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Sesavali 

 

naSromis saerTo daxasiaTeba  

 

Temis aqtualuroba. ukanasknel wlebSi msoflios 

winaSe mkveTrad isaxeba wylis deficitis problema. dadgenilia, 

rom dReisaTvis, wylis ukmarisobas ganicdis dedamiwis 

mosaxleobis  daaxloebiT 1.5 miliardi, xolo 2050 wlisTvis 

maTi raodenoba savaraudod SeiZleba 3.5 miliards miaRwios. 

dReisaTvis, miuxedavad imisa, rom SeiZleba mTlianad 

qveyanaSi wylis resursebi sakmarisi iyos, msoflioSi amJamad 

mainc ar arsebobs soflis meurneobis produqciis mwarmoebeli 

saxelmwifo, romelic ar ganicdides siZneleebs garkveuli 

teritoriebis gawylovanebaSi. iseve, rogorc msoflis mraval 

qveyanaSi, saqaTveloSic gansakuTrebiT rTulia im regionebis 

wyaluzrunvelyofa, romlebic qveynis naxevrad aridul zonaSia 

ganlagebuli, vinaidan aq wyalmoTxovnileba sakmaod didia, 

xolo misi xelmisawvdomoba dabali.  

wyalmoTxovnilebis moculobis mixedviT, wyalTa 

meurneobis dargebs Soris, soflis meurneoba erT-erTi msxvili 

wyalmomxmarebelia, vinaidan arsebuli wylis resursebis 

daaxloebiT 70% sarwyav wyalze modis. eqspertebis mier 

dadgenilia, rom sarwyavi wylis xarjis 10%-iT Semcirebis 

Sedegad gaweuli ekonomia dazogavs met wyals vidre moixmaren 

yvela sxva wyalmoxmareblebi erTad.  

rogorc mravali mecnieris kvleva adasturebs, rwyvis 

teqnologiebs Soris, wylis ekonomiis TvalsazrisiT, yvelaze 

ufro saimedoa wveTuri morwyva, xolo masTan erTad 

polimeruli masalebiT mulCirebis teqnologiis gamoyeneba kidev 

ufro amaRlebs efeqturobas. aRniSnuli meTodebis erToblivi 

gamoyenebis SemTxvevaSic ki, rwyvis reJimis araswori SerCevis 

dros sarwyavi wylis danakargi daaxlovebiT 30%-s Seadgens.  
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rwyvis reJimis parametrebis SerCevis dros daSvebuli 

cdomilebebi ZiriTadad ganpirobebulia niadagis tenis dinamikis 

amsaxvel modelebSi niadagis ama Tu im fizikuri an meqanikuri 

Tvisebebis, wyal-haerovani reJimebis monacemebis, 

evapotranspiraciis, agroklimaturi monacemebis da sxva 

faqtorebis arazusti monacemebis gaTvaliswinebis an/da 

zogierTis srlad ugulveleblyofis gamo. 

gamomdinare aqedan, wylis resursebis optimaluri marTva 

soflis meurneobaSi, rac ZiriTadad gulisxmobs rwyvis reJimis 

optimaluri parametrebis SerCevas gegmiuri da stabiluri 

mosavlis misaRebad garemos ekologiuri wonasworobis 

maqsimaluri SenarCunebiT, iseTi resursdamzogi da ekologiuri 

TvalsazrisiT gamarTlebuli teqnologiebis gamoyenebiT, 

rogorebicaa mulCireba polieTilenis afskiT da wveTuri 

morwyva,  dReisaTvis erT-erT aqtualur problemad rCeba. 

samuSaos mizani. sadisertacio naSromis mizania - 

programuli mosavlis miRebis maqsimaluri saimedoobis da 

ekologiuri wonasworobis maqsimaluri SenarCunebis 

gaTvaliswinebiT, resursdamzogi teqnologiebis gamoyenebis 

pirobebSi (mulCireba polieTilenis afskiT da wveTuri morwyva), 

Seqmnil iqnas rwyvis reJimis optimaluri marTvis integrirebuli 

modeli, romelic asaxavs meliorirebadi miwebis sruli 

gajerebisa da aeraciis zonaSi mimdinare fizikur, biologiur 

da meqanikur process. miRebul rekomendaciebze dayrdnobiT 

SemuSavdes optimaluri rwyvis reJimi bunebriv-klimaturi 

pirobebis, niadagis Tvisebebis da sasoflo sameurneo 

kulturebis (pomidori da nesvi) wyalmoTxovnilebis 

gaTvaliswinebiT. 

kvlevis obieqti da meTodebi. kvlevis obieqts 

warmoაdgenda saqarTvelos naxvrad aridul regionSi 

ganlagebuli sasoflo-sameurneo savargulebi. eqsperimentuli 
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kvlevebi Catarebul iqna diRmis sacdeli poligonis 0,06 ha 

farTobze. 

dasaxuli miznis misaRwevad gamoyenebul iqna 

hidravlikaSi, hodroteqnikur melioraciaSi, niadagmcodneobaSi 

da agronomiaSi sayovelTaod aRiarebuli samecniero-teqnikuri 

midgomebi da meTodebi.  

kerZod, rogorc resursdamzogi teqnologia, gamoyenebul 

iqna Savi polieTilenis afskiT mulCirebis meTodi wveTur 

morwyvasTan erTad romelTa kompleqsurad moqmedebis 

SemTxvevaSi SesaZlebelia niadagis tenisa da temperaturis 

reJimebis regulireba. 

niadagis fizikuri, meqanikuri, qimiuri da wylovani 

Tvisebebis gansazRvra ganxorcielda nimuSebis aRebiT, 

eqsperimentebis safuZvelze, niadagmcodneobaSi aRiarebuli 

meTodebis gamoyenebiT. kerZod, gamoyenebul iqna iseTi cnobili 

meTodebi, rogoricaa: n. a. kaCinskis, i.v. tiurinis, kapen-

gilkovicis, a. v. sokolovis, kapenis, kirsanovis da sxva. 

niadagis tenianobis gazomva xorcieldeboda speciluri 

sensorebiT, romlebic muSaobs eleqtrogamtarobis gazomvis 

principiT da saSualebas iZleva aRniSnuli maxasiaTeblebis 

sidideebi gazomil iqnas niadagis 1 m-mde siRrmeSi winaswar 

dadgenili da eqsperimentisTvis SerCeuli optimaluri bijiT. 

klimaturi pirobebis, kerZod haeris temperaturis da 

tenianobis, qaris siCqaris da mimarTulebis, atmosferuli 

wnevisa da naleqebis kontroli xorcieldeboda argrarul 

universitetSi arsebuli stacionaluri meteorologiuri 

sadguris meSveobiT, romelic mzis energiiT ikvebeba da 

aRniSnuli monacemebis cvalebadobis uwyveti informaciis 

miRebis saSualebas iZleva.   
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  naSromis ZiriTadi Sedegebi da mecnieruli 

siaxle:  

 niadagSi tenis moZraobis saangariSo sqemisa da Teoriuli 

kvlevebis safuZvelze miRebulia niadagis aqtiuri 

forianobis optimaluri mniSvnelobebis saangariSo 

damokidebuleba;  

 gansazRvrulia niadag-gruntebSi tenis gadaadgilebis 

siCqare mulCirebisa da Ria gruntis pirobebSi; 

 miRebulia filtraciis siCqaris winaaRmdegobis 

koeficientis saangariSo damokidebuleba forianobis 

gaTvaliswinebiT; 

 gansazRvrulia filtraciis sCqaris sawyisi gradientisa da 

sruli gradientis forianobasTan funqcionaluri kavSiri, 

ris safuZvelzec SesaZlebelia niadagis tenianobis 

regulireba sarwyav miwaTmoqmedebaSi da rwyvis 

optimaluri reJimebis dadgena; 

 miRebulia morwyvis normis saangariSo damokidebuleba 

niadag-gruntebis fiziko-meqanikuri maxasiaTeblebis 

gaTvalisiwnebiT; 

 wveTuri morwyvis SemTxvevaSi Sedarebulia mulCirebuli 

da aramulCirebuli niadagebisTvis miRebuli rwyvis 

normebi;  

 miRebuli klimatur da niadagur monacmeTa analizis 

safuZvelze SemuSaveblia sasoflo-sameurneo kulturebis 

rwyvis optimaluri reJimebi niadag-gruntebis filtraciisa 

da evapotransfiraciis gaTvalisiwnebiT. 

