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naSromis zogadi daxasiaTeba 

 
Temis aqtualoba: samSeneblo mecnierebaTa ganviTarebis 

erT-erT mTavar mimarTulebad, Tanamedrove etapze, iTvleba 

gaangariSebis Sesrulebis srulyofili meTodis damuSaveba, 

romelic uzrunvelyofs samSeneblo konstruqciebis saimedoobas 

da ekonomiurobas. es, upirveles yovlisa, miiRweva masalis 

drekadi da deformirebadi Tvisebebis srulad SeswavliliT, rac 

ganpirobebulia ZiriTadad konstruqciuli plastikebis meti 

kuTri simtkiciTa da sixistiT klasikur konstruqciul 

masalebTan SedarebiT. magram am dadebiT TvisebebTan erTad maT 

gaaCniaT uaryofiTic – daZabul-deformirebuli mdgomareobis 

ufro mkveTri relaqsaciuri xasiaTi.    

betonis, rogorc kompoziciuri masalis, fizikuri bunebis 

Seswavlisas, sakmaod efeqturia gamokvlevebis statikuri 

meTodebi. es aixsneba imiT, rom nebismieri myari sxeuli 

warmoadgens struqturuli elementebis statistikur ansambls 

(marcvali, SeWiduloba). 

am elementebis meqanikuri maxasiaTeblebi SemTxveviTi 

xasiaTisaa, aqedan gamomdinare, sxeulis meqanikuri maxasiaTeblebi, 

romelic Sedgeba zemoT aRniSnuli elementebisagan, aseve 

emorCileba albaTobis kanonebs. 

masalis meqanikuri saqcieli damokidebulia mis agebulebaze 

(struqturaze), romelic SeiZleba sxvadasxva doneze iyos 

ganxiluli, dawyebuli birTvisa da atomis agebulebidan, xolo 

Semdgom molekulur, kristalur, dislokaciur d. a. S. doneze. 

masalis meqanikuri saqcielsa da mikro da makro warmodgenebis 

raodenobrivi Sekrebis erToblivi amocana, SesaZlebelia 

gadawyvetil iqnes plastikurobisa da simtkicis statikuri 

Teoriis SeqmniT, romelic daefuZneba deformaciebisa da rRvevis 

araerTgvarovani ganviTarebis Tanamedrove fizikur Sexedulebebs, 

rac gamowveulia Tavad realuri masalis struqturuli 

araerTgvarovnebiT. 
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Tanamedrove Teoriebis Seqmnisas, ZiriTadad  eyrdnobian 

albaTobis ideebs. gaangariSebis determinantuli meTodebi 

warmoadgenen pirvel  miaxloebebs,  maTi uzustobebi  simtkicis  

koeficientebis  gamoyenebiT ifareba.  

albaTuri meTodebi efuZneba zogierTi pirobebis 

SemTxveviT Semosvlis aRricxvis sinamdviles ama Tu im procesSi. 

a. kolmogorovis mixedviT arsebobs aseTi SemTxvevis sami xerxi: 

procesis sawyisi pirobebi, romelic mimdinareobs mkacrad 

kanonzomierad, xolo ganmeorebisas SeiZleba iyos SemTxveviTi; 

procesis xangrZlivoba droSi SemTxveviTia; procesis kanonzomieri 

mimdinareoba garTulebulia SemTxveviTi aRelvebulobiT. eyrdnoba, 

ra mecnierebas, farTod iyenebs maTematikis enas, Tavisi sqemis 

agebisas sawyis idealizacias. xSirad Teoriuli msjeloba iZens 

formaluri sistemebis xasiaTs (abstraqtuli maTematikuri 

modelebisas), romelTa interpretacia sakmaod rTuldeba. 

formaluri sistemebi warmoadgenen ama Tu im saxis 

modelebs, sxvadasxva saxis modelirebis unariT da masalis 

farTod aRqmiT. 

