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რეზიუმე 

didmaliani Senobebis, aeroportebis, angarebis, sxvadasxva 
daniSnulebis darbazebis, pavilionebis, sawarmoo da samoqalaqo 
obieqtebis mSenebloba _ upirveles yovlisa daiwyo iq, sadac es 
teqnikuri progresiT, teqnologiuri procesebis axali 
moTxovnilebebiT iyo ganpirobebuli. rkinabetonis da sxva 
kompoziciuri axali masalebis aRmoCenam, samSeneblo mecnierebis 
ganviTarebam, gansakuTrebiT garsis Teoriis angariSis srulyofam 
migviyvana Tanamedrove Txelkedlian sivrciTi konstruqciis 
Seqmnamde, SesaZlebeli gaxada Senobis didi malis gadaxurva 
Suasayrdenebis gareSe, masalis SedarebiT naklebi danaxarjebiT. 

samamulo praqtikaSi, sazRvargareTisagan gansxvavebiT, 
mTavari yuradReba eTmoba garsebis asawyobi rkinabetonis 
mSeneblobas. aseTia sportis sasaxle TbilisSi, Senoba 
wyaltuboSi, pavilioni erevanSi.   

gansakuTrebuli yuradReba unda daeTmos ZviradRirebuli 
kompoziciuri masalebis gamoyenebas an originaluri, progresuli 
teqnologiebis gamoyenebas, romelic saSualebas iZleva masalebis, 
gansakuTrebiT Sromis danaxarjebis da eleqtroenergiis 
resursebis ekonomias. 

mosaxleobis mniSvnelovani koncentracia, rac didi 
qalaqebis Tanamdevi procesia permanenetulad warmoqmnis rig 
problemebs, romelTa gadawyveta aseve mudmiv Zalisxmevas 
moiTxovs. 

sakiTxs gansakuTrebiT arTulebs moqalaqeebis TavSeyris 
obieqtebi, sadac isedac mWidrod dasaxlebul raionebSi maTi 
raodenoba mkveTrad izrdeba, rTuldeba transportis moZraoba, 
irRveva ekologia, mZvinvarebs antisanitaria da sxva.  

msoflios mravalwliani gamocdileba adasturebs, rom 
msxvili mravalprofiliani savaWro obieqtebi gaaqvT qalaqgareT, 
ZiriTadi magistralebis gadakveTebis siaxloves da Sendeba  
kompleqsurad, infraqstruqturis sruli speqtris gaTvaliswinebiT. 

TavisTavad Zalze sapasuxismgeblo sainJinro nagebobebs 
warmoadgens didmaliani gumbaTovani rkinabetonis garsebi, 
romlebic gamoiyeneba bazrebis, sportuli nagebobebis, gamofenebis 
da sxvaTa mSeneblobisas da romlebic garda funqcionaluri 
daniSnulebisa, saintereso arqiteqturul da RirSesaniSnav 
SenobaTa klass ganekuTvneba, amitom didi xania msoflios 
mravali saxelmwifo sakuTari samSeneblo donisa da 
inteleqtualuri potencialis gamoyenebiT cdilobs vin ukeT da 
swrafad aagebs didi malis gumbaTs, rac SeiZleba naklebi 
masalebis, Sromis da energoresursebis danaxarjebiT.  

dReisaTvis cnobilia didmaliani gadaxurvebis mSeneblobis 
ramdenime teqnologia, romelTagan yvelaze gavrcelebulia 
monoliTuri, anakrebi, an Sereuli rkinabetonis konstruqciebiT 
agebuli gumbaTovani nagebobebi, romelTa teqnikur-ekonomikuri 
maCveneblebi TiTqmis erTnairia da iTvleba ZviradRirebul 
obieqtebad.  
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didmaliani koWovani gadaxurvis garsebi SeiZleba ganvixiloT 
rogorc sivrculi konstruqciebi, sadac TviToeuli wyvili 
sapirispiro koWi muSaobs erToblivad, rogorc TaRebi.  

amasTan dakavSirebiT didmaliani gadaxurvis agebis 
teqnologia, konstruqciis gaangariSebis problema sakmaod 
rTulia, aqtualuria da moiTxovs gaangariSebis gansakuTrebuli 
meTodebis SemuSavebas. swored am problemis gadawyvetas exeba 
winamdebare naSromi. 

disertaciis mizani warmoadgens didmaliani gadaxurvebis 
axal teqnologias, romelic iTvaliswinebs montaJis saimedoobas 
da uzrunvelyofs drois simcires, gaiafebas da energo 
resursebis Semcirebas, agreTve  garsuli gadaxurvebis daZabul 
deformirebuli mdgomareobis gamokvlevas, misi elementebis 
kvanZebis zomebis, optimizacia da efeqturi gaangariSeba 
praqtikuli gamoyenebisaTvis. gadmoices Rerovani sferuli 
gumbaTis gaangariSebis meTodi da Rerovani gumbaTis gaangariSebis 
programis algoriTmi. Catardes gumbaTis konstruqciis 
eqsperimentuli gamokvlevebi.  

mecnieruli siaxle mdgomareobs progresuli teqnologiis 
SemuSavebaSi, ramac unda mogvces ekonomia Sromis samuSaoebSi, 
masalebSi da energoresursebSi. agreTve Teoriuli meTodis 
SemuSavebis SefasebaSi didmaliani gadaurxvebisaTvis, romelic 
uzrunvelyofs optimalur zomebs konstruqciisTvis, xisti 
kvanZebis gaTvaliswinebiT. gadmocemulia axali meTodi, romlis 
mixedviTac gumbaTi ganixileba rogorc erTiani garsi wyvetilad 
cvalebadi simrudiT, rac sagrZnoblad amoklebs gamoTvlis 
algoriTms. 

miRebulia umomento sivrciTi konstruqciebis gaTvlebis 
cdomileba da misi gamoyenebis zRvari araTanabar ganawilebul 
ZabvebTan mimarTebaSi. 

miRebulia Rerovani sferuli gumbaTis gaangariSebis meTodi. 
SemoTavazebulia didmaliani gadaxurvis konstruqciis agebis 
teqnologia. 

naSromis Rirebuleba mdgomareobs Teoriul da eqsperimentis 
gamokvlevebSi, romelic warmoadgens safuZvels praqtikuli 
rekomendaciebisaTvis garsuli konstruqciebis mzidi 
elementebisaTvis. 

Sedegebis utyuaroba ki mtkicdeba sxvadasxva avtorebis 
mier miRebuli Teoriuli da eqsperimentaluri Sedegebis 
damakmayofilebeli TanadamTxveviT. 

gadmocemulia axali meTodi, romlis mixedviTac mTeli 
gumbaTi ganixileba rogorc erTiani garsi wyvetilad cvalebadi 
simrudiT, rac sagrZnoblad amoklebs gamoTvlis algoriTms; 
gansazRvrulia momenturi Zabvebis SefardebiTi sidide grexa-
kumSvis daZabvebTan SedarebiT da am daZabvebis zemoqmedeba 
konstruqciebis gamZleobis da xangrZlivobis Sefasebaze; 
miRebulia umomento gaTvlebis cdomileba da misi gamoyenebis 
zRvari araTanabar ganawilebul ZabvebTan mimarTebaSi. 
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miRebulia Rerovani gumbaTebis konstruqciebis daZabul-
deformirebuli mdgomareobis Taviseburebani; gadmocemulia 
Rerovani sferuli gumbaTis gaangariSebis meTodi da Rerovani 
gumbaTis gaangariSebis programis algoriTmi, kompiuteris 
gamoyenebiT; aRwerilia gumbaTis konstruqciis eqsperimentuli 
gamokvlevebi. 

gadmocemulia gumbaTis agebis axali teqnologia; 
SemoTavazebulia didmaliani gadaxurvis konstruqciis agebis 
teqnologia. aRniSnuli modelis teqnikuri Sedegia didmaliani 
gadaxurvis konstruqciebis agebis gamartiveba; miRebulia gumbaTis 
awevis teqnologia; gadmocemulia didmaliani gumbaTovani 
gadaxurvebis montaJis teqnikur-ekonomikuri maCveneblebi. 
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Abstract 

The construction of large-span buildings, airports, hangars, different-purpose 
halls, pavilions, industrial and civil objects has begun where it was stipulated with 
technical progress, new demands of technological process. The discovery of 
reinforced concrete and other new composite materials, development of building 
science, particularly the perfection of calculation of the theory of shells brought us to 
the creation of modern thin-walled spatial structures, made possible to floor large-span 
constructions without middle support and considerably less consumption of material. 

In domestic practice, unlike foreign practice, the main attention is paid to the 
constructing of prefabricated reinforced concrete shells. Such are Palace of Sport in 
Tbilisi, building in Tskaltubo, pavilion in Erevan. 

The particular attention is to be paid to using of expensive composite materials 
or original, progressive technologies which result in the economy of materials and, 
especially in the economy of labor and electric power resources. 

The process of intensive concentration of population accompanying the 
formation of big cities is permanently creating a number of problems the solution of 
which also is the matter of constant effort. 

The problem is particularly complicated in the places of gatherings of citizens 
where their number is sharply increased in already densely populated districts causing 
complication of transport motion, violation of ecology, antisanitary, etc. 

Many years’ world experience proves that big multi-profile commercial 
objects are taken out of the town, near the crossing of main traffic arteries and are 
built complexly with consideration of the whole spectrum of infrastructure. 

Large-span domelike reinforced concrete shells represent very responsible 
engineering construction used for building of markets, sport halls, exhibitions and 
other structures which besides functional purpose belong to the class of interesting 
architectural and remarkable buildings. Therefore, it is long since many countries of 
the world using their own engineering level and intellectual potential, try to built 
large-span cupolas better and quicklier with as less material, labor and power 
resources consumption as possible. 

At present several technologies of construction of large-span roofs are known, 
the most widely-spread being monolithic, precast or hybrid cupola buildings built of 
reinforced concrete constructions which have almost equal technical economical 
characteristics and are considered as very expensive objects. 

Large-span girder roof shells can be considered as space constructions where 
each pair of opposite girders works in common, as arches. 

In this connection the technology of construction of large-span roofs, problem 
of calculation of construction structure is quite complicated, urgent and requires the 
development of particular methods of calculation. The solution of this problem is the 
very object of the presented work. 

The objective of the dissertation theme is to create a new technology of large-
span roofs which ensures the reliability of assembling and provides time, cost and 
power resources decrease, as well as, to research stress-strain state of rod shell roofs, 
to optimize and calculate dimensions of elements and units for practical use, to present 
the method of calculation of rod spherical dome and the algorithm of rod cupola 
calculation program, to carry out experimental researches of dome construction. 

The scientific innovation consists in the development of progressive 
technology which is to give economy in labor work, material and power resources; 
also, in evaluation of development of theoretical method for large-span roofs which 



viii 

provides optimum dimensions of construction with consideration of rigid units. A new 
method is presented according to which dome is considered as a unified shell with 
discontinuously varying curve which significantly shortens calculation algorithm.   

The calculation error of momentless spatial constructions and its application 
limit in respect to irregularly distributed forces is obtained. 

The method of calculation of axial spherical domes is obtained. The 
technology of construction of large-span roof structures is proposed. 

The value of the work lies in theoretical and experimental researches which 
represent the basis of practical recommendations for shell construction load-bearing 
elements. 

The authenticity of results is proved with satisfactory coincidence of 
theoretical and experimental results received by various authors. 

A new method is presented according to which the whole dome is considered 
as a one-piece shell with discontinuously varying curvature which significantly 
shortens calculation algorithm; relative value of moment forces compared to twisting-
compression forces and the effect of these forces on construction durability and 
longevity evaluation are determined; the error of momentless calculations and the 
limit of its use in respect to irregularly distributed forces is received. 

The peculiarities of stress-strain state of axial domelike constructions are 
studied; the method of calculation of axial spherical domes and computer-aided 
program algorithm calculations of axial domes are presented; experimental researches 
of dome construction are described. 

A new technology of dome construction is presented; the technology of large-
span roof structure constructions is proposed. Technical result of the mentioned model 
is the simplification of large-span roof structure constructions; the technology of dome 
raising is received; technical and economic characteristics of large-span dome roof 
assembling are presented. 
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მეცნიერებისა და ტექნიკის დარგის სახელმწიფო პრემიის ლაურეატის გელა 

ყიფიანის იმ კონსულტაციებისათვის, ყურადღების  და დახმარებისათვის, 

რასაც მუდმივად გრძნობდა სადისერტაციო ნაშრომზე მუშაობის 

პერიოდში. 
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შესავალი 

didmaliani Senobebis, aeroportebis, angarebis, sxvadasxva 

daniSnulebis darbazebis, pavilionebis, sawarmoo da samoqalaqo 

obieqtebis mSenebloba _ upirveles yovlisa daiwyo iq, sadac es 

teqnikuri progresiT, teqnologiuri procesebis axali 

moTxovnilebebiT iyo ganpirobebuli. rkinabetonis da sxva 

kompoziciuri axali masalebis aRmoCenam, samSeneblo mecnierebis 

ganviTarebam, gansakuTrebiT garsis Teoriis angariSis 

srulyofam migviyvana Tanamedrove Txelkedlian sivrciTi 

konstruqciis Seqmnamde, SesaZlebeli gaxada Senobis didi malis 

gadaxurva Suasayrdenebis gareSe, masalis SedarebiT naklebi 

danaxarjebiT. 

samamulo praqtikaSi, sazRvargareTisagan gansxvavebiT, 

mTavari yuradReba eTmoba garsebis asawyobi rkinabetonis 

mSeneblobas. aseTia sportis sasaxle TbilisSi, Senoba 

wyaltuboSi, pavilioni erevanSi.   

gansakuTrebuli yuradReba unda daeTmos ZviradRirebuli 

kompoziciuri masalebis gamoyenebas an originaluri, 

progresuli teqnologiebis gamoyenebas, romelic saSualebas 

iZleva masalebis, gansakuTrebiT Sromis danaxarjebis da 

eleqtroenergiis   resursebis ekonomias.  

amasTan dakavSirebiT didmaliani gadaxurvis agebis 

teqnologia, konstruqciis gaangariSebis problema sakmaod 

rTulia, aqtualuria da moiTxovs gaangariSebis gansakuTrebuli 

meTodebis SemuSavebas. swored am problemis gadawyvetas exeba 

winamdebare naSromi. 

disertaciis mizani warmoadgens didmaliani gadaxurvebis 

axal teqnologias, romelic iTvaliswinebs montaJis saimedoobas 

da uzrunvelyofs drois simcires, gaiafebas da energo 

resursebis Semcirebas, agreTve garsuli gadaxurvebis daZabul 

deformirebuli mdgomareobis gamokvlevas, misi elementebis 

kvanZebis zomebis, optimizacia da efeqturi gaangariSeba 
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praqtikuli gamoyenebisaTvis. gadmoices Rerovani sferuli 

gumbaTis gaangariSebis meTodi da Rerovani gumbaTis gaangariSebis 

programis algoriTmi. Catardes gumbaTis konstruqciis 

eqsperimentuli gamokvlevebi. mecnieruli siaxle mdgomareobs 

progresuli teqnologiis SemuSavebaSi, ramac unda mogvces 

ekonomia Sromis samuSaoebSi, masalebSi da energoresursebSi. 

agreTve Teoriuli meTodis SemuSavebis SefasebaSi mdgradi 

elementis garsebisTvis, romelic uzrunvelyofs optimalur 

zomebs konstruqciisTvis, xisti kvanZebis gaTvaliswinebiT. 

gadmocemulia axali meTodi, romlis mixedviTac gumbaTi 

ganixileba rogorc erTiani garsi wyvetilad cvalebadi 

simrudiT, rac sagrZnoblad amoklebs gamoTvlis algoriTms. 

miRebulia umomento gaTvlebis cdomileba da misi 

gamoyenebis zRvari araTanabar ganawilebul ZabvebTan 

mimarTebaSi. 

miRebulia Rerovani sferuli gumbaTis gaangariSebis 

meTodi. SemoTavazebulia didmaliani gadaxurvis konstruqciis 

agebis teqnologia. 

naSromis Rirebuleba mdgomareobs Teoriul da 

eqsperimentis gamokvlevebSi, romelic warmoadgens safuZvels 

praqtikuli rekomendaciebisaTvis garsuli konstruqciebis mzidi 

elementebisaTvis. 

disertaciaSi warmodgenili kvlevis Sedegebma gamoyeneba 

hpoves. 

mtkicdeba sxvadasxva avtorebis mier miRebuli Teoriuli 

da eqsperimentaluri Sedegebis damakmayofilebeli TanadamTxveviT. 

disertaciis ZiriTadi Sedegebi moxsenebuli iqna: 

 respublikuri Ria samecniero konferenciaze `mSenebloba da 

ocdameerTe saukune~ (Tbilisi. 2005 w.); 

 saqarTvelos saavtomobilo-sagzao institutis iubilisadmi 

miZRvnili saerTaSoriso samecniero-teqnikur konferenciaze 

(Tbilisi, 2005 w.)  
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 saqarTvelos teqnikuri universitetis samSeneblo 

konstruqciebis kaTedris samecniero seminarze (Tbilisi, 2006 w.); 

 saqarTvelos teqnikuri universitetis samSeneblo 

konstruqciebis, Teoriuli meqanikis, samSeneblo meqanikisa da 

seismomedegobis kaTedrebis gafarToebul samecniero 

seminarze (Tbilisi, 2006 w.). 

publikaciebi: disertaciis Temaze gamoqveynebulia 1 

monografia, 2 patenti da 3 samecniero  naSromi. 

naSromi moculoba: disertacia Sedgeba Sesavlis, 5 Tavis, 

daskvnebis, literaturis da danarTisagan. igi Sedgeba 135 

gverdisagan, maT Soris 42 naxazis da 6 cxrilisagan. literatura 

moicavs 232 dasaxelebas. 
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1. ლიტერატურის მიმოხილვა 

1.1. problemis Tanamedrove mdgomareoba 

 
mocemul TavSi gadmocemulia mimoxilviTi xasiaTis 

gumbaTebi da gamokvleulia Txelkedliani sivrciTi sistemebis 

gaangariSebis meTodebis ganviTarebis ZiriTadi mimarTulebebi. 

Catarebuli analizi adasturebs Temis aqtualobas da 

saSualebas gvaZlevs CamovayaliboT kvlevis mizani. 

 

1.1.1. didmaliani gumbaTebis mimoxilva 

 

mosaxleobis mniSvnelovani koncentracia, rac didi 

qalaqebis Tanamdevi procesia permanenetulad warmoqmnis rig 

problemebs, romelTa gadawyveta aseve mudmiv Zalisxmevas 

moiTxovs. 

sakiTxs gansakuTrebiT arTulebs moqalaqeebis TavSeyris 

obieqtebi, sadac isedac mWidrod dasaxlebul raionebSi maTi 

raodenoba mkveTrad izrdeba, rTuldeba transportis moZraoba, 

irRveva ekologia, mZvinvarebs antisanitaria da sxva.  

magaliTad q. Tbilisis erT-erT centralur raionSi 

mdebareobs stadioni, sarkinigzo sadguri da iqve mimdebare 

teritoriaze ramodenime bazroba, romlis gareubanSi gadatana 

udides problemas mouxsnida dedaqalaqs. 

Tbilisis merias udaod awuxebs aRniSnuli mdgomareoba da 

Pfiqrobs aiZulos aRniSnuli bazrobaTa xelmZRvaneloba 

daafinansos SezRuduli satransporto kvanZis sarekonstruqcio 

samuSaoebi, magram nebismieri RonisZieba araefeqturi iqneba im 

problematikasTan SedarebiT, rasac am obieqtebis adgilze 

datoveba uqadis qalaqs. 

msoflios mravalwliani gamocdileba adasturebs, rom 

msxvili mravalprofiliani savaWro obieqtebi gaaqvT qalaqgareT, 

ZiriTadi magistralebis gadakveTebis siaxloves da Sendeba  

kompleqsurad, infraqstruqturis sruli speqtris gaTvaliswinebiT. 
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bunebrivia Tu aseTi sakiTxi dadgeba Tbilisis meriis 

winaSe, kompleqsis ZiriTadi obieqti unda aSendes daxuruli 

bazris saxiT, rac didmalian nagebobas warmoadgens da 

msoflios gamocdilebis mixedviT, Zviri jdeba, moiTxovs 

mSeneblobis gaxangZlivebul vadebs da sxva. 

avtorTa mier SemoTavazebuli aRniSnuli obieqtis agebis 

siaxle iTvaliswinebs orive problemis daZlevis unikalur Sans. 

TavisTavad Zalze sapasuxismgeblo sainJinro nagebobebs 

warmoadgens didmaliani gumbaTovani rkina-betonis garsebi, 

romlebic gamoiyeneba bazrebis, sportuli nagebobebis, 

gamofenebis da sxvaTa mSeneblobisas da romlebic garda 

funqcionaluri daniSnulebisa, saintereso arqiteqturul da 

RirSesaniSnav SenobaTa klass ganekuTvneba, amitom didi xania 

msoflios mravali saxelmwifo sakuTari samSeneblo donisa da 

inteleqtualuri potencialis gamoyenebiT cdilobs vin ukeT da 

swrafad aagebs didi malis gumbaTs, rac SeiZleba naklebi 

masalebis, Sromis da energoresursebis danaxarjebiT.  

dReisaTvis cnobilia didmaliani gadaxurvebis mSeneblobis 

ramdenime teqnologia, romelTagan yvelaze gavrcelebulia 

monoliTuri, anakrebi, an Sereuli rkina-betonis konstruqciebiT 

agebuli gumbaTovani nagebobebi, romelTa teqnikur-ekonomikuri 

maCveneblebi TiTqmis erTnairia da iTvleba ZviradRirebul 

obieqtebad. aseTi Tu SeiZleba iTqvas, saxelmwifoTa Soris 

Sejibris Sedegebis gacnoba da gamocdilebis gaziareba warmoebs 

periodulad garsebis mSeneblobisadmi miZRvnil msoflio 

specialur kongresebze an saerTaSoriso konferenciebze.  

didmaliani koWovani gadaxurvis garsebi SeiZleba 

ganvixiloT rogorc sivrculi konstruqciebi, sadac TviToeuli 

wyvili sapirispiro koWi muSaobs erToblivad, rogorc TaRebi.  

koWebi SeiZleba ganlagebuli iyos garsis, rogorc Siga 

ise gare zedapirze erT-erTi pirveli ienis planetariumis 

garsuli gadaxurva, warmoadgens gumbaTovan Caketil kompozicias 
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(nax. 1 a,b) romelsac irgvliv wriulad  sartylis doneze 

miSeneba aqvs gakeTebuli. 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
nax. 1. ienis planetariumis garsuli gadaxurva gumbaTovani  

Caketili kompoziciiT 
 

garsi aris naxevrad sferuli formis  diametriT 24,8m. 

sisqiT 6sm.  

sferuli karkasi agebulia didi diametris armaturiT, 

romelic ganapirobebs mis sixistes. 

garsis armaturis montaJis Semdeg, iwyeba qvemodan zeviT 

wriuli sartyelebis torkretireba. 

aseTi TanmimdevrobiT torkretirebis warmoeba uzrunvelyofs 

gumbaTis mdgradobas mSeneblobis procesSi, radgan adre 

dabetonebuli sartyeli aswrebs gamagrebas da datvirTvebis 

Tanabrad gadanawilebas saZirkvelze. 

a) 

b) 
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amave dros wriuli Zalvebi ganawilebulia ise rom, 

datvirTvebi gadaecema centridan Zirisaken Tanabrad simrudis 

darRvevis gareSe. 

rkinabetonis garsi dayrdnobilia wriul sartyelze 

romlis kveTia 40X80sm da romelic ganTavsebulia 20 

rkinabetonis kolonaze. 

garsuli gadaxurvis samSeneblo operaciebi mravalricxovania, 

rTulia, moiTxovs did sizustes da mSeneblobis 

gaxangrZlivebul process. 

magaliTad, sportis sasaxle opportoSi (nax. 2) da dalasSi 

(texasis Stati) (nax. 3 a,b) warmoadgenen universalur nagebobebs, 

romlebic gadaxurulia koWovani garsebiT da gamoiyenebian 

sportuli SejibrebebisaTvis, SekrebebisaTvis da masobrivi 

sanaxaobebisaTvis. 

 

nax. 2. sportis sasaxle opportoSi 

 

opportoSi garsuli gadaxurvis diametri aris 92 metri da 

awevis isari 15 metri. 

gumbaTi da mzidi kolonebi agebulia monoliTuri rkina-

betonisagan xis qargilebis gamoyenebiT 

pirvel rigSi Sesrulebuli iqna yvela monoliTuri 

konstruqciebis agebis samuSaoebi, Semdeg daewyo gadaxurvis 

anakrebi konstruqciebi sardafisTvis Sesabamisi damonolitebiT 

da Semdeg iqna Casxmuli uSualod gumbaTis rkinabetonis 

konstruqciebi. 
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aRniSnuli gumbaTovani gadaxurvis arqiteqtura erTi 

SexedviT mZimea da Zalze didi, rac ZiriTadSi gamowveulia 

gumbaTis simaRliT, sadac awevis isris Sefardeba gumbaTis 

malTan Seadgens 1/4,8. Zlieri da didi zomisaa WrilSi rkina-

betonis wriuli koWi, rasac eyrdnoba uSualod gumbaTi da a.S. 

 

nax. 3. sportis sasaxle dalasSi 

 

gumbaTis agebis aRniSnuli teqnologia cnobilia. moiTxovs 

Sromis, masalebisa da energoresursebis mniSvnelovan 

danaxarjebs.  

rac Seexeba dalasis universaluri darbazis gadaxurvas, 

is sayuradReboa Tavisi konstruqciuli gadawyvetilebiT, misi 

simaRle Seadgens 28 m, xolo diametri 90 m. 

gumbaTi Sedgeba ori koncentrirebuli nawilisagan. 

centraluri Txelkedliani garsisagan diametriT 61,2 m. da gare 

wriuli nawilisagan, romelic Sedgeba  32 cali `Г’’ magvari 

kolona konsolisagan. 

monoliTuri rkinabetonis garsi damzadebulia 16 

Txelkedliani sferuli samkuTxa formis konstruqciisagan-

panelisagan, romlebsac boloSi Tavi wakveTili aqvs, gverdebi 

gamagrebuli radialuri mimarTulebis koWebiT. yvela sferuli 

samkuTxedi gamoyofilia temperaturuli nakeriT.  

samkuTxedebis sayrdenad gamoyenebulia `Г”magvari 32 rk/b  

konsoliani kolona. 

zeda nawiliT samkuTxedebi eyrdnoba centralur filas, 

romelic aris sferuli segmentis formis, diametriT 6,6 m. 
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aseTi konstruqciuli struqtura pirvel rigSi 

ganpirobebulia ekonomiuri efeqturobiT.  

