
 
 

saqarTvelos teqnikuri universiteti 
 

 
xelnaweris uflebiT 

 
 
 
 
 
 
 
 
 

spartak avaliani 
 
 
 
 
 

samSeneblo nagebobaTa mzidi konstruqciebis optimizaciis amocanebi 
 
 
 
 
 
 
 
 

doqtoris akademiuri xarisxis mosapoveblad  
wardgenili disertaciis 

 
 
 
 
 
 
 

 
a v t o r e f e r a t i 

 
 
 
 
 
 
 

Tbilisi 
2011 weli 

 
 
 

 1



 
 

samuSao Sesrulebulia saqarTvelos teqnikuri universitetis 

 
samSeneblo fakultetze 

 
 
 
 
 
 
samecniero xelmZRvaneli: tmd., sr. prof. zurab gedeniZe 
 
 
recenzentebi:  tmd. vitali dvaliSvili  

                               tmd. seiT bliaZe  

 
dacva Sedgeba  2011  wlis ”12” ivliss, --------- saaTze 

saqarTvelos teqnikuri universitetis samSeneblo fakultetis sadisertacio 

sabWos kolegiis sxdomaze, korpusi I , auditoria ------------ 

misamarTi: 0175, Tbilisi, kostavas 68. 

 

disertaciis gacnoba SeiZleba teqnikuri universitetis biblioTekaSi, 

xolo avtoreferatisa – universitetis veb-gverdze 

 

 

 

 

 

 

sadisertacio sabWos  

swavluli mdivani                       tmd., sr. prof. m. kublaSvili 

 

 

 

 

 

 

 

 

 2



naSromis saerTo daxasiaTeba 

     Cvens qveyanaSi, iseve rogorc msoflios TiTqmis yvela qveyanaSi 

mSenebloba, rogorc saxalxo meurneobis umniSvnelovanesi dargi, Rrma 

krizisSi aRmoCnda. dargis Semdgomi ganviTarebisaTvis Zalzed aqtualuria 

samSeneblo nagebobaTa mzidi konstruqciebis optimizaciis gziT danaxarjebis 

Semcirebis miRweva.  

     Txelkedliani konstruqciebi, garsebisa da firfitebis saxiT, farTod 

gamoiyeneba samSeneblo saqmeSi mzidi elementebis saxiT. aseTi konstruqciebi 

misi geometriuli formisa da kveTis optimalurad SerCevis pirobebSi 

maqsimalurad iyeneben masalis meqanikur maxasiaTeblebs, rac principSi 

uzrunvelyofs minimaluri wonis (moculobis) konstruqciis daproeqtebas. 

aseTi konstruqciebis maxasiaTebelia minimaluri wona da maqsimaluri 

simtkice.  

    sadisertacio naSromSi kvlevis obieqtad SerCeulia Txelkedliani 

Semtbori nageboba, romelsac muSaoba uxdeba ZalTa gansakuTrebuli rTuli 

SeTanwyobisa da rTuli statikuri, kinematikuri da Sereuli sasazRvro 

pirobebSi. naSromSi ZiriTadi aqcenti gadatanilia dabaldawnevian kaSxlebze. 

Tumca gaangariSebiT miRebuli kvlevis meTodebi da kvlevis ricxviTi 

realizaciiT miRebuli Sedegebis analizi samarTliani iqneba saSualo da 

maRaldawneviani, agreTve sxva daniSnulebis Sesabamisi Txelkedliani 

konstruqciebisaTvis.  

    sadisertacio naSromSi aqcentis gadatana dabaldawnevian kaSxlebze 

imiTacaa ganpirobebuli, rom saqarTvelosTvis Zalzed mniSvnelovania misi 

erTerTi umdidresi resursis, mcire mdinareebis, energetikuli potencialis 

aTvisebis daCqareba, (Cveni qveynis mdinareTa saerTo qselis udidesi nawili 

(99,4%) “Zalian mcire” (25 km-ze naklebi sigrZis) mdinareTa kategorias 

miekuTvneba), am amocanis gadawyvetac mniSvnelovnadaa dakavSirebuli mzidi 

konstruqciebis optimizaciis gziT gaiafebasTan, TumcaRa hidroteqnikuri 

nagebobis mSenebloba Zalzed sapasuxismgebloa da misi Rirebulebis 

Semcireba ar SeiZleba daigegmos  eqspluataciaSi saimedoobis Semcirebis 

xarjze. aRniSnulis gamo naSromSi gaangariSebebi Catarebulia Txelkedliani 

elementebisagan Sedgenil kaSxalze. miRebuli Sedegebi ki samarTliania 

samoqalaqo da samrewvelo daniSnulebis anlogiur konstruqciebisaTvis. 

betonisa da rkinabetonis kaSxlebs Soris erT-erT yvelaze 

gavrcelebulia gravitaciuli kaSxlebi, romelTa uaryofiTi mxarea didi masa, 

gamomdinare aqidan ZviradRirebuli masalebis didi xarji, maSin rodesac 

gansakuTrebiT dabal da saSualo simaRlis kaSxlebSi masalis (betonis) 
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meqanikuri maxasiaTeblebis mxolod 10 -÷20% aris gamoyenebuli. rac 

deformirebadi sxeulebis meqanikis TvalsazrisiT, aSkarad metyvelebs maTi 

konstruqciis arasrulyofilebaze.  

    aRniSnulidan gamomdinare, inJiner-hidroteqnikosTa gansakuTrebuli 

yuradRebis qveS moeqca sakvlev-saZiebo samuSaoebi, romlebic mniSvnelovnad 

aCqarebs da aiafebs gravitaciuli kaSxlebis mSeneblobas. kvlevebi ZiriTadad 

ori mimarTulebiT, kaSxlis mSeneblobis teqnologiuri da konstruqciuli 

srulyofis mizniT, mimdinareobs. 

miuxedavad aRniSnulisa, gravitaciuli kaSxlebis gaumjobesebis, 

Semsubuqebis da gaiafebis, dRemde praqtikaSi gamoyenebuli meTodebi %15 10 ÷ -

iT amcirebs tanSi betonis moculobas, xolo mSeneblobis kapitaldabandebis 

Semcireba ganisazRvreba mxolod %12 10 ÷ -iT; rac imaze metyvelebs, rom am 

mimarTulebiT kvlevebi jer kidev damTavrebuli ar aris da aqtualuria 

dResac.  

dacvis sagans warmoadgens: naSromSi ganxiluli, axali Txelkedliani 

yru da wyalsaSviani kaSxlis konstruqcia, (romelic pirobiTad SegviZlia 

mivakuTvnoT Semsubuqebuli gravitaciuli kaSxlebis kategorias), romelic 

miiReba sami Txelkedliani elementis erTmaneTTan mdovre SeuRlebiT. 

Txelkedliani elementebi, kaSxlis muSaobis pirobebidan gamomdinare, 

warmodgenilia garsebisa da filebis saxiT. aRniSnuli elenentebisaaTvis 

gadawyvetilia optimizaciis amocana da miRebulia Sedegebi romelTa 

gamoyenebac rekomendebulia rogorc Hhidro aseve samoqalaqo da samrewvelo 

mSeneblobaSi.  

Catarebulia agreTve Semsubuqebuli kaSxlis gamtarunarianobasa da 

mdgradobaze (fuZis sibrtyeSi Zvrasa da gadayiravebaze) gaangariSeba.     

     kaSxlis sami Txelkedliani, mdovred SeuRlebuli elementidan yvelaze 

sapasuxismgeblo mzid konstruqcias sadawneo waxnagi warmoadgens, igi 

konstruqciuli TvalsazrisiT Ria cilindruli Txelkedliani garsia, 

romlis simrudis radiusi, sisqe da simrudis centri SeirCeva winaswar 

konstruqciulad, xolo Semdgom zustdeba nagebobis saerTo mdgradobasa da 

simtkiceze gaangariSebiT.  

 naSromSi kaSxlis sadawneo waxnagis daZabul-deformirebuli 

mdgomareobis dasadgenad gamoyenebulia naxevrad momenturi garsTa Teoria. 

gadamwyveti gantoleba miRebulia v. vlasovisa da u. finstervalderis 

naxevrad momenturi garsTa Teoriis safuZvelze. wonasworobis gantolebaTa 

sistema Cawerilia radialur gadaadgilebebSi, rogorc me-8 rigis 

kerZowarmoebuliani diferencialuri gantoleba. cvladTa gancalebiT  igi 
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dayvanilia me-8 rigis mudmivkoeficientebian Cveulebriv diferencialur 

araerTgvarovan gantolebaze. maxasiaTebeli gantolebis fesvTa Teoriuli 

analizis safuZvelze miRebulia am da Sesabamisad gadamwyvet gantolebaTa 

zogadi amonaxsni radialuri CaRunvebis saxiT. integrirebis mudmivebi 

gansazRvrulia sasazRvro pirobebis Sesabamisi rva gantolebisgan Semdgari im 

algebrul gantolebaTa sistemis amoxsniT, romelic maqsimaluri miaxloebiT 

axasiaTebs sakvlevi waxnagis muSaobis realur pirobebs.  

     miRebulia amocanis zogadi amonaxsnis nebismieri n rigis warmoebulis 

uSualo gansazRvris meTodi, rac mniSvnelovnad amartivebs radialuri 

CaRunvebiT kaSxlis sadawneo waxnagis nebismieri Siga Zalvis gansazRvras.  

     amocanis ricxviTi realizaciisaTvis Sedgenilia kompiuteruli  

programa MATLAB-is enaze.     

     mocemulia Semsubuqebuli konstruqciis dabaldawneviani kaSxlis 

saZirkvlis filis simtkiceze gaangariSeba. saZirkvlis fila, dabali asawyobi 

kaSxlisaTvis, umniSvnelo ukufiltraciuli dawnevisa da reaqtiuli Zalebis 

gamo, warmodgenilia brtyeli firfitis saxiT. saSualo da maRali 

kaSxlebisaTvis ki saTanado fuZis gruntis pirobebSi, sZirkvlis fila 

Canacvlebulia cilindruli garsiT.  

naSromSi, saZirkvlis filis gaangariSebis meTodi ZiriTadad efuZneba v. 

vlasovisa da n. leontievis mier damuSavebul meTods.  

     praqtikulad yvela SesaZlo sasazRvro pirobebisaTvis, radialuri 

CaRunvebiT, naSromSi gansazRvrulia saZirkvlis filis yvela Sinagani 

Zalovani faqtori, romelTa mixedviT martivad ganisazRvreba Zabvis 

komponentebi da mTavari  Zabvebi. Sedgenilia kompiuteruli programa amocanis 

ricxviTi realizaciisTvis. 

