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Sesavali 

mecnierebas miwisqveSa wylebis moZraobis 

kanonebis Sesaxeb miwisqveSa wylebis dinamika 

ewodeba. miwisqveSa wylebis dinamikis kursi 

specialuri hidrogeologiuri ganaTlebis sa-

fuZvelia. masSi axsnilia hidrogeologiuri 

procesebis fizikur-maTematikuri arsi. war-

moadgens ra hidrogeologiuri ciklis 

mecnierebaTa erT-erT specifikur ganxras, 

miwisqveSa wylebis dinamikis kursis Seswavla 

aucilebelia specialist-hidrogeologis mier  

hidrodinamikuri gamoTvlebis maTematikuri  

meTodebis dasaufleblad. miwisqveSa wylebis 

dinamika Seiswavlis miwisqveSa wylebis moZ-

raobis raodenobriv kanonzomierebebs, hidro-

geologiuri gaangariSebebis Teoriul sa-

fuZvlebs da meTodebs, bunebrivi da xelovnuri 

faqtorebis gavleniT miwisqveSa wylebis 

formirebis pirobebs. miwisqveSa wylebis dina-

mikas sxvadasxva sabunebismetyvelo mecniere-

baTa mijnaze ukavia adgili, romelTa Soris 

aRsaniSnavia geologia, meteorologia, hidro-

logia, geomorfologia, hidroqimia da sxv. 

gadasawyveti amocanebis da bunebrivi sa-

fuZvlebis mixedviT, is hidrogeologiis 

ganxraa, xolo misi Teoriuli wanamZRvrebi 

zust mecnierebebs efuZneba. imis gamo, rom 

miwisqveSa wylebis moZraoba umTavresad fil-

traciis gziT xdeba, anu forovan an napralo-
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van garemoSi siTxis (wylis) gravitaciuli 

dinebis gziT, zusti mecnierebebidan miwisqveSa 

wylebis dinamikaSi yvelaze metad hidromeqani-

kis (hidravlikis) kanonebi gamoiyeneba, rom-

lebic filtracias ise ganixilavs, rogorc 

meqanikur process. amasTan, unda aRiniSnos, 

miwisqveSa wylebis filtracias (geofiltra-

cias) gansakuTrebuli, arsebiTi Taviseburebebi 

axasiaTebs, romlebic konkretul hidrogeolo-

giur amocanebTan aris dakavSirebuli, agreTve 

ganpirobebulia qanebis, rogorc filtraciis 

garemos niSan-TvisebebiT. 

hidravlikis da hidromeqanikis meTodebis 

gamoyenebiT SesaZlebelia raodenobrivad Se-

vafasoT filtraciis siCqare, nakadis xarji, 

miwisqveSa wylebis dawnevaTa da doneebis 

cvlilebebi da a.S. hidravlikuri da hidro-

dinamikuri meTodebis gamoyenebis aucilebeli 

winapiroba aris sabadoze arsebuli bunebrivi 

pirobebis sqematizireba. bunebrivi pirobebis 

swori sqematizireba da sainJinro gaT-

vlebisTvis saWiro sawyisi monacemebis (fil-

traciis koeficienti, nakadis moZraobis mimar-

Tuleba da qanobi) gamoangariSeba hidrogeolo-

gis movaleobaa. mas unda SeeZlos gamoiyenos 

saTanado saangariSo formulebi imgvarad, rom 

bunebrivi pirobebidan gadaxra iyos minimaluri, 

anu swori sqematizaciis Sedegad miviRoT 

realurTan maqsimalurad miaxloebuli Sedegi. 
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aRniSnulis mixedviT, SeiZleba davas-

kvnaT, rom miwisqveSa wylebis dinamika kom-

pleqsuri mecnierebaa, romlis safuZvelze gad-

awydeba sxvadasxva konkretuli hidrogeologi-

uri amocanebi. magaliTad, wyalmomaragebis saq-

meSi es amocanebia miwisqveSa wylebis 

resursebis gansazRvra, wyalamRebi nagebobebis 

mwarmoeblurobis gaangariSeba, am nagebobebis 

urTierTgavlenis Sefaseba da a.S. melioraciis 

dargSi miwisqveSa wylebis dinamikis meTodebis 

gamoyenebiT aucilebelia ganisazRvros sairi-

gacio arxebidan filtraciaze wylis 

danakargebis raodenoba, Sesruldes sarwyav ma-

sivebze gruntis wylebis reJimis prognozi da 

sxv. daaxloebiT identur miznebs emsaxureba 

miwisqveSa wylebis dinamikis kanonebis gam-

oyeneba Waobebis da daWaobebuli farTobebis 

daSrobis, sadrenaJo sistemebis daproeqtebis 

da gaangariSebis saqmeSi. farToa asparezi 

dinamikis gamoyenebisa hidroteqnikuri kom-

pleqsebis daproeqtebis, mSeneblobis da 

eqspluataciis stadiebze. aq gadasawyvetia 

iseTi mniSvnelovani amocanebi, rogoricaa 

kaSxlis fuZeSi da ferdobebze zeda biefidan 

filtraciaze wylis danakargebis raodenobrivi 

maCveneblebis dadgena, teritoriis datborvis 

prognozi, wyalsacavis napirebis gadamuSavebis 

raodenobrivi Sefaseba da a.S. miwisqveSa wyle-

bis dinamikis gamoyenebis sfero moicavs 
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agreTve samTo saqmes, rodesac sakiTxi exeba 

karierebsa da miwisqveSa samTo gamonamuSevreb-

Si wylis modinebas da Sesabamisi dasaSrobi 

RonisZiebebis SemuSavebas, samSeneblo 

qvabulebis daSrobas, navTobisa da sawvavi air-

is sabadoebis damuSavebis swori reJimis SerCe-

vas da mravali sxva. 
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I Tavi. qanebSi wylis saxeobebis klasifika-

cia, nakadis moZraoba (filtracia) da  

filtraciis Taviseburebebi 

 

I.1 zogadi cnobebi filtraciis Sesaxeb 

qanebSi moqceuli moZravi an uZravi wylis 

saxeobebis ganxilvamde mizanSewonilia gavix-

senoT, rom miwisqveSa wyali ZiriTadad Txevad 

fazaSi gvainteresebs, radganac liTosferoSi 

orTqlis mdgomarebaSi da myar fazaSi (yinuli) 

arsebuli wylis xvedriTi wili ganuzomlad 

ufro mcirea Txevad fazasTan SedarebiT. 

Txevadi sxeulis umTavresi damaxasiaTebeli 

Tviseba misi moZraobaa, xolo Tu siTxe uZrav 

mdgomareobaSi imyofeba, igi emorCileba paska-

lis kanons, romlis mixedviTac uZravi siTxis 

zedapirze miyenebuli wneva Tanabrad gadaecema 

Txevadi moculobis yvela wertilSi. siTxis 

Zalze mniSvnelovan molekulur Tvisebas zeda-

piruli daWimuloba warmoadgens. molekuluri 

agebulebis Taviseburebebis gamo, siTxe Zalze 

sustad kumSvadia. siTxis romelime V mocu-

lobaSi p wnevis raime p sididiT Secvlisas 

siTxis moculobis cvlileba ( V ) gan-

isazRvreba hukis kanoniT: 

V 1
p

V E

  
   

 
     (I.1) 
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sadac, E  – iungis moculobiTi modulia. 

sufTa wylis SemTxvevaSi 3E E 2 10  wy. mpa, xo-

lo gazirebuli wylisTvis es sidide erTi 

rigiT naklebia. garda amisa, E -s sidide mniS-

vnelovnad aris damokidebuli wylis tempera-

turaze da mineralizaciaze. miuxedavad imisa, 

rom wylis kumSvadoba umniSvneloa, didi 

moculobebis SemTxvevaSi es sidide praqtikul 

mniSvnelobas iZens, magaliTad, Rrma cirkulia-

ciis wneviani wylebis ganxilvisas.  

wyliT gajerebuli qani orfaziani siste-

maa, romelic Sedgeba mineraluri ConCxisgan 

(myari faza) da forebisa da napralebis 

Semvsebi wylisgan (Txevadi faza). 

qanebSi arsebuli wyalSemcveli napralebi 

da forovani arxebi sididisa da konfiguraciis 

mixedviT, Zalze mravalferovania da maTi deta-

luri analizi praqtikulad SeuZlebelia. ami-

tom, mizanSewonilia visargebloT 

ganzogadebiT da forovani sivrcis erTgvari, 

statistikurad gasaSualoebuli maCveneblebiT. 

ufro miRebulia saerTo forianobis cneba – n , 

romelic axasiaTebs forovani sivrcis wils 

qanis saerTo moculobaSi. saorientaciod movi-

yvanoT saerTo forianobis zogierTi damaxasi-

aTebeli sidide: qviSebSi – 35-50%, TixebSi – 40-

60%, qviSaqvebSi da danaleq karbonatul 

qanebSi – 5-20%, granitebSi, gneisebsa da kvar-
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citebSi 1%-ze  naklebi. napralovani qane-

bisTvis forianobis analogs napralianoba war-

moadgens, anu napralebis fardobiTi moculoba. 

misi sidide Cveulebriv 2%-s ar aRmateba, ufro 

xSirad ki, erTeulis nawilebSi izomeba. Tumca, 

unda aRiniSnos, rom TavisTavad saerTo  fo-

rianobis sidides wyalgamtarobis mxriv 

praqtikuli mniSvneloba ar aqvs. magaliTad, 

Tixa forianobis sididiT qviSas aRemateba, ma-

gram praqtikulad wyalgaumtaria. es Tviseba 

ZiriTadad forebis zomebze aris damokidebu-

li. magaliTad, qviSaSi forebis zoma 0.1 – 1.0 mm 

Seadgens, xolo TixaSi es sidide 0.1 – 1.0 mkm-is 

farglebSia. 

gasaTvaliswinebelia agreTve, rom wyali 

yvela forebSi ki ar moZraobs, aramed erT-

maneTTan dakavSirebul msxvil forebSi, rom-

lebic e.w. efeqtur forovan sivrces qmnis. 

magaliTad, qviSaqvebSi da karbonatul qanebSi 

efeqturi forianoba ramdenjerme Camouvardeba 

saerTo forianobas. hidrodinamikur gaTvlebSi 

saerTo forianobasTan erTad xSirad 

sargebloben forianobis koeficientis sididiT, 

romelic forebis moculobis myari fazis 

moculobasTan Sefardebas warmoadgens:  

n

1 n
 


            (I.2) 

qanis 1 sm3 moculobaSi forebis zeda-

piris saerTo farTobi (xvedriTi zedapiri) 
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SeiZleba warmoudgenlad didi iyos. magaliTad, 

advilad mtkicdeba, rom Tu Tixis marcvlebis 

saSualo zoma 0.2 mkm tolia, xvedriTi zeda-

piris farTobi 10 m2 Seadgens. aqedan gasagebia, 

rom forebSi moZraobisas wyali did energias 

hkargavs forebis zedapirze xaxunis Zalis 

gadasalaxavad. aranakleb rTulia forovani 

sivrcis geometria da es sirTule miwisqveSa 

wylebis filtraciaze pirdapir aisaxeba. zeda-

piruli nakadebisagan gansxvavebiT (mdinare, 

nakadi arxSi da a.S.) miwisqveSa wylebis moZ-

raoba qanebSi arsebuli napralebis, 

mikronapralebis, forebis da mikroforebis 

gavliT xdeba. am dros warmoiqmneba qanis na-

wilakebis hidravlikuri winaRoba, rac Zlier 

aferxebs nakadis moZraobas. amitom, miwisqveSa 

nakadis moZraobis siCqare zedapiruli nakadis 

siCqaresTan SedarebiT Seudareblad ufro 

mcire sididea. aqedan gamomdinareobs, rom 

miwisqveSa wylebis moZraobis siCqares gamo-

saxaven iseT erTeulebSi, rogoricaa sm/wm an 

ufro xSirad – m/dR.R.  

miwisqveSa nakadis moZraobas qanebSi 

arsebuli forebis, sicarieleebis da 

napralebis gavliT filtracia ewodeba, xolo 

TviT nakads filtraciuli nakadi hqvia. es 

ukanaskneli sxvadasxvagvaria, magram arCeven 

filtraciuli nakadis or ZiriTad saxeobas:  

- brtyeli filtraciuli nakadi; 
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- radialur-sferosebri filtraciuli nakadi.  

nakadis es saxeobebi garkveul konkretul 

pirobebSi warmoiqmneba. kerZod, brtyeli fil-

traciuli nakadi damaxasiaTebelia iseT Wabur-

RilebSi (an WebSi) modinebisas, romelTa saSu-

alebiT wyalSemcveli horizonti mTlian sim-

Zlavreze aris gaxsnili da WaburRilis san-

grevi wyalgaumtar sageb fenSi Tavsdeba. amgvar 

WaburRils wyalSemcveli fenis gaxsnis 

xarisxis mixedviT srulyofili ewodeba. 

 
nax. I.1. brtyeli da radialur-sferosebri filtraciuli 

nakadis tipebi 

1 – miwis zedapiri; 2 – gruntis wylebis Tavdapirveli 

done amotumbvis dawyebamde; 3 – amotumbvis procesSi 

Camoyalibebuli depresiuli zedapiri; 4 – wyalSemcveli 
feni; 5 – wyalgaumtari sagebi feni. 

 

radialur-sferosebri filtraciuli naka-

di damaxasiaTebelia wyalSemcveli horizontis 

gaxsnis xarisxis mixedviT arasrulyofili Wa-

burRilisTvis, rac imas niSnavs, rom Wabur-
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Rilis sangrevi sageb fenamde ver aRwevs da 

TviT wyalSemcvel fenSi Tavsdeba. 

pirvel SemTxvevaSi WaburRilSi miwisqve-

Sa nakadi mxolod kedlebidan Semoedineba, meo-

re SemTxvevaSi ki, rogorc kedlebidan, aseve 

fskeridan. 

 

I.2 idealuri, fiqtiuri da realuri grunti 

zedapiruli nakadebisgan gansxvavebiT 

(mdinare, nakadi arxebSi, saderivacio gvirabeb-

Si da a.S.), miwisqveSa nakadis moZraoba Zalze 

garTulebulia da misi maTematikuri asaxva gar-

kveul siZneleebTan aris dakavSirebuli. ker-

Zod, miwisqveSa nakadis filtraciis Seswavli-

sas unda gaviTvaliswinoT is garemoeba, rom 

filtracia xdeba qanSi arsebuli uwvrilesi 

forebSi da sicarieleebSi gaRweviT, romlebic 

xorklianobiT xasiaTdeba da gansazRvravs 

filtraciis gansxvavebas zedapiruli nakadis 

moZraobisgan.  

yvela bunebrivi faqtoris gaTvaliswine-

biT filtraciis aRniSnuli sirTuleebis maTe-

matikuri asaxva praqtikulad SeuZlebelia. ami-

tom, mimarTaven garemos idealurobis sqemas. am 

mizniT, hidravlikaSi da miwisqveSa wylebis 

dinamikaSi anu miwisqveSa hidravlikaSi Semota-

nilia idealuri da fiqtiuri gruntis cnebebi, 

romlebic, cxadia, realuri gruntisgan gansxva-

vebulia. ganvixiloT es cnebebi.  
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idealuri grunti  ewodeba iseT warmo-

saxviT, virtualur grunts, romelic Sedgeba 

erTnairi diametris, mkacrad sferos formis 

marcvlebisagan, Tanac ise, rom es marcvlebi 

ganlagebulia erTmaneTis paralelurad da mar-

cvlebis mwkrivebs Soris darCenilia kapilare-

bis zomis cilindruli sivrce.  

aRniSnulidan gansxvavebiT, fiqtiuri ewo-

deba iseT grunts (sxvaTa Soris, esec warmo-

saxviTia), romelic aseve erTnairi diametris 

marcvlebisgan aris agebuli, amasTan, marcvle-

bis sivrcobrivi ganlageba romboedris formi-

saa. filtraciis kanonzomierebebis Sesaswav-

lad iTvleba, rom fiqtiuri grunti ufro 

axlos dgas realur gruntTan, vidre idealuri 

grunti da amitom, fiqtiuri gruntisTvis gamoy-

vanili maTematikuri kanonzomierebebi dasaSvebi 

cdomilebis farglebSi SeiZleba gavavrceloT 

realur gruntze.  

dasvelebis kidura kuTxesTan (  ) 

damokidebulebiT arsebobs fiqtiuri gruntis 

forianobis gamosaTvleli Semdegi formula:  

1
6(1 cos )( 1 2cos )

n


 
 

          
 (I.3) 

rogorc formulidan Cans, fiqtiuri grun-

tis forianoba mxolod marcvlebis sivrcobri-

vi ganlagebis simWidroveze aris damokidebuli, 

rac praqtikuli TvalsazrisiT Zalian mniSvne-

lovania.  
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Ggruntis saerTo forianobis ganm-

sazRvreli kidev erTi mniSvnelovani faqtori 

aris agebulebis erTgvarovneba anu ramdenad 

homogenuria grunti. kerZod, erTi zomis 

nawilakebisagan Sedgenili grunti, rac 

ZiriTadad TixebisTvis aris damaxasiaTebeli, 

ufro maRali forianobiT xasiaTdeba, vidre 

araerTgvarovani anu sxvadasxva zomis 

marcvlebisagan agebuli grunti, radganac 

ukanasknel SemTxvevaSi SedarebiT msxvil 

marclebs Soris sivrces wvrili marcvlebi 

avsebs da gruntis forianoba Sesabamisad 

klebulobs.     

gamWvirvoba. grunti forovani garemoa. 

absoluturad kompaqturi grunti bunebaSi ar 

arsebobs. TviT iseTi srulkristaluri qanic 

ki, rogoric granitia, zogjer 2%-mde 

forianobiT xasiaTdeba. warmosaxviT aviRoT 

gruntis raime masa da aseve warmosaxviT 

gavkveToT igi perpendikularuli sibrtyiT. 

cxadia, ganivkveTis erTi nawili gruntis myar 

nawilakebze modis, xolo meore nawili 

sicarieleebze anu forebze. Tu forebis jamur 

farTobs SevafardebT ganivkveTis mTlian 

farTobTan, miviRebT sidides, romelic 

gamWvirobas axasiaTebs. cxadia, rac ufro 

maRalia es sidide, miT ufro wyalgamtaria 

grunti, radganac swored forebi warmoadgens 

nakadis moZraobis Tavisufal sivrces.  
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praqtikuli miznebisTvis saWiro xdeba 

fiqtiuri gruntidan realur gruntze gadasv-

la, anu fiqtiuri gruntisTvis gamoyvanili 

kanonzomierebebis gavrceleba realur gruntze. 

miRebulia, rom am SemTxvevaSi fiqtiur da 

realur grunts nakadis moZraobisadmi erT-

nairi filtraciuli winaRoba unda hqondes. es 

maSin miiRweva, rodesac fiqtiuri gruntis 

mTliani masa warmosaxviT agebuli iqneba e.w. 

efeqturi diametris mqone marcvlebisagan .def .  

arsebobs efeqturi diametris gamoangariSebis 

sxvadasxva meTodi, romelTa Soris ZiriTadia 

gruntis meqanikuri, anu granulometriuli Se-

madgenlobis analizi, rasac mimarTaven grun-

tis fizikuri Tvisebebis laboratoriuli Ses-

wavlis dros.  
 
I.3 qanebSi wylis saxeobebis klasifikacia 

ganlagebis pirobebis, qimiuri Sedgenilo-

bis, genezisis, agreTve moZraobis Taviseburebe-

bis da qanebTan urTierTkavSiris mixedviT, mi-

wisqveSa wylebi Zalze mravalferovania. amitom, 

sayovelTaod miRebuli klasifikaciis sqema, 

romelSic yvela zemoT naxsenebi faqtori 

iqneboda gaTvaliswinebuli, praqtikulad ar 

arsebobs.  

miwisqveSa wylebis dinamikis Seswavlisas 

ar SeiZleba wylis ganxilva misi Semcveli 

qanisgan damoukideblad. amitom, miwisqveSa 
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wylebis dinamikaSi mniSvnelovani adgili uWi-

ravs a. lebedevis mier SemuSavebul saklasifi-

kacio sqemas, romelSic miwisqveSa wylebi gan-

xilulia qanebTan maTi urTierTkavSiris pozi-

ciidan. a. lebedevma qanebsa da niadagebSi 

wylis Semdegi saxeobebi gamohyo:  

- wyali orTqlis saxiT; 

- higroskopuli wyali; 

- bmuli wyali; 

- gravitaciuli wyali (kapilaruli, gravi-

taciuli Zalis gavleniT moZravi); 

- wyali myar mdgomareobaSi; 

- kristalizaciuri wyali; 

- qimiurad SekavSirebuli wyali. 

SemdgomSi, aRniSnuli klasifikacia 

momdevno Taobis mecnierebma srulyves da sab-

oloo saxiT saklasifikacio sqemas aseTi for-

ma aqvs: 

- wyali mineralTa kristaluri meseris 

SemadgenlobaSi:  

 konstituciuri wyali; 

 kristalizaciuri wyali; 

 ceoliTuri wyali; 

- wyali qanis nawilakebis zedapirze: 

 mWidrod dakavSirebuli wyali; 

 sustad dakavSirebuli wyali 

- wyali qanebis forebsa da napralebSi: 

 wylis orTqli; 
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 kapilaruli wyali; 

 gravitaciuli wyali: a) wyali 

Tavisufali zedapiriT, anu gruntis 

wyali da b) wneviani anu arteziuli 

wylebi. 

bunebaSi absoluturad mSrali qani ar 

arsebobs. TviT srulkristaluri intruziuli 

qanebic ki, ama Tu im raodenobiT wyals 

Seicavs. Tu erTgvarad gavamartivebT zemoT 

moyvanil sqemas, SeiZleba vimsjeloT qanSi 

wylis arsebobis Semdeg ZiriTad formebze: 

-  wyali orTqlis saxiT;  

- fizikurad SekavSirebuli anu bmuli 

wyali; 

-  Tavisufali wyali; 

-  wyali mineralTa SemadgenlobaSi. 

wylis orTqli damaxasiaTebelia umTavre-

sad niadagis fenisTvis, sadac is did rols 

TamaSobs niadagwarmoqmnis fizikur-qimiur pro-

cesebSi. samSeneblo TvalsazrisiT wylis 

orTqls praqtikuli mniSvneloba ar aqvs. 

fizikurad SekavSirebuli anu bmuli 
(sorbirebuli) wyali  damaxasiaTebelia Tixuri 

Sedgenilobis,  wvrildispersuli ( 0.002d  mm) 

qanebisTvis. Tixis wvrildispersuli nawila-

kebi, rogorc wesi, dadebiTi an uaryofiTi mux-

tis matarebelia, imis mixedviT, Tu romeli 

ionebia adsorbirebuli nawilakis zedapirze. 

amis Sedegad nawilakis irgvliv warmoiqmneba 
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eleqtruli veli, romelic miizidavs ra wylis 

dipoluri aRnagobis molekulebs, ewinaaRmdege-

ba wylis Tavisuflad gadaadgilebas.  

 

1. Tixis damuxtuli nawilaki;  

2. wylis dipoluri struqturis  

molekula 

            
 

 

nax. I.2. Tixis nawilakebiT wylis  

molekulebis adsorbcia 

 
  

 

1.Tixis damuxtuli nawilaki;  
2. solvaturi garsi;  

R - solvaturi garsis radiusi 
 
 

nax. I.3. fizikurad SekavSirebuli wylis sqema 

sorbciuli Zalebis zegavleniT nawilakis 

garSemo warmoiqmneba wylis afski, e.w. solva-

turi garsi, romlis radiusi ( R ) wylis erTma-

neTze miwyobili 15-20 molekulis sigrZis to-

lia  

qanidan fizikurad SekavSirebuli wylis 

mocileba T = 105
0
C mudmiv temperaturaze gax-

urebiT xdeba.  
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Tavisufali wyali. qanSi ori saxeobis 

Tavisufali wyali gvxvdeba: kapilaruli da 

gravitaciuli. 

kapilarobis movlena ZiriTadad Tixuri 

Sedgenilobis qanebisTvis aris damaxasiaTebeli 

da gamoixateba tenis gadaadgilebaSi simZimis 

Zalis sawinaaRmdego mimarTulebiT, qvevidan 

zeviT, zedapiruli daWimulobis meniskuri 

Zalebis gavleniT.  

 
nax. I.4. kapilarSi siTxis moZraobis sqema 

siTxisa da kapilaris kedlis gamyof 

zedapirze aRZruli zedapiruli daWimulobis 

R  Zala iSleba Semadgenlebad, romelTagan T  

Semadgeneli mimarTulia vertikalurad zeviT. 

misi gavleniT siTxe kapilarSi zeviT gada-

adgildeba manam, sanam T  Semadgenels ar 

gaawonasworebs kapilarSi moqceuli siTxis 

svetis P wona – T P . 
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kapilaruli awevis simaRle, anu rac 

igivea kapilaruli zonis simZlavre, miT metia, 

rac ufro metia wylis zedapiruli daWimuloba 

da, rac ufro naklebia kapilaris diametri da 

wylis simkvrive (Jiurenis kanoni). igi gamoiT-

vleba formuliT: 
2

2a
H

r g
k.             (I.4)      

sadac Hk.  – wylis kapilaruli awevis 

simaRlea, sm; a  – kapilaruli mudmiva; r – ka-

pilaris radiusi, sm;   – wylis simkvrive, g/sm3; 

g  – Tavisufali vardnis aCqareba, sm/wm2.    

damokidebuleba kapilaruli awevis 

simaRlesa da kapilaris diametrs Soris wylis 

SemTxvevaSi gamoiTvleba formuliT:  

                  29.8
H

d
k.              (I.5) 

sadac d – kapilaris diametria, mm.    

kapilaruli awevis simaRlesa da kapila-

ris diametrs Soris ukuproporciuli damoki-

debulebis sailustraciod ganvixiloT sqema. 
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nax. I.5. kapilaruli awevis simaRlis damokidebuleba 

kapilaris diametrze 
pirveli mili ufro wvrilia, vidre meore, 

amitom kapilaruli awevis simaRle 
21 hh  . 

mesame milSi siTxe dadgeba 
1h  simaRleze, 

radganac milis qveda, gafarToebuli nawilis 

simaRle naklebia 
2h -ze. meoTxe milSi siTxe 

dadgeba 
2h  simaRleze, radganac milis gafar-

Toebuli nawilis simaRle metia 
2h -ze. 

rogorc vxedavT, kapilaruli awevis 

simaRle ZiriTadad kapilaris diametrze aris 

damokidebuli. nawilobriv igi damokidebulia 

siTxis fizikur Tvisebebze, gansakuTrebiT sib-

lanteze. bunebriv pirobebSi kapilarebis zome-

bi da ganlageba gruntis raobiT ganisazRvreba. 

Sesabamisad, sxvadasxva Sedgenilobis grunte-

bSi kapilaruli awevis simaRle sxvadasxvaa: 

TixaSi – Hk.   4 m.; TixnarSi – Hk.  = 1-4 m.; 

qviSnarSi – Hk.    1 m. 

samSeneblo saqmeSi kapilarobis movlenas-

Tan dakavSirebulia nagebobaTa sardafebis da 

qveda sarTulis danestianeba, zogjer Zalze 

intensiuri. amave mizeziT soflis meurneobaSi 

adgili aqvs niadagebis meoreuli damarilia-

nebis ukiduresad araxelsayrel process. 

gravitaciuli ewodeba wyals, romelic 

Tavsdeba Qqanis forebSi, napralebsa da sica-

rieleebSi da gadaadgildeba sakuTari simZimis 
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Zalis gavleniT maRali donis  ubnebidan 

dabali donis ubnebisaken. 
 

 

 

1 - muxtis matarebeli nawilaki; 2 – 
higroskopuli wyali; 3 –Seka-

vSirebuli wyali; 4 –gravitaciuli 

wyali. 

 
 

 

 

nax. I.6 . wylis saxeobani gruntebSi 

garda zemoT ganxiluli formebisa, wyali 

gvxvdeba mineralTa SemadgenlobaSi da 

monawileobs kristaluri mesris agebulebaSi, 

rogorc damoukidebeli struqturuli 

erTeuli. wylis molekulebis Semcveli 

ZiriTadi qanmaSeni mineralebia: TabaSiri (

4 2CaSO  . 2H O ); opali –(
2 2SiO  . n H O ); limoniti (

2 3 2Fe O  . n H O ); mirabiliti (
2 4 2Na SO  . 10 H O ); 

efsomiti (
4 2MgSO  .6 H O ) da a.S.  

imis mixedviT, Tu ramdenad mWidrod  

aris dakavSirebuli kristaluri mesris struq-

turasTan, wyali mineralTa SemadgenlobaSi sam 

nawilad iyofa: ceoliTuri, kristalizaciuri 

da konstituciuri. maT mosacileblad saWiro 

xdeba mineralis gaxureba maRal temperaturaze 
0

T 1000 C.  
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I.4 miwisqveSa wylebis tipebi 

miwis qerqSi gavrcelebisa da qanebSi 

cirkuliaciis pirobebis mixedviT, miwisqveSa 

wylebis or ZiriTad jgufs arCeven: gruntis 

wylebi da arteziuli wylebi.        

garda zemoT dasaxelebulisa, arsebobs 

miwisqveSa wylebis sxva saxesxvaobebsac, rogo-

ricaa ZarRvuli, napraluri, fenuri, karstuli 

da a.S., magram isini SedarebiT iSviaTia da 

amitom, naklebad sainteresoa. 

