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winasityvaoba 
 

dedamiwaze mimdinare klimatis cvlilebam adamianTa 

yuradReba miapyro garemos mdgomareobaze, vinaidan buneba 

myisve reagirebs mimdinare procesebze. rogorc cnobilia, 

klimatis cvlilebis fonze mimdinare globaluri daTboba, 

upirveles yovlisa , iwvevs yinulovani safris intensiur 

dnobas da Sesabamisad iseTi stiqiur-damangreveli procesebis 

aqtivacias , rogoric aris wyaldidobebi, zvavebi da katas -

trofuli Rvarcofebi .   

anomaliaTa Soris gansakuTrebuli adgili Rvarcofs 

ukavia da misi  gavlenis sferoe bSi moqceuli obieqtebis 

mwyobridan gamosvlis, miyenebuli ekonomikuri zaralisa  da 

adamianTa msxverplis mixedviT igi saSiSroebis umaRlesi 

riskis kategorias SeiZl eba mivakuTvnoT.  

dRevandeli monacemebiT garemos dacviTi RonisZiebebis 

gamoyenebis done aris dabali, rac iwvevs wylisa da miwis 

resursebis sakmaod did danakargs. amasTan erTad, eroziuli 

movlenebis Sedegad, Sevsebulia Rvarcofwarmomqmneli kere-

bis qvabulebis didi nawili, mZime mdgomareobaSia da reguli -

rebas moiTxovs RvarcofsadinarTa kalapotebi, savalalo 

mdgomareobaSia an saerTod ar arsebobs Rvarcofsaregu lacio 

nagebobebi. 

gamomdinare zemoaRniSnulidan RvarcofsacavebSi mimdi-

nare procesebi, maTi saangariSo maxasiaTeblebis cvlilebis 

prognozireba, satranzito ubnebze da gamotanis konusebze 

moZraobis pirobebis Sefaseba da Teoriul -eqsperimentul 

kvlevebSi gamoyenebuli meTodebis gaRrmaveba-dazusteba 

Rvarcofuli procesebis Seswavlis aqtualur problemad 

rCeba. 

monografi aSi ganxilulia Rvarcofuli movlenebi  da 

maTi buneba, klasifikacia, gavrcelebis areali rogorc 

saqarTvelosa da kavkasiaSi, aseve mTel msoflio Si; gaanali -
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zebulia Rvarcofuli movlenebis Seswavlis Tanamedrove 

mdgomareoba.  

Catarebuli  laboratoriul -eqsperimentuli kvlevebis 

analizis safuZvelze  dadgenilia Rvarco fuli procesebis 

ganmsazRvreli fa qtorebi, Rvarcofis bmulobis krite -

rialuri sazRvreb i, bmuli Rvarcofis gverdiTi gafarToebis 

koeficienti  da sruli mxebi Zabvebi.  

zRvruli daZabulobi s Teoriis safuZvelze Sefase -

bulia  Rvarcofwarmomqmneli gruntis mdgradobis rRvevis 

zedapiris SesaZlo formebi. gansazRvrulia Rvarcoful 

kerebSi dagrovili masis wonasworobis rRvevis pirobebi  

xari sxobrivi funqciebis gamoyenebiT da bmuli Rvar cofis 

daZvris fardobiTi siRrme.  agreTve, Seswavlilia Rvarcof -

sacavidan bmuli Rvarcofis wonasworobis rReveva da mocemu-

lia mosalodneli xarji s prognozis meTodika. arastaciona -

r ul obis safuZvelze gansazRvrulia Rvarcofsacavis maxa-

siaTeblebis cvlil ebis kanonzomiereba. dinamikuri wonas-

worobis gantolebis a da Svedov-bingamis ganzogadoebuli mo-

delis safuZvelze gaangariSebuli a bmuli Rvarcofis Tanaba -

ri moZraobis siCqare.  

ganxiluli da SemuSavebulia RvarcofebTan brZolis 

meTodebi, RvarcofsawinaaRmdego konstruqciebi. Seswavli-

lia bmuli Rvarcofi sa da RvarcofsawinaaRmdego nagebobebis 

urTierTqmedebis sakiTxebi. 

sayovelTaod cnobilia, Tu ra didi mniSvneloba aqvs 

Cvens droSi saerTaSoriso samecniero-teqnikuri informaciis 

gacvlas. aucileblad unda aRiniSnos isic, rom samecniero-

teqnikuri literaturis gacnobisas mkiTxvelisaTvis jer 

kidev seriozul dabrkolebad rCeba  enobrivi barieri . swored 

amitom naSromis bolo nawilSi mocemulia qarTul -rusul -

inglisuri terminologiuri da qarTul -rus uli ganmarte -

biTi leqsikon ebi, rom l ebic asaxavs Rvarcofuli movlenebis 

yvela mxares (genezisi, warmoqmnis pirobebi da meqanizmi, 

morfologia da dinamika, Seswavlis meTodebi da Rvarcofeb -

Tan brZolis RonisZiebebi ). 
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monografia gankuTvnilia im mecnierebisa da specialis -

tebisTvis, romlebic muSaoben hidroinJineriis, hidroteq ni-

kuri melioraciis, hidrologiis, sainJinro ekologiisa da 

hidrogeologiis ganxriT. igi did daxmarebas gauwevs magis -

trebs da doqtorantebs , romlebic dakavebuli a rian Rvar co -

fu li movlenebisa  da momijnave procesebis Seswavlis sakiTxe-

biT da, agreTve, RvarcofsawinaaRmdego nagebobebis proeqti -

r eba-mSeneblobiTa da eqspluataciiT dakavebul in Jinrebs. 

winamdebare naSromi moicavs avtoris mier (an misi uSu-

alo monawileobiTa da xelmZRvanelobiT ) sxvadasxva period -

Si Catarebul i kvlev is Sedegebs. TumcaRa problemis sirTu-

lis , mravlfaqtorianobisa da, agreTve, wignis formatis 

SezRudulobis gamo ver moxerxda movlenis sruli aRwera da 

yvela mkvlevris Sromebis ganxilva.  

monografia warmoadgens mcdelobas, asaxul iqnas Rvar-

cofuli nakadebis buneba, dinamika da maTTan brZolis raciona-

luri RonisZiebebi. avtori Tvlis, rom mis mier SemoTa va-

zebuli axali damokidebulebebi da meTodebi, Rvarcofu li 

procesebis anomaluri bunebis gamo, ar aris srulyofili da 

moiTxovs Semdgom dazustebas Teoriuli, laboratoriuli da 

naturuli kvlevebis safuZvelze.  

avtori upirveles movaleobad miiCnevs, madloba moax-

senos saqarTvelos mecnierebaTa erovnuli akademiis ganyofi-

lebis akademikos -mdivans, akademikos _ oTar naTiSvils , rome-

lic yovelTvis iyo da aris avtoris axali mecnieruli 

ideebiT masazrdoebeli, naSromis Sedgenisa da redaqtirebis 

dros gamoTqmuli saqmiani SeniSvnebisa da winadadebebisaTvis, 

rac dadebiTad aisaxa naSromis saboloo variantis Camoya-

l ibebaze. 

gansakuTrebul  madlierebas gamoxatavs avtori saqar-

Tvelos teqnikuri univer sitetis reqtoris, profesor  arCil 

frangiSvilisa  da saqarTvelos teqnikuri universitetis 

reqtoris moadg ilis, profesor  levan klimiaSvilis  mimarT 

samuSao garemos Seqmnisa da naSromis gamocemis mxardaWe-

risTvis, agreTve  saqarTvelos sainJinro akademiis akademi-
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kosi s, teqnikuri universitetis profesor i s Teimuraz gvel e-

sianisa da ivane javaxiSvilis saxelobis Tbilisis saxelmwifo 

universitetis profesor i s daviT kereseliZis  mimarT naSro-

mis recenzirebis dros gaweuli samuSaosTvis.  

avtori madlobas uxdis eduard kuxalaSvils, irma 

inaSvils, konstantine bziavas ,  irina klimiaSvils  monogra-

fiaSi asaxuli Teoriul -laboratoriuli kvlevebis damu -

SavebaSi monawileobisTvis da qalbaton neli qafianiZes  

naSromis koreqtirebis dros gamoTqmuli winadade bebisaTvis. 
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Tavi 1. Rvarcofuli movlenebi  da  

maTi buneba  

 

 

1.1. Rvarcofuli  movlenebi da maTi  

klasifik acia  

 

dedamiwaze mimdinare klimatis cvlilebam kaco -

briobis yuradReba miapyro garemos mdgomareobaze, vina-

idan buneba myisierad reagirebs mimdinare procesebze. 

rogorc cnobilia, klimatis cvlilebis fonze mimdinare 

globaluri daTboba, upirveles yovlisa , iwvevs yinu-

lovani saf ris intensiur dnobas da , Sesabamisad, iseTi 

stiqiur -damangreveli procesebis aqtivacias, rogoric 

aris wyaldidobebi, zvavebi da Rvarcofebi  [12].   

aRniSnul movlenebsa da anomaliebs stoqastikuri 

xasiaTi gaaCniaT da maTi zemoqmedeba ekologiur wonas -

worobaze mkveTrad cvl is  garemo pirobebs. gamomdinare 

aqedan, aucilebeli xdeba garemos damcavi  iseTi Ronis -

Ziebebis SemuSaveba, romelTa realizeba uzrun velyofs  

rogorc ekologiuri wonasworobis mdgradobas, aseve 

bunebrivi resursebis racionalur i  gamoyenebis SesaZ-

leblobas.  

anomaliaTa Soris gansakuTrebuli adgili Rvar -

cofebs ukaviaT, romelTa gavlenis sferoebSi moqceuli 

obieqtebis mwyobridan gamosvla, miyenebuli ekono-

mikuri ziani da adamianTa msxverpli, saSiSroebis umaR-

lesi riskis kateg orias SeiZleba mivakuTvnoT [17].  

Rvarcofi , erT -erTi saxifaTo stiqiuri movlena, 

warmoadgens  swrafi , damangreveli Zalis dinebas, rome-
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lic Sedgeba wylisa da naSali qa nebisagan. Cveulebriv, 

Rvarcofi warmoiqmneba mTis mdinareebis auzebSi inten-

siuri wvimebis, Tovlis dnobisa da morenebis garRvevis 

Sedegad. 

morenebi Sedgeba myari qanebisgan, wvrili xreSis, 

qviSis, Tixis, msxvili qvebisa da lodebis, agreTve yinu -

lisa da Tovlisgan. morenebis wyliT gaJ RenTvis Sedegad 

uecrad xdeba maTi sazRvrebis garRveva, aRniSnuli masa 

didi siCqariT iwyebs dinebas cicabo qedze da mogvev-

lineba Rvarcofis saxiT  [12]. 

Rvarcof i  gamoirCeva mcire xangrZlivobiT da xSi r 

SemTxvevaSi dineba wydeba ramdenime aTeul wuTSi, Tum-

caRa SesaZlebelia igi g agrZeldes 4 _6 saaTis gan-

mavlobaSic. 

Rvarcofuli dinebis Taviseburebas, agreTve, war -

moadgens donis mkveTri aweva, romelic dakavSirebulia 

Rvarcofis Camoyalibebis talRur bunebasTan. Rvar -

cofuli talRis cicabo wina naw ili, romlis simaRle 

ZiriTadad 5 -dan 15 metramde meryeobs, ayalibebs Rvar-

cofis ĂTavsñ, romelic  moZraobs talaxis, qvebisa da 

wylis gan Camoyalibebuli myari kedlis saxiT. erTi mo -

ri gi Rvarcofis dros aseTi talRebis raodenoba SeiZ -

leba ramdenime aTeuls aRwevdes [18]. 

Rvarcofis kidev erT Tvisebas warmoadgens nakadis 

gajereba myari masaliT. Rvarcoful masaSi mTis qanebis 

natexebis moculoba 10-dan 75%-mdea. Rvarcoful nakads 

gaaCnia agreTve didi simkvrive _ 1,2-dan 2,0 gr/sm3-mde da 

zogierT SemTxvevaSi ufro metic. aseTi ĂmZimeñ nakadi 

ufro Zlierad moqmedebs mdinaris kala potze da angrevs 

gzaze Semxvedr winaaRmdegobebs [13]. 
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Rvarcofebs gaaCniaT erozirebisa da transporti -

rebis didi unari da Sesabamisad gamoaqvT mTis qanebis 

naSalis didi masebi [16]. yvelaze mZlavr Rvarcofebs 

SeuZliaT gamoitanon 2_4 mln m3 myari masala. Rvar-

coful n akads ramdenime saaTSi gamoaqvs imdeni natani, 

ra mdensac mdinaris nakadi 25_120 weliwads andomebs. 

Rvarcofebis klasifikacia  gamotanili myari masis 

anu simZlavris mixedviT Semdegnairadaa Camoyalibebuli: 

- mZlavri Rvarcofebi  _ gamoaqvT 100 aTsi m3 myari 

masa;  

- saSualo simZlavris Rvarcofebi  _ gamoaqvT 10-dan 

100 aTasamde m3 myari masa;  

- mcire simZlavris  Rvarcofebi  _ gamoaqvT araume-

tes 10 aTasi m3 myari masa; 

mZlavri Rvarcofuli nakadebis zemoqmedebis zona-

Si mudmivadaa xidebis, wyalsacavebis, milsadenebis, Seno-

ba-nagebobebis, saxnav-saTesi savargulebis, mraval wlo -

vani nargavebis da sxvaTa walekvis saSiSroeba. s. fleiS -

manis [9] mixedviT, Rvarcofebis klasifikacia  nagebobebze 

maTi zemoqmedebis simZlavris xasiaTiT, Semdegnairadaa 

Camoyalibebuli:  

- mcire simZlavris _ mcire garecxva, wyalgamtari 

nagebobebis xvretebis nawilobrivi dacoba;  

- saSualo simZlavris _ Zlieri garecxva, wyal -

gamtari nagebobebis xvretebis sruli dacob a, 

ufun damento nagebobebis dazianeba da ngreva; 

- mZlavri _ didi damangreveli Zala, xidebis, qvis 

nagebobebisa da gzebis ngreva; 

- katastrofuli _ nagebobebisa da gzebis sruli 

ngreva, nagebobebis natanis qveS moyola.    
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rogorc cnobilia, Rvarcofuli nakadebi  ZiriTa -

dad formirdeba mTis mdinareebis auzebsa da droebiT 

wyalsatarebSi. wyalSemkreb auzs, romlis farglebSic 

xdeba Rvarcofebis formireba, ewodeba Rvarcofuli 

auzi. Rvarcoful auzebs gaaCniaT SezRuduli areali da 

kalapotis mniSvnelovani qanobi.  

sqematurad Rvarcofuli auzi SeiZleba daiyos sam 

ZiriTad zonad (suraTi 1.1.1.)  [8]: 

1. Rvarcofis w armoqmnis zona (Rvarcofsacavi) _ 

auzis zeda nawili, sadac yalibdeba Rvarcofi . es 

aris cicabo ferdobebisa da qanebis aqtiuri 

ngrevis zona. 

2. satranzito zona  _ moicavs auzis Sua da qveda 

nawils. am zonaSi xorcieldeba Rvarcofuli naka -

dis transportireba kalapotSi, Tumca  iSviaTad 

xdeba Rvarcofuli nakadis damatebiTi Ăkvebañ 

naSali masiT da misi nawilobrivi daleqva.  

3. daleqvis anu gantvirTvis zona  _ Cveulebriv 

auzis im zonaSia ganlagebuli , sadac qanobi da 

nakadis energia mcirdeba. aq naSali masala 

grovdeba terasebisa da gamotanis konusebis saxiT.  

aRwerili sqema bunebaSi xSirad irRveva. ase 

magaliTad, mraval  axal warmoqmnil Rvarcoful auzs, 

romle bic ganlagebulni arian cicabo da mokle qedebze, 

TiTqmis ar gaaCniaT tranzituli zona _ Rvarcofsacavi , 

romelSic dagrovili  Rvarcofuli masa  pirdapir 

gadadis farT o gamotanis konusSi qedebis ZirTan. 

xSirad, Rvarcofuli auzebis zeda nawili warmoadgens 

mxolod wyalSemkrebs, xolo Rvarcofis formireba 

xdeba Rvarcofsadinaris Su a da xandaxan qveda nawilSic 

ki  kalapotis napirebisa  da fskeris garecxvis Se degad.  
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sur . 1.1.1. Rvarcofuli auzis sqema.  

 

morfologiur ad gansxvavebuli  Rvarcofuli auze -

bi  gavlenas axdens Rvarcofebis moZraobis reJimze [18]. 

Tavsxma wvimebis Sedegad warmoqmnili Rvarcofebi Ziri -

Tadad gvxvdeba mcire farTobis mqone auzebSi, maTgan 

zogierTi  mcireperiodiani da ga monatanis moculobiT 

umniSvneloa. SedarebiT grZelkalapotian did auzebSi 

warmoiqmneba mZlavri da xangrZlivi Rvarcofebi,  magram 

maTi gavla ufro iSviaTobaa. morfologiuri sxvaobis 

mixedviT Rvarcofuli auzebi  iyofa or nawilad:  

- kalapoturi Rvarcofebis formireba xdeba didi 

da saSualo farTobis mqone  Rvarcoful auzebSi. 

Cveulebriv, es aris Camoyalibebuli g rZivi pro -

fi lisa da kalapotebis mqone mdinareTa velebi. aq 

formirdeba sxvadasxva genezisis mqone Rvar-

cofeb i: Tavsxma wvimebiT, Tovlis intensiuri 

dnobiT, tbebis garRveviT, mewyerebis CamocurebiT 

an maTi erTobliobiT;  

- ferdobebis Rvarcofebi , warmoiqmneba mTebis 

ferdo bebis eroziul RranteebSi. aseTi tipis 

RvarcofebisaTvis damaxasiaTebelia umniSvnelo 
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farTis auzebi, cicabo qanobebi, mudmivi wyalgam-

ta r obis  Sedegad gamomuSavebuli kalapotebi. am 

SemTxvevaSi Rvarcofebi warmoiqmneba ferdobis 

Sua da qveda nawilSi fxvieri safris garecxvis 

Sedegad Tavsxma wvimebisa da intensiuri Tovlis 

dnobis zegavleniT. ferdobebis Rvarco f is gamo-

ta nis zona farTobiT didi ar aris da axasiaTebs 

adgilmdebareobis cvlileba.  

zogjer  gamoiyeneba Rvarcofuli auzebis klasifi -

kacia maTi saTavis simaRlis mixedviT: 

- maRalmTiani _ saTave ganlagebulia 2500 m-ze 

maRla. gamotanili masis moculoba 1 km2-dan Sead-

gens 15_25 aTas m3-s erTi Rvarcofis gavlis dros;  

- saSualomTiani _ saTave ganlagebulia 1000-2500 

m-ze. gamotanili masis moculoba 1 km2-dan Sead-

gens 5_15 aTas m3-s erTi Rvarcofis gavlis dros;  

- dabalmTiani _ saTave ganlagebulia 1000 m-ze 

qveviT. gamotanili masis moculoba 1 km2-dan Sead-

gens 5 aTas m3-ze naklebs erTi Rvarcofis gavlis 

dros . 

Rvarcofuli auzebis klasifikacia Rvarcofebis 

ganmeoradobis mixedviT xasiaTdeba maTi warmoqmnis in-

ten sivobiT an Rvarcofaqt ivo biT. Rvarcofe bis sixSi ris 

mixedviT SeiZleba gamoiyos sami jgufi:  

1. maRali Rvarcofuli aqtivoba  (ganmeoradoba 3_5 

weliwadSi erTxel da ufro xSirad);  

2. saSualo Rvar cofuli aqtivoba  (ganmeoradoba 

6_15 weliwadSi erTxel);  

3. mcire Rvarcofuli aqtivoba  (ganmeoradoba 16 

weliwadSi erTxel da ufro  iSviaTad). 



16 
 

Rvarcofuli auzis ferdobebis qanobi  ganapirobebs 

zedapiruli Camonadenis siCqares da egzogenuri proce -

sebis aqtiurobas, romlis Sedegadac xdeba masalis 

dagroveba Rvarcofis kalapotSi. wylis nakadis siCqaris 

2-jer gazrda zrdis mis gamrecx Zalas 4-jer, xolo 

transportirebis Zalas  _ 32-jer. gamomdinare aqedan, 

swored rom mTis reliefi qmnis Rvarcofis warmoq -

mnisaTvis aucilebel xelSemwyob orografiul pirobebs.  

Rvarcofuli masis moZraobasa da akumulaciaze 

gavlenas axdens, agreTve, auzis geologiuri agebuleba. 

struqturisa da dinamikis mixedviT ganasxvaveben bmul 

da arabmul Rvarcofebs.  

arabmul RvarcofSi Warbobs msxvili namsxvrevi 

masala, xolo mtvrisebri nawilakebi imyofeb a Tavisufal 

mdgomareobaSi; bmulSi  Warbobs wvrili nawilake bis 

raodenoba. isini kraven wylis ZiriTad masas moleku lu -

ri mi zidulobis ZaliT. aseTi Rvarcofi  moZraobs ro -

gorc erTiani gravitaciuli nakadi . 

Rvarcofebis warmoqmnis aucilebel pirobebs qmnis: 

mdinareTa kalapotebisa da droebiTi wyalsadenebis qa-

nobebi, intensiuri Camonadeni da fxvieri, advilad ero -

zirebadi mTis qanebi [11]. 

garda aRniSnuli pirdapir moqmedi faqtorebisa, 

arsebobs Rvarcofebis warmoqmnis sxva mizezebic, romel-

Ta Soris aRsaniSnavia: mTis gamyinvarebis mdgomareoba, 

vulkanizmi, mcenareuli saf ris xasiaTi, adamianis Careva 

bunebrivi pirobebis cvlilebaSi  da sxv. Rvarcofebis 

klasifikacia  maTi gamomwvevi mizezebis mixedviT moce-

mulia cxrilSi 1.1.1 [8]. 
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Rvarcofebis klasifikacia  gamomwvevi mizezebis 

mixedviT 

cxrili 1.1.1 . 

#  
Rvarcofis 

tipi  
gamomwvevi miz-

ezebi 
gavrceleba da warmoqmna 

1 wvimis 
Tavsxmebi, 

xangrZlivi 
wvimebi 

dedamiwaze yvelaze gavrcelebuli 
Rvarcofis tipi. warmoiqmneba fe r-
dobebis garecxvisa da mewyerebis 

Sedegad. 

2 Tovlis  
Tovlis inte n-

siuri dnoba  

gavrcelebulia subarqtikis mTebSi. 
warmoiqmneba Tovlis masebis 

gatenianebisa da mowyvetis Sedegad. 

3 yinulis  
Tovlisa da 

yinulis inte n-
siuri dnoba  

gavrcelebulia maRalmTian r e-
gionebSi. warmoiqmneba myinvaruli 
mdnari  wylebis garRvevis Sedegad. 

4 
vulkano -

genuri  
vulkanebis 
amofrqveva 

gavrcelebulia moqmedi vulkanebis 
raionebSi. yvelaze didi 

Rvarcofebi . warmoiqmneba swrafi 
Tovlisdnobisa da krateruli 

tbebis garRvevis Sedegad. 

5 seismogenuri 
Zlieri 

miwisZvrebi 

gavrcelebulia maRali seimurobis 
zonebSi. warmoiqmneba ferdobebidan 
gruntis masebis mowyvetis Sedegad. 

6 limnogenuri  

tbis kaSxlebis 
(jebirebis, 
dambebis) 

formireba  

gavrcelebulia maRalmTian r e-
gionebSi. warmoiqmneba kaSxlebis 
(jebirebis, dambebis) garRvevis 

Sedegad. 

7 

anTropo -
genuri (pi r-

dapiri 
zemoqmedeba) 

teqnogenuri 
qanebis 

dagroveba. 

uxarisxo miwis kaSxlebi  (jebirebi , 
dambebi) gavrcelebulia qanebis 

dagrovebis adgilebSi. warmoiqmneba 
teqnogenuri qanebis garecxva-
dacurebisa  da miwis kaSxlebis 
(jebirebis, dambebis) garRvevis 

Sedegad. 

8 
anTropoge -
nuri (iribi 
zemoqmedeba) 

niadagur -
mcenareuli 

saf ris rRveva  

gavrcelebulia gautyeurebis 
zonebSi.warmoiqmneba ferdobebisa 
da kalapotebis garecxvis Sedegad . 
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Rvarcofuli movlenebis bunebidan gamomdinare, 

isini gvxvdeba msoflios yvela mTaTa sistemebze (antar -

qtidis garda ), romelTagan aRsaniSnavia kordili erebi, 

andebi, centraluri aziis qedebi, alpebi, skandinaviis, 

pirineis, balkaneTis naxevarkunZulis, iapo niisa da viet -

namis mTebi, sadac RvarcofsaSiSi mdinareebis raodenoba 

aRemateba usafrTxo mdinareebis raodenobas. 

 

 

1.2. Rvarcofuli movlenebis gavrceleba 

msoflioSi  

 
ukanasknel periodSi globaluri daTbobis fonze  

gaxSirebuli Rvarcofuli katastrofuli movlenebi 

mTeli planetis mosaxleobis problemas warmoadgens.  

evropaSi RvarcofsaSiS raionebs warmoadgens 

alpur zon aSi, balkaneTis naxevarkunZulze, apeninebSi, 

pirineebsa da karpatebSi ganTavsebuli  qveynebi. gansa-

kuTrebulad damangreveli Rvarcofuli nakadebi  gamov-

le nilia safrangeTi s samxreT nawilsa da SveicariaSi. 

amasTan erTad erT-erT mniSvnelovan RvarcofsaSiS re -

gionad miCneulia kavkasionis mTianeTi. aziaSi  aseT 

raione bad miCneulia himalais mTebis zonaSi ganTavse-

buli qveynebi (indoeTi, CineTi), romelTaTvisac  damaxa-

siaTebelia gvalviani zafxuli da xSiri Tavsxma wvimebi  

zamTar-gazafxulis periodSi. uZlieres Rvar coful 

kerebs warmoadgens dasavleT anatoliis, Tur qeTis, Sua 

aziisa da yazaxeTis regionebi. iaponiaSi yvelaze Rvar -

cofsaSiS  adgilad  iTvleba kunZuli hoka ido. aq Rvar-

cofebis formireba mTis ferdobebze xdeba zafxulis pe -
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ri odSi, rode sac modis didi raodenobi T Tavsxma wvimebi 

Tovlis dnobis periodSi  [19, 20]. 

mZlavri Rvarcofuli nakadebiT  evraziaSi  cnobi -

lia Sua aziis mTaTa zailiis alaTaus CrdiloeTi fer -

dobi . misi Rvarcofuli auzebidan katas t rofuli Sede -

gebiT gamoirCeva mdinare patara almatinkis auzi, 

romlis gamotanis konusis nawili moicav s qalaq alma-

aTas. Rvarcofi s gavlis 9 cnobili SemTxvevidan  yvelaze 

mniSvnelovani iyo 1921 da 1973 wlebis Rvarcofebi . 

rogorc istoriuli wyaroebi gvatyobinebs, 1921 wlis 8 

ivliss mTaSi movida Tavsxma wvima. saRamos 9 saaTze gaisma 

Zlieri xmauri, ris Semdegac  mTebis mxridan wylis 

nakadma wamoiRo miwis, lamis, qvebisa da Tovlis 

uzarmazari masa, romelic dasaxlebaSi  Sevarda. iq myofi 

adamianebi, ganlagebuli nagebobebi, baRebi da saqoneli 

Rvarcofma waiRo. nakadma Camoi tan a 3 mln. m3-ze meti 

Rvar cofuli masa , romelmac imsxverpla  400 adamianze 

meti. 1973 wlis 15 ivliss amave raionSi Seiqmna axali 

RvarcofsaSiSi situacia. yinulovani tbis garRvevis 

Sedegad warmoqmnili Rvarcofuli masa daiZra qalaq 

alma-aTisken. Rvarcofis simZlavris miuxedavad, igi 

mTlianad SeCerebuli iqna Rvarcofdamcavi kaSx l is  

medeos mier. 

Rvarcofebis sixSiriTa da simZlavriT  evraziaSi 

gamorCeulia  CineTi. 2005 wlis 10 ivniss mZlavrma 

Rvarco ful ma nakadma waleka dawyebiTi skola CineTis 

Crdilo -aRmosavleTiT mdebare qalaq ninanSi. stiqiur 

ubedurebas emsxverpla 105 moswavle da 4 mozrdili 

adamiani. dazaralda qalaq ninanis  7 olqi, daingra 55 

saxli.  

imave wlis 3 oqtombers CineTis sanapiro qalaq 

feCJouSi mZlavri Rvarcofuli nakadiT daingra poli -



20 
 

ciis akademiis saerTo sacxovreblis ori korpusi, ris 

Sedegadac 62 kursanti dinebam waiRo. 

2008 wlis 8 seqtebers CineTis qalaq linfenze 

wamovida 268 aTasi m3 Rvarcofuli masa , romli Tac 

dai far a 30 heqtarze meti teritoria. Rvarcofulma 

dinebam gaanadgura ramdenime saxli, adgilobrivi bazro -

ba, samsarTuliani ofisis Senoba, daingra qvanaxSiris 

WaburRilis narCenebis sawyobi, ris Sedegadac daiRupa 

254 adamiani.   

amerikis kontinentze  Rvarcofuli movlenebi  

xSiria  meqsikaSi, kolumbiaSi, ekvadorSi da CileSi. 

Rvarcofebi  aSS-Si, ZiriTadad, gavrcelebu lia Semdeg 

Sta tebSi: kalifornia, iuta, nevada, vaiomin gi, kolo -

rado, virjinia, vaSingtoni, aidaho, oregoni da aliaska.  

aRniSnulTagan Rvarcofuli katastrofebis mixed -

viT  yvelaze cnobilia qalaqi los -anjelesi. igi gaSe -

nebulia san-gabrielis (simaRle 3068 metri), santa -

monikasa da santa-anas mTebiT Semofarglul, viwro sana-

pi ro dablobze. gadaWimulia CrdiloeTidan samxreTisa -

ken daaxloebiT 80 km-ze, dasavleTidan aRmosavleTisaken 

_ 50 km-ze.  

aRniSnul regionSi gavrcelebulia uxvi, intensiu -

ri Tavsxma wvimebi. magaliTad, 1933 wl is 29 dekembers 

dawyebuli Tavsxma wvima grZeldeboda 53 saaTis ganmav-

lo baSi. aRniSnul periodSi movida 292 mm atmosferuli 

naleqi , xolo 1943 wels erT dRe -RameSi movida 650 mm. 

mTaSi mosuli wvima miemarTeba los-anj eles i sa da mis 

Semogarenisaken mZlavri Rvarcofuli nakadis saxiT. gan -

sakuTrebiT aRsaniSnavia 1934 da 1938 wlebSi fiqsirebu -

li katastrofebi . 

1933 wlis 29 dekembers mosulma Tavsxma wvimam, 

romelis drosac atmosferuli naleqebis raodenobam ga -
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daaWarba 2 wlis normas, gamoiwvia Rvarcofuli kere bis 

gaaqtiureba da 1934 wlis 1 ianvars  mZlavri Rvarcofu -

li nakadis saxiT Tavs daeca qalaq los -anjeless. mTis 

ferdobebidan wamosulma wylis dinebam wamoiRo miwa, 

qvebi da didi xeebi. nakadi modioda 6-metriani zvirTebis 

saxiT, romlebic anadgurebda gzaze Semxvedr Senobeba-

nagebobebs. Rvarcofis gavlis Sedegad daingra da qvebiT 

Caixerga gzebi, dazianda 400 sacxovrebel saxlze meti 

da daaxloebiT 500 xidi, mTlianad daingra 20 saxli . 

samwuxarod, aRniSnul katastrofas mohyva adamianTa 

msxverplic. wamosulma Rvarcofma 84 adamiani imsxver-

pla .  

1938 wlis katastrofulma Rvarcofma, romelic 

Tavsxma wvimebiT iyo gamowveuli, ramdenime dRiT mow-

yvita los -anjelesi gare samyaros. daingra sarkinigzo 

da saavtomobilo gzebi, ganadgurda eleq tro gadamcemi, 

satelegrafo da satelefono xazebi, miwasTan gasworda 

mravali xidi da nageboba.  
Rvarcoful ma nakadma qalaqSi Semoitana 11,5 mln m3 

qvatalaxiani masa. daiRupa 200 adamiani, xolo 10 aTasi 

usaxlkarod darCa. saerTo zaralma 50 mln. dolari 

Seadgina [14]. 

2014 wlis 25 maiss aSS-i s Stat koloradoSi, grand 

mesaze fiqsirebuli iyo Zlieri Rvarcofi  (suraTi 1.2.1, 

1.2.2), romelic sig rZeSi 900 metrs da siganeSi 3,5_5,1 

kilometrs aRwevda. katastrofas sami adamianis sicoc -

xle emsxverpla . ganadgurda gzebi, sarwyavi arxebi da 

Senoba-nagebobebi. 
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sur . 1.2.1. da1.2.2. aSS-i s Stat koloradoSi, grand mesaze 

fiqsirebuli Rvarcofi . 
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aRsaniSnavia, rom amerikasa da evropaSi Rvarcofu -

li movlenebis ganviTarebas, bunebrivad ganviTarebul 

movlenebTan erTad, xeli Seuwyo xe-tyis gaCexvam, rom-

lis Sedegad mTaTa ferdobebze Seiqmna niadagis Camorec-

xvisa da, Sesabamisad, wylismieri eroziuli procesebis 

ganviTarebis xelsayreli pirobebi. swored anTropoge -

nuri zemoqmedebis gamo Rvarcofuli movle nebisgan za-

ral deba italiis, avstriis, safrangeT sa da Sveicariis 

mTiswina regionebi. aRniSnul qveynebSi mTavrobis mier 

miRebul iqna kanoni, romlis mixedvi Tac xdeba Rvarcof -

saSiSi ferdobebis kerZo sakuTrebi dan gamoTavisufleba 

da maTze tyis gaSeneba. 

zemoT aRniSnuli evraziisa da amerikis kontinen -

tebi s garda, Rvarcofuli movlenebi  fiq sirebulia af -

ri kaSi, avstraliaSi ; wynari, atlantik isa da indoeTis 

okeaneebis kunZulebis mTian regionebSi.  

 

 

1.3. Rvarcofebis gavrceleba kavkasiasa da 

saqarTveloSi  

 

Rvarcofuli nakadebi , rogorc ukve iyo aRniSnuli, 

farTodaa gavrcelebuli kavkasiaSi. yvelaze xSirad 

Rvarcofuli movlenebis gaaqtiureba gamowveulia 

wyalmovardnebiT, xanadaxan _ Tovlisa da yinulis dno -

biT, jebirebis garRveviT, myinvarebis CamoSliTa da 

mewyerebis CamowoliT. 

mZlavri Rvarcofebi  fiqsirdeba didi kavkasionis 

samxreT-aRmosavleT ferdze, azerbaijanis sazRvrebSi. 

mdinare kiS-Caize 1889_1956 wlebSi registrirebul ia 9 

Rvacofuli nakadi , romelTa Soris yvelaze mZlavri 
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1901 wels dafiqsirda. ase aRweren am katastrofas TviT -

mxilvelebi: Ă7 ivlisis saRamos, erTTviani gval vis Sem-

deg, kiS-Cais maRalmTian zonaSi movida Zlieri wvima. 11 

saaTisTvis Tavsxma wvima wamovida nuxSic, sadac mosuli 

atmosferuli naleqebis raodeno bam 47 mm Seadgina. Ramis 

12 saaTidan dilis 4 saaTamde mdinare kiS-Caize gaiara 

15_20 Rvarcofulma qvatala xianma zvirTma. 8 ivliss 

diliT mdinare kiS -Cais veli damTrgunvelad gamoiyure -

boda: rasac ki miswvdeboda Tvali , iyo dafaru li ruxi 

talaxiT; ar Canda arc buCqebi, arc balaxi da arc qvebi. 

yvelaferi usicocxlo iyo, mwuxare da gaswore buli. ñ  

am raionSi, kiS-Cais kalapotSi, Rvarcofuli naka -

debi araerTxel iyo formirebuli. yvelaze katastro -

fu li Rvarco fi  1910 wels aris fiqsirebuli. agvis tos 

erT -erT Rames, Weqa-quxilisa da Tavsxma wvimis dros 

Sanis xeobidan sofel baS -geinukze wamovida 3_4-  

metriani simaRlis Rvacofuli nakadi . Rvarcof ma so-

fels didi zarali  miayena _ diliT gamoCnda qvebis qveS 

moyolili  adamianTa sxeulebi, walekili sakarmidamo 

ezoebi, dangreuli Senoba -nagebobebi, amoZirkvuli xeebi. 

