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rezume 
 

problemis aqtualoba. hidroenergetikisa da soflis 

meurneobis amocanebis warmatebiT gadawyvetis erT-erT 

aucilebel da qmediT saSualebas sxvadasxva daniSnulebis 

hidrokvanZebi warmoadgenen maTi saimedo funqcionirebis 

pirobebSi. saqarTveloSi, romelic mTa-goriani reliefiT 

xasiaTdeba, es hidrokvanZebi, ganlagebulia umeteswilad, mTis an 

mTiswina raionebSi, romlebic xSirad, rTuli geologiuri 

pirobebiT gamoirCevian, rac gamoixateba kerZod, intensiuri 

mewyeruli procesebiT mTis ferdobebze. 

amasTan dakavSirebiT, hidrokvanZebis dagegmarebisa da 

eqspluataciis dros, maTi saimedo funqcionirebisa da mimdebare 

raionis ekologiuri usafrTxoebis uzrunvelyofis mizniT, 

aucilebelia, gaTvaliswinebuli iyos mTiani regionebisaTvis 

damaxasiaTebeli specifikuri faqtorebis zemoqmedeba. 

erT-erT aseT mniSvnelovan faqtors warmoadgens hidrokvanZis 

wyalsacavis sanapiro ferdobidan ama Tu im mizeziT, mewyeris 

wyalSi Camongrevis Sedegad wylis zedapirze aRZruli 

intensiuri talRuri procesi. sakmarisad maRali talRebis 

generaciis SemTxvevaSi, SeiZleba moxdes maTi gadaRvra kaSxalze, 

rac Tavis mxriv, gamoiwvevs kaSxlis nawilobriv an mTlian 

warecxvas (Tu miviRebT mxedvelobaSi, rom sairigacio 

daniSnulebis hidrokvanZebis kaSxlebi, rogorc wesi aigeba 

adgilobrivi masalisagan, romelic intensiuri warecxvis 

TvisebiT xasiaTdeba). am dros, qveda biefSi gavrcelebis Sedegad 

aRniSnuli talRebi Senoba-nagebobebis, sairigacio da 

satransporto sistemebisa da sxv. dangrevis mizezi xdeba, 

zogjer ki, ganapirobeben adamianTa msxverpls (amis magaliTebia, 

italiaSi vaiontis wyalsacavSi, 1963 w. da norvegiaSi lionis 

tbaSi, 1936 w. mewyeriT warmoqmnili talRebis katastrofuli 

Sedegebi) da sxv.  

amJamad, mTis regionebSi ganlagebuli didi 

hidroenergetikuli daniSnulebis hidrokvanZebis pirobebisaTvis, 

mewyeriT generirebuli talRebis prognozirebis sakiTxebi 
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sakmaod kargad aris damuSavebuli, mTeli rigi Teoriuli, 

agreTve eqsperimentaluri kvlevebis Sedegad. amis miuxedavad, 

SedarebiT mcire zomis wyalsacavebis SemTxvevaSi, zogierTi 

aqtualuri sakiTxi arasakmarisad aris Seswavlili. 

samuSaos mizani da amocana. damuSavebuli iqnas SedarebiT 

mcire wyalsacavebSi mewyeriT gamowveuli maRali talRebis 

parametrebis (maT Soris talRis amplitudis da kaSxalze 

hidrodinamikuri wnevebis) gaTvlis meTodebis, agreTve kaSxalze 

talRis gadaRvris procesis maTematikuri modelireba. 

naSromis mecnieruli siaxle mdgomareobs SemdegSi: 

- miRebulia analizuri gamosaxulebebi da maT safuZvelze 

Catarebulia sistematuri kompiuteruli gaangariSebaTa cikli, 

ris Sedegad dadgenilia gavlena, romelsac axdens mewyeris 

wyalSi Semosvlis xasiaTi warmoqmnil talRebis intensivobaze; 

- damuSavebulia aproqsimaciuli analizuri damokidebuleba 

mewyeriT gamowveuli  brtyeli talRis sigrZis swrafi 

prognozirebis mizniT; 

- miRebulia ganzogadoebuli grafikebi, romlis saSualebiT 

SesaZlebelia kaSxalTan wylis donis awevis maqsimaluri 

sididis swrafi dadgena. 

- damuSavebulia meTodika maqsimaluri talRis kaSxalze 

gadaRvris procesis parametrebis, agreTve kaSxalze talRiT 

gamowveuli datvirTvis prognozirebis mizniT. 

naSromis praqtikuli Rirebuleba. mTian regionebSi 

ganlagebuli hidroenergetikuli da sairigacio daniSnulebis 

wyalsacavebis ferdobebze potenciuri mewyeris aqtivizaciis 

dros (rac SeiZleba gamowveuli iyos uxvi wvimebiT, 

wyalmovardniT, miwisZvriT, teqnogenuri mizezebiT da sxv.), 

aucilebelia Catardes aRniSnuli mewyeriT gamowveuli talRis 

parametrebis sididis operatiuli prognozireba, rac Tavis mxriv 

safuZvelia, imisaTvis, rom koreqtulad Sefasdes talRuri 

procesis intensivoba wyalsacavSi da uzrunvelyofil iqnas 

mimdebare raionis usafrTxoebis pirobebi (kaSxalze talRis 

gadaRvris, kaSxlis warecxvis SesaZlebloba da sxv.).  
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pirvel TavSi ganxilulia talRuri procesebis Seswavlis 

ZiriTadi miaxloebiTi Teoriebi da maTi gamoyenebis sferoebi. 

grZeli talRebis anu marCxi wylis (mw) Teoriis mixedviT siTxis 

siCqaris vertilakuri mdgeneli ar miiReba mxedvelobaSi da 

amgvarad, wyalsadinaris ganivkveTSi nakadi xasiaTdeba kerZod, 

mxolod erTi (gasaSualoebuli) horizontaluri siCqariT. ufro 

zogadi Teoriis, mcire amplitudis talRebis (mat) Teoriis 

Tanaxmad, SeiZleba gaangariSebul iqnas nebismieri sigrZis 

talRebi siCqaris yvela mdgenelis gaTvaliswinebiT. am Teoriis 

safuZvelze, SeiZleba amoixsnas hidrodinamikis (potenciuri 

moZraobis) sasazRvro amocana da moiZebnos siCqaris potenciali 

ϕ, ris saSualebiT SesaZlebeli xdeba ganisazRvros talRuri 

procesis yvela parametri (talRis amplituda, siCqareebi, 

hidrodinamikuri wnevebi).  

meore TavSi warmodgenilia wyalsatevebis (maT Soris 

wyalsacavebis) sanapiro ferdobebze mewyeruli procesebis 

klasifikacia. ganxilulia mewyeruli qanebis meqanikis 

Taviseburebebi da mewyeris warmoqmnis ZiriTadi mizezebi, 

agreTve cnobili mewyeruli movlenebi wyalsacavebsa da 

mdinareebis xeobebis ferdobebze. garda amisa, warmodgenilia 

blokuri tipis mewyeris sanapiro ferdobze moZraobis 

saangariSo sqema.  

mesame TavSi miRebulia konkretuli saangariSo 

damokidebulebebi (formulebi) prof. T.gvelesianis mier 

miRebuli brtyeli (or-ganzomilebiani) talRuri sasazRvro 

amocanis zogadi analizuri amonaxsnis safuZvelze. aRniSnuli 

formulebi Seesabamebian mewyeris wyalSi Semosvlis da masSi 

moZraobis sxvadasxva SemTxvevas.  

meoTxe TavSi mocemulia sxvadasxva talRuri procesis 

gaTvlis Sedegebi. dadgenilia, rom talRis amplitudaze 

gavlenas axdens rogorc talRis warmomqneli faqtorebi, aseve 

wyalsacavis zomebi, garda amisa talRa ganicdis formisa da 

sigrZis cvlilebas. 

mexuTe TavSi damuSavebulia mewyeruli talRis kaSxlis qimze 

gadaRvris prognozirebis ori meTodi. pirveli (ufro martivi) 
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meTodi gamoiyeneba im SemTxvevaSi, rodesac talRis amplituda 

(ηm) mniSvnelovnad metia kaSxlis qimis niSnulsa da wyalsacavis 

saangariSo dones Soris manZilze anu e.w. "maragis" sidideze (d); 

rodesac ηm<d, maSin talRis kaSxalze gadaRvris modelireba 

warmoebs, prof. T.gvelesiani SemoTavazebis Tanaxmad, TandaTan 

miaxloebis (iteraciuli) meTodis gamoyenebiT, rac 

SesaZleblobas iZleva ganisazRvros gadaRvris yvela parametri. 

meeqvse TavSi ganisazRvreba mewyeriT gamowveuli talRis 

hidrodinamikuri zemoqmedeba kaSxalze saangariSo parametrebis 

sxvadasxva mniSvnelobebisaTvis.  
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ABSTRACT 
 

Problem actuality. For diverse waterworks facilities, to ensure their reliable 

and steady operation, are essential to effectively solving hydro-power engineering 

problems as well as those related to agriculture. In Georgia which is 

characterized by a mountainous terrain, waterworks facilities are mostly situated 

either in a hilly area or at foothills being often distinguished by severe geological 

conditions, as witnessed, in particular, by intensive landslide processes over 

mountain  slopes.  

In this connection, when designing and operating waterworks facilities, in 

order to ensure secure functioning and ecological safety in the adjacent area, 

proper allowance must be made for the impact of the specific factors 

characteristic of  mountainous regions. 

One of a number of those important factors is intensive wave process 

generated on water surface due to landslide falling into water in its downhill 

motion for one reason or other, from waterworks facility water-storage reservoir 

shore slope. When the waves are high enough, there can take place dam 

overflowing, causing in turn, either partial or overall wash-out at dam (given that 

the dams for irrigation waterworks facilities are made, as a rule, of locally 

available natural material featuring a tendency for intensive wash-out). 

Propagating  downstream, the said waves can cause the destruction of structures, 

irrigation and transportation systems etc., and also, on occasion, may result in  

casualties (disastrous impact of landslide waves generated in Viont water-storage 

reservoir in Italy, 1963 and in Lion Lake in Norway, 1936 are a good case in 

point) etc.  

The issues concerning landslide-generated wave prediction for large 

hydraulic power waterworks facilities situated in mountainous regions have been 

worked out well enough based on a number of both theoretical and experimental 

studies. However, in the case of relatively small water-storage reservoirs, some 

currently central problems have not been adequately explored. 

 The objective and challenge of the research.  Mathematical simulation  and 

proper computational techniques is to be worked out in the determination of the 

parameters of landslide-generated high-wave  (including wave amplitude and 

dam hydrodynamic pressure) in a  relatively small water-storage reservoir as 

well as dam overflow process. 
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The (scientific) innovation of the present study is as follows: 

- some analytical expressions have been obtained to be used in a series of 

systematic computerized calculations allowing a link to be established 

between the pattern of  the landslide falling into the water and the 

intensity of the waves generated; 

- An approximate analytical relationship has been developed in an effort to 

ensure fast  prediction for the wavelength of landslide-generated plane 

waves;  

- The generalized schemes has been obtained enabling to promptly 

determine maximum rise in water level at the dam. 

- A techniques has been elaborated to be employed in the prediction of 

maximum wave dam overflowing process parameters, as well as wave-

induced dam loading. 

Practical value of the research. Potential landslide starting downhill motion 

over the slopes of either hydraulic power storage reservoirs or irrigation 

reservoirs (which can result from heavy rains, inundation, earthquakes, 

technogenic reasons etc.) located in mountainous regions calls for effective 

prediction of landslide-generated wave parameters, which in turn provides a way 

for the wave process intensity in water-storage reservoir to be properly assessed 

and the security of the adjacent area to be ensured (dam overflowing, dam wash-

out possibility etc.) 

The first chapter is dedicated to major approximate theories of wave 

process research and their fields of application. The theory of long waves or 

shallow water waves (SW) theory ignores the vertical component of water 

velocity, the current in waterway cross-section thus being characterized, in 

particular, by just one mean horizontal velocity. According to another theory, 

one that is more general, specifically the small amplitude wave (SAW) theory, it 

is possible for waves of any length to be calculated, with allowance made for all 

velocity components. On the basis of that theory the boundary problem of 

hydrodynamics (potential motion) can be solved and velocity potential φ  can be 

determined, which makes it possible to define all parameters of wave process 

(wave amplitude, velocities, hydrodynamic pressures). 

The second chapter is concerned with the classification of landslide 

processes observed on basin shore slopes (including water-storage reservoir 

slopes.) Consideration is being given to the peculiarities of landslide rocks as well 
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as to the main reasons of landslide initiation. Certain reported cases of landslide 

occurrence in water-storage reservoirs and river ravine slopes have also been 

discussed. Furthermore, a pattern of calculation and design scheme have been 

presented for block-type landslide motion over the reservoir shore slope.  

Using the general analytical solution obtained by of professor T. 

Gvelesiani’s  of plane (two-dimensional) wave boundary problem as a building-

block, some concrete mathematical relationships have been obtained and duly 

presented in the third chapter. The formulae mentioned above involve various 

cases of landslide plunging into water and its motion in water. 

The fourth chapter offers the results of calculations carried out for various 

wave processes. Wave amplitude has been found to be influenced by both wave-

generating factors and water-storage reservoir dimensions; further still, the wave 

experiences changes in shape and length. 

The fifth chapter deals with two methods to be employed for the prediction 

of landslide-induced dam overflowing. The first one (the simpler method) is used 

with wave maximum amplitude (ηm) being far greater than the freeboard (d) (i.e. 

heigth between a dam crest level and water-storage reservoir reference level), 

when ηm<d, the simulation of dam overflowing is to be carried out, according to 

professor Gvelesiani’s suggestion, following the method of progressive 

approximation (iteration method), which makes it possible to determine all 

overflowing process parameters. 

The sixth chapter is dedicated to the evaluation of landslide-generated wave 

hydrodynamic impact on the dam for a variety of design parameters values. 
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Sesavali 
 

problemis aqtualoba. hidroenergetikisa da soflis 

meurneobis ganviTarebis amocanebis warmatebiT gadawyvetis erT-

erT aucilebel da qmediT saSualebas sxvadasxva daniSnulebis 

hidrokvanZebi warmoadgenen maTi saimedo funqcionirebis 

pirobebSi. saqarTveloSi, romelic mTa-goriani reliefiT 

xasiaTdeba, es hidrokvanZebi, ganlagebulia umeteswilad, mTis an 

mTiswina raionebSi, romlebic xSirad, rTuli geologiuri 

pirobebiT ganirCevian, rac gamoixateba kerZod, intensiuri 

mewyeruli procesebiT mTis ferdobebze. 

amasTan dakavSirebiT, samelioracio hidrokvanZebis 

dagegmarebisa da eqspluataciis dros, maTi saimedo 

funqcionirebisa da mimdebare raionis ekologiuri 

usafrTxoebis uzrunvelyofis mizniT, aucilebelia, 

gaTvaliswinebuli iyos aRniSnuli pirobebisaTvis 

damaxasiaTebeli specifikuri faqtorebis zemoqmedeba. 

erT-erT aseT mniSvnelovan faqtors warmoadgens hidrokvanZis 

wyalsacavis sanapiro ferdobidan ama Tu im mizeziT, mewyeris 

wyalSi Camongrevis Sedegad wylis zedapirze aRZruli 

intensiuri talRuri procesi. sakmarisad maRali talRebis 

generaciis SemTxvevaSi, SeiZleba moxdes maTi gadadineba 

kaSxalze, rac Tavis mxriv, gamoiwvevs kaSxlis nawilobriv an 

mTlian warecxvas (Tu miviRebT mxedvelobaSi, rom sairigacio 

daniSnulebis hidrokvanZebis kaSxlebi, rogorc wesi aigeba 

adgilobrivi masalisagan, romelic intensiuri warecxvis 

TvisebiT xasiaTdeba). am dros qveda biefSi gavrcelebis Sedegad 

aRniSnuli talRebi Senoba-nagebobebis, sairigacio da 

satransporto sistemebisa da sxv. dangrevis mizezi xdeba, 

zogjer ki, ganapirobeben adamianTa msxverpls (amis magaliTebia, 

italiaSi vaiontis wyalsacavSi, 1963 w. da norvegiaSi lionis 

tbaSi, 1936 w. mewyeriT warmoqmnili talRebis katastrofuli 

Sedegebi) da sxv. 
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amJamad, mTis regionebSi ganlagebuli didi 

hidroenergetikuli daniSnulebis hidrokvanZebis pirobebisaTvis, 

mewyeriT generirebuli talRebis prognozirebis sakiTxebi 

sakmaod kargad aris damuSavebuli, mTeli rigi Teoriuli, 

agreTve eqsperimentaluri kvlevebis Sedegad. amis miuxedavad, 

SedarebiT mcire zomis wyalsacavebis SemTxvevaSi, rac 

damaxasiaTebelia sairigacio daniSnulebis wyalsacavebisaTvis, 

zogierTi aqtualuri sakiTxi arasakmarisad aris Seswavlili. 

kerZod, sairigacio daniSnulebis wyalsacavebSi sanapiro 

ferdobze warmoqmnili mewyeruli kerebi Cveulebriv, ufro 

axlos arian (absolutur masStabSi) ganlagebuli kaSxlidan, 

vidre didi (hidroenergetikuli an kompleqsuri daniSnulebis) 

wyalsacavebis SemTxvevaSi. amitom, maTematikuri modelirebisas 

sairigacio wyalsacavSi kaSxalTan mosuli mewyeruli talRis 

(anu impulsuri talRis) amplitudis zusti gansazRvris 

saWiroeba moiTxovs wyalSi mewyeris Semosvlis procesis 

detalur analizsa da Sesabamisi talRuri moZraobis 

SeZlebisdagvarad, adekvaturad asaxavs. kerZod, aRniSnuli 

moTxovna saTanadod unda aisaxos, rogorc mewyeruli tanis 

moZraobis maTematikur modelSi, aseve gansaxilveli talRebis 

parametrebis ganmsazRvrel Sesabamis saangariSo 

damokidebulebebSi. 

kvlevis obieqti. Seswavlis ZiriTadi obieqtia talRebi 

sxvadasxva daniSnulebis wyalsacavebSi, kaSxali da sanapiro 

ferdobebi, sadac wylis donem SeiZleba aiwios arasasurvel 

niSnulamde mewyeris wyalSi Camongrevis Sedegad. Seswavlis 

sagania agreTve, sanapiro ferdobze mewyeruli tani (bloke) misi 

moZraobis procesSi. 

naSromis mizania. mecnierulad dasabuTebuli meTodikis 

damuSaveba, romlis safuZvelze SesaZlebelia ganxorcieldes 

wyalsacavebSi mewyeriT warmoqmnili brtyeli impulsuri 

talRebis ZiriTadi parametrebis (simaRle, periodi) operatiuli 

prognozireba, rac safuZveli iqneba hidrokvanZis saimedo 
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funqcionirebisa da mis biefSi ekologiuri usafrTxoebis 

pirobebis uzrunvelyofisaTvis. 

dasaxuli miznis misaRwevad dasmulia Semdegi amocanebi: 

- wyalsacavis sanapiro ferdobze mewyeris moZraobis 

maTematikuri modelis damuSaveba, wyalSi misi Semosvlis 

procesSi warmoqmnili amomgdebi Zalis cvlilebis 

gaTvaliswinebiT. 

- saangariSo damokidebulebebis miReba im SemTxvevebisaTvis, 

rodesac mewyeruli tanis Semosvla wyalsacavSi xdeba ara 

mTel siRrmeze, aramed wylis Tavisufal zedapirTan 

axlos mdebare zonaSi; 

- wyalsacavSi talRuri procesis intensivobaze im gavlenis 

dadgena, romelsac axdens mewyeruli masis wyalsacavSi 

Camongrevis sxvadasxva xasiaTi, Sesabamisi kompiuteruli 

gaangariSebebis Sedegebis analizis safuZvelze; 

- wyalsacavSi mewyeriT generirebuli brtyeli talRis 

sigrZis gansazRvra, gaangariSebaTa Sedegad miRebuli 

talRuri profilebis damuSavebis saSualebiT; 

- kaSxalTan mosuli talRis maqsimaluri amplitudis 

prognozireba mewyeruli procesis sxvadasxva 

xangrZlivobisa da wyalsacavis zomebis gaTvaliswinebiT. 

naSromis samecniero siaxle mdgomareobs SemdegSi: 

- damuSavebulia maTematikuri modeli, romlis saSualebiT 

operatiulad xorcieldeba blokuri tipis mewyeris 

kinematikuri parametrebis (siCqare, xangrZlivoba) 

gansazRvra; amasTan gamoiyeneba axali saangariSo sqema, 

romlis mixedviT garkveuli formis mewyeruli tanis 

wyalSi TandaTan Semosvlis procesSi warmoqmnili wylis 

amomgdebi Zalis aRwera xdeba ufro koreqtulad (sxva 

arsebul saangariSo sqemebTan SedarebiT); 

- miRebulia analizuri gamosaxulebebi da maT safuZvelze 

Catarebulia sistemuri kompiuteruli gaangariSebaTa 

cikli, ris mizania im gavlenis dadgena, romelsac axdens 
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mewyeris wyalSi Semosvlis xasiaTi warmoqmnil talRebis 

intensivobaze; 

- miRebulia analizuri damokidebuleba mewyeriT gamowveuli 

brtyeli talRis sigrZis swrafi prognozirebis mizniT; 

- miRebulia formula, romlis saSualebiT SesaZlebelia 

kaSxalTan wylis donis awevis maqsimaluri sidids swrafi 

dadgena. 

naSromis praqtikuli Rirebuleba. mTian regionebSi 

ganlagebuli hidroenergetikuli da sairigacio daniSnulebis 

wyalsacavebis ferdobebze potenciuri mewyeris aqtivizaciis 

dros (rac SeiZleba gamowveuli iyos uxvi wvimebiT, 

wyalmovardniT, miwisZvriT, teqnogenuri mizezebiT das xv.), 

aucilebelia Catardes aRniSnuli mewyeris kinematikuri 

parametrebis sididis operatiuli prognozireba, rac Tavis mxriv 

aris safuZveli imisaTvis rom koreqtulad Sefasdes talRuri 

procesis intensivoba wyalsacavSi da usafrTxoebis pirobebi 

kaSxlis funqcionirebisaTvis (kaSxalze talRis gadaRvris, 

kaSxlis warecxvis SesaZlebloba da sxv.). swored, amiT aris 

ganpirobebuli naSromSi miRebuli Sedegebis praqtikuli 

mniSvneloba. kerZod, naSromSi damuSavebuli meTodika 

saSualebas iZleva swrafad Catardes, rogorc mewyeris 

moZraobis parametrebis (ferdobze misi siCqarisa da moZraobis 

xangrZlivobis) dadgena, aseve warmoqmnili maRali talRebis 

gaangariSeba, ris safuZvelze SesaZlebeli xdeba hidrokvanZis 

ZiriTadi nagebobebis saimedo funqcionirebisa da mimdebare 

raionSi usafrTxo ekologiuri pirobebis prognozireba. 

naSromis Sedegebis utyuaroba. naSromis Sedegebi efuZvneba 

meqanikis da hidromeqanikis cnobili kanonebis (kinematikuri 

energiis, masis, moZraobis Senaxvis kanonebi) gamoyenebas. 

naSromSi Cvens mier warmodgenili konkretuli saxis 

saangariSo formulebi miRebulia Sesabamisi sasazRvro amocanis 

prof.T.gvelesianis mier mirebuli zogadi amonaxsnis safuZvelze. 

aRniSnuli amonaxsenis utyuaroba da gamoyenebis farglebi 
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kargad aris cnobili (ix. cnobili literaturuli wyaroebi), 

amitom naSromSi miRebuli formulebiT sargeblobis 

SesaZlebloba moiazreba aRniSnuli gamoyenebis farglebSi. 

naSromSi miRebuli formulebi warmodgenilia SedarebiT 

cudad krebadi mwkrivebis jamis saxiT. amitom gaangariSebaTa 

sizustis uzrunvelyofis mizniT xdeboda saWiro raodenobis 

SesakrebTa ricxvis aReba, ris dadgenac warmoebda saTanado 

proceduris mixedviT. 

naSromis aprobacia. saerTaSoriso simpoziumze “wyaldidobebi 

da maTgan brZolis RonisZiebebi da Tanamedrove meTodebi”, 

Tbilisi, 23-28 seqtemberi, 2009 w., agreTve sadoqtoro programiT 

gaTvaliswinebul or seminarze (saqarTvelos teqnikuri 

universiteti). 

publikacia. sadisertacio naSromis Teoriuli da praqtikuli 

xasiaTis kvlevaTa Sedegebi gamoqveynebulia 7 samecniero 

naSromSi. 

naSromis struqtura. sadisertacio naSromi Sedgeba 

Sesavlisagan, 6 Tavisagan, daskvnebisagan da gamoyenebuli 

literaturis nusxisagan. naSromi Seicavs  138  nabeWd gverds,   

9 cxrilsa da 22 naxazs.  gamoyenebuli literaturis nusxa 

Seicavs 110 dasaxelebas. 
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Tavi I. bunebriv da xelovnur wyalsatevebSi 
(wyalsacavebSi) mewyeriT warmoqmnili arastacionaluri 

hidrodinamikuri procesebis kvlevis meTodebi  
 
1.1. talRuri procesebis kvlevis ZiriTadi miaxloebiTi 

Teoriebi da gamoyenebuli daSvebebi 
 
hidroteqnikuri (maT Soris sairigacio hidrokvanZebis) 

dagegmarebis dros aucilebelia hidroteqnikur nagebobebze da 

upirvelesad yovlisa kaSxalze im zegavlenis gansazRvra, 

romelic wylis nakadTan da talRur moZraobebTan aris 

dakavSirebuli. 

am mizniT saWiroa Sesabamisi hidrodinamikuri amocanebis 

ganxilva, romelTa amoxsna saSualebas iZleva dadgenil iqnas 

mTavari hidrodinamikuri parametrebi, romlebic aRniSnul 

zegavlenas ganapirobeben. es parametrebia: 

- siCqareebi wylis nakadSi; 

- hidrodinamikuri wnevebi; 

- wylis zedapirze warmoqmnili talRebis simaRleebi (an 

amplitudebi). 

konkretuli sainJinro amocanis gadawyvetisas, zog 

SemTxvevaSi sakmarisia, zemoaRniSnul parametrebidan, mxolod 

erTi parametris gansazRvra, rac am amocanis specifikuri, 

praqtikidan gamomdinare moTxovnilebiT aris ganpirobebuli. 

siTxis moZraobis Seswavlis erT-erT ZiriTad meTods 

warmoadgens eileris meTodi [1, 2], romelic miuTiTebs, Tu ra 

gziT unda aRiweros moZravi siTxis nebismier a(x,y,z) wertilSi 

arsebuli hidrodinamikuri parametrebi, kerZod siCqareebi ( ) da 

wnevebi (p), rogorc t drois funqciebi 

V
r

                         V
r
 = F(x,y,z,t) 

anu   u = f1(x,y,z,t);   v = f2(x,y,z,t);  w = f3(x,y,z,t);      

da p = F0(x,y,z,t)    

sadac u, v, w aris siCqaris veqtoris (V
r
) mdgenelebi Sesabamisad 

x,y,z – koordinatTa RerZis mimarT (nax.1). 
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nax. 1. saangariSo sqema wyalsatevebSi da Ria kalapotebSi 

hidrodinamikuri procesebis Seswavlis mizniT 
 
maSasadame, siTxis moZraoba iqneba srulad aRwerili a(x,y,z) 

wertilSi Tu SesaZlebelia V
r
 da p sidideTa warmodgena 

sivrciTi da drois funqciebis saxiT. amitom hidrodinamikis 

amocanebis amoxsnisaTvis saWiroa ori gantoleba, amasTan erTi – 

veqtoruli formiT (V
r
 siCqaris mimarT). Tu  veqtori 

warmodgenilia u,v,w komponentebis saxiT, maSin siTxis moZraobis 

aRweris mizniT saWiroa oTxi skalaruli gantolebaTa sistema 

[2, 3]. 