Catarebuli ricxviTi eqperimentebis safuZvelze gamokvleulia 

saZirkvlis filis simtkiceze TiToeuli parametris gavlena, amonaxsnTa 

krebadobis sakiTxi, miRebuli Sedegebis Sedareba da analizi sxva avtorebis 

mier SemoTavazebul meTodebTan drekad fuZeSi damatebiT mxebi Zabvebis 

gavlenis xarjze.  

naSromSi ZiriTadad ganxilulia drekadi saZirkvlis erTSriani 

erTgvarovani modeli, Tumca damuSavebuli meTodi marTebulia mravalSriani 

modelisTvisac. 

kaSxali rogorc erTiani nageboba gaangariSebulia sasrul elementTa 

meTodiT. garsebisa da firfitebis TeoriiT da sasrul elementTa meTodiT 

miRebuli Sedegebi praqtikuli gamoyenebis TvalsazrisiT erTmaneTs daemTxva. 
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naSromis mexuTe Tavi eZRvneba Txelkedliani elementebis optimaluri 

daproeqtebis sakiTxebs.Ooptimizaciis kriteriumad miRebulia garsebisa da 

filebis minimaluri wona simtkicisa da sixistis normatiuli maragis 

SenarCunebiT.  

nagebobis simtkicis piroba fasdeba rTuli daZabuli mdgomareobisa da 

masalis gaWimvasa da kumSvaze sxvadasxva winaRobis gaTvaliswinebiT (myife 

plastikuri masalebi). optimizaciis kriteriumia garsebis im optimaluri 

sisqeebis SerCeva, romlebic uzrunvelyofs mTeli konstruqciis erTbaSad 

gadsvlas plastikur mdgomareobaSi. miRebuli Sedegebi xels Seuwyobs 

rogorc hidro aseve samoqalaqo da samrewvelo mSeneblobiT dakavebul 

sainJinro personals, sxvadasxva daniSnulebis nagebobebSi garsebisa da 

filebis optimaluri sisqeebis SerCevaSi da am gziT masalis ekonomiis 

miRwevis saqmeSi. 

naSromSi damuSavebuli kaSxlis konstruqciis gamoyenebis SemTxvevaSi 

masalis xarji 35-45% -iT Semcirdeba, xolo Cvens mier SemoTavazebuli  

unificirebuli kaSxlebis gamoyenebisas Semtbori nagebobebis mSeneblobis 

ekonomia winaswari  gaangariSebiT 50%-s aWarbebs. 

yovelive zemoTqmulidan gamomdinare naSromSi damuSavebuli sakiTxebi 

Cveni qveynis pirobebSi metad aqtualuria.  

naSromis mizania:  mniSvnelovani ekonomiuri efeqtis (25-40%) misaRebad, 

Semtbori da sxva hidroteqnikuri nagebobebis, aseve samoqalaqo da samrewvelo 

Senobebis daproeqtebiTa da mSeneblobiT dakavebul organizaciebs miawodos 

axali tipis konstruqciuli da teqnologiuri gadawyvetebi, masiuri 

nagebobebis Txelkedliani optimizirebuli elementebiT Canacvlebisa da 

unificirebis gamoyenebiT.  

naSromis mecnieruli siaxle mdgomareobs SemdegSi:     

• damuSavebulia masiuri gravitaciuli (maT Soris wyalsaSviani) kaSxlis 

funqciis mqone, Txelkedliani elementebisagan Sedgenili, 

unificirebuli asawyobi kaSxlis konstruqcia. 

• Txelkedliani kaSxlis  elementebisaTvis (garsebi da filebi) 

SerCeulia gaangariSebis meTodi. Catarebulia realuri sasazRvro 

pirobebisaTvis analizuri gaangariSebebi. 

• damuSavebulia da ganzogadebulia Txelkedliani elementebis (garsebi 

da filebi) angariSis ricxviTi realizaciisTvis kompiuteruli 

saangariSo programebi MATLAB-is garemoSi. 
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• Catarebulia SedarebiTi analizi garsebisa da filebis teqnikuri 

Teoriis gamoyenebiT  miRebul Sedegebsa da sasrul elementTa Teoriis 

gamoyenebiT miRebul Sedegebs Soris. 

• damuSavebulia optimizaciis amocana naxevrad momenturi wonasworobisa 

da myife plastikuri masalebis simtkicis, m.miqelaZis mier miRebul, 

pirobaTa gamoyenebiT. 

 naSromis aprobacia:  naSromis calkeuli nawilebi moxsenebulia or 

saerTaSoriso konferenciaze. xolo mTliani naSromi sadoqtoro programiT 

gaTvaliswinebul or seminarze. 

publikaciebi: naSromis ZiriTadi Sedegebi gamoqveynebulia 5 samecniero 

statiasa da erT monografiaSi. 

naSromis struqtura da moculoba: naSromis sruli moculobaa 161 gverdi. igi 

moicavs Sesavls, xuT Tavs, daskvnasa da literaturas, romelic 58 

dasaxelebisagan Sedgeba. 

 

naSromis Sinaarsi 

 SesavalSi ganxilulia naSromis saerTo Sinaarsi: dasabuTebulia 

dasmuli sakiTxis aqtualoba, ganxilulia kaSxalTmSeneblobis tendenciebi 

da kvlevis Tanamedrove  mimarTuleba, moyvanilia Semsubuqebuli tipis 

Txelkedliani, asawyobi kaSxlis konstruqcia, mocemulia misi gaangariSebis 

meTodebis analizi da urTierSedareba, ganxilulia Txelkedliani 

elementebis optimizaciis amocanis arsi da miRebuli Sedegebis saimedoobis 

dasabuTeba. mocemulia naSromis struqtura da moculoba.  

pirvel TavSi: mocemulia axali, Semsubuqebuli kaSxlis konstruqcia, 

misi Txelkedliani elementebiT konstruirebis sakiTxebi.  

dabaldawneviani saTavo kvanZis konstruireba arakldovan fuZeze, kerZod, 

kaSxlis miwisqveSa (filtraciuli) konturisa da flutbetis SerCeva warmoebs 

ise, rogorc klasikuri dabalwneviani kaSxlis saTavo kvanZis SemTxvevaSi 

(nax.1).  

pirvel TavSi aseve ganxilulia SemoTavazebuli Txelkedliani kaSxalis 

upiratesobebi, tradiciul betonis gravitaciul kaSxalTan SedarebiT. 

mocemulia Txelkedliani kaSxlis gaangariSebebi mdgradobaze (fuZis 

sibrtyeSi Zvrasa da gadayiravebaze). 
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nax. 1. kaSxlis miwisqveSa konturis da flutbetis elementebi 

        1 – kaSxali, 2 – Ziruli, 3 – narandi, 4 – wyalsacemi, 5 – risberma, 6 – drenaJi,    

7 - fari 

gamomdinare im mosazrebidan, rom unifikacia da standartizacia 20-40%-iT 

aiafebs mSeneblobas, naSromis am TavSi damuSavebulia oTxi sxvadasxva 

simaRlis (1.5, 2, 3 da 5 m) Semtbori nagebobisaTvis asawyobi unificirebuli 

kaSxlis konstruqcia. Catarebulia unificirebuli kaSxlebisaTvis saTanado 

hidravlikuri gaangariSeba da Semowmeba datvirTvis sxvadasxva SeTanwyobis 

SemTxvevaSi mdgradobaze (fuZis sibrtyeSi Zvrasa da gadayiravebaze). 

meore TavSi mocemulia kaSxlis sadawneo waxnagis 

daZabul_deformirebuli mdgomareobis gamokvleva. ganxilulia cilindruli 

garsebis gaangariSebis Tanamedrove meTodebi. SerCeulia Semsubuqebuli 

konstruqciis kaSxlebis gaangariSebis meTodi, kerZod pirvel etaze Sedegebis 

maRali sizustis SesanarCuneblad viyenebT filebisa da garsebis teqnikur 

Teorias.  