Sedegebis gamoyenebis sfero. SemuSavebuli 

optimaluri rwyvis reJimis rekomendaciebi bunebriv-klimaturi 

pirobebis, niadagis Tvisebebis da sxvadasxva sasoflo sameurneo 

kulturebis wyalmoTxovnilebis gaTvaliswinebiT mniSvnelovnad 

Seuwyobs xels saqarTvelos agroseqtoris ganviTarebas da 

kerZod, sarwyavi miwaTmoqmedebis gaumjobesebas.  
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calkeuli konkretuli amocanebis Sedegebi did 

daxmarebas gauwevs hidroteqnikur melioraciaSi, hidravlikaSi, 

niadagmcodneobaSi, agronomiaSi da sxva momijnave dargSi 

moRvawe mecnierebs samomavlo kvlevebis ganxorcielebaSi. 

disertaciis moculoba da struqtura. 

sadisertacio naSromi Sedgeba Sesavlis, 3 Tavisa da ZiriTadi 

daskvnebisagan. igi moicavs 100 nabeWd gverds, maT Soris ¿15 

naxazss da ¿10 cxrils; gamoyenebulia¿98 dasaxelebis 

literatura.    
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disertaciis ZiriTadi Sedegebi Tavebis mixedviT 

 

sadisertacio naSromis privel TavSi ganxiluli da 

Seswavlilia iseTi resursmzogi teqnologiebi rogorebicaa 

wveTuri morwyva da niadagis mulCireba. mocemulia arsebuli 

teqnologiebis, niadagis filtraciuli Tvisebebisa da 

evapotranspiraciis pirobebis analizi da Seswavlis Tanamedrove 

mdgomareoba. 

aRsaniSnavia, rom saadreo da uxvi mosavlis miRebis mizniT 

mulCiT dafaruli sasoflo-sameurneo savargulebis farTobi 

yovelwliurad izrdeba. mulCireba gansakuTrebiT mniSvnelovania 

iseTi siTbos moyvaruli mcenareTaTvis, rogorebicaa pomidori, 

wiwaka, badrijani, simindi, yurZeni, ბaRCeuli kulturebi da sxva.  

mulCad SeiZleba gamoyenebul iyos nebismieri მasala _ 

moTibuli balaxi, qaRaldi, karდoni, Tiva, bze, torfi, naxerxi, 

nafotebi, keramziti, polieTilenis afski, toli, ruberoidi, Savi 

sarai agrilis an lutrasilis tipis da a.S. 

arsebuli kvlevebis analizis safuZvelze SeiZleba 

davaskvnaT, rom:  

1. organuli mulCa warmoadgens niadagis mikroorganizmebis 

sakvebs da aZlierebs maT aqtivobas; 

2. mulCa iwvevs moZravi sakvebi elementebis ganviTarebas, 

xolo garkveuli pirobebis dros ki naxSirorJangis 

gamomuSavebas; 

3. ganapirobebs niadagis xelsayreli koStovani struqturis 

Camoyalibebas; 

4. icavs niadags gadaSrobisgan, inarCunebs mis tenianobas; 

5. aregulirebs niadagis temperaturas; 

6. aferxebs sarevelebis ganviTarebas; 

7. xels uSlis eroziuli procesebis ganviTarebas da sakvebi 

elementebis gamorecxvas; 
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8. xels uwyobs bunebrivi damcavi nivTierebebis warmoqmnas, 

romlebsac mcenareebi iTviseben. 

garda zemoTaRniSnulisa, mravali mecnieris kvleva 

adasturebs, rom rwyvis teqnologiebs Soris, wylis ekonomiis 

TvalsazrisiT, yvelaze ufro saimedoa wveTuri morwyva, xolo 

masTan erTad polimeruli masalebiT mulCirebis teqnologiis 

gamoyeneba kidev ufro amaRlebs efeqturobas. aRniSnuli 

meTodebis erToblivi gamoyenebis SemTxvevaSic ki, rwyvis reJimis 

araswori SerCevis dros sarwyavi wylis danakargi daaxlovebiT 

30 %-s Seadgens, xolo mulCis qveS niadgis tenianoba 50 sm 

sirRmezec ki 2-5%-iT meti, vidre niadagisa mulCis gareSe. 

gamomdinare aqedan, imisaTvis, rom SeirCes ama Tu im 

sasoflo-sameurneo kulturis rwyvis reJimis optimaluri 

parametrebi aucilebelia niadag-gruntis filtraciuli 

Tvisebebis Seswavla wveTuri morwyvis SemTxvevaSi rogorc Ria 

aseve mulCirebuli niadagis dros. 

naSromis meore TavSi SemoTavazebulia modeli, romlis 

safuZvelze niadag-gruntis realuri modeli warmodgenilia 

idealuriT, romlis yvela fori erTmaneTis paralelur 

cilindrul milsadenTa sistemas Seicavs. aseTi milovani 

sistemiT Sedgenili niadagis calkeuli milisaTvis nakadis 

dinebis saSualo siCqaris saangariSod miRebulia saangariSo 

damokidebuleba:  
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 (1) 

sadac: V aris idealur niadag-gruntebSi wylis 

filtraciis siCqare (m/wm); 

 





2

2iR
 

_ forovan milSi wylis moZraobis 

saSualo siCqare (m/wm); 

 R _ forovani milsadenis radiusi (m); 

 r0 _ forovan milsadenSi Zvris sawyisi 

winaRobis eqvivalenturi radiusi (m). 
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SemoTavazebuli modelis Sesabamisad, filtraciis 

mimarTulebiT  cocxali kveTis farTobisa da x milsadenis 

SemTxvevaSi, calkeuli milis x cocxali kveTis farTobi iqneba: 

 

x
x


  (2) 

Sesabamisad, calkeuli milsadenis wylis xarji tolia: 

 

x
m

iR
Q








2

2

mil  (3) 

warmodgenil (3) damokidebulebaSi 









R

r
fm 0 , da misi 

gansazRvra Zalze rTulia da specialur kvlevebs saWiroebs.  

radgan 




2

2iR
U   warmoadgens wylis moZraobis saSualo 

siCqares forovan milsadenSi, misi cocxali kveTis farTobi x 

SeiZleba ganisazRvros damokidebulebiT: 

 

x
mx


  (4) 

(4) damokidebulebis mixedviT 


 xx , warmoadgens gruntis n 

forianobas da Sesabamisad: 
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2
1  (5) 

Tu (5)-s gaviTvaliswinebT (1)-Si, maSin forovani milis 

saSualo siCqare toli iqneba 

 mUV  .  (6) 

e.i. filtraciis saSualo siCqare calkeul forovan milSi 

wylis moZraobis saSualo siCqarisa da niadag-gruntis 

forianobis koeficientis namravlis tolia. 

miRebuli (6) saangariSo damokidebuleba amyarebs kavSirs 

fiqtiur da idealur niadag-gruntSi wylis V fiqtiur siCqaresa 

da forovan milSi U saSualo siCqares Soris. 
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Tu mxedvelobaSi miviRebT, rom energiis danakargi forovan 

milSi hdan-is tolia, maSin SeiZleba davweroT: 

 

g

U

R
h

24

2
dan  (7) 

sadac:  aris hidravlikuri winaRobis koeficienti; 

 g _ simZimis Zalis aCqareba (m/wm2); 

 ℓ  forovani milis sigrZe (m). 

