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1. zogadi cnobebi TaRovan kaSxlebze da gaangariSebis axali meTodis Camoyalibeba
1.1 konstruqciuli analizi

TaRovanma kaSxlebma, rogorc ekonomiurad xelsayrelma da eqspluataciaSi saimedo nagebobebma didi xania farTo gavrceleba hpova msoflio kaSxalTmSeneblobaSi. saSualo da maRaldawneviani hidrokvanZebis SemadgenlobaSi yvelaze Rirebul da sapasuxismgeblo nagebobas kaSxali warmoadgens. TaRovani kaSxali rTuli geometriuli formis garsuli tipis nagebobaa, romelsac muSaoba uxdeba gansakuTrebul pirobebSi. amitom TaRovani kaSxlebis simtkiceze gaangariSeba deformirebadi sxeulebis meqanikis urTules amocanaTa kategorias miekuTvneba. 

TaRovani kaSxlebis mSenebloba gansakuTrebiT efeqturia mTis mdinareebis viwro da Rrma kalapotebSi. saqarTvelos bunebrivi pirobebi, romlis udidesi nawili mTagoriania, saSualebas iZleva gabedulad vawarmooT ekonomiuri tipis da konstruqciis TaRovani kaSxlebis mSenebloba.

swored amitom yofil ssr kavSiris teritoriaze pirveli TaRovani kaSxali simaRliT 69 m, aSenda 1961 wels saqarTveloSi (lajanurhesze). ukve 30 welia eqspluataciaSi imyofeba msoflioSi unikaluri simaRlis (271.5 m) enguris TaRovani kaSxali. praqtikulad damTavrebulia, 200 da 91 m simaRlis, xudonisa da namaxvanis hesebis TaRovani kaSxlebis proeqtebi.

rogorc saqarTveloSi aseve mis sazRvrebs gareT, perspeqtivaSi gaTvaliswinebulia mravali energetikuli daniSnulebis hidrokvanZis mSenebloba TaRovani kaSxliT.

gegmaSi TaRovani kaSxali warmoadgens mrudwiruli moxazulobis wyalSemtborav sivrciT konstruqcias, romelic muSaobs rogorc gumbaTi an garsi da masze mosul datvirTvebs quslebiT gadascems xeobis napirebs.

TaRovani kaSxlebis klasifikacia warmoebs sxvadasxva niSnis mixedviT:

· moyvanilobis koeficientiT, 

moyvanilobis koeficientiT, romelic axasiaTebs kaSxlis fardobiT sisqes (nax. 1.1) 
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 - kaSxlis maqsimaluri simaRle). TaRovani kaSxlebi, fardobiTi sisqis mixedviT iyofa sam jgufad [1]
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g) TaRovan-gravitaciuli (
[image: image7.wmf]K0,35

>

).


[image: image8.wmf]K

 moyvanilobis koeficientis mniSvneloba damokidebulia xeobis kveTis formaze, anu kaSxlis gasworze da 
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 fardobaze, romelsac gasworis koeficienti ewodeba. aq 
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 kaSxlis Txemis sigrZea, zogjer mis nacvlad iReben gasworis siganes kaSxlis Txemis simaRleze (qordas 
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 koeficientebs Soris damokidebulebis mrudebi naCvenebia nax. 1.2-ze, romelTa gamoyenebiT [1,2] SeiZleba winaswar  dainiSnos kaSxlis fuZis siganis miaxloebiTi mniSvneloba.
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nax. 1.1 TaRovani kaSxlis sqema
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nax. 2. aSenebuli kaSxlebis moyvanilobisa da gasworis koeficientebs Soris damokidebulebis grafikebi: 1 – saSualo yvela Tanamedrove kaSxlebisaTvis; 2 – 80 m-ze maRali kaSxlebisaTvis; 3 – 80 m-mde simaRlis kaSxlebisaTvis; 4 – a. stukis mier rekomendebuli.

· TaRovani nawilis moxazulobis (geometriis) mixedviT ganasxvaveben [3]:
a) mudmiv centralur kuTxians;

b) 
sadawneo waxnagis mudmivradiusian an cilindruls;

g) 
ormagsimrudians an gumbaTovans.

mudmiv centralurkuTxiani kaSxlebi damaxasiaTebelia samkuTxa (an masTan axlo), xolo mudmivradiusiani an cilindruli kaSxlebi sworkuTxa (an masTan axlo) formis xeobebisaTvis. TaRovani kaSxlebisaTvis ukeTesia xeobis samkuTxa formebi, romlis drosac kaSxlis qveda horizontaluri kveTebisaTvis hidrostatikuri wnevis zrdasTan erTad mcirdeba mali.

·  kaSxlis napirebTan da fuZesTan SeuRlebisa da konstruqciuli Taviseburebebis mixedviT:

a) 

quslebis drekadi CamagrebiT;

b) 

konturuli an perimetruli nakerebiT;

g) 

CaWrili nakeriT;

d) 
or an samsaxsriani TaRebiT;

e) 

sanapiro burjebiT;

v) 

sayvinTi zeda TaRebiT (sayvinTi TxemiT);

z)
specialuri kedlebiT an svetebiT, romlebic susti kldovani gruntebis SemTxvevaSi jansaR gruntebs datvirTvebs ufro Rrmad gadascemen.
· simaRlis mixedviT:

a) 
dabali 
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[image: image17.wmf]25H75

££

 m;

g) 
maRali 
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d) 
zemaRali 
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simaRlis mixedviT kaSxlebis klasifikacia pirobiTia, aris sxva winadadebebic.

· wylis gaSvebis xerxis mixedviT TaRovani kaSxlebi iyofa:

a) 
yru;

b) 
wyalsagdebi _ wyalsaSviani da siRrmuli xvretebiani.

· masalis mixedviT:

a) 
qvis;

b) 
betonis;

g) 
rkinabetonis.

praqtikaSi ufro xSirad TaRovani kaSxlis mSeneblobisaTvis gamoiyeneba betoni.

kaSxlis fuZis geologiurma pirobebma unda uzrunvelyos mniSvnelovani datvirTvebis miRebis SesaZlebloba. am mxriv meti moTxovnebi waeyeneba xeobis napirebs, vidre fskers. aseT pirobebs akmayofilebs mxolod kldovani qanebi _ granitebi, porfiritebi, bazaltebi, diabazebi da sxva. romelTac moeTxoveba monoliTuroba, mcire deformirebadoba, wyalSeuRwevadoba, wyalmedegoba da maRali meqanikuri simtkice. TaRovani kaSxlebis fuZeebad dasaSvebia iseTi magari danaleqi qanebic, rogoricaa qviSaqvebi da kirqvebi. araxelsayrelia SemTxveva, rodesac fuZis qanebi horizontalur fenebadaa ganlagebuli, anda fenebi daqanebulia qveda biefisaken. TaRovani kaSxlis fuZeebis bunebrivi geologiuri pirobebis gaumjobeseba Tanamedrove pirobebSi sakmaod efeqturad xorcieldeba maTi mTliani cementaciiT.

TaRovan kaSxlebSi betonis moculoba 1,5_5-jer ufro mcirea, vidre gravitaciulSi. fuladi danaxarjebis ekonomia ramdenadme mcirea, radgan TaRovani kaSxlis betoni 15-20%-iT Zviria, vidre gravitaciulis. aman ganapiroba TaRovani kaSxlebis farTo gavrceleba msoflio kaSxalTmSeneblobaSi.

amJamad msoflioSi aSenebulia, Sendeba an daproeqtebis stadiaSia 75 m-ze maRali 900-mde sxvadasxva konstruqciis kaSxali, romelTa Soris yoveli mesame TaRovania.

 eqspluataciaSi myofi da mSenebare maRali (
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) betonisa da rkinabetonis kaSxlebis saerTo raodenobiT msolioSi pirvel adgilzea aSS (110 kaSxali), meoreze italia (93 kaSxali), xolo mesameze  _ safrangeTi (52 kaSxali). yofil sabWoTa kavSirSi aSenebulia aseTi tipis sul 15 kaSxali.

ukanaskneli 30 wlis ganmavlobaSi gravitaciuli kaSxlebis wili msoflio kaSxalTmSeneblobaSi Semcirda 35-dan 20%-mde.

1950 wlamde msoflioSi aSenebuli maRali TaRovani kaSxlebis 50% modioda aSS-ze. ukanasknel 30 wliwadSi suraTi mkveTrad Seicvala. daproeqtebuli da aSenebuli TaRovani kaSxlebis 56% modioda evropis ganviTarebul qveynebze. ukanasknel wlebSi did warmatebebs miaRwia TaRovani kaSxlebis mSeneblobaSi iaponiam, CineTma da iranma. amJamad iranSi Sendeba msoflioSi yvelaze maRali (330 m) baxtiaris TaRovani kaSxali, CineTSi `sam xeobaSi~ 295 m simaRlis TaRovani kaSxali, iaponiaSi 60-ze meti 80 metramde simaRlis TaRovani kaSxali da sxv.

1.2. TaRovani kaSxlebis simtkiceze gaangariSebis Tanamedrove meTodebis analizi

TaRovani kaSxlebi wylis Tanabar wnevasa da temperaturul-jdomis movlenebiT gamowveul moqmedebebze gaiangariSeba, xolo seismurad aqtiur raionebSi, romelsac miekuTvneba saqarTvelos mTeli teritoria _ seismur datvirTvebzec. nagebobis fuZeSi, simciris gamo, mxedvelobaSi ar miiReba ukufiltraciuli wnevebi, agreTve yinulis statikuri wnevebi, radgan moqmedi normebiT gaTvaliswinebulia eqspluataciis periodSi misi Camtvreva perforatorebis an sxva saSualebaTa gamoyenebiT. Zalvebi, romlebic betonis SeklebiTa da 
gajirjvebiT warmoiqmneba, urTierTSebrunebuli niSnisaa da damokidebulia betonis Sedgenilobisa da misi wyobis meTodebze. betonis SeklebiTa da gajirjvebiT gamowveuli Zabvebi  ki SeiZleba miaxloebiT gamoisaxos maTi ekvivalenturi ZabvebiT, romlebic Sesabamisad kaSxlis temperaturis SemcirebiTa da gazrdiT warmoiqmneba. amitom TaRovani kaSxlebis gaangariSebisas aRniSnuli sami faqtori (garemos temperaturis ryeva, betonis Sekleba da gajirjveba) SeiZleba dayvanil iqnas Sesabamisi amplitudis temperaturis jamur ryevaze [2,3]. 

zogadi moxazulobis TaRovani kaSxlebis simtkiceze gaangariSeba zusti Teoriuli meTodebiT, misi Sua zedapiris rTuli geometriisa da muSaobis pirobebis gaTvaliswinebiT, urTulesi amocanaa. miuxedavad mravalgzis cdisa, TaRovani kaSxlis simtkicis amocanis mkacri Teoriuli gadawyveta jer kidev araa miRebuli. miuxedavad amisa ukanasknel 25-30 wlis ganmavlobaSi msoflioSi dagrovda mdidari gamocdileba TaRovani kaSxlebis kvlevis, daproeqtebis da eqspluataciis saqmeSi. amJamad TaRovani kaSxlebis daZabul-deformirebuli mdgomareobis suraTis dasadgenad damuSavebuli meTodebi saSualebas iZleva nebismieri konstruqciis TaRovani kaSxlebi gaangariSdes praqtikulad misaRebi sizustiT.

zogadad TaRovani kaSxlebis gaangariSebis meTodebi iyofa or jgufad. pirvel jgufs miekuTvneba, e.w. `sufTa TaRis~ meTodebi, romlebic ganixilaven TaRovani kaSxlidan horizontaluri sibrtyeebiT amoWril erTeuli simaRlis TaRebs horizontaluri datvirTvebis moqmedebis da sxvadasxva xasiaTis Adayrdnobis pirobebSi. meore jgufs miekuTvnebian meTodebi, romlebic TaRovan kaSxlebs ganixilaven rogorc horizontaluri da vertikaluri datvirTvebis qveS momuSave sivrcul sistemas. TaRovani kaSxlis, rogorc sivrciTi sistemis gaangariSebis meTodebi (saangariSo sqemidan gamomdinare) SeiZleba dajgufdes Semdegnairad: `centraluri konsolis meTodi~, fiqtiuri orTotropuli sistemebis Serwymis meTodi, variaciul-Rerovani meTodi, sasrul-gadamkveTi Reroebis meTodi, garsebisa da drekadobis Teoriaze dafuZnebuli meTodebi. amocanebis realizaciisaTvis TiToeul meTodSi gamoiyeneba sxvadasxva maTematikuri aparati.