V
r

im amocanebis amoxsnisaTvis, romlebic dakavSirebulia 

Tavisufali zedapiris mqone nakadebis SeswavlasTan, ucnobi 

sididis saxiT gvevlineba agreTve, Tavisufali zedapiris 

amaRleba siTxis statikuri donis mimarT η(x,y,t) anu nakadis 

siRrme h(x,y,t). magram, am SemTxvevaSi cnobilia sidide p, 

romelic tolia atmosferuli wnevisa (nax.1). 
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hidrodinamikis amocanebis ganxilvisas, gamoiyeneba ZiriTadi 

gantolebebi, romlebic asaxaven cnobil fizikur kanonebs. 

kerZod, arakumSvadi siTxisaTvis esaa – uwyvetobisa da 

moZraobis raodenobis (impulsis) Senaxvis kanonebi [2]. 

arakumSvadi siTxisaTvis uwyvetobis kanoni gamoxatavs siTxis 

moculobis Senaxvis pirobas da amyarebs damokidebulebas u,v,w 

siCqaris veqtoris mdgenelebsa da x,y,z koordinatebs Soris. 

moZraobis raodenobis Senaxvis kanoni asaxavs 

damokidebulebas ρ simkvrivis mqone siTxis moculobis 

erTeulebze (W0) modebul F Zalebsa da am moculobaze momqmedi 

inerciis Zalebs – 
dt
Vd
r

ρ  Soris, rac gamoixateba cnobili kanonis 

safuZvelze, Semdegnairad 

                        
dt
du

dt
duMF 0x ρ== , 

                        
dt
dv

dt
dvMF 0y ρ== , 

                        
dt
dw

dt
dwMF 0z ρ== .                     (1.1) 

sadac Fx, Fy, Fz – aris F
r
 Zalis komponentebi Sesabamis 

koordinatTa RerZebs mimarT; M0 = ρW0 = ρ (sadac W0 = 1) – 

erTeuli moculobis masaa. 

bevri hidrodinamikuri amocanis amoxsnisas, igulisxmeba, rom 

idealuri siTxis SemTxvevaSi, erTeul moculobaze moqmedebs 

mxolod simZimis Zala, romlis mdgenelebia Gx = 0, Gy = 0 da 

G
z

)GZ(gG z ∂
ρ∂

−=ρ−=  da wnevis Zala p [4, 5] (nax. 1). 

vinaidan siCqare rTuli funqciaa t cvladis mimarT da 

damokidebulia agreTve x,y,z cvladebze, amitom kerZo SemTxvevaSi 

dt
du

 warmoebuli ase SeiZleba Caiweros [1]. 

                  
z
uw

y
uv

x
uu

t
u

dt
du

∂
∂

+
∂
∂

+
∂
∂

+
∂
∂

=                   (1.2) 
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analogiurad Caiwereba 
dt
dv

 da 
dt
dw

 warmoebulebic. 

zemoaRniSnulTan dakavSirebiT, (1.1) gantolebaTa sistema 

SeiZleba Caiweros Semdegi saxiT [6] 
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∂
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∂

ρ .          (1.3)      

rac Seexeba uwyvetobis gantilebas, rogorc cnobilia, 

arakumSvadi siTxis SemTxvevaSi, zogadi saxiT, is Semdegnairad 

Caiwereba [1] 

             0
z
u

y
u

x
u

=
∂
∂

+
∂
∂

+
∂
∂

    anu  div V
r

 = 0                 (1.4) 

Ria kalapotebisaTvis, erTganzomilebiani (x RerZis mimarT) 

nakadisaTvis, am gantolebis Semdegi saxe aqvs [6] 

   0
x
uh

x
hu

t
h

=
∂
∂

+
∂
∂

+
∂
∂

.                             (1.5) 

nakadis siRrme h SeiZleba warmodgenil iqnas Semdegnairad 

                                                h = h0 + η                             (1.6) 

sadac h0 – siRrmea aTvlili wylis horizontaluri (statikuri 

donidan), 

xolo  η - talRis amplitudaa (aTvlili amave donidan) (nax. 1). 

(1.6) gamosaxulebis gaTvaliswinebiT, uwyvetobis (1.5) 

gamosaxuleba SeiZleba Caiweros, agreTve, aseTi saxiTac 

    0
x
u

x
uh

x
u

t 0 =
∂
∂

η+
∂
∂

+
∂
η∂

+
∂
η∂

 .                (1.7) 

moZraobis gantolebaTa sistema (1.3) da uwyvetobis gantoleba 

(1.4), rogorc zemoT iyo aRniSnuli, warmoadgens hidrodinamikuri 

amocanebis amoxsnisaTvis saWiro ZiriTad gantolebaTa sistemas 

im SemTxvevaSi, rodesac siTxe ganixileba rogorc idealuri (anu 

rodesac xaxunis winaRobis ZalebiT ugulebelyofa praqtikulad 
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SeiZleba). amasTan, yoveli konkretuli amocanis amoxsnisas, 

mxedvelobaSi unda iyos miRebuli Sesabamisi sawyisi da 

sasazRvro pirobebi, romlebsac mokled qvemoT SevexebiT [6, 5]. 

miuxedavad amJamad arsebuli mZlavri gamoTvliTi teqnikisa 

da efeqturi ricxviTi meTodebisa, (1.3) da (1.4) gantolebaTa 

sistemis amoxsna dakavSirebulia mTel rig maTematikur 

siZnelesTan. gansakuTrebiT rTulia talRuri amocanebis amoxsna 

im faqtis gaTvaliswinebiT, rom hidrodinamikuri parametrebis 

(siCqareebi, wnevebi, talRis amplitudebi da sxv.) gansazRvris 

are winaswar cnobili ar aris, Tavisufal zedapirze cvalebadi 

talRuri procesebis arsebobis pirobebSi [6]. 

amis gamo praqtikaSi, sainJinro hidrodinamikuri amocanebis 

amoxsnisas Cveulebriv, gamoiyeneba miaxloebiTi Teoriebi, 

romlebic garkveuli gamartivebisa da daSvebebis safuZvelze 

aigeba [4, 5, 6]. saxeldobr, es aris: 

I. mcire amplitudebis talRebis (mat) Teoria; 

II. marCxi wylis (anu grZeli talRebis) Teoria. 

mat Teoria [71, 109] efuZvneba im daSvebas, rom: 

a) siTxis moZraobisas, grigaluri mdgeneli nulis 

tolia 0V , anu siTxis moZraoba potenciuria da xasiaTdeba 

erTi η(x,y,z,t) funqciiT, romelsac siCqaris potenciali ewodeba: 

rot =
r

b) siTxe idealuria; 

g) siTxeSi warmoqmnili siCqareebi mcirea; 

d) talRis amplitudis fardoba am talRis sigrZesTan (an 

wyalsatevis siRrmesTan) mcire sididiT xasiaTdeba. 

aRniSnuli daSvebebis gaTvaliswinebiT, SesaZlebeli xdeba 

ama Tu im konkretuli hidrodinamikuri amocanis amoxsnisas, 

moiZebnos Sesabamisi funqcia (siCqaris potenciali), ris Sedegad, 

am funqciis saSualebiT SeiZleba ganisazRvros wyalsatevSi 

warmoqmnili siCqaris yvela mdgeneli (kerZod, siCqareTa epiurebi 

nakadis vertikalur sibrtyeSi) da hidrodinamikuri wnevebi, 

agreTve, talRebis amplitudebi da profilebi (horizontaluri 

RerZebis gaswvriv) da sxv. 
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mw Teoriis Tanaxmad [5], miiReba, rom: 

a) moZrav siTxeSi siCqaris vertikaluri mdgeneli (w) nulis 

tolia (nax.1), xolo horizontaluri mdgenelebis (u,v) mniSvne-

lobebi vertikaluri RerZis mimarT ucvlelia (anu Sesabamis 

kveTebSi aiReba siCqareTa gasaSualoebuli mniSvnelobebi); 

b) siTxis moZraobaze gavlenas axdens winaRobis Zala, 

romelic ganpirobebulia siTxisa da myar sazRvars (wyalsataris 

fskeri, ferdobebi) Soris arsebuli xaxunis ZaliT, agreTve 

turbulenturi moZraobis zegavleniT: 

g) arastacionaruli (daumyarebeli) moZraobis dros 

aRniSnul winaRobis Zalas miaxloebiT miekuTvneba is 

mniSvneloba, romelic siTxis mxolod Tanabari moZraobis 

SemTxvevisaTvis aris samarTliani [6]. 

rogorc aRiniSna, siTxis potenciuri moZraobis SemTxvevaSi, 

ϕ-funqciis saSualebiT SesaZlebelia wertilSi siCqaris veqto-

ris mdgenelebis gansazRvra, rac Semdegnairad xorcieldeba 
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amitom, am SemTxvevaSi ϕ–funqciis mimarT Cawerili (1.4) 

uwyvetobis gantoleba, Semdeg saxes iRebs  
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    (1.9) 

anu                       Δϕ = 0                            (1.10) 

sadac 222 zyx ∂
∂

+
∂
∂

+
∂
∂

=Δ  aris laplasis operatori. es gantoleba 

cnobilia maTematikur fizikaSi, rogorc laplasis gantoleba [5, 

7]. 

mat Teoriis Tanaxmad swored (1.9) gantolebaa is ZiriTadi 

gantoleba, romlis amoxsnis Sedegad, Sesabamisi sawyisi da 

sasazRvro pirobebis dakmayofilebisas, xdeba ϕ–funqciis 

gansazRvra anu dasmuli hidrodinamikuri amocanis saZiebeli 

amonaxsenis miReba. 

 26



sasazRvro pirobebi siTxis momcveli arisaTvis (kerZod, 

wyalsatevisaTvis) damokidebulia misi sazRvris saxeze. 

saxeldobr, sazRvris erT nawils warmoadgens myari zedapiri, 

rogoricaa wyalsatevis fskeri, ferdobebi, kaSxali (wyalsacavis 

SemTxvevaSi), meore nawils ki – wylis Tavisufali zedapiri (anu 

wylis haerTan Semxebi zedapiri). 

im SemTxvevaSi, rodesac siTxe idealuria, siCqares mxolod 

mxebi mdgeneli (myari zedapiris gaswvriv) vτ gaaCnia; am dros 

siCqaris mdgenelebi myari zedapiris normaluri (n) 

mimarTulebiT (vn) aris nulis toli, anu 

                             0
n

vn =
∂
ϕ∂

= .                      (1.11) 

Tavisufal zedapirze wneva cnobilia da atmosferuli wnevis 

tolia, magram Tavisufali zedapiris mdebareoba ‘nulovani” 

horizontaluri (statikuri) donis mimarT, zogad SemTxvevaSi 

ucnobia. amgvarad, saWiroa daisvas Semdegi ori sasazRvro 

piroba: 

a) dinamikuri sasazRvro piroba, romelic miiReba moZraobis 

gantolebidan; 

b) kinematikuri sasazRvro piroba, romelic gamoxatavs im 

faqts, rom siTxis nawilaki, romelic mdebareobs Tavisufal 

zedapirze, SemdgomSic rCeba am zedapirze [4, 5, 6]. 

Tu moZraobis (1.3) gantoleba Cawerilia ϕ–s mimarT, is ase 

SeiZleba iqnes warmodgenili 

  0pgz)wvu(
2
1

t
222 =

ρ
+++++

∂
ϕ∂

,  rodesac z = η       (1.12) 

anu 

0pgz
zyx2

1
t

222

=
ρ

++
⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
⎟
⎠
⎞

⎜
⎝
⎛
∂
ϕ∂

+⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
∂
ϕ∂

+⎟
⎠
⎞

⎜
⎝
⎛
∂
ϕ∂

+
∂
ϕ∂

,  rodesac z = η     (1.13)  

es aris dinamikuri sasazRvro piroba. 

vinaidan Tavisufali zedapiri SeiZleba gamoisaxos Semdegi 

funqciis saxiT 
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                                             z = η(x,y,t) 

(sadac η – talRuri zedapiris amaRlebaa Tavisufali donis 

mimarT), misi t-cvladiT gawarmoebis Sedegad, miiReba Semdegi 

gantoleba 

          
dt
dy

ydt
dx

xtdt
dz

∂
η∂

+
∂
η∂

+
∂
η∂

= , rodesac z = η             (1.14) 

magram, Tu gaviTvaliswinebT im pirobas, rom 

          
x

u
dt
dx

∂
ϕ∂

== ,  
y

v
dt
dy

∂
ϕ∂

== ,  
z

w
dt
dz

∂
ϕ∂

== ,             (1.15) 

maSin, gantoleba (1.14) SeiZleba warmodgenil iqnas Semdegi 

saxiT 

          
dy
d

ydx
d

xtdz
d ϕ

∂
η∂

+
ϕ

∂
η∂

+
∂
η∂

=
ϕ

, rodesac z = η             (1.16) 

es aris kinematikuri sasazRvro piroba [6].  

swored aRniSnuli dinamikuri da kinematikuri pirobebi (1.13) 

da (1.16) gamoiyeneba im amocanebis ganxilvisas, romlebic 

talRur procesebis SeswavlasTan arian dakavSirebulebi. es 

gantolebebi arawrfivia da ukve es faqtori qmnis garkveul 

siZneleebs aRniSnuli talRuri amocanebis amoxsnisas; magram 

kidev ufro did sirTuleebs vawydebiT, Tu mxedvelobaSi 

miviRebsT Semdeg faqtors: saZiebeli siCqaris potenciali - ϕ, 

rogorc zemoT aRvniSneT, unda akmayofilebdes pirobebs 

Tavisufal zedapirze, rodesac z = η(x,y,t), amasTan TviT funqcia 

η(x,y,t) ucnobia; amave dros is Sedis (1.13) da (1.16) gantolebebSi 

anu amocanis sasazRvro pirobebSi. 

swored amis gamo, konkretuli talRuri amocanebis 

ganxilvisas, aRniSnuli arawrfivi Teoriis magivrad gamoiyeneba 

misi gamartivebuli modifikacia – mat teoriis saxiT. 

rogorc zemoT iyo aRniSnuli, mat Teoriis Tanaxmad miiReba, 

rom fardobiTi η sidide da misi warmoebulebi, agreTve 

fardobiTi siCqaris mdgenelebi mcire sidideebia, amitom maTi 

namravlebi dinamikuri da kinematikur gantolebebSi Semaval sxva 

wevrebTan SedarebiT iqneba ufro maRali rigis mcire sidideebi, 
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romelTa ugulebelyofa SesaZlebelia. amis Tanaxmad, aRniSnuli 

dinamikuri da kinematikuri gantolebebi warmodgenili iqneba, 

rogorc wrfivi gantolebebi. amis garda, Tu miiReba daSveba, rom 

z = 0 (z = η pirobis magivrad) Tavisufali zedapirisaTvis, maSin 

(1.13) da (1.16) gantolebebis warmodgena SeiZleba gamartivebuli 

saxiT, Semdegnairad [4, 5, 6]: 

    
zt ∂
ϕ∂

−=
∂
η∂

,   rodesac z = 0              (1.17) 

    
t

g
∂
ϕ∂

=η− ,   rodesac z = 0              (1.18) 

Tu (1.18) gantolebas gavawarmoebT t-Ti da davumatebT (1.17) 

gamosaxulebas, miviRebT erT gantolebas anu erTi sasazRvro 

pirobas Tavisufal zedapirze, romelsac koSi-lagranJis saxe 

aqvs: 

   0
tz

g 2

2

=
∂
ϕ∂

+
∂
ϕ∂

,   rodesac z = 0                (1.19) 

amgvarad, mat Teoriis Tanaxmad ϕ(x,y,z,t) funqciis gansazRvra 

SesaZlebeli xdeba erTi Δϕ= 0 wrfivi gantolebidan (ix. (1.10)), 

rodesac myar sazRvarze Sesrulebulia (1.11) piroba, xolo 

Tavisufal zedapirze – (1.19) piroba. 

Tu cnobilia ϕ funqcia, maSin (1.13) gamosaxulebis 

saSualebiT SeiZleba ganisazRvros hidrodinamikuri wneva 

    gz
t

)t,z,y,x()t,z(p ρ−
∂

ϕ∂
ρ=                  (1.20)            

xolo talRebis amplitudis mniSvnelobebis gansazRvra 

SesaZlebelia wyalsatevis wylis sarkis nebismier (x,y) wertilSi 

(1.18) gantolebis saSualebiT, Semdegnairad: 

    
0zt

)t,z,y,x(
g
1)t,y,x(

=∂
ϕ∂

−=η                 (1.21) 

Teoriuli gaangariSebaTa Sedegebis da eqsperimentaluri 

monacemebis Sedarebis safuZvelze, bevri mecnieri askvnis, rom 

mcire amplitudis Teoriis gamoyeneba miuxedavad zemoT 

aRniSnuli daSvebebisa, SesaZleblobas iZleva praqtikisaTvis 
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sakmarisi sizustiT amoixsnas mTeli rigi sainJinro amocanebi im 

SemTxvevaSic ki, rodesac talRebi mniSvnelovani simaRliT 

xasiaTdebian [6]. 

ase magaliTad, cnobili sabWoTa mecnieri l.i. sretenski 

Tavis monografiaSi [4] aRniSnavs, rom “mcire amplitudebis 

Teoria, miuxedavad Tavisi ZiriTadi debulebaTa TiTqosda 

uzustobisa, mTavar rols TamaSobs im sakiTxebis analizSi, 

romlebic dakavSirebulia talRur moZraobebTan. am azris 

samarTlianobis safuZvels warmoadgens is, rom mcire 

amplitudis Teoria mniSvnelovan dadasturebas poulobs 

mravalricxovan cdebSi”. 

amasTan, bevr sainJinro amocanebis gadaWrisas, wyalsatevebsa 

da Ria wyalsatarebSi warmoqmnili talRebis amplituda ar 

SeiZleba miRebuli iyos, rogorc mcire sidide wylis 

siRrmesTan SedarebiT. xSirad, saWiro xdeba agreTve, talRur 

procesebze iseTi faqtoris gaTvaliswinebac, rogoricaa wylis 

moZraobis dros warmoqmnili winaRoba. aseT SemTxvevaSi 

Cveulebriv gamoiyeneba, zemoT aRniSnuli marCxi wylis (mw) 

Teoriis winamZRvrebi. 

mw Teoriis ZiriTadi daSvebis Tanaxmad, siCqaris 

vertikaluri mdgeneli (w) imdenad mcirea, rom misi moqmedeba p 

wnevaze umniSvneloa, ris gamoc wnevis ganawileba moZrav siTxeSi 

emorCileba hidrostatikur kanons anu 

                       p = ρg(η-z)                                                        (1.22) 

am gamosaxulebis Tanaxmad, rodesac z = η (talRur 

zedapirze), maSin p = 0; rodesac z = 0 (statikur doneze), p = ρgη; 

rodesac z = -h0 (fskerze), p = ρg(η + h) (nax.1). 

am SemTxvevaSi p sididis cvlileba x RerZis (aseve y RerZis) 

mixedviT ar aris damokidebuli z cvladze. kerZod (1.22) 

gamosaxulebis diferencireba x cvladiT, gvaZlevs 

         
x

g
x
p

∂
η∂

ρ=
∂
∂

            (1.23)            

siTxis erTganzomilebiani moZraobis SemTxvevaSi (x RerZis 
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gaswvriv), Tu gaviTvaliswinebT (1.23) gamosaxulebas da imas, rom 

0
x
wu =
∂
∂

, maSin moZraobis gantoleba (1.3) ase Caiwereba 
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η∂
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+
∂
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,                  (1.24) 

unda aRiniSnos, rom am SemTxvevaSi uwyvetobis gantoleba, 

zemoT moyvanili (1.5) gamosaxulebis saxes inarCunebs. 

mw Teoriis Tanaxmad, (1.24) gantolebaSi Semavali u siCqaris 

mdgenelis magivrad unda iyos aRebuli misi gasaSualebuli 

(cocxal kveTSi) mniSvneloba, anu 

     ω
ω

= ∫∫
ω

ud1u                       (1.25) 

sadac ω – cocxali kveTia. 

mdinareebisa da arxebis SemTxvevaSi, reinoldsis ricxvi 

Cveulebriv didia [1], amitom nakadi turbulenturia. am 

SemTxvevaSi SeiZleba CaiTvalos, rom moZrav siTxeSi 

warmoqmnili mxebi Zabvebi (τ) kvadratul damokidebulebaSia 

nakadis gasaSualebul siCqaresTan [6] anu 

      τ = ρ f 2u                      (1.26) 

sadac f – xaxunis koeficientia da aiReba 2C
gf =   toli; 

C – Sezis koeficientia, romlis mniSvnelobebi 

eqsperimentalurad dadgenilia garkveul farglebSi nakadis 

Tanabari moZraobis SemTxvevisaTvis [1, 6]. 

erTeul siTxis moculobaze (M0 = ρ) da sveli parametris 

erTeul sigrZeze moqmedi τ Zabva toli iqneba 
h0 ρ
τ

=τ  im 

SemTxvevaSi Tu hidravlikuri radiusi R = h, anu maSin, rodesac 

kalapotis sigane bevrad aRemateba mis siRrmes [1]. am dros, 

erTganzomilebiani nakadis moZraobis gantoleba mw Teoriis 

aRniSnuli winamZRvrebis gaTvaliswinebiT Caiwereba Semdegnairad 
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                    (1.27) 
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Tu τ sidids mniSvnelobas aviRebT (1.26) gamosaxulebis saxiT, 

maSin moZraobis gantoleba (1.27), aseT saxes miiRebs 
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                 (1.28) 

am gantilebaSi Semavali 
x∂
η∂
 warmoebuli, Tu mxedvelobaSi 

miiReba toloba, rom η = h – h0 (nax. 1), SeiZleba warmodgenili 

iyos Semdegnairad, (nax.1). 
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                     (1.29) 

sadac 
dx

dh
i 0=  aris kalapotis fskeris qanobi [1]. 

(1.29) gantolebis gaTvaliswinebiT, moZraobis gantoleba (1.28) 

exla SeiZleba warmodgenili iyos Semdegnairi saxiTac: 
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              (1.30) 

es gantoleba cnobilia sen-venanis gantolebis saxeliT da 

warmoadgens kerZowarmoebulebian arawrfiv diferencialur 

gantolebas [1, 6]. 

 
 

1.2. arsebuli literaturuli wyaroebis mimoxilva da 

kritikuli analizi 
 
pirvel naSromebs, romelic Seexeba wyalsacavSi miwisZvris 

dros wamoqmnil brtyeli talRuri amocanis analitikur 

amoxsnas mat Teoriis safuZvelze, ekuTvnis prof. T. gevelesians 

[8, 9]. odnav mogvianebiT mewyeriT gamowveuli brtyeli talRebis 

Teoriuli da eqsperimentaluri kvlevis Sedegebi gamoqveynebuli 

iyo aSS-Si [10,11]. SemdgomSi, mewyerebiTa da miwisZvrebiT 

wyalsacavSi generirebuli talRebis Seswavla warmoebda 

ZiriTadad, saqarTvelos energetikisa da energetikul nagebobaTa 

samecniero-kvleviT institutSi prof. T. gvelesianis (Tematikis 

xelmZRvaneli), g. mamraZis [12-16, 17], prof. i. muzaevis [18-20], g. 

jinjixaSvilis [21-23], l. rozenturis [24, 25] da sxv. mier. es 
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kvlevebi xorcieldeboda, rogorc Teoriul (umetesad mat 

Teoriis gamoyenebiT), aseve eqsperimentaluri meTodebis 

safuZvelze. mat Teoriaze dayrdnobiT ramdenime Sroma iyo 

agreTve, gamoqveynebuli s. ostroverxis da e. lembergis 

(ukrainis hidrodinamikis instituti) mier [26]. aRniSnuli 

Teoriuli kvlevebi warmoebda agreTve saqarTvelos saxelmwifo 

agrarul universitetSi prof.  r. danelias da l. daTunaSvilis 

mier [27-30]. 

saqarTvelos energetikisa da energetikul nagebobaTa sa-

mecniero-kvleviT institutSi Catarebuli kvlevebis Sedegebi aR-

niSnul sakiTxze gamoyenebuli iyo mTeli rigi maRali kaSxlebis 

daproeqtebisas, yofil sabWoTa kavSiris sxvadasxva respubli-

kaSi: ruseTSi (saiano-SuSenis hesi), somxeTSi (getikis hesi), 

saqarTveloSi (Jinvalisa da xudonis hesebi), agreTve dagestanSi 

(miatlis da irganais hesebi) da sxv. [31 -36]. aRniSnuli Sedegebi 

danergili iyo agreTve yofil sabWoTa kavSirSi moqmed 

normatiul samSeneblo masalebSi, maT Soris “sakavSiro 

mSeneblobisa da normebis wesebSi” (“snip”-ebSi) [13-15, 37, 38]. 

pirveli gaangariSeba mw Teoriis safuZvelze ricxviTi 

(sasrul-sxvaobiani) meTodis gamoyenebiT im talRisa, romelic 

warmoiqmneba wyalsacavSi mewyeris dros, Catarebuli iyo prof. 

v. liatxerisa da prof. a. militeevis mier yofil sakavSiro 

“hidroproeqtis” samecniero-kvleviT centrSi [39]. maT mier 

Seswavlili iyo, agreTve sxva talRuri amocanebic [40-43] 

sasrul-sxvaobiTi meTodis safuZvelze. 

mw teoriis da ricxviTi meTodebis meSveobiT mewyeriT 

gamowveul talRebs ikvleven agreTve prof. h. melaZe, n. jRamaZe, 

s. Skolnikovi, d. stefaniSini da m. sladkeviCi [44-46] vigeli, 

koutitasi, roni da batleri (aSS-Si) [47-49] da sxv. 

zemoT citirebuli literaturuli masalis analizi saSua-

lebas gvaZlevs davaskvnaT Semdegi. ama Tu im wyalsatevSi (wyal-

sacavi, tba da sxv.) talRebis warmoqmna SeiZleba gamowveul 

iqnas, rogorc bunebrivi (stiqiuri) movlenebis (miwisZvra, mew-
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yeri, Rvarcofi, wyalmovardna da sxv.), aseve xelovnuri (maga-

liTad, afeTqeba) mizeziT. talRebis warmoqmnis, gavrcelebis, 

ferdobebidan (am kaSxlidan) arekvlisa da interferenciis pro-

cesebi mkveTrad gamoxatuli arastacionalurobiT ganirCevian. am 

talRebis Seswavlisadmi midgomebi ama Tu im (mat an mw) Teoriis 

gamoyenebis safuZvelze, damokidebulia pirvel rigSi, rogorc 

wyalsacavis formaze da mis siRrmeze, aseve gare zemoqmedebis 

intensivobaze. amasTan, aRniSnuli talRuri procesebi SeiZleba 

aRiweros: 

a) erTganzomilebiani siTxis moZraobis modeliT, mw 

arawrfivi Teoriis gamoyenebiT; 

b) organzomilebiani (vertikalur sibrtyeSi) moZraobis 

modeliT, wrfivi mat Teoriis gamoyenebiT an organzomilebiani 

(gegmaSi) moZraobis modeliT, mw Teoriis saSualebiT; 

g) samganzomilebiani (sivrciTi) moZraobis modeliT, mat 

Teoriis safuZvelze.  

mat Teoriis safuZvelze formulirebuli talRuri wrfivi 

sasazRvro amocanis amoxsnisas, wyalsatevis formis warmodgena 

Cveulebriv xdeba gamartivebuli (sqematizirebuli) saxiT 

(magaliTad, sworkuTxediT an sworkuTxa paralelepipediT – 

Sesabamisad brtyeli an sivrciTi amocanis ganxilvis dros). am 

SemTxvevaSi, aRniSnuli talRuri amocanis amoxsna bevr 

SemTxvevaSi SesaZlebelia analizuri meTodebis gamoyenebiT, ris 

Sedegad miiReba amonaxseni garkveuli analizuri gamosaxulebis 

(formulis) saxiT. Tumca, es amonaxseni sakmaod rTulia Tavisi 

formiT da ricxviTi monacemebis miReba xorcieldeba mxolod 

kompiuteruli programisa "Mathcad 14.0" daxmarebiT. 

mw Teoriis safuZvelze formulirebuli sasazRvro amocana 

aris arawrfivi: misi analizuri amoxsna umetes SemTxvevaSi 

SeuZlebelia. amitom, misi amoxsnis mizniT gamoiyeneba esa Tu is 

ricxviTi (sasrul-sxvaobiTi an sasrul elementebis) meTodi, 

romlis saSualebiT, mocemuli arawrfivi kerZo-warmoebulebiani 

diferencialuri gantolebis amoxsna daiyvaneba algebruli 
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gantolebebis sistemis amoxsnamde. aRniSnuli midgoma 

saSualebas iZleva bevr SemTxvevaSi, gaTvaliswinebuli iyos 

(garkveuli SezRudvebiT) wyalsatevis realuri forma 

(ganivkveTSic da gegmaSic). 