 

N1
N2

H HSS

T1

T2

M1
M2

z

a 1

a 2

 

 nax. 2. Zalvebi garsis elementebSi 

 

aseve mocemulia momenturi garsTa TeoriiT sasazRvro piroba, romelic 

unda dakmayofildes, TiToeul kideze,  

   dasabuTebulia gaangariSebis meTodi, kerZod varCevT naxevrad momentur 

Teorias, romelic warmoadgens Sualedurs umomento da momentur Teoriebs 
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Soris. garsis wonasworobis gantolebaTa sistemas naxevrad momenturi 

TeoriiT Semdegi saxe aqvs: 
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   sadawneo erTmagi simrudis waxnagis saangariSo sqema SegviZlia 

warmovadginoT rogorc cilindruli garsi, romelic fuZeSi da Txemze 

Camagrebulia xistad (drekadad), xolo gasworis ferdobebze _ 

uZravsaxsrulad. aseTi SemTxvevisaTvis, wonasworobis gantolebaTa sistema, 

radialur gadaadgilebebSi Caiwereba Semdegi saxiT: 
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sadac W  radialuri gadaadgilebaa; q1, q2, q3 – hidrostatikuri wnevis 

intensivobis gegmilebi cilindrul koordinatTa RerZebze; h – garsis sisqe 

(gaangariSebis am etapze mudmivad miRebuli); 
2

RR
R 21 +

=  – garsis Sua 

zedapiris simrudis radiusi; E – iungis moduli (nax. 3.). 
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nax. 3. sadawneo gadaxurvis saangariSo sqema, naxevrad momenturi Teoriis gamoyenebiT 
 

Tu SemoviRebT aRniSvnas 
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maSin (2) gantoleba Semdeg saxes miiRebs: 
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kaSxlis sadawneo gadaxurvas ferdobebze aqvs Tavis sibrtyeSi 

saxsrovnad uZravi gadaxurva. Tu koordinatTa saTaves aviRebT wyalsaSviani 

kaSxlis sigrZis SuaSi, maSin sasazRvro pirobebi roca ϕ=0 an ϕ=ϕ0 da gvaqvs 

xisti Camagreba  Caiwereba Semdegnairad: 

             0wwvu =
ϕ∂

∂
=== ,                                                             (4) 

saTanado gardaqmnebiT gadamwyveti diferencialuri gantoleba (3) 

tolfasia Semdegi gantolebaTa sistemis 
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romlis amonaxsni unda veZeboT rogorc misi Sesabamisi erTgvarovani 

gantolebis zogadi amonaxsni plius am gantolebis raime kerZo amonaxsni, 

saTanado gaangariSebebis Sedegad gadamwyveti diferencialuri gantolebis 

amonaxsni miviReT Semdegi saxiT:   

 ⎟
⎟
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sadac   5

4
m
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γ
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l

.                              (7) 

  diferencialuri gantolebis integrirebis nebismieri   

mudmivebis gansazRvrisaTvis, agreTve mRunavi momentebis da sxva Zalovani 

faqtorebis mosaZebnad saWiro 

821 c,,c,c K

( )ϕmW   funqciis (radialuri gadaadgilebebis) 

sxvadasxva rigis warmoebulebis an romelime n rigis warmoebulis gamoTvla. 

amisaTvis SevqmeniT     funqciis    n  rigis warmoebulis gamosaTvleli 

formula:  
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ii

i

ba

b

ba

a
cc

c
cc

c

ψ

ψ

 

 
integrebis  mudmivebi C1, C2, C3, ... C8 ganisazRvreba sasazRvro pirobebidan.  

Semsubuqebuli tipis gravitaciuli kaSxlis sadawneo gadaxurvis sasazRvro 

pirobebi grZivi kidis gaswvriv (fuZeSi da Txemze) roca  φ =0 da ϕ = ϕ0, 

iqneba: 

      

⎪
⎪
⎪
⎪
⎪
⎪

⎭

⎪
⎪
⎪
⎪
⎪
⎪

⎬

⎫

π−
ϕγ

−=
ϕ

+
ϕ

π−
ϕγ

−=
ϕ

+
ϕ

=
ϕ

=

ϕ=ϕ
π−

γ
−=

ϕ
+

ϕ

=
ϕ

+
ϕ

=
ϕ

=

=ϕ

+

+

+

.
)1m2(Eh

cosR48
)1(

d
wd

d
wd

;
)1m2(Eh

sinR48
)1(

d
wd

d
wd;0

d
dw;0w

.
)1m2(Eh

R48)1(
d

wd
d

wd

;0
d

wd
d

wd
;0

d
dw

;0w

3
0

5
1m

5
m

5

7
m

7

3
0

5
1m

4
m

4

6
m

6
m

m

0

3

5
1m

5
m

5

7
m

7

4
m

4

6
m

6
m

m

roca

0roca

  (9) 

(9) sistemis amoxsniT ganvsazRvreT integrirebis mudmivebi C1; C2; C3; ... C8. 

am mudmivebis gansazRvris Semdeg, ganvsazRvreT w radialuri gadaadgilebebi.  

xolo gadaadgilebebis meSveobiT ganisazRvreba Zalovani faqtorebi: 

 
2

2

2

3

2 12 ϕ∂
∂

−=
w

R
EhM ,        (10)       

3

3

3

3

2
w

R12
EhN

ϕ∂
∂

−= ,          (11) 

ϕγ−
ϕ∂

∂
−= sinRw

R12
EhT 2

4

4

3

3

2 , (12)     
2

qw
R24

Ehcos
2
Rw

R24
EhS 2

3

3

4

3

5

5

4

3 llll
−

ϕ∂
∂

+ϕ
γ

+
ϕ∂

∂
= ,        (13)         

2
qw

R48
Ehsin

4
w

R48
EhT 1

4

4

5

232

6

6

5

23

1
llll

−
ϕ∂

∂
−ϕ

γ
+

ϕ∂
∂

−= .                        (14)                  

 Teoriuli kvlevis Sedegebis realizacia Catarebulia oTxi asawyobi, 

standartizebuli da erTi saSualo dawneviani kaSxlis testur magaliTze. 

Sedegebi miRebulia Cvens mier damuSavebuli kompiuteruli programis  

(MATLAB) saSualebiT. amasTan, TiToeuli kaSxlisaTvis ricxviTi 

eqsperimentebi Catarda misi ZiriTadi parametrebis sxvadasxva ricxviTi 

mniSvnelobebisaTvis. 

   mogvyavs   (H =5.0  m) kaSxlis sadawneo waxnagis radialuri 

gadaadgilebebi kaSxlis    R, h,    parametrebis erTerTi ricxviTi 

k

l
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mniSvnelobisaTvis. 

ϕ

ϕ0

0

0

0

0

0

0

0

0

0

0

w

w

w

w

w

R

l/2

gP
6.4
15.4

18.5
14.8

7.5

1.26

-0.76
-0.72

6.0
14.63

17.57

14.06
7.12

1.20

-0.53
-0.41

3.76

9.05

10.88

4.41
8.70

0.74
-0.23

-0.12

1.98
4.76

5.72
4.57

2.32

0.39
-0.09

-0.04

x,m

5.0 m

5.0 m

5.0 m

5.0 m

 

Nnax. 4. radialuri CaRunvis epiurebi w=w(x,ϕ ), 10 m, roca Hk =5 m, h=0.7m, l =40.0 m, 
R=8.75m. 

4−

mesame TavSi mocemulia kaSxlis saZirkvlis konstruqciis angariSi drekad 

fuZeze: gaanalizebulia sxvadasxva avtorTa mier drekad fuZeze koWebis, 

filebisa da garsebis gaangariSebis meTodebi, daSvebebi da hipoTezebi. 

kaSxlis elementebis simtkicis pirobebis Sesafaseblad, garkveuli 

analizis Semdeg, SerCeuli iqna firfitebis (filebis) da saSualo sisqis 

garsebis Teoria. romelic saTanado daSvebebis safuZvelze, praqtikulad 

misaRebi sizustiT iZleva saZiebeli parametrebis analizur gamosaxulebebs, 

romlebic martivad emorCilebian funqcionalur analizs. 

    firfitebisa da garsebis Teoriidan moyvanilia zogadi cnebebi da 

debulebebi, romelebic aucilebelia amocanis ricxviTi realizaciisa da 

miRebuli Sedegebis gaanalizebisaTvis. naSromSi ZiriTadad ganixileba 

drekadi saZirkvlis erTSriani modeli, Tumca damuSavebuli meTodika 

Tavisuflad gamoiyeneba simaRleSi gansxvavebuli drekadi maxasiaTebliani 

saZirkvlis mravalSriani modelisaTvis.      

erTSrian drekad fuZeze Txeli filis Runvis ZiriTadi (gadamwyveti) 

diferencialuri gantolebas aqvs Semdegi saxe:  

             
D
PwSwr2w 42222 =+∇−∇∇ ,                  (15) 

(15)‐Si w=w(x,y)   gaRunuli filis zedapiris gantolebaa; D  ‐ filis cilindruli 

sixiste 
)1(12

EhD 2

3

ν−
= ; 

2

2

2

2
2

yx ∂
∂

+
∂
∂

=∇  ‐ laplasis meore rigis operatori; 
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y

x

z

qdxdy

j x

j x

j xj y dxdy+ +M1

M1

∂Μ1M2

M2

∂Μ2

j y

j y

dx

dx
dy

dy

+

+

+

+

∂Η1H1H1

∂Ν1N1

N1

N2

N2

∂Ν2

H2

H2

∂Η2

 

nax. 5. filis usasrulod mcire elementSi Zalvebi da momentebi 

 

P=P(x,y)  ‐  filaze moqmedi zedapiruli Zalis intensivoba, romelsac Tu 

gamovaklebT drekadi fuZis reaqtiul dawnevas, miviRebT filaze moqmed 

saerTo gare datvirTvas;  r2  da  S4  ‐  filisa da saZirkvlis ganzogadebuli 

drekadi maxasiaTeblebi 

            
D
tdz)z(

D)1(4
E

r
T

0

2

0

02 =Ψ
ν+

= ∫         
D
kdz)z(

D)1(
E

S
T

0

2
2
0

04 =Ψ
ν−

= ∫                   (16)                                    

fuZis maxasiaTeblebi  (E0  da  ν0)  gansaxilvel SemTxvevaSi ganisazRvreba 

Semdegi damokidebulebebiT: 

                                    
gr

gr

gr

gr

ν−

ν
=ν

ν−
=

1
,

1
E

E 020 ,                                 (17)  

sadac Egr da νgr  Sesabamisad fuZis gruntis drekadobis moduli da puasonis 

koeficientebia;  ψ(z)  ‐  gadaadgilebis ganivi ganawilebis funqciaa. praqtikaSi 

sakmaod Txeli drekadi SrisaTvis, romlis zRvrebSi normaluri sy Zabva rCeba 

pirobiTad mudmivi, xolo mxebi Zabvebi icvleba wrfivi kanoniT, xSirad 

Rebuloben  

                                     
T

zT)z( −
=ψ .                                           (18) 

Tu kumSvadi fenis TH sisqe mniSvnelovania, maSin (18) gamosaxuleba Zalze 

miaxloebiT axasiaTebs drekadi fuZis muSaobas. aseT pirobebSi filis 

jdomisa da fuZeSi Zabvebis ganawilebis funqciisaTvis xSirad Rebuloben 

                         
Tsh

yTshz
1

)()(
γ

γ
ψ

−
= 1 ,                                            (19) 

sadac  γ 1     mudmivi koeficientia, romelic axasiaTebs fuZis siRrmeSi jdomis 

Caqrobis siCqares.  
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R3

R1R2

a

b b

a

∆ 2

L

cc

x

dd
H

k

h

 

 

nax. 6. drekad fuZeze kaSxlis saZirkvlis filis saangariSo sqema 

 

ganxiluli drekadi fuZis saangariSo modeli (15) ori drekadi k,t 

maxasiaTebliT, imiT gansxvavdeba vinkler-cimermanis gantolebisgan, rom aq 

SenarCulebulia damatebiTi wevri r2  koeficientiT, romliTac  

gaTvaliswinebulia drekad fuZeSi aRZruli mxebi Zabvebi.  Tu koordinatTa 

saTaves aviRebT filis SuaSi (nax.6), maSin, roca  ,
2

y l
±=  W=M2=0,  e.i.  

