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რეზიუმე
Txelkedliani garsis tipis konstruqciebi gamoiyenebian teqnikis sxvadasxva sferoSi: manqanaTmSeneblobaSi, avia-mSeneblobaSi, kosmosur mSeneblobaSi, gemTmSeneblobaSi da sxva.

gemTmSeneblobis ganviTareba dakavSirebulia arsebulis daxvewasa da iseTi axali Txelkedliani konstruqciebis SeqmnasTan, romlebic Seicaven: garsebs, firfitebs, Reroebs _ gamagrebis wiboebis saxiT, xvretebs, Wrilebs, wertilovani sayrdenebs, romlebic farTod gamoiyeneba gemebis daproeqtebisa daYkonstruirebis dros.
arsebuli literaturis mimoxilvidan SeiZleba Semdegi daskvnebis gakeTeba:
amJamad Sedgenili Txelkedliani konstruqciebi, maT Soris gasaZlierebeli da aRsadgeni, sul ufro did adgils ikaveben daproeqtebaSi. radganac moqmed normebSi praqtikulad ar arsebobs gaangariSebis meTodi, romelic iTvaliswinebs aseTi konstruqciebis deformirebis specifikas, amitom maTi gaangariSeba da daproeqteba xdeba uwyveti konstruqciis gaangariSebis meTodebze orientaciiT.
gamokvlevaTa umetesoba, romlebic iseTi umartivesi konstruqciebisTvisac ki, rogoricaa koWi, Rero, fila, SemoTavazebulia winadadeba, rom cvladi sixisteebi ganvixiloT rogorc uwyveti kveTis mqone sistemebi.
SemaerTebel elementebs Soris saimedo SeWidulobis uzrunvelyofa, romelic saSualebas iZleva gaZlierebuli konstruqcia ganvixiloT rogorc erTiani, dakavSirebulia ara marto mniSvnelovan materialur xarjebTan, aramed teqnikuradac Zalian Zneli Sesasrulebelia.

naSromSi ganxilulia gemis gaangariSebis erT-erTi varianti. am variantis Tanaxmad, gaangariSeba sruldeba or etapad. erT-erTi maTgani, romelsac ewodeba gemis zogadi simtkicis gaangariSeba, korpuss ganixilavs rogorc pirobiTi Txelkedliani koWis gadakveTas im RerZis gaswvriv, romelsac ewodeba ekvivalenturi Zeli. amgvari dasaSvebia, radganac korpusis generaluri  zomebi akmayofileben im moTxovnebs, romlebic wardgenili aqvs koWs. meore etapze, romelsac ewodeba adgilobrivi simtkicis gaangariSeba, ganisazRvreba iseTi korpusis warmoqmnili elementebis daZabul-deformirebuli mdgomareoba, rogorebicaa: gadaketvebi (Zros, gembaniani bortiani) da maTi Semadgeneli koWebi da firfitebi, Spamhouturi, CarCoebi, tixrebi. Zabvis rig elementebSi, romlebic napovnia zogadi simtkicis gaangariSebisas, gansazRvruli saxiT jamdeba daZabulobasTan, romlebic warmoadgens gaangariSebis adgilobrivi simtkicis Sedegs.
gemis korpusis saerTo (grZivi) simtkicis gaangariSebisas keTdeba ori principuli daSveba erT-erTi ukve aRniSnulia – es aris sakoWe gaangariSebis sqemis gamoyeneba; meore daSveba ki imaSi mdgomareobs, rom gemi dgeba wyalze statikurad, anu korpusze warmoebs dinamikuri zemoqmedebis ugulebelyofa. kostruqciis dinamikuri qcevis gaTvaliswineba ganixileba damoukideblad. koWze ise rogorc gemis korpusis gaangariSebis sqemaze, moqmedebs datvirTvis ori saxe: simZimis Zalebi (TviT korpusis, aRWurvilobis, tvirTis gadamzidis, sawvavis, wyliT da a.S.) da sayrdeni Zalebi wylis mxridan.

gemis im firfitebis gaangariSebis Taviseburebas, romelic ar monawileobs gemis korpusis saerTo Runvaze. warmoadgens jaWvuri Zalebis statikuri ganusazRvreloba, romelic Cndeba firfitis sayrden kveTebSi gambrjenis arsebobasTan dakavSirebiT.
sivrciTi konstruqciebis simtkicis amaRleba yvelaze bunebrivad xorcieldeba wiboebis CadgmiT. xvretis kideebis gaswvriv adgilobrivi datvirTvebis dros mizanSewonilia sivrciTi konstruqciebis gamagreba Sesabamisi sigrZis wiboebis saSualebiT. am wiboebis ganlageba da Camagrebis saxe gavlenas axdens konstruqciis yofaqcevaze deformaciis dros. 
Txelkedlian konstruqciebSi geometriuli da fizikuri parametrebis araregularoba iwvevs Zabvebis mniSvnelovan koncentracias da qmnis bzarebis an plastikuri deformaciebis gavrcelebis saSiS zonebs. umetes SemTxvevaSi maTi mzidunarianoba ganisazRvreba simtkicis pirobebiT an Zabvebis koncentraciis zonaSi mdgradobis dakargviT. 
regularobis darRvevis adgilebSi ZabvaTa koncentraciis zonebi arsebiT gavlenas axdenen Txelkedliani konstruqciebis zidvis unarze da mdgradobaze. am dros cnobili tradiciuli analizuri da ricxviTi meTodebi wibovani Txelkedliani konstruqciebis daZabul-deformirebuli mdgomareobis gamosakvlevad naklebad efeqturia. amitom saWiro xdeba aRniSnuli klasis amocanebis amoxsnis axali efeqturi meTodebis SemuSaveba. amJamad sainJinro gaTvlebisaTvis praqtikulad ar arsebobs kritikuli mkumSavi datvirTvis gansazRvrisaTvis SedarebiT martivi da moxerxebuli formulebi konstruqciis gansakuTrebulobaTa gaTvaliswinebiT.

 amasTan dakavSirebiT membranis tipis liTonis sivrciTi konstruqciebis daZabul-deformirebuli mdgomareobis gamokvlevis problema sakmaod rTulia, aqtualuria da moiTxovs gaangariSebis gansakuTrebuli meTodebis SemuSavebas.
damuSavebulia texili zedapirisa da wiboebis mqone garsebis gaangariSebis axali meTodi arawrfivi deformaciis pirobebSi. es meTodi saSualebas iZleva erTian meTodologiur safuZvelze gamokvleuli iqnas diskretuli da kontinualuri sistemebi. amasTan gaiTvaliswineba araregularobis sxvadasxva saxeebi.

ganxilulia diferencialuri gantolebebis Sedgenis zogadi meTodebi, misi gamartivebis xerxebi kerZo SemTxvevebSi, arawrfivi deformaciis pirobebSi wyvetilparametrebiani garsebisa da firfitebis gaangariSebisaTvis. dakonkretebulia cvladi da impulsuri koeficientebis mqone diferencialuri gantolebebis amoxsnis meTodebi.

damuSavebulia algoriTmi da programa gembanis tipis liTonis sivrciTi konstruqciebis da maTi calkeuli elementebis daZabul-deformirebuli mdgomareobis analizisaTvis.

damuSavebuli meTodis safuZvelze Sedgenili gamoyenebiTi programebis paketi gansxvavdeba arsebuli programuli kompleqsebisagan ekonomiurobiT, moqnilobiT, momxmareblisaTvis xelmisawvdomobiT da swrafi gardaqmnis SesaZleblobebiT. igi SeiZleba gamoyenebul iqnas saproeqto organizaciebSi, sadac warmoebs dabali da cvladi drekadobis modulis mqone masalebisagan Sedgenili Txelkedliani konstruqciebis daproeqteba.
Sedegebis utyuaroba ganpirobebulia imiT, rom gadamwyveti gantolebebis formirebisas gamoiyeneba sayovelTaod miRebuli hipoTezebi da daSvebebi, romelTa koreqturoba damtkicebulia; amoxsnebis krebadoba Teoriuladaa damtkicebuli da yovel praqtikul SemTxvevaSi SeiZleba ricxobrivad iqnas gamokvleuli; utyuaroba mtkicdeba agreTve sxvadasxva avtorebis mier miRebuli Teoriuli da eqsperimentuli Sedegebis damakmayofilebeli damTxveviT.
miRebulia cvladi sixistis rgoluri firfitisaTvis wyvetili amoxsnebis gamoyenebis variantebi. gaanalizebulia sixistisa da simtkicis pirobebis gavlena firfitis daZabul-deformirebul mdgomareobaze.
pirvelad arsebuli meTodebisagan gansxvavebiT, saangariSo sqemis gamoyenebuli modeli saSualebas iZleva sasazRvro pirobebisagan damoukideblad Catardes gamoTvlebi da Semdeg iqnes gaTvaliswinebuli sasazRvro pirobebis gavlena firfitis daZabul-deformirebul mdgomareobis mimarT.
Sedgenilia axali maTematikuri algoriTmi da programa kompiuterisaTvis, romelic warmatebiT SeiZleba iqnes gamoyenebuli cvladi sixistis mqone firfitebisa da damreci garsis Runvis amocanebis Seswavlis mizniT.
miRebulia gembanis tipis liTonis sivrciTi konstruqciebis da maTi Semadgeneli elementebis gaangariSebis axali meTodi daZabul-deformirebuli mdgomareobis gansazRvrisaTvis.
miRebulia uzustesi gaangariSebis sqema, kontaqturi amocanis amoxsna koWis ujredsa da firfitisaTvis.
Summary
Thin-slab shell structures are applied in various areas of technics: in mechanical engineering, in aircraft construction, in shipbuilding they have found wide application. 
Development of shipbuilding is connected with improvement of existing and  creation of such new thin-slab shell structure which includes: shells, plates, rods - in the form of supporting ribs, with apertures and notches, point supports which are widely applied at designing of vessels.

Now compound thin-slab shell structures, among them for strengthening and restoration, take all greater place in designing. As on existing norms practically there aren’t the methods of calculation which take into account specificity of deformation of similar structures, therefore their analysis and designing leads according to a technique of continuous structures analysis.   

In the majority of researches devoted to such simple designs as a beam, a rod, a plate is offered to consider variables of rigidity as systems having continuous sections.
            Maintenance of reliable adhesion between connecting elements that enables to consider the strengthened design as uniform, is connected not only with significant material inputs, but also it is technically very difficult achievable.

           One of variants of vessel analysis  is considered. According to this variant analysis is carried out in two stages. One of them called as vessel general durability analysis, considers hull as crossing of conventionally thin-slab beam along that axis which is called as an equivalent axis. This is admissible, as the general sizes of a vessel satisfy the requirement put for a beam. At the second stage which is called as   local durability analysis, will be defined the mode of deformation of such elements of hull, as partition, and their beams and plates, frames, walls. In a number of elements of a stress which are found at  the general durability analysis, definitely  are summarized with tension which represents the result of local durability analysis.
          At the general (longitudinal) durability analysis of the hull two basic assumptions are accepted. One of them is already noted is an application of the scheme of beam analysis; the second assumption consists that the vessel stands on water statically, or the dynamic loadings on hull are non acceptance in attention. Taking into account of dynamic behaviour of structure is considered independently. On a beam as well as on the scheme of hull analysis, are operate two kinds of loadings: gravity forces (the hull, the equipment, a cargo, fuel, water, etc.) and support reaction forces from water.
The aspect of that plates analysis which do not participate in the hull general bend, is statically indeterminate of chain forces which appears in basic sections of a plate in connection with presence of struts.
Increase of spatial designs strength is most naturally carried out by insertion of ribs. Along sides of an aperture at local loadings is expediently the strengthening of spatial designs by of ribs of the corresponding length. The arrangement and a way of fastening of these ribs exert influence on  structures behaviour during deformation. 
The irregularity of geometrical and physical parameters of thin-slab structure causes significant stress concentration and creates dangerous zones for cracks propagation and plastic deformation. In most cases their carrying ability is defined by strength conditions or buckling failure in a zone of stress concentration. 
In regularity failure places the stress concentration zones exercise a significant influence on carrying ability and buckling of thin-slab structure. At this time known traditional analytical and numerical methods for analysis of the mode of deformation of ribbing thin-slab structures are ineffective. Therefore there is a necessary in preparation of the new effective mentioned class problem-solving procedures. Nowadays for engineering analyses isn’t exist relatively simple and appropriately formulas for definition of critical compressing loading taking into consideration the design features.    
 As a result the problem of the analysis of the mode of deformation of membrane type metal spatial structures is rather difficult, actual and also demands development of especial analysis methods. 
The new method of analysis of ribbed  shells in conditions of nonlinear deformation is developed. This method allows to analyze on a common methodological basis the discrete and continued systems. The  various kinds of an irregularity are considered. 
Are considered the general procedures of generation of equations, methods of their simplification in special cases, in conditions of nonlinear deformation for shell and plates analysis with intermittent parameters. The analysis of the differential equations with variable and pulse factors are particularly resulted.
The algorithm and the program for the analysis of the mode of deformation of deck type spatial metal structures and their separate elements are developed.
The application package made on the basis of a developed method differs from existing program complexes by it’s profitability, flexibility, availability to the consumer and an opportunity of fast reconfigurable. It can be used in the developers where is designing a models of thin-slab structures from low and variable elasticity materials.
Reliability of results is caused due formation in the solving equation are applied the standard hypotheses and assumptions which correctness is proved; compatibility of decisions is theoretically confirmed and for each practical case can be numerically researched; reliability also argues due the theoretical and experimental results received by various authors. 
Variants of intermittent solving for ring plates of variable rigidity are received. Influence of conditions of rigidity and durability of the mode of deformation of a plate is analyzed.
 Unlike primarily existing methods the applied model allows to lead calculations irrespective of boundary conditions and then to consider the influence of boundary conditions on the mode of deformation of a plate.
The new algorithm and the program for a computer which successfully is used for studying problems of a bend of plates of variable rigidity and flat environments is made.
The new method for analysis of the mode of deformation of spatial metal designs and their making elements is generated.
The scheme of nicest  analysis, the solving of a contact problem for a cell of a beam and a plate are received.  
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avtori did madlobas uzdis saqarTvelos teqnikuri universitetis profesorebs, teqnikis mecnierebaTa doqtorebs gela yifianis da vaxtang TarxniSvils maT mier gamoCenili yuradRebisaTvis rac aisaxeboda konsultaciebisa da praqtikuli rCevebis saxiT, rasac mudmivad grZnobda sadisertacio naSromze muSaobisas.

Sesavali

Txelkedliani garsuli konstruqciebi gamoiyenebian teqnikis sxvadasxva sferoSi: manqanaTmSeneblobaSi, aviamSeneblobaSi, kosmosur mSeneblobaSi, gemTmSeneblobaSi da sxva.

gemTmSeneblobis ganviTareba dakavSirebulia arsebulis konstruqciebis daxvewasa da iseTi axali Txelkedliani konstruqciebis SeqmnasTan, romlebic Seicaven: garsebs, firfirebs, Reroebs _ SemagrebiTi wiboebis saxiT, xvretebiT, WrilebiT, wertilovani sayrdenebiT, romlebic farTod gamoiyeneba gemebis proeqtirebisa daYkonstruirebis dros. aRniSnul araregulirebis jgufebs miRebulia vuwodoT wyvetili parametrebi.

sivrciTi konstruqciebis simtkicis amaRleba yvelaze bunebrivad xorcieldeba wiboebis CadgmiT. xvretis kideebis gaswvriv adgilobrivi datvirTvebis dros mizanSewonilia sivrciTi konstruqciebis gamagreba Sesabamisi sigrZis wiboebis saSualebiT. am wiboebis ganlageba da Camagrebis saxe gavlenas axdens konstruqciis yofaqcevaze deformaciis dros. 
Txelkedlian konstruqciebSi geometriuli da fizikuri parametrebis araregularoba iwvevs Zabvebis mniSvnelovan koncentracias da qmnis bzarebis an plastikuri deformaciebis gavrcelebis saSiS zonebs. umetes SemTxvevaSi maTi mzidunarianoba ganisazRvreba simtkicis pirobebiT an Zabvebis koncentraciis zonaSi mdgradobis dakargviT, regularobis darRvevis sxva saxeebs miekuTvneba zedapiris texva, rasac adgili aqvs naoWovan da mravaltalRovan garsebSi. daZabul mdgomareobaze gavleniT isini wiboebis analogiurni arian.
regularobis darRvevis adgilebSi ZabvaTa koncentraciis zonebi arsebiT gavlenas axdenen Txelkedliani konstruqciebis zidvis unarze da mdgradobaze. am dros cnobili tradiciuli analizuri da ricxviTi meTodebi wibovani Txelkedliani konstruqciebis daZabul-deformirebuli mdgomareobis gamosakvlevad naklebad efeqturia. amitom saWiro xdeba aRniSnuli klasis amocanebis amoxsnis axali efeqturi meTodebis SemuSaveba. amJamad sainJinro gaTvlebisaTvis praqtikulad ar arsebobs kritikuli mkumSavi datvirTvis gansazRvrisaTvis SedarebiT martivi da moxerxebuli formulebi konstruqciis gansakuTrebulebaTa gaTvaliswinebiT.

 amasTan dakavSirebiT membranis tipis liTonis sivrciTi konstruqciebis daZabul-deformirebuli mdgomareobis gamokvlevis problema sakmaod rTulia, aqtualuria da moiTxovs gaangariSebis gansakuTrebuli meTodebis SemuSavebas.
deformadobisa da mdgradobis pirobebSi wyvetil-parametrebiani Txelkedliani sivrciTi konstruqciebis gaangariSebis iseTi meTodikis Seqmna, romelic uzrunvelyofs datvirTvis nebismier stadiaze konstruqciis daZabul-deformirebuli mdgomareobis utyuar asaxvas gaangariSebis minimaluri xarjebiT, uaRresad aqtualuria. aqtualuria diskretulad mierTebuli wiboebiT Semagrebuli damreci, cilindruli da konusuri garsebis gaangariSebis meTodikis SemuSaveba geometriulad arawrfivi deformaciis pirobebSi.

damuSavebuli meTodebis safuZvelze gamoTvlebis algoriTmebisa da kompiuterze gamoyenebiTi programaTa paketis Seqmna saWiroa am meTodis praqtikaSi danergvisaTvis.

damuSavebulia texvebisa da wiboebis mqone garsebis gaangariSebis axali meTodi arawrfivi deformaciis pirobebSi. es meTodi saSualebas iZleva erTian meTodologiur safuZvelze gamokvleuli iyos diskretuli da kontinualuri sistemebi, amasTan gaiTvaliswineba araregularobis sxvadasxva saxeebi.

ganxilulia diferencialuri gantolebebis Sedgenis zogadi meTodebi, misi gamartivebis xerxebi kerZo SemTxvevebSi, arawrfivi deformaciis pirobebSi wyvetilparametrebiani garsebisa da firfitebis gaangariSebisaTvis. dakonkretebulia cvladi da impulsuri koeficientebis mqone diferencialuri gantolebebis amoxsnis meTodebi.

damuSavebulia algoriTmi da programa gembanis tipis liTonis sivrciTi konstruqciebis da maTi calkeuli elementebis daZabul-deformirebuli mdgomareobis analizisaTvis.

naSromis praqtikuli Rirebuleba mdgomareobs damuSavebuli meTodebisa da programebis gamoyenebis SesaZleblobaSi gemTmSeneblobis proeqtirebisa da konstruirebis, aseve sxvadasxva aparatebis garsovani elementebis gaangariSebisaTvis, Wrilebisa da xvretebis mqone firfitebis mdgradobis amocanebisaTvis, aseve panelebisaTvis, romlebic gemTmSeneblobaSi gamoiyenebian tipiur anakreb elementebad.

damuSavebuli meTodis safuZvelze Sedgenili gamoyenebiTi programebis paketi gansxvavdeba arsebuli programuli kompleqsebisagan ekonomiurobiT, moqnilobiT, momxmareblisaTvis xelmisawvdomobiT da swrafi gardaqmnis SesaZleblobebiT. igi SeiZleba gamoyenebul iqnas saproeqto organizaciebSi, sadac warmoebs dabali da cvladi drekadobis modulis mqone masalebisagan Sedgenili Txelkedliani konstruqciebis daproeqteba.

Sedegebis utyuaroba ganpirobebulia imiT, rom gadamwyveti gantolebebis formirebisas gamoiyeneba sayovelTaod miRebuli hipoTezebi da daSvebebi, romelTa koreqturoba damtkicebulia; amoxsnebis krebadoba Teoriuladaa damtkicebuli da yoveli praqtikul SemTxvevaSi SeiZleba ricxobrivad iqnas gamokvleuli; utyuaroba mtkicdeba agreTve sxvadasxva avtorebis mier miRebuli Teoriuli da eqsperimentuli Sedegebis damakmayofilebeli damTxveviT.
1. ლიტერატურის მიმოხილვა
1.1. problemis mdgomareoba

winamdebare TavSi gadmocemulia mimoxilviTi xasiaTis Sromebi da gamokvleulia wyvetilparametrebiani Txelkedliani sivrciTi sistemebis gaangariSebis meTodebis ganviTarebis ZiriTadi mimarTulebebi. Catarebuli analizi adasturebs Temis aqtualurobas da saSualebas gvaZlevs CamovayaliboT kvlebis mizani.

1.1.1. cnobebi firfitebisa da garsebis Teoriis

mdgomareobis Sesaxeb
garsebisa da firfitebis Teoria warmoadgens myari deformadi sxeulis meqanikis friad vrcel Stos, romelsac aqvs rTuli struqtura. amisi gacnoba mniSvnelovania Teoriis Seswavlis swori gzis arCevisTvis. Znelia garsebis Teoriis mimoxilva, romelsac eZRvneba ramdenime aTasi naSromi, amitom SevecadeT migveRo literaturuli wyaroebis amorCevis garkveuli principi. radganac gamoqveynebuli literatura ganixileboda, mTel rig mimoxilvebSi, magaliTad, n. alumiaes [1], o. oniaSvilis [2], g.janeliZis [3]. gamonakliss warmoadgenen is Sromebi, romlebmac didi roli Seasrules Teoriis CamoyalibebaSi da dRemde ar daukargavT mniSvneloba. ufro sruli informacia im Sromebze, romlebic qveyndeboda firfitebisa da garsebis Teoriis Sesaxeb, SeiZleba vnaxoT xuT gamocemaSi: wignebis katalogi, romlebic qveyndeboda 1931-55 wlebSi, 1956-58 wlebSi, 1961-62 wlebSi, 1963-64 wlebSi da 1965-80 wlebSi. (maTematika, fizika, meqanika, astronomia, m., 1983). didi roli Seasrula samecniero, kerZod, firfitebisa da garsebis Teoriis dargSi wignebis gamocemis sakiTxSi g. volpertma.

statiebidan, romlebic gamoqveynebulia Jurnalebisa da Sromebis krebulebSi, aRniSnulia mxolod isini, romlebSic mocemulia is Sedegebi, romlebic SemdgomSi ar aris ganzogadoebuli avtorebis mier monografiebSi,  magram aqvT Rirebuleba Teoriis ganviTarebis TvalsazrisiT. didi informacia im statiebis Sesaxeb, romlebic gamoqveynebulia JurnalebSi meqanikis dargiT, Sedgenilia n. talickis mier (1937 wlidan). 

winamdebare TavSi aRniSnulia sistematurad gamoqveynebadi Sromebis krebulTa mimoxilvebi gamocemis dros miuxedavad, radganac isini Seicaven mdidar informacias im literaturis Sesaxeb, romelmac SeiZleba daainteresos specialisti, radganac mTel rig SemTxvevebSi ar SeiZleba SemovifargloT mxolod ukanaskneli drois SromebiT. moxsenebulia sxvadasxva konferenciebisa da samecniero krebulebis Sromebi agreTve gamocemis drois SezRudvis gareSe.

1.1.2. firfitebisa da garsebis Teoriis ganviTarebis

etapebi

garsebis mSeneblobam bevrad gauswro win maTi gaangariSebis Teorias. amisi magaliTebia Sua saukuneebis eklesiebisa da cixe koSkebis rTuli garsuli konstruqciebi. umetes SemTxvevaSi am garsebs ver mivakuTvnebT Txel garsebs.

SeiZleba aRiniSnos sami maxasiaTebeli etapi garsebis Teoriis SeqmnaSi.

pirveli etapi ekuTvnis XVIII da XIX saukunis dasawyiss. es winaistoriaa, romelic aRiniSna ori-sami SedegiT, romlebic miiRes uTvalsaCinoesma mecnierebma konkretuli obieqtebis ganxilvisas. magaliTad, membranis rxevis gantoleba miiRo l. eilerma 1767 wels, firfitis Runvis gamartivebuli gantoleba – umcrosma iakob bernulim 1789 wels, brunviTi garsebis umomento Teoriis wonasworobis erT-erTi gantoleba – p. laplasma. iqmneboda firfitebis Runvis Teoriac.

meore etapi, romelic daiwyo XIX saukunis bolodan, sainteresoa imiT, rom paralelurad midioda ori procesi, erTis mxriv, inJinrebi konkretuli proeqtebis Sesrulebisas qmnidnen garsebis gamartivebul modelebs da amis safuZvelze gaangariSebebi dahyavdaT ricxviT formaze. meore mxriv, iqmneboda gluvi Txeli garsebis zogadi wrfivi Teoria statikuri datvirTvebi moqmedebisa.
pirveli mimarTulebis moRvaweobis magaliTia i.Staermanis winadadeba imis Sesaxeb, rom RerZsimetriulad deformirebuli brunviTi garsebis muSaoba ganxiluli yofiliyo rogorc TaRis deformacia uwyvet drekad fuZeze [4]. sainteresoa am avtoris sxva Sromebic [5, 6].

garsebisa da firfitebis Teoriis ganviTarebis meore periodSi dReisaTvis cnobili sami gzidan, romlebsac pirobiTad SegviZlia vuwodoT hipoTetikuri (dafuZnebulia geometriul da statikur hipoTezebze), analitikuri da pirdapiri, gamoiyeneboda mxolod pirveli. drois mixedviT pirvelis formulireba firfitebisa da garsebis Teoriis agebisaTvis iyo kirxhofis hipoTeza. igi dRemde yvelaze metad gavrcelebulia, Tumca iyeneben sxvebsac, magaliTad, s. timoSenkos hipoTezas. Teoriis agebis ori danarCeni gzis Sesaxeb saubari gveqneba SemdgomSi.

XX saukunis 40-50 wlebSi daiwyo garsTa Teoriis Seqmnis mesame etapi. igi viTardeba sxvadasxva, xSirad gadamkveTi mimarTulebebiT. garsuli konstruqciebis ufro metad rTuli saxeebi Seiswavleba, rogoricaa maTSi Sreebis, wiboebis, diafragmebis, konturis elementebis, naxvretebis arseboba. ganviTarda garsTa Teoriis sakontaqto amocana da lokaluri zemoqmedebebis gavlenis Sefaseba. garda wonasworuli daZabul-deformirebuli mdgomareobis damyarebisa, xdeba misi mdgradobis gamokvlevac. ganixileba masalis ufro rTuli Tvisebebi: arawrfivi drekadoba, anizotropiuloba, plastikuroba, siblante. mcire deformaciebis ganxilvidan gadavidnen didze – viTardeba geometriulad arawrfivi Teoria da mis bazaze – konstruqciis kritikuls miRma yofaqcevis Teoria. Seiswavleba konstruqciis yofaqceva rogorc statikur, aseve dinamikur (maT Soris arastacionalur) zemoqmedebaze. ganixileba garsebis urTierTqmedeba siTxesTan da gazTan – konstruqciis hidro da aerodrekadoba. garsze Zalovan zemoqmedebasTan erTad Seiswavleba Tburic – konstruqciis Termodrekadoba, aseve eleqtromagnituri – garsis eleqtromagnituri drekadoba. 

1.1.3. Txeli gluvi drekadi izotropuli garsebis

zogadi wrfivi Teoria maTze statikuri

zemoqmedebebis SemTxvevaSi
pirvelad zogadi Teoria, romelic eyrdnoboda g. kirxhofis hipoTezas, SemoTavazebuli iyo g. aronis [7] mier. magram es Teoria Seicavda uzustobebs, romlebic gaaswora a. liavem da moaTavsa garsTa Teoria Tavis cnobil kursSi.

firfitebisa da garsebis zogadi Teoriis CamoyalibebaSi garkveuli roli Seasrula i. bubnobis [8, 9], b. galiorkinis [10], s. timoSenkos monografiebma [11, 12, 13].

dawyebuli XX saukunis 30-iani wlebidan garsTa Teoria sainteresod viTardeboda. maSin ikvlevdnen zogad sakiTxebs: miiRes da yovelmxriv gaanalizes gluvi Txeli drekadi garsebis wrfivi teqnikuri Teoriis ZiriTadi gantolebebi da maTi sxvadasxva gamartivebuli variantebi (umomento Teoria, damreci garsebis Teoria). am periodSi mecnierebaSi garsebis Sesaxeb didi wvlili miuZRviT b. galiorkins, v. vlasovs, a.luries, a. gvozdevs, v. novoJilovs, a. goldenveizers, i. rabotnovs, c.sokolovs, n. alumiaes da sxvebs.

qarTvel mkvlevarTagan aRsaniSnavia o. onoaSvilis,  k. zavrievis, g.muxaZis, m. miqelaZis, j. biWiaSvilis, l. muxaZis, g. yifianis, v.TarxniSvilis, z. gedeniZis Sromebi. 

garsebis zogadi da kerZo Teoriebis agebis dargSi arsebuli mravalricxovani Sedegebi ganzogadoebuli iyo mTel rig monografiebSi, ramac didi roli Seasrula meqanikis am dargis ganviTarebaSi. maT ricxvSia a. luries [14], v. vlasovis [15, 16], v. novoJilovis [17-18], a.goldenveizeris [19, 20] monografiebi.