`Г”–magvari rkinabetonis kolonebi  aris  amfiTeatris, 

galereis da nawilobriv arenis mTavari mzidi konstruqcia. 

mTavari konsolis garda kolonas aqvs sawinaaRmdego 

mimarTulebiT meore konsoli, romelsac eyrdnoba galereis 

gadaxurvisaTvis. 

am SemTxvevaSic Sromis da eleqtro energiis danaxarji 

didia. 

masiuri kompozicia nagebobisa urbanoSi (aSS)  ilinoisis 

universitetis auditoriisa Sesrulebulia TaRis magvari 

CaRrmavebis msgavsi, romelic gadaxurulia garsiT (nax. 4 a, b) 

 

 

nax. 4. urbanoSi ilinoisis universitetis auditoriis (aSS)  
masiuri kompozicia nageboba 

 

uzarmazari rkinabetonis garsi 132 m. diametriT, 40,9 

simaRliT Sedgeba 48 erTnairi sididis seqtorisagan.  
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TefSis magvari CaRrmaveba, romelSic ganlagebulia skamebi, 

Tavdeba Zlieri rkinabetonis wriuli sartyliT. 

gumbaTis elementebi zemoT eyrdnoba aRniSnuli rkinabetonis 

wriul sartyels. montaJis mTel periodSi koSkura amwe, 

romelic moTavsebulia Senobis SuagulSi, magrdeba koSkura 

formis droebiT konstruqciaze. montaJi warmoebs ori 

mopirdapire seqtorisa, raTa mSeneblobis procesSi daculi iyos 

konstruqciis wonasworoba. 

wriuli rgoli dgeba koSkuraze, asagebi gumbaTis zenitSi. 

rodesac Seikvreba seqtorebi, Semdeg gamoecleba koSkura. 

garsi dabetonebulia gadasaadgilebeli qargiliT. 

miuxedavad amisa, saqarxno da samSeneblo moedanze 

Catarebuli samontaJo samuSaoebis Rirebuleba maRalia. 

sidebel-abesSi agebulia garsuli tipis bazari kompleqsi,  

irgvliv perimetrze miSenebuli saTavsebiT, romlebic 

warmoadgenen kontrforesebs konstruqciebze da iReben gumbaTis 

gambjen Zalebs. 

gumbaTis diametria 60 m. (nax. 5 a, b). 

asawyobi rkinabetonis elementebi ewyoba wriulad da 

monoliTdeba, Semdeg ewyoba momdevno rigis elementebi, romlebic 

agreTve monoliTdeba da a.S. montaJdeba 13 horizontaluri 

wriuli rigi, TiToeuli rigi awyobilia 48 erTi tipozomis 

rkinabetonis elementisagan. rac Seexeba gumbaTis damamTavrebel 

nawils, isic Sedgeba 24 cali didgabaritiani asawyobi 

elementisagan. 

asawyobi rkinabetonis elementi warmoadgens kesonur 

rkinabetonis wiboebiT konturze SemozRudul filas, romesac 

SuaSi gaaCnia sanaTuri Riobi.    

garsi mTlianad eyrdnoba rkinabetonis sartyels, romelic 

Tavis mxriv dayrdnobilia rkinabetonis kolonebze.  

aRniSnuli mSeneblobis gaZvireba gamoiwvia asawyobi rkina-

betonis elementebis didma raodenobam, rasac dasWirda didi 

raodenobis, didi sizustiT damzadebuli metalis formebi.  
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Tbilisis sportis sasaxle gegmaSi kvadratuli nagebobaa. 

igi gadaxurulia asawyobi rkinabetonis garsiT, diametriT 77 m. 

isris aweviT 13m. garsis SuagulSi datovebulia wriuli Riobi 

diametriT-13,5m. 

 

nax. 5. Tbilisis sportis sasaxle kvadratuli nagebobis gegma 

 
garsi daproeqtebulia 10 tipiuri trapeciis formis  

safexuriani elementisagan. 

monoliTuri sartyeli gegmaSi warmoadgens swor rvakuT-

xeds, romelic oTxi gverdiT eyrdnoba kvadratuli formis 

sartyels, xolo danarCeni oTxi gverdiT ki gverdiTkedlebs.  

garsis montaJis dros deformaciis minimumamde dasayvanad, 

avtorebma SeimuSaves cikluri meTodi: montaJi warmoebs 2 amweTi 

“lksm5-5a” ganlagebuli garsis qveda sivrceSi, romelic 

moZraobda paraleluri qordebis gaswvriv. 

aRniSnuli agebis teqnologia SedarebiT gaadvilebulia, 

magram masac gaaCnia mniSvnelovani naklovanebebi. 

kerZod, trapeciuli formis safexuriani elementi unda 

iyos damzadebuli maRali sizustiT. TiToeuli elementi iwonis 

8-10 tonas. aseTi didi zomis formis damzadeba da Semdeg misi 

eqspluatacia jdeba Zalian Zviri (nax. 6).  

ase, rom aRniSnuli gumbaTis agebis teqnologia 

gaadvilebulia, magram miuxedavad montaJis sizustis mkacri 
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moTxovnebis dacvisa teqnikur ekonomiuri maCveneblebis 

efeqturoba didad ar gansxvavdeba sxva tipis teqnologiebisagan. 

 

nax. 6. trapeciuli formis safexuriani elementi 

 

aRniSnuli konstruqciebis agebis teqnologiebis 

modifikaciis sxva da sxva magaliTebi cxadyobs mSeneblobis 

ZviradRirebulebas. 

zogierTi Zalian Zviria, rac gamowveulia masalebis, 

energoresursebis da Sromis danaxarjebis siZviriT. 

sxvadasxva dros xdeboda mSeneblobis gaiafebis mcdeloba. 

erT-erTi aseTi rkinabetonis gumbaTis agebis monacemebi, 

romelsac pirobiTad `qarTuli varianti” ewodeba mkveTrad da 

mniSvneloblad gansxvavdeba zemoT aRniSnuli samive tipis 

nagebobaTa teqnikur-ekonomikuri maCveneblebisagan. 

maCvenebelTa obieqturi Sedarebisa da gaangariSebis 

koreqtulobis uzrunvelsayofad mizanSewonilad miviCnieT 

SevarCioT erTi da igive farTobis da erTi da igive simaRleze 

agebuli (  =10 m.) monoliTuri rkinabetonis gumbaTovani 

gadaxurvebis teqnikur-ekonomikuri maCveneblebi. am SemTxvevaSi 

rkinabetonis moculoba da liTonis svetebis wona – 

Sesadarebeli obieqtebisaTvis TiTqmis erTi da igivea.  
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nax. 7. sportis sasaxle 

 

rac Seexeba gumbaTovani gadaxurvebis agebis teqnologias, 

sadac tradiciuli variantisaTvis saWiroa didi moculobis 

damWeri xaraCoebis da gumbaTovani formis qargilis mowyoba, 

agreTve yvela samuSaoebis – saarmature, saSemduReblo, 

dabetonebis, saxuravis mowyobis, samRebro, WaRebis Sekidvis, 

xaraCoebis da qargilebis moxsnis Sromatevadi operaciebi 

warmoebs 10 metris simaRleze. 

 
nax. 8. damWeri xaraCoebis da gumbaTovani formis  

qargilis mowyoba 

 
qarTuli variantisaTvis mkveTrad Semcirebulia samuSaoTa 

CamonaTvali, radgan gumbaTis dabetoneba, saxuravis mowyoba da 
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sxva warmoebs uSualod 0-ovan niSnulze da Semdeg xdeba misi 

saproeqto niSnulamde erTdrouli aweva, amitom mSeneblobis 

vadebi Tu tradiciuli variantisaTvis Seadgens 3,5-dan 4 wlamde, 

qarTuli variantisaTvis erTi wliT ganisazRvreba. 

rogorc zemoT iyo aRniSnuli koreqtulobis mizniT 

viRebT marto gumbaTis agebis Rirebulebis Sedarebas 

(mxedvelobaSi mxolod rkinabetonis samuSaoebis da liTonis 

svetebis damzadebisa da montaJis Rirebulebebi, romlebic 

uzrunvelyofs saangariSo datvirTvebisa seismomedegobis 

moTxovnebs). 

tradiciuli variantisaTvis es Tanxa Seadgens 882,2 aTas 

lars, xolo `qarTuli variantisaTvis” _ 529,16 aTas lars.  

damatebiTi Rirebulebis gaTvaliswinebiT, Sesabamisad 

tradiciuli variantisaTvis saWiroa 1147,3 aTasi lari, `qarTuli 

variantisaTvis” _ 638, 5 aTasi lari. 

amrigad, mxolod rkinabetonis monoliTuri gumbaTis 

agebisas SegviZlia davzogoT 448,5 aTasi lari. rasakvirvelia 

absoluturi ekonomikuri efeqti meti iqneba, Tu yvela 

samuSaoebis Rirebulebas (saxuravis mowyoba, SeRebva, minebis 

Casma, WaRebis Seklidva da sxva) gaviTvaliswinebdiT, radgan 

“qarTuli variantisaTvis” aRniSnuli operaciebi, gumbaTis 

awevamde 0-ovan niSnulze xorvieldeba. 

amrigad SemoTavazebuli varianti, gansxvavebiT 

tradiciulisagan iZleva saSualebas davZlioT orive problema: 

1. mniSvnelovnad gavaiafod mSenebloba;  

2. 3-jer SevamciroT mSeneblobis vadebi. 

didmaliani gumbaTovani rkinabetonis garsebis agebis axal 

teqnologias gaaCnia rigi upiratesobani, rac gamoixateba 

SemdegSi:  

konstruqciuli TvalsazrisiT SemoTavazebuli varianti 

TiTqmis analogiuria dRes arsebuli didmaliani rkinabetonis 

gumbaTebisa (nax. 9), romelTa garssac gaaCnia radialuri da 

wriuli sixistis mzidi koWebi. 
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nax. 9. 

 

nax. 10. didmaliani rkinabetonis gumbaTi 

 

wriuli koWebi, romlebic iReben did ganmbrjen Zalebs, 

armirebulia uwyveti,  maRali  simtkicis wnuli armaturiT, rac 

mTlianad gamoricxavs gansakuTrebul sapasuxismgeblo 

saSemduReblo samuSaoebs, xolo radialuri koWebi armirebulia   

klasis Rerovani armaturiT. 

aRsaniSnavia, rom gumbaTovani gadaxurvis cilindruli 

formis Senobebi saSualebas aZlevs arqiteqtors ganaxorcielos 
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gegmarebis farTo speqtri, racionalurad gamoiyenos nagebobis 

sivrce _ kerZod, sasargeblo farTobis gazrdis mizniT, 

wriulad ganalagos svetebze ramdenime iarusi (nax. 11), svetebis 

optimaluri simaRlis SerCevis SemTxvevaSi, SesaZlebelia 

gaizardos iarusebis raodenoba da sxva. 

 
nax. 11. svetebze wriulad ganlagebuli ramdenime  iarusi 
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svetebis simaRlis 15 metramde gazrdis da nagebobis 

sivrcis racionalurad gamoyenebis SemTxvevaSi, SesaZlebelia 

sasargeblo farTi 21 m2-mde gavzardoT, komunikaciebis, 

sasawyobo meurneobis da misasvleli saavtomobilo gzebis 

sardafSi gaTvaliswinebiT. aRniSnuli varianti eskizurad 

naCvenebia me-12 nax-ze.  

me-12 nax-ze pirobiTad naCvenebia savaWro kompleqsi, romelic 

iTvaliswinebs sami 60-metriani diametris gumbaTovani nagebobis 

erTobliv funqcionirebas _ sasargeblo farTiT 63 aTasi m2. 

 

nax. 12. savaWro kompleqsi,  sami 60-metriani diametris gumbaTovani 
nageboba 

 

1.1.2. Txelkedliani sivrciTi sistemebis gaangariSebis 
meTodebis ganviTarebis ZiriTadi mimarTulebebi 

 

Tanamedrove samSeneblo mecniereba ikvlevs mraval obieqts, 

romelTa gaangariSeba, maTi sirTulidan gamomdinare, 

dakavSirebulia analizuri da ricxviTi meTodebis gamoyenebasTan. 

aqedan gamomdinare is uyenebs did moTxovnebs konstruqciebis 

gaangariSebis da proeqtirebis axali meTodebis danergvas. aseT 

amocanas warmoadgens didmaliani gadaxurvebis agebis 

teqnologia. 
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garsTa Teoria reologiur TvisebebTan dakavSirebiT iyofa 

ramdenime nawilad. ukanasknel wlebSi yuradReba eqceva fizikuri 

arawrfivobis, plastikurobis, cocvadobis, xangamZleobis da 

simtkicis problemebs. 

garsTa Teoriis am ganStoebis gamorCeul Taviseburebebs 

warmoadgens is, rom saangariSo gantolebebi miiReba masalis 

reologiuri modelis Sesabamisad wonasworobis gantolebebisa 

da deformaciis gaTvaliswinebiT, romelTa saxe ar aris 

damokidebuli modelis masalaze. geometriulad wrfivi saxiT 

amocanis dasmaSi igeba amoxsnad gantolebaTa sistema. 

garsebis da firfitebis  plastikurobis Teoriis agebisas 

gamodian plastiurobis Teoriis samganzomilebiani amocanebis 

gantolebebidan, Tu ar aris gamoyenebuli garsebis da 

firfitebis Teoriis gaangariSebis agebis pirdapiri gza. 

gamoyenebas poulobs aseve deformaciaTa Teoria, romelsac 

mivyavarT sasrul damokidebulamde, aseve denadobis da 

cocvadobis Teoria. 

rTuli datvirTvebis SemTxvevaSi deformaciaTa TeoriasTan 

srulyofil Sedegebs iZleva denadobis Teoria. gansakuTrebulad 

gamoiTvleba denadobis zedapiris agebuleba (datvirTvis 

zedapiri). es da sxva specifikuri sakiTxebi, romlebic 

dakavSirebulia garsis masalis plastiurobis TvisebebTan, 

ganxilulia mTel rig SromebSi, kerZod a. savCukis [1] da i. 

lepikis or naSromSi `gluv frekad-plastikur firfitebisa da 

garsebis Teoriis zogierTi sakiTxebi~ [2] da `drekad-plastikuri 

da xist-plastikur firfitebsa da garsebis wonasworoba~. 

aradrekadi garsebis problenebTan dakavSirebiT specialurad 

miZRvnili iyo sazafxulo skolebi estoneTSi [3, 2]. qvemoT 

naCvenebia sxva ganxilvebic. 

yofil sabWoTa kavSirSi plastiurobis TeoriaSi erT-

erTma pirvelma daiwyo muSaoba n.m. beliaevma: mas aqvs mocemuli 

Sedarebebi sen-venanis _ mizesis _ genkis da reisis Teorisebisa 

da maTi ganzogadeba. es gamokvlevebi mocemulia sam naSromSi, 
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romlebic dawerilia n.m. beliaevis mier a.k. sinickisTan erTad 

[4-6]. 

fizikurad arawrfivi masalisagan Sedgenil garsebs 

eZRvneba mimoxilva `fizikurad arawrfivi Txelkedliani 

garsebis mdgradoba didi gadaadgilebis dros~, romlis 

avtorebia d.v. vainbergi, e.a. goculiaki da v.i. guliaevi [190], 

aseve wignebi i.orSikis [223] da v.v. petrovis, i.g. ovCinikovis da 

v.i. iaroslavskis [147]. CamonaTvalSi ukanasknel wognSi 

ganixileba wriul cilindrul garsebis fizikuri da 

geometriuli arawrfivi Teoriebi: momenturi, naxevradumomento 

da umomento, romlebSic gantolebebi warmoadgenilia nazrdebSi. 

am ukanasknelTa amoxsna xorcieldeba gawrfivebis principiT 

bijuri mimdevrobiTi datvirTva meTodiT. firfitebisaTvis 

miRebulia da miaxloebiTi meTodiT amoxsnilia wrfivad cvlad 

koeficientebiani gantolebebi. 

i.rixlevskis da g.s. Sapiros statiaSi ‘idealurad 

plastikuri firfitebisa da garsebi~ [195] ganxilulia wrfivi da 

arawrfivi amocanebi, optimaluri proeqtebis amocanebi, aseve 

rkinabetonis firfitebisa da garsebis gaangariSebaSi 

plastiurobis teoriis gamoyenebis SesaZleblobebi. 

wriuli firfitis drekad-plastiuri da plastiur-xisti 

Runva, aseve wriul firfitis plastiur-xisti deformaciebi 

dartymisas ganixileba g.s. Sapiros Semdeg statiebSi [202, 205, 206, 

105] (ukanaskneli p.a. kuzinTan erTad). fizikurad arawrfivi 

masalebisagan (anizotropuli, Sedgenil) anizotropul garsTa 

Teorias eZRvneba m. miqelaZis wigni [120], romelSic ganxilulia 

garsebi plastiur-xisti da drekad-plastiuri masalebisagan, 

agreTve Tanabarsimtkiciani orTotropuli erTfeniani da 

mravalfeniani garsebi. 

v. olSakis da a. savCukis wignSi [139] gamokvleulia is 

situaciebi, romlebSic garsis masala aris wrfivad 

blantaddrekadi da imyofeba damyarebul cocvad mdgomareobaSi, 

an drekad-plastikur mdgomareobaSi. amave wignSi ganixileba 
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Sromebi d. drukeris, g. izopis, a.a. iliuSinis, m.S. miqelaZis, i.n. 

rabotnovis, v. olSakis, s.m. fainbergis, p.xojas, r. Sildas da 

sxv. rkinabetonis garsebisa, romlebSic Seiswavleba garsebis 

zRvruli mdgomareoba da mzidi SesaZleblobebi. 

[231] naSromSi, romelic warmoadgens sadoqtoro 

disertacias, naCvenebia wrfivi Teoriis gamoyeneba, rodesac 

garsi ganicdis did Zvrebsa da did deformaciebs, romlebic 

warmoiSvebian drekadobis zRvris miRma im pirobebSi, rodesac ar 

viTvaliswinebT an viTvaliswinebT ganiv Zvrebs. wonasworobis 

gantolebebi miRebulia SesaZlo gadaadgilebebis principis 

safuZvelze sisqis reglamentirebuli Secvlis hipoTezis 

gamoyenebiT. klasikuri meTodi gamoyenebulia axal geometriul 

formulirebasTan erTad, romelsac mivyavarT erToblivi 

deformaciis pirobebis ubralo aRwerasTan wrfivi ganzogadoebuli 

deformaciis terminebSi, iseve rogorc ganzogadoebuli funqciis 

pirobis terminSi. ganxilulia mravalkavSiriani garsebis 

SemTxveva. gamoyenebulia variaciuli midgoma, rogorc lagranJis, 

ise kastilianis formiT. praqtikuli gaangariSebisaTvis 

aRebulia sasrul elementTa meTodi (s.e.m.) mrudwiruli sasruli 

elementebiT kombinaciaSi bijur procesebTan. 

aRvniSnoT a.v. burlakovis, g.i. lvovis da o.k. moraCkovskis 

ori wigni [32 da 33]. maT aqvT odnav gansxvavebuli dasaxelebebi, 

magram sxvadasxva Sinaarsis. pirvel maTganSi ganxilulia 

xangrZlivi simtkicis kriteriumebi da garsebis rRvevebis 

eqsperimentaluri gamokvlevebi, xolo meoreSi – erTganzomilebiani 

da organzomilebiani amocanebi.  

a.n. podgornis, v.v. bortovis da v.d. kolomakas wignSi [151] 

garda imisa, rom agebulia amoxsnad gantolebaTa sistema, 

romelic iTvaliswinebs cocvadobas, ganxilulia RerZsimetriuli 

da araRerZsimetriuli daZabul-deformirebuli mdgomareoba 

(d.d.m.) da moqnili izotropul da anizotropuli garsebis 

mdgradoba mudmivi da cvladi sisqiT. 

aRvniSnoT   kidev   ori  publikacia   garsebze, romlebic  
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damzadebulia cocvadi masalisagan. esenia i.i. goldenbalatis da 

n.a. nikolaenkos [49] da agreTve i.g. teregulovis wigni [191]. 

ori Sromis mimoxilva, romelSic ganxilulia sxvadasxva 

reologiuri Tvisebebis mqone masalis garsebi, ekuTvnis l.m. 

kurSins [196]. igi aRniSnavs am klasis amocanebis amoxsnis 

sirTules, ganpirobebuls garsis sisqeze arawrfivi normaluri 

Zabvebis ganawilebiT, romelic warmoadgens wrfivi normaluri 

elementis hipotezis gamoyenebis Sedegs. 

a.i. strelbickaias da sxvebis wignSi[184] gamokvleulia 

sworkuTxa firfitebis Runva drekadobis zRvars iqiT. wigni [150] 

(i.i. goldenblatis redaqciiT) eZRvneba minaplastikisgan 

damzadebul firfitebisa da garsebis Runvas. 

r.b. rikardsis da g.a. tetersis [168] wignSi masalis 

reologiuri Tvisebebi gaTvaliswinebulia mdgradobis problemebSi. 

avtorebma warmoadgines gamokvlevebi zogadi garsebis TeoriaSi. 

maT aRniSnes mdgradobis gantolebis agebis gzebi, timoSenkos 

garsis tipis Txelkedliani sistemis dinamika da uCvenes 

anizotropuli garsebis gaangariSebis meTodebi. amave wignSi 

ganxilulia kompoziciuri masalis garsebis optimaluri 

proeqtirebis meTodika da eqsperimentaluri gamokvlevebis 

Sedegebi. amoxsnilia mTeli rigi amocanebisa (cilindruli 

garsebis xangrZlivi da xanmokle datvirTvebis moqmedebisas, 

dinamikuri mdgradoba cilindruli garsebis masalis siblantis 

gaTvaliswinebiT) daZabulobis epiurebis, grafikebis da 

sxvadasxva sididis izoxazebis TandarTviT. 

garsebis TeoriaSi, iseve rogorc sxvadasxva sistemebis 

TeoriaSi, iseve rogorc sxvadasxva sistemebis TeoriaSi, erT-erT 

mtkivneul mxared iTvleba mTlianad konstruqciis saimedobis 

gansazRvris arasruli meTodi. gaangariSebis kriteriumebi ar 

iZleva saSualebas ganvsazRvroT didi maragi dasaSvebi 

daZabulobisas, romlebic aqvs konstruqcias; amasTanave aseTi 

arasruli Sefasebis misaRebad saWiroa didi Zalisxmevis fasad 

miviRoT farTo informacia, Tumca praqtikulad romlis mcire 
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nawilic aris gamoyenebuli. mTel rig SemTxvevebSi ufro 

racionaluria (ekonomikis, sisworis azriT) Sefaseba 

saimedoobis zRvrul mdgomareobaSi, am masalis muSaobisas 

plastiurobis areSi da mTlianad konstruqciis qceva. aseT 

gaangariSebebs aqvT didi specifika. 

Zalian xSir SemTxvevaSi amocanis dasma iseTia, rom 

erTaderT misaRebad iTvleba drekadobis gaangariSebebi. amave 

dros mxedvelobaSi unda miviRoT isic rom sasazRvro 

mdgomareobaSi gaangariSebebi did sirTuleebTan aris 

dakavSirebuli. 

gansakuTrebuli wvlili Txelkedliani konstruqciebis 

sasazRvro amocanebis gaangariSebebis gafarToebaSi Seitanes: a.a. 

gvozdevma, a.m. procenkom, a.r. rJanicinma, a.m. sveCkinma, n.v. 

axvledianma, p.m. varvakma, m.S. varvakma, a.s. dextiarma, a.o. 

raskazovma, a.m. dubinskim, m.i. erxovma, g.k. haidukovma, l. galinma, 

z. gedeniZem, i. RuduSaurma, a. xvolesma, a. mowoneliZem, n. 

mowoneliZem, n. koduam, m. yalabegiSvilma, g. yifianma, r. 

cxvedaZem, aseve ucxoelma specialistebma p. xodj, d. drukeri, v. 

prageri da sxvebi. aRsaniSnavia a.a. gvozdevis da a.m. procenkos 

mimoxilva “garsebisaTvis sasazRvro wonasworobis Teoriis 

danarTis perspeqtivebi”[196] da a.p. rJanicinis monografia [167]. 

did informacias Seicavs g. filipis da j. xojas wigni [225], 

sadac mocemulia gaangariSebebis zogadi Teoria sasazRvro 

mdgomareobaSi, miTiTebulia garsebisaTvis denadobis pirobebi, 

gamokvleulia sasazRvro mdgomareoba wriuli firfitebisaTvis, 

aseve cilindruli, konusuri, sferuli da damreci garsebis. 

 konstruqciis sasazRvro amocanebis gaangariSebas eZRvneba 

a.o. raskazovis wigni [160,161]. ukanaskneli dawera a.s. dextiresTan 

erTad, meore wignSi didi yuradReba eTmoba gegmaSi wriul 

brunviT garsebs da gegmaSi sworkuTxa hiparebs. 
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1.1.3. fizikuri velebis urTierTqmedebis problema 
(Termodrekadoba, Termoplastikuroba) 

 

teqnikis mTel rig sferoebSi erT-erT problemas 

Txelkedliani konstruqciebis daproeqtebisas warmoadgens 

Termodrekadoba da Termoplastiuroba. im Sromebs Soris, 

romlebic mieZRvna am problemebs. aRniSvnis Rirsia Semdegi 

Sromebi: a.d. kovalenkos “firfitebisa da garsebis Termodrekadoba” 

[196], s.m. durgarianis “firfitebisa da garsebis temperaturuli 

amocanebi” [195]; v.g. baJenovas, g.s. mixailovasa da a.g. ugodCikovas 

“Termoplastiurobis dinamikuri amocanebi brunviTi garsebisaTvis” 

[190].  

d. jonsis wigni [220] specialurad eZRvneba Termul 

daZabulobebs. 

m.d. mixailovis wignSi [125] gamokvleulia temperaturuli 

velis arastacionarobis gaTvaliswineba, romelsac didi 

mniSvneloba aqvs TviTmfrinavmSeneblobis, raketmSeneblobis, 

turbomSeneblobis da teqnikis sxva dargebSi, sadac gamoiyeneba 

garsuli konstruqciebi, romlebic temperaturul zemoqmedebisas 

saWiroeben. aseTi konstruqciebis kedlebi mzaddeba forebiani 

masalisagan da maTi gacieba xorcieldeba Tbomatareblebis 

CaberviT. am dros warmoqmnili problemebi wydeba 

arastacionaruli erTganzomilebiani procesebiT.  

Txelkedliani konstruqciebis Termodrekadobis dargSi 

did specialistad iTvleboda a.d. kovalenko. mis wignSi [95] 

gamokvleulia wriuli firfitis zedapirze Termodrekadobis 

dinamikuri amocanebi siTburi dartymis dros sakiTxis or 

variantSi dasmisas deformaciuli da temperaturuli velebis 

kavSirebis gaTvaliswinebiT da ar gaTvaliswinebiT. am wignSive 

amoxsnilia amocana Tbur daZabulobebze wriul firfitebSi 

wrfivi da cvladi sisqiT, aseve cilindrul da sferul garsebSi. 

v.m. rasudovis, v.p. krasilovis da n.d. pankratovas wignSi 

[163],    ganxilulia    firfitebisa    da    damreci    garsebis  



38 

Termomdgradoba temperaturis wrfivi ganawilebis pirobebSi. 

a. grinis da p. nagdis statiebi [216] specialurad 

miZRvnilia garsebis TeoriaSi Termuli efeqtebis gaTvlaze. 

