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რეზიუმე 

naSromi exeba Txelkedliani sivrculi konstruqciebis 
gaangariSebis sakiTxs, romelTa mTavar Semadgenel elementebs 
warmoadgenen filebi da cilindruli garsebi. maTi Seswavlis 
aqtualoba ganpirobebulia im mzardi moTxovnilebiT, romelsac mas 
uyenebs Tanamedrove teqnika da mSenebloba. isini farTod 
gamoiyeneba samrewvelo da samoqalaqo mSeneblobaSi, 
gemTmSeneblobaSi, manqanaTmSeneblobaSi, aviamSeneblobaSi, 
aerodromebis mSeneblobaSi da sxva. aRniSnuli sistemebis aseTi 
popularoba ganpirobebulia erTis mxriv maTi simtkicis maRali 
maCveneblebiT, meores mxriv ki konstruqciis wonis mkveTrad 
Semcirebis SesaZleblobiT, rasac gadamwyveti mniSvneloba eniWeba 
mfrinavi aparatebis (TviTmfrinavebi, raketebi da sxva) 
ganxorcielebisas. garsTa teqnikuri Teoria, romelic ZiriTadad v. 
reisnerisa da v. vlasovis mier dafuZnebulia hipoTezaze xisti 
normalis Sesaxeb. gadamwyvet gantolebaTa sistema me-8-e rigisaa, 
xolo sasazRvro pirobebi ki marTkuTxa formis garsis TiToeul 
kideze xuTi. Seusabamoba, romelic gaCnda sasazRvro pirobebsa 
da gantolebaTa rigs Soris xelovnuri `rekonstruqcia~ gaukeTa 
kirxhofma, romelmac SemoiRo e.w. `ganzogadebuli~ ganivi Zalis 
cneba da xuTi sasazRvro piroba daiyvana oTxze. aRniSnul 
Seusabamobas Tavidanve miaqcia yuradReba mravalma cnobilma 
mecnierma. Seiqmna mravali e.w,. dazustebuli Teoriebi. aRniSnuli 
sakiTxis zusti gadawyveta mogvca i. vekuam, romelmac me-8-e 
rigis diferncialur gantolebaTa sistema aiyvana. me-10-e rigamde, 
riTac Sesabamisoba daamyara sasazRvro pirobebsa da 
gantolebaTa rigs Soris. 

naSromis kvlevis obieqts warmoadgens cilindruli garsi 
sxvadasxva saxis Camagrebis pirobebiT, Tavisuflad dayrdnobili 
marTkuTxa fila konturis gaswvriv moqmedi ganawilebuli 
cvladi momentebis qmedebiT, marTkuTxa fila, romlis ori 
mimdebare gverdi Camagrebulia xistad an saxsrulad, xolo ori 
mosazRvre ki Tavisufalia da konsoluri fila. 

kvlevis mizania mocemul iqnes aRniSnuli obieqtebis 
gaangariSebaze nebismieri praqtikuli amocanis gadawyvetis 
axali meTodi klasikuri drekadobis TeoriaSi dakanonebuli 
kirxhofis hipoTezis gamoyenebis gareSe, romlis  ricxviTi 
realizaciisas mTlianad iqneba gamoricxuli maTematikuri 
xasiaTis sirTuleebi. 

samuSaoSi dasaxuli kvlevis mizani miRweulia uwyvet tanTa 
meqanikaSi i. RuduSauris mier Seqmnili axali mimarTulebis 
`drekadobis Teoria Cveulebriv diferencialur gantolebebSi~ 
gamoyenebiT, damuSavebuli algoriTmebis safuZvelze personaluri 
kompiuterisaTvis Sedgenilia programebi, romelTa realizaciis 
Sedegebi moyvanilia disertaciaSi. 
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naSromis mecnieruli siaxle. 

− axali meTodis `drekadobis Teoria Cveulebriv diferencialur 
gantolebebSi~ gamoyenebiT cilindruli garsis gaangariSebisas 
gaTvaliswinebulia Zvris Zalebis gavlena, rac klasikur 
garsTa TeoriaSi ugulebelyofilia sasazRvro pirobebis 
arasrulyofilobis gamo. 

− konturis gaswvriv ganawilebuli cvladi momenturi datvirTvis 
SemTxvevisaTvis Seswavlilia marTkuTxa filis daZabul-
deformirebuli mdgomareoba. 

− mocemulia mudmivkveTiani konsoluri filis Tavisufal boloze 
sxvadasxva Zalovani faqtorebis moqmedebisas Runvis 
amocanebis zusti gadawyveta. 

− Seswavlilia marTkuTxa fila, romlis ori mosazRvre gverdi 
Tavisufalia, danarCeni ori ki SeiZleba iyos xistad 
Camagrebuli an saxsrulad dayrdnobili. 

− naCvenebia, rom axali Teoria sizustiT adekvaturia klasikuri 
drekadobis Teoriisa da amasTan erTad mkveTrad amartivebs 
garsebis da filebis gaangariSebaze nebismieri amocanis 
gadawyvetas, rac miiRweva maTi Cveulebriv diferencialuri 
gantolebebis integrebaze dayvanis gziT. 

naSromis praqtikuli Rirebuleba. a) masSi miRweulia 
sworkuTxedis formis Txeli filebis axali meTodis damuSaveba, 
romlis praqtikuli realizacia kirxhofis hipoTezis gamoyenebis 
gareSe mkveTrad aris gamartivebuli; b)advilad miiRweva 
mocemuli meTodis arsis ganzogadoeba garsTa Teoriis amocanebze; 
g) naSromSi ganxiluli konkretuli amocanisaTvis mocemulia 
maTematikuri algoriTmi da programa, romelic gamoirCeva 
kompaqturobiT da simartiviT. advilad SeiZleba gamoyenebuli 
iqnas saproeqto da samecniero-kvleviTi dawesebulebebis mier 
filebisa da garsebis gaangariSebisa da proeqtirebisas. 

disertaciis ZiriTadi Sedegebi moxsenebuli iqna: 
1. profesor n. mowoneliZis 80 wlis iubilesTan dakavSirebul 

saerTaSoriso simpoziumze `  ~ Tbilisi (1-2). 11.2000 w; 
2. profesor l. gvelesianis 70 wlis iubilesadmi miZRvnili 

respublikuri samecniero-teqnikuri konferencia `samSeneblo 
konstruqciebi~, Tbilisi, 2001 w.;  

3. saqarTvelos teqnikuri universitetis masalaTa gamZleobisa da 
drekadobis Teoriis kaTedris meTod-seminarze (Tbilisi, 2003 w.); 

4. saqarTvelos teqnikuri universitetis masalaTa gamZleobisa 
da drekadobis Teoriis; samSeneblo meqanikis da 
seismomedegobis kaTedrebis gafarToebul sxdomaze (Tbilisi, 
2005 w.); 

5. saqarTvelos teqnikuri universitetis samSeneblo meqanikisa 
da seismomedegobis kaTedraze (Tbilisi, 2006 w.) 

disertaciis Temaze gamoqveynebulia 4 samecniero Sroma. 

 
pirvel TavSi mocemulia filebisa da garsebis 

gaangariSebaze arsebuli Teoriis ganviTarebis mokle mimoxilva. 
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naCvenebia, rom am dargSi arsebuli publikaciaTa simravlis 
miuxedavad, Catarebul Teoriul gamokvlevaTa Sedegebi saWiroeben 
Semdgom damuSavebas maTi sizustis gazrdisa da praqtikuli 
gamoyenebis TvalsazrisiT. naSromSi gansakuTrebiTaa aRniSnuli, 
rom arsebuli Teoriebis srulyofis gareSe iqmneba saSiSroeba 
maTi TiTqmis mTlianad ugulvebelyofisa praqtikuli amocanebis 
gadawyvetis saqmeSi, rac amJamad ukve SeimCneva sasrulo 
elementebis ricxviTi meTodis gamoyenebiT Sedgenili mza 
programebis sazRvargareTidan mravlad Semotanis gziT. aseTi 
saSiSi tendencia ki nakarnaxevia mxolod imiT, rom sasrul 
elementTa meTodi, arsebul analizur meTodebTan SedarebiT 
gacilebiT martivia maTematikuri TvalsazrisiT. amitom am 
saSiSi tendenciis acileba SesaZlebelia swored axali 
konkurentunariani analizuri meTodebis damuSavebis gziT. rac 
Seexeba ricxviT meTodebs, mxedvelobaSi unda iqnes miRebuli 
maTi udao upiratesoba Zalian rTuli struqturis obieqtebis 
ganxilvisas. 

Catarebuli kvlevis safuZvelze Camoyalibebulia ZiriTadi 
daskvnebi: 
1. naCvenebia, rom i. RuduSauris TeoriiT miRebuli amoxsnebi 

gamoirCevian swrafi krebadobiT da maRali sizustiT. igi 
metad martivia maTematikuri TvalsazrisiT. unari aqvs 
warmatebiT gauwios konkurencia ricxviT meTodebs martivi 
struqturis mqone obieqtebis ganxilvisas. 

2. konkretuli magaliTebis ganxilviT disertaciaSi miRebuli 
Sedegebi praqtikulad ar gansxvavdebian klasikuri drekadobis 
TeoriiT sasazRvro pirobebiT miRebul Sedegebisagan, rac 
Catarebuli gamokvlevis saimedoobaze miuTiTebs. 

3. fiqtiuri sistemebis urTierTqmedebis Zalebi xistad 
Camagrebuli gverdebis gadakveTis wertilidan gamomaval 
diagonalis gaswvriv nulis tolia, rac fizikuri 
mosazrebebiT mosalodnelic iyo da kvlav miuTiTebs 
Catarebuli gamokvlevis saimedobaze.  

4. naCvenebia damreci cilindruli garsis gaangariSebisas i. 
RuduSauris meTodis upiratesoba klasikur meTodebTan 
SedarebiT. 

Catarebulia mTeli rigi ricxviTi eqsperimetebi 
maTematikuri algoriTmis sizustisa da amoxsnis krebadobis 
dasadgenad. 
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Summary 
 

     The work concerns the issue of analysis of thin-walled spatial shell structures, 
the general composing elements of which the slabs and cylindrical shells are. The 
actuality of its study has been conditioned by the growing demands of up-to-date 
engineering and construction. They are widely used in industrial and civil engineering 
shipbuilding, machine-building, aircraft construction, construction of airports and so 
on. The high popularity of mentioned systems is conditioned, on the one hand, by high 
characteristics  of strength, and on another -  by possibility of  significant decreasing  
of the structure weight that has the decisive importance in building of  aircraft 
(airplanes, rockets and so on). In the theory of engineering of shells that by V. Reisner 
and V.Vlasov is mainly based on hypothesis about rigid normal, the system of  solving 
equations  are of 8th degree, and the number of boundary conditions on each edge of 
the rectangular shell is five. With the purpose to solve the disparity, emerged between 
boundary conditions and degree of equations,  Kirchhof  has made the artificial 
"reconstruction"  that consists in bringing in of the concept of so called "generalized' 
transversal force and reducing the number of boundary conditions from five to four. 
Many famous scientists have paid  an attention to mentioned disparity  from the very 
outset . Many so called specified theories were elaborated. The precise solution of 
mentioned issue is given by I. Vekua via the rise of the degree of the system of 
differential equations from 8 to 10 that has allowed to establish the accordance 
between boundary conditions and degree of equations. The object of research of the 
present work there are  the cylindrical shell  with different boundary conditions, freely 
supported rectangular slab subjected to effect of variable moments distributed  along 
the contour, the rectangular slab, two bordering to each other edges of which are 
embedded rigidly or jointed, and other two ones are free, and the cantilever slab.  

The goal of investigation is elaboration of the new method of solution of any 
practical tasks connected to mentioned structures without using the Kirchhof 
hypothesis, legal in classic theory of elasticity, in numerical realization of which the 
difficulties of mathematical character will be entirely excluded. 

The goal, assigned in work,  is achieved using the new direction in mechanics of 
continued bodies "Theory of elasticity in common differential equations",  elaborated 
by I. Gudushauri. On the basis of elaborated algorithms the programs for personal 
computers are elaborated, the results of realization of which are given in dissertation. 

The scientific novelty of the work 
− Using the new method "Theory of elasticity in common differential equations" in 

analysis of cylindrical shells there is considered the influence of shear forces that 
in classic theory of shells has been ignored due to incompleteness of boundary 
conditions. 

− The mode of deformation of rectangular slab under effect of variable moment 
loading, distributed along the contour, is examined. 

− The precise solution of task of bending of cantilever slab with permanent cross-
section, subjected to different force factors acting on the free end is given. 

− There is examined the rectangular slab, two  bordering to each other edges of 
which are free, and other two ones  can be embedded rigidly or supported by 
joints. 

− There has been shown that the new theory has preciseness adequate to classic 
theory of elasticity and the same time significantly simplifies the solution of any 
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task of  analysis of shells and slabs that is achieved  via bringing them to 
integration of common differential equations. 

The practical importance of the work 
a) There is elaborated the new method of analysis of rectangular thin slabs, the 

practical realization of which  without using the Kirchhof hypothesis is significantly 
simplified; b) The generalization of the essence of given method on the tasks of theory 
of shells is easily achievable; c) for the concrete task, examined in the work, there is 
given the mathematical algorithm and program that is distinguished with compactness 
and simplicity.  It easily can be  used by the design and scientific-research institutions 
in analysis and design of slabs and shells. 

The main results of dissertation were reported on: 
1. International Symposium dedicated to 80 year anniversary of professor N. 

Motsonelidze, Tbilisi, 2000. 
2. Scientific-Engineering Conference of Georgia -"Building Structures", dedicated to 

70 year anniversary of professor L. Gvelesiani, Tbilisi, 2001. 
3.  Seminar of the faculty of resistance of materials and theory of elasticity of 

Georgian Technical University (Tbilisi, 2003) 
4. The extended meeting of faculties of structural mechanics and seismic resistance, 

and structural mechanics and seismic resistance of Georgian Technical University 
(Tbilisi, 2005). 

5. Faculty of structural mechanics and seismic resistance of Georgian Technical 
University (Tbilisi, 2006). 

In first chapter there is given the short survey of development of existing 
theories of analysis of slabs and shells. The has been shown that, despite the plurality 
of publications in this field, the results of carried out theoretical research need further 
development in respect to  rising of its preciseness  and practical use. In the work 
there is particularly indicated that without accomplishment of existing theory there is 
aroused the danger of their almost entire ignoring in issue of solving of practical tasks 
that at present has been already seen  on tendency of bringing from foreign countries 
of ready programs, using the numerical method of finite elements. This dangerous 
tendency is dictated by the circumstance that the method of finite elements is far 
simply in the view of mathematics comparatively to existing analytical methods. 
Therefore, the avoiding of this dangerous tendency is possible exactly by elaboration 
of new, competitive analytical methods. What about numerical methods, their 
doubtless preference should be considered in examination of objects of very complex 
structure.  

On the basis of carried out research the following general inferences are 
formulated: 
1. There is shown that the solutions, obtained by the theory of  I. Gudushauri are 

distinguished by quick convergence and high preciseness. This method is very 
simply in the view of mathematics. It capable to compete successfully with 
numerical methods in examination of objects of simply structure. 

2.  Results, obtained via examination of case studies in dissertation do not practically 
differ from results, obtained using the boundary conditions of classic theory of 
elasticity  that  indicates the  reliability of  carried out research. 

3. The forces of interacting of fictitious systems along the diagonal outgoing from 
the point of intersection  of rigidly embedded sides is equal to zero that in physical 
point of view was expected and again indicates the reliability of implemented 
research. 
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4. There is shown the preference of method by I. Gudushaury in cylindrical shell 
analysis comparatively to the classic method. 

The series of numerical experiments are realized with the purpose of 
verification of the preciseness of mathematical algorithm and establishment of 
solution mathematical convergence. 
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Sesavali 

 

samuSaos aqtualoba. naSromi exeba Txelkedliani sivrculi 

konstruqciebis gaangariSebis sakiTxs, romelTa mTavar Semadgenel 

elementebs warmoadgenen filebi da cilindruli garsebi. maTi 

Seswavlis aqtualoba ganpirobebulia im mzardi moTxovnilebiT, 

romelsac mas uyenebs Tanamedrove teqnika da mSenebloba. isini 

farTod gamoiyeneba samrewvelo da samoqalaqo mSeneblobaSi, 

gemTmSeneblobaSi, manqanaTmSeneblobaSi, aviamSeneblobaSi, 

aerodromebis mSeneblobaSi da sxva. aRniSnuli sistemebis aseTi 

popularoba ganpirobebulia erTis mxriv maTi simtkicis maRali 

maCveneblebiT, meores mxriv ki konstruqciis wonis mkveTrad 

Semcirebis SesaZleblobiT, rasac gadamwyveti mniSvneloba eniWeba 

mfrinavi aparatebis (TviTmfrinavebi, raketebi da sxva) 

ganxorcielebisas. Sromebi, romelic cilindruli garsebis 

gaangariSebis Teorias eZRvneba SeiZleba davyoT sam jgufad. 

pirvels miekuTvneba samuSaoebi, romelic emyareba liavis garsTa 

Teorias, meores _ samuSaoebi, romlebic dafuZnebulia drekadobis 

Teoriis zogad meTodebze, xolo mesames ki cilindruli garsebis 

praqtikuli gaangariSeba garkveuli gamartivebuli daSvebebis 

gaTvaliswinebiT. 

pirveli jgufi moicavs s. timoSenkos [1], i. bubnovis [2, 3] 

da h.papkoviCis [4] Sromebs, meore jgufi moicavs a.gvozdevis [5], 

a.goldenveizeris [6], v. vlasovis [7, 8], p. pasternakis [9], 

i.mileikovskis [10, 11], i. vekuas [12, 13, 14], a. guzis [15], i. 
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RuduSauris [16], m.miqelaZis [17, 18, 19, 20], i. oniaSvilis [21] da 

sxvaTa Sromebs [22, 23, 24, 25, 26, 27, 28, 29, 30, 31]. 

Txelkedliani konstruqciebis da nagebobebis mTavar 

Semadgenel elements warmoadgens sxvadasxva formis Txeli fila, 

romlis gaangariSeba xasiaTdeba sasazRvro pirobebis 

mravalferovnebiT,  rac gamowveulia misi konturis Camagrebis 

nairsaxeobiT. 

pirveli Sedegebi filebis Runvis TeoriaSi, romelic kvlevis  

xasiaTs atarebda, miRebuli iyo jer kidev me-19 saukunis 20-ian 

wlebSi a.koSis [32] da s. puasonis [33] mier, sadac pirvelad 

aisaxa Teoriis analizuri modelis arsi e.w. `usasrulod mcire 

elementis~ Sesaxeb da mis safuZvelze sivrciTi amocanebisaTvis 

zogadi saxiT iqna miRebuli yvela is ZiriTadi 

kerZowarmoebulebiani diferencialuri gantoleba, romelsac 

dRemde ar daukargavs Tavisi udidesi praqtikuli mniSvneloba. 

mas Semdeg rac Camoyalibebuli iqna J.kirxhofis [3] cnobili 

hipoTeza, aRniSnuli Teoria, romelic filis Runvis teqnikuri 

(miaxloebiTi) Teoriis saxelwodebiT aris cnobili, mravali 

mecnieris kvlebis sagani gaxda. pirveli fundamentaluri 

Sedegebi gadmocemuli iqna a. liavis [34], l.navies [35], i.bubnovis 

[2, 3], s. timoSenkos [1], b.galiorkinis [36, 37, 38], h. papkoviCis [4] 

da sxvaTa SromebSi [39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 

53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64], romlebmac saTave daudes 

aRniSnuli Teoriis saangariSo meTodebis daxvewa srulyofas da 

ganviTarebas. 

zemoT aRniSnuli amocanebi samSeneblo meqanikis erT-erT 

mniSvnelovan amocanaTa ricxvs ganekuTvnebian. moxsenebuli 

avtorebis naSromebis analizma dagvanaxa, rom miuxedavad 

aRniSnuli udidesi miRwevisa, klasikuri drekadobis Teoriis 

farTo praqtikuli gamoyeneba sxvadasxva hipoTezuri daSvebebis 

gareSe, mniSvnelovnadaa SezRuduli misi maTematikuri sirTuleebis 

gamo. am sirTuleebTan aris dakavSirebuli msoflio sainJinro 
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praqtikaSi amJamad arsebuli mravali saxis problema, romlebic 

mniSvnelovnad aferxebs teqnikur progress.  

kerZod,   yvela  konkretuli  amocanis  ganxilvisas zusti 

(mkacri) analizuri meTodis nacvlad, gamoiyeneba sxvadasxva 

miaxloebis ricxviTi meTodebi, mxolod misi maTematikuri 

simartivis gamo, miuxedavad ricxviTi meTodis cnobili 

naklovani mxarisa, mkacr analizur meTodTan SedarebiT. 

ukanasknel wlebSi, klasikur garsTa Teoriis safuZvelze 

damuSavda uamravi axali analizuri meTodi, romlebic gamiznulni 

arian garsis Tavisufal waxnagze arsebuli xuTi realuri 

sasazRvro pirobis oTx pirobaze dayvanisaTvis, xolo Txeli 

filebis klasikur TeoriaSi ki – sami realuri sasazRvro 

pirobis or pirobaze dayvanisaTvis. TiToeuli damatebiTi 

faqtoris gaTvaliswineba ki, cxadia saTanadod arTulebs 

amocanis gadamwyvet gantolebaTa sistemis amoxsnas, radgan 

saWiro xdeba axali saZiebeli funqciebis Semotana. amasTan 

erTad, rigi mecnierebis (s. timoSenkos [1], e. reisneris [65, 55, 67, 

68, 69], a. kreenis [70] da sxvaTa) gamokvlevebSi, romlebic ar 

iziareben mosazrebas realuri sasazRvro pirobebis ricxvis 

xelovnurad Semcirebis SesaZleblobis Sesaxeb kirxhofis 

hipoTezis gamoyenebiT, SeiZleba CavTvaloT garsTa Teoriis 

Seqmnis warmatebul mcdelobad, am hipoTezis gamoyenebis gareSe. 