rogorc analizuri, aseve ricxviTi meTodebis safuZvelze 

miRebul amonaxsnebs gaaCnia Tavisi dadebiTi da uaryofiTi mxa-

reebi. saxeldobr, analizuri amonaxseni advilad gamosayenebe-

lia gaTvlebis ciklis Catarebisas, romlis Sedegad SesaZle-

belia dadgenil iqnas gansaxilveli procesis ZiriTadi kanon-

zomierebani; is agreTve aucilebelia testuri analizebis dros; 

iTvaliswinebs siCqaris vertikalur mdgenelis gavlenas talRis 

parametrebze da sxv., magram zust Sedegebs iZleva mxolod 

sqematizirebuli areebisaTvis. rac Seexeba ricxviT amonaxsens, 

misi miReba dakavSirebulia rig matematikur problemasTan 

(mdgradobis, krebadobis uzrunvelyofa, dagrovil cdomilebaTa 

Sefaseba da sxv.); misi gamoyenebis are Semofarglulia SedarebiT 

mcire siRrmeis wyalsatevebiT, amasTan erTad, is iTvaliswinebs 

gansaxilveli movlenis rig mniSvnelovan faqtors, rogoricaa 

wyalsatevis forma, talRis arawrfivoba, winaRobis Zalebi. 

wyalsatevis zedapirze gare Zalebis zemoqmedebis, kerZod ki 

mewyeris Sedegad generirebuli talRebis arawrfivobis xarisxi 

ganpirobebulia metwilad, mewyeris geometriuli da kinematikuri 

parametrebis sididiT (mewyeris moculobiT da misi siCqariT). 

saxeldobr, rac ufro didia Tavisi mniSvnelobiT es 

parametrebi, miT ufro mkveTrad gamoixateba talRis 

arawrfivobis xasiaTi. talRis arawrfiv efeqtis Sesaxeb 

miaxloebiTi Sefasebebi SeiZleba gakeTdes urselis parametris 

Ru sidideze dayrdnobiT [6]. aRniSnuli parametri tolia 

                        
3
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sadac 
λ
η

=fI ; λ - aris talRis sigrZe. 
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zemoT aRniSnuli ori ZiriTadi talRuri Teoriis gamoyenebis 

are pirvel miaxloebaSi, ase SeiZleba ganisazRvros: 

gamoiyeneba 

a) mat Teoria, rodesac Ru < 1; 

b) mat da mw Teoriebi, rodesac 1,0 < Ru < 500; 

g) mw Teoria, rodesac Ru ≥ 500. 

bevri avtoris mier, kerZod ki [50] naSromSi, aRiniSneba, rom 

aucilebelia Catardes specialuri gamokvlevebi aRniSnuli Teo-

riebis gamoyenebis ufro zusti sazRvrebis dadgenis mizniT, 

wyalsacavebSi mewyeriT warmoqmnili procesebis Seswavlis dros. 

rogorc zemoT oyo aRniSnuli, mat Teoriis safuZvelze 

miRebuli amocanebis amonaxsnebi SeiZleba gamoyenebuli iyos 

mxolod regularuli (swori) formis prizmatuli 

kalapotebisaTvis. sakiTxi imis Sesaxeb, Tu ramdenad misaRebia am 

amonaxsnebis gamoyeneba praqtikaSi, realuri saxis wyalsatevebis 

(wyalsacavebis) SemTxvevaSi, SeiZleba gadaWrili yofiliyo, 

mxolod kompleqsuri kvlevebis Sedegad, romlebic 

gulisxmobdnen Teoriul gaangariSebebis (mat da mw Teoriebis 

safuZvelze) da maTi Sedegebis Sedarebas Sesabamis 

eqsperimentalur monacemebTan. 

eqsperimentebi swori geometriuli formis RarebSi, 

Catarebuli iyo (ZiriTadad 70-ian wlebSi) r. vigelis da e. nodas 

[10, 11], a. xuberis [51], v. baroninis [52-55], T. gvelesianisa da g. 

jinjixaSvilis [56], s. iazikovis [57] da sxv. mier. 

a. xuberis mier Catarebuli eqsperimentebis mizani iyo im 

talRuri procesebis zogierT kanonzomierebaTa dadgena, 

romlebic aRiZvreba tbebSi didi masis qanebis Camoqcevis 

Sedegad. gamoyenebuli eqsperimentaluri sworkuTxa Raris 

zomebi iyo 30,4×0,5×0,5 m3. “mewyeruli” masalis CaSveba RarSi 

warmoebda specialuri damcavi sarqvelis gaRebis Sedegad. es 

masala Sedgeboda wvrili xreSisagan da misi moZraoba, rogorc 

avtori [51] aRniSnavs, ufro nakadis moZraobas hgavda, vidre 

kompaqturi kldovani qanis, myinvaris an zvavis moZraobas. 
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eqsperimentebSi icvleboda “mewyeruli” masis moculoba da 

Camonaqcevis siCqare, ganisazRvreboda warmoqmnili talRis 

fardobiTi sidide 
h
η
 da talRis fardobiTi sigrZe 

h
λ
 Raris 

sxvadasxva wertilSi 
h
x
 (Camonaqcevis adgilidan). kinogadaRe-

bebis saSualebiT ganisazRvreboda talRis forma, daxril 

bortze misi agorebis xasiaTi da sxv. 

1974-1975 ww. hidroteqnikisa da melioraciis yofil sakavSiro 

samecniero-kvleviT institutSi v.v. baroninis mier Catarebuli 

iyo eqsperimentebi brtyeli “mewyeruli” talRebis Seswavlis 

mizniT. eqsperimentebi Catarebuli iyo viwro hidravlikur RarSi, 

romlis sigrZe iyo 3 m, xolo sigane aRwevevda 0,5 m. Raris erT 

boloSi (bortis kveTSi) xdeboda paralelogramis formis yuTis 

wyalSi CaSveba (CaZirva), romelic qviSiT iyo Sevsebuli. es 

“mewyeruli tani” wyalSi iZireboda sxvadasxva siCqariT, rac misi 

woniT iyo ganpirobebuli. am tanis sisqe aiReboda D0 = 0,05; 0.101; 

0,202; 0,404 m toli. amasTan, wylis siRrme h RarSi aRwevda 0,202 m. 

RarSi aRZruli brtyeli talRebis registracia warmoebda 

kinofirze. garda amisa, wylis maqsimaluri ryevebis 

amplitudebis fiqsacia xdeboda Raris sxvadasxva kveTSi, 

carciani saxazavis meSveobiT. Raris meore boloSi ganlagebuli 

bortis (kedlis) simaRle iyo iseTi, rom masze umeteswilad, 

xdeboda warmoqmnili talRebis gadadineba, ris Sedegad maT 

arekvlas ZiriTadad, adgili ar hqonda. aRniSnuli 

eqsperimentebis Sedegad dadgenili iyo Semdegi: 

a) talRis gavrcelebis siCqare “mewyeruli keridan” (yuTis 

Camogdebis adgilidan) damokidebulia “mewyeris” moculobaze; 

b) kedlis (zRudis) Txemis sigane (romelzedac talRis 

gadadineba xdeboda) gavlenas axdenda talRis simaRleze, kerZod 

ufro didi siganis SemTxvevaSi, masTan misuli talRis simaRle 

ufro didi iyo, vidre ufro mcire siganis Txemis dros; 
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g) talRis Zalismieri zegavlena zRudeze iyo sakmaod 

mniSvnelovani. kerZod, im SemTxvevaSi, rodesac D0 = 0,101 m (e.i. 

5,0
h

D0 = ) eqsperimentaluri da prof. T. gvelesianisa da sxv. mier 

Catarebuli Teoriuli (mat Teoriis safuZvelze) gaTvlebis 

monacemebi kargad emTxvevian erTmaneTs [56]; rodesac D0 = 0,202 m, 

mw Teoriis safuZvelze miRebuli ricxviTi monacemebi ukeTesad 

emTxvevian eqsperimentebis Sedegebs, vidre analizur amonaxsenis 

saSualebiT miRebuli gaangariSebaTa monacemebi, rac 

metyvelebda imaze, rom am dros warmoqmnili talRebi 

arawrfivobiT xasiaTdebodnen; rodesac D0 = 0,404 m (e.i. 0,4
h

D0 = ) 

Teoriul gaangariSebaTa Sedegebi sagrZnoblad gansxvavdebian 

eqsperimentaluri monacemebisagan, vinaidan warmoqmnili talRebi 

xasiaTdebodnen mkveTrad gamoxatuli arawrfivobiT, garda amisa, 

am dros wylis moZraobis siCqaris vertikaluri mdgenelis 

sidide mniSvnelovani iyo. aRvniSnoT, rom am faqtorebs 

erToblivad ver iTvaliswinebs verc mat da verc mw Teoriis 

gamoyenebiT miRebuli amonaxsenebi. 

r. vigelisa da e. nodas mier Catarebuli iyo eqsperimentebi 

brtyel RarSi (sigrZe 32 m, siganiT 0,305 m), rodesac h = 0,2÷0,61 

m, xolo D0 – 0,075÷0,0305 m. am eqsperimentebis monacemebis 

Sedareba Teoriuli gaTvlebis SedegebTan [56] adasturebs zemoT 

aRniSnul daskvnebs. kerZod imas, rom rodesac 0,17,0
h

D0 ÷<  

Teoriuli gaTvlebi sakmarisad kargad aRweren talRur 

procesebs. 

1975-1976 w. saqarTvelos energetikis institutSi pirvelad iyo 

Catarebuli eqsperimentebi ganier (siganiT 2 m, sigrZiT 7,7 m) 

"samganzomilebiani" Raris pirobebSi [56, 71]. am SemTxvevaSi, 

“mewyeruli tanis” – CaSveba wyalSi (romlis siRrme icvleboda h 

= 0,08÷0,005 m farglebSi) xdeboda ara bortis, aramed gverdiTi 

kedlis (“ferdobis”) mxridan da talRebi vrceldebodnen, 
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rogorc gaswvrivi, ise ganivi mimarTulebiT anu adgili hqonda 

sivrciTi talRebis warmoqmnas. eqsperimentaluri da Teoriuli 

kvlevebis analizis Sedegad, prof. T. gvelesianis mier dadgenil 

iqna Sesabamisi kriteriumebi [38, 56]. Teoriul gaangariSebaTa 

sizustis xarisxis da maTi gamoyenebis aris dadgenis mizniT. 

zog SemTxvevaSi, saWiro xdeboda mewyeris Sedegad 

warmoqmnili talRuri procesebis SeswavlisaTvis 

ZviradRirebuli eqperimentaluri kvlevebis Catareba 

specialurad am miznebisaTvis Seqmnil fizikur modelze. es 

eqsperimentebi warmoebda realuri wyalsacavebis modelebze, 

romlebic uzrunvelyofili iyo specialuri mowyobilobebiT 

mewyeris mosalodneli kinematikuri procesis imitirebis mizniT. 

literaturidan cnobilia ramdenime aseTi eqsperimenti, 

romelTa Catarebis aucilebloba ganpirobebuli iyo arsebul an 

dasagegmarebel wyalsacavebis sanapiro ferdobebze kaSxlis 

maxloblad, aramdgradi potenciuri mewyeruli kerebis 

aqtivaciis mizezebiT da amis gamo Seqmnil saSiS pirobebiT. 

kerZod, aseTi eqsperimentebi Catarebuli iyo libis 

wyalsacavisaTvis (aSS, St. montana) kaSxlis simaRle Seadgenda 

127 m, xolo sigrZe Txemis gaswvriv, ki - 750 m; kaSxlis axlos 

(100-650 m-is daSorebiT) oTxi potenciuri mewyeruli kera 

arsebobda [56]. 

avstriaSi agebuli hepaCis wyalsacavisaTvis (misi sigrZea 

daaxloebiT 400 m, xolo kaSxlis simaRlea 115 m) modeluri 

eqsperimentis meSveobiT iklevdnen 5 mln.n3 moculobis mewyeris 

wyalSi Camozvavebis Sedegad warmoqmnil talRas da mis 

zemoqmedebas kaSxalze. mewyeri kaSxlidan daSorebuli iyo 

daaxloebiT 1 km manZilze. analogiuri saxis eqsperimentebi 

Catarebul iqna norvegiaSi ori tbis fizikur modelebze [56]. 

mniSvnelovania aRiniSnos, rom am realur wyalsatevebisaTvis 

Catarebuli eqsperimentebis Sedegebi bevr SemTxvevaSi, sakmarisi 

sizustiT iyo prognozirebuli T. gvelesianis da sxv. mier 

Teoriuli gaTvlebis saSualebiT [56]. 
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SeiZleba aRiniSnos agreTve zogierTi sxva midgomac mewyeriT 

gamowveuli talRebis sakiTxis Teoriuli Seswavlisadmi. ase 

magaliTad, prof. T. voiniC-sianoJenskisa da e.avalianis naSromSi 

[58] ganixileboda, moZraobis raodenobis Senaxvis kanonis 

safuZvelze, mewyeruli masis wyalSi SemosvliT gamowveuli 

efeqtis sawyisi stadia. kerZod, miRebuli iyo analizuri 

gamosaxuleba, romlis meSveobiT SeiZleba Sefasdes talRis 

maqsimaluri amplituda mewyeris wyalsacavSi uSualod Semosv-

lis adgilas (kveTSi). aRniSnuli formula ar iZleva saSualebas 

aRiweros talRis wyalsacavSi Semdgomi gavrcelebis procesi. 

praqtikulad analogiuri meTodiT warmoebda “mewyeruli 

talRis” mxolod maqsimaluri amplitudis (simaRlis) dadgena 

prof. a. miSuevis da sxv. naSromebSi [59, 60]. 

unda aRiniSnos [61] naSromic, romelic exeba specifikuri ti-

pis talRis e.w. boris Teoriul da eqsperimentalur Seswavlas. 

aRniSnuli talRa xasiaTdeba imiT, rom is Tavis formas 

praqtikulad ar icvlis gavrcelebis procesSi; aqvs cicabo 

fronti, xolo misi Txemi – brtyeli da gaSlilia. aseTi tipis 

talRa SeiZleba warmoiqmnas magaliTad kaSxlis uecari 

garRvevisas an sairigacio zolSi (an kvalSi) wylis miwodebis 

sawyis etapze da sxv. 

mTel rig naSromebSi Seswavlis sagans warmoadgenda talRis 

daxril sibrtyeze (ferdobze) migorviTi moZraobis procesi [62-

67]; am procesis Seswavla moicavs agreTve talRis msxvrevis 

aspeqtebsac. vinaidan hidrokvanZebis adgilobrivi masalisagan 

agebul kaSxlis sadawneo (zeda) ferdobis qanobebi Cveulebriv 

xasiaTdeba, rogorc Θ = ctgβ ≤ 5,0 (sadac β – kuTxea ferdosa da 

horizonts Soris), amitom eqsperimentaluri monacemebis 

Tanaxmad, grZeli talRebis kaSxlis zeda sadawneo ferdobze 

migorvis procesi warmoebs maTi msxvrevis gareSe. aRniSnul 

grZel talRebs SeiZleba mivakuTvnoT mewyeriT gamowveuli 

talRebi, romlebic SedarebiT didi sigrZiT xasiaTdebian, 

amitom winamdebare naSromSi talRebis msxvrevis sakiTxi ar 
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ganixileba. daumsxvrevadi mewyeruli talRebis daxril 

ferdobze moZraobis sakiTxs Seexeba, agreTve, T. gvelesianis, r. 

danelias da sxv. naSromi [68]. am naSromSi ganixileba brtyeli 

sasazRvro amocana, romelic Seexeba wyalsatevis an 

wyalsadinaris (wyalsacavi, arxi, mdinaris kalapoti) ganiv 

kveTSi talRuri ryevebis sakiTxs. es talRebi SeiZleba gamo-

wveuli iyos arastacionaruli nakadis (xarjis) gverdiTi Senaka-

didan SemodinebiT an wyalsatevSi erT-erT ferdobze mewyeris 

CamozvavebiT da sxv. 

gansaxilveli amocanis formulireba warmoebs cilindrul 

koordinatebSi (R,Θ), vinaidan wyalsacavis forma ganivkveTSi 

sqematizirebulia samkuTxedis an trapeciis saxiT. wyalsacavis 

erT-erT daxril ferdos mxridan (romlis kuTxe horizontTan 

Seadgens β) xdeba wylis Semodineba gansazRvruli t0 drois 

monakveTSi. amasTan Semodinebuli wylis moculoba Seadgens    

W = VSt0 (sadac V – Semodinebis siCqarea, S – ferdobis im 

nawilis simaRlea, romelzec adgili aqvs Semodinabas). mat 

TeoriaSi miRebuli daSvebebis gaTvaliswinebiT, aRniSnuli 

amocanis amoxsna daiyvaneba laplasis gantolebis amoxsnamde 

ϕ(R,Θ,t) – siCqaris potencialis mimarT, Sesabamisi sawyisi da 

sasazRvro pirobebis dacviT. amasTan, piroba Tavisufal 

zedapirze aiReba miaxloebiTi saxiT. 

miRebulia dasmuli amocanis amonaxseni, romlis saSualebiT 

gamoiTvleba hidrodinamikuri wnevebi ferdobebze. wylis 

siCqareTa epiurebi da wylis ryevebis amplitudebi Tavisufal 

zedapirze η(Θ,t), analizis Sedegad keTdeba daskvna, rom 

miRebuli amonaxsenis sizuste garantirebulia mxolod sakmaod 

cicabo ferdobebis dros (β ≥ 600). 

[69] naSromSi Catarebuli analizis Sedegad, naCvenebia, rom 

miRebuli amonaxsnis [68] saTanadod modifikaciis SemTxvevaSi, 

misi gamoyenebis areali farTovdeba, saxeldobr gaangariSebaTa 

Sedegebi swori iqneba maSinac, rodesac β ≥ 450.   
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[68, 69] naSromebSi moyvanili grafikuli masala saSualebas 

iZleva davaskvnaT rom: 

a) erTi da igive moculobis mewyeris SemTxvevaSi mopirdapire 

ferdobebze talRis migorvis simaRle mcirdeba β kuTxis Semci-

rebasTan erTad; rac ufro ganieria wyalsacavi (misi ganivkveTi), 

miT ufro naklebad mJRavndeba ferdobebis daxrilobis faqtori; 

b) wylis ryevaTa intensivoba samkuTxedovani formis 

wyalsacavis ganivkveTSi ufro maRalia, vidre imave farTobis 

sworkuTxovani formis ganivkveTSi; 

g) samkuTxovani da sworkuTxa wyalsacavebSi mewyeriT gene-

rirebuli talRebis periodebi (anu maTi sigrZeebi) sagrZnoblad 

gansxvavdebian erTi-meorisagan, iseve rogorc Sesabamisi tal-

Ruri profilebi. 

zemoTqmulidan gamomdinareobs is daskvna, rom kanionis tipis, 

maT Soris samelioracio wyalsacavebSi, romlebic xSirad 

xasiaTdebian SedarebiT mcire siganiT da cicabo ferdobebiT, 

mewyeriT warmoqmnili talRis mopirdapire ferdobze agorvis 

simaRlis gansazRvris mizniT, mizanSewonilia visargebloT [68, 

69] naSromebSi miRebuli amonaxseniT, romelic iTvaliswinebs 

sanapiro ferdobebis daxrilobas. gaangariSebaTa Sedegebi im 

amonaxsenis safuZvelze, romelic miRebulia sworkuTxovani 

formis ganivkveTisaTvis (an ferdobebis daxrilobis 

gauTvaliswineblad) unda iyos saTanadod koreqtirebuli, 

aRniSnul naSromebSi miRebuli Sedegebis gaTvaliswinebiT. 
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Tavi 2. wyalsacavebis sanapiro ferdobebze  
mewyeruli procesebis daxasiaTeba 

 
2.1. mewyerebis ZiriTadi niSnebi da maTi klasifikacia 

 
mewyerebi, romlebic mTis ferdobze warmoiqmnebian 

xasiaTdebian sxvadasxva niSniT, kerZod isini Sedgebian 

sxvadasxva masalisagan, gansxvavdebian erTmaneTisagan moZraobis 

meqanizmiT, maTi moZraobis gamowvevis mizezebiT da sxv. [70-73]. 

amJamad, arsebobs mewyeris sxvadasxva klasifikacia, qvemoT 

SevexebiT am klasifikaciebis zogierT mTavar aspeqts. 

erT-erTi mTavari niSani, romliTac SeiZleba gavarCioT 

sxvadasxva mewyeri esaa maTi Sedgenilobis xasiaTi [70]. zogi 

maTgani mTlianad kldovani masalisagan Sedgeba, sxvebi ki – 

mxolod niadaguri Sris masalisagan. aris agreTve mewyerebi, 

romelTa masala warmoadgens qvis, Tixisa da yinulis 

erTobliobas. aRniSnuli Tvisebis mixedviT SeiZleba gavarCioT 

mewyerebi, maTi Semadgeneli masalis mdgomareobis 

gaTvaliswinebiTac [70, 72]. 

saxeldobr, SeiZleba ganvasxvavoT mewyerebi, romlebic 

Sedgebian kldovani masalisagan (granitisagan, gneisisagan, 

qviSaqvisagan), magram TviT es masala SeiZleba iyos mtkice an 

bzarovani (napralovani), axali an gamofituli da a.S. 

meores mxriv, Tu mewyeruli masala warmoqmnilia qvis qanebisa 

da mineralebis natexebisagan, maSin Sesabamis mewyerebs SeiZleba 

ewodos niadaguri Sris mewyerebi. isini Sedgebian Zlier 

wvrilmarcvlovani masalisagan e.i. Tixisagan an SedarebiT ufro 

msxvilmarcvlovani masalisagan, rogoricaa qviSa, xreSi da sxv. 

mTeli es masala SeiZleba iyos mSrali an wyalnajeri, 

erTgagvarovani an Sre-fenovani. 

aRniSnuli klasifikacia TavisTavad, ar aris sakmarisi, 

vinaidan meqanizmi qviani an niadaguri masis moZraobisa ar 

SeiZleba daxasiaTdes mxolod mewyeris masalis aRweriT. 

damatebiTi kriteriumis saxiT, romelic ganasxvavebs mewyeris 

sxvadasxva tips, gvevlineba mewyeris siCqare. 
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mewyeris es maxasiaTebeli warmoadgens friad mniSvnelovans, 

Tu gaviTvaliswinebT mewyeris zemoqmedebis aspeqtebs 

mosaxleobaze da mSeneblobis obieqtebze. Zalian Znelia 

moinaxos saimedo dacvis saSualebebi swrafad moZravi da didi 

moculobis mqone mTis qanebis sawinaaRmdegod. mxedvelobaSi 

misaRebia is faqtoric, rom es movlena moulodnelad xdeba. 

marTlac, im dros, rodesac mewyeri moZraobs nela (Tveebis an 

wlebis ganmavlobaSi), is iSviaTad Tu iwvevs ubedur SemTxvevebs. 

am SemTxvevaSi SeiZleba advilad miRebuli iyos saTanado 

winaswari preventiuli zomebi. 

amrigad, mewyeruli movlenis ganviTarebis siCqare ganapi-

robebs am procesis prognozis SesaZleblobas, marTlac, mew-

yeris amocnoba xSirad ufro advilia im bzarebze (am napra-

lebze) dakvirvebebis Sedegad, romlebic warmoiqmnebian miwis 

zedapirze da mewyeruli movlenis uSualo mauwyeblobis rols 

TamaSoben [74, 75]. magram xSirad, aramdgrad ferdobebze (maT 

Soris wyalsacavis ferdobebze), es pirveladi bzarebi (napra-

lebi), SeiZleba warmoiqmnan ise swrafad an imdenad miuval adgi-

lebSi, rom maTi TvaliT SemCneva SeuZlebelia, ris Sedegad mTis 

qanobis didi masebis Camongrevas moulodneli xasiaTi aqvs [70]. 

mewyeris siCqare damokidebulia misi warmoqmnis meqanizmze, 

aseve Semadgeneli masalis Tvisebebze. kerZod, mTian regionebSi 

mewyerebi SeiZleba warmoiqmnan miwisZvrebis Sedegad. sakmaod 

cicabo reliefisas da ferdobebis aramdgradobis SemTxvevaSi, 

seismogenuri mewyerebi gansakuTrebiT xSiri movlenaa. ase 

magaliTad, cnobili san-fernandos miwisZvris dros (kalifornia, 

1971 w.), aRniSnuli iyo aTasze meti mewyeri da zvavi [70, 76]. 

meore mizezi, romelic xSirad ganapirobebs mTis qanebis Cqar 

gadanacvlebas, ferdobis Ziris gamorecxva mdinaris nakadiT an 

wyalsatevebSi (an zRvaSi) warmoqmnili talRebiT [77-79]. 

zog SemTxvevaSi, Cqari mewyerebi (an zvavebi) grZeldeba 

ramdenime wamis an wuTis ganmavlobaSi; saSualo siCqaris 

mewyerebi xdeba drois im monakveTSi, romelic wuTebiT an 
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saaTebiT ganizomeba; neli mewyerebis formireba da moZraoba 

xorcieldeba Cveulebriv, ramdenime dRis, xandaxan ki ramdenime 

wlis ganmavlobaSi. zemoaRniSnuli klasifikaciis SemTxvevaSi, 

mxedvelobaSi unda iyos miRebuli Semdegi faqtori: rodesac 

msxvili mewyeri viTardeba wuTebis an saaTebis ganmavlobaSi, 

magram misgan miyenebuli zaralisagan Tavis acileba, Znelia, 

maSin aseTi mewyeri klasificirebisas, unda ganekuTvnebodes 

Cqari mewyerebis rigs, miuxedavad imisa, rom am mewyeris siCqare 

absoluturi mniSvnelobis, SedarebiT mcirea. 

mewyeris mniSvnelovan maxasiaTebels, romelic 

dakavSirebulia mis siCqaresTan, warmoadgens is manZili, 

romelsac mewyeri gadis Tavis srul gaCerebamde. swored amas 

emyareba mewyeris klasifikaciis kidev erTi saSualeba [70]. 

bunebaSi momxdari movlenebi mowmobs imas, Tu ramdenad 

ganirCeva mewyerebi Tavisi gadaadgilebis sididis mixedviT, rac 

Tavis mxriv ganpirobebulia umTavresad, rogorc movlenis 

masStabiT da adgilis reliefiT, aseve mewyeris masaliTa da 

misi siCqariT [80, 81]. 

gansakuTrebiT did manZilze gadaadgilebiT xasiaTdebian 

mewyerebi im SemTxvevaSi, rodesac maTi Semadgeneli masala 

wyliT aris gajerebuli. mSral raionebSi, aseTi mewyerebis 

mizezi SeiZleba iyos Zlieri (kokispiruli) wvimebi. am dros 

adgili aqvs Txel niadagur SreSi wylis intensiur SeRwevas, 

ris Sedegad warmoiqmneba seluri nakadebi (Rvarcofebi), 

romlebic maRali mobilurobiT ganirCevian [39, 80-83]. 

wyalqveSa kanionebis amaRlebul nawilebSi dagrovilma 

(daleqilma) masalam SeiZleba warmoqmnas e.w. wyalqveSa mewyerebi. 

zog SemTxvevaSi, es mewyerebi imdenad swrafad moZraoben, rom 

Tan waitaceben garemomcveli wylis garkveul raodenobas, ris 

Sedegad mewyeruli masis simkvrive mcirdeba. Tu am process 

gaaCnia garkveuli xangrZlivoba, maSin mewyeri bolos da bolos 

gardaiqmneba siTxis nakadad, romelsac ufro didi simkvrive 
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gaaCnia, wyalTan SedarebiT. aseTi mRvrie (turbidituri) nakadebi 

warmoadgenen nivTierebis gadatanis mniSvnelovan meqanizms [70]. 

garkveulwilad, analogiuri gaTxevadebis procesi SeiZleba 

ganicados, agreTve, niadaguri fenis mewyerma, im SemTxvevaSi, Tu 

is didi siCqariT Sedis sanapiro ferdobidan wyalsacavSi da 

vrceldeba mis fskerze wyalqveS [76]. 

zog SemTxvevaSi, zedapiruli mewyerebis gadaadgilebis 

mniSvnelovani masStabi, analogiurad zemoaRniSnulisa, SeiZleba 

aixsnas imiT, rom Cqar mewyerul masebs gaaCniaT haerisa da 

wylis watacebis unari. amis Sedegad, mewyeruli procesi 

SeiZleba daxasiaTdes, rogorc nakadis moZraoba da ara rogorc 

myari masalis gadaadgileba. 

