimaluri rezervirebis sakiTxebi. amasTan, rezervirebis variantebis 

analizi, maTi funqcionirebis q da α  mocemuli parametrebis pirobebSi, 

unda ganxorcieldes ekonomikuri maCveneblebis SedarebiT.  
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UDC 628.12.002 
 

IMMERSION PUMP 
 

Z. Megrelishvili, V. Chkhaidze, D. Chkhaidze, N. Dondoladze 

(Shota Rustaveli State University) 

 

Abstract: A new construction of the immersion pump with a hand and power drive is proposed. The 

pump allows to remove together with the liquid, the slumped sediment of any 

consistency. The relations are presented for calculation of technological parameters of 

the pump. 

 

Key words: pump; construction; liquid; sediment. 

 

1. INTRODUCTION 

 

The sediments of waste and natural waters (chalk paste, coal hydromass, mortars, etc.) belong 

to structural or plastic bodies. They hold the interval position between sticky and extensible bodies. 

The removal of such sediments from huge plants is carried out by various devices (hydrowashing 

system, water-jet pumps). But for average and small capacities, particularly in half industrial and 

pilot installations, the use of these devices is technically not suitable and economically not 

profitable. Besides, the existing devices are not very effective in removing the slumped sediment.  

 

2. GENERAL 

 

The proposed immersion pump which has neither a body nor a piston can be used for 

pumping natural water, polluted, chemically active or highly inflammable liquids, as well as, 

slumped sediments of any consistency, i.e. in all cases when ingress or leakage of pumped liquid 

between cylinder clearance and piston is not desirable. 

 In Fig. 1 the construction of the immersion pump with the hand drive is shown. The pump 

consists of the main trunk 1 with the through longitudinal hole at the low face of which there is a 

suction valve 3. Besides, the working part of the pump representing a corrugated pipe 2 made of 

elastic material is fixed to the lower part of the trunk. For directing the pumped liquid to the place 

of its accumulation, the hose 4 is fixed on the upper part of the trunk. 
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The immersion pump works in the following way: The trunk of the pump is immersed into the 

liquid which is in the installation or in the water reservoir. When the corrugation face touches the 

bottom, the pressure-tight space is formed inside the corrugation. By holding and pressing the trunk 

with the hand, the capacity of the corrugation is reduced causing the increase of the pressure inside 

it. Thanks to this activity the sucking pump opens and the liquid flows into the through hole of the 

trunk and into the hose connected to it. The productivity of such immersion pump with a hand drive 

is in the direct dependency to the intensity of trunk rising and lowering process. It’s natural that 

while using the hand drive the pump will have small productivity because of a man’s limited 

possibility.  

Liquid volume which is pumped with the immersion pump per one stroke can be defined 

according to the following dependence (Fig. 2).  
 

      
   Fig. 1. Immersion pump with hand drive.                        Fig. 2. Corrugation 
  1- trunk, 2- corrugation, 3 - valve, 4 - hose 

 

 ( )[ ]δ⋅⋅−⋅⋅−⋅⋅= 222 35,0523,0 dhdDzV   (1) 

where  

   D  is the largest inside diameter of the corrugation; 

   d  is the smallest inside diameter of the corrugation; 

   δ  is the thickness of the corrugation wall; 

   h  is the height of corrugation’s one section; 

   z  is the number of sections. 
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The immersion pump with corrugations (Fig.1) with hand drive is the simplest type of the 

existing pumps. At the same time it is universal by its mobility and can be moved to any direction 

with the simultaneous pressing and forcing out. It removes slumped sediments together with liquid.  

In case of the necessity to have the pump with higher productivity, the immersion pump 

should be equipped with an electrical drive and a device transforming the rotary motion into 

reciprocating one. Such kind of the simplest mechanism is the crank mechanism. The mechanized 

immersion pump (Fig.3) includes all those mechanical elements which are in above described pump 

with hand drive. It differs by its additionally equipped frame 10 in the guide hole of which pipe 7 is 

sleeping by electric motor 2, by crank 3 and connecting rod 4. The connecting rod is connected with 

a pipe with hinges. Except drive there is also balanced ballast load 9 fixed on the frame which 

supports vertical position of pipe 7 and simultaneously provides necessary pressure of the pump. 

All this system with the help of cord 8 is suspended on hook 5 of the crane or another supporting 

device.  

The principle of this pump’s activity with mechanical drive is absolutely the same as with 

hand drive. If the amount of the pressure inside the corrugation and the appropriate height of the 

liquids lift (pressure) in the pump with the mechanical drive is provided with the effort developed 

by the man, then the pressure and appropriately the head in mechanical drive pump is provided with 

the total weight of the pump and the power of the engine.  

The productivity of the immersion pump with power drive will be equal to:  

                 
60
VnQ = , м3/с,                 (2) 

and power will be: 

                
60102 ⋅
⋅⋅⋅

=
nVHP γ , кВт                (3) 

where 

   V is liquid volume transferred per revolution of the crank, m3 (its quantity is defined with the 

dependence which is used for the pump with the hand drive); 

   n  is the number of revolutions of the crank per minute; 

   γ  is the density of the liquid transferred, kgp/m3; 

   H is the height of the liquid’s increase (pressure), m. 
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Fig3. 1 – corrugation, 2 – electric motor with reduction gear, 3 – crank, 4 – connecting rod,  

5 – hook, 6 – flexible hose, 7 – pipe, 8 – sling, 9 – ballast load, 10 – frame, 11 – sucking valve. 

 

3. CONCLUSION 

 

The construction of the immersion pump allowing to remove different consistency slumped 

sediment is developed. According to the given dependences, the pump of necessary power can be 

produced in place by enterprise itself. The test sample was used during the implementation of the 

project ISTC G-725. The application on the construction of the pump was filed for getting national 

patent of Georgia, priority on 22.04.2008., # АР 2008010592. 
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uak 627.841  

 

hidravlikuri xaxunis koeficientis  

gansazRvra perforirebul milsadenebSi 

 

g. sixaruliZe 

(saqarTvelos teqnikuri universiteti) 

 

reziume: miRebuli kriterialuri gantolebidan gamomdinareobs, rom mil-

sadenSi siTxis cvladi xarjiT moZraobisas hidravlikuri xaxu-

nis koeficienti reinoldsis ricxvisa da xarjis fardobiTi 

mierTebis an gamoyofis funqciaa. 

miRebulia polieTilenis milsadenebSi hidravlikuri xaxu‐

nis koeficientis gamosaTvleli empiriuli damokidebulebebi. 

moyvanilia perforirebuli milsadenebis da milsadenebSi siTxis 

Tanabari moZraobisas hidravlikuri xaxunis koeficientebis ric‐

xviTi sidideebis Sedareba. 

dadgenilia reinoldsis ricxvis cvladebis sazRvrebi, roca 

λp>λ  da roca es sidideebi TiTqmis erTmaneTis tolia. 

 

sakvanZo sityvebi: perforirebuli milsadeni; xaxunis koeficienti; reinol-

dsis ricxvi. 

 

1. Sesavali 

 

siTxis Tanabari moZraobisaTvis miRebuli hidravlikuri xaxunis koe‐

ficientis gamosaTvleli damokidebulebebis [1] gamoyeneba sagzao ganawi‐

lebis milsadenebis gaangariSebisaTvis SesaZlebelia mxolod im Sem‐

TxvevaSi, rodesac siTxis gamoyofis fardobiTi sidide mcirea. am dros 

satranzito xarji Qt bevrad aWarbebs sagzao (dinebis gaswvriv) xarjis Qs 

sidides da es ukanaskneli arsebiT gavlenas ar axdens nakadis ZiriTad 

parametrebze. siTxis dinebis gaswvriv gamyofis gazrda iwvevs nakadis 
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damatebiTi turbulenturobis warmoqmnas, rac hidravlikuri xaxunis koefi-

cientis λp sididis gazrdasac iwvevs. 

p. grabovski [2] aRniSnavs, rom arakvadratuli zonisTvis siTxis 

gamoyofisas λp sidide icvleba milis sigrZis mixedviT. igi gvirCevs 

hidravlikuri xaxunis koeficienti λp gavamravloT Sesworebis K koefi-

cientze, romelic naxvretebis raodenobazea damokidebuli.  

amrigad unda vivaraudoT, rom siTxis gamoyofis an mierTebisas 

milsadenebSi hidravlikuri xaxunis koeficienti λp gansxvavdeba siTxis 

Tanabari moZraobis pirobebSi miRebuli xaxunis koeficientis mniSvnelo-

bebisagan [1]. nakadis gadakveTisas masSi Semavali an misgan gamomavali 

WavlebiT Cndeba damatebiTi winaRobebi, romlebic aRniSnuli Wavlebis mv 

moZraobis raodenobiT aris ganpirobebuli.  

literaturaSi  λp sididis gansazRvra rekomendebulia a. altSulis 

mixedviT. mas saangariSo damokidebulebaSi Semohyavs damatebiTi Sesakrebi, 

romelic iTvaliswinebs nakadis momatebul turbulenturobas [3]. 

bevri mkvlevari Tvlis, rom milsadenis sigrZeze siTxis gamoyofis an 

mierTebis SemTxvevaSi, hidravlikuri xaxunis koeficientis λp ricxviTi 

mniSvnelobebic aseve milis sigrZis mixedviT icvleba. magram sxvadasxva 

avtorebis mier SemoTavazebuli saangariSo damokidebulebebi λp-is 

gansazRvrisas gansxvavebul Sedegebs iZleva. 

 

2. ZiriTadi nawili 

 

hidravlikuri xaxunis koeficientis λp sidideze moqmed parametrebs 

Soris Tanafardobebis fizikuri dasabuTeba ganisazRvreba bukingemis (pi-

Teorema) Teoremidan. 

milsadenSi siTxis cvladi xarjiT moZraobisas dawnevis danakargebi 

ΔH[L] damokidebulia siCqareze 
Lv
T

⎡ ⎤
⎢ ⎥⎣ ⎦

, cocxali kveTis farTobze ω[L2], 

siTxis simkvriveze 
2

4

ET
L

ρ
⎡ ⎤
⎢ ⎥
⎣ ⎦

, siTxis siblantis koeficientze 2

ET
L

μ ⎡ ⎤
⎢ ⎥⎣ ⎦

, siTxis 
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gamoyofis intensiurobaze 
3LQ

T
⎡ ⎤
⎢ ⎥
⎣ ⎦

s , milsadenis sigrZeze L[L]. e.i. funqcio-

naluri damokidebuleba zogadi saxiT SeiZleba ase CavweroT: 

 0 ( , , , , , )H f v Qω ρ μΔ = s l ,  (1) 

an bukingemis Teoremis Tanaxmad: 

 0 ( , , , , , ) 0f v Qω ρ μ =ΔHs l, .  (2) 

(2) gantolebaSi Semavali Svidi ganzomilebiani sidide ganisazRvreba 

sami ZiriTadi sididiT (Zala, sigrZe, dro). amitom π uganzomilebo kom-

pleqsebis raodenoba n-m=4-is tolia: 

 

1 1 1

2 2 21

3 3 3

4 4 4

1

2

3

4

,

,

.

x y z

x y z

x y z

x y x

v

v Q

v

v H

π ω ρ μ

π ω ρ

π ω ρ

π ω ρ

=

=

=

= Δ

s

l,
  (3) 

yoveli πi-Tvis gamovTvaloT xi, yi, zi xarisxis maCveneblebis mniS-

vnelobebi. amisaTvis (3)-Si sidideebi maTi ganzomilebebiT SevcvaloT. ga-

viTvaliswinoT, rom yvela Tanafardoba unda iyos uganzomilebo. gardaq-

mnis Semdeg, miviRebT: 

 

1
1 12

1

1 1 0
2

1
0 02

3

1
0 02

1

1 ,
Re

,

,

.

v
vv

Q Qv Q
v Q

v
d

H Hv H
H

μ νπ ω ρ μ
ρ ω

π ω ρ
ω

π ω ρ
ω

π ω ρ
ω

−− −

− −

−

−

= = = =

= = =

= = =

Δ Δ
= Δ = =

s s
s

t

l

l ll

 

maSasadame, kriterialuri gantoleba miiRebs Semdeg saxes: 

 1 , , , 0
Re

Q HF
Q d H

⎛ ⎞Δ
=⎜ ⎟⎜ ⎟

⎝ ⎠

s

t

l
,  (4) 

an 

 Re,
QH

H d Q
ϕ

⎛ ⎞Δ
= ⎜ ⎟

⎝ ⎠

t

s

l
.  (5) 

Tu gaviTvaliswinebT, rom 
2

2
vH
g

= , miviRebT 
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2

Re,
2

QvH
d g Q

ϕ
⎛ ⎞

Δ = ⎜ ⎟
⎝ ⎠

t

s

l
.  (6) 

aRvniSnoT  

 Re, (Re, )
Q

q
Q

λ ϕ ϕ
⎛ ⎞

= =⎜ ⎟
⎝ ⎠

t

p

s

,  (7) 

sadac 
Q

q
Q

= t

s

; Qt – satranzito xarji; Qs – sagzao xarji (moZraobis 

gaswvriv gamoyofili xarji).  

(6)-dan miviRebT darsi-veisbaxis cnobil gantolebas. 

amgvarad, (4) kriterialuri gantolebidan gamodis, rom milsadenSi 

siTxis cvladi xarjiT moZraobisas hidravlikuri xaxunis koeficienti 

reinoldsis ricxvisa da xarjis fardobiTi mierTebis an gamoyofis 

funqciaa. 

(7) funqcionaluri damokidebulebis gasaxsnelad visargebleT prof. t. 

kvicianis mier hidravlikuri xaxunis koeficientis λp gansazRvris mizniT 

Catarebuli cdebis monacemebiT milsadenis sigrZeze siTxis gamoyofis 

SemTxvevisTvis. am dros davamuSaveT gamokvlevebis Catarebis meTodika da 

eqsperimentuli monacemebi [1,2]. 

vikvlevdiT 16,20 da 25 mm diametris perforirebul milsadenebSi siT-

xis moZraobas. milsadenebis sigrZe icvleboda 2-dan 20 m-mde, naxvretebs 

Soris manZili 0,0625; 0,125; 0,5; 1,0 da 2,0 m; naxvretis diametrebi 1,2 da 3 mm. 

milsadenebSi siTxis dawneva icvleba 0,06-0,3 mpa SualedSi. amgvarad, Cata-

rebuli cdebiT uzrunvelyofil iqna siTxis gamoyofis sxvadasxva inten-

siuroba. am dros reinoldsis ricxvi icvleboda 1000-100000 farglebSi. 

zogierTi cdis Sedegi cxrilSia moyvanili. 

cdis monacemebi λp–s gansazRvrisaTvis naxazzea warmodgenili λp=f(Re) 

da λ=f1(Re) grafikebiT. maTi Sedareba gviCvenebs, rom siTxis moZraobisas 

perforirebul milsadenebSi hidravlikuri xaxunis koeficientis sidide 

metia, vidre siTxis Tanabari moZraobisas. milsadenis sigrZeze siTxis 

gamoyofis intensiurobis gazrdasTan erTad, es sxvaoba izrdeba. 
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cdebis monacemebi λp-s gansazRvrisTvis 

 

Re λp 
Q

q
Q

= t

s

 ( )f q λ
λ

= p

0

 

2172 0,087 0,48 1,93 

2745 0,072 0,71 1,82 

3633 0,059 1,14 1,73 

5580 0,052 1,92 1,59 

7687 0,045 2,75 1,56 

10794 0,0386 3,88 1,41 

12748 0,0353 4,55 1,34 

15509 0,0334 5,34 1,30 

16463 0,0269 5,60 1,28 

19848 0,0259 6,31 1,22 

23096 0,0252 6,82 1,28 

30513 0,0246 7,91 1,10 

44434 0,0229 8,30 1,03 

 

 

 

λp-is gansazRvrisaTvis cdebis damokidebulebebi: 

1. λp=f(Re) funqciis grafiki; 2. λ =f1(Re) funqciis grafiki; 

3. (Re))~( 2ϕ=qf  funqciis grafiki, 4. (Re)~
1ϕ=q  funqciis grafiki 
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Tu gaviTvaliswinebT (7) funqcionalur damokidebulebas da cdebis 

Sedegebs, SeiZleba CavweroT: 

 )~(qf⋅= λλp ,  (8) 

sadac λ=f1(Re) aris hidravlikuri xaxunis koeficienti siTxis Tanabari 

moZraobisas; ( )
Q

f q f
Q

⎛ ⎞
= ⎜ ⎟

⎝ ⎠

t

s

 – siTxis intensiuri gamoyofis funqcia; 

λp – hidravlikuri xaxunis koeficienti perforirebul milsadenebSi 

cvladi xarjisas; 

Qt – tranzituli xarji milsadenis kveTaSi; 

Qs – siTxis sagzao xarji (doneebis gaswvriv gamoyofili xarji). 

gavaanalizoT 
Q
Q

t

s

 gamosaxuleba. Qt=v⋅ω, sadac v ganxilul kveTaSi 

tranzituli nakadis saSualo siCqarea, ω=const – milsadenis kveTis far-

Tobi. amitom SeiZleba CavweroT Qt=f(v). 