simtkicis Teoriis meTodebis gamoyeneba am sakiTxebis 

Seswavlisas, moiTxovs informaciis modelebis gazrdas, kerZod 

gamoyenebuli masalebis Sesaxeb, rac aucilebeli pirobaa 

gansaxilveli sistemis saimedoobisa da xangrZlivi 

eqspluataciis prognozirebisaTvis. dResdReobiT mimdinareobs 

masalebze amgvari informaciis dagroveba. 

zogierTi statistikuri (eqsperimentaluri) monacemebis 

arqona sakmaod sagrZnobia. Mmiuxedavad amisa, ar Rirs Tavis 

Sekaveba Teoriis Seqmnisagan, sanam ar iqneba yvela faqtebi 

Segrovebuli, radgan cnobilia, rom ara marto Teoriisaken 

mimavali gza Sedgeba faqtebisagan, aramed Teoriuli kvlevac 

warmoadgens faqtebis aucilebel pirobas. 

zemoTqmulidan gamomdinare, Teoriuli kvlevis Sedegebi ar 

SegviZlia SevamowmoT empiriuli monacemebiT. ama Tu im Sedegebis 

Sesamowmeblad aseTi monacemebi SeiZleba jerjerobiT ar 
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gvqondes, magram Teoriuli gamokvlevebis mizania, ara marto 

axsnas empiriuli faqtebi, aramed gaakeTos momavlis prognozebi. 

bolo wlebSi sagrZnoblad gaizarda interesi statistikurad 

araerTgvarovani struqturulad myari deformadi sxeulis 

garSemo. es kidev erTxel xazs usvams faqts, rom mxolod 

struqturis efeqturad gamoyeneba saSualebas gvaZlevs sworad 

mivudgeT myari sxeulis plastikur deformacias. agreTve 

dazianebis procesis dagrovebas rRvevis dros, makroskopiuri 

maxasiaTeblebis gamoTvla mikrostruqturebis cnobili 

maxasiaTeblebis mixedviT SemdgomSi SeiZleba gamoyenebul iqnes 

realuri sxeulis deformaciisa da rRvevis Teoriis SeqmnaSi.  

sxva mxriv, saangariSo modelis garTulebas mivyavarT 

ganusazRvrel maTematikur sirTuleebamde an gadawyvetamde, 

romelic praqtikulad gamousadegaria. 

simtkicis fizikis Tanamedrove Seswavlis pirobebSi, pirvel 

rigSi ganixileba myari sxeulis araerTgvarovani struqturis  

realuri  gavlena,  romelic  aRiZvreba  deformaciis  procesSi.  

mikroZabvebis da struqturuli defeqtebis gaTvaliswineba rRvevis  

CanasaxSi. 

deformirebis Teoria, masalis araerTgvarovnebis gamo ar 

SeiZleba aRiweros myari deformirebadi sxeulis TeoriiT, 

romelic efuZneba klasikur midgomebs. 

radganac, betonebi warmoadgenen stoxastikur ansambls 

kompozitis struqturuli elementebis SemTxveviTi meqanikuri 

TvisebebiT, amitom maTi meqanikuri Tvisebebi SeiZleba 

prognozirebul iqnes albaTuri meTodebiT Sesabamis struqturul 

modelze dayrdnobiT, romelic dResdReobiT metad aqtualuria. 

SemuSavebul modelebs aqvT praqtikuli mniSvneloba betonis, 

rogorc kompozitis SedarebiTi maxasiaTeblebis gansazRvrisas. 

datvirTvis gadanawilebis efeqtis gaTvaliswinebiT SemuSavebulia 

betonis ,,Zabva-deformacia” damokidebulebis agebis xarisxiani 

Teoria misi struqturuli elementebis maxasiaTeblebis da 

erTgvarovnebis xarisxis gaTvaliswinebiT, romelic saSualebas 
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iZleva aRvweroT damaxasiaTebeli ubnebi diagramis aRmaval da 

daRmaval ganStoebebze. 

miRebulia betonis gaWimvaze simtkicis analizuri 

damokidebulebebi misi struqturuli elementebis statikur 

gamosaxvis maxasiaTeblebze, struqturis stereometriuli 

uwyvetobis xarisxze da nimuSis zomaze. 