am mimarTulebiT aRsaniSnavia i. vekuas [12, 13, 14] Sromebi, 

romlebSic dasaxuli mizani warmatebiTaa miRweuli (amocanis 

gadawyveta gantolebaTa  sistemis me-8 rigidan da me-10 rigamde 

gazrdiT), magram rogorc cnobilia dRemde naklebad aris 

miRweuli aRniSnuli gamokvlevis ricxviTi realizacia maTi 

maTematikuri sirTulis gamo. 

klasikuri drekadobis Teoriis safuZvelze mravali 

RirsSesaniSnavi Sedegia miRebuli, gansakuTrebiT brtyeli 

amocanebis gadawyvetisas kompleqsuri cvladis funqciaTa 

Teoriis gamoyenebiT, rac saboloo saxiT Camoyalibebulia n. 

musxeliSvilis [71] cnobil monografiaSi. 
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am mimarTulebiT mraval ucxoel mecnierebTan erTad 

mniSvnelovani wvlili aqvT Setanili msoflioSi aRiarebul 

qarTvel mecnierebsac: i.vekuas [13], v. kupraZes [72], S. miqelaZes [73, 

74], i. RuduSaurs [16, 47, 53, 75, 76, 77, 78, 79, 90] g. yifianis [47, 71], m. 

yalabegiSvilis [66, 81], j. biWiaSvilis [82], r. bancurs [83], T. 

vaSaymaZes [84], d. gordezians [85], l. muxaZes [86], T.zonenaSvils 

[87] da mraval maT mowafes. 

 maTematikuri simartivis TvalsazrisiT drekadobis 

Teoriis amocanis zusti gadawyveta advilad miiRweva, Tu misi 

ganxilvisas klasikuri drekadobis Teoriis nacvlad gamoviyenebT 

drekadobis Teorias Cveulebriv diferencialur gantolebebSi, 

romelic damuSavebulia i.RuduSauris [16] monografiaSi. masSi 

mocemulia drekadobis Teoriis samganzomilebiani amocanebis 

amoxsnis zogadi analizuri meTodi, romelic maTematikuri 

TvalsazrisiT gamoirCeva gansakuTrebuli simartiviT da metad 

moxerxebulia praqtikuli gamoyenebis TvalsazrisiT. am meTodis 

gamoyenebisas drekadobis Teoriis amocanebis amoxsna daiyvaneba 

Cveulebrivi diferencialuri gantolebebis integrebaze. es 

miiRweva masSi Cadebuli originaluri analizuri modelis 

safuZvelze, romlis Tanaxmadac mocemuli samganzomilebiani 

sxeulis usasrulod mcire elementis muSaoba warmodgenilia am 

elementis toldidi sami erTganzomilebiani fiqtiuri elementis 

erToblivi muSaobiT. 

mocemul monografiaSi aRniSnuli Teoria damuSavebulia 

klasikuri drekadobis Teoriis daSvebebis sizustiT. am meTods 

unari aqvs gauwios konkurencia ricxviT meTodebs martivi 

struqturis mqone obieqtebis ganxilvis dros. aRniSnuli meTodi 

saSualebas iZleva advilad iqnes miRweuli nebismieri amocanis 

(maT Soris sivrciTis) zusti gadawyveta, raime hipoTezuri 

daSvebebis (maT Soris sen-venanis principis) gamoyenebis gareSe. 

yovelive zemoTqmulis gaTvaliswinebiT, warmodgenil 

sadisertacio naSroms `filebisa da damreci garsebis 

gaangariSebis zogierTi sakiTxi Cveulebrivi diferencialuro 
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gantolebebis integrebis gziT~, romelic gamiznulia filebis 

Txelkedliani sivrciTi konstruqciebis (cilindruli garsebi) 

gaangariSebis sizustis gazrdisa da proeqtirebisas 

mniSvnelovani ekonomiuri efeqtis miRwevisaken, cxadia didi 

praqtikuli mniSvneloba unda mieniWos, rac am Temis 

aqtualobaze metyvelebs. 

naSromis kvlevis obieqti, mizani da meTodebi. kvlevis 

obieqts warmoadgens cilindruli garsi sxvadasxva saxis 

Camagrebis pirobebiT, konsoluri fila datvirTvis sxvadasxva 

SemTxveveviT, saxsrulad dayrdnobili marTkuTxa fila 

datvirTuli sazRvris gaswvriv ganawilebili cvladi sidides 

momentebiT da marTkuTxa fila, romlis ori mimdebare gverdi 

Camagrebulia xistad an saxsrulad, xolo ori mosazRvre ki 

Tavisufalia. 

kvlevis mizani. mocemuli iqnes aRniSnuli obieqtebis 

gaangariSebaze nebismieri praqtikuli amocanis gadawyvetis 

axali meTodi klasikuri drekadobis TeoriaSi dakanonebuli 

kirxhofis hipoTezis gamoyenebis gareSe, romlis ricxviTi 

realizaciisas mTlianad iqneba gamoricxuli maTematikuri 

xasiaTis sirTuleebi. 

kvlevis meTodika. samuSaoSi dasaxuli kvlevis mizani 

miRweulia uwyvet tanTa meqanikaSi i. RuduSauris mier Seqmnili 

axali mimarTulebis `drekadobis Teoria Cveulebriv 

diferencialur gantolebebSi~ gamoyenebiT, damuSavebuli 

algoriTmebis safuZvelze personaluri kompiuterisaTvis 

Sedgenilia programebi, romelTa realizaciis Sedegebi moyvanilia 

disertaciaSi. 

naSromis mecnieruli siaxle. 

1. i. RuduSauris meTodis gamoyenebiT miRebulia cilindruli 

garsisTvis analizuri amonaxsnebi. 

2. aRniSnuli axali TeoriiT cilindruli garsis 

gaangariSebisas gaTvaliswinebulia Zvris Zalebis gavlena, rac 
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klasikur garsTa TeoriaSi ugulebelyofilia sasazRvro 

pirobebis arasrulyofilobis gamo. 

3. mocemulia mudmivkveTiani konsoluri filis Runvis amocanebis 

zusti gadawyveta Tavisufal boloze sxvadasxva Zalovani 

faqtorebis moqmedebisas. 

4. Seswavlilia marTkuTxa fila, romlis ori mosazRvre gverdi 

Tavisufalia, danarCeni ori ki SeiZleba iyos xistad 

Camagrebuli an saxsrulad dayrdnobili. 

5. gaanalizebulia saxsrulad dayrdnobili marTkuTxa filis 

daZabul-deformirebuli mdgomareoba konturis gaswvriv 

moqmedi cvladi sididis momenturi datvirTvebis Sedegad. 

6. naCvenebia, rom axali Teoria sizustiT adekvaturia klasikuri 

drekadobis Teoriisa da amasTan erTad mkveTrad amartivebs 

garsebis da filebis gaangariSebaze nebismieri amocanis 

gadawyvetas, rac miiRweva maTi Cveulebriv diferencialuri 

gantolebebis integrebaze dayvanis gziT. 

naSromis praqtikuli Rirebuleba. a) masSi miRweulia 

sworkuTxedis formis Txeli filebis gaangariSebis axali 

meTodis damuSaveba, romlis praqtikuli realizacia kirxhofis 

hipoTezis gamoyenebis gareSe mkveTrad aris gamartivebuli; 

b)advilad miiRweva mocemuli meTodis arsis ganzogadoeba 

garsTa Teoriis amocanebze; g) naSromSi ganxiluli konkretuli 

amocanisaTvis mocemulia maTematikuri algoriTmi da programa, 

romelic gamoirCeva kompaqturobiT da simartiviT. advilad 

SeiZleba gamoyenebuli iqnas saproeqto da samecniero-kvleviTi 

dawesebulebebis mier filebisa da garsebis gaangariSebisa da 

proeqtirebisas. 

miRebuli Sedegebis saimedooba miRweulia pirvel rigSi 

gamoyenebuli maTematikuri aparatiT da maTi amoxsnis sizustiT. 

amave dros damuSavebuli algoriTmebis da programebis 

safuZvelze filebisa da garsebis amocanebisaTvis Sesrulebuli 

gamoTvlebis Sedegebis SedarebiT literaturidan cnobil 

SedegebTan: 
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naSromis aprobacia. disertaciis ZiriTadi Sedegebi 

moxsenebuli iqna: 

6. profesor n. mowoneliZis 80 wlis iubilesTan dakavSirebul 

saerTaSoriso simpoziumze `  ~ Tbilisi (1-2). 11/2000 w; 

7. profesor l. gvelesianis 70 wlis iubilesadmi miZRvnili 

respublikuri samecniero-teqnikuri konferencia `samSeneblo 

konstruqciebi~, Tbilisi, 2001 w.;  

8. saqarTvelos teqnikuri universitetis masalaTa gamZleobisa da 

drekadobis Teoriis kaTedris meTod-seminarze (Tbilisi, 2003 

w.); 

9. saqarTvelos teqnikuri universitetis masalaTa gamZleobisa 

da drekadobis Teoriis kaTedris gafarToebul sxdomaze 

(Tbilisi, 2005 w.); 

10. saqarTvelos teqnikuri universitetis samSeneblo meqanikisa 

da seismomedegobis kaTedraze arsebul saqalaqo seminarze 

(Tbilisi, 2006 w.)   

publikaciebi. disertaciis Temaze gamoqveynebulia 5 

samecniero Sroma. 

pirvel TavSi mocemulia filebisa da garsebis 

gaangariSebaze arsebuli Teoriis ganviTarebis mokle mimoxilva. 

naCvenebia, rom am dargSi arsebuli publikaciaTa simravlis 

miuxedavad, Catarebul Teoriul gamokvlevaTa Sedegebi saWiroeben 

Semdgom damuSavebas maTi sizustis gazrdisa da praqtikuli 

gamoyenebis TvalsazrisiT. naSromSi gansakuTrebiTaa aRniSnuli, 

rom arsebuli Teoriebis srulyofis gareSe iqmneba saSiSroeba 

maTi TiTqmis mTlianad ugulvebelyofisa praqtikuli amocanebis 

gadawyvetis saqmeSi, rac amJamad ukve SeimCneva sasrulo 

elementebis ricxviTi meTodis gamoyenebiT Sedgenili mza 

programebis sazRvargareTidan mravlad Semotanis gziT. aseTi 

saSiSi tendencia ki nakarnaxevia mxolod imiT, rom sasrul 

elementTa meTodi, arsebul analizur meTodebTan SedarebiT 

gacilebiT martivia maTematikuri TvalsazrisiT. amitom am 

saSiSi tendenciis acileba SesaZlebelia swored axali 
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konkurentunariani analizuri meTodebis damuSavebis gziT. rac 

Seexeba ricxviT meTodebs, mxedvelobaSi unda iqnes miRebuli 

maTi udao upiratesoba rTuli struqturis obieqtebis ganxilvisas.  

bolo paragrafSi naCvenebia, rom aRniSnuli TvalsazrisiT 

konkurentunariani analizuri meTodebis ricxvs miekuTvneba i. 

RuduSauris meTodi romelic gamoyenebulia disertaciaSi dasmuli 

amocanebis gadawyvetisas. 

meore TavSi mocemulia Txeli filebis Runvaze 

gaangariSebis zogadi Teoriis arsi Cveulebriv diferencialur 

gantolebebSi, romelic damuSavebulia i. RuduSauris mier. 

Tavisuflad dayrdnobili filis magaliTze naCvenebia, rom am 

Teoriis gamoyenebiT mkveTrad martivdeba klasikur TeoriaSi 

cnobili maTematikuri xasiaTis sirTuleebi. garda amisa 

naCvenebia misi efeqturobac nebismieri sasazRvro pirobebis 

dakmayofilebis sakiTxis mkveTrad gamartivebis TvalsazrisiT. 

amis saCveneblad mocemulia i. RuduSauris Teoriis gamoyenebiT 

konsoluri filisa da ori mimdebare gverdiT xistad 

Camagrebuli filis Runvaze gaangariSebis sakiTxi. gamoTvlilia 

yvela saZiebeli sidideebi, agebulia maTi cvlilebis grafikebi 

da gakeTebulia Sedarebebi sxva avtorebis mier sxvadasxva gziT 

miRebul SedegebTan. 

mesame TavSi ganxilulia cilindruli garsis Runvaze 

gaangariSebis sakiTxi i.RuduSauris meTodis gamoyenebiT. garsTa 

teqnikuri Teoriisagan gansxvavebiT gamoyenebulia realuri 

sasazRvro pirobebi. SemoRebulia sami uganzomilebi parametri η, 

β da γ, romelTa cvlilebebis mixedviT daxasiaTebulia mokle, 

saSualo da grZeli cilindruli gadaxurvebis daZabul-

deformirebuli mdgomareobebi. miRebuli Sedegebi Sedarebulia 

literaturidan cnobil SedegebTan. Sedgenilia maTematikuri 

algorTmi yvela sasazRvro pirobebis zustad dakmayofilebiT 

da Sesabamisi programa kompiuterisaTvis. 

ZiriTad daskvnebSi gadmocemulia sadisertacio naSromis 

ZiriTadi Sedegebi. 
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danarTSi mocemulia programebi kompiuteruli 

realizaciisaTvis. 
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1. ლიტერატურის მიმოხილვა 

 

1.1. zogierTi cnobebi filebisa da garsTa Teoriis 
Tanamedrove mdgomareobis Sesaxeb 

 
 

1.1.1. filebisa da garsebis Teoriis ganviTarebis etapebi 

 

garsebisa da filebis Teoria warmoadgens myari deformadi 

tanis meqanikis vrcel ganStoebas, romelsac gaaCnia rTuli 

struqtura da misi gaangariSebis sakiTxi, rogorc mkacri 

sainJinro disciplinisa daiwyo me-19-e saukunis pirveli 

naxevridan l. naives, a. koSis da s. puasonis Sromebis 

gamoqveynebiT. amJamad filebisa da garsebis Teorias eZRvneba 

ramodenime aTasi naSromi. gamoqveynebuli literaturis mokle 

anotaciebi mocemulia mimoxilvebSi: n. alumaes [88], o. oniaSvilis 

[4], g. janeliZis [89]. i. nemiSis [90], p. nagdis [91] da sxv. 

cnobilia, rom garsebis mSeneblobam bevrad gauswro win 

maTi gaangariSebis Teorias. erTis mxriv inJinrebi konkretuli 

proeqtebis Sesrulebisas qmnidnen garsebis gamartivebul 

modelebs da amis safuZvelze gaangariSebebi dahyavdaT ricxviT 

formaze. meores mxriv, iqmneboda gluvi Txeli garsebis zogadi 

wrfivi Teoria. 

qarTvel mecnierebs Soris filebisa da garsebis TeoriaSi 

didi Rvawli miuZRviT: n. musxeliSvils [71], i. vekuas [12], i. 

RuduSaurs [82], m. miqelaZes [17-20], a. kakuSaZes [92], T. vaSaymaZes 

[84], T. zonenaSvils [87], g. gabriCiZes [93], l. muxaZes [86], m. 

yalabegaSvils [81], o.oniaSvils [21], r. bancurs [83], d. 

gordezians [85], g. yifians [47] da sxvebs [28, 94, 95, 96, 97, 98, 99, 

100]. 

XX saukunis 40-50 wlebSi daiwyo garsTa Teoriis Seqmnis 

mesame etapi. igi viTardeba sxvadasxva, xSirad gadamkveTi 

mimarTulebebiT. ganixileba garsuli tipis iseTi konstruqciebic 

rogoricaa maTSi Sreebis, wiboebis, diafragmebis, konturis 
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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 da eleqtromagnituri drekadoba. 

 sakmaod gafarTovda maTematikuri aparatis gamoyeneba 

rogorc ukve dayenebuli problemis realizaciisaTvis, aseve 

axali problemebis uzrunvelsayofad. Teoriulis paralelurad 

gamoiyeneba kvlevis eqsperimentaluri gza. rTuli problemis 

ricxviT Sedegebamde miyvana SesaZlebeli gaxada kompiuterebma. 

farTod gamoiyeneba ricxviTi meTodebi da diskretuli 

saangariSo modelebi. 

 

1.1.2. Txeli gluvi drekadi izotropuli garsebis  
zogadi wrfivi Teoria 

 

pirvelad zogadi Teoria, romelic eyrdnoboda g. 

kirxhofis hipoTezas, SemoTavazebuli iyo g. aronis mier. magram 

es Teoria Seicavda uzustobebs, romlebic gaaswora a. liavma. 

filebisa da garsebis zogadi Teoriis CamoyalibebaSi 

garkveuli roli Seasrula i. bubnobis [2], b. galiorkinis [37-38], 

s. timoSenkos monografiebma [1]. 

dawyebuli XX saukunis 30-iani wlebidan garsTa Teoria 

sainteresod viTardeboda. maSin ikvlevdnen zogad sakiTxebs: 
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miiRes da yovelmxriv gaanalizes Txeli drekadi garsebis 

wrfivi teqnikuri Teoriis ZiriTadi gantolebebi da maTi 

sxvadasxva gamartivebuli variantebi (umomento Teoria, damreci 

garsebis Teoria). am periodSi garsebis Teoriis ganviTarebaSi 

Sesaxeb didi wvlili miuZRviT b. galiorkins [37-38], v.vlasovs [8], 

a. luries [101], a.gvozdovs [5], v. novoJilovs [102], a.goldenveizers 

[27], i. rabitnovs [103], i. alumaes [6] da sxvebs. 

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 [101], v. vlasovis 

[8], v. novoJilovis [102], a.goldenveizeris [27] monografiebi. 

brunviT garsebs eZRvneba a. luries [101], u. alumaes [6], 

d.vainbergisa da v. Jdanis [24], e. meisneris [104-105], e. reisneri [68] 

da sxvaTa Sromebi [24, 28, 42, 96, 97, 105, 106], xolo cilindrul 

garsebs – p. pasternakis [9], v. vlasovis [7, 8] da sxvaTa Sromebi 

[9, 107, 108, 109, 110]. 

 amJamad drekadi garsebis wrfivi teqnikuri Teoriis 

statikuri problema zogadi koncepciisa da gantolebebis 

formirebis TvalsazrisiT gadawyvetilia. Sromebi, romlebic 

eZRvneba garsTa zogad Teorias, ufro mcirea. 

aRvniSnoT, zogadi Teoriisadmi miZRvnili zogierTi 

statia: esenia: a.goldenveizeri [27] i. voroviCi [41], v. vlasovi [8]. 

zogadi Teoriis sistemisadmi miZRvnilia i. vekuas [12], n. 

abovskis, n. andreevis Sromebi da a. derugis [11] wigni. masSi 

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, Tvisebebi. mocemulia garsTa 

Teoriis statikur-geometriuli analogiis variaciuli forma da 
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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 gadawyvetebs, ricxviTi meTodebis da eqsperimentebis 

safuZvelze, romlebic xorcieldeboda garsebze da maT 

modelebze. 

 

1.1.3. drekadi garsebis geometriulad arawrfivi 
teqnikuri Teoria 

 
 

geometriulad arawrfivi Teoriis intensiuri ganviTareba 

aixsneba imiT, rom am pirobebSi muSaobs didi raodenobis 

garsuli konstruqciebi.  

mTeli rigi Sromebi, romelTac principuli mniSvneloba 

aqvT geometriulad arawrfivi garsebisaTvis, gamoaqveyna i. 

voroviCma [25, 112]. am SromebSi ganxilulia gadawyvetis arsebobis 

sakiTxebi da arawrfivi gantolebebis amoxsnis meTodebi. 

garsebis arawrfiv Teorias eZRvneba v.koiteris, i. alumoaes [3, 4, 

6, 88] Sromebi. 

erT-erTi pirveli publikacia, romelic exeboda garsTa 

geometriulad arawrfiv Teorias ekuTvnis v. feodosievs, 

romelSic moyvanilia drekadi brunviTi garsebis zogadi 

gantolebebi da ganxilulia maTi gamoyeneba silfonebis, 

gofrirebuli membranebis, brtyeli mrgvali membranebis mimarT. 

geometriulad arawrfivi garsebis TeoriaSi gamokvlevebis 

ganzogadoeba mocemulia a. volmiris [42] monografiaSi. 1957 wels 

gamoqveynda x. muStaris da k. galimovis [113] monografia. unda 

aRiniSnos agreTve a.volmiris [43] wigni. 
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e. grigoliukisa da v. tolkaCevis [114] naSromSi ganixileba 

firfitebisa da garsebis urTierTqmedeba xist sxeulebTan, 

agreTve garsebs uSualod Soris urTierTqmedeba. kerZod, 

ganixileba sixistis wibosa da firfitis an garsis 

urTierTqmedebis amocanis miaxloebiTi gadawyveta. cilindruli 

garsebisaTvis agebulia grinis matricebi da gadawyvetilia 

saintereso  gantolebebi. sainteresoa amocana cilindruli 

garsebis batareebis Sesaxeb, romlebic SeerTebulia msaxvelebis 

monakveTebSi. 

e. grigoliukis da v. kabanovis wignSi [29] 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. 