 

I.4.1 gruntis wylebi 

gruntis wyali ewodeba dedamiwis zedapi-

ridan pirveli, mudmivad moqmedi wyalSemcveli 

horizontis gravitaciul wyals, romelic 

qvemodan SemosazRvrulia wyalgaumtari sagebi 

feniT da gadaadgildeba sagebis gaswvriv 

sakuTari simZimis Zalis gavleniT, maRali 

donis ubnebidan dabali donis ubnebisaken. 

gruntis wylis horizontis struqtura 

WrilSi Semdegnairad gamoisaxeba: 
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nax. I.7. gruntis wylis horizontis sqema 

1 – wyalgaumtari sagebi feni; 2 – gruntis wylis 

horizonti; 3 – aeraciis zona; 4–hidroizohifsebi; ab – 

wyalgaumtaris saxuravi; cd – gruntis wylebis sarke; 0-0–

miwis zedapiri;          nakadis mimarTuleba 

aeraciis anu infiltraciis zona warmoad-
gens Wrilis im nawils, romlis gavliTac 

atmosferuli naleqebi, zedapiruli an konden-

saciuri wylebi CaiJoneba miwis siRrmeSi; 

gruntis wylis zedapiri anu sarke nakads 

zemodan SemosazRvravs. es Tavisufali zeda-

piria, romelzec hidrostatikuri dawneva 

atmosferuli wnevis tolia. amis gamo gruntis 

wylebs udawneo wylebsac uwodeben; 
sakuTriv gruntis wylebis horizonti anu 

vertikaluri Wrilis is nawili, sadac yvela 

fori da sicariele Sevsilia gravitaciuli 

wyliT. es e.w. gajerebis zonaa, romelic 



27 

 

liTologiurad kargad wyalgamtari fenebiT 

aris agebuli – qviSa, qviSnari, xreSi, kenWnari, 

kaWari, agreTve ZiriTadi qanebis gamofitvis 

intensiurad danapralianebuli zona; 

wyalgaumtari sagebi feni anu ekrani 
gruntis wylis horizonts qvemodan Semo-

sazRvravs da liTologiurad agebulia 

praqtikulad wyalgaumtari Tixuri qanebiT; 

daRmavali wyaro anu gruntis wylis naka-

dis bunebrivi gantvirTva miwis zedapirze, 

rasac adgili aqvs iq, sadac gruntis wylis 

zedapiri, anu sarke gadakveTs reliefs (sqemaze 

ar Cans); 

hidroizohifsebi, anu warmosaxviTi mru-

debi, romlebic miiReba, Tu gruntis wylis 

horizontis sarkes gadavkveTT erTmaneTisgan 

Tanabari simaRliT daSorebuli horizon-

taluri sibrtyeebiT. hidroizohifsebis 

saSualebiT gruntis wylis horizonti 

gamoisaxeba gegmaSi igive principiT, rogorc 

xdeba reliefis gegmaSi gamoxazva izohifsebis 

saSualebiT. maSasadame, hidroizohifsi 

warmoadgens mruds, romelic erTmaneTTan 

aerTebs gruntis wylis zedapirze mdebare, 

erTnairi absoluturi niSnulebis mqone 

wertilebs. gegmaSi gamosaxvis sizuste miT 

ufro maRalia, rac ufro mcirea hidro-

izohifsebs Soris kveTis simaRle. 
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gruntis wylebi araRrma cirkuliaciis 

wylebia, amitom maTi kvebis are gavrcelebis 

ares emTxveva. amave mizeziT gruntis wylebi 

mWidrod aris dakavSirebuli atmosferul 

naleqebTan da zedapirul nakadebTan, romelTa 

xarjzec xdeba gruntis wylebis kveba. amgvari 

hidravlikuri kavSiri gansakuTrebiT mkafiod 

aris gamoxatuli mdinareebis xeobebis farg-

lebSi. aq sam ZiriTad SemTxvevas arCeven: 

pirvel SemTxvevaSi mdinare orive fer-

dobze gruntis wylebis xarjze ikvebeba; 

meore SemTxvevaSi gruntis wylis hori-

zonti xeobis orive ferdobidan mdinaris 

wyliT ikvebeba, rac kargad Cans hidro-

izohifsebis konfiguraciidan; 

mesame SemTxveva kombinirebulia, rodesac 

mdinare ierTebs gruntis wylis nakads marjvena 

ferdobidan da kvebavs gruntis wylis hori-

zonts marcxena ferdobze. es varianti damax-

asiaTebelia monoklinuri struqturis 

xeobisTvis, rodesac ferdobis amgebi Sreebi 

daxrilia erTi mimarTulebiT, erTnairi kuTx-

iT.   
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nax. I.8.  hidroizohifsebis forma zedapiruli da 

gruntis wylebis sxvadasxva Tanafardobisas 

a-mdinare ikvebeba gruntis wylebiT, maTi sarke daxrilia 

mdinarisken; b–mdinare kvebavs gruntis wylebs, sarke 

daxrilia mdinaridan; g–mdinare kvebavs gruntis wylebs 

marcxena ferdobze da krebs maT marjvena ferdobidan 

 

I.4.2 arteziuli wylebi  

arteziuli wyali Rrma cirkuliaciis 

dawneviTi wyalia, romelic zemodan da 

qvemodan wyalgaumtari qanebiT SemosazRvrul 

wyalSemcvel fenSi moZraobs. 

geologiur WrilSi tipuri arteziuli 

auzis struqtura Semdegnairad gamoisaxeba: 

 
nax. I.9. arteziuli auzis agebulebis sqema 
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А–arteziuli wylebis gavrcelebis sazRvrebi; а–kvebis 

are, б–dawnevis are, в–gantvirTvis are; Б–gruntis wyle-

bis gavrcelebis sazRvrebi; Н1 – wnevis done miwis zeda-

piris zeviT; Н2 – wnevis done miwis zedapiris qveviT; М – 

arteziuli horizontis simZlavre (m). 

Qqveda patara “a” amosaRebia  

 

1. arteziuli dawneviTi horizonti, anu feni, 

romelic liTologiurad kargad wyalgamtari 

qanebiT – qviSiT, xreSiT, kenWnariT, kaWariT, 

napralovani kirqvebiT da qviSaqvebiT da a.S. 

aris warmodgenili. 

2. wyalgaumtari qanebi, romlebiTac arteziuli 

horizonti SemosazRvrulia rogorc zemodan, 

ise qvemodan. 

3. arteziuli horizontis dawneviTi, anu piezo-
metruli zedapiri, romliTac zemodan 

SemosazRvrulia arteziuli horizontis 

bunebrivi hidrostatikuri dawnevis sidide. es 

warmosaxviTi zedapiria, romelic miiReba, Tu 

arteziuli fenis saxuravi gverdis miwis zeda-

pirze gamosavlis wertilebs kvebisa da 

gantvirTvis areebSi erTmaneTTan SevaerTebT. 

meti sizustisTvis ganvmartavT, rom sqemaze 

punqtiriT datanili xazi piezometruli zeda-

piris kvalia Sveul sibrtyeze. arteziul fenSi 

bunebrivi hidrostatikuri dawnevis arsebobis 

mizezebze mogvianebiT SevCerdebiT; 

arteziuli auzis struqturaSi sami 

mTavari are (zona) gamoiyofa: 
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a  – kvebis are, romlis farglebSic arteziuli 

feni gaSiSvlebulia, dedamiwis zedapirze 

maRal absolutur niSnulebze da xdeba 

atmosferuli naleqebis, zedapiruli da 

kondensaciuri wylebis intensiuri infil-

tracia (CaJonva) arteziul fenSi.  

б – dawnevis are, romlis farglebSic arteziul 

horizonts gaaCnia bunebrivi hidrostatikuri 

dawneva, rac ori mTavari mizeziT aris 

ganpirobebuli:  

a) arteziuli wyalSemcveli horizonti, romelic 

did siRrmezea ganlagebuli, mis zemoT mdebare 

Sreebis simZimis ZaliT uzarmazar gravitaciul 

dawolas ganicdis. fenSi wylis moZraoba 

gaZnelebulia da wyali erTgvarad SekumSul 

mdgomareobaSi imyofeba. amgvari maRali 

dawolis pirobebSi daSveba imis Sesaxeb, rom 

siTxe praqtikulad ukumSavia, marTebulobas 

kargavs. SekumSvis xarisxi ganisazRvreba 

kumSvadobis koeficientis sididiT, romelic 

gamoiTvleba formuliT: 

dP

dV

V

1
 ,           (I.6) 

 sadac, V  aris siTxis sawyisi moculoba; 

dV _ moculobis Secvlis sidide dP gravita-

ciuli dawolis zemoqmedebiT.       

fenSi SekumSul mdgomareobaSi arsebuli 

wyali drekad Tvisebas iZens, amitom arteziuli 

fenis WaburRiliT gadakveTisas wyali moZ-
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raobs qvevidan zeviT, sanam ar miaRwevs piezo-

metruli zedapiris niSnuls. 

b) kvebis areSi dawneviTi horizontis gamosavlis 

niSnuli gacilebiT ufro maRalia gantvirTvis 

areSi gamosavlis niSnulTan SedarebiT. 

niSnulebis mkveTri gansxvavebis gamo, wylis 

moZraoba ziarWurWlis kanonis mixedviT xdeba. 

в  – gantvirTvis are, sadac adgili aqvs dawneviTi 

miwisqveSa wylebis bunebriv gantvirTvas 

aRmavali wyaroebis saxiT.  

H – hidrostatikuri dawneva, anu vertikaluri 

manZili (m) dawneviTi horizontis saxuravi 

gverdidan piezometrul zedapiramde. 

M  – dawneviTi wyaSemcveli fenis simZlavre, anu 
sisqe (m).  

gruntis wylebisgan gansxvavebiT, arte-

ziuli wylebi ganlagebis didi siRrmiT da 

filtraciis didi manZiliT xasiaTdeba, rac 

maT saimedod icavs gaWuWyianebisgan. arteziu-

li wyali farTod gamoiyeneba saxalxo meur-

neobaSi wyalmomaragebis mizniT. garda amisa, 

bunebrivi daculobis maRali xarisxis gamo, 

strategiuli mniSvneloba eniWeba, gansakuT-

rebiT atomuri omis pirobebSi.  

I.5 miwisqveSa wylebis moZraobis 

mimarTulebis da siCqaris gansazRvra 

rigi praqtikuli sainJinro amocanebis 

gadasawyvetad, saWiro xdeba miwisqveSa wylebis 

hidrodinamikuri maCveneblebis Seswavla, maT 
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Soris, nakadis moZraobis mimarTulebis da siC-

qaris gansazRvra. Tu xelTa gvaqvs hidro-

izohifsebis ruka, sakiTxi martivad wydeba, 

radganac nakadis moZraobis mimarTuleba nebis-

mier wertilSi aris am wertilSi hidroizohif-

sisadmi gavlebuli perpendikulari, romelic 

mimarTulia niSnulebis Semcirebisaken.  

 
I.10 nakadis mimarTulebis gansazRvra  

hidroizohifsebis rukis mixedviT 

 

im SemTxvevaSi, rodesac aseTi ruka ar 

arsebobs, nakadis moZraobis mimarTulebis 

gansazRvris umartives meTods samkuTxedis wesi 

warmoadgens (e.w. timis samkuTxedi, timi 

mkvlevaris gvaria). 

Tu cnobilia samkuTxedis wveroebSi mde-

bare WaburRilebSi wylis donis ganlagebis 

siRrme, reliefis zedapiris absoluturi an 

fardobiTi niSnulebi, maSin SesaZlebelia gamo-

vTvaloT wylis donis niSnuli samive werti-

lSi (WaburRilSi). davuSvaT A wertilSi wylis 
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zedapiris niSnuli tolia 32 m, Б wertilSi – 36 

m da В wertilSi – 30 m.  

 
nax. I.11. samkuTxedis wesiT nakadis  

mimarTulebis gansazRvra 

 

davyoT samkuTxedis gverdebi maT 

wveroebs Soris arsebuli niSnulebis sxvaobis  

proporciul monakveTebad da SevaerToT 

erTnairi niSnulebis mqone wertilebi; miviRebT 

hidroizohifsebs. naxazze mocemul SemTxvevaSi 

gruntis wylis nakadi, cxadia, moZraobs isris 

gaswvriv, romelic hidroizohifsebisadmi 

perpendikularulia. 

miwisqveSa wylebis namdvili siCqaris 

gansazRvra ramdenime xerxiT aris SesaZlebeli, 

romelTa Soris xSirad gamoiyeneba e.w. saRebavi 

nivTierebebis meTodi. umetes SemTxvevaSi es 

organuli saRebavia, romlis aRmoCena wyalSi 
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erTi memilionedi koncentraciis drosac ki 

xerxdeba. tute reaqciis miwisqveSa wylebSi uf-

ro mdgradia fluoresceini, romelsac umniSv-

nelo koncentraciis dros damaxasiaTebeli 

momwvano-moyviTalo feri aqvs. fluoresceinis 

xsnaris damzadebisas, saRebavis ukeT gaxsnis 

mizniT, wyals natriumis tutis an amiakis mcire 

raodenobas umateben. praqtikuli cdebiT dadge-

nilia fluoresceinis rekomendebuli raodeno-

bebi filtrciis 1 m manZilze gadaangariSebiT: 

qviSovan gruntebSi – 0.5 g; qviSnarSi – 1.0 g; Ti-

xovan qanebSi – 1.5 g; napralovan qanebSi – 1.2 g; 

dakarstul qanebSi – 0.6 g. 

Tu miwisqveSa wyals mJave reaqcia axa-

siaTebs, fluoresceinis nacvlad SehyavT imave 

raodenobiT anilinis, meTilenis lurjis saRe-

bavebi an lila. gamartivebuli sqemis SemTxve-

vaSi zeda WaburRilSi CatvirTaven saRebavs. 

CatvirTvis momentidan, periodulad wylis 

sinjebis aRebis gziT, akvirdebian saRebavis 

gamoCenas qveda WaburRilSi. viciT ra manZili 

WaburRilebs Soris ( S ,m ) da indikatoris gav-

lis dro ( t ), nakadis moZraobis siCqares gamo-

viangariSebT cnobili formuliT: 
S

t
      (I.7)  

 

I.6 siTxis moZraobis reJimis saxeobani 

gruntis wylebis moZraoba SeiZleba iyos 

laminaruli an turbulenturi. laminarulis 
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qveS iseTi moZraoba igulisxmeba, rodesac na-

kadis calkeuli Wavlebi moZraoben erTmaneTis 

paralelurad mcire siCqariT Cqefebis gareSe. 

amitom, laminarul moZraobas zogjer parale-

lur – Wavlursac uwodeben. miwisqveSa wylebis 

moZraoba umetes SemTxvevaSi laminarulia, rad-

ganac moZraobis siCqare am dros dabalia.  

turbulenturi moZraobis qveS iseTi moZ-

raoba igulisxmeba, romelsac axasiaTebs maRa-

li siCqareebi, Cqefebis warmoqmna, pulsacia da 

calkeuli Wavlebis erTmaneTze gadadineba. 

moZraobis es tipi SeiZleba warmoiqmnas mxo-

lod didi zomis forebSi an qanebSi arsebul 

Ria napralebSi nakadis maRali gradientis 

dros, magaliTad, im WaburRilis siaxloves, 

saidanac wylis intensiuri amotumbva xdeba.  

siTxis moZraobis am orgvari reJimis 

gamoxatuleba aris cda, romelic ingliselma 

hidravlikosma reinoldsma Caatara (nax. I.12). 

sacdeli mowyobiloba Sedgeba avzisagan, ro-

melTanac mierTebulia minis mili.  minis milSi 

wylis xarjis regulireba SesaZlebelia C 

onkanis saSualebiT.  
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nax. I.12. reinoldsis xelsawyo 

A – avzi; B – minis mili; C – xarjis sareguliro onkani;  

D – minis milSi moTavsebuli wvrili milaki; E – 

saRebaviani WurWeli; F – onkani wvril milakze 

 

avzSi wylis done cdis ganmavlobaSi ar 

icvleba. amisaTvis, avzis erTi gverdi gadmoRu-

nulia da Tu avzSi wylis miwodeba aRemateba 

milidan gamomavali nakadis xarjs, zedmeti wya-

li gadmoedineba gadmoRunuli kedlidan.  mil-

Si Seyvanilia wvrili milakis erTi bolo, meo-

re ki, mierTebulia patara WurWelTan. mils 

aqvs onkani. WurWelSi moTavsebulia saRebavi, 

romlis moculobiTi wona wylis moculobiTi 

wonis tolia. cdis dasawyisSi onkani Caketi-

lia, amitom saRebavi jer avzSi ver gadadis. 

cdis dasawyisSi odnav aReben C onkans. am 

dros wyali milSi Zalian nela moZraobs. mas 

Semdeg, rac nakadis moZraoba damyarebuli gax-

deba, aReben onkans. saRebavi wvrili WavliT 

iwyebs gamosvlas milis bolodan. minis milSi 
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kargad Cans, Tu rogor "gaiWimeba" saRebavi 

ZafiviT nakadis mTel sigrZeze. Semdgom, nela 

da frTxilad ufro metad gavaRoT C onkani. 

raRac drois ganmavlobaSi suraTi ar Seicv-

leba da saRebavi kvlav ZafiviT idens, magram 

dadgeba momenti, rodesac milis bolos daiw-

yeba Wavlis rxeva da Wavli sinusoidis formas 

miiRebs. onkanis ufro metad gaRebiT, Tu wylis 

moZraobis siCqares kidev gavzrdiT, suraTi 

mkveTrad Seicvleba. saRebavis Wavli qreba da 

milSi wylis nakadi iRebs Tanabar Seferi-

lobas. saRebavi swrafad Seereva wyals da 

aferadebs mas. 

es cda gviCvenebs, rom erTi da igive 

siTxis moZraoba sxvadasxvagvari SeiZleba iyos, 

anu siTxes aqvs moZraobis orgvari reJimi. pir-

vel SemTxvevaSi, milSi siTxe moZraobs koncen-

trirebuli rgoluri SreebiT _ siTxis nawila-

kebi erTmaneTis mimarT wrfivad moZraobs, mi-

lis kedlebis mimarT ki _ paralelurad. am 

dros nawilakebi ganivad ar gadaadgildeba. 

moZraobis meore reJimis dros siTxis nawila-

kebs, garda wrfivi gadataniTi moZraobisa, 

uwesrigo moZraobis ganivi gadaadgilebac axa-

siaTebs. moZraobis traeqtoriebi nebismieria. 

nakadSi xdeba wylisa da saRebavis nawilakebis 

urTierTSerevis procesi. moZraobis pirvel 

tips laminaruli moZraoba ewodeba (lamina - 

Sre), xolo meores _ turbulenturi (turbulentus 
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_ uwesrigo). turbulenturi moZraoba gacile-

biT ufro xSirad gvxvdeba yoveldRiur cxov-

rebaSi. aseTia mdinaris, nakadulis, agreTve 

wylis moZraoba arxSi da sxv. moZraobis 

laminaruli reJimi axasiaTebs ufro blant 

siTxeebs, rogoricaa magaliTad, navTi, zeTi da 

sxv., romlebic milsadenSi Zalian dabali 

siCqariT moZraobs. naTqvamidan gamomdinareobs, 

rom zogadad teqnikaSi da kerZod hidroteqni-

kaSi didi mniSvleoba swored siTxis moZraobis 

turbulentur reJims eniWeba. 

hidravlikaSi nakadis moZraobis saxeobis 

dasadgenad reinoldsis ricxvi gamoiyeneba, ro-

melic tolia: 


du
Re


                (I.8) 

sadac u - nakadis moZraobis saSualo siCqarea; 

d  - im milakis diametri, romelSic moZraobs 

nakadi; 



   - siblantis kinematikuri koefi-

cientia, romlis gamosaxulebaSic   - wylis 

siblantea,   - wylis simkvrive.  

milakSi wylis moZraoba laminaruli re-

JimiT xdeba, rodesac reinoldsis ricxvi 

2300eR  , xolo turbulenturi reJimis SemTxve-

vaSi 2300eR  . reinoldsis ricxvis sidide qane-

bis liTologiis Sesabamisad icvleba. magali-

Tad, saSualomarcvlovan qviSebSi 50 60eR   ; 

laminaruli da turbulenturi moZraobebis 
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cnebebTan dakavSirebiT SemoRebulia nakadis 

kritikuli siCqaris sidide. es iseTi siCqarea, 

romlis zemoTac laminaruli moZraoba turbu-

lenturi moZraobis reJimiT icvleba. eqsperimen-

tulad dadgenilia damokidebuleba gruntis 

marcvlebis efeqtur diametrsa da am gruntSi 

moZravi nakadis kritikuli siCqaris sidideebs 

Soris. ricxobriv gamoxatulebaSi am damokide-

bulebas Semdegi saxe aqvs:  

d ef.=0.57 mm v kr. = 890 m/dR.R 

d  ef.=0.90 mm v kr. = 527 m/dR.R 

d  ef.=1.35 mm v kr. = 302 m/dR.R 

  

vnaxoT, rogor asaxvas poulobs turbu-

lenturi moZraobis procesi sivrcis romelime 

wertilSi, romelic dakavebulia gamdinare 

siTxiT (sur. I.13).  

 

 

 

 

 

 

 

 
nax. I.13. nakadis pulsacia turbulenturi  

moZraobis dros 

turbulenturi moZraobisas drois sxva-

dasxva momentSi gamdinare siTxiT dakavebuli 
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sivrcis romelime wertilSi gaivlis siTxis 

moculobebi, romelTac moZraobis sxvadasxva 

siCqare da mimarTuleba aqvs. amitom SerCeul 

wertilSi siCqare ganuwyvetliv icvleba sidi-

diT da mimarTulebiT anu xdeba e.w. siCqaris 
pulsacia, rac turbulenturi moZraobis erT-

erTi damaxasiaTebeli Tvisebaa.  

imis gamo, rom nakadis siCqaresa da 

dawnevas Soris arsebobs mWidro kavSiri, 

siCqaris pulsacias, rogorc wesi, Tan axlavs 

wnevis pulsaciac. amasTan, eqsperimentulad da 

Teoriulad dadgenilia, rom nebismier 

wertilSi siCqarisa da wnevis meryeoba xdeba 

gansazRvruli saSualo sidideebis farglebSi. 

es ki niSnavs, rom Tu mocemul wertilSi, 

drois sakmaod didi intervalis ganmavlobaSi,  

CavatarebT siCqaris sididisa da misi 

mimarTulebis gazomvebs, amis safuZvelze 

drois mocemuli intervalisTvis gamovTvliT 

sididisa da mimarTulebis saSualo 

mniSvnelobebs. Tu analogiur gazomvebs ramden-

jerme gavimeorebT, yovelTvis siCqaris sidi-

disa da mimarTulebis erTsa da imave saSualo 

sidideebs miviRebT.  

turbulenturi nakadis siCqares sazRvra-

ven Cveulebrivi gamzomi xelsawyoTi, piTos mi-
liT an trialaTi. am dros miiReba siCqaris ga-

saSualoebuli mniSvneloba. imisaTvis, rom ga-

movricxoT pulsaciis gavlena da miviRoT gasa-
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Sualoebuli siCqaris namdvili sidide, tria-

las nakadis mocemul wertilSi aCereben 2-3 

wuTiT.  

reinoldsisa da sxva mkvlevarebis mier 

Catarebulma cdebma uCvena, rom sxvadasxva naka-

dis erTi reJimidan meoreze gadasvla xdeba 

reinoldsis ricxvis erTi da imave garkveuli 

mniSvnelobisas. amasTan, arsebobs reinoldsis 

ricxvis ori kritikuli mniSvneloba _ zeda da 

qveda. Tu reinoldsis ricxvis sidide naklebia 

mis qveda kritikul mniSvnelobaze_ Re Re qv.kr. , 

maSin moZraoba mxolod laminarul reJimSi 

mimdinareobs. Tu reinoldsis ricxvis faqtob-

rivi mniSvneloba Tavsdeba qveda da zeda kri-

tikul sidideTa Soris_ Re Re Re qv.kr. z.kr. , 

maSin moZraoba SeiZleba iyos rogorc lamina-

ruli, ise turbulenturi. dabolos, Tu rei-

noldsis ricxvis faqtobrivi sidide aRemateba 

kritikul mniSvnelobas_ Re Re z.kr. , maSin mxo-

lod turbulenturi moZraoba aris SesaZlebe-

li.   

qvemoT mocemulia cxrili, romelSic, mra-

valricxovani cdebis safuZvelze, naCvenebia 

reinoldsis ricxvis kritikuli sidideebi naka-

dis moZraobisas wriuli kveTis cilindrul 

milsadenSi da Ria arxSi. milsadenisTvis rei-

noldsis ricxvi or variantSi aris mocemuli:  
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d  ( d  milis diametria) da R  ( R  

hidravlikuri radiusi). Ria arxis SemTxvevaSi 

reinoldsis ricxvis gamosaTvlelad iTvleba, 

rom R . 
cxrili I.1 

reinoldsis  ricxvis kritikuli mniSvnelobebi 

      nakadi 
Reqv.kr.  Rez.kr.  

d  R  d  R  

wriul milsadenSi 2000 500 12000 3000 

Ria arxSi _ 300 _ 1200 

 

 

I.7 xazobrivi filtraciis ZiriTadi kanoni 

(darsis kanoni) 

milakSi moTavsebul qviSaSi wylis fil-

traciaze Catarebuli cdebis safuZvelze, 1856 

wels, frangi hidravlikosis darsis mier dad-

genil iqna, rom filtraciis manZilTan mimarTe-

baSi wylis xarjsa da dawnevis dakargvas 

Soris arsebobs damokidebuleba, romelic 

maTematikurad Semdegi formuliT Caiwereba:  
H

Q kF
L




       
     (I.9) 

sadac Q  nakadis xarjia,  F  - milakis ga-

nivkveTis farTobi; H - filtraciis ganmavlo-

baSi dawnevis danakargi;  L  - milakis sigrZe;    

k  - proporciulobis koeficienti, romelic 

damokidebulia qviSis wyalgamtarobaze. 
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Tu dawnevis danakargis sidides ( H ) Se-

vafardebT milakis ( L ) sigrZesTan da miRebul 

dawnevis gradients aRvniSnavT J  asoTi gveqne-

ba:  

Q kFJ                 (I.10) 

(I.10) gantoleba gamosaxavs filtraciuli 

nakadis xarjs zogadad. Tu tolobis orive 

mxares F -ze gavyofT, miviRebT: 
Q

kJ
F
     (I.11) 

miRebuli (I.11) gantoleba darsis kanons 

warmoadgens, romelic gamoxatavs xazobriv 

damokidebulebas filtraciis siCqaresa da 

dawnevis gradients Soris. 

unda aRiniSnos, rom filtraciis siCqare 

ar aris forebsa da napralebSi wylis moZ-

raobis namdvili siCqaris toli. namdvil siC-

qaresa da filtraciis siCqares Soris 

Tanafardoba Semdegi msjelobidan gamomdi-

nareobs. aRvniSnoT, filtraciuli nakadis 

xarji Q , wyalSemcveli qanis ganivkveTis 

farTobi  F -iT. maSin, filtraciuli nakadis 

xarji toli iqneba Q F  , sadac   - fil-

traciis siCqarea. 

gamovsaxoT nakadis xarji namdvili siC-

qaris mixedviT - u . Tu qanis forianobas n -iT 

aRvniSnavT, maSin nakadis xarji toli iqneba 

Q nFu . formulebis meore nawilis gatolebiT 

miviRebT: un  aqdan gamomdinareobs, rom fil-
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traciis   siCqare tolia moZraobis u  

namdvili siCqare gamravlebuli qanis n  fo-

rianobaze. radgan, forianoba yovelTvis erTze 

naklebia - n 1 , filtraciis siCqare yovelTvis 

naklebia moZraobis namdvil siCqareze. 

proporciulobis k  koeficients filtra-

ciis koeficienti ewodeba. igi axasiaTebs qane-

bis wyalSeRwevadobas, rac damokidebulia 

forebisa da napralebis zomebze, maTi mocu-

lobis qanis saerTo moculobasTan Sefardeba-

ze, qanebis damarilianebis xarisxze da wylis 

fizikur Tvisebebze, kerZod, mis moculobiT 

wonasa da siblanteze. 

Tu (I.11) gantolebaSi davuSvebT, rom J 1  

maSin k  . maSasadame, filtraciis koeficien-

ti ricxobrivad wylis filtraciis siCqaris 

tolia im SemTxvevaSi, rodesac dawnevis gradi-

enti udris erTs. filtraciis koeficientis 

ganzomileba igivea rac filtraciis siCqarisa, 

magaliTad, sm/wm an m/dReRame. es ukanaskneli 

ufro xSirad gamoiyeneba hidrogeologiur 

gaangariSebebSi. qvemoT mocemul cxril I.2-Si 

naCvenebia filtraciis koeficientis saori-

entacio sidideebi gruntis liTologiur sax-

esxvaobebze damokidebulebiT.  
 

 

 

 

cxrili I.2 
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filtraciis koeficientis saorientacio sidideebi 

sxvadasxva liTologiis qanebSi 

qanis dasaxeleba 

filtraciis 

koeficienti, 

m/dReRame 

Tixebi <0.001 

Tixnarebi 0.01 – 0.1 

qviSnarebi 0.1 – 0.5 

Zlier Tixovani qviSebi 

   - wvrilmarcvlovani 

   - saSualomarcvlovani 

   - msxvilmarcvlovani 

   - kenWebis CanarTebiT 

0.5 – 1.0 

1.0 – 5.0 

5.0 – 15.0 

15.0 – 50.0 

50.0 – 100.0 

kenWnari 100.0 – 200.0 

 

filtraciis koeficienti qanebis Zalze 

mniSvnelovani fizikuri maxasiaTebelia. misi 

sidide figurirebs rig hidrodinamikur gaanga-

riSebebSi, rogoricaa wylis modineba samSeneb-

lo qvabulSi, karierSi da miwisqveSa gamonamu-

SevrebSi, sairigacio sistemebis daproeqteba, 

filtraciuli danakargebi arxebidan da 

kaSxlebidan, wyaldawevis angariSi da a.S. 

realur, bunebriv pirobebSi filtraciis 

koeficientis sidide umTavresad qanis liTo-

logiaze aris damokidebuli, radganac igi gan-

sazRvravs forebisa da napralebis sivrcobriv 

ganlagebas, anu uSualod zemoqmedebs qanis 

wyalgamtarobaze. SedarebiT naklebad filtra-

ciis koeficientis mniSvneloba damokidebulia 
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siTxis fizikur Tvisebebze, kerZod, tempe-

raturasa da siblanteze. 

darsis kanoni marTebulia umetes SemTxve-

vaSi, rodesac qanebSi wylis filtraciis siCqa-

re dabalia. meore mxriv, uxeSnatexovan, Zlier 

danapralianebul da dakarstul qanebSi aRiZv-

reba nakadis turbulenturi moZraoba, romelic 

krasnopolskis mier gamoyvanil Semdeg formu-

las emorCileba 

v k J                           (I.12) 

(I.12) formulidan gamomdinareobs, rom 

turbulenturi moZraobis dros filtraciis 

siCqare dawnevis gradientis 1/2 xarisxis pro-

porciulia.  