Rvarcofuli nakadi daaxloebiT 2 saaTis ganmavlobaSi  

moedineboda, daiRupa soflis mTeli mosaxleo ba, Rvar-

cofs  emsxverpla TiTqmis 400 adamianis sicocxle. 

did kavkasionze RvarcofsaSiSi zonebi  aRmosavle-

TiT matulobs, rac ZiriTadad dakavSirebulia konti -

nentaluri klimatis gaZlierebasTan da tyis zolis 

SeviwroebasTan. 

kavkasionis samxreT-dasavleT nawilSi Rvarcofsa -

SiSi raionebi ganTavsebulia rionis, engur isa da sxva 

mdinareebis auzebSi; centralur kavkasionze _ Tergis, 

yubanis, aragvisa da didi liaxvis mdinaris auzebSi, xo -
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lo didi kavkasionis aRmosavleT nawilis C r diloeT da 

samxreT ferdobebze _ mdinare alaznis marcxena sanapi-

roze.  

mcire kavkasionze RvarcofsaSiSi teritoriebi 

farTovdeba aRmosavleTisa da samxreT-aRmosavleTis 

mimarTulebiT, rac dakavSirebulia maRalmTiani regio -

nis mSral klimatTan. aq ZiriTadi RvarcofsaSiSi raio -

nebi ganTavsebulia somxeTis, barguSatis da megrinis 

qedebis ferdobebze. aqedan yvelaze aqtiuria araqsis 

marcxena Senakadebi, romlebic zangezuris qedis sam-

xreT -dasavleT ferobidan moedinebian. aq fiqsirdeba 

qvawyliani Rvarcofuli nakadebi . maRali Rvarcof -

aqtiurobiT gamoirCeva aragawis vulkanuri masivi, sadac 

formirdeba qvatalaxiani da qvawyliani Rvarcofuli 

nakadebi, romlebic 2_3 weliwadSi erTxel meorde ba. 

qalaq erevnis raionSi, gegamis vulkanur  mTianeTis 

samxreT ferdobze araerTxel gaiara qvawylianma Rvar -

co ful ma nakadma, romelmac qalaqis infrastruqtura 

mniSvnelovnad daaziana. 

mcire kavkasionsa da amierkavkasiis mTianeTSi 

Rvarcof ebisgan ZiriTadad zaraldeba somxeTis qalaqebi: 

erevani, kapani, alaverdi da mravali dasaxlebuli pun -

qti, romlebic ganlagebul ia mTebis ZirSi da Rvarcof -

saSiSi mdinareebis gamotanis konusebze. Rvarco fu li 

nakadebi xSirad azianeben vanaZor_diliJanis, dili -

Jan_iJevanis da sxva avtomagistralebs. isini, agreTve 

did saSiSroebas uqmnian erevani_Tbilisi da ereva -

ni_baqos sarkinigzo magistralebis 295 kilometri an 

monakveTs, aseve xSirad azianeben sarwyav arxebs. 

kavkasiaSi aRricxuli 5000 -ze meti Rvarcofuli 

auzidan TiTqmis naxevarze meti saqarTveloze modis. 
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isini ZiriTadad ganlagebulia didi da mcire kavkasionis 

cicabo ferdobebze Cqari mdinareebis xeobebis gaswvriv. 

Rvarcofuli auzebis raodenobis, nakadebis warmoSobisa 

da ganmeoradobis sixSiris, simZlavris, formirebis 

sirTulis da miyenebuli zaralis mixedviT saq arTvelos 

teritoria msoflioSi erT -erT rTul da saSiS region -

Ta ricxvs miekuTvneba. 

bolo 10 wlis monacemebiT, eroziul -Rvarcofuli 

procesebis eqstremalur i  gaaqtiureba , dasaSveb fons 

zemoT moxda raWa-leCxumSi, samegrelos mTiswineTSi, 

aWaraSi, zemo imereTsa da kaxeTSi, mcxeTa-mTianeTSi, 

nawilobriv  _ borjomis, axalcixe -aspinZis, mestiis 

raio nebSi da Tbilisis teritoriaze  [4, 5]. 

saqarTvelos garemos dacvis saministros monaceme-

biT, 1995_2009 wlebSi saqarTveloSi fiqsirebu lia 

Rvarcofuli movlenebis 1494 SemTxveva, misgan miyene-

buli zarali daaxloebiT 1189 mln. lars Seadgens. sam-

wuxarod , iyo msxverplic, daiRupa 49 adamiani (cxri li 

1.3.1) [3].  

aqedan gamomdinare, eroziul-Rvarcoful movle -

nebTan brZola  Cveni qveynisaTvis umniSvelovanes proble -

mas warmoadgens. 

Rvarcofuli procesebis formirebas da mis intensi -

uro bas ZiriTadad apirobebs landSaft isa da klimat i s 

didi kontrastuloba, qanebis liTofacialuri Sedgeni -

loba da reliefi.  
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geologiuri movlenebis (mewyeri , Rvarcofi ) 
intensivoba, maTgan miyenebuli miaxloebiTi zarali, 

adamianTa msxverpli da saSiSroebis riskis zonaSi 
moqceulis obieqtebi 1995 _2009 wlebSi1 
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1 2 3 4 5 6 7 8 9 10 11 

1995 670 132 6 250 96 12 228 179 274 195 
1996 610 80 3 165 27 5 107 232 403 626 
1997 871 102 2 335 44 7 146 337 458 227 
1998 543 67 5 173 20 6 87 230 370 159 
1999 56 12 1 27 5 - 17 138 157 314 
2000 65 13 1 23 3 - 16 162 240 207 
2001 75 15 - 26 4 - 19 128 191 127 
2002 69 14 1 23 2.5 2 16 148 203 193 
2003 71 15 3 28 4 - 19 107 90 207 
2004 949 147 4 258 28 2 175 16289 755 6042 
2005 603 96 - 155 9 4 105 7590 473 3682 
2006 356 71 1 63 9 - 80 3173 531 2066 
2007 136 21 - 104 12 - 32 1389 269 707 
2008 311 48 10 126 15 8 63 1388 392 1198 
2009 323 64 1 193 17 3 80 8232 521 2696 

sul  5708 895 38 1949 294 49 1189 39719 5327 18646 

 

                                                           
1
 saqarTvelos garemos dacvis saministro, ssip garemos erovnuli saagento.  
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aRsaniSnavia, rom saqarTvelo mTagoriani qveyanaa. 

mTisa da mTiswina zona qveynis teritoriis  54%-s moicavs 

da, Sesabamisad, Rvarcofuli movlenebi  ganviTare bulia 

teritoriis TiTqmis yvela landSaftur -geomorfolo -

giur zonaSi, dawyebuli gorak -borcviani dan, damTavre-

buli maRalmTiani alpuri zoniT (suraTi 1.3.1). amasTan 

erTad, 60_120 mm atmosferuli naleqebis SemTxvevaSi 

saqarTveloSi Rvarcofebi  formirdeba yvela landSaf -

tur geomorfologiur zonaSi  [2]. 

 

 

saqarTvelos Rvarcofuli raionebi  

(n-Rvarcofuli auzebis raodenoba) 

cxrili 1.3.2.  

#  indeqsi raionis dasaxeleba  n 

1 (07.29) kodori -bzifi  109 

2 (07.30) enguri -xobis 56 

3 (07.31) rionis  122 

4 (08.2) yvirila -Zirulis  29 

5 (08.1) aWara-guriis (Woroxi -sufsis)  40 

6 (07.24) Tergi -arRunis  99 

7 (07.32) liaxvisa da aragvis 106 

8 (07.34) civ -gomboris (ioris)  44 

9 (07.33) alaznis  80 

10 (08-3) javaxeTisa da mesxeTis (mtkvris-zeda borjomamde) 160 

11 (08-4) Sida qarTlis (mtkvris marjvena napiri Tbilisamde)  53 

12 (08-5) loqis (algeTi -xramis) 29 

sul  920 
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klimaturi, hidrografiuli, hidrologiuri da  

geologiuri tipizaciis mixedviT  saqarTvelos terito -

ria  amierkavkasiis hidrometeorologiis samecnie ro -

kvl eviTi  institutis klasifikaciiT  dayofilia 12 

Rvarcoful raionad (cxrili 1.3.2).  
bolo periodSi stiqiuri Rvarcofuli movlenebis 

masStaburi gaaqtiureba fiqsirdeba kaxeTis terito -

riaze, romelic mTlianad  regionis bunebrivi katastro -

fe bis saSiSroebis riskiT saSualo kategoriidan gada -

vida maRalSi. kaxeTis regionSi stiqiuri procesebis 

gaaqtiurebis maCvenebeli 2004 wlidan dawyebuli TiT -

qmis yovel wels fonurze maRalia, calkeuli wlebis 

eqstremaluri afeTqebebiT. aseTi iyo 2009 da 2010 wle -

bi. stiqiuri movlenebis gaaqtiurebis erT -erTi mTavari 

faqtori Warbi atmosferuli naleqebis, maT Soris Tavs -

xma wvimebis mosvlaa. dakvirvebiT dadgeni lia, rom aRmo-

savleT saqarTvelos sivrceSi mewyeruli movlenebis 

eqstremaluri gaaqtiureba iwyeba saSualo mravalwli -

uridan 400 mm-ze zemoT naleqebis gadaxriT , xolo 

Rvarcofebis transformacia _ dRe-RameSi mosuli 30 mm-

ze meti naleqebis raod enobiT. 

kaxeTis regionSi klasikuri Rvarcofsadinaris 

magaliTs warmoadgens mdinare durujis auzi, romlis 

video -vizualuri agegmva miuTiTebs, rom erT heqtar 

far Tobze eroziis intensivobam gansakuTrebul SemTxve-

vebSi SeiZleba 50 tonamde miaRwios, rac dasaSveb norma-

ze 25-jer metia da igi satranzito adgilebSi 20 - met-

riani Rvarcofis talRis gavlis mizezic SeiZleba 

gaxdes. 

mdinare durujis auzSi  [1] bolo 100 wlis ganmav-

lo baSi dafiqsirda 40 -mde katastrofuli Rvarcofi , 

romlebmac 200-ze meti adamianis sicocxle Seiwira. 



31 
 

dadgenilia, rom mdinare durujis auzSi mudmivad ganax -

le badi Rvarcofuli keris farTobi 20 km 2-s Seadgens, 

sadac Rvarcofuli masis moculoba aRwevs 500 mln. m3-s. 

mdinare duruji warmoadgens alaznis marcxena Se-

nakads da gaedineba qalaq yvarelze. igi iqmneba Savi da 

TeTri durujis SeerTebiT kavkasionis samxreT kalTaze 

(Savi duruji iwyeba Savi kldi s mTidan, TeTri duruji  _ 

nanikascixis mTidan). misi sigrZe 27 km-ia, xolo auzis 

farTobi _103 km2. 

mdinare duruji ZiriTadad  sazrdoobs Tovlis da 

wvimis wyliT, saSualo wliuri xarji  Seadgens 1.06 m3/ 

wm. xasiaTdeba wyalmovardnis reJimiT. durujis zemo 

dinebaSi periodulad iqmneba tipuri struqturuli 

Rvarcof i, romlis dros xarjma SeiZleba 200 m 3/wm-s da 

mets miaRwios. mTebidan gamoaqvs kolosaluri raodeno-

biT talaxad qceuli myari masala da did safrTxes 

uqmnis qalaq yvarels. auzis gamotanis konusis saerTo 

far Tobi Seadgens 95  km2-s.    

Rvarcofuli movlenebis maRali saSiSroebis ris -

kiT kaxeTTan erTad gamoirCeva raWa-leCxumis regioni, 

sadac ZiriTadad gavrcelebulia talaxiani da qvatala -

xiani nakadebi, romelTa formireba xdeba mdinare Ta napi-

rebze dagrovili mewyeruli masiT. regionSi ganviTa re -

buli Rvarcofuli movlenebidan aRsaniSnavia 2003, 2009, 

2010 da 2011 wlebis Rvarcofebi . 2010 aprilis TveSi 

naboslevis xevis saTaveSi ganviTarda 64 tip uri 

talaxovani Rvarcofi .  

Rvarcofuli movlenebis ganviTarebis maRali ris -

kiT gamoirCeva mcxeTa-mTianeTis regionic. mdinare arag-

vis auzis TiTqmis yvela dabali rangis SenakadSi fiqsir -

deba Rvarcofuli movlenebis gaaqt iureba. am mxriv ga-

moir Ceva mdinare  fSavis aragvis xeobis monakveTebi 
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maRaroskarTan, CargalTan, gudanTan, xaxmatTan da 

barisaxosTan. 2012 wlis april -maisis TveebSi Rvarcofma 

sofel mleTaSi kidev erT xel misila eklesiis 

teritoria, droebiT gadaketa mdinare aragvis kalapoti 

da gamouval mdgomarebaSi Caayena iq jer kidev darCe-

nili 8 ojaxi. adidebulma mdinare narekvavma saSiSroeba 

Seuqmna sofel werovanis mosaxleobas, datbora ramdeni-

me saxli, Wermis wyalsacavidan gadmovardnili wylis 

gamo saWiro gaxda mosaxleobis droebiTi gayvana. daimew-

yra bazaleTis tbis mimdebare teritoriis mniSvnelovani 

nawili, romelic adre mdgrad teritoriad miiCneoda.  

zemoaRniSnulTan erTad, sayuradReboa 2014 wlis 

17 maisisa da 20 agvistos darialis xeobaSi momxdari 

katastrofebi  (suraTi 1.3.2 da 1.3.3). stiqiurma movlenam 

5 adamianis sicocxle Seiwira.  

2014 wlis 17 maiss dilis 9 saaTsa da 30 wuTze 

darialis xeobaSi, mdinaree bis Tergisa da amali -

devdorakis SeerTebis ubanze Caiara katastro fu li mas -

Stabis Rvarcof ma. mwverval myinvarwveris (5033 m) 

Crdilo -aRmosavlur  cica bo ferdobze, mTis wveridan 

daaxloebiT 400 metris daSorebiT, 4602 metr 

absolutur simaRleze, warmoiSva grandiozuli mocu -

lo bis myinvarTovliani kldezvavi . Camozvavebuli masis 

moculoba, romel sac tranzitis zonaSi md inare  TergTan 

SeerTebamde daemata aq arsebuli morenuli da gravita-

ciuli genezi sis masala, saorientaciod Seadgenda 5 

mln.m3. Camozvavebuli gravit aciul -myinvaruli masala 

ganawilda 3 nakadad. procesi ganviTarda uxvi atmosfe -

ruli naleqis fonze. mdinare Tergis xeobaSi gravita -

ciul -Rvarcofulma nakadma gadaketa Tergis kalapoti.  
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sur . 1.3.2 da 1.3.3. katastrofa darialis xeobaSi  

(foto l. kazalikaSvili) . 
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20 agvistos 22 saaTze, darialis xeobaSi uxvi 

atmosferuli naleqis mosvlam ganapiroba, 17 maisis 

Rvarcofuli movlenis dros darCenili masis gamotana. 

daikarga ori adamiani, daitbora mimdebare teritoria, 

gadaiketa mcxeTa_stefanwminda_larsis sa avtomobilo 

gzis 134-e kilometri, Caixerga ru seTTan damakavSire-

beli saavto mobilo gza da dazianda gazsadeni, romli -

Tac somxeTi bunebrivi airiT maragdeboda. 

zemoT aRwerili katastrofebis erT -erT mizezad 

SeiZleba CaiTvalos garemos dacviTi RonisZiebebis 

gamoyenebis dabali done: mosalodneli anomaliebis 

gauTvalis wineblad xdeba garemosdacviTi RonisZiebebis 

proeqtireb a-mSenebloba; eqspluataciaSi myofi maTi 

umravlesoba moZvelebulia, saeqspluataciod u vargisia, 

siste misa da garemosdacviTi RonisZiebebis konstruq ciu -

li mdgradobis resursi savalalo mdgomareobaSia; 

erozi uli movlenebis Sedegad Sevsebulia Rvarcofwar -

momqmneli kerebis qvabulebis didi nawili; mZime 

mdgomareobaSia da regulirebas moiTxovs Rvarcofsadi -

narTa kalapotebi; savalalo mdgomareobaSia an ar 

arsebobs Rvarcofsaregulacio nagebobebi.  

Tu gaviTvaliswinebT im garemoebas, rom eroziul -

Rvarcofuli procesebi  periodul cvalebadobas (gaaq -

tiu reba da droebiTi stabilizacia) ganicdis, SeuZlebe-

lia maTi saSiSroebis riskis albaTobis Sesaxeb saimedo 

informaciis  miwodeba periodulad situaciis Sefasebis, 

mosalodneli stiqiis identifikaciis da maTi SesaZlo 

gaaqtiurebis mizez Sedegobrivi fa qtorebis fundament u-

ri Seswavlis gareSe, romelic safuZvla d unda daedos 

riskebis saSiSroebis Sefasebas, maTi sivrcobrivi 

sazRvrebis da ganviTarebis dadgenas, terito ri is dacva-

gajansaRebis RonisZiebebis dasaxvas. 
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miuxedavad imisa, rom dReisaTvis, saqarTveloSi 

gamovlenilia RvarcofsaSiSi da SedarebiT mdgradi 

ubnebi, Sedgenilia specialuri geologiuri, geomorfo -

lo giuri da sainJinro geodinamikuri rukebi da  wlebis 

ganmavlobaSi tardeba Teoriuli da eqsperimentuli 

kvle vebi mravali mecnieris mier, Rvarcofuli movle -

nebis specifikurobis gamo, procesSi monawile faqtorTa 

dakanonebuli da miRebuli maxasiaTeblebi zogjer ver 

iZleva movlenis srulad  aRwerisa da Sesabamisi Rvar-

cof sawinaaRmdego RonisZiebebis gatarebis SesaZleb -

lobas. swored amitom, maTi prognozireba da Rvarcof -

sawinaaRmdego RonisZiebebis SemuSaveba-SerCeva Rvar-

cof warmomqmneli procesisa da dinamikis Teoriul -

eqsperimentuli Seswavlis safuZvelze unda ganxor -

cieldes.  

 

 

1.4. RvarcofebTan brZolis RonisZiebebi  
 

Rvarcoful movlenebTan brZola mimdinareobs ux -

sovari droidan. Zveli civilizaciis mravali qveynis 

mTebis ferdobebze SemorCenilia terasebis sistemebi, 

ro melTa meSveobiTac xorcieldeboda myari da Txieri 

nakadis regulireba.  

Tanamedrove RvarcofsawinaaRmdego sistemebis mSe-

neblo ba XIX saukuneSi daiwyo da ZiriTadi aqcenti keT -

deboda RvarcofsaSiSi ferdobebis daterasebasa da tyis 

gaSenebaze. 

dReisaTvis am RonisZiebebs miekuTvneba: teritori-

is eqspluataciis regulireba, agrosatyeosamelioracio 

RonisZiebebi (ferdobebis terasireba da tyis gaSeneba) da 

hidroteqnikuri nagebobebis mSenebloba. ama Tu im 
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Rvarcofdamcavi  RonisZiebis SerCeva damokidebulia 

Rvarcofis auzis Taviseburebaze  [8, 15].   

miuxedavad aRniSnuli RonisZiebebisa, teritorie -

bisa da nagebobebis dacva Rvarcofuli nakadebis katas-

tro fuli zegavlenisgan rTuli amocanaa, romlis gadaw -

yvetac SesaZlebelia mxolod kompleqsuri midgo mebiT, 

anu sainJinro (aqtiuri) da profilaqtikuri Ronis Zie-

bebis erToblivi ganxorcielebiT.  

profilaqtikurs miekuTvneba RonisZiebebi, romel -

Ta meSveobiTac xdeba Rvarcofebis formirebis SeCereba 

an maTi uaryofiTi moqmedebis Sesusteba, kerZod: 

- mTis ferdobebze xe-tyis gaCexvis SeCereba; 

- tyisa da buCqnaris gaSeneba; 

- ferdobebze saZovrebis Semcireba; 

- ferdobebze arsebuli wyalsacavebis (morenebi  da 

yinulis tbebis) drouli dacla;  

- mTis ferdobebis dateraseba; 

zedapiruli Camonadenis regulire ba da sxva sat-

yeomelioraciuli da agroteqnikuri RonisZiebebi.  

Senoba-nagebobebisa da teritoriebis Rvarcofebis -

gan dasacavad gamoiyeneba Semdegi sainJinro nagebobebi da 

RonsZiebebi: RvarcofSemkavebel i, Rvarcofgamtari , 

Rvarcof mimmarTveli da mastabi li zebeli (cxrili 

1.4.1). 

aRniSnuli nagebobebis proeqtireba  da mSenebloba 

xorcieldeba Rvarcofuli nakadis zeda biefSi Sesaka -

veblad da Rvarcofsacavebis Sesaqmnelad, nakadebis 

obieqtSi an misi  SemovliT gatarebisaTvis , nakadis Rvar-

cofgamtarSi misamarTad, moZraobis gasaCereblad an 

Sesasusteblad. 
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RvarcofsawinaaRmdego nagebobebi da RonisZiebebi 

 

cxrili 1.4.1 . 

 

pirobiTad, saxalxo  meurneobis obieqtebisa da 

teri toriebis Rva rcofebisgan dacvis RonisZiebebi  SeiZ-

leba oTx jgufad daiyos  [8]: Rvarcofebis warmoqmnis 

SeCereba, Rvarcofebis tranzituli gaSveba da sruli an 

nawilobrivi akumulacia.  

Rvarcofdamcavi RonisZiebebis pirveli jgufi   _ 

Rvarcofebis warmoqmnis SeCereba gulisxmobs niadag-

gruntis garecxvis Semcirebasa da ferdobebze war moq-

mnili umniSvnelo wylis nakadebis mZlavr natan dat -

virTul an qvatalaxian nakadebad gadazrdis SeCerebas. am 

jgufis yvelaze gavrcelebul RonisZiebas warmoadgens, 

nagebobisa da RonisZiebis tipi 
nagebobisa da RonisZiebis dan-

iSnuleba da maTi gamoyenebis piro-
bebi 

I RvarcofSemkavebeli   
betonis, rkina -betonis, qvanayari da 

gruntis yru kaSxlebi . 
Rvarcofuli nakadis Sekaveba zeda 
biefSi. Rvarcofsacavebis Seqmna. 

II Rvarcofgamtari   

arxebi, Rvarcofsagdebi  
Rvarcofuli nakadebis gatareba 

obieqtSi an SemovliT.  
III RvarcofmimmarTveli   

mimmarTveli da gadamRobi dambebi, 
dezebi. 

Rvarcofuli nakadis mimarTva 
Rvarcofgamtar nagebobaSi 

IV mastabiliz ebeli   
jebirebis kaskadi. Semkavebeli kedl e-
bi. ferdobebis terasebi . agrosatyeo-

melioracia  

Rvarcofuli nakadis moZraobis S e-
Cereba an misi dinamikuri maxasi-

aTeblebis Sesusteba 
V Rvarcofamacilebeli   

Ravrcofwarmomqmneli wyalmovardnis 
saregulacio kaSxlebi . wyal-

sagdebebi. 

Rvarcofwarmomqmneli wyalmovard-
nis prevencia 

VI organizaciul -teqnikuri   
meTvalyureobisa da  Setyobinebis sam-

saxurebis organizeba 
Rvarcofuli nakadebis warmoqmnis 

prognozireba  



38 
 

mTis ferdobebze tyis gaSeneba, romlis saSualebiTac 

xdeba xevebis warmoqmnis procesis Seneleba. aRsaniSnavia 

is faqti, rom klimaturi pirobebidan gamomdinare, tyis 

gaSeneba bevr adgilze SeuZlebelia. amasTan, tyis gasaSe-

neblad da mdgradi tyis masivis misaRebad didi droa 

saWiro.    

msoflio praqtikaSi  Rvarcofuli nakadebis war -

moqmnis aqtivobis Sesamcireblad miRebulia  cicabo fer -

dobebze 15-20 metris daSorebiT erTmaneTis parale -

lursafexerebiani terasebis mowyoba  (naxazi 1.4.1 a-b). 

ferdobi iRebs damreci kibis formas, ris Sedegadac 

mcirdeba wylis nakadis siCqare da xdeba qvebis Sekaveba. 

 

 
nax. 1.4.1.  Rvarcofsare gulacio RonisZiebebi ferdobebze : 

a da b- safexurebiani terasebi; g - sayrdeni kedlebi.  

 

kalapotis garecx vis Tavidan asacileblad da 

cica bo ferdobe bisaTvis kibis formis misacemad praq-

tikaSi, agreTve, xSirad gamoiyeneba sayrdeni kedlebi 

zRur blebis saxiT (nax. 1.4.1. g), xolo yvelaze 

gavrcele bul Rvarcofsaregulacio nagebobe bad, rom-

le bic amcire ben Rvarcofuli nakadebis simZlavr es, 

gamoiyeneba baraJebisa da jebirebis sistemebi. Cveuleb-

riv, kala potSi awyoben ramdenime baraJs erTmaneTis 

TanmimdevrobiT. rodesac nakadi  gaivlis yvela winaaR -
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mdegobas, maT Soris arsebuli sicariele Seivseba myari 

nataniT. baraJebis sistema cvlis kalapotis profils da 

mas kibisebur formas aZlevs.  

 

 
nax. 1.4.2. l okaluri Rvarcofgamtari  nageboba: 

a - Rvarcofgamtari ; b- misive gegma. 

 

Rvarcofdamcavi RonisZiebebis meore jgufi _  

mimmarTveli da damcavi dambebi, Rvarcofgamtari  nagebo-

bebi (nax. 1.4.2) da a.S. aseTi tipis nagebobebi konstruq -

ciulad martiv i, advilad  asagebi da ekonomiur ia, Tum-

caRa maTi gamoyenebis pirobebi SezRudulia adgil -

mdebareobis qanobidan gamomdinare, romelic ar unda 

aRematebodes 5-10 %-s. 

Rvarcofdamcavi RonisZiebebis mesame jgufi _ 

miekuTvneba nagebobebi, romelTa meSeveobiTac xdeba 

Rvarcofebis sruli Sekaveba (nax . 1.4.3-a). aRniSnuli 

nagebobebi dan yvelaze saimedoa yru kaSxlebi, romelTa 

meSveobiTac SesaZlebelia brZola nebismieri warmoSobis 

Rvarco f Tan (Tavsxma wvimebiT gamowveuli, seismuri, 

vulkanuli, glacialuri).  

aRsaniSnavia, rom RvarcofTan brZola aseTi ti pis 

nagebobebiT araekonomiuri da Sromatevadia, vinaidan 
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Rvarcof is gavlis SemTxvevaSi ivseba sarezervo mocu-

lo ba da aucilebeli xdeba Rvarcofsacavis gawmend a. 

 

 
 

nax. 1.4.3. RvarcofsawinaaRmdego hidroteqnikuri nagebobebi: 

a - yru kaSxali wyalsagdebiT; b - gamWoli RvarcofdamWeri . 

  

Rvarcofdamcavi RonisZiebebis meoTxe jgufi  - 

gamWoli RvarcofdamWerebi (naxazi 1.4.3-b), romelTa 

ZiriTadi daniSnulebaa Rvarcofuli nakadebis msxvili 

fraqciebis Sekaveba, Rvarcofis moculobis, simkvrivisa 

da siCqaris Semcireba da wvrili fraqciis gatareba qveda 

biefSi.  

aseTi tipis konst r uqci is ageba, ekonomikuri Tval -

sazrisiT, gacilebiT xel sayrelia, vidre masiuri nagebo -

bis ageba [6, 7]. i. xerxeuliZis [ 10] mier SemuSavebuli 

aseTi tipis konstruqciebi farTodaa danergili yaza -

xeTSi, somxeTSi, yirimsa da CrdiloeT kavakasiaSi. 

msoflio praqtikaSi  ukanasknel periodSi  farTo d 

gamoi yeneba RvarcofebTan brZolis kompleqsur i  Ronis-

Ziebebi : dinebis saTaveSi igeba wyalsacavi natanis dasa-

Werad, Sua dinebaSi _ damWeri jebirebi , xolo dinebis 

qveda nawilSi _ Rvarcofgamtari  arxebi.  

zemoT aRniSnuli RvarcofsawinaaRmdego nagebobe-

bis garda, agreTve, arsebobs betonisa da rkinabetonis 

sxvadasxva tipis blokebi da elementebi, ro lebic  gamo-
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i yeneba lokalur pirobebSi Rvarcofuli aqti vobis Sesa-

susteblad.       

sxvadasxva tipis RvarcofsawinaaRmdego nagebobebis 

mSenebloba -eqspluataciis klasikur magaliTad, SeiZ -

leba ganxil ul iqnas yazaxeTis dedaqalaqis,  alma-aTas 

SemogarenSi agebuli konstruqciebi.  

ori gamWoli RvarcofdamWeri  agebul iqna 1964 

wels dedaqalaqisa da Rvarcof Semakavebeli kaSxlis 

medeos samSeneblo moednis dasacavad. aRniSnuli kon-

struq ciebis simaRle Seadgenda 10 metrs, sigrZe qimze _ 

40 m., Rvarcofsacavis moculoba _ 15 aTasi m3. es nagebo-

bebi 10_15 wamSi daangria 1973 wlis 15 ivliss movar dni -

l ma Rvarcof ma, romelic zogierT wyaro Si moxsenebu-

lia, rogorc saukunis udidesi Rvarcofi . 

1964_1966 wlebSi kaSxal medeos qvemoT aigo 

metalis ori  (5,6 da 7 metris simaRlis mqone) gamWoli 

RvarcofdamWeri, saerTo moculobiT 500 aTasi m3. 

1966 wlis oqtomberSi medeos xeobaSi, mdinare 

mcire almatinkas marjvena napirze, ganxorci elda msof-

lio praqtikaSi unikaluri mimarTuli afeTqeba (5,3 

aTasi tona asafeTqebeli nivTiereba), xolo 1967 wlis 

aprilSi (3,9 aTasi tona asafeTqebeli nivTiereba) _ mis 

marcxena sanapiroze. 

afeTqebis Sedegad warmoqmnilma masam Seqmna qvayri-

li kaSxlis tani, romlis simaRle Seadgens 150 metrs, 

sigrZe qimze _ 530 m., fuZis sigrZe _ 800 m. Rvarcof-

sacavis moculoba Seadgens 12,6 mln. m3-s. wyalSemkrebi 

da wyalmimRebi nagebobebis mSeneblobisas gamoyenebulia 

27 aTasi m3 rkina betoni.  

1973 wels kaSxalze wamovida 3,8 mln. m3 moculobis 

udidesi myinvaruli Rvarcofi  (saukunis Rvarcofi), 
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romelic medeos Rvarcofsacavis saSualebiT srulad 

iqna SeCerebuli. 

1978 wels mdinare akJarze aigo gamWoli nageboba 

(simaRle _ 7,2 m., sigrZe qimze _ 7,8 m., fuZis sigr Ze _ 23 

m., Rvarcofuli nakadis saangariSo xarji  _ 143 m3/wm., 

tevadoba _ 112 aTasi m3.), romelic srulad iqna gavse -

buli 1985 wlis 24 maiss movardnili Rvarc of is masiT. 

alma-aTas dasavleTi nawilis dasacavad, mdinare 

did almatinkaze agebulia 40 -metriani monoliTuri rki -

nabetonis TaRovani kaSxali (sigrZe qimze _ 422 m., fuZis 

sigZe _ 200 m., Rvarcofsacavis tevadoba _ 8,2 mln.m3.), 

romelmac 1988 wlis 27 ivniss gauZlo 1 mln . m3 moculo -

bis Rvarcoful nakads.  

zemoaRniSnulis garda, ukanasknel periodSi farTo 

gamoyeneba pova  Rvarcofdamcavi nagebobebis zogierTma 

axali tipis efeqturma konstuqciam.  

ase magaliTad, viwro da cicabo Rvarcofaqtiur 

xeobebSi gamavali gzebis dasacavad gamoiyeneba soli-

sebri blokebis  TaRovani tipis nagebobebi. Rvarco fis 

gavlis S emdeg SesaZlebelia maTi gawmenda da xelmeored 

gamoyeneba. aseTi tipis nagebobebi seismomedegia da eko-

nomiuri. xSirad  nagebobebis ngreva xdeba maTi fuZis ga-

morec xvis an maTze Rvarcofis gadadinebis SemTxvevaSi. 

Rvarcofdamcavi nagebobebis ngrevis aseTi SemTxveva fiq -

si rebuli iyo mdinare durujsa (saqarTve lo) da mdinare 

akJarze (yazaxeTi).    

Rvarcofsadinaris kalapotis farT o nawilebSi, anu 

gamotanis konusis zonaSi, sadac napiri naklebad cicaboa, 

Rvarcofuli nakadebis siCqare da siRrme ki _ SedarebiT 

mcire, efeqturia gamartivebuli Rvarcofdamcavi nage -

bobebis gamoyeneba: unificirebuli rkinabetonis Rer -

Zuli elementebiT an foladis mes ris  konstruq ciebi.  
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ferdobebis gaswvriv gamavli gzebis dasacavad, Zi-

ri Tadad gamoiyeneba miwis dambebi, tranSeebi, rkinabeto -

nis barierebi da sxva grZivi nagebobebi.  

Rvarcofebisgan dasacavad, agreTve, gamoi yeneba av-

to mobilebis meor euli  saburavebis sxvadasxva tipis kon-

struqcie bi , romelTa meSveobiTac advilad xdeba Rvar -

cofuli nakadis en ergiis Caqroba. aseTi tipis kons -

truqciebi gamoirCeva mSeneblobis simartiviT, mcire 

RirebulebiTa da g amoyenebis vadis xangrZlivobiT. 

RvarcofsawinaaRmdego RonisZiebebis analizis Se-

degad SeiZleba davaskvnaT, rom miuxedavad arsebuli 

uamravi efeqturi RvarcofsawinaaRmdego ko nstuqci ebi-

sa, aucilebelia maTi dagegmarebisa da gaangari Sebis 

meTodebis srulyofa  normebisa da wesebis mecnierulad 

dasabuTebuli meTodebis SemuSavebis safuZvelze.    
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Tavi  2. Rvarcofuli movlenebis 

Seswavlis Tanamedrove mdgomareoba  

 

 

2.1. bmul RvarcofTa warmoSobisa da moZraobis  

Taviseburebani  

 

saqarTvelos mTianeTi geomorfometriuli proce -

sebis Taviseburi saxesxvaobebiT gamoirCeva. maRalmTiani 

alpuri zona xasiaTdeba gamyinvarebiT, xolo mTisa da 

mTiswina ubnebi _ eqstremaluri eroziuli pro cesebiT, 

mTaTa CamocurebiT, CamonaSalebiTa da mewyeruli mov -

le nebiT. 

bunebrivi katastrofebis, kerZod, Rvarcofis for -

mireba reliefur -klimaturi, fizik ur -geografiu li 

maxasiaTeblebis mkveTrad gamoxatuli vertikaluri 

zonalobisa da sxva mraval urTierTmarTvad faqtorTa -

naa dakavSirebuli. Rvarcofuli procesebiT gamowveuli 

zarali ekologiuri wonasworobis rRvevis procesSi 

mniSvnelovan masStabebs aRwevs. 

Rvarcofuli  movlenebi aris procesTa iseTi 

erToblioba, romelic mis formirebasTan,  moZraobasTan,  

damangrevel  zemoqmedebasTan, transformaciasa da myari 

natanis daleqvasTan aris dakavSirebuli.  

aseTi nakadebis regulireba  da garemos ekologiuri 

mdgradobis SenarCuneba, romlis zemoqmedebas TiTqmis 

yvela qveynis mTisa da mTiswina regioni ganicdis, saxal-

xo meurneobis yvela dargi s mxridan gansakuTrebul 

yurad Rebas saWiroebs. 