Teoriis ganviTarebaSi mniSvnelovani roli Seasrula v. novoJilovis da r. filkenSteinis statiam da agreTve v. novoJilovis wignma [17], romelic gaxda impulsi garsTa geometriulad arawrfivi Teoriis asagebad. kirxhof-liaves daSvebaTa Sefasebis Sesaxeb gamovida a. Sestopalis da n.Sestopalis wigni [21], romelSic garsebis teqnikuri Teoriisa da drekadobis samganzomilebiani Teoriis safuZvelze gakeTebulia Sefaseba konkretuli amocanebis gadawyvetaTa Sepirispirebis formiT (wonasworoba, paralelepipedis rxeva da mdgradoba Seyursuli Zalis moqmedebaze, usasruli zolisa da sworkuTxa firfitis mdgradoba, RerZsimetriuli deformacia Tavisufali rxevebi da Rru cilindris wonasworobis bifurkacia).     

garsebis zogadi Teoriis agebas eZRvneba k. Cernixis [22] da n.kilCevskis monografiebi. pirvel monografiaSi Semdgomi ganviTareba miiRo kompleqsuri gardaqmnis meTodis problemam garsTa wrfiv TeoriaSi. meore monografiaSi gamoyenebulia tenzoruli formalizmi, arawrfivi drekadobis ZiriTadi damokidebulebebi warmodgenilia invariantuli formiT; organzo-milebiani Teoria miRebulia samganzomilebianidan. moyvanilia garsTa Teoriis integraluri da integrodiferencialuri gantolebebi.

amJamad drekadi garsebis wrfivi teqnikuri Teoriis statikuri problema zogadi koncefciisa da gantolebebis formirebis TvalsazrisiT gadawyvetilia. Sromebi, romlebic eZRvneba garsTa zogad Teorias, amJamad ufro mcirea, vidre ramdenime aTeuli wlis winaT.

aRvniSnoT, zogadi Teoriisadmi miZRvnili zogierTi statia: esenia a.goldenveizeri [19] i.voroviCi [23, 24, 25, 26], v.vlasovi [15].

zogadi Teoriis sistematizaciisadmi miZRvnilia i. vekuas [27, 28, 29], n.abovskis, n. andreevis, a. derugis [30] wigni. ukanasknel wignSi cnobaris formiTaa warmodgenili drekadobis Teoriis da garsTa Teoriis variaciuli principebis sistemuri gamokvlevebis Sedegebi. r. kurantisa da d. gilbertis variaciuli gardaqmnis principebis Sesabamisad. miRebulia sruli da kerZo funqcionalebis sistema, maT Soris – Sereulis: rigi cnobili da axlad SemoTavazebuli funqcionalebisTvis dadgenilia stacionarobis, eqstremalurobis, minimalurobis Tvisebebi. mocemulia garsTa Teoriis statikur-geometriuli analogiis variaciuli forma da gakeTebulia gluvi erTgvarovani izotropiuli garsebis Sedegebis ganzogadeba wibovan, mravalkavSirian, mravalSrian da konstruqciulad anizotropiul garsebze.

garsTa zogadi wrfivi Teoriis formirebis procesTan erTad xdeboda miRebuli gantolebebis amoxsnis meTodebis Zieba da Sedegebis dayvana ricxvebamde, agreTve garsTa muSaobis analizi sxvadasxva parametrebTan damokidebulebaSi, romlebic axasiaTeben garsis geometrias da masze moqmed datvirTvas analizuri gadawyvetebis, ricxviTi meTodebis da eqsperimentebis safuZvelze, romlebic xorcieldeboda garsebze da maT modelebze.

1.1.4. drekadi garsebis geometriulad arawrfivi

teqnikuri Teoria

geometriulad arawrfivi Teoriis intensiuri ganviTareba aixsneba imiT, rom am pirobebSi muSaobs didi raodenobis garsuli konstruqciebi. aseTi konstruqciebis mimarT wrfivi Teoriis gamoyeneba ar aris mizanSewonili.

mTeli rigi Sromebi, romelTa principuli mniSvneloba aqvT geometriulad arawrfivi garsebisaTvis, gamoaqveyna i. voroviCma [23, 24, 25, 26]. am SromebSi ganxilulia gadawyvetis arsebobis sakiTxebi da arawrfivi gantolebebis amoxsnis meTodebi. garsebis arawrfiv Teorias eZRvneba n.alumiaes [1, 31, 32] Sromebi.

erT-erTi pirveli publikacia, romelic exeboda garsTa geometriulad arawrfiv Teorias ekuTvnis a. filins [33], romelSic moyvanilia drekadi brunviTi garsebis zogadi gantolebebi da ganxilulia maTi gamoyeneba silfonebis, gofrirebuli membranebis,  brtyeli  mrgvali membranebis mimarT, 
agreTve moyvanilia burdonis milakebis gaangariSeba.

geometriulad arawrfivi garsebis TeoriaSi gamokvlevebis ganzogadoeba mocemulia a. volmiris [34] monografiaSi. 1951 wels gamoqveynda x. muStaris da k. galimovis [35] monografia. unda aRiniSnos agreTve a.volmiris [34, 36] da m. korniSinis [37, 38] wignebi. geometriulad arawrfivoba ganixileba m. korniSinisa da f. isanbaevas [38], v. petrovis [39] SromebSi.

[38] wigni ZiriTadad Seicavs mrgvali da marTkuTxa firfitebisa da damreci panelebis (sxvadasxva datvirTvisa da sasazRvro pirobebis SemTxvevaSi) ganiv Runvaze gaangariSebas, romlebic warmodgenilia cxrilebisa da grafikebis saxiT.

[39] SromaSi xdeba drekadi firfitebisa da garsebis Teoriis arawrfivi gantolebebis gawrfivebis meTodis ganviTareba, gamoiyeneba kantoroviC-vlasovis meTodi problemis zomebis Semcirebis Sesaxeb.

 geometriuli arawrfivobis problema asaxulia mTel rig mimoxilviT xasiaTis statiebSi. magaliTad: x. muStaris [35], a.filinis [33] statiebSi.

garsebis arawrfivi Teoriis dargSi farTo mimoxilva ekuTvniT a.linaiss da j. simonds [39]. masSi ganxilulia: usasrulo cilindruli garsis (RerZsimetriuli) moZraoba, garsebis zogadi arawrfivi Teoriis gantolebebi, firfitebis arawrfivi Teoria. deformaciis erTganzomilebiani sferuli veli, garsebis miaxloebiTi Teoriebi. [39]-Si ganxiluli 157 Sromidan 52 ekuTvnis 5 avtors (e.teisners – 19, j. sandersi – 13, s. koiters – 9, a. libaiss – 6 da k.vuss – 5).
1.1.5. wibovani firfitebi da garsebi
uaRresad mniSvnelovania yovelgvari konstruqciuli Taviseburebis (wibo, konturis elementebi) gaTvaliswinebis problema, romlebic ar iZlevian saSualebas gamoviyenoT gluvi garsebis Teoria sufTa saxiT.

garsTa Sewiboebis problemas udgebian sxvadasxvanairad. zogierTi avtori anawilebs wiboebis drekad Tvisebebs mTel kveTze da Tu es ukanasknelni mimagrebulni arian eqspentriulad, iReben saangariSo sqemas orfenovani garsis saxiT, romelSic fiqtiuri fena, romelic warmoadgens wibos imitacias, rogorc wesi, orTotropiulia. sxva avtorebi ganixilaven sakontaqto amocanas garssa da Rerovan sistemas Soris. arsebobs sxva midgomebic.

g. savinisa da n. fleiSmanis naSromSi [40] ZiriTadad ganxilulia firfitebi: wriuli firfitebi koncentrulad ganlagebulia wiboebiT. Txeli firfitebi gaZlierebuli kideebiT; Zalian Txeli wiboebiT gaZlierebuli firfitebi; aseve gadawyvetilia Sebrunebuli amocanebi naxvretebiani firfitebisaTvis, romelTac aqvT damagrebuli kideebi. gamokvleulia wriuli da rgoluri filebis Tavisufali rxevebi. amocanebis umetesobis gadawyvetis Sedegebi warmoadgenilia grafikebisa da cxrilebis saxiT.

m. Seremetievis naSromSi gadawyvetilia drekadobis Teoriis brtyeli amocana safexurovnad cvladi sisqis mqone firfitebisaTvis, romlebic gaZlierebulia konturze mudmivi ganikveTis mqone wvrili drekadi ReroebiT, agreTve firfitebisaTvis, romlebic nawilobrivadaa gaZlierebuli konturze, gamoyenebulia kompleqsuri cvladi funqciis aparati.

wiboebiT gamagrebuli firfitebisa da garsebis gaangariSebas eZRvneba e. grebnis gamokvleva [41].

Sewiboebuli garsebis gaangariSebis Teorias miuZRvna didi raodenobis Sromebis krasnoiarskis skolam, romelsac xelmZRvanelobda n. abovski. aseT Sromebs miekuTvneba b.krasnopeevis, n. abovskis da l. enjievskis naSromi [42].

Sewiboebul garsebs eZRvneba i. andrianovis, v. lesniCeisa da l.NmaneviCis [43] Sromebi. am ukanasknelSi ganixileba daZabul-deformirebuli mdgomareobis gansazRvris asimptoturi meTodebi periodulad cvladi struqturis garsebisa da firfitebisaTvis (wibovanis, gofrirebulis, danaoWebulis). statikuri da dinamikuri zemoqmedebis SemTxvevebSi ganxilulia firfitebi da brunviTi, kerZod, cilindruli garsebi. warmodgenilia agreTve gluvi firfitebisa da garsebis Teoriis arawrfivi amocanebi.

wibovan garsebs eZRvneba i. amiros Sromebic [44,45]. mesameSi ganixileba cilindruli garsebis statikuri amocana. agreTve mdgradobis problema. mokledaa gaSuqebuli kritikuls miRma qceva. yvela SemTxvevisTvis Sefasebulia garsis gaZlierebis parametrebis gavlena mis daZabul-deformirebul mdgomareobaze da datvirTvis kritikul doneze. moyvanilia mravalricxovani grafikebi. [44] SromaSi ganixileba mTeli rigi sakiTxebisa: Tavisufali da iZulebiTi rxevebi. maT Soris SeerTebuli myari sxeulebisaTvis. morbenali talRebi cilindrul garsebSi, mdgradoba xanmokled moqmedi datvirTvebis moqmedebisas.

Txelkedliani konstruqciebis wiboebiT gaZlierebas asaxaven [42, 46, 47, 48, 49, 50, 51, 52, 53] Sromebi.

1.1.6. sakontaqto amocanebi. lokaluri datvirTva
damoukidebel klass Seadgenen sakontaqto amocanebi da is amocanebi, romlebSic datvirTva modebulia garsze lokalurad. es sakiTxebi ganxilulia m. darevskis [54] SromaSi.

firfitebisa da garsebis Teoriis specialur sakontaqto amocanebs eZRvneba v. mosakovskisa da sxvaTa naSromi [55, 56], romelSic ganxilulia Txelkedliani garsuli sistemebis daZabul-deformirebuli mdgomareoba, mdgradoba da mzidunarianoba lokaluri datvirTvebis dros. agreTve gamokveulia garssa da wrfivad da arawrfivad drekad fuZes Soris sakontaqto urTierTqmedebani. kontaqtis cvladi ares mqone konstruqciisaTvis Camoyalibebulia da gadawyvetilia amocanebi.

drekad fuZeze mdebare Txelkedliani sistemebi gamokvleulia v.vlasovisa da n. leontievis [16], a. sinicinis [57], g. Sapiros [58, 59, 60] mier.

Sromebis dasaxelebis gareSe aRvniSnoT is avtorebi, romlebsac Seiswavlidnen lokalurad datvirTuli garsebis sakiTxs. esenia: p. beilardi, e. grigoliuki, v. tolkaCevi, v. novoJilovi, k. Cernixi, a.xristenko, i.Sarinovi, n. hofi, f. poli, J. kempneri.

1970 wlidan gamoica Sromebi, romlebic exebodnen kontaqtur amocanebs mTeli misi mravalferovnebiT. a. voloSinisa da i. samsonovis SromaSi [61] SemoTavazebulia sainJinro meTodi gaZlierebuli amonaWrebis gaangariSebisa da agreTve konstruirebis wesebi. milyelisa da rkalis simtkiceze gaangariSebis meTodi. moyvanilia grafikebi da cxrilebi.

v. pavilainenis monografia [62] ixilavs Zalvebis statikurad urkvevadobis gaxsnas garsebisa da sakonturo elementebis SeerTebebSi, garsebis gaangariSebas datvirTvis elementebze zemoqmedebisas, kaneluri tipis rezervuarebis gaangariSebas.

b. pelexisa da m. suxorolskis SromaSi [63] iseTi saangariSo aparatis Seqmnis safuZvelze, romelic saSualebas iZleva davakmayofiloT sasazRvro pirobebi garsis zedapirebze. ganisazRvreba orTotropiuli cilindruli garsisa da masTan kontaqtSi myofi drekadi Tu xisti sxeulebis urTierTqmedeba, agreTve fenebsSorisi Zabvebi kompozitiuri masalebisagan damzadebul garsebSi, rogorc meqanikuri, ise siTburi zemoqmedebisas.

v. baJenovis naSromi [32] eZRvneba milsadenebsa da sacavebs, romlebic Cawyobilia gruntSi, amisaTvis gamoyvanilia ZiriTadi diferencialuri gantolebebi, romlebic ixsneba TandaTanobiTi miaxloebis meTodiT, ganisazRvreba daxSuli cilindruli garsebis daZabul-deformirebuli mdgomareoba.        

v. grigoliukisa da v. tolkaCevis naSromSi ganixileba firfitebisa da garsebis urTierTqmedeba xist sxeulebTan, agreTve garsebs Soris uSualod urTierTqmedeba. kerZod, ganixileba sixistis wibosa da firfitisa da garsis urTierTqmedebis amocanis miaxloebiTi gadawyveta. cilindruli garsebisaTvis agebulia grinis matricebi da gadawyvetilia saintereso gantolebebi. sainteresoa amocana cilindruli garsebis batareebis Sesaxeb, romlebic SeerTebulia msaxvelebis monakveTebSi.

b. nerubailos wignSi [64] SemoTavazebulia cilindruli garsebis gaangariSebisas lokalur radialur datvirTvebze da lokalur temperaturuli velebis gaTvaliswinebaze, merve rigis diferencialur gantolebaTa sistemis gadayvana meoTxe rigisaze, aseTi gziT ganixileba sasruli, naxevrad sasruli da usasrulo sigrZis garsebi.

1.1.7. naxvretebisa da bzarebis mqone firfitebi, filebi da

garsebi. simtkicis sakiTxebi
firfitebisa da garsebis Teoria, romelic aris myari deformadi sxeulebis meqanikis nawili, erTis mxriv, sazrdoobs misi sxva dargebis ideebiTa da meTodebiT, xolo meores mxriv, ayalibebs safuZvels meqanikis axali dargebis ganviTarebisaTvis. ase moxda, rodesac Semoitanes kompleqsuri cvladis funqciis Teoriis gamoyenebis idea drekadobis TeoriaSi, romelic gamoTqva g. kolosovma da ganaviTara n. musxeliSvilma, es isdea farTod gamoiyeneba garsebSi naxvretebTan axlos ZabvaTa koncentraciis amocanaTa gadasawyvetad. kerZod, g. savinisa da misi mowafeebis mier. es Sedegebi mTel rig SemTxvevebSi mniSvnelovania bzarebis Teoriisa, da amgvarad, rRvevis meqanikis ganviTarebisaTvis.

naxvretebis siaxloveSi Zabvebis koncentraciis Sesaxeb fundamenturi Sroma gamoaqveyna g. savinma [65]. am monografiaSi warmodgenil gamokvlevas, garda Teoriuli interesisa, aqvT praqtikuli mniSvneloba.

amave problemas eZRvneba g. savinisa da v. tulCias [66] monografia, romelic Seicavs naxvretis siaxloveSi ZabvaTa koncentraciis Teoriul da eqsperimentalur gamokvlevebs brtyeli deformaciisa da ganzogadoebuli brtyeli daZabuli mdgomareobis pirobebSi. Sedegebi warmodgenilia grafikebisa da cxrilebis saxiT.

naxvretebis siaxloveSi Zabvebis koncentracias ikvleven a. guzi da misi TanamSromlebi. [67, 68, 69] monografiebSi ganxilulia daZabul-deformirebuli mdgomareoba mravalkavSiriani areebisaTvis. gamokvleulia garsebis drekad-plastikuri mdgomareoba saboloo CaRunvebis gaTvaliswinebiT, ganxilulia samfenovani da naxvretebiani garsebi, romlebic damzadebulia kompoziciuri masalebisagan.

Zabvebis koncentracias exeba d. vainbergis [48, 49, 70, 71], b. pelexas da v.lazlos [72] da b. pelexas [73, 74] wignebi. [72] wignSi naxvretebis siaxloveSi arsebuli Zabvebi ganisazRvrebian ganivi Zvris gaTvaliswinebiT. ganixileba armirebuli plastmasisagan damzadebul garsebSi naxvretebis siaxloveSi daZabul-deformirebuli mdgomareobis sakiTxi. [73] SromaSi ganixileba bzarebis gaCenis gamo aRZruli ZabvaTa koncentracia firfitebisa da garsebis datvirTviT an temperaturiT gamowveuli Runvis SemTxvevaSi.

Sromebis didi raodenoba eZRvneba daZabul-deformirebuli mdgomareobis problemas mravalbmul konstruqciebSi. am sakiTxebs eZRvneba a. kosmodamianskis [75, 76, 77, 78] wignebi, agreTve TanaavtorebTan, s. koroliovTan b. loJkinTan, i.misovskisTan, v. SaldirvanTan [75, 76, 77, 78] gamoqveynebuli Sromebi. am Sromebis gansakuTrebuloba imaSia, rom amocanebis gadasawyvetad gamoyenebulia kompleqsuri cvladis funqciebi da mcire parametris meTodi. [79] SromaSi xdeba Termomdgradobis amocanis gadawyveta. [75, 76, 77, 78] wignebSi miaxlovebiTi Teoriis gamoyenebis SesaZleblobis Sesafaseblad gakeTebulia Sedareba im SedegebTan, romlebic miRebulia drekadobis Teoriis sivrculi amocanis amoxsniT.

mravalbmiani Txelkedliani sistemebi, maTi rxevebi da mdgradoba ganixileba sxvadasxva moxazulobis (rgoluris, kvadratulis, sworkuTxovanis) da sxvadasxva saxis naxvretebis mqone firfitebis rxevebi da mdgradoba.

am krebulSi Tavmoyrilia sxvadasxva avtorebis 20 statia, romlebSic ganixileba sxvadasxva moxazulobis (rgoluris, kvadratulis, sworkuTxovanis) da sxvadasxva saxis mqone firfitebis rxevebi da mdgradoba.

aRsaniSnavia g. savinis ori mimoxilviTi moxseneba [66, 80], meore mimoxilvaSi ganxilulia: dinamikuri amocanebi im garsebisaTvis, romelTac aqvT mrudwiruli formis naxvretebi, momenturi Zabvebis gavlena dinamikur parametrebze, naxvretebi armirebul garsebze, masalis cocvadobis gavlena garsis mdgomareobaze.

rxevebis meqanika bzarebis Teoriis aspeqtSi viTardeboda firfitebisa da garsebis tipis Txelkedliani konstruqciebisaTvis. am problemas eZRvneba v. panasiukis [81-82] wignebi.

[81] monografiaSi ganxilulia mTeli rigi mniSvnelovani sakiTxebi. integraluri singularuli gantolebebis aparatis daxmarebiT gadawyvetilia sasruli da usasruli zomis firfitebis drekadi da zRvruli wonasworobis amocanebi. ganxilulia bzarebis mqone nebismieri formis garsebi; gadawyvetilia siTbogamtarobisa da Termodrekadobis amocanebi (temperaturuli velebi da Termoizolirebuli bzarebis mqone firfitebSi ganviTarebuli Zabvebi). ganzogadoebulia bzaris axlos daZabul-deformirebuli mdgomareobis gansazRvris meTodi.

[81] monografiaSi ganixileba im firfitebis Runvis Teoria, romelTac axasiaTebT Zvraze damyoloba da gaaCniaT bzarebi; mocemulia bzarebis mqone firfitebis Runvis Teoriis dazustebuli variantebi, moyvanilia asimptoturi formulebi Sinagani grZivi momentebisaTvis, ganivi ZalisaTvis, gadaadgilebebsa da ZabvebisaTvis defeqtis wveros siaxloveSi. naCvenebia, rom Zabvis tenzoris arasimetriulobis gaTvaliswineba Runvisas ukuagdebs ZabvaTa lokaluri ganawilebis aRweraSi Seusabamobas.

l. slepianis  monografiaSi  [83] yuradReba eqceva bzarebis 
zrdis modelebisa da kriteriumebis adekvaturobas drekad da drekad-plastikur sxeulebSi da naCvenebia, rom mxolod struqturis mqone areSi SeiZleba gamomJRavndes faqtorebi, romlebic mniSvnelovania daZabul-deformirebuli mdgomareobis gansazRvrisaTvis bzaris siaxloveSi.

bzarebis mqone Txelkedlian konstruqciebs eZRvneba a. guzis [67, 68, 69] wignebi. [67]-Si ganixileba aratradiciuli midgoma bzarebis mqone Txeli sxeulebis rRvevis problemisadmi. igulisxmeba, rom rRvevamde xdeba mdgradobis dakargva bzaris areSi. am danakargis gavlena rRvevis kinematikaze gaiTvaliswineba. gansazRvrulia amocanis sakuTari ricxvebi sakoordinato funqciebis sxvadasxva raodenobis dros variaciuli meTodiT. napovnia Zabvebis kritikuli mniSvnelobebi konstruqciuli masalebis farTo klasisaTvis, romlebic Seesabamebian mdgradobis lokalur dakargvas. gamokvleulia am Zabvebis formebi, ganxorcielebulia bzarebis mqone firfitebis rRvevis eqsperimentaluri gamokvleva.

[15] monografiaSi sxva sakiTxebTan erTad ganixileba Zabvis intensiurobis koeficientebi, maT Soris Termuli ZabvebisaTvis firfitebSi, romelTac aqvT wvetiani ubnebi da sxva defeqtebi, mrudwiruli Runvis, gaWimvisa da grexis pirobebSi. gaanalizebulia ZabvaTa intensivobis koeficientebze masalis anizotropiulobis, gadamWreli Zalebis da ZabvaTa tenzoris arasimetriulobis gavlena. warmodgenilia gaangariSebis Sedegebis safuZvelze agebuli grafikebi.
1.1.8. firfitebisa da garsebis optimizacia
firfitebisa da garsebis saimedoobis Sefasebaze aranaklebad mniSvnelovania masTan dakavSirebuli konstruqciis optimizacia, kerZod, gamaZlierebeli elementebis (wiboebis) ganlageba da masalis ganawileba am wiboebsa da garss Soris. iseT konstruqciebSi, rogorc safreni aparatebia, romelTaTvisac wonis Semcireba saimedoobis SenarCunebasTan erTad Zalian mniSvnelovania, optimizaciis problema friad aqtualuria. optimizaciis kriteriumebs sxvadasxva situaciaSi SeiZleba hqondes sxvadasxva buneba. n. valiSvilis monografia [84] Seicavs metad saintereso informacias optimizaciis problemebze.

a. maneviCis naSromSi [85] sworkuTxa ganikveTis mqone wiboebiT gaZlierebuli cilindruli garsebis optimaluri proeqtireba formulirebulia arawrfivi programirebis terminebSi. ganixileba konstruqciulad orTotropiuli garsis rogorc diskretuli, aseve kontinualuri sqemebi. gamokvlevebi Catarebulia mdgradobis bmulad dakargvis arawrfivi Teoriis safuZvelze, romelic iTvaliswinebs garsis zogadi gamoburcvisa da wiboebis adgilobrivi gamoburcvis urTierTqmedebas. aqvea warmodgenili grZivad gaZlierebuli cilindruli garsebis eqsperimentaluri gamokvlevis Sedegebi.

g. bublikis naSromSi [86] ganxilulia Txelkedliani konstruqciebis optimizaciis problema wrfivi programirebis amocanebis TandaTanobiT gadawyvetis gziT.

g. tetersis, r. rikardsisa da v. nausbergis naSromi moicavs fenovani garsebis optimizaciis im amocanebis gadawyvetas, romlebic ganicdian RerZul kumSvas, garegan dawnevas da gazis nakadis garSemo qcevas. moyvanilia Teoriis ricxviTi realizaciis magaliTebi, romlebic warmoadgenilia programebiT, grafikebiT da cxrilebiT.

am problemas eZRvneba agreTve [23, 87, 88] Sromebi. 

1.1.9. kerZo saxeobis Sua zedapiris mqone 

filebi da garsebi

yuradRebas ipyroben kerZo formis mqone garsebi, iseTebi, rogoricaa: sferuli, konusuri, hiperbolur-paraboloiduri (hiparuli) formiT da sxva. aseTi kerZo formis garsebi ganixileba konstruqciis, masalis, garegani zemoqmedebebis TaviseburebebTan erTad (fenovanoba, naxvretebis arseboba, dinamikuri datvirTva, temperaturis moqmedeba da a.S.).

wveroSi Ria brunviT garsebs eZRvneba d. vainbergisa da v. Jdanovis [48] naSromi. avtorebi aseTi formis garsebs warmoadgenen mokle cilindruli da konusuri garsebis saSualebiT, romlebic erTmaneTTan arian dakavSirebulni. diferencialuri gantolebebis Cawerisa da amoxsnisaTvis yovel etapze gamoiyeneba matriculi formalizmi. aseTi midgomis idea enaTesaveba sasruli elementebisa da sawyisi funqciebis meTodebis ideas.

i. grigorenkos naSromSi [89] ganxilulia fenovani (izotropiuli da anizotropiuli fenebiT) brunviTi garsebi nebismieri moxazulobis meridianiT, romelic ubnebis mixedviT datvirTulia araerTgvarovani datvirTviT da arastacionaluri temperaturuli veliT. Catarebulia daZabul-deformirebuli mdgomareobis analizi konstruqciis formis parametrebis mniSvnelobebTan damokidebulebaSi.

v. pikules naSromSi [90] ganxilulia saSualo sisqis garsebi, romlebic aRwerilia samganzomilebiani gantolebebiT. es saSualebas iZleva Sefasdes organzomilebiani gantolebebis cdomilebebi, ufro mkacrad Sefasdes sasazRvro efeqti.

i. nemiSisa da d. Cernopiskis naSromSi [91], brunviT garsebTan erTad, romlebic ganivad gofrirebulia, ganixileba grZivad gofrirebuli mdgomareoba sqelkedliani cilindruli garsebic. daZabul-deformirebuli mdgomareoba ganisazRvreba konstruqciisa da masalis parametrebis gaTvaliswinebiT. mTeli informacia warmodgenilia grafikebisa da ricxvebis saxiT.

brunviTi garsebi figurireben sxva SromebSic [15, 18, 57, 88, 92, 93, 94].

sferul garsebs eZRvneba a. guzisa da misi Tanaavtorebis [68], a.luries [14], a. lazarevisa da n. rostaninas [95], e. sokolovskis [96], e. grigoliukis [97, 98, 99, 100, 101, 102, 103, 104] Sromebi. am ukanasknelSi mimoxilulia eqsperimentaluri gamokvlevebi sferuli garsebisaTvis, romlebic Catarda maTi mdgradobisa da rxevebis dasadgenad. mocemulia konstruqciebis gaangariSebis naxevrad empiriuli formulebi.

cilindruli garsebi ganixileba s. kanisa da i. panovkos [105], g.Sapiros [58, 59, 60] naSromebSi. [105] SemoTavazebulia daZabul-deformirebuli mdgomareobis miaxloebiTi gansazRvra, mocemulia uganzomilebo sidideebis formulebi, grafikebi da cxrilebi, gamoyenebulia konturis uWimvobis piroba da Zvris ar arseboba.

cilindruli garsebis v. vlasoviseuli saangariSo aparatis gamartivebas eZRvneba l. narecis da i. kaSirskis Sroma [106].

konusuri garsebis gaangariSebis Teoria gaSuqebulia a. kovalenkos [107] SromebSi. [107] naSromSi mocemulia zusti amoxsnebi wriuli firfitebisa da brunviTi garsebisaTvis, romlebic miiReba specialuri funqciebis gamoyenebiT. grafikebSi da cxrilebSi warmodgenilia ricxviTi Sedegebi.

gakeTebulia sixistis analizi geometriuli parametrebis mniSvnelobaTa da datvirTvis saxis gaTvaliswinebiT. a. kovalenkosa da sxvaTa naSromSi, garda konusuri garsebisa, ganxilulia drekadi sistemebi, romlebic Sedgenilia rgolebisagan. garda aRniSnuli Sromebisa, a. kovalenkos Sromebi gamoqveynebulia [107]-Si.

konusuri garsebi ganxilulia g. Sapiros statiaSi [59] da sxva avtorTa SromebSi [55, 70, 71, 93, 108, 109, 110, 111, 112, 113].

a. raskazovis naSromi [114] miZRvnilia hiparebis Seswavlisadmi. masSi SemoTavazebulia hiparebis dazustebuli Teoria, romelic iTvaliswinebs Semkvrelis deformirebas; gamokvleulia garsTa mzidunarianoba masalis drekadobis farglebs gareT muSaobisas, romelic ganisazRvreba kinematikuri meTodiT. Teoriuli da modelebis gamocdiT miRebuli Sedegebi Sedarebulia erTmaneTTan. eqsperimenti ixilavs konstruqciis drekad stadiaSi muSaobasTan erTad mis rRvevamde miyvanasac.

hiparebs eZRvneba agreTve n. abovskis naSromebi [30,31].

garsebi, romelTa Sua zedapiri aris dadebiTi, nulovani da uaryofiTi ganixileba m. miqelaZis [52] naSromSi. masSi gadatanis damreci garsebisaTvis wrfivi momenturi Teoria warmodgenilia erTi gantolebiT, xolo im garsebisaTvis, romlebic gegmiT sworkuTxaa, es gantoleba SeiZleba amoixsnas wriuli cilindruli garsebis analogiurad. aqve ganixileba garsebis orTotropiuloba da amasTanave garsi SeiZleba  iyos fenovani da yovel SreSi orTotropiulobis mimarTuleba paraleluria daZabul-deformirebuli mdgomareobis mTavari mimarTulebebisa. 

araerTgvarovan garsebad igulisxmeba cvladi sisqis mqone da wiboebiT gaZlierebuli garsebi.

aseve ganixileba bevri Sroma, Tumca maT saTaurebSi es ar aris aRniSnuli. aseTebia: n. abovskis [30, 31] naSromebi.

aRvniSnoT kidev xuTi Sroma, romlebic  eZRvneba damrec garsebs. esenia: i. vekuas [27], e. dikoviCis [115], a. nazarovis [116], v. pikulis [90] da a. rJanicinis [117].