SevCerdeT Semdeg oTx wignze, romelTa avtorebia i.s. 

podstrigaCi da i.m. koliani [152], i.s. podstrigaCi da r.n. Sveci 

[153]; m.i. grigoliuki, i.s. podstrigaCi da i.i. buraki [57] da i.i. 

buraki [31]. pirvel wignSi ganxilulia kvazistatikuri da 

dinamikuri amocanebi Termodrekadi (masala izotropulia an 

anizotropuli) da Termoblantdrekadi firfitebisaTvis. 

ganxilul amocanebSi gaTvaliswinebulia siTbogacvla da 

masalebis fiziko-meqanikuri Tvisebebis damokidebuleba 

temperaturaze. 

wignSi [153] ganxilulia gaxurebis reJimis optimizaciis 

amocanebi. [57]-Si ZiriTadi yuradReba eqceva Zabvebis 

optimizaciis maTematikur meTodebs Txel damrec da brunviT 

garsebSi. optimizaciis problemebs Termodrekad garsebSi 

amocanebis sxvadasxva saxiT dasmisas eZRvneba wigni [31]. masSi 

gakeTebulia aqcenti dinamiuri efeqtebis dawevaze da 

daZabulobis doneze intensiuri datvirTvis pirobebSi da 

temperaturuli velis cvlileba. 

d. jonsis wignSi [220] moyvanilia safuZvlebi, romlebic 

gansazRvraven temperaturul daZabulobebs, ganixileba 

temperaturuli Zabvebi firfitebSi (membranuli da Runvadi), 

koWebSi da wriul cilindrebSi, nebismieri formis garsebSi, 

wriul cilindrul  garsebze, yalibdeba pirobebi deformaciebis 

erTobliobisa garsul konstruqciebSi, ganixileba mdgradobis 

kargva Tburi moqmedebisas da siTbogamtaroba konstruqciebSi. 

aris msjeloba proeqtirebis sxvadasxva problemebisa – 

optimizacia, aradrekadi deformaciebis aRricxva, cikluri 

Tburi zemoqmedeba, masalebis Tvisebebis damokidebuleba 

temperaturaze da sxva. 
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1.1.4. sxvadasxva moxazulobis garsebi 

 

gansakuTrebul yuradRebas iqceven garsebi zedapirebis 

kerZo formebiT: cilindruli, konusuri, sferuli, torsiseburi, 

brunviTi garsebi, damreci garsebi, hiperboluri paraboloidu-

ri(hipari) formis garsebi da sxvebi. bolo wlebSi ganixileba 

garsebis iseTi formebi, romlebic iTvaliswineben sxvadasxva 

Tvisebebis mqone masalebs, iseTi rogoricaa fenovnoba, 

anizotropuloba. zogierTi aseTi sakiTxi zemoT ukve iyo 

aRniSnuli aq moyvanili faqtorebis niSnebiT. moviyvanT 

monacemebs zogierTi wignebis Sesaxeb. 

brunviT garsebs eZRvneba d.v. vainbergis da v.z. Jdanis wigni 

[34]; romelSic mocemulia brunviTi garsebis gadamwyvet 

gantolebaTa sistema  da misi amoxsnis xerxebi – kerZod, 

yuradReba gamaxvilebulia matriculi meTodis gamoyenebaze. 

aseTi midgomis idea axloa sasruli elementebis da sawyisi 

funqciis meTodebTan. 

brunviTi garsebis Teoria ganxilulia agreTve poloneli 

avtorebis i. orkiSis [223] da z. vaSiSinis [232] wignebSi. 

i.m. grigorenkos wignSi [63] ganxilulia fenovani garsebi 

(izotropulia an anizotropuli), romelic ganicdis 

araerTgvarovan datvirTvebs da imyofeba arastacionalur 

temperaturul velSi. gaangariSebis Sedegebis safuZvelze, 

romlebic miRebulia sasrul elementTa meTodiT (s.e.m.)  da 

wignSi warmodgenilia grafikebisa da cxrilebis saxiT, 

gakeTebulia daZabul-deformirebuli mdgomareobis (d.d.m.) 

(romelic damokidebulia konstruqciis formis parametrebis 

mniSvnelobaze, masalaze da Sida Zalebis moqmedebaze) analizi. 

v.v. pikulis wignis [149] gamorCeul Taviseburebas 

warmoadgens, rom masSi ganixileba saSualo sisqis garsi, 

romelic aRwerilia samganzomilebiani gantolebebiT. es 

gvaZlevs saSualebas gavaanalizoT cdomileba organzomilebiani 
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gantolebebisa, ufro mkacrad SevafasoT sasazRvro efeqti, amave 

dros drekadobis Tvisebebis ganawileba garsis mTel sisqeze. 

i.n. nemiSas da d.i. Cernopiskis wignSi [135] ganxilulia 

ganiv-gofrirebuli da grZivad-gofrirebuli sqelkedliani 

cilindruli garsebi mudmivi da cvladi sisqiT. gaangariSeba 

realizebulia egm-ze da ganxorcielebulia “SeSfoTebis” 

Teoriis gamoyenebiT, romelic uzrunvelyofs saWiro sizustes. 

daZabul-deformirebuli mdgomareoba (d.d.m.) napovnia 

konstruqciebis da masalebis funqciebSi. mTeli informacia 

mocemulia grafikebiT da cxrilebiT. 

brunviTi garsebi figurireben aseve SromebSi [12, 25, 54, 57, 

75, 88, 102, 138, 161]. 

brunviTi garsebis kerZo saxes - sferul garsebs 

specialurad eZRvneba Semdegi avtorebis Sromebi: a.n. guzi da 

Tanaavtorebi [70], a.i. lurie [111], a.d. lizareva da n.b. rostanina 

[109], v.v. sokolovski [180], e.i. grigoliuki da v.i. mamaia [55, 56]. 

ukanasknel wignSi ganxilulia Sromebi sferul garsebze, 

romlebSic aRwerilia danadgarebi, stendebi da meToduri 

gamokvlevebi, mocemulia modelebze Catarebuli eqsperimentis 

Sedegebi. informacia srul gamocdebze da empiriuli formula 

konstruqciis miaxloebiTi gaangariSebisaTvis. 

sferuli garsebi iTvlebian sxvadasxva aspeqtSi Seswavlis 

obieqtebad da ganxilulia mTel rig SromebSi. aseT Sromebs 

miekuTvneba [51, 52, 54, 82, 87, 103, 110, 179, 225]. 

mravali naSromi mieZRvna cilindruli garsebis Seswavlas 

[11, 12, 15, 48, 51, 52, 54, 58, 59, 60-62, 82, 92, 102, 103, 110, 154, 168, 169, 

179, 212]. Tumca maT saTaurebSi am tipis garsebis saxelebi ar 

figurireben. uSualod cilindruli garsebi ganxilulia [20, 53, 

72, 74, 76, 85, 104, 105, 136, 144] da sxvebi, romlebzec laparakia qvemoT. 

arastandartuli formis cilindrul garsebs eZRvneba i.m. 

grigorenkos, a.t. vasilenkos, n.d. pankratovas wigni [64]. 

romelSic naSromSi ganxilulia fenovani orTotropuli garsebi, 
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maT Soris ganiv-gofrirebuli da ganivad-waxnagovani, aseve 

garsebi mimmarTveliT. 

cilindruli garsebi warmoadgens ganxilvis obieqts s.n. 

kanis da i.i. kaplanis wignSi [86], aseve g.s. Sapiros statiebSi [194, 

204]. [86]-Si mocemulia daZabul-deformirebuli mdgomareobis 

gansazRvris miaxloebiTi meTodi, moyvanilia formulebi, 

cxrilebi, grafikebi saZiebeli  sidideebisaTvis, gamoiyeneba 

piroba konturis ganivi kveTis gauWimvadobisa da Zvradobis ar 

arsebobisas. yvela saZiebeli funqcia an warmodgenili ori 

cvladis mimarT wrfivi kombinaciiT erTi cvladis saSualebiT. 

v.z. vlasovis mixedviT cilindruli garsebis ricxviTi 

gaangariSebis meqanizmis gamartivebas, eZRvneba l.k. narecis da 

i.a. kaSirskis naSromi [133]. 

konusuri garsebis gaangariSebis Teoria ganxilulia a.n. 

guzis da sxv. wignSi [69]-Si da a.d. kovalenkos fundamentalur 

gamokvlevebSi. 

1961 wels a.d. kovalenko gamovida farTo moxsenebiT 

“garsebis gaangariSebis Teoriis ganviTareba manqanaTmSeneblobis 

amocanebis gadawyvetaSi” [194]. mis wignSi [94] mocemulia zusti 

gaangariSeba wriuli firfitebisa da brunviTi garsebisa, 

miRebuli specialuri funqciebis gamoyenebiT. Sedegi 

adaptirebulia inJinruli gaangariSebebisaTvis grafikebSi da 

mravalricxovan cxrilebSi. 

a.d. kovalenkos, i.m. grigorenkos da n.a. lobkovis wignSi 

[97] aRwerilia iseTive gaangariSebis meTodi, rogoric [94]-Si da 

mocemulia kerZo gamoTvlebis cxrilebi. a.d. kovalenkos, i.m. 

grigorenkos da l.a. ilinas wignSi [96] ganxilulia daZabul-

deformirebuli mdgomareoba RerZsimetriuli, iribsimetriuli 

da ciklurad simetriuli datvirTvebisa da araTanabari 

gaxurebisas.  

konusuri garsebi ganxilulia g.s. Sapiros statiaSi[203] da 

mTel rig SromebSi [14, 16, 17, 51, 54, 60-62, 82, 87, 103, 154, 155, 179, 

225]. 
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toroindaluri garsebi gamokvleulia s. borkovskis [211] da 

v.n. bulgakovis [30] wignebSi. am ukanasknelSi brunviTi, kerZod 

toroindaluri garsebisaTvis statikis ZiriTadi gantolebebis 

msgavsad mocemulia Sesabamisi gantolebis amoxsnis meTodi. 

im publikaciebidan, sadac Seiswavleba garsebi Sualeduri 

zedapirebiT hiperboluri paraboloidis (hipari) formis, aRniSvnis 

Rirsia a.o. raskazovis wigni [160], sadac mocemulia hiparebis 

Teoriis dazusteba moWimvis deformaciis gaTvaliswinebiT.  

i.e. mileikovskis da a.k. kuparis wignSi [124] mocemulia 

arqiteqturul-konstruqciuli gadawyveta hiparis tipis 

garsebisa, agreTve  damreci hiparebis gaangariSebis umomento da 

momenturi Teoria. 

hiparebs eZRvneba n.p. abovskis da i.i. samolianovis wigni [3] 

da aseve [161]. 

garsebi, romelTa Sualeduri zedapiri warmoadgens 

gadataniT zedapirs dadebiTi, nulovani da uaryofiTi gausis 

simrudiT, ganxilulia k. eiplendis wignSi [210]. damreci 

garsebisaTvis wrfivi gadaadgilebis SemTxvevaSi momenturi 

Teoriis ZiriTadi damokidebuleba warmodgenilia erTi 

gantolebiT, xolo garsebisaTvis marTkuTxa gegmiT es 

gantoleba SeiZleba amoixsnas ise, rogorc amoxsnilia wriuli 

cilindruli garsebisaTvis. [210]-Si ganxilulia garsis 

orTotropuloba, amasTanave garsi SeiZleba Sedgebodes 

fenebisagan da TiToeul fenaSi orTotropulobis mimarTuleba 

yvelgan paraleluria daZabul-deformirebuli mdgomareobis 

mTavari mimarTulebis. damrec garsebs eZRvneba mravali 

publikacia [1, 2, 4, 5, 25, 151]. 

aRvniSnavT kidev xuT naSroms, romlebic eZRvneba damrec 

garsebs. maTi avtorebia i.n. vekua [38], v.v. dikoviCi [73], a.a. 

nazarova [130], v.v. pikulia [148] da a.r. rJanicina [166]. 

monografiaSi [130], garda saerTo Sefardebebisa, nebismieri 

formis garsebisaTvis ganxilulia kerZo SemTxveva, romelic 

Seesabameba damrec sferul da gegmaSi sworkuTxa gluv garsebs 
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da mocemulia gaangariSebis formulebi, moyvanilia mravali 

ricxviTi magaliTi, romelTa Sedegebic mocemulia cxrilebis da 

grafikebis saxiT. 

wigni [148]-is ganmasxvavebel Tvisebas warmoadgens is, rom 

masSi ganxilulia damreci garsebi, rogorc erTgvarovani, ise 

fenovani(maT Soris naklebadxisti Sualeduri fenebiT). aRniSvnis 

Rirsia gaangariSebis Teoriis ageba, romelic iTvaliswinebs 

ganiv Zvrebs(ori miaxloeba). a.r. rJanicinis [166] mier ganxilulia 

garsebis gaangariSeba sasazRvro wonasworobis meTodiT da 

naoWovani da talRiseburi gadaxurvis angariSis Teoria 

minimaluri Teoriuli woniT, aseve gadaxurvebi sayrdeni 

rgolebis gaTvaliswinebiT. 

damrec garsebs eZRvneba i.n. vekuas [36] da b.i. kantoris [87] 

wignebi. b.i. kantorma gamoikvlia mTeli rigi sakiTxebisa: 

fizikuri da geometriuli arawrfivi amocanebi araerTgvarovani 

damreci cvladi sisqis konusuri da sferuli TaRebisa da 

firfitebis Teoria, romlebic imyofebian datvirTvis da 

temperaturuli velis cvlilebis qveS (drekadi mudmivebis 

temperaturis donesTan damokidebulebis gaTvaliswinebiT). 

Seswavlilia plastiurobis mdgradobis kriteriumebi kumSvadobisa 

da masalis simtkicis gaTvaliswinebiT. gaTvaliswinebulia 

araerTgvarovneba plastiur Tvisebebisa, romlebic gamowveulia 

TermodamuSavebiT, zedapiruli dafarviT, dasxivebiT swrafi 

neitronebis nakadiT. ganxilulia dinamiuri amocanebi. 

gaangariSebebi orientirebulia egm-ebis gamoyenebaze. moyvanilia 

gaangariSebis formulebi, programis blok-sqema, Sedegebi 

warmodgenilia grafikis saxiT. 

 

1.1.5. moqnili garsebi. badisebri garsebi  
 

moqnili garsebis Teoriis Camoyalibeba aixsneba maTi 

deformaciis specifikuri TaviseburebebiT, Runvisa da kumSvis 

mimarT winaaRmdegobis uunarobiT. aseT garsebs eZRvneba farTo 
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literatura, saidanac avRniSnavT statiebs: “moqnili garsebis 

Teoria” [23], da “moqnili garsebis saerTo Teoriis safuZvlebi”  

[165], [196] da sxva. 

v.e. magulis wignSi [112] naCvenebia moqnili garsebis 

gamoyenebis magaliTebi sazRvao konstruqciebSi da damuSavebulia 

meTodebi maTi gaangariSebisa da proeqtirebisaTvis. imave 

avtoris wignSi[185], romelic dawerilia b.i. druzemis, v.d. 

kulaginis, e.p. moloslavskis da m.v. novoselovis TanaavtorobiT, 

ganxilulia moqnili garsebis ZiriTadi tipebis eqspluataciis 

Taviseburebebi (maT Soris specialuri kiTxvebi) da mocemulia 

zogadi cnobebi, meTodika da gaangariSebis principebi. 

gemTmSeneblobis garda moqnili garsebi gamoyenebulia 

saxalxo meurneobis bevr sxva sferoSi. am sakiTxebs eZRvneba 

Sromebis krebuli [137] da [189], romelTa pasuxismgebel 

redaqtors warmoadgens i.i. voroviCi. 

yuradRebas ipyrobs badisebri konstruqciebi, romelTa 

gaangariSebis  meTodi agebulia garsebis Teoriis modelze. 

Tanamedrove mdgomareoba, romelic eZRvneba aseT konstruqciebs 

(garsebs), mocemulia mimoxilvaSi “umomento badisebri garsebis 

gaangariSeba” [195]. badisebri garsebis Teoria detalurad 

ganxilulia g.i. fSeniCnovis wignSi [159]. Teoria agebulia 

kontinualur gaangariSebis modelze, romelic gamoyenebulia 

statikis, dinamikis da mdgradobis amocanebSi firfitebisa da 

garsebisaTvis. ganxilulia konstruqciis optimizaciis 

problemebi, kerZod amocanis arawrfivad dasmaSi. 

 
1.1.6. gaangariSebis ZiriTadi meTodebi 

 

garsTa Teoriis Camoyalibebis gzebis Sesaxeb saubrisas, 

mxedvelobaSi gvaqvs ara mxolod wrfivi, aramed geometriulad 

da fizikurad arawrfivi sistemebi. 

zemoT ukve naCvenebi iyo garsebis Teoriis agebis 

analitikuri da pirdapiri gzebi. pirvel maTgans SeiZleba 

mivakuTvnoT asimptoturi meTodebi, romlebic ukve vaxseneT 
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zemoT, da yvela geometriuli da meqanikuri sidideebis daSla am 

an msgavs rigebSi: koordinatebis xarisxebad, gamoTvlebi sisqis 

mimarTulebiT an romelime specialuri funqciebis sistemebad. 

aseTi midgoma uflebas gvaZlevs miviRoT saSualo sisqis 

garsebis Teoria samganzomilebiani Teoriis gantolebidan 

gamomdinare daSlis an aproqsimaciis gziT. 

 garda adre naxsenebi naSromisa, romelSic naTqvamia 

asimptoturi meTodebis gamoyenebaze, avRniSnavT i. kozakis 

naSroms [221]. ganviTareba hpoves myari deformirebuli sxeulis 

meqanikis im nawilebma, romelic saSualebas gvaZlevs SevafasoT 

garsebis teqnikuri Teoria an gadavwyvitoT problemebi, romelic 

ar eqvemdebareba teqnikuri Teoriis amoxsnis meTodebs. aq 

mxedvelobaSi aris miRebuli saSualo sisqis garsebis Teoria da 

samganzomilebiani amocana. drekadobis Teoriis samganzomilebiani 

amocanis kavSiri garsebis TeoriasTan gamokvleulia agreTve b.g. 

gadurkinis da v.v. novoJilovis mier. am problemas daubrundnen 

mogvianebiTac. magaliTad n.a. kolCevski mimoxilvaSi “sxvadasxva 

meTodebis gamoyenebis analizi drekadobis Teoriis 

samganzomilebiani amocanebis gamokvleva drekadobis Teoriis 

sasazRvro amocanebis dasmaSi” [194]. am problemebze muSaobs i.i. 

voroviCi da misi xelmZRvanelobiT samecniero skola. arsebiT 

rols mis mimarTulebaSi TamaSobs, rogorc ukve avRniSneT 

asimptoturi meTodebi. maTi daxmarebiT SeiZleba davakavSiroT, 

erTis mxriv, samganzomilebiani problemebi organzomilebianTan, 

xolo meores mxriv miviRoT miaxloebiTi Sedegebi gamartivebuli 

organzomilebiani warmodgenis safuZvelze. 

f. siarles da p. rabies wignSi [186] naCvenebia, rom karmanis 

arawrfivi gantolebebi arawrfivi firfitebis TeoriaSi 

warmoadgens pirvel asimptotur miaxloebas samganzomilebiani 

geometriuli arawrfivi filebis amocanisaTvis. Sromebis ricxvs, 

romelSic ganxilulia asimptoturi meTodebis zogadi warmodgena 

da, kerZod, maTi gamoyenebis aspeqtSi garsebisa da firfitebis 

TeoriaSi, miekuTvneba g.k. ibraevas wigni [80]. am wignSi, ganxilulia 
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garsebis statikis organzomilebiani da erTganzomilebiani 

amocanebis amoxsnis asimptoturi meTodebi, geometriuli da 

fizikuri arawrfivobis gaTvaliswinebiT. moyvanilia gaangariSebis 

algoriTmi egm-ze rigi amocanebisa (Sedegebi warmodgenilia 

cxrilebsa da grafikebSi). Sedegebis nawili Sedarebulia 

eqsperimentalur monacemebTan. mocemulia garsebSi sasazRvro 

efeqtebis eqsperimentaluri gamokvlevebis meTodika. 

 Txeli da sqeli drekadi garsebis samganzomilebiani 

Teoriis asimptoturi aproqsimacia da garsebis Teoriis 

problemebis praqtikuli klasifikacia mocemulia x.s. ratenas 

fundamentalur wignSi [228]. garsebis Teoriis asimptoturi 

amonaxsnebi ganxilulia a.l. goldenveizeris [50], e. reisneris 

[226,227] da n.a. alumiaes [9] statiebSi. 

a. naifes SeSfoTebis meTodebi warmodgenili aqvs or 

wignad [131, 132].  

wignSi [131] mocemulia algebruli da diferencialuri 

gantolebebis amoxsnis Tanamedrove asimptoturi meTodebi, maT 

Soris didi parametrebiT, integralebiT, kvadratuli da kuburi 

arawrfivi sistemebiT.  

geometriuli arawrfivi problemebis amoxsnasTan 

dakavSirebiT moqnili konstruqciebisaTvis gamoiyeneba 

parametrebis mixedviT amoxsnis gagrZelebis meTodi. am 

meTodebis saintereso mimoxilva mocemulia e.i. grigoliukis da 

v.i. SalaSilinis [84] naSromSi. 

ganviTareba hpoves garsebis Teoriis agebis araklasikurma 

meTodebma. gamocemebis ricxvs, romelic am problemebs eZRvneba, 

SeiZleba mivakuTvnoT ukve naxsenebi i.n. vekuas [35] da v.i. 

guliaevis, v.a. baJenovis da p.p. lizunovis [71] wignebi. maT Soris 

pirvelSi gamoiyeneba saZiebeli funqciis daSla polinomebad. 

leJandris koordinatiT, romelic izomeba garsis sisqis 

gaswvriv, ganxilulia garsebis Teoriis statikurad 

gansazRvruli amocanebi, ganisazRvreba garsebis deformaciebi, 

kinematikur pirobebTan erTad da bolos, ganxilulia saintereso 
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sakiTxi drekadi garsebis neitraluri zedapiris Sesaxeb(maTi 

arsebobis pirobebi da maTTan arsebuli Serevis veli).  

garsebis gaangariSebis araklasikur meTodTa ricxvs 

miekuTvneba gaangariSebis meTodebi s.p. timoSenkos tipis 

garsebis mixedviT. timoSenkos tipis garsebisaTvis Teoriis 

Seqmna saSualebas gvaZlevs Tavidan aviciloT gadamwyvet 

gantolebaTa sistemis maRali rigi. am bolo dros saqarTveloSi 

i. RuduSauris mier Seqmnilia garsTa gaangariSebis metad 

martivi da amavdroulad zusti meTodi [66-68], romelmac didi 

praqtikuli gamoyeneba hpova realur samganzomilebian sistemaTa 

gaangariSebisas. 

 

 1.1.7. maTematikuri aparati garsTa TeoriaSi 

 
firfitebisa da garsTa Teoriis amocanebis amoxsnisaTvis 

maTematikuri aparatis gamoyeneba ZiriTadad xorcieldeboda 

variaciuli aRricxvis gamoyenebiT. miRebulia gantolebis 

kompleqsuri forma (e. meisneris, v.v. novoJilovis, k.f. Cernixi, j. 

sandersa [229] da sxv.), integraluri gantolebebis aparati (n.a. 

kilCevski, m. miqelaZe da sxv.), integraluri gardaqmnebi (l.i. 

slepiani da sxv.), specialuri funqciebi (a.d. kovalenko da sxv.), 

albaTobis Teoriis da maTematikuri statistikis aparati (v.v. 

bolotini), wrfivi da arawrfivi problemebis asimptoturi 

amonaxsni (a.l. goldenveizeri, n.a. alumiae da sxv.), parametrebis 

mixedviT amonaxsnebis gagrZelebis meTodebi(e.i. grigoliuki da 

v.i.SalaSilini da sxv.). 

aRvniSnoT kidev sami naSromi, romlebSic maTematikuri 

meTodebi dayenebulia pirvel adgilze – es aris v.l. rvaCevis da 

sxv. [117], v.p. SevCenkos [208], v.v. bolotinis [28] Sromebi. wignSi 

[117] ganxilulia rTuli formis firfitebis dinamikuri 

gaangariSebis meTodebi R-funqciis gamoyenebis SemTxvevaSi 

(funqciebi, romelTa niSani sruliad ganisazRvreba argumentis 

mocemuli niSniT) da am meTodis gamoTvliTi aspeqti. [208]-Si 
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mocemulia furies integraluri gardaqmnebis gamoyeneba, rogorc 

klasikur dasmaSi, aseve diferencialur gantolebaTa sistemis 

fizikuri da fundamentaluri amonaxsnebis ganzogadebis aspeqtSi 

(drekadobis Teoriis brtyeli amocanebisaTvis) da damreci garsebis 

Teoria normaluri Zalebisa da momentebis moqmedebis dros. 

wignSi [28] meore TavSi mocemulia albaTobis Teoriis 

meTodebis gamoyeneba Txeli drekadi garsebis gaangariSebisaTvis. 

analogiurad v.v. bolotinis wignSi [29] ganxilulia 

garsebis gaangariSeba statistikuri meTodebis aspeqtSi. 

i.n. vekuam “garsTa maTematikuri Teoriis” kursis 

Sesaswavlad gamosca wigni [37], romelSic tenzoruli analizis 

safuZvlebze Camoyalibebulia garsTa maTematikuri Teoria. 

analogiurad k.b. aksentianis, v.k. gordeeva-gavrikovas 

wignSi [6] moyvanilia informacia matricul meTodze gantolebis 

agebis gamoyenebis dros). garsTa teqnikuri Teoriis CamoyalibebaSi 

didi wvlili miuZRvis n. musxeliSvils da v. vlasovs. 

garsTa Teoriis sxvadasxva mimarTulebis ganxilvisa da 

gamoyenebisaTvis gamoqveynebulia mravalricxovani Sromebis 

krebuli [83, 134, 157, 158, 182, 192, 193, 197]. [197]-Si mocemulia ori 

statiis Targmani: e. reisneris “garsebis Teoriis zogierTi 

problemebi” da fan iuan-Cina da e.e. sekleras “Txeli drekadi 

garsebis aramdgradoba”.  

[192]-Si moyvanilia eqsperimentul-Teoriuli gamokvlevebi, 

miZRvnili garsebze, kerZod ganxilulia uwyveti garsebi, garsebi 

diafragmebiT, damreci garsebi, hiparebi, elifsuri paraboloiduri 

garsebi, rkinabetonis garsebi. 

krebuli [157] eZRvneba v.v. novoJilovs 60 wlis iubilesTan 

dakavSirebiT. 55 statiidan 17 eZRvneba garsebis da firfitebis 

Teorias. am krebulSi zemoT aRniSnuli statiebis garda, 

mivuTiTebT kidev or statiaze a.l. goldenveizeris “Txeli 

drekadi garsebis sakuTari rxevis orTogonaluri formebis 

Sesaxeb” da e.e. grigoliukas da i.v. linovcis “Txeli brunviTi 

garsebis sakuTari mniSvnelobebiT erTi klasis amocanebis 
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amoxsna”. [158]-Si ganxilulia Reros statika da dinamika, drekadi, 

drekad-plastikuri da plastikur-xisti masalis firfitebi da 

garsebi, statikuri da dinamikuri mdgradoba.Ggamoyenebulia 

diferencialuri gantolebebis araTanmimdevruli integrirebis 

meTodebi. sasrul elementTa meTodi, variaciuli meTodebi, 

Teoriul- eqsperimentaluri meTodebi. mTel rig statiebSi 

amoxsna daiyvaneba ricxviT mniSvnelobebamde. 