Tu qani filtraciulad Zlier araerTgva-

rovania (magaliTad, msxvili karstuli sicarie-

leebi monacvleobs wvrilnapralovan ubnebTan), 

wylis moZraobas SeiZleba Sereuli buneba 

hqondes, rac zogadad pronis Semdegi formu-

liT gamoisaxeba: 2J a b                  (I.13) 

sadac a  da b wylis moZraobis saxeobaze 

damokidebuli koeficientebia; 

filtraciis mcire siCqaris dros gan-

tolebis meore wevri sididiT umniSvneloa da 

SeiZleba misi ugulvebelyofa, Sesabamisad, 

J a  anu darsis kanonis mixedviT 
J

kJ
a

   .  
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filtraciis maRali siCqarisas gantole-

bis meore wevri pirvels aRemateba. Tu am 

ukanasknels ugulvebelvyofT gveqneba 2J b  . 

daSvebiT 
1

k
b

  mivdivarT krasnopolskis 

formulamde 
1

v J k J
b

   

 

I.8 nakadis ZiriTadi hidrodinamikuri el-

ementebi 

nakadis ZiriTadi elementebia: nakadis 

wiri, Tanabari dawnevis xazebi, piezometruli 

dawneva da miwisqveSa wylebis zedapiris qanobi. 

ganvixiloT es elementebi. 

nakadis wirebi da Tanabari dawnevis xa-
zebi. nakadis wirebi ewodeba xazebs, romlis 

gaswvrivac nakadis moZraoba xdeba. maT per-

pendikularul xazebs Tanabari dawnevis xazebi 

hqvia. gruntis wylebis SemTxvevaSi Tanabari 

dawnevis xazebs hidroizohifsebi ewodeba, xo-

lo arteziuli wylebis SemTxvevaSi - hi-

droizopiezebi. Tu gegmaSi gamovxazavT Tanaba-

ri dawnevis xazebs, miviRebT hidroizohifsebis 

(gruntis wylebi) an hidroizopiezebis (artezi-

uli wylebi) rukas. Tu hidroizohifsebi da 

nakadis wirebi qmnis erTmaneTis gadamkveTi par-

aleluri xazebis sistemas, maSin warmoiqmneba 

brtyeli filtraciuli nakadi.  
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S  – nakadis wirebi;  

H  – Tanabari dawnevis 

xazebi 

 
nax. I.14. gruntis 

wylis brtyeli nakadis 

sqema 

 

magaliTs warmoadgens gruntis wylebis 

nakadi, romlis filtracia arxsa da mdinares 

Soris arsebuli viwro wyalgamyofis gavliT 

xdeba.   

 
nax. I.15. gruntis wylis brtyeli nakadis sqema arxsa da 

mdinares Soris viwro wyalgamyofze filtraciisas  

 

Tu hidroizohifsebi mrudebis sistemaa, 

maTdami perpendikularuli nakadis wirebs ra-

diusis forma aqvs da aseT nakads radialuri 

nakadi ewodeba. magaliTad, gruntis wylebis 
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radialuri nakadi, romelic mdinaris mo-

saxvevSi warmoiqmneba.   

 
nax. I.16. gruntis wylis radialuri nakadi.  

naCvenebia hidroizohifsebi da maTi perpendikularuli 

denis ori wiri 

 

Tanabari dawnevis xazebi da maTdami per-

pendikularuli nakadis wirebi warmoqmnis hi-

drodinamikur bades, anu sxvagvarad rom 

vTqvaT, miwisqveSa wylebis moZraobis bades. da-

myarebuli moZraobis pirobebSi moZraobis bade 

mudmivia droSi, xolo daumyarebeli moZraob-

isas – cvalebadi. magaliTisTvis naxazze moce-

mulia miwisqveSa wylebis damyarebuli moZ-

raobis hidrodinamikuri bade, romelic war-

moiqmneba kaSxlis fuZeSi.  
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nax. I.17. kaSxlis qveS gruntis wylebis moZraobis  

hidrodinamikuri bade 

H1  – wylis dawneva zeda biefSi; H2  – wylis dawneva 

qveda biefSi; H  – zeda da qveda biefebSi dawnevebs So-

ris sxvaoba; b  – kaSxlis flutbetis siganis naxevari; 

N , N , N , N1 2 3 4  – eqvipotencialebi (Tanabari dawnevis xa-

zebi); S ,S ,S ,S ,S1 2 3 4 5  - denis wirebi (xazebi). isrebiT 

naCvenebia wylis moZraobis mimarTuleba 

flutbeti ewodeba wyalsaSvebi kaSxlis wyal-

qveSa ZiriTadi nawilebis erTobliobas anu 

xelovnur zedapirs (sagebs), romelzec moZ-

raobs nakadi. 

 
piezometruli dawneva. TviTdenad Wabur-

RilebSi miwisqveSa wylebis dawnevis aTvla 

dedamiwis zedapiridan xdeba, xolo subartezi-

ul WaburRilebSi - WaburRilis sangrevidan an 

wyalSemcveli horizontis saxuravi gverdidan. 

magaliTad, Tu wyalSemcveli horizontis 

gaxsnis Semdeg, miwisqveSa wylebis donem aiwia 
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saxuravs zemoT 15 metriT, iTvleba rom 

miwisqveSa wylebis dawneva 15 metris tolia. Tu 

wylis done wyalSemcveli horizontis sax-

uravis doneze damyarda da WaburRilis 

CaRrmavebis Semdegac ar Seicvala, iTvleba, 

rom gaxsnilia udawneo miwisqveSa wylebi. zog 

SemTxvevaSi subarteziul WaburRilebSi wylis 

donis aTvla xdeba WaburRilis piridan da 

maSin saubaria e.w. “uaryofiT wnevaze”. hi-

droizohifsebis (gruntis wylebisTvis) an hi-

droizopiezebis (arteziuli wylebisTvis) 

rukebis Sesadgenad saWiroa vicodeT miwisqveSa 

wylebis ara pirobiTi, aramed namdvili 

sidideebi. am dros gansazRvraven piezometrul 

dawnevas (dones), romelic tolia pH h Z 
     

(I.14). 

 
nax. I.18. miwisqveSa wylebis piezometruli  

dawnevis grafikuli gamosaxuleba 

 

sadac, H  wylis piezometruli dawnevaa,  ph  - 

piezometruli simaRle, anu sangrevidan aT-
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vlili miwisqveSa wylis svetis simaRle, m. Z  - 

manZili WaburRilis sangrevidan aTvlis O O

sibrtyemde.  

nax. I.18-dan Cans, rom H  aris miwisqveSa 

wylebis statikuri done aTvlis sibrtyidan. 

wnevebis gaangariSebisas aTvlis sibrtyed 

iTvleba zRvis done da Sesabamisad, pie-

zometrul dawnevas absolutur niSnulebSi 

gamosaxaven.  

miwisqveSa wylebis zedapiris qanobi 
(dawnevis gradienti). forebis zedapirze 

xaxunis gamo, gruntis wylebis nakads daxrili 

zedapiri aqvs. miwisqveSa wylebis zedapiris 

qanobs J -Ti aRniSnaven. ganvsazRvroT qanobis 

sidide. 

Tavdapirvelad, vpoulobT depresiuli 

mrudis qanobs mrudis romelime ab ubanze.  

 
nax. I.19. gruntis wylebis depresiuli mrudi 
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amisaTvis, AB mrudi SevcvaloT AB wrfiT. 

maSin, ABC marTkuTxa samkuTxedidan gveqneba 

AC
sin

AB
  . ramdenadac depresiuli mrudis 

daxriloba Zalze mcirea, sin  SeiZleba 

SevcvaloT tg . aRvniSnoT, B wertilis 

koordinatebi (x, y), xolo A wertilis koordi-

natebi – ( x x , y y  ), sadac x  da y  AB 

ubanze koordinatebis nazrdia; maSin, 

AC y
tg

BC x


  


 . gamosaxuleba 

y

x




 axasiaTebs  

depresiuli mrudis saSualo qanobs A da B 

wertilebs Soris da aRiniSneba .JsaS . A werti-

lis B wertilTan miaxloebis kvalobaze x da 

y TandaTan usasrulod mcire sidided gadai-

qceva. Tu gadavalT zRvarze, gveqneba:  

x 0

y dy
lim

x dx 





             (I. 15) 

warmoebuli 
dy

dx
 amjerad axasiaTebs ara 

AB ubanze depresiuli mrudis saSualo qanobs, 

aramed qanobis namdvil sidides B wertilSi. 

depresiuli mrudis nebismieri sxva wertili 

rom agveRo, samarTliani iqneboda toloba 

.
y

J
x





saS  da namdvili qanobis sidide, romelic 

tolia 
dy

J
dx

  . amgvarad, sidide 
dy

dx
  axasiaTebs 
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namdvil qanobs depresiuli mrudis nebismier 

wertilSi, anu 
dy

J
dx

 . Tu depresiuli mrudis Y 

ordinatas gamovsaxavT fenis wyalgajerebuli 

nawilis H  sisqiT, maSin formula miiRebs sax-

es:  
dh

J
dx

  . bunebrivia, dawneviTi wylebisTvis, 

romlebisTvisac dawnevis sidide H  tolia, 

gveqneba: 
dH

J
dx

  . formulebSi niSani “–“ figu-

rirebs imitom, rom nakadis moZraobis gzaze dx  

imatebs, xolo h  da H iklebs. hi-

droizohifsebis an hidrodinamikuri badis 

arsebobis SemTxvevaSi nakadis qanobi SeiZleba 

gamovTvaloT formuliT:  
H

J
S


 


 . sadac H

Tanabari dawnevis or mezobel xazs Soris 

wnevis dacemis sididea, S  – maT Soris man-

Zili nakadis wiris gaswvriv.    
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II Tavi. erTgvarovan fenSi miwisqveSa  

wylebis damyarebuli moZraoba 

 

II.1 zogadi cnobebi 

miwisqveSa wylebis moZraoba ama Tu im xa-

risxiT yovelTvis daumyarebelia anu cvaleba-

dia droSi. Tumca, rodesac miwisqveSa wylebis 

kvebis da gantvirTvis pirobebi droSi Zalian 

mcired icvleba, moZraoba SeiZleba ganvixiloT, 

rogorc damyarebuli anu iseTi, romelic dro-

Si praqtikulad ar icvleba.  

damyarebuli moZraobis dros nakadis Wav-

lebi TiTqmis horizontalurad gadaadgildeba 

da nakadis siRrmeSi suraTi ar irRveva. es daS-

veba ZiriTadi winapirobaa miwisqveSa wylebis 

nakadis moZraobis formulebis gamosayvanad.  

Tu yovel ganiv kveTSi filtraciis siCqa-

re mudmivi rCeba, maSin erTi kveTidan meoreze 

gadasvlisas es siCqare SeiZleba icvlebodes an 

ar icvlebodes. Tu filtraciis siCqare ar icv-

leba, maSin miwisqveSa wylebis moZraobas Tana-

bari moZraoba ewodeba, xolo cvlilebis Sem-

TxvevaSi, amboben rom moZraoba araTanabaria. 

Tanabari moZraobisas nakadis Wavlis 

xazebi warmoadgens wyalgaumtari sagebis 

paralelur wrfeebs. aseTi SemTxveva 

SesaZlebelia, rodesac mudmivi simZlavris 

arteziul fenSi moZraobs dawneviTi nakadi.  
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nax. II.1. mudmivi simZlavris arteziul fenSi  

miwisqveSa wylebis Tanabari moZraoba 

 

daxrili wyalgaumtaris gaswvriv 

moZraobisas igive movlenas aqvs adgili, Tu 

nakadis simZlavre (sisqe) ucvleli rCeba.   

 
nax. II.2. gruntis wylebis Tanabari moZraoba  

daxrili wyalgaumtaris SemTxvevaSi 

 

aseTi SemTxvevebi bunebaSi SedarebiT 

iSviaTia. Cveulebriv, miwisqveSa wylebis moZ-

raoba araTanabaria. am dros nakadis wirebi 

wyalgaumtaris paraleluria mxolod am ukanas-

knelTan kontaqtSi, xolo zeviT wiris gamrude-

bas aqvs adgili, wirebi parabolis formisaa 

da, amasTan, simrude maqsimaluria gruntis 
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wylis nakadis Tavisufal zedapirze. magali-

Tad, horizontalur fenSi gruntis wylebis 

mdinaris mimarTulebiT moZraobisas depresiis 

mruds naxazze naCvenebi konfiguracia aqvs (nax. 

II.3).   
 

 

h1 da h2  – wyalSemcve-

li fenis simZlavreebi 

1 da 2 kveTebSi; x1 da 

x2  – koordinatTa sa-

Tavidan kveTebis daSo-

rebebi; L  – manZili 

kveTebs Soris.  

 
nax. II.2. gruntis wylebis moZraoba mdinarisken  

horizontaluri wyalgaumtaris SemTxvevaSi 

 

erTgvarovan garemoSi miwisqveSa wylebis 

Tanabar da araTanabar moZraobas Soris 

gansxvaveba cxril II.1-Si naCvenebi sami niSan-

TvisebiT ganisazRvreba.  
cxrili II.1 

maxasiaTeblebi 
Tanabari 
moZraoba 

araTanabari 
moZraoba 

wyalSemcveli fenis simZlavre mudivi cvalebadi 
moZraobis siCqare mudivi cvalebadi 

miwisqveSa wylebis zedapiris 
qanobi 

mudivi cvalebadi 

 

miwisqveSa wylebis nakads bunebrivi saz-

Rvrebi gaaCnia. qveda sazRvars wyalgaumtari sa-
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gebi feni warmoadgens. is SeiZleba iyos hori-

zontaluri an daxrili. zeda sazRvari orgva-

ria: uwneo wylebis SemTxvevaSi zeda sazRvari 

nakadis Tavisufali zedapiria; dawneviTi 

wylebis SemTxvevaSi ki, wyalgaumtari Sre, 

romliTac nakadi zemodan aris SemosazRvruli. 

nakadis gverdiT sazRvrebs (konturebs) 

warmoadgens misi gantvirTvis da kvebis zonebi. 

aseTi sazRvrebi SeiZleba iyos mdinareebi, 

xevebi, tbebi, Waobebi da sxv. Tu orive 

sazRvari Zalian daSorebulia im ubnidan, 

romlisTvisac miwisqveSa wylebis moZraobis 

pirobebi ganixileba, iTvleba, rom nakadi aris 

“SemousazRvravi”, anu misi sazRvrebi 

usasrulobaSia. Tu mniSvnelovnad mxolod 

erTi sazRvaria daSorebuli, nakads “naxevrad 
SemosazRvruli” ewodeba, xolo Tu saWiro 

xdeba pirobebis orive sazRvarze gaTvalis-

wineba, nakadi ganixileba, rogorc “Semosa-

zRvruli”.  

nakadis sazRvrebis dadgena Zalze mniSv-

nelovania, radganac amaze aris damokidebuli 

saangariSo formulebi, romelTa saSualebiTac 

sami ZiriTadi amocanis gadawyveta xdeba: 1. 

miwisqveSa wylebis xarjis gansazRvra; 2. depre-

siuli an piezometriuli mrudis ageba; 3. 

dawnevis gradientis da filtraciis siCqaris 

gansazRvra. teritoriis geologiuri 

agebulebis da hidrogeologiuri pirobebis 
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gaTvaliswinebiT, am amocanebis gadasaWrelad 

sxvadasxva saangariSo formulebi gamoiyeneba. 

         

II.2 brtyeli stacionaluri filtraciis 

gaangariSebis ZiriTadi meTodebi 

brtyel nakadSi dawnevis gradienti siRr-

meSi ucvlelad iTvleba, xolo wyalSeRwevado-

bis (wyalsiuxvis) damaxasiaTebel gravitaciul 

geofiltraciul parametrs wyalgamtaroba  (T ) 

warmoadgens.  brtyeli nakadisTvis saangariSo 

damokidebulebebis gamoyvanisas Zalze mniSvne-

lovania wyalgamtarobis damokidebuleba wne-

vaze. wnevasTan damokidebulebiT dawneviT fe-

nebSi  wyalgamtarobis cvlileba xdeba mxo-

lod wyalSeRwevadobis cvlilebis dros, rac 

SeiZleba fenis deformaciiT iyos gamowveuli. 

Tumca, es cvlilebebi araarsebiTia da amitom, 

dawneviT fenebSi wyalgamtaroba praqtikulad 

ar aris wnevaze damokidebuli. udawneo nakadSi 

wyalgamtaroba metnaklebad mWidrod aris da-

mokidebuli donis cvalebadobaze, radganac es 

ukanaskneli iwvevs nakadis siRrmis cvlilebas 

anu wyalSemcveli fenis simZlavris cvlilebas.  

brtyeli filtraciuli amocanebis gadasa-

wyvetad sami ZiriTadi sqema gamoiyeneba, rom-

lebSic gaTvaliswinebulia nakadis agebuleba 

siRrmeSi: 
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a – orSriani;  

b – vertikaluri 

mimarTulebiT 

erTgvarovani;  

g – horizontalur-

Sreebrivi 

 

 

 
 

 

 

nax. II.4. uwneo nakadis vertikaluri agebulebis sqemebi 

 

1. mudmivi wyalgamtarobis sqema (nax. II.4. a). am 

dros wyalgamtaroba nebismier kveTSi iTvleba 

mudmivad da ar aris damokidebuli nakadis 

dawnevaze. arsebiTad, es sqema dawneviTi fenebis 

pirobebs pasuxobs, ris gamoc, mas “dawneviTi 

fenis sqemas” uwodeben.  

2. vertikalur WrilSi erTgvarovani uwneo nakadi 

(nax. II.4. b). am dros wyalgamtaroba wrfiv 

damokidebulebaSia nakadis siRrmesTan ( T kh ). 

aRniSnuli sqema miwisqveSa wylebis dinamikaSi 

Semoitana J. diupuim, romelic Tvlida, rom 

wyalgaumtari feni horizontaluria. amasTan 

dakavSirebiT, sqemas “diupuis sqema” ewodeba. 

3. horizontalur-Sreebrivi tipis uwneo nakadi 

horizontalur wyalgaumtarze (nax. II.4. g). am 
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SemTxvevaSi wyalgamtareblobis cvlilebis 

kanoni damokidebulia Sreobriobis tipze. 

aRniSnul sqemas “girinskis sqema” ewodeba, 

radganac n. girinskim pirvelma Camoayaliba 

amgvari nakadebis hidrodinamikis kanonzomie-

rebebi.  

dasaxelebuli sqemebidan praqtikaSi uf-

ro gavrcelebulia diupuis sqema (erTgvarovani 

nakadi horizontalur wyalgaumtarze), Tumca, 

bunebaSi es SemTxveva iSviaTia da SeiZleba ga-

nixilebodes, rogorc gamonaklisi. diupuis sqe-

ma ZiriTadad gamoiyeneba erTgvarovan qviSian 

fenebSi, rodesac nakadis simZlavre mkeTrad 

icvleba. amis sapirispirod, girinskis sqema 

efeqturia fenebis mkafiod gamoxatuli Sreob-

riobis pirobebSi, magaliTad, aluviur naleqeb-

Si arsebul lokalur nakadebTan an napralovan 

masivTan dakavSirebul  nakadebTan mimarTebaSi.  

 

II.3 erTgvarovan fenSi gruntis wylebis 

moZraobis gantolebebi 

II.3.1 gruntis wylis nakadis xarji  

(brtyeli nakadi, Tanabari moZraoba) 

sxvadasxva tipis da daniSnulebis sainJin-

ro nagebobebis mSeneblobisTvis gankuTvnil ze-

dapirul Tu miwisqveSa gamonamuSevrebSi wyal-

modinebis sididis gamosaangariSeblad, saWiro 

xdeba miwisqveSa wylis nakadis erTeuli xar-

jis gansazRvra. 
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rogorc dasawyisSi aRvniSneT, miwisqveSa 

nakadi SeiZleba iyos brtyeli da radialuri. 

amis mixedviT, gruntis wylebis moZraobis 

gantolebebi sxvadasxvagvaria. 

brtyeli nakadi (Tanabari moZraoba). 
aviRoT 1 da 2 kveTebi, romlebic erTmaneTisgan 

L manZiliT aris daSorebuli. pirvel kveTSi 

gruntis wylebis statikuri done aRvniSnoT 1H , 

xolo meoreSi - 2H , (nax. II.5). maSin, gruntis 

wylebis zedapiris qanobi SerCeuli kveTebis 

ubanze toli iqneba 1 2H H
J

L


 .  

 
nax. II.5. gruntis wylebis Tanabari moZraoba 

h – wyalSemcveli fenis mudmivi simZlavre; H1 da H2  – 

gruntis wylebis doneebi 1 da 2 kveTebSi; L  – manZili 

kveTebs Soris.  

Tanabari moZraobis dros es qanobi mudmi-

vi sididea. am SemTxvevaSi depresiuli mrudi 

wrfes warmoadgens. 
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xazobrivi filtraciis kanonis Sesabami-

sad, miwisqveSa wylebis nakadis erTeuli xarji 

tolia q khJ               (II.1) 

Tu (II.1) formulaSi SevitanT J mniSvnelo-

bas miviRebT: 1 2H H
q kh

L


          (II.2).   

(II.2) wylis nakadis xarjis gamosaTvleli 

formulaa Tanabari moZraobis pirobebSi. amas-

Tan, aRniSnuli formula SeiZleba gamoviyenoT 

dawneviTi wylebis SemTxvevaSic, Tu arteziuli 

fenis simZlavre mudmivi sididea.   

 
II.3.2 araTanabari moZraoba. wyalSemcveli feni 

horizontaluri sagebiT 

 sakiTxis gasarkvevad ganvixiloT ori 

SemTxveva. 1. wyalSemcveli horizontis wyal-

gaumtari sagebi horizontaluria (nax. II.2);     

2. horizontis sagebi gverdi daxrilia (nax. II.6).  

horizontaluri sagebis SemTxvevaSi 

gruntis wylis nakadis erTeuli xarji 

ganisazRvreba formuliT: q khJ   (II.1). 

araTanabari moZraobisas gruntis wylebis 

zedapiris qanobi cvalebadi sididea da tolia 

dx

dh
J  , sadac h - wyalSemcveli fenis 

cvalebadi simZlavrea. Tu J  am mniSvnelobas 

(II.1) formulaSi SevitanT, miviRebT: 
dx

dh
khq   

(II.3). cvladebis gadanacvlebis Semdeg gveqneba: 
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q
dx hdh

k
  (II.4). (II.4) gantolebis integrirebiT 

miviRebT: 
2q h

x C
k 2

   (II.5). Tu depresiul mrud-

ze (nax. II.2) aviRebT or wertils, romelTa 

koordinatebia Sesabamisad ( 1x , 1h ) da ( 2x , 2h ), 

maSin (II.5) gantolebis analogiurad SeiZleba 

davweroT:  

2
1

1
hq

x C
k 2

      

2
2

2
hq

x C
k 2

    

meoredan pirveli gantolebis gamoklebiT 

miviRebT: 
2 2

1 2
2 1

h hq
(x x )

k 2


        (II.6). 

miRebuli (II.6) gamosaxuleba warmoadgens 

miwisqveSa nakadis depresiuli mrudis gan-

tolebas horizontaluri wyalgaumtari sagebis 

SemTxvevaSi. (II.6) gantolebaSi wevrebis 

gadasmiT SeiZleba miviRoT miwisqveSa nakadis 

erTeuli xarjis gamosaTvleli formula: 

2 2
1 2

2 1

h h
q k

2(x x )





 (II.7). imis gamo, rom 2 1(x x ) Ser-

Ceul kveTebs Soris L  manZilis tolia, 

miRebuli gantoleba SeiZleba sxva saxiT 

CavweroT: 
2 2

1 2h h
q k

2L


  (II.8).  
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(II.8) formula frangi hidravlikosis 

diupuis saxeliT aris cnobili. 

imisaTvis, rom ganvsazRvroT mTliani 

nakadis xarji ( Q ), saWiroa erTeuli xarji ( q ) 

gavamravloT nakadis siganeze (B ): 

2 2
1 2h h

Q kB
2L


        (II.9) 

 
II.3.3 araTanabari moZraoba.  

wyalSemcveli feni daxrili sagebiT 

daxrili wyalgaumtari sagebis SemTxve-

vaSi gruntis wylis nakadis erTeuli xarjis 

miaxloebiTi gansazRvrisTvis SeiZleba visar-

gebloT kamenskis formuliT (nax. II.6):  

1 2 1 2h h H H
q k

2 L

 
      (II.10), 

sadac k -wyalSemcveli fenis filtraciis koe-

ficientia, m/dR.R.; 1h  da 2h - wyalSemcveli 

fenis simZlavre 1 da 2 kveTebSi, m; .hsaS  - 

wyalSemcveli fenis saSualo simZlavre; 1H
  
da 

2H
 
– imave kveTebSi gruntis wylebis piezomet-

ruli dawnevis sidideebi, romlebic aTvlilia 

Sedarebis romelime horizontaluri sibrtyi-

dan (da ara daxrili wyalgaumtaridan), m; Tu 

Sedarebis sibrtyed zRvis done aris miCneuli, 

maSin 1H
  
da 2H

 
aRniSnavs statikuri doneebis 
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absolutur niSnulebs; L – manZili kveTebs 

Soris, m;   

 
nax. II.6. gruntis wylebis depresiuli 

mrudi daxrili wyalgaumtari sagebis SemTxvevaSi 

 

formula (II.10) SeiZleba miviRoT xazobri-

vi filtraciis kanonidan q khJ , Tu pirobiTad 

CavTvliT, rom gansaxilvel kveTebs Soris 

gruntis wylebis moZraoba Tanabaria, rodesac 

1 2H H
J

L


saS.

 
(II.11),  1 2h h

h
2


saS.   (II.12). 

daxrili wyalgaumtaris SemTxvevaSi grun-

tis wylis nakadis xarjis zustad gansazRvris-

Tvis unda visargebloT n. pavlovskis formu-

liT: 0q kh i   (II.13). 

(II.13) gantolebaSi 0h -iT aRniSnulia naka-

dis dayvanili simZlavre, romlis gansazRvra 

xdeba n. pavlovskis mier gamoyvanili depresiu-

li mrudis gantolebidan SerCevis gziT: 

   2 1
0

il

h
              (II.14) 
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sadac i - wyalgaumtari sagebi fenis daxrilo-

baa erTeulis nawilebSi; l  – manZili 1 da 2 kve-

Tebs Soris, m;  2 
 
–funqciis mniSvneloba 

nakadis fardobiTi simZlavrisas, rodesac 

2

0

h

h
  ;  1  - igive funqciis mniSvneloba, ro-

desac 1

0

h

h
  ; 1h , 2h – wyalSemcveli horizontis 

simZlavre 1 da 2 kveTebSi;  

 

II.3.4 depresiis mrudis ageba 

horizontaluri wyalgaumtari sagebis 

SemTxvevaSi 

wyalSemcvel fenSi, romelsac horizonta-

luri wyalgaumtari sagebi aqvs, gavataroT sami 

ganivi kveTi – 1, 2, 3. pirvel 1-2 kveTebSi wylis 

doneebi Sesabamisad tolia  1h da 2h  (nax. II.7).  

 
nax. II.7. depresiuli mrudis mesame wertilis gansazRvra 

horizontaluri wyalSemcveli fenis SemTxvevaSi 

 

depresiuli mrudis asagebad saWiroa ganv-

sazRvroT wylis done ( y ), me-3 kveTSi. nakadis 
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erTeuli xarjis gamosaTvlel formulas, 

rogorc vnaxeT, Semdegi saxe aqvs: 
2 2

1 2h h
q k

2L


 , 

saidanac 
2 2

1 2h h 2q

L k


 (II.15). analogiis mixedviT, 

SegviZlia CavweroT: 
2 2

1 2h h 2q

x k


  (II.16), sadac x  

aris manZili 1 da 3 kveTebs Soris. imis gamo, 

rom (II.15) da (II.16) gantolebebSi marjvena 

nawilebi erTmaneTis tolia, SeiZleba gavuto-

loT erTmaneTs marcxena nawilebic 

2 2 2 2
1 2 1h h h y

L x

 
 , saidac 2 2 2

1 1 2
x

y h (h h )
L

    

(II.17). 

 
II.3.5 depresis mrudis ageba 

daxrili wyalgaumtari sagebis SemTxvevaSi 

horizontaluri wyalgaumtaris analogiu-

rad am SemTxvevaSic gavataroT sami ganivi kve-

Ti – 1, 2, 3 (nax. II.8).    



70 

 

 
nax. II.8. depresiuli mrudis mesame wertilis gansazRvra 

daxrili dawneviTi wyalSemcveli fenis SemTxvevaSi 

 

1 da 2 kveTebSi miwisqveSa wylebis 

dawneva Sesabamisad tolia 1H  da 2H  . 

depresiis mrudis asagebad saWiroa 

ganvsazRvroT dawneva ( 3H )  me-3 kveTSi. am 

SemTxvevisTvis saangariSo formulas Semdegi 

saxe aqvs:  

1 2 1 2
3 1

1 1 2

(h h )(H H )x
H H

2h L (h h )x

 
 

 
      (II.18),  

sadac 1h , 2h  da 3h  wyalSemcveli fenis sim-

Zlavreebia 1, 2 da 3 kveTebSi; L  – manZili 1 da 

2 kveTebs Soris; x  – manZili 1 da 3 kveTebs 

Soris. 

(II.18) formulis gamoyeneba SesaZlebelia 

dawneviTi wylebisTvisac.  
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II.3.6 miwisqveSa nakadis xarjis gansazRvra 

zemodan infiltraciis gaTvaliswinebiT da 

depresiuli mrudis ageba 

mdinareTaSueTis masivze, romelic mdina-

reebiT aris drenirebuli (nax. II.9), gruntis 

wylebi ara mxolod daSorebuli ubnebidan 

ikvebeba,  aramed uSualod adgilze, zemodan 

infiltraciis xarjze.  

 
nax. II.9.gruntis wylis nakadis depresiuli  

mrudi mdinareTaSueTis masivze 
 

am SemTxvevaSi, kamenskis mixedviT, grun-

tis wylis nakadis erTeuli xarji gamoiTvleba 

formuliT: 
2 2
1 2

x
h h L

q k x
2L 2


  

 
(II.19),  

sadac k – mdinareTaSueTis wyalSemcveli qane-

bis filtraciis koeficientia; 1h  da 2h – wyal-

Semcveli horizontis simZlavreebi mdinareTa 

kalapotTan; x – mdinaridan im kveTis daSoreba, 

romlisTvisac unda ganisazRvros erTeuli 
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xarji; L – mdinareTaSueTis sigane;   – infil-

traciis sidide. 

rodesac 0   (II.19) formula diupuis 

formulis saxes iRebs: 
2 2
1 2

x
h h

q k
2L




 
(II.20).  

 atmosferuli naleqebis infiltraciis 

sidide   SeiZleba ganvsazRvroT wrfeze 

ganlagebul nebismier sam WaburRilSi wylis 

doneebis mixedviT Semdegi formuliT:  

   

2 2 2 2
1 1 2h h h h

k
L x x L x L

  
  

              

(II.21) 

sadac 1h  da 2h  gruntis wylebis doneebia or 

kidura WaburRilSi, m; L  – manZili am WaburRi-

lebs Soris, m; h – wylis done Sua WaburRilSi, 

m; x  – Sua WaburRilis daSoreba im kidura Wa-

burRilidan, romelSic wylis done 1h  tolia, m 

(nax. II.9). 

imis gamo, rom nakadi gegmaSi organzomi-

lebiania da Wrilis sibrtyisadmi siCqaris 

mdgeneli perpendikularulia, warmoimneba 

gruntis wylebis wyalgamyofi im SemTxvevaSic 

ki, rodesac infiltracia ar arsebobs. xolo, 

infiltraciis arsebobisas es wyalgamyofi uf-

ro maRali da ukeTesad gamoxatuli iqneba.  

ganvixiloT gruntis wylebis wyalgam-

yofis SesaZlo mdebareoba MmdinareTaSueTSi 

infiltraciis arsebobis pirobebSi. aRvniSnoT 
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sawyisi kveTidan wyalgamyofamde manZili 
a aso-

Ti. wyalgamyofze gruntis wylis nakadis xarji 

0xq . maSin (II.19) formulidan miviRebT:  
2 2
1 2h - h L

k -ω -a = 0
2L 2

 
 
 

          (II.22), 

saidanac 

2 2
1 2h hL k

a
2 2L


  


. Tu 1 2h = h , maSin  

L
a

2
 anu wyalgamyofi mdinareTaSueTis SuaSi 

imyofeba; Tu 1 2h > h , maSin 
L

a
2

 , anu wyalgamyo-

fi wanacvlebulia Sua kveTidan marcxniv. Tu 

1 2h < h , maSin 
L

a
2

 , anu wyalgamyofi wanacvle-

bulia Sua kveTidan marjvniv. amgvarad, mdina-

reSi wylis doneebis Sefardebaze damokidebu-

lebiT, gruntis wylis wyalgamyofi inacvlebs 

Sua kveTidan im mdinarisken, romelSic wylis 

done ufro maRalia.  

depresiis mrudis gantoleba Semdegnairad 

gamoiyvaneba:  

Tu amovxsniT  
2 2 2
x 1 1h h q x

x
2 k k 2

 
      gan-

tolebas xh -is mimarT, miviRebT:  

2
2 2
x 1 1

2 x
h h q x

k k


    (II.23). 
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gantoleba 
2 2
1 x

1
h h

q k x
2x 2

 
      x L  Sem-

TxvevaSi,  miiRebs saxes:  

2 2
1 2

1
h h L

q k
2L 2

 
           (II.24) 

Tu 1q -is mniSvnelobis SetaniT (II.23) gan-

tolebaSi gveqneba:  

  
2 2

2 1 2
x 1

h h
h h x L x x

L k

 
         (II.25). 

davuSvaT 1h = 0  da 2h = 0 , rac im SemTxve-

vaSi aris SesaZlebeli, rodesac mdinareTa 

kalapotebi wyalgaumtar sagebSi aris 

CaRrmavebuli (nax. II.10). 

 
nax. II.10. sqema, romelic asaxavs mdinareTaSueTis masivze 

depresiuli mrudis geometriul formas 

 

maSin, (II.25) gantolebidan gveqneba: 

 2 2
xh L x x

k


  

           
(II.26) 
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gadavitanoT koordinatebis saTave wyal-

gamyofze da aRvniSnoT 
L

a
2

 , b = hmaqs. , x = a - z , 

maSin, 2 2 2 2
xh 2a a z a z a z

k k

       
 

( ) ( ) ( )  (II.27), 

rodesac z = 0 , xh = b , maSin 2 2b a
k


  ; 

2

2

b

k a


  , 

maSin (II.27) gantoleba miiRebs Semdeg saxes: 

 
2

2 2 2
x 2

b
h = a - z

a
, maSasadame,  

2 2
x
2 2

h z
= 1-

b a
 an  

2 2
x
2 2

h z
+ = 1

b a  
(II.28).  