rodesac wyalgajerebuli mewyeri warmoqimneba cicabo mTis 

ferdobze, an xeobis dasawyisSi, sadac misi moZraobisas 

warmoqmnili winaRobis Zalebi mcirea, mewyerma SeiZleba gaiaros 

mniSvnelovani manZili, romelic kilometrebiT ganisazRvreba, im 

SemTxvevaSic ki, Tu misi masa sakmao raodenobis myar masalas 

Seicavs [70, 76]. 

rogorc wesi, mewyeruli movlenis SemTxvevaSi, ganarCeven im 

mewyerul masas, romelic uSualod moZraobs da mdgrad 

qvenafenas (an stabilur qanebis Sres), romelic ar monawileobs 

aRniSnul moZraobaSi. maT Soris ganlagebulia srialis 

(rRvevis) zedapiri. Tumca, im SemTxvevaSi, rodesac moZraoba 

atarebs Zlier blanti siTxis dinebis xasiaTs, maT Soris 

mkveTri gardamavali Sris dadgena Zneli xdeba. mewyeruli 

moZraobis aRniSnul pirvel saxes, srialiT moZraobas uwodeben, 

xolo meores – dinebas. 

qvemoT, moyvanilia mokle aRwera mewyerebisa, romlebic 

ZiriTadad ganirCevian Tavisi moZraobis saxiT. 

a) mewyeruli tani xasiaTdeba didi zomebiT (ferdobis 

gaswvrivi da ganivi mimarTulebiT) mis sisqesTan SedarebiT. am 

SemTxvevaSi, gamyofi zedapiri, romelzedac warmoebs mewyeris 

moZraoba, warmoadgens praqtikulad, swor zedapirs. rac Seexeba 
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TviT gadaadgilebis xasiaTs – esaa mewyeruli tanis gadataniTi 

moZraoba (sriali) ferdobis gaswvriv Tavisi formis 

Seucvlelad. 

im SemTxvevaSi, rodesac srialis zedapiri warmoadgens 

SedarebiT swor zedapirs, maSin moZraobaSi modis mxolod erTi 

bloki (konserventuli mewyeri) [70, 72-74]. 

sxva SemTxvevbSi, Tu srialis zedapiri arasworia, maSin 

moZravi mewyeruli masa iyofa ramdenime blokad. Cveulebriv, 

mewyerul keraSi rRveva iwyeba ferdobis ZirSi, magaliTad, 

garecxvis Sedegad: Sesabamisi qveda bloki kargavs mdgradobas 

da gadaadgildeba garkveuli manZiliT. es iwvevs stabilizaciis 

pirobebis darRvevas ferdobze ganlagebuli zeda blokebis 

mimarTac; kargaven ra sayrdens, es blokebi TanmimdevrobiT 

gadaadgildebian qveviT ferdobis gaswvriv. am process, 

regresul erozias uwodeben. is SeiZleba iyos, rogorc Cqari, 

aseve neli [70]. 

b) mewyeri Sedgeba erTgvarovani wvrilmarcvlovani 

gruntebisagan. am SemTxvevaSi srialis zedapirs, rogorc wesi 

aqvs miaxloebiT cilindruli an sferuli forma. amis gamo, 

mewyeruli masa Camongrevis dros ganicdis brunviT moZraobas, 

romelime brunvis centris mimarT [70, 72, 84]. 

g) niadagisa da Ziris (fuZe) qanebs gaaCniaT bzarebisa da 

napralebis rTuli sistema. am SemTxvevaSi, mewyeris dros 

SeiZleba warmoiqmnas srialis zedapiris seria, amasTan, 

subhorizontaluri bzarebi enacvleba im bzarebs, romlebsac 

cicabo daqaneba aqvT. am dros mewyeruli masis nawili ganicdis 

TiTqmis horizontaluri mimarTulebis moZraobas, xolo meore 

nawili eSveba qveviT, cicabo napralebis warmoqmniT [70]. 

d) mewyeruli masisa da ferdobis mdgrad qanebs Soris 

mkveTri gamyofi zedapiri ar aRiniSneba. am SemTxvevaSi, mewyeris 

gadaadgilebis suraTi emsgavseba mewyeruli masis dinebas, 

romelsac siTxis Tvisebebi gaaCnia. amasTan, am nakadSi aRiniSneba 
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siCqareebis TandaTan Semcireba misi zedapiridan siRrmisaken [73, 

74, 82, 85]. 

im SemTxvevaSi, rodesac aRniSnuli dineba Zlier mcire 

siCqareebiT xasiaTdeba, maSin am process ewodeba cocvadoba (an 

kripi). am process xSirad, adgili aqvs sxvadasxva ferdobze, 

Tumca misi gamovlena SesaZlebelia mxolod specialuri zusti 

gazomvebis Sedegad [71, 76]. 

e) cicabo ferdobze ganlagebulia napralovani (bzarovani) 

myife qanebi. am SemTxvevaSi, Camongrevis procesi warmoebs 

masalis vardnis da ara srialis gziT. xSirad, es axasiaTebs 

Zireul mTis qanebs, niadaguri Sris qanebisagan gansxvavebiT. 

aseT movlenas zvavs an Camoqcevas uwodeben [72, 73, 75]. 

qvemoT, cxril 1-Si warmodgenilia mewyeris klasifikaciis 

gamartivebuli sqema. 

 
mewyerebis klasifikacia 

cxrili 1 
 

dasaxeleba 
moZraobis 

saxe 

masalis 
daxasiaTeba 
(simtkice 
Zvraze) 

masalis 
saxe 

moZraobis 
daxasiaTeba 
siCqaris 
mixedviT 

zvavi vardna myife kldovani 
qanebi; 
yinuli; 
gamyare-
buli 

(dacemen-
tebuli) 
niadagebi 

Cqari 

brtyeli blokuri 
mewyeri; 

sriali aramdgradi kldovani 
qanebi; 

Cqari; 

"cilindruli" 
mewyeri; 

  niadagebi; 
Tovli 

saSualo 
siCqariT 

filis formis 
zvavi 

   nali 

qva-qviSovani 
nakadi; 

dineba mdgradi mTis 
qanebis 

Cqari; 
saSualo 

gruntis dineba;   natexebi; siCqariT; 
Rvarcofuli 
nakadi; 

  qviSa; 
lami; 

neli 

Svavi   Tixa; 
Tovli 
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2.2. mewyeruli qanebis meqanikis Taviseburebebi da mewyerebis 

warmoqmnis ZiriTadi mizezebi 
 

mewyeris warmoqmnis process rigi specifikuri meqanikuri 

mizezi gaaCnia, rac unda iyos gaTvaliswinebuli calkeuli 

movlenis Seswavlisas da Sesabamisi sagangebo (eqstremaluri) 

situaciis prognozirebis dros [75, 86]. erT-erT aseT mTavar 

pirobas, ferdobis arseboba warmoadgens. marTlac, imisaTvis 

rom warmoiqmnas mxebi daZabuloba, romelic ganapirobebs 

mewyeris moZraobas (srials), aucilebelia simZimis Zalis 

mdgenelis arseboba, romelic ferdobis zedapirisadmi 

tangencialurad iqneba mimarTuli. miwisZvris dros warmoqmnilma 

horizontalurma aCqarebam SeiZleba, agreTve, gamoiwvios 

zemoTaRniSnuli daZabuloba, rac mewyeris moZraobis 

dawyebisaTvis erTgvar biZgis rols asrulebs [71, 76]. 

mewyeri warmoiqmneba maSin, rodesac ferdobis gaswvriv 

mimarTuli simZimis Zalis mdgeneli, romelic moqmedebs fxvieri 

gruntis an kldovani qanis garkveul masaze, Tavisi sidiT meti 

xdeba mewyeruli masalis simtkiceze an mis winaRobaze qanis 

CamoxeTqvis (axleCis) mimarT. mdgradi mdgomareobidan mewyeris 

gadasvla srialiT moZraobaze ganpirobebulia Semdegi ori 

ZiriTadi mizeziT: 

- Zabvis gazrdiT, romelic moqmedebs ferdobze mdebare mTis 

qanebze; 

- qanebis winaRobis unaris SemcirebiT. 

amasTan, meqanikis ZiriTadi kanonis Tanaxmad, mewyeris 

moZraobis gamomwvevi Zabvis gazrda ganpirobebulia: 

- mewyeruli tanis masis gazrdiT, an (G = mg   simZimis Zala); 

- simZimis Zalis tangencialuri mdgenelis gazrdiT (Gτ). 

vinaidan, simZimis Zala ar icvleba, misi tangencialuri 

mdgenelis gazrda ganpirobebuli iqneba ferdobis daxrilobis 

(qanobis) gazrdiT, rac Tavis mxriv SeiZleba iyos eroziis an im 

faqtoris Sedegi, romelsac ferdobis Txemze damatebiT 
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raodenobis gruntis gaCena iwvevs (bunebrivi an xelovnuri 

mizezebis gamo). 

rac Seexeba mewyeruli qanis masis gazrdas, is SeiZleba 

ganpirobebuli iyos mis zedapirze monatexi masalis TandaTan 

daleqvis procesiT. amis garda, SeiZleba gaizardos mewyeruli 

masalis saimkvrivec (e.i. misi masac m = ρV), wvimis an wylis 

sxvadasxva wyaros zemoqmedebisas, rac garkveuli mewyeris 

Semadgeneli komponentebis gamorecxvis Sedegi SeiZleba gaxdes. 

meores mxriv, ferdobis Camoqcevas SeiZleba adgili hqondes 

tangencialuri Zalis cvlilebis gareSec, magram am SemTxvevaSi, 

cvlileba unda ganicados mewyeris qvesagebi masalis 

maxasiaTebelma. SeiZleba iTqvas, rom masala romelic warmoqmnis 

ferdobs, mdgrad mdgomareobaSi imyofeba imis gamo, rom mis 

qvesageb fenas gaaCnia garkveuli winaRoba CamoxeTqvis (axleCvis) 

mimarT. am winaRobis sidideze SeiZleba gavlena iqonios iseTma 

faqtorebma, rogoricaa niadagis gamofitva, qimiuri procesebi, 

fizikuri pirobebis cvlileba (magaliTad, wnevis gazrda mTis 

qanebis napralebsa da sicarieleebSi an niadaguri Sris 

forisebr masalaSi) da sxv. unda aRiniSnos, agreTve, isic rom 

winaRobis sidide Zvraze zogierTi gruntisaTvis, SeiZleba 

Semcirdes gamowveuli rxeviTi zemoqmedebis Sedegad. amgvarad, 

aseTi gruntebisaTvis damaxasiaTebelia is rom, maTi dinamikuri 

simtkice Zvraze ufro dabalia vidre statikuri [70]. 

aqve unda aRiniSnos, rom kaSxlis mSeneblobis Sedegad 

Setborili wyali asvelebs sanapiro ferdobebs. am dros, 

ferdos qveda nawili ganicdis wyliT gajerebis process, rac 

ganapirobebs masalis simtkicis Semcirebas [70, 87]. aseTive efeqts 

iwvevs ferdos fuZis garecxva wyalsacavSi warmoqmnili 

talRebis eroziuli zemoqmedebis wyalobiT [77-79]. xandaxan, 

sakmarisia ferdobidan mocilebuli iyos umniSvnelo raodenobis 

masala, rom aman gamoiwvios ferdobis didi ubnebis aramdgra-

doba. wyalsacavis arsebobis faqtori moqmedebs, agreTve, raionis 

hidrologiur reJimze (naleqebis raodenobaze, wylis 
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Camonadenze da sxv.), rac Tavis mxriv araxelsayrel pirobebs 

qmnis ferdobebis mdgradobis darRvevis TvalsazrisiT [88]. 

qvemoT, mokled SevexebiT sakiTxebs, romlebic 

dakavSirebulia fxvieri da kldovani qanebis simtkicesTan Zvris 

mimarT. rogorc zemoT iyo aRniSnuli, niadaguri Sris qanebi 

xasiaTdebian garkveuli Tavisufali sivrceebis arsebobiT, 

romlebsac forebi an sicarieleebi ewodebaT. rac Seexeba 

kldovan qanebs, maT Tavisufal sivrces bzarebi (an napralebi) 

Seadgens [89]. 

aRniSnuli forebi da bzarebi Sevsebulia gaziT (haeriT) an 

siTxiT (Cveulebrivi wyliT) an Seicaven erTad aRebul orive am 

komponents. amis gamo, forebi da bzarebi imyofebian 

hidrostatikuri wnevis qveS. am wnevas forovan (fluidalur) 

wnevas (PW) uwodeben [70]. 

Tu fxvieri an kldovani (bzarebiani) gruntis nimuSi 

moTavsebuli iqneba rezinis garsSi, romelic gare wnevis 

zemoqmedebis qveS aris da es wneva icvleba, maSin SeiZleba 

dadgenili iyos im cvlilebis gavlenis xarisxi forovan wnevaze 

gruntSi [70]. amasTan dakavSirebiT, sainteresoa ganxilul iqnas 

Semdegi sami SemTxveva: 

1. forebi an bzarebi qanis nimuSSi Seicaven gazs (haers), 

romelic kargi kumSvadobiT xasiaTdeba 

am SemTxvevaSi, gare wnevis zemoqmedebisas, adgili aqvs qanis 

moculobis cvlilebas. es ganpirobebulia imiT, rim kumSvadobis 

unari gazisa da qanis mkvriv nawils (karkasis an teqsturas) 

Soris, mniSvnelovmnad gansxvavdeba erTmaneTisagan. gare wnevis 

gazrda iwvevs imas, rom forebis moculoba mcirdeba, xolo 

qanis marcvlebi uaxlovdebian erTmaneTs, rac ganapirobebs qanis 

simtkicis zrdas. pirobiT es Semdegnairad SeiZleba iyos 

warmodgenili 

                                                  F + G = V 

                                                  ΔN→ ΔV = F +Δ G 

                                                 PF ≈ const 
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sadac V – qanis saerTo moculoba; 

G – gazis (haeris) moculobaa forebSi an bzarebSi; 

F – aris qanis myife Semadgenlis (karkasis) moculoba; 

ΔN – axasiaTebs gare moqmedi Zalis gazrdas; 

ΔV – qanis moculobis cvlilebaa N Zalis moqmedebis 

Sedegad; 

PF – aris wneva, romelsac ganicdis qanis karkasi, ΔN wnevis 

zemoqmedebisas (ganxilul SemTxvevaSi PF, praqtikulad ar 

icvleba); 

ΔG – gazis moculobis cvlilebaa (ΔN wnevis zemoqmedebisas). 

2. forebi an bzarebi niadaguri qanis nimuSSi, gajerebulia 

wyliT. 

am SemTxvevaSi, gare wnevis cvlileba iwvevs forebSi wylis 

wnevis cvlilebas. am cvlilebis xarisxi damokidebulia, Tavis 

mxriv, niadagis myari da Txevadi Semadgenlebis (komponentebis) 

fardobiT kumSvadobis unarze. 

a) niadaguri qanis SemTxvevaSi, vinaidan wyali ufro naklebad 

kumSvadia, niadagis myar masalasTan SedarebiT, amitom garedan 

modebuli hidrostatikuri wnevis zemoqmedebis Sedegad, moxdeba 

forovani wnevis (Pw) gazrda. vinaidan, wyali mcire kumSvadobiT 

xasiaTdeba, am dros niadagis nimuSis moculoba Seicvleba mcire 

sididiT. amgvarad, aRniSnul SemTxvevaSi, gare wnevis momateba ar 

axdens gavlenas qanis simtkicis gazrdaze. zemoaRniSnuli, 

SeiZleba gamoisaxos Semdegnairad: 

                                                  F + W = V 

                                                  ΔN→ ΔPw  ;  V ≈ const 

sadac W – wylis moculobaa qanis forebSi; 

ΔPw – forovani (wylis) wnevis gazrdaa, ΔN wnevis 

zemoqmedebisas. 

b) kldovani qanis SemTxvevaSi, rodesac bzarebis SedarebiT 

mcire moculobaa Sevsebuli wyliT, myari da Txieri 

Semadgenlebis kumSvadoba TiTqmis erTnairia. 
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amitom, gare hidrostatikuri wnevis gazrda iwvevs, rogorc 

qanis myari Semadgeneli masalis (karkasis) wnevis (PF), aseve 

siTxis forovani wnevis (PW) gazrdas. amasTan, qanis simtkicis 

gazrda ganpirobebulia mxolod qanis myari Semadgenlis Zabvis 

(wnevis) gazrdiT. 

zemoaRniSnuli ase Caiwereba 

                                                  F + W = V 

                                                  ΔN= ΔPw + ΔPF ;  V ≈ const 

sadac ΔPF Paris qanis myar Semadgenlebze (karkasze) mosuli 

wnevis gazrda, gare ΔN wnevis zemoqmedebisas. 

amgvarad, qanis simtkicis cvlileba damokidebulia im Zabvis 

sidideze, romelic modebulia mis myar Semadgenelze (anu Zabvis 

im wilze, romelic modis myar Semadgenelze). am Zabvas (an 

wnevas) efeqturi Zabva ewodeba. 

am daskvnebs adasturebs specialuri cdebi, romlebic 

mokled, qvemoT aris aRwerili. niadagis an qvis qanis nimuSs 

aTavseben yuTSi, romelic SuaSi orad aris gayofili da swored 

am horizantalur zedapirze xdeba gruntis masalis (zeda da 

qveda nawilebis) kontaqti; yuTze moqmedebs normaluri 

datvirTva N. yuTs gverdidan modebuli aqvs mxebi Zala T da 

mimarTulia horizontaluri mimarTulebiT (nax.2, a). 

mxebi Zala TandaTanobiT izrdeba kritikul mniSvnelobamde, 

rodesac qanis nimuSSi (sakontaqto zedapirze) iwyeba rRveva. am 

dros yuTis zeda da nawilebi iwyeben srials (erTmaneTis 

mimarT), Tumca T Zalis gazrdas adgili aRar aqvs. 

a) aRniSnuli cdebis Sedegebi aCveneben, rom mSrali 

(gauwyloebuli) niadaguri an kldovani qanis SemTxvevaSi, 

normaluri datvirTvis yovel N mniSvnelobas Seesabameba 

garkveuli mxebi Zala T, romelic iwvevs nimuSis rRvevas. am 

dros, mTeli N datvirTva modis imaze, rom qanis myari nawilis 

dawnexva moaxdinos, xolo mxebi Zala, romelic saWiroa 

rRvevisaTvis, N datvirTvis proporciuli xdeba T = Ntgϕ = NK 
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(sadac ϕ – aris masalis xaxunis kuTxe, K = tgϕ – xaxunis 

koeficienti). amis safuZvelze, Tu qanis rRvevis momentisaTvis N0 

datvirTvas Seesabameba tangencialuri datvirTva T0, gveqneba 

rom T0 = N0tgϕ (nax.2, b). Tu gaviTvaliswinebT zemoaRniSnuls, 

SeiZleba davaskvnaT, rom mSrali qanis SemTxvevaSi, N datvirTva 

iwvevs masalis simtkicis gazrdas da swored es datvirTvaa 

aucilebeli efeqturi Zabvis warmoqmnisaTvis. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

nax.2. a. eqsperimentaluri danadgaris sqema normaluri 
datvirvisa da T tangencialuri Zabvas Soris damokidebulebis 

gansazRvrisaTvis; 
b. T=f(N) damokidebulebis grafikebi; 

g. datvirTvasa da deformacias Soris damokidebulebis 
amsaxveli grafikebi qanis sxvadasxva masalis SemTxvevaSi 
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b) gansxvavebiT amisa, wyliT gajerebuli qanis SemTxvevaSi, 

mxebi Zala T, romelic iwvevs qanis rRvevas, aRar aris garedan 

modebuli N Zalis proporciuli. am dros is mxolod efeqturi 

Zabvis proporciulia. es niSnavs imas, rom Tu N0 datvirTva 

Seesabameba PF efeqtur Zabvas, datvirTvis Semdgomi mateba N0 +ΔN, 

aRar gamoiwvevs gruntSi efeqturi Zabvis (da Sesabamisad 

masalis simtkicis) zrdas. marTlac, Tu nimuSis gamocdisas, 

masze moqmedebs N0 + ΔN datvirTva, nimuSis rRvevas adgili eqneba 

ara T0 + ΔT mxebi Zabvis dros, aramed isev T0-is dros, e.i. 

datvirTvis gazrdisas (N0 >ΔN), rRvevis mxebi Zabva ar icvleba 

anu T0 = const (nax.2, b), rac Seexeba damatebiT ΔN datvirTvas, is 

forovani wnevis (Pw) gazrdaze modis. 

rogorc zemoaRniSnulidan Cans, niadagis an foriseburi 

qanebis deformaciuli da simtkicis maxasiaTeblebi, 

damokidebulia mxolod, efeqtur daZabulobaze. amas didi 

mniSvneloba aqvs gruntebisa da kldovani qanebis gamoyenebiTi 

meqanikis sakiTxebis kvlevisas. 

realur pirobebSi, qanebze moqmedi N datvirTva umTavresad 

simZimis Zalis saxiT gvevlineba, amitom es datvirTva drois 

ganmavlobaSi ucvleli rCeba. amave dros, arsebulma forovanma 

wnevam (Pw) qanebSi SeiZleba esa Tu is cvlileba ganicados. am 

SemTxvevaSi, Sesabamisad Seicvleba efeqturi Zabvac (PF) gruntis 

masebSi, vinaidan N – PW = PF. es Tavis mxriv gavlenas moaxdens 

qanis simtkicisa da misi deformaciuli xarisxis cvlilebaze. 

mxedvelobaSi misaRebia is garemoeba, rom forovani wnevis 

(Pw) cvlilebis SemCneva vizualurad Znelia, gansxvavebiT sruli 

datvirTvisagan. marTlac, gruntis SigniT SeiZleba xdebodes am 

wnevebis cvlileba, Tumca es gruntis gare saxeze srulebiT ar 

axdens raime gavlenas. amitom, aRniSnuli cvlilebebi SeiZleba 

gamovlenili iyos mxolod guldasmiT Seswavlisa da gazomvebis 

Sedegad [70]. 
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amgvarad, forovani wnevisa da masze damokidebuli efeqturi 

Zabvebis cvlileba SeiZleba gaxdes ferdobebze ganlagebuli 

bevri mewyeris warmoqmnis ZiriTadi mizezi. 

gruntis masalis kidev erT mniSvnelovan maxasiaTebels 

warmoadgens misi reaqcia gare zemoqmedebaze: “Zabva-deformacia” 

an “Zala-gadaadgileba”. amasTan, gasarCevia am reaqciis sami 

etapi; Sesabamisad es etapebi Seesabamebian drois intervals 

masalis rRvevamde, rRvevis process da mis Semdgom periods. 

eqsperimentebis monacemebi mowmoben imas, rom datvirTvasa da 

gadaadgilebas Soris damokidebulebis gamovlena sxvadasxva 

saxiT xdeba qanis masalis mixedviT. Sesabamisad, SeiZleba 

ganxiluli iyos Semdegi sami SemTxveva: 

a) kldovani qani: moqmedi gare datvirTva SedarebiT mcirea 

(rac Seesabameba miwis zedapirTan arsebul pirobebs). 

am SemTxvevaSi, deformacia qanSi TandaTan izrdeba 

daaxloebiT datvirTvis proporciulad, manam es datvirTva ar 

aRwevs garkveul maqsimalur sidides. am dros xdeba qanis 

nimuSis gaxleCa an uecari rRveva (A-mrudi, nax.2, g). am 

SemTxvevaSi, qanis masala xasiaTdeba, rogorc myife. 

b) mkvrivi qviSa, xreSi, Tixa (romelmac adre ganicada 

mniSvnelovani efeqturi datvirTva). 

am SemTxvevaSi, gadaadgileba (deformacia) qanSi TandaTan 

izrdeba daaxloebiT datvirTvis proporciulad da aRwevs 

garkveul maqsimalur mniSvnelobas, romelic ufro mcirea 

Sesabamis sididesTan (a SemTxvevasTan) SedarebiT. amis Semdeg 

datvirTvis sidide mcirdeba da aRwevs garkveul mudmiv zRvars, 

romlis dros xdeba qanis masalis yvelaze ufro intensiuri 

deformacia (ix. B-mrudi, nax. 2, g). 

g) fxvieri qviSa, xreSi, Tixa (romelmac ukve mxolod zomieri 

efeqturi datvirTva ganicada).  

am SemTxvevaSi, deformacia qanSi izrdeba datvirTvis 

matebasTan erTad, datvirTvis cvlilebis mruds (C-mrudi, nax.2,g) 

ar gaaCnia mkveTrad gamoxatuli maqsimumi (b. SemTxvevisgan 
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gansxvavebiT). aRniSnuli mrudi TandaTan uaxlovdeba im zRvars, 

rodesac adgili aqvs mkveTr deformacias, datvirTvis gazrdis 

gareSe (nax.2,g). 

meqanikis terminebis Sesabamisad A da B mrudebi Seesabamebian 

masalis aramdgrad Tvisebas, xolo C-mrudi – mdgrad Tvisebas. 

marTlac, am SemTxvevaSi, rodesac mTis ferdobze 

ganlagebulia mewyeruli masa, romelic Sedgeba fxvieri 

qviSisagan an rbili (zomieri sixistis) Tixisagan, am masis 

srialiT moZraoba viTardeba TandaTan, masze datvirTvis 

zrdasTan erTad (C-mrudi, nax.2, g). am SemTxvevaSi, deformacia ar 

amcirebs masalis simtkices Zvris mimarT. vinaidan mewyeris 

moZraobisas, moqmedi Zalis sidide mcirdeba. amitom, am dros, 

Zabvasa da deformacias Soris garkveul Tanafardobisas da 

mewyeris geometriuli formis cvlilebis Sedegad (mas Semdeg, 

rac is moZraobas iwyebs), SeiZleba moxdes mewyeris ferdobze 

gaCereba. amgvarad, aRniSnuli procesi mdgradia, vinaidan, 

datvirTvis umniSvnelo cvlileba iwvevs Sesabamis mcire 

gadaadgilebas.  

rodesac mewyeri Sedgeba masalisagan, romlis aramdgrad 

Tvisebebs axasiaTebs B-mrudi (nax.2, g), datvirTvis zrdis 

Sedegad masalis simtkice Zvraze mcirdeba. amasTan, masalis 

simtkice SeiZleba Semcirdes ufro Cqara vidre moqmedi 

datvirTva. amis Sedegad mewyeruli masis srialis procesi 

viTardeba progresulad; mewyeri iZens siCqares, romelic aZlevs 

mas saSualebas gadalaxos mniSvnelovani manZili. 

mesame SemTxvevaSi (A mrudi, nax. 2,g), garkveuli (maqsimaluri) 

datvirTvis dros, mewyeruli masa gaxleCas (rRvevas) ganicdis, 

ris Sedegad is gamoiyofa garemomcveli qanebisagan da iwyebs 

ferdobze srialiT an dagorebiT moZraobas. aRniSnuli tipis 

mewyerebsa da zvavebs axasiaTebT Cqari warmoqmnisa da 

xelSemwyobis reliefis pirobebSi, didi manZilebis gavlis 

Tviseba. aRniSnuli procesi aramdgradobiT xasiaTdeba. 
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2.3. mewyeruli movlenebi wyalsacavebisa  
da mdinareebis xeobebis ferdobebze 

 
qvemoT moyvanilia mokle cnobebi ramdenime tipiuri mewyeris 

Sesaxeb, romlebsac adgili hqondaT xeobebis an wyalsatevebis 

(tbebis, wyalsacavebis) ferdobebze. am mewyeruli movlenebis 

Tavisebureba mdgomareobda imaSi, rom isini Camozvavebis Sedegad 

mdinaris xeobebSi an wyalsatevebSi, Sesabamisad bunebrivi 

kaSxlebisa da wylis sagubrebis (anu axali tbebis) da maRali 

donis damangreveli wylis talRebis warmoqmnis mizezebi 

xdebodnen. qvemoT, aRwerilia agreTve, im mewyeris SemTxveva, 

romelic ganviTarda miwis kaSxlis zeda (dawneviT) ferdoze. 

yvela aRniSnul movlenas Tan axlda katastrofuli Sedegebi, 

rac ganpirobebuli iyo, rogorc mewyeris uSualo, aseve 

arapirdapiri zemoqmedebiT. mewyerebis aRniSnuli konkretuli 

SemTxvevebis ganxilva sainteresoa im mxriv, rom mocemuli 

naSromis Teoriuli kvlevis sakiTxebi dakavSirebulia bunebaSi 

momxdar am movlenebTan. 