 

1.1.8. pirveli Tavis daskvnebi 
 

literaturis mimoxilvidan SeiZleba Semdegi daskvnebis 

gakeTeba: 

 didmaliani gadaxurvebis agebis teqnologia da  drekad-

plastikuri mdgomareobis pirobebSi gaangariSebis problema 

aqtualuria da imyofeba aqtiuri damuSavebis stadiaSi; 

 gaangariSebis tradiciuli analizuri da ricxviTi meTodebis 

gadatana amocanaTa ganxilul klasze xvdeba siZneleebs, 

romlebic dakavSirebulia konstruqciis geometriuli 

regularobis darRvevebTan; 

 arasakmarisad aris gaSuqebuli didmaliani gadaxurvebis 

agebis teqnologiis sakiTxebi. 



50 

2. შედეგები და მათი განსჯა 

2.1. meridianul-xokerovani ganivi kveTis gumbaTebi 

2.1.1. meridianul-xokerovani moxazulobis gumbaTebis 
statikur datvirTvaze gaangariSebis meTodi 

 

ganxilulia sxvadasxva midgomebis variantebi, gamomdinare 

garsis saerTo Teoriis gantolebebidan, kerZod, dafuZnebuli 

umemonto Teoriis hipoTezis gamoyenebiT. es ukanaskneli xSirad 

gamoiyeneba sakuTari wonebisagan simetriuli datvirTvis qveS 

myofi brunav gumbaTebTan mimarTebaSi. 

rogorc zemoT iyo aRniSnuli, gamosacdeli sistemebis 

Tavisebureba, gansxvavebiT sxva brunviTi garsisagan, romlis 

gaangariSeba sakmaod kargad aris Seswavlili da dawvrilebiT 

aris aRwerili saTanado saxelmZRvaneloebSi da moyvanilia 

cxrilebSi, mdgomareobs imaSi, rom zedapiris gausiseuli 

simrude zeda nawilidan qvedaze gadasvlisas icvleba 

naxtomiseburad, radgan yoveli nawili Seqmnilia sxvadaxva 

radiusis rkalebis erTi da igive RerZis irgvliv brunviT. 

Cveulebriv, aqamde gamoyenebuli meTodebi aseTi sistemis 

gaangariSebisaTvis dafuZnebuli iyo imaze, rom calke 

ganixileboda TiToeuli nawili, romelsac hqonda mdovred 

cvalebadi simrude, SemdgomSi SeerTebiT, maTi deformaciis 

SeTavsebis pirobebis gaTvaliswinebiT. 

mocemul naSromSi gamoyenebulia axali meTodi, romlis 

mixedviTac mTeli gumbaTi ganixileba rogorc erTiani garsi 

wyvetilad  cvalebadi simrudiT, rac sagrZnoblad amoklebs 

gamoTvlis algoriTms. 

praqtikulad amis miRweva SeiZleba Tu warmovadgenT 

simrudis radiuss, meridianuli mimarTulebiT wyvetadi  

(hevisaidis) funqciis meSveobiT: 

)()( 1)2(11)1(11   HRHRR .                  (1) 

zedapiris brunvisaTvis cnobili Tanafardobis 

gaTvaliswinebiT: 
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



sin

sin
1

2 R
d

dR
 . 

simrudis radiusi wriuli mimarTulebiT SeiZleba 

warmovidginoT rogorc: 

                  ))(()()( 12)2(111)1(12   RHRR .           (2) 

aseTi midgoma amartivebs ara mxolod mocemuli gumbaTis 

saangariSo formulebs, aramed nebismieri Sedgenili brunviTi 

garsis gaangariSebasac da gvaZlevs saSualebas miviRoT 

gamosaTvlili formulebi ZalebisaTvis garegnuli formiT 

iseTive, rogoric gluvi araSedgenili garsisaTvis: 

           

,))(1(
)(1

;)(
))(1(

21
11

1

2

0

22

1

ZrrT
r

rr
T

dxZrXr
r

r
T

x
x

x

x

x
x










 
                     (3) 

sadac 

))()(()())()(()( 21
2

0
2
21

2
0

2
1 xxHxxHxxRxxHxHxxRr  . 

analogiuri midgoma gamoyenebuli iyo gumbaTis 

gaangariSebisas arasimetriul qaris datvirTvaze. am SemTxvevaSi 

amocana daiyvaneba meore rigis diferenciul gantolebamde 

wyvetis koeficientebiT. mis gamosaTvlelad iyo gamoyenebuli 

variaciuli meTodi koWuri funqciebis aproqsimaciiT, romlebic 

Sejerebulia gumbaTis dayrdnobis sasazRvro pirobebTan, 

miRebulia gamosaTvleli formulebi. garda am gamartivebuli 

midgomisa, umemonto Teoriis gantolebis gamoyenebiT, 

disertaciaSi moyvanilia wyvetilad cvlilebadi simrudis mqone 

gumbaTis gaangariSebis meTodi momenturi Teoriis mixedviT 

romelic iTvaliswinebs sayrden zonaSi kiduri efeqtis 

zemoqmedebas daZabul mdgomareobaze. 

am gaTvlebis mizania: 1. momenturi Zabvebis SefardebiTi 

sididis gansazRvra grexva-kumSvis ZabvebTan SedarebiT da am 

Zabvebis zemoqmedeba konstruqciebis saimedoobisa da 

xangamZleobis Sefasebaze. 
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2. umomento gaangariSebis cdomilebis gansazRvra da misi 

gamoyenebis zRvari araTanabar ganawilebul ZabvebTan mimarTebaSi. 

ukanaskneli dakavSirebulia imasTan rom, rogorc zemoT, 

aRiniSneboda, gumbaTis zedapiris simrude ganicdis wyvetis  

dabali nawilidan maRalze gadasvlisas, amitom mocemuli 

sistema ar akmayofilebs umemonto mdgomareobis arsebobis 

pirobebs, rasac aqvs adgili fizikur-geometriuli parametrebis 

mdovred cvlilebis dros. 

miRebuli midgoma moiTxovda saimedo dasabuTebas, 

miRebuli Sedegebi ki dazustebas, amocanis gadawyvetis ufro 

mkacrad dayenebis gziT. garsis momenturi Teoriis gamoyenebis 

SemTxvevaSi iyo arCeuli (safuZvlad daido) amoxsnadi 

gantolebebis varianti, gamartivebuli muStari-donela-vlasovis 

meTodis kompleqsuri forma: 

                 DPin k  2 ,                     (4) 

sadac 

F
Eh

n
iW  ;  

h

R
n

)1( 
 ;  1i . 

es amoxsnadi gantoleba gamoiyeneba gumbaTis rogorc 

maRali ise dabali nawilisaTvis  da   operatorebs aqvs saxe: 

         

   

   

2
2 1

2
1 2 1 2

2

2
1 2 1 2

sin sin1
;

sin

1 1 1
sin .

sin sink

R R

R R R R

R R R R

 
   


    

  
      

  
           

vinaidan gubaTis zeda da qveda nawilebs aqvs sxvadasxva 

simrude,   da  operatorebSi Semavali simrudis radiusebs   da   

eqneba gansxvavebuli mniSvneloba. 

  _ )1()1()2(1)1(1 ,,, kRR   simrudis radiusebi da operatorebi 

zeda nawilisaTvis; 

_ )2()2()2(2)1(2 ,,, kRR   simrudis radiusebi da operatorebi 

qveda nawilisaTvis. 

(5) 
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maSin erTdroulad zeda da qveda nawilebis daZabul-

deformirebuli mdgomareoba aRiwereba Semdegi saxis erTi 

gantolebiT 

                    )()( 1)2(1)1( HH  

  DPHHin kk   )()( 1)2(1)1( ,              (6) 

sadac  _ hevisaidis funciaa. 

SevniSnoT erTi saintereso viTareba, rom miRebuli 

gantoleba uSvebs gamartivebul gardaqmnebs, romelic analogiuria 

sferuli garsebisaTvisac. 

es gardaqmnebi saSualebas iZleva aRmovaCinoT zogierTi 

analogia sferuli garsis daZabul-deformirebuli mdgomareobasa 

da meridianul-xokeruli moxazulobis gumbaTs Soris. 

amisaTvis  operatori warmovadginoT Semdegi saxiT: 

 1)0( k , 

sadac 

















2

2

2
1

)  (

sin

1

sin

1

Rcp ,                 (7) 

aris laplasis operatori; 1R _ radiusis sferuli garsisaTvis. 

2

2

2
2

2
1

)  (

sin  



RR

C
.                        

   
CR

CR
k





1

1
1

2
.                               (8) 

_ meridianis simrudis centris Zvra (gadaweva) brunvis 

RerZis an garsis simetriis RerZis mimarT. 

advilad davrwmundebiT, rom gamosaxulebas   mivyavarT 

formula   -Tvis. 

analogiurad, operatori rigi gardaqmnebis Semdeg 

SeiZleba warmovadginoT saxiT: 

               ))(( 0  ck kk ,                       (9) 

sadac 

                      ))(( 0  Ck kk , 
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1

1

R
k  ; 

11
0 )( RCR

C
k


 . 

maSin, Tu gumbaTi erTi mrudis brunviT aris Seqmnili, an, rac 

igivea, Tu gumbaTi Sedgenilia mxolod zeda nawilisgan, 

gantoleba Rebulobs saxes:  

      DPkkkinkk
R

in CCC
x

  )()2(
1

0011
2
1 . (10) 

pirveli ori Sesakrebi Seesabameba am gantolebis sferuli 

garsis deformacias, Sesakrebebi moTavsebuli kvadratul 

frCxilebSi, warmoadgenen im Sesworebas, romelic ganasxvavebs 

mocemul garss sferulisagan. 

asimetriuli deformaciis SemTxvevaSi miRebuli gantoleba 

arsebiTad martivdeba. am SemTxvevaSi yvela warmoebuli wriuli 

koordinataze nuls utoldeba, e.i.  da amoxsnadi gantoleba (10) 

Caiwereba rogorc: 

            DPk
R

in CC 







  0

1

1 1
.                 (11) 

es TanmTxveva sferuli garsis amoxsnadi gantolebas, 

romelsac meridianis simrude tolia: 

0
1

1
k

R
k  . 

warmodgenili amoxsnadi gantolebebis amosaxsnelad 

gamoyenebulia aproqsimireba zogierTi funqciebis mixedviT, 

romlebic akmayofileben sasazRvro pirobebs meridianuli 

koordinatasTan mimarTebaSi. 

bubnov-galiorkinis meTodis proceduris gamoyenebis 

Sedegad gantoleba kerZo warmoebulebiT daiyvaneba erT 

gantolebamde wriuli koordinatis mimarT. 

  DP
d

d
aain

d

d
a

d

d
aa 










2
1

2

541
1

2

32

2

201 






 .          (12) 

Sesabamis maxasiaTebel gantolebas aqvs oTxi kompleqsuri 

fesvi, rac gansazRvravs amoxsnis saboloo saxes. Sedegs, 

daZabul-deformirebuli yvela komponenti warmoisaxeba 
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hiperboluri trigonometriuli funqciis meSveobiT integrirebis 

mudmivebiT. es ukanaskneli unda Seesabamebodes amoxsnis 

periodulobas. 

Tu davSliT gare datvirTvis funqcias da saZebni funqcas 

wriuli koordinataze da gamoviyenebT bubnov-galiorkinis 

meTodis proceduras, mivalT Cveulebrivi diferencialur 

gantolebasTan rigis yoveli wevrisaTvis: 

DPb
d

d
bib

d

d
b

d

d
b kk

k
kkk

k
k

k
k 








 










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2

132

2

24

4

1 .          (13)  

misi oTxive fuZec kompleqsuria, rac ganapirobebs 

daZabul-deformirebuli mdgomareobis yvela komponentebis 

damokidebulebas meridianul koordinatasgan da integrirebis 

mudmivisgan hiperbolotrigonometriuli funqciis meSveobiT. 

meridianuli koordinatebi da integrirebis mudmivi SeiZleba 

SeirCes damokidebuli sasazRvro pirobebis mrudxazovan kideze 

da, maSasadame, SeiZleba iyos gaTvaliswinebuli gumbaTis qveda 

napiris konstruqciuli gaformebis praqtikulad nebismieri 

varianti. 

naSromSi gaanalizebulia amoxsnebi sxvadasxva saxis 

sasazRvro pirobebSi, kerZod, saxsriani aRwera da waWera. 

aRwerilia Zalis gansazRvris, momentebis da gadaadgilebebis 

dawvrilebiTi algoriTmi da motanilia amoxsnis magaliTebi. 

aRwerilia gumbaTis dinamikuri gamoTvla moZraobis 

gantolebebis misaRebad gamoyenebulia dalamberis principi, ris 

safuZvelzec wonasworobis gantolebebSi gare daZabvis 

komponentebi Secvlilia inerciuli wevrebiT. 

vinaidan komponentebi, romlebic gansazRvraven daZabul-

deformirebul mdgomareobas, swrafcvalebadi funqciebia, 

gantolebebis sistema SeiZleba gamartivdes muStari-dilei-

vlasovis meTodiT, ufro safuZvlianad, vidre statikuri 

gaTvlebis dros da Caiwereba saxiT: 

W
D

h
f

D
W k




12 ; 02  FWEh k .       (14) 
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nax. 13. Rerovani sferuli gumbaTi 

 

aq iseve, rogorc wina TavSi, simrudis radiusi da pirveli 

kvadratuli formis koeficientebi, Semavali operatorebSi, 

warmoadgenilia rogorc ori Sesakrebi, TiToeuli madgani 

gamravlebuli hevisaidis funqciaze, da adgili aqvs calke zeda 

da qeda nawilebisTvis. 

amgvarad mTliani araregulirebuli sistemis rxevebi 

aRiwereba imave  raodenobis gantolebebiT, (am SemTxvevaSi _ ori 

gantolebiT), rac regulirebuli sistema misi ornawilad 

tradiciuli gayofis da Semdegi SeerTebis gareSe. 

sistemis (14) amosaxsnelad gamoyenebulia variaciuli 

meTodi CaRunvis funqciis W  da F Zalvis mrudxazovan kideze 

sasazRvro pirobebis Sesabamisad SerCeuli cnobili funqciebiT 

aproqsimirebiT. 

wevrebis mocemuli raodenobis moZiebuli funqciis 

daSlaSi SenarCunebis Semdeg, vRebulobT gantolebebis 

erTgvarovan sistemas. misi msazRvrelis nulis tolobidan 

gamomdinareobs sixSireebis gantoleba. dabali sixSirisaTvis, 
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romelic Seesabameba rigis pirveli wevris Sekavebas, viRebT 

martiv da praqtikuli gamoyenebisTvis xelsayrel algoriTms, 

romelic advilad realizdeba kompiuterze da mikro 

kalkulatorze. 

 
2.1.2. aguris wyobis gumbaTebis modelebis  

eqsperimentuli gamokvleva 
 

moyvanilia aguris wyobis gumbaTebis modelebis 

eqsperimentuli gamokvlevis Sedegebi. warmodgenilia agreTve 

eqsperimentuli monacemebi aguris wyobis drekadi konstantebisaTvis, 

eqsperimentis damuSavebis statistikuri meTodebis gamoyenebiT. 

gamokvleva sruldeboda gumbaTis mcire modelebze, 

gamoicada 5 sxvadasxva nimuSi, romlebic erTmaneTisgan 

gansxvavdeboda aguris da xsnaris markiT. 

modeli dayenebuli iyo liTonis uZrav CarCoze da xistad 

iyo damagrebuli, Tanac, gumbaTis modelis fuZis uZraobas 

akontrolebda specialuri indikatorebi. uZravi liTonis 

CarCoebze mimagrebuli iyo, aRWurviloba, romelic Sedgenili 

iyo meridianuli da rgolisebri mimarTulebiani kuTxeebisgan, 

romelzedac dayenebuli iyo saaTis tipis indikatorebi wnevis 

fasiT 0,01 mm. 

vinaidan meridianul-xokerovani ganivi kveTis gumbaTis 

modelebi Sesrulebuli iyo arastandartuli agurebisgan zomiT 

36X23X8 da nakeris sisqe ar aRemateboda 1-2 mm, mTavari 

eqsperimentis win Catarda damxmare eqsperimenti. es eqsperimenti 

mdgomareobda gamocdaSi normaluri sisqis nakeriani 

arastandartuli agurisagan aguris wyobis nimuSebis da 

nimuSebis, romelic Sesrulebuli iyo arastandartuli 

agurebisgan. 

nimuSebi damzadebuli iyo erTi da igive masalisagan. sul 

iyo damzadebuli 15 nimuSi dayofili 3 calad, TiToeuli tipis 

aguris da xsnaris markis Sexamebis mixedviT. 
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nax. 14.  gaangariSebis elementebis ZiriTadi sistema 

 
SerCeuli iyo aguris da xsnaris markebis Tanafardoba: 

58/46, 77/65, 101/94, 152/96, 206/94. frCxilebSi miTiTebulia xsnaris 

marka, romelic Cbeulebriv airCeva aguris markis orjer ufro 

maRali. es dakavSirebulia imasTan, rom Cveulebriv wyobaSi 

xsnari mtkicdeba (myardeba?) drois ganmavlobaSi, im dros 

rodesac procesi droSi aris SezRuduli. 

gamocdebis Sedegad TiToeuli SemTxvevisTvis iyo 

gamoTvlili gadasvlis koeficientebi (koeficientebi) “SefardebiTi 

datvirTvis~ sxvadasxva mniSvnelobebisTvis P/F; P_nimuSze 

miRebuli datvirTvaa; F _ nimuSis ganivi kveTis farTobi. 

eqsperimentis monacemebis statistikuri damuSavebis Semdeg 

miRebulia: 

_ i  TiToeuli datvirTvisaTvis gadasvlis koeficientis 

saSualo mniSvneloba;  
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_ iR  gaqneva, anu mocemuli datvirTvisTvis gadasvlis 

koeficientis  maqsimaluri da minimaluri mniSvnelobebs Soris 

sxvaoba;  

Semdeg Semowmda ekuTvnis Tu ara erT generalur 

erTobliobas   -s saSualo mniSvneloba, romelic gaTvlili iyo 

SedarebiTi datvirTvebis sxvadasxva sidideebisaTvis. saSualo 

mniSvnelobebis Sedareba xorcieldeba linki da uolesis 

mixedviT, amasTan, nul-hipoTeza saSualo mniSvnelobebis 

tolobis Sesaxeb uaryofilia, Tu 


i
R

nR i



 )(
, sadac n _ gadasvlis 

koeficientis gazomvis raodenobaa gazomvis TiToeuli 

erTobliobisTvis da TiToeuli datvirTvis SefardebiTi 

sididisaTvis )5( n ; 

_ 
i

R  sxvadasxva datvirTvis sidideebisaTvis gadasvlis 

koeficientebis saSualo mniSvnelobis gaqnevaa; 

_ K mocemuli datvirTvis jgufebis  raodenobis )5( m  da 

Secdomis albaTobis  )05,0( d  kritikuli mniSvneloba.   

sxvadasxva markis agurebisaTvis da xsnarisaTvis 
i

R , iR , T, K    

mniSvneloba mocemulia cxrilSi 1. 

cxrili 1 

i
R , iR , T, K  mniSvneloba sxvadasxva markis agurebisaTvis da 

xsnarisaTvis 

aguris marka/xsnaris marka statistikuri 

maxasiaTeblebi 58/46 77/65 101/94 152/96 206/94 

1 0,01 0,01 0,005 0,01 0,01 

2 0,11 0,09 0,1 0,07 0,08 

3 0,4 0,67 0,3 0,86 0,75 

4 1,17 
 

         
deformaciis modulis dasadgenad naturuli eqsperimentis 

Sedegebis mixedviT gamoyenebuli iyo umciresi kvadratebis 

meTodi polinomis agebis mizniT, romelic sakmaod mWidrod 

aproqsimirebs funqcias 
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)( jR PfE  . 

am polinomis xarisxi gamoiTvleba fiSeris kriteriumis 

mixedviT, magram, rogorc wesi SegviZlia SevizRudoT meore 

xarisxis polinomiT. 

02
2

1 aPaPaE jjR  .                    (15) 

amasTan erTad, deformaciis sawyisi moduli 0E  ganisazRvreba  

0jP , e.i. 00 aE  . magram naturaluri gazomvis procesSi 

gardauvali Secdomebis gamo, sanam formula (15) gamoviyenebT, 

aucileblad unda iyos mogluvebuli naturaluri gazomvebis 

sidideebi. 

am mizniT iyo Sedgenili boqs-benkenis gegma oTxfaqtoriani 

eqsperimentisaTvis da am SemTxvevaSi damoukidebeli faqtorebi 

iyo koordinatebi wertilis 7 modelis zedapirze da datvirTvis 

sidide. 

oTx damoukidebel faqtors Soris kavSiri aproqsimirdeba 

kvadratuli modeliT: 


 


k

i

k

j
jiijk bb

1 1
0  ,                    (16) 

aq k gasvlis parametria (gadaadgilebebis sidideebi Seyursuli 

datvirTvis dros); 

   b0 _ mudmivi sidide (sawyisi parametri); 

     ji    , faqtorebi (damoukidebeli TavisTavad modelis 

zedapiris wertilis X, y, z, koordinatebSi); 

   ib modelebis parametrebia (regresiis koeficientebi); 

    K _ faqtorebis raodenoba. 

damokidebuleba (16) amosaxsnelad maTematikur aparatad 

gamoyenebulia mravalfaqtoriani regresiuli analizi, romelic 

saSualebas iZleva vipovoT analitikuri damokidebuleba 

(regresiis gantoleba) eqsperimentuli wertilebis mixedviT. 

statistikuri damuSavebisTvis gamoyenebuli iyo (zogierTi 

cvlilebebiT) bijuri regresiuli analizis programa REGR-1, 
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romelic gvaZlevs saSualebas SevafasoT polinomSi Seyvanili 

TiToeuli wevris zemoqmedeba REGR-1-s programa gardaqmnili iyo 

imisaTvis, rom regresiis gantolebaSi miviRoT arawrfivi wevrebi 

mocemuli amosavali monacemebis mixedviT. 

gamosacdeli faqtorebis statistikuri maxasiaTeblebi 

mocemulia danarTSi. regresiuli gantolebis da eqserimentuli 

monacemebis adekvaturobis Sefaseba Sesrulebulia fiSeris F _ 

kriteriumiT, regresiis yvela koeficienti mniSvnelovania 

stiudentis  t _ kriteriumis mixedviT albaTobiT 0,99. 

modelis wyobis informaciis modulis miRebuli Sedegebis 

aproqsimireba xdeboda umciresi kvadratebis meTodiT, n _ 

xarisxis polinomiT; polinomis xarisxi dawyebulia pirvelidan 

mimdevrulad izrdeboda. TiToeul nabijze gamoTvlili iyo 

dispersia fiSeris F _ kriteriumiT da ganisazRvreboda 

polinomis xarisxis sakmarisoba. 

 

2.1.3. 2.1 Tavis daskvnebi 

 gadmocemulia axali meTodi, romlis mixedviTac mTeli 

gumbaTi ganixileba rogorc erTiani garsi wyvetilad 

cvalebadi simrudiT, rac sagrZnoblad amoklebs gamoTvlis 

algoriTms;  

 gansazRvrulia momenturi Zabvebis SefardebiTi sidide grexa-

kumSvis ZabvebTan SedarebiT da am Zabvebis zemoqmedeba 

konstruqciebis saimedoobis da xangamZleobis Sefasebaze; 

 miRebulia umomento gaangariSebis cdomileba da misi 

gamoyenebis zRvari araTanabar ganawilebul ZabvebTan 

mimarTebaSi. 
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2.2. Rerovani gumbaTis konstruqciebis daZabul- 
deformirebuli mdgomareobis 

Taviseburebani 

2.2.1. Rerovani sferuli gumbaTis gaangariSebis meTodi 

 

gadmocemulia Rerovani sferuli gumbaTis gaangariSebis 

meTodi da Rerovani gumbaTis gaangariSebis programis 

algoriTmi kompiuteris gamoyenebiT. 

konstruqciis elementebis gadaadgileba da deformacia 

damokidebulia konturuli zedapiris kvanZebis gadaadgilebaze, 

romelTanac isini arian dakavSirebuli; 

_ konturuli zedapiris kvanZebis da masTan dakavSirebuli 

konstruqciis elementebis gadaadgileba xasiaTdeba TiToeul 

konturuli zedapiris  _ kvanZSi gadaadgilebis bioveqtoriT: 

iii vV


  , 

sadac i


i _kvanZis kuTxuri gadaadgilebis veqtoria; 

        iv


 i _ kvanZis xazovani gadaadgilebis veqtoria; 

        klifordis operatoria, romelic garkveuli kompleqsuri  

02  Tvisebis mqone erTeulis rols asrulebs. 

_ mTavari formulis gamosayvanad gamoyenebulia Zalebis 

meTodi da gadaadgilebis meTodi; 

_ yvela gamokvlevebi da daskvnebi tardeba masalis dre-

kadobis farglebSi konturuli zedapiris da konstruqciebis 

elementebis mcire gadaadgilebis da deformirebis varaudiT. 

gare datvirTebi, modebuli i _ kvanZebi xasiaTdeba iF _ 

bioveqtorebiT, risi komponentebic mocemulia naturaluri 

RerZebis , n, b koordinatul sistemebSi, romlebic dakavSirebulia 

Tavisi paralelis kvanZebTan. 

iF  _ bioveqtorebi warmodgenilia 6X1 svetovani matricebis 

saxiT 

   ibiniibinii MMMFFFF ,,,,,  .                   (17) 
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Rerovani sferuli gumbaTebi warmoadgenen sivrcul 

ciklurad simetriul sistemebs, da maTi gaangariSebis 

gamartivebisaTvis mizanSewonilia gamoviyenoT zogadi cikluri 

simetriuli sistemebis gamoTvlis Teoriis zogadi debulebebi. 

Sesabamisad, TiToeuli F


komponenti iSleba simetriul da 

asimetriul Semagenlebze, Sefardebuli sistemis simetriis 

zogad nebismier sibrteysTan, romelic ganixileba, rogorc 

nulovani. F


komponentebi warmodgenilia trigonometriuli 

rigebis jamis saxiT. 

              









0

.

0 r

ca
r

i
r

ii
i FCFSF


 .                  (18) 

sadac   da  r _ rigis wevrebis nomeria; 

        cF  da ca
rF . _ 61 matricis trigonometriuli rigebis 

koeficientebia.  

cS  da 
i
rC  _ 66 diagonoluri matricebia, romlebic tolia 

][ sinsincoscoscossin  iiiiiiS c  , 

][ coscossinsinsincos  iiiiiiC i
r  . 

i _ mocemul paralelze gamosaTvleli kvanZis nomeria; 


m

 2
cikluri simetriis kuTxea; 

m _ i-kvanZebis raodenobaa mocemul paralelze. 

simetriul datvirTvebs, meore _ asimetriuls, Sefardebuls 

nulovan sibrtyesTan. rigebis wevrebis koeficientebi (2) 

(matrica cF  da 
ca

rF . ) ganisazRvreba Semdegi gamosaxulebebiT: 









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
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.
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i
i

ic
m

i
i

ic

FC
mm

FFC
m

F

FS
m

FFS
m

F 

               (19) 

gumbaTis kvanZebis gadaadgileba xasiaTdeba gadaadgilebebis 

biveqtorebiT V

, romlebic warmodgenilia (61) svetovani 

matricebiT. 
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N        nax. 15. ),( jiS elementi gamoyofili Rerovani sistemidan. 

a _ Rerovani elementi,  б _kvanZebi i, j  (xisti diskoebiT), 
в_drekad-damyoli kavSirebi. 

