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 naSromSi 2001-2002 ww. Catarebuli  savele-eqspediciuri kvlevebis 
analizis safuZvelze Sefasebulia mdinare durujis wyalSemkreb auzSi 
mimdinare eroziul-Rvarcofuli procesebi da damuSavebulia maTi 
prognozirebis meTodebi. 
 savele statistikuri rigisa da albaTobis Teoriis  gamoyenebiT 
dadgenilia mdinare durujis RvarcofebisaTvis sxvadasxva uzrunvel-
yofis maqsimaluri xarjebi da Rvarcofis mier transportirebuli 
Rvarcofuli masis moculobebi. 
   Teoriuli kvlevis safuZvelze miRebulia damokidebulebebi, romlis 
daxmarebiT iangariSeba bmuli Rvarcofis frontis ZiriTadi maCveneblebi.  

katastrofebis Teoriis gamoyenebiT Seswavlilia eroziul -
Rvarcofuli procesebisa da Rvarcofis tramplinis tipis nagebobaze 
zemoqmedebisas wyobidan gamosvlis Tvisobrivi xasiaTi.  
 mdinare durujis kalapotis regulirebisaTvis warmodgenilia 
eroziul-Rvarcofuli procesebisa da Tovlis zvavis sawinaaRmdego 
axali sainJinro-ekologiuri RinisZiebebi.   
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Sesavali 

 saqarTvelos prezidentis baton eduard SevardnaZis 2001 

w. 2 Tebervlis #84 gankargulebis “q. yvarlis, misi mosax-

leobisa da mimdebare teritoriebis md. durujis Rvarcofuli 

nakadebisagan dacvis RonisZiebaTa Sesaxeb” Tanaxmad md. duru-

jis wyalSemkrebi auzis Tanamedrove ekologiuri mdgradobis 

Sefasebis mizniT saqarTvelos mecnierebaTa akademiis wyalTa 

meurneobisa da sainJinro ekologiis institutis direqtoris 

akademikos cotne mircxulavas brZanebiTa da finansuri daxma-

rebiT Sedga mivlineba q. yvarelSi 2001 - 2002 ww. gazafxuli-

zafxulis periodSi. 

 savele-eqspediciuri kvlevis mizans warmoadgenda mdinare 

durujis kalapotis Tanamedrove ekologiuri mdgomareobis 

Sefaseba SesarTavidan(md. alaznidan) mis saTavemde(Sav kldem-

de);  

 unda aRiniSnos isic, rom md. durujis mTliani wyal-

Semkrebi auzis video-vizualuri agegmva (filmi aris 2.30 sT. 

xangrZlivobis) Catarebuli iqna pirvelad, romelmac saSualeba 

mogvca Segvefasebina md. durujis kalapotSi gavlili Rvarco-

febisa da mis mier gamotanili Rvarcofuli masis ZiriTadi 

morfometriuli, hidrologiuri da hidravlikuri maCveneblebi. 

 specialuri xelsawyosa da Teodolitis saSualebiT 

gazomili da gadaRebuli iyo md. durujis maxasiaTebeli   

ganivi da grZivi profilebi, Sesabamisi daxris kuTxeebis 

mxedvelobaSi miRebiT. 

 video, foto masalisa da statistikuri rigis damuSavebiT   

md. durujis arsebuli mdgomareoba Sefasebulia  katastrofi-

ulad da prezidentis gankargulebaSi aRniSnuli md. durujis 

sagangebo ekologiur zonad gamocxadebis Sesaxeb aucile-
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belia; aqedan gamomdinare Sesabamisma samTavrobo, samecniero  

Tu arasamTavrobo organizaciebma, Tundac investiciebis, Tu 

grantebis gaTvaliswinebiT  saswrafod unda Caataron  Sesa-

bamisi gadaudebeli RonisZiebebi, romelic daicavs q. yvarlis 

mosaxleobasa da mimdebare teritoriebs  mdinare durujis 

kalapotSi formirebuli katastrofuli Rvarcofebisagan. 

 avtori did madlobas ucxadebs saqarTvelos mecniereba-

Ta akademiis wyalTa meurneobisa da sainJinro ekologiis 

institutis direqtors, akademikos cotne mircxulavas, romlis 

mecnieruli konsultaciebisa da rekomendaciebis, agreTve 

finansuri mxardaWeris gareSe SeuZlebeli iqneboda, mdinare 

durujis kalapotSi savele-eqspediciuri kvlevebis Catareba. 

  avtori didi madlieria wignis redaqtoris, akademikos 

oTar naTiSvilis da recenzentis profesor vaxtang TevzaZisa 

im SeniSvnebisaTvis, romlebic damexmara naSromSi dasaxuli 

amocanis ufro Rrmad ganxilvisa da warmodgenisaTvis.  

 unda aRniSnos gazeT “saqarTvelos respublikis” redaq-

ciis ganyofilebis gamgis, baton bondo guliaSvilisa da 

Jurnalistis qalbaton, maradi anasaSvilis is operatiuli 

Sroma, romlebmac drois mokle periodSi gazeTSi gaaSuqes md. 

durujis Tanamedrove ekologiuri mdgomareoba; savale-eqspe-

diciuri kvlevebis normalurad CatarebisaTvis q. yvarelSi 

mxarSi gvedgnen: kaxeTis regionisa da raionis xelmZRvanelebi,  

sasistemo samarTvelos ufrosi, aw gardacvlili batoni jemal 

avazaSvili da asociacia “kavkasiis meridianis” TanamSromlebi; 

savele kvlevebSi  monawileobas iRebda institutis aspiranti 

goga Caxaia.  

 yvela im SeniSvnas, survils, romelsac mkiTxvelSi aR-

Zravs wignis gacnobisas , avtori didi madlierebiT miiRebs.   
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1. mdinare durujis wyalSemkrebi  

auzis zogadi daxasiaTeba 

 

mdinare durujis wyalSemkreb auzSi Catarebulma savele-

eqspediciurma kvlevam naTeli gaxada, rom rogorc TeTri aseve 

Savi durujis auzebSi  kalapotis Tanamedrove ekologi-uri 

mdgomareoba rTulia. 

rogorc cnobilia Savi durujis eroziul-Rvarcofuli 

kera Savi kldis saxeliT aris cnobili, xolo TeTri duru-

jis eroziuli kera mdebareobs foxalos mTis samxreT fer-

dobze zRvis donidan 2994 m. simaRleze romlis CrdiloeTi 

ferdobi esazRvreba daRestans. 

Savi da TeTri durujis Rvarcofwarmomqmneli kerebis 

saerTo farTobi 308 heqtaris tolia, maT Soris 250 heqtari 

farTobi ganlagebulia subalpur da alpur zonebSi, aqedan 60-

70 heqtari farTobi ganlagebulia tyian zolSi[30]. 

mdinare durujis wyalSemkrebi auzis mTliani farTobi 

gamotanis konusis CaTvliT 116 km2 –ia, aqedan gamotanis konusis 

farTobi 36 km2 –s Seadgens. 

mdinare durujis gamotanis konusis sigrZem SesarTavidan 

xerxeuliZis nagebobamde 8,0 km-i Seadgina, mdinaris sigrZe 

xeobaSi ki daaxloebiT 18 km-ia, aqedan gamomdinare mdinaris 

mTliani sigrZe 26 km-ia, kalapotis saSualoEqanobiT i = 0,222. 

mdinare durujis wyalSemkrebi auzis siganis saSualo 

sidide 4,3 - 4,5 km-is farglebSi meryeobs, maqsimaluri ki 

utoldeba 6,5-7,0 km[30]. 

geologia. mdinare durujis wyalSemkrebi auzi 

geoteqnikuri mimarTulebiT iyofa or nawilad: mTavari 

kavkasionis qedi da alaznis veli[63]. mdinare durujis 

wyalSemkrebi auzi liTologiuri Wrilis mixedviT iyofa:  
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1. ZiriTadi fiqalebis wyoba; 2. Tixa-fiqalebisa da qviSa-qvebis 

CanarTebi morigeobis saxiT da 3.  meoTxeuli danaleqebi. 

klimati. mdinare durujis auzis saSualo wliuri 

temperatura meryeobs +12,2-140 –is farglebSi, xolo zamTarSi 

ki saSualo wliuri temperatura – 3,70. zafxulSi yvelaze 

maRali temperatura +250 –s aRemateba. 

naleqebis saSualo wliuri raodenoba md. durujis auzSi 

tolia 960 mm, yvarelSi ki 901 mm.[30]. naleqebis maqsimaluri 

raodenoba modis gazafxul-xafxulis periodSi(maisi-ivnisi). 

meteosadguris monacemebis mixedviT naleqebis maqsimaluri 

raodenobis ¼1/4  modis maisi-ivnisis periodSi. 

niadagebi. mdinare durujis auzSi ZiriTadad gavrce-

lebulia niadagis eqvsi tipi: tyis yavisferi niadagebi, yomrali 

yavisferi, naklebad ganviTarebuli warecxili niada-gebi 

(ferdobebi), mTa-tyis-mdelos niadagebi, ganuviTarebeli Ria 

wablisferi niadagebi, romlebic ZiriTadad gvxvdeba al-pur da 

subalpur zonebSi, proaluviuri da deliuviaruli 

niadagebi[59]. 

mcenareuloba. mdinare durujis wyalSemkreb auzSi mTli-

ani farTobi ganawilebulia Semdegi TanmimdevrobiT: tyiT 

dafarulia 76% ( 6600 ha.) tyiT ar aris dafaruli 4,3% (390 ha) 

sazafxulo saZovrebi 16%(1400 ha), kldeebi 4,3% (330 ha). 

suraTze _ 1.1  naCvenebia md. durujis kalapotSi Rvarco-

fis gavlis kvali yru kaSxlidan (yru kaSxali mdebareobs 

SesarTavidan 10 km. manZilze) 560 m. manZilis daSorebiT, mdina-

ris saTavis mimarTulebiT. 

Catarebulma savele-eqspediciurma gamokvlevam  daadastu-

ra, rom mdinare durujis kalapotSi formirebuli Rvar-

cofebis simZlavreze, momavalSi  did  gavlenas moaxdens aseve 
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D   

suraTi 1.1. 

md. durujis kalapotSi Rvarcofis 

 gavlis kvali. (foto avtorisa). 

 

md. TeTri durujis wyalSemkrebi auzi, radgan foxalos mTaze 

zRvis donidan 2990 metrze dafiqsirebuli iyo mTis qanebis 

teqtonikuri rRvevis xazi (ix. sur. 1.2), romelic momavalSi 

mewyruli procesebis gaaqtiurebas gamoiwvevs, es ki eroziul-

Rvarcofuli procesebis gaZlierebis dasawyisia[36]. 

eroziul-Rvarcofuli da mewyrul procesebs md. duru-

jis auzSi daemata agreTve Tovlis zvavebis moqmedebac. 2001 

wlis 22 ivniss md. durujis wyalSemkreb auzSi dafiqsirebuli 

iyo mdinare wifel goris wylis xeobidan (md. Savi durujis 

marcxena Senakadi) Camocurebuli Tovlis zvavi (ix. sur. 1.3 ) , 

romlis sigrZem 150 metri, xolo simaRlem ki 5 _ 6 m. Seadgina. 

mdinare durujis kalapotis grZivi profilis daxris kuTxem am 

adgilas 170 Seadgina, kalapotis siganem _ 4,6 m. , xolo wylis 

nakadis siRrmem ki 0,32 m. [35,36].  
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suraTi 1.2. 

foxalos mTis mwvervalze 

mTis qanebis teqtonikuri rRvevis xazi. 

2001 w. 22 ivnisi (foto avtorisa). 

 

 

suraTi 1.3. 
Tovlis zvavi mdinare Savi 
 durujis kalapotSi 2001 w. 

(foto avtorisa). 
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amrigad, mdinare Savi da TeTri durujis wyalSemkreb 

auzSi Catarebuli savele-eqspediciuri kvlevis analizi iZleva  

saSualebas, rom aRniSnuli teritoriebis ekologiuri 

mdgomareoba Sefasebuli iyos katastrofiulad, romelic  

dauyovnebliv saWiroebs Sesabamisi  RonisZiebebis ganxorcie-

lebas. 

 

 

 

 

 

2.  2001 - 2002 wlis zafxulSi mdinare durujis 

   wyalSemkreb auzSi Catarebuli savele 

eqspediciuri kvlevis Sedegebi. 
 

Catarebuli savele-eqspediciuri kvlevebi warmoadgens im 

tradiciuli, samecniero kvlevebis gagrZelebas, romelsac 

saqarTvelos mecnierebaTa akademiis wyalTa meurneobisa da 

sainJinro ekologiis institutSi safuZveli Cauyara profe-

sorma m. gagoSiZem, xolo Semdeg etapze es kvlevebi gagrZe-

lebuli iyo akademikosebis c. mircxulavas, o. naTiSvilis,  da 

profesor v. TevzaZis xelmZRvanelobiT. 

savele-eqspediciuri kvlevis Sedegad miRebuli statis-

tikuri rigisa da samecniero literaturis [23,29,30,35,36] anali-

zis  safuZvelze SesaZlebelia Camoyalibdes Semdegi saxis das-

kvnebi: 

 _ q. yvarlis md. durujis Rvarcofebisagan damcavi miwis 

dambasa da mdinaris kalapotis niSnulebs Soris sxvaoba gamo-

tanis konusze q. Telavsa da q. yvarels Soris SemaerTebel 
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magistralur gzatkecilze aSenebel xididan 100-150 m. manZilis 

dacilebiT( md.-is saTavis mimarTulebiT)  ar aRemateba 0,5 m-s; 

 _ md. durujis gamotanis konusze kalapotis gawmendis 

Sedegad xelovnurad gakeTebuli e.w. “RvarcofmimRebi sagub-

rebi” mTlianad Sevsebulia Rvarcofuli masiT da SesaZ-

lebelia Rvarcofis movardnisas mdinaris kalapotma ver 

daitios inertuli  masa da nakadi gadmovides kalapotidan, es 

ki q. yvarels ngrevisa da datborvis saSiSroebas Seuqmnis;  

 _ md. durujis kalapotSi kritikuli wertili, sadac 

SesaZlebelia Rvarcofis kalapotidan gadmosvla, romelic 

safrTxes Seuqmnis q. yvarlis mosaxleobas dafiqsirebuli iqna 

md. samalis xevisa da md. durujis SeerTebis adgilSi, sadac 

napirdamcavi kedlis simaRle ar aRemateba 3 _ 4 metrs; 

 _ md. durujis kalapotSi aSenebuli yvela is hidro-

teqnikuri nageboba, romelic winaaRmdegobas uwevda Rvarco-

febs da akavebda Rvarcofuli masis garkveul moculobas, 

mTlianad wyobidan aris gamosuli; 

 _ video, foto masalis damuSavebis Sedegad miRebuli 

statistikuri rigis analizma dagvanaxa, rom md. durujis 

kalapotSi bolo aTwlulebSi movardnilma Rvarcofebis 

maqsimalurma simaRlem tranzitul ubanze 17 _ 20 m. miaRwia; 

 _ Catarebulma gazomvebma gviCvena, rom md. durujis gamo-

tanis konusis grZivi profilis daxris kuTxis mniSvneloba 

SesarTavidan (md. alaznidan) misi marjvena Senakadis md. 

samalis xevamde 2-6 gradusis farglebSi icvleboda, xolo 

satranzito ubnidan saTavemdis ki 7 _ 22 gradusis sazRvrebSi 

meryeobs; 

 _ md. durujis wyalSemkreb auzSi mTis ferdobebze SeimC-

neva Tixa-fiqalebis aqtiuri eroziul-mewyruli procesebi, 
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romelic kidev ufro aZlierebs katastrofuli Rvarcofis 

movardnis saSiSroebas; unda aRiniSnos isic, rom md. durujis 

auzSi mTis ferdobebis orive mxares SeimCneva xevebis mZlavri 

gamotanis konusebi, romelTa simaRle md. durujis kalapotSi 

dafiqsirda 2_6 m-is farglebSi, xolo daxris kuTxe ki 8_35 

gradusis farglebSi icvleba;  

 _ md. durujis kalapotSi mimdinare eroziul-Rvarcoful 

procesebs daemata agreTve Tovlis zvavebis moqmedebac, rome-

lic kidev ufro aZlierebs katastrofuli Rvarcofis for-

mirebis saSiSroebas (ix. suraTi 1.3); 

 _ md. durujis wyalSemkreb auzSi dafiqsirebul Savi 

kldis eroziul Rranteebs daemata agreTve misi marjvena 

Senakadis md. savefxo-goris wylisa da md. TeTri durujis 

wyalSemkreb auzebSi mimdinare aqtiuri eroziul-mewyruli 

procesebi,  romelic kidev ufro zrdis myari masis moculobis 

momatebis saSiSroebas da katastrofuli Rvarcofis formi-

rebisaTvis mxolod Sesabamisi klimaturi pirobebiRa aris 

saWiro. amas isic adasturebs, rom  md. Savi durujis kala-

potSi dafiqsirebuli iyo qvis didi lodi (ix. sur. 2.1 ) 

romlis wonam 63,1 tona Seadgina da 2 Tvis ganmavlobaSi Savi 

durujis kalapotSi formirebuli wyalmovardnebisa da 

saSualo simZlavris Rvarcofebma is 200 metris manZiliT 

qvemoT Camoitana. Catarebulma gamokvlevam daadastura, rom 

aRniSnuli qvis lodi ekuTvnis md. savefxo-goris wylis (md. 

durujis marjvena Senakadi)  wyalSemkreb auzs; 

 _ md. Savi durujis saTaveebSi Savi kldis midamoSi (ix. 

sur. 2.2. ) SeimCneva mTis ferdobebze aqtiuri eroziuli 

procesebi, xolo TviT kalapotSi dagrovilia didZali 
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moculobis inertuli masala, romelic Rvarcofis formirebis 

erT-erT ZiriTad komponentad iTvleba; 

  

 

 
suraTi 2.1. 

qvis 63,1 tonis lodi md. durujis kalapotSi 
(foto avtorisa). 

 

 

 

suraTi 2.2. 

Savi kldis erozirebuli ferdobebi. 
(foto avtorisa). 
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 3.  mdinare durujis kalapotSi mimdinare 

  eroziul - Rvarcofuli procesebis 

prognozireba 

 

 md. durujis wyalSemkreb auzSi Camdinare aqtiuri 

eroziul-Rvarcofuli xasiaTis xevebis eroziuli Rranteebis  

SefasebisaTvis, savele kvlevebisa da aero-kosmosuri gadaRebe-

bis deSifrirebis safuZvelze miRebuli iyo damokidebuleba 

romliTac iangariSeba mTis Fferdobis eroziis koeficienti (E) 

, [29] : 

 

                21,0

01 )/()/(40,158,0 TtFFE  ,          (3.1) 

 

sadac, FF1 – aris mdinaris wyalSemkreb auzSi erozirebuli 

farTobi(km2), F0 – mdinaris mTliani wyalSemkrebi auzis far-

Tobi (km2), t- sakvlevi drois intervali(weli) ,  T- mTliani 

dakvirvebis periodi (Cvens SemTxvevaSi   T= 30 wels).   