RvarcofTa Camoyalibebis kerebSi da satranzito 

zonebSi brZolis sainJinro RonisZiebaTa SerCeva da 
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daproeqtebis racionaluri xerxebis gamoyeneba, uSua-

lod dafuZnebulia maTi dinamikuri maxasiaTeblebis 

droSi prognozirebis da gaanalizebuli maTematikuri 

modelebis safuZvelze miRebuli saangariSo  damokide-

bule bebis gamoyenebaze.  

rogorc  Rvarcofuli gamonatanis kumulaciuri 

mrudebis analizi, myari natanis hidravlikuri simsxos 

gansxvavebuloba da fizikur -meqanikuri maxasiaTeblebis 

did diapazonSi droSi cvlileba adasturebs, igi 

gamotanis konusebze wylis nakadiT transportirebul 

myar danaleqs ar warmoadgens. aqedan gamomdinare, 

dasturdeba, rom Rvarcofebi  warmoSobiT da moZraobis 

maxasiaTeblebis cvlilebiT xasiaTdeb a anomaliurobiT . 

movlenis Seswavla mkacri meqanikis kanonebze dayrdno -

biT  xSirad sasurvel Sedeg s ver iZleva.  

zemoT aRniSnulis dasasabuTeblad SeiZleba movi y-

vanoT mniSvnelovani gansxvaveba samecniero litera -

turaSi mkvlevarTa sxvadasxva warmodgenebis safuZ-

velze gaangariSebul Sedegebs Soris, RvarcofTa fizi -

kur -meqanikuri Sedgenilobis da reologiuri Tvi sebebis 

ganmsazRvreli maxasiaTeblebis identurobis SemTxve-

vaSic ki. 

eroziis Sedegad warmoqmnili myari natanis 

Rvarcofwarmomqmnel kerebSi dagroveba mTis SenakadTa 

saTaveebSi arsebuli hidrografiuli qselis kalapotTa 

sistemiT x orcieldeba. simZlavriTa da mo salodneli 

zara lis masStaburobiT  gamoirCeva durujis, laskadu -

ras da aragvis auzebSi arsebuli Rvar cof warmomqmneli 

kerebi, romelTa gavlenis zonebi Semdegnairad nawil -

deba: kavkasionis mTavari qedis samxreT ferdobi  _ 14,0 

aTasi km2; bmuli Rvarcofebi  _ 3,2 aTasi km2; samxreT 

saqarTvelos mTianeTi _ 2,6 aTasi km2; bmuli Rvarcofeb i  
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_ 0,45 aTasi km2; kavkasionis centra luri ferdobi  _ 1,9 

aTasi km2; bmuli Rvarcofebi  _ 0,35 aTasi km2. 

samecniero SromaTa analiziT RvarcofTa 74,4%  _ 

Tavsxma wvimebiT, 18% _ Tovlis dnobiT, 3,7%  _ myin-

varebiT, 0,37% _ Tovlis CamozvavebiT, xolo 0,38% _ 

wyal sacavebis garRveviT xdeba. 

  kerebSi dagrovili Rvarcofwarmomqmneli grun -

tis Semadgeneli komponentebis urTierTTanafardobis 

mniSvnelovan sazRvrebSi cvlileba  faqtorebis zemoq -

medebiT, gansxvavebuli bunebisa da Tvisebebis mqone 

maRali simkvrivis nakadTa warmoqmnas ganapirobebs. 

dReisaTvis RvarcofTa speqtri pirobiTad ori gan -

sxvavebuli saxiT aris warm odgenili: pirveli  _ bmuli 

Rvarcofebi , romelTa moculobiTi wona 1,8 õ2,3t/m3-is 

farglebSi icvleba da ma Rali simkvrivis nakadebis 

saxel wodebiTaa cnobili; meore _ Rvarcofebi,  romelTa 

moculobiTi wona 1,1õ1,7 t/m3-is farglebSi meryeobs, 

maTi tani uwyvet garemos warmoadgens, xolo myari naka-

dis matransportirebel saSualebad wyalia miCneuli.  

gamowveuli zaralisa da anomaliuri bunebis gamo  

warmodgenil RvarcofTa saxeebidan, Rvarcofsaregula -

cio sainJinro RonisZiebaTa SerCevisa da farTo masSta-

biT gamoyenebis SemTxvevaSi, nagebobaTa saproeqto 

parametre bis optimaluri variantebis SerCevis dros  

yuradRebas i pyrobs bmuli Rvarcofebi . 

kerebSi Camoyalibebuli Rvarcofis m asa  xasiaTdeba 

gare Zalebis  mimarT winaaRmdegobis unariT, ris Sesaba-

misadac misma tanma SeiZleba ganicados formis garkve-

uli cvlileba. wonasworobis rRveva da moZraobis daw -

yeba daZabulobis gansazRvrul pirobebs Seesabameba. 
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aseT pirobebSi damZvreli Zabvis mniSvneloba aWar-

bebs bmulobis winaaRmdegobas. roca Rvarcofis tani  

i rRveva da misi erTi nawili  meoris mimarT gadaad-

gil deba, maSin aseTi  piroba  gansazRvruli Zvris zedapi -

ris sibrty is Sesabamisi xdeba. Zvris zedapiris moxazu-

lo ba da keridan misi gavrcelebis zona mosalodneli 

xarjisa da daZvris gasaSualebuli siRrmis ganmsaz -

Rvrel faqtors warmoadgens.  

satranzito u bnebze Rvarcofuli procesebi  gan-

sakuTrebuli bunebiT xasiaTdeba. im SemTxvevaSi, rode-

sac satranzito ubnis qanobi Rvarcofis Zvris zedapiris 

gasaSualebuli qanobis mniSvnelobis toli  an masze nak-

le bia, nakadi wyvets moZraobas. 

Rvarcofwarmoqmnis procesi, ise rogorc sxva nebis -

mieri movlena bunebaSi, SeiZleba ganxilul i qnas, ro-

gorc faqtorTa ori tipis  _ statikuris da dinamiku ris  

_ urTierTqmedebis Sedegi. 

pirvel miaxloebiT statikur faqtorad  SeiZleba 

CaiTvalos Rvarcofwarmomqmnel kerebSi dagrovili mya -

ri masis fizikur -meqanikuri maxasiaTeblebi, potenciu ri 

Rvarcofuli masivebi, keris wyalSemkrebis infil tra -

ciuli da TviT kerebis morfometr uli maxa siaTeblebi. 

warmodgenil maxasiaTebelTa statiku ro ba fardobiTia  

imdenad, ramdenadac kerebis forma da zomebi, liTolo -

giuri Sedgeniloba, Rvarcofwarmom qmneli gruntis 

mocu lo ba garkveuli wlebis ganmavlobaSi SeiZleba 

stabiluri iyos, xolo rac Seexeba Rvarcofuli  tanis 

Sida dinamikur faqtorebs  _ teniano bas, Sinagani xaxunis 

kuTxes, bmulobasa da sxv., isini dRe-Ramis ganmavlobaSi 

cvalebadia.  

dinamikur faqtorebs Soris aRsan iSnavia garegani 

bunebrivi faqtorebis, kerZod , wvimis xangrZlivoba, 
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inten sivoba da simZlavre, Rvarcofwarmomqmneli masivis 

hidrologiuri maxasiaTeblebi, filtraciuli SesaZleb -

lo bani da adgilmdebareobis seismuroba. 

Rvarcofuli procesebis ZiriTad ganmsazRvrel  

kriteriumad SeiZleba CaiTvalos misi mkveTrad gamoxa-

tu li formis mqone grZivi profili , romelic realur an 

albaTur Rvarcofwarmoqmnis curvis zedapirs warmoad -

gens. 

bmuli Rvarcofebi  satranzito ubnis mcire qanobis 

mqone monakveTebze moZraobas wyvets SeZenili formis 

daur Rvevlad. prof. m. gagoSiZis mier moyvanili magali -

TiT, siRmiT 3,5 da siganiT 35 m Rvarcofi  xevidan 

gamosvlis momentSi 100-150 m siganis WalaSi 13 km man-

Zilze struqturis daurRvevlad ganagrZobda moZraobas. 

moyvanil magaliTSi nakadis mdgomareobasa da moZraobis 

Sewyvetis moments damrtymeli (simZimis Zala) da 

plastikuri winaaRmdegobebis Zalebis gansazRvruli 

mniSvnelobebi Seesabameboda. 

Rvarcofwarmomqmnel gruntSi  wylis Semcveloba 

misi wvrilfraqciuli Semadgenl obis qvis CanarTTan 

urTierTTana fardobis mixedviT ganisazRvreba da woniT 

sidideebSi misi cvlilebis diapazonis sazRvrebSi mer -

yeobs, xolo , roca wylis Semcveloba Warbobs aRniSnuli 

diapazonis maqsimalur mniSvnelobas, RvarcofSi bmulo -

ba qreba da igi turbulenturi reJimiT moZraobs.  

Rvarcofuli procesebis saangariSo damokidebule -

bebiT aRweras, movlenis sirTulis gamo, etapobrivi saxe 

gaaCnia. pirvel sistemur kvlevebs samecniero publika -

ciebSi movlenis aRweriTi xasiaTi gaaCnia da igi me-19 

saukunis 20-ian wlebamde grZeldeba.  

Semdgomi etapi, RvarcofTa speqtrSi ZiriTadi  sa -

xeebis gamoyofas, RvarcofTa saxeebis sasazRvro pirobe-
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bis  Sefasebas, terminologiis, gavrcelebis geografi is  

dazustebas, hidra vlikuri da hidrologiuri maxa sia-

Teblebis Seswavlas eZRvneba. am mxriv yuradRebas ip-

yrobs cnobili mecnierebis i. velikanovis, m. gagoSiZis,  

p. neporo Jnis, m. mostkovis, s. fleiSmanis, i. xerxeuli -

Zis, g. xmala Zis, a. Sekos, n. dumitraSkos, v. perovis ,        

m. aizenbergis, i. boiarskis, b. budagovis,  v. varduginis,    

i. vinogradovis, b. goldinis, a. d egovecis, n. dumitraS -

kos, b. ivanovis, x. ismagilovis , t. kirenskaias, a. kovali -

ovis,  i. mosakovskaia, v. moCalovis, a. oliferovis,  v. puS-

karenkos, s. rustamovis, n. ruxaZis, i. seinovis, r. xoninis, 

e. wereTelis, v. iablonskis , d. varnesis  da sxvaTa samec-

niero publi kaciebi.  
dagrovili informaciisa da arsebuli statisti -

kuri masalebis analizis safuZvelze  Semdgomi  etapi  

Rvarcof Ta  hidravlikis,  hidrodinamikis, reologiis da 

momijnave kvlevis sferoebSi gamoyenebuli modelebis 

procesTan adaptirebazea orienti rebuli da moicavs 

maTi Tanabari da, ufro mogvianebiT, araTanabari moZrao-

bisa da sainJinro RonisZiebebis saproeqto parametrebis 

normativebis SemuSavebis sakiTxebs. maT ricxvSi aRsaniS-

navia i. vinogradovis, g. beruCaSvilis, o. naTiSvilis,  c. 

mircxulavas,  T. voiniC-sianoJenskis, n. kereseliZis,         

b. axmedovas, a. kvasovis, v. sanoianis, u. mir zazades, l. su -

laq veliZis, z. iordaniSvil is, v. TevzaZis, g. xerxeuli -

Zis, J. bainatovis,  v. korobovis, t. takahaSis, r. bri gen-

tis, i.  iSikavas da sxvaTa samecniero naSromebi. 

analogiuri xasiaTis SromaTa Soris yuradRebas im -

saxurebs agreTve v. miasnikovis, b. stepanovis, d. fru iZis, 

g. kvaSilavas, g. xaraiSvilis,  m. maqaraSvilis, l. soxa Zis, 

e. kuxala Svilis, i. yruaS vilis, g. gavardaSvilis,            
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k. bearlis, k. ianos , l. sil vios, f. kousotis, m. vudsis,  

j. dufis, a.  fe re ros  da sxvaTa samecniero publikaciebi.  

RvarcofsawinaaRmdego RonisZiebaTa proeqtirebisa 

da rigi sainJinro amocanebis gadawyvetis sakiTxebSi 

sayuradReboa m. gagoSiZis mier SemoTavazebuli kvlevis 

Sedegebi, romlis mixedviT dadgenil iqna RvarcofTa 

saxeebis sasazRvro pirobebi, maTi Sefasebis rigi krite -

riumebi da saangariSo sqemebi. unda aRiniSnos, rom am 

etapze procesis Sefaseba srulad ar aris warmodgenili 

movlenis mravalfaqtorianobisa da kvlevis statistikis 

siRaribis gamo. 

zRvruli wonasworobis Teoriaze dayrdnobiT, 

natu ruli da laboratoriuli monacemebis analizis 

safuZvelze, Rvarcofis yvela SesaZlo struqturul -

reologiuri tipisa Tvis, dadgenilia myari Semadgenlis 

milimetriani da masze naklebi zomis nawilakebiT Sevse-

bis qveda zRvari, romlis mniSvneloba damokidebuli ar 

aris qvis CanarTis diametrze da woniT nawilSi 0,23 -is 

tolia [36]. 

myari nataniT wylis Sevsebis zRvruli SesaZleb -

loba qanobTan damokidebulebaSi mocemulia SromaSi 

[32], romlis mniSvneloba 48%-is tolia. m. mostkovis [ 40] 

mixedviT, myari Semadgenlobis moculobiTi koncentra -

ci is qveda zRvari RvarcofebSi 26 _40%-is farglebSi 

icvleba.  

sxvadasxva dispersiuli sistemebis kvlevis anali -

zi sa da ganzogadebis safuZvelze i. xerxeuliZis mier 

[56] mdinare durujis auzis RvarcofebisaTvis  dadge-

nilia myari Semadgenlobis moculobiTi koncen traciis 

maqsimaluri sidide da misi Sesabamisi qanobis mniSvnelo-

bebi, e.i. roca moculobiTi koncentracia  0,7-is tolia, 

Rvarcofis qanobi Ὥ πȢςυȢ 
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eroziis Sedegad Rvarcofwarmomqmnel kerebSi dag-

ro vili Rvarcofis masi s wonasworobis rRvevis pirobebi  

dakavSirebulia  garegani datvirTvebis an mis tanSi 

Sinagani winaaRmdegobis ganmsazRvreli parametrebis 

moqmedebis efeqtis SemcirebasTan. daZabuli mdgomareoba 

icv leba  rogorc fenis zrdis pirobebSi, ise misi masis 

wyliT Sevsebis Sedegad. aRniSnuli SemTxveva iwvevs 

efeqturi xaxunisa da bmulobis Semcirebas. damZvreli 

Zabvis Sedegad Rvarcofwarmomqmneli masis erTi nawili  

gadaadgildeba meoris mimarT. warmoiqmneba Zvris 

zedapiri, romelic zRvruli wonasworobis piro bebs 

Seesabameba. 

mimdinare procesis Sefasebisa da Rvarcofwarmom-

qmnel gruntSi Zabvebis ganawilebis suraTis dadgenis 

dros, farTod aris gamoyenebuli xazovnad deformire -

badi sxeulebis gantolebebi . 

Rvarcofwarmomqmneli  gruntis  mdgomareoba,  misi  

zedapiridan Camomewyrili farTobis sidide zRvruli 

wonasworobis Teoriis kerZo amocanas  warmoadgens  da  

Zvris  zedapirze  SesaZlo  moqmedi  Zabvebis gansakuTre -

bul SemTxvevebs Seesabameba. daZabulobis momentSi, roca 

mTavar Zabvebs Soris sxvaoba aRwevs zRvrul mniSvnelo -

bas, iqmneba kritikuli mdgomareoba da Rvarcofis 

warmoqmnis SesaZlebloba [26, 34, 36, 44, 51, 52, 61, 62, 65], 

xolo Camomewyvris moculobis sidide keraSi dagrovili 

masis simaRlis, bmulobis, Sinagani xaxunis kuTxis da 

Zvris zedapirze moqmedi normaluri da mxebi Zabvebis 

funqcias warmoadgens [13]. 

daZabulobis garkveul momentSi, roca mTavar 

Zabvebs Soris sxvaoba aRwevs zRvrul mniSvnelobas, 

izrdeba Rvarcofis moZraobis dawyebis SesaZlebloba.  
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Rvarcofwarmomqmneli gruntisaTv is damaxasiaTebe-

lia araerTgvarovneba. aqedan gamomdinare, icvleba misi 

rogorc statikuri , ise dinamikuri maxasiaTeblebi. 

kerebidan yalibdeba  sxvadasxva saxis Rvarcofebi . erT -

gvarov nebis koeficienti  ὑ, romelic Ὠ Ὠϳ   sidi deebis 

fardobiT aris warmo dgenili , sxvadasxva avtorTa mona-

cemebiT did diapazonSi meryeobs, magaliTad, g. beruCa-

Svilis mixedviT _ ὑ ψȢυ [18]; e. varduginis mixedviT _ 

ὑ ψȢυφȢχ ψ [19]; a. zemsis  mixedviT _ ὑ φȢυ [33]; m. ga-

goSiZis mixedviT _ ὑ ςȢυ [29]; i. vinogradovis mixedviT 

_ ὑ ςπ [23]. 

Rvarcofis masis wonasworuli mdgomareobis Ziri -

Tad ganmsazRvrel parametrad Sinagani xaxunis kuTxea 

miCneuli, romlis cvlilebis dinamikas tenianobasTan 

kavSirSi Semdegi saxe aqvs: roca tenianoba 3·5%-is 

far glebSia, Sinagani xaxunis kuTxis gasaSualoe buli 

mniSvneloba • συЈ-s; tenianobis 10%-mde gazrdis 

SemTxvevaSi • ςχЈ-s, xolo roca tenianoba 1 2%-ia, Si -

nagani xaxunis kuTxe 4Ü-mde ecema. Sinagani xaxunis kuT-

xis cvlilebis analogiurad icvleba bmulo ba: roca te -

nianoba 5%-is tolia, bmulobis mniSvnel oba 0,03·0,036 

kg/sm2-is farglebSia; tenianobis 10 %-mde gazrdiT misi 

mniSvneloba 0,1 kg/sm2-mde izrdeba; 12% tenianobis 

SemTxvevaSi bmulobis efeqti mTlianad qreba. 

Rvarcofis uecari warmoSobis bunebis, moqmedebis 

xangrZlivobis simciris, moZraobis arastaciona r ul o-

bis, realur procesTan realuri Sefasebis amomwurav 

operatiul Sesabami sobad SeiZleba CaiTvalos hidrogra -

f i, romelic Rvarcofis erTi talRis gavlas Seesabameba. 

igi diametraluradaa gansxvavebuli Cveulebrivi wyal -
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di dobis hidrografisagan  rogorc ferd i s awevis, ise 

dawevis monakveTebis simrudiT da daxrilobiT.  

RvarcofTa tipuri hidrografi , romelsac trape -

ci is forma aqvs da cicabo aRmavali da mdored damreci 

ferdebiT xasiaTdeba, i. xerxeuliZis mier iqna Seswavli -

li [ 58]. hidrografi  satranzito ubnebze cvalebadi 

masiT moZravi Rvarcofis iseTi maxasiaTebelia, romlis 

formis codnis SemTxvevaSi SesaZlebeli xdeba maTi 

hidrav likuri am ocanebis SedarebiT martivad gadaw-

yveta.  

bmul RvarcofTa h idrografis erTaderT modelad  

SesaZlebelia miwis kaSxlis garRvevis procesi s misa-

dageba. movlenis sirTulis gamo  RvarcofTa moZraobis 

maxasiaTeblebi  xSirad sadinarTa calkeuli ubnebisaTvis 

gai angariSeba da Tanabari moZraobis ZiriTad operatiul 

saSuale bas, damokidebuleb as warmoadgens. saangariSo 

parametrebad aRebulia sidi deebi, romlebic satran -

zito ubnis SerCeul i  monakveTis kalapots Seesabameba, 

xolo hidravlikuri maxasiaTeblebis dadge na Tanabari 

moZraobis gantolebebiT xdeba. aseTi daSvebebiT moZravi 

nakadis maxasiaTeblebis Sefaseba zrdis nagebobaTa 

mdgradobis marags. sinamdvileSi, Rvarcofsadi narSi 

nakadis moZraoba arastacionaluria, saTavidan moZraobis 

mimarTulebiT igi xSirad icvlis Tavis dinami kur RerZs 

da maCveneblebs. aqedan gamomdinare, gaangariSebisas 

aucilebelia mxedvelobaSi iqnas miRe buli mosalod -

neli daumyarebeli moZraobis faq tori.  

Rvarcofis zRvruli wonasworobidan dinamikur Si 

gadasvlis dros  moZravi tanis struqturis darRvevis 

gamo sagradiento SreSi icvleba sawyisi winaRoba Zvraze.  

sruli Zvris winaaRmdegobis cvlilebis suraTis 

dadgena erT-erTi rTuli sakiTxia, radgan igi moicavs 
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siblantes da Zvris sawyisi winaaRmdegobis parametrebs. 

siblantis koeficientis gansazRvris mcdeloba Rvar-

cof mcodneobaSi misi Semadgeneli talaxovani wyalko-

loi duri nawilis kvleviT iwyeba. aRniSnuli kvlevebis 

safuZvelze gamovlinda  misi roli reologiuri Tvisebe -

bis ganmsazRvrel maxasiaTeblebze.  

siblantis koeficientis gansazRvris dros, farTod 

iqna gamoyenebuli Rvarcofis masis monodispersiul ga-

re moebad dayofis meTodi, romlis safuZvelze misi sidi -

dis gansazRvra dayofili calkeuli narevebis siblantis 

mniSvnelobebis namravliT xdeba. 

myari qvis CanarTis saSualo diametris cvlileb is 

gamo Rvarcofwarmo mqmneli gruntis siblan tis koefi -

cients gansxvavebuli mniSvnelobebi gaaCnia. qvis Canar-

Tis gavlenis cvlilebas siblanteze mieZRvna rotaciul 

viskozimetrebze Catarebuli cdebi [17, 27, 35,  41, 44, 54, 

55]. 

satranzito ubnebze moZrav nakads gaaCnia rigi 

Taviseburebani, razedac miuTiTebs mecnierTa mier war-

modgenili sxvadasxva modelis amsaxveli damoki debule -

bebi Zvris winaRobis Zabvasa da siCqaris gradients Soris. 

SromaTa erT nawilSi  nakadis dinebis mrudTa ojaxi s 

kavSiri Zabvasa da siCqaris gradients Soris sxvadasxva 

f ormiT warmodgenili damokidebule biT aris aRwerili 

[7, 27, 34, 36, 40, 41, 55], xolo meore mimarTulebaSi es 

kavSiri xarisxobrivi formiT aris warmodgenili . aRniS-

nul modelTa gansxvavebuloba miuTiTebs gansxvavebul 

Sexedulebebze RvarcofTa moZraobis sqemasa da moZ-

raobis meqanizmze [63, 64, 66, 67, 68].  

struqturuli kavSirebisa da simtki cis  maxasiaTeb-

lebis did diapazonSi  cvlilebisa da Rvar co fis masis 

gaumWvirvalobis  gamo  siCqaris  verti kalze  ganawile-
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bis  suraTis kanonzomierebis Sefaseba da masze swori 

warmodgenis Seqmna xSirad ver xerxdeba. ris gamoc  

mecnierTa erTi nawili, Teoriulad, siCqareTa verti -

kalze ganawilebis uwyvet formas iRebs, xolo meore 

nawili am suraTs sagradiento SriTa da Ziri Tadi bir -

Tvis arsebobiT asabuTebs. ukanasknel periodSi, samecni-

ero publikaciebSi  moZraobis samSrian modelebsac 

vxvdebiT [7]. 

RvarcofTa hidravlikis amocanebis analizuri 

gadawyveta Tanamedrove pirobebSi imis gamo ar kargavs 

Tavis aqtualobas, rom nakadis satranzito ubnis cal -

keul monakveTze xdeba morfometr uli maxasiaTeblebis 

iseTi  cvlilebeb i , romlebic xSirad ar eqvemdebareba 

Sefasebas. miuxedavad imisa, rom kalapotur proc esebze 

arsebobs mravalgvari  samecniero informacia, Rvarcof -

Ta hidravlikuri amocanebis gadawyvetisas aucile belia 

RvarcofsawinaaRmdego hidroteqnika dafuZ nebuli iyos 

iseTi  gaangariSebis meTodebze, romelic srulad asaxavs 

maT bunebas.  

Rvarcofwarmomqmneli kerebi, romlebic hidro gra-

fiu li  qselis kalapotTa  sistemiT  aris  warmodgeni-

li, mosalodneli saSiSroebisa da formirebul nakad Ta 

simZlavris ganmsazRvrel ZiriTad elements war moadgens.  

RvarcofTa dinamikisa da daZabuli mdgomareobis 

amocanaTa gadawyvetis SesaZlebloba damokidebulia  

Rvarcoful masaSi Semadgenel komponentTa wilobriv 

Semcvelobasa da urTierTTanafardobaze . kriterialuri 

sazRvrebis umniSvnelo cvlilebiTac ki  SesaZlebelia 

Rvarcofis erTi saxidan meoreSi gardasaxva.  komponen-

tTa  cvlileba bmuli RvarcofisaTvis sainJin ro amoca-

nebis gadawyvetis dros  unda akmayofilebdes  pirobas:  

wylisa  da  milimetriani  nawilakebis  woniTi Tanafard -
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ba unda Seadgendes 0õ0,49-s; wylis wonis fardoba Rvar -

cofis mTlian masasTan unda Tavsdebodes 0,112õ0,20 far -

gleb Si, xolo milimetriani da masze naklebi nawila -

kebis wonis Sefardeba mTlian myar masasTan _ 0,23õ0,45 

sazRvrebSi.  

zemoT aRniSnulidan gamomdinare, SesaZlebelia 

mosalodneli xarjis prognozi reba, aqtiuri da pasiuri 

wnevebis suraTis Seswavla hidroteqnikur nagebobebze da 

sxva [50]. 

bmuli Rvarcofebi  maRali simkvrivis nakadTa Soris 

bunebis is stiqiuri gamovlinebaa, romlis dinami kis 

sakiTxebis gadawyveta misi dinebis kanonzomierebaTa 

fizi kuri arsis sruli SeswavliTaa SesaZlebeli. moZ -

rao bis dros  Rvarcofebi xasiaTdeba arastacionalu ri 

reJimiT. movlenis aRwera da daumyarebeli moZraobis 

diferencialuri gantolebebis gamoyenebis SesaZleblo -

ba asaxulia SromebSi [2, 4, 5, 8, 16, 28]. 

hiperkoncentrirebuli Rvarcofuli nakadebis 

moZraobis talRuri reJimis warmoqmnis Teoriuli da 

praqtikuli sakiTxebi ganxilulia SromebSi [42, 43], 

romlebSic  Rvarcofis Tanabari moZraobis modeli gan -

xilu lia rogorc ñmuSa abstraqciaò. aseTi axleburi 

midgoma bunebaSi mimdinare realuri procesebis Tval -

naTliv i  warmodgenis saSualebas iZleva. 

bmul RvarcofebTan brZolis RonisZiebebis SerCe -

vis dros gansakuTrebuli  yuradReba nakadis  struqtu -

ris  rRvevis sakiTxebs eZRvneba. Rvarcofsadinarebi, 

romlebic xasiaTdeb a morfometruli maxasiaTeblebis 

mkveTri cvlilebiT, garkveul gavlenas axden s misi  

struqturis cvlilebaze da moZraobis reJimze. gansa-

kuTre bul yuradRebas nakadis struqturis cvlilebaze  
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misi tanis kumSvisa da gafarToebis maxasiaTeblebi  

ipyrob s. wyalTan SedarebiT es maCvenebeli gacilebiT 

didi sididiT xasiaTdeba da garkveul gavlenas axdens 

nagebobaTa saproeqto parametrebze [15, 20, 21, 59]. 

ukanasknel periodSi nagebobasTan urTierTmoqmede-

bis SemTxvevaSi, dinamikuri Zalis sruli prognozis miz -

niT (mkveTrad gamoxatuli bmulobi s pirobebSi) yurad -

Reba daeTmo mis tanSi talRis gavrcelebis siCqaris 

cvlilebis Taviseburebas. aRmoCnda, rom RvarcofSi, 

wyal Tan SedarebiT, talRis gavrcelebis siCqare TiTqmis 

7-jer mcirdeba [ 12]. 

sainJinro TvalsazrisiT  RvarcofsadinarTa kala -

pote bis mdgradoba da sareguliacio nagebobaTa proeq-

ti re ba iseTi kriteriumebis gaTvaliswinebas saWiroebs, 

romelSic  ar xdeba nakadis struqturis cvlileba da 

mdgradobis koeficientis normativebidan gamosvla. pi -

ro bis darRvevisa da maTi sadinaris Ri obebis zomebis 

arasworad daniSvnis SemTxvevaSi mosalodnelia xergi-

le bis warmoqmna da ekologiuri stabilurobis rRveva 

[10].  

bmulobis  Tvisebebidan  gamomdinare,  nebismieri  

simZlav ris  mqone Rvarcofwarmomqmneli  masis  tanSi  

SeiZleba  gamoiyos ori  zona: pirveli _ sadac ar xdeba 

Zvris zedapirebis warmoqmna, gverdebi inarCunebs ver-

tika lur mdgomareobas da misi sidide bmulo bis ekviva-

len turi sididis simaRliT xasiaTdeba; meore _ pirveli 

zonis gagrZelebas warmoadgens, romelSic xdeba  zRvru -

li  wonsworobis  rRveva . bmulobis safuZvelze SesaZle -

belia Sefasdes  Rvarcofis  aqtiuri Zabvisa da gver diTi 

wnevis koeficientis mniS vnelo bebi [3]. 

eroziul  RranteebSi dagrovili  Rvarcofis  tanis  

qvis karkasis talaxovani mdgeneliT Sevsebis dasrule -
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biT SesaZlebeli xdeba zRvruli wonasworobis dakargva 

da Rvarcofis tanis aramdgrad  _ denad mdgomareobaSi 

gadasvla.  

RvarcofTa regulirebis sirTuleebi  maT sadina-

rebSi mimdinare rTuli kalapoturi procesis Seswavlis 

donezea damokidebuli. aqedan gamomdinare, Rvarcof Ta  

regulireba   kal apotebis  mdgradobis  morfometr uli 

maxasiaTeblebisa da nakadis  hidravlikuri parametrebis 

iseT urTierTSerwymas moiTxovs, romlis drosac dacu -

li iqneba nagebobisa da nakadis mdgradobis pirobebi [1, 

15, 21, 40, 59]. 

realurad  RvarcofTa moZraobas sadinarebSi 

arasta cionar ul i   xasiaTi  gaaCnia. nakadis satranzito 

ubnebi xasiaTdeba dinamikuri maxasiaTeblebis cvlilebis 

TaviseburebiT. amocanis  gadawyvetis  dros  arsebuli 

miznis misaRwevad xSirad gamoiyeneba ricxviTi meTodebi. 

Rvarcoful procesebze moqmedi faqtorebis 

analiziT dasturdeba mniSvnelovani gansxvaveba  saanga-

riSo  modelebis  procesze adaptirebiT miRebul hid -

ravli kur parametrebs  Soris  rogorc nakadis Camoyali -

bebisas, aseve maTi moZraobisas satranzito ubnebze. 

sakiTxi exeba keridan daZruli masis xarjis progno -

zirebis arastacionarul obas, maTi reologiuri  maxasia -

Teble bis, dinamikis saangariSo damokidebulebebis da-

zustebas, satranzito ubnebze maTi moZraobis pirobebs 

da kalapo teb Si mimdinare procesebs. 
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2.2. Rvarcoful movlenebTan adaptirebuli 

saangariSo modelebi  

 

Teoriuli TvalsazrisiT, Rvarcofuli procesebis, 

zRvruli wonasworobis, moZraobisa da gaCerebis saanga-

ri So damokidebulebebiT aRwera, ZiriTadad fizikur -

meqanikuri da reologiuri parametrebis gamoyenebiT 

xdeba. maTi cvlilebis kanonzomierebis codniT  SesaZle-

beli xdeba  movlenis arsis srulad warmoCena da, 

Sesabamisad, iseTi modelebis SerCeva, roml ebic realu -

rad Seesabameba situacias da realuri suraTis warmoCe-

nis saSual ebas iZleva.  

 codnis Tanamedrove doneze da kvlevis arsebuli 

pirobebiT RvarcofTa statikuri da dinamikuri maxasia -

Teblebis dadgena rTuldeba maTi fizikur -meqanikuri da 

reologiuri Tvisebebis ganmsazRvreli parametrebis did 

diapazonSi cvlilebis gamo. reolo giis TvalsazrisiT, 

aRsaniSnavia is faqti, rom swrafi deformaciis piro -

bebSi wyali SeiZleba ganxilul iqnas, rogorc myari 

sxeuli, x olo TviT bmuli Rvarcofi , umniSvnelo de-

for maciis pirobebSi _ rogorc denadi tani.  

arsebuli mravalricxovani kvlev is miuxedavad, 

movlenis rTuli bunebis gamo dRemde ar aris SemuSave-

buli erTiani srulyo fili meTodika  iseTi reologiuri 

Tvisebebis mqone RvarcofebisaTvis, romelTa moculobi -

Ti masa 1800-dan 2300 kgZ/m3-mde diapazonSi meryeobs. 

daZabul -deformaciuli mdgomareobis pirobebSi, 

Rvarcofi  avlens araniutonur siTxeTa Tvisebebis farTo 

speqtrs, amitom reologiuri modelis realurad 

SerCeva, xSirad, praqtikuli amocanebis gadawyvetis 

SemTxvevaSi, did sirTuleebTan aris dakavSirebuli.  
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aRniSnulma ganapiroba araniutonuri siTxeebis 

arsebuli modelebis analizisa da maTi Rvarcoful pro -

cesebTan misadagebis aucilebloba, rac mocemulia samec-

niero SromebSi [22, 31, 34, 36, 38, 39, 41, 47, 48, 52, 54, 57]. 

zRvruli wonasworobisa da moZraobis saangariSo 

sqemis sworad SerCeva, saangariSo parametrTa dazusteba 

masze moqmed faqtorTa kompleqsis SesaZlo gaTvalis-

winebiT, reologiuri Tvisebebis ganmsazRvreli paramet -

ris saimedo Sefaseba Rvarcofis tanis uwyveti garemos 

funqcias warmoadgens. bmul RvarcofTa speqtrisaTvis  

diskretu lobidan uwyvet garemomde transformacias da 

kriterialur sazRvrebs pasuxobs is ubnebi, romlebic 

Seesabameba pirobas: Rvarcofis Semadgeneli wylis, 

milimetriani da masze naklebi myari nawilakebis woniTi 

Tanafardoba, wylis wonis Sefardeba Rvarcofis mTlian 

masasTan, milimetriani da masze naklebi myari nawila -

kebis wonis mTlian myar masasTan Sefardeba dadgenil 

sazRvrebSia mocemuli [35]. 

Rvarcofis Semadgeneli komponentebis urTierTTa -

nafar dobis dadgenil zRvrebSi cvlilebis dros mniSv -

nelovnad icvleba Rvarcofis daZa bul -deformaciul i  

mdgomareoba. bmulobis myar masaSi milimetriani da masze 

naklebi zomis nawilakebis woniTi an moculobiTi sidi -

dis gazrda iwvevs sta tikuri maCveneblebis Semcirebas da 

dinamikuris  gazrdas. sul sxva gvarad xasiaTdeba wylis 

faqtoris roli: kritiku li mdgomareobis sazRvrebs 

gareT izrdeba  rogorc statikuri, ise dinami kuri 

maCvenebeli,  xolo Semdeg suraTi icvleba. Rvarcofis 

warmodgenil i  buneba aisaxa maTi daZvris da gaCerebis 

simaRlis Sefasebis dros [ 23]. 

mTis qanebis naSalze eroziuli, f izikuri da 

qimiuri zemoqmedebiT Rvarcofwarmomqmnel kerebSi 
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grov deba myari masala, romlis daZabuli mdgomareoba 

icvleba garegani da Sida ganmsazRvreli faqtorebis 

mixedviT. Rvarcofuli tanis daZabuli mdgomareobis 

Sefasebis dros  farTod aris gamoyenebuli wonasworobis 

diferencialur gantolebaTa sistema an mxeb da nor -

malur Zabvas Soris damokidebulebis xazovani kanoni. 

mxeb da normalur Zabvebs Soris xazovani damokidebu-

lebis SemTxvevaSi, Tavisufali wevrisa da sakuTxo 

koeficientis analogebad  miCneulia bmuloba da Sinagani 

xaxunis kuTxe. dasaxelebul parametrTa mniSvnelo bebis 

dadgena, ZiriTadad, eqsperimentiT miRebuli SedegebiT 

xdeba [3, 45]. 