(7) saangariSo damokidebulebidan hidravlikuri qanobi I 

reinoldsis Re ricxvisa da siblantis   kinematikuri 

koeficientis gaTvaliswinebiT SeiZleba ganisazRvros 

damokidebulebiT: 

 

gR
I

3

22Re

8


  (8) 

(8) damokidebulebis gardaqmnisa da uganzomilebo 

kompleqsis –Ti aRniSvnis safuZvelze, romelic filtraciis 

ricxviT aris cnobili, miviRebT: 
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IgR
  (9) 
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  (10) 

Sesabamisad, Catarebuli gardaqmnebis safuZvelze 

hidravlikuri winaRobis koeficienti  reinoldsis ricxvTan 

kavSirSi miiRebs saxes: 

 
.

Re

8
2

R


  (11) 

Tu SemoviRebT aRniSvnas n

RA  2Re , maSin 

 
.

Re 2 n

R

A


  (12) 

(12) damokidebulebis gatolebiT (11)- Tan miviRebT: 

 
.Re

8

n

R

A
  (13) 

-s mniSvnelobis gaTvaliswinebiT (13)-Si, miviRebT: 
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(14) damokidebulebidan SeiZleba ganisazRvros forovan 

milSi wylis moZraobis saSualo siCqare 
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 (15) 

laminaruli filtraciis SemTxvevaSi filtraciis siCqare, 

roca n=1, aris 

 



28 R

A

gI
U  .  (16) 

Tu mxedvelobaSi miviRebT, rom     , g



  , (16) saangariSo 

damokidebuleba miiRebs saxes: 

 

A

IR
U



 28
 . (17) 

(17) damokidebulebaSi Tu SemoviRebT aRniSvnas 
A

R
K

2
' 8
  

 
I

K
U



 
  (18) 

(18) damokidebulebis gaTvaliswinebiT (16)-Si, gveqneba: 

 



 IKn
V


  (19) 

(19) saangariSo damokidebuleba warmoadgens wylis 

filtraciis saangariSo damokidebulebas idealur niadag-

gruntebSi.  

wylis filtraciis Seswavlisas maRaldispersiul gruntebSi 

(Tixa, torfi) dadgenil iqna, rom filtracia iwyeba mas Semdeg, 

rodesac dawnevis gradienti gadaaWarbebs garkveul sidides, e.i., 

kritikuli dawnevis mniSvnelobis Sesabamisi wertilis Sesatyvis 

gradients. pirobiTad es gradienti SesaZlebelia miCneul iqnas 

sawyis gradientad. funqcionaluri kavSiris zogadi xasiaTi 

filtraciis siCqaresa da gradients Soris sxvadasxva niadag-

gruntisaTvis SeiZleba Caweril iqnas damokidebulebiT: 



13 

 

 










I

I
KIV 01real  (20) 

sadac: K aris filtraciis koeficienti; 

 I _ sruli gradienti; 

 I0 _ sawyisi gradienti. 

(20) damokidebulebis SefardebiT (19)-Tan, roca filtraciis 

koeficienti 


K
nK


1  tolia, realuri gruntisaTvis 

filtraciis siCqaris saangariSo damokidebulebas eqneba saxe: 

 










I

I
IKKV 0

1 1real  (21) 

Tu SemoviRebT aRniSvnas: 


 00

0       1
K

K
I

I
KnK 








 da , 

maSin miviRebT: 

 KIV real  (22) 

(21)-e damokidebulebaSi K
I

I
nK 








 0

0 1  warmoadgens 

wyalgamtarobis koeficients da aqvs farTobis ganzomileba, 

xolo K realuri gruntis filtraciis koeficients warmoadgens. 

kvadratuli turbulenturi filtraciis SemTxvevaSi, roca n=2, 

gveqneba: 

 
I

A

gR
U

8
  (23) 

zogierTi gardaqmnisa da gamartivebis safuZvelze 

filtraciis siCqare realuri gruntisaTvis SeiZleba gamovsaxoT 

Semdegnairad: 

 
I

I

I

A

gR
mV 01

8
 .  (24) 

Tu SemoviRebT aRniSvnas 
A

gR

I

I
B

8
1 0









 , miviRebT: 

 IBmV  , (25) 
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sadac: B aris empiriuli koeficienti; 

 m _ forianobis koeficienti. 

SemoTavazebuli modelis safuZvelze realuri gruntisaTvis 

miRebulia filtraცiis siCqaris, filtraciis koeficientis, 

wyalgamtarobisa da forianobis saangariSo damokidebulebebi. 

ganxiluli amocanebi warmoadgens wylis moZraobis kerZo 

SemTxvevas forovan garemoSi da mas, garda wylis resursebis 

marTvis optimizaciisa, gansakuTrebuli roli eniWeba rogorc 

sxvadasxva sainJinro sakiTxebis gadawyvetis, ise irigaciaSi 

morwyvis normis, sarwyavi normisa da sxva maxasiaTeblebis 

dadgenis dros. 

niadag-gruntis tanSi wylis moZraobis ganmsazRvreli am Tu 

im hidrodinamikuri parametris dadgenisa da hidravlikuri 

kvlevebis mizniT SemoTavazebulia modeli, romlis safuZvelzec 

SesaZlebeli iqneba wylis filtraciis arsebul anomaliebTan 

dakavSirebuli sakiTxebis Seswavla. 

rogorc cnobilia, niadag-gruntis forianoba milsadenTa 

sistemiT aris warmodgenili. milsadenTa sistemis calkeuli 

milis Sida perimetrze sxvadasxva bunebis energetikuli velebis 

meSveobiT adgili aqvs Tavisufalisagan gansxvavebuli Tvisebebis 

mqone adsorbciuli bmuli wylis afskebis formirebas.  