 (3.1) - damokidebulebis  praqtikaSi  gamoyenebis  zRvrebia: 

 

              0,061  (F1/F0) 0,24 ; 0,1  (t/T) 1,0;        (3. 2) 

 

  (3.1) damokidebulebiT gaangariSebuli iyo md. durujis 

wyalSemkrebi auzis mTis ferdobebis eroziis koeficientis 

mniSvnelobebi, Sesabamisi dazianebis xarisxis mxedvelobaSi 

miRebiT, romelTa ricxobrivi maCveneblebic mocemulia 

cxrilSi (ix. cxrili 3.1 ). 

   2002 w. md. durujis saTaveebSi e.w. “Sav kldeze” zog 

adgilebSi dafiqsirebuli iyo Rarebisa da xramebis intensiuri 

qseli sixSiriT 15-20 m-i, es ki cnobili ingliseli profesoris 



 16 

r. morganis [46] klasifikaciiT   Seesabameba ero-ziis me - 7 

klass, sadac eroziis intensiuroba metia 500 (t/ha) weliwadSi. 

rac Seexeba 3.1 cxrilSi damyarebul  kavSirs mTis 

ferdobis eroziis klassa da eroziis koeficients Soris igi 

Sefasebulia profesor r. morganis Skalis mixedviT [46]. 

md. durujis kalapotis mdgradobis SefasebisaTvis gazo-

mili iyo kalapotis cocxali kveTisa(b) da noRa kalapotis(B) 

siganeebi; wylis  nakadis siRrmeebi (h) , mdinaris kalapotis 

daxris kuTxeebi( ) da nakadis siCqareebi(V), ris Semdegac 

gaangariSebuli iyo wylis nakadis xarjebi (Q0); statistikuri 

dakvirvebebis ricxvma 177 wertili Seadgina. 

 
                              

                                              cxrili 3.1 
  md. durujis wyalSemkreb auzSi mTis 

                                       ferdobis eroziis koeficientisa da 
                                     eroziis klasis mniSvnelobebi. 

 
 
# 
 

 
mdinaris 

dasaxeleba 

 
eroziis koeficientis  

mniSvnelobebi 

 
eroziis 
klasi 
(2001 w.) 

eroziis 
intensiuroba 
weliwadSi 
(t / ha) 1980 w. 1990 w. 2000 w. 2001 w. 

1 naxeCis xevi 0,077 0,080 0,195 0,207 meore 2-5 

2 samalis 
xevi 

0,050 0,061 0,072 0,171 meore 2-5 

3 salesavis 
xevi 

0,30 0,45 0,68 0,75 mesame 5-10 

4 uTxovaris 
xevi 

0,84 0,92 0,98 1,00 meoTxe 10-50 

5 mSrali 
goris xevi 

0,76 0,94 1,00 1,05 meoTxe 10-50 

6 savefxo 
goris 
wyali 

0,82 0,96 1,11 1,15 meoTxe 10-50 

7 wifel 
goris 
wyali 

 

0,83 0,99 1,21 1,23 
 

mexuTe 
50-100 

8 durujis 
saTaveebi 
(Savi klde) 

1,00 1,45 1,95 2,01 meeqvse 100-500 
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empiriul  gamosaxulebebs aqvs Semdegi saxe: 

                  

                    
62,0

)(3,0)/(


 bh ,                              

                   
11,2)(001,0)/( Bb  .                      (3.3) 

 

 (3.3)  damokidebulebebis gamoyenebis zRvrebia: 
 
 

                                      










00

00

222;75,0)/(01,0

254;185,0)/(01,0





Bb

bh
   ;                                   

(3.4)
        

 

miRebuli (3.3) damokidebulebebis praqtikaSi gamoyenebis 

saimedoobis dasadgenad gaangariSebuli sidideebi Sedarebuli 

iyo bunebaSi gazomil monacemebTan, cdomileba  maT Soris 
     

0,95 % uzrunvelyofis albaTobiT icvleba 5-20 %-is saz-

RvrebSi, rac praqtikaSi hidrologiuri angariSisaTvis damak-

mayofilebel sidided iTvleba. 

md. durujis wyalSemkreb auzSi dagrovili Rvarcofuli 

masis moculobis prognozirebisaTvis mdinaris noRa kala-

potSi gazomili iyo mTis ferdobebidan denudirebuli masis 

ZiriTadi maxasiaTeblebi, rogoric aris: gamotanis konusis 

geometriuli zomebi, xevis gamotanis konusze myari fraqciebis 

zedapiris daxrisa da Siga xaxunis kuTxeebi, fraqciebis 

saSualo diametrebi da a.S. 

suraTze 3.1  naCvenebia Savi durujis saTaveebis  erozire-

buli Rranteebis saerTo xedi Savi kldidan 700 metris 

daSorebiT, xolo 3.2 suraTze ki md. TeTri durujis saTaveebSi 

foxalos mTaze or iarusiani erozirebuli mTis ferdobi, 

zRvis donidan 2800 m.       
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                            foto 3.1. 
Savi kldis erozirebuli ferdobebi, 
2001 wlis 21 ivnisi (avtoris foto). 

 

 

suraTi 3.2.  
foxalos mTis or iarusiani 

erozirebuli ferdobi. 
(foto avtorisa), 2001 w. 
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md. durujis gamotanis konusidan aRebuli myari Semadgen-

lis nimuSebis granulometriuli analizis Sedegebi warmod-

genilia  3.2 cxrilSi [30], xolo Rvarcofuli masis warmoebaSi 

gamoyenebis TvalsazrisiT Catarebuli iyo koloiduri masis 

qimiuri analizi [32], romlis Sedegebic moyvanilia 3.3  cxril-

Si (qimiuri elementebis raodenoba mocemulia %-Si). 

rac Seexeba md. Savi durujis wyalSemkreb auzSi mTis 

ferdobebidan denudirebuli masis moculobas 2001 wlis ivnis-

ivlisis monacemebiT Seadgina 300 000 m3 –mde, rac am kalapotis 

pirobebisaTvis saSualo maCveneblad iTvleba. 

 
 

cxrili 3.2 
md. durujis gamotanis konusze 

aRebuli Rvarcofuli masis  

meqanikuri Semadgenloba. 
 

# fraqciis zomebi 
(mm) 

wona 
(kg) 

procentuli Semcveloba 
(%) 

1 qvebi >30 116,0 42,0 
2 RorRi 30-10 48,9 17,7 
 
3 

 
xreSi da msxvili 

 sila (10-1) 
 

 
   43,4 
 

 
15,7 

 

 
 
4 

wvril marcvlovani: 68,0 24,6 
(1-0,05)  8,4 

(0,05-0,005)  8,8 
(0,005-0,001)  4,0 

< 0,001  3,4 
 
 
 
 
 

                                           cxrili # 3.3. 
                                             md. durujis koloiduri  

                                              masis qimiuri analizi % - Si. 
 

Si O2 Al2 O3 Fe2 O3 Ti O2 Ca O Mg O Mn O Na O K2 O 

49,5  27,0  12,02 0,29 0,90 2,90 0,80 1,08 5,60 
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amrigad, md. TeTri da Savi durujis wyalSemkreb auzebSi 

2001 - 2002 w. zafxulSi Catarebulma savele - eqspediciurma 

kvlevebma dagvanaxa, rom mTis ferdobebis eroziuli 

procesebis mdgomareoba kritikulia da igi zog adgilebSi 

Seesabameba eroziis me-7 klass.  

 

 

 

 

 

 

 

 

4.  mdinare durujis kalapotSi formirebuli 

 Rvarcofis sxvadasxva uzrunvelyofis  

maqsimaluri xarjebis dadgena. 

 

 mdinare durujis kalapotSi formirebuli Rvarcofis 

sxvadasxva uzrunvelyofis maqsimaluri xarjebis dadgenis 

mizniT gamoyenebuli iyo samecniero literatura [2,15,19,22,23, 

24,30,39,45,47,48,49,52,57,61,62], agreTve avtoris mier damuSavebuli 

da aRdgenili statistikuri rigi, risTvisac gamoyenebulia 

hidrometeorologiis ofservastoriis monacemebi.  

mdinare durujis kalapotSi sxvadasxva dros (1899-1999 ww.) 

gavlili Rvarcofebis xarjis fardobiTi sididis jamuri 

mniSvneloba tolia  856,7/ m ax

46

1




QQi

i

 (m3), xolo savele dakvir-

vebebis  statistikurma ricxvma ki Seadgina 46N  wertili.  

 Rvarcofis xarjis fardobiTi sididis saSualo mniSvne-

loba )/( maxQQi
 tolia: 
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                    187,0
46

856,7
/

)/(

46

1

m ax

m ax 



N

QQ

QQ i

i

i  ;                                (4.1) 

 

   Rvarcofis xarjis variaciis koeficienti ki tolia [29,41,44]: 

 

       128,1
45

34,57

1

]1)/[(
1

2

m ax










N

QQ

C

N

i

i

v   ;                  (4.2) 

  

asimetriis koeficienti gamoiTvleba Semdegi damokide-

bulebiT: 

         256,2128,122  vs CC ;                    (4.3) 

 

miRebuli sidideebis gamoyenebiT gaangariSebulia mdinare 

durujis Rvarcofis sxvadaxsva uzrunvelyofis xarjebi, 

romelTa mniSvnelobebic moyvanilia cxrilSi ( ix. cxrili 4.1) 

cxrili 4.1 

md. durujis sxvadasxva uzrunvelfofis xarjebi. 

ganmeorebadoba 

erTxel  n 

weliwadSi 

1000 100 33 20 10 4 

uzrunvelyofa 

P P(%) 
0,1 1 3 5 10 25 

savele 

monacemebi 
3094,89 1967,62 1421,06 1216,09 891,57 491,90 

(4.4) 

damokidebulebiT 
4267,55 1778,14 1244,69 1066,88 889,07 533,44 

cdomoleba 

P (%) 
27,5 9,6 12,4 12,3 2,8 7,8 

 

savele eqspediciuri monacemebis SefasebisaTvis, romelic 

Semdgom etapze mdinare durujis Rvarcofis sxvadasxva 
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uzrunvelyofis maqsimaluri xarjebis prognozirebis saSua-

lebas iZleva, gamoyenebul iyo empiriuli damokidebuleba 

[22,29] romelsac aqvs Semdegi saxe: 

 

           61,0

max )40034( FiAQ   , (m3/wm) ,                  (4.4) 

 

sadac, A- koeficientia, romlis kavSiri xarjis uzrunvel-

yofis koeficientTan mocemulia 4.2 cxrilSi; i – mdinare 

durujis saSualo qanobia, romelic tolia i = 0,222 ;   F – 

mdinare durujis wyalSemkrebi auzis farTobi -  F = 80,0 (km2); 

 

cxrili 4. 2 

                       A -koeficientsa da xarjis  uzrunvelyofas P % Soris kavSiri. 

uzrunvelyofa 

P P(%) 
0,1 1 3 5 10 25 

A 

koeficienti 
2,4 1,0 0,7 0,6 0,5 0,3 

 

 

Rvarcofis maqsimaluri xarjis saSualo kvadratuli 

gadaxra iangariSeba Semdegi damokidebulebiT[45] : 

 

            

 
1915,0

46

6873,1
)/()/(

246

1

maxmax









N

QQQQ
i

iji

  , (m3/wm);     (4.5) 

 

histogramis asagebad saWiro monacemebi ki mocemulia 4.3 

cxrilSi.                                           
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  cxrili  4. 3 

   Rvarcofis xarjis fardobiTi 
              mniSvnelobebi Sesabamis intervalebSi 

Rvarcofis 

xarjis 

intervalebi 

( max/ QQi ) 

0 - 0,25 0,25 – 0,50 0,50 – 0,75 0,75 - 1,00 

mi 

sixSire 
41 2 1 2 

)/( maxQQf i  0,891 0,044 0,022 0,044 

 

     maTematikuri lodini gamoiTvleba Semdegi formuliT[4,29]: 

 

;1801,0875,0044,0

625,0022,0375,0044,0125,0891,0)/()/(
46

1

m axm ax*




i

ii QQQQfm
     (4.6) 

mdinare durujis maqsimaluri xarjebis fardobiTi 

mniSvnelobebis histograma da Sesabamisi Teoriuli gana-

wilebis mrudi naCvenebia 4.1 suraTze. 

 

sur. 4.1. 
Rvarcofis maqsimaluri xarjis  

histograma (1) da Sesabamisi Teoriuli 
ganawilebis mrudi (2). 
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 4.1 suraTze gamosaxul mruds Seesabameba veibulis gana-

wileba[4,41] , romelsac aqvs Semdegi saxe: 

 

        ])/(192,0exp[)/(035,0)/( 18,0

max

82,0

maxmax QQQQQQf iii    .       (4.7) 

 

 Tu gaviangariSebT mdinare durujis maqsimalur xarjebs 

veibulis gamosaxulebiT, maSin (4.7) damokidebulebiT miRe-buli 

sidideebis saimedooba iangariSeba Semdegi formuliT: 

 

         

1

0

m ax

18,0

m ax

82,0

m axm ax )/(])/(192,0exp[)/(035,0/ QQdQQQQQQP iiii .    (4.8) 

 

 (4.8) gantolebis amoxsnis Semdeg miviRebT  549,0)/( max QQP i
, 

xolo warmodgenili angariSis riski ki tolia: 

 

                 .461,0549,01)/(1 max  QQPR i
                 (4.9) 

 

 Tu CavatarebT analizs davinaxavT, rom mdinare durujis 

maqsimaluri xarjis prognozirebisaTvis (4.4) damokidebulebiT 

gaangariSebuli  sidideebi  ufro  saimedoa, axlos aris bune-

baSi gavlili Rvarcofebis xarjis monacemebTan, vidre vei-

bulis formuliT gaangariSebul maCveneblebTan(ix. cxrili 4.2). 

 miRebuli Sedegebi agreTve Sedarebuli iyo akademikos 

cotne mircxulavas mier damuSavebul meTodologiasTan [45], 

romelmac pirvelad maTematikuri modelirebiT, kerZod 

albaTobis Teoriis gamoyenebiT dadgina Rvarcofis maqsimalu-

ri xarjebis cvlilebis xasiaTi. Tanxvedra maT Soris 

damakmayofilebelia. 
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5.   mdinare durujis kalapotSi transportirebuli 

Rvarcofuli masis prognozireba 

 mdinare durujis kalapotSi Rvarcofis mier gamotanili 

Rvarcofuli masis prognozirebis mizniT gamoyenebuli iyo, 

rogorc 2001-2002 wlebSi zafxulis periodSi Catarebuli 

savele-eqspediciuri kvlevis Sedegebi, agreTve ganvlil peri-

odSi gamoqveynebuli samecniero literatura [2,23,24,30,38,39,48, 

52,57].  

 mdinare durujis kalapotSi gavlili Rvarcofebis sta-

tistikuri rigi, avtoris mier gadamuSavebuli da zogierT Sem-

TxvevaSi aRdgenilic ki, mocemulia samecniero naSromSi [24];     

zemoT aRniSnuli statistikuri rigis (40 wertili) damuSave-

biT miRebulia empiriuli damokidebuleba, romliTac iangari-

Seba mdinare durujis kalapotSi Rvarcofis mier transpor-

tirebuli Rvarcofili masis moculoba (W ).   

maTematikur gamosaxulebas aqvs Semdegi saxe: 

             

                
73,0

max

52,1138,0 QTW     , (m3),               (5.1)  

 

sadac, T  aris mdinaris kalapotSi Rvarcofis moZraobis dro 

(wm);  maxQ - Rvarcofis maqsimaluri xarji(m3 / wm).  