samuSaos mizani: betonis elementebis struqturuli 

meqanikis Seswavla, romelic efuZneba betonis simtkicis 

statistikur kanonzomierebebs, rodesac igi ganixileba rogorc 

marcvlovani myife kompoziciuri masala. 

kvlevis ZiriTadi amocanebi: mdgomareobs betonis (rogorc 

marcvlovani kompoziciuri masalis) maTematikuri modelis 

SedgenaSi, raTa prognozirebadi iyos simtkicis da erTgvarovnebis 

fardobiTi mniSvnelobebi gaWimvisas, Runvisas da kumSvisas misi 

struqturuli elementebis (marcvali, matrica, SeWiduloba) 

statistikuri maxasiaTeblis mixedviT. 

kvlevis meTodebi: mdgomareobs imaSi, rom amocanis 

gadasawyvetad statistikuri principebisa da meTodologiis 

empiriuli Tanafardobebis magivrad damuSavebulia analizuri 

midgoma. mocemuli garemoeba gvaZlevs saSualebas gadavwyvitoT 

sxvadasxva saxis betonis simtkicis sakiTxi erTnairi midgomiT. 

SesaZlebeli xdeba maTematikur modelze dayrdnobiT damuSavdes 

statistikuri principebi, rogorc pirdapiri amocanis _ betonis 

simtkicis fardobiTi maxasiaTeblebis prognozirebisaTvis misi 

struqturuli elementebis statistikuri monacemebis mixedviT. 

aseve Sebrunebuli amocanis _ struqturuli elementebis SerCeva 

da statistikuri  Sefaseba betonebis misaRebad, romelTa 

fardobiTi simtkice mocemulia (gaWimvaze, kumSvaze, Runvaze). 

mecnieruli siaxle: mdgomareobs betonis (rogorc 

marcvlovani kompoziciuri masalis) maTematikuri modelis 

SedgenaSi, raTa prognozirebadi iyos simtkicis da 

erTgvarovnebis fardobiTi mniSvnelobebi gaWimvisas, Runvisas da 
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kumSvisas misi struqturuli elementebis (marcvali, matrica, 

SeWiduloba) statistikuri maxasiaTeblis mixedviT. 

ZiriTadi Sedegebis saimedooba ganpirobebulia Teoriuli 

da eqsperimentaluri kvlevebis dasabuTebuli meTodebis gamoyenebiT; 

agreTve sxvadasxva avtorebis mier miRebuli Teoriuli da 

eqsperimentaluri gamokvlevebis SedegebTan TandamTxveviT. 

aprobacia: sadisertacio naSromis rogorc calkeuli, ise 

ZiriTadi Sedegebi moxsenebul iqna sadoqtoro programiT 

gaTvaliswinebul 2 seminarze.  

publikaciebi: sadisertacio samuSaos ZiriTadi Sedegebi 

gamoqveynebulia disertaciasTan dakavSirebul 6 samecniero 

naSromSi.. 

samuSaos moculoba da struqtura: sadisertacio naSromi 

Sedgeba Sesavlis, ori Tavis, pirveli Tavis Svidi paragrafiT da 

meore Tavis 18 paragrafiT, daskvnis – Teoriuli da praqtikuli 

Sedegebis da gamoyenebuli literaturis 232 dasaxelebis 

nusxisagan. teqstis saerTo moculoba 134 gverdi. 
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naSromis Sinaarsi 
 

SesavalSi mocemulia naSromis saerTo daxasiaTeba. 

dasabuTebulia problemis aqtualoba, samuSaos mizani da 

kvlevis meTodebi, mecnieruli siaxle, praqtikuli Rirebuleba 

da Sedegebis realizacia, mecnieruli daskvnebis da 

rekomendaciebis sarwmunoebis dasaxeleba, samuSaos aprobacia, 

naSromis struqtura da moculoba.  