Qs = Q0 - Qt, sadac Q0 xarjia milsadenis dasawyisSi, romelic ar aris 

damokidebuli milsadenis perforaciis xarisxze da mocemuli konkretuli 

cdisTvis mudmivi sididea. imis gaTvalisiwnebiT, rom Qt=f(v), siTxis 

gamoyofis fardobiTi intensiuroba SeiZleba ase CavweroT: 

 1( ) (Re)
Q

q v
Q

ϕ ϕ= = =t

s

.  (9) 

maSasadame, siTxis gamoyofis fardobiTi intensiurobis sidide SeiZ-

leba gamovxatoT, rogorc gansaxilvel kveTaSi reinoldsis ricxvis fun-

qcia. amitom ( )
Q

f q f
Q

⎛ ⎞
= ⎜ ⎟

⎝ ⎠

t

s

 SeiZleba gamovsaxoT, rogorc Re-s funqcia, e.i. 

SeiZleba CavweroT: 

 2( ) (Re)f q ϕ= .  (10) 

es metad mniSvnelovani daskvna saSualebas gvaZlevs perforirebul mil-

sadenebSi siTxis hidravlikuri xaxunis koeficienti warmovadginoT, rogorc 

erTi cvladis – reinoldsis ricxvis funqcia. cdis monacemebis damuSavebam 

saSualeba mogvca (10) damokidebuleba warmovadginoT Semdegi saxiT: 

 20,0Re
0,9)~( =qf .  (11) 

(9) da (11) damokidebulebebi warmodgenilia naxazze. 
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(11)-is gaTvaliswinebiT, (8) damokidebuleba Semdeg saxes miiRebs: 

 20,0Re
0,9

⋅= λλp ,  (12) 

sadac polieTilenis milsadenebisaTvis λ gamoiTvleba Sesabamisad Semdegi 

formulebiT:  

dg=25 mm milsadenisTvis 

 1 1,31lg Re 0,1
λ

= + ,  (13) 

dg=20 mm milsadenisTvis 

 1 1, 20lg Re 0,3
λ

= + ,  (14) 

dg=16 mm milsadenisTvis 

 1 1, 26lg Re 0,5
λ

= + .  (15) 

cdis monacemebis analizi gviCvenebs, rom 
λ
λp=)~(qf  sidide icvleba 1,95-

dan, roca Re=2300, 1,02-mde – roca Re=50000. amitom reinoldsis ricxvis 

50000-ze meti mniSvnelobisTvis λp ≈λ da gzaze siTxis gamoyofa gavlenas ar 

axdens dawnevis danakargebis sidideze, e.i. (11) da (12) damokidebulebebi 

unda gamoviyenoT, roca Re≤50000. 

(12)-dan gamomdinare da imis gaTvalisiwnebiT, rom λ=f1(Re), hidravli-

kuri xaxunis koeficienti perforirebul milsadenebSi cvladi xarjisas 

SeiZleba gamovsaxoT erTi cvladiT Re. 

cdis monacemebis damuSavebisas miRebulia damokidebuleba, romliTac 

SeiZleba ganvsazRvroT hidravlikuri xaxunis koeficienti milsadenis sig-

rZeze sagzao gamoyofisas (siTxis cvladi xarjiT moZraobis SemTxvevisas). 

igi gamoisaxeba Semdegi saxiT: 

 
0,80,16 Re 115

Re
λ +

=p ,  (16) 

sadac Re
v d
ν

= t
 aris milsadenis sigrZeze cvladi reinoldsis ricxvi; 

vt – milsadenis kveTebSi sigrZeze cvladi siCqare; 

d – milsadenis Siga diametri; 

ν – siTxis kinematikuri siblantis koeficienti. 
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3. daskvna 

 

cdebis Sedegebma daadastura varaudi, rom hidravlikuri xaxunis 

koeficienti λp icvleba milsadenis sigrZis mixedviT. aqedan gamomdina-

reobs daskvna, rom milsadenis sigrZis mixedviT icvleba Sezis koefici-

entic da, maSasadame, xarjis maxasiaTebelic. amgvarad, dawnevis danakar-

gebis gansazRvrisas aucilebelia siTxis moZraobis xasiaTze moqmedi am 

fizikuri Taviseburebebis gaTvaliswineba. 

(7) funqcionaluri damokidebulebis gaxsnisas gamovdiodiT fizikuri 

warmodgenebidan siTxis sagzao gamoyofisas moZraobis xasiaTis Sesaxeb. 

cdebiT dadginda, rom yvela reinoldsis ricxvis 2000<Re<50000 λp>λ (sadac 

λp da λ Sesabamisad aris hidravlikuri xaxunis koeficientebi sigrZeze 

siTxis uwyveti ganawilebis da Tanabari moZraobis SemTxvevebSi). siTxis 

gamoyofis intensiuroba aseve gavlenas axdens hidravlikuri xaxunis 

koeficientis λp sidideze. 

reinoldsis ricxvebisTvis, romlebic aRemateba miTiTebul zRvrul 

mniSvnelobebs, Tanabari moZraobis pirobebisaTvis gamoTvlili hidravli-

kuri xaxunis koeficientebis sidideebi praqtikulad emTxveva (12) da (16) 

damokidebulebebidan gansazRvrul λp sidides. 

 

literatura 

 

1. kviciani t., sixaruliZe g. polieTilenis milsadenebisaTvis hidravli-

kuri xaxunis koeficientis gansazRvra siTxis Tanabari moZraobis piro-

bebSi. stu-s Sromebi. Tbilisi, 2009, gv.14-18. 

2. Курганов А.М., Федоров М.А. Справочник по гидравлическим расчетам систем 

водоснабжения и канализации. Л.: Стройиздат, 1983. - 408 с. 

3. Альтшуль А.Д. Примеры расчета по гидравлике. М.: Стройиздат, 1987. - 254 с. 

4. Грабовский П.А. Уравнение движения жидкости в трубопроводе постоянного сечения при 

раздаче по пути // Гидравлика и гидротехника. Киев, 1984. Вып.19, с.89-94. 

 

 

 



hidroinJineria, #1-2(7-8), 2009 _ Hydroengineering, #1-2(7-8), 2009 _ Гидроинженерия,  #1-2(7-8), 2009 

 

 35 

 

uak 621.396 

 

internet-radio 

 

m. ramazaSvili, k. ramazaSvili, s. midelaSvili, l. pertaia 

(saqarTvelos teqnikuri universiteti) 

 

reziume: rogorc ki SesaZlebeli gaxda audionakadis gadacema internetis 

saSualebiT, komerciuli radiosadgurebi dafiqrdnen imaze, Tu 

rogor yofiliyo organizebuli mauwyebloba cifrul arxSi. 

internet-radios meSveobiT SesaZlebelia informaciis da rekla-

mis gadacema, aseve SegviZlia vipovoT erTi an ramdenime logo, 

romelic gviCvenebs audioformats.  

 

sakvanZo sityvebi: brauzeri; buferi; serveri; bgeris karta. 

 

1. Sesavali 

  

bolo periodSi, sainformacio industriis srulyofaSi aSkarad Sei-

niSneba mniSvnelovani revoluciuri cvlilebebi, ris gamoc Tanamedrove 

epoqas xSirad sruliad marTebulad, uwodeben kompiuteruli sistemebisa 

da qselebis Tavbrudamxvevi ganviTarebis epoqas. sazogadoebrivi cxovrebis 

dRevandel pirobebSi Zalze SesamCnevad, Tamamad SeiZleba iTqvas, rom 

TiTqmis yovel dRe izrdeba qselSi CarTuli muSa kvanZebis da, maTi meSve-

obiT, qseluri servisebis momxmarebelTa saerTo raodenoba. dReisaTvis 

damuSavebulia xmisa da gamosaxulebis efeqturi cifruli kodirebis mra-

vali meTodi. Tanamedrove etapze aqtiurad mimdinareobs muSaoba imisTvis, 

raTa Seiqmnas da srulyofil iqnes is meTodebi, romlebic uzrunvelyofs 

bgeriTi da gamosaxulebiTi informaciebis vizualuri damaxinjebebis 

Semcirebas. profesiuli kompiuteris meSveobiT, qselSi xmis gadacemis 

koncefcia warmoiSva aSS-Si, kerZod ilinoisis StatSi. 1993 wels Carli 

klainma Seqmna programa Meven. es iyo pirveli programa, romlis meSveobi-

Tac xdeboda xmis gardaqmna personaluri kompiuteris meSveobiT, anu gvaqvs 
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audioxmis nakadi, romelic Cawerilia da vismenT internetiT. mas uwodeben 

musikas gamoZaxebiT.  

rogorc ki SesaZlebeli gaxda audionakadis gadacema internetis saSu-

alebiT, komerciuli radiosadgurebi dafiqrdnen imaze, Tu rogor unda 

yofiliyo organizebuli mauwyebloba cifrul arxSi. Mmale, kolejis pata-

ra radiosadgurebma daiwyes signalis gadacema internetis saSualebiT. 

kolejis studentebi qmnidnen sakuTar radiosadgurebs. ra Tqma unda, dRe-

vandeli teqnologiebi im donezea, rom yvelas SeuZlia Seqmnas sakuTari 

radiosadguri. internet-radio, es mTlianad axali sferoa, romelic 

ganviTarebis stadiaSia, Tumca, mis Sesaxeb SeiZleba iTqvas ramdenime 

sityva. 

 

2. ZiriTadi nawili 

  

internetSi bevri musikaluri saitia, romlebsac aqvs simRerebis sia, 

momxmarebels SeuZlia mousminos mas saxelze `daklikebiT~. SemoTavazeba 

bevr saitze ufasoa. aseTi sistemis realizaciis gavrcelebuli SesaZleb-

lobaa markeris gamoZaxeba, romelic naCvenebia naxazze. 

 

ubralo saSualeba teqnologiis realizaciisa 

`musika gamoZaxebiT~ _ web saitze 

 

procesi iwyeba, rodesac momxmarebeli daaWers simReris saxelze. 

Tavidan saqmeSi erTveba brauzeri. igi agzavnis Setyobinebas gamoZaxebis 

miRebaze. Semdegi nabiji keTdeba serveris saSualebiT, is iRebs simReras 

diskidan da agzavnis brauzerSi. Tu failis zoma gadaametebs serveris 

mTlian mexsierebas, maSin SeiZleba is amoiRos da gagzavnos blokurad. am 
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SemTxvevaSi, brauzeri gamoiyenebs damxmare programebs, asocirebuls aseTi 

tipis failTan, Windows Media Player, real media, Winamp da a.S. msmenelis 

kompiuterSi informacia droebiT failad Caiwereba dasakravad. Semdeg 

musikaluri faili droebiT failad Caiwereba diskze. amis Semdeg ki, 

failis bolomde gadmoweramde, SesaZlebelia misi dakvra. musikaluri 

faili daikavebs 4 mbaits da modemis saSualebiT gadaicema 56 kb/wm siC-

qariT.  

arsebobs radiomauwyeblobis internetSi organizebis ori mTavari 

midgoma. pirvelSi igulisxmeba, rom gadacema winaswar iwereba da inaxeba 

diskze. msmenels SeuZlia miiRos radiosadguris arqivSi winaswari daSveba, 

airCios sasurveli gadacema da gadmotvirTos is mosasmenad. am SemTxvevaSi 

arxi Sedgeba gadamcemisgan, anu teqnikurad misi organizeba Zalian advilia 

_ gamoiyeneba audionakadis yvela meTodi, rac msmenels saSualebas aZlevs 

arxidan airCios nebismieri gadacema. sruliad sxva midgoma dakavSirebulia 

internetis saSualebiT radiomauwyeblobasTan. ramdenime sadguri akeTebs 

paralelur mauwyeblobas pirdapir eTersa da qselSi. aseve warmoiqmneba 

multimediuri sadgurebi, romlebic muSaobs mxolod internetSi.  

cxadia, am teqnologiebs sWirdeba buferingi. xmis dakvris dawyebidan 

10-15 wm-is ganmavlobaSi buferi saSualebas gvaZlevs miviRoT stabiluri 

mauwyebloba, Tundac qselSi mkafod SesamCnevi fluqtuaciis drosac ki.  

erT-erTi mTavari ganxvaveba aris is, rom audionakadi SeiZleba gvqon-

des gadaWarbebuli siCqariT, aRwarmoebis siCqare SeiZleba gaaCeros mim-

Rebma, rac buferSi Seivseba maRal zRvramde. rac Seexeba pirdapir radio-

mauwyeblobas, aq informaciis gadacemis siCqare yovelTvis zustad eTan-

xmeba misi Seqmnisa da aRwarmoebis siCqares.  

dResdReobiT, radio internetiT muSaobs sxvagvarad. realurad, mom-

xmarebeli ayenebs TCP – SeerTebas radiosadgurTan da iRebs informacias 

TCP –protokolis saSualebiT. ra Tqma unda, es warmoqmnis rig problemebs, 

rogorica gadacemis gaCereba, paketis dakargva, momdevno ganmeorebiTi 

gadacema da a.S.. 

ratom gamoiyeneba RTP-s magivrad TCP, da gadaicema erTi mimarTulebiT? 

amis sami mizezi arsebobs. pirveli is, rom ramdenime provaideri Sors 

mauwyeblobs. gadacemis es meTodi Zalian xSirad gamoiyeneba. meore RTP – 
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protokoli naklebad cnobilia, vidre TCP da bevri radiosadguri gacile-

biT pataraa imisTvis, rom hqondes profesionali “kompiuterSikebi”. ufro 

advilad gamoiyeneba gasagebi da popularuli protokoli TCP, romelic 

iyenebs bevr programas. mesame aris is, rom Zalian bevrs moswons radios 

mosmena. qseluri administraciis umravlesoba brandmauers ayenebs ise, rom 

lokaluri qseli daicvas garedan arasasurveli SeRwevebisgan. aseve neba 

eZleva TCP SeerTebas 25 portSi an dayendes portiT 80. RTR- Si CarTuli 

yvela sxvadasxva SesaZlebloba SeiZleba daiblokos. aseT SemTxvevaSi, 

erTaderTi saSualebaa signali gadavceT brandmaueris saSualebiT – es ki 

aiZulebs Web saits warmoaCinos da gamoiyenos HTTP serveri, romelic 

eTanxmeba TCP-s. aseTi mkacri zoma uzrunvelyofilia mxolod informaciis 

minimaluri dacviT. efeqturoba nawilobriv klebulobs multimediis 

SemTxvevaSi. 

radgan internet-radio informaciis gadacemis axali garemoa, forma-

tebis brZola win miiwevs. Real Audio, Windows Media Audio da MP3-s sakmaod 

agresiuli konkurencia aqvs am sferoSi. radiomauwyeblobisa da internetis 

marTvisTvis brZola aqvT dominirebul formatebs. axla gamoCnda kidev 

erTi formati – Vorbis, romelic teqnikurad hgavs MP3 –s, magram Riaa da ar 

iyenebs ukve im patent meTodebs, romlebsac iyenebs MP3.  

tipuri internet-radio sadguri warmoadgens Web saits, romelzec war-

modgenilia wamyvani informaciis da bevri reklamis gadacema. aseve SegviZ-

lia vipovoT erTi an ramdenime logo, romlebic gviCvenebs audioformats. 

rodesac momxmarebeli daaWers erT-erT niSanze, gadaigzavneba patara 

metafaili. brauzeri iyenebs MIME – tips, failis gafarToeba gansazRvravs 

damxmare mdgomareobas. metafaili iwereba droiT failSi, Semdeg gamoZa-

xebuli programa agzavnis droiTi failis saxels, masze dafarul URL, 

sakravi ukavSirdeba servers da muSaobs radiomimRebze. SeiZleba iTqvas, 

rom audioinformacia gadaicema TiTqmis erTi nakadiT. 

internet-radios kidev erTi saintereso Tviseba aris is, rom praqti-

kulad yvela msurvels (studentebsac) SeuZlia organizeba gaukeTos saku-

Tar radiosadgurs. amisaTvis mTavari komponentebi naCvenebia naxazze. baza 

aris personaluri kompiuteri xmis kartiT da mikrofoniT. rac Seexeba 
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programul uzrunvelyofas, dagvWirdeba dasakravi Winamp an Freeamp, raTa 

Caiweros xma da arCeuli koderebi.  

sadgurebis mier Seqmnili audioinformaciis nakadi organizdeba inter-

netSi multimediis did serverze, romelic uzrunvelyofs am nakadis gav-

rcelebas sxvadasxva TCP – SeerTebebs Soris. serveri aseve muSaobs bevr 

patara radiosadgurze. gamoiyeneba momsaxurebuli radiosadgurebis sia da 

gaicema informacia imaze, Tu romeli maTgani mauwyeblobs konkretul 

momentSi. potenciuri msmeneli ukavSirdeba am servers, airCevs sadgurs da 

iRebs informacias TCP-is saSualebiT. aris kompiuteruli programebi, 

romelTac aqvT yvela SesaZlo komponenti, Ria programuli SesaZlebloba, 

rogoricaa icecast. aseve aris serverebi, romelTac aqvT fasiani radio-

sadgurebi. 