(II.28) gantoleba elifsis gantolebaa, 

romlis RerZebia b  da a . maSasadame, depresiis 

mrudi MmdinareTaSueTis masivSi, rodesac 

adgili aqvs infiltraciul kvebas, warmoadgens 

elifss da ara parabolur mruds, rasac 

adgili aqvs, im SemTxvevaSi, rodesac infil-

tracia monawileobas ar iRebs.  

(II.25) gantolebis uSualo gamokvleva dep-

resiuli mrudis agebis mizniT praqtikulad 

SeuZlebelia, radganac jerjerobiT ar arse-

bobs met-naklebad damakmayofilebeli meTodebi 

imisTvis, rom damoukideblad ganvsazRvroT 

infiltraciuli kveba (  ), aseve rTulia mivi-

RoT filtraciis koeficientis ( k ) sakmarisad 

gasaSualoebuli sidide. magram, SesaZlebelia 
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am siZneleebisaTvis Tavis arideba, Tu ki para-

metrs 
k


 ganvsazRvravT gruntis wylebis donee-

biT sam WaburRilSi, romelic gayvanil unda 

iqnas mdinareTaSueTSi. am SemTxevvaSi, Tu for-

mulaSi (II.21) h  SecvliT 3h , miviRebT:  

   

2 2 2 2
3 1 1 2h h h h

k L x x L x L

 
 

                
(II.29). 

(II.25) gantolebaSi 
k


 mniSvnelobis CasmiT 

SeiZleba ganvsazRvroT gruntis wylis done 

mdinareTaSueTis nebismier wertilSi, rac imas 

niSnavs, rom avagoT depresiis mrudi. Tu filt-

raciis koeficientis sidide cnobilia, maSin 

(II.29) formuliT SesaZlebelia infiltraciis 

sididis gansazRvra. saWiroa aRiniSnos, rom 

(II.29)  formula SeiZleba gamoyenebul iqnas 
k


 

parametris gansasazRvrad kveTis nebismier 

“sameulSi”, romlebic erTmaneTisgan nebismieri 

manZiliT aris daSorebuli.   

 

II.3.7 radialuri nakadis xarjis gansazRvra 

horizontaluri wyalgaumtari sagebi fe-

nis SemTxvevaSi radialuri nakadis xarji   g. 

kamenskis formuliT ganisazRvreba:  

2 2
1 2 1 2

1 2

b b h h
Q k

ln b ln b 2L

 
 

            
(II.30) 
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sadac   k wyalSemcveli horizontis filtra-

ciis koeficientia; 1b  da 2b  –  nakadis sigane 1 

da 2 ganiv kveTebSi; 1h  da 2h – wyalSemcveli 

horizontis simZlavre imave kveTebSi; L –man-

Zili kveTebs Soris (nax. II.11).  

 
 

 

 

a – gafarToebadi radialu-

ri nakadi;  

 

 

 

b – Seviwroebadi radialuri 

nakadi 

 

 

 

nax. II.11. radialuri nakadebis gegma 

 

horizontaluri wyalgaumtaris SemTxve-

vaSi (II.30) samarTliania rogorc Seviwroebadi, 

ise gafarToebadi nakadisaTvis. 

brtyeli filtraciuli nakadisgan gan-

sxvavebiT, radialuri nakadis sigane cvalebadi 

sididea da tolia: 1 2

1 2

b b

ln b ln b




 

imis gamo, rom brtyeli nakadis sigane 

mudmivi sididea, misi xarjic mudmivia. amitom, 

brtyeli nakadis Seswavlisas dasaSvebia ganvi-
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xiloT misi erTeuli xarji, anu nakadis siga-

nis erTeulis xarji. radialuri nakadis xarji 

ki, nakadis siganeze aris damokidebuli, rac 

ufro metia nakadis sigane, miT metia misi 

xarji. am mizeziT, rodesac wylis moZraoba 

ganixileba radialur nakadSi, erTeuli xarjis 

gansazRvra dauSvebelia, radganac nakadis 

sxvadasxva kveTSi xarjis sidide sxvadasxva 

iqneba. 
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III Tavi. filtracia hidroteqnikuri 

nagebobebis qveS 
hidroteqnikuri nagebobis qveS filtra-

ciuli nakadis generaluri mimarTuleba aris 

zeda biefidan qveda biefisken, ise, rom nakadi 

ganixileba, rogorc profiluri. nagebobis qveS 

wylis filtraciis Seswavla im mizniT xdeba, 

rom ganvsazRvroT wyalsacavidan filtraciu-

li danakargebi (nakadis xarji), kaSxlis sxeul-

ze filtraciuli nakadis mier ganviTarebuli 

dawneva da nagebobis fuZis filtraciuli 

mdgradoba. garda amisa, Tu kaSxlis fuZeSi 

saSualod xsnadi marilebi arsebobs 

(saxeldobr, TabaSiri), saWiro xdeba 

specialuri analizis Catareba, raTa Sefasdes 

marilebis xsnadobis procesi da saZirkvlis 

qanebis masTan dakavSirebuli cvlilebebi.  

nagebobebis qveS filtraciuli nakadis 

marTvis mizniT, upirvelesad, saWiroa nakadis 

miwisqveSa konturis daproeqteba (nax. III.1). es 

ukanaskneli garda nagebobis sxeulisa (flut-

beti) SeiZleba moicavdes zeda ekrans, zeda da 

qveda antifiltraciul fardebs, flutbetis 

qveS an nagebobis qveda biefSi mowyobil hori-

zontalur da vertikalur drenaJs.  



80 

 

 
nax. III.1. hidroteqnikuri nagebobis (kaSxlis)  

miwisqveSa konturi 
1 – kaSxlis sxeuli; 2 – ekrani; 3 – zeda farda; 4 – qveda 
farda; 5 – drenaJi kaSxlis fuZeSi; 6 – sadrenaJo 
galerea; 7 – drenaJi qveda biefSi; 8 – wyalsacemi fila 

Naxazze ar Cans “7” da “8” 

 

 

zeda ekrani ufro xSirad Tixnarisgan 

Sedgeba da misi wyalSeRwevadoba gamomdinare 

filtraciuli Tvisebebidan da Cawyobis xerxi-

dan, winaswar aris gansazRvruli. antifiltra-

ciul fardas Spuntebis saSualebiT awyoben an 

mTliani dacementebiT. dacementeba xorcielde-

ba WaburRilebSi cementis ineqciiT. garda ce-

mentisa, iyeneben cement-Tixis narevs, bitums, 

silikatebs da a.S. praqtikuli gamocdilebiT 

dadgenilia, rom cementaciis fardis wyalSeR-

wevadoba (filtraciis koeficienti) k 0.01 0.1   

m/dRRameSi, rac gacilebiT naklebia nagebobis 

qveS ganlagebuli qanebis filtraciis koefi-

cientze.  
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filtraciuli nakadis marTvis erT-erT 

radikalur RonisZiebas drenaJi warmoadgens. 

misi tipi da adgilmdebareoba damokidebulia 

nagebobis saZirkvlis geologiur agebulebaze 

da im amocanebze, romlebic unda gadawydes 

nakadis drenaJis saSualebiT.  

filtraciis gaangariSebis analitikuri 

meTodebi erTgvarad sqematizirebulia da ga-

moiyeneba nagebobis fuZis gamartivebul varian-

tSi, rodesac filtraciis procesi SeiZleba 

mivusadagoT erTgvarovan an orSrian garemoSi 

filtraciis sqemas. praqtikuli miznebisTvis 

gamoiyeneba miaxloebiTi meTodebi, romelTa So-

ris SedarebiT srulyofilia filtraciuli 

winaRobebis s. numerovis mier SemoTavazebuli 

meTodi.  

hidroteqnikuri nagebobis qveS filtra-

ciul nakads ganvixilavT, rogorc profilurs 

(mudmivi 1 m siganiT gegmaSi). saerTod cnobi-

lia, rom profiluri nakadis TiToeul i  uban-

ze filtraciuli winaRoba   dakavSirebulia 

wnevis danakargebTan da nakadis xarjTan Semde-

gi damokidebulebiT: 
H

Q


     (III.1). 

kerZo SemTxvevaSi, rodesac vixilavT 

erTeuli siganis nakads, gveqneba i
i

H

q


   (III.2), 
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sadac, iH  –  aris wnevis danakargi i filtra-

ciuli winaRobis ubanze, sadac nakadis 

erTeuli xarji q  tolia.     

saZirkvlis qanebis erTgvarovani agebule-

bis SemTxvevaSi, rodesac filtraciis koefi-

cienti mudmivi sididea da udris k -s, mosaxer-

xebelia gamoviyenoT uganzomilebo filtraciu-

li winaRobis cneba i
i i

k H
k

q


      (III.3). 

filtraciuli nakadis iseTi miwisqveSa 

konturisTvis, romlis drosac Siga drenaJi ar 

aris gamoyenebuli, zeda da qveda biefSi 

wnevebs Soris gansxvaveba ( H ) Sedgeba kontu-

ris calkeul ubnebze danakargebisagan, anu 

nagebobis qveS nakadis erTeuli xarji tolia:  

H k H
q

 
 
 j. j.

             (III.4). 

amasTan, miwisqveSa konturis jamuri wina-

Roba j.  an j.  Sedgenilia lokalur ubnebze 

calkeuli winaRobebisagan i  an i , xolo iH  

wnevis danakargi TiToeul zonaSi proporciu-

li iqneba am zonebSi arsebuli winaRobebisa: 

i
iH H


  

j
         (III.5). 

nagebobis fuZis filtraciuli mdgrado-

bis Sefasebisas, pirvel rigSi, unda Semowmdes 

qveda biefSi filtraciuli deformaciebis Se-
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saZlebloba. amgvari filtraciuli deformacie-

bis gamosaricxad aucilebelia, rom qveda bief-

Si nakadis gamosvlis maqsimaluri gradienti ar 

aRematebodes im dasaSveb gradients, romelic 

gansazRvrulia sxvadasxva Sedgenilobis qanebi-

saTvis da damkidebulia maTTvis damaxasiaTe-

beli filtraciuli deformaciebis saxeobebze.  

nagebobis fuZeSi wyalSi xsnadi qanebis 

arsebobisas (TabaSiri, anhidriti, karbonati) 

filtraciuli gaangariSebebiT aucilebelia 

miviRoT monacemebi filtraciis siCqareebis 

Sesaxeb, romlebic axasiaTebs marilebis konveq-

tiur gadatanas qanebis gamotutvis procesSi.  
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IV Tavi. karierebsa da qvabulebSi wylis 

modinebis angariSi 

cnobilia, rom karieris mowyoba ZiriTa-

dad mSeneblobasTan (samSeneblo qvabuli) an 

araRrma ganlagebis sasargeblo wiaRiseulis 

sabadoebis damuSavebasTan aris dakavSirebuli 

(karieri). nagebobis fundamentis mowyobis an 

sasargeblo wiaRiseulis sabados damuSavebis 

normaluri pirobebis Sesaqmnelad, orive Sem-

TxvevaSi, karieris daSroba aucilebeli piro-

baa. daSrobisTvis saWiro racionaluri Ronis-

Ziebebis dasaxvamde da gatarebamde saWiro 

xdeba karierSi wylis modinebis raodenobrivi 

Sefaseba. 

karierSi wylis modinebis gansazRvris 

saWiroeba maSin wamoiWreba, rodesac miwisqveSa 

wylebi dedamiwis zedapirTan axlos cirku-

lirebs da karieris perimetri misi drenaJis 

ared iqceva. am dros karierSi wylis modinebis 

angariSi wylis balansis meTodis gamoyenebiT 

xdeba. am meTodis mixedviT, modinebis saerTo 

raodenoba ganisazRvreba, rogorc depresiis 

Zabris farglebSi arsebuli statikuri maragis 

da kvebis aredan Semomavali dinamiuri nakadis 

jami. meti TvalsaCinoebisTvis ganvixiloT 

konkretuli magaliTi, romelic qvanaxSiris 

kariers Seexeba (nax. IV.1).  
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nax. IV.1. qvanaxSiris karieris sqematuri 

hidrogeologiuri Wrili 

1 – Tixebi; 2 – qviSebi; 3 – qvanaxSiris feni; 4 - kaolini  

 

qvanaxSiris fenis zemoT ganlagebulia 

uwneo wyalSemcveli horizonti, xolo qvemoT – 

dawneviTi horizonti. fenis zeda horizonti Ti-

xis feniT aris gadafaruli. es horizonti ikve-

beba atmosferuli naleqebis infiltraciiT, 

romlebic karieris farTobze modis. damuSave-

bis uzrunvelsayofad saWiroa davaSroT naxSi-

ris fenis zemoT ganlagebuli horizonti, rome-

lic qviSiT aris warmodgenili. amisTvis saWi-

roa, Tavdapirvelad gamoviangariSoT wyliT ga-

jerebuli qanis moculoba. moculobis nawili, 

romelic karieris farglebSi aris moqceuli, 

SeiZleba gavutoloT iseTi cilindris mocu-

lobas, romlis simaRle wyalSemcveli hori-
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zontis simZlavris tolia, xolo radiusi – ka-

rieris konturis dayvanili radiusis toli. mo-

culobis meore nawili warmoadgens im figuris 

moculobas, romelic SemosazRvrulia depre-

siis Zabris paraboluri mrudiT. Tu naxSiris 

fenis zemoT ganlagebuli qviSebis moculobas 

wyalgacemaze gavamravlebT, miviRebT statikuri 

maragebis raodenobas: W V   (IV.1), sadac   –  

wyalgacemaa, procentebSi an erTeulis nawileb-

Si; V – dasaSrobad gankuTvnili qviSebis mocu-

loba;  

Tavdapirvelad, gamoviangariSoT statiku-

ri maragebis xarji, romelic karieris farTob-

ze modis. rogorc cnobilia, forovani qanebis 

wyalgacema gamoiTvleba formuliT: n   , sa-

dac n  – forianobaa procentebSi an erTeulis 

nawilebSi qanis mTlian moculobasTan mimarTe-

baSi;   – maqsimaluri molekuluri tentevado-

ba imave erTeulebSi.   

magaliTi. gansaxilveli konkretuli saba-

dos SemTxvevaSi qviSebis saerTo tentevadoba 

(forianoba) tolia 41.35%, maqsimaluri moleku-

luri tentevadoba – 13.28%. Sesabamisad, wyalga-

cema toli iqneba:  41.35 13.28 28.07%    . qvanax-

Siriani auzis farTobi tolia 285 aTasi m2, 

wyalSemcveli qviSebis saSualo simZlavre – 

7.24 m. aqedan gamomdinareobs, rom karieris far-

glebSi dasaSrobad gaTvaliswinebuli qviSebis 

moculoba toli iqneba:  
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V 285000 7.24 2063400    m3. 

karieris farTobze qviSebSi moqceuli 

wylis statikuri maragi Seadgens: 

W 0.2807 2063400 579196    m3. 

karieris farTobze statikuri maragebis 

xarji gamoiTvleba saerTo maragis SefardebiT 

daSrobis vadasTan, romelic Tavis mxriv 

tolia t 12  Tve. aqedan: 1
W V

q
t t


  (IV.2). (IV.2) 

formulaSi W  da t  sidideebis SetaniT gveq-

neba: 1
579196

q 0.01837
365 86400

 


 m3/wm an 18.37 l/wm.  

daSrobis t  drois ganmavlobaSi, depre-

siuli Zabris farglebSi, karieris farglebs 

garedan im modinebis raodenoba, romelic war-

moiqmneba statikuri maragebis gamomuSavebis 

Sedegad, SeiZleba gamovTvaloT miaxloebiTi 

formuliT: 2
hR L

q
3t


      (IV.3),  

sadac h  wyalSemcveli fenis saSualo sim-

Zlavrea;  R – karieris gare sazRvridan gadaTv-

lili gavlenis radiusi;  – wyalgacema erTeu-

lis nawilebSi; L  – karieris gare sazRvarze 

daSrobis ubnis perimetri; t – daSrobis dro.   

(IV.3) formulaSi ricxviTi sidideebis Se-

taniT t 12  Tve, R 325  m; L 2136  m; miviRebT:  

2
7.24 325 0.2807 2136

q 0.01493
3 365 86400

  
 

 
 m3/wm  

an 14.93 l/wm. 
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statikuri maragebis saerTo xarji tolia 

karieris farTobze da mis farglebs gareT 

xarjebis jamisa:  

1 1 2Q q q 18.37 14.93 33.30      l/wm.  

garda aRniSnulisa, karierSi adgili 

eqneba dinamiuri nakadis modinebas, romelic 

Sedgeba karieris ubanze mosuli atmosferuli 

naleqebisgan da wyalSemkreb farTobze am 

naleqebis infiltraciisgan. karieris farTobze 

mosuli atmosferuli naleqebis raodenobas 

gamovTvliT formuliT: 3
A

q
t


  (IV.4), 

sadac A  atmosferuli naleqebis saSualowli-

uri raodenobaa,    – qvanaxSiris auzis 

farTobi, Tu CavTvliT, rom A 455.9  mm, maSin 

3
0.4559

q 285000 0.00410
365 86400

  


 m3/wm an 4.10 l/wm. 

wyalSemkrebi auzis farTobze atmosferuli 

naleqebis infiltraciis raodenoba tolia 

4
AF

q
t




 
(IV.5), sadac   – miwisqveSa Camonadenis 

koeficientia, F  – auzis wyalSemkrebi farTobi 

karieris farTobis gamoklebiT. davuSvaT, rom 

gansaxilveli sabados SemTxvevaSi karieris 

farTobis gamoklebiT, wyalSemkrebi auzis 

farTobi 2.529 km2 tolia, xolo zedapiruli 

Camonadenis koeficienti – 0.109.  miaxloebiT 

SeiZleba davuSvaT, rom miwisqveSa Camonadenis 

koeficienti Seadgens 50% Camonadenis saerTo 
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raodenobidan. maSin, wyalSemkreb farTobze in-

filtraciis sidide ganisazRvreba Semdegi 

gamosaxulebiT:  

4
0.4559

q 0.109 0.5 2529000 0.001996
365 86400

    


m3/wm  

an 1.996 l/wm. 

dinamiuri modinebis saerTo raodenoba 

toli iqneba: 2 3 4Q q q 4.10 1.996 6.096      l/wm.  

amrigad, karierSi wyalmodenis saerTo 

raodenoba Seadgens: 

1 2Q Q Q 33.30 6.096 39.396      l/wm. 

statikuri maragebis gamomuSavebis kva-

lobaze sabados Semdgomi eqspluataciis peri-

odSi karierSi wylis ZiriTadi masa miwisqveSa 

wylebis dinamiuri resursebis xarjze Semoedi-

neba.  

magaliTi. meore praqtikul magaliTad 

ganvixiloT q. Tbilisis teritoriaze, e.w. “saqa-

nelas ubanze” (yofili elbaqiZis daRmarTi) 

proeqtiT gaTvaliswinebul samSeneblo qvabul-

Si miwisqveSa wylebis modinebis angariSi.  

2008 wels saxelmZRvanelos avtorTa mier 

aRniSnul ubanze Sesrulebuli savele sacdel-

filtraciuli samuSaoebis Sedegebidan irkveva, 

saqanelas teritoriaze ganviTarebuli gruntis 

wylis horizonti sakmaod maRali filtraciu-

li TvisebebiT xasiaTdeba - k saS. = 28.0 m/dR.R. 

am maCvenebliT horizonti liTologiurad 
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saSualomarcvlovanidan uxeSmarcvlovani 

qviSebisken gardamaval tips Seesabameba. ubnis 

ganaSenianebis proeqtis mixedviT, gaTvaliswine-

bulia SenobebisTvis 3 miwisqveSa sarTulis 

mowyoba, risTvisac saWiroa didi zomis samSe-

neblo qvabulis amoReba, Semdegi parametrebiT: 

sigrZe - 300b  m; sigane - 50a  m; siRrme - 

6h  m. qvabuli mdebareobs mosworebul zeda-

pirze, romelic esazRvreba md. mtkvris 

marjvena sanapiros. aqedan gamomdinare, 

mocemuli SemTxveva unda ganvixiloT, rogorc 

mdinaris kalapotTan axlos mdebare karieri. am 

variantSi miwisqveSa wylebis karierSi 

Semodinebis raodenoba ganisazRvreba formu-

liT: 
2

0

1.36kH
Q =

lg(2l) - lgr
     (IV.6), 

sadac k  – gruntis wylis horizontis fil-

tracis koeficientia da, rogorc aRvniSneT, 

28.0 m/dR.R tolia; H  – gruntis wylis hori-

zontis simZlavre (sisqe), H  = 3.8 m; l  – qvabu-

lis pirobiTi centris daSoreba mdinaris napi-

ramde, romelic daaxloebiT Seadgens l  = 250 m; 

0r  – qvabulis fiqtiuri radiusi – tolia im 

warmosaxviTi mrgvali Wis radiusisa, romelic 

damokidebulia qvabulis zomebze, kerZod, 

qvabulis sigrZeze da siganeze.  
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0r -is gamoTvla xdeba v. aravinis grafikis 

mixedviT (nax. IV. 2). aRniSnuli grafikis 

gamoyenebiT vRebulobT 0r = 96 m.  

 

 
 

nax. IV.2. karieris dayvanili radiusis  

gansasazRvri grafiki 

 

saangariSo formulaSi ricxviTi sidi-

deebis SetaniT miviRebT:   

21.36 28.0 3.8
Q 767.23

lg( 2 250 ) lg 96

 
 

 
 m3/dR.R; anu 8.88 l/wm.  

karierSi gruntis wylebis modinebis anga-

riSiT miRebuli sidide sakmaod sworad asaxavs 

gansaxilvel ubanze arsebul hidrogeologiur 

situacias. q. Tbilisis teritoriaze samSeneb-

lo qvabulebis mowyobisas gaTvaliswinebuli 

unda iyos is garemoeba, rom miwisqveSa wylebis 

modineba ar aris ganpirobebuli qalaqis teri-

toriis intensiuri gawylianebiT, radganac q. 

Tbilisi da misi Semogareni gatenianebis uaryo-
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fiTi balansiT xasiaTdeba, rac praqtikulad 

gamoricxavs metnaklebad mZlavri miwisqveSa 

nakadis formirebas. umetes SemTxvevaSi wyalmo-

dinebis ZiriTadi nawili qalaqis wyalgayvani-

lobis da sakanalizacio qselidan mniSvnelo-

van danakargebTan aris dakavSirebuli.   
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V Tavi. saangariSo hidrogeologiuri 

parametrebis gansazRvra savele-sacdeli 

samuSaoebis gziT 

 

V.1. zogadi cnobebi 

miwisqveSa wylebis sabados saeqspluata-

cio maragebis Sefasebis sawyisi etapi aris 

wyalSemcveli fenis saangariSo hidrogeolo-

giuri parametrebis gansazRvra. ZiriTad para-

metrebad filtraciis koeficienti, piezogamta-

roba, donegamtaroba, gravitaciuli wyalgacema 

da gavlenis dayvanili radiusi iTvleba. 

dawneviTi wyalSemcveli horizontebis SemTxve-

vaSi gansazRvras eqvemdebareba agreTve wyal-

gamtarobis koeficienti (T), romelic saanga-

riSo formulebSi Sedis da gamoiTvleba, ro-

gorc wyalSemcveli fenis simZlavris filt-

raciis koeficientze namravli. 

aRniSnuli parametrebis realur situa-

ciasTan maqsimalurad miaxloebuli sidideebis 

miReba mxolod sacdeli amotumbvebis da amo-

tumbvis damTavrebis Semdeg wylis donis aRdge-

naze dakvirvebis gziT aris SesaZlebeli. kon-

kretuli amocanebidan gamomdinare, amotumbvis 

sxvadasxva saxeobebs arCeven: 

-  sasinji amotumbva (пробная откачка), romelic 

tardeba horizontis wyalSemcvelobis da 

wylis xarisxis winaswari Sefasebis mizniT; 
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-  sacdeli amotumbva (опытная откачка) calke aRe-

buli erTi WaburRilidan (одиночная откачка) an 

WaburRilTa e.w. “hidrogeologiuri buCqidan” 

(кустовая откачка).  am dros amotumbvis amocana 

gacilebiT rTuli da mravalferovania, kerZod, 

amotumbvam unda uzrunvelyos WaburRilis 

debitsa da donis dawevas Soris 

damokidebulebis gansazRvra (debitis mrudi), 

wyalSemcveli horizontebis filtraciis 

koeficientis da wyalgamtarobis gansazRvra, 

piezogamtarobis an donegamtarobis koefi-

cientebis gamoTvla, amotumbvis gavlenis 

radiusis dadgena da sxv. 

- sacdel-saeqspluatacio amotumbva tardeba gan-

sakuTrebiT rTul hidrodinamikur da hidro-

qimiur pirobebSi im mizniT, rom ganvsazRvroT 

drois ganmavlobaSi wylis dinamiuri donis da 

xarisxis SesaZlo cvlilebebi. 

centralizebuli wyalmomaragebis amoca-

nebis gadaWrisas hidrogeologiuri kvlevebis 

praqtikaSi farTod aprobirebul meTods buCqu-

ri amotumbva warmoadgens. mis Casatareblad 

ewyoba hidrogeologiuri buCqi, romelic sac-

deli (centraluri) da dasakvirvebeli WaburRi-

lebisgan Sedgeba. dasakvirvebel (saTvalTvalo) 

WaburRilebs wrfeze (sxivebze) ganalageben. 

ufro xSirad erTi an ori sxivi ewyoba, rom-

lebzec 2 an 3 saTvalTvalo WaburRili aris 

ganlagebuli. garkveuli mniSvneloba aqvs cent-
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ralur da saTvalTvalo WaburRilebs Soris 

manZilebis sworad SerCevas, rac ZiriTadad 

wyalSemcveli fenebis liTologiasa da fil-

traciis tipze (udawneo, dawneviTi) aris 

damokidebuli. am mizniT sargebloben m. 

altovskis mier Sedgenili cxriliT, romelic 

150-ze meti sacdeli amotumbvis monacemebs 

eyrdnoba.   
cxrili I.1 

manZilebi hidrogeologiuri buCqis WaburRilebs 

Soris 

wyalSemcveli qanebis 

Sedgeniloba 

filt-

raciis 

koefi-

cienti, 

m/dR.R 

miwis-

qveSa 

nakadis 

tipi 

manZili 

sacdel da 

saTvalTvalo 

gamonamu-

Sevrebs 

Soris,  

m 

gavlenis 

radiusis 

miaxloe-

biTi 

sidide, 

m 

#1 #2 #3 

Zlier napralovani 

kldovani qanebi 
>60 

dawnevi

Ti 

15-

20 

30-

40 

60-

80 

500 da 

meti 

udawneo 
10-

15 

20-

30 

40-

60 

500 da 

meti 

kenWnar-xreSovani 

qanebi wvrili 

minarevebis gareSe; 

msxvil- da 

saSualomarcvlovani 

erTgvarovani qviSebi 

>60 

dawnevi

Ti 

8-

10 

15-

20 

30-

40 
200-300 

udawneo 4-6 
10-

15 

20-

25 
200-300 

sustad 

danapralianebuli 

kldovani qanebi 

20-dan 

60-mde 

dawnevi

Ti 
6-8 

10-

15 

20-

30 
150-250 

udawneo 5-7 
8-

12 

15-

20 
150-250 

kenWnar-xreSovani 

qanebi wvrili 

minarevebis 

mniSvnelovani 

raodenobiT 

20-dan 

60-mde 

dawnevi

Ti 
5-7 

8-

12 

15-

20 
100-200 

udawneo 3-5 6-8 
10-

15 
100-200 
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msxvil-, saSualo-, da 

wvrilmarcvlovani 

erTgvarovani qviSebi 

5-dan 

20-mde 

wneviani 3-5 6-8 
10-

15 
80-150 

uwneo 2-3 4-6 
8-

12 
80-150 

 

Tu savele cdis Catarebis procesSi dacu-

lia WaburRilebs Soris daSorebis cxrilSi 

mocemuli rekomendaciebi, maSin filtraciis 

koeficientis saangariSod wneviani wylebis Sem-

TxvevaSi, SeiZleba SemovifargloT amotumbvis 

erTi dRe/Ramis xangrZlivobiT, xolo uwneo 

(gruntis) wylebis horizontidan amotumbvis 

xangrZlivobam minimum ori dRe/Rame unda Sead-

ginos. miwisqveSa wylebis filtraciis Tavise-

burebebidan gamomdinare, moTxovna imis Sesaxeb, 

rom amotumbva unda Catardes debitis an donis 

dawevis saboloo stabilizaciamde, usafuZv-

loa, radganac am sidideebis stabilizacias 

aTeuli wlebi dasWirdeba. amitom, amotumbva 

ver CaiTvleba “arakondiciurad”, Tu is aRniS-

nuli parametrebis stabilizaciamde iqna Sew-

yvetili. 

sanam gavecnobodeT buCquri amotumbvis 

monacemebis safuZvelze saangariSo hidrogeo-

logiuri parametrebis gansazRvris meTodebs, 

mizanSewonilia Tvali mivadevnoT amotumbvis 

gavleniT miwisqveSa nakadis deformaciis su-

raTs, rac qvemoT nax. V.1-ze aris warmodgenili.  
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nax.V.1. hidroizohifsebis rukebi 

a – amotubvamde; b – amotumbvis procesSi; 

isrebiT naCvenebia nakadis wirebi 

sqema a-ze datanilia hidroizohifsebis 

mdebareoba amotumbvis dawyebamde, xolo sqema 

b-ze – hidroizohifsebi amotumbvis procesSi. 

meore sqema naTlad asaxavs depresiuli Zabris 

konturs da saSualebas gvaZlevs grafikulad 

ganvsazRvroT sacdeli WaburRilis kvebis are. 

amotumbvis gavleniT warmoqmnil depresiis 

Zabrs SeiZleba hqondes rogorc simetriuli 

(gruntis wylebis horizontaluri zedapiris 

SemTxvevaSi), ise asimetriuli (daxrili zedapi-

ris SemTxvevaSi) forma.  

wyalSemcveli horizontis filtraciis 

koeficientis angariSi sruldeba rogorc dam-

yarebuli, aseve daumyarebeli filtraciis for-

mulebiT, xolo piezogamtarobis da donegamta-
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robis koeficientebis gamosaTvlelad aucileb-

lad daumyarebeli filtraciis formulebi 

gamoiyeneba.  