                                      0
y
wW 2

2

=
∂
∂

= .                                                  (20) 

aseTi sasazRvro pirobebis SemTxvevaSi, (15) gantolebis amonaxsni da 

zedapiruli datvirTva SeiZleba warmovadginoT Semdegi krebadi mwkrivebis 

saxiT:      2/y2/;bxb,y1m2cos)x(w)y,x(w
1m

m ll
l

≤≤−≤≤−π
−

= ∑
∞

=

,           (21) 

                                y1m2cos)x(PP)y,x(P
1m

m π
−

= ∑
∞

= l
.                            (22) 

praqtikulad, kaSxlis saZirkvlis filaze datvirTvebi icvleba mxolod 

x RerZis gaswvriv, maSin 

     
π−

−=π
−

=π
−

= +

−−

∫∑ )1m2(
P4)1(ydy1m2cosP2ydy1m2cosP2)y,x(P 1m

2

2

2

2

mm

l

l

l

l llll
. Tu 

(15) gantolebaSi CavsvamT (21) da (22) gamosaxulebaTa mniSvnelobebs, miviRebT: 

          
D

P
w)Sr2(

dx
wd

)r(2
dx

wd m
m

42
m

24
m2

m
2

22
m4

m
4

=+λ+λ++λ− ,                      (23) 
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sadac   π
−

=λ
l

1m2
m .  

        (23)  aris drekad fuZeze filis Runvis gadamwyvet gantolebidan cvladTa 

gancalebiT miRebuli Cveulebrivi araerTgvarovani diferencialuri 

gantoleba.  

meoTxe rigis Cveulebrivi erTgvarovani diferencialuri gantolebis 

zogadi integrali Caiwereba Semdegnairad: 

                        44332211m CCCCW Φ+Φ+Φ+Φ= ,                         (24) 

sadac C1,C2,C3,C4  integrebis mudmivebia, xolo Φ1, Φ2, Φ3, Φ4,  ‐ funqciebi, romelTa 

mniSvnelobas gansazRvravs (23) araerTgvarovani gantolebis Sesabamisi 

erTgvarovani maxasiaTebeli 

                                                                            (25) 0aKa2K 4
2

22
1

4 =+−
gantolebis fesvebi, romelic, Tavis mxriv, damokidebulia yovelTvis 

dadebiTi a1 da a2 koeficientebis Tanafardobaze 

( ).  naSromSi mocemulia maxasiaTebeli 

gantolebis fesvebis sami SesaZlo varianti da Sesabamisi ΦI,(i=1,2,3,4) 
funqciaTa mniSvnelobani. 

42
m

24
m

4
2

22
m

2
1 Sr2a;ra +λ+λ=+λ=

meoTxe rigis mudmivkoeficientiani araerTgvarovani ZiriTadi gantolebis  

zogadi amonaxsni, SeiZleba CavweroT Semdegi saxiT ; 

 
π−

η+++
−+Φ+Φ+Φ+Φ= +

)1m2(D
)PP(PP

a
b2)1(CCCCw 4

2

4
1m

44332211m
minmaqminmaq

, (26) 

sadac  Φ1,Φ2,Φ3,Φ4    funqciebia, romelTa mniSvnelobas gansazRvravs a1 da a2 

koeficientebs Soris Tanafardoba, anu Sesabamisi maxasiaTebeli gantolebis 

fesvebi. 

davuSvaT, rom Semsubuqebuli gravitaciuli kaSxlis saZirkvlis fila 

xistadaa SeerTebuli sadawneo da udawneo waxnagebTan. am gverdebis gaswvriv, 

rogorc wesi, kaSxlis miwisqveSa konturs aqvs kbilebi (nax. 6). Sesabamisad, 

saangariSo sqemaze gamosaxuli saZirkvlis fila grZivi gverdebis gaswvriv 

(η=±1) SegviZlia CavTvaloT xistad Camagrebulad, anu roca η=±1, maSin 

                                     0ww =
∂η
∂

= .                                                       
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j x

j x

j x

j y

j y

j y

dx

dx
dx

dx

dy

dy

dy

dy

+

+

+

+

+

+

∂Η1H1
H1

M1

M1

∂Μ1

∂Ν1N1

N1

N2

N2

∂Ν2
H2

H2

∂Η2

M2

M2

∂Μ2

Pmin

Pmax

η=x/bz

y

b
b

T
l/2

a) b)  
Nnax 7. kaSxlis saZirkvlis filis saangariSo sqema. 

 

am sasazRvro pirobisa da  Φi  funqciaTa luwi da kenti Tvisebebis 

gaTvaliswinebiT, integrirebis mudmivebi (C1,C2,C3,C4) advilad gamoiTvleba.  

saZirkvlis filaSi aRZruli momentebi da ganivi Zalebi (nax. 7.b) 

Catarebul gamokvlevaTa safuZvelze, gamoiTvleba Semdegnairad: 

                Yww
b

DM m

n

m
mm

II
m λνλ cos1

1

2
21 ∑

=
⎟
⎠
⎞

⎜
⎝
⎛ −−= ,  

                Ycosw
b
1wDM m

n

1m

II
m2m2 λ⎟

⎠
⎞

⎜
⎝
⎛ ν−λ= ∑

=

, 

                Ysinw
b

)1(DHHH m

n

1m

I
m

m
21 λ⎟

⎠

⎞
⎜
⎝

⎛ λ
ν+=−== ∑

=

,      

                 Ycosw
b

w
b
1DN m

n

1m

I
m

2
mIII

m31 λ⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛ λ
−−= ∑

=

, 

                Ysinww
b

DN m

n

1m
m

3
m

II
m2

2
m

2 λ⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
λ−

λ
= ∑

=

.                         (27) 

 
Zalebisa da momentebis gansazRvris Semdeg, gamovTvaleT saTanado Zabvebi.  

     meqanikuri maxasiaTeblebis ufro srulyofilad gamoyenebis mizniT, 

gansakuTrebiT maSin, roca saZirkvlis konstruqciaze qvevidan zeviT 

mimarTuli (ukufiltraciuli) Zalebi mniSvnelovania, filis nacvlad 

Semsubuqebul kaSxlebSi gamoyenebuli iqneba garsebi, xSirad cilindruli 

konstruqciis. radgan SemoTavazebuli tipis kaSxlebi ZiriTadad Sendeba 

ganier kalapotebSi sadac saZirkvlis garsis sigrZe  Cveulebriv 4-6-jer 

aWarbebs mis siganes. Sesabamisad, saZirkvlis cilindruli garsis fardobiTi 

sigrZe da mis konturze sasazRvro pirobebi, saSualebas iZleva misi daZabul-

deformirebuli mdgomareobis aRsawerad gamoyenebul iqnes naxevarmomenturi 

teqnikuri garsebis Teoria. am Teoriis safuZvelze, cilindrul koordinatTa 

sistemaSi wonasworobis gantolebaTa sistema, saTanado gardaqmnisa da 
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kinematikuri xasiaTis daSvebebis gaTvaliswinebiT da ganivi Zalis 

SenarCunebiT, erT Srian drekad fuZisaTvis Semdeg saxes Rebulobs: 

P
D

R
x
F

h
R12

x
F

D
tR2)

D
kR1(FF)

D
tR22(F 4

4

4

2

6

42

644

4

4

6

62

8

8

=
∂
∂

+
∂ϕ∂

∂
−+

∂ϕ
∂

+
∂ϕ
∂

−+
∂ϕ
∂

.        (28) 

w(x,ϕ)

q(x,ϕ)

p(x,ϕ)

n

R

 
nax. 8. saZirkvlis cilindruli garsis sakontaqto zedapiris 

normaluri w gadaadgilebebi (drekadi fuZis jdoma)  

                                         

gadamwyveti diferencialuri gantolebis (28) amoxsna gaTvaliswinebulia 

cvladTa gancalebiT, romlisTvisac gamoiyeneba erTmagi trigonometriuli 

mwkrivi. saTanado gardaqmnebiT naxevarumomento saZirkvlis cilindruli 

garsis gantoleba, Semdeg saxes Rebulobs: 

=
λ

+
ϕ

λ
+++

ϕ
−+

ϕ m2

4
m

6

4
m

42
m

44

6
m

62

8
m

8

F
h
R12

d
Fd

)
D

tR2
D

kR1(
d

Fd
)