 

1.1.4. 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 [115] da ganaviTara n.musxeliSvilma [71], es 

idea farTod gamoiyeneba garsebSi naxvretebTan axlos ZabvaTa 

koncentraciis amocanaTa gadasawyvetad. kerZod, g. savinisa da 

misi mowafeebis mier [54, 55]. es Sedegebi mTel rig SemTxvevebSi 

mniSvnelovania bzarebis Teoriisas, da amgvarad, rRvevis 

meqanikis ganviTarebisaTvis. 

naxvretebis siaxloveSi Zabvebis koncentraciis Sesaxeb 

fundamenturi Sroma gamoaqveyna g. savinma [54]. am monografiaSi 
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warmodgenil gamokvlevas, garda Teoriuli interesisa, aqvT 

praqtikuli mniSvneloba. 

amave problemas eZRvneba g. savinisa da v. tulCias [54] 

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 [15]. [107-45] monografiaSi 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, a. siniaskis [96] 

da b.pelexas [30] wignebi. [33] wignSi naxvretebis siaxloveSi 

arsebuli Zabvebi ganisazRvrebian ganivi Zvris gaTvaliswinebiT. 

ganixileba armirebuli plastmasisagan damzadebul garsebSi 

naxvretebis siaxloveSi daZabul-deformirebuli mdgomareobis 

sakiTxi. [30] SromaSi ganixileba bzarebis gaCenis gamo aRZruli 

ZabvaTa koncentracia firfitebisa da garsebis datvirTviT an 

temperaturiT gamowveuli Runvis SemTxvevaSi. 

 bzarebis mqone Txelkedlian konstruqciebs eZRvneba a. 

guzis [107] wigni. masSi 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 

28 



formebi, ganxorcielebulia bzarebis mqone firfitebis rRvevis 

eqsperimentaluri gamokvleva. 

[116-117] 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. 

 

1.1.5. firfitebisa da garsebis optimizacia 

 
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. 

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. 
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1.1.6. 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 [25] 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 [98] 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. vlasovis [8] naSromSi brunviT garsebTan erTad, 

romlebic ganivad gofrirebulia, ganixileba grZivad gofrirebuli 

sqelkedliani cilindruli garsebic. daZabul-deformirebuli 

mdgomareoba ganisazRvreba konstruqciisa da masalis parametrebis 

gaTvaliswinebiT. mTeli informacia warmodgenilia grafikebisa 

da ricxvebis saxiT. 

brunviTi garsebi figurireben sxva SromebSic [26, 28, 90, 99, 

100, 113, 118, 119, 120, 121, 122, 125]. 

sferul  garsebs  eZRvneba a. guzisa da misi Tanaavtorebis  
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[15, 45, 107] a. luries [101], e. grigoliukis [29, 114] Sromebi. am 

ukanasknelSi mimoxilulia eqsperimentaluri gamokvlevebi 

sferuli garsebisaTvis, romlebic Catarda maTi mdgradobisa da 

rxevebis dasadgenad. mocemulia konstruqciebis gaangariSebis 

naxevrad empiriuli formulebi. 

sferuli garsebis Seswavlas eZRvneba agreTve sxva 

naSromebic [8, 19, 24, 42, 108, 124]. 

arastandartuli formis cilindruli garsebi ganxilulia 

i.grigorenkos, a. vasilenkosa da n. pankratovis [98] naSromSi. 

masSi warmodgenilia fenovani orTotropuli garsebi, kerZod, 

grZivad gofrirebuli, grZivwiboebiani, wriuli, romlebsac aqvT 

cvladi sisqe. gamokvleulia daZabul-deformirebul mdgomareobaze. 

cilindruli garsebi ganixileba s. kanisa da i. kaplanis 

[32], g.Sapiros [57, 58] naSromebSi. romlebSic SemoTavazebulia 

daZabul-deformirebuli mdgomareobis miaxloebiTi gansazRvra, 

mocemulia uganzomilebi sidideebis formulebi, grafikebi da 

cxrilebi, gamoyenebulia konturis uWimvobis piroba da Zvris ar 

arseboba. 

konusuri garsebis gaangariSebis Teoria gaSuqebulia i. 

obrazcovis [125] SromaSi. mocemulia zusti amoxsnebi wriuli 

firfitebisa da brunviTi garsebisaTvis, romlebic miiReba 

specialuri funqciebis gamoyenebiT. grafikebSi da cxrilebSi 

warmodgenilia ricxviTi Sedegebi. 

i. mileikovskisa da a. kunapis naSromSi [10-11] warmodgenilia 

hipargarsebis arqiteqturul-konstruqciuli gadawyvetis mimoxilva, 

aRwerilia damreci hiparebis umomento da momenturi Teoriebi, 

SemoTavazebulia gaangariSebis praqtikuli variaciuli meTodi 

gadaadgilebaTa terminebSi. moyvanilia grafikebi da cxrilebi 

kvadratuli gegmis mqone oTxi garsisagan Sedgenili sistemisaTvis. 

garsebi, romelTa Sua zedapiri aris dadebiTi, nulovani 

da uaryofiTi ganixileba k. eiplendis [126] naSromSi. masSi 

gadatanis damreci garsebisaTvis wrfivi momenturi Teoria 

warmodgenilia erTi gantolebiT, xolo im garsebisaTvis, 
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romlebic gegmiT sworkuTxaa, es gantoleba SeiZleba amoixsnas 

wriuli cilindruli garsebis analogiurad. aqve ganixileba 

garsebis orTotropiuloba da amasTanave garsSi SeiZleba iyos 

fenovani da yovel SreSi orTotropiulobis mimarTuleba 

paraleluri daZabul-deformirebuli mdgomareobis mTavari 

mimarTulebebisa.  

damrec garsebs eZRvneba i. vekuas [13] da b. kantoris [127] 

naSromebi. b. kantoris mier 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 plastikurobis 

kriteriumebi masalis kumSvadobisa da ganmtkicebis 

gaTvaliswinebiT. gaTvaliswinebulia agreTve araerTgvarovneba 

plastikuri Tvisebebisa Termuli damuSavebis, zedapiruli 

civWedvis, Cqari neitronebis nakadiT dasxivebis Semdeg. 

damkvidrda saxelwodeba `s. timoSenkos tipis garsebis 

gaangariSebis meTodebi~. am meTodebSi SemoTavazebulia Zvrebis 

gaTvaliswineba koWebSi sakuTari rxevebis sixSireebis 

gansazRvrisaTvis. timoSenkos tipis garsebis Teoriis ageba 

saSualebas iZleva davZlioT winaaRmdegoba gantolebaTa 

sistemis rigsa da sasazRvro pirobebis raodenobas Soris. 

amave Tavsebadobis sakiTxs exeba e. reisneris [128] statia. e. 

reisneri gamodis drekadi firfitebis Runvis samganzomilebiani 

SefasebisaTvis, dawyebuli meoTxe rigis gantolebebis TeoriiT, 

romelic eyrdnoba kirxhofis hipoTezebs. samganzomilebiani 

problemis sxvadasxva variaciis gansjis Semdeg SeiniSneba 

organzomilebiani Teoriis ganviTareba, romelsac mivyavarT 

meeqvse rigis gantolebamde (boles, henkis, mindlinisa da 

reisneris Teoriebi) ganivi Zvris efeqtis gaTvaliswinebis 

SemTxvevaSi. kidev erTxel ganixileba levis adrindeli 

gadawyveta, romelic agebs organzomilebian maTematikur aparats, 

rasac axorcielebs pirdapiri meTodiT da dahyavs meeqvse rigis 
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gantolebamde. fenovani firfitebisaTvis ganixileba agreTve 

ufro maRali rigis gantoleba, vidre meeqvse rigisaa. ganixileba 

agreTve meeqvse rigis gantolebis asimptoturi amoxsna, romelic 

saSualebas iZleva SevamciroT gantolebis rigi meoTxemde. 

 
1.1.7. filebisa da garsebis Teoriis maTematikuri aparati 

 

maTematikuri aparatis gamoyeneba filebisa da garsebis 

amocanebis gadawyvetisaTvis ganixileboda adre mravalricxovan 

SromebSi. 

garsebis TeoriaSi gamoiyeneba mravalgvari maTematikuri 

aparati, garda ZiriTadi aparatisa (diferencialuri 

gantolebebi, da kerZod, maTi miRebis variaciuli gzebi) 

gamoiyeneba gantolebaTa variaciuli forma (e.reisneris, v. 

novoJilovis, k. Cernixis, j. sandersis da sxvaTa Sromebi), 

integralur gantolebaTa aparati (n. kilCevski da sxvebi), 

integraluri gardaqmnebi (l. slepiani da sxvebi), specialuri 

funqciebi (a. kovalenko da sxvebi), albaTobis Teoriisa da 

maTematikuri statistikis aparati (v.bolotini), wrfivi da 

arawrfivi problemebis asimptoturi gadawyveta (a.goldenveizeri, 

n. alumiae da sxvebi), parametris mixedviT gadawyvetis 

gagrZelebis meTodi (e. grigoliuki, v. SalaSini da sxva) da a.S. 

damatebiT aRsaniSnavia Sromebi, romlebSic maTematikuri 

meTodi pirvel adgilzea dayenebuli [31, 39, 129, 130, 131, 132, 133, 

134, 135, 136, 137, 138, 139]. 

[117] wignis meore TavSi warmodgenilia albaTobis Teoriis 

meTodebis gamoyeneba Txeli drekadi garsebis gaangariSebaSi 

(kritikulamde deformaciebi, sasazRvro efeqtebi temperaturuli, 

SemTxveviTi Termodrekadi Zabvebi, sawyis arasrulfasovnebaTa 

gaTvaliswineba). agreTve ganixileba garsTa gaangariSeba 

statistikuri meTodebis aspeqtSi. 

i. vekuam gamoaqveyna wigni [13], romelic eZRvneba tenzorul 

analizs. 

33 



1.1.8. teqnikis dargSi firfitebisa da garsebis 
Teoriis gamoyenebis Sesaxeb 

 

mTel rig SromebSi gaSuqebulia TviTmfrinavebisa da 

gemebis Txelkedliani konstruqciebis gaangariSeba. am SromaTa 

nawili ukve ganxilulia Cvens mier. aRvniSnoT kidev ramodenime. 

TviTmfrinavebis samSeneblo meqanikis Sesaxeb mTeli rigi 

SromebSi ekuTvnis i. obrazcovs [125, 140, 141]. i. obrazcovi iyo 

redkolegiis Tavmjdomare mTeli rigi gamocemebisa, romlebic 

eZRvneboda TviTmfrinavis samSeneblo meqanikis problemebs. 

aRvniSnoT kidev ramodenime Sroma, romlebic aSuqeben 

TviTmfrinavmSeneblobasTan dakavSirebul sakiTxebs. es aris k. 

balubaxis sami statia, sadac warmodgenilia TviTmfrinavis 

konstruqciis fragmentebis gaangariSeba; s. kanisa da i. panovkos  

da a. umanskis naSromebi TviTmfrinavis samSeneblo meqanikis 

Sesaxeb. pirvel tomSi aris oTxi Tavi, romlebSic 

warmodgenilia firfitebis Runvisa da mdgradobis sakiTxebi, 

maTi drekadobis miRma muSaobis CaTvliT, agreTve cilindruli 

garsebis Teoriis elementebi. 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. 

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 exeba TviTmfrinavmSeneblobas, Tumca 

ganixilavs Teoriis da gaangariSebis zogad sakiTxebs. 

a. aleqsandrovisa da l. kurSinis redaqciiT gamoqveynebul  

or krebulSi ganixileba samfenovani panelebisa da garsebis 

gaangariSeba saaviacio konstruqciebis elementebis daproeqtebis 
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mizniT. am krebulis gamocema win uswrebda specialurad 

samfenovani panelebisadmi miZRvnil naSroms. 

aRsaniSnavia agreTve sami krebuli: (v. kabanovis redaqciiT), 

(i.obrazcovisa da a. volmiris redaqciiT) da (v. vasilievis 

redaqciiT), sadac warmodgenilia TviTmfrinavis konstruqciebis 

gaangariSeba. gamokvleulia konstruqciaze arastacionaluri 

velis gavlena, warmodgenilia daZabul-deformirebuli 

mdgomareobis gansazRvra frTis gaZlierebul garsSi da 

gamokvleulia arawrfivi deformacia da mdgradoba. ganxilulia 

safreni aparatebis saimedoobis problemebi maTi gamocdis, 

navigaciisa da manevrirebis SemTxvevaSi. 

firfitebis daZabul-deformirebuli mdgomareobis 

gansazRvra da mdgradobis Sefaseba maTi gemis konstruqciebSi 

gamoyenebis TvalsazrisiT ganTavsebulia fundamentaluri 

naSromi `gemis samSeneblo meqanika~. firfitebis gaangariSebas 

eZRvneba agreTve i. Simanskis naSromi. 

gemTmSeneblobaSi gamoyenebuli samfenovani konstruqcie-

bisadmi wayenebul moTxovnebs exeba b. proxorovisa da v. 

kobelevis naSromi. masSi kerZod gamokvleulia defeqtebis 

gaCenis mizezebi da mocemulia samfenovani konstruqciebis 

teqnikur-ekonomikuri Sefaseba. gansakuTrebuli specifikisaa 

garsebi, romlebsac iyeneben mSeneblobaSi. am konstruqciebis 

gamoyenebis ZiriTadi sferoa SenobaTa saxuravebi. pirveli 

naSromi, romelSic garsebi ganixileboda am aspeqtSi iyo f. 

diSingeris [118]. Semdegi iyo i. Staermanis naSromi [142], 

romelSic damreci rkinabetonis garsis daZabul-deformirebuli 

mdgomareoba ganixileba misi ganqargilebis procesSi, e.i. im 

periodSi, rodesac betons jer kidev ara aqvs miRebuli 

saangariSo simtkice. ufro mogvianebiT gamovida misi naSromi 

`Seafrebuli filebi, daproeqteba da mSenebloba~. 
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1.1.9. filebisa da garsebis gaangariSeba Cveulebriv 
diferencialuri gantolebebSi 

 
 

rogorc wina paragrafebis analizidan Cans deformadi 

sxeulis meqanikis amocanebis gadawyvetisaTvis mravali meTodia 

amJamad damuSavebuli. cxadia, rom gamoTvliTi teqnikis 

praqtikaSi ar arsebobis periodSi yvelaze ufro efeqtur 

meTodad iTvleboda is meTodebi, romlebic myari tanis meqanikis 

amocanebis amoxsnis miRebas SesZlebdnen iseTi martivi 

analizuri gamosaxulebis saxiT, romlebic ar iTxovdnen didi 

moculobis gamoTvlebis Sesrulebas maT praqtikaSi dasanergavad. 

aseTi saxis meTodebis damuSaveba ki damokidebuli iyo 

maTematikuri xasiaTis sirTuleebis gadalaxvasTan, rac 

miiRweoda mxolod originaluri maTematikuri midgomis 

gamoyenebiT. 

rac Seexeba Tanamedrove komputerebis arsebobis periods, 

aq deformirebadi sxeulis meqanikis amocanis amoxsnis meTodiT, 

efeqturobis Sefaseba mkveTrad icvleba. am etapze gamoTvliTi 

samuSaoebis Sesruleba (Zalian didi moculobiTac ki) aRar 

warmoadgens ukve raime dabrkolebas maTi praqtikaSi danergvis 

saqmeSi. amitom Tanamedrove kompiuteris arsebobis SemTxvevaSi 

yvelaze ufro efeqturad miiCnevian ukve iseTi meTodebi, 

romlebic moicaven amocanebis farTo wres da gamoirCevian 

gansakuTrebuli maTematikuri simartiviT, rac xSirad miiRweva 

gamoTvliTi samuSaoebis gazrdis gziTac maTi ricxviTi 

realizaciis dros. aseTi meTodebis ricxvs miekuTvnebian, 

pirvelyovlisa, ricxviTi meTodebi: sasrulo sxvaobaTa meTodi, 

romelic marTalia damuSavebuli iyo Zalian adre, magram man 

praqtikuli gamoyeneba hpova mxolod Tanamedrove kompiuterebis 

periodSi. praqtikaSi metad farTo gavrceleba hpova sainJinro 

nagebobebisa da konstruqciebis proeqtirebis saqmeSi ricxviTma 

meTodma, romelic cnobilia sasrulo elementTa meTodis 

saxelwodebiT [39], [131], [72], [143], [134], [135], [144]. unda aRiniSnos, 
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rom sasrul elementTa meTodi efeqturia Zalian rTuli 

struqturis mqone obieqtebis (geometriuli da fizikuri azriT) 

ganxilvisas. magram, cnobilia, mas aqvs mniSvnelovani 

naklovanebebic: Txoulobs didi raodenobis sawyisi informaciis 

damuSavebas; ganxiluli amocanis amoxsnisas saWiroebs metad 

maRali rigis algebrul gantolebaTa sistemis amoxsnas; 

arasakmarisadaa daxasiaTebuli usasrulo da naxevrad usasrulo 

areebisaTvis da sxva. Tumca ukanasknel periodSi, cnobili 

mecnierebis gamokvlevebis wyalobiT miRweulia mniSvnelovnad 

daxvewa misi arsis maTematikuri interpretaciisa, ramac mkveTrad 

gaamartiva sasrulo elementebis meTodis kompiuterze ricxviTi 

realizaciis procedura. mniSvnelovani wvlili am saqmeSi 

Seitana ukrainel mecnierTa skolam. am gamokvlevebis Sedegad 

damuSavebulia aRniSnuli meTodis ramdenime varianti: sasazRvro 

elementebis meTodi, superelementebis meTodi, naxevrad 

analizuri meTodi da sxva. 

2008 wlis aprilis bolos saqarTvelos teqnikur 

universitetSi Catarda saerTaSoriso konferencia ricxviTi 

meTodebis, kerZod `liras~ gamoyenebiT samSeneblo konstruqciebis 

gaangariSebis Taobaze. cnobilma specialistma prof. gorodeckim 

Tavis gamosvlaSi aRniSna, rom miuxedavad didi warmatebisa 

programa `liras~ araswori da araspecialistis gamoyenebis 

Sedegad metad saSiSi iaraRia, romelmac SeiZleba gamoiwvios 

nagebobebis ngreva da aunazRaurebeli materialuri zarali. 

amitomac saWiroa saxelmwifoSi Seiqmnas samecniero dawesebuleba, 

romelic kontrols gauwevs programa `liras~ swor momsaxurebis 

saqmes. 

aRniSnuli meTodebidan SedarebiT farTo gamoyeneba hpova 

sasazRvro elementTa meTodma, rasac adasturebs cnobili 

mecnierebis didi yuradReba misi Semdgomi ganviTarebis saqmeSi, 

sasazRvro elementTa meTodis idea, romlis Tanaxmadac dgindeba 

saZiebeli funqciebis damokidebuleba sxeulis SigniT da mis 

sazRvrebze, Casaxuli iyo ufro adre, roca drekadobis Teoriis 
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amocanebis ricxviTi meTodebis damuSavebisas integraluri 

gantolebebis gamoyenebiT Seicvala kerZowarmoebulebiani 

diferencialuri gantolebis ganxilva. am ideis realizacias 

mivyavarT aRniSnuli diferencialuri gantolebebis, 

urTierTdamokidebulebis Secvlaze praqtikulad eqvivalenturi 

integraluri gantolebebiT, romlebSic aRniSnuli saZiebeli 

sidideebis mniSvnelobebi mocemulia mxolod gansaxilveli 

areebis sazRvrebze. amitom maT uwodeben sasazRvro integralur 

gantolebebs, xolo am midgomas deformirebuli sxeulis 

meqanikis amocanebis amoxsnisas _ sasazRvro integraluri 

gantolebebis meTods. mis SeqmnaSi didi wvlili miuZRviT n. 

musxeliSvils [71], v. kupraZes da mis mowafeebs [72], i. vekuas [13], 

[14] da sxva. 

i. RuduSauris monografia [16] miekuTvneba swored im axali 

Teoriuli gamokvlevebis kategorias, romlebic eZRvneba 

deformirebadi sxeulebis meqanikis amocanebis amoxsnisaTvis 

efeqturi analizuri meTodis damuSavebas Tanamedrove egm-is 

arsebobis periodSi. masSi mocemulia drekadobis Teoriis 

samganzomilebiani amocanebis amoxsnis zogadi analizuri meTodi, 

romelic maTematikuri TvalsazrisiT gamoirCeva gasakuTrebuli 

simartiviT da metad moxerxebulia praqtikuli gamoyenebis 

TvalsazrisiT. am meTodis realizaciis maTematikuri gamartiveba 

mdgomareobs imaSi, rom misi gamoyenebisas drekadobis Teoriis 

amocanebis amoxsna daiyvaneba Cveulebrivi diferencialuri 

gantolebebis integrebaze. es miiRweva masSi Cadebuli 

originaluri analizuri modelis safuZvelze, romlis Tanaxmadac 

mocemuli samganzomilebiani sxeulis usasrulod mcire 

elementis muSaoba warmodgenilia am elementis toldidi sami 

`erTganzomilebiani~ fiqtiuri elementis erToblivi muSaobiT 

`erTganzomilebianis~ qveS aq igulisxmeba fiqtiuri sistemis 

fizikuri daxasiaTeba, rom mis usasrulod mcire elements unari 

aqvs imuSaos gaWimvaze (kumSvaze) mxolod romeliRac erTi 

orTogonaluri mimarTulebiT, romelic wodebulia mis muSa 
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mimarTulebad. amasTan erTad, aRniSnuli sami fiqtiuri sistemis 

muSa mimarTulebebi urTierTorTogonalurni arian mocemuli 

obieqtis nebismier wertilSi. 

mocemul etapze i. RuduSauris aRniSnuli Teoria 

damuSavebulia klasikuri drekadobis Teoriis daSvebebis 

sizustiT. mis monografiaSi ganxiluli mravali ricxviTi 

magaliTebi mowmoben, rom am TeoriiT miRebuli drekadobis 

Teoriis amocanebis amoxsnebi gamoirCevian swrafi krebadobiT da 

maRali sizustiT. garda amisa, aRniSnuli Teoria metad martivia 

maTematikuri TvalsazrisiTYda Tavisufalia zemoT aRniSnuli 

naklovanebebisagan. amitom mas unari aqvs warmatebiT gauwios 

konkurencia ricxviT meTodebs martivi struqturis mqone 

obieqtebis ganxilvisas, e.i. roca obieqtis fizikur-geometriuli 

maxasiaTeblebi da sasazRvro pirobebi eqvemdebarebian zust 

analizur Caweras mocemuli obieqtis aris farglebSi. 
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2. შედეგები და მათი განსჯა 