TaRovani kaSxlebis simtkiceze gaangariSebis meTodis SerCeva pirvel rigSi gulisxmobs saangariSo sqemis SerCevas, ZiriTadi hipoTezebisa da daSvebebis Camoyalibebas da ZiriTadi (gadamwyveti) gantolebebis amoxsnis efeqturi xerxebis moZebnas. gaangariSebis sivrciTi meTodis SerCeva damokidebulia miRebuli Sedegebis sinamdvilesTan saWiro miaxloebis xarisxze. III da IV klasis nagebobebis an yvela I da II klasis nagebobebis winaswari gaangariSebisaTvis SeiZleba gamoyenebuli iqnas iseTi miaxloebiTi meTodebi rogoricaa centraluri konsolis meTodi, fiqtiuri orTotropuli sistemebis Serwymis meTodi da sxva. gaangariSebis ufro srulyofili meTodebi gamoiyeneba I da II klasis nagebobebis ZiriTad angariSebSi proeqtirebis maRal stadiebze. dReisaTvis TaRovani kaSxlebis, rogorc sirciTi sistemebis, daZabul-deformirebuli mdgomareobis gamosakvlevad upiratesoba eniWeba iseT sainJinro meTodebs, rogoricaa sasruli elementebis meTodi (rekomendebulia daproeqtebis yvela fazaSi samSeneblo normebiT), garsebis Teoriis meTodi, tradiciul e.w. sacdel datvirTvaTa meTodi. TiToeul maTgans gaaCnia dadebiTi da uaryofiTi mxareebi, rac gansazRvravs maTi gamoyenebis sferos.

centraluri konsolis meTodidan praqtikaSi ufro xSirad gamoiyeneba gaangariSeba, romelic miiReba algebrul gantolebaTa sistemis amoxsniT (g. riter _ v. skrilnikovis meTodi) da konsolis Runvis diferencialuri gantolebis amoxsniT. centraluri konsolis meTods, ise rogorc mravalkonsolian anu TaRebisa da konsolebis diskretul meTods, agreTve garsebis Teoriaze dafuZnebul meTodebs, SeuZliaT TaRovani kaSxlebis drekadi Camagreba fuZeSi gaiTvalswinon mxolod fuZis damyolobis koeficientiT. meore mxriv TaRovani kaSxlebis saimedo muSaoba bevradaa damokidebuli daproeqtebisas misi muSaobis pirobebis srulad gaTvaliswinebaze, romlis drosac gansakuTrebuli mniSvneloba eniWeba geologiur pirobebs. kaSxlis daZabul mdgomareobaze gansakuTrebul gavlenas axdens konturis gaswvriv da fuZeSi kldovani gruntis araerTgvarovani drekadi maxasiaTeblebi, romlis srilyofilad gaTvaliswineba kaSxali-fuZis erTian sistemaSi SesaZlebelia mxolod sasruli elementebis an sasazRvro elementebis meTodiT.

sasruli elementebis meTodi warmoadgens variaciul-sxvaobiT meTods, romelic amocanis ricxviTi realizaciisaTvis farTod iyenebs eleqtrogamoTvliT manqanebs (e.g.m.). am meTodiT sivrciTi konstruqcia warmodgenilia, rogorc sasruli zomis elementebis erToblioba, SeerTebuli erTmaneTTan sasruli raodenobis kvanZebiT. sasruli elementebis meTodis gamoyenebiT Sedgenilia universaluri programebi, romliTac xdeba nebismieri geometriis TaRovani kaSxlis simtkiceze gaangariSeba garemomcvel gruntTan erTad. sasrul elementebad TaRovani kaSxlisaTvis gamoiyeneba, rogorc oTxkuTxa cilindruli panelebi, agreTve filis tipis samkuTxa da oTxkuTxa elementebi, sakvlevi aris mcire sasrul elementebad dayofis SemTxvevaSi xdeba sainJinro TvalsazrisiT sakvlevi obieqtis sruli aproqsimacia, rac misi daZabuli mdgomareobis suraTs iZleva praqtikulad misaRebi sizustiT. kaSxlis tanSi Zabvebis arasasurveli (mkveTrad uTanabro) ganawilebis SemTxvevaSi praqtikaSi gamoiyeneba sxvadasxva konstruqciuli RonisZiebebi:

a)     kaSxlis maqsimalurad SesaZlo simetriulobis uzrunvelyofa;

b)     kaSxlis Sua zedapiris racionaluri moxazuloba, rac uzrunvelyofs ZiriTad datvirTvebze mis statikur umomentobasTan miaxloebas;

g) kaSxlis elementebis mdovre moxazuloba, rac gamoricxavs mniSvnelovani adgilobrivi Zabvebis aRZvras;

d) 
sxvadasxva nakerebis, saxsrebis, drekadi safenebis, dabalmoduliani betonis zonebis mowyobiT statikurad urkvevobis xarisxis Semcireba;

e)     winaswari daZabvis gamoyeneba;

v)     Termoizolaciebis mowyoba da sxva.

Tu avagebT eqspluataciaSi myofi TaRovani kaSxlebisaTvis rTuli daZabuli mdgomareobis denadobis funqciis fardobiT ekvipotencialebs (toli Zabvis wirebs), davrwmundebiT, rom maTi sxvadasxva ubani (nax. 1.3) xasiaTdeba simtkicis sxvadasxva maragiT [4]. es imaze miuTiTebs, rom datvirTvis Semdgomi gazrda gamoiwvevs kaSxlis plastikuri rRvevis dawyebas manamde, vidre mTeli kaSxali gadava plastikur mdgomareobaSi. maSasadame kaSxlis tanSi masala da maTi meqanikuri maxasiaTeblebi ar aris optimalurad gamoyenebuli da moiTxovs Semdgom intensiur kvlevas.
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nax. 1.3 xudonis TaRovani kaSxlis qveda (a) da zeda (b) waxnagebis eqvipotencialebze. agebulia s. antonovis modeluri gamokvlevebis safuZvelkze

Tanamedrove TaRovani kaSxlebis mSeneblobaSi aqtualur problemas warmoadgens misi mSeneblobis mkveTri daCqareba da Rirebulebis mniSvnelovani Semcireba, gaangariSebiT dasabuTebuli konstruqciis optimizaciis safuZvelze. aRsaniSnavia, rom am aqtualuri sakiTxebis ganxilvas gansakuTrebuli yuradReba eTmoba maRali kaSxlebis saerTaSoriso komisiis bolodroindel sxdomebze.

saerTod samSeneblo nagebobebis da konstruqciebis optimaluri daproeqtebis amocanebi warmoadgens myari deformirebadi sxeulebis meqanikisa da optimaluri marTvis Teoriis sinTezs. es amocanebi gansakuTrebiT aqtualuri xdeba masalatevadi hidroteqnikuri nagebobebisTvis. konstruqciis optimaluri daproeqtebis zogadi kriteriumi xSirad misi Rirebulebaa, magram gavlenis yvela faqtoris gaTvaliswineba urTules amocanas warmoadgens.

praqtikaSi xSirad gamoiyeneba iseTi kriteriumebi, rogoricaa, minimaluri wona (moculoba), konstruqciis simtkicis, mdgradobisa da sixistis uzrunvelyofis pirobebSi. zogjer gadamwyveti mniSvneloba eniWeba ara konstruqciis minimalur wonas, aramed mSeneblobis teqnologias. amdenad, optimaluri konstruqciis Seqmnis sakiTxi warmoadgens metad aqtualur da rTul problemas.

TaRovani kaSxlebis daproeqtebisas misi parametrebis dazustebis mizniT, xSirad saWiroa ganmeorebiTi angariSebis Catareba da miRebuli Sedegebis analizi. statikurad rkvevad TaRovan kaSxlebSi sasurveli Sedegebi SeiZleba miRweuli iqnas erTjeradi analiziT. am dros moqmedi Zalebi, rogorc wesi, ganisazRvreba statikis wonasworobis gantolebebiT, xolo maTi mniSvnelobebi damokidebuli ar aris kveTis maxasiaTeblebze. am SemTxvevaSi simtkicis pirobidan gamomdinare saZiebel parametrebad SeiZleba CaiTvalos kveTis iseTi maxasiaTeblebi, romlebic uzrunvelyofen kaSxlis minimalur wonas. statikurad urkvevi TaRovani kaSxlebis kvlevisas pirvel rigSi saWiroa misi ganivkveTis maxasiaTeblebis codna. vidre maxasiaTeblebi ucnobia, analizi arasaimedoa. yvelaze uxeSi miaxloebisas winaswar iniSneba es maxasiaTeblebi. kaSxali gaiangariSeba, gaanalizdeba da miRebuli Sedegebi safuZvlad daedeba axali maxasiaTeblebis daniSvnas. daproeqtebis TeoriaSi aseTi midgoma iwvevs uwesrigobas, SerCeuli kveTebi aucilebeli ar aris iyos saukeTeso. saWiro xdeba mravaljeradi angariSebis Catareba da didi drois xarjva, rac damaxasiaTebelia dRemde arsebuli TaRovani kaSxlebis gaangariSebaSi.

optimizaciis amocanebi ZiriTadad gadawyvetilia iseTi konstruqciebisaTvis, romelTa saangariSo sqema warmodgenilia erTganzomilebian sistemaSi, anu roca maTi gadamwyveti gantolebebi Cawerilia Cveulebriv diferencialur gantolebebSi. bolo dros nawilobrivi optimizaciis amocanebi (magaliTad mocemuli Zabvebis meTodi) gadawyvetilia zogierTi konstruqciisaTvis, romelTa yofaqceva datvirTvis qveS aRwerilia kerZowarmoebuliani diferencialuri gantolebebiT. igi uzrunvelyofs konstruqciis mxolod nawilobriv gaumjobesebas. 

TaRovani kaSxlebis nawilobrivi optimizaciis mxolod ramodenime naSromia cnobili, romlebic ZiriTadad eyrdnobian ricxviT eqsperimentebs da xorcieldeba rTuli da Sromatevadi iteraciuli cikliT. dRemde TaRovani kaSxlebis optimaluri daproeqteba gulisxmobs nagebobis tanSi Zabvebis mdovre ganawilebas da optimaluri sisqis dadgenas, romelic xorcieldeboda mTavari Zabvebidan misi maqsimaluri mniSvnelobiT. optimaluri daproeqtebisadmi aseTi midgoma ararealurad aRwers rTuli daZabuli mdgomareobis nagebobis simtkicis pirobas da arasrulyofilad iyenebs mis zidvis unars. 

bolo dros erToblivi sawarmo `kolenko-Stuki~-s (Sveicaria) mier, winaswar SerCeuli parametrebiani TaRovani kaSxlis simtkicis pirobis dasaxasiaTeblad gamoyenebuli iqna rTuli daZabuli mdgomareobis simtkicis piroba. Zabvebi simtkicis pirobis Sesamowmeblad gansazRvruli iqna sasruli elementebis meTodiT, xolo parametrebi SerCeuli iqna mravaljeradi da arasaimedo ricxviTi eqsperimentiT.

