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naSromSi laboratoriuli kvlevebis standartuli da modificirebuli 

meTodebis, naturuli da eqsperimentuli monacemebis analizis safuZvelze 
Seswavlilia wyaldenebis kalapotSi mimdinare procesebze moqmedi ZiriTadi 
faqtorebi. SemoTavazebulia aragamrecxi siCqareebis saangariSo 
damokidebulebebi. wyaldenebis natanis transportunarianobis gaTvaliswinebiT 
da kalapotis hidravlikuri da morfometruli maxasiaTeblis mxedvelobaSi 
miRebiT mocemulia mdinareTa hidroteqnikuri klasifikacia, wyaldidobebiT 
mosalodneli garTulebebis prognozi da garemosdacviTi RonisZiebebis saxeebi. 

wyaldenebis kalapotebis regulirebis arsebuli tradiciuli midgomebis 
analizis, bunebaSi mimdinare Seuqcevadi procesebis, araganaxlebadi 
energetikuli da materialuri resursebis intensiuri klebisa da garemos 
ekosistemebze mzardi teqnogenuri zemoqmedebis gaTvaliswinebiT Seqmnilia 
hidrokvanZebis zeda biefis maregulirebeli (md. rionze, q. foTTan arsebuli 
hidrokvanZis magaliTze), wyaldenebis fskerisa da ferdebis deformaciebis, 
xevebis eroziuli procesebis, sanapiro zonebis talRuri zemoqmedebisagan 
damcavi axali energo da resursmzogi, ekologiurad usafrTxo sainJinro 
nagebobebi da mowyobilobebi, romelTa siaxlis prioriteti daculia saavtoro 
mowmobebiT.  

Catarebulma kvlevebma aCvena, rom warmodgenil nagebobaTa muSaobis 
saimedooba, maTi garemosTan Serwymis unari, mSeneblobisa da eqspluataciis 
simartive da ekonomiuroba saSualebas iZleva SenarCunebul iqnes wyaldenebis 
mdgradi kalapotebi, daculi iyos mdinareebis, wyalsacavebis, zRvis sanapiro 
zolis recxvadi napirebi da miwis resursebi, maTze ganlagebuli sxvadasxva 
daniSnulebis sasicocxlo obieqtebi.      

naSromi gaTvaliswinebulia hidromelioratorebis, inJiner-ekologebis, 
hidroteqnikosebis, hidrologebis, Sesabamisi da monaTesave profilis 
profesiuli swavlebis, bakalavrebis, magistrebis doqtorantebisaTvis. 
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S e s a v a l i 

 
    rogorc cnobilia, ekosistemebis wonasworobis harmoniulobis Rrvevas 

pirvel rigSi TviT bunebaSi mimdinare stiqiuri xasiaTis movlenebi 

ganapirobebs, romelTa Soris yuradRebas ipyrobs tropikuli wvimebi, 

wyaldidobebi, wyalmovardnebi, ciklonebi, mewyeruli, eroziuli procesebi, 

xanZrebi, miwisZvrebi, cunami da sxv. maTi gavlena garemoze xSirad 

katastrofulia, ingreva mdinareebisa da wyalsacavebis napirebi, ikargeba 

aTeul aTasobiT maRalnayofieri miwis da tyis masivebi, itboreba mWidrod 

dasaxlebuli teritoriebi, saxalxo meurneobis sxvadasva daniSnulebis 

obieqtebi, rac negatiurad moqmedebs wylis da miwis arsebul resursebze iwvevs 

mis sagrZnob Semcirebas, dabinZurebas, niadagis nayofieri fenis mwyobridan 

gamosvlas, xSirad adgili aqvs adamianebisa da sxva cocxali arsebebis 

msxverpls. sakiTxi mniSvnelovania im TvalsazrisiTac, rom yvelaze nayofieri 

miwebis, sarwyavi Tu damSrobi melioraciuli sistemebis, satransporto 

komunikaciebis da sxvadasxva daniSnulebis obieqtebis udidesi nawili 

ganlagebulia didi, saSualo Tu mcire mdinareebis, wyalsacavebis tbebis da 

zRvis sanapiroebis zolSi da ganicdis stiqiuri movlenebis umZimes 

zemoqmedebas wyaldidobebiT, wyalmovardnebiT, Rvarcofuli gamonataniT, 

Tovlis zvavebiT da qariSxlebiT gamowveuli talRuri zemoqmedebis saxiT. 
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Tavi I.  

sakiTxis Seswavlis Tanamedrove mdgomareoba 

 1.1 mdinaris (wyaldenis) kalapotis Semadgeneli bmuli da arabmuli gruntebis 

ZiriTadi maxasiaTeblebi 

 

mdinaris wyalSemkrebi auzebis, misi ferdobebis, xeobebisa da kalapotis 

eroziul-Rvarcofuli movlenebisagan dasacavad saWiro yvela saxeobis 

hidroteqnikuri nagebobebis daproeqteba da mSenebloba damokidebulia 

wyalSemkrebi auzis geomorfologiur, hidro-morfometrul, hidravlikur da 

sxva iseT mniSvnelovan maxasiaTebelTa dadgenaze, romlebic uSualod 

ganapirobebs zemoxsenebul problemebs. maT ricxvs, Tavisi mniSvnelobiT, 

ganekuTvneba mdineTa wyalSemkrebi auzis wyaldenebis kalapotebSi 

ganviTarebuli niadag-gruntebis xasiaTi, misi mdgradoba eroziuli procesebis 

mimarT, maTi gamrecxi wylis nakadis siCqaris dadgena da sxv.  

mdinaris kalapotis deformaciuli procesebis ganviTarebaSi did rols 

asrulebs fxvieri natani masalis moculoba, romelic warmoiqmneba bunebaSi 

mimdinare eroziuli procesebis Sedegad (gamofitva, denudacia, daleqva da sxv.) 

zogadi ganxilvis SemTxvevaSi zemoaRniSnuli fxvieri masala SeiZleba 

daxasiaTdes saerTo saxeliT _ arabmuli grunti. mxolod siTxesTan Sewonil 

(tenian) mdgomareobaSi mcirdeba nawilakTa xazovani zomebi da is iZens 

gansazRvrul bmulobas, romlis mniSvneloba damokidebulia mis tenianobaze.  

arabmuli gruntebis ZiriTad meqanikur maxasiaTeblebs, romlebic 

moqmedebs garecxvis procesebze, warmoadgens: nawilakis zoma da forma, misi 

moculobiTi wona, granulometruli Semadgenloba da forianoba. 

mineraluri Semadgenlobis mixedviT natanis kuTri wona icvleba 2,45-dan 

2,76 t/m3-mde, saSualod 2,65 t/m3. didi kuTri woniT gamoirCeva Slamis 

marcvlebi, naklebiT _ qviSis. 

,,msxvili” da ,,wvrili” masalis nawilakTa zomebis fizikuri sazRvari 

cvalebadia da damokidebulia qanebis Tvisebebze, nawilakTa warmoqmnisa da 

arsebobis pirobebze. 

qviSisa da xreSis marcvlebis forma, statistikuri gasaSualebiT, 

axlosaa samRerZian elifsoidTan mTavari RerZebis sxvadasxva TanafardobiT. 

erTi da igive gruntebSi SeiZleba erTroulad Segvxvdes brtyeli, birTvisebri, 
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elifsuri nawilakebi da sxva moculobiTi formebi. sruliad brtyeli 

firfitebi da swori birTvebi warmoadgens or ukidures SemTxvevas. 

fskeris deformaciuli procesebis Sefasebisas saWiroa gaangariSebul 

iqnes mSrali natanis moculobiTi wona. amisaTvis aucilebelia vicodeT 

forianobis koeficienti `n~ an mTlianobis koeficienti, romelic procentebSi 

tolia (1-n). forianobis koeficienti SeiZleba icvlebodes 0,43_1,00 SualedSi.  

mTlianobis koeficienti, ortis monacemebiT sxvadasxva saxis natani 

naleqisaTvis xasiaTdeba Semdegi sidideebiT: 

1.  fxvieri lami, daleqvidan 5 dRis Semdeg _ 0,007_0,205% 

2.  gamSrali lami, daleqvidan 5 dRis Semdeg _ 0,28% 

3.  danaleqi qviSa, daleqvidan 5 dRis Semdeg – 0,62% 

4.  danaleqi xreSi, daleqvidan 5 dRis Semdeg – 0,68% 

5.  qviSa-xreSovani danaleqi, daleqvidan 5 dRis Semdeg _ 0,78% 

v. v. oxotinis mixedviT yvela qviSovani fraqciis forianobis sidide 

rTul damokidebulebaSia mineralur SemadgenlobasTan, nawilakis dispersuli 

mdgomareobis xarisxTan da qviSis simkvrivesTan. yvela mgoravi fraqciis 

forianoba daaxloebiT erTnairia da udris 0,36_0,38-s. 

erT-erTi yvelaze mniSvnelovani faqtori romelic gavlenas axdens 

kalapotis recxvaze, aris gruntis granulometruli Semadgenloba. arabmuli 

gruntebisa da natanebis Semadgenloba mravalgvaria. granulometruli 

Semadgenlobis formirebis procesebis sakiTxebze Catarebuli mTeli rigi 

kvlevebisa gviCvenebs, rom ZiriTadi faqtorebi: gamofitva, gadatana da daleqva, 

iwvevs Tavdapirveli granulometruli Semadgenlobis cvlilebas. 

mdinaris bunebriv natanebis granulometruli Semadgenlobis didi 

odenobiT monacemTa analizis safuZvelze v.n. gonCarovi Semdeg tipebs 

gamoyofs: 

1. erTgvarovan Semadgenlobas warmoadgens gruntebi da natanebi, 

romlebic Sesdgeba mxolod erTi fraqciisagan; 

2. sxvadasxva fraqciul Semadgenlobas warmoadgens sxvadasxva fraqciis 

uwyveti narevi yoveli maTganis Tanabari wiliT; 

3. msxvilfraqciuli Semadgenloba xasiaTdeba narevSi SedarebiT msxvili 

fraqciebis siWarbiT; 

4. wvrilfraqciuli Semadgenloba xasiaTdeba wvrili fraqciebis 
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siWarbiT; 

5. saSualo fraqciuli Semadgenloba, romelSic mTavari wili modis 

saSualo fraqciebze da mcire _ wvrilze da msxvilze; 

narevTa Semadgenlobis sxva tipebi SedarebiT iSviaTad gvxvdeba. rac 

ufro msxvilia nawilakebi, miT ufro met xans imyofeba isini watacebisa da 

gadagorebis mdgomareobaSi, ris gamoc nawilakebi cvdeba da Rebulobs ufro 

momrgvalebul formas, amasTan, maTi zomebi TandaTanobiT mcirdeba. 

eqsperimentulma dakvirvebebma aCvena, rom qviSis fraqciis nawilakebi 

Zalian nela iSleba, radgan mcire zomis nawilakTa erTmaneTTan da fskerTan 

Sejaxeba ,,SeuZlebeli xdeba zedapiruli daWimulobis ganmzidi Zalis gamo, 

romelsac qmnis wylis Txeli garsi marcvlis garSemo...”, amitom mcire 

nawilakebs araswori forma da xorkliani zedapiri aqvs. dakvirvebebma gviCvena, 

rom 0,2 mm-iani diametris kvarci praqtikulad ar eqvemdebareba meqanikur 

daqucmacebas wyalSi. 

natanis sxva mniSvnelovan fizikur Tvisebas warmoadgens misi 

hidravlikuri simsxo (  mm/wm), anu daleqvis siCqare mSvid wyalSi. 

kavSiri wvrili nawilakebis ,,hidravlikur” da ,,geometriul” zomebs 

Soris didi xania dadgenilia stoksis mier, romelmac miiRo sferos vardnis 

siCqare, anu natanis hidravlikuri simsxo Semdegi gantolebis saxiT: 

    g
DD

r



)(

9

2 212 
  ,             (1.1.1) 

sadac r _ sferosebri vardnadi nawilakis radiusia (sm);   _ siTxis siblante; 

D1 _ vardnadi nawilakis kuTri wona; D2 _ siTxis kuTri wona, romelSic 

warmoebs analizi. 

stoqsis formula Teoriulad gamoyenebulia mxolod im nawilakebisaTvis, 

romelTa zomebi gansazRvrulia 0,02–0,002 mm – intervalSi da xasiaTdeba 

Zalzed mcire kuTri woniT. formula aseve misaRebia nawilakTa moZraobisas 

metad blant siTxeebSi. 

formula (1.1.1) samarTliania mxolod reinoldsis ricxvis Zalzed mcire 

mniSvnelobebisaTvis (Re < 20). 

natanis hidravlikuri simsxos gansazRvrisaTvis 1,5 mm da zemoT saWiroa 

gamoyenebul iqnes formula: 
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0

0

75,1

)(2





Kg 

 n  ,               (1.1.2) 

sadac KK_ natanis marcvlebis saSualo simsxoa; 

0, 6  _ Sesabamisad, nawilakisa da wylis kuTri wonebi. 

e.i. turbulentur areSi   proporciulia kvadratuli fesvisa natanis 

simsxodan.  

marcvlebisaTvis diametriT 1,5 mm-dan 0,15 mm-de, anu winaaRmdegobis reJimis 

gadasvlisas turbulenturidan laminarulisaken, hidravlikuri simsxo tolia: 





K)( 0

 n             (1.1.3) 

sadac   – warmoadgens empiriul funqcias, romelic gansazRvravs siblantis 

damadablebel gavlenas marcvlebis zomebis zrdisas 0,15 mm-dan 1,5 mm-mde;  - 

siTxis simkvrive;  - siblantis koeficienti. 

rodesac Re   1, hidravlikuri simsxo ganisazRvreba formuliT 





24

)( 2
0 K

 n                    (1.1.4)  

 

1.2 arabmuli gruntis nawilakebis mdgadobis pirobebi da arsebuli 

saangariSo formulebi nakadis kalapotis kritikuli siCqareebisaTvis 

 

myari natanis nawilakebi, nakadSi moZraobis xasiaTidan gamomdinare, iyofa 

Setivnarebul (romelTa moZraobis siCqare tolia an Zalian axloa saSualo 

siCqaresTan) da fskerulad anu mgoravad. es dayofa, arsebiTad, pirobiTad unda 

CaiTvalos, radgan wylis nakadiT transportirebadi natani imyofeba 

Setivnarebul mdgomareobaSi an gadaadgildeba fskerze, rac damokidebulia 

myari natanis nawilakebis simsxoze, nakadis siCqareze [14]. 

nakadis fskerul zonaSi grigalTa warmoSobis Sedegad nawilakebi 

SeiZleba moxvdes maTi gavlenis qveS, rasac SeiZleba mohyves vertikalurad 

mimarTuli impulsebis warmoqmna. Ees grigaluri moZraoba, romelic 

ganpirobebulia siCqareTa sxvaobiT sazRvrispira fenaSi, fskerze nulovani 

siCqaridan, romeliRac bunebrivi siCqaris manZilze, romelic izomeba 

mosazRvre fenis sisqiT da warmoadgens kalapotis garecxvis ZiriTad mizezs.  
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nakadisa da kalapotis urTierTqmedebis rTuli suraTis gamo 

gaZnelebulia nakadis fskerze myari nawilakebis gadaadgilebis siCqaris 

Teoriuli analizi. 

amocanis amoxsnisas ganixilaven aqtiuri da pasiuri Zalebis zRvrul 

wonasworobas.  

zogierTi mkvlevaris azriT, sawyis momentSi xdeba ara nawilakTa 

Sejaxeba, aramed maTi amobruneba da gadagoreba romeliRac sayrdeni wertilis 

mimarT. amocanis amoxsnisaTvis adgenen gantolebas, romelic eyrdnoba 

nawilakis romeliRac wertilisaTvis nakadis ZaliT warmoqmnili 

gadamgorebeli momentebisa da ukuqmedi gadamgorebeli momentebis tolobas.  

didi xnis ganmavlobaSi am sakiTxis gadawyvetisas nawilakze moqmedi 

amwevi Zala ignorirebuli iyo. ganixilavdnen mxolod nakadis mier nawilakze 

moqmed Sublur Zalebs. 

me-18 saukunis meore naxevridan dawyebuli Cndeba mravali damokidebuleba 

nakadis ,,kritikuli siCqareebis” gansasazRvrad. magram amocanis sirTule iseTi 

mniSvnelovani aRmoCnda, rom pirveli damokidebulebebi, romelTac praqtikuli 

mniSvneloba hqonda gaangariSebebSi, mxolod me-20 saukunis 30–40-ian wlebSi 

gamoCda. didi wvlili am sferoSi Seitanes mecnierebma: m.a. velikanovma, i.i. 

levim, v.n. gonCarovma, xolo Semdgom wlebSi – e.a. zamarinma, i.v. egiazarovma, c. 

e. mircxulavam, v.s. knorozma, g.i. Samovma, sundborgma da sxv. zemoaRniSnul 

avtorTa mier Sesrulebuli yvela Sroma dafuZnebulia uzarmazar 

eqsperimentul masalaze da sworad asaxavs movlenis fizikur arss. 

qvemoT moyvanilia am avtorTa mier miRebuli ZiriTadi formulebi 

kritikuli siCqareebis gansazRvrisaTvis: 

1.  m.a. velikanovi  

gd
d

V
2/1

0004,0
19,3 






 ar      (1.2.1) 

 

 

2.  v.n. gonCarovi    

2.0 6,0)0014,0(33,1  dRVar                  (1.2.2)       
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saSnar d
g

d

H
V )(

5,3

28,8
lg 0

0










            (1.2.3) 

3.  i.i. levi   

    
kd

R
gdV

12
lg4,1 g , roca 60

kd

R
  (1.2.4)            











kd

R
gdV

10
lg

3

2
8,03,1g , roca 10< 4010 

kd

R
    (1.2.5)  

4.  e. a. zamarini  

a) wvrili xreSisaTvis (0,5 sm-ze naklebi nawilakebisaTvis)  

             RV R 295,0ar                          (1.2.6) 

b) saSualo xreSisaTvis (1 sm-mde sididis nawilakebisaTvis) 

       

(1.2.7) 

 

g) msxvili xreSisaTvis (1,5 sm-mde sididis nawilakebisaTvis) 

  RV R 215,1ar                      (1.2.8) 

5.  c. e. mircxulava 

 

 kCd
n

gm
V y  ar

nar.fsk. ar
2)(

44,0

2
25,1 0

0




      (1.2.9)    

     kCd)(
n,

gm

d

H,
lgV y 






 arn

ar
2

440

288
0

0



ar.fsk.   (1.2.10)  

 

6. v.s. knorozi  

a) kvadratuli are (d > 1 mm) 

 gd
d

R
V 








75,0
7.14lg2,1ar                   (1.2.11)   

 

b) gardamavali are (1 < d > 0,25 mm) 

           
6,1

3,0 6,3
lg5,2

d

R
dV ar                                   (1.2.12) 

g) gluvi are  (d < 0,25 mm) 
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25,0

05,0

0060,0
0008,0

5,2

R

d
V


ar                        (1.2.13)   

 

 

7. g. n. Samovi  

167,0

47,1 







d

h
gdVar

                (1.2.14) 

8. i. v. egiazarovi  

              







 1

00

0





n

ar gd
f

V                     (1.2.15)   

9. b. i. sudborgi  

 

0

021

3

)(22,30
lg75,5


 gtdg

d

H
V








 n

ar            (1.2.16) 

sadac 1  da 2  _ koeficientebia da Sesabamisad 0,35 da 0,30 tolia;  – Sida 

xaxunis kuTxe; 

fskerispira nakadis fenaSi natanis moZraobis sawyisi pirobebis 

gansazRvras mravali Sroma mieZRvna, magram miuxedavad maTi didi mecnieruli 

mniSvnelobisa, aragamrecxi siCqareebis gansazRvris sakiTxebi jer kidev Sorsaa 

am sakiTxis sruli gadawyvetisagan. 