RvarcofsadinarSi  moZravi nakadi xasiaTdeba rigi 

TaviseburebiT, rac arTulebs siCqareTa vertikalze 

ganawilebis kanonzomierebis Seswavlas da misi epiuris 

saxis dadgenas. aqedan gamomdinare, procesze sxvadasxva 

avtorTa g ansxvavebuli warmodgenebis gamo rTuldeba 

nakadis gverdiTi kumSvis optimaluri sididis Sefaseba 

da sainJinro gadawyvetaTa saproeqto parametrebis 

SerCeva. 

reologiuri gantoleba, romelic nebismieri sxeu -

lis martivi da rTuli reologiuri Tvisebebis ganmsaz -

Rvrel parametrTa funqcias warmoadgens, srulad 

aRwers gansaxilveli tanis Tvisebas. integrirebis 

safuZvelze miRebuli Sedegebis SerCeva da adaptireba 

bmuli Rvarcofis moZraobis gamomsaxveli sqemis ganzo-

gadoebul formasTan praqtikisaTvis damakmayofile bel 

Sedegebs iZleva. 

SromaSi [25] reologiuri Tvisebebis ganmsazRvre li 

parametrebis gamoyenebis sirTulis gamo aRebulia  misi 

gasaSualoebuli mniSvnelobebi , rasac moZraobis gamar-

ti vebuli modeli Seesabameba. 
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kvlevis uaxlesi monacemebi bmul Rvarco fTa dina -

mikis Sesaxeb adasturebs, rom maTi dinebis kanonzomi-

erebis prognozire bisa da sainJinro amocanebis gadawyve-

tis ZiriTad operatiul saSualebas v. TevzaZis mier 

Sedgenili daumyarebeli moZraobis diferencialu ri 

ganto le ba warmoadgens [52]. 

   struqturuli kavSirebisa da simtkic is  maxasia-

Teblebis did diapazonSi cvlilebebisa da verti kalze 

siCqaris ganawilebis kanonzomierebis dadgenis sirTulis 

gamo ver xerxdeba moZraobis modelis sworad warmod -

gena. amiT aris ganpirobebuli mecnierTa erTi nawilis  

mier, siCqareTa vertikalze ganawilebis uwyveti formiT 

warmodgena. meore nawili moZraobas sagradiento SriTa 

da birTviT ixilavs,  xolo mesame nawilis samecniero 

Sromebi samSriani modeliTac aris warmodgenili [ 53]. 

RvarcofTa simZlavris s ididis raodenobrivi mniS -

vneloba  moZraobis saSualo da zedapiruli siCqaris 

cvli lebis funqciaa.  

satranzito ubnebze Rv arcofsadinarTa kalapotebi 

iSviaTad xasiaTdeba morfometruli maxasiaTeblebis 

mkveTri cvalebadobiT, rac garkveul gavlenas axdens 

nakadis moZraobis saxesa da reJimze. xSirad nakadis Tavi-

sufali zedapiris cvalebadobas Seesabameba mis siRrmeTa 

mkveTri cvlileba. analiziT dasturdeba, ro m identur 

pirobebSi Rvarcofis SeuRlebul siRrmeT a Tanafardoba 

wyalTan SedarebiT gacilebiT didia, xolo kuTri ener -

giis danakargi, romelic maT cvalebadobas Seesabameba _ 

mcire. siRrmeTa cvalebadobis aseTi suraTi reologiuri 

Tvisebebis ganmsazRvreli parametrebiT aris gamow-

veuli.  

moZraobis aRweris monacemebiT, bmul RvarcofTa 

moZraoba xasiaTdeba mkveTrad gamoxatuli mZafri reJi -
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miT, xvedriTi Zalisa da Sinagani xaxunis kuTxis cvli -

lebis gansazRvruli mniSvnelobebiTa da SeSfoTe buli 

zonis gavrcelebis Taviseburebeb iT. proporciu lo bis 

zRvrebSi, drekad -deformaciuli xazovani kanonis gamo -

yenebis safuZvelze, RvarcofTa gverdiTi gafar Toebis 

cvlilebis kanonzomierebas da talRis gavrcele bis 

siCqaris cvlilebis diapazon s, araniutonuri siT xe-

ebisgan gansxvavebiT, gansakuTrebuli saxe gaaCnia. grun-

tebis analogiurad bmuli Rvarco fis gverdiTi kumSvi s 

koeficienti icvleba 0,33 ·0,45-is diapazonSi, xolo 

talRis gavrcelebis siCqaris mniSvne lo ba struq -

turuli kavSirebis, xaxunisa da SeWidulo bis Zalebis 

maqsimaluri mniSvnelobis dros 200 m/wm-mde mcirdeba. 

moZraobis mimarTulebis Secvlis an nagebobebTan 

urTierTqmedebis dros  Rvarcofis tanSi warmoiqneba 

SeSfoTebuli zon a, romelic  misi siRrmis sawyis piro-

bebTan SedarebiT ЎὬ sididiT ga i zrd eba. gaWimul zonaSi 

moqmedebs SeWidulobis  da xaxunis Zalebi, roml ebic 

gaWimvis process Seesabameba, xolo gaWimul zonaSi 

moqmedi drekadobis Zala nakadis siRrmisaken aris orien-

tirebuli.  

roca  nakadis siRrme drekadobis Zalebis moqmedebiT 

gautoldeba SeSfoTebamde arsebuls, Sinagani ZalebiT 

gamowveuli aCqareba 0-is  toli xdeba da am momentSi igi 

inerciis ZalebiT ganagrZobs kumSvas. kumSvis garkveul 

momentSi iRviZebs mis sawinaaRmdegod warmoqmnili Zalis 

efeqti da xdeba Rvarcofis tanis pirvandel mdgoma -

reobaSi dabruneba. procesis perioduli gan meorebiT  

rxevis amplituda TandaTanobiT mcirdeba da SeSfoTebis 

zonis gavrcelebis are qreba. movlenis aRweris dros 

samecniero SromebSi gamoyenebulia erTjeradi grZivi 
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talRis a da uwyvetobis diferencia lur gantolebaTa 

sistema. 

RvarcofTa regulireba da maT sadinarTa kala po-

tebis mdgradobis SenarCuneba sxvadasxva saxis hidro-

teqnikuri nagebobebiT iseTnairad xdeba, romlis drosac 

nakadis maxasiaTeblebis cvlileba ar iwvevs mdgradi 

formis rRvevas [11]. 

RvarcofsadinarTa gadamkveTi sainJinro nagebobe-

biT nakadis moZraobis cvlilebebis specifikuroba, 

hidravlikuri reJimis, dawnevis, ganivi kveTis cvlileba 

xSirad iwvevs xergilebis warmoqmnas, romelTa garRve-

vas Tan axlavs didi zarali. nakadis usafrTxo tranzi -

ti sa da kalapoturi pro cesebis Sefasebis dros xelsay-

re l ia zRvruli da Zabulobis modelis gamoyeneba. 

bmul RvarcofTa dinamikuri maxasiaTeblebis 

prognozireba da maTematikuri formulireba droSi 

erTi mimarTulebis talRis formiT moZravi modeliTaa 

warmodgenili . moZraobis aRwera saTanado koreqtirebiT 

erTganzomilebiani daumyarebeli moZraobis da uwyveto-

bis diferencialur gantolebaTa sistemebiT xdeba.  

satranzito ubnebze reologiuri modelebis 

analiziT dasturdeba mniSvnelovani sxvaoba Rvarcof -

uli procesebis hidravlikur parametrebs Soris. 

aRniSnuli exeba kerebidan SesaZlo xarjis prognozire -

bas, reolo gi ur maxasiaTeblebs, dinamikis saangariSo 

damokidebule bebs, satranzito ubnebze moZraobis piro -

bebs da Rvarcofsadinarebis kalapotSi mimdinare proce -

sebs. 
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2.3. Rvarcofuli procesebis saangariSo 

damokidebulebani 

 

bunebrivi garemos mdgradi ganviTareba da misi 

infras truq tu ris Rvarcofisagan saimedo dacva saWi-

roebs mosalod neli katastrofis ZiriTadi paramet rebis 

codnas. bmuli Rvarcofis masis zRvruli wonas woroba, 

moZraobis siCqare, maqsimaluri xarji , doneebi, siRr -

meebi da sxva, mis maxasiaTebel komponentebs warmoadgens. 

maTi realuri gantolebebis aRwera da procesis maTema-

ti kuri formulireba saSualebas mogvcems SevinarCunoT 

mdgradi garemo da ekologiuri wonasworoba.  

Rvarcofuli tanis zRvruli wonasworu li mdgo -

mareobis rRvevis mTavar mizezs garegani faqtorebi 

warmoadgens. gare faqtorebis Zaluri zemoqmedebiT 

xdeba zRvruli won asworobis ZiriTadi maCveneblebis 

cvlileba . aseT garegan faqtorad SeiZleba dasaxel des 

Rvarcofis masis wyliT gaJRenTvis xarisxi, gran ulo -

metruli Semadgenloba, sawyisi winaaRmdegoba Zvraze, 

potenciu ri  simZlavre, gverdiTi gafarToeba, drekado -

bis moduli, keris morfometruli maxasiaTeblebi da sxv.  

Rvarcofwarmomqmneli gruntis zemoaRniSnuli 

maxasiaTeblebis erTmaneTTan gansxvavebuli funqciuri  

kavSiris gamo SesaZlebelia  sxvadasxva saxis Rvarcof is  

Camoyalibeba da maTi gansxvavebuli reJimiT moZraoba. 

 Rvarcofoul procesebze masiuri dakvirvebebis 

warmoebis sirTule ar iZleva saangariSo maxasiaTeb-

lebis martivad dadgenis SesaZleblobas da xSirad 

aucilebebli xdeba mciremasStabian modelebze xelov -

nuri Rvarcofebis Seqmna [27, 32, 35, 55]. 
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kerebSi arsebuli R varcofuli masis zRvruli wo -

nasworobis rRvevis da moZraobis dawyebis amocanebis 

ganxilvis dros aucilebelia daculi iyos Semdegi piro -

bebi: 1. kerebSi arsebuli Rvarcofwarmomqmneli grun tis 

calkeul SreSi an mTlianad masaSi arsebobdes zRvruli 

wonasworuli mdgomareoba; 2. aucilebeli moZraobis 

dawyebis kinematikuri SesaZlebloba. aRniS nuli pirobe -

bidan pirveli afasebs Rvarcofis masis mdgradobis pi ro -

bas, xolo meore  daxrili SrisaTvis moZraobis dawyebas 

Seesabameba. aseT pirobebSi Rvarcofis tanis Zvris zeda -

pi ris sibrtye kalapotis fuZis paraleluria.  

zRvruli wonasworobis amocanis ganxilvis dros   

i. vinogradovi [ 23] Rvarcofis masis daZvris process dam-

Weri da damZvreli Zalebis urTierTTanafardobis safuZ -

velze afasebs. mis mier miRebulia zogierTi para metris, 

kerZod daZvris simaRlis kritikuli mniSvne loba, rom -

lis saangariSo damokidebulebas Semdegi saxe aqvs: 

Ὤ˯ Ὠ ρ ‐ ρ ρ ρ  , (2.3.1) 

sadac Ὣ aris  simZimis Zalis aCqareba;  

 Ὠ _ vertikalze qvis nayaris Sris sisqe;  

 ” _ nayaris Semadgenlis simkvrive; 

 ” _ wylis simkvrive;  

 ‐ _ forianoba;  

 • _ Sinagani xaxunis kuTxe; 

 ὅ _ wyliT  Sevsebuli Rvarcofwarmom-

qmneli gruntis bmuloba;  

  _ Rvarcofwarmomqmneli gruntis 

Sris ganlagebis kuTxe;  

 Ὤ _ wylis nakadis siRrme. 
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erTganzomilebiani diferencialuri gantolebis 

safuZ velze analogiuri saangariSo damokidebuleba 

SedarebiT adre iqna miRebuli T. voiniC -sianoJenskis da 

g. beruCaSvilis mier [ 25]: 

 Ὤ
” ”

”
Ὠ

Ὢ

ÔÁÎ
ρȟ (2.3.2) 

sadac Ὤ aris  talRis zRvruli simaRle, roca 

Zvris saxiT jer kidev ar SeimCneva 

kalapotis grZivi deformacia da  Ὠ 

sisqis mqone zeda Sris Rvarcofis 

masasTan uwyveti Sereva; 

 Ὢ _ statikuri kalapoturi 

winaaRmdegoba; 

 ” _ qvis moculobiTi wona;  

 ” _ wylis simkvrive;  

  _ kalapotis daxris kuTxe.  

 

Rvarcofuli procesebis sawinaaRmdego RonisZi -

ebebis daproeqtebis dros gansakuTrebuli adgili ukavia 

daZvris kritikul qanobs, mosalodnel xarjs, Rvar -

cofis statikuri da dinamikuri zemoqmedebis Zalebs, 

gverdiT i  gafarToebis koeficie nts, moZraobis siCqares 

da sxv. 

moZraobis dawyebis momentSi kritikuli statikuri 

Sinagani xaxunis kuTxis saangariSod mocemulia damoki-

debuleba:   

 ÔÁÎ
” ” ρ ‐ÔÁÎ• ÃÏÔὬÃÏÓ

”ρ ‐ ”‐
ȟ (2.3.3) 

 

xolo moZravi tanis dinamikuri Sinagani xaxunis kuTxis 

saangariSo damokidebulebas aqvs saxe: 
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 ÔÁÎ
” ”

π
ρ ‐ÔÁÎ•

”ρ ‐ ”
π
‐
ȟ (2.3.4) 

sadac ” aris  wylis simkvrive;  

 ” _ myari tanis simkvrive; 

 • _ Sinagani xaxunis kuTxe; 

 Ὤ _ daZvris kritikuli siRr me; 

 ‐ _ forianoba.  

 

xazovnad deformirebadi sxeulebis da drekadobis  

Teoriis gamoyenebis safuZvelze SromaSi [3] gamoyvanilia 

Rvarcofwarmomqmneli gruntis wonasworo bis rRvevis 

zedapiris moxazulobis saangariSo damokidebuleba : 

 

ὢ
ςὤ ὦЍὤ ὦὤ ὅ ὧ ὦЍὅ

ςά

ὔ

τά
ÌÎ
ςὤ ὦ ςὤ ὦ ὔ

ὦ Ѝὦ ὔ
ȟ 

(2.3.5) 

sadac 

0

0

hH

Hh
m

-
= ,     ( )( ),

2
24 mHmHHN +-+=   

( )Hmb +-=    da   ( )mHHc += . 

 ὤ aris  Rvarcofis masaSi siRrmis cvlile -

bis koordinati ; 

 Ὤ _ bmulobis Sesabamisi ekvivalenturi 

siRrme; 

 Ὄ _ Rvarcofwarmomqmneli gruntis ke -

ris simaRle.  

Rvarcofis daZvrisa da gaCerebis ganmsazRvreli 

parametrebis dadgenas mieZRvna samecniero Sroma [13]. 

zemoT aRniSnuli kriteriumebi  daedo safuZvlad samec-
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niero SromebSi Rvarcofis xarjis gansazRvras, romlis 

saangariSod moyvanilia formula : 

 ,
tantan1

72,3

675,0
2

469,0

ù
ù
ú

ø

é
é
ê

è -+
=

C

H
BQ

rjg  (2.3.6) 

sadac ὗ aris  Rvarcofuli keridan Camomewyrili 

masis xarji ; 

 ὄ _ Rvarcofwarmomqmneli keris sigane; 

  _ Rvarcofis moculobiTi wona ; 

 Ὄ _ Rvarcofwarmomqmneli keris 

simaRle; 

 • _ Rvarcofis Sinagani xaxunis kuTxe;  

 ὅ _ Rvarcofis bmuloba;  

 

mdinareTa wyalSemkreb auzebsa da Rvarcofuli 

xasiaTis kalapotebSi (kin -Cai, Cxeri, duruji, naRvarevis 

xevi), agreTve laboratoriul pirobebSi Catarebuli 

kvlevebis Sedegebis safuZvelze profesor m. gagoSiZis 

mier [27] gakeTda daskvna: bmuli Rvarcofi  moZraobs sa-

gradiento SriTa da birTviT , gaCerebis SemTxvevaSi ar 

SeimCneva mis tanSi myari masalis xarisxob rivi gadan a-

wileba,  inarCunebs im struqturas, romelic moZarobis 

dawyebamde gaaCnda da ar SeimCneva misi garemodan wylis 

gacema. mecnierTa da mkvlevarTa mier Rvarcoful pro -

cesebze Catarebulma kvlevebma gamoxatuleba pova maT 

mier gamoyvanil saangariSo damokidebulebebSi da anga-

ri SiT miRebul SedegebSi [2, 14, 18, 24, 30, 35, 40, 41, 45, 

46, 49, 53, 58, 60]. 

wyalTan Sedarebisas, identuri hidravlikuri ma x-

asiaTeblebis mqone bmul Rvarcofs SeiZleba hqondes wy-

alze naklebi, meti an toli siCqare.  
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deformaciasa da daZabulobas Soris kavSiris amsax-

veli reologiuri gantolebis gamoyenebis safuZ velze   

m. mostkovis mier [40] Teoriulad miRebuli iqna bmuli 

Rvarcofis saSualo siCqaris saangariSo damoki debu-

leba. warmodgenil damokidebulebaSi reologiuri Tvi -

sebebis amsaxveli ZiriTadi parametri  Ὥᶻ winaaRmdegobis 

qanobis saxiT funqcionirebs, romlis WeSmariti mniS -

vnelobis dadgena Sesabamisi meTodikis damuSavebiT unda 

ganxorcieldes:  

 ὠ
ς

ЍσὩ

ρ Ὡ

ρ
Ὡ
ς

ὫὭ Ὥzȟ (2.3.7) 

sadac Ὡ aris  koeficienti, romelic gamoxatavs 

nakadSi qvis CanarTisa da nakadis 

siRrmis urT i erTTanafardobas . 

Ὡ ὨȾὬ; 
 Ὥ _ kalapotis Ziris qanobi;  

 Ὥᶻ _ moZraobis winaaRdegobis qanobi; 

 Ὣ _ simZimis Zalis aCqareba. 

 

s. fleiSmanis [ 55] mier SemoTavazebuli bmuli 

Rvarcofis saSualo siCqaris saangariSo damokidebuleba 

misi talaxovani Semadgenlis siblantis funqcias war -

moadgens, romlis mniSvnelobebi Rvarcofis narevis sib-

lan tis mniSvnelobebTan SedarebiT gacilebiT naklebia : 

 ὠ ὠ ρ ὥȟ (2.3.8) 

sadac ὥ πȢπω– – ÔÁÎσ–  ρȠ 

 ὠ aris  Rvarcofis saSualo siCqare;  

 ὠ _ Rvarcofis geometriuli zomebiT 
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identuri wylis nakadis siCqare;  

 – _ saangariSo efeqturi siblante;  

.Rvarcofis moculobiTi masa _    

 

Ὢὲ-is analiziT avtori adasturebs, rom 

saangariSo damokidebulebis (2.3.8) gamoyenebis sazRvrebi 

SezRudulia, masSi Semavali siblantis  realur mn iS-

vnelobebTan SedarebiT naklebi sidideebis gamo. 

naturuli monacemebis safuZvelze [ 58] miRebuli 

Rvarcofis saSualo siCqaris saangariSo damokidebul eba 

warmodgenilia Semdegi saxiT: 

 ὠ ὑϽὒȢ ϽὭȢ ϽὗȢ ȟ (2.3.9) 

sadac ὑ aris  koeficienti da icvleba sazRvrebSi  

ὑ ρȢυ ςȢπȠ 
 Ὥ _ saSualo sahaero qanobi Rvarcofis 

warmoqmnis keris centridan saan-

gariSo kveTamde; 

 ὗ _ Rvarcofis ZiriTadi talRis saa n-

gariSo maqsimaluri xarji ; 

 ὒ _ talRis garbenis sigrZe.  

 

miuxedavad imisa, rom saangariSo damokidebuleba 

(2.3.9) miRebulia naturuli monacemebis safuZvelze da 

ZiriTada d sinamdviles Seesabameba, misi gamoyenebis saz-

Rvrebi SezRudulia bunebaSi fiqsirebuli Rvarco febis 

uamravi saxeobis gamo. 

ZalTa dinamikuri wonasworobis pirobidan gamom-

dinare da bunebaSi aRebuli Rvarcofis masis nimuSebze 

Catarebuli eqsperimentebis safuZvelze SemoTavazebul 
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saSualo siCqaris saangariSo damokidebulebas [34] 

Semdegi saxe aqvs:  

 ὠ ρτȟφὭϽὬȾὄ πȢστφὑȾὄ
ȟ
ȟ (2.3.10) 

sadac ὠ aris  nakadis saSualo siCqare; 

;Rvarcofis moculobiTi masa _    

 Ὤ _ nakadis siRrme; 

 Ὥ _ kalapotis qanobi;  

 ὑ _ Rvarcofis koloiduri nawilis w o-

nis Sefardeba myari tanis wonasTan; 

 ὄ _ wylisa da myari nawilis wonebis 

Tanafardoba. 

 

moZraobis gamartivebuli modelis safuZvelze, 

romel Sic moqmedi reologiuri Tvisebebis ganmsazR-

vreli parametrebi gasaSualebuli mniSvnelobebiTaa 

miRebuli, bmuli Rvarcofis saSualo siCqaris ganto -

leba [23] warmodgenilia Semdegi saxiT: 

ὠ
ς

σ

Ὄ

Ὓ

Ὂ

Ὄ

Ὓ

Ὄ

Ⱦ

 
τ

ρυ

Ὄ

Ὓ

Ὂ

Ὄ

Ὓ

Ὄ

Ὂ

Ὄ

Ὂ

ςὌ
 ȟ (2.3.11) 

sadac Ὂ  ȠὛ Ƞ  

 Ὄ aris  nakadis siRrme; 

 • _ dinamikuri Sinagani xaxunis kuTxe; 

 Ὣ _ simZimis Zalis aCqareba; 

 ‘ _ siblantis koeficienti;  

  _ Rvarcofis masis daxris kuTxe;  

  _ simqiseze damokidebuli koeficie n-

ti.  
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satranzito ubnebze  Rvarcofis araTanabari moZ-

raobis Sefaseba misi Tavisufali zedapiris wiriT xdeba, 

romlis aRsawerad prizmatuli  kalapotebisaTvis  miRe-

bulia [4] gantoleba :  

 ( )( )() ()[ ],1211121
0

hhhh FFaIa
h

il
----=  (2.3.12) 

sadac Ὥ aris  satranzito qanobi;  

 ὰ _ satranzito ubnis gansaxilvel 

kveTebs Soris manZili; 

 Ὤ _ nakadis Tanabari moZraobis 

Sesabamisi siRrme; 

  _ koeficienti da Rvarcofis r e-

ologiur maCvenebelzea 

damokidebuli;  

 –ȟ– 

 

_ kveTSi moZravi nakadis siRrmisa 

da misi Sesabamisi Tanabari moZ-

raobis simaRlis TanafardobiT 

miRebuli uganzomilebo mniS-

vnelobebi.  

 

bmul RvarcofTa daumyarebeli moZraoba, xSirad, 

grZivi talRis modeliT aris warmodgenili. diferen -

cia luri gantolebebi, romlebi Tac aRwerilia erTjera -

di grZivi talRebis formebi , mocemulia [5] SromaSi:  

 ,

î
î

ý

î
î
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w

 (2.3.13) 

sadac ὃ aris  koeficienti , romelic reologiur 

maxasiaTeblebzea damokidebuli; 
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 Ὣ _ simZimis Zalis aCqareba; 

 ὠ _ moZravi talRis siCqare ; 

  _ siCqaris koeficienti;  

 ;cocxali kveTis farTi _   

 ὄ _ siTxis Tavisufali zedapiris sigane.  

 

Svedov-bingamis modelis gamoyenebiT SromaSi [9] 

miRebulia Rvarcofuli nakadebis Tanabari moZraobis 

siCqaris saangariSo formula : 
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 (2.3.14) 

sadac ὅ aris  siCqaris koeficienti;  

 Ὄ _ nakadis siRrme; 

 Ὤ _ bmulobis Sesabamisi ekvivale n-

turi sigrZe;  

 • _ Rvarcofis Sinagani xaxunis  kuTxe; 

  _ nakadis kalapotis daxris kuTxe;  

 Ὥ _ Rvarcofsadinaris qanobi.  

 

satranzito ubnebSi RvarcofTa moZraobis pirobe -

bis dasaxasiaTeblad xSirad  mimarTaven kritikuli maxa -

siaTeblebis Sefasebas. 

zemoT ganxiluli saangariSo damokidebulebebiT 

miRebuli Sedegebi iZleva bunebaSi bmul RvarcofTa 

realurad fiqsirebul mniSvnelo bebTan zogjer karg 

damTxvevas, Tumca SesaZlebelia, rom erTi da igive mocu -

lobiTi masis SemTxvevaSi nakadis dinamikuri struqtura 

da siCqareTa velis ganawilebis saxe xSirad gansxvave-

buli iyos.  
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Rvarcofis masis zRvruli wonasworobisa da moZ -

raobis sakiTxi Zalze rTulia. warmodgenili saangariSo 

damokidebulebebi srulad ver asaxaven movlenas. xSirad 

saangariSo damokidebulebebSi naklebadaa gaTvaliswine-

buli siC qaris winaaRmdegobis maxasiaTebli s iseTi para -

metri, rogoricaa simqise.  

moZravi Rvarcofis mimarT sadinarTa winaaRmde-

gobis kanonzomiereba wyalsadinarTa aseTive paramet-

risagan savsebiT gansxvavebulia da misi maxasiaTebeli 

koeficienti gacilebiT maRali mniSvnelobiT xasiaT -

deba. zemoaRniSnuli miuTiTebs siCqaris vertikalze 

ganawilebis kanonzomierebis Seswavlis arasrulyofil 

modelebze, romelic srulad ar asaxavs movlenis arss da 

dinebis modelirebis amocana gadauwyveteli rCeba. Sve-

dov-bingamis ganzogadebuli formis modeliT Rvar cof is 

moZraobis warmodgena saSualebas iZleva Teoriulad 

arasrulyofilad gadawydes maTi  dinamikis rigi amoca-

nebi da gaTavisufl des igi empirizmis tyveobidan.  

RvarcofsawinaaRmdego RonisZiebaTa SerCevis erT-

erT ganmsazRvrel parametrs, nakadis nataniT Sevsebis 

sxvadasxva pirobebSi, maqsimaluri xarji  warmoadgens. 

Tavsxma wvimebiT Rvarcofwarmomqmnel kerebSi 

formirebuli xarji , romelic saerTo sabalanso Tana-

far dobis safuZvelze iqna miRebuli, mocemulia [23] 

SromaSi: 

ὗ˼ ρ ὑὗ åρ ‚
ÔÁÎ

ÔÁÎ•
ÓÉÎȢ ρ ÅØÐ ὰȾὒ ὗȢ ὗȢ ȟ 

(2.3.15) 

xolo Rvarcofis moculobis saangariSo damokidebule -

bas aqvs saxe: 
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ὠ˼ ὠ åρ ‚
ÔÁÎ

ÔÁÎ•
ÓÉÎȢ ρ ÅØÐ ὰȾὒ ὗȢὨὸὗȢὝȟ 

(2.3.16) 

sadac ὗ aris  keraSi moxvedrili wylis xarji ; 

 ὠ _ keraSi moxvedrili wylis moc u-

loba;  

 å _ Rvarcofulobis koeficienti;  

 ὑ _ Rvarcofis tansa da mis wina fronts 

Soris siCqareTa gansxvavebis koefi-

cienti;  

 ‚ _ koeficienti, romelic myari 

Semadgenlis ὗ˱ xarjis,  ‚ 
forianobis da moculobiTi 

tenianobis funqcias warmoadgens: 

‚ ; 

  _ Rvarcofis masis daxrilobis kuTxe;  

 • _ Rvarcofis masis Sinagani xaxunis 

kuTxe; 

 ὰ _ sigrZe keris dasawyisidan gansaxil -

vel  kveTamde; 

 ὒ _ keris sigrZe.  

 

satranzito ubnebze sainJinro RonisZiebaTa Ser -

Cevis mizniT, SromaSi [6] moyvanilia damrtymeli Zalis 

saangariSo damokidebuleba : 
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 (2.3.17) 

sadac Ὁ aris  wylis drekadobis moduli;  
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 Ὣ _ simZimis Zalis aCqareba; 

 ὦ _ Rvarsadinaris sigane; 

 ὠ _ Rvarcofis nagebobasTan misvlis 

siCqare; 

 Ὤ _ Sinagani xaxunis kuTxe; 

 • _ nakadis bmulobis ekvivalenturi 

siRrme; 

 Ὤ _ Rvarcofis siRrme ; 

  _ Rvarcofis moculobiTi wona ; 

 „ _ gverdiTi gafarToebis koeficie n-

ti  

 

Rvarcofsadinar Si mimdinare procesebis da maTi 

saregulacio RonisZiebebis saproeqto parametrebis 

dazustebas mieZRvna Sroma [37], romel Sic  mdgradi 

formebis Sefasebis mizniT gamoyvanilia gan tole ba: 

 ,2ln
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 (2.3.18) 

sadac ὄ aris  kalapotis sigane;  

 Ὄ _ kalapotis siRrme;  

 ὑȟὑ 

 

_ koeficientebi , damokidebuli a 

nakadis reolo giur maCvenebel-

ze; 

 Ὤ _ bmulobis ekvivalenturi siR -

rme. 

 

zemoaRniSnulTan erTad arsebobs Rvarcofuli 

pro cesebis analogiuri gamokvlevebi, romlebic ara -

bmuli (turbulenturi) Rvarcof is gaangariSebasTan 

aris dakavSirebuli. aseTi tipis nakadebis myari CanarTis 
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moculobiTi Semcveloba 10 -70 %-is zRvrebSia ganTav-

sebuli.  

zemoaRniSnulidan gamomdinare simkvrivis Sesabami-

sad aRniSnuli nakadebi SeiZleba ganekuTvnos araniuto -

nur siTxeebs da praqtikuli amocanebis gadawyveta SesaZ-

lebelia meqni kis Sesabamisi kanonebis gamoyenebiT. 

erTaderT SesaZlo mimarTulebas turbulenturi 

Rvarcofebis hidravlikis sainJinro amocanebis gadawyve -

tis dros erTiani diferencialur gantolebaTa sistema 

warmoadgens. turbulenturi Teoriis gamoyenebiT natan -

dat virT uli nakade bis hidravlikis amocanebis gadaw-

yvetas mieZRvna i. egiazarovis, m. velikanovis, m. demen-

teevis, i. levis, f. franklis, m. mostkovis, s. abaliancis, 

T. voinC-sainoJenckis, a. karauSevis da sxvaTa Sromebi. 

turbulentobis saerTo Teoriis bazaze saukeTeso Sede -

gebi miRebul iqna a. kolmogorovis, l. landau s, l . lo -

icianskis da sxvaTa mier, xolo akademikosma o. naTi-

Svilma gamoi yvana natandatvirTuli naka debis erTgan-

zomilebiani diferen ci aluri gantolebebi , ro melTa 

amoxsnis safuZvelze xorcieldeba Rvarcof sawinaaR-

mdego sainJinro nagebobaTa konstruqciuli elemen tebis 

dadgena.  
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Tavi 3. bmuli Rvarcofebis zRvruli 

wonasworobisa da moZraobis ZiriTadi 

ganmsazRvreli maCveneblebis 

laboratoriul -eqsperimentuli 

kvlevebi  

 

 

3.1. Rvarcofis bmulobis kriterialuri 

sazRvrebi 

 
narevSi Semadgeneli komponentebis sxvadasxva kon-

centra ciis dros  Rvarcofwarmomqmneli gruntis wonas-

woro bisa da moZraobis dawyebis kanonzomierebis Seswav-

la moiTxov s misi bmulobisa da uwyveti garemos krite -

rialu ri sazRvrebis dadgenas [6]. 

aqedan gamomdinare, cdebis pirveli seria miznad 

isaxavda bmulobis kriterialuri sazRvrebis dadgenas. 

Rvarcofis tanis Semadgeneli koponentebis urTierT -
Tanafar dobiT, fizikur -meqanikuri da reolog iuri mu d-

mivebis dadgenis mizniT. eqsperimentul  danadgarebze 

Catarebuli kvlevis dros  cdebSi gamoyenebuli sakvlevi 

nimuSebi xasiaTdeboda diskre tulobiT, e.i. misi garemos 

wyvetiT Siga sicariel eebis gamo, igi ar eqvemdebareboda 

raodenobriv Sefasebas da gaaCnda gansxvavebuli mniS-
vnelo bebi realurTan SedarebiT.  

reologiuri Tvisebebis ganmsazRvreli paramet -

rebis saimedo mniSvnelobebi SeiZleba miRebul iqnas 

Rvarcofis tanis uwyveti garemos pirobebisaTvis, rac 

misi kriterialuri mniSvnelobebis gansazRvris erT -erT 

aucilebel  pirobas warmoadgens. Rvarcof is tanis uwy -

veti garemos Seqmna ZiriTadad  dafuZnebulia misi masis 
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Semadgeneli koloiduri nawilis wya lTan erTad nare v-

ze, romelic qvis karkasis Semavseblis rols asrulebs da 

moZrobis SemTxvevaSi SemzeTavi fenis saxiTaa warmodge-

nili.  

Rvarcofwarmomqmneli gruntis diskretulobidan 

uwyvet garemomde transformacia xorcieldeba teniano -

bis TandaTanobiTi gazrdiT, roml is moculobiTi masa 

TandaTan izrdeba da gansazRvrul eqstremalur mniS-

vnelobamde miRwevis Semdeg iwyebs Semcirebas. 

Rvarcofulobis sazRvrebisa da misi garemos uwyve-

tobis kriterialuri mn iSvnelobebis dadgena, Semad-

geneli komponentebis cvlilebis gaTvaliswinebiT, xo r-

cieldeba sainJinro geologiasa da teqnikis sxva dar -

gebSi aprobirebuli eleqtruli meTodiT, romelic d a-

fuZnebulia sakvlev nimuSSi denis gavlis wina -

aRmdegobaze da Rvarcofis narevis sxvadasxva koncen-

traciebs Soris urTierTkavSirze.  

sakvlevi Rvarcofis masis winaswar momzadebuli ni-

muSebi Tavsdeboda eqsperimentul danadgarze pleq -

siglasis yuTSi, romlis sigrZe Seadgenda 48 sm-s, sigane 7 

sm-s da simaRle 8 sm-s. denis kvebis wyarod gamoyenebuli 

iyo mSrali ano duri batarea. nimuSSi moTavsebuli 

spilen Zis Cxirebi mierTebuli iyo denis kvebis wyaros -

Tan. potencialTa sxvaobis aRricxva xorcieldeboda 

potenciometris gamoyenebiT. 

sacdeli nimuSebis momzadeba xorcieldeboda mdi-
nare durujis Rv arcofis keraSi aRebuli masisgan  stan-
dar tuli cxaurebis kompleqtis ga moyenebiT. sxvadasaxva 

diametris nawilakebis a da maTi moculobiTi masis mniS-

vnelobebi mocemulia cxrili 3.1.1 -is saxiT da Seesabame-

ba bunebaSi qvis nayars.  
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nawilakebis diametrebisa da maTi moculobiTi masis 

mniSvnelobebi 

cxrili 3.1.1. 

 

cdebis Catarebis pirveli seria mieZRvna Rvarcof -

warmomqmneli gruntis qvis karkasis Semadgeneli uwyveti 

garemos kriterialuri maCveneblis dadgenas, romelic 

warmodgenilia milimetrze naklebi zomis nawilakebisa 

da koloiduri nawilisagan. myari Semadgenlis koloidu -

ri nawilis meqanikuri analizi mocemulia cxrili 3.1.2 -

is saxiT.  

 

myari Semadgenlis koloidu ri nawilis meqanikuri 

analizi s Sedegebi 

cxrili 3.1.2 

 

cdebis Catarebis win, calkeuli diametrebisaTvis, 

xorcieldeboda myari nawilisa da wylis narevis 

momzadeba, romlis myar masaSi milimetrze naklebi fraq -

ciis woniTi Se mcveloba icvlebo da gradaciiT: 0,23; 

0,346; 0,50; 1,00. 

nimuSebis eleqtruli winaaRmdegoba dgindeboda 

formuliT : 

nawilakis diametri  

▀ (mm) 
1 2 4 6 8 15 

moculobiTi masa 

ⱬ (kg/m3) 
1125 570 15760 1553 1758 1560 

fraqciis zomebi 

(mm) 

1- 

0,25 

0,25- 

0,05 

0,05- 

0,01 

0,01- 

0,05 

0,005- 

0,001 
Ò 0,001 

fraqciis 

procentuli  

Semcveloba masaSi 

23,03 24,67 20,12 10,70 6,89 14,6 
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 ὶ ὑ
ЎὟ

Ўὐ
ȟ (3.1.1) 

sadac K aris  garemos  dieleqtrikuli mudmiva 

da tolia  ὑ “ Ƞ 

 ὰȟὰ _ spilenZis wyvil Cxirebs Soris 

dacileba;  

 ЎὟ _ Zabva; 

 Ўὐ _ denis Zala. 