 (5.1) damokidebulebis gamoyenebis zRvrebia: 

 

                    
);/(,2000100

(,2160180

m ax wmm

);wm
3



Q

T
             (5.2) 

 

 (5.1) damokidebulebiT gaangariSebuli iyo mdinare duru-

jis kalapotSi formirebuli Rvarcofis mier transpor-

tirebuli Rvarcofuli masis moculobebi (W ), romelTa 
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maCveneblebic Sedarebuli iyo bunebaSi gavlil monacemebTan;  

maTi Tanxvedris procentuli maCveneblebi mocemulia cxril-

Si(ix. cxrili # 5.1). 

cxrili 5. 1 

mdinare durujis Rvarcofis mier transportirebuli 

Rvarcofuli masis Tanxvedris maCveneblebi 

# 

Rvarcofis 

gavlis 

weli 

 

Rvarcofis 

xarji 

maxQ  

(m3/wm) 

Rvarcofis 

gavlis 

xangrZlioba 

T (wm) 

Rvarcofis 

moculoba - W  (m3) 

cdomileba 

(%)-ebSi savele 

monacemebi 

 

   (5.1) 

formuliT 

 

1 2 3 4 5 6 7 

1 1899 434,8 1380 600024 689361 12,9 

2 1906 2000,0 900 1 800000 1096675 39,6 

3 1947 1666,6 960 1 599936 1058926 33,8 

4 1949 370,4 1620 600048 782448 23,3 

5 1956 253,2 900 227880 242579 6,1 

6 1957 199,2 960 191232 224600 14,8 

7 1961 159,6 900 143640 173197 17,1 

8 1961 210,0 660 138600 132055 4,7 

9 1961 740,0 1560 1 154400 1224423 5,7 

10 1961 250 2160 540000 909388 40,6 

11 1963 172,0 960 165120 201774 18,2 

12 1963 132 420 55440 47341 14,6 

13 1963 703 1740 1 223220 1 392487 12,2 

14 1963 144 840 120960 144673 16,4 

15 1963 73 420 30660 30722 0,2 

16 1963 470 3300 1 551000 2 745691 43,5 
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5. 1  cxrilis gagrZeleba  

1 2 3 4 5 6 7 

17 1963 103 180 18540 10896 41,2 

18 1963 1244 720 895680 552387 38,3 

19 1963 443 1380 611340 698827 12,5 

20 1963 288 300 86400 50172 41,9 

21 1963 150 360 54000 41115 23,8 

22 1963 262 720 188640 177167 6,1 

23 1963 446 360 160560 91091 43,3 

24 1963 205 900 184500 207926 11,3 

25 1963 82 300 24600 20053 18,5 

26 1963 62 1020 63240 105050 39,8 

27 1973 200,6 900 180540 204658 11,8 

28 1976 240,2 840 201768 210185 4,0 

29 1977 167,6 720 120672 127863 5,6 

30 1981 264,0 1200 316800 387263 18,2 

31 1982 458,0 300 137400 70394 48,7 

32 1983 229,0 720 164880 160585 2,6 

33 1984 162,0 960 155520 193142 19,5 

34 1986 282,0 720 203040 186942 7,9 

35 1986 160,0 1500 240750 377177 36,2 

36 1986 321,0 900 288900 288454 0,2 

37 1990 114,0 1200 136800 209785 34,8 

38 1992 330,2 1500 495300 640086 22,6 

39 1997 221,1 1080 239868 289889 17,3 

40 1999 333,3 1500 500000 644477 22,4 
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Tu CavatarebT 5.1 cxrilis analizs davinaxavT, rom mdi-

nare durujis kalapotSi Rvarcofis mier transportirebuli 

Rvarcofuli masis moculobis sidideebis Sedareba (5.1) for-

muliT gaangariSebul monacemebTan iZleva cdomilebebs 0,2 – 40 

%, rac hidrologiuri angariSisaTvis damakmayofilebelia. 

amrigad, md. durujis wyalSemkreb auzSi Catarebulma 

savele_eqspediciurma kvlevebma saSualeba mogvca gamogvetana 

Semdegi daskvna:  TeTri da Savi durujis mdinareTa  

wyalSemkrebi auzebis Tanamedrove ekologiuri mdgoma-

reoba katastrofiulia da aucilebelia saswrafod 

ganxorcieldes fito-melioraciuli, satyeo-melioraci-

uli, sainJinro-ekologiuri da kompleqsuri daniSnule-

bis RonisZiebebi. 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 



 29 

 

6. Rvarcofis dinamikis zogierTi sakiTxebi 

   6.1.    bmuli Rvarcofis siCqaris gansazRvra 

      haeris winaRobis gaTvaliswinebiT 

   mdinare durujis tranzitul, Seviwroebul ubnebze, bmuli 

Rvarcofis didi siCqariT moZraobis dros, rodesac maxis 

ricxvi icvleba M=0,015-0,073 sazRvrebSi nakadis frontze, 

analogiurad Tovlis zvavis moZraobisa [34], Tavs iCens haeris 

winaRobis Zala, romelic Cveulebrivi hidravlikur wina-

RobasTan erTad iTvleba Rvarcofis siCqaris erTerT 

ganmsazRvrel parametrad. am dros nakadis frontze haeris 

winaRobis mxedvelobaSi miRebis SemTxvevaSi moZraobis sruli 

winaRobis koeficienti K* warmodgenili unda iyos, rogorc 

Sinagani xaxunis koeficientis /siblantis/ ZaliT gamowveuli 

winaRobisa Kx da nakadis frontis mimarT haeris winaRobis Kh 

koeficientis jamis saxiT [17], e.i. 

K* = Kx  Kh                             (6.1)                 

   zemoT moyvanili sqemis gaTvaliswinebiT ganvixiloT bmuli 

Rvarcofuli masis moZraoba erTiani kompaqturi maRali 

koncentraciis mqone nakadis saxiT [17], mdinaris  kuTxiT 

daxril kalapotSi (ix. sur. 2.1). 

 

 

sur. 6.1. bmuli Rvarcofis moZraobis 

KKh 
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saangariSo sqema. 

   am SemTxvevaSi Svedov_bingamis modificirebul damokide-

bulebas eqneba Semdegi saxe [55]: 

           0
UU maqU

h
  KhV2 ,                      (6.2) 

sadac,  — Rvarcofis siblantis dinamikuri koeficientia 

(gr.Z. wm/sm2), Umaq aris kveTSi Rvarcofis maqsimaluri siCqare 

(sm/wm), V — Rvarcofis frontis saSualo siCqare (sm/wm), h — 

Rvarcofis siRrme frontis areSi (sm), h — haeris simkvrivea 

(h=1,0 kg/m3), xolo 0 — sawyisi mxebi Zabvaa (0ih0). 

   rogorc cnobilia Rvarcofis Tanabari moZraobis dros 

mxebi Zabva tolia ih  [30], sadac  — Rvarcofis moculobiTi 

wonaa (kg.Z./sm3), xolo i — kalapotis qanobia. 

   Rvarcofis moZraobisas ganvixiloT siCqaris cvlilebis ori 

saxis epiura, pirveli rodesac siCqaris gradienti mudmivia 

nakadis mTel siRrmeze da meore, rodesac siCqaris gradienti 

arsebobs mxolod nakadis fskerTan Txel SreSi (ix. sur. 6.2). 

pirvel  SemTxvevaSi nakadis maqsimaluri siCqare tolia Umaq = 

= 2V, xolo meoreSi Umaq = V. 

 

 

 

sur. 6.2 siCqaris cvlilebis epiurebi. 
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Tu (6.2) gantolebaSi SevitanT maqsimaluri siCqaris mniSvne-

lobas Umaq = 2V da gavamartivebT miviRebT: 

 

Khh V
2


2

h
 V-i (h-h0) = 0  .                 (6.3) 

 

(6.3) gantolebis amoxsniT miviRebT Rvarcofis frontis 

saSualo siCqaris mniSvnelobas, romelsac haeris winaRobis 

gaTvaliswinebiT aqvs Semdegi saxe: 

 

                       V=
   



2 2 +  K i (h-h )

K

0

h

h h

h h

h









0,5
-

  ,             (6.4) 

 

sadac  h  h0. 

   nakadis frontis saSualo siCqaresa da haeris winaRobis 

koeficients Soris grafikuli damokidebuleba parametrTa 

Semdegi mniSvnelobebisaTvis: i = 0,2;  = 6,0 (gr.Z.wm./sm2);  = 2,06 

(gr.Z./sm3); h = 100, 200, 300 da 400 (sm) gamosaxulia 6.3 suraTze. 

 Tu (6.3) gantolebaSi SevitanT meore daSvebas, rodesac 

Umaq = V miviRebT damokidebulebas, romlis mixedviT agebul 

grafikebsac aqvT analogiuri forma, xolo Sesabamisi mniSvne-

lobebi Semcirebuli eqneba 2-jer [17]. 

      Tu bmuli Rvarcofis moZraobis dros nakadis fronts 

ganvixilavT, rogorc haeris nakadisagan garsSemodinebis 

obieqts, maSin haeris Subluri winaRobis koeficientsa da 

reinoldsis ricxvs (Re)  Soris grafikebs agreTve aqvs  loga- 
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     sur. 6.3.  Kh =  f (V, h) damokidebulebis grafiki. 

 

riTmuli forma, iseTi, romelic naCvenebia sur. 6.3-ze, im 

gansxvavebiT, rom bmuli Rvarcofis moZraobis dros, rodesac 

haeris Subluri winaRobis koeficienti icvleba Semdeg 

sazRvrebSi Kh=0_0,02, reinoldsis ricxvi Re=103-is rigisaa. Tu 

movaxdenT Catarebuli kvlevis analizs da SevadarebT myari 

sxeulis moZraobis dros haeris Sublur winaRobasa da 

reinoldsis ricxvs Soris damokidebulebebis grafikebs [60] 

davinaxavT, rom haeris Subluri winaRobis koeficienti 

icvleba Semdeg sazRvrebSi Kh = 0 _ 1,0, xolo reinoldsis ric-

xvi ki Re = 105 rigisaa. Kh = f(Re) damokidebulebis grafikis 

daxasiaTebisaTvis ise, rogorc miRebulia aerodinamikasa da 

hidrodinamikaSi (nikuraZis grafikebi), saWiroa laboratoriu-

li cdebis Catareba da Sedegebis ganzogadoeba. 

   ganvixiloT bmuli Rvarcofis moZraoba ufro mkacri sqemiT, 

rodesac mxebi Zabvis gamomsaxvel gantolebas aqvs Semdegi saxe: 
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  0   
d

dy

u   h ,                       (6.5) 

sadac 
d

dy

u
 — siCqaris gradientia vertikaluri y — RerZis 

gaswvriv. h  Khh U2 — haeris mxebi Zabvaa. Tu analogiurad 

pirveli aRniSvnisa (6.5) gantolebaSi SevitanT Sesabamis 

mniSvnelobebs da gardavqmniT, miviRebT: 

 

d

dy

u
 

1


i(h-h0)- iy- Khh U

2.                (6.6) 

 
  maTematikaSi (6.6) gantoleba cnobilia, rogorc rikatis 

gantoleba, romelsac Cawerili (6.6) damokidebulebis saxiT 

zogadi amonaxsni ar gaaCnia. 

   amocanis amoxsnisaTvis vsargeblobT diferencialuri 

gantolebis amoxsnis ricxviTi meTodiT[31,37]. viRebT sawyis 

monacemebs da Segvyavs specialuri programis daxmarebiT kompi-

uterSi; sawyisi monacemebia i = 0,2;  = 2,06 (kg.Z./sm3); h = 100 (sm); 

Kh = 0,005 _ 0,02;   = 6,0 (gr.Z.wm/sm2). 

   kompiuterze realizaciis Semdeg funqciuri kavSiri Rvar-

cofis siCqaresa da nakadis siRrmes Soris, naCvenebia 6.4 su-

raTze. Tu miRebul Sedegebs SevadarebT im damokidebulebebs 

[57], romelSic gaTvaliswinebuli ar aris haeris Subluri 

winaRoba davinaxavT, rom rodesac bmuli maRali koncentraci-

is Rvarcofi moZraobs dabali siCqareebiT (rodesac maxis 

ricxvi M  0,015) gansxvaveba miRebul da arsebul damokide-

bulebebs Soris imdenad mcirea, rom am faqtoris gavlena 

nakadis moZraobis siCqareze SeiZleba ugulebelyofili iyos 

e.i. Kh = 0; xolo im SemTxvevaSi, rodesac, maxis ricxvi icvle-ba 

M = 0,015 - 0,073 sazRvrebSi e.i. rodesac bmuli Rvarcofi 
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moZraobs didi siCqareebiT gansxvaveba maT Soris izrdeba da 

igi TiTqmis 10 _ 25% - mde aRwevs. 

 

 

 

sur. 6.4.  y = f ( U, Kh ) damokidebulebis grafiki.  

 

 aRsaniSnavia, rom Rvarcofebis fizikur-meqanikuri da dina-

mikuri  modelebis damuSavebaSi prioriteti damsaxurebulad 

ekuTvniT akademikos o. naTiSvils da profesor v. TevzaZes [47, 

48, 49]. 

 Catarebuli Teoriuli kvlevebis analizma da zemoT dasa-

xelebuli avtorebis monografiebSi damuSavebul modelebTan 

Sedarebam dagvanaxa, rom miRebuli Sedegebi zustad asaxavs 

bmuli Rvarcofis bunebas da misi moZraobis kanonebs, es ki 

miuTiTebs Cvens mier Catarebuli kvlevebis saimedo mimarTule-

baze. 
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6.2.   bmuli Rvarcofis daumyarebeli moZraoba 

        haeris Subluri winaRobis gaTvaliswinebiT 

   bunebriv kalapotebSi, maT Soris mdinare durujis Rvar-

cofsadinarSic bmuli Rvarcofis siCqaris angariSi xorci-

eldeba mdinaris kalapotis calkeuli ubnebisaTvis, sadac 

dagegmili iyo RvarcofsawinaaRmdego sxvadasxva tipis nage-

bobebis  mSenebloba. am SemTxvevaSi Rvarcofis gaangariSebisas 

hidravlikuri elementebi ganisazRvreboda nakadis Tanabari 

moZraobis gantolebebiT. 

   aseTi saxiT Rvarcofis angariSi ugulebelyofs iseTi Ziri-

Tadi dinamikuri sidideebis mxedvelobaSi ar miRebas, romelic 

ganapirobebs sxvadasxva daniSnulebis RvarcofsawinaaRmdego 

nagebobebis samSeneblo masalis didi raodenobiT gadaxarjvas 

da sxva.   

   durujis kalapotis zeda ubnebSi bmuli Rvarcofis formi-

rebis dros da misi daumyarebeli moZraobisas Rvarcofsadina-

ris qveda ubnebisaken nakadi sistematurad icvlis Tavis hid-

ravlikur sidideebs, romlebic nakadis angariSisas  aucileb-

lad mxedvelobaSi unda iyos miRebuli [2,22,30,39,49,52,61]. 

   bmuli Rvarcofis daumyarebeli moZraobisas angariSis 

ricxviTi meTodebi emyareba sen_venanis gantolebaTa sistemis 

amoxsnas [15,31,37,54 da sxva], romlis realizacia kompiuterze 

efuZneba sasazRvro pirobebis zust SerCevas; am monacemebs 

unda qondeT fiqsirebuli sazRvrebi, romlis gaTvaliswinebis 

gareSe dasaxuli amocana sasurveli sizustiT ar amoixsneba. 

   durujis kalapotSi bmuli Rvarcofis moZraoba zogadad 

SeiZleba warmovidginoT Semdegi sqemiT: “moZraobis dawyeba”, 

moZraoba tranzitul zonaSi da gaCereba mdinaris gamotanis 

konusze. kerZo SemTxvevaSi bmuli Rvarcofis fizikur_ 
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meqanikuri da reologiuri Tvisebebidan gamomdinare SesaZ-

lebelia nakadis gaCereba mdinaris tranzitul ubnebzec. 

TiToeul am fazas aqvs Tavisi gansakuTrebuli Tavisebureba 

gamomdinare amocanis amoxsnis maTematikuri Tvalsazrisidan, 

kerZod algoriTmis SedgenaSi, programis damuSavebaSi da a.S. 

yvela am fazebis gaTvaliswinebiT amocanis amoxsnis dros 

mxedvelobaSi unda iyos miRebuli sasazRvro pirobebis iseTi 

mniSvnelobebi, romelic saSualebas mogvcems am fazebSi 

hidravlikuri xaxunisa da haeris Subluri winaRobis koefici-

entebis gaTvaliswinebiT gaviangariSoT bmuli Rvarcofs Ziri-

Tadi maCveneblebi. rac Seexeba bmuli Rvarcofis moZraobas 

cvalebadi xarjis gaTvaliswinebiT, hidravlikuri xaxunisa da 

haeris winaRobebis koeficientis mxedvelobaSi miRebiT, jer 

kidev naklebad Seswavlilia da moiTxovs am meTodebis 

daxvewas.  

    kvlevis mizans warmoadgens SeviswavloT bmuli Rvarcofis 

daumyarebeli moZraoba mdinare durujis kalapotis nebismier 

ubanze, rodesac nakadis saSualo siCqare V  5,0 (m/wm). 

   rogorc cnobilia mdinaris kalapotSi formirebuli bmuli 

Rvarcofi RvarcofsadinarSi nel-nela ikrebs siCqares da 

gadadis “moZraobis” fazaSi, romelic kalapotSi iRebs 

erTjeradi talRis saxes. talRa moZraobs kalapotis 

tranzitul ubnisaken zemoT ganxiluli sqemis mixedviT, 

romlis siCqare matulobs da nakadis sawinaaRmdegod 

yalibdeba hidravlikuri xaxunisa da haeris winaRobis Zalebi 

(ix. nax. 6.1) . 

   ganvixiloT bmuli Rvarcofis daumyarebeli moZraoba cvla-

di xarjis SemTxvevaSi mdinare durujis  -kuTiT daxril 
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kalapotSi, romlis moZraobis diferencialur gantolebaTa 

sistemas aqvs Semdegi saxe [15]: 

 

B
h

t
B

hV

x
q

V

t
V

V

x
g g

h

x
V

K

h

K q V
















 



 

 

     






























( )
*

sin cos *2 x h


  ,       (6.7) 

 

sadac, B — mdinaris siganea (m), h — Rvarcofis siRrme (m), V-  

Rvarcofis saSualo siCqare (m/wm), X aris mdinaris kalapotis 

ubnis sigrZe (m), q — Rvarcofis xarjis cvlis intensiobaa, 

romelic ganpirobebulia mdinaris sigrZeze fazebis SedinebiT 

da gadinebiT; g — Tavisufali vardnis aCqareba (m/wm2), i — 

mdinaris kalapotis qanobi, Kx — hidravlikuri xaxunis 

koeficienti, Kh — haeris Subluri winaRobis koeficienti, l - 

nakadis moZraobis sigrZe (m),  — Rvarcofis cocxali kveTis 

farTobi (m2). 