[115]-Si ganxilulia gegmaSi kvadratuli damreci brunviTi garsebi, romlebic Tavisuflad arian dayrdnobilni xist diskoebze. moyvanilia praqtikuli rekomendaciebi damproeqteblisadmi da gakeTebulia rekomendaciebi.

[116] monografiaSi garda zogadi damokidebilebebisa nebismieri formis garsebisaTvis, ganxilulia kerZo SemTxveva, romelic exeba damrec sferul da gegmaSi sworkuTxovan gluv garsebs. warmodgenilia saangariSo formulebi. ricxviTi magaliTebis Sedegebi moyvanilia grafikebisa da cxrilebis saxiT.

[90] naSromSi ganxilulia rogorc erTgvarovani, ise fenovani damreci garsebi, romlebic nebismieradaa datvirTuli. yuradRebas iqcevs gaangariSebis Teoriis ganivi Zvrebis gaTvaliswinebiT. a. rJalcinis [117] mier ganxilulia garsis gaangariSeba zRvruli wonasworobis meTodiT da danaoWebuli da talRuri fenilebis daproeqteba umciresi Teoriuli woniT. agreTve fenilebi udidesi sixistiT da udidesi mzidunarianobiT.    

damrec garsebs eZRvneba i. vekuas [27] naSromi. gamokvleulia sakiTxebis farTo wre: cvladi sisqis mqone araerTgvarovani damreci sferuli gumbaTebisa da firfitebis Teoriis fizikurad da geometriulad arawrfivi amocanebi, romelzedac moqmedeben datvirTvebi da temperaturuli velis cvlileba. Seswavlilia kriteriumebi masalis kumSvadobisa da ganmtkicebis gaTvaliswinebiT. gaTvaliswinebulia agreTve araerTgvarovneba plastikuri Tvisebebisa Termuli damuSavebis, zedapiruli civWedvis, Cqari neitronebis nakadiT dasxivebis Semdeg.

1.1.10. teqnikis dargSi firfitebisa da garsebis

Teoriis gamoyenebis Sesaxeb
mTel rig SromebSi gaSuqebulia TviTmfrinavebisa da gemebis Txelkedliani konstruqciebis gaangariSeba. am SromaSi nawili ukve ganxilulia Cvens mier. aRvniSnoT kidev ramodenime Sroma, romlebic jer ar yofila moxseniebuli.

TviTmfrinavebis samSeneblo meqanikis Sesaxeb mTeli rigi monografiebi ekuTvnis i. obrazcovs [118, 119, 120, 121], g. onanovTan [121] erTad. i. obrazcovi iyo redkolegiis Tavmjdomare mTeli rigi gamocemebisa, romlebic eZRvneboda TviTmfrinavis samSeneblo meqanikis problemebs [50, 105].

aRvniSnoT kidev ramodenime Sroma, romlebic aSuqeben TviTmfrinavmSeneblobasTan dakavSirebul sakiTxebs, sadac warmodgenilia TviTmfrinavis konstruqciis fragmentebis gaangariSeba; s. kanisa da i.panovkos [105], naSromebi ekuTvnis TviTmfrinavis samSeneblo meqanikas. maTi drekadobis miRma muSaobis CaTvliT, agreTve cilindruli garsebis Teoriis elementebiT. meore tomSi ganixileba TviTmfrinavis frTis zogadi simtkice da sixiste. mesame tomSi sxva sakiTxebTan erTad warmodgenilia TviTmfrinavis hermetuli kabinis simtkicis sakiTxebi da misi nawilebis drekadi rxevebi. [118] naSromSi TviTmfrinavis konstruqciis elementebis gaangariSebis garda, mocemulia fiuzelaJis da frTis konstruqciis mzidunarianobis gansazRvra. a. umanskim Seqmna Caketili ganivkveTis mqone Txelkedliani Reros gaangariSebis Teoria, romelic agreTve gamiznulia TviTmfrinavis konstruqciebisaTvis.

s. kanis naSromic [105] exeba TviTmfrinavmSeneblobas, Tumca ganixilavs Teoriis da gaangariSebis zogad sakiTxebs.

a. aleqsandrovisa da l. kurSinis redaqciiT gamoqveynebul or krebulSi [122] ganixileba samfenovani panelebisa da garsebis gaangariSebis saaviacio konstruqciebis elementebis daproeqtebis mizniT. am krebulis gamocema win uswrebda specialurad samfenovani panelebisadmi miZRvnil naSroms.

k. abgarianisa da i. rapoportis [123] naSromSi warmodgenilia samSeneblo meqanika. [123]-Si ganixileba raketebis moZraobis stabilizacia misi konstruqciis drekadobis gaTvaliswinebiT. drekadobis, plastikurobis, siblantis zogadi Teoriebis, garsTa Teoriis (brunviTis, mudmivi sisqiT), Tbogamtarobis sakiTxebis garda ganixileba saangariSo sqemebi da datvirTvebi avzebis, mSrali nakveTurebis da raketis Zravebis konstruqciebisa, romlebic muSaoben rogorc Txevad, aseve myari sawvaviT. 

[124, 125, 126] naSromebSi ganxilulia safreni aparatebis konstruqciebis. [124]-Si, zogierTi gamartivebebis xarjze Seqmnilia safuZveli praqtikuli proeqtirebisaTvis. gamoiyeneba gaangariSebis energetikuli meTodi. am wignSi ganixileba Reroebis, firfitebisa da garsebis simtkice da mdgradoba sxvadasxva zemoqmedebis SemTxvevaSi. garsebis mdgradoba Seiswavleba im koncefciis safuZvelze, romelic amtkicebs, rom konturze CaRrmavebebisa da amoburcvebis arseboba mdgradobis dakargvisas unda iyos gaTvaliswinebuli sasazRvro pirobebSi.

[124] naSromSi mocemulia fiuzelaJis, frTebis (pirdapiris, isrisebris da mcire sigrZis) da kudis frTasxmulobis gaangariSeba (rogorc frenis, aseve jdomis situaciebSi). iqve ganixileba TviTmfrinavis konstruqciebis gaangariSeba sasruli elementebis meTodiT. ganxilulia adgilobrivi mdgradobis, konstruqciis optimizaciisa da misi resursebis sakiTxebi daRlilobis pirobebis mixedviT.

firfitebis daZabul-deformirebuli mdgomareobis gansazRvra da mdgradobis Sefaseba maTi gemis konstruqciebSi gamoyenebis TvalsazrisiT ganTavsebulia fundamentaluri naSromis `gemis samSeneblo meqanika~ meore tomSi, romlis avtoria a. filini.

gamoCenili inJinrebis, arqiteqtorebis, mecnierebis statiebs moicavs [127] krebuli. masSi ganxilulia garsebis modelirebisa da damzadebis sakiTxebi. agreTve armocementis Zalian Txeli konstruqciebis damzadebis, esTetikuri da optimaluri mosazrebebis SeTanxmebis sakiTxebi.

aRvniSnoT a. aleqsandrovis redaqciis gamoqveynebuli ori krebuli [122], romlebic eZRvneba sivrculi sistemebis samSeneblo meqanikas mSeneblobaSi, i. mileikovskis, v. raizeris, d. dostanovisa da r. kaSaevis naSromi, romelSic aRwerilia saxuravis garsebis gaangariSebis praqtikuli meTodebi.

1.1.11. gaangariSebebis ricxviTi da praqtikuli

meTodebi
mTel rig SromebSi aRwerilia garsebis praqtikuli daproeqteba. maT ricxvs miekuTvnebian: m. miqelaZis [51], b. mixailovis [53, 128, 129] da g.yifianis [128] Sromebi. 

Zalian farTod gavrceldnen sasruli elementebisa da badeebis meTodebi. am meTodebs eZRvneba didi raodenobiT literatura. Cven SevCerdebiT im Sromebze, romlebSic pirvel adgilzea garsebi, xolo ricxviTi meTodi meoradia. aseTi Sromebia: d. vainbergis [47, 48, 60]. [130] moxsenebaSi mkveTrad Camoyalibebulia moTxovnebi, romlebic waeyeneba sakoordinato funqciebs maTi sasruli elementebis meTodSi gamosayeneblad. es moTxovnebi, romelTac aqvT principuli xasiaTi, aseTia: 1)elementis SigniT gadaadgilebebi unda iyos uwyveti; 2) elementSi gadaadgilebebi unda iyos Tavsebadi mezobeli elementebis gadaadgilebebTan; 3) elementSi ar unda aRiZvrebodes deformaciebi misi kvanZebis gadaadgilebebis gamo, e.i. elementi gadaadgildeba rogorc xisti sxeuli.

b. kantonissa da s. katarJnevis wignebSi [131, 49] SemoTavazebulia meTodi, romelic warmoadgens sasruli elementebis meTodis saxesxvaobas. brunviTi garsis meridiani iyofa nawilebad, romelTac aqvT analizuri gamosaxva. Semdeg es elementebi erTiandeba. kerZod, elementebi arian mokle cilindruli da wakveTili konusuri garsebi. gamoyenebulia variaciuli meTodi, amasTanave, ganixileba lagranJis tipis funqcionali. ganxilulia Txeli da saSualo sisqis garsebi, romlebic muSaoben drekadobis zRvars miRma.

amave sakiTxebs exeba a. ugodCikovisa da i. korotkixis, l. ernstis, b. bublikis, T. cxadaias, i. grigorenkosa da a. mukoedas, j. gibsonis, i.grigorienkos, a. kataigorodskisa da v. semionovas, n. valiSvilis, a.vasilenkosa da g. golubovis Sromebi.

bolo naSromebSi ZiriTad ricxviT meTodad arCeulia sasrul sxvaobaTa meTodi. garsTa Teoriis zogadi gantolebebidan miiReba kerZo SemTxvevebi. ZiriTadad ganxilulia umomento garsebi: (RerZsimetriuli da arasimetriuli) da gadataniTi (nebismieri saxis). garsebis gaangariSeba ganixileba momenturi Teoriis safuZvelzec (brunviTi garsebi, prizmuli naoWebi da cilindruli garsebi. warmodgenilia modelebze kvlevis Sedegebi. warmodgenilia sasruli elementebis meTodis gamoyeneba momenturi meTodis safuZvelze Sekruli da Ria cilindruli  garsebis gaangariSebisas, aseve, momenturi da umomento Teoriebis safuZvelze brunviTi da mravalmaliani garsebis gaangariSebisas.

ricxviT meTodebs, romlebic gamoiyeneba firfitebisa da garsebis TeoriaSi, aqvT gadamwyveti mniSvneloba gaangariSebaTa konkretul Sedegebamde dayvanis saqmeSi. aRsaniSnavia agreTve p.varvakisa da l.varvakis [132], v. smirnovis [83], n. abovskis, n.andreevis, a.derugisa da savCenkovis [30], a. filinis [88] wignebi.

d. vainbergis [47] wignSi ganixileba firfitebis Runva,  ganzogadoebuli brtyeli daZabuli mdgomareoba, agreTve gaangariSebani mdgradobaze da rxevebze. firfitebis forma mravalgvaria, garda wriulisa, rgolurisa da sworkuTxovanisa, warmodgenilia kvadratuli firfitebi naxvretebiT, samkuTxa, trapeciuli, elifsuri, ovaluri, seqtoruli da segmenturi firfitebi. firfitebi aris erTferovani, gluvi da wiboebiT gaZlierebuli, izotropiuli da anizotropiuli.

mniSvnelovan interess iwvevs [100] wigni, radganac Seicavs im informacias, romelsac mniSvneloba aqvs sasazRvro elementebis meTodis damkvidrebis saqmeSi (garsTa Teoriis integraluri gantolebebi, zedapiris amsaxveli integraluri gantolebebi da sakonturo integralebi, integrodiferencialuri gantolebebi, Zabvebisa da gadaadgilebebis funqciebi).

ricxviTi meTodebi da kompiuterebis gamoyenebis sakiTxi warmodgenilia [2, 15, 94, 99, 130, 133] SromebSi.

firfitebisa da garsebis Teoriis ganviTarebaSi didi wvlili Seitanes ukrainelma mkvlevarebma, rasac adasturebs zemoT aRniSnuli CamonaTvali. maTve ekuTvnis enciklopediuri xasiaTis xuTtomeuli, romelic momzadda a. guzis xelmZRvanelobiT da romelsac ewodeba `garsTa gaangariSebis meTodebi~.

1.1-is daskvnebi

literaturuli mimoxilvidan SeiZleba Semdegi daskvnebis gakeTeba:

· amJamad Sedgenili Txelkedliani konstruqciebi, maT Soris gasaZlierebeli da aRsadgeni, sul ufro did adgils ikaveben proeqtirebaSi. radganac moqmed normebSi praqtikulad ar arsebobs gaangariSebis meTodi, romelis iTvaliswinebs aseTi konstruqciebis deformirebis specifikas, amitom maTi gaangariSeba da proeqtireba xdeba uwyveti konstruqciis gaangariSebis meTodebze orientaciiT.

· gamokvlevaTa umetesobaSi, romlebic iseTi umartivesi konstruqciebisTvisac ki, rogoricaa koWi, Rero, fila, SemoTavazebulia winadadeba, rom cvladi sixisteebi ganvixiloT rogorc uwyveti kveTis mqone sistemebi.
· gamokvlevaTa meore jgufis avtorebi orientacias iReben Sedgenili konstruqciis saangariSo modelebis gamoyenebaze. gaTvaliswinebulia Zvris kavSirebis arseboba Sedgenili elementis nawiburebs Soris. Sedgenili konstruqciis Zvris kavSirebs aqvT arawrfivi maxasiaTeblebi. aseTi konstruqciebis daproeqteba xdeba an gaumarTlebeli maragiT, an proeqtirebaSi jerovnad ar fasdeba konstruqciis sixiste da deformadoba, rodesac es konstruqciebi muSaoben erToblivad.

· SemaerTebel elementebs Soris saimedo SeWidulobis uzrunvelyofa, romelic saSualebas iZleva gaZlierebuli konstruqcia ganvixiloT rogorc erTiani, dakavSirebulia ara marto mniSvnelovan materialur xarjebTan, aramed teqnikuradac Zalian Zneli Sesasrulebelia.

· samecniero literaturaSi praqtikulad ar gvxvdeba gembanis tipis liTonis sivrciTi konstruqciebis daZabul-deformirebuli mdgomareobis gaangariSebis meTodebi, romlebic praqtikuli realicaziis moxerxebulobas iTavseben, zogadi daZabul-deformirebuli mdgomareobis detalur asaxvasTan, agreTve misi komponentebis cvlilebebs datvirTvis kritikul mniSvnelobamde gazrdis SemTxvevaSi.

2. Sedegebi da maTi gansja

2.2. Sedgenili wriuli filebisa da damreci

     konusuri garsebis gaangariSeba wyvetili

 amonaxsnebis gaTvaliswinebiT
xelovnuri masalebi, Sedgenili ori an ramodenime sxvadasxva fizikur-meqanikuri maxasiaTeblebis mqone masalebisagan farTod gamoiyenebian Tanamedrove mSeneblobaSi. aseTi masalebi iwodebian kompozitebad. is Tviseba, rom kompozituri masalebiT Sedgenil konstruqcias gaaCnia sxvadasxva kveTebSi sxvadasxva fizikur-meqanikuri maxasiaTeblebi, SeiZleba gamoyenebuli iqnas Tanabrad mtkice optimaluri konstruqciebis Sesaqmnelad. simartivis mizniT ganvixiloT wriuli (rgoluri) firfitis gaangariSebis sakiTxi, roca firfitis masala uwyvetad araerTgvarovania.

2.1.1. uwyvetad araerTgvarovani firfitebis angariSi

ganvixiloT wriuli (rgoluri) firfita, romelic ganicdis Tanabrad ganawilebuli RerZsimetriuli datvirTvis da Siga konturis gaswvriv 
[image: image7.wmf]a

Q

 gadamWreli Zalebis qmedebas (nax. 1).
[image: image703.jpg]g1
O\
> = .
/ G .
[ S
i
5 —45° 225°
@ e
@ N [} hz
3 hz.
o | -
4 1 s 3
e ®L LN

U8,

U100,



[image: image704.jpg]125
‘\ﬂ l
ol
e
100 H R
7,8
6
n=0 " 5
3
o1s W
05 \

g

——— LO
—— i

N
g

0.50 - R\
S0

/R



[image: image8.png]a o

PPt Lt Pl





nax. 1 Tanabrad ganawilebuli RerZsimetriuli datvirTvis
mqone wriuli (rgoluri) firfita
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(8) diferencialuri gantoleba DSevcvaloT volteras tipis ekvivalenturi integraluri gantolebiT S. miqelaZis mier ganzogadebuli teiloris formulis daxmarebiT, romelsac Cvens SemTxvevaSi eqneba saxe [51]^
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(11) integraluri gantolebis amonaxsni warmovadginoT Semdegi jamis saxiT:
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miRebuli (11) integralis gantolebebs amoxsna (21) formulebis daxmarebiT mocemulia cxrilis saxiT:
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	1,0
	1,0
	0
	0,686719
	0
	0,0
	

	1,5
	0,936158
	_1,124360
	0,314720
	0.146666
	_0,485334
	

	2,0
	0,940799
	_2,636717
	0,188876
	0,163547
	_0,840145
	

	2,5
	0,969871
	_4,656022
	0,126517
	0,155797
	_1,169411
	0,050414

	3,0
	1,017973
	_7,342265
	0,087412
	0,143060
	_1,513288
	0,070558

	3,5
	1,088344
	_10,933222
	0,058772
	0,131139
	_1,90064
	0,080406

	4,0
	1,189505
	_15,795564
	0,035607
	0,122811
	_2,363774
	0,088186

	4,5
	1,337589
	_22,157484
	0,015876
	0,120965
	_2,948911
	0,099045

	5,0
	1,559983
	_32,093878
	_0,000811
	0,1304415
	_3,731511
	0,118484


sabolood (12) amonaxsni warmovadginoT Semdegi saxiT:

V((1,0)=A+0,85234 A(1)

V((1,5)=1,93158A(1,124366P+0,31470V(1)+0,146666V((1);

V((2,0)=0,940799A(2,636717P+0,188876V(1)+0,16364V((1);

V((2,5)=0,969871A(4,656022P+0,126517V(1)+0,15579V((1);

V((3,0)=1,017973A(7,342265P+0,087412V(1)+0,143060V((1);

V((3,5)=1,088344A(10,933223P+0,058772V(1)+0,131139V((1);

V((4,0)=1,189506A(15,795564P+0,03560V(1)+0,128110V((1);

V((4,5)=1,337589A(22,517484P+0,015876V(1)+0,120965V((1);

V((5,9)=1,559983A(32,093878P(0,000811V(1)+0,130415V(1).

viciT, ra 
[image: image130.wmf])
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x

V

¢

¢

 funqciebi advilad vipoviT V(x) da mis warmoebuls 
[image: image131.wmf])

(

k

x

V

¢

-s.

V(1,0)= V((1)

V(1,5)=0,125A+1,085840V(1)+0,5V((1);

V(2,0)=0,4884039A(0,281092P+1,250359V(1)+1,036667V((1);

V(2,5)=1,078279A(1,221362P+1,462098V(1)+1,614245V((1);

V(3,0)=1,914986A(3,325639P+1,70466V(1)+1,036667V((1);

V(3,5)=3,006186A(7,265481P+1,97068V(1)+2,883065V((1);

V(4,0)=4,36947A(13,938629P+2,250611V(1)+3,568143V((1);

V(4,5)=6,030135A(24,549668P+2,539141V(1)+4,1283922V((1);

V(50)=8,025195A(40,795578 P+2,832202V(1)+5,029943V((1);

V(1,0)= V((1)

V(1,5)=0,48039A+0,28109P+0,250359V(1)+1,036666V((1);

V(2,0)=0,953279A(1,221362P+0,37625V(1)+1,114245V((1);

V(2,5)=1,430946A(3,044547P+0,455107V(1)+1,194106V((1);

V(3,0)=1,927907A(6,044119P+0,058589V(1)+1,268820V((1);

V(3,5)=2,454486A(10,61299P+0,545135V(1)+1,337370 V((1);

V(4,0)=3,023949A(17,295187P+0,568730V(1)+1,400857 V((1);

V(4,5)=3,655722A(26,873449P+0,581601V(1)+1,461801V((1);

V(5,0)=4,380115A(40,526289P+0,58367V(1)+1,524646V((1).
(3), (7) formulebis mixedviT, vpoulobT radialur da rgolur mRunav moments 
[image: image132.wmf]r

M

, mobrunebis kuTxes (-s, xolo CaRunvisaTvis visargebloT formuliT:
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sadac c _ mudmivia da ganisazRvreba sasazRvro pirobidan.

zemoT aRniSnulidan miviRebT:

Mr(1,0)=[0,499+12V((1) (0,006246V(1)] a2(/P;

Mr(1,5)=[0,181006A+0,104106P+0,119535V(1)+0,396292V((1)] a2(/P;

Mr(2,0)=[0,291639A(0,364210P+0,150146V(1)+0,356718V((1)] a2(/P;

Mr(2,5)=[0,368844A(0,747329P+0,156365V(1)+0,332728V((1) a2(/P;

Mr(3,0)=[0,427064A(1,246873P+0,153898V(1)+0,314405V((1) a2(/P;

Mr(3,5)=[0,472406A(1,854459P+0,147693V(1)+0,29827V((1)] a2(/P;

Mr(4,0)=[0,50818A(2,565375P+0,139675V(1)+0,283069V((1) a2(/P;

Mr(4,5)=[0,53643A(3,1375499P+0,130706V(1)+2,268264V((1) a2(/P;

Mr(5,0)=[0,558493A(4,281828P+0,121215V(1)+0,253600V((1) a2(/P;

M((1,0)=[0,150016V((1)+0,453173x(1) a2(/P;

M((1,5)=[0,082445A(0,031253P+0,280028V(1)+0,231391V((1) a2(/P;

M((2,0)=[0,151309A(0,145846P+0,209724V(1)+0,243538V((1) a2(/P;

M((2,5)=[0,201639A(0,327326P+0,170212V(1)+0,235985V((1) a2(/P;

M((3,0)=[0,237133A(0,563480P+0,143209V(1)+0,221275 V((1) a2(/P;

M((3,5)=[0,26091A(0,844541P+0,122407V(1)+0,203755V((1) a2(/P;

M((4,0)=[0,26091A(1,161892P+0,105185V(1)+0,185263V((1) a2(/P;

M((4,5)=[0,282305A(1,50703P+0,090306V(1)+0,16684V((1) a2(/P;

M((5,0)=[0,283149A(1,872508P+0,077146V(1)+0,148516V((1) a2(/P;
ganvsazRvroT mobrunebis kuTxe da CaRunva danayofis TiToeul wertilSi:

((1,0)= V(1)

( (1,5)=0,112437A+0,976704V(1)(1,153476V((1);

( (2,0)=0,418170A(0,24284P+1,080209V(1)+0,0895596V((1);

( (2,5)=0,931164A(1,054725P+1,262617V(1)+1,394005V((1);

( (3,0)=1,702210A(2,956124P+1,515970V(1)+1,982909V((1);

( (3,5)=2,81856A(6,812733P+1,847884V(1)+2,703407V((1);

( (4,0)=4,421595A(24,104903P+2,277459V(1)+3,610707V((1);

( (4,5)=6,738091A(27,431873P+2,837552V(1)+4,786867V((1);

( (5,0)=10,151165A(51,602816P+3,582486V(1)+6,362435V((1);

W(1,0)=C;

W(1,5)= (0,281090A(4,941760V(1) (1,124365V((1);

W(2,0)= (1,60761A+0,607100P(10,0840V(1) (4,487720V((1);

W(2,5)= (4,980695A+3,851015P(15,941105V(1) (10,211720V((1);

W(3,0)= (11,564380A+13,87814P(22,887575V(1) (18,654005V((1);

W(3,5)= (22,867045A+38,300283P+31,29700V(1) (30,369797V((1);

W(4,0)= (40,968172A+90,594372 P(41,610567V(1) (46,155082V((1);

W(4,5)= (68,86738A+194,436712P(54,398095V(1) (67,149017V((1);

W(5,0)= (111,090527A(392,023035P(70,448190V(1) (95,022272V((1). 

zemoT moyvanili 
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, W(x)-is gamosaxulebebi Seicavs ucnob parametrebs, V(1), 
[image: image140.wmf])

1

(

V

¢

, A, P, C, romelTa gansazRvrisaTvis visargebloT sasazRvro pirobebiT. ase magaliTad rodesac filis gare konturi Tavisufalia da Siga konturi ki Tavisuflad aris dayrdnobili, sasazRvro pirobebs eqneba saxe:

X = 1 
[image: image141.wmf]0
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r

M

, 
[image: image142.wmf]0
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X = 1 W = 0, 
[image: image143.wmf]0
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r

M

.

Sesabamisi algebrul gantolebaTa sistemis amoxsniT miviRebT:

A=0, V(1)=1,59426+P, V((1)=0,01993525P.
C=5796,2532P, (2,5)-is Tanaxmad 
[image: image144.wmf].

)

1

(

6

3

0

3

2

Eh

a

v

P

l

-

=


maSasadame Zalvebisa da momentebis gamosaxuleba Seicavs ucnob parametrs (, romelic saWiroebis SemTxvevaSi ganisazRvreba. denadobis pirobidan sasazRvro pirobebi da Sesabamisi ucnobi parametrebi Camagrebis sxvadasxva SemTxvevebisaTvis mocemulia cxrilis saxiT (cxrili 2).

cxrili 2
ucnobi parametrebi Caamagreba sxvadasxva SemTxvevebisaTvis 
	Camagrebis

 saxe
	sasazRvro pirobebi Siga konturis gaswvriv 

x=1
	sasazRvro pirobebi gare konturis gaswvriv x=5
	parametrebis mniSvneloba
	datvirTvis intensivobis sididis dadgena simtkicis pirobidan
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2.1.4. wyvetil maxasiaTebliani brunviTi damreci 
konusuri garsis gaangariSeba
 ganvixiloT izotropuli wriuli brunviTi garsi, romelic SemosazRvrulia zemodan damreci konusuri zedapiriT, xolo qvemodan h=0 sibrtyiT. gverdebidan ki cilindruli zedapirebiT r=a da r=b (b>a) (nax. 2) garsze moqmedebs Tanabrad ganawilebuli RerZsimetriuli, datvirTva da Siga konturze modebuli gadamWreli Zala, 
[image: image163.wmf]r

Q

romelic kerZo SemTxvevaSi SeiZleba iyos ucnobi reaqcia.

nax. 2. izotropuli wriuli brunviTi garsi, romelic SemosazRvrulia  
      zemodan damreci konusuri zedapiriT, xolo qvemodan h=0 sibrtyiT
wonasworobis gantolebaTa sistemas aqvs saxe
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sadac ( ucnobi parametria.

cnobilia damokidebulebebidan miviRebT
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romelTa gaTvaliswinebiT wonasworobis gantolebaTa sistema miiRebs saxes:
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SemoviRoT axali cvladebi V da U.
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maTi gaTvaliswinebiT (26) sistema miiRebs saxes:
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funqciebi V da U da misi warmoebulebi V( da U( SeiZleba ganicdidnen wyvetas garsis zogierTi geometriuli da fizikuri maxasiaTeblebis naxtomisebri cvlilebis gamo. 