1. 1911 w. pamiris mTebSi daba usois maxloblad, miwisZvris 

Sedegad warmoiqmna uzarmazari mewyeri (moculobiT 2,5 mlrd.m3) 

[70, 76]. mewyeri Sedgeboda Tixisa da damsxvreuli kldovani 

qanisagan. mewyerma mTlianad mospo aRniSnuli daba Tavisi 54 

mcxovrebiT da gadafara md. murgabi, ris Sedegad warmoiqmna 

didi tba. am tbaSi wylis done TandaTan matulobda, ramac male 

gamoiwvia meore daba sarezis mTliani datborva. axali sarezis 

tbis formireba dasrulda mas Semdeg, rac wyalma mewyerul 

masaSi gaWra axali kalapoti da tbaSi Semonadeni wyali 

gauTanabrda mdinaris Camonadens. mewyeriT warmoqmnili kaSxlis 

(dambis) simaRlem Seadgina 301 m, xolo maqsimalurma siRrmem 

tbaSi ki, – 284 m. rac Seexeba tbis sigrZes, man miaRwia 53 km-is. 

SedarebisaTvis, SeiZleba aRiniSnos, rom xelovnurad Seqmnili 

nurekis miwis kaSxlis simaRle (uzbekeTSi) Seadgens 310 m, xolo 

am kaSxlis moculoba aRwevs 58 mln.m3. 
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aRniSnul mewyers adgili hqonda myife Zireul qanebSi, 

romlebic ganlagebuli iyvnen mTis ferdobze aramdgrad 

mdgomareobaSi. swored seismuri rxevebi gaxda is mizezi, 

romelmac gamoiwvia mewyeruli masebis moZraoba. vinaidan, mewyeri 

warmoiqmna kldovan qanebSi, nakleb savaraudoa, rom am procesze 

forovan wnevis gavlenas hqonda raime mniSvneloba. miwisZvris 

simZlavre Sefasebuli iyo magnitudiT M = 7,6 (rixteris 

SkaliT), rac miakuTvnebs mas Zalian Zlieri miwisZvrebis rigs. 

2. pamiris mewyeris msgavsi movlenebi Tan sdevda bevr sxva 

miwisZvras, Tumca isini aseTi didi masStabiT ar xasiaTdebodnen. 

ase magaliTad, 1959 w. agvistoSi, St. montanaSi (aSS) momxdari 

miwisZvra aRwevda magnitudas 7,1 [70, 91]. am dros warmoqmnilma 

mewyerma (moculobiT 27 mln.m3) gadaxura mdinaris viwro xeobis 

(kanionis) ferdobebi sakmaod cicabo iyo, xolo mewyeris masa 

ZiriTadad, Zlier bzarovan masalisgan Sedgeboda. mewyerma 

daangria turistuli banaki, rasac 47 adamiani Seewira. mewyeris 

masis mdinareSi Camongrevis Sedegad Seiqmna bunebrivi kaSxali, 

xolo warmoqmnil sagubarSi wylis donem daiwyo swrafi mateba. 

aRniSnuli mewyeruli kaSxlis wylis mier garRvevis SemTxvevaSi 

warmoqmnili damangreveli talRa Seuqmnida saSiSroebas, 

rogorc mosaxleobas, aseve Senoba-nagebobebs, ganlagebuls md. 

medisonis qveda welSi. amitom, miRebuli iqna saswrafo zomebi, 

ris Sedegad sainJinro jarebis nawilebma gaTxares mewyerul 

kaSxalSi arxi Setborili wylis gasayvanad. amis Sedegad, 

SesaZlo katastrofa Tavidan iqna acilebuli. 

3. SveicariaSi, s. flinsis maxloblad, warmoqmnilma mewyerma 

gadaRoba md. reini da warmoqmna tba, romlis siRrme aRwevda 200 

m. amJamad es tba ar arsebobs, vinaidan mdinarem SeZlo TandaTan 

axali kalapotis gaWra. 

4. indoeTSi, delisgan Crdilo-aRmosavleTiT ganlagebul s. 

goxnas maxloblad, himalais erT-erT mTaze warmoqmnili mewyeri 

Sedgeboda dolomitebisagan. is Camozvavda md. birehingangas 

xeobaSi da am xeobis gadaxurvis Sedegad warmoqmna 300 m 

 59



uzarmazari simaRlis kaSxali, romelic siganeSi 3 km-s aRwevda. 

am kaSxlis ukan warmoiqmna tba, romelSic wylis donem TandaTan 

aweva daiwyo. qmediTi zomebis miReba, romelic mTlianad 

aaSorebda dasaxlebul obieqtebs zaralsa da xifaTs ver 

moxerxda. amitom, qalaqebidan da dabebidan, romlebsac 

saSiSroeba emuqreboda, mosaxleobis masobrivi evakuacia 

adamianTa msxverplis acilebis ZiriTadi saSualebas 

warmoadgenda. kaSxlis nawilobrivi garRvevis Sedegad 

warmoqmnili talRa mcxovreblebis mier mitovebuli saxlebis 

mTliani dangrevis mizezi gaxda [70].  

5. md. gro-ventris xeoba mdebareobs ganTqmuli ieloustounis 

nacionaluri parkis (aSS) samxreTiT [76]. 1925 w. 25 ivniss, Zlieri 

wvimebisa da Tovlis dnobis Sedegad, Sip-mauntinis maRlobidan 

xeobaSi Camozvavda kirqvis qanebis masa, sigrZiT (ferdobis 

gaswvriv) 1,5 km; misi simaRle aRwevda 60 m, xolo sigane – 600 m. 

am masam gadaRoba mdinare da Seqmna 70 m-iani simaRlis kaSxali. 

sainteresoa aRiniSnos, rom es uzarmazari moculobis mewyeri 

moZraobda ZiriTadad, rogorc erTi monoliTuri masivi (bloki), 

ise rom tyem, romelic faravda Sip-mauntinis maRlobs, mewyeris 

Sedegad gadainacvla praqtikulad ucvlelad, gro-ventris 

xeobaSi. 

mewyeriT mdinaris Setborvis Sedegad warmoqmna tba, 

romelmac wyliT datbora ramdenime ferma xeobis zeda nawilSi 

[76]. TiTqmis ori wlis ganmavlobaSi arsebobda balansi 

mdinareSi modinebuli da mewyerul masaSi gaJonili wylis 

xarjebs Soris. magram 1927 wels, gazafxulis wyalmovardnam 

daarRvia es balansi. daiwyo kaSxlis garecxva. qveda biefSi 

mcxovrebi mosaxleobis umetesobam moaswro Tavisi saxl-karis 

mitoveba. magram, kaSxlis garkveuli ubnidan (naRvarevidan) 

movardnilma talRam mTlianad dafara sofeli keli da 6 kacis 

daxrCobis mizezi gaxda. 

6. 1936 w. 13 seqtembers, Zlierma wvimebma norvegiaSi gamoiwvies 

mewyeri, romelic Seicavda kldovan (granitisa da gneisis) qanebs 
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[70]. am mewyerul masas, romelic mowyda cicabo mTis ferdobs 

marTalia, ar gamouwvevia uSualod raime ngreva, magram 

aRniSnuli mTis qani Camoingra loenis tbaSi da warmoqmna 

maRali talRa, romelmac Camorecxa tbis mopirdapire napirze 

ganlagebuli sofeli da gamoiwvia misi mosaxleobis umetesi 

nawilis daRupva. 

7.  analogiur, magram ufro didi masStabis movlenas adgili 

hqonda italiaSi (1963 w. oqtomberSi), vaiontis wyalsacavis 

ferdobidan uzarmazari mewyeruli masis (250 mln m3) uecari 

Camoqcevis Sedegad [92, 93]. es wyalsacavi Seqmnili iyo maRali 

(simaRliT 267 m) TaRovani kaSxlis agebis (1960-1962 ww.) Semdeg. 

aRniSnul Camoqcevamde SemCneuli iyo ferdobebze gruntis neli 

moZraoba, Tumca am movlenam ar misca biZgi specialist-

geologebs gaekeTebinaT procesis ganviTarebis swori da 

drouli prognozi. mewyeris masebis wyalsacavSi Camongrevam 

gamoiwvia uzarmazari (katastrofuli) talRa. am talRis energia 

imdenad didi iyo, rom man gadauara kaSxals (am dros wylis 

fenam 70 m miaRwia), gavrcelda uzarmazari siCqariT qveda biefSi 

da sul raRac 3-4 wuTSi waleka qalaqi lanJerone da ramdenime 

sofeli Tavisi mcxovreblebiT. talRa avarda agreTve, 

wyalsacavis mopirdapire ferdobze 250 m simaRlemde da aqac, 

sofel kasos nawili Camorecxa. 

8. 1971 w. miwisZvram san-fernandos xeobaSi (kalifornia) 

gamoiwvia didi raodenobis sxvadasxva zomis mewyeri, magram maT 

Soris yvelaze mniSvnelovani iyo is, romelic warmoiqmna san-

fernandos 60 m-ian kaSxlis zeda biefis ferdoze [70]. 

sabednierod am dros wyali wyalsacavSi idga sakmaod dabal 

doneze, ase rom nawilobrivad dangreuli kaSxlis mxridan ar 

moxda wyalsacavidan wylis nakadis gavrceleba qveda biefSi. 

amis miuxedavad, Seiqmna imdenad saSiSi pirobebi, rom qveda 

biefidan 80 aTasiani mosaxleobis evakuacia gaxda saWiro. 

rogorc avariis Semdeg Catarebulma analizma da kvlevebma 

aCvenes, kaSxlis miwayrilis zonaSi moxda masalis gaTxevadeba 
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da misi simtkicis dakargva, ris Sedegad kaSxlis ferdo 

Camoingra wyalSi. sainteresoa aRiniSnos, rom am masam 

wyalsacavis fskerze gadainacvla kaSxlidan TiTqmis 200 m 

manZilze. aRniSnulma miwisZvram wyalsacavis sanapiro 

ferdobebzec gamoiwvia ramdenime mewyeri, Tumca maTi gavlenis 

xarisxi SedarebiT mcire iyo. 

   

2.4. wyalsacavis sanapiro ferdobze blokuri mewyeris 

moZraobis saangariSo sqema 
 

ganvixiloT mewyeruli tanis brtyeli moZraoba (sriali) 

sanapiro ferdobis gaswvriv (nax.3). mewyerul tanze moqmedi 

Zalebi sxvadasxvaa imisda mixedviT, Tu sad imyofeba is Tavis 

moZraobisas ferdobze. A 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

nax. 3. blokuri tipis mewyeris sanapiro ferdobze 
moZraobis saangariSo sqema 
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amis Sesabamisad, ganixileba Semdegi SemTxvevebi: 

a) mewyeruli tani moZraobs ferdobis “mSral” monakveTze; am 

dros moqmedi Zalebia: 

– gravitaciuli Zala Fg = G = mg = ρWg = γW 

sadac m aris mewyeruli tanisa masa, ρ - misi simkvrivea; 

g – simZimis Zalis aCqareba g = 9,81 m/wm2; 

W – mewyeruli tanis mTliani moculoba; 

γ = ρg – mewyeruli qanis moculobiTi wona. 

- kulonis xaxunis Zala, romelic warmoiqmneba mewyeruli 

tanis Zirisa da ferdobis (srialis) zedapirs Soris 

                                              Ff = fFN 

sadac FN aris srialis zedapiris marTobulad moqmedi Zalebis 

tolqmedi; 

f – xaxunis koeficienti. 

b) mewyeruli tani iwyebs wyalSi Sesvlas (CaZirvas). am dros 

gravitaciuli da kulonis xaxunis Zalebis garda, moqmedeben 

agreTve 

– wylis winaRobis Zala (anu Subluri winaRobis) Zala 

    V
2

KF 0
HH

ρ
Ω= F 

sadac KN aris Subluri winaRobis koeficienti; 

Ω - “mideluri” kveTi, anu mewyeruli tanis ganivkveTis 

farTobi; 

ρ0 - wylis simkvrive; 

V – mewyeruli tanis moZraobis siCqare. 

– wylis amomgdebi (anu arqimedes) Zala 

    )x(gW)x(WF 00A ρ=γ=   

sadac γ0 – wylis moculobiTi wonaa γ0 = ρ0g; 

W(x) – mewyeruli tanis “dasvelebuli” moculobaa, 

romelic icvleba mewyeruli tanis wyalSi CaZirvis mixedviT; 

kerZod is tolia 
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⎨
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koordinatTa RerZis sawyisi wertilia O, romelic mewyeruli 

tanis wina a wertils (nax.3) emTxveva. 

mewyeruli tanis moZraobis Seswavlis mizniT SeiZleba 

gamoyenebul iqnas kinetikuri energiis Senaxvis kanoni, romelic 

ase Caiwereba 

                 HAfg

2

F)F(F)F(
2

mV
dx
d

−−−=⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
ττ              (2.1) 

sadac Ff = FNf = [(Fg)N – (FA)N]f; indeqsebi τ da N niSnavs imas, rom 

aiReba Sesabamisad Zalebis mdgenelebi sanapiro ferdos (x 

RerZis) gaswvriv da mis marTobulad (nax. 3). 

aRniSnuli Zalebis τ da N mdgenelebis mniSvnelobebi 

Semdegia 

(Fg)N = GN = Gcosα = mgcosα = ρWcosα   

(Fg)τ = Gτ = Gsinα = mgcosα = ρWsinα   

(FA)N = FA cosα = γ0W(x)cosα = ρ0gW(x)cosα   

(FA)τ = FA sinα = γ0W(x)sinα = ρ0gW(x)sinα   

sadac W(x) – mewyeris wyalSi CaZirvis moculobaTa 

maxasiaTebeli funqciaa. 

am gamosaxulebaTa gaTvaliswinebiT (2.1) gantoleba Caiwereba 

Semdegi saxiT 

=−α−α−−α=⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
HAA

2

FsinFcosf)FG(sinG
2

mV
dx
d

 

= mgsinα - mgfcosα + ρ0gW(x)gcosα - ρ0gW(x)sinα - FH                                     (2.2) 

anu 

+α−α=⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
)cosf(sinmg

2
mV

dx
d 2

ρ0g(f cosα - )sinα)W(x) - FH                        (2.3) 

sadac 

KK
0

H

2
0

H
0

HH BNN
m

K
2

mV
m

KV
2

KF =
ρ

Ω=
ρ

Ω=
ρ

Ω= F             (2.4) 
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m
KB 0

H
ρ

Ω=                                                 (2.5) 

Nk – mewyeruli tanis kinematikuri energiaa 
2

mVN
2

K = .       

 

naSromSi [94] miRebuli iyo (2.3) diferencialuri gantolebis 

amonaxseni im SemTxvevisaTvis, rodesac sanapiro ferdobze xdeba 

mewyeruli tanis simZimis centris moZraoba (anu W(x) funqciis 

cvlileba ar miiReboda mxedvelobaSi). 

wylis amomgdebi Zalis cvlileba mewyeruli tanis wyalSi 

CaZirvis dros gaiTvaliswineba [95] wignSi. aRvniSnoT, rom im 

SemTxvevaSi, rodesac sanapiro ferdobze moZraobs ara blokuri 

tipis mewyeri, aramed sakmaod Txieri gruntis masa gamoiyeneba 

e.w. "hidravlikuri" modeli [94, 96, 97-99].  
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Tavi 3. saangariSo damokidebulebebis miReba 
wyalsacavebSi mewyeriT warmoqmnili talRebis 

Seswavlis mizniT 
 

3.1. wyalsacavSi mewyeriT gamowveul talRur procesTan 

dakavSirebuli hidromeqanikuri amocanis formulirebis 
aspeqtebi 

 
rogorc zemoT iyo aRniSnuli, wyalsacavSi mewyeriT 

warmoqmnili talRis aRwera SesaZlebelia ganxorcieldes 

Sesabamisi hidrodinamikuri amocanis amoxsnis safuZvelze, 

rogorc analizuri gziT (mat teoriis gamoyenebiT), aseve mw 

Teoriaze dayrdnobiT (ricxviTi meTodebis saSualebiT). am 

amocanis analizuri amonaxsni saSualebas iZleva mis safuZvelze 

Catardes gaangariSebaTa farTo cikli. miRebuli monacemebis 

analizis Sedegad, SeiZleba dadgenil iqnas, rogorc 

gansaxilveli movlenis saangariSo parametrebis gavlenis 

xarisxi talRur procesze, aseve am procesis ZiriTadi 

damaxasiaTebeli niSnebi da kanonzomierebani. 

amocanis analizuri amonaxnisaTvis Cveulebriv, miiReba 

pirobebi, romlebic amartiveben gansaxilvel movlenas (ix. Tavi 

1). kerZod iTvleba, rom siTxe idealuria, talRur moZraobisas 

siTxeSi warmoqmnili fardobiTi siCqareebi, agreTve talRis 

amplitudebi siRrmesTan SedarebiT mcirea, xolo wyalsacavis 

are ganixileba martivi geometriuli formis saxiT. ase 

magaliTad, brtyeli amocanis ganxilvisas, am ares sworkuTxedis 

forma aqvs (nax. 4,a). garda amisa igulisxmeba, rom mewyeris 

wyalSi Camongrevis Sedegad, wyalsacavis pirvandeli 

konfiguracia ar icvleba, rac imas niSnavs, rom mewyeris sisqe 

mcirea wyalsacavis zomebTan (sigrZesTan an siganesTan) 

SedarebiT. movlenis gamartivebis mizniT igulisxmeba, agreTve 

isic, rom talRebis warmoqmnas wyalsacavSi ganapirobebs ara 

gansazRvruli moculobis mewyeruli masis ferdobidan uSualod 

Semosvla, aramed amave moculobis wylis masis Semodineba, 

garkveuli V horizontaluri siCqariT (nax. 4, b). 
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nax. 4. a) wyalsacavSi mewyeriT generirebuli  
talRebis gavrceleba; 

b) brtyeli mewyeruli talRebis warmoqmnis saangariSo sqema, 
sxvadasxva F(z) funqciis SemTxvevaSi; 

g) f(t) funqciis sxvadasxva saxe 
 

aRniSnuli talRuri amocanis ganxilvisas wyalsacavSi 

mewyeris masis Semodinebis (Semosvlis) V siCqare mocemulia 

sasazRvro pirobaSi, wyalsacavis “myar sazRvarze” (anu 

ferdobze an bortze) (ix. Tavi 1). zogadi saxiT, brtyeli 

sasazRvro amocanis formulirebisas es siCqare SeiZleba 
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warmodgenili iyos, rogorc vertikaluri z koordinatis, aseve  

t-cvladis funqcia (nax. 4, b). 

                                         V(z,t) = VF(z)f(t)                             (3.1) 

sadac V – siCqaris maxasiaTebeli sididea. 

kerZod, im SemTxvevaSi, Tu siCqaris epiura (siCqaris 

ganawileba vertikalis gaswvriv) anu F(z) funqcia aris 

warmodgenili samkuTxedis saxiT (nax. 4, b), maSin miiReba 

                                                  V = Vmax 

im SemTxvevaSi, rodesac siCqaris ganawileba vertikalis 

gaswvriv Tanabaria, maSin aRniSnul epiuras sworkuTxedis forma 

aqvs (nax. 4, b), amasTan miiReba, rom 

                       V = V0 

wyalsacavSi mewyeris Semodinebis siCqare SeiZleba mocemuli 

iyos bortis mTel simaRleze (romelic wyalsacavis h siRrmes 

Seesabameba) an mis nawilze anu h0 simaRleze (nax.4, b). 

zemoaRniSnulTan dakavSirebiT, Semodinebis siCqare 

sxvadasxva F(z) funqciisaTvis gamoisaxeba Semdegnairad: 

a) siCqaris epiuras samkuTxedis forma aqvs, 
0

max h
zV)z(F −=  

⎩
⎨
⎧

−=
=

=−==
0max0

maxmax h z,)t(fV
0z,0

)t(f
h
zV)t(f)z(FV)t,z(V

roca

 roca
    (3.2) 

b) siCqaris epiura sworkuTxa formisaa F(z) = V0 

                       V(z,t) = V0F(z)f(t),   roca 0 ≤ z ≤ -h0              (3.3) 

am gamosaxulebaSi kerZo SemTxvevaSi, SeiZleba miRebuli 

iyos, rom h0 = h. 

rac Seexeba f(t) funqcias, is axasiaTebs mewyeris mier 

wyalsacavidan wylis gamodevnis siCqaris cvlilebas garkveuli 

drois 0 ≤ t ≤ t0 monakveTSi. 

aRvniSnoT, rom f(t) funqcia SeiZleba aproqsimirebuli iyos 

sxvadasxva analizuri gamosaxulebis saxiT (nax. 5). vinaidan    t 

= t0 momenti Seesabameba mewyeris moZraobis (Semodinebis) da 

wylis gamodevnis procesis dasasruls, amitom am dros f(t) = 0. 
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aRniSnuli procesis sawyis fazaSi wylis gamodevnis siCqares 

axasiaTebs maqsimaluri mniSvneloba im SemTxvevaSi, rodesac 

mewyeri Semodis wyalSi maqsimaluri siCqariT. amas eqneba 

adgili, kerZod, maSin, rodesac mewyeri iwyebs moZraobas 

ferdobze garkveuli simaRlidan (aTvlis (wylis Tavisufal) 

zedapiridan). am SemTxvevaSi f(t) funqcia SeiZleba 

aproqsimirebuli iyos samkuTxedis an kosinusoidis monakveTis 

formiT (nax.5). 

maSin, rodesac potenciuri mewyeri nawilobriv an mTlianad 

aris dafaruli wyliT, misi siCqare moZraobis dawyebidan 

maqsimums aRwevs mxolod garkveuli drois Semdeg. amitom, 

analizurad, f(t) funqcia SeiZleba gamoisaxos, kerZod e.w. 

"zarxufis" formiT. 

ufro uxeS miaxloebaSi SeiZleba CaiTvalos, rom wylis 

gamodevnis siCqare mewyeris Sedegad, mTeli 0 ≤ t ≤ t0 drois 

ganmavlobaSi ucvlelia. 

zemoaRniSnul samive SemTxvevisaTvis, f(t) funqcias Semdegi 

saxe eqneba. 

1. aproqsimacia samkuTxedis saxiT (nax.4, nax.5). 

    
⎪
⎩

⎪
⎨

⎧

><
=
=

=−=

0

0
0 tt,0t,0

tt,0
0t,1

t
t1)t(f

roca

roca

roca

                      (3.4) 

2. aproqsimacia xdeba kosinusoidis saxiT (nax.5). 

    
⎪
⎩

⎪
⎨

⎧

><
=
=

=
π

=ω=

0

0
0 tt,0t,0

tt,0
0t,1

t
t2

costcos)t(f
roca

roca

roca

             (3.5) 

3. aproqsimacias aqvs "zarxufis" saxe (nax.4). 

⎪
⎪
⎩

⎪
⎪
⎨

⎧

><
=
=
=

=
π

−=

02

0

0

0

tt,0t,0
tt,0

2/tt,1
0t,0

)t
t
2cos1(

2
1)t(f

roca

roca

roca

roca

                  (3.6) 

4. funqcia inarCunebs mudmiv mniSvnelobas (nax.4, nax.5). 
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⎩
⎨
⎧

><
≤≤

=
0

0

tt,0 t,0
tt0,1

)t(f
roca

 roca
                                  (3.7) 

zemoT aRniSnuli faqtorebis gaTvaliswinebiT, wyalsacavidan 

mewyeriT gamodevnili wylis moculoba brtyeli amocanis 

SemTxvevaSi, ganisazRvreba ase 

                       (3.8) ττξξ−=τξτξ= ∫∫∫∫ d)(fd)(FVdd),(VW
0000 t

0

h

0

t

0

h

0

yvelaze martivi SemTxvevisaTvis, rodesac siCqaris epiura 

vertikaluri RerZis mimarT ucvlelia anu F(z)=1, (0 ≤ z ≤ -h0), 

xolo funqcia f(t) mudmivia, 0 ≤ t ≤ t0 drois monakveTSi, (3.8) 

gamosaxuleba Semdegi saxiT iqneba warmodgenili 

                                     (3.9) 000

t

0

h

0
0 thVddVW

00

−=τξ−= ∫∫

Tu miviRebT mxedvelobaSi imas, rom wylis nawilaki, mewyeris 

wyalSi Semosvlis procesis damTavrebis momentisaTvis (t = t0) 

gadaadgildeba D manZiliT, maSin es sidide toli iqneba D = V0t0. 

amis gaTvaliswinebiT, gamosaxuleba (3.9), ase iqneba warmodgenili 

                                             W = Dh0                           (3.10) 

analogiurad, Tu wylis gamodenis siCqaris epiura F(z) 

samkuTxedis formisaa, maSin (3.8) gantoleba, (3.2) gamosaxulebis 

gaTvaliswinebiT, ase Caiwereba 

       0m00m0

2
0

0

m
t

0

h

00

max hD
2
1thV

2
1t

2
h

h
Vdd

h
V

W
00

==⋅=τξξ= ∫∫         (3.11) 

sadac Dm = Vmh0. 

imisaTvis rom daculi iyos piroba: W = const (anu mewyeris 

moculoba zemo ganxiluli sxvadasxva F(z) funqciis SemTxvevaSi 

aris erTi da igive), saWiroa, Vmax sidide miviRoT Vmax = 2V0 

toli, rac (3.9) da (3.11) gamosaxulebaTa Sedarebis Sedegad 

dasturdeba. 

analogiurad, zogad SemTxvevaSi, sxvadasxva V(z,t) = VF(z)f(t) 

funqciisaTvis, zemoT aRniSnuli pirobis W = const 
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uzrunvelsayofad, unda SevarCioT siCqaris iseTi mniSvneloba   

V = k1k2V0, rom miviRoT 

                          (3.12) constthVd)(fd)(Fkk 000

t

0

h

0
21

00

=−=ττξξ ∫∫

sadac k1 da k2 koeficientebia, romelTa mniSvneloba 

uzrunvelyofs W = const pirobas. amasTan k1 mniSvneloba 

damokidebulia F(z) funqciis saxeze, xolo k2 mniSvneloba ki f(t) 

funqciis saxeze. 

zemoT ganxiluli sxvadasxva SemTxvevebisaTvis k1 da k2 

koeficientebis mniSvnelobebi iqneba Semdegi: 

a) k1 = 2, roca F(z) funqcia gamosaxulia (3.2) funqciis saxiT 

(epiura samkuTxedis formisaa);                          (3.13) 

b) k1 = 1, roca F(z) = 1, (epiura sworkuTxedis formisaa);  (3.14) 

1. k2 = 2, roca f(t) gamosaxulia (3.4) saxiT; 

2. k2 = 1,57 - (3.5) saxiT; 

3. k2 = 2   - (3.6) saxiT; 

4. k2 = 1   - (3.7) saxiT. 

aRvniSnoT, rom k2 koeficientebis mniSvnelobebi, (3.12)-is 

Tanaxmad, miRebuli iyo Cvens mier, Semdegi pirobidan: 

                 consttd)(f 0

t

0

0

==ττ∫

iseTi rTuli movlenis zusti prognozi, rogoricaa 

wyalsacavSi mewyeris mier talRebis generacia, mTel rig 

sirTulesTan aris dakavSirebuli. upirveles yovlisa, es Seexeba 

mewyeruli tanis wyalsacavSi Semosvlisa da wylis gamodevnis 

process, romlis Sesaxeb mxolod mwiri informacia moipoveba. 

amocanis analizuri amoxsnis dros, es movlena rogorc zemoT 

aRiniSna, gamartivebuli saxiT unda iyos warmodgenili. amave 

dros, misi ZiriTadi ganmsazRvreli niSnebi unda iyos 

SeZlebisdagvarad, koreqtulad gaTvaliswinebuli. 

vinaidan, aRniSnuli procesis erT-erT mTavar parametrad, 

wylis gamodevnis siCqare V(z,t) = VF(z)f(t) gvevlineba, amitom 
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praqtikuli TvalsazrisiT, didi mniSvneloba eniWeba F(z) da f(t) 

winaswar ucnobi funqciebis gavlenis gansazRvras wyalsacavSi 

warmoqmnil talRur precesis xasiaTze (talRis amplitudaze, 

mis peridoze da sxv.). 

am miznis ganxorcieleba SesaZlebelia Sesabamisi analizuri 

gamosaxulebis safuZvelze ricxviT gaangariSebaTa CatarebiT da 

miRebul gaangariSebaTa monacemebis gaanalizebis Sedegad, im 

SemTxvevaSi, rodesac F(z) da f(t) funqciebi sxvadasxva saxiT aris 

warmodgenili. aRniSnuli sakiTxis detaluri Seswavla 

gulisxmobs gansaxilvel procesze, analizur gamosaxulebaSi 

Semavali sxva parametris gavlenis xarisxis dadgenasac. 

qvemoT, saangariSo gamosaxulebebis miRebis mizniT, Cvens mier 

gamoyenebulia impulsuri talRebis Teoria, romelic 

damuSavebulia prof.  T. gvelesianis mier, kerZod Cven 

viyenebdiT brtyeli sasazRvro amocanis zogad amonaxsens, 

romelic miRebuli iyo [12] naSromSi, mat Teoriis gamoyenebis 

safuZvelze. 

am naSromSi ganxilulia brtyeli sqematizirebuli 

wyalsacavi mudmivi (gasaSualebuli) siRrmiT, romlis erT-erT 

bortis mxridan adgili aqvs mewyeruli masis Semosvlas V(z,t) 

siCqariT. mat teoriis winamZRvrebis Tanaxmad, talRuri amocanis 

amoxsna daiyvaneba siCqaris potencialis ϕ(z,x,t) funqciis 

moZebnamde meore xarisxis kerZo warmoebulebian diferencialur 

gantolebidan (laplasis gantolebidan) (ix. Tavi 1), romelsac 

gansaxilveli brtyeli amocanis SemTxvevaSi Semdegi saxe aqvs: 

                                                   0
zx 2

2

2

2

=
∂
ϕ∂

+
∂
ϕ∂

                     (3.16) 

vinaidan, rogorc cnobilia 

                        
x

u
∂
ϕ∂

= ,   
z

w
∂
∂

=
ϕ
                  (3.17) 

amitom, am amocanis sasaRvro pirobebi (ix. Tavi 1) zogadi 

saxiT Semdegnairad aris warmodgenili [12]. 
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                     )t,z(V
x 0z

=
∂
ϕ∂

=
,                      (3.18) 

                     0
x z

=
∂
ϕ∂

=l
,                          (3.19) 

                     ,0
z hz

=
∂
ϕ∂

−=
,                        (3.20) 

                     0
zg

1
t 0z2

2

=
∂
ϕ∂

+
∂
ϕ∂

=
,                    (3.21) 

sadac 

⎩
⎨
⎧

−<<<<
><

=
00

0

hz0,tt0 ),t(f)z(VF
ttt,0

)t,z(V
roca

da0 roca
 

sadac l – wyalsacavis sigrZea, h – misi siRrme.  