1.3. TaRovani kaSxlebis simtkiceze gaangariSebis kombinirebuli meTodis Camoyalibeba da dasabuTeba

radgan TaRovani kaSxlebis simtkicis arsebuli Teoria jer ver uzrunvelyofs maTi ZabviTi da deformirebuli mdgomareobis zusti suraTis gamovlenas, amitom dRis wesrigSi dadga TaRovani kaSxlebis gaangariSebis iseTi meTodebis damuSaveba, romelic uzrunvelyofs kaSxlis saimedo optimizacias drois mcire monakveTSi.

TaRovani kaSxlis, rogorc garsis, daZabul-deformirebuli mdgomareobis dasaxasiaTeblad gansakuTrebiT daproeqtebis sawyis etapze (I da II faza), rodesac teqnikur ekonomikuri dasabuTebisaTvis adgili aqvs kaSxlis tipisa da ZiriTadi parametrebis SerCevas ufro mizanSewonilia garsTa Teoriis gamoyeneba. gaangariSebis am meTodis gamoyenebas abrkolebs gadamwyvet gantolebaTa amoxsnis sirTule, misi rTuli sasazRvro pirobebisa da geometriis gamo. garTulebulia agreTve normebiT gaTvaliswinebuli `kaSxali-fuZis~, rogorc erTiani sistemis gaangariSeba, gansakuTrebiT, roca fuZis grunti araerTgvarovania, gaaCnia bzarebi da zogjer sicarieleebic. sasruli elementebis meTodiT sistema `kaSxali-fuZis~ gaangariSeba, wyvetili parametrebis pirobebSic did sirTules ar warmoadgens.

naSromSi kaSxlis tanis daZabul-deformirebuli mdgomareoba fasdeba garsTa Teoriis gamoyenebiT, romlis sasazRvro ubnis konturze sasazRvro mniSvnelobaTa dadgena xorcieldeba sasruli elementebis meTodiT, sistema `kaSxali-fuZisaTvis~. (ix. nax. 1.4)

kaSxlis ucnobi sisqeebis gansazRvra gaTvaliswinebulia rTuli daZabuli mdgomareobis simtkicis pirobidan, romelic uzrunvelyofs yovel wertilSi, masalis gaWimvasa da kumSvaze sxvadasxva winaRobis gaTvaliswinebiT, denadobis pirobas. aseTi TaRovani kaSxlebi SeiZleba mivakuTvnoT Tanabari simtkicis kategorias, rac erTi mxriv gansazRvravs kaSxlis minimalur moculobas (wonas) masalis meqanikuri maxasiaTeblebis maqsimalurad gamoyenebis safuZvelze, xolo meore mxriv uzrunvelyofs maTematikurad amocanis koreqtulobas.

TaRovani kaSxlis myisieri gadasvla plastikur mdgomareobaSi SeiZleba uzrunvelyofili iqnas, mocemuli datvirTvisa da sisqeebis pirobebSic, misi Sua zedapiris racionaluri moxazulobis safuZvelze, magram am dros mosalodnelia konstruqcia aRmoCndes teqnologiurad miuRebeli.

sisqeebis optimizaciiT minimaluri moculobis TaRovani kaSxlis daproeqteba-gaangariSeba, masalis myife-plastikuri Tvisebebis gaTvaliswinebiT sruldeba pirvelad.

TaRovani kaSxlebis konstruqciis srulyofa, gaangariSebis gaumjobesebuli mecnierulad dasabuTebuli meTodis Seqmnis safuZvelze, gulisxmobs kaSxlis moculobis minimizaciis, kaSxlis tanSi masalis optimaluri ganawilebis xarjze. aseTi midgomiT uzrunvelyofili iqneba masalis meqanikuri maxasiaTeblebis maqsimaluri gamoyeneba, zidvis unaris SenarCunebis pirobebSi. optimaluri konstruqciis TaRovani kaSxali daaCqarebs da gaaiafebs minimum 10-15%-iT mis mSeneblobas, rac ufro momxiblavi iqneba investorebisaTvis. TaRovani kaSxlis simtkiceze gasaangariSeblad kompiuteruli programebis momzadeba saSualebas mogvcems ganvsazRvroT TaRovani kaSxlis optimaluri parametrebi, gavaumjobesoT konstruqcia, gavzardoT misi muSaobis saimedooba da ekonomiuroba. igi gaadvilebs damproeqteblebisaTvis kvlevis Sedegebis gamoyenebas.

am amocanis gadawyveta unda ganxorcieldes Semdegi TanmimdevrobiT:

_ kaSxlis tanis daZabul-deformirebuli mdgomareobis Sesafaseblad garsTa Teoriis ZiriTadi gantolebebisa da damokidebulebebis Camoyalibeba, romelSic maqsimalurad iqneba gaTvaliswinebuli misi muSaobis pirobebi;

_ gadamwyvet gantolebaTa sistemaSi koeficientebis saxiT Semavali geometriuli maxasiaTeblebis e.w. lames parametrebis analizuri gansazRvra nebismieri moxazulobis TaRovani kaSxlisaTvis;

_ kaSxlis tanis Zabvis da deformaciis komponentebis gansazRvrisaTvis, gadamwyvet gantolebaTa sistemis amoxsnis meTodis dasabuTeba;

_ kaSxlis tanis sakontaqto sibrtyeSi, Siga Zalebisa da momentebis sasazRvro mniSvnelobaTa (sasazRvro pirobebis) gansazRvra sistemisaTvis `kaSxali _ fuZe~;

_ kaSxlis fuZis gruntSi daZabul-deformirebuli mdgomareobis gamokvleva winaswar daniSnuli garsuli nawilis kveTis maxasiaTeblebiT;

naSromSi miRebuli Sedegebis utyuarobis analizisa da gmoyenebis sferos dadgenis mizniT kaSxlis tanis Zabvis komponentebi gaTvaliswinebulia ganisazRvros or variantad:

1. naxevradmomenturi garsTa TeoriiT, romelic TiTqmis erTdroulad miRebuli iqna, statikuri da kinematikuri daSvebebis safuZvelze u. finstervalderis da v. vlasovis mier. am dros wonasworobis gantolebaTa sistema warmodgenilia oTx kerZo warmoebuliani pirveli rigis gantolebiT, xuTi ucnobi Zalovani faqtoriT.

Tu simtkicis pirobaSi Zabvis komponentebs garsis Sua zedapiris mimarT warmovadgenT kenti da luwi funqciebis saxiT da am jamebs calcalke gautolebT nuls, miviRebT wrfiv da arawrfiv or gantolebas [5]. wrfivi gantolebis aRniSnul wonasworobis gantolebaTa sistemaze damateba gadaaqcevs mas statikurad rkvevadad. xolo arawrfivi gantoleba gamoyenebuli iqneba kaSxlis optimaluri sisqeebis gansazRvrisTvis. am meTodiT amocanis amoxsnisas uSvebT mxolod statikuri xasiaTis daSvebebs 
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 aseTi midgoma saSualebas iZleva amocana amoixsnas ZalvebSi, maTsa da gadaadgilebebs Soris urTierTdamokidebulebis gverdis avliT.

2. naSromSi dazustebuli Teoria warmodgenilia wonasworobis xuTi da garsis Sua zedapiris deformaciis siCqaris uwyvetobis sami gantolebiT [4,5]. sistema Seicavs rva ucnob Zalovan faqtors.

amrigad kaSxlis tanis saangariSo sistema, orive SemTxvevaSi statikurad rkvevadia. amitom saZiebeli Zalovani faqtorebis mniSvnelobebi damokidebuli ar aris kaSxlis tanis maxasiaTeblebze. aseT SemTxvevaSi optimaluri sisqeebi, romlebic uzrunvelyofs kaSxlis minimalur moculobas ganisazRvreba calsaxad, erTjeradi analiziT, (Tu mxedvelobaSi ar miviRebT kaSxlis fuZeze Zabvebis cvlilebas gamowveuls kaSxlis sisqis koreqtirebiT).

dRemde TaRovani kaSxlebis garsTa TeoriiT simtkiceze gasaangariSeblad gamoyenebuli iyo momenturi garsTa Teoria. am TeoriiT garTulebulia kaSxlisa da fuZis, rogorc erTiani sistemis gaangariSeba. am dros gadamwyvet gantolebaTa sistema warmodgenili iyo aTucnobiani xuTi gantolebiT. romelic garkveuli daSvebebiT dahyavT rva ucnobze. amrigad sistema iyo statikurad urkvevi, amasTan saZiebeli Zalebi da momentebi warmoadgenen kaSxlis sisqis funqcias. am dros ricxviTi realizacia, ise rogorc sasruli elementebis gamoyenebis SemTxvevaSi xdeba usasrulo raodenobis ricxviTi eqsperimentebiT da saeWvos xdis miRebul Sedegebs.

kaSxlis tanis daZabuli mdgomareobis gamosavlenad, rogorc naxevradmomenturi, agreTve momenturi TeoriiT miRebuli gadamwyvet gantolebaTa sistemis amoxsna analizuri meTodiT garTulebulia, amitom gaTvaliswinebulia TaRovani kaSxlis gaSlili aris sasruli sxvaobiTi badiT aproqsimacia. SerCeuli badiT sasrul sxvaobebSi kerZo warmoebulebi kaSxlis simaRleSi gansazRvrulia warmovadginoT mudmivi bijis centraluri sxvaobebiT, xolo horizontaluri mimarTulebiT cvladi bijiT  (ix. nax. 1.4).
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nax. 1.4. TaRovani kaSxlis gaSlili aris aproqsimacia sasruli-sxvaobiTi badiT
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2. garsTa Teoriis ZiriTadi gantolebebisa da damokidebulebebis Camoyalibeba

2.1. zogadi cnobebi

TaRovani kaSxlebi, rogorc wesi, imyofebian rTuli daZabuli mdgomareobis qveS, romelsac simtkicis pirobis Sefasebisas mniSvnelovani yuradReba eTmoba. kaSxlis geometriuli formisa da zomebis SerCeva dRemde xorcieldeba im pirobiT, rom yvelaze saSiS kveTSi udidesma Zabvam ar gadaaWarbos masalisaTvis dasaSveb mniSvnelobas. naSromSi kaSxlis geometriuli formisa da zomebis SerCeva navaraudevia stasis rTuli daZabuli mdgomareobis simtkicis (denadobis) pirobiT, romelSic gaTvaliswinebulia masalis sxvadasxva winaRobva gaWimvasa da kumSvaze, rac ufro bunebrivia da marTebuli. amocanisadmi aseTi midgoma uzrunvelyofs TaRovani kaSxlebis maqsimalur simtkices masalis minimaluri danaxarjebiT calkeuli zedmeti kavSirebis anu Warbi raodenobis masalebis moSorebis xarjze.

naSromSi TaRovani kaSxlis ZiriTadi tanis daZabuli mdgomareoba aRiwereba garsTa Teoriis gamoyenebiT. qvemoT gamoyvanis gareSe moyvanilia drekadi da plastikuri garsebis ZiriTadi gantolebebi, romlebsac Semdgom gaangariSebebSi xSirad gamoviyenebT.. 