 

 ibiniribinir vvv  ,,,,, , 

sadac  i kvanZis nomeria; 

Tu datvirTvebi, romlebic moqmedeben ciklur simetriul 

sistemaze warmodgeniliaa trigonometriuli rigebis saxiT, V

 

komponentebi ganisazRvrebian gamosaxulebebiT: 

a)  simetriuli datvirTvis zemoqmedebis qveS: 

            *VSV i
i   ;                          (20) 

b)  asimetriuli datvirTvis zemoqmedebis qveS: 

                 *VCV i
i   .                         (21) 

iV  da RV  komponentebi ganisazRvreba (4-5). i _ indeqsis Sesabamisad 

j da k-ze SecvliT, a.S. gamosaxulebebSi (4-5) *V  aris mocemuli 

paralelis kvanZebis mTavari gadaadgilebebis biveqtori. 
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Rerovani konstruqciis gaangariSebisaTvis gamoyenebulia 

gadaadgilebebis meTodi. ZiriTadi sistema warmoiqmneba 

konstruqciis kvanZebSi xisti sxeulebis (diskebis) SeyvaniT da 

maTi damagrebiT drekadi kavSirebis meSveobiT, romlebic 

uzrunvelyofen kvanZebis wrfivi da kuTxuri gadaadgilebebis 

acilebas bn,,  RerZis mimarTulebiT. 

gumbaTis Reroebi SeerTebulia kvanZebTan drekadi 

kavSirebiT. kvanZebi mlnn ,,1,   sayrdenia da saxsrovnad 

damagrebulia xisti sayrdeni konturTan. 0m saangariSo 

elementisaTvis, romelic gamoyofilia sistemidan centraluri 

kuTxiT , kanonikuri gantolebebs aqvs saxe: 
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
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,111,1,1`1,111,1

,11,,,,

,33,,11,,,

,1!1,1,21,1,10111,1

,,11,,1,11,00,0,

,00,033,022,011,0,000,0

pkjkkjjkiikkkk

pkjjnjjkiikkkk

pjkkjkkjiijiijjji

piERijnjnniiiiiiiiiii

piRRijjijjiiiiiiiii

piiiiiiiiii

Rzrzrzrzr

Rzrzrzrzr

Rzrzrzrzrzr

Rzrzrzrzrzrzr

Rzrzrzrzrzrzrzr

Rzrzrzrzrzrzr

      (22) 

sistemaSi (22) r _ koeficientebi warmoadgenen 66 matricebis 

pirveli indeqsi Seesabameba kavSirebs kvanZebSi reaqtiuli 

Zalebis bioveqtorebis komponentebs, rasac meore indeqsi 

Seesabameba kvanZebis erTeuli gadaadgilebebiT, romelsac 

10 ,,, ji ZZZ  _ 61 matricis 1,0 ji  kvanZebis gadaadgilebebis 

biveqtorebis komponentebi RerZebis mimarTulebiT, romlebic 

dakavSirebulia am kvanZebTan. 

 pkpip RRR ,1,,0 ,,,  61 matricebi reaqtiuli Zalebis 

biveqtorebis komponentebi  kji ,,,0  kvanZebis kavSirebSi gare 

datvirTvis zemoqmedebisagan. 

kanonikuri gantolebebis (22) koeficientebi ganisazRvreba 

Semdegi gamosaxulebebiT: 



66 













































































.

,

;

;

;

;

;

,
,

1,1
1

1,1
1

1,1
1

,1
1

,1
1

1,1
11,1

1,,,1,,,
,

,,1,,1,,
,

,1
1

1,1
1

1,1
1

1,1
1

1,
1

1,0
11,1

,1,,1,01,,0
,

1,0
0

3,0
0

2,0
0

1,0
0

,0
00,0

ji
jji

jR
R

lR
R

nR
R

jR
R

mR
R

iR
RRR

mR
R

lR
R

rR
R

jR
R

jR
R

iR
RRR

mj
j

Rj
j

Rj
j

Rj
j

ij
j

ij
jjj

ji
i

ki
i

Ri
i

ii
i

ii
i

i
iii

Ri
i

ii
i

ji
i

i
i

ii
i

i
iii

iiiii

r

r

r

r

r

r

r


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




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

  (23) 

sadac  1,1,0
0

,0
0 ,,, mR

R
ii   66 sixistis RerZebis matricebia, 

romelic mirTuli kvanZebTan da nomrebi ganisazRvreba -Tan 

pirveli indeqsiT. gamosaxuleba danarCeni r _ matricebisaTvis 

miiReba Sesabamisi indeqsebis CasmiT bolo gantolebebis 

sistemaSi (23) 

saerTo gamosaxuleba  _ matricis amosaxsnelad miiRebs 

saxes: 

           np
j
np

i
jinpiI

ji
i Ikrk   ,
,

123
,                       (24) 

sadac i da j iReben matrica (23) indeqsebis mniSvnelobebs. 

 np
j
npnpiI Ikk  1123

66 biveqtorebis gardaqmnis komponentebis 

matricebia, j
nbkI ,123  koordinatis sistemidan Sesabamisad IIIIII

i
nb Ik   ,  

sistemaze gadasvlisas. 

i
jir , 66 erTeuli reaqciebis matricaa. koordinatuli 

sistemebi j
npk  da i

npk naturaluri RerZebis sistemebia, romlebic 

dakavSirebulia  i da j  kvanZebTan Sesabamisad. 

123I  koordinatul sistemaSi ganisazRvreba  komponentebi, 

gamowveuli erTeuli gadaadgilebebiT 123I  da IIIIIII    RerZebis 

mimarTulebebiT. 

sistemebi dakavSirebulia 123I  da IIIIIII    kvanZebTan Sesabamisad  j. 

i  biveqtorebis komponentebis gardaqmnis matricebi 

ganisazRvreba gamosaxuelebebiT: 

   















 i
npI

i
npIi

npI kA

kA
k






123

123

123

1

1
1 0

0
,                    (24) 
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sadac  i
npI kA 1231 33 123I  da 


ii

nbek  koordinatuli sistemebis 

RerZebiT Seqmnili kuTxeebis kosinusebis matricaa; 

0-33 _ nulovani matricaa. 

biveqtorebis komponentebis gardaqmnis matricebis Sedgena 

martivia. isini ganisazRvrebian ganxiluli sistemis geometriuli 

TanafardobiT. sixistis matricis  gansazRvris dros mTavria 

erTeuli reaqciebis r _ matricis komponentebis povna (monaxva). 

 
2.2.2. damagrebuli RerZis erTeuli reaqciebis  

matricis gamoyvana 
 

kvanZebSi drekad-deformirebad damagrebuli RerZis 

erTeuli reaqciebis matricis gamosayvanad Semotanilia Semdegi 

daSvebebi: ganivi da grZivi Zalebi sayrdeni kveTebic mobrunebis 

kuTxeebze ar moqmedebs; RerZebis da kavSirebis masala wrfivad 

drekadia da deformaciebi wrfivad dakavSirebulia midebuli 

datvirTvasTan; Runvis SemTxvevaSi samarTliania brtyeli 

kveTebis hipoTeza, grexis dros daculia sen-venanis principi. 

aseTi RerZis gaangariSebis sqema warmodgenilia xisti 

kvanZebiani Rerovani modeliT, sadac drekadi kavSirebis 

meSveobiT mirTulia RerZebi). 

Zalebis moqmedebis damoukideblobis principebis da 

miRebuli daSvebebis Sesabamisad naSromSi miRebulia erTeuli 

reaqciebis matricebi mudmivi kveTis sworxazovani RerZis, 

romelic drekad-deformirebadaT aris damagrebuli kvanZebSi 

RerZuli zemoqmedebis RunviT, grexiTi deformaciebis da wrfivi 

Zvrebis SemTxvevaSi (dros?) Sesabamisi damyoli matricis Seqcevis 

gziT 

  * , 

rac mniSvnelovnad amartivebs mis amoyvanas. 

                        *1*1*1 rrEr 
  . 
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aq  da r _ Sesabamisad damyoli da kvanZebSi drekad-

deformirebadaT damagrebuli Reros sixistis matricebia. 

      *   da *r igive xisti damagrebiT kvanZebSi; 

       drekadi kavSirebis damyolobis matrica; 

      E _ erTeuli matrica. 

saboloo elementia ijS  drekad-deformirebadi kavSirebian 

kvanZebSi i da j. i _ kvanZSi erTeuli reaqciebi, romelic 

gamowveulia  _ kvanZis erTeuli gadaadgilebebiT elementebis 

ganivi kveTis inerciis mTavari RerZebis mimarTulebiT, matricas 

aqvs saxe: 

           






























000

00)21(
6

0)21(
6

0

)1(
00

0)1(
12

0

00
12

*26

*26

**

**
2
15

2

1,3,2

,

j
S

j
S

ji

i

ji
S

S

i
ji

l

i
l

i

f
l

i
l

i

r









   

               


























)1(
00

0)31(40

00)31(4

000

00)21(
6

0)21(
6

0

**
35

*
15

*
15

*26

*26

ji

j

j

j
S

j
S

i
i

i

l

i
l

i










             (26) 

),( jiS  Reros j kvanZis erTeuli reaqciebi, romlebic gamowveulia 

mopirdapire i kvanZis erTeuli gadaadgilebebiT, inerciis 

mTavari RerZebis mimarTulebiT, misi  i, j kvanZebSi drekad-

damyoli damagrebis pirobebSi, matricas aqvs saxe: 
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aq sidideebi SSSS fiii  ,  ,  , 321  warmoadgenen ),( jiS  Reros grZiv 

sixistes gaWimvis (kumSvis) deformaciaze, gadanacvleba da 

mobruneba sayrdenis or sibrtyeSi da grexa: 
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  aq da adre (3.11-3.12)-Si 
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)(  , , ji
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jiji   

kiduri kavSirebis damyolobis parametrebi, moyvanili 

deformirebadi Reros damyolamde. 
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ji Cl
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 kp
jiji

U
jiji CCCC )()()(

0
)( ,  ,  , sakvanZo kavSirebis sixistis koeficienti 

erTeuli reaqciebis matricebs (3.1-3.12) aqvs sakmaod zogadi saxe. 

magaliTad 0 ji   isini samarTliania ReroebisTvis, 

romleebsac aqvs absoluturad xistad waWerili boloebi. 
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erTeuli reaqciebis da 1  biveqtirebis komponentebis 

gardaqmnis matricebis gansazRvris Semdeg, ganisazRvreba _  

sixistis matricebi, Semavali gamosaxulebaSi (3.7). Semdeg 

gaangariSdeba kanonikuri gantolebebis (3.6) koeficientebi. 

cikluri simetriuli sistemebis gadaadgilebis meTodiT 

gaangariSebis dros sakmarisia SevadginoT kanonikuri gantolebebi 

yoveli kvanZis paralelis erTi kvanZisaTvis. isini tipiuria 

mocemuli paralelis yvela kvanZisaTvis. 

(20-21)-dan gamomdinareobs, rom kvanZis TiToeuli pa-

ralelisaTvis ucnobia eqvsi gadaadgileba *V

 biveqtoris 

komponentebi. kanonikuri gantolebebis 

a) 

 

nax. 16. grZivi Zalva N Rerovan elementebSi da vertikaluri 
gadaadgilebebi W, gumbaTis eqsperimentuli konstruqciebis kvanZebSi. 

a) konstruqciis mTliani datvirTva; b) arasimetriuli datvirTva 
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(22) ucnobebi gamoixateba mTavari gadaadgilebebis 

biveqtorebis komponentebis meSveobiT. 

kanonikuri gantolebebis (22) gaangariSebis Semdeg, 

ganisazRvreba am biveqtorebis komponentebi, Semdeg (20-21) 

gamosaxulebebis mixedviT davadgenT gumbaTis yvela kvanZebis 

gadaadgilebas. 

kvanZebis gadaadgilebebi datvirTvis daSlis yoveli 

wevrisagan maTi gansazRvris Semdeg jamdeba. 

gumbaTis Reroebis kveTebSi Zalvebi ganisazRvreba 

gamosaxulebiT: 

jK

j
jiiK

i
ji

i
ji VrVrF j

mb
i
mb


 1,1,, ,                  (28) 

sadac matricis qveda indeqsi i
jiF ,  SesabamisobaSia RerZTan, zeda 

_ ki RerZis kveTasTan, sadac ganisazRvreba Zalvebi. 

gamosaxulebas Zalvebis matricisaTvis sxva kveTebSi 

miviRebT (3.13)-Si Sesabamisi indeqsebis CasmiT. 

 
2.2.3. gumbaTis konstruqciis eqsperimentuli  

gamokvlevebis aRwera 
 

paragrafi Seicavs gumbaTis konstruqciis eqsperimentul 

gamokvlevebis aRweras da miRebul Sedegebs. kompleqsuri 

eqsperimentis  mizani iyo: 

 sistemis daZabul-deformirebuli mdgomareobis cvlilebebis 

ZiriTadi kanonzomierebis gansazRvra gare datvirTvebis 

zemoqmedebis CatvirTvis sxvadasxva sqemebis pirobebSi; 

 eqsperimentuli konstruqciebis gaangariSebis sqemaSi 

miRebuli daSvebebis da hipoTezebis Semowmeba; 

 konstruqciis Sromisunarianobis Sefaseba gamocdebis da 

daZabvis qveS eqspluataciis dros dayenebuli amocanebis 

Sesabamisad. 

eqsperimenuli gamokvlevisaTvis iyo damuSavebuli 

gumbaTovani safaris konstruqcia, romelic Sedgeboda asawyobi 

Sewebebuli xis elementebisgan. 
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gumbaTis karkasi warmoadgens Rerovan 180-waxnagovani 

sistemis nawils, Caxazuls 10,05 radiusis sferoSi. gumbaTis 

diametri fuZeze aris 18 m, awevis isari _ 5,57 m, is Sedgeba 3 

tipozomis 75 Sewebebuli xis Reroebisagan, romlebic warmoqmnian 

samkuTxa ujredebs, romelTa gverdebis zomebia 3,5-dan _ 4,0 m-mde. 

Rerovani elementebi ganivi kveTiT 100180 mm2 Sesrulebulia 

weboiani 33 mm sisqis wiwvovani xis ficrebisagan. Reroebi 

SeerTebulia kvanZebSi wyvili 4 mm furclovani foladis 

zesadebebiT, 10 mm diametris ori moWrili WanWikis meSveobiT. 

ReroebSoriso kvanZuri sivrce Sevsebulia polimerbetoniT. 

konstruqcia damontaJda 15 kontrforsian sayrdenze, romelic 

Sesrulebulia betoniT Sevsebuli milebisagan amoSenebuli 

rostverkSi. 

gumbaTis konstruqciis gamocda warmoebda vertikaluri 

datvirTvebiT. amisaTvis datvirTvebi modebuli iyo sakidarebis 

meSveobiT Cawertebulad (Semokrebulad) kvanZebSi. 

ZiriTadi eqsperimentuli gamokvlevebi Sesrulebuli iyo 

datvirTvebis qveS gaangariSebis sidideebis farglebSi. 

datvirTvis adgilmdebareobis mixedviT gamokvleuli iyo 

gumbaTis karkasis muSaoba CatvirTvis sami sqemiT: Tavmoyrili 

datvirTva centralur kvanZSi, datvirTva gumbaTis simetriis 

sami blokis kvanZebSi, da mesame sqema Seicavda samive kvanZis 

CatvirTvas. 

eqsperimentuli gamokvlevis msvlelobis dros tardeboda 

kiduri deformaciebis, vertikaluri gadaadgilebebis da 

konstruqciis kvanZebSi SeerTebis damyolobis gazomva. 

xelsawyoebis raodenobis Semcirebis mizniT 

gaTvaliswinebuli iyo simetria. Zalvebis da gadaadgilebebis 

xasiaTi CatvirTvis yvela sqemis mixedviT iyo praqtikulad 

xazovani, rac SesabamisobaSi miRebuli hipoTezebTan da 

daSvebebTan (nax. 17). 

Zalvebis da deformaciebis eqsperimentuli sidideebi, 

rogorc wesi, iyo Teoriulze naklebi. 
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Sedegebis gafantva simetriul kvanZebSi ar aRemateboda 

12%-s. narCeni deformaciebis sidide iyo 5% CaRunvebisTvis da 

13% damyolobisTvis. 

gamocdebis erTerT etapze mTliani CatvirTvis dros 250 

saaTis ganmavlobaSi Semowmebuli iyo gumbaTis muSaoba 

normatiuli datvirTvis (1,50 m2) zemoqmedebaze. 

gamokvlevebma aCvena, rom deformaciebs dacxromis xasiaTi 

aqvs. 

gamocdebi: 

sixistis koeficientis gaangariSeba Catardebuli iyo 

“datvirTva-deformaciis~ grafikuli damokidebulebebis agebiT. 

grafikebidan miRebuli sixistis koeficientebis saSualo 

sidide gaWimvis da kumSvis SemTxvevaSi iyo 70 106,10 C , grexis 

deformaciis dros 4102,6 KPC . sixistis koeficientis saSualo 

mniSvneloba C  Runvis dros, rodesac  (Zalis moqmedebis 

mimarTulebis da elementis 1 ganivi kveTis RerZs Soris kuTxe). 

icvleboda nabijiT 22,50900 farglebSi mdebareobda 1060510 

intervalSi. 

C  miaxloebiT SeiZleba gamovTvaloT gamosaxulebidan, 

romelic miRebulia umciresi kvadratebis meTodiT 

                      
986,00121,0

1000





C .                      (29) 

C -s cvlilebebis grafiki, damokidebuli kuTxe -ze da 

sxva kavSirTa gantolebebi mocemulia. 

kvanZovani SeerTebebis gamZleobis gamocdebis Sromatevadobis 

gamosaricxad da eqsperimentuli Sedegebis sizustis gazrdis 

mizniT damuSavda xelsawyo sayrdeni konturis saxiT, romelic 

gvaZlevs saSualebas mosazRvre elementebis deformaciulobis 

da mTliani konstruqciis kvanZuri SeerTebebis damyolobis 

modelirebas. 

amisaTvis xelsawyos sayrden konturs aqvs specialuri 

drekadi elementebi, risi gamoyenebac gvaZlevs konstruqciis 
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fragmentis (kvanZis) muSaobis mTliani sistemis SemadgenlobaSi 

imitirebis saSualebas. 

calke ganixileba Tovlis naleqis intensiobis samwliani 

dakvirvebebi mravalwaxnagovani sferuli gumbaTis zedapirze   

arxangelskis pirobebSi. 

dakvirvebebma gviCvena, rom Tovli gumbaTis msaxvelze da 

wrexazze mkveTrad araTanabrad nawildeba. ZiriTadi Tovli 

grovdeba qarisagan dacul samxreTis an samxreT-aRmosavleTis 

ferdobze (daqanebaze?). intensioba izrdeba wiboTaSoris  

sibrtyeze. Tovlis saSualo simWidrove (simkvrive) miwaze 1020%-

iT aRemateba saSualo simWidroves saxuravze. metrologiuri 

datvirTvis specifikis gaTvaliswinebiT, avtori gegmavs es 

gamokvlevebi gaagrZelos ramdenime wlis ganmavlobaSi 

statistikuri monacemebis dasagroveblad sferuli gumbaTebis 

proeqtirebis normebis dasazusteblad. 

 

2.2.4. 2.2 Tavis daskvnebi 

 miRebulia Rerovani gumbaTebis konstruqciebis daZabul-

deformirebuli mdgomareobis Taviseburebani;  

 warmodgenilia Rerovani sferuli gumbaTis gaangariSebis 

meTodi da Rerovani gumbaTis gaangariSebis programis 

algoriTmi, kompiuteris gamoyenebiT;  

 aRwerilia gumbaTis konstruqciis eqsperimentuli gamokvlevebi. 

 

2.3.  gumbaTis agebis axali teqnologia 

gumbaTi igeba mTlianad 0-van niSnulze (l. maxvilaZe, b. 

gusevi da sxv. saqarTvelos patenti   1036, 2003). 

I etapze, asaSenebli gumbaTis irgvliv, eqskavatoris 

saSualebiT keTdeba wriuli tranSea, romlis CaRrmaveba 

gumbaTis awevis isris tolia. 

II etapze buldozeriT da greideriT grunts vWriT 

radialuri mimarTuelbiT da Cagvaqvs tranSeaSi, saindanac 
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eqskavators gadaaqvs gare yrilze, amgvarad saamSeneblo moedans 

eZleva gumbaTis miaxloebiTi forma. 

Semdeg tranSeas Ziris niSnulze ewyoba svetebisaTvis 

wertilovani saZirkvlebi ankerebiT, Semdeg vawyobT wriul 

liandags da vamontaJebT modernizebul amwes. 

mSeneblobis organizaciis uzrunvelyofisa da uSualod 

gumbaTis agebis gamartivebis mizniT, modernizacia ukeTdeba 

jojgina amwes ise, rom xidis erTi mxare borblis saSualebiT 

uSualod eyrdnoba gumbaTis centrSi damontaJebuli svetis 

wriul Taros da sriala saxsriT mibmulia svetze. amwis meore 

mxare Cveulebrivia da moZraobs wriul liandagze, asagebi 

gumbaTis irgvliv. 

martivdeba amwesaTvis eleqtroenergiis miwodeba svetis 

irgvliv troleis mcire saltis mowyobiT, rac gamoricxavs 

saTrevi kabelis saWiroebas. 

 

                             nax. 17. 

amwis urikaze Sekiduli daniani tvirTis da amwis wriuli 

moZraobis saSualebiT viwyebT gruntis damuSavebas, sanam ar 
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miviRebT gumbaTis ufro miaxloebul formas. Semdeg amwis xidze 

vamagrebT gumbaTis moxazulobis naxevarwris Targs da amwis 

wriuli moZraobiT, xreSisa da wvrilfraqciuli asfaltis 

datana-datkepvniT vRebulobT gumbaTis formas. asfaltis datana-

datkepvna meordeba gumbaTis zusti formis miRebamde (nax. 18). 

aRniSnuli RonisZiebebi ara marto gamoricxavs xaraCoebisa 

da qargilebis dayenebis Sromatevad da ZviradRirebul 

samuSaoebs, aramed Zalze amartivebs geodeziur samuSaoebsac. 

SesaZlebelia gumbaTis Sida zedapiri gadavwyvitoT 

mTlianad gluvi. amisaTvis wriul koWebs vauqmebT da gambrjeni 

Zalebis gazrdasTan dakavSirebiT saTanadod vzrdiT da 

vaarmirebT bolo wriul koWs. rac Seexeba radialur koWebs, 

Tavisi konsoluri nawiliT, maTi simaRle Sesabamisad amoiweva 

gumbaTis garsis zedapirze. amrigad, saWiro aRar iqneba gruntze 

radialuri da wriuli koWebisaTvis Rarebis amoWra maTSi 

qargilebis gansaTavseblad da sxva. 

III etapze vawyobT armaturas. aRsaniSnavia, rom modernizebuli 

amwe saSualebas gvaZlevs bagiris “bixtebi~, romelTa saerTo 

sigrZe diametrebis mixedviT 1,5-5 kilometria, advilad davawyoT 

wriulad an CavawyoT wriuli koWis qargilebSi uwyvetad, rac 

mniSvnelovnad amcirebs saSemsduReblo samuSaoebs, liTonis 

xarjs da zrdis saimedoobas. Cveulebrivi amweebis saSualebiTY 

am operacioebis Catareba mniSvnelovnad garTuldeboda. 

IV etapze mimdinareobs gumbaTis uwyveti dabetonebis 

procesi da vibrireba. 

V etapze, 28 dRis ganmavlobaSi (sanam betoni miiRebs 

saproeqto simtkices), vakeTebT saxuravs, zenitur fanrebs da 

mTlianad vamTavrebT gumbaTis gadaxurvis samuSaoebs. 

VI  etapze demontaJs vukeTebT modernizebul amwes da 

wertilovan saZirkvlebze vamontaJebT wyvili Svelerisagan 

Sedgenil liTonis svetebs, ise, rom Svelerebs Soris eqceva 

radialuri koWebis konsolebi, xolo Svelerebis Taroebi, mcire 

RreCoTi, uSualod emjineba gumbaTis ganapira wriul koWs (nax 18). 
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nax. 18. gumbaTis ganapira wriul koWi 

 
svetebis wyvili Sveleri urTierTdakavSirebulia 

horizontaluri sartylebiT WanWikebis saSualebiT. sartyelebs 

Soris manZili hidrocilindrebis bijis tolia (nax 19). 

 

nax. 19. sartyelebs Soris manZilis hidrocilindrebis biji 
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VII. hidrocilindrebis bijis Sesabamisad, safexurebad 

vwevT gumbaTs saproeqto niSnulamde. aRsaniSnavia, rom 

saimedobis uzrulvelyofis mizniT or-ori cangia CarTuli 

mimdevrobiT hidrocilindrebis damqaC da svetebze gaTvaliswinebul 

damWer saSualebebze. 

gumbaTis Sualedur etapze awevis procesi naCvenebia nax. 21, 

b-ze. 

gumbaTis saproeqto niSnulze awevis Semdeg svetebze vaduRebT 

konsoluri koWebis qveS ganlagebul liTonis sartyelebs, 

mibrjeniT, xolo wriuli koWis qveS damWer liTonis svetebs. 

 
2.3.1. didmaliani gadaxurvis agebis teqnologia 

cnobilia didmaliani anakrebi gadaxurvebis agebis xerxi. 

aseTi xerxiT SeiZleba aigos iseTi konstruqciebi, rogoricaa 

koWebi, wamweebi, brtyeli da mzidi sivrciTi gadaxurvebi, 

anakrebi gumbaTis, TaRebis da sxvaTa didgabaritiani Semadgeneli 

nawilebi. konstruqciis aweva xdeba vertikalur mimmarTvelze, 

magaliTad, hidroamwevi mowyobilobiT. maTi droebiTi damagreba 

SesaZlebelia awevis yoveli Semdgomi ciklis dasrulebaze (nax. 20). 

didmaliani gadaxurevebis agebis xerxi iTvaliswinebs 

montaJis adgilze, svetis mimdebared, ori sapirispiro 

mrudwiruli koWis nawilebis damzadebas da maTi boloebis 

saxsrulad damagrebas svetze, svetze amwevi bagirebis mowyobas 

da maTi boloebis mimagrebas koWebis aRniSnul nawilebze, 

koWebis nawilebis meore boloebis awevas pirveli boloebis 

saxsrebze SemobrunebiT gadaxurvis saboloo simrudis 

Sesabamisad da saxsruli SeerTebis gaxistebas. Semdeg xdeba 

koWebis awyoba da aweva svetze saproeqto niSnulamde. koWis 

awyoba da gadaxurvis mowyoba SesaZlebelia, rogorc awevis 

pirvel etapze, ise Sualedur da bolo etapebze (nax. 21). 
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nax. 20. 

 
nax. 21. 

 

SemoTavazebuli didmaliani gadaxurvis konstruqciis 

agebis teqnologia iTvaliswinebs nulovan niSnulze, maliT da 

bijiT momijnave, oTxi svetis nawilebis mowyobas, magaliTad, 

TiTo Sveleris da maT mimdebare sivrciTi konstruqciis 

mrudwiruli koWebis saerTo quslis mqone V-sebri konfiguraciis 

nawilebis damzadebas. amwe mowyobilobis _  hidrodomkratebis 

montaJs, koWebis nawilebis dadgmas hidrodomkratebze quslebiT 

da svetebis meore Svelerebis damontaJebas, or mopirdapire 

svetze damagrebul koWis V-sebri konfiguraciis nawilebs Soris 

wamwis saxiT Sesrulebuli rkinabetonis saketebis Camagrebas 
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gadaxurvis mTlianmaliani Sedgenili koWis asawyobad. 

analogiurad awyobil, bijiT momijnave svetebze Sedgenil 

mrudwirul koWebs aerTeben erTmaneTTan grZivi xisti elementiT 

sivrciTi konstruqciis misaRebad da aRniSnul sivrciT 

konstruqcias weven etapobrivad amwe mowyobilobiT saproeqto 

niSnulze (nax. 22, 23). 