 

V.2. filtraciis koeficientis angariSi 

damyarebuli moZraobis SemTxvevaSi 

rodesac hidrogeologiuri buCqis cent-

raluri da saTvalTvalo WaburRilebi gaxsnis 

xarisxis mixedviT srulyofilia, anu wyalSem-

cveli horizonti mTlian simZlavreze aris ga-

dakveTili, maSin filtraciis koeficientis gan-

sazRvra diupuis formulebiT xdeba. dawneviTi 

wylebis SemTxvevaSi:  

- centraluri WaburRilisTvis:  

0.366 lg

 0

0

R
Q

r
k

mS

d

       
(V.1); 

- centraluri da pirveli saTvalTvalo 

WaburRilebisTvis: 

1

1

0.366 lg

)




0

0

r
Q

r
k

m(S S       
(V.2); 

 

- ori saTvalTvalo WaburRilisTvis:  

2

2

0.366 lg

)




1

1

r
Q

r
k

m(S S                   
(V.3) 

uwneo wylebis SemTxvevaSi: 

- centraluri WaburRilisTvis:  
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0.73 lg

)
 0

0 0

R
Q

r
k

(2H - S S

d

                  
(V.4) 

- centraluri da pirveli saTvalTvalo 

WaburRilebisTvis: 

1

1 1

0.73 lg

)( )


 

0

0 0

r
Q

r
k

(2H - S S S S   
(V.5) 

 

- ori saTvalTvalo WaburRilisTvis: 

 

2

2 2

0.73 lg

)( )


  

1

1 1

r
Q

r
k

(2H S S S S         
(V.6) 

 

zemoT mocemul formulebSi 
0S , 

1S da 
2S  

donis dawevis sidideebia, Sesabamisad, centra-

lur da saTvalTvalo WaburRilebSi; 
1r da 

2r

pirveli da meore saTvalTvalo WaburRilebis 

daSoreba centraluri WaburRilidan. 

filtraciis koeficientis saangariSo 

diupuis zemoT mocemul formulebSi igulis-

xmeba, rom hidrogeologiuri buCqis WaburRile-

biT (rogorc centraluriT, ise saTvalTvaloe-

biT) wyalSemcveli horizonti gaxsnilia 

mTlian simZlavreze, anu es WaburRilebi srul-

yofilia horizontis gaxsnis xarisxis mixedviT. 

amasTan, gasaTvaliswinebelia, rom realur Wa-

burRilSi donis dawevis an awevis sidideebi 
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mniSvnelovnad aris damokidebuli damatebiT 

filtraciul winaRobebze, romlebic WaburRi-

lebis arasrulyofilebasTan aris dakavSirebu-

li, rodesac wyalSemcveli feni mxolod nawi-

lobriv aris gaxsnili. praqtikuli cdebiT 

dadgenilia, rom rodesac / 0.1l m  ( l  - fil-

tris muSa nawilis sigrZea, m - wyalSemcveli 

horizontis simZlavre), diupuis formulebi sa-

marTliania arasrulyofili WaburRilebis Sem-

TxvevaSic, oRond, n. veriginis mier Semotanili 

Sesworebebis gaTvaliswinebiT. sabolood 

gveqneba: dawneviTi wylebis SemTxvevaSi 

- centraluri WaburRilisTvis:  

00.366 lg 0.217
 

 
 

0

0

R
Q

r
k

mS


d

              
(V.7) 

- centraluri da pirveli saTvalTvalo 

WaburRilebisTvis:   

1
0 1

1

0.366 lg 0.217( )

)

 
  

 


0

0

r
Q

r
k

m(S S

 

     (V.8) 

- ori saTvalTvalo WaburRilisTvis: 

  

2
1 2

2

0.366 lg 0.217( )

)

 
  

 


1

1

r
Q

r
k

m(S S

 

   
(V.9) 

uwneo wylebis SemTxvevaSi: 

- centraluri WaburRilisTvis: 
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0

0

0.73 lg 0.217

)

 
 

 
0

0

R
Q

r
k

(2H - S S


d

        (V.10) 

 

- centraluri da pirveli saTvalTvalo 

WaburRilebisTvis:  

1
0 1

1 1

0.73 lg 0.217( )

)( )

 
  

 
  

0

0 0

r
Q

r
k

(2H S S S S

 

     (V.11) 

- ori saTvalTvalo WaburRilisTvis: 

 

2
1 2

2 2

0.73 lg 0.217( )

)( )

 
  

 
  

1

1 1

r
Q

r
k

(2H S S S S

 

      (V.12) 

0 , 
1 , 

2 – filtrciuli winaRobis sidideebia, 

romlebSic gaTvaliswinebulia centraluri da 

saTvalTvalo WaburRilebis arasrulyofiloba 

horizontis gaxsnis xarisxis mixedviT, agreTve 

centralur WaburRilSi filtris konstruq-

ciis gavlenis efeqti. 

0  sidide ori Sesakrebisgan Sedgeba (
0 '  

da
0 '' ). 

0 '  – gansazRvravs WaburRilis aras-

rulyofilobas gaxsnis xarisxis mixedviT, 
0 ''  

– konstruqciis filtris da sxva teqnikuri mi-

zezebis gavlenas. 
0 ' , 1  da 

2 sidideebs Sevir-

CevT cxrilidan imis mixedviT, Tu rogoria cen-

traluri WaburRilis filtris muSa nawilis   
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( l ) Sefardeba wyalSemcveli horizontis sim-

ZlavresTan ( m ) da am ukanasknelis Sefardeba 

r  sididesTan. amasTan, 0 '  gansazRvrisas r  cen-

traluri WaburRilis radiusis (
0r ) tolia, xo-

lo 
1  da 2  gansazRvrisas – saTvalTvalo Wa-

burRilebis daSorebisa centraluri WaburRi-

lidan (
1r  da 2r ) (cxrili (V.2).  

 

cxrili V.2 

filtraciuli winaRobebis sidideebi  

l

m
 da 

m

r
Sefardebebis mixedviT

 
 

l

m
 

m

r  

0.5 1 3 10 30 100 200 500 1000 2000 

0.1 0.00391 0.122 2.04 10.4 24.3 42.8 53.8 69.5 79.6 90.9 

0.3 0.00297 0.0908 1.29 4.79 9.2 14.5 17.7 21.8 24.9 28.2 

0.5 0.00165 0.0494 0.656 2.26 4.21 6.5 7.86 9.64 11.0 12.4 

0.7 0.000546 0.0167 0.237 0.879 1.69 2.67 3.24 4.01 4.58 5.19 

0.9 0.000048 0.0015 0.0251 0.128 0.3 0.528 0.664 0.846 0.983 1.12 

 

im SemTxvevaSi, rodesac filtris muSa na-

wilis sigrZis Sefardeba wyalSemcveli hori-

zontis simZlavresTan / 0.1l m , filtraciis 

koeficientis saangariSo formulebs ramdenadme 

gansxvavebuli saxe aqvs da miTiTebulia 

specialur literaturaSi.  

 

V.3. filtraciis, wyalgamtarobis, piezogamta-

robis da donegamtarobis koeficientebis 
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gansazRvra daumyarebeli filtraciis 

SemTxvevaSi 

navTobis sabadoebis hidrodinamikuri pa-

rametrebis saangariSod farTod gamoiyeneba 

filtraciis koeficientis da piezogamtarobis 

gamoTvla daumyarebeli filtraciis meTodiT. 

bolo xanebSi aRniSnulma meTodma hidrogeo-

logiur kvlevebSic hpova gamoyeneba. damokide-

buleba WaburRilSi donis dawevis sididesa da 

debits Soris dawneviTi wylebis SemTxvevaSi da 

daumyarebeli filtraciis pirobebSi aisaxeba 

teisis gantolebiT:  

2

2.25
ln

4


Q at
S

km r           
(V.13). 

mocemuli formula SeiZleba gamovsaxoT 

Semdegnairad:
2

2.25
ln ln

4 4
 

Q a Q
S t

km r km 
. aTobiT 

logariTmze gadasvlis Semdeg gveqneba:  

2

0.183 2.25 0.183
lg lg 

Q a Q
S t

km r km       
(V.14).  

Tu SemovitanT aRniSvnebs:  

2

0.183 2.25
lg 

Q a
A

km r
 da 

0.183


Q
C

km
 

maSin, (V.14) formula Caiwereba Semdegi saxiT: 

lg S A C t , rac imas niSnavs, rom funqcionalu-

ri damokidebuleba (lg )S f t  gamoixateba wrfis 

gantolebiT.  

naxevrad logariTmul furcelze ageben 

grafiks (nax. V.2), romlis abcisaTa RerZze 
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drois logariTmebs gadazomaven, xolo ordi-

natTa RerZze – donis dawevis sidideebs. grafi-

ki warmoadgens wrfes raime kuTxuri koeficien-

tiT C  da sawyisi ordinataTi - A .  

 
 

nax. V.2. donis dawevis damokidebuleba  

drois logariTmze dawneviTi wylebis SemTxvevaSi 

C  koeficienti gamoiTvleba formuliT: 

2 1

2 1lg lg






S S
C

t t               
(V.15). 

A  koeficients uSualod grafikidan aviRebT 

da gamovTvliT wyalgamtarobas ( T km ) formu-

liT: 
0.183


Q

km
C     

(V.16);  

piezogamtarobis koeficienti gamoiTvleba 

formuliT: lg 2lg 0.35  
A

a r
C  

(V.17). Tu gamoT-

vla xdeba centraluri WaburRilis mona-

cemebiT, maSin r  sidide unda Seicvalos 

WaburRilis radiusiT 
0r , xolo saTvalTvalo 

WaburRilis monacemebis SemTxvevaSi - r  war-
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moadgens manZils centraluridan saTvalTvalo 

WaburRilamde.  

ganxiluli SemTxveva dawneviT filtra-

cias asaxavs. uwneo wyalSemcveli horizontebis 

Seswavlisas filtraciis da donegamtarobis 

koeficientebis gamoTvla Sinaarsobrivad ar 

gansxvavdeba wina SemTxvevidan, garda imisa, rom 

nacvlad (lg )S f t grafikisa, unda aigos 

 2 (lg ) S H S f t  funqciis grafiki. es grafikic 

warmoadgens wrfes, romlis gantolebas 

Semdegi saxe aqvs:   2 l g  S H S A C t        

(V.18);  

2

2.250.366
lg

r
 

aQ
A

k

d.g
; 

0.366


Q
C

k
.  

iseve, rogorc dawneviTi wylebis Sem-

TxvevaSi A  sidide ganisazRvreba im monakveTis 

sigrZiT, romelsac  2 lg( )S H S f t   funqcion-

aluri damokidebulebis grafiki mohkveTs or-

dinatTa RerZze (nax. V.3).  

 
nax. V.3. donis dawevis damokidebuleba  
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drois logariTmze uwneo wylebis SemTxvevaSi 

 

kuTxur koeficients gamovTvliT formu-

liT: 2 2 1 1

2 1

(2 ) (2 )

lg lg

  




S H S S H S
C

t t
.  

Sesabamisad, A  da C  cnobili sidideebiT, 

filtraciis da donegamtarobis koeficientebi 

gamoiTvleba formulebiT:  

0.366


Q
k

C  
(V.19); lg 2lg 0.35  

A
a r

C
d.g

 
(V.20). 

zemoT ganxiluli damokidebulebebis 

naTelsayofad ganvixiloT praqtikuli magali-

Ti.  

magaliTi. ganvsazRroT wyalgamtarobis 

da piezogamtarobis koeficientebi dawneviTi 

horizontidan srulyofili WaburRilis Sem-

TxvevaSi amotumbvis monacemebiT, romlebic mo-

cemulia cxril V.3-Si. 
                     cxrili V.3  

dawneviTi horizontidan amotumbvis monacemebi 

amotumbvis daw-

yebidan gasuli  

dro t , sT 

donis daweva 

centralur 

WaburRilSi 
0S

, m 

donis daweva saT-

valTvalo Wabur-

RilSi, 
1S , m 

6 7.12 1.60 

12 7.42 1.90 

18 7.54 2.04 

24 7.70 2.18 

30 7.75 2.24 

36 7.82 2.31 
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42 7.90 2.33 

48 7.96 2.44 

54 8.00 2.48 

60 8.04 2.52 

66 8.08 2.56 

72 8.12 2.60 

 

amotumbva Catarda mudmivi debitiT 

1200Q  m3/dR.R.; centraluri WaburRilis ra-

diusi 
0 0.1r m; manZili saTvalTvalo Wabur-

Rilamde 100r  m. avagebT or grafiks 
0 (lg )S f t  

da 
1 (lg )S f t  (nax. V.4). 

0S  da 
1S  gamosaxulia 

metrebSi, t  - saaTebSi.  

 
nax. V.4. donis dawevis damokidebuleba drois logariT-

mze dawneviTi horizontis SemTxvevaSi  

 

grafikidan movxsniT A -s mniSvnelobebs: 

centraluri WaburRilisTvis – 6.4; saTvalT-

valo WaburRilisTvis – 0.9.  
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gamovTvaloT kuTxuri koeficienti (V.15) 

formuliT grafikze aRebuli ori M da N wer-

tilebisTvis (centraluri WaburRili) da 
1M da 

1N wertilebisTvis (saTvalTvalo WaburRili). 

miviRebT:  

centraluri WaburRilisTvis: 
7.7 7.5

1
1.4 1.2


 


C .  

saTvalTvalo WaburRilisTvis: 
2.2 2.0

1
1.4 1.2


 


C  .  

maSasadame, rogorc centraluri, ise saT-

valTvalo WaburRilisTvis miviReT C  paramet-

ris erTnairi sidide.  

(V.16) da (V. 17) formulebiT vangariSobT 

wyalgamtarobis da piezogamtarobis koeficien-

tebis sidideebs: 

 
0.183 1200

220
1.0


  T km m2/dReRame.  

piezogamtarobis koeficienti saTvalT-

valo WaburRilisTvis:   

0.9
lg 2lg100 0.35 4.55

1.0
   a ; 

43.58 10  a 2 5 2m /sT = 8.5 10 m /dR.R.  

- centraluri WaburRilisTvis:  

6.4
lg 2lg 0.1 0.35 4.05

1.0
   a ;  

41.12 10  a 2 5 2m /sT = 2.7 10 m /dR.R.  

centraluri WaburRilis monacemebiT 

naangariSevi piezogamtarobis koeficientis 



109 

 

sidide naklebad sarwmunoa, sangrevispira 

zonaSi aRZruli zegavlenis gamo. 

magaliTi. ganvsazRvroT filtraciis da 

donegamtarobis koeficientebi wyalSemcveli 

napralovani kirqvebis horizontSi. wyalSemcve-

li horizontis zedapiri Tavisufalia, anu 

zedapirze dawneva atmosferuli wnevis tolia. 

horizontis simZlavre 20 metrs Seadgens. sac-

deli amotumbva Catarda mudmivi debitiT – 1000 

m3/dR.R. amotumbvis procesSi doneebi izomeboda 

saTvalTvalo WaburRilSi, romelic central-

ri WaburRilidan 70 metriT aris daSorebuli. 

amotumbvis monacemebi asaxulia cxril V.4-Si.  
cxrili V.4  

uwneo horizontidan amotumbvis monacemebi 

 
amotumbvis 

dawyebidan 

gasuli  

dro t , 

dRe/Rame 

donis daweva 

saTvalTvalo 

WaburRilSi, 

S , m 

(2 )S H S  lg t  

0.5 0.37 14.48 -0.3 

1.0 0.60 23.6 0 

2.0 0.82 32.0 0.3 

3.0 0.99 38.4 0.48 

4.0 1.11 43.0 0.6 

5.0 1.20 46.5 0.7 

6.0 1.28 49.3 0.78 

7.0 1.34 51.9 0.845 

8.0 1.40 54.0 0.90 

9.0 1.45 55.8 0.954 

10.0 1.49 57.5 1.0 
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vagebT grafiks - (2 ) (lg ) S H S f t  (nax. V.3).  

 
nax. V.5. donis dawevis damokidebuleba  

drois logariTmze uwneo wylebis SemTxvevaSi 
 

grafikze mocemuli M da N wertilebisTvis: 

57.5 38.4
36.6

1.0 0.48


 


C . 

0.366 0.366 1000
10

36.6


  

Q
k

C
m/dR.R.  

20.5
lg 2lg 70 0.35 3.90

36.6
   ad.g.  

47943 10   a 2 3 2
d.g. m /dR.R 8 10 m /dR.R.  

magaliTi. winamdebare saxelmZRvanelos 

avtorTa uSualo monawileobiT da maTi 

zedamxedvelobis qveS Catarda burRviTi da 

sacdel-filtraciuli samuSaoebi q. TeTriwya-

ros teritoriaze, romelTa Sedegebi qvemoT 

aris warmodgenili.  
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q. TeTriwyaros dasaxlebuli teritoriis 

sasmeli wyalmomaragebis mizniT gayvanili 

WaburRili mdebareobs qalaqis CrdiloeT pe-

riferiaze, iq, sadac ganlagebulia wylis 

Semkrebi ori rezervuari, TiToeuli 250 m3 

tevadobisa.  

WaburRilSi Catarda xanmokle sacdeli 

amotumbva, romelic ganxorcielda italiuri 

warmoebis CasaZiri eleqtrotumbos saSualebiT. 

tumbos CaZirvis siRrme - 75 m. eleqtruli 

donemzomis Cvenebis mixedviT, WaburRilSi 

wylis statikuri done  -13.9 m. Seadgens.   

wyalSemcveli intervalis filtraciuli 

maxasiaTeblebis saangariSod gamoyenebul iqna 

amotumbvis damTavrebis Semdeg donis aRdgenaze 

dakvirvebis monacemebi. amasTanave, aRsaniSnavia, 

rom angariSi Sesrulebulia wneviani filtra-

ciis formulebiT, radganac mocemul SemTxve-

vaSi swored dawneviT miwisqveSa wyalTan gvaqvs 

saqme.  

xanmokle sacdeli amotumbvis faqtobrivi 

monacemebi asaxulia cxril V.5-Si.   
cxrili V.5 

wylis donis aRdgenaze dakvirvebis monacemTa cxrili 

## 
amotumbvis 

mwarmoebluroba 
( Q), m3/dR.R.  

dro amo-
tumbvis dam-
Tavrebis 
Semdeg  

lgt, 
wT 

donis 
awevis 
sidide 

(S), m 
t, wm 

t, 
wT 

1 2 3 4 5 6 
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1 

12
9.
6 

60 1 0 1.07 
2 120 2 0.3 1.22 

3 300 5 0.7 1.32 
4 600 10 1 1.37 
5 1200 20 1.3 1.40 

Q 129.6 m3/dR.R. mudmivi debitiT amotum-

bvis procesSi, erTi  saaTis Semdeg damyarda 

dinamiuri wonasworoba WaburRilis lulaSi 

nakadis bunebriv Semodinebasa da amotumbvis 

mwarmoeblurobas Soris, ise, rom donis Sem-

dgom dawevas adgili aRar hqonda. donis maqsi-

maluri dawevis sididem 1.86 m Seadgina, rac 

Seesabameba dinamiur dones - 15.76 m. es maCvenebe-

li miCneulia sawyis wertilad donis aRdgenis 

sidideebis saangariSod. sailustraciod qvemoT 

mocemulia ori grafiki. pirveli grafiki gamo-

xatavs amotumbvis Sewyvetis Semdeg donis aRd-

genis mimdinareobas da mis damokidebulebas 

droze (wamebSi) (nax. V.6).  

 
nax. V.6. donis aRdgenis damokidebuleba droze 

amotumnbvis Sewyvetis momentidan 

nax. 1. donis aRdgenis damokidebuleba droze amotummbvis 

Sewyvetis momentidan

1.401.371.32
1.22

1.07

0

13

14

15

16

0 6
0

1
2
0

3
0
0

6
0
0

1
2
0
0

dro 

(wm)

w
y
l

i
s
 
d
o
n
e
 
W
a
b
u
r
R
i
l

S
i
 
(m
)
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wyalSemcveli fenis filtraciuli maxa-

siaTeblebis saangariSod mizanSewonilia naxev-

rad logariTmuli grafikis gamoyeneba.  

funqcionaluri damokidebuleba )(lg tfS   

donis aRdgenis sididesa da amotumbvis Sewyve-

tis Semdeg gasul drois logariTms Soris 

(wT) mocemulia qvemoT S(m), lgt(wT) koordina-

tebSi (nax. V.7).   

 
nax. V.7. )(lg tfS   damokidebulebis grafiki 

 

filtraciis koeficientis saangariSod 

grafikze virCevT or wertils (1 da 2), ro-

melTa koordinatebia:  

    1 0lg 1 t ;        07.11 S  m 

    2 7.0lg 2 t ;     32.12 S  m 

kuTxuri koeficienti gamoiTvleba (V.15) 

formuliT. (V.15) formulaSi ricxviTi 

sidideebis SetaniT miviRebT:  

357.0
7.0

25.0

07.0

07.132.1

lglg 12

12 










tt

SS
C  

nax. 2. S=f (lgt) damokidebulebis grafiki 

2

1

1.07

1.32

1

1.1

1.2

1.3

1.4

1.5

0 0.2 0.4 0.6 0.8 1 1.2 1.4

lgt (wT)

d
o
n
i
s
 
a
w
e
v
i
s
 
s
i
d
i
d
e
 
(m
)
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fenis wyalgamtarebloba iangariSeba (V.16) 

formuliT. ricxviTi sidideebis Casmis Semdeg 

gveqneba: 

44.66
357.0

72.23

357.0

6.129183.0



Km  m2/dR.Rame 

burRvis monacemebis mixedviT wyalSemcve-

li intervali liTologiurad warmodgenilia 

napralovani karbonatuli qviSaqvebiT. interva-

lis simZlavre 5 – 10 m farglebSia. saSualod 

miviRoT m = 7 m. maSin, filtraciis koeficien-

tis sidide toli iqneba:  

T 66 44
k 9 49

m 7

.
.    m/dR.Rame. 

sabolood SevirCevT k =10 m/dR.R., rac 

realuri sididea mocemuli liTologiis wyal-

Semcveli qanisTvis. rogorc vxedavT, Wabur-

RiliT gaxsnili wyalSemcveli intervali 

sakmaod maRali filtraciuli TvisebebiT xasi-

aTdeba, rac WaburRilis saproeqto debitiT 

muSaobis garantiaa.  

 

V.4 amotumbvis gavlenis dayvanili  

radiusis gansazRvra 

WaburRilSi wylis donis dawevasa da amo-

tumbvis debits Soris funqcionaluri 

damokidebulebis formulaSi 
2

2.25
ln

4


Q at
S

km r
 

donis dawevis sidide nulis tolia, rodesac 
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gamosaxuleba 
2

2.25
1

at

r
 . Tu manZils, romelzec 

es piroba vrceldeba, aRvniSnavT r Rd  , sadac 

Rd - dayvanili radiusia, gveqneba: 2 2.25R atd , anu 

1.5R atd
 (V.21). formula (V.21)  gamoiyeneba im 

SemTxvevaSi, rodesac dayvanili radiusis gam-

oTvla daumyarebeli filtraciis reJimSi 

xdeba. a  - piezogamtarobis koeficientia.   

meore mxriv, Tu amotumbvis procesSi 

adgili aqvs doneebis stabilizacias, maSin 

dayvanili radiusis gamoTvla SesaZlebelia 

amotumbvis monacemebze dayrdnobiT diupuis 

Semdegi formuliT: 1 2 2 1

1 2

lg lg
lg






S r S r
R

S S
d  (V.22), 

sadac 
1S da

2S donis dawevis sidideebia pirvel 

da meore saTvalTvalo WaburRilebSi; 
1r da 

2r  

am WaburRilebis daSoreba centraluri Wabur-

Rilidan.  

qvemoT mocemulia amotumbvis dayvanili 

radiusis gamoTvlis praqtikuli magaliTi.  

magaliTi. dawneviTi wyalSemcveli hori-

zontidan ganxorcielda sacdeli amotumbva 

mudmivi debitiT 800 m3/dR.R., sacdeli WaburRi-

lis radiusi tolia 0.1 m. doneebze dakvirvebebi 

tardeboda centralur da or saTvalTvalo 

WaburRilebSi. saTvalTvalo WaburRilebis 

daSoreba centraluri WaburRilidan Seadgens 
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50 da 100 m. amotumbvis monacemebi V.^6 cxrilis 

formiT aris warmodgenili.  
 

 

 

cxrili V.6 

 

gavlenis dayvanili radiusis gansazRvra  

amotumbvis monacemebiT 

 

amotumbvis 

dawyebidan 

gasuli  

dro t , sT 

donis 

daweva cen-

tralur  

WaburRilSi, 

S , m 

donis daweva 

pirvel saT-

valTvalo  

WaburRilSi, 

1S , m 

donis daweva 

pirvel saT-

valTvalo  

WaburRilSi, 

2S , m 

2 5.17 1.46 1.05 

4 5.33 1.62 1.21 

6 5.42 1.71 1.30 

8 5.46 1.75 1.34 

10 5.49 1.78 1.37 

12 5.51 1.80 1.39 

16 5.54 1.83 1.42 

20 5.56 1.85 1.44 

24 5.56 1.85 1.44 

28 5.57 1.86 1.45 

32 5.57 1.86 1.45 

36 5.58 1.87 1.46 

40 5.58 1.87 1.46 

44 5.58 1.87 1.46 

48 5.58 1.87 1.46 

  

amotumbvis bolo 14 saaTis ganmavlobaSi 

doneTa cvlilebas adgili ar hqonia, amis gamo 

amotumbva Sewyda. amotumbvis damTavrebis 
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Semdeg doneebis aRdgenaze dakvirvebebis Sedeg-

ebi cxril V.7-Si aris asaxuli.  
 

 

 

 

cxrili V.6 

amotumbvis Sewyvetis Semdeg donis aRdgenaze dakvirvebis 

monacemebi 

 
amotumbvis 

Sewyvetidan 

gasuli  

dro t , wT 

centralur  

WaburRilSi 

donis 

aRdgena, S , m 

amotumbvis 

Sewyvetidan 

gasuli  

dro t , wT 

centralur  

WaburRilSi 

donis 

aRdgena, S , m 

1 3.79 13 4.56 

2 4.00 14 4.58 

3 4.12 15 4.60 

4 4.21 20 4.69 

5 4.27 25 4.76 

6 4.33 30 4.81 

7 4.38 35 4.86 

8 4.41 40 4.90 

9 4.45 45 4.93 

10 4.48 50 4.96 

11 4.51 55 4.99 

12 4.54 60 5.02 

  

imisTvis, rom davrwmundeT moxda Tu ara 

doneebis stabilizacia, avagoT funqcionaluri 

damokidebulebis grafiki (lg )S f t  (nax. V.8), 

donis aRdgenaze dakvirvebis monacemebis 

mixedviT da ganvsazRvroT wyalgamtarobis da 

piezogamtarobis koeficientebi.  
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nax. V.8. damokidebuleba donis aRdgenasa da drois log-

ariTms Soris cdis monacemebis mixedviT 

 

grafikis mixedviT 3.79A . grafikze Ser-

Ceuli ori ori M da N wertilebisTvis 

kuTxuri koeficientis sidide toli iqneba:  

4.48 4.34 0.14
0.70

1.0 0.8 0.2


  


C .  

(V.16) da (V.17) formulebiT gamovTvliT 

wyalgamtarobis da piezogamtarobis koeficien-

tebis sidideebs:  

0.183 800
209

0.7


  T km  m2/dR.R 

3.79
lg 2lg 0.1 0.35 3.06

0.7
   a ,  

1150  a 2 6 2m /wT =1150 1440 =1.65 10 m /dR.R  a -sa da 

km -is naangariSevi sidideebis mixedviT, gamovT-

vliT donis dawevis sidides amotumbvis 

dasrulebis momentisTvis - 48t  sT (2 dR.R): 
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61.5 1.5 1.65 10 2 2720    R atd m   

800 2720
ln ln 0.61 10.2 6.22

4 6.28 219 0.1
    



RQ
S

km r

d

 m;  

Tu miRebul sidides SevadarebT cxril 

V.6-Si naCveneb sidides davinaxavT, rom es 

ukanasknelni 64 sm-iT naklebia, rac imaze miuT-

iTebs, rom stabilizacias namdvilad hqonda 

adgili. am SemTxvevaSi marTebulia 

visargebloT dayvanili radiusis gamosaT-

vleli formuliT: 

1.87 lg100 1.46lg50
lg 3.07

1.87 1.46


 


Rd , 1170Rd  m. 

 

V. 5 Surfidan sacdeli infiltraciis xerxebi 

melioraciuli samuSaoebis sworad dasap-

roeqteblad gansakuTrebuli yuradReba eqceva 

aeraciis zonis gruntebis filtraciuli maxa-

siaTeblebis Seswavlas, radganac es maxasiaTeb-

lebi gansazRvravs sairigacio samuSaoebis 

racionalurad warmarTvis SesaZleblobas. 

aeraciis zonaSi gruntebis filtraciis koefi-

cientis dadgenis mizniT tardeba Surfidan 

sacdeli infiltraciis specialuri cdebi. ar-

sebobs cdis Catarebis ramdenime xerxi, romel-

Ta Soris ufro gavrcelebulia boldirevis, 

kamenskis da nesterovis mier SemoTavazebuli 

meTodebi. 
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boldirevis xerxi.  mSral gruntSi amo-

Rebuli Surfis siRrme imgvarad unda SeirCes, 

rom misi fskeri (sangrevi)  gruntis wylis ze-

dapirs zemoT 3-5 metriT iyos daSorebuli. 

Surfis pirze dadgmuli dagraduirebuli WurW-

lidan wvrili milakis saSualebiT wyals Sur-

fis fskers im angariSiT awvdian, rom cdis gan-

mavlobaSi SurfSi wylis done iyos mudmivi, 

daaxloebiT 10 sm-is simaRleze fskeridan.  

 
nax.V.9. xelsawyo Surfidan infiltraciis cdisaTvis 

(boldirevis mixedviT) 

 

wylis doneze dasakvirveblad fskerze lartya 

aris damagrebuli. Tu drois erTeulSi SurfSi 

miwodebuli wylis raodenobas – Q  gavyofT 

fskeris farTobze – F , miviRebT infiltraciis 

saSualo siCqares, romelic tolia:  

 

Q
=

F
             (IV. 23). 