 

zemoT moyvanili sasazRvro amocana: (3.16), (3.18) – (3.21), 

SeiZleba formulirebuli iyos Semdegnairad: laplasis 

gantolebidan unda ganisazRvros siCqaris potenciali sqemati-

zirebul (sworkuTxa formis), wyliT Sevsebul arisaTvis (wyal-

sacavisaTvis), rodesac misi erT-erTi sazRvris (bortis) kveTSi 

(x=0), adgili aqvs garkveuli siCqariT wylis masis Semodinebas, 

fiqsirebul drois monakveTSi 0 ≤ t ≤ t0. mopirdapire bortis, 

kerZod, kaSxlis kveTSi (x = l) da wyalsacavis fskerze  (x = -h), 

sruldeba myar sazRvarze wylis SeuRwevadobis piroba, xolo 

Tavisufal zedapirze (z = 0) – koSi-lagranJis gantoleba (ix. 

Tavi 1).  

 

3.2. talRuri procesis ganmsazRvreli konkretuli  

saangariSo damokidebulebebis miReba 
 

[7, 12] naSromebSi miRebulia zemoT aRniSnuli sasazRvro 

amocanis amonaxseni, anu gansazRvrulia ϕ(z,t) funqcia laplasis 

integraluri gardaqmisa da furies sasruli kosinur 

gardaqmnebis meTodebis safuZvelze [7, 100, 101]. miRebuli ϕ 

funqciis saSualebiT ganisazRvreba wylis zedapirze 
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warmoqmnili talRuri profili η(x, t). es funqcia zogadi saxiT 

[12] naSromis mixedviT, Caiwereba ase 

             −τξτξ−=η ∫∫
−

dd),(V1)t,x(
0h

0

t

0l
 

         τξτ−γξ+τξ− ∫∫∑
−∞

=

dd)t(cos)h(cha),(V
hcha
xacos2

nn

h

0

t

0n

n

1n

0

l
     (3.22) 

sadac 
l
π

=
nan ;  n=1,2,3... 

                             hgthaa nnn =γ  

es gamosaxuleba imis gaTvaliswinebiT, rom V(z, t) = VF(z)f(t), 

Cvens mier warmodgenilia Semdegnairad: 

               −ξξττ−=η ∫∫
−

d)(Fd)(fV)t,x(
0h

0

t

0l
 

         ξξ+ξττ−γτ− ∫∫∑
−∞

=

d)h(cha)(Fd)t(cos)(fEV2
n

h

0

t

0
nn

1n

0

l
       (3.23) 

sadac 
hcha
xacosE

n

n
n =  

anu 

           −−=η )z(J)t(IV)t,x( 00l
)z(J)t(JEV2

nnn
1n

⋅∑
∞

=l
          (3.24) 

sadac                                             (3.25) ττ= ∫ d)(f)t(I
t

0
0

                                     (3.26) ττ−γτ= ∫ d)t(cos)(f)t(I n

t

0
n

                                              (3.27) ξξ= ∫
−

d)(F)t(J
0h

0
0

                                     (3.28) ξξ+ξ= ∫
−

d)h(cha)(F)t(J n

h

0
n

0

qvemoT, ganisazRvreba In da Jn (n ≥ 0) integralebis konkretuli 

mniSvnelobebi, romlebic f(t) da F(z) funqciebis sxvadasxva saxes 

Seesabamebian: 

ganvixiloT f(t) funqciis sxvadasxva SemTxveva: 
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1) f1(t) = 1; 2) t
t

sin)t(f
0

2 ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛ π
=  da 3) ⎥

⎦

⎤
⎢
⎣

⎡
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛ π
−= t

t
cos1

2
1)t(f

0
3 . 

amis Sesabamisad, (3.25) integralis amoxsnis Sedegad, 

“nulovani” I0 integralebisaTvis miiReba  

1)                                         (3.29) 
⎩
⎨
⎧

>
<<

=
)tt(,t

)tt0(,t
I

00

0
0

2) 
⎪
⎩

⎪
⎨

⎧

>ω−
ω

<<ω−
ω=

)tt(),tcos1(1

)tt0(),tcos1(1

I
00

0

0                               (3.30) 

3) 

⎪
⎪
⎩

⎪⎪
⎨

⎧

>ω
ω

−

<<ω
ω

−
=

)tt(),tsin1t(
2
1

)tt0(),tsin1t(
2
1

I
001

1
0

01
1

0                            (3.31) 

sadac 
0t
π

=ω ;  
0

1 t
2π

=ω . 

Sesabamisad “n-uri” – In integralebisaTvis, (3.26) 

gamosaxulebis Tanaxmad, gveqneba: 

1) 

⎪
⎪
⎩

⎪
⎪
⎨

⎧

>−γ
γ

γ
=ττ−γ

<<
γ
γ

=ττ−γ
=
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∫

)tt(),
2
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2
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sin2d)t(cos
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        (3.33) 
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rogorc zemoT iyo aRniSnuli, Cvens mier ganxilulia F(z) 

funqciis ori SemTxveva, rodesac 

a) 
0

max h
zV)z(F −=  

b) F(z) = V0 

F(z) funqciis am mniSnelobaTa gaTvaliswinebiT, (3.27) da (3.28) 

gamosaxulebebis integrirebis Sedegad miiReba: 

a) SemTxvevaSi 

2
hV

2
h

h
V

d
h

V
)z(J 0max

2
0

0

max
h

00

max
0

0

−−=ξξ−= ∫
−

             (3.35) 

               =ξξ+ξ−= ∫
−

d)h(cha
h

V
)z(J n

h

00

max
n

0

 

             [ ])hh(shaha)hh(chahcha
a
1

0n0n0nn2
n

−+−−=              (3.36) 

kerZo SemTxvevaSi, rodesac h0 = h anu wylis Semodinebis 

siCqare mocemulia mTeli ferdobis (bortis) simaRleze, es 

gantolebebi Sesabamisad aseT saxes miiReben 

                            
2

hV
)z(J max

0 =                         (3.37) 

                            )1hcha(
a
1J n2

n
n −=                     (3.38) 

b) SemTxvevaSi F(z) funqcia ar icvleba 

                               (3.39) 00

h

0
00 hVdVJ

0

−=ξ= ∫
−

       −=ξξ+= ∫
−

d)h(chaVJ n

h

0
0n

0

[ hsha)hh(sha
a
V

n0n
n

0 +− ]            (3.40) 

 

am gamosaxulebebidan, kerZo SemTxvevaSi, rodesac h0 = h, 

miviRebT 

                                   J0 = -V0h                        (3.41) 

                 hsha
a
V

J n
n

0
n −=                    (3.42) 

 77



zemoT ganxiluli SemTxvevebisaTvis, zogadi saxiT 

warmodgenili (3.22) gamosaxulebis gamoyenebis safuZvelze η(x,t) 

funqcia SeiZleba warmodgenili iyos kerZo saxiT. marTlac, im 

SemTxvevaSi, rodesac F(z) epiuras samkuTxedis forma aqvs, xolo 

f(t) funqcia mudmivia (Sesabamisad, 0 < z < -h0 da 0 < t < t0 

intervalebSi), (3.32), (3.39) da (3.40) gamosaxulebaTa 

gaTvaliswinebiT, wylis zedapirze mewyeriT warmoqmnili 

talRebis gaangariSeba SesaZlebelia Semdegi formulis 

saSualebiT 

n

n
2
n

n
n

N

1n

000 tsin
a
AE

V2
t

2
hV

)t,x(
x

γ
γ
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=ll

                           (3.43) 
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0000
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sadac 
hcha
xacosE

n

n
n = ;  An = chanh - chan(h0 - h) + anh0shan(h0 - h); 

hgthaa nn
2
n =γ ;  

l
π

=
nan ;  n=1,2,3,...  

Nx aris im n-is mniSvneloba, romelic uzrunvelyofs 

gaangariSebaTa Sedegebis sizustes.  

rogorc am gantolebidan Cans, yoveli mocemuli V0, h0, t0, l da 

h parametris mniSvnelobisaTvis SeiZleba gaangariSebuli iyos 

η(x,t) funqcia. amasTan, mocemuli t momentSi SeiZleba 

ganisazRvros talRis profili anu η (x) funqcia (nax. 6-7), xolo 

mocemuli (fiqsirebuli) x koordinatisaTvis – talRis 

amplitudis cvlileba droSi anu η (t) funqcia. 

wyalsacavis mocemul x wertilSi (magaliTad kaSxalTan, 

roca x = l) da romelime fiqsirebul drois momentisaTvis 

(magaliTad, rodesac kaSxalTan mosuli talRis amplituda 

aRwevs maqsimalur mniSvnelobas ηmax), (3.43) gantolebis mixedviT 

SeiZleba davaskvnaT, rom ηmax sidide warmoadgens Semdeg 

funqcias 

                  ηmax = f(V0, h0, t0, l, h)                                        (3.44) 
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nax. 6. talRuri procesebi sxvadasxva drois momentSi f(t) 
funqciis gaTvaliswinebiT 
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nax. 7. talRuri procesebi sxvadasxva drois momentSi f(t) 

funqciis gaTvaliswinebiT 
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mocemuli talRuri procesis Seswavlis gaadvilebis mizniT, 

mizanSewonilia, (3.43) saangariSo formulaSi Semavali 

parametrebi gamoisaxos uganzomilebo formiT, Semdegnairad 

              
gh

VV 0
0 =• ,  

h
gtt 00 =

• ,   
h
h

h 0
0 =
• , 

            
h
ll =• ,  

h
xx =• ,  

h
gtt =• ,  

h
η

=η•                (3.45) 

am SemTxvevaSi (3.44) gamosaxuleba Caiwereba Semdegi saxiT 

                                        (3.46) ),t,h,V(f* 000
••••=η lmax

rogorc zemoT aRiniSna wyalsacavSi Semosuli mewyeris masis 

sisqe xasiaTdeba D parametriT, romlis sidide D = V0t0. 

uganzomilebo saxiT, es parametri analogiurad Caiwereba, 

marTlac 

                 ••• ==== 00
0

0
0 tV

h
tV

h
gt

gh
V

h
DD                (3.47) 

am tolobis gaTvaliswinebiT, (3.46) funqcia kidev ufro 

gamartivdeba da SeiZleba warmodgenili iyos Semdegi saxiT 

                  ),t,h(f
D
*

001
•••

• =
η lmax                         (3.48) 

zemoaRniSnulTan dakavSirebiT, saZiebeli •

η
D
*max  sidide garda 

 da l* parametrebisa damokidebuli iqneba, agreTve F(z) da f(t) 

funqciebis saxeze. amave dros, unda aRiniSnos, rom talRa 

ganicdis cvlilebas wyalsacavis sigrZis (x-RerZis) mixedviT 

(icvleba forma, misi simaRle). yvela es faqtori saWiroebs 

detalur Seswavlas, rac xorcieldeba Semdeg TavSi. 

••
00 t,h
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Tavi 4. wyalsacavebSi generirebuli talRebis 
parametrebis prognozi 

 
4.1. mewyeriT gamowveuli talRis transformaciis  

ZiriTadi niSnebi. mewyeruli talRis sigrZis Sefaseba 
 

rogorc wina TavSi iyo aRniSnuli, wyalsacavSi generirebuli 

talRuri moZraoba warmoadgens rTul process, ara mxolod 

imitom, rom is damokidebulia mTel rig sawyis parametrebis 

sidideze, romlebic winaswar zustad cnobili ar aris, aramed 

imitomac, rom es procesi moicavs sxvadasxva fazis 

erTobliobas, rogoricaa talRis generacia, misi wyalsacavSi 

gavrceleba da transformacia, kaSxalTan zemoqmedeba da 

arekvla, agreTve talRebis Semdgomi interferencia da a.S. 

TiToeuli aRniSnuli faza specifikuri xasiaTiT ganirCeva. 

brtyeli talRuri amocanis zogadi analizuri amonaxsenis 

(3.22) safuZvelze Cvens mier miRebuli konkretuli saangariSo 

damokidebulebebi, rogoricaa magaliTad, (3.43) formula, 

saSualebas iZleva gaangariSebaTa ciklis Catarebis Sedegad 

aRiweros aRniSnuli procesi mTlianobaSi, yvela misi 

Semadgeneli fazis gaTvaliswinebiT. am mxriv analizur 

amonaxsenebs, maTi praqtikuli gamoyenebis TvalsazrisiT, udaod 

upiratesoba eniWeba, mw Teoriis safuZvelze, magaliTad, sasrul-

sxvaobiTi meTodis saSualebiT, miRebul amonaxsnebTan 

SedarebiT (ix. Tavi 1), romelTa gamoyeneba mravaljeradi 

gaangariSebebis Catarebis mizniT, xSirad garkveul sirTuleebs 

awydeba da araefeqturia. 

rogorc zemoT iyo naCvenebi, talRis amplitudaze gavlenas 

axdens, rogorc talRis warmomqmneli faqtorebi (mewyeruli 

masis wyalsacavSi Semodinebis pirobebi) aseve wyalsacavis 

zomebi. garda amisa, talRa ganicdis formisa da sigrZis 

cvlilebas. am niSnis mixedviT SeiZleba wyalsacavSi misi 

gavrcelebisas, gamoiyos iseTi zonebi, rogoricaa talRis 

generaciis, wyalsacavis Sua nawilSi gavrcelebisa da kaSxalTan 

zemoqmedebis (agorebis, arekvlis) zonebi. 
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wina TavSi moyvanili msjelobis gaTvaliswinebiT, zogadi 

saxiT 
*D
*η
 sidide warmoadgens Semdeg funqcias 

              =
η ••

*D
)t,x(* )]t(*f),z(*F,,t,h[f 001 l*••                 (4.1) 

qvemoT ganixileba (4.1) gamosaxulebaSi Semavali yvela 

parametris gavlenis xarisxi wyalsacavSi mewyeriT gamowveul 

talRur procesze. 

 rogorc Cveni cxovrebiseuli praqtika da intuicia 

gvkarnaxobs, aseve (3.43) formuliT gaangariSebis Sedegebi 

adastureben, talRa daswyisSi Tavis warmoqmnis (generaciis) 

adgilas anu ferdobis an bortis kveTSi (sadac xdeba mewyeruli 

masis Semodineba) maqsimalur sidideebs aRwevs, misi profili 

Seviwroebulia da ferdoebi SedarebiT didi daxrilobiT 

xasiaTdeba. am adgilidan wyalsacavSi gavrcelebisas, talRa 

TandaTan iSleba, xolo misi amplituda mcirdeba. kaSxalTan 

miaxloebisas ki, Tavs iCens arekvlis faqtori, ris gamo talRis 

profili isev viwrovdeba. kaSxalze talRis migorviTi moZraobis 

Sedegad, aq wylis done TandaTanobiT iwevs da aRwevs 

maqsimalur mniSvnelobas ηmaxd, ris Semdeg done mcirdeba, 

talRis kaSxlidan arekvlis gamo. amasTan dakavSirebiT 

aRvniSnavT, rom Tu talRa sakmarisad maRalia, misi kasxalTan 

zemoqmedebis Sedegad SeiZleba moxdes misi gadaRvra kaSxlis 

qimze, rac adgilobrivi masalisagan agebuli kaSxlebis 

SemTxvevaSi dauSvebelia, misi SesaZlo warecxvis gamo. 

am msjelobis damadasturebelia nax. 6-7 moyvanili 

gaangariSebaTa Sedegebi, romlebic asaxaven mewyeriT 

generirebuli talRis profils wyalsacavis sxvadasxva ubanze 

Sesabamis drois momentebSi (t = 1.5,...,53 wm). 

aRniSnuli gaangariSebebi Catarebuli iyo saangariSo 

parametrebis Semdegi mniSvnelobebisaTvis l = 500 m, h = 10 m, h0 = 

5 m. Sesabamisi uganzomilebo parametrebi tolia 
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             50
h
==• ll ,  1

h
h

h 0
0 ==• ,  *z*V)z(*F max−=  ; 

mewyeruli tanis maqsimaluri sigane iyo D = Vmaxt0 = 10 m toli. 

aviRoT, mewyeruli masis wyalsacavSi Semodinebis xangrZlivobis 

“uganzomilebo” parametri Semdegi oTxi sxvadasxva mniSvnelobis 

toli 

                5,2
h
gt*t 00 == ; 5,0; 7,5; 10 

am magaliTebisaTvis aRebuli uganzomilebo parametrebis l* 

da  sidideebi, SeiZleba Seesabamebodes kerZod, im 

ganzomilebian parametrebis (l, t0 da h) mniSvnelobebs, romlebic 

qvemoT moyvanil cxrilSi aris warmodgenili 

*t0

cxrili 2 

l* = 50 

g
h*tt 00 = , wm 

*t0   h, m l, m 

2,5 5,0 7,5 10,0 

 

 

g
h
 

10 500 2,5 5,0 7,6 10,1 1,01 

20 1000 3,6 7,2 10,7 14,3 1,43 

30 1500 4,4 8,8 13,1 17,5 1,75 

40 2000 5,1 10,1 15,2 20,2 2,02 

50 2500 5,7 11,3 17,0 22,6 2,26 

 

rogorc am cxrilidan Cans, l* = 50 mniSvneloba, romelic 

aiReboda gaangariSebisas, Seesabameba mcire wyalsavebis zomebs 

(roca h da l icvleba h = 10÷50 m da l = 500-2500 m farglebSi), 

rac damaxasiaTebelia, samelioracio daniSnulebis 

wyalsacavebisaTvis. 

rogorc Cvens mier agebuli grafikebi (talRis profilebi) 

gviCveneben, talRas maqsimaluri amplituda (ηmax) gaaCnia mewyeris 

kveTSi (x = 0) im SemTxvevaSi, rodesac mewyeris masis swrafi 
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Semodineba xdeba ( ≤ 2,5). am SemTxvevaSi, mopirdapire kveTSi – 

kaSxalTan talRis amplituda ηmaxd odnav naklebia ηmax sidideze. 

*t0

mewyeris Semodinebis procesis xangrZlivobis zrdasTan er-

Tad ( ≥2,5) (nax. 8-10), sawyis kveTSi (x = 0), talRis amplituda 

SedarebiT naklebi xdeba. samagierod, matulobs kaSxalTan 

wylis donis aweva da swored aq aRiniSneba talRis maqsimaluri 

amplituda (wyalsacavis sxva kveTebTan (kerZod, x = 0 kveTTan) 

SedarebiT (nax. 10), rodesac  = 10, talRis amplituda x = 0 

kveTSi TiTqmis 2-jer naklebia kaSxalTan talRis amplitudasTan 

ηmaxd SedarebiT. 

*t0

*t0

talRa gavrcelebisas wyalsacavSi (sawyis kveTidan (x = 0) 

kaSxlisaken (x = l), misi simaRle yvelaze ufro intensiurad 

mcirdeba, maSin rodesac  = 2,5. am parametris gazrdasTan 

erTad, talRis amplitudis Semcirebis (transformaciis) xarisxi 

mcirdeba da  = 10 dros, amplitudebis cvlileba talRis 

gavrcelebisas (kaSxalTan arekvlamde), TiTqmis ar aRiniSneba. am 

daskvnas adasturebs nax.11 da nax.12. 

*t0

*t0

rogorc zemoT aRiniSna, wyalsacavis Sua nawilis farglebSi 

talRis sigrZe izrdeba, misi ferdoebi (profilSi) ufro 

damreci xdeba. amasTan, talRis profilze gavlenas axdens  

parametris mniSvneloba. saxeldobr, SedarebiT swrafi mewyeris 

SemTxvevaSi (  = 2,5...5,0), talRis profilis damaxasiaTebeli 

niSania is, rom pirveli talRis Semdeg, mis kudSi, Cndeba 

mkveTrad gamoxatuli wylis donis ryevebi (ondulaciebi) (nax.  

6-9); t0 – parametris mniSvnelobis gazrdasTan erTad, es ryevebi 

mcirdeba da talRa “calmagi” talRis saxiT vrceldeba. 

*t0

*t0
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amitom, zogad SemTxvevaSi, zemoT aRniSnulTan dakavSirebiT, 

ar iqneba koreqtuli saubari mewyeruli talRis sigrZis an misi 

fazuri siCqaris Sesaxeb. amis miuxedavad, rogorc Cvens mier 

agebuli talRis profilebi adastureben, praqtikulad 

SesaZlebelia gamoyofil iqnas pirveli talRa, romlis profili 

mniSvnelovan cvlilebas ar ganicdis gavrcelebisas ox RerZis 

gaswvriv wyalsacavis Sua nawilis farglebSi, amitom am 

talRisaTvis SesaZlebelia dadgenil iqnas miaxloebiT, rogorc 

misi sigrZisa, aseve siCqaris gasaSualebuli mniSvnelobebi. 

gamoyenebuli Teoriuli midgomebis CarCoebSi SeuZlebelia 

miRebuli iyos analizuri gamosaxuleba mewyeriT generirebuli  

 

 

 

 

 

 

nax. 11. damokidebuleba ηmax/D sididisa da l* = l/h parametrs Soris 
sxvadasxva f(t) funqciis dros 
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zogad SemTxvevaSi, zemoT aRniSnulTan dakavSirebiT, ar 

iqneba koreqtuli saubari mewyeruli talRis sigrZis an misi 

fazuri siCqaris Sesaxeb. amis miuxedavad, rogorc Cvens mier 

agebuli talRis profilebi adastureben, praqtikulad 

SesaZlebelia gamoyofil iqnas pirveli talRa, romlis profili 

mniSvnelovan cvlilebas ar ganicdis gavrcelebisas ox RerZis 

gaswvriv wyalsacavis Sua nawilis farglebSi. amitom, am 

talRisaTvis (es aris pirveli talRis Txemi) SesaZlebelia 

dadgenil iqnas miaxloebiT, rogorc misi sigrZisa, aseve siCqaris 

gasaSualebuli mniSvnelobebi. 

gamoyenebuli Teoriuli midgomebis CarCoebSi SesaZlebelia 

miRebuli iyos analizuri gamosaxuleba mewyeriT generirebuli 

talRis sigrZis λc gansazRvris mizniT. amave dros, yovel 

konkretul SemTxvevaSi, am talRis sigrZe SeiZleba Sefasdes 

gazomvis Sedegad, uSualod grafikidan, romelic gamosaxavs 

talRis profils. 

aseTi grafikebi agebuli iyo [94] im SemTxvevisaTvis, rodesac 

l* = 50;  = 1; D = 10 m, xolo  = 2,5; 5,0; 7,5; 10. *h0 *t0

aRniSnuli pirveli talRis Txemis saSualo sigrZis λ 

gasaangariSeblad amave SromaSi miRebuli iyo Semdegi formula 

                         λ* = 10.5 + 0.5t0                              (4.6) 

Cvens mier gansazRvrul iqna aRniSnuli talRis sigrZeebi l* 

da t0* parametrebis cvlilebis farTo diapazonSi (ix. cxrili 3 

da nax.13). 
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4.2. talRis "fazuri" siCqaris Sefaseba 
 

sainteresoa aRiniSnos, rom nax. 8-9 (rodesac l* = 100 da      

t0* = 5) warmodgenili grafikebi saSualebas iZleva SevafasoT 

agreTve mewyeriT generirebuli talRis fazuri siCqare. Tumca 

unda gvaxsovdes zemoaRniSnulis Tanaxmad, rom mewyerul 

talRis siCqarisaTvis fazuri siCqaris terminis miniWeba 

pirobiTia. 

rogorc cnobilia [3, 98], grZeli talRebis fazuri siCqare 

gamoiTvleba formuliT; 

                             ghC =  

rac Seexeba naklebi sigrZis talRebs, isini moZraoben ufro 

mcire siCqariT [6, 100]. talRis fazuri siCqaris gansazRvra, Tu 

cnobilia talRis romelime wertilis (magaliTad Txemis) mier 

gavlili manZili (Δx) drois Δt ganmavlobaSi, martivad 

xorcieldeba 

                            
t
xC

Δ
Δ

=  

Cvens SemTxvevaSi, talRis fazuri siCqaris gamoangariSeba 

analogiurad warmoebs. ase, magaliTad, nax. 8-dan Cans, rom =10 

momentSi mewyeriT warmoqmnili talRis Txemi, romelic 

daSorebulia bortidan x* = 9, gadaadgilda x* = 28 kveTSi, anu 

Δx* = 19 manZilze,  drois monakveTSi (Cven 

aq, uganzomilebo sidideebs pirobiTad vuwodebT rogorc 

ganzomilebians). maSasadame, mewyeruli talRis Txemis 

gavrcelebis siCqare Cl toli iqneba 

*t1

201030ttt 12 =−=−=Δ •••

               C95.0gh95.0gh
20
19

h
g

t
ghx

C ===
Δ

Δ
= •

•

l    

exla vnaxoT, ra siCqariT gadadgildeba talRis Txemi x*=57 

kveTidan (nax. 9) x* = 76,5 kveTamde, anu Δx*=76,5 - 57 = 19,5 

manZilze. es xdeba Δt* = 20 drois monakveTSi. amgvarad, miiReba, 

rom 
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               CC975.0
20

5.19
h
g

t
ghx

C ≈==
Δ

Δ
= •

•

l   

amgvarad, SeiZleba gakeTdes Semdegi daskvna: mewyeriT 

generirebuli talRa faravs manZils (generaciis zonaSi x* = 

9...28) iseTi siCqariT, romelic 5%-iT naklebia grZeli talRis 

gavrcelebis siCqareze ( ghC = ). es niSnavs imas, rom mewyeruli 

talRis sigrZe am dros naklebia mkveTrad gamoxatuli talRis 

sigrZeze. gzis danarCen manZilze kaSxlisaken (x* = 57 ... 76,5), 

talRa vrceldeba 2.5% sizustiT grZeli talRis C siCqaresTan 

SedarebiT. 