2.1. Txeli filebis da cilindruli garsebis Runvaze 
gaangariSebis zogadi Teoria Cveulebriv 

                  diferencialur gantolebebSi 
 

2.1.1. naSromSi gamoyenebuli Teoriis arsi 

 
qvemoT gamoyenebuli Teoria efuZneba Cveulebriv 

diferencialur gantolebebSi drekadobis Teorias, romelic 

zogad damuSavebul iqna i.RuduSauris mier [16]. am axali Teoriis 

mizans warmoadgens klasikuri drekadobis Teoriis gamoyenebiT 

filebisa da garsebis gaangariSebisas warmoSobili maTematikuri 

xasiaTis siZneleebis gverdis avla, gaangariSebis sizustis 

dakargvis gareSe, rac miRweulia klasikuri drekadobis Teoriis 

analizuri modelis arsis axleburi interpretaciis gziT. 

 rogorc cnobilia, klasikur drekadobis Teorias [71], [1], 

[145] safuZvlad udevs analizuri modeli usasrulod mcire 

elementebis Sesaxeb, romlebic Cvens warmodgenaSi amoikveTeba 

mocemuli drekadi T sxeulidan da ganixileba mis eqvsive 

waxnagze moqmedi Sinagani Zabvis yvela komponentis (normaluri 

da mxebi) gaTvaliswinebiT (nax. 1, a) wonasworobisa da 

deformaciebis yvela gantolebebisa da damokidebulebebis 

misaRebad. aRniSnuli gantolebebi Caiwereba rTuli struqturis 

kerZowarmoebulebiani diferencialuri gantolebebis saxiT, 

romelTa amoxsna amocanis sasazRvro pirobebis gaTvaliswinebiT, 

rogorc cnobilia maTematikuri xasiaTis rTuli dabrkolebebTan 

aris dakavSirebuli. klasikuri drekadobis Teoriis fuZemdebel 

akad. n. musxeliSvili Tavis cnobil monografiaSi [   ] wers: `Tu 

davsvavT sakiTxs Cveni Reros wonasworobis Sesaxeb yvela pirobis 

srulad dakmayofilebis mizniT, maSin mivdivarT maTematikur 

amocanamde yvela saZiebeli sididisaTvis. xσ , yσ , ,zσ  ,xyτ  ,yzτ  

zxτ , u, v, w iseTi mniSnelobis gansazRvris Sesaxeb, romlebic 

Reros mier dakavebuli v areSi zustad daakmayofileben 
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sivrciTi drekadobis Teoriis yvela gantolebas da amis garda 

amocanis yvela sasazRvro pirobas. aseTnairad dasmuli amocana 

gadawyveta dakavSirebulia mniSvnelovan maTematikur sirTuleebTan, 

Tu moiZebneba ara marto Teoriuli, aramed iseTi amonaxsnic, 

romelic eqvemdebareba ricxviT realizacias. 

sabednierod irkveva, rom praqtikuli miznebisaTvis umetes 

SemTxvevaSi ar aris saWiro (da Tanac azri ara aqvs) amocanis 

dasmas aseTi sirTuliT~. aseve rTul maTematikur problemebzea 

laparaki `biblias~ saxelwodebiT cnobil oTxi avtoris (v. 

kupraZe, m. baSaleiSvili, T. gegelia, T. burWulaZe) monografiaSi. 

am amonarididan Cans, rom Tumca maTematikuri 

TvalsazrisiT yvela amocana gadawyvetilia, magram amoxsnis 

ricxviTi realizacia yovelTvis mosaxerxebeli ar aris. swored 

am dabrkolebebis warmatebiT gadalaxvaa miRweuli i.RuduSauris 

zemoT moxsenebul TeoriaSi. 

unda iTqvas, rom swored aRniSnuli dabrkolebebis 

gadalaxvis mizniTaa amJamad damuSavebuli mravali saxis 

ricxviTi meTodi (sasrulo sxvaobebis, sasrulo elementebis da 

sxva), romelTa realizacia dakavSirebulia didi moculobis 

gamoTvliT samuSaosTan da, amitom, maTi praqtikaSi danergva 

SesaZlebeli gaxda mxolod maRali klasis Tanamedrove 

gamoTvliTi teqnikis gamoyenebiT. magram es ricxviTi meTodebi, 

analizur meTodebTan SedarebiT, rogorc cnobilia, gacilebiT 

dabali sizustiT xasiaTdebian nagebobis saerTo daZabul-

deformirebuli mdgomareobis gamokvlevisas. 

i. RuduSauris aRniSnul TeoriaSi gamoyenebuli analizuri 

modelis Tanaxmad, romelic sizustiT klasikuri analizuri 

modelis (nax. 1, a) adekvaturia, nebismieri drekadi T sxeulis 

daZabul-deformirebuli mdgomareoba, gamowveuli gare 

zemoqmedebiT (Zalovani, temperaturuli da sxva), warmoidgineba 

`erTganzomilebiani~ sami fiqtiuri sistemis , ,  erToblivi 

muSaobis saxiT. es fiqtiuri sistemebi geometriulad 

adekvaturni arian mocemuli samganzomilebiani T sxeulisa, 

αT βT γT
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xolo maTi fizikuri maxasiaTeblebi ki uzrunvelyofen amocanis 

dayvanas Cveulebrivi diferencialuri gantolebebis integrebaze 

klasikur drekadobis TeoriaSi gamoyenebuli cnobili hipoTezuri 

daSvebebis sizustiT. TiToeuli am fiqtiuri sistemis 

usasrulod mcire elements unari Seswevs imuSaos gaWimvaze 

(kumSvaze) mxolod iseTi mimarTulebiT, romelic emTxveva misi 

indeqsis Sesabamisi sakoordinato wiris mxebs. fiqtiuri 

sistemebis aseTi `muSa~ mimarTulebebi, romlebic naCvenebia maTi 

indeqsebiT, aRniSnuli ganmartebis Tanaxmad, cxadia, urTierT 

orTogonaluri iqnebian, rac gamoiwvevs gansaxilveli T sxeulis 

mcire elementze (nax. 1, a) moqmed Sinagani Zabvis komponentebis 

Sesabamis gadanawilebas fiqtiuri sistemebis usasrulod mcire 

elementebs Soris (nax. 1, b). 

klasikuri drekadobis Teoriis analizuri modelis (nax. 1, 

a, b), arsis aRniSnul axlebur interpretacias i. RuduSauri 

uyenebs Semdeg or ZiriTad moTxovnas: 

1. fiqtiur  sistemaTa erToblivi muSaobisa da 

mocemuli T realuri sxeulis muSaobis adekvaturobis 

uzrunvelyofa, klasikur drekadobis TeoriaSi gamoyenebul 

cnobil hipoTezur daSvebaTa sizustiT (cxadia, kirxhofis zemoT 

moxsenebuli hipoTezis garda);  

γβα TTT ,,

2. klasikuri drekadobis Teoriis nebismieri amocanis 

dayvanas Cveulebrivi diferencialuri gantolebebis integrebaze. 

amrigad, aRniSnuli gziT klasikuri drekadobis Teoriis 

nebismieri samganzomilebiani amocana daiyvaneba raRac `sivrciT 

sakontaqto~ amocanaze  fiqtiur sistemaTa erToblivi 

muSaobis Sesaxeb, romlebSic saZiebeli moculobiTi reaqciuli 

urTierTqmedebis Zalvebis (Zalebi da momentebi) ganisazRvrebian 

aucilebeli da sakmarisi `sakontaqto~ pirobebidan. es 

ukanasknelni, igiuri tolobebis saxiT, avtomaturad miiRebian 

uSualod zemoT aRniSnuli pirveli mTavari pirobis 

Sesrulebisas. 

γβα TTT ,,
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nax. 1. usasrulod mcire elementis daZabul- 

deformirebuli mdgomareoba 
 

am reaqciuli Zalvebis saZiebeli funqciebi winaswar 

warmodgindebian saerTo formis mwkrivebis saxiT, romlebic 

zogad mrudwirul koordinatTa sistemaSi α, β, γ Caiwerebian 

Semdegi saerTo formiT: 
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erTad, ar ganicdian wyvetas T sxeulis farglebSi; α, β, γ − 

uganzomilebi koordinatebia. 

rac Seexeba misi erTmagi mwkrivis sam wevrs, romelTa 

daniSnulebaa Sesabamisi sasazRvro pirobebis dakmayofileba, 

rogorc wesi, SeinarCuneba mxolod erTi, an yvela isini 

miiCnevian nulis tolad (gansaxilvel konkretul amocanaSi 

mocemuli sasazRvro pirobebis xasiaTis mixedviT). Tanac, 

TiToeuli maTganis pirveli funqcia, romelic erT 

koordinatazea damokidebuli, unda akmayofilebdes zemoT 

aRniSnuli mainterpolirebeli funqciebisadmi wayenebul 

moTxovnebs. meore funqcia ki romelic or koordinatazea 

damokidebuli, saZiebelia da ganisazRvreba Sesabamisi sasazRvro 

pirobidan. 

gansakuTrebiT aRsaniSnavia i. RuduSauris TeoriaSi 

gamoyenebuli klasikuri Teoriis analizuri modelis (nax. 1, a) 

axleburi interpretaciis (nax. 1, b) arsis kidev erTi metad 

mniSvnelovani mxare, romlis Tanaxmad Sinagani mxebi Zabvebi: 

        , ,             (2) ,*
αββααβ τττ == *

αγγααγ τττ == *
βγβββγ τττ ==

maTi warmoSobis bunebis gamo, miekuTvnebian  fiqtiur 

sistemaTa urTierTqmedebis gamomxatveli Zalvebis jgufs da 

amitom maTi saZiebeli funqciebic warmodgindebian winaswar (1) 

formis mwkrivis saxiT. amasTan erTad, urTierTqmedebis zemoT 

aRniSnuli reaqciuli Zalvebisagan gansxvavebiT, maT damatebiT 

waeyeneba moTxovna imis Sesaxeb, rom (1) formis mwkrivebis saxiT 

warmodgenili Sinagani mxebi Zabvebis  saZiebeli 

funqciebi zustad unda akmayofilebdnen maT Sesabamis sasazRvro 

pirobebsac, rac advilad miiRweva am mwkrivebSi 

mainterpolirebeli funqciebis SerCevis etapzeve.     

γβα TTT ,,

*** ,, βγαγαβ τττ

unda iTqvas, rom am ukanaskneli moTxovnis Sesruleba erT-

erTi ZiriTadia i. RuduSauris zogad TeoriaSi. saqme imaSia, rom 

swored misi SesrulebiT miiRweva metad efeqturi saxiT: 

klasikuri drekadobis Teoriis amocanaTa dayvana Cveulebrivi 
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diferencialuri gantolebebis amoxsnaze; danarCeni sasazRvro 

pirobebis dakmayofilebis sakiTxis mkveTrad gamartiveba da, rac 

mocemuli naSromis avtorisaTvis gansakuTrebiT mniSvnelovania, 

Txeli garsebisa da filebis gaangariSebisas sasazRvro 

pirobebis zustad dakmayofileba, klasikur garsTa TeoriaSi 

dakanonebuli hipoTezuri daSvebebis gamoyenebis gareSe, 

romelTa ricxvs miekuTvneba kirxhofis cnobili hipoTezac. 

 

2.1.2. Txeli filebis Runvaze gaangariSebis magaliTebi 

 
2.1.2.1. Tavisuflad dayrdnobili filis Runva konturze 
     moqmedi ganawilebuli momentebis gaTvaliswinebiT 

 
 Cven SemovifarglebiT sworkuTxedis formis filis 

Runvaze gaangariSebis ZiriTadi diferencialuri gantolebebiT, 

romelTa misaRebad ganixileba filis usasrulod mcire 

elementebi , romlis vertikalur waxnagebze moqmedeben 

Sinagani Zalvebi , , ,  da  mgrexi 

momenti (nax. 2), xolo konturze ki gare ganawilebuli 

datvirTva. x

11dyhdx

1Qx 1Qy 1Mx 1My
1111

*
xyyx MMH ==

1 da y1  dekartes marTkuTxa koordinatebia.  

 
nax. 2. filis usasrulod mcire elementi  
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filis aRniSnuli elementis wonasworobis diferencialuri 

gantolebebi Caiwereba Semdegi saxiT: 

                  

.
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1

1

1

11
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1

*

1

11
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∂
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∂

∂
+

∂

∂

                          (3) 

aRniSnuli Siga Zaluri klasikur drekadobis TeoriaSi 

gamoisaxebian filis W CaRunvis saSualebiT 
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∂
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−
∂
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2
1
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2
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2
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2
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2

1

1

ν

ν

ν

ν

EhD

yx
WDH

x
W

y
WDM

y
W

x
WDM

y

x

                           (4) 

Tu (3) tolobidan gamovricxavT  da  ganiv Zalebs da 

gaviTvaliswinebT (4) tolobebs miviRebT sofi-Jermenis cnobil 

gantolebas W CaRunvis funqciis mimarT. 

1Qx 1Qy

D
yxq

y
W

yx
W

x
W ),(2 4

1

4

2
1

2
1

4

4
1

4

=
∂
∂

+
∂∂

∂
+

∂
∂
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amrigad, klasikuri drekadobis Teoriis gamoyenebiT 

sworkuTxedis formis filis gaangariSeba daiyvaneba misi 

CaRunvisaTvis iseTi funqciis  gansazRvraze, romelic 

daakmayofilebs biharmoniul gantolebas da yoveli konkretuli 

amocanisaTvis winaswar mocemul yvela sasazRvro pirobas, rac 

rogorc zemoT iyo aRniSnuli dakavSirebulia maTematikuri 

xasiaTis did sirTuleebTan. disertaciaSi dasmuli amocanis 

gadawyvetisas viyenebT i. RuduSauris mier damuSavebul Teorias 

[16], romlis safuZvelze mkveTradaa gamartivebuli saerTod 

drekadobis Teoriis nebismieri amocanis zusti gadawyveta. 

)( 11 yxW
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ganvixiloT SemTxveva, roca sworkuTxa fila konturiT 

Tavisufladaa dayrdnobili da ganicdis konturis gaswvriv 

kosinosoidis kanoniT ganawilebuli momentebis qmedebas (nax. 3). 

 

nax. 3. Tavisuflad dayrdnobis fila konturze 
ganawilebuli momentebiT 

 
 

dasmuli amocanis gadawyveta mocemulia qvemoT Cveulebriv 

diferencialur gantolebebSi drekadobis Teoriis gamoyenebiT 

[16], sadac miRebulia uganzomilebo koordinatebi: 

               ;1

a
xx =  ;1

b
yy =  .

b
a

=η                          (5) 

sadac a da b filis konturis zomebia. 

amocanaSi mocemuli gvaqvs winaswar Semdegi realuri 

sasazRvro pirobebi [146] (nax. 3)  

roca  ; ;1±=x 1MM x = ;0=xQ   0* =H

roca  ;1±=y ;2MM y =  ;0=yQ 0* =H . 
(6) 
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mocemuli filis Runvaze muSaoba i. RuduSauris meTodiT 

warmodgineba ,  fiqtiur sitemebis erToblivi muSaobis saxiT, 

romelTa wonasworobis gantolebebi Caiwerebian Semdegi saxiT: 

(nax. 4). 

xT yT

 

nax. 4. fiqtiur sistemebSi Siga Zalebis ganawilebis kanoni 

 

_  fiqtiuri sistemisaTvis xT

                  *1
n

x P
x

Q
−=

∂
∂

α
 

y
H

b
Q

x
M

x
x

∂
∂

−=−
∂

∂ *11
α

,                       (7) 

_  fiqtiuri sistemisaTvis yT

                 *1
n

y P
y

Q
b

−=
∂

∂
, 

      .11 *

x
H

a
Q

y
M

b y
y

∂
∂

−=−
∂

∂
                         (8)   

(7) da (8) sistemebidan -is gamoricxvis Semdeg miiReba 

klasikur drekadobis Teoriis (3) wonasworobis gantolebaTa 

sistema. 

*
nP
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gantolebebidan (7) da (8) ganisazRvrebian Sinagani Zalvebi, 

Qx, Mx, Qy, My mas Semdeg, rac fiqtiur sistemaTa ,  

urTierTqmedebis Zalvebi  da 

xT yT

*
nP *H  warmodgenilni iqnebian 

winaswar mwkrivebis saxiT. am ukanasknelTa mainterpolirebuli 

funqciebis SerCevisas gaiTvaliswineba mocemuli amocanis 

Sesabamisi sasazRvro pirobebis (6) garda Semdegi sawyisi 

pirobebic 

roca x = 0;   ;0* =H ;0* ≠nP ,0=
∂

∂
x

Wx  

roca y = 0;   ;0* =H ;0* ≠nP 0=
∂

∂

y
Wy

. 

sadac  fiqtiuri sistemis CaRunvaa, xolo  fiqtiuri 

sistemis. 

xx TW − yy TW −

garda amisa reaqciuli datvirTva  gansaxvavebulia 

nulisagan filis mTel Sualeda zedapirze. 

*
nP

amrigad, sasazRvro pirobebisa (6) da sawyisi pirobebis (9) 

gaTvaliswinebiT aRniSnuli mwkrivebi SeiZleba warmodgenili 

iqnen Semdegi saxiT: 

     ∑∑
∞ ∞

−−=
m n

mnn nnynmmxmAP )sincos)(sincos(*

    ∑∑
∞ ∞

−−=
m n

mn nynymxmxBaH )sin)(sinsin(sin
2

*

η
 

sadac  da  jerjerobiT ucnobi koeficientebia da 

ganisazRvrebian saTanado Serwymis pirobebidan. 

mnA mnB

SemdgomSi Canawerebis gamartivebis mizniT SemoRebulia 

aRniSvnebi ; . ∑∑
∞ ∞

=
m n

mnmn AA ∑∑
∞ ∞

=
m n

mnmn BB

gamovTvaloT Qx, Mx, Qy, My sidideebi wonasworobis (7) da 

(8) gantolebebidan (10) tolobebis gaTvaliswinebiT   

        *1
n

x P
x

Q
a

=
∂

∂
 

        ),sincos)(sincos(1 nnynmmxmA
x

Q
a mn

x −−=
∂

∂
 

integrebiT miviRebT: 

  (9) 

     (10) 
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        ).()sincos)(sin(sin 1 yCnnynmxmxaAQ mnx +−−=  

C1(y) saintegracio funqcia ganisazRvreba sasazRvro 

pirobidan (6), roca x = ±1; 0=xQ  piroba gvaZlevs . 0)(1 =yC

sabolood 

        ).sincos)(sin(sin nynmxmxaAQ mnx −−+=                 (11) 

(11)-s gaTvaliswinebiT wonasworobis gantoleba 

.11
y
H

b
Q

x
M

a x
x

∂
∂

−=−
∂

∂
 

mogvcems 

          ),sincos)(sin)(sin(2 nynmxmxBAa
x

M
mnmn
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∂
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 saidanac 

          ×⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+−−= mxmx

m
BAaM mnmnx sin

2
cos1)(

2
2  

               )()sincos( 2 yCnnyn +−× . 

piroba roca ; 1±=x 1MM x =  gvaZlevs  

        ),sincos(sin
2
1cos1)()( 2

12 nnynmmx
m

BAaMyC mnmn −⎟
⎠
⎞

⎜
⎝
⎛ +−+=  

sabolood 

                          (12)  )sincos)(,()( 1,
2

1 nnynxmfBAaMM mmnx −−−=

sadac SemoRebulia aRniSvna 

         mxmmx
m

xmf sin)1(
2
1)cos(cos1),( 2

1 −+−= . 

analogiurad Qy da My sidideebisaTvis gveqneba 
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       ),sincos)(sincos(1 nnynmmxmA
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Q
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       )()sin)(sinsincos( 1 xBnynymmxmAQ mny +−−−=
η
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. 

 roca ; 1±=y 0)(0 1 =⇒= xBQy  
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       )sin)(sinsincos( nynymmxmAQ mny −−−=
η
α

,                    (13) 
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sabolood 
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sadac nynny
n

ynf sin)1(
2
1)cos(cos1),( 2

1 −+−= . 

fiqtiuri sistemebis Tx, Ty-is CaRunvebi Wx da Wy 

ganisazRvrebian tolobebidan 
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roca  ;0=x 0)(0 3 =⇒=
∂

∂ yC
x

Wx  (radgan 0)0,(2 =mf ) 
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 da  gamosaxulebebSi Semavali funqciebia: xW
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)(4 yC  saintegro mudmivis gansazRvris mizniT gamoviyenoT 

filaze moqmedi datvirTvis Tavisebureba da CavTvaloT rom 

roca 0== yx  filis centrSi 0),( ≡yxWx . miviRebT: 
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 analogiuri msjelobiT  funqciisaTvis gveqneba: ),( yxWy
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sadac zemoT moyvanil gamosaxulebebSi Semavali funqciebia:       
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amrigad, mocemuli konkretuli amocanis gadawyvetisaTvis 

zemoT gansazRvruli iqna yvela saZiebeli gamosaxuleba Sinagani 

ZalebisaTvis Qx, Qy, Mx, My, H da gadaadgilebebisaTvis Wx, Wy, 

x
Wx

∂
∂

, 
y

Wy

∂
∂

, romlebic Seicaven ucnob sidideebs Amn da BBmn mudmivi 

koefentebis saxiT. am ukanasknelTa gansazRvrisaTvis gamoiyeneba 

ori igiuri toloba 

           ),,(),( yxWyxW yx ≡

         .
)1(

1 *2

vD
H

yx
W

ab
x

−
−≡

∂∂
∂

 

igiur tolobaTa aRniSnuli sistemis dasakmayofileblad 

gamoiyeneba kolokaciis xerxi, romlis Tanaxmad Amn da B

 (17) 

Bmn 

saZiebeli mudmivi sidideebis gansazRvra daiyvaneba pirveli 

rigis algebrul gantolebaTa sistemaze, sadac 

;,,3,2,1 km L=   cn ,,3,2,1 L= . 

amrigad mocemuli meTodis gamoyenebisas usasrulo 

mwkrivebis magier miiReba sasruli mwkrivebi, sadac sidideebis k 

da c dadgena xorcieldeba yoveli konkretuli amocanis 

gadawyvetaSi krebadobis miRwevis gziT, risTvisac sruldeba 

Sesabamisi ricxviTi eqsperimenti Tanamedrove gamoTvliT 

manqanaze kolokaciis wertilebis raodenobis TandaTanobiT x-isa 

da y-is mimarTulebebiT zrdis gziT. 

mocemuli amocanis gadamwyvet algebrul gantolebaTa 

sistema miiReba (17) igiuri tolobaTa sistemidan maTSi Wx, Wy da 

*H  sididebisaTvis ukve cnobili gamosaxulebebis Casmis gziT. 

aRniSnuli gziT miRebuli gantolebaTa sistemis dakmayofileba 

xorcieldeba filis Sualedi sibrtyis winaswar SerCeul 

damaxasiaTebel wertilebSi, romlebic Tanabrad arian 

ganawilebulni gansaxilveli filis farglebSi. aRniSnuli 

wertilebis daniSvnisas gaiTvaliswineba mocemuli amocanis 
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simetriulobac. Cvens konkretul SemTxvevaSi isini aiRebian 

filis 
4
1
 nawilze (nax. 5). 