Cvens mier naSromSi warmodgenil formulebSi miRebulia Semdegi 

aRniSvnebi:Var _ wylis moZraobis aragamrecxi siCqare; H _ wylis siRrme; 

d _ marcvalTa (nawilakTa) saSualo simsxo, gansazRvruli rogorc toli 

moculobis sferos diametri; 0f  _ moZravi kalapotis winaaRmdegobis 

koeficienti; n , 0 _ Sesabamisad, nawilakisa da wylis kuTri wona;   _ 

hidravlikuri simsxo;   _ siblantis kinematikuri koeficienti. 

mravali avtoris rekomendaciebisa da Sedegebis analizidan Cans, rom 

aragamrecxi siCqareebis sidideebi gvaZlevs sxvadasxva Sedegebs wylisa da 

gruntis erTi da igive parametrebisaTvis. dRemde ar aris SemoTavazebuli 

iseTi damokidebulebebi, romlebSic gaTvaliswinebuli iqneboda 

wvrilmarcvlovani natanis bmulobis Tviseba, natanis araerTgvarovneba da misi 
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forma.      

 

 

1.3 wyaldenebis kalapotebSi mimdinare procesebis hidrologiuri da 

morfometriuli kanonzomierebani 

 

nakadis da kalapotis urTierTqmedebiT myardeba garkveuli kavSiri mis 

hidravlikur da geometriul maxasiaTeblebs Soris, ramac asaxva hpova mecnier-

mkvlevarTa SromebSi. 

wyaldenebis kalapotebis mdgradi formebis Sefasebisas mecnierTa didi 

nawili efuZneba mdgradobis Teoriis bazaze miRebul kriterialur 

gantolebebs. cxadia, wyaldenebis kalapotebis mdgradi formis Sefasebis dros 

saWiroa daculi iyos zRvruli wonasworuli mdgomareoba, rogorc mis 

ganivkveTSi, ise satranzito ubnebze mTlianad. 

naturaSi kvlevebis analiziT dadgenilia, rom kalapotis formis 

mdgradobis ZiriTadi kriteriumi e.w. formis parametriTaa warmodgenili da 

gamoxatavs nakadis siganisa da siRrmis urTierTTanafardobas. procesis 

sirTulis gamo wyaldenebis kalapotebis mdgradi formis Sefaseba TiTqmis ver 

xerxdeba meqanikis kanonebiT da moiTxovs eqsperimentuli da savele-naturuli 

kvlevebis Catarebas. arabmuli gruntebisaTvis SemoTavazebul iqna mdgradi 

kalapotebis formis parametris saangariSo damokidebuleba: 

 
x

x

GI

Q
D

h

B 35,2

2

5,0











 ,     (1.3.1) 

sadac B  – aris nakadis sigane mdgrad kalapotSi; h – nakadis saSualo siRrme 

mdgrad kalapotSi; D – hidromorfologiuri parametri, 
V

VV
x


 1 ; 

1V , V – saSualo zedapiruli da saSualo siCqareebi; Q – xarji, m3/wm; I – 

fskeris qanobi; g – simZimis Zalis aCqareba, m/wm2. dinamiurad mdgradi 

kalapotisaTvis 
8

1
x . kerZo SemTxvevisaTvis, Tu miviRebT, rom ,       

vRebulobT  

f. SatberaSvilisa da v. antropovskis mier 1972 wels miRebul analogiur 

Sedegebs [38]. 
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warmodgenili damokidebulebis analizi gviCvenebs, rom kalapotis formis 

parametris ricxobriv sidideze didi gavlenas axdens kalapotis Semadgeneli 

gruntis saSualo diametri (d). 

wyaldenebis kalapotebis mdgradobis Sesaxeb kvlevis Semdgomi etapi 

warmoadgenda mcdelobas, miRebuli yofiliyo kriterialuri gantoleba, 

romlis mixedviT SesaZlebeli iqneboda mTliani dinamikuri wonasworobis 

rRvevis pirobas dadgena Semdegi sistemiT: turbulenturi nakadi _ 

erTgvarovani recxvadi kalapoti. aRniSnulis misaRwevad gamoyenebul iqna 

Sedegebi, romlebic 1967 wels iqna miRebuli T. voiniC-sianoJenckisa da 

n. kereseliZis mier, cnobili mdgradobis Teoriis damuSavebis safuZvelze. 

T. voiniC-sianoJenckim nakadidan gamoyo ori fena. erTi, romelic asaxavda 

fskerispira Sres da gajerebuli iyo nataniT da meore, romelic Seicavda 

Setivnarebul natans. fskerispira fena warmodgenili iyo Svedov-bingamis 

modeliT, romelic aRwerili iyo xenki-iliuSinis gantolebiT. aRniSnulidan 

gamomdinare, miRebuli iyo kalapotis gegmuri aramdgradobis kriterialuri 

gamosaxuleba: 

1

5,0

1
3

 





 

C

M
K

g

CMph
,     (1.3.2) 

sadac M – aris busineskis parametri;  – SeSfoTebis ricxviTi sidide; 1  – 

SeSfoTebis kritikuli mniSvneloba; K – grZivi siCqaris logariTmuli 

ganawilebis parametri; C – Sezis koeficienti. 

roca 1  , maSin nakadis dinamikuri RerZis gamrudeba gegmaSi ar aris 

mosalodneli da daculia wyaldenebis kalapotis stabiluroba, xolo roca 

1   – mosalodnelia kalapotis gegmaSi rRvevis dawyeba da meandris 

pirveladi formis Camoyalibeba. 

s. altuninis monacemebiT, Tu  B861  , maSin kalapotis gamrudebas 

gegmaSi adgili ara aqvs, xolo Tu   5,013,0 CKMgCMhB   da mxedvelobaSia 

miRebuli, rom XCgK  , 23M  m
0,5
/wm, 81,9g  m/wm

2
, 667,0X , kalapotis 

formis parametris saangariSo damokidebulebas eqneba saxe: 

5,0

2

430
17,0 






 

C
C

h

B
.      (1.3.3) 

xelovnuri wyaldenebi (arxebi), romelTa kalapotebi warmodgenilia 
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wvrilqviSovani gruntebiT, roca 40C , maSin mdgradobis formis parametri 

24hB . warmodgenili Sedegi karg damTxvevas iZleva T. voiniC-sianoJenckis da 

n. kereseliZis Teoriul gamokvlevebTan da saSualebas iZleva kalapotis 

formis zRvruli mniSvnelobis mixedviT vimsjeloT kalapoturi procesebis 

ganviTarebaze. gegmaze didi miwis arxebis kalapotis SesanarCuneblad, roca 

xarji meryeobs 2001000 m
3
/wm-mde, daculi unda iyos piroba 2040  hB . 

miRebuli Sedegi saSualebas iZleva moxdes gansxvaveba xelovnur wyaldenebSi 

da mdinareebs Soris. e. rabkovas mixedviT, kalapotis formis maxasiaTebeli 

mdinareebisaTvis aris 4050-is sazRvrebSi. 

rogorc mravali mecnieris mier Sesrulebuli kvlevebis analizi 

gviCvenebs, kalapotis mdgradobis maxasiaTebeli kriteriumebi, romlebic 

sxvadasxva formiT iTvliswinebs fizikur-meqanikur maCveneblebs da aisaxeba 

kalapotis morfometruli maCveneblebSi, SeiZleba gamoyenebuli iyos rogorc 

didi arxebis, ise dinamiurad mdgradi mdinareebis kalapotebis saproeqto 

parametrebis dasadgenad. rekomendebul saangariSo parametrebSi ganmsazRvreli 

faqtorebad gvevlineba nakadis xarjis siCqare, kalapotis fardobiTi sigane, 

siRrme, fizikur-meqanikur maCvenebelTa kompleqsi da xSirad ugulebelyofilia 

adgilobrivi zonaluri faqtorebi [9, 11]. amis gamo aucilebeli xdeba 

kalapoturi procesebis Seswavla moqmedi cvladi faqtorebis maqsimaluri 

gaTvaliswinebiT, kvlevis Tanamedrove fizikuri da maTematikuri meTodebis 

gamoyenebiT. 

 

 

Tavi 2.  

wyaldenebis kalapotebSi mimdinare procesebi da maTi kvlevis Sedegebi savele 

pirobebSi Catarebuli monitoringis safuZvelze 

 

2. 1 savele cdebis Catarebis meTodika da kvlevis obieqtebi 

 

savele cdebis Casatareblad kvlevis obieqtad SerCeul iqna q. foTis 

wyalgamyofi kvanZi, romelic eqspluataciaSi Sevida 1959 wels (nax. 2.1.1). 

wyalgamyofi kvanZis ZiriTadi Semadgeneli nawilia kaSxali, romelic 

Sedgeba rkinabetonis 10 blokisagan da ketavs md. rionis wyalgadamgdeb traqts 
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nabadas mimarTulebiT. mas gaaCnia 10 mali segmenturi tipis farebiT (kveTi 

414), saerTo sigrZiT 180 metri. kaSxalTan 120-iani kuTxiT mierTebulia 

regulatori, romelic Sedgeba 20 oTxkuTxa da 4 rkinabetonis blokisagan 

sworkuTxa farebiT da warmoadgens qalaqis arxis saTaves, saerTo sigrZiT 80 

metri. kaSxlis flutbetis mTliani sigrZe, ponuris CauTvlelad, Seadgens 80 

metrs, aqedan kaSxlis tans da wyalsacems ukavia 40 m, xolo risbermas – 

danarCeni 40 m. wyalsacemis boloSi moTavsebulia e.w. `Jurinis konstruqciis~ 

energiis Camqrobi, samkuTxa formis, 1,5 metri simaRlis kbilebi. 

risberma, ZiriTadad, Sesrulebulia rkinabetonis filebisagan, zomiT 

220,4 m. rac Seexeba regulatoris flutbets, mas ara aqvs energiis Camqrobi 

mowyobiloba. wyalsacemi nawilidan 20 metris sigrZeze, arxis fskerze 

dalagebulia rkinabetonis filebi, xolo Semdgomi 20 metri ki dafarulia 

betonis leibebiT. wyalgamyofi kvanZis saZirkvlis qveS ganviTarebuli gruntebi 

araerTgvarovania. saZirkvlis fskeri -5,5 m siRrmeze, qviSovan fenaze devs, 

romlis saSualo diametri d = 0,4 mm, xolo SeWiduloba C = 0,04 kg/sm2. 

Semdgomi 20-25 metri ukavia mZime Tixnarebs, am fenaSi gvxvdeba agreTve saSualo 

Tixnarebi linzebis saxiT. nagebobis saZirkvlis -11,0 m niSnulze ganfenilia 

torfis 2-2,5 metriani Sre. amgvarad, erTis mxriv, saZirkvlis qvemoT mdebare 

gruntebis nairsaxeobam da maTma aradamakmayofilebelma fizikurma 

maxasiaTeblebma, aseve mdinaris kalapotSi mosalodnelma rTulma 

geomorfologiurma da hidrologiurma procesebma, xolo meore mxriv, 

wyalgamyofi kvanZis normaluri eqspluataciisa da mis mimarT wayenebuli metad 

mniSvnelovani moTxovnebis uzrunvelyofam ganapiroba, rom wyalgamyof 

nagebobaTa aRniSnul kompleqsze dawesebuliyo mudmivi meTvalyureoba. 

dakvirvebis masalebi gviCvenebs, rom kaSxlis da regulatoris blokebma 

ganicada Tanabari jdena. SesamCnevi gadaxris SemTxvevebi ar dafiqsirebula. 

gamonaklisi iyo kaSxlis pirveli, me-4 da me-10 blokebi. maqsimalurma jdenam 

pirvel blokze Seadgina 67 mm, xolo me-10 blokze – 77 mm. SemdgomSi 

mdgomareoba SedarebiT stabiluri gaxda. jdenebis ZiriTadi mizezi iyo 

saZirkvlis qveS qviSovani fenis SekumSva da nawilobriv qviSis meqanikuri 

sufozia. regulatoris blokebSi jdenebma, me-5 blokis garda, Tanabrad Caiara. 

am blokSi jdenis sididem 70 mm-s miaRwia, rac gamoiwvia kaSxlis pirveli 

bloksa da regulatoris me-5 bloks Soris sivrcis gruntiT Sevsebam da 
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Sesabamisma datvirTvebma. principSi, pirveli 10 wlis ganmavlobaSi 

mimdinareobda nagebobebis blokebis Tanabari jdena. rac Seexeba nagebobis 

horizontalur deformaciebs, rogorc es dakvirvebis analizma daadastura, 

blokebs Soris bzarebis sidideebi ar aRemateboda dasaSveb 2 mm-s. 

yovelive aRniSnuli saSualebas gvaZlevs davaskvnaT, rom nagebobis 

muSaoba, ZiriTadad, mimdinareobda misi mdgradobis stabilizaciis procesiT da 

nagebobisaTvis winaswar damuSavebuli eqspluataciis sqemis pirobebis dacviT. 

aRniSnuli stabiluroba metnaklebad ganpirobebuli iyo rigi faqtorebis 

drouli gamovleniT. mxedvelobaSi gvaqvs kaSxlisa da regulatoris qveda 

biefSi warmoqmnili adgilobrivi deformaciebis (gamorecxvebis) drouli 

dafiqsireba da saWiro RonisZiebebis gatareba. 

hidrokvanZis normaluri eqspluataciisaTvis Tavidanve udidesi yuradReba 

mieqca misi biefebis mdgomareobis Seswavlas, rogorc laboratoriuli, ise 

uSualod naturaSi savele kvlevebis Catarebis gziT. amis ZiriTadi mizezi, 

pirvel rigSi, iyo mdinaris fskerze ganlagebuli, advilad recxvadi, aluviuri 

wvrili qviSovani fraqciebisagan Semdgari fenebi, riTac xasiaTdeba, saerTod, 

mdinareebis kalapotebi dablob zonaSi. sxvadasxva regionebSi (analogiur 

pirobebSi) Catarebuli kvlevebi gviCvenebs, rom dablob zonebSi hidroteqnikuri 

nagebobebis rogorc zeda, ise qveda biefebSi SesamCnevi xdeba kalapoturi 

procesebis gaaqtiureba nagebobis eqspluataciaSi gaSvebis dRidan da diametra-

lurad gansxvavebul movlenebTan aris dakavSirebuli (daleqvisa – zeda 

biefSi, gamorecxvisa – qveda biefSi), romelTa prognozirebis Teoriuli da 

laboratoriuli meTodebiT, umetes SemTxvevaSi, ar iZleva realur suraTs. 

gaTvaliswinebuli iqna ra mosalodneli garTulebebi, aRniSnuli nagebobis 

rogorc regulatoris, ise kaSxlis qveda biefSi da agreTve nagebobis zeda 

biefSi mosalodneli garTulebebi, gadawyda Catarebuliyo yovelwliuri 

dakvirvebebi, mdinaris kalapotis winaswar SerCeul maxasiaTebel kveTebSi, 

hidrokvanZis rogorc qveda, ise zeda biefSi, aseve mdinaris kalapotis mTel 

sigrZeze, nagebobis gavlenis da qalaqis arxis zonaSi. aRniSnuli kveTebi 

SerCeul iqna mudmivi reperebis mowyobiT. mdinareSi yoveli maxasiaTebeli 

xarjis gavlisas xdeboda aRniSnuli kveTebis eqolotireba, maTi Sedareba 

saproeqto da gasuli wlis monacemebTan da miRebuli informaciis analizi. 