Tu wyvetas wertilebSi 
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sadac V(1), V((1), U(1), U((1)-jerjerobiT ucnobi parametrebia, romlebic SemdegSi ganisazRvrebian sasazRvro pirobebis mixedviT: (30) gaTvaliswinebiT (28) daiyvaneba volteris tipis meore gvaris integralur gantolebaTa wrfiv sistemaze:
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integralur gantolebaTa sistemis (31)-is amoxsna warmovadginoT Semdegi jamis saxiT
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sadac 
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   nax. 4. Tanabrad ganawilebuli    nax. 5. Tanabrad ganawilebuli
         datvirTvis mqone garsis           datvirTvis mqone garsis

         mRunavi epiura                      Zalvebis epiura
[image: image269.png]e

036

030 1

oe4

o 1
Vi -
2l
_m..-r
4 .._... Lo | 4
¥
rl - .__.
- A
%
._\_.1.
\
W

1B

alo

&b

oS

604

Uz





nax. 6. Tanabrad ganawilebuli       nax. 7. garsze mxolod gadamWreli
       datvirTvis mqone garsis            Zalis moqmedebisas mRunavi      

       CaRunvis epiura                      momentebis epiura
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 nax. 8. garsze mxolod gadamWreli   nax. 9. garsze mxolod gadamWreli
        Zalis moqmedebisas                   Zalis moqmedebisas
        Zalvebis epiura                       CaRunvis epiura
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 nax. 10. mRunavi momentebis epiura,    nax. 11. Zalvebis epiura, rodesac
       rodesac garsis Siga konturi    garsis Siga konturi xistadaa
       xistadaa Camagrebuli, xolo     Camagrebuli, xolo gare
        gare konturi Tavisufalia       konturi Tavisufalia da

        da ganicdis Tanabrad            ganicdis Tanabrad datvirTvas

        datvirTvas

2.1-is daskvnebi

1. Seswavlilia cvladi sixistis rgoluri firfitisaTvis wyvetili amoxsnebis gamoyenebis variantebi. gaanalizebulia sixistisa da simtkicis pirobebis gavlena firfitis daZabul-deformirebul mdgomareobaze.

2. arsebuli meTodebisagan gansxvavebiT gamoyenebuli modeli saSualebas iZleva sasazRvro pirobebisagan damoukideblad Catardes gamoTvlebi da Semdeg iqnes gaTvaliswinebuli sasazRvro pirobebis gavlena firfitis daZabul-deformirebul mdgomareobis mimarT.

3. dadgenilia cvladi sixistis filis zidvis unaris damokidebuleba filis sisixtis cvlilebis kanonze.

4. Sedgenilia maTematikuri algoriTmi da programa kompiuterisaTvis, romelic warmatebiT SeiZleba iqnes gamoyenebuli cvladi sixistis mqone firfitebisa da damreci garsis Runvis amocanebis Sesaswavlad.
2.2. gembanis tipis liTonis sivrciTi konstruqciebis
    gaangariSebis  safuZvlebi

2.2.1. gembanis tipis liTonis sivrciTi konstruqciebi

da maTi Semadgeneli elementebi

sanam gembanis tipis liTonis sivrciT konstruqciebs ganvixilavdeT, ganvixiloT gembanis konstruqcia da misi Semadgeneli elementebi. gembanis konstruqciis fragmenti naCvenebia nax. 12-ze, sadac naTlad Cans, rom igi Sedgeba ZiriTadad urTierTmarTobulad ganlagebuli wiboebisagan da maTze damagrebuli liTonis firfitebisagan, romlebsac gaaCniaT Riobebi sxvadasxva formis naxvretebisa da lukebis saxiT (nax. 14, 15, 16, 17). e.i. mokled, rom vTqvaT gembanis konstruqcia warmoadgens fiqtiurad koWovani ujredis garTulebul tips, romelSic mTavar koWebs warmoadgenen gemis korpusis elementebi da an kidev zemoT aRniSnuli wiboebidan isini, romelTa malebi (l2) bevrad aRemateba sxva wiboebze malebs (l1). aseT SemTxvevaSi gembanis konstruqcia, gansxvavebiT wina SemTxvevisagan, warmoadgebs   koWovani ujredis normalur tips. rogorc nax. 14 da 15-dan Cans wiboebze ganlagebuli brtyeli firfitebis nacvlad SeiZleba gamoyenebuli iqnas Seafrebuli firfitebi, anu rac igivea mrudwiruli Txeli firfitebi. es ukanasknelebi ki SeiZleba ganxiluli iqnas, rogorc Txelkedliani sivrciTi konstruqciebi, romlebic TavisTavad SeiZleba dayofili iqnan wiboebiT Semagrebul-wibovani (nax. 12, 13, 16, 17) an kidev waxnagovani (nax. 15) firfitebi da garsebi, xolo wiboebs Soris TaRebi – gluvi zedapiris mqone Txeli firfitebi da garsebi.

gaangariSebebis gamartivebis mizniT aRniSnuli konstruqciebis gaangariSeba swarmoebs calk-calke calkeuli elementebis mixedviT. ase magaliTad rodesac malebis fardoba aRemateba 2-s  (e.i. Tu l1/l2>2),  maSin es firfitebi an garsebi ganixileba, rogorc brtyeli konstruqciebi, rogorc es naCvenebia  brtyeli  firfitebisaTvis  nax. 13-ze.  am  SemTxvevaSi 
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nax. 12. gembanis konstruqciis fragmenti
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nax. 13. wiboebiani Txeli firfita
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nax. 14. wiboebiT Semagrebuli mrudwiruli Txeli firfita
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nax. 15. Riobebiani marTkuTxa formis naxvretebis mqone

wiboebiani liTonis firfita
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nax. 16. Riobebiani lukebis mqone urTierTmarTobulad ganlagebuli wiboebisagan damagrebuli liTonis firfita
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nax. 17. Riobebiani marTkuTxa vertikalurad xvretebiani firfita

firfitis an garsis mali aiReba mokle wibos sigrZis toli, e.i. l1 = l2, xolo misi sigane pirobiTad erTeulis toli. im SemTxvevaSi, roca zemoT aRniSnuli piroba ar sruldeba, e.i. roca l1/l2(2, maSin es firfita an garsi (wiboebs Soris moTavsebuli nawili) ganixileba, rogorc oTxive gverdiT xistad Camagrebuli Txeli firfita an damreci Txeli garsi. rac Seexeba wiboebs, isini ganixileba rogorc koWuri  konstruqciebi ganivi kveTiT ortesebri, tesebri, kuTxovana, marTkuTxa da a.S. imis da mixedviT, Tu rogori ganivi kveTis formaa gamoyenebuli wiboebad, rogorc es naTlad Cans zemoT miTiTebul naxazze.
2.2.2. gembanis tipis liTonis sivrciTi konstruqciebis 

gaangariSebebis Taviseburebani
mTlianobaSi gemis korpusi zidavs TviTgawonasworebul datvirTvas, amitom misi Semadgeneli calkeuli gadaxurvebi, eyrdnoba ra sxva gadaxurvebs, TviTon warmoadgenen sayrdens sxvebisTvis sinamdvileSi, bortiani gadaxurvebi wylis wnevis moqmedebis dros mieWireba gembanis da fskeris gadaxurvebs, romlebic warmoadgenen sayrdenebs bortiani gadaxurvisTvis. Tavis mxriv, gembaniani gadaxurva sakuTari wonisa da tvirTis simZimis Zalis zemoqmedebis dros, romelic iq aris, agreTve fskeris gadaxurva wylis wnevis zemoqmedebis dros, mimarTuli maRla, mieWireba bortian gadaxurvebs, romlebic warmoadgenen sayrdenebs gembaniani da fskeris gadaxurvebisaTvis. 4 aRniSnuli gadaxurva eyrdnoba ganiv tixrebs, romlebzedac gadaxurvebis reaqcia gawonasworebulia.

calkeuli gadaxurvis gaangariSeba miekuTvneba gemis korpusis adgilobrivi simtkicis gaangariSebas. konstruqciuli midgomiT gemis gadaxurva warmoadgens firfitac, mimagrebuli ganivi da grZivi koWebis sistemaze. gembanian gadaxurvaSi – karlingrebi da bimsebia. fskeris gadaxurvebi rig SemTxvevaSi warmoadgens SedarebiT rTul konstruqcias (ormagi fskeri). ormagi fskeri – es aris gadamkveTi sistema,  rogorc wesi, erTnairi simaRlis mqone ganivi da grZivi koWebis swor kuTxeze (fskeris grZivsabami da florebi), romlebic dakavSirebulia erTmaneTTan gare samosiT da Sida feniliT. bortian gadaxurvebSi Sedis samosi da misi gasamagrebeli sistemis ganivi da grZivi wiboebi – bortiani grZivsabamebi da Spanhoutebis bortiani Stoebi.

2.2.3. gadaxurvebis koWuri sistemebis gaangariSebis

specifika
1. gadaxurvebis gaangariSebis sqemebi. arsebobs ramodenime sxvadasxva gaangariSebis sqema gadaxurvebisaTvis, romlebic gamoirCeva sizustis sirTulis doniT. misaRebi calkeuli gaangariSebis sqemebis areebi damokidebulia firfitebisa da koWebis sixistis Tanafardobaze da koWebis ganlagebis fardobiT sisqeze.

uzustesi gaangariSebis sqema iTvaliswinebs kontaqturi amocanis amoxsnas koWis ujredisa da firfitisTvis. firfita imyofeba gare datvirTvis zemoqmedebis qveS, romelSic Sedis misi sakuTari wona, urTierTqmedebis reaqciebi koWis ujredTan da reaqciebi ganawilebuli konturze im gadaxurvebis mxridan, romelsac eyrdnoba ganxiluli gadaxurva. koWis ujredi ganicdis urTierTqmedebis reaqcias firfitasTan, reaqciebs sayrdenis mxridan gadaxurvis konturze da sakuTari woniT gamowveul datvirTvebs (nax. 18) ucnobi ganawilebuli firfitis da koWebis kontaqtis xazebis gaswvriv koWis ujredebis da firfitebis urTierTqmedebis Zalebi ganlagdebian furies rigebSi, xolo ucnobi koeficientebi am rigebSi iZebneba gadanacvlebis tolobis pirobidan koWis ujredisa da firfitis kontaqtis Sesabamis wertilebSi. 
meore gaangariSebis sqemaSi firfitis gavlena koWebis muSaobaze gaTvaliswinebulia koWebis SemadgenlobaSi SemaerTebeli sartyelis Seyvanis gziT. Semdgom aseTi koWis ujredi gaTvlilia, rogorc Reros sistema. es sqema sakmarisad xelsayrelia koWis sixistis didi fardobis SemTxvevaSi firfitis sixistesTan da SemaerTebeli sartyelis siganis marTebuli arCevis dros. 
dabolos, aRvniSnoT gaangariSebis sqema, romelSic koWis sixistis Tvisebebi gavrcelebulia mTel gadaxurvaze. Sedegad vRebulobT gaangariSebis sqemas orfeniani firfitis saxiT. erT-erTi imitirebs koWis ujreds orTotropuli firfitis saxiT. gaangariSebis sqemaSi fenebi mWidrodaa dakavSirebuli erTmaneTTan. ormagi fskeris SemTxvevaSi gaangariSebis sqema Rebulobs samfeniani firfitis saxes, romlis Sua fena orTotropulia.
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nax. 18 datvirTvis gadacemis sqema fskeris gadaxurvis

elementebze:

     a – gadaxurva gemis nakveTuris zRvarze ganiv tixrebs Soris

     da wylis datvirTval b – datvirTva, romelic moqmedebs 
     firfitis velze; g – datvirTva, romelic moqmedebs 
     gadaxurvis koWebze; d – datvirTva, romelic moqmedebs 
     fskeris gadaxurvis mxridan bortian gadaxurvebze da
                          ganiv tixrebze
gaangariSebis pirvel or sqemaSi sakontaqto sistemebs Soris warmoiqmneba urTierTqmedebis eqvsi saxis Zalebi (nax. 19). gamokvlevebma gvaCvena, rom gadaxurvis sibrtyisTvis normaluri datvirTvis moqmedebis dros, urTierTqmedebis yvela Zalebidan yvelaze arsebiTs warmoadgens Zala (bma), romelic normaluria gadaxurvis sibrtyisTvis. urTierTqmedebis danarCeni Zalebi rig SemTxvevaSi SeiZleba ugulvebelyoT.
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nax. 19. ori mimarTulebis koWebs Soris zemoqmedebis

Zalebi da momentebi
2. datvirTvis ganawileba ori mimarTulebis koWebs Soris gadaxurvis Reros gaangariSebis sqemis gamoyenebis SemTxvevaSi.

gemis samSeneblo meqanikaSi miRebulia aRniSvna, rom gare datvirTva, ganawilebuli gadaxurvis farTobze, uSualod ebjineba (edeba) TiToeuli mimarTulebis koWs sqemis Tanaxmad, romelic naCvenebia nax. 20-ze. radganac mTavari mimarTulebis koWebs Soris manZili gacilebiT naklebia, vidre jvaredin bmebs Soris, praqtikulad mTeli gare datvirTva iTvleba uSualod modebuli mTavari mimarTulebis koWebze. amasTan ori mimarTulebis koWebs Soris kvanZebSi warmoiqmneba urTierTqmedebis Zalebi. amgvarad, mTavari mimarTulebis koWebis gaangariSebaSi gamoiyeneba gare datvirTva da am koWebis kvanZuri Zalebis urTierTqmedeba jvaredin gadabmebze, xolo jvaredin gadabmebze – mxolod urTierTqmedebis Zalebi mTavari mimarTulebis koWebis kvanZebSi. urTierTqmedebis Zalebi imyofebian gadamkveTi mimarTulebis koWebSi kvanZuri wertilebis gadaadgilebis erTnairi pirobidan gamomdinare.
Tu ki gare datvirTva ori mimarTulebis koWebs Soris ganawildeboda ise, rom kvanZuri wertilebis gadaadgileba ori mimarTulebis koWebSi iqneboda erTnairi, maSin urTierTqmedebis Zalebi kvanZebSi aRmoCndeboda nulis toli.
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nax. 20. datvirTvis ganawilebis sqema gadaxurvis koWebs Soris

a – sawyisi sqema- b – gamartivebuli sqema
nax. 21-ze naCvenebia Tanabradganawilebili datvirTvis ganawileba ori mimarTulebis koWebs Soris kvadratul gadaxurvaSi TiToeuli mimarTulebis erTnairi koWebis raodenobiT, romlis drosac sruldeba zemoT aRniSnuli piroba. 
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  nax. 21. Tanabradganawilebuli datvirTvis ganawileba ori

   mimarTulebis koWebis sistemebs Soris (erTnairi grZivi
          da ganivi Spaciis da ori mimarTulebis koWebSi 
  erTnairi ganivi kveTis pirobis dros), romlis drosac 
    urTierTqmedebis Zalebi koWebis kveTis kvanZebSi 
nulTan axlosaa
3. gadaxurvis gaangariSeba erTi jvaredini. kavSiriT datvirTvis kvanZur saxemde miyvanis gamoyenebiT. 
ganvixiloT marTkuTxa gadaxurva mTavari mimarTulebis didi raodenobis koWebiT da erTi jvaredini bmiT (nax. 22). CavTvaloT, rom mTavari mimarTulebis koWebi erTnairia, mxedvelobaSi gvaqvs maTi damagrebis erTnairi xasiaTi Sesabamis boloebze. damagreba mxedvelobaSi miviRoT xistdamyoli sayrdenis da xistdamyoli Camagrebis saxiT, saerTo SemTxvevaSi gansxvavebuli koWis sapirispiro boloebze. vTqvaT mTeli gare datvirTva modebulia uSualod mTavari mimarTulebis koWebze da ganawilebulia maT Soris Tanabrad. datvirTvis jamuri mniSvneloba, romelic modis erT koWze, aRvniSnoT P simboloTi, Tu ki mxedvelobaSi miviRebT, rom am datvirTvis ganawileba yvela koWze erTnairia. ori mimarTulebis koWebs Soris TiToeuli kvanZis gaangariSebis sqemaSi gaviTvaliswinoT erTi bma; nax. 23, a-ze igi gamosaxulia cifriT 1.
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nax. 22 erTi jvaredini bmis da mTavari mimarTulebis

koWebis didi raodenobis gadaxurvis gegma
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nax. 23. datvirTvis miyvana kvanZur saxemde:

a – erTi bmis mqone ori mimarTulebis koWebis gadakveTis

gaangariSebis sqema (1); b – TiToeul kvanZSi xisti bmis
(kavSiris) Seyvana (2); g – bmebis Zalvebis erTnairoba
(1) da (2)

gadaxurvis gaangariSeba SevasruloT or etapad. pirvel etapze ganvixiloT gadaadgilebis meTodis ZiriTadi sistema da SeviyvanoT ganxilul konstruqciaSi xisti  sayrdeni Reroebi 2 TiToeul kvanZSi (nax. 23, b), romlebic zRudavs sistemis deformacias, ris gamoc am ReroebSi warmoiqmneba Zalvebi (Tu ar iqneba SezRudva – ar iqneba Zalvac).aseT ZiriTad sistemaSi, moqmedisagan gansxvavebiT, jvaredini bmebi ar deformirdeba – maTSi ar warmoiqmneba araviTari Zalva. gaangariSebis mocemul etapze TiToeuli kvanZis 1 da 2 bmebSi Zalvebi erTnairia da R-is tolia (nax. 24, g). rac Seexeba mTavari mimarTulebis koWebs, maSin gaangariSebis sqema, romelic yvela koWisTvis erTnairia, Rebulobs xisti Sualeduri sayrdeni Reros mqone ormaliani uWri koWis saxes (nax. 24, a), romlis Zalvac (reaqcia) n-is tolia (nax. 24, b). R reaqcia advilad SeiZleba vipovoT Semdegi pirobidan
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     nax. 24. erTi jvaredini kavSiris mqone gadaxurvis gaangariSeba
  pirvel etapze R-is gansazRvrisaTvis:

       a – mTavari mimarTulebis koWis gaangariSebis sqema

 b – nax. `a~-ze gamosaxuli sqemis ekvivalenturi sqema;

 g – 
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 (50) pirobas vwerT ZalTa meTodis kanonikuri gantolebebis saxiT. naTlad warmoCenisTvis vaCvenoT am meTodisTvis tradiciuli aRniSvnebi (50) da (51) tolobebSi.
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(52)-is gaTvaliswinebiT (50)-s warmovadgenT am gantolebis ekvivalenturi formiT 
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gaangariSebis meore etapze ZiriTadi sistemis gansxvaveba cildeba moqmeds: ZiriTad sistemaSi kvanZebi ar icvlian adgils, xolo moqmed sistemaSi xdeba maTi gadanacvleba. roca Cven SeviyvaneT sayrdeni Reroebi 2. amgvarad, razedac Cven vilaparakeT, SevzRudeT es gadaadgilebebi, ris Sedegadac ReroebSi 2 warmoiqmna R Zalva. Tu gadavaadgilebT kvanZebs sayrden ReroebTan 2 erTad im poziciaSi, romlebic unda daekavebinaT moqmed sistemaSi, maSin araviTari SezRudva Reroebis 2 gadaadgilebiT ar xdeba da Zalva maTSi gardaiqmneba 0-ad. kvanZebis gadaadgilebisaTvis Catarebuli operacia ekvivalenturia Reroebis 2 aryofnisa, da, amgvarad, ekvivalenturia momqmedi sistemis gansxvavebis likvidaciisa ZiriTadTan. cxadia, sxvadasxva kvanZebs gadaxurvis sigrZeze gadaadgilebebi unda iyos gansxvavebul da jer ucnobia, rogori unda iyos es gadanacvlebebi. ReroebSi 2 Zalvebis 0-ad gardaqmna SeiZleba avxsnaT, jvaredin bmebze TiToeul kvanZSi R Zalis modeba, romelic mimarTulia Reros 2 Zalvis sapirispirod.

gaangariSebis meore etapze i kvanZis 1 bmaze warmoiqmneba 
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 Zalva, xolo 2 bmaze, rogorc ukve aRvniSnoT, Zalva 0-ad gardaiqmneba. gaangariSebis am etapze mTavari mimarTulebis koWebi ganixileba rogorc xist-Cazneqili sayrdenebi jvaredini kavSirebisTvis.

radganac mTavari mimarTulebis koWebi ganlagebulia xSirad (
[image: image311.wmf]1

£

a

), diskretulad ganlagebuli xisti sayrdenebi SeiZleba SevcvaloT masiuri xisti fuZiT sixistis 
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 koeficientiT, xolo Tavmoyrili R Zalebi, romlebic moqmedeben mTavari mimarTulebis koWebSi kontaqtis adgilebis jvaredin kavSirebze, SeiZleba Seicvalos ganawilebuli datvirTvis saSualebiT 
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aq 
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mTavari mimarTulebis koWis sixistea jvaredini kavSiris SemTxvevaSi:
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amgvarad, jvaredini kavSiris Runva aRwerili koWis diferencialuri gantolebiT xist fuZeze: 
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sadac 
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jvaredini koWis ganivi kveTis farTis inerciis momentia. 

 Tu vipoviT w-s, advilad ganvsazRvravT 
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reaqciis mniSvneloba gadaxurvis meore etapis gaangariSebis i kvanZis bmaSi 1:
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orive etapze gaangariSebis Sedegebis gaTvaliswinebiT, vRebulobT urTierTqmedebis Zalas mTavari mimarTulebis i koWsa da jvaredin kavSirs Soris gansxvavebisaTvis 


[image: image323.wmf],

i

T

R

-

                              (56)

radganac R modebuli iyo sapirispirod mimarTulebis pirveli da meore etapis gaangariSebis sqemebze. amgvarad, saboloo zemoqmedebiT orive mimarTulebis koWebze, napovni gaangariSebis ori etapis Sedegad, vRebulobT iseTebs, rogoric naCvenebia nax. 25-ze. 

viciT ra datvirTva, moqmedi TiToeul koWze, ganvsazRvravT maTSi Zalvebs da gadaadgilebebs. (56) formula ganxilulia Semdeg  nawilSi.
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nax. 25. datvirTvebi ori mimarTulebis koWebze, romelic

miRebulia meore etapis gaangariSebis Sedegad:

  a – datvirTva jvaredin kavSirze; b – datvirTva 

mTavari mimarTulebis i sakiTxebi koWze
4. erTi jvaredini kavSiris mqone gadaxurvis koWebis muSaobis SesaZlo SemTxvevebi.

nax. 26-ze gamosaxulia mTavari mimarTulebis koWebis kvanZuri kveTis centris mdgomareoba, romlebsac isini daikavebdnen jvaredini kavSirebis ar arsebobis pirobebis dros, agreTve jvaredini kavSiris Runvis gansxvavebuli SemTxvevebi, romlebic Seesabameba ori mimarTulebis sixistis koWebis urTierTobis gansaxvavebul mniSvnelobebs. Zveleburad varaudoben, rom mTeli gare datvirTva modebulia mTavari mimarTulebis koWebze da rom yvela am koWze datvirTva erTnairia. 
nax. 26-ze mrudi 1 Seesabameba SemTxvevas, roca jvaredin kavSirs warmoadgens mTavari mimarTulebis yvela koWi; mrudi 2 Seesabameba SemTxvevas, sadac jvaredin kavSirs ukavia mTavari mimarTulebis koWebi, zemoqmedebas ar axdens mTavari mimarTulebis a koWebze da damatebiT tvirTavs mTavari mimarTulebis b koWebs. 
ganvixiloT bortiani gadaxurva (nax. 27, a), romlis mTavari mimarTulebis koWebi (SpanSiuris bortiani Sto)  qveda boloebiT
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      nax. 26. jvaredini kavSiris gadaxurvis muSaoba
       wertilebi aRniSnaven mTavari mimarTulebis koWebis
              ganivi kveTebis simZimis centrebs im SemTxvevaSi, Tu 
 
       isini ar iqnebodnen dakavSirebuli jvaredin kavSirebTan

Camagrebulia fskeris gadaxurvaze, xolo zeda boloebi eyrdnoba gembanian gadaxurvebs. informaciidan, romelic naCvenebia nax. 26 da 27-ze, cxadia, rom gadaxurvaze masalis ekonomiuri gamoyenebisaTvis saWiroa vipovoT im koWebis sixistis optimaluri Tanafardoba, romlebic Sedian gadaxurvis SemadgenlobaSi.
2.2.4. gemis korpusisa da gembanis firfitebis gaangariSeba

ganxilulia gemis gaangariSebis erT-erTi varianti. am variantis Tanaxmad, gaangariSeba sruldeba or etapad. erT-erTi maTgani, romelsac ewodeba gemis zogadi simtkicis gaangariSeba, korpuss ganixilavs rogorc pirobiTi Txelkedliani koWis gadakveTas im RerZis gaswvriv, romelsac ewodeba ekvivalenturi Zeli. es dasaSvebia, radganac korpusis generaluri  zomebi akmayofileben im moTxovnebs, romlebic wardgenili aqvs koWs 
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-ze. meore etapze, romelsac ewodeba adgilobrivi simtkicis gaangariSeba, ganisazRvreba iseTi korpusis warmoqmnili elementebis daZabul-deformirebuli mdgomareoba, rogorebicaa: gadaketvebi (Zros, gembaniani bortiani) da maTi Semadgeneli koWebi da firfitebi, Spamhouturi, CarCoebi, tixrebi. Zabvis rig elementebSi, romlebic napovnia zogadi simtkicis gaangariSebisas, gansazRvruli saxiT jamdeba daZabulobasTan, romlebic warmoadgens adgilobriv simtkiceze gaangariSebis Sedegs [123].
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nax. 27. mTavari mimarTulebis calkeuli koWebis mRunavi

           momentebis epiurebi da bortiani gadaxurvebis sqema:

     a – bortiani gadaxurva erTi jvaredini kavSiriT, datvirTuli

     hidrostatikuri datvirTviT; b – mTavari mimarTulebis koWSi

     mRunavi momentis epiura, daculi jvaredini kavSiriT; 
     g – mTavari mimarTulebis koWSi mRunavi momentis epiura, 
     romelzedac jvaredini kavSiri araviTar zemoqmedebas ar 
     axorcielebs – arc damcavi, arc datvirTuli; d – mTavari 
      mimarTulebis koWSi mRunavi momentis epiura datvirTuli 
                        jvaredini kavSiriT

gemis korpusis saerTo (grZivi) simtkicis gaangariSebisas keTdeba ori principuli daSveba erT-erTi ukve aRniSnulia – es aris sakoWe gaangariSebis sqemis gamoyeneba; meore daSveba ki imaSi mdgomareobs, rom gemi dgeba wyalze statikurad, anu korpusze warmoebs dinamikuri zemoqmedebis ugulebelyofa. kostruqciis dinamikuri qcevis gaTvaliswineba ganixileba damoukideblad. koWze ise rogorc gemis korpusis gaangariSebis sqemaze, moqmedebs datvirTvis ori saxe: simZimis Zalebi (TviT korpusis, aRWurvilobis, tvirTis gadamzidis, sawvavis, wylis da a.S.) da sayrdeni Zalebi wylis mxridan.

gemis im firfitebis gaangariSebis Taviseburebas, romelic ar monawileobs gemis korpusis saerTo Runvaze, warmoadgens jaWvuri Zalebis statikuri ganusazRvreloba, romelic Cndeba firfitis sayrden kveTebSi gambrjenis arsebobasTan dakavSirebiT. statikuri ganusazRvrelobis gaxsnis Semdeg zoluri koWis gaangariSeba SeiZleba Sesruldes koWis rTuli Runvis cxrili cnobaris saSualebiT.

gamoTvlebis saerTo sqema SeiZleba warmovadgonoT moficruli tixris gaangariSebis magaliTis safuZvelze Semagrebuli dgariT. hidrostatikuri wnevis saSualebiT dgarebis didi raodenobis gamo moficvris gaangariSeba datvirTvis da konstruqciis simetriis Sedegad daiyvaneba xistad Camagrebuli ganmbjebis zoluri koWis rTuli Runvis gaangariSebaze (1). statikuri ganisazRvrelobis gaxsnis mizniT gamoviyenoT Semdegi gantoleba 
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 [123]. Tu firfitis sawyisi piroba ar aris 
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sadac K gambrjenis koeficientia, xolo W CaRunva ganisazRvreba diferencialuri gantolebiT 
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 da p=const dros Caiwereba aseTnairad:
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am gantolebis amoxsna xistad Camagrebuli zoluri koWisTvis SeiZleba iyos miRebuli Semdegi gamosaxulebidan 
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El-is D-Ti SecvliT, T-s 
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Ti da koordinatis sawyisis gadataniT. amgvarad gardasaxul gamosaxulebaSi zoluri koWis CaRunvisTvis Cndeba ucnobi Zalva 
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. Tumca, Tu am gamosaxulebas CavsvamT (3.8) gantolebaSi, miviRebT Zalzed rTul gantolebas 
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-s gansazRvrisaTvis.

imisaTvis, rom gavamartivoT (57) gantolebis amoxsna, gavaintegriroT (58) gantoleba miaxloebuli bubnov-galiorkinis meTodTan, Tu warmovadgenT zolur koWs Semdegi saxiT:
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amiT davakmayofilebT xisti Camagrebis zRvrul pirobebs 
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, roca x=0; x = a.