2.2. garsTa wonasworobis gantolebebi



garsTa wonasworobis sruli gantolebebi warmoadgens kerZo warmoebulebiani diferencialur gantolebaTa sistemas. praqtikaSi gamoiyeneba kirxof-liavis hipotezebze dafuZnebuli garsTa Teoriis gantolebebis sxvadasxva variantebi, romlebic erTmaneTisgan gansxvavdeba mxolod meorexarisxovani wevrebiT. mecnierulad gamokvleulia sxvadasxva daSevebaTa cdomilobebi [3], rac gansazRvravs maTi gamoyenebis sferos.



samSeneblo meqanikis umetesi praqtikuli amocanebis kvlevisas farTo gamoyeneba hpova garsTa teqnikur momenturma Teoriam, romelTa gadamwyveti gantolebebi Cawerilia kompaqtur da mosaxerxebel formaSi. gansxvavebulia erTmaneTisgan sxvadasxva avtorebis mier wonasworobis gantolebaTa Caweris formac, maT Soris ufro xSirad gamoiyeneba is forma, romelic                   v. vlasov-donelis mier iqna miRebuli. am Teoriis mixedviT garsis elementis wonasworobis gantolebebi Sereul koordinatTa sistemaSi (ori sakoordinato wiri mrudwirulia, xolo erTi wrfivi), gaSlili saxiT, Caiwereba Semdegnairad [5.6]:
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 _ garsis Sua zedapiris erTeul farTze mosuli garegani Zalebis gegmilebia, romlebsac sakoordinato wirebis mxebi mimarTuleba aqvT; R1 da R2 _ simrudis mTavari radiusebi anu manZili simrudis centridan zedapiris Sesabamis wertilamde;               A1 da A2 _ lames parametrebi (H1 da H2) aTvlis anu Sua zedapirze (igulisxmeba, rom garsis nebismier wertilSi 
[image: image30.wmf]3

111

1

α

HA1A;

R

æö

=+»

ç÷

èø

 
[image: image31.wmf]3

222

2

α

HA1A;

R

ö

æö

=+»

÷

ç÷

÷

èø

ø

 
[image: image32.wmf]12122112122112

T,T,T,T,M,M,M,M,N,N

 _ Sesabamisi sakoordinato wiris erTeul sigrZeze mosuli Zalvebi da momentebi (nax. 2.1). Txeli garsebisaTvis sakmarisi sizustiT SegviZlia ukuvagdoT erTTan SedarebiT Z-is Sefardeba simrudis radiusTan, maSin mxebi Zalvebisa da mgrexavi momentebisaTvis SegviZlia dauSvaT 
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. am daSvebis safuZvelze xuT gantolebian wonasworobis sistemaSi (1) nacvlad 10 ucnobi Zalovani faqtorisa dagvrCeba 8 ucnobi parametri. momentur garsTa Teoriis gadamwyvet gantolebaTa sistemis (2.1)-is amoxsna saTanado sasazRvro pirobebis gaTvaliswinebiT, yovelTvis SesaZlebeli ar aris, miTumetes  analizuri formiT, amitom praqtikaSi xSirad gamoiyeneba gaangariSebis ufro martivi meTodi. garsTa Teoriis gamartivebul variants warmoadgens naxevrad umomento Teoria, romelsac uWiravs Sualeduri pozicia umomento da momentur teqnikur Teoriebs Soris, romelic TiTqmis erTdroulad iqna miRebuli v.z. vlasovisa da    u. finstervalderis mier. Teoria efuZneba saTanado statikuri da kinematikuri xasiaTis daSvebebs [2.5], romelic praqtikulad samarTliania grZeli garsebisa da garkveuli sasazRvro pirobebis SemTxvevaSi. miRebuli Sedegebi SeiZleba dazustdes saTanado kidis efeqtis amocanis amoxsniT. naxevrad umomento garsTa TeoriaSi damatebiT momenturi Teoriidan SemoRebulia Semdegi xasiaTis daSvebebi: a) mgrexavi momenti H, da grZivi mimarTulebiT moqmedi mRunavi momenti M1 nulis toli arian. aqedan gamomdinare saTanado ganivi Zalac N1=0.  b) nulis tolia agreTve Zvris deformacia 
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nax. 2.1 garsis elementis Sinagani Zalebi da momentebi


mocemul naSromSi, TaRovani kaSxlebis simtkiceze gaangariSebis kombinirebuli meTodis damuSavebisas SenarCunebulia mxolod statikuri xasiaTis daSevebebi (
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). am DdaSvebebis gaTvaliswinebiT momentur gantolebaTa sistema (2.1) Semdeg saxes miiRebs:
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                    (2.2)
romelsac naxevrad umomento (an naxevrad momenturi) garsTa Teoriis wonasworobis gantolebaTa sistema ewodeba. sistema (2.2) Sedgeba oTxi gantolebisgan xuTi 
[image: image41.wmf](
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 ucnobiT.

2.3. ZiriTadi damokidebulebebis Camoyalibeba, rac uzrunvelyofs wonasworobis sistemis dayvanas statikurad rkvvad sistemaze



momenturi garsTa Teoriis xuT gantolebisagan Sedgenili (2.1) wonasworobis gantolebaTa sistemas rva ucnobiT SeiZleba daematos sami gantoleba, romelic miiReba garsis Sua zedapiris deformaciaTa uwyvetobis pirobidan [2.6]. uwyvetobis es gantolebebi pirvelad miRebuli iqna a.l. goldenveizeris mier [3]:
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es diferencialuri damokidebulebebi erTmaneTTan akavSirebs garsis Sua zedapiris deformaciis eqvs parametrs, romelTgan sami 
[image: image43.wmf]12
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 axasiaTebs mcire elementis zomebis cvilebas da Tanabradaa ganawilebuli garsis sisqeSi, xolo 
[image: image44.wmf]12
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 axasiaTebs Runvis deformacias, romelic gamowveulia Sua zedapiris gaRunviT [2]. (2.3]) damokidebulebebi miRebuli iqna zedapirTa Teoriidan ise, rogorc garsTa TeoriaSi kargad cnobili kodacisa da gausis damokidebulebebi. isini faqtiurad warmoadgenen kodaci-gausis damokidebulebebs deformirebuli garsis Sua zedapirisTvis. es gantolebebi garsTa TeoriaSi asruleben igive rols, rasac      sen-venanis gantolebebi drekadobis TeoriaSi.



deformaciis komponentebi garsTa TeoriaSi ganisazRvreba Semdegi damokidebulebebiT:


[image: image45.wmf]1

1

1121

1

2

2122

12

2112

1

1

1111222

2

2

2221211

A

1u1w

εν

A

αAAβR;

A

1

ν1w

εu;

A

βAAαR

AA

u

ν

ω;

A

βAAαA

A

11wu11w

ν

;

A

αAαRAAβAβR

A

11w

ν11wu

;

A

βAβRAAβAαR

¶

¶

=++

¶¶

¶

¶

=++

¶¶

æöæö

¶¶

=+

ç÷ç÷

¶¶

èøèø

æöæö

¶

¶¶¶

=---

ç÷ç÷

¶¶¶¶

èøèø

æöæö

¶

¶¶¶

=---

ç÷ç÷

¶¶¶¶

èøèø

H

H

21

1222111

AA

1

ν1w1u1w

χ,

2A

αRAβAβARAα

éù

æöæö

¶¶¶¶

=-+-

êú

ç÷ç÷

¶¶¶¶

èøèø

ëû

                                       (2.4)
sadac W aris garsis Sua zedapiris wertilebis normaluri gadadgileba (CaRunva); 
[image: image46.wmf]u

 da 
[image: image47.wmf]ν

 _ imave wertilebis mxebi gadaadgilebebi saTanado sakoordinato wirebis mimarT. fizikuri gantolebebi anu formulebi, romlebic akavSirebs erTmaneTTan Sinagan Zalovan faqtorebsa da deformaciis komponentebs, garsTa TeoriaSi Semdeg saxes Rebulobs:
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sadac h aris garsis sisqe; E – masalis drekadobis moduli;              D – cilindruli sixiste
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 - puasonis koeficienti
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 ganivi Zalebi ganisazRvreba (2.1) gantolebaTa sistemis bolo ori gantolebidan.



Tu (2.3)-Si CavsvamT deformaciis komponentebis mniSvnelobas gansazRvruls fizikuri gantolebebidan (2.5), maSin deformaciis siCqareebis uwyvetobis gantolebebi, puasonis koeficientis gauTvaliswineblad, Semdeg saxes miiRebs:
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sadac
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wonasworobis gantolebaTa sistema (2.1), deformaciaTa uwyvetobis (2.6) gantolebebTan erTad qmnis rva gantolebisgan Sedgenil momentur garsTa Teoriis gadamwyvet gantolebaTa sistemas rva 
[image: image56.wmf]121212
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 ucnobiT, rac calsaxa amoxsnas eqvemdebareba.



garsis iseTi optimaluri sisqeebis SerCevas, romelic uzrunvelyofs misi mTeli tanis myisier gadasvlas zRvrul mdgomareobaSi, vanxorcielebT rTuli daZabuli mdgomareobis simtkicis pirobidan, romelic myife-plastikuri masalebisaTvis miRebuli iqna stasis mier [2,5]:
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sadac 
[image: image58.wmf]s
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 aris masalis zRvruli winaRobvaa Sesabamisad gaWimvaze da kumSvaze. Tu mTavar normalur 
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 Zabvebs SevcvliT Zabvis tenzorebiT, maSin (2.8) Semdeg saxes miiRebs:
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Tu davuSvebT, rom 
[image: image63.wmf]ρ1

=

 anu imas, rom masala erTnairad muSaobs gaWimvasa da kumSvaze, miviRebT kargad cnobil mizesis simtkicis pirobas. simtkicis (2.9) piroba Sinagan ZalvebSi garsTa momenturi Teoriis gamoyenebis dros Semdeg saxes Rebulobs:
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(2.10) simtkicis pirobis analizis safuZvelze advilad vrwmundebiT, rom Tanabari simtkicis pirobis SenarCuneba garsis erT zedapirze ar iZleva Tanabari simtkicis pirobis SenarCunebas meore zedapirze. aqedan da nagebobis muSaobis pirobebidan gamomdinare SegviZlia uzrunvelvyoTY toli simtkice mxolod erT zedapirze. SesaZlebelia agreTve (2.10) simtkicis pirobaSi ugulvelvyoT kenti wevrebi, rac uzrunvelyofs garsis orive zedapiris Tasnabar simtkicesTan miaxloebas. miaxloebis sizuste ZiriTadad damokidebuli iqneba mRunavi momentebis sidideze anu garsis geometriul formaze mocemuli datvirTvis pirobebSi.



waxnagebze niSancvladi wevrebis ugulebelyofiT simtkicis (2.10) piroba Semdeg saxes Rebulobs:
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naxevrad umomento garsebis Teoriis gamoyenebis SemTxvevaSi Sinagani Zalebisa da momentebis calsaxad gansazRvrisaTvis oTx gantolebisgan Sedgenili wonasworobis sistemas (2.2) xuTi ucnobiT (
[image: image66.wmf]1222

T,T,S,N,M

) emateba kidev erTi gantoleba, romelic miRebuli iqna m. miqelaZis mier Semdegi mosazrebis safuZvelze. plastikuri denadobis gantolebis Casawerad mis mier Zabvebi garsis Sua zedapiris mimarT (2.9)-Si warmodgenili iqna kenti da luwi funqciebis jamis saxiT. saTanado maTematikuri gardaqmnebisa da Zabvebis, rogorc Zalvebis integraluri mniSvnelobaTa warmodgenis Semdeg, miRebuli iqna kenti da luwi funqciebis jamis nulTan gatolebiT miRebuli gantoleba, romlis igivuri tolobisaTvis saWiro iyo calke kenti da calke luwi funqciebis jami gatoleboda 0-s, Sesabamisad miRebuli iqna ori gantoleba:
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romelTagan (2.12) gantoleba (2.2) wonasworobis sistemasTan erTad qmnis wrfiv gantolebaTa sistemas, romelic saTanado sasazRvro pirobebSi saSualebas iZleva ganvsazRvroT yvela ucnobi Zalebi da momentebi. h sisqeebis mimarT me-4 xarisxis algebruli (2.13) gantolebis amoxsniT ganisazRvreba garsis sisqeebi, romelic uzrunvelyofs mis Tanabar saSiSroebas (tolwinaRobas) rRvevaze, romelic ganisazRvreba simtkicis pirobiT aRniSnuli pirobidan gansazRvruli h sisqeebiT.



sayuradReboa, rom 
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 grZiv Zalebs Soris damokidebuleba zogadad damokidebulia garsis 
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sisqe-ze, xolo masalis gaWimvasa da kumSvaze Tanabari simtkicis SemTxvevaSi 
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 es damokidebuleba ar warmoadgens h sisqis funqcias. 