 

laboratoriuli kvlevebis Semdegi seria moicavda 

bmuli Rvarcofis rogorc wonasworobis, aseve misi 

reolo giuri Tvisebebis ganmsazRvreli parametrebis 

dadgenas, narevSi Semadgeneli komponentebis sxvadasxva 

mniSvnelobis dros.  

bmuli Rvrcofebi, romlebic maRali simkvrivis 

nakadebiTaa cnobili, arabmulisagan gansxvavebiT xasiaT-

debian myari Semadgeneli nawilis viwro diapazonSi 

cvlilebiT, romelic woniT nawilebSi icvleba 0,7 -dan 

0,9-is farg lebSi. miuxedavad myari Semadgenlis woniTi 

nawilis mcire sazRvrebSi cvlilebisa, maTTvis dam axa-

siaTebelia reologiuri Tvisebebis ganmsazRvreli para -

metrebis mniSvnelobebis did diapazonSi cvlileba, 

romelic masis daZabul -deformaciuli mdgomareobaTaa 

ganpiro bebuli. es mdgomareoba SeZleba iyos rogorc 

blant -plastikuri, aseve drekadi.  

zemoaRniSnulidan gamomdinare, aucilebelia maRa-

li simkvrivis garemos uwy vetobis kriterialuri 

sazRvrebis dazusteba, radgan mis mniSvnelobazea damo-

kidebuli laboratoriul pirobe bSi fizikur -meqnikuri 

da reologiuri Tvisebebis ganmsazRvreli parametrebis 
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saangari So damokidebulebebiT miRebuli Sedegebis Sesa-

bamisoba da adekvaturoba bunebaSi arsebulTan. 

maRali simkvrivis Rvarcofis nimuSebis viskozi -

metriT reologiuri mudmivebis dadgenis dros , zemoT 

miTiTebuli koncetraciis sazRvrebSi , sakvlevi nimuSebi 

SeiZleba xasiaTdebodes diskretulobiT e.i misi garemos 

wyvetiT Siga sicarielebis arsebobis gamo. viskozimet -

riT Catarebuli kvlevis Sedegad miRebuli re ologiuri 

parametrebis mniSvnelobebi gansxvavebulia arsebulTan 

SedarebiT da aRwevs misi realuri sididis naxevars. 

reologiuri Tvisebebis ganmsazRvreli para metrebis 

sidideebis zusti miniSvnelobebi SeiZleba miRebuli 

iqnes Rvarcofis masis uwyveti garemos pirobebSi. 

 

 
nax. 3.1.1. ► █╜  damokidebulebis grafiki . 

 

M 1 = 0.01r - 12.045 

RĮ = 0.9928 
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maRali simkvrivis Rvarcofze Catarebuli eqsperi -

mentebi , Tavisi fizikuri arsiT , warmoadgens msgavsi 

kvlevebis gagrZelebas, sadac mkacrad aris dadgenili 

misi garemos uwyvetobis sazRvrebi, risTvisac Catarebul 

kvlevebSi pirvelad gam oyenebuli iqna eleqtruli 

meTodi. 

Catarebuli cdebis dros vsazRvravdiT milimetrze 

naklebi fraqciiT momzadebuli nimuSebis e leqtrul 

winaaRmdegobebs, mis tanSi wylis konce ntraciis Tanda -

TanobiT i  gazrdis dros. Catarebuli cdebis Sedegebi 

mocemulia grafikebis saxiT. warmodgenil grafikebSi 

(nax. 3.1.1) absicTa RerZze gadazomilia nimuSebis eleq-

truli winaaRmdegoba, xolo ordinatTa RerZze  _ wyli -

sa da milimetrze naklebi an toli fraqciis woniTi 

urTierTTanafardobis ( ὓ ) mniSvnelobebi. 

rogorc Catarebuli eqsperimenteb is Sedegebma 

gviCvena, nimuSTa maqsimaluri eleqtruli winaaRmdego -

bidan minimalur mniSvnelobamde cvlilebas Seesabameba 

misi moculo biTi masis wyliT gaJRenTvis xarisxis zrda , 

xolo  funqcia  ὶ Ὢὓ  warmodgenilia niSancvladi 

funqciis saxiT  π. es miuTiTebs imaze, rom narevSi 

wylis komponentis TandaTanobiTi gazrdiT eleq truli 

winaaRmdegoba mcirdeba da misi 0-Tan toloba Seesabameba 

uwyveti garemos warmoSobas. rac Seexeba eleqtrul 

winaaRmdegobas, Rvarcofis simkvrivis cvli le basTan 

kavSirSi , isic niS ancvladi funqciaa . mocemul Sem-

TxvevaSi, moculobiTi masis zrdas , Seesabameba eleqtru -

li winaaRmdegobis TandaTanobiT Semcireba, xolo 

kritikul mniSvnelobas  _ funqciis 0 -Tan toloba. 

swored es wertili See sabameba Rvarcofis masis simkvrvis 

maqsimalur i  da uwyveti garemos kritikul mniSvnelobas.  
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gamoyenebuli meTodiT miRebuli grafikuli 

damokidebuleba saSualebas iZleva, gansazRvrul  iqnas 

myari Semadgenlis milimetrze naklebi fraqciis 

nimuSebis moculobiTi masa eleqtruli winaaRmdegobebis 

safuZvelze  da moculobi T-woniTi meTodis gamoyenebis 

gverdis avliT. analogiuri cdebi Catar da, agreTve, 

myari Semadgenlis qvis CanarTis sxvadasxva diametri -

saTvis. saklvlev nimuSebSi qvis saSualo diametri  

icvleboda gradaciiT: 2, 4, 6, 8, 15 mm. 

cdebis Semdeg seriaSi qvis CanarTis Semadgenloba 

nimuSebSi Sefasebuli iyo milimetrze naklebi fraqciis 

wonis SefardebiT myar masasTan da icvleboda gradaciiT: 

0,228; 0,346; 0,50; 1,00. cdebiT miRebuli masalebis Sede-

gebis safuZvelze  aigo grafikuli damokide buleba  

” Ὢὓ , romelic gviCvenebs, rom ὓ -i s konkretuli 

SemTxvevisaTvis warmoiqmneba uwyveti garemo, rasac 

Seesabameba yoveli nimuSisaTvis Sesabamisi mrudis 

gardatexis wertili.  

naxaz 3.1.2-is analizi da eqsperimentiT miRebuli 

Sedegebi saSualebas iZleva, gamoiyos uwyveti gare mos 

kriterialuri sazRvrebi , romelic Rvar co fis narevSi 

woniTi moculobiTaa gamosaxuli , e. i. πȢρπ ὓ πȢσσȢ 
Rvarcofis uwyveti garemos meore kriterialur 

maCvenebels moculobiTi masis mniSvnelobebi warmoad-

gens, romelic milimetrze naklebi  zomis fraqciebiT 

qvis karkasis sicarieleTa Sevsebis xarisxzea damokide -

buli.  

Catarebuli cdebis mixedviT qvis karkasis sxvadas -

xva diametrebisaTvis Rvarcofwarmomqmneli gruntis 

kri te ria luri sazRv rebi warmodgenilia milimetriani 
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da masze naklebi zomis fraqciebis wonis TanafardobiT 

mTlian myar masasTan, e. i. πȢςςψὓ πȢυȢ 
 

 
nax. 3.1.2. ⱬ █╜  damokidebulebis grafi ki:  

Ȣ╜ Ȣ ȠȢ╜ Ȣ ȠȢ╜ Ȣ ȠȢ╜ ȢȢ 
 

Rvarcofis  masis myari Semadgenlis dayofa mili-

metrze naklebi da meti zomis nawilakebad mizanSewo-

nilia  rogorc fizikur -meqanikuri, ise reologiuri 

pozi ciebi dan. es piroba dadasturebulia savele dakvir -

vebebiTac [1]. 
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Rvarcofis moculobiTi masis mniSvnelobebi kg/m 3, misi 

Semadgeneli komponentebis woniTi 

urTierTTanafardobebis gaTvaliswinebiT  

 

cxrili 3.1.3  

 #
 r

ig
z
e

 

╜  

wylis wonis Sefardeba Rvarcofnarevis  

mTlian wonasTan (╜ ) 

0 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 

1 0.000 1560 1590        

2 0.067 1680 1710 1720 1740 1750     

3 0.097 1730 1770 1780 1800 1820 1840    

4 0.126 1790 1820 1840 1860 1880 1900 1930   

5 0.152 1840 1880 1900 1920 1940 1960 1980 2010  

6 0.177 1900 1940 1960 1980 2000 2020 2060 2070 2100 

7 0.207 1960 2000 2020 2040 2060 2080 2100 2130 2150 

8 0.228 2020 2070 2090 2110 2130 2150 2180 2200 2220 

9 0.258 1960 2000 2020 2040 2070 2090 2110 2130 2160 

10 0.298 1890 1930 1950 1970 1990 2010 2030 2050 2070 

11 0.342 1810 1850 1870 1890 1910 1930 1950 1970 1990 

12 0.389 1730 1770 1790 1810 1830 1850 1870 1890 1910 

13 0.498 1580 1610 1626 1660 1670 1680 1700 1720 1740 

14 0.629 1430 1460 1470 1490 1500 1520 1540 1550 1570 

15 0.752 1280 1300 1320 1330 1345 1360 1375 1390 1405 

16 1.00 1125 1150 1160 1170 1190 1200 1210 1220 1240 
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Rvarcofis moculobiTi masis mniSvnelobebi kg/m 3, misi 

Semadgeneli komponentebis woniTi 

urTierTTanafardobebis gaTvaliswinebiT  

 

(cxrili 3.1.3 -is gagrZeleba) 

 #
 r

ig
z
e

 

╜  

wylis wonis Sefardeba Rvarcofnarevis  

mTlian wonasTan (╜ ) 

0.10 0.11 0.12 0.13 0.14 0.15 0.16 0.17 0.18 

1 0.000          

2 0.067          

3 0.097          

4 0.126          

5 0.152          

6 0.177          

7 0.207 2180         

8 0.228 2250 2280        

9 0.258 2180 2210 2240       

10 0.298 2100 2120 2140 2160 2180     

11 0.342 2010 2030 2060 2080 2110 2140    

12 0.389 1930 1950 1970 1990 2020 2040 2060 2080  

13 0.498 1760 1780 1810 1820 1840 1860 1880 1910 1930 

14 0.629 1590 1610 1620 1640 1660 1680 1700 1720 1740 

15 0.752 1420 1430 1450 1465 1480 1495 1520 1555 1560 

16 1.00 1250 1260 1280 1290 1310 1320 1340 1360 1370 
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Rvarcofis moculobiTi masis mniSvnelobebi kg/m 3, misi 

Semadgeneli komponentebis woniTi 

urTierTTanafardobebis gaTvaliswinebiT  

 

(cxrili 3.1.3 -is gagrZeleba) 

 #
 r

ig
z
e

 

╜  

wylis wonis Sefardeba Rvarcofnarevis  

mTlian wonasTan (╜ ) 

0.19 0.20 0.22 0.24 0.26 0.28 0.33 0.49 

1 0.000         

2 0.067         

3 0.097         

4 0.126         

5 0.152         

6 0.177         

7 0.207         

8 0.228         

9 0.258         

10 0.298         

11 0.342         

12 0.389         

13 0.498 1950 1990       

14 0.629 1760 1790 1830 1880     

15 0.752 1580 1600 1670 1680 1720 1730   

16 1.00 1380 1410 1440 1480 1520 1560 1620 1670 
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saimedo Sedegebis miRebis mizniT unda gaviTvalis -

winoT mxolod is monacemebi, romlebic Seesabameba nimu-

Sebis uwyveti garemos mqone im ubnebs, romlebic  warmod-

genilia utolobebiT:  

╜ Ȣ Ƞ Ȣ ╜ Ȣ Ƞ  

Ȣ ╜ Ȣ Ȣ  
Rvarcofuli procesebis Seswavlis  mizniT, maTi 

labora to riaSi modelirebis TvalsazrisiT , Sedgenil  

iqna cxri li 3.1.3, romelSic mocemulia Rvarcofis 

moculo biTi masis cvlilebis yvela SesaZlo varianti 

Semadgeneli komponentebis urTierTanafardobis sxvada -

sxva mniSvnelo bebis dros.  

 

 

3.2. Rvarcofuli procesebis ganmsazRvreli 

faqtorebi, eqsperimentis Catarebis meTodika , 

analizi da Sedegebi  

 

eqsperimentul  danadgarze Catarebuli cdebi miz -

nad isaxavda zRvruli wonasworobis a da moZraobis gan-

msazRvreli maxasiaTeblebis mniSvnelobebis dadgenas da 

rigi , naklebad Seswavlili , faqtorebis gaTvalis winebas 

Rvarcofis tanis wonasworobasa da moZraobaze. zemoT 

aRniSnuli asaxvas poulobs Rvarcofis masis daZvris 

simaRlis, Tanabari moZraobis saSualo siCqaris, dawnevis 

danakargebis, reinoldsis ricxvis, SeuRlebuli siR -

rmeebis, nakadis kalapotSi gverdiTi Seviwroebis, nag e-

bobebze statikuri da dinami kuri damrtymeli Zale bis 

saangariSo damokidebulebebSi. 
eqsperimentis ZiriTad  mizans warmoadgenda iseTi  

parametrebis  dadgena da saangariSo damokidebulebebis 
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miReba, rogoricaa  Zvris  sawyisi winaaRmdegoba, Sinagani 

xaxunis kuTxe, Rvarcofis  masis talaxovani  Semad-

genlobis  siblante  da sxv. Semadgeneli komponentebis 

urTierTTanafardobaTa gaTvaliswinebiT , zemoT CamoTv-

lili maxasiaTeblebis amsaxveli damokide bulebebis Te-

oriulad miReba, moqmed mravalricxovan faqtorTa gamo , 

gansakuTrebiT rTulia. amitom,  qvemoT aRwerili meTo-

di kis mixedviT, Catar da miznobrivi eqsperi mentuli 

kvlevebi.  

vinaidan eqsperimentis dagegmvis maTematikuri 

meTodi emyareboda kvlevis obieqtis kibernetikul war -

modgenas, amitom arCeul  iqna kibernetikuli sis tema _ 

,,Savi yuTiò. ,,Savi yuTisò ganxilvisas gamoiyo Sesasvleli 

(mmarTveli) faqtorebi ὢȟὢ da gamosasvle li ὣ. 

radgan yovel faqtors cdaSi SeiZleba hqondes er -

Ti an ramdenime mniSvneloba (doneebi), amitom masze way-

enebuli moTxovnebia marTvadoba da obieqtze uSualo 

zemoqmedeba. 

cdis mTeli periodis ganmavlobaSi faqtoris marT -

vadoba gulisxmobda misi sxvadasxva mudmivi donis Senar-

Cunebas obieqtze, rac gamowveulia imiT, rom faqtoris 

marTva SeuZlebelia, Tu is sxva faqtoris funqciaa.  

faqtorTa calkeul mniSvnelobebs Seesabameba sis-

temis garkveuli reaqcia _ gamoZaxili. maTematikuri 

modelisaTvis damaxasiaTebeli  sistemis gamoZaxilsa da 

faqtorTa doneebs Soris arsebobs savsebiT gansazRvruli 

kavSiri : 

 ὣ ὢȟὢȣȣȣὢ ȟ (3.2.1) 

romelSic   warmoadgens gamoZaxilis funqcias, xolo 

misi geometriuli saxe _ gamoZaxilis zedapirs. radgan 

funqciis saxe winaswar ucnobia, amitom eqsperimentis 
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monacemebis mixedviT vsargeblobT miaxl oebiTi damoki-

debule bebiT: 

 ὣ •ὢȟὢȣȣȣὢ ȟ (3.2.2) 

romelic  (3.2.1) damokidebulebisagan gansxvavebulia 

cdomilebiT.  

eqsperimentis dagegmvis mizans warmoadgenda cdebis 

minimaluri odenobiTa da SemTxveviTi cdomile bis mini-

malu ri mniSvnelobiT , (3.2.2) damokidebule biT , maTema-

ti kuri modelis ageba. 

konkretuli mod elis SesarCevad aucilebelia 

adekvaturobis moTxovnilebaTa formulireba, romelic 

TavisTavad gulisxmobs modelis SesaZleblobas eqsperi -

mentis Sed egis mniSvnelobaze. 

zemoT CamoTvlil moTxovnebs, parametrebad aproq-

simirebuli funqciis  xazovnebis daurRvevlad, yvel aze 

ukeT pasuxobs modelebi algebruli polinomebis saxiT, 

romelTa parametrebis Sefaseba SeiZleba ganxorciel des 

umcires kvadratTa meTodiT.  

eqsperimentis aRwerisaTvis mizanSewonilad iqna 

miCneuli modeli Sereuli wevrebiT meore riga mde: 

ὣ  ὢ Ễὢ ὢ  ὢ

 ὢὢ Ễ  ὢ ὢ , 

(3.2.3) 

 

sadac ȟȣȣȢȟ mudmivi koeficientebia da gan-

i sazRvreba cdebis monacemebis safuZvelze. 

eqsperimentis gegmis SerCevas win uZRoda faqtorTa 

sivrcis lokaluri ar is SerCeva: 

 ὢ   ὢ ὢ
ȣȣȣȣȣȣȣȣ  Ȣ
ὢ  ὢ ὢ

 
 

(3.2.4) 
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sawyisi ὢ cvladidan kodirebulze  ὢ-ze gadasvla, 

romlis zeda done warmodgenilia +1, xolo qveda -1-iT, 

warmoebs damokidebulebiT: 

 
ὢ  

ὢ ὢ
Ј

Ўὢ
ȟ 

 

(3.2.5) 

sadac, ὢЈ nulovani donea, xolo  

 
Ўὢ  

ὢ  ὢ  

ς
ȟ (3.2.6) 

varirebis intervalia.  

miaxloebiTma eqsperimentebma da Teoriulma prog-

nozma gviCvena gamoZaxilis zedapiris didi simrude. 

amitom eqsperimentis Catarebis dros miRebulia mTliani 

faqtoruli gegma varirebis  ori donis damatebiT  -0,5 da 

+0,5. modelirebis Teoriis Sesabamisad SesaZlebeli 

Seiqna samarTavi faqtorebis raodenoba gansazRvruliyo 

ori cvladiT. mTliani faqtoruli gegma , Rvarcofis 

masis statikuri da dinami kuri maCveneblebis ganmsaz-

Rvreli parametrebis matricis saxiT , mocemulia cxri -

lebSi 3.2.1 da 3.2.2. 

 faqtorTa saxiT SeirCa sidideebi  ὢ ὓ

ὖ̂ ˽ὖ˱ ˱ϳ  da ὢ ὓ ὖ˱ ˱ὖ˱ ˽ϳ , romlebic akmayofileben 

faqtorTa winaSe wayenebul moTxovnebs. ὢ da ὢ faqto -

rebSi,  ὢ ὓ  warmoadgens Rvarcofis masis wylisa da 

myari Semadgenlis milimetrze naklebi zomis fraq ciebis 

wonebis Tanafardobas, xolo  ὢ ὓ _ milimetrze nak -

le bi zomis nawilakebis wonis Sefardebas qvis karkasis 

wonasTan. 

faqtorTa cvl i lebis diapazoni ganxorcielebul 

eqsperimentSi warmodgenilia Semdegi saxiT: 
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 πȟπωςὓ ρȢπȠ
πȟςυ ὓ πȟτυȢ

  (3.2.7) 

Cvens SemTxvevaSi gvaqvs faqtoruli sivrcis  

sworkuTxa, organzomilebiani lokaluri are.  

cdebis pirveli seriis SemTxvevaSi gamosasvlel 

parametrebad miRebuli iyo Rvarcofis masi s Zvris saw-

yisi winaaRmdegoba † da Sinagani xaxunis kuTxe • (cxri -

li 3.2.1 ), xolo cdebis meore seriisaTvis  _ siblantis  

dinamikuri koefeicienti ‘ da Zvris dinamikuri Zabva 

†˩ (cxrili 3.2.2 ). 

cdis yovel wertilSi dispersiis erTg varovnebi-

saTvis realizebuli a xuTi done. 

eqsperimentuli monacemebis damuSavebisas aucile-

belia agreTve SevafasoT gazomvebis SemTxveviT cdo mi-

lebaTa rodenob a ama Tu im maCveneblis saTanado kor e-

qtirebis mizniT.  

hidravlikur eqperimentebSi miRebul saboloo 

Sedegebze Tavisi Tvisebebis da gavlenis xasiaTis mixed-

viT, aucilebelia cdomilebaTa diferenci reba kla s-

ifikaciuri niSnebis mixedviT, rac saSualebas gvaZlevs 

ganvaxorcieloT maTi kontroli, Sesworeba da Sefaseba, 

e.i. aRmofxvra an aRricxva. 

gazomvis cdomilebebi, gamowveuli didi raodeno -

bis sxvadasxva mizezebiT, maTi aRmofxvra an aRricxva, 

damokidebulia maregulirebeli mowyobilobebisa da 

gamzo mi xelsawyoebis muSaobis specifikur pirobebze. 

amasTan erTad, cdomilebebi SeiZleba ganpirobebuli 

iyo s garemo pirobebis cvalebadobiT, rac gavlenas 

axdens gazomvebis Sedegebze (temperatura, haeris teni-

anoba, barometruli wneva da sxva). aRniSnul mizezebs 

SeiZleba mivakuTvnoT, agreTve, gamzomi xelsawyoebis da 
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maTi calkeuli Semadgeneli elementebis erTgvari 

arasrulyofileba, ,,defeqtebi ò, rac iwvevs gazomvebis 

gadaxras nominalebidan da aqedan gamomdinare, cdomile-

bebs maTi gamoyenebis sferos farglebSi. 

cnobilia, rom sakmaod didi raodenobis gazomvebis 

SemTxvevaSi, cdomilebebi, ZiriTadad, emorCilebian gana-

wile bis normalur kanons, rac safuZvlad udevs absolu -

turi da fardobiTi cdomilebebis  sidideebis dadgenas.  

saSualo kvadratuli gadaxris standartuli sidi -

dis codnis SemTxvevaSi xdeba eqsperimentis procesSi 

gamovlenili cdomilebebis raodenobriv i Sefaseba. ma-

Tematikuri statistikis meTodebis gamoyenebiT da ga m-

oTvlili albaTobis  mniSvnelobis mixedviT vadgenT gaz-

omvebis Sedegebis damuSavebidan cdomilebebis gamoric -

xvis marTobulobas.  

Tu standarti cnobili ar aris, cdomilebis Sefase -

ba xdeba isev da isev, eqsperimentis monacemebis damuSave-

bis cnobili meTodebis safuZvelze.  

yoveli calkeuli faqtoris mier gamowveuli 

sistematuri cdomilebebis gamovlena saWiroebs spe-

cialuri gamokvlevebis Catarebas (magaliTad, erTi da 

imave sididis gazomva sxvadasxva meTodebiT da zogierTi 

etalonis i mave xelsawyoebiT). gamovlenili sistema-

turi cdomilebe bis aRmofxvra, maTi sidideebis gaan-

gariSebisTanave, advilad SeiZleba  gazomvebis SedegebSi 

Sesabamisi Sesworebebis SetaniT. 

Cvens gamokvlevebSi gazomvebis Sedegebis maTemat-

ikuri da muSavebis dawyebamde yvela sistematuri cdomi -

leba ukve gamovlenili iyo.  

amasTanave unda aRiniSnos, rom TiToeuli Sedegebis 

saerTo cdomileba ucnobi rCeba. ase rom, maTi saerTo 

sistematuri cdomilebebidan gamoricxva ki ar xdeba, ar -
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amed mxolod Sesworebebis Setana im faqtorTa moqmede-

bis cnobil efeqtze, romelTa gamovlenac SevZeliT.  

dakvirvebaTa SemTxveviTi cdomilebebi SeiZleba 

gamodges SemTxveviTi sidideebis erT-erT yvelaze naTel 

magaliTad. yvela gamovlenili sistematu ri cdomilebis 

aRmofxvris Semdeg darCenili cdomile bebi miviCnieT 

rogorc SemTxveviTi, raSic vgulisxmobT SemTxveviTi 

cdomilebebis dakvirvebis Sedegad miRebul da zust 

sidideebs Soris sxvaobas. 

cnobilia, rom dakvirvebebis pirobebis mTeli kom -

pleqsis ganmapirobebel aRuricxav faqtorTa meryeoba 

iwvevs miaxloebiTi Sedegebis SemTxveviT cdomilebas, 

amitom monacemebis damuSavebisas viyenebdiT normaluri 

ganawilebis funqciis parametrebs.  

hidravlikuri da geoteqnikuri ama Tu im maxasi -

aTeblebis dasadgenad, aucilebelia xelsawyoebiT ga z-

omvebis sizustis aRricxva da  agreTve TviT gasazomi par-

ametrebis damaxinjebis xarisxis dadgena [2, 7,10, 11, 12, 

13, 14]. 

Rvarcofuli pr ocesebis Seswavlis dros  mraval -

ricxovani konkre tuli gamokvlevebiT dadginda , ro -

gorc morfometruli, aseve hidrodinamikuri maCve neb-

le bis cdomilebebis xarisxi.  

vinaidan cdebis cdomileba warmoadgens gamzom 

xelsawyoTa da eqsperimentis cdomilebaTa jamur mniS-

vnelo bas, amitom dispersia gegmis yovel wertilSi , par-

aleluri cdebis realizaciis SemTxvevaSi , ganisaz-

Rvreboda formuliT : 

 
Ὓ ὣ

В ὣ ὣ

ὶ ρ
Ȣ (3.2.8) 

gamoZaxilis saSualo mniSvneloba gegmis ὠ wertilSi : 
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ὣ
В ὣὺὭ
ὲ
Ὥρ

ὶὺ
 ȟ (3.2.9) 

xolo Tavisuflebis xarisxis erTiT Semcirebuli mniS -

vneloba: 

Ὢ ὶὺ ρȢ 

Tu paralelur cdebSi erT -erTis Sedegi, magaliT -

ad ὶ ρ-is, mniSvnelovnad gansxvavdeba danarCenebisagan, 

saWiroa igi Semowmdes v. romanovskis [3] kriteriumis 

mixedviT: 

 ὣ ὣ ὸὛ ὣȢ (3.2.10) 

ὸ-s mniSvneloba Ὢ ὶ ὶ -is da ὶ-i s Sxvada-

sxva sidideebisaTvis mocemulia cxrilebis saxiT [ 3]. 

danarCen saZiebel sidideTa saSualo mniSvneloba 

da dispersia ganisazRvreba formuliT : 

 
ὣ

В ὣ

ὶ
Ƞ 

Ὓ ὣ
В ὣ ὣ

ὶ ρ
Ȣ

 (3.2.11) 

dispersiis gansazRvris zemoT moyvanili gantole -

biT saSualebas gveZleva davrwmundeT mis erTgarovneba-

Si. radgan Cvens SemTxvevvaSi gegmis yvela wertilSi par-

aleluri cdebis ricx vi erT i da igivea, dispersiis  er T-

gvarov neba ganisazRvreba koxrenis [3] kriteriumis mi -

xedviT : 

 
ὅ

Ὓ ὣ

В Ὓ ὣ
Ȣ (3.2.12) 

 

hipoTezis uaryofa dispersiis erTg varovnebaze 

misaRebia, Tu koxrenis kriteriumis eqsperimentuli 

mniSvneloba ar aRemateba tabulis monacemebs 0,1656-s. 
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Cvens SemTxvevaSi, sawyisi winaaRmdegoba Zvraze da 

Sinagani xaxunis kuTxe aRebulia tarirebis mrud ebidan. 

eqsperimentebi Catarda specialurad kon strui -

rebul danadgarze, romlis aRWurviloba saTanado apa-

ra tu riT uzrunvelyofda Rvarcofis masis mowyvetis 

momentSi sawyisi Zvris winaaRmdegobisa da Sinagani 

xaxunis kuTxis meqanikuri ekvivalentis gansazRvras 

iribi meTodiT, denis sixSiresTan kuTxuri siCqaris 

fiqsaciiT.  

danadgari warmoadenda vertikalur RerZis garSe -

mo mbrunav sibrtyes, romlis centridan dacilebiT 25 sm -

ze mimagrebuli iyo Rrutaniani cilindri simaRliT 8 sm, 

fuZis diametriT 14 sm. mimagrebul cilindrze zemodan 

moTavsebuli iyo i mave zomis cilindri. mbrunavi si b-

rtyis moZraobaSi moyvana xorcieldeboda eleqtro -

Zravis saSualebiT. cdebis Catarebis dros danadgari 

CarTuli iyo specialurad mowyobil stendze.  

aRniSnuli stendis muSaobis principi SemdegSi 

mdgomareobs: sqemaSi mokledSerTulrotorian asin qro -

nul Zravas moZraobaSi mohyavs mudmivi denis generatori, 

saidanac Zabva miewodeba damoukidebelaRgznebian mudmi-

vi denis Zravas, romlis lilvi xistadaa damagre buli 

sinqronuli generatoris lilvze. reostatebis winaRo -

bebis sidideTa cvlilebiT  SesaZlebelia sinqronuli 

generatoris  Zabvis 0-dan 380 voltamde, xolo cvladi 

denis sixSiris 5 -dan 60 hercamde farglebSi cvlileba. 

sixSiris gazomva xorcieldeboda sixSirmzomiT.  
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eqsperimentis Catarebis maTematikuri gegma da 

Rvarcofis masis zRvruli wonasworobis ganmsazRvreli 

ZiriTadi maxasiaTeblebis saSualo mniSvnelobebi  

 

cxrili 3.2.1   

#
 r

ig
z
e

 

gegmis 

matrica  
samarTavi faqtorebi  

Rvarcofis masis zRvruli 

wonasworobis 

ganmsazRvreli 

maCveneblebi 

╧  ╧  ╧ ╜  ╧ ╜  ╨ Ⱳ   ╨ ⱴ 

1 

2 

3 

4 

5 

-1,0 

-0,5 

0 

+0,5 

+1,0 

1,0 

-1,0 

-1,0 

-1,0 

-1,0 

0,092 

0,319 

0,546 

0,772 

1,000 

0,25 

0,25 

0,25 

0,25 

6,25 

7,350 

10,490 

11,265 

10,487 

8,378 

25,17 

29,81 

32,10 

31,13 

26,45 

6 

7 

8 

9 

10 

-0,1 

-0,5 

0 

+0,5 

+1,0 

-0,5 

-0,5 

-0,5 

-0,6 

-0,5 

0,092 

0,319 

0,546 

0,773 

1,000 

0,30 

0,30 

0,30 

0,30 

0,30 

6,355 

8,911 

9,931 

9,128 

7,438 

22,74 

28,80 

30,31 

29,44 

25,49 

11 

12 

13 

14 

15 

-0,1 

-0,5 

0 

+0,5 

+1,0 

0 

0 

0 

0 

0 

0,092 

0,319 

0,546 

0,773 

1,000 

0,35 

0,35 

0,35 

0,35 

0,35 

5,322 

0,6941 

7,598 

7,966 

6,378 

20,25 

25,58 

28,81 

27,26 

23,12 

16 

17 

18 

19 

20 

-0,1 

-0,5 

0 

+0,5 

+1,0 

+0,5 

+0,5 

+0,5 

+0,5 

+0,5 

0,092 

0,319 

0,546 

0,773 

1,000 

0,40 

0,40 

0,40 

0,40 

0,40 

4,31 

6,530 

7,510 

6,844 

5,418 

17,68 

22,96 

25,58 

28,81 

20,51 

21 

22 

23 

24 

25 

1 

-0,5 

0 

+0,5 

+1,0 

+1,0 

+1,0 

+1,0 

+1,0 

+1,0 

0,092 

0,319 

0,546 

0,773 

1,00 

0,45 

0,45 

0,45 

0,45 

0,45 

3,359 

5,398 

6,351 

5,748 

4,438 

15,04 

20,10 

22,68 

21,80 

17,71 
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eqsperimentis Catarebis maTematikuri gegma da Rvarco-

fis masis dinamikis ZiriTadi maxasiaTeblebis saSualo 

mniSvnelobebi 

 

cxrili  3.2.2 

#
 ˶
ˮ
˨
ˬ
˪

 

gegmis 

matrica  
samarTavi faqtorebi  

Rvarcofis masis zRvruli 

wonasworobis 

ganmsazRvreli 

maCveneblebi 

╧  ╧  ╧ ╜  ╧ ╜  ╨ Ⱳ  ⱴ Ⱨ 

1 

2 

3 

4 

5 

-1,0 

-0,5 

0 

+0,5 

+1,0 

-1,0 

-1,0 

-1,0 

-1,0 

-1,0 

0,092 

0,319 

0,546 

0,772 

1,000 

0,25 

0,25 

0,25 

0,25 

0,25 

0,29 

0,55 

0,62 

0,48 

0,35 

0,02513 

0,04596 

0,04952 

0,03799 

0,031 

6 

7 

8 

9 

10 

-0,1 

-0,5 

0 

+0,5 

+1,0 

-0,5 

-0,5 

-0,5 

-0,6 

-0,5 

0,092 

0,319 

0,546 

0,773 

1,000 

0,30 

0,30 

0,30 

0,30 

0,30 

0,43 

0,66 

0,74 

0,62 

0,48 

0,0439 

0,0569 

0,0595 

0,032 

0,0413 

11 

12 

13 

14 

15 

-0,1 

-0,5 

0 

+0,5 

+2,0 

0 

0 

0 

0 

0 

0,092 

0,319 

0,546 

0,773 

1,000 

0,35 

0,35 

0,35 

0,35 

0,35 

0,62 

0,80 

0,88 

0,71 

0,65 

0,0693 

0,0788 

0,080 

0,0699 

0,0675 

16 

17 

18 

19 

20 

-0,1 

-0,5 

0 

+0,5 

+1,0 

+0,5 

+0,5 

+0,5 

+0,5 

+0,5 

0,092 

0,319 

0,546 

0,773 

1,000 

0,40 

0,40 

0,40 

0,40 

0,40 

0,70 

0,90 

1,00 

1,88 

0,75 

0,0873 

0,0983 

0,1000 

0,0758 

0,0874 

21 

22 

23 

24 

25 

1 

-0,5 

0 

+0,5 

+2,0 

+1,0 

+1,0 

+1,0 

+1,0 

+1,0 

0,092 

0,319 

0,546 

0,773 

1,00 

0,45 

0,45 

0,45 

0,45 

0,45 

0,85 

1,06 

1,14 

1,88 

0,87 

0,118 

0,130 

0,128 

0,126 

0,115 
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aRniSnuli danadgari saSualebas iZleoda , gan-

gvesazRvra Rvarcofis masis zRvruli wonasworobis 

ganmsazRvreli damWeri Zabvisa da Sinagani xaxunis 

kuTxis mniSvnelobebi misi Semadgeneli komponentebis 

cvalebadobis sxvadasxva diapazonSi. winaswar damzade-

buli Rvarcofis masis nimuSebi Tavsdeboda Rrutanian 

cilindrebSi. reostatebis saSualebiT TandaTanobiT 

izrdeboda  brunTa ricxvi. Rvarcofis masis mowyvetis 

fiqsacia xorcieldeboda sixSirmzomiT. Rvar co fis masis 

mowyvetis momentSi sawyisi Zvris winaaRmdegobasa da mis 

Sesabamis brunTa ricxvebs Soris damokidebulebis 

gansazRvra xdeboda † Ὢ  da • Ὢ.grafikebiT   

cdebSi gamoyenebuli iyo bmuli Rvarcofis ni -

muSebi, romlis masis Semadgeneli komponentebis 

cvlilebis diapazoni  moicavda ὓ πȢπωςρȢππ, xolo 

ὓ πȢςυπȢτȢ Semadgeneli komponentebis cvalebado-

bis gaTvaliswinebiT , procesis naturasTan maqsimalurad 

miaxloebuli pirobebisaTvis , Rvarcofis masis zRvruli 

wonasworobisa da moZraobis ganmsazRvreli faqtorebis 

Seswavla xdeboda zemoT aRwerili danadgarisa da meTo-

diki s mixedviT.  