CaRunvis (59) mniSvnelobis (58) gantolebaSi CasmiT da misi gamravlebiT 
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 fundamentur funqciaze. gantolebis orive nawilis integrirebis Semdeg, zoliani koWis mTel sigrZeze vRebulobT:
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sadac 
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 warmoadgens CaRunvis (59) mniSvnelobas, roca x=0,5a da 
[image: image345.wmf]a

 = 0 anu ganivi Tabanari p datvirTvidan.

(61) kuburi amoxsniT, (60)-s meore formulidan vpoulobT 
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-s. argumenti ganisazRvreba (60) gamosaxulebis gaTvaliswinebiT 
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udidesi jamuri Zabva Cndeba zoluri koWis sayrden kveTebSi anu dgaris zolebSi
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Tu CavTvliT, rom zoliani koWi Tavisufladaa dayrdnobili tixaris bigze, maSin (-s  gansazRvrisTvis  CavsvaT 
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sadac 
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 warmoadgens zoluri koWis ufro did CaRunvas ganivi datvirTvidan.

(62) gantolebidan (-s da (60) formulidan 
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-is gansazRvris Semdeg, udidesi jamuri daZabuloba Tavisuflad dayrdnobili zoluri koWis malis Sua nawilSi gamoiTvleba (57) formuliT.

gamokvlevebi gviCvenebs, rom gambrjenis K koeficientis gavlena (61) jamur daZabulobaze sagrZnoblad cotaa: 
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 mniSvnelobebi miaxloebiT proporciulia 
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-si, Sesabamisad u argumenti icvleba viwro zRvarSi K-s realuri mniSvnelobis dros. ganmbjenis K koeficientis zrdasTan erTad izrdeba 
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 jaWvuri Zabva, xolo RunviTi Zabvebi iklebs. ase rom, (61) jamuri daZabulobebi umniSvnelod icvleba. radganac praqtikulad K-s WeSmariti mniSvnelobis Cveulebriv dadgena rTulia, jamur daZabulobaze am koeficientis mcire gavlenis gaTvaliswinebiT, moficruli tixris gaangariSebisas miaxloebiT Tvlian, rom K=0,5-s. i.bubnovis da i. Samanskis mier Sedgenilia cxrilebi [8] jaWvuri da jamuri Zabvebis gansazRvrisaTvis Semoficruli xisti Camagrebis da Tavisufali sayrdenis SemTxvevaSi tixris dgarze K= 0,5(1-s da M=0,3-s mniSvnelobis dros. 

moficruli gaangariSebis aucilebloba bigis Tavisufali dayrdnobis dros Cndeba maSin, roca zoluri koWis sayrden kveTebSi Cndeba mniSvnelovani plastikuri deformaciebi, rac Cveulebriv aqvs Sesabamis Txel firfitebs (a/t didi farTobis SemTxvevaSi). amitom, Tu (61) jamuri daZabulobebi sayrden kveTebSi aRemateba Semoficruli masalis mimdinareobis zRvars, maSin malis SuagulSi arsebuli jamuri Zabvebi gamoiTvleba i. Simanskis mier SemoTavazebuli winadadebiT (1916 w.), rogorc saSualo sidide zoluri koWis xisti Camagrebis da Tavisufali sayrdenis SemTxvevaSi amgvari gaangariSebis daSveba aixsneba imiT, rom sasruli sixistis firfitebisTvis jamuri daZabuloba malSi sxva Tanabari pirobebis dros naklebadaa damokidebuli zoluri koWis damagrebis pirobebisgan (xistad Camagrebuli zoluri koWis SemTxvevaSi jaWvuri daZabuloba meti, vidre ASesabamisi daZabuloba Tavisufali sayrdenis SemTxvevaSi).
ganivi datvirTvis da sawyisi wvdomis mqone firfitebis monawileoba gemis korpusis saerTo Runvis dros
firfitebis SesaZlebloba – zrdis miiRos kumSvadi an gamWimi Zalvebi – ZiriTadad damokidebulia sawyis wvdomasa da ganiv datvirTvaze, romlebic moqmedebs firfitebze. es imiT aixsneba, rom sawyisi wvdoma da ganivi datvirTva iwvevs firfitis rTul Runvas, romelic xdeba gambrjenis arsebobiT. Sesabamisad icvleba jaWvuri Zalvebis mniSvneloba an firfitebis mier miRebuli Zabvis mniSvneloba korpusis saerTo Runvis SemTxvevaSi. amgvari cvlilebis gaTvaliswineba mTavaria ganivi sistemis nakrebis mqone TxladSemoficruli gemebisTvis, roca Semoficvra warmoadgens gemis korpusis ZiriTad matarebel elements.

ganvixiloT Semoficvris monakveTi Semagrebuli xisti wiboebiT nakrebis ganivi sistemis dros SpatiT, romelzec moqmedebs gamWimavi Zalvebi.

sawyisi CaRunvis firfitebi ganivi datvirTvis moqmedebis SemTxvevaSi ganicdis rTul Runvas, radganac maTi nawiburebi ar mruddeba, ganivi wiboebis raionSi firfitebis Sua nawili da misi ubnebi sxvadasxvagvarad miiRebs gamWim Zalvebs.

 radganac xisti bma firfitebisaTvis warmoadgens gambrjens, firfitebsa da ganmbjenSi warmoqmnili Zabvebi damokidebulia erTmaneTze. vipovoT es damokidebuleba.

imis miuxedavad, rom firfitis ganivi sistemis nakrebi, romlebic ganivi datvirTvis matareblebia da aqvs sawyisi wvdoma, moiRuneba cilindrul zedapirze,  damokidebuleba 
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 firfitebs Soris, iseve rogorc Reroebze, Tu miCneulia, rom 
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sadac 
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 sawyisi wvdomaa, xolo W_zoluri koWis xisti CaRunva.

zoluri koWis W CaRunva ganisazRvreba Semdegi gantolebiT:
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Tu sawyisi 
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 wvdoma da ganivi datvirTvis p intensivoba mocemulia, maSin (64) diferencialuri gantolebis Semdeg mocemul zRvrul pirobebSi da (63) formulaSi W-s CasmiT, miviRebT damokidebulebas 
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 Soris. am damokidebulebidan gamomdinare, mocemuli 
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 Zabvis dros SeiZleba vipovoT 
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  Zabva.

firfitis ganiv wiboze Tavisuflad dayrdnobis SemTxvevaSi 

sinusoiduri wvdomisa da YTanabari ganivi datvirTvis arsebobiT, (63) damokidebulebas CaRunvis gamoricxviT, Tu gantolebaSi CavsvamT, maSin vRebulobT 
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sadac 
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(
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sinusioduri wvdomis udidesi isaria). 

(65) gantoleba ( da m usasrulo parametrebze gavliT amyarebs damokidebulebas 
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 Zabvebs Soris. zog SemTxvevaSi 
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 da Sesabamisad, firfitebi da xisti bma sxvadasxvagvarad monawileobs korpusis saerTo Runvaze [46].

firfitebis monawileobis xarisxi saerTo Runvaze xasiaTdeba reduqciuli koeficientiT, romelic warmodgenilia Semdegi saxiT:
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reduqciuli koeficienti saSualebas gvaZlevs vipovoT firfitis dayvanili farTobi, romelic arCeulia iseTnairad, rom masSi moqmedi Zabvebi iyos xisti bmis Zabvis toli, xolo mis mier miRebuli jamuri Zalva utoldebodes firfitis jamur Zalvas. (67) formulis gaTvaliswinebiT vRebulobT
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sadac Ff firfitis farTobia, romelic Rebulobs 
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 Zabvas.

ukanaskneli formula moxerxebulia imiT, rom saSualebas gvaZlevs firfita gadaviyvanoT xisti bmis kategoriaSi da ganvixiloT realuri `araerTgvari~ konstruqcia, rogorc erTgvari, Sedgenili mxolod xisti bmiT. Tumca, praqtikuli gaangariSebis dros saqme rTuldeba imiT, rom 
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 ZabvebSi ar SeiZleba ganvixiloT erTmaneTisagan damoukideblad da gaangariSeba saWiroa Sesruldes TandaTanobiT miaxloebis meTodiT.

Cveulebriv, gamoTvlis sqema Semdegia:

1. Tvlian, rom pirvel miaxloebaSi yoveli firfita mTlianad monawileobs saerTo RunvaSi da gamoiTvleba 
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1

(

.

с

ж

s

 pirveli miaxloebis Zabva.

2. gansazRvraven eileruli 
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 parametrebis mniSvnelobas (66) formulis mixedviT, xolo Semdeg (67) gantolebidan pouloben 
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3. (67) da (68) formulebis mixedviT gamoiTvleba 
[image: image390.wmf])

1

(

j

 da 
[image: image391.wmf])

1

(

ПР

F

 pirvel miaxloebaSi.

4. firfitis realuri farTobis magivrad gaangariSebaSi SeyavT dayvanili farTobi 
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, Semdeg azusteben inerciis momentis mniSvnelobas, gemis korpusis ganivi kveTis neitraluri RerZis mdebareobas da am monacemebis mixedviT gansazRvraven 
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 Zabvas meore miaxloebaSi.

2.2.5. gemis da gembanis tipis liTonis konstruqciebis
gaangariSebis  safuZvlebi drekadobis

sazRvrebs gareT
2.2.5.1. zogadi debulebebi

liTonis sivrciTi konstruqciebis winaSe mwvaved dgas maTi masis Semcirebis problema. am sakiTxis gadawyvetis erT-erT gzas warmoadgens xvedriTi datvirTvis amaRleba konstruqciebSi drekad-plastikuri gaangariSebis arseboba aucilebelia sakvlevi konstruqciis simtkicis namdvili maragis marTebuli ganmartebisTvis.

SeiZleba  gamovyoT  plastikur  stadiaSi  myofi koWis da 
koWuri sistemis Runvis sami tipis amocana, SedarebiT saintereso gemisa da gembanis tipis sivrciTi liTonis konstruqciebis gaangariSebisaTvis.

1. geometriulad wrfivad dayenebul drekad-plastikuri amocanebi (deformirebuli konstruqciis geometriuli ganzomilebebi naklebia).

2. geometriulad arawrfivad dayenebuli xist-plastikuri amocanebi (konstruqciis geometriuli ganzomilebebi arsebiTia).

3. geometriulad wrfivad dayenebuli xist-plastikuri amocanebi – zRvruli datvirTvis Teoriis amocanebi.

rodesac konstruqciebSi ganviTarebul plastikur deformaciebs aqvT iseTive Tanmimdevroba, rogorc drekad deformacias, maSin amocana unda iyos gadawyvetili drekad-plastikuri sakiTxiT. Tu ki plastikuri deformaciebi aRmoCndeba imdenad meti drekadTan, rom ar SeiZleba misi ugulvebelyofa, SesaZlebelia xist-plastikuri amocanis dasma.

p. papkoviCis rig SromebSi, gamoqveynebuli 1930 w. bolos, ganxiluli iyo erTmaliani da mravalmaliani koWebis, gemis CarCoebis da gadaxurvebis zRvruli mdgomareobis gaangariSebis meTodebi. damajerebladaa naCvenebi zRvruli datvirTvis meTodis simartive drekadplastikuri deformaciis ares gaangariSebebTan SedarebiT. es meTodi saSualebas gvaZlevs davaproeqtoT `racionaluri~ konstruqcia, romlis yvela elementi TanabargamZlea. amocanaTa wredi, romlebSic SeiZleba gamoyenebul iqnas zRvruli datvirTvis meTodi, misaRebi gemebisaTvis, wlidan wlamde farTovdeba. didi wvlili Teoriis ganviTarebasa da gemis korpusis da misi calkeuli elementebis zRvruli datvirTvis gansazRvris meTodebis SemuSavebaSi miuZRviT l. belenkis, n. erSovs, v. kozliakovs, i.dikobiCs.

Semdgom paragrafebSi moyvanilia plastikurobis Teoriis amocanebis amoxsnis meTodika. ganxilulia, rogorc Rerovani sistemebi, ise naxvretebiT Sesustebuli firfitebis Sesaxeb amocanebi.

2.2.5.2. plastikurobis deformaciuli Teoriis 

safuZvlebi
im SemTxvevaSi, roca deformaciebi wrfivad damokidebulia sxeulis wertilebis koordinatebze an deformaciebis da Zabvis tenzoris komponentebis umravlesoba nulis tolia, plastikurobis deformaciuli Teoriis amocanebi amoixsneba Zalian martivad. amgvari amocanebis amoxsnis magaliTi moyvanilia qvemoT.

sworkuTxovani kveTis prizmuli Zeli datvirTulia torsebze M momentebiT, romlebic iwveven Zelis Runvas xoz sibrtyeSi. 

(nax. 28, a) Zelis masala izotropulia, erTgvaria da idealurad plastikuri. drekad stadiaSi Zelis Runvis dros sibrtyis kveTis hipoTezis gamoyenebiT, amoviweroT deformaciis komponentebisTvis Semdegi gamosaxuleba
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nax. 28. sworkuTxovani kveTis prizmuli Zeli
sadac (-Zelis simrudis radiusia. Zabvis momentebi SesaZlebelia vipovoT, Tu moviSveliebT plastikurobis deformaciuli Teoriis damokidebulebebs.
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sadac 
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Zabvebi (69) akmayofileben elementaruli paralelepipedis wonasworobis gantolebebs, xolo (16) deformaciebis erToblivi gantolebebi (mogvianebiT) iqneba Semowmebuli puasonis koeficientis 
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zRvruli pirobebi (1) Zelis gverdiT waxnagze 
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sazRvari drekad da plastikur zonebis nawilebs Soris gadis zolze, romelic gansazRvrulia 
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(74)-Si integrebis intervalis orad gayofiT (drekadi zonis 
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(75) gantolebaSi (74) gamosaxulebis CasmiT 
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 Zabvebi Zelis simaRleze icvlebian amgvarad.
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Zabvis epiurebi, Zelis kveTis simaRleze RunviTi momentis sxvadasxva mniSvnelobisTvis naCvenebia naxazze 28 b, g,d. Tu 
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 (ix. nax. 28 d), maSin kveTis mTeli masala iqneba plastikur mdgomareobaSi.

(69) da (70) formulebidan gamomdinareobs, rom foladis ZelisTvis roca 
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 momentis mniSvnelobas. amgvarad, ukve SedarebiT mcire plastikuri deformaciisaTvis praqtikulad miiReba zRvruli 
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dasasruls, davubrundeT im sakiTxs, akmayofileben Tu ara deformaciis komponentebis gamosaxulebebi deformaciebis Tanamedroveobis (69) gantolebebs.

Tu Zabvis (70) da deformaciis (69) mniSnelobebs SevitanT (72)-Si da amoxsniT amasTan erTad miRebul gantolebas fardobiTad 
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axla SegviZlia advilad davrwmundeT, rom (69) deformaciis komponentebi akmayofileben deformaciebis Tanamedroveobis yvela gantolebas.

2.2.5.3. koWis drekad-plastikuri Runva
koWis gaangariSeba drekad-plastikur areSi sakmaod martivia. magaliTis saxiT ganvixiloT Runva prizmuli koWis drekad-plastikur areSi (nax. 29). torsis kveTis Canagrebis pirobebi nebismieria. koWi datvirTulia 
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davuSvaT, rom Sida datvirTva iwvevs koWis masalaSi drekad-plastikur deformaciebs da marTebulia brtyeli kveTis hipoTeza. 
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koordinatebis sawyisi SevaTavsoT koWis marcxena bolos TТ geometriulTan. OX RerZi mivmarToT xazis gaswvriv, romelic gadis ganivi kveTis TТ geometriulze, xolo RerZi oz-qveviTaa mimarTuli (ix. nax. 29).
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nax. 29. Runva prizmuli koWis drekad-plastikur areSi
brtyeli kveTis hipoTezis safuZvelze


[image: image449.wmf]dx

x

d

z

x

u

z

x

u

)

(

)

(

)

,

(

0

w

-

=

.                      (82)

sadac 
[image: image450.wmf])

,

(

z

x

u

-koWis x, r koordinatebis wertilis gadaadgilebaa ox RerZis mimarTulebiT; 
[image: image451.wmf])

(

0

x

u

 da 
[image: image452.wmf]-

)

(

x

w

Sesabamisad koWis RerZis wertilebis gadaadgilebebia ox da oz RerZebis mimarTulebiT. (82) gamosaxulebis gamoyenebiT, vRebulobT
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koWis sigrZis TiToeul kveTSi unda iyos Sesrulebuli wonasworobis Semdegi 2 gantoleba
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Tu SemdgomSi gamoviyenebT (80) da (81) damokidebulebebs, maSin arc Tu ise rTuli amokrebiT (84) wonasworobis gantolebaTa sistema SeiZleba gardaiqmnas Semdegi saxiT
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aq F_koWis ganivi kveTis farTobia, xolo I_ganivi kveTis farTobis inerciis momenti;
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aRvniSnoT, Tu masala muSaobs drekadad, maSin 
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am damokidebulebis gamoyenebiT gamovricxavT (86) gantolebidan 
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(88) da (89) gantolebebis erToblivi amoxsna saSualebas gvaZlevs ganvsazRvroT 
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TiToeuli miRebuli gantoleba. Sevsebuli Sesabamisi zRvruli pirobebiT, saSualebas gvaZlevs ganvsazRvroTY 
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 gadaadgilebebis dazustebul mniSvnelobebs. aucileblobis SemTxvevaSi 
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 gadaadgilebebis gaangariSebuli mniSvnelobebi SeiZleba  davazustoT, Tu kidev erTxel gavimeorebT meore miaxlovebis proceduras.

(83) da (84) Tanafardobis meSveobiT 
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 gadaadgilebebis saboloo mniSvnelobebis mixedviT gansazRvraven 
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 daZabulobas.

analogiurad SeiZleba gakeTdes gaangariSeba ufro rTuli Rerovani sistemis drekad-plastikur areSi: uWr koWSi, martiv da rTul CarCoebSi, Rerovan gadaxurvebSi.

2.2.5.4. naxvretebiT Sesustebuli firfitebis
         gaangariSeba drekadobis sazRvrebs gareT
firfitebis drekad-plastikuri orRerZiani gaWimva wriuli da elifsuri xvretebiT ganxilulia Sesabamisad SromebSi [137, 138]. am Sromebisagan gansxvavebiT, mocemul statiaSi ganixileba naCvenebi orRerZiani firfitebis drekad-plastikuri gaWimvis Sesustebuli xvretebi nebismieri moxazulobiT. aucilebelia avRniSnoT, rom dasmuli amocana warmoadgens Sereul drekad-plastikur amocanas, anu erT areSi adgili aqvs elifsuri tipis gantolebas (drekadi zona), xolo meoreSi – hiperboluri tipis (plastikuri are). aseTi amocanebis amoxsna sabolood dakavSirebulia did siZneleebTan [139]. amitom mimdinare naSromSi SevecdebiT amovxsnaT dasmuli amocana miaxloebiT.

amis Semdeg SeiZleba amocanis ase formulireba: moiTxoveba SevadginoT wrfivi sazRvrebis gantoleba drekad da plastikur zonebs Soris usasrulo firfitebSi nebismieri moxazulobis xvretebiT, roca is xdeba gaWimvis Zalebis moqmedebisas rodesac isini usasrulobaSia mimarTuli 
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 RerZebis mimarT. am Zalebis sidideebi iseTia, rom warmoiSoba plastikuri are, xvretis konturis garSemo. amis garda, xvretis konturis gaswvriv mocemulia Tanabrad ganawilebuli normaluri datvirTva 
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 intensivobiT (nax. 30).
dasmuli amocanis amosaxsnelad aucilebelia SevadginoT sasazRvro pirobebi, e.i. xvretis sazRvarze daculi unda iyos piroba
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da usasrulobaSi – drekad areSi – 
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xolo plastikur areSi denadobis pirobebs aqvs Semdegi saxe [139]: 
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nax. 30. Tanabrad ganawilebuli normaluri datvirTva 
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     (92), (93) da (94) gamosaxulebaSi miRebulia Semdegi mniSvnelobebi: 
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 - daZabulobis intensivoba mimarTuli usasrulobaSi Sesabamisad 
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 _ maqsimaluri mxebi daZabulobaa firfitis plastikur areSi. zemoT naCvenebi amocanis analogiurad es amocanac mizanSewonilia amoixsnas kompleqsuri cvladebis funqciis meTodis daxmarebiT, romlisTvisac aucilebelia denadobis pirobebi (94) gadaiweros kompleqsur sibrtyeSi. aseT SemTxvevaSi SeiZleba visargebloT konformuli gamosaxulebis meTodis gamoyenebiT. e.i. gamovsaxavT ares gare xvretis konturis fardobiT gare erTeulovan wris gamosaxulebiT 
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 ise rom erTi usasrulod daSorebuli wertili (mocemuli sibrtyis xvretebiT) gadadiodes meore usasrulod daSorebul wertilSi. aseTive piroba (94), musxeliSvilis formulis gamoyenebiT miiRebs Semdeg saxes [140]: 
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sadac 
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 aris kompleqsuri sibrtye, romelzedac gamoisaxeba mocemuli are; 
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 sibrtyeSi, araerTeulovan wreSi, romelic eqvemdebareba gamoTvlas; 
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 sibrtyeze, romelic SeiZleba warmovadginoT Semdegi saxiT [140, 128]:
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sadac 
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kvadratuli xvretis SemTxvevaSi momrgvalebuli kvaZebiT (96) miiRebs saxes:
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romelSic nax. 31-ze mocemul xvretSi mudmivebs 
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Tu (95)-Si gaviTvaliswinebT rom mocemuli datvirTvisas (piroba (92)) plastikur zonaSi warmoiSveba mxolod normaluri daZabuloba, e.i. 
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kompleqsuri funqciebis 
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nax. 31. kvadratuli xvretebi momrgvalebuli kvanZebiT
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aseve SeiZleba aRvniSnoT, rom (101) rigi SeTavsdeba da mis zRvars warmoadgens nuli. amis garda maqsimaluri modulis principis safuZvelze da absoluturi SeTavsebis rigis gagebiT [141] SeiZleba davweroT:
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Sesabamisad (101) rigi SeiZleba gadaiweros
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(100) da (103)-is CasmiT (99) plastikurobis pirobebSi da koeficientebis gatolebiT, vpoulobT
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amis Semdeg SeiZleba ganvsazRvroT firfitebis daZabuloba plastikur zonaSi. am miznisaTvis gamoviyenebT musxeliSvilis formulebs [142], anu 
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sadac 
[image: image548.wmf]d

 integrirebis mudmivaa, gansazRvruli (92) sasazRvro pirobebidan romelsac aqvs saxe
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amgvarad, Cvens mier miRebuli formulebi (108) da (109), romlebic gansazRvraven daZabulobas xvretebiani firfitis plastikur areSi aris saerTo, rodesac vcvliT mudmivebs xvretebis formebisa da zomebis Sesabamisad miviRebT daZabulobis formulebs, romlebic Seesabamebian plastikur ares am xvretebis garSemo. ase magaliTad, elifsuri xvretebis SemTxvevaSi 
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 da 
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 naxevarRerZebiT (107)-is Sesabamisad, (108) da (109) miiRebs saxes:
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mizanSewonilia aRvniSnoT, rom bolo Sesakrebi daZabulobis gamosaxulebaSi [138] dasaSvebia. ramdenadac isini ar moqmedeben plastikuri aris formaze.


igive SeiZleba avRniSnoT kvadratuli xvretebis SemTxvevaSi, romelic naCvenebia nax. 31-ze, romlisTvisac
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anu bolo Sesakrebebi aqac warmoadgens mcire sidideebs da miaxloebiTi gamoTvlebisas SeiZleba maTi ugulebelyofa.


amis Semdeg SeiZleba gadavideT dasmuli amocanis meore nawilis amoxsnaze. e.i, firfitebis daZabulobis gansazRvraze plastikur zonaSi da konturis wrfis gansxvavebiT, romelic yofs drekad da plastikur zonebs. am miznisaTvis [138]-is gaTvaliswinebiT [137]-is gamoyenebiT SeiZleba gavimeoroT konformuli gamosaxulebis meTodebi. e.i. gamovsaxavT ares gare 
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 wrfis mimarT (
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-sazRvaria drekad da plastikur zonebs Soris) gare erTeulovan wreze wina SemTxvevis analogiurad (gamosaxuleba gansaxilveli xvretisa erTeulovan wris gamosaxulebaze). sanam SevadgenT am amsaxvel funqcias aucilebelia warmovadginoT 
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-ze. (96)-is Tanaxmad iarsebebs pirdapiri da uku damokidebuleba am kompleqsur cvladebs Soris. e.i. (96)-is amoxsniT fardobiT 
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Tu gaTvaliswinebiT, rom (104) gamosaxulebas eqneba rTuli saxe, vakeTebT zogierT daSvebebs: rogorc ukve zemoT iyo naTqvami, gamoTvlebis gamartivebisaTvis pirveli miaxloebisaTvis davuSvebT, rom
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e.i. danarCen wevrebs ugulebelvyofT. maSin 
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da Sesabamisad 
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sadac (96)-sagan gansxvavebiT, 
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eqvemdebareba gamoTvlebs, romelic ganisazRvreba Sesabamisi sasazRvro pirobebis dakmayofilebis gziT. magaliTad, ucnob konturze (wrfe 
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) daZabuloba unda iyos uwyveti da usasrulobaze daZabuloba unda iyos gawonasworebuli gaWimvis ZalebiT. sabolood miviRebT: daZabuloba drekad areSi:
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da drekadi da plastikuri zonebis gamyofi xazis gantoleba  
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sadac miRebulia Semdegi aRniSvnebi:
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xvretis SemTxvevaSi, romelic mocemulia nax. 31-ze, (120) gantoleba miiRebs saxes:
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romelTa safuZvelzec, roca 
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 plastikuri aris sqema naCvenebia nax. 32-ze. 

am paragrafSi miRebuli Sedegebis safuZvelze SeiZleba davaskvnaT, rom isini warmoadgenen daxmarebis obciebs, romelTa daxmarebiTac miiReba yvela kerZo SemTxvevebi.

[image: image580]
     nax. 32. plastikuri aris sqema

2.2-is daskvnebi
1. miRebulia membranis tipis liTonis sivrciTi konstruqciebis da maTi Semadgeneli elementebis gaangariSeba daZabul-deformirebuli mdgomareobisaTvis.

2. miRebulia uzustesi gaangariSebis sqema kontaqturi amocanis amoxsna koWis ujredsa da firfitisaTvis.

3. gadmocemulia gemis gaangariSebis erT-erTi varianti. am variantis Tanaxmad, gaangariSeba sruldeba or etapad. erT-erTi maTgani, romelsac ewodeba gemis gaangariSeba zogadi simtkice pirobiT ganixilavs rogorc pirobiTi Txelkedliani koWis gadakveTas RerZis gaswvriv, romelsac ewodeba ekvivalenturi Zeli. meore etapze, romelsac ewodeba adgilobrivi simtkicis gaangariSeba ganisazRvreba iseTi korpusis warmoqmnili elementebis daZabul-deformirebuli mdgomareoba, rogorebicaa, gadaketvebim CarCoebi, tixrebi.

4. Zabvis rig komponentebSi, romlebic napovnia zogadi simtkicis gaangariSebisas, gansazRvruli saxiT jamdeba daZabulobasTan, romlebic warmoadgens adgilobriv simtkiceze gaangariSebis Sedegs.     
2.3. algoriTmebi gembanis tipis liTonis sivrciTi
konstruqciebis daZabul-deformirebuli
mdgomareobis gamokvlevisaTvis
am TavSi warmodgenilia Sedgenili konstruqciebis da misi calkeuli elementebis simtkicis, mdgradobis da rxevebis kvlevis algoriTmebi. es algoriTmebi warmoadgenen Semdgom modifikaciebs adre Seqmnili algoriTmebisa [86, 143, 108, 144] romelTa sawyisi monacemebi ganTavsebulia personaluri kompiuteris vinCesterze. algoriTmebi Sedgenilia MATLAB-6-1 enaze. algoriTmi gansazRvravs konstruqciis kvanZTa gadaadgilebebs wrfiv amocanaSi. araRerZulsimetriuli datvirTvis dros da RerZulsimetriul amocanaSi geometriuli arawrfivobis gaTvaliswinebiT. am algoriTmTa Sedegebs aqvT rogorc damoukidebeli mniSvneloba, aseve warmoadgenen sawyis informaciebs sxva procedurebisaTvis. konstruqciis calkeuli elementebis simtkicis analizis algoriTmebi SeiZleba iyos gamoyenebuli damoukideblad da winamdebare algoriTmebis kompleqsSi imave simtkicis amocanebSi. 

simetriulad datvirTuli garsebis mdgradobis da rxevebis gamokvlevisaTvis gankuTvnilia algoriTmebi, (RerZul-simetriuli) romlebic iyeneben RerZul-simetriuli datvirTvis dros konstruqciebis kvanZTa gadaadgilebis ganmsazRvreli algoriTmis Sedegebs da romelic gamoiyeneba kritikulamde daZabul-deformirebul mdgomareobis aRmweri funqciis mniSvnelobis gansazRvrisaTvis; yvela CamoTvlili algoriTmebi SeiZleba iyos gamoyenebuli im konstruqciebze, romelTa elementebis Tvisebebi SeiZleba aRiweros geometia-s da mesh-is Sesatyvisi procedurebiT.