 

 

 

 

 

 

 
 

 

 

nax. 5. kolokaciis xerxi 

 

aRniSnulis gaTvaliswinebiT warmovadgenT  da  

gamosaxulebebi Semdegi saxiT 
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⎩
⎨
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+⎥
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⎤
⎢
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⎡
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⎫
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⎨
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⎬
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sadac 

)sin(1)sincos((,(),( 33
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m
nnynxmfyxfmn −+−= , 

 ,sin
2
1cos111),(),(),( 241

2

η
ν

⎥
⎦

⎤
⎢
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⎡
⎟
⎠
⎞

⎜
⎝
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⎥
⎦
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( )⎥⎦
⎤

⎢⎣
⎡ −+−= mm

n
mmxmynfyxfmn sin1)sincos)(,(),( 334

4

η
ν

. 

Serwymis I piroba mogvcems: 

     ,yx WW ≡

  [ ]++++ ),(),(),(),( 4321 yxfyxfyxfyxfA mnmnmnmnmn  

  [ ]=−−++ ),(),(),(),( 1234 yxfyxfyxfyxfB mnmnmnmnmn  
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⎦
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⎢
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⎠
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        [ ]∑∑ Φ=Φ+Φ
k

m

c

n

I
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I
mimn

II
mi MqBBAA 0)()()( . 

aq SemoRebulia aRniSvnebi 

      ),,(),(),(),()( 1234 yxfyxfyxfyxfA mnmnmnmn
I
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SevadginoT Serwymis II piroba: 

*
2

22 1
)1(

H
D

a
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W
η

ν
ν

+
−

−=
∂∂

∂
 

Casmis Sedegad miviRebT: 

[ ])()()(
)1( 02

22

BBAAqM
D

a
yx

W
mnmn Φ ′′+Φ ′′⋅+Φ ′′⋅−

−
−=

∂∂
∂
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gamovTvaloT 
yx

Wx

∂∂
∂ 2

. 

(15) tolobidan miviRebT 

 ⎢
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⎡
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−
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a
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W
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x sin),()(
2
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  ⎥
⎦

⎤
−−+− )sin)(sinsin(sin)( 2 nynymxmxvBA mnmn η

. 

radgan )sin)(sinsin(sin
2

nynymxmxaBH mn −−=
η

, amitom Serwymis 

II piroba mogvcems: 
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×++−− )(sin),()(
2

sin
2

2
2 mnmnmnmn BAnynxmfBAyx π

η
π

  

   +−−× )sin)(sinsin(sin2 nynymxmxv
η

 

   )sin)(sinsin(sin1
2 nynymxmxvBmn −−

+
+

η
 

anu garkveuli gardaqmnebisa da aRniSvnebis Semotanis Sedegad 

miviRebT Serwymis II pirobis Sesabamis algebrul gantolebas: 

    , [ ]∑∑
= =

Φ=Φ+Φ
k

m

II
c

n
mn

II
mnmn

II
mn MqBBAA

1
0

1
)()()(

sadac 

     ),(sin)sin)(sinsin(sin)( 2
2

2 xmnyfnnynymxmxAmn +−−=Φ ′′
η
ν

, 

 ⎥
⎦

⎤
⎢
⎣

⎡
+−−−=Φ ′′ ),(sin)sin)(sinsin(sin1)( 2

2
2 xmnyfnnynymxmxBmn η

, 

       .
2

sin
2

)( yxqmn
π

η
π

=Φ ′′  

amrigad, sabolood miiReba fiqtiur sistemaTa Tx, Ty 

Serwymis ori igiuri toloba, romelTa daxmarebiT Sedgenilia 

algebrul gantolebaTa sistema  da  ucnobi 

koeficientebis dasadgenad (cxrili 1). 

mnA mnB

cxrili 1 

algebrul gantolebaTa sistema  da  ucnobi mnA mnB
koeficientebisaTvis 

mnA  mnB  0M  

)(AmnΦ′  )(BmnΦ′  )(qΦ′  

)(AmnΦ ′′  )(BmnΦ ′′  )(qΦ ′′  

 

cxrili 1 iZleva amocanis gadamwyvet algebrul 

gantolebaTa sistemas, saidanac ganisazRvrebian saZiebeli 

koeficientebi Amn da BBmn, xolo am ukanasknelTa gaTvaliswinebiT 

saZiebeli sidideebis analizuri gamosaxulebebi: 
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   } .),()(),()( 2 WWyxfBAyxfBA ymnmnmnmnmnmn ==+−′−−  

miRebuli maTematikuri algoriTmisaTvis Sedgenilia 

programa (ix. danarTi PROGRAM Gx70), romlis kompiuterze 

realizaciis Sedegebi moyvanilia qvemoY mocemul cxrilSi.  

 

CXDG    70E                                        cxrili   2

Tavisuflad   dayrdnobili   filaYY 

                y      
x 0 0,2 0,4 0,6 0,8 1 

ric1  P   η=1   

-0,5006 -0,4889 -0,4536 -0,3953 -0,3186 -0,2385 0 

-0,5114 -0,4996 -0,4641 -0,4051 -0,3247 -0,2258 0 

-0,5468 -0,5355 -0,4999 -0,437 -0,3454 -0,229 0 

-0,6051 -0,5955 -0,5636 -0,4997 -0,3904 -0,235 0 

-0,6778 -0,6727 -0,6521 -0,6079 -0,5033 -0,1549 0 

-0,7963 -0,8126 -0,8064 -0,7741 -0,8166 -0,4649 0 
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 cxrili 2-is gagrZeleba 

                y      
x 0 0,2 0,4 0,6 0,8 1 

    H     η=1   

0 0 0 0 0 0 0 

0,2 0 -0,0144 -0,0284 -0,0417 -0,0537 -0,0639 

0,4 0 -0,0284 -0,0563 -0,0827 -0,1068 -0,1273 

0,6 0 -0,0417 -0,0827 -0,122 -0,1582 -0,1891 

0,8 0 -0,0537 -0,1068 -0,1583 -0,2066 -0,2482 

1 0 -0,0636 -0,1267 -0,1883 -0,2474 -0,2984 
  
  
  
  
  

                  y    
x 0 0,2 0,4 0,6 0,8 1 

    Qx     η=1   

0 0 -0,1007 -0,206 -0,3207 -0,4491 -0,5936 

0,2 0 -0,0985 -0,2017 -0,3144 -0,4411 -0,5858 

0,4 0 -0,0914 -0,1874 -0,2932 -0,4145 -0,5568 

0,6 0 -0,0796 -0,1633 -0,2563 -0,3665 -0,5033 

0,8 0 -0,0648 -0,132 -0,2055 -0,2925 -0,4198 

1 0 -0,0395 -0,0766 -0,1191 -0,1608 -0,2149 
  
 
 
 
 
 
  

y           x 0 0,2 0,4 0,6 0,8 1 

    Qy     η=1   

0 0 0 0 0 0 0 

0,2 -0,1008 -0,0985 -0,0914 -0,0797 -0,0641 -0,0467 

0,4 -0,2062 -0,2015 -0,1873 -0,1635 -0,1308 -0,0915 

0,6 -0,3211 -0,3143 -0,2933 -0,2566 -0,2038 -0,1389 

0,8 -0,4492 -0,4408 -0,4143 -0,3664 -0,2913 -0,1786 

1 -0,595 -0,5873 -0,5582 -0,5036 -0,4182 -0,2232 
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 cxrili 2-is gagrZeleba

               y       
x 

0 
0,2 0,4 0,6 0,8 1 

ric2  Mx     η=1   
0 0,1031 0,1003 0,0912 0,0739 0,045 0
0,2 0,0989 0,0962 0,0876 0,0712 0,0435 0

0,4 0,0862 0,084 0,0768 0,0628 0,0389 0
0,6 0,0652 0,0636 0,0585 0,0485 0,0308 0
0,8 0,0363 0,0355 0,0328 0,0277 0,0183 0
1 0,0001 -0,0001 0 0 -0,0001 0

              
              y        
x 0 0,2 0,4 0,6 0,8 1 

    My     η=1   
0 0,1032 0,0989 0,0862 0,0652 0,0363 0,0001 
0,2 0,1003 0,0962 0,084 0,0636 0,0355 -0,0001 
0,4 0,0912 0,0876 0,0768 0,0585 0,0328 0 

0,6 0,0739 0,0712 0,0628 0,0485 0,0277 0 
0,8 0,045 0,0435 0,0389 0,0308 0,0183 -0,0001 
1 0 0 0 0 0 0 

             
                y      
x 0 0,2 0,4 0,6 0,8 1 

    W     η=1   
0 0,0318 0,0304 0,0262 0,0193 0,0103 0 
0,2 0,0304 0,029 0,025 0,0184 0,0099 0 
0,4 0,0262 0,025 0,0215 0,0159 0,0085 0 
0,6 0,0193 0,0184 0,0159 0,0118 0,0063 0 
0,8 0,0103 0,0099 0,0085 0,0063 0,0034 0 
1 0 0 0 0 0 0 

 

 

-1

-0,8

-0,6

-0,4

-0,2

0
0 0,2 0,4 0,6 0,8 1

P η=1

-0,5

0

0,5

1

1,5

2

0 0,2 0,4 0,6 0,8 1

H η=1

y=1

nax1 2nax. 7 nax 1 1
nax. 6 
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-0,7
-0,6
-0,5
-0,4
-0,3
-0,2
-0,1

0
0 0,2 0,4 0,6 0,8 1

Qy η=1

-0,7
-0,6
-0,5
-0,4
-0,3
-0,2
-0,1

0
0,1
0,2
0,3
0,4
0,5
0,6

0 0,2 0,4 0,6 0,8 1

Qx η=1

 

 

 
 
 
 
 
 
 
 
 
 

 
 

nax. 12. Tavisuflad dayrdnobili filis diagrama 
 

 
 

2.1.2.2. ori mimdebare gverdiT xistad Camagrebuli filis  
    Runvis amocanis gadawyveta sasazRvro pirobebis  

zustad dakmayofilebis SemTxvevaSi 

 

ganvixiliT Txeli marTkuTxa filis Runvis amocana. filis 

ori mosazRvre gverdi Tavisufalia danarCeni ori ki 

nax 1 3 nax 1 4
nax. 8 nax. 9 

-0,02
0

0,02
0,04
0,06
0,08
0,1

0,12

0 0,2 0,4 0,6 0,8 1

Mx η=1

-0,02
0

0,02
0,04
0,06
0,08
0,1

0,12

0 0,2 0,4 0,6 0,8 1

My η=1

nax1 6nax. 11 nax. 10 

0
0,005
0,01

0,015
0,02

0,025
0,03

0,035

0 0,2 0,4 0,6nax1.7 0,8 1

W η=1

  0,4      0,6 
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Camagrebulia xistad (nax. 13). fila ganicdis ganawilebuli 

datvirTvis qmedebas. Tu koordinatTa saTaves movaTavsebT 

Tavisufali gverdebis gadakveTis wertilSi maSin sasazRvro 

pirobebi Caiwereba Semdegnairad: 

               x = 0, ,0=xM     ,0=xQ   H = 0, 

          x = 1,  w = 0,  ,0=
∂
∂

x
w

      (18) 

               y = 0, 0=yM ,  ,0=yQ    H = 0, 

               y = 1,   w = 0,    .0=
∂
∂

y
w

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

nax. 13. ori mimdevari gverdiT xistad Camagrebuli fila 
Tanabrad ganawilebuli datvirTviT 

 

aq x da y uganzomilebo koordinatebia, romlebic 

dakavSirebulia ganzomilebian x  da y koordinatebTan 

Semdegnairad: axx = , byy /= , sadac a da b filis zomebia, h misi 

sisqea, xolo ba=η . 

SevniSnoT, rom klasikuri sasazRvro pirobebis SemTxvevaSi 

ori piroba x = 0, gverdis gaswvriv 0=xQ  da H = 0, 

warmodgenilia erTiT pirobiTad 0=
∂

∂
−

yb
HQx , xolo y = 0, gverdis 

gaswvriv 0=
∂

∂
−

xa
HQx . Zneli araa imis danaxva, rom Tu H nulia x =0 
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gverdis gaswvriv, maSin nulis toli iqneba igive gverdis gaswvriv 

yb
H
∂

∂
-ic da maSasadame -ic. riTac Sesrulebuli iqneba 

realurisasazRvro pirobebi x=0, gverdis gaswvriv. igive 

mdgomareobaa y = 0 gverdis gaswvrivac. ase, rom amocanis 

gadawyvetisas Cven SeiZleba visargebloT klasikuri pirobebiT: 

xQ

0=
∂

∂
−

yb
HQx  da 0=

∂
∂

−
xa

HQx . gamoviyenoT dasmuli amocanis 

gadawyvetisas i.RuduSauris meTodi. sainterpolacio konkretuli 

funqciebis SerCevisas Tu H-s aviRebT iseTs, rom x=0, da y=0, 

gverdebis gaswvriv iqneba nulis toli, maSin miviRebT realur 

sam sasazRvro pirobas. 

aqve saWiroa aRiniSnos is garemoebac, rom klasikuri 

meTodebiT filis Runvis amocanis amoxsna, roca erTi gverdi 

mainc Tavisufalia, moiTxovs sxvadasxva amonaxsnTa kombinaciis 

agebas. mag. sami gverdiTY xistad Camagrebuli da erTi gverdiT 

Tavisufali filis SemTxvevaSi amonaxsni warmodgenilia sami 

amonaxsnis jamis saxiT, romelTagan TiToeuli calcalke 

akmayofilebs garkveul sasazRvro pirobebs. rac Seexeba ori 

mosazRvre Tavisufali gverdis SemTxvevas is saerTod ar aris 

moyvanili literaturaSi. rac Seexeba angariSSi gamoyenebul 

meTods [16], igi erTnairi midgomiT warmatebiT xsnis nebismier 

sasazRvro pirobebis SemTxvevas. am meTodis Sesabamisad filis 

fiqtiuri sistemebis wonasworobis gantolebebs aqvs Semdegi saxe: 

  fiqtiuri sistemisaTvis: xT

             

.11

,0
2

1

x
x

n
x

Q
y
H

bx
M

a

Pq
x

Q
a

=
∂
∂

+
∂

∂

=−+
∂

∂

                        (20) 

yT  fiqtiuri sistemisaTvis: 

        

.11

,0
2

1

y
y

n
y

Q
x
H

by
M

b

Pq
y

Q
b

=
∂
∂

+
∂

∂

=++
∂

∂

                         (21) 
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sadac  fiqtiur sistemebs Soris urTierTqmedebis Zalebia;  

da ganivi Zalebia;  da  mRunavi momentebia, xolo H 

mgrexi momenti. 

nP xQ

−yQ xM yM

rogorc vxedavT ganawilebuli datvirTva Tanabradaa 

gadanawilebuli fiqtiur sistemebs Soris, ramac xeli unda 

Seuwyos amonaxsnebis miRebas ricxviTi realizaciis dros. 

meTodis Sesabamisad fiqtiur sistemaTa urTierTmoqmedebis 

Zalebi da mgrexi momenti warmovadginoT ucnobi koeficientebis 

mqone sainterpolacio funqciebis jamis saxiT: 

)()()()( 21
1 1

21 yxAyxAP mn
m n

mnn ϕϕϕϕ∑∑
∞

=

∞

=
==                   (22) 

),()()()( 23

2

1 1
23

2

yxaByxaBH mn
m n

mn ϕϕ
η

ϕϕ
η

== ∑∑
∞

=

∞

=
           (23) 

sadac  da  aRniSnaven Sesabamisad gamosaxulebebs 

, , xolo 

mnA mnB

mn
m n

mn AA =∑∑ mn
m n

mn AB =∑∑ ),(1 xϕ  )(),( 32 xy ϕϕ  da )(4 yϕ  x-sa 

da y-is mimarT ara trigonometriuli, aramed Cveulebrivi 

algebruli funqciebia, 

 (22) da (23)-is gaTvaliswinebiY (20) da (21) wonasworobis 

gantolebebidan imis gaTvaliswinebiT, rom , 

gveqneba: 

constqyxq ==),(

                )()()(
2 121 yCyxAaqaxQ mnx ++−= ϕϕ , 

sadac )(1 xϕ  aRniSnavs integrals )(1 xϕ  funqciidan. 

davakmayofiloT piroba x=0 0=
∂

∂
−

yb
HQx miviRebT: 

              ),()0()()(
2 43110 yaByxaAqaxQ mnmnx ϕϕϕϕ ′=+−=            (24) 

sadac  

).0()()( 1110 ϕϕϕ −= xx  

(21) da (22) SevitanoT (20)-is gantolebaSi da gavaintegroT 

x-iT, gveqneba 
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    [ ] +−+−= )()0()(
4 211

2
22

yxxaAxqaM mnx ϕϕϕ  

         [ ] ),()()()0( 2433
2 yCyxxBa mn +′++ ϕϕϕ  

sasazRvro piroba 0   0 == xMx  mogvcems: 

         ),()()()(
4 42

2
21

2
22

yxfBayxfaAxqaM mnmnx ϕϕ ′++−=           (25) 

sadac 

                       )0()0()()( 1111 ϕϕϕ xxxf −−=  

                       )0()0()()( 3332 ϕϕϕ xxxf −−= . 

gavaintegroT exla gantolebaTa sistema  fiqtiuri 

sistemisaTvis. (21) sistemis pirveli gantolebis integreba 

sasazRvro pirobebis gaTvaliswinebiT mogvcems: 

yT

        ),0()()()(
2 43120 ϕϕ

η
ϕϕ xBaxybAqbyQ mnmny ′+−−=             (26) 

sadac )0()()( 2220 ϕϕϕ −= yy  

analogiurad (21)-is meore gantolebidan y = 0 0=yM  

pirobis gaTvaliswinebiT miviRebT: 

      ),()()()(
4 432

2

132

2

2

22

yxaBxyfaAyqaM mnmny ϕϕ
η

ϕ
ηη

′+−−=        (27) 

sadac 

),0()0()()( 2223 ϕϕϕ yyyf −−=  

)0()0()()( 4444 ϕϕϕ yyyf −−= . 

ganvsazRvroT exla CaRunvebi  fiqtiur sistemisaTvis igi 

aRvniSnoT -iT,  sistemisaTvis ki 

xT

−1W yT −2W iT. maSin hukis 

kanonis safuZvelze SegviZlia davweroT [9]: 

 ( ,
)1( 2

2

2
1

2

yx vMM
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a
x
W
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∂

∂ )                     (28) 

( xy vMM
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y
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−
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∂
)1( 2

2

2
2

2

) ,                    (29) 
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sadac 
)1(12 2

3

v
EhD

−
= cilindruli sixistea, E iungis modulia, v ki 

puasonis koeficienti. 

(28)-Si SevitanoT  da xM −yM -s gamosaxulebani (25) da (27)-

is mixedviT da gavaintegroT x-iT. gveqneba: 
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xist CamagrebaSi (x=1) mobrunebis kuTxis nulTan tolobis 
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∂ 01
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 mogvcems: 
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sadac 

            )1()( 11011 fxff x −=

      )1()( 11011 ϕϕ −= xF x  

            )1()( 22021 fxff x −=

           )1()( 3303 ϕϕϕ −= xx . 

kidev erTxel gaintegreba da x=0  pirobis 

dakmayofilebiT miviRebT: 

01 =W
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⎨
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sadac 
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                   )1()1()1()()( 1115 fxfxfxf −−−= , 

   )1()1()1()()( 1116 ϕϕϕ &−−−= xxxf , 

   )1()1()1()()( 2227 fxfxfxf −−−= , 

   )1()1()1()()( 3318 ϕϕϕ −−−= xxxf . 

analogiurad (29) gantolebis integrirebisa da sasazRvro 

pirobebis x=0 02 =
∂

∂
y

W
 da 02 =W  dakmayofilebiT gveqneba 
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sadac 

      ),1()( 33031 fyfg y −=  

      )1()( 22021 ϕϕ −= yF yi , 

      )1()( 44041 fyff y −= , 

      )1()( 4404 ϕϕ −= yF yi , 

      ),1()1()1()()( 3339 fyfyfyf −−−=  

      ),1()1()1()()( 22210 ϕϕϕ −−−= yyyf  

      ),1()1()1()()( 44411 fyfyfyf −−−=  

      ).1()1()1()()( 44412 ϕϕϕ −−−= yyyf  

amgvarad,  da  mudmivebis sizustiT, gansazRvrulia 

rogorc Zalebi da momentebi, aseve gadaadgilebebic. amave dros 

mnA mnB
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sasazRvro pirobebTan erTad dakmayofilebulia yvela 

statikuri, fizikuri da geometriuli damokidebuleba garda 

erTisa: 

   .
)1(

2

H
vD
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y
W

−
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∂
∂

                            (32) 

amasTanave cxadia, rom orive fiqtiuri sistemisaTvis 

miRebuli gadaadgilebebi  da  unda iyvnen igivurad toli: 

. 