dadginda, rom hidrokvanZis regulatoris qveda biefSi gamorecxvis 
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procesebi daiwyo nagebobis eqspluataciaSi gaSvebis dRidan da TandaTanobiT 

intensiuri xasiaTi miiRo. es movlena ZiriTadad ganpirobebuli iyo rogorc 

advilad recxvadi gruntebis arsebobiT, ise regulatoris qveda biefSi 

energiis Camqrobi mowyobilobis gauTvaliswineblobiT. proeqtis mixedviT, 

regulatoridan 20 m manZilze, fskerze dagebul iqna rkinabetonis blokebi, 

xolo Semdgom 20 metrze – betonis leibebi. proeqtis mixedviT, regulatori 

gaangariSebulia 400 m
3
/wm xarjis misaRebad, xolo mdinareSi, mosalodneli 0,1% 

uzrunvelyofis xarjis (500 m
3
/wm) gasatareblad. am xarjebis dros wyalsaSvis 

zRurblze wylis gadadinebis siRrme Seadgens 5,7 m, xolo qveda biefSi 

risbermaze -5,75 metrs. wylis gaSveba regulatoridan qalaqis arxSi daiwyo 1959 

wlis noembridan. am periodSi mdinareSi gadioda 1700 m
3
/wm wylis xarji. qala-

qis arxSi regulatoris 8 centraluri faridan gaSvebul iqna 350-400 m
3
/wm 

xarji, wylis doneebis sxvaobam zeda da qveda biefs Soris Seadgina 0,15 m. 

pirveli saangariSo wylis xarjis gaSvebam qalaqis arxSi mTlianad daangria 

betonis leibebis safari. garecxvis siRrmem nagebobidan 35-50 metris sigrZeze 

Seadgina 5-7 m. garecxvis maqsimalurma siRrmem Seadgina 8,5 m. yvelaze 

araxelsayreli, regulatoris qveda biefisaTvis aRmoCnda 1963 wlis 9-12 ivlisi 

da 1966 wlis 6-7 ivlisi, rodesac mdinareSi gaiara didma xarjebma, 3000-3400 m
3
/wm. am 

periodSi qalaqis arxSi gatarebul iqna 380-415 m
3
/wm xarji. biefebs Soris 

wylis doneebis sxvaobam Seadgina 0,30-0,50 m, xolo xvedriTma xarjma – 17 m
3
/wm. 

regulatoris qveda biefSi garecxvis siRrmem -9,70 m-s miaRwia, 1967 wlis bolos 

(29-30 dekemberi) qveda biefSi mdgomareoba ufro garTulda, garecxvis siRrme 10 

m-mde davida da TandaTanobiT miuaxlovda regulators. risbermis 40% me-4 da 

me-10 xvretebs Soris Caingra. am momentisaTvis mdinareSi wylis xarji 3000 m
3
/wm 

iyo. swored am dros SeimCneoda regulatorisa da kaSxlis blokebis yvelaze 

didi jdenebi.  

proeqtis Sesabamisad, 1982-83 wlebSi `kolxidmSenis~ mier Sesrulda 

kaSxlis qveda biefis gamagreba nayari, didi gabaritis nafleTi qvebiT, romlis 

Cayra ganxorcielda metalis Spuntebis rigebs Soris. am RonisZiebis Catarebis 

Sedegad moxda qveda biefis garkveuli droiT stabilizacia, magram migvaCnia, 

rom sasurveli Sedegi mainc ar iqna miRweuli, ise, rogorc es ganxorcielda 

regulatoris qveda biefis gamagrebis dros. amis mizezi iyo mSeneblobis 
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warmoebis araswori teqnologia. pirvel SemTxvevaSi gamagrebis samuSaoebi 

Catarda regulatoris sruli gamoTiSvis pirobebSi, samuSaos warmoebis Ria 

wesiT, xolo meore SemTxvevaSi – kaSxlis qveda biefSi wylis gadinebis 

Seuwyvetad, marTalia wyalmcirobis dros, magram metad rTul hidravlikur 

pirobebSi (3-6 m siRrmisa da 0,8-1,0 m/w nakadis saSualo siCqareebis SemTxvevaSi). 

yovelive aRniSnuli ar iZleoda saSualebas gamagreba Catarebuliyo proeqtiT 

gaTvaliswinebuli parametrebis sruli dacviT. 1984-90 wlebis gadaRebebma da 

maT urTierTSedarebam gviCvena, rom fskeris stabilizacia ar aris miRweuli 

sasurveli saimedoobiT. SeimCneva fskeris CaRrmaveba gamagrebis zonaSi da 

maqsimaluri siRrmeebis neli tempiT gadaadgileba kaSxlis risbermis 

mimarTulebiT. ase magaliTad, 1990 wlis monacemebiT 3–3 maxasiaTebel kveTSi 

dafiqsirebulia fskeris niSnuli -5,6 m siRrmeze, 5–5 kveTSi – -6,3 m siRrmeze, 

xolo 8–8 kveTSi ki -6,8 m niSnulamde. analogiuri suraTi iyo miRebuli 1991-92 

wlebis monacemebiTac, rac imas miuTiTebda, rom gamorecxvis procesma SeiZleba 

ufro intensiuri xasiaTi miiRos didi xarjebis qveda biefSi gatarebis dros an 

kaSxlis farebis araswori manevrirebis SemTxvevaSi. 

aRniSnuli savsebiT dadasturda Cvens mier Catarebuli kvlevebiT, 

romlebic Catarda 2009-2011 wlebSi, mTeli Svidwliani Sesvenebis Semdeg. 

eqolotirebiT maxasiaTebeli kveTebis gadaRebam kaSxlis qveda biefSi 

daafiqsira mTeli rigi cvlilebebi. ase, magaliTad: me-4, me-5, me-6 da me-7 

burjebis gaswvriv sakmaod dazianebulia risberma, ris Sedegad misi saproeqto 

sigrZe 40 m-dan Semcirebulia 10-20 m-mde, xolo dazianebuli nawilis Semdeg 

Camoyalibebulia garecxvis 6-8 m-is sididis ormo. ganmeorebiTma sakontrolo 

gadaRebebma, romelSic, Cveni TxovniT, monawileobdnen mowveuli 

specialistebic, daadastura aRniSnuli. 

zondirebam gviCvena, rom risbermis deformirebul zonaSi fskeris 

garkveuli nawili Sedgeba myari safarisagan, romlis zedapiris zogierTi 

adgili dafarulia mcire, 0,5-1 m qviSa-lamiT, nawili qviT, xolo nawili 

saerTod daucvelia. aRniSnulidan gamomdinare SeiZleba gavakeToT daskvna, rom 

qveda biefSi, risbermis ganlagebis zonaSi ganviTarda mosalodneli 

adgilobrivi gamorecxvebis, ramac gamoiwvia risbermis rkinabetonis filebis 

Cafena, deformireba da zogierT adgilas erTmaneTisagan daSoreba. amaze 

miuTiTebs maxasiaTebeli ganivi kveTebis parametrebic, romlebic gacilebiT 
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metia (5-6 m-iT), vidre risbermis perimetris saproeqto sidide (nax. 2.1.6). 

amrigad, wyalgamyofi kaSxlis qveda biefSi Seqmnili mdgomareoba 

moiTxovda gadaudebeli RonisZiebebis ganxorcielebas (risbermis dazianebuli 

nawilis aRdgena-rekonstruqcias), raTa ar ganviTarebuliyo dawyebuli procesi 

da Tavidan yofiliyo acilebuli mosalodneli safrTxe wyalsacemi nawilis 

dazianebisa. 
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2.2 wyaldenebis kalapotebSi ganviTarebuli hidrologiuri da 

geomorfologiuri procesebi, maTi gavlena garemoze 

 

mdinareTa hidrografiuli qselis zonaSi ganlagebuli miwis resursebis 

dacvas da ekologiuri wonasworobis SenarCunebas gansakuTrebuli roli 

eniWeba qveynis socialur-ekonomikur aRmavlobaSi. pirvelad saqarTvelos 

istoriaSi am sakiTxma asaxva hpova kanonSi wylis Sesaxeb, rac iuridiuli bazaa 

im organizaciebisaTvis, romlebic wyliT sargeblobas ewevian. es kanoni 

aRsaniSnavia imiTac, rom masSi ganxilulia wylis mavne zemoqmedebis acilebis 

da likvidaciis sakiTxebi. 

hidravlikuri da fizikur-meqanikuri maxasiaTeblebis cvlilebebis 

gavlena kalapotur deformaciebze da TviT kalapotebis mdgradobis sakiTxebi 

procesis ganviTarebis sxvadasxva etapze, vrclad aris gaSuqebuli samecniero 

SromebSi [1, 2]. 

mdgradi kalapotebis geometriuli da nakadis hidravlikuri elementebis 

dasadgenad gamoyenebulia sxvadasxva midgomebi da meTodebi, kerZod, wamtaci 

Zalebis, hidromorfometruli gantolebebis, aragamrecxi siCqareebis da sxv., 

romlebSic kalapotebis mdgradoba statikuri da dinamikuri formebiT aris 

warmodgenili. 

wamtaci Zalis meTodiT wyaldenebis hidravlikuri gaangariSebisas 

dgindeba maqsimalurad dasaSvebi (aragamrecxi) siCqareebis Sesabamisi mxebi 

Zabvebi, romelTa gansazRvra, ZiriTadad, xdeba empiriuli damokidebulebebiT. 

kalapotis zedapirze moqmedi mxebi Zabvebis sidideebis dasadgenad 

gamoyenebulia agreTve miaxloebiTi meTodi, romelic efuZneba nakadis 

elementaruli monakveTis moculobis wonasworobis pirobas, sadac xdeba 

vertikalur sibrtyeze mxebi moqmedi Zabvebis ugulvelyofa, romliTac 

SemosazRvrulia TviT es elementaruli monakveTi da amasTan, SemoRebulia 

vertikaluri da normaluri siRrmeebis cnebebi. aseTi daSvebebi kalapotis 

centraluri nawilSi iwvevs mxebi Zabvebis gadidebas, xolo kalapotis 

ferdebze piriqiT, xdeba am maxasiaTeblis 25-30%-iT Semcireba. 

aqedan gamomdinare, mdgradi kalapotis forma SeiZleba gamoisaxos 

kosinusoidiT, warmtaci Zalis ganawileba kalapotis cocxal kveTSi Sefasdes 

siTxis siRrmis cvladebadobiT kveTis siganeze, xolo mdgradi kalapotis 
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forma daxasiaTdes ferdobis bunebrivi daxrilobis kuTxidan gamomdinare. 

wyaldenebis im ubnebze, sadac SenarCunebulia kalapotis mdgradi forma, 

naturuli kvlevebis safuZvelze dadgenilia, rom nakadisa da kalapotis 

urTierTgavlenis Sedegad myardeba garkveuli kavSiri hidravlikur 

parametrebsa, wyaldenis kalapotis geometriul da fizikur-meqanikur 

maxasiaTeblebs Soris [40, 41, 42]. aRniSnuli kavSirebi zemoaRniSnul 

maxasiaTeblebs Soris hidromorfometruli damokidebulebebiT aris aRwerili. 

zemoT dasaxelebul meTodebs Soris yuradRebas ipyrobs gamokvlevebi, 

romlebic optimalurad mdgradi formis Sefasebis Teoriul mosazrebebs 

eyrdnoba [15, 16, 17, 21, 24]. 

Teoriuli xasiaTis Sromebi SeiZleba daiyos or ZiriTad mimarTulebad: 

pirveli, romlebic miRebulia agregatis (gruntis) nawilakis zRvruli 

wonasworobis pirobebidan gamomdinare, da meore, romlebic variaciuli 

meTodebis gamoyenebasTan aris dakavSirebuli. . 

amJamad literaturaSi da rekomendaciebSi didi adgili ukavia empiriul 

da naxevrad empiriul formulebs, romlebic erTmaneTTan  nakadis hidravlikur 

maxasiaTeblebs da kalapotis gruntis maxasiaTeblebs akavSirebs. 

Catarebuli kvlevebis analizi gviCvenebs, rom arabmuli gruntebis 

garecxvis saangariSod arsebobs uamravi midgoma da saangariSo formula, 

xolo bmuli gruntebisaTvis analogiuri kvlevebi SedarebiT naklebia. pirveli 

rekomendaciebi bmuli gruntebis mdgradobis SefasebisaTvis damuSavebuli iyo 

SromebSi, sadac dadasturebulia bmuli gruntebis meqanikuri simtkice wylis 

eroziul zemoqmedebaze, maTi fizikur-meqanikuri da qimiuri maxasiaTeblebis 

gavlena gamrecx siCqareebze [19]. 

amrigad, mravalricxovani gamokvlevebis masalebi kidev erTxel 

migviTiTebs im faqtze, rom wyaldenebis kalapotebis mdgradobis da 

stabilizaciis amocana metad rTuli da mravalfaqtoriania, procesi 

mimdinareobs sxvadasxva liTologiur da klimaturi pirobebis fonze da 

movlenebis prognozireba TiTqmis SeuZlebelia. 

akademikosma c. mircxulavam Tavis Teoriul, laboratoriul da naturaSi 

Catarebuli unikaluri kvlevebis safuZvelze [18] SeZlo daemuSavebina ufro 

saimedo da realuri midgomebi aRniSnuli problemebis gadasawyvetad, 

daukavSira ra erTmaneTs nawilakebis zRvruli mdgomareoba, bmuli da 
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arabmuli gruntebis fizikur-meqanikuri da sxva maxasiaTeblebi da daamuSava 

maTi gansazRvrisa da Sefasebis meTodika. aRniSnulma meTodma male moipova 

popularoba da mis safuZvelze Seiqmna axali erTiani samSeneblo normebi da 

rekomendaciebi. 

wyaldenebis kalapotebSi mimdinare procesebis ganviTarebas erT-erT 

mniSvnelovan gavlenas axdens im gruntebis maxasiaTeblebi, romlebisganac 

Sedgeba misi fskeri da ferdebi. umetes SemTxvevaSi wyaldenebis kalapotebi 

Sedgenilia arabmuli gruntebisagan, e.i. SeWidulobis Zalis gareSe (qviSebi, qva-

RorRi da a.S.), rac warmoqmnilia gamoqarvis, denudaciis da amofrqveuli da 

daleqili qanebis eroziis Sedegad. maTi simkvrive 25002800 kg/m3-is farglebSi 

SeiZleba meryeobdes, forianoba ki damokidebulia gruntis Semadgeneli 

calkeuli nawilakebis (marcvlebis) wyobaze. Tu miviRebT, rom marcvlebs 

sferos forma aqvs da isini imyofeba fxvier mdgomareobaSi, maSin forianoba 

SeiZleba icvlebodes 4748%-is farglebSi, xolo mkvrivi wyobis SemTxvevaSi ki 

Seadgens 25,8%-s. qviSis forianoba bunebriv pirobebSi meryeobs 28-dan 35%-mde.  

arabmuli gruntebis Semadgeneli nawilakebis da natanis formis 

dasaxasiaTeblad literaturaSi cnobilia sxvadasxva morfometruli 

kriteriumebi. aqve unda aRiniSnos, rom marcvlis morfologiur maxasiaTeblebs 

didi roli eniWeba kalapotebis mdgradobis hidrodinamikuri procesebis 

ganviTarebaSi [4]. 

erT-erTi mniSvnelovani faqtori, romelic ganapirobebs nakadis garecxvis 

unarianobas, warmoadgens arabmuli gruntebis granulometruli Semadgenloba. 

gruntebis erTgvarovnobis Sesafaseblad farTod iyeneben e.w. 

araerTgvarovnobis koeficients 5595  ddK , sadac 95d  da 5d  aris im 

nawilakebis diametri, romlebic Sedis gruntis SemadgenlobaSi, Sesabamisad, 

mTliani masis 95 da 5 procentSi. 

qviSiani Semadgenlobis gruntebis garda, wyaldenebis kalapotebis 

formirebaSi mniSvnelovani adgili ukavia Tixian gruntebs, romlebSic Tixebis 

nawilakebis garda garkveuli nawili ukavia qviSian da masze ufro 

wvrilfraqciuli Semadgenlobis mtvrisebur nawilakebs. 

mineraluri SemadgenlobiT Tixovani qanebi umetes SemTxvevaSi 

polimineralizebulia. maTi Semadgenloba sami sxvadasxva jgufis mineralebiT 

xasiaTdeba: a) Tixovani – kaolinuri, hidroqsarebi, montmorinolitebi; b) 
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namsxvrevi mTis qanebi (qviSovan-mtvrisebri fraqciebi); g) autogenuri 

Jangeulebi da hidroJangeulebi rkinis da rkinis manganumis karbonatis saxiT 

da a.S.  

Tixovani qanebis simkvrive saSualod 27002780 kg/m3 farglebSi meryeobs, 

xvedriTi wona – 13501900 kg/m3, tenianoba – 5-dan 100%-mde. erT-erT ZiriTad 

maxasiaTebels Tixovani qanebisaTvis warmoadgens maTi plastikuroba, romelic 

gamoiyeneba Tixebis granulometruli klasifikaciisaTvis. arsebuli samSeneblo 

normebiT plastikurobis mixedviT Tixebi dayofilia qviSa-Tixnarad (0,010.07 

mm), Tixnarebad (0,07017 mm) da 0,17 mm-ze meti diametris fraqciebad. Tixovan 

gruntebSi nawilakebs Soris kontaqti xorcieldeba hidrat-koloiduri afskis 

meSveobiT, romelic xasiaTdeba garkveuli siblantiT da meqanikuri simtkiciT. 

mravalwliani gamokvlevebiT damuSavebulia Teoria, romliTac axsnilia 

Tixovan niadagebSi SeWidulobis fizikuri arsi [12, 13]. aRniSnuli Teoriis 

mixedviT SeWiduloba Tixovan qanebSi calkeul nawilakebs Soris 

ganpirobebulia maT Soris sakuTari Zalovani velis arsebobiT (adsorbcia). 