2.3.1. gembanis tipis sivrciTi konstruqciebis kvanZebis

wrfivi araRerZulsimetriuli deformaciebis

gansazRvris algoriTmi

Sedgenili konstruqciis deformirebuli mdgomareobis gamokvlevisas elementebze zedapiruli da datvirTis araRerZulsimetriuli komponentebis moqmedebis dros da rgoluri datvirTvis dros, romelic moqmedebs rgolis simZimis centris wrfeebze, ganixileba mxolod wrfivi amocana.

algoriTmTa SedgenisaTvis gamoyenebuli iyo meore TavSi warmodgenili Tanafardobebi. wrfiv SemTxvevaSi, gamosaxulebis gancalebad cvladebis meTodis gamoyenebiT miiyvaneba erT damoukidebel cvladamde (1 da n harmonikis nomramde. 

zogadad datvirTvis zogad SemTxvevaSi yvela funqcia, romelic aRwers konstruqciis daZabul-deformirebul mdgomareobas, garegani datvirTvebi warmodgenilia furies mwkrivis saxiT (2 rgoluri koordinatis mimarT, RerZulsimetriuli konstruqciebis SemTxvevaSi miviRebT [128]:

     x={(U,W,(,(,xk,xr,T,Mx,M,)i(U,W,(1,M11,M22,T11,T22,E11,E22,k11,k22,Q11)ijs}, (122)

     y={(,x,M,Qx,Qr)i,( (,(2,S,H,Q22,E12,k12)ijs}.
konstruqciis kvanZTa gadaadgilebebis gansazRvris amocanebis ricxviTi amonaxsnebi mocemulia pirvel nawilSi, amasTan SemoTavazebulia, rom furies mwkrivis koeficientebis mocemuli mniSvnelobebi, zedapiruli datvirTvebisaTvis q1, q2 da qz meridianis gansazRvrul wertilebSi da harmonikis amplitudis mniSvnelobebi ganSladia ZalebTan fij, romlebic moqmedebs konstruqciis kvanZebSi.

mTliani amonaxsni amocanebisa iqneba sasruli furies mwkrivebis Sejamebis saxiT.

algoriTmTa sawyis monacemebs mravladbmuli konstruqciis kvanZTa gadaadgilebebis gansazRvrisaTvis warmoadgenen parametrebi:

nsk, msh, ha, hk, eps, mx, my, mz, mh                                  (123)
da masivebi bn, nq, qm, qn, xnk, ynk, znk, xxk, xyk, xzk, xnk, nnk, cn, (124) romlebic nawilobriv warmoadgenen algoriTmis formalur parametrebs, xolo danarCenebi Cawerilia Sesabamisi diskur mexsierebaze. 

mravladbmuli konstruqciis kvanZTa gadaadgilebis gansazRvris algoriTmi araRerZulsimetriuli datvirTvis dros wrfiv dasmaSi realizebulia procedurebis saxiT I inear de formation. 

nax. 33. algoriTmis blok-sqema
procedurasTan muSaobis dros aucilebelia mTeli konstruqciis da misi calkeuli elementebis mTliani geometriis codna, Tanaxmad saWiro sawyisi monacemebisa da yvela datvirTvebis harmonikis mocemuli speqtris amplitudTa mniSvneloba, romlebic moqmedeben konstruqciis elementebze.

procedurebis muSaobis Sedegebi Caiwereba ℓk [1:4*nsh, 1:nk] masivSi. am masivis elemenetebi gansazRvraven konstruqciis kvanZTa gadadgilebebis komponentebs. 

konkretuli harmonikisaTvis ng[i]-uri rgolis Sesabamisi gadaadgilebeba iqneba.

      U1=fk[4xi-3,i],   Wi= fk[4xi-2,i],   (1=fk[4xi-1,i],   (i= fk[4xi,j].     (125)

damoukidebeli mniSvnelobis garda, am proceduris Sedegi gamoiyeneba sawyisi monacemebis saxiT Sedgenili konstruqciis calkeuli elementis analizisaTvis.
proceduris areSi Sesvlisas xdeba nulebis miniWeba amoxsnis veqtoris Fk yvela elementebTan. Semdeg iwyeba cikli harmonikaze yoveli harmonikisaTvis gamoZaxebulia  informacia  datvirTvebze  mexsierebidan,  romelic  moqmedebs  konstruqciis  elementebze da mowmdeba trivialuri SemTxveva. Tu gansaxilveli harmonikis datvirTva yvela amplitudebi nulis tolia, maSin xdeba sxva harmonikaze gadasvla. aseTi SemTxvevis ar arsebobis SemTxvevaSi  algoriTmi gadis P matricis da T veqtoris ganulebaze, amosaxsnel gantolebaTa sistema amis Semdeg warmoiqmneba gansazRvra kvanZTa sixistis parametrebsa da masTan SekavSirebul SeerTebebze (Gkni, kijs), formireba qvematricisa Pij da Ti (i(j) veqtorisa, romlebic Semdeg gadaigzavneba PT matricis Sesatyvis adgilebSi. rogorc ki ganisazRvreba amosaxsneli gantolebis komponentebi. algoriTmis moqmedeba gadadis am gantolebis gardaqmnaze, geometriuli SezRudvebis gaTvaliswinebiT, mocemuli na parametriTa  da  bn  masiviT.  gardaqmnili gantolebis amonaxseni gansazRvravs (-as gansaxilveli harmonikisaTvis, romlis mniSvnelobebic gadaigzavneba Fk masivis Sesatyvis adgilebSi. radgan furies mwkrivis funqciebi, romlebic gansazRvraven daZabul-deformirebul mdgomareobas, mniSvnelovnad swrafad krebadia vidre datvirTvebis aRmweri funqciis mwkrivebi, sanam gadavidodeT momdevno harmonikis ganxilvaze xdeba datvirTvebze funqciis saboloo mniSvnelobis bolo harmonikis Sefaseba, romelic gansazRvravs rgolis daZabul-deformirebul mdgomareobas.

2.3.2. gembanis tipis sivrciTi konstruqciis kvanZis 
     geometriulad arawrfivi RerZulsimetriuli 
                     deformacia
Sedgenili kontruqciis drekadi qmedebis gamokvlevis dros calkeul faqtorTa daZabul-deformirebuli mdgomareobis geometriuli arawrfivobis gaTvaliswinebiT ganixileba mxolod RerZulsimetriuli amocana. am SemTxvevaSi yvela garegani datvirTvebi, Sinagani Zalebi da konstruqciis elementTa deformaciebi damokidebulni arian (2 koordinataze da warmoadgenen mxolod (2 koordinatis funqciebs. 

algoriTmis asagebad gamoiyeneboda nivoJilovis [17] arawrfivi Teoriis yvelaze martivi varianti konstruqciis garkveul kvanZebSi gadaadgilebis SezRudvis garda SeiZleba davadoT geometriuli SezRudvebi am formis matricas adareben na  da nb masivs.

arawrfivi amocanis amoxsna xdeba niuton-kantaroviCis iteraciuli meTodiT, roca iteraciis yovel bijze ixsneba wrfivi amocana. amasTan nebismieri ori mezobeli miaxloeba dakavSirebulia rekurentuli TanafardobebiT.

winamdebare miaxloebis amonaxsni Sedis ara marto Tavisufal wevrebSi (fiqtiuri datvirTva), aramed erTgvarovan nawilSic rac aracxadliv moqmedebs konstruqciis elementTa xist maxasiaTeblebze. TandaTanobiTi miaxloebis procesi grZeldeba iqamde, sanam Sedgenili konstruqciis yvela kvanZze, gadaadgilebis veqtoris yvela komponentze ori momdevno miaxloebis Sedegis maqsimaluri SefardebiTi daSoreba aRmoCndeba mocemuli sidideze (-ze naklebi. rogorc samuSaos Sedegebma gviCvena, amorCeuli procesi ricxviTi amonaxsnisa, nebas gvaZlevs miviRoT maRali rigis sizustis amonaxsni romelsac aqvs kargi krebadoba.

radgan ganixileba mxolod RerZulsimetriuli amocana, am SemTxvevaSi datvirTvebi, romlebic moqmedebs garsisebr elementebze, mocemulia organzomilebiani masivebis saxiT, rac saSualebas gvaZlevs mniSvnelovnad SevamciroT personalur kompiuterze gamoTvlis dro. datvirTvis masivebis gardaqmna [nk=I am SemTxvevaSi] SeiZleba warmovadginoT am saxiT:

                      xnk[1(mx; 1:1]  ( xnk[1(mx;],
                    ynk[1(my; 1:1]  ( ynk[1(my;],                       (126)

                      znk[1(mz; 1:1]  ( znk[1(mz;].                                        

datvirTvebisTvis, romlebic moqmedeben konstruqciis kvanZebze, sawyis monacemTa masivi Fsh gardaiqmneba samganzomilebianidan organzomilebianSi. 

                Fsh [1:6, 1:1, 1:hsh] ( Fsh [1:6, 1:hsh]                (127)

 amgvarad gansaxilveli algoriTmebis sawyis monacemebad ganixileba parametrebi

           (msh, msn, ha, hl, eps, mx, my, mz, mh)                (128)

da masivebi                  

                                   bn, gm, gn, xxk, xyk, xzk, xzk, xhk, hhk, cn.            (129)

romelTa nawilic warmoadgens algoriTmis normalur parametrebs, xolo danarCenebi Cawerilia Sesabamis xist diskoze (vinCesterze). 

Sedgenili konstruqciis kvanZTa gadaadgilebis gansazRvris algoriTmi RerZulsimetriuli datvirTvis dros, geometriuli arawrfivobis gaTvaliwinebiT, realizebulia procedurebis saxiT. NonIinear defonmation. procedurebis samuSaoebis Sedegebi Caiwereba masivebSi Fk[1:4xnsh], hor[1:5,1:m] da fzk da xasiaTdeba cor parametriT. gadaadgilebis veqtorTa komponentebisaTvis ( miRebulia Semdegi Sesabamisobani.

                          Ui(Fk[4xi-3];    Wi(Fk[4xi-2];

            ( i(fk[4xi-1];    (i(fk[4xi];                          (130)

noF masivSi Tavmoyrilia funqciebis mniSvnelobebi (1, (2, T11, T22 da S iteraciis ukanasknel bijze orTogonalizaciis orTogonalur marTkuTxa wertilebSi konstruqciis yvela garsisebri elementisaTvis t2k masivi Seicavs rgolur ZalTa mniSvnelobebs, konstruqciis T kvanZebSi, iteraciis ukanasknel bijzec. parametri cor miiRebs WeSmarit mniSvnelobas, Tu proceduris damTavrebisas miRweuli iqna mocemuli fardobiTi sizuste, winaaRmdeg SemTxvevaSi mcdars.

amas garda am proceduris Sedegebi warmoadgenen sawyis monacemebs konstruqciis calkeul elementTa simtkicis analizisaTvis da konstruqciis mdgradobisa da rxevebis gamoklebisaTvis.

naxazze 34 moTavsebulia algoriTmis blok-sqema. proceduris areSi Sesvlis dros xdeba gadaadgilebis veqtorTan ganuleba ( nulovan pirvel miaxloebaSi (fk0, fk’).
Semdeg xdeba gadasvla miaxloeba ciklTan. miaxloebaTa yovel bijze pirvel rigSi xdeba vinCesteridan gamoZaxeba datvirTvebisa, Semdeg iqmneba p matrica T veqtori.  SemdgomSi  ganisazRvreba  konstruqciis  elementTa sixistis parametrebi [qpik, Kijsk da a.S.]. winamdebare iteraciis Sedegis gaTvaliswinebiT, romlisTvisac gamoangariSebulia zogierTi funqciebi, romlebic gansazRvraven daZabul-deformirebul mdgomareobas [O1k-1, O2k-1, T2k-1, Sk-1] yvela garsisebri elementebisaTvis da konstruqciis yvela kvanZTa rgoluri T ZalebisaTvis. gansazRvruli sixistis parametrebi gamoiyeneba qvematricis Pijk veqtor Tik (i(j)-is gansazRvrisaTvis, romlebic formirebas ukeTebs amosaxsnel gantolebas k-uri iteraciiT. amosaxsneli gantoleba rogorc ki formirdeba algoriTmSi xdeba misi gardaqmna mocemuli SezRudvis
gaTvaliswinebiT, ganmsazRvreli parametrebis na da bn masivebis zogierT kvanZTa gadaagilebis veqtori iteraciis k-ur bijze.

cikls asrulebs ori mezobeli miaxloebis Sedareba. Tu am miaxloebebis fardobiTi cTomileba konstruqciis kvanZTa gadaadgilebisaTvis naklebia (--ze, maSin cikli damTavrebulia. Tu ara da moxdeba gadasvla momdevno miaxloebaze. es procesi gagrZeldeba mocemuli fardobiTi sizustis miRwevamde anda miaxloebis nI minimaluri ricxvis amowurvamde. 
nax. 34. algoriTmis blok-sqema
2.3.3. Sedgenili konstruqciis mdgradoba da rxevebi

simetriulad datvirTuli mravladbmuli konstruqciis mdgradobisa da rxevebis gamokvleva igeba [145, 146] Sromebis winamZRvrebiTa da TanafardobiT. am TanafardobebSi igulisxmeba, rom konstruqciis daZabuli-deformaciuli mdgomareoba datvirTvaTa gansazRvruli mniSvnelobebisaTvis cnobilia. mdgradobisa da rxevebis algoriTmebi igeboda im pirobiT, rom es informacia algoriTmis samuSaos Semdeg miRebuli Nonlinear deformation vinCesteridan gacvlis gziT miRebuli ganlagdeba operatiuli mexsierebis gansazRvrul adgilSi. funqciebis mniSvneloba Q1, Q2, T11, T22, S. yvela garsisebri elementisTvis orTogonalizaciis wertilebi ganlagdebian masivebSi nof [1:5, 1:m], xolo rgoluri elementebis ZalTa mniSvneloba t2k [1:nsh] masivSi. es masivebi gamoiyeneba funqciis kritikul mniSvnelobamde gansazRvrisaTvis, romelic aRwers daZabul-deformaciul mdgomareobas, konstruqciis daZabuli mdgomareobis da mdgradobis gamokvlevis dros, sakuTari sixSireebis gamokvlevisas.

am funqciis mniSvnelobis ganmsazRvrelad Sedgenilia procedura prebuckI, romelSic SemoTavazebulia, rom saZiebeli funqciebi wrfivadaa damokidebuli datvirTvis parametris sidideze. 

principSi  sirTules ar warmoadgens  algoriTmis Seqmna, romelic iTvaliswinebs yofaqcevis arawrfivobas anda datvirTvebis mravalparametrul damokidebulebas Zalebis mimarT. proceduris teqsti grebuck, romelSic q-s aqvs  datvirTvis parametris mniSvneloba, miiRebs Semdeg saxes:

procedure prebuck (q)

read  (k,1,1,0,14);

read (a, 2, 3,  1, 0),  read (f, 2, 3, 0, 0 );

For  i:=1,2,3,4,5 do

For  j:=1step  1antiI   k do  a[i,j]: =a[i,j]xg;

For i:=1step  1antiI    nsh  do t[i]=t[i]xg;

wraite   (a,1,3,1,0); wraite (t,1,3,0,0)

end

end prebuckI:

mdgradobisa da rxevis gamokvlevebis algoriTmebs erTmaneTTan bevri saerTo aqvT. orive algoriTmSi datvirTvis parametris yoveli mniSvnelobisaTvis X an W sixSirisaTvis saWiroa Sedges mTeli konstruqciis sixistis matrica. 

matricis elementTa gansazRvra ar aris damokidebuli imaze, Tu rogori amocana ganixileba, amitom matriculi gantolebis gamoangariSebis bloki gamoyofilia calkeuli procedurebis saxiT detpolgcons. gantolebis sakuTari mniSvnelobis Zieba xdeba bijis meTodiT. mdgradobis amocanaSi SesaZlebelia ori mimarTuleba, romelTagan TiToeuls aqvs Tavisi indeqsi  (Ip=I an Ip=2). sakuTari rxevebi ganixileba erTi meTodiT, romelic Seesabameba mdgradobis amocanaSi (Ip=I) I meTodis zogierTi cvlilebebiT. am algoriTmuli samuSaoebis erT-erT ZiriTad Sedegs warmoadgens konstruqciis mdgradobis dakargvis formebis da  sakuTari rxevebis formaTa gansazRvra.

saerTo formebis Ziebis procesi am amocanebisaTvis aRwerilia Semdegi gamosaxulebiT: 
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amitom Seqmnili iyo specialurad am procedurisaTvis Form. es damxmare procedurebi udevs safuZvlad konstruqciis mdgradobisa da sakuTari rxevebis algoriTmul gamokvlevebs, romlis teqstsac aRwers esa Tu is bijis meTodi sakuTari mniSvnelobis Ziebisas.

sawyisi monacemebi am algoriTmebisaTvis aris Semdegi parametrebi

ha, hsh, msh, mI,                           (131)

da masivebi 

an,bn, gm, gn, xnk, hnk, not, t2k,                  (132)

romelTa nawilic Sedis algoriTmTa formalur parametrebSi, xolo danarCenebi Caiwereba vinCesterze. cn masivis elementebidan mxolod mdgradobis amocanebs miekuTvneba parametrebi 

q1, q2, dq, n2, da  n3.  QE                 (133)

xolo sakuTari rxevebis amocanebs miekuTvneba parametrebi 

om1, om2, dom, nom, q.                                       (134)
romlis azric dawvrilebiTaa aRwerili winamdebare TavSi.

mdgradobisa da sakuTari rxevebis algoriTmebis gamokvlevebi realizebulia MATLAB 6.5-is enaze bucking holyconstrucfur da oscillation procedurebis saxiT. pirveli proceduris samuSaos Sedegebi ganisazRvreba ori parametriTa mm, gm da Fk [1:4, 1:m]  masiviT. Fk masivis elementebi, rogorc zemoT ukve iTqva, gansazRvraven mdgradobis formis dakargvas an konstruqciis sakuTar rxevebs. nm parametri mdgradobis amocanaSi gansazRvravs talRebis ricxvis mniSvnelobas rgoluri mimarTulebiT, datvirTvis kritikuli mniSvnelobis dros, romelic ganisazRvreba gm sididiT. sidide om gansazRvravs konstruqciis sakuTari rxevebis sidides.

mdgradobisa da sakuTari rxevebis algoriTmebis gamokvlevebis blok-sqemebi warmodgenilia nax. 35 da 36-ze, magram sanam dawvrilebiT ganvixilavT mas, aRvweroT saerTo moqmedeba am algoriTmTa procedurebisaTvis detpoycons da Form. am procedurebidan pirvelis blok-sqema mocemulia nax. 35. proceduraTa SesavalSi mocemulia harmonikis nomeri rgoluri mimarTulebiT, datvirTvis parametri q, romlis drosac ganisazRvreba amosaxsneli matricis determinanti, globalur procedurasTan mimarTebaSi. proceduris moqmedeba iwyeba rgolebSi ZalTa informaciis daangariSebiT da saZiebeli p matricis  elementebisaTvis nulovani mniSvnelobebis miniWebiT. SemdgomSi organizdeba cikli konstruqciis kvanZebze (1(i(nsh). am ciklSi pirvel rigSi gaanixileba Gkn  rgolis sixistis qvematricis elementebi. amis Semdeg iwyeba garsiT elementTa ganxilva, amisTvis organizdeba Siga cikli (1(j(ski). romelic iwyeba geometriaze meqanikur Tvisebebze da daZabul-deformaciul mdgomareobaze informaciis gamoZaxebiT. es informacia gamoiyeneba garsis sixistis matricis ricxviTi integrirebiT gansasazRvravad.

miRebuli Sedegebi gadaigzavneba qvematricaSi pij-Si, romelic nawilobriv aformirebs p matricas.


nax. 35. algoriTmis blok-sqema           nax. 36. algoriTmis blok-sqema  

garsebsa da konstruqciis kvanZebze Sesrulebuli samuSaos ciklis damTavrebiT sruldeba P matricis formireba. am matricis gansazRvra xdeba detop proceduris daxmarebiT. samuSaos detpolycons Sedegi gamoixateba ori ricxvis saxiT, romlebic gansazRvraven P matricis determinantis mniSvnelobas formuliT
(P(=dx10dp .                             (135)

radgan konstruqciis simtkicis amocanebSi dp parametri Cveulebriv warmoadgens erTze bevrad did sidides, amitom gansaxilvel algoriTmebSi samuSaos Sedegi normalizdeba. Form proceduris blok-sqema moyvanilia naxazze 36. aq SesasvlelSi mocemulia kritikuli parametrebi q an om da harmonikis nomeri n. imisTvis, rom ganvsazRvroT konstruqciis kritikuli forma, aucilebelia vicodeT P matrica. es matrica SeiZleba ganvsazRvroT detpolycons proceduris daxmarebiT. mocemul SemTxvevaSi es organizebulia vinCesteris daxmarebiT. Semdeg romelime kvanZis gaadaadgilebis veqtoris zogierT komponents utoleben 1-s da Semodis gardaqmnis matrica. im SemTxvevaSi Tu gardaqmnis matricis amonaxsni ar iZleva damakmayofilebel Sedegs, maSin erTianis mniSvneloba mieniWeba gadaadgilebis sxva komponents.  da  gadaadgilebis  procesi  meordeba.  rogorc  sxva algoriTmebSi formis gansazRvra iwyeba garsebidan, romlebic mierTebulia pirvel SpangoutTan. formis agebis procesi iwyeba geometriis informaciis meqanikuri Tvisebebis da daZabul-deformaciuli mdgomareobis aRmweri funqciis mniSvnelobaTa gamoZaxebiT da garsTan sasazRvro gadaadgilebis gansazRvriT.

sasazRvro amocanis amonaxsniT ganisazRvreba garsis gadaadgilebis yvela funqciebi. es informacia Caiwereba Fk  masivis gansazRvrul adgilSi gansaxilveli garsisTvis. mas Semdeg rac funqciebi, romlebic aweren garsisebri elementebis gadaadgilebas iqneba gansazRvruli ganxorcieldeba maTi normalizacia maqsimalur gadaadgilebasTan SedarebiT. am saxiT Sedegebi moicema algoriTmebSi detpolycons da  Form. 
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sasazRvro pirobebi:
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algoriTmis samuSao buckling SeiZleba aRvweroT blok-sqemiT, romelic mocemulia 37-e naxazze mocemuli sawyisi monacemiT, romelic Sedis algoriTmis formalur parametrSi da moTavsebulia vinCesterze. warmoebs konstruqciis kritikuli parametrebis Zieba (nm, gm, Fk). Zieba mimdinareobs im mimarTulebiT romelic ganisazRvreba Ip parametris mniSvnelobiT. 

algoriTmis samuSao buckling SeiZleba aRvweroT blok-sqemiT, romelic mocemulia 37-e naxazze mocemuli sawyisi monacemiT, romelic Sedis algoriTmis formalur parametrSi da moTavsebulia vinCesterze. warmoebs konstruqciis kritikuli parametrebis Zieba (nm, gm, Fk). Zieba mimdinareobs im mimarTulebiT romelic ganisazRvreba Ip parametris mniSvnelobiT.

roca 1p=1 kritikuli datvirTvis Zieba midis ciklSi n(n2≤n≤n3) n-is  yoveli  mniSvnelobisaTvis  moiZebneba datvirTvis parametris kritikuli mniSvneloba q2≤q≤q3 diapazonSi prebusk da detpolycons proceduris gamoyenebiT. rogorc ki iqneba gansazRvruli parametris kritikuli mniSvneloba. xdeba n-is axal mniSvnelobaze gadasvla. kritikuli parametris miRebuli yoveli axali mniSvneloba Seedareba winamdebares da yvelaze mcire maT Soris talRebis ricxvis Sesatyvis mniSvnelobiT daimaxsovreba qm, nm parametrebiT. am saxiT, ciklis samuSaos Semdeg n-is mixedviT. qm, nm parametrebi gansazRvraven kritikuli datvirTvis parametrTa yvelaze mcire kritikul mniSvnelobas da talRebis ricxvis masTan Sesatyvis mniSvnelobas nm rgolur mimarTulebaSi. im SemTxvevaSi Tu minimumi ar iqneba miRweuli, xdeba sazRvrebis gafarToeba n-ze (zeda sazRvari n3 izrdeba erTiT) manam, sanam ar 

nax. 37. algoriTmis blok-sqema

iqneba napovni es minimumi, Tu is saerTod arsebobs mocemuli datvirTvis parametris diapazonze amiT samuSao pirveli arsiT damTavrebulia. gamokvleva meore mimarTulebiT (1p=2) midis ciklSi datvirTvis parametriT (q1, q2) diapazonSi. q-s konkretuli mniSvnelobiT ganisazRvreba kritikulobamde daZabuli mdgomareobis funqciebi (masivi nif), SemdgomSi yvela n-isTvis (n2≤n≤n3) ganisazRvreba amoxsnadi gantolebis martivi determinatis mniSvneloba, romelTa damaxsovreba xdeba masivebSi d0 da d2 [n2:n3] ciklidan gamosvlisas n-iT masivebis d da d2 elementTa mniSvneloba gadaadgileba d1 da d3 masivSi imave ganzomilebiT SeiZlebodes TvalTvali Tu rogorc icvleba es informacia datvirTvis momdevno mniSvnelobebze. kritikuli datvirTva ganisazRvreba Sedarebis dros p matricis determinatis mniSvnelobis niSnis SecvliT datvirTvis mezobeli mniSvnelobebis dros. rogorc ki warmoiqmneba aseTi situacia xdeba am datvirTvis da harmoniis Sesatyvisi nomris qm da nm parametrebSi damaxsovreba. kritikuli datvirTvebis gansazRvra orive arxze midis bijis meTodiT, rac gvaZlevs kritikuli datvirTvebis sakmaod miaxloebul mniSvnelobas, amitom rogorc ki damTavrdeba romelime arCeuli arxis samuSao marTva gadacema Sedegis dasazusteblad qordis meTodiT. amisTvis formirdeba datvirTvis parametrebis axali zRvruli mniSvnelobebi da bijebi, xolo talRebis ricxvi rgolur mimarTulebaSi nm-is tolia. dazustebis procesi, romlis sqemac dawvrilebiTaa mocemuli 37-e naxazis Sua nawilSi. grZeldeba manam, sanam ar iqneba miRweuli mocemuli fardobiTi sizuste eps algoriTmis.

samuSaos amTavrebs konstruqciis formaTa Zieba, romelic mimdinareobs kritikul mdgomareobaSi Form procedurebis meSveobiT, qm, nm-isTvis. konstruqciis mdgomareobis gamokvlevis algoriTmis gamosavalze Sedegi aris kritikuli datvirTva q da misi Sesatyvisi talRebis ricxvi nm rgolur mimarTulebaSi da Fk garsiT elementebis mdgradobis dakargvis forma. 

konstruqciis sakuTari rxevebis gansazRvris algoriTmi bevrad martivia. mis muSaobas SeiZleba Tvalyuri vadevnoT blok-sqemiT, romelic warmodgenilia nax. 38. sawyisi monacemiT, romelic Seyvanilia formaluri parametrebiT da vinCesterze iwyeba formireba algoriTmis sawyisi pirobis da organizdeba cikli om (om1, om2) diapazoniT. yoveli rxevisaTvis, romelic mezoblisagan gansxvavdeba dom bijiT, aigeba amosaxsneli gantolebis P matrica da iZebneba misi detpolycons proceduris daxmarebiT. 

sakuTari  sixSiris romelime mocemuli fardobiTi sizustiT 
gansazRvrisTvis, rogorc konstruqciis mdgradobis gamokvlevis algoriTmSi, arsebobs sizustis bloki. sanam mas mivmarTavT formirdeba sawyisi monacemebi da gamoiTvleba maTTvis P matrica. sixSiris ubnebi om da eq gansazRvruli parametrebi, sadac moxda P matricis niSnis Secvla. iyofa qordis meTodiT manam sanam kritikuli parametris om mniSvneloba ar iqneba gansazRvruli mocemuli fardobiTi sizustiT. sakuTari sixSiris dazustebis Semdeg marTva gadaecema konstruqciaSi garsirebri elementebi, sakuTari rxevis formis gansazRvraze, romelic datvirTulia RerZulsimetriuli datvirTvebiT rgolur mimarTulebaSi mocemuli rxevaTa ricxvis dros. rxevis forma iZebneba Form proceduris daxmarebiT napovni sakuTari sixSiriT, rgolur mimarTulebaSi mocemuli talRebis ricxviT da datvirTvis parametriT, romelic erTis tolia da aucilebelia gaviTvaliswinoT algoriTmTan muSaobis dros. proceduridan gamosvlisas viRebT om-s sakuTari sixSiris mniSvnelobis da rxevis formas romelic ganisazRvreba Fk masiviT.

aucilebelia SemTxvevaSi Ziebis blokis, rogorc ZalTa datvirTvis kritikuli mniSvnelobebis aseve sakuTari sixSiris mniSvnelobebis Secvla advilia. algoriTmis MATLAB 6.5-is daxmarebiT Caweris gamo.    