1W 2W

21 WW ≡

(31) da (32) damokidebulebebi gamoviyenoT  da  

mudmivebis gansazRvrisaTvis. (30) da (31) safuZvelze (32) mogvcems: 

mnA mnB
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rac Seexeba (31)-s masSi (29) da (23) gaTvaliswinebiT miviRebT: 

+⎥
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⎤
⎢
⎣

⎡ ′′+′′ )()()()( 63225 xfyfvyxfAmn η
ϕ  
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⎤
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η
ϕϕ

ηη
ϕ xvyqyxvyfxfvyxfBmn .    (34) 

SevniSnoT, rom (31)-is da (32)-is dakmayofileba SesaZlebelia 

sxva gziTac, rac SeiZleba xelsayreli aRmoCndes zogierTi 

konkretuli amocanis amoxsnis dros. es gza mdgomareobs 

SemdegSi: (32) ganvixiloT rogorc diferencialuri gantoleba 

da gavaintegroT igi jer x-iT da mere y-iT (an piriqiT). miviRebT 

W-s gamosaxulebas, romelic igivurad toli unda iyos rogorc 

-is, aseve -is. maSin igivuri tolobebi Caiwereba ukve 

Semdegnairad: 

1W 2W

                    WW ≡1  da WW ≡1 .                   (2.52) 
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(32)-is y-iT gaintegrebiTa da y=1 0=
∂

∂
x

W
 pirobis 

dakmayofilebiT, rac faqtiurad y=0 gverdis gaswvriv W-s 

nulTan tolobis tolfasia. miviRebT: 

[ ])1()()(
)1( 4432

4

ϕϕϕ
η

−
−

−=
∂

∂ yxB
vD

a
x

W
mn . 

 konkretuli amocana amoxsnilia rogorc analizurad, 

aseve ricxviTi gziT, programuli kompleqsis `lira-vindousis~ 

gamoyenebiT.  

nax. 14 da nax. 15 mocemulia elementebisa da kvanZebis 

numeracia.  

 

nax. 14. elementebis numeracia 

 
nax. 16-ze naCvenebia CaRunvebi da mobrunebebis kuTxeebi, nax. 

17-ze mRunavi da mgrexi momentebi da ganivi Zalebi. ricxviTi 
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mniSvnelobebi miRebulia kvadratuli filisaTvis, romlis 

gverdis sigrZe 2 m-ia, sisqe ki 0,1 m filis masalis iungis 

moduli tolia  t/m6107.2 ⋅=E 2, xolo puasonis koeficienti v=0,2.  
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nax. 16. W, V da U gadaadgilebis epiura 
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maTi Sedareba zemoT miRebuli SedegebTan saSualebas gvaZlevs 

davaskvnaT, rom isini praqtikulad ar gansxvavdebian klasikuri 

sasazRvro pirobebiT miRebul SedegebTan, rac Catarebuli 

gamokvlevis saimedoobaze miuTiTebs.  igiveze  miuTiTebs  is 

faqtic, rom zemoT miRebul SedegebSi fiqtiuri sistemebis 

urTierTqmedebis Zalebi xistad Camagrebul gverdebis gadakveTis 

wertilidan gamomaval diagonalis gaswvriv gamovida nulis 

toli. rac fizikur mosazrebebiT mosalodnelic iyo. 

 

2.1.2.3. konsoluri filis Runva Tanabrad ganawilebuli 
datvirTvis SemTxvevaSi 
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~43`hjwf x=1*   ,0=xQ ,0=xM  0* =H  
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hjwf y=0*   ;0=yQ 0* =H  

hjwf * 1±=y ,0=yQ  ,0=yM  0* =H  

vjwtvek fvjwfyfib ehsbthsmvtlt,bc ‘fkdt,c 

ofhvjflutyc abmnbehb cbcntvt,bc ^  iefktlf ptlfgbhpt 

vjmvtlb htfmwbekb yjhvfkehb ‘fkdf  lf abkbc 

ibyfufyb  vuht[b vjvtynb 

xT yT

),(** yxPP nn =

*H ^ hjvtkbw b& qeleifehbc 

stjhbbc vb[tldbs ofhvjblubyt ecfchekj vorhbdt,bc cf[bs& 
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lfyfhsb 1` ufvj.tyt,bs ufy[jhwbtkt,ekbf fvjwfybc hbw[dbsb 

htfkbpfwbf bv rth’j itvs[dtdfib^ hjwf η=1^ mdtvjs 

vjwtvekbf *H ^ ^  lf W  cblbltt,b w[hbkb 3-bc  cf[bs 

lf cfsfyflj tgbeht,b% yf[& 19-22& 

xQ xM x

                                                    
  

   w[hbkb 3 
rjycjkehb abkf 

        x 
y 0 0,2 0,4 0,6 0,8 1 

 H η=1 

0 0 0 0 0 0 0 
0,2 _0,0092 _0,0088 _0,0076 _0,0057 _0,0032 0 
0,4 _0,0166 _0,0159 _0,0138 _0,0104 _0,0057 0 
0,6 _0,0202 _0,0193 _0,0168 _0,0127 _0,007 0 
0,8 _0,0165 _0,0158 _0,0137 _0,0104 _0,0057 0 
1 0 0 0 0 0 0 

77 



 

 

 

          x 
y 0 0,2 0,4 0,6 0,8 1 

 Qx η=1 
0 _0,958 _0,766 _0,58 _0,387 _0,193 0 
0,2 _0,965 _0,772 _0,584 _0,39 _0,194 0 
0,4 _0,985 _0,788 _0,593 _0,396 _0,197 0 
0,6 _1,012 _0,81 _0,606 _0,404 _0,202 0 
0,8 _1,037 _0,83 _0,617 _0,411 _0,206 0 
1 _1,044 _0,835 _0,62 _0,414 _0,209 0 

 

          x 
y 0 0,2 0,4 0,6 0,8 1 

 Mx η=1 
0 0,473 0,306 0,174 0,078 0,02 0 
0,2 0,478 0,309 0,175 0,078 0,02 0 
0,4 0,49 0,315 0,178 0,079 0,02 0 
0,6 0,507 0,324 0,182 0,081 0,02 0 
0,8 0,523 0,332 0,185 0,082 0,02 0 
1 0,53 0,335 0,186 0,082 0,02 0 

 

          x 
y   0 0,2 0,4 0,6 0,8 1 

  W η=1 

0 0 _0,011 _0,033 _0,062 _0,094 _0,126 
0,2 0 _0,011 _0,033 _0,062 _0,094 _0,126 
0,4 0 _0,01 _0,033 _0,062 _0,095 _0,128 
0,6 0 _0,01 _0,033 _0,063 _0,097 _0,132 
0,8 0 _0,01 _0,034 _0,066 _0,101 _0,138 
1 0 _0,01 _0,035 _0,07 _0,108 _0,148 
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nax. 19. mgrexavi momentis epiura 
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nax. 20. ganivi Zalis epiura 
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nax. 21. mRunavi momentis epiura 
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 nax. 22. CaRunvis epiura 

 

amocana aseve advilad gadawydeba hidrostatikuri da sxva 

saxis datvirTvebis SemTxvevaSic. 

  

2.1.2.4. hidrostatikuri datvirTvis gavleniT  
konsoluri filis `cilindruli Runvis~ 

Seswavla i. RuduSauris meTodiT 

  

ganvixiloT gegmaSi sworkuTxedis formis Txeli 

konsoluri fila, romelic ganicdis hidrostatikuri datvirTvis 

qmedebas (nax. 23). miviRoT SromaSi gamoyenebulia uganzomilebo 

sidideebi: 

;
a
xx =    ;

b
yy =  

b
a

=η                        (46)  

ganxilul amocanebSi mocemulia winaswar Semdegi 

sasazRvro (47) da sawyisi (48) pirobebi (nax. 23): 

⎪
⎪
⎭

⎪
⎪
⎬

⎫

===±=

==
∂

∂
=

====

;0  ,0  ,0  1

;0  ,0  1

;0  0  ,0  0

*

1
1

*

HMQy

W
x

Wx

HMQx

yy

xx

                    (47) 

0  ,0  ,0  0 *2 ==
∂

∂
== H

y
WQy y .                     (48) 
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nax. 23. konsoluri fila hidrostatikuri datvirTviT 

 

filis muSaoba Runvaze warmoidgineba  fiqtiur 

sistemaTa erToblivi muSaobis saxiT, romelTa wonasworobis 

gantolebebia [148]. 

yx TT ,

xT  fiqtiuri sistemisaTvis 
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yT  fiqtiuri sistemisaTvis 
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sadac *H  Sinagani mgrexavi momenti da  reaqtiuli datvirTva 

gamoxataven aRniSnul faqtiur sistemaTa urTierTqmedebas da 

amitom maTi saZiebeli funqciebi gansaxulvel amocanaSi 

warmoidginebian winaswar ucnobi koeficientebis mqone mwkrivebis 

saxiT, romelTa mainterpolirebeli funqciebi unda 

akmayofilebdnen rogorc sasazRvro pirobebs, aseve sawyis 

pirobebs.  

*
hP
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aRniSnulis gaTvaliswinebiT  da *
hP *H  warmoidginebian 

winaswar Semdegi mwkrivebis saxiT: 

);sincos(cos1
2

* nynnxmmA
a
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mnmn AA . 

);sin(sinsin1* nyynxmBH mnh −=
η
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                 mn
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mnmn BAB == ∑∑  

sadac  da  saZiebeli mudmivi koeficientebia. mnA mnB

wonasworobis gantolebebidan (49) da (50) ganisazRvrebian 

Sinagani Zalvebi ; xolo CaRunvis sidideebi ki hukis 

ganzogadebuli kanonidan: 
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mwkrivebis (51), (52) mudmivi koeficientebis  da mnA −mnB is 

Sesabamisi simravleebi ganisazRvreba faqtiur sistemaTa  

Serwymis ori igivuri tolobebidan: 

yx TT ,

             I.  ),(),( 21 yxWyxW ≡   

             II. 
Dv

H
yx

W
ab )1(
1 *2
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∂∂
∂

.                        (54) 

sadac W-s magivrad Caismeba −1W is an −2W is (53) tolobebidan 

napovni gamosaxulebebi. igivuri tolobebis dakmayofileba 

xorcieldeba kolokaciis xerxis gamoyenebiT, romlis Sedegad 

miiReba algebrul gantolebaTa sistema  da  ucnobi 

koeficientebis mimarT. maTi dadgenis Semdeg ganisazRvrebian 

saZiebeli sidideebi:   Qx , , W. 

mnA mnB

,*
nP ,*H ,Qy ,Mx My

MmiRebuli Sedegebi emTxveva literaturaSi cnobil sxva 

avtorTa mier miRebul Sedegebs. 
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2.2. cilidruli gadaxurvis gaangariSeba Cveulebrivi 

diferencialur gantolebebSi 
 

2.2.1. sakiTxis dasma 
 

   

wbkbylhekb ufhcekb nbgbc yfut,j,t,vf sfdbcb bidbfsb 

rjycnhemwbekb^ fthjlbyfvbrehb lf tcstnbrehb sdbct,t,bc 

o.fkj,bs^ cfgfnbj flubkb lfbvrdblhtc sfyfvtlhjdt ntmybrbc 

sbsmvbc .dtkf lfhuib& 

cflqtbcjl fv cfrbs[t,pt ufvjmdt.yt,ekbf vhfdfkb 

vjyjuhfabf lf cfvtwybthj ihjvt,b& yfobkj,hbd wbkbylhek 

ufhcsf stjhbfib fhct,ekb ufvjrdktdt,bc vbvj[bkdf 

vjwtvekbf ihjvt,ib [6^ 94^ 7^ 25^ 5^ 16^ 108^ 48^ 17^ 102^ 

1]& 

hfvltyflfw wbkbylhekb ufhcb ofhvjflutyc cbdhwek 

c[tekc^ fvltyfl vbcb uffyufhbit,f itb’kt,f  dfofhvjjs b& 

qeleifehbc vbth lfveifdt,ekb vtnfl tatmnehb vtsjlbc 

ufvj.tyt,bs& 

bvbc ufvj^ hjv ufhcbc cbcmt ufwbkt,bs yfrkt,bf vbc 

lfyfhxty jh ufypjvbkt,fcsfy itlfht,bs lf sfyfw db[bkfds 

velvbdb cbcmbc vmjyt s[tk wbkbylhek ufhct,c^ fvltyfl vfsb 

uffyufhbit,bcfsdbc ertstcbf ufvjdb.tyjs ithtek 

rjjhlbyfnsf cbcntvf ~yf[& 24`& 
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yf[& 24& wbkbylhekb uflf[ehdf 

ufhcsf ntmybreh stjhbfib ‘f,dt,bc vfubth cfhut,kj,ty 

vfsb tmdbdfktynehb njkmvtlb cblbltt,bs& vfsb hfjltyj,f 

hdbc njkbf^ [esb ‘fkff  lf cfvb vjvtynb 

& fqybiyekb ‘fkt,b lf vjvtynt,b cfiefkt,fc 

udf’ktdty dbvc]tkjs ufhcblfy ufvj.jabkb cbdhwbsb 

tktvtynbc lf’f,ek-ltajhvbht,ekb vlujvfhtj,bc itcf[t, 

cfsfyflj ,hn.tkb tktvtynbc vb[tldbs& 

),,,,( yxyx QQTSS

),,( HMM yx

ufvj.jabkb ,hn.tkb tktvtynbc ~yf[& 25` ojyfcojhj,bc 

gbhj,f b&qeleifehbc stjhbbc [16] vb[tldbs ofhvjblubyt,f 

abmnbehb  lf  cbcntvt,bc thsj,kbj,bc cf[bs ~yf[& 26 ` 

lf ~yf[& 27`&  lf  uh’bdb ‘fkt,bf^ 

xT yT

xS yS *T  ‘dhbc ‘fkff^  

lf  ufybdb fye uflfvzhtkb ‘fkt,b^   vqeyfdb 

vjvtynt,b^ [jkj 

xQ

yQ ,xM yM

−*H rb vuht[b vjvtynb& 
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yf[& 25& wbkbylhekb ufhcblfy ufvj.jabkb 

tktvtynb 

 

abmnbehb  cbcntvt,bcfsdbc ojyfcojhj,bc 

ufynjkt,t,b vbbqt,f wfk-wfkrt itcf,fvbcfl ~yf[& 26` lf 

~yf[& 27`-pt fqybiyekb ibuf ‘fkdt,bc lf htfmnbekb ‘fkbc 

vlutytkt,bc ufsdfkbcobyt,bs& 

yx TT ,

vfuhfv bvbc ufvj^ hjv ufhcsf rkfcbreh stjhbfib 

uflfvo.dtnb lbathtywbfkehb  ufynjkt,f  vt-8-t hbubcff^ 

fvbnjv sbsjtek of[yfupt js[b  
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yf[& 26& Tx abmnbehb cbcntvf 

 

 

yf[&  27& Ty abmnbehb cbcntvf 
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cfcfpqdhj gbhj,bc lfrvf.jabkt,ff cfzbhj& tc itecf,fvj,f^ 

bctdt hjujhw pjubthsb c[df^ ufhcsf ntmybrehb stjhbbc 

vbf[kjt,bsb [fcbfsbc itltubf& htfkehb cfcfpqdhj gbhj,t,bc 

#htrjycnhemwbf@ tresdybc rbh[/jac lf lfcf,est,ekbf cty-

dtyfybc ghbywbgbs^ hfcfw [fpufcvbs fqybiyfdc f& kbfdb 

lhtrflj,bc stjhbbc wyj,bk rehcib [34]& vfifcflfvt ufvjlbc^ 

hjv rkfcbreh ufhcsf stjhbbc ufvj.tyt,bcfc cfthsjl 

ite’kt,tkbf [esbdt htfkehb cfcfpqdhj gbhj,t,bc pecnfl 

lfrvf.jabkt,f^ fvbnjv w[flbf ufycfresht,ek stjhbek lf 

ghfmnbrek vybidytkj,fc b’tyc yt,bcvbthb f[fkb vtwybthekb 

ufvjrdktdf^ hjvkbsfw ufysfdbceaklt,f rkfcbreh ufhcsf 

stjhbf fqybiyekb yfrkbcfufy& eylf fqbybiyjc^ hjv fv 

cfrbs[c flhtw tsvj,jlf ufycfresht,ekb .ehflqt,f vhfdfkb 

wyj,bkb vtwybthbc ~c& nbvjityrj^ d& htbcythb lf c[d&` 

vbth^ vfuhfv vfsvf ufvjrdktdt,vf vfstvfnbrehb cbhsekbc 

ufvj^ dth /gjdf ghfmnbrekb ufvj.tyt,f& 

wyj,bkbf^ hjv utuvfib vfhsres[tlbc ajhvbc lfvhtw 

ufhcsf uffyufhbit,bc pjuflb ntmybrehb stjhbf^ hjvtkbw 

‘bhbsflfl lfveifdt,ekbf t& htbcythbcf [66] lf d& dkfcjdbc 

[8] vbth^ ufytresdyt,f cfby;byhj ufsdkt,bc bv rkfcc^ 

hjvtkcfw akj,ty cgtwbfkbcnsf v[jkjl dbohj oht& fvbnjv 

cfby;byhj vtsjlt,bc ‘bt,fc^ hjvtkbw uffvfhnbdt,lf 

fqybiyek cb’ytktc lf^ cbvfhnbdbc ufvj^ [tkvbcfodljvb 

bmyt,jlf by;bythsf afhsj ohbcfsdbc vtnfl fmnefkeh 

ghj,ktvfsf hbw[dc vbfresdyt,ty& 

yfihjvib ufyb[bkt,f utuvfib vfhsres[tlbc ajhvbc 

wbkbylhekb ufhcb ~yf[& 25`& 2a lf 2b ufhcbs uflf[ehekb 

vfhsres[tlbc pjvt,bf^ 2h ufhcbc cbcmt^ R cbvhelbc hflbecb^ 

[jkj f fotekj,bc bcfhb^ yx,  ltrfhntc vfhres[f rjjhlbyfnsf 

cbcntvff&  

fvjwfybc uflfo.dtnbcfc ufvj.tyt,ekbf eufypjvbkt,j 

cblbltt,b& 
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am ukanasknelTa gansasazRvravad gamoiyeneba sami igivuri 

tolobisagan Sedgenili erToblivi algebrul gantolebaTa 

sistema. 

 

 
 
 
 
 
 

2.2.2. mocemuli amocanis gadamwyvet algebrul 
gantolebaTa sistemis Sedgena 

 

mnA , ,  ucnobi koeficientebis gansasazRvravad 

gamoiyeneba ori igivuri toloba. CaRunvis funqciisaTvis, xolo 

mesame tolobad ki saWiroa aviRoT gamouyenebeli (59)-is bolo 

mexuTe toloba. 
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algebrul gantolebaTa sistemis amoxsna warmoebs 

kolokaciis meTodis gamoyenebiT, Sedgenilia maTematikuri 

algoriTmi da programa kompiuterisaTvis da (ix. danarTi 

PROGRAM  ) parametrebis η, β, γ sxvadasxva mniSvnelobebisaTvis 

gamoTvlilia saTanado yvela saZiebeli sidide da agebulia maTi 

cvlilebebis grafikebi erT-erTi kerZo SemTxvevisaTvis, roca 

1=η  0037,0=β  04,0=γ  zogierTi Zalvebis sidideebi mocemulia 

cxrili 4-is saxiT. maTi naxazebis analizis gviCvenebs, rom i. 