 

3. daskvna 

  

amrigad, internet-radios kidev erTi saintereso Tviseba aris is, rom 

praqtikulad yvela msurvels (studentebsac) SeuZlia organizeba gaukeTos 

sakuTar radiosadgurs. baza aris personaluri kompiuteri xmis kartiT da 

mikrofoniT. rac Seexeba programul uzrunvelyofas, dagvWirdeba dasakravi 

Winamp an Freeamp, raTa Caiweros xma da arCeuli koderebi.  
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uak 628.1 

 

ra unda gaiTvaliswinon energetikisa da ekonomikis 

saministroebma, rodesac investors irCeven 

hidroeleqtrosadguris mSeneblobis damfinanseblad 

  

n. kodua, a. axvlediani, T. miqiaSvili, g.axvlediani 

(saqarTvelos teqnikuri universiteti) 

 

reziume:  axali hidroeleqtrosadguris mSeneblobis ekonomikuri efeqtia-

nobis ganmsazRvreli tarifis mniSvneloba damokidebulia gaweu-

li kapitaldabandebis rogorc struqturaze, ise misi amogebis 

saangariSo sqemaze, agreTve kerZo kapitalisa da bankis sesxis 

saprocento ganakveTebze. amitom erTi da imave odenobis dafi-

nansebis pirobebSi minimaluri tarifis misaRebad, romelic da-

akmayofilebs zRvruli tarifis mixedviT semekis moTxovnebs da 

amave dros, uzrunvelyofs investoris moTxovnebs _ miiRos moT-

xovnili dividendi, Catardes gaangariSebaTa seriebi sxvadasxva 

variantis mixedviT. 

es saSualebas mogvcems gamovlindes mSeneblobis dafinan-

sebis iseTi varianti, romelic erTdroulad daakmayofilebs 

investorsac da gaiTvaliswinebs saxelmwifo interesebsac. 

 

sakvanZo sityvebi: investoris SerCeva; hidroeleqtrosadguris mSenebloba; 

tarifis dadgena; kerZo da sabanko kapitalis gamoyeneba; 

sufTa mimdinare Rirebuleba; rentabelurobis Siga nor-

ma. 

 

1. Sesavali 

 

cnobilia, rom saqarTveloSi teqnikurad SesaZlo gamoyenebadi hidro-

energetikuli resursis odenoba aRemateba wliurad 80 miliard kilovat-

saaTs, maTgan amJamad aTvisebuli energetikuli resursi saproeqto monace-
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mebis mixedviT 10 miliard kvtsT-s Seadgens. amJamad realurad funqci-

onirebadi hidroeleqtrosadgurebis mier gamomuSavebuli jamuri energia 

ar aRemateba 8 miliard kvtsT-s. aRniSnul pirobebSi saqarTvelos eleq-

troenergetikul sistemaSi Semodgoma-zamTris sezonSi fiqsirdeba sakmaod 

Rrma deficiti, romelic amJamad aRemateba 1 miliard kvtsT-s da momavalSi 

eleqtroenergiaze moTxovnilebis zrdasTan erTad, es deficiti cxadia 

ufro gaRrmavdeba. 

 

2. ZiriTadi nawili 

 

aRniSnuli mdgomareobis gamosworeba mizanSewonilia ganxorcieldes 

qveyanaSi didi raodenobiT arsebuli hidroenergetikuli resursebis aTvi-

sebis gziT. aRniSnuli midgomiT deficitis aRmofxvris gzaze mTavar prob-

lemas warmoadgens investorebis mozidva axali hidroeleqtrosadguris 

mSeneblobis damfinanseblad. 

investorma rom mSeneblobis dafinanseba ganaxorcielos, cxadia, unda 

iyos darwmunebuli nawarmoebi saqonlis, e.i. eleqtroenergiis gasaRebis 

SesaZleblobebiT iseT fasebSi, romlebic erTdroulad daakmayofilebs or 

pirobas. 

pirveli aucilebeli pirobaa moTxovna imis Sesaxeb, rom investorma 

mSeneblobis danaxarjebis srulad gaTvaliswinebis pirobebSi SeZlos 

gaangariSebuli tarifiT eleqtroenergiis realizebis Sedegad dafaros 

mis mier gaweuli dafinansebis xarjebi saTanado namatiT; 

meore aucilebeli pirobaa moTxovna imis Sesaxeb, rom eleqtroener-

giis sarealizacio tarifi ar aRematebodes momxmarebelTa msyidveluna-

rianobas. tarifis aseT zRvrul mniSvnelobas unda adgendes semeki moxma-

rebisa da miwodebis mrudebis kveTis wertilis mixedviT, grZelvadiani 

periodis gaTvaliswinebiT. mizanSewonilia aseTi zRvruli tarifebi Ses-

wavlil iqnes Semodgoma-zamTrisa da gazafxuli-zafxulis sezonebisaTvis 

cal-calke, roca momxmarebeli diferencirebuli tarifiT, e.i. datvirTvis 

zamTris pikSi da bazisSi moxmarebuli eleqtroenergiisaTvis gansxvavebu-

li tarifiT ixdis gadasaxads. aseTi diferenciaciiT moxmarebuli eleq-

troenergiis safasuris gadaxda samarTliani midgomaa mewarmesaTvis fula-
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di danaxarjebis asanazRaureblad. saqme isaa, rom mewarmes unda aunaz-

Raurdes is danaxarji, rac man gaswia saqonlis warmoebisa da miwode-

bisaTvis. aqedan gamomdinare, radganac eleqtroenergiis warmoeba dRe-

Ramuri datvirTvis pikur zonaSi ufro Zviri jdeba, vidre bazisurSi, cxa-

dia, pikur zonaSi miwodebuli energia ufro Zviri unda iyos arapikur 

zonaSi miwodebul eleqtroenergiasTan SedarebiT. samwuxarod, am Tvalsaz-

risiT amJamad moqmedi tarifebi saqarTveloSi arasamarTliania, magram 

gasaSualoebuli tarifiT mewarme mainc axerxebs danaxarjebis anazRau-

rebas. zaraldeba mxolod momxmarebeli, radgan mas ar eZleva saSualeba 

isargeblos iafad Rirebuli eleqtroenergiiT da gaakeTos ekonomia mis 

mier moxmarebuli eleqtroenergiis safasuris odenobis Semcirebis Tval-

sazrisiT. 

qvemoT moyvanil eleqtroenergiis tarifebis gaangariSebaSi gamoyenebu-

lia gasaSualoebuli tarifebis dadgenis meTodi investirebuli kapitalis 

dasafaravad. 

axali hesis mSeneblobis dasafinanseblad investoris mozidva SesaZle-

belia mravali gansxvavebuli dafinansebis sqemisa da struqturis pirobebSi. 

saqarTveloSi, rogorc gardamavali kapitalisturi wyobis qveyanaSi, mizan-

Sewonilad aris miCneuli mSeneblobis wilobrivi dafinansebis sqema, sadac 

garkveuli wili sakuTari kapitalis saxiT gaRebuli iqneba mewarme inves-

toris mier, danarCeni ki moziduli bankis kreditis saxiT. aRniSnuli sqemis 

pirobebSi didi mniSvneloba eniWeba dafinansebis struqturas, e.i. procen-

tul Tanafardobas kerZo kapitalsa da bankis sesxiT miRebul Tanxebs 

Soris. es Tanafardoba yvela konkretuli mSeneblobisaTvis saWiro dafinan-

sebis pirobebSi gavlenas axdens sarealizacio eleqtroenergiis tarifze, 

radgan saxelmwifo dainteresebulia, rom tarifi iyos rac SeiZleba mcire 

da ar aRematebodes zRvrul tarifs. cxadia, aucilebelia imis gamokvleva, 

Tu rogor moqmedebs kerZo da sasesxo kapitalis Tanafardoba tarifis 

Semcirebaze. yvela Tanafardobis pirobebSi investorma momavali Semosavle-

bis diskontirebiT unda ainazRauros gaweuli kapitaldabandeba da amave 

dros, bankis sesxi SeTanxmebuli saprocento ganakveTiT gaistumros Ziri-

Tad TanxasTan erTad. sabazro ekonomikaSi cnobilia, rom rac metia kerZo 

kapitalis wili mTlian dafinansebaSi, miT ufro naklebia riski bankis mier 
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gacemuli sesxis dabrunebisa da amitom sesxis saprocento ganakveTi SeiZ-

leba Semcirdes. es ki gavlenas axdens tarifze misi Semcirebis Tval-

sazrisiT. amave dros investori aseT pirobebSi moiTxovs Tavis kerZo 

kapitalze saprocento ganakveTi gaizardos. es ki gansxvavebuli intensi-

vobiT axdens gavlenas tarifis mniSvnelobaze. 

mewarmisaTvis _ investorisaTvis kerZo kapitalze saprocento ganakve-

Tis gazrda, e.i. mesakuTresaTvis dividendis gazrda kargi iqneba rom ar 

xdebodes gaangariSebis sqemaze damokidebulebiT. magram sinamdvileSi divi-

dendis sididis cvlileba fiqsirebuli odenobiT dafinansebis pirobebSi 

warmoebs energetikuli obieqtis (hesis an Tesis) ekonomikuri efeqtianobis 

gansazRvruli kriteriumebiT dasabuTebis dros. amitom, saWiroa es procesi 

SeviswavloT, praqtikaSi rekomendebuli efeqtianobis gansxvavebuli krite-

riumebis pirobebSi: magaliTad, sufTa mimdinare Rirebulebis (NPV) da 

rentabelurobis Sida normis (IRR) pirobebSi [1] da investors movTxovoT 

uari Tqvas moTxovnili dividendis mniSvnelovan gazrdaze. is investori, 

romelic dasjerdeba moTxovnili dividendis mxolod SedarebiT mcire 

odenobiT gazrdas, miaRwevs imas rom tarifi eleqtroenergiaze mniSvne-

lovnad Semcirdes, rac uzrunvelyofs semekis mier rekomendebuli zRvruli 

tarifis SenarCunebiT mravali asaSenebeli hidroeleqtrosadguris ekonomi-

kuri efeqtianobis kategoriaSi gadayvanas. 

aRniSnuli midgomis efeqtianobis TvalsaCinoebis mizniT, mogvyavs 

saSualo simZlavris tipuri hesis, konkretulad 24 mgvt-iani simZlavris 

texuri hesis mSeneblobis dafinansebis magaliTi. 

texuri hesi warmoadgens kaSxlur-derevaciuli sqemiT gansaxorciele-

bel sezonuri regulirebis eleqtrosadgurs, romlis kaSxlis simaRle 40m-

ia da derevaciis sigrZe 3,6km. mTliani danaxarji mSeneblobaze, e.i. kapital-

dabandeba Seadgens 33 500 000$-s, sarealizacio eleqtroenergiis raodenoba 

139.2 mln kvtsT-s. rogorc wesi, tarifiT amosaRebi kapitalis odenoba ar 

emTxveva kapitaldabandebis sidides, radgan msesxebeli organizacia xSirad 

ar Tanxmdeba SeRavaTiani periodiT, e.i. Semosavlebis miRebis dawyebamde 

procentebis argadaxdas. amitom mizanSewonilia mSenebloba daiwyos kerZo 

kapitalis gamoyenebiT da mxolod mSeneblobis bolo wlebSi gamoyenebul 
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iqnes sesxis saxiT miRebuli kapitali. Cven gansaxilvel SemTxvevaSi 

mSenebloba grZeldeba 3 weli. mSeneblobisaTvis saWiro kapitaldabandebis 

33.5·106$-is gaxarjva samSeneblo samuSaoTa warmoebis grafikis mixedviT 

warmoebs Semdegi proporciiT: pirvel wels ixarjeba 8.375·106 $, meore wels _ 

13.4·106$, mesame wels 11.725·106 $. maSin, Tu bankis sesxi saerTo kapital-

dabandebaSi Seadgens 70%-s, meore wels moTxovnili bankis sesxi toli 

iqneba 13.4·106 – (10.05·106 – 8.375·106) = 11.725·106 $. 

mesame wels mSeneblobisaTvis mxolod bankis sesxi iqneba gamoyene-

buli. maSin, bankisaTvis dasabrunebeli Tanxa, Tu SeRavaTiani periodiT ar 

iZleva sesxs, diskontirebiT iangariSeba Semdegi formulis mixedviT:  

VB = 11.725·106 (1 + 0.11)2 + 11.725·106 ·(1 + 0.11) = 27 461 125 $, 

sadac 0.11 bankis sesxis saprocento ganakveTia aTwiladebiT gamosaxuli. 

tarifiT amosaRebi mTliani Tanxa ki toli iqneba  

VmTl= 10.05·106 + 27,461·106 = 37,511·106 $. 

yvela ganxiluli SemTxvevisaTvis, roca bankis sesxis wili jamur 

dafinansebaSi Seadgens 80, 70, 60, 50, 40 procentebs, analogiuri gaan-

gariSebiT miRebuli dasabrunebeli Tanxebis mniSvnelobebi mocemulia 

cxrilis mesame striqonSi. 

 pirvel da meore variantebSi vangariSobT sufTa mimdinare Rire-

bulebis kriteriumis (wesis) mixedviT, roca misi mniSvneloba an nulis 

tolia, an aRemateba nuls [1]. mesame variantSi viyenebT rentabelurobis 

Sida normis kriteriums, sadac diskontirebis koeficienti icvleba kerZo 

da sasesxo kapitalis Tanafardobis mixedviT. diskontireba warmoebs me-

warmis wminda Semosavlis monacemTa gamoyenebiT. 

rentabelurobis Sida normis (IRR) mixedviT gaangariSeba gulisxmobs 

imas, rom yovelwliuri wminda Semosavlebis diskontirebul sidideTa 20 

wlis jami toli unda iyos investirebuli kerZo kapitalis sidides 

gamoklebuli diskontirebuli narCeni Rirebuleba. 

pirveli ori variantis SemTxvevaSi, sawarmoSi fulis nakadis yovel-

wliur sidideTa kapitalis saSualo Sewonili koeficientiT diskontire-

buli 20 wlis jami toli unda iyos investirebul mTlian kapitals 

gamoklebuli diskontirebuli narCeni Rirebuleba. 



hidroinJineria, #1-2(7-8), 2009 _ Hydroengineering, #1-2(7-8), 2009 _ Гидроинженерия,  #1-2(7-8), 2009 

 

 45 

 

narCeni Rirebulebis diskontirebuli mniSvneloba yvela zemoT aRniS-

nul SemTxvevaSi iangariSeboda Semdegi formuliT: 

s
h/t

c

sch

TT )K1(
1C

T
TT

C
+

⋅
−

= ,     (1) 

sadac Tc hidroteqnikuri nagebobebis fizikuri cveTis xangrZlivobaa 

wlebiT gamoxatuli;  

Ts _ obieqtis sasargeblod momsaxurebis periodi, e.i. finansuri 

cveTis xangrZlivoba wlebiT gamosaxuli; 

Cht_ hidroteqnikur nagebobaTa Rirebuleba dolarebiT gamoxatuli; 

K _ diskontirebis koeficienti, romelic wminda mimdinare 

RirebulebiT angariSis SemTxvevaSi investirebuli kapitalis saSua-

lo Sewonili Rirebulebis tolia, xolo rentabelurobis Sida 

normis mixedviT gaangariSebis SemTxvevaSi toli iqneba kerZo 

kapitalis saprocento ganakveTisa, gamosaxuli aTwiladebiT. 

grZelvadiani investirebis dros, roca sesxis Tanxis amoRebis periodi 

SedarebiT mcirea finansuri amortizaciis periodTan SedarebiT, SesaZle-

belia rentabelurobis Sida normiT moTxovnili jamuri dividendi misa-

Rebi aRmoCndes investorisaTvis, magram sesxis ZiriTadi Tanxis dabrunebis 

gamo dividendis mniSvnelobebi miuReblad mcire aRmoCndes romelime 

variantis SemTxvevaSi, radgan eqspluataciis pirvel wlebSi erToblivi 

Semosavlidan gamoqviTvebi sagadasaxado kodeqsis mixedviT SedarebiT didi 

gamodis. 