2.3.4. konstruqciis elementebis daZabul-deformirebuli

 mdgomareoba

zemoT moyvanili procedurebi ar gvaZleven srul informacias mTliani konstruqciis, misi calkeuli elementebis daZabul-deformirebuli mdgomareobis Sesaxeb da konstruqciis calkeuli elementebis kvlevisaTvis Sedgenilia nonlinear deFormation da Linear deFormation procedurebi SedegebiT. gamosaxulebebis Tanaxmad es Sedegebi adgenen sasazRvro pirobebs sasazRvro amocanebisaTvis garsisebri elementebis analizis dros. am Tanafardobebis gaTvaliswinebiT garsisebri elementebis gamokvlevas udevs sasazRvro amocanis ricxobrivi meTodi, ganzogadebisTvis mosaxerxebelia erT algoriTmSi movaTavsoT geometriuli arawrfivi amocanis analizi da RerZulsimetriuli datvirTvis dros da wrfivi amocana harmonikisTvis nulisgan gansxvavebuli nomrebiT. wrfivi amocanis amoxsnisTvis gamoiyeneba nioton-kantoroviCis meTodi. miaxloebis procesi mTavrdeba maSin roca miRweulia ( fardobiTi sizuste an 0-Tan miaxloebis mocemuli maqsimaluri ricxvi. amasTan algoriTmSi pirvel miaxloebaze gamoiyeneba bolo iteraciis Nonlinear deFormation funqciis miRebuli mniSvnelobebi Q1, Q2, T11, T22, S. algoriTmis samuSaos SedegiT ganisazRvreba (I-I)-is yvela funqcia romelic exeba garsebs. am funqciebs aqvT konkretuli informacia garsis qcevaze, romelic SeiZleba iyos gamoyenebuli Semdgom gamokvlevebSi da rgolebis simkvrivis analizisTvis, radgan sasazRvro funqciebis mniSvnelobebi gamoiyeneba sawyisi monacemebis saxiT:    

konstruqciis kvanZTa gamokvlevebis dros ZiriTad sawyis monacemebad iTvleba samuSaoebi Nonlinear deFormation an linear deFormation da funqciis sasazRvro mniSvnelobebi, romliTac vsazRvravT ZalTa zust mniSvnelobebs, romelic modis rgolze da Sida Zalebs da deformaciebs. 

garsisebri elementebis simtkicis algoriTmis analizi mocemulia sleell element proceduris saxiT, romelic gankuTvnilia gansazRvruli harmonikis n-uri zedapiris moqmedebis qveS myofi, daZabul-deformaciuli garsis mdgomareobis ganmsazRvreli funqciis gansazRvrisaTvis an sasazRvro datvirTvisaTvis, romlebic gaSlilia fuZis mwkrivad, trigonometriuli funqciebiT analizi mimdinareobs gansazRvruli sasazRvro pirobebiT, romlebic SeiZleba mocemuli iyos n harmonikis amplitudebiT, rogorc gadaadgilebebi ise Zalebi. roca n=0,  nl(0, sadac nl aris iteraciis ricxvi, amoixsneba arawrfivi geometriuli amocana, am parametrTa sxva mniSvnelobebisaTvis ganixileba wrfivi amocana. amoxsnis procesSi saWiroa fardobiTi sizustis miRweva. datvirTvis harmonikebi, sixistis parametrebi da sasazRvro gadaadgilebebi mocemulia xx, xy, xz, xh, hh, xn, yx, zh, gm, fk masivebiT, romlebic azrobrivad analogiuria zemoTaRniSnuli masivebisa, mniSvnelobiT emTxveva mxolod im nawilSi, romelic miekuTvneba calkeuli garss da gansazRvrul harmoniks anu am masivebis sazRvrebis farglebi ganisazRvreba gm masivis elementebiT.  


     mx=gm [27],       mg=gm [28]. 

                                  mz=gm [29],      mh=gm 30].                   (138)
 nf[1:5.1+gm[i]] masivSi romelSic Caiwereba funqciis mniSvnelobebi Q1, (2, (11, (22, S algoriTmSi Sesvlisas da iteraciis yovel bijze moicema mxolod arawrfivi amocanis amonaxsni. kombinaciaSi Nonlinear defor mafion masivSi Caiwereba am funqciebis mniSvnelobebi iteraciis bolo bijze, konstruqciis kvanZTa gadaadgilebebis gansazRvris dros. 

masivebi bn, bc [1:8]-sasazRvro pirobebis formirebis svetebia. bn, bc masivebi pirveli oTxi elementi miekuTvneba gm[3] sawyisi koordinantis sazRvars, danarCenebi ki miekuTvneba_gm[4]. amasTan elementebi bn masivis meoTxedebSi, romelic formirdeba mTeli ricxviT, ganlagebulia zrdianobis mixedviT, xolo bc masivis elementebi iReben Sesabamisi funqciis mniSvnelobas. mTeli ricxvebis sasazRvro funqciebTan Tanafardoba warmodgenilia ase 

                 ((1,  ((2,  (1(3,  V(4,

            T11(5,  Q11(
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konstruqciis garsisebri elementebis analizis dros sasazRvro pirobebi (masivebi bn, bc) formirdeba Tanafardobis safuZvelze algoriTmis SedegSi shell element proceduridan gamosvlisas masivSi ys[0:m, 1:8]  (m=gm[i]) iqneba (, (, (, V, T1, ZiriTadi funqciebis n-uri harmonikis amplitudis mniSvnelobebi, 
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S+2k2H orTogonalizaciis  wertilebSi F [1:6,0:m] masivi Seicavs T22,  M22, (11, Q22, S, H funqciebis mniSvnelobebs, xolo diF 1:6, o:m masivi Seicavs E11, E22, K11, K22, E12, K12 deformaciis mniSvnelobas. parametri rep wrfivi analizis dros miiRebs treie mniSvnelobas, xolo ara wrfivis dros WeSmarit mniSvnelobas mxolod maSin miiRebs, roca ar SeirCeva fardobiTi sizuste. 

funqciis harmonikis amplitudis gasazRvruli algoriTmebi, romlebic gansazRraven rgolis daZabul-deformirebul mdgomareobas realizebuli proceduris saxiT ring element. sawyis monacemad iTvleba sin, nk parametrebi da ng[1:nk] masivebi da gn[1:10]. sig proceduris mniSvnelobaze damokidebulebiT proceduram SeiZleba sxvadasxvanairad imuSaos. 

roca sig=1 iTvleba, rom yvela cnobil rgolze moqmedi Zalebi romlebic aris ganmsazRvreli yvela Sida faqtorebisa warmoebs gadaadgilebis gansazRvris xarjze. Tu cnobilia rgolis gadaadgilebebi, sig=2 da funqciebi, ganmsazRvreli daZabul-deformirebuli mdgomareoba, ganisazRvreba moqmedi Zalebis dazustebiT (am SemTxvevaSi proceduraSi SesvlisTvis saWiroa mxolod mx da mr mniSvnelobis gansazRvra). parametri nk da masivi ng gansazRvraven harmonikis ricxvis da maT Sesatyvis mniSvnelobebs, romelTaTvisac tardeba analizi, mxolod arawrfivi amocanis RerZul-simetriuli datvirTvis amoxsnis dros (nk=1, ng[i]=0) hl mocemulia 0-isagan gansxvavebuli ricxviT. rgolis geometriuli da meqanikuri parametrebi mocemulia gm marTviT proceduris sawyis monacemebs miekuTvneba aseve masivebi w[1:4, 1:nk] da F[1:6; 1:nk], romlebic Seicavs rgolis gadaadgilebisa da Zalis harmonikis amplitudis mniSvnelobebs masze moqmedeben Zalebi an nuli, sig parametris mniSvnelobis mixedviT.

konstruqciis kvanZTa simtkicis analizis dros sig=2 erTad W masivebi elementebi gansazRvra warmoebs Fk masivis Sesatyvisi elementebis xarjze, konstruqciis kvanZTa gadaadgilebis ganmsazRvreli romelime proceduris SedegiT. amis garda garsisebr elementTa winamdebare analiziT ganisazRvreba Mx da Mr  Sinagani momentebis mniSvnelobebi proceduris SedegiT. roca Sig=2 zustdeba Zalebi, romlebic moqmedebs rgolze, roca Sig=1 ganisazRvreba rgolis gadaadgilebebi, romelTa mniSvnelobebic Caiwereba W masivebSi.

Sig parametris mniSvnelobisagan damoukideblad proceduris SedegiT gansazRvruli iqneba Xx, Xr, (, X, Mx, Mr, T, M, Qx, (r, funqciis harmonikis amplitudis mniSvnelobebi, romlebic formirdeba dF masivSi, mF[1:4, 1:nk] da gn[1:2, 1:nk] TanafardobiT.

Shell dlement da Sing element procedurebi imdenad martivia, rom ar aris moyvanili blok-sqema. algoriTmis muSaobas SeiZleba Tvalyuri gavadevnoT teqstis mixedviT.
2.3-is daskvnebi
1. Sedgenilia algoriTmebi Sedgenili konstruqciebis daZabul-deformirebuli mdgomareobis gamokvlevisaTvis.

2. Sedgenilia konstruqciebis kvanZebSi wrfivi araRerZuli da geometriulad arawrfivi RerZuladsimetriuli deformaciebis gansazRvris algoriTmebi.

3. Sedgenilia konstruqciebis calkeuli elementebis daZabul-deformirebuli mdgomareobis analizis algoriTmi.
2.4. statikuri simtkicis analizis da sawyisi
monacemebis damuSavebis programebi
2.4.1. zogadi cnobebi sawyisi monacemebis Sesaxeb
am TavSi mocemulia Sedgenil konstruqciaze informacia, romelic saWiroa statikur simtkiceze kvlevisTvis. es informacia sawyisi monacemebis damuSavebis programebis daxmarebiT daiyvaneba standartul saxeebamde, romelic gamoiyeneba meoTxe TavSi aRniSnul algoriTmebSi. sawyisi monacemebis sistematizirebis da unificirebis, arsebuli algoriTmebis efeqturi gamoyenebisaTvis, raime Tu informaciis Tavmoyra da gadamuSaveba warmoadgens konstruqciis yvelaze Sromatevad nawils.

statikuri simtkicis programebi gamoiyeneba mxolod sawyisi monacemebis gadamuSavebis programebis informaciis, romelic programidan programas gadaecema vinCesteris da operatiuli mexsierebis saSualebiT. principSi informaciis gadacema SeiZleba sxva gziTac, magram es meTodi mexsierebis gamoyenebis saSualebas gvaZlevs. statikuri simtkicis gamokvlevis nebismieri programa aucileblobis SemTxvevaSi unda SevusabamoT mocemuli problemis gadawyvetas.

wrfivi da geometriulad arawrfivi simtkicis amocanebis analizis programebs aqvT analogi [23, 24, 145], xolo mdgradobisa da rxevebis gamokvlevebis programebi ganixileba pirvelad. programebis teqsti moyvanilia danarTSi. 

programebisa da algoriTmebisagan gansxvavebiT, romlebic SeiZleba CavweroT mxolod maTematikur aparatze dayrdnobiT, aucilebelia Tavi movuyaroT sawyis informacias konstruqciaze, rac warmoadgens Sromatevad da damRlel samuSaos. amasTan algoriTmTa Sedegis sizuste uSualodaa damokidebuli sawyis monacemTa sizusteze. sawyisi monacemebi guldasmiT unda Semowmdes da unda hqondes mxolod aucilebeli informacia, rame Tu zedmetma informaciam SeiZleba gaauaresos algoriTmTa muSaobis sizuste.

ganvixiloT varianti romelic Seicavs minimalur aucilebel informacias Sedgenil garsul konstruqciaze.

pirveli ZiriTadi parametrebia hsh da msh, romlebic gansazRvraven  konstruqciis elementTa ricxvs (kvanZebs da garsebs). konstruqciis kvanZebs Soris SeiZleba Segvxvdes rogorc realuri, ise fiqtiuri rgolebi. dawvrilebiTi informacia aucilebelia mxolod realuri kvanZebisTvis, amitom aucilebelia moviyvanoT realuri Spangoutebis ricxvi, romelic aRiniSneba hshr (0
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hsh) parametriT.

SemoTavazebul  algoriTmebSi   ganixileba   izotropuli, 
orTotropuli, eqscentriulad Camagrebuli garsebi. garsTagan bolo tipisTvis sasurvelia gamovyoT informacia Sesatyvisi garsebis Camagrebul elementebze. rac saSualebas mogvcems SevamciroT nulovani informacia. amisaTvis mocemulia garsTa ricxvis ganmsazRvreli 2 parametri: msh1 da msh2, romlebic Seicavs stringerul anakrefs da Sesabamisad Sualedur Spangoutebs.

sazogadod konstruqciis yoveli kvanZi SeiZleba iyos datvirTuli eqvsi Zalis Semdgari sistemiT. (21, 23), magram Cveulebriv mxolod calkeul (gamoyofil) kvanZebSi itvirTeba zogierTi ZalebiT. anu aucilebelia informacia zustad am Zalebze, romelTa ricxvic aRiniSneba mf parametriT (0
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nsh). konstruqciis kvanZebze, romelTa raodenobac ganisazRvreba indifikatoriT ha(1
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nsh) SeiZleba daidos geometriuli SezRudvebi anda konstruqciis xisti Camagreba.

Semdeg mocemulia nI parametri, romelic aucilebelia simtkicis amocanebis amoxsnis dros. geometriul arawrfiv dasmaSi gansazRvravs miaxloebis maqsimalur dasaSveb ricxvs. konstruqciis mdgradobis da sakuTari ricxvebis gamokvlevebSi n1=1, xolo araRerZulsimetriuli amocanisaTvis n1=0.

datvirTvebis daSlis harmonikis maqsimaluri ricxvi da daZabul-deformirebuli mdgomareoba mocemulia nk parametriT, romelic RerZsimetriuli mdgradobis amocanebis da konstruqciis rxevebis gamokvlevebSi 1-is toli unda iyos. am parametrs mohyveba nps-is fardobiTi sizustis mocema, romliTac aucilebelia miviRoT saboloo Sedegi.

araRerZsimetriuli amocanis amoxsnis dros aRricxvis procesSi aucilebeli xdeba rgoluri mimarTulebis daZabul-deformirebuli mdgomareobis funqciebze informaciis miReba; amisaTvis gankuTvnilia parametri npsi, rgolur koordinatis intervalze wertilebis ricxvis ganmsazRvreli, romelSic iqneba gansazRvruli informacia. RerZsimetriuli datvirTvebis dros. am SemTxvevaSi epsi aris nulis toli.

Sedgenili konstruqciis simtkicis gamokvlevis dros SeiZleba sxvadasxva mimarTulebiT wasvla. imisaTvis, rom gamovyoT gansazRvruli mimarTuleba, SemoviyvanoT mmarTveli parametri 1p. roca Ip=0 gamoikvleva mxolod simtkice. anu ganisazRvreba konstruqciis daZabul-deformaciuli mdgomareobis elementebis funqciebi. simtkicis gamokvlevisaTvis roca Ip=1 an 2-s. Ip mniSvneloba am SemTxvevaSi gansazRvravs kritikuli Zalis Ziebis gziT. konstruqciis rxevebi gamoikvleva roca Ip=3, Ip=4 an Ip=5 moicema konstruqciis mdgomareobis da simtkicis kvlevebi.

simtkice da rxevebi gamokvleuli iqneba roca Ip=6. marto mdgadoba da rxevebi gamoikvleva roca Ip=7 an Ip=8. konstruqciis gamokvlevis ZiriTad SemTxvevebSi, roca ganisazRvreba simtkice, mdgradoba da rxevebi 1p=9 an 1p=10.

mmarTveli parametris Semdgom zogierT SemTxvevaSi moicema parametrebi psi1, psi2, q1, q2, dq, n2, n3, ns, 0m1, 0m2, dom, nom, q. pirveli ori parametri romelic Semoyvanilia mxolod roca npsi(0 rgolur mimarTulebaSi gansazRvraven intervalis sawyis da saboloo wertilebs (psi1=(20, psi2=(2k) sadac aucilebelia ganvsazRvroT daZabul-deformirebuli mdgomareobis funqciis mniSvneloba bijiT ((2((psi2-psi1)/npsi. es parametrebi mocemulia gradusebiT. Semdegi xuTi parametri Semodis roca 1p
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6. parametrebi q1 da q2 gansazRvraven datvirTvis sawyis da saboloo mniSvnelobebs. dq mniSvneloba gansazRvravs datvirTvis bijs, xolo n2 da n3 parametrebi konstruqciis mdgradobis gamokvlevaSi, rgoluri mimarTulebiT gansazRvraven talRebis ricxvis sawyis da saboloo mniSvnelobebs. Semdegi xuTi parametri 0m1, om2, dom, nom da q. Semoiyvaneba mxolod maSin, roca 1p=4(1p=5(Ip(8.0m1 da 0m2 parametrebiT mocemulia mxolod sixSiris sawyisi da saboloo mniSvnelobebi, xolo sixSiris biji da talRebis ricxvi rgoluri mimarTulebiT _ dom da nom-is xarjze ganisazRvreba. fardobiTi datvirTva, romlis drosac ganisazRvreba rxeva, mocemulia q parametriT. ZiriTad sawyis monacemebs miekuTvneba SezRudvebic, romelic dadebulia konstruqciis gadaadgilebis kvanZebze. es SezRudvebi mocemulia masivebiT bh [1:na,1:6].

konstruqciis bmebs (kavSirebs) warmoadgenen bunebrivi garsebi. 

bmebis parametrTagan sakmarisia SemovitanoT masivi gmr[1:nsh,1:15], romlis Sesatyvis elementTa sawyisi monacemebi garsze mocemulia cxrilSi 3.
cxrili 3
Sesatyvis elementTa sawyisi monacemebi garsze 
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Tu informacias atarebs gmr masivis TiToeuli elementi dawvrilebiTaa aRwerili mesame TavSi, sli parametrebis gamoklebiT. es parametri gansazRvravs daSorebis manZils garsis torsuli Spangoutebis simZimis centrebs Soris. ramdenadac is dakavSirebulia brunvis RerZis gaswvriv. (nax. 38). im SemTxvevaSi roca umciresi indeqsis torsuli Spangoutis mimarTuleba sxva Spangoutisaken ar emTxveva konstruqciis RerZis brunvis mier amorCeul mimarTulebas, parametri sli da SL mniSvnelobebi savsebiT sakmarisia imisaTvis, rom geometriuli Tanafardobebidan programaSi gansazRvruli iyos Sepirebebis miuwvdomeli parametrebi.
aRsaniSnavia, rom garsis mudmivi sisqis dros mh=1, xolo sisqis wrfivad cvlilebis dros mh=2.
zogad SemTxvevebSi ori gansazRvravs garsis wertilebis ricxvs, romlisTvisac mocemulia garsis sisqis cvlis koordinantis mniSvnelobebi. 

SeerTebis yvela kvanZebisaTvis mocemulia ghr [1:nsh, 1:2] martivi, yvela kvanZis radiusis ri=gnr[i,1] da garsebis raodenobis ski=gm[1,2] ganmsazRvreli, romelic mierTebulia sawyis koordionatis i-ur kvanZTan (1(1(nsh).
[image: image606.jpg]



nax. 38. brunvis RerZis gaswvriv garsis torsuli
   Spangoutenis simZimis centrebs Soris
 gansazRvreli parametrebi
SemdgomSi modis damatebiT informacia konstruqciis elementebze. konstruqcias garsebidan zogierTebSi stringeruli nakrebis an misi msagavsi (0(nsh1(msh)-is arsebobis SemTxvevaSi, moicema masivi gm[1:msh1, 1:7], Sesatyvis garsTan geometriuli nakrebis ganmsazRvreli. Semdeg roca 0<msh2(msh, rac migvaniSnebs zogierT SeerTebebze Sualeduri Spangoutebis arsebobaze mocemulia masivi gm[1:msh2, 1:7], romelic analogiuria stringeruli nakrebis maxasiaTeblebis ganmsazRvreli masivisa.

am  masivis  elementebi,  romelTa Sesatyvisoba mocemulia 
cxrilSi 4 gansazRvraven sidideebs, romlebic axasiaTeben am Camagrebebis meqanikur da geometriul Tvisebebs.
cxrili 4
stringeruli nakrebis maxasiaTeblebis ganmsazRvreli 
masivis elementebi
	j
	I
	2
	3
	4
	5
	6
	7

	gm[s,i]
	k
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k parametri gansazRvravs garsis nomers, romelsac aqvs Sesatyvisi elementebi, xolo mniSvneloba gansazRvravs Tu romeli mimarTulebiTaa gamagrebuli (i. Tu ganvixilavT garsis stringeruli nakrebis monacemebs (i=I), maSin nL(i=2) gansazRvris saSualo manZili Spangoutebs Soris (L2) danarCeni parametrebi inarCuneben pirvandel azrs.

mxolod realuri SpangoutebisTvis aucilebelia geometriuli da meqanikuri parametrebis micema, romlebic formirdeba gn [1:nshr,1:9] maragSi. am masivis elementTa Sesatyvisoba k realuri rgolisTvis mocemulia 5. cxrilSi, sadac SenarCunebulia mesame TavSi miRebuli mniSvnelobebi.
konstruqciis elementebis meqanikur da geometriul maxasiaTeblebze informacias asruleben masivebi.
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 cxrili 5
realuri SpangoutebisTvis aucilebelia geometriuli da 
meqanikuri parametrebi

	j
	I
	2
	3
	4
	5
	6
	7
	8
	9

	gn[i,j]
	n
	En
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sadac Tavmoyrilia wertilebis koordinatebis aucilebeli mniSvnelobebi, (sisqis mudmivi da wrfivi cvalebadobis dros koordinatis mniSvnelobebi mocemuli ara aris) da sisqis mniSvnelobebi, garsebisTvis miTiTebul wertilebSi da mudmivi da wrfivad cvladi sisqis garsebisaTvis.

koordinatebi   da  misi  Sesatyvisi  sisqis  mniSvnelobebi 
Caiwereba yoveli garsis sawyisi koordinatis kididan sawinaaRmdego kidisken. garsis numeraciis mixedviT koordinatebis mniSvneloba roca shi-2vshi=3 mocemulia gradusebSi, danarCen SemTxvevaSi maT aqvT sigrZis ganzomileba.

datvirTvis zogad SemTxvevebSi datvirTvis yvela komponentebi algoriTmuli samuSaoebisTvis unda iyos warmodgenili furies sasruli mwkrivis saxiT. amasTan aucilebelia araa gamoisaxos datvirTvebi Sesatyvisi harmonikis amplitudebiT, maT SeiZleba mivceT zogadi saxe, xolo gamosaxulebis angariSi SevasruloT kompiuterze. am midgomiT SesaZlebelia Semdegi varianti. Tundac erTi rgolis datvirTvis SemTxvevaSi (mF>0), ciklSi 1-dan mF-mde, TanamimdevrobiTaa mocemuli monacemebi yoveli ZalisTvis. ciklis yovel bijze mocemulia parametrebi n1, n2, n3, i da jA parametri n1 gansazRvravs ricxvs, romelic tolia 2(-is Sefardebisa moqmedi Zalis periodTan. datvirTvis sistemis gvaroba fij (cxr. 6) (2 koordinataze mocemulia n2 parametriT. n3 parametris mniSvneloba gansazRvravs a,b (1:n3) masivebis ganzomilebas, romlebiTac mocemulia am Zalis mniSvneloba da misi Sesatyvisi (2 koordinatis mniSvnelobebi gradusebSi. I-is mniSvneloba gansazRvravs konstruqciis kvanZis nomers, romelzedac moqmedebs Zala. fij-is ZalebTan da momentebTan Sesatyvisi funqciebi, romelic modis I-el rgolze mocemulia cxrilSi 6.
cxrili 6

fij-is ZalebTan da momentebTan Sesatyvisi funqciebi
	j
	1
	2
	3
	4
	5
	6

	fij
	ti
	qi
	mi
	si
	mxi
	mri


mocemuli datvirTvis ciklis biji, romelic moqmedebs rgolze, mTavrdeba a da b masivis CaweriT. roca n3
[image: image616.wmf]£

1 a[1] marTvis elementi warmoadgens fij datvirTvis amplitudis mniSvnelobas, romlis nomeric Caiwereba b[1]-Si plius niSniT, Tu harmonikebi miekuTvneba zeda trigonometriul funqciebs (17) sxva SemTxvevebSi nomeri Caiwereba minus niSniT. 

zedapiruli datvirTvis komponentebis mniSvnelobebi q2=((1,(2)  daкq1 ((1,(2)иganisazRvreba erTsaxeliani masivebiT da cvladebiT. qvemoT magaliTis saxiT warmodgenilia informacia q1шы((1,(2), romelic moicema pirvelad. danarCeni datvirTvebi mocemulia analogiurad.

pirvelad mocemulia mfk parametri, romelic gansazRvravs q1 komponentiT datvirTuli garsebis ricxvs. ganvixiloT zogadi SemTxveva roca mFk
[image: image617.wmf]¹

0 (roca mFk=0) informacia q1 datvirTvaze wydeba, da xdeba gadasvla momdevno komponentis aRweraze). am SemTxvevaSi mocemulia mk[1:mFk; 1:2] masivi, romlis elementebic gansazRvraven datvirTuli garsebis nomrebs (mk[i,1] da Sesatyvisi garsis wertilebis ricxvs meridianze mk[1,2], romelic gansazRvravs  masivebis  ganzomilebas da atarebs informacias zedapiruli datvirTvis komponentebis moqmedebaze (2 rgolur mimarTulebaze. amplitudis cvlilebis kanonis mixedviT datvirTvis komponentebi i-uri garsze mk[i,2]=2, xolo mudmivi amplitudis SemTxvevaSi mk[i,1]=1 Semdgom ciklSi 1-dan mFk-mde mxolod mk[1,2]>2 -sTvis Semoiyvaneba masivebi xx[1:mk[1,2]] (1(i(mFk).
(1 mniSvnelobis ganmsazRvreli mk[1,1] Sesatyvisi mniSvnelobisaTvis, romelSic mocemulia informacia datvirTvebis moqmedebaze rgolur mimarTulebaSi. amis Semdeg ciklSive 1-dan mFk-mde mis yovel bijze i-uri garsisaTvis (mk(i,1)). misi meridianis yovel wertilSi, romlis raodenobac ganisazRvreba mk[i,2] sididiT, mocemulia parametrebi n1,  n2,  n3  da masivebi z koordinatis mimarT. a1p masivebis elementebi gansazRvraven datvirTvis mniSvnelobebs da mis Sesatyvis
koordinatebs gradusebSi. cnobili daSlis SemTxvevaSi zedapiruli datvirTvis komponentebi, furies mwkrivSi a[1] masivis yovel elementi TavisTavSi warmoadgens harmonikis amplitudis sidides, romlis nomeric mocemulia b[1]-iT. am masivebis ganzomileba mocemul SemTxvevaSi ganisazRvreba abs(n3) ricxviT, romelic mocemulia, mTel ricxviT da ar udris 0-s da toli an naklebia 1-is. n3 aseTi aRniSvna aucilebelia SemovitanoT aRniSvna (i(a1) warmoqmnili masivebis C[1:mk[i,2]] i-ur garsis wertilebSi.

amasTan unda gaviTvaliswinoT, rom a da b masivebis elementebi mocemulia yoveli garsisaTvis, romelic sawyisi koordinatiT. 

mas Semdeg rogorc ki iqneba mocemuli mTeli informacia zedapiruli datvirTvis q1 pirvel komponentze, gadadian meoreze q2 da bolos qz -ze.

zemoT CamoTvlili sawyisi monacemebi aucilebli da sakamrisia mravladbmuli konstruqciis statikuri, simtkicis angariSisaTvis. am ricxviT monacemTa jgufis wyoba aRwerilia adre, da Setanilia vinCesterze.
2.4.2. sawyisi monacemebis damuSavebis programa

sawyisi monacemebi Sedgenili konstruqciaze, romlebic dawvrilebiTaa ganxiluli, warmoadgenen srul informacias, magram am saxiT isini ar gamoiyeneba statikuri simtkicis algoriTmad rogorc mTliani konstruqciisaTvis, ise misi calkeuli elementebisaTvis. am informaciis gadamuSavebisaTvis Sedgenili iqna programa, romlis maTematikuri uzrunvelyofa Seicavs procedurebs kuttamersoh, quickersort, infrdiF, coeFF da geometria.

gmr, gn (cxrili 3, 5) da gm masivebis aRniSvnebis gamoyenebiT, Sesatyvisi gamagrebebis (cxrili 4 parametrebis ganmsazRvreli, programa warmoqmnis axal gm[1:msh, 1:30] masivs, romelic Seicavs srul informacias konstruqciis garsisebr elementebze (1i0, (1ik parametrebi. im SemTxvevaSi, roca shi=2vshi=3 da a4i roca shi=1 gradusebidan gardaiqmneba radianebSi.

parametrebi, romlebic miekuTvneba konstruqciis Spangiutebs, 

nax. 39. parametrebis ganmsazRvreli programa

programiT formirdeba gnr da gn masividan (cxr. 5) da Caiwereba gnk[1:nsh, 1:10] masivSi.

konstruqciis elementebze moqmed datvirTvebze mocemuli sawyisi monacemebis programa analizs ukeTebs da gaSlis furies mwkrivad. programis samuSaos Sedegi ganisazRvreba nk harmonikis saWiro ricxvi gaSlaSi, romelic SeiZleba iyos naklebi an toli mocemul nk-is da harmonikis nomris, romlebic Caiwereba ng[1:nk] masivSi. aRsaniSnavia, Zalebis Sesabamisi funqciis harmonikis amplitudebi Tavsdebian marTvis gankuTvnil masivebSi (22) (24). 
programis muSaobis dros ganisazRvreba mmarTveli parametri romelic miuTiTebs, Tu ra saxis analizis Catarebaa saWiro. sqematurad mocemuli procesi warmodgenilia nax. 40-ze Sesatyvisi sawyisi parametrebis mniSvnelobaze damokidebuleba SeiZleba  miviRoT  kvlevis  ganmsazRvreli   parametri.  wrfivi simtkicis araReZul-simetriuli datvirTvis dros, simtkicis RerZul-simetriuli amocanis geometriuli arawrfivobis gaTvaliswinebiT: mdgradobis, rxevebis, simtkicis da mdgradobis simtkicis da rxevebis; mdgradobis da rxevebis da sabolood simtkicis, mdgradobisa da rxevebis (gamokvlevebis zogadi saxe). ZiriTadi mudmivebi romlebic gansazRvraven gardaqmnili sawyisi monacemebis masivebis (zomebs) sidideebs da konstruqciis gamokvlevis mimarTulebas Caiwereba cn[1:26] masivebSi, romlis elementTa Sesabamisad warmodgenilia cxrili 7.
ZiriTadi mudmivebi romlebic gansazRvraven gardaqmnili sawyisi monacemebis masivebis (zomebs) sidideebs da konstruqciis gamokvlevis mimarTulebas Caiwereba cn[1:26] masivebSi, romlis elementTa Sesabamisad warmodgenilia cxrili 7.
am samuSaoSi ganixileba urTierTqmedi programebis varianti Sida damamaxsovrebeli mowyobilobis xarjze, rac saSualebas gvaZlevs optimalurad gamoviyenoT kompiuteris operatiuli mexsiereba. yoveli programis Sedegi, romlebic Caiwereba vinCesterze  warmoadgens Semdgomis sawyis monacems.


nax. 40. sawyis monacemTa damuSavebis programa

cxrili 7
sawyisi monacemebis masivebis (zomebs) sidideebs da konstruqciis gamokvlevis mimarTuleba
	
	1
	2
	3
	4
	5
	6
	7
	8

	cn
	nsh
	msh
	na
	nI
	nk
	eps
	mx
	my


	9
	10
	11
	12
	13
	14
	15
	16
	17

	mz
	0
	mh
	psi1
	psi2
	npsi
	mL
	Ip
	q1


	18
	19
	20
	21
	22
	23
	24
	25
	26

	qz
	dq
	nz
	n3
	om1
	om2
	dom
	nom
	q


mocemuli mdgradobis upiratesoba naTlad Cans simtkicis programebis da personalur kompiuterze.

yvela  sawyisi   monacemebi  writ (a, b, c, d, e)   procedurebis 
daxmarebiT Caiwereba vinCesterze. vinCesteris zonis nomris mniSvneloba Sesatyvisi masivebisTvis mocemulia cxrilSi 8.
cxrili 8
vinCesteris zonis nomris mniSvneloba Sesatyvisi 
masivebisTvis
	a
	cn
	bn
	gnk
	gm
	xxk
	xyk
	xzk

	d
	0
	0
	I
	2
	5
	9
	13


	xnk
	hhk
	ng
	Fsh
	xnk
	yhk
	zhk

	21
	25
	29
	30
	36
	42
	48


sawyisi monacemebis gadamuSavebis programis da analizis saxeobis marTviT, sawyisi monacemebis Semdeg romlis Sedegebic Caiwereba vinCesterze, gadadian konstruqciis analizze an mis calkeul elementebze qvemoT aRwerili programiT. es programebi iyeneben informacias mxolod vinCesterze.