D
tR22(

d
Fd

π−
ϕ

− +

)1m2(
)(PR4)1(

4
1m ,    (29) 

sadac 
l

1m2
m

−
=λ . gadamwyveti saboloo kerZowarmoebuliani araerTgvarovani 

gantolebis zogadi amonaxsni Caiwereba Semdegi saxiT:  

                   x1m2cos)(F~)(F(),x(F m
1m

*
m π

−
ϕ+ϕ=ϕ ∑

∞

= l
, (m=1,2,3,...).                     (30) 

am amonaxsnis safuZvelze ganisazRvreba  gadaadgilebebi da  Siga 

Zalovani faqtorebi. romelTa miaxloebiTi mniSvneloba, roca puasonis 

koeficients viRebT 0-is tolad, iqneba: 

     ,
x
wDM,

x
vu

R
1

2
EhS,

R
wv

h
1EhT,

x
uEhT 2

2

121 ∂
∂

−=⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
∂
∂

+
∂ϕ
∂

=⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+

∂ϕ
∂

=
∂
∂

=   

   .
M

R
1

x
HN,H

R
1

x
M

N,
x

w
R12

EhH,w
R
DM 2

2
1

1

23

2

2

22 ∂ϕ
∂

+
∂
∂

=
∂ϕ
∂

+
∂

∂
=

∂ϕ∂
∂

−=
∂ϕ
∂

−=  (31) 
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Semsubuqebuli konstruqciis gravitaciuli kaSxlis saZirkvlis filis 

drekad fuZeze gaangariSeba CavatareT rogorc pirobiTi aseve asawyobi 

standartizirebuli kaSxlebisaTvis, romelTa saangariSo monacemebi 

mocemulia cxrilSi;  

cxrili 1. 

asawyobi kaSxlebis saZirkvlis saangariSo  

ZiriTadi monacemebi 

P, mpa kaSxlis 

simaRle 

Hk, m 

b, m  l , m  h, m  T, m 

min 

saerTo 

monacemebi max 

5,0 3,15 30 0,50 20,0 0,544 0,060 

3,0 1,75 20 0,40 15,0 0,527 0,059 

2,0 1,48 20 0,35 12,0 0,508 0,057 

1,0 20 0,35 10,0 0,567 0,063 

γ1=0,5 
E=2,4⋅104mpa 
υ=0,2 
υgr=0,3 

Egr=20,0mpa 1,5 

 

   gaangariSebebi CavatareT drekad fuZeSi aRZruli mxebi Zabvebis 

gaTvaliswinebiTa da aRniSnuli Zabvebis ugulebelyofis SemTxvevaSi.  

nax. 9.-ze mocemulia saZirkvlis filis Sua wertilis (η=y=0) radialuri 

CaRunvebis grafikebi drekad fuZeSi aRZruli mxebi Zabvebis gaTvaliswinebiT 

da mis gareSe. 

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

W(1000),m

η=
-1.0 -0.8 -0.5 0.0 0.5 0.8 1.0

mxebi Zabvebis gareSe

mxebi Zabvebis gaTvaliswinebiT

 
nax. 9. radialuri CaRunvebis grafiki drekad fuZeSi aRZruli mxebi Zabvebis 

gaTvaliswinebiTa da mis gareSe. 

 

      ricxviTi eqsperimentis safuZvelze dadgenilia saZiebel parametrebis 

mniSvnelobaTa krebadobis sakiTxi. praqtikulad misaReb Sedegebs iZleva 

meore, mesame miaxloeba  (m=2,3), anu, roca saZiebeli parametris mwkrivSi 

vinarCunebT or an sam Sesakrebs. cdomileba am dros Sesabamisad ar aWarbebs 

∼5,3%-s, rac damokidebulia saZiebel parametrebze da filis maxasiaTebeli 
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wertilis mdebareobaze. amocanis ricxviTi realizaciisaTvis Sedgenili 

kompiuteruli programis safuZvelze advilad dgindeba miRebul Sedegebze 

sxvadasxva parametrebis gavlena, maT Soris, fuZis siRrmeSi gruntis jdomis 

siCqaris �koeficientis gavlena.  

     mogvyavs 5m simaRlis kaSxlis gaangariSebis Sedegebi cxriluri formiT: 

                                                    cxrili 2.   (H =5m) k

                                                Y, m 
η=x/b parametrebi 

0 3.75 7.5 11.25 13.125 15 
-1 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000

-0.8 0.000492 0.000484 0.000487 0.000468 0.000325 0.000000
-0.5 0.002228 0.002197 0.002207 0.002089 0.001429 0.000000

0 0.004292 0.004234 0.004250 0.004006 0.002732 0.000000
0.5 0.002649 0.002600 0.002614 0.002517 0.001759 0.000000
0.8 0.000649 0.000633 0.000638 0.000630 0.000454 0.000000

W, 
m 

1 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
-1 777.353 761.302 766.896 750.039 530.940 0.000 

-0.8 397.886 394.251 395.234 366.014 244.121 0.000 
-0.5 -54.659 -52.701 -53.534 -55.555 -41.195 0.000 

0 -444.029 -439.227 -440.023 -403.476 -267.880 0.000 
0.5 -192.292 -184.572 -186.537 -195.067 -148.663 0.000 
0.8 419.733 417.275 417.702 386.045 254.855 0.000 

M , 1

kn. m/m 

1 1100.062 1064.685 1075.473 1084.913 803.380 0.000 
-1 -155.471 -152.260 -153.379 -150.008 -106.188 0.000 

-0.8 -78.078 -78.175 -78.297 -72.379 -47.523 0.000 
-0.5 16.626 13.215 13.554 14.130 13.160 0.000 

0 99.473 92.990 93.338 86.218 62.783 0.000 
0.5 47.118 40.935 41.637 43.653 37.246 0.000 
0.8 -81.120 -82.144 -82.127 -75.694 -48.503 0.000 

M ,  2

kn. m/m 

1 -220.012 -212.937 -215.095 -216.983 -160.676 0.000 
-1 0.000 0.000 0.000 0.000 0.000 0.000 

-0.8 0.000 -3.996 5.909 26.943 116.590 172.887 
-0.5 0.000 -4.560 7.071 44.507 161.470 232.983 

0 0.000 -1.416 2.373 0.225 20.841 35.237 
0.5 0.000 4.728 -7.271 -46.110 -168.660 -243.591 
0.8 0.000 6.742 -10.621 -25.172 -150.508 -232.395 

H,  
kn. m/m 

1 0.000 0.000 0.000 0.000 0.000 0.000 
-1 650.862 620.090 631.474 686.081 540.123 0.000 

-0.8 557.226 539.058 545.922 566.414 423.821 0.000 
-0.5 404.389 394.375 398.032 397.936 287.572 0.000 

0 74.388 69.740 70.974 77.852 63.939 0.000 
0.5 -436.958 -428.202 -431.100 -428.450 -305.190 0.000 
0.8 -892.523 -853.603 -865.960 -916.576 -710.831 0.000 

N 1 , 
kn/m 

1 -1289.49 -1203.04 -1232.05 -1364.28 -1129.90 0.000 
-1 0.000 -9.072 13.413 36.329 210.315 323.249 

-0.8 0.000 -3.522 -1.846 29.781 103.164 145.504 
N ,  2

kn/m 
-0.5 0.000 -2.945 -24.294 -5.143 -12.956 -24.718 
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0 0.000 -4.424 -48.371 -43.044 -107.896 -157.762 
0.5 0.000 -2.465 -36.757 -6.963 -50.797 -91.720 
0.8 0.000 -4.163 -5.898 32.425 109.394 151.401 

0.000 -18.678 30.378 22.467 304.210 497.261 1 
 

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

W(1000),m

η=
-1.0 -0.8 -0.5 0.0 0.5 0.8 1.0

 
    nax. 10. saZirkvlis filis radialuri CaRunvebis grafiki 

 

meoTxe TavSi mocemulia kaSxlebis gaangariSeba sasrul elementTa meTodiT.  

kerZod, sasrul elementebze dafuZnebuli tipuri programebis gamoyenebiT 

(`LiRa-9.6~), kaSxlis konstruqciebi gaangariSebul iqna, rogorc erTiani 

sivrciTi sistema drekad fuZeze (kaSxali fuZe. ix. nax. 11), aseve armaturis 

ganivkveTebi SerCeulia aRniSnuli programebis meSveobiT.  

rkinabetonis kaSxlis daproeqtebisas gamoyenebulia dReisaTvis 

saqarTveloSi moqmedi samSeneblo normebi da wesebi. gaangariSebisas Seiqmna 

konstruqciis iseTi idializebuli modeli, romelic uaxlovdeba 

konstruqciis realur muSaobas. 

pirvel etepze ganisazRvra konstruqciis geometria, kerZod: kvanZebis 

raodenoba, maTi koordinatebi, Semdeg etapze saorientacio ganivkveTebi da 

Sesabamisi masalis drekadobis moduli da sxva saWiro meqnikuri 

maxasiaTeblebi. 

konstruqciis gasaangariSebeli tipuri programis gamoyenebisas, 

saorientacio gaangariSebis nacvlad, gamoyenebulia dabali kaSxlebis 

daproeqtebis gamocdileba da naSromSi mocemuli analizuri gaangariSebebis 

Sedegebi.  

detaluradaa ganxiluli erTi standartizebuli simaRlis (H =5.0m) 

asawyobi kaSxlis daZabul-deformirebuli mdgomareobis komponentebis 

mniSvnelobani da Sedegebi Sedarebulia Cven mier SerCeuli gaangariSebis 

meTodiT (firfitebisa da garsebis Teoria) miRebul monacemebTan.  

k
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nax. 11. kaSxlis saerTo xedi  

 
)

-0.00162 -1.62e-005-1.62e-005 1.62e-0051.62e-005 0.09130.0913 0.1830.183 0.2740.274 0.3650.365 0.4560.456 0.548

XY
Z

 
 