Tixovani gruntebis SeWiduloba ganxilulia diferencirebulad, rogorc jami 

pirveladi da meoradi SeWidulobebisa: 

yn CCC  ,      (2.2.1) 

sadac pirveladi SeWiduloba warmoadgens SeWidulobis nawils, romelic 

warmoqmnilia molekuluri Zalebisagan, xolo meoradi SeWiduloba miRebulia 

gruntis cementaciis Sedegad, sxvadasxva qimiuri SemadgenlobiT. amrigad, 

SeWiduloba arsebiTad damokidebulia Tixovani qanebis Semadgenlobaze da 

maTSi arsebul sxvadasxva naerTebze. dispersulobis zrdasTan erTad izrdeba 

SeWidulobis faqtori. amrigad, gruntebis nawilakebis winaaRmdegobis unari, 

iyos medegi yovelgvari gadaadgilebis mimarT, warmoadgens maTi simtkicis 

ZiriTad maxasiaTebel sidides da udidesi mniSvneloba eniWeba hidroteqnikuri 

Tu sxva saxis mSeneblobebisaTvis. SeWidulobis sidide C da gruntis Sinagani 

xaxunis kuTxe  is ZiriTadi faqtorebia, romelTa meSveobiT ganisazRvreba 

sxvadasxva saxis nagebobis saZirkvlebSi maTi simtkice da dgindeba gruntebis 

winaRoba siTxis nakadis garecxvis mimarT.  

   rodesac xdeba gruntebis Tixis saxeobidan qviSnarSi gadasvla, erTnairi 

konsistenciis pirobebSi, maTi Sida xaxunis kuTxe izrdeba, xolo SeWidulobis 
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Zala mcirdeba. Tixovani gruntebis SeWidulobis sidide, cdebis safuZvelze, 

SeiZleba miaxloebiT iqnes gaangariSebulia erTRerZa SekumSvis pirobebisaTvis, 

romlis dros miRebulia, rom Sek5,0C , sadac Sek  aris erTRerZa kumSvis 

dros gruntis simtkicis zRvruli mniSvneloba. 

wyaldenebis SemTxvevaSi kalapotis nakadis bmuli gruntebis agregatebze 

dinamiuri zemoqmedebis dasadgenad saWiroa vicodeT maTi normatiuli 

winaRobis zRvruli mniSvneloba simtkiceze, romelTa dasadgenad SeiZleba 

visargebloT Sesabamisi samSeneblo normebiTa da wesebiT. 

 

 

2.3. kalapoturi procesebis Sefaseba da klasifikacia savele-

eqsperimentuli monitoringis safuZvelze 

 

bunebrivad Camoyalibebuli wyaldenebis kalapotebis normaluri 

funqcionireba ZiriTadad mdinaris wyalSemkrebi auzis maxasiaTeblebzea 

damokidebuli. aRniSnulidan gamomdinare, mdinareebis kalapotebis mimarT 

mTavar moTxovnad SeiZleba CaiTvalos satranzito xarjebis gasatareblad maTi 

mzadyofna. cnobilia, rom bunebriv wyaldenebSi nakadis dinebis mTeli zona 

dayofilia maRalmTian, mTis, mTiswina, dablob da qveda dinebis zonebad. 

yoveli calkeuli ubnisaTvis damaxasiaTebelia kalapoturi procesebis 

gansxvavebuli da maTi dinebis dinamikuri RerZis gadaadgilebis Taviseburebani. 

mTisa da mTiswina zonebSi mdinareebi xasiaTdeba natanis transportunarianobis 

didi SesaZleblobebiT da dinamikuri RerZis stabilurobiT. 

kalapotis mdgradi formis CamoyalibebaSi mdinaris SesaZleblobebis 

gamovlenis Sesaswavlad mizanSewonilia ganxorcieldes im kalapotebis 

kvlevebi, romlebic TviT mdinaris mier yalibdeba. zemoaRniSnuli procesis 

sruli suraTi Seesabameba saqarTvelos teritoriaze ganlagebul kolxeTis 

mdinareebs. 

hidro morfologiuri midgomebiT kalapotebis formebis dadgena da 

kalapoturi procesebis Seswavla garkveul dadebiT Sedegs iZleva kalapotebis 

daregulirebasTan dakavSirebuli sakiTxebis gadawyvetisas. kalapotebis 

ganmasxvavebeli formebi gansakuTrebiT aluviur qanebSi arsebuli 

wyaldenebisaTvis aris damaxasiaTebeli. 
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dasmuli amocanis gadawyvetis mizniT visargebleT cnobil mkvlevarTa 

midgomebiT, romlis safuZvelze gamovlenil iqna sxvadasxva saxis 

specifikurobebi da dadginda kolxeTis mdinareTa Semdegi tipebi: 

1. moxetiale – romlisTvisac damaxasiaTebelia didi raodenobis fske-

ruli da Setivnarebuli nakadis transportireba, didi grZivi qanobebi da 

nakadis siCqareebi, xasiaTdeba cvalebadi fskeriTa da napirebiT, kalapotis 

mravaltotianobiT, nakadis siRrmis Sefardeba siganesTan 1-ze naklebia, 

kalapotwarmomqmneli natanis gadaadgileba ZiriTadad warmoebs qviSiani 

barxanuli kvlebis saxiT; 

2. meandruli – romlisTvisac damaxasiaTebelia zomieri raodenobis 

fskeruli natanis transportireba, dauregulirebeli wylis reJimi, gegmaSi 

wyaldeni xasiaTdeba klaknilobiT, kalapots gaaCnia SedarebiT swori da 

damreci napirebi, WalaSi SeimCneva Zveli nakalapotari adgilebi. 

sxvadasxva dros gadaRebuli kolxeTis dablobis 1:10000 masStabis 

rukebis gamoyenebiT SesaZlebeli gaxda dafiqsirebuliyo dablobze arsebuli 

wyaldenebis kalapotebis maxasiaTebeli ubnebi da maTSi ganivi deformaciebis 

dinamika mravalwlian periodSi, kalapotebis moxazuloba, Walis reliefi, 

SezRuduli da moxetiale sazRvrebi. dafiqsirda, rom Tavisufali meandrireba 

damaxasiaTebelia kolxeTis dablobze gamdinare wyaldenebis umetesobisaTvis 

(mdinareebi: moqva, RaliZga, enguri, xobi, sufsa, rioni Tavisi SenakadebiT, civi, 

texura, abaSa, noRela). SedarebiT yvelaze didi sigrZis Tavisufali 

meandrirebis ubnebi gaaCnia md. rions  samtredia-foTis monakveTis 80 km 

sigrZeze, xolo xobiswyals da sufsas – 40 km sigrZeze. es mdinareebi 

xasiaTdeba Zlier meandrirebuli kalapotiT. klaknilobis koeficienti 

meandrirebadi kalapotebis mqone wyaldenebisaTvis Seadgens: md. rionisaTvis –

1,71; md. texurisaTvis _ 1,87;  md. xobisaTvis _ 1,98; md. abaSisaTvis – 1,65, xolo 

md. civisaTvis – 1,59. kolxeTis wyaldenebisaTvis damaxasiaTebelia Tavisufali 

meandrirebis unari da garkveuli kanonzomierebani: a) nakadi gamoimuSavebs iseT 

formebs, romlebsac gaaCnia garkveuli wriuli moxazuloba; b) klaknilobis 

gadaadgileba xdeba dinebis mimarTulebiT da inarCunebs Tavis winandel 

formas gegmaSi; v) klaknilobis moxvevis kuTxe izrdeba, xolo maTi 

gadaadgilebis siCqare (cocva) klebulobs an saerTod qreba, calkeuli 

klaknili iRebs maryuJis formas; g) mopirdapire napiris garecxvis Sedegad 
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xdeba maryuJis yelis garRveva da kalapotis bunebrivi gasworxazovneba; Cndeba 

mdinaris nakalapotari ubani. 

gamomdinare, wyaldenebis hidrologiuri reJimisa, kalapotis fskerisa da 

napirebis Semadgeneli gruntebis granulometruli Semadgenlobidan, meandrebis 

warmoqmna da maTi Semdgomi ganviTarebis procesebi sxvadasxvanairad 

mimdinareobs. aRniSnul movlenaze garkveul gavlenas axdens rogorc 

kalapotis qanobi, ise Walis reliefis maxasiaTeblebi. sakvlev regionSi 

gvxvdeba mdinareebi moxetiale kalapotiT (nax. 2.3.1) da stabiluri dinamikuri 

RerZiT (nax. 2.3.2). suraTebi miRebulia aerofotogadaRebebiT. 

moxetiale da mravaltotiani kalapotebi damaxasiaTebelia kolxeTis 

yvela mdinarisaTvis (kodori, enguri, rioni). naturaSi Catarebuli kvlevebis 

safuZvelze 2.3.1 cxrilSi moyvanilia kolxeTis ZiriTadi wyaldenebis 

kalapoturi procesebis ganmsazRvreli parametrebi. aRniSnuli sidideebis da 

analogiur pirobebSi, sxvadasxva geografiul zonebSi mdebare wyaldenebis 

monacemebis safuZvelze agebul iqna mrudi (nax. 2.3.3), romelic analitikurad 

Caweril iqna Semdegi saxiT: 

30,0

003,0

eQ

d
I kr .      (2.3.1) 

aRniSnuli damokidebuleba migviTiTebs, rom Tu wyaldenis qanobi 

naklebia krI -ze (kritikul qanobze), maSin adgili aqvs wyaldenis klaknilobas 

(meandrirebas), xolo roca igi aRemateba zRvrul kritikul mniSvnelobas, 

SeimCneva dinamikuri RerZis arakanonzomieri cvalebadoba satransporto ubanze 

da roca krII  , mosalodnelia orive saxis kalapoturi procesebis ganviTareba. 

 

 

cxrili 2.3.1 

naturis monacemebi # wyaldenis da ubnis 
dasaxeleba xarji 

m3/wm 
fskeruli 
natanis 
saSualo 
simsxo  

d  

 
 

qanob
i I 

 
 

I / 

d  
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kalapoturi procesebis morfometruli maxasiaTeblebis Sefasebis dros 

(romlis mixedviTac unda dadgindes vertikaluri da horizontaluri 

deformaciebis saxeebi da intensivoba), saWiroa iseTi geometriuli parametrebis 

codnac, rogoricaa kalapotis sigane da simaRle, moxveulobis parametrebi, 

meandris biji da sigane. cnobilia, rom kalapotis formis erT-erT ZiriTad 

maxasiaTeblad iTvleba siRrmisa da siganis fardoba BH , romlis 

mniSvnelobiT SeiZleba vimsjeloT kalapotebis geografiul msgavsobaze. 

fardobiTi siRrmis gadideba iwvevs nakadis fskerTan Sexebis farTis da 

siCqareebis vertikaluri mdgenelebis Semcirebas, rac garkveul gavlenas axdens 

deformaciebis Taviseburebaze da adidebs kalapotis mdgradobis maCvenebels, 

xolo misi Semcirebis SemTxvevaSi ki, piriqiT. fardobiTi sidide BH  ar aris 

mudmivi da misi mniSvneloba izrdeba xarjis zrdasTan, e.i. adgili aqvs 

kalapotis gaSlas. naxazze 2.3.4 warmodgenilia kavSirebi wyaldenebis nakadis 

hidravlikur da morfometrul maxasiaTeblebs Soris. 

 

1. 
2. 
3. 
4. 
5. 
6. 

Rioni – saqoCakiZesTan 
texuri – senakTan 
xobi – xobTan 
abaSa – abaSasTan 
civi – senakTan 
qalaqis arxi – q. 
foTTan 

1200 
450 
350 
206 
118 
400 

0,5 
0,9 
0,8 
1,1 
1,5 
0,4 

0,00020 
0,00042 
0,00035 
0,00078 
0,00106 
0,00021 

0,00400 
0,00047 
0,00044 
0,00070 
0,00078 
0,00052 
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nax. 2.3.3.  QfdI    

 

 

 

cnobilia, rom dablobis tipis wyaldenebisaTvis erT-erT mniSvnelovan 

morfologiur maxasiaTebels warmoadgens misi klakniloba gegmaSi, romelsac 

SeiZleba hqondes simrudis sxvadasxva maxasiaTeblebi (sinusoiduri) an sxva, 

ufro rTuli saxe. kolxeTis mdinareebis aRniSnuli maxasiaTeblis mixedviT 

Seswavlam gviCvena, rom klaknilobebi sxvadasxva mdinareebisaTvis aris msgavsi 

da ZiriTadad damokidebulia maT morfologiur da hidravlikur parametrebze. 
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nax. 2.3.4.  BfHH maq  damokidebulebis grafiki 

kalapotis ferdebis da fskeris nafeni arabmul gruntebSi formirdeba 

sxvadasxva saxis (xreSovani) masaliT, romlisTvisac parametrebis ricxviTi 

mniSvnelobebia 42,0K , 159,01 X , 08,02 X , 354,03 X . rac Seexeba HB  

parametris zRvrul mniSvnelobas, romlis zrdis SemTxvevaSi kalapotSi iwyeba 

misi mdgradobis (gegmaSi) rRveva, ganisazRvreba pirobiT: 

45,0ZF
H

B  .      (2.3.2) 

 

 

 

Tavi 3.  

wyaldenebis kalapotebis deformaciebisagan damcavi ekologiurad 

usafrTxo energo da resursmzogi RonisZiebebi 

3.1 kalapoturi procesebis maregulirebeli nagebobebis konstruirebis 

principebi 

Tanamedrove melioraciis erT-erT ZiriTad aqtualur sakiTxad rCeba 

wylismieri eroziis movlenebis gavlenis Seswavla garemomcvel samyaroze, 

wylis aqtiuri zemoqmedebis kanonzomierebis analizi da am moqmedebis Sedegad 
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gamowveuli procesebis regulireba. problema moicavs ara marto calkeuli 

geografiul regionebs, aramed globalur xasiaTs atarebs da Cveni planetis 

metad mniSvnelovan problemas Seexeba. 

mdinareebis napirebis dacvis sakiTxi kalapoturi procesebis regu-

lirebis gziT erT-erTi ZiriTadi mimarTulebaa ukanaskneli aTwleulis 

ganmavlobaSi. mecnierebisa da teqnikis swrafi zrdis Sedegad Seiqmna 

progresuli meTodebi da rekomendaciebi hidroteqnikuri nagebobebis 

daproeqtebisa da mSeneblobis Semdgomi srulyofisaTvis.  

praqtikam gviCvena, rom wyalsacavebis saSualebiT mdinareTa Camonadenis 

regulireba yovelTvis ar warmoadgens sakiTxis erTaderT optimalur 

gadawyvetas da dRemde wyaldidobasTan brZolis Zvel efeqtur RonisZiebad 

rCeba mdinareebis napirebis gaswvriv napirdamcavi nagebobebis mowyoba. amJamad 

arsebuli maTematikuri meTodebi SesaZleblobas iZleva optimizaciis amocanisa 

da dinamikuri programirebis gamoyenebiT ganvaviTaroT da gavaumjobesoT 

wyaldidobis sawinaaRmdego dambebis daproeqtebis sakiTxebi (trasireba, 

dambebs Soris manZilebi, simaRle da gverdebis daferdeba), mdinaris kalapotSi 

mimdinare rTuli procesebi ar iZleva saSualebas analogiuri midgoma 

ganvaxorcieloT maTi napirebis gamagrebis maTematikuri modelis SedgenaSi da 

am mimarTulebiT Zieba grZeldeba. ukanaskneli 20 wlis ganmavlobaSi ucxoelma 

da qarTvelma inJinrebma da mecnierebma (amerika, belgia, germania, iaponia, 

inglisi, ruseTi, safrangeTi) SemogvTavazes 250-ze meti meTodi da rekomendacia 

mdinareebisa Tu arxebis gamrecxi napirebis stabilurobis SenarCunebis mizniT.  

bolo wlebSi Catarebuli savele dakvirvebebi [6, 7, 35] adasturebs, rom 

kalapotSi mimdinare procesebi intesiur xasiaTs Rebulobs, rac gamowveulia 

maTi mravalsaukunovani reJimis darRveviT da bunebaSi mimdinare globaluri 

procesebiT. bolo aTwleulSi gaxSirebuli wvimebisa da sxvadasxva 

daniSnulebiT mdinareebis aqtiuri aTvisebis Sedegad dairRva maTi 

hidrologiuri da hidravlikuri reJimi, fskeruli da Setivnarebuli natanis 

transportirebis unari, ramac gamoiwvia hidroteqnikuri nagebobebis, dambebis, 

xidebis, napirdamcavi nagebobebis saZirkvlis da napirebis intensiuri 

gamorecxva. gaizarda wyaldidobebis Sedegad datborili farTobebi. zemoT 

CamoTvlilma problemebma Seqmna aucilebloba, ganxorcieldes wyaldidobebis 

sawinaaRmdego didmasStabian RonisZiebaTa kompleqsi. ukanasknel  dros 
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daproeqtda da aSenda sxvadasxva tipis (aqtiuri da pasiuri) napirdamcavi 

nagebobebi. 

pirveli meTodiT napirebis gamagreba moicavs asawyobi rkinabetonis 

konstruqciebis qvayrilis dezebis, gabionis wyobis, betonisa da buto-betonis 

kubikebis gamoyenebas. aRniSnuli nagebobebi aSenebulia saqarTvelos 

mdinareebze: rionze, mtkvarze, engurze, cxeniswyalze, kodorze, Woroxze da 

sxv.  

meore meTodiT napirebis dacva xorcieldeba sxvadasxva tipis sartylebis 

mowyobiT ximinjovani rigebisagan, mZime faSinebisagan, nayari qvisagan, betonis 

da rkinabetonis filebisagan da a.S. sxvadasxva dros aRniSnuli konstruqciebi 

aSenda mdinareebze: mtkvarze, rionze, Woroxze, sufsaze da aRmosavleT 

saqarTvelos TiTqmis yvela mSral xevze. 

napirdamcavi  nagebobebis eqspluataciis mravalwlianma dakvirvebebma 

gviCvena maTi aradamakmayofilebeli muSaoba. advilad recxvad gruntebSi mZime 

tipis (betoni, rkinabetoni) monoliTuri kontruqciebi xasiaTdeba dabali 

deformaciulobiT, ris gamoc irRveva maTi mdgradoba, ferdebidan Camocurebis 

Sedegad SiSvldeba dasacavi napiri, ixergeba mdinaris kalapoti, maxinjdeba 

landSafti. aseT SemTxvevebSi muSaobis gacilebiT maRali efeqti mogvca 

adgilobrivi masalebisagan aSenebuli nagebobebis gamoyenebam (gabionebis wyoba, 

maTi safari, qva-fiCxis nakadmimmarTveli dezebi da sxv.).  