2.4.3. daZabul-deformirebuli mdgomareobis analizis
programebi
 Sedgenili konstruqciis statikuri simkvrivis analizis programebi, romlebic moyvanilia danarTSi, SeiZleba ganvixiloT rogorc simtkicis algoriTmebis gamoyenebis variantebi da sawyisi monacemebis damuSavebis programebi.

programebs, romlebic miekuTvneba Sedgenili simtkicis, mdgadobis da rxevebis gamokvlevebs, praqtikulad aqvT erTnairi struqtura. yvela isini iyeneben maTematikur uzrunvelyofis erTsadaimave procedurebs, romlebic moyvanilia danarTSi.
matrm, mvector, transmat, kuttamerson,

scalar, crout, intrdiF, geometria da mesh,              (141)

programis safuZvels warmoadgens informaciis gadanawilebas vinCesteridan kompiuteris operatiul mexsierebaSi. Sesabamisad mas mere rac informaciis gansazRvra damTavrdeba xdeba mimarTva ama Tu im simtkicis algoriTmze, romlis samuSaos Sedegic Caiwereba vinCesterze an ibeWdeba sabeWd mowyobilobaze (beWdvis operatorebi CaSvebulia programebSi). am programidan TiToeuls aqvs Taviseburebebi. mag. arasimetriulad datvirTuli konstruqciis wrfivi simtkicis gamokvlevis dros, sanam daiwyeben informaciis Tvlas awarmoeben Semowmebas datvirTvis RerZulsimetriulobaze. im SemTxvevaSi Tu yvela datvirTvebis komponentebs aqvT mxolod daSlis nulovani harmonikebi, maSin nl parametrs, romelic toli unda iyos nulis. mieTviseba mniSvneloba nl=10 da miecema brZaneba programidan gasvlis. imis miTiTebiT, rom angariSi mocemul SemTxvevaSi unda CavataroT wrfivi Teoriis Sesabamisad aseTi situaciis ar arsebobis dros xdeba informaciis gadanawileba, romlis Semdeg muSaobas iwyebs procedura.

Linear deFormation am procedurebis samuSaoebis Sedegebs aqvT ara marto damoukidebeli mniSvneloba, aramed gamoiyeneba calkeul elementTa simtkicis analizis programebSi, risTvis Caiwerebian isini vinCesterze. am Sedegebis damoukideblad gamoyenebis aucileblobis SemTxvevaSi programebSi SeiZleba gaviTvaliswinoT Sesatyvisi bloki. 

kvanZTa gadaadgilebis programis gansazRvra geometriuli arawrfiobis gaTvaliswinebiT (RerZis simetriuli datvirTva) iwyeba SemowmebiT datvirTvis arasimetriulobaze, romlis SedegiTac aseT situaciaSi marTva gadaecema programis gamosavalze. proceduris muSaobiT Nonlinear deFormation da misi Sedegebis CanaweriT programa ar mTavrdeba. masSi kidev aris konstruqciis mdgradobis gamokvlevis aucileblobis ganmsazRvreli bloki. am blokis muSaobis dros gamoikvleba Zalebi konstruqciis elementebSi. im SemTxvevaSi Tu aRmoCndeba mkumSavi Zalebi, maSin sawyisi monacemebi gardaiqmneba. mmarTveli parametri Ip SeiZleba Sesatyvisi mniSvnelobiT, rom amuSavdes mdgradobis gamokvlevis programa, xolo mdgradobis parametrebs mieniWeba Semdegi mniSvnelobebi:

          q1=0,5;     q=2;      dq=0,1;     h2=0;      h3=5;               (142)

gardaqmnili monacemebi Caiwereba cn-is Sesatyvis elementebSi, romlebic vinCesteris daxmarebiT Secvlian Zvel informacias. amiT mocemuli programis muSaoba damTavrdeba. 

Sedgenili konstruqciis mdgradobisa da rxevebis gamokvlevis programebSi maTematikuri uzrunvelyofis procedurebis garda, romelzec zemoT iyo saubari, kidev arsebobs saerTo procedurebi (detop, prebuskl, Form da detFolycons), romlebic warmoadgenen Sesatyvisi algoriTmebis safuZvels. yvela informaciidan mraval konstruqciaze am programebSi vinCesterzec iTvleba monacemebi, romlebic gansazRvraven konstruqciis elementebis geometriul da meqanikur parametrebs, calkeuli elementebis SeiaraRebis pirobebsa da funqciis mniSvnelobis kritikul mdgomareobamde. yvela es monacemebi rogorc wina programebSi Caiwereba vinCesterze. 

mdgradobis gamokvlevis programa iwyeba kritikuli datvirTvis Ziebis xerxis gansazRvriT informaciis gadanawilebis Semdeg muSaobas iwyebs proceduras buckling, romlis Sedegebic ibeWdeba. amiT konstruqciis mdgradobis gamokvlevis programebis muSaoba mTavrdeba.

rxevis gamokvlevis programa sawyisi monacemebis TvliT da CaweriT, pirvelad prebucki, xolo Semdeg oscillatioh procedurebze mimarTviT. bolo proceduris muSaoba da misi Sedegis dabeWvda amTavrebs Sedgenili konstruqciis rxevis gamokvlevis programis moqmedebis.

mdgradobis gamokvlevis programa iwyeba kritikuli datvirTvis Ziebis xerxis gansazRvriT, informaciis gadanawilebis Semdeg iwyeba procedura buckling polyconstructure, romlis Sedegebic ibeWdeba. amiT konstruqciis mdgradobis gamokvlevis programis muSaoba mTavrdeba.

rxevis gamokvlevis programa iwyeba sawyisi monacemebis TvliT da CaweriT, pirvelad prebucki xolo Semdeg oscillatioh polyconstructure procedurebze mimarTviT. bolo proceduris muSaoba da misi Sedegis dabeWvda amTavrebs Sedgenili konstruqciis rxevis gamokvlevis programis moqmedebas.

2.4.4. konstruqciis calkeuli elementebis daZabul-   

deformirebuli mdgomareobis simtkicis 

analizis programebi

konstruqciis elementebis daZabul-deformirebuli mdgomareobis funqciis ganmsazRvreli programebi Sedgenilia maTematikuri uzrunvelyofis procedurebis mTliani krebulis an misi nawilis gamoyenebiT, romlebic gamoiyeneba momdevno programebSi da sam damatebiT algoriTmSi deFequorto da ring element. am programebis teqsti moyvanilia danarTSi. am programebis dasawyisi iseTivea rogorc zemoT aRwerilebis. programebis saerTo nawili amiT mTavrdeba. 

garsebis elementebis daZabul-deformirebuli mdgradobis gamokvlevis programebSi logika Sedgenilia konstruqciis  gadaadgilebis gansazRvris algoriTmebiT, amoxsnadi gantolebis magaliTis mixedviT. anu jer ganixileba garsebi, pirvel SpangaiutTan sawyisi koordinatis kodiT SeerTebuli Semdeg isini rolebic mierTebulia meoresTan da a.S. aseTi midgoma ganpirobebulia sawyisi informaciis ganlagebiT da algoriTmebis muSaobis SedegiT linear deFequorto an Nonlinear deFequorto.

calkeuli garsebis SeerTebis gamokvleva iwyeba matricebis nawilebis gansazRvriT. (ijs da (jis informaciis amorCeva koordinantul wertilebze sadac mocemulia datvirTvebi q1, q2  da qz  da garsis sisqe da am wertilebSi  sisqis mniSvneloba. es amorCeuli informacia Caiwereba masivSi 

                               xx [1:mx], xy[1:my], z[1:mz],

xh, hh[1:mh]                                  (143)
sadac mx, my, mz, mh ganisazRvrebian gm masivis elementebiT, romlebic formirebulia saerTo maragidan yvela garsisTvis (24, 25). im SemTxvevaSi Tu ganixileba geometriuli arawrfivi amocana gamoiZaxeba masivi 

nof [1:5, 1:ni).                             (144)

O1, O2, T11, T22 da S mniSvnelobis gansazRvrisaTvis orTogonalizaciis wertilebSi garsis meridianze.

sawyisi monacemebi garsebze da masivi gm ar icvlebian erTi harmonikidan sxva harmonikamde, amitom isini gamoyofilia blokebis win harmonikebad. cikli harmonikebze iwyeba vinCesteridan informaciis gamoZaxebiT zedapiruli datvirTvis komponentebze da torsuli kvanZebis gadaadgilebaze (i da (j-gansaxilveli garsis kideze.

es informacia Caiwereba masivSi 

                               xnk[1:hx], yhk[1:my], >hk[1:mz]

b1[1:4], b2[1:4].                               (145)
(ijs, (jis gansazRvramde, romlis zogierTi elementebi damokidebulia harmonikis nomerze, gamosaxulebiT (51) formirdeba sasazRvro pirobebi, romlebic Caiwereba bn da bc masivebSi: rogorc ki iqneba gansazRvruli sasazRvro pirobebi, muSaobas iwyebs shell element procedura, romlis safuZvelSi Cadebulia sasazRvro amocanis ricxviTi amoxsnis daZabul-deformaciuli mdgomareobas.

          
U, W, (1, V, T11, Q11+n/A2 H1M11, S+2K2H, T22, M22,

         Q11, Q22, S, H, E11, E22, K11, K22, E12, K12,                    (146)

gamoiyeneba yvela harmonikaze saerTo amonaxsnis Sekrebis gansazRvris dros da azustebs datvirTvebs, romlebic moqmedeben konstruqciis kvanZebze. mocemuli sizustis miRwevis Semdeg xdeba miRebuli Sedegebis Sejameba zogadi amonaxsnis saxiT, zedapiris calkeul wertilebze ((1, (2). amasTan gamoiyeneba gacvla vinCesteris informaciasTan. am blokiT mTavrdeba gamoyofili harmonikis ganxilva da xdeba gadasvla axal harmonikaze. cikli haronikebze mTavrdeba adre amoxsnis krebadobis mixedviT. amiT garsis simtkicis analizi programis mocemuli redaqciiT mTavrdeba.

aq SeiZleba damatebiTi blokebis Semotana. kerZod Sedegis monacemis blokis. Zabvis ganmsazRvreli blokis, simtkicis maragis koeficientis blokis da a.S.

zemoT aRwerili sqemis mixedviT yvela darCenili garsebis elementis aRweriT mTavrdeba garsebis elementebis daZabul-deformaciuli mdgomareobis analizis programebis muSaoba. 

konstruqciis kvanZebis analizis programaSi gamoiyeneba mxolod sami procedura crout, scalar da rihg element, bolo maT Soris gankuTvnilia rogorc daZabul-deformirebuli mdgomareobis funqciis harmonikis amplitudis gansazRvrisTvis. konstruqciis kvanZebTan dakavSirebuli informaciis amorCevis Semdeg, xdeba gadasvla konkretuli rgolebis analizze, romelic iwyeba pirvelidan. informacia romelic exeba mxolod gansaxilvel rgols, amoirCeva da Caiwereba masivSi W[1:4, 1:hk], gn[1:10], Fh[1:6, 1:hk].

am informaciis gamoyenebiT da gn[1:hk]-s mniSvnelobiT, procedura rig element gansazRvravs funqciis harmonikis amplitudebs

              Xx, Xp, (, X, Mx, Mr, T, M, Qx, Qr.                 (147)

romlebic Semdeg gamoiyeneba am funqciis mniSvnelobebis gansazRvris dros, intervalis konkretul wertilebSi (2 (psi1, psi2, npsi). funqciis mniSvnelobebi rgoluri koordinatis wertilebSi SeiZleba daibeWdos da iyos gamoyenebuli rogorc kveTis calkeul wertilSi Zabvis gansazRvrisTvis da a.S. am programis mocemul redaqciaSi aseTi blokebi arsebobs gamoyofili rgolis gamokvlevis procesi amiT mTavrdeba da xdeba gadasvla konstruqciis momdevno kvanZis analogze. rogorc ki iqneba gansazRvruli funqciebi bolo rgolisTvis, konstruqciis kvanZebis simtkicis analizis programa amTavrebs Tavis muSaobas.

mocemuli programebidan nebismieri SeiZleba Seicvalos, gaCndes damatebiTi blokebi, aseTi didi drois danaxarjiT. rac martivadaa SesaZlebeli saprogramo ena MALAB. 6.5-is gamoyenebiT.

2.4.5. gaangariSebis magaliTebi. Sedegebis analizi

magaliTi 1. cilindruli garsebis sakuTari rxevebis testur angariSSi gamoyenebuli iyo Cvens mier SemoTavazebuli meTodi da sasrul elementTa meTodi. testi Catarda samfenian garsze, romlis msaxvelis sigrZe 1 m-ia, radiusi 0.1 m, fenis sisqe 0.01 m. garsis sakuTari rxevebis sixSirisa da fardobiTi cdomilobis angariSis Sedegebi mocemulia cxrilSi 9. 
normirebuli sakuTari formebis angariSis cdomileba aseve akmayofilebs sizustis moTxovnas dabali sixSireebisaTvis.
                                                        cxrili 9
garsis sakuTari rxevebis sixSirisa da fardobiTi 

cdomilobis angariSi

	sixSiris nomeri
	1
	2
	3
	4
	5
	6
	7
	8

	SemoTavazebuli

meTodiT
	576
	592
	791
	877
	1000
	1100
	1200
	1230

	sem-iT
	594
	619
	844
	917
	1080
	1180
	1350
	1370
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magaliTi 2. “borblis” tipis konstruqciis daZabul-deformaciuli mdgomareobis Seswavla lokaluri datvirTebis SemTxvevaSi.


borbali moZraobis pirobebSi ganicdis sxvadasxva saxis deformaciebs, romelic damokidebulia gzis nawilze, siCqareze da aCqarebaze. aq ganixileba ara realuri borbali, aramed misi msgavsi, romelic Sedgeba eqvsi garsisa da ori Spangoutisagan. gamoyenebuli masalis drekadobis modulia 
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 tangencialuri da normaluri qzn Zala (ix. nax. 41). tangencialuri 
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 Zalis sivrciTi gamosaxulebis epiura mocemulia (nax. 45)-ze SeiZleba gamoisaxos Semdegnairad:
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normaluri 
[image: image623.wmf]z

q

 Zala moqmedi torisebr da konusur garsze Sedgeba ori komponentisgan: wneva 
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 mxolod gare ekvatoris areze, sadac es Zala SesaZlebelia warmovidginoT Semdegi saxiT:       
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jamuri normaluri Zala iqneba mxolod 
[image: image629.wmf]2

a

-ze damokidebuli funqcia nax. 42-ze mocemulia 
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q

-is epiura ekvatoris areSi.
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nax. 41. borbalze moqmedebs q ( p wneva, meridianis gaswvriv

q1  tangencialuri da q ( p normaluri Zala 

nax. 42. konstruqciis dayofis sqema rva kvanZad da rva bmad
SemoTavazebuli meTodikis Tanaxmad konstruqcia iyofa rva kvanZad da rva bmad (nax. 43). mxolod ori kvanZi warmoadgens Spangoutebs, danarCeni kvanZebi – fiqtiurebia. konstruqciis ZiriTadi parametrebia: 
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nax. 43. tangencialuri q1 Zalis sivrciTi gamosaxulebis

 epiura
konstruqciis dayofa kvanZebad da mTeli konstruqciis sixistis matricis kavSiri SesaZlebelia warmodgens nax. 42-is saxiT. am matricis daStrixuli kvadrati aRniSnavs aranulovan pij qvematricas, Catarebuli angariSis Sedegad iyo miRebuli yvela funqcia, romelic aRwers daZabul-deformirebul  mdebareobas, romlis nawili mocemulia  nax. 44, 49-ze.

nax. 45-ze warmodgenilia konstruqciis deformirebuli meridianuli kveTi. 
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 kveTi warmoadgens SedarebiT ufro datvirTul ubans da igi Zlier deformirdeba sawinaaRmdego kveTTan 
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 SedarebiT. daZabul-deformirebuli mdgomareobis erTi meridianuli kveTidan meoreze gadasvla atarebs kosinusoidalur xasiaTs. SedarebiT sustad icvlis formas cilindruli da konusuri kavSirebi (bmebi) da konstruqciaSi wriuli firfita, magram isini ufro metad ganicdian Runvis deformaciebs. 
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nax. 44. jamuri normaluri Zala, romelic iqneba mxolod

(1-ze damokidebuli funqcia
   [image: image644.jpg]I ol =0
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nax. 45. konstruqciis deformirebuli meridianuli kveTi
[image: image645.jpg]


 
nax. 46. daZabul-deformirebuli mdgomareobis erTi

          meridianuli kveTidan meoreze gadasvlis sqema

nax. 48 da nax. 49-ze warmodgenilia u, (, (1, ( gadaadgilebis T11, T22 ZalTa da M11, M22 mRunav momentTa yofaqceva 
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 paralelze. wardgenili Sedegebi metyvelebs, konstruqciis rTul daZabul mdgomareobaze, amasTan SesaZlebelia Zalze davakvirdeT, Tu rogor muSaobs konstruqciis esa Tu is nawili.
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nax. 47. cilindruli da konusuri kavSirebi (bmebi)
konstruqciaSi wriuli firfitebis dros
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nax. 48. Zalvebis gadaadgilebebis epiurebi
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nax. 49. mRunav momentTa yofaqcevis epiurebi

magaliTi 3. lokaluri datvirTvis ganawilebis da sasazRvro pirobebis gavlena cilindruli garsis gamamagrebeli rgolis deformirebul mdgomareobaze. ganvixiloT R, radiusis mqone ori cilindruli garsiT Sedgenili konstruqcia L sigrZiT da L sisqiT, romlebic erTmaneTTan Sepirapirebulia kvadratuli kveTis mqone SpangoutiT, romelis gverdis sigrZea R/10 da romelic xistadaa Camagrebuli boloebSi (ix. nax. 50). 
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nax. 50. ( gadaadgileba (1 koordinatis gaswvriv ( kuTxis

     konkretuli mniSvnelobisaTvis damokidebulebebi
Spangoutze moqmedebs erTeulovani Seyursuli Zala (. SevavsoT rgolis daZabul-deformirebuli mdgomareoba (-sTan mimarTebaSi, romelic moqmedebs ( kuTxis rkalze, q Tanabar ganawilebuli ZaliT, romlis mniSvneloba ganisazRvreba tolobiT:          
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angariSi Catarda konstruqciis Semdegi geometriuli mniSvnelobebisaTvis. R =100 sm, h =0,1 sm, L/R =4sm, 
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mgpa, V=0,3 sm, (6). parametrTa aseTi SerCeva ganpirobebulia daZabul-daformaciuli mdgomareobis aRmweri funqciis yofaqceviT, 
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 kuTxis cvlilebasTan mimarTebaSi. 
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 koordinatis gaswvriv ( kuTxis konkretuli mniSvnelobisaTvis damokidebulebebi 
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 gadaadgilebis, T Zalis da Mr  momentis warmodgenilia nax. 50, 51, 38-ze. 
( ganawilebuli  datvirTva  0(-20(-ian rkalze praqtikulad ar cvlis am funqciebs. ( radialuri gadaadgilebis da Mr momentis 
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nax. 51. T Zalis gadaadgileba (1 koordinatis gaswvriv (
kuTxis konkretuli mniSvnelobisaTvis

damokidebulebebi
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nax. 52. Mr momentis gadaadgileba (1 koordinatis gaswvriv (
     kuTxis konkretuli mniSvnelobisaTvis damokidebulebebi
yofaqceva 
[image: image658.wmf]2
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 koordinaciis gaswvriv ar icvleba ( kuTxis cvlilebis mixedviT, amasTan T Zala Tavis saxes inarCunebs mxolod 
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-mde, xolo Semdeg mimdinareobs formis cvlileba. damatebiTma kvlevebma gviCvena, rom efeqtebi rCebian samarTliani  parametrebis  sakmaod did diapazonSi.
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magaliTi 4. wriuli rgoliani firfitis mqone cilindruli garsis sakuTari rxeva. ganvixiloT konstruqciis rxevis amocana. ganvixiloT wriuli rgoliani firfitis mqone cilindruli garsi nax. 53 vigulisxmoT, rom garsis kideebi xistad Camagrebulia. Cvens mizans warmoadgens sixSireTa analizi da rxevaTa formebis Seswavla. 
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nax. 53. wriuli rgoliani firfitis mqone cilindruli

garsi

sazogadod rxevaTa sixSireebi warmoadgenen Semdegi uganzomilebo parametris funqcias.
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sadac:           
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-talRaTa ricxvia wriuli mimarTulebiT; m-rxevis tonis nomeri. magaliTis saxiT ganvixiloT Semdegi geometriuli maxasiaTeblebis mqone konstruqcia: 
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garsis masalis maxasiaTeblebia:
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warmovidginoT Semdegi saxiT:  
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sixSireTa kvlevis sazRvrebi ganisazRvreba (154) tolobidan, roca 
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 koeficientTa mniSvnelobebi rxevis pirveli sami tonisaTvis wriuli mimarTuleba tolia:
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xolo Sesababmisi rxevis formebi mocemulia nax. 54. wiri 1–pirveli toni, wiri 3–mesame toni, pirveli ori toni gansakuTrebiT moqmedebs firfitaze, xolo mesame toni mTlian konstruqciaze moqmedebs. 
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nax. 54. rxevis sxvadasxva formis saxe
magaliTi 5.  cilindruli garsis kvleva mdgradobaze. 


foladis konstruqcia ix. nax. 55 ganicdis gare datvirTvas  (wnevas) cilindrul zedapirze. cilindruli garsis erTi wibo xistadaa Camagrebuli. geometria:
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amocana daiyvaneba kritikuli Zalis minimaluri mniSvnelobis   moZebnaze, romelic  ganisazRvreba  formuliT:
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sadac: 
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konstruqciis cilindruli nawilis sigrZe tolia 2L. sasazRvro pirobebi:

saxsrovani Camagreba:   
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xisti CamagrebisTvis:    
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nax. 55. cilindruli garsis kvleva mdgradobaze
kritikuli Zalis sidide ganisazRvreba tolobiT:
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xisti Camagrebis SemTxvevaSi kritikuli Zalis mniSvneloba sagrZnobad izrdeba. (nax. 56). 
mTliani konstruqciis kvlevisas mdgradobaze SemoTa-vazebuli meTodikiT miRebulia (* damokidebuloba, romelic Seesabameba firfitis geometrias. nax. 57. moyvanilia konstruqciis elementebis mdgradobis dakargvis forma. analizi gviCvenebs, rom mdgradobis SedarebiT ufro kargavs firfita.
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nax. 56. xisti Camagrebis SemTxvevaSi kritikuli Zalis
mniSvneloba
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nax. 57. konstruqciis elementebis mdgradobis dakargvis

forma
2.4-is daskvnebi
Catarebuli gamokvlebaTa Sedegebi saSualebas iZlevian gavakeToT Semdegi daskvnebi: 

1. Seqmnilia Sedgenili konstruqciebis analizisaTvis programebi: sawyisi informaciis damuSavebisa da daZabul-deformirebuli mdgomareobis.

2. mocemulia Sedgenil konstruqciaze informacia, romelic saWiroa statikur simtkiceze kvlevisaTvis. es informacia sawyisi monacemebis damuSavebis programebis daxmarebiT daiyvaneba standartul saxeebamde, romelic gamoiyeneba mocemul algoriTmSi.

3. ganxilulia gaangariSebis magaliTebi da gakeTebulia miRebuli Sedegebis analizi.   
3. დასკვნა
Catarebul gamokvlevaTa Sedegebi saSualebas iZlevian gavakeToT Semdegi daskvnebi:

1. miRebulia cvladi sixistis rgoluri firfitisaTvis wyvetili amoxsnebis gamoyenebis variantebi. gaanalizebulia sixistisa da simtkicis pirobebis gavlena firfitis daZabul-deformirebul mdgomareobaze.

2. pirvelad arsebuli meTodebisagan gansxvavebiT, gamoyenebuli modeli saSualebas iZleva sasazRvro pirobebisagan damoukideblad Catardes gamoTvlebi da Semdeg iqnes gaTvaliswinebuli sasazRvro pirobebis gavlena firfitis daZabul-deformirebul mdgomareobis mimarT.

3. Sedgenilia maTematikuri axali algoriTmi da programa kompiuterisaTvis, romelic warmatebiT SeiZleba iqnes gamoyenebuli cvladi sixistis mqone firfitebisa da damreci garsis Runvis amocanebis Sesaswavlad.

4. miRebulia gembanis tipis liTonis sivrciTi konstruqciebis da maTi Semadgeneli elementebis gaangariSebis axali meTodi daZabul-deformirebuli mdgomareobisaTvis.

5. miRebulia uzustesi gaangariSebis sqema, kontaqturi amocanis amoxsna koWis ujredsa da firfitisaTvis.

6. gadmocemulia gemis gaangariSeba erT-erTi varianti. am variantis Tanaxmad, gaangariSeba sruldeba or etapad. erT-erTi maTgani, romelsac ewodeba gemis zogadi simtkicis gaangariSeba, ganixilavs rogorc pirobiTi Txelkedliani koWis gadakveTas RerZis gaswvriv, romelsac ewodeba ekvivalenturi Zeli. meore etapze, romelsac ewodeba adgilobrivi simtkicis gaangariSeba ganisazRvreba iseTi korpusis warmoqmnili elementebis daZabul-deformirebuli mdgomareoba, rogorebicaa, gadaketvebi CarCoebi, tixrebi.

7. Zabvis rig elementebSi, romlebic napovnia zogadi simtkicis gaangariSebisas, gansazRvruli saxiT jamdeba daZabulobasTan, romlebic warmoadgens gaangariSebis adgilobrivi simtkicis Sedegs.     

8. arsebuli meTodebisgan gansxvavebiT gamoyenebuli maTematikuri modeli saSualebas iZleva sasazRvro pirobebisagan damoukideblad Catardes gamoTvlebi da Semdeg iqnes gaTvaliswinebuli sasazRvro pirobebis gavlena firfitis daZabul-deformirebul mdgomareobis mimarT.
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