 
 

4.3. mewyeris kinematikuri da wyalsacavis geometriuli 
parametrebis gavlena talRur procesze 

 
am miznis miRweva SesaZlebelia gaangariSebaTa CatarebiT me-3 

TavSi Cvens mier miRebuli analizuri damokidebulebebis 

safuZvelze, saangariSo parametrebis mniSvnelobaTa varirebis 

pirobebSi. amasTan, miRebuli monacemebis Sedarebis gziT 

SeiZleba dadgenil iqnas am parametrebis gavlenis xarisxi 

talRur procesze wyalsacavSi, kerZod ki kaSxalTan. am 

analizis gaadvilebis mizniT cxr. 4-Si moyvanilia sxvadasxva 

F(z) da f(t) funqciis mniSvneloba, romlebic axasiaTeben 

mewyeruli masis wyalsacavSi ferdobis (an bortis) mxridan 

Semodinebis (an Sesabamisi moculobis wylis gamodevnis) 

process. rogorc zemoT aRiniSna, h0 parametri axasiaTebs 

mewyeruli masis Semodinebis sisqes. misi sidide winaswar 

CvenTvis ucnobia. savaraudoa, rom mewyeruli masis SedarebiT 

mcire siCqariT Semodinebisas an roca mewyeri Tavisi moZraobis 

dawyebamde wyliT iyo dafaruli, maSin h0 sidide SedarebiT 

didia da SeiZleba aRebuli iyos wyalsacavis siRrmis toli (anu 

1
h
h

*h 0
0 == ). rodesac potenciuri mewyeri mdebareobs wylis 

donidan garkveul simaRleze an misi mxolod mcire nawilia 
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wyliT dafaruli, maSin mizanSewonilia am parametris aReba ise, 

rom . 1*h0 <

cxrili 4 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

am mizeziT iyo ganpirobebuli gaangariSebaTa Catareba [95], im 

SemTxvevisaTvis, rodesac 0,1*h0 ≤ . es angariSebi Catarebuli iyo 

formulebiT, romlebSic F(z) funqcia aiReboda A sqemis, xolo 

f(t) funqcia #3 grafikis mixedviT (ix. cxr. 4). am SemTxvevaSi, 

wyalsacavis fardobiTi sigrZe toli iyo l* = 20, xolo mewyeris 

wyalSi Semosvlis fardobiTi xangrZlivoba aiReboda 0,5*t0 =  

toli. imisaTvis, rom Sesrulebuli yofiliyo piroba, rom 

sxvadasxva mniSvnelobis  parametris dros, Semodinebuli 

mewyeruli masis moculoba cvlilebas ar ganicdis, aiReboda 

Sesabamisi D* mniSvnelobebi (ix. cxr. 5), rac gamoixateboda 

pirobidan, rom 

*h0
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                                    W = V0t0h0 = Dh0 = const 

vinaidan, gaangariSebis dros magaliTis saxiT aRebuli iyo   

h = 50 m, W = 500 m2 toli, anu 2,0*h*D*W 0 == , amitom   

                           
*h
2,0*D

0

=  

TiToeuli  mniSvnelobisaTvis (ix. cxr. 5) agebuli iyo [95] 

talRuri profilebi ori SemTxvevisaTvis, rodesac talRis 

Txemi imyofeboda daaxloebiT wyalsacavis SuaSi (t* = 13) da 

rodesac adgili hqonda wylis maqsimalur donis awevis 

kaSxalTan (t* = 24,2). 

*h0

cxrili 5 

*h0  1 0,8 0,5 0,4 0,3 0,2 

*h
2,0D

0

=  
0,2 0,25 0,4 0,5 0,667 1,0 

 

rogorc es grafikebi mowmobs,  parametrebis sidide 

garkveul gavlenas axdens warmoqmnili mewyeruli talRis 

simaRleze, amasTan, es gavlena izrdeba  parametris sididis 

SemcirebasTan erTad. kerZod, rodesac  icvleboda 0,4-0,5 

farglebSi, talRis amplituda izrdeba (  = 1,0 SemTxvevasTan 

SedarebiT) daaxloebiT 8-12%-iT. 

*h0

h *0

h0

*h0

*

amgvarad, Tu potenciuri mewyeri ar aris dafaruli wyliT da 

is garkveul simaRleze imyofeba wylis donidan, talRebis 

prognozirebis SemTxvevaSi gaTvlebi unda warmoebdes A sqemis 

Sesabamisad (cxr. 4) da  saangariSo parametris mniSvneloba 

aRebuli unda iyos 0,4...0,5 farglebSi. 

*h0

rac Seexeba F(z) funqciis gavlenas talRuri procesis 

intensivobaze, rogorc Cvens mier Catarebulma gaTvlebis 

monacemebma aCvenebs, im SemTxvevisaTvis, rodesac F(z) funqciis 

saxe aiReboda A da C sqemebis (cxr. 4) mixedviT, es funqcia 

umniSvnelod moqmedebda talRur procesis intensivobaze, amitom 
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gaangariSebaTa dros SesaZlebelia F(z) funqcia warmodgenili 

iyos A an C sqemebis saxiT. 

Cveni gaTvlebis Sedegebi adastureben, rom F(z) funqciisagan 

gansxvavebiT, f(t) funqciis gavlena talRebis amplitudaze, 

kerZod ki maqsimalur amplitudaze kaSxalTan (ηmaxd) sagrZnobia, 

rom SemTxvevaSi, rodesac mewyeruli procesi SedarebiT nela 

mimdinareobs ( =10). amas gviCveneben grafikebi, romlebic 

asaxaven funqcionalur damokidebulebas 

*t0

*)l(f
D
max =

η
 ori 

SemTxvevisaTvis, rodesac =2,5 da =10,0 (nax. 11). amasTan, f(t) 

funqcia aiReboda sami sxvadasxva #1, #2, #3 grafikebis saxiT 

(cxr. 4) da aRiniSneboda Sesabamisad, rogorc f1(t), f2(t) da f3(t) 

funqciebi. 

*t0 *t0

amrigad, wyalsacavebSi mewyeriT warmoqmnili talRebis 

maqsimaluri amplitudebis saimedod gaangariSebis mizniT, 

Sesabamis funqcionalur damokidebulebebSi, cxr. 4 

gaTvaliswinebiT, unda iyos aRebuli: 

- F(z) funqcia A (an C) sqemis mixedviT; 

- f(t) funqcia #3 an #4 grafikis mixedviT, Cqari mewyeruli 

procesebis dros (rodesac *t0 ≤ 2,5); 

- f(t) funqcia 1 an 4 grafikebis mixedviT SedarebiT neli 

mewyeruli procesebis dros (rodesac *t0 > 5,0); 

- *h0 =0,4 toli. 

 
 

4.4. hidrokvanZebis kaSxlebTan mewyeriT ganpirobebuli wylis 
doneebis maqsimaluri awevis prognozireba 

 
zemoT moyvanili Sedegebze dayrdnobiT, kaSxalTan talRebis 

maqsimaluri amplitudebis saimedo prognozirebis mizniT, am 

talRebis gaangariSeba unda vawarmooT Sesabamisi analizuri 

damokidebulebebis safuZvelze, romlebSic saTanadod iqneba 

gaTvaliswinebuli upirveles yovlisa, iseTi parametrebis roli 

rogoricaa h0* da f(t) funqcia. 
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wyalsacavSi, sawyis kveTSi (bortTan) Camongreuli mewyeruli 

masis moculoba brtyeli amocanis SemTxvevaSi W (siganis 1 m-ze) 

miaxloebiT SeiZleba Sefasdes ase 

                                         W  = hD. 

am SemTxvevaSi igulisxmeba, rom mewyeruli masa Tanabrad 

ganawilebulia wylis h siRrmeze da gaaCnia D sisqe. 

rogorc zemoT aRiniSna, W moculobis mewyeriT warmoqmnili 

talRuri procesi SeiZleba warmovidginoT generirebuli amave W 

moculobis wylis Semodinebis Sedegad. am SemTxvevaSi, D sidide 

ase SeiZleba gamoisaxos 

                                         D = V0t0                                (4.7) 

sadac V0 – mewyeruli masis (an wylis) Semodinebis siCqarea 

ferdobis (bortis) mTel siRrmeze. 

rodesac W moculobis mewyeris masis Semodinebas adgili 

aqvs ara wyalsacavis mTel siRrmeze, aramed mis nawilze, anu   

h0 < h simaRleze, maSin gveqneba 

                                                  W = hD = H0D1 

anu 

                                              W = hV0t0 = h0V0’t0                    (4.8) 

sadac V0’ – mewyeruli masis Semodinebis siCqarea bortis h0 

simaRleze. 

aqedan miiReba 

           
0

0
0

0

V
V

*h
h
h

′
== ,     

*h
V

h
hV

V
0

0

0

0
0 ==′   

            
*h

D
h
hDD

00
1 ==    e.i. 

*h
*D*D

0
1 =                      (4.9) 

es niSnavs imas, rom Tu magaliTad, h0 simaRle 4-jer aris 

naklebi wylis h siRrmesTan SedarebiT (anu h0* = 0,25), maSin 

amave sididiT unda gaizardos 0V′  da D1 parametri ( 4
25,0
1

*h
1

0

== ), 

raTa uzrunvelvyoT W = hD moculobis wylis (an mewyeruli 

masis) Semodineba. 
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wina paragrafSi aRniSnulTan dakavSirebiT, vinaidan talRuri 

procesis saimedod prognozirebis mizniT, saangariSo 

formulebSi  parametri saWiroa aRebuli iyos =0,4 toli, 

amitom Cvens mier xdeba 

*h0 *h0

1D
η

 sidideTa gaangariSeba. 

amave mizeziT, wina paragrafSi miRebuli Sedegebis Tanaxmad, 

rodesac t0* ≥ 5, f(t) funqcia mizanSewonilia, rom aRebuli iqnas 

#1 grafikis saxiT (cxr.4), vinaidan am SemTxvevaSi maqsimaluri 

talRebis gaangariSeba ufro saimedo iqneba (miiReba garkveuli 

maragiT). 

am SemTxvevaSi saangariSo formula, (3.24) – (3.28) 

gamosaxulebaTa gaTvaliswinebiT, Semdeg saxes iRebs 

    )t(I
a

]hsha)hh(sha[
E

V2
)t(I

hV
)t,x( n

n

n0n
n

N

1n

0
0

00 +−′
+

′
=η ∑

=ll
        (4.10) 

sadac 
hcha
xacosE

n

n
n = ;  

l
π

=
nan ; 

⎪
⎪
⎩

⎪⎪
⎨

⎧

≥ω
ω

−

<<ω
ω

−
=

001
1

0

01
1

0

tt),tsin1t(
2
1

tt0),tsin1t(
2
1

)t(I
roca

roca

 

⎪
⎪
⎩

⎪⎪
⎨

⎧

≥⎥⎦
⎤

⎢⎣
⎡ −γγω

ω
−

<<ωγ−γω
γ−ωγ

ω

=

0
0

n
0

n01
1

0

01nn12
n

2
1n

1

n

tt,)
2
t

t(cos
2
t

sin)tsin1t(
2
1

tt0),tsintsin(
)(2)t(I

roca

roca

 

0
1 t

2π
=ω ;   hgthaa nnn =γ  

Tu mxedvelobaSi miiReba (4.7) da (4.8) tolobebi, maSin (4.10) 

formula SeiZleba warmodgenili iyos aseTi saxiTac 

             )t(IA
t

tV2
)t(I

t
htV

)t,x( nn

N

1n0

00
0

0

000
x

∑
=

′
+

′
=η

ll
 

anu          )t(IA
t
2)t(I

t
h

D
)t,x(

nn

N

1n0
0

0

0

1

x

∑
=

+=
η

ll
                   (4.11) 

sadac ]hsha)hh(sha[
a
1EA n0n

n
nn +−=  (warmoadgens aRniSvnas). 
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rogorc zemoT iyo aRniSnuli, (4.11) gantolebaSi Semavali 

wevrebi SeiZleba gamoisaxos uganzomilebo formiT, rac 

mizanSewonilia sistemuri gaangariSebebis Catarebis dros. 

Cvens mier 
1D
η

 sididis gaangariSebaTa ciklSi saangariSo 

parametrebis varireba xorcieldeboda Semdeg farglebSi: 

7510
h

* ÷==
ll ;  0,105,2

h
gt*t 00 ÷==   xolo 

*h0  parametri aiReboda =0,4 toli. *h0

gaangariSebaTa monacemebis damuSavebis Sedegad Cvens mier 

miRebuli iyo Semdegi aproqsimaciuli formula 

rodesac 10 ≤ l* ≤40,   2,5 ≤ *h  ≤40, 0

           [ ]*t)001,005,0(*)008,070,0(5,0
D 0

1

•−−−=
η ll             (4.12) 

am formuliT 
1D
η

 sididis gaTvlis ramdenime magaliTis 

Sedegebi cxr. 6-Sia mocemuli; amasTan A = 0,70 – 0,08l* da B = 0,05 –  

- 0,001l* sidideTa mniSvnelobebi (sxvadsxva l* parametrebi-saTvis), 

warmodgenilia amave cxrilSi, (4.12) formuliT gaangariSebaTa 

Catarebis gadaadgilebis mizniT 

cxrili 6 

1D
η  

l* A B 

5,2*t0 =  0,5*t0 =  5,7*t0 =  

10 0,62 0,04 0,26 0,21 0,16 

20 0,54 0,03 0,232 0,195 0,157 

30 0,46 0,02 0,205 0,18 0,155 

40 0,38 0,01 0,177 0,165 0,152 
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ganvixiloT Semdegi m a g a l i T i . vTqvaT sairigacio 

daniSnulebis wyalsacavSi, romlis saSualo siRrmea h = 10 m, 

xolo siganea l = 100 m, erT-erTi ferdobis mxridan Semodis      

t0 = 5,0 wm-is ganmavlobaSi, fxvieri qanebisagan Semdgari 

SedarebiT mcire mewyeruli masa moculobiT W = 50 m2 (mewyeris 

siganis 1 m-ze). mewyeris siganea Bc = 100 m. am SemTxvevaSi misi 

mTliani moculoba toli iqneba WmT = WBc = 50⋅100 = 5000 m3 

aRvniSnoT, rom am SemTxvevaSi, mewyeris masam SeiZleba Seadginos 

daaxloebiT 9 000 ... 10 000 t. 

amocanis pirobis Tanaxmad, saWiroa ganisazRvros mewyeris 

mopirdapire ferdobze da kaSxalze mewyeruli talRis 

maqsimaluri agorvis awevis simaRle ηmaxs da ηmaxd Sesabamisad. 

mewyeridan kaSxlamde manZili Seadgens Ld = 300 m. 

jer ganisazRvreba (4.12) formulaSi Semavali uganzomilebo 

parametrebis mniSvnelobebi: 

10
10

100
h

* ===
ll ; 30

10
300*Ld == ; 9,499,05

10
81,95

h
gt*t 00 =⋅=⋅== ; 

*h0  parametri aiReba 0,4-is toli. 

(4.12) formulis mixedviT jer gamoviTvaloT saZiebeli 
1

smax

D
η

 

sidide (amasTan, gaangariSebaTa gaadvilebis mizniT, gamoviyenoT 

cxr. 6-is monacemebi). gveqneba 

              212,0424,05,0)9,404,062,0(5,0
D1

smax =⋅=⋅−=
η

 

vinaidan W = hD = 50 m2, amitom 5
10
50

h
WD ===  m, da (4.9) 

formulis Tanaxmad miiReba, rom 5,12
4,0

5
*h

DD
0

1 ===  m. maSasadame, 

ferdobze mewyeruli talRis maqsimaluri agorvis simaRle 

iqneba 

              65,25,12212,0D212,0 1smax =⋅=⋅=η   m 
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exla, (4.12) formuliT viangariSoT ηmaxd sidide anu talRis 

agorvis simaRle kaSxlis sadawneo ferdoze (rodesac Ld* = 30). 

vinaidan 

             186,0362,05,0)9,402,046,0(5,0
D1

smax =⋅=⋅−=
η

 

aqedan miiReba 3,25,12186,0D186,0 1smax =⋅=⋅=η  m. 

kaSxlis Txemis niSnulsa da wyalsacavSi saangariSo wylis 

dones Soris sxvaobis sidide Δk, romelic miiReba samSeneblo 

normebis Tanaxmad imisaTvis, rom kaSxalze talRebis 

gadadinebas ar hqondes adgili, Cveulebriv mcire sididis 

wyalsacavebis (maT Soris, sairigacio wyalsacavebis) 

SemTxvevaSi, miiReba Δk = 1,5-2,0 m farglebSi. 

aqedan gamomdinare, ganxilul magaliTSi, warmoqmnil 

mewyerul talRas, romlis maqsimaluri (agorvis) simaRle 

kaSxalTan Seadgens 2,3 m, SeuZlia gadaedinos kaSxlis Txems, 

rac samSeneblo normebiT dauSvebelia, adgilobrivi (maT Soris 

miwis) masalebisagan agebuli kaSxlebis SemTxvevaSi. 

amitom, amis sawinaaRmdegod, rogorc erT-erTi efeqturi 

RonisZieba, Casatarebelia specialuri miwis samuSaoebi. amasTan 

(4.12) formuliT gaangariSebaTa safuZvelze, unda dadgenili 

iyos potenciuri mewyeris im nawilis moculoba, romlis 

ferdobidan moSorebis da darCenili mewyeruli masis wyalSi 

Cavardnis SemTxvevaSi, wyalsacavSi warmoqmnili talRa ukve ver 

SeZlebs kaSxalze gadaRvras. 

saangariSo parametrebis varirebis ufro farTo diapazonSi, 

vidre (4.12) formulis SemTxvevaSi, Cvens mier Catarebuli 

gaangariSebis Sedegebi warmodgenili grafikuli formiT nax. 13-

ze. am SemTxvevaSi l* da t0* parametrebi icvlebian 30 ≤ l* ≤ 100 da  

1 ≤ t0* ≤ 15 farglebSi; 

funqcia f(t) aRebuli iyo (3.5) gamosaxulebis mixedviT, xolo 

h0* parametris mniSvneloba Seadgenda 0,5. D parametri (nax. 13) 
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rogorc zemoT iyo aRniSnuli, warmoadgens mewyeris moculobis 

gasaSualebul siganes wyalsacavis mTliani siRrmis mixedviT. 

vinaidan (4.12) formula miRebuli iyo im SemTxvevisaTvis, 

rodesac h0* = 0,4, amitom (4.9) aproqsimaciuli formulis 

mixedviT gvaqvs D25.1
h
1DD

0
1 =⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
= , anu 

                           
D25.0D1

η
=

η
 

Sesabamisad, formula (4.12) SeiZleba Caiweros aseTi saxiTac 

(ix. cxr.6) 

                         ( *btA625.0
D 0−= )η

                   (4.13) 

qvemoT warmodgenilia cxrili, sadac moyvanilia 
D
η
 

monacemebi, romlebic miebulia, rogorc (4.13) aproqsimaciuli 

formuliT, aseve nax.13-e naCvenebi grafikebis mixedviT (zusti 

kompiuteruli gaangariSebebis Sedegad) 

cxrili 7 

D
η
 

(4.12) aproqsimaciuli 
formuliT 

zusti gaangariSebiT (nax. 13) 

t0* = 2,5 

l* = 30 0,26 0,27 

l* = 40 0,22 0,23 

t0* = 5,0 

l* = 30 0,22 0,23 

l* = 40 0,21 0,21 

t0* = 7,5 

l* = 30 0,19 0,19 

l* = 40 0,19 0,18 
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am monacemebidan Cans, rom rodesac mewyeris Camozvaveba xdeba 

SedarebiT axlos kaSxlis kveTidan (
h
l
 = 30), maSin maqsimalurma 

donis awevam kaSxalTan, im SemTxvevaSi, Tu 
h
gt0 =2.5...7.5, SeiZleba 

Seadginos Sesabamisad η = 4,8...3,8 m (Tu magaliTad mewyeris 

saSualo sigane aRebulia 20 m toli). 
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Tavi 5. kaSxalze maRali mewyeruli talRis  
gadaRvris prognozireba 

 
5.1. kaSxalze maRali talRis gadaRvris parametrebi 

 
pirveli mewyeruli talRis profilebi im momentisaTvis, 

rodesac talRa uaxlovdeba kaSxlis kveTs (magram jer arekvlas 

ar ganicdis), SeiZleba warmodgenil iqnas naxevar-sinusoidis 

saxiT (nax. 14). 

nax.14-ze warmodgenilia η = f(t) funqcia kaSxlis kveTisaTvis. 

am naxazebze naCvenebia ori ZiriTadi saangariSo parametri, 

romlebsac Cven qvemoT gamoviyenebT. es parametrebia: 

d –manZili (maragi) wyalsacavSi normaluri Setborvis donesa 

da kaSxlis qimis niSnuls Soris (nax. 14–ze aRniSnulia, rogorc 

Δ), hp(t) = η(t) - d – talRis kaSxalze gadaRvris simaRle; η(t) – 

talRis droze damokidebuli amplitudaa, kerZo SemTxveveaSi 

misi kaSxalTan miaxloebisas, xolo ηm aris am dros talRis 

maqsimaluri amplituda. 

qvemoT SevexebiT sakiTxs, romelic ukavSirdeba mewyeruli 

talRis kaSxlis qimze gadaRvris prognozirebis sxvadasxva 

meTods, rac damokidebulia ZiriTadad, ηm da d sidideebis 

Tanafardobaze. 

rogorc zemoT aRniSnuli grafikuli masalidan Cans, 

mewyeruli talRis maqsimaluri amplituda ηm kaSxlis kveTidan 

moSorebiT, SeiZleba meti iyos d sidideze. am dros talRis 

gadaRvra kaSxalze SeiZleba moxdes ise, rom talRis forma 

mcire cvlilebas ganicdis [95]. sxva SemTxvevaSi, Tu ηm < d, mainc 

SeiZleba agreTve, adgili qondes gadaRvras, magram es moxdeba 

talRis kaSxalze agorebis Sedegad. talRis kaSxalze gadaRvris 

aRniSnuli sxvadasxva procesi ganapirobebs Sesabamis 

prognozirebis meTodebis damuSavebas [95]. 
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jer SevCerdeT hp(t) funqciis gansazRvraze. rogorc aRiniSna 

grafikebis aproqsimacia SesaZlebelia Semdegi saxiT 

                 t
t

sinh)t(hd)t(
p

max
pp

π
==−η                     (5.1) 

sadac  aris talRis kaSxalze gadaRvris Sris maqsimaluri 

simaRle; 

max
ph

         tp – gadaRvris procesis xangrZlivoba. 

Tu (5.1) Tanaxmad, cnobilia hp(t) funqcia, maSin SesaZlebelia 

ganisazRvros kaSxlis qimze (anu wyalgadasaSvebis zRurblze) 

t a l R i s  g a d a R v r i s  s i C q a r e  Semdegi formuliT [1] 

             t
t

singh2m)]t(h[g2m)t(V
p

max
ppv0

π
==              (5.2) 

sadac m aris xarjis koeficienti. 

davadginoT talRis mTliani sigrZis (λ) is nawili (λOV), 

romelic iqmneba d simaRleze gavlebuli horizontalis mier 

talRis "moWriT". am dros talRis sinusoidaluri profili abc 

ikveTeba a' da b' wertilebSi, xolo a'b' monakveTi swored 

saZiebel λOV sidides Seesabameba (nax. 15). pirobiTad, mas 

"gadaRvris talRis sigrZe" [95] ewodeba, rogorc aRniSnul 

naxazidan Cans, es sidide ganisazRvreba ase 

                                                 λOV = λ - 2r                         (5.3) 

sadac r aris monakveTis (nax.15) sigrZe, romelic winaswar 

cnobili ar aris da misi povna SeiZleba Semdegi gantolebidan 

                                             dsinm =
λ
π

η   

anu                    
1

m rsin
d

−

⎟
⎠
⎞

⎜
⎝
⎛

λ
π

=
η

                         (5.4) 

 

λ
r
 da 

d
mη  fardobiTi sidideebis urTierTgavlenis Sefasebis 

mizniT, qvemoT warmodgenil cxrilSi, moyvanilia (5.4) 

gantolebiT gansazRvruli am parametrebis mniSvnelobebi. 
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es monacemebi gviCveneben, rom rac naklebia 
d

mη  fardoba, miT 

metia 
λ
r
 mniSvneloba da miT naklebia gadaRvris talRis sigrZe 

(λOV); es naTlad Cans agreTve, nax. 15-dan. 

cxrili 8 

λ
r
 0,097 0,127 0,16 0,19 0,22 0,25 0,29 

d
mη  3,33 2,56 2,08 1,78 1,56 1,39 1,28 

 
 

 
 

nax. 15 
 

λ
r
 fardobis gansazRvris mizniT, (5.4) gantolebis magivrad 

ufro mosaxerxebelia T.gvelesianis mier damuSavebuli Semdegi 

saxis aproqsimaciuli formula [95] 

                                           
1.1

m

d75.2
1r −

⎟
⎠
⎞

⎜
⎝
⎛ η=

λ
                                                (5.5) 

am formuliT sargeblobis mizniT Cvens mier Catarebul iqna 

kompiuteruli gaTvlebis cikli im SemTxvevisaTvis, rodesac 

saangariSo parametrebis mniSvbelobebi icvleboda Semdeg 

farglebSi 

               1 ≤ t0* ≤15,      10 ≤ l* ≤ 100 

aRniSnuli gaangariSebebis Sedegebis mixedviT agebul iqna 

h
* λ
=λ  sididis t0* parametrisagan damokidebulebis grafikebi 
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sxvadasxva l* uganzomilebo sigrZis mniSvnelobebisaTvis (nax. 16). 