   (6.7) gantolebaTa sistemis amosaxsnelad viyenebT diferen-

cialuri gantolebis  amoxsnis  ricxviT  meTods,  kerZod     

“ nakadis veqtoris gaxleCis sqemas ” [37,54]. 

   nakadis veqtori gamomdinare gantolebaTa sistemidan 

gansxvavdeba eilerisa da aerodinamikis veqtorisagan, igi ar 

iTvleba erTjerad funqciad. am SemTxvevaSi igi dafuZnebulia 

hiperboluri gantolebebis Tvisebebis gamoyenebaze, romlis 

daxmarebiT SesaZlebelia veqtoris gaxleCis sqemis ageba, ro-

melic didi sizustiT angariSis Catarebis saSualebas iZleva. 

   rodesac mimdinareobs bmuli Rvarcofis siCqaris dadgena 

haerisa da xaxunis winaRobis koeficientebis gaTvaliswinebiT 

erT-erT ZiriTad problemas warmoadgens “nakadis veqtoris 

gaxleCis sqemis” ageba. steijerma da uormingma [54] gamoiyenes 

is faqtori, rom nakadis veqtori f(G) gantolebaTa sistemis (6.7) 
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damokidebulebisaTvis CaTvales G-s erTaderT veqtor _ funq-

ciad. 

   yovelive zemoT aRniSnulis gaTvaliswinebiT (6.7) ganto-

lebaTa sistema CavweroT divergenciuri formiT konservatiuli 

cvladebisaTvis (J — impulsi, h — nakadis siRrme) veqtoruli 

formiT, 
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t x
G W G f ( ) ( ) , f ( ) ( )G W G ,                 (6.8) 

 

sadac, Q = (J,h)
T

,  J = hV da   
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 ;       (6.9) 

    

bmuli Rvarcofis formirebis process ganvixilavT, rogorc 

bunebrivi zRudaris an miwis kaSxlis gangrevis SemTxvevas, 

rodesac sasazRvro pirobebs aqvs Semdegi mniSvnelobebi: 

a) nakadis siRrmisaTvis: 
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 ;                    (6.10) 

 

b) nakadis siCqarisaTvis: 

 

                                            V
0 (x) = 0,2;   h

0 (x) = 1,0 ;                     (6.11) 
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   amocanis realizaciis procesSi mxedvelobaSia miRebuli, 

rogorc Rvarcofuli masis ZiriTadi hidrologiuri, hidrav-

likuri Tvisebebi, aseve mdinaris kalapotis geologiur- 

topografiuli maxasiaTeblebi. amisaTvis viyenebT F= 



F

Q
 mat-

ricis sakuTriv mniSvnelobebs, romlebsac aqvs Semdegi saxe: 

 

1=V+ ghcos ;       2=V- ghcos  ;           (6.12) 

 

   SemovitanoT aRniSvna C
0  ghcos , romelic bmul Rvarcof-

Si siCqaris impulsis sidides aRniSnavs, yovelive zemoT 

aRniSnulis gaTvliswinebiT Rvarcofi SeiZleba warmodgenili 

iyos Semdegi saxiT: 

f(G) = h V c

2

21 2 0 1 2

1 2

( ) ( /)   

 





 












 ,           (6.13) 

 

xolo sakuTrivi ricxviTi mniSvnelobebi 1 da  2 ki 

warmovidginoT:  

1 = 

1 + 


1           2 = 


2  + 


2  ,             (6.14) 

 

sidideebi  1 da  2 SeiZleba SevarCioT sxvadasxva saxiT, 

magaliTad: 

  1 = 0,5(V +  V  ) + C
0
; 

                         1 = 0,5(V   V  ) ; 

2 = 0,5(V +  V  ) ;                      (6.15) 

  2 = 0,5(V   V  ) + C
0
; 

 
Tu (6.14) mniSvnelobebs SevitanT (6.13) , miviRebT: 

 

~
f (П) = а 

+
 (П) -  а 

_
 (П) =р

V V C

V C

( 

















0

0

 .              (6.16) 
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   CavweroT mTlianad konservatiuli sxvaobiTi sqema arawrfi-

vi regulatoriT da Tu gaviTvaliswinebT (6.7) gantolebaTa 

sistemis marjvena mxares miviRebT: 

 
                                                       Пе + а(Пб  б ) = КЧЧ (П) + Ц(П)б  ,                 (6.17) 

 

sadac,                     G = (j
-
,h)

T
; j

-
 = hV; 

 

e.i. 
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  ,    (6.18) 

 

   rodesac   = 0 da   = 0, sxvaobiTi sqema (6.17) icvlis saxes 

da miiReba bmuli Rvarcofis “veqtoris gaxleCis sqema”, e.i. 

 

                      П
т+1

 =П
т
 -а(П)ч-0б5ча(П ч ч) +

~w б,         ПП(6.19) 
 

sadac,  drois cvalebadobis bijia; X - Tanabari sivrciT 

badis biji, n - droebiTi fenis nomeri, xolo ~w   - gantolebis 

sistemis marjvena nawilis diskretuli analogia. 

   sqemis realizaciisaTvis saWiroa Sesruldes kurant-

fridrix - levis mdgradobis piroba [54], 

 

  
Cr x

V C





min

max( )



0
   ,                      (6.20) 

 

sadac,  Cr - kurantis ricxvia.  
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   damokidebuleba (6.17) gamovsaxoT gaSlili saxiT, miviRebT, 
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(6.22) 

 

   bmuli Rvarcofis daumyarebeli moZraobis angariSi haerisa 

da hidravlikuri xaxunis winaaRmdegobis koeficientebis gaTva-

liswinebiT realizebulia kompiuterze beisikis enaze. 

   sawyisi monacemebis mniSvnelobebi icvleboda Semdeg sazRv-

rebSi: kalapotis qanobi i = 0,05...0,7; kalapotis sigane B= 

=5,0...25,0 (m);  bmuli  Rvarcofis  xarjis cvlis intensivoba q* = 

= 500 ... 4000 (kg/m.wm); hidravlikuri xaxunis koeficienti Kx= 

=0,1...0,05; haeris Subluri winaRobis koeficienti Kh = 0,01...0,05; 

mdinaris tranzituli ubnis sigrZe l = 300...1500 (m). 

   konkretuli magaliTisaTvis dauSviT, rom i = 0,2; Kh = 0,1; 

xolo l  ki 300≤ l ≤ 1 500(m). angariSis Sedegi datanilia 6.5 

suraTze. 

bmuli Rvarcofis talRis daumyarebeli moZraobis dros 

erT-erT ZiriTad maxasiaTebel sidideT iTvleba inerciis 

Zalis mniSvnelobis dadgena, romelic aerodinamikaSi [60] 
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cnobilia, rogorc struxalis (St) ricxvi. saqarTvelos Rvar-

cofuli tipis mdinareebze, maT Soris mdinare durujze gav-

lili Rvarcofis bunebrivi dakvirvebebis analizma dagvanaxa, 

rom struxalis ricxvi icvleba Semdeg sazRvrebSi 0 < St < 10, 

xolo konkretuli magaliTisaTvis struxalis ricxvsa da 

nakadis talRis siRrmes Soris damokidebulebis grafikebi, 

haeris Subluri winaRobis koeficientis sxvadasxva mniSvnelo-

bis dros naCvenebia 6.6 suraTze. 

 

 

 

    

   sur. 6.5.   

bmuli Rvarcofis talRuri moZraobis grZivi 

           profilebi  haeris winaRobis koeficientis 

 sxvadasxva mniSvnelobebisas. 
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    sur. 6. 6.  

 St = f ( h, Kh) damokidebulebis grafiki. 

 

   amrigad, warmodgenili meTodi  bmuli Rvarcofis daum-

yarebeli moZraobis angariSi hidravlikuri xaxunisa da haeris 

Subluri winaRobis koeficientebis gaTvaliswinebiT gvaZlevs 

saSualebas drois nebismier momentSi viangariSoT nakadis 

yvela is ZiriTadi parametrebi, romlebic ganapirobeben bmuli 

Rvarcofis talRur moZraobas Rvarcofsadinaris im ubnebze, 

sadac intensiurad mimdinareobs mdinare durujis kalapotis 

deformaciuli procesebi. 
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   6.3.  bmuli Rvarcofis talRis formebis dadgena 

         xaxunisa da haeris winaRobis gaTvaliswinebiT 

 bmuli Rvarcofis kinetikuri energia da Sesabamisad am 

nakadebis damangreveli Zalis sidide sxva faqtorebTan erTad 

damokidebulia, nakadis talRis, rogorc formasTan, agreTve 

mis sigrZesTan, radganac es sidideebi ganapirobeben Rvarco-

fis simZlavres. 

   Teoriuli kvlevebisa da md. durujze gavlili bmul Rvar-

cofze dakvirvebebma dagvanaxa, rom talRis siCqaris mniSvne-

lobebi frontis areSi gacilebiT metia, vidre mis ukana 

nawilSi, amitom nakadis talRis rogorc formis, aseve misi 

sigrZis Seswavla haeris Subluri winaRobis koeficientis 

gaTvaliswinebiT aqtualuria. 

   am sakiTxis Seswavlis mizniT ganvixiloT bmuli Rvarcofis 

daumyarebeli moZraobis gantoleba mudmivi xarjis SemTxvevaSi 

[15]:  
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   ;     (6.23) 

 
   talRis formebis dadgenisaTvis (xaxunisa da haeris 

Subluri winaRobis koeficientebis gaTvaliswinebiT) saWiroa 

(6.23) gantolebaTa sistema CavweroT nakadis talRis fronti-

saTvis, amisaTvis davuSvaT, rom X = (x-V1t). Tu gaviTvaliswinebT 

zemoT ganxilul daSvebas da gavamartivebT (6.23) damokide-

bulebas miviRebT: 
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   ,           (6.24) 

 
 

sadac, V1 _ nakadis frontSi gavrcelebis siCqarea (m/wm). 

   Tu (6.24) gamosaxulebis mniSvnelobebs SevitanT (6.23) 

gantolebaTa sistemaSi da gaviTvaliswinebT sasazRvro 

pirobebs, miviRebT: 
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  ,         (6.25) 

e.i 
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                      (6.26) 

 
 gavaintegralod (6.26) damokidebuleba, 

 

1
2

2

2

2 2

2tg
K V

g

h
K V g

tg
K V

g

n h tg
K V

g

K V

g
X C










 









 


  

h

x

h

h x

 




cos

/ cos

cos

cos cos
( )

( )      (2.27) 

integrebis mudmivas dasadgenad dauSvaT, rom rodesac X = 0, 

maSin h = 0, e.i. 
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  Tu (6.28) gamosaxulebis mniSvnelobas SevitanT (6.27) ganto-

lebaSi da gardavqmniT, miviRebT damokidebulebas, romlis 
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daxmarebiTac SesaZlebeli iqneba nakadis talRis frontis 

formebis dadgena: 
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 ,   (6.29) 

 

   sadac X _ aris manZili, romelic dakavSirebulia moZrav 

koordinatebTan. nakadis talRis formebis dadgenisaTvis 

haeris Subluri winaRobis koeficientis (Kh) sxvadasxva 

sidideebis gaTvaliswinebiT, vuSvebT sawyis mniSvnelobebs: Kx= 

= 0,2; V = 10 (m/mw);  = 30; Kh = 0,01; 0,020 da 0.025. angariSis 

mniSvnelobebi datanili aris 6.7 suraTze. 

   Rvarcofis nagebobaze dartymis Zalis maqsimaluri sididis 

dasadgenad sxva faqtorebTan erTad erT-erT ZiriTad para-

metrs warmoadgens bmuli Rvarcofis talRis sigrZis dadgena, 

romlis mniSvnelobac Rvarcofis saSualo siRrmis mixedviT 

naCvenebia naxazze ( ix. suraTi 6. 8. ). 
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sur. 6. 7. 

h  =  f ( X ,  Kh ) damokidebulebis grafiki. 

 

 

 

 

sur. 6.8.  

 X0 = f ( h ) damokidebulebis grafiki. 
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   Rvarcofis talRis sigrZe iangariSeba Semdegi empiriuli 

damokidebulebiT : 

 

          X0= 6,5 h0,77  ,  (m).                       (6.30) 

 

   Catarebuli kvlevis saimedoobis dasadgenad miRebuli Sede-

gebi Sedarebuli iyo iaponeli mecnieris profesor t. taka-

haSis [55] monacemebTan. Sedarebam dagvanaxa, rom Rvarcofis 

didi siCqareebiT moZraobis SemTxvevaSi (rodesac maxis ricxvi 

M  0,015) 20%_iT da zogjer meti sididiTac gansxvavdebian. es 

gansxvaveba gamowveulia imiT, rom Cvens maTematikur modelSi 

Rvarcofis talRis formebis dadgenis dros hidravlikuri 

xaxunis koeficientTan erTad gaTvaliswinebulia haeris 

Subluri winaRobis koeficientic, romelic ZiriTadad 

ganapirobebs nakadis talRis, rogorc formis, aseve sigrZis 

mniSvnelobebs. 

   amrigad, viciT, ra Rvarcofis talRis, rogorc formis 

saangariSo gamosaxuleba (6.29), aseve misi sigrZis dasadgeni 

damokidebuleba (6.30) sirTules aRar warmoadgens viangariSoT 

nakadis maqsimaluri (damangreveli) Zalis sididis mniSvneloba 

gamowveuls nakadis talRis moqmedebiT, romlis mniSvnelobac 

gacidebiT didia, vidre Zalisa gaangariSebuli nakadis saS-

ualo siCqaris gaTvaliswinebiT. 
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7. Rvarcofuli procesebis prognozireba 

 katastrofebis Teoriis gamoyenebiT 

 Rvarcofuli masis wonasworobisa  

                 da misi  daZvris analizi 

 bunebaSi dafiqsirebulia iseTi movlenebi (kaSxlebis ngre-

va, Tovlis zvavebis daZvra da sxva), romelTa moZraobis 

dawyeba mimdinareobs ara TandaTanobiT, aramed naxtomis 

formiT_uecrad, raRac mcire drois monakveTSi, gamonaklis 

arc Rvarcofuli procesebi warmoadgenen, romelTa masis 

momzadeba xdeba, rogorc mTis ferdobis eroziis, aseve mTis 

ferdis wonasworobis darRveviT (mewyeri), xolo Rvarcofuli 

masis wonasworobis darRveva xdeba uecrad [12,14]. 

 ganvixiloT mdinare durujis saTaveSi Savi kldis ero-

ziul RranteebSi dagrovili Rvarcofuli masa, romelic 

imyofeba zRvrul wonasworul (uZrav) mdgomareobaSi. am 

SemTxvevaSi eroziul RranteebSi dagrovili erTeuli mocu-

lobis Rvarcofuli masisaTvis deformaciis potencialuri 

energia Ep cnobili literaturuli wyaroebisa [1,12,14,15] da 

Catarebuli gardaqmnebiT gamoisaxeba Semdegi damokidebulebiT  

 

Ep=  
2

2

1

1

3 2

3 2

2

E
atg c

sin 

  

  


  

  
    ,                                    (7.1) 

 

sadac E — gruntis drekadrobis modulia  sin — mdinaris 

kalapotis qanobi,  — gruntis gverdiTi wnevis koeficientia, 

romelic puasonis koeficientTan dakavSirebulia Semdegi 

damokidebulebiT [1]: 

 

  =


 1
.                                                          (7.2) 
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SemovitanoT aRniSvna: 

A  2

2

1

1

3 2

3 2E sin 

  

  


  

  
 .                                               (7.3) 

 

   gruntis sakuTari woniT gamowveuli vertikaluri wneva (Pw), 

tenianobis  (W) gaTvaliswinebiT tolia [50]: 

 

                                                     Pw = mS (1+0,01W)h .                   (7.4) 

 

   Tu gaviTvaliswinebT (7.3) da (7.4) damokidebulebebs, (7.1) 

gantoleba miiRebs Semdeg saxes: 

 

                                                      Ep = aA(tg+c)2,                         (7.5) 

 

   sadac,  — gruntis Siga xaxunis kuTxea, c — gruntis 

SeWidulobis Zalaa, xolo, 

 

                                               a  2mS h cos2(1+0,01 W) .              (7.6) 

 

rogorc (7.5) gamosaxulebidan Cans Rvarcofuli masis 

deformaciis potencialuri energia damokidebulia or  da c 

Sinagan cvdadze da erT garegan - W  parametrze _ tenianobaze. 

  davadginoT potencialuri energiis gradienti koordinatTa 

saTaveSi, simartivisaTvis aRvniSnoT: 

 

y y c1 2  ,   da  














E
dE

dy

dE

dyp
p p

1 2

,  .             (7.7) 
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   ganvixiloT tgy1 funqciis teiloris mwkrivad gaSla: 

 

                          tgy1 =  y1 + 
1

3

2

15
1

3

1

5y y                   (7.8) 

 

  Tavdapirvelad Seviswavlod tgy1 funqciis (7.8) teiloris 

mwkrivad gaSlis mesame nakadi ( j3 ), e.i. 

 

                                                              ( j3 ) tgy1  =  y1   
1

3
1y .                   (7.9) 

 

   (7.9) gantolebis gaTvaliswinebiT (7.5) miiRebs Semdeg saxes: 

 

                                                  Ep =A a y y y1 1

3

2

2

1

3










 









  .                (7.10) 

 

  potencialuri energiis gradienti tolia; 

 

 
dE

dy
2Aa a y

1

3
y y 1 y

dE

dy
2A a y

1

3
y y

p

1

1 1

3

2 1

2

p

2

1 1

3

2

 








 









  

 








 























;

;
         (7.11) 

                    

  radgan potencialuri energiis gradienti koordinatTa 

saTaveSi tolia nulis (Ep = (0,0) = 0 ), maSasadame aracxadi 

funqciis Teoremis gamoyeneba ar SeiZleba da saWiroa Seva-

mowmoT morsis lemis piroba, e.i. davadginoT e.w. “hesianis” 

gadagvarebis piroba [33,51]. SemovitanoT aRniSvna: 

 

                         H
d E

d dy y
iji j

 














2

p

,      i j =1 2,                   (7.12) 
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   potencialuri energiis meore rigis kerZo warmoebulis 

povnis Semdeg “hesiani” koordinatTa saTaveSi miiRebs Semdeg 

saxes: 

                    
2 2

2 2
0

2Aa Aa

Aa A
  ,                          (7.13) 

 

xolo (7.13) gamosaxulebis determinanti tolia: 

 

                 det(H*) = 4A
2
a

2 
- 4A

2
a

2 
= 0 ,                          (7.14) 

   e.i. morsis lemis piroba ar sruldeba da maSasadame 

kritikuli wertili araizolirebuli gadagvarebuli werti-

lia, anu warmoadgens ara morsis kritikul wertils; radgan 

Ep=0 da det (H*) = 0, amitom SeiZleba gamoviyenoT gancalkevebis 

lema, amisaTvis saWiroa vipovoT “hesianis” maxasiaTebeli 

gantolebis sakuTrivi mniSvneloba,  

 

                
a a

a

2

1
0









 .                        (7.15) 

 (7.15) gantolebis amoxsniT miviRebT 1 = 0  da 2 = (a2+1), rad-

gan 2  0, amitom sawyisi Sinagani ori cvladidan cvladTa 

lokaluri gardaqmniT, gadagvardeba mxolod erTi cvladi, e. i. 

potencialuri funqcia cvladTa gardaqmnis 









 Semdeg miiRebs 

saxes [51]: 

    

                        Ep   


Cat J K f XM( , ) 2 ,                        (7.16) 
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Ñsadac, Cat (J, K) — katastrofis funqciaa [3,51], J — cvladTa 

raodenoba, xolo K — parametrebis raodenoba, fM — morsis 

kvadratuli forma. Cvens SemTxvevaSi J = 1, K = 1  amitom tomis 

Teoremis Tanaxmad [33,51], miviRebT:  

                                                  Cat (1,1) = x a x1

3

1 1  .                    (7.17) 

miRebuli katastrofa warmoadgens tomis Svidi katastrofidan 

e.w. “nakecis” katastrofas. potencialuri energiis lokaluri 

saxe koordinatTa saTaveSi mocemulia 7.1 suraTze, xolo 

kritikuli wertilis mniSvneloba ki tolia: 

X1 =  ( / )a 1 3  .                       (7.18) 

   kritikul wertilTa simravle mocemulia sur. 7.2_a_ze, 

rogorc (7.18) gamosaxulebidan Cans funqciis lokaluri 

minimumia X1 = _ ( /a1 3 ), romelSic imyofeba faqtiurad zemoT 

aRwerili movlena a1  parametris sxvadasxva mniSvnelobebisaT-

vis. 