 

nax #1 – milsadenSi wylis moZraobis saangariSo sqema. 

afskis konstraqcia milsadenis Sida zedapirze mas aniWebs 

kvazi myari sxeulis Tvisebebs, romlis moZraobaSi moyvana 

Sesabamisi sagradiento rgr Sris arsebobas saWiroebs. 

gamomdinare aqedan, wylis moZraoba SeiZleba warmodgenili iyos 

r0 

R 

y 

 

Vmaqs 

rgr Vy 
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rigi TaviseburebebiT da Sesabamisad, milsadenis ganivi cocxali 

kveTi daiyos or zonad. aseT SemTxvevaSi wylis moZraobis 

analogad SesaZlebelia gamoyenebuli iyos kvazi-myari sxeulis 

moZraoba – Svedov-bingamis ganzogadebuli modelis saxiT. 

aqtiuri sibrtyiTi forianoba SeiZleba warmodgenili iyos 

fomuliT:  

 
𝑛აქტ. =

𝜋𝑅2 − 𝜋(𝑅 − 𝑟გრ)
2

𝜋𝑅2
= 2 (

𝑟გრ

𝑅
) − (

𝑟გრ

𝑅
)

2

. (26) 

pirveli gantolebis (
𝑟გრ

𝑅
) fardobis mimarT amoxsnis Sedegad 

gveqneba:  

 
(

𝑟გრ

𝑅
) = 1 − √1 − 𝑛აქტ. (27) 

(27) formulis analizi gviCvenebs: roca 𝑛აქტ = 0, 𝑟გრ 𝑅 = 0⁄  

xolo, roca 𝑛აქტ = 1, 𝑟გრ 𝑅 = 1⁄ , saangariSo sqemis mixedviT, 𝑟გრ =

𝑅 − 𝑟0 da Sesabamisad, (27) damokidebulebas eqneba saxe:  

 
(

𝜋0

𝑅
) = √1 − 𝑛აქტ. (28) 

zogadad, roca milsadenis Sida kveTi aqtiur da pasiur 

sicarieleTa jamiT aris warmodgenili, maSin milsadenis sruli 

sicarielis, n-is saangariSod gveqneba:  

 𝑛 = 𝑛პას + 𝑛აქტ. (29) 

(29)–is gaTvaliswinebiT (27)–Si miviRebT: 

 
(

𝑟გრ

𝑅
) = √1 −

𝑛პას

𝑅
. (30) 

radgan pasiuri sicarielis farTobi 𝜋𝑟0
2 -is tolia, sruli 

sicarielis farTobi 𝜋𝑅2, maSin pasiuri forianobis sidide iqneba 

𝑛პას = (
𝑟0

𝑅
)

2

. Sesabamisad, (30) damokidebuleba miiRebs saxes:  

 

(
𝑟გრ

𝑅
) = 1 − √1 − 𝑛 + (

𝑟0

𝑅
)

2

. (31) 

milsadenis ganivi kveTis sicarielis is nawili, sadac 

wylis Seuferxebel moZraobas aqvs adgili, SeiZleba CaiTvalos 

aqtiur forianobad. aqtiuri foranobis optimaluri 
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mniSvnelobis dadgena SeiZleba ganxorcieldes rogorc 

grafikuli meTodiT, ise (27.) da (28) gantolebebis gatolebis 

safuZvelze. 

Tu aqtiuri forianobis mniSvnelobas 𝑛აქტ = 0.75 SevitanT me-

(3) damokidebulebaSi miviRebT, rom 
𝑟0

𝑅
= 0.5, anu, pasiuri 

sicarielis radiusis fardoba sruli sicarielis radiusTan 0.5-

is tolia. 

roca nakadis safiltracio moednis farTobi X milovani 

sistemiT aris warmodgenili, misi sidide SeiZleba ganisazRvros 

formuliT: 

  𝜔 = 𝑋𝜔მილ. (32) 

(32) damokidebulebis mixedviT calkeuli milis cocxali 

kveTis farTobia:  

 
𝜔მილ =

𝜔

𝑋
. (33) 

saSualo siCqaris mixedviT, nakadis xarji calkeuli 

milisaTvis SeiZleba gaangariSebuli iyos formuliT:  

 
𝑄მილ =

𝛾𝑖𝑅2

2𝜇
(1 −

𝑟0

𝑅
)

2

(
2

3
−

1

3

𝑟0

𝑅
)

𝜔

𝑋
. (34) 

Tu SemoviRebT aRniSvnas 𝑚 = (1 −
𝑟0

𝑅
)

2

(
2

3
−

1

3

𝑟0

𝑅
), calkeuli 

milsadenisTvis wylis saangariSo xarji iqneba:  

 
𝑄მილ =

𝛾𝑖𝑅2

2𝜇

𝜔

𝑋
𝑚. (35) 

damokidebulebaSi (35), radgan 
𝛾𝑖𝑅2

2𝜇
 milSi wylis moZraobis 

saSualo siCqares warmoadgens: 

   𝑄მილ

𝑉მილ
=

𝜔

𝑋
𝑚. (36) 

e. i. 𝜔მილ𝑋 = 𝜔𝑚. 

radgan,  farTobi wylis gasatarebeli moednis farTobia,  

      𝜔მილ𝑋 = 𝑚
𝑄

𝑉საშ
. (37) 

damokidebulebaSi (37) wylis xarjis sidide filtraciis 

xarjis tolia da Sesabamisad, 
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       𝜔მილ𝑋 = 𝑚
𝜔𝑉ფ

𝑉საშ
. (38) 

   radgan 𝜔მილ 𝑋 𝜔⁄
 warmoadgens gasatarebeli wylis 

farTobis forianobაs (38) damokidebulebiT, SeiZleba 

ganisazRvros nakadis filtraciis siCqare:   
      

𝑉ფ =
𝑛

𝑚
;     𝑉საშ =

𝑛

𝑚
 
𝑄ფ

𝜔
 .   (39) 

rogorc zemoT iyo aRniSnuli, roca aqtiuri forianoba 

n=0.75 da ¾3/4-is tolia, maSin pasiuri forianoba npas=1-3/4=1/4 e.i. 

miRebuli Sedegebis safuZvelze SegviZlia davadginoT m-is 

mniSvneloba: 
5

24
m  .  

m-is mniSvnelobas Tu SevitanT (39) damokidebulebaSi, 

gveqneba:  

      
𝑉ფ =

24

5
𝑛 

𝑄ფ

𝜔
 .   (40) 

(40) damokidebulebis mixedviT filtraciis xarjebi iqneba:  

      
𝑄ფ =

5

24
 
𝜔

𝑛
𝑉ფ.   (41) 

arasworxazovani filtraciis SemTxvevaSi,  

        
𝑄ფ = 𝑉ფ (1 −

𝐼0

𝐼
) 𝜔.   (42) 

Tu (42)–s gavutolebT(3.2.16.)–s, gveqneba:  

        𝐼0

𝐼
= 1 −

5

24𝑛
.   (43) 

sarwyav t periodSi, wylis saWiro xarji SeiZleba 

gansazRvrul iyos formuliT:  

        
𝑄 =

𝛼𝜔𝑚

𝑡
.  (44) 

(44) damokidebulebis mixedviT ganisazRvreba:  

        
𝑚 =

𝑄𝑡

𝛼𝜔
=

𝑉ფ(1−
𝐼0
𝐼

)𝜔𝑡

𝛼𝜔
=𝑉ფ (1 −

𝐼0

𝐼
)

𝑡

𝛼
= 

 = 𝐾𝐼 (1 −
𝐼0

𝐼
)

𝑡

𝛼
= 𝐾𝐼

5

24𝑛
 

𝑡

𝛼
=

5

24
 
𝐾𝐼

𝑛
 

𝑡

𝛼
 , 

(45) 

sadac: K aris filtraciis koeficienti; 

 n _ forianoba; 
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 I _ dawnevis gradienti; 

 t _ morwyvis xangrZlivoba; 

 α _ kulturis mier dakavebuli farTobi. 