aRniSnulis gamo, miuxedavad gaangariSebis naxsenebi variantebis mixed-

viT ekonomikuri efeqtianobis moTxovnis dakmayofilebisa, unda Semowmdes 

_ uaryofiT an Zalian mcire mniSvnelobebs xom ar Rebulobs sesxis 

ZiriTadi nawilis dabrunebis periodSi diskontirebiT gamoTvlili mewar-

mis sufTa Semosavali. rodesac mivaRwevT imas, rom es sidideebi dadebiTi 

iqneba, SesaZlebelia gaCndes finansuri leverijis efeqti; rac niSnavs, rom 

SeTanxmebuli da moTxovnili dividendi SeiZleba uneblieT gaizardos, 

razec investors mizanSewonilobis farglebSi uars ver vetyviT.  
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aRniSnulis sailustraciod moviyvanT dafinasebis samive variantis 

SemTxvevaSi investorisaTvis misacemi yovelwliuri dividendebis mniS-

vnelobebs.  

ganvixiloT mxolod erTi varianti, roca bankis sesxi mTlian 

dafinasebaSi Seadgens 70%-s da sesxis saprocento ganakveTi _ 11%-s, kerZo 

kapitalis saprocenti ganakveTi ki _ 15 %-s, dafinansebis jamuri Tanxa 

tolia 33.5·106 $-is. 

fuladi nakadis sufTa mimdinare Rirebulebis gamoTvlis SemTxvevaSi, 

rodesac misi mniSvnelobebi dadebiTia da aqtivebis sasargeblod momsa-

xurebis periodSi misaReb jamur dividends 158%-iT aRemateba, mewarmis 

gankargulebaSi darCenili Tanxis mniSvnelobebi wlebis mixedviT iqneba: 

 

3 393 806 3 376 721 3 344 175 3 305 690 3 266 805 5 weli 

3 225 029 3 179 818 3 130 609 3 076 774 3 017 632 10 weli 

7 620 091 7 625 051 7 630 730 7 637 075 7 644 042 15 weli 

7 652 587 7 659 673 7 668 261 7 677 320 7 686 815 20 weli 

 

sawyisi dividendi, romelic yovelwliurad 15%-iani nazrdiT unda 

miiRos investorma, tolia 10 050 000 · 0.15 = 1507500$. rogorc Cans, yovel-

wliuri sufTa Semosavali mniSvnelovnad aRemateba moTxovnil dividends. 

amis gamo, diskontirebuli dividendebis jami Seadgens 25930014$-s, rac 

investoris mier Cadebul kerZo kapitals _ 10 050 000$-s aRemateba 158%-iT. 

aqedan gamomdinare SegviZlia davaskvnaT, rom mimdinare Rirebulebis 

fulis nakadis (NPV>0) dadebiTi mniSvnelobebis SemTxvevaSi mewarmis divi-

dendi mniSvnelovnad izrdeba, rac iwvevs sarealizacio eleqtroenergiis 

tarifis mniSvnelovan gazrdas, Cvens SemTxvevaSi 6.84 centi/kvtsT-mde, es ki 

semekis mier dadgenil zRvrul tarifs aRemateba. amitom mizanSewonilia 

gaangariSebebi vawarmooT sufTa mimdinare Rirebulebis (NPV=0) nulTan 

tolobis pirobebSi. am SemTxvevaSi mewarmis gankargulebaSi darCenili Tan-

xis mniSvnelobebi wlebis mixedviT iqneba: 
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1 537 463 1 520 377 1 485 832 1 449 347 1 410 861 5 weli 

1 368 681 1 323 475 1 274 266 1 220 430 1 161 288 10 weli 

5 763 747 5 768 709 5 774 387 5 780 732 5 787 698 15 weli 

5 795 244 5 803 329 5 811 918 5 820 976 5 830 472 20 weli 

 

rogorc am monacemebidan Cans, yovelwliuri sufTa Semosavali 

gansakuTrebiT bolo 10 wlis ganmavlobaSi mainc mniSvnelovnad aRemateba 

misaReb dividendebs _ ris gamoc diskontirebuli dividendebis jamic 

14 310 545$ 42.4%-iT aRemateba Cadebuli kerZo kapitalis odenobas, e.i. 

10 050 000 $_s. aRniSnul pirobebSi tarifi eleqtroenergiaze Semcirda 5.27 

centi/kvtsT-mde, romelic dasaSveb zRvrul RirebulebasTan axlosaa. 

aqedan gamomdinare ibadeba kiTxva, tarifis ufro metad Semcirebis mizniT 

xom ar iqneba mizanSewonili, investors SevTavazoT miiRos mxolod mis 

mier moTxovnili dividendi ara yovelwliurad, aramed mis mier aqtivebis 

eqspluataciis 20 wlis periodSi saSualo dividendis saxiT. 

am SemTxvevaSi, rentabelurobis sawyis mniSvnelobad unda miviCnioT 

1 507 500$ da tarifi davadginoT aRniSnuli moTxovnis dacviT, maSin 

yovelwliuri wminda Semosavali $-iT iqneba:  

 

529 243 512 158 476 612 441 127 402 242 5 weli 

360 462 315 255 266 046 212 210 153 069 10 weli 

4 755 528 4 760 487 4 766 167 4 772 512 4 779 479 15 weli 

4 787 024 4 795 110 4 803 698 4 812 756 4 822 252 20 weli 

 

rogorc am monacemebidan Cans, pirveli aTi wlis ganmavlobaSi sanam 

mewarme sesxiT aRebuli Tanxis ZiriTad nawils ixdis, moTxovnil sawyis 

dividends 1 507 500$ -is odenobiT ver Rebulobs; samgierod, darCenili aTi 

wlis ganmavlobaSi Rebulobs mniSvnelovnad gazrdil dividends, riTac 

abalansebs pirvel wlebSi miRebul danakliss. amgvarad, oci wlis 

ganmavlobaSi miRebuli diskontirebuli dividendebis jami tolia mis mier 

gaRebuli kerZo kapitalis odenobisa, romelic rogorc cxrilidan Cans, 

tolia 10 05.106 $ -is, romelSic narCeni Rirebulebis wili Seadgens 2050235$-
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s. 20 wlis ganmavlobaSi realurad miRebuli mewarmis wminda Semosavlebis 

jami tolia 5 524 440.0$ -is, saSualo wliuri Semosavali ki 51 524 440 : 20 = 

2 576 222$ -is, rac aRemateba dividendis saxiT misaReb Tanxas _ 1 507 500 $-s. 

magram es finansuri rentabelurobis, e.i. leverijis efeqtis maCvenebeli ar 

aris, radgan ar aris gaTvaliswinebuli momavali Semosavlebis mimdinare 

Rirebulebamde miyvanis faqtori, e.i. diskontirebis faqtori. 

miuxedavad imisa, rom mewarme aqtivebis sasargeblod momsaxurebis 

periodSi, e.i. finansuri amortizaciis periodSi miiRebs mis mier moT-

xovnil dividends, SeiZleba igi ar daTnxmdes aseTi pirobiT mSeneblobis 

dafinansebas, radganac pirveli 10 wlis ganmavlobaSi srulad ver Rebu-

lobs moTxovnil dividends. magram Tu daTanxmda, es iqneba bevri hidro-

elqtrosadguris mSeneblobis ganxorcielebisaTvis saukeTeso piroba, rad-

ganac eleqtroenrgiis sarealizacio tarifi mniSvnelovnad mcirdeba. Cven 

mier ganxiluli magaliTis pirobebSi igi mcirdeba 4.42 centi/kvtsT-mde. 

dafinansebis sxvadasxava variantebisa da sqemis tarifze zegavlenis 

analizis gakeTebis mizniT cxrilSi mocemulia maTi mniSvnelobebi. 

 gaangariSebaTa Sedegebis cxrilSi moyvanili mniSvnelobebis analizi 

saSualebas gvaZlevs gavkeToT daskvnebi. 

sufTa mimdinare Rirebulebis dadebiTi mniSvnelobebis SenarCunebis 

principiT gaangariSebis dros, roca kerZo kapitalis wilobrivi monawi-

leoba ar aRemateba 50%-s, investoris mier misaRebi dividendis nazrdi 

dauSveblad didi gamodis da amave dros, eleqtroenergiis tarifebi mniS-

vnelovnad izrdeba, ris gamoc rigi energetikuli obieqtebisa aucileblad 

aRmoCndeba ekonomikurad araefeqturi. aqedan gamomdinare, investorebis 

mozidva iseTi sainvesticio proeqtebis dasafinanseblad, romlebSic ekono-

mikuri gaangariSebebi gakeTebuli sufTa mimdinare Rirebulebebis dadebiTi 

mniSvnelobebis miRebis principiT, aramizanSewonilia. 
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eleqtroenergiis tarifebi mSeneblobaze investirebuli  

kapitalis struqturisa da moTxovnili dividendis SenarCunebis 

gaangariSebis wesebis mixedviT, texuri hesis magaliTze  

Ndadgm = 24mgvt 

 

 

investirebuli kapitalis amogebis 

variantebi da struqturis dasaxeleba 

 

investirebuli kapitalis struqtura: 

kerZo kapitalis procentuli wili

bankis sesxis procentuli wili
 

20

80
 

30

70
 

40

60
 

K50

K50
 

60

40
 

1 2 3 4 5 6 7 

1 
gaRebuli kerZo kapitalis odenoba mln $-

iT da misi saprocento ganakveTi 
6.7

15
 

10.05

15
 

13.4

16
 

K16.75

K16
 

20.15

17
 

2 
bankis mier gacemuli sesxis odenoba mln 

$-iT da misi saprocento ganakveTi 
26.8

11
 

23.45

11
 

20.1

10
 

K16.75

K9
 

13.4

8
 

3 
bankisaTvis dasabrunebeli ZiriTadi Tanxa 

mln $-iT da misi saprocento ganakveTi 
31.59

11
 

27.49

11
 

23.03

10
 

K18.75

K9
 

14.62

8
 

4 

sufTa mimdinare Rirebulebis (NPV) > 0 

dadebiTi mniSvnelobebi aTas $-iT, misi 

Sesabamisi tarifebiT centi /kvtsT da 

jamuri dividendis aRmatebis procentebi 

moTxovnilTan SedarebiT 

15 271.3 

 

7.3 

 

270 

12 863.6 

 

6.84 

 

158 

10 513.7 

 

6.34 

 

84.7 

8 310.2 

 

5.87 

 

50 

6 119.8 

 

5.69 

 

27.3 

5 

tarifi centi /kvtsT, roca amogeba ianga-

riSeba sufTa mimdinare Rirebulebis 

nulTan tolobis pirobebSi (NPV = 0) da 

jamuri dividendis aRmatebis procentebi 

moTxovnilTan SedarebiT 

5.34 

 

 

72.6 

5.27 

 

 

42.4 

5.0 

 

 

14.9 

4.77 

 

 

3.9 

4.81 

 

 

-2 

6 

tarifi centi/kvtsT, roca amogeba ianga-

riSeba rentabelurobis moTxovnili nor-

mis SenarCunebis principiT da roca anga-

riSebSi gamoiyeneba mewarmis wminda Semo-

savali 

 

4.37 

 

 

 

 

4.42 

 

 

 

 

4.46 

 

 

 

 

4.44 

 

 

 

 

4.67 

 

 

 

 

roca ekonomikur gaangariSebebSi amovdivarT sufTa mimdinare Rirebu-

lebis nulTan tolobis pirobidan, eleqtroenergiis tarifebi mcirdeba 37-

23%-is farglebSi imis mixedviT, Tu rogoria kerZo kapitalis wilobrivi 

monawileoba. kerZo kapitalis wilis gazrdasTan erTad, tarifis Semci-

rebis procentuli maCvenebeli mcirdeba, aseve mcirdeba investorisaTvis 
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misaRebi dividendis nazrdi. magram kerZo kapitalis wili Tu 30 an 40 %-

mde gaizrdeba, dividendis nazrdi 42,2 da 14,9% -iT gaizrdeba Seabamisad. 

tarific Sesabamisad 5,27 da 5,0 centi/kvtsT –mde Semcirdeba, rac misRebad 

unda CaiTvalos, radgan es mniSvnelobebi ar aRemateba energosistemaSi 

amJamad arsebul zRvrul tarifs. 

rogorc cxrilis me-6 striqonis monacemebidan Cans, mesame variantSi 

kerZo kapitalis nebismieri wilobrivi monawileobis pirobebSi eleqtro-

energiis tarifi mniSvnelovnad mcirdeba. investoric zustad Rebulobs 

Sepirebul dividends, magram saeWvoa igi wavides mSeneblobis dafinansebis 

aseT variantze, radgan sesxis ZiriTadi Tanxis dafarvis pirveli 10 wlis 

ganmavlobaSi ver Rebulobs dividends moTxovnili raodenobiT; marTalia, 

eleqtrosadguris eqspluataciis 20 wlis ganmavlobaSi ki miiRebs srulad 

moTxovnil dividends, magram es SesaZlebelia ar aRmoCndes sakmarisi 

piroba imisaTvis, rom investorma gadawyvitos mSenblobis dafinanseba. 

 

3. daskvna 

 

amgvarad gamodis, rom investori ecdeba misi wili saerTo kapital-

dabandebaSi Seadgendes 20%-s, magram arc 30% an 40%-ian wilobriv mona-

wileobaze ityvis uars, Tu energetikis saministros da ekonomikis saminis-

tros Sesabamisi struqturebi ganumartaven, rom am SemTxvevaSic maT mier 

moTxovnili dividendis nazrdi sakmaod soliduria. Cven SemTxvevaSi igi 

Seadgens 42,4 da 14,9 procentebs Sesabamisad. amiT miiRweva is, rom tarifebi 

eleqtroenergiaze Semcirdeba da hidroeleqtrosadguris mSeneblobis 

dafinanseba moxerxdeba. 
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uak 628.1 

 

moCarxulborbliani centridanuli tumbos  

sxvadasxva reJimiT muSaobis analizi 

 

v. naWyebia, x. xatiuri, e. gvaramaZe 

(saqarTvelos teqnikuri universiteti) 

 

reziume: ganxilulia centridanuli tumbos gamoyenebis aris gafarToebis 

SesaZlebloba tumbos muSa borblis diametris SemcirebiT 

moCarxvis saSualebiT. moyvanilia tumbos moCarxuli borblis 

QmoC _ HmoC maxasiaTebeli mrudis agebis wesi. es wesi emyareba 

centridanuli tumboebis msgavsebis kanonidan gamomdinare cno-

bil gadaangariSebis formulebis gamoyenebas. tumbos maxasia-

Tebeli mrudis grafikze asaxulia QmoC _ HmoC maxasiaTebeli 

mrudis agebis Tanamimdevroba. moyvanilia miRebuli axali maxa-

siaTebeli mrudis mixedviT paralelur reJimSi momuSave ori 

tumbos jamuri maxasiaTebeli mrudis agebis wesi. 

 

sakvanZo sityvebi: centridanuli tumbo; muSa borbali; borblis moCarxva; 

maxasiaTebeli mrudi; xarji; wneva; margi qmedebis koefi-

cienti. 

 

1. Sesavali 

 

rogorc cnobilia, centridanuli tumbos mier miwodebuli xarji da 

ganviTarebuli wneva damokidebulia tumbos muSa borblis zomebze da 

pirdapirproporciulia muSa borblis diametrisa.  

tumbos muSa borblis diametris cvlilebiT SeiZleba misi zemoT 

moyvanili maxasiaTeblebis Secvla. diametris cvlileba SeiZleba ganxor-

cieldes misi SemcirebiT, rac xdeba borblis diskebis da frTebis 

moCarxviT. es saSualebas iZleva erTi da igive tumbo gamoyenebul iqnes 
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sxvadasxva parametrebis misaRebad. cxadia, es parametrebi iqneba normaluri 

diametris muSa borblis parametrebze naklebi. 

 

2. ZiriTadi nawili 

 

praqtikaSi xSiria SemTxveva, rodesac saWiro wnevis da xarjis misa-

Rebad SeuZlebelia arsebuli tumboebidan SerCeul iqnes saWiro paramet-

rebis dasakmayofilebeli tumbo. aseT SemTxvevaSi, Tu moTxovnili paramet-

rebi naklebia mocemuli tumbos parametrebze, SesaZlebelia muSa borblis 

diametris Semcireba. diametris Semcireba xdeba muSa borblis moCarxviT. 

aseTnairad SesaZlebelia erTi da imave tumbos gamoyenebis aris gazrda. 

aseTi RonisZieba xelsayrelia tumbos mier moxmarebuli eleqtro-

energiis SemcirebisaTvis, magram am SemTxvevaSi aseve mcirdeba tumbos 

margi qmedebis koeficienti. 

amocana mdgomareobs saWiro maxasiaTeblis misaRebad muSa borblis 

diametris gansazRvraSi, anu moCarxvis sididis gaangariSebaSi, ris Sede-

gadac SeiZleba agebul iqnes moCarxuli muSa borbliani tumbos maxasia-

Tebeli QmoC _ HmoC mrudi. amisaTvis gamoyenebul unda iqnes SerCeuli 

normalurborbliani tumbos maxasiaTebeli mrudebis grafiki da masze 

datanil iqnes moTxovnili parametrebis muSa wertili. 