  

sur. 7.1. 

 potencialuri energiis grafiki. 
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rogorc Cans parametris uaryofiTi mniSvnelobebisaTvis po-

tencialur energias aqvs erTi lokaluri minimumi, xolo 

dadebiTi mniSvnelobebisaTvis funqcias lokaluri minimumi 

saerTod ar gaaCnia, rac imas miuTiTebs, rom (a1 = 0) wertilSi 

potencialuri energiis gradienti ganicdis naxtoms da 

fizikuri movlena gadadis sxva mdgomareobaSi, romelsac Cveni 

maTematikuri modeli ar aRwers, e.i. iwyeba zRvrul wonasworo-

baSi myofi Rvarcofuli masis moZraoba. (a1 = 0) — wertils 

ewodeba bifurkaciis wertili da igi Cvens SemTxvevaSi 

erTaderTia (ix. sur. 7.2_b ). 

 

 

    sur. 7.2.   

potencialuri energiis kritikuli wertilebi. 

           a) lokaluri minimumebi da maqsimumebi. 

          b) bifurkaciis wertili. 

   amrigad, erT parametriani bmuli Rvarcofuli masis 

modelis SemTxvevaSi, Rvarcofuli masis zRvrul wonasworobi-

dan gamosvla aRiwereba “nakecis” katastrofiT. akademikos c. 

mircxulavas naSromSi [43] naCvenebi aqvs, rom Tovlis zvavisa 

da Rvarcofis frontis gaCerebis aRmweri movlena warmoadgens 
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“nakecis” katastrofas, rac erTxel kidev miuTiTebs Catare-

buli kvlevis saimedo mimarTulebaze. 

   ganvixiloT mcire simZlavris mewyeri da dauSvaT, rom mTis 

ferdis daZvris sibrtyes aqvs wrfivi xasiaTi (ix.sur. 7.3); sadac 

  — mTis ferdobis sigrZea, L — dacurebis sibrtyis sigrZea, 

H* — mTis ferdobis simaRle. Camocurebis sibrtyeSi gruntis 

aqtiuri (kritikuli) SeWidelobis Zalis mniSvneloba tolia 

[50]: 

 

   
c

H
  

  



    

 2

sin sin

sin cos
.                          (7.19) 

 

 

 

   sur. 7. 3.   

mTis ferdis ganivi Wrili. 

 

gavawarmooT (7.19) gamosaxuleba  — kuTxiT (gruntis Camon-

grevis kuTxe) miviRebT: 

 

   
dc

d 
=

       



 
 

     



cos sin sin cos

sin cos

      

 

0 0 0

;       (7.20) 
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ganvixiloT c() funqciis teiloris mwkrivad gaSla:  

 

                3

3

2

2100 aaaa c            (7.21) 

 

 davadginoT (7.21) mwkrivis koeficientebi: 

 

               
 

a a0

2

2
 


sin ;

 
                    (7.22) 

              a1 0 ;                               (7.23) 

                             a a2    ;                            (7.24) 

                              a 3 0 ;                              (7.25) 

    a a4

1

3
 ;                            (7.26) 

     sadac,                   


a


 2sin cos
 

mwkrivis koeficientebis gaTvaliswinebiT (7.21) gamosaxu-

leba miiRebs Semdeg saxes[12]: 

 

 
 




 422

0
3

1

2
sin 


 aaac  ;     (7.27) 

 

  katastrofebis Teoriidan cnobilia, rom kritikuli wer-

tili gadaugvarebulia, maSin da mxolod maSin, rodesac 

D x

2

0
f 0, sadac f R R:     funqcia da  x0 — kritikuli werti-

lia; am SemTxvevaSi morsis lemis Tanaxmad arsebobs 

koordinatTa gluvi lokaluri gardaqmna, ris Sedegadac  f — 

funqcia miiRebs  x2_is mniSvnelobas, sadac niSani 
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emTxveva D x

2

0
f _is niSans, Cvens SemTxvevaSi ,0

0

2  acD   e.i. 

gruntis masis SeWidulobis Zalis funqciis qveda 0 wertilSi 

lokalurad aRiwereba   a 2
 funqciiT, romlis grafiki 

mocemulia 7.4 suraTze [12]. 

   Catarebuli maTematikuri analizidan gamomdinare SeiZleba 

gavakeTod Semdegi daskvna: 

   mTis ferdobis gruntis moculobiTi wonis gazrdasTan 

dakavSirebiT gruntis Siga xaxunis kuTxe () izrdeba da 

rodesac is miaRwevs lokaluri maqsimumis wertils (0), maSin 

gruntis SeWidulobis Zalis mniSvneloba kritikulia  c(0)kr , 

romlis mciredi cvlilebisas (SeSfoTebisas) iwyeba mTis 

ferdis Camocureba sibrtyeze sigrZiT — L0 (ix. nax. 7.3) 

 

 

 

   sur. 7. 4.   

mTis ferdis gruntis SeWidulobis 

        Zalis funqciis grafiki. 
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7. 2. Rvarcofis zemoqmedebisas tramplinis tipis    

axali RvarcofsawinaaRmdego nagebobebis 

  SesaZlo  wyobidan gamosvlis gamokvleva. 

    hidroteqnikuri nagebobebi, maT Soris Rvarcofsawina-

aRmdego nagebobebic Sedgeba calkeuli kvanZebisagan, romelTa 

kritikul zRvarze muSaobam SesaZlebelia gamoiwvios kon-

struqciis wyobidan, gamosvla. 

   ganvixiloT tramplinis tipis gamWoli (TaRovan_koWovani) 

nageboba, romelzec moqmedebs Rvarcofi (ix.sur. 7.5).  

   Rvarcofis zemoqmedebis Sedegad konstruqciis kvanZebis 

mixedviT nagebobis SesaZlo wyobidan gamosvla, SeiZleba 

ganvixiloT: a) koWis rxeva; b) koWis Runva; da g) TaRis 

wyobidan gamosvla. 

   ganvixiloT nagebobis wyobidan gamosvla, koWis rxevis 

Sedegad. Rvarcofi, romelic moZraobs  kuTxiT daxril 

mdinaris kalapotSi, nagebobaze moqmedebs ZaliT (F) , romlis  

 

 

sur. 7. 5. saangariSo sqema. 

 

zemoqmedebis Sedegad koWi iwyebs rxevas da CaiRuneba  y 

mimarTulebiT (ix.sur. 7.6) [13,58]. 
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   sur. 7. 6. ZalTa samkuTxedis asagebi saangariSo sqema. 

 

nagebobaze moqmedi dinamikuri Zalis mniSvneloba tolia [13]: 

 

F  4 5, V2C() ,                              (7.28) 

 

sadac,  aris Rvarcofis simkvrive,  — nagebobis is farTobi,  

romelzedac moqmedebs Rvarcofi, C()— saZiebeli kuTxea. 

   Rvarcofis zemoqmedebisas koWis rxevis amsaxvel gantolebas 

aqvs Semdegi saxe [58]: 

           my ry ky     4,5V2 C() ,                      (7.29) 

   sadac,  m aris koWis masa,  r — koWis dempferi,  k — 

drekadi zambaris  maxasiaTebelia,  y — koWis Runva, xolo  y -  

koWis Runvis siCqarea. ZalTa samkuTxedidan ganvsazRvroT () 

kuTxis mniSvneloba (ix. nax. 7.6), miviRebT: 

               ( ) = arctg Vtg
y

V















cos
.                     (7.30) 

 (7.29) damokidebulebaSi Semavali funqciis kritikuli 

wertilebis sapovnelad, (7.30) damokidebuleba gavSaloT 

teiloris mwkrivis saxiT. Tu am mwkrivs gavawrfivebT da 

gardavqmniT, miviRebT: 

C( )= A0 - A1 ,                        (7.31) 
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sadac, 

                

A
tg

tg

A
tg

tg

0

2

0

2

1 1

2

1


 


















 



 

;

;
+1- 1+ tg

sin 2

                            (7.32) 

 

(7.31) da (7.32) gantolebebis gaTvaliswinebiT  (7.29) damokide-

buleba miiRebs Semdeg saxes:   

 

                 my ry ky V A A     4 5 2

0 1,                  (7.33) 

 (7.33) gantolebaSi  -kuTxe aRvniSnoT, rogorc  = arctgx, 

maSin, 

      (x) = arctg00 + x  1
1 2x

0 = x                (7.34) 

 e.i.  

arctgx = 1
1 2x

                       (7.35) 

(7.34) da (7.35) gantolebebis gaTvaliswinebiT  — kuTxis mniS-

vneloba toli iqneba: 

Vtg + y/ Vcos _ .                 (7.36) 

 

(7.36) damokidebulebis gaTvaliswinebiT (7.29) gantoleba mi-

iRebs Semdeg saxes: 

 

my ry ky    = 4,5V2A0 _ A1(Vtg + y/ Vcos _  ).     (7.37) 

(7. 37)  gantolebaSi SemovitanoT aRniSvna: 

 

A  +  A B

A tg B

A B

V (B B V ) (V);

0 1

1 1

2

2
0 1

3















 














0

1

;

;

/ cos ;

4,5 f

                    (7.38) 
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 (7.38) damokidebulebebis mniSvnelobebi SevitanoT (7.37)_Si, 

miviRebT: 

 

)(')5,4(" VfkyyVrmy   .                 (7.39) 

 

   Tu CavatarebT (7.39) gantolebis analizs miviRebT, rom 

Rvarcofis nagebobaze zemoqmedebisas, koWis rxevas aqvs 

mdgradi fokusi, e.i. adgili aqvs xofis maRali xarisxis 

bifurkacias (ix. sur. 7.7), xolo koWis rxevis grafiki drosTan 

kavSirSi naCvenebia 7.8 suraTze. 

 

 

 

sur. 7.7.  nagebobis mdgradi da aramdgradi wertilebi. 

 

   rogorc grafikidan Cans (ix. sur. 7.8) koWis rxeva drosTan 

kavSirSi milevadia, es niSnavs, rom nagebobebis wyobidan ga-

mosvla koWis rxevis Sedegad dauSvebelia, radgan tramplinis 

tipis  nagebobis zeda biefSi dagrovili Rvarcofuli masis 

wona gamoiyeneba koWis dempfers rxevis CaqrobaSi. Tu 

tramplinis tipis nagebobebis daproeqtebis dros, sxva maCve-

neblebTan erTad gaviTvaliswinebT optimizaciis elementebsac, 

nagebobis muSaobis procesSi koWis rxeva SeiZleba gamyenebuli 

iyos Rvarcofis energiis efeqturi CaqrobisaTvis; 
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sur. 7.8.  koWis rxevis grafiki drosTan kavSirSi. 

 

    rac Seexeba nagebobis wyobidan gamosvlas koWis Runvis 

Sedegad, rodesac koWis orive bolo xistad aris Camagrebuli 

da misi sigrZe ucvlelia, es procesi katastrofebis Teoriis 

mixedviT Seswavlilia da igi warmoadgens e.w. "awyobis 

katastrofas". 

    ganvixiloT nagebobis wyobidan gamosvla TaRis avariis 

SemTxvevaSi. TaRze Rvarcofis zemoqmedebis Sedegad moqmedebs 

jamuri Zala, romelic tolia [15] : 

 

]2)([5,0)(5,4 5,02

1

2

1

2 hlHlHBCVF stst  j  ,       (7.40) 

 

sadac,  aris Rvarcofuli masis moculobiTi wonaa (kg.Z/m3), H
1- 

nagebobaze Rvarcofuli masis  simaRle (m), lst
 - nagebobis sig-

rZea (m). 

   Rvarcofuli masis gavleniT TaRis forma SeviswavloT 

furies mwkrivad gaSlis saxiT [58]: 

 

y(x) = a
j

j
j
sin( )

x

11


 ,                      (7.41) 
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sadac y(x) TaRis formis aRmweri funqcia, ôaj — aris TaRis Sua 

wertilis daSoreba X — RerZidan, xolo 
1 — ki TaRis malis 

sigrZea. 

   TaRi Rvarcofis zemoqmedebis procesSi ganvixiloT ro-

gorc arakumSvadi koWi, romlis sawyisi forma sinussoi-

daluri saxisaa. am dros TaRis sigrZe aRiwereba Semdegi 

damokidebulebiT [13]: 

 

LLL01 = 1+
1
2 2

2

1

2

1

1
ja

j

j
( ) ...








                     (7.42) 

   (7.41) gantoleba TaRis formis warmodgenis usasrulo saxea, 

romelic SeiZleba Seicvalos TaRis formis mdgradobis 

sasrulzoliani sivrciT, amisaTvis ki (7.41) damokidebulebaSi 

sakmarisia furies mwkrivis pirveli ori koeficienti, romel-

Tagan pirveli gviCvenebs TaRis mdgradobas, meore ki TaRis 

simrudes (deformacias), e.i. 

 

y(x) = a
1

1

sin( )x


 + a
2

1

2sin( )x


.                   (7.43) 

 

(7.43) gantolebaSi e.w. furies koeficientebi SegviZlia 

ganvixiloT, rogorc datvirTvis garegani parametrebi. 

Rvarcofis TaRze zemoqmedebis procesSi TaRs fizikurad 

SeiZleba qondes deformaciis oTxi forma (ix. sur. 7. 9). 

 

sur. 7. 9.  TaRis deformaciis formebi.  
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(7.43) damokidebulebis gaTvaliswinebiT (7.42) gamosaxu-

leba miiRebs Semdeg saxes: 

 

        LL01 = 
1+ 

1
4
( 

a1

1
)2 + ( 

2 2

1

a


)2 - 


1
8
 3

8
 (

a
1

1


)4 + 

             + 3
2
( 

a1

1
)2 ( 

2 1

1

a


)2 + 3

8
( 

2 1

1

a


)4 .                                                 

(7.44) 

 

 Rvarcofis zemoqmedebis dros TaRis muSaobis prcesSi 

aRZruli potencialuri energia tolia [58]: 

 

EEp = 
2  







1

0
2

2

dx
dx

yd


 ,                          (7.45) 

 

sadac,  — TaRis deformaciis koeficientia.  

   Tu (7.42) gamosaxulebis mniSvnelobas SevitanT (7.45)_Si da 

TaRis muSaobis potencialur energias gamovsaxavT furies 

mwkrivis ori koeficientiT, miviRebT: 

 

EEp = 
1

2
( 

1
)4 a1

2 + ( 2

1



)4 a 2

2  .            (7.46) 

 

   Rvarcofis zemoqmedebis Sedegad jamuri Zalis (Fj) mier 

Sesrulebuli muSaoba, romelic iwvevs TaRis deformacias da 

gadaadgilebas y(x) manZiliT, tolia: 

 

y(x)  = y0(x) - y(x) = a1
0 sin( )x

1

 - a sin( )1

1

x


 - a sin( )2
2

1

x


.    (7.47) 
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e.i. Rvarcofis jamuri Zalis (Fj) moqmedebisas potencialuri 

energia, romelic aRwers statikurad idealur TaRs gamoisa-

xeba Semdegi funqciiT: 

 

Ep (a1,a2,Fj) = 
1

2
( 

1
)4 a 1

2 + ( 2

1



)4a 2

2  -
2 Fj 1


( a 1

0 - a 1 ).    (7. 48) 

 

  (7.48) damokidebuleba SeiZleba gavamartivoT, Tu koefici-

entebs a
1 - sa da a

2 -s ori cvladis magivrad gamovsaxavT erTi 

cvladiT. Tu es gamosaxva invariantulia niSnis mimarT e.i. a
1
 

±a
1
 da a

2
±a

2
, xolo niSani SeirCeva TaRis formis cvlile-

bis mixedviT, miviRebT: 

                               

a1 =  f(a2), sadac a1
0
 = f1(0).                 (7.49) 

 

radgan a
2
 ±a

2
 (a10) amitom f — funqcia luwia da teiloris 

mwkrivad gaSlis dros kenti xarisxebi ar gveqneba, xolo 

koeficientebi ki ise SevarCioT, rom gardaqmnebi gamartivdes. 

radgan koeficientTa raodenobrivi cvlileba ar iwvevs 

procesis struqturul cvlilebas anu ar icvleba topo-

logiuri forma, miviRebT: 

 

 
a a

2

a
a

2

a
a ;

a (a ) 4 a ;

1 1

0

1

0

2

1

0
3 1

4

1

2

1

0 2

2

2

   

 









2 
                    (7.50) 

 

SevitanoT (7.50) gamosaxulebis mniSvnelobebi (7.46)_Si: 

 

Ep = 
1

2
( 

1
)4  a1

0
2

+3B 1 ( 
1
)4 - 

4

1

0

F

a

j 1


 a 2

2 - 
4

1

0 3 2

4
F

( )
a

j 1


 a
   .    (7.51) 
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SemovitanoT aRniSvnebi: 

 

Á

Á

Á

0
1 1

4

1

0 2

2
1 1

4
1

1

0

4
1

1

0 3

4

3 4

4

1

2
1

4

   

 



















B / ( / ) ( ) ;

B ( / ) / ;

/ ( ;

F

F )

 

  





 



a

a

a

j

j

                (7.52) 

 

(7.52)-is gaTvaliswinebiT, (7.51) gamosaxuleba miiRebs Semdeg 

saxes: 

 

Ep = Á Á Á
0 2 2

2

4 2

41

2

1

4
 a a     .                (7.53) 

 

(7.53) gamosaxuleba warmoadgens e.w. "Sebrunebuli awyobis" 

katastrofas  (ix.sur.7.10), igi Cveulebrivi "awyobis" katastro-

fisgan gansxvavdeba mxolod uaryofiTi niSniT, magram es 

umniSvnelo gansxvaveba iwvevs did fizikur cvlilebas, kerZod 

Rvarcofis TaRze jamuri Zalis (Fj) moqmedebis Sedegad 

potencialuri energiis aRmweri funqciis minimumebi da 

maqsimumebi icvlian adgils. sazogadod "awyobis" katastrofas 

yovelTvis gaaCnia erTi mainc "globaluri" minimumi da 

marTveli parametrebis cvlilebis dros, Tu "ikargeba" erTi 

minimumi maSinve warmoiSoba meore da amdenad "awyobis" 

katastrofa aRwers mdgrad sistemas, magram Cvens SemTxvevaSi 

"Sebrunebuli awyobis" katastrofas mxolod erTi "lokaluri" 

minimumi gaaCnia, roca parametrebi imyofebian marTveli 

parametrebis sivrcis Siga areSi (ix. sur. 7. 11). 
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sur. 7. 10.  "Sebrunebuli awyobis" katastrofis grafiki. 

 

 

 

sur. 7. 11.  "Sebrunebuli awyobis" katastrofis  

         "lokaluri"  minimumebis   grafiki. 