morwyvis norma niadagis garkveul A wyaltevadobidan, 

maqsimaluri (βmax), minimaluri ( 0 ) tentevadobasTan da mcenaris 

ganviTarebis aqtiur H fenis siRrmesTan kavSirSi gamoisaxeba 

formuliT:  

         max 0m AH   
.
 (46) 

zemoT aRniSnulidan gamomdinare, SeiZleba ganisazRvros 

aqtiuri fenis siRrme  

        𝐻 =
5

24
 
𝐾𝐼

𝑛

𝑡

𝛼𝐴(𝛽𝑚𝑎𝑥−𝛽0)
.   (47) 

SemoTavazebuli modelis safuZvelze dadgenilia aqtiuri 

da pasiuri forianobis cvlilebis diapazonebi da optimaluri 

mniSvnelobebi, romelTa gaTvaliswinebiT wylis filtraciis 

procesSi gamoyvanilia filtraciis siCqaris, sawyisi gradientisa 

da morwyvis normis saangariSo damokidebulebebi.  

rogorc (47) damokidebulebidan Cans, aqtiuri fenis sidide 

am Sris filtraciis koificientis, moqmedi gruntis, forianobis, 

wyaltevadobis, morwyvis xangrZlivobis, niadagis maqsimaluri 

wyaltevadobisa da mcenaris mier dakavebuli farTobis funqcias 

warmoadgens. 

Tixian niadag-gruntis forebSi, ise rogorc sxva danarCen 

forovan kapilarul sistemebSi wylis moZraobis ganmapirobebel 

faqtors moqmedi Zalebis intensivoba, forovani sivrcis 

aqsonometria da wylis reologiuri maxasiaTeblebi warmoadgens. 

moqmedi Zalebis intensivobiT xdeba filtraciuli parametris 

formireba da niadag-gruntis nawilakebis xvedriT zedapirze 

bmuli wylis afskebis warmoqmna. TavisTavაd arsebiTi da 

uaRresad mniSvnelovania Tu ra mniSvneloba eniWeba forebis 

diametrze garSemortymul wylis afskis sisqes, mcenaris mier 

gamoyenebuli produqtiuli wylis moculobas, sairigacio 

sistemis xarjebis, morwyvis normisa da sarwyavi normis 
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gansazRvraSi. niadag-gruntis forovani sistemis calkeul milSi 

wylis saangariSo damokidebulebas aqvs saxe:    

2

08
1

R
V n

A

  
   

 
             (48) 

sadac   - wylis moculobiTi wona (kg/m3); 

    - siblantis dinamiuri koeficienti  
2

/ .kg seq

m

 
 
 

;  

            n - niadag-gruntis forianoba; 

 R  - forovani sistemis milsadenis radiusi (m); 

   - siCqaris sruli gradienti; 

0  - sawyisi Zvris winaaRmdegobis Sesabamisi siCqaris 

gradienti;  

A - koeficientia da igi hidravlikur winaaRmdegobis da 

reinoldcis ricxvis funqcias warmoadgens 2Re nA r . 

zemoT moyvanil (1) saangariSo damokidebulebaSi Tu SemoviRebT 

aRniSvnas  0 2 08 1 /
xn

K R
A

   , romelsac farTobis ganzomileba 

aqvs. Tavisi SinaarsiT igi milsadenis ganivi kveTis farTobis im 

nawils warmoadgens, sadac wylis Tavisufal dinebas aqvs 

adgili da igi filtraciis TeoriaSi wyalRvradobis 

koeficientis saxelwodebiT aris cnobili milsadenis wriuli 

kveTis SemTxvevaSi SeiZleba davweroT: 

   2 0
0 0 8 1K R

A




 
   

 
                                                         (49)  

e.i.    08 1
A




  
  

 
                                                                         (50)  

  filtraciasa da niadag-gruntSi wylis gaJonvis procesis 

SefasebaSi sawyiss gradients gansakuTrebuli mniSvneloba 

eniWeba im TvalsazrisiT rogoria fizikuri raobiT igi da 

ZiriTadad romel parametrTan gaaCnia mas SedarebiT mWidro 

koreliaciuri kavSiri.  

      zemoT aRniSnulidan gamomdinare, me-50 damokidebulebis 

gardaqmnebiTa da gamartivebiT miviRebT:  
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2

0 0,392 Re
1

nr

n

 
 

 
                                                   (51) 

 Mme-51 saangariSo damokidebulebaSi, roca 1n   da Sesabamisad 

hidravlikuri winaaRmdegobis koeficientebis mniSvneloba 

icvleba sazRvrebi  0,011 0,019 0,015    -s miviRebT:  

   0 0,0099Re
1

r

n


 

 
                                                     (52)   

roca n =2 –s, gveqneba:  

   0 0,059
1

n


 

 
                                                               (53) 

xSirad sarwyavi farTobidan mcenareze misawodebeli 

produqtiuli wyali saWiroebs forovani sistemis milsadenTa im 

radiusis codnas, romlis Sedegad xdeba wylis iseTnairad 

modificireba, romlis dros igi kvazi-myar sxeulis Tvisebebs 

uaxlovdeba. aseT pirobebSi siTxe avlens srul anomalias 

fizikuri konstantebis mimaraT. forovani sistemis milsadenTa 

wyalgamtarianobidan gamomdinare SegviZlia davweroT:  

   
 0

0

2,55 1 /
1r R

R

  
  
 
 

                                  (54)  

roca n =1              01 0,04 1 /r R                                                (55) 

roca 2n              02,55
1 1r R



  
    

   

                                          (56) 

pirvel saangariSoO damokidebulebaSi filtraciis koeficientsa 

da wyalJonvilobis koeficients Soris kavSirs aqvs saxe:  

   0K K



                                                                     (57)        

me-10 damokidebulebidan SeiZleba gansazRvruli iqnas 

milsadenis radiusi filtraciis koeficientTan kavSirSi:  

roca 1n              
 0

8
1 /

K
R

n




   
                                               (58)         

roca 2n            
 08 1 /

K
R

K n




  
                                              (59) 
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agreTve milsadenis radiusi SeiZleba gansazRvruli iqnas 

wyalJonvadobis koeficientTan kavSirSi.      

roca 1n            
 

0

0

8

1 /

K
R

n


  
                                                         (60) 

roca 2n  n        
 

0

01 /

K
R

n


  
                                                     (61) 

miRebuli milsadenebis radiusis saangariSo 

damokidebulebis mixedviT sawyisi Zvris winaaRmdegobis 

Sesabamisi eqvivalenturi radiusi SeiZleba gansazRvruli iqnas 

damokidebulebebiT. roca cnobilia filtraciis koeficienti:  

roca 1n              
 

0
0

0

1 0,004 1
1 /

K
r

n

    
    

      
                  (62) 

roca 2n          
 

0
0

0

2,55
1 1

1 /

K
r

n






  
    

       

                (63) 

wyalJonvdobis koeficientTan kavSirSi  

roca 1n            
 

0 0
0

0

8
1 0,04 1

1 /

K
r

n

   
    

     
                          (64) 

roca 2n           
 

0 0
0

0

2,55
1 1

1 /

K
r

n




  
    

      

                    (65) 

milsadenSi wylis moZraobis saSualo siCqaris damokidebulebas 

aqvs saxe:            
 

2

08 1 /

R K
V

n

 
 

  
                                              (66)  

radgan milsadenSi wylis Tanabari moZraobis siCqare V C R   

me-66 damokidebuleba roca 1n   miiRebs saxes:  