2.4 TaRovani kaSxlebis kombinirebuli meTodiT simtkiceze gaangariSebis Taviseburebani



TaRovani kaSxlebis ZiriTadi (Tanabari simtkicis) tanis simtkiceze gaangariSeba ufro mosaxerxebelia SevasruloT cilindrul koordinatTa sistemaSi. am sistemaSi ufro martivad gamoisaxeba gadamwyvet gantolebaTa sistemaSi Semavali kaSxlis Sua zedapiris lames parametrebi. Sesabamisad gadamwyvet gantolebaTa sistemaSi uda davuSvaT, rom 
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 (nax.2.2).
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nax. 2.2. TaRovani kaSxlis saangariSo sqema



TaRovani kaSxlebisaTvis, romelTa Sua zedapiris moxazuloba axlosaa cilindrulTan da misi erTi parametri gacilebiT metia meoreze, maSin kaSxlis ZiriTadi (arasakontaqto) Zabvebi SeiZleba ganisazRvros naxevrad umomento garsTa TeoriiT. am TeoriT kaSxlis erTi mimarTulebiT ugulebelyofilia mRunavi da mgrexavi mometebis, agreTve gadamWreli ganivi Zalis moqmedeba. mimarTuleba, romlis mimarTac viTvaliswinebT statikuri xasiaTis daSvebas warmoadgens gacilebiT grZel gverds. Txeli TaRovani kaSxlisaTvis, romelic Cveulebriv Sendeba viwro da Rrma kalapotebSi, emTxveva mrudwirul sakoordinato sibrtyes 
[image: image76.wmf]φcost

=

 anu kaSxlis konsolur mimarTulebas. rac ufro mcire iqneba gasworis koeficienti, miT ufro mcire iqneba cdomileba naxevrad umomento da momenturi TeoriebiT miRebul Sedegebs Soris, romelic TvalnaTliv Cans centraluri konsolis meTodiT TaRovani kaSxlis gaangariSebisas TaRebsa da konsols Soris datvirTvebis ganawilebis epiurebis analiziT. aRsaniSnavia, rom Txeli TaRovani kaSxlebis SemTxvevaSi gaangariSebis e.w. `sufTa TaRis~ meTodic iZleva garkveuli sizustiT Sedegebs, romlis daSvebaTa raodenoba gacilebiT metia da uxeSi garsTa naxevrad umomento TeoriasTan SedarebiT.



Tu TaRovani kaSxali Sendeba gacilebiT ganier xeobaSi (2.5(3.0-ze meti gasworis koeficientiT) an roca TaRis moxazuloba uzrunvelyofs (garda sakontaqto sibrtyisa) konstruqciis praqtikulad umomento  daZabul mdgomareobas, maSin SeiZleba ugulebelvyoT saTanado momentebi da Zalebi kaSxlis rgoluri (TaRovani) mimarTulebiT. TaRovani kaSxlebis gaangariSebis naxevrad umomento TeoriiT miRebuli gadamwyvet gantolebaTa sistemis amoxsna damokidebuli ara aris imaze Tu saangariSo sqemaSi romeli mimarTulebiTaa ugulvelyofili saTanado Sinagani Zalvebi. amitom Cven SemdgomSi ganvixilavT Txeli TaRovani kaSxlebis gaangariSebas naxevrad umomento garsTa TeoriiT.  am dros gadamwyvet gantolebaTa sistema warmodgenili iqneba xuTi wrfivi gantolebiT (2.2) da (2.10), romelTa saSualebiT ganisazRvreba yvela ucnobi Sinagani Zalovani faqtorebi, xolo optimaluri sisqeebi (2.13) me-4 xarisxis algebruli gantolebiT. naSromSi [7] Sefasebulia aRniSnuli meoTxe xarisxis gantolebis dadebiT fesvTa cvlilebis sazRvrebi da dadgenilia dadebiT fesvTa raodenoba. amoxsnisas pirvel miaxloebaSi vuSvebT, rom kaSxlis masalas gaaCnia Tanabari denadobis zRvari gaWimvasa da kumSvaze 
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. am dros Sinagani Zalebi ar warmoadgens sisqis funqcias. meore ciklSi 
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-s vaniWebT mis WeSmarit mniSvnelobas. TaRovan kaSxlebs, romelTa Sua zedapirisaTvis ugulvelyofilia 
[image: image79.wmf]2

A

z

¶

¶

 da erTTan SedarebiT mcirea 
[image: image80.wmf]1

1

R

 da 
[image: image81.wmf]1

A

φ

¶

¶

 vuwodebT kaSxlebs, romelTa Sua zedapiris moxazuloba axlosaa cilindrulTan.



ufro zogadi anu nebismieri moxazulobis TaRovani kaSxlebis simtkiceze gaangariSeba naSromSi navaraudevia momenturi anu ufro sworad dazustebuli garsTa TeoriiT. am Teoriis gamoyenebis SemTxevaSi, romelic gamarTlebulia TaRovani kaSxlebis TiTqmis sruli speqtrisaTvis, gadamwyvet gantolebaTa sistema Sedgeba xuTi wonasworobis (2.1) da sami garsis Sua zedapiris deformaciis (ufro zustad deformaciis siCqaris) uwyvetobis gantolebisgan (2.6). sistemis amoxsniT ganisazRvreba rva Sinagani Zalovani faqtori, xolo maTi saSualebiT rTuli daZabuli mdgomareobis simtkicis (denadobis) pirobidan (2.10 an 2.11), kaSxlis optimaluri sisqeebi, rac uzrunvelyofs mis maqsimalur simtkices masalis minimaluri danaxarjiT.



ganvsazRvroT kaSxalze moqmedi Zalis gegmilebi. davuSvaT kaSxalze moqmedebs mxolod hidrostatikuri wneva da sakuTari simZimis Zala, romlebic ZiriTadad gansazRvraven kaSxlis daZabul mdgomareobas ZalTa ZiriTadi SeTanwyobis pirobebSi. maSin SerCeul koordinatTa sistemaSi miviRebT:
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 sadac   
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 sakoordinato wiris mxebsa da vertikals (simZimis Zalis mimarTulebas) Soris (nax. 2.3). 
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nax. 2.3.  garegani Zalis gegmilebis gansazRvris saangariSo sqema
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 aris manZili kaSxlis fuZidan (koordinatTa saTavidan) konsolebis simrudis centramde.

momentur garsTa TeoriaSi, roca amocana ixsneba drekad gadadgilebebSi cdomileba liav-timoSenkos da vlasovis mixedviT daaxloebiT tolia 
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. warmodgenil naSromSi amocanis gadawyveta xorcieldeba Sinagan ZalvebSi dazustebuli TeoriiT, amitom erTi mxriv mosalodnelia miRebuli Sedegebis ufro maRali sizuste vidre gadadgilebebSi amocanis amoxsnis dros. meore mxriv amocanis amoxsna araTanabari bijis sasrulo sxvaobebiT mraval parametrze damokidebuls xdis amoxsnis sizustes, rac damatebiT kvlevas saWiroebs.



ormagi simrudis TaRovan kaSxalSi zogjer orTogonaluri sakoordinato wirebis mimarTuleba ar emTxveva mTavari simrudis wirebs, maSin saWiroa gadamwyvet gantolebaTa sistemaSi Setanili iqnas garkveuli koreqtivi [6] Sesabamisad.



kaSxlis ZiriTad tanSi (Tanabari simtkicis ubanSi) Sinagani Zalovani faqtorebi ganisazRvreba naxevrad umomento an    momenturi garsTa Teoriis gamoyenebisas kerZowarmoebuliani, cvladkoeficientebiani gadamwyvet gantolebaTa sistemis amoxsniT. radgan am gantolebaTa sistemebis zusti analizuri amoxsna, saTanado sasazRvro pirobebis gaTvaliswinebiT garTulebulia, amitom amocanis amoxsna gaTvaliswinebulia cvladi bijis sasruli sxvaobebis meTodiT [1]. sakontaqto sibrtyis sakvanZo wertilebSi Sinagani Zalovani faqtorebi ganisazRvreba sasrulo elementebis meTodiT [4] sistemisaTvis `kaSxali-fuZe~, romelic kaSxlis ZiriTadi tanis daZabul-deformirebuli mdgomareobis dasadgenad, CaiTvleba sawyis parametrebad.



sasruli elementebis meTodma, romelic efuZneba variaciul-sxvaobiT meTods, SedarebiT bolo dros hpova farTo gamoyeneba hidroteqnikur mSeneblobaSi, kerZod ki TaRovani kaSxlebis simtkiceze gaangariSebisas. am meTodiT gaangariSebisas sivrciTi sistema, kerZod TaRovani kaSxali fuZesTan erTad, ganixileba rogorc sasruli zomebis elementebis erToblioba (`ansambli~), romlebic erTmaneTTan dakavSirebulia sasruli raodenobis saerTo kvanZebiT. maSasadame sasruli elementis meTodSi usasrulo Tavisuflebis xarisxis mqone kontinualuri sistema or an sam ganzomilebiani sasruli raodenobis elementebiT daiyvana sasruli  Tavisuflebis xarisxis mqone sistemaze, rac saSualebas iZleva misi daZabul-deformirebuli mdgomareoba aRwerili iqnas sasruli raodenobis algebrul gantolebaTa sistemiT. am meTodiT gaangariSebisas TiToeuli sasruli elementi inarCunebs igive Tvisebas, rasac saangariSo konstruqcia misi drekadobis, anizotropulobis da sxva wyvetili parametrebis gaTvaliswinebiT.



diskretuli elementebiT warmodgenili sakvlevi konstruqciis gaangariSeba, Tu TiToeuli elementisaTvis dadgenilia damokidebuleba kvanZur Zalebsa da gadaadgilebebs Soris sixistis an damyolobis matricis saxiT, SeiZleba Catardes gadadgilebis ZalTa an Sereul meTodTa gamoyenebiT. gadadgilebis meTodis gamoyenebas mivyevarT eleqtrul gamomTvleli manqanebisaTvis ufro martiv algoriTmze da programaze, rac ganapirobebs mis farTo gamoyenebas praqtikaSi.



gadadgilebis meTodiT nebismieri konstruqciis gaangariSebisaTvis saWiroa:

1. konstruqciis idealizacia anu saangariSo sqemis SerCeva;

2. calkeuli elementis sixistis matricis gamoTvla, Sesabamis (mosaxerxebel) koordinatTa sistemaSi;

3. elementebis sixistis matricis gardaqmna mTeli sistemis (konstruqciis) koordinatTa sistemaSi;

4. gadamwyvet gantolebaTa sistemis Camoyalibeba da amoxsna 
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 aris sakvanZo garegani Zalebis veqtori, 
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 _ sakvlevi konstruqciis sixistis matrica, romelic ganisazRvreba igive rigis TiToeuli elementebis sixistis matricis dajamebiT; 

5. TiToeuli kvanZis gadadgilebiT gamowveuli elementebis  deformaciebisa da Sesabamisi Zabvebis gamoTvla.



kvanZebis gadadgilebisaTvis zenkeviCis, Cangis, klafis,        l. rozonis SromebSi gamoyenebulia SerCeuli saangariSo sqemis Sesabamisi wyvetili polinomialuri aproqsimacia.