Cveni mizania aseTi wertilis povna da Sesabamisi maxasiaTebeli mrudis 

ageba tumboebis sxvadasxva reJimiT muSaobisas, kerZod, paraleluri da 

mimdevrobiTi muSaobisas. 

ganvixiloT tumbos paraleluri muSaobis reJimi (nax.). mocemulia ori 

erTnairi tumbos maxasiaTebeli mrudi 1 da maTi jamuri maxasiaTebeli 

mrudi 2, agebulia milsadenis maxasiaTebeli mrudi 3, maTi gadakveTis 

kritikuli K wertilis Sesabamisi parametrebi (xarji da wneva) QK da HK 

aRemateba moTxovnili P wertilis Sesabamis parametrebs QP da HP-s. 
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moTxovnili parametrebis misaRebad saWiroa borblis diametris 

Semcireba da Sesabamisad, moCarxulborbliani tumbos maxasiaTebeli 

jamuri mrudis ageba. amisaTvis saWiroa erTi tumbos Sesabamisi moTxov-

nili P1 wertilis povna, risTvisac P wertilidan vavlebT horizontalur 

xazs. radgan tumboebi erTnairia, saWiro xarjis Sesabamisi wertilis 

misaRebad am xazs vyofT or Tanabar monakveTad. miviRebT P1 wertils QP1 da 

HP1 maxasiaTeblebiT (nax.). P1 wertilze unda gaiaros Semcirebuldiametriani 

erTi tumbos maxasiaTebelma mrudma, xolo P wertilze _ orive tumbos 

jamurma maxasiaTebelma mrudma. 

moCarxuli borblis diametris gansazRvrisaTvis gamoiyeneba tumboebis 

msgavsebidan gamomdinare cnobili gadasaangariSebeli formulbi [1 ; 2].  

ganvixiloT iseTi tumboebis gamoyenebis SemTxveva, romelTa swrafmav-

lobis koeficienti nS ≤150. cnobilia, rom am dros ukeTes Sedegs iZleva 

Semdegi formulebis gamoyeneba: 

 
D

D
Q

Q moCmoC = ; 
2

⎟
⎠
⎞

⎜
⎝
⎛=

D
D

H
H moCmoC ,  (1) 

sadac Q da H aris Sesabamisad xarji da wneva normalurborbliani 

tumbosTvis; QmoC da HmoC _ igive P1 wertilSi; D da DmoC _ Sesabamisad, 

normaluri da moCarxuli borblis diametrebi. es ukanaskneli saZiebeli 

sididea. 
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rogorc [1]-dan Cans, (1) gamosaxulebis gardaqmnis Sedegad miRebulia 

Semdegi damokidebuleba: 

 2 .H KQ= moC    (2) 

moyvanili gamosaxuleba warmoadgens parabolis gantolebas, romelic 

koordinatTa saTaveSi gadis Hg simaRleze da P1 wertilze. am mrudis 

danarCeni wertilebis povna SesaZlebelia (2) gantolebaSi Q-s sxvadasxva 

mniSvnelobis miniWebis Sedegad H-is gamoTvliT. miRebuli wertilebiT 

agebuli parabola 4 gadis P1 wertilze, romlis koordinatebi Seesabameba 

QmoC da HmoC-s. Tu am parabolas gavagrZelebT Q _ H mrudis gadakveTamde 

miviRebT am ori mrudis gadakveTis wertils A koordinatebiT QA da HA. 

radgan cnobilia normaluri borblis diametri D, [1]-Si mocemul formu-

lebSi miRebuli QA da HA koordinatebis CasmiT viangariSebT moCarxuli 

borblis diametrs DmoC da avagebT am diametris Sesabamis maxasiaTebel 

mrudebs, romlebic gadis P1 wertilze 5, xolo miRebuli mrudebis 

SejamebiT miviRebT ori moCarxulborbliani tumbos jamur maxasiaTebel 

mruds 6, romelic gadis moTxovnil P wertilze. 

 

3. daskvna 

 

rogorc vxedavT, miRebuli moCarxulborbliani tumboebis gamoyenebiT 

SeiZleba moTxovnili parametrebis Q da H-is miReba. rogorc zemoT aRvniS-

neT, moCarxvis SemTxvevaSi mcirdeba tumbos margi qmedebis koeficienti. 

koeficientis Semcirebis sidide damokidebulia tumbos swrafmavlobis 

koeficientze da misaRebia, Tu igi ar aRemateba dasaSveb farglebs tumbos 

swrafmavlobis koeficientze damokidebulebiT [1]. 

aseTive wesiT aigeba moCarxulborbliani tumboebis jamuri maxasia-

Tebeli mrudi tumboebis mimdevrobiTi muSaobis dros. 
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uak 628.1 

 

wyalmomaragebisa da wyalarinebis sistemebSi 

normatiuli danakargebis gansazRvris Sesaxeb 

 

l. klimiaSvili, n. nacvliSvili, m. nacvliSvili 

(saqarTvelos teqnikuri universiteti) 

 

reziume: gaanalizebulia sasmeli wylis normatiuli danakargebis gansaz-

Rvris arsebuli meTodebi da midgomebi, romelTa gamoyenebac 

saqarTvelos pirobebSi mniSvnelovan cdomilebebTanaa dakavSire-

buli.  

SemoTavazebulia sasmeli wylis normatiuli danakargebis 

gaangariSebis meTodika maTematikuri statistikis elementebis ga-

moyenebiT, romelic ar moiTxovs droisa da saxsrebis did dana-

xarjebs da sarwmuno sidideebis dadgenis saSualebas iZleva.  

warmodgenilia winadadebebi danakargebis sidideebis (rogorc 

kuTri, aseve procentuli) gansazRvrisaTvis. 

 

sakvanZo sityvebi: sasmeli wyali; xarji; qselebi; wyalmomarageba; wyalari-

neba; faqtiuri, normatiuli, kuTri danakargebi; realiza-

cia; stoqastikuri procesi; kvadratuli gadaxra; sarwmu-

no sidideebi; albaToba; zRvrebi. 

 

1. Sesavali 

 

sasmeli wylis deficiti dakavSirebulia wylis araracionalur xar-

jvasTan, danakargebisa da Jonvebis mniSvnelovan raodenobasTan, romlebic, 

Tavis mxriv, gamowveulia sistemebSi arsebuli qselebisa da mowyobilo-

bebis maRali xarisxis cveTadobiT. 

danakargebis normatiul sidideSi igulisxmeba Jonvebi da aramwarmo-

ebluri xarjebi, romelTa aRkveTa SesaZlebelia. 
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danakargebis sidide qselebis daniSnulebis mixedviT or saxed 

SeiZleba daiyos: 1) danakargebi dasaxlebuli teritoriis (gare) qselebSi 

da 2) danakargebi Senoba-nagebobebis an maTi jgufebis (Siga) qselebSi. 

drouli saremonto samuSaoebi, Jonvebis likvidacia, ufro srulyo-

fili Tanamedrove wyaldamxarji, Camketi, damcveli da maregulirebeli 

armaturis, agreTve sazomi xelsawyoebis gamoyeneba da amasTan erTad, Warbi 

wnevebis acileba saSualebas iZleva mniSvnelovnad Semcirdes wylis mox-

mareba obieqtebze da Sesabamisad likvidirebul iqnes sasmeli wylis defi-

citi. 

dReisaTvis ar arsebobs raime moqnili meTodika wyalmomaragebisa da 

wyalarinebis gare sistemebSi (magistralur da manawilebel qselebSi) 

danakargebis gansazRvrisa, romlis mixedviTac droisa da saxsrebis 

minimaluri danaxarjebiT SesaZlebeli iqneboda operatiulad migveRo 

zusti da dasabuTebuli Sedegebi. cnobilia, rom danakargebis sidide 

icvleba droSi da is xan izrdeba da xan mcirdeba. Cven virCevT saZebni 

sididis dadgenis statistikur meTods, romelic saSualebas iZleva droisa 

da saxsrebis minimaluri danaxarjebiT miviRoT sarwmuno Sedegi. 

 naSromi Seicavs wylis aRuricxavi xarjebisa da danakargebis struqturisa 

da sidideebis gansazRvris Tanamimdevrobas da ar aris gaTvaliswinebuli 

wylis moxmarebis normebis dasasabuTeblad.  

 

2. ZiriTadi nawili 

 

dasaxlebuli adgilebis wylis danakargebis sididis erT-erTi ZiriTa-

di Semadgeneli komponentia gare wyalsadenis magistralebsa da manawile-

bel qselebSi Jonvebis sidide. aq danakargebi SeiZleba arsebobdes: 

1) qselebsa da mis aRWurvilobaSi;  

2) milsadenebze avariis dros;  

3) Jonvebi Sigakvartalur da ezos qselebSi da mierTebebze (wyal-

sazomamde); 

4) Jonvebis saxiT wyaldamxarji Sadrevnebidan da saxanZro hidrante-

bidan;  

5) wylis datacebaze. 
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danakargebis yvelaze mniSvnelovani wili modis pirvel or saxeze.  

dasaxlebul adgilebSi danakargebis saerTo sididis gansazRvrisaTvis 

SesaZloa gamoiTvalon miwodebuli da daxarjuli wylis raodenoba Ramis 

4 saaTis ganmavlobaSi (Ramis 1-dan 5 sT-mde) da zogadad Sefasdes danakar-

gis sidide. 

principSi, Teoriulad Tu ganvixilavT sistemas, romlis teqnologiuri 

aRWurviloba arsebiTad ar icvleba, maSin danakargebis kuTri mniSvneloba 

qselis erT grZiv metrze unda iyos mudmivi sidide. magram faqtiurad 

realuri monacemebis ganxilvisas aSkaraa am kuTri sidideebis gabneva 

saSualo sidididan, rac ZiriTadad aixsneba wylis xarjebis gazomvis 

cdomilebebiT da sxvadasxva subieqturi faqtorebis gavleniT. sxva 

sityvebiT rom vTqvaT, saSualosgan gansxvavebuli sidideebi SeiZleba 

mivakuTvnoT SemTxveviT sidideebs. es garemoeba iZleva imis saSualebas, 

rom SemdgomSi statistikuri monacemebis (danakargebis kuTri sidideebis 

variaciuli rigebi) damuSavebisas gamoviyenoT SemTxveviTi sidideebis 

normaluri ganawilebis kanoni. amasTan, Secdomebisagan Tavis dazRvevis 

mizniT unda Semowmdes monacemTa amonakrebi sidideebi SemTxveviTobaze. 

saimedo da sarwmuno Sedegebis misaRebad aucilebelia agreTve ganxorci-

eldes sawyis monacemTa winaswari e.w. “filtracia”, anu Sefasdes mkveTrad 

gadaxrili (gabneuli) sawyisi sidideebi anomalurobaze.  

gaangariSeba unda Catardes Semdegi TanamimdevrobiT: 

1. ganisazRvreba yovelwliuri faqtiuri kuTri danakargebis sidideebi 

q (gasuli 10-15 wlis ganmavlobaSi da meti) Semdegi formuliT:  

  q = Qdan / L,  (1) 

sadac Qdan wliuri danakargebis faqtiuri sididea, m3-iT;  

 L - magistraluri da manawilebeli milsadenebis sigrZe, m-iT (an km-iT). 

2. amonakrebis SemTxveviTobaze Semowmebis mizniT, sargebloben media-

nis SefasebiT.  

amisaTvis variaciuli rigidan  

 q1< q2 < …………qn  (2) 

aiReba saSualo elementi qmed Semdegnairad: 

Tu n kentia, maSin 

  qmed. =q((n+1)/2);  (3) 
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Tu n luwia, maSin 

  qmed. =0,5(q(n/2)+q(n/2+1),  (4) 

sadac n wylis xvedriTi danakargebis raodenobaa variaciul rigSi (Cvens 

SemTxvevaSi, rogorc zeviT aRvniSneT, n=10-15, Tumca dasaSvebia sxva 

mniSvnelobebic).  

monacemTa sawyis mimdevrobaSi yovel kuTr xarjs qi uweren (+) niSans, 

Tu qi>qmed da (_) niSans, Tu qi<qmed. kuTri xarjebi, romlebic tolia 

medianisa qmed., mimdevrobidan gamotovebulad iTvleba. plusebisa da 

minusebis miRebuli mimdevroba xasiaTdeba seriis saerTo ricxviTa da 

yvelaze didi seriis sigrZiT. mimdevrobis seriaSi igulisxmeba mxolod 

plusebis an mxolod minusebis Tanamimdevroba (kerZo SemTxvevaSi, seria 

SeiZleba Sedgebodes mxolod erTi plusisagan an mxolod erTi minu-

sisagan). 

im SemTxvevaSi, roca monacemebi stoqastikurad damoukidebelia (amo-

nakrebi SemTxveviTia) maTi Tanamimdevroba ar unda Seicavdes didi sigrZis 

seriebs da Sesabamisad L seriis saerTo ricxvic ar unda iyos Zalian 

mcire. monacemebis stoqastikuri damoukideblobis sakiTxi mocemuli Φ (Θ ) 

mniSvnelovnobis donis dros, ganisazRvreba Semdegi utolobebis gamoT-

vliT  

  Θ−+> )1(5,0[ nL 1−n )];   (5) 

  )]1ln(3,3[ +< nτ , 

sadac Θ  mniSvnelovnobis donis sididea, romelic ganisazRvreba maTema-

tikuri statistikis cxrilidan (Cveulebriv miiReba, Θ =1,96, im SemTxvevi-

saTvis, roca Φ (Θ )=0,95).  

aRniSnuli utolobebis pirobebis dacvis SemTxvevaSi, monacemebis 

amonakrebi CaiTvleba SemTxveviTi sidideebis amonakrebad.  

3. sawyisi monacemebis anomalurobaze Sefaseba xdeba qvemoT aRniSnuli 

sakiTxebis ganxilvis Semdeg: 

a) saSualo sidididan mkveTrad gadaxrili (gabneuli) sidide ekuTvnis 

sidideTa generalur erTobliobas an ar ekuTvnis. amitom variaciuli rigi-

dan generaluri erTobliobis parametrebis Sefasebis maxasiaTeblebis gaan-
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gariSeba unda vawarmooT wylis danakargebis kuTri xarjebis yvela sidi-

deze, uklebliv. 

b) mkveTrad gadaxrili sidide ganpirobebulia procesis normaluri 

pirobebis SemTxveviTi uxeSi darRvevebiT an angariSis Catarebisas daS-

vebuli subieqturi SecdomebiT. amitom, generaluri erTobliobis paramet-

rebis Sesabamisi maxasiaTeblebis angariSisas, anomaluri sidide gamoak-

ldeba variaciul rigs.  

mocemuli kuTri xarjebis variaciuli rigisaTvis gamoiTvleba saSua-

lo mniSvneloba 

  ∑
=

=
n

i

q
n

q
1

1
i ,  (6)  

Semdeg ki saSualo kvadratuli gadaxrebis sidide 

  S=[ ∑
=

−
−

n

i

qq
n 1

)(
1

1 2]0.5 . (7) 

mocemul normalur erTobliobaze sididis mikuTvnebis Sesafaseblad 

da imis gasarkvevad, rom miviRoT gadawyvetileba misi variaciuli rigidan 

amoRebis an datovebis Sesaxeb, gansazRvraven fardobebs  

  SqqU /)( 11 −=  da SqqU nn /)( −= .  (8) 

(8) formulidan miRebul Sedegebs adareben β  sidides, romelic aiReba 

cxrilidan, mocemul sidideTa ricxvis n -sa da miRebuli sarwmuno alba-

Tobis donis α -s mixedviT. α -s mniSvneloba Cveulebriv miiReba 0,1-dan 0,025-

mde (umravles sainJinro gaTvlebisas α =0,05). 

Tu β≥1U an β≥1nU , maSin sidide anomaluria da mas ar toveben 

variaciul rigSi Semdgomi gaangariSebebis Casatareblad  

4. sarwmunoebis sazRvrebis gansazRvrisas saWiroa SevafasoT kuTri 

xarjebis saSualo sidide, misi sizuste da safuZvlianoba. sakiTxis gadaw-

yveta mdgomareobs xarjebis saSualo sididis (q ) im WeSmariti mniSvne-

lobis albaTobis gansazRvraSi, romelic Casmulia zRvrebSi 

 εε +≤≤− qqq ,  (9)  

sadac ε  monacemebis cdomilebaa. 

(8) gamosaxulebis Sesrulebis albaTobas, ewodeba ormxriv sarwmuno 

albaToba: 
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 )( εε +≤≤−= qqqBepP ,  (10) 

romelic Seicavs erTmxriv sarwmuno 1P  da 2P  albaTobebs: 

 )(1 qqBepP ≤−= ε ;  (11) 

 )(2 qqBepP ≥+= ε .  (12) 

sarwmuneobis intervalis sidide (sigane) axasiaTebs sizustes, xolo 

sarwmunoebis albaToba _ sidideebisa da saSualo kuTri xarjis sar-

wmunoebas. intervalis zRvrebs ( ε−q , ε+q ) uwodeben Sesabamisad, sarwmu-

noebis qveda da zeda zRvrebs ( qvq , zq ). 

sarwmunoebis zRvrebis gansazRvra damokidebulia sidideTa ganawile-

bis kanonze. Cven SemTxvevaSi, ganvixilavT sarwmunoebis zRvrebis dadgenas 

wylis kuTri xarjebis normaluri kanoniT ganawilebis dros. amasTan, 

sasmeli wylis normatiuli danakargis racionaluri qveda zRvars gansaz-

Rvraven kuTri xarjebis generaluri saSualosaTvis erTmxrivi sarwmuno-

ebis albaTobis gaTvaliswinebiT. vinaidan Sinaarsobrivad danakargebi mini-

maluri unda iyos sistemis normaluri funqcionirebisas, vsazRvravT sar-

wmunoebis qveda zRvars generaluri saSualo sididisaTvis. 

sarwmunoebis qveda zRvari qvq  amonakrebis moculobis n -is mixedviT, 

gamoiTvleba ase: 

irCeven erTmxrivi sarwmunoebis albaTobis 1P  sidides (romelic 

rekomendebulia miviRoT 0.95-is tolad, rac teqnikur gaTvlebSi gansaz-

Rvravs miRebuli Sedegebis misaReb sarwmuneobas). 

gansazRvraven Tavisuflebis xarisxis ricxvs 1−= nK .  

mocemuli 1P  da K  mniSvnelobebis mixedviT, statistikuri cxrilidan 

pouloben sidides 1tp  _ erTmxrivi sarwmunoebis albaTobis 1P -saTvis stiu-

dentis ganawilebis kvantils, xolo sarwmunoebis qveda zRvari generaluri 

saSualosaTvis gamoiTvleba Semdegi formuliT: 

  nStpqq /⋅−=qv ,  (13) 

sadac q  (12) formulidan gansazRvruli sididea; 

1tp  _ statistikuri cxrilidan gansazRvruli sidide; 

S  _ (12) formulidan gansazRvruli sidide.  
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gamoTvlili qveda zRvris sidide warmoadgens safuZvels wylis nor-

matiuli kuTri danakargebis gansazRvrisaTvis.  

danakargis absoluturi sidide  

  Qdan = qnor • LsaS .  (14) 

miRebuli sidide SeiZleba SevadaroT qselSi miwodebul xarjs da gan-

vsazRvroT misi procentuli wili. 

 P % = (Qdan / Qmiw. qselSi) 100.  (15) 

magaliTisaTvis grafikze mocemulia q.Tbilisis wylis danakargebi, 

romelTaTvisac warmodgenili meTodikiT gamoTvlili qveda zRvris sidi-

dea 15,5%. 

 

 

 

 

 

 

 

 

 

 

 

 

3. daskvnebi  

arsebuli sasmeli wylis danakargebis gansazRvris erovnuli standar-

ti Seicavs iseT moTxovnebs, romelTa gansazRvra da Sesruleba wylis 

sawarmoebis samsaxurebis mier ararealuria da seriozul cdomilebebTan 

mivyavarT. 

SemoTavazebulia danakargebis Sefasebisa da dadgenis eqspres- meTo-

dika albaTobis Teoriisa da maTematikuri statistikis gamoyenebis bazaze, 

rac saSualebas iZleva sakmarisi sarwmunoebiT davadginoT saZebni sidide, 

eqsperimentuli gazomvebis gareSe, droisa da saxsrebis minimaluri dana-

xarjebiT.  
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SefasebisaTvis wylis danakargebis absoluturi sidide dasaSvebia 

gamoisaxos procentebiT, xolo kuTri sidide miRebuli iqnes magistra-

luri da gamanawilebeli qselis erT grZ.km-ze, kubur metrebiT.  

saqarTvelos dedaqalaqis wyalmomaragebisa da wyalarinebis sisteme-

bis monacemebi faqtiuri danakargebis Sesaxeb sxva qalaqebTan SedarebiT 

sarwmunoa da misi mravalwliuri sidideebis ganxilva dasabuTebul 

Sedegebs iZleva. procentulad faqtiuri danakargis sidide icvleba 7-dan 

42%-mde, xolo meTodikis mixedviT gamoTvlili normatiuli danakargis 

misaRebi sidide 15,5%-ia. 
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uak 628.1 

 

wylis gauferulebisaTvis Tixuri masalebis Tvisebebisa 

da adsorbentis damzadebis ZiriTadi principebis Sesaxeb  

 

n. gelaZe, l. klimiaSvili, m. nacvliSvili 

(saqarTvelos teqnikuri universiteti) 

 

reziume: gaanalizebulia gaaqtiurebuli da modificirebuli Tixuri masa-

lebis Tvisebebi da Camoyalibebulia aluminsilikatis adsorben-

tis damzadebis xerxis Ziebis ZiriTadi principebi wylis sor-

bciuli gauferulebisaTvis. Sedgenilia gamauferulebeli aqtivo-

bis blok-sqema, xuTi receptorul-teqnologiuri da sami eqsplua-

taciuri faqtoriT. 

 

sakvanZo sityvebi: aluminsilikati, adsorbenti, sorbcia, aqtivatori, modi-

ficirebuli, gauferuleba.  

 

1. Sesavali 

 

mravalnairi damabinZureblebis arsebobam haerSi, wyalSi da niadagSi 

ganapiroba garemoze uaryofiTi zemoqmedeba da ekologiuri problemebi. auci-

lebeli da aqtualuri gaxda garemos usafrTxoebis uzrunvelyofa. gansa-

kuTrebiT aRsaniSnia samrewvelo da sameurneo kompleqsebis funqcionireba, 

romlebic uSualod arian dakavSirebuli bunebrivi wyalsatevebis ekolo-

giuri wonasworobis darRvevebTan. teqnologiuri procesebis Sedegad gadamu-

Savebuli narCenebis intensiurma Cadinebam gamoiwvia wyalsatevebis toqsikuri 

dabinZureba sxvadasxva qimiuri narCenebiT. amasTan, sxvadasxva organuli da 

araorganuli nivTierebebis moxvedra mdinareebSi ganapirobebs wyalsatevebis 

ferianobis cvlas. damWuWyianebel nivTierebebs Soris, mZime liTonebTan 

erTad, didi adgili ukavia humusur nivTierebebs. isini gamoirecxebian 

niadagidan da sxvadasxva saxis wyalmcenareebidan. wyalsatevebis ferianobis 

xarisxi damokidebulia humusis speqtrul xasiaTsa da Sedgenilobaze. mkvle-
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varTa mizania Seiqmnas wylis gawmendis iseTi teqnologiebi, romlebic 

ganapirobeben wyalsatevebze mavne zemoqmedebis ganeitralebas. 

 

2. ZiriTadi nawili 

 

Tixuri mineralebis zedapiris energetikuli ujeroba ganapirobebs 

dispersiul garemoSi molekulebis misken intensiur mizidvas monomole-

kuluri da polimolekuluri fenebis warmoqmniT. pirveli fenis zedapiri 

bevrad ufro myarad akavebs molekulebs. Tixuri mineralis zedapiris 

adheziuri Tvisebebis raodenobrivi Sefaseba SeiZleba dasvelebis kuTri 

zedapiris siTbosa da zedapiruli daWimulobis sidideebiT. Tixuri minera-

lebis zedapirsa da fizikur-qimiur Tvisebebze mniSvnelovan gavlenas 

axdens maTi urTierTqmedeba dispersiul garemosTan. qimiuri gaaqtiurebis 

gavrcelebuli meTodebia: mJaviT damuSaveba; tutiT gaaqtiureba; Znelad 

xsnadi marilebis gamoyeneba; araorganuli marilebis xsnarebiT damuSaveba 

Tixis kation-Canacvlebuli formebis warmoqmniT; organuli nivTierebebiT 

(disocirebadi) damuSaveba organoTixebis warmoqmniT.  

mJaviT gaaqtiurebisas adgili aqvs gisosis uaryofiTi muxtis proto-

nebiT kompensacias Si-OH kavSirebis warmoqmniT, agreTve dasvelebis siTbos 

da potencialis sididis Semcirebas.  

Tixuri mineralebis xanmokle (6 saaTamde) damuSaveba cxeli mJaveebiT 

(980C), magaliTad, H2SO4-is 25%-iani xsnariT, iwvevs maTi katalizuri da 

adsorbciuli unaris mkveTr momatebas. 

im hidratuli garsis arqonis gamo, romelic aqvs tute da tutemiwa 

liTonebis ionebs, H+-is kavSiri Tixuri mineralis matricasTan sustia, 

amitom tute liTonebis kaTionebis adsorbirebadoba Tixis H+ formaze 

erTi xarisxiT ufro maRalia, vidre Tixis Al+ formaze. amitom Tixis 

zedapiris winaswar mJavuri gaaqtiureba SeiZleba gamoviyenoT marilebis 

xsnarebiT Tixis modificirebis procesis Semdgomi intensifikaciisaTvis. 

tutiT gaaqtiurebisas iyeneben iseT tuteebs, rogoricaa Na(OH), 

Ca(OH)2 da KOH. 

Tixis gaaqtiurebisaTvis SesaZlebelia iseTi marilebis xsnarebis 

gamoyeneba, romlebic Tixur masalasTan da erTmaneTTan urTierTqmedebisas 

iwvevs zedapirze Znelxsnadi naerTebis warmoqmnas. es ki xels uwyobs 
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Tixuri mineralebis nawilakebis erTmaneTTan moWidebas. aseTi mineralebis 

gamoyeneba ara marto cvlis zedapiris fizikur-qimiur Tvisebebs, aramed 

aadvilebs process saWiro simtkicis mfiltravi masalebis miRebisaTvis, 

gamowvis dabali temperaturebis pirobebSi. 

modificirebuli Tixuri masalebis Tvisebebi mniSvnelovnad aris 

damokidebuli STanTqmuli kationis bunebaze. amasTan yuradReba unda 

mieqces Sesayvani kationis formas. Tu igi ionis formaSia, maSin 

polivalenturi kationebis xsnaridan sorbentebiT adsorbciisas xdeba 

sibrtyeebis “gadakereba” valenturi kavSirebiT da kationi masSi xidis 

rols asrulebs. am SemTxvevaSi zogjer SeiniSneba dispersiulobis xaris-

xis momateba. Tu Tixur mineralSi kationi imyofeba Jangis hidratis saxiT, 

maSin ar unda moxdes nawilakis zomebis gazrda. 

dadgenilia, rom modificirebuli Tixis dispersiulobis xarisxis 

Semcireba dakavSirebulia STanTqmuli kationis valentobis zrdasTan, rac 

dasturdeba eleqtronuli mikroskopiT gamokvleuli monacemebiT. 

Jangis hidratebis arseboba gavlenas axdens Tixuri mineralebis kati-

onCanacvlebuli formebis sorbciulobis unarze. Tu Tixis nawilakebis 

zomebis momateba Sesayvani kationis valentobis zrdasTan erTad, ganpi-

robebulia polivalenturi kationebis qimiuri bmiT Tixis OH-jgufTan, 

maSin aseTi kavSiri ar irRveva dispersiuli garemos zemoqmedebiT. es 

iwvevs ufro mtkice agregatebis warmoqmnas, ufro fxvieri SefuTviT, rac 

dadebiT gavlenas axdens arapolaruli garemodan arapolaruli nivTiere-

bebis adsorbciaze (anu modificirebuli Tixis saSualebiT organuli 

nivTierebis seleqciur gamoyofaze). 

cxrili 1-dan Cans, rom Mg+2 ufro advilad desorbirdeba, vidre Ca+2, 

pirvel amotumbvaSi, yvela SemTxvevaSi ufro meti procenti Mg gadadis, 

vidre Ca. amave dros mineralebs Soris Tanamimdevroba erTnairi rCeba 

orive kationisaTvis. SesamCnevad meti moZraobis unari aqvs kaolins 

(kaoliniti) Ca da Mg, askanitis (montmorilonitis Semcveli Tixebi), 

kationebTan SedarebiT. am sxvaobis sakmaod safuZvliani axsna SeiZleba 

Semdegnairad: STanTqma kaolinitSi xdeba mxolod nawilakebis gare 

zedapirze da maszed moqmed xsnarTan wonasworoba ufro advilad myar-

deba, vidre montmorilonitis jgufis mineralebSi, romlebisTvisac katio-

nebis umetesi nawili STainTqmeba kristaluri gisosis fenebs Soris. 
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cxrili 1 

kalciumisa da magniumis desorbcia sxvadasxva Tixebidan 
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kaolini, gajerebuli 100 2.0 0.23 1.15 5.7 1.11 5.6 
kaolini, gajerebuli 100 0.23 0.24 1.163 5.64 1.12 5.4 
askanati, bunebrivi 100 2.64 0.25 1.22 5.36 1.22 5.3 
askanati, bunebrivi 100 2.10 0.26 1.24 3.24 1.24 5.5 

 

kationebis moZraobis unarze did gavlenas axdens mocemuli ioniT 

mineralis gajerebis xarisxi. 

Tixis kationebis gajerebis SemcirebasTan erTad, mcirdeba am ionebis 

moZraobis unaric. 

TandaTanobiT gamotutvisas rogorc laboratoriaSi, ise bunebaSic 

Tixa jer kargavs yvelaze moZrav, naklebad mtkiced mimagrebul ionebs, dar-

Cenili ionebi ufro Zlierad rCeba mimagrebuli. amrigad, ara marto sxvadas-

xva Tixis STanTqmul kationebs, aramed erTsa da imave Tixis kationebis 

calkeul fraqciebs sxvadasxva moZraobis unari aqvs. kationiT Tixis gaje-

rebis xarisxi xSirad ZiriTadia, misi moZraobis unaris gansazRvrisaTvis. 

STanTqmuli kationis kavSiris simtkice Tixovan mineralTan garkveul 

pirobebSi imdenad didi SeiZleba iyos, rom kationebi gaucvleli xdeba, 

anu ar gamoidevneba neitraluri marilebis kationebiT. 

gaucvleli STanTqma an fiqsacia SeiZleba ganicados TixaSi arse-

bulma yvela kationma, magram maqsimaluri gamoxatva aqvs  H +  da  4NH +
  

fiqsacias, romlebic gansxvavdeba Tavisi didi da erTmaneTTan miaxlo-

ebuli zomebiT ( H +  radiusi 1.33A0;  4NH +
 radiusi 1.43A0), sxva kaTionebTan 

SedarebiT Ca, Mg, Na (Sesabamisad 1.06 A0; 0.78A0 da 0.98A0 radiusebiT). 

imis gamo, rom zemoT moyvanili kationebidan yvelaze naklebis 

radiusi aqvs MG2+-s, mas eqneba Tixuri mineralis kristalur struqturaSi 

gaucvlelad Camagrebis yvelaze naklebi unari.  
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sorbciuli gauferulebisTvis granulirebuli aluminsilikatis wylis 

adsorbentebis damzadebis xerxis mizanmimarTuli Ziebis ZiriTadi 

principebi da amocanebia: 

_ maRali xarisxis maCveneblebis masalebis Seqmna; 

_ xarixis TiToeuli maCveneblis stabilurobisa da saimedoobis uz-

runvelyofa adsorbentebis rogorc damzadebisas, ise eqspluata-

ciaSi gamoyenebisas. 

granulirebuli adsorbentebis ZiriTad xarisxobriv maCveneblad 

miRebulia maTi gamauferulebeli aqtivoba. amave dros, uzrunvelyofil 

unda iqnebs sakmarisi meqanikuri simtkice, qimiuri medegoba da adsorbentis 

ekologiuri vargisianoba.  

adsorbentebis xarisxis marTvis blok-sqema 

Xi 
nedleulis komponentebis 

xarisxis parametrebi 
  yT 

gamauferulebeli 

aqtivoba 
X* 

filtratis 

marilSemcveloba 

           

XM 
modifikaciis parametri 

(danamatis saxeoba) 
  yC 

struqturul-meqanikuri 

maCveneblebi (forovnoba, 

meqanikuri simtkice) 

XH 
wylis ionuri namravli 

(pH) 

           

XP 
komponentebs Soris 

Tanafardoba (receptura) 
  yγ  xarisxis albaToba XU 

gamokvlevis pirobebis 

parametrebi 

           

Xп.п 

gardamavali procesebis 

reJimis parametri 

(gamowvis t°C) 
       

      Xi  Sesavali parametri (faqtori)  

Xφ 

formirebis reJimis 

parametri (gamowvis 

xangrZlivoba) 

 

Yi  gamosavali parametri (gamoxmaureba) 

   

adsorbentis xarisxianobis maCveneblebis rTuli kompleqsi unda 

ganixilebodes rogorc erTiani obieqti, rogorc mizanmimarTulad funqci-

onirebadi sistema, romlis qceva Sefasdeba misi gamoxmaurebebis -  jy  M  

sidideebis mixedviT, rac qmnis sistemis qcevis M -ganzomilebian veqtors 

da icvleba Semdeg intervalSi: 

( )1,..., .jmin j jmaxy y y j B M≤ ≤ =  
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qcevis My  veqtoris funqcionirebadi sistemis mizanmimarTuli cvli-

leba xorcieldeba gamosavlebis an faqtorebis jx  doneebis marTvis xar-

jze, romlebic qmins K -ganzomilebian veqtors. es veqtori SeiZleba Seic-

valos im faqtoruli sivrcis monakveTis SigniT, romlis sazRvrebi 

( )1,...,imin i imaxx x x i K≤ ≤ =  ganisazRvreba TiToeuli faqtoris obieqturi SesaZ-

leblobebiT. 

Sesavali ix  da gamosavali iy  gamoiyofa jguf-qvesistemebSi. nax-ze naC-

venebia granulirebuli aluminsilikaturi adsotbentis xarisxis (gamauferu-

lebeli aqtivobis) blok-sqema, rogorc rTuli sistema, romelSic gamo-

yofilia xuTi receptorul-teqnologiuri da sami eqspluataciuri faqtori. 

 

3. daskvna 

 

bunebrivi wylis sorbciuli gauferulebisaTvis, gaaqtiurebuli da 

modificirebuli Tixuri masalebis Tvisebebis Seswavlis Sedegad Camoya-

libebulia aluminsilikatis adsorbentis damzadebis xerxis Ziebis ZiriTa-

di principebi da Sedgenilia gamauferulebeli aqtivobis blok-sqema, xuTi 

receptorul-teqnologiuri da sami eqspluataciuri faqtoriT 
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Rirseuli adamianebi 

 

asoc. prof. aneri leJavas cxovreba da samecniero-

pedagogiuri moRvaweoba 

 

eqvsma aTeulma welma nayofier SemoqmedebiT Sro-

maSi, axlis Ziebasa da SeqmnaSi gairbina... 

aneri leJava imereTis tradiciul, sikeTiT savse, 

Rirseul ojaxSi daibada. mSoblebma mas bibliuri 

noes SviliSvilis bibliuri saxeli _ a n e r i 

daarqves. mamas, petre leJavas, respublikis damsaxurebul agronoms _ 

imereTis kolorits eZaxdnen, dedas _ eTeri JRents skolis damsaxurebul 

pedagogs xSirad sTxovdnen sxva mSoblebisaTvis gaeziarebina samagaliTo 

oTxi Svilis aRzrdis mdidari gamocdileba. 

niWierebiT gamorCeuli 5 wlis gogona ufros da-Zmas aedevna skoli-

saken. skolam gamonaklisi dauSva da I klasSi Caricxa. klasidan klasSi 

gadasvlis qebis sigelebiTa da saSualo skolis warCinebis atestatiT _ 

saqarTvelos politeqnikur institutSi qimiur fakultetze Cairicxa, 

romelic 1969 wels warCinebiT daamTavra da rogorc perspeqtiuli 

kursdamTavrebuli, datoves zogadi da araorganuli qimiis kaTedraze 

laborantis Tanamdebobaze. warmatebiT Caabara samecniero xarisxis 

maZieblisaTvis gaTvaliswinebuli sakandidato minimumi Sesabamis sagnebSi 

da warmatebiT daamuSava metad rTuli, aqtualuri sadisertacio Tema: 

`Ge(IV)-is koordinaciuli naerTebi azot- da JangbadSemcvel sxvadasxva 

bioaqtiur ligandebTan~, romelic 1988 wels Rirseulad daicva i. 

javaxiSvilis sax. universitetSi. sadisertacio masalebidan ori statia: 

`Ge(IV) bromidebis koordinaciuli naerTebi~ da `Ge(IV) Sereuli bromido 

Tiocinaturi kompleqsebi~, espaneTis q. malagaSi mecnierebaTa fak-ze, fiz. 

qimiis departamentSi moRvawe cnobili espaneli mecnieris tereza piretos 

mier warmatebiT iqna gamoyenebuli Tavis samecniero kvlevebSi. Ge(IV)-is 

koordinaciuli naerTebi antituberkulozur ligandebTan (tubazidi da 

larusani) gamocdil iqna fTiziatriaSi da miRebul saukeTeso Sedegebze 
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cnobilma fTiziatrma, prof. e. SilakaZem ganacxada: `am Sedegebs SeiZleba 

varskvlavTkrefa vuwodoTo~. 

aseve saukeTeso Sedegebi aCvena TerapiaSi gamocdisas nikotinmJavasa da 

pikolinmJavas hidrazidebTan Ge(IV) koordinaciulma naerTebma. dadginda, 

rom Ge(IV) koordinaciuli naerTebi pikolinmJavas hidrazinTan avlens 

hipotenziur, hipoglikenur aqtiurobas, xolo Ge(IV) koordinaciuli 

naerTebi nikotinmJavas hidrazinTan piriqiT, avlens hipertenziur, hiper-

glikemiur aqtiurobas, zrdis ra qsovilebSi Jangbadis moxmarebas da 

eleqtrokardiogramis voltaJs, axangrZlivebs gulis sistolas. gansakuT-

rebiT mniSvnelovania bioaqtiur ligandebTan _ Ge(IV) koordinaciuli 

naerTebis gamocda medicinis zogadsakacobrio problematikur sferoSi _ 

onkologiaSi. amis safuZvelsac iZleva iaponeli mecnierebis mier gamoqvey-

nebuli kvlevis Sedegebi, riTac daadgines, rom bioaqtiur ligandebTan 

Ge(IV)-is koordinirebulma ionma SeZlo sarkomis metastazebis Seyovneba.  

Znelad warmosadgenia _ erTma pirovnebam gadalaxos is winaaRmdego-

bebi, rac q-n aneris pirad cxovrebasa da mecnierebaSi Sexvda. magram, 

miuxedavad udidesi usamarTlo dabrkolebebisa, man SeZlo mecnierebaSic 

Tavisi Rirseuli sityvis Tqma. avtoria 60-mde samecniero Sromisa, maT 

Soris rva wignia. gamoica bibliografiuli krebulis I da II nawili 

(grZeldeba Semdgomi nawilebis gamocema). 

`sasicocxlo energias studentebisagan moniWebuli siyvaruliT viReb, 

amaze didi bedniereba amqveynad ar arsebobs _ adamianebis siyvaruliT 

dajildoebuli adamianisaTvis~ _ ambobs gamocdili (35 wlis pedagogiuri 

staJis mqone) pedagogi. 

Sromismoyvare, Tavisi marjvenisa da niWierebis imedad cxovrobs 

amqveynad Tavis saamayo SvilebTan da SviliSvilebTan erTad. `me mxolod 

keTili saqmeebis sakeTeblad mWirdeba Cemi sasicocxlo dro, romelic 

ufalma momaniWa da am droSi bevri ram saukeTeso da Rirebuli unda 

movaswro~ _ ambobs aneri. 

imereTis erT-erT Rirseul skolaSi (Cemi zestafonis `beberi skola~ _ 

ase uwodebs aneri Tavis mSobliur skolas) gaxsnilia muzeumi `skolis 

sasaxelod aRzrdilebi~, sadac sapatio adgili aneri leJavas SemoqmedebiT 

portretebs uWiravs. 5 wlis asakidan wers leqsebs da novelebs, rom-
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lebsac periodulad aqveynebda Jurnal-gazeTebSi (apirebs gamosces krebu-

lad, Tumca, amis pretenzia dRemde ar hqonia). filarmoniaSi Catarebul, 9 

aprilisadmi miZRvnil saRamoze, eldino saRaraZis mier wakiTxul aneri 

leJavas leqss _ uCveulod didi cremli mohyva darbazSi... mas yvela sagnis 

maswavlebeli andobda axali gakveTlis axsnas, rac amJamad boloniis 

miTiTebebSi axal sakiTxad aris Setanili. `Cems erovnul-tradiciul 

skolaSi es boloniis miTiTebebis gareSe icodneno~ _ ambobs aneri. yvela 

sagnis pedagogi Tavis specialobiT swavlis gagrZelebas urCevda, yvela 

saganSi erTnairad hqonda saskolo, raionul da respublikur turebSi 

gamarjvebis sigelebi (qimiaSi sakavSiro turSi gamarjvebis sigelic). 

ufrosi dis gavleniT da qimiis siyvaruliT, airCia spi-is qimiis fakul-

teti, `radgan qimikosi var, am sferoSi unda davixarjo metwilado~ _ 

ambobs aneri. 

mravalsuliani ojaxis marCenali, mravalmxrivi Semoqmedebis avtori, 

rodesac usamarTlobas awydeba (rac dRevandelobis Tanamdevia), kvlav 

SemarTuli imSvidebs Tavs: `cudas rad unda mteroba, kargia mudam mtri-

anio~, da amitomac, bumberaz vaJa-fSavelas Tvlis geniosTa Soris udides 

geniosad. `yovelgvari usamarTlobisa da winaaRmdegobebis dasaZlevad 

ufalma momca leqsisa da iumoris niWic da madloba ufals amisaTvis~ _ 

ambobs aneri da agrZelebs Tavis boboqar da sicocxliT savse cxovrebas. 
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HTATHFNT<B  

 
uak 628.1 

wyalmomaragebis sistemis elementebiT Sedgenili variantul-struqtu-

ruli sqemebis saimedoobis Sefaseba. l. klimiaSvili, z. cixelaSvili,  

m. gujabiZe // hidroinJineria,@#1-2(7-8), 2009, gv. 6-9. 

SemoTavazebuli midgoma emyareba wyalmomaragebis sainJinro sistemis elemen-

tebis mimdevrobiTi, paraleluri da Sereuli SeerTebis kombinaciebis dros Sed-

genili SesaZlo variantul-struqturuli sqemebis saimedoobis Sefasebas. 

 

uak 528 

sasmeli wylis gausnebovnebis Tanamedrove alternatiuli xerxi.  

g. soselia, i. mixelaSvili, r. kizivaZe // hidroinJineria,@ #1-2(7-8), 2009, gv. 10-17. 

warmodgenilia wylis gausnebovnebis erT-erTi Tanamedrove xerxis gamoyene-

bis, kerZod, airovani qloris oqsidentis xsnariT Secvlis SesaZlebloba q. Tbi-

lisis saTave nagebobebze. meTodi damuSavda sainJinro akademiis samecniero cen-

trSi. sasmeli wylis gausnebovnebis efeqtis misaRebad Catarda eqsperimenti sam-

goris gamwmend nagebobebze. aseve dadasturda oqsidentis upiratesoba airovan 

qlorTan SedarebiT, rogorc usafrTxo, saimedo siTxis, romlis gamoyeneba mkve-

Trad Seamcirebs saeqspluatacio danaxarjebs. 

 

uak 628.1 

wyalmomaragebis optimaluri rezervirebis SefasebisaTvis. n. lafaCi,  

l. klimiaSvili, n. nacvliSvili // hidroinJineria,@ #1-2(7-8), 2009, gv. 18-22. 

ganxilulia wyalmomaragebis sistemebis funqcionirebis optimaluri rezer-

virebis Sefasebis sakiTxebi, mtyunebaTa intensivobis monacemebis statistikuri da-

muSavebiT. wylis miwodebis sistemis daproeqtebisas optimaluri rezervirebis va-

riantebis analizi, miRebuli q da a parametrebis pirobebSi, unda ganxorcieldes 

ekonomikuri maCveneblebis SedarebiT.  

 

uak 628.12.002 

CaZiruli tumboebi. z. megreliSvili, v. CxaiZe, d. CxaiZe, n. dondolaZe // hid-

roinJineria,@ #1-2(7-8), 2009, gv. 23-26. 

SemoTavazebulia xelis lf meqanikuri amZraviT CasaSvebi tumbos axali mar-

tivi konstruqcia. tumbo saSualebas iZleva siTxesan erTad amotumbos nebismieri 

konsistenciis Cawolili naleqi. moyvanilia damokidebulebebi tumbos teqnolo-

giuri parametrebis gaangariSebisaTvis. 
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uak 627.841  

hidravlikuri xaxunis koeficientis gansazRvra perforirebul milsade-

nebSi. g. sixaruliZe // hidroinJineria,@ #1-2(7-8), 2009, gv. 27-34. 

miRebuli kriterialuri gantolebidan gamomdinareobs, rom milsadenSi siT-

xis cvladi xarjiT moZraobisas hidravlikuri xaxunis koeficienti reinoldsis 

ricxvisa da xarjis fardobiTi mierTebis an gamoyofis funqciaa. 

miRebulia polieTilenis milsadenebSi hidravlikuri xaxunis koeficientis 

gamosaTvleli empiriuli damokidebulebebi. moyvanilia perforirebuli milsade-

nebis da milsadenebSi siTxis Tanabari moZraobisas hidravlikuri xaxunis koefi-

cientebis ricxviTi sidideeebis Sedareba. 

dadgenilia reinoldsis ricxvis cvladebis sazRvrebi, roca λp>λ  da roca es 

sidideebi TiTqmis erTmaneTis tolia. 

 

uak 621.396 

internet-radio. m. ramazaSvili, k. ramazaSvili, s. midelaSvili, l. pertaia 

// hidroinJineria,@ #1-2(7-8), 2009, gv. 35-39. 

rogorc ki SesaZlebeli gaxda audionakadis gadacema internetis saSualebiT, 

komerciuli radiosadgurebi dafiqrdnen imaze, Tu rogor yofiliyo organizebu-

li mauwyebloba cifrul arxSi. internet-radios meSveobiT SesaZlebelia infor-

maciis da reklamis gadacema, aseve SegviZlia vipovoT erTi an ramdenime logo, 

romelic gviCvenebs audioformats.  

 

uak 628.1 

ra unda gaiTvaliswinon energetikisa da ekonomikis saministroebma, ro-

desac investors irCeven hidroeleqtrosadguris mSeneblobis damfinanseblad. 

n. kodua, a. axvlediani, T. miqiaSvili, g. axvlediani // hidroinJineria,@ #1-2(7-8), 

2009, gv. 40-50. 

axali hidroeleqtrosadguris mSeneblobis ekonomikuri efeqtianobis ganm-

sazRvreli tarifis mniSvneloba damokidebulia gaweuli kapitaldabandebis ro-

gorc struqturaze, ise misi amogebis saangariSo sqemaze, agreTve kerZo kapitali-

sa da bankis sesxis saprocento ganakveTebze. amitom erTi da imave odenobis dafi-

nansebis pirobebSi minimaluri tarifis misaRebad, romelic daakmayofilebs 

zRvruli tarifis mixedviT semekis moTxovnebs da amave dros, uzrunvelyofs in-

vestoris moTxovnebs _ miiRos moTxovnili dividendi, Catardes gaangariSebaTa 

seriebi sxvadasxva variantis mixedviT. 

es saSualebas mogvcems gamovlindes mSeneblobis dafinansebis iseTi varian-

ti, romelic erTdroulad daakmayofilebs investorsac da gaiTvaliswinebs sax-

elmwifo interesebsac. 
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uak 628.1 

moCarxulborbliani centridanuli tumbos sxvadasxva reJimiT muSaobis 

analizi. v. naWyebia, x. xatiuri, e. gvaramaZe // hidroinJineria,@ #1-2(7-8), 2009,  

gv. 51-54. 

ganxilulia centridanuli tumbos gamoyenebis aris gafarToebis SesaZleb-

loba tumbos muSa borblis diametris SemcirebiT moCarxvis saSualebiT. moyva-

nilia tumbos moCarxuli borblis QmoC _ HmoC maxasiaTebeli mrudis agebis wesi. 

es wesi emyareba centridanuli tumboebis msgavsebis kanonidan gamomdinare cno-

bil gadaangariSebis formulebis gamoyenebas. tumbos maxasiaTebeli mrudis gra-

fikze asaxulia QmoC _ HmoC maxasiaTebeli mrudis agebis Tanamimdevroba. moyvani-

lia miRebuli axali maxasiaTebeli mrudis mixedviT paralelur reJimSi momuSave 

ori tumbos jamuri maxasiaTebeli mrudis agebis wesi. 

 

uak 628.1 

wyalmomaragebisa da wyalarinebis sistemebSi normatiuli danakargebis 

gansazRvris Sesaxeb. l. klimiaSvili, n. nacvliSvili, m. nacvliSvili // hidroin-

Jineria,@ #1-2(7-8), 2009, gv. 55-62. 

gaanalizebulia sasmeli wylis normatiuli danakargebis gansazRvris arsebu-

li meTodebi da midgomebi, romelTa gamoyenebac saqarTvelos pirobebSi mniSvne-

lovan cdomilebebTanaa dakavSirebuli.  

SemoTavazebulia sasmeli wylis normatiuli danakargebis gaangariSebis me-

Todika maTematikuri statistikis elementebis gamoyenebiT, romelic ar moiTxovs 

droisa da saxsrebis did danaxarjebs da iZleva sarwmuno sidideebis dadgenis 

saSualebas.  

warmodgenilia winadadebebi danakargebis sidideebis (rogorc xvedriTi, aseve 

procentuli) gansazRvrisaTvis. 

 

uak 628.1 

wylis gauferulebisaTvis Tixuri masalebis Tvisebebisa da adsorbentis 

damzadebis ZiriTadi principebis Sesaxeb. n. gelaZe, l. klimiaSvili,  

m. nacvliSvili // hidroinJineria,@#1-2(7-8), 2009, gv. 63-68. 

gaanalizebulia gaaqtiurebuli da modificirebuli Tixuri masalebis Tvise-

bebi da Camoyalibebulia aluminsilikatis adsorbentis damzadebis xerxis Ziebis 

ZiriTadi principebi wylis sorbciuli gauferulebisaTvis. Sedgenilia gamaufe-

rulebeli aqtivobis blok-sqema, xuTi receptorul-teqnologiuri da sami eqsplu-

ataciuri faqtoriT. 
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РЕФЕРАТЫ  
 
 
УДК 628.1 
ОЦЕНКА НАДЕЖНОСТИ СТРУКТУРНО-ВАРИАНТНЫХ СХЕМ, СОСТАВЛЕННЫХ ЭЛЕМЕНТАМИ 

СИСТЕМЫ ВОДОСНАБЖЕНИЯ. Климиашвили Л.Д., Цихелашвили З.И., Гуджабидзе М.Р. // 
Гидроинженерия, №1-2(7-8), 2009, с. 6-9. 

С применением теоремы Бейеса предлагается подход к оценке надежности возможных 
структурно-вариантных схем инженерных систем водоснабжения, составленных элементами при 
их последовательной, параллельной и смешанной комбинациях соединений. 

Предлагаемому подходу оценки надежности системы водоснабжения придается большое 
значение при построении структурных вариантных схем на стадиях предпроектирования, проек-
тирования и эксплуатации. 

 
УДК 528 
СОВРЕМЕННЫЙ АЛЬТЕРНАТИВНЫЙ МЕТОД ОБЕЗЗАРАЖИВАНИЯ ПИТЬЕВОЙ ВОДЫ.  

Соселия Г.А., Михелашвили И.М., Кизивадзе Р.К. // Гидроинженерия, №1-2(7-8), 2009, с. 10-17. 
Представлена возможность применения одного из современных способов обеззараживания 

воды на головных сооружениях г. Тбилиси, в частности, раствором оксидента (вместо газообразного 
хлора). Разработка метода произведена в научном центре Инженерной академии. 

Для апробации эффективности данного метода обеззараживания воды были проведены 
эксперименты на очистном сооружении Самгори. 

Эксперимент подтвердил преимущество оксидента как безопасной надежной жидкости, по 
сравнению с газообразным хлором, его применение значительно снизит эксплуатационые затраты. 

 
УДК 628.1 

К ОЦЕНКЕ ОПТИМАЛЬНОГО РЕЗЕРВИРОВАНИЯ ВОДОСНАБЖЕНИЯ. Лафачи Н.Р., 
Климиашвили Л.Д., Нацвлишвили Н.В. // Гидроинженерия, №1-2(7-8), 2009, с. 18-22. 

Рассмотрены вопросы оценки оптимального резервирования функционирования систем 
водоснабжения путем статистической обработки данных интенсивности сбоя. При проектиро-
вании системы водоснабжения анализ вариантов оптимального резервирования должен быть 
осуществлен в условиях полученных параметров q и a, путем сравнения экономических 
показателей.  

  
УДК 628.12.002 
ПОГРУЖНОЙ НАСОС. Мегрелишвилши З.Н., Чхаидзе В.Г., Чхаидзе Д.Т., Дондоладзе  Н.Г.  

// Гидроинженерия, №1-2(7-8), 2009, с. 23-26. 
Предложена новая простая конструкция погружного насоса с ручным и механическим 

приводом. Насос позволяет удалять вместе с жидкостью слежавшиеся осадки любой консис-
тенции. Приведены зависимости для расчета технологических параметров насоса. 
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УДК 627.841 
ОПРЕДЕЛЕНИЕ КОЭФФИЦИЕНТА ГИДРАВЛИЧЕСКОГО ТРЕНИЯ В ПЕРФОРИРОВАН-

НЫХ ТРУБОПРОВОДАХ. Сихарулидзе Г.И. // Гидроинженерия, №1-2(7-8), 2009, с. 27-34. 
Из полученных критериальных уравнений проистекает, что при движении жидкости в 

трубопроводе с переменным расходом, коэффициент гидравлического трения является функцией 
относительного присоединения или выделения числа и расхода Рейнольдса. 

Получены эмпирические зависимости для вычисления коэффициента гидравлического трения в 
полиэтиленовых трубопроводах. Приведено сравнение числовых величин коэффициентов гидравли-
ческого трения при равномерном движении жидкости в перфорированных трубопроводах. 

Установлены границы переменных числа Рейнольдса, когда λp>λ и когда эти величины почти 

равны друг другу. 
 
УДК 621.396 

ИНТЕРНЕТ-РАДИО. Рамазашвили М.Т., Рамазашвили К.Т., Миделашвили С.Дж., Пертая Л.Д. 
// Гидроинженерия, №1-2(7-8), 2009, с. 35-39. 

Как только стала возможной передача аудио-потоков с помощью интернета, коммерческие 
радиостанции задумались над тем, как организовать вещание с помощью цифровых каналов. С 
помощью интернет-радио можно передавать иформацию и рекламу, а также найти лого, которое 
отображает аудио-формат. 

 
УДК 621.8 
ЧТО ДОЛЖНО УЧЕСТЬ МИНИСТЕРСТВО ЭНЕРГЕТИКИ И ЭКОНОМИКИ ПРИ ВЫБОРЕ ИН-

ВЕСТОРА, ФИНАНСИРУЮЩЕГО СТРОИТЕЛЬСТВО ГИДРОЭЛЕКТРОСТАНЦИИ. Кодуа Н.Д., 
Ахвледиани А.В., Микиашвили Т.М., Ахвледиани Г.А. // Гидроинженерия, №1-2(7-8), 2009, с. 40-50. 

Величина, определяющая экономическую эффективность тарифа при строительстве новой 
ГЭС, зависит как от структуры выделенного капиталовложения, расчетной схемы прибыли, так и от 
процентной величины частного капитала и банковского кредита. Поэтому с целью получения 
минимального тарифа, способного удовлетворить в соответствии с предельным тарифом требования 
Грузинской национальной комиссии по регулированию электроэнергетики и одновременно с этим 
обеспечения желания инвестора получить соответствующие дивиденты, необходимо выполнить 
серию соответствующих расчетов.  

Для проведения этих расчетов авторами данной статьи разработаны неоходимые математичес-
кие алгоритмы с соответствующим компьютерным обеспечением.  

 
УДК 628.1 
АНАЛИЗ  РЕЖИМОВ  РАБОТЫ ЦЕНТРОБЕЖНЫХ  НАСОСОВ С ОБТОЧЕННЫМ КОЛЕСОМ. 

Начкебия В.П., Хатиури Ж.Н., Гварамадзе Е.Л. // Гидроинженерия, №1-2(7-8), 2009, с. 51-54. 
Рассмотрен вопрос расширения области применения центробежного насоса при 

уменьшении диаметра рабочего колеса путём обточки.  
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Приведены правила построения характерной кривой Qоб. - Hоб. обточенного рабочего 
колеса, которые основаны на использовании известных формул пересчёта, исходящих из закона 
подобия центробежных насосов. 

На графике характерных кривых центробежного насоса представлена последовательность 
построения   характерной кривой  Qоб. - Hоб. обточенного колеса и приведён способ построения 
суммарной характерной кривой параллельно работающих насосов с уменьшённым диаметром 
рабочего колеса. 

 
УДК 628.1 
К ОПРЕДЕЛЕНИЮ НОРМАТИВНЫХ ПОТЕРЬ В СИСТЕМЕ ВОДОСНАБЖЕНИЯ. Климиашвили Л.Д., 

Нацвлишвили Н.В., Нацвлишвили М.Н. // Гидроинженерия, №1-2(7-8), 2009, с. 55-62. 
Рассмотрены существующие методы и подходы к определению нормативных потерь питьевой 

воды, использование которых в условиях Грузии связано со значительными погрешностями. 
Предложена методика расчета нормативных потерь питьевой воды применением элементов 

математической статистики, которая не требует больших расходов времени и средств и дает 
возможность установления доверительных величин. 

 

УДК 628.1 
СВОИСТВА ГЛИНИСТЫХ МАТЕРИАЛОВ И ОБ ОСНОВНЫХ ПРИНЦИПАХ ИЗГО-

ТОВЛЕНИЯ АДСОРБЕНТА ДЛЯ ОБЕСЦВЕЧИВАНИЯ ВОДЫ. Геладзе Н.М., Климиашвили Л.Д., 
Нацвлишвили М.Н.  // Гидроинженерия, №1-2(7-8), 2009, с. 63-68. 

Проанализированы своиства активированных и модифицированных глинистых материалов и 
сформирована основные принципы поиска способа изготовления алюминосиликатного адсорбента 
для сорбционного обесцвечивания воды. Состовлена блок-схема обесцвечивающей активности с 
пятью рецепторно-технологическими и тремя эксплуатационными факторами.  
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SUMMARIES 
 

UDC 628.1  
ESTIMATION OF RELIABILITY OF STRUCTURALLY ALTERNATIVE SCHEMES MADE BY 

THE ELEMENTS OF WATER SUPPLY SYSTEM. L.Klimiashvili, Z.Tsikhelashvili, M.Gujabidze // 
Hydroengineering. #1-2(7-8), 2009, p. 6-9. 

With application of the theorem of Baiesa the approach of an estimation of reliability of possible struc-
turally alternative schemes of water supply engineering systems made by the elements at their consecutive, 
parallel and mixed combinations of connections is offered. The great importance is given to the offered ap-
proach of estimation of water supply system reliability at construction of structural alternative schemes at 
stages before predesigning, designing and operation. The example of reliability estimation is considered.  

 
UDC 528 
A MODERN ALTERNATIVE METHOD OF POTABLE WATER DECONTAMINATION. 

G.Soselia, I.Mikhelashvili, R.Kizivadze // Hydroengineering. #1-2(7-8), 2009, p. 10-17. 

The work presents the possibility of application of a modern method for decontamination in Tbilisi 
headworks, particularly, replacement of gas chlorine with oxidant solution that has been developed in the 
Engineering Academy Scientific Center. The approbation of the efficiency of the given method of potable 
water decontamination was carried out at the Samgori sewage disposal plant. The experiment confirmed the 
advantage of oxidant in comparison with gas chlorine as of safe and reliable solution the application of 
which will sharply decrease expenses on operations.  

 
UDC 628.1 
ON EVALUATION OF WATER SUPPLY OPTIMUM RESERVING. N.Lapachi, L.Klimiashvili, 

N.Natsvlishvili // Hydroengineering. #1-2(7-8), 2009, p. 18-22. 

The problems of evaluation of optimum reserving of water supply systems functioning are considered 
with statistical treatment of fails intensity data. The analysis of design versions of water supply systems should 
be realized by way of comparison of economical indices in conditions of the received q and a parameters.  

 
UDC 628.12.002 
IMMERSION PUMP. Z.Megrelishvili, V.Chkhaidze, D.Chkhaidze, N.Dondoladze // Hydroengi-

neering. #1-2(7-8), 2009, p. 23-26. 

A new construction of the immersion pump with a hand and power drive is proposed. The pump al-
lows removing, together with the liquid, the slumped sediment of any consistency. The relations are pre-
sented for calculation of technological parameters of the pump.  
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UDC 627.841 
DETERMINATION OF HYDRAULIC FRICTION COEFFICIENT IN PERFORATED PIPELINES. 

G.Sikharulidze // Hydroengineering. #1-2(7-8), 2009, p. 27-34. 

From the received criterial equation follows that when liquid flow in pipelines is variable, hydraulic 
friction coefficient is the function of Reynolds number and relative flow attachment or separation. Empirical 
dependences for calculation of hydraulic friction coefficient in polyethylene pipelines are received. The 
comparison of numerical values of hydraulic friction coefficients is given. The boundaries of Reynolds num-
ber variables are stated when λ3 > λ and when these values are equal. 

 
 

UDC 621.396 
INTERNET-RADIO. M.Ramazashvili, K.Ramazashvili, S.Midelashvili, L.Pertaia // Hydroengi-

neering. #1-2(7-8), 2009, p. 35-39. 

As soon as became possible to transfer audio streams by the Internet, commercial radio stations began 
to ponder how to organize an announcement with digital channels. It’s possible to transmit information and 
advertisement by means of internet-radio; also several logos showing audio format can be found.  

 

UDC 628.1 
WHAT IS TO BE CONSIDERED BY THE MINISTRY OF POWER ENGINEERING AND ECO-

NOMICS WHEN CHOOSING INVESTOR FINANCING HYDROPOWER STATION CONSTRUCTION. 
N. Kodua, A. Akhvlediani, T. Mikiashvili, G. Akhvlediani // Hydroengineering. #1-2(7-8), 2009, p. 40-50. 

Tariff determinimg economic effectiveness of the construction of a new hydropower station depends 
on the structure, as well as, on refunding schame of made investment, and on tax rate of private capital and 
bank duty. Therefore, in conditions of similar financing, in order to get minimum tariff satisfying require-
ments and at the same time satisfies investor’s demand to receive the demanded dividends, it is necessary to 
carry out calculation series according to different versions. 

This will enable to ascertain the version of financing which wile satisfy the investor and at the same 
time will account for state interests. 

 
UDC 628.1 
ANALYSIS OF DIFFERENT REGIME OPERATION OF TURNED WHEEL CENTRIFUGAL 

PUMPING EQUIPMENT. V. Nachkebia, Kh. Khatiuri, E. Gvaramadze // Hydroengineering. #1-2(7-8), 

2009, p. 51-54. 
The possibility of widening of the area of using of centrifugal pumping equipment when working 

wheel diameter is reduced with turning is considered. The law of characteristic curve drawing of pump 
turned wheel Qtur – Htur is given. This rule is based on using the known calculation formulas proceeding from 
the law of centrifugal pumps similarity. On the diagram of pump characteristic curve the sequence of Qtur – 
Htur characteristic curve drawing is presented. According the to received new characteristic curve the law of 
sum characteristic curve of two pumps operating in parallel regime is given.  
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UDC 628.1 
ON DETERMINATION OF STANDARD LOSSES IN WATER SUPPLY AND WATER DRAIN 

SYSTEMS. L.Klimiashvili, N.Natsvlishvili, M.Natsvlishvili // Hydroengineering. #1-2(7-8), 2009, 

p. 55-62. 
The existing methods and approaches of determination of drinking water standard losses are analyzed, 

their use in conditions of Georgia is connected with significant inaccuracy. 
The method of calculation of drinking water standard losses is proposed using elements of mathematical 

statistics. This method needs no great expenses of time and means and enables to state confidential values. 
The propositions are presented for determination of losses.  
 
UDC 628.1 
MATERIAL PROPERTIES OF CLAY AND THE BASIC PRINCIPLES OF ADSORBENT PRE-

PARING FOR WATER BLANCH. N. Geladze, L. Klimiashvili, M. Nacvlishvili // Hydroengineering. 
#1-2(7-8), 2009, p. 63-68. 

Analyzed modified and activated materials properties of clay and formed basic opinciples of alumi-
numsilicate adsorbent preparation for water blanch. Composed block-system of decolorize activity with five 
receptor-technological and three exploatation factors. 
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