                 

3

0
4

08
1

K
C

n

 
 

   
 
 

                                            (67)       

xolo roca 2n       

                 
8

C
C

 
                                                                     (68)    
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67-e da 68-e saangariSo damokidebulebiT SeiZleba gansazRvruli 

iqnas siCqaris koeficientis sidide.  

rogorc miRebuli damokidebulebebis analizi gviCvenebs, 

siCqaris koeficienti pirdapirproporciul damokidebulebaSia 

wylis moculobiTi wonis, filtraciis koeficientis, sawyisi da 

sruli gradientis sididesTan, xolo forianobisa da siblantis 

dinamikuri koeficientis gazrdiT igi mcirdeba.  

nakadis moZraobis mimarTulebis marTob sibrtyeSi mxebi 

Zabvebis ganawilebis xazovani kanonidan, r radiusiani “Txevadi 

moris” gverdiT zedapirze moqmedi winaRobis (xaxunis) Zalis da 

tixarebze moqmedi wnevis Zalebis wonasworobis pirobidan 

gamomdinare sawyisi Zvris winaaRmdegobis Zabva SeiZleba 

ganisazRvros ∆𝑂𝐴1𝐵1 da  ∆𝑂𝐴𝐵-s samkuTxedebis  msgavsobis 

safuZvelze  

 𝜏0 = 𝛾𝑖𝑟. (69) 

kapilarSi siTxis moZraobasTan xarisxobrivi modelis 

gamoyenebiT, gveqneba: 

 
𝜏 = 𝜏0 + 𝐾 (

𝑑𝑢

𝑑𝑦
)

𝑛

. 
(70) 

mxebi Zabvis vertikalze ganawilebis Sesabamisad, SegviZlia 

davweroT: 

 
𝛾(𝑅 − 𝑦 − 𝑟) = 𝐾 (

𝑑𝑢

𝑑𝑦
)

𝑛

. 
(70) 

me-(71) gantolebis integrebiT kapilarSi siCqaris vertikalze 

ganawilebas eqneba Semdegi saxe: 

 

𝑉𝑦 = (
𝛾𝑖

𝐾
)

1
𝑛 𝑛

𝑛 + 2
[(𝑅 − 𝑟)

𝑛+1
𝑛 − (𝑅 − 𝑟 − 𝑦)

𝑛+1
𝑛 ]. (72) 

roca 𝑦 = 𝑅 − 𝑟, siCqaris maqsimaluri mniSvneloba iqneba: 

 

𝑉𝑚𝑎𝑥 = (
𝛾𝑖

𝐾
)

1
𝑛

(𝑅 − 𝑟)
𝑛+1

𝑛 . (73) 

adgilobrivi siCqaris maqsimalurTan fardoba iqneba: 

 𝑉𝑦

𝑉𝑚𝑎𝑥
= 1 − (1 −

𝑦

𝑅 − 𝑟
)

𝑛+1
𝑛

. 
(74) 
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saSualo siCqare kapilarul milSi uwyvetobis pirobidan 

ganisaZRvreba da Semdegi saxe aqvs: 

 

𝑉𝑒𝑣𝑔 =
𝑛

𝑛 + 1
(

𝛾𝑖

𝐾
)

1
𝑛

(𝑅 − 𝑟)
𝑛+1

𝑛 (1 −
𝑛

2𝑛 + 1

𝑅 − 𝑟

𝑅
), (75) 

sadac: n aris moZraobis indeqsis maCvenebeli; 

 γ _ wylis moculobiTi wona; 

 K _ konsistenciis koeficienti; 

 R _ kapilaris milis radiusi; 

 r _ sveli “moris” radiusi. 

me-(75) damokidebuleba Sinaarsobriv gansxvavebulia yvela 

sxva analogiuri da kerZod Tixis suspenziebisTvis miRebuli 

damokidebulebebisagan. rogorc me-(75) damokidebulebis analizi 

gviCvenebs, aq  erT-erT sirTules moZraobis indeqsis maCveneblis 

gansazRvris sakiTxi warmoadgens, da igi specialuri kvlevebis 

Catarebas saWiroebs.  

 sakiTxis gadawyvetis mizniT, siCqaris epiuridan 

gamomdinare daSvebis safuZvelze sagradiento SreSi Tu 

ganawilebas aRvwerT parabolis gantolebiT, gveqneba: 

 𝑌 = 𝛼𝑉𝑦.
2 (76) 

siCqaris epiuris farTobi Semdeg saxes miiRebs: 

 
𝑆 = 𝑉𝑚𝑎𝑥 (1 −

𝑅 − 𝑟

3𝑅
). (77) 

me-(77) da me-(75) damokidebulebebis gatolebiT moZraobis 

indeqsis maCvenebeli, roca siCqaris vertikalze ganawilebis 

parabolas saxe aqvs 𝑛 = 1. e.i. roca n-is mniSvneloba utoldeba 1-

s, xdeba araniutonuri siTxis moZraobis Svedov-bingamis blant-

plastikur modelSi gardasaxva. n-is mniSvnelobis 

gaTvaliswinebiT saSualo da maqsimaluri siCqareebis 

formulebSi fardoba 𝑉𝑒𝑣𝑔 𝑉𝑚𝑎𝑥⁄  toli iqneba: 

 𝑉𝑎𝑣𝑔

𝑉𝑚𝑎𝑥
= 1 − 0.33

𝑅 − 𝑟

𝑅
. 

(78) 
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siCqaris xarisxobrivi funqciis saangariSo modelSi, Tu 

gaviTvaliswinebT n-is mniSvnelobas, Sesabamisad saSualo da 

maqsimaluri siCqareTa mniSvnelobebi toli iqneba: 

 
𝑉𝑎𝑣𝑔 =

1

2

𝛾𝑖

𝜇
𝑅2 (1 −

𝑟

𝑅
)

2

(1 −
1

3

𝑅 − 𝑟

𝑅
). 

(79) 

 

 
𝑉𝑚𝑎𝑥 =

1

2

𝛾𝑖

𝜇
(𝑅 − 𝑟)2 (1 −

𝑟

𝑅
)

2

. 
(80) 

cilindruli nimuSis RerZis orTogonalur sibrtyeSi 

ganlagebuli x raodenobis wyalgamtari milebis SemTxvevaSi 

mTliani xarji iqneba: 

 𝑄 = 𝑉𝑎𝑣𝑔𝜋(𝑅 − 𝑟)2𝑥. (81) 

Tu me-(79) gantolebas SevitanT me-(81)-Si, miviRebT: 

  
𝑄 =

𝜋𝛾𝑖

2𝜇
𝑅2 (1 −

𝑟

𝑅
)

2

(1 −
1

3

𝑅 − 𝑟

𝑅
). 

(82) 

roca kapilarul milSi siCqare filtraciuli siCqaris 

tolia e.i. 

 
𝑉𝐹 =

𝛾𝑖𝑅2

2𝜇
= 𝐾𝐼. 