RuduSauris meTodiT miRebuli Sedegebi ufro zustia, emTxveva 

eqsperimentiT miRebul Sedegebs da gacilebiT martivad wyvets 

dasmul amocanas. 

  w[hbkb 4 

wbkbylhekb ufhcb   P 
      
x 

y 

0               0^2               0^4                0^6 

0^8                   1 

                                                K=0               η=5  

γ=1                00471,0=β  

0 1&143428 1&114612 0&997494 0&739669 0&353218 _0&02721 

0^2 1&136574 1&108605 0&998658 0&757577 0&377739 _0&058131

0&4 1&116812 1&09125 1&000932 0&806764 0&453565 _0^105768

0&6 1&086182 1&064838 1&002077 0&872714 0&585048 _0&044215

0^8 1^046541 1^033088 1^001228 0^943453 0^771807 0^298853

1 0^996562 0^998381 0^998304 0^991815 0^999242 1^073681

wbkbylhekb ufhcb   H 
      
x 

y 

                 

  0                  0^2                 0^4              
0^6             0^8                    1 

                                               K=0               η=5              γ=1                  β=0,00371 

0 0 0 0 0 0 0 

0#2 0 0^000966 0^002413 0^004533 0^006824 0^007652 

0^4 0 0^001841 0^004577 0^008618 0^013096 0^014985 
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0^6 0 0^002537 0^006279 0^011849 0^018247 0^021585 

0^8 0 0^002985 0^007362 0^013912 0^021699 0^026704 

1 0 0^003138 0^007735 0^014618 0^022937 0^028954 

wbkbylhekb ufhcb   T 
      
x 

y 

                 

   0                  0^2                0^4             
0^6             0^8                    1 

                                           K=0               η=5              γ=1                  β=0,00371 

0 0 0 0 0 0 0 

0^2 0 0 0 0 0^000001 0^000001 

0^4 0 0 0 0^000001 0^000001 0^000001 

0^6 0 0 0 0^000001 0^000001 0^000001 

0^8 0 0 0 0 0^000001 0^000001 

1 0 0 0 0 0 0 

                                                               

         

w[hbkb 4-bc  ufuh’tkt,f 

wbkbylhekb ufhcb   Qx 
      
x 

y 

        0                  0^2                 0^4 

0^6             0^8                    1 

                                              K=0               η=5  

γ=1                00471,0=β  

0 0 

-

1^045369

-

2^088004

-

3^123262

-

4^145403 

-

5^151555

0^2 0 

-

1^045103

-

2^087608

-

3^123228 -4^14632 

-

5^152662

0^4 0 

-

1^044338

-

2^086448

-

3^123036

-

4^148866 

-

5^156551

0^6 0 -1^04316

-

2^084644

-

3^122501

-

4^152498 

-

5^164777
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0^8 0 

-

1^041676

-

2^082407

-

3^121467

-

4^156415 

-

5^179207

1 0 -1^03989

-

2^079846 -3^11966 -4^15936 

-

5^200486

wbkbylhekb ufhcb   Qy 
      
x 

y 

                 

        0                  0^2                 0^4    
0^6             0^8                    1 

                                              K=0               η=5              γ=1                  β=0,00371 

0 0 0 0 0 0 0 

0^2 0^228227 0^222521 0^19958 0^149138 0^072273 

-

0^007606

0^4 0^453766 0^442682 0^39954 0^305134 0^15451 

-

0^024553

0^6 0^674227 0^658413 0^599873 0^473107 0^257419 

-

0^042747

0^8 0^887645 0^868263 0^800234 0^655079 0^392246 

-

0^023431

1 1^092171 1^071467 1^000237 0^849134 0^568906 0^105843

wbkbylhekb ufhcb   Mx 
      
x 

y 

                 

        0                  0^2                 0^4        
0^6             0^8                    1 

                                                K=0               η=5              γ=1                  β=0,00371 

0 

-

24^638089 

-

23^566282

-

20^381135 -15^2014 

-

8^281696 0 

0^2 

-

24^655413 

-

23^587096 -20^41123

-

15^239186

-

8^310364 0 

0^4 - - -20^49782 - -8^39723 0 
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24^705055 23^646805 15^349206

0^6 

-

24^783497 

-

23^740803

-

20^633203

-

15^523361 -8^5444 0 

0^8 

-

24^884459 

-

23^861628 -20^8054 

-

15^747043

-

8^750099 0 

1 

-

24^968853 

-

23^970402

-

20^973711

-

15^979336

-

8^992193 0 

 

                                                               

         

w[hbkb  4-bc ufuh’tkt,f 

wbkbylhekb ufhcb   My 
      
x 

y 

       0                  0^2                 0^4 

0^6             0^8                    1 

                                                K=0               η=5  

γ=1                00471,0=β  

0 0^556653 0^543579 0^496213 0^39556 0^225381 

-

0^012812

0^2 0^533896 0^521422 0^47644 0^380945 0^218429 

-

0^012238

0^4 0^465888 0^455177 0^41706 0^33638 0^196587 

-

0^009381

0^6 0^35339 0^345495 0^317933 0^259883 0^156806 

-

0^002615

0^8 0^197581 0^19337 0^178935 0^148696 0^09379 0^005225

1 0^00000 0^00000 0^00000 0^00000 0^00000 0^00000 

wbkbylhekb ufhcb   U 
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x 

y 

                 

   0                  0^2                 0^4      
0^6             0^8                    1 

                                                            K=0               η=5              γ=1                  β=0,00371 

0 0 0^000005 0^000009 0^000011 0^000009 0 

0^2 0 0^000005 0^000009 0^00001 0^000008 0 

0^4 0 0^000004 0^000007 0^000008 0^000006 0 

0^6 0 0^000002 0^000004 0^000004 0^000004 0 

0^8 0 0 0 0^000001 0^000001 0 

1 0 

-

0^000001

-

0^000002

-

0^000002

-

0^000001 0 

wbkbylhekb ufhcb   V 
      
x 

y 

                 

       0                  0^2                 0^4        
0^6             0^8                    1 

                           K=0               η=5              γ=1                  β=0,00371 

0 0 0 0 0 0 0 

0^2 0^000006 0^000005 0^000005 0^000004 0^000002 0 

0^4 0^00001 0^000009 0^000009 0^000007 0^000004 0 

0^6 0^000011 0^000011 0^00001 0^000008 0^000005 0 

0^8 0^000008 0^000008 0^000007 0^000006 0^000003 0 

1 0 0 0 0 0 0 

                                                                    

 

         

w[hbkb 4-bc ufuh’tkt,f 

wbkbylhekb ufhcb   W 
         
x 

y 

       0                  0^2                 0^4 

0^6             0^8                    1 

                                                K=0               

η=5            γ=1                    β=0,00371 
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0 

-

0^009214 

-

0^008991

-

0^008205

-

0^006563 

-

0^003784 0 

0^2 

-

0^008774 

-

0^008561

-

0^007814

-

0^006253 

-

0^003608 0 

0^4 

-

0^007489 

-

0^007308

-

0^006672

-

0^005346 

-

0^003093 0 

0^6 

-

0^005467 

-

0^005335

-

0^004874

-

0^003911 

-

0^002272 0 

0^8 

-

0^002888 

-

0^002819

-

0^002577

-

0^002071 

-

0^001207 0 

1 0 0 0 0 0 0 
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-0,01

-0,008

-0,006

-0,004

-0,002

0
0 0,2 0,4 0,6 0,8 1

W η=5k=0 γ=1

 

U, V lf W uflfflubkt,bc rjvgjytynt,bf^ [jkj ,
1 2v

EhB
−

=  

)1(12 2

3

v
EhD

−
= & 

itdybiyjs^ hjv se ~2` lf ~3` ojyfcojhj,bc 

ufynjkt,t,blfy ufvjdhbw[fds ehsbthsmvtlt,bc htfmwbek 

‘fkfc lf xfdsdkbs^ hjv 

−*
nP

WWW yx == ^ vfiby vbdbqt,s ufhcsf 

ntmybreh stjhbfib wyj,bk wbkbylhekb ufhcbc ojyfcojhj,bc 

ufynjkt,fsf cbcntvfc& 
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3. დასკვნა 

 
1. naCvenebia, rom i. RuduSauris TeoriiT miRebul drekadobis 

Teoriis amocanebis amoxsnebi gamoirCevian swrafi krebadobiT 

da maRali sizustiT. igi metad martivia maTematikuri 

TvalsazrisiT. unari aqvs warmatebiT gauwios konkurencia 

ricxviT meTodebs martivi struqturis mqone obieqtebis 

ganxilvisas. 

2. konkretuli magaliTebis ganxilviT disertaciaSi miRebuli 

Sedegebi praqtikulad ar gansxvavdebian klasikuri drekadobis 

TeoriiT sasazRvro pirobebiT miRebul Sedegebisagan, rac 

Catarebuli gamokvlevis saimedoobaze miuTiTebs. 

3. fiqtiuri sistemebis urTierTqmedebis Zalebi xistad 

Camagrebuli gverdebis gadakveTis wertilidan gamomaval 

diagonalis gaswvriv nulis tolia, rac fizikuri 

mosazrebebiT mosalodnelic iyo da kvlav miuTiTebs 

Catarebuli gamokvlevis saimedobaze. 

4. naCvenebia damreci cilindruli garsis gaangariSebisas i. 

RuduSauris meTodis upiratesoba klasikur meTodebTan 

SedarebiT. 

5. Catarebulia mTeli rigi ricxviTi eqsperimetebi maTematikuri 

algoriTmis sizustisa da amoxsnis krebadobis dasadgenad 
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PROGRAM Gr70 
c       Tavisuflad   dayrdnobili   fila        
      IMPLICIT REAL*8(A-H,O-Z) 
      COMMON /C/A(700,701),B(700),IP0(5) 
      DIMENSION A1(700),A2(700),A3(700),A4(700),A5(700),A6(700), 
     1A7(700),A8(700),A9(700)  
      open(5,file='ric1.dat') 
      Q1=0.3 
      ETA=1. 
      M11=6 
      N11=6 
      M12=M11-1 
      N12=N11-1 
      I2=0   
      I11=1 
      I12=1  
      I99=1 
      I77=1  
      J8=2*(N12*M12-1) 
      IP0(1)=J8 
      J21=J8+1 
      DO 21 I=1,J8 
      DO 21 J=1,J21 
      A(I,J)=0. 
 21   CONTINUE 
 7    X1=1./(M11-1.) 
      Y1=1./(N11-1.) 
      N1=1 
  6   N2=N1-1 
      Y=N2*Y1 
      M1=1 
  5   M2=M1-1 
      X=M2*X1 
      IF(I99.EQ.2) GO TO 170 
c      IF(N1.EQ.N11) GO TO 14 
c      IF(M1.EQ.M11) GO TO 111 
      IF(N1.EQ.1) GO TO 111 
      IF(M1.EQ.1) GO TO 11 
      IF(N1.EQ.N11.AND.M1.EQ.M11) GO TO 14 
 143  I1=I2+1 
      I2=I2+2 
 170  J1=0 
      J2=N12*M12-1 
c      WRITE(5,212) i1,i2,i3,i4,j1,j2,j3,j4,N1,M1 
      I14=0 
      I15=J2 
      DO 4 N=1,N12      
      DO 3 M=1,M12 
      IF(N.EQ.N12.AND.M.EQ.M12) GO TO 10 
c      write(5,212) J1,J2,J3,J4,I12 
      J1=J1+1 
      J2=J2+1 
      Y3=N*Y 
      S1=DSIN(Y3) 
      C1=DCOS(Y3) 
      X3=M*X 
      S2=DSIN(X3) 
      C2=DCOS(X3) 
      AN=N*1. 
      C3=DCOS(AN) 
      S3=DSIN(AN) 
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      AM=M*1. 
      S4=DSIN(AM) 
      C4=DCOS(AM) 
c      write(5,212) j1,j2,j3,j4,I12 
      F1XY=1./M**2*((C2-C4)/M**2+(X**2-1)/2*C4)*C1 
      F2XY=Q1/ETA**2*(C2-C4)/(M**2*N**2)*(C1-C3) 
      F3XY=1./(N**2*ETA**4)*((C1-C3)/N**2+(Y**2-1)/2*C3)*C2 
      IF(I12.EQ.2) GO TO 9 
       
      A(I1,J1)=F1XY+2*F2XY+F3XY 
      A(I1,J2)=F1XY-F3XY 
      A(I1,J21)=-(1./4*(1./6*(X**4-1)-(X**2-1)) 
     1+Q1/(4*ETA**2)*(X**2-1)*(Y**2-1)) 
       
      A(I2,J1)=((1.*N)/M**2*(S2/M-X*C4)+Q1/ETA**2*S2/(M*N))*S1 
      A(I2,J2)=((1.*N)/M**2*(S2/M-X*C4)+1/ETA**2*S2/(M*N))*S1 
      A(I2,J21)=-Q1*X*Y 
      GO TO 10 
 9    K11=1                                
      I14=I14+1 
      I15=I15+1 
c      write(5,212) i14,i15,I12 
      T1=T1+(B(I14)*C2*C1)                         
      T2=T2+(B(I15)/(M*N)*S2*S1) 
      T3=T3+(B(I14)/M*S2*C1) 
      T4=T4+(B(I14)/N*C2*S1) 
      T5=T5+((B(I14)+B(I15))/M**2*(C2-C4)*C1) 
      T6=T6+((B(I14)-B(I15))/N**2*(C1-C3)*C2) 
      T7=T7+(-((B(I14)+B(I15))*F1XY+(B(I14)-B(I15))*F2XY)) 
      T8=T8+(((B(I14)+B(I15))*F2XY+(B(I14)-B(I15))*F3XY)) 
      T9=T9+B(I15) 
 10   K10=1 
c      write(5,212) J1,J2,I12 
c      write(5,212) I14,I15,I16,I17,I12 
  3   CONTINUE 
  4   CONTINUE 
      IF(I11.EQ.1) GO TO 11 
      A1(I13)=T1 
      A2(I13)=T2/(ETA) 
      A3(I13)=(-X-T3) 
      A4(I13)=(T4)/(ETA) 
      A5(I13)=(-(X**2-1)/2+T5) 
      A6(I13)=-T6/(ETA**2) 
      A7(I13)=-(-1./4*(1./6*(X**4-1)-(X**2-1))+T7) 
      A8(I13)=-(Q1/(4*ETA**2)*(X**2-1)*(Y**2-1)+T8) 
      A9(I13)=-(1+Q1)/ETA**2*T9 
      I13=I13+1 
      T1=0. 
      T2=0. 
      T3=0. 
      T4=0. 
      T5=0. 
      T6=0. 
      T7=0. 
      T8=0. 
      T9=0. 
 11   M1=M1+1 
      IF(M1.LE.M11) GO TO 5 
 111  N1=N1+1   
      IF(N1.LE.N11) GO TO 6 
 14   IF(I99.EQ.2) GO TO 12 
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c      DO 101 I=1,12 
c      WRITE(5,211) (A(I,J),J=1,J21) 
c 101  CONTINUE      
      CALL GAUS      
       WRITE(5,214) (B(I),I=1,J8) 
      I13=1 
      I11=I11+1 
      I12=I12+1 
      I99=I99+1 
      I77=I77+1 
      T1=0. 
      T2=0. 
      T3=0. 
      T4=0. 
      T5=0. 
      T6=0. 
      T7=0. 
      T8=0. 
      T9=0. 
      GO TO 7 
 12   J2=(N11*M11) 
      write (5,103) 
      write (5,102) 
      WRITE (5,213) (A1(I),I=1,J2) 
      write (5,102) 
      WRITE (5,213) (A2(I),I=1,J2) 
      write (5,102) 
      WRITE (5,213) (A3(I),I=1,J2) 
      write (5,102) 
      WRITE (5,213) (A4(I),I=1,J2) 
      write (5,102) 
      WRITE (5,213) (A5(I),I=1,J2) 
      write (5,102) 
      WRITE (5,213) (A6(I),I=1,J2) 
      write (5,102) 
      WRITE (5,213) (A7(I),I=1,J2) 
      write (5,102) 
      WRITE (5,213) (A8(I),I=1,J2) 
      write (5,102) 
c      WRITE (5,213) (A9(I),I=1,J2) 
 211  FORMAT (6F10.4) 
 212  FORMAT (8I5) 
 214  FORMAT (6F10.4)  
 213  FORMAT (6F10.4) 
 102  FORMAT (68(1H-)) 
 103  FORMAT (1x) 
      STOP 
      END 
      subroutine  gaus 
      implicit real*8(a-h,o-z) 
      COMMON/C/A(700,701),B(700),IP0(5) 
      DIMENSION AMN(700) 
      dimension z(700),ix(700)           
  150 format(6f11.4) 
  160 format(//,20x,'rehenie cictem',//) 
C      write(5,160) 
C      write(*,*)'sistem'  
      is=ip0(1) 
      is1=is+1 
      do 60 i=1,is 
      ix(i)=i 
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   60 continue 
      do 61 n=1,is 
      t=0 
      do 62 i=n,is 
      do 62 j=n,is 
      if(dabs(a(i,j)).le.t) go to 62 
      t=dabs(a(i,j)) 
      k=i 
      m=j 
   62 continue 
      if(k.eq.n) go to 13 
      do 14 ip=n,is1 
      t=a(n,ip) 
      a(n,ip)=a(k,ip) 
      a(k,ip)=t 
   14 continue 
   13 if(m.eq.n) go to 15 
      do 16 ip=1,is 
      t=a(ip,n) 
      a(ip,n)=a(ip,m) 
      a(ip,m)=t 
   16 continue 
      ip=ix(n) 
      ix(n)=ix(m) 
      ix(m)=ip 
   15 continue 
      j=is+2 
   30 j=j-1 
      a(n,j)=a(n,j)/a(n,n) 
      if(j.gt.n) go to 30 
      n1=n+1 
      do 61 i=n1,is 
      do 61 j=n1,is1 
      a(i,j)=a(i,j)-a(i,n)*a(n,j) 
   61 continue 
      i=is1 
   40 i=i-1 
      z(i)=a(i,is1)/a(i,i) 
      k=i 
   50 k=k-1 
      a(k,is1)=a(k,is1)-a(k,i)*z(i) 
      if(k.gt.1) go to 50 
      if(i.gt.2) go to 40 
      z(1)=a(1,is1)/a(1,1) 
      do 21 k=1,is 
      do 21 i=1,is 
      if(k.eq.ix(i)) amn(k)=z(i) 
   21 continue 
   29 format(//,120(1h-),/////) 
c      write(5,150)(amn(i),i=1,is) 
c      write(5,29) 
c      write(*,*)amn 
      do 31 i=1,is 
      b(i)=amn(i) 
  31  continue 
      return 
      end 
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c      PROGRAM RS46 
c      cilindruli garsi   2006   
      IMPLICIT REAL*8(A-H,O-Z) 
      COMMON /C/A(700,701),B(700),IP0(5) 
      DIMENSION A1(700),A2(700),A3(700),A4(700),A5(700),A6(700), 
     1A7(700),A8(700),A9(700),A10(700),A11(700),A12(700),A13(700), 
     1A14(700),A15(700),A16(700) 
      open(5,file='ric1.dat') 
      Q1=0.17 
      ETA=5. 
      D=2.5*10.**5 
      q=1. 
      R=10. 
      GA=1./2. 
      BT=0.00371 
      I3=0   
      I11=1 
      I12=1  
      I99=1 
      I77=1 
      M11=6 
      N11=6 
      N12=N11-2 
      M12=M11-2  
      J8=3*(N12*M12) 
      J21=J8+1 
      IP0(1)=J8 
      DO 21 I=1,J8 
      DO 21 J=1,J21 
      A(I,J)=0. 
 21   CONTINUE 
 7    X1=1./(M11-1.) 
      Y1=1./(N11-1.) 
      N1=1 
  6   N2=N1-1 
      Y=N2*Y1 
      M1=1 
  5   M2=M1-1 
      X=M2*X1 
 500  IF(I12.EQ.2) GO TO 170 
 202  IF(N1.EQ.N11) GO to 14 
      IF(M1.EQ.M11) GO TO 111 
 203  IF(M1.EQ.1) GO to 11 
      IF(N1.EQ.1) GO TO 111 
 149  I1=I3+1 
      I2=I3+2 
 150  I3=I3+3 
 170  J1=0 
      J2=N12*M12 
      J3=2*J2 
c      WRITE(5,212) i1,i2,i3,I12 
      I14=0 
      I15=J2 
      I16=2*J2 
      DO 4 N=1,N12     
      DO 3 M=1,M12 
c      write(5,212) J1,J2,J3,J4,I12 
      J1=J1+1 
      J2=J2+1 
      J3=J3+1 
      Y3=N*Y 
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      S1=DSIN(Y3) 
      C1=DCOS(Y3) 
      X3=M*X 
      S2=DSIN(X3) 
      C2=DCOS(X3) 
      AN=N*1. 
      C3=DCOS(AN) 
      S3=DSIN(AN) 
      AM=M*1. 
      S4=DSIN(AM) 
      C4=DCOS(AM) 
C      write(5,212) j1,j2,j3,j4,I12 
      FX=1./24.*(X**4-6*X**2+5) 
      BMN=12*(1+Q1)*BT**2/(GA**2*M**2*N**2) 
      F18X=((M**2/(N**2*ETA**2)-Q1)*C2+Q1/M*S4)*S3/N 
      F28X=BMN*(S3/N-C3)*((C2-C4)/ETA+Q1/(1-Q1**2) 
     1*(S4/M-C4)*(Q1/ETA+ETA*R)) 
      F38X=((M**2/(N**2*ETA**2)-Q1)*(C2-C4)/M**2-Q1/(2*M)*(X**2-
1)*S4) 
     1*S3/N 
      F48X=BMN*(S3/N-C4)*(1/ETA*((C2-C4)/M**2+(X**2-1)/2*C4) 
     1-(X**2-1)/2*Q1/(1-Q1**2)*(S4/M-C4)*(Q1/ETA+ETA*R)) 
      F18Y=((1-Q1*M**2/(N**2*ETA**2))*C1+M**2/(N**2*ETA**2)*Q1/N*S3) 
     1*S4/M 
      F28Y=BMN*(S4/M-C4)*(ETA*R*(C1-C3)+Q1/(1-Q1**2)*(S3/N-C3) 
     1*(1/ETA+Q1*ETA*R)) 
      F38Y=((1-Q1/N**2*M**2/ETA**2))*((C1-C3)/N**2-M**2/(N**2*ETA**2) 
     1*Q1/(2*N)*(Y**2-1)*S3)*S4/M 
      F48Y=BMN*(S4/M-C4)*(ETA*R*((C1-C3)/N**2+(Y**2-1)/2*C3) 
     1-Q1/(1-Q1**2)*(Y**2-1)/2*(S3/N-C3)*(1/ETA+Q1*R*ETA)) 
      
      F1XY=1./M**2*((C2-C4)/M**2+(X**2-1)/2*C4)*C1 
      F2XY=Q1/(M**2*N**2*ETA**2)*(C2-C4)*(C1-C3) 
      F3XY=1./(N**2*ETA**2)*((C1-C3)/N**2+(Y**2-1)/2*C3)*C2 
      F4XY=(X**4-6*X**2+5)/24*R*ETA*BMN*(S4/M-C4)*(R*ETA*(C1-C3) 
     1+Q1/(1-Q1**2)*(S3/N-C3)*(1./ETA+Q1*ETA*R)) 
      F5XY=Q1*(Y**2-1)/(2*ETA)*BMN*(S3/N-C3)*(1/ETA*(1./M**2*(C2-C4) 
     1+(X**2-1)/2*C4)-(X**2-1)/2*Q1/(1-Q1**2)*(S4/M-
C4)*(Q1/ETA+ETA*R)) 
      F6XY=(X**4-6*X**2+5)/24*R*ETA*((1-Q1/N**2*M**2/ETA**2)*C1 
     1+M**2/(N**2*ETA**2)*Q1/N*S3)*S4/M 
      F7XY=Q1*(Y**2-1)/(2*ETA)*((M**2/(N**2*ETA**2)-Q1)*(C2-C4)/M**2 
     1-Q1/(2*M)*(X**2-1)*S4)*S3/N 
      
      IF(I12.EQ.2) GO TO 9 
      A(I1,J1)=(F1XY+F2XY) 
      A(I1,J2)=(F1XY-F2XY*(1-(ETA**3+Q1*ETA**3)/Q1)+FX*R*ETA*F28Y 
     1-Q1/2*(Y**2-1)/ETA*F48X) 
      A(I1,J3)=R*ETA*F1XY-M**2/(N**2*ETA)*F2XY+FX*R*ETA*F18Y 
     1-Q1/2*(Y**2-1)/ETA*F28X 
      A(I1,J21)=(X**4-6*X**2+5)/24 
       
 192  A(I2,J1)=(F2XY+F3XY) 
      A(I2,J2)=(1-(ETA**3+Q1*ETA**3)/Q1)*F2XY-F3XY+Q1/2*R/ETA*(X**2-
1) 
     1*F48Y-(Y**4-6*Y**2+5)/(24*ETA)*F28X 
      A(I2,J3)=R*ETA*FX*F2XY-M**2/(N**2*ETA)*F3XY+Q1/2*R/ETA*(X**2-1) 
     1*F38Y-(Y**4-6*Y**2+5)/(24*ETA)*F18X 
      A(I2,J21)=Q1*(X**2-1)/4*(Y**2-1)/ETA**2 
       
 191  A(I3,J1)=0. 
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      A(I3,J2)=BMN*(S2/(M*N*ETA)*(S1-Y*S3)+R/M*ETA**3/N*S1*(S2-X*S4)) 
      A(I3,J3)=(M**2/(N**2*ETA**2)-Q1)*S2/(N*M)*(S1-Y*S3)+(1-Q1/N**2 
     1*M**2/ETA**2)*ETA**2/(M*N)*S1*(S2-X*S4)+2*ETA*(1+Q1)/N*M*S2*S1 
      A(I3,J21)=0. 
       