Rvarcofis masis zRvruli wonasworobisa da moZ -

raobis ganmsazRvreli faqtorebis dadgenis mizniT, 

gamoyenebuli meTodi saSualebas iZleva, misi Semadge-

neli komponentebis cvlilebis gaTvaliswinebiT  ganvsaz-

RvroT daZvrisa da moZraobis statikuri da dinamikuri 

maxasiaTeblebi.  

eqsperimenti tardeboda Semdegi TanmimdevrobiT: 

Tavdapirvelad  standartuli cxaurebis meTodiT xor -

ciel deboda qvis CanarTis calkeuli diametrebisa da 

milimetrze naklebi zomis fraqciebiT nimuSebis mom -
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zadeba. zemoT aRniSnuli Semadgeneli komponentebis 

urTierTTanafardobis cvlilebis Sesabamisad, mzaddebo -

da Rvarcofis nimuSebi da moculobiTi wonis meTodiT 

isazRvreboda misi moculobiTi masa, romlis Semdegac 

xorcieldeboda maTi CatvirTva Rrutanian cilindrebSi.  

stendis CarTvis dros kuTxuri si Cqare izrdeboda Car-

Tuli reostatebis meSveobiT. reostatTa xeliT regu -

li rebis dros xdeboda Rvarcofis masis momentSi 

sixSirmzomze anaTvlis fiqsireba, xolo qvemoT moy -

vanili saangariSo damokidebulebebis saSualebiT  _ 

Zvris sawyisi winaaRmdegobisa da Sinagani xaxunis kuTxis 

gaangariSeba. 

sawyisi winaaRmdegoba Zvraze: 

 
†

άὙ

Ὓ
Ȣ (3.2.13) 

Sinagani xaxunis kuTxe: 

 
• ὥὶὧÔÁÎ

Ὑ

φπὫ
ȟ (3.2.14) 

sadac aris   kuTxuri siCqare Rvarcofis masis 

daZvris momentSi; 

 Ὑ 
_ brunvis RerZidan Rvarcofis masis 

simZimis centris dacileba;  

 Ὣ 
_ simZimis Zalis aCqareba; 

 Ὓ _ mowyvetis zedapiris farTobi.  

Rvarcofis masis dinamikuri maxasiaTeblebis sib-

lan tisa da Zvris winaaRmdegobis gansazRvra xorcielde -

boda grafikuli meTodiT.  

Rvarcofis masis zRvruli wonasworobisa da moZ-

raobis ganmsazRvrel parametrebze cdebis Catarebis 

dros gamoiyeneba eqsperimentebis dagegemvis maTemati -

kuri Teoria.  
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eqsperimentis damTavrebisas gegmis yvela wertili -

saTvis gamoiTvleboda gamoZaxilis saSualo mniSvnelo-

bebi da stiudentis ὸ kriteriumis mixedviT [ 9] mowmdebo-

da ὣ  da ὣ  mniSvnelobaTa urTierTgansxvaveba: 

 
ὸ

ὣ ὣ

Ὓ ὣ
ρ
ὶ

ρ
ὶ

Ȣ (3.2.15) 

 

saSualo  mniSvnelobebi umniSvnelod gansxvavdebian 

erTmaneTi sagan, Tu ὸ -s  eqsperimentuli mniSvnelobebi 

ar aRemate ba tabulis monacemebs Tavisuflebis xarisxis 

Ὢ ὶ ὶ   da xuTprocentiani donis mniSvnelobe -

bisaTvis.  

gantoleba (3.2.3.)-is koeficientebis winaswari 

Sefaseba xdeba umcires kvadratTa meTodiT da funqciis 

minimizacia Caiwereba Semdegi saxiT: 

 

ὣ ὣ Ὢȟȟȟ ȟ ȟ Ȣ (3.2.16) 

orfaqtoriani eqsperimentis algebrul gantoleba -

Ta sistemas aqvs Semdegi saxe: 

 

ὔ  ὼ  ὼ  ὼ  ὼ  ὼὼ ώ

 ὼ  ὼ  ὼὼ  ὼ  ὼὼ  ὼ ὼ ώὼ

 ὼ  ὼὼ  ὼ  ὼ ὼ  ὼ  ὼὼ ώὼ

 ὼ  ὼ  ὼ ὼ  ὼ  ὼ ὼ  ὼ ὼ ώὼ

 ὼ  ὼὼ  ὼ  ὼὼ  ὼ  ὼὼ ώὼ

 ὼὼ  ὼ ὼ  ὼὼ  ὼ ὼ  ὼὼ  ὼ ὼ ώὼὼữ
Ử
Ử
Ử
Ử
Ữ

Ử
Ử
Ử
Ử
ử

 

(3.2.17) 
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gantolebaTa sistemis (3.2 .17) amoxsnis safuZvelze 

miRebuli a koeficientTa Semdegi mniSvnelobani: 

 

sawyisi Zvris winaaRmdegobisaTvis _ 

 ψȢφυȠ  πȢττωχȠ  ςȢςχφφȠ 

 ςȢχχφφȠ  πȢπρςȠ  πȢππχȢ 

Sinagani kuTxisaTvis  _ 

 ςωȢςτψȠ  ρȢτπφȠ  τȢχςωȠ 

 φȢττπȠ  πȢψρφȠ  πȢςωπȢ 
 

koeficientSi am mniSvnelobaTa Sesabamisad (3.2.3.) 

formula miiRebs  Semdeg saxes: 

Zvris sawyisi winaaRmdegobisaTvis _   

ὣ ψȢφυὢ πȢτυςȢχυὢ ὢ ςȢςψ πȢπρὢ πȢπχὢ Ȣ (3.2.18) 

Sinagani xaxunis kuTxisaTvis _ 

ὣ ςȢψςὢ ρȢτρφȢττὢ ὢ τȢχπ πȢπψὢ πȢςωὢ Ȣ (3.2.19) 

modelis adekvaturoba, roca ά υȟὰ φȟὔ ςυ 

(ά parale luri cdebis ricxvia, ὰ niSancvladi koefi -

cientebis ricxvi) mowmdeboda formuliT : 

 

Ὓ˦ Ȣ˩

ὓ

ὔ ὰ
ὣ ὣ ȟ (3.2.20) 

xolo fiSeris eqsperimentul i kriteriumi : 

 ‰
Ὓ˦ Ȣ˩

Ὓ ὣ
Ȣ

 

(3.2.21) 

adekvaturobaze hipoTeza misaRebia im SemTxvevaSi, 

Tu (3.2.18) damokidebulebiT miRebuli sidideTa mniS-

vnelobebi nakle bia tabulir ebul ze ‰˪ Ȣ˻ ‰̀ Ȣ̄. 

fiSeris da koxrenis kriteriumebi  Catarebuli eq s-

perimentebisaTvis mocemulia cxrili 3.2.3 -is saxiT.  
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fiSerisa da koxrenis kriteriumebi  

 

cxrili 3.2.3  
Rvarcofis 

masis zRvru-
li wonas -

woro bis ma-
xasiaTeblebi  

koxrenis ricxvi  fiSeris ricxvi  

eqsper i - 
mentiT 

cxri -
liT  ╖˪ Ȣ˻ ╖̀  ̄

eqsperi-
mentiT 

cxr i -
liT  ꜚ˪ ˻ ꜚ̀  ̄

sawyisi 
winaaR-
mdegoba 

Zvraze Ⱳ 

0,1269 0,1665 
0,12269< 

0,1665 

0,207 1,94 
0,207< 

1,94 

Sinagani 
xaxunis kuTxe  

ⱴЈ 
0,1029 0,1665 

0,1069< 

0,1665 

0,3645 1,94 
0,3645< 

1,54 

 

radgan saangariSo damokidebulebebSi Semavali 

wevrebi warmodgenilia kodirebuli mniSvnelobebiT, 

amitom maTi realur sidideebze gadayvanisaTvis vagebT 

grafikul damokidebulebas naxazi (3.2.1) -is saxiT 

ὢ Ὢὢ . 

naxazi (3.2.1)-is safuZvelze mocemuli grafikuli  

damokidebuleba Caiwereba Semdegi saxiT: 

 8 ςȟς ρȟς

8 ρπ σȟυ
 Ȣ (3.2.22) 

 

cvladebis kodirebuli mniSvnelobebidan realur -

ze gadasvla ganxorcielda ( 3.2.22) damokidebulebiT da, 

Sesabamisad, algebruli gantolebebis Sesworebulma 

koeficientebma miiRo saxe: 

 ρςȢςȠ  ρυȢφςȠ  ςσȢφȠ 

 ρσȢττȠ  πȢππȠ  πȢππȢ 
Sinagani xaxunis kuTxisaTvis: 

 ςυȢπσȠ  στȢψψȠ  φȢττȠ 

 σȢσρχȠ  ψρȢφȠ  φȢσψȢ 
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nax. 3.2.1. ╧░ █╧░. damokidebulebis grafiki  

1. ╧ █╧ ;  2.  ╧ █╧ . 

 

Sesabamisad saangariSo formulebi (3.2.18) da 

(3.2.19) cvladebis realuri mniSvnelobebisaTvis miiRebs 

saxes: 
sawyisi Zvris winaaRmdegoba _ 

† ρςȢς ὓ ρυȢφ ρσȢτὓ ςσȢφȠ
 

(3.2.23)
 

Sinagani xaxunis kuTxe _ 

• ςυȢσ ὓ στȢψυ σρȢςὓ ὓ φȢττ ψρȢφὓ Ȣ
 

(3.2.24)
 

mbrunav koordinatebis optimizaciis meTodma gvi-

Cvena, rom funqciebis † da • gansazRvrul areebSi maTi 

maqsimaluri mniSvnelobebi Seesabameba faqtorebis Sesa-

bamis mniSvnelobebs  ὓ πȢτω da ὓ πȢςςψ. 
naxazebis (3.2.2), (3.2.3), (3.2.4) da (3.2.5)-is saxiT 

mocemulia grafikuli damokidebulebebi Rvarcofis 

-1

-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

0.6

0.8

1

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

xi 

●░  

  

2 

1 
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zRvru li wonasworobis ganmsazRvrel faqtorebsa da 

misi  Semadgeneli komponentebis urTierTanafardobebs 

Soris.  

zRvruli wonasworobis ganmsazRvreli faqtore -

bisaTvis agebul ia gamoZaxilis  zedapirebis kveTebi naxaz 

3.2.6 da 3.2.7-is saxiT.  

 

Zvris sawyisi winaaRmdegobis sxvadasxva mniSvnelo-

baze naxaz 3.2.6-is mixedviT:  

ρȢ† τȢπ ˨ Ⱦ˶˷ ;˱ ςȢ† υȢπ ˨ Ⱦ˶˷ ;˱ σȢ† φȢπ ˨ Ⱦ˶˷ ;˱ 

τȢ† χȢπ ˨ Ⱦ˶˷ ;˱ υȢ† ψȢπ ˨ Ⱦ˶˷ ;˱ φȢ† ωȢπ ˨ Ⱦ˶˷ ;˱ 

χȢ† ρπȢπ ˨ Ⱦ˶˷ Ȣ˱ 
da Sinagani xaxunis kuTxis sxvadasxva mniSvnelobebi-

saTvis naxaz 3.2.7-is saxiT.  

 • ρυЈȠ • ρχЈȠ • ρωЈȠ • ςρЈȠ • ςσЈȠ 

• ςυЈȠ • ςχЈȠ • ςωЈȠ • σρЈȠ • σςЈȠ 
 

rogorc ( 3.2.23) da (3.2.24) gamosaxulebebi †

Ὢὓȟὓ ȟ• Ὢὓȟὓ  graf i kebidan Cans, Rvarcofis 

masis zRvruli wonasworobis ganmsazRvrel parametrebs 

gaaCniaT maqsimaluri mniSvneloba, romelic misi masis 

kritikul mdgomareobas Seesabameba. kritikuli mdgoma-

re obis miRwevamde adgili aqvs bmulobas, xolo kriti -

kuli wertilis zeviT bmuloba qreba.  

siblantis koeficientis ‘-s da darRveuli struq -

turis mxebi Zabvis †˩ -s gansazRvra ganxorcielda aRwe-

ril mowyobilobaze  Catarebuli cdebis monacemebis sa-

fuZvelze, Rvarcofis masis Semadgeneli komponentebis 

urTierTanafardobis sxvad asxva mniSvnelobebisaTvis. 
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nax. 3.2.2.  Ⱳ █╜   damokidebulebis grafiki . 

 

 
nax. 3.2.3. 

 
Ⱳ █╜  damokidebulebis grafiki . 
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nax. 3.2.4. 

 
ⱴ █╜  damokidebulebis grafiki . 

 

 
 nax. 3.2.5. 

 
ⱴ █╜  damokidebulebis grafiki . 
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nax. 3.2.6.

 
Zvris sawyisi winaaRmdegobis gamoZaxilis kveTebi. 

 

 
nax. 3.2.7.

 
Sinagani xaxunis kuTxis gamoZaxilis kveTebi.
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Rvarcofuli masis darRveuli struqturis mxebi 

Zabvis mniSvnelobebis gansazRvra warmoebda grafikuli 

meTodiT. cnobili iyo ra mowyvetili Rvarcofis wona,   

e. i. misi normaluri Zabva, Sinagani xaxunis kuTxe da 

sawyisi winaaRmdegoba Zvraze, grafikulad ganisazRvra 

darRveuli struqturis mxebi Zabva  †˩ , xolo siblantis 

koeficientis mniSvnelobebi Sesabamisad siCqaris gra -

dientisa da mxebi Zabvis †˩ -i s saSualebiT. (3.2.17) gan-

tolebaTa sistemis amonaxsnisa da (3.2.22)-is gaTval i s-

winebiT Rvarcofis masis dinamikuri maCveneblebis 

saSualo mniSvnelobebi mocemulia cxrilSi 3.2.4. sib -

lan tis dinamikuri koeficientisa da moZraobis mxebi 

ZabvisaTvis koeficientTa mniSvnelobebs aqvs Semdegi 

saxe: 

moZraobis dros mxebi ZabvisaTvis _ 

 πȢπσρȠ  ρȢτπψȠ  ςȢυψωȠ 

 ρȢςτφȠ  πȢρρτȠ  πȢπσυȢ 
siblantis koeficientisaTvis _ 

 πȢπσρȠ  πȢπχȠ  ςȢυψωȠ 

 πȢπφυȠ  ρȢπςȠ  πȢπσφȢ 
 

koeficientebis Sesabamisi mniSvnelobebis gaTva-

lis winebiT (3.2.3) damokidebulebaSi miviRebT [5]: 

moZraobis mxebi Zabva ï 
†˩ ὓ ρȢτρ ρȢςυὓ ὓ ςȢυωπȢπτὓ πȢρρὓ πȢτχȢ (3.2.25) 

 

siblantis dinamikuri koeficienti  _  

‘ πȢπσρὓ πȢπψπȢπφὓ ὓ πȢπτὓ ρȢπςὓ πȢςψȢ (3.2.26) 
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(3.2.23) gantolebis gamartivebiTa da gardaqmniT, 

ro desac Rvarcofis myar nawilSi qvis CanarTis wona 0-is 

tolia , miviRebT: 

           † πȢχψὓ πȢπττπȢπφυὓ Ȣ (3.2.27) 

adekvaturobaze hipoTeza misaRebia, Tu (3.2.21) 

damoki debulebiT miRebuli sidideebi naklebia tabuli -

re bulze.  

Catarebuli eqperimentiT miRebuli fiSeris da 

koxrenis kriteriumebi  mocemulia cxr ili (3.2.4) -is 

saxiT. 

koxrenis da fiSeris kriteriumebi  

 

cxrili 3.2.4  
Rvarcofis 

masis zRvru-
li wonas -

woro bis ma-
xasiaTeblebi  

koxrenis ricxvi  fiSeris ricxvi  

eqsper i - 
mentiT 

cxri -
liT  ╖˪ Ȣ˻ ╖̀  ̄

eqsperi-
mentiT 

cxr i -
liT  ꜚ˪ ˻ ꜚ̀  ̄

sawyisi 
winaaR-
mdegoba 

Zvraze, Ⱳ 

0,1497 0,1665 
0,1497<0,1

665 
1,18 1,94 1,18<1.94 

Sinagani 
xaxunis 

kuTxe,  ⱴЈ 
0,1491 0,1665 

0,1491<0,1

665 
0,732 1,94 0,32<1,94 

 

grafikuli damokidebuleba dinamikur Zabvasa da 

siblantis koeficients Soris, Rvarcofis Semadgeneli 

komponentebis woniTi Tanafardobebis cvalebadobasTan 

kavSirSi, mocemulia 3.2.8, 3.2.9, 3.2.10, 3.2.11 naxazebze. 

warmodgenili eqsperimentebis analizi  gviCvenebs, 

rom Semadgeneli komponentebis urTierTanafardobebis 

cvlileba, mniSvnelovan gavlenas axdens bmuli Rvar -

cofis daZabul -deformaciul mdgomareobaze, upirvele -

sad, mis ganmsazRvrel parametrebze. 

rogorc wonasworobis 3.2.2, 3.2.3, 3.2.4, 3.2.5 da 

moZraobis 3.2.8, 3.2.9, 3.2.10, 3.2.11 ganmsazRvreli para-
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metrebis grafikebidan Cans, Rvarcofis masis Semadgeneli 

komponentebis cvlilebiT maTi cvlilebis xasiaTs Sem -

degi saxe aqvs: Rvarcofis bmulobis sazRvrebSi ὓ -is 

mniSvnelobis gazrdiT statikuri maxasiaTeblebis sidi-

deebi mcirdeba, xolo dinamikuri maCveneblebi _ piri qiT. 

rac Seexeba ὓ  faqtoris gavlenas  zRvrul wona s-

worobasa da moZraobaze, SeiZleba davaskvnaT, rom misi 

erT i da i mave mniSvnelobis dros, kritikul werti lamde 

rogorc statikuri, ise d inamikuri maCveneblebi izrde-

ba, xolo misi gavlis Semdeg, xdeba maTi sidideebis 

Semcireba. Rvarcofis es buneba warmogvidgeba Semdegi 

saxiT: Rvarcofis masa kritikul mdgomare obis miRwe-

vamde bmul mdgomareobaSia, xolo kritikuli wertilis 

zemoT _ arabmul mdgomareobaSi. 

zRvruli wonasworobisa da  moZraobis modelirebis 

Sedegebi anali zuri damokidebulebebis misaRebad xSi -

rad qmnian dauZlevel siZneleebs moculobiTi da zeda -

piruli Zalebis uTanazomobis gamo. aqedan gamomdinare, 

modelirebis originalur -eqsperimentuli meTodis [ 4] 

safuZvelze Seiqmna farTo SesaZlebloba msgavsebis 

Teoriis, gruntebis meqanik is, araniutonuri siTxeebis 

statikisa da dinamikis, albaTur -statisti kuri meTode-

bis gamoyenebiT damuSavdes bmuli Rvarcofebis daZvris, 

moZraobisa da nagebobebze moqmedebis er Tiani meTodika. 

Rvarcofis daZvrisa da moZraobis gaCerebis kriti -

kuli siRrmeebis prognozirebis Tanamedrove meTodi, 

rogorc misi warmoSobis kerebSi, aseve satranzito 

ubnebze, msgavsebis sxvadasxva kriteriumebisa da agreTve 

eqsperimentuli kvlevebis monacemebis albaTur-stati -

kuri damuSavebaze, zRvruli wonasworobis Teoria sa da 

Svedov-bingamis Teoriul koncefciazea dafuZnebuli.  
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zRvruli wonasworobis mxebi Zabvis miRebuli mniS-

vnelo bebi, bmuli Rvarcofis Semadgeneli komponentebis 

sxvadasxva Tanafardobebis dros, Cawerilia ( 3.2.23) 

damokidebulebebis saxiT. Rvarcofis masis daZabul -de-

for maciuli pirobidan gamomdinare, daZvris kritikuli 

siRrme, romlis gadaWarbebisas igi iwyebs moZraobas, 

SeiZleba Sefasebuli iqnas wonasworobis pirobiT : 

 
Ὤ˯

†

Ὥ
 Ȣ (3.2.28) 

Rvarcofis moculobiTi masis -i s da misi 

Semadgeneli komponentebis cvalebadobis gamosaxvis miz-

niT, aigo grafikuli damokidebuleba  † Ὢ (nax. 

3.2.11.) umcires kvadratTa meTodis gamoyenebiT. grafi -

kuli damokidebuleba  † Ὢ Caiwera Semdegi  saxiT: 

 † ρςȢστφ ρφȢωρτȢ (3.2.29) 

 (3.2.28) damokidebulebis da (3.2.23)-is gaTvalis -

winebiT (3.2.29)-Si  da zogierTi gamartivebis CatarebiT 

miviRebT zRvrul i  wonasworobis siRrmis saangariSo 

damokidebulebas: 

 
Ὤ˯

ρςȢς ὓ ρυȢφ ρσȢτὓ ςσȢφὓ

ςȢσφὓ ρȢςχ ρȢπωὓ ρȢωρὓ Ὥ
Ȣ 

(3.2.30) 

 

TalsaCinoebis mizniT cxril 3.2.5 -Si moyvanilia 

zRvruli wonasworobis Sesabamisi kritikuli siRrmeebis 

mniSvnelobebi, bmuli Rvarcofis Semadgeneli komponen-

tebis urTierTTanafardobaTa sxvad asxva mniSvnelobebis 

dros.  
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nax. 3.2.8. Ⱳ █╜  damokidebulebis grafiki . 

 

 
nax. 3.2.9.  Ⱳ █╜   damokidebulebis grafiki . 
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nax. 3.2.10.  Ⱨ █╜  damokidebulebis grafiki . 

 

 
nax. 3.2.11. Ⱨ █╜  damokidebulebis grafiki . 
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xSir SemTxvevaSi Rvacofuli xasiaTis mdinareTa 

satranzito ubnebze da gamotanis konusis akvatoriaze 

sainJinro RonisZiebaTa ganlagebis trasis SerCeva moiT-

xovs iseTi maCvenelebis aucilebel codnas, rogori caa 

Rvarcofis gaCerebis qanobi da siRrme. 

 

daZvris kritikuli siRrmis sidideebi Rvarcofis 

Semadgeneli komponentebisa da keris qanobis sxvadasxva 

mniSvnelobebis dros (santimetrebSi)  

 

cxrili 3.2.5  

 

#  

 

Rvar-

cof -

warmom-

qmneli 

keris 

qanobi ░ 

 

ὓ πȢρ ὓ πȢτπ ὓ ρȢπ 

ὓ
 

ὓ
 

ὓ
 

0,25 0,35 0,45 0,25 0,35 0,45 0,25 0,35 1,0 

1 2 3 4 5 6 7 8 9 10 11 

2 0,01 396,9 297,2 198,6 469,9 397,6 310,3 412,7 328,6 225,3 

3 0,02 193,3 148,6 99,3 329,2 199,9 155,5 206,3 164,3 112,7 

4 0,05 77,4 59,4 39,7 93,98 79,7 62,1 82,32 65,7 45,07 

5 0,1 38,7 29,7 19,9 46,9 39,8 31,03 41,3 32,9 22,5 

6 0,2 19,3 14,9 9,9 23,5 20,0 15,5 20,6 16,4 11,3 

7 0,3 12,9 9,9 6,6 15,7 13,2 10,3 13,6 11,0 7,5 

 

sadReisod jer kidev ar arsebobs saimedo monacemebi 

bunebaSi gazomili nakadis gaCerebis qanobsa da simaRlis 

Sesaxeb, maTi fizikur -meqanikuri da kalapotis morfo -

metriuli maCveneblebis gaTvalis winebiT. Rvarcofis 

gaCerebis absoluturi siRrmis gansazRvrisa Tvis gamo-

iyeneba kvazi-myari sxeuli s Tanabari moZraobis gan-
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toleba † ὭὬ, romlis safuZvelze nakadis gaCere bis 

siRrmea: 

 

Ὤ˨
ὓ ρȢτρ ρȢςυὓ ὓ ςȢυπ πȢρρὓ πȢπτὓ πȢτχ

ςȢσφ ὓ ρȢςχρȢπωὓ ρȢωρὓ Ὥ
  Ȣ

 

(3.2.31)

 
 

 
nax. 3.2.12. Rvarcofis moculobiTi masisa da sawyisi Zvris 

winaaRmdegobas Soris damokidebulebebis grafiki. 

                   

saangariSo damokidebulebis (3.2.31) praqtikuli 

gamoyeneba saWiroebs Rvarcofis masis  Semadgeneli kompo-

nentebis woniTi moculobis codnas . radgan Rvarcofis 

warmoSobis, moZraobisa da gaCerebis SemTxvevaSi, fizi-

kur -meqanikuri maCveneblebi ar icvleba, SeiZleba visar-

1

1.2

1.4

1.6

1.8

2

2.2

0 2 4 6 8 10 12

g 

t0 
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gebloT moZraobis dawyebamde dadgenili Semadgeneli 

komponentebis gansazRvruli sidideebiT.  

 

gaCerebis simaRlis kritikuli mniSvnelobebi sxvad asxva 

Rvarcofuli xasiaTis mdinareebze  

 

cxrili 3.2.6  

 

R
v
a

rc
o

fi
s
 g

a
v
lis

 
w

e
li

 

R
v
a

rc
o

fs
a

d
in

a
re

b
i

 

R
v
a

rc
o

fi
s
 g

a
C

e
re

b
is

 

q
a

n
o

b
i ░

 

Rvarcofis masaSi 
Semadgeneli komp o-

nentebis mniSvn. 
woniT nawilebSi  

gaCerebis krtikuli 
siRrme  
sm-Si 

╟̂ Ȣ˽ ╟˱ Ȣ˱ ╟˻ Ȣ˫ 

˲˦ ˸˹˶ -˹

˰  ˮ

˱˳˲˦̀˪˱ -˪

˧ˮ ˭

3.2.31 

˺˳˶˱˹

˰ˮ  ˭

1949 
md. 

duruji  
0,021 0,151 0,25 0,60 250 225 

1959 
Targmnis 

xevi 
0,09 0,10 0,26 0,64 200 148 

1967 
md. 

bilara  
0,075 0,12 0,34 0,54 150 151 

1975 
md. 

duruji  
0,524 0,15 0,36 0,49 200 173 

 

cxril  3.2.6-Si mocemulia saangarSo damokidebu-

le biT (3.2.31) miRebuli Sedegebis Sedareba naturul 

monacemebTan. 
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3.3. bmuli Rvarcofis gverdiTi gafarToebis 

koeficientis eqsperimentuli kvleva  

 
bunebaSi arsebul RvarcofTa speqtris mraval -

ferovnebis gamo dRemde ar arsebobs saimedo meTodika, 

romelic gaiTvaliswinebda movlenaSi monawile yvela 

faqtors maTi daZvris, moZraobis da nagebobebTan urTi-

erT qmedebis maxasiaTeblebis dasadgenad. 

zemoaRniSnulidan gamomdinare, cdebis pirveli 

seria miznad isaxavda Rvarcofis gverdiTi gafarToebis 

koefi cientis dadgenas misi tanis Semadgeneli kompo-

nentebis urTierTTanafardobis cvlilebis sxvadasxva 

piro bebSi. 

procesis Seswavlis mizniT, speci alurad kon -

strui rebul danadgarze Catar da cdebi, romlis mixed -

viTac xorcieldeboda Rvarcofis mowyvetis momen tSi 

Sinagani xaxunis kuTxis meqanikuri ekvivalen tis gansaz-

Rvra iribi meTodiT, denis sixSiresTan kuTxu ri siCqaris 

fiqsaciiT.  

cdebSi gamoyenebuli iyo mdinare durujis Rvar -

cof uli masalisagan damzadebuli nimuSebi, romlis masis 

Semadgeneli komponentebis cvlilebis diapazoni war -

modgenili iyo Semdegnairad:  

1. wylis wonis Sefardeba Rvarcofis masis myari 

Semadgenlis milimetriani da masze naklebi zomis 

nawil akebis wonasTan icvleboda sazRvrebSi:  

-
̂˽

˱˱
πȟπωςρȟππȠ  

2. Semadgeneli komponentebis cvalebadobis gaTva-

lis winebiT procesis naturasTan maqsimalurad 

miaxloebuli pirobebisaTvis milimetriani da 

masze naklebi zomis nawilakebis wonis Sefardeba 
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mTlian myar masasTan warmodgenili iyo sazR-

vrebSi: - ˱˱

˱˽
πȟςυ πȟτυȢ  

vinaidan eqsperimentis dagegmvis maTematikuri 

meTodi emyareboda kvlevis obieqtis kibernetikul war -

modgenas, amitom arCeul iqna kibernetikuli sistema , 

romlis ganxilvisas gamo iyo zemoT dasaxelebuli Sesas -

vleli (mmarTveli) faq torebi ὢ ὓ  da ὢ ὓ . 

gamosasvl el faqtors gver di Ti gafarToebis koefi -

cie nti  „ ὣ warmoadgenda. 

Rvarcofis masis gverdiTi gafarToebis ganmsaz-

Rvreli parametris mTliani faqtoruli gegma matricis 

saxiT mocemulia cxrilSi 3.3.1.  

depresiis erTgvarovnebis mizniT cdis yovel wer -

tilSi maTi raodenoba xuTis toli iyo.  

eqsperimentis damTavrebisas gegmis yvela wertilSi 

gamoZaxilis saSualo mniSvnelobebi da stiudentis  ὸ 

kri te ri umi mowmdeboda ὣ˱ˮ˲ ˩  ˦ ὣ˱˦˻˷ n˱iSvnelobebs So-

ris urTierTgansxvavebiT.  

radgan saangariSo damokidebulebaSi Semavali wev-

rebi kodirebuli mniSvnelobebiT aris warmodgenili, 

amitom maTi  realur mniSvnelobebSi gadayvanisaTvis 

vsargeblobT ( 3.3.1) damokidebulebebiT: 

 ὢ ςȢςὢ ρȢςȠ

ὢ ρπὢ σȢυȢ
 (3.3.1) 

 

sabolood cvladebis realuri Rvarcofis gverdi -

Ti gafarToebis koeficientis mniSvne lo bisaTvis saanga-

ri So damokidebuleba Semdegnairad Caiwereba: 
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eqsperimentis Catarebis maTematikuri gegma da 

Rvarcofis masis gverdiTi gafarToebis koeficientis 

saSualo mniSvnelobebi 

cxrili 3.3.1  

#  

gegmis matrica samarTavi faqtorebi  

Rvarcofis masis 

gverdiTi 

gafarToebis 

koeficienti  

╧  ╧  ╧ ╜  ╧ ╜  ╨ ♫ 

1 

2 

3 

4 

5 

-1.0 

-0.5 

0 

+0.5 

+1.0 

-1.0 

-1.0 

-1.0 

-1.0 

-1.0 

0.092 

0.319 

0.546 

0.773 

1.000 

0.25 

0.25 

0.25 

0.25 

0.25 

0.290 

0.250 

0.230 

0.240 

0.270 

6 

7 

8 

9 

10 

-1.0 

-0.5 

0 

+0.5 

+1.0 

-0.5 

-0.5 

-0.5 

-0.5 

-0.5 

0.092 

0.319 

0.546 

0.773 

1.000 

0.30 

0.30 

0.30 

0.30 

0.30 

0.300 

0.256 

0.247 

0.254 

0.285 

11 

12 

13 

14 

15 

-1.0 

-0.5 

0 

+0.5 

+1.0 

0 

0 

0 

0 

0 

0.092 

0.319 

0.546 

0.773 

1.000 

0.35 

0.35 

0.35 

0.35 

0.35 

0.327 

0.283 

0.259 

0.271 

0.304 

16 

17 

18 

19 

20 

-1.0 

-0.5 

0 

+0.5 

+1.0 

+0.5 

+0.5 

+0.5 

+0.5 

+0.5 

0.092 

0.319 

0.546 

0.773 

1.000 

0.40 

0.40 

0.40 

0.40 

0.40 

0.348 

0.305 

0.283 

0.291 

0.325 

21 

22 

23 

24 

25 

-1.0 

-0.5 

0 

+0.5 

+1.0 

+1.0 

+1.0 

+1.0 

+1.0 

+1.0 

0.092 

0.319 

0.546 

0.773 

1.000 

0.45 

0.45 

0.45 

0.45 

0.45 

0.370 

0.328 

0.307 

0.314 

0.480 
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ʎ

ὸὫσςȟτωʐ
0˱˱
ὖ˱ ˽
σȟςς

τπȟψ0˱˱
ὖ˱ ˽

0̂˽

ὖ˱ ˱ρχȟτς
ρȟυυὖ˱ ˽

ὖ˱ ˱

ρ ὸὫσςȟτωʐ
0˱˱
ὖ˱ ˽
σȟςς

τπȟψ0˱˱
ὖ˱ ˽

0̂˽

ὖ˱ ˱ρχȟτς
ρȟυυὖ˱ ˽

ὖ˱ ˱

ȢσȢσȢς 

  

rogor c 3.3.2 damokidebulebis analiziT Cans, 

Rvarcofis masis Semadgeneli komponentebis cvlilebas -

Tan kavSirSi gverdiTi gafarToebis koeficientis cvli -

le bis dinamikas Semdegi saxe aqvs: wylis, milimetriani da 

masze naklebi zomis nawilakebis woniTi Tanafardobebis 

mudmivobis SemTxvevaSi Rvarcofis masis gverdiTi gafar-

Toebis koeficient i izrdeba, xolo pirvelis  gazrdis da 

meori s mudmivobis SemTxvevaSi xdeba am parametris 

Semcireba. 

 

 

3.4. bmuli Rvarcofis sruli mxebi Zabvis eqs-

perimentuli kvleva  

 

sruli mxebi Zabvis gansazRvris dros kvlevebi 

miznad isaxavda xorklianobis gavlenis dadgenas aRniS-

nul sid ideze. kvlevis dros gamoyenebul  iqna grexiTi 

viskozimetri . mis parametrebs aqvs saxe: viskozimetris 

mbrunavi gare da Siga cilindris diamet ri tolia 6,4 da 

44 sm-is. Siga cilindris simaRle 11 sm -s Seadgens, xolo 

sicariele Siga da moZrav cilindrs Soris 19,8 sm-ia; 

cdebSi gamoyenebulia sxvadasxva xorkliani zedapiris 

mqone winaswar damzadebuli cilindrebi.  
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calkeuli Siga cilindris zedapiridan CaRrmave -

buli konturis simaRle da sigane mis i  gare zedapiridan 

rogorc radialuri, ise vertikaluri mimarTulebiT 

icvle boda gradaciiT 0 -2-4-6-8-10-15 mm-is farglebSi.  

fo ladis mavTulis winaRoba , romel zec Camokide-

bulia Siga cilindr i , 1Ü-iT Semobrunebisas Seadgenda 

0,22 gr-s. dinamikuri maxasiaTeblebis Seswavlis mizniT 

winaswar damzadebuli nimuSebi Tavsdeboda grexiT 

viskozimetris gare cilindrSi, ris Semdeg xdeboda Siga 

cilindris CaZirva da misi mniSvnelobis fiqsireba Rvar -

cofis tanSi. amasTanave mxedvelobaSi miiReba gare 

cilindris fuZis gavlena foladis mavTulis dagrZele -

baze. yoveli cdis dros saZiebeli parametrebis fi qsire -

ba xorcieldeboda xelsawyos limbze mavTulis Semobru -

nebis kuTxis mixedviT. 

eqsperimentis dagegmvis dros gamoyenebuli a pla ni-

rebis racionaluri meTodi, romlis safu Zvelze faq -

tor Ta gegma Sedgenilia laTinuri kvadratis sa xiT [ 8]. 

SerCeuli modelis Sesabamisad eqsperimentis faq-

torul i gegma warmodgenilia funqci uri damokide -

bulebiT : 

 
ʐ ὔὪὑὪὠὪ

ɝ

Ὠ
ȟ (3.4.1) 

sadac ʐ aris  sruli mxebi Zabva; 

 ὑ _ milimetriani da masze naklebi zo -

mis nawilakebis wonis Sefardeba 

mTl ian myar masasTan; 

 ɝ

Ὠ
 

_ xorkliani zedapiris gamonaSvere -

bis simaRlis Sefardeba Rvarcofis 

tanSi arsebuli saSualo qvis d i-

ametrTan; 
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 ὠ _ Siga cilindris zedapirze Rvar -

cofis tanis saSualo siCqare;  

 ὔ _ koeficienti, romelic iTvaliswi -

nebs eqsperimentiT miRebuli 

Sedegebis adekvaturobas form u-

liT gaangariSebul sidideebTan.  