pirvel TavSi ganxilulia problemis Tanamedrove 

mdgomareoba, ganviTarebis aqtiuri meTodebi. betonis, rogorc 

kompoziciuri masalis, fizikuri bunebis Seswavlisas, sakmaod 

efeqturia gamokvlevebis statistikuri meTodebi. es aixsneba 

imiT, rom nebismieri myari sxeuli warmoadgens struqturuli 

elementebis statistikur ansambls (marcvali, SeWiduloba). 

am elementebis meqanikuri maxasiaTeblebi SemTxveviTi 

xasiaTisaa, aqedan gamomdinare, sxeulis meqanikuri maxasiaTeblebi, 

romelic Sedgeba zemoT aRniSnuli elementebisagan, aseve 

emorCileba albaTobis kanonebs. 

simtkicis Teoriis meTodebis gamoyeneba am sakiTxebis 

Seswavlisas, moiTxovs informaciis modelebis gazrdas, kerZod 

gamoyenebuli masalebis Sesaxeb, rac aucilebeli pirobaa 

gansaxilveli sistemis saimedoobisa da xangrZlivi eqspluataciis 

prognozirebisaTvis. dResdReobiT mimdinareobs masalebze 

amgvari informaciis dagroveba. 

betonis simtkicis Teoriebi muSavdeboda da muSavdeba 

ZiriTadad Tanamedrove mecnierebis fizikis, qimiis, meqanikis da 

sxva mecnierebebTan erTad. Tumca es kavSiri yovelTvis ar iyo 

mWidro. gansakuTrebiT betonTmcodneobaSi, rac naTlad 

gamoixateba kvlevebis empiriul xasiaTSi. 

Tavis droze z. skramtaevi ganixilavda betonis Sesaswavlad 

gamoyenebul yofiliyo simtkicis I, II da III Teoriebi da mivida 

im daskvnamde, rom betonis simtkicis Teoriis Sesaqmnelad 
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saWiroa gaviTvaliswinoT erTdroulad ramdenime mdgomareoba 

e.w. ganzogadebuli Teoria.  

betonis simtkicis ganzogadoebulma Teoriam gamoiwvia rigi 

diskusiebisa.  

mowyvetis winaaRmdegobis dasaZlevad, nimuSis ganivi kveTis 

mimarTulebiT. o. bergi gvTavazobs simtkicis Semdeg pirobas  

,3
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1 1 kn
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sadac Rpr_betonis prizmuli simtkicea; 
gR

n 3
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=  rRvevaze winamdebare 

datvirTvebis gavlenis gauTvaliswineblobis koeficientia (Rg_ 

simtkicea gaWimvis dros). 

miRebuli gantolebebi iZleva damakmayofilebel msgavsebas 

eqsperimentul SedegebTan. 

g. genievi da v. kissiuki betonis simtkicis pirobas 

warmoadgenen Semdegi formiT:  
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sadac Rkum _ simtkicis zRvaria erTRerZa kumSvis dros. Rg_ki 

gaWimvisas, TZv _ simtkicis zRvari sufTa Zvris dros, I1 _ Zabvis 

tenzoris pirveli invarianti, I2 _ Zabvis deviatoris meore  

invarianti, I3 _ Zabvis deviatoris mesame invarianti.  

mocemuli mimoxilvis gaTvaliswinebiT, arsebul 

literaturaSi, arasakmarisad aris gaSuqebuli simtkicis 

Teoriis, struqturuli modelirebis da betonis rRvevis 

kriteriumebi. amis gamo SegviZlia CamovayaliboT problemis 

kvlevis mizani: 

− betonis simtkicis da deformulobis SedarebiTi 

mniSvnelobebis prognozireba. gaWimvaze da Runvaze da mis 

elementebis statistikuri maxasiaTeblebze;  

− betonis simtkicis masStaburi efeqtebis raodenobrivi Teoria; 
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− betonis prizmul da kubur SefardebaTa raodenobrivi 

simtkicis Teoria; 

− kompozitis struqturuli elementebis optimaluri Sefardeba; 

− velis Sida daZabulobis raodenobrivi Teoriis sakiTxebi; 