TaRovani kaSxlebis gaangariSebaSi gamoiyeneba, rogorc mrudwiruli kerZod ki cilindruli oTxkuTxa panelebi, agreTve samkuTxa da oTxkuTxa filis tipis brtyeli elementebi. am dros igulisxmeba, rom aseTi saangariSo sqemis mxolod sakvanZo wertilebi Zevs TaRovani kaSxlis Sua zedapirze da rom mcire bijebad (elementebad) dayofis pirobebSi mdovre gadasvlebis TaRovani kaSxlis daZabuli mdgomareoba axlos iqneba sasruli elementebis erTobliobis daZabul mdgomareobasTan.


sasruli elementebis meTodi saSualebas iZleva nebismieri konstruqciis TaRovani kaSxlisa da misi garemomcveli garemos (sistema kaSxali-fuZe) saangariSod gamoyenebuli iqnas eg.m.-sTvis Sedgenili universaluri programebi, romelsac viyenebT Cvenc sakontaqto sibrtyeSi Zalovani faqtorebis gansazRvrisaTvis. kaSxlis ZiriTadi tanis optimizaciis amocanis gadasawyvetad, sakontaqto sibrtyeSi gansazRvruli saZiebeli parametrebi asruleben sasazRvro pirobebis funqcias. 



kaSxlis `optimaluri~ sisqeebi, romelic uzrunvelyofs ZiriTadi tanis Tanabari an TiTqmis Tanabari simtkicis pirobas ganisazRvreba arawrfivi, kerZod me-4 xarisxis gantolebis amoxsniT. naxevrad umomento garsTa Teoriis gamoyenebis SemTxvevaSi optimaluri sisqeebi, romelic gansazRvravs kaSxlis minimalur moculobas ganisazRvreba (2.13) formuliT, xolo dazustebuli momenturi Teoriis gamoyenebisas (2.10) an (2.11).


sagranto xelSekrulebiT, amocanaTa kvartlebis mixedviT dagegmis meore kvartalSi gaTvaliswinebuli iyo erovnul-samecniero fondSi mxolod Catarebuli kvlevebis ganmartebiTi baraTis wardgena. Cvens mier damatebiT vadgenT gamoqveynebuli samecniero statiis qseroasls, rac gegmiT gaTvaliswinebuli iyo mesame kvartalSi (ix. danarTi). 
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3. nebismieri geometriis TaRovani kaSxlisaTvis lames parametrebis analizuri gamosaxulebebis Camoyalibeba
3.1 zogadi cnobebi

gegmaSi TaRovani kaSxlebi SeiZleba iyos wriuli, orcentriani, samcentriani an elifsuri moxazulobis. gegmaSi ise rogorc vertikalur sibrtyeSi TaRovani kaSxlis moxazulobis SerCeva warmoebs adgilobrivi pirobebis gaTvaliswinebiT, rac praqtikulad dasturdeba daZabuli mdgomareobis da samuSaoTa warmoebis analizis safuZvelze. TaRovani kaSxlis geometriis SerCevisas optimalurad miCneuli unda iqnas yvelaze ekonomiuri gadawyveta, romelic miiReba ricxviTi eqsperimentebis analizis safuZvelze. kaSxlis geometriis optimizacias, romelic arcTu iSviaTad specialistTa sadavo sakiTxad rCeba, mniSvnelovani roli eniWeba hidrokvanZis proeqtirebisas [1]. kaSxlis tanis optimizaciis Sedegad SeiZleba moixsnas zeda antiseismuri sartyeli, perimetruli nakeri, Semsubuqdes kaSxlis konstruqcia da sxva. 

naSromSi warmodgenil TaRovani kaSxlebis simtkiceze gaangariSebis kombinirebul meTodSi, kaSxlis tanis daZabul-deformirebuli mdgomareobis gamokvleva gaTvaliswinebulia garsTa naxevrad umomento da momenturi Teoriebis gamoyenebiT [2,4]. pirvel SemTxvevaSi gadamyvet gantolebaTa  sistema warmodgenilia wonasworobis gantolebaTa sistemiT, rTuli daZabuli mdgomareobis denadobis pirobiT da grZiv Zalebs Soris urTierTdamokidebulebis gantolebiT, xolo meore SemTxvevaSi wonasworobis gantolebaTa sistemasa da denadobis pirobas emateba deformaciis (ufro zustad deformaciis siCqaris) uwyvetobis sami gantoleba. yvela saangariSo SemTxvevaSi gadamwyvet gantolebaTa sistema, garda saZiebeli Sinagani Zalebisa da momentebisa, Seicavs e.w. lames parametrebs. lames parametrebi warmoadgenen Sesabamisi sakoordinato wiris rkalisa da mrudwiruli koordinatis usasrulod mcire nazrdebis Sefardebas [4,5]. naSromSi ganixileba orTogonaluri (mrudwiruli an dekartes) koordinatTa sistema, romlis drosac cxadia, mxebi veqtorebis skalaruli namravlebi nulis tolia. ganmartebidan gamomdinare lames parametrebis mniSvneloba damokidebuli iqneba, rogorc garsis geometriaze, agreTve im koordinatTa sistemaze, romelSic Cawerili iqneba gadamwyvet gantolebaTa sistemebi. lames parametrebiT ganisazRvreba sivrceSi TaRovani kaSxlis geometria. 

3.2. lames parametrebis zogadi gamosaxulebebis Camoyalibeba zedapirTa Teoriidan



vTqvaT sami mrudwiruli koordinati 
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 dakavSirebulia nebismieri wertilis dekartes koordinatebTan Semdegi urTierTcalsaxa damokidebulebebiT (ix. nax. 3.1)
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radgan sakoordinato wirebis (
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) mniSvnelobaTa erToblioba gansazRvravs wertilis mdebareobas sivrceSi (urTierTgadamkveTi sami zedapiris an amdenive wiris saSualebiT), amitom maT wertilis mrudwirul koordinatebs uwodeben. aRvniSnoT 
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-iT sakoordinato wirTa erTeuli mxebi veqtorebi nax. 3.1. es veqtorebi adgenen yovel wertilSi lokaluri sakoordinato RerZebis triedrs (samwaxnagas). radgan am RerZebis mimarTulebas gansazRvravs wertilis mdebareoba da igi cvladia, amitom am veqtoris warmoebulis gegmili ukve dekartes koordinatTa sistemisgan gansxvavebiT, toli ar aris gegmilis warmoebulisa. sami skalaruli damokidebuleba (3.1) SecvaloT erTi veqtoruliT
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 sakoordinato wiris rkalis diferencials, romelic Seesabameba mrudwiruli koordinatis cvlilebas 
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nax. 3.1. mrudwirul da dekartes koordinatTa sistemebis dakavSirebis sqema



amrigad 
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 erTeuli mxebi veqtoris gaswvriv, xolo sididiT rkalis 
[image: image110.wmf]1

dS

 diferencialis tolia.


[image: image111.wmf]1

R

α

¶

¶

ur

 veqtoris gegmilebi koordinatTa marTkuTxa sistemis 
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 RerZebze Sesabamisad toli iqneba 
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orTogonaluri mrudwiruli koordinatebis SemTxvevaSi, romliTac Cven visargeblebT TaRovani kaSxlebis gaangariSebisas, mxebi veqtorebis skalaruli namravlebi nulis tolia (orTogonalurobis piroba), anu
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urTierTorTogonaluri zedapirebis sami ojaxi qmnis zedapirTa triorTogonalur sistemas. aseTi sistemis zedapirTa urTierTgadakveTa xdeba simrudis wirTa gaswvriv (diupenis Teorema).

usasrulod maxlobel wertilebSi (
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) zedapiris ori normali urTierTikveTeba da maSasadame komplanarulia, Tu es wertilebi simrudis wirs ekuTvnian. am normalTa urTierTgadakveTis wertils ewodeba zedapiris simrudis centri mocemul 
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 wertilebs Soris manZils (ix. nax. 3.1) sivrcis wiriTi elementi ewodeba, romlis kvadrati (3.5)-sa da msgavsi formulebis safuZvelze toli iqneba [4]:
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dekartes marTkuTxa koordinatebis SemTxvevaSi (
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TaRovani kaSxlis simtkiceze gaangariSebisas, rogorc meore kvartalis programuli angariSis ganmartebiT baraTSi iyo naTqvami, viyenebT Sereul koordinatTa sistemas, anu sistemas, romlis drosac erTi sakoordinato wiri mrudi aRaraa da igi wrfes warmoadgens. am SemTxvevaSi sami sakoordinato zedapiridan ori wrfovania anu zedapiria, romelic miiReba wrfis gadadgilebiT sivrceSi. rac Seexeba mesame sakoordinato zedapirs (
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 lames parametrebis mniSvnelobaa aTvlis Sua zedapirze 
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 aTvlis zedapiris simrudis mTavari radiusebia. Txelkedliani garsebis simtkiceze gaangariSebisas SegviZlia (3.8) formulebSi ugulebelvyoT fardoba 
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Sereul koordinatTa sistemaSi martivdeba sivrcis wiriTi elementis sigrZis kvadratis gamosaxuleba (3.7) da igi Semdeg saxes Rebulobs
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 pirveli kvadratuli formis koeficientebs uwodeben zedapirTa TeoriaSi. imis gamo, rom Sereul koordinatTa sistemaSi 
[image: image150.wmf]3
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 mniSvnelovnad martivdeba lames diferencialuri damokidebulebani, kerZod eqvsi damokidebulebidan sami kmayofildeba igiurad, gvrCeba sami sagrZnoblad gamartivebuli saxiT. lames diferencialuri damokidebulebani aq ar mogvyavs, radgan mas pirdapir ar viyenebT Semdgom kvlevebSi, xolo dainteresebul pirovnebas SeuZlia mimarTos Sesabamis literaturas.

3.3. lames parametrebis gansazRvra TaRovani kaSxlis Sua zedapirisaTvis vertikaluri mimarTulebiT



msoflio hidroteqnikur mSeneblobaSi ZiriTadad gavrcelebulia calmagi da ormagi simrudis TaRovani kaSxlebi. ormagi simrudis TaRovan kaSxlebs xSirad gumbaTovansac uwodeben. TaRovani kaSxlebis vertikaluri simrude SeiZleba iyos erTi an mravalcentriani. kaSxlis vertikaluri simrudis zrda erTi mxriv zrdis mis zidvis unars normalur saeqspluatacio pirobebSi, xolo meore mxriv arTulebs samuSaoTa warmoebas. didi vertikaluri simrudis TaRovanma kaSxlebma SeiZleba saeWvo gaxados, moqmed ZalTa sxvadasxva SeTanwyobisas, kaSxlis simtkicis SenarCuneba. dagegmarebisas, vertikalur sibrtyeSi kaSxlis optimaluri geometriuli formisa da  zomebis SesarCevad sawyis etapze mimarTaven analogebsa da rekomendaciebs, xolo saboloo gadawyvetilebas Rebuloben saTanado ricxviTi eqsperimentebis analizis safuZvelze. adgilobrivi pirobebis gaTvaliswinebiT TaRovani kaSxlis Sua zedapiri xSirad Rebulobs wriul an masTan miaxloebuli zedapiris formas, romelic gaTvaliswinebuli iqneba naSromis Semdgom kvlevebSi.



sivrceSi zogadi moxazulobis TaRovani kaSxlis geometriis gansazRvrisaTvis dekartis marTkuTxa koordinatTa sistemis aTvlis saTave SeuTavsoT fuZeSi centraluri  nawilis wris centrs     (nax. 2.2).