klasifikaciis Sedgenis dros gamoyenebul iqna tipuri ubnebi, sadac 

aRwerilia kalapotSi mimdinare procesebi mis calkeul monakveTebze. mdinaris 

hidravlikuri parametrebi, gansazRvrulia grZivi qanobiT, saSualo siRrmis 

SefardebiT natanis diametrTan h/d, C koeficientiT, nakadis kinematikuri 

maxasiaTebliT (A), frudis ricxviT (Fr) mdinareebis kalapotebis mimdebare 

teritoriebis aTvisebiT, wyaldidobebiT gamowveuli garTulebebis da 

garemosdacviTi RonisZiebebis CvenebiT. TiTqmis yvela saxis napirdamcavi 

nagebobis mowyoba ZviradRirebuli RonisZiebaa. xasiaTdeba didi 

xarjTaRricxviT da didi SromatevadobiT, rTulia maTi mSeneblobis 

teqnologia. ukanasknel periodSi tradiciuli samSeneblo masalebis gverdiT 

adgils ikavebs aratradiciuli, axali tipis xelovnuri, sinTetikuri Tu 

plastikuri saxis masalebi, romelTa gavlena garemoze naklebadaa Seswavlili. 

aranaklebi mniSvneloba eniWeba damcveli nagebobis formas, mis masiurobas da 
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ganlagebas dasacavi obieqtis zedapirze (kaSxlebis da dambebis ferdobebi, 

mdinareebis napirebi da fskeri, wyalsacavebis napirebi, irigaciuli da 

energetikuli arxebis ferdobebi, fskeri da sxv.) [36, 37, 38, 39]. masiuri tipis 

damcveli nagebobebi, nebismieri formis da nebismieri masalisagan (betonis da 

rkinabetonis filebi, nayari qva da qvis gabionebi, asfaltbetoni da sxv.) 

romlebic erTianad faravs dasacavi obieqtis zedapirs mis bunebriv 

mdgomareobaSi, gamanadgureblad moqmedebs biologiur garemoze, 

wyalmcenareebis fotosinTezis procesebze da ixtiofaunis  gamravlebaze. 

xSirad mdinareebis kalapotebSi mimdinareobs inertuli masalebis mopoveba 

yovelgvari normebisa da kanonzomierebis dacvis gareSe.  

karierebis mowyoba mdinaris kalapotSi iwvevs uswormasworo tranSeebis, 

ormoebis gaCenas, kalapotis eroziis bazisis dawevas bunebrivTan SedarebiT da 

sxva kalapoturi procesebis gaaqtiurebas. qvabulebis zeda zonaSi viTardeba 

napirebis regresuli gamorecxvebi, xolo qveda zonaSi – adgilobrivi xasiaTis 

deformaciebi, rac, TavisTavad, gamorecxvis safrxes uqmnis xidebs, napirdamcav 

nagebobebs da sxva saxis hidroteqnikur kvanZebs. ganviTarebuli procesebi 

uaryofiTad moqmedebs landSaftze, nadgurdeba flora da fauna, arsebuli 

bunebrivi rekraciuli potenciali.



cxrili 3.3.1 
saqarTvelos mdinareebis hidroteqnikuri klasifikacia kalapotebis 

maxasiaTeblebis 
da garemosdamcavi RonisZiebebis mixedviT 
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rebdes Rvarcoful 
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CanCqerebi da 
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   mdinareebisaTvis, romelTa kalapotebis formirebis procesSi didi roli 

ekuTvnis fskeruli natanis arsebobas, maregulirebeli nagebobebis 

daproeqtebis safuZvlebi unda iTvaliswinebdes nakadis fskeruli dinebebis 

gansakuTrebulobas. Tanaxmad hidrodinamikis kanonebisa, nagebobebze 

garSemodinebis konturi ZiriTadad damokidebulia mis formaze da 

orientirebaze nakadis mimarT, kalapotis Seviwroebis (SezRudvis) xarisxze da 

sxv. TavisTavad, napirdamcavi da maregulirebeli nagebobebis optimaluri 

variantebi moiTxovs maTi calkeuli elementebis swor konstruqciul 

gadawyvetas. Tanamedrove napirdamcavi nagebobebis konstruqciebi, maTi formebi 

da elementebi mravalferovania. hidroteqnikuri mSeneblobis masStabma, 

dedamiwaze deficituri samSeneblo masalebis maragis da energetikuli 

resursebis katastrofulma klebam dRis wesrigSi daayena arsebuli 

tradiciuli midgomebis srulyofa Tanamedrove moTxovnebis gaTvaliswinebiT, 

rac saSualebas iZleva gadawydes energo da masalatevadobis sakiTxebi, 

muSaobis saimedooba, mSeneblobis da eqspluataciis simartive,  garemos dacvis 

moTxovnebis maqsimalurad dakmayofileba.  



 
 

mdinaris kalapotis da misi napiris garecxvis sawinaaRmdego 

hidroteqnikuri nagebobis Seqmnis gamartivebuli teqnologias warmoadgens Cvens 

mier damuSavebuli meTodebi: `wyalqveSa daxrilobis damcavi safaris amoyvanis 

meTodi~ (s.m. #1446213, 22.08.1988) da `wyalqveSa ferdobebis gasamagreblad 

vakisebis dawyobis meTodi da misi ganxorcielebisaTvis saWiro mowyobiloba~ 

(s.m. #1416597, 15.04.1988). 

zemoaRniSnuli principebidan gamomdinare, Cvens mier damuSavebul iqna md. 

rionze arsebuli, foTis regionisaTvis ekonomikurad da teqnikurad metad 

mniSvnelovani obieqtis, hidrokvanZis deformirebuli risbermis gamagrebis 

ramdenime varianti [26, 27, 28, 29], romelTagan zogierTs qvemoT warmogidgenT 

(nax. 3.1.1, 3.1.2). 

gamagreba betoniT Sevsebuli amortizirebuli saburavebiT 

a) gamagreba risbermis deformirebul nawilSi 

qveda biefSi risbermis garecxili nawilebi ifareba erTmaneTze 

gadabmuli amortizirebuli saburavebiT, romlebic winaswar ivseba betoniT 

(nax. 3.1.1). betonis moculoba erT saburavSi – 0.08 m3, saburavis wona – 50 kg, 

saburavis wona betoniT – 230 kg. saburavebis saerTo raodenoba – 2750 cali, 

betonis moculoba – 220 m3. 

b) gamagreba risbermis mTel farTobze 

gasamagrebeli farTi 7600 m2. saWiro saburavebis raodenoba – 7 600 cali, 

betonis moculoba – 620 m3. 

 

 

nax. 3.1.1. fskeris gamagreba betoniT Sevsebuli  

amortizirebuli saburavebiT 



 
 

1. erT zolSi saburavebis maqsimaluri raodenoba – 3;2. saburavebi betoniT 

winaswar Seivseba samSeneblo moedanze; 3. saburavebis gadabma xdeba mcurav 

platformaze, saidanac Caefineba fskerze. gamagreba amortizirebuli saburavebiT da 

qvis nayariT 

a) gamagreba risbermis deformirebul nawilSi 

qveda biefSi, risbermis deformirebul nawilSi lagdeba erTmaneTze 

gadabmuli amortizirebuli saburavebi. erTi Sris dafenis Semdeg saburavebis 

da saburavebs Soris arsebuli sicarieleebi ivseba nayari qviT (d = 100 mm), 

Semdeg zemodan keTdeba saburavebis meore fena da sicarieleebi kvlav ivseba 

nayari qviT (nax. 3.1.2), saburavebis saerTo raodenoba Seadgens 5500 cals, nayari 

qvis moculoba or SreSi – 550 m3. 

b) gamagreba risbermis mTel farTobze 

 

gasamagrebeli farTi 7600 m2. saWiro saburavebis raodenoba – 15 200 cali, 

nayari qvis moculoba – 1550 m3. 

 

 

 

nax. 3.1.2. fskeris gamagreba amortizirebuli 

saburavebiT da qvis nayariT 

 

Cvens mier Catarebuli kvlevebiT dadasturda, rom aRniSnul moTxovnebs 



 
 

ZiriTadad akmayofilebs cilindruli Rrutaniani blokebi torisebri formiT 

(nax. 3.1.3). warmodgenili forma ekuTvnis garsisebur sistemebs, xasiaTdeba wylis 

da airis garSemodenis saukeTeso TvisebebiT. aseTi forma saSualebas iZleva, 

rom konstruqcia iyos Txelkedliani, miiRos nebismieri Sinagani Tu garegani 

datvirTva Tanabrad da uzrunvelyos statikuri  

 

 

 

wonasworoba. misi tanis gruntiT SevsebiT SesaZlebelia ganxorcieldes 

sxvadasxva daniSnulebis damcavi nagebobebis mSenebloba, magaliTad: maRali 

sanapiro kedlebi, gadamketi zRudarebi, kaSxlebi da napirebis ferdobebis 

damcavi plastikuri safari. blokebis tanis gruntiT Sevsebis Sedegad xdeba 

nagebobis gadaqceva grunt-armirebul konstruqciad. didi masStabiT gamoiyeneba 

meoradi resursebis iseTi saxeobebi, rogoricaa amortizirebuli rezinis 

salteebi (saburavebi), relsebi, metalis bagirebi, arakondiciuri metalis da 

rkinabetonis milebi da sxv [25]. regionSi arsebuli ekologiuri wonasworobis 

fonze, bunebis stiqiuri Tu anTropogenuri faqtorebis gavlenis 

gaTvaliswinebiT, garemosdamcavi nagebobebis konstruirebis modeli 

warmodgenilia sqemiT 3.1.1. 

 

 

 

 

 
 
 

sqema 3.1.1 
garemos damcavi nagebobebisa da RonisZiebebis SerCevis sqema ekologiur 

moTxovnaTa gaTvaliswinebiT 



 
 

bloki I   dasacavi obieqtis (regionis arsebuli 

bunebrivi ekologiuri wonasworobis 

saerTo foni 

 

     

bloki II   anTropogenuri faqtorebi (soflis 

meurneoba, mrewveloba, wyalsameurneo 

mSeneblobani) 

 

     

bloki III   dasacavi obieqtis (regionis) arsebuli 

bunebrivi ekologiuri wonasworobis 

rRvevis mizezebi 

 

     

bunebrivi faqtorebi  anTropogenuri 

faqtorebi 

 wyaldidobebi, 

wyalmovardnebi, qarisa da

wylismieri erozia, 

mewyeruli movlenebi, 

zRvebis da okeanis moq-

cevebi, ciklonebi, qariSx-

lebi da sxv. 

 soflis meurneoba, 

axali farTobebis 

aTviseba, wyal-

sameurneo mSenebloba, 

karierebi, mrewvelobisa 

da soflis meurneobis 

meoradi narCenebi 

  

mosalodneli ekologiuri

cvlilebebi 

 

mosalodneli 

ekologiuri 

cvlilebebi 

dadebiTi uaryofiTi  uaryofiTi dadebiTi 

uaryofiTi

Sedegebis 

sainforma-

cio banki, 

sadac miRe-

buli info-

rmaciis 

safuZvelze

damuSavdeba

garemosdam-

cavi Ronis-

Ziebebis 

variantebi 

farTobebis 

datborva, 

bunebrivi 

kolmataJi, 

teritoriis 

gawylova-

neba, flo-

risa da 

fautis 

sasicocx-

lo fun-

qciis 

SenarCuneba, 

wylis 

akumulireb

a 

wyalsacaveb

SiÛÉ 

mdinareebis, 

wyalsacavebis

napirebis ngre-

va, sxvadasxva

obieqtebis, 

dasaxlebuli 

punqtebis da-

tborva, wale-

kva, daWaobeba, 

sxvadasxva na-

gebobebis 

wyobidan 

gamosvla 

 

 Sxamqimikatebi

T te-

ritoriis 

gabinZureba, 

kaSxlebis mi-

er farTobe-

bis datborva, 

qvabulebis 

da karierebis

mowyoba, 

gruntis 

wylebis 

doneebis 

momateba 

soflis 

meurne-

obis da 

mrewve-

lobis 

intensi-

fikacia, 

mosaxle-

obis 

socia-

lur-

ekonomi-

kuri 

donis 

amaRleba, 

wyalsaca-

vebSi 

wyaldi-

dobis 

xarjebis 

dareguli

reba 

     

 

 

 



 
 

 

3.2 axali napirdamcvavi nagebobebi 

 

sanapiro zonebis damcavi nagebobebi Tavisi muSaobis xasiaTiT urTules 

hidroteqnikur nagebobebs warmoadgens da erTdroulad SeiZleba ramdenime 

funqciasac asrulebdes (mdinareTa napirebis dacva, eroziuli da talRuri 

zemoqmedebisagan dacva da sxv.). 

daniSnulebis Sesabamisad, aRniSnuli nagebobebi erTmaneTisagan 

gansxvavdeba konstruqciuli gadawyvetiT. 

qvemoT mogvyavs zogierTi maTganis mokle aRwera. 

zemoqmedebisagan damcavi nageboba, mxolod mesame rigis vertikalur 

Rrutanian blokebSi ximinjebi Seicvala mravalwliani mcenareebis nargavebiT 

da Sevsebulia gruntiT. aRniSnuli nagebobis ZiriTadi konstruqciuli 

elementebia: cilindruli an torisebri blokebi (1), ximinjebi (2), blokebi 

Sevsebuli gruntiT (3) da nargavebi (4). 

 

 

 

nax. 3.2.1. wylis eroziuli da talRuri zemoqmedebisagan damcavi kombinirebuli 

nageboba: 1 _ Rrutaniani bloki, 2 _ ximinji, 3 _ Rrutaniani blokebi 

SemavsebliT, 4 _ mwvane nargavebi 

 

             

 



 
 

 

2. napirdamcveli nageboba 

 

nageboba (s.m. #1476040, nax. 3.2.4) warmoadgens mdinaris, wyalsacavis, zRvis, 

sanapiro zolis damcvel nagebobas. nageboba miRebulia Rrutaniani 

cilindruli an torisebri blokebis (2) kibisebri ganlagebiT dasacavi napiris 

ferdze (1). wylis minimaluri horizontis qvemoT blokebis rigi (3) nawilobriv 

faravs erTmaneTs, rac TavisTavad qmnis garkveul sicarieles Tevzis qviriTis 

dasayrelad. wylis minimaluri horizontis zemoT blokebis rigi Sevsebulia 

adgilobrivi gruntiT (4) da mWidrod faravs erTmaneTs. blokebi erTmaneTTan 

dakavSirebulia (5, 7, 8) mowyobilobebiT. talRis zemoqmedebis SemTxvevaSi 

gaTvaliswinebulia ukufiltrebis mowyoba.  

 

nax. 3.2.2. napirdamcavi nageboba 

1 _ blokebis kibisebri ganlagebiT dasacavi napiris ferdi; 2 _ Rrutaniani 

cilindruli blokebi; 3 _ blokebis rigi wylis minimaluri horizontis 

qvemoT; 4 _ rigebs Soris sicariele; 5, 7, 8 _ elastikuri damakavSirebeli;  

6 _ Semavsebeli grunti.  

 

3. gadamRobi nagebobis konstruqcia 

nageboba (s.m. #1596024; nax. 3..2.5) SeiZleba gamoyenebuli iyos rogorc sanapiro 

zolis (mdinareebis, tbebis, zRvis) dasacavad, ise sxvadasxva daniSnulebiT. 

nagebobis ZiriTad Semadgenel nawils warmoadgens elastikuri garsi (1), 

romelic miRebulia torisebri Rrutaniani blokebis (2) wamogebiT gularze (3). 



 
 

nagebobis, rogorc napirebis samagri konstruqciis awyobis teqnologia da 

saWiro mowyobilobebi mocemulia gamogonebis aRweraSi.  

 

          nax. 3.2.3. gadamRobi nagebobis konstruqcia 

1 _ elastikuri garsi; 2 – Rrutaniani blokebi; 3 _ gulari. 

 

 

 

3.3 xevebis eroziuli da Rvarcofuli movlenebisagan  

damcavi nagebobebi 

 

dasmuli problemis sfero garkveulwilad moicavs rogorc xevebis, aseve 

mdinareebis kalapotebis mTisa da mTiswina ubnebs, sadac eroziul procesebs 

garkveuli simZafre gaaCnia da warmoadgens Rvarcofuli movlenebis 

ganviTarebis erT-erT ganmsazRvrel faqtors. xevebSi eroziuli procesebis da 

mdinareebis kalapotebSi Rvarcofuli movlenebis daregulirebis da 

gauvneblobis mizniT SemoTavazebulia axali ganivi da grZivi tipis nagebobebis 

konstruqciebi (romelTa damuSavebaSi Cvenc vmonawileobdiT). aseTi saxis 

nagebobebis upiratesoba arsebulTan SedarebiT gamoixateba maT 

elastikurobaSi, muSaobis saimedobaSi, ekonomiurobaSi, garemosTan SerwymaSi, 

qveda biefSi mosalodneli garTulebis Tavidan acilebaSi, simaRlis 

TandaTanobiT transformaciaSi da mSeneblobis teqnologiebis simartiveSi.  

 

 

1. xevis saregulacio nageboba  



 
 

 

 

 

 

 

 

nax. 3.3.1. xevis saregulacio nageboba: 1 _ elastikuri kedeli;  

2, 3 _ Rrutaniani blokebi; 4 _ ximinji;  6 _ elastikuri kavSiri 

 

 

nageboba (s.m. #85931, nax. 3.3.1), Sedgeba gegmaSi TaRovani moxazulobis 

ramdenime elastikuri kedlisagan (1), romlebic nakadis moZraobis mimarT 

ganlagebulia Sezneqili mxridan erTmaneTis mijriT, cvalebadi simaRliT zeda 

biefidan qveda biefisaken. kedeli Sesrulebulia cilindruli Rrutaniani 

blokebisagan (2, 3), romlebic wamogebulia ximinjebze (4), blokebi erTmaneTTan 

dakavSirebulia elastikuri kavSirebiT (5). konstruqciis aseTi gadawyveta 

nagebobas aZlevs mdgradobas, xolo muSaobis procesSi maqsimalurad axdens 

erozirebuli masalis koncentrirebas xevis yvelaze dabal kerebSi, jer axdens 

mis lokalizacias, xolo Semdgom srul likvidacias.  