− betonis kumSvaze simtkicis gaWimvaze simtkicesTan Sefardebis 

raodenobrivi Teoria. 

am mokle reziumirebisas, saWiroa aRvniSnoT, rom betonis 

simtkicis Teoria unda eyrdnobodes masalis realur 

struqturul Taviseburebebs. simtkicis statikuri bunebis 

gaTvaliswinebiT, gamokvlevaTa statikuri meTodebi saSualebas 

iZleva, xarisxianad da raodenobaSi aRiweros masalis 

araerTgvarovnebiT gamowveuli efeqtebis mTeli rigi sakiTxebisa. 

statikuri kanonzomierebis dadgenisas betonis 

erTgvarovnebis da simtkicis formireba iZleva am masalis 

maxasiaTeblebis prognozirebis saSualebas. 

betonis erTgvarovnebisa da simtkicis formirebis 

statistikuri kanonzomierebis gamovlineba (gaxsna, gadaSla) 

saSualebas iZleva amovxsnaT am masalis maxasiaTeblebis 

prognozirebis amocanebi. 

konstruqciebisa da nagebobebis simtkiceze da 

deformirebadobaze gaangariSebis arsebuli meTodebi ZiriTadad 

iyeneben konstruqciis masalis daZabul-deformirebuli 

mdgomareobis martiv sqemas – safuZvlad aiReba wrfivi 

damokidebuleba Zabvasa da deformacias Soris (hukis kanoni). 

amasTan, konstruqciis daZabuli (deformirebuli) mdgomareobis 

mTeli suraTi sruliad naTeli xdeba, Tu cnobilia deformaciebi 

(Zabvebi) konstruqciis nebismier wertilSi e.i. mTavari amocana 

daiyvaneba mocemuli gare Zalebis moqmedebisas konstruqciaSi 

Zabvebisa da deformaciebis ganawilebis suraTze. 

konstruqciuli masalebis plastikur areSi muSaobisas 

Zabvasa da deformacias Soris wrfivi damokidebuleba irRveva, 

magram aqac ar xdeba drois faqtoris zemoqmedebis gaTvaliswineba 
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da daZabul-deformirebuli mdgomareoba ganixileba rogorc 

stacionaruli. 

rogorc cnobilia, konstruqciuli plastikebis umetesoba 

`klasikuri~ masalebisgan gansxvavebiT metad mgrZnobiarea drois 

faqtoris mimarT, amitom plastikebisagan damzadebuli 

konstruqciebi droSi ganviTarebuli didi cocvadobis gamo 

eqspluataciisaTvis dauSvebel deformaciebs miiRebs. 

plastikebis meqanikas samwuxarod ar SeuZlia daeyrdnos 

fizikidan gadmoRebul deformirebis aRmwer gantolebebs. fizikur 

Teoriebs SeuZlia mxolod cocvadobis movlenis Tvisobrivi 

(xarisxovani) axsna; droSi deformaciebis ganviTarebis movlenis 

raodenobrivi aRwera ki sakmaod rTuli aris.  

masalebis meqanikuri Tvisebebis droSi cvlilebis 

aRwerisaTvis farTod gamoiyeneba reologiuri modelebi. 

bolo asi wlis ganmavlobaSi warmodgenili iqna sxvadasxva 

modelebi: maqsvelis, kelvin-foihtis, bingamis, Svedovis, iSlinskis, 

pooting-tomsonis, biurgersis, traunton-renkinis da sxv.  

reologiuri modelebis SerCevis meTodika mTlianad efuZneba 

datvirTvis qveS myofi masalis droSi qcevis eqsperimentul 

Seswavlas. unda aRiniSnos, rom modelebis gamoyenebisas ar 

SeiZleba modelebis elementebis gaigiveba molekuluri 

deformirebis sxvadasxva meqanizmebTan. models SeuZlia mxolod 

Zalis modebisas masalebSi droSi ganviTarebuli deformaciebis 

raodenobrivi aRwera. 