 éradgan Rvarcofebis moZraoba bunebaSi mimdinareobs 

talRiseburad, amitom nagebobaze datvirTvebi, rogorc stati-

kuri, aseve dinamikuri izrdeba da miiswrafis im kritikuli 

Zalis mniSvnelobisaken, romlis drosac furies mwkrivis meore 

koeficientis a2-is mniSvnelobis mcire sididiT "SeSfoTebac" 

ki iwvevs TaRis uecriv wyobidan gamosvlas. TaRis dangreva 

Rvarcofis moqmedebis Sedegad iwyeba maSin, rodesac misi 

simZimis centri gadaadgileba, anu rodesac Rvarcofis 

nagebobaze moqmedi Zalis muSaoba gadaaWarbebs TaRis 

deformaciis energias. am dros TaRi iwyebs moZraobas qvemoT 

da mas veraferi ver daakavebs amobrunebul mdgoma-reobis 

miRebamde. es kidev erTxel miuTiTebs, rom Rvarcofis 
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zemoqmedebis dros TaRis wyobidan gamosvla aRiwereba 

"Sebrunebuli awyobis" katastrofiT da TaRis ngreva xdeba 

Rvarcofis kritikuli Zalis gadaWarbebisTanave — myisierad. 

marTlac, rodesac marTveli parametrebi gadakveTen nakecis 

bifurkaciis wirebs isini moxvdebian im gare areSi, sadac 

funqcias saerTod ar gaaCnia minimumi da xdeba TaRis wyobidan 

gamosvla ( ix. nax. 7. 10). 

   realurad RvarcofsawinaaRmdego mSeneblobis praqtikaSi ar 

arsebobs udefeqto nagebobebis kvanZi rogorc mSeneblobis 

procesSi daSvebuli Secdomis, aseve samSeneblo masalis 

dabali xarisxi; agreTve Rvarcofis bunebidan gamomdinare 

tramplinis tipis nagebobaze zemoqmedebisas datvirTebi 

arasimetriulad aris ganawilebuli, romlebic saerTo jamSi 

iwvevs nagebobis wyobidan gamosvlas kritikul Zalaze naklebi 

ZaliT. Tu gaviTvaliswinebT zemoT aRniSnul mosazrebas da 

_iT aRvniSnavT TaRis SesaZlo ganzogadoebul defeqtebs, 

xolo E_iT Rvarcofis nagebobaze moqmedebis Sedegad TaRSi 

aRZrul kinetikuri energiis nazrds, miviRebT Semdeg 

SemTxvevas(ix. sur. 7. 12). Tu winaswar gvecodineba, an Cven Seva-

fasebT TaRis defeqtis xarisxs, maSin  _is Sesabamis wirze 

 

sur. 7. 12. TaRis avariis gamomwvevi  

               minimaluri Zalis grafiki. 
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wertilis moZebniT vipoviT im minimaluri Zalis mniSvnelobas, 

romelic am nagebobisaTvis damangreveli iqneba, e.i. Tu TaRma 

adre Rvarcofis zemoqmedebis Sedegad miiRo saSualo xarisxis 

defeqti, maSin Semdegi Rvarcofis zemoqmedebisas, miuxedavaT 

imisa, rom am Zalis sidide ar iqneba kritikuli Zalis sididis 

toli, savsebiT SesaZlebelia moxdes TaRis wyobidan gamosvla, 

miTumetes SemTxvevaSi Tu es datvirTva dinamikuria. 

 

 

 

 

 

 

 

 

 

 

8. mdinare durujis kalapotis regulirebisaTvis    

axali sainJinro-ekologiuri RonisZiebebi 
 

saqarTvalos mecnierebaTa akademiis wyalTa meurneobisa 

da sainJinro ekologiis institutSi avtoris mier damuSa-

vebuli aris bunebis stiqiuri movlenebis sawinaaRmdego axali 

nagebobebi, romelTa mecnierul-teqnikiuri siaxlis priorite-

tebic daculia 10 sazRvargareTuli  da 7 saqarTvelos paten-

tis mowmobebiT. 

iuneskos saerTaSoriso programis (―IDNDR‖, 1991-2000 ww) 

Sesabamisad avtorma frangul enaze gamosca monografia ”gare-

mos damcavi nagebobebis axali konstruqciebi”, sadac ganxilu-

lia zemoT aRniSnuli garemosdamcavi nagebobebis kostruq-

ciuli daxasiaTeba da maTi proeqtirebisaTvis gaangariSebis 

meTodologia [21]. 
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 zemoT aRniSnuli wignis mecnier redaqtori akademikosi 

cotne mircxulava aRniSnavs, rom ” nagebobebis praqtikaSi 

gamoyeneba, maTi konstruqciuli Taviseburebidan gamomdinare, 

sagrZnoblad gazrdis kaSxlebis saimedo muSaobis albaTobas 

da Semcirdeba konstruqciis wyobidan gamosvlis riski. 

stiqiuri movlenebis warmoSobis TvalsazrisiT, saqarTvelo 

aris bunebrivi laboratoria da Tu mxedvelobaSi miviRebT 

mdinareebis durujis, aragvis, cxeniswylis, aWaris wylis da 

sxva Rvarcofsadinarebis wyalSemkrebi auzebis katastrofiul 

ekologiur mdgomareobas, SeiZleba iTqvas, rom samecniero 

naSromi  Cveni qveynisaTvis da aramarto saqarTvelosaTvis 

aqtualuria da mecnier specialistebis yuradRebis centrSi 

moeqceva” [53]. 

akademikos c. mircxulavas prognozma marTlac, rom ga-

amarTla, rodesac wignis prezentacia 1999  w. Sedga amerikis 

SeerTebul StatebSi q. vaSingtonSi avtoris staJirebis dros; 

amerikis garemos dacvisa da agrarul departamentebSi didi 

Sefaseba misces msoflioSi cnobilma  mecnier-specialistebma: 

teqnikis mecnierebaTa doqtorebma,  profesorebma: Aa. bortvikma 

(oqsfordis universiteti), d. vandai (kanada), m. bextma 

(germania), d. vikzorekma (aSS), profesorma x. tognasam 

(Sveicaria), “iuneskos” stiqiuri ubedurebisa da garemos dacvis 

ganyofilebis gamgem, profesorma t. Saafma (safrangeTi) da a.S.  

warmodgenil naSromSi ganxilulia axali konstruqciebi, 

romlebic SesaZlebelia gamoyenebuli iyos mdinare durujis 

auzSi mimdinare dedamiwis zedapiris destruqciuli proce-

sebis sawinaaRmdegod.  
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8.1. eroziis sawinaamdego nagebobebi 

   mTis ferdobis eroziis sawinaaRmdego axali konstruqcia 

[10] uzrunvelyofs gruntis nawilakebis adgilze Sekavebas, 

ewinaaRmdegeba eroziis gavrcelebas mTis ferdobze, qmnis 

mcenarisaTvis normalur ekologiur garemos da xasiaTdeba 

dabali samSeneblo-samontaJo xarjebiT. 

    nageboba Sedgeba polieTilenis tomrebisagan (1), romlebic 

Sevsebulia adgilobrivi gruntiT (2), ixile suraTi 8.1. 

    polieTilenis tomrebi (1) gruntis zedapirze damagrebuli 

aris liTonis samagrebiT (3), xolo mTis ferdobis Tavisufal 

adgilebSi Wadrakuli ganlagebiT dargulia mwvane nargavebi 

(4). polieTilenis tomrebi (1) gegmaSi gruntis zedapirze 

ganlagebulia mcenareebis garSemo radialurad, romlebic 

erTmaneTTan dakavSirebulia (gadabmulia) polieTilenis masa-

liT. 

 eroziis sawinaaRmdego mowyobiloba, romelic naCvenebia 

8.2 naxazze Sedgeba mtkice sinTetikuri masalisagan damzadebu-

li grZeli tomrebisagan – 1, romlebic Sevsebulia adgilob-

rivi inertuli masaliT – 2 da mTis ferdobze damagrebulia 

maRali simtkicis samagrebiT- 3 (ixile saqarTvelos patenti  

#UU 925, biul. # 15(115) , 2002 gv. 25 - 26) . 

 mTis ferdobze mosuli didi intensiuri wvimebis Sedegad 

warmoSobili zedapiruli wylis nakadebis kinetikuri energiis 

Casaqrobad sinTetikuri grZeli tomrebis ganlageba ferdobis 

mTel siganeze erTmaneTis mimarT paralelurad, texil xazze, 

an rkalze uzrunvelyofs zedapiruli wylis nakadis siCqaris 

Semcirebas da aqedan gamomdinare, amcirebs nagebobis zeda 

biefSi tomrebsa da niadags Soris grZivi mimarTulebiT 

naRvarevebisa da xramebis warmoSobas.  eroziis sawinaaRmdego 
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nagebobis efeqturi muSaobisaTvis sinTetikur tomrebs Soris 

manZili ise unda daproeqtdes, ra Tqma unda gamrecxi siCqaris 

gaTvaliswinebiT, rom mTis ferdobze adgili ar qondes, 

rogorc siRrmiT, aseve sibrtyiT erozias adgili. 

 

sur. 8. 1.  

eroziis sawinaaRmdego konstruqcia. 

 

 

 

sur. 8. 2.  

 eroziis sawinaaRmdego mowyobiloba. 
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ñsur. 8. 3.  

ëmdinaris kalapotis eroziis  

sawinaaRmdego nageboba. 

mdinaris kalapotSi eroziis sawinaaRmdego nageboba [9], 

warmoadgens konstruqcias, romelic Sedgeba mdinaris 

kalapotSi Wadrakulad ganlagebuli rkina-betonis marTkuTxa 

kveTis Webisagan, romlebic damagrebuli aris mdinaris 

kalapotis ferdebze(ix.sur. 8.3). nagebobis wina kedels aqvs 

iseTi simaRle, rom kalapotSi wamosulma normaluri xarjis 

Sesabamisma wylis simaRlem, ar gadaaWarbos nagebobis wina 

kedlis simaRles, xolo konstruqciis sigane mdinaris 

kalapotis siganis naxevarze naklebia. 

eroziis sawinaaRmdego nageboba Sedgeba: rkina_betonis 

Webisagan (3), gamWoli miwis zeda kedlisagan (1), romelic 
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Sedgeba vertikaluri koWebisagan (2), wina (4) da ukana (5) 

betonis kedlebisagan. nagebobis mdinareSi kalapotSi efeqturi 

ganlageba gamoricxavs mdinareebSi movardnili wylis 

hidrologiuri reJimis darRvevas, agreTve uzrunvelyofs mTis 

nakadebis mier transpotirebuli natanebis   maqsimalur 

SeCerebas mdinaris ekologiuri reJimis daur-Rvevlad. 

mdinaris kalapotSi eroziis sawinaaRmdego nageboba 

muSaobs Semdegi principiT: mTis nakadi, romlis simaRle metia, 

vidre normaluri wylis xarjis simaRle, moqmedebs rkina-

betonis Wis wina kedelze (4), romelzedac gadaedineba xarjis 

nawili da myar fraqciebTan erTad Caedineba WaSi (3) sadac 

xdeba nawili natanebis moxvedra da daleqva, xolo energia-

dakarguli nakadi wvril fraqciebTan erTad Caedineba 

nagebobis gverdiTi gamWoli ferdidan (1) da a.S. nakadi 

moZraobs Widan Wamde, vidre ar moxdeba mTis nakadis energiis 

Caqroba. 

 

 

 

 

8. 2. RvarcofsawinaaRmdego nagebobebi 

 RvarcofsawinaaRmdego gamWoli, tramplinis tipis axali 

nagebobebis daniSnulebas warmoadgens nakadis dartymis Zalis 

Semcireba, gansakuTrebiT nakadis parametrebis katastrofuli 

mniSvnelobebisas, agreTve konstruqciebis gamartiveba-gaiafeba.  

qvemoT ganxiluli konstruqciebis upiratesoba arsebul-

Tan SedarebiT Semdegia: a) nagebobis saimedo da xangrZlivi 

muSaoba; b) mTis mdinareebis efeqturi stabilizacia da g) 

didi ekonomiuri efeqti - warmodgenili nagebobebi Sendeba 
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rkina - betonisa da meoreuli masalisagan (Camowerili rkinis 

relsebi, amortizirebuli liTonis bagirebi da a.S.), romelTa 

raodenoba mTliani samSeneblo masalis 50_80%_s Seadgens. 

 RvarcofsawinaaRmdego nageboba [56] warmoadgens TaRo-

van_konusur konstruqcias, yru konusuri wveriT, romelic 

dakavSirebuli aris rkinis relsebTan da naxevrad wriuli 

TaRebis  meSveobiT qmnis tramplins. konusis wveri mimTulia 

nakadis moZraobis sawinaaRmdegod (ix. sur. 8. 4). rkinis koWebi 

nagebobis zedapirze qmnian samkuTxedis, an zog SemTxvevaSi 

trapeciuli kveTis RreCoebs, romlis saSualebiTac Txieri 

xarji wvril fraqciebTan erTad Caedineba nagebobis qveda 

biefSi, xolo SedarebiT msxvili fraqciebi rCeba nagebobis 

zedapirze, anu zeda biefSi. 

    Rvarcofis moZraobisas nagebobis wveri Suaze yofs nakads, 

romlis Semdeg energiadakarguli nakadi moZraobs nagebobis 

zedapirze, sadac xdeba nakadis energiis ZiriTadi Caqroba.  

   

sur. 8. 4. 

 TaRovan_konusuri formis nageboba. 
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      konstruqcia, romelic warmodgenilia 8.5 _ suraTze war-

moadgens cilindruli formis tramplinis tipis nagebobas, 

romelic wina konstruqciisagan gansxvavdeba, RreCoebis mart-

kuTxa formiT [5]. nagebobis yru konusiT gadaketilia mdina-ris 

kalapotis mTeli ganivi kveTi, romelic Tanabrad amci-rebs 

nakadis dartymis Zalas nagebobaze da gamoricxavs nakadis 

Zalismier moqmedebas TaRis quslebSi. nagebobis maketi 

gagzavnili iyo gamomgonebelTa msoflio gamofenaze 

(bulgareTi q. plovdivi, 1985 w.) romelic dajildovda dip-

lomiT da premiiT, aseve q. moskovSi saerTaSoriso gamofenaze 

(ВДНХ), naSromi dajildovda brinjaos medliT. nagebobis 

muSaobis principi TiTqmis analogiuria wina konstruqciasTan 

SedarebiT, im gansxvavebiT, rom TaRovan - cilindruli for-

mis nagebobis zedapirze ufro efeqturad xdeba Rvarcofis 

energiis Caqroba. 

   RvarcofsawinaaRmdego TaRovan_safexurebiani formis nage-

boba [40], warmoadgens rkinis relsebisagan Sekrul karkas, 

romlebic erTmaneTTan dakavSirebulia SeduRebiT, an  moqlo- 

nebiT, rkinis karkasi mdinaris kalapotSi Camagrebulia beto-

niT (ix.sur. 8.6). 

   nagebobis RreCoebis marTkuTxa forma Rvarcofis eneriis 

efeqturi Caqrobis saSualebas iZleva da gamoricxavs nakadis 

nagebobaze maqsimalur Zalur moqmedebas. Rvarcofis gavlis 

dros, ZiriTad (pirvel) Zalismier zemoqmedebas iRebs nage-

bobis pirveli safexuri, sadac xdeba nakadis struqturis pir- 

veli rRveva; Semdeg nakadi moZraobs nagebobis cilindruli 

formis safexurebze, sadac mimdinareobs Rvarcofis energiis 

Tanabari Caqroba. 
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sur. 8. 5.  
cilindruli formis  

RvarcofsawinaaRmdego  nageboba. 
 

 

 

sur. 8.6.  

TaRovan safexurebiani formis nageboba. 
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   konstruqcia [6], romelic naCvenebi aris 8.7_suraTze warmo-

adgens trapeciuli formis Rars nakadmimarTveli rkina_beto-

nis kedlebiT; nagebobis ferdebi dakavSirebulia mdinaris 

kalapotis (xeobis) gverdebTan romelTa kuTxis mniSvnelobac 

icvleba 110 _ 1600 _is farglebSi. 

nagebobis ferdebi warmoadgenen rkinis koWebs, romlebic 

erTmaneTTan qmnian marTkuTxa formis RreCoebs. nagebobis 

centrSi moTavsebulia rkina_betonis saZirkveli, romelsac 

aqvs tramplinis forma da romelzec moZraobs Rvarcofi. 

     nagebobis trapeciuli forma, nakadmimarTveli kedlebiT, 

saSualebas gvaZlevs SevamciroT, rogorc nakadis dartymis 

Zalis mniSvneloba, aseve nagebobaze moqmedi natanebis anu 

Rvarcofuli masis gravitaciuli (woniTi) dawola, romelic 

nagebobis saimedo muSaobis garantias iZleva. 

         

            sur. 8. 7.  trapeciuli formis nageboba.  
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    RvarcosawinaaRmdego safexurebiani baraJi [8] Sedgeba rki-

na-betonis horizontalurad ganlagebuli koWebisagan, rom-

lebzedac vertikalur sibrtyeSi damagrebulia rkinis koWebi 

da meore boloTi ki Camagrebulia mdinaris kalapotSi (ix. 

sur. 8. 8). rkina - betonis koWebis boloebi erTmaneTTan dakav-

Sirebulia elifsuri formis betonis TavebiT, romlebic 

nagebobis muSaobisa da mdgradobis albaTobas zrdian. 

    Rvarcofis moZraobisas nagebobis horizontalurad ganla-

gebuli  rkina_betonis koWebi nakadis energias amcireben ver-

tikalur sibrtyeSi, xolo elifsuri formis betonis Tavebi 

nakads anawileben kalapotis mTlian siganeze horizontalur  

sibrtyeSi. 

    

 

    sur. 8.8.  RvarcofsawinaaRmdego  safexurebiani baraJi. 

 

RvarcofsawinaaRmdego nageboba [11], romelic warmoadgens 

tramplinis tipis konstruqcias Sedgeba rkina_betonis Rari-
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sagan, romlis simaRle izrdeba nakadis moZraobis mimar-

TulebiT (ix. sur. 8. 9. ).  

 

 sur. 8. 9.  RvarcofsawinaaRmdego nageboba. 

 

nageboba warmoadgens paraboluri formis Rars, boloSi 

moxveulobiT mdinaris RerZisaken, siganiT mdinaris kalapotis 

naxevarze naklebi, romelic miSenebuli aris mdinaris ferdze.  

Raris paraboluri forma saSualebas iZleva rodesac mdina-

ris kalapotSi moedineba katastrofuli Rvarcofi, warqmod-

genili konstruqcia ar itboreba da igi muSaobs efeqturad.                          