(83) 

x milsadenis SemTxvevaSi 

 
𝑄 = 𝑉𝐹𝜋𝑅2𝑥 (1 −

𝑟

𝑅
)

4

[1 −
1

3

𝑅 − 𝑟

𝑅
]. (84) 

Tu gaviTvaliswinebT, rom warmodgenili idealuri 

modelis gamoyenebiT filtraciis siCqares saxe aqvs: 

 𝑉𝐹 = 𝐾(𝐼 − 𝐼0), (85) 

maSin xarji toli iqneba: 

 𝑄 = 𝐾(𝐼 − 𝐼0)𝜔. (86) 

me-(79) damokidebulebidan, roca wylis siCqare filtraciis 

siCqaris tolia filtraciis koeficientis saangariSo 

damokidebuleba miiRebs saxes: 

 
𝐾 =

𝛾𝑅2

2𝜇
(1 −

𝑟

𝑅
)

4

(1 −
1

3

𝑅 − 𝑟

𝑅
). 

(87) 

roca 𝑟 = 0, me-(87) saangariSo damokidebulebas eqneba saxe 
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𝐾 = 0.08

𝜌𝑔𝑟2

𝜇
. 

(88) 

roca 𝑟 = 𝑅, maSin 𝐾 = 0. 

radgan x-s milsadenisTvis xarjs aqvs saxe: 

 
𝑄 = 𝑉𝐹𝜋𝑅2𝑥 (1 −

𝑟

𝑅
) (1 −

1

3

𝑅 − 𝑟

𝑅
). (89) 

Tu me-(86) damokidebulebas gavutolebT (89)-s fardoba 

sawyis gradientsa da siCqaris gradients Soris toli iqneba: 

 𝐼0

𝐼
= 1 − 𝑛 (1 −

𝑟

𝑅
)

2

(1 −
1

3

𝑅 − 𝑟

𝑅
). (90) 

miRebuli (90) saangariSo damokidebulebidan naTlad Cans, 

rom sawyisi gradientis fardoba srul gradientTan forianobis 

funqcias warmoadgens da misi gazrdiT fardoba mcirdeba.  

sadisertacio naSromis mesame TavSi ganxilulia 

Catarebuli eqsperimentuli kvlevebi da mocemulia maTi analizi.   

savele samuSaoebi ganxorcielebul iqna diRmis sacdeli 

meurneobis 0,06 ha farTobze ganlagebul sacdel poligonze. 

bunebriv-klimaturi pirobebis mixedviT masivi miekuTvneba 

zomierad Tbili stepuridan zomierad notio subtropikul 

gardamaval havis zonas. mosuli atmosferuli naleqebis 

raodenoba mcirea da 505 mm-s Seadgens, datenianebis koeficienti 

ivlisi-agvistos TveebSi 0,29 da 0,19 Seadgens, rac imis 

maCvenebelia, rom zafxulSi adgili aqvs Zlier gvalvas da 

bostneuli kulturebis mosavlis malimitirebel ZiriTad 

faqtors morwyva warmoadgens.  

haeris saSualo mravalwliuri temperatura poligonis 

teritoriaze 110C-s aRemateba. savegetacio periodis xangrZlivoba 

Seadgens 210 dRes, aqtiur temperaturaTa jami 30000 C–s, rac 

bostneuli kulturebis siTboTi uzrunvelyofaze migviTiTebs. 

diRmis sacdeli poligonis nakveTze gavrcelebulia 

mdelos yavisferi niadagi, romelic xasiaTdeba mZime Tixnari 

meqanikuri SemadgenlobiT da fizikuri Tixis maRali 

SemecvelobiT (70% meti). 
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sadisertacio naSromis farglebSi Seswavlil iqna diRmis 

sacdeli poligonis niadagebi. niadagis agroqimiuri 

daxasiaTebisaTvis aRebul iqna niadagis Sereuuli nimuSebi 0-20 

da 20-40 sm-is siRrmeze, romlebzec Catarda laboratoriuli 

kvlevebi. analizis Sedegebi moyvanilia cxril #1-Si.  

diRmis sacdeli poligonis mdelos yavisferi niadagis 

agroqimiuri daxasiaTeba 

  cxrili 1 

ni
mu

S
is

 #
 

 

s
iR

r
me
 

s
m-
iT

 

p
H

 w
yl

is
 

g
am
o
na
w
u
r
S

i 

C
aC

O
3
 

%
 

hidrolizuri 
azoti 

moZravi 
fosfori 

gacvliTi 
kaliumi 

Mmg-iT 100 gr niadagSi 

1 
2 

0-20 
20-40 

7.45 
7.55 

2.95 
3.9 

6.05 
4.25 

4.5 
1.4 

34.2 
29.8 

 

rogorc cxrili 1-dan  Cans, mdelos yavisferi niadagi 

xasiaTdeba susti tute ares reaqciiT.  pH maCvenebeli 0-20 sm-ian 

horizontSi 7.45c Seadgens, misi raodenoba qveda 20-40 sm-ian 

horizontSi umniSvnelod izrdeba. 

diRmis mdelos yavisferi niadagi hidrolizuri azotis 

Semcvelobis mixedviT mcire uzrunvelyofis kategorias 

miekuTvneba rogorc zeda horizontSi 6.05 mg 100 gr niadagSi ise 

qveda fenaSi 4,25 mf 100 gr niadagSi. aqedan gamomdinare, 

pamidoris mosavlis mTavar malimitirebel elements azoti 

warmoadgens. moZravi fosforis raodenoba am niadagSi gazrdili 

raodenobiTaa da 4.5 mg-s aRwevs. qveda horizontSi mcire 

raodenobiTaa 1,5 mg. 100 gr niadagSi. rac Seexeba gacvliT 

kaliums, misi raodenobac gazrdili SemcvelobiTaa niadagis 

orive fenaSi da Sesabamisad Seadgens 34,2 da 29,8 mg-s 100 gr. 

niadagSi.  

niadagis bonitetis Sefasebis mizniT gaangariSebul iqna 

sakvebi elementebis SesaTvisebeli formebis maragi, riTac 
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dadginda, Tu ra raodenobis pomidoris mosavlis mocema SeuZlia 

ganoyierebis gareSi diRmis mdelos yavisfer niadags. sakvebi 

elementebis SesaTvisebeli formebis maragis gaangariSebis 

Sedegebi moyvanilia cxril #2-Si, saidanac Cans, rom azotis 

SesaTvisebeli formebis raodenoba mdelos yavisfer niadagSi 43 

kg Seadgens, fosforis 31 kg-s, kaliumis 147 kg-s. sasuqebis 

gamoyenebis gareSe niadagSi arsebul azotis marags SeuZlia 15.3 

t pomidoris mocema, fosforis marags 31 t pomidoris, kaliums 

33 tonis.  

 

sakvebi elementebis SesaTvisebeli formebis maragi diRmis 

sacdeli poligonis sacdeli nakveTis mdelos yavisfer niadagSi    

 cxrili 2  

# 

ad
g
il

md
eb
ar

eo
b
a,
 

ni
ad

ag
is

 t
ip
i 

s
iR

r
me
 s

m-
iT

 

hi
d
r
o
l
iz

u
r
i 

az
o
t
i 

Po
mi
d
o
r
is

 
S
es

aZ
l
o
 m
o
s
av
a 

l
i 

t
-i
T
. 