konstruqciuli plastikebis reologiuri modelebi 

elementaruli drekadi da blanti elementebisgan Sedgeba; drekadi 

elementi emorCileba hukis kanons ( εσ ⋅= E , sadac E – drekadobis 

modulia), xolo blanti elementi niutonis kanons – Zabva 

deformaciis siCqaris proporciulia (
dt
dk εσ = ⋅ , sadac k-siblantis 

koeficientia). 

iSlinskis an maqsvel-tomsonis `tipuri sxeulis~ reologiuri 

modeli Sedgeba paralelurad SeerTebuli drekadi (drekadobis 
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moduliT – E1) da idealurad blanti (siblantis koeficientiT k) 

elementebisa da maTTan Tanmimdevrulad mierTebuli drekadi 

elementisagan, drekadobis moduliT – H. nax. 1-ze mocemulia 

reologiuri modelis sqema. 
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`tipuri sxeulis~ reologiuri modelis 
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`tipuri sxeulis~ modelis deformirebis kanoni sakmaod 

universaluria, martivia gamoyenebisaTvis da sakmaod 

srulyofilad aRwers datvirTvis qveS myofi drekadi jgufis 

konstruqciuli plastikebis qcevas. 
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modelis sruli deformaciis siCqaris gantolebidan sistemis 

elementebis deformaciebisa da Zabvebis gamoricxviT miviRebT 

Semdeg gantolebas: 

dt
dnE

dt
dnH σσεε

⋅+=⋅+⋅⋅ . 
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sadac −
+

=
1EH

kn relaqsaciis drois koeficientia, −
+
⋅

=
1

1

EH
EHE  

xangrZlivi drekadobis (mkveTi) modulia, H da E1-elementebis 

myisieri drekadobis modulebia. 

neli deformirebis procesebSi gantolebaSi (4) SeiZleba 

dt
dε

 da 
dt
dσ

 sidideebis ugulebelyofa ε  da σ  sidideebTan 

SedarebiT, Sedegad miiReba hukis kanoni xangrZlivi drekadobis 

moduliT, Zalian swrafi deformirebis procesebSi, piriqiT 

SesaZlebelia ε  da σ sidideebis ugulebelyofa 
dt
dε

 da 
dt
dσ

 

sidideebTan SedarebiT. Sedegad isev miiReba hukis kanoni, magram 

ukve myisieri drekadobis moduliT. 

1 droSi mudmivi Zabvis moqmedebisas (cocvadoba) 

gantolebidan (4), misi integrebis Semdeg da sawyisi pirobis 

⎟
⎠
⎞

⎜
⎝
⎛ ==

H
t σε,0  gaTvaliswinebiT miviRebT: 

.11 t
nH

E

e
HHE

⋅
−

⋅⎟
⎠
⎞

⎜
⎝
⎛ −⋅−= σσε  

rogorc vxedavT, gamosaxuleba (5) SemosazRvrulia anu 

E
t σε →∞→ )( , rac Seesabameba realobas konstruqciuli 

plastikebis drekadi deformaciebis areSi. 

kelvin-foihtis modelis gantolebisgan gansxvavebiT 

gantoleba (4), rogorc vxedavT, misi amonaxsnidan (5) cocvadobis 

SemTxvevaSi gvaZlevs sawyis deformacias - 
H
σ

. 

`tipuri  sxeulis~ modeli aRwers agreTve ukucocvadobis  

movlenasac. Tu gantvirTvis momentSi 0tt = , deformacia udris 

0ε , maSin miviRebT: 

Hn
TEtt

nH
E

ee ⋅
−

−−
⋅

−
⋅=⋅= 0

)(

0
0 εεε  , 

sadac −−= 0ttT droa gantvirTvis Semdeg. 
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gantvirTvis Semdeg drois ganmavlobaSi deformacia 

miiswrafis nulisaken. 