 

                      nax. 4.3. radialuri gadaadgilebebi sadawneo waxnagSi (W mm)  
                          (vizualizaciisaTvis  gadaadgilebebi gazrdilia 5000-jer)  
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й по My
- (т*м)/м-3.22 -2.58-2.58 -1.94-1.94 -1.29-1.29 -0.646-0.646 -0.0322-0.0322 0.03220.0322 0.6460.646 1.291.29 1.941.94 2.582.58 3.233.23 3.88

XY
Z

 
                   nax. 12. mRunavi momenti (M  t*m/m)      2

           
   kaSxlis seqciis simtkiceze sasruli elementebiT gaangariSebis Sedegebi 

praqtikulad axlosaa analizuri gaangariSebis SedegebTan.  sxvaoba 

gaangariSebis Sedegebs Soris ganpirobebulia, rogorc gaangariSebis 

meTodebis daSvebiT, agreTve imiT, rom sasruli elementebis meTodiT 

gaangariSebisas damatebiT gaTvaliswinebulia 9 baliani miwisZvris Sedegad 

seismuri zemoqmedeba.  

    sasrul elementTa meTodiT gaangariSebis Sedegad gansazRvruli 

Zalvebidan naSromSi moyvanilia mxolod grZivi Zalebi (T 1 , T ), mRunavi 

momenti (M ) da ganivi Zala (N ), vinaidan danarCeni Zalvebi da momentebi, 

(M 1 , H  da  N 1   ) gansakuTrebiT sadawneo waxnagSi mniSvnelovnad mcirea da 

amdenad, sainJinro gaangariSebebisaTvis  Cvens mier naxevrad momenturi 

teqnikuri garsebis Teoriis gamoyenebis samarTlianobas adasturebs.  

2

2 2

 

mexuTe TavSi gadawyvetilia  garsebisa da filebisaTvis optimaluri 

daproeqtebis amocana. ganxilulia optimaluri daproeqtebisaTvis zogadi 

miTiTebebi, Txelkedliani elementebis optimizaciis sferoSi arsebuli 

literatura da sxvadasxva avtorTa miRebuli Sedegebi. naSromSi optimizaciis 

SemzRudav pirobad miRebulia minimaluri moculoba, rogorc es zogadad 

miRebulia deformirebadi sxeulebis meqanikaSi. 

naSromSi mocemulia Txelkedliani sadawneo waxnagis iseTi optimaluri 

sisqeebis SerCeva, romelic uzrunvelyofs misi yvela ubnis  erTdroul da 

myisier gadasvlas plastikur mdgomareobaSi. amocana amoxsnilia naxevrad 
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momenturi garsebis Teoriisa da gaWimva-kumSvaze sxvadasxva winaRobis 

masalis simtkicis pirobis gamoyenebiT. kerZod kaSxlis optimaluri sisqeebis 

gansazRvra xorcieldeba stassis simtkicis pirobis modificirebuli formiT, 

romelic praqtikulad misaRebi sizustiT uzrunvelyofs minimaluri wonis 

kaSxlis sadawneo waxnagis daproeqtebas.  

   sadawneo gadaxurvis optimizaciis amocanis gadawyveta ganixileba or 

variantad. 

   naSromSi mocemulia rTuli daZabuli mdgomareobisas masalaTa denadobis 

pirobebi myife plastikuri masalebisaTvis, kerZod  radgan masalis zRvruli 

mdgomareoba ganisazRvreba oqtaedruli mxebi da oqtaedruli normaluri 

Zabvebis arasasurveli kombinaciiT,  myife-plastikuri masalebis simtkicis 

piroba organzomilebian sistemaSi Semdegnairad Caiwereba: 

,)()1( 2
21

2
221

2
1 ss ρσσσσρσσσσ =+−++−             

sadac  da masalis winaaRmdegobaa Sesabamisad gaWimvasa da kumSvaze.  sσ sρσ

1σ  da 2σ  mTavari normaluri Zabvebis Zabvis tenzoriT SecvliT, miviRebT:  

      (32) .0)()1(3 2
s2211s

2
12

2
222211

2
11 =ρσ−σ+σσ−ρ+σ+σ+σσ−σ

nax. 13.-ze mocemulia organzomilebian sistemaSi denadobis zRvruli 

zedapiri, stasis ( =1,5 mpa; sσ =ρσ s 16 mpa) da mizesis ( 16s =σ  mpa) simtkicis 

pirobebis mixedviT, romlebic grafikulad warmoadgens elifsur 

hipercilindrebs.  

naSromSi gamoyenebulia m. miqelaZis mier miRebuli modificirebuli 

simtkicis piroba naxevrad momenturi daZabuli mdgomareobisaTvis:  

h)1(T2T s21 σ−ρ+= ,                                 (33) 

0M64h)S4T(3hT)1(6h)1( 2
2

222
1

3
s1

42
s

2 =−+−σρ−+σρ+ .           (34) 

T1 da T2 grZiv Zalebs Soris wrfivi damokidebulebis (33) gantoleba, 

naxevarmomentur (1) wrfiv gantolebaTa sistemasTan  erTad, romelic Cawerilia 

cilindruli garsisaTvis cilindrul koordinatTa sistemaSi (x, ϕ ) 

saSualebas iZleva, saTanado sasazRvro pirobebTan erTad, ganisazRvros 

ucnobi Zalebi da momentebi (T1, T2, S, N2, M2). maSasadame statikurad urkvevi 

sistema (1) damokidebulebiT (33) dayvanil iqna statikurad rkvevad sistemaze. 

 garsis ucnobi sisqeebi, romlebic uzrunvelyofs nagebobis tanis 

TanabarsaSiSroebas (tolwinaRobas) rRvevaze, ganisazRvreba simtkicis pirobiT, 

romelic gamosaxulia h  cvladis mimarT me-4 xarisxis (34) algebruli  

gantolebiT. 
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10 20102030
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20

30

mizesi

stassi

s 1   mpa

s 2 mpa

 

 nax. 13. stasisa da mizesis mixedviT agebuli denadobis 

                  zRvruli zedapirebi 

naSromSi mocemulia modificirebuli simtkicis pirobis funqcionaluri 

analizi. kerZod mocemulia eqstremumebi, zrdadobisa da klebadobis 

Sualedebi, krebadobis areebi da a.S. 

cilindruli sadawneo waxnagis optimaluri sisqeebis miaxloebiTi 

mniSvnelobaTa gansazRvra, romlis grZivi kideebi (msaxvelis gaswvriv) 

Camagrebulia xistad, xolo wriuli kideebi (mimmarTvelis gaswvriv) 

saxsrulad uZravad, efuZneba naxevrad momentur garsTa Teorias, statikuri 

da kinematikuri xasiaTis daSvebebiT. am daSvebebis safuZvelze, meore TavSi 

miRebulia Sedegebi, romelTa saSualebiT drekadobis areSi gansazRvrulia 

yvela Siga Zaluri faqtori, kerZod, mRunavi momenti M2(10), ganivi Zala N2(11), 

grZivi Zalebi T1 (14) da T2 (12), da Zvris Zala S (13). gadaxurvis optimaluri 

sisqeebi gansazRvrulia m.miqelaZis mier miRebuli simtkicis (34) gantolebiT. 

am gamoTvlebSi ugulebelyofilia denadobis zogadi pirobidan (32) miRebuli 

grZiv (T1, T2) Zalebs Soris damokidebuleba (33), romelic marTebulia mxolod 

masalis denadobis dawyebis pirobebSi. amrigad gadaxurvis optimaluri 

sisqeebis miaxloebiT mniSvnelobaTa dadgenisas, winaswar SerCeuli mudmivi 

sisqeebiT ganisazRvreba Siga Zalovani faqtorebi, xolo am faqtorebiT - 

optimaluri sisqeebi pirvel miaxloebaSi. kaSxlis cilindruli gadaxurvis 

optimaluri sisqeebis miaxloebiT ricxviT mniSvnelobaTa dadgenis mizniT 

Sedgenil iqna kompiuteruli programa. cxrili 3 - Si mocemulia erTerTi 
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standartizebuli parametris asawyobi wyalsaSviani kaSxlisaTvis mxolod is 

Siga Zalovani faqtorebi, romlebic uSualod monawileobs simtkicis (34) 

pirobebSi da am pirobiT gansazRvrulia optimaluri sisqeebi gadaxurvis 

maxasiaTebeli wertilisaTvis. miRebuli sisqeebisa da Zalvebis saSualebiT 

advilad ganisazRvreba pirvel miaxloebaSi Zabvis komponentebi da Sesabamisi 

mTavari Zabvebi. miRebuli Sedegebi SeiZleba datanil iqnes stasis pirobiT 

agebul denadobis zRvrul zedapirze (nax.13.). aseTi moqmedebis Sedegad 

advilad vrwmundebiT, rom wertilebi mTavari Zabvis koordinatebiT 

mniSvnelovnad miuaxlovdeba (Signidan) denadobis zRvrul zedapirs,  rac 

gansazRvravs gaangariSebis am meTodis praqtikul Rirebulebas. 

Sedgenili kompiuteruli programiT, garda asawyobi dabaldawneviani da 

saSualodawneviani kaSxlisa, gaangariSebul iqna sxvadasxva testuri amocana. 

damuSavebuli meTodi SeiZleba gamoyenebul iqnes, agreTve saZirkvlis filis 

gasaangariSeblad. 

                                                          cxrili 3. 

standartizebuli parametrebis asawyobi kaSxlebis Siga Zaluri 

faqtorebi da optimaluri sisqeebi (H k =5.0 m) 

X, m ϕ, 
grad. 