 

nax. 22.Ddomkrati 

 

aRniSnuli modelis teqnikuri Sedegia didmaliani 

gadaxurvis konstruqciebis agebis gamartiveba, radgan yvela sxva 

SemTxvevaSi saWiroa moewyos xaraCoebi, rac arTulebs da 

aZvirebs mSeneblobis teqnologiur operaciebs da procesebs. 

SemoTavazebuli didmaliani gadaxurvis ageba xorcieldeba 

Semdegnairad: 

Senobis erTi biji Sedgeba oTxi momijnave svetisagan 1, 

TiToeuli sveti Sedgeba or-ori Svelerisagan 2, nulovan 

niSnulze yalibdeba mzaddeba gadaxurvis mrude koWebis 

nawilebi _ saerTo quslis mqone V-sebri konfiguraciis 

nawilebi 3 da wamwis saxiT Sesrulebuli rkinabetonis saketebi 
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4, aqve warmoebs maTi gamoSroba da saWiroebis SemTxvevaSi 

winaswari daZabva. konsolebze Zalebis Semcirebis mizniT V-

sebri nawilebis Stoebs erTmaneTTan aerTeben maRali simtkicis 

daZabuli armaturiT _ bagirebiT-5. gadaxurvis ageba iwyeba oTxi 

momijnave svetis mowyobiT Senobis malisa da bijis Sesabamisad, 

sadac amontaJeben svetebis TiTo Svelers 2, TiToeul SvelerTan 

aTavseben domkratebs 6 da maTze dgamen koWis gamyarebul V-sebr 

nawilebs 3, romlebic WanWikebiT 7 magrdeba domkratebze, Semdeg 

amontJeben svetebis meore Svelerebs ise, rom domkratebi eqceva 

Svelerebs Soris, maliT momjnave svetebze dadgmul V-sebr 

nawilebs 3 Soris xistad amagreben wamwis saxiT Sesrulebul 

saketebs 4, amiT sruldeba koWebis awyoba. bijiT momijnave 

svetebze analogiurad Sedgenil koWebs aerTeben erTmaneTTan 

grZivi xisti elementiT 8 sivrciTi konstruqciis misaRebad. 

aRniSnul sivrciT konstruqcias sweven safexurebad oTxi 

domkratiT 6 saproeqto niSnulze. awevis yoveli bijis gavlis 

Semdeg Svelerebze duRdeba sartyelebi 9, romlebsac eyrdnoba 

reversiulad moZravi domkratis calmxrivad moZravi sayrdenebi 10. 

aRweriul magaliTSi ganxilulia gadaxurvis oTx svetze 

dayrdnobili fragmentis agebis teqnologia. aseTi teqnologiiT 

SeiZleba aigos da aiwios gadaxurvisaTvis saWiro yvela 

danarCeni msgavsi fragmentebic. 

didmaliani gadaxurvis konstruqciebis agebis SemoTavazebuli 

teqnologia martivia ganxilul montaJis teqnologiebTan 

SedarebiT. 

 

2.3.2. gumbaTis awevis teqnologia 

 

gumbaTis awevis dros gansakuTrebuli yuradReba eTmoba, 

rogorc calkeuli operaciebis, ise mTlianad, mTeli procesis 

warmoebis saimedobas. 

wina paragrafSi aRniSnuli, VI etapis samuSaoebis 

damTavrebis Semdeg, yvela svetis Svelerebs Soris ganlagebul 
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radailuri, koWis konsolebis ankerebze, romlebic gumbaTis 

dabetonebis dros iyo maTSi Catanebuli, magrdeba gorgolaWebi. 

Tu svetis Semadgenel Svelerebs pirobiTad davnomravT, maSin 

pirvelze qvemoT vamagrebT hidrocilindrs, damWer saSualebebs 

_ sayrdenebs da zemo nawilSi gorgolaWs, xolo meore Sveleris 

Tavze saimedod da xistad magrdeba gvarli. 

hidrocilindrebis saSualebiT vawarmoebT gumbaTis awevas 

erTdroulad. domkratebis damqaCi saSualebebi da Svelerebze 

ganTavsebuli damWeri sayrdenebi gaTvaliswinebulia wyvili 

cangebis mimdevrobiT muSaobaze, rac uzrunvelyofs awevis 

procesis garantirebul saimedobas. 

 

nax. 23. 
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domkratebi aRWurvilia diferencrebul reJimSi momuSave 

hidrosarqvelebiT da mierTebulia wriuli milsadeniT samarTav 

pultTan, amitom isini muSaoben ziari WurWlebis principiT 

kontrolirebad reJimSi da uzrunvelyoven gumbaTis Tanabar, 

erTdroul da toli safexurebiT awevis teqnologias. 

 

nax. 24. damqaCi da damWeri cangebi 

 

rasakvirvelia gumbaTis awevis momentSi svetebis 

horizontaluri sartyelebi, romlebic WanWikebiT akavSirebs 

svetis wyvil Svelers da eRobeba konsoluri koWebis 

vertikalur gadaadgilebas, droebiT ixsneba da aucilebelia am 

kavSirebis aRdgena gumbaTis momdevno safexurze awevis Semdeg. 

geodeziuri samuSaoebis gaiolebis mizniT, uSualod 

svetebze iqneba msxvil masStabSi datanili niSnulebi, rac garda 
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samarTavi pultisa, saSualebas gvaZlevs vizualurad vamowmoT 

awevis mTeli procesi. 

aseve sapasuxismgeblo procesia damqaC da damWer saSualebebze 

cangebis gvarlidan SemTxveviTi asxletvis Tavidan acileba, an 

muSaobaSi maTi “ar CarTvis~ gamoricxva, rac iSviaTad, magram 

mainc gvxvdeba praqtikaSi (nax. 24). 

aRniSnuli movlenebis Tavidan acilebis mizniT cangebs 

gaukeTda garkveuli modernizacia, kerZod maT korpusze moiWra 

marcxena xraxni da damzadda Sesabamisi qanCi (cnobisaTvis 

cangebis saxuravs gaaCnia marjvena xraxni). 

qanCebis moWera uzrunvelyofs mimdevrobiT CarTuli 

wyvili cangas erTdroul muSaobas, rogorc damqaC, ise damWer 

saSualebebze da gamoricxavs yovelgvar SemTxveviTobas. 

 
2.3.3. didmaliani gumbaTovani gadaxurvebis montaJis 

teqnikur-ekonomikuri maCveneblebi 

 

teqnikuri maCveneblebi: saerTo farTobi _ 6912 m2, aqedan 

gumbaTisqveSa farTobi _ 5652 m2, konsolisqveSa farTobi _ 1260 m2, 

or iarusiani wriuli antresolis farTobi _  5040 m 2. gumbaTis 

diametri  60 m, gumbaTis sayrdeni svetebis simaRle nulovani 

niSnulidan 10m, konsolis gadmoSvera 7 m, gumbaTis da konsolis 

radialuri wiboebis betonis moculoba  525 m3, armaturis xarji  

95 t, svetebis liTonis konstruqciebis wona 64,8 t saZirkvlebis 

betonis moculoba  240 m3, armaturis xarji  35 t. 

monoliTuri rkinabetonis gumbaTis agebis ekonomikuri 

maCveneblebi (cxrili 2 da 3): 

saerTo RirebulebaSi ar Sedis antresolebis mowyobis 

Rirebuleba. 

amrigad, axali teqnologiiT didmaliani rkinabetonis 

gumbaTis agebis ganxorcielebisas ekonomiuri efeqti absolutur 

maCvenebelSi Seadgens 448,5 aTas lars. Tu gumbaTis sayrdeni 

svetebis simaRles gavzrdiT 10-dan 15 m-mde, maSin absoluturi 

ekonomiuri efeqti iqneba 785 aTasi lari. 
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cxrili 2 

tradiciuli teqnologiiT, xis qargilebiT motaJisas 

dasaxeleba raodeboba 
fasi, 
aTasi 
lari 

montaJis 
Rirebuleba, 
aTasi lari 

sul, aTasi 
lari 

gumbaTi     
gumbaTi, konsoliT 525,0 m3 50,0 15,7 67,7 

armatura A-III klasi 95,0 t 85,8 8,2 94,0 

xis qargilebi 2450,0 m3 392,6 156,0 548,6 
     sul           709,3 

saZirkvlebi     

betoni B20 klasi 240,0 m3 20,4 7,2 27,6 

armatura A-III klasi  35,0 31,6 2,3 33,9 

sul            61,5 
svetebi     
profilirebuli liToni 64,8 t 69,66 41,8 111,46 

sul           882,2 
                                  damatebiTi Rirebulebis gadasaxadi 20%          176,4  

12% sxva gadasaxadebi           88,4 
sul          1147,0 

samSeneblo operaciebisa da procesebis saerTo xangrZlivoba: 42-48 Tve 
 

 

cxrili 3 
axali teqnologiiT 

dasaxeleba raodeboba 
fasi, 
aTasi 
lari 

montaJis 
Rirebuleba, 
aTasi lari 

sul, aTasi 
lari 

gumbaTi     
gumbaTi, konsoliT 525,0 m3 50,0 15,7 67,7 

armatura A-III klasi 95,0 t 85,8 6,7 92,5 

miwis da RorRis momzadeba 6400,0m3 50,0  50,0 
jojgina amwis modernizacia 
mosaSandakeblad 

  
48,0 48,0 

asfaltis fenis dageba 220,0 m3 22,0 13,0 35 
gumbaTis aweva   63,0 63,0 

     sul           356,2 
saZirkvlebi     

betoni B20 klasi 240,0 m3 20,4 7,2 27,6 

armatura A-III klasi  35,0 31,6 2,3 33,9 

sul            61,5 
svetebi     
profilirebuli liToni 64,8 t 69,66 41,8 111,46 

sul           529,16 
                                  damatebiTi Rirebulebis gadasaxadi 20%          105,8  

12% sxva gadasaxadebi           63,5 
sul          698,5 

samSeneblo operaciebisa da procesebis saerTo xangrZlivoba: 9-12 Tve 

 

 
didmaliani sivrceebis gumbaTovani gadaxurvebis 

rkinabetonis konstruqciebis teqnikur maCveneblebSi moyvanili 

masalis xarji gansazRvrulia maTi, rogorc erTiani Rerovan-

garsuli sistemis gaangariSebis Sedegebis safuZvelze. 
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gaangariSeba Catarda saangariSo kompleqsi 9,0-s meSveobiT, 

vertikalur mudmiv datvirTvebze, awevis procesSi samontaJo 

datvirTvebze, rvabalian seismur zemoqmedebaze da 70,0 kpa 

sididis qaris dawolaze. 

garsis realuri deformaciuli suraTisa da misi zidvis 

unaris dadgenis mizniT damatebiT iqna Catarebuli gaangariSeba 

garsis tanSi ganviTarebuli drekad-plastikuri deformaciebis 

gaTvaliswinebiT. 

 

2.3.4. wriul-wibovani gumbaTis konstruqcia 

bolo aTwleulis samSeneblo mrewvelobaSi SeiniSneba 

axali samSeneblo masalebis _ erTdroulad sxvadasxva saxis 

xis, plastmasis, liTonis ufro farTo da aqtiuri gamoyeneba. 

moyvanilia masStaburi sivrculi konstruqciebis daxasiaTeba, 

romelic aSenebulia bolo dros sxvadasxva qveynaSi. 

arsebuli da dagegmili gumbaTebis da maTTan 

dakavSirebuli mTavari konstruqciuli ideebis ganviTarebis  

etapebis (romlis mixedviTac gumbaTovan gadaxurvebSi Seiqmna) 

gasaanalizeblad  ganxilulia maTi Seqmnis da srulyofis 

ZiriTadi istoriuli periodebi. 

gare da Sida formisa da racionaluri konstruqciis 

erToblioba gamoxatuli iyo Zveli saberZneTis sakulto 

nagebobebSi. yvelaze SesaniSnav Zeglebs Soris gamoirCeva 

peripteris tipis filipeioni, aSenebuli 337 338 a.w.a. olimpiaSi. 

SemdegSi gumbaTebis da gumbaTuri saxuravebis sistemebma 

ganviTareba hpova romis imperiis nagebobebSi. romauli stilis 

gumbaTovan saxuravebSi gazrdilia mali _ 41,65 m-mde. aRsaniSnavia, 

rom sivrce gumbaTis qveS unda gvagonebdes sibrZnis brolis 

ciskamaras da unda axdendes emociur zemoqmedebas mayurebelze. 

malis gazrdis aucilebloba stimuls aZlevda Zvel 

xuroTmoZRvrebis Semoqmedebas, radgan gumbaTur saxuravs (safars) 

hqonda uaRresad damoukidebeli mniSvneloba. warmoiSva wibovani 

gumbaTis variantebi, sadac wiboebi ganlagebulia rgoluri da 
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meridianuli mimarTulebiT, mag, rogoric aris panTeonis (125 

a.w.a.) gumbaTi. gumbaTis diametria 43,5 m, simaRle _ 42,75 m. 

gansakuTrebuli arqiteqtoruli gamomsaxvelobiT da 

konstruqciis originalobiT gamoirCeva gumbaTisebri saxuravi 

(safari). aRmosavleTis qveynebSi, kerZod iranSi, TurqeTSi, 

egvipteSi da a.S., sadac maT farTo gamoyeneba hqonda. 

did interess warmoadgens kamara gumbaTisebri saxuravi 

(safari) saqarTveloSi. saqarTvelos uZveles Zeglebs Soris 

SeiZleba gamovarCioT iseTi SesaniSnavi Zegli, rogoricaa jvris 

taZari q. mcxeTaSi, aSenebuli 624-63 w. es aris sivrculi 

oTxpiloniani sistema rvawaxnagovani TaRiT. 

687-691 ww. ierusalimTan aRimarTa SesaniSnavi gumbaTi 

kumbbatis-saxra, gumbaTis diametria 20,4 m.  

1212 w. kairoSi aSenda mavzoleumi aS-Safia. es Zegli 

miekuTvneba msxvil memorialur gumbaTebs, diametriT 15 m, 

stalaqtitis afrebze. 

kamarisebri formis xis saxuravs (safars) farTod 

iyenebdnen rusuli klasicizmis ostatebi. saintereso nimuSebi 

SeiZleba vixiloT q. puSkinSi aleqsandres sasaxleSi (arq. kvarengi). 

gumbaTovani konsruqciebis istoriulma ganviTarebam da 

srulyofam ganapiroba maTi wonis Semcireba, mobilurobis 

amaRleba, Sekrebadoba, arqiteqtoruli gamosaxva, malis gazrda 

da kompoziciuri masalebis gamoyeneba. amis magaliTia wibovani 

konstruqciis cirkis gumbaTi q. ivanovoSi, diametriT 50 m. 

rostovis olqSi, kamenskis raionSi 1982 w. aSenda sawyobi, 

romlis safarsac aqvs segmenturi forma da warmoadgens 

mravalwaxnagovan gumbaTs Semdgars webo-faneris filebisgan 

diametriT 26,15 m. 

gumbaTis konstruqciis srulyofisaTvis bolo varaudebi 

Sedgeba: winaswari daZabvis xerxebisagan da ormagi garsis 

arsebobiT. 

xis gumbaTuri safari (saxuravi) farTod gamoiyeneba aSS-

Si, sadac gumbaTis diametri aRwevs 162 m., mag. olimpiuri 
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sawvrTneli komleqsi aSenebuli q. takomaSi, romelsac aqvs 

msoflioSi yvelaze didi diametri webovani merqanisagan. 

naSromebis mimoxilva migviTiTebs gumbaTebis konstruqciis 

srulyofis istoriaze. 

qvis gumbaTebi ZiriTadad ganicdian kumSvis daZabulobas, 

daWimvis Zala ki aiTviseba kedlebiTa da sayrdeni rgoliT. 

gumbaTebs marqanisgan aqvs mTeli rigi upiratesoba: naklebi 

wona, farTobis erTeuli konstruqciuli formis da Sesrulebis 

mravalsaxeoba, maRali mobiluroba, Sekrebadoba, Sida 

daZabulobis regulirebis farTo SesaZleblobebi. 

brunviTi garsebis gaangariSebis cnobili meTodebis mokle 

mimoxilvaSi, (gamoyenebuli wriul-wibovani gumbaTisaTvis) 

miTiTebulia gumbaTis geometriuli formis Taviseburebaze, 

romelic gamoixateba imaSi, rom meridianul mruds aqvs texili 

moxazuloba. simrude meridianuli mimarTulebiT ganicdis 

naxtom cvlilebas, anu gaglejas (garRvevas). 

geometriuli parametrebis mskdomi xasiaTi iwvevs Sida 

Zalebis da momentebis ganawilebis wyvetas. isini swrafcvladia 

gare datvirTvis Tanabari ganawilebis SemTxvevaSic. 

amasTan dakavSirebiT mocemulia Zabvis koncentraciis 

(gamowveuli simrudeebis wyvetiT) Sefasebis meTodebi. es aisaxeba 

antonenkos, anisimovas, garnenkos, Sapovalovas, Sarapovas da sxv. 

naSromebSi. 

am jgufis amocanebisTvis Zalze efeqturia asimptoturi 

meTodi, ganviTarebuli aRniSnuli avtorebis naSromebSi. 

kompaqtur da amavdroulad sakmaod zust amoxsnas iZleva 

sxvadasxva gamartivebuli gantolebebis gamoyeneba nawili 

gamoyofili umomento mdgomareobiT da kiduri efeqtiT 

cnobilia selskis da lurigis naSromebi am mimarTulebiT. 

mixailovis da Cunaevis naSromebSi aRwerilia axali 

perspeqtiuli midgomis varianti. 

 ganxiluli sistemebis texili meridianiani  brunviTi 

garsis gaangariSebis axali perspeqtiuli midgomis varianti 
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dafuZnebulia specialuri wyvetilad cvalebadi funqciis 

SemotaniT, rac arsebiTad amcirebs gamoTvlis algoriTms. 

aRwerilis gaTvaliswinebiT Camoyalibda kvlevis Semdegi 

gamokvlevis amocanebi: 

1. gumbaTis elementebis saimedoobis (adgilobrivi efeqtebis da 

eqsperimentuli gamokvlevis gaTvaliswinebiT) Sefasebis 

Teoriuli meTodebis damuSavebis Sedegad miRebuli midgoma, 

romelic mogvcems SesaZleblobas davadginoT gumbaTovani 

safaris optimaluri konstruqciuli zomebi SeerTebebis da 

gareSemosvis gaTvaliswinebiT. 

2. gumbaTis eqsperimentuli kvlevis Catareba modelze sxvadasxva 

saxeobis datvirTvisaTvis. 

viTardeba gumbaTis gaangariSebis miaxloebiTi da 

dazustebuli meTodebi. Tavidan gumbaTi ganixileba rogorc 

meridianul-wibovani garsi. miaxloebiTi midgoma dafuZnebulia 

umomento Teoriis gantolebebis sawyisi gamoyenebiT. 

aRwerilia eqsperimentuli gumbaTovani safaris konstruqcia 

da gamocdebis meTodi. 

moyvanilia kvlevis Sedegebi eqsperimentuli monacemebis 

damuSavebis statistikuri meTodebis gamoyenebiT. 

gamokvlevebi Sesrulebuli iyo gumbaTis modelze, 

romelsac gegmaSi hqonda rvakuTxa forma, Caxazuli wrexazSi 

diametriT 3 m. safari Sesrulebulia wibovan-rgolisebri 

gumbaTis saxiT, simaRliT 1 m da radiusiT 1,5 m. 

am konstruqciis mTavari gansxvaveba analogebisagan: aq 

gamoyenebulia webo-faneris milebi sxvadasxva donis daZabviT; 

gvaqvs SesaZlebloba sxvadasxva moxazulobis gumbaTebis Seqmnis, 

gamoviyenoT originaluri kvanZovani SeerTebebi liTonis baliSebis 

meSveobiT, romlebic uzrunvelyofen drekad-saxsrovan SeerTebebs. 

gumbaTis mTavari mzidi konstruqciebi, vertikaluri 

mimarTulebiT, aris 8 wriuli moxazulobis meridianuli wibo. 

diametrulad ganlagebuli wiboebi wyvilad qmnian 4 samsaxsrian 

TaRs. 
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wiboebi-meridianebi Sesrulebulia webo-faneris milebisgan 

diametri 65 mm da 5 mm sisqis. webo-faneris milebis SigniT 

gayvanilia 8 mm diametris foladis Wimebi. 

horizontaluri mimarTulebiT gadamtani konstruqciebi 

warmoadgenen rgolebs 8 mm diametris foladis Semkvrelebis 

saxiT. gumbaTis wverze wiboebi SeerTebulia 0,32 mm diametris 

faneris rgoliT. zeda sayrden rgols aqvs mrgvali moxazuloba 

is muSaobs Runvaze, grexze da aiTvisebs SekumSvis Zalvebs. qveda 

sayrden rgols aqvs rvakuTxa moxazuloba (is SeiZleba iyos 

mrgvali, mravalkuTxa moxazulobis, rkinabetonis, liTonis an 

xis) da miiRebs gaWimvis Zalvebs. 

kvanZovani SeerTebebisTvis gamoyenebulia specialuri 

liTonis baliSebi, sadac Casmulia qanCebiani da winaRqanCebiani 

RerZebi Sida Reroebis daWimvisTvis. 

daWimva SeiZleba Sesruldes (ganxorcieldes) qanCebis da 

winaRqanCebis meSveobiT. Sida Reroebis daWimva gvaZlevs sixistis 

regulirebis saSualebas. 

deformaciis gazomvis mizniT gamoyenebuli iyo aistovis  

tenzometri TA-2 da tenzogadamwodi 0,01 mm danayofis fasiT. 

tenzometris bazis zoma miRebulia 1=160 mm. 

dasmuli amocanis Sesabamisad statikuri gamokvlevebis 

programa moicavda gumbaTis datvirTvis sam cikls. modelis 

datvirTva warmoebda kvanZebSi Seyursuli datvirTviT. kvanZebSi 

datvirTvis Sesaqmnelad Camatebulia specialuri sakidebi, 

romelzedac ewyoboda aTsafexuriani datvirTvisgan. amave dros 

TiToeuli safexuri warmoadgenda datvirTvis saangariSo 

mniSvnelobis 15%. yoveli safexuris modebis Semdeg modeli 

Cerdeboda 30 wuTis ganmavlobaSi. am nimuSebze ganisazRvra 

yvela masalis drekadobis moduli: webofanerovani milebis, 

liTonis baliSebis da Semkvrelebis. gamocdis Sedegebis 

mixedviT gamoTvlili iqna sxvadasxva mniSvnelobis “SefardebiTi 

datvirTvis~ FP  gadasvlis koeficientebi, P _ nimuSze miRebuli 

datvirTva, F _ nimuSis kveTis farTobi. eqsperimentis monacemebis 
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statistikuri  damuSavebis Semdeg miRebuli iqna: ix  _ gadasvlis 

koeficientis saSualo mniSvneloba TiToeul mocemul datvirTvaze; 

iR  _ gaqneva, e.i. gadasvlis koeficientis maqsimaluri da 

minimaluri mniSvnelobis sxvaoba mocemuli datvirTvisTvis. 

Semdeg Semowmda ekuTvnis Tu ara ix -s saSualo mniSvneloba, 

gamoTvlili sxvadasxva sididis SefardebiTi datvirTvaze, erT 

generalur erTobliobas. saSualo mniSvnelobebis Sedareba 

xdeba linkis da uolesis mixedviT, amave dros nul-hipoTeza 

saSualoebis Tanasworobis Sesaxeb ugulvebelyofilia, Tu 

                 KT
Rx

xnR

i

i 


)(
,                       (30) 

sadac n _ gadasvlis koeficienti gazomvis raodenoba TiToeuli 

gazomvebis erTobliobisTvis da TiToeuli datvirTvis 

SefasebiT sididisaTvis )10( n , iRx  _ gadasvlis koeficientebis 

mniSvnelobebis gaqneva sxvadasxva sididis datvirTvisaTvis, K _ 

mocemuli jgufebis (datvirTvebisTvis) raodenobis kritikuli 

mniSvnelobaa 3m , da Secdomebis albaTobaa 05,0 . eqsperimentis 

Sedegebis mixedviT modulis deformaciis gansazRvrisaTvis 

gamoyenebuli iyo umciresi kvadratebis meTodi. polinomis 

asagebad, romelic sakmaod mWidrod aproqsimirebda funqcias 

)(2 jPfE  . 

aproqsimirebuli polinomi ganisazRvra fiSeris kriteriumiT, 

magram, rogorc wesi SeiZleba SevizRudoT meore xarisxis 

polinomiiT. 

0
2

2
2

12 aPaPaE jj  .                     (31) 

am dros deformaciis sawyisi moduli 0E  ganisazRvreba  

0jP , 00 aE  . 

miuxedavad gardauvali Secdomebisa gamoTvlis procesSi, 

sanam gamoviyenebT formula (20) gazomvis sidideebi aucilebelia 

mogluvdes. amisaTvis Sedga boqs-benenis gegma oTxfaqtoriani 

eqsperimentisTvis, am SemTxvevaSi damoukidebeli faqtorebi iyo   
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wertilis koordinatebi modelis zedapirze, da faqtorebs 

Soris kavSiri aproqsimirdeboda kvadratuli modeliT (4.3) 

  
 


k

i

k

j
jiijk bb

1 1
0  .                       (32) 

aq k  gadaadgilebis sidideebis gamomavali parametrebia 

Seyursuli datvirTvis dros; 

      ji  ,  _ faqtorebi ),,( zyx ; 

      ib modelebis parametrebi (regresiis koeficientebi); 

   k _ faqtorebis raodenoba. 

maTematikuri aparati, romelic gvaZlevs saSualebas 

ganvsazRvroT damokidebuleba (4.1), warmoadgens mravalfaqtorian 

regresiul analizs, romlis gamoyenebiT eqsperimentuli 

wertilebis mixedviT vpoulobT analitikur damokidebulebas. 

statistikuri damuSavebisaTvis gamoyenebuli iyo (cotaodeni 

cvlilebebiT) safexuriani (bijuri) regresiuli analizis 

programa REGR-1, romelic saSualebas gvaZlevs SevafasoT 

polinomis yvela Seyvanili wevris gavlena. programa REGR-1 iqna 

gardaqmnili imisaTvis, rom mocemuli sawyisi monacemebis 

mixedviT regresiis gantolebaSi arawrfivi wevrebi miviRoT. 

gamosakvlevi faqtorebis statistikuri maxasiaTeblebi mocemulia. 

regresiuli gantolebis eqsperimentul monacemebTan 

adekvaturobis Sefaseba Sesrulebulia fiSeris F _ kriteriumi 

regresiis yvela koeficienti mniSvnelovania stiudentis t _ 

kriteriumis mixedviT 0,99 uzrunvelyofiT (sarwmuno albaTobiT). 

modelis deformaciis modulis miRebuli Sedegebis 

aproqsimireba warmoebda umciresi kvadratebis meTodiT F _ 

xarisxis polinomiT, polinomis xarisxi dawyebuli pirvelidan 

TandaTanobiT izrdeboda. yovel nabijze gamoiTvleboda 

dispersia fiSeris kriteriumiT, ganisazRvreboda polinomis 

xarisxis sakmarisoba. 

disertaciis danarTebSi moyvanilia gamoTvlili 

deformaciebis da gadaadgilebebis cxrilebi. 
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normaluri mogluvebuli gadaadgilebebis safuZvelze 

agebulia mrudebi, romlebic ilustrireben modelis 

gadaadgilebebis cvlilebas datvirTvis zrdis dro. 

warmodgenilia Teoriuli da eqsperimentuli gamokvlevebis 

Sedareba, Camoyalibebulia rekomendaciebi wriul-webovani 

gumbaTis gaTvlis Sesaxeb, Sedgenili Semkvrelebiani webovan-

faneris milebisagan. 

gamocdebis Sedegebi damuSavda maTematikuri statistikis 

da albaTobis Teoriis meTodebis mixedviT. datvirTvis yvela 

sqemisaTvis da datvirTvis safexurebisaTvis warmoebda Teoriuli 

da eqsperimentuli monacemebis Sedareba. eqsperimentuli da 

Teoriuli gamoTvlebis Sedegebi moyvanilia nax. 3-4. 

miRebuli Sedegebis Sedarebam gvaCvena, rom eqsperimentuli 

gamokvlevebi emTxveva (mTlianobaSi)  gamoTvlils. amgvarad 

dasturdeba utyuaroba  SemoTavazebuli meTodiT gaangariSebisa. 