 

mo
Zr

av
i 
f
o
s
- 

f
o
r
i 

po
mi
d
o
r
is

 
S
es

aZ
l
o
 m
o
s
av
a 

l
i 

c
-i
T
 

g
ac

vl
iT

i 
ka
l
iu

mi
 

po
mi
d
o
r
is

 
S
es

aZ
l
o
 m
o
s
av
a 

l
i 

c
-i
T
 

2 yulari 0-20 49 17.5 31 31.0 147 33.0 

 

cxrilSi moyvanili monacemebis analizis safuZvelze 

diRmis mdelos yavisfer niadagSi arsebuli azotis maragiT 4,5 

jer dabali mosavali miiReba dagegmil 80 tonasTan SedarebiT. 

fosforis da kaliumis maragiT 2,4-jer pamidoris mosavali 

miiReba sasuqebis gamoyenebiT intensiur jiSebTan SedarebiT. 

 sacdel poligonze Cvens mier mowyobil iqna wveTuri 

morwyvis sarwyavi sistema, romelic Sedgeboda magistraluri da 

ganmanawileblebi milsadenebisgan. sarwyavi sistemis kvebis 

wyarod gamoyenebuli iyo wylis milsadenSi gamavali xarji. 

sarwyavi qseli warmodgenili iyo Cixuri sqemiT.   
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naxazi 2 

wveTuri morwyvis sistemis ganlageba 
eqsperimentul poligonze 

 
 

0,20 0,25 

p o m i d o r i 

1,80 

2,30 

3,0 

1,40 

sensorebis ganlageba 

sensorebis ganlageba 

30,0 

n e s v i 

0,25 

0,20 

magistraluri milsadeni d=30mm 

wylis xarjis maregulirebeli saketebi 

ganmanawilebeli milsadenebi d=16mm 

p o m i d o r i 

n e s v i 

10,0 10,0 

sensorebis ganlageba 

sensorebis ganlageba 

8,0 3,0 3,0 4,0 3,0 3,0 

1,40 1,40 1,40 1,40 1,40 1,40 

farTobze pomidoris 
ganlageba L=0,40m  
(wveTovanebs Soris) 

farTobze nesvis 
ganlageba L=0,80m  
(wveTovanebs Soris) 

1,0 8,0 2,0 8,0 1,0 

L 

L 

wyalmzomi 

1,0 

13,5 

1,0 

1,0 

13,5 

nax. 1 
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sarwyavi wylis optimalurad gamoyenebis mizniT 

eqsperimentuli poligonis farTobis garkveuli nawili 

daTmobili iyo polieTilenis afkiT mulCirebisTvis, romelTa 

napirebis fiqsireba ZiriTadaT niadagis miyriT iyo 

gaTvaliswinebuli, xolo perforacia xdeboda mis farTobze 

ganfenis Semdeg. 

magistraluri milsadenis sigrZe 100 m. romlis diametric 

50 mm-Seadgenda, xolo qanobSi i = 0,0768. milsadenebi 

sawveTurebiT, romlis diametric Seadgenda 16 mm-s sacdel 

poligonze 12 zoliT iyo warmodgenili. milsadenis kedlis 

sisqe  0,6 mm-s, xolo sawveTuris xarji Q =1,1 l/sT. sawveTuris 

Soris manZili 0,4 m-s TiToeul milsadenze 75 sawveTuri.  

morwyvis sistemiT aRWurvili iyo 0,06 ha farTobi, 

romelic dayofili iyo 4 nawilad.DTiToeuli nawili Seadgenda 

0,015 ha-s. milebi erTmaneTidan daSorebuli iyo 1,4 m-s manZiliT. 

poligonis mTliani 0,06 ha farTobidan mulCirebuli iyo 0,03 ha 

farTobi, aqedan pomidori - 0,015 da nesvi - 0,015 ha. kulturebiT 

aseTive ganlagebas adgili hqonda aramulCirebul farTobze. 

Catarebuli eqsperimentebis safuZvelze wveTuri morwyvis 

SemTxvevaSi Sedarebulia mulCirebuli da aramulCirebuli 

niadagebisTvis miRebuli rwyvis normebi. miRebuli klimaturi da 

niadaguri monacmeTa analizis safuZvelze SemuSaveblia 

sasoflo-sameurneo kulturebis rwyvis optimaluri reJimebi 

niadag-gruntebis filtraciisa da evapotransfiraciis 

gaTvalisiwnebiT.  

dadgenilia, rom mulCirebul niadagSi intensiurad 

mimdinare biologiuri procesebi aCqareben organuli 

nivTierebebis mineralizacias, ris Sedegedac niadagSi matulobs 

mcenareTa zrdaganviTarebis aucilebel sakveb nivTierebaTa 

raodenoba, ris Sedegadac 2,4-jer matulobs saadreo 

sasoflosameurneo kulturaTa mosavlianoba. 
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zogadi daskvnebi 

naSromSi warmodgenili Teoriuli da eqsperimentuli 

kvlevebis Sedegebis kritikuli analizis safuZvelze SeiZleba 

gavakeToT Semdegi daskvnebi: 

 niadagSi tenis moZraobis saangariSo sqemisa da Teoriuli 

kvlevebis safuZvelze miRebulia niadagis aqtiuri 

forianobis optimaluri mniSvnelobebis saangariSo 

damokidebuleba;  

 gansazRvrulia niadag-gruntebSi tenis gadaadgilebis 

siCqare mulCirebisa da Ria gruntis pirobebSi; 

 miRebulia filtraciis siCqaris winaaRmdegobis 

koeficientis saangariSo damokidebuleba forianobis 

gaTvaliswinebiT; 

 gansazRvrulia filtraciis sCqaris sawyisi gradientisa da 

sruli gradientis forianobasTan funqcionaluri kavSiri, 

ris safuZvelzec SesaZlebelia niadagis tenianobis 

regulireba sarwyav miwaTmoqmedebaSi da rwyvis 

optimaluri reJimis dadgena; 

 miRebulia morwyvis normis saangariSo damokidebuleba 

niadag-gruntebis fiziko-meqanikuri maxasiaTeblebis 

gaTvalisiwnebiT; 

 wveTuri morwyvis SemTxvevaSi Sedarebulia mulCirebuli 

da aramulCirebuli niadagebisTvis miRebuli rwyvis 

normebi;  

 miRebuli klimaturi da niadaguri monacmeTa analizis 

safuZvelze SemuSaveblia sasoflo-sameurneo kulturebis 

rwyvis optimaluri reJimis niadag-gruntebis filtraciisa 

da evapotransfiraciis gaTvalisiwnebiT. 

 

naSromis aprobacia. sadisertacio naSromis ZiriTadi 

debulebebi moxsenebuli iyo stu-s 2014 wlis saerTaSoriso 

samecniero-teqnikur konferenciaze “wylis resursebis marTvis, 
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garemosa dacvis, arqiteqturisa da mSeneblobis Tanamedrove 

problemebi” 
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Conclusions  

 

On the base of critical analysis of theoretical and experimental investigations   

presented in the work it’s possible to draw the following conclusions:  

 On the base of alarm scheme of moister movement in the soil and 

theoretical investigations it’s received the reporting attitude of active 

porosity optimal value; 

  The moister movement speed in mulch and open ground condition is 

determined;  

 It‘s received the reporting attitude of filtration speed resistance 

coefficient on dependent porosity;  

  Filtration speed start is determined to gradient and full gradient 

functional connections and on its base is possible to regulate the soil 

moisture in watering agriculture and resolve the optimal regimes    of 

watering;  

 It’s received the reporting attitude of watering norm by foresee of 

physic-mechanic characters of soil;    

 In case irrigation it’s compared the watering norms for mulch and non 

mulch  soils; 

 On the base of climate and soil data is worked out the optimal regimes 

of agricultural crops watering on dependent the soil filtration and 

evapotranspiration.  
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