Sesabamisi monacemebi moyvanilia cxrilSi 3.   

aRvniSnoT, rom (5.5) formuliT Catarebuli gaTvlis Sedegebi 

TiTqmis zustad emTxveva (5.4) gamosaxulebis saSualebiT 

miRebul monacemebs (ix. cxr. 8). mas Semdeg, rac (5.5) da (5.3) 

formulebiT ganisazRvreba λOV sidide, talRis kaSxalze 

gadaRvris xangrZlivoba SesaZlebelia SevafasoT miaxloebiT 

Semdegnairad 

                                                
ghC

t OVOV
p

λ
=

λ
=                         (5.6) 

sadac C – grZeli talRis gavrcelebis siCqarea. 

amgvarad, zemoaRniSnulis Tanaxmad, ganisazRvreba is 

parametrebi, romlebic saWiroa mewyeruli talRis kaSxalze 

gadaRvris procesisa da misi Sedegebis SefasebisaTvis, im 

SemTxvevaSi, rodesac talRa imdenad didia, rom praqtikulad 

Tavis formis Seucvlelad gadaedineba kaSxalze. es parametrebia 

gadaRvris siCqare VOV(t), "gadaRvris talRis sigrZe" – λOV da 

gadaRvris xangrZlivoba – tp. 

exla, ganvsazRvroT gadaRvris saSualo siCqare, romelic 

gamoisaxeba ase [95] 

                                                max
OV

cor
OV V

K
1V =                        (5.7) 

sadac Kcor aris koeficienti, romelic aq ganxiluli 

SemTxvevisaTvis, rodesac V0(t) funqciis cvlileba emorCileba 

sinusoidalur kanons (ix. f. (5.1)) Seadgens Kcor = 1,57. 

max
OVV  – g a d a R v r i s  m a q s i m a l u r i  s i C q a r e , romelic 

(5.2) formulis mixedviT da imis gaTvaliswinebiT, rom 

42.1g2 =m , tolia 

                        max
p

max
OV h42,1V =                        (5.8) 
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am gamosaxulebis gaTvaliswinebiT, g a d a R v r i s  

s a S u a l o  s i C q a r e  (5.12) gamosaxulebis magivrad, 

ganisazRvreba Semdegnairad 

                         max
pOV h90,0V =                        (5.9) 

aRniSnuli siCqareebis mniSvnelobebis Sefasebis mizniT, 

qvemoT warmodgenil cxrilSi moyvanilia (5.8) da (5.9) 

formulebiT miRebuli monacemebi sxvadasxva  sididis 

(Sesabamisad gadaRvris talRis maqsimaluri simaRlis) 

SemTxvevaSi. 

max
ph

cxrili 9 

max
ph  1 1,5 2,0 2,5 3,0 3,5 
max
OVV  1,42 1,74 2,00 2,23 2,46 2,66 

OVV  0,90 1,10 1,27 1,42 1,56 1,68 

 
gadaRvris xvedriTi xarji ganisazRvreba ase 

                       OVOVOV VQ ω⋅=                         (5.10) 

sadac OVω  – aris gadaRvris Sris ganivkveTis saSualo farTobi 

(kaSxlis erT. sigrZeze) 

                  
57,1

h
K
h max

p

cor

max
p

OV ==ω  [m]                      (5.11) 

sabolood, g a d a R v r i s  x v e d r i T i  x a r j i  tolia 

             max
p

m
p

max
pmax

pOV hh57,0
57,1

h
h90,0Q ⋅== ,  [m2/wm]        (5.12) 

xolo g a d a R v r i s  m T l i a n i  x a r j i  Seadgens 

                      [m3/wm]                  (5.13) BQQ OV
B
OV ⋅=

sadac B aris kaSxlis qimis sigrZe. 

kaSxalze g a d a R v r i l i  w y l i s  xvedriTi moculoba, 

(romelic Seesabameba kaSxlis 1 m sigrZes), agreTve mTliani, 

gamoiTvleba Sesabamisad, ase 

                      WOV = QOV⋅tp [m2],     [m3]             (5.14) p
B
OV

B
OV tQW ⋅=
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gadaRvris parametrebis gansazRvris meTodikis gamoyenebis 

sailustraciod, qvemoT moyvanilia magaliTi [95] gamoyenebuli 

formulebis miTiTebiT. 

magaliTi. wyalsacavis fardobiTi sigrZea l* = 200 (h = 80 m,              

l = 16000 m), mewyeris wyalSi moZraobis xangrZlivoba Sefasebulia, 

rogorc t0 = 14,3 wm, anu 0.5
80
81,93,14

h
gtt 0

*
0 === . talRis 

maqsimaluri amplitudaa ηm = 5,12 m, kaSxlis qimis "maragi" 

Seadgens d = 2 m, kaSxlis sigrZe ki, B = 350 m tolia. qvemoT 

TanmimdevrobiT ganisazRvreba yvela saZebni parametris 

mniSvnelobebi: 

λ* = 32,2 + 0,15(5-1) = 32,8, 

aqedan miviRebT, rom λ = λ*h = 32,8⋅80 = 2624 m; 

parametri 127,0r
=

λ
, rodesac 56,2

2
12,5

d
m ==

η
 ix. cxr.8, f. (5.4), 

aqedan gvaqvs 2,3332624127,0rr =⋅=λ⋅⎥⎦
⎤

⎢⎣
⎡
λ

=  m, anu 2r = 666,4 m, 

amitom λOV = λ - 2r = 2624 – 666,4 = 1957,5 m.     f. (5.3); 

vinaidan 288081,9gh =⋅=  m/wm, amitom, 

miviRebT: wmwT 2,19,69
28

5,1957
gh

t OV
p ≈==

λ
= ,               f. (5.6); 

12,3212,5dh m
max
p =−=−η=  m, 99,1

57,1
12,3

57,1
hmax

p ===ω  m,        f. (5.11) 

5,2h42,1V max
p

max
OV ==   m/wm, 

59,1h9,0V max
pOV ==  m/wm,                                   f. (5.9);  

16,399,159,1VQ OVOVOV =⋅=ω⋅=  m3/wm,                  f. (5.10), (5.5) 

110635016,3BQQ OV
B
OV =⋅=⋅=  m3/wm,                        f. (5.13); 

88,2209,6916,3tQW pOVOV =⋅=⋅=  m2,                        f. (5.14); 

77309,691106tQW p
B
OV

B
OV =⋅=⋅= 9 m3.                         f. (5.14). 

aRvniSnoT, rom T. gvelesianis monografiaSi [95] 

warmodgenilia kerZod, mewyeriT gamowveuli talRis kaSxalze 
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gadaRvris meTodika im SemTxvevaSi, rodesac kaSxalTan misuli 

talRis simaRle ηm sagrZnoblad metia d sidideze (anu kaSxlis 

qimis SemaRlebaze saangariSo donesTan SedarebiT), magram am 

meTodis Tanaxmad tp sididis gansazRvrisaTvis gamoiyeneba (5.5) 

magivrad, ufro zusti formula.  

qvemoT ganixileba SemTxveva, rodesac ηm < d. rodesac talRis 

kaSxalze gadaRvras adgili eqneba maSin, rodesac talRa 

agordeba kaSxalze da am agorebis (donis awevis) sidide 

gadaaWarbebs d marags.      

 
5.2. talRis kaSxalze gadaRvris modelireba 

iteraciuli meTodis gamoyenebiT 
 
wyalsacavSi mewyeriT gamowveuli talRis kaSxalze 

gadaRvris procesis maTematikuri aRwera warmoebs T. 

gvelesianis mier miRebuli Sesabamisi sasazRvro amocanis 

amonaxsenis safuZvelze. Gamoyenebuli saangariSo sqemis mixedviT, 

wyalsacavis sawyis kveTSi (x=0) adgili aqvs mewyeruli masis 

Semodinebas V1 siCqariT, 0 < t < t0 drois ganmavlobaSi, xolo 

kaSxlis kveTSi (x = l) mis "gadinebas" VOV siCqariT S1 < t < S1 + tp 

drois intervalSi [95] ix. nax.17. 

talRuri zedapiris aRwera warmoebs Semdegi funqciis 

safuZvelze 

                                η(x,t) = η1(x,t) + η2(x,t)                          (5.15) 

sadac η1(x,t)  gamoisaxeba me-3 TavSi miRebuli formulis 

saSualebiT. 

η2(x,t) gamoisaxeba aRniSnuli formulis analogiurad, 

gansxvaveba iqneba is, rom Jn,1, t1,n )i( ′  da ψ0,2 sidideebs (im 

SemTxvevaSi, Tu gadaRvris parametrebis cvlileba aRniSnuli 

drois intervalSi Seesabameba sinusoidalur funqcias), Semdegi 

saxe aqvT 

     22,0 HJ ′−= , [ )Hh(shahsha
a
1J 2nn

n
2,n ′−−−= ],                 (5.16) 
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=ττ−γβτγ=′ ∫
+=

d)t(cossin])t(i[ n

tSS

S
nt2,n

p12

1

  

         [ ]21n11nn I)St(sinI)St(cos ⋅−γ+⋅−γγ= ,                  (5.17) 

(i 0,2)' = tp – S1, 

( ) ( )⎥
⎦

⎤
⎢
⎣

⎡
−+−−= 12p2

2
11p1

1
1 Spcostpcos

p
1Spcostpcos

p
1

2
1I ,  

( ) ( ⎥
⎦

⎤
⎢
⎣

⎡
−−−−= 1101

1
1202

2
2 Spsintpsin

p
1Spsintpsin

p
1

2
1I ) ,             (5.18) 

p1 = β + γn,    p2 = β - γn,     
pt
π

=β ,  
l

max
OVn

2,0
V2)1(−=ψ . 

S1 – drois is momentia, rodesac iwyeba kaSxlis kveTSi wylis 

gadineba VOV siCqariT. 

2H′  warmoadgens talRis kaSxalze gadaRvris Sris saSualo 

simaRles, anu 
57,1

h
H

max
p

2 = . 

gadaRvris parametrebis mniSvnelobebis cvlileba S1 < t < S1 + tp 

drois ganmavlobaSi SeiZleba ar Seesabamebodes sakmarisad 

kargad sinusoidalur funqcias (magaliTad, Tu mewyeri vardeba 

wyalSi didi siCqariT kaSxlis kveTTan axlos). maSin (5.17) 

integralis magivrad, viRebT im integralebis jams, romlebSic 

integrireba xdeba mcire drois intervalebSi 
N
t

t p=Δ  (sadac, N 

aris garkveulli mTeli ricxvi, romlis sidide damokidebulia 

gaangariSebis saWiro sizusteze). amis Tanaxmad gvaqvs 

in

N

1i
nt2,n )I(])t(i[ ∑

=

γ=′ ,    i=1,2,...N                               (5.19) 

sadac  

=ττ−γ= ∫
−−

d)t(cos)I( n

t

St
in

i

11i

⎟
⎠
⎞

⎜
⎝
⎛ Δ

−−γ
Δ

γ
γ 2

tStsin
2
tsin2

1nn
n

           (5.20) 

        ti = t i-1 – S1 + Δt,    
N
t

t p=Δ .    
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rogorc am gamosaxulebidan Cans, am SemTxvevaSi igulisxmeba, 

rom f1(t) funqcia Δt mcire drois intervalSi cvlilebas ar 

ganicdis da miiReba (3.29) da (3.32) gamosaxulebebis saxiT. unda 

gaviTvaliswinoT mxolod is, rom gansaxilveli procesis aTvla 

xdeba ara t = 0 momentidan, aramed, t = S1, momentidan, sadac S1 –

talRis kaSxalze gadaRvris sawyisi momentia, rogorc es (5.20) 

gamosaxulebidan Cans. 

 
aRniSnuli sakiTxis gadaWris dros iteraciuli xerxis 

gamoyenebis SemoTavazebuli meTodis arsi mdgomareobs imaSi, 

rom TiToeul iteraciul bijs Seesabameba garkveuli procedura. 

Semdegi TanmimdevrobiT: 

 
j = 0 i t e r a c i i s  b i j i . 

aiReba sasazRvro amocanis pirobebi wyalsacavis vertikalur 

sawyis da bolo sazRvrebze (maT Soris kaSxalze)  

)t,y(V
x 10x

=
∂
ϕ∂

=
 (I piroba),     0

x x
=

∂
ϕ∂

=l
 (II piroba) 

veZebT amocanis amonaxsens – siCqaris potencials ϕ(0), agreTve 

talRis amplitudas η(0). Semdeg ganvsazRvravT: 1)  (talRis 

maqsimaluri agorebis simaRles, roca x = l); 

( ) )0(max
dη

2) ganvsazRvroT ( ) ( ) dh )0(max
d

)0(max
p −η=  (virtualuri gadaRvris Sris 

maqsimalur simaRles) (aRvniSnoT, rom iteraciis am bijze 

gadadinebas jer ar aqvs adgili) 

3) viTvliT  , ( ) )0(max
OVV ( ) )0(

OVV  (virtualuri gadaRvris maqsimalur 

da saSualo siCqareebs). 

 
j = 1 i t e r a c i i s  b i j i . 

aiReba I piroba da ( ) )0(
OVx

V
x

=
∂
ϕ∂

=l
 (II piroba anu gadaRvris 

piroba) 
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ganisazRvreba, analogiurad (j = 0 iteraciuli bijisa) Semdegi 

parametrebi: ϕ (1), η (1), , ( )1max
dη ( )1max

ph , ( ) )1(
OVV  . 

 
j = 2 i t e r a c i i s  b i j i . 

aiReba: I piroba da ( ) )1(
OVx

V
x

=
∂
ϕ∂

=l
 (II piroba) 

ganisazRvreba: ϕ (2), η (2), ( ) )2(max
dη , ( ) )2(max

ph , ( ) )2(
OVV  parametrebi.  

iteraciis procesi grZeldeba manamde, sanam 

 

                                    ( ) ( ) σ<− − )1i(
OV

)i(
OV VV                                               (5.21) 

 

sadac σ winaswar mocemuli mcire sididea da damokidebulia 

winaswar aRebul (mocemul) gaTvlis sizusteze. 

vTqvaT, (5.1) pirobas Seesabameba (i = k iteraciis bijisTvis) 

gadaRvris Sris saSualo simaRle ( ) ( )
57,1

h
h

kmax
pk

p =  da gadaRvris 

saSualo siCqare ( ) )k(
OVV . maSin, am mniSvnelobebisaTvis 

SesaZlebeli xdeba yvela sxva gadaRvris parametris saboloo 

dadgena. es parametrebia: 

               QOV, , WOV  da                             (ix. (5.12) – (5.14)). B
OVQ B

OVW

nax. 18-ze warmodgenilia magaliTis saxiT, kaSxalze wylis 

gadaRvris Sris simaRlis (hp) damokidebuleba droze sxvadasxva 

iteraciis dros. 

vinaidan, aRniSnuli k iteraciis SemTxvevaSi gansazRvrulia, 

rogorc ϕk(x,y,t), aseve ηk(x,t) funqcionaluri damokidebulebebi, 

amitom maTi gamoyenebis safuZvelze SeiZleba dadgenil iqnes 

agreTve, Tavisufali zedapiris ryevis sruli procesi 

wyalsacavSi talRis kaSxalze gadaRvris Semdeg (anu roca       

t > S1 + tp), agreTve sxva hidrodinamikuri parametric 

(hidrodinamikuri wnevebi da siCqaris mdgenelebi). 
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nax. 18. talRis gadaRvris procesis saangariSo parametrebi  

(η*, hp*) sxvadasxva iteraciis bijis dros 
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aRvniSnoT, rom kaSxalze talRis gadaRvris procesis 

maTematikuri modelireba zemoaRniSnuli meTidikis Tanaxmad 

pirvelad ganxorcielebul iqna T.gvelesianis da sxv.  

moxsenebaSi saerTaSoriso konferenciaze [102]. magram, am SromaSi 

talRis kaSxalze gadaRvris droSi cvalebadobis maxasiaTebeli 

funqcia atarebda e.w. "naxtomisebur" xasiaTs anu Seesabameba 

uecrad dawyebul da Semdeg garkveuli drois ganmavlobaSi, 

ucvlel process. Cven SemTxvevaSi aRniSnuli funqcia aRebuli 

iyo (5.1) gamosaxulebis Tanaxmad, rac ufro identurad aRwers 

talRis gadaRvris movlenas. 

aRvniSnoT, rom winamdebare naSromis TemasTan dakavSirebuli 

xarisxis maZieblis statiebi agreTve warmodgenilia 

literaturis nusxaSi [104-110] saxiT.  
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Tavi 6. mewyeriT gamowveuli talRis  
hidrodinamikuri zemoqmedeba kaSxalze 

 
pirvel TavSi warmodgenili siTxis moZraobis gantoleba (1.3) 

potenciuri organzomilebian (xoz sibrtyeSi) SeiZleba Caiweros 

Semdegi saxiT 

                   
x
p1

x
)2/w(

x
)2/u(

t
u 22

∂
∂

ρ
−=

∂
∂

+
∂

∂
+

∂
∂                                               (6.1) 

                  g
z
p1

z
)2/w(

z
)2/u(

t
w 22

−
∂
∂

ρ
−=

∂
∂

+
∂

∂
+

∂
∂

                    (6.2) 

amasTan (1.3) gantolebaSi gaTvaliswinebuli iyo potenciuri 

moZraobis maxasiaTebeli Semdegi gantoleba [1] 

                                   
x
w

z
u

∂
∂

=
∂
∂

                                     (6.3) 

vinaidan potenciuri moZraobis siCqareebi (1.8) Tanaxmad 

ganisazRvrebian ase 

                                  
x

u
∂
ϕ∂

= ;   
z

w
∂
ϕ∂

=                              (6.4) 

amitom (6.1) da (6.2) gantolebebi miiReben Semdeg saxes 

                           0
x
p1)wu(

x2
1

tx
22

2

=
∂
∂

ρ
++

∂
∂

+
∂∂
ϕ∂

                     (6.5) 

                          0g
z
p1)wu(

z2
1

tz
22

2

=+
∂
∂

ρ
++

∂
∂

+
∂∂
ϕ∂

                   (6.6) 

am gantolebis x da z cvladebiT integrirebis Semdeg miiReba 

                         )t,z('Cp)wu(
2
1

t
22 =

ρ
+++

∂
ϕ∂

                        (6.7) 

                         )t,x(Cgzp)wu(
2
1

t
22 +−=

ρ
+++

∂
ϕ∂

                    (6.8) 

vinaidan, am gantolebebis marcxena mxare identuria, amitom 

                                            C'(z,t) = -gz + C(x,t) 

aqedan Cans, rom C ar SeiZleba iyos x-is funqcia, aseve C' da 

gz sidideebi ar arian damokidebuli x cvladze, amitom 

                                    C'(z,t) = -gz + C(t) 
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aRniSnulis gaTvaliswinebiT (6.7) da (6.8) magivrad, miiReba 

Semdegi gantoleba 

                           )t(Cgzp)wu(
2
1

t
22 =+

ρ
+++

∂
ϕ∂

                      (6.9) 

sadac C(t) sidide SeiZleba Seyvanil iqnas 
t∂
ϕ∂  wevrSi [5]. 

es gantoleba (6.4) tolobebis gaTvaliswinebiT, SeiZleba 

warmodgenil iqnas Semdegi saxiTac: 

                       0gz
zx2

1p
t

22

=+
⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
⎟
⎠
⎞

⎜
⎝
⎛
∂
ϕ∂

+⎟
⎠
⎞

⎜
⎝
⎛
∂
ϕ∂

+
ρ

+
∂
ϕ∂

                 (6.10) 

am gantolebis linearizaciis Sedegad [5] miiReba 

                                     0gzp
t

=+
ρ

+
∂
ϕ∂

                              (6.11) 

(6.11) gamosaxulebis saSualebiT SeiZleba ganisazRvros 

kerZod, datvirTva, romelic gamowveulia talRis zemoqmedebiT 

vertikalur kedelze 

                                   gz
t

)t,z,x(p ρ−
∂
ϕ∂

ρ−=                         (6.12) 

rogorc am gantolebidan Cans, stacionaruli moZraobis 

SemTxvevaSi miviRebT hidrostatikuri wnevis ganmsazRvrel 

damokidebulebas. amis gaTvaliswinebiT (6.12) SeiZleba Caiweros 

Semdegi saxiT  

                                p(x,z,t) = pdin(x,z,t) - pst(z)                                                (6.13) 

sadac   
t

pdin ∂
ϕ∂

ρ=     aris dinamikuri wneva                   (6.14) 

                              pst = ρgz = γz - statikuri wneva                                (6.15) 

hidrodinamikuri wneva pdin ganisazRvreba prof. T.gvelesianis 

mier miRebuli brtyeli sasazRvro amocanis amonaxsenis [101] 

safuZvelze. amis Tanaxmad, im SemTxvevaSi, rodesac mewyeris 

moZraobis siCqare SeiZleba warmodgenili iyos ase 

                                   )t(f)z(FV)t,z(V 111 = , 

maSin hidrodinamikuri wnevis gamosaTvleli analizuri 

damokidebuleba Caiwereba Semdegnairad 
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                                xacos)(
2

p nn

M

0n
0din ′ϕ+ϕ′

ρ
= ∑

=

                     (6.16) 

sadac 
t

0
0 ∂

ϕ∂
=ϕ′ , 

t
n

n ∂
ϕ∂

=ϕ′  warmoebulebia t cvladis mimarT, 

t0000 ])t(i[gJ)( ′⋅⋅ψ−=′ϕ  

tnnn0n ])t(i[)z(BJ)( ′⋅⋅⋅ψ−=′ϕ  

l
1

0
V2

−=ψ ,       ,                                                                     (6.17) ξξ= ∫
−

d)(FJ
h

0
0

ξξ+ξ= ∫
−

d)h(cha)(FJ n

h

0
n ,  

hcha
zchagS)z(B

n

n

n
nnn γ
+γ=                                 (6.18) 

hchaa
zshaS
nn

n
n = ,  ττ−=′ ∫ d)t)(t(f])t(i[

0t

0
t0                                                         (6.19) 

ττ−γγ=′ ∫ d)t(cos)t(f])t(i[ n
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naSromSi kompiuteruli gaTvlebi Catarebul iqna (6.16) 

formuliT, im SemTxvevisaTvis, rodesac F(z) funqcia 

warmodgenili iyo C sqemis mixedviT, xolo )t(f funqcia ki, #3 

grafikuli saxiT (ix. cxr. 4). 

nax.19-ze naCvenebia aRniSnuli gaangariSebaTa Sedegebi. 

saangariSo parametrebis mniSvnelobebi aRebul iqna 

Semdegnairad: 

pirveli magaliTisaTvis: 

l = 1200 m, h = 30 m, t0 = 5 wm, V1 = 4 m/wm (nax. 19). Sesabamisad, 

talRis profili (maT Soris kaSxliT wylis donis awevis 

maqsimaluri simaRle) da Sesabamisi drois momenti ta naCvenebia 

nax.20-ze. 

nax.20-ze warmodgenilia statikuri Pst da dinamikuri Pdin (ix. 

(6.14) da (6.15)) wnevebis mniSvnelobebi. 

meore magaliTisaTvis:   

l = 1800 m, h = 60 m, t0 = 5 wm, V1 = 4 m/wm (nax. 21, nax.22,a da 

nax.22,b). 
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qvemoT aRniSnuli grafikuli masala saSualebas gvaZlevs 

davaskvnaT: a) dinamikuri wneva, romelic kaSxalze moqmedebs 

wyalsacavis siRrmis zrdasTan erTad mcirdeba (paraboluri 

kanoni); b) dinamikuri wneva izrdeba kaSxalTan talRis agorebis 

simaRlis proporciulad; c) fardobis mniSvneloba dinamikuri da 

statikuri wnevebs Soris matulobs wyalsacavis siRrmis 

SemcirebasTan erTad. 

 

 
 

nax. 19. mewyeruli talRiT gamowveuli hidrodinamikuri  
wnevis gadanawileba kaSxalze 
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nax. 20. a) mewyeriT warmoqmnili talRis profili  

(ηmax - talRis maqsimaluri agorebis (donis awevis) simaRle 
b) talRis saerTo fardobiTi datvirTva kaSxalze (P) da 

Sesabamisi hidrostatikuri Semadgeneli 
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nax. 21. mewyeruli talRiT gamowveuli hidrodinamikuri  
wnevis gadanawileba kaSxalze 
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nax. 22. a) mewyeriT warmoqmnili talRis profili  

(ηmax - talRis maqsimaluri agorebis (donis awevis) simaRle 
b) talRis saerTo fardobiTi datvirTva kaSxalze (P) da 

Sesabamisi hidrostatikuri Semadgeneli 
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ZiriTadi daskvnebi da rekomendaciebi 

 
sadisertacio naSromSi warmodgenili kvlevebis safuZvelze 

gakeTebulia Semdegi daskvnebi; 

1. sxvadasxva daniSnulebis hidrokvanZebis wyalsacavebSi 

mewyeriT generirebulma talRebma SeiZleba safrTxe Seuqmnas 

kaSxlis normalur funqcionirebas da mimdinare raionis 

ekologiuri wonasworobis darRvevis mizezi gaxdes. 

2. miRebuli konkretuli saxis analizuri gamosaxulebebi 

prof. T.gvelesianis mier zogadi saxiT formulirebuli brtyeli 

sasazRvro amocanis amonaxsnis safuZvelze, romelic Seexeba 

wyalsacavSi ama Tu im mizeziT (maT Soris mewyeriT) 

warmodgenili impulsuri talRebis generaciis problemas. 

aRniSnuli formulebis saSualebiT Catarebulia 

kompiuteruli gaTvlebis Sedegebis analizi saSualebas iZleva 

ganvsazRvroT ama Tu im saangariSo (winaswar zusTad ucnobi) 

parametrebis mniSvnelobebis gavlena talRis amplitudaze da 

misi profilis formaze. 

3. miRebuli analizuri damokidebulebebis safuZvelze 

Catarebuli kompiuteruli gaTvlebis Sedegebi aCvenebs, kerZod, 

rom im SemTxvevaSi, rodesac mewyeris Camoqceva xdeba ferdobze 

wylis donidan garkveul simaRlidan, generirebuli talRebis 

intensivoba metia sxva SemTxvevebTan SedarebiT (magaliTad, maSin 

roca mewyeruli masis Semodineba xdeba wyalsacavis mTel 

siRrmeze). 

4. kompiterul gaangariSebaTa Sedegad dadgenilia mewyeruli 

tanis wyalSi Semosvlis siCqaris droSi cvlilebis funqciis 

gavlena talRur procesis intensivobaze. amasTan dakavSirebiT, 

brtyeli maqsimaluri talRebis amplitudebis gaangariSebis 

mizniT, naSromSi mocemulia saTanado rekomendaciebi saangariSo 

damokidebulebebSi aRniSnuli faqtoris gaTvaliswinebisaTvis. 
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5. gaangariSebaTa monacemebis saSualebiT agebulia 

wyalsacavSi brtyeli mewyeruli talRis profilebi. maTi 

damuSavebis safuZvelze miRebulia saangariSo damokidebuleba 

wyalsacavSi talRis sigrZis gansazRvris mizniT mewyeruli 

procesis xangrZlivobis maxasiaTebeli parametris sxvadasxva 

mniSvnelobisaTvis. wyalsacavSi mewyeruli talRis ZiriTadi 

parametrebis - simaRlis da sigrZis codna, saSualebas iZleva 

qaris talRebisaTvis arsebuli normatuli rekomendaciebis 

Sesabamisad, Sefasebuli iqnas miaxloebiT am talRis sxvadasxva 

daxrilobis sanapiro an miwis kaSxlis ferdobze migorviT 

moZraobis donis awevis simaRle. Tumca, saWiroa aRiniSnos, rom 

sirTulis gamo sakiTxi saWiroebs Semdgom specialur kvlevas. 

6. miRebuli analizuri saangariSo damokidebulebis 

safuZvelze Catarebulia kompiuteruli gaTvlebis cikli 

brtyeli mewyeruli talRis kaSxalTan maqsimaluri amplitudis 

gansazRvris mizniT, aRniSnul damokidebulebaSi Semavali 

parametrebis mniSvnelobaTa farTo diapazonSi varirebis 

pirobebSi. miRebuli monacemebis analizis Sedegad damuSavebuli 

iqna aproqsimaciuli (martivi saxis) “sainJinro” formula 

kaSxalTan wylis donis SesaZlo maqsimaluri awevis simaRlis 

operatiuli prognozirebisaTvis, wyalsacavisa da mewyeris 

sxvadasvxa zomis da mewyeruli procesis xangrZlivobis 

gaTvaliswinebiT. 

7. wyalsacavis ferdobze Tu arsebobs an sainJinro-

geologiuri kvlevebi Sedegad gamovlenilia potenciuri 

mewyeris kera, maSin unda Catardes am mewyeriT warmoqmnili 

talRis maqsimaluri amplitudis gaangariSeba kaSxlis kveTSi. im 

SemTxvevaSi, Tu dadgenili iqneba, rom mewyeruli talRa imdenad 

maRalia, rom SeiZleba gadaedinos kaSxlis qims, amis 

sawinaaRmdegod unda Catardes saTanado RonisZiebebi 

ekologiuri katastrofis Tavidan acilebis mizniT. am 

RonisZiebebis erT-erT efeqtur saSualebas warmoadgens miwis 

samuSaoebi potenciuri mewyeris garkveuli nawilis moSorebis 
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mizniT, ris Sedegad talRa ukve ver SeZlebs kaSxalze 

gadadinebas. aRniSnuli miwis samuSaoTa moculobis dadgena 

SesaZlebeli xdeba naSromSi miRebuli saangariSo 

damokidebulebebis gamoyenebiT, rogorc kompiuteruli, aseve 

aRniSnuli aproqsimaciuli formulis  saSualebiT Catarebuli 

gaTvlebis safuZvelze. 

8. im SemTxvevaSi, rodesac mewyeruli talRis maqsimaluri 

amplituda naklebia vidre wyalsacavSi arsebuli saangariSo 

donesa da kaSxlis qimis niSnuls Soris manZili (maragi), 

talRis gadaRvra kaSxalze SesaZlebelia moxdis talRis 

kaSxalze agorvis (donis awevis) Sedegad. vinaidan am agorvis 

simaRle winaswar ucnobia, misi gansazRvris mizniT 

gamoyenebulia gaangariSebaTa TandaTan miaxloebis (iteraciis) 

meTodi, ris Sedegad damuSavebulia mewyeruli talRis kaSxalze 

gadaRvris procesis maTematikuri prognozi. am procesma 

SeiZleba ganapirobos kerZod, miwis kaSxlis warecxva, rasac Tan 

sdevs katastrofuli Sedegebi qveda biefSi. 

9. mewyeruli talRis zemoqmedeba kaSxalze ganisazRvreba 

rogorc hidrodinamikuri datvirTvis (wevis) ganawileba (siRrmis 

mixedviT) betonis kaSxlis sadawneo zedapirze. kerZo 

SemTxvevisaTvis, rodesac mewyeris wyalSi Camongrevis adgili 

SedarebiT axlo manZiliT aris daSorebuli kaSxlis kveTidan. 
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