   RvarcofsawinaaRmdego nageboba [25] Sedgeba TaviT elif-

suri moxazulobis tramplinisagan, agreTve gamWoli ganivi da 

grZivi nakveTurebisagan moTavsebuls mdinaris kalapotis 

centrSi, simaRlis zrdadobiT nagebobis zeda biefidan qveda 

biefisaken, amasTanave konstruqciis gamWol tansa da mrud-

wirul nakadmimarTvel kedlebs Soris moTavsebulia hidrav-

likuri Rarebi nakadis energiis damatebiTi CaqrobisaTvis, 
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romelTa siganec mcirdeba TandadanobiT nakadis moZraobis 

mimarTulebiT (ix. sur. 8. 10 ). 

 

sur. 8. 10.  RvarcofsawinaaRmdego nageboba. 

 

  mdinaris kalapotSi Rvarcofis moZraobis dros nage-

bobis elifsuri moxazulobis kvanZi (1) orad yofs nakads. 

dayofili nakadebi moZraoben hidravlikur RarebSi (5), Semdeg 

nakadi ganivi nakveTurebis (2) saSualebiT Caedineba grZiv 

nakveTurebSi (3),  sadac energiis Caqrobis mizniT, xdeba dayo-

fili  nakadebis erTmaneTTan Sejaxeba. 

   nakadis energiis efeqturi CaqrobisaTvis konstruqciis mu-

Saobis procesSi  pirvelad gamoyenebulia principi — “nakadi 

nakadis winaaRmdeg”. 

energiadakarguli nakadebi moZraoben tramplinis tipis 

hidravlikur RarebSi da nakveTurebis saSualebiT xdeba na-

kadis energiis dakargva. bolos nagebobis grZivi nakveTurebis 

saSualebiT (3) nakadi gaedineba konstruqciis tanidan. 

   Tu mdinaris kalapotSi moedineba katastrofuli paramet-

rebis mqone nakadi, am SemTxvevaSi nageboba muSaobs igive 
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principiT, im gansxvavebiT, rom nakadis energiis saboloo 

Caqroba xdeba mrudwiruli nakadmimarTveli kedlebisa (4) da 

mrudwiruli kvanZis (1) saSualebiT, romelic mimdinareobs na-

gebobis qveda biefis dasawyisSi. 

   rogorc zemoT aRvniSneT nakadis energiis CaqrobisaTvis 

gamoyenebulia principi “nakadi nakadis winaaRmdeg”, romelic 

xorcieldeba etapobrivad. 

   RvarcofsawinaaRmdego nagebobis zomebi, maTi ganlagebis 

sqema, grZivi da ganivi nakveTurebis, agreTve mdinaris kala-

potSi adgilis SerCeva xdeba, rogorc Rvarcofis simZlavris, 

da sxva dinamikuri maxasiaTeblebis, agreTve mdinaris 

kalapotis bunebriv_topografiuli pirobebis gaTvaliswine-

biT. rac Seexeba nagebobis mSeneblobisaTvis gamoyenebul 

samSeneblo masalas, SesaZlebelia, am SemTxvevaSi gamoyenebu-

li iyos mdinaris kalapotSi arsebuli adgilobrivi 

nedleuli, rogoricaa: sila, RorRi, qva, kirqvebi; xolo 

saduRabe masalad gamoyenebuli iyos mdinaris kalapotSi 

arsebuli TeTri qvis gamowvis Sedegad miRebuli kiri, Tu es 

amis saSualebas ar gvaZlevs gamoviyenoT cementis xsnari. 

  Rvarcofis energiis CamxSobi nageboba [26] warmoadgens 

gamWol nakveTurebian Raruli tramplinis tipis konstruq-cias, 

romelic mdinaris kalapotSi eyrdnoba sayrdenebze (ix. sur. 

8.11). Rari Sesrulebulia naxevarcilindris formiT, romlis 

zedapirzec amokveTilia wriuli formis nakveTurebi, amasTan 

erTad sayrdenebs Soris gaTvaliswinebulia Rvarcof-gamyofi 

sayrdeni kedeli. 

Rarze Rvarcofis moZraobisas wriuli formis nakve-

TurebSi Txier masasTan erTad Caedineba wvrili fraqciebi, 

xolo SedarebiT didi diametris mqone fraqciebi rCeba Raris 
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zedapirze romlebic uku moZraobiT rCebian nagebobis zeda 

biefSi. 

 

   sur. 8. 11.  Rvarcofis energiis Camqrobi nageboba. 

 cxaura tipis Rrutaniani RvarcofsawinaaRmdego baraJi 

(ix. sur. 8. 12) Sedgeba naxevrad sferuli formis elementebisa-

gan - 1, romelTa tanSic amokveTilia mrudwiruli formis 

nakveTurebi - 2 (ixile saqarTvelos patenti # P 2862, biule-

teni #15(115) , Tbilisi 2002, gv. 19. ).  

 

 

 

   sur. 8. 12. cxaura tipis Rrutaniani 

                 RvarcofsawinaaRmdego baraJi. 
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baraJi SeiZleba damzadebuli iyos rogorc rkina-betonis, 

aseve maRali simtkicis sinTetikuri masalisagan, an Camosxmu-

li iyos liTonisagan. baraJis elementebi cal-calke Camagre-

bulia kalapotSi, magaliTad ankeriT –3, betonis fuZeze.LK 

nagebobis teqnikuri Sedegia baraJis eqspluataciis vadi-

sa da saimedoobis gazrda, romelic miiRweva Rrutaniani na-

xevrad sferuli formis safexurebis mdinaris kalapotSi 

gegmaSiE tolferda samkuTxedis ganlagebiT, wveriT Rvarco-

fis moZraobis sawinaaRmdegod, romelTa simaRlec izrdeba 

nakadis moZraobis mimarTulebiT. 

 

 

 

 

 

 

 

LKE  

 

 

 

8. 3. Tovlis zvavis sawinaaRmdego nageboba 

zvavsawinaaRmdego nageboba [18] Sedgeba ferdobze Ca-

magrebuli sxvadasxva simaRlis liTonis (Camowerili) dgare-

bisagan (1), romlebSic seqciebad gayrilia avtomanqanis amor-

tizirebuli saburavCamocmuli (2) liTonis elastiuri bagi-

rebi (3), xolo dgarebis Tavze xistad damagrebulia liTonis 

rigeli (4), romlis gruntidan daSoreba izrdeba Tovlis 

zvavis moZraobis mimarTulebiT (ix. sur. 8. 13. ). 
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   Tovlis zvavis sawinaaRmdego nagebobas gegmaSi aqvs Ruzis 

msgavsi forma, wveriT mimarTuli zvavis moZraobis sawina-

aRmdego mimarTulebiT, xolo  nagebobiT mTis ferdobis da-

cul zolebSi SesaZlebelia gaSenebuli iyos mwvane nargavebi;  

 

sur. 8. 13.  zvavsawinaaRmdego nageboba. 

 

imis da mixedviT, Tu warmodgenili nageboba mTis ferdo-

bis ra adgilze iqneba ganlagebuli, muSaobis principidan ga-

momdinare SeiZleba ganvixiloT ori varianti: 

1. rodesac nagebobebi ganlagebulia  mTis ferdobis 

mTel farTobze. 

   am SemTxvevaSi nageboba warmoadgens Tovlis zvavis warmo-

Sobis winaaRmdeg momuSave konstruqcias. 

    mTis ferdobze nagebobebis Wadrakuli an sxva optimaluri 

saxiT ganlageba, aseve maT Soris manZilebis sworad dadgena 

saSualebas iZleva, rom mTis ferdobze ar moxdes Tovlis 

safaris statikuri wonasworobis darRveva da Tu es moxda, 
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maSin konstruqciis formidan gamomdinare, Tovlis zvavs eqne-

ba mcire moculoba. 

   garda zemoT aRniSnulisa, mTis ferdobze nagebobis mier 

dacul zolebSi darguli mwvane nargavebi, ara marto avseben 

(aRadgenen) mTis ferdis ekosistemas, aramed ewinaaRmdegeba 

Tovlis zvavis warmoSobis process; 

   2. im SemTxvevaSi, rodesac mTis ferdobis topografiuli 

garemo ar gvaZlevs warmodgenili konstruqciis mTis fer-

dobis mTel farTobze ganlagebis saSualebas am dros 

nageboba muSaobs, rogorc Tovlis zvavis moZraobis sawina-

aRmdego konstruqcia. 

   kerZod misi muSaobis procesi mdgomareobs SemdegSi: 

Tovlis zvavis moZraobisas, ZiriTad dartymis Zalas iRebs 

nagebobis wveri, romelic Tovlis zvavs yofs or nawilad, 

xolo energiadakarguli Tovlis nakadebi Semdeg moZraoben 

nagebobis gamWol seqciebisaken, sadac xdeba maTi energiis 

sruli Caqroba. Tovlis zvavis dinamikidan cnobilia, rom 

zvavis moZraobis dros misi moculoba moZraobis mimar-

TulebiT TandaTan izrdeba, amitom warmodgenil konstruq-

ciaSi nagebobis rigelis (4) gruntidan daSorebac Tovlis 

nakadis moZraobis mimarTulebiT izrdeba, romelic nagebobis 

mier Tovlis zvavis moculobis didi raodenobiT Sekavebis 

saSualebas iZleva. 

   nagebobis warmodgenili konstruqciuli gadawyveta mTis 

ferdobis dacul zolebSi mwvane nargavebis (5) gaSenebis 

SesaZleblobas iZleva, rac amJamad ase aqtualur problemas 

warmoadgens, maRalmTian regionebSi mTis ferdobebis ekosis-

temebis aRdgenis saqmeSi. 
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9. tramplinis tipis TaRovani da safexurebiani 

          formis RvarcofsawinaaRmdego nagebobebis 

  proeqtirebisaTvis gaangariSebis meTodologia 

        da maTi muSaobis saimedoobis Sefaseba.  

         9.1. nagebobis gaangariSebis meTodologia 

 RvarcofebTan brZolis erT-erT perspeqtiul RonisZiebas 

warmoadgens mcire gabaritiani, aratradiciuli konstruqciis 

sainJinro nagebobaTa sxvadasxva saxeobebi, romelTa gamoyene-

bis sfero ganisazRvreba Rvarcofebis tipebis mixedviT. 

 tramplinis tipis RvarcofsawinaaRmdego nagebobebis( ix. 

merve Tavi) daproeqtebisaTvis, Rvarcofis fizikur-meqanikuri, 

reologiuri da sxva ZiriTadi maxasiaTeblebis gaTvalis-

winebiT Teoriuli, laboratoriuli da savele kvlevebis sa-

fuZvelze damuSavebuli iqna Rvarcofebis hidrologiuri da 

RvrcofsawinaaRmdego konstruqciebis gaangariSebis meTodo-

logia.    

 warmodgenili meTodologiis sailustraciod ganvixi-

loT konkretuli magaliTi, risTvisac daSvebulia Rvarcofu-

li tipis sadinarSi turbulenturi Rvarcofis formireba da 

misi regulireba TaRovan-konusuri formis nagebobiT (ix. sur. 

8. 4 ). 

 dasaregulirebelia 10 l km. sigrZis Rvarcofuli xasiaTis 

mdinaris kalapoti. kalapotis grZivi qanobia i = 0.05; 

wyalSemkrebi auzis farTobi F = 0.21 km2 ; myari natanis saS-

ualo da minimaluri diametrebi ki  d = 22.6 (sm), dmin= 20.0 (sm); 

turbulenturi Rvarcofis moculobiTi wona ki tolia Rv = =1.3 

(t.Z/m3). 

 



 88 

a) Rvarcofis hidrologiuri angariSi 

 turbulenturi(arabmuli) Rvarcofis 0.1 %-iani uzrunvel-

yofis xarji gamoiTvleba (4.4) damokidebulebiT: 

 

                             0.5021.0)5.040034(4.2 61.0%1.0

max Q  (m3/wm).          (9.1)  

   

 mdinaris kalapotis sigane da am kalapotSi turbulentu-

ri Rvarcofis saSualo siCqare gamoiTvleba Semdegi damokide-

bulebiT[19]: 

 

          
m/wm)

m)

(5.150)226.0(16.0d0.16V

(2.1150)226.0(0.30.3

70.037.070.0

m ax

0.37

53.051.053.0

m ax

51.0





Q

QdB
 ;         (9.2) 

 

 turbulenturi Rvarcofis mier transportirebuli myari 

natanebis saSualo diametri  tolia[19]: 

 

    m)(24.050)05.055.62.0()55.62.0( 64.073.264.073.2  Qid .      (9.3) 

 

 gansxvaveba bunebriv monacemebsa (22.6 sm.) da miRebul 

sidides Soris (24 sm.) ar aRemateba 6 %-s, amitom Semdgom 

angariSSi vsargeblobT (9.3) formuliT miRebul maCvenebliT. 

 turbulenturi Rvarcofis siRrme mdinaris sworkuTxa 

formis ganivkveTSi tolia: 

 

               m)(97.2
2.115.1

0.50max 






BV

Q
h                    (9.4) 

 

 turbulenturi Rvarcofis koncentracia (S) prof. m. ga-

goSiZis [30] damokidebulebiT tolia: 
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18.0
0.165.2

0.13.1












wyqv

wyRv




S ;                  (9.5) 

 

 amrigad, turbulenturi Rvarcofis ZiriTadi hidro-

logiuri maCveneblebis dadgenis Semdeg SesaZlebelia tram-

plinis tipis axali RvarcofsawinaaRmdego TaRovan-konusuri 

nagebobis hidravlikuri angariSi. 

 

 

 

 

 

b) nagebobis hidravlikuri angariSi. 

 dasaproeqtebelia tramplinis tipis nageboba[56], romelic 

warmoadgens TaRovan-konusur gamWol sivrcul garss da mi-

iReba zrdadi simaRliT TaRovan sayrdenebze grZivi liTonis 

koWebis gadaxurviT(ix. sur. 8. 4). koWebi erTmaneTisagan daSo-

rebulia garkveuli manZilebiT, rac qmnis nagebobis zedapiris 

gamWolobas trapeciuli formis RreCoebiT. nagebobas aqvs 

solis formis grZivi Wrili, ganivkveTSi ki TaRis forma, rac 

ganapirobebs misi muSaobis mdgradobasa da saimedoobas. 

 nagebobis wriuli TaRis SemTxvevaSi konstruqciis simaR-

le tolia: 

 

                      m)k (6.52.115.0
2


B

RH ;               (9.6) 

 

 nagebobis sigrZes viRebT masze Rvarcofis garsSemo-

dinebis gaTvaliswinebiT. prof. m. gagoSiZis[30] mier dadge-
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nilia, rom Rvarcofis gaSlis kuTxe '  icvleba 110 –dan 130 – 

mde. konkretul SemTxvevaSi konusis gaSlis kuTxe fuZeze 

viRebT: .255.1222 0'

0    

konstruqciis maqsimaluri siganis (11.2 m) da konusis gaS-

lis kuTxis (250) mixedviT vadgenT nagebobis sigrZes, romelic 

tolia 28.0 m-is. nagebobis muSaobis saimedoobidan gamomdinare 

konstruqciis yru  nawilis sigrZes viRebT mTliani sigrZis 1/3 

–is tols, e.i. 9.0 m. 

nagebobis RreCos zomebis dasadgenad vsargeblobT damo-

kidebulebiT 85.0)/( d , e.i. rodesac Rvarcofis moculobaSi 

qvebis CanarTebi 85 % -ia, maSin koWebs Soris saSualo manZili 

iqneba: 

 

              (m)   30.085.0/26.085.0/  d ;                (9.7) 

 

Tu konusis dasawyisSi RreCos siganes miviRebT 0.30 m. 

maSin boloSi igi tolia: 

 

           m)minmaq (40.020.060.02  bb .               (9.8) 

 

amrigad, nagebobis boloSi RreCos maqsimaluri sigane 

tolia 0.40 m., xolo dasawyisSi ki 0.20 m. 

dauSvaT, Rvarcofi mdinaris kalapotSi moZraoba T= 6 wT-

s, maSin nagebobis mier 1 wT-Si  Sekavebuli Rvarcofuli masis 

moculoba iangariSeba formuliT[22]: 

 

)(2.276
)360/1()]30.0/24.0(05.095.0[

0.5018.0

)/1(])/(05.095.0[ 58.058.0

max 3m










Td

QS
WT . (9.9)  
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 TaRovan-konusuri formis nagebobis zeda biefSi dagrovi-

li Rvarcofuli masis gamawonasworebeli qanobis (i0) mniSvne-

loba  iangariSeba Semdegi empiriuli damokidebulebiT[7]: 

 

              )/()]/(/4.1)/(52.025.1[0 wymyk qqiiddi   ,         (9.10) 

 

sadac, ik aris konstruqciis ukuqanobi, qmy da qwy – myari 

natanebisa da Txieri fazis xvedriTi xarjia. Sesabamisi mona-

cemebis gaTveliswinebiT (9.10) damokidebuleba miiRebs Semdeg 

saxes: 

 

       036.018.0]65.0)56.04.1()3.0/24.0(52.025.1[ 07.1

0 i ;     (9.11) 

 

 Tu Rvarcofsadinaris regulirebas vaxdenT baraJebis 

mowyobiT, maSin nagebobebs Soris manZili tolia[38]: 

 

                   (m)
k

0.400
036.005.0

6.5

i-i 0





H

L .               (9.12) 

 

 nagebobis mier 90 % -iani qvebis CanarTebis daWeris Sem-

TxvevaSi Rvarcofis koncentracia( 'S ) iangariSeba[24]: 

 

              018.0
100

18.090
18.0

100

90
' 







S
SS ;              (9.13) 

 

 Rvarcofis nagebobaSi gavlis Semdeg turbulenturi 

nakadis moculobiTi wona iqneba[22]: 

 

          )(03.1)165.2(018.00.1)1('' 3
qvwyRv ./mt.Z  S ;     (9.14) 
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nagebobebis raodenoba (n) Rvarcofsadinaris dasaregu-

lirebel ubanze toli iqneba[38]: 

 

                        .3
400

10000 
L

l
n                        (9.15)  

 

 amrigad mdinaris kalapotSi asaSenebelia TanmimdevrobiT 

ganlagebuli tramplinis tipis TaRovan-konusuri formis sami 

nageboba ( ix. sur. 9.1). 

erTi nagebobis mier Sekavebuli myari natanebis SesaZlo 

moculoba (W0) iangariSeba Semdegi damokidebulebiT[22]: 

 

              )(54412
2

2.116.5400

2

B
0

3m
k








HL

W ;              (9.16) 

 

 

sur. 9. 1.  mdinaris kalapotSi nagebobebis  

        ganlagebis sqema. 

 

 Semdeg etapze warmoebs nagebobis angariSi mdgradobaze, 

romlis mixedviTac zustdeba saZirkvlis dasaSvebi defor-

maciebi da zomebi. misi ganxorcieleba SesaZlebelia kompi-

uterze sasrul elementTa meTodis gamoyenebiT[20]. 
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9. 2.  RvarcofsawinaaRmdego nagebobis  

saimedoobis Sefaseba  

tramplinis tipis, TaRovani da safexurebiani formis 

RvarcofsawinaaRmdego nagebobebis saimedoobis SefasebisaTvis 

saqarTvelos mecnierebaTa akademiis “hidroekologiis” insti-

tutis hidravlikur laboratoriaSi profesor f. SatberaSvi-

lis xelmZRvanelobiT Catarebuli iyo eqsperimentebi, romlis 

drosac daculi iyo modelirebis ZiriTadi moTxovnebi[7]. 

Rvarcofis nagebobaze zemoqmedebis modelis dazus-

tebisaTvis gamoyenebuli iyo dargis cnobili mecnierebis -   

akad. o. naTiSvilis, prof. m. gagoSiZis, prof. v. TevzaZis, 

teqnikis mecnierebaTa kandidatebis: g. beruCaSvilis, z. 

iordaniSvilis, m. maqaraSvilis, b. kalaZis, n. kvaSilavas, e. 

kuxalaSvilis, l. soxaZis, l. sulaqveliZis, d. fruiZis, i. 

xerxeuliZis, g. xerxeuliZis da sxva mecnierebis mier gamo-

qveynebuli Sromebi. 

eqsperimentis Catarebis procesSi ganxiluli iyo 

RvarcofsawinaaRmdego nagebobis, rogorc zeda biefis formi-

rebis procesi, aseve nagebobis zeda biefSi Rvarcofuli masis 

woniTi datvirTvisa da Rvarcofis dinamikuri dartymis Zalis 

cvlilebis xasiaTi. 

laboratoriuli cdebis Catarebis procesSi agreTve 

yuradReba gamaxvilebuli iyo nakadSi myari fraqciebis 

koncentraciaze, natanebis saSualo diametris zomaze, hidrav-

likuri Raris qanobze, turbulenturi Rvarcofis siCqarisa da 

myari fraqciebis xarjis cvlilebaze. 

tramplinis tipis, RvarcofsawinaaRmdego nagebobaze mya-

ri fraqciebis woniTi datvirTvis (Wp )  statistikuri  maCveneb-

lebi intervalebSi da Sesabamisi sixSiris maCveneblebi moce-
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muli aris cxrilSi (ix. cxr. 9.1), sadac (mi)   aris intervaleb-

Si ganmeoradobis raodenoba,  Pi  – ganmeoradobis sixSire ( Pi =  = 

mi / n) , sadac  n- statistikuri rigis raodenoba (n = 41);      Ai  =  = ( 

pi / j), sadac j intervalebis mniSvnelobebia. 

cxrili 9. 1. 

myari fraqciebis woniTi datvirTvis mniSvnelobebi. 

j.10
-2 0-15 15-30 30-45 45-60 60-75 75-90 90-105 105-120 

mi 21 5 4 3 2 3 1 1 

Pi 0.51 0.12 0.09 0.07 0.05 0.07 0.02 0.02 

Ai 3.40 0.80 0.60 0.46 0.33 0.46 0.13 0.13 

Wi 0.428 0.279 0.182 0.118 0.078 0.051 0.033 0.014 

n.Wi 17.55 11.44 7.46 4.84 3.19 2.09 1.35 0.57 

 

    cxrilis monacemebis gamoyenebiT (ix. cxr. 9. 1), agebu-

li iqna woniTi datvirTvis funqciis ganawilebis mrudi, ro-

melsac Seesabameba eqsponencialuri ganawileba da maTemati-

kurad is ase gamoisaxeba[27]: 

 

                )857.2exp(857.2)( pp WWf   ;                (9.17) 

 

am SemTxvevaSi pirsonis kriteriumi tolia 71.82  , Tavi-

suflebi xarisxis ki N = 6;  gaangariSebuli  iyo Teoriul 

ganawilebasa da histogramis monacemebs Soris Tanxvedris maC-

venebeli, romelmac 95 %-iani albaTobiT 80 %-i Seadgina. 

RvarcofsawinaaRmdego tramplinis tipis saimedooba nage-

bobis zeda biefis Rvarcofuli masis Sevsebamde Seadgina: 

 

         


l

p

W

ppp dWedWWfWP p

0

61.0

0

857.2

1 825.0857.2)()( ;           (9.18) 
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nagebobis wyobidan gamosvlis riski (R1)  konstruqciis 

zeda biefis Rvarcofuli masis woniTi datvirTvis SemTxveva-Si  

tolia: 

                              175.0825.01)(1 11  pWPR .                            (9.19) 

 

RvarcofsawinaaRmdego tramplinis tipis nagebabaze Rvar-

cofis dinamikuri dartymis Zalis mniSvneloba (F), gaangariSe-

buli iyo profesor m. gagoSiZis mier miRebuli damokide-

bulebiT[30], romelsac aqvs Semdegi saxe: 

 

                   sin2VKF      ,                  (9.20) 

 

sadac, K aris koeficienti, romelic tolia  K = 4.5 (wylis 

nakadisaTvis es maCvenebeli tolia K = 1.0, xolo Tovlis 

zvavisaTvis ki K = 1.5),  - Rvarcofis simkvrivea (kg/m3),  - 

nagebobis is farTobi romelzec moqmedebs Rvarcofi (m2), V - 

Rvarcofis saSualo siCqare (m/wm),  - tramplinis tipis nage-

bobis mdinaris kalapotSi daxris kuTxe (gradusi).  

 tramplinis tipis RvarcofsawinaaRmdego nagebobaze Rvar-

cofis dinamikuri dartymis Zalis ganawilebis funqciis dad-

genis mizniT gamoyenebuli iyo, rogorc laboratoriuli 

monacemebi, aseve bunebaSi Rvarcofis gavlis statistikuri 

rigi, romlis raodenobamac Seadgina 55 wertili. Rvarcofis 

nagebobaze dinamikuri dartymis  Zalis mniSvnelobebi icvle-

boda 3. 88 - 3024. 8 (n / m2) sazRvrebSi [28,30,47,48,49,61]. 

 bunebrivi monacemebis gamoyenebiT, romelTa mniSvnelobe-

bic mocemulia cxrilSi(ix. cxrili 9.2) agebuli iyo histogra-

ma; maTematikuri lodini tolia 45.437m , xolo eqspo-
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nencialuri ganawilebis xarisxis maCvenebeli tolia: 

0023.0/1  m , [27,28]. 

cxrili 9. 2. 

Rvarcofis dinamikuri dartymis Zalis mniSvnelobebi. 

FFi.10
2
 

(n/m2) 
0-3 3-6 6-9 9-12 12-15 15-18 18-21 

mi 31 12 3 5 1 1 1 

f(Fi) 0.564 0.218 0.055 0.091 0.018 0.018 0.018 

 

 tramplinis tipis RvarcofsawinaaRmdego nagebobaze 

Rvarcofis dinamikuri dartymis Zalis ganawilebas aqvs Semde-

gi saxe[15]:    

 

                      )0023.0exp(0023.0)( ii FFf  ;                 (9.21) 

 

 miRebuli (9.21) gamosaxuleba Seesabameba eqsponencialur 

ganawilebas, xolo Tanxvedra Teoriul ganawilebasa da 

histogramis monacemebs Soris pirsonis kriteriumis 2  -is mi-

xedviT[4]  70 % Seadgina. 

 RvarcofsawinaaRmdego nagebobis saimedooba Rvarcofis 

dinamikuri Zalis mxedvelobaSi miRebiT tolia[28]: 

 

             

l

iiii dFedFFfFP
0

61.0

0

0023.0

2 928.00023.0)()( ;           (9.22) 

 

 tramplinis tipis TaRovani da safexurebiani formis 

RvarcofsawinaaRmdego nagebobis wyobidan gamosvlis riski, 

konstruqciaze Rvarcofis dinamikuri dartymis Zalis mxedve-

lobaSi miRebiT tolia: 
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                    072.0928.01)(1 22  iFPR ;                 (9.23) 

 

 bunebaSi Rvarcofis nagebobaze zemoqmedebis SemTxvevaSi, 

paralelurad mimdinareobs, rogorc dinamikuri, aseve stati-

kuri Zalebis moqmedeba, amitom xdomilebebis erTdroulad 

moxdenis SemTxvevaSi nagebobis sruli saimedooba (P0) tolia: 

 

               766.0928.0825.0)()( 210  iP FPWPP ;                (9.24) 

 

xolo nagebobis wyobidan gamosvlis riski (R0) xdomilebebis 

erTdroulad moxdenis SemTxvevaSi tolia: 

 

                234.0766.0110  oPR  ;                (9.25) 

 

Tu ganvixilavT miRebuli Sedegebis analizs davrwmun-

debiT, rom warmodgenili tramplinis tipis axali nagebobebi, 

arsebulTan SedarebiT xasiaTdebian maRali saimedoobiT, rom-

elic ZiriTadad ganpirobebulia konstruqciuli gadawyveti-

lebiT. 

rac Seexeba axali sainJinro-ekologiuri RonisZiebebis 

ekonomiur maCveneblebs, bazisur rkina-betonis Rvarcofsawina-

aRmdego arsebul konstruqciebTan SedarebiT, igi saorien-

taciod erT grZiv metrze Seadgens 85 - 210 lars, romelic 

sagrZnoblad maRal maCveneblad iTvleba RvarcofsawinaaRm-

dego hidroteqnikur mSeneblobaSi. 
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d a s k v n a  

 mdinare durujis wyalSemkreb auzSi 2001-2002 ww. Cata-

rebuli savele-eqspediciuri kvlevebisa da avtoris mier 

gamoqveynebuli samecnieri literaturis analizis safuZvelze 

SesaZlebelia Camoyalibebuli iyos Semdegi saxis ZiriTadi 

daskvnebi da rekomendaciebi: 

 

1. q. yvarlis mosaxleobis mdinare durujis kalapotSi 

formirebuli Rvarcofebisagan efeqturi dacvis mizniT 

dadgenilia is kritikuli adgilebi, sadac SesaZlebelia 

mdinaris kalapotidan Rvarcofis amovardna; 

 

2. Seswavlilia mdinare durujis wyalSemkreb auzSi Camdi-

nare Rvarcofuli tipis Senakadebis mTis ferdobebis 

eroziis koeficientebi, romelic kavSirs amyarebs ero-

ziis klassa da ferdobis dazianebis xarisxs Soris; 

 

3.  dadgenilia mdinare durujis Rvarcofis sxvadasxva 

uzrunvelyofis maqsimaluri xarjebi, romlis gamoyenebi-

Tac SesaZlebelia Rvarcofsawinaamdego nagebobebis da-

proeqteba; 

 

4. saimedoobisa da riskis Teoriis gamoyenebiT dadgenilia 

mdinare durujis kalapotSi formirebuli maqsimaluri 

xarjebis  funqciis ganawilebis kanoni, romelsac aqvs 

veibulis saxe; 

 

5. miRebulia empiriuli damokidebuleba, romliTac iangari-

Seba mdinare durujis kalapotSi formirebuli Rvarco-
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febis mier transportirebuli Rvarcofuli masis mocu-

lobebi; 

 

6. SemoTavazebulia bmuli Rvarcofis frontis saSualo si-

Cqaris, talRis sigrZisa da frontis formebis saangari-So 

damokidebulebebi nakadis hidravlikuri xaxunisa da 

haeris Subluri winaaRmdegobis gaTvaliswinebiT;   

 

7. katastrofebis maTematikuri Teoriis gamoyenebiT pirve-

lad dadgenilia md. durujis eroziul RranteebSi 

dagrovili Rvarcofuli masis daZvris, mcire simZlavris 

mewyris moZraobis dawyebisa da tramplinis tipis axali 

Rvarcofs-awinaaRmdego nagebobebis wyobidan gamosvlis 

kriterialuri mniSvnelobebi, romlebic aRniSnuli 

procesebis prognozirebis saSualebas iZleva;   

 

8. damuSavebulia axali  meTodologia, romlis gamoyenebi-

Tac mdinare durujis kalapotSi SesaZlebelia trampli-

nis tipis axali RvarcofsawinaaRmdego nagebobebis 

daproeqteba; 

 

9. saimedoobisa da riskis Teoriis gamoyenebiT Sefasebulia 

tramplinis tipis axali konstruqciebis saimedooba da 

wyobidan gamosvlis riski, Rvarcofis dinamikuri dart-

ymis Zalisa da Rvarcofuli masiT gamowveuli woniTi 

datvirTvis nagebobaze calk-calke da erTdroulad 

moqmedebis SemTxvevaSi;  
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10.  miRebuli Sedegebi mdinare durujis auzSi mimdinare 

eroziul - Rvarcofuli procesebis prognozirebis saS-

ualebas iZleva, xolo naSromSi warmodgenili axali 

sainJinro - ekologiuri RonisZiebebis  praqtikaSi daner-

gva  qalaq  yvarlis  mosaxleobisa da mdinare durujis 

kalapotis mimdebare teritoriebis Rvarcofebisagan efeq-

turi dacvis saSualebas iZleva;  

 

11. mdinare durujis kalapotSi Catarebuli savele-eqspedi- 

ciuri kvlevis Sedegebi moxsenebuli iyo 2002 wlis 17 

dekembers iuneskos programis “adamiani da biosferos”  

saqarTvelos erovnuli komitetis (MAB)-is  sxdomaze.  
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З А К Л Ю Ч Е Н И Е 

 На основе полево-экспедиционных работ в бассейне реки Дуруджи 

и анализе опубликованных научных трудов автора, можно сделать 

следующие выводы и рекомендации: 

 

1. Для эффективной защиты населения г. Кварели от селевых 

потоков, формирующихся на реке Дуруджи, установлены те 

критические места в русле р. Дуруджи , где возможен перелив 

селевого потока; 

 

2. Изучены коэффициенты эрозии горных откосов в бассейне р. 

Дуруджи, которые связывают между собой класс эрозии и 

степень повреждения откоса; 

 

3. Установлены максимальные расходы селевого потока р. 

Дуруджи разной обеспеченности, при помощи которых, на 

следующем этапе, осуществляется проектирование противо-

селевых сооружений; 

 

4. На основе теорий надежности и риска установлен закон функции 

распределения максимальных расходов селя, формирующегося 

на р. Дуруджи , который имеет форму закона Вейбула; 

 

5. Получена эмпирическая зависимость, с помощью которой 

расчитывается объем селевой массы выносимой селевым 

потоком, формирующимся в бассейне р. Дуруджи; 

 

6. Установлена средняя скорость фронта, длина и форма волны  
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      связного селевого потока, с учетом гидравлического трения и  

лобового сопротивления воздуха; 

 

7. С помощью математической теории катастроф впервые 

определены критические значения сдвига селевой массы, на-

копленной в эрозионных очагах реки Дуруджи, условия начала 

движения маломощных оползней, которые дают возможность 

прогнозирования вышеуказанных процессов и выхода из строя 

новых  противоселевых  сооружений  трамплинного  типа; 

 

8. Разработана новая методология расчета, при помощи которой 

осуществляется проектирование новых противоселевых соору-

жений трамплинного типа на  р. Дуруджи; 

 

9. На основе теорий  надежности и риска оценена надежность 

работы и выход из строя новых противоселевых сооружений 

трамплинного типа, при совместном и раздельном динамичес-

ком и статистическом воздействии селя; 

 

10.  Полученные результаты дают возможность эффективно 

прогнозировать эрозионно-селевые процессы в бассейне р. 

Дуруджи, а  внедрение  новых инжнерно-экологических мероп-

риятий, разработанных в работе, дают возможность 

эффективной защиты населения г. Кварели и   примыкающих 

территорий р. Дуруджи от селевого потока; 

 

11.  Основные результаты полево-экспедиционных работ, 

проведенных на р. Дуруджи докладывались 17 декабря 2002 г. на 

заседании Национального Комитета Грузии по програме  

ЮНЕСКО  «Человек и биосфера». 
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C O N C L U S I O N 

  Taking into consideration the field -forwarding investigation   on the 

basin of the river Duruji and analysis of works published by the author  the 

following main conclusions can be made and recommendations can be given : 

 

1. For effective protection of the population of Kvareli from debris flow   

formed on the river Duruji, the critical places on the river-bed of Duruji, 

where overflow of debris flow is possible were spotted; 

 

2. Erosion coefficients of mountain slopes of debris flow flowing into the 

basin of river Duruji, which establishes links between the class  of 

erosion and degree of damage of a slope, were explored; 

 

3. Maximum charges on debris flow of river Duruji in different provisions 

were established, through which, at the following stage, anti-debris flow 

constructions are planned to design; 

 

4. On the basis of the theories of reliability and risk, the law of function 

distribution of the maximum charges on debris flow, formed on river 

Duruji, which has the form of the law Veibul was established; 

 

5. Empirical dependence, which helps us to calculate the volume of debris 

flow born by a flow formed on the river-bed of  Duruji was received; 

 

6. Taking into account  the hydraulic friction and frontal resistance of air, 

rated ratio of average speed of front, of length and form of a wave of 

structural debris flow was offered; 

 

7. Applying the mathematical theory of catastrophes, for the first time,  

conditions of movement of  debris-flow mass stored in the erosive 
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centres of river Duruji , the reasons of beginning of low-power landslips 

and  criterial values of wreck of new spring-board  type  debris flow 

protection  structures, which enable the forecasting of the above-

mentioned processes were established;  

 

8. The new calculation methodology, through which it is possible to design 

new spring-board type debris flow protection   structures in the river-

bed of  Duruji was worked out;  

 

9. Applying the theories of reliability and the risk,  the reliability of new 

spring-board  type debris flow protection  structures and   the risk of  

their damage   in case of   joint and separate dynamic and statistic 

influence of debris flow on the constructions  was determined; 

 

10. The received results enable us to predict effectively erosive-debris flow 

processes in the river-bed of  Duruji, and introduction of new engineer-

ecological measures worked out in the process of work ensures the 

effective protection of the population of Kvareli and contiguous territory 

of  river Duruji  from debris - flow; 

 

11. The basic results of the field-forwarding investigation carried out on 

river Duruji were reported at programme: UNESCO " The Man and 

Biosphere"  session of National Committee of Georgia on December 17, 

2002; 
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