kaSxlis tanSi wertilis mdebareobis gansazRvrisaTvis viyenebT cilindrul koordinatTa sistemas (
[image: image151.wmf]z,
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). radgan, Cveni ganmartebis Tanaxmad, Sereul koordinatTa sistema orTogonaluria, amitom diupenis Teoremis Tanaxmad Sesabamisi sakoordinato zedapirebi urTierTgadaikveTeba simrudis wirebze, romelTa radiusebi aRiniSneba 
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lames parametrebis gansazRvrisaTvis viyenebT (3.8) gamosaxulebas, romelSic 
[image: image154.wmf]3
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 warmoadgens wrfiv koordinats da romlis mimarTuleba emTxveva kaSxlis Sua anu aTvlis zedapiris normalis mimarTulebas, 
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 _ kaSxlis sisqe saangariSo kveTSi). kaSxlis tanis daZabul-deformirebuli mdgomareobis gamosakvlevad gaTvaliswinebulia teqnikur garsTa Teoriis gamoyeneba, romlis Tanaxmad praqtikuli sizustiT 
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zedapirTa pirveli kvadratuli formis koeficientebis an rac principSi igive, lames parametrebis gansazRvrisas naSromSi gaTvaliswinebulia, rom gadamwyvet diferencialuri gantolebaTa sistemis amoxsna navaraudevia sasrulo sxvaobaTa meTodiT, romlis RerZebis mimarTuleba emTxveva sakoordinato wirebis mimarTulebas. Sesabamisad vertikaluri mimarTulebiT wriuli sakoordinato wirebis (
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)  simrudis radiusi, mxolod erTi koordinatis (
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, xolo mravalcentriani sakoordinato wiris SemTxvevaSi orive koordinatis 
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nax. 3.2-is Tanaxmad 
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 sakoordinato wiris gantoleba 
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nax. 3.2 A1  lames parametris gansazRvris saangariSo sqema


Tu (3.9)-Si gaviTvaliswinebT, rom 
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Tu am mniSvnelobebs SevitanT (3.3) gamosaxulebaSi, imis gaTvaliswinebiT, rom 

[image: image170.wmf]1

zx

αz,1,0

zz

¶¶

===

¶¶

, miviRebT:

                         
[image: image171.wmf](

)

2

1

11

2

2

1

R

HA

Rzz

==

--D

.                    (3.10)



cxadia sxvadasxva sakoordinato wirisaTvis cvladi iqneba 
[image: image172.wmf]z
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-sa da 
[image: image173.wmf]1
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-is mniSvneloba, Sesabamisad cvladi iqneba 
[image: image174.wmf]1

A

 lames parametri kaSxlis Sua zedapiris saaproqsimacio sasrulo sxvaobaTa badis  vertikalur RerZebze.

3.4. lames parametrebis gansazRvra zogadi moxazulobis  TaRovani kaSxlis Sua zedapirisaTvis horizontaluri mimarTulebiT



gegmaSi zogadi moxazulobis TaRovan kaSxlad SeiZleba samcentriani forma CaiTvalos. samcentrianis qveS igulisxmeba aramarto klasikuri forma (mag-Tad enguris kaSxali) aramed elifsuric. radgan lames parametrebis gansazRvra praqtikulad orive formisaTvis identuria. gegmaSi samcentriani kaSxlis kerZo SemTxvevas warmoadgens wriuli da orcentriani moxazuloba, romelSic qvemoT advilad davrwmundebiT.



pirvelad ganvsazRvroT  
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 lames parametri  kaSxlis fuZis kveTisaTvis, romlis centraluri nawilis simrudis centri emTxveva dekartes uZrav koordinatTa sistemis aTvlis sawyiss (nax. 3.3). fuZis kveTis centraluri nawilisaTvis, anu roca 
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sadac 
[image: image179.wmf]r

 _ samcentriani TaRis centraluri nawilis simrudis radiusi.

fuZis kveTis gverdiTi, simrudis centr da radius  Secvlili nawilisaTvis (ix. nax. 3.4.b)
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nax. 3.3. A2 lames parametris gansazRvris saangariSo sqema fuZis kveTisaTvis (Z=0), a) roca 
[image: image188.wmf]0
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, b) roca 
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(3.13) gantolebebSi 
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Tu (3.13) damokidebulebebSi gaviTvaliswinebT a, b da g gamosaxulebebs, martivi gardaqmniT miviRebT:
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Sesabamisad dekartes koordinatebis warmoebulebi 
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danarCeni (zeda) mrudwiruli sakoordinato wirebisaTvis (
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) lames parametrebi ganisazRvreba Semdegnairad:
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Tu (g) da (d) gamosaxulebebSi CavsvamT (b)-s, imis gaTvaliswinebiT, rom
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xolo maTi warmoebulebi toli iqneba
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zeda (
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 koordinatTa sistemaSi iqneba (nax. 3.4 b):
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nax. 3.4 A2 lames parametris gansazRvris saangariSo sqema fuZis zeda kveTebisaTvis (
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advilad davrwmundebiT, rom 
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 da 
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-is mniSvnelobebi gansazRvruli 3.17 da 3.19-iT emTxveva Sesabamisad 3.11 da 3.14 gamosaxulebebs SemTxvevisaTvis, roca 
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. MmaSasadame  maTi warmoebulebi zogadi gantolebebia, romlebic SeiZleba gamoyenebuli iqnas gegmaSi nebismieri moxazulobis TaRisaTvis. wriuli moxazulobis TaRisaTvis 
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 da 
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 koordinatTa mniSvnelobani da maTi warmoebulebi Sesabamisad ganisazRvreba 3.17 da 3.18 formulebiT, xolo orcentriani TaRovani kaSxlisaTvis (3.19) da (3.20). 
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 mniSvnelobaTa gansazRvris Semdeg advilad ganisazRvreba lames A2 parametri (3.4) gamosaxulebis safuZvelze, saTanado daSvebebis gaTvaliswinebiT, Sesabamisad TiToeuli parametrizirebuli wirisaTvis
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ramdenadac CvenTvis cnobilia lames parametrebis gansazRvra analizuri saxiT, zogadi geometriis TaRovani kaSxlebisaTvis, Catarebulia pirvelad.

3.5 kaSxalze mosuli garegani datvirTvebis proeqciis gansazRvra





kaSxlis tanis daZabul-deformirebuli mdgomareobis gadamwyvet gantolebaTa sistemaSi, naxevrad umomentoSic da momenturSic, Sedis garegani datvirTvebis proeqciebi 
[image: image234.wmf]12
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 da 
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. davuSvaT, rom TaRovani kaSxlis Sua zedapirze moqmedebs mxolod wylis hidrostatikuri dawneva da sakuTari simZimis Zala, romlebic ZiriTadad gansazRvraven misi daZabuli mdgomareobis suraTs. saWiroebis SemTxvevaSi kaSxalze moqmedi sxva Zalovani faqtoris gaTvaliswineba did sirTules ar warmoadgens. aseTi daSvebis pirobebSi da SerCeul koordinatTa sistemaSi vRebulobT         (ix. nax. 3.6).
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sadac 
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 _ Sesabamisad wylis da kaSxlis masalis (betonis) kuTri wona; 
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 _ kuTxe Z sakoordinato wirsa da vertikals Soris (nax. 3.5); 
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nax. 3.5 gare Zalebis proeqciis gansazRvris sqema
3.6 amocanis ricxviTi realizacia da miRebuli Sedegebis analizi



lames parametrebis gansazRvra vawarmooT specialuri kompiuteruli programis safuZvelze namaxvani hesis TaRovani kaSxlis magaliTze.



kaSxlis geometria dadgenili iqna TbilhidroproeqtSi mSeneblobis gasworis topografiuli pirobebisa da samSeneblo samuSaoTa warmoebis teqnologiisa da organizaciis gaTvaliswinebiT. geometriis dadgenisas gaTvaliswinebuli iqna agreTve TaRis quslebis dayrdnobis pirobebi saR kldovan gruntze, sanapiro mierTebebis mdgradoba da mdovre moxazulobis SenarCuneba.



kaSxlis geometriuli parametrebi daproeqtebis sxvadasxva fazaSi zustdeboda TandaTanobiT, misi tanis daZabul-deformirebuli mdgomareobis analizis safuZvelze. kaSxlis dasma xeobis gasworSi pirvelad ganxorcielda grafikulad, samcentriani moxazulobis TaRebiT, xolo Semdeg kaSxlis geometriisa da kveTis maxasiaTeblebis analizuri aRweriT, polinomialuri funqciis gamoyenebiT, romlis programa damuSavda hidroproeqtSi, proeqtis ganmeorebiTi gadasinjvis Semdeg (III fazis doneze) kolenko-Stukisa da polonelma specialistebma, qarTvel eqspertebTan erTad, namaxvani hesis ormagi simrudis samcentriani TaRovani kaSxlis konstruqcia datoves ucvleli. am etapze amocanis ricxviTi realizaciis mizania lames parametrebis analizuri gamosaxulebebis sisworis Semowmeba, risTvisac kaSxlis sakvlevi aris aproqsimacias vawarmoebT sasrulo sxvaobaTa badiT [3], romlis sixSires pirobiT viRebT 5X9 (ix. nax. 3.6). arasimetriuli TaRovani kaSxlis geometriuli maxasiaTeblebi grafikuli saxiT mocemulia nax. 3.7-ze.


nax. 3.6 namaxvani hesis TaRovani kaSxlis sakvlevi aris aproqsimacia sasrulo sxvaobaTa badiT


nax. 3.7 kaSxlis geometriuli parametrebis grafikuli gamosaxuleba

A1 lames parametrebisa (3.10) kaSxlis Sua zedapiris da Z sakoordinato wirsa da vertikals Soris 
[image: image244.wmf]α

 kuTxis mniSvnelobani (3.24) mocemulia cxr. 3.1-Si. 

A1 lames parametrebi da Z sakoordinato wirsa da vertikals Soris 
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lames parametrebis mniSvnelobaTa sizuste SeiZleba advilad Semowmdes parametrizirebuli Z wiris sigrZiT. ase magaliTad, Sua zedapiris sgrZe Sua (me-5) konsolis mimarTulebiT toli iqneba 
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igive lames parametrebiT, Tu gaviTvaliswinebT, rom 
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. sxvaoba ganpirobebulia sawyisi parametrebis miaxloebiTi (grafikuli) wesiT dadgenaSi. 
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-is Sedareba gvarwmunebs, rom A1 lames parametrebi sworadaa gansazRvruli. 
A2 lames parametri ganisazRvreba (3.20) da (3.22) formulebiT. namaxvanis TaRovani kaSxlisaTvis am parametrebis saangariSod sawyisi mniSvnelobani mocemulia cxril 3.2-Si.

A2 lames parametris saangariSod sawyisi monacemebi
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am monacemebis safuZvelze ganisazRvra A2 lames parametri (ix. cxr. 3.3)

A2 lames parametrebis mniSvnelobebi
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kaSxlis Txemis gaswvriv parametrizirebuli mrudis sigrZe tolia
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igive lames parametrebiT, Tu gaviTvaliswinebT, rom 
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. maT Soris sxvaoba 3.2%, rac mizezia imisa, rom 
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 gansazRvrisaTvis gamoyenebulia centraluri sasrulo sxvaobaTa meTodi da rom sawyisi parametrebi gansazRvrulia grafikuli wesiT. maSasadame, ise rogorc A1, agreTve A2  lames parametric sworad aris gansazRvruli.
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4. kaSxlis tanis aproqsimacia sasrulo sxvaobaTa badiT