Siga 

Zalva 5.0 10.0 15.0 20.0 

mocemuli 

sidideebi 0.0 

1 2 3 4 5 6 7 8 

0,000 0,000 0,000 0,000 0,000 0,000 

4,857 -43,150 15,989 2,878 -45,158 347,132 

9,714 -64,018 31,562 5,880 -89,978 691,644 

14,571 -84,890 46,790 8,890 -134,122 1030,940 

19,428 -105,657 62,080 11,630 -177,248 1362,455 

24,285 -125,550 77,358 14,057 -219,031 1683,690 

29,142 -144,123 91,986 16,410 -259,161 1992,225 

T1, kn/m 

34,000 -21,830 105,605 18,795 -297,341 2285,710 

0,000 -7,144 -6,418 -6,667 -7,599 0,000 

4,857 -70,112 -69,739 -69,867 -70,345 -66,443 

9,714 -133,083 -133,012 -133,036 -133,128 -132,385 

14,571 -196,111 -196,234 -196,192 -196,033 -197,328 

19,428 -259,239 -259,396 -259,342 -259,141 -260,782 

24,285 -322,500 -322,477 -322,485 -322,515 -322,268 

29,142 -385,911 -385,444 -385,604 -386,203 -381,323 

T2, 
kn/m 

34,000 -449,466 -448,245 -448,666 -450,226 -417,500 

0,000 -15,436 -13,868 -14,406 -16,421 0,000 

4,857 6,198 5,568 5,784 6,593 0,000 

9,714 3,317 2,980 3,096 3,528 0,000 

14,571 -4,757 -4,274 -4,440 -5,060 0,000 

19,428 -5,664 -5,088 -5,282 -6,025 0,000 

24,285 2,463 2,214 2,299 2,621 0,000 

29,142 7,637 6,859 7,127 8,123 0,000 

102⋅M2, 

kn⋅m/m 

24,000 -19,165 -17,214 -17,885 -20,385 0,000 

0,000 1655,59 1665,19 1661,89 1649,57 1750,00 

4,857 1656,00 1664,89 1661,83 1650,43 1743,40 

1657,24 1663,98 1661,67 1653,00 1723,64 

R=8,75 m 

l=40,0 m 

h=0,50 m 

γ=10 kn/m3 

HH =5,0 m 

S, kn/m 

9,714 

k

E=2,4⋅107 
kn/m2 

σ s=1500 

kn/m2 

ρσ s=16000 

kn/m2 

ϕ0=34
0 
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14,571 1659,28 1662,49 1661,39 1657,26 1690,88 

19,428 1661,11 1660,42 1661,00 1663,19 1645,36 

24,285 1665,73 1657,77 1660,51 1670,72 1687,42 

29,142 1670,13 1654,55 1659,93 1679,82 1517,51 

34,000 1675,26 1650,79 1659,26 1690,40 1436,14 

0,000 0,347 0,349 0,348 0,346 0,367 

4,857 0,344 0,351 0,349 0,340 0,423 
h, m 

9,714 0,341 0,354 0,350 0,334 0,486 

14,571 0,339 0,356 0,350 0,329 0,555 

19,428 0,336 0,358 0,350 0,324 0,628 

24,285 0,334 0,360 0,351 0,320 0,703 

29,142 0,333 0,361 0,351 0,317 0,779 

34,000 0,331 0,362 0,351 0,315 0,854 

 

 

K  kaSxlis sadawneo waxnagis optimizaciis dazustebuli amocanis 

gadawyvetamde davamuSaveT, ufro martivi da TvalsaCino amocana, miwisqveSa 

nagebobis cilindrul gadaxurvaze, vinaidan aRniSnuli nageboba simetriulia 

da masze modebulia simetriuli datvirTva. 

 

   

a

a

b

b

c

c

d

d

0

R

χ

T2

S
S

N2

T1

l/2

l/2

2f 0

f

M2
 

nax. 14. miwisqveSa nagebobebis cilindruli gadaxurvis  

saangariSo sqema     

zogad SemTxvevaSi, roca gadaxurvaze moqmedebs vertikaluri samTo 

wneva, gruntis wylebis hidrostatikuri dawneva da gumbaTis sakuTari simZimis 

Zala SegviZlia miviRoT: 

( ) ( ) ,hcosRRhcosRhcosRq,0q,0q 0H0321 bq γ+ϕ−+γ+ϕ−+ϕγ−===   (35) 

sadac ,  da   aris Sesabamisad, samTo qanis, wylisa da betonis 

moculobiTi wona. 

qγ γ bγ

  (33) da (1) gantolebaTa erTobliobiT saTanado  sasazRvro pirobebTan 

erTad ganvsazRvreT yvela ucnobi Zala da momenti (T1; T2; S; N2; M2), rogorc 

statikurad rkvevadi sistemisaTvis. gadaxurvis ucnobi sisqeebi, romlebic 
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uzrunvelyofs misi tanis sxvadasxva wertilebis TanabarsaSiSroebas rRvevis 

mimarT, ganvsazRvreT simtkicis (denadobis) (34) gantolebiT. aseTi midgomiT 

gansazRvruli gadaxurvis ganivkveTis zomebi uzrunvelyofs praqtikulad 

minimaluri moculobis konstruqciis daproeqtebas. 

am amocanis gadawyvetis Semdeg naSromSi ganxilulia kaSxlis sadawneo 

cilindruli gadaxurvis optimaluri sisqeebis gansazRvra  

miwisqveSa hesis samanqano darbazis cilindruli gadaxurva        

grZivi RerZis mimarT simetriuli konstruqciaa rogorc geometriulad, ise 

gare datvirTviTa da sasazRvro  pirobebiT, rac aadvilebs amocanis amoxsnis 

dros sasazRvro pirobebis Cawerasa da  am pirobebis dakmayofilebas. zogad 

amonaxsnebSi, Txelkedliani kaSxlis sadawneo waxnagi grZivi RerZis mimarT 

(
2

0ϕ
=ϕ ) ganicdis arasimetriuli hidrostatikuri wnevis moqmedebas, rac 

arTulebs amocanis amoxsnas. amocanis ricxviT realizaciamde miyvana 

praqtikulad SesaZlebelia Semdeg SemTxvevaSi: 

1. Tu CavTvliT, rom hidrostatikuri wneva kaSxlis simaRleze, zogjer misi 

mcire sididis gamo, SeiZleba CaiTvalos Tanabarganawilebulad, xolo 

konstruqcia  
2

0ϕ
=ϕ  msaxvelis mimarT simetriulad.  

    ;
4

)( 00 constHqq K ===
γ

ϕ   

        

R

f

f 0 /
2

f 0

H

O

k

q =γHk/40  

nax. 15. sadawneo waxnagis saangariSo sqema Tanabarganawilebuli 

datvirTvis pirobebSi 

      wonasworobis gantolebaTa sistemidan saTanado gardaqmnebiT 

vRebulobT:  2
0

2 1
cosR)(q2

sinDcosC)(T
ω−

ϕϕ
+ωϕ+ωϕ=ϕ  

am saangariSo sqemis SemTxvevaSi, sasazRvro pirobebi iqneba:  
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roca 
2

0ϕ
=ϕ , maSin 0

d
dT

T 2
2 =

ϕ
=  da miviRebT integrirebis nebismieri (C da D) 

mudmivebis mimarT Semdeg algebrul gantolebaTa sistemas: 

         

,
1

2
cosRq2

2
sinD

2
cosC

.
1

2
sinRq2

2
cosD

2
sinC

2

0
0

00

2

0
0

00

ω−

ϕ

−=
ωϕ

+
ωϕ

ω−

ϕ

=
ωϕ

ω+
ωϕ

ω−
                

Sesabamisad, miviRebT: 

      
ωω−

⎟
⎠

⎞
⎜
⎝

⎛ ωϕϕ
ω−

ωϕϕ

=
)1(

2
sin

2
cos

2
cos

2
sinRq2

D 2

0000
0

.              (36) 

             
ωω−

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛ ωϕϕ
ω+

ωϕϕ

=
)1(

2
sin

2
cos

2
cos

2
sinRq2

C 2

000
0

             (37) 

konkretul SemTxvevaSi, C  da  D  mudmivebis ricxviTi mniSvneloba 

martivad ganisazRvreba da sabolood gveqneba: 

      xcos
1

cos)(q2
sinDcosC)(T 2

0
2 l

π
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
ω−

ϕϕ
+ωϕ+ωϕ=ϕ .            (38) 

agreTve wonasworobis gantolebaTa sistemidan saTanado gardaqmnebiT 

miviReT: 

    )(EsinRq
1
1cosDsinC)(N 02

2

2 ϕ+ϕ
ω−
ω+

+ωϕ
ω

−ωϕ
ω

=ϕ .            (39) 
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Siga Zalvebis gansazRvris Semdeg, vsazRvravT optimalur sisqeebs (34) 

gantolebis gamoyenebiT. amocanis ricxviTi realizacias vawarmoebT winaswar 

Sedgenili kompiuteruli programiT. 

2. Tu CavTvliT, rom kaSxlis sadawneo waxnagis grZivi kideebi 

Camagrebulia saxsrulad uZravad ise, rom, roca ϕ=0 da ϕ=ϕ0, maSin T2=0. e.i. 

kidis radialuri CaRunva da grZivi mimarTulebiT gadaadgileba SezRudulia, 

am mimarTulebiT bmis usasrulo sixistis gamo (ix. nax. 16). 
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      nax. 16. sadawneo waxnagis saangariSo sqema, roca grZivi kideebi 

Camagrebulia saxsrulad uZravad. 