121 

 

meore mxriv, darsis kanonis mixedviT, 

infiltraciis dros wyalSeRwevadobis koefi-

cienti tolia: =
J

k

     (IV. 24). 

imis gamo, rom Surfis fskeris zemoT 

wylis done dabalia da 10 sm-s ar aRemateba, 

SeiZleba CavTvaloT, rom dawnevis gradienti 

erTis tolia da Sesabamisad, =k  . 

amrigad, ganvsazRvravT ra infiltraciis 

saSualo siCqares ( ), gavutolebT mas filtra-

ciis koeficients ( k ). 

aRwerili meTodi ar iTvaliswinebs Sur-

fis gverdebidan wylis Sewovas da kapilaruli 

Zalebis zemoqmedebas, amitom es xerxi Seda-

rebiT zust sidides iZleva qviSrobi gruntebis 

SemTxvevaSi, sadac kapilaruli Zalebis zemoq-

medeba umniSvneloa. 

nesterovis xerxi.  es meTodi gamoiyeneba 
Tixuri Sedgenilobis gruntebSi infiltraciis 

Sesaswavlad. Surfis fskerze mowyobil 

CaRrmavebaSi, e.w. zumfSi (wylis koleqtori) 

Casvamen foladis or Sida da gare rgols.  
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nax.V.9. xelsawyo Surfidan infiltraciis cdisaTvis 

(nesterovis mixedviT) 
 

orive zumfSi asxamen wyals da inarCune-

ben mudmiv dones, wyliT savse ori gadmoyirave-

buli balonis saSualebiT. gare zumfidan wya-

li CaJonvaze, gverdiT gandinebaze da kapila-

rul Sewovaze ixarjeba, xolo Sida rgolidan 

– mxolod infiltraciaze. am variantSi infil-

traciuli nakadis ganivkveTis farTobi Sida 

rgolis fuZis farTobis tolia. 

cdis dasrulebis Semdeg CaJonvis siRrmis 

dasadgenad Surfis fskeridan gahyavT Wabur-

Rili. 
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 filtraciis koeficients angariSoben 

formuliT:  
( )


 k

Qz
k

F H h z     
(IV. 25). 

sadac Q – Sida rgolis fuZidan damyarebuli 

filtraciuli xarjia; z  – Surfis fskeridan 

wylis CaJonvis siRrme; 2F r - r radiusis mqone 

Sida rgolis ganivkveTis farTobia; 
kH  – kapi-

laruli awevis simaRle, romelic cdis saSua-

lebiT ganisazRvreba;  h  – Sida rgolSi wylis 

fenis sisqe. 
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VI. miwisqveSa wylebis damyarebuli moZraoba 

anizotropul da araerTgvarovan 

wyalSemcvel qanebSi 

 

VI.1 araerTgvarovani wyalSemcveli wyebebis 

ZiriTadi  saxeobebi 

Tu wyalSemcvel wyebas erTi da igive li-

Tologiuri Sedgeniloba da filtraciis koe-

ficienti aqvs, mas erTgvarovani ewodeba. erT-

gvarovani wyeba SeiZleba iyos izotropuli an 

anizotropuli. izotropulia im SemTxvevaSi, 

rodesac qanis wyalgamtaroba yvela mimarTule-

biT erTnairia, anu ar aris damokidebuli 

wylis moZraobis mimarTulebaze. Tu qanis 

wyalgamtaroba erTi mimarTulebiT metia, vidre 

sxva mimarTulebiT, aseT qans anizotropuli 

ewodeba. anizotropuli qanis magaliTad gamod-

geba lentiseburi Tixebi (wyalgamtaroba hori-

zontaluri mimarTulebiT metia, vidre vertika-

luri mimarTulebiT) da liosi, romlis wyal-

gamtaroba vertikaluri mimarTulebiT metia, 

vidre horizontalurad. 

anizotropulobis cneba ar unda gavaigi-

voT wyalSemcveli fenis araerTgvarovnebis 

cnebasTan. anizotropia qanis struqturuli 

TaviseburebebiT aris ganpirobebuli, xolo 

araerTgvarovneba horizontaluri da vertika-

luri mimarTulebiT wyalSemcveli fenis 

liTologiuri Sedgenilobis gansxvavebiT. ara-
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erTgvarovani wyalSemcveli fenebi bunebaSi uf-

ro xSirad gvxvdeba. gansakuTrebiT damaxasiaTe-

belia araerTgvarovani wyalSemcveli fenebis 

gavrcelebis sami SemTxveva:  

1. fenebi, romlebic agebulia sxvadasxva wyalgam-

tarobis Sreebis monacvleobiT. amgvar ara-

erTgvarovnebas xSirad Sreebriv araerTgva-

rovnebas uwodeben. 

2. orSriani fenebi – meti mniSvneloba eniWeba im 

SemTxvevas, rodesac zeda Sris wyalgamtaroba 

naklebia qvedasTan SedarebiT; amgvari age-

buleba damaxasiaTebelia didi mdinareebis 

aluviuri naleqebisaTvis; 

3. fenebi, romlebisTvisac damaxasiaTebelia wyal-

gamtarobis mkveTri cvla horizontalri mimar-

TulebiT. 

 

VI.2 anizotropul da araerTgvarovan qanebSi 

wylis moZraobis ZiriTadi kanonzomierebebi 

anizotropul fenebSi filtraciis koefi-

cientis sidide moZraobis mimarTulebaze aris 

damokidebuli (nax. VI.1).  

  
nax. VI.1. anozotropuli qanis wyalSeRwevadobis epiura 
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wylis Wavlebis gadasvlisas sxvadasxva 

wyalgamtarobis Sreebis zedapirze, xdeba naka-

dis wirebis gardatexa (VI.2).  

 
 

nax. VI.2. nakadis wiris gardatexa sxvadasxva 

wyalSeRwevadobis ori Sris gamyof zedapirze 

 

nakadis wirebis gardatexa emorCileba 

Semdeg gantolebas: 
2

1

k

k

tg

tg





 (VI.1), sadac   

aris kuTxe Sreebis gamyofi zedapirisadmi mar-

Tobsa da nakadis wiris mimarTulebas Soris im 

SreSi, romlisTvisas filtraciis koeficienti 

udris  1k .   kuTxe imave marTobsa da im SreSi 

nakadis wirs Soris, romelSic filtraciis 

koeficienti udris 2k .  
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qvemoT mogvyavs am gantolebis gamoyvana 

kamenskis mixedviT. gamovyoT filtraciuli 

nakadis elementi, romelic nakadis ori wiriT 

ABC  da DEF  aris SemosazRvruli (nax. VI.2). 

davweroT darsis kanonis mixedviT erTeuli 

xarjis gantoleba TiToeuli SrisaTvis. 

1111 Ihkq  ; 2222 Ihkq  . ramdenadac 21 qq   amitom, 

222111 IhkIhk  (VI.2).  

(VI.2) naxazidan Cans, rom cos1 BEh  ; 

cos2 BEh  . Tu   1h  da 2h   sidideebs SevitanT 

(VI.2) formulaSi da SevkvecavT BE  miviRebT: 

 coscos 2211 IkIk   (VI.3). gamovsaxoT gradientebi 

1I  da 2I  maTi tangencialuri SemdgenlebiT )(

1

t
I

da )(

2

t
I  Sreebis gamyofi zedapiris gaswvriv: 

    
sin

)(

1
1

t
I

I   
sin

)(

2
2

t
I

I  .  

 1I da 2I  miRebuli sidideebis SetaniT (VI.3) 

gantolebaSi gveqneba: 








sin

cos

sin

cos
)(

2
2

)(

1
1

tt
I

k
I

k  (VI.4). 

imis gamo, rom gradientis tangencialuri 

Semdgenlebi Sreebis gamyofi zedapiris 

gaswvriv erTmaneTis tolia, anu )(

1

t
I = )(

2

t
I , maSin 

(VI.3) gantoleba SeiZleba Semdegnairad 

CavweroT:   

 ctgkctgk 21   an 








tg

tg

ctg

ctg

k

k


2

1  (VI.5)  
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risi damtkicebac gvindoda. (VI.5) toloba 

gviCvenebs, rom rac metia gansxvaveba wyalgamta-

robebs Soris, miT meti iqneba nakadis wiris 

gardatexa Sreebis gamyofi zedapiris gadakve-

Taze. 

igive gantoleba gviCvenebs, agreTve, rom 

erT-erTi Sris wyalgamtarobis gadidebas mivya-

varT nakadis wiris daxris Semcirebisaken ( 1k  

gadideba iwvevs tg gadidebas da aqedan mosa-

zRvre kuTxis Semcirebas )90(  ), romelic gan-

sazRvravs nakadis wiris gadaxras Sreebis gam-

yofi zedapiridan (nax. VI.2).  

nakadis wiris gardatexis saerTo kanon-

zomierebidan ori SemTxveva gamoiyofa, rodesac 

nakadis wiris gardatexa ar xdeba:  

a) wylis filtraciisas Sreeobriobis gaswvriv, 

rasac adgili aqvs Sreebrivi araerTgva-

rovnebisas; 

b) wylis filtraciisas Sreobriobis sibrtyis 

marTobulad.  

Sreobriobis gaswvriv wylis filtraci-

isas filtraciis koeficienti nakadis wirze 

rCeba mudmiv sidided, amitom ar aris aucileb-

loba nakadis wiris gardatexisa, rodesac wya-

li erTsa da imave fenSi moZraobs. wylis fil-

traciisas Sreobriobis sibrtyis marTobulad 

kuTxe ( 0 ), maSin (VI.1) gantolebidan  
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2

1

k

k
tgtg    agreTve udris nuls anu 0 . amg-

varad, arc am SemTxvevaSi aqvs adgili nakadis 

wiris gardatexas. 

 

VI.2.1 nakadis xarjis gansazRvra Sreobriobis 

gaswvriv moZraobisas 

ganvixiloT wylis moZraoba araerTgva-

rovan qanSi Sreobriobis gaswvriv. amgvari moZ-

raobisas, nakadis erTeuli xarji wyalSemcve-

li fenis TiToeul SreSi SeiZleba gamoisaxos 

darsis kanonis mixedviT Semdegnairad (nax. VI.3).  
 

 

1k , 2k , 3k , 4k , nk  - 

Sreebis filtraciis 

koeficientebi;  

1h , 2h , 3h , 4h , nh  - 

Sreebis simZlavreebi;  

s   - nakadis wirebi;  

1H  da 2H  - gruntis 

wylebis piezometruli 

dawnevebi 1 da 2 

kveTebSi; 1 2L   - 

manZili 1 da 2 kveTebs 

Soris 

 

nax. VI.3. gruntis wylebis moZraoba Sreebis 

paralelurad 
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pirvel SreSi Ihkq 111  ;  

meore SreSi Ihkq 222  ;  

rigiT romelime n SreSi Ihkq nnn   

sadac 1k , 2k  , ... 
nk  filtraciiis koeficiente-

bia 1, 2, ... n SreebSi; 1h , 2h ,...
nh  Sesabamisi Sree-

bis simZlavreebi; I – dawnevis gradienti, rome-

lic saerToa yvela SrisTvis. wevrebad dajgu-

febis Semdeg miviRebT wyalSemcvel fenSi 

erTeul xarjs: 

 Ihkhkhkqqqq nnn  ...... 221121    (V.6). 

gantolebis marjvena mxaris gamravlebiT da 

gayofiT 
nhhh  ...21
-ze miviRebT: 

n

nnn

hhh

Ihhhhkhkhk
q






...

)...)(...(

21

212211  (VI.7) 

(VI.7) formula asaxavs filtraciis pro-

cess n Srian garemoSi. Tu aviRebT praqtikaSi 

ufro gavrcelebul SemTxvevas, rodesac wyal-

Semcveli feni ori SriT aris warmodgenili,  

(VI.7) formula gamartivdeba da Semdeg saxes 

miiRebs: 1 2
1 1 2 2

H H
q (k h k h )

L


 

 
(VI.8) 

(VI.7) gantolebis marjvena mxares mocemu-

li gamosaxuleba  kamenskis mixedviT, warmoad-

gens wyalSemcveli wyebis saSualo filtraciis 

koeficients Sreobriobis gaswvriv wylis moZ-

raobisas:  
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1 1 2 2 n n

1 2 n

k h k h k h
k

h h h

( ... )

...

  


  
saS.   (VI.9) 

polubarinova – koCina am sidides eqviva-

lents anu filtraciis koeficientis dayvanil 

sidides uwodebs. es aris calkeuli Sreebis 

filtraciis koeficientebis Sewonili sididee-

bi maTi simZlavreebis gaTvaliswinebiT. Tu 

Sreebis filtraciis koeficientebi erTmaneTis 

tolia, maSin (VI.9) formulaSi SesaZlebelia 

frCxilebs gareT maTi gamotana da amgvarad 

filtraciis saSualo koeficienti aRmoCndeba 

erTgvarovani fenis filtraciis koeficientis  

k -s toli.  

(VI.7) formulaSi (VI.9) gamosaxulebis Se-

taniT miviRebT: 
i 1

i
i n

q k h I




 saS.  (VI.10). 

amgvarad, Sreobriobis gaswvriv wylis 

moZraobisas nakadis erTeuli xarji SeiZleba 

gamovTvaloT darsis formuliT, Tu masSi 

filtraciis koeficientis ( k ) sidides  Sevcv-

liT filtraciis koeficientis saSualo ksaS.  

sididiT.  

magaliTi. wyalSemcveli feni qviSis ori 

Srisgan Sedgeba, romelTa filtraciis koefi-

cientebi da simZlavreebi Sesabamisad udris:  

1k 5.45  m/dR.R., 1h 5 m; 2k 3.50  m/dR.R., 2h 10 ; 

gansaxilvel ubanze gruntis wylebis dawnevebi 

tolia: 1H 35.48  m; 2H 32.48  m; im wertilebs 



132 

 

Soris manZili, sadac wnevebi gaizoma, 500 m 

Seadgens. ganvsazRvroT im nakadis xarji, rome-

lic Sreeobriobis paralelurad moZraobs. Tu 

ricxviT sidideebs SevitanT (VI.8) formulaSi, 

miviRebT: 

35.48 32.48
q (5.45 5 3.50 10) 0.379

500


      m3/dR.R 

 

VI.2.2 nakadis xarjis gansazRvra Sreobriobis 

perpendikularuli mimarTulebiT wylis 

moZraobisas 

Sreeobriobis marTobulad moZraobisas 

filtraciis saSualo koeficientis mniSvnelo-

ba ukve gansxvavebulia Sreobriobis gaswvriv 

moZraobis sididisgan. TiToeuli SrisTvis 

filtraciis siCqare SeiZleba gamoisaxos 

darsis kanonis mixedviT Semdegnairad (nax. VI.4):  

pirveli SrisTvis 1
1 1 1

1

H
v k J k

h


  ;  

meore SrisTvis 2
2 2 2

2

H
v k J k

h


  ;      (VI.11) 

rigiT n SrisTvis n
n n n

n

H
v k J k

h


      

sadac 1H , 2H , ..., nH  TiToeul SreSi wnevis 

dacemis sididea; 1h , 2h , ..., nh  – Sris 

simZlavreebi; 1k , 2k , ..., nk  – filtraciis 

koeficientebi. 
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h  – filtraciis manZili;  

H  – piezometruli dawneva; 

H  – filtrciis dros 

dawnevis saerTo danakargi 

 

 

 

 

 
nax. VI.4. gruntis wylebis moZraoba Sreobriobis 

marTobulad 

 

(VI.11) formulidan gamomdinareobs, rom 

1
1

1

vh
H

k
  ,  2

2
2

vh
H

k
  , n

n
n

vh
H

k
   (VI.12)  

calkeuli wevrebis SekrebiT miviRebT:  

1 2 n
1 2 n

1 2 n

h h h
H H H v

k k k
... ...

 
          

    

(VI.13). 

(VI.13) gantolebis marcxena mxare war-

moadgens filtraciisas dawnevis dacemis jamur 

mniSvnelobas, romelic aRvniSnoT H . imis ga-
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mo, rom 
nhhh

H
I






...21

 (VI.14), maSin (VI.13) da 

(VI.14)-dan miviRebT:  

n

n

n

k

h

k

h

k

h

hhh
v






...

...

2

2

1

1

21

      

 (VI.15). 

magram darsis kanonis mixedviT k J  saS.  . 

maSasadame, 1 2 n

1 2 n

1 2 n

h h h
k J

h h h

k k k

...

...

  
 

  
saS.     (VI.16).  

Tu SevadarebT Sreobriobis gaswvriv na-

kadis moZraobisas filtraciis koeficientis 

saSualo sidides (VI.9) Sreobriobis marTobu-

lad moZraobisas filtraciis koeficientis 

saSualo sidides (VI.16), davrwmundebiT, rom 

pirveli sidide aris maqsimaluri ( kmaq ), xolo 

meore – minimaluri ( kmin ).  

ase magaliTad, Tu gvaqvs erTnairi sim-

Zlavris ori Sre hhh  21  , magram filtra-

ciis koeficientis gansxvavebuli sidideebiT, 

maSin filtraciis koeficientis saSualo 

mniSvnelobis gamosaTvleli formulebi Semdeg 

saxes miiRebs:  

1 2k k
k

2


maq. saS. (VI.17);

  

1 2

2
k

1 1

k k




min. saS.  (VI.18). 
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davuSvaT, rom 1 2k k , maSin SeiZleba dav-

weroT 1 2k k  . sadac 1 . (VI.17) formulis ga-

yofiT (VI.18) formulaze miviRebT:  

2 1
2k

k 4

 



maq. saS.

min. saS.

 

Zneli ar aris davrwmundeT, rom 1 , 

nebismieri mniSvnelobisas gamosaxuleba 


 1
2


metia orze. maSasadame, 
k

1
k


maq. saS.

min. saS.
. 

im SemTxvevaSi, Tu nakadis moZraoba xdeba 

Sreobriobisadmi raime kuTxiT, saSualo filt-

raciis koeficients eqneba Sualedi mniSvne-

loba maqsimumsa da minimums Soris.  

 

VI.2.3 nakadis xarjis gansazRvra orSrian fenSi 

moZraobisas 

im SemTxvevaSi, rodesac nakadis moZraoba 

xdeba horizontaluri wyalgaumtari sagebi 

gverdiT warmodgenil orSrian garemoSi, naka-

dis qanobis mcire sidideebisas, moZraoba Sei-

Zleba ganvixiloT, rogorc gruntis wylebis 

moZraoba saerTo depresiuli mrudiT zeda Sre-

Si. amasTan igulisxmeba, rom zeda SreSi naka-

dis zedapiri Tavisufalia anu uwneo, xolo 

qveda SreSi zedapiri dawneviTia (nax. VI. 5).  
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nax. VI.5. gruntis wylebis moZraoba orSrian wyebaSi 

 

Tu dawnevas gadavTvliT zeda Sris sage-

bidan, SeiZleba CavweroT Semdegi gantoleba:  











dx

dh
hk

dx

dh
mkq 21       (VI.19). 

(VI.19) gantolebis integrebiT 1-dan 2 kve-

Tamde da 2112  Lxx , miviRebT kamenskis formu-

las:  
21

2

2

2

1
2

21

21
1

2 







L

hh
k

L

hh
mkq

     
(VI.20). 

formula (IV.20) gamoiyeneba maSin, rode-

sac filtraciis koeficientebis sidideebs So-

ris gansxvaveba didi ar aris. filtraciis koe-

ficientis sidideebs Soris didi gansxvavebisas 

(ramdenime aTeuljer da meti) da agreTve, zeda 

da qveda SreebSi dawnevis didi gansxvavebisas, 

miwisqveSa wylebis moZraoba Sreebriv fenebSi 

Zalze rTulia da specialur literaturaSi 

aris aRwerili.  
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VI.2.4 nakadis xarjis gansazRvra mkveTrad 

cvalebadi wyalgamtarobis fenSi 

es SemTxveva damaxasiaTebelia mdinareTa 

xeobebisTvis, romlebzec ganviTarebulia de-

luviuri safariT gadafaruli terasuli nale-

qebi (nax. VI.6).  

 

 
 

nax. VI.6 gruntis wylebis moZraoba qanebis 

wyalgamtarobis mkveTri cvlilebisas horizontaluri 

mimarTulebiT 

I – Waliszeda terasa; II – Walis terasa 

 

naxaz VI.6-is  mixedviT, SemoviRoT Semdegi 

aRniSvnebi: 1h  I fenis simZlavre 1 kveTSi, sh  fe-

nis simZlavre 
s  kveTSi, sadac xdeba I fenis 

Serwyma II fenTan; 2h  - II fenis simZlavre im 

adgilas, sadac depresiuli mrudi gamodis 

drenSi (kveTi 2). 1L  da 2L  manZilebi s1 da 2s  
kveTebs Soris. SevadginoT nakadis erTeuli 
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xarjis gantoleba I da II fenebisTvis gansaxil-

vel kveTebs Soris 21  s . I fenSi erTeuli 

xarji tolia: 
1

22

1

1
2L

hh
kq s

         (VI.21) 

II fenSi:  
2

2

2

2

2
2L

hh
kq s          (VI.22) 

(VI.21) da (VI.23) gantolebebis SekrebiT 

miviRebT:   









2

2

1

12

2

2

1 2
k

L

k

L
qhh

     

 (VI.23); 

saidanac gamodis kamenskis formula; 














2

2

1

1

22

1

2
k

L

k

L

hh
q s  (VI.24) 

(VI.21) da (VI.22) formulebiT SesaZlebelia ganv-

sazRvroT nakadis simZlavre I da II fenebis 

kontaqtSi (kveTi s ) amisTvis saWiroa erTmaneTs 

gavutoloT gantolebebis marjvena nawilebi. 

algebruli gardaqmnebis Semdeg miviRebT:    

1221

2

212

2

121

LkLk

hLkhLk
hs




  (VI.25) 
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VII Tavi. gruntis wylebis daumyarebeli 

moZraoba  
 

VII.1 saerTo cnobebi 

gruntis wylebis daumyarebeli moZraoba 

gansakuTrebiT mkveTrad vlindeba maSin, rode-

sac icvleba maTi kvebis an drenirebis pirobe-

bi, rac SeiZleba bunebrivi da xelovnuri mize-

zebiT iyos gamowveuli. bunebriv mizezebs mie-

kuTvneba wyalSemcveli horizontis kvebis far-

Tobze atmosferuli naleqebis araTanabari 

gamoyofa, Tovldnoba, wyaldidobebi. xelovnur 

mizezebs miekuTvneba saeqspluatacio WaburRi-

lebidan wylis amotumbva, wylis gadagdeba, 

wylis donis aweva mdinareSi kaSxlis aSenebis 

da wyalsacavis Seqmnis Sedegad, morwyva, tbebis 

da daWaobebuli farTobebis daSroba.  

daumyarebeli moZraoba vlindeba gruntis 

wylis donis cvlilebaSi, rac ganapiroebs 

dawnevis gradientis, filtraciis siCqaris da 

nakadis xarjis cvlilebas. 

damyarebuli filtraciisgan gansxvavebiT, 

daumyarebeli (arastacionaluri) filtraciis 

amocanebis analizi unda iTvaliswinebdes 

droSi wyalSemcveli sistemis moculobis 

cvlilebas (agreTve sxva maxasiaTeblebsac). 

Sesabamisad, ZiriTad filtraciul parametrebs 

Soris, romlebic am sistemis mdgomareobas 

asaxavs (magaliTad, wyalgamtaroba), 
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gansazRvras eqvemdebareba gravitaciuli da 

drekadi wyalgacemis koeficientebi, agreTve 

donegamtarobis da piezogamtarobis 

koeficientebi, romlebic wyalSemcvel 

kompleqsSi filtraciuli SeSfoTebebis 

gavrcelebas axasiaTebs.  

magaliTi. vTqvaT, WaburRili muSaobs 

uwneo horizontis pirobebSi, mdinaresTan ax-

los, mudmivi debitiT. 

 
nax. VII.1. mdinaresTan axlomdebare WaburRilisken  

filtraciis sqema 

 

naxaz VII.1-ze naCvenebia amotumbvis pro-

cesSi depresiuli Zabris mdebareoba drois 

sxvadasxva momdevno momentSi. dasawyisSi, 

pirvel momentSi (magaliTad, 1 mrudi) Wabur-

Rilidan wylis amotumbva xdeba uSualod 

fenis im zonidan (OA
’
BB

’
), romelSic ukve aRin-

iSneba doneebis daweva. aq fenis drekad 

SekumSvas aqvs adgili (gamomuSavdeba misi 

drekadi maragi), anu wylis Tavisuflad Semod-
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ineba xdeba zeda, daSrobadi zonidan (ixarjeba 

fenis gravitaciuli maragi). WaburRilis saSu-

alebiT wylis amoRebis kompensacia SeiZleba 

xdebodes mxolod fenis siRrmeSi da 

gavrcelebaze donis dawevis procesis Semdgomi 

ganviTarebiT. droTa ganmavlobaSi, depresiuli 

Zabri mdinares miaRwevs (mrudi 2), anu aq 

aRiZvreba dawnevis iseTi gradienti, romelic 

ganapirobebs mdinareuli wylebis fenSi 

gadasvlas. dawnevis Semdgom Semcirebas da 

Sesabamisad filtraciis gradientebis zrdas, 

Sedegad mosdevs mdinaris wylis Semodineba 

fenSi manam, sanam mdinaridan Semodinebuli 

nakadis xarji ar gautoldeba WaburRilis 

mwarmoeblurobas. am momentidan dawyebuli 

(mrudi 3) wylis mTliani aReba uzrun-

velyofilia mdinaridan WaburRilisken 

tranzituli nakadiT. sakuTriv feni am dros 

wyals aRar iZleva, masSi dawneva ar icvleba 

da myardeba moZraobis damyarebuli reJimi.   

amgvarad, moZraobis arastacionaluri re-

JimisTvis damaxasiaTebelia wyalSemcvel sis-

temebSi drekadi (dawneviTi fenis SemTxvevaSi) 

an drekad-gravitaciuli (uwneo fenis Sem-

TxvevaSi) maragebis gamomuSaveba, romelsac Tan 

axlavs droSi dawnevis cvlileba  H f x, y, t . 

Sesabamisad, filtraciis gantolebebSi Cndeba 

drois warmoebulebi, romlebic pasuxobs an 

drekad (dawneviT fenebSi) an gravitaciul 
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(uwneo fenebSi) wyalgacemas. am gantolebebis 

amoxsna arsebiTad bevrad ufro rTulia, vidre 

stacionaluri filtraciis procesebis Sem-

TxvevaSi. am mizniT, maqsimalurad efeqturia 

operaciuli gamoTvlebis meTodebi, romlebic 

dafuZnebulia laplasis an laplas-karsonis 

gantolebebis integralur gardaqmnebTan.  

 

VII.2 busineskis gantoleba 

busineskis gantoleba warmoadgens 

miwisqveSa wylebis daumyarebeli moZraobis Zi-

riTad diferencialur gantolebas. misi gam-

oyvana Semdeg debulebebze aris damyarebuli: 

aviRoT filtraciuli nakadis ori ganivi kveTi 

– 1 da 2; romlebic erTmaneTisgan dx  manZiliT 

aris daSorebuli. daskvnis gasamartiveblad mi-

viRoT, rom nakadi erTganzomilebiania, anu 

moZraobs mxolod x  RerZis gaswvriv. 1 da 2 

kveTebiT gamoyofilia filtraciuli nakadis 

romelime elementi, romlis sigrZe aris dx .  

 
nax. VII.2. gruntis wylis nakadis elementi  



143 

 

daumyarebeli moZraobis pirobebSi 

SevadginoT miwisqveSa wylebis balansis 

gantoleba Semdegi debulebidan gamomdinare: dt

drois ganmavlobaSi wylis Semodineba filtra-

ciuli nakadis zemoT gamoyofil elementSi 

ori sididisgan Sedgeba: wylis gverdiTi Semo-

dineba I waxnagidan, romelic tolia dtq1 da 

wylis Semodineba zemodan atmosferuli nale-

qebis infiltraciis xarjze, romelic tolia 
wdtdx  , sadac w  infiltraciis anu zemodan Ca-

Jonili wylis sididea. gruntis wylis sarkis 

erTeul farTobze drois imave monakveTSi me-2 

waxnagidan wylis gadinebis sidide toli iqneba 

2q dt  . Sesabamisad, Semodinebasa da gadinebas 

Soris sxvaobiT gamowveuli wylis moculobis 

saerTo cvlileba gamoyofil filtraciul 

elementSi, toli iqneba: 

 dtqwdxqdv 21          (VII.1) 

1q , 2q  da w  sidideebis mixedviT, dv SeiZ-

leba iyos dadebiTi an uaryofiTi sidide. imis 

gamo, rom wyali umniSvnelod ikumSeba (wylis 

moculobiTi kumSvis koeficienti tolia 1:20000) 

gamoyofil elementSi misi moculobis Semci-

reba gamoiwvevs gruntis wylis donis cvlile-

bas dh  sididiT. Tu wyliT qanis gajerebis de-

ficits kapilaruli arSiis zemoT aRvniSnavT 
 -Ti, maSin wylis moculobis cvlileba dv 
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gamoyofil elementSi SeiZleba Semdegnairad 

gamovsaxoT: dxdhdv         (VII.2). 

(VII. 1) da (VII.2) gantolebebis SedarebiT 

miviRebT:  dxdhdtqdxwq  )21    (VII.3). 

(VII.3) gamosaxuleba warmoadgens gruntis 

wylis balansis gantolebas dt  drois ganmav-

lobaSi, rodesac filtraciuli nakadis sigrZe 

tolia dx . Tu gardavqmniT (VII.3) formulas, mi-

viRebT: 
dx

qwdxq

dt

dh







21

       (VII.4) 

gantoleba (VII.4) asaxavs gruntis wylis 

donis cvlilebis siCqares. am gantolebaSi 1q  

sidide warmoadgens erTeul xarjs, romelic 

gamoisaxeba diupuis formuliT:  

x

H
khq




1       (VII.5). 

(VII.4) gantolebaSi Semavali 2q  sidide, Tavis 

mxriv, SeiZleba gamovsaxoT: 112 dqqq   (VII.6),  

sadac 1dq  - gruntis wylis erTeuli xarjis ma-

tebaa filtraciuli nakadis gamoyofil elemen-

tSi dt  drois ganmavlobaSi.  

diferencialis Teoriidan cnobilia, rom 

sruli diferenciali SeiZleba gamovsaxoT ker-

Zo warmoebuliT, saxeldobr:  

dx
x

q
dq 




 1

1        (VII.7) 
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Tu (VII.5) gantolebidan (VII.7) gantolebis 

marjvena mxares SevitanT 1q  mniSvnelobas, gveq-

neba: dx
x

H
h

x
kdx

x

H
kh

x
dq 


































1    (VII.8).  

Tu gaviTvaliswinebT 1q  da 1dq  mniSvne-

lobebs (VII.^6) formulas Semdegnairad CavwerT:  

dx
x

H
h

x
k

x

H
khdqqq 





















 112   (VII.9). 

Semdeg, TuU (VII.4) formulaSi SevitanT 1q  

mniSvnelobas (VII.9) formulidan gveqneba: 



w

x

H
h

x

k

dt

dh

















        (VII.10) 

miRebuli gamosaxuleba warmoadgens busi-

neskis gantolebas, im SemTxvevisaTvis, rodesac 

wyalgaumtari sagebi daxrilia. 

wyalSemcveli fenis horizontaluri gan-

lagebis SemTxvevaSi dawneva SegviZlia 

aviTvaloT wyalgaumtari sagebis saxuravidan, 

maSin hH   da busineskis gantoleba Semdeg 

saxes miiRebs: 



w

x

h
h

x

k

dt

dh



















     
 (VII.11). 

busineskis (VII.10) da (VII.11) gantolebebi 

uCvenebs, rom daumyarebeli moZraobisas grun-

tis wylebis donis cvalebadobis siCqare pir-

dapir damokidebulebaSia filtraciis koefi-

cientTan da qanis simZlavresTan, agreTve 
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infiltraciis sididesTan da ukudamokidebule-

baSia gajerebis arasakmarisobasTan (an wyalga-

cemasTan).  

busineskis gantoleba arawrfivi diferen-

cialuri gantolebaa, romelsac zusti amoxsna 

ar gaaCnia. yvela amonaxsni dafuZnebulia busi-

neskis gantolebis gawrfivebaze (linearizacia-

ze), rodesac Semogvaqvs nakadis “saSualo sim-

Zlavris” cneba.  