 

eqsperimentSi gamoyenebuli laTinuri kvadr atis 

sqema mocemulia 3.4.1 cxrilis  saxiT. 

 

faqtorTa cvlilebis matricis sqema   

 

cxrili 3. 4.1 

 ȾἬ  ȾἬ  ȾἬ  ȾἬ  

6 +  +  +  +  

6 +  +  +  +  

6 +  +  +  +  

6 +  +  +  +  

 

faqtorebis intervalebis cvalebadoba warmodgeni -

lia Semdegnairad: 

ɝȾÄ πȟυ ɝȾÄ ρȟπ ɝȾÄ ρȟυ ɝȾÄ ςȟπ 

6 τȟσ 6 υȟφ 6 φȟω 6 ψȟς 

+ πȟςχ + πȟσπ + πȟσσ + πȟσχ 
 

eqsperimentiT fiqsirebuli mxebi Zabvis mniS-

vnelobebis cvlilebis suraTi mocemulia cxrilSi 3.4.2. 
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mxebi Zabvebis mniSvnelobebi 

 

cxrili 3. 4.2. 

Rvarcofis masis  

gadaadgilebis 

siCqare, sm/wm 

mxebi Zabva, gr/sm2 

ȾἬ

ȟ 

ȾἬ

ȟ 

ȾἬ

ȟ 

ȾἬ

ȟ 

ἤ ȟ 
+ πȟςχ 

ʐ υȟυτ 

+ πȟσχ 

ʐ ρȟωπ 

+ πȟσσ 

ʐ ρȟχπ 

+ πȟσπ 

ʐ ςȟωυ 

ἤ ȟ 
+ πȟσπ 

ʐ ςȟωυ 

+ πȟςχ 

ʐ υȟυτ 

+ πȟσχ 

ʐ ρȟωπ 

+ πȟσσ 

ʐ ρȟχπ 

ἤ ȟ 
+ πȟσσ 

ʐ ρȟχπ 

+ πȟσπ 

ʐ ςȟωυ 

+ πȟςχ 

ʐ υȟυτ 

+ πȟσχ 

ʐ ρȟωπ 

ἤ ȟ 
+ πȟσχ 

ʐ ρȟωπ 

+ πȟσσ 

ʐ ρȟχπ 

+ πȟσπ 

ʐ ςȟωυ 

+ πȟςχ 

ʐ υȟυτ 

 

eqsperimentiT miRebuli Sedegebis adekvaturobis 

dros pirveli damokidebulebiT mxebi Zabvis mniSvne-

lobebi mocemulia cxrilSi 3. 4.3. 

 

mxebi Zabvebis cvlilebis dinamika 

 

cxrili 3. 4.3. 
mxebi Zabvebis mniSvnelobebis 

logariTmebi  
jami  saSualo  

, 

gr/sm2 

V, 

sm/wm 

0.7440 

0.4700 

0.2200 

0.2718 

0.413 

0.839 

0.559 

0.305 

0.320 

0.134 

0.964 

0.680 

0.690 

0.440 

0.250 

1.081 

1.79 

1.89 

2.00 

2.34 

0.45 

0.47 

0.50 

0.58 

2.80 

2.96 

3.16 

4.50 

4.3 

5.6 

6.9 

8.2 

jami  saSualo  
, 

gr/sm2 
ȾἬ jami  saSualo  

, 

gr/sm2 
╚ 

1.70 

1.74 

2.09 

2.47 

0.43 

0.44 

0.52 

0.62 

0.50 

1.0 

1.5 

2.0 

0.5 

1.0 

1.5 

2.0 

3.630 

2.398 

1.290 

0.710 

0.91 

0.59 

0.32 

0.18 

8.07 

3.98 

2.10 

1.50 

0.27 

0.30 

0.33 

0.37 
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cxril Si  3.4.3 mocemuli mniSvnelobebiT agebuli 

iqna ʐ Ὢὑȟ ʐ Ὢὠ da ʐ ὪЎȾὨ-  ˷ damokidebu-

leb aTa grafikebi (nax. 3. 4.1, nax. 3.4.2, nax. 3.4.3), romlis 

aproqsimaciiT miRebuli a saangariSo formulebi  

 

 Ὢὑ πȟππτυὑ ȟ Ƞ (3.4.2) 

 Ὢὠ πȟππππςτὠȟ ςȟχχȠ (3.4.3) 

 
ὪЎȾὨ ςȟυππȟρψ

Ў

Ὠ

Ȣ

 Ȣ (3.4.4) 

 

 
 

nax. 3.4.1. █╚  damokidebulebis grafiki . 

0

1

2

3

4

5

6

7

8

9

0.26 0.3 0.34 0.38

t 

K 
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nax. 3.4.2. █╥ damokidebulebis grafiki . 

 

 
nax. 3.4.3 █ЎȾ▀ damokidebulebis grafiki . 

2

2.5

3

3.5

4

4.5

5

4 5 6 7 8 9

t 

V 

2.2

3

3.8

4.6

0 0.4 0.8 1.2 1.6 2

t 

D/d 
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3.4.2, 3.4.3 da 3.4.4-Si funqci uri damokidebu le -

bebis 3.4.1-Si SetaniT, koeficientis gaT valis winebiT, 

Sesabamisi gardaqmnebiT da gamartivebiT, sruli mxebi 

Zabvis saangariSo damokidebulebebs eqneba saxe: 

 

ʐ
πȟππρρςπȟππππψ

Ў
Ὠ

Ȣ

ςȟχχ πȟππππςτ6ȟ

+ȟ
 Ȣ 

(3.4.5) 

 

eqsperimentiT fiqsirebul mniSvnelobebsa da for -

muliT gaangariSebul sidideebs Soris Tanxvedris 

koeficienti 0, 996-is, saSualo kvadratuli gadaxra 

0,004-is, xolo saSualo kvadratuli cdomileba 0,001 -is 

tolia.  

mocemuli albaTobisaTvis generaluri  ╝-dan saSua-

lo cdomilebis minimaluri mniSvneloba 0,097 -is, 

maqsimaluri ki  0,099-is tolia.  



140 
 

literatura  

 

1. ɹʝʨʫʯʘʰʚʠʣʠ ɻ.ʄ. ʂʦʢʦʨʠʰʚʠʣʠ ɺ.ʀ., ʅʝʢʦʪʦʨʳʝ ʨʝ-

ʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʝʣʝʚʳʭ ʧʦʪʦʢʦʚ. ʊʨʫʜʳ ʂʘʟ-

ʅʀɻʄʀ, 1969, ʚʳʧ.33, ʩ.42-62.  

2. ɺʘʨʜʫʛʠʥ ɺ.ʅ., ʆʩʥʦʚʥʳʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʩʝʣʝʬʦʨʤʠʨʫʶʱʠʭ ʛʨʫʥʪʦʚ ʠ ʩʝʣʝʚʳʭ ʦʪʣʦʞʝʥʠʡ ʚ ʙʘʩ-

ʩʝʡʥʝ ʨ. ʏʝʤʦʣʛʘʥ. ʉʝʣʝʚʳʝ ʧʦʪʦʢʠ. ʉʙ.1. ʄ.: ɻʠʜʨʦʤʝ-

ʪʝʦʠʟʜʘʪ, 1976, ʩ.25-35.  

3. ɿʝʜʛʝʥʠʜʟʝ ʀ.ɻ., ɺʝʜʝʥʠʝ ʠ ʧʣʘʥʠʨʦʚʘʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ʀʟʜ-ʚʦ ɻʇʀ, ʊʙʠʣʠʩʠ, 1975, 179 ʩ.  

4. ʂʫʭʘʣʘʰʚʠʣʠ ʕ.ɻ., ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʩʥʦʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ, 

ʧʨʝʜʦʧʨʝʜʝʣʷʶʱʠʭ ʨʘʚʥʦʚʝʩʠʝ ʠ ʜʚʠʞʝʥʠʝ ʩʝʣʝʚʳʭ ʧʦʪʦ-

ʢʦʚ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ. ɸʚʪʦʨʝʬʝʨʘʪ ʜʠʩʩ. ʥʘ ʩʦʠʩʢʘʥʠʝ 

ʫʯʝʥ. ʩʪʝʧʝʥʠ ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ. ʊʙʠʣʠʩʠ, 1985. 22 ʩ. (ʊʙʠ-

ʣʠʩʩʢʠʡ ʛʦʩʫʜ. ʫʥ-ʪ).  

5. ʂʫʭʘʣʘʰʚʠʣʠ ʕ.ɻ., ʂʨʫʘʰʚʠʣʠ ʀ.ɻ., ʄʠʨʮʭʫʣʘʚʘ ɿ.ʎ., 
ʇʦʢʘʟʘʪʝʣʠ ʧʨʝʜʝʣʴʥʦʛʦ ʨʘʚʥʦʚʝʩʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʝʣʝʚʦʡ 

ʤʘʩʩʳ. ʉʦʦʙʱʝʥʠʷ ɸʅ ɻʨʫʟ. ʉʉʈ, ʊʙʠʣʠʩʠ, 1985, ʪ. 120. 

ˉ2, ʩ. 373-376.  

6. ʊʝʚʟʘʜʟʝ ɺ.ʀ., ʂʫʭʘʣʘʰʚʠʣʠ ʕ.ɻ., ʂʚʠʨʢʚʝʣʠʷ ʀ.ɹ., ʈʘʩ-

ʯʝʪ ʧʘʨʘʤʝʪʨʦʚ ʩʚʷʟʥʦʛʦ ʩʝʣʝʚʦʛʦ ʧʦʪʦʢʘ. ɻʠʜʨʦʪʝʭʥʠʢʘ ʠ 

ʤʝʣʠʦʨʘʮʠʷ, 1982, N 8, ʩ.42-44. 

7. ʗʥʦ ʂ., ɼʘʠʜʦ ɸ., ʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʨʷʟʝʢʘ-

ʤʝʥʥʳʭ ʧʦʪʦʢʦʚ. ʊʨʫʜʳ ʠʥʩʪʠʪʫʪʘ ʟʘʱʠʪʳ ʦʪ ʩʪʠʭʠʡʥʳʭ 

ʙʝʜʩʪʚʠʡ. ʊ. 14, ʯʘʩʪʴ 2, ʂʠʦʪʦ, 1985, ʩ. 69-93.  

8. ʗʥʦ ʂ., ɼʘʠʜʦ ɸ., ʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʨʷʟʝ-

ʢʘʤʝʥʥʳʭ ʧʦʪʦʢʦʚ ʩʦʜʝʨʞʘʱʠʭ ʦʙʣʦʤʢʠ ʛʦʨʥʳʭ ʧʦʨʦʜ. ʉʦ-

ʦʙʱʝʥʠʷ 3., ʄ.: 1966, 32 ʩ.  

9. ɺʝʥʪʮʝʣʴ ɽ.ʉ., ʆʚʯʘʨʦʚ ʃ.ɸ., ʇʨʠʢʣʘʜʥʳʝ ʟʘʜʘʯʠ ʪʝʦʨʠʠ 

ʚʝʨʦʷʪʥʦʩʪʝʡ. ʈʘʜʠʦ ʠ ʩʚʷʟʴ, ʄ., 1983, 414 ʩ. 

10. Bunte K., Potyond J., P., Abt S., Sampler size and sampling 

time affect measured bedload transport rates and particle sizes 

measured with bedload traps in gravel-bed streams, [in]: Ero-

sion and Sediment Transport Measurement in Rivers: Techno-

logical and Methodological Advances. J. Bogen, T. Fergus and 



141 
 

D.E. Walling (eds.), IAHS-Publication No. 283, 2003, pp. 126ï

133. 

11. Dewolfe V., An evaluation of erosion control methods after 

wildfire in debris-flow prone areas. M.S. thesis, Colorado 

School of Mines, Golden, CO. 2006, 185 p.  

12. Lin P.-S. & Lee J.-H., Risk assessment of potential debris 

flows in the watershed of the Chen-Yu-Lan River. Debris flows: 

Disasters, Risk, Forecast, Protection, Proceedings of the Int. 

Conference, Pyatigorsk. 2008. pp. 62-65.   

13. Scotto di Santolo, A., Pellegrino, A. M. & Evangelista, A., 
Experimental study on the rheological behaviour of debris flow 

material in Campania region, Fifth International Conference on 

Computational and Experimental Methods in Multiphase and 

Complex Flow, New Forest, 2009, pp. 305-316. 

14. Takahashi T., Debris flow. Taylor & Francis Group, London, 

UK. 2007. 465 p.  

 



142 
 

Tavi 4. bmuli Rvarcofis Camoyalibebis 

pirobebi  

 

 

4.1. Rvarcofwarmomqmneli gruntis mdgradobis 

rRvevis zedapiris SesaZlo formebis Sefaseba 

zRvruli daZabulobis Teoriis safuZvelze  

 

Rvarcofwarmomqmneli tanis daZabuli mdgomare-

obis Sefaseba da wonasworuli rRvevis sawinaaRmdego 

RonisZiebaTa SerCeva Camomewyris SesaZlo zedapiris 

formiT ganisazRvreba, romelic ZiriTadad maTi bunebri -

vi pirobebiTaa gamowveuli. 

eroziul RrantebSi dagrovili Rvarcofis tanis 

wonasworuli mdgomareobis ganmsazRvreli kriteriume -

bis prognoziT SesaZlebelia maTi mdgradobis rRvevis 

gamomwvevi mizezebis formulireba. 

Rvarcofis tanis wonasworobis rRvevis zedapirebis 

forma metwilad realuri bunebrivi pirobebis  iden-

turia , amitom Camomewyvris procesis prognozireba xSi -

rad SeuZlebeli xdeba.  

Rvarcofwarmomqmnel kerebSi dagrovili myari 

masis mdgradoba struqturuli kavSirebis bmulobiT da 

Sinagani xaxunis kuTxiTaa ganpirobebuli [ 3]. warmodge-

nil faqtorTa cvlilebis diapazoni Rvarcof is tanis 

Semadgeneli komponentebis urTierTTanafardobiT gani -

sazRvreba, rac Teoriuli da bunebaSi f iqsirebuli Rvar -

cofebis kvle vis analiziT dasturdeba. RvarcofTa 

speqtridan koncentrirebuli mniSvnelobebis gansxvave -

bulo biT da dinamikuri maCveneblebis cvlilebis gansa -

kuTrebul ad maRali simkvrivi T gamoirCeva e.w. bmuli 
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Rvarcofebi , romelTa warmoSobis da moZraobis dawyebis 

damatebiTi Teoriuli da eqsperimentuli kvleva Tana -

medroveo bis erT -erT aqtualur sakiTxad r Ceba. 

kvlevis ZiriTad mizan s Rvarcofis warmoSobis 

kerebSi dagrovili myari masis zRvruli wonasworuli 

mdgomareobis Sesabamisi SesaZlo Camomewyris da narCen 

masas Soris gamavali zedapiris moxazulobis formis 

cvlilebis kanonzomierebis prognozireba warmoadgens.  

garkveuli samecniero publik aciebis miuxedavad, 

Rvarcofuli procesebis ganmsazRvreli kriteriumebis 

Seswavlam da maTi saangariSo damokidebulebebis gamoy-

vanis mcdelobam movlenis sirTulis a da gaaqtiurebis, 

gavlenis zonebis zrdis gamo ver miiRo dasrulebuli 

saxe, ris gamoc saproeqto da samSeneblo dawesebulebebi 

srul yofi li saimedo rekomendaciebis deficits dResac 

ganicdi s. 

eqsperimentul danadgarebze da bunebaSi fiqsire-

buli kvlevis Sedegebis masalebis analiziT dasturdeba , 

rom Rvarcofuli tanis da gruntebis wonaswo ro bis 

rRvevis amocanebs Soris  bevri a saerTo. 

empiriuli gziT miRebuli saangariSo damokidebu -

le bebi yovelTvis srulad ver aRwers procesis kanonzo -

mierebebsa da aqedan gamomdinare, Rvarcofis tanis 

warmoSobis da moZraobis sakiTxebis Seswavla aucilebe-

lia mravalfaziani garemos meqanikis kanonebis safuZvel -

ze moxdes. 

eroziul Rrant eebSi dagrovili Rvarcofwarmom -

qmneli tanis daZabuli mdgomareobis SefasebisTvis, 

mizanSewonilad miviCnieT xazovnad deformirebadi sxe-

ule bis Teoria, drekadobis Teoriis gantolebebi da 

damokidebulebebi. amocanis gadawyvetis dros miRebulia 

Semdegi daSvebebi: Rvarcofwarmomqmneli masis mdgrado-
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bis rRveva an mTlianad daZvra SeiZleba ganxorcieldes 

rogorc keris qanobis clilebiT, aseve misi tanis wyliT 

SevsebiT. 

Rvarcofwarmomqmneli masis siRrmeSi aRebul 

nebismier zedapirze, sadac mTavar Zabvebs Soris sxvaoba 

zRvrul mniSvnelobas miaRwevs, iwyeba misi tanis   

uwyveti garemos rRveva da erTi nawilis meores mimarT 

gadaadgileba. curvis zedapiri mTavari Zabvebis mimarTu-

le basTan SeiZleba daxrili iyos sxvad asxva kuTxiT, es 

ukanaskneli ki gansazRvravs Camocurebis zedapiris 

formas. 

amocanis gadawyvetis dros mxedvelobaSi miiReba, 

rom wonasworuli mdgomareobis dros mdgradobis koefi -

cienti ὲ ρ, xolo Zvris da Sinagani xaxunis kuTxe erT -

maneTis tolia , anu  •. eroziul Rrante ebSi dagro -

vi li Rvarcofwarmomqmneli masa xasiaTdeba Ὄ simaRliT 

da keris horizontaluri zedapiriT. wonasworuli 

rRvevis momenti Seesabameba pirobas Ὄ Ὤ.  

Rvarcofwarmomqmneli gruntis wonasworobis 

rRvevis zedapiris forma da moxazuloba  SeiZleba Ses-

wavlili iq nes naxazze 4.1.1 mocemuli saangariSo sqemis 

mixedviT [3]. saangariSo sqemis mixedviT Rvarcofis masis 

uwyveti tanis rRvevis zonaSi warmoiqmneba gamyofi OAôA 

zedapiris sibrty e. curvis OAôA zedapiris aRebul Aô 

wertilze warmoiqmneba normaluri da mxebi Zabvis 

sistema, romlis moqmedebis efeqti H simaRliT da C* 

bmulo biT ganisazRvreba. 
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nax. 4.1.1. bmuli Rvarcofis tanis zRvruli 

wonasworobis rRvevis saangariSo sqema. 

 

aRebul Aô wertilSi mxeb da normalur Zabvebs 

Soris damokidebuleba  gamoisaxeba kulonis gantolebiT : 

 † „ÔÁÎ• ὅᶻȟ (4.1.1) 

sadac †ȟ„ aris  gansaxilvel wertilSi mxebi da 

normaluri Zabva;  

 • _ Rvarcofwarmomqmneli gruntis 

Sinagani xaxunis kuTxe; 

 ὅᶻ _ bmuloba. 

rogorc drekadobis Teoriidan aris cnobili, mxebi 

da normaluri Zabvebis kavSiri mTavar ZabvebTan gamoisa-

xeba damokidebulebiT: 

 
†
„ „

ς
ÓÉÎςȟ (4.1.2) 

xolo  

 „ „ÃÏÓ „ÓÉÎȢ (4.1.3) 
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zRvruli wonasworobis dros, radgan • , miviRebT: 

  ÓÉÎς „ÃÏÓ „ÓÉÎÔÁÎ ὅᶻȢ (4.1.4) 

bmulobis Tvisebidan gamomdinare, nebismieri sim-

Zlavris mqone Rvarcofwarmomqmneli masis tani SeiZleba 

gayofili iqnes or zonad: pirveli _ sadac Zvris zeda-

pirebis warmoqmna ar xdeba da Rvarcofwarmomqmneli 

tanis gverdebi inarCunebs vertikalur mdgomareo bas; 

meore _ warmoadgens pirveli zonis gagrZelebas , sadac 

irRveva zRvruli wonasworob a. aqedan gamomdinare, 

Zabvis maqsimaluri mniSvneloba: 

 
„ ϽὌϽÔÁÎτυ ςὅᶻÔÁÎτυ Ȣ  (4.1.5) 

bmuli R varcofis is nawili, romelic inarCunebs 

wonasworobas, akmayofilebs pirobas „ π da Ὄ Ὤ da 

Sesabamisi bmulobis mniSvnelobaa: 

 
ὅᶻ

Ὤ

ς
ÔÁÎτυ



ς
Ȣ (4.1.6) 

radgan  • da ÔÁÎτυ Ѝρ ÔÁÎ ÔÁÎ- ,˷ 

maTi mniSvnelobebis CasmiT 4.1.4-Si, 4.1.6-is gaTvalis -

winebiT da saTanado gamartivebebisa da gardaqmnebis 

Sedegad miviRebT: 

 
ς„ÔÁÎ ϽὬ ρ ÔÁÎ ÔÁÎȢ (4.1.7) 

gverdiTi wnevis koeficienti s ‚-is  gaTvaliswinebiT 

aqtiuri Zabvis mniSvneloba  iqneba: 

 „ „‚ȟ (4.1.8) 

sadac 
 

‚
Ὄ Ὤ

Ὄ
ρ ÔÁÎ ÔÁÎȢ (4.1.9) 
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Zabvebis siRrmeSi ganawilebis kanonidan: 

 „ Ὄ ὤȢ (4.1.10) 

Tu 4.1.9-s da „-is mniSvnelobas gaviTvaliswinebT 

4.1.7-Si, miviRebT: 

 

ÔÁÎ
Ὤ

Ὄ Ὤ

Ὄ

ςὌ ὤ
ρ

Ὤ

Ὄ Ὤ

Ὄ

ςὌ ὤ
Ȣ (4.1.11) 

Tu SemoviRebT aRniSvnas ά  da mxedvelobaSi 

miviRebT, rom ÔÁÎ, gveqneba: 

 Ὠὤ

Ὠὼ

άЍὌ ὤ

ςὌ ᾀЍὌ ᾀ ά
  ȟ (4.1.12) 

e.i. 

 
Ὠὼ

ς

ά
ὤ ςὌ άὤ ὌὌ άὨὤ ὋȢ (4.1.13) 

Tu SemoviRebT aRniSvnas:  

ὦ Ὄ άȟ  ὅ ὌὌ άȟὼ ὒȟ 
miviRebT: 

 
ὒ
ς

ά
ὤ ὦὤ ὅὨὤὋȢ (4.1.14) 

radgan 4.1.14-Si:  

ὥ πȟЎ τὥὧὦ πȟ 

ὑ
τ

τὌὌ ά ςὌ ά  
ȟ 

integrirebiT miviRebT : 

ὒ
ς

ά

ςὤ ὦЍὤ ὦὤ ὅ

τ

τὌὌ ά ςὌ ά

ψ
Ͻ 

ϽὃὶίὬ
ςὤ ὦ

τὌὌ ά ςὌ ά
ὋȢ 

(4.1.15) 
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Tu, SemoviRebT aRniSvnas:  

ὔ τὌὌ ά ςὌ ά   

da mxedvelobaSi miviRebT, rom: 

 ὃὶίὬ ὒ ÌÎὒ Ѝρ ὒ ȟ  
gveqneba: 

ὒ
Ѝ

ÌÎ
Ѝ

ὋȢ   (4.1.16) 

 

integrirebis Ὃ mudmivas gansazRvra xdeba pirobi -

dan ὤ πȟᾀ π, e.i.: 

 
Ὃ

ὦЍὅ

ςά

ὔ

τά
ÌÎ
Ѝὦ ὔ

Ѝὔ
Ȣ (4.1.17) 

4.1.17-is gaTvaliswinebiT 4.1.16-Si Zvris zedapiris 

wiris gantoleba miiRebs saxes: 

ὒ
ςὤ ὦЍὤ ὦὤ ὅ ὦЍὅ

ςά

ὔ

τά
ÌÎ
ςὤ ὦ ςὤ ὦ ὔ

ὦ Ѝὦ ὔ
Ȣ (4.1.18) 

Rvarcofwarmomqmneli gruntis wonasworobis 

rRvevis gavrcelebis z onebi misi fizikur -meqanikuri 

maxasiaTeblebis gaTvaliswinebiT , mocemulia cxril ebSi 

4.1.1, 4.1.2, 4.1.3 da 4.1.4,   xolo TvalsaCinoebis mi zniT, 

roca R varcofwar momqmneli tanis simaRle  Ὄ ρυ m-s, 

 πЈ, bmuloba Ὃ τ t/m2 da  ς t/m2, naxazze 4.1.2. 

moyvanilia zRvruli wonasworobis zedapiris mrudebi 

Sinagani xaxunis kuTxis sxvadasxva mniSvnelobebis dros. 

curvis zedapiris simrude damZvreli Zabvis efeqtis 

ganmsazRvreli mCvenebelia da, rogorc grafikidan Cans, 

Rvarcofwarmomqmneli gruntis fuZi sken igi TiTq mis 

wrfis  mimarTulebiT  miiswraf vis, xolo Rvarcofwar -

momqmneli masivis zedapirze Tavis maqsimalur mniS-

vnelobas aRwevs. 
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bmuli Rvarcofis wonasworobis rRvevis SesaZlo 

formebi  
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sawyisi monacemebi 
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bmuli Rvarcofis wonasworobis rRvevis SesaZlo 

formebi  

cxrili 4.1. 2. 
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bmuli Rvarcofis wonasworobis rRvevis SesaZlo 
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1

,0
 

╚ ╫ ╫ ╝ -1,50 

╛ ╚ ἴἶ╚ ╚ϳ  0
,0

 

-0
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7 

-0
,6

0 

-0
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-1
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5 

-1
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-2
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9 

-5
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7 

╧ ╛ ╛ 0
,0
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2
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2
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9 

2
9
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3
1
,3

2 



152 
 

bmuli Rvarcofis wonasworobis rRvevis SesaZlo 

formebi  

cxrili 4.1. 4. 

sawyisi monacemebi 
♬  

˸

˱
ȟ╒  

˸

˱
ȟ╗  ˱ȟⱴ Јȟ□  ˱ȟ 

▐ ȟ ˱Ȣ 

╫ ╗ □  -45,8 

╒ ╗╗ □  462,0 

╝ ╗╗ □ ╗ □  -249,6 

╩ 0
 

2
 

4
 

6
 

8
 

1
0 

1
2 

1
5 

╚ ╩ ╫ 

-4
5

,8
 

-4
1

,8
 

-3
7

,8
 

-3
3

,8
 

-2
9

,8
 

-2
5

,8
 

-2
1

,8
 

-1
5

,8
 

╩  0
 

4
 

1
6 3
6 

6
4 

1
0

0 

1
4

4 

2
2

5 

╫╩ 0
 

-9
1

,6
 

-1
8

3
,2

 

-2
7

4
,8

 

-3
6

6
,4

 

-4
5

8
,0

 

-5
4

9
,6

 

-6
8

7
,0

 

╚ ╩ ╫╩ ╒ 

2
1

,4
9 

1
9

,3
4 

1
7

,1
7 

1
4

,9
3 

1
2

,6
3 

1
0

,1
9 

7
,5

1 

0
,0

0 

╚ ╫Ѝ╒ -984,4 

╛ ╚╚ ╚ Ⱦ □ 0
,0

 

5
,5

6 

1
0
,6

1 

1
6
,1

3 

1
9
,2

4 

2
2
,8

3 

2
5
,9

7 

3
1
,1

5 

╚ ╒ ╫ Ⱦ□ -3,95 

╚ ╒╚ ╝ ╝ 

-2
,8

1 

-3
,1

0 

-3
,4

5 

-3
,9

1 

-4
,5

3 

-5
,4

0 

-6
,7

7 

-1
5

,8
 

╚ ╫ ╫ ╝ -2,81 

╛ ╚ ἴἶ╚ ╚ϳ  0
,0

 

-0
,3

5 

-0
,7

9 

-1
,2

9 

-1
,8

5 

-2
,5

6 

-3
,4

3 

-6
,7

9 

╧ ╛ ╛ 0
,0

 

5
,2

1 

9
,8

2 

1
3
,8

7 

1
7
,3

9 

2
0
,2

7 

2
2
,5

4 

2
3
,3

6 
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nax. 4.1.2. ╛ █╗ȟⱴ  damokidebulebis grafiki : 

Ȣⱴ ЈȠ Ȣⱴ ЈȠ 

Ȣⱴ ЈȠ Ȣⱴ ЈȢ 

 
nax. 4.1.3. ╗ █╛ damokidebulebis grafiki , roca:   

♬ Ⱦ˸˱ ȟ╒ᶻ Ⱦ˸˱ ȟⱴ Јȟ▐ Ȣ Ȣ˱ 
1.n. maslovis formulis mixedviT;  

2. (4.1.18) formulis mixedviT.  

0

2

4

6

8

10

12

14

16

0 10 20 30 40 50 60

H 

L 

1 2 3 4 

0

2

4

6

8

10

12

14

16

0 4 8 12 16 20 24 28 32 36 40

H 

L 

1 2 



154 
 

analogiuri  amocanebi gadawyvetili iqna n. maslo-

vis mier [35]. (4.1.18) saangariSo damokidebulebiT miRe-

buli Sedegebi Sedarebul  iqna n. maslovis formuliT 

gaangariSebul Sedegebs, romlis  grafikuli ilustracia 

moyvanilia nax azze 4.1.3. 

(4.1.18) da n. maslovis formuliT miRebul Sedegebs 

Soris gansxvaveba moTavsebulia normativebiT gaTvalis -

winebul  sazRvrebSi.  

  

 

4.2. Rvarcoful kerebSi dagrovili masis 

wonasworobis rRvevis gansazRvra xarisxobrivi 

funqciebis gamoyenebiT 
 

Rvarcofsacavebis parametrebis cvlilebis kanon -

zomierebis dadgena da gaangariSebis meTodebis srul-

yofa iseT operatiul saSualebebs moiTxovs, romlis 

gamoyenebiT srulyofilad aRwerili iqneba masSi ganTav -

sebuli Rvarcofuli masis mdgradobis Rvevisa da daZvris 

procesis meqanizmi.  

amasTan erTad, keridan Rvarcofis daZvra mravali 

urTierTmarTvadi faqtor is funqcias warmoadgens da 

procesis meqanizmis srulad warmodgena garkveuli kate -

goriis Sualeduri amocanebis gadawyvetis aucileb -

lobas saWiroebs. 

Sualedur amocanaTa Soris gansakuTrebuli adgi -

li wonasworobis rRvevis kvlevas da maTi maTematikuri 

modelirebis sakiTxebis dazustebas ukavia. Rvarcofuli 

tanis wonasworobis rRvevis Sefasebis dros pirveli 

miaxloebiT SeiZleba gamoyenebul iqnas xarisxobrivi 
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funqciebi. kvlevis ZiriTad mizans RvarcofsacavSi dag-

ro vili Rvarcofwarmoqmneli masis moZraobis dawyebis 

siCqaris, simaRlis da xarjis drosTan kavSirSi cvli -

lebis kanonzomierebis dazusteba warmoadgens. 

rogo rc bunebaSi Catarebuli kvlevis masalebi 

adasturebs, kerebSi Camoyalibebuli Rvar cof warmom-

qmneli masis zRvruli wonasworul i  mdgomare obis SesaZ-

lo darRvevis dros Camomewyril da narCen masas Soris 

gamavali zedapirebis wiri aris arawrfivi da misi mrud -

wiru loba fizikur -meqanikur da reologiur maxa siaTeb-

lebTan aris  dakavSirebuli.  

zemoT aRniSnulTan erTad kvlevis arsebuli masa -

lebi, sasazRvro pirobebis gaTvaliswinebiT, adas turebs, 

rom Rvarcofis masis daZvra, misi maxasiaTeblebis cvli -

le bis prognozirebis Seswavlis done, miuxe davad prob-

l emisadmi miZRvnili uamravi samecniero Sromebisa, 

imdenad dabalia, rom saproeqto dawesebulebebi da 

samSeneblo organizaciebi dResac ganicdi s saimedo reko-

mendaciebis deficits RvarcofsawinaaR mdego proeqtebis 

gadawyvetis dros.  

Rvarcoful kerebSi, eroziul Rrante ebSi, gamota-

nis konusebze ganTavsebuli Rvarcofuli masis bmuli 

mdgomareobis Seswavlis suraTidan gamovlinda zRvrul 

wonasworobaSi myofi Rvarcofis zedapirze gamavali 

wiris mrudis forma. aRmoCnda, rom Rvarcofwarmomqmne-

li masis siRrmesa da gavrcelebis zonis sigrZes Soris 

kavSiri mrudwirulia da misi formis naTlad warmoCenis 

mizniT am kavSiri s aRwera SeiZleba xarisxobrivi damoki -

debulebiT, romelsac Semdegi saxe aqvs: 

 ὣ ὥὼȟ (4.2.1) 

sadac ὥ da ὦ aris  koeficienti  da xarisxis maCve-

nebeli , romelTa sidide Rvar -
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cofTa reologiur da fizikur -

meqanikur maxasiaTeblebTanaa 

uSualod dakavSirebuli;  

 ὣ _ Camomewyvris siRrmis cvlilebis 

koordinati ; 

 ὼ _ wonasworuli zedapiris gavr -

celebis zonis sigrZe . 

 

Camomewyrili farTobis sidide, roca ὥ πȟὦ π 

da ὼ ὒ , SeiZleba ganisazRvros formuliT : 

 

Ὓ ὒὥὒ ὥὼὨὼ ὥὒ
ὥὒ

ρ ὦ
Ȣ (4.2.2) 

roca damokidebulebaSi (4.2.1), ὣ Ὄȟὼ ὒ da 

Ὄ ὥὒ, amitom (4.2.2)-Si ὒ -is sidides Tu gamovsaxavT 

Rvarcofwarmomqmneli masis Ὄ  siRrmiT , gveqneba: 

 

Ὓ
ὥὦ

ρ ὦ

Ὄ

ὥ

ὦ

ρ ὦὥ
Ὄ Ȣ (4.2.3) 

 roca keris sigane 1 -is tolia, ὡ Camomewyris 

moculoba SeiZleba gaangariSebul iqnas formuliT : 

 
ὡ

ὦ

ρ ὦὥ
Ὄ Ȣ (4.2.4) 

 

Teoriuli kvlevebiT miRebulia, rom Rvarcofuli 

keridan daZruli masis saangariSo damokidebulebas 

brtye li nakadis SemTxvevaSi, roca talRis simaRle 

umniSvneloa: 
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ή Ὄ ρ
Ὤ

Ὄ
•ὫȢ (4.2.5) 

Sesabamisad, daZruli masis moculobis sidides ὸ 
drois gaTvaliswinebiT : 

 

ὡ ὸὌ ρ
Ὤ

Ὄ
•ὫȢ (4.2.6) 

Tu (4.2.6)-s gavutolebT (4.2.4)-s, gveqneba: 

 
ὦ

ρ ὦὥ
Ὄ ὸὌ ρ

Ὤ

Ὄ
•ὫȢ (4.2.7) 

(4.2.7) tolobaSi,  roca  ὸ ὸ, SeiZleba gansaz-

Rvrul iqnas daZvris ὸ sidide : 

 
ὸ

ὦ

ρ ὦὥ
Ȣ

Ȣ (4.2.8) 

damokidebulebaSi (4.2.8) ὸ drois gansazRvra spe-

ci aluri kvlevebis an eqsperimentebis Catarebas saWi-

roebs. 

aRsaniSnavia, rom Rvarcof warmomqmnel kerebSi 

masis wonasworobis mdgomareobis ganmsazRvreli faqto-

re bi gansakuTrebul gavlenas axdens moZraobis dawyebaze 

da daZruli masis maxasiaTeblebis droSi cvlilebis 

kanonzomierebebze. 

kvlevis arse buli statistikuri masalebis safuZ -

velze RvarcofsacavebSi Camoyalibebuli Rvarcofis 

masis garRvevis SemTxvevaSi misi maxasiaTeblebis cvli-

leba, kerZod, moculobis drosTan kavSiri SeiZleba 

aRweril iqnas diferencialuri gantolebiT, e.i., mocu -

lobis cvlilebis pro gnozirebis dros sasazRvro piro -
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bebis gaTvaliswinebiT aRniSnuli procesis saangari Sod 

SerCeul models aqvs saxe: 

 Ὠὡ

Ὠὸ
ήȟ (4.2.9) 

sadac ή aris  Rvarco f sacavidan daZruli nakadis 

xarji ; 

 ὸ - Rvarcofsacavis daclis dro . 