 

 

2. wyalsaSviani kaSxali  



 
 

 

 

 

nax. 3.3.2. wyalsaSviani kaSxali. 1 _ Rrutaniani blokebi; 2 _ ximinjebi; 

3 _ bade; 4 _ kaSxlis profili. 

 

nageboba (s.m. #829763, nax. 3.3.2) Sedgeba cilindruli Rrutaniani 

blokebisagan (1), romlebic wamogebulia ximinjebze (2) da ewyoba rogorc 

kaSxlis dasawyisSi, aseve mis Sua da bolo nawilSi, xolo maT Soris sivrce _ 

kaSxlis tani amovsebulia igive cilindruli Rrutaniani blokebiT, zedapiri ki 

dafiqsirebulia badiT (3). kaSxlis profils (4) gaaCnia qrobadi talRis 

moxazuloba, rac uzrunvelyofs kaSxlis zRurblze gadadinebuli wylis 

mocilebas zeda biefidan qveda biefisaken, adgilobrivi garecxvebisa da 

avariebis gareSe. aseTi kaSxlebi mizanSewonilia aSendes wyaluxv xevebSi, roca 

saWiroa rogorc xevis fskeris amaRleba, ise zedmeti wylis mocileba xevis 

zeda teritoriidan mis qveda nawilSi. cnobilia, rom am SemTxvevaSi yovelTvis 

arsebobs qveda biefis intesiuri gamorecxvis problema. 

3. RvarcofsawinaaRmdego elastikuri kaSxali  

RvarcofsawinaaRmdego nageboba (s.m. #11081519, nax. 3.3.3) Sedgeba calkeuli 

Rrutaniani elementebisagan (1) cilindruli blokebis saxiT da SeerTebulia 

moqnili kavSirebiT (2) blokebad (3). blokebi ganlagebulia safexurisebrad 

mdinaris napirebidan dinebis dinamiuri RerZisaken da zeda biefis mxridan 

nakadis moZraobis mimarTulebiT.  



 
 

nagebobis muSaobis principi SemdegSi mdgomareobs: Rvarcofuli nakadis 

dinamikuri zemoqmedebis dros xdeba misi struqturis Sreobrivad dayofa da 

TandaTanobiT dawnevis zrda nagebobis safexurisebr profilze, xolo 

Rvarcofis masis nawilis gatareba xorcieldeba Rrutaniani blokebis arxebiT. 

Rvarcofis masis Sreobrivi dayofa xdeba nagebobis zedapirze wyaldenis 

kalapotis qanobis sawinaaRmdego mimarTulebiT misi moZraobiT da kontaqtiT 

nagebobis sxvadasxva sibrtyesTan. am dros nakadi kargavs siCqares, energias da 

masis garkveul nawils. Rvarcofis nawili, romelic aRwevs nagebobis 

zRurblis maqsimalur niSnuls, gadaedineba nagebobis qveda biefSi, xolo 

nawili vardeba nagebobis zedapirze kalapotis ganivi mimarTulebiT, rac 

nakadis energiis saboloo Caqrobas iwvevs.  

am nagebobis gamoyenebiT izrdeba nakadis energiis Caqrobis SesaZlebloba, 

rac RvarcofTan misi safexurebrivi kontaqtiTa da elastikurobiTaa 

gamowveuli, xolo nagebobis mSeneblobaze meoradi resursebis gamoyenebis 

SesaZlebloba mniSvnelovnad amcirebs mis samSeneblo Rirebulebas. 

 

 

nax. 3.3.3. RvarcofsawinaaRmdego elastikuri kaSxali 

1 – Rrutaniani elementebi; 2 – moqnili SemaerTebeli kavSirebi; 
3 – Rrutaniani blokebi. 

 



 
 

4. energiis Camqrobi bagiris tipis zRudari  
 

energiis Camqrobi bagiris tipis zRudari (s.m. #1335615, nax. 3.3.4) 

gankuTvnilia xelovnuri da bunebrivi wyalsatevebis sanapiro zolis dacvisa 

da ekologiuri wonasworobis SenarCunebisaTvis. warmodgenili nageboba 

SeiZleba gamoyenebuli iyos, rogorc RvarcofsawinaaRmdego nageboba. energiis 

Camqrobi zRudari warmoadgens tramplinis tipis fardas, romelic 

Sesrulebulia girliandebiT (1). girliandebi warmoadgens drekad elementebTa 

sistemas (2), romelic Camocmulia bagirze. 

konstruqciis es Tavisebureba saSualebas iZleva misi mSenebloba 

ganxorcieldes umokles vadaSi.  

 

 

nax. 3.3.4. energiis Camqrobi zRudari 

1 – girlianda; 2 – drekadi elementebi; 3 – elastikuri RerZi; 4 – sayrdeni 

konstruqcia; 5 – fiqsatori; 6 – girliandis zeda bolos Casamagrebeli 

elementi; 7 – girliandis qveda bolos Camagrebis ankerebi; 8 – girliandis 

damakavSirebeli drekadi elementebi. 

 

     5. energiis Camqrobi nageboba  

nageboba muSaobs Semdegi principiT: Rvarcofis an zvavis gavlis trasaze 

moTavsebulia gamWoli konstruqcia. vertikalur dgarze (3) Rvarcofis moZravi 

taniT dartymisas warmoebs misi masis vertikalur sibrtyeSi dayofa, Rvarcofis 

masis nawili Sedis sivrcul seqciaSi, ris drosac xdeba misi Sreobrivad 



 
 

dayofa, rogorc vertikalur sibrtyeSi koWze (3), ise koWebze (1), (2) sxvadasxva 

sibrtyeSi. Rvarcofis masis nawili gaedineba ukan waweuli seqciis 

mimarTulebiT da xvdeba nagebobis damWer jibeebSi (5). damWeri jibeebis 

Sevsebis Semdeg energiis Caqroba xorcieldeba daxrili koWebidan (2) sivrcul 

ukujibeebSi gadadeniT. Rvarcofis nagebobaze gavlis dros misi mravaljeradi 

Sreobrivi dayofa da dayofili. 

 

 

  

  

nax. 3.3.5. energiis Camqrobi nageboba 

1 – horizontaluri koWebi; 2 – daxrili koWebi; 3. dgarebi; 4 – sayrdeni 

samkuTxedis fexis saZirkvelSi Casakerebeli elementi; 5 – seqciebis 

SemaerTebeli elementi; 6 – damWeri jibe. 

 

 

Tavi 4.  

wyaldenebis kalapotebis deformaciebisagan damcavi axali nagebobebi 

4.1 nagebobebis laboratoriuli kvlevis Sedegebi 

 

axali konstruqciebis (maT Soris Cvens mier damuSavebulis) saproeqto 

gadawyvetebSi, realizebis mizniT, ganxorcielda maTi miznobrivi gamocda 

rogorc laboratoriaSi, ise naturis pirobebSi. gamocda Cautarda saavtoro 



 
 

uflebis mqone kalapotis ferdobisa da fskeris damcav konstruqciebs. 

konstruqciebis gamocda tardeboda, rogorc tranzituli nakadis dinamikur 

maxasiaTeblebis cvalebadobasTan, ise talRur zemoqmedebebTan kavSirSi. 

cdebis pirveli seria Catarda saqarTvelos mecnierebaTa akademiis 

wyalekologiis institutis laboratoriaSi, trapeciuli kveTis mqone saxsrul 

ferdebian RarSi, romlis sigrZe Seadgenda 15, xolo simaRle 0,5 metrs. Raris 

sigane fskerze toli iyo 0,6 m-is. sacdel modelze nagebobis imitacia 

ganxorcielda rezinis torisebri formis elementebiT, romlis Siga da gare 

diametri da sisqe Seesabameboda avtosaburavebis yvelaze gavrcelebuli 

standartul zomebs (300_508P, 260-508P, 260-508P, 240-508P). modelis rogorc 

horizontaluri, ise vertikaluri masStabi 15 verhor  . sacdeli modelebi 

warmodgenili iyo rogorc elastikuri, ise ujredovani safariT. cdebi 

mimdinareobda sam etapad. pirveli  etapis dros damcveli safaris efeqturobis 

Sefaseba warmoebda im pirobebisaTvis, roca igi masiuria da ar xdeboda 

blokebis sicarielebis Sevseba SemavsebliT, xolo meore etapze, blokebi 

ivseboda inertuli masaliT. eqsperimentis Catarebis dros gamoyenebuli iyo 

dagegmvis Tanamedrove meTodi _ laTinuri kvadrati. nagebobis muSaobis 

efeqturobis dadgenis mizniT kalapotis perimetris maxasiaTebel wertilebSi 

mimdinareobda zedapiruli, saSualo da fskeruli siCqareebis fiqsireba 

“dizas” tipis Termoanometruli xelsawyoTi. zemoT warmodgenil parametrTa 

fiqsacia warmoebda rogorc daucveli, ise safariT dafaruli 

kalapotebisaTvis.  

SerCeul kveTebSi agebul iqna fskeruli da saSualo siCqareebis 

Tanafardobis grafikuli damokidebulebebi. TvalsaCinoebis mizniT grafikuli 

damokidebulebebi  )(/ NfVV  saS  sailustraciod warmodgenilia nax. 4.1.1-ze. 

 

 



 
 

 

 

nax. 4.1.1.  )(/ NfVV  saS  damokidebulebis grafikebi 

 

 

eqsperimentiT dadasturda Teoriuli principebiT gansazRvruli prognozi 

da dazustda damcavi safaris optimaluri gabaritebi, romlis drosac 

kalapotis mdgradobis darRvevas adgili ara aqvs. dadginda, rom warmodgenili 

safaris recxvad kalapotebSi gamoyenebis dros SeiZleba siCqaris (1,5÷3) m/wm-mde 

gazrda da Sesabamisad, misi geometriuli zomebis SerCeva, gamomdinare nakadis 

hidravlikidan. 

cdebis Sedegad dafiqsirebuli monacemebis safuZvelze, umcires 

kvadratTa meTodis gamoyenebiT, Sesabamisi gardaqmnebisa da gamartivebis 

safuZvelze gamoyvanil iqna saSualo dasaSveb siCqareTa saangariSo damoki-

debulebebi. 

masiuri safarisaTvis 

)]17,0)/(256,0[

33,2
1,1 


Hh

V
V

f.das.

saS.das.           (4.1.1) 

ujredovani safarisaTvis 



 
 

]17,0)/(256,0[)/(325,0

33,2
1,14,0 


Hhhl

V
V

f.das.

saS.das.   (4.1.2) 

sadac f.das.V  –kalapotis Semadgeneli gruntis dasaSvebi aragamrecxi siCqarea, 

m/wm; h _ damcveli blokes sisqe, m; H _ wylis siRrme wyaldenSi, m; l _ fskerze 

moTavsebuli safaris ujredis sigrZe, m; 

(4.1.2) damokidebulebidan SeiZleba ganisazRvros l/h Tanafardoba uganzomilebo 

sidideebSi   

l/h=  5211 1702560083 ., V],)H/h(,[V, f.das.f.das.    (4.1.3) 

cdebis Sedegebis mixedviT gamovlinda agreTve saintereso faqti. im 

SemTxvevaSi, rodesac wyaldenis kalapotSi adgili ar aqvs talRur movlenebs, 

damcveli safari inertuli an sxva masaliT Sevsebas ar saWiroebs nakadsa da 

nagebobas Soris Seqmnili wylis baliSis gamo. 

warmodgenili nagebobebi SeiZleba gamoyenebul iqnes agreTve zRvebis, 

tbebis, wyalsacavebis sanapiro zolebis zedapiruli warecxvebisa da talRuri 

zemoqmedebisagan dacvis mizniT. nagebobaTa muSaobis efeqturobis Sefasebis 

mizniT eqsperimenti Catarebul iqna imave laboratoriis talRis warmomqnel 

hidravlikur Rarebze (didi Raris sigrZe 50 m, sigane – 0,8 m, simaRle – 1,7 m, 

mcire Raris sigrZe 9 m, sigane – 0,3 m, simaRle – 0,5 m). RarebSi maqsimaluri 

talRis simaRle didSi meryeobda 0,05_0,45 m-is farglebSi, mcireSi – 0,02_0,16 m-

is farglebSi. cdebi Catarebul iqna advilad recxvad qviSis fraqciebisaTvis 

( 0,1saSd  mm), sanapiros ferdobis sxvadasxva daxrilobebis SemTxvevebisaTvis m 

= 1:2; 1:3; 1:5 da talRis sxvadasxva maxasiaTeblebisaTvis.  

eqsperimentis dros dafiqsirebuli talRis parametrebis sidideebi 

mocemulia cxrilSi 4.1.1. 

                                                        cxrili 4.1.1 

talRis 
reJimi 

talRis 
simaRle 

H m 

talRis 
sigrZe 

  m 

talRis 
periodi 

t wm 

talRis 
simaRle 

h sm 

talRis 
sigrZe 
 sm 

talRis 
periodi 

t wm 
#1 0,75 31,5 4,8 5,0 210,0 1,24 

#2 0,98 20,4 4,3 6,5 136,0 1,12 

#3 1,13 19,8 3,9 7,5 131,0 1,00 

#4 1,28 18,0 1,8 8,5 120,0 0,48 

#5  1,43 14,5 1,4 9,5 95,0 0,36 

  



 
 

talRuri procesebis modelireba ganxorcielda mcire Rarze, gravita-

ciuli modelirebis safuZvelze 15 verhoriz  , xolo miRebuli Sedegebi, 

Sedarebuli monacemebTan, romlebic dafiqsirebuli iyo Rarze, romlis zomebi 

Seesabameboda naturis pirobebs. eqsperimentebis Sedegad Seswavlil iqna 

talRebis zegavlena damcavi elastikuri safaris muSaobis efeqturobaze. 

Catarebuli eqsperimentebis pirveli etapi iTvaliswinebda damcveli safaris 

muSaobas blokebis sicarieleTa Sevsebis gareSe, xolo meore etapze blokebi 

itvirTeboda adgilobrivi gruntiT, xreSiT, RorRiT da ukufiltrebis 

mowyobisaTvis iyo gaTvaliswinebuli. daucvel napirze talRebis zemoqmedeba 

grZeldeboda manam, sanam ferdebis deformacia miaRwevda srul stabilizacias.  

      eqsperimentebis Sedegebma gviCvena: Seqmnili napirdamcavi konstruqciebiT 

SesaZlebelia Seiqmnas talRuri zemoqmedebisagan napirebis (ferdebis) damcavi 

saimedo safari (barieri), romelic Tavisi elastikuri unarianobis gamo 3_4-jer 

amcirebs talRis zemoqmedebis Zalas (dartymis Zalas) da anawevrebs Seyursuli 

talRis masas, magram daSlili talRis wylis nakadis ferdze ukudinebis dros 

xdeba ativnarebuli gruntis wvrili fraqciebis gamotana, ris gamoc ver 

xerxdeba dasacavi ferdis sruli stabilizacia. napiris ferdis elastikuri 

safariT talRuri zemoqmedebisagan dacvis dros aucilebelia misi tanis 

sicarielis Sevseba. Catarebuli eqsperimentebi gaxda naSromSi warmodgenili 

mTeli rigi axali konstruqciebis Seqmnis, daproeqtebis da warmoebaSi farTod 

danergvis safuZveli.  4.1.2 cxrilSi mocemulia mokle informacia elastikuri 

safaris muSaobis efeqturobaze dasacavi obieqtis daferdebis koeficientis, 

talRis parametrebis da Semavseblis diametris sxvadasxva mniSvnelobisaTvis. 

 

 

cxrili 4.1.2.   
 

elastikuri safaris muSaobis efeqturoba dasacavi obieqtis daferdebis 
koeficientTan kavSirSi 

 
 
 
 
  

talRis napiris daferdeba 1m :5 napiris daferdeba m =1:3 



 
 

 
 

 

4.2 kalapotebis deformaciebisagan damcavi nagebobebis saimedooba 

 

kalapotebis deformaciebisagan damcavi nagebobebis muSaobis saime-

doobaze gavlenas axdens urTierTdakavSirebuli mravali faqtori, romelTa 

raodenobrivi Sefaseba da praqtikuli amocanebis gadawyveta metad 

garTulebulia [8]. gamomdinare aRniSnulidan, saimedoobis Sefaseba xSir 

SemTxvevaSi advilad fiqsirebad faqtorebs aqvs daTmobili, aseT faqtorebad 

nagebobaTa da kalapoturi procesebis Sefasebis dros miRebulia mdinaris 

Camonadeni da misi doneebis cvalebadoba SerCeul kveTSi. 

saimedobis ZiriTadi statistikuri maxasiaTeblebis, kerZod, saSualo 

kvadratuli mniSvnelobis, saSualo kvadratuli gadaxris, saSualo 

kvadratuli Secdomis, ganawilebis parametrebis mniSvnelobebis Teoriuli da 

statistikuri kriteriumebis Tanxvedris xarisxis, statistikuri rigis 

ganawilebis sawyisi da centraluri momentebis dadgena xorcieldeba arsebuli 
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ukufiltri
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elastikuri 
safari 

Sevsebulia 

d = 9 mm 
RorRiT 

ukufiltri
s gareSe 

elastikuri 
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Sevsebulia 

d =9mm 
RorRiT 

ukufiltris
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napiri 
daculia 

elastikur
i safariT 
Sevsebis da 
ukufiltri
s gareSe 

elastikuri 
safari 

Sevsebulia 

d =9mm 
RorRiT 

ukufiltri
s gareSe 

elastikur
i safari 
Sevsebuli

a d =9mm 
RorRiT 

ukufiltr
is 

mowyobiT 
1 2 3 4 5 6 7 8 9 

#1 reJimi 
0,75 m, 31,5 
m, 4,8 wm, 
42 

10.10 7.30 4.00 % 21.0 17.50 15.50 2.70/0 

#2 reJimi 
0,98 m, 20,4 
m, 4,3 wm, 
20,8 

13.80 11.50 8.95 % 25.56 22.00 18.60 5.00/0 

#3 reJimi 
1,13 m, 19,8 
m, 3,9 wm, 
17,5 

16.20 13.25 10.38 3.20/0 29.50 26.4 20.10 5.8/0 

#4 reJimi 
1,28 m, 18,0 
m, 1,8 wm, 
14,1  

20.3 18.10 12.1 6.40/0 35.50 30.70 25.25 6.5/0 

#5 reJimi 
1,43 m, 14,3 
m, 1,4 mw, 
10.0 

26.55 20.55 16.0 6.90/0 43.60 33.80 20.40 7.00/0 



 
 

tradiciuli damokidebulebebis safuZvelze. maregulirebel nagebobaTa 

saimedobis maCveneblebi dadgenil iqna im fiqsirebadi mtyunebebis safuZvelze, 

rogoricaa kalapotis zRvruli wonasworuli forma, nagebobasTan nakadis 

midinebis kuTxe, nagebobis zRurblze nakadis gadadineba da nakadis mier 

nagebobis saZirkvlis gamorecxva.  

nagebobis saimedoba, nakadis zRurblze gadadinebis dauSveblobis 

gaTvaliswinebiT, iangariSeba SemTxveviTi sidideebis funqciebis ganawilebis 

Sesabamisi damokidebulebebiT  

   

(4.2.1) 

sadac h – aris wylis siRrme mdinareSi nagebobis mowyobis adgilas  aTvlili 

wylis donis sazomi lartyis nulidan; nH  _ nagebobis simaRle; 0h  _ nagebobis 

saZirkvlis niSnulis Sesabamisi simaRle, aTvlili imave lartyidan. 

    nagebobis saimedoobis saangariSod saZirkvlis, gamorecxvis dauSveblobis 

gaTvaliswinebiT miRebulia gamosaxuleba:  

 

g

Ihm
kp

d
t

2

1
75,1~

34
1

2
23            (4.2.2) 

sadac t~ _ aris garecxvis siRrmd _ fskeris Semadgeneli gruntis saSualo 

diametri;  p _ nagebobis garSemodenis koeficienti; V_ nakadis saSualo siCqare 

nagebobis mowyobamde; k _ koeficienti, romlis sidide damokidebulia 

saZirkvlis           gamorecxvis xasiaTze; m _ xorklianobis koeficienti; I _ 

nakadis zedapiris qanobi nagebobis mowyobis zonaSi. 
g

Im
kp

d
A

2

1
75,1

2
23  aRniSvnis 

Semdeg (4.2.2) gamosaxuleba miiRebs saxes  

34
1

~ Aht  .              (4.2.3) 

imisaTvis, rom dadgindes, gadaaWarbebs Tu ara nagebobis saZirkvlis 

gamorecxvis siRrme mocemul t~  siRrmes, saWiroa gamoiTvalos albaToba, rom 

mdinareSi wylis mosalodneli siRrme ih1  ar gadaametebs 1h  siRrmes, e.i.  

(4.2.4) 

 



 
 

xolo saZiebeli sididis albaToba gamoiTvleba damokidebulebiT 





ihh

h dhhtp
0

0

)
~

( .      (4.2.5) 

amrigad, aseTi midgomis dros kalapotis regulirebis da nagebobis 

saimedoobis saangariSo parametrebi warmoadgens SemTxveviTi cvladi 

sidideebis funqciebs  mdinaris xarjebisa da doneebis saxiT. maTi gansazRv-

risaTvis, pirvel rigSi, dgindeba xarjebis (Q
~
) da doneebis ( h

~
) maqsimumebis 

ganawilebis kanonzomierebebi nagebobis mowyobis kveTebSi )(hfh  da )
~

(0 Qt . 

albaTobis sixSiris ganawilebis sidideebis dadgenis dros, mravalwliuri 

hidrologiuri monacemebis safuZvelze, gamoiyeneba maTematikuri statistikis 

meTodebi. 

napirdamcav nagebobaTa saproeqto parametrebis SerCeva xSirad xdeba 

saimedobis maCveneblis gaTvaliswinebis gareSe. arsebuli saangariSo 

damokidebulebebi da saproeqto gadawyvetebi xSirad dafuZnebulia erTi 

cvladi faqtoris ganawilebis funqciaze. aqedan gamomdinare, nagebobaTa 

optimaluri varianti, Sesabamisi saimedobis maCvenebelTa da moqmedi faqtorebis 

gaTvaliswinebiT, warmodgenil iqna Semdegi funqcionaluri damokidebulebebiT:   
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sadac  L _ aris kalapotis nagebobiT gadaketvis sigrZe; B, Bmd. – kalapotis 

saSualo da mdgradi sigane; Hmaq, Hn – wylis maqsimaluri da nagebobis simaRle; 

G _ mdinaris myari xarji; 

Q _ mdinaris maqsimaluri xarji; IsaS, Imd.  – mdinaris saSualo da mdgradi 

qanobi; Vg, Vn – gruntisa da nagebobis masalis aragamrecxi siCqare. 

nagebobis saimedoobaze moqmedi faqtorebis monacemebi aRebulia 

Sesabamisi gaangariSebebis safuZvelze, xolo saimedoobis maCvenebeli –mdinaris 

xarjis ganawilebis funqciis meSveobiT. 

korelaciuri kavSirebis gaTanabrebis da normalizaciis obieqturi 

meTodi SesaZlebels xdis mrudwiruli regresiis gantolebidan im faqtorTa 

ugulebelyofas, romelTa wili ar aRemateba korelaciis sruli koeficientis 

kvadratis gaorkecebul SefardebiT saSualo kvadratul cdomilebas.  

mrudwiruli regresiis gantolebas aqvs saxe: 



 
 

 

 

 

 

   

sawyisi monacemebis normalizaciis Semdeg gansazRvrul iqna norma-

lizebuli wyvilis korelaciis koeficienti, ris meSveobiTac Sedgenil iqna 

korelaciis koeficientebis simetriuli matrica. simetriuli matricis 

eleqtronul gamomTvlel manqanaze (egm) realizebiT dadgenil iqna regresiis 

gantolebis ucnobi koeficientebi. miRebuli koeficientTa mniSvnelobebis 

SetaniT regresiis gantolebas aqvs saxe: 
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regresiis gantolebaSi Semaval sidideTa namdvil da normalizebul 

mniSvnelobebs Soris kavSiri aproqsimirebuli iqna damokidebulebebiT: 
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4,225,28
~ 
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korelaciis koeficientis WeSmariti mniSvneloba tolia 0,83-is, xolo 

moqmed faqtorTa saimedobis maCveneblebis wils aqvs saxe:  

  %15,0BL ,   %9,90nHH maq. ,   %1,0BBmd. ,  

  %7,0QG ,   %3,5ng VV ,   %9,2md.saS. II . 

 

(4.2.94.2.15) damokidebulebebis gaTvaliswinebiT (4.2.8) damokidebuleba 

miiRebs saxes: 

 

 

.              (4.2.16)  

 

miRebuli (4.2.16) saangariSo damokidebulebis saimedoobis maxasiaTeblis 

gaTvaliswinebiT, kalapotis nagebobiT gadaketvis siganis fardobiTi sididis 

gamosaTvleli saangariSo damokidebuleba miiRebs saxes 

 

 .  

 

 

a) ferdobis damcavi nagebobebi 

am tipis konstruqciebis eqspluataciis periodSi maTi mowyobis adgilze 

mosalodnelia warmoiSvas adgilobrivi  garecxvebi Sesabamisi siRrmeebiT. 

angariSi warmoebs saerTod miRebuli sqemiT. pirvel rigSi unda dadgindes 

mosalodneli adgilobrivi garecxvis siRrme hsaang. da gamorecxvis Sedegad 

formirebuli daferdebis m-is sidide. ganixileba angariSis ori varianti: (nax. 

4.3.1 da 4.3.2). pirveli variantis dros mosalodnelia dasacavi napiris 

deformacia mTel perimetrze (nax. 4.3.1). Sesabamisad, damcveli safaris saerTo 

sigane iangariSeba formuliT 

,      

(4.3.1) 

1b  sidide, praqtikuli gamocdilebidan, rekomendebulia patara 



 
 

mdinareebis napirebis SemTxvevaSi 1 metramde, xolo saSualo da didi 

mdinareebisaTvis ki 2÷3 metri; 

rac Seexeba 2b -is sidides, is gamoiTvleba Semdegi damokidebulebiT: 

21 mhb  saang.2       (4.3.2) 

xolo damcavi safaris mTliani sigane toli iqneba 

 2
1 1 mhbb  saang.saf. .     (4.3.3) 

damcavi safaris sigane meore SemTxvevisaTvis (nax. 4.3.2), roca 

mosalodnelia ferdobis perimetris nawilobrivi deformacia: 

321 bbbb saf. ,      (4.3.4) 

sadac     2
31 mhb 3 , 

 

xolo     2
3

2
1 11 mhmhhbb  saang.saf. , 

h da m sidideebi dgindeba daproeqtebis dros. 

  

  

 

 

naxazi 4.3.1. napiris damcavi   nax. 4.32. napiris damcavi safari 

safari mTlianad deformirebad   nawilobriv deformirebad 

perimetrze      perimetrze 

 

 

naturaSi gamokvlevebi gviCvenebs, rom adgilobrivi garecxvis siRrmeebis 

da Sesabamisi ormos warmoSobis gamo dasacav ferdobsa da damcvel safars 

Soris iwyeba gruntis gamorecxva, rasac mosdevs damcavi safaris elementebs 

Soris gamWimavi Zalebis warmoSoba da damcavi safaris dacurebis saSiSroeba. 



 
 

mosalodneli avariis salikvidaciod saWiroa ganxorcieldes aRZruli 

gamWimavi Zalebis gawonasworeba xaxunis ZalebTan damcav safarsa da dasacavi 

ferdobis zedapirs Soris, an moxdes damcavi safaris calkeuli elementebis 

gadabma elastikurad da Caankereba dasacavi napiris gaswvriv. 

gamWimavi Zalebi, rogorc cnobilia iangariSeba damokidebulebiT: 

FGR  sin ,      (4.3.5) 

sadac G – aris safaris elementebis wona, damokidebuli 

safaris masalaze (magaliTad rezinis salte, Sevsebuli gruntiT an qviT).  

roca safari moTavsebulia wyalqveS, 1 m sigrZis ferdobze, maSin moqmedi 

gamWimavi Zala iangariSeba damokidebulebiT: 

  21 fdbR  wylissaf.maq.       (4.3.6) 

sadac b – aris ferdobis sigrZe garecxvis Semdeg. 

aRniSnul R maq. sidideze unda gaangariSdes damcavi safaris elementis 

gadabma da maTi mierTeba damWer sabrjenebTan. 

b) elastikuri tipis konstruqciebi 

naSromSi warmodgenili gamWoli elastikuri nagebobebi gaTvalis-

winebulia sxvadasxva daniSnulebis obieqtis dasacavad talRuri da 

Rvarcofuli nakadebisagan. aseT nagebobaTa talRuri zemoqmedebis saangariSo 

sqema mocemulia nax. 4.3.3-ze. 

 

 

 

nax. 4.3.3. nagebobaze talRuri zemoqmedebis saangariSo sqema 

 

aRniSnuli tipis nagebobis normaluri muSaoba bevrad aris dakavSirebuli maTi 

statikur mdgradobasTan, mosalodneli myisi datvirTvis pirobebSi. saangariSo 

sqema 



 
 

gamartivebuli saxiT ixilavs talRis zemoqmedebas nagebobaze. talRis 

dartymis momentSi nagebobis sadawneo zedapirze warmoiSoba e.w. deformaciis 

siCqare C, romelic nagebobis sigrZeze ganicdis cvalebadobas mis pirvelad 

sididesTan SedarebiT da nagebobis bolos utoldeba 0-s. amasTan, misi 

gavrcelebis siCqare, nebismier kveTSi nagebobis sigrZeze, pirveli miaxloebiT 

SeiZleba gamoisaxos damokidebulebiT: 

CLC xx )/1( 2 ,          (4.3.7) 

xolo cocxali kveTi   
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sadac cm  – aris nagebobis masa.  

(4.3.8) gamosaxulebaSi xC -is mniSvnelobis Setanis Semdeg gveqneba:  
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moZraobis raodenobis gantoleba mocemuli sqemisaTvis Semdegnairad 

SeiZleba Caiweros:   

VmCmCm ncn 
3

1
,     (4.3.10) 

sadac nm aris nakadis masa, romelic axorcielebs dartymas nagebobaze, 

saidanac 
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n
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C

31
 .      (4.3.11) 

kinetikuri energia nm  masisa nagebobis maqsimaluri SekumSvis dros 

mTlianad gardaiqmneba potenciur energiad e.i.  
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sadac V  – aris nakadis siCqare dartymis momentSi;   _ nagebobis SekumSvis 

sidide; E  _ nagebobis masalis drekadobis moduli; 1sin Li   _ talRis 

gadaadgilebis sigrZe; 2  _ nagebobis ganivkveTis farTi; 2L  _ nagebobis 
ganivkveTis sigane. 

saangariSo sqemidan da (4.3.10) gantolebidan damokidebuleba miiRebs saxes: 
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Tu (4.3.13) gantolebaSi SevitanT C  sidides da amovxsniT  -s mimarT, 
miviRebT: 
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sadac      st=
2

2

E

qLmn . 

 
Sesabamisad, maqsimaluri daZabuloba 

2L

E maq .       (4.3.15) 

Tu (4.3.14)-is mniSvnelobas SevitanT (4.3.15) damokidebulebaSi, miviRebT: 
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nagebobis masalis simtkicis piroba Semdegi saxiT Caiwereba:  

maq. ≤R,         (4.3.17) 

sadac R – aris nagebobis masalis saangariSo winaRoba; 2L  _ sidide (Tanaxmad 
sqemisa) ganisazRvreba zRvruli wonasworobis pirobidan, roca (4.3.17) 
gamosaxulebaSi miRebulia tolobis niSani 
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Rvarcofuli nakadis dartymis Zala nagebobaze iangariSeba gamosaxu-
lebiT 

2
11 VSkP   ,             (4.3.19) 

sadac 1  _ aris Rvarcofuli nakadis cocxali kveTi; 1S  _ Rvarcofuli masis 

simkvrive; k  _ empiriuli koeficienti, k -s sidide, yru nagebobis dartymis 
SemTxvevaSi, miRebulia 4,5. Sesabamisad, gveqneba 

2
115,4 VSP  .        (4.3.20) 

 
wylis masa, romelic nagebobaze dartymiT zemoqmedebas axdens, SeiZleba 

gamoisaxos P  Zalis meSveobiT: qPmn  , ris Semdeg (4.3.20) gamosaxuleba miiRebs 

saxes: 
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roca qmP n  
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vinaidan warmodgenili konstruqcia gamWolia, Semasworebeli koeficienti 



 
 

1K  tolia: 

yr.gamW. PPK 1 , 

sadac gamW.P  – aris talRis dartymis Zala gamWol nagebobaze; yr.P  – igive yru 

nagebobaze. 

Tanaxmad saqwyalekologiis institutis gamokvlevebisa  

   VddK 04,016,0/86.0 55,0
1  min.maq. ,     (4.3.23) 

sadac maq.d  _ aris Rvarcoful masaSi CarTuli qvebis maqsimaluri  diametri;  

mind _ nagebobis gamWolianobis minimaluri diametri.  gamWoli seluri nagebobis 

optimaluri sigane SeiZleba gansazRvrul iqnes  2L gam= 21LK  

g) vanturi tipis konstruqciebi 

meore saxis energiis Camqrobi konstruqcia warmodgenilia elastikuri 

tipis nagebobis saxiT da cnobili vanturi tipis konstruqciebis msgavsia 

(saangariSo sqema nax. 4.3.4) 

 

 

 

nax. 4.3.4. vanturi tipis elastikuri nagebobis saangariSo sqema 

 

 

       nageboba warmoadgens rTul sivrcobriv drekad (elastikur) sistemas. 

maqsimaluri dinamikuri da statikuri datvirTvebi nagebobaze mosalodnelia 

moxdes im SemTxvevaSi, Tu mas gamoviyenebT, rogorc energiis Camqrob bariers, 

gansakuTrebiT Rvarcofuli nakadebis zemoqmedebis SemTxvevaSi. nageboba 



 
 

ganixileba, rogorc calkeuli vantebisagan Semdgari konstruqcia da mTliani 

sistemis gasaangariSeblad sakmarisia erT-erTi maTganis angariSi. vixilavT 

SemTxvevas, rodesac vantze moqmedebs Tavisi simZimis Zala, romelic Tanabrad 

aris ganawilebuli vantis mTel sigrZeze, xolo Rvarcofuli masiT miRebuli 

datvirTva Tanabrad nawildeba vantis sigrZeze. vsazRvravT bagirSi warmoqmnil 

Zalebs. reaqciis Zalebia SA da SB, romlebic gadaecema bagirs sayrdenebidan da 

mimarTulia mxebad vantis mimarT. vinaidan vanti aris absoluturad 

elastikuri, TiToeuli reaqciis Zala SeiZleba daiSalos mdgenelebad VA, HB. 

vipovoT isini vantis wonasworobis pirobidan. vaxdenT yvela Zalis proeqcias 

horizontalur RerZze. 

0 HHX ,        (4.3.24) 

sadac 0 BA HH  e.i. ganmrjeni Zalebi A da B wertilebSi tolia. imisaTvis, 

rom ganvsazRvroT vertikaluri mdgenelebi AV  da BV , vwerT wonasworobis 

gantolebas A da B sayrdenebis mimarT 
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sadac l – aris manZili sayrdenebs Soris.  

vinaidan aRniSnuli gantolebebis sistema Seicavs 3 ucnobs VA, VB da H, 

vwerT mesame gantolebas Semdegi saxiT, vantis mTliani sigrZe tolia 

 
l

dxYL
0

2)(1
1

.            (4.3.26) 

Y1-is gansazRvrisaTvis viRebT yvela Zalis momentebs, romlebic moqmedebs 

C wertilidan marjvniv da vutolebT nuls, vinaidan vanti aris absoluturad 

elastikuri: 

022  xVHyxqM BC ,     (4.3.27) 

saidanac vRebulobT drekadi wiris gantolebas Semdegi saxiT: 

H

qxXV
y B

2
 .         (4.3.28) 

(4.3.28) gamosaxulebidan vsazRvravT mxebis daxris kuTxis tangens 

aRniSnuli wirisaTvis: 

tg
H
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1 ,      (4.3.29) 



 
 

sabolood vRebulobT 
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amrigad, erToblivad unda amoixsnas ori gantoleba (4.3.25) da (4.3.30) sami 

ucnobiT. radgan (4.3.30) gantoleba transcendentulia, angariSis gaadvilebis 

mizniT Sedgenil iqna programa eleqtronuli gamomTvleli manqanisaTvis. 

 

 

vantis daWimva A da B sayrdenebSi toli iqneba: 

,22 HVS AA    22 HVS BB  .    (4.3.31) 

vantis maqsimaluri daWimuloba warmoiqmneba sayrdenebis kveTebSi. amasTan 

dakavSirebiT virCevT maqsimalur SA da SB-s da mis mixedviT vadgenT bagiris 

kveTs, Semdegi pirobidan gamomdinare: 

][
max

R

S
F  ,              (4.3.32) 

sadac F  – aris bagiris ganivkveTis farTi; [R] – bagiris masalis zRvari 

gawyvetaze. 

aRniSnuli meTodebi Semowmebul iqna konkretuli amocanebis gadawyvetis 

dros da miRebul iqna damakmayofilebeli Sedegebi.  

d) kalapotis mdgradobis saangariSo parametrebi 

kalapotis mdgradobis SenarCunebaSi didi mniSvneloba eniWeba kalapotis 

siganis SezRudvis kritikuli sididis dadgenas, romelic, Tavis mxriv, 

damokidebulia nakadis hidravlikur da kalapotis morfometrul 

maxasiaTeblebze. 

kalapotis SezRudvis saangariSo sqema mocemulia nax. 4.3.5-ze. 

kalapotis SezRudvis kritikul sidided miRebulia 

B

L
n

nag. ,         (4.3.33) 

sadac n  – aris kalapotis SezRudvis koeficienti; nag.L  –  kalapotis 

maregulirebeli nagebobis sigrZe;  B  – kalapotis sigane. 

 

 



 
 

 

 

 

nax. 4.3.5. kalapotis SezRudvis saangariSo sqema 

 

kvlevebma gviCvena, rom roca 3,0n , nagebobis siTxiT garSemodenis parametrebi 

ganicdis mopirdapire napiris gavlenas, xolo roca , 3,0n  maSin garSemodenis 

parametrebi mudmivi rCeba. kalapotis mdgradi ganivkveTis zRvruli sidide, 

roca aqtiuri nageboba yru an gamWoli nakadis mimarT marTobulad aris 

orientebuli, SeiZleba ganisazRvros Semdegi damokidebulebiT: 

mdgnag BKLB  )1( ,         (4.3.34) 

sadac )1( KL nag  – aris aqtiuri maregulirebeli nagebobis sigrZe; 

K  _ gamWolianobis koeficienti ( yr.gam LLK / ); 

B _ kalapotis mdgradi sigane. 

(4.3.34) gamosaxulebidan vRebulobT: 

B
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B
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1 ,          (4.3.35) 

an 

mdgnag B
Kn

n
L 




)1(1
.         (4.3.36) 

rogorc (4.3.36) gamosaxulebidan Cans, nagebobis optimaluri sigrZe 

damokidebulia mdgradi kalapotis sidideze, romelic sworxazovan ubanze 

ganisazRvreba damokidebulebebiT: 
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(4.3.37) gamosaxulebis gaTvaliswinebiT SeiZleba ganisazRvros 
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sadac Q  – aris kalapotis maformirebeli xarji; 

 I – kalapotis qanobi. 

im SemTxvevaSi, rodesac gvaqvs yru nagebobiT kalapotis regulireba, e.i. 

K = 0, gveqneba: 
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mdgradi kalapotis zRvruli mdgomareobis gaTvaliswinebiT, roca 3.0n  
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Tu nageboba aris gamWoli tipis, maSin misi sigrZe toli iqneba 

                    ;KLL  naggam                (4.3.41) 

rac Seexeba manZilebs nagebobebs Soris, is iangariSeba formuliT 

 

       cosLcotsinLL nagnag  ,      (4.3.42) 

sadac   – nakadis mosvlis kuTxea; 

  – nagebobis mierTebis kuTxe napirTan an 
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(4.3.43) 

gamWoli nagebobis SemTxvevaSi: 

                      Kll gam                (4.3.44) 

analogiuri midgomiT, moxveuli ubnebisaTvis: 
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Tu miviRebT, rom ;3,0n   0K , maSin 
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simrudis radiusi mdgradi kalapotebisaTvis moxveulobis ubanze 

miRebulia 4B-s tolad. 

 

 

 

 

 

 

 

 

 

 

 

Tavi 5. wyaldenebis kalapotebis gamagreba-reabilitaciis samuSaoebis 



 
 

meTodebis srulyofa 

 

     cnobilia, rom mdinareebis kalapotebis, misi napirebis, xeobebis 

ferdobebis, tbebis, zRvis fskeris da misi napiris, aseve sxvadasxva 

daniSnulebis (kaSxlebi, wyalmimRebi, wyalgamyofi da sxv.) hidroteqnikuri 

nagebobebis gamorecxvisagan dacva, agreTve gamagreba-reabilitaciis 

RonisZiebebi, moiTxovs wyalqveSa samuSaoebis Sesrulebas, romelic 

ZviradRirebul rTul teqnologiebTan aris dakavSirebuli da damokidebulia 

gasamagreblad gamoyenebuli masalebis saxeobaze, dasacavi obieqtis 

mdgomareobaze da nagebobebis saZirkvlis qveS mdebare gruntebis fizikur-

meqanikur Tvisebebze. rac Seexeba gasamagreblad gamoyenebul masalebs, esenia: 

betonis da rkinabetonis sxvadasxva zomis da formis konstruqciebi, qvebi, 

asfalt-betonis, grunt-betonis da sxva masalebisagan damzadebuli leibebi 

(tiufiakebi) da gabionebi, xis, liTonis, rkinabetonis ximinjebi da a.S. 

gamoyenebuli masalis mixedviT, tradiciulad arsebobs wyalqveSa samuSaoTa 

teqnologiuri sqemac. ase magaliTad, qviT, rkinabetonis konstruqciebiT da 

ximinjebiT wyalqveSa gamagrebis SemTxvevaSi (mdinareebis, wyalsatevebis da 

zRvebis didi siRrmeebis dros) teqnologiuri sqema iTvaliswinebs napiramde 

masalebis mozidvas, Semdgom mis CatvirTvas barJaSi, transportirebas mcurav 

platformamde, saidanac amwis saSualebiT xdeba maTi Cayra moniSnul adgilas, 

xolo ximinjebis  SemTxvevaSi mcurav platformaze amontaJeben specialur 

ximinjebis Camsob mowyobilobas. eqstremalur situaciebSi am miznisaTvis 

iyeneben sahaero transports, vertmfrenis saxiT. teqnologia sakmaod Zvirad 

Rirebulia, gansakuTrebiT maSin, roca mdinaris, tbis, zRvis fskeri Sedgeba 

susti gruntebisagan, didi siRrmisaa da talRur zemoqmedebas aqvs adgili. 

praqtikidan SeiZleba moviyvanoT imis klasikuri magaliTebi, roca aseTi 

teqnologiiT Sesrulebuli samuSaoebi, gansakuTrebiT susti geologiuri 

aRnagobis fskerisaTvis saerTod Sedegs ar iZleva, an naklebad efeqturia. 

triestis portis rekonstruqciis dros axlad aSenebuli 1 km sigrZis moli, 

romelic amoyvanili iyo saproeqto niSnulamde, samuSaos miRebamde ramdenime 

dRiT adre fskerma STanTqa, analogiuri suraTi ganmeorda md. rionis 

wyalgamyofi kvanZis qveda biefis rekonstruqciis dros, 1979-1982 wlebSi. orive 

SemTxvevaSi arasworad iqna SerCeuli samuSaos warmoebis teqnologia, romelic 



 
 

ar iTvaliswinebda fskerze ganlagebuli gruntebis fizikur-meqanikur 

Tvisebebs, maTze dasaSveb datvirTvebs, ris Sedegad moxda wyliT gajerebuli 

gruntis gadineba da Cayrili gasamagrebeli masalis – qvis da betonis kubike-

bis STanTqma fafisebur masaSi.    

rac Seexeba gamagrebas, betonis, rkinabetonis, asfalt-betonis da sxva 

saxis leibebiT (tiufiakebiT) Sesrulebis teqnologia iTvaliswinebs specialur 

dolze (barabanze) maT daxvevas rulonebis saxiT, xolo Semdgom misi mdinaris 

kalapotis ferdobze an fskerze dafenas platformidan amwes saSualebiT. 

dolze (barabanze) leibis daxvevis da mis fskerze an ferdobze dafenis 

procesi metad rTulia da arc ise zusti, dasacavi farTobis gadafarvis 

TvalsazrisiT. iyo mcdeloba amweebis specialur vakuum-CarCoebiT aRWurvisa da 

maTi meSveobiT asfaltbetonis leibebis fskerze da ferdobze dalagebis. 

amrigad, mdinareebis da wyalsacavebis fskerisa da ferdobebis arsebulma 

gamagrebis meTodebma da maTi Sesrulebis teqnologiebma kidev erTxel 

daadastura, rom tradiciuli midgomebi metad Sromatevadia, da did 

energoresursebis xarjvasTan aris dakavSirebuli, xolo miRebuli Sedegebi 

yovelTvis ver uzrunvelyofs sasurvel mizans, radgan ar arsebobs zusti 

kontroli dazianebuli zedapiris damcveli safenebiT gadafarvaze. 

gaiTvaliswina ra dasmuli amocanis sirTule da, amasTan, saproeqto 

organizaciebis azri wyaldenebis kalapotebis fskerisa da ferdebis gamagreba-

reabilitaciis samuSaoebis warmoebis teqnologiuri procesebis gamartivebis 

da srulyofas Sesaxeb, saqarTvelos mecnierebaTa akademiis wyalTa meurneobisa 

da sainJinro ekologiis institutis garemos dacvis laboratoriaSi am 

mimarTulebiT Cvens mier ganxorcielda mTeli rigi kvlevebi da samuSaoebi, 

rogorc laboratoriul, aseve naturis pirobebSi, Seiqmna fskeris da 

ferdobebis gamagrebis axali meTodebi, damuSavda maTi Sesrulebis 

teqnologiebi, rogorc mdinareebis da wyalsacavebis, aseve zRvispira mimdebare 

teritoriebis dasacavad datborvisa da talRuri zemoqmedebisagan [20, 32, 33, 34].  

qvemoT, mocemuli SemTxvevisaTvis warmodgenilia wyalqveSa samuSaos 

warmoebis teqnologiis ori sqema: 

pirveli iTvaliswinebs mdinaris ferdobis da fskeris gamagrebas uwyvet 

(lenturi) sistemiT, damcavi safaris awyoba, gadabma da dasacavi obieqtis 

zedapirze wyalqveS dafena xdeba erTdroulad, mcuravi platformidan, 



 
 

specialuri mowyobilobis saSualebiT (nax. 5.1). 

 

  

 

 

 

 

 

nax. 5.1. mdinaris ferdebis da fskeris gamagreba uwyveti sistemiT, damcavi   

safaris mcurav platformaze awyobiT 

1 _ mcuravi platforma moZravi baqniT (gorgolaWebiT), 2 _ mimmarTveli CarCo, 
3 _ mimmarTveli CarCos sayrdeni, 4 _ mimmarTveli CarCos perforirebuli 
fskeri, 5 _ mimmarTveli CarCos Tavsaxuri, 6 _ mimmarTveli CarCos sayureebi 
amwe meqanizmis Casabmelad, 7 _ amwe meqanizmi, 8 _ mimmarTveli CarCos 
Tavsaxuris asaxdelad, 9 _ sagoravi, 10 _ sagoravis mimmarTveli Rero, 11 _ 
sagoravis damagrebis maregulirebeli elementi, 12 _ bagiri, sagoravis muSa 
sigrZis dasaregulireblad, 13 _ jalambari bagiris sigrZis 
dasaregulireblad, 14 _ mcuravi saSualeba, 15 _ mimmarTveli CarCos 
damakavSirebeli saxsari mcurav mowyobilobasTan, 16 _ mimmarTveli CarCos 
kuTxis SemzRudavi, 17 _ dasacavi zedapiri, 18 _ napirze damcavi safaris 
dasamagrebeli palo, 19 _ mcurav platformaze damcavi safaris dasawyobi 
adgili, 20 _ mimmarTvel CarCoSi damcveli safaris safenis blokebi, 21 _ 
safeni-damcavi blokebis gadabma. 

 

meore sqema iTvaliswinebs mdinaris ferdobis da fskeris gamagrebas 

uwyveti (lenturi) sistemiT, romlis drosac damcavi safaris awyoba da gadabma 

xdeba napirze, xolo dasacavi obieqtis zedapirze misi dafena xorcieldeba 

kateris meSveobiT, romelic napirze awyobili safenis buqsirebas awarmoebs 

wyalqveS specialuri mowyobilobebis saSualebiT, saWiro mimarTulebiT (nax. 

5.2, 5.3). 



 
 

 

 

 

nax. 5.2. mdinaris ferdebis da fskeris gamagreba uwyveti sistemiT damcavi 

safaris napirze awyobiT (zedxedi) 

 

 

     nax. 5.3. mdinaris ferdebis da fskeris gamagreba uwyveti sistemiT damcavi 

safaris napirze awyobiT (gverdxedi) 

1 _ damcavi safaris seqcia, awyobili napirze, 2 _ damcavi safaris Semadgeneli 
blokebi, 3 _ blokebis elastikuri kavSirebi, 4 _ dasacavi napiri, 5 _ dasacavi 
napiris berma, 6 _ traqtori _ TviTmavali meqanizmi, 7 _ jalambari, romelic 
moTavsebulia traqtorze, 8 _ damWeri bagiri, 9 _ sagoravis CarCo, 10 _ sagora-
vi, 11 _ sagoravis Casabmeli kauWebi, 12 _ bagiris maregulirebeli sistema, 13 _ 
mcuravi platforma, 14 _ jalambari mcurav platformaze, 15 _ sagoravis RerZi, 
16 _ dasamagrebeli mowyobilobebi. 

 

warmodgenili gamagrebis teqnologiuri procesebis sqemebi saSualebas 

iZleva wyaldenebis kalapotebis fskerisa da ferdebis gamagreba-reabilitaciis 

samuSaoebi Catardes wyalqveS didi siRrmeebis pirobebSi, dasacavi obieqtis 

zusti dafiqsirebiT da amave dros damcav saSualebad gamoyenebul iqnes 

rogorc betonis, rkinabetonis, asfaltbetonis leibebi (tiufiakebi), gabionebi, 

ise Rrutaniani blokebi, gaTvaliswinebulia agreTve qvebiT gamagrebis 

SesaZleblobebi. damuSavebuli meTodebis muSaobis principebi da sxva 

detaluri aRweriloba mocemulia saavtoro mowmobebSi (ix. s.m. #1416597, s.m. 

#1565103) [31, 33]. 



 
 

wyaldenebis kalapotebis fskerisa da ferdebis gamagrebis teqnologiuri 

sqemebi safuZvlad daedo rekomendaciebs md. rionze wyalgamyofi saTave kvanZis 

kaSxlis qveda biefis aRdgena-reabilitaciis samuSaoebis Sesrulebaze, 

rekomendacia mowonebul iqna maSindeli melioraciisa wyalTa meurneobis 

departamentis teqnikur-ekonomikurma sabWos mier (oqmi #3, 22 ivlisi 1998 weli) 

da sarealizaciod gadaeca “wyalproeqts”.         



 
 

 

sarCevi 

Sesavali;                                             

Tavi  I.  sakiTxis Seswavlis Tanamedrove mdgomareoba;                                   

1.1  mdinaris (wyaldenis) kalapotis Semadgeneli bmuli da   arabmuli 

gruntebis ZiriTadi  maxasiaTeblebi;                                                         

 1.2    arabmuli gruntis nawilakebis  mdgadobis pirobebi da arsebuli 

saangariSo formulebi nakadis kalapotis kritikuli siCqareebisaTvis;                                  

1.3 wyaldenebis kalapotebSi mimdinare procesebis hidrologiuri da 

morfometriuli  kanonzomierebani; 

Tavi 2. wyaldenebis kalapotebSi mimdinare procesebi da maTi kvlevis 

Sedegebi savele pirobebSi    Catarebuli monitoringis safuZvelze;                    

2.1   savele cdebis Catarebis meTodika da kvlevis     obieqtebi;       

2.2   wyaldenebis kalapotebSi  ganviTarebuli  hidrologiuri da 

geomorfologiuri procesebi,maTi gavlena garemoze; 

2.3 kalapoturi procesebis Sefaseba da klasifikacia savele-eqsperimentuli  

monitoringis safuZvelze; 

Tavi 3.  wyaldenebis kalapotebis deformaciebisagan damcavi ekologiurad 

usafrTxo energo da resursmzogi RonisZiebebi;                                     

3.1 kalapoturi procesebis maregulirebeli nagebobebis konstruirebis 

principebi; 

3.2 axali napirdamcavi nagebobebi;          

3.3 xevebis eroziuli da Rvarcofuli movlenebisagan damcavi nagebobebi; 

Tavi 4.   wyaldenebis kalapotebis deformaciebisagan damcavi axali  

nagebobebi; 

4.1 nagebobebis laboratoriuli kvlevis Sedegebi;                                       

4.2 kalapotebis deformaciebisagan damcavi nagebobebis saimedooba;                       

 

Tavi 5.  wyaldenebis kalapotebis gamagreba reabilitaciis samuSaoebis 

meTodebis srulyofa; 
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