 

VII.2.1 busineskis xerxi  

(pirveli rigis linearizacia) 

cvladi sidide h , romelic (VII.10) ganto-

lebis marjvena nawilis frCxilebSi aris mo-

Tavsebuli unda SevcvaloT mudmivi sididiT, 

romelic tolia h saS.  h saS.-s gamotaniT 

diferencialis niSnidan da 


kh
 aRniSvniT 

2
a -iT 

(VII.10) gantoleba miiRebs saxes:  



w

x

H
a

dt

dh







2

2
2        (VII.12). 

im SemTxvevaSi, rodesac 0w , (VII.12) gan-

toleba warmoadgens furies gantolebas. igi 

kargad aris Seswavlili Tbogamtarobis Teori-

aSi da aqvs rigi amonaxsnebisa gansazRvruli 

sasazRvro pirobebis dros.  
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VII.2.2 bagrov-veriginis xerxi  

(meore rigis linearizacia) 

aRniSnuli avtorebis mier SemoTavazebu-

lia busineskis gantolebis linearizacia wyal-

gaumtari sagebis horizontaluri mdebareobis 

SemTxvevaSi.   

linearizaciis mizniT (VII.10) gantolebis 

orive mxare mravldeba h -ze. 

dh kh h wh
h h

dt x x

  
   
    

    (VII.13). 

Semdeg, (VII.13) gantolebis marcxena mxares 

sidide h  SevitanoT diferencialis niSnis qveS: 

2 2
2

2

h h
d

2 2kh wh

dt x

   
   

   
     

 
. 

Tu SemovitanT aRniSvnebs 
2h

u
2
 ; 2kh

a


; 

wh
b


, miviRebT: 

2
2

2

du u
a b

dt x


  


 (VII.14). 

sidide h , romelic “ a ” da “ b ” koeficien-

tebSi Sedis miRebulia mudmiv sidided, rome-

lic raime saSualo simZlavris ( hsaS. ) tolia. 

meore rigis linearizacia ufro zustia, Tanac 

daumyarebeli filtraciis amocanebis amoxsnis 

zRvruli SemTxvevisTvis, rodesac t  , 

vRebulobT gruntis wylebis damyarebuli moZ-
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raobis depresiuli mrudis gantolebas, rac 

qvemoT aris naCvenebi.  

damyarebuli moZraobis SemTxvevaSi 
du

0
dt



, Sesabamisad, (VII.14) formulis mixedviT,  

2
2

2

u
a b 0

x


  


 (VI.15), anu 
2

2 2

u b

x a


 


 (VII.16). am 

gantolebaSi b  da 2a  sidideebis SetaniT, mi-

viRebT:  
2

2

u wh kh w
:

kx


   

 
 (VII.17). gamosax-

ulebis ormagi integrebiT gveqneba:  

2w
u x Cx D

2k
   

     
 (VII.18). 

imis gamo 
2h

u
2

 , am sididis SetaniT 

(VII.18)-Si miviRebT: 
2

2h w
x Cx D

2 2k
    (VII.19).  

C  mudmivas gansazRvris mizniT 

movaxdinoT (VII.19) gantolebis diferencireba x

-is mimarT:    
u w

x C
x k


  


 (VII.20). 

 aviRoT SemTxveva, rodesac saangariSo 

kveTi gadis mdinaris kalapotSi, sadac x 0 , 

maSin (VII.20) gantoleba miiRebs saxes: 
u

C
x






(VII.21).  
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ganvsazRvroT 
u

x




 da C . amisaTvis 

CavweroT gruntis wylebis xarjis gantoleba 

diupuis mixedviT sawyisi kveTisTvis:  

1
h

q kh
x




      
(VII.22). 

gamomdinare iqidan, rom  

2h h
h

x x 2

  
  

    

, 

gveqneba: 

2

1
h

q k
x 2

 
  

     

(VII.23). Tu gaviT-

valiswinebT, rom 
2h

u
2
 , miviRebT:

 
 1

u
q k

x





 

(VII.24) saidanac 
1qu

x k




  
(VII.25). (VII.25) da (VII.21) 

gantolebebis SedarebiT gveqneba: 1q
C

k
 (VII.26). 

amjerad ganvsazRvroT mudmiva D . amisaTvis 

(VII.19) gantolebaSi SevitanoT sawyisi kveTis 

koordinatebi x 0 da 1h h , maSin gveqneba: 

2
1h

D
2

 .  

(VII.19) gantolebaSi  C  da D  koeficien-

tebis SetaniT vRebulobT kamenskis (II.25) gan-

tolebas, anu gamosaxulebas, romlis saSu-

alebiTac xdeba gruntis wylebis damyarebuli 

moZraobisas depresiuli mrudis ageba.  
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VIII Tavi. hidrogeologiuri amocanebis 

gadasawyvetad daumyarebeli moZraobis  

gantolebis amoxsnis analitikuri  

meTodebis gamoyeneba  

 

VIII.1 wyaroebis reJimis prognozi  

busineski – maies mixedviT 

busineskis da maies mier daumyarebeli 

moZraobis gantoleba gamoyenebul iqna im wya-

roebis reJimis prognozisTvis, romlebiTac 

safrangeTis didi qalaqebis wyalmomarageba 

xorcieldeba. am wyaroebis reJimze xangrZlivi 

detaluri dakvirvebebis Sedegad dadginda, rom 

wlis gvalvian periodSi ( 0  ), rodesac wya-

roebis kvebas adgili aqvs mxolod wyaroebis 

mkvebavi miwisqveSa wylebis maragebis gamomuSa-

vebis xarjze, wyaroebis debiti klebulobs 

garkveuli mrudis Sesabamisad. 

gamokvleul iqna wyaroebis reJimis ori 

SemTxveva.  

pirveli SemTxveva. gruntis wylebis done-

Ta cvalebadobis sididesTan SedarebiT 

wyalSemcveli fenis simZlavre h  imdenad 

didia, rom SeiZleba CavTvaloT h h saS.  am 

SemTxvevaSi, wyaros debitis mrudi gamoisaxeba 

gantolebiT: at
0Q Q e  (VIII.1), sadac Q  – wyaros 

is saZiebo debitia, drois im momentSi, romlis 

aTvla xdeba gvalviani periodis dawyebidan; 0Q



152 

 

–wyaros debiti im momentSi, rodesac Sewyda 

kveba miwisqveSa wylebis xarjze; a  – 

gaRaribebis koeficienti, romlis sidide 

ganisazRvreba formuliT: 
2

2

kh
a

4 L






saS.  (VIII.2),  

sadac k  – wyalSemcveli fenis filtraciis 

koeficientia; hsaS.  – wyalSemcveli fenis sim-

Zlavre;   – wyalgacema; L  – wyaros gamosav-

lis daSoreba gruntis wylebis wyalgam-

yofidan.    

gaRaribebis koeficientis gamoTvla Sesa-

Zlebelia uSualod (VIII.1) gantolebidan im Sem-

TxvevaSi, roodesac cnobilia wyaros sawyisi 

debiti 0Q  da debiti Q , drois romelime t  mo-

mentSi. am SemTxvevaSi (VIII.1) gantolebis ga-

logariTmebiT miviRebT: 

0lnQ lnQ at  , saidanac 0ln Q ln Q
a

t


  (VIII. 3). 

meore SemTxveva. wyalSemcveli fenis sim-

Zlavre h  mcire sididea da amitom, mudmivad ar 

CaiTvleba. miaxloebiTi gamoTvlis Sedegad, 

debitis mrudis Semdeg gantolebas miviRebT:  

 
0 2

1
Q Q

1 at



       (VIII.4). 

am gantolebaSi gaRaribebis a koeficients 

ukve sxva mniSvneloba aqvs:  
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3

k
a 5.772

4 L





     (VIII. 5). 

sadac   aris wyalSemcveli fenis mocu-

loba gruntis wylebis wyalgamyofidan wyaros 

gamosavlamde. 

 
nax. VIII.1. wyaros debitis mrudebi 

1 – datanilia dakvirvebis faqtobrivi monacemebiT; 2 – 

gaangariSebis mixedviT 

 

nax. VIII.1-ze naCvenebia debitis ori mrudi, 

romelTagan erTi (1) agebulia faqtobrivi mona-

cemebis mixedviT, xolo meore (2) (VIII.4) ganto-

lebis mixedviT. grafiki gviCvenebs, rom debitis 

mrudebi erTmaneTTan sakmarisad axlosaa.  

 

VIII.2 sasrul sxvaobaTa meTodis  

kamenskis gantolebebi 

sasrul sxvaobaTa gantolebebi gamoyvani-

lia g. kamenskis mier erTganzomilebiani da or-

ganzomilebiani nakadebisTvis.  

a) erTganzomilebiani nakadi 
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gruntis wylebis daumyarebeli moZraobis 

gantolebis gamosayvanad g. kamenski brtyel na-

kadSi sam vertikalur kveTs gamohyofs. n 1 , n , 

n 1 , romlebic erTmaneTisgan daSorebulia 

1n nl ,  da 1n, nl  manZilebiT. Sua kveTi n  gatare-

bulia im wertilze, sadac xdeba wyalgaumtari 

sagebis gadaRunva, sxvadasxva wyalgamtarobis 

Sreebis sazRvarze; n  kveTidan marcxniv mdeba-

reobs Sre filtraciis koeficienti mk sidi-

diT,  xolo marjvniv m 1k   sididiT. Tu aRniS-

nul kveTebs Soris gavatarebT Sualed m  da 

m 1  kveTebs, gamoiyofa filtraciuli nakadis 

elementi, romlis sigrZe Seadgens 
1 1

2

 n n n, nl , l
 

(naxazze daStrixulia) (nax. VIII.2). 

  
nax. VIII.2. gruntis wylebis daumyarebeli moZraobis 

sasrul sxvaobaTa meTodiT gaangariSebis sqema  

(g. kamenskis mixedviT) 
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SevadginoT wylis balansis gantoleba am 

elementisTvis. angariSi dafuZnebulia im debu-

lebebze, romlebic diupuis ganzogadebuli gan-

tolebidan gamomdinareobs (II.10). filtraciuli 

nakadis gamoyofil m elementSi kveTidan drois 

sawyis s  momentSi  Semoedineba nakadi, romlis 

erTeuli xarji Seadgens: 

n 1 s n, s n 1 s n, s
m m

n 1 n

h , h H , H
q k

2 l ,

 



 
     (VIII.6). 

m 1  kveTidan drois imave momentSi gaedi-

neba nakadi, romlis erTeuli xarji tolia: 

n s n 1, s n s n 1, s
m 1 m 1

n n 1

h , h H , H
q k

2 l ,

 
 



 
    (VIII.7). 

garda amisa, zemodan infiltraciis xarj-

ze gruntis wylebis sarkeze daedineba nakadi, 

romlis erTeuli xarji tolia: 

n 1 n n, n 1l , l
q

2

 
 inf.      (VIII. 8), 

sadac   aris gruntis wylebis sarkis erTeul 

farTobze zevidan infiltraciis Sedegad CaJo-

nili wylis raodenobaa.  
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IX. miwisqveSa wylebis moZraoba  

wyalamRebi nagebobebisken 

wyalamReb nagebobebs miekuTvneba tranSea, 

galerea, WaburRili, Webi, Saxti (Wauri) da sxv. 

ganvixiloT miwisqveSa wylebis wyalamReb nage-

bobebSi Semodinebis ZiriTadi debulebebi. 

 

IX.1 wylis modineba wyalSemkreb galereaSi 

naxaz IX.1-ze naCvenebia srulyofili 

galerea, romelSic gruntis wylebis A A sta-

tikuri done sangrevidan H  simaRleze mdeba-

reobs. 

 
nax. IX.1. wyalSemkrebi galereis sqema 

 

galereaSi wylis Semodinebisas gruntis 

wylebis done daiwevs raime h  simaRlemde da 

warmoiqmneba depresiuli mrudi, romlis radiu-

si tolia R . 
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tranSeaSi an galereaSi erTi mxridan Se-

modinebis erTeuli xarji ( q ) (anu xarji sigr-

Zis erT metrze) gamoisaxeba formuliT:  

2 2H h
q k

2R


      (IX.1), 

sadac k  – filtraciis koeficientia, m/dR.R.  

H  – wyalSemcveli horizontis simZlavre, m;  

h  – daSoreba wyalgaumtari sagebidan ga-

lereaSi wylis donemde, m; R  – gavlenis radi-

usi, m.    

ori mxridan galereaSi wylis modinebis 

erTeuli xarji toli iqneba: 
2 2(H h )

q 2 k
2R


 , Tu 

galereas sigrZe Seadgens L  metrs, maSin ori 

mxridan wylis modinebis saerTo xarji toli 

iqneba: 

2 22k(H h )L
Q qL

2R


   anu 

2 2(H h )
Q Lk

R


   (IX.2). 

(IX.2) formuliT Q , L , k , H  da h  cnobi-

li sidideebidan  ganvsazRvravT gavlenis ra-

diuss: 
2 2(H h )

R Lk
Q


    (IX.3).  

magaliTi. ganvsazRvroT wylis Semodineba 

galereaSi Tu wyalSemcveli horizontis sim-

Zlavre H 3  m, galereaSi wylis svetis 

simaRle h 1 m, gavlenis radiusi R 50  m, 
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filtraciis koeficienti k 10  m/dR.R, galer-

eis sigrZe L 100 m. 

(IX.2) formulaSi ricxviTi sidideebis SetaniT 

miviRebT: 
2 2(3 1 )

Q 100 10 160
50


    m3/dR.R. 

 

IX.2 wylis modineba gruntis wylis WaSi 

erTgvarovan uwneo wyalSemcvel fenSi 

gayvanili Widan wylis amotumbvis procesSi Wis 

irgvliv warmoiqmneba depresiuli Zabri, wylis 

donis maqsimaluri daweviT uSualod WaSi. 

Widan daSorebis kvalobaze donis daweva 

mcirdeba da im manZilze, romelic gavlenis 

radiusis ( R ) tolia, donis dawevis sidide 

udris nuls. 

Tu depresiuli Zabris farglebSi Wis 

centridan aviRebT raime x  manZils da am 

kveTSi ordinata Seadgens y  (nax. IX.2), maSin 

aRniSnuli kveTidan wylis modinebis sidide Q  

toli iqneba: Q F      (IX.4),  

sadac F 2 xy   –  cilindruli zedapiris 

farTobia, rodesac cilindris simaRle tolia 

y , radiusi ki x ; 
dy

kJ k
dx

    –  filtraciis 

siCqarea; 

amgvarad, (IX.4) gantoleba SeiZleba 

CavweroT formiT: 
dy

Q 2 xyk
dx

   (IX.5).  
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(IX.5) gamosaxulebidan maTematikuri gar-

daqmnebis gziT miviRebT diupuis formulas 

gruntis wylis srulyofil WaSi wylis mod-

inebis gansasazRvrad: 
2 2k(H h )

Q
ln R ln r

 



     (IX.6), 

sadac H , h , R  da k  igive sidideebia, rac ga-

lereaSi wylis modinebis formulaSi; r  - Wis 

radiusi. (IX.6) formulaSi naturalur loga-

riTms aTobiTi logariTmiT SevcliT da Se-

vitanT   ricxviT mniSvnelobas, miviRebT for-

mulas, romelic ufro mosaxerxebelia 

praqtikuli gamoyenebisTvis: 
2 2H h

Q 1.366k
lg R lg r





  

(IX.7).  

 
nax. IX.2. gruntis wylis Wis depresiuli Zabris sqema 
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Wis debitis damokidebuleba donis dawev-

is sidideze gamoixateba paraboluri mrudiT 

(nax. IX.3), romlis gantolebas Semdegi saxe aqvs:  

2(H s) a(Q Q )  maqs. d.w.  (IX.8) 

sadac H  – wyalSemcveli fenis simZlavrea, m; s  

– amotumbvis procesSi WaSi wylis donis 

daweva, m; Qmaqs.  – Wis debiti wylis donis 

dawevisas wyalSemcveli fenis mTlian simZla-

vreze (maqsimaluri debiti), m3/sT; Qd.w.  – Wis 

debiti s  sididiT donis dawevis dros, m3/sT; a

–  proporciulobis koeficienti. 

 

 
nax. IX.3. Wis debitis wylis donis dawevaze  

damokidebulebis mrudi 
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(IX.8) gamosaxuleba cnobilia Wis debitis 

mrudis gantolebis saxelwodebiT. Tu s 0  da 

Q 0d.w. , maSin 
2H

a
Q


maqs.       

(IX.9). 

am sididis SetaniT Wis debitis mrudis 

(IX.8) gantolebaSi gveqneba:  

2
2 H

(H s) (Q Q )
Q

  maqs. d.w.
maqs.

 (IX.10).  

es formula saSualebas gvaZlevs gam-

ovTvaloT gruntis wylis Wis maqsimaluri deb-

iti Qmaqs. , Tu cnobilia wyalSemcveli fenis 

simZlavre H  da Wis debiti s  donis dawevisas. 

aRniSnuli formula miaxloebiTia, radganac 

daSvebulia, rom WaSi wylis done SeiZleba 

davwioT wyalSemcveli fenis mTlian simZla-

vreze. sinamdvileSi wylis donis daweva WaSi 

dasaSvebia simZlavris araumetes 2/3 nawilisa 

anu s 0.75H . 

 

IX.3 wylis modineba arteziul WaburRilSi 

dawneviTi wyalSemcveli fenis Wabur-

RiliT gadakveTisas wyali bunebrivi hidro-

statikuri dawnevis gavleniT wyalSemcveli 

fenis saxuravis zemoT amodis da garkveul 

doneze Cerdeba. aseTi horizontidan wylis 

amotumbvis dros warmoiqmneba depresiuli Za-

bri, romelic gruntis wylis depresiuli Za-
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brisgan gansxvavebiT wyalSemcveli fenis sax-

uravis zemoT mdebareobs (nax. IX.4).  

 
nax. IX.4. nakadis wirebi arteziuli WaburRilis  

zemoqmedebis sferoSi 

 

Tu CavTvliT, rom dawneviTi wyal-

Semcveli fenis M  simZlavre mudmivi sididea, 

SeiZleba CavweroT Semdegi gamosaxuleba 

srulyofili WaburRilisTvis dawneviT fenSi: 
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2 kM(H h)
Q

R
ln

r

 
            (IX.11). 

Tu SevitanT   ricxviT mniSvnelobas da 

naturalurs SevcvliT aTobiTi logariTmiT 

miviRebT: 
kM(H h)

Q 2.73
lg R lg r





  (IX.12), radganac 

H h s  , gveqneba: 
kMs

Q 2.73
lg R lg r


   

 (IX.13).  

magaliTi. WaburRiliT gaxsnilia 

dawneviTi wylebi, romlebic dakavSirebulia 

16.0 m simZlavris qviSis fenTan. qviSis fil-

traciis koeficienti tolia 10 m/dR.R; Wabur-

Rilis diametri – 0.1 m; gavlenis radiusi – 100 

m; ganvsazRvroT WaburRilSi wylis modinebis 

sidide dawnevis donis 5 metriT dawevisas.  

vangariSobT arteziuli WaburRilis deb-

its diupuis (IX.13) formuliT:  

2.73kMs 2.73 10 16.0 5.0
Q 728.0

lg R lg r lg100 lg 0.1

  
  

 
 m3/dR.R  

(IX.13) formulidan Cans, rom arteziuli 

WaburRilis debiti donis dawevis pirdapirpro-

porciulia Q qs  (IX.14), sadac q  – WaburRilis 

xvedriTi debitia, anu wyalmodenis sidide do-

nis 1 metriT dawevisas, m/dR.R; s – donis dawev-

is mocemuli sidide, m.     

unda aRiniSnos, rom mocemuli SemTxveva 

marTebulia donis mxolod mcire sididiT 
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dawevisas, romelic ar aRemateba hidro-

statikuri dawnevis 25%-s. donis ufro didi 

dawevisas izrdeba wylis moZraobisadmi 

winaaRmdegoba, rogorc sakuTriv wyalSemcvel 

fenSi, aseve nakadis filtris RiobebSi 

SeRwevisas. amis gamo, debitis cvlileba donis 

dawevis proporciuli ki ar iqneba, anu wrfiT 

ar gamoisaxeba, aramed mrudiT (nax. IX.5), rom-

lis gantolebas Semdegi saxe aqvs: 2s aQ bQ   
(IX.15), sadac a  da b  koeficientebia, romlebic 

damokidebulia im winaaRmdegobebze, rasac wy-

ali awydeba fenSi moZraobisas, WaburRilis 

lulaSi SeRwevisas da filtrSi aRmavali moZ-

raobisas. Q  WaburRilis debitia s  donis 

dawevisas. 

 

 
nax. IX.5. arteziuli WaburRilis debitis mrudi 
 

(IX.15) gantolebidan Cans, rom donis 

dawevisas mocemuli sididiT arteziuli 



165 

 

WaburRilis debitis gansasazRvravad saWiroa 

amotumbvis Catareba donis aranakleb ori 

dawevisas (raTa ganvsazRvroT a  da b  koefi-

cientebis sidideebi). rogorc vxedavT, (IX.15) 

gamosaxuleba kvadratul gantolebas war-

moadgens. Sesabamisad, donis mocemuli dawevi-

sas saangariSod SeiZleba visargebloT for-

muliT:  

2a 4bs a
Q

2b

 
   (IX.16). 

a  da b  koeficientebis gansazRvra Sesa-

Zlebelia sacdeli amotumbvebis gziT Semdegi 

formulebis gamoyenebiT:  

2 1 1 2

1 2 2 1

1
1

1

s Q s Q
b ;

Q Q (Q Q )
(IX.17)

s
a bQ

Q


 


  


   

 

sadac 1Q  – WaburRilis debitia donis 1s  sidi-

dis dawevisas;  2Q – WaburRilis debiti donis 

2s  sididis dawevisas;   

aRsaniSnavia, rom formula (IX.16) sa-

marTliania im pirobiT, rodesac 
s

2
s


maqs.

, sa-

dac smaqs. amotumbvisas miRweuli donis maqsima-



166 

 

luri dawevaa; s  – donis winaswar daTqmuli 

daweva.  

magaliTi. dawneviTi wylebis Semcveli 

qviSis fenidan amotumbvis Sedegad miRebul 

iqna Sedegebi:  

 

 
                           cxrili IX.1 

donis daweva, m 1.8 4.1 

debiti, l/wm 8.3 15.8 

  

ganvsazRvroT WaburRilis debiti donis 7 

metriT dawevisas.  

(IX.17) formulaSi amotumbvis ricxviTi 

sidideebis SetaniT miviRebT:  

4.1 8.3 1.8 15.8
b 0.006;

8.3 15.8(15.8 8.3)

1.8
a 0.006 8.3 0.167

8.3

  
   


    


 

(IX.16) formulis mixedviT, donis s 7  me-

triT dawevisas WaburRilis debiti tolia:  

20.167 4 0.006 7 0.167
Q 23

2 0.006

   
 


 l/wm. 

 

IX.4 damatebiTi monacemebi gavlenis  

radiusis Sesaxeb 

gavlenis radiusis saangariSod litera-

turaSi mravali formula arsebobs.  
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gavlenis radiusis sidide SeiZleba gamov-

TvaloT diupuis formulidan Semdegi gan-

tolebis mixedviT: 
2 2

Q
ln R ln r

k(H h )
 
 

(IX.18). es 

gantoleba donis dawevis didi sidideebisas 

momatebul Sedegebs iZleva. i. Sulces mier gav-

lenis radiusis saangariSod SemoTavazebulia 

Semdegi formula:  

6HkT
R 


       (IX.19), 

sadac T  – amotumbvis dawyebidan gasuli droa;  

 – qanis wyalgacema.   

(IX.19) formulaSi R  da H  gamosaxulia 

metrebSi, k  – m/wm an m/dR.R, T  – wamebSi an 

dRe-RameSi.   

i. kusakinis mier gavlenis radiusis gamo-

yvanili saangariSo formula Semdegi saxisaa: 

6HkT
R 47


(IX.20), 

(IX.20) formulaSi k  gamosaxulia m/wm-Si; T  – 

saaTebSi, danarCeni aRniSvnebi (IX.19) formulis 

analogiuria;   

(IX.19) da (IX.20) formulebSi Semavali 

sidide T  amotumbvis xangrZlivobaa, rac imaze 

miuTiTebs, rom amotumbvis gavlenis radiusi 

icvleba drois mixedviT. Tumca, es debuleba 

marTebulia mxolod garkveul sazRvrebSi, 
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radganac amotumbvis gavlenis radiusi 

usasrulod ar SeiZleba izrdebodes.   

Tu zemoT moyvanili formulebiT 

vimsjelebT TiTqos gavlenis radiusi ar aris 

damokidebuli amotumbvis debitze da masSi do-

nis dawevis sidideze, rac sinamdviles ar 

Seesabameba. cdebiT dadgenilia, rom rac ufro 

didia WaburRilis debiti an donis daweva, miT 

ufro metia amotumbvis gavlenis sidide.   

WaburRilis debitis sidide gaTvaliswine-

bulia diupuis formulaSi: 

2 2

Q
ln R ln r

k(H h )
 
 

 (IX.21) 

kozenis formula am damokidebulebas Sem-

degnairad gamoxatavs:  
12T qk

R 
 

  (IX.22).  

amotumbvis gavlenis radiusis saori-

entacio sidideebis dasadgenad SeiZleba 

visargebloT qvemoT mocemuli cxrilis 

(cxr……IX.2) monacemebiT.  
cxrili IX.2 

amotumbvis radiusis damokidebuleba wyal-

Semcveli fenis liTologiaze 

qanis dasaxeleba 
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mtvriseburi, Tixovani qviSa, 0.01 

– 0.05 mm fraqciis siWarbiT 

0.5-1.0 0.1-0.3 65 

mtvriseburi erTgvarovani qviSa 

0.01 – 0.05 mm fraqciis 

siWarbisas 

1.5-5.0 0.2-0.4 65 

wvrilmarcvlovani Tixovani 

qviSa 0.1 – 0.25 mm fraqciis 

siWarbisas 

10-15 0.5-0.8 75 

wvrilmarcvlovani 

erTgvarovani qviSa 0.1 – 0.25 mm 

fraqciis siWarbisas  

20-25 0.8-1.7 75 

saSualo marcvlovani Tixovani 

qviSa 0.25 – 0.5 mm fraqciis 

siWarbisas 

20-25 0.6-1.0 100 

saSualo marcvlovani 

erTgvarovani qviSa 0.25 – 0.5 mm 

fraqciis siWarbisas 

35-50 15-20 100 

msxvilmarcvlovani, mcired 

Tixovani qviSa 0.5 – 1.0 mm 

fraqciis siWarbisas 

35-40 20-25 100 

msxvilmarcvlovani 

erTgvarovani qviSa 0.5 – 1.0 mm 

fraqciis siWarbisas 

60-75 40-50 125 

xreSi 100-125 75-100 150 

 

dasasruls aRvniSnavT, rom miwisqveSa 

wylebis dinamikis safuZvlebis daufleba auci-

lebeli winapirobaa axalgazrda specialistis 

hidrogeologiis sferoSi warmatebuli muSa-

obisaTvis. Cveni qveynis sinamdvileSi sakiTxis 

udavo aqtualuroba im ucilobeli faqtidan 

gamomdinareobs, rom saqarTvelo, teritoriuli 

simciris miuxedavad, miwisqveSa da zedapiruli 
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wylebis resursiT umdidresi qveynebis ricxvs 

miekuTvneba. am resursis racionalurad gamo-

yeneba qveynis ganviTarebisTvis uaRresad saWi-

ro meurneobis iseT saxeobebSi, rogoricaa 

hidroeleqtrosadgurebis, melioraciuli da-

saSrobi da sarwyavi sistemebis, wyalmoma-

ragebis qselebis da a.S. mSenebloba, agreTve 

samTo-mompovebeli miwisqveSa da zedapiruli 

nagebobebis hidrogeologiuri momsaxureba  

SeuZlebelia miwisqveSa wylebis dinamikaSi 

kvalificiuri kadrebis momzadebis gareSe. 

winamdebare saxelmZRvanelo swored am miznis 

miRwevis mokrZalebuli cdaa.  
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danarTi 

tipuri amocanebi miwisqveSa wylebis dinamikaSi 
 
miwisqveSa wylebis moZraobis mimarTulebis da 
siCqaris gansazRvra 

amocana 1. gruntis wylebis moZraobis 
mimarTulebis gansazRvris mizniT gayvanil iqna 
sami WaburRili, romlebic ganlagebulia tolgver-
da samkuTxedis wveroebSi. samkuTxedis gverdebis 
sigrZe tolia 170 m;   

 

         
 nax. 1                        nax. 2 

 
 

burRvis damTavrebis Semdeg yvela WaburRil-
Si gazomil iqna gruntis wylebis doneebis niSnu-
lebi da agebul iqna hidrdoizohifsebi kveTis si-
maRliT 0.1 m. hidroizohifsebisadmi marTobuli xazi 
miuTiTebs gruntis wylis nakadis mimarTulebaze 
(nax. 1).  

gruntis wylebis nakadis siCqaris gansasazRv-
rad imave ubanze moewyo WaburRilebis sacdeli 
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buCqi (nax. 2). 28 ivnisis dRis 2 saaTze CasatvirT #1 
WaburRilSi Caasxes amoniumis qloridis xsnari     

( ClNH 4 ). saTvalTvalo 2, 3 da 4 WaburRilebidan 

saaTSi erTxel iRebdnen wylis sinjebs da 
sazRvravdnen maTSi qlor-ionis Semcvelobas. 
indikatoris Casxmamde gansazRvruli iyo, rom 
gruntis wyalSi qlor-ionis Semcveloba tolia 12 
mg/l. aRebul sinjebSi qlor-ionis Semcvelobis 
gansazRvras drois mixedviT asaxavs nax. 3.  

 

 
nax. 3 

 
amoxsna: gruntis wylis moZraobis siCqare gan-

isazRvreba formuliT: 
T

L
v   (1), sadac L  aris man-

Zili CasatvirTi WaburRilidan saTvalTvalo 

WaburRilebamde; T - dro, CatvirTvis momentidan im 
momentamde, rodesac saTvalTvalo WaburRilebSi 
qloris koncentraciam maqsimums miaRwia. rogorc 

meore da mesame naxazebze aris naCvenebi, L =2.0 m; T
=23 saaTi. amrigad, siCqaris formulidan gamom-

dinare, 087.0
0.23

0.2


T

L
v  m/saaTSi anu 2.09 m/dR.R 
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miwisqveSa wylebis xarjis gansazRvra da depresiis 
mrudis ageba erTgvarovan fenebSi. wyalSemcveli 
feni horozontaluri wyalgaumtari sagebiT 

amocana 2. gruntis wyliT gajerebulia 
erTgvarovani saSualomarcvlovani qviSis feni, 
romelic ganlagebulia horizontalur wyal-
gaumtar Sreze. #1 WaburRilSi (dinebidan zeda) 
gruntis wylebis donis niSnuli aris 32.5 m. #2 

WaburRilSi, romelic #1 WaburRilidan l  = 1000 
metriT aris daSorebuli dinebis mimarTulebiT 
gruntis wylebis done dafiqsirebulia 25.2 metris 
niSnulze. wyalgaumtari sagebi fenis niSnuli 
tolia 12.0 m. qviSis filtraciis koeficienti udris 
7.5 m/dR.R. 

 
nax. 4 

ganvsazRvroT erTeuli xarji da gruntis 
wylis 150 m siganis nakadis xarji; avagoT gruntis 
wylebis depresiis mrudi da gamovTvaloT depresi-
is mrudis donis niSnulebi yoveli 100 m Semdeg.  
amoxsna: erTeuli xarji ganisazRvreba diupuis 

formuliT: 
l

hh
kq

2

2

2

2

1 
   (1), sadac 1h da 2h  wyal-

Semcveli fenis simZlavrebia, Sesabamisad, pirvel 
da meore WaburRilebSi.  

l  - WaburRilebs Soris manZili; B siganis gruntis 
wylis nakadis xarji tolia qBQ   (2).  
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#1 WaburRilSi wyalSemcveli fenis simZlavre to-

lia 1h = 32.5 – 12.0 = 20.5 m; analogiurad  

#2 WaburRilSi 2h =25.2 – 12.0 = 13.0 m.  (1) formulis 

mixedviT erTeuli xarji tolia:   

922.0
10002

2.135.20
5.7

22





q m3/dR.R.  