2. droSi datvirTvis Tanabari zrdisas (sadac V-Zabvebis 

zrdis mudmivi siCqare)  gantolebis zogadi amonaxsni iqneba: 

H
E

nV
E

nV
E

tVeC nH
Et

⋅
⋅

−
⋅

+
⋅

+⋅= ⋅
−

2ε , 

saidanac sawyisi pirobis – 0)0( ==tε  gaTvaliswinebiT miviRebT: 

H
E

nV
E

nVC ⋅
⋅

+
⋅

−= 2 . 

sabolood kerZo amonaxsni iqneba: 

t
E
Ve

E
H

E
nV nH

Et

⋅+⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
⋅⎟
⎠
⎞

⎜
⎝
⎛ −⋅

⋅
= ⋅

−
1ε . 

3. deformaciis mudmivobis SemTxvevaSi 0εε == const  (Zabvebis 

relaqsacia) gantolebidan  miviRebT: 

0ε
σσ ⋅=⋅+ E

dt
dn . 

am gantolebis amoxsnisas sawyisi pirobis – 0)0( σσ ==t  

gaTvaliswinebiT miviRebT: 

n
t

eEE ⋅⋅−+⋅= )( 000 εσεσ . 

maqsvelis modelis gantolebisagan gansxvavebiT Zabva, roca 

 relaqsirdeba ara nulamde, aramed mudmiv mniSvnelobamde ∞→t

0εσ ⋅= E . 

zemoT moyvanil reologiur modelebSi miRebulia wrfivi 

damokidebuleba Zabvasa da deformacias Soris, magram didi 

Zabvebisas, Zabvasa da deformacias Soris damokidebuleba SeiZleba 

mniSvnelovnad gansxvavdebodes wrfisagan. am SemTxvevaSi 

zemoTmoyvanili gantolebebis gamoyeneba SeuZlebeli xdeba. 

Zabvasa da deformacias Soris arawrfivi damokidebuleba 

gansakuTrebiT Zlierad iCens Tavs plastikuri jgufis 

konstruqciul plastikebSi. 

jamuri myisieri deformacia konstruqciuli plastikebisaTvis, 

romlebisTvisac x.s.zRrR σσ >>  Sedgeba sami komponentisagan: 
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a) myisieri drekadi deformacia; 

b) myisieri drekad-blanti cocvadobis deformacia; 

g) myisieri plastikuri deformacia. 

deformaciis bolo ori komponentis ararsebobis SemTxvevaSi 

masala aRiwereba hukis kanoniT an sxva arawrfivi kanoniT, 

romelic mdore arawrfivobas iZleva, 

deformaciis komponentebis gancalkeveba masalis moklevadiani 

deformirebis   mrudebis   analizisas   warmoadgens   garkveul  

sirTules. amitom mxeb modulTan ⎟
⎠
⎞

⎜
⎝
⎛ =

dt
dH σ

ms.  erTad gamoiyeneba 

mkveTi modulic ⎟
⎠
⎞

⎜
⎝
⎛ =

ε
σ

mk.H . orive moduli fiqsirebuli 

deformirebis siCqarisas damokidebulia Zabvaze. 
amasTan, arawrfivad deformirebadi konstruqciuli 

plastikebis reologiuri modelebis Seqmnisas mizanSewonilia 

ori winapirobis gaTvaliswineba: 

1) Tavisufali drekadi elementi deformirdeba arawrfivi 

kanoniT. am SemTxvevaSi winaswar mocemulia Tavisufali drekadi 

elementis modulsa da Zabvas Soris damokidebuleba;   

2) Tavisufali drekadi elementi deformirdeba wrfivi 

kanoniT anu aRwers mxolod deformaciis pirvel komponents 

(ganisazRvreba drekadobis mxebi moduliT). deformaciis sxva 

komponentebi (drekad-blanti da plastikuri) gaTvaliswinebulia 

modelis sxva elementebiT. 

pirveli  winapirobis  safuZvelze  Seqmnili  reologiuri 

modelebi gvaZleven deformirebis arawrfiv kanons, sadac masalis 

myisieri drekadobis moduli mdored icvleba Zabvaze 

damokidebulebiT. meore winapirobis safuZvelze Seqmnili 

reologiuri modelebi gvaZleven nