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sagnis Sinaarsi da amocanebi.  
mokle istoriuli mimoxilva 

 
dedamiwis zedapiris saerTo farTobi 510 milion 

(mln) km2 Seadgens, romlidanac 361 mln.km2 (71%) 

okeaneebsa da zRvebs ukavia, xolo danarCeni 149 

mln.km2 ki xmeleTs. wylis saerTo maragi dedamiwaze 

praqtikulad ucvlelia da Seadgens ≈1388 mln.km3, 

romlis ∼97,5% ukavia marilian wyals (msoflio 

okeane, mlaSe tbebi da Waobebi), xolo danarCeni 

2,5% (35 mln.km3) mtknar wyals. mtknari wyali 

bunebaSi ZiriTadad arsebobs yinulis (arqtika, an-

tarqtika, grenlandia, xmeleTis myinvarebi), mdina-

ris Camonadenis da miwisqveSa wylebis saxiT, ro-

melTa srulad gamoyeneba garkveul teqnikur siZne-

leebTanaa dakavSirebuli. amJamad moxmarebisaTvis 

misawvdomi mtknari wylis moculoba Seadgens wylis 

msoflio maragis mxolod 0,3%-s (4,16 mln.km3). ada-

mianTaAsameurneo saqmianobaSi gansakuTrebuli mni-

Svneloba eniWeba mdinareTa Camonadens, romlis 

msoflio saSualowliuri raodenoba 38830 km3-a. Sa-

qarTvelo, romlis saerTo zedapiris farTobi ≈69,5 

aT.km2-ia, wylis resursebiT mdidari qveynebis kate-

gorias miekuTvneba, romlis mdinareTa Camonadeni 

saSualod 66,3 km3-s Seadgens. mdinaris Camonadeni, 
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ise rogorc wylis saerTo maragi, dedamiwis zeda-

pirze teritoriulad da droSi ganawilebulia ara-

Tanabrad, romelic ar Seesabameba wyalmomxmarebel-

Ta moTxovnebs. saqarTveloSi mdinaris wylebis Ca-

monadenis 75,1% modis dasavleTze, xolo 24,9% - 

aRmosavleTze, Camonadenis udidesi nawili (75-80%) 

emTxveva wyaldidobis mokle periods  (1. . . . 3 Tve). 

mdinaris bunebrivi Camonadenis xelovnurad gadana-

wileba droSi da sivrceSi, wyalmomxmareblis moT-

xovnaTa Sesabamisad, miiRweva specialuri sainJinro 

RonisZiebebebis ganxorcielebiT. 

erovnuli meurneobis im dargs, romelic Seis-

wavlis qveynis wylis resursebis aRricxvas, regu-

lirebas, ganawilebisa da gamoyenebis sakiTxebs ewo-

deba wylis meurneoba. wylis meurneobis dargebia: 

hidroenergetika, wylis transporti, hidromelio-

racia, wyalmomarageba da wyalarineba, wylis wiaRi-

seulis mopoveba, wylis dabinZurebisagan dacva da 

sxva. 

1. hidroenergetika – wylis resursebis energiis 
gamoyeneba; 

2. wylis transporti – mdinareebis, tbebisa da 
zRvebis gamoyeneba sanaosnod, kerZod mgzav-
rebisa da tvirTebis gadasazidad; 

3. hidromelioracia – teritoriis araxelsayreli 
bunebrivi pirobebis gaumjobeseba, kerZod: mSra-
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li niadagis damatebiTi gatenianeba (irigacia); 
niadagidan zedmeti tenis mocileba (daSroba); 

4. wyalmomarageba da wyalarineba – dasaxlebuli 
adgilebis, samrewvelo, satransporto da sxva 
obieqtebis sasmeli da teqnikuri wyliT uzrun-
velyofa (wyalmomarageba), aRniSnuli adgilebi-
dan Camonadeni da damuSavebuli  wylebis gayvana 
da gawmenda (wyalarineba); 

5. wylis wiaRiseuli simdidreebis gamoyeneba – 
Tevzis meurneoba, wylidan madneulis, marilebis, 
sasargeblo mcenareulis mopoveba, zRvis cxove-
lebze nadiroba da sxva. 

6. Tavdacva - wylis zRudeebis Seqmna, adgilmdeba-
reobis droebiTi datborva, mZafri dinamikuri 
nakadebis aRZvra da sxva. garda aRniSnulisa 
wylis meurneobaSi Sedis misi gamoyeneba sport-
uli RonisZiebebisaTvis, dasvenebisaTvis mis da-
mangrevel moqmedebaTa (wyaldidoba, Stormi, 
moqceva da sxva) winaaRmdeg brZola,  

7. wylis dabinZurebisagan dacva _ gamwmendi nage-
bobebis mowyoba. 

wylis meurneobis dargebi Tvisobrivad sxvada-

sxvagvarad gamoiyeneben wylis resursebs: wyalmom-

xmareblebi (wyalmomarageba, irigacia, Tavdacva) 

mTlianad moixmaren wyals da zogjer SedarebiT 

cotas ubruneben pirvelwyaros, wyalmosargeble 

dargebi ki gamoiyeneben mas da TiTqmis mTlianad 

ubruneben pirvelwyaros (hidroenergetika, wylis 

transporti, wylis wiaRiseulis damuSaveba da zog-

jer Tavdacva). rogorc vxedavT wylis meurneobis 
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dargebi metad mravalferovania, xolo misi amocane-

bi sakmaod rTuli da individualuri, amitom wyal-

sameurneo obieqtebis daproeqteba, mSenebloba, eqs-

pluatacia da remonti moiTxovs didi pasuxismgeb-

lobiT maRalkvalificiuri specialistebis Semoqme-

debiT midgomas. 

wyalTa meurneobis organizaciis racionaluri 

principia wylis resursebis kompleqsuri gamoyeneba, 

rac gulisxmobs mis gamoyenebas yvela SesaZlo da 

ekonomikurad dasabuTebuli miznebisaTvis. saqarTve-

loSi wylis resursebis kompleqsuri gamoyenebis 

kargi magaliTia Jinvalis hidrokvanZi md. aragvze, 

romelic emsaxureba, rogorc energetikas, agreTve 

wyalmomaragebasa da irigacias. 

adamianTa wyalsameurneo saqmianobas xangrZlivi 

istoria aqvs. kacobriobisaTvis wylis sasicocxlo 

mniSvnelobis gamo xalxi Tavidanve saxldeboda 

mdinareebis, tbebisa da zRvebis napirebze, romel-

Tac garda uSualo sayofacxovrebo daniSnulebisa, 

mezobel xalxTan urTierT kavSiris damyarebis 

funqciac ekisreboda. CineTSi kaSxlebsa da arxebs 

aSenebdnen ramdenime aTasi  wlis winaT Cvens 

welTaRricxvamde. did sarwyav da sanaosno arxebs 

aSenebdnen agreTve asirielebi da babilonelebi 

aTasxuTasi wlis winaT Cvens welTaRricxvamde. Mdi-
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naris wylis energiis gamoyeneba pirvelad daiwyo 

wylis wisqvilebis moZraobaSi mosayvanad CineTsa da 

Sua aziaSi, Semdeg ki gavrcelda sxva qveynebSic.  

adamianis wyalsameurneo saqmianobis mravalma 

nimuSma Cvenamdec moaRwia. daaxloebiT 5000 wlis 

istoria aqvs koSeinis qvis kaSxals egvipteSi (si-

maRle 15 m, sigrZe 450 m), amave periodisaa qvis 

wyobis Webi, romlebic galereebiT iyo SeerTebuli 

md. nilosTan. romis saxelmwifos arsebobis dros 

VI-III saukuneebSi Cvens welTaRricxvamde, aSenda 

wyalsadenis grandiozuli sistemebi akvedukebis 

farTo gamoyenebiT, romlebic dResac ki iwveven 

gaocebas. cnobilia, rom ruseTis erTiani saxelmwi-

fos Seqmnamde slavebi awarmoebdnen dakvirvebebs 

mdinareebis doneebze. 

qarTvel xalxTa wyalsameurneo saqmianobis am-

saxvel masalebs vxdebiT Zvel literaturul way-

roebSi. magaliTad: pliniusi (23-79 ww.) md. fazisis 

(rioni) Sesaxeb wers, rom `... igi sanaosnoa didi ge-

mebisaTvis ... patara gemebiT asvla SeiZleba ufro 

zeviTac. fazisze aSenebulia 120 xidi~.; cnobili 

qarTveli mecnieris vaxuSti batoniSvilis naSromSi 

`aRwera samefosi saqarTvelosi~ naTqvamia `Solis 

piridan gaitana mefeman vaxtang ru, rameTu iyo 

mindori ese uwylo, da hyo wisqvili, da smen piru- 
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tyvni~. 

saqarTveloSi uZvelesi droidan arebobda way-

ros wylebis bazaze Seqmnili mravali, umetesad 

TviTdeniTi, wyalsadeni. wyalsadenis nagebobebs aSe-

nebdnen ara marto sayofacxovrebo moTxovnebis da-

sakmayofileblad, aramed strategiuli Tvalsazri-

siTac. saqarTveloSi TiTqmis ar aris arc erTi 

cixe-simagre da monasteri, romelsac ar hqonda 

individualuri wyalmomaragebis sistema. 

Cvens welTaRricxvamde meore saukunes mie-

kuTvneba goxnaris, bedenis, WovWavis da sxva ciklo-

puri qalaqebis wyalsadenebi. daaxloebiT amave asa-

kisaa mcxeTis, bagineT-armazis 3 km sigrZis wyal-

sadeni. noqalaqevis cixis anu cixegojis wyalmo-

maragebisaTvis gayvanili saidumlo gvirabi Zveli 

da axali, saukuneebis mijnaze aSenda gonios cixis 

wyalsadeni. 

Tamar mefis sazafxulo rezidenciaSi, nadarba-

zevSi, mowyobili iyo 6 km sigrZis TviTdeniT-

wneviani wyalsadeni. uZveles wyalsadenebSi dawnevi-

Ti milsadenebi warmoadgenen kargad gamomwvari 

Tixis milebs, romelTac qondaT 6 sm sisqis duRa-

bis safari. metad mniSvnelovania kldeSi gamokve-

Tili qalaq varZiis wyalsadeni, romlis asagebad 

gamoyenebulia unikaluri xerxebi da zusti gaan-
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gariSebebi. gakvirvebas iwvevs mcire zomis rezer-

vuari, romelSic wylis done ar icvleba xarjis 

cvalebadobis miuxedavad. hidromSeneblobis gamor-

Ceul nimuSad miiCneven XII saukunis alaznisa (199 km) 

da samgoris (20 km) sarwyav arxebs.  

msoflioSi wyalsameurneo mSeneblobis daCqare-

buli winsvla aRiniSneba XIX saukunis bolos da 

XX saukunis mTel periodSi. Sendeba sainJinro 

TvalsazrisiT srulyofili sxvadasxva wyalsameur-

neo daniSnulebis unikaluri hidrokvanZebi. Sa-

qarTvelos mdinareTa hiodroenergetikuli poten-

cialis aTvisebam gasuli saukunis 80-ian wlebidan 

miipyro, rogorc qarTveli sazogado moRvaweebis (i. 

WavWavaZe,E n. nikolaZe, da sxva), ise rusi da sxva 

ucxoeli inJinrebis yuradReba. saqarTveloSi age-

buli iqna mcire simZlavris mxolod ramdenime hid-

roeleqtrosadguri: borjomis (aigo 1898-1903 ww), 

axali-aTonis (1902-1913 ww.), gagris (1904 w.), soxumis 

(1908-1909 ww.), biWvinTis (1913 w.), bolnisis (1913 w.), 

axalqalaqis (1914 w.) da sxva. sul moqmedi hidro-

eleqtrosadgurebis saerTo simZlavre 1913 wli-

saTvis Seadgenda daaxloebiT 1,3 aT.kvt-s.  

Tbilisis wyalmomaragebisaTvis uZvelesi droi-

dan gamoiyeneboda qalaqis teritoriaze arsebuli 
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wyaroebi da xevis wylebi. erTiani wyalsadenis 

mowyoba maSindel pirobebSi ar xerxdeboda. 

Tbilisis wyalmomaragebis sistemis daarsebis 

TariRad SeiZleba CaiTvalos 1862 wli, rodesac 

aSenda e.w. `yorRanovis wyalsadeni~, romelsac qon-

da wyalmomaragebis centraluri sistemisaTvis dama-

xasiaTebeli elementebi:  wyalmimRebi nageboba, re-

zervuarebi da gamanawilebeli qseli. amasTan qala-

qis saTaTbiroSi arsebobda am meurneobis xelmZR-

vaneli organo. 1929 wels daiwyo nataxtaris wyal-

sadenis mSenebloba, mSeneblobas axorcielebda sam-

Seneblo organizacia `nataxtarmSeni~. pirveli ri-

gis samuSaoebi dasrulda 1933 wels, xolo meore 

rigisa 1936 wels. wyalmimRebi nageboba warmoadgen-

da 28 muSa WaburRils. TiToeuli WaburRili iZleo-

da daaxloebiT 40-45 l/wm-Si wyals. dReisaTvis Tbi-

lisis wyalmomaragebis sistema moicavs 5 saTave-na-

gebobas: nataxtaris, bulaCauris, saguramos, Wopor-

tis da muxranis; miwisqveSa wylis xelovnurad gam-

didrebis mizniT 600 000 m2 farTze mowyobil sain-

filtracio auzebs, Tbilisis zRvis bazaze arsebu-

li samgorisa da RrmaRelis wyalsadenebi daaxloe-

biT 3 000 km sigrZis magistraluri da gamanawile-

beli qseliT, romelTa gamtarunarianoba Seadgens 

21 m3/wm-Si 
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saqarTveloSi SedarebiT mZlavri hidroeleqtro-

sadguris mSenebloba, md. mtkvarze daiwyo 1922 wels 

zemoavWalis hidroeleqtrosadguris (zahesi) saxiT 

da eqspluataciaSi Sevida 1927 wels. 1928 wels md. 

rionze daiwyo II saraiono mniSvnelobis hidro-

eleqtrosadguris – rionhesis mSenebloba, romlis 

simZlavre iyo 48 aT.kvt. da damTavrda 1933 wels. 

sul omamde saqarTveloSi dasrulda 5 hidroeleqt-

rosadguris mSenebloba: zahesi (1927 w), abhesi (1928 

w), rionhesi (1933 w), awhesi (1937 w) da alazanhesi 

(1939 w).  

didi samamulo omis Semdeg mwyobrSi Cadga 

xramhes-1 (1947 w), soxumhesi (1948 w), CiTaxevhesi (1949 

w), orTaWalhesi (1954 w), Saorhesi (1955 w.), igoeThesi 

(1955 w.), bJuJahesi (1956 w.), gumaThesi II (1956 w.), 

tyibulhesi (1956 w.), gumaThesi I (1958 w.), lajanur-

hesi (1959 w.), tirifonhesi (1961 w.) da xramhesi II (1963 

w.). farTod giSala sarwyavi sistemebis mSenebloba. 

1930 wels mwyobrSi Cadga tirifonis sarwyavi sis-

tema, romelic 280500 ha farTobs rwyavda. 1931 wels 

damTavrda qvemo alaznis sarwyavi sistema (irwyvebo-

da 29 000 ha miwebi). respublikisaTvis didi mniSvne-

loba hqonda zemo samgoris sarwyavi sistemis nage-

bobaTa mSeneblobis damTavrebas 1951 wlis 4 noem-

bers, riTac gadawyda kompleqsuri amocana md. 
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ioris wylis gamoyenebisa erTdroulad samgoris 

gvalviani miwebis morwyvisaTvis da energetikuli 

miznebisaTvis. amuSavda saSualo simZlavris sami 

hidroeleqtrosadguri, romlebic ganlagebulia sam-

goris zemo magistralur arxze: sacxenishesi, 

martyofhesi da TeTrixevhesi. mogvianebiT mwyobrSi 

Cadga am sistemis meoTxe hidroeleqtrosadguri – 

sionhesi, romelic eqspluataciaSi Sevida sionis ma-

regulirebel wyalsacavTan erTad. es wyalsacavi 

Seiqmna 82 m simaRlis miwis kaSxliT, romelic im 

droisaTvis yvelaze maRali iyo sabWo-Ta kavSirSi. 

1955 wels aSenda taSiskaris sarwyavi sistema, igi 

mtkvris wyliT rwyavda 10 500 ha farTobs. 1962 wels 

damTavrda zemo alaznis sarwyavi sistema, romelic 

41 000 ha farTobs awylovanebda. 1971 wels mwyobrSi 

Cadga qvemo samgoris sarwyavi sistema, romelic 

rwyavda 37 900 ha miwis farTobs. 

ukanasknel wlebSi saqarTvelos saerTo sakavSi-

ro energosistemaSi yofnis periodSi aigo: md. En-

gurze maRaldawneviani enguris hidroeleqtrosad-

guri, msoflioSi rekorduli simaRlis TaRovani 

kaSxliT (H=271,5 m) da oTxi kaSxalTan mdebare 

vardnilhesebiT, romelTa saerTo simZlavre 1600 aT. 

kvt-ia; md. rionze oTxsafexuriani varcixe hesi, 

saerTo simZlavriT 170 aT.kvt; md. aragvze komp-
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leqsuri daniSnulebis Jinvali hesi, dadgmuli simZ-

lavriT 130 aT.kvt. mSeneblobis periodSia ramode-

nime mcire da saSualo simZlavris hidroeleqtro-

sadguri maT Soris xadori hesi md. alazanze 24 

aT.kvt simZlavriT; baxvi hesi md. baxviswyalze 16 

aT.kvt simZlavriT. nawili hidroeleqtrosadgure-

bisa dRes likvidirebulia an fizikuri moZvelebis 

gamo dakarguli aqvs simZlavris garkveuli pro-

centi. amJamad kvlav dRis wesrigSi dgas qveynis 

energetikuli balansis Sevseba axali generaciis 

obieqtebis mSeneblobis bazaze. 

mSeneblobisa da proeqtirebis stadiaSia Savi 

zRvis navsadgurebis rekonstruqciis sakiTxebi, ag-

reTve axali navsadgurebis mSenebloba – sufsis 

terminali, anaklias da gonios navsadgurebi da 

sxva.  
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I ganyofileba. 

hidravlikis safuZvlebi 
 

I Tavi. Sesavali 
 

1.1.1. hidravlikis sagani 
 

termini hidravlika Sedgeba ori berZnuli sity-

visagan: hydor _ wyali da aulos _ mili. rac is-

toriul warsulSi niSnavda milebSi wylis moZ-

raobis swavlebas. Tanamedrove gagebiT, hidravlika 

aris teqnikuri (gamoyenebiTi) mecniereba, romelic 

Seiswavlis siTxeebis wonasworobis pirobebs da 

moZraobis kanonzomierebebs, myari sxeulebisa da 

siTxeebis urTierTqmedebebs da SeimuSavebs am kanon-

zomierebebis sainJinro praqtikaSi gamoyenebis meTo-

debs. 

siTxeebis wonasworobas,  moZraobis kanonzomie-

rebebsa da siTxis da myari sxeulebis urTierTqme-

debas Seiswavlis agreTve hidromeqanika. Hidromeqa-

nika efuZneba mxolod mkacr maTematikur meTodebs, 

romlebic gvaZlevs zogad Teoriul  amonaxsnebs. 

hidravlika aris gamoyenebiTi hidromeqanika, romlis 

kanonzomierebebs iyeneben umetesad sainJinro 

xasiaTis amocanebis gadasawyvetad, risTvisac hid-

ravlikaSi farTod gamoiyeneba miaxloebiTi meTo-

debi da eqsperimentuli kvlevebi. iSviaTad moiZeb-
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neba teqnikis iseTi dargi, sadac ar iyeneben hidrav-

likis kanonebs. misi Seswavlis obieqtia ara marto 

wyali, aramed yvela saxis wveTovani siTxe, romle-

bic xasiaTdeba denadobiT, magram airisagan gansxva-

vebiT, Zalian mcired icvlis simkvrives. mecnierebas, 

romelic Seiswavlis airis wonasworobasa da moZ-

raobas, aeromeqanika ewodeba. 

hidravlika Sedgeba hidrostatikisa da hidrodi-

namikisagan. warmodgenil naSromSi mocemulia hid-

ravlikis safuZvlebis mokle kursi.  

 
1.1.2. siTxis ZiriTadi fizikuri Tvisebebi 

 
siTxe ewodeba fizikur sxeuls, romelic ver 

uwevs winaaRmdegobas mxeb da gamWimav Zalebs, ris 

gamoc advilad icvlis formas da iRebs im WurWlis 

formas, romelSic isaa moTavsebuli. siTxe miedi-

neba simZimis Zalis gavleniT anu xasiaTdeba dena-

dobiT. 

ansxvaveben wveTovan (wyali, spirti, navTobi da 

sxv.) da airisebr anu arawveTovan siTxeebs. wveTo-

vani siTxe xasiaTdeba denadobiT da mcire kumSva-

dobiT, xolo airisebri siTxe _ didi kumSvadobiT. 

hidravlika ZiriTadad Seiswavlis wveTovan siT-

xeebs. 



 23

mokled gavecnoT im ZiriTad fizikur Tvisebebs, 

romlebic gvxvdeba hidravlikis Seswavlis pro-

cesSi.  

 
siTxis kuTri anu moculobiTi wona 

 
siTxis kuTri anu moculobiTi wona ewodeba siT-

xis wonis G Sefardebas mis moculobasTan W, aRi-

niSneba γ asoTi. 

γ = 
W
G

. 

misi ganzomileba teqnikur sistemaSi aris kgZ/m3, 

xolo Si sistemaSi n/m3. 

 
siTxis simkvrive 

 

siTxis simkvrive ewodeba misi masis m Sefardebas 

moculobasTan W, aRiniSneba ρ asoTi.  

ρ = 
W
m

, 

misi ganzomileba teqnikur sistemaSi aris 

kgZ.wm2/m4, xolo Si sistamaSi kg/m3. moculobiTi wona 

da simkvrive icvleba temperaturis gavleniT. 

maqsimalur mniSvnelobas isini aRweven 40C tem-

peraturaze. gamoxdili wylis moculobiTi wona  

40C temperaturaze tolia γw=1kg.Z/sm3=1kg.Z/dm3=1t.Z/m3. 
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siTxis kumSvadoba da temperaturuli 
gafarToeba 

 
siTxis kumSvadoba xasiaTdeba moculobiTi kumS-

vis Cβ  koeficientiT. igi gviCvenebs siTxis mocu-

lobis fardobiT cvlilebas wnevis erTi erTeuliT 

cvlilebisas. 

dp
dW

W
1

C =β  [m2/n] [m2/kgZ]. 

mtknari wylis Cβ  Cveulebrivi temperaturis 

SemTxvevaSi (0-dan 20°-mde), saSualod tolia  

2100
1

C =β  [sm 2 /kgZ]. 

rogorc vxedavT, igi Zalian mcire sididea, 

amitom wyals da saerTod wveTovan siTxeebs praq-

tikulad ukumSvad siTxeebad Tvlian. 

siTxis temperaturuli gafarToba xasiaTdeba 

temperaturuli gafarToebis koeficientiT,  rome-

lic gviCvenebs siTxis moculobis fardobiT cvli-

lebas temperaturis 10C –iT gazrdisas 

⎥⎦
⎤

⎢⎣
⎡=β °Ct

1
dt

dW
W
1

t . 
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siTxis siblante 
 

siTxis siblante erT-erTi mis ZiriTadi Tvisebaa. 

igi gamowveulia siTxis Siga molekuluri ZalebiT 

da gamoixateba imaSi, rom siTxis erTi fenis meore 

fenis mimarT moZraobisas warmoiqmneba xaxunis Za-

lebi. amitom siblantes xSirad Siga xaxunsac uwo-

deben. niutonis hipoTezis Tanaxmad, siTxis mezobel 

Sreebs Soris warmoqmnili xaxunis Zala pirdapir-

proporciulia Sreebs Soris siCqaris du nazrdis da 

ukuproporciulia Sreebs Soris dn manZilis  

S
dn
duT ⋅μ±= . 

S aris Sreebis Sexebis farTobi, xolo propor-

ciulobis μ koeficients uwodeben siblantis dina-

mikur koeficients. misi ganzomileba teqnikur sis-

temaSi aris kgZ.w/m2, xolo Si sistemaSi n.wm/m2. praq-

tikaSi xSirad gamoiyeneba siblantis kinematikuri 

koeficienti ν, romelic warmoadgens siblantis 

dinamikuri koeficientis fardobas simkvrivesTan 

ρ
μ

=ν   [m2/wm]. 

 

 

 



 26

realuri da idealuri siTxeebis cneba 
 

bunebaSi arsebuli yvela siTxe, realuri siTxea. 

igi xasiTdeba siblantiT, praqtikulad mudmivi 

simkvriviT da mxebi Zalebis mimarT mcire wina-

RobiT. idealuri siTxe aris faqtiuri warmosaxviTi 

siTxe, romelic absoluturad ukumSvadia da araaqvs 

siblante anu moZraobis dros Sreebs Soris ar 

warmoiqmneba xaxunis Zala. mas xSirad, arablant 

siTxesac uwodeben. 

 
kapilaruloba 

 
siTxis Tvisebas _ aiwios (damsvelebeli siTxe) 

an daiwios (aradamsvelebeli siTxe) viwro dia-

metris milebSi zedapiruli daWimulobis Zalebis 

gavleniT, kapilaruloba ewodeba. kapilaruli awe-

vis simRale wylisaTvis  200C–temperaturaze tolia 

d
30h = , xolo dawevis simaRle vercxliswylisaTvis 

_ 
d
10h = . 
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II Tavi.  hidrostatika 
 

hidrostatikuri wneva da misi Tvisebebi 
 

hidrostatika Seiswav-

lis siTxeebis wonasworo-

bis pirobebs. Hidrostati-

kaSi ZiriTadia hidrosta-

tikuri wnevis cneba, rom-

lis fizikuri arsis gasa-

gebad, wonasworobaSi myof 

siTxeSi gamovyofT siTxis 

garkveulmoculobas 

(nax.1.1). AB sibrtyiT es mo-

culoba warmosaxviT gavyoT or nawilad da mova-

SoroT I nawili II nawils. imisaTvis, rom II nawilis 

wonasworoba SevinarCunoT, saWiroa I nawilis zemoq-

medeba II-ze SevcvaloT raime ZalebiT. vTqvaT, am 

Zalebidan AB sibrtyeze mdebare  ω farTobze moq-

medebs P Zala. am Zalas hidrostatikuri wnevis Zala 

ewodeba, xolo Mmis Sefardebas moqmedebis farTob-

Tan _ saSualo hidrostatikuri wneva 

                       
ω

=
P

PsaS .           

am fardobis zRvars, rodesac 0→ω , ewodeba 

hidrostatikuri wneva wertilSi  

 

nax. 1.1 
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                       ⎟
⎠
⎞

⎜
⎝
⎛
ω

=
→ω

PlimP
0

.              (1.1) 

hidrostatikuri wnevis ganzomlebebia teqnikur sis-

temaSi kgZ/m2, xolo Si sistemaSi n/m2. hidrosta-

tikuri wneva xasiaTdeba Semdegi TvisebebiT: 

1. wertilSi hidrostatikuri wneva yovelTvis 

marTobulia moqmedebis zedapiris da aqvs Siga nor-

malis mimarTuleba. Ees Tviseba gamomdinareobs iqi-

dan, rom wonasworobaSi myof siTxes ara aqvs unari 

gauwios winaaRmdegoba mxeb da gamWimav Zalebs. am 

Zalebs siTxe  wonasworobidan gamohyavs.  

2. nebismier wertilSi hidrostatikuri wnevis 

sidide ar aris damokidebuli moqmedebis zedapiris 

orientaciaze da yvela mimarTulebiT erTnairia. 

am Tvisebebis dasamtkiceblad ganvixiloT Semde-

gi magaliTi. gansaxilvel siTxeSi gamovyoT prizma, 

romlis fuZe iqneba ABC samkuTxedi (nax. 1.2). gare-

momcveli siTxis zemoqmedeba prizmis TiToeul wax-

nagze SevcvaloT PAB, PBC da PCA ZalebiT; radgan 

prizma wonasworobaSia, am Zalebis samkuTxedi iq-

neba Sekruli (nax. 1.2 b). 

ZalTaA samkuTxedi ABC samkuTxedis msgavsia. 

msgavsebidan gamomdinareobs, rom 
CA
P

BC
P

AB
P CABcAB == . 
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nax.1.2 

 
 
am gamosaxulebis mniSvneli gavamravloT prizmis 

lΔ  sigrZeze, miviRebT  
lCA

P
lBC

P
lAB

P CABcAB

Δ
=

Δ
=

Δ
. Tu 

ganvixilavT@am gamosaxulebis zRvars, rodesac  

AB,BC, CA da lΔ  zomebi miiswrafvis nulisaken, maSin 

(1.1) gamosaxulebidan miviRebT, rom 

PAB = PBC = PCA. 

pirveli ori Tvisebidan gamomdinareobs, rom 

hidrostatikuri wneva wertilSi damokidebulia mxo-

lod wertilis mdebareobaze sivrceSi. 
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1.2.2. siTxis wonasworobis  
diferencialuri gantolebebi 

(eileris diferencialur gantolebaTa sistema) 

 

wonasworobaSi myof siTxeSi gamovyoT elementa-

ruli paralelepipedi wiboebiT dx, dy, dt (nax. 1.3). 

 

 

nax.1.3 

 
gamoyofil paralelopipedze moqmedebs gare 

Zalebi anu garemomcveli siTxis wnevis Zalebi da 

Siga, anu moculobiTi Zalebi, romelTac xSirad, ma-

siT Zalebs uwodeben. moculobiT Zalebs miekuTv-

neba simZimis Zala da inerciis Zala fardobiTi 

wonasworobis dros. gare Zalebis moqmedebiT gamo-
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wveuli wnevis sidide paralelepipedis centrSi 

aRvniSnoT P-Ti, wnevis cvlileba  x RerZis gaswvriv 

erTeul sigrZeze aRvniSnoT 
x
p
∂
∂

-iT. maSin 1-2-3-4 

waxnagze moqmedi saSualo hidrostatikuri wneva 

iqneba dx
x
p05P
∂
∂

− , xolo wnevis Zala _ 

dydxdx
x
p05P ⎟

⎠
⎞

⎜
⎝
⎛

∂
∂

− ; analogiurad, 3-4-5-6 waxnagze 

moqmedi wnevis Zala toli iqneba dydxdx
x
p05P ⎟

⎠
⎞

⎜
⎝
⎛

∂
∂

+ .  

paralelepipedis erTeul masaze moqmedi Siga anu 

moculobiTi Zalis tolqmedi aRvniSnoT F-iT, xolo 

misi gegmilebi Sesabamis RerZze Fx, Fy da Fz-iT, 

maSin paralelepipedis mTel masaze moqmedi Siga 

Zalebis gegmili x RerZze toli iqneba dxdydzFx ρ⋅ .   

paralelepipedis wonasworobis pirobidan gamom-

dinareobs, rom gare da Siga, anu moculobiTi Zale-

bis gegmilebis jami Sesabamis RerZebze nulis to-

lia. x RerZisTvis gveqneba 

+⎟
⎠
⎞

⎜
⎝
⎛

∂
∂

+−⎟
⎠
⎞

⎜
⎝
⎛

∂
∂

− dydxdx
x
p05Pdydxdx

x
p05P

 

                                        dxdydzFx ρ⋅+  = 0.              (1.2) 
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martivi gardaqmnebiT miviRebT, rom 0
x
p1

Fx =
∂
∂
⋅

ρ
−  

analogiurad daiwereba wonasworobis piroba sxva 

RerZebis mimarTac. Sedegad miviRebT wonasworobis 

diferencialur gantolebaTaA  sistemas 

                 

⎪
⎪
⎪

⎭

⎪
⎪
⎪

⎬

⎫

=
∂
∂
⋅

ρ
−

=
∂
∂
⋅

ρ
−

=
∂
∂
⋅

ρ
−

0
z
p1F

0
y
p1

F

0
x
p1F

z

y

x

.         (1.3) 

 
1.2.3. Tanabari wnevis zedapiri 

 
(1.3) gantolebaTa sistema gavamravloT Sesaba-

misad dx–ze, dy-ze, dz-ze da SevkriboT, miviRebT 

0dz
z
pdy

y
pdx

x
p1FzdzFydyFxdx =⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
∂
∂

+
∂
∂

+
∂
∂

ρ
−++ . 

frCxilebSi moTavsebuli wevri warmoadgens   

wnevis srul diferencials dP, e.i 

                

0dpFzdzFydyFxdx =
ρ

−++ .       (1.4) 

Tanabari wnevis zedapiri ewodeba iseT zedapirs, 

romlis yvela wertilSi wneva erTnairia, anu  

P=const;  maSin (1.4) gantolebaSi 0d =ρ  da miviRebT 
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Tanabari wnevis zedapiris diferencialur ganto-

lebas 

0FzdzFydyFxdx =++ . 

 

 
1.2.4. hidrostatikis ZiriTadi gantoleba 

 
ganvixiloT (1.4) gantoleba. davuSvaT, rom 

moculobiTi Zalebidan siTxeze moqmedebs mxolod 

simZimis Zala; maSin Fx=0, Fy=0 da Fz = -gdz, Tu am 

mniSvnelobebs SevitanT (1.4) gantolebaSi, gveqneba  

0dP1gdz =
ρ

−− . 

am gantolebis integrirebiT miviRebT 

                      const
g
Pz =
ρ

+ .        (1.5) 

Tu gaviTvaliswinebT, rom gρ=γ , maSin (1.5) 

miiRebs Semdeg saxes: 

  constPz =
γ

+ .         (1.6) 

(1.6) gantoleba warmoadgens hidrostatikis 

ZiriTad gantolebas. 
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1.2.5. wertilSi hidrostatikuri wnevis  
sididis saangariSo formulebi 

 

wonasworobaSi myof siTxeSi gamovyoT A da B 

wertilebi (nax. 1.4). A wertilis daSoreba safardi 

sibrtyidan aRvniSnoT  Z-iT, xolo B wertilisa  

Z0-iT (safardi sibrtye aris nebismierad gatare-

buli hirizontaluri sibrtye, saidanac xdeba ana-

Tvlebis aReba, naxazze 0-0 sibrtye). wneva B wer-

tilSi mocemulia da igi P0-is tolia, xolo A wer-

tilSi wneva P saZiebeli sididea. davweroT  A da B 

wertilebisTvis hidrostatikis ZiriTadi gantoleba 

γ
+=

γ
+ 0

o
PZPZ . 

 

 

nax.1.4 
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aqedan )ZZ(PP 0o −γ+= . rogorc naxazidan Cans, 

hZZ0 =− ; aq h aris A wertilis CaZirvis siRrme siT-

xis Tavisufali zedapiridan. misi gaTvaliswinebiT 

gveqneba, rom hPP o γ+= . am wnevas uwodeben srul 

anu absolutur wnevas gansaxilvel A wertilSi 

                      
hPP o γ+=sr.(abs) .              (1.7) 

amrigad, sruli wneva warmoadgens ori wnevis 

jams; Po aris wneva siTxis Tavisufal zedapirze. igi 

SeiZleba atmosferul wnevis toli iyos, meti an 

naklebi oP .Patm . hγ aris h simaRlis siTxis svetis 

mier ganviTarebuli wneva. srul wnevaze  erTi atmo-

sferoTi nakleb wnevas, Warbi anu manometruli wne-

va ewodeba.  

                     atmsrWarb.(man) PPP −= .       (1.8) 

Warbi wneva imitom ewodeba, rom igi gviCvenebs, 

Tu ramdeniT sWarbobs sruli wneva atmosferul 

wnevas. manometruli wneva imitom ewo-deba, rom igi 

izomeba manometrebiT. SevitanoT (2.7) gamosaxuleba-

Si sruli wnevis mniSvneloba, gveqneba  

                  atm0Warb.(man) PhPP −γ+= .       (1.9) 

ganvixiloT kerZo SemTxveva, rodesac atm0 PP = , 

miviRebT 
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hP γ=Warb.(man) .                   (1.10) 

siTxis iseT mdgomareobas, rodesac sruli wneva 

naklebia atmosferul wnevaze, vakuumi ewodeba. e.i. 

vakuumi aris sruli wnevis danaklisi atmosferul 

wnevamde 

                     sratvak PPP −= .             (1.11) 

atmosferuli wnevis sidide damokidebulia 

zRvis donidan adgilmdebareobis simaRleze. zRvis 

donidan 200 metris simaRleze arsebul wnevas teq-

nikur atmosferos an mokled atmosferos uwodeben. 

amrigad, q.atm=1atm=1kgZ/sm2=9.81 n/sm2=98100ha=981heqtpa. 

aseT wnevas aviTarebs 736 mm vercxliswylis sveti 

00C-ze, an 10 m simaRlis wylis sveti + 40C –ze. 

 
1.2.6. hidrostatikuri wnevis epiurebi 

 
praqtikuli amocanebis gadawyvetisas xSirad sa-

Wiro xdeba hidrostatikuri wnevis epiurebis ageba. 

ganvixiloT ramdenime magaliTi. 

avagoT manometruli wnevis ( hP γ=man ) epiura ver-

tikalur AB kedelze. nax 1.5.a mTematikurad hP γ=  

warmoadgens wrfis gantolebas. mis asagebad saWi-

roa ori wertili; A wertilSi CaZirvis siRrme h=0, 

amitom 0P =man . B wertilSi CaZirvis siRrme h=H da 

manometruli wneva toli iqneba HP γ=man . gadavzomoT 
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Hγ monakveTi B wertilidan marcxniv, miRebuli mo-

nakveTis bolo wertili SevaerToT A wertilTan. Mi-

viRebT samkuTxeds, romelic warmoadgens AB ke-

delze manometruli hidrostatikuri wnevis ganawi-

lebis grafikul gamosaxvas _ wnevis epiuras. Sam-

kuTxedis farTobi ricxobrivad AB kedlis erTeul 

siganeze moqmedi wnevis Zalis tolia,  

               2
HH

2
HP

2γ
=⋅

γ
= ,  

xolo kedlis mTel b siganeze moqmedi wnevis Zala 

toli iqneba b
2
H

P
2γ

= . 

 

a) b) 

 

nax 1.5. 
 

wnevis Zalis tolqmedis modebis weertili (wne-

vis centri) fuZidan daSorebuli iqneba H
3
1
⋅  manZi-
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liT. analogiurad SeiZleba avagoT manometruli 

wnevis epiura horizontTan α kuTxiT daxril ke-

delze (nax. 1.5.b). am SemTxvevaSi, wnevis Zala ga-

moiTvleba Semdegi formuliT: b
sin2
H

P
2

α
γ

= ; es Zala 

AB kedelze  modebuli iqneba wertilidan AB
3
1
⋅  

simaRleze.  

nax.1.6 mocemulia manometruli wnevis epiurebi 

ABCD texili profilis kedelze. wnevis epiura Ti-

Toeuli wrfivi ubnisaTvis cal-calke unda aigos 

zemoT moyvanili msjelobis safuZvelze.  

 

 
 

nax.1.6. 
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cxadia, BC da  CD ubnebis epiurebi warmoadgens 

trapeciebs, romelTa farTobebi Sesabamis kedelze 

moqmedi wnevis Zalis toli iqneba. wnevis Zalebis 

tolqmedi gaivlis trapeciis simZimis centrSi, misi 

simaRlis (Sesabamisi kedlis) marTobulad. 

 
1.2.7. hidrostatikuri wnevis Zala nebismierad 

orientirebul sibrtyeze. wnevis centri 
 

gamovTvaloT sruli hidrostatikuri wnevis Zala 

horizontTan α kuTxiT daxril AB sibrtyeze 

(nax.1.7). koordinatTa sistema avirCioT ise, rogorc 

naxazzea naCvenebi. 

 
 

 

 

 

 

 

 

 

 

 

 

 
nax.1.7 
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warmosaxviT vabrunoT gansaxilveli AB sibrtye 

OY RerZis gaswvriv ise, rom igi daemTxves naxazis 

sibrtyes; naxazis sibrtyes daemTxveva agreTve OX 

RerZi. gansaxilvel sibrtyeze, siTxis Tavisufali 

zedapiridan h siRrmeze, gamovyoT usasrulod mcire 

farTi ωd . misi daSoreba OX RerZamde iqneba y. am 

elementarul farTobze imoqmedebs elementaluri 

wnevis Zala, dP romelic toli iqneba 

                    ωγ+= d)hP(dP o .      

am gantolebis integrirebiT ω farTobze ganisa-

zRvreba jamuri sruli wnevis Zala, romelic moqme-

debs AB sibrtyeze.  

           ωγ+ω=ωγ+= ∫∫∫
ωωω

dhdPd)hP(P o0AB . 

rogorc 1.7. naxazze Cans h=ysinα amis gaTvalis-

winebiT miviRebT, rom   

ωγα+ω= ∫
ω

dsinPP 0AB . 

rogorc Teoriuli meqanikidana cnobilia, ω∫
ω

dy  

warmoadgens gansaxilveli AB sibrtyis zedapiris 

farTis statikur moments OX RerZis mimarT da igi 

tolia  
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ω=ω∫
ω

cyyd ;  

sadac, yc aris gansaxilveli sibrtyis simZimis 

centris daSoreba OX RerZidan, anu farTobis mxari 

X RerZis mimarT. amis gaTvaliswinebiT miviRebT, 

rom  

ωα+ω= c0AB ysinyPP                      

naxazidan Cans, rom cc hsiny =α , sadac hc aris 

gansaxilveli sibrtyis simZimis centris CaZirvis 

siRrme siTxis Tavisufali zedapiridan. amrigad, 

jamuri wnevis Zala toli iqneba  

              ωγ+=ωγ+ω= )hP(hPP coc0AB          (1.12) 

frCxilebSi moTavsebuli wevri warmoadgens AB 

zedapiris simZimis centrSi arsebul srul wnevas. 

imave zedapirze  moqmedi manometruli wnevis Zalis 

jamuri sidide toli iqneba  

               ωγ= cAB hP                         (1.13)   

sadac chγ  aris  manometruli wneva sibrtyis sim-

Zimis centrSi. 

amrigad, brtyel zedapirze moqmedi jamuri hid-

rostatikuri wnevis Zala tolia am zedapiris sim-

Zimis centrSi arsebuli wnevis da zedapiris far-

Tobis namravlisa. 
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jamuri hidrostatikuri wnevis Zalis tolqmedis 

modebis wertils, wnevis centri ewodeba da aRi-

niSneba d asoTi. misi CaZirvis siRrme siTxis Tavisu-

fali zedapiridan aRvniSnoT hd-iT, xolo misi da-

Soreba OX RerZamde _  yd-Ti. ganvsazRvroT yd mano-

metruli wnevis SemTxvevaSi. cnobilia, rom tol-

qmedi Zalis momenti nebismieri RerZis mimarT to-

lia misi Semdgeni Zalebis momentebis jamisa imave 

RerZis mimarT, anu elementaruli wnevis Zalebis 

imave RerZis mimarT momentebis jamis. elementaluri 

wnevis Zalis momenti OX RerZis mimarT tolia 

ω⋅α⋅⋅γ= dsinyyH  

am gamosaxulebis integrirebiT ω  farTobze mi-

viRebT tolqmedi Zalis moments  

ωαγ= ∫
ω

dysinH 2 .  

ω∫
ω

dy2  aris AB zedapiris farTobis inerciis 

momenti OX RerZis mimarT da tolia  

                 
X

2 Idy =ω∫
ω

 e.i XIsinH ⋅αγ= .      (1.14) 

meore mxriv, tolqmedi Zalis momenti OX RerZis 

mimarT tolia 

                  dc ysinyH αωγ= .             (1.15) 
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(1.14) da (1.15) gamosaxulebebis gatolebiT, mivi-

RebT 

dcX ysinyIsin αωγ=αγ . aqedan 
ω

=
c

X
d y

I
y . 

Teoriuli meqanikidan cnobilia, rom  

ω+= 2
c0X yII  

sadac, I0 aris centraluri inerciis momenti anu 

gansaxilveli farTobis inerciis momenti simZimis 

centrSi gamavali da OX RerZis paraleluri RerZis 

mimarT. amis gaTvaliswinebiT, sabolood miviRebT  

                     
ω

+=
c

0
cd y

IyI  .      (1.16) 

(1.16.) gviCvenebs, rom wnevis centri yovelTvis 

simZimis centrze dabla mdebareobs. 

 
1.2.8. wnevis Zala mrudwirul zedapirze 

 
ganvixiloT mrudwiruli zedapiris kerZo 

SemTxveva _ cilindruli zedapiri. gamovTvaloT AB 

cilindrul zedapirze moqmedi manometruli wnevis 

Zalis jamuri mniSvneloba (nax. 1.8.). cilindruli 

zedapiris msaxvelis sigrZe avRniSnoT b-Ti, xolo 

zedapirze moqmedi wnevis Zalis horizontaluri da 

vertikaluri Semdgenebi PX da PZ –iT. am Semdgenebis 

mosaZebnad gavataroT DE sibrtye da ganvixiloT 
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nax. 1.8.  
 

ABED moculobis wonasworobis piroba X RerZis 

mimarT. wonasworobis piroba Semdegnairad Caiwereba 

Ph+RX=0  an   Ph=-RX, 

sadac, Ph hidrostatikuri wnevis Zalaa, xolo RX _ 

cilindruli zedapiris mxridan reaqciis Zalis 

proeqcia X RerZze. reaqciis Zala RX sididiT sa-

Ziebeli wnevis Zalis horizontaluri Semdgenis PX 

tolia, magram aqvs sapirispiro mimarTuleba. aqedan 

gamomdinare,  PX=Ph, e.i. wnevis Zalis horizontalu-

ri Semdgeni cilindruli zedapiris vertikalur 

gegmilze moqmedi wnevis  Zalis tolia. 

ABED moculobis wonasworobis pirobas y Rer-

Zis mimarT aqvs Semdegi saxe G+Ry-RD=0 anda Ry=RD-G, 

E 
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sadac G aris ABED moculobis wona; Ry _ cilind-

ruli zedapiris mxridan reaqciis Zalis gegmili Y 

RerZze; RD – fskeris reaqciis Zala.  

radgan xh RP −= , amitom GPh −=              (1.17) 

1.8. naxazidan  

Rd=farT(CADEB)bγ,   G=farT(ADEB)bγ,  

maSin (1.17) gantolebidan miviRebT, rom Warbi wnevis 

Zalis vertikaluri mdgeneli tolia 

Py=-[farT(CADEB)bγ-  farT(ADEB)bγ] 
 anu 

Py=-farT(CAB)bγ=Ww.t γ=-G. 
Ww.t aris e.w. wnevis tanis moculoba. wnevis ta-

nis kveTi naxazze daStrixulia, e.i. Warbi wnevis Za-

lis vertikaluri mdgeneli wnevis tanis toli siT-

xis moculobis wonis tolia. jamuri wnevis Zala 

tolia 

2
Y

2
X PPP += . 

tolqmedi Zalis mimarTuleba ganisazRvreba Semdegi 

formulebiT 

P
P

cos X=α , 
P
P

sin Y=α . 

sadac, α wnevis Zalis tolqmedis horizontTan 

daxris kuTxea. 
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III Tavi. hidrodinamikis safuZvlebi 
 

1.3.1. hidrodinamikis ZiriTadi amocanebi.  
siTxis moZraobis klasifikacia 

 
hidrodinamika aris hidravlikis nawili, rome-

lic Seiswavlis gare ZalebiT gamowveul siTxis 

moZraobis kanonzomierebebs da siTxesa da myar 

sxeulebs Soris meqanikuri urTierTqmedebebis sa-

kiTxebs. hidravlika siTxes ganixilavs, rogorc 

sivrcis mTlianad Semvseb uwyvet garemos. igi siT-

xis moZraobis Seswavlis dros, ganixilavs siTxis 

nawilakis moZraobas. siTxis nawilakSi igulisxmeba 

usasrulod mcire moculobisa da masis fizikuri 

sidide, romelsac aqvs siTxis yvela fizikuri Tvi-

seba. 

hidrodinamikis ZiriTadi amocanaa nakadis 

calkeul wertilebSi siTxis nawilakis siCqarisa U 

da wnevis P gansazRvra. siCqares aRebul wertilSi, 

adgilobrivi siCqare ewodeba, xolo wnevas 

moZraobis dros _ hidrodinamikuri wneva. 

hidrodinamikaSi farTod gamoiyeneba idealuri 

siTxis cneba. sakiTxi jer gadawydeba idealuri 

siTxisaTvis da Semdeg siTxis Tvisebriv maxasia-

Teblebze saTanado Sesworebis SetaniT gadavdivarT 

realur siTxeebze. 
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siTxis moZraobis klasifikacia eyrdnoba mis zo-

gierT niSan-Tvisebas.  magaliTad, Tu aRebul wer-

tilSi siTxis nawilakis moZraobis siCqare da wneva 

droSi icvleba, maSin aseT moZraobas daumyarebels 

uwodeben. Tu siCqare da wneva wertilSi droSi ar 

icvleba, maSin aseT moZraobas damyarebuls uwode-

ben. 

damyarebuli moZraoba, Tavis mxriv, SeiZleba 

iyos Tanabari da araTanabari. moZraoba Tanabaria, 

Tu nakadis siRrme da siCqare Sesabamis wertilebSi 

moZraobis gzaze ar icvleba. araTanabaria moZraoba, 

Tu nakadis siRrme da siCqare moZraobis gzaze 

icvleba.  

rogorc Tanabari, ise araTanabri moZraoba SeiZ-

leba iyos wneviani da udawneo. siTxis moZraoba wne-

vania, Tu siTxe yovelmxriv SemosazRvrulia myari 

sxeulebiT (ara aqvs Tavisufali zedapiri) da wneva 

nakadis nebismier wertilSi atmosferulze metia. 

udawneo nakadi SemosazRvrulia myari sxeulebiT da 

siTxisa da airis gamyofi zedapiriT anu aqvs e.w. 

siTxis Tavisufali zedapiri.  

Tu siTxis nawilakebi gadataniT moZraobasTan 

erTad asruleben brunviT moZraobas, maSin aseT 

moZraobas, grigaluri ewodeba. Tu ar aris nawi-



 48

lakebis brunviTi moZraoba, maSin gvaqvs aragriga-

luri moZraoba. 

arsebobs siTxis moZraobis Seswavlis ori me-

Todi: lagranJis da eileris. lagranJis meTodi 

Seiswavlis siTxis nawilakis sivrceSi mdebareobis 

Secvlas droSi anu mis struqturas. eileris meTo-

di Seiswavlis siCqaris vels, anu aRebul momentSi 

sivrcis nebismier wertilSi nakadis nawilakis siC-

qares. 

 
1.3.2. denis wiri, denis milaki,  

elementaruli Wavli, siTxis nakadi 
 

denis wiri warmoadgens mruds, romlis yvela 

wertilSi, aRebul momentSi siCqares aqvs mxebis 

mimarTuleba. daumyarebeli moZraobisas dros denis 

wiris moxazuloba droSi icvleba; damyarebuli 

moZraobisas ki denis wiri emTxveva nawilakis moZ-

raobis traeqtorias da droSi ar icvleba. 

nakadSi aviRoT elementaruli farTobi dω;  Tu 

am farTobis SemomsazRvreli konturis yvela wer-

tilSi gavatarebT denis wirebs, maSin maTi er-

Toblioba gvaZlevs denis milaks (nax. 1.9); xolo Tu 

elementaruli farTobis yvela wertilSi gavata-

rebT denis wirebs, maSin maTi erToblioba gvaZlevs 

elementarul Wavls. Tu elementarul Wavls gavkve-
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TavT denis wirebis marTobi zedapiriT, miviRebT 

kveTs, romelsac cocxal kveTs dω uwodeben. 

 

 

 

 

a) b) 

nax.1.9 

 

elementaruli Wavlis cocxal kveTSi drois er-

TeulSi gadenili siTxis moculobas xarji ewodeba 

               ω= UddQ ,                       (1.18) 

sadac U – siCqarea. 

elementaruli Wavlis usasrulod didi rao-

denobis erToblioba gvaZlevs siTxis nakads. Tu na-

kads gavkveTavT denis wirebis marTobuli zedapi-

riT, maSin miRebul kveTs, cocxal kveTs uwodeben, 

xolo mis farTobs ω , _ cocxali kveTis farTobs. 

nakadis cocxal kveTSi drois erTeulSi gadenili 

siTxis moculobas (raodenobas), nakadis xarji ewo-

deba. radgan nakadi elementaruli Wavlebis erTob-

liobaa, amitom nakadis xarji elementaruli Wav-

lebis xarjTa jamis tolia, e.i.  
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                     ∫∫
ωω

ω== UddQQ                (1.19) 

adgilobrivi anu realuri siCqare U nakadis 

cocxali kveTis sxvadasxva wertilSi sxvadasxvaa. 

cocxal kveTSi aviRoT vertikali, mis sxvadasxva 

wertilSi masStabSi gadavzomoT arsebuli realuri 

siCqareebi. miRebul monakveTebis bolo wertilebi 

SevaerToT mrudiT. miRebul figuras, siCqaris 

epiura ewodeba (nax. 1.10).  

 

 
nax.1.10 
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igi gviCvenebs vertikalze siCqaris araTanabar 

ganawilebas. vertikalze siCqaris ganawilebis kano-

ni zustad ar aris dadgenili, amitom hidravlikaSi 

SemoRebulia saSualo siCqaris cneba. saSualo siC-

qare es aris fiqtiuri, warmosaxviTi siCqare, rom-

liTac siTxis yvela nawilaks rom emoZrava nakadis 

cocxal kveTSi, siTxis xarji am nawilakebis rea-

luri siCqareebiT gamoTvlili xarjis toli iq-

neboda (BC wiriT SemosazRvruli epiurisa da ADEC 

sworkuTxedis farTobebi erTmaneTis tolia); sa-

Sualo siCqares aRvniSnavT V asoTi (nax.1.10). (1.19) 

gamosaxulebaSi realuri siCqare SevcvaloT saSua-

lo siCqariT, gveqneba  

ω=ω=ω=ω= ∫∫∫
ωωω

VdVVdUdQ . 

amrigad,  VQ ω= [m3/wm], aqedan 
ω

=
QV . meore mxriv, 

ganmartebis Tanaxmad 

t
WQ = [m3/wm], 

sadac, W aris nakadis cocxal kveTSi t droSi 

gadenili siTxis moculoba. 
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nakadis cocxali kveTis perimetris (konturis) 

nawils, romelsac siTxis nakadi exeba, svel peri-

metrs uwodeben. igi aRiniSneba χ asoTi (nax. 1.11). 

nakadis cocxali kveTis farTobis  Sefardebas 

svel perimetrTan, hidravlikur radiuss uwodeben 

                       
χ
ω

=R  [m].                                  

wriuli kveTebisaTvis  

4
d

2
rR == . 
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1.3.3. nakadis uwyvetobis gantoleba 
 

 hidravlikaSi ganvixilavT ukumSvadi siTxis 

nakads, romelic mTlianad (sicarieleebis gareSe) 

avsebs mis mier dakavebul sivrces da nakadis 

gverdiTi zedapiridan ar xdeba siTxis gadineba an 

modineba; aseT nakadebs, uwyvet nakadebs uwodeben. 

uwyvetobis piroba idealuri siTxis nakadisaTvis 

diferencialuri saxiT Semdegnairad Caiwereba: 

             0
z

U
y

U
x

U zyx =
∂
∂

+
∂

∂
+

∂
∂

.               (1.20) 

ukumSveli siTxis damyarebuli moZraobisaTvis 

nakadis uwyvetobis hidravlikur gantolebas anu 

xarjis mudmivobis gantolebas Semdegi saxe aqvs:           

constv...vvQ nn2211 =ω==ω=ω= . 

 
1.3.4. idealuri siTxis moZraobis  
diferencialuri gantolebebi. 

eileris gantolebaTa sistema moZraobisaTvis 
 

rogorc aRvniSneT, hidrodinamikis ZiriTadi amo-

canaa, siTxis nawilakebis moZraobis siCqarisa da 

hidrodinamikuri wnevebis gansazRvra. am amocanis 

gadasawyvetad saWiroa iseTi diferencialuri gan-

tolebebis miReba, romlebic kavSirs daamyareben 

siCqares, aCqarebasa da nakadze moqmed Zalebs Soris. 

aseT gantolebaTa sistemas warmoadgens idealuri 
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siTxis moZraobis diferencialuri gantolebebi 

(eileris gantolebebi). maT misaRebad gamoviyenoT 

siTxis wonasworobis diferencialuri gantolebebi 

(1.3) da maTSi dalamberis principis Tanaxmad, da-

matebiT SeviyvanoT erTeul masaze moqmedi gada-

taniTi moZraobis inerciis Zalebis gegmilebi. 

romelTac Semdegi saxe aqvs 

,
dt

dUI x
x −=  ,

dt
dU

I y
y −=   ,

dt
dU

I z
z −=  

niSani `_~ aRebulia imitom, rom inerciis Zala 

mimarTulia gadataniTi moZraobis aCqarebis sapiris-

pirod. amrigad, idealuri siTxis moZraobis dife-

rencialur gantolebaTa sistemas aqvs Semdegi 

saxe:  

          

⎪
⎪
⎪
⎪

⎭

⎪⎪
⎪
⎪

⎬

⎫

−=
∂
∂
⋅

ρ
−

−=
∂
∂

⋅
ρ

−

−=
∂
∂

⋅
ρ

−

dt
dU

Z
P1

F

dt
dU

Y
P1

F

dt
dU

X
P1

F

z
z

y
y

x
x

.                 (1.21) 

am gantolebaTaA sistemaSi gvaqvs oTxi ucnobi, 

esenia P, Ux, Uy da Uz. 

imisaTvis, rom (1.21) gantolebaTa sistema Seikras, 

saWiroa meoTxe gantoleba; aseT gantolebad aviRoT 
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idealuri siTxis moZraobis uwyvetobis gantoleba 

(1.20). 

 
1.3.5. bernulis gantoleba idealuri siTxis 

elementaruli WavlisaTvis 
 

idealuri siTxis moZraobis diferencialur gan-

tolebaTa sistemis 1.21 gantolebebi gavamravloT 

Sesabamisad dx-ze, dy-ze, dz-ze da SevkriboT 

dz
dt

dUdy
dt

dU
dx

dt
dU

dz
z
Pdy

y
Pdx

x
P1FzdzFydyFxdx

zyx ++=

=⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
∂
∂

+
∂
∂

+
∂
∂

ρ
−++

   (1.22) 

(1.22) gantolebis frCxilebSi moTavsebuli wevri 

warmoadgens wnevis srul diferencias dP. rogorc 

viciT, ;Uz
dt
dz

 ,U
dt
dy

 ,U
dt
dx

yx ===  davuSvaT, rom mocu-

lobiTi Zalebidan siTxeze moqmedebs mxolod simZi-

mis Zala, maSin  Fx=0, Fy=0, Fz=-gdz. ;gdzFz −= Tu am 

mniSvnelobebs SevitanT (1.22) gantolebaSi, gveqneba  

      

dUzdUzUydUyUxdUxdP1gdz ⋅+⋅+⋅=
ρ

−− .     (1.23) 

cnobilia, rom 

2
z

2
y

2
x

2 UUUU ++= . 

gavadiferencialoT es gamosaxuleba, miviRebT  

( )zzyyxx
2 UdUUdUUdU2dU ⋅+⋅+⋅= . 
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am ukanasknelis SedarebiT (1.23) gantolebasTan, 

miviRebT,  

2
dU

UdUUdUUdU
2

zzyyxx =⋅+⋅+⋅ . 

amis gaTvaliswinebiT, gveqneba,  

2
dUdP1gdz

2

=
ρ

−− . 

am gantolebis  integrireba mogvcems  

const
2

UP
gz

2

=+
ρ

+  anda const
g2

U
g

Pz
2

=+
ρ

+ . 

Tu gaviTvaliswinebT, rom gρ=γ , sabolood 

miviRebT 

                    const
g2

UPz
2

=+
γ

+ .              (1.24) 

idealuri siTxis elementaruli Wavlis ori 

kveTisaTvis gveqneba 

            
g2

UPZ
g2

UPZ
2

22
2

2
11

1 +
γ

+=+
γ

+          (1.25) 

(1.24) da (1.25) gantolebebi warmoadgens bernulis 

gantolebebs idealuri siTxis elementaruli Wavli-

saTvis. 
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1.3.6. bernulis  gantolebis geometriuli da 
energetikuli arsi 

 
bernulis  gantolebis geometriuli arsis gasa-

gebad elementarul WavlSi avirCioT ori nebismieri 

kveTi (1-1 da 2-2) (nax.1.12). am kveTebis centrebis da-

Soreba 0-0 safardi sibrtyidan aRvniSnoT Z1 da Z2-

iT. centrebSi moTavsebulia minis viwro milebi 

(piezometrebi) da pitos milebi. pitos mili warmo-

adgens 90◦-iT moxril mils, romlis bolo mi-

marTulia nakadis moZraobis sapirispirod (nax.1.12-b). 

 
 

a b. 1. piezometri,  
   2. pitos mili 

                                
nax.1.12 

 

bernulis gantolebis wevri Z warmoadgens man-

Zils safardi sibrtyidan gansaxilveli kveTis 

centramde. mas uwodeben geometriul simaRles anu 

geometriul dawnevas. 
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P/γ sidide warmoadgens simaRles, romelzec 

siTxe aiwevs piezometrSi. mas uwodeben pizomet-

riul simaRles anu piezometrul dawnevas. 

g2
U2

 sidides aqvs sigrZis ganzomileba. igi war-

moadgens pitos milisa da piezometris CvenebaTa 

sxvaobas da uwodeben siCqarul simaRles anu siCqa-

rul dawnevas. 

amrigad, idealur siTxeebSi sami dawnevis anu 

sami simaRlis jami mudmivi sididea. Tu elementa-

ruli Wavlis sxvadasxva kveTebSi gadavzomavT 
γ

+
P

Z  

sidideebs da miRebuli monakveTebis boloebs 

SevaerTebT mrudiT, miviRebT wirs, romelsac 

piezometrul wirs uwodeben. xolo, Tu kveTebSi 

gadavzomavT 
g2

UPZH
2

+
γ

+=   sidideebs da miRebuli 

monakveTebis bolo wertilebs SevaerTebT wiriT, 

miviRebT e.w. dawnevis wirs. cxadia, idealur siT-

xeebSi dawnevis wiri safardi sibrtyis parale-

luria. TviT H sidides, hidrodinamikur dawnevas 

uwodeben. 

axla gavecnoT bernulis gantolebis fizikur 

arss. 
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Z aris mdebareobis kuTri potenciuri energia. 

kuTri energia ewodeba erTeuli wonis siTxis ener-

gias.  

γ
P  _ aris wnevis kuTri potenciuri energia. igi 

im energiis tolia, romelic saWiroa erTeuli 

wonis siTxis 
γ
P  simaRleze asatanad.  

g2
U2

  aris kuTri kinetikuri energia. 

amrigad, idealuri siTxis elementaruli Wavlis 

gaswvriv kuTri kinetikuri da potenciuri  energie-

bis jami mudmivi sididea. 

 
1.3.7. bernulis gantoleba realuri siTxis 

elementaruli WavlisaTvis 
 

rogorc cnobilia, realuri anu blanti siT-

xeebis moZraobis dros siTxis Sreebs Soris war-

moiqmneba xaxunis Zala. xaxuni warmoiqmneba agreTve 

sadinaris kedlebsa da siTxis nawilakebs Soris. xa-

xunis Zala ki moZraobisadmi winaRobis Zalaa da mis 

gadalaxvaze siTxe xarjavs garkveul energias, ro-

melic siTbur energiad gardaiqmneba. amitom, moZ-

raobis gzaze Wavlis sruli kuTri energia yo-

velTvis mcirdeba. winaRobaTa gadalaxvaze daxar-

jul energias, energiis anu dawnevis danakargs uwo-

deben. radgan bernulis gantolebis TiToeul wevrs 
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aqvs sigrZis ganzomileba, amitom energiis anu daw-

nevis danakargs aRniSnaven hw1-2-iT. maSin bernulis 

gantoleba realuri siTxis elementaruli Wavli-

saTvis, Semdegnairad Caiwereba: 

       
21

2
22

2

2
11

1 hw
g2

UPZ
g2

UPZ −++
γ

+=+
γ

+ .       (1.26) 

sadac hw1-2  aris energiis danakargi 1-1 kveTidan 2-2 

kveTamde. 

 
1.3.8. bernulis gantoleba realuri siTxis 

damyarebuli nakadisaTvis 
 

rogorc cnobilia, siTxis nakadi warmoadgens 

elementaruli Wavlebis erTobliobas. bernulis 

gantoleba  elementaruli WavlisaTvis axasiaTebs 

energias Wavlis kveTSi. cxadia, nakadis energia 

cocxal kveTSi toli iqneba  elementaruli Wav-

lebis  energiaTa jamis, anu bernulis gantoleba 

mTliani nakadisaTvis miiReba (1.26) gantolebis 

integrirebiT. sruli kuTri energia nakadis kveTSi 

tolia: 

          dm
2

Ugdm
g

PZE
2

∫∫
ωω

+⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
ρ

+= ,            (1.27) 

sadac dm elementaruli Wavlis kveTSi drois 

erTeulSi gadenili siTxis masaa. 
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nelcvladi moZraobisaTvis SegviZlia davuSvaT, 

rom kveTSi wnevebis ganawileba xdeba hidrostatikis 

kanoniT anu const
g

P
Z =

ρ
+  

ganvixiloT ∫
ω

dm
2

U2
. integrali, radgan 

ωρ=ρ= uddQdm , amitom 

∫∫
ωω

ω
ρ=

2
dUdm

2
U 32

. 

Tu gaviTvaliswinebT, rom ∫
ω

⋅ω==ω vQUd , maSin 

(1.27) gantolebis meore integrali, romelic 

warmoadgens kinetikur energias, SeiZleba 

gamoisaxos V saSualo siCqariT da gveqneba  

                    

ωα
ρ

=∫
ω

3
2

V
2

dm
2

U
 

sadac α aris e.w. kinetikuri energiis koeficienti 

anu koriolisis koeficienti. igi warmoadgens rea-

luri kinetikuri energiis fardobas saSualo siCqa-

riT gamoTvlil kinetikur energiasTan da iTvalis-

winebs kveTSi siCqaris araTanabar ganawilebas.           

ω

ω

=α
∫
ω

3

3

V

dU
. 



 62

α  yovelTvis erTze meti sididea da igi 1-dan 2-

mde icvleba. 

amasTan Tu davuSvebT, rom dawnevis danakargebi 

TiToeuli elementaruli WavlisaTvis  gansaxilvel 

kveTebs Soris mudmivia da danakargebis saSualo 

mniSvnelobis tolia, maSin bernulis gantoleba 

realuri siTxis damyarebuli nakadisaTvis Semdeg-

nairad Caiwereba: 

hw
g2
VPZ

g2
VPZ

2
222

2

2
111

1 +
α

+
γ

+=
α

+
γ

+              (1.28) 

hidravlikuri qanobi ewodeba nakadis sruli 

dawnevis (sruli kuTri energiis) vardnas gansaxi-

lveli ubnis sigrZis erTeulze da aRiniSneba I aso-

Ti. Tanabari moZraobis SemTxvevaSi, sruli dawnevis 

wiri daxrili wrfea. hidravlikuri qanobi gamoiTv-

leba formuliT 

hwg2
VPZ

g2
VPZ

I

2
222

2

2
111

1

=
⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛ α
+

γ
+−⎟

⎟
⎠

⎞
⎜
⎜
⎝

⎛ α
+

γ
+

= . 

araTanabri moZraobis SemTxvevaSi dawnevis wiri 

mrudia. hidravlikuri qanobis namdvili mniSvneloba 

nakadis nebismier kveTSi tolia 

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛ α
+

γ
+−=−=

g2
VPZ

d
d

d
dhwI

2

 



 63

ganvixiloT piezometruli qanobis cneba. cvladi 

kveTis nakadis sxvadasxva ubanze piezometrul wirs 

SeiZleba hqondes rogorc pirdapiri, ise ukuqanobi. 

mudmivi kveTis nakadebSi piezometrul wirs aqvs 

pirdapiri qanobi. saSualo piezometruli qanobi 

gansaxilvel ubanze I3 tolia   

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
γ

+−⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
γ

+
=

−
= δδ

2
2

1
1

21

PZPZ
HHIpsaS . 

piezometruli qanobis namdvili mniSvneloba na-

kadis gansaxilvel kveTSi gamoiTvleba formuliT 

d

PZd

d
dH

I
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
γ

+
−=−=p . 

 
1.3.9. siTxis Tanabari moZraobis  

ZiriTadi gantoleba 
 

Tanabari MOmoZraoba SesaZlebelia im SemTxveva-

Si, rodesac moZraobis aRmZvreli Zalebi da moZrao-

bisadmi winaRobis Zalebi erTmaneTs awonasworeben.   

ganvixiloT  Tanabri moZraoba nebismieri formis 

horizontisadmi α kuTxiT daxril sadinarSi 

(nax.1.13) nakadSi 1-1 da 2-2 kveTebiT gamovyoT siTxis 

ℓ sigrZis monakveTi. am monakveTze moqmedi moZraobis 

aRmZvreli Zalebia hidrodinamikuri wnevis Zalebi  



 64

1-1 da 2-2 kveTebSi P1 da P2 da simZimis Zala anu 

gamoyofili siTxis wona G.  

 

 

 
nax.1.13 

 

Tanabari  moZraobis dros P1 ω⋅= 1p da P2 ω⋅= 2p , 

sadac 1p Pda 2p  Sesabamis kveTebSi moqmedi hidro-

dinamikuri wnevebia. simZimis Zala tolia χω=Q . 

moZraobisadmi winaRobis Zalebs miekuTvneba naka-

disa da sadinaris kedels Soris moqmedi xaxunis 

Zala. siTxesa da kedels Soris farTobis erTeulze 

moqmedi xaxunis Zala anu mxebi Zabva aRvniSnoT 0τ -
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iT. maSin xaxunis Zala χ⋅⋅τ= 0T . Tanabari moZ-

raobis piroba nakadis ReZis mimarT Semdegnairad 

daiwereba: 

                                   P1 - P2+Gsin α=T.                   (1.29) 

CavsvaT mniSvnelobebi,  miviRebT 

               χτ=
−γω

+ω−ω 0
21

21
)zz(PP           (1.30) 

gavyoT es gamosaxuleba ω⋅γ  namravlze, miviRebT 

γω
χτ

=⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
γ

+−⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
γ

+ 02
2

1
1

pzpz . 

am gamosaxulebis marcxena mxare warmoadgens 

dawnevis danakargs Tanabari moZraobis dros (rad-

ganac Tanabari moZraobisas V1=V2), e.i. 

                          
ω
χ
⋅

γ
τ

= 0hw .              (1.31) 

(1.31) gantoleba warmoadgens Tanabri moZraobis 

ZiriTad gantolebas. igi marTebulia rogorc daw-

neviTi, ise udawneo nakdebisaTvis. am gantolebidan    

χ
γω

⋅=τ
hw

0  

radganac Tanabari moZraobisas 
hwI = , xolo 

χ
ω

=R , miviRebT,  
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                      τ0 = γIR.
                   (1.32) 

wriuli kveTebis SemTxvevaSi, hidravlikuri 

radiusi 
2
r

R = . maSin siTxesa da kedels Soris 

arsebuli mxebi Zabva iqneba 

                           
2
r

I 0
0 γ=τ                (1.33) 

sadac r0 milis radiusia, nebismier r radiusze 

mdebare siTxis or fenas Soris arsebuli mxebi 

Zabva toli iqneba 

                     2
rIγ=τ
   

                 (1.34) 

(1.32), (1.33) da (1.34) gantolebebic Tanabari moZ-

raobis ZiriTadi gantolebebia. 

 
1.3.10. siTxis moZraobis ori reJimi 

 
bunebaSi arsebobs siTxis moZraobis ori reJimi: 

laminaruli da turbulenturi. moZraobis es reJi-

mebi eqsperimentulad Seiswavla ingliselma mec-

nierma reinoldsma xelsawyoze, romlis sqema moce-

mulia (nax.1.14) 
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nax. 1.14 

         

nax.1.15 

 
igi Sedgeba ZiriTadi avzisagan 1, romelic ivseba 

siTxiT. am avzidan gamodis d diametris mili 3, 
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romlis boloSi mowyobilia siCqarisa da xarjis ma-

regulirebeli onkani 4. xarjis gazomva xdeba avzis 

7 saSualebiT. 3 milis Sesasvlel kveTs aqvs mdovre 

Zabrisebri forma. Sesasvlel kveTTan miyvanilia 

viwro mili 5, romelic gamodis 2 avzidan. am avzSi 

moTavsebulia SeRebili siTxe, romelic 6 onkanis 

gaRebis SemTxvevaSi miewodeba 3 milis Sesasvlel 

nawilSi. gavxsnaT 4 onkani mcired. maSin 2 milSi 

gadenili siTxis xarji iqneba mcire da Sesabamisad 

siTxis moZraobis siCqarec iqneba mcire. Tu gavxsniT 

6 onkans da 3 milSi SevuSvebT SeRebil siTxes davi-

naxavT, rom is sworxazobrivi Wavlis saxiT gadaad-

gildeba 3 milSi ise, rom ar Seereva am milSi moZ-

rav siTxes. es gviCvenebs, rom patara siCqareebis 

dros 3 milSi moZravi siTxis nawilakebi urTierT-

paralelurad gadaadgildebian (nax. 1.15-a) da maT 

urTierTSerevas adgili ara aqvs. siTxis moZraobas, 

romlis drosac gvaqvs paraleluri Wavluri moZ-

raoba, laminaruli ewodeba. 

TandaTan mdovred gavxsnaT 4 onkani anu mdovred 

gavzardoT 3 milSi ZiriTadi nakadis moZraobis 

siCqare. davinaxavT, rom SeRebili siTxe garkveul 

zRvrul siCqaremde SeinarCunebs sworxazovnebas; 

xolo, rodesac siCqare miaRwevs zRvrul sidides, 

SeRebili siTxis nawilakebi Seereva ZiriTad siTxes 
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da SeRebavs mas. es gviCvenebs, rom dairRva wrfiv 

Wavluri moZraoba da adgili aqvs nawilakebis 

urTierTSerevas (nax. 1.15-b). siTxis moZraobis reJims, 

romlis drosac adgili aqvs nawilakebis intensiur 

Serevas, turbulenturi moZraoba anu turbulen-

turi reJimi ewodeba. cdebis Sedegebis analizisa da 

ganzomilebaTa Teoriis safuZvelze, reinoldsma 

miiRo uganzomilebo kriteriumi, romlis saSualebi-

Tac xdeba moZraobis reJimis dadgena,  romelsac 

reinoldsis ricxvs uwodeben 

                   ν
=

vdRe ,                        (1.35) 

sadac v saSualo siCqarea; d _ diametri; ν _ sib-
lantis kinematikuri koeficienti. 

(1.35) gamosaxuleba miRebulia wriuli kveTebisaT-

vis, romelTa geometriuli maxasiaTebelia d dia-

metri. siCqares romlis drosac xdeba reJimebis 

Secvla, kritikul siCqares uwodeben. Sesabamis rei-

noldsis ricxvs, reinoldsis ricxvis kritikul 

mniSvnelobas uwodeben. asxvaveben reinoldsis ricx-

vis qveda da zeda kritikul mniSvnelobebs. zeda 

kritikuli ricxvis dros laminaruli nakadi gar-

daiqmneba turbulenturad, xolo qveda kritikuli 

ricxvis dros, turbulenturi nakadi gardaiqmneba 

laminarul nakadad. avtorTa umravlesobis Tanaxmad 
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Rekr.qv=2320, xolo Rekr.z=13800. maT Soris aris e.w. 

gardamavali zona, sadac laboratoriul pirobebSi 

SeiZleba SenarCunebul iqnes rogorc turbulentu-

ri, ise laminaruli reJimi. am dros ar aris myari 

reJimi. praqtikaSi reinoldsis ricxvis kritikuli 

mniSvneloba miRebulia 2320-is tolad. 

zogad SemTxvevaSi, reinoldsis ricxvi SeiZleba 

gamoiTvalos hidravlikuri radiusis mixedviT  

ν
=

vRRe . 

Ria udawneo nakadebisaTvis hidravlikuri radiu-

siT gamoTvlili reinoldsis ricxvis kritikuli 

mniSvnelobaa Rekr=580. 

 
1.3.11. siTxis moZraobis laminaruli reJimi.  

siCqarisa da mxebi Zabvebis ganawileba  
laminarul nakadSi. 

dawnevis sigrZeze danakargebi  
laminaruli moZraobis dros 

 

ganvixiloT siTxis laminaruli moZraoba r0  ra-

diusis milSi (nax.1.16) niutonis hipoTezis Tanaxmad, 

mxebi Zabvebi 
dr
dU

0 μ−=τ , xolo Tanabari moZraobis 

ZiriTadi formulis Tanaxmad, 
2
r

I0 γ=τ . cxadia,  

                    2
rI

dr
dU

γ=μ−
  .
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cvladTa gancalebiT, miviRebT 

rdr
2

IdU
μ
γ

−= . 

am gantolebis integrirebiT, sabolood miviRebT 

                    

)rr(
4

IU 22
0 −μ

γ
=

   
           (1.36) 

 

nax.1.16 

 

(1.36) gamosaxuleba gviCvenebs, rom laminarul na-

kadSi siCqaris ganawileba xdeba kvadratuli para-

bolis kanonis mixedviT. maqsimalur siCqares vRebu-

lobT maSin, rodesac r=0, e.i. nakadis RerZze  

           2
0max r

4
I

U
μ
γ

=                       (1.37) 

minimalur siCqares miviRebT, maSin rodesac r =r 0, 

Umin=0. 
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mxebi Zabvebis ganawilebis kanonis misaRebad 

gamoviyenoT (1.33) da (1.34) formulebi 
2
rI⋅γ=τ  da 

2
r

I 0
0 γ=τ  pirvelis meoresTan SefardebiT miviRebT,  

00 r
r

=
τ
τ

  aqedan  ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−τ=⋅τ=τ

0
0

0
0 r

y
1

r
r

.

            (1.38) 

(1.38) gviCvenebs, rom mxebi Zabvebis ganawileba 

laminarul nakadSi xdeba swori xazis kanoniT. 

maqsimalur mniSvnelobas vRebulobT maSin, rodesac 

gansaxilveli wertilis daSoreba kedlidan (nax.1.17) 

Yy=0. e.i. kedelTan 0τ=τ  minimalur mniSvnelobas 

vRebulobT, roca  y =r0. e.i. RerZze 0=τ . 

laminarul nakadSi sigrZeze dawnevis danakar-

gebis saangariSo formulis misaRebad nakadSi raime 

r radiusze gamovyoT elementaruli farTobi ωd  

sisqiT dr. am farTobSi gadenili siTxis xarji to-

li iqneba  

( ) dr2rr
4

IUddQ 22
0 π⋅−

μ
⋅γ

=ω= . 

nakadis sruli xarji toli iqneba 

( )
μ

πγ
=−

μ
πγ

= ∫ 8
Irdrrr

2
IQ

0r

0

22
0 . 

nakadis saSualo siCqare  
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      2d
32

IQV
μ

γ
=

ω
=                            (1.39) 

am formulis (1.37) formulasTan Sedareba gvaZ-

levs, rom laminarul nakadSi  
2

UV max= . 

cnobilia, rom Tanabari moZraobis dros ener-

giis danakargebi 
γ
−

= 21 PPhw , xolo 
hwI = -is gaTva-

liswinebiT, (1.39) gantolebidan  miviRebT 

                    
2gd

V32
hw

⋅ν
=  

Tu am gamosaxulebas gavyofT da gavamravlebT 

2V-ze da gavixsenebT, rom 
ν

=
VdRe , maSin miviRebT, 

g2
V

dRe
64hw

2

⋅⋅= . 

SemovitanoT aRniSvna, 
Re
64

=λ . λ -s uwodeben wina-

Robis darsis koeficients an hidravlikuri xaxunis 

koeficients, an sigrZeze dawnevis danakargebis koe-

ficients. amis gaTvaliswinebiT, sabolood miviRebT 

sigrZeze dawnevis danakargebis saangariSo formu-

las 

         
g2

V
d

hw
2

⋅λ= .                         (1.40) 
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am formulas darsi-veisbaxis formulas uwode-

ben. 

 

1.3.12. siTxis moZraobis turbulenturi reJimi 
 

1.3.12.1. siCqaris pulsacia. gasaSualoebuli siCqare. 
 laminaruli qveSre. hidravlikurad gluvi 

 da xorkliani zedapirebi 
 

rogorc aRniSnuli iyo, turbulenturi nakadi 

xasiaTdeba siTxis nawilakebis intensiuri da mou-

wesrigebeli SereviT. amitom, nakadis nebismier wer-

tilSi siTxis nawilakebis siCqare droSi icvleba 

rogorc sididiT, ise mimarTulebiT. siCqaris am cva-

lebadobas, siCqaris pulsacia ewodeba. siCqaris mni-

Svnelobas nakadis nebismier wertilSi drois aRe-

bul momentSi, myisi siCqare ewodeba da aRiniSneba U 

asoTi. siCqaris pulsaciis gaTvaliswineba praqtiku-

li amocanebis gadawyvetisas TiTqmis SeuZlebelia, 

amitom hidravlikaSi gamoiyeneba e.w. gasaSualoebu-

li siCqare U . am siCqaris arsis gasagebad gan-

vixiloT Semdegi magaliTi. turbulenturi nakadis 

nebismier wertilSi siCqaris RerZuli Semdgenis 

droSi cvalebadobis grafikuli gamosaxulebaa 

ABCD xazi (nax.1.17), romlis gantolebaa ( )tfU = . Avi-

RoT drois sakamrisad didi intervali T da gan-

vixiloT integrali 
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( )dttfdtU
T

0

T

0
∫ ∫= . 

 

 

nax.1.17 
 

rogorc cnobilia, es integrali warmoadgens 

OABCDE mrudwiruli nakvTis farTobs. Tu am 

integrals gavyofT drois T intervalze, romelic 

warmoadgens mrudwiruli nakvTis fuZes, miviRebT 

ABDEO marTkuTxedis  saSualo simaRles, romelic 

gansaxilvel wertilSi gasaSualebul siCqarea 

dtU
T
1

U
T

0
∫=  
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amrigad, gasaSualebuli siCqare saSualo siCqa-

risagan gansxvavebiT, warmoadgens myisi siCqareebis 

droSi gasaSualoebul sidides. 

myisi siCqarisa da gasaSualoebuli siCqaris 

sxvaobas, pulsaciis  siCqare ewodeba da aRiniSneba 

U′  asoTi 

UUU −=′ . 

prandtlis, nikuraZisa da sxva mecnierTa eqs-

perimentuli da Teoriuli kvlevebis safuZvelze 

Tvlian, rom turbulentur nakdSi sadinaris kedlis 

uSualo siaxloves warmoiqmneba Zalian Txeli Sre, 

sadac moZraoba TiTqmis laminarulia. am Sres, 

laminarul qveSres uwodeben. am Sris Semdgom 

arsebobs aseve Zalian Txeli gardamavali Sre. Sa-

dac moZraoba xan laminarulia, xan turbulenturi. 

laminaruli qveSre da gardamavali Sre erTad aRe-

buli warmoadgens sasazRvro Sres. nakadis danarCen 

ZiriTad nawilSi moZraoba mkveTrad turbulenturia 

da mas turbulentur birTvs uwodeben (nax.1.18) 

laminaruli qveSris sisqe icvleba reinoldsis 

ricxvis mixedviT da gamoiTvleba formuliT    

λ
⋅

=
Re

d30
δ  
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nax.1.18 
 

nakadis SemomsazRvrel sadinaris kedlebs yo-

velTvis aqvs garkveuli xorklianoba, romelsac 

axasiaTeben xorklebis Sverilebis saSualo si-

maRliT ∆. mas absolutur xorklianobas uwodeben. 

aseT idealizebul xorklianobas, Tanabarmarcvlia-

ni ewodeba. absoluturi xorklianobis fardobas 

milis radiusTan an diametrTan (
d

;
r

ΔΔ
), fardobiTi 

xorklianoba ewodeba, mis Sebrunebul sidides ki  _ 

fardobiTi sigluve. 

absoluturi xorklianobisa da laminaruli qve-

Sris sididis mixedviT asxvaveben hidravlikurad 
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gluv, hidravlikurad xorklian da gardamaval 

zedapirebs (nax.1.19) 

 

 

nax.1.19 
 

Tu laminaruli qveSris sisqe δ  metia xorklebis 

Sverilebis simaRleze, anu rodesac laminaruli 

qveSre faravs xorklebs, maSin amboben, rom gvaqvs 

hidravlikurad gluvi zedapiri. im SemTxvevaSi, ro-

desac δ<∆ anu, rodesac xorklebi gamodis lamina-

ruli qveSridan, gvaqvs hidravlikurad xorkliani 

zedapiri. radgan laminaruli qveSris sisqe icvleba 

reinoldsis ricxvze damokidebulebiT, amitom 

gluvi da xorkliani zedapirebi pirobiTi cnebaa. 

Tu δ da ∆ daaxloebiT erTnairia, maSin zedapirs 

gardamavali winaRobis zonas miakuTvneben. 
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1.3.12.2. damatebiTi mxebi Zabvebis warmoqmna 
turbulentur nakadSi. 

siCqaris ganawileba turbulentur nakadSi 
 

turbulenturi moZraobis Taviseburebebma safu-

Zveli misca prandtlis, karmans da sxva mecnierebs 

wamoeyenebinaT e.w. naxevrad empiriuli Teoria, ro-

melic eyrdnoba turbulenturi mxebi Zabvis cnebas. 

am Zabvebis moqmedeba pirobiTad cvlis turbulen-

turi urTierTSerevis moqmedebas. rogorc viciT,   

turbulentur nakadSi nawilakebis grZiv gadaadgi-

lebasTan erTad, adgili aqvs maT ganiv gadaadgi-

lebas siTxis erTi fenidan meoreSi. nawilakebis 

aseTi gadaadgileba ganapirobebs siTxis fenebs So-

ris moZraobis raodenobis gacvlas. es ukanaskneli 

ki, Tavis mxriv, iwvevs mxebi Zabvebis warmoqmnas. es 

damatebiTi mxebi Zabvebi SeiZleba gamovTvaloT 

Semdegi formuliT: 

2
x2

dy
dU

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
ρ=τ , 

sadac ℓ prandtlis mixedviT warmoadgens e.w. tur-

bulenturi Serevis gzis sigrZes. amrigad, turbu-

lentur nakadSi gvaqvs rogorc siblantiT gamo-

wveuli mxebi Zabvebi, ise turbulenturi SereviT 

gamowveuli mxebi Zabvebi 
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2
x2x

dy
dU

dy
dU

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
ρ+μ=τ+τ=τ damsibl . 

laminaruli moZraobis dros ℓ=0, damatebiTi 

Zabvebi nulis tolia da gvaqvs mxolod siblantiT 

gamowveuli mxebi Zabvebi. 

ganviTarebuli turbulenturi moZraobisas dama-

tebiTi mxebi Zabvebi bevrad aRemateba siblantiT 

gamowveul mxeb Zabvebs. amitom, am ukanasknels ugu-

lebelyofen da mxedvelobaSi miiReben mxolod tur-

bulenturi SereviT gamowveul mxeb Zabvebs. 

prandtlis daSvebis mixedviT ℓ=χ .y. sadac, χ  

aris e.w. prantdlis mudmiva, xolo y gansaxilveli 

wertilis daSoreba kedlidan (nax.1.20.). 

amis gaTvaliswinebiT turbulenturi nakadisaT-

vis miviRebT, 

2
x22

dy
dUy ⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
ρχ=τ . Tu davuSvebT, rom  

0τ=τ , gveqneba 

2
x22

0 dy
dU

y ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
ρχ=τ , aqedan 

                       
y

dy1dU 0
x ρ

τ
χ

=              (1.41) 
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ρ
τ0  sidides aqvs siCqaris ganzomileba, amitom 

mas dinamikur siCqares uwodeben da aRniSnaven U* 

asoTi, e.i. 
ρ
τ

= 0
*U  

 (1.41) gantolebis integrireba gvaZlevs  

                Cyln
U

U * +
χ

=                (1.42) 

(1.42) gantoleba gviCvenebs, rom turbulentur 

birTvSi siCqaris ganawileba xdeba kedlidan da-

Sorebis naturaluri logariTmis kanoniT. aqve aRv-

niSnoT, rom turbulentur birTvSi masebis inten-

siuri Serevis gamo xdeba siCqaris ganawilebis ga-

Tanabreba laminarul nakadTan SedarebiT (nax.1.20) 

saSualo siCqaris sidide uaxlovdeba maqsimalur 

siCqares.  

                                   V=(0,75-0,9)Umax, 

rac Seexeba laminarul qveSres, iq siCqare 

uSualod kedelTan nulis tolia, Semdeg ki 

izrdeba Sris sazRvarTan arsebul garkveul siC-

qaremde.  
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nax.1.20 
 

 (1.42) gantolebaSi integrirebis mudmivas gan-

sazRvris mizniT ganvixiloT sasazRvro pirobebi, 

rodesac y = r0, e.i. nakadis RerZze gvaqvs maqsimaluri 

siCqare  Umax, amitom ,rlnUUC 0
*

max χ
−=  Tu C-s am 

mniSvnelobas SevitanT 1.42 gamosaxulebaSi da natu-

raluri logariTmidan gadavalT aTobiT loga-

riTmze da davuSvebT, rom 4,0≈χ , miviRebT 

y
r

lgU75,5UU 0
max ∗−=  

maqsimaluri siCqare SeiZleba ganisazRvros 

prandtlis formuliT 

VUDUmax +⋅= ∗ , 
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sadac V nakadis saSualo siCqarea, xolo 

∗

−
=

U
VUD max  warmoadgens e.w. saSualo siCqaris 

deficits. 
 
 
1.3.12.3. sigrZeze energiis anu dawnevis  
danakargebi turbulentur nakadSi 

 
wriuli kveTis  sadawneo milsadenebisaTvis daw-

nevis anu energiis danakargebi sigrZeze turbulen-

tur nakadSi gamoiTvleba darsi-veisbaxis formu-

liT, ise rogorc laminarul nakadSi. e.i.  

g2
V

d
h

2

W ⋅λ=
s

. 

mravalricxovani cdebiT dadgenilia, rom wina-

Robis koeficienti λ turbulenturi moZraobis 

dros damokidebulia reinoldsis ricxvsa da far-

dobiT xorklianobaze ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛ Δ
=λ

0r
Re,f ; amasTan, winaRo-

bis TiToeuli zonisaTvis λ  gamoiTvleba specia-

luri formulebiT. λ koeficientis cvlilebis ka-

nonzomierebaTa dasadgenad i. nikuraZem sxvadasxva 

xorklianobis milebSi Caatara farTo da detaluri 

eqsperimentuli kvlevebi, romelTa Sedegebi mocemu-

lia grafikis saxiT da cnobilia nikuraZis grafi-
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kis saxelwodebiT (nax.1.21.) Ggrafikze gamoiyofa Sem-

degi zonebi: 

 

nax. 1.21 
 

pirveli zona (grafikze Seesabameba 1 wrfe) mi-

ekuTvneba siTxis moZraobis laminarul reJims. igi 

gviCvenebs, rom laminaruli moZraobis dros winaRo-

bis koeficienti damokidebulia mxolod reinold-

sis ricxvze. 

meore zona moTavsebulia 1 da II wrfeebs Soris 

da Seesabameba laminarulidan turbulenturSi gar-

damaval reJims. am zonaSic winaRobis koeficienti 

damokidebulia mxolod reinoldsis ricxvze. 
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mesame zonas gamosaxavs II xazi. igi miekuTvneba 

siTxis moZraobis turbulentur reJims gluvi zeda-

pirebis SemTxvevaSi. am zonaSic λ  damokidebulia 

mxolod reinoldsis ricxvze. 

meoTxe zona moTavsebulia II da III wrfeebs 

Soris. igi Seesabameba  gluvidan xorklian zeda-

pirSi gardamaval winaRobis zonas. am zonaSi λ  da-

mokidebulia rogorc reinoldsis ricxvze, ise 

xorklianobaze. 

mexuTe zona moTavsebulia III xazis marjvniv. igi 

Seesabameba  hidravlikurad xorkliani zedapirebis 

zonas, romelsac agreTve kvadratuli winaRobis 

zonasac uwodeben (radganac dawnevis danakargebi am 

zonaSi siCqaris kvadratis proporciulia). am 

zonaSi λ  damokidebulia mxolod xorklianobaze.  

rogorc aRvniSneT, laminaruli moZraobis dros 

Re
64

=λ . 

turbulenturi moZraobis SemTxvevaSi, winaRobis 

gluvi zedapirebis zonisaTvis, rodesac Re <100 000, 

winaRobis koeficienti λ gamoiTvleba  blaziusis 

formuliT 

                       
25,0Re

3164,0
=λ  ,                (1.43) 
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xolo, rodesac  Re >100 000  λ  gamoiTvleba kona-

kovis formuliT 

             
( )252,1Relg8,1

1
−

=λ              (1.44) 

winaRobis gardamavali zonisaTvis winaRobis 

koeficienti Semdegi formuliT gamoiTvleba: 

         
⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
⎟
⎠

⎞
⎜
⎝

⎛+
Δ

−=
λ

9,0

Re
81,6

d
27,0lg21

,        (1.45) 

kvadratuli winaRobis zonisaTvis sargebloben 

i. nikuraZis formuliT 

       2
0 74,1rlg2

1

⎟
⎠
⎞

⎜
⎝
⎛ +

Δ

=λ                     (1.46) 

praqtikaSi xSirad gamoiyeneba altSulis formu-

la, romelic marTebulia winaRobis yvela zoni-

saTvis 

              
25,0

Re
68

D
11,0 ⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
+

Δ
=λ eqv ,               (1.47) 

sadac, Δekv – ekvivalenturi xorklianobaa, anu 

iseTi Tanabari xorklianoba, romelic gaangariSebis 

dros gvaZlevs mocemuli xorklianobis Sesabamis λ 

mniSvnelobas. 
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1.3.12.4. saSualo siCqaris saangariSo  
Sezis formula. Sezis 

koeficientebis saangariSo formulebi 
 

darsi veisbaxis formulas mivceT Semdegi saxe 

g2R4
h

2

w
υ
⋅λ= . 

am formulidan ganvsazRvroT saSualo siCqare 

whRg8 ⋅
⋅

λ
=υ . 

SemovitanoT aRniSvna, rom 
λ

=
g8C . agreTve gavi-

TvaliswinoT, rom Tanabari moZraobis dros hidrav-

likuri qanobi tolia  wh
I = , maSin miviRebT 

                         RIC=υ  .               (1.48) 

(1.48) warmoadgens saSualo siCqaris saangariSo 

Sezis formulas Tanabari moZraobisaTvis. radgan 

Tanabari moZraobis dros hidravlikuri qanobi da 

sadinaris fskeris geometriuli qanobi erTmaneTis 

tolia, SegviZlia davweroT, rom 

RiC=υ             

Sesabamisi gardaqmniT, miviRebT 

                                                   
RC

h 2

2

w
υ

=                                 (1.49) 
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(1.49) warmoadgens sigrZeze energiis danakargebis 

saangariSo formulas Ria kalapotisaTvis. 

imisaTvis, rom (1.49) formula gamoviyenoT, 

saWiroa Sezis koeficientis mniSvnelobis dadgena. 

SemoTavazebulia Sezis koeficientis saangariSo 

bevri empiriuli formula. praqtikaSi farTod 

gamoiyeneba Semdegi formulebi: maningis formula 

         6/1R
n
1C =  ,                        (1.50) 

sadac n aris xorklianobis koeficienti. misi mniSv-

neloba sxvadasxva saxis zedapirebisaTvis aiReba 

cxrilidan. magaliTad, foladis sufTa milebi-

saTvis n=0.014, xolo ramdenime wlis eqspluataciis 

Semdeg n=0.2; rkinis axali milebisaTvis n=0.15, 

ramdenime wlis eqspluataciis Semdeg ki  n=0.5. 

pavlovskis formula 

                                          yR
n
1C =                                 (1.51) 

xorklianobis koeficientis n mniSvneloba aiReba 

cxrilebidan, xolo xarisxis maCvenebeli y  SeiZleba 

gamoviTvaloT miaxloebiTi formulebiT  

                    n5,1y ≈ ,  rodesac   R<1 m; 

n3,1y ≈ ,  rodesac    R>1 m. 
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1.3.12.5. dawnevis adgilobrivi danakargebis 
gansazRvra turbulenturi moZraobis dros 

 
realuri siTxis moZraobisas sigrZeze dawnevis 

danakargebTan erTad adgili aqvs dawnevis adgilob-

riv danakargebs. adgilobriv danakargebs iwvevs ad-

gilobrivi winaRobebi. sadawneo milsadenebSi adgi-

lobrivi winaRobebia: nakadis uecari gafarToeba an 

Seviwroeba, moxveuloba, ganStoeba, diafragma, sake-

ti da sxv; xolo Ria kalapotebSi: gadasasvleli 

ubani, moxveuloba da iq warmoqmnili ganivi cir-

kulacia, burji, wyalmimRebis gisosi, nakadebis 

SeerTeba an gayofa, sxvadasxva konstruqciis zRurb-

li da sxv. nebismieri winaRobis gadalaxvisas naka-

di kargavs garkveul energias. radgan adgilobrivi 

winaRobebi individualuria, maTSi warmoqmnili 

energiis danakargebis saanagriSo zogadi Teoriuli 

formula ar arsebobs. miRebulia rom dawnevis ad-

gilobrivi danakargebi ganisazRvros veisbaxis 

cnobili formuliT   

                                   
g2

v
h

2

w ζ=                                     (1.52) 

sadac  ζ  aris adgilobrivi winaRobis koeficienti, 

romelic gviCvenebs Tu ramdeni siCqaruli dawneva 

ixarjeba ama Tu im winaRobis gadalaxvaze. misi 
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mniSvneloba, rogorc wesi, ganisazRvreba cdebiT da 

mocemulia cxrilebSi. 

v aris nakadis moZraobis saSualo siCqare. Ro-

gorc wesi, aiReba winaRobis Semdeg arsebuli sa-

Sualo siCqare. 

gamonakliss warmoadgens milsadenis uecari ga-

farToeba, romlis drosac dawnevis danakargebi sak-

marisi sizustiT SeiZleba gamovTvaloT bordas 

Teoriuli formuliT 

g2
)vv(h

2
21

w
−

= . 

 
1.3.12.6. sistemis winaRobis koeficienti 

 
im SemTxvevaSi, rodesac milsadenze ganlagebu-

lia rigi adgilobrivi winaRoba, romlebic xa-

siaTdeba adgilobrivi winaRobis koeficientebiT 

n321 ....,, ζζζζ  da milsadenis gansaxilvel ubanze 

mudmivia diametri da siTxis xarji, maSin dawnevis 

saerTo danakargebi SeiZleba ganvsazRvroT adgi-

lobrivi danakargebis ariTmetikuli SekrebiT. Gar-

da amisa, aucilebelia sigrZeze dawnevis danakar-

gebis gansazRvra, e.i. Tu gvaqvs  

g2
vh

2

11w ζ=  
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g2
v

h
2

22w ζ=  

………… 

g2
v

h
2

nnw ζ=  

      g2
v

d
h

2

1
1w λ= , 

maTi SekrebiT, miviRebT 

g2
v

)
d

....(h
2

n21w λ+ζ++ζ+ζ= . 

frCxilebSi moTavsebul wevrs uwodeben sistemis 

winaRobis koeifcients, e. i. 
d

..... n21 λ+ζ+ζ+ζ=ζ +sis

 

da  
g2

v
h

2

1w ζ= . 

 

 

 

 

 

 

 

 

 



 92

IV  Tavi.  siTxis gamodineba xvretebidan  
da nacmebidan 

 
1.4.1. gamodineba Txelkedliani mcire svetebidan 

mudmivi dawnevisas 
 

sainJinro praqtikaSi xSirad gvxvdeba siTxis ga-

modineba sxvadasxva zomisa da formis xvretebidan, 

agreTve xvretTan mierTebuli mokle milebidan, 

romlebsac nacmebs uwodeben. Tu rezervuars 

fskerze an kedelze gavukeTebT xvrets, cxadia, 

siTxe daiwyebs gamodinebas am xvretidan. im SemTx-

vevaSi, rodesac rezervuarSi Cadenili siTxis xarji 

da xvretidan gamodenili siTxis xarji erTmaneTis 

tolia, maSin siTxe rezervuarSi mudmiv doneze 

dadgeba H=Const  (nax.1.22) da gveqneba gamodineba 

mudmivi dawnevis dros. xolo, Tu miwodebuli da 

gamodenili xarji erTmaneTis toli ar aris, maSin 

gvaqvs gamodineba cvladi dawnevis dros. H-s uwo-

deben dawnevas xvretis centrze. 

termini _ Txeli kedeli ar gulisxmobs kedlis 

fizikur sisqes, aramed igulisxmeba, rom xvretis 

kedlebs ukeTdeba maxvili bolo (nax. 1.22) da ked-

lis sisqe ver axdens gavlenas xvretidan gamode-

nili Wavlis formasa da xarjze. 
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         nax.1.22                             nax. 1.23 

 
xvrets ewodeba mcire, Tu wriuli d diametris an 

a simaRlis xvretis SemTxvevebSi daculia d≤0,1H da 

a≤0,1H pirobebi. am SemTxvevaSi SegviZlia davuSvaT, 

rom dawneva xvretis nebismier wertilSi erTnairia. 

siTxis gamodineba SeiZleba iyos Tavisufali anu 

dautboravi (gamodineba atmosferoSi) da araTavisu-

fali anu datborili (gamodineba donis qveS). 

ganvixiloT gamodineba mcire, Txelkedliani da 

Tavisufali xvretidan mudmivi dawnevis dros. Vi-

naidan siTxis nawilakebis moZraobis traeqtoria 

mrudwirulia, xvretis centrSi denis wirebi ar 

aris urTierTparaleluri. amasTan erTad, Wavlis 

cocxali kveTi ganicdis SekumSvas. xvretidan daax-

loebiT 0,5d manZilze SekumSva mTavrdeba. am kveTSi 
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denis wirebi TiTqmis paraleluria da am kveTs Se-

kumSul kveTs uwodeben. xvretis farTobi aRvniSnoT 

ω asoTi, xolo SekumSuli xvretis farTobi ωC 

asoTi. SekumSuli kveTis farTobis Sefardebas xvre-

tis farTobTan, kumSvis koeficients uwodeben 

                                
ω
ω

=ε C .                                            (1.53) 

gamovTvaloT xvretidan gamodenili siTxis siCqa-

re da xarji. amisaTvis davweroT bernulis ganto-

leba 0-0 da C-C kveTebisaTvis (nax. 1.22). safard 

sibrtyed avirCioT xvretis centrze gamavali 

sibrtye, miviRebT w

2
ccc

2
000 h

g2
vP

g2
vP

H +
α

+
γ

=
α

+
γ

+  

xvretidan gamodineba miekuTvneba moZraobis iseT 

SemTxvevas, rodesac gvaqvs mxolod adgilobrivi 

danakargebi, e. i. 
g2

v
h

2
c

w ⋅ζ= . Tu rezervuari Riaa da 

gamodineba xdeba atmosferoSi, maSin P0 = PC = Patm. 

radgan gvaqvs gamodineba, mudmivi dawnevis dros Se-

gviZlia  davuSvaT, rom 0v0 ≈ . maSin bernulis ganto-

leba miiRebs Semdeg saxes 

g2
v

)(
g2

v
g2
v

H
2
c

c

2
c

2
cc ζ+α=ζ+

α
= . 

aqedan Wavlis siCqare C-C kveTSi iqneba 
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gH2
1

c
c −

ζ+α
=υ . 

SemovitanoT aRniSvna 

                                 
ζ+α

=ϕ
c

1 . 

φ-s uwodeben siCqaris koeficients, romelic iT-

valiswinebs energiis, anu dawnevis danakargebs. amis 

gaTvaliswinebiT,  gveqneba 

                                     gH2vc ϕ= . 

xvretidan gamodenili Wavlis xarji iqneba 

gH2vQ ccc ϕω=⋅ω= . 

(1.53) gamosaxulebidan ω⋅ε=ωc ,  maSin 

                                  gH2Q ωεμ=  

aRvniSnoT ϕ⋅ε=μ  mas xarjis koeficients uwode-

ben. misi gaTvaliswinebiT miviRebT, rom xarji 

                   gH2Q μω= .                                            (1.54) 

xvretidan gamodenili Wavlis kumSvis xarisxi 

damokidebulia xvretis mdebareobaze. Tu Wavli ga-

nicdis kumSvas yoveli mxridan, maSin gvaqvs e. w. 

sruli kumSva (nax. 1.23) Tu xvretis konturi emij-

neba WurWlis erT an ramdenime mimmarTvel kedels, 

maSin igi am kedlis mxridan ar ganicdis kumSvas da 
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mas arasrul kumSvas uwodeben. sruli kumSvis 

SemTxvevaSi Tu daculia piroba, rom b3A >  da 

a3B >  (nax. 1.23) maSin gvaqvs srulyofili kumSva; Tu 

b3A <  და a3B < , maSin kumSva  arasrulyofilia. 

srulyofili kumSvis SemTxvevaSi 64,06,0 ÷=ε , 

xolo 62,06,0 ÷=μ . 

 
1.4.2. siTxis gamodineba nacmebidan 

 
nacmi ewodeba mokle mils, romelic mierTebulia 

Txelkedlian xvretTan. nacmis Sesasvlel nawilSi 

siTxis nawilakebis traeqtoriebis simrudis gamo, 

Wavli ganicdis kumSvas, amitom igi dasawyisSi 

mTlianad ver avsebs nacmis ganivkveTs da war-

moqmnis e. w. SekumSul kveTs, Semdgom ki farTovdeba 

da mTlianad avsebs kveTs. SekumSuli kveTis siax-

loves warmoiqmneba e. w. `grigaluri morevi“. Tu 

gamodineba gvaqvs atmosferoSi, maSin „grigaluri 

morevis“ adgilze gaCndeba vakuumi. amis gamo, mox-

deba wylis damatebiT raodenobis „Sewova“ rezer-

vuaridan Txelkedlian xvretTan SedarebiT, e.i. 

izrdeba nacmSi Sedenili wylis xarji. (nax. 1.24). 

magram nacmSi, Txelkedlian xvretTan SedarebiT, 

damatebiT warmoiqmneba energiis danakargebi sigr-

Zeze. cdebiT dadgenilia, rom nacmis SemTxvevaSi 



 97

vakuumiT gamowveul xarjis zrdis maqsimalur 

efeqts viRebT maSin, rodesac nacmis sigrZe  

d)43( ÷= . 

nacmebi ZiriTadad iyofa sam jgufad: cilindru-

li, konusuri da konoiduri. Tavis mxriv, cilind-

ruli nacmi SeiZleba iyos Siga cilindruli da 

gare cilindruli (nax. 1.24. a da b). gare ci-

lindrul nacmSi Wavli gare kumSvas ar ganicdis, 

amitom am nacmisavis  ε=1 da μ=0,82. nacmSi warmoqm-

nili vakuumis sidide 

hვაკ≈0,75H. 

aqedan gamomdinare, gare cilindrul nacmze da-

saSvebi zRvruli dawneva tolia    

            3.13
75.0

10
75.0

h
H ≈==

vak.zwv

zv  m. 

Siga cilindruli nacmi xasiaTdeba meti hidrav-

likuri winaRobiT amitom, mcirdeba siCqarisa da 

xarjis koeficientebis mniSvnelobebi. am SemxTvevaSi 

ε=1, φ=0,71 da μ=0,71, e.i. mcirdeba xarji gare cilind-

rul nacmTan SedarebiT. 

konusur nacmebSi asxvaveben konusur boloSevi-

wroebul da konusur bologaSlil nacmebs (nax. 1.25 

a da b). 
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nax. 1.24 
 

konusuri boloSeviwroebuli nacmi gvaZlevs kom-

paqtur Wavls didi siCqariTa da xarjiT. am Tvise-

bis gamo igi gamoiyeneba hidromonitorebSi. saxanZro 

brandspoitebis bunikebSi, SadrevnebSi, turbinebSi 

da sxv. konusuri nacmis siCqarisa da xarjis koefi-

cientebi damokidebulia konusobis kuTxeze Θ. 

xarjis koeficienti maqsimalur mnivSnelobas aR-

wevs, rodesac Θ≈13 0 -s. am dros μ=0,94-0,95 siCqaris 

koeficienti cotaTi metia  φ=0,96. 

konusuri bologaSlili nacmis SemTxvevaSi ko-

nusobis kuTxis zrdasTan erTad izrdeba vakuumis 

sidide, e. i. izrdeba xarji. magram, rodesac kuTxe 

8 0 -s aWarbebs, maSin Wavli wydeba nacmis kedels da 

gveqneba TiTqosda gamodineba Txelkedliani xvreti-
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dan, e. i. xarjis gazrdis efeqti aRar iqneba. cdebiT 

dadgenilia, rom optimaluri konusobis kuTxe Θ≈7 0 . 

am dros xarjisa da siCqaris koeficientebi tolia 

μ=φ=0,45. marTalia xarjis koeficienti mcirea ci-

lindrul nacmTan SedarebiT, magram realuri xarji 

bologaSlil nacmSi metia, vidre garegan cilind-

rul nacmSi, radganac bologaSlili nacmis xarji 

gamoTvlilia gaSlili bolos farTobis mixedviT, 

romelic bevrad aRemateba nacmis Sesasvleli kve-

Tis farTobs (anu xvretis farTs). 

 

 
 

nax. 1.25 

 
konoidaluri nacmi (nax. 1.25 g) srulyofili bo-

loSeviwroebuli nacmia, romelsac aZleven xvreti-

dan gamodevnili Wavlis moxazulobas, ris gamoc 

minimumamdea dayvanili dawnevis danakargebi. amitom 

siCqarisa da xarjis koeficientebi metia yvela sxva 

nacmTan SedarebiT, igi tolia μ=φ=0,97-0,98. 
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V Tavi. siTxis damyarebuli 
 moZraoba sadawneo milsadenebSi 

 
1.5.1. milsadenebis klasifikacia 

 
ganvixiloT siTxis wneviani damyarebuli moZ-

raoba milsadenebSi, winaRobis kvadratuli zonis 

pirobebSi. 

milsadenebis sigrZisa da danakargebis Tanafar-

dobis mixedviT asxvaveben hidravlikurad grZel da 

hidravlikurad mokle milsadenebs. im SemTxvevaSi, 

rodesac adgilobrivi danakargebi sigrZeze danakar-

gebis 5-10%-ze naklebia, adgilobriv danakargebs 

ugulebelyofen, mxedvelobaSi miiReben mxolod 

sigrZeze danakargebs da milsadens hidravlikurad 

grZels uwodeben. iseT milsadenis gaangariSebisas, 

romlebSic adgilobrivi danakargebi sigrZeze da-

nakargebis 5-10%-ze metia,  mxedvelobaSi miiReba ro-

gorc adgilobrivi, ise sigrZeze danakargebi da 

aseT milsadens hidravlikurad mokles uwodeben. 

mokle milsadenebs miekuTvneba tumbos Semwovi mi-

li, sifoni da sxv. grZeli milsadenebia wyalsade-

nis magistraluri milebi, navTobsadenebi, energeti-

kuli sadawneo gvirabebi da sxv. 

muSaobis hidravlikuri sqemis mixedviT, grZeli 

milsadenebi iyofa martiv da rTul milsadenebad. 

martivi milsadeni Sedgeba erTnairi an sxvadasxva 
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diametris milebisagan, romelTac ara aqvs gan-

Stoebebi da maTSi gaedineba erTi mudmivi xarji 

(e.w. satranzito xarji). 

rTuli milsadeni Sedgeba magistraluri milisa-

gan, romelsac aqvs ganStoebebi. rTul milsadenebSi 

gamoyofen Cixur da rgolur milsadenebs. Cixuri 

milsadenebi Sedgeba magistraluri milsadenisagan 

gverdiTi ganStoebebiT (nax 1.26.) rgoluri mil-

sadenebi Seicavs milsadenebis Caketil rgolur sis-

temas (nax. 1.27). 

 

 

 

nax. 1.26 
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nax. 1.27 

 

1.5.2. martivi grZeli milsadenebis gaangariSeba 
 

martivi grZeli milsadenebis ZiriTad saangariSo 

formulas warmoadgens Sezis formula 

RICV =  da  RICQ ω=  

SemovitanoT aRniSvna RCK ω=  

K-s uwodeben xarjis maxasiaTebels. mas aqvs 

xarjis ganzomileba da warmoadgens xarjs erTeu-

lovani qanobis dros. misi gaTvaliswinebiT, mivi-

RebT  

                            IKQ =                                              (1.55) 

martivi grZeli milsadenebis gaangariSebisas 

vuSvebT, rom arsebuli dawneva mTlianad ixarjeba 
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winaRobebis gadalaxvaze H=hw, e.i. HI = , amis gaTva-

liswinebiT, gveqneba 

                                     HKQ = ,                                             (1.56)   

aqedan 

                                       2
2 Q

K
H =                                            (1.57) 

(1.55), (1.56), (1.57) formulebi warmoadgens martivi 

grZeli milsadenebis saangariSo ZirTad formulebs. 

maTi saSualebiT SeiZleba gadavwyvitoT  Semdegi 

tipis amocanebi: 

1. cnobilia dawneva H, milsadenis sigrZe ℓ da 

diametri d. amocanis mizania gaviangariSoT milsa-

denSi gadenili siTxis xarji; 

2. cnobilia Q, ℓ da d. amocanis mizania 

gaviangariSoT saWiro dawneva H; 

3. cnobilia Q, ℓ da H. amocanis mizania gavian-

gariSoT diametri d. 

praqtikuli amocanebis amoxsnis dros Cveuleb-

riv, mocemul an saZiebel sidides warmoadgens 

xarji Q. 

am dros dawnevis danakargebis gaangariSeba mosa-

xerxebelia darsi-veisbaxis formuliT 
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                            g2d
h

2

w
υ

λ= . 

mivceT mas Semdegi saxe: 

               
52

2
42

2

dg
8Q

dg2
16Q

d
hw

π
λ

=
π
⋅

λ=  

aRvniSnoT 

                           
520 dg

8S
π
λ

= ,             

  maSin 

                             2
0QShw =                                       (1.58) 

S0-s uwodeben kuTr winaRobas. Tu SevadarebT 

(1.57) da (1.58) formulebs, maSin kuTri winaRoba 

tolia  

                               
20 K

1S =  

radgan λ damokidebulia reinoldsis ricxvsa da 

fardobiT xorklianobaze, amitom kuTri winaRoba 

SeiZleba warmovadginoT rogorc milis masalis, 

diametrisa da siTxis moZraobis saSualo siCqaris V 

funqcia. kuTri winaRobisa S0 da xarjis maxasiaTeb-

lebis K mniSvnelobebi sxvadasxva masalisa da 

diametris milebisaTvis garkveuli siCqareebis dros 

mocemulia sacnobaro literaturaSi. 
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1.5.3. mimdevrobiT SeerTebuli milsadenebis 
gaangariSeba 

 
ganvixiloT mimdevrobiT SeerTebuli milsade-

nebi, romlebic Sedgeba sxvadasxva diametrisa da 

sigrZis milebisagan nax (1.28.). 

 

 
 

nax. 1.28 

 
diametrebi da sigrZeebi cnobili sidideebia, 

Sesabamisad SegviZlia ganvsazRvroT xarjis maxasia-

Teblebi TiToeuli ubnisaTvis: K1, K2 da K3. dawnevis 

danakargebi TiToeul ubanze gamoiTvleba (1.57) for-

mulis saSualebiT 
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;
K
Qhw 2

1

2

11 =
 

;
K
Qh 2

2

2

2
2w
=

 
;

K
Qh 2

3

2

33w =  

dawnevis saerTo danakargi 

2
3

3
2
2

2
2
1

12
w KKK

(Qh ++= ), 

aqedan 

w

2
3

3
2
2

2
2
1

1
h

KKK

1Q ⋅
++

= . 

 

1.5.4. paralelurad SeerTebuli  
milsadenebis gaangariSeba 

 
paralelurad SeerTebuli milsadenebis gaanga-

riSeba ganvixiloT (nax. 1.29)-ze warmodgenili sqemis 

mixedviT. A punqtidan B punqtSi miewodeba Q xarji, 

urTierTparaleluri sxvadasxva sigrZisa da diamet-

ris milebiT.  A da B wertilebi am ubnebisaTvis saer-

Toa. piezometruli dawneva A wertilSi aRvniSnoT 

HA, xolo B wertilSi HB-Ti. xarji TiToeul ubanze 

gamoiTvleba (1.56) formulis Sesabamisad 

;HKQ
1

1 ⋅=      ;HKQ
2

22 ⋅=     .HKQ
3

33 ⋅=  

saerTo xarji tolia  
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            )
KKK

(H

HKHKHKQQQQ

3

3

2

2

1

1

3
3

2
2

1
1321

++=

=++⋅=++=
, 

aqedan 

2

3

3

2

2

1

1

2

KKK

QH

⎟
⎟

⎠

⎞

⎜
⎜

⎝

⎛
++

= . 

 

 
 

nax.1.29 
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1.5.5. milsadenebis gaangariSeba moZraobis gzaze 
xarjis uwyveti gacemis dros 

 

rezervuaridan gamomaval ℓ sigrZis mils gavuke-

ToT xvretebi. maSin adgili eqneba moZraobis gzaze 

xarjis uwyvet gacemas (nax.1.30). xvretebis diametri 

da maT Soris manZili ise SevarCioT, rom erTeul 

sigrZeze gacemuli xarji (kuTri xarji q) mudmivi 

iyos. zogad SemTxvevaSi, saerTo xarji milsadenSi 

Q  toli iqneba moZraobis gzaze gacemuli xarjis  

Qg da milsadenis boloSi arsebuli anu tran-

zituli xarjebis Qt  jamisa. 

                               Q=Qგ+Qტ 

nebisimer X manZilze xarji gamoiTvleba for-

muliT 

=xQ  Qგ+Qტ X
Qg− .    

milsadenis nebismier manZilze hidravlikuri 

qanobi (5.2) formulis Tanaxmad, tolia  2

2
x

K
Q

I = . 

am gamosaxulebaSi CavsvaT Qx-is mniSvneloba, 

miviRebT 

                      
K

Q
QQ

I

2

⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
χ−+

=

g

tg

. 
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dawnevis vardna, danakargi dx manZilze toli 

iqneba 

       dhW= dxx
K

Q
x)QQ(

K

Q2
K

)QQ(
Idx 2

22

2

2

2

⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
++−

+
= tg

tg . 

am gantolebis integrirebiT miviRebT dawnevis 

danakargebis saangariSo gantolebas 

hW=H= ⎟
⎠
⎞

⎜
⎝
⎛ +⋅+ 22

2 Q
3
1QQQ

K gt gt .                        (1.59) 

im SemTxvevaSi, rodesac adgili aqvs moZraobis 

gzaze xarjis srul gacemas _ e. i. rodesac Qტ=0 

(1.59)-dan miviRebT, rom   

                   2

2

K

Q
3
1H g

=  .                        (1.60) 

 
nax.1.30 
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(1.57)-isa da (1.60)-is Sedareba gvaZlevs, rom 

xarjis uwyveti gacemis dros saWiro dawneva samjer 

naklebia, vidre imave sididis tranzituli xarjis 

moZraobis SemTxvevaSi. 

Tu SemovitanT aRniSvnas, rom 

222 )Q55.0Q(Q
3
1QQQ gtt ggt

+≈+⋅+ , 

miviRebT 

2
2 )Q55.0Q(

K
H gt += . 

Qტ+0,55Qგ sidides uwodeben saangariSo xarjs, 

maSin sabolood miviRebT  

2
2 Q

K
H

saang
= . 

es formula marTebulia rogorc tranzituli, 

ise uwyvetad gacemuli xarjisaTvis. 

 
1.5.6. siTxis daumyarebeli moZraoba milsadenebSi. 

hidravlikuri dartyma 
 

hidravlikuri dartyma ewodeba milsadenSi wnevis 

cvlilebas (gadidebas an Semcirebas), gamowveuls 

cocxal kveTSi siTxis moZraobis siCqaris cvli-

lebiT. 

ganvixiloT ℓ sigrZisa da d diametris milsa-

deni, romelic gamodis sakmaod didi zomis re-

zervuaridan (nax.1.31), milsadenis boloSi mowyo-
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bilia saketi. rodesac saketi Riaa, milsadenSi 

mudmivi Hdawnevisas siTxe moZraobs raime V siCqa-

riT. saketis myisi Caketvis SemTxvevaSi, aseve 

myisierad gaCerdeba saketTan mdebare uaxloesi Sre. 

masze Semdgomi Sreebis zemoqmedebiT misi kineti-

kuri energia swrafad gardaiqmneba SekumSuli siT-

xis potenciur (wnevis) energiad. wneva aq mkveTrad 

izrdeba. Semdgom gaCerdeba siTxis momdevno Sre, 

romelic aseve ikumSeba da romelSic wneva swrafad 

izrdeba da a. S. wnevis uecari gazrda _ didi siC-

qariT gavrceleba saketidan rezervuarisaken. dreka-

di deformaciebis gavrcelebis siCqares, dartymiTi 

talRis gavrcelebis siCqares uwodeben. aRvniSnoT 

igi a asoTi. dartymiTi talRa 
a

t =  droSi miaRwevs 

rezervuars. am momentisaTvis siTxe mTel milsa-

denSi SekumSulia da wneva gazrdilia ΔP sididiT. 

radgan am droisaTvis wneva milsadenSi metia, vidre 

rezervuarSi, siTxe daiwyebs moZraobas milsadeni-

dan rezervuarisken, igi farTovdeba da misi wneva 

mcirdeba. pirvelad amoZravdeba rezervuarTan mde-

bare siTxis Sre, romelsac miyveba Semdegi Sreebi. 

wnevis Semcireba imave a siCqariT gavrceldeba re-

zervuaridan saketisaken da 
a
2t 0 =  droSi miaRwevs 
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sakets. t0-s hidravlikuri dartymis faza anu 

xangrZlivoba ewodeba. am droisaTvis saketTan aRd-

geba sawyisi wneva da siCqare. Semdeg siTxe inerciiT 

agrZelebs moZraobas (gafarToebas) sapirispiro mi-

marTulebiT rezervuarisaken da 
a
3  droSi miaRwevs 

rezervuars. am momentisaTvis wneva milsadenSi mci-

rea, vidre rezervuarSi. amitom, myisve iwyeba siTxis 

moZraoba rezervuaridan saketisaken sawyisi V siC-

qariT da 
a
4T =  droSi miaRwevs sakets. T dros, hid-

ravlikuri dartymis periods uwodeben. Tu am mo-

mentisaTvis saketi isev Caketilia, kvlav moxdeba 

hidravlikuri dartyma da a.S. procesi kvlav gan-

meordeba. siTxis siblantisa da milsadenis ked-

lebis deformirebadobis gamo, hidravlikuri 

dartyma  milevadi procesia.  

rogorc vxedavT, hidravlikuri dartymisas moZ-

raobis maxasiaTeblebi droSi icvleba, e.i. hid-

ravlikuri dartyma daumyarebel moZraobas warmoad-

gens. 
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nax.1.31 

 
asxvaveben pirdapir da arapirdapir hidravlikur 

dartymas. Tu saketis Caketvis dro naklebia 

dartymis fazaze t0, maSin dartymas pirdapiri hid-

ravlikuri dartyma ewodeba; xolo, Tu saketis Ca-

ketvis dro metia dartymis fazaze, gvaqvs arapir-

dapiri hidravlikuri dartyma. 

n. Jukovskis Teoriis mixedviT, wnevis nazrdi 

pirdapiri hidravlikuri dartymisas gamoiTvleba 

Semdegi formuliT: 

Δp=ρ.v.a, 

xolo dartymiTi talRis gavrcelebis siCqare a 

iangariSeba Semdegi gamosaxulebiT: 

                              

δ
⋅+

=
D

E
K1

C
a                                (1.61) 
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sadac C  aris siTxeSi bgeris gavrcelebis siCqare. 

wylisaTvis C=1425 m/wm; K _ siTxis drekadobis 

moduli; E _ milis masalis drekadobis moduli; D _ 

milis diametri; δ _ milis kedlis sisqe. 

hidravlikuri dartymis movlenas xSirad vxvde-

biT hidroeleqtrosadgurebis sadawneo traqtSi, sa-

dawneo milsadenebSi tumbos amorTvisas, wyalsade-

nis magistralur milsadenebSi saketebis mkveTri 

regulirebisas da sxva. igi arasasurveli movlenaa, 

praqtikaSi tardeba mravali specialuri RonisZieba 

am movlenis Tavidan acilebis mizniT. 

 

 

 

 

 

 

 

 

 

 

 

 

 



 115

VI Tavi. miwisqveSa wylis moZraoba. 
 

1.6.1.  filtraciis klasifikacia 
 

wyali gruntSi sxvadasxva gziT SeiZleba moxv-

des (magaliTad, atmosferuli naleqebis gaJonviT). 

igi simZimis Zalis gavleniT moZraobs zevidan qve-

viT da rodesac miaRwevs wyalSeuRwevadi gruntis 

Sres (magaliTad, Tixa) iwyebs moZraobas am Sris 

qanobis mimarTulebiT, warmoiqmneba miwisqveSa 

wylis nakadi, romelsac filtraciul nakads uwo-

deben; xolo TviT gravitaciuli wylis moZraobas 

gruntis formebSi, filtracia ewodeba. amrigad, 

wyalSeuRwevadi fena warmoadgens filtraciuli na-

kadis erTgvar kalapots. 

ise rogorc miwiszeda wylis nakadi, miwisqveSa 

wylis nakadic SeiZleba iyos Tanabari da araTana-

bari, damyarebuli da daumyarebeli, laminaruli da 

turbulenturi, wneviani da udawneo. udawneo filt-

raciuli nakadi moZraobs wyalSeuRwevad fenaze da 

aqvs miwisqveSa wylis Tavisufali zedapiri, romel-

sac depresiuli zedapiri ewodeba (nax.1.32.a), xolo 

Tavisufali zedapiris gamomsaxvel mruds _ depre-

siis wiri. wneviani filtraciuli nakadi moZraobs 

or wyalSeuRwevad Sres Soris, mas ara aqvs Tavi-

sufali zedapiri (nax. 1.32.b). 
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nax.1.32 
 1. wyalgamtari fena    2.  wyalgaumtari fena 

 
miwiszeda nakadebisagan gansxvavebiT, miwisqveSa 

wylis nakadi umetes SemTxvevaSi laminarulia moZ-

raobis mcire siCqareebis gamo; mxolod msxvil-

marcvlovan qviSebSi, RorRSi, xreSsa da qvanayar 
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gruntebSi moZraobis dros SeiZleba iyos turbu-

lenturi nakadi. 

radgan laminarul filtraciul nakadSi mcire 

siCqareebia, amitom siCqaruli dawneva 
g2

v 2

 Zalian 

mcire sididea da mas ugulebelyofen. aqedan ga-

momdinare, laminarul filtraciul nakadSi piezo-

metruli wiri da dawnevis wiri erTmaneTs emTxveva, 

anu hidravlikuri da piezometruli ganobebi erT-

maneTis tolia ph II = . 

 
1.6.2. laminaruli filtraciis ZiriTadi kanoni 

 
mravalricxovani cdebiT dadgenilia, rom lami-

naruli filtraciis dros moZraobis siCqare U 

qanobis pirveli xarisxis proporciulia da gamo-

iTvleba Semdegi formuliT: 

                                KIU =                                             (1.62) 

(1.62) gamosaxuleba cnobilia darsis formulis 

saxelwodebiT, sadac I aris qanobi; K _ propor-

ciulobis koeficienti, romelsac filtraciis koe-

ficients uwodeben. igi damokidebulia gruntis 

forianobasa da forebSi moZravi siTxis gvarobaze. 

mas aqvs siCqaris ganzomileba da warmoadgens siC-

qares erTeulovani qanobis dros. K axasiaTebs 
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gruntis wyalJonadobis unars; U _ aris filt-

raciis siCqare. igi warmoadgens fiqtiur (war-

mosaxviT) siCqares, romelic miiReba im daSvebiT, 

rom TiTqos siTxe moZraobs ara marto formebSi, 

aramed wyalSemcveli fenis mTel ganivkveTSi 

(marcvlebSic). 

filtraciuli nakadis xarji toli iqneba  

                          Q=ω . v . KIω                                        (1.63) 

darsis formulebi (1.62) da (1.63) gamosaxaven la-

minaruli filtraciis ZiriTad kanons. 

 
1.6.3. filtraciis koeficientis gansazRvra 

 
praqtikuli amocanebis filtraciuli gaangariSe-

bisaTvis aucilebelia gansaxilveli gruntis filt-

raciis koeficientis K gansazRvra. arsebobs filt-

raciis koeficientis gansazRvris Semdegi sami me-

Todi: 

1. laboratoriuli meTodi; 

2. gaangariSeba empiriuli formulebis gamoyene-

biT; 

3. savele meTodi. 

laboratoriuli meTodiT filtraciis koefi-

cientis gansazRvra xdeba darsis xelsawyos gamoye-

nebiT. xelsawyo warmoadgens vertikalur cilind-

rul mils, romlis qveda nawilSi mowyobilia bade. 
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masze gamosakvlevi gruntis monoliTs  aTavseben 

cilindruli milis or kveTSi (nax.1.33) (romlebic 

erTmaneTisgan daSorebulia ℓ manZiliT), mierTebu-

lia ori piezometri. wyali mudmivi H dawneviT 

miewodeba cilindris zeda nawilSi da gruntSi 

gaJonvis Semdeg Caedineba qveda sazom avzSi. misi 

saSualebiT xdeba filtraciuli nakadis xarjis Q  

gazomva moculobiTi wesiT. piezometrebis CvenebaTa 

sxvaoba gvaZlevs filtraciuli nakadis energiis 

(dawnevis) danakargs hw sigrZeze. qanobis gansazRvra 

xdeba 
hwI =  formuliT. viciT ra Q, I  da milis 

ganivkveTis farTobis ω filtraciis koeficients 

gansazRvraven darsis formulidan 

I
QK
ω

= . 

mravali avtoris mier SemoTavazebulia filt-

raciis koeficientis saangariSo empiriuli formu-

lebi, magram maTi sizuste gacilebiT naklebia 

laboratoriul meTodTan SedarebiT. 
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nax.1.33 

 
filtraciis koeficients ZiriTadad  savele me-

TodiT gansazRvraven hidrogeologebi. meTodis 

arsi imaSi mdgomareobs, rom gahyavT ZiriTadi da 

saTvalTvalo WaburRilebi. ZiriTadi WaburRilidan 

xdeba wylis sacdeli amotumbva. zomaven wylis 

dones ZiriTad da saTvalTvalo WebSi da  zomaven 

ZiriTadi Widan amotumbuli wylis xarjs. Semdeg, 

specialuri formulebiT gansazRvraven filtraciis 

koeficientis mnivSnelobas. 
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VII Tavi. wyalsaSvebi 
 

1.7.1. wyalsaSvebis klasifikacia da 
 maTi ZiriTadi formulebi 

 
Semtborav nagebobas, romelzec xdeba wylis ga-

dadineba, wyalsaSvi ewodeba. nagebobis im nawils, 

romelzec uSualod gadaedineba wyali, zRurbls 

uwodeben. 

nakadis nawili wyalsaSvis win warmoadgens zeda 

biefs, xolo wyalsaSvis Semdegi niwili _ qveda 

biefs. zeda biefSi wylis donis niSnulsa da 

zRurblis niSnuls Soris H sxvaobas uwodeben 

dawnevas wyalsaSvze. igi aiReba zRurblidan 

)53( ÷> _H manZilze, iq sadac praqtikulad iwyeba 

wylis donis swrafi vardna. P1 da P wyalsaSvis 

simaRlea zeda biefisa da qveda biefis mxridan. 

wyalsaSvis zRurblis formisa da  zomebis mi-

xedviT asxvaveben Semdegi tipis wyalsaSvebs: 

a) Txelkedliani wyalsaSvebi, rodesac wyal-

saSvis sigane    H
3
2

<δ -ze (nax.1.34); 

b) farTozRurbliani wyalsaSvi, rodesac 

H8H2 <δ<     (ნახ. 1.35.ა); 
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nax.1.34 

 
g) praqtikuli profilis wyalsaSvi. aq gamo-

yofen sworkuTxa moxazulobis praqtikuli profi-

lis wyalsaSvs, rodesac H2H
3
2

<δ<  (nax.1.35.b), da 

mrudwiruli moxazulobis praqtikuli profilis 

wyalsaSvs, romelsac aZleven Tavisuflad vardnili 

Wavlis moxazulobas (nax. 1.35.g). 

wyalsaSvis Wrilis formis mixedviT ganasxva-

veben sworkuTxa (nax. 1.36), samkuTxa (nax. 1.36.b), tra-

peciul (nax. 1.36.g) da mrudwirul (nax. 1.36.d) wyal-

saSvebs. 
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         a)                 b)   g)  

 
nax.1.35 

 

 

          ა                             ბ                               გ                    დ 

 
nax.1.36 

 
gegmaSi moxazulobis mixedviT ganasxvaveben pir-

dapir (nax. 1.37.a) irib (nax. 1.37 gverdiT (nax. 1.37. g) 

poligonalur (nax. 1.37.d) mrudwirul (nax. 1.37.e), 

wriul (nax. 1.37.v) wyalsaSvebs. 

 

 
  a                   b                    g                    d                 e                 v 

 

nax. 1.37 
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nakadis wyalsaSvTan misvlis pirobebis mixedviT, 

asxvaveben wyalsaSvs gverdiTi kumSvis gareSe (ro-

desac kalapotis sigane B da wyalsaSvis sigane b 

erTnairia (B=b)), da wyalsaSvs gverdiTi kumSviT 

(rodesac b<B). 

wyalsaSvze gadadenili Wavlis biefTan SeuR-

lebis pirobebis mixedviT ganasxvaveben daZirul da 

dauZirav wyalsaSvebs. dauZiravi wyalsaSvis anu Ta-

visufalad vardnili Wavliani wyalsaSvis SemTxve-

vaSi, qveda biefSi wylis done hბ ar axdens gavlenas 

wyalsaSvze gadadenil wylis xarjze Q  da dawnevaze 

H. im SemTxvevaSi, rodesac qveda biefSi wylis done 

axdens gavlenas wyalsaSvze gadadenili Wavlis 

xarjze Q da dawnevaze H, wyalsaSvs ewodeba da-

Ziruli (nax. 1.38). 

 

 
nax.1.38 
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yvela tipis wyalsaSvze gadadenili wylis xarji 

gamoiTvleba formuliT 

2/3
0Hg2bmQ ⋅= , 

sadac m xarjis koeficientia; sxvadasxva tipis 

wyalsaSvebisaTvis igi gamoiTvleba sxvadaxsva empi-

riuli formulebiT; H0 _ dawneva Sesworebuli 

misvlis siCqariT   
g2

v
HH

2
0

0 += ;  V0 _ misvlis siCqare. 

zogjer ufro mosaxerxebelia misvlis siCqare 

gaTvaliswinebuli iyos xarjis koeficientSi m0, 

maSin: 

2/3
0 Hg2bmQ ⋅= . 

gverdiTi kumSva gaTvaliswinebulia xarjis koe-

ficientiT mc, romelic aseve empiriuli formuliT 

gamoiTvleba 

2/3
0c Hg2bmQ ⋅= . 

daZiruli wyalsaSvis SemTxvevaSi, xarjis formu-

laSi damatebiT Sedis daZirulobis koeficienti δσ ,  

2/3
0Hg2bmQ δσ⋅=  

Ria arxebsa da laboratoriul danadgarebSi 

mcire xarjebis gasazomad xSirad gamoiyeneba 

samkuTxa da trapeciuli wyalsaSvebi. 
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samkuTxa wyalsaSvebi (nax. 1.39.) Txelkedliani 

wyalsaSvia, romelSic amoWrilia samkuTxedi. im 

SemTxvevaSi, rodesac kuTxe °=Θ 90  -s da dawneva H 

icvleba 0,05 m-dan 0,25 m-mde, m=0.316 da xarji 

gamoiTvleba formuliT 

2/5H4.1Q= m3/wm. 

trapeciuli wyalsaSvis SemTxvevaSi (nax. 1.40), 

rodesac 014=Θ , m=0.25 da xarji gamoiTvleba Sem-

degi formuliT: 

2/3bH86.1Q =  m3/wm. 

b _ wyalsaSvis siganea fuZeSi. 

 

 

 
nax.1.39. 
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nax.1.40. 
 

praqtikuli gamoyenebis dros wyalsaSvisaTvis 

winaswar ageben Q-sa da H-s Soris damokidebulebis 

grafiks. nebismier momentSi SeiZleba piezometriT 

gavzomoT dawneva H da grafikidan aviRoT Sesabamisi 

xarjis mniSvneloba. 
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II ganyofileba 

mdinareebisa da wyalsacavebis 
hidrologiuri maxasiaTeblebi 
 

mecnierebas, romelic Seiswavlis dedamiwis zeda-

pirze da misi qerqis zeda nawilSi arsebul bu-

nebriv wylebs (hidrosferos), mis Tvisebebsa da iq 

mimdinare procesebs atmosferos, liTosferosa da 

biosferosTan urTierTkavSirSi, ewodeba hidrolo-

gia. 

hidrologiis nawils, romelic Seiswavlis zeda-

pirul wylebs xmeleTis hidrologia an mokled 

hidrologia ewodeba. okeaneebisa da zRvebis wylebs 

Seiswavlis hidrologiis nawili _ okeanologia, 

xolo miwisqveSa wylebs _ hidrogeologia. 

Sesaswavli wylis obieqtebis Sesabamisad asxva-

veben mdinaris hidrologias, tbebis hidrologias 

(limnologias), myinvarebis hidrologias (glacio-

logias). mdinaris hidrologia da hidravlika 

avseben urTierTs. 

xmeleTis hidrologiaSi gamoyofen Semdeg dar-

gebs: zogadi hidrologia, hidrografia, hidromet-

ria, sainJnro hidrologia da hidrologiuri prog-

nozebi. sainJinro hidrologia SeiZleba ganvixiloT 

rogorc gamoyenebiTi hidrologia, romelic hid-
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rologiuri kanonzomierebiT wyvets wylis resurse-

bis racionaluri gamoyenebisa da maTi dacvis amo-

canebs. 

 
I Tavi. zogadi hidrologia 

 
2.1. wyalbrunva bunebaSi.  

wylis balansis gantolebaa 
 

mzis energiis gavleniT dedamiwis zedapirze 

arsebuli wyali ganicdis uwvet wyalbrunvas. asxva-

veben wyalbrunvis ramdenime saxes. 

msoflio wyalbrunva _ okeaneebis zedapiridan 

aorTqlebuli teni, qaris mier gadaitaneba xme-

leTze, modis xmeleTis zedapirze naleqebis saxiT 

da zedapiruli da miwisqveSa Camonadenebis saxiT 

kvlav brundeba okeaneebSi. 

okeanuri wyalbrunva _ okeaneebis zedapiridan 

aorTqlebuli teni uSualod okeaneebSi brundeba 

naleqebis saxiT. 

Siga kontinenturi wyalbrunva _ xmeleTis zeda-

piridan aorTqlebuli wyali kvlav mis zedapirze 

brundeba atmosferuli naleqebis saxiT. 

wyalbrunva dedamiwaze grandiozuli procesia. 

dedamiwaze mosuli mzis energiis 23% xmardeba 

okeaneebidan da xmeleTidan wylis aorTqlebas. 
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wylis Semosavalisa da gasavalis Sefardebas 

garkveuli obieqtebisaTvis, arCeuli drois inter-

valSi maragebis cvlilebebis gaTvaliswinebiT, 

wylis balansi ewodeba. wylis balansis maTematikur 

gamosaxvas, wylis balansis gantoleba ewodeba. misi 

Sedgena SeiZleba wylis garkveuli obieqtisaTvis 

(tba, wyalsacavi da sxv.), mdinaris auzisaTvis, te-

ritoriis nawilisaTvis, hidrologiuri raioni-

saTvis, qveynisaTvis, materikisa da dedamiwisaTvis. 

mravalwliani dakvirvebis Sedegad SeiZleba dava-

skvnaT, rom okeaneebis, zRvebisa da xmeleTis zeda-

piridan saSualo wliuri aorTqlebis raodenoba 

maT zedapirze mosuli atmosferuli naleqebis 

jamis tolia, e.i. wylis balansis gantolebas 

dedamiwisaTvis aqvs Semdegi saxe: 

c0c0 XXZZ +=+ , 

sadac Z0 da Zc Sesabamisad zvrebis, okeaneebisa da 

xmeleTis zedapirebidan saSualo wliuri aorTq-

lebaa. 

Xo da XC Seabamisad aris zRvebis, okeaneebisa da 

xmeleTis zedapirebze mosuli naleqebi. calkeuli 

mdinaris auzis wylis balansis gantolebas xan-

grZlivi periodisaTvis aqvs Semdegi saxe:  

                                    X=Z+Y 
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sadac  X – naleqebia; Z - aorTqleba; Y – mdinaris 

Camonadeni. 

xolo SezRuduli periodisavis (Tve, weliwadi) 

mdinaris auzis wylis balansis Sedgenisas auci-

leblad unda gaviTvaliswinoT auzSi tenis maragis 

cvlileba, e. i.  

X=Z+Y±U, 

sadac U aris tenis maragis cvlileba. 

amrigad SeiZleba davaskvnaT, rom mdinaris Camo-

nadenis Camoyalibebaze ZiriTad gavlenas axdens 

klimaturi faqtorebi (naleqebi, aorTqleba, tenia-

oba, temperatura). 

 
2.1.2. haeris tenianoba 

 
haeris tenianobas gansazRvravs haerSi arsebuli 

wylis orTqlis raodenoba. asxvaveben absolutur 

tenianobas, fardobiT tenianobas da tenianobis 

deficits. 

absoluturi tenianoba ewodeba wylis orTqlis 

raodenobas 1 m haerSi aRebul temperaturaze; izo-

meba g/m 3 -iT da aRiniSneba e asoTi. rac metia haeris 

temperatura,  miT meti orTqlis dakaveba SeuZlia 1 

მ 3  haers. ase, magaliTad, -30 0 C temperaturaze haerSi 

SeiZleba iyos 0,45 g orTqli, xolo +30 0 C tem-
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peraturaze 30.4 grami. haerSi arsebuli orTqli 

zrdis mis wnevas, romelsac wlis orTqlis dreka-

dobas uwodeben da izomeba milibarebiT.  milibari 

Seesabameba 0.75 mm vercxlis wylis svetis simaRles.  

haerSi realurad arsebuli orTqlis raodenobis 

e Sefardebas orTqlis im raodenobasTan, romelic 

maqsimalurad SeiZleba arsebobdes haerSi aRebul 

temperaturaze,  E fardobiTi tenianoba ewodeba da 

aRiniSneba r asoTi. igi gamoisaxeba % -iT.  

                        %100
E
er =                                            (2.1) 

Tu fardobiTi tenianoba miaRwevs 100%-s, haeri 

gajerebulia orTqliT, moxdeba misi kondensacia da 

warmoiqmneba naleqi. 

aRebul temperaturaze haeris gajerebisaTvis 

saWiro orTqlis raodenobisa da haerSi realurad 

arsebuli orTqlis raodenobis sxvaobas, tenianobis 

deficiti ewodeba.  

                             D=E-e                                                  (2.2)                      

 
2.1.3. naleqebi, aorTqleba 

 
aorTqlebis procesi imaSi mdgomareobs, rom 

Txevadi da myari mdgomareobidan wyali gadadis ga-

zobriv mdgomareobaSi. wylis molekulebi ganu-

wyvetliv moZraoben. rac metia wylis temperatura, 
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miT metia molekulebis moZraobis siCqare.  rodesac 

molekulebis moZraobis siCqare gadaaWarbebs mole-

kulebis mizidulobis Zalebs, isini mowydebian 

wylis Tavisufal zedapirs da gadadian haerSi. ami-

tom aorTqlebis intensivoba pirvel yovlisa, damo-

kidebulia wylis temperaturaze. garda amisa, 

aorTqlebaze did gavlenas axdens haeris nakadebi 

(qari) kerZod ki haeris turbulenturoba. qari 

zrdis haeris turbulenturobas da Sesabamisad 

izrdeba aorTqleba. aRsaniSnavia, rom wyalsacavebis 

zedapirze qaris siCqare 1,5-2,5 T-jer metia xmeleTis 

zedapirze qaris siCqaresTan SedarebiT. garda amisa, 

aorqlebaze did gavlenas axdens tenianobis defi-

citi. Tu haeri gajereblia orTqliT, maSin aorTq-

leba praqtikulad wydeba. 

aorTqleba yinulsa da Tovlis zedapiridan ram-

denime aTeuliT naklebia wylis zedapiridan aorTq-

lebasTan SedarebiT. zomier ganedebSi igi 20-30 mm-s 

ar aRemateba zamTris mTel periodSi. gazafxulze 

haeris temperaturis zrdis gamo, Tovlis zedapi-

ridan aorTqleba mniSvnelovnad izrdeba. yinulisa 

da Tovlis zedapiridan aorTqlebis gansxvavebuli 

Tavisebureba isaa, rom wylis gadasvla myari mdgo-

mareobidan gazobrivSi ise xdeba, rom ar gadadis 

Txevad fazaSi. xmeleTidan (gruntidan) aorTqleba 
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iyofa or nawilad: aorTqleba xmeleTidan, romelic 

ar aris dafaruli mcenareuli safariT, da aorTq-

leba xmeleTidan, romelic dafarulia mcenareuli 

safariT. pirvel SemTxvevaSi aorTqleba imaSi mdgo-

mareobs, rom orTqldeba uSualod miwis zedapirze 

mosuli naleqebi da kapilaruli awevis gavleniT 

miwis zedapirze amosuli miwisqveSa wyali. mcena-

reuli safariT dafaruli xmeleTidan aorTqleba 

mdgomareobs im naleqebis aorTqlebaSi, romelTac 

Seikavebs mcenaris foTlebi da tani, da aorTqleba 

romelic dakavSirebulia mcenaris sasicocxlo pro-

cesebTan. cnobilia, rom mcenaris mier Sewovili 

wylis didi nawili midis aorTqlebaze, xolo mcire 

nawili xmardeba sasicocxlo procesebs (1-litri 

Sewovili wylidan mxolod 2-3 grami xmardeba 

sasicocxlo procesebs). aorTqlebis am rTul pro-

cess, transpiracia ewodeba. aorTqlebis gaTvalis-

wineba aucilebelia maregulirebeli wyalsacavebis 

saSualebiT Camonadenis regulirebis gangariSebi-

sas. 

wylis obieqtebidan da xmeleTidan aorTqlebuli 

wylis teni haeris dinebebiT gadaitaneba rogorc 

vertikaluri, ise horizontaluri mimarTulebiT. 

wylis orTqli moxdeba ra atmosferos zeda fe-

nebSi, sadac temperatura naklebia, iqmneba imis pi-
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roba, rom fardobiTma tenianobam miaRwios gajere-

bis zRvars da moxdes kondensacia, anu orTqlis 

gadasvla wylis wveTebSi; Tu temperatura dabalia, 

warmoiqmneba yinulis kristalebi. amrigad, wamova 

naleqi wvimis, Tovlisa da setyvis saxiT. naleqebi 

araTanabradaa ganawilebuli drosa da sivrceSi. na-

leqebis raodenobaze gavlenas axdens reliefi, si-

maRle zRvis donidan, tyis safari, zRvis siaxlove, 

qarebi zRvidan da sxv.  

dedamiwaze naleqebis ganawilebaze detalur 

warmodgenas gvaZlevs izohietebiani ruka. izohieti 

erTnairi naleqebis mqone wertilebis SemaerTebeli 

xazia. naleqebis mosvlis procesi diskretuli xa-

siaTisaa, amitom gasaSualoebis aucilebeli perio-

dia 20-30 weli. Tanamedrove wvimsazomi da Tovl-

sazomi xelsawyoebi gvaZlevs imis saSualebas, rom 

izohietebi avagoT, ara marto saSualo wliuri na-

leqebisaTvis, aramed Tviuri naleqebisaTvisac. nale-

qebi izomeba mm-iT. drois erTeulSi mosul nale-

qebs, intensivobas uwodeben. praqtikuli amocanebis 

gadasawyvetad didi mniSnveloba aqvs ara marto 

saSualo wliuri naleqebis raodenobas, aramed misi 

mosvlis intensivobasac. wvimas, romlis intensivoba 

0,5 mm-s aRemateba wuTSi, kokispirul wvimas uwo-

deben. msoflioSi yvelaze meti naleqi modis 
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indoeTSi (bengalis StatSi), sadac 1861 wels movida 

22900 mm; dRe-Ramis ganmavlobaSi yvelaze meti na-

leqi dafiqsirda filipinebis kunZulze 1168 mm; sa-

qarTveloSi yvelaze meti naleqi modis baTumSi 2700 

mm weliwadSi. naleqebi izomeba naleqsazomiT, ro-

melic warmoadgens 500 sm farTobis mqone kasrs, 

romelsac vertikalur dgarze aTavseben 2 m-is 

simaRleze miwis zedapiridan. masSi moxvedril 

naleqs gadaasxamen specialurad dagradiurebul 

menzuraSi, romelic pirdapir gvaZlevs naleqebis 

sidides mm-iT. arsebobs avtomaturi TviTCamweri 

xelsawyo _ pluviografi.   

 

II Tavi. mdinareebi 
 

2.2.1. mdinaris qseli. wyalSemkrebi auzi 
 

miwis zedapirze naleqebis saxiT mosuli wyali, 

moxvdeba ra dadablebul adgilebSi, bunebrivi qano-

bis gayolebiT iwyebs dinebas jer patar-patara naka-

dulebad, romlebic garkveuli manZilis gavlis Sem-

deg warmoqmnian mdinareebs. es patara mdinareebi 

Semdgom Tavs iyrian erT mTavar mdinareSi, romelic 

Caedineba zRvaSi. ase Seiqmneba mdinaris qseli, ro-

melsac gegmaSi aqvs datotvili xis forma da rome-

lic Sedgeba mTavari mdinarisa da misi marjvena da 

marcxena Senakadebisagan. im adgils, sadac mdinare 
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iwyeba, saTave ewodeba, xolo SesarTavi hqvia im 

adgils, sadac mdinare uerTdeba zRvas, tbas an 

meore mdinares.  

mdinaris klaknilobas axasiaTeben e.w. klakni-

lobis koeficentiT, romelic warmoadgens mdinaris 

klaklini sigrZisa da saTavis, da SesarTavi ubnebis 

SemaerTebeli swori xazis sigrZis fardobas 

                                           
L

K = .                                   (2.3) 

mdinaris qseli xasiaTdeba agreTve sixSiriT. igi 

warmoadgens mTavari mdinarisa da misi Senakadebis 

sigrZeebis jamisa da wyalSemkrebi auzis farTobis 

fardobas. 

                                          
F

a ∑= .                               (2.4) 

sadac  l calkeuli mdinaris sigrZea; F _ wyal-

Semkrebi auzis farTobi. 

xmeleTis is nawili, romlidanac wyali Caedineba 

calkeul mdinareSi (tbaSi) an mdinareTa sistemaSi, 

warmoadgens am mdinaris (tbis) zedapirul wyal-

Semkreb auzs. miwisqveSa wyalSemkrebi im gruntebis 

erTobliobaa, saidanac miwisqveSa wyali Seedineba 

mdinareebSi, tbaSi, wyalsacavSi (nax.2.1). zedapiruli 

wyalSemkrebi SemosazRvrulia wyalgamyofi xaziT, 

misi dadgena SeiZleba topografiuli rukebidan. igi 
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gadis xmeleTis umaRles wertilebSi, Sekruli kon-

turia, romelic erTmaneTisgan gamoyofs mezobel 

wyalSemkreb auzebs (nax. 2.2) da romlis dadgenac 

SesaZlebelia sakmarisi sizustiT. praqtikaSi mdina-

ris wyalSemkreb auzad miiReba zedapiruli wyal-

Semkrebi auzis farTobi F. 

 

 
 

nax. 2.1. zedapiruli da miwisqeveSa wyalgamyofebi 

 

mdinaris auzs axasiaTeben sigrZiT L, saSualo 

siganiT 
F
LB =  da asimetriulobis koeficientiT 

marjvena

arcxenam

F

F
a = . 
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nax.2.2. 

1 _ wyalgamyofi xazebi, 2 _ mdinaris sistemebi,  
3 – calkeuli mdinareebi, romelic uSualod erTvis 

zRvebs 
 

 
2.2. 2 mdinaris xeoba. mdinaris grZivi profili 

 
mdinaris xeobis ZiriTadi damaxasiaTebeli ele-

mentebia: xeobis fskeri, mdinaris kalapoti, Wala 

anu noRa kalapoti, sigane, warbi, ferdobis Ziri, si-

maRle da terasebi (nax. 2.3). 

xeobis dadablebul nawils, xeobis fskers 

uwodeben. fskeri xSirad dafarulia mdinaris mier 

transportirebuli myari nataniT _ aluvioniT. 

aluvionSi gaWrilia mdinaris kalapoti anu xeobis 

is nawili, romelSic wyali gaedineba Cveulebriv 
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pirobebSi. kalapotis udablesi wertilebis Semaer-

Tebel xazs, talvegi hqvia. 

 

 
nax.2.3. xeobis ganivi kveTi (terasebis gareSe): 
1_xeobis fskeri; 2_mdinaris kalapoti; 3_noRa 

kalapoti; 4-xeobis gani; 5-simaRle; 6_xeobis warbi;  
7-fedobis Ziri; 8_xeobis ferdobi; 9_momijnave 

adgimdebareoba; wmd _wylis maqsimaluri done;  
wud _ wylis udablesi done. 

 
Wala anu noRa kalapoti agebulia myari nataniT, 

warmoadgens movakebul adgils, romelic wyliT 

ifareba mxolod wyalmetobis dros. mas aqvs qanobi 

mdinarisaken. xeobis warbi aris xeobis ferdobebisa 

da miwis zedapiris urTierTSeuRlebis wertilebSi 

gamavali xazi. 

xeobis warbis niSnulisa da wylis udablesi 

donis niSnuls Soris sxvaoba aris xeobis simaRle. 
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xeobis ferdobze safexurisebr ganlagebul mova-

kebul adgilebs, romelzedac mdinare miedineboda 

istoriul warsulSi, terasa ewodeba. viwro da 

Rrma xeobas, kanioni ewodeba. 

mdinaris saTavesa da SesarTavSi arsebul niS-

nulTa sxvaobas, mdinaris vardnas uwodeben,     

ΔH=H1-H2 vardnis Sefardebas mdinaris sigrZesTan, 

qanobi ewodeba (nax. 2.4) 

                                    α=
Δ

= tgHI                                (2.5) 

 

       
 

nax.2.4 mdinaris vardna da qanobi 
 

mdinaris sigrZeze gamoyofen sam damaxasiaTebel 

ubans (nax. 2.5) 

mdinaris zemo _ maRalmTian da mTian nawilSi 

didia mdinaris qanobi da Sesabamisad didia nakadis 
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moZraobis siCqare. amitom am ubanze xdeba mdinaris 

kalapotis intensiuri gamorecxva da mas eroziis 

zonas uwodeben.  

 

    

 

nax.2.5. mdinaris grZivi profilis  
damaxasiaTebeli profili 

 

mdinaris Sua nawilSi _ mTiswina ubnebSi recx-

viTi da daleqviTi procesebi erTmaneTs enacvleba 

da ZiriTadad daculia wonasworobis profili. ami-

tom am ubans, tranzitis anu gadatanis zonas uwo-

deben. mdinaris qvemo nawilSi qanobi da Sesabamisad 

nakadis siCqare mcirdeba, amitom am ubanze xdeba 

myari natanis daleqva. aqedan gamomdinare, am ubans 

akumulaciis anu daleqvis zonas uwodeben. 
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2.2.3. mdinaris nakadis kinematikuri 
Taviseburebani 

 

mdinaris nakadSi siCqaris ganawileba gamoirCeva 

didi sirTuliT. amitom hidrologiaSi farTod ga-

moiyeneba siCqaris velis gansazRvris eqsperimentu-

li meTodi. TvalsaCino warmodgenas mdinareSi siC-

qareTa ganawilebaze gvaZlevs erTnairi adgilob-

rivi siCqareebis SemaerTebeli xazebi - izotaqebi. 

izotaqebis moxazuloba mWidrodaa dakavSirebuli 

kalapotis formasTan da mis xorklianobasTan. gan-

sakuTrebiT arsebiTi gansxvavebaa udawneo nakadSi 

siCqaris ganawilebis profilsa da yinuliT dafa-

rul nakadSi siCqaris ganawilebis profilebs So-

ris (nax.2.6 da 2.7). Tu pirvel SemTxvevaSi maqsi-

maluri siCqare mdebareobs siTxis Tavisufal zeda-

pirze, meore SemTxvevaSi maqsimaluri siCqare moTav-

sebulia siRrmeSi da misi mdebareoba damokidebu-

lia kalapotis fskerisa da yinulis qveda zedapi-

ris xorklianobaTa Sefardebaze. hidrometrul kve-

Tebs moniSnaven mdinaris sworxazovan ubanze, sadac 

moZraoba Tanabari an masTan miaxloebulia. amitom 

hidrologiis sxvadasxva amocanebis gadawyvetis 

dros gamoiyeneba hidravlikaSi Tanabari moZraobi-

saTvis miRebuli saangariSo formulebi.  
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nax.2.6. izotaqebis ganlagebis tipuri sqema  
mdinaris Ria kalapotSi 

 

 
 

nax.2.7. izotaqebis ganlagebis tipuri sqema yinuliT 
dafarul mdinaris kalapotSi 

 

gansakuTrebiT rTuli kinematikuri suraTi 

gvaqvs mdinaris moxveul ubnebSi. rogorc aRvniSneT, 

adgilobrivi siCqare mcirdeba siTxis Tavisufali 

zedapiridan fskerisaken. amitom centridanuli Za-

lebi zedapirTan gacilebiT metia, vidre fskerTan. 

es garemoeba iwvevs ganiv cirkulacias, ris gamoc 

zedapiruli denis wirebi mimarTulia amozneqili 
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gverdidan Sezneqili gverdisaken, xolo fskeruli 

denis wirebi piriqiT _  Sezneqili gverdidan 

amozneqili gverdisken. amasTan, maqsimaluri siCqa-

reebi TandaTan gadaadgildebian amozneqili gver-

didan Sezneqili gverdisaken. amitom cirkulacia 

iwvevs arasimetriuli cocxali kveTis farTobebis 

Camoyalibebas. amozneqil gverdTan gvaqvs myari na-

tanis daleqva, Sezneqil gverdTan ki Rrma garecx-

vebi da nakadis didi siRrmeebi _ natborebi. radgan 

mdinares gegmaSi klaknili moxazuloba aqvs,  ami-

tom natborebi mdinaris xan erT napirTan iqmneba, 

xan meoresTan. Sesabamisad, gadainacvlebs mdinaris  

udablesi wertilebis SemaerTebeli xazi _ farvate-

ri. ori mezobeli moxveulobis SemaerTebeli swori 

ubani xasiaTdeba dabali siRrmeebiT, romelsac Cqe-

rebs uwodeben. 

 
2.2.4. mdinareTa kveba. mdinaris reJimi.  

wylis donis cvalebadoba 
 

im faqtorebis erTobliobas, romlebic gansazRv-

ravs mdinaris wylianobas, uwodeben mdinaris kvebas. 

mdinaris kvebaSi monawileoben zedapiruli wylebi 

Txevad da myar mdgomareobaSi da miwisqveSa wylebi. 

amrigad, mdinare SeiZleba ikvebebodes wvimis wyliT, 

Tovlis da myinvarebis dnobiT Camoyalibebuli 
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wyliT da miwisqveSa wylebiT. wylis reJimi ewodeba 

wylis donis, xarjisa da moculobis cvalebadobas 

droSi. mdinaris wylis reJimis ZiriTad raodenob-

riv maxasiaTebels warmoadgens hidrografi _ wylis 

xarjis qronologiuri cvalebadobis grafiki mdi-

naris aRebul kveTSi (nax. 2.8). hidrografi gvaZlevs 

Camonadenis Sigawliur ganawilebaze srul warmaod-

genas anu Camonadenis ganawilebas wlis kalenda-

rul periodSi, an sezonSi. hidrografis analizis 

Sedegad SeiZleba ganvsazRvroT mdinaris Camonade-

nis warmoSoba. hidrografiT Semoxazuli farTobi 

ricxobrivad Camonadenis moculobis tolia; gamo-

iyeneba agreTve mdinareSi wylis donis cvalebado-

bis grafiki. 

wylis reJimis ZiriTadi fazebia _ wyalmetoba, 

wyaldidoba da wyalmciroba. mdinaris wylis re-

Jimis fazas, romelic yovelwliurad meordeba 

erTsa da imave sezonSi, xasiaTdeba didi wyliano-

biT, wylis donis aweviT xangrZlivi periodis gan-

mavlobaSi da gamowveulia Tovlis dnobiT an Tov-

lisa da myinvaris erTdrouli dnobiT, wyalmetoba 

ewodeba. 

wylis reJimis faza, romelic SeiZleba mraval-

jer ganmeordes wlis sxvadasxva sezonSi da rome-

lic xasiaTdeba wylis xarjisa da donis xanmokle 
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periodSi aweviT, wyaldidoba ewodeba. igi gamo-

wveulia wvimebiT an Tovlis dnobiT, saerTo daT-

bobis Sedegad. 

 

 
 

nax. 2.8 

 
mdinaris Camonadenis maxasiaTeblebi (wylis do-

ne, xarji, simaRle da sxv.) ganicdis dReRamur, 

Tviur, wliur (sezonur) da mravalwliur cvaleba-

dobas. aRebul kveTSi mdinaris wylis donesa da 

xarjs Soris grafikulad gamosaxul damokidebu-

lebas, xarjis mruds uwodeben. (nax. 2.9) 
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nax. 2.9. wylis xarjis, cocxali kveTis farTobisa 
da siCqareTa damaxasiaTebeli mrudebi 

 
mdinareSi wylis xarjis calkeuli gazomvebis 

ZiriTadi mizania kavSiris damyareba wylis xarjsa 

da dones Soris. Q=f(H). amis mixedviT SemdgomSi Se-

saZlebelia wylis yoveldRiuri xarjis dadgena ga-

zomili wylis donis saSualebiT. radganac xarji 

Q=ω⋅υ, xarjis mruds aqvs pirdapiri kavSiri coc-

xali kveTis  farTobsa da saSualo siCqaris mru-

debTan. cocxali kveTis mruds uwodeben ω=f(H) gra-

fikul gamosaxulebas, xolo saSualo siCqarisa da 

dones Soris grafikulad gamosaxul kavSirs, sa-

Sualo siCqaris mruds uwodeben  υ=f(H). 
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xarjis mrudze cdebiT miRebuli wertilebi gar-

kveuli gabneviT ganlagdebian; mruds mdored atare-

ben gabnevis zolis SuaSi. 

 

2.2.5. mdinaris Camonadenis  
maxasiaTebeli elementebi 

 

wylis obieqtebis maxasiaTeblebis cvalebadobas 

droSi, hidrologiur reJims uwodeben. misi erT-

erTi ZiriTadi maxasiaTebelia Camonadeni. mdinaris 

wylianobis dasaxasiaTeblad agreTve sxvadasxva 

mdinareTa Camonadenis Sesadareblad hidrologiaSi 

iyeneben Semdeg maxasiaTeblebs: 

1. mdinaris xarji aris drois erTeulSi aRebul 

ganivkveTSi gadenili wylis raodenoba (moculoba). 

mas Cveulebriv gamosaxaven m 3 /wm-iT. igi axasiaTebs 

mdinaris wylianobas aRbul momentSi. hidrolo-

giuri gaangariSebis dros gamoiyeneba xarjis sa-

Sualo dRiuri, saSualo Tviuri, saSualo wliuri 

da saSualo mravalwliuri mnivSnelobebi. 

2. Camonadenis moculoba W aris mdinaris aRe-

bul kveTSi drois periodSi gadenili siTxis mocu-

loba (raodenoba) W=QსაშT gamoisaxeba m3-iT an km
3
-iT. 

sadac W aris drois T periodSi gadenili siTxis 

moculoba, xolo Qსაშ wylis saSualo xarji gansa-

xilvel periodSi. 
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3. Camonadenis moduli M aris wylis xarji, 

romelic Camoedineba wyalSekrebi auzis erTeuli 

farTobidan drois erTeulSi. mas gamosaxaven l/wm. 

km
2-iT, zogjer m

3/wm km2-iT. Camonadenis modulsa da 

xarjs Soris arsebobs Semdegi damokidebuleba 

            M=
⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡

⋅
=

⋅
2kmwm

l

F
Q1000                               (2.6) 

1000 aris m
3
/wm-dan l/wm-Si gadamyvani koefi-

cienti.  

moduli axasiaTebs wyalSemkrebi auzis wylia-

nobas. mdinarisaTvis SeiZleba gamoTvlil iqnes mo-

duli aRebuli momentisaTvis, aseve saSualo Camona-

denis moduli raime periodisaTvis (mag., TvisaTvis, 

wlisaTvis da a.S.). wliuri Camonadenis dasaxasia-

Teblad iReben e.w. „hidrologiur“ wels. mis da-

sawyisad xSirad Tvlian im periods, rodesac mdi-

naris sazrdoobaSi SeimCneva mkveTri cvlileba an 

rodesac zedapiruli Camonadeni sruliad wydeba da 

iwyeba naleqebis dagroveba Tovlis saxiT. hidro-

logiuri wlis dasawyisad evropul nawilSi xSirad 

iReben pirvel oqtombers, pirvel noembers an pir-

vel dekembers. 

hidrologiur gaangariSebaSi farTod gamoiyeneba 

Camonadenis modulis ruka. masze daaqvT saSualo 
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mravalwliuri modulis mnivSneloba auzis centrSi. 

erTnairi modulebis mqone wertilebs aerTeben 

izoxazebiT. 

4. Camonadenis Sris simaRlea h. Tu cnobilia 

Camonadenis moculoba raime periodSi (W m
3) da 

auzis farTobi, maSin Camonadenis Sris simaRle am 

periodSi gamoiTvleba formuliT 

                          6

3

10F
10Wh

⋅
⋅

=  [mm].              (2.7) 

610  aris km2
-is m2

-Si gadamyvani ricxvi, xolo m-dam 

mm-So gadamyvani ricxvia 10 3 . 

Camonadenis modulisa da Sris simaRles Soris 

arsebobs Semdegi kavSiri: 

h=M⋅N, 

sadac N aris milioni wamis raodenoba aRebul 

periodSi. 30 dRian TveSi N=2,59, xolo 31 dRiani 

TvisaTvis  N=2,68, wlisaTvis N=31,56 .10 6 . 

5. Camonadenis norma. wliuri Camonadeni ganic-

dis mnivSnelovan cvlilebas mravlwlian periodSi. 

Tu gamovTvliT Camonadenis saSualo mravalwliur 

mniSvnelobas, maSin miviRebT met-naklebad myar maxa-

saiTeblebs, romelsac saSualo mravlwliur Camona-

dens anu normas uwodeben. magaliTad Q0, h0, M0 da a.S. 
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6. moduluri koeficienti aris Camonadenis 

nebismieri maxasiaTeblis aRebuli mnivSnelobis Se-

fardeba normasTan 

                                  
0

i

00

i

Q
Q

h
hi

M
M

K ===  .                               (2.8)     

i indeqsiT aRniSnulia Camonadenis sidide aRebu-

li periodisaTvis. moduluri koeficienti axasia-

Tebs mdinaris wylianobas aRebul periodSi. magali-

Tad, rodesac k>1, is wlebi uxvwylian wlebad iTv-

leba da piriqiT. 

7. Camonadenis koeficienti aris aRebuli perio-

dis Sris simaRlis h Sefardeba imave periodSi mo-

suli naleqebis raodenobasTan x da gamoisaxeba 

procentebiT 

    
%100

x
h
⋅=η  

igi gviCvenebs mosuli naleqebis ra raodenoba xmar-

deba mdinaris  Camonadenis Camoyalibebas. 

 

 

 

 

 

 



 153

III Tavi. hidrologiuri gaangariSebebi 
 

2.3.1. mdinaris Camonadenis ZiriTadi statistikuri 
maxasiaTeblebis gansazRvra 

 
hidrologiuri gaangariSebis ZiriTadi mizania im 

maxasiaTeblebis gansazRvra, romlebic raodenobri-

vad aRwershidrologiur procesebs. maT hidrolo-

giur maxasiaTeblebs uwodeben. ... mdinaris Camona-

denis formirebis fizikur-geografiuli pirobebis 

mravalferovneba da maTi cvlileba droSi ganapi-

robebs hidrologiuri gaangariSebis sirTules. 

hidrologiuri maxasiaTeblebis cvalebdoba aSka-

rad gamoxatul albaTur xasiaTs atarebs, amitom 

saangariSo hidrologiuri maxasiaTeblebis gansa-

zRvris (Sefasebis) meTodebi eyrdnoba maTze arse-

bul dakvirvebaTa mwkrivebis statistikur kanonzo-

mierebebs. cxadia, rac ufro xangrZlivi iqneba dak-

virvebaTa mwkrivi, miT ufro zusti iqneba statisti-

kuri kanonzomiereba da miT ufro saimedo iqneba mo-

mavlisaTvis hidrologiur maxasiaTebelTa progno-

zi. 

mwkrivis cvalebadobis ZiriTad statistikur ma-

xasiaTeblebs warmoadgens mwkirvebis wevrTa saSua-

lo ariTmetikuli mniSvneloba X0, variaciis koefi-

cienti CV da asimetriis koeficienti CS. Tu gvaqvs 
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dakvirvebaTa X1, X2, X3….Xn mwkrivi, maSin misi saSualo 

ariTmetikuli anu moda Semdegnairad gamoiTvleba: 

                                              ∑
=

=
n

1i
i0 X

n
1X ,                              (2.9) 

sadac n aris mwkrivis wevrTa raodenoba. 

statistikuri mwkrivis saSulo ariTmetikulis 

mimarT gabnevis (cvalebadobis) dasaxasiaTeblad ga-

moiyeneba saSualo kvadratuli gadaxra anu stan-

darti, romelic gamoiTvleba Semdegi formuliT: 

                           
1n

)XX(
2n

1i
0i

X −

−
=σ
∑
= .                       (2.10)  

saSualo kvadratuli gadaxris kvadrats, dis-

persias uwodeben. saSualo kvadratuli gadaxra 

kargad axasiaTebs mwkrivis wevrTa cvalebadobas, 

magram mas aqvs mwkrivis wevrTa ganzomileba. hid-

rologiuri gangariSebisas xSirad saWiro xdeba 

sxvadasxva hidrologiuri maxasiaTebelebis dakvir-

vebaTa mwkrivebis cvalebadobis Sedareba. saSualo 

kvadratuli gadaxra (radgan mas aqvs mwkrivis 

wevrTa ganzomileba) SedarebisaTvis ar gamodgeba. 

sxvadasxva mwkrivebis cvalebadobis Sedarebis miz-

niT, saSualo kvadratul gadaxras gamosaxaven 
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saSualo ariTmetikulis nawilebSi, romelsac varia-

ciis koeficients uwodeben. igi tolia 

                         
1n

)1K(

X
C

n

1i

2
i

0

X
V −

−
=

σ
=

∑
=   .               (2.10) 

0

i
i X

X
K =  warmoadgens mwkrivis aRebuli wevris 

fardobas saSualo ariTmetikulTan, mas moduluri 

koeficienti ewodeba. 

variaciis koeficienti warmoadgens mwkrivis 

wevrTa cvalebadobis maxasiaTebel uganzomilebo 

sidides. 

saSualo ariTmetikuli da cvalebadobis sxvada-

sxva maxasiaTeblebi (σX,CV) srulad ver axasiaTebs 

mwkrivs. saqme isaa, rom sxvadasxva mwkrivebidan 

SeiZleba Segvxvdes iseTebi, romlebsac aqvs erT-

nairi saSualo ariTmetikuli da dispersia, magram 

erTmaneTisagan ganxvavdebian centris mimarT sxvada-

sxvagvari dajgufebiT da ganawilebiT. Tu mwkrivis 

wevrTa gadaxrebidan dadebiT da uaryofiT gadaxra-

Ta raodenoba erTnairia (miuxedavad maTi absolu-

turi sididisa), maSin aseT mwkrivs simetriuls uwo-

deben. Tu dadebiT gadaxraTa ricxvi uaryofiT ga-

daxrebTan SedarebT mcirea, maSin amboben, rom 
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mwkrivs aqvs dadebiTi asimetria, xolo Tu mwkrivSi 

dadebiTi gadaxrebi sWarbobs uaryofiT gadaxrebs, 

maSin gvaqvs uaryofiTi asimetria. Tu gadaxrebs 

aviyvanT kubSi dadebiTi asimetriis dros dadebiTi 

gadaxrebi gaizrdeba ufro metad, vidre uaryofiTi 

gadaxrebi da gadaxraTa kubebis jami iqneba dade-

biTi. uaryofiTi asimetriis dros ki gadaxraTa ku-

bebis jami iqneba uaryofiTi. mwkrivis simetriu-

lobis dasaxasiaTeblad uganzomilebo gamosaxule-

bis misaRebad gadaxraTa kubebis saSualo mniSv-

nelobas yofen saSualo kvadratuli gadaxris kub-

ze. am fardobas asimetriis koeficients uwodeben. 

igi tolia 

                           3
v

n

2i

3
i

S nC

)1K(
C

∑
=

−
=  .                            (2.11) 

cxadia, simetriuli mwkrivisaTvis asimetriis 

koeficienti 0CS = . asimetriis koeficientis mniSv-

neloba rom saimedo iyos, saWiroa gvqondes da-

kvirvebaTa xangZlivi mwkrivi (100 weli da meti), rac 

hidrologiur praqtikaSi iSviaTad gvxvdeba. radgan 

variaciis koeficienti ufro mdgradia drois mi-

marT, amitom sainJinro-hidrologiur gaangariSebeb-

Si asimetriis koeficients gamoTvlian empiriuli 
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formuliT, rogorc variaciis koeficientis jerad 

ricxvs, Cs=aCv. 

Tu mdinare ikvebeba Tovlis dnobis xarjze, a=2, 

ე.ი. Cs=2Cv. 

Tu mdinare ikvebeba wvimebis xarjze, a =4, ე.ი. 

Cs=3Cv. 

Tu mdinares aqvs Sereuli kveba, a =3 და Cs=3Cv. 

 
2.3.2. korelacia 

 
hidrologiuri kvlevebis dros xSirad warmo-

iqmneba ori da meti mwkrivis hidrologiur maxa-

siaTeblebs Soris damokidebulebis damyarebis 

aucilebloba. 

Tu Y funqcia damokidebulia ara marto X1, X2, X3 … 

Xn-ze, aramed sxva faqtorebzec, maSin funqciona-

luri kavSirebisgan gansxvavebiT, Y –sa da  X1, X2, X3 … 

Xn -s Soris kavSirs, korelaciuri ewodeba. 

funqcionaluri damokidebulebis SemTxvevaSi  

argumentis TiTeul mniSvnelobas Seesabameba Y 

funqciis mxolod erTi gansazRvruli mniSvneloba. 

korelaciuri damokidebulebis SemTxvevaSi argumen-

tis TiToeul mniSvnelobas SeiZleba Seesabamebodes 

funqciis ramdenime mniSvneloba. 
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hidrologiur maxasiaTeblebs Soris kavSiri 

umetes SemTxvevaSi korelaciuria. korelaciuri da-

mokidebuleba SeiZleba gamoisaxos analizurad Tu 

SevarCevT gantolebas, romelic korelaciurad 

daakavSirebs X da Y-s. 

korelaciur kavSirs axasiaTeben korelaciis 

koeficientiT R. igi icvleba 0-dan 1-mde, magram mas 

SeiZleba hqondes dadebiTi an uaryofiTi niSani. ko-

relaciis koeficientis dadebiTi mniSvneloba gvi-

Cvenebs pirdapir kavSirs, rodesac X da Y-is orive 

mniSvneloba izrdeba an mcirdeba erTdroulad. ko-

relaciis koeficentis uaryofiTi mniSvneloba gvi-

Cvenebs, rom X-is gazrdis SemTxvevaSi Y mcirdeba, 

rac Sebrunebuli kavSiris maCvenebelia. 

rac ufro axlosaa R erTTan miT ufro mWidroa 

X da Y –s Soris kavSiri. 

korelaciis koeficienti gamoiTvleba formuliT 

   

∑ ∑

∑

= =

=

−⋅−

−−
=

N

1i

N

1i

2
0i

2
0i

n

1i
0i0i

)YY()XX(

)YY)(XX(
R  .            (2.13) 

hidrologiaSi ori mwkrivis urTierkavSiris xa-

risxis gansazRvrasTan erTad, xSirad saWiro xdeba 

aRebuli mwkrivis wevrTa urTierkavSiris (Siga kav-
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Siris) gansazRvra, amisaTvis iyeneben avtokorela-

cias. 

avtokorelaciis koeficenti gamoiTvleba formu-

liT 

              2
X

n

1i
0kt0t )XX)(XX(

r
σ

−−
=
∑
=

+

                         (2.14) 

sadac Xt  sawyisi mwkrivia  t=0,1,2,…, N; Xt+k  mwkrivia, 

romelic gadaadgilebulia K bijiT (K=1,2,3,…, 
4
N ). 

 
2.3.3. uzrunvelofis mrudebis gamoyeneba 

hidrologiaSi 
 

rogorc viciT, mdinaris Camonadeni ganicdis 

cvalebadobas droSi. wliuri cvalebadoba gamo-

wveulia weliwadis droebiT. Tu mxedvelobaSi ar 

miviRebT Camonadenis dReRamur cvalebadobas, gveq-

neba Camonadenis maxasiaTeblebis uwyveti mwkrivi. 

Camonadenis mravalwliani reJimis Seswavlis dros 

saqme gvaqvs wyvetil mwkrivTan, romlebsac erTmane-

Tisgan yofs drois monakveTi. uwyveti mwkrivis 

xangrZlivoba anu uzrunvelyofa gviCvenebs aRebuli  

sididis an masze meti sididis xarjis arsebobis 

xangrZlivobas. wyvetili wkrivis uzrunvelyofa gvi-

Cvenebs im SemTxvevebis ricxvs, ramdenjerac gvxvde-
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ba aRebuli sididis an masze meti sididis xarji. 

Tu wyvetil mwkrivs davalagebT klebadobis mixed-

viT, maSin mwkrivis wevrTa uzrunvelyofa gamoiTv-

leba formuliT 

%100
n
mP ⋅= , 

sadac m klebadobiT dalagebuli mwkrivis wevris 

rigiTi nomeria; n ki mwkrivis wevrTa ricxvi. imi-

saTvis, rom 0%-iani da 100%-iani uzrunvelyofa ga-

movricxoT, empiriuli uzrunvelyofis saangariSod 

gamoiyeneba Semdegi formula: 

                                    %100
1n

mP ⋅
+

=                          (2.15) 

hidrologiuri mwkrivebis dasaxasiaTeblad gamo-

iyeneba Semdegi grafikebi: hidrografi, ganmeorebis 

grafiki da uzrunvelyofis grafiki. 

ganmeorebis grafikis asagebad ordinatTa RerZze 

gadazomaven klebadobiT dalagebul xarjebs, xolo 

abscisTa RerZze xarjebis ganmeorebis ricxvs. xar-

jebs yofen intervalebad da sazRvraven TiToeuli 

intervalis Sesabamisi xarjebis ganmeorebis ricxvs. 

wertilebi aiReba intervalis SuaSi miRebul werti-

lebs aerTeben vertikaluri xazebiT. miviRebT gan-

meorebis grafiks. Tu intervals TandaTanobiT Seva-
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mcirebT, maSin ganmeorebis grafiki zRvarSi mogv-

cems ganmeorebis mruds (nax. 2.10). 

 
 

nax. 2.10. ganmeorebis ganawilebis 1 da uzrunvelyofis  
2 tipuri mrudebi 

 
TandaTanobiT SevkriboT zeda intervalidan qve-

da intervalisken xarjebis ganmeorebis ricxvi. igi 

mivakuTvnoT intervalis qveda bolos. aseTi wesiT 

agebul safexurisebr grafiks, xangrZlivobis grafi-

ki anu uzrunvelyofis grafiki ewodeba. igi gviCve-

nebs ramdenjer Segvxvdeba aRebul intervalSi mo-

Tavsebuli xarji an masze meti xarji dakvirvebis 

mTel periodSi. intervalis SemcirebiT zRvarSi mi-

viRebT mruds, romelsac xangrZlivobis anu uzrun-

velyofis mruds uwodeben. xSirad abscisTa RerZs 

gamosaxaven gansaxilveli periodis procentebiT. 

mTel periods iReben 100%-is tols. aseT procen-

tebs, uzrunvelyofis procentebs uwodeben (nax.2.10). 
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uzrunvelyofis mrudi gviCvenebs ramden SemTxvevaSi 

(%-iT) SeiZleba Segvxvdes aRebuli sididis an masze 

meti sididis xarji. 

hidrologiaSi gamoiyeneba agreTve ganawilebis 

mrudebi. mis asagebad abscisTa RerZze gadazomaven 

xarjebs an modulur koeficientebs, romelTac yo-

fen intervalebad. ordinatTa RerZze gadaizomeba 

TiToeul intervalSi moTasebuli xarjebis (an mo-

duluri koeficientebis) ganmeorebaTa ricxvi n anu 

sixSire. miRebul grafiks, histograma ewodeba. in-

tervalebis TandaTanobiT SemcirebiT miviRebT 

mruds, romelsac ganawilebis mruds uwodeben 

(nax.2.11). amrigad, uzrunvelyofis mrudi miiReba his-

togramidan sixSireebis TandaTanobiTi SekrebiT, 

anu ganawilebis mrudis integrirebiT. ganawilebis 

mrudis integrals Teoriuli uzrunvelyofis mruds 

uwodeben. uzrunvelyofis mrudis Teoriuli gamosa-

xva dReisaTvis SeuZlebelia, radganac Zalian cota 

monacemi gvaqvs mrudis zeda da qveda bolo mo-

nakveTebisaTvis, romlebic axasiaTebs Camonadenis 

udides da umcires mniSnelobebs. amitom, uzrunvel-

yofis Teoriul mruds ageben ganawilebis maTemati-

kuri mrudebis safuZvelze.  

hidrologiaSi yvelaze farTo gamoyenebiT sar-

geblobs pirsonis III tipis binomialuri da sampa-
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rametriani gama-ganawilebis mrudebi. orive saxis 

ganawilebis mrudebi Tavisuflad SeiZleba ganvsa-

zRvroT X0, Cv da Cs parametrebiT. 

 

 
nax.2.11 

 
pirsonis III tipis binomialuri mrudis maTemati-

kuri gamosaxulebis zusti integrireba SeuZlebe-

lia. a. fosterma moaxdina am gantolebis miaxloe-

biTi integrireba da Seadgina cxrilebi, romelTa 

mixedviTac SeiZleba ganisazRvros uzrunvelyofis 

mrudis ordinatebi X0, Cv da Cs parametrebis sa-

SualebiT. es cxrilebi SemdegSi daazusta ribkinma. 

cxrilebSi mocemulia uzruvnelyofis mrudis ordi-

natis gadaxra saSualo mniSvnelobidan Фр% im 
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SemTxvevaSi, roca Сv=1. Cs-isa da uzrunvelyofis 

procentze  P%  dayrdnobiT,  

                          
%100

C
1K

Ф
v

%P
%P ⋅

−
= . 

aqedan uzrnvelyofis mrudis ordinata 

                               1CK v%P%P +⋅φ=                         (2.16) 

(2.16) formulis analizis safuZvelze vRebu-

lobT, rom im SemTxvevaSi, rodesac  Cs<2Cv binomia-

luri mrudis gamoyeneba SeuZlebelia hidrolo-

giuri gaangariSebebisaTvis, Teoriulad da praqti-

kulad damtkicebulia, rom samparametriani gama-

ganawilebis gamoyeneba SesaZlebelia Cs da Cv-s ne-

bismieri TanafardobisaTvis. amrigad, aqvs gamoyene-

bis ufro farTo sfero. samparametriani gama-gana-

wilebis mrudebis ricxviTi integrirebis safuZvel-

ze krickim da menkelma Seadgines cxrilebi, rom-

lebic saSualebas gvaZlevs ganvsazRvroT uzrun-

velyofis Teoriuli mrudis ordinata Cv, 
V

S

C
C

 da 

uzrunvelyofisagan damokidebulebiT cxrilebSi mo-

cemulia moduluri koeficientebis mnivSnelobebi  

KP%.  P%=0,001-dan P%=99 0 -mde. Tu cnobilia KP%, 

uzrunvelyofis mrudis ordinata toli iqneba 

                                                    X=KP%X0                                 (2.17) 



 165

sadac X0 aris dakvirvebaTa mwkrivis saSualo 

mniSvneloba _ norma. 

uzrunvelyofis Teoriuli mrudi ewodeba im 

mruds, romelic agebulia Teoriuli formuliT 

(2.17) gansazRvruli koordinatebiT. empiriuli mru-

dis ageba garTulebulia imiT, rom arasakmarisi 

raodenobiTaa mocemuli empiriuli mniSvnelobebi 

uzrunvelyofis mrudis zeda da qveda nawilSi. 

garda amisa, am nawilebSi mrudis moxazuloba rTu-

lia (aqvs didi gradienti), ris gamoc uzrunvel-

yofis mcire cvlilebas Seesabameba hidrologiuri 

maxasiaTeblis Zalian didi nazrdi. am siZneleebis 

gadalaxva SeiZleba uzrunvelyofis mrudis agebiT 

albaTobis ujredulaze. am ujredulaze albaTobis 

skalas gardaqmnian ise, rom marTkuTxa koordinat-

Ta sistemaSi moxdes uzrnvelofis mrudis gawrfi-

veba (nax. 2.12). imave naxazze daitanen (2.14) formu-

liT gamoTvlil empiriul mniSvnelobebs. 
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nax. 2.12 1. dabali uzrunvelyofis Sesabamisi 

eqstrapolirebuli nawili; 2.. gawrfivebuli empiriuli 
mrudi; 3. empiriuli wertilebis momvlebebi; 4.maRali 
uzrunvelyofis Sesabamisi eqstrapolirebuli nawili 

 

2.3.4. maqsimaluri xarjebis gaangariSeba 
dakvirvebaTa sakmarisi mwkrivis arsebobis 

SemTxvevaSi 
  

saangariSo maqsimaluri xarji ewodeba im xarjs 

romlis gatarebaze iangariSeba hidrokvanZis wyal-

sagdebi nagebobebis zomebi, xidis xvretis zomebi da 

sxva.  

saangariSo maqsimaluri xarjebis gaangariSeba 

xdeba saxelmwifo standartebis mixedviT. am stan-
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dartebiT dadgenilia maqsimaluri xarjebis saanga-

riSo uzrunvelyofa nagebobis klasis mixedviT.  

cxrili 1 

wylis saangariSo maqsimaluri xarjebis 

uzrunvelyofa 

P% nagebobis klasis mixedviT 

saangariSo 

SemTxveva 

I II III IV 

0.1 1.0 3.0 5.0 ZiriTadi 

Sesamowmebeli 0.01 0.1 0.5 1.0 
* - garantirebuli Sesworebis gaTvaliswinebiT 

  

Tovlis dnobiT da wvimebiT gamowveuli maqsi-

maluri xarjebi dakvirvebaTa sakmarisi mwkrivis ar-

sebobis SemTxvevaSi gaiangariSeba uzrunvelyofis 

analizuri mrudebis saSualebiT. rogorc wesi, ga-

moiyeneba samparametriani gama-ganawilebis mrudi. 

gansakuTrebul SemTxvevaSi gamoiyeneba ganawilebis 

binomialuri mrudi. dakvirvebaTaA mwkrivis statis-

tikur damuSavebas win unda uswrebdes sawyisi masa-

lis detaluri analizi. gansakuTrebuli mniSvnelo-

ba eniWeba xarjis mrudis )H(fQ =  swor agebas da 

mis eqstrapolacias. zemoxsenebuli ganawilebis 

mrudis parametrebis, kerZod, dakvirvebaTa maqsima-

luri xarjebis saSualo mravalwliuri mniSvneloba 

Q  variaciis koeficienti Cv da asimetriis koefi-

cienti CS. gamoiTvlebian momentebis, udidesi dama-
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jereblobis da grafoanalitikuri meTodebiT. momen-

tebis meTodiT saSualo ariTmetikuli gamoiTvleba 

formuliT. 

                          
n

Q
Q

n

1i
i∑

==            (2.18) 

sadac n dakvirvebaTaA wlebis raodenobaa.  

variaciisa da asimetriis koeficientebi momente-

bis meTodiT gamoiTvleba Semdegi formulebiT: 

26
3

4
3

2
1 Cv

n
a

aCv
n
a

a
n
a

aCv ⎟
⎠

⎞
⎜
⎝

⎛
++⎟

⎠

⎞
⎜
⎝

⎛
++⎟

⎠

⎞
⎜
⎝

⎛
+= ; 

26
3

4
3

2
1 Cv

n
b

bCv
n

b
b

n
b

bCs ⎟
⎠

⎞
⎜
⎝

⎛
++⎟

⎠

⎞
⎜
⎝

⎛
++⎟

⎠

⎞
⎜
⎝

⎛
+= ; 

a1 .. a6  da b1 .. b6  koeficientebi aiReba cxrile-

bidan. Cv  da Cs  gadanacvlebuli vaiaciisa da asi-

metriis koeficientebia, romlebic gamoiTvlebian 

Semdegi formulebiT. 

    
1n

)1K(
Cv

n

1i

2
i

−

−
=
∑
=  ,                     (2.19)     

   
)2n)(1n(C

)1K(n
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3
v

n

1i

3
i

−−

−
=

∑
= .                 (2.20) 
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Tu Cv≤0,6 da Cs<1,0 variaciisa da asimetriis 

koeficientebis gaangariSeba dasaSvebia (2.19) da (2.20) 

formulebiT. 

dakvirvebaTa periodi iTvleba sakmarisad, Tu 

gansaxilveli periodi reprezentaciulia da gansa-

xilveli hidrologiuri maxasiaTeblebis fardobiTi 

saSualo kvadratuli cdomileba ar aRemateba 20%-s. 

saSualo ariTmetikulis saSualo kvadratuli 

cdomileba gamoiTvleba formuliT 

r1
r1

n
Q

cv −
+

⋅
σ

=σ , 

sadac r avtokorelaciis koeficientia. 

variaciis koeficientis saSualo kvadratuli 

cdomileba gamoiTvleba Semdegi formuliT 

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛

+
+

+

+
=σ

r1
Cvr31

2
)C1(n

C4n
Cv 22

v
2
v

cv . 

sxva maxasiaTeblebisa da korelaciis koeficien-

tebis cdomilebebi aiReba specialuri cxrilebidan. 

udidesi damajereblobis meTodi imaSi mdgoma-

reobs, rom saZiebeli parametrebis Sefasebis dros 

mxedvelobaSi miiReba misi iseTi mniSvneloba, rom-

lis drosac damajereblobis funqcia miaRwevs maq-

simalur mniSvnelobas. am meTodis dros variaciis 

koeficienti Cv da asimetriis koeficientisa da va-
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riaciis koeficientis fardoba 
v

S

C
C

 ganisazRvreba 

nomogramis saSualebiT statistikebis 2λ  da 3λ  

mixedviT  

        1n

Klg
n

1i
i

2 −
=λ
∑
−

 
da  

1n

KlgK
n

1i
ii

3 −
=λ
∑
−          (2.21) 

im SemTxvevaSi, rodesac gvaqvs cnobebi isto-

riuli maqsimumis  Sesaxeb, romelic ar Sedis 

dakvirvebaTaA mwkrivSi, uzrunvelyofis mrudis pa-

rametrebi gamoTvleba Semdegi gaTvaliswinebiT: 

a) udidesi damajereblobis meTodis dros sta-

tistikebis mixedviT 

                 )
Q
Q

lg
1n
1N

Q
Q

(lg
N
1 n

1i

iN
2 ∑

−

′

−
−′

+
′

=λ     (2.22) 

da 

             )
Q
Q

lg
Q
Q

1n
1N

Q
Q

lg
Q

Q
(

N
1 n

1i

iiNN
3 ∑

−

′′

−
−′

+
′

=λ   (2.23) 

b) momentebis meTodis dros formulebiT 

                   )Q
1n
1NQ(

N
1Q

n

1i
iN ∑

−
′ −

−′
+

′
=        (2.24) 

da 

                                                 Cv= 
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∑
−

′ −
−
−′

+−
′

=
n

1i

2i2N )1
Q
Q

(
1n
1N)1

Q
Q

(
N
1

    (2.25) 

sadac NQ  istoriuli maqsimaluri xarjia; n  _ 

dakvirvebaTaA wlebis raodenoba; N′ _ periodis 

xangrZlivoba, romlis drosac aRiniSneba )nN(QN >′  

miRebuli parametrebis mixedviT ageben uzrun-

velyofis Teoriul mruds, romlis mixedviTac 

gamoiTvleba saangariSo maqsimalur xarji 

Q max%P%P QKQ ⋅= , 

sadac  %PK  -aris moduluri koeficienti, romlis 

mniSvnelobasac aiReben kricki-menkelis cxrilebi-

dan. I klasis nagebobis daproeqtebis dros maqsi-

maluri xarjebis gaangariSebaSi SehyavT sagarantio 

Sesworeba QΔ , romelic iangariSeba Semdegi for-

muliT: 

                     %P
%P Q

n
Ea

Q ⋅
⋅

=Δ .           (2.26) 

%PQ  _ saangariSo uzrunvelyofis Sesabamisi 

xarjia; a  – koeficienti, romelic axasiaTebs 

mdinaris hidrologiur Seswavlas, igi icvleba 1 

dan 1,5 mde; %PE  _ axasiaTebs maqsimaluri xarjis 

gaangariSebis saSualo kvadratul Secdomas, aiReba 

grafikidan. 
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saangariSo maqsimaluri xarji tolia  

QQQ %Pmax Δ+=saang . 

sagarantio Sesworeba aiReba saangariSo maqsima-

luri xarjis ara umetesi 20%-ze. 

 
2.3.5. maqsimaluri xarjebis gaangariSeba 

hidrometriul dakvirvebaTa ararsebobis 
SemTxvevaSi 

 
hidrometriul dakvirvebaTa ararsebobis SemTx-

vevaSi, maqsimaluri xarjebis gaangariSebisaTvis ga-

moiyeneba empiriuli formulebi, romlebic miRebu-

lia hidrologiuri kvlevebis ganzogadebis safu-

Zvelze. mdinareebi iyofa _ baris mdinareebad da 

mTis mdinareebad, romelTa maqsimaluri xarjebis 

formirebis pirobebi arsebiTad gansxvavdeba erT-

maneTisagan. aseve gansxvavdeba Tovlis dnobiT Camo-

yalibebuli maqsimaluri xarjebisa da wvimebiT Ca-

moyalibebuli maqsimaluri xarjebis formirebis pi-

robebi. 

Tovlis dnobiT gamowveuli maqsimaluri xarjebi 

baris mdinareebisaTvis gamoiangariSeba Semdegi 

formuliT: 

        , μδδ
+

= 21n
p0

%Pmax )1F(

FhK
Q               (2.27) 
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sadac F aris mdinaris wyalSemkrebi auzis farTobi; 

hp _ wyalmetobis periodis Camonadenis Sris si-

maRle, romelic Seesabameba saangariSo uzrunvel-

yofas; K0 _ wyalmetobis SeTanwyobis parametri; 

1δ _koeficienti, romelic iTvaliswinebs maqsimalu-

ri xarjebis Semcirebas tbebisa da wyalsacavebis 

gavleniT; 2δ _koeficienti, romelic iTvaliswinebs 

maqsimaluri xarjebis Semcirebas tyeebisa da Wao-

bebis gavleniT; μ_koeficienti, romelic iTvaliswi-

nebs Camonadenis Srisa da maqsimaluri xarjebis 

statistikuri parametrebis uTanabrobas. 

xarjis maCvenebeli n da parametri K0 aiReba 

cxrilebidan bunebrivi zonebis (raionebis) da re-

liefis kategoriis mixedviT. 

Camonadenis Sris simaRlis saangariSo uzrunvel-

yofis Sesabamisi mniSvneloba  hp aiReba Camonadenis 

Sris saSualo simaRlis h , variaciis koeficien-

tisa da asimetriis koeficientis mixedviT.  hp.-is 

mniSvneloba aiReba izoxazebiani rukebidan. izoxa-

zebiani rukebidan aiReba agreTve  variaciis koefi-

cientis Cv mniSvneloba. asimetriis koeficients iRe-

ben CS= 2Cv-is tols, saangariSo Sris simaRle ki ga-

moiTvleba formuliT 
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              hKh PP ⋅= .    

1δ  da 2δ koeficientebi gamoiTvleba empiriuli 

formulebiT, xolo μ koeficienti aiReba cxrile-

bidan geografiuli zonisa da saangariSo uzrun-

velyofis mixedviT.  

Tovlis dnobiT gamowveuli maqsimaluri xarji 

mTis mdinareebisaTvis gamoiTvleba Semdegi formu-

liT: 

                    μδ
+

= 115.0
P0

p )1F(
FhK

Q             (2.28) 

aRniSvnebi am formulaSi wina formulis aRni-

Svnebis analogiuria. 

SeTanwyobis parametri K0 aiReba specialuri 

cxrilidan geografiuli raionis da am raionis 

wyalSemkrebi auzis zRvis donidan saSualo simaR-

lis mixedviT.  

Camonadenis Sris simaRle am gamosaxulebaSic sa-

mi parametris h , Cv da CS-is mixedviT gamoiTvleba, 

oRond asimetriis koeficienti gamoiTvleba formu-

liT  

CS=3 Cv. 

wvimebiT gamowveuli maqsimaluri xarjebis 

gaangariSebis meTodebi SeiZleba daiyos or jgufad: 
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1.  maqsimaluri xarjebis gaangariSeba regiona-

luri empiriuli formulebis gamoyenebiT, romle-

bic iTvaliswinebs maqsimaluri xarjebis formire-

bis mTavar faqtorebs ganzogadebuli formiT da 

miRebulia monacemebis statistikuri damuSavebis 

gziT. 

2.  meTodebi, romlebic eyrdnoba Camonadenis 

genetikur formulebs, romlebic, Tavis mxriv, asa-

xaven Camonadenis formirebis procesis Teoriul 

warmodgenas. 

radganac Teoriuli gantolebebis mkacri maTema-

tikuri amonaxsni ar arsebobs, amitom saxelmwifo 

standartebis mixedviT didi da saSualo sididis 

wyalSemkrebi auzis mdinareebisaTvis rekomendebu-

lia empiriuli reduqciuli formuliT, xolo mcire 

sididis wyalSemkrebi auzis mdinareebisaTvis Camo-

nadenis zRvruli intensivobis formuliT gaangari-

Seba. 

empiriul reduqciul formulas aqvs Semdegi 

saxe: 

           F
F

200MQ 21p

n

200P δδλ⎟
⎠
⎞

⎜
⎝
⎛=         (2.29) 

200M  aris 1%-iani uzrunvelyofis maqsimaluri 

xarjis moduli, romelic dayvanilia 200 km2 far-

Tobze, aiReba rukebidan; n _xarisxis maCvenebeli, 
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romelic aiReba rukidan; pλ  _ 1%-iani uzrunvelyo-

fidan sxva uzrunvelyofaze gadamyvani koeficienti, 

aiReba cxrilidan. 

Camonadenis gaangariSebis zRvruli intensivobis 

formulas aqvs Semdegi saxe 

                FHAQ 1p%1%1P δλϕ=         (2.30) 

sadac 1H  aris 1%-iani uzrunvelyofis naleqebis 

Sris simaRle, aiReba rukidan; ϕ _ wyaldidobis 

Camonadenis koeficienti aiReba cxrilidan; %1A  _ 

wvimis Camonadenis maqsimaluri moduli, misi 

mniSvneloba aiReba cxrilidan. 

 
2.3.6. minimaluri xarjebis gaangariSeba 

 
2.3.6.1. minimaluri xarjebis gaangariSeba 
hidrometriul dakvirvebaTa Sedegebis 

arsebobis SemTxvevaSi 
 

minimaluri xarjebis gaangariSeba aucilebelia 

Seuferxebeli eleqtro- da wyalmomaragebis uzrun-

velyofisaTvis, agreTve mdinareebis gamoyenebisaTvis 

sarwyavad da sanaosnod. mdinareebis wyalmomara-

gebisaTvis gamoyenebis dros saangariSo uzrun-

velyofad aiReba 95%-iani uzrunvelyofa; hidrosad-

gurebis daproeqtebis dros angariSoben 90%-ian uz-

runvelyofis xarjs, xolo morwyvisaTvis 85%-ian 
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uzrunvelyofis xarjs. saangariSo minimaluri 

xarjs angariSoben saSualo Tviuri xarjebis an 

saSualo dRiuri xarjebis mixedviT. 

saSualo Tviuri xarjebi gamoiyeneba im SemTx-

vevaSi, rodesac wyalmcirobis periodi xangrZlivia 

da mdgradi (igi grZeldeba aranakleb ori Tvisa da 

am periodSi ar aris wyaldidoba). 

30-dRiani saSualo xarji gamoiyeneba im SemTx-

vevaSi, rodesac aris xanmokle wyalmcirobis pe-

riodi wyvetebiT. igi gamoiTvleba Semdegnairad: 

wliuri xarjebis hidrografebi aigeba dakvirvebis 

yvela wlisTvis. TiToeul hidrografze gamoiyofa 

ubnebi, romlebic Seesabameba 30-dRian arakalenda-

rul monakveTs minimaluri xarjebiT. Semdeg gamo-

vTvliT maT saSualo mniSvnelobas. 

hidrometriuli dakvirvebebis arsebobis SemTxve-

vaSi minimaluri xarjebis gaangariSeba warmoebs uz-

runvelyofis Teoriuli mrudis gamoyenebiT. am 

mrudis parametrebi _ saSualo minimaluri xarji 

Q0min, variaciis koeficienti Cv  da asimatriis koe-

ficienti CS gamoiTvleba cnobili formulebiT 

n

Q
Q

n

1i
c

0

∑
== , 

n

)1K(
C

n

1i

2
i

v

∑
=

−
= , 3

v

n

1i

3
i

S nC

)1K(
C

∑
=

−
= . 
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Semdeg Semowmdeba am parametrebis sarwmunoeba 

cnobili meTodebiT. minimaluri xarjebis uzrun-

velyofis Teoriul mruds ageben an ganawilebis 

binomialuri mrudis, an samparametriani gama-gana-

wilebis mrudebis gamoyenebiT. uzrunvelyofis mru-

debis mixedviT ganisazRvreba saangariSo uzrunvel-

yofis Sesabamisi ordinata KP, xolo Semdeg minima-

luri xarji. 

 
2.3.6.2. minimaluri xarjebis gaangariSeba 
hidrometriuli dakvirvebis ararsebobis 

SemTxvevaSi 
 

mcire mdinareebis minimaluri xarjebis formi-

rebis procesi gansxvavdeba saSualo mdinareebis mi-

nimaluri xarjebis formirebis procesisagan. amitom 

maTi minimaluri xarjebis gaangariSebis meTodebi 

erTmaneTisagan gansxvavdeba. mdinareebis dayofa 

mcire da saSualo mdinareebad damokidebulia 

mdinaris geografiul mdebareobaze (raionze) da mi-

nimumis tipze (zafxulis, Semodgomis da zamTris). 

saxelmwifo standartebSi mocemulia rukebi ev-

raziis teritoriisa da raionebisaTvis, iqve war-

modgenilia mcire mdinareebis wyalSemkrebi auzis 

zRvruli sidideebis cxrili. 

saSualo mdinareebis saangariSo minimaluri xar-

jebi Semdegnairad ganisazRvreba: izoxazebiani ruke-
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bidan ganisazRvreba minimaluri 30-dRiani Camonade-

nis 80%-iani uzrunvelyofis moduli wyalSemkrebi 

auzis centrisaTvis interpolaciiT. Semdeg es mo-

duli gadahyavT 30-dRian xarjSi 

                  
1000

FM
Q %80

%80 =                (2.31) 

sadac F  aris wyalSemkrebi auzis farTobi. 

saangariSo uzrunvelyofis Sesabamisi minimalu-

ri xarji gamoiTvleba formuliT 

P%80%Pmin QQ λ⋅= , 

sadac Pλ  gadamyvani koeficientia, romlis mniSvne-

loba aiReba cxrilebidan.  

minimaluri 80%-iani uzrunvelyofis saSualo 

Tviuri xarji im mdinareebisaTvis, romlebic ikvebe-

ba tbebidan, gamoiTvleba Semdegi formuliT 

Q80%tb 0%80 Q26.0Q7.0 β+=  

sadac Q80% aris tbidan gamomdinare mdinaris 80%-

iani uzrunvelyofis 30-dRiani xarji; β _ tbis 

fardobiTi moculoba 
W

WC=β ; WC _ tbis saSualo 

mravalwliuri moculoba; W _ saSualo mraval-

wliuri Canadeni tbaSi; 

Mmcire mdinareebisaTvis 80%-iani uzrunvelyofis 

30-dRiani xarji gamoiTvleba formuliT 
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n
0

3
%80 )fF(10Q +α= − . 

α , 0f  da n parametrebi ganisazRvreba geografiuli 

raionis mixedviT, xolo saangariSo uzrunvelyofis 

minimaluri xarji gamoiTvleba formuliT  

P%80P QQ λ⋅= . 

gadamyvani koeficienti Pλ  mocemulia cnobarebSi. 

 
IV Tavi. wyalsatevebi 

 
2.4.1. zogadi cnobebi 

 
xmeleTis wyalsatevebs warmoadgens tbebi da 

wyalsacavebi. tbebs uwodeben xmeleTis qvabulSi 

moqceul Senelebuli wyalcvlis bunebriv wyalsa-

cavebs, romelTac ara aqvT uSualo kavSiri msof-

lio okeanesTan. wyalsacavebi ki miekuTvneba xelov-

nuri wyalsatevebis kategorias, amitom rigi hidro-

logiuri Tvisebebi da parametrebi erTdroulad da-

maxasiaTebelia rogorc tbebis, ise wyalsacavebi-

saTvis. 

dedamiwaze tbebis saerTo moculoba Seadgens 

daaxloebiT 176 aTas km3-s. am moculobis 52% 

mtknari wylebia, danarCeni ki modis mineralizebul 

tbebze. msoflios udidesi tbebis mTavari maxa-

siaTeblebi mocemulia 2 cxrilSi.  
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cxrili 2 
msoflios umTavresi tbebi 

ZiriTadi morfometriuli 
maxasiaTeblebi 

# 
tbis 

saxel-
wodeba 

konti-
nenti, 
qveyana 

mocu-
loba, 
km3 

far-
Tobi, 
1000 
km2 

udi-
desi 
siRr-
me, m 

sima-
Rle 
zRvis 
doni-
dan, m 

1 
kaspiis 
zRva 

azia  78200 374 1025 -28,5 

2 baikali 
azia 
(ruseTi) 

23000 31,5 1741` 456 

3 
tanga-
niika 

afrika 18900 32,9 1435 773 

4 zemo tba 
Cr. 
amerika 

11600 82,7 406 183 

5 
naisa 
(malavi) 

afrika 7725 30,9 706 472 

6 miCigani 
Cr. 
amerika 

4680 58,1 281 177 

7 huroni 
Cr. 
amerika 

3580 59,8 229 177 

8 viqtoria afrika 2700 69,0 92 1134 

9 
isiq-
qoli 

azia 
(yirgi-
zeTi) 

1730 6,2 702 1608 

10 ontario 
Cr. 
amerika 

1710 19,0 236 75 

 
saqarTvelos teritoriaze 850 tbaa, romelTa 

saerTo farTobia 170 km2; tbebSi wylis maragia 0,72 

km3. pirveli xuTi didi tbis (riwa, faravani, pa-

liastomi, saRamo, tabawyuri) saerTo farTobia 72,6 

km2 (45%), romelTa wylis moculoba 535 mln m3 anu 

mTeli tbebis moculobis 74%-ia (ix. cxr 7.2). 
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cxrili 3 

ZiriTadi morfometriuli maxasiaTeblebi 

# 
tbis 

saxelwo-
deba 

moculoba, 
km3 

farTobi, 
1000 km2 

udidesi 
siRrme, 

m 

simaRle 
zRvis 

donidan, 
m 

1 tabawyuri 221,0 14,2 40,2 1997 
2 riwa 94,0 1,49 101 884 
3 faravani 90,8 37,5 3,3 2073 

4 
palias-
tomi 

52,0 18,2 3,2 -0,3 

5 jandari 51,0 10,6 7,2 291 
6 yelis tba 31,7 1,3 63 2914 

7 
xozavani 
(karwaxi) 

19,3 26,3 1,0 1799 

8 madaTafa 9,5 8,8 1,7 2108 

9 
saRamos 
tba 

7,7 4,8 2,3 1996 

10 xanCali 6,4 13,3 0,7 1928 
11 bazaleTi 5,6 1,2 7,0 878 

 
dagrovili wylis moculobiT msoflios didi 

wyalsacavebi ar Camouvardeba tbebs (cxr. 4). 
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cxrili 4 

msoflios umTavresi wyalsacavebi 
 

ZiriTadi maxasiaTeblebi 

# 

w
ya
l
s
ac

av
is

 
d
as

ax
el

eb
a 

qv
ey
an
a 

md
in

ar
e,
 t

b
a 

S
ev
s
eb

is
 p
er

io
d
i 

w
yl

is
 S

et
b
o
r
va
 

ka
S
x
al

T
an
, 
m 

s
r
u
l
i 

mo
c
u
l
o
b
a,
 k
m3

 

s
as

ar
g
eb

l
o
 

mo
c
u
l
o
b
a,
 k
m3

 

s
ar

ko
b
r
iv
i 

z
ed

ap
ir

is
 

f
ar

T
o
b
i,
 1
00
0 
km

2  

s
ig

r
Ze
, 

km
 

1 

viqto-
ria 
(ouenfo
lsi) 

uga-
nda, 
Tan-
zania, 
kenia 

md.nil
osi, 
tba. 
viqto-
ria 

1954 31 204,8 204,8 76,0 320 

2 bratskis 
ruse-
Ti 

angara
1965-
67 

106 169,3 48,2 5,47 565 

3 kariba 
zambia, 
zimba-
bve 

zambe-
zi 

1958-
63 

100 160,3 46 4,45 300 

4 naseri 
egvip-
te, 
sudani 

nilo-
si 

1970 95 157 74 5,12 500 

5 
volta 
(akosom-
bo) 

gana volta
1964-
67 

70 148 90 8,48 400 

6 

aniel-
jonsoni 
(manikuag
ani-5) 

kanada 

md. da 
tba 
mani-
kuaga-
ni 

1968-
74 

154 141,8 85,9 1,95 100 

7 
krasno-
iarskis 

ruse-
Ti 

enisei 1967 100 73,3 30,4 2,0 390 

8 
uadi-
sarsari 

erayi tigri 
1956-
76 

- 72,8 43,5 2,0 100 

9 

Gordon-
m.Srami 
(portij-
mauntini
) 

kanada 
pis-
rivera

1968 165 70,1 37,0 1,68 360 

10 zeis 
ruse-
Ti 

zea 1974 98 68,4 32,1 2,42 225 
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saqarTveloSi wyalsacavebi ZiriTadad gamoiyene-

ba sarwyavad da energetikuli mizniT (cxr. 5). 

cxrili 5 
 

moculoba
, mln. m3 

w
ya
l
s
ac

av
eb

i 

kv
eb

is
 w

ya
r
o
 

md
eb

ar
eo

b
is

 
ad

mi
ni

s
t
r
ac

. 
r
ai
o
ni

 

g
am
o
ye
ne
b
is

 s
ax

e 

r
eg

u
l
ir

eb
is

 
x
as

ia
T
i 

eq
s
pl

. 
S
es

vl
is

 
w
el

i 

mT
l
ia
ni

 

s
as

ar
-

g
eb

l
o
 

sarko-
brivi 
zedapi
ris 

farTi 
n.S.d.-
ze, km2 

jvaris 
md. 
enguri 

walen-
jixa 

e.w.t.
T.s 

sezo-
nuri 

1984 1102 676 13,5 

Jinva-
lis 

md. 
aragvi 

duSe-
Ti 

e.m.w
wliur

i 
1986 520 370 11,5 

Tbili-
sis 

md. 
iori 

Tbi-
lisi 

g.w.T
.r 

sezo-
nuri 

1954 308 160 11,8 

sionis 
md. 
iori 

Tiane-
Ti 

e.m.w.
T.r 

mrava
l-

wliur
i 

1965 325 310 10,4 

walkis 
md. 
xrami 

walka 
e.wT.
r 

mrava
l-

wliur
i 

1947 313 293 33,7 

galis 
md. 
enguri 

gali 
e.W.r.
T 

dRe-
Ramur

i 
1978 145 110 8,2 

janda-
ris 

md. 
mtkva-
ri 

garda-
bani 

m tbis 1967 52 23,0 - 

zonka-
ris 

md. 
d.liax
vi 

cxin-
vali 

m.T.r
sezo-
nuri 

1981 40,3 39,0 7,6 

dmani-
sis 

md. 
maSa-
vera 

dmani-
si 

m 
sezo-
nuri 

1977 11,0 10,8 - 
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alge-
Tis 

md. 
alge-
Ti 

TeTri-
wyaro 

g.T.r
sezo-
nuri 

1983 65,0 60,0 7,2 

tyibu-
lis 

md. 
tyi-
buli 

tyi-
buli 

e.T.r
sezo-
nuri 

1956 80,0 65,7 12,1 

Saoris 
md. 
didi-
Wala 

ambro
la-
uri 

e.r.T
sezo-
nuri 

1955 90,0 87,5 13,4 

laja-
nuris 

md. md. 
cxenis-
wyali 
lajana 

cageri e.w.r
dRe-
Ramu-
ri 

1966 24,6 17,6 1,4 

 
e – energetika, T- Tevzis meurneoba, w – brZola 
wyaldidobasTan, m – morwyva, r – rekreacia, s- 
sanitaruli gaSveba, t- tyis dacureba, wy – 
wyalmomarageba. 
 

SedarebisaTvis, aRsaniSnavia azerbaijanSi md. 

mtkvarze mingeCauris wyalsacavi (agebis wlebi 1950 -

1954 ww.),  misi moculobaa 16 mlrd m3, sasargeblo 

moculoba 7,5 mlrd m3, sarkis zedapiris farTobiT 

605 km2, romelsac qmnis 80 m simaRlis miwis kaSxali. 

msoflioSi arcTu iSviaTia wyalsacavebi, romelTaA 

sarkobrivi zedapiris farTobi ramodenime aTasi km2-

iT ganisazRvreba (ix. cxr. 7.3). 

bolo wlebSi gansakuTrebuli mniSvneloba 

eniWeba wylis resursebis damatebiT Sevsebas buneb-

riv movlenebze (procesze) xelovnuri zemoqmedebis 

Sedegad, kerZod zemoqmedeba Rrublebze damatebiTi 



 186

naleqebis miRebis mizniT. am zemoqmedebidan gansa-

kuTrebiT efeqturia – Rrublis gamoTesva reagen-

tebiT, romelTac yinulis birTvebis magivrobis 

gaweva SeuZlia. am meTodiT miRweulia naleqebis xe-

lovnuri gazrda 10÷20%-iT. am mxriv mniSvnelovani 

miRwevebia aSS-Si. saqarTveloSi aRsaniSnavia proeq-

tebi `iori~ da `faravani~, romlebic xorcieldeba 

im raionebSi, sadac SesaZlebelia maTi Tavmoyra 

wyalsacavebSi. 

damatebiTi wylis resursebis misaRebad sayurad-

Reboa agreTve myinvarebis lRobis xelovnuri regu-

lireba, romelic martivad SeiZleba ganxorcieldes 

zedapiris gadaSavebiT an masze damatebiT Tovlis 

safariT, romelic Sesabamisad aCqarebs an axan-

grZlivebs myinvaris dnobis process. myinvarebis 

dnobis gaZlierebiT SesaZlebelia saqarTveloSi, 

rogorc winaswari gaTvlebiT Cans, wliuri Ca-

monadeni gaizardos 400 mln m3-iT (12,7 m3/wm). xolo 

Tovlis xelovnuri safaris gaZlierebisas _ 530 mln 

m3-iT (16,8 m3/wm). amgvarad, saqarTveloSi myinvarebis, 

romelTa farTobi kavkasionze 506 km2-ia, dnobis xe-

lovnuri regulirebiT SesaZlebelia mdinareTa Ca-

monadenis xarji gaizardos 40,1 an 53,1%-iT buneb-

rivTan SedarebiT; rac saqarTvelos mdinareebi-

saTvis saSualod 31,6 m3/wm-ia. 
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bunebaSi torfis warmoqmna-dagroveba erTdrou-

lad gulisxmobs wylis maragis Seqmnasac, radgan 

dadgenilia, rom wyali Seadgens torfis moculobis 

88-97%-s. saqarTveloSi Waobebs (torfs) mniSvnelova-

ni farTobebi ukavia kolxeTis dablobze. 

sul saqarTveloSi eqspluataciaSia 32 wyalsaca-

vi, saerTo daregulirebeli wylis moculobiT 3170 

mln m3, romelTa Soris 2148 mln m3 sasargeblo mo-

culobaa (anu moculoba, romelic moTavsebulia 

wyalsacavis normalur da minimalur doneTa Soris). 

sasargeblo moculobis 851 mln m3 modis dasavleT 

saqarTvelos 9 wyalsacavze, xolo 1297 mln m3 

aRmosavleT saqarTvelos 23 wyalsacavze. 

kaSxlis mier Seqmnili wyalsacavis Setborva 

vrceldeba misgan mniSvnelovan manZilze, rac iwvevs 

mdinarisa da misi Senakadebis donis awevas. wyal-

sacavis warmoqmnis zonaSi, garda dadebiTi efeqtisa, 

adgili aqvs miwebis, sawarmoebis, nagebobebis dat-

borvas, gruntis wylebis donis awevas, mdinareze 

arsebuli satumbi, hidroZalovani da sxva danadga-

rebis muSaobis reJimis Secvlas. gruntis wylebis 

donis awevam SeiZleba uaryofiTad imoqmedos kul-

turuli mcenareebis ganviTarebaze da Secvalos igi 

wyalmoyvare Waobis balaxebiT. zogierT adgilze 
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SeiZleba warmoiqmnas Waobi, datboros SenobaTa 

sardafebi da sxv. 

garda aRniSnulisa, didi wyalsacavebis SemTx-

vevaSi wydeba mdinaris fskeruli da Setivtivebuli 

natanis transportireba qveda biefSi – ileqeba igi 

wyalsacavSi, xolo qveda biefSi e.w. `mSieri nakadi~ 

aZlierebs kalapotis recxvas, icvleba mdinareze sa-

naosno pirobebi, wyalsacavebis Termuli, yinulo-

vani, biologiuri da mineralizaciis reJimi, adgili 

aqvs napirebis gadamuSavebas da sxv. yvela aR-

niSnuli movlena gaTvaliswinebuli da Sefasebul-

gaanalizebuli unda iqnes daproeqtebis stadiaSi, 

ramac SeiZleba gadamwyveti roli Seasrulos hid-

rokvanZis parametrebis dadgenaSi. 

saqarTvelos teritoriaze wyalsacavebSi dare-

gulirebuli wylis moculoba mTlianad ver akmayo-

filebs erovnuli meurneobis moTxovnebs, amitom mo-

mavalSi didi mniSvneloba eniWeba axali wyalsa-

cavebis mSeneblobas. 

saqarTvelos wylis resursebze sxvadasxva 

sakvlev-samecniero da saproeqto institutebis mona-

cemebi gansxvavebulia, amitom saWiroa am monace-

mebis xelmeored gadamowmeba dazustebis mizniT, 

romelic unda damtkicdes da Semdgom didi saime-
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doobiT iqnes gamoyenebuli wyalsameurneo gaangari-

SebebSi. 

 
2.4.2. wyalsacavebis saxeobani da maTi 

maxasiaTeblebi 
 

sawyalsacavi kaSxlebi qmnis wyalsacavSi wylis 

iseT moculobas, romelic uzrunvelyofs mdinaris 

bunebrivi reJimis gardaqmnas garkveul (saregula-

cio) periodSi, wyalmomxmareblis(energetika, melio-

racia, naosnoba da a.S) moTxovnilebaTa Sesabamisad. 

amis mixedviT wylis done wyalsacavSi icvleba sa-

regulacio droSi da aRwevs umaRles mdebareobas 

wyaldidobis wylis miRebis Semdeg, xolo udables 

saeqspluatacio dones – Semdgomi avsebis dawyebis 

momentisaTvis. am doneTa Soris sxvaobas, zeda 

biefis amoqmedebis simaRle anu saregulacio priz-

mis simaRle ewodeba, xolo maT Soris moTavsebul 

wylis moculobas, romelic erTi mxriv topogra-

fiul pirobebze, xolo meore mxriv saregulacio 

periodsa da regulirebis xarisxze iqneba damokide-

buli, sasargeblo moculoba anu saregulacio 

prizmis moculoba ewodeba. 

regulirebis periodis mixedviT asxvaveben dRe-

Ramuri, kvireuli, wliuri (sezonuri) da mraval-

wliuri regulirebis wyalsacavebs. 
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wliuri da mravalwliuri regulirebis wyalsa-

cavebi, rogorc wesi, didi moculobis wyalsaca-

vebia, romelTa Sesaqmnelad saWiroa gansakuTrebiT 

xelsayreli geologiuri da topografiuli pirobe-

bi, rac iSviaTia. am mizniT ufro mosaxerxebelia 

mdinaresTan axlo bunebrivi tbebis gamoyeneba, Tuki 

aseTi arsebobs. wyaldidobis (wyalmovardnis) xar-

jebis an misi nawilis Sesakaveblad (saakumulaciod) 

swored sezonuri da mravalwliuri regulirebis 

wyalsacavebi gamoiyeneba. zogjer am xarjebis Se-

kaveba maTi ZiriTadi movaleobaa (wyaldidobis 

wyalsacavebi), magaliTad, CineTSi wyalsacavi `aTasi 

tba~, romlis sarkis zedapiri daaxloebiT aTi 

aTasi km2-ia anu saqarTvelos teritoriis meSvidedi. 

wyalsacavis doneebisa da moculobebis, agreTve 

wyalsacavis qvabulis tevadobis (topografiuli pi-

robebis) daxasiaTeba SesaZlebelia Semdegi maCve-

neblebisa da maxasiaTeblebis mixedviT (nax. 2.13): 

normaluri Setborvis done (nSd), sadamdec re-

gularulad ivseba wyalsacavi da romlis Sesa-

bamisadac gaiangariSeba hidrokvanZis nagebobebi, mu-

Saobis saimedoobis normaluri maragis gaTvalis-

winebiT; 

sagangebo wyaldidobis anu e.w. forsirebuli 

Setborvis done (fSd) – wyalsacavis maqsimaluri 
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saangariSo done, sadamdec daiSveba wyalsacavis 

Sevseba saangariSo uzrunvelyofis maqsimaluri Ca-

monadenis gatarebis dros; forsirebulma donem 

SeiZleba 1-3 m-iT gadaaWarbos normaluri Setborvis 

horizonts; 

mkvdari moculobis done (mmd) – udablesi (mi-

nimaluri) saangariSo done, sadamdec dasaSvebia 

wyalsacavis dacla; 

sasargeblo moculoba (saregulacio prizma) Vsas 

– moculoba moTavsebuli wyalsacavis normaluri 

Setborvis da mkvdari moculobis doneebs Soris, 

romelic gamoiyeneba mdinaris Camonadenis wyalsa-

meurneo mizniT regulirebisaTvis; 

mkvdari moculoba Vmkvd – moculoba mkvdari mo-

culobis donisa da wyalsacavis fskers Soris, 

romelic ar monawileobs mdinaris Camonadenis 

wyalsameurneo regulirebaSi; 

sruli moculoba Vsr – moculoba moTavsebuli 

wyalsacavis normaluri Setborvis donesa da wyal-

sacavis fskers Soris, Vsr=Vsas+Vmkvd; 
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nax. 2.13 wyalsacavis ZiriTadi maCveneblebi da 

maxasiaTeblebi 
a_wyalsacavis damaxasiaTebeli doneebi da moculobebi; 
b_wyalsacavis sarkobrivi zedapirebis farTobisa da 
moculobis mrudebi 
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forsirebis moculoba (forsirebis prizma), Vf – 

moculoba forsirebuli da normaluri Setborvis 

doneebs Soris, romelic gamoiyeneba wyaldidobisa 

da wyalmovardnis Camonadenis garkveuli nawilis 

akumulirebisaTvis, anu maqsimaluri xarjebis 

`wasakveTad~. 

wyalsacavis fardobiTi tevadoba 

                       β=Vsas/W0,                   (4.1) 

sadac W0 aris mdinaris saSualomravalwliuri Ca-

monadeni; 

sarkisebri zedapiris farTobebis mrudi – wyal-

sacavis sarkisebri zedapiris Fi farTobebisa da 

wylis Hi doneTa Soris damokidebulebis Fi = f(Hi) 

mrudi (aigeba wyalsacavis qvabulis topografiuli 

rukis safuZvelze); 

moculobebis mrudi – wyalsacavis Vi moculo-

basa da wylis Hi dones Soris damokidebulebis 

mrudi; 

saSualo siRrme – wyalsacavis siRrmis pirobiTi 

maxasiaTebeli warmodgenili wyalsacavis moculo-

bis SefardebiT sarkobrivi zedapiris farTobTan. 
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2.4.3.  wyalsacavSi mewyeruli da seismogenuri 
talRebis simaRlis prognozireba * 

 
saqarTveloSi sxvadasxva daniSnulebis hidro-

kvanZebi xSir SemTxvevaSi ganlagebulia (an gegmar-

deba) mTian, seismoaqtiur raionebSi, romlebic rTu-

li topo-geologiuri pirobebiT xasiaTdeba. aRniS-

nuli pirobebi xSirad xdeba mizezi iseTi geodina-

mikuri procesebis warmoqmnisa, rogoricaa mewyrebi 

wyalsacavis sanapiro ferdobsa da seismoteqtoniku-

ri deformaciebi dedamiwis zedapirze, wyalsacavis 

raionSi (Zlieri miwisZvrebis dros). aRniSnulma 

procesebma Tavis mxriv, SeiZleba gamoiwvios wyal-

sacavSi wylis maRali talRebi, romelTa zemo-

qmedebas (gadadinebas) wyalSemtborav nagebobebze 

(kaSxlebze) Tan sdevs avariuli, zogjer ki, katast-

rofuli Sedegebi. amitomaa, rom aseTi talRebis 

swor prognozirebas mTian regionebSi hidrokvan-

Zebis dagegmarebisa da eqspluataciis dros, didi 

socialur-ekologiuri da teqnikur-ekonomikuri mni-

Svneloba eniWeba. 

rogorc cnobilia, Zlieri miwisZvris dros de-

damiwis SigniT miwisZvris keraSi warmoqmnilma 

kldovani qanebis gadaadgilebebma SeiZleba moicvas 

zedapiruli Sreebic. am SemTxvevaSi, dedamiwis zeda- 

*_ paragrafi dawerilia prof. T. gvelesianis mier. 
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pirze, kerZod ki wyalsacavis zonaSi 

warmoiqmneba e.w. pirveladi narCeni deformaciebi 

(seismoteqtoni-kuri gadanacvleba). am 

gadanacvlebas, rogorc wesi, adgili aqvs Zveli 

(arsebuli) seismogenuri rRvevis xazis gaswvriv an 

axali rRvevis warmoqmnis Sede-gad. 

wyalsacavis raionSi miwis zedapirze swored 

aseTi gadanacvleba xdeba mizezi maRali talRebis 

generaciisa, romlebic okeaneebSi warmoqmnili cuna-

mis tipis talRebis msgavsia. 

hidrokvanZis daproeqtebis an eqspluataciis sta-

diebze wyalsacavis raionSi seismoteqtonikuri 

rRvevis xazis ararsebobis SemTxvevaSi miwisZvris 

Sedegad warmoqmnili e.w. seismogenuri talRis maq-

simaluri amplitudis prognozireba warmoebs yo-

fil sabWoTa kavSiris saxelmwifo normebisa da 

wesebis (`snip~-is) Tanaxmad, T. gvelesianis mier mi-

Rebuli formuliT 

                      ηseism = 0,4 + 0,76(I - 6,0)   (m),                      (4.2) 

sadac I aris hidrokvanZis raionis saangariSo ba-

lianoba. 

im SemTxvevaSi, rodesac geologiuri kvlevebis 

Sedegad seismogenuri teqtonikuri rRvevis xazis 

arseboba ar aris dadgenili wyalsacavis raionSi 

(kerZod, misi fskeris zonaSi), maSin normatiuli 
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miTiTebebis [22] da [23] Tanaxmad, ηseism sididis 

Sefasebis mizniT rekomendebulia Semdegi formula: 

rodesac 5≤M≤7 

              ηseism = 0,5 + 1,15(M-5,0)   (m),         (4.3) 

sadac M aris miwisZvris magnitudis sidide miwis-

Zvris energiis Sefasebis mizniT rixteris skalis 

mixedviT, romelic amJamad gamoiyeneba msoflios 

sainJinro praqtikaSi (balebis skalis magivrad). 

magnitudsa da balianobas Soris damokidebu-

lebis gansazRvrisaTvis SeiZleba gamoviyenoT m. 

mebalinis Semdegi empiriuli formula: 

                             M = 0,671 + 2,33 tgHE - 2,0 

an 

   I = 1,25M - 3,5tgHE + 3,0, 

sadac HE aris miwisZvris keris siRrme, km-Si (misi 

dadgena warmoebs specialuri sainJinro-seismolo-

giuri kvlevebis Sedegad). me-6 mcxrilSi mocemulia, 

rogorc M da IDAsidideebi (im SemTxvevisaTvis, 

rodesac HE=20 km), aseve (3.2) an (3.3) formuliT 

gamoTvlili talRis amplitudis mniSvnelobebi. 
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cxrili 6 

M 6.1 6.3 6.5 6.8 7.0 

I 5.6 7.9 8.2 8.6 9.0 

ηseism 1.6 1.8 2.0 2.3 2.8 

 

wyalsacavSi mewyeriT gamowveuli talRis simaR-

lis prognozirebis mizniT SeiZleba gamoyenebul 

iqnes hidrodinamikis Sesabamisi sasazRvro amocanis 

miRebuli amonaxsnis mixedviT saqarTvelos ener-

getikisa da energetikuli nagebobebis samecniero-

kvleviT institutSi damuSavebuli kompiuteruli 

programa [23]. am amonaxsnis mixedviT, talRis maq-

simaluri amplituda kaSxlis kveTSi (nax. 2.14) 

zogad SemTxvevaSi, aris Semdegi funqcia 

( )1 0 0η f , ,H,2B,χ , t ,D=mew , 

sadac 1,  da H aris wyalsacavis gasaSualoebuli 

sigrZe, sigane da siRrme (m); 2B _ sanapiro 

ferdobze ganlagebuli potenciuri mewyris sigane 

(sanapiro zolis gaswvriv) (m); χ0 - manZili kaSxlis 

kveTidan mewyruli ubnis Sua wertilamde (m); t0 _ 

mewyris wyalSi Semosvlis procesis xangrZlivoba 

(wm); D _ mewyruli masis sisqe misi wyalSi 

Camongrevis Sedegad (m); 
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mewyruli masis gasaSualoebuli moculoba 

ganisazRvreba ase 

W 2 B D H= ⋅ ⋅ ⋅mew  (m3). 

 

 

 

 
nax. 2.14 mewyriT gamowveuli talRis warmoqmnis 

saangariSo sqema 
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wyalsacavSi mocemuli zomis mewyris Camongrevis 

Sedegad kaSxalTan generirebuli talRis maqsima-

luri amplitudis prognozireba kaSxalTan norma-

tiuli miTiTebebis [23] Tanaxmad, warmoebs T. gve-

lesianis mier miRebuli miaxloebiTi formuliT. es 

formula kerZo SemTxvevisaTvis warmodgenilia Sem-

degi saxiT: 

rodesac  *0 1
0 0

χ g20; 7.0; t t 1.0
H H H

≥ ≤ = = , 

20

1

W χη 0.22 1.0 0.5 20 10
H H

−⎡ ⎤⎛ ⎞= − −⎜ ⎟⎢ ⎥⎝ ⎠⎣ ⎦

mew

mew  (m) ,         (4.4) 

sadac g Tavisufali vardnis aCqarebaa im SemTx-

vevaSi, rodesac wyalsacavi sakmaod viwroa 

( )1 / H 3.0≤  da mewyerma Camoqcevis Sedegad SeiZleba 

gadafaros wyalsacavi (2B sigrZis monakveTze) mTel 

siganeze, maSin kaSxlis kveTSi wylis donis maq-

simaluri awevis sidide ganisazRvreba miaxloebiTi 

gamosaxulebiT  [23]. 

rodesac 
*
0t 15≥  

   
*
0

0.5

η
0.18 0.28 t

D
= − ⋅mew

 (m),                          (4.5) 

sadac          * *
0 0 0

gt 0.01 t 0.01 t
H

= ⋅ = ⋅ , 
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                0.5
1

W
D

2 H
= mew

. 

Cveulebriv wyalsacavebSi Tu mosalodnelia mxo-

lod wyaldidobiT da qariT gamowveuli wylis 

donis mateba, maSin kaSxlis qimis niSnulis (kqn) 

dadgena, rogorc zemoT iyo aRniSnuli, xdeba mxo-

lod am faqtorebis gaTvaliswinebiT. es xorciel-

deba im mizniT, rom ar moxdes maRali talRebis 

gadadineba kaSxalze, rac bunebrivi masalisgan (mi-

wa, qva, RorRi da sxv.) agebuli kaSxlebis SemTx-

vevaSi samSeneblo normebisa da wesebis Tanaxmad, 

dauSvebelia. aRvniSnoT, rom am SemTxvevaSi talRe-

biT gamowveuli datvirTvebi kaSxalze miekuTvneba 

droebiTi, xanmokle zemoqmedebis kategorias. rac 

Seexeba miwisZvriT an mewyriT gamowveuli talRebis 

zemoqmedebebs, maT gansakuTrebuli datvirTvebis 

rigs miakuTvneben. aRniSnuli droebiTi da gan-

sakuTrebuli datvirTvebis gaTvaliswinebisas kaSx-

lis qimis niSnulis gansazRvra SesaZlebelia Sem-

degi formuliT; 

   kqn=nSd+ ( )1 2ψ h η ψ η+ +for qar seis , 

   kqn=nSd+ ( )1 2ψ h η ψ η+ +for qar mew  ,               (2.36) 
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sadac nSd aris wyalsacavSi normaluri Setborvis 

done; hfor  _ wyaldidobis (an wyalmovardnis) dros 

wyalsacavis forsirebis moculobis simaRle; ηqar  _ 

qariT gamowveuli talRis amplituda (Sesabamisi 

uzrunvelyofis %); 1 2ψ ψda  _ datvirTvaTa 

SeuRlebis (SeTanwyobis) koeficientebi: xanmokle 

datvirTvisaTvis 1ψ 0.9= , gansakuTrebuli datvirT-

vebisaTvis 2ψ 0.8= . 

seismoaqtiuri da geologiuri TvalsazrisiT, 

rTul pirobebSi hidrokvanZis daproeqtebis SemTx-

vevaSi kaSxlis qimis saangariSo niSnulis dadgena 

unda moxdes (2.36) formulebiT miRebuli mniSvne-

lobebidan udidesis arCevis gziT. 
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III ganyofileba. hidroteqnikuri 
nagebobebi 

 

I Tavi. hidroteqnikuri nagebobebi 
saerTo cnobebi hidroteqnikur nagebobebsa 

da hidroteqnikur nagebobaTa kvanZebze 
 

3.1.1. hidroteqnika, hidroteqnikuri nagebobebi, 
maTi Taviseburebani da muSaobis pirobebi 

 
mecnierebas, romelic Seiswavlis sxvadasxva sa-

meurneo miznebisaTvis wylis resursebis gamoyene-

bisa da wylis mavne moqmedebaTa winaaRmdeg brZo-

lis RonisZiebebs, agreTve am RonisZiebaTa ganxor-

cielebisaTvis saWiro nagebobebis daproeqtebis, 

mSeneblobisa da eqspluataciis meTodebs, ewodeba 

hidroteqnika, xolo sainJinro nagebobebs, romlebic 

uSualod axorcielebs ama Tu im wyalsameurneo 

RonisZiebas _ hidroteqnikuri nagebobebi. 

hidroteqnika, rogorc mecniereba, emyareba mra-

val Teoriul da eqsperimentul-gamoyenebiT discip-

linas, romelTagan SeiZleba gamoiyos ori ZiriTadi 

cikli _ hidravlika-hidrologiisa da saerTo sam-

Seneblo sainJinro disciplinebi. hidroteqnikur na-

gebobebs muSaoba uxdeba rTul pirobebSi, romlebic 

mudmivad imyofeba mdgar an moZrav wyalSi. es uka-

naskneli maTze axdens sxvadasxva saxis meqanikur, 

fizikur-qimiur da biologiur zemoqmedebas. 
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am zemoqmedebaTa Taviseburebebisa da adgilob-

rivi (topografiuli, geologiuri, seismuri da sxva. 

pirobebis sxvadasxvaobis gamo, tipiuroba hidroteq-

nikur mSeneblobaSi TiTqmis ar arsebobs. msof-

lioSi ar moipoveba ori erTnairi wyalsameurneo 

daniSnulebis nagebobaTa kompleqsi. 

nagebobaTa geometriuli formebi da maTi sa-

sazRvro pirobebi, rogorc wesi, rTulia, rac Tavis 

mxriv arTulebs nagebobaTa rogorc hidravlikur, 

ise daZabul-deformirebul mdgomareobaze gaangari-

Sebebs. amitom xSirad (gansakuTrebiT ki sapasuxis-

mgeblo nagebobebis) daproeqtebis dros gamoiyeneba 

eqsperimentuli meTodi, romlis meSveobiT mode-

lebze dadgindeba saWiro monacemebi. eqspluata-

ciaSi myof nagebobebze eqsperimentuli dakvirvebis 

meTodi saSualebas iZleva Semowmdes Teoriuli 

gaangariSebisa da modeluri kvlevis Sedegebi, rom-

lebic Zvirfas masalas warmoadgens specialistTaA 

Semdgomi SemoqmedebiTi moRvaweobisaTvis. 

hidroteqnikuri nagebobebis mSenebloba, sxva sa-

moqalaqo da samrewvelo mSeneblobisagan gansxva-

vebiT, mniSvnelovan gavlenas axdens garemoze. 

zogjer wyalsacavebiT Seqmnili Setborva 

vrceldeba aseul kilometr manZilze da iwvevs 

aTeul da aseul heqtari miwebis datborvas, grun-
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tis wylebis donis awevas, mikroklimatis Secvlas, 

Termuli da yinulovani reJimebis Secvlas da sxv. 

avariis SemTxvevaSi wyalsacavSi moTavsebuli wylis 

udidesi masa swrafad gadindeba mdinaris kala-

potSi udidesi siCqariT da Tavis gzaze yvelafers 

angrevs. istoriaSi cnobilia SemTxvevebi, rodesac 

wyalsacavebis formirebam (ferdobebis Camongrevam), 

kaSxlebisa da jebirebis garRvevam gamoiwvia mTeli 

qalaqebisa da dasaxlebuli punqtebis walekva, ada-

mianTa didi msxverpliT. amasTan dakavSirebiT, 

SeiZleba gavixsenoT momxdari avariebi malpases 

kaSxlisa safrangeTSi da vaiontis wyalsacavisa 

italiaSi, romelTac mohyva katastrofuli Sedegebi 

(adamianTa msxverpli, qalaqebis, xidebis, samrew-

velo nagebobebis ngreva da sxv.). 

samrewvelo, satransporto da sxva nagebobebi-

sagan gansxvavebiT, hidroteqnikuri nagebobebis mSe-

nebloba xasiaTdeba didi sirTuleebiTA da mocu-

lobebiT, Sesabamisad ki didi kapitaltevadobiT. Tu 

sxva nagebobebis avariiT gamowveuli zarali xSir 

SemTxvevaSi fasdeba maTi aRsadgeni RirebulebiT, 

Semtbori hidroteqnikuri nagebobebiT gamowveuli 

materialuri zarali, Cveulebriv, bevrad aRemateba 

Tavis Rirebulebas; xSirad am avarias Tan sdevs 

adamianTaA didi msxverpli. 
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3.1.2. hidroteqnikur nagebobaTa saxeobani 
da kvanZebi 

 
hidroteqnikur nagebobaTa daniSnulebisa da mSe-

neblobis pirobebis mravalferovneba ganapirobebs 

maTi tipebisa da konstruqciebis did simravlesa da 

mravalsaxeobas. aRniSnulidan gamomdinare, hidro-

teqnikur nagebobaTa klasifikacia, romelic gar-

kveuli TvalsazrisiT pirobiT xasiaTs atarebs, uf-

ro mizanSewonilia calkeuli maxasiaTeblebis mi-

xedviT. hidroteqnikuri nagebobebis klasifikaciis 

erT-erTi, praqtikaSi ufro gavrcelebuli, varianti 

mocemulia nax.-ze. 3.1. 

amJamad qveynis teritoriaze moqmedi normebis Se-

sabamisad (sn 1.06.01-97) hidroteqnikuri nagebobebi ma-

Ti saxalxo-sameurneo mniSvnelobis, sawarmoo efeq-

turobis, hidrokvanZebsa da sistemebSi maTi mniSv-

nelobis, saeqspluatacio xangrZlivobis, avariiT an 

eqspluataciis darRveviT gamowveuli Sedegebis, 

Semtborav nagebobaTa simaRlisa da wyalsacavis 

moculobebis, fuZis geologiuri agebulebis, 

raionis seismurobis da sxva maxasiaTeblebis mixed-

viT, iyofa oTx klasad. ramdenad meti sapasuxis-

mgebloa dasagegmarebeli nageboba, imdenad ufro me-

tia misi klasi. droebiTi nagebobebi, gansakuT-
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rebuli gamonaklisis garda, rogorc wesi miekuTv-

neba IV klass. 

droebiTi hidroteqnikuri nagebobebi gamoiyeneba 

mxolod mudmivi nagebobebis mSeneblobis an re-

montis periodSi; ZiriTadia is nagebobaTa jgufi, 

romelTaAdangreva-dazianeba iwvevs hidrokvanZis 

funqciis moSlas, xolo meorexarisxovanis dangreva 

an dazianeba ar iwvevs aRniSnul Sedegebs. 

calkeuli daniSnulebis hidroteqnikuri nagebo-

bebis specialur SeTanwyobas, maTi erTobllivi 

muSaobis pirobebis gaTvaliswinebiT, hidroteqnikur 

nagebobaTa kvanZebs an mokled, hidrokvanZebs uwo-

deben. sxvadasxva wyalsameurneo daniSnulebis hid-

rokvanZebi, samxedro TvalsazrisiT, yvela stra-

tegiuli mniSvnelobisaa. hidrokvanZebis klasifi-

kacia sxvadasxva niSnis mixedviT, mocemulia 3.2. nax-

ze. 

hidrosadguris dawneva SeiZleba Seiqmnas sxva-

dasxva sqemiT. hidrokvanZis kaSxlis simaRle SeiZ-

leba iyos dabali, xolo hidrokvanZi _ saSualo, 

maRal an zemaRaldawneviani (nax. 3.3) hidrokvanZis 

dawneva ganisazRvreba mis zeda da qveda biefebs 

Soris doneTa sxvaobiT. aseTi e.w. derivaciuli 

sqemis hesi SeiZleba warmodgenil iqnes nagebobaTa 

Semdegi mTavari kvanZis saxiT  (nax. 3.2): 
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nax. 3.1 
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nax.3.2 
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1. samdinaro anu saTavo hidrokvanZi (kaSxali, 

wyalsagdebi, wyalmimRebi, zogjer sanaosno rabi, 

Tevzsavali, tivsavali da sxv.); 

2. derivacia (arxi, gvirabi, milsadeni da 

nagebobebi derivaciaze); 

3. Zaluri kvanZi (hesis Senoba, sadawneo auzi an 

gamTanabrebeli rezervuari, gamanawilebeli qvesad-

guri, saturbino milsadenebi); 

 

nax. 3.3. sadawneo derivaciuli hidroeleqtrosadguris 
nagebobebis ganlagebis sqema: 

 1.–wyalsaSvebi kaSxali; 2_yru kaSxali; 3_ wyal-
mimRebi; 4 _ derivaciuli arxi; 5–sadawneo auzi; 6–sa-
dawneo milsadenebi; 7– hidroeleqtrosadguris Se-
noba; 8 gamyvani arxi; 9–mdinaris kalapoti. 
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dabal, saSualo da zemaRaldawneviani saTavo 

hidrokvanZebis tipuri sqemebi, eqspluataciaSi myofi 

hesebis magaliTze mocemulia Sesabamisad dawnevebis 

mixedviT, rogorc naxazebidan Cans, gansxvavebulia 

rogorc nagebobaTa tipebi, ise maTi SeTanwyoba. 

 

 

 
nax. 3.4. dabaldawneviani saTavo hidrokvanZi (rionhesis) 

dasaSleli kaSxliT 
1 _ wyalmimRebi; 2 _ wyalmimRebis saketi; 3 _ gvirabi; 4 _ 
gamrecxis saketi; 5 _ zRurbli; 6 _ samomsaxuro xidi;  

7 _ burji; 8 _ sifonuri wyalsagdebi 
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nax. 3.5. saSualodawneviani saTavo hidrokvanZi  
(xramhes 1-is) gruntis kaSxliT 

1 _ gruntis kaSxali liTonis ekraniT; 2 _ zeda zRu-
dari; 3 _ samSeneblo gvirabi siRrmuli wyalgamSvebiT; 4 
_ wyalmimRebi; 5 _ wyalsagdebis zRurbli; 6 _ Ria 
sanapiro wyalsagdebi. 
 

 
nax. 3.6. zemaRaldawneviani saTavo hidrokvanZi 

(engurhesis) TaRovani kaSxliT 
1 _ sanapiro burjebi; 2 _ saeqspluatacio wyalsagdebi 
(6X25 m, Q=2200 m3/wm); 3 _ wyalmimRebi; 4 _ sadawneo gvi-
rabi; 5 _ zeda zRudari; 6 _ qveda zRudari; 7 _ I rigis 
wyalsagdebi; 8 _ fskeruli gamSvebi; 9 _ ganmamtkicebeli 
cementacia; 10 _ cementaciuri farda    
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3.1.3. kaSxlebi da maTze moqmedi datvirTvebi 
 

kaSxali aris wyalSemtbori hidroteqnikuri nage-

boba, romlis daniSnulebaa wylis nakadis kalapo-

tis gadaRobva. kaSxlidan wyalnakadis sawinaaR-

mdego momarTulebiT iqmneba Setborva, romelsac 

zeda biefi (z.b) ewodeba, xolo dinebis mimarTu-

lebiT (meore mxares) – qveda biefi (q.b). zeda da 

qveda biefebs Soris  doneTa sxvaobas, ewodeba 

dawneva kaSxalze. mdinaris (arxis) ganivkveTs, sadac 

kaSxalia agebuli, kaSxlis gaswors uwodeben. 

kaSxlis tipisa da konstruqciis SerCeva xdeba 

mSeneblobis raionis bunebrivi, sameurneo da sam-

Seneblo pirobebis mixedviT, sxvadasxva saproeqto 

variantebis teqnikur-ekonomikuri Sedarebis safu-

Zvelze. kaSxali metad rTuli da sapasuxismgeblo 

nagebobaa hidrokvanZis SemadgenlobaSi. bolo mona-

cemebiT, msoflioSi eqspluataciaSia 14700-ze meti 

kaSxali, mSeneblobis procesSia ramdenime aseuli, 

maT Soris 60 m-ze meti simaRlis 44 kaSxali 

iaponiaSi. kaSxlebis klasifikacia sxvadasxva niS-

niT mocemulia nax-ze 3.7. 

Tanamedrove kaSxalTmSeneblobaSi simaRlis mi-

xedviT kaSxlebis klasifikacia pirobiTia da 

warmoebs kaSxlis tipis mixedviT. 
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nax.3.7 
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hidroteqnikuri nagebobebi sxva sainJinro nage-

bobebisagan mniSvnelovnad gansxvavdebian maTze mo-

suli datvirTvebisa da zemoqmedebebis simravliT, 

mravalsaxeobiTa da maTi SesaZlo SeTanwyobis mra-

valferovnebiT. 

samSeneblo normebisa da wesebis Tanaxmad, asxva-

veben hidronagebobebze mosuli datvirTvebisa da 

zemoqmedebis mudmiv, droebiT (xangrZliv, xanmokle) 

da gansakuTrebul jgufebs (СНиП 2.06.01-86.m.1987). 

mudmiv da droebiT datvirTvebsa da zemoqmedebebs 

miekuTvneba is gare Zaluri faqtorebi, romlebic 

moqmedebs nagebobaze normaluri eqspluataciis pi-

robebSi: nagebobebis sakuTari wona, mudmivi mowyo-

bilobebis wona, wylis wnevebi, filtraciuli wnevis 

Zalebi, gruntis wona da misi gverdiTi dawneva, 

daleqili natanis dat-virTva, foruli wneva, tempe-

raturuli zemoqmedebebi, talRis da yinulis wneva 

da sxv. gansakuTrebu-li datvirTva da zemoqmedeba 

Seesabameba nagebobis muSaobis Tavisebur (garTule-

bul-aranormaluri eqspluataciis) pirobebs, rogo-

ricaa: zeda biefSi forsirebuli (maqsimaluri) 

Setborvis done; filtraciis sawinaaRmdego da 

sadrenaJo mowyobilobebis normaluri muSaobis 

darRveva; haeris saSualo Tviuri temperaturis cva-

lebadobis udidesi amplituda; yinulis datvirT-
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vebi damangreveli Zalis yinulsvlis dros; dat-

virTva katastrofuli siZlieris qarisagan, seismuri 

zemoqmedebani, gemis dartyma,  mdinaris kaskaduri 

gamoyenebis dros zeda safexuris garRvevis zemo-

qmedeba qveda safexurze; wyalsacavSi garRvevis 

talRis zemoqmedeba, samxedro sainJinro Tvalsaz-

risiT, xelovnurad Seqmnili afeTqebiT gamowveuli 

dinamikuri datvirTvebi. 

hidroteqnikur nagebobaTa gaangariSeba saWiroa 

Catardes ZalTa ZiriTad da gansakuTrebul SeTanx-

mebze (SeTanwyobaze). ZiriTadi SeTanwyobis dros 

nageboba unda Semowmdes im Zaluri faqtorebis ze-

moqmedebaze, romlebic masze moqmedebs normaluri 

eqspluataciis pirobebSi. gansakuTrebuli SeTan-

wyobisas mas emateba erT-erTi gansakuTrebuli dat-

virTva (zemoqmedeba). 

gaangariSebisas SeirCeva Zalebis yvelaze ara-

xelsayreli, magram realurad mosalodneli SeTan-

wyoba. 

hidroteqnikur nagebobebze moqmedi am datvirT-

vebisa da zemoqmedebebis gamoTvla mocemulia sa-

Tanado samSeneblo normebsa da wesebSi, agreTve 

hidroteqnikuri nagebobebis saxelmZRvaneloebSi. 
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nax. 3.8. kaSxlebis klasifikacia konstruqciuli niSnebis 

anu ZiriTadi muSaobis principis mixedviT 
a_betonis gravitaciuli kaSxali; b_ gruntis gravi-

taciuli kaSxali; g_TaRovani kaSxali; d_kontrforsuli 
kaSxali; e_Caankerebuli kaSxali; 1_kaSxlis gaswori; 
2_kaSxalze dawneva; 3_wyalsaSvebi; 4_wyalCasaSvebi; 

5_ferdos gamagreba; 6_Tixis guli; 7_sadrenaJo prizma; 
8_kontrforsi; 9_sadawneo gadaxurva; 10_sixistis koWebi; 

11_ankerebi; 12_ankerebis Camagreba; 13_galerea 
 

simartivis mizniT, mocemulia gravitaciul kaS-

xalze moqmedi is Zaluri faqtorebi, romlebic Zi-

riTadad gansazRvravs mis mdgradobasa da daZabul-

deformirebul mdgomareobas (nax. 3.9). 

W1 aris zeda biefidan kaSxalze moqmedi wylis 

hidrostatikuri wnevis horizontaluri Semdgeni, 
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romlis intensivoba fuZeSi iqneba γH1 (γ  wylis 

kuTri wona, γ≈1000kgZ/m3=1 t/m3≈10000 n/m3), Tu saan-

gariSod aviRebT kaSxlis erTeul sigrZes W1= 2
H2

1γ
 

(kgZ/m),  analogiurad qveda biefidan W2 =
2
H2

2γ
; G – 

nagebobis (an misi nawilis) sakuTari wona, 

gaiangariSeba misi  moculobis gadamravlebiT nage-

bobis masalis moculobiT wonaze, romelic mode-

bulia simZimis centrSi da vertikaluradaa mimar-

Tuli zevidan qveviT. sibrtyeSi anu organzo-

milebian sistemaSi (nax. 3.8) G=Fkγ1 (Fk kaSxlis 

ganivkveTis farTobia, γ1 – kaSxlis masalis kuTri 

wona, mZime betonis SemTxvevaSi γ1≈2,4 t/m3). 

hidroteqnikur nagebobaTa fuZeebisa da fer-

dobebis gruntebi cotad Tu bevrad wyalSeRwevadia, 

amitom nagebobis mier Seqmnili dawnevis Sedegad 

wyali forebsa da bzarebSi moZraobs zeda biefidan 

qveda biefisaken, romelsac filtracias uwodeben. 

ganasxvaveben filtracias nagebobaTa fuZeSi anu 

dawneviT filtracias (nax.3.9.) da gverdiT (Se-

movliT) anu udawneo filtracias. 
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nax. 3.9. hidronagebobaze moqmed datvirTvaTa sqema 

 
hidronagebobebis Zirze SeiZleba moqmedebdes 

ori saxis filtraciuli wneva: Semtivtivebeli 

(WSem), romlis ricxviTi mniSvneloba ganisazRvreba 

arqimedes kanoniT da romlis Tanaxmad, nagebobis 

Ziris nebismier wertilSi wneva ganisazRvreba qveda 

biefis donidan gansaxilveli wertilis CaRrmavebis 

toli simaRlis wylis svetis woniT, da filt-

raciuli hidrodinamikuri (Wf), romelic gamowveu-

lia filtraciuli nakadis moZraobis siCqariT. Wf-

is gamoTvla sakmaod rTulia, igi xorcieldeba 

filtraciis hidrodinamikuri badis agebiT an 

winaRobis koeficientTa meTodis gamoyenebiT. da-

proeqtebis sawyis etapze SegviZlia gamoviyenoT 
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wrfiv konturuli meTodi anu hidrodinamikuri 

wnevebis wrfivi ganawilebis epiura, romlis maqsi-

maluri intensivoba sadawneo waxnagis mxares aRv-

niSnoT αH-iT. aq H dawnevaa (ix. nax. 3.9), xolo α _ 

filtraciuli wnevis Semamcirebeli koeficienti 

(0≤α≤1), romlis sidide damokidebulia, rogorc sa-

Zirkvlis gruntis geologiur Wrilze, agreTve na-

gebobis miwisqveSa konturis formasa da zomebze. am 

daSvebiT, Wf=αHγb/2 (b kaSxlis sigane fuZeSi). ori-

ve saxis filtraciuli wnevis Zala (WSem, Wf) gain-

sazRvreba Sesabamisi epiurebis farTobis mixedviT, 

gaivlis mis simZimis centrSi nagebobis Ziris mar-

Tobulad, romelTa jami iZleva filtraciul uku-

wnevas 

                                  Wf.u.= WSem+Wf
.  

                   (3.1) 

ganmartebidan gamomdinare cxadia, Tu doneebi 

zeda da qveda biefSi gaTanabrda Wf=0, xolo qveda 

biefSi Setborva ara gvaqvs, WSem=0.  

garda wylis uqmi kargvisa, filtracia uaryofiT 

gavlenas axdens rogorc TviT nagebobebze, ise maTi 

fuZeebisa da napirebis gruntebze, rac SeiZleba gax-

des nagebobaTa avariis mizezi. filtraciuli gaan-

gariSebis safuZvelze (ganisazRvreba filtraciis 

xarji, dawneva, siCqare da a.S) ise unda SeirCes 
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nagebobis formebi da zomebi, rom gamoiricxos misi 

mdgradobis pirobis darRveva, agreTve fuZis grun-

tis sufoziisa (gamorecxvis) da amoburcvis movle-

nebi. filtraciis mavne zemoqmedebisgan nagebobis 

dacvis erT-erT ZiriTad RonisZiebad iTvleba 

filtraciuli nakadis moZraobis traeqtoriis gzis 

dagrZeleba. am RonisZiebiT mcirdeba nagebobis 

fuZeSi filtraciuli dawnevis sidide, filtraciis 

siCqare da Sesabamisad xarji. nax-ze 3.10 mocemulia 

arakldovan fuZeze agebuli wyalsaSviani kaSxlis 

elementebi: 1_2_3_4_5_6_ Ziruli; 6_7_8_9_10_11 

kaSxlis tani; 11_12_ wyalsacemi; 13_14_ risberma; 

2_3_4 da 6_7_8 vertikaluri zRudeebi _ narandebi. 

filtraciuli nakadis zeda sazRvars (1,2,...14). 

miwisqveSa filtraciuli konturi ewodeba, xolo 

wyalsatbori nagebobis im nawils (Ziruli, kaSxlis 

tani, wyalsacemi da risberma), romelzedac gadaedi-

neba Ria wylis nakadi, flutbeti ewodeba. 

wyalsacavSi daleqili natanis wnevis inten-

sivoba fuZeSi tolia Pn=γnhntg2(450-ϕ/2), Sesabamisad, 

natanis wnevis Zalis horizontaluri Semdgeni 

iqneba 

                                   En.p=0,5γnhn
2
 tg2(450-ϕ/2).                        (3.2) 
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aq ϕ daleqili natanis Siga xaxunis kuTxea (wyli-

saTvis ϕ=0, kldovani masalisaTvis ϕ=900). γn – 

kaSxlis win daleqili natanis kuTri wona 

Setivtivebul mdgomareobaSi 

                      γn=(γ2-γ)(1-n).                   (3.3) 

aq γ2  daleqili natanis kuTri wonaa mSral 

mdgomareobaSi; n  - daleqili natanis forianoba. 

saqarTvelo miekuTvneba seismurad aqtiur 

raions, amitom nagebobebis seismur datvirTvaze 

gaangariSeba unda Catardes mTeli pasuxismgeblo-

biT. mSeneblobis raionSi miwisZvris Zala fasdeba 

seismurobiT, romelic balebiT gamoisaxeba da mo-

cemulia seismuri daraionebis rukebze. seismurobis 

12 baliani sistemis SemTxvevaSi, seismomedegobaze 

gaiangariSeba mxolod is nagebobebi, romlebic gan-

lagebulia 7,8 da 9 baliani miwisZvris r-Si. seis-

muri Zalebi ganisazRvreba Tanamedrove dinamikuri 

Teoriebis safuZvelze. daproeqtebis sawyis etapze 

seismuri Zalis sidide, romelic modebulia simZimis 

centrSi da SeiZleba nebismierad iqnes mimarTuli 

(gaangariSebisas unda SeirCes yvelaze saSiSi mi-

marTuleba), ganisazRvreba statikuri Teoriis miax-

loebiTi formuliT 

                                          Ps=KsG .                                             (3.4) 
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aq G  kaSxlis sakuTari simZimis Zalaa; Ks – 

seismurobis koeficienti, romlis mniSvneloba 

damokidebulia mSeneblobis r-is seismur 

aqtiurobaze 7 _ balianis SemTxvevaSi Ks=0,025, 

Sesabamisad 8 da 9 balianisas 0,05 da 0,1. 

momzadebis procesSia axali qarTuli samSe-

neblo normebi, romlebic ZiriTadad efuZneba evro 

normebs da romelSic seismuri zemoqmedebis dadge-

na nagebobebze mocemulia Tanamedrove miRwevebis 

safuZvelze. 

 

 

 

nax. 3.10 kaSxlis miwisqveSa (filtraciuli) konturi 
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3.1.4. wyalsagdeb da wyalmimReb nagebobaTa tipebi 
da maTi daproeqtebis safuZvlebi 

 
wyalsagdeb nagebobaTa daniSnulebaa: a) wyaldi-

dobis an sxva gamouyenebeli xarjebis gatareba qve-

da biefSi; b) wyalsacavis mTliani an nawilobrivi 

dacla; g) wylis sasargeblo gaSvebis uzrunvel-

yofa. am nagebobebs aSeneben kaSxlis agebamde, anda 

masTan erTad, kaSxlis tanSi an kaSxlis tanis ga-

reT (napirebSi). 

simaRleSi ganTavsebis mixedviT asxvaveben zeda-

pirul wyalsagdebebs, romlebic wyals atarebs Ta-

visufali zedapiriT, e.i. kaSxlis Txemze an Ria sa-

napiro wyalsagdebiT da siRrmul an fskerul 

xvretebs. pirveli saxeobis wyalsagdebi asrulebs 

mxolod daniSnulebis a) funqcias, xolo meore sa-

xeobisa, SeiZleba gamoyenebuli iqnes yovelgvari 

miznisaTvis. СНиП 2.06.01-86 m, 1987-is mixedviT hid-

rokvanZis SemadgenlobaSi Semaval specialur wyal-

saSveb nagebobebs, romlebic a) funqcias asruleben, 

wyalsagdebi nagebobebi ewodeba, xolo romlebic 

asruleben b) funqcias _ wyalCasaSvebi nagebobebi, 

Tu ki uzrunvelyofs sasargeblo gaSvebas wyal-

satar nagebobaSi ( g) funqcia), wyalgamomSveb anu 

wyalmimReb nagebobebs uwodeben. 



 224

wyalsagdeb, wyalCasaSveb da wyalmimReb nagebo-

baTa funqciebis mkveTri gamijvna yovelTvis gamarT-

lebuli ar aris, radgan xSirad hidrokvenZebSi 

erTdroulad sxvadasxva funqcias asrulebs. 

 
3.1.4. a) wyalsagdebi nagebobebi 

 
wyalsagdebi nagebobebis ZiriTadi daniSnulebaa 

saangariSo P% albaTobis maqsimaluri xarjis qveda 

biefSi usafrTxo gatarebis uzrunvelyofa. wyalsag-

debis saangariSo uzrunvelyofis procenti ganisa-

zRvreba nagebobebis klasis Sesabamisad. wyalsagde-

bi nagebobebis tipebi, raodenoba da xvretebis 

zomebi SeirCeva ZiriTadi saangariSo SemTxvevebis 

pirobebSi. roca wyalsacavSi Setborvis horizonti 

Seesabameba normaluri Setborvis dones, sruladaa 

gaRebuli wyalsagdebi nagebobebis yvela xvreti,  

muSaobs yvela turbina, yvela sxva wyalsaSvebi 

nageboba funqcionirebs normaluri saeqspluatacio 

reJimiT. saangariSo maqsimaluri xarjis gatarebis 

Sesamowmebeli saangariSo SemTxveva gulisxmobs 

wyalsacavSi forsirebuli (maqsimaluri, katastro-

fuli) Setborvis donis arsebobas da normebiT 

gaTvaliswinebul mTel rig sxva daSvebebs. 

zogadad wyalsagdebi nagebobebi SeiZleba dav-

yoT or did jgufad: 1. wyalsagdebebi, romelTac 
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awyoben kaSxlis tanSi da 2. wyalsagdebebi kaSxlis 

tanis gareT (sanapiro). 

kaSxlis tanSi mowyobil zedapirul wyalsagde-

bebs SeiZleba hqondes sxvadasxva formis ganivkveTi, 

romelTagan praqtikaSi yvelaze gavrcelebulia 

mrudwiruli anu praqtikuli moxazulobis profi-

lebi  (nax. 3.11), romlebic aigeba kriger-oficerovis 

an n. rozanovis cxrilebis mixedviT imis gaTva-

liswinebiT, vakuumiania igi Tu uvakuumo. uvakuumo 

wyalsaSvebze gadadineba xdeba  mSvidad, xolo 

vakuumianze gadadinebis dros nageoboba ganicdis 

biZgebs, dartymebsa  da vibraciebs; magram maTi 

gazrdili gamtarunarianobis gamo, praqtikaSi 

arcTu iSviaTad gamoiyeneba. 

kaSxlis wyalsagdebi nawilis gamtarunarianoba 

SeiZleba ganisazRvros Semdegi formuliT: 

                                       q=mσ ,Hg2 2/3
0                                 (3.5) 

sadac q aris wylis kuTri xarji (wyalsaSvebis 1 gZ. 

m-ze 
B
Qq = ); m=kmkaS - xarjis koeficienti, romlis 

mniSvneloba damokidebulia wyalsaSvebis moxazu-

lobasa da xvretTan nakadis misvlis pirobebze; 

mkaS – wyalsaSvebis xarjis koeficienti, roca 

gadadinebuli nakadi gverdiT kumSvas ar ganicdis; 
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k – koeficienti, romelic iTvaliswinebs gverdiT 

kumSvas da xvretTan nakadis misvlis pirobebs; σ - 

wyalsaSvebis daZirulobis koeficienti; B _ wyal-

saSvebis sigrZe (nax. 3.11,g) 

g2

V
HH

2
0

0 +=  - dawneva wyalsaSvebis TxemTan nakadis 

mosvlis V0 siCqaris gaTvaliswinebiT. 

Txemis simaRlisa da moxazulobis Sesabamisad 

praqtikulprofiliani uvakuumo wyalsaSvebis xar-

jis koeficienti m=0,42÷0,49, xolo farTozRurb-

liani wyalsaSvisaTvis m=0,32÷0,38. 

wylis xarji sifonuri (nax. 3.2.1d) wyalsagdebis 

gamosaval kveTSi, romlis farTobia ω, gain-

sazRvreba formuliT. 

                  0gH2Q μω= ,                    (3.6) 

sadac μ aris xarjis koeficienti, Cveulebriv 

μ=0,60÷0,85. 

gansakuTrebiT garTulebulia wyalsagdebi nage-

bobis mowyoba gruntis kaSxlis tanSi, Tumca aseTi 

gamonaklisebic arsebobs (nax. 3.12). 

wyalsagdebi nagebobis mowyoba kaSxlis gareT  

(sanapiro wyalsagdebi) SedarebiT Zvirad Rirebuli 

gadawyvetaa, amitom igi ganpirobebuli unda iyos 
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saTanado SezRudvebiTa da aucilebeli pirobebiT. 

aRniSnulidan gamomdinare, sanapiro wyalsagdebi 

nagebobebi iSviaTad ewyoba hidrokvanZSi, romlis 

SemadgenlobaSia betonis an rkinabetonis masiuri, 

Tundac Semsubuqebuli tipis kaSxlebi. sanapiro 

wyalsagdebebi ufro xSirad gamoiyeneba gruntis 

kaSxlian saTave kvanZebis SemadgenlobaSi.  

 

 

nax. 3.11 betonis wyalsagdebi kaSxlebis ZiriTadi saxeebi 

a_gravitaciuli zedapiruli saketiT; b_gravitaciuli 
usaketo; g_TaRovani zedapiruli wyalsagdebiT; d_si-
fonuri; 1_kaSxlis tani;        2_saketi; 3_energiis 
Camqrobi Wa; 4_tramplini; 5_wyalsaSvebi; 6_vakuumis 
Sewyvetis xvreli; 7_naSveri (cxviri) wyalnakadis 
gasatyorcnad sifonis amoqmedebisas 
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nax. 3.12 wyalsagdebebi gruntis kaSxlebis tanSi 

 a_ milisebri wyalsagdebi zedapiruli wyalmimRebiT; b_ 
milisebri wyalsagdebi koSkuri wyalmimRebiT; g_ 
gruntis wyalsagdebi kaSxali; 1_ kaSxlis tani; 2_ be-
tonis wyalsaSvebi zRurbli; 3_ fskeruli mili; 4_ sake-
ti; 5_ betonis sacobi; 6_ koSki; 7_ wriuli saketi; 
8_gruntis ekrani; 9_ sasamxuro xidi; 10_ saaeracio mili; 
11_rkinabetonis filebi; 12_sagebi fena; 13_ gruntis guli. 



 229

sanapiro wyalsagdebebis klasifikacia ZiriTadad 

misi saTave, sagdebi da gamosasvleli nawilebis 

konstruqciis, masalisa da wylis moZraobis reJimis 

mixedviT xorcieldeba. 3.13 nax-ze naCvenebia Ria 

sanapiro wyalsagdebi gruntis kaSxlian hidro-

kvanZis SemadgenlobaSi, romlis wyalsagdebi traq-

tis nagebobaTaA Semadgenloba, adgilobrivi piro-

bebis mixedviT SeiZleba iyos sxvadasxva nax. 3.14. 

mTagorian pirobebSi xSirad ufro gamarTlebulia 

gvirabuli wyalsagdebis mowyoba nax. 3.15, romelsac 

saTave nagebobis tranSeis tipis wyalsaSvis mowyo-

bis SemTxvevaSi, tranSeis tipis wyalsagdebsac uwo-

deben. maRaldawnevian hidrokvanZebSi xSirad gamo-

iyeneba agreTve wyalsagdebebi wriuli (nax. 3.16) ara-

sruli wriuli an foTlisebri wyalsaSvebi ZabriT. 

Saxturi tipis wyalsagdebis gamtarunarianoba 

ganisazRvreba Txemze dawnevisa da wyalSemkrebi 

ormos diametris fardobiT, agreTve wyalsaSvi 

Zabris Setborvis xasiaTis mixedviT. 

xSirad, roca H/R≤1 da wyalsaSvebi Zabris Set-

borvas adgili ara aqvs, Saxturi wyalsagdebis gam-

tarunarianoba tolia 

          
2/3

0 Hg2)SnR2(mQ −πε= ,                (3.7) 
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sadac m, R da H aris Sesabamisad xarjis koefi-

cienti, Zabris radiusi da dawneva mis Txemze; wriu-

li moxazulobis Txemisa da Zabris mqone wyalsag-

debis xarjis koeficientis mniSvnelobebi mocemu-

lia saTanado cxrilebSi. 

n0, S  da ε - Sesabamisad wyalSemkreb ormoze 

wylis xraxnisebri moZraobis sapirispirod mowyo-

bili WavlmimmarTveli burjebis ricxvi, maTi sigane 

da kumSvis koeficienti. es ukanaskneli saSualod 

0,9-s etoleba, xolo, rodesac Txemze burjebi ar 

ewyoba (Zabris ≈20 m diametris SemTxvevaSi), ε=1. 

Tu wyalsaSvebi Zabris mowyoba cicabo ferdobze 

garTulebulia, SesaZlebelia koSkuri gvirabuli 

wyalsagdebis mowyoba (nax. 3.12, b). 
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nax. 3.13 Ria sanapiro wyalsagdebi arxi. 

1-mdinaris kalapoti; 2-gruntis kaSxali; 3-mimyvani arxi;  
4-wyalsaSvebi zRurbli; 5-Sualeduri arxi; 6- sagdebi 

anwili (swrafdeni); 7-energiis Caqrobi Wa 
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nax. 3.14 sanapiro Ria wyalsagdebis sqemebi 
a_arxi swrafdeniT; b_arxi mravalsafexuriani 

vardniliT; g_arxi konsoluri vardniliT; d_arxi 
vardniliTa da swrafdeniT; 1_arxi; 2_ wyalsaSvebi 

zRurbli (wyalsaSvebi); 3_swrafdeni; 4_ safexurebiani 
vardnili; 5_konsoluri vardnili; 6_garecxvis Zabri. 
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nax. 3.15 gvirabuli wyalsagdebi zedapiruli 
wyalmimRebiT 

1_wyalsagdebi gvirabi; 2_zedapiruli wyalmimRebi; 
3_samSeneblo gvirabis nawili; 4_betonis sacobi 

 

 

 

 

nax. 3.16. Saxturi wyalsagdebi wroili wyalsaSvebiT. 
 1_ wyalsaSvebi; 2_ wyalmimmarTveli burjebi; 

3_wyalsagdebi gvirabi; 4-_samSeneblo gvirabis nawili; 
5_betonis sacobi; 6_saketi. 
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3.1.4. b) wyalCamSvebi nagebobebi 
 

wyalCasaSvebi nagebobebis ZiriTadi daniSnulebaa 

wyalsacavis mTliani an nawilobrivi dacla, ag-

reTve saangariSo maqsimaluri xarjebis nawilis 

gadagdeba qveda biefSi. wyalCasaSveb nagebobebs uf-

ro xSirad kaSxlis tanSi awyoben. betonisa da rki-

nabetonis maRal kaSxlebSi. wyalCasaSvebebs, siRr-

muli wriuli xvretebis saxiT, xSirad awyoben iaru-

sebad (nax. 3.11. g.) wyalCasaSvebis wriuli xvretebis 

diametri da Sesabamisad maTi raodenoba ganisa-

zRvreba hidravlikis cnobili formulebiT. 

gansakuTrebul SemTxvevaSi Tavdacvis mizniT sa-

Wiroa wyalsacavis dacla, xSirad mkvdari Set-

borvis donemde, romelic, erTi mxriv unda ganxor-

cieldes rac SeiZleba swrafad, magram meore mxriv 

swrafi dacla moiTxovs didi diametris (an didi 

raodenobis) siRrmuli xvretebis mowyobas, rac, 

Tavis mxriv, asustebs kaSxlis saerTo simtkices da 

xvretebis irgvliv iwvevs Zabvebis koncentracias 

anu saWiroebs Zlier daarmaturebas.  garda aRni-

Snulisa, wyalsacavis swrafma daclam SeiZleba ga-

moiwvios wyalsacavisa da gruntis kaSxlis fer-

doebis mdgradobis pirobis darRveva (Camocureba): 

amitom daclis drois SerCeva moiTxovs saTanado 
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optimizaciis amocanis gadawyvetas. didi dawnevebis 

SemTxvevaSi, siRrmul xvretebSi wylis nakadis siC-

qare zogjer aWarbebs betonisaTvis dasaSveb gam-

recx siCqares (20÷25 m/wm) da aseT SemTxvevaSi um-

jobesia xvrets gaukeTdes foladis mopirkeTeba. 

siRrmuli wyalsagdebis (wyalCasaSvebi) sigrZisa 

da muSaobis pirobebis mixedviT mis gamtaruna-

rianobas angariSoben erT-erTi Semdegi hidravli-

kuri sqemis mixedviT: a) milidan gamodineba ; b) 

nacmidan gamodineba; g) xvretidan gamodineba; d) 

wyalsaSvebze gadadineba. 

im siRrmuli wyalsagdebebis gamtarunarianoba, 

romlebic muSaoben, rogorc dawneviTi milebi, 

ganisazRvreba formuliT 

                                          q=μω gz2 ,                   (3.8) 

sadac ω aris wyalsagdebis gamosasvlelis saanga-

riSo ganivkveTis farTobi; μ - wyalsagdebis xarjis 

koeficienti, romlis mniSvneloba damokidebulia, 

rogorc wyalsagdebis konstruqciasa da gabaritul 

zomebze, ise dawnevaze, romlis mniSvneloba gain-

sazRvreba saTanado formuliT an cxrilebiT; g- Ta-

visufali vardnis aCqareba; z - moqmedi dawneva. 
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magaliTi 1 

mtris mosalodneli Tavdasxmisas didi mate-

rialuri zaralisa da adamianTa msxverplis Tavidan 

acilebis mizniT, saWiroa enguris wyalsacavis 

dacla mkvdari Setborvis donemde; es ki unda 

ganxorcieldes 5,0 m diametris xuTi siRrmuli 

xvretiT, romlis RerZi zeda biefis normaluri 

Setborvis donidan CaRrmavebulia 102 m-ze; gain-

sazRvros wyalsacavis daclis dro Tu mkvdari 

Setborvis doneze wylis moculobaa (sasargeblo) 

676 mln m3. 

amoxsna 

erTi wyalsagdebi xvretiT dasacleli wylis mo-

culoba  

2,135
5
10676W

6

=
⋅

=  mln m3 

wylis xarji, roca wyalsacavSi wylis done 

maqsimaluria da mudmivi, ganisazRvreba 3.8 formu-

liT.   

aviRoT xarjis koeficienti μ=0,65; z=102 m; 

ω= 62,19
4

514,3
4
D 22

=
⋅

=
π

m2, 

maSin 5,57010281,9262,1965,0Q =⋅⋅⋅= m3/wm, maSin 

135,2 mln. m3 wylis gatarebas dasWirdeba. 
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Tf= 236985
5,570
102,135 6

=
⋅

wm=65,8 sT. 

radgan wneva wyalsagdebis RerZze mudmivi ar 

aris da icvleba 102 m-dan 0-mde, dro cvladi 

dawnevis gaTvaliswinebiT orjer unda gaizardos,  

e. i. T=2Tf=131,6 sT ≈ 5,5 dRe. amrigad wyalsacavis 

dasaclelad saTave wyalsacavis SemTxvevaSi saWiro 

iqneba 5,5 dRe. 

 
3.1.4. g). wyalmimRebi nagebobebi 

 
wyalmimReb nagebobaTa daniSnulebaa wylis aReba 

wyalsatevidan an wyaldenidan (mdinaridan an kvebis 

sxva wyarodan) da misi miwodeba arxebSi, an sxva 

wyalsatarebSi ama Tu im sameurneo miznebis dasa-

kmayofileblad. 

zemoaRniSnulidan gamomdinare, wyalmimRebma na-

gebobebma unda uzrunvelyos wyalsameurneo sisteme-

bisadmi wylis Seuferxebeli miwodeba grafikis Se-

sabamisad, arxebis dacva maTSi fskeruli natanis, 

ToSis, yinulisa da tivtiva sxeulebis moxvedri-

sagan; garda amisa, saTavis nagebobaTa konstruq-

ciebi unda iyos martivi da ekonomikuri, eqsplua-

taciisa da avtomaziciisaTvis mosaxerxebeli; maT 

unda daakmayofilon simtkicis, mdgradobis da sam-
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saxuris xangrZlivobis normebiT gansazRvruli 

moTxovnileba. 

wyalmimRebisa da wyalmimRebi nagebobebis klasi-

fikaciaASeiZleba ganxorcieldes sxvadasxva niSnis 

(maxasiaTeblebis) mixedviT. 

wylis aRebis principisa da konstruqciis mixed-

viT, wyalmimRebebi SeiZleba daiyos or jgufad: 

kaSxliani wyalmimRebebi anu wyalmimRebebi kaSx-

liani hidrokvanZebis SemadgenlobaSi da ukaSxlo 

wyalmimRebebi, anu wyalmimRebebi ukaSxlo hidro-

kvanZebSi. 

ukaSxlo wyalmimRebebis mowyoba SesaZlebelia 

mxolod im SemTxvevaSi, rodesac mdinaris Camona-

denis bunebrivi reJimi da wylis done wlis ganmav-

lobaSi saSualebas iZleva Seuferxeblad miviRoT 

wylis saangariSo xarji, romelic ar unda aWar-

bebdes mdinaris xarjis 20÷25%-s. ukaSxlo wyal-

mimRebebSi garTulebulia brZola natanTan, ToSTan, 

yinulTan, ferdobebis mdgradobasTan. garTulebu-

lia mdinareSi sxvadasxva donis SemTxvevaSi saanga-

riSo xarjis aReba da sxv. 

wyalmimRebis klasifikacia mocemulia nax-ze 3.17 
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nax.3.17 
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CamCian, anu saTaveSi auzian (cicxviani) zedapi-

rul da siRrmul ukaSxlo wyalmimRebebs wyalmoma-

ragebaSi xSirad iyeneben, SedarebiT mcire xarjebis 

asaRebad. 

   

  

 

nax. 3.18. gverdiTi ukaSxlo Riaarxiani wyalmimRebebis 
ZiriTadi sqemebi 

a da b_ saTavis nagebobis gareSe; g_ saTavis nagebobiT; d_ 
saleqriT da maregulirebeli nagebobebiT; e_ mravalsaTavsiani, 
romlis arxebis SesavalTan mowyobilia zRudarebi; 3_ Txril-
saleqrebiT da erTi saTavis nagebobis meSveobiT centrali-
zebuli marTviT; z_igive, decentralizebuli marTviT da 
diukeriT; T_ xelovnuri mrudxazovani mimyvani arxiT; 1_ 
magistraluri arxi; 2_ sagdebi arxi; 3_ saTavis nageboba; 4_ 
saleqari; 5_ zRudarebi; 6_ Txril-saleqrebi; 7_ diukeri; 8_ 
mrudxazovani mimyvani arxi 
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nax. 3.19. ukaSxlo frontaluri wyalmimRebebis sqemebi 
a_saTavis nagebobis gareSe (arasinJinro); b_gverdiTi saTavis 
nagebobiTa da fskeruli zRurbliT, romelic natans mimarTavs 
dezis farglebs gareT; g_ gverdiTi saTavis nagebobiT da de-
zis kedelSi mowyobili gamrecxi xvretebiT; d_gverdiTi nage-
bobiT da zedapiruli mimmarTveli sistemebiT; e_frontaluri 
saTavis nagebobiT da dezis grZiv kedelSi moTavsebuli gam-
recxi mowyobilobebiT; v_mdinaris totze saTavisa da gamrecxi 
nagebobiT; 1_arxi; 2_dezi; 3_mimyvani kalapoti; 4_sagdebi; 
5_gamrecxi nageboba; 7_ jebiri; 8_ fskeruli zRurbli. 
 

 
 

nax. 3.20. siRrmuli ukaSxlo wyalmimRebis saxeebi. 
a_ sanapiro; b_ kunZulis tipi; g_ TviTdinebiTmiliani; 1_Wa; 
2_siRrmuli wyalmimRebi fanjrebi; 3_gisosi; 4_Semwovi mili; 
5_tumbosaken; 6_TvidinebiTi (wyalmimRebi) mili; 7_ wyalmimRebi 
milis saTavsi; 8_wyalmimRebi kamera; 9_Semwovi kamera; 10_ sasa-
msaxuro saTavsi; 11_sasamsaxuro xidi. 
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nax. 3.21. kaSxliani gverdiTi wyalmimRebebi natanis 
frontaluri recxviT: 1_saTavis nageboba; 2_Sesasvleli 

zRurbli; 3_kaSxali; 4_gamrecxi xvretebi; 5_arxi; 6_gisosebi; 
7_wyalsatarebis saketebi; 8_akveduki; 9_horizontaluri Taro 

 

 

nax. 3.22. kaSxliani gverdiTi wyalmimRebebi natanis 
gverdiTi recxviT: 

1_saTavis nageboba; 2_arxi; 3_fskeruli gamrecxebi; 4_kaSxali; 
5_Sesavali zRurbli; 6_avankamera; 7_avankameris zRurbli; 
8_wyalmimRebis saketi; 9_gamrecxi. 
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nax. 3.23. kaSxliani gverdiTi wyalmimRebi natandamWeri 
galereebiT: 1_wyalmimRebi; 2_magistraluri arxis brtyeli 
saketebi; 3_magistraluri arxi; 4 da 4/_brtyeli saketebi nd 

galereebis SesavalSi; 5_WavlmmarTveli kedeli; 6_mosaxsneli 
gisosi; 7_betonis Ziruli; 8_wyalmimRebis brtyeli saketebi; 

9_diukeris bryeli saketi; 10 da 11_kaSxlis gamrecxi xvretebis 
saketebi; 12_diukeris sarezervo saketi; 13_ diukeri; 14_ 

kaSxalis yru nawili; 15_ kaSxlis wyalsaSviani nawili; 16_ 
saSandore kiloebi; 17_saketebi nd galereebis gamosasvlelSi; 

18 da 19 nd galereebi; 20_ nd galereebis samzeri Webi; 
21_wyalmimRebis gamrecxi 
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nax. 3.24. kaSxliani frontaluri wyalmimRebebis natanis 
frontaluri recxviT:  

a_Rariani wyalmimRebi; b_jibiani wyalmimRebi; g_oriarusiani 
(elsadenis tipis) wyalmimRebi fskeruli gamrecxi galereebiT; 
1_kaSxali; 2_gamrecxi xvretebi; 3_rkinabetonis Rari; 4_arxi; 
5_Sesavali zRurbli; 6_jibe; 7_gamyofi kedeli; 8_saTavis 

regulatori 
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nax. 3.25. kaSxliani frontaluri wyalmimRebi 

natandamWeri galereebiT 1_wyalsaSviani kaSxali; 
2_natandamWeri galereebi; 3_natandamWeri galereebis 
gamosavali nawili; 4_kaSxalis gamrecxebis saketebi; 

5_wyalmimRebi; 6_ natandamWeri galereebis Sesavali nawilebi; 
7_jibe; 8_wyalmimRebi xvretebi; 9_diukeri 
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nax. 3.26. samTo tipis wyalmimRebi  
1_mimyvani kalapoti; 2_wyalsagdebi xvretebi (malebi); 

3_gamrecxi xvreti; 4_natanmimmarTveli zRurbli; 5_wyalmimRebi 
galerea fskeruli gisosiT; 6_wyalsatari 

 

3.1.5. zogadi cnobebi hidroteqnikur  
arxebsa da gvirabebze 

 
3.1.5.a arxebi da maTze moTavsebuli nagebobebi 

 
arxebi gruntSi mowyobili udawneo reJimiT mo-

muSave xelovnuri kalapotebia (wyalsatari nagebo-

bebi), romlebiTac warmoebs wylis xarjebis miyvana 

kvebis wyarodan (mdinaridan, wyalsacavidan, wyalsa-

tevidan da a.S) momxmareblamde (hidroeleqtrosad-

guri, sarwyavi sistema, wyalmomaragebis sistema da 

a.S) an erTi punqtidan meoreSi. 

miznobrivi daniSnulebis mixedviT erTmaneTi-

sagan asxaveben Semdegi saxis arxebs: energetikuls, 

sanaosnos, sarwyavs (irigaciuls), gamawylovanebels, 
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wyalsadens, damSrobs, xe_tyis dasacurebels, wyal-

satars, kompleqsurs da a.S. 

kvebis wyarodan wylis miwodebis xerxis mixed-

viT, erTmaneTisagan asxaveben TviTdinebiT an meqani-

kuri miwodebiT (satumbi sadgurebiT) momuSave ar-

xebs. topografiuli pirobebis Sesabamisad arxi 

SeiZleba gadiodes mTlianad WrilSi, mTlianad 

yrilSi an naxevrad Wril-naxevrad yrilSi. rbil 

gruntebSi gamavali arxebi saWiroebs sakmaod dam-

reci ferdobis mowyobas, wylis dinebis siCqris 

SezRudvas da filtraciis sawinaaRmdego Ronis-

ZiebeTa Catarebas. arxis ganivkveTis formebi, ro-

melTac gansazRvravs trasis sainJinro-geologiuri 

pirobebi, misi siRrme, zomebi, mopirkeTebis tipi, sa-

muSaoTa warmoebis xerxi da daniSnuleba, SeiZleba 

iyos trapeciuli, poligonuri (ufro xSirad gamo-

iyeneba sanaosnod), marTkuTxa, paraboluri, naxevar-

wriuli (hidravlikurad yvelaze xelsayreli) da 

sxva ufro rTuli kombinirebuli moxazulobis ga-

nivkveTebi. praqtikaSi ufro gavrcelebulia trape-

ciuli ganivkveTis arxebi (nax. 3.27). 
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nax. 3.27. arxebisa da Rarebis cocxali kveTis formebi   

a_trapeciuli; b_poligonuri; g_sworkuTxovani; 
d_paraboluri; e_naxevarwriuli. 

 
arxis ferdobis daxriloba xasiaTdeba ferdos 

m koeficientiT; m=ctgα an 
h
am =
 
(nax. 3.27,a). ferdos 

koeficienti iniSneba ferdos mdgradobis uzrunvel-

yofis pirobebis Sesabamisad: 5 metrze naklebi 

siRrmis kveTSi gamavali arxebis winaswari gaanga-

riSebisaTvis SeiZleba visargebloT 3.1 cxrilis 

monacemebiT. 

cxrili 3.1 

ferdos m 
koeficienti 

# gruntebi 
wyalqveS 

wylis 
zemoT 

1 gamoufitavi kldovani qanebi 0,1. . .0,25 0 
2 gamofituli kldovani qanebi 0,25. . .0,5 0,25 

3 
naxevrad kldovani 
wyalmedegi grunti 

0,5. . .1,0 0,5 
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4 
kenWnari da qviSa-xreSovani 
grunti 

1,25. . .1,5 1,0 

5 
Tixa, mZime da saSualo 
Tixnari 

1,0. . .1,5 0,5. . .1,0 

6 msubuqi Tixnari, qviSnari 1,25. . .2,0 1,0. . .1,5 

7 
msxvili da 
saSualomarclovani qviSa 

1,25. . .2,25 1,5 

8 wvrilmarclovani qviSa 1,5. . .2,5 2,0 
9 mtvrisebri qviSaA 3,0. . .3,5 2,0 
10 torfi 0,25. . .2,0 - 

 
arxis ganivkveTis gaangariSebas safuZvlad udevs 

wylis Tanabari moZraobis anu Sezis formula, rom-

lis Tanaxmad arxis saangariSo xarji 

                            RiCQ ω= ,                                                    (3.9) 

sadac ω aris arxis cocxali kveTis farTobi; 

trapeciuli kveTebisaTvis 

            ω=(b+mh)h;                                (3.10) 

R – hidravlikuri radiusi trapeciuli kveTisaTvis 

                            R=
2m1h2b

h)mhb(

++

+
=

χ
ω ;                                  (3.11) 

χ - sveli perimetris sigrZe; 

C – Sezis koeficienti maningis mixedviT, 

           

6/1R
n
1c = .                               (3.12) 

aq n aris xorklianobis koeficienti, romlis mniSv-

neloba aiReba Sesabamisi cxrilebidan; I –arxis 

grZivi qanobi. 
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arxebis fskerisa da ferdoebis specialuri samo-

siT mopirkeTeba miznad isaxavs rigi sakiTxis erT-

droul gadawyvetas, rogoricaa arxis dacva tal-

Rebis, yinulis, mcuravi sxeulebis meqanikuri zemo-

qmedebisagan; kalapotis zedapiris eroziaze winaRo-

badobis gaumjobeseba, rac saSualebas iZleva gav-

zardoT siCqareebi anu arxis gamtarunarianoba; 

arxis simqisis da wylis filtraciuli dankargebis 

Semcireba da sxv. aRniSnulidan gamomdinare, arxis 

samosebis dayofa damcav da filtraciis sawinaaRm-

dego samosebad pirobiTia. 

hidroteqnikur mSeneblobaSi arxebis mopirkeTe-

bis yvelaze gavrcelebuli saxea betoni da rkina-

betoni rogorc monoliTuri, ise asawyobi filebis 

saxiT. betoniT monoliTuri mopirkeTebis fenis 

sisqea 0,06÷0,20 m, sagebis sisqiT 0,1÷0,15 m. burcvadi 

Tixovani gruntebis SemTxvevaSi mas zrdian 0,3÷0,5 

mde. rkinabetonis monoliTuri samosi gamoirCeva 

betonisagan naklebi sisqiT, romlis daarmatureba 

Seadgens 0,2_0,4%. asawyobi rkinabetonis filebis 

sisqe, rogorc wesi, ar aRemateba 10 sm-s. praqtikaSi 

gamoiyeneba agreTve arxebis mopirkeTeba qvis masa-

lisa da polimeruli afskis samosiT, romlis sisqea 
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0,2_0,3 mm, romelic zemodan daculia gruntis feniT 

aranaklebi 0,5 m-isa. 

arxis grZivi profilis mkveTri gadatexebis da 

geografiuli an xelovnuri winaaRmdegobebis dasaZ-

levad, amasTanave arxidan wylis ganawileba – regu-

lirebis mizniT arxze moTavsebulia sxvadasxva sa-

xis wyalsatari, SemauRlebeli da maregulirebeli 

nagebobebi. 

Tavis mxriv, wyalsatar nagebobebs miekuTvneba 

Rarebi (nax. 3.28), milsadenebi, gvirabebi, galereebi, 

akvedukebi (nax. 3.29) da diukerebi (nax. 3.30).  

SemauRlebel nagebobebs miekuTvneba swraf-

mdenebi da safexuriani vardnilebi an maTi kombi-

naciebi (nax. 3.14), satumbi sadgurebi, gadasasv-

lelebi. 

maregulirebel nagebobebs miekuTvneba Sluz-re-

gulatorebi, wyalgamyofebi (nax. 3.31), wyalsagdebebi, 

Rvarcofsatarebi, RvarsaSvebi milebi da sxv. 
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nax. 3.28. wyalsatari Raris saxeebi 
a_rkinabetonis Rari estakadaze; b_paraboluri asawyobi 
rkinabetonis Rari; 1_sayrdenebi; 2_sasamsaxuro boga 
 
 

 

 

nax. 3.29. akveduki 
1,2_Sesasvleli da gamosasvleli nawili; 
3_deformaciuli nakeri; 4_sayrdenebi 
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nax. 3.30. diukeri 

1_arxi; 2_nagavdamWeri gisosi; 3_rkinabetonis mili; 
4_doneTa sxvaoba 

 

    

 
nax. 3.31. xarjebis maregulirebeli nagebobebi arxze 

a_Sluz-regulatorebis sistema; b_regulatori mxolod 
ganStoebaze; g_wyalgamyofi; 1_magistraluri arxi; 

2_ganStoebebi; 3_regulatorebi 
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3.1.5. b).hidroteqnikuri gvirabebi 
 

hidroteqnikur gvirabebs uwodeben miwisqveSa 

wyalsatar nagebobebs, romelTa meSveobiT momxma-

reblisadmi wylis miwodeba xdeba umoklesi gziT 

da SesaZlo sworxazovani trasiT. maT iyeneben mTian 

pirobebSi cicabo da Zlier danaoWebuli reliefis 

dros, agreTve maSin, rodesac Ria wyalsataris 

(arxis) trasaze gvxvdeba maRlobebi an mewyrovani 

adgilebi, romelTa Semovla gaumarTlebelia teqni-

kur-ekonomikuri TvalsazrisiT. gvirabebi gamoiyene-

ba maSinac, rodesac wyalsataris trasa gadis gana-

Senianebul da mWidrod dasaxlebul adgilebSi. gvi-

rabebi wyalsameurneo daniSnulebis mixedviT, SeiZ-

leba iyos: 1) energetikuli; 2) irigaciuli da 

gamawylovanebeli; 3) wyalsadeni da sakanalizacio;      

4) sanaosno da xe-tyis dasacurebeli; 5) wyal-

sagdebi; 6) hidrokvanZis mSeneblobis dros mdinaris 

wylis gadamgdebi (mosaSorebeli) da 7) kompleqsuri. 

hidravlikuri reJimis mixedviT, hidroteqnikuri 

gvirabebi SeiZleba iyos sadawneo da udawneo. 

RerZis mdebareobisa da samTo gamonamuSevris 

xasiaTis mixedviT, ansxvaveben: a) sakuTriv gvirabebs, 

romelTa RerZi horizontaluria an horizontalur-

Tan axlo; b) Saxtebs, rodesac gamonamuSevris RerZi 
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vertikaluria an masTan axlo; g) Stolnebs, ro-

desac gamonamuSevris ganivkveTi mcire zomisaa an 

aqvs damxmare mniSvneloba; d) Strekebs – sasam-

saxuro daniSnulebis mokle gamonamuSavrebs. 

gvirabebis hidravlikuri gaangariSeba efuZneba 

hidravlikis Tanabari moZraobis gantolebebs, ro-

melTa safuZvelze ganisazRvreba gvirabis ganikve-

Tis zomebi, qanobi an masSi gadenili wylis xarji. 

daniSnulebis mixedviT, hidroteqnikuri gvirabebi 

SeiZleba iyos ZiriTadi, meorexarisxovani da 

droebiTi. 

gvirabis ganivkveTis forma damokidebulia hid-

ravlikur, statikur da samSeneblo-sawarmoo piro-

bebze. gvirabis gayvanis Sedegad icvleba gamonamu-

Sevris garemomcveli qanebis daZabul-deformire-

buli mdgomareoba. arasakmao simtkicis qanebis 

SemTxvevaSi, am deformaciebs SeiZleba mohyves gvi-

rabis Weris Camongreva da gverdiTi kedlebis gamo-

burcva. am movlenis gamosaricxad gvirabis kontu-

ris Caatareben mopirkeTebas, romelic unda gaanga-

riSdes deformirebadi qanebis wnevaze anu e.w. samTo 

wnevaze. igi ufro xSirad vlindeba gvirabis WerSi 

(TaRSi) da aqvs vertikaluri mimarTuleba. sust 

aramdgrad qanebSi gvirabis kedlebzec warmoiSoba 

gverdiTi samTo wnevebi. 
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samTo wnevis sididis zust gansazRvras didi 

mniSvneloba eniWeba gvirabebisa da sxva miwisqveSa 

nagebobebis mopirkeTebas swori daproeqtebisaTvis. 

dReisaTvis arsebobs samTo wnevis kvlevis sami mi-

marTuleba: analizuri (magaliTad m. protodiakono-

vis xerxiT), laboratoriuli da naturuli kvlevis. 

bolo wlebSi, roca gvirabis garemomcveli qanebis 

geologiuri Wrili kargadaa Seswavlili, gvirabis 

mopirkeTebis gaangariSebaSi upiratesoba eniWeba mis 

angariSs garemocvel gruntTan erTad, sasrul an 

sasazRvro elementTa, an maTi kombinirebuli me-

Todebis gamoyenebiT. 

gvirabis ganivkveTis formaze mniSvnelovan gav-

lenas axdens siTxis moZraobis reJimebi, trasis sa-

inJinro geologiuri pirobebi da samuSaoTa war-

moebis xerxi. moqmedi samSeneblo normebiT udawneo 

hidroteqnikuri gvirabebisaTvis rekomendebulia Sem-

degi tipis ganivkveTebi (nax. 3.32). 

udawneo gvirabebisaTvis, gvirabis wriuli kveTi 

iSviaTad gamoiyeneba, xolo sadawneo gvirabebi-

saTvis, TiTqmis yovelTvis. 

gvirabis mopirkeTeba SeiZleba iyos masworebeli 

an mzidi. es ukanaskneli SeiZleba ganxorcieldes 

betonis, rkinabetonis, liTonis an kombinirebuli 

masalebis gamoyenebiT. 
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nax. 3.32. udawneo gvirabebis ganivkveTis tipebi 
I_ sworkuTxa damreci TaRiT; II_ varclisebri 
naxevarwriuli TaRiT;     III_ SemaRlebuli mrudxazovani 
kedlebiT; IV_ nalisebri (mravalcentriani) 
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II Tavi. betonisa da rkinabetonis kaSxlebis 
daZabul-deformirebuli mdgomareobis da 
mdgradobis Sefasebis zogadi pirobebi 

 
3.2.1. ZiriTadi debulebebi da cnobebi 

 
hidroteqnikuri nagebobebis, maTi konstruq-

ciebisa da calkeuli elementebis gaangariSeba saWi-

roa qveyanaSi moqmedi normebis (sn 2.06.01-97) Sesa-

bamisad, zRvruli mdgomareobis meTodiT. kerZod, 

gaangariSeba tardeba zRvruli mdgomareobis ori 

jgufis mixedviT: 

pirveli – gaangariSebebi sistemis nageboba-fuZis 

simtkiceSA da mdgradobaze, fuZeebisa da gruntis 

nagebobebis saerTo filtraciul simtkiceze, nage-

bobebis calkeuli elementebZE, romelTa dangreva 

iwvevs nagebobis eqspluataciis Sewyvetas simtkicesa 

da gadaadgilebebze; 

meore – gaangariSebebi fuZeebis adgilobriv 

simtkiceze; gadaadgilebisa da deformaciebis 

SezRudvaze, bzarebis gaCenaze an samSeneblo na-

kerebis gaxsnaze; adgilobriv filtraciul simtki-

ceze an nagebobebis calkeuli elementebis simtki-

ceze da gaangariSebebi, romlebic ar aris gaTva-

liswinebuli pirveli jgufis zRvruli mdgoma-

reobiT. 
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hidroteqnikuri nagebobebis, maTi fuZeebisa da 

calkeuli konstruqciuli elementebis gaangariSe-

bis dros zRvruli mdgomareobis Tavidan acilebis 

mizniT, daculi unda iqnes piroba 

                       

RF
n

C
C1 γ

γ
≤γ                  (3.13) 

sadac γ1C datvirTvebis Sexamebis koeficienti, ro-

melic pirveli jgufis zRvruli mdgradobiT gaan-

gariSebisas datvirTvebisa da zemoqmedebis  Ziri-

Tadi SexamebisaTvis (normaluri eqspluataciis pi-

robebSi) aiReba γ1C=1,0; igive mSeneblobisa da re-

montis periodebisaTvis tolia 0,98, xolo datvirT-

vebisa da zemoqmedebis gansakuTrebuli Sexamebisas 

0,90; F – ganzogadebuli saangariSo Zalva (Zala, 

momenti, Zabva), deformacia an sxva parametri, rom-

lis mixedviTac warmoebs zRvruli mdgomareobis 

Sefaseba; R - ganzogadebuli saangariSo mziduna-

rianoba, deformacia an sxva daproeqtebis normebiT 

dadgenili parametri; γC - muSaobis pirobebis 

koeficienti, romlis mniSvnelobebi calkeul SemTx-

vevebSi dadgenilia moqmedi normatiuli dokumenta-

ciebiT; γn - saimedoobis koeficienti, romlis mniSv--

neloba pirveli jgufis zRvruli mdgomareobis mi-

xedviT gaangariSebisas aiReba nagebobis klasis (ix. 
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cxr. 3.2) (I, II, III, IV klasis nagebobebisaTvis Se-

sabamisad), xolo meore jgufis zRvruli mdgoma-

reobiT gaangariSebisas – 1,0-is toli. 

cxrili 3.2 
ZiriTadi mudmivi hidroteqnikuri nagebobebis klasi 
 simaRlis da fuZeebis gruntebis tipis mixedviT 

nagebobebis simaRle 
m, maTi 

klasis mixedviT # nagebobebi 
fuZis 

gruntis 
tipi I II III IV 

1 

adgilobrivi 
masalis kaSxlebi 

A 
B 
C 

>10
0 

>75 
>50 

70....10
0 

35...75 
25...50 

25....7
0 

15...35 
15...2
5 

<2
5 
<1
5 
<1
5 

2 

betonisa da rkina-
betonis kaSxlebi; 
hidroeleqtrosadgu
rebis Senobebis 
wyalqveSa 
konstruqciebi 

A 
B 
C 

>10
0 

>50 
>25 

60....10
0 

25...50 
20...25 

25....6
0 

10...2
5 

10...2
0 

<2
5 
<1
0 
<1
0 

3 sayrdeni kedlebi 

A 
B 
C 

>40 
>30 
>25 

25....40 
20...30 
18...25 

15...2
5 

12...2
0 

10...18 

<1
5 
<1
2 
<1
0 

4 

sazRvao navmisad-
gomebis ZiriTadi 
daniSnulebis 
nagebobebi 
(satvirTo, samgzav-
ro, gemTsaremonto 
da a.S. 
 

A,B,C 

 
 

>25 

 
 

20...25 

 
 

<20 

 
 

...... 



 261

5 

sazRvao Sigasapor-
to dacviTi nage-
bobebi; pasiuri dac-
vis sanapiro gamag-
rebebi 

A,B,C ...... >15 ≤15 ..... 

6 

SemomzRudavi nage-
bobebi (molebi, 
talRCamqrobebi da 
jebirebi) 

A,B,C >25 5...25 <5 ..... 

7 

Selfze navTobisa 
da gazis amomRebi 
stacionaruli mbur-
Ravi platformebi; 
Ria zRvaSi estaka-
debi; xelovnuri 
kunZulebi 

A,B,C >25 ≤25 ....... ..... 

SeniSvnebi 1. gruntebi: A _ kldovani; B _ msxvilmonatexi 
da Tixovani myar da naxevradmyar mdgomareobaSi; C _ 
Tixovani, wyalnajeri, plastikur mdgomareobaSi; 
2. hidroteqnikuri nagebobebis simaRlis dadgena da misi 
fuZis Sefaseba warmoebs calkeul saxeobaTa 
hidroteqnikuri nagebobebisa da fuZeebis daproeqtebis 
samSeneblo normebisa da wesebis mixedviT; 
3. me-4 da me-6 poziciebSi nagebobis simaRlis nacvlad 
miRebulia siRrme nagebobasTan, xolo me-7 poziciaSi _ 
siRrme dayenebis adgilze. 

 

 

datvirTvebis normatiuli mniSvneloba calkeul 

saxeobaTa nagebobebisaTvis, maTi konstruqciebisa 

da fuZeebisaTvis ganisazRvreba Sesabamisi samSe-

neblo normebisa da wesebis mixedviT, xolo dat-

virTvis saangariSo mniSvnelobebi maTi γf saime-

doobis koeficientze namravliT. 
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hidroteqnikuri nagebobebis gaangariSeba, ro-

gorc wesi, tardeba datvirTvebisa da zemoqmede-

bebis ZiriTad da gansakuTrebul SeTanwyobaze, ro-

melTa gaangariSebis meTodebi, calkeul nagebobaTa 

tipisa da konstruqciis mixedviT, dadgenilia nor-

mebiT. 

betonisa da rkinabetonis kaSxlebis ZiriTadi 

saxeebi СНиП2.06-85-is mixedviT mocemulia nax-ze 3.33. 

betonisa da rkinabetonis kaSxlebis simaRle 

arakldovan gruntze, rogorc wesi ar aRemateba 45-

60 m-s. 

samSeneblo normebiTa da wesebiT gansazRvrulia 

hidroteqnikuri betonis Semdegi saxeebi: 

- simtkicis klasi kumSvaze – B10, B15, B20, B25, 

B30, B35, B40, B45, B50, B60; 

- simtkicis klasi gaWimvaze – Bt0,8;  Bt1,2;  Bt1,6; 

Bt2,4; Bt2,8; Bt3,2; 

- marka yinvamedegobaze – F15, F25, F50, F75, F100, 

F150, F200, F300, F400, F500; 

- marka wyalSeuRwevobaze – W2, W4, W6, W10, W12. 
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nax .3.33. betonisa da rkinabetonis kaSxlebis ZiriTadi sa-
xeebi gravitaciuli: a_ masiuri; b_gafarToebuli nakere-
biT (1); g_grZivi siRruiT (2) ZirTan; d_ekraniT (3) sadaw-
neo waxnagTan; e_fuZeSi CaankerebiT (4); kontrforsuli; 
v_masiuri TavebiT (5) anu masiur-kontrforsuli; z_Ta-
Rovani gadaxurviT (6) anu mravalTaRovani; T_brtyeli 
gadaxurviT (7); TaRovani: i_Camagrebuli quslebiT; k_pe-
rimetruli nakeriT (8); l_samsaxsriani sartylebiT (9); 
m_gravitaciuli burjebiT (10); n,o_wyalsagdebi kaSxlebi 
arakldovan fuZeebze; 11_kontrforsebi; 12_saxsrebi; 
13_saketebi 
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cifrebi asoebis Semdeg aRniSnavs: simtkicis kla-

sebisaTvis – betonis 180 dRiani specialuri nimu-

Sebis simtkicis zRvars statikur kumSvaze (gaWim-

vaze), mpa; markebisaTvis yinvamedegobaze – monacv-

leobiTi gayinvisa da galRobis ciklebis raode-

nobas, romelsac uZlebs 28 dRiani betonis wyalga-

jerebuli nimuSi (simtkicis kargva ar aRemateba 

15%-s); markebisaTvis wyalSeuRwevobaze – wylis 

wnevas atmosferoebSi, romelsac uZlebs 180 dRiani 

betonis nimuSi masSi wylis gauJonvad. 

calkeuli kaSxlisa da misi calkeuli zonebi-

saTvis, rogorc wesi, SeirCeva Sesabamisi simtkicis, 

yinvamedegobisa da wyalSeuRwevobis betoni. 

hidroteqnikur mSeneblobaSi ufro metad iyeneben 

portland-cements (araagresiuli garemosa da wylis 

SemTxvevaSi). gravitaciuli da TaRovan-gravitaciu-

li kaSxlebis Siga zonebisaTvis cementis xarjia 

160-180 kg/m3, xolo TaRovani (mravalTaRovani) kaSx-

lebisaTvis _ 290-325 kg/m3. 

 
3.2.2. betonis gravitaciuli kaSxlebi 

 
gravitaciuli kaSxali masiuri wyalSemtbori na-

gebobaa, romelic winaaRmdegobas uwevs mZvrel Za-

lebs ZiriTadad sakuTari wonis moqmedebiT, fuZeSi 
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warmoSobili xaxuniT, xolo kldovani fuZeebis 

SemTxvevaSi, agreTve SeWidulebis ZalebiT. 

gravitaciuli kaSxlebis farTo gavrceleba 

msoflio kaSxalTmSeneblobaSi ZiriTadad ganapiro-

ba maTi konstruqciis simartivem, agreTve iman, rom 

gravitaciuli kaSxlebis mSenebloba: did moTxov-

nebs ar uyenebs gasworis topografias da fuZis 

geologias, romelsac igi gadascems maszed mosul 

datvirTvebs; saimedod inarCunebs saeqspluatacio 

moTxovnebs mkacr klimatur pirobebSi; iZleva samu-

SaoTa warmoebis Tanamedrove teqnikisa da teqno-

logiis farTod gamoyenebis saSualebas da sxv. 

gravitaciuli kaSxlebis ZiriTadi naklia betonis, 

Sesabamisad, cementis didi xarji, kaSxlis ZirSi 

Zabvebis ganawilebis mniSvnelovani uTanabroba, masa-

lis (betonis) meqanikuri maxasiaTeblebis arasruli 

gamoyeneba. 

msoflioSi eqspluataciaSi myofi gravitaciuli 

kaSxlebidan yvelaze maRalia grand diksansis kaS-

xali SveicariaSi (284 m), mniSvnelovani simaRlisaa 

agreTve boulderis (222 m), grand-kulis (170 m) da 

Sastas (180 m) kaSxlebi aSS-Si. yofil sabWoTa 

kavSirSi cnobili kaSxlebia: volxovis, dnepris, 

volgis, bratskis, toqtogulis, krasnoiarskis da 

sxva, romelTa Soris yvelaze maRalia toqtogulis 
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kaSxali md. narinze (215 m), saqarTveloSi ki gumaTis 

kaSxali md. rionze (52,5 m). 

gravitaciuli kaSxlis optimaluri sigane fuZeSi 

ganisazRvreba misi idializebuli (Teoriuli) mkac-

rad samkuTxa profilisaTvis, simtkicisa da fuZis 

sibrtyeSi Zvraze mdgradobis pirobidan gamomdina-

re. gaangariSebisas, rogorc wesi, mxedvelobaSi 

miiReba mxolod is Zalebi, romlebic ZiriTadad 

gansazRvravs kaSxlis minimalur siganes fuZeSi  

(nax. 3.34). 

simtkicis piroba krZalavs sadawneo waxnagze 

gamWimi Zabvebis warmoSobas savse wyalsacavis 

SemTxvevaSi. geometriulad es niSnavs, rom kaSxalze 

moqmedi ZalTa sistemis tolqmedi ar unda gavides 

saangariSo kveTis gulidan anu fuZis kveTis Sua 

mesamedidan gareT. fuZis sigane minimaluri iqneba 

maSin, Tu tolqmedi modebuli iqneba kveTis gulis 

kidura wertilSi qveda waxnagis mxares. am Sez-

RudviT, kaSxlis minimaluri sigane fuZeSi miiReba 

sadawneo waxnagis ukuqanobis pirobebSi, rac sa-

muSaoTa warmoebis TvalsazrisiT miuRebelia da 

ramac SeiZleba daclili wyalsacavis SemTxvevaSi 

kaSxals safrTxe Seuqmnas simtkicis TvalsazrisiT, 

kerZod mis qveda waxnags, ris gamoc sadawneo 

waxnags viRebT vertikalurs, e.i. n=0. 
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am pirobiT Tu kaSxalze moqmed yvela Zalis sis-

temis 2
1 h

2
1W γ= ; nbh

2
1W γ=f ; bh

2
1G bγ= ; 

0bh
2
1W =γ=2  momentebis jams kveTis gulis kidura 

(anu tolqmedis modebis) wertilis mimarT 

gavutolebT 0-s, martivi gardaqmnebiT miviRebT 

                     

1

hb
α−

γ
γ

=
b

.                 (3.14) 

analogiurad Tu Zvraze maragis koeficients 

warmovadgenT, rogorc Semkavebeli (vertikaluri 

Zalebis algebruli jami gamravlebuli kaSxalsa 

da fuZes Soris f xaxunis koeficientze) da 

damZvreli (hidrostatikuri wnevis Zalis Zvris 

sibrtyis mimarTulebiT W1 Semdgeni) Zalis far-

dobas, martivi gardaqmniT miviRebT 

                      
)(f

hkb
1α−γ

γ
=

b
Zv .             (3.15) 

aq γb da γ aris kaSxlis masalisa (betonis) da 

wylis moculobiTi wona; α1 – filtraciuli wnevis 

Semamcirebeli koeficienti, romlis mniSvneloba da-

mokidebulia antifiltraciul konstruqciul Ro-

nisZiebebsa da saZirkvlis fuZis geologiur Wril-
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ze. Teoriulad 0 ≤ α1 ≤ 1; kZv – kaSxlis mdgradobis 

maragis koeficienti Zvraze, romlis minimaluri 

mniSvneloba nagebobis klasisa da ZalTa SeTan-

wyobis tipis mixedviT, mocemulia normebSi. 

simtkicis pirobidan (3.14) gamomdinareobs, rom:  

rodesac γb/γ=2,4 da α1=0,5, maSin  b=0,73h; 

rodesac γb/γ=2,4 da α1=0, maSin  b=0,65h. 

Zvris pirobidan (3.15): 

rodesac γb/γ=2,4; f=0,7; α1=0,5 da kZv=1 (zRvruli 

wonasworoba), maSin  b=0,73h; 

rodesac γb/γ=2,4; f=0,7; α1=0 da kZv=1, maSin  b=0,65h. 

miRebuli tolobebi axlosaa kaSxlis siganis im 

mniSvnelobebTan, romlebic miiReba simtkicis piro-

bidan. arakldovani fuZeebis SemTxvevaSi, rodesac 

xaxunis f koeficienti mniSvnelovnad mcirdeba (maga-

liTad TixebisaTvis f=0,2÷0,3), kaSxlis sigane Zvraze 

mniSvnelovnad izrdeba anu kaSxali gegmaSi iRebs 

galastur profils. orive pirobis (simtkice, Zvra) 

dasakmayofileblad saWiroa (3.14) da (3.15) gamosa-

xulebebi erToblivad amovxsnaT ori paramet-ris 

mimarT (vTqvaT, α1 da b-s mimarT, Tu n≠0, maSin n–isa 

b–s mimarT). 

betonis gravitaciuli kaSxlebis saerTo simt-

kiceze gaangariSeba sruldeba ZiriTadi da gansa-
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kuTrebuli Sexamebis datvirTvebisa da zemoqmedebis 

sruli Semadgenlobis SemTxvevaSi; datvirTvaTaA 

Semcirebuli Semadgenloba dasaSvebia 60 m-ze nakle-

bi simaRlis kaSxlebisaTvis da ufro maRali kaS-

xalebisaTvis daproeqtebis sawyis stadiebze. 

 

 

nax. 3.34. kaSxlis samkuTxa profilis saangariSo sqema 
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nax. 3.35. betonis gravitaciuli kaSxlis simtkiceze 

gaangariSebis sqema (vertikaluri normaluri Zabvebis 
gansazRvra) 

 
kaSxlebis simtkicis pirobis dasadgenad saWiroa 

misi tanis daZabuli mdgomareobis Seswavla, ro-

melic III _ IV klasis kaSxlebisaTvis daproeqtebis 

yvela stadiaze da I _ II klasis kaSxlebisaTvis 

daproeqtebis sawyis etapebze, rogorc wesi, war-

moebs samSeneblo meqanikis elementaruli meTode-

biT; xolo datvirTvaTa Semcirebuli Semadgenlobis 

ganxilvisas Zabvebi gaiangariSeba masalaTa gamZleo-

bis meTodebiT. am meTodebiT Zabvebi ganisazRvreba 

kaSxlis saangariSo kveTebSi sadawneo da udawneo 

waxnagebze, xolo maT Soris miRebulia Zabvebis 

wrfivi ganawileba (nax. 3.35). 
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kaSxlis daZabuli mdgomareobis Sesaswavlad 

ufro srulyofilad iTvleba drekadobis Teoriis 

Tanamedrove ricxviTi meTodebi (sasrul sxvaobaTa 

meTodi, sasazRvro elementTa meTodi da sxv.), rom-

lebic sirTulisa da didi moculobis gamo kursSi 

ar ganixileba. 

deformirebadi sxeulebis simtkicis pirobis 

srulfasovani Semowmeba, rogorc wesi, xorcieldeba 

mTavari ZabvebiT, romlebic winaswar moiTxovs Zab-

vis komponentebis gansazRvras. 

eqspluataciaSi myofi gravitaciuli kaSxlebis 

simtkicis pirobis Semowmeba misi susti ubnebis ga-

movlenis mizniT, SeiZleba miaxloebiT Sefasdes 

vertikaluri normaluri ZabvebiT. σ Zabva  zogadad, 

farTobis erTeulze mosuli Zalis sididiT ganisa-

zRvreba. 

misi gansazRvris Sesabamisi epiurebi sxvadasxva 

saxis martivi (kumSva an Runva) da rTuli (kumSva-

Runva) deformciis dros naCvenebia nax-ze 3.36. 

am naxazis mixedviT normaluri Zabvebi (σ=σy) 

gravitaciuli kaSxlis horizontaluri kveTebis ga-

napira wertilebSi, anu, rac igivea, sadawneo σ’ da 

udawneo σ’’ waxnagebze gaiangariSeba cnobili ara-
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Tanabari kumSvis formuliT, romlis drosac adgi-

li aqvs erTdroulad rogorc kumSvas, ise Runvas.  

 

nax. 3.36. yσ σ=  Zabvebis gansazRvra ZelSi kumSvis (a), 

Runvis (b) da araTanabari kumSvis dros (g) 
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nax. 3.37. betonis gravitaciuli kaSxlebis Zvraze 
mdgradobis saangariSo sqemebi 

a_brtyeli Zvris sqemebi kaSxlis miwisqveSa konturis 
sxvadasxva moxazulobis SemTxvevaSi; b_Sereuli Zvris 
sqema; g_siRrmuli Zvris sqema; 1_1 da 2_2brtyeli Zvris 
saangariSo sibrtyeebi; I_aqtiuri daZabulobis mdgoma-
reobis zona; II_radialuri Zvrebis zona; III_pasiuri 
daZabulobis mdgomareobis zona; IV_amoburcvis zona 
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nax. 3.38. kaSxalebis Zvraze mdgradobis  

saangariSo sqemebi 
a_fuZeSi Caumagrebeli kaSxali horizontaluri ZiriT; 

b_fuZeSi Camagrebuli kaSxali kbiliT 
 

amrigad,                          

                       σI;II=N/F±Mx/Iy.              (3.16) 

rodesac simZimis centri moTavsebulia saanga-

riSo kveTis SuaSi x=b/2, maSin 

          σI;II=N/F±M/W    anu   σI;II=N/hb±6M/hb2.   (3.17) 

Tu ganvixilavT erTeuli sigrZis gravitaciul 

kaSxals (h=1) da gaviTvaliswinebT, rom M=Ne, mivi-

RebT 

σI;II=N/b(1±6e/b)  t/m2; mpa. 

savse wyalsacavis SemTxvevaSi saSiSia kaSxalze 

moqmedma ZalTa sistemam ar gamoiwvios sadawneo 

waxnagis gaWimva, an udawneo waxnagze mkumSavma 
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Zabvebma ar daarRvios zRvruli mdgomareobis (3.13) 

utoloba. daclili wyalsacavis SemTxvevaSi piri-

qiT, mosalodnelia udawneo waxnagis gaWimva da sa-

dawneo waxnagis dasaSvebze meti mniSvnelobiT 

SekumSva. es pirobebi SeiZleba martivad gamoisaxos 

agreTve dasaSvebi  Zabvebis saSualebiT: 

a) savse wyalsacavis SemTxveva 

            σ’=N/b(1-6e/b)≥0;    σ’’=N/b(1+6e/b) ≤[σ] 

b) daclili wyalsacavis SemTxveva                              

            σ’=N/b(1-6e/b) ≤[σ];    σ’’=N/b(1+6e/b) ≥0.   (3.18) 

garda simtkicisa, kaSxali unda akmayofilebdes 

mdgradobis pirobebsac, anu unda hqondes mdgra-

dobis garkveuli maragi gare ZalTa araxelsayreli 

moqmedebis SemTxvevaSi. 

nagebobis, nageboba-fuZis sistemisa da ferdobe-

bis mdgradobis uzrunvelyofis kriteriumia zRvru-

li mdgomareobis zogadi piroba (3.13) СНиП 2.02.02-84. 

gravitaciuli kaSxlebis Semowmeba mdgradobaze 

arakldovani fuZeebis SemTxvevaSi gulisxmobs Zvris 

sam saangariSo SemTxvevas (nax. 3.37): 

brtyeli Zvra, romelic warmoebs uSualod na-

gebobis dayrdnobis zedapiris gaswvriv; Sereuli 

Zvra, roca Ziris nawilze xdeba brtyeli Zvra, xo-

lo danarCen nawilze – fuZis gruntis amoburcva; 
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siRrmuli Zvra, romlis dros fuZis grunti amo-

iburceba mTeli saZirkvlis qveS. 

gravitaciuli kaSxlis Semowmeba tardeba mxo-

lod brtyeli Zvris sqemiT, rodesac fuZeebi age-

bulia qviSovani, msxvilmarclovani, an magari (na-

xevrad magari) mtverisebr-Tixovani gruntebisagan. 

kldovan fuZeze kaSxlis Zvraze mdgradobis ma-

ragis koeficienti SeiZleba ganisazRvros formu-

liT 

                  
Q

CF)WP(fK +−
=Zv ,              (3.19) 

sadac C da f  Sesabamisad kuTri SeWidulobisa da 

xaxunis koeficientebia ix. cxr. 3.3. 

cxrili 3.3 

f da C saangariSo mniSvnelobani CH123-60 mixedviT 

fuZis qanobis daxasiaTeba f c t/m3 

kldovani qanebi (granitebi, 
sienitebi, qviSaqvebi da sxv.), praq-
tikulad gamoufitavi, Zlier susti 
bzarovnobiT, 400 kg/sm2-ze meti 
droebiTi winaRobiT  

0,75 40 

kldovani qanebi, praqtikulad gamo-
ufitavi, susti bzarovnobiT, 400 
kg/sm2 meti-ze droebiTi winaRobiT  

0,7 30 

kldovani qanebi, saSualo bzarov-
nobiT, sustad gamofituli, droe-
biTi winaRoba kumSvaze <400 kg/sm2 

0,65 20 
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KZv sidide aRebul unda iqnes nagebobis klasisa 

da Zalur zemoqmedebis mixedviT; ZalTa ZiriTadi 

Sexamebis SemTxvevaSi I, II da III klasis nagebobi-

saTvis rekomendebulia KZv aRebuli iqnes Sesaba-

misad 1,3; 1,2 da 1,15 xolo gansakuTrebuli Sexamebis 

SemTxvevaSi, Sesabamisad – 1,15; 1,1 da 1,05. 

rodesac kaSxals aqvs kbili, maSin misi winaRoba 

izrdeba Wraze kbilis winaRobis Ckb sididiT (nax. 

3.38. b) 

                
Q

kb

Zv Q
CCF)WP(f

K
++−

= .           (3.20) 

arakldovani fuZeebis SemTxvevaSi, rodesac Zvris 

sibrtye horizontaluria 

               
)ET()ET(

CFEtg)Wp(
K

2211

S

+−+
++ϕ−

=Zv .           (3.21) 

daxrili Zvris sibrtyis SemTxvevaSi saWiroa moq-

medi Zalebi dagegmildes Zvrisa da mis marTobul 

sibrtyeebSi. 

(3.21) formulaSi P aris vertikaluri Zalebis 

jami saangariSo sibrtyeSi; W - filtraciuli wylis 

jamuri ukuwneva; F - nagebobis Ziris horizon-

taluri proeqciis farTobi; C   - kuTri SeWiduloba 

nagebobasa da fuZes Soris; Ep - gruntis pasiuri 

ukuwneva qveda biefidan; T1, T2 - horizontaluri 
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wnevebi zeda da qveda biefidan; E1, E2 - gruntis 

aqtiuri wneva zeda da qveda biefidan; β - Zvris 

sibrtyis daxris kuTxe horizontTan; ϕ - gruntis 

Siga xaxunis kuTxe. 

 
3.2.3. TaRovani kaSxlebi 

 
gegmaSi TaRovani kaSxali warmoadgens mrud-

wiruli moxazulobis wyalSemtborav sivrciT 

konstruqcias, romelic muSaobs, rogorc gumba-

Ti an garsi da masze mosul datvirTvebs gadas-

cems xeobis ferdobebs (nax. 3.39). TaRovani kaSx-

lis moyvanilobis koeficienti axasiaTebs kaSx-

lis fardobiT sisqes da tolia 

                                n=b/H.                                                   (3.22) 

moyvanilobis koeficientis mniSvneloba damo-

kidebulia xeobis kveTis formasa da gasworis 

koeficientze 

                                 n=L/H,                         (3.23) 

sadac b kaSxlis sisqea fuZeSi; H -kaSxlis maqsi-

maluri simaRle, L - gasworis siganea kaSxlis Txe-

mis simaRleze. K da n koeficientebs Soris damoki-

debulebis mrudebi naCvenebia nax-ze 3.40, romelTa 

gamoyenebiT SeiZleba dainiSnos kaSxlis fuZis siga-

nis miaxloebiTi mniSvneloba. 
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TaRovani kaSxlis klasifikacia warmoebs sxva-

dasxva niSnis mixedviT  (ix. nax. 3.41) 

TaRovan kaSxlebSi betonis moculoba 1,5-5-jer 

mcirea, vidre imave simaRlis gravitaciulSi. fu-

ladi xarjebis ekonomia ramdenadme mcirea, radgan 

TaRovani kaSxlis betoni 15÷20%-iT Zviria, vidre 

gravitaciulis, ramac ganapiroba TaRovani kaSxle-

bis farTo gavrceleba msoflio kaSxalTmSeneb-

lobaSi. 

amJamad msoflioSi aSenebulia, Sendeba an da-

proeqtebis stadiaSia 75 m-ze maRali 850 sxvadasxva 

konstruqciis kaSxali, romelTa Soris yoveli 

mesame TaRovania (cxr. 3.4). 

 

 

nax. 3.39. TaRovani kaSxlis sqema 
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nax. 3.40. aSenebuli kaSxlebis moyvanilobasa da gasworis 
koeficientebs Soris damokidebulebis grafikebi: 

1_saSualo yvela Tanamedrove kaSxlisaTvis; 2_80m-ze 
maRali kaSxlebisaTvis; 3 _ 80 m-mde simaRlis 
kaSxlebisaTvis; 4_ a. stukis mier rekomendebuli 

 

cxrili 3.4 

75 m-ze maRali kaSxlebis raodenobrivi ganawileba 
konstruqciis mixedviT 

 
maRali kaSxlebis raodenoba 

konstruqcia 

s
u
l
 

aS
en
eb

u
l
i 

mS
en
eb

ar
e 

d
ap
r
o
eq
t
eb
is

 
s
t
ad

ia
S
i 

gravitaciuli 294 170 40 84 
TaRovani 202 130 40 32 
qvanayari 95 46 14 35 
miwis 73 27 12 34 
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kontrforsuli 62 36 11 15 
TaRovan-

gravitaciuli 
55 42 8 5 

Sereuli tipis 25 14 6 5 
proeqtebi tipis 
miuTiTeblad 

44 44 - 44 

sul 850 465 131 254 

 
eqspluataciaSi myofi da mSenebare maRali 

(H>75m) betonisa da rkinabetonis kaSxlebis saerTo 

raodenobiT msoflioSi pirvel adgilzea aSS (110 

kaSxali), meoreze – italia (93 kaSxali), xolo 

mesameze – safrangeTi (52 kaSxali), yofil sabWoTa 

kavSirSi aSenebulia aseTi tipis sul 15 kaSxali. 

bolo 30 wlis ganmavlobaSi gravitaciuli 

kaSxlebis wili msoflio kaSxalTmSeneblobaSi Sem-

cirda 35-dan 20%-mde. 

1950 wlamde msoflioSi aSenebuli maRali TaRo-

vani kaSxlebis 50% modioda aSS-ze. bolo 30 weli-

wadSi suraTi mkveTrad Seicvala. daproeqtebuli da 

aSenebuli TaRovani kaSxlebis 56% modis evropis 

ganviTarebul qveynebze. gamonaklisia iaponia, ro-

melmac bolo wlebSi did warmatebebs miaRwia 

TaRovani kaSxlebis mSeneblobaSi, sadac amJamad 55 

maRali kaSxlidan 25 TaRovania. 

amJamad msoflioSi yvelaze maRali (271,5 m) 

TaRovani kaSxalia md. engurze saqarTveloSi. 
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nax. 3.41 
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zogadi moxazulobis TaRovani kaSxlebis simt-

kiceze gaangariSeba zusti Teoriuli meTodebiT, 

misi Sua zedapiris rTuli geometriisa da muSaobis 

pirobebis gaTvaliswinebiT, samSeneblo meqanikis 

erT-erTi urTulesi amocanaa. miuxedavad mraval-

gzis cdisa, TaRovani kaSxlis simtkicis amocanis 

mkacri Teoriuli gadawyveta jer kidev araa mire-

buli. miuxedavad amisa, bolo 25-30 wlis ganmav-

lobaSi msoflioSi dagrovda mdidari gamocdileba 

TaRovani kaSxlis kvlevis, daproeqtebis, mSeneb-

lobis da eqspluataciis saqmeSi. amJamad TaRovani 

kaSxlis daZabul-deformirebuli mdgomareobis 

kvlevis meTodebi saSualebas iZleva nebismieri 

konstruqciis TaRovani kaSxlebi gaangariSdes 

praqtikulad misaRebi sizustiT. 

zogadad, TaRovani kaSxlebis gaangariSebis me-

Todebi iyofa or jgufad. pirvel jgufs miekuTv-

neba, e.w. `sufTa TaRis~ meTodebi, romlebic ganixi-

laven TaRovani kaSxlidan horizontaluri sibrt-

yeebiT amoWril erTeuli simaRlis TaRebs, hori-

zontaluri datvirTvebis moqmedebis da sxvadasxva 

xasiaTis dayrdnobis pirobebSi; xolo meore jgufs 

– meTodebi, romlebic TaRovan kaSxals ganixilaven 

rogorc horizontaluri da vertikaluri datvirT-

vebis qveS momuSave sivrcul sistemas. 
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TaRovani kaSxlis, rogorc sivrciTi sistemis 

gaangariSebis meTodebi (saangariSo sqemidan gamom-

dinare) SeiZleba dajgufdes Semdegnairad: `centra-

luri konsolis meTodi~, fiqtiuri orTotropuli 

sistemebis Serwymis, variaciul-Rerovani, sasrul-

gadamkveTi Reroebis, garsebisa da drekadobis Teo-

riis meTodebi. 

Tavisuflad dayrdnobili Txeli wriuli TaRis 

meTodiT gaangariSebisas miRebulia daSveba imis 

Sesaxeb, rom Teoriuli saangariSo TaRi quslebiT 

Tavisuflad eyrdnoba sayrdens, romelzec SeuZlia 

xaxunis gareSe sriali (nax. 3.42). amitom normaluri 

Zala TaRis nebismier radialur kveTSi mudmivia da 

tolia sayrdeni reaqciisa N=Prg. aq rg TaRis gare 

radiusia, xolo – hidrostatikuri wnevis inten-

sivoba. 

P=γhi, 

sadac γ wylis moculobiTi wonaa, hi aris i-uri 

TaRis CaRrmaveba siTxis Tavisufali zedapiridan. 
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nax. 3.42. TaRis cilindruli formuliT gaangariSeba 

 
aRniSnulidan gamomdinare, radgan TaRi muSaobs 

mxolod kumSvaze, normaluri Zabva TaRis nebismier 

radialur kveTSi iqneba 

σ=N/F=Prg/e. 

aqedan, saangariSo TaRis saZiebeli sisqe 

                                   e=
][

g

σ

γ rhi ,                                                 (3.24) 

sadac [σ] betonis dasaSvebi Zabvaa kumSvaze, romlis 

mniSvneloba gamartivebuli saangariSo sqemis gamo 

Semcirebulia: [σ]=20 kg/sm2 zeda Txeli TaRebisaTvis 

da [σ]=8-10 kg/sm2 Sualeduri da qveda sqeli TaRe-

bisaTvis. 

miRebuli (3.24) formula, romelsac cilindruli, 

anu `saqvabe~ ewodeba, Zalze miaxloebiTia da 

SeiZleba gamoviyenoT mxolod Txeli TaRebis 

miaxloebiTi gaangariSebisaTvis. 
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quslebiT xistad Camagrebuli `sufTa TaRi~ zo-

gadad, samjer statikurad urkvev sistemas war-

moadgens, romlis simtkiceze gaangariSeba sakmaod 

Sromatevadia. 

cnobilia, rom simtkicis TvalsazrisiT, ufro 

saSiSia TaRovani kaSxlis napirebSi Camagrebis kve-

Ti (quslebi), sadac  mRunavi momentebi aRwevs maq-

simums. TaRis quslebSi ZabvaTa swrafi gansazRv-

risaTvis gamoiyeneba n. kelenis grafikebi σ’w=f(α0,ν) 

(nax. 3.43). hidrostatikuri dawneviT TaRis quslebSi 

aRZruli Zabvis mniSvnelobaTa dasadgenad saWiroa 

grafikiT aRebuli σ’w-is ricxviTi maxasiaTeblebi 

gamravldes γh-ze, e.i. σ’w=σ’wγh.  

 

a) sadawneo waxnagi 
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b)udawneo waxnagi 

nax. 3.43. wylis Tanabari wnevis Zabvebi TaRis quslebSi 
 
 

3.2.4. kontrforsuli kaSxlebi 
 

kontrforsuli kaSxlebi warmoadgens Semsubuqe-

buli tipis Semtborav nagebobebs, romlebic sakmaod 

farTod gamoiyeneba msoflios mravali qveynis hid-

roteqnikur mSeneblobaSi. 

gravitaciulTan SedarebiT kontrforsuli kaSx-

lebi xasiaTdeba mniSvnelovani ekonomiurobiT ro-

gorc gamoyenebuli masalis (betonis) moculobis, 

ise mSeneblobis saerTo Rirebulebis mxriv. aRni-

Snulma upiratesobam ganapiroba XX saukunis dasa-
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wyisidan (1903 w) dRemde 500-ze meti kontrforsuli 

kaSxlis mSenebloba. 

kontrforsuli kaSxali Sedgeba calke mdgomi 

kontrforsebisagan da ama Tu im tipis sadawneo 

gadaxurvisagan. asrulebs ra sayrdenebis movaleo-

bas, gadaxurvisagan miRebul datvirTvebs kontr-

forsebi gadascemen fuZis grunts uSualod an sa-

Zirkvlis filis meSveobiT. am ukanasknels awyoben 

arakldovani fuZeebis SemTxvevaSi. 

kontrforsuli kaSxlebis klasifikacias ufro 

xSirad awarmoeben sadawneo gadaxurvis tipisa da 

kontrforsebis konstruqciis mixedviT. 

sadawneo gadaxurvis tipis mixedviT asxvaveben 

kaSxlebs: a) betonis masiuri gadaxurvebiT, anu ma-

siur-kontrforsuls; b) rkinabetonis brtyeli gada-

xurvebiT (filebiT); g) betonisa da rkinabetonis 

TaRovani gadaxurviT, anu mravalTaRovans (nax. 3.44). 

kontrforsebis konstruqciis mixedviT ki asxva-

veben: a) betonisa da qvabetonis masiuri kontrfor-

sebiT; b) betonisa da rkinabetonis Txeli, mTliani 

an gamWoli konstruqciebiT; g) diafragmebiT gaZ-

lierebuli rkinabetonis Rru kontrforsebiT; d) 

betonis gaormagebuli (Rru) kontrforsebiT (k. 

marCelos tipi). 
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nax. 3.44. kontrforsuli kaSxlebis ZiriTadi tipebi 
a_masiur-kontrforsuli; b_brtyeli gadaxurviT; 

g_mravalTaRovani; d_mravalgumbaTovani; 1_masiuri 
saTavsebi; 2_kontrforsebi; 3_gadaxurvis filebi; 
4_sixistis koWebi; 5_klde; 6_TaRebi; 7_gumbaTi; 

8_quslebis xazi 
 

damatebiTi elementebis saxiT kontrforsebs So-

ris kaSxalSi SeiZleba moewyos sixistis koWebi 

(ganmbrjenebi) anda kontrforsebis gverdebze gaTva-

liswinebul iqnes sixistis wiboebi qveda waxnagebis 

paraleruli an vertikaluri mimarTulebiT; Sedare-
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biT iSviaTad SesaZlebelia sixistis koWebi Seicva-

los sixistis diafragmebiT. mosalodneli grZivi 

Runvis (gamoburcvis) dros aRniSnuli damatebiTi 

elementebis daniSnuleba kontrforsebis vertikalu-

ri sworxazovani formis mdgradobis uzrunvelyofa. 

kontrforsul kaSxalSi kontrforsebs erTmane-

Tisagan iseT manZilze aTavseben, rom datvirTvis 

gadacemis Sedegad srulad iqnes gamoyenebuli maTi 

masalis zidvis unari dasaSvebi Zabvebis farglebSi. 

Runvaze an TaRis principze momuSave gadaxurvebSic 

masala sruladaa datvirTuli, amitom kontrfor-

suli kaSxlis konstruqciis saerTo wona mniSvne-

lovnad naklebia, vidre gravitaciuli kaSxlisa. 

Zvraze mdgradobis uzrunvelsayofad danaklis wo-

nas kontrforsuli kaSxali ivsebs wylis prizmis 

woniT, romelic gadaecema daxril sadawneo gada-

xurvas. vertikaluri sadawneo gadaxurvis SemTx-

vevaSi ki wylis aseTi prizma ar arsebobs, amitom, 

sakuTari wonis gazrdis mizniT, unda aigos masiuri 

(sqeli) kontrforsebi anda gamoyenebul iqnes fuZe-

Si kontrforsebis Caankerebis meTodi. 

pirveli kontrforsuli kaSxali agebul iqna es-

paneTSi XVI saukunis bolos (eliCes kaSxali). igi 

warmoadgenda qvis 23 m simaRlis mravalTaRovan 

kaSxals vertikaluri TaRebiT. magram unda aRini-
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Snos, rom mravalTaRovani kaSxlebis mSenebloba 

farTod gavrcelda mxolod XX saukunis dasawyi-

sidan, rodesac gamoyenebul iqna ufro ekonomiuri 

daxrili TaRebi. amJamad msoflios sxvadasxva 

qveyanaSi ukve ganxorcielebulia am tipis 70-ze meti 

kaSxali, romelTagan yvelaze maRalia manikuagan-5-

is kaSxali kanadaSi (215 m). 

rkinabetonis pirveli kaSxali brtyeli sadawneo 

gadaxurviT (filebiT) agebul iqna 1903 wels aSS-Si, 

md. terezaze. amJamad msoflioSi ganxorcielebulia 

am tipis 400-ze meti kaSxali. 

masiur-kontrforsuli kaSxlebi hidromSeneblo-

bis praqtikaSi Semovida XX saukunis 30-iani wle-

bidan da TandaTanobiT gavrcelda msoflios mra-

val qveyanaSi. am tipis kaSxlebidan yvelaze maRa-

lia xatanagis kaSxali (iaponia)-125 m, Semdeg modis 

anCipas kaSxali italiaSi – 111,5 m (1952 w.), romelic 

aSenda inJ. k. marCelos winadadebiT. 

masiurTavebiani kontrforsuli kaSxlebis simt-

kiceze saangariSod ZiriTadad gamoiyeneba masalaTa 

gamZleobis elementaruli meTodi, mcire blokebis 

meTodi, koWuri meTodi da sxv. bolo wlebSi ma-

siurTavebiani kontrforsuli kaSxlis seqciis simt-

kiceze gaangariSebisaTvis fuZesTan erTad farTo 

gamoyeneba ipova sasrulo elementebis meTodma (sem). 
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elementruli meTodiT kontrforsis 

horizontal-lur saangariSo kveTSi (waxnagebze) 

moqmedi σy vertikaluri normaluri Zabvebi ganisa-

zRvreba araTanabari kumSvis formulis gamoyenebiT: 

                     I
xM

F
P 0

y
Σ

±
Σ

=σ                (3.25) 

sadac ΣP aris gansaxilveli kveTis zemoT moqmedi 

yvela vertikaluri Zalis jami; ΣM0 – gansaxilveli 

kveTis zemoT moqmedi yvela Zalis momentebis jami 

kveTis simZimis centris mimarT; F, I - gansaxilveli 

kveTis farTobi da inerciis momenti misi simZimis 

centrze gamavali kaSxlis RerZis paraleluri Rer-

Zis mimarT; x - manZili kveTis simZimis centridan im 

wertilamde, sadac ganisazRvreba σy  Zabvebi. 

brtyelgadaxurviani da mravalTaRovani kontr-

forsuli kaSxlebis gadaxurvebi da kontrforsebi 

ufro xSirad iangariSeba cal-calke; brtyeli gada-

xurva, rogorc fila an koWi, xolo mravalTaRi, 

rogorc cilindruli garsi an TaRi. mravalTaRo-

vani kaSxlis gadaxurvis gaangariSebisas gasaTva-

liswinebelia, rom gadaxurvis normaluri mkveTi 

sibrtyiT amoWrili TaRis quslebi ufro Rrmad 

aris CaZiruli Setborvis Tavisufali zedapiridan, 

vidre klite; amitom TaRis gaangariSeba tardeba 
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wylis Tanabar (ise rogorc TaRovani kaSxlis) da 

araTanabar wnevaze. araTanabari wneviT quslebSi 

ZabvaTa swrafi gaangariSebis mizniT (ise rogorc 

TaRovani kaSxlis gaangariSebisas), SeiZleba visar-

gebloT kelenis mier Sedgenili grafikebiT (nax. 

3.45). 
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nax. 3.45. Zabvebi TaRis quslebSi wylis araTanabari 
datvirTvisas 
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3.2.5. betonisa da rkinabetonis kaSxlebis 
simtkicis pirobis analizi da misi darRvevis 
efeqturi meTodebis SemuSaveba gansakuTrebul 

SemTxvevebSi 
 

daproeqtebis procesSi konstruqtori cdilobs 

betonisa da rkinabetonis kaSxlebSi armatura mini-

malurad iyos gamoyenebuli, magram es yovelTvis ar 

aris SesaZlebeli (magaliTad brtyelgadaxurvian 

kontrforsul kaSxlebSi). aRniSnulidan gamomdina-

re, Semtbor nagebobebSi saWiroa gamWimi Zabvebi, ro-

melzedac cudad muSaobs betoni, saerTod ar ar-

sebobdes an iyos daSvebis farglebSi. aseT SemTx-

vevaSi kaSxlebs ukeTdeba mxolod konstruqciuli 

daarmatureba. samagierod am dros nagebobebSi 

sakmarisia garegani SemTxveviTi, winaswar gauT-

valiswinebeli, Tundac umniSvnelo, Zalis zemoq-

medeba, romelsac gansakuTrebiT Txelkedlian 

konstruqciebSi SeuZlia gamoiwvios mniSvnelovani 

gamWimi Zabvebi. 

gravitaciuli kaSxlebis SemTxvevaSi aseTi gam-

Wimi Zabvebi savse wyalsacavis SemTxvevaSi ufro 

advilad aRiZvreba sadawneo waxnagze, xolo daclis 

dros _ udawneoze, romelic miiRweva SedarebiT 

`mcire~ simZlavris feTqebadi muxtiT da romelmac 

advilad SeiZleba daarRvios kaSxlis simtkicis 

piroba. 
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Tu kaSxlis Zvraze an simtkiceze maragis 

koeficienti SedarebiT mcirea kaSxlis zidvis una-

ri SeiZleba moiSalos wyalsacavis ferdos xelov-

nuri daZvriT wyalsacavSi (mewyeri), romelic Tavis 

mxriv, warmoqmnis garkveuli parametrebis (ix. meore 

ganyofileba) talRebs. 

TaRovan kaSxalSi im gamWimi Zabvebis warmoSoba, 

romelmac SeiZleba gamoiwvios misi ngreva ufro 

mosalodnelia sadawneo waxnagis quslebSi (rome-

lic savse wyalsacavis pirobebSi Znelad misagomia) 

an udawneo waxnagis kliteSi. 

kontrforsul kaSxlebSi ufro efeqturia 

kontrforsis moSla. radgan mRunavi momentebi 

kontrforsuli kaSxlis gadaxurvebSi misi malis 

kvadratis proporciulia; amitom erTi kontrforsis 

moSla 4-jer gazrdis momentebsa da Sesabamisad, 

Zabvebs gadaxurvebSi, xolo ori mezobeli kontr-

forsis moSla 16-jer. kontrforsuli kaSxlebis 

gadaxurvebSi gamoricxulia simtkiceze aseTi 

maragebis arseboba. 
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III Tavi. adgilobrivi masalebis kaSxlebis 
daproeqtebis zogadi sakiTxebi. 

hidroteqnikur nagebobaTa eqspluatacia 
 

3.3..1. gruntis masalis kaSxlebi  
 

gruntis kaSxlebi wyalSemtbor nagebobaTa yve-

laze Zveli da gavrcelebuli saxeobaa; kaSxlebis 

raodenobis daaxloebiT 60%-s gruntis kaSxlebi 

Seadgens. gruntis kaSxlebis popularobis axsna Se-

saZlebelia maTi mravali upiratesobiT: mSenebloba 

TiTqmis nebismier fuZeebze, kaSxlis tipebis konst-

ruqciuli mravalferovneba, saSen masalad maxlob-

lad arsebuli praqtikulad yvela saxis gruntis 

gamoyenebis SesaZlebloba, kaSxlis mSeneblobis 

teqnologiuri procesis mTliani meqanizacia, sagrZ-

nobi ekonomikuroba da sxv. gruntis kaSxlebis mSe-

neblobam farTo gaqaneba pova Cvens droSi. msof-

lioSi udidesi gruntis kaSxlebia: nurekis (yofili 

ssrk) – 305 m, orovilis (kanada) – 235 m, Cirvakis 

(yofili ssrk) – 168 m. 

gruntis kaSxlebis upiratesobebTan erTad saWi-

roa aRiniSnos is faqtic, rom msoflioSi aRric-

xuli kaSxlebis katastrofebisa Tu avariebis umete-

si raodenoba modis am tipis kaSxlebze. katast-

rofebis ZiriTadi mizezia gruntis kaSxlebis tanSi 

Tu fuZeSi dauSvebeli filtraciuli deformaciebis 
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ganviTareba da mdinaris saangariSo maqsimaluri 

xarjis araswori prognozi. 

gruntis kaSxlebis ZiriTad klasifikacias (cxr. 

3.5) safuZvlad udevs kaSxlis tanisa da filt-

raciis sawinaaRmdego mowyobilobis (wyalSeuRwevi 

zRudis) masalis saxe da kaSxlis agebis xerxi. 

cxrili 3.5 
gruntis kaSxlebis ZiriTadi klasifikacia 

 
ganmasxvavebeli niSnebi 

# 
kaSxlis 

tipi 

kaSxlis tanisa da 
filtracia sawinaRo 

mowyobilobis 
grunti 

kaSxlis agebis 
wesi 

1 
miwis 
nayari 

Tixovani grunte-
bidan xreSovan-
kenWnar gruntebamde 

mSrali dayra 
Semdgomi gamkvri-
vebiT (datkepniT) 
an Cayra wyalSi 

2 
miwis 
monaleqi 

Tixovani grunte-
bidan xreSovan-
kenWnar gruntebamde 

moleqva 
hidromeqanizaciis 
xerxebiT 

3 qva-miwis 

kaSxlis tani – 
msxvilmarcvlovani 
gruntebi; filtracia 
sawinaRo mowyobi-
loba – Tixovani 
gruntebidan wvril-
marclovan qviSebamde 

mSrali dayra 
Semdgomi 
gamkvrivebiT 

4 qvayrili 

kaSxlis tani – 
msxvilmarclovani 
gruntebi; filtracia 
sawinaRo mowyobi-
loba – aragruntis 
masalebisagan 

Cayra estakadidan 
an pioneruli 
meTodiT; 
damatebiTi 
gamkvriveba 
hidromonitorebiT 
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zogjer gruntis kaSxlebis klasifikacias axde-

nen kaSxlis simaRlis Sesabamisad: asxvaveben dabal 

h<30 m, saSualo 30 _ 75 m, maRal 75 _ 125 m da 

zemaRal h>125 m kaSxlebs. 

gruntis kaSxlebis ZiriTadi klasifikacia (cxr. 

3.5) ar iZleva informacias kaSxlis konstruqciul 

Tvisebasa da Taviseburebebze, amitom qvemoT mogv-

yavs gruntis kaSxlebis calkeuli tipebis samSe-

neblo-konstruqciuli saxeebi. 

• miwis nayari kaSxlebi tansa da fuZeSi filt-

raciasawinaRo mowyobilobis (wyalSeuRwevi 

zRudis) konstruqciis Sesabamisad iyofa 3.6 

cxrilSi miTiTebul qvetipebad (nax. 3.46) 

miwis nayari kaSxlebidan upiratesoba unda 

mieniWos: erTgvarovan kaSxlebs, kaSxlebs 

gruntis ekraniT da gruntis guliT. 

• miwis monaleqi kaSxlebis klasifikacias axde-

nen kaSxlis tanis gruntis da kaSxlis agebis 

(moleqvis) xerxis Sesabamisad. 

• qva-miwis da qvayrili kaSxlebis klasifikacia 

filtraciasawinaRo mowyobilobis tipisa da 

samSeneblo samuSaoTa warmoebis xerxebis Se-

satyvisad, mocemulia 3.7 cxrilSi (nax. 3.47). 
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nax. 3.46. miwis nayari kaSxlebis ZiriTadi saxeebi: 
a_erTgvarovani; b,g_araerTgvarovani; d_aragruntis masalis 

ekraniT (1); e_gruntis ekraniT (2); v_gruntis guliT (3); 
z_aragruntis diafragmiT (4); 5_kaSxlis tani; 6_depresiis 

mrudi; 7_drenaJi; 8_ferdos gamagreba; 9_filtraciasawinaRo 
zeda prizma; 10,11_kaSxlis zeda da qveda prizma; 

12_gadasasvleli fena;   13_ filtraciasawinaRo centraluri 
prizma; 14_Spunti an kedeli; 15_Ziruli; 16_ kbili; 

17_cementaciuri farda 
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nax. 3.47. qva-miwis da qvayrili kaSxlebis ZiriTadi 
saxeebi. qvamiwis: a_gruntis ekraniT;(1); b_gruntis guliT 

(2); g_gruntis filtraciissawinaRo prizmiT (3); 
d_gruntis filtraciasawinaRo centraluri prizmiT (4); 

qvayrili: e_aragruntis (rkinabetonis) ekraniT (5); 
v_diafragmiT (6); 7_ferdos gamagreba: 8_gadasasvleli 
fena (ukufiltri); 9,10_ kaSxlis zeda da qveda prizma; 
11_kaSxlis tani; 12_kbili; 13_ cementaciuri farda; 

14_ekranisqveSa sagebi; 15_gadasasvleli fena 
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cxrili 3.6 

miwis nayari kaSxlebis ZiriTadi saxeebi 
ganmamsxvavebeli 
konstruqciuli 

niSnebi 
kaSxlis saxe 

naxazi 
9.2 

kaSxlis tanis 

erTgvarovani 
araerTgvarovani 
aragruntis masalis 
ekraniT 
gruntis masalis 
ekraniT 
gruntis masalis 
vertikaluri an 
daxrili guliT 
aragruntis masalis 
diafragmiT 

a 
b, g 
d 
e 
v 
z 

filtraciassawinaRo 
mowyobilobis kaSxlis 
fuZeSi 

kbiliT 
cementaciuri Tu sxva 
saxis fardiT 
kedliT, narandiT 
ZiruliT 

d 
v 
z 
e 

 
cxrili 3.7 

qva-miwis da qvayrili kaSxlebis ZiriTadi saxeebi 

kaSxlis tipi 
filtraciasawinaRo 

mowyobilobebis konstruqcia 
naxazi 

qva-miwis 

gruntis ekraniT 
gruntis guliT 
gruntis masalis zeda 
prizmiT 
gruntis masalis centraluri 
prizmiT 
inerciuli diafragmiT; 
kaSxlis ageba mimarTuli 
afeTqebiT 
ekraniT; kaSxlis ageba 
mimarTuli afeTqebiT 

a 
b 
g 
d 
- 
- 

qvayrili 
aragruntis masalis ekraniT 
diafragmiT 

e 
v 
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yvela tipis gruntis kaSxlis ganivkveTi tra-

peciuli formisaa zeda (sadawneo) da qveda ferdos 

sworxazovani an texili moxazulobiT  (nax. 3.48). 

ferdobis zeda B da C piri warmoadgens ferdos 

kides, qveda A da D ki – ferdos Zirs. Tu ferdos 

horizontTan daxris kuTxea θ, maSin ferdos daxri-

lobas axasiaTeben ferdos koeficientiT anu fer-

dos qvedebuliT m=ctgθ; SesaZlebelia agreTve aseTi 

Cawerac 1 : m. 

kaSxlis ferdoebis daxrilobis winaswari da-

niSvna xdeba arsebuli kaSxali-analogebis Sesabami-

sad; arCeuli daxrilobis Sesaferisoba Semdgom 

mowmdeba ferdoebis mdgradobaze gaangariSebiT. 

ferdos koeficientebis saorientacio mniSvnelobebi 

sxvadasxva tipis gruntis kaSxlebisaTvis naCvenebia 

3.8 cxrilSi. 

kaSxlis ferdoebze, kerZod, profilis gadatexis 

adgilebSi, awyoben horizontalur baqnebs – bermebs, 

romlebic saWiroa sxvadasxva miznisaTvis: ferdos 

moxerxebuli zedamxedveloba da remonti, savali na-

wilis mowyoba, ferdos saSualo qanobis Semcireba, 

wvimis wylebiTYferdos warecxvis Tavidan acileba 

da sxv. bermebs ganalageben kaSxlis simaRleze 10 _ 
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20 m intervalebiT; maTi sigane unda iyos 1 _ 2 m da 

metic. 

cxrili 3.8 
gruntis kaSxlebis ferdos koeficientis 

saorientacio mniSvneloba 
ferdos 

koeficienti kaSxlis tipi 
ganmamsxvavebeli 

niSani 
m1  m2 

miwis nayari simaRle, m: <5 
             5 . . . 
10 
            10 . . . 15 
            15 . . . 
50 
           >50 

2,0 . . 
.2,5 

2,5 . . 
.2,75 

2,5 . . 3,0 
3,0 . . 4,0 
4,0 . . 5,0 

1,5 . . 
1,75 

1,75 . . 
2,25 
2,0 . . 
2,5 

2,5 . . 
4,0 

4,0 . . 
4,5 

miwis monaleqi 
erTgvarovani 
 
 
 
miwis monaleqi 
(araeTgvarovani 
– guliT) 

kaSxlis fuZis 
gruntebi: 

- qviSebi, 
qviSnarebi 

- danaleqebi, 
torfi, lami 

 
- kldovani, 

mkvrivi 
Tixebi 

 
3,5 . . 5,0 

 
5,0. . .8,0 

 
 

3,0 . . 4,0 

qva-miwis 
gruntis guliT 
gruntis ekraniT 

1,75 . . 
3,0 

2,2 . . 3,0 

1,75 . . 
2,5 

1,3 . . 
1,75 

qvayrili  0,5 . . 2,0 

 
kaSxlis tanis grunti da filtraciasawinaRo 

mowyobilobis masala, yovelTvis cotad Tu bevrad 

wyalSeRwevadia, ris gamoc gruntis kaSxlebi imyo-
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feba filtraciuli nakadis mudmivi zemoqmedebis 

qveS. hidronagebobaTa fuZeSi filtraciuli movle-

nebisagan gansxvavebiT, filtracia gruntis kaSxlis 

tanSi udawneoa. gaangariSebas, Cveulebriv, awar-

moeben brtyeli amocanis pirobebSi; filtraciuli 

nakadis sazRvrebi SeiZleba warmovadginoT Semdegi 

zogadi sqemiT (nax. 3.48): zeda ferdos da wyal-

sacavis fskeris EAB sveli sibrtye (xazi), qveda 

ferdos aseTive CDF texili, qvemoT – kaSxlis 

fuZis wyalsakavi, zemoT – depresiis mrudi. 

gruntis kaSxlebis filtraciul gaangariSebebs 

ekisreba gazrdili pasuxismgebloba. maTi mTavari 

mizania kaSxlis tanSi, fuZesa da napirebSi depre-

siis mrudis mdebareobis, filtraciuli xarjebis, 

siCqareebisa da gradientebis gansazRvra. 

arsebuli normatiuli dokumentis mixedviT ga-

Tvaliswinebulia I da II klasis gruntis kaSxlebis 

daZabul-deformaciuli mdgomareobis Seswavla. 

nebismieri tipisa da klasis gruntis kaSxlis 

gaangariSebis umniSvnelovanesi amocanaa kaSxlis 

ferdoebis mdgradobis Semowmeba. ferdobis mdgra-

dobis gaangariSeba ufro xSirad tardeba im Teo-

riis mixedviT, romelic efuZneba kaSxlis ferdos 

erTiani (gamyarebuli) tanis daZvris models. 
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gruntis kaSxlebi, xasiaTdeba ra didi woniT, 

Zvraze mdgradobis Semowmebas ar saWiroebs; ara-

mdgradi SeiZleba aRmoCndes kaSxlis ferdoebi. fer-

dos mdgradobis Semowmebisas iyeneben Zvris wriul-

cilindruli zedapirebis zogad meTods, romelsac 

safuZveli Cauyares Svedma inJinrebma (`Sveduri 

meTodi~). am meTodis mixedviT daSvebulia, rom Zal-

Ta moqmedebis Sedegad kaSxalsa da mis fuZeSi war-

moiSvas Zvris wriulcilindruli zedapiri da mis 

Ggaswvriv moxdes ferdos garkveuli nawilis 

erTiani taniT Zvra (Camongreva) fuZis gruntis 

amoburcviT. gaangariSebisas ganixilaven kaSxlis 1 

m sigrZis ubans anu brtyel amocanas. 

Zvris wriulcilindruli zedapiriT kaSxlis 

tanidan (nax. 3.49) gamoyofili fragmentis mdgra-

dobis kriteriumi gamoisaxeba zRvruli mdgoma-

reobis dadgomis dauSveblobis zogadi pirobiT, 

romelic Zvris yvelze saxifaTo zedapiris ga-

movlenis mizniT moxerxebulia Caiweros Zvraze 

mdgradobis koeficientis (km) formiT 

                                km=R/F≥γlcγn/γc.                                           (3.26) 

aq γlc aris moqmed datvirTvaTa Sexamebis koefi-

cienti; γc - muSaobis pirobebis koeficienti; gaanga-

riSebis miaxloebiTi meTodebis SemTxvevaSi γc=0,95; 
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γn - saimedoobis koeficienti nagebobis pasuxis-

mgeblobaze; F - ganzogadebuli Zaluri zemoqme-

debis saangariSo mniSvneloba (gansazRvrul dat-

virTvaze saimedoobis γn koeficientis mxedve-lobaSi 

miRebiT); ufro xSirad igi gamoisaxeba Zvris zeda-

piris centris mimarT aqtiuri (damZv-reli) Zalebis 

momentebis tolqmediT; R – ganzo-gadebuli zidvis-

unarianobis saangariSo mniSvne-loba (gansazRvruli, 

gruntze saimedoobis γc  koeficientis mxedvelobaSi 

miRebiT); ufro xSirad igi gamoisaxeba Zvris zeda-

piris centris mimarT reaqtiuli (damWeri)Zalebis 

momentebis tolqmediT. 

 

 

 

nax. 3.48. gruntis kaSxlebis ganivkveTis ZiriTadi sqema 
1_zeda (sadawneo) waxnagi; 2_qveda waxnagi; 3_Txemi; 

4_brma; 5_wyaluJonadi grunti (Sre); 6_depresiis mrudi 
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nax. 3.49. ferdos mdgradobis Semowmebis saangariSo sqema: 
1_gruntis kaSxlis ferdo; 2_kaSxlis Ziri; 3_depresiis mrudi; 
4_Zvris wriulcilindriani zedapiri; 5_zogadi n-uri nakveTuri 

 

 
3.3..2. hidroteqnikuri nagebobebis teqnikuri 

eqspluatacia da gamokvleva 
 

hidroteqnikuri nagebobebis eqspluataciaSi igu-

lisxmeba hidrokvanZSi (an nagebobebSi) wylis do-

neebisa da xarjis mizanSewonili da ekonomiuri 

marTva, maTi funqciiT miniWebuli movaleobis 

uwyveti da normaluri uzrunvelyofa, usafrTxoe-

bisa da maqsimalurad SesaZlo xangamZleobis Senar-

CunebiT. 
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hidroteqnikuri nagebobebis uwyveti muSaobis 

uzrunvelyofa warmoadgens maTi teqnikuri eqsplua-

taciis mTavar amocanas. 

nagebobis normaluri funqcionirebis moSlis 

mizezi SeiZleba iyos: a) samSeneblo samuSaoebis 

uxarisxo Sesruleba da proeqtiT gaTvaliswinebul 

moTxovnaTa gauTvaliswinebloba; b) hidrokvanZis 

proeqtSi, bunebrivi pirobebis araswori Sefaseba, 

magaliTad, wylis mosalodneli xarjebi, fuZis 

gruntis zidvis unari, gruntis filtraciuli ma-

xasiaTeblebi, wyalsacavis formireba (ferdobebis 

CamoSvaveba), katastrofuli qaris maxasiaTeblebi da 

sxv.; g) nagebobebis da mowyobilobebis Tanda-

TanobiTi cveTa (fizikuri daZveleba); d) maTze sti-

qiuri da gansakuTrebuli zemoqmedeba, romlis gaT-

valiswineba proeqtSi SeuZlebeli iyo; e) saeqsplua-

tacio personalis araswori moqmedeba. 

nagebobaTa gamarTuli muSaobis moSla SeiZleba 

iyos sxvadasxva. zogierTi maTgani umniSvneloa, ro-

melsac miekuTvneba nagebobis umniSvnelo jdoma, be-

tonSi araRrma (dasaSvebi) bzarebis warmoSoba, um-

niSvnelo filtracia, safarisa da mosaxvis mcire 

dazianebebi, saketebis manevrirebis droebiTi Sefer-

xeba, adgilobrivi umniSvnelo gamorecxvebi da sxv. 
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aseTi defeqtebis likvidacia, rogorc wesi, xdeba 

mokle droSi da mcire danaxarjebiT. 

hidroteqnikur nagbobebSi SeiZleba adgili 

hqondes iseT dazianebebs, romlebmac SeiZleba mniSv-

nelovnad Seamciros maTi muSaobis efeqti an 

xangrZlivi droiT saerTod SeaCeros misi funq-

cionireba. aseT dazianebad CaiTvleba flutbetis 

gamorecxvis Sedegad risbermis daSla; miwis kaSx-

lebSi Seyursuli filtracia, kaSxlis tanis na-

wilakebis gamotaniT; burjebis mkveTri deformacia, 

romelmac SeiZleba daabrkolos saketebis manevri; 

miwisZvriT gamowveuli avariebi da sxv. 

zogjer, erTi SexedviT umniSvnelo defeqtma 

SeiZleba garkveuli drois Semdeg gamoiwvios mniSv-

nelovani arasasurveli Sedegebi. 

hidroteqnikuri nagebobebisa da kvanZebis norma-

luri muSaobis SesanarCuneblad saWiroa maTze mud-

mivi da yuradRebiani meTvalyureoba, gamafrTxile-

beli da profilaqtikuri RonisZiebebis droulad 

Catarebis mizniT. 

hidrokvanZis an nagebobebze sistematuri dakvir-

vebebi unda mimdinareobdes: 

a) saTave kvanZis zeda da qveda biefSi, agreTve 

yvela wyalsatar da wyalsagdeb nagebobebSi wylis 

doneebze; 
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b)  wyalsatar nagebobebSi wylis xarjebze; 

g) zeda da qveda biefSi garecxvebsa da natanis 

daleqvaze, samosis, samagrebis mosaxvisa da mo-

keTebebis cveTa-daSlaze; 

d) filtraciul movlenebsa da maT maxasia-

Teblebze (siCqare, xarji, wneva, meqanikuri supozi); 

e) bzarebis warmoqmnaze, mis ganviTarebasa da 

Sedegebze; 

v) betonis nagebobebis temperaturul reJimebze; 

z) nagebobebis, misi elementebis, ferdobebis Zab-

vebze, deformaciebze, jdomebze. 

es dakvirvebebi gaTvaliswinebulia drois gar-

kveul SualedebSi, romlebic gansazRvrulia nor-

mebiT. 

nagebobaTa mdgomareobis dasafiqsireblad saWi-

roa perioduli daTvaliereba, romelic aucile-

belia Catardes: 1) gazafxulze, wyaldidobisa da 

yinulis gasatareblad nagebobaTa momzadebis miz-

niT; 2) yinulsvlis gatarebisa da wyaldidobis 

xarjebis dacemis Semdeg; 3) Semodgomaze, hidro-

kvanZebis zamTrisaTvis mosamzadeblad.  

weliwadSi erTxel unda Catardes yvela nagebo-

bis detaluri daTvaliereba, romlis Sedegebi Sei-

taneba nagebobis pasportSi. 
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3.3.3. gruntis kaSxlebian hidrokvanZebze 
Casatarebeli RonisZiebani gansakuTrebuli 

periodisaTvis 
 

teritoriaze, romelzec ganTavsebulia sxvada-

sxva daniSnulebis hidrokvanZi adgilobrivi masa-

lis (gruntis) kaSxliT, mosalodneli masiuri ga-

nadgurebis saSualebebiT Tavdasxmisas, pirvel 

rigSi, wyalsacavi unda daicalos. wyalsacavis 

dacla ganxorcieldeba im siRrmuli xvretebis sa-

SualebiT, romlebic xSirad moTavsebulia kaSxlis 

tanis gareT an iSviaTad kaSxlis tanSi. wyalsacavis 

daclas SeiZleba dasWirdes, ramdenime dRe, romlis 

gansazRvra CvenTvis ukve cnobilia. wyalsacavis 

daclis Sesaxeb xmauriani signaliT an sxva sa-

SualebiT informirebul unda iqnes qveda biefSi 

mcxovrebi mosaxleoba, rom ar moxdes adamianTa 

msxverpli. 

Seqmnili situaciidan gamomdinare, Tu saWiro 

Seiqmna kaSxlis mTliani daSla unda gvaxsovdes, 

rom iseTi masiuri tipis nagebobisaTvis, rogoric 

gruntis kaSxalia, es rTuli sakiTxia. 

efeqturia gruntis kaSxlis daSla misi zevidan 

(Txemze) wylis gadadinebiT. aq gaTvaliswinebul 

unda iqnes, rom gruntis kaSxlis gadarecxva xdeba 
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zevidan TandaTanobiT, ramac SeiZleba gamoiwvios 

qveda biefSi mniSvnelovani datborva da ngreva. 

wylis gadagdeba kaSxlis Txemze SeiZleba gan-

xorcieldes provocirebuli talRebis warmoqmniT 

wyalsacavSi (Tu igi bolomdea savse), romelic 

warmoiqmneba an wyalsacavis afeTqebiT an ferdobis 

mewyruli CamongreviT wyalsacavSi (ix. meore gan-

yofileba). 

SesaZlebelia agreTve wyalsatar da wyalsagdeb 

nagebobaTa saketebis Caketva, rac gamoiwvevs pirvel 

etapze wyalsacavis bolomde Sevsebas da Semdeg 

kaSxalze wylis gadadinebas. es procesi SeiZleba 

SedarebiT xangrZlivi gamodges, rac damokidebuli 

iqneba am momentSi mdinaris xarjze, wyalsacavSi 

wylis dgomis niSnulze da saerTod, wyalsacavis 

topografiul maxasiaTeblebze. 
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IV ganyofileba. 
hidroeleqtrosadgurebi, nagebobaTa 

Sedgeniloba da tipebi 
 

4.1. zogadi cnobebi 
 

hidroenergetikuli resursebi miekuTvneba ganax-

lebadi resursebis kategorias. wylis potenciuri 

energiis msoflio maragi (cxr. 4.1) ganisazRvreba 

3750 mln kvt saSualowliuri simZlavriT anu 32900 

mlrd kvt.sT saSualo wliuri energiiT. 

cxrili 4.1. 
wylis potenciuri energiis msoflio maragi 

Kkontinenti an 
qveyana 

saSualo 
wliuri 
simZla-

vre 
mln.kvt 

saSua-
lo 

wliu-
ri 

ener-
gia  

mlrd. 
Kkvt. 
sT 

Pprocen-
ti 

msof-
lio 

maragi-
dan 

Kkilovati 
dedamiwis 
zedapiris 
erTeul 
km2-ze 

evropa 240 2100 6,4 25 
azia 1340 11750 35,7 30 
afrika 700 6150 18,7 23 
Crdilo amerika 700 6150 18,7 34 
samxreT amerika 600 5250 16,0 33 
avstralia 170 1500 4,5 19 
sul dedamiwaze 3750 32900 100,0 28 
saqarTvelo * 

a) Teoriuli 
mTeli 
zedapi-
ruli 
wylebis 

 
26,08 

 
 
 

15,62 

 
228,5 

 
 
 

136,9 

 
0,69 
 
 
 

0,42 

 
372,5 

 
 
 

223,1 
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b) didi 
saSualo 
da mcire 
mdinareTa 
(319-is 
26060 –
dan) 
Teoriuli 
resursi 

  

 
* Сванидзе Г.Г., Гагуа В.П., Сухишвили Э.В.. Возоб-
нoвляемые энергоресурсы Грузии. Л.  Гидрометеоиздат, 
1987, с. 84. 

 
hidroenergetikuli danadgari (hed) warmoadgens 

sawarmos, sadac adgili aqvs wylis nakadis meqa-

nikuri energiis eleqtroenergiad gardaqmnas an pi-

riqiT. wylis meqanikur energias xSiradб hidrav-

likur energias uwodeben. 

hedi warmoadgens calkeuli hidroteqnikuri nage-

bobebis, energetikuli da meqanikuri mowyobilo-

bebis miznobriv erTobliobas. 

hed-sб sadac adgili aqvs hidravlikuri energiis 

eleqtrul energiad gardaqmnasб hidroeleqtruli 

sadguri (hidroeleqtrosadguri, hidrosadguri an 

hesi) ewodeba. hidrosadguris aucilebeli maxasiaTe-

beli fizikuri sidideebia wylis xarji Q m3/wm da 

Tavmoyril doneTa vardna, anu dawneva H, m. 
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  4.2. wylis energiis gamoyenebis sqemebi da 
nagebobaTaA SeTanwyoba 

 
imisda mixedviT, Tu rogor (ra nagebobebiT) 

iqmneba wneva hesze, asxvaveben hesis mowyobis sam 

sqemas: 1) kaSxalTan mdebare hesi (nax. 4.1) (gumaThesi, 

vardnili hesebi da sxv.), romlis erT-erTi saxe-

sxvaobaa kalapoturi tipis hesi (hesis Senoba kaS-

xalTan erTad an mis gareSe,E qmnis sadawneo 

fronts (nax. 4.2. magaliTad orTaWalhesi); 2) deri-

vaciuli hesi, roca dawnevas ZiriTadad qmnis deri-

vacia-gvirabi (nax. 4.3) an arxi, an milsadeni. maga-

liTad Saori hesi, xadori hesi, xramhes I da sxv.; 3) 

Sereuli hesi-kaSxal-derivaciuli sqema, romelSic 

dawneva iqmneba rogorc kaSxliT, ise derivaciiT, 

magaliTad, engurhesi, Jinvalhesi da sxv. 

rodesac hidroeleqtrosadguris dawnevis Sesaq-

mnelad gamoyenebulia ama Tu im tipis derivacia, 

maSin hesi SeiZleba warmodgenil iqnes nagebobaTa 

Semdegi sami mTavari kvanZis saxiT: 1) samdinaro anu 

saTave hidrokvanZi – kaSxlis, wyalsagdebis, wyal-

mimRebis, rogorc aucilebeli da zogjer specia-

luri nagebobebis (sanaosno rabis, Tevzsavalis, tiv-

savalis, ToSsavalis da sxv.) SemadgenlobiT; 2) 

derivacia – Ria arxis, dawneviTi an udawneo 

gvirabis, anda derivaciuli milsadenis saxiT. de-
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rivaciaze SeiZleba ganTavsdes rigi nagebobebisa: 

saleqari, romelSic nakadi ganTa nakadi ganTavi-

sufldeba Setivrivebuli natanisagan, rabebi – 

wylis miwodebis regulirebisaTvis, xidebi – gzebis 

gadakveTis adgilebSi, xelovnuri wyalsatarebi, ma-

galiTad akvedukebi – xeobaTa gadakveTis adgilebSi 

da sxv.;  3) Zaluri kvanZi – hidroeleqtrosadguris 

Senobis, Zabvis amwevi da manawilebeli mowyobilo-

bebis, sadawneo milsadenebis, sadawneo auzis an 

gamTanabrebeli rezervuaris SedgenilobiT. damate-

biT Zaluri kvanZis SemadgenlobaSi SeiZleba Sedio-

des uqmi wyalsagdebebi, energiis STanmTqmelebi, 

SemauRlebeli nagebobani (vardnilebi, swrafmdenebi) 

da sxv. 

cxadia, hesis saTave kvanZis nagebobaTa Sed-

genilobas gansazRvravs Setborvis simaRle, adgi-

lobrivi topografiuli da geologiuri pirobebi, 

agreTve mdinareze arsebuli naosnobis, sarwyavi 

wylis moTxovnilebis, zemo da qvemo biefebis 

reJimebis pirobebi da sxva damatebiTi funqciebi, 

romlebic ekisreba kvanZs. 
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nax. 4.1. saiano-SuSenis hesi md. eniseize 
1. wyalmimRebi; 2. droebiTi wyalmimRebi; 3. saturbino 

milsadeni;  4. hidroizolacia; 5. sadrenaJo WaburRili;  
6. WaburRilebi Rrma cementaciisaTvis; 7. drekadi sadeni  
 

 

 

 

nakeri 

na
g
eb

o
b
eb

is
 

R
er

Zi
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nax. 4.2. kalapoturi tipis energetikuli hidroteqnikuri 
kvanZis Wrili_xedi 

1_miwis kaSxali; 2_betonis wyalsaSvebi kaSxali; 3_xidi; 
4_saketebi; 5_burjebi; 6_hidroeleqtrosadguris Senoba; 
7_xiduri amwe; 8_generatori; 9_ turbina; 10_ gamwovi 

mili. 
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nax. 4.3. sadawneo derivaciani Sereuli tipis 
hidroeleqtrosadguris nagebobaTa ganlagebis sqema 

(gegma da grZivi profili) 
a_ saTave kvanZis nagebobani: 1_kaSxali; 2_wyalmimRebi; 
3_saketebis samarTavi Saxti; b_sadawneo derivaciuli 
gvirabi; g_Zaluri kvanZis nagebobani: 1_gamTanabrebeli 
rezervuari; 2_sadawneo milsadeni; 3_hesis miwisqveSa 
Senoba; 4_udawneo gamyvani gvirabi.  
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nax. 4.4. miwisqveSa hesi 

1.turbina; 2. sadawneo gvirabi; 3. generatori; 4. amwe; 
5. eleqtro- mowyobilobis saTavsi; 6. generatoridan 
gamomyvanis Saxta; 7. celferi; 8. gamwovi mili; 9. 

wyalSemkrebi galerea. 
 

ganarCeven hesis Senobis Ria (nax. 4.1), magaliTad 

xramhes I, zahesi, awhesi, rionhesi da miwisqveSa 

moTavsebas (nax. 4.4). magaliTad engurhesi, laja-

nurhesi, xramhes II, Jinvalhesi. ama Tu im sqemis mi-

zanSewoniloba unda dasabuTdes geologiuri, topo-

grafiuli da ekonomikuri faqtorebis gaTvaliswi-

nebiT. amasTan, mxedvelobaSi unda iqnes miRebuli 

samxedro-TavdacviTi mosazrebebic. hesis Senobis 

miwisqveSa moTavsebisas xSir SemTxvevaSi gamoiyeneba 
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udawneo gamyvani gvirabi, xolo ufro iSviaTad, 

dawneviTi gvirabi. 

 
4.3. hesis simZlavre da energia 

 
hesis geometriuli anu statikuri dawneva 

ganisazRvreba, rogorc zeda da qveda biefebs Soris 

doneTa sxvaoba (nax. 4.5) 

H0=∇z.b.-∇q.b.=121,38-102,03=19,35 m. 

 

 

 

nax. 4.5. dawnevis gansazRvris sqema 

 

 

 

 

 

 

 

z.g. 
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nax. 4.6. hesis dawnevis gansazRvra 

I_ energiis wiri; II_piezometriuli wiri. 1. wyalmimRebi; 2. 
saturbino milsadeni; 3. hesis Senoba; 4. generatori; 5. 

turbina; 6. spiraluri kamera;  7. gamwovi mili 
 

hidroenergetikul gaangariSebebSi hesis dawneva 

ganisazRvreba formuliT 

H= H0-hB-C, 

sadac hB-C siTxis moZraobisas dawnevis danakargebia 

misi aRebis B-B kveTidan turbinis kameris C-C 

kveTamde (nax. 4.6), romelic Sedgeba adgilobrivi 

(Sesvlaze, gisosis gavlaze, moxveulebebze  da sxv.) 

da sigrZeze danakargebis jamisagan. yvela es dana-

kargi, energetikuli daniSnulebis hidrokvan-
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ZisaTvis, statikuri H0 dawnevis 2-5%-s, zogjer ki 

10%-sac aRwevs, romelic unda dadgindes hidrav-

likuri gaangariSebis safuZvelze. 

Tu saangariSo dawneva hesze Seadgens H m-s, 

xolo saangariSo (hesis maqsimaluri) xarji Q m3/wm, 

maSin muSaobas, romelsac asrulebs wyali 1 wm-is 

SualedSi toli iqneba γQH kgZ/wm, sadac γ aris -1 

t/m3. wylis wonaa kgZ-iT (γ=1000 kgZ/m3). drois er-

TeulSi Sesrulebul muSaobas, rogorc cnobilia, 

simZlavre ewodeba, romlis ganzomileba teqnikur 

erTeulTa sistemaSi aris 1 kvt≈102 kgZ.m/wm, maSin, 

roca cnobilia H da Q-s mniSvnelobebi, turbinis 

RerZze simZlavre 

                                Nt= η
102
γQH

t=9,81QHηt,              (4.1) 

sadac ηt  turbinis mq koevficienti, romlis mniSv-

neloba damokidebulia turbinis konstruqciaze, mis 

zomebze, damzadebis teqnologiur faqtorebze da 

sxv. mcire simZlavris turbinebisaTvis, romelTa 

muSa Tvlis diametri 1 m-is farglebSia, SegviZlia 

aviRoT ηt=0,88÷0,91, didi turbinebisaTvis, romelTa 

muSa Tvlis diametri 9÷10 m-ia, SeiZleba aviRoT 

ηt≈0,94÷0,95. generatoris momWerebze sadguris 

eleqtruli simZlavre 
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                                    Nagr=Ntηgen=9,81QNηa.            (4.2) 

aq ηg generatoris mq koevficienti, romlis mniSv-

neloba zogjer 0.98-sac aRwevs. 

 
4.4. hidravlikuri turbinebis moqmedebis 

principebi da maTi klasifikacia 
 

hidravlikur turbinebSi anu hidroturbinebSi 

adgili aqvs wylis energiis meqanikur energiad gar-

daqmnas. hidroturbinebis muSa Tvlis frTebSi wya-

li Sedis erTi mxridan da gamodis meore mxridan, 

maSin rodesac wylis borbalSi wyali gamodis 

iqidan, saidanac Sedis. 

kuTri anu erTi kilogrami wylis energia, rome-

lic Sedis turbinis muSa TvalSi, gamoisaxeba ber-

nulis formuliT 

                  

2P vE z
γ 2g

= + + ,                    (4.5) 

sadac z aris erTi kilogrami wylis mdebareobis anu 

kuTri potenciuri energia, muSa Tvlidan gamosvlis 

sibrtyis mimarT; 
P
γ
 _ wnevis kuTri potenciuri 

energia; 
2v

2g
 _ wylis kuTri kinetikuri energia. 

Tu turbinis muSa TvalSi wyali Sedis mxolod 

kinetikuri energiis saxiT da wnevis potenciuri 
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energia nulis tolia, maSin igi miekuTvneba aqtiur 

anu TavisufalWavlian turbinas, xolo, Tu Semavali 

wylis potenciuri energia ar udris nuls, mas reaq-

tiuli anu zedmeti wnevis turbina ewodeba. maSa-

sadame, aqtiuri turbinis muSa Tvali nakadis kine-

tikur energias gardaqmnis meqanikur energiad, xolo 

reaqtiuli _ potenciursa da kinetikurs. 

amJamad aqtiuri tipis turbinebidan praqtikaSi 

gavrcelebulia mxolod CamCiani tipis turbinebi. 

naklebadaa gavrcelebuli e.w. orjeradi anu bankis 

tipis turbinebi, romlebic mxolod mcire simZ-

lavreebisaTvis gamoiyeneba, da daxrilWavliani e.w. 

tiurgos tipis turbina, romelic gamoiyeneba 

saSualo da mcire simZlavreebisaTvis. 

aqtiuri CamCiani turbina (nax. 4.7) ZiriTadad Sed-

geba mimmarTveli aparatisa 1 da muSa Tvlisagan 2. 

wylis nakads aZlevs saWiro mimarTulebas mim-

marTveli aparati, romelsac xSirad saqSens uwo-

deben. saqSenis nemsas gadaadgilebiT xdeba tur-

binis xarjis anu simZlavris regulireba, momx-

mareblis (sistemis) moTxovnilebis Sesabamisad. 

turbinis muSa Tvali warmoadgens wirze Tanabrad 

ganlagebul CamCebs. ToToeuli CamCa ori erTnairi 

naxevarCamCisgan Sedgeba. saqSenidan gamosuli mrgva-

li kveTis Wavli naxevarCamCeebis danisebri Seer-
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TebiT or Tanabar nawilad iSleba, garsSemoedineba 

CamCis naxevrebs da gadascems mas energias. turbinas 

aqvs garsacmi 3, lilvi da sakisrebi. 

 

 

nax. 4.7. CamCiani turbinebis sqema  
1_ saqSeni (mimmarTveli aparati); 2_muSa Tvali; 

3_garsacmi. 
 

reaqtiuli turbinis ZiriTadi nawilebia: mim-

marTveli aparati, muSa Tvali da gamwovi mili. 

reaqtiuli sistemis turbinebidan praqtikaSi uf-

ro gavrcelebulia Semdegi tipebi: 

1. radialur_RerZuli; 

2. propeleris; 

3. mbrunavfrTiani; 

4. diagonaluri. 
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nax. 4.8. radialur-RerZuli turbinis moqmedebis sqema 
1_ mimmarTveli aparati; 2_ muSa Tvali; 3_ lilvi; 4_ 

gamwovi mili 
 

nax-ze 4.8 mocemulia radialur-RerZuli turb-

inis moqmedebis principuli sqema. aq radialuri 

mimmarTveli aparatidan 1 wyali Sedis muSa TvalSi 

2 turbinis RerZis 3 marTobul sibrtyeebSi da 

gamodis RerZis mimarTulebiT. Semdeg wyali Sedis 

gamwov milSi 4, saidanac energia dakarguli gadis 

qveda biefSi. radialur-RerZuli turbinis sakmaod 

rTuli moxazulobis frTebi xistadaa damagrebuli 

muSa Tvlis Siga da gare fersoebze. 
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zogadad hidroturbina SeiZleba iyos horizon-

taluri an vertikaluri lilviT, romelsac Sesaba-

misad ewodeba horizontaluri an vertikaluri 

hidroturbina. 

Tu reaqtiuli hidroturbinis simZlavre daax-

loebiT 5 000 kvt-s aRemateba, ufro ekonomikuria 

igi mxolod vertikaluri RerZiT damzaddes. ufro 

naklebi simZlavris reaqtiuli turbina SeiZleba 

damzaddes rogorc horizontaluri, ise vertika-

luri lilviT. 

adreul wlebSi CamCiani turbinebi, rogorc wesi, 

mzaddeboda horizontaluri lilviT bolo wlebSi, 

saSualo da didi simZlavris turbinebi xSirad 

mzaddeba vertikalurRerZiani, romelic konkretul 

pirobebSi rigi upiratesobiT gamoirCeva. 

Tu N≈5 aTasi kvt, maSin generatoris mq koefi-

cienti ηg=0,95÷0,96, Tu N>50 aTas kvt. ηg=0,97÷0,98; ηa 

– agregatis mq koeficienti. 

ηa=ηtηg. 

miaxloebiTi gaangariSebisas, SegviZlia aviRoT 

                                        N=aQH kvt.                     (4.3) 

mcire simZlavris agregatebisaTvis a aiReba 

7,8÷8,0; saSualo simZlavris agregatebisaTvis 8,2÷8,4, 

xolo zemZlavri agregatebisaTvis 8,6÷8,8. 
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hidroeleqtrosadguris mier gamomuSavebuli 

energia SeiZleba gamosaxul iqnes, rogorc simZ-

lavris da drois namravli 

                          E = NT.                   (4.4)    

eleqtroenergetikaSi energiis erTeulad 

Cveulebriv miRebulia kilovatsaaTi (kvt⋅sT). 

 
4.5. hesis turbinebis avtomaturi regulireba 

 
hidroeleqtrosadguris turbina da generatori 

erTmaneTTan uSualod aris SeerTebuli. rogorc 

wesi, hidroeleqtrosadgurebSi ZiriTadad gamoiyene-

ba cvladi denis samfaza generatorebi, romelTa 

xarisxiani muSaobis ZiriTadi piroba denis sixSiris 

mudmivoba an rac igivea, brunTa ricxvis mudmivoba. 

turbina qmnis brunviT moments da abrunebs genera-

toris rotors. generatorSi misi datvirTvisas iqm-

neba winaaRmdegobis momenti, e.i. generatoris dat-

virTvis Secvlisas turbinis simZlavre rCeba igive, 

maSin agregatis brunTa ricxvic Seicvleba. kerZod, 

Tu generators datvirTva moemata, brunTa ricxvi 

(denis sixSire) klebas daiwyebs da piriqiT. tur-

binis simZlavre ZiriTadad damokidebulia dawnevasa 

da wylis xarjze, amitom simZlavre SeiZleba Seic-

valos anu SesabamisobaSi movides momxmarebelTan, 

erT-erTi maTganis cvlilebiT. kerZod, ufro mosa-
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xerxebelia xarjis Secvla, romelsac asrulebs 

turbinis siCqaris regulatori. agregatis datvir-

Tvis moxsnisas toloba turbinisa da generatoris 

momentebs Soris irRveva, ris gamoc rotoris 

brunTa ricxvi (sixSire) iwyebs zrdas, Sesabamisad 

avtomaturi regulatori iwyebs turbinis mimmarT-

veli aparatis miketvas da piriqiT. agregatis brun-

Ta ricxvis nazrdis fardobas mis normalur brunTa 

ricxvTan, regulirebis droebiTi uTanabrobis koe-

ficienti ewodeba da aRiniSneba β-Ti, romlis 

mniSvneloba 40%-ze meti miuRebelia, e.i. 

                 β= %404,0
n
n

n
nn

=≤
Δ

=
−maq

.         (4.5) 

Tu agregatis rotoris inerciis momenti mcirea, 

maSin datvirTvis swrafi moxsnisas misi brunTaA 

ricxvi ufro swrafad gaizrdeba, vidre im SemTx-

vevaSi, rodesac rotors didi inerciis momenti 

eqneba. amitom regulirebis droebiTi uTanabrobis β 

koeficienti dasaSveb sidides rom ar aRematos, pir-

vel SemTxvevaSi turbinis mimmarTveli aparati 

ufro Cqara unda daiketos, vidre meore SemTxvevaSi. 

turbinis mimmarTveli aparatis ufro Cqari da-

ketva iwvevs danadgarSi met hidravlikur dartymas, 

romlis mniSvneloba normebiT dasaSveb sidides ar 

unda aRematebodes. 
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Tu turbinis statikuri dawneva H0 iyo, xolo 

sruli datvirTvis swrafi moxsnis Semdeg mimmarT-

veli aparatis swrafi daketvis Sedegad Hmax gaxda, 

maSin dawnevis maqsimaluri fardobiTi zrda tur-

binis mimmarTveli aparatis win, romelic ξ 

aRiniSneba, iqneba  

                    ζ=
0

0max

H
HH −

.                   (4.6) 

ekonomikuri gamoTvlebis Sedegad amJamad 

dadgenilia Semdegi normebi: 

ζ=0,15÷0,3, rodesac turbinis dawneva 100 metrs 

aRemateba; 

ζ=0,3÷0,5, rodesac dawneva 100÷40 m-is farglebSia; 

ζ=0,5÷0,7, rodesac dawneva 40 m-ze naklebia (meti 

sidide aiReba naklebi dawnevis dros). 

datvirTvis swrafi momatebis SemTxvevaSi, tur-

binis mimmarTveli aparati Cqara unda gaiRos. 

turbinis mimmarTveli aparatis Cqari gaReba iwvevs 

danadgarSi uaryofiT hidravlikur dartymas, e.i. 

turbinis dawnevis Semcirebas. Tu mimmarTveli apa-

ratis Cqari gaRebisas uqmi svlis gaRebidan mTliani 

datvirTvis Sesabamis gaRebamde turbinis dawneva 

Hmin gaxda, maSin dawnevis maqsimaluri fardobiTi 
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Semcireba, romelic η-Ti aRiniSneba, gamoiTvleba 

formuliT 

                 η=
0

min0

H
HH −

.                      (4.7) 

misi mniSvneloba 60%-s ar unda aRematos, e.i. 

η≤0,6. am SemTxvevaSi imis mixedviT, Tu ra sididis 

inerciis momenti aqvs agregatis rotors, misi 

brunTa ricxvi garkveul sididemde Semcirdeba. Tu 

am brunTa ricxvs aRvniSnavT nmin-iT, maSin brunvis 

Semcirebis sidide Δn=n-nmin  iqneba da regulirebis 

droebiTi uTanabrobis koeficienti, mTeli datvirT-

vis swrafi momatebisas, iqneba 

                    β’=
n
n

n
n-n min Δ

= .                (4.8) 

 

4.6. hidroagregatebis eqspluatacia normalur da 
gansakuTrebul SemTxvevaSi 

 
hidroagregatebis, maTi siCqaris avtomaturi 

regulatorisa da damxmare mowyobilobebis monta-

Jis damTavrebis Semdeg tardeba maTi muSaobis 

mowesrigeba da misaRebi gamocdebi. Tu gamocdis 

Sedegebi damakmayofilebeli aRmoCnda, maSin mTeli 

mowyobiloba saeqspluataciod gadaecema. gamocdebi 

unda Catardes hesis saeqspluataciod gadacemis 

Semdeg, erTi wlis ganmavlobaSi. 
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misaRebi gamocdebi gulisxmobs mowyobilobebis 

daTvalierebas gasinjvas da gamocdas specialuri 

normebiT gansazRvruli programiT. 

gamocdebi tardeba Semdegi TanamimdevrobiT: 

1. gamocdebi, rodesac hidroturbinisa da misi 

damxmare mowyobilobis arc erTi nawili ar 

imyofeba wylis dawnevis qveS; 

2. gamocdebi, rodesac hidroturbina imyofeba 

dawnevis qveS, misi mimmarTveli aparati ki 

daketilia; 

3. gamocdebi hidroagregatebis uqmi muSaobisas; 

4. gamocdebi hidroagregatebis datvirTvisas. 

rodesac hidroagregatis muSaoba yovelmxriv mo-

wesrigebulia da igi dasaSvebi dawnevis dros nomi-

nalur datvirTvaze muSaobs, SesaZlebeli xdeba 

misi gamocda datvirTvebis swrafi moxsnisa da moma-

tebis SemTxvevisaTvis, e.i. regulirebis garantiebis 

gasasinjad. 

yvela gamocdis dadebiTi Sedegis miRebis Semdeg 

hidroagregati ganuwyvetliv sruli datvirTviT 

unda muSaobdes 72 saaTis ganmavlobaSi Seufer-

xeblad da TiTo saaTiT sruli datvirTvis 25,5% da 

75%-iT. agregatis yvela meqanikuri da eleqtruli 

mowyobilobis temperatura unda iyos dasaSveb 

zRvrebSi. 
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naturaSi turbinis namdvili gansazRvra moiT-

xovs misi energetikuli gamocdis Catarebas. am 

dros unda dadgindes turbinis margi qmedebis 

koeficientsa da simZlavres Soris damokidebuleba 

saangariSo dawnevisa da normalur brunTa ricx-

visaTvis. turbinis mq koeficienti formuliT zus-

tad rom ganisazRvros 

                                                  η=
γQH

N102
                                      (4.9) 

saWiroa zustad gaizomos H dawneva, Q wylis 

xarji da N simZlavre. hidroeleqtrosadguris eqs-

pluataciisas erT-erTi ZiriTadi sakiTxia ise mil-

sadenebisa da hidroturbinebis wylis nataniTa da 

kavitaciiT cveTis Seswavla, raTa sworad daigegmos 

cveTis sawinaaRmdego RonisZiebebi. 

mcire amplitudis maRali sixSiris ryevebs Cveu-

lebriv, vibracia ewodeba. aseTi ryevebi ZiriTadad 

damaxasiaTebelia manqanebis da maT Soris hidro-

agregatebisaTvis. vibraciebi hidroagregatebSi SeiZ-

leba iyos, rogorc ganivi ise vertikaluri. vib-

raciebi hidroagregatebisaTvis dasaSvebia, magram 

misi sidide ar unda aRematebodes normiT dadgenil 

maqsimalur sidides. 

hidroagregatebis damyarebuli moZraobisas, e.i. 

mudmivi ricxviTi brunvis dros, misi vibraciis mi-
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zezi SeiZleba iyos meqanikuri, hidravlikuri da 

eleqtruli Zalebi, romlebic saTanado meTodikiT 

cal-calke unda iqnes Seswavlili. 

gansakuTrebul SemTxvevebSi, hidroeleqtrosad-

guris saerTo daniSnulebis nagebobebis funqciis 

xelovnurad moSla ganxiluli iyo wina TavebSi. aq 

mokled SevCerdeT hesis specialuri daniSnulebis 

nagebobisa da mowyobilobebis saeqspluatacio 

maxasiaTeblebis xelovnurad moSlaze. 

hidroeleqtrosadguris Zaluri kvanZi aratipur 

(individualur) nagebobaTa da mowyobilobaTa Se-

Tanwyobaa, amitom gansakuTrebul SemTxvevaSi misi 

funqciis efeqturad moSla, agreTve indivi-

dualuria da specialistisagan moiTxovs maRal kva-

lifikacias. martivia Tu generators garkveuli 

droiT vamuSavebT gaqcevaze anu Tu datvirTvas 

movxsniT generatorze da mas vamuSavebT wylis 

nakadis qveS, maSin misi brunTa ricxvi nomina-

lurTan SedarebiT ≈2-jer gaizrdeba. am brunTa 

ricxviT generatori mwyobridan gamodis ≈1÷3 wuTSi, 

romlis adgilze aRdgena TiTqmis SeuZlebelia da 

moiTxovs did dros. Tu SesaZlebelia turbinis 

mimmarTveli aparatis ufro swrafad daketva, vidre 

es saeqspluatacio wesebiTaa gansazRvruli, maSin 
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saturbino milsadenSi wneva swrafad moimatebs da 

ganxorcieldeba swrafi dadebiTi hidravlikuri 

dartyma, romelic SeiZleba pirdapiric gaxdes, Tu 

daketvis dro T≤2L/V (L aris saturbino milsadenis 

sigrZe, V _ talRis gavrcelebis siCqare V≈1000 

m/wm). aseTma dartymam unda gamoiwvios milsadenis 

gaxeTqva, gansakuTrebiT im SemTxvevaSi, Tu misi 

sisqe Semcirebulia natanis cveTiT an koroziiT. 

hidravlikuri dartymiT gamowveulma wnevis nazrdma 

SeiZleba gamoiwvios ankeruli sayrdenebis 

mdgradobis moSlac, gansakuTrebiT im SemTxvevaSi, 

rodesac gegmaSi an vertikalur sibrtyeSi 

saturbino milsadeni mkveTrad gadatydeba. 
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V ganyofileba. 

hidroteqnikuri nagebobebi 
melioraciul sistemaSi 

 
5.1. morwyviTi melioraciis zogadi sakiTxebi 

 
wyali erT-erTi umniSvnelovanesi faqtoria nia-

dagis nayofierebisaTvis. niadagi miwis zedapiris is 

fenaa, romelzec sxvadasxva saxis mcenareuli izr-

deba. igi warmoiSoba mTis qanebis zedapiruli fene-

bis daSliT, wylis, haerisa da sxvadasxva saxis mik-

roorganizmebis zemoqmedebis Sedegad. niadagis mTa-

vari maxasiaTebeli Tvisebaa misi nayofiereba, ro-

melic ganapirobebs sasoflo-sameurneo warmoebis 

dones, adamianebisaTvis saWiro produqtebiT uzrun-

velyofis saqmes. 

bunebaSi sxvadasxvagvari niadagebi gvxdeba. es 

sxvadasxvaoba gapirobebulia niadagis mineraluri 

SedgenilobiT da e.w. humusis raodenobiT, romelic 

niadagSi warmoiSoba organuli narCenebis, umTavre-

sad mcenareulis daSlisa da mikroorganizmebis 

gavleniT ganviTarebuli sinTezuri procesebis Se-

degad. 

niadagebis pirveli klasifikacia mocemuli iyo 

rusi mecnieris v. dokuCaevis mier. akademikos m. sa-

baSvils Tavis naSromSi `saqarTvelos niadagebi~, 
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mocemuli aqvs niadagebis klasifikacia, romlis 

mixedviTac saqarTvelos niadagebi 14 tipisa da 5 

qvetipisgan Sedgeba. maT Sorisaa wiTelmiwa, Savmiwa, 

yavisferi, wabla niadagebi da sxv. 

mcenaris normaluri ganviTarebisaTvis niadags 

unda hqondes normaluri tenianoba, romlis defi-

citis dasafaravad morwyvaa saWiro. niadagSi aris 

iseTi minimaluri tenianoba, romelic mcenaris fesv-

TaAsistemisaTvis miuwvdomelia. aseT tenianobas, 

Wknobis tenianoba an Wknobis koeficienti ewodeba. 

meore mxriv, SesaZlebelia niadagis yvela fori 

mTlianad iyos Sevsebuli wyliT. maSin niadagis 

maqsimalur tenianobasTan gvaqvs saqme. am SemTx-

vevaSi wylis im raodenobas, romelic am forebSia 

moqceuli, niadagis zRvruli tentevadoba ewodeba 

da igi damokidebulia niadagis meqanikur Sedgeni-

lobaze, mis struqturaze, marilebis raodenobaze 

da sxv. cxrilSi 5.1 mocemulia tenianobis sidideebi 

sxvadasxva meqanikuri Sedgenilobis niadagebisaTvis 

(%-obiT absoluturad mSrali niadagis wonasTan 

SefardebiT) 

maqsimaluri tenianobis pirobebSi niadagi guava-

li xdeba TiTqmis yvela saxis transportisaTvis. 

niadagis optimaluri tenianobis mniSvneloba, rom-

lis drosac maqsimaluri mosavlis miRebaa SesaZ-
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lebeli sxvadasxva kulturebisaTvis, mocemulia 

cxrilSi. 5.2 

cxrili 5.1 

 niadagebi Wknobis tenianoba 
zRvruli 
tenianoba 

msxvili qviSebi 0,9 23,4 
wvrili qviSebi 2,6 28,0 
msubuqi qviSebi 4,8 33,4 
mZime qviSebi 9,7 47,2 
mZime Tixebi 16,2 64,6 

 
cxrili 5.2 

kulturebis dasaxeleba 
optimaluri tenianoba.  
procentobiT zRvruli 

tentevadobidan 
marcvleuli 20-40 
parkosnebi 40-50 
teqnikuri mcenareebi 50-60 
kombosto 70-85 
kitri 60-85 
lobio 65-75 
xaxvi 75-80 

 
morwyvis norma ewodeba wylis im raodenobas, 

romelic miewodeba erT heqtar farTobs erTi 

rwyvis dros. misi odenoba sxvadasxva kulturi-

saTvis sxvadasxvaa. 

morwyvis norma iTvaliswinebs saWiro tenianobis 

Seqmnas niadagis aqtiur fenaSi, romlis siRrme da-

mokidebulia rogorc TviT kulturaze, ise niadagis 

meqanikur Sedgenilobaze. ase, magaliTad, niadagis 

aqtiuri fenis saSualo siRrmed iTvleba: 



 341

bostneuli kulturebisaTvis – 0,3÷0,5 m; 

mindvris kulturebisaTvis   - 0,6÷0,8 m; 

mravalwliani mcenareebisaTvis – 0,7÷0,8 m. 

amJamad praqtikaSi yvelaze metad gavrcelebulia 

zedapiruli morwyva, romelic xorcieldeba miSve-

biT, droebiTi sarwyavi qselis saSualebiT. garda 

aRniSnulisa, gavrcelebulia morwyva dawvimebis we-

siT da niadagqveSa morwyva. TiToeuls aqvs Tavisi 

dadebiTi da uaryofiTi mxareebi da Sesabamisad, ga-

moyenebis sfero. 

garda morwyvis normisa, arsebobs meore cneba – 

sarwyavi norma, romelic gansazRvravs wylis im 

raodenobas, rac sWirdeba mcenares mTeli vegeta-

ciis periodSi. morwyvis raodenoba vegetaciis pe-

riodSi sxvadasxva kulturisaTvis sxvadasxvaa; ase 

magaliTad, bostneulisaTvis 5÷8jer, pureulisaTvis 

3÷4jer, baRebisaTvis 3÷6jer, bambisaTvis 8÷10 _ jer. 

adgilobrivi pirobebis mixedviT morwyvis perio-

debs Soris xangrZlivoba saSualod 5÷12 dRemde 

meryeobs. saSualod sarwyavi norma sxvadasxva kul-

turisaTvis cvalebadia. magaliTad marcvleulisaT-

vis igi Seadgens 2700÷3500 m3/ha, bostneulisaTvis _ 

2000÷5000 m3/ha, bambisaTvis _ 4500÷7000 m3/ha-s. Tu 

niadagis aqtiur fenaSi morwyvis Sedegad Seqmnil 
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wylis marags, romelic am niadagis optimalur 

tentevadobas Seesatyviseba, avRniSnavT W1-iT, morwy-

vis dawyebamde arsebul marags ki W0-iT, maSin 

morwyvis norma farTobis erTeulze unda iyos 

                     m1=W1-W0.                                                            (5.1) 

gruntis tenianoba unda ganisazRvros tensazo-

miT, romliTac zustdeba rwyvis vadebi. sarwyav sis-

temebze ganTavsdeba manawilebeli da saregulacio 

nagebobani. 

 
5.2. mdinaridan wylis aReba  

da misi gamoyeneba sarwyavad  
 

miwebis melioracia anu gaumjobeseba moicavs 

sainJinro, agroteqnikur satyeo-teqnikur RonisZieba-

Ta farTo wres. igi tardeba gamoyenebuli da axlad 

asaTvisebeli teritoriebis keTilmowyobisaTvis. 

sainJinro melioracia warmoadgens racionalu-

rad organizebul miwaTmoqmedebis Semadgenel na-

wils, romelic niadagis fizikuri da qimiuri Tvi-

sebebis Sesacvlelad iyenebs wylis faqtors. igi 

agroteqnikasTan erTad, xels uwyobs sasoflo-sa-

meurneo kulturebis uxvi da myari mosavlis miRe-

bas. sainJinro melioracias miekuTvneba: miwebis 

morwyva anu irigacia, miwebis daSroba Ria arxebiTa 

da miwisqveSa drenaJebiT, miwis masivebis dacocebis 
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(mewyrebis) da niadagis walekvis anu eroziis wi-

naaRmdeg brZola. 

hidromelioraciuli nagebobebi warmoadgens 

Cveulebriv hidroteqnikur nagebobebs, romelTac 

sxvadasxva daniSnuleba aqvs. es nagebobebi SeiZleba 

davyoT or ZiriTad jgufad: 1) samdinaro da 2) Si-

gasasistemo anu qselis nagebobebad. 

zogad SemTxvevaSi, samdinaro anu saTave nagebo-

baTa jgufSi SeiZleba Sediodes (nax. 5.1): a) wyal-

saSvebi da yru kaSxali, sanapiro jebirebi; b) wyal-

mimRebi nageboba (regulatori) an wyalsawevi danad-

gari; g) hidroeleqtrosadguris nagebobebi; d) sa-

naosno rabi, tivsavali, morsaSvebi; e) nagebobebi na-

tanTan sabrZolvelad (saleqari, gamrecxi, Wavlmim-

marTveli sistemebi); v) Tevzsavali da Tevzamwebi; z) 

napirsamagri da gamasworebeli nagebobebi. 

aRniSnul nagebobaTa saerTo kompleqss, romle-

bic urTierTSoris dakavSirebulia rogorc daniS-

nulebiT, ise moZraobis principiT, samdinaro hidro-

kvanZi ewodeba. 

hidrosistema ewodeba wyalsameurneo obieqtebis 

mTel teritoriaze ganlagebul yvela hidronagebo-

bisa da hidrokvanZis sistemas. 

Sigasasistemo anu qselis nagebobebs miekuTvneba: 

a) maregulirebeli nagebobebi – wyalgamSvebi rabebi 
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(anu regulatorebi), wyalgamyofebi, wyalsazomebi, 

romelTa daniSnulebaa wylis xarjebis regulireba, 

Semtboravi rabebi wylis doneTa regulirebisaTvis, 

wyalsagdebi rabebi wylis gadasagdebad sarwyavi 

sistemis avariis an Warbi wylis movardnis SemTx-

vevaSi; rabebi erTiandeba saerTo kompleqsSi, ro-

melsac rabebis kvanZi ewodeba (nax. 5.2); 

b) wyalsatarebi – arxebi, akvedukebi, diukerebi, 

gvirabebi, Rarebi, milsadenebi, RvarsaSvebi; 

g) biefebis SemauRlebeli nagebobebi – vardnilebi, 

swrafdenebi, konsolebi, milebi da sxv.; 

d) saleqari da gamrecxi natanis dasaleqad da 

mosacileblad; 

e) sanaosno rabebi da xe-tyis dasacurebeli nage-

bobebi; 

v) hidroeleqtrosadgurebi arxebze; 

z) xidebi da milebi arxebze; 

T) sarwyuleblebi. 
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nax. 5.1. wyalmimRebi hidrokvanZis da TviTmdeni sarwyavi 
sistemis sqema: 

1_wyalsaSvebi kaSxali; 2_wyalmimRebi nageboba; 
3_magistraluri arxi; 4_manawilebeli arxebi; 5_droebiTi 
sarwyavebi; 6_gamomyvani kvlebi; 7_sarwyavi kvlebi; 
8_nargavebi arxebis gayolebiT 
 

 

nax. 5.2 rabebis kvanZi magistralur arxze 
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mniSvnelobis mixedviT, hidromelioraciul sis-

temebSic ganarCeven hidroteqnikur nagebobaTa sam 

saxeobas – ZiriTads, meorexarisxovans da damxmares. 

ZiriTads miekuTvneba nagebobebi, romelTa avaria an 

remonti mniSvnelovnad amcirebs melioraciuli sis-

temis efeqtianobas an mTlianad gamohyavs igi mwyob-

ridan. 

meorexarisxovan nagebobaTa muSaobidan gamorTva 

(dazianeba) ar iwvevs sistemis muSaobis Sewyvetas da 

misi moqmedebis efeqtianobis mniSvnelovan Semcire-

bas, magram SeuZlia gaarTulos eqspluatacia. 

damxmare nagebobebs miekuTvneba droebiTi nagebo-

bebi, romlebic saWiroa ZiriTad da meorexarisxovan 

nagebobaTa mSeneblobisa da remontis dros. 

hidroteqnikur nagebobaTa saxeobani, romlebic 

zemoT iyo CamoTvlili, gvxdeba rogorc irigaciul 

da damSrob sistemebSi, ise hidrokvanZebSi, romle-

bic xSir SemTxvevaSi emsaxureba sxvadasxva wyal-

sameurneo miznebs. 

nax-ze 5.3 mocemulia kompleqsuri daniSnulebis 

samgoris da Jinvalis erToblivi hidrosistemis 

sqema. 
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nax. 5.3. samgoris da Jinvalis erToblivi hidrosistemis 
kompleqsis zogadi sqema 

a_gegma; b_kaskadis grZivi Wrili. 1_sionis wyalsacavi; 2_sion-
hesi, 3_zemo magistraluri arxis saTave nageboba; 4_zemo ma-
gistraluri arxi; 5_qvemo magistraluri arxi; 6_qvemo samgoris 
saTave nageboba; 7_md. ioris marcxena napiris arxi; 8_md. ioris 
marjvena napiris arxi; 9_sarwyavi farTobi; 10_sacxenhesi; 11_mar-
tyofhesi; 12_TeTrixevhesi; 13_Tbilisis wyalsacavi; 14_ mdinare 
aragvis wylis miyvana Tbilisis wyalsacavTan; 15_wyalsadenis 
wyalmimRebi; 16_sarwyavi sistemis wyalmimRebebi; 17_Jinvalhesi; 
18_Jinvalhesis wyalsacavi; 19_RrmaRelis tumbo-turbinuli hesi 
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5.3. sarwyavi sistemis eqspluataciis sakiTxebi, 
normalur da gansakuTrebul SemTxvevebSi 

 
sarwyavi sistemis mSeneblobis damTavrebis Sem-

deg, mTavari sakiTxia sarwyavi miwebis sworad da 

dauyovnebliv aTvisebisa da sistemis movla-patro-

nobis organizaciis saqme. 

sistemis teqnikuri eqspluataciis saorganiza-

cio-sameurneo firmam unda uzrunvelyos: 

maRali da myari mosavlis miReba; miwebis nor-

maluri melioraciuli mdgomareobis SenarCuneba; 

niadagis daWaobebis da damlaSebis gamomwvevi mi-

zezebis likvidacia; wylis normaluri xarjva far-

Tobze; arxebisa da nagebobaTa normaluri mdgo-

mareoba wmendisa da remontebis sistematurad Cata-

rebis Sedegad.  

Cvens qveyanaSi wyalsameurneo sistemebis eqs-

pluataciis mizniT, Tavis droze Seiqmna melio-

raciisa da wyalTa meurneobis 30 sammarTvelo, rom-

lebic movla_patronobas axorcielebdnen da axor-

cieleben rogorc sarwyav, ise damSrob da saZov-

rebis gamawylovanebel sistemebze. sarwyavi sisteme-

bis normaluri eqspluataciisaTvis saWiroa winas-

war Sedgenil iqnes wyalsargeblobis gegma cal-

keuli meurneobisaTvis, risTvisac saWiroa Semdegi 

monacemebi: sarwyavi kulturebis ganlagebis gegma 
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mocemuli sameurneo wlisaTvis; maTi morwyvis re-

Jimi; sarwyavi farTobis niadagobriv-melioraciuli 

pirobebi, romelTa mixedviT gaiangariSeba meurneo-

bisaTvis saWiro sarwyavi wylis raodenoba vege-

taciis mTel periodSi. 

sarwyavi sistema eqspluataciis periodSi unda 

aRiWurvos wyalsazomi mowyobilobebiT. 

saeqspluatacio samsaxuris movaleobaa rwyvis 

procesis meqanizaciaze zrunva, mecnierebis siaxle-

Ta danergva, calkeul nagebobaTa eqspluataciaSi 

xarvezebis gamovlena, romelic Semdgom iqneba gaT-

valiswinebuli saproeqto praqtikaSi. 

gansakuTrebul SemTxvevebSi, TavdacviTi opera-

ciebis Catarebisas zogjer saWiro xdeba wyalsa-

cavidan (auzidan) gadagdebuli mZafri wylis naka-

dis im dinamikuri maxasiaTeblebis gamoyeneba, rom-

lis dartymis Zala wyalsagdebi nagebobis tipisa 

(nax. 5.4) da dawnevis sididis mixedviT mniSvnelovan 

sidides aRwevs. Tu hidrokvanZis SemadgenlobaSi 

Sedis adgilobrivi masalis kaSxali, maSin SesaZ-

lebelia wyalmimReb da wyalsagdeb nagebobaTa Ca-

ketviT, xelovnurad aiwios wylis done wyalsa-

cavSi, romelic garkveuli drois Semdeg kaSxals 

gadauvlis zemodan da gamoiwvevs mis ngrevas. aR-

niSnuli RonisZiebebi, garda dinamikuri dartymisa, 
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tboravs qveda biefSi ganTavsebul farTobebs da 

samxedro teqnikisaTvis gauvals xdis mas. amasve em-

saxureba sarwyavi ferdobebis zRvrul mniSvnelo-

baze meti sididiT datenineba. TavdacvisaTvis das-

muli amocanis Sesabamisad, SeiZleba ganxorcieldes 

wyalsatari derivaciis (arxi, gvirabi, Rari, mil-

sadeni) lokalur ubanze garRveva, rac gamoiwvevs 

saTanado teritoriis datborvas. datborvis Sew-

yveta SesaZlebeli iqneba saTave nagebobis wyal-

mimRebSi saketebis CaketviT. 

 

     

a. wylis gamodineba faris   b. Txelkedliani 

        qveSidan                   wyalsagdebi 

 

     

v. praqtikuli profilis     g. farTozRurbliani 

                   wyalsagdebi 

nax. 5.2 wyalsagdebi 
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VI ganyofileba. 

sanaosno gzebi da navsadgurebi 
 

6.1. wylis transportis roli saerTo 
satransporto sistemaSi 

 
qveynis erovnul meurneobas momsaxurebas uwevs 

sarkinigzo, saavtomobilo, wylis (sazRvao da sam-

dinaro), samilsadeno da sahaero transporti. 

tvirTebi mizanSewonilad nawildeba transportis 

calkeul saxeobaTa Soris. Cveni qveynis erTian 

satransporto sistemaSi wylis transporti mniSvne-

lovan rols asrulebs. srulyofil transports 

Cveulebriv, Semdeg moTxovnebs uyeneben: 

a) gadazidvis siiafe; b) siCqare; g) gadasazidi 

tvirTebisa da mgzavrebis usafrTxoeba; d) ga-

dazidvis masobrioba anu transportis moxer-

xebuloba nebismieri tvirTis gadasazidad; e) 

gadazidvis mudmivoba da regularoba anu 

naosnobis damokidebuleba klimatur (magali-

Tad mdinareebisa da zRvebis gayinva) piro-

bebze, agreTve samdinaro transportis tvirT-

zidvis regulirebis Seferxeba wyalmcirobis 

gamo. am ukanaskneli moTxovnebisa da gada-

zidvis (rogorc teqnikuri, ise komerciuli) 

siCqaris garda, wylis transporti yvela sxva 
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saxis transportisagan mniSvnelovani upira-

tesobiT gamoirCeva. 

sanaosno gzebze mgzavrebis gadayvana da yvela 

saxis tvirTis gadazidva gemebiT xdeba. gamonakli-

sia mxolod xe-tyis dacureba Sigawylis gzebze 

(mdinareebze). imis mixedviT, Tu ra daniSnulebisaa 

gemi, igi unda pasuxobdes mTel rig specifikur 

moTxovnebs, magram arsebobs zogierTi saerTo sa-

navigacio moTxovna, romelsac yvela gemi unda akma-

yofilebdes (ix. nax. 6.1). 

Tanamedrove gemebis klasifikacia SeiZleba 

mravali niSnis mixedviT. nax-ze 6.2. naCvenebia gemebis 

klasifikacia misi ZiriTadi maxasiaTeblebiT. 
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nax. 6.1 
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nax. 6.2. 
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6.2. mdinaris sanaosnod momzadebisa da sanaosno 
pirobebis gaumjobesebis RonisZiebani 

 
normaluri naosnobisaTvis mdinare unda akmayo-

filebdes Semdeg ZiriTad moTxovnebs: 

1. wyalmcirobis dros mdinares unda hqondes 

naosnobisaTvis sakmarisi siRrmis uwyveti zo-

li-farvateri, romlis sigane sakmarisi unda 

iyos gemebis gverdaqcevisaTvis, xolo moxve-

vis radiusi ar unda zRudavdes gemebis moZ-

raobas; 

2. mdinareze arsebuli nagebobani ar unda zRu-

davdes farvaterze gemebis moZraobas; 

3. navigaciis periodSi mdinaris siCqare xels ar 

unda uSlides dinebis sawinaaRmdegod gemebis 

moZraobas; 

4. farvateris farglebSi mdinaris kalapoti ar 

unda iyos Caxergili sxvadasxva sagnebiT; 

5. mdinareSi wyalmciroba xangrZlivi droiT ar 

unda iwvevdes navigaciis Sewyvetas. 

mdinareze normaluri naosnobisaTvis saWiroa 

mravali mosamzadebeli RonisZiebis ganxorcieleba. 

aseT RonisZiebebs Soris ZiriTadia damanagvianebeli 

lodebisa da sagnebisagan kalapotis gawmenda da 

Sesaferisi niSnebiT (specialuri sanavigacio mor-

Tuloba) farvateris aRWurva. 
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mdinareebze naosnobis ZiriTadi xelSemSleli 

mizezi mdinaris fskeris calkeul Cqerebze arse-

buli mcire siRrmeebia. amitom sanaosno  pirobebis 

gaumjobesebis ZiriTad RonisZiebebad Cqerebze siRr-

meTa gadideba unda CaiTvalos. es RonisZieba Sesa-

Zlebels xdis gadiddes gemebis wyalSigi da, 

maSasadame, tvirTamweobac. tvirTamweobis gadideba 

ki Tavis mxriv mniSvnelovnad amcirebs gadazidvis 

TviTRirebulebas. 

mdinareebze sanaosno siRrmeebis gadideba SeiZ-

leba fskeris gaRrmavebiT, kalapotisa da Canadenis 

regulirebiT da mdinareTa darabviT. fskeris gaRr-

mavebis meTodi da Sesabamisi siRrme SerCeul unda 

iqnes saTanado teqnikur-ekonomikuri gaangariSebis 

safuZvelze. 

mdinareTa darabva gulisxmobs masze gansazRv-

ruli manZiliT erTmaneTisagan dacilebuli kaSxle-

bis mowyobas. amasTanave yoveli kaSxali igeba mis 

qvemoT mdebare kaSxlis Setborvis mrudis farg-

lebSi iq, sadac siRrme sakmarisia naosnobisaTvis. 

kaSxlebis mier warmoqmnili biefebi erTmaneTs 

rabebis an gemTamweebis meSveobiT ukavSirdebian, anu 

gemebis gadasvla erTi biefidan meoreSi xorciel-

deba specialuri nagebobebis meSveobiT, romlebic 



 357

ewyoba an TviT samdinaro kvanZSi (nax. 6.3. a, b), an 

gansakuTrebul Semosasvlel arxSi (nax. 6.3., g). 

rabebidan praqtikaSi yvelaze metad gavrcelebu-

lia kameruli rabi (nax. 6.4), romlis pirveli sqe-

maturi naxazi Lleonardo da vinCis ekuTvnis (1452-

1519 ww.). 

zeda biefidan qveda biefSi gemis an tivis ga-

dasvla xdeba Semdegnairad: rabis zeda da qveda 

WiSkrebis daketil mdgomareobaSi yofnis dros 

xdeba kameris wyliT avseba zeda biefis horizon-

tamde (nax. 11.4), risTvisac saWiroa qveda (damcleli) 

galereebis daketva da zeda (amvsebi) galereebis 

saketebis gaReba. amis Semdeg iReba zeda WiSkari da 

gemi kameraSi Sedis. Semdeg iketeba zeda WiSkari da 

zeda galereebi. qveda galereebis gaRebiT icleba 

rabis kamera da masSi horizonti eSveba qveda biefis 

doneze. kamerasa da qveda biefSi doneTa gaTa-

nabrebis Semdeg, iReba rabis qveda WiSkari da gemi 

kameridan qveda biefSi gadis. amis Semdeg, qveda 

WiSkari iketeba da SeiZleba mTeli ciklis gan-

meoreba. analogiurad xdeba gemis gadasvla qveda 

biefidan zeda biefSi. rabebi SeiZleba iyos erT da 

mravalkameriani, romelTa kamerebi mdinaris dinebis 

gaswvriv Tanamimdevruladaa ganlagebuli, maT rao-

denobas gansazRvravs doneTa sxvaoba zeda da qveda 
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biefs Soris. sanaosno rabebis konstruqciis 

SerCeva, maTi hidravlikur da statikur datvirT-

vebze gaangariSebis meTodika detaluradaa moce-

muli saTanado literaturaSi. 

 

 

 

 

nax. 6.3. hidroteqnikur nagebobaTa  
kvanZSi rabis ganlagebis sqemebi 
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nax. 6.4. sanaosno rabis sqema 
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nax. 6.5 daxrili gemTamweebis sqemebi 

 

nax. 6.6. krasnoiarskis hidrokvanZis gegma 
1.3.5._kaSxlis yru nawilebi; 2_hidroeleqtrosadguri, 
4_wyalsaSvebi; 6_zeda gemTsazidi gza; 7_gemis mosabrune-
beli wre; 8_qveda gemTsazidi gza; 9_gemTsazidi kamera. 
 



 361

rabis analogiur funqcias asrulebs gemTamweebi, 

romlebic SedarebiT didi dawnevebis pirobebSi ga-

moiyeneba. gemTamweebi SeiZleba iyos daxrili, rom-

lis dros gemi mSral an kamerul gemTsazid uri-

kasTan erTad moZraobs gverdiT relsebian daxril 

sibrtyeze (nax. 6.5; 6.6), an vertikaluri. awevis 

meTodis mixedviT, vertikalur gemTamweebs asxva-

veben hidravlikuri wnexebiT (nax. 6.7); ukut-

virTebiT^ (nax. 6.8); tivtivebiT, ukutvirTebiTa da 

tivtivebiT erTad. 

 

 

 

nax. 6.7. hidravlikurwnexebiani vertikaluri gemTamwe 
1_kamera’ 2_vertikaluri cilindrebi; 3_saketebi  
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nax. 6.8. ukutvirTebiani gemTamwe 
1_ kamera; 2_ukutvirTi  

 
 

6.3. navsadgurebi 
 

sazRvao navsadguris ZiriTadi daniSnulebaa 

Relvis dros gemebisaTvis TavSesafris micema, tvir-

Tebisa da mgzavrebis gadacema sazRvao mimosvlis 

saSualebebidan saxmeleTo mimosvlis saSualebebi-

saTvis da Siga wylis gzebze mcuravi gemebisaTvis 

an piriqiT, agreTve gemebis SekeTebisa da saTbobiT, 

produqtebiTa da yvela im saSualebiT momaragebis 

uzrunvelyofa, romlebic maT esaWiroeba curvis 

dros.  

zog SemTxvevaSi sazRvao, tbisa da wyalsacavis 

navsadgurebi mxolod gemebis TavSesafris mova-

leobas asruleben. umetes SemTxvevaSi ki sazRvao 

navsadguri satransporto kvanZia, sadac Tavs iyris 
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mimosvlis sxvadasxva saxeebi: sazRvao, samdinaro, 

sarkinigzo, saavtomobilo, samilsadeno da sahaero. 

amasTanave, igi warmoadgens nagebobebisa da mowyo-

bilobebis rTul kompleqss, romelic gankuTvnilia 

erTi saxis transportidan meoreze gadatvirTvis sa-

muSaoebis moxerxebuli da swrafi SesrulebisaTvis. 

 

 

nax. 6.9. navsadguris sqema 
 

yoveli navsadguri unda pasuxobdes ZiriTad 

moTxovnas – datvirTva-gadmotvirTvisa da samg-

zavro operaciebi tardebodes swrafad, moxerxe-

bulad da mcire danaxarjebiT. 

sazRvao navsadgurs ganviTarebis adrindel 

etapze aSenebdnen zRvis Relvisagan bunebrivad da-

cul yureSi an mdinaris SesarTavSi gemebis misad-

gomad da datvirTva-gadmotvirTvis operaciebi-
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saTvis moxerxebul napirze. SemdgomSi im adgilze, 

sadac saWiro iyo gemebis napirTan misvla, Tu bu-

nebrivad daculi ar iyo Relvisagan, daiwyes xe-

lovnuri damcavi nagebobebis aSeneba. 

navsadguri Sedgeba akvatoriisa da sanavsadguro 

teritoriisagan. igi aerTianebs sxvadasxva sainJinro 

nagebobebsa da mowyobilobebs – hidroteqnikurs, sa-

moqalaqos, sarkinigzos da meqanikurs (nax. 6.9). 

navsadguris akvatoriaSi Sedis: 1) navsadgurTan 

misasvlelebi; 2) gemebis sadgomi Siga auzebi da 

gemmisadgomi (misabmeli) xazebi, sadac sruldeba 

datvirTva-gadmotvirTvis samuSaoebi; 3) reidebi. 

navsadgurTan misasvlelebis siRrme da sigane 

gemebis Tavisuflad moZraobas unda uzrunvel-

yofdes. misasvlelebi SeiZleba iyos bunebrivi 

(sakmao siRrmis zRvis an mdinaris ubnis saxiT) an 

xelovnuri (specialurad mowyobili misasvleli 

sazRvao arxebi). navsadgurTan misasvlelebis farg-

lebSi gemebis swori orientaciisaTvis ewyoba spe-

cialuri sanavigacio niSnebi, romlebic farvarte-

ris mimarTulebasa da sazRvrebs uCveneben. 

zRvis mcire siRrmis napirze navsadguris gan-

lagebis SemTxvevaSi, misasvleli sazRvao arxis 

sigrZeE aTeul kilometrebs aRwevs. mdinaris Sesar-

TavSi navsadguris ganlagebis dros ki – aseul ki-
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lometrebsac. magaliTad, astraxanis sazRvao nav-

sadguris gare sazRvao reidTan SemaerTebeli vol-

ga-kaspiis arxis sigrZe 200 km-s aRemateba. monrealis 

(kanada) sazRvao navsadguri agebulia mdinare 

wminda lavrentize misi SesarTavidan 1300 km-is da-

cilebiT. 

reidebi ewodeba Zlieri Relvisagan dacul akva-

toriis im ubnebs, sadac gemebs SeuZlia Ruzaze 

dgoma (roca gemmisadgomi xazebi dakavebulia) an 

datvirTva-gadmotvirTvis samuSaoTa Sesruleba 

mcurav mdgomareobaSi (roca navsadgurs ara aqvs 

aseTi didi gemis Sesabamisi Rrmawyliani misabmeli 

xazi). reidebze warmoebs agreTve gemTa qaravnebis 

Sedgena. 

mcurav mdgomareobaSi datvirTva-gadmotvirTvis 

samuSaoebi specialuri mcire gemebis (lixterebis 

da barJebis) meSveobiT sruldeba. iseT navsadgu-

rebs, sadac ar aris Rrmawyliani gemmisadgomi xa-

zebi da sadac yvela satvirToO da samgzavro opera-

cia damxmare mcire flotis meSveobiT xdeba, reidu-

li navsadgurebi ewodeba. reiduli navsadgurebi 

araekonomiuria, amitom maT ageben mxolod mcire 

tvirTbrunvis SemTxvevaSi. didi tvirTbrunvisaTvis 

ki ufro mizanSewonilia navsadgurSi saTanado gem-

misadgomi xazebis ageba. 
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asxvaveben gare da Siga reidebs. gare reidebi 

navsadguris Relvisagan damcav nagebobaTa farg-

lebs gareT mdebareobs, bunebrivad nawilobriv da-

cul adgilas. Siga reidebi Relvisagan navsadguris 

damcavi nagebobiT Semofarglul akvatoriaze mdeba-

reobs. reidebs gasatarebeli maqsimaluri gemis 

wyalSigis Sesabamisi siRrme unda hqondes, reidebis 

farTobi ki damokidebulia maTze erTdroulad myo-

fi gemebis ricxvsa da gabaritebze. reidebis far-

Tobi iseTi unda iyos, rom reidze myof gemebs Tavi-

sufali moZraobis (manevrirebis) SesaZlebloba 

hqondeT. reidis farglebSi grunti iseTi unda iyos, 

rom kargad iWerdes gemis Ruzas. zogjer reidebze 

akeTeben gemis misabmel specialur mowyobilobas 

yru Ruzebze damagrebul misabmel kasrebs an mi-

sabmel paalebs gruntSi Camagrebul (gravitaciuli 

an ximinjis tipis) calkeul sayrdenebs. 

reidis farglebSi dasaSvebi talRis simaRle da-

mokidebulia reidze Sesasrulebel samuSaoTa xa-

siaTze da im gemebis zomasa da tipze, romlebzedac 

gaangariSebulia reidi. 

navsadguris Siga akvatoria (Siga auzebi) uSua-

lod esazRvreba navsadguris teritorias da am uka-

nasknelTan SeuRlebulia gemmisadgomi nagebobebiT. 
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navsadguris auzebis moxazuloba da misabmeli 

xazebis ganlageba gegmaSi metad sxvadasxvagvaria. 

Siga auzebis farTobebi da siRrmeebi ise unda Seir-

Ces, rom gemebs Tavisufali moZraobis SesaZlebloba 

mieceT. 

navsadguris Siga akvatoriaze ganlagebulia sat-

virTo da samgzavro gemebis, teqnikuri da administ-

raciuli flotis gemmisadgomebi, gemTsaSemkeTeblo 

misabmeli xazebi. 

sazRvao navsadguris teritoriaze ganlagebulia 

sarkinigzo, saavtomobilo da Siga sanaosno gzebi, 

samilsadeno transportis mowyobiloba, sawyobebi, 

gadasatvirTi mowyobilobebi, saxelosnoebi, samosam-

saxuro nagebobani, eleqtroqvesadgurebi, wyalsade-

ni, kanalizacia da sxv.  

navsadguris SemadgenlobaSi Sedis damcavi da 

misabmeli hidroteqnikuri nagebobebi. 

damcav hidroteqnikur nagebobaTa ricxvs ekuTv-

nis molebi, zRvarsaqcevebi, dambebi da yinulsaW-

relebi. maTi daniSnulebaa navsadguris akvatoriis 

dacva Relvis, natanisa da yinulis moqmedebisagan. 

misabmeli nagebobebis daniSnulebaa gemebis na-

pirTan misvlisa da mibmis uzrunvelyofa, raTa Se-

saZlebeli iyos tvirTebis gadacema gemidan napirze 
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da piriqiT. misabmel nagebobebs miekuTvneba navsad-

guris sanapiro kedlebi da pirsebi. 

navsadguris hidroteqnikur nagebobaTa ricxvs 

miekuTvneba, agreTve, gemebis wylidan amosawevi mow-

yobilobani da gemTsaSenebeli nagebobani (elingebi 

da dokebi). 

sazRvao navsadguri sazRvao mimosvlis saSua-

lebaTa da qveynis Siga satransporto gzebis Semaer-

Tebeli rgolia. samdinaro navsadguri ki, rogorc 

ukve aRvniSneT, erTmaneTTan akavSirebs wylis sat-

ransporto saSualebebs da saxmeleTo satrans-

porto gzebs. 

sazRvao navsadguri rogorc sazRvao gzebis, ise 

Siga samimosvlo saSualebebis saboloo punqtia da 

warmoadgens Sualedur gadamcem sadgurs Sereuli 

gadazidvis saerTo sistemaSi. aq xdeba rogorc 

saeqsporto da saimporto tvirTebis, ise im tvir-

Tebis gadatvirTva, romlebic erTi da imave qveynis 

or navsadgurs Soris gaivlis. 

Sereuli curvis (mdinare-zRva) gemebis gamoyene-

bis SemTxvevaSi, sazRvao navsadguri ukve aRar war-

moadgens transportis moZraobis saboloo punqts, 

magram aseTi gemebis zRvebSi curvis siSore jer-

jerobiT mainc SezRudulia, did sazRvao gemebs ki 

Siga wylis gzebze curva ar SeuZliaT. amrigad, 
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zemoT moyvanili ganmarteba ZiriTadad mainc ZalaSi 

rCeba. 

navsadguris zomebis ZiriTadi ganmsazRvreli 

faqtorebia tvirTbrunva da mgzavrebis raodenoba. 

navsadguris tvrTbrunva ewodeba tvirTebis im 

saerTo raodenobas, romelic drois garkveul pe-

riodSi gadmoitvirTeba gemebidan da CaitvirTeba ge-

mebSi mocemuli navsadguris misabmel xazebTan da 

mcurav mdgomareobaSi. amrigad, SeiZleba ganvixi-

loT wliuri (sanavigacio) Tviuri da sadReRamiso 

tvirTbrunva. saerTo tvirTbrunva Cveulebriv, iyofa 

sazRvao gadazidvebisa da tvirTebis saxeobaTa mi-

xedviT. 

navsadguris gamtarunarianoba ewodeba mTeli 

wlis ganmavlobaSi masSi gamavali tvirTebis nakads, 

anu tvirTebis im raodenobas, romelsac navsadguri 

zRviT gzavnis da zRviTive iRebs mTeli wlis 

ganmavlobaSi. 
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VII ganyofileba 

wyalmomaragebis sistemebi da 
nagebobebi 

 
7.1. zogadi cnobebi 

 
wyalmomaragebis sistema ewodeba nagebobaTa da 

qselebis erTobliobas, romlis daniSnulebaa buneb-

rivi wylebis miReba, gawmenda (saWiroebis mixedviT) 

da momxmareblisaTvis miwodeba. 

dasaxlebul adgilebSi wyali ZiriTadad gamo-

iyeneba sasmel-sameurneo, sawarmoo da xanZarsawina-

aRmdego miznebisaTvis. imis mixedviT, Tu rogor 

xorcieldeba momxmareblebis moTxovnebis dakmayo-

fileba, arCeven sxvadasxva tipis wyalsadenebs: 

1. wyalsadenebi daniSnulebis mixedviT: a) sas-

mel-sameurneo; b) samrewvelo da g) xanZarsa-

winaaRmdego. zogjer samive daniSnulebis 

wyalsadeni erT sistemaSi erTiandeba, zogjer 

ki erTiandeba romelime ori daniSnulebis 

wyalsadeni. 

2. saTavidan wylis miwodebis xerxis mixedviT: a) 

TviTdinebiTi wyalsadenebi; b) wyalsadenebi 

wylis meqanikuri miwodebiT, rodesac wyali 

miewodeba tumboebiT, pnevmatikuri danadgare-

biT an sxva hidravlikuri manqanebiT; g) Se-
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reuli tipis wyalsadenebi, rodesac wyalsade-

nebis nawili muSaobs meqanikuri wesiT, xolo 

nawili _ TviTdeniT. 

3. dawnevebis sididis mixedviT: a) dabalda-

wneviani wyalsadenebi-Cveulebriv, qselSi daw-

neva ar unda aRematebodes 10 atm-s;           

b) maRaldawneviani, rodesac dawnevebi sis-

temaSi aRemateba 10 atm-s, zogjer ki 30-40 atm-

s da metsac aRwevs.  

4. wyalmomaragebis wyaros mixedviT: a) gruntis 

wylebis wyalsadeni, romlebic ikvebeba mi-

wisqveSa wylebis bazaze (arteziuli, subarte-

ziuli da udawneo miwisqveSa wylebi, mdina-

ris filtratebi, karstuli wylebi, wyaroebi 

da sxv.). b) zedapiruli wylebis wyalsadenebi, 

romelTa kvebis wyaros warmoadgens mdina-

reebi, wyalsacavebi, tbebi, zogjer zRvebi da 

okeaneebi. 

5. wyalmomaragebis obieqtis raodenobis mixed-

viT: a) individialuri wyalsadenebi, rodesac 

erTi an ramdenime wyalmomaragebis sistema em-

saxureba erT obieqts, erT qalaqs, erT da-

saxlebul adgils, erT sawarmos; b) jgufuri 

wyalsadenebi, rodesac erTi ar ramdenime 

wyalmomaragebis sistema gaerTianebulia da 
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wyliT mosamaragebel ramdenime obieqts emsa-

xureba; g) wyalmomaragebis raionuli sisteme-

bi, rodesac wyalmomaragebis erTi an 

ramdenime sistema mTel regions emsaxureba. 

 wyalsadenis sistemebi Sedgeba ramdenime Se-

madgeneli elementisagan. zogierTi ZiriTadi sa-

xis elementi Sedis yvela wyalsadenis Semad-

genlobaSi, xolo zogierTis saWiroebas gansa-

zRvravs adgilobrivi pirobebi. es elementebia: 

1. wyalmimRebi – misi daniSnulebaa saWiro 

raodenobis wylis miReba; 

2. satumbo sadguri – masSi damontaJebuli 

tumboebiT xdeba wnevis gazrda milsadenebSi; 

3. wylis gamwmendi sadguri – masSi Semaval na-

gebobebze xdeba wylis xarisxis gaumjobeseba; 

4. rezervuarebi  ZiriTadad ori saxisaa: sufTa 

wylis rezervuari – magaliTad gamwmend sad-

gursa da II safexuris satumb sadgurs Soris, 

da sadawneo rezervuarebi – misi daniSnu-

lebaa Seinaxos wylis maragi sasmel-sameur-

neo, saxanZro da sawarmoo miznebisaTvis, da 

qselSi moTxovnilebisamebr miawodos. Tu re-

zervuaris saWiro saangariSo niSnuls miwis 

zedapiris niSnulebi ver uzrunvelyofs, ew-

yoba koSkuri tipis rezervuari; 
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5. wyaldeni warmoadgens mildens, romlis saSua-

lebiT xdeba wylis tranziti erTi adgilidan 

meoreze. SeiZleba iyos TviTdeniTi (dawneviani 

da udawneo) da meqanikuri gadatumbviT; 

6. qseli  Sedgeba magistraluri da manawilebe-

li milebisagan, Tavisi armaturiT, xelovnuri 

nagebobebiT (Webi da sxv.) da ganStoebebiT. 

qselis daniSnulebaa wylis miwodeba yvela 

momxmarebelTan. 

wyalsadenebis sqemebi metad mravalferovani da 

nairsaxovania. sqemas qmnis sistemaSi Semavali ele-

mentebis saxeebi, raodenoba, urTierTganlageba da 

mdebareoba. sqemis saxe damokidebulia adgilobriv 

teqnikur da ekonomikur faqtorebze. wyalsadenis 

sistema da sqema yvela calkeuli SemTxvevisaTvis 

unda iqnes SerCeuli da dasabuTebuli (dayvanili 

Rirebulebis minimizaciis gziT). 

arsebobs wyalsadenis Semdegi sqemebi: 1. mdinaris 

wyalsadeni; 2. gruntis wyalsadeni; 3. rezervuaruli 

sistemis wyalsadeni – rodesac sadawneo rezer-

vuari moTavsebulia saTave nagebobasa da qsels 

Soris. 4. kontrrezervuaruli sistemis wyalsadeni, 

rodesac qseli moTavsebulia saTave nagebobasa da 

sadawneo rezervuars Soris; 5. wyalsadeni ramdenime 

mkvebavi wyaroTi – rodesac dasaxlebuli adgili 
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maragdeba sxvadasxva mxridan. aseTi sqema gansakuT-

rebiT xelsayrelia samoqalaqo Tavdacvis Tvalsaz-

risiTac; 6. wyalsadeni zonirebuli qselebiT – 

rodesac qselSi dawnevebi normas aWarbebs, saWiro 

xdeba qselis dayofa ramdenime zonad;   7. jgufuri 

wyalsadeni (ix. zemoT); 8. kompleqsuri wyalsadeni – 

rodesac wyalmimRebi SeTavsebulia hidroteqnikur 

elementTan magaliTad kaSxalTan; 9. sawarmo wyal-

sadeni – yovel kerZo SemTxvevaSi SearCeven 

optimalur sqemas. farTodaa gavrcelebuli sacir-

kulacio wyalmomaragebis sqemebi. magaliTisaTvis 

mogvyavs mdinaris wyalsadenis sqema, romelSic 

wyalsadenis TiTqmis yvela elementi Sedis (nax. 7.1); 

gruntis wylebis wyalsadenis sqema wneviani da 

TviTdeniTi (udawneo) (nax. 7.2), agreTve wyalsadenis 

sqema ori mkvebavi wyaroTi (nax. 7.3). 
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nax. 7.1. mdinaris wyalsadenis sqema 

1. wyalmimRebi nagebobani; 2. pirveli safexuris 
satumbi sadguri; 3. gamwmendi sadguri; 4. sufTa wylis 

rezervuari; 5. meore safexuris satumbo sadguri;  
6. wneviani wyalsadeni; 7. sadawneo rezervuari;  

8. TviTdeniTi wyaldeni; 9. qseli 
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nax. 7.2 gruntis wylebis wyalsadenis sqema 

1. wyalmimRebi Webi; 2. Semkrebi Wa; 3. satumbi 
sadguri; 4. wneviani wyalsadeni; 5. sawneo rezervuari; 

6. TviTdeni wyalsadeni; 7. qseli. 
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nax. 7.3. wyalsadenis sqema ori mkvebavi wyaroTi 

1. mdinaris wyalmimRebi; 2. I safexuris satumbi sadguri;  
3. gamwmendi sadguri; 4. sufTa wylis rezervuari; 5. II safexuris 
satumbi sadguri; 6. wneviani wyalsadeni; 7. sawneo rezervuari;  
8. TviTdeniTi wyaldeni; 9. qseli; 10. gruntis wylebis mimRebi 

Webi; 11. Semkrebi Wa. 
 

wyalsadenis elementebis ZiriTadi parametrebis 

gasaangariSeblad unda vicodeT saWiro wylis rao-

denoba da moxmarebis reJimi. wylis xarjvis gasa-

gebad unda vicodeT erTi mxriv, momxmareblebis 

raodenoba da meore mxriv TiToeuli momxmareb-

lisTvis saWiro wylis kuTri xarji e.i. norma. es 

normebi mocemulia sacnobaro literaturaSi (samSe-

neblo normebi da wesebi, samrewvelo sawarmoTa 

normebi da sxv.). magaliTad, mosaxleobis sasmel-
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sameurneo wylis saSualo dReRamuri normis zeda 

zRvari keTilmowyobis umaRlesi kategoriis Senobi-

saTvis amJamad Seadgens 700÷800 litrs 1 kacze 

dReRameSi. 

sacnobaro literaturaSi mocemulia agreTve 

wylis moxmarebis reJimi dReRamuri da saaTobrivi 

uTanabrobis koeficientebis meSveobiT. es ki saSua-

lebas iZleva gaviangariSoT maqsimaluri, minimalu-

ri da saSualo xarjebi. sadawneo rezervuaramde 

moTavsebuli wyalsadenis elementebi, gaangariSdeba 

saSualo xarjze, xolo rezervuaris Semdeg – 

maqsimalurze. 

wyalsadenis qselis gaangariSebis mizania misi 

ZiriTadi parametrebis dadgena, rac etapobrivad 

xorcieldeba: magistraluri qselis konfiguraciis, 

saangariSo kvanZebis da ubnebis gamovlena; nakadebis 

winaswari ganawileba, ubnebis maqsimaluri saanga-

riSo xarjebis gamoTvla; nakadebis WeSmariti gana-

wilebis dadgena; saWiro piezometruli niSnulebisa 

da Tavisufali dawnevis gansazRvra; sadawneo re-

zervuaris Ziris niSnulis gansazRvra; SemowmebiTi 

gaangariSeba reJimisaTvis, roca maqsimaluri saanga-

riSo xarjs emateba xanZarsawinaaRmdego wylis xar-

ji; satumbi danadgarebis awevis simaRlis gansa-

zRvra. 
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minimaluri saWiro Tavisufali dawneva maqsima-

luri xarjis reJimisas damokidebulia Senobebis 

sarTulianobaze da 10 m-s Seadgens erTsarTuliani 

SenobebisaTvis; yovel damatebiT sarTulze emateba 

4 m. xanZarze reJimisaTvis minimaluri saWiro Tavi-

sufali dawneva miiReba 10 m. 

mildenebis diametris SerCevac xdeba saangariSo 

xarjisa da e.w. ekonomikurad xelsayreli siCqaris 

mixedviT, specialuri cxrilebis meSveobiT. xelsay-

reli siCqaris zRvrebia 0,6-dan 0,9 m/wm, roca d<300 

mm da 0,9-dan 2,5 m/wm-mde, roca d≥300 mm. 

wyalsadenis qselebisa da wyaldenebisaTvis iye-

neben foladis, Tujis, rkinabetonis, plastmasis da 

a.S. milebs.  

 

7.2. ZiriTadi nagebobebi da mowyobilobebi 
 

wyalmimRebi nagebobebi ZiriTadad or jgufad 

iyofa: 1. gruntis wylebis mimRebi nagebobebi da 2. 

mdinaris wylis mimRebi nagebobebi. 

gruntis wylebis mimReb nagebobebSi Sedis: milo-

vani Webi; Saxturi Webi; horizontaluri galerea, 

wyaros wylis kaptaJi da a.S. calke unda aRiniSnos 

miwisqveSa wylebis xelovnurad gamdidrebis xerxi, 

romelic warmatebiT gamoiyeneba bolo xanebSi. 
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mdinaris wylebis mimRebi nagebobebia: fanjre-

biani wyalmimRebi; sanapiro Wa TviTdinebiTi miliT; 

sanapiro Wa sifonuri miliT; kribi (mdinaris kala-

potSi Cadgmuli wyalmimRebi); xidis burjSi CaSene-

buli wyalmimRebi; pirveli safexuris satumbi sad-

gurTan Sevsebuli wyalmimRebi; `fskeruli~ tipis 

wyalmimRebebi mTis mdinareebisaTvis da sxv. 

 
a) satumbi sadgurebi 

 
satumbi sadgurebi funqciuri TvalsazrisiT, Zi-

riTadad ori saxisaa: I safexuris da II safexuris. I 

safexuris satumbi sadgurebi wyals iReben wyal-

mimRebi nagebobebidan da awvdian gamwmend nagebo-

bebs. II safexuris satumbi sadgurebi wyals iReben 

sufTa wylis rezervuaridan da awvdian sadawneo 

rezervuars, wyalsadenis qsels da a.S. 

 
b) wylis gamwmendi sadgurebi 

 
wylis gamwmendi sadguris daniSnulebaa masze mi-

wodebuli wylis xarisxis gaumjobeseba. gawmendis 

saWiro xarisxisa da wylis raodenobis mixedviT, 

gamwmendi sadgurebis Semadgenloba Zalze mravalfe-

rovania. amitom mogvyavs erT-erTi sanimuSo sadgu-

ris nagebobebis CamonaTvali: sareagento meurneoba; 
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Semrevi; koridoruli tipis gamkamkamebeli Cqari 

filtri da sufTa wylis rezervuari. 

wylis gawmenda gulisxmobs agreTve mis gausne-

bovnebas. misi xerxebia: daqlorva, ozonireba, baqte-

riociduli sxivebiT dasxiveba da a.S. aqedan, 

yvelaze metad gavrcelebulia daqlorva. 

 
7.3. samxedro danayofebis droebiTi 

wyalmomaragebis sistemebi savele pirobebSi 
 

samxedro operaciebis warmoebisas didi mniSvne-

loba aqvs sajariso danayofebis droebiTi wyalmo-

maragebis sistemebis funqcionirebas savele piro-

bebSi (nax. 7.4). garda sasmel-sameurneo miznebisa, 

samxedro nawilSi wyali gamoiyeneba tankebis, avto-

mobilebis da sxva samxedro teqnikis gasamarTad. 

didi mniSvneloba aqvs wylis moxmarebis reJims. 

wylis dReRamuri raodenoba, romelic unda Sesvas 

erTma jariskacma savele pirobebSi, daaxloebiT 

Seadgens 3 litrs. mizanSewonilia es raodenoba 

ganawildes dReRamis ganmavlobaSi garkveuli wesiT. 

sasmel-sameurneo wylis moxmarebis saSualo 

norma banakSi erT jariskacze Seadgens daaxloebiT 

40 litrs, igi SeiZleba icvlebodes yovel kerZo 

SemTxvvaSi adgilobrivi pirobebis gaTvaliswinebiT. 
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wylis mimarT wayenebuli moTxovnebi Semdegia: 

wyali unda iyos gamWvirvale, ufero, ar unda hqon-

des arasasiamovno suni da gemo, ar unda Seicavdes 

avadmyofobis gamomwvev mikrobebs. sasmeli mizne-

bisaTvis gamoyenebuli wyali mudmivad unda mowm-

debodes samxedro SenaerTis sanitaruli samsaxuris 

mier. 

imisaTvis, rom sajaro SenaerTebi savele piro-

bebSi normalurad maragdebodnen saWiro wyliT, 

ewyoba wyalmomaragebis punqtebi. 

wyalmomaragebis wyaroebad SeiZleba gamoyenebul 

iqnes: gruntis wylebi milovani da Saxturi Webis 

mowyobiT, wyaros kaptaJi da zedapiruli wylebi 

Sesabamisi gawmendis Semdeg. 

Tu jarebis moZraobis mimarTulebiT ar aris uz-

runvelyofili saWiro xarisxis wylis wyaros 

arseboba, wylis maragis transportireba unda xde-

bodes sajariso SenaerTebTan erTad.  

rodesac wyali ar akmayofilebs saWiro moTxov-

nebs aucilebelia misi gawmenda. gawmenda gulisx-

mobs mis daleqvas, gafiltrvas, gauvnebelyofas da 

saWiroebis SemTxvevaSi, dezaqtivacias. Tu wyals 

arasasiamovno gemo da suni ar moscilda, misi gamo-

yeneba SeiZleba mxolod gansakuTrebul SemTxvevaSi. 

moyvanilia gadamtani safiltravi sqema  7.4 nax-ze.  
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nax. 7.4 avtofiltri sadguris (АФС-500) sqema 

 
7.4. wylis gausnebovneba da gauvnebloba 

 
gausnebovneba niSnavs wyalSi arsebuli avadmyo-

fobis gamomwvevi baqteriebis mospobas. gausnebov-

neba xdeba ZiriTadad wylis moduRebiT da reagen-

tebis (qloris) meSveobiT. wylis gauvnebloba niS-

navs wylis gawmendas momwamlavi nivTierebisa da 

Sxamebisgan. am mizniT iyeneben wylis aduRebas, 

wylis gafiltas gaaqtiurebeli naxSiriT da sxv. 

zogjer SeiZleba saWiro gaxdes wylis darbile-

ba da gamtknareba. darbilebas awarmoeben umTavre-

sad reagentuli meTodiT, xolo gamtknareba _ aor-

qlebiT. 
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radioaqtiuri nivTierebebiT gabinZurebuli 

wylis dezaqtivaciisaTvis SeiZleba gamoyenebul 

iqnes Semdegi meTodebi: 

- ionuri cvla; 

- gamoxda; 

- gafiltra karbofarogelis filtrSi winas-

ari kouagulaciiT; 

- koagulacia da daleqva Semdgomi filt-aciiT. 

wylis Senaxvisa da transportirebisaTvis SeiZ-

leba gamoyenebul iqnes xelTarsebuli (adgilob-

rivi) tara: kasrebi, avzebi, rofebi, liTonis re-

zervuarebi, cisternebi da a.S. agreTve specialuri 

rezervuarebi morezinebuli qsovilebisagan. 

moxmarebis win, tara saguldagulod unda gai-

recxos da gaukeTdes dezinfeqcia. unda Catardes 

RonisZiebani zamTarSi wylis gayinvis Tavidan asaci-

leblad. 

 
7.5. milsadenebis gamocda da teqnikuri 

eqspluatacia 
 

milebis Cawyobis Semdeg, eqspluataciaSi gaSve-

bamde saWiroa maTi gamocda simtkicesa da uJon-

vadobaze. Tu gamocdisas aRmoCnda raime defeqti, sa-

Wiroa misi gamosworeba. gamocdas awarmoeben wi-
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naswar – Ria Txrilebis dros, da sabolood, 

rodesac Txrilebi miwiT amoivseba. 

gamocda warmoebs ubnobrivad. erTi gamosacdeli 

ubnis sigrZed miiReba ara umetes 1,0 km. TiToeuli 

ubnis orive bolo gamocdisaTvis hermetulad ixu-

reba yru miltuCiT da (rom gamocdis dros miltuCi 

ar gamoiglijos) magrdeba sabrjenebiT. orive bo-

loSi keTdeba vertikaluri dgarebi, mcire diamet-

ris milebisagan. dgars, romelic ubnis ufro maRal 

boloSia, ukeTdeba onkani haeris gasaSvebad da 

manometri, xolo ufro dabal mxareze mowyobil 

dgars uerTdeba wyalsadenis xazi, hidravlikuri 

wnexi (romlis saSualebiTac tardeba gamocda), ma-

nometri, saregulacio onkani, sacobiani onkani da 

Camketi ventilebi. gamosacdeli danadgaris sqema 

naCvenebia 7.5 nax-ze. 

milsadens avseben wyliT, risTvisac wyalsadenis 

xazze aReben ventils 1, am dros haeris gamSvebi 2 

unda iyos Ria. rodesac mili wyliT aivseba, haeris 

gamSvebi da wylis mimwodebel xazze ventilebi 

iketeba, ixsneba ventilebi 3, 4 da 5. hidravlikuri 

wnexis 6 saSualebiT, milsadenSi wneva ayvanili 

unda iqnes gamosacdel sididemde. wnevis sidides 

igeben manometrebiT 7. 
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nax. 7.5. milsadenebis gamosacdeli sqema 

 
  

winaswari gamocda mdgomareobs imaSi, rom wnexis 

qveS myofi milsadeni kargad unda daTvalierdes, 

raTa gamovlindes raime defeqti (cudad gakeTebuli 

pirapiri, gabzaruli mili da sxv., ris gamoc ad-

gili eqneba Jonvas). saboloo gamocdis dros gain-

sazRvreba Jonva. 

saerTod, milsadenebis gamocdas awarmoeben hid-

ravlikuri wesiT (wyliT), magram foladis milebis 

gamocda SeiZleba pnevmatikuri wesiTac (haeris 

dawnexiT). 

gamocda unda xdebodes moqmedi teqnikuri piro-

bebis mixedviT. teqnikuri pirobebis mixedviT unda 

iqnes miRebuli gamosacdeli wnevis sididec. 
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qselebisa da wyaldenebis teqnikuri eqspluata-

cia gulisxmobs Semdeg ZiriTad samuSaoebs: 

1. mudmivi meTvalyureoba milsadenebis da misi 

armaturis muSaobasa da mdgomareobaze, urdu-

lebze, saxanZro hidrantebze, quCis Sadrev-

nebze, damxarj onkanebze da sxv.; 

2. qselisa da wyaldenis SemCneuli defeqtebis 

gasworeba; 

3. mimdinare remontis warmoeba; 

4. avariis likvidacia; 

5. milsadenebis garecxva da dezinfeqcia; 

6. SenobebSi arsebuli ganStoebebis movla da 

axali ganStoebebis mowyoba. 

qselisa da wyaldenebis mdgomareobis meTvalyu-

reobisaTvis, periodulad, weliwadSi ramdenjerme 

xdeba yvela Wis, armaturisa da nagebobis daTva-

liereba. 

milebisa da armaturis avaria SeiZleba gamo-

wveul iqnes sxvadasxva mizeziT, aseTebia: hidravli-

kuri dartymebi, garegani meqanikuri dazianebebi, 

temperaturis gavlena, koroziis Sedegebi da sxv. 

yvelaze xSirad avariis mizezi hidravlikuri darty-

ma xdeba. 

Zalian mniSvnelovania avariis drouli aRmoCena 

da likvidacia. mniSvnelovani avariis dros, garda 
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wylis didi raodenobiT dakargvisa, saSiSia axlo-

mdebare nagebobaTa dazianebac. SeiZleba gamoirec-

xos Senobis saZirkvlebi, rkinigzis liandagebi; 

niadagis gamorecxvis Sedegad SesaZlebelia quCis 

savali nawilis uecari Cangreva da sxv. 

dazianebuli armatura da milebi swrafad unda 

SekeTdes an Seicvalos.  

saavario samuSaoebis warmoeba evaleba wyalsa-

denis sammarTvelosTan arsebul specialur saava-

rio brigadas. 
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