4.1 zogadi mimoxilva
sagranto xelSekrulebis wina sami kvartlis angariSebSi ganxiluli da gaanalizebuli iqna TaRovani kaSxlis konstruqciebi da maTi simtkiceze gaangariSebis Tanamedrove meTodebi. gaanalizebis safuZvelze mecnierulad dasabuTebuli iqna, rom datvirTvis qveS TaRovani kaSxlebis yofaqcevis gamovlenis mizniT aucilebeli aRmoCnda maTi daZabul-deformirebuli mdgomareobis Semdgomi kvleva, principSi maTi Sua zedapiris geometriuli formisa da zomebis optimizaciis mizniT, rac safuZvlad udevs misi moculobis anu rac TiTqmis igivea, mSeneblobis Rirebulebis minimizacias. am amocanis gadasawyvetad SerCeuli iqna gaangariSebis e.w. kombinirebuli meTodi, romlis Tanaxmad kaSxlis tanis  daZabul-deformirebuli mdgomareobis gamokvleva mimdinareobs garsTa Teoriis gamoyenebiT, xolo kaSxlis garemomcveli masivis, sasrulo elementebis meTodiT. kaSxlis tanis daZabul-deformirebuli mdgomareobisa da misi optimaluri sisqeebis gansazRvris mizniT Camoyalibda gadamwyvet diferencialur gantolebaTa sistema (2.1; 2.6), xolo am gantolebaTa sistemaSi Semavali lames parametrebi pirvelad iqna gansazRvruli analizuri meTodiT, nebismieri geometriis TaRovani kaSxlebisaTvis (3.10). mimdinare me-4 TavSi dagegmilia gadamwyvet gantolebaTa sistemis amoxsnis meTodis dasabuTeba da gantolebaTa Sesakrebebis gamosaxva sasrulo sxvaobebiT, rac TavisTavad gulisxmobs sakvlevi aris aproqsimacias sasrulo sxvaobaTa badiT.
4.2. gadamwyvet gantolebaTa sistemis amoxsnis meTodis SerCeva-dasabuTeba

momenturi garsTa Teoriis gamoyenebiT kaSxlis tanis  daZabul-deformirebuli mdgomareoba da saangariSo kveTebSi optimaluri sisqeebis dadgena SeiZleba ganisazRvros kerZowarmoebulian, cvladkoeficientian gadamwyvet gantolebaTa sistemiT, romelic Sedgeba xuTi wonasworobis gantolebisagan, sami garsis Sua zedapiris deformaciaTa siCqaris uwyvetobis gantolebidan da myife-plastikuri masalebisaTvis rTuli daZabuli mdgomareobis simtkicis pirobidan (2.1; 2.6). gadamwyvet gantolebaTa sistema, Sesabamisi martivi gardaqmnebis Sedegad, Semdeg saxes Rebulobs:
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(4.1) gadamwyvet gantolebaTa sistemis pirveli rva gantolebidan ganisazRvreba Sinagani Zalebi da momentebi 
[image: image304.wmf]121212
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, (nax. 2.1; 2.2), rac calsaxa amoxsnas eqvemdebareba. garsis optimaluri sisqeebi h, romelic uzrunvelyofs garsis orive zedapiris Tanabar simtkicesTan miaxloebas ganisazRvreba mecxre gantolebiT. am ukanasknelis nacvlad SegviZlia gamoviyenoT simtkicis piroba, romelic zustad uzrunvelyofs kaSxlis erTerTi waxnagis myisier gadasvlas zRvrul mdgomareobaSi.


gadamwyvet gantolebaTa sistemaSi A1 da A2 _ lames parametrebia kaSxlis Sua zedapirze; R1 da R2 _ simrudis mTavari radiusebi; q1, q2 da q3 _ kaSxlis Sua zedapiris erTeul farTze mosuli garegani Zalebis gegmilebi (ix. nax. 2.3).
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 da 
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 _ wylis da kaSxlis masalis (betonis) kuTri wona; 
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) _ koeficientebi, romelTa mniSvneloba tolia:
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naxevrad momenturi garsTa Teoriis gamoyenebisas gadamwyvet gantolebaTa sistema warmodgenilia oTxi wonasworobis gantolebiT, erTi grZiv Zalebs Soris damokidebulebis gantolebiT, romelic miRebulia simtkicis pirobidan da erTi da imave pirobidan miRebuli arawrfivi gantoleba kaSxlis sisqeebis mimarT. 
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pirveli xuTi gantolebidan ganisazRvreba xuTi ucnobi 
[image: image313.wmf](
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, xolo bolo meeqvse gantolebidan sisqeebi romlebic uzrunvelyofs kaSxlis tolwinaRobas rRvevaze. 


(4.1) da (4.5) gadamwyvet gantolebaTa sistemebi SeiZleba amoixsnas Sinagan Zalebsa da momentebSi, rac gamoricxavs miRebul SedegebSi kinematikuri xasiaTis daSvebebis gavlenas. meores mxriv am sistemebis amoxsna analizuri xerxiT prqatikulad SeuZlebelia. keZowarmoebulian, cvladkoeficientebian diferencialuri gantolebis maRali rigi (an rac igivea sistemaSi Semaval gantolebaTa raodenoba) warmoadgens ZiriTad muxruWs analizuri amoxsnisaTvis. amoxsnas arTulebs agreTve sasazRvro pirobebi da maTi raodenoba, romelic amocanis koreqturobis TvalsazrisiT SesabamisobaSi unda iyos diferencialuri gantolebis rigTan da amoxsnis sistemis ganzomilebasTan. ramdenadac CvenTvis cnobilia dazustebul garsTa TeoriaSi, roca erT gantolebad Cawerili gadamwyveti gantolebis rigi aWarbebs 8-s (momenturi garsTa Teoria), sasazRvro pirobebi mkafiod Camoyalibebuli da gadawyvetili ar aris, miTumetes iseTi rTuli nagebobisaTvis, rogoric zogadi moxazulobis TaRovani kaSxalia. da bolos, moqmedi samSeneblo normebi proeqtirebis maRal fazaSi moiTxovs TaRovani kaSxlis gaangariSebas mis garemomcvel gruntTan erTad anu gaangariSebas erTiani sistemis saxiT kaSxali-fuZe, romelsac verafriT ver SeZlebs gadamwyvet gantolebaTa sistemis amoxsnis analizuri meTodi. aRniSnulidan gamomdinare, mravaljeradi analizis Semdeg, mivediT im daskvamde, rom kaSxlis tanis daZabuli mdgomarebis Sesawavlad anu gadamwyvet diferencialur gantolebaTa sistemis amosaxsnelad gamoviyenoT ricxviTi, kerZod sasrulo sxvaobaTa meTodi, xolo fuZis gruntSi da Sesabamisad sakontaqto sibrtyeSi kaSxali-fuZe, agreTve ricxviTi, mxolod sasrulo elementebis saxiT.
4.3 kaSxlis gaSlili tanis aproqsimacia sasrulo sxvaobaTa badiT



gadamwyvet gantolebaTa sistemebi (4.1) da (4.2) statikurad rkvevadi, arawrfivi da cvlakoeficientiania, maTi ricxviTi realizacia gamiznulia ganxorcieldes sasrulo sxvaobiTi meTodiT. sasrulo sxvaobebSi gadamwyvet gantolebaTa sistemebis Casawerad kaSxlis sakvlevi aris aproqsimacias vawarmoebT sasrulo-sxvaobiTi badiT, romelTa RerZebi paraleluria sakoordinato RerZebis 
[image: image314.wmf]Z

 da 
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 (ix. nax. 4.3) badis biji vertikaluri mimarTulebiT mudmivia da tolia 
[image: image316.wmf]a

-si, xolo horizontaluri mimarTulebiT biji 
[image: image317.wmf]j

b

 cvladia da SeirCeva im principiT, rom badis kvanZi SeuTavsdes sakvlevi aris konturs. gadamwyvet gantolebaTa sistema sasrulo sxvaobebSi iwereba badis TiToeuli kvanZisaTvis, romelic sasazRvro mniSvnelobebTan erTad, romelic ganisazRvreba sasrulo elementebis meTodiT, qmnis maTematikurad koreqtul amocanas.
4.4. gadamwyvet gantolebaTa sistemis TiToeuli Sesakrebis gamosaxva sasrulo sxvaobebiT


TaRovani kaSxlebis simtkiceze gaangariSeba garsTa Teoriis gamoyenebiT axali ar aris, magram am amocanis ricxviT realizaciamde dayvana Tundac ricxviTi meTodebiT iSviaTia, isic garkveuli daSvebebiT. amocanis amoxsnas, rogorc aRniSnuli iyo, arTulebs rogorc kaSxlis rTuli geometria, aseve sasazRvro pirobebi da saerTod rTuli muSaobis pirobebi.


naSromSi mocemulia amocanis amoxsnis cda sasrulo sxvaobaTa meTodiT, romlis drosac badis biji vertikaluri an 
[image: image318.wmf]z

 RerZis mimarTulebiT aris mudmivi, xolo horizontaluri anu 
[image: image319.wmf]φ

-is mimarTulebiT cvladi (ix. nax. 4.3). centralur sasrulo sxvaobebSi aseTi badis kerZo warmoebulebi Semdeg saxes miiRebs:
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sadac 
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                (4.7)

aq    a _ badis biji 
[image: image322.wmf]z

 RerZis gaswvriv;
      
[image: image323.wmf]j

b

 _ badis biji 
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 RerZis gaswvriv;
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 _ wertilis indeqsi 
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 RerZis gaswvriv;
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 _ wertilis indeqsi 
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 RerZis gaswvriv.
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nax. 4.3 sasrulo sxvaobaTa bade
(4.6) gamosaxulebiT SeiZleba advilad Caiweros gadamwyvet gantolebaTa sistemebi, rogorc naxevrad umomento, agreTve momenturi garsTa Teoriis gamoyenebiT sasrulo sxvaobebSi.
magaliTad, naxevrad momenturi gadamwyvet gantolebaTa sistemis pirveli gantoleba (4.6) gamosaxulebebis gaTvaliswinebiT, sasrulo sxvaobebSi Semdeg saxes miiRebs:
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                     (4.8)
analogiurad gamoisaxeba sistemis sxva gantolebebic, magaliTad (4.1) sistemis me-8 gantoleba sasrulo sxvaobebSi Semdeg saxes miiRebs:
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wliuri angariSis reziume
wliuri angariSi moicavs saqarTvelos erovnul samecniero fondTan sagranto xelSekrulebiT (#1-7/30) gaTvaliswinebuli 2010 wlis, winaswar dagegmili, amocanebis gadawyvetis srul nusxas. wliur angariSSi, kvartlebis mixedviT Sesasrulebel samuSaoTa grafikis Sesabamisad, ganxilulia Tanamedrove TaRovani kaSxlebis konstruqciebi, maTi muSaobis pirobebi, praqtikaSi aprobirebuli da farTod gamoyenebuli simtkiceze gaangariSebis meTodebi, saTanado analiziT. mecnierulad dasabuTebulia maTi gaangariSebis Semdgomi kvlevis aucilebloba, masalis meqanikuri maxasiaTeblebis ufro srulyofilad gamoyenebis mizniT, rac gansazRvravs kidec misi geometriuli parametrebis optimizacias. amocanis gadasawyvetad naSromSi miRebulia gadamwyvet gantolebaTa statikurad rkvevadi sistemebi, romelTa amoxsna SesaZlebelia mxolod cvladi bijis sasrulo sxvaobaTa badiT, romlis gare konturze saZiebel sidideTa parametrebi ganisazRvreba sasrulo elementTa meTodiT, sistemisaTvis `kaSxali-fuZe~. naSromSi mocemulia sistemaSi Semavali yvela saWiro rigis kerZowarmoebulebis gamosaxva sasrulo sxvaobebiT, maTi bijis cvalebadobis gaTvaliswinebiT. winaswari gegmis mixedviT 2010 wels gaTvaliswinebuli  iyo erTi samecniero statiis momzadeba me-3 kvartalSi. sinamdvileSi Temis irgvliv gamoqveynda ori samecniero statia da gakeTda erTi moxseneba saerTaSoriso konferenciaze, romelic TbilisSi Catarda (ix. danarTi). 

eqspluataciis periodSi TaRovani kaSxlebis, datvirTvis qveS, yofaqcevis gamovlenis mizniT sagranto programaze momuSave specialistTa jgufi (z. gedeniZe, t. kviciani, s. avaliani) imyofeboda engurisa da lajanuris hidroeleqtrosadgurebis saTavo kvanZebze. vizualuri daTvalierebisa da gamzomi-sakontrolo aparaturis monacemTa analizis safuZvelze Camoyalibda garkveuli mosazrebebi kaSxlebis mdgradobisa da daZabul-deformirebuli mdgomareobis Sesaxeb, rac gaTvaliswinebuli iqneba Semdeg kvlevebSi.   
d a n a r T i[image: image332.png]
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