 

grZivi kideebis sasazRvro pirobebis mixedviT ganvsazRvroT 

integrirebis C(ϕ) da D(ϕ) funqciebi. kerZod, roca ϕ=0, maSin T2(0)=0 anu 

                 
1
R)(q2

)(C 2
0

−ω

ϕ
=ϕ                          (42) 

     xolo, roca ϕ=ϕ0, maSin T2(ϕ0)=0, e.i.  
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(1) sistemis me-3 gantolebidan                                  

cvladTa gancalebis Semdeg, miviRebT: 
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davuSvaT pirobiT, rom roca 03
2

ϕ=ϕ , maSin N2(ϕ)=0, miviRebT: 
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M2(x,ϕ) ganisazRvreba (1) sistemis meoTxe gantolebidan cvladTa 

gancalebiT 
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integrirebis K(ϕ) funqcia ganisazRvreba pirobiT, roca ϕ=0, maSin M =0 2

anu            2

RCK
ω

=                              (48) 

Ggarkveul pirobebSi, roca S‐is  gaTvaliswineba aucilebelia 

gaiangariSeba ise rogorc wina SemTxvevaSi (40).   

miRebuli Sedegebis Sedarebam im SedegebTan, romelic miRebulia 

optimaluri sisqeebis gamoTvlis miaxloebiTi meTodiT, gviCvena, rom 

praqtikuli gamoyenebisaTvis gansxvaveba umniSvneloa da aqidan gamomdinare aq 

ar mogvyavs. 

  ZiriTadi daskvnebi da rekomendaciebi 

1. damuSavebulia axali Semsubuqebuli tipis kaSxlis konstruqcia, 

romlic warmodges sami erTmaneTTan mdovred SeuRlebuli Txeli elementis 

erTobliobas.  es Txeli elementebi maTi muSaobis pirobebidan gamomdinare 

gadawyvetilia garsebisa da filebis saxiT; 

2. damuSavebulia Semsubuqebuli tipis kaSxlis asawyobi varianti, 1.5, 

2.0, 3.0 da 5.0 metri simaRleebisaTvis. Catarebulia SemoTavazebuli simaRlis 

asawyobi kaSxlebis standartizacia da unifikacia. agreTve maTi hidravlikuri 

da mdgradobaze (fuZis sibrtyeSi Zvrasa da gadayiravebaze) gaangariSebebi. 

miRebuli Sedegebi gaanalizebulia da mocemulia saTanado rekomendaciebi;  

3. Semsubuqebuli tipis kaSxlis sadawneo waxnagi misi muSaobis 

pirobebis sirTulis Sesabamisad gadawyvetilia cilindruli garsis saxiT. 

damuSavebulia realuri sasazRvro pirobebisaTvis kaSxlis sadawneo waxnagis 

saangariSo programa MATLAB-is gamoyenebiT, gaangariSebas safuZvlad udevs 

naxevrad momenturi garsTa Teoria. 

4. Catarebuli ricxviTi eqsperimentebis safuZvelze gamokvleulia 

saZirkvlis filis simtkiceze TiToeuli parametris gavlena, amonaxsnTa 

krebadobis sakiTxi, miRebuli Sedegebis Sedareba da analizi sxva avtorebis 

mier SemoTavazebul meTodebTan. 

        5. kaSxali rogorc erTiani nageboba fuZesTan erTad gaangariSebulia 

sasrul elementTa meTodiT, praqtikaSi aprobirebuli saangariSo programebis 

gamoyenebiT.  

        6. Catarebulia Sedareba garsebisa da firfitebis TeoriiT da sasrul 

elementTa meTodiT miRebul Sedegebs Soris. Sedarebam aCvena, rom sainJInro, 

praqtikuli gamoyenebis TvalsazrisiT miRebuli Sedegebi erTmaneTs emTxveva. 

   7. amoxsnilia optimizaciis amocana, optimizaciis kriteriumad 

miRebulia garsis minimaluri wona simtkicisa da sixistis normatiuli 

maragis SenarCunebiT.  
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      8.  optimizaciis amocanis ricxviTi realizaciisaTvis Sedgenilia 

saTanado kompiuteruli programa, romelic warmatebiT SeiZleba gamoviyenoT 

rogorc hidro aseve samoqalaqo da samrewvelo obieqtebze filebisa da 

cilindruli garsebis kvlevisa da daproeqtebisaTvis.  

 

 

disertaciis ZiriTadi Sinaarsi gamoqveynebulia Semdeg naSromebSi: 

1.   gedeniZe z., kviciani t., avaliani s. asawyobi dabaldawneviani kaSxlis       
konstruqcia da ZiriTadi parametrebis standartizacia. hidroinJineria   
#1(1). Tbilisi, 2007, gv. 58-63. 

2.   gedeniZe z., kviciani t., avaliani s. asawyobi, dabaldawneviani kaSxlis 
sadawneo waxnagis daZabul-deformirebuli mdgomareoba. energia, #2 (42). 
Tbilisi, 2007, gv. 44-50. 

3.   Gedenidze  Z. , Kvitsiani T. , Avaliani S. –The intense and deformed condition with the structure 
of the water head spillway hollow dam.Torical problems of continum  mechanics. Ierevan- 
2007. pages 474-478. 

4. Gedenidze Z., Kvitsiani T., Avaliani S. Optimization problem of the cylindrical covering of the 
underground constructions.  TCU, Tbilisi, 2008,f.  43-47. 

5.     gedeniZe z., kviciani t., avaliani s., koxreiZe n. monografia 
“Txelkedliani kaSxlebis konstruqcia da optimaluri daproeqteba”. 
gamomcemloba “inteleqti” 2009. 303 gv.   

6.   gedeniZe z., kviciani t., avaliani s. rTuli daZabuli mdgomareobis 
modificirebuli simtkicis pirobis funqcionaluri analizi. 
samecniero-teqnikuri Jurnali “mSenebloba”, #3 (18). Tbilisi, 2010, gv. 6-
12. 

 

                                                                  summari 
 
The construction of river hydroelectric complexes is generally distinguished from that of other 
engineering facilities for a large scope of work and accordingly great capital investments. Despite the 
kind of water industry the hydroelectric complex serves, a dam is frequently the most valuable and 
crucial structure of the complex.  
Therefore, reduction in the cost of a dam construction at the expense of the structural perfection of the 
dam and improved job practices will help significantly reduce the cost and duration of construction of a 
hydroelectric complex.  
As a result, the research and development works to significantly accelerate and reduce the cost of a dam 
construction have been a subject of concern of the hydraulic engineers in recent years. The studies to 
solve this problem are mostly concerned with the solution of the following two problems - 
technological and structural perfection of a dam construction.  
Chapter 1 deals with the design of a new-type, thin-walled blind dam and spillway. It is presented by a 
smooth mating of three thin-walled structures, one of them being an upstream face (cylindrical shell), 
another being a foundation slab (or a cylindrical shell) and the rest being a downstream face of the 
proper geometry.  
The parameters of movable dams are unified and standardized, with their discharge capacity and 
stability (sliding resistance and overturning stability in the base plane) are calculated. The results of 
calculation are analyzed and proper conclusions are made.  
Chapter 2 gives the calculation of the strength of the dam pressure face, influence of different 
parameters and working conditions (boundary conditions) of the pressure face on the deflected mode of 
a cylindrical cover. The methods of calculation with the numerical experiment allow choosing the cover 
parameters.  
The work, aiming at determining the deflected mode of the dam pressure face, uses the theory of semi-
flexible shells. The decision equation is gained based on the theory of semi-flexible shells of V. Vlasov 
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and U. Finsterwalder, which is based on proper statistical and kinematical assumptions. Based on these 
assumptions, the system of equilibrium equations is written in the radial displacements as a differential 
equation with the 8-th series private-derivative. By separating the variables (Maurice-Levy problem) it 
is reduced to a common differential heterogeneous equation with constant coefficients of series 8. 
Based on the theoretical analysis of the roots of the performance equation, a general solution to this and 
accordingly, to the decision equations is gained as radial deflections. The constants of integration are 
determined by the solution to the system of algebraic equations consisting of eight equations 
corresponding to the boundary conditions, which gives the most real picture of the real working 
conditions of the studied face.  
A method of direct determination of any n-series derivative of the general solution to the problem is 
produced what significantly facilitates the determination of any internal force of the dam pressure face 
by radial deflections.  
The computer software with mathematics 4.1 language has been developed for the purpose of numerical 
implementation of the problem. The mentioned software, by using the numerical experiment allows 
correct fixing the parameters of the pressure face of a hollow dam generally and of a movable low-sill 
dam particularly in every concrete case.  
The deflective mode of a movable low-sill spillway section is dependent not only on the structure and 
sizes of its cross section, but the full length of the rollway, as after the joints are solidified, it works as a 
single structure.  
Chapter 3 contains the calculation of strength of the foundation slab of a movable low-sill hollow dam, 
including that of a movable low-sill dam. The foundation slab transmitting the loads on the dam to the 
base of the structure, is one of the most crucial structural elements of a dam together with the upstream 
face. In accordance with the low height of a movable dam, due to insignificant inverse filtering pressure 
and reactive forces, replacement of the dam foundation slab with the cylindrical foundation shell is not 
necessary. Such a replacement is necessary for average and high dams what is also evidenced by the 
results of calculation.  
By means of the numerical experiments the impact of each parameter on the strength of the foundation 
slab and problem of convergence of solutions are studied, and the gained results are analyzed at the 
expense of the influence of additional shear stresses in the elastic base and compared with the methods 
offered by other authors. 
Chapter 4 deals with the scheme of the spillway solidification and its structural development. The 
strength conditions of the dams were re-examined by means of the finite element method. 
Chapter 5 of the monograph is dedicated to the problems of optimal designing of a thin-walled dam. 
The minimum dam weight with the constant rated reserve of strength and rigidity has been taken as an 
optimization criterion.  
The strength condition of the structure is assessed by considering the complex state of stress and 
different compression and tensile strengths (fragile-plastic materials). Selection of the optimal 
thicknesses of the dam ensuring an ultimate transformation of the whole structure into a plastic state is 
done by two methods. The first method, which is based on the kinematical and statistical assumptions 
of the theory of semi-flexible shells, is more rigid. Another method is more accurate, as it is based on 
statistical assumptions only and the problem solution, by considering the relationship between the 
longitudinal forces, is reduced to the solution to the statistically definable system.  
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