Gansxvaveba aixsneba  Semdegi mizezebiT: 

 realuri kiduri pirobebi ar emTxveva gaangariSebebSi 

miRebuls; 

 gamosacdel realur obieqts praqtikulad yovelTvis aqvs 

sxvadasxva gadaxra Teoriuli zomebisgan. 

Teoriuli da eqsperimentuli monacemebis analizi 

gvaCvenebs, rom saSualod isini gansxvavdebian 1-24%. CaRunvebi 

aRmoCnda 8%-iT Teoriulze meti Sualed da zeda damakavSirebel 

kvanZebSi. es SeiZleba avxsnaT arasakmarisi sixistiT kvanZur 

SeerTebebSi, Sida Semkvrelebis arasakmarisi daWimvis dros. amis 

garda gvaqvs mniSvnelovani gafantva milebis masalis fiziko-

meqanikuri maxasiaTeblebis gansazRvris dros da SesaZlo 

cdomileba torsis saerTo moTelvis gamo. 

Zalvebi meridian-TaRebSi gamoTvlilia daaxloebiT 20%-iT 

naklebia im Zalvebze romlebic iyo gansazRvruli rogorc 

waWeriani TaRisTvis. 

ufro zusti damTxveva arsebobs simetriuli datvirTvis 

SemTxvevaSi. es SeiZleba aixsnas asakravis arasrul zemoqmedebiT 
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mTliani konstruqciis deformaciaSi misi CarTvis dros. Zalvebi 

Reroebis gaswvriv ganawilebulia sakmaod Tanabrad. mRunavi 

momentebi ReroebSi warmoiSveba  sayrden zonaSi, sadac arsebobs 

kiduri efeqti. 

kvanZuri SeerTebebis damyoloba aris mizezi imisa, rom 

TiTqmis yvela horizontaluri daWimva aRmoCnda gaWimuli 

gaWimvis Zalvebi 15%-iT naklebi Teoriul monacemebze. 

Sesrulebuli gamokvlevebis safuZvelze Camoyalibebulia 

gumbaTebis konstruqciis gaangariSebisa da daproeqtirebis 

rekomendaciebi. zemo moyvanili Teoriuli da eqsperimentuli 

gamokvlevebis Sedegebi gviCvenebs, rom gumbaTovani sivrculi 

safari, Semdgari milebis elementebisgan, arian rTul daZabul-

deformirebul mdgomareobis pirobebSi, sadac arsebobs Zvraze 

damyoli Sualeduri zedapiris da wiboebis texilebi da 

Sevsebebi. 

amitom aseTi safaris gaangariSeba unda warmoebdes sakmaod 

zusti meTodebis gamoyenebiT. erT-erTi aseTi meTodi 

SemoTavazebulia am naSromis me-2 TavSi. texilebiani da 

wiboebiani gumbaTovani gadaxurvis ganxorcielebisaTvis. 

damzadebis dros yuradReba unda mieqces kvanZovan SeerTebebs, 

romlis damyolobis xarisxi damokidebulia liTonis Reroebis 

daZabvaze, damzadebis sizusteze, damakavSirebeli elementebis 

kveTebze. es damyoloba SeiZleba gansxvavdebodes sxvadasxva 

kvanZebisTvis. kvanZebis sixistis optimaluri Tanafardoba 

ganisazRvreba disertaciaSi moyvanili gamoTvlis programiT. 

Semosvis damagreba wiboebze SeiZleba iyos damyoli an xisti. 

damyolobis xarisxi SeiZleba iyos sxvadasxva. optimaluri 

Tanafardoba ganisazRvreba agreTve gamoTvlis programiT. 

Semosvam SeiZleba imuSaos rogorc damoukidebelma 

elementma, agreTve konsruqciis SemadgenlobaSi. 

gansakuTrebuli yuradReba unda mieqces konturul wiboebs. 

maTi sidide ganisazRvreba agreTve programuli gaangariSebis 

safuZvelze.   
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2.4. teqnologiuri saimedoobis Sefaseba 

 

saimedoobis miaxloebiTi gamoTvla warmoebs im varaudiT, 

rom yvela erTi tipis elementi, Tu operacia Tanabrad 

usafrTxoa, e.i. maT aqvT mtyunebis erTnairi intensivoba, 

saSualostatistikuri  mniSvnelobis toli. 

sivrculi konstruqciebis asawyobi elementebis damzadebisa 

da montaJis teqnologiuri operaciebisaTvis aseve varaudi 

sruliad dasabuTebulia, ramdenadac yvela erTi tipis operacia 

unda sruldebodes moqmedi normatiuli dokumentebis 

(standartebis, teqnikuri pirobebis, teqnologiuri rukebis) 

Sesabamisad. 

amgvarad, teqnologiuri procesis saimedoobis miaxloebiT 

gamosaTvlelad saWiroa masSi teqnologiuri operaciebis 

Semadgenlobis, maTi raodenobisa da gaumarTaobis intensivobis 

saSualostatistikuri mniSvnelobis codna, TiToeuli saxis 

teqnologiuri operaciis Sesrulebisas. 

mtyunebis intensivobis mniSvnelobebi SeiZleba miRebul 

iqnas sivrculi konstruqciebis agebaze samuSaoTa Sesrulebisas, 

xarisxis moTxovnaTa darRvevebis da normidan sxva gadaxrebis 

monacemTa statistikuri analizis safuZvelze. teqnologiur 

procesebSi operaciaTa Semadgenloba da raodenoba SeiZleba 

gamoiTvalos, calkeuli konkretuli SenobisaTvis, saproeqto 

dokumentebis mixedviT. amgvarad, teqnologiuri saimedoobis 

Sefaseba SeiZleba axali konstruqciul-teqnologiuri 

gadawyvetilebebis daproeqtebis sawyis stadiaSi. rac saSualebas 

miscems, Sefasdes SerCeuli gadawyvetilebis saimedoobis 

konkretuli mniSvneloba, raTa moinaxos varianti, prototiebTan 

SedarebiT, gaumjobesebuli maCveneblebiT. 

saimedoobis Sefaseba mizanSewonilia warmoebdes ramdenime 

operaciisagan Semdgari sxvadasxva teqnologiuri procesisagan 

gancalkevebiT (magaliTad, radialuri SemakavSirebeli armaturis 

montaJi, horizontaluri armaturuli kavSirebis gaerTianeba, 
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vertikaluri pirapiris damonoliTeba da sxva). Semdeg Sefasdes 

ramdenime damoukidebeli procesisagan Semdgari kompleqsis 

Sesrulebis saimedooba. am procesebis Sesrulebas mohyveba 

Senobis raime konstruqciuli nawilis dasruleba. saimedoobis 

miRebuli Sefaseba daaxasiaTebs samuSaos Sesrulebis procesSi 

pirapiris xarisxis mocemuli donis miRwevis albaTobas. 

aseTi midgomiT SesaZlebelia daproeqtebis procesSi 

sxvadasxva variantis ara marto SromiTi danaxarjebis pirdapiri 

sididis mixedviT Sedareba, aramed SesaZleblobis mixedviT 

xarisxis saWiro donis miRweva, saimedoobis mxriv teqnologiuri 

operaciebis agebis racionaluri struqturis gamovlena, 

aucilebeli koreqtivebis Setana. 

eqspluataciis stadiaSi Senobis funqcionirebisagan 

gansxvavebiT, rodesac amoqmedebulia yvela konstruqciuli 

elementi, teqnologiuri procesebis Sesruleba mSeneblobis 

dros ar xdeba uwyvetad nagebobis mSeneblobis mTeli periodis 

ganmavlobaSi. dros sxvadasxva intervalSi sruldeba xan erTi, 

xan meore teqnologiuri procesi. rogorc cnobilia, saimedoobis 

gamosaTvlel formulaSi Sedis im sistemis funqcionirebis dro, 

romlis saimedoobis kvlevac xdeba, amitom, yoveli 

teqnologiuri procesis swori SefasebisaTvis, aucilebelia misi 

ganxilva ara Senobis agebis mTeli periodis ganmavlobaSi, 

aramed drois mxolod Sesabamis periodebSi. 

sxvadasxva teqnologiur procesSi mtyunebis, rogorc 

damoukidebeli movlenis ganxilvisas, nagebobis mSeneblobis 

mTeli sistemis funqcionirebis saimedooba agebis droisaTvis 

ganisazRvreba, rogorc TiToeuli teqnologiuri procesis 

Seuferxebeli Sesrulebis albaTobebis namravli: 





n

i
ii tPtP

1

)()( ,                            (33) 

sadac it  i-uri teqnologiuri procesis Sesrulebis drois 

intervalia;  

        iP - i-uri teqnologiuri procesis Sesrulebis saimedooba. 
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TiToeuli teqnologiuri procesisaTvis, Sesabamisi 

ganawilebis kanonis Tanaxmad, unda Caiweros maaproqsimirebuli 

Teoriuli mrudis gantoleba. 

seismomedegi sivrculi nagebobis teqnologiuri saimedoobis 

gansazRvris amocana maTi agebisas ramdenadme gansxvavdeba 

eqspluatirebuli Senobis saimedoobis gansazRvris amocanisagan. 

Senobis eqspluataciisas mtyunebaTa gamoCena, anu misi gasvla 

zRvruli mdgomareobidan, dakavSirebulia adamianebis sicocxlis 

safrTxesTan. teqnologiuri saimedooba dakavSirebulia Senobis 

mSeneblobis sakmaod mokle periodTan (ramdenime Tve), romelic 

sruldeba nagebobebis eqspluataciaSi im maCveneblebiT 

CabarebiT, romlebic eqspluataciis xangrZliv procesSi (100 

weli da meti) saWiro saimedobis miRwevis garantias iZleva. 

mSeneblobis dros Seferxebis warmoSobas, an Tundac uecar 

srul mtyunebasac ki ar mosdevs adamianTa msxverpli, amitom 

nagebobaTa teqnologiuri saimedoobis kvlevisas is SeiZleba 

ganvixiloT rogorc aRsadgeni nakeToba wminda ekonomikuri 

pasuxismgeblobiT. oRond unda gvaxsovdes, rom kvlevis mizans 

warmoadgens ara imdenad mSeneblobis dros mtyunebebis 

raodenobis, anu mtyunebebis nakadis intensivobis Semcireba, 

ramdenadac saboloo Sedegi nagebobis eqspluataciaSi Cabareba, 

misTvis potenciurad miniWebuli saimedoobiT. samuSaoTa 

warmoebis dros normebidan gadaxriT gamowveuli mtyunebaTa 

nakadis Semcireba warmoadgens ekonomikur amocanas, romlis 

mizanic Sromis danaxarjebis Semcirebaa. naTqvamis sailustraciod 

SeiZleba warmovadginoT sruliad realuri situacia, rodesac 

didi saeqspluatacio saimedooba miiRweva ufro didi raodenobis 

aRmofxvradi marcxebis da aRdgenadi mtyunebisas, vidre mcire 

raodenobis gaumarTaobebisas, romlebic ar eqvemdebareba 

aRdgenas. sakiTxis amgvarad dayenebis SemTxvevaSi, saimedoobis 

amocana wminda ekonomikur xasiaTs iZens da SeiZleba 

gamokvleul iqnas optimaluri gadawyvetilebebis gamoZebnis 

arsebuli meTodebiT. miT umetes, SeiZleba gamoyenebul iqnas 
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meTodebi, romlebic gamosadegia nagebobaTa saimedoobis 

kvlevisaTvis adamianebis usafrTxoebis uzrunvelyofis 

gaTvaliswinebiT. 

nagebobis maqsimalurad misaRebi myari saimedoobis 

gamosaZebnad, xalxis permanentuli koncentraciis pirobebSi, 

mSenebare obieqtis konstruqciuli saimedooba SeiZleba 

amaRlebul iqnas wminda ekonomikuri mosazrebebis xarjze. 

amasTan, adamianis sicocxlis Rirebuleba ganixileba rogorc 

raime konstanta, romelic ar fasdeba fuladi gamoxatulebiT. 

aseTi midgoma sruliad gamarTlebulia rogorc sainJinro, ise 

zneobrivi TvalsazrisiTac da amitomac SeiZleba safuZvlad 

daedos teqnologiuri saimedoobis kvlevas im pirobiT, rom 

konstruqciuli saimedooba Senobis eqspluataciis dawyebis 

momentisaTvis Seadgens raRac mocemul sidides, ekonomikuri 

mosazrebebisagan damoukideblad. 

analizis arsi mdgomareobs imaSi, rom optimaluri 

teqnologiurobis Ziebis amosaval wertilad miiReba 

gadawyvetileba, romelic pasuxobs minimalur danaxarjebs 

teqnologiuri parametrebis Semdgomi variaciebiT, rac xels 

Seuwyobs saimedoobis gazrdas. 

 

 

2.5. rekomendaciebi rkinabetonis gumbaTebis  
konstruirebisTvis 

 
gadaxurvis konstruqciebSi yvelaze xSirad iyeneben garsebs, 

romelTa Sua zedapiri aRiwereba sferos, brunvis elifsoidis an 

wriuli konusis wrfis zedapiris gaTanabrebiT. konusuri 

gumbaTebi gamoiyeneba sawarmoebisa da samoqalaqo Senobebis  

gadaxurvebisaTvis mcire diametrebisas (30 m-mde). gamoirCeva ra 

samuSaos warmoebis simartiviT, isini naklebad ekonomiuria, 

vidre sferuli garsebi. gumbaTis awevis isari rekomendebulia 

aviRoT aranakleb garsis sayrdeni konturis diametris 1/10-sa. 
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rkinabetonis gumbaTebis an maTi elementebis armirebisTvis 

rekomendebulia A-II da A-III markis foladis Rerovani armaturis 

gamoyeneba, xolo sayrdeni rgolis winaswari moWimvisTvis _ 

maRali simtkicis Rerovani armaturis, mavTulovani armaturis, 

konebis, trosebis, wnulebis da a.S. gamoyeneba. gamoyenebul unda 

iqnes moTuTiebuli mavTulis wnuli, bagirovani, konovani da sxv. 

armatura. gumbaTis garsisTvis rekomendebulia aranakleb B20 

normatiuli winaRobis mZime betonis an aranakleb B15 

normatiuli winaRobis msubuqi betonis gamoyeneba. 

gare hidroizolaciis gareSe arsebuli gumbaTebisTvis 

rekomendebulia mZime betonis gamoyeneba wyalgaumtarobis markiT 

aranakleb B8-sa. aseTi konstruqciebis betonSi bzarebi 

dauSvebelia. gaTvlili pirapirebis amosaSeneblad gamoyenebuli 

mZime wvrilmarcvlovani betonis saproeqto winaRoba unda iyos 

Sepirapirebuli elementebis SemoWeris simkvrivis saproeqto 

winaRobaze aranaklebi. 

garsis sisqe iniSneba konstruqciuli mosazrebebiT, 

ZiriTadad simtkicis pirobebidan gamomdinare. monoliTuri 

gumbaTebisTvis rekomendebulia, garsis sisqed aviRoT gumbaTis 

simrudis radiusis 1/600, magram aranakleb 50 mm-sa. asawyob 

gumbaTebSi filis minimalur sisqed miiReba 30 mm; asawyobi 

elementebis garsSemovlebuli wiboebis zoma ganisazRvreba 

gumbaTis simtkicis gaangariSebiT da mowmdeba samontaJo 

mdgomareobiT; gumbaTis gadaxurvis napirebi garsSemoivleba 

sayrdeni rgolebiT; yvelaze sapasuxismgeblo elementad iTvleba 

qveda sayrdeni gaWimuli rgoli.  

monoliTuri gluvi gumbaTebis armirebas axdenen 

meridianebze da koncentrirebul horizontalur wreebze 

ganlagebuli ReroebiT. meridianebze dawyobili Reroebis 

raodenoba TandaTanobiT mcirdeba mwvervalTan miaxloebisas 

gumbaTis garSemowerilobis sigrZis Semcirebis Sesabamisad. 

gumbaTis garsis 70 mm-mde sisqis dros misi armireba 

rekomendebulia garsis kveTis SuaSi mdebare erTmagi badiT. 
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didi sisqeebis dros, Seklebisa da temperaturuli 

bzarebis Tavidan asacileblad, garsebis armirebas axdenen ori 

badiT. rogorc erTmagi, aseve ormagi badeebis Sesruleba 

rekomendebulia mrgvali armaturiT diametriT 4-6 mm, Reros 

nabijiT 150-200 mm. ara umetes 15δ zomis xvrelebis axlos 

adgilebSi daSvebulia, rom ar moewyos filis napirebis 

gasqeleba, magram aucilebelia moewyos konstruqciuli armatura 

diametriT aranakleb 8 mm-sa, romelic gars Semoevleba filis 

xvrels. rekomendebulia xvrelebi daproeqtdes mrgvali, ovaluri 

an mravalkuTxiani kuTxeebis momrgvalebiT radiusiT 2δ. 15δ-ze 

meti zomis xvrelebis zonaSi unda iqnes gaTvaliswinebuli 

filis 3δ-ze meti simaRlisa da 2δ-ze meti siganis gasqeleba, 

amasTan, betonisa da armaturis farTobi unda iyos aranaklebi, 

vidre betonisa da armaturis farTobi filis amoWrili nawilis 

ganiv kveTaSi. 

garsis qveda sayrden rgolTan Sepirapirebis adgilebSi 

armireba warmoebs gaangariSebiT sayrdeni mRunavi momentis 

aRqmis gaTvaliswinebiT da aucileblad ormagi armaturiT (nax. 

25, a); garsis elementebis wiboebis Reroebi Sepirapirdes 

SeduRebiT gamoSvebebiT an Catanebuli nawilebiT, romlebic 

gaTvaliswinebulia sayrden rgolSi (nax. 25, a). 

qveda   sayrdeni  rgolis  armatura,   romelic   aRiqvams 

ganmbjens, gamoiTvleba gaWimvis mTel Zalaze betonis muSaobis 

CauTvlelad.  

metalis ekonomiisa da sayrden rgolsa da garsis 

sayrdenis axlo zonaSi, bzarebis gaCenis Tavidan acilebis 

mizniT, mizanSewonilia moxdes rgolis winaswari daZabva, masze 

wvrili, maRali simtkicis mavTulis daxveviT, karuseluri 

manqanis meSveobiT, romelic gamoiyeneba mrgvali rezervuarebis 

kedlebis armirebisTvis, an gareTa rgoluri Rerovani armaturis 

eleqtrogaxurebiT. 
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nax. 25. gumbaTis detalebis SeuRlebis detalebi 

  a – qveda sayrdeni rgolis Seqmna gumbaTis monoliTuri garsis  
  gasqelebis xarjze; b – gumbaTis asawyobi wiboebiani garsis  
  saxsruli SeuRleba qveda sayrden rgolTan; g) gumbaTis asawyobi  
  wiboebiani garsis xisti SeuRleba qveda sayrden rgolTan:  
  1 _ rkinabetonis monoliTuri garsi; 2 _ winaswar daZabuli  
  armaturis damonoliTebis betoni; 3 _ rgolis winaswar daZabuli  
  armatura; 4 _ qveda sayrdeni rgoli; 5 _ damonoliTebis nakeri;  
  6 _ gumbaTis wiboebiani garsi; 7 _ foladis Casatanebeli detalebi  
  rgolis elementebSi; 8 _ SemaerTebeli detalebi, SeduRebuli  
  garsisa da rgolis CasataneblebTan; 9 _ foladis Casatanebeli  
  detalebi gumbaTis garsis elementebSi. 
 

SesaZlebelia sayrdenebze konebis an bagirebis meqanikuri 

gaWimva (nax. 26, a, b). Reroebi, konebi an bagirebi am SemTxvevaSi 

ganlagdeba rgolis elementebSi betonirebis dros arxis 

warmomqmnelebSi foladis gofrirebuli milebis saxiT sisqiT 0,2 

mm an rgolis mrudwirul kiloebSi. 

rgolis gare perimetrze betonze armaturis gaWimvis Zalis 

gadasacemad gaTvaliswinebulia Sverilebi _ pilastrebi. 

pilastrebze daWimva xorcieldeba ormagi moqmedebis domkratebiT, 

erTdroulad konis ori mxridan. konebis nawili magrdeba 
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pilastrSi, danarCenebi gadis pilastrebSi, raTa moxdes 

gabneuli  ankerebis  dalarva,  rac qmnis rgolis ufro Tanabar 

moWimvas. daWimvis damTavrebis Semdeg xdeba cementis xsnaris 

inieqcireba arxebSi, xolo pilastrebis gverdiTa zedapirebi 

gamTliandeba. sayrdeni rgolis winaswari daWimvisTvis 

rekomendebulia maRali simtkicis mavTulis bagirebisa da 

konebis gamoyeneba, romlebic gamTlianebamde daculia koroziisgan 

 
 

 

 

 

 

 
  

 

 

 

 

 

 

 

 

 

 

 

nax. 26. gumbaTis winaswar daZabuli sayrdeni rgoli 

a _ gegma; b _ sayrden pilastrebze calkeuli Reroebis an konebis 
daZabvisa da daankerebis detalebi: 1 _ pilastrebi; 2 _ armaturis 
Reroebi an konebi; 3 _ qveda sayrdeni rgoli; 4 _ ankeri; 5 _ spiralebi;  
6 _ damonoliTebis nakeri. 
 

moTuTiebiT an sxva xerxiT, rac daiSveba СНиП II-28_73 

TaviT. sayrdeni rgoli SeiZleba Sesrulebuli iyos asawyobi 

elementebiT, rac gansakuTrebiT warmatebiT xorcieldeba misi 
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winaswari daZabviT. am SemTxvevaSi rgolis calkeuli elementebi 

ewyoba sayrdenebze, armaturis Sverilebi Sepirapirdeba, maT 

Soris nakerebi damonoloTeba. betonis gamagrebis Semdeg 

rgolis Sepirapirebebs Wimaven damZabveli armaturiT, rasac 

faraven 20 mm sisqis torkret-betoniT. 

sayrdeni rgolis moWimva ise unda SeirCes, rom is 

uzrunvelyofdes garsis umomento mdgomareobas gumbaTze sruli 

datvirTvisas. amasTan, sayrden rgolSi winaswari daZabvisa da 

gumbaTis ganmbjenis jamuri Zabva toli unda iyos garsis 

napirebze rgoluri daZabulobisa, umomento TeoriiT gaangariSebis 

mixedviT. sayrdeni rgolis Sesrulebisas winaswari daZabvis 

gareSe, mis armirebas axdenen SeduRebiT Sepirapirebuli 

rgoluri ReroebiT, diametriT 25-40 mm. 

horizontaluri gadaxurvis rgolis doneze gumbaTis mTel 

perimetrze garSemortymuli gadaxurvis mowyobis SemTxvevaSi 

rekomendebulia ganmbjenis gadacema gadaxurvaze. aseT SemTxvevaSi 

gadaxurvis konstruqcia Sesrulebuli unda iyos masze 

gadacemuli ganmbjenis gaTvaliswinebiT. 

asawyobi rkinabetonis gumbaTebis agebisas, maTi moxazuloba 

imgvarad unda SeirCes, rom mTel garsSi warmoiSvas mxolod 

mkumSavi Zabvebi _ es SesaZlebelia sakmaod damreci gumbaTis 

arCevisas. Cveulebriv, asawyob elementebs grZivi mimarTulebiT 

aniWeben gumbaTis simrudis moxazulobas, xolo ganivi 

mimarTulebiT maT brtyelebs akeTeben. 

calkeul trapeciismagvar elementebs, riTic aiwyoba 

gumbaTi, Cveulebriv aqvs 10-20 m-mde sigrZe, moxazuloba gumbaTis 

rkalis mixedviT qveda mxris siganiT 3-7 m-mde. gareTa konturis 

mixedviT aseTi elementi garSemovlebulia grZivi wiboebiT, 

romlebic mimarTulia meridianebis gaswvriv da 2-3 m-is Semdeg _ 

wiboebiT, romlebic mimarTulia rgolebis gaswvriv. wiboebs 

Soris garsis filis sisqe tolia 30-40 mm-isa da armirdeba 

filis SuaSi ganlagebuli 4-5 mm-iani mrgvali Reroebis 150-200 mm-

iani bijis mqone erTmagi SenaduRi badiT. 
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asawyobi elementebis grZivi wiboebs, rogorc wesi, filis 

30 mm sisqisas, panelis ZiriTadi wiboebis ganivi kveTis simaRle 

unda hqondes maTi sigrZis 1/20-is toli, xolo kveTis sigane _ 

aranaklebi 40 mm-sa. grZivi wiboebi armirdeba gaangariSebiT, 

SenaduRi karkasebiT, maTi transportirebisa da montaJis pirobebis 

gaTvaliswinebiT. grZivi wiboebis kveTis Semcirebis mizniT, 

transportirebisa da montaJisas, isini SeiZleba aRiWurvos 

droebiTi sakoWiT. 

calkeuli asawyobi elementebis SeuRlebis xazebze 

gumbaTis damonoliTebisaTvis toveben 80-100 mm siganis RriWoebs. 

grZivi da ganivi wiboebis SeuRlebis adgilebSi armatura 

SeduRdeba, ris Semdegac wiboebs Soris Sepirapirebebi 

damonoliTdeba. Sepirapirebuli SeerTebebisTvis, Cveulebriv, 

iReben B20-B35 normatiuli winaRobis betons. 