    

radgan Rvarcofsacavidan daZruli masis moculoba 

droisa da xarjis namra vlis fuqncias warmoadgens, e.i.: 

 Ὠύ Ὠήὸ ήὨὸὸὨήȟ (4.2.10) 

(4.2.10) damokidebulebis integrirebis safuZvelze 

gveqneba: 

 ςÌÎὸ ÌÎή ὧȢ (4.2.11) 

gantolebaSi  (4.2.11), roca  ὸ ὸȟὡ ὡȟή ήȟ    

ὧ ςÌÎὸ ÌÎή mi viRebT: 

 ὸ

ὸ

ή

ή
Ȣ (4.2.12) 

rogorc gantoleba  (4.2.4) gviCvenebs, Rvarcof-

sacavidan Camomewyrili myari masis moculobas siRrmes-

Tan xarisxobrivi damokidebuleba gaaCnia. Tu SemoviRebT 

aRniSvnas 

( )

A

ab

b

b

=

+

1

1

 da 1
1

-=
+

K
b

b
, miviRebT: 

 ὡ ὃὌ Ȣ (4.2.13) 

gantolebaSi  (4.2.13), roca ὸ ὸ, maSin ὡ ὡ , 

Ὄ Ὄ da ή ήȠ roca dro ὸ-s tolia, maSin ὡ ὡ , 

Ὄ Ὄ da ή ή. daSvebis Sesabamisad, Rvarcofwarmom-

qmneli masis moculobis cvlileba siRrmesTan kavSirSi 

miiRebs saxes: 
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 ὡ ὃὌ ȟ (4.2.14) 

   

 ὡ ὃὌ Ȣ (4.2.15) 

Sesabamisad, daZruli masis xarjebis saangariSo 

damokidebulebebs eqneba saxe: 

 
ή

ὃὌ

ὸ
ȟ (4.2.16) 

   

 
ή

ὃὌ

ὸ
Ȣ (4.2.17) 

(4.2.16)-is  da (4.2.17)-is  gaTvaliswinebiT (4.2.12)-Si, 

gveqneba: 

 
ὸ ὸ

Ὄ

Ὄ
Ȣ (4.2.18) 

Rvarcoful masaSi wnevis siRrmeze ganawilebis 

Taviseburebidan gamomdinare miRebulia, rom: 

 
ὖ
Ὄ

ς
ρ
Ὤ

Ὄ
•Ȣ (4.2.19) 

(4.2.19)-e gantolebis orive mxares Tu gavyofT -
ze, miviRebT zRvruli wonasworuli mdgomareobis 

Sesabamis Rvarcofis moculobas: 

 
ὡ

Ὄ

ς
ρ
Ὤ

Ὄ
•Ȣ (4.2.20) 

sawyis momentSi, roca ὸ ὸȟ Rvarcofis daZruli 

masis Sesabamisi xarjis sidides eqneba saxe: 

 
ή

Ὄ

ςὸ
ρ
Ὤ

Ὄ
•ȟ (4.2.21) 
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xolo  ὸ momentisaTvis uwyvetobis safuZvelze, xarjis 

saangariSo damokidebulebas eqneba saxe: 

 
ή

Ὄ

ςὸ
ρ
Ὤ

Ὄ
•Ȣ (4.2.22) 

gantolebas (4.2.21) Tu gavutolebT ( 4.2.5)-s, 

miviRebT: 

 

Ὄ ρ
Ὤ

Ὄ
•Ὣ

Ὄ

ςὸ
ρ
Ὤ

Ὄ
•Ȣ (4.2.23) 

 gantolebidan  (4.2.23) ὸ dro, romelic daZvris 

sawyis moments Seesabameba, toli iqneba: 

 

ὸ
ρ

ς
Ὄ ρ

Ὤ

Ὄ
ρ
Ὤ

Ὄ

•

Ὣ
Ȣ (4.2.24) 

gantolebidan  (4.2.18) ὸ drois Sesabamisi Ὄ 

Rvarcofis siRrmis saangariSo damokidebulebas eqneba 

saxe: 

 

Ὄ Ὄ
ὸ

ὸ
Ȣ (4.2.25) 

(4.2.24)-i s gaTvaliswinebiT ( 4.2.25)-Si, gveqneba: 

 

Ὄ
ρ

ςὸ
Ὄ ρ

Ὤ

Ὄ

•

Ὣ
ςȢ (4.2.26) 

daZruli masis xarjis  drosTan kavSiri gamoisaxeba 

formuliT : 

 

ή
ρ

ὸ

•

ς
Ὄ ρ

Ὤ

Ὄ

•

Ὣ
Ȣ (4.2.27) 

xolo daZruli masis siCqaris drosTan kavSirs eqneba 

saxe: 
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ὠ
ρ

ςὸ
•Ὄ ρ

Ὤ

Ὄ

•

Ὣ
Ȣ (4.2.28) 

Teoriulad ὃ-s mniSvnelobaa: ὃ ρ •, 

xolo  ὑ ς-s. Teoriulad miRebuli ὃ-sa da ὑ-s 

mniSvnelobebis sizustis Semowmebis mizniT mizanSewoni-

lad miviCnieT gvesargebla savele eqsperimentuli kvle -

vis masalebiT. eqsperimentuli kvlevis m asalad gamoye-

nebuli a mdinare  aragvis Rvarcofuli xasiaTis Senaka -

debze nakadis gavlis Sedegad gamotanili myari masalis 

monacemebi, radgan es Senakadebi Rvarcofebis Seswavlis 

Tvalsa zrisiT klasikur xasiaTs atarebs. maT mier Rvar-

cofuli gamotanis masis formebi, anu Camomewyrili 

farTobebis kavSiris saxe mis Sinagani xaxunis kuTxesTan 

grafik is saxiT mocemulia naxazze 4.2.1. 

umcires kvadratTa meTodis gamoyenebiT  Sinagani 

xaxunis kuTxis sxvadasxva mniSvnelobisaTvis Camomew-

yvervis farTobis simaRlesTan kavSiri gamoisaxeba damo-

ki debulebebiT:  

 Ὓ ρȢφψὌȢȟ   roca  συЈȠ (4.2.29) 

 Ὓ ςȢπτὌȢȟ   roca  ςυЈȠ (4.2.30) 

 Ὓ ςȢφρὌȢȟ   roca  ρυЈȠ (4.2.31) 

 Ὓ σȢσχὌȢȟ   roca  υЈȢ (4.2.32) 

miRebuli gantolebebis safuZvelze, Sesabamisad, ὑ-s 

mniSvneloba ὑ ρȢψρ, xolo ὃ-s saangariSo damokidebu-

lebas aqvs saxe: 

 
ὃ
ρ

ς

ρ πȢφςυÔÁÎ

πȢπψπȢυυÔÁÎ

Ȣ

Ȣ (4.2.33) 



162 
 

 

 
nax. 4.2.1. ⱷ █▐ damokidebulebis grafiki,  

roca ♬  (t/m3). 

Tu Teoriulad miRebul ὃ-sa da ὑ-s mniSvnelobebs 

gaviTvaliswinebT ( 4.2.26), (4.2.27) da (4.2.28) gantolebeb -

Si, miviRebT: 

 

Ὄ
ρ

ςὸ
ὌȢ ρ

Ὤ

Ὄ

Ȣ •

Ὣ

Ȣ

ȟ (4.2.34) 

 

ή
ρ

ςὸ
ὌȢ ρ

Ὤ

Ὄ

Ȣ •

Ὣ
ȟ (4.2.35) 

 
ὠ

•

ςὸ Ȣ
ὌȢ ρ

Ὤ

Ὄ

Ȣ •

Ὣ

Ȣ

Ȣ (4.2.36) 
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TvalsaCinoebis mizniT, qvemoT mocemulia (naxazi 

4.2.2. da naxazi 4.2.3.) Ὄ Ὢὸ, ή Ὢὸ da ὠ Ὢὸ 

grafiku li damokidebulebebi .  

 
naxa. 4.2.2. ╗◄ █◄ da ▲◄ █◄ damokidebulebulebebis 

grafikebi, roca  ╗  m., ⱬ Ј da ▐ Ȣ m. 

 

nax. 4.2.3. ╥◄ █◄ damokidebulebulebebis grafiki ,  

roca ╗  m., ⱬ Ј da ▐ Ȣ m. 
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kvlevis Sedegebma [8] daadastura, rom Teoriulad 

da eqsperimentuli masalis safuZvelze miRebul ὑ-s mni-

Svnelobebs Soris  gansxvaveba ar aRemateba 10%-s. 

 

 

4.3. bmuli Rvarcofis daZvris fardobiTi 

siRrmis gansazRvra 
 

efeqturi ZabvebiT Rvarcofwarmomqmnel kerebSi 

dagrovili masis garemoSi Tu Sinagani kavSirebi ar 

irRveva, maSin igi inarCunebs uwyveti garemos mqone 

sxeulis Tvisebebs. 

Rvarcofuli procesebis kritikuli maxasiaTeble -

bis prognozirebis Tanamedrove meTodebi ZiriTadad 

zRvruli wonasworobis da Svedov -bingamis Teoriul 

modelebs eyrdnoba. 

Zvris winaaRmdegobis maCveneblebi ZiriTadad 

gansazRvravs Rvarcofwarmomqmneli gruntis mdagrado-

bis pirobebs da gare Zalebis winaaRmdegobis ganmsaz-

Rvrel maCvenebels warmoadgens. 

wonasworuli maxasiaTeblebis zusti SefasebiT 

SesaZlebelia Rvarcofwarmomqmneli gruntis mziduna -

ri anobis Sefaseba, fenebad ganlagebuli masivebis mdgra-

dobisa da nagebobebze urTierTqmedebis prognozireba. 

umetes SemTxvevaSi Rvarcofwarmomqmnel kerebSi an 

maTi sadinarebis gamotanis konusebis akvatoriaze sain-

Jinro RonisZiebaTa srulyofili sqemis SerCevis dros 

aucilebe lia RvarcofTa kritikuli maxasia Teblebis, 

kerZod, daZvris, gaCerebis siRrmeebisa da qanobis codna, 

aqve unda aRniSnos, rom kerebSi  dagrovili Rvarcofwar -
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momqmneli masis siRrmeSi da maTi gavrcelebis zonebSi 

Zvrisadmi winaaRmdegobis maxasiaTeblebis da gare Zale-

bis efeqtebi erTmaneTs ar Seesabameba. 

ZiriTad ad dasmuli amocanis gadawyvetis dros 

gamoiyeneba zRvruli wonasworobis Teoria [ 17] da aqedan 

gamomdinare, Rvarcofwarmomqmneli gruntis mdgradobis 

Sefaseba da moZraobis dawyebis kanonzomierebis gamovle-

na maTi ganmsazRvreli parametrebis pro gnozirebiT  

xdeba, rac praqtikis erT -erT ZiriTad amo canas warmoad-

gens. 

bunebaSi fiqsirebuli movlenis statistik i dan 

gamomdinare, Rvarcofuli procesebi  ZiriTadad natan -

datvirTuli, t alaxiani da qva-talaxiani nakadebis 

for mebis saxiT da gavlis speqtriT aris warmodgenili.  

Rvarcofwarmomqmneli masis kerebSi Zvrisadmi 

Camoyalibebuli winaRobis Zalis cvlilebis kanonzo -

miereba SeiZleba dadgenil iqnes nax. 4.3.1-ze mocemuli 

sqemis mixedviT. 

 
nax. 4.3.1. Rvarcofwarmomqmnel kerebSi Camoyalibebuli 

bmuli Rvarcofis zRvruli wonasworobis saangariSo sqema . 
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naxazze mocemuli sqemis mixedviT winaaRmdegobis 

Zabva iqneba: 

 † „ÔÁÎ• ὅȟ (4.3.1) 

sadac † aris  Zvris zedapirze warmoqmnili mxebi 

Zabva; 

 „ _ normaluri Zabva ; 

 • _ Rvarcofwarmomqmneli gruntis 

Sinagani xaxunis kuTxe: 

 ὅ _ Rvarcofwarmomqmneli gruntis 

winaaRmdegobis Zala. 

aseTi midgomiT zRvruli wonasworobis pirobebSi 

winaswar nagulisxmebia Rvarcofis tanis simkvrivisa da 

tenianobis ekvivalenturoba moqmedi Zalis sididesTan. 

es daSveba gacilebiT produqtiulia da Seesabameba 

movlenis arss, roca Zvris parametrebi  misi bunebrivi 

simkvrivisa da tenianobis identuria.  

Rvarcofwarmomqmneli tanis horizontTan  

kuTxiT d axris SemTxvevaSi: 

 
„

ὖ

ὰ
ÃÏÓȢ (4.3.2) 

kerebSi ganlagebuli Rvarcofwarmomqmneli grun -

tis fenebad daZvris SemTxvevaSi wonasworobis rRvevis 

gansazRvra gruntebis meqanikis ZiriTad amocanas war-

moadgens. wonasworobis rRveva ZiriTadad gare moqmedi 

Zalis da Rvarcofis tanSi Sin agani kavSirebis rRvevis 

efeqti T xdeba. 

wonasworoba SeiZle ba dairRves rogorc Rvarcof -

warmomqmneli gruntis fenis zrdis SemTxvevaSi, aseve 

misi forebis wyliT sruli SevsebiT, kapilaruli tenis, 

efeqturi xaxunisa da bmulobis Zalebis Semcir ebiT. 

warmodgenil faqtorTa efeqtebi gansxvavebulia Rvar -
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cof warmomqmneli gruntis daZabuli mdgomareobis 

pirobebSi.  

Rvarcofwarmomqmneli gruntis Ὄ sisqis  warmod-

gena SeiZleba, rogorc misi bmulobis da Sinagani xaxunis 

Zalebis ekvivalentur siRrmeTa integralur i  maxasiaTe-

beli . 

aqedan gamomdinare, daZabuli mdgomareobis cvli-

lebis suraTi SeiZleba warmoCindes Semdegnairad: roca 

kerebSi Rvarcofwarmomqmneli gruntis fenis siRrme 

bmulobis ekvivalenturi siRrmis Sesabamisia, maSin igi 

inarCunebs iseTi sxeulis Tvisebebs, romlis S ida 

kavSirebi uwyvetia da  Rvarcofi  ar iZvris , xolo es 

piroba maSin irRveva, roca Rvarcofuli narevis erTi 

fena iwyebs meoris mimarT gadaadgilebas. e.i. pirobiTad 

Rvarcofwarmomqmneli grunti SeiZleba warmodgenili 

iqnes ori Sris simZlavreTa jamiT: pir veli, sadac 

SenarCunebulia uwyveti tanebis sxeulebis Tvisebebi , da 

meore, saidanac iwyeba Zvris zedapirebis warmoqmna. 

Catarebuli kvlevebis safuZvelze S eiZleba mivi -

RoT, rom: 

 
† Ὄ Ὤ ὸὥὲτυЈ



ς
Ȣ (4.3.3) 

mxebi da normaluri Zabvebis gaTvaliswinebiT 

gantolebaS i  miviRebT: 

 
Ὄ Ὤ ὸὥὲτυЈ



ς

ὖ

ὰ
ÃÏÓ ὅȢ (4.3.4) 

Rvarcofis bmulobis saangariSo damokide buleba s 

Semdegi saxe aqvs: 

 
ὅ
ϽὬ

ς
ὸὥὲτυЈ



ς
 ȟ (4.3.5) 

(4.3.5)-is gaTvaliswinebiT (4.3.4)-Si, zogierTi  gar-

daqmniT da gamartivebiT gveqneba: 
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ϽὰὌ Ὤ ὸὥὲτυЈ



ς
ὖÃÏÓ ὅϽὰ ȟ (4.3.6) 

sadac  aris  Rvarcofis moculobiTi wona ; 

 Ὄ _ Rvarcofwarmomqmneli gruntis fe -

nis siRrme; 

 Ὤ _ bmulobis Sesabamisi ekvivalenturi 

siRrme; 

 ὰ _ Rvarcofwarmomqmneli gruntis ke -

ra Si ganlagebis sigrZe; 

 ὖ _ Rvarcofwarmomqmneli gruntis 

blo kis wona, ὖ ϽὌϽὰȢ 
Rvarcofwarmomqmneli blokis wona, Tu (4.3.5)-s 

gaTvaliswinebiT ( 4.3.6)-Si gveqneba: 

ὰὌ Ὤ ςὸὥὲτυЈ


ς
ὸὥὲτυЈ



ς
ὌÃÏÓὸὥὲ•ὸὥὲτυЈ



ς
Ȣ 

(4.3.7) 

radgan ὸὥὲτυЈ ρ ὸὥὲ• ὸὥὲ• da Ὄ Ὤ 

Zvris simaRlis Ὤ -is tolia, miviRebT : 

Ὤς ρ ὸὥὲ• ὸὥὲ• ρ ὸὥὲ• ὸὥὲ•ὌÃÏÓὸὥὲ•ρ ὸὥὲ• ὸὥὲ•Ȣ 

(4.3.8) 

Tu SemoviRebT aRniSvnas ὥ ρ ὸὥὲ• ὸὥὲ• da 

(4.3.8)-s amovxsniT Ὤ -is mimarT, miviRebT: 

 Ὤ

Ὄ

ÔÁÎ•ςÃÏÓ ρ ὥ ÔÁÎ•

ςὥ ὥ
Ȣ (4.3.9) 

Rvarcofwarmomqmnel kerebSi dagrovili masis Si-

nagani xaxunis kuTxis da masis sxvadasxva mniSvnelobebis 

dros Zvris simaRlisa da fenis Ὄ sididis Tanafar dobebis 

sidideebi mocemulia cxrilSi 4.3.1.  
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Rvarcofis masis, Zvris da sruli siR r mis Tanafardoba  

╪-sa da ⱴ-s sxvadasxva mniSvnelobebis dros 

 

cxrili 4.3.1.  

0 ἼἩἶⱴ 
♪ Ј  

ἫἷἻ♪  

♪ Ј  

ἫἷἻ♪ Ȣ  

♪ Ј  

ἫἷἻ♪ Ȣ 

♪ Ј  

ἫἷἻ♪ Ȣ  

1 2 3 4 5 6 

0 0 0.33 0.33 0.33 0.33 

10 0.176 0.52 0.51 0.45 0.40 

20 0.364 0.92 0.86 0.70 0.52 

30 0.570 1.36 1.24 0.91 0.62 

40 0.840 2.43 2.18 1.48 0.86 

45 1.000 3.25 2.89 1.90 1.02 

 

TvalsaCinoebis mizniT naxazze 4.3.2 mocemulia 

grafikuli damokidebuleba ὬȾὌ Ὢ•ȟ. 

 
nax. 4.3.2. ▐Ⱦ╗ █♪ȟⱴ  damokidebulebis grafiki:  

 Ȣ♪ ЈȠ Ȣ♪ ЈȠ 

Ȣ♪ ЈȠ Ȣ♪ ЈȢ 
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bmuli Rvarcofis buneb rivi  gaCerebis simaRlis 

fiqsirebuli mniSvnelobebi metrebSi  

 

cxrili 4.3.2 

R
v
a
rc

o
fi
s
 g

a
v
lis

 w
e
li

 

R
v
a
rc

o
fs

a
d
in

a
ri

 

g
a

C
e
re

b
is

 q
a
n

o
b

i ░ 

g
a

C
e
re

b
is

 k
u

T
x
e
 ♪
 

Rvarcofis masaSi 

Semadgeneli ko m-

ponentebis mniSvn. 

woniT nawilebSi  

S
in

a
g
a

n
i 
x
a

x
u

n
is

  

k
u

T
x
e
 ⱴ

 

gaCerebis siRrme 

(m) 

╟̂ Ȣ˽ ╟˱ Ȣ˱ ╟˻ Ȣ˫ bune-

baSi 

(4.3.9.) 

fo r-

muliT  

1 2 3 4 5 6 7 8 9 10 

1949 
mdinare 

duruji  
0,021 1,4 0,151 0,25 0,60 16,9 2,5 1,925 

1959 
Tarmnis-

xevi 
0,09 5,2 0,1 0,26 0,64 17,27 2,0 1,60 

1967 
mdinare 

bidara  
0,075 4,5 0,12 0,34 0,54 15,14 1,5 1,05 

1975 
mdinare 

duruji  
0,524 27,5 0,15 0,36 0,49 30,96 2,0 2,0 

 

(4.3.9) saangariSo damokidebulebis praqtikuli 

gamoyeneba saWiroebs Rvarcofis masis Sinagani xaxunis 

kuTxis cvlilebis kanonzomierebis codnas, radgan Rvar -

cofis warmoSobis da moZraobis gaCerebis SemTxvevebs 

fizikur -meqanikuri maxasiaTeblebis ucvleloba Seesaba-

meba, vsargeblobT gamotanis konusebze aRebuli Rvar -

cof is nimuSebis fizikur -meqanikuri da geometriuli 

maxasiaTeblebis mniSvnelobebiT, romelic mocemul ia 

cxrilSi 4.3.2. 
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gamoyenebuli modelis sizustis Semowmebis mizniT 

(4.3.9) formuliT gaangariSebuli mniSvnelobebi Sedare -

buli a sxvadasxva dros RvarcofsadinarSi fiqsire bul i  

bmuli Rvarcofis gaCerebis siRrmeeb Tan. Sedarebis dros 

saSualo kvadratulma gadaxram naturasTan 16,34% 

Seadgina. 

 

 

4.4. Rvarcofsaca vSi bmuli Rvarcofis  

wonasworobis rRvevis Seswavla da mosalodneli 

xarjis prognozi  
 

ukanasknel periodSi Rvarcofebi  da mewyrebi  gax-

Sirda da  Cveulebriv movlenad gadaiqca. aseTi nakadebis 

formirebis klasikur regionad kavkasiaSi saqarTvelos 

mTianeTia miCneuli, kerZod ki is adgilebi,  romel Ta 

wyal Semkrebi auzebis mniSvnelovani nawili Rvarcof -

sadenTa qseliT, mSrali xevebiT da intensiuri erozi -

uli  procesebis ganviTarebis didi potencialiT aris 

warmodgenili.   

kvlevis arsebuli masalebi da statistikuri mona -

cemebi adasturebs, rom bmul RvarcofTa formireba xde -

ba Rvarcoful kerebSi (Rvarcofsacavi ). swored aqedan 

sxvadasxva faqtorTa zemoqmedebiT formirebuli nakadis 

parametrebis cvlilebis maTematikuri mode lebis da 

TviT Rvarcof sacavis maxasiaTeblebis cvli lebis kanon-

zo mierebis kerZod, siRrmis, siCqaris, xarjis cvaleba -

dobis prog nozi, dacviTi RonisZiebebis, katas trofisagan 

acilebis erT -erT ganmsazRvrel pirobas warmoadgens.  

aqedan gamomdinare, keraSi Camoyalibebuli Rvar -

cofis daZvris procesi da moZ raobis dawyebis aRwera 
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SeiZleba daumyarebeli araTanabari moZraobis, moZraobis 

raodenobis da bernulis gantolebebis gamoyenebiT, xo-

lo keridan bmuli Rvarcofis daZvra  SeiZleba warmod-

genil iqnas rogorc erTjeradi grZivi talRis, ise 

erTjeradi hidrografis modeliT.  

keridan Rvarco fis daZvris erTjeradi grZivi tal -

RiT warmodgeni s SemTxvevaSi (saangariSo sqema naxazi 

4.4.1), ro desac Rvarcofuli masis simaRle keraSi  aris Ὄ, 

nakadis gadaadgileba Tavisufal zedapirze ὅ   siCqariT 

SeiZleba iyos warmodgenili. nakadis talRis simaRle 

aRniSnulia  asoTi, xolo nakadis moZraoba talRis 

qvemoT _ ὠ siCqariT.  

 
nax. 4.4.1. keridan Rvarcofuli masis daZvris  

saangariSo sqema. 
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aRniSnuli sqemis mixedviT, rodesac talRis siC -

qare nakadis siCqaris tolia, talRis WrilSi coc xali 

kveTis farTobi izrdeba, xolo TviT talRa uZravia. 

cocxali kveTis farTobis gazrda kveTSi iwvevs nakadis 

siCqaris Semcirebas ὠ ὅ sididemde. warmodgenili su -

raTi SeiZ leba ganxilul iqnas gadaadgilebis gaCerebul 

talRad, xolo procesi  _ naxtomis movlenad. 

garda SemoTavazebuli modelisa, Rvarcofis Camo-

yalibebisa da moZraobis dawyebis procesis aRweris 

opti malur saSualebad  da amomwurav grafikul Sesabami-

sobad SeiZleba miCneul iqnas hidrografi , romelic  

zustad aRwer s rogorc moZraobis dawyebis suraTs, ise 

misi warmoqmnis uecrobisa da arastacionar ul obis bune-

bas.  

Rvarcofis a da gansakuTrebiT bmuli Rvarcofis 

hidrografi  gansxvavebulia wyaldidobis SemTxvevaSi. 

sakiTxi exeba erTeulovan hidrografs, romelic Rvar -

cof sadenSi gavlas Seesabameba. rac Seexeba gadaadgi-

lebis models , igi SeiZleba warmodgenil  iqnas rogorc 

moZraoba cvladi masiT. RvarcofTa talRebad gadaadgi -

lebis SemTxvevaSi da maTi calkeuli hidrogra fe bis 

arsebobis dros , mocemuli nakadis hidravlikuri gaanga -

ri Seba sirTules warmoadgens.  

keris garRvevis SemTxvevaSi, Rvarcofis hidrogra -

fis forma SeiZleba Semdegnairad daxasiaTdes _ misi 

awevis ferdi xasiaT deba mdored cvladi monakveTiT, 

xolo dacemis ferds cicabo saxe aqvs. aseTi saxis hidro -

grafis dasax asiaTeblad SeiZle ba gamoyenebul iqnas 

kaSxlis garRvevis modeli, xolo xarjis c vlilebis 

dinamikis Sesafaseblad _ hidrografis damreci ferdis 

moxazuloba. maTematikuri modeli xarjsa da dros 
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Soris hiperboluri funqciiT SeiZleba iqnas Sefasebu -

li.  

daumyarebeli moZraobis dife rencialuri  ganto -

le biT daZvris procesis axsnas mieZRvna calkeuli eqspe-

ri mentebi, romelTa Sedegebis safuZvelze aRweril iqna  

bmuli Rvarcofis moZraobis dawyebis movlena. eqsperi-

mentebis Sedegad dadasturda, rom daZvris dros zeda-

pirs talRis forma gaaCnia, e.i. keridan (Rvarcof -

sacavidan) Rvarcofis moZraobis dawyeba da kalapotSi 

dineba mimdinareobs arastacionar ul ad. Camoyalibebuli 

Rvarcofi  keridan moZraobis gzaze icvlis Tavis 

dinamikur maxasiaTeblebs. aqedan gamomdinare, gasagebia 

Tu ra did i cdomileba SeiZleba axldes arastaciona r u-

l obis ignorirebis SemTxvevas RvarcofTa hidravlikuri 

amocanebis gadawyvetis dros. 

saangariSo sqemis mixedviT SerCeul 1 -1 da 2-2 

kveTSi siCqareTa Tanabari ganawilebisa da energiis dana-

kargis ugul ebelyofis SemTxvevaSi, bernulis gan to le -

bis gamoyenebiT gveqneba: 

 
Ὤ
ὅ

ςὫ
Ὤ 

ὠ

ςὫ
Ȣ (4.4.1) 

warmodgenili suraTisaTvis uwyvetobis gantole -

bas eqneba saxe: 

 Ὤὅ Ὤ ὠȢ (4.4.2) 

 (4.4.2) gantolebidan nakadis moZraobis siCqare iqneba: 

 ὠ Ȣ   (4.4.3) 

roca   ρȟ (4.4.3) damokidebulebis gaTvalis -

winebiT (4.4.1)-Si, Sesabamisi gardaqmnebiTa da gamartive-

biT, miviRebT talRis gavrcelebis siCqares, romelic 

sen-venanis formulis saxelwodebiT aris cnobili : 
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ὅ ὫὬρ

σ

τὬ
Ȣ (4.4.4) 

roca talRis simaRle  mcire sididisaa , (4.4.4) 

formula iRebs saxes , romelic lagranJis saxelwode -

biTaa cnobili : 

 ὅ ὫὬȢ (4.4.5) 

bunebaSi realurad arsebuli nakadebi, kerZod , bmu-

li Rvarcofi  ama Tu im xarisxis Sinagani bmulobiT 

xasiaTdeba, romlis gamo is garkveul winaaRmdegobas 

axdens mxeb Zabvebze. misi mniSvneloba SeiZleba gaxdes 

mniSvnelovani siCqaris gazrdiT . aseT nakadebze 

bernulis gantolebis ganzogadoeba adasturebs, rom 

wynari  nakadis nebismier kveTSi, kuTri energiis maragis 

ucvl eloba realuri nakadisaTvis , wnevis gadanawilebis 

kanonzomierebis dadgenas saWiro ebs. 

mravalkomponentiani  Rvarcofuli tanis daZabuli 

mdgomar eobis cvlilebis Sefaseba da maTematikuri 

kanonzomierebiT aRwera klimaturi da fizik ur -geog-

rafiul -geologiuri procesebis zemoqmedebis gamo, 

dinamikur xasiaTs atarebs da Zalze rTulia. aqedan 

gamomdinare, statikaSi Rvarcofuli tanis ganivi 

Zalebis datvirTvebis Sefasebis dros Seswavlil i  unda 

iqnes TviT masis fizikur -meqanikuri da reologiuri 

maxasiaTeblebis cvlileb a da Rvarcofuli tanis daZabu -

l obasTan dakavSirebuli sakiTxebi .  

radgan maRali simkvrivis masa xasiaTdeba bmulobiT 

da Sinagani xaxunis maxasiaTeblebiT, mis mier aqtiuri 

potenciuri dawnevis sididis gansazRvris amocana SeiZ-

leba Semdegnairad Camoyalibdes: Rvarcofuli tanis wne -

vis Zalis gansazRvris dros SeiZleba gamoviyenoT meTo-

di, romeli c brtyeli zedapirebis cocvadobas efuZneba, 
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xolo  SeWidulobis Zala da Sinagani xaxunis kuTxe 

efeqturi aqtiuri wnevis Zalis sawinaaRmdegodaa mimar -

Tuli.  

gruntebis meqanikaSi dasmuli amocanis analogiu-

rad , bmuli Rvarcofis  aqtiuri ganivi wnevisaTvis SeiZ -

leba Caiweros damokidebuleba:    

 
ὖ ”ὫὌ ὬÔÁÎτυЈ



ς
ὖὩȟ (4.4.6) 

sadac ὖ aris  aqtiuri ganivi wneva ; 

 ” _ Rvarcofis masis simkvrive; 

 Ὣ _ simZimis Zalis aCqareba; 

  _ Rvarcofis tanis Sinagani xaxunis 

kuTxe; 

 ὖὩ _ SeWidulobis wneva; 

 Ὤ _ SeWidulobis wnevis ekvivalen turi 

siRrme; 

 Ὄ _ Rvarcofis masis simaRle. 

radgan ὖὩ Ὤ ”ὫὬ da Ὤ ὅÔÁÎ  , 

amitom aqtiuri wnevis ὖ saangariSo f ormula ( 4.4.6) 

toli iqneba : 

 
ὖ Ὄ ÔÁÎτυЈ  . (4.4.7) 

(4.4.7) damokidebulebis  Sesabamisi gardaqmnebiTa da 

gamartivebiT miviRebT: 

 
ὖ ὌÔÁÎτυЈ



ς
ςὅÔÁÎτυЈ



ς
Ȣ (4.4.8) 

 im SemTxvevaSi, roca ganivi wnevis mniSvneloba 

nulis tolia, Sesabamisad, Rvarcofuli tanis Ὄ siRrme 

Ὤ-is toli iqneba da mis mniSvnelobas Semdegi saanga-

riSo formulis saxe eqneba:  
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Ὤ

ςὅ

ÔÁÎτυЈ

ς

Ȣ (4.4.9) 

Tu SemoviRebT aRniSvnas • ÔÁÎτυЈ  da 

(4.4.9)-i s gaTvaliswinebiT ( 4.4.8)-Si, miviRebT: 

 
ὖ Ὄρ •Ȣ   (4.4.10) 

Sesabamisad, Rvarcofis tanis mier ganxorcielda 

dawneva, sadac Rvarcofis tanis simaRle Ὄ  toli iqneba : 

 
Ὄ

ὖ


Ὄ ρ

Ὤ

Ὄ
•Ȣ (4.4.11) 

realurad , bmuli Rvarcofis moZraobisas nebis -

mieri Semxvedri winaaRmdegobis kveTSi da sigrZeze ka-

la potis gafarToeba, Seviwroeba da qanobis cvlileba 

iwvevs cocxali kveTis cvlilebas  [4, 6, 12]. aqedan gamom-

dinare , naxazze (4.4.2) mocemuli saangariSo sqemis 

mixedviT, nakadis moZraoba SeiZleba aRweril iqnes dife -

rencialu ri gantolebiT.  

sqemis mixedviT, moZravi nakadis Tavisufali zeda -

pi ris nebismier i  aRebuli ὄ wertilisaTvis, romelic 

ὃ ὃ kveTidan ὰ manZiliT aris dacilebuli da gadis  ˞

wertilSi, ὒ manZiliT aris dacilebuli sawyisi kveTidan 

da safardi si brtyidan , koordinati ki aris ὤ, maSin  

bernulis gantolebas eqneba saxe: 

 

ὨὬ

ὨЉ

Ὠὤ
ὖ

ὠ
ςὫ

Ὠὒ
Ὅȟ 

(4.4.12) 

sadac Ὅ aris hidravlikuri qanobi da mis mniSvnelobas 

vangariSobT Rvarcofis siCqaris saangariSo formuli -

dan. 
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1 
 

 
0 0 

A 

A 

B 

 

L 
hô 

Hc Z 

C 

q 

 
nax. 4.4.2. bmuli Rvarcofis moZraobis sqema. 

 

bmuli Rvarcofis moZraobis saangariSi sqemidan ὤ -

is sidides eqneba saxe: 

 ὤ Ὄ Ὤ  Ὄ ὒ ὰὭȟ (4.4.13) 

sadac Ὄ  aris Rvarcofis simaRle da misi sidide (4.4.11) 

gantolebiTaa warmodgenili an SeiZleba igi Semdegnai -

rad warmovadginoT: 

 Ὄ Ὄ Ὄρ • Ὤ•ȟ (4.4.14) 

xolo   

 

Ὤ Ὄ
• ρ

•
Ȣ (4.4.15) 

 

(4.4.12)-is diferencirebiT miviRebT : 

 Ὠὤ

Ὠὰ

ὨὌ

Ὠὰ
ρ •

ὨὌ

Ὠὰ
•
• ρ

•

ὨὌ

Ὠὰ
Ὥȟ (4.4.16) 
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Ὠ
ὠ
ςὫ

Ὠὰ

Ὠ
ὗ
ςὫ

Ὠὰ

ὗ

Ὣ

ὨὌ

Ὠὰ

ὗ

Ὣ



ὰ
Ƞ 

(4.4.17) 

(4.4.17)-isa da (4.4.16) damokidebulebebis gaTvalis-

inebiT (4.4.12)-Si  Sesabamisi gardaqmnebiT miviRebT: 

 

ὨὌ

Ὠὰ

Ὥ ὰ̄˦Ȣ̄
ὗ
Ὣ


ὰ

• ρ
Ὤ
Ὄ

ὗ
Ὣ

ὄ
Ƞ (4.4.18) 

miRebuli (4.4.18) gantoleba warmoadgens bmuli 

Rvarco fis daumyarebeli moZraobis saerT o erTganzomi-

lebian diferencialur gantolebas araprizmatul i  kal-

apoteb isTvis , romlis Sesabamisi transfor maciis safuZ -

velze SesaZlebelia RvarcofTa hidrav likis cal keuli 

praqtikuli amocanebis gadawyveta.  

miRebuli ( 4.4.18) saangariSo damokidebuleba naka-

dis Tavisufal zedapirze talRis gavrcelebis diferen -

cialur gantolebad SeiZleba iqnas miCneuli. aqedan ga m-

omdinare, talRasa da mis maxasiaTeblebs nakadis kriti -

kuli mdgomareobiT vafasebT. e.i. roca  Њ, aseT Sem-

Txvevas Seesabameba piroba ὄ ρ. Sesabamisad, (4.4.18) 

damokidebulebis mniSvnelis marcxena wevrisaTvis 

gveqneba: 

 
• ρ

Ὤ

Ὤ˯ Ȣ˶
ρȢ (4.4.19) 

(4.4.19) damokidebulebis gamartivebi Ta da gardaq-

mniT gveqneba: 