B = 150 m siganis gruntis wylis nakadis xarji 

toli iqneba: 150922.0 Q =138.3 m3/dR.R. 

depresiis mrudis Y ordinata gamoiTvleba formu-

liT: )(
2

2

2

1

2

2 hh
l

x
hy   (3), sadac Y  wylis donea 

#2 WaburRilidan x  manZilze. Tu SevitanT x -is 

sxvadasxva sidideebs bijiT x 1 = 100 m, miviRebT Y 1, 

Y 2 da a.S. sidideebis Tanamimdevrobas.  

2 2 2100
y 13.2 ( 20.5 13.2 ) 14.10

1000
     

 
x -is sxva mniSvnelobebis Sesabamisi y -is an-

gariSiT miRebuli sidideebi (m) naCvenebia qvemoT. 
Wab. 2                                                  Wab. 1 

0 100 200 300 400 500 600 700 800 900 1000 

13.20 14.1 14.95 15.75 16.51 17.24 17.94 18.61 19.26 19.89 20.50 

 
am monacemebiT agebuli depresiuli mrudi 
naCvenebia nax. 5-ze.  
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nax. 5 

 
amocana 3. sxvadasxva marcvlovani qviSa 

Seicavs gruntis wyals. wylis donis niSnuli #1 
WaburRilSi (dinebis zeda mxares) tolia 130.4 m, xo-
lo #2 WaburRilSi, romelic dinebis mimarTu-
lebiT daSorebulia #1 WaburRilidan 2000 metriT 
wylis donis niSnuli aris 122.6 m. wyalgaumtari 
sagebi feni horizontaluria da misi zedapiris 
niSnuli aris 112.6 m.  wyalSemcveli fenis fil-
traciis koeficienti udris  16.2 m/dR.R.  

 
nax. 6 

gamovTvaloT erTeuli xarji da gruntis 
wylis nakadis 500 m siganis xarji; gamovTvaloT 
wylis sarkis niSnulebi yoveli 200 m Semdeg; ava-
goT depresiis mrudi.  
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amoxsna: erTeuli xarji ganisazRvreba diupuis 

formuliT: 
l

hh
kq

2

2

2

2

1 
  (1), sadac 1h da 2h  wyal-

Semcveli fenis simZlavrebia, Sesabamisad pirvel da 

meore WaburRilebSi; l  - WaburRilebs Soris man-
Zili; B - siganis gruntis wylis nakadis xarji 

tolia qBQ  (2). 

#1 WaburRilSi wyalSemcveli fenis simZlavre to-

lia 1h = 32.5 – 12.0 = 20.5 m;  

analogiurad, #2 WaburRilSi 2h =25.2 – 12.0 = 13.0 m.   

(1) formulis mixedviT, erTeuli xarji 

tolia:   922.0
10002

2.135.20
5.7

22





q m3/dR.R. 

B = 150 m siganis gruntis wylis nakadis xarji 

toli iqneba: 150922.0 Q =138.3 m3/dR.R. 

depresiis mrudis Y ordinata gamoiTvleba 

formuliT: )(
2

2

2

1

2

2 hh
l

x
hy   (3). 

sadac y  wylis donea #2 WaburRilidan x  

manZilze. Tu SevitanT x -is sxvadasxva sidideebs, 

bijiT x 1 = 100 m, miviRebT 1y , 2y  da a.S. sidideebis 

Tanamimdevrobas.  

10.14)2.135.20(
1000

100
2.13

222
y  

analogiurad y  -is Semdgomi sidideebi Seesabameba 

x -is Semdgom sidideebs x =100 m bijiT.  
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nax. 7 

 
 
wyalSemcveli feni daxrili wyalgaumtariT 

amocana 4. g. kamenskis miaxloebiTi meTodis 
gamoyenebiT ganvsazRvroT wylis donis niSnuli 
Sualed kveTSi da nakadis xarji; davadginoT 
depresiis mrudis forma 1-2 da 2-3 kveTebis 
monakveTebze. 

 
nax. 8 

 
sawyisi saangariSo monacemebi: 0.881 H  m; ?2 H ; 

0.823 H m; 8.4K  m/dR.R; 1y 25.0 m;      2y 40.0  

m; 3y 30.0 m; 1 2l 140.0  m; 2 3l 110.0  m;  
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amoxsna: ganvsazRvroT wylis donis niSnuli meore 
kveTSi. amisTvis, Tavdapirvelad unda ganvsazRvroT 
wyalSemcveli fenis simZlavreebi 1, 2 da 3 kveTebSi. 

1 1 1h H y 88.0 25.0 63.0     m;  

3 3 3h H y 82.0 32.0 52.0    
 
m;  

0.402222  HyHh    
SevadginoT erTeuli xarjis ori gantoleba 

1-2 da 2-3 kveTebisaTvis da gavutoloT isini erTma-

neTs: 
32

3232

21

2121 ))(())((








l

HHhh

l

HHhh
; ricxviTi 

sidideebis SetaniT miviRebT:  

0.110

)0.82)(0.520.40(

0.140

)0.400.63( 222 


 HHH
 

aqedan 2H = 84.8 m. 

erTeuli xarji gamoiTvleba formuliT:  

l

HHhh
kq 2121

2





  (1) 

vpoulobT 2h :   222 yHh  =88.8 – 40.0=44.8 m; maSasa-

dame, 92.5
140

8.8488

2

8.4463
8.4 





q  m3/dR.R. 

depresiis mrudis forma gamoiTvleba Semdeg-

nairad: 1-2 ubanze 21 hh  , 63.0>44.8. MmaSasadame, 1-2 
ubanze depresiuli mrudi warmoadgens daRmaval 
mruds imis miuxedavad, rom wyalgaumtar sagebs 
ukudaxra aqvs; 

2-3 ubanze 32 hh  , anu 44.8<52.0. maSasadame 2-3 

ubanze depresiuli mrudi aris wyalgaumtari 
sagebis gaswvriv mimarTuli mrudi.  
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gruntis wylebis xarjis da infiltraciis sididis 
gansazRvra. mdinareTaSueTis masivze depresiuli 
mrudis ageba 
amocana 5. ganvsazRvroT filtraciis sidide A 
mdinaridan B

  
mdinaremde 8 km-is manZilze da erTeu-

li xarji
 

A mdinaridan 300 metris daSorebiT, 
atmosferuli naleqebis infiltraciis gaTvalis-
winebiT.  

 
nax. 9 

gruntis wylebi dakavSirebulia napralovan 
kirqvebTan, romelTa filtraciis koeficienti to-
lia 40 m/dR.R. wyalgaumtari sagebi  gverdi hori-
zontaluria. wyalSemcveli fenis simZlavre A mdi-
naresTan 100.0 metria, xolo B mdinaresTan – 90.0 
metri. mdinareTa kalapotebs Soris manZili 10 km-s 
Seadgens. atmosferuli naleqebis wliuri raode-
noba tolia 400 mm. miviRoT, rom atmosferuli 
naleqebis wliuri raodenobis 30% infiltraciaze 
modis.  
amoxsna: Tavdapirvelad gamovTvaloT infiltraciis 
w  sidide, anu wylis is raodenoba, romelic Cai-
Joneba dedamiwis zedapiridan erTeul farTobze 

drois erTeulSi: 00033.0
1000365

3.0400





w  m/dR.R.  
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Semdeg davadginoT, aqvs Tu ara adgili wylis fil-

tracias A   mdinaridan  B mdinareSi, risTvisac 
gamoviyenoT kamenskis formula: 

22

2

2

2

1
1

L
w

L

hh
kq 


     (1), 

sadac 1q - gruntis wylis nakadis xarjia sawyis 

kveTSi A mdinaresTan; 

1h - wyalSemcveli fenis simZlavre A  mdinaresTan; 

2h - wyalSemcveli fenis simZlavre  B mdinaresTan; 

L - mdinareebs Soris manZili.  
ricxviTi sidideebis SetaniT (1) formulaSi mi-
viRebT:  

15.2
2

10000
00033.0

100002

90100
40

22

1 



q  m

3/dR.R 

imdenad, ramdenadac 1q >0, gruntis wylebis wyal-

gamyofi ar arsebobs. maSasadame, xdeba  wylis 

filtracia A  mdinaridan  B mdinareSi erTeuli 
xarjiT 2.15 m3/dR.R. 
Tu aviRebT mdinaris napiris sigrZis 8 km-ian mo-
nakveTs maSin filtraciuli danakargebi gamoisaxeba 
ricxviT: 2.15 x 8 000 = 17 200 m3/dR.R. 

A  mdinaridan 300 metriT daSorebul kveTSi er-
Teuli xarji SeiZleba ganvsazRvroT formuliT: 

wxqqx  1 . sadac xq - gruntis wylis nakadis 

xarjia A  mdinaridan x manZilze. wina formulaSi 
ricxviTi sidideebis SetaniT miviRebT: 

25.230000033.015.2 xq  m
3/dR.R 

 
amocana 6: wyalSemcveli feni, romlis filtraciis 
koeficienti tolia 4.8 m/dR.R., qvemodan SemosazRv-
rulia horizontaluri wyalgaumtari sagebiT. mdi-
nareTa kalapotebs Soris manZili Seadgens 2 km-s. 
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wyalSemcveli fenis simZlavre A mdinaresTan to-
lia 20.5 m, xolo B  mdinaresTan 12.4 m. atmosferu-
li naleqebis wliuri raodenoba aris 584 mm.  
ganvsazRvroT arsebobs Tu ara gruntis wylebis 
wyalgamyofi mdinareTa SueTSi da rogoria gruntis 
wylis nakadis erTeuli xarji (infiltraciis gaT-
valiswinebiT) A mdinaris kalapotidan 400 metris 
manZilze. infiltraciis sidided miviRoT  
naleqebis wliuri raodenobis 15%. 
amocana 7. ganvsazRvroT infiltraciis sidide 
(mm/weliwadi) mdinareTaSueTis masivisaTvis, rome-
lic agebulia qviSebiT, filtraciis koeficientiT 
6 m/dR.R., atmosferuli naleqebis saSualowliuri 
raodenoba tolia 550 mm. danarCeni sidideebi 
mocemulia sqemaze (nax. 10).  
 

 
nax. 10 

amoxsna. infiltraciis sidides ganvsazRvravT 

formuliT: 
2 2 2 2

1 1 2h h h h
k

(L x)x (L x)L

  
  

   

 (1). 

(1) formulaSi ricxviTi sidideebis SetaniT 
miviRebT:  
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2 2 2 228.2 27.4 27.4 18.8
6 0.00067

(2.855 1.242)1.242 (2.855 1.242)2.855

  
   

   

 

m/dR.R, anu 244 mm/weliwadi, rac Seadgens 

244
100 44.4%

550
  wliuri naleqebis raodenobidan. 

 
gruntis wylebis xarjis gansazRvra Sreebriv-
horizontalur fenebSi 
amocana 8. ganvsazRvroT gruntis wylis nakadis 
erTeuli xarji daxril fenSi, romelic Sedgeba 
sxvadasxva wyalgamtarobis sami qviSiani Srisagan, 
rodesac gruntis wylebis moZraoba Tanabaria. 
qviSian wyebas sagebad Tixa udevs. 
saangariSo monacemebia: #1 WaburRilSi wylis done 
mdebareobs 35.2 m niSnulze, #2 WaburRilSi – 31.8 m 
niSnulze. qveda Sris simZlavre 8 m-ia, Suasi – 4.6 m., 
xolo zeda Sris – 6.0 m. zeda Sris filtraciis 
koeficienti 7.2 m/dR.R tolia, Suasi – 5.6 m/dR.R, 
xolo qvedasi – 3.2 m. WaburRilebs Soris manZili 
470 m.  

 
nax. 11 

amoxsna: ganvsazRvroT filtraciis koeficientis 
saSualo mniSvneloba:  

1 1 2 2 3 3

1 2 3

k m k m k mkm
k

m m m m

 
 

 
saS.  (1), 
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ricxviTi sidideebis SetaniT (1) formulaSi mi-
viRebT:  

7.2 6.0 5.6 4.6 3.2 8.0
k 5.08

6.0 4.6 8.0

    
 

 
saS . m/dR.R. 

gamovTvaloT gruntis wylis nakadis qanobi: 

0072.0
470

4.3

470

8.312.3521 






l

HH
I

 
gruntis wylis nakadis erTeuli xarji 

gamoiTvleba formuliT:
 

q k mI saS.  (2),  

(2) formulaSi ricxviTi sidideebis SetaniT mi-

viRebT:
 

68.00072.06.1808.5 q  m3/dR.R 

 
amocana 9. ori sxvadasxva wyalgamtarobis qviSiani 
fenisgan Semdgari wyalSemcveli wyeba gaxsnilia 
ori WaburRiliT, romlebic ganlagebulia nakadis 
moZraobis mimarTulebiT da daSorebulia erTma-
neTisgan 500 m. wyalSemcveli fenebis simZlavreebi 
mudmivia mTlian gavrcelebaze da Seadgens zeda 
SrisTvis 5.0 m, qveda SrisTvis – 10.0 m. WaburRileb-
Si wylis doneebs Soris sxvaoba toliaa 3.0 m. zeda 
Sris filtraciis koeficienti aris 5.65 m/dR.R., qve-
dasi – 3.5 m/dR.R. wyalSemcveli wyeba qvemodan 
SemosazRvrulia Tixis feniT, romelic nakadis 
moZraobis mimarTulebiT aris daxrili. 
ganvsazRvroT gruntis wylis nakadis erTeuli 
xarji. 
 
nakadis xarjis gansazRvra fenis saerTo araerTgva-
rovnebis pirobebSi.  
amocana 10. #16 da #17 saZiebo WaburRilebiT, 
romlebic ganlagebulia gruntis wylis nakadis 
mimarTulebiT gaxsnilia miwisqveSa wylebi 
araerTgvarovani filtraciuli Tvisebebis qviSebSi. 
#16 WaburRilSi wyalSemcveli qviSebis simZlavre 
aris 13.1 m, xolo #17 WaburRilSi – 15.4 m. 
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filtraciis koeficientebis saSualo sidideebi 
Sesabamisad tolia 3.7 da 4.9 m/dR.R. #16 WaburRilSi 
gruntis wylis done damyarda 136.18 m, xolo #17 
WaburRilSi - 134.46  m. WaburRilebs Soris manZili  
300 metria, wyalgaumtari sagebi Tixebis daxriloba 
emTxveva gruntis nakadis moZraobis mimarTulebas. 

 
nax. 12 

 
gamoviangariSoT gruntis wylis nakadis 

erTeuli xarji. 
amoxsna: gruntis wylis nakadis erTeul xarjs 
vangariSobT kamenskis formuliT, romelic gamoyva-
nilia rTuli agebulebis araerTgvarovani fenebis-

Tvis:
 l

HHhkhk
q 212211

2





  (1). 

ricxviTi sidideebis SetaniT (1) formulaSi mi-
viRebT:  

355.0
300

46.13418.136

2

4.1159.41.137.3






q m3/dR.R 
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gruntis wylebis Setborvis gansazRvra 
erTgvarovan horizontalur fenSi infiltraciis 
gauTvaliswineblad 
amocana 11. ganvsazRvroT gruntis wylebis Setborva 
##61, 59 da 58 WaburRilebSi, romlebic 
ganlagebulia aluviuri saSualomarcvlovani 
qviSebiT agebul mdinaris terasaze, im pirobebSi, 
rodesac mdinareSi wyali aiwevs 124.0 m niSnulamde. 
wyalgaumtari feni horizontaluria (nax. 13). 
saangariSo monacemebi moyvanilia cxrilSi. 

 
nax. 13 

 
kveTi daSoreba 

mdinaridan 
(m) 

wyalgaumtari 
saxuravis 
absolituri 
niSnuli (m) 

Setborvamde 
wylis donis 
absoluturi 
niSnuli (m)  

mdinare - 119.37 122.02 
Wab.61 23.0 119.37 122.87 
Wab.59 225.0 119.37 123.21 
Wab.58 367.0 119.37 125.72 

 
amoxsna: ganvsazRvroT Setborvis sidide #61 
WaburRilSi Semdegi formuliT: 

  61

222

6161 hzhhhz rrr   (1), 

sadac 61z  #61 WaburRilSi Setborvis sididea; 

61h  - #61 WaburRilSi wylis done Setborvamde; 
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rh  - wylis done mdinareSi Setborvamde; 

- - mdinareSi Setborvis sidide; 
(1) formulaSi cxrilis monacemebis sidideebis 

SetaniT, miviRebT: 

  66.15.398.165.265.250.3
222

61 z  m 

#59 WaburRilSi Setborva tolia  

 
22 2

59 59 61 61 61 59

2 2 2

z h h h z h

3.84 3.50 ( 3.50 1.66 ) 3.84 1.56

     

      m

 

#58 WaburRilSi Setborva tolia  
 

 
22 2

58 58 59 59 59 58

2 2 2

z h h h z h

6.35 3.84 ( 3.84 1.56 ) 6.35 1.05

     

      m

 

Setborvis Semdeg wylis doneTa niSnulebi iqneba: 
Wab. 61 122.87+1.66=124.53 m 
Wab. 59 123.21+1.56=124.77 m;  
Wab. 58 125.72+1.05=126.77 m 
 
amocana 12. horizontalur wyalgaumtar fenze 
ganlagebuli gruntis wylebi moqceulia 
sxvadasxvamarcvlovan qviSebSi da gaxsnilia ## 
121, 122 da 123 WaburRilebiT (nax. 14). cxrilis 
monacemebiT ganvsazRvroT WaburRilebSi gruntis 
wylis Setborvis sidideebi, Tu mdinareSi wylis 
donem aiwia 56.2 m niSnulamde.  
 

kveTi daSoreba 
mdinaridan 

(m) 

wyalgaumtari 
saxuravis 

absolituri 
niSnuli (m) 

Setborvamde 
wylis donis 
absoluturi 
niSnuli (m) 

mdinare - 49.2 54.2 
Wab.121 25 49.2 55.9 
Wab.122 200 49.2 56.6 

rz
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Wab.123 400 49.2 57.5 

 

 
nax. 14 

 
 

nakadis xarjis gansazRvra iseT fenSi, romelSic 

horizontaluri mimarTulebiT wyalgamtaroba 

mkveTrad icvleba  

amocana 13. ganvsazRvroT gruntis wylis im nakadis 

xarji, romlis drenireba xdeba mdinariT da agreT-

ve wyalSemcveli fenis simZlavre Sreebis kontaq-

tSi, Semdegi monacemebis mixedviT: ZiriTadi qanebiT 

agebul napirze gayvanili #1 WaburRilSi wylis 

donis absoluturi niSnuli, mdinareSi wylis piri-

dan 300 metris daSorebiT tolia 123.74 m., xolo 

mdinareSi – 117.03 m. wyalgaumtari sagebi horizon-

taluria. misi absoluturi niSnuli SeiZleba CavT-

valoT - 112.0 m. manZili mdinaridan saproeqto 

WaburRilamde 50 metria. laboratoriuli gan-

sazRvrebis gziT filtraciis koeficientebis 

sidideebi Semdegia: terasis qviSebisTvis 15.0 m/dR.R; 

ZiriTadi qanebiT agebuli napirisTvis 9.0 m/dR.R.  



188 

 

 
nax. 15 

gruntis wylis nakadis erTeul xarjs 
ganvsazRvravT kamenskis formuliT: 














2

2

1

1

22

1

2
k

L

k

L

hh
q s  (1) 

(1) formulaSi ricxviTi sidideebis SetaniT mi-

viRebT: 
2 2

(123.74 112.0) (117.03 112.0)
2.52

300 50 50
2

15 9

q
  

 
 

 
 

 
m3/dR.R, 

wyalSemcveli fenis simZlavres Sreebis kontaqtze 
gamovTvliT formuliT: 

1221

2

212

2

121

LkLk

hLkhLk
hs




  (2), 

(2)  formulaSi ricxviTi sidideebis SetaniT mi-
viRebT: 

2 2
15 50(123.74 112.0) 9 300(117.03 112.0)

7.04
12 50 9 300

sh
    

 
  

m 
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amocana 14. ganvsazRvroT #1 WaburRilSi, romelic 
mdinaris napiridan 500 metriT aris daSorebuli, 
gruntis wylebis donis niSnuli Setborvis Semdeg. 
mdinareze gaTvaliswinebulia wyalsacavis mowyoba 
SetborviT 138.0 m niSnulamde. 
mdinaris terasa, romelzec WaburRili aris 
gayvanili qviSebis orSriani wyebiT aris agebuli, 
amasTan qveda Sre ufro wyalgamtaria, vidre zeda. 
danarCeni gaangariSebisTvis saWiro monacemebi nax. 
16-ze aris naCvenebi.  

 
nax. 15 

 
amoxsna. @#1 WaburRilSi Setborvis sidides 
ganvsazRvravT formuliT:  

1 1 2 1 1

' ' ' '
1 1 2 1 1

k M( H H ) 0.5k ( h h )( H H )

k M( H H )0.5k ( h h )( H H )

    

   

md. md. md.

md. md. md.

  (1) 

sadac

 

M  qveda Sris simZlavrea; 

1k  - qveda Sris filtraciis koeficienti; 

2k  - zeda Sris filtraciis koeficienti; 
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ganvsazRvroT qviSis zeda Sris simZlavre #1 

WaburRilSi ( '
1h ), agreTve mdinaresTan Setborvamde 

( hmd. ) da Setborvis Semdeg (
'hmd. ).  

1h 132.4 127.3 5.1     m; 

h 131.0 127.3 3.7  md.  m; 

'h 138.0 127.3 10.7  md.  m. 

imis mxedvelobaSi miRebiT, rom '
1 1 1H H z  , 

'
1 1 1h h z   da qveda Sris saSualo simZlavre 

WaburRilidan mdinaremde monakveTze 11.3 m Seadgens, 
ricxviTi sidideebis CasmiT (1) formulaSi miviRebT:  

1

1 1

18.4 11.3 (132.4 131.0 ) 0.5 1.6 ( 5.1 3.7 )

(132.4 131.0 ) 18.4 11.3 (132.4 z 138.0 )

0.5 1.6 ( 5.1 z 10.70 ) (132.4 z 138.0 ),

       

       

       

  

saidanac 1z 6.93 m. 

Setborvis Semdeg #1 WaburRilSi gruntis wylebis 
donis absoluturi niSnuli toli iqneba: 

'
1 1 1H H z 132.4 6.93 139.33     m 

 
amocana 15. im mdinaris xeoba, romelSic wyalsacavi 
unda daproeqtdes, fskerze agebulia msxvilmarcv-
lovani qviSebiT, filtraciis koeficientiT 25 
m/dR.R. es Sre gadafarulia wvrilmarcvlovani 
qviSebis SriT, filtraciis koeficientiT 2 m/dR.R. 
kaSxlis aSenebis Semdeg mdinaris kalapotSi wylis 
donis matebam unda Seadginos 5 m. 
ganvsazRvroT wylis donis aweva da donis 
absoluturi niSnuli #1 WaburRilSi, romelic 
mdinaridan 400 metriT aris daSorebuli. 
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nax. 17 

 
calkeuli WaburRilis gavlenis radiusis 
gansazRvra 
amocana 16. im WaburRilidan, romelmac qviSrob 
qanebSi, miwis zedapiridan 4.7 metris siRrmeze 
gaxsna gruntis wylis horizonti, Catarda uwyveti 
amotumbva 18 saaTis ganmavlobaSi. wyalSemcveli 
qviSebis simZlavre 9.4 metria. qviSis wyalgacema 
Seadgens 0.19, xolo filtraciis koeficienti 0.0002 
m/wm. ganvsazRvroT WaburRilis gavlenis radiusi. 
amoxsna. gavlenis radiuss gamovTvliT i. kusakinis 
formuliT: 

6
47

HkT
R


 (1), 

sadac H - wyalSemcveli qviSebis simZlavrea, m; 

       k - qviSebis filtraciis koeficienti, m/wm; 
       T - amotumbvis xangrZlivoba, saaTi; 
        - qviSis wyalgacema. 

(1) formulaSi ricxviTi sidideebis SetaniT mi-

viRebT: 
6 9.4 0.0002 18

47 48.6
0.19

R
  

  m 50 m  
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WaburRilebSi wylis modinebis gansazRvra dawnevi-
Ti wylebis pirobebSi 
amocana 17. saSualomarcvlovan qviSebTan da-
kavSirebuli 11.6 m simZlavris arteziuli horizon-
ti gaxsnilia WaburRiliT, romelSic Casmulia 4.5 m 
sigrZis filtri. WaburRilis diametri tolia 254 
mm. gavlenis radiusi miRebulia 150 m-is tolad. 
filtraciis koeficienti udris 8.4 m/dR.R. 
ganvsazRvroT WaburRilis debiti donis 5 metriT 
dawevisas. 

 
nax. 18 

amoxsna. imis gamo, rom filtris sigrZe metia 

wyalSemcveli fenis simZlavris mesamedze (  1l M
3

), WaburRilis debits gamovTvliT  masketis for-
muliT:  


 

  
 

kMs
Q

1 4M 4M
0.366 ( 2lg A ) lg

2 r R

  (1), 

sadac 
l

M
  filtris muSa nawilis Sefardebaa 

wyalSemcveli fenis simZlavresTan; 

A – ganyenebuli sidide, romelic damokidebulia   
da ganisazRvreba grafikidan.  
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nax. 19 

 
vpoulobT   da A mniSvnelobebs: 

  
4.5

0.39 0.4
11.6

 . 

grafikidan ganvsazRvravT, rom  0.4 sididisas 

A 1.6 . zemoT mocemul (1) formulaSi ricxviTi 
sidideebis SetaniT, vgebulobT arteziuli Wabur-
Rilis debits: 

 
 

  
   

8.4 11.6 5.0
Q 270.7

1 4 11.6 4 11.6
0.366 ( 2lg 1.6 ) lg

2 0.4 0.127 150

3m /dR.R

 
amocana 18. ganvsazRvroT im WaburRilis debiti, 
romelmac wyali gaxsna wyalgamtarobis mixedviT 
araeTgvarovan qviSebSi. wyalSemcveli feni sami 
Srisgan Sedgeba, romelTa simZlavreebia 3.5; 4.8 da 
11.5 m., xolo filtraciis koeficientebi Sesabamisad 
tolia 4.23; 3.72 da 8.97 m/dR.R. qviSebi gadafarulia 
da qvemodanac SemosazRvrulia Tixis fenebiT. ze-
modan ganlagebuli Tixis fenis sagebis qveS 
dawneva Seadgens 17.5 m-s, donis daweva amotumbvis 
procesSi – 4.8 m. WaburRilis filtris diametri 
tolia 150 mm. gavlenis radiusis sidide 400 m-ia.  
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nax. 20 

 
amoxsna. Tavdapirvelad ganvsazRvravT filtraciis 
koeficientis saSualo sidides: 

    
 

 

4.23 3.5 3.72 4.8 8.97 11.5
k 6.86

3.5 4.8 11.5
saS. m/dR.R  




2.73kMs
Q

lg R lg r
 formuliT gamovTvliT WaburRilis 

debits:  

 
   

 

2.73k Ms 6.86 19.8 4.8
Q 2.73 477.0

lg R lg r lg 400 lg 0.075

3saS. m /dR.R  

 
kaSxlis qveS filtrirebuli wylis xarjis 
gansazRvra 
amocana 19. kaSxlis fuZeSi ganlagebulia saSualo-
marcvlovani qviSebi, filtraciis koeficientiT 8.4 
m/dR.R. qviSis fenis simZlavre 12.0 metria. dawneva 
kaSxalTan – 4.5 m. fuZeze kaSxlis sigane Seadgens 
28 m-s. kaSxlis sigrZe 100 m-ia. 
ganvsazRvroT kaSxlis qveS filtraciaze wylis 
xarji. 
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amoxsna.  ganvsazRvroT filtraciuli xarji 

pavlovskis formuliT: rQ kHLQ  (1), 

sadac H kaSxlis mier Seqmnili dawnevis simaRlea; 

L  - kaSxlis sigrZe; rQ - “dayvanili xarji”, 

romelic damokidebulia 
b

z
( b  – flutbetis siganis 

naxevaria, z - wyalgaumtari fenis ganlagebis 
siRrme, aTvlili kaSxlis fuZidan) da 
ganisazRvreba grafikiT. 
grafikis mixedviT (nax. 21) vpoulobT, rom 

Sefardebas 
b 14.0

1.16
z 12.0
   Seesabameba sidide 

rQ 0.325 .  

 
              nax. 21 
 
(1) formulaSi ricxviTi sidideebis SetaniT 
vgebulobT filtraciuli xarjis sidides:  
Q 8.4 4.5 100 0.325 1228.5     m3/dR.R 

 
amocana 20. kaSxali unda daproeqtdes qanebis 
orSrian wyebaze. zeda, 2.0 m simZlavris feni 
warmodgenilia msxvilmarcvlovani qviSebiT, 
filtraciis koeficientiT 43.2 m/dR.R. qveda feni, 
romlis simZlavre 10.0 m-ia, warmodgenilia 
kenWnariT, filtraciis koeficientiT 397.0 m/dR.R. 
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kenWnars qveS udevs Tixis feni. saangariSod saWiro 
danarCeni monacemebi asaxulia nax. 22-ze.  

 
nax. 22 

g. kamenskis formulebiT ganvsazRvroT 
erTeuli xarji kaSxlis fuZis qveS da dawnevis 
gradienti zeda SreSi kaSxlis fuZesTan. 
amoxsna. kamenskis formulis mixedviT, 
ganvsazRvroT erTeuli xarji:  

1 2

1 1 2

H H
q

L t
2

hk k k h






 (1) 

sadac 1H da 2H wylis zedapiris niSnulebia 

Sesabamisad, zeda da qveda biefebSi; L  - kaSxlis 

sigane fuZeze; t  - zeda fenis simZlavre; 1k  - zeda 

fenis filtraciis koeficienti; h  - qveda fenis 

simZlavre; 2k  - qveda fenis filtraciis 

koeficienti. 
(1) formulaSi ricxviTi sidideebis SetaniT 
miviRebT:   

154.0 137.0
q 255.3

240 2.0
2

10.0 397.0 43.2 397.0 10.0


 


  

 m3/dR.R. 
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vpoulobT dawnevis saSualo gradients zeda fenSi, 

kaSxlis fuZesTan: 1 2
0

1

2

H H
J

k t
2t L

k h




 

 (2) 

ricxviTi sidideebis SetaniT (2) formulaSi 

miviRebT: 0
154.0 137.0

J 0.43
43.2 2.0

2 2.0 240
397.0 10.0


 

  
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