      GO TO 10 
 9    K9=9 
      I14=I14+1 
      I15=I15+1 
      I16=I16+1 
c      write(5,212) i14,i15,I16,I12 
      T1=T1+(B(I14)*C2*C1) 
      T2=T2+B(I15)/M*S2/N*S1 
      T3=T3+B(I16)/N*M*S2*S1 
      C1Y=C1Y+(-B(I16)*F18Y-B(I15)*F28Y) 
      D1X=D1X+(-B(I16)*F18X-B(I15)*F28X)*ETA 
      T4=T4+((B(I14)+R*ETA*B(I16))*1./M*S2*C1) 
      T5=T5+((B(I14)-M**2/(N**2*ETA)*B(I16))*C2/N*S1) 
      T6=T6+((B(I14)+B(I15)+R*ETA*B(I16))/M**2*(C2-C4)*C1) 
      T7=T7+((B(I14)-B(I15)-M**2/(N**2*ETA)*B(I16))*(C1-C3)/N**2*C2) 
      T8=T8+((B(I16)*((1-Q1/N**2*M**2/ETA**2)*C1+(M**2/(N**2*ETA**2)-
Q1) 
     1*Q1/N*S3)+B(I15)*BMN*(ETA*R*(C1-C3)+Q1/ETA*(S3/N-C3))) 
     1/M*(S2-X*S4)) 
      T9=T9+((B(I16)*((M**2/(N**2*ETA**2)-Q1)*C2+(1-
Q1/N*M**2/ETA**2)*Q1 
     1/M*S4)+B(I15)*BMN*((C2-C4)/ETA+Q1*R*ETA*(S4/M-C4)))/N*(S1-
Y*S3)) 
      T10=T10+(B(I15)*(C2-C4)/N**2*(C1-C3)/M**2) 
      T11=T11+(-B(I14)*(F1XY+F2XY)-B(I15)*(F1XY-F2XY+FX*R*ETA*F28Y 
     1-Q1/2*(Y**2-1)/ETA*F48X)-B(I16)*(R*ETA*F1XY-
M**2/(N**2*ETA)*F2XY 
     1+FX*R*ETA*F18Y-Q1/2*(Y**2-1)/ETA*F28X)) 
      T12=T12+(B(I14)*(F2XY+F3XY)+B(I15)*(F2XY-F3XY+Q1/2*R/ETA*(X**2-
1) 
     1*F48Y-(Y**4-6*Y**2+5)/(24*ETA)*F28X)+B(I16)*(R*ETA*FX*F2XY-M**2 
     1/(N**2*ETA)*F3XY+Q1/2*R/ETA*(X**2-1)*F38Y-(Y**4-
6*Y**2+5)/(24*ETA) 
     1*F18X)) 
 10   K10=1 
c      write(5,212) J1,J2,J3,J4,I12 
c      write(5,212) I14,I15,I16,I12 
  3   CONTINUE 
  4   CONTINUE 
      IF(I11.EQ.1) GO TO 11 
      A1(I13)=T1 
      A2(I13)=T2*ETA 
      A3(I13)=1/BT*T3 
      A4(I13)=-(ETA*X+R*ETA**2*X*C1Y+T4/ETA) 
      A5(I13)=-(Y*D1X-T5) 
      A6(I13)=(ETA**2/2*(X**2-1)+ETA**3/2*(X**2-1)*R*C1Y-T6*ETA**2) 
      A7(I13)=((Y**2-1)/2*D1X+T7) 
      A8(I13)=(ETA**2/(BT*GA)*T8) 
      A9(I13)=(ETA/(BT*GA)*T9) 
      A10(I13)=(-T10*ETA*(1+Q1)/GA**3) 
      A11(I13)=-1/GA**3*((X**4-6*X**2+5)/24+T11) 
      A12(I13)=-1/GA**3*(-Q1/4*(X**2-1)/ETA**2*(Y**2-1)+T12) 
      A13(I13)=1. 
      A14(I13)=1. 
      A15(I13)=C1Y 
      A16(I13)=D1X 
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      I13=I13+1 
      T1=0. 
      T2=0. 
      T3=0. 
      T4=0. 
      T5=0. 
      T6=0. 
      T7=0. 
      T8=0. 
      T9=0. 
      T10=0. 
      T11=0. 
      T12=0. 
      T13=0. 
      T14=0. 
      T15=0. 
      T16=0. 
      C1Y=0. 
      D1X=0. 
 11   M1=M1+1 
      IF(M1.LE.M11) GO TO 5 
 111  N1=N1+1   
      IF(N1.LE.N11) GO TO 6 
 14   IF(I99.EQ.2) GO TO 12 
c      DO 101 I=1,J2 
c      WRITE(5,211) (A(I,J),J=1,J21) 
c 101  CONTINUE      
      CALL GAUS      
       WRITE(5,214) (B(I),I=1,J8) 
      I13=1 
      I11=I11+1 
      I12=I12+1 
      I99=I99+1 
      I77=I77+1 
      T1=0. 
      T2=0. 
      T3=0. 
      T4=0. 
      T5=0. 
      T6=0. 
      T7=0. 
      T8=0. 
      T9=0. 
      T10=0. 
      T11=0. 
      T12=0. 
      T13=0. 
      T14=0. 
      T15=0. 
      T16=0. 
      C1Y=0. 
      D1X=0. 
      GO TO 7 
 12   J2=(N11*M11) 
      WRITE (5,213) (A1(I),I=1,J2) 
      write (5,102) 
      WRITE (5,213) (A2(I),I=1,J2) 
      write (5,102) 
      WRITE (5,213) (A3(I),I=1,J2) 
      write (5,102) 
      WRITE (5,213) (A4(I),I=1,J2) 
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      write (5,102) 
      WRITE (5,213) (A5(I),I=1,J2) 
      write (5,102) 
      WRITE (5,213) (A6(I),I=1,J2) 
      write (5,102) 
      WRITE (5,213) (A7(I),I=1,J2) 
      write (5,102) 
      WRITE (5,213) (A8(I),I=1,J2) 
      write (5,102) 
      WRITE (5,213) (A9(I),I=1,J2) 
      write (5,102) 
      WRITE (5,213) (A10(I),I=1,J2)  
      write (5,102) 
      WRITE (5,213) (A11(I),I=1,J2) 
      write (5,102) 
      WRITE (5,213) (A12(I),I=1,J2) 
      write (5,102) 
c      WRITE (5,213) (A13(I),I=1,j2) 
c      write (5,102) 
c      write (5,213) (A14(I), I=1,J2) 
c      write (5,102) 
      write (5,213) (A15(I), I=1,J2) 
      write (5,102) 
      write (5,213) (A16(I), I=1,J2) 
 211  FORMAT (6F8.4) 
 212  FORMAT (8I5) 
 214  FORMAT (6F10.5) 
 103  FORMAT (75(1H-))  
 213  FORMAT (6F10.5) 
 102  FORMAT (//) 
 104  FORMAT (1x) 
      STOP 
      END 
      subroutine  gaus 
      implicit real*8(a-h,o-z) 
      COMMON/C/A(700,701),B(700),IP0(5) 
      DIMENSION AMN(700) 
      dimension z(700),ix(700)           
  150 format(6f11.4) 
  160 format(//,20x,'rehenie cictem',//) 
C      write(5,160) 
C      write(*,*)'sistem'  
      is=ip0(1) 
      is1=is+1 
      do 60 i=1,is 
      ix(i)=i 
   60 continue 
      do 61 n=1,is 
      t=0 
      do 62 i=n,is 
      do 62 j=n,is 
      if(dabs(a(i,j)).le.t) go to 62 
      t=dabs(a(i,j)) 
      k=i 
      m=j 
   62 continue 
      if(k.eq.n) go to 13 
      do 14 ip=n,is1 
      t=a(n,ip) 
      a(n,ip)=a(k,ip) 
      a(k,ip)=t 
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   14 continue 
   13 if(m.eq.n) go to 15 
      do 16 ip=1,is 
      t=a(ip,n) 
      a(ip,n)=a(ip,m) 
      a(ip,m)=t 
   16 continue 
      ip=ix(n) 
      ix(n)=ix(m) 
      ix(m)=ip 
   15 continue 
      j=is+2 
   30 j=j-1 
      a(n,j)=a(n,j)/a(n,n) 
      if(j.gt.n) go to 30 
      n1=n+1 
      do 61 i=n1,is 
      do 61 j=n1,is1 
      a(i,j)=a(i,j)-a(i,n)*a(n,j) 
   61 continue 
      i=is1 
   40 i=i-1 
      z(i)=a(i,is1)/a(i,i) 
      k=i 
   50 k=k-1 
      a(k,is1)=a(k,is1)-a(k,i)*z(i) 
      if(k.gt.1) go to 50 
      if(i.gt.2) go to 40 
      z(1)=a(1,is1)/a(1,1) 
      do 21 k=1,is 
      do 21 i=1,is 
      if(k.eq.ix(i)) amn(k)=z(i) 
   21 continue 
   29 format(//,120(1h-),/////) 
c      write(5,150)(amn(i),i=1,is) 
c      write(5,29) 
c      write(*,*)amn 
      do 31 i=1,is 
      b(i)=amn(i) 
  31  continue 
      return 
      end 
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c      PROGRAM Gr62W 
c       2005g 
      IMPLICIT REAL*8(A-H,O-Z) 
      COMMON /C/A(700,701),B(700),IP0(5) 
      DIMENSION A1(700),A2(700),A3(700),A4(700),A5(700),A6(700), 
     1A7(700),A8(700),A9(700)  
      open(5,file='ric1.dat') 
      Q1=0.17 
      R=1. 
      ETA=1. 
      M11=6 
      N11=6 
      M12=M11-1 
      N12=N11-1 
      I2=0   
      I11=1 
      I12=1  
      I99=1 
      I77=1  
      J8=2*(N12*M12) 
      IP0(1)=J8 
      J21=J8+1 
      DO 21 I=1,J8 
      DO 21 J=1,J21 
      A(I,J)=0. 
 21   CONTINUE 
 7    X1=1./(M11-1.) 
      Y1=1./(N11-1.) 
      N1=1 
  6   N2=N1-1 
      Y=N2*Y1 
      M1=1 
  5   M2=M1-1 
      X=M2*X1 
      IF(I99.EQ.2) GO TO 170 
c      IF(N1.EQ.N11) GO TO 14 
c      IF(M1.EQ.M11.AND.N1.EQ.N11) GO TO 14 
      IF(N1.EQ.1) GO TO 111 
      IF(M1.EQ.1) GO TO 11  
 143  I1=I2+1 
      I2=I2+2 
 170  J1=0 
      J2=N12*M12 
c      WRITE(5,212) i1,i2,i3,i4,j1,j2,j3,j4,N1,M1 
      I14=0 
      I15=J2 
      DO 4 N=1,N12      
      DO 3 M=1,M12 
c      IF(N.EQ.N12.AND.M.EQ.M12) GO TO 10 
c      write(5,212) J1,J2,J3,J4,I12 
      J1=J1+1 
      J2=J2+1 
      Y3=N*Y 
      S1=DSIN(Y3) 
      C1=DCOS(Y3) 
      X3=M*X 
      S2=DSIN(X3) 
      C2=DCOS(X3) 
      AN=N*1. 
      C3=DCOS(AN) 
      S3=DSIN(AN) 
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      AM=M*1. 
      S4=DSIN(AM) 
      C4=DCOS(AM) 
c      write(5,212) j1,j2,j3,j4,I12 
      F1X=(S2-S4)/M-(X-1)*C4 
      F1Y=(C1-C3)/N+(Y**2-1)/2*S3 
      F2X=(C2-1)/M**2+X/M*S4+(X**2-2*X)/2*C4 
      F2Y=C1/N**2+Y**2/(2*N)*C3+(Y**4-6*Y**2)/24*S3 
      F3X=(S2/M-X)/M**2+X**2/(2*M)*S4+(X**3-3*X**2)/2*C4 
      F1XY=F3X*(N*C1-S3) 
      F2XY=Q1/(M*ETA**2)*S2*F1Y 
      F3XY=Q1/(M*ETA**2)*(S2-X*S4)*(C1/N+Y**2/2*S3) 
      F4XY=M/ETA**4*S2*F2Y 
      IF(I12.EQ.2) GO TO 9 
      A(I1,J1)=F1XY+F2XY+F3XY+F4XY 
      A(I1,J2)=-F1XY+F2XY-F3XY+F4XY 
      A(I1,J21)=(X**4-4*X**3+6*X**2)/24+Q1*Y**2/(4*ETA**2)*(X**2-2*X) 
       
      A(I2,J1)=N**2*S1*F2X+Q1/ETA**2*C2*(S1-Y*S3) 
      A(I2,J2)=-N**2*S1*F2X+Q1/ETA**2*C2*(S1-Y*S3)-(1+Q1)/ETA**2*(C2-
C4) 
     1*(S1-Y*S3) 
      
c      A(I2,J1)=N**2*S1*F2X+Q1/ETA**2*S2*(S1-Y*S3) 
c      A(I2,J2)=N**2*S1*F2X+1/ETA**2*(C2-(1+Q1)*C4) 
      A(I2,J21)=0. 
      GO TO 10 
 9    K11=1                                
      I14=I14+1 
      I15=I15+1 
c      write(5,212) i14,i15,I12 
      T1=T1+(B(I14)*M*S2*(N*C1-S3))                           
      T2=T2+(B(I15)*(C2-C4)*(S1-Y*S3)) 
      T3=T3+(B(I14)*(C2-C4)*(N*C1-S3)) 
      T4=T4+(B(I14)*M*S2*(S1-Y*S3)) 
      T5=T5+(B(I14)-B(I15))*F1X*(N*C1-S3) 
      T6=T6+(B(I14)+B(I15))*M*F1Y*S2 
      T7=T7+(-B(I14)*(F1XY+F2XY)+B(I15)*(F1XY-F2XY)) 
      T8=T8+(-B(I14)*(F3XY+F4XY)+B(I15)*(F3XY-F4XY)) 
      T9=T9+B(I15)*(S2/M-X)*(C1/N+Y**2/2*S3) 
 10   K10=1 
c      write(5,212) J1,J2,I12 
c      write(5,212) I14,I15,I16,I17,I12 
  3   CONTINUE 
  4   CONTINUE 
      IF(I11.EQ.1) GO TO 11 
      A1(I13)=T1 
      A2(I13)=T2/ETA 
      A3(I13)=((X-1)+T3) 
      A4(I13)=T4/ETA 
      A5(I13)=((X-1)**2/2+T5) 
      A6(I13)=-T6/ETA**2 
      A7(I13)=-((X**4-4*X**3+6*X**2)/24+T7) 
      A8(I13)=(Q1*Y**2/(4*ETA**2)*(X**2-2*X)+T8) 
      A9(I13)=(1+Q1)/ETA**2*T9 
      I13=I13+1 
      T1=0. 
      T2=0. 
      T3=0. 
      T4=0. 
      T5=0. 
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      T6=0. 
      T7=0. 
      T8=0. 
      T9=0. 
 11   M1=M1+1 
      IF(M1.LE.M11) GO TO 5 
 111  N1=N1+1   
      IF(N1.LE.N11) GO TO 6 
 14   IF(I99.EQ.2) GO TO 12 
c      DO 101 I=1,12 
c      WRITE(5,211) (A(I,J),J=1,J21) 
c 101  CONTINUE      
      CALL GAUS      
       WRITE(5,214) (B(I),I=1,J8) 
      I13=1 
      I11=I11+1 
      I12=I12+1 
      I99=I99+1 
      I77=I77+1 
      T1=0. 
      T2=0. 
      T3=0. 
      T4=0. 
      T5=0. 
      T6=0. 
      T7=0. 
      T8=0. 
      T9=0. 
      GO TO 7 
 12   J2=(N11*M11) 
      write (5,103) 
      write (5,102) 
      WRITE (5,213) (A1(I),I=1,J2) 
      write (5,102) 
      WRITE (5,213) (A2(I),I=1,J2) 
      write (5,102) 
      WRITE (5,213) (A3(I),I=1,J2) 
      write (5,102) 
      WRITE (5,213) (A4(I),I=1,J2) 
      write (5,102) 
      WRITE (5,213) (A5(I),I=1,J2) 
      write (5,102) 
      WRITE (5,213) (A6(I),I=1,J2) 
      write (5,102) 
      WRITE (5,213) (A7(I),I=1,J2) 
      write (5,102) 
      WRITE (5,213) (A8(I),I=1,J2) 
      write (5,102) 
c      WRITE (5,213) (A9(I),I=1,J2) 
 211  FORMAT (6F12.4) 
 212  FORMAT (8I5) 
 214  FORMAT (5F14.2)  
 213  FORMAT (6F13.3) 
 102  FORMAT (68(1H-)) 
 103  FORMAT (1x) 
      STOP 
      END 
      subroutine  gaus 
      implicit real*8(a-h,o-z) 
      COMMON/C/A(700,701),B(700),IP0(5) 
      DIMENSION AMN(700) 
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      dimension z(700),ix(700)           
  150 format(6f11.4) 
  160 format(//,20x,'rehenie cictem',//) 
C      write(5,160) 
C      write(*,*)'sistem'  
      is=ip0(1) 
      is1=is+1 
      do 60 i=1,is 
      ix(i)=i 
   60 continue 
      do 61 n=1,is 
      t=0 
      do 62 i=n,is 
      do 62 j=n,is 
      if(dabs(a(i,j)).le.t) go to 62 
      t=dabs(a(i,j)) 
      k=i 
      m=j 
   62 continue 
      if(k.eq.n) go to 13 
      do 14 ip=n,is1 
      t=a(n,ip) 
      a(n,ip)=a(k,ip) 
      a(k,ip)=t 
   14 continue 
   13 if(m.eq.n) go to 15 
      do 16 ip=1,is 
      t=a(ip,n) 
      a(ip,n)=a(ip,m) 
      a(ip,m)=t 
   16 continue 
      ip=ix(n) 
      ix(n)=ix(m) 
      ix(m)=ip 
   15 continue 
      j=is+2 
   30 j=j-1 
      a(n,j)=a(n,j)/a(n,n) 
      if(j.gt.n) go to 30 
      n1=n+1 
      do 61 i=n1,is 
      do 61 j=n1,is1 
      a(i,j)=a(i,j)-a(i,n)*a(n,j) 
   61 continue 
      i=is1 
   40 i=i-1 
      z(i)=a(i,is1)/a(i,i) 
      k=i 
   50 k=k-1 
      a(k,is1)=a(k,is1)-a(k,i)*z(i) 
      if(k.gt.1) go to 50 
      if(i.gt.2) go to 40 
      z(1)=a(1,is1)/a(1,1) 
      do 21 k=1,is 
      do 21 i=1,is 
      if(k.eq.ix(i)) amn(k)=z(i) 
   21 continue 
   29 format(//,120(1h-),/////) 
c      write(5,150)(amn(i),i=1,is) 
c      write(5,29) 
c      write(*,*)amn 
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      do 31 i=1,is 
      b(i)=amn(i) 
  31  continue 
      return 
      end 
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