SepirapirebebSi daproeqtirebuli Casatanebeli detalebis 

zomebisa da raodenobis Semcirebis mizniT, rekomendebulia 

Sesapirapirebelma armaturis Tavmoyra wiboebis SepirapirebiT 

gadakveTilSi zonaSi, magram araiSviaTad, vidre 3 m-is Semdeg. 

gumbaTi-garsebis Sedgenili konusuri elementebiT agebisas, 

asawyobi elementebi sruldeba brtyeli trapeciismagvari 

moxazulobis gegmaSi. 

gumbaTis erTian saZirkvelze an kedelze dayrdnobis 

SemTxvevaSi, mizanSewonilia, SeZlebisdagvarad uzrunvelvyoT 

sayrdeni rgolis Tavisufali gadaadgileba da mobrunveba. am 

mizniT, temperaturuli da Seklebis deformaciebisas sayrdeni 

rgoli unda eyrdnobodes qvemoT mdebare sayrden konstruqcias, 

sayrdeni rgolis qveS xaxunis dabali koeficientis mqone 

masalis safenis meSveobiT, magaliTad naftleniT (romelsac, 

maCveneblebis maRali simkvrivisas, xaxunis koeficienti aqvs 0,02-

is toli), grafituli sacxiT da sxva msgavsi masalebiT. 

Tu gumbaTi eyrdnoba calkeul svetebs, sayrdeni rgolis 

qveS mizanSewonilia specialuri gumbaTqveSa koWis mowyoba, 

romelzec igi daeyrdnoba, uzrunvelyofs ra gumbaTis kideebis 
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SeZlebisdagvarad Tavisufal gadaadgilebas da brunvas da, 

amgvarad, gumbaTqveSa koWs gadascems mxolod normalur 

datvirTvas. amasTan, gumbaTqveSa koWi gaTvlili unda iyos 

sayrdenebs Soris Runvasa da grexaze, 

im SemTxvevebSi, roca gumbaTis sayrdeni rgoli uSualod 

eyrdnoba svetebs, saWiroa mgoravi sayrdenebi, romlebic 

uzrunvelyofs svetebze gumbaTis radialur gadaadgilebas; am 

dros gumbaTis rgolsa da garsSi, aseve svetebSi, warmoiSoba 

mniSvnelovani vertikaluri mRunavi da mgrexi momentebi. es 

momentebi gaTvaliswinebuli unda iqnes proeqtirebisas. 

gumbaTis centrSi, zeda garanis arsebobisas, awyoben zeda 

rgols. warmoSobili momentebis mcire sididis gamo gumbaTis 

amoSeneba am rgolSi SeiZleba rom ar iqnes gaTvaliswinebuli. 

asawyobi da asawyob-monoliTuri gumbaTebi Sedgeba, Cveulebriv, 

iribi filebisgan, romlebic erTi mxridan eyrdnoba qveda 

sayrden rgols, xolo meore mxridan _ zedas, romelsac 

montaJis dros iWers droebiTi xaraCoebi. aseTi elementebi 

gamoiyeneba 40 m diametris mqone gumbaTebisTvis. didi diametris 

gumbaTebi montaJdeba asawyobi iribi an brtyeli wiboebiani 

filebisgan, gumbaTis meridianebze da paralelebze. am saxis 

gumbaTis awyobisas misi elementebi erTdeba sayrden rgolTan da 

erTmaneTs Soris liTonis CarTuli nawilebis SeduRebiT, 

romlebic maTi damzadebisas gaTvaliswinebulia asawyob 

elementebSi. wiboebiani gumbaTebi arsebiTad warmoadgens 

TaRebis sistemas, romlebic erTmaneTTan SeerTebulia zeda 

rgolis meSveobiT da eyrdnoba qveda sayrden rgols. wiboebis 

elementebi Cveulebriv Sesrulebulia sworkuTxovani kveTis 

mqone armirebuli SenaduRi karkasebiT, wiboebis rgolebTan 

SeuRleba xorcieldeba moyvanili detalebis analogiurad. 

wiboebian-rgolovani gumbaTebi aseve aiwyoba sworkuTxovani 

kveTis wiboebisgan da rgolebisgan, amasTan wiboebi iseve, 

rogorc wiboebian gumbaTSi, eyrdnoba zeda da qveda rgolebs. 
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2.6. rkinabetonis sferuli garsis gaangariSebis  
magaliTi 

 

ganvixiloT gumbaTovani gadaxurva (garsi sayrdeni rgoliT 

nax. 27), gluvi sferuli garsiT sisqiT sm6h , gumbaTis mTavari 

parametrebiT m 300 r , m50R , 0
0 40  da sayrdeni rgoli ganivi 

kveTis zomebiT sm  sm, rr 6070  hb , sm 302  he . garsisa da 

sayrdeni rgolis drekadobis modulebi erTnairia. gumbaTze 

moqmedebs datvirTvebi sakuTari wonisa 2mgk 165.0g  da 

Tovlisagan 2mgk 14.0P .damxmare sidideebi ;7.0)18040( 00
0    

;644.0sin 0   ;765.0cos 0   

sm 132m  32.106.05076.076.0 hRS  

gamovTvaloT erTeulovani da datvirTvebiT gamowveuli 

gadaadgilebebis mniSvnelobebi, gadidebuli jerE  zomebis 

santimetrebSi SetaniT, sadac E  aris masalis drekadobis 

moduli: 
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  gRgRgR 8305.82977.92824.99   
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es mniSvnelobebi Segvaqvs gantolebaTa sistemaSi (1): 







0830350684,97

0215,04,9747,14

00

00

gRHM

gRHM
 

aqedan ganvsazRvravT: 

.0241,0;147,0 00 gRHgRM         

rgoluri Zalvis kiduri mniSvneloba iqneba: 

   











 0002
0

002 sin
22

cos1

1
cos 


 H

S

R
M

S

R
gRN

 

   

  














 644.00241.0

132

50002
147.0

132

50002

765.01

1
765.0

2
gRgRgR

 

  
    . 6.135014.0165.0894.0894.0176.1084.0198.0 2t/m  gRgR

 
2

mt 0.3050.140.165  Sqg
 

t rgol. 77.619644.0765.05.926.13sincos 002  crNN
 

m. 
2

5.92
58

5460

8

4 222









f

fd
rc

 

mRunavi momentebi da rgoluri Zalvebi (geometriuli 

zomebis sm-ebSi gamosaxvisas), gamoTvlilia formulebiT: 

          ;sinsin)sin(cos 000
    eSHeMM X
 

          

  ;cossin
2

)cos(sin
2

000222     eH
S

R
eM

S

R
NN gp

 

moyvanili nax. 27 ., b   XM  epiura gviCvenebs, rom gumbaTis 

Runvas marTlac lokaluri xasiaTi aqvs. 2N  Zalvis epiuridan 

sCans, rom gumbaTis konturis siaxloves (mijnaze) sayrdeni 

rgolis wagrZelebis gavlenis Sedegad warmoiSoba adgilobrivi 

gaWimva. 

aRniSnulidan gamomdinare mizanSewonilia sayrdeni 

rgolis daZabva masSi winaswari mkumSavi Zalvebis SeqmniT. 

saangariSo gamWimavi Zalva sayrden rgolSi ganisazRvreba 

formuliT: 

t rgol. 77.619644.0765.05.926.13sincos 002  crNN
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rkinabetonis garsis 60 5 50 D f R  m, m, m , gaangariSebis 

Sedegebi. 

 

rkinabetonis garsis saangariSo sqema 
 

 
 
 

nax. 27. rkinabetonis garsis Z RerZis mimarT gadaadgileba  
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ZabvaTa mozaika - Nx 
 

 
 
 

ZabvaTa mozaika – Ny 
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ZabvaTa mozaika – xy 
   

 
 
 

 
ZabvaTa mozaika – Mx 
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ZabvaTa mozaika – My 
 

 
 
 

ZabvaTa mozaika – Mxy 
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ZabvaTa mozaika – Qx 

 

 
 

ZabvaTa mozaika – Qy 
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ZabvaTa mozaika – Qxy 

 
 

rkinabetonis garsis sayrdeni rgolis elementebis numeracia  

 
 



114 

cxrili 4 
rkinabetonis garsis sayrdeni rgolis elementebSi Zalovani 

faqtorebis cxrili 
Таблица 
РСУ 
(стерж-
ни)                 
      Усилия           

№ элем № 
сечен 

N 
(т) 

Mk 
(т*м) 

My 
(т*м) 

Qz 
(т) 

Mz 
(т*м) 

Qy 
(т) 

№№ 
загруж 

3 1 319.387 -1.340 30.327 -8.023 -7.196 -3.668  1 2 
3 1 173.217 -0.847 17.800 -4.229 -4.544 -2.316  1  
3 2 319.387 -1.340 -10.050 -12.556 7.198 -3.668  1 2 
4 1 320.289 1.339 -9.944 12.501 7.170 3.654  1 2 
4 2 320.289 1.339 30.218 7.968 -7.169 3.654  1 2 
4 2 173.787 0.846 17.749 4.203 -4.532 2.310  1  
6 1 320.290 1.338 -9.942 12.500 7.169 3.654  1 2 
6 2 320.290 1.338 30.218 7.968 -7.169 3.654  1 2 
6 2 173.787 0.846 17.749 4.203 -4.532 2.310  1  
7 1 319.387 -1.340 30.327 -8.023 -7.196 -3.668  1 2 
7 1 173.217 -0.847 17.800 -4.229 -4.544 -2.316  1  
7 2 319.387 -1.340 -10.048 -12.555 7.197 -3.668  1 2 
18 1 319.386 -1.341 30.331 -8.024 -7.198 -3.668  1 2 
18 1 173.216 -0.847 17.802 -4.229 -4.545 -2.316  1  
18 2 319.386 -1.341 -10.048 -12.556 7.197 -3.668  1 2 
19 1 320.288 1.339 -9.942 12.501 7.169 3.654  1 2 
19 2 320.288 1.339 30.222 7.969 -7.171 3.654  1 2 
19 2 173.786 0.846 17.751 4.204 -4.533 2.310  1  
32 1 320.288 1.339 -9.941 12.501 7.169 3.654  1 2 
32 2 320.288 1.339 30.222 7.969 -7.171 3.654  1 2 
32 2 173.786 0.846 17.751 4.204 -4.533 2.310  1  
33 1 319.387 -1.341 30.331 -8.024 -7.198 -3.668  1 2 
33 1 173.217 -0.847 17.802 -4.229 -4.545 -2.316  1  
33 2 319.387 -1.341 -10.048 -12.556 7.197 -3.668  1 2 
58 1 319.386 -1.340 30.329 -8.023 -7.197 -3.668  1 2 
58 1 173.216 -0.847 17.801 -4.229 -4.544 -2.316  1  
58 2 319.386 -1.340 -10.048 -12.555 7.197 -3.668  1 2 
59 1 320.289 1.338 -9.942 12.501 7.169 3.654  1 2 
59 2 320.289 1.338 30.220 7.968 -7.170 3.654  1 2 
59 2 173.787 0.846 17.750 4.203 -4.532 2.310  1  
97 1 320.287 1.339 -9.945 12.501 7.171 3.654  1 2 
97 2 320.287 1.339 30.220 7.969 -7.170 3.654  1 2 
97 2 173.786 0.846 17.750 4.204 -4.532 2.310  1  
98 1 319.387 -1.341 30.329 -8.024 -7.197 -3.668  1 2 
98 1 173.217 -0.847 17.801 -4.229 -4.544 -2.316  1  
98 2 319.387 -1.341 -10.051 -12.556 7.198 -3.668  1 2 
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154 1 319.387 -1.341 30.329 -8.024 -7.197 -3.668  1 2 
154 1 173.217 -0.847 17.801 -4.229 -4.544 -2.316  1  
154 2 319.387 -1.341 -10.051 -12.556 7.198 -3.668  1 2 
155 1 320.287 1.339 -9.945 12.501 7.171 3.654  1 2 
155 2 320.287 1.339 30.220 7.969 -7.170 3.654  1 2 
155 2 173.786 0.846 17.750 4.204 -4.532 2.310  1  
226 1 320.289 1.338 -9.942 12.501 7.169 3.654  1 2 
226 2 320.289 1.338 30.220 7.968 -7.170 3.654  1 2 
226 2 173.787 0.846 17.750 4.203 -4.532 2.310  1  
227 1 319.386 -1.340 30.329 -8.023 -7.197 -3.668  1 2 
227 1 173.216 -0.847 17.801 -4.229 -4.544 -2.316  1  
227 2 319.386 -1.340 -10.048 -12.555 7.197 -3.668  1 2 
320 1 319.387 -1.341 30.331 -8.024 -7.198 -3.668  1 2 
320 1 173.217 -0.847 17.802 -4.229 -4.545 -2.316  1  
320 2 319.387 -1.341 -10.048 -12.556 7.197 -3.668  1 2 
321 1 320.288 1.339 -9.941 12.501 7.169 3.654  1 2 
321 2 320.288 1.339 30.222 7.969 -7.171 3.654  1 2 
321 2 173.786 0.846 17.751 4.204 -4.533 2.310  1  
442 1 320.288 1.339 -9.942 12.501 7.169 3.654  1 2 
442 2 320.288 1.339 30.222 7.969 -7.171 3.654  1 2 
442 2 173.786 0.846 17.751 4.204 -4.533 2.310  1  
443 1 319.386 -1.341 30.331 -8.024 -7.198 -3.668  1 2 
443 1 173.216 -0.847 17.802 -4.229 -4.545 -2.316  1  
443 2 319.386 -1.341 -10.048 -12.556 7.197 -3.668  1 2 
607 1 319.387 -1.340 30.327 -8.023 -7.196 -3.668  1 2 
607 1 173.217 -0.847 17.800 -4.229 -4.544 -2.316  1  
607 2 319.387 -1.340 -10.048 -12.555 7.197 -3.668  1 2 
608 1 320.290 1.338 -9.942 12.500 7.169 3.654  1 2 
608 2 320.290 1.338 30.218 7.968 -7.169 3.654  1 2 
608 2 173.787 0.846 17.749 4.203 -4.532 2.310  1  
827 1 320.289 1.339 -9.944 12.501 7.170 3.654  1 2 
827 2 320.289 1.339 30.218 7.968 -7.169 3.654  1 2 
827 2 173.787 0.846 17.749 4.203 -4.532 2.310  1  
828 1 319.387 -1.340 30.327 -8.023 -7.196 -3.668  1 2 
828 1 173.217 -0.847 17.800 -4.229 -4.544 -2.316  1  
828 2 319.387 -1.340 -10.050 -12.556 7.198 -3.668  1 2 
1141 1 319.387 -1.340 30.327 -8.023 -7.196 -3.668  1 2 
1141 1 173.217 -0.847 17.800 -4.229 -4.544 -2.316  1  
1141 2 319.387 -1.340 -10.050 -12.556 7.198 -3.668  1 2 
1142 1 320.289 1.339 -9.944 12.501 7.170 3.654  1 2 
1142 2 320.289 1.339 30.218 7.968 -7.169 3.654  1 2 
1142 2 173.787 0.846 17.749 4.203 -4.532 2.310  1  
1361 1 320.290 1.338 -9.942 12.500 7.169 3.654  1 2 
1361 2 320.290 1.338 30.218 7.968 -7.169 3.654  1 2 
1361 2 173.787 0.846 17.749 4.203 -4.532 2.310  1  



116 

1362 1 319.387 -1.340 30.327 -8.023 -7.196 -3.668  1 2 
1362 1 173.217 -0.847 17.800 -4.229 -4.544 -2.316  1  
1362 2 319.387 -1.340 -10.048 -12.555 7.197 -3.668  1 2 
1526 1 319.386 -1.341 30.331 -8.024 -7.198 -3.668  1 2 
1526 1 173.216 -0.847 17.802 -4.229 -4.545 -2.316  1  
1526 2 319.386 -1.341 -10.048 -12.556 7.197 -3.668  1 2 
1527 1 320.288 1.339 -9.942 12.501 7.169 3.654  1 2 
1527 2 320.288 1.339 30.222 7.969 -7.171 3.654  1 2 
1527 2 173.786 0.846 17.751 4.204 -4.533 2.310  1  
1648 1 320.288 1.339 -9.941 12.501 7.169 3.654  1 2 
1648 2 320.288 1.339 30.222 7.969 -7.171 3.654  1 2 
1648 2 173.786 0.846 17.751 4.204 -4.533 2.310  1  
1649 1 319.387 -1.341 30.331 -8.024 -7.198 -3.668  1 2 
1649 1 173.217 -0.847 17.802 -4.229 -4.545 -2.316  1  
1649 2 319.387 -1.341 -10.048 -12.556 7.197 -3.668  1 2 
1742 1 319.386 -1.340 30.329 -8.023 -7.197 -3.668  1 2 
1742 1 173.216 -0.847 17.801 -4.229 -4.544 -2.316  1  
1742 2 319.386 -1.340 -10.048 -12.555 7.197 -3.668  1 2 
1743 1 320.289 1.338 -9.942 12.501 7.169 3.654  1 2 
1743 2 320.289 1.338 30.220 7.968 -7.170 3.654  1 2 
1743 2 173.787 0.846 17.750 4.203 -4.532 2.310  1  
1814 1 320.287 1.339 -9.945 12.501 7.171 3.654  1 2 
1814 2 320.287 1.339 30.220 7.969 -7.170 3.654  1 2 
1814 2 173.786 0.846 17.750 4.204 -4.532 2.310  1  
1815 1 319.387 -1.341 30.329 -8.024 -7.197 -3.668  1 2 
1815 1 173.217 -0.847 17.801 -4.229 -4.544 -2.316  1  
1815 2 319.387 -1.341 -10.051 -12.556 7.198 -3.668  1 2 
1871 1 319.387 -1.341 30.329 -8.024 -7.197 -3.668  1 2 
1871 1 173.217 -0.847 17.801 -4.229 -4.544 -2.316  1  
1871 2 319.387 -1.341 -10.051 -12.556 7.198 -3.668  1 2 
1872 1 320.287 1.339 -9.945 12.501 7.171 3.654  1 2 
1872 2 320.287 1.339 30.220 7.969 -7.170 3.654  1 2 
1872 2 173.786 0.846 17.750 4.204 -4.532 2.310  1  
1910 1 320.289 1.338 -9.942 12.501 7.169 3.654  1 2 
1910 2 320.289 1.338 30.220 7.968 -7.170 3.654  1 2 
1910 2 173.787 0.846 17.750 4.203 -4.532 2.310  1  
1911 1 319.386 -1.340 30.329 -8.023 -7.197 -3.668  1 2 
1911 1 173.216 -0.847 17.801 -4.229 -4.544 -2.316  1  
1911 2 319.386 -1.340 -10.048 -12.555 7.197 -3.668  1 2 
1936 1 319.387 -1.341 30.331 -8.024 -7.198 -3.668  1 2 
1936 1 173.217 -0.847 17.802 -4.229 -4.545 -2.316  1  
1936 2 319.387 -1.341 -10.048 -12.556 7.197 -3.668  1 2 
1937 1 320.288 1.339 -9.941 12.501 7.169 3.654  1 2 
1937 2 320.288 1.339 30.222 7.969 -7.171 3.654  1 2 
1937 2 173.786 0.846 17.751 4.204 -4.533 2.310  1  
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1950 1 320.288 1.339 -9.942 12.501 7.169 3.654  1 2 
1950 2 320.288 1.339 30.222 7.969 -7.171 3.654  1 2 
1950 2 173.786 0.846 17.751 4.204 -4.533 2.310  1  
1951 1 319.386 -1.341 30.331 -8.024 -7.198 -3.668  1 2 
1951 1 173.216 -0.847 17.802 -4.229 -4.545 -2.316  1  
1951 2 319.386 -1.341 -10.048 -12.556 7.197 -3.668  1 2 
1962 1 319.387 -1.340 30.327 -8.023 -7.196 -3.668  1 2 
1962 1 173.217 -0.847 17.800 -4.229 -4.544 -2.316  1  
1962 2 319.387 -1.340 -10.048 -12.555 7.197 -3.668  1 2 
1963 1 320.290 1.338 -9.942 12.500 7.169 3.654  1 2 
1963 2 320.290 1.338 30.218 7.968 -7.169 3.654  1 2 
1963 2 173.787 0.846 17.749 4.203 -4.532 2.310  1  
1965 1 320.289 1.339 -9.944 12.501 7.170 3.654  1 2 
1965 2 320.289 1.339 30.218 7.968 -7.169 3.654  1 2 
1965 2 173.787 0.846 17.749 4.203 -4.532 2.310  1  
1966 1 319.387 -1.340 30.327 -8.023 -7.196 -3.668  1 2 
1966 1 173.217 -0.847 17.800 -4.229 -4.544 -2.316  1  
1966 2 319.387 -1.340 -10.050 -12.556 7.198 -3.668  1 2 

 
 
 
 

 

 
 

nax. 28. rkinabetonis sayrdeni rgolis armireba 
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nax. 29. rkinabetonis sayrdeni rgolis armirebis procentuli 
Semadgenloba 

 

 
 

nax. 30. sayrdeni rgolis gaangariSeba 
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nax. 31. monoliTuri rkinabetonis sayrden rgolSi    
  winaswardaZabuli bagirebis ganlagebis sqema 

 

vinaidan manqanuri gaangariSeba ufro zustia, radgan 

ukeTesad aRiwereba Cvens mier warmodgenili sferuli garsi da 

misi saangariSo modeli. garkveuli analizis safuZvelze 

Semdgom angariSs vawarmovebT manqanuri gaangariSebiT miRebul 

Zalovan faqtorebze.  

saangariSo gamWimavi Zalva sayrden rgolSi manqanuri 

gaangariSebiT miviReT: 

             
530.2N rgol. t

 
sayrdeni rgolis daarmatureba xorcieldeba IIIbA  

winaswardaZabuli Rerovani armaturiT saangariSo winaRobiT 150 

kg/
2mm . betonis simtkicis klasi 40B . sayrdeni rgolis armaturis 

kveTis aucilebeli farTobi: 

2 2

1 2

530200
6312 63.12

0.8 0.7 150

N
A

m m R
   

   bag

mm  sm  

sadac 1m =0.8 bagiris muSaobis pirobebis koeficientia. 

2m =0.7  bagirSi mavTulis muSaobis pirobebis koeficienti. 

viRebT TK 7X37=259 mavTulian bagirs 12Ø36 mm da farTobiT 

A=70.8 
2sm , ganvaTavsebT daZabul Reroebs or rigad, 6 Reros 
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TiToeul rigSi da klasis 12Ø22 mm dauZabav armaturas 

(saangariSo winaRobiT 
2smkn 34R ) sayrdeni rgolis 

daarmaturebisaTvis.  

 

nax. 32 monoliTuri rkinabetonis sayrdeni rgolis armirebis  
    sqema, mzidi winaswardaZabuli bagirebiTa da konstruqciuli 

Rerovani armaturebiT 

 

ganvsazRvroT bagiris saangariSo winaRoba: 

m m
R R

  


 
 
b g norm.

dr s s.k
 

aq mb  _ muSaobis pirobebis koeficienti, iTvaliswinebs 

konstruqciis zRvruli mdgomareobisas ZalvaTa gadanawilebis 

SesaZleblobas da daRlilobis gamo bagiris rRvevas, romelic 

ar gaangariSdeba gamZleobaze. 

      mb =1 aiReba cxrilidan. 

mg  _muSaobis pirobebis koeficienti, aiReba cxrilidan da 

iTvaliswinebs bagiris simtkiceze Zabvebis makoncentrireb-

lebis gavlenas (saankero Camagrebebi, gadaRunvebi da sxva). 

bm =0.95; 

dr=1.3 _saimedoobis koeficienti konstruqciis elementebisaTvis, 

romlebic droebiTi winaRobis mixedviT gaangariSdebian. 
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s =1.2 _masalis mixedviT saimedoobis koeficienti, iTvaliswinebs 

bagirSi mavTulebis ganlagebas, mavTulis ganivkveTSi 

zomebis cvlilebebze daSvebebs da mavTulis sigrZes. 

s.k  =1.0 _ saimedoobis koeficienti, romelic iTvaliswinebs 

nagebobis kapitalurobasa da misi pasuxismgeblobis dones. 

                       870000
122.9

7080

N
R

A
  norm 2b

b

kg mm   

      vazustebT mzidi bagiris saangariSo winaRobas: 

0.61 122.9 75 R    2kg mm  

mzidi bagiris saboloo ganivkveTis farTobi: 

2530200
7069 

75

N
A

R
   mm  

sayrdeni rgolis armireba winaswardaZabuli Rerovani 

armaturebiT mocemulia nax. 33. 

 

nax. 33. monoliTuri rkinabetonis sayrdeni rgolis armireba 
winaswardaZabuli Rerovani armaturiT 

 
rkinabetonis garsis sayrdeni rgolis elementebSi muSa 

armaturebis SerCevis cxrili mocemulia danarTis saxiT. 

teqnikur-ekonomikuri maCveneblebis gansazRvra 

I varianti: winaswardaZabuli Rerovani armaturiT 14 Ø36 AIIIb  da 

konstruqciuli Rerovani armaturiT 15Ø22AIII; 1 grZ/m Rirebuleba 

Seadgens 12.6 l; 14x12.6+15x2.8=218.4 l. 
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II varianti: mzidi winaswardaZabuli bagirebiTa da 

konstruqciuli Rerovani armaturiT; bagiris TK 7X37=259 12Ø36 

sabazro Rirebuleba Seadgens 10 lars, xolo 13 Ø22 AIII  _ 2.8 

lari. e.i. 12x10+13x2.8=156.4 lari. 

maSasadame monoliTuri rkinabetonis sayrdeni rgolis 

armireba yovel grZiv metrze 62.0 lariT ufro ekonomiuria Tu 

Sesruldeba winaswardaZabuli bagirebiTa da konstruqciuli 

Rerovani armaturebiT.    

 
2.6.5. 2.3-i Tavis daskvnebi 

 mocemulia gumbaTis agebis axali teqnologia;  

 SemoTavazebulia didmaliani gadaxurvis konstruqciis agebis 

teqnologia. aRniSnuli modelis teqnikuri Sedegia 

didmaliani gadaxurvis konstruqciebis agebis gamartiveba;  

 damuSavebulia gumbaTis awevis teqnologia; 

 warmodgenilia didmaliani gumbaTovani gadaxurvebis montaJis 

teqnikur-ekonomikuri maCveneblebi. 
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3. დასკვნა 

1. warmodgenilia axali gadawyveta, romlis mixedviTac mTeli 

gumbaTi ganixileba rogorc erTiani garsi diskretulad 

cvalebadi simrudiT, rac sagrZnoblad amoklebs gaangariSebis 

algoriTms;  

2. gansazRvrulia momenturi Zabvebis fardobiTi sidide grexa-

kumSvis ZabvebTan SedarebiT da am Zabvebis zemoqmedeba 

konstruqciebis saimedoobis da xangamZleobis Sefasebaze; 

3. gansazRvrulia umomento gaangariSebis cdomileba da misi 

gamoyenebis zRvari araTanabar ganawilebul ZabvebTan 

mimarTebaSi. 

4. miRebulia Rerovani gumbaTebis konstruqciebis daZabul-

deformirebuli mdgomareobis TaviseburebaTa gaTvaliswinebis 

Sedegebi;  

5. warmodgenilia Rerovani sferuli gumbaTis gaangariSebis 

meTodi da misi gaangariSebis algoriTmi, kompiuteriuli 

programis gamoyenebiT;  

6. aRwerilia gumbaTis konstruqciis eqsperimentuli gamokvlevebi. 

7. mocemulia gumbaTis agebis axali teqnologia;  

8. SemoTavazebulia didmaliani gadaxurvis konstruqciis agebis 

teqnologia. aRniSnuli modelis teqnikuri Sedegia 

didmaliani gadaxurvis konstruqciebis agebis gamartiveba;  

9. damuSavebulia gumbaTis awevis teqnologia; 

10. warmodgenilia didmaliani gumbaTovani gadaxurvebis montaJis 

teqnikur-ekonomikuri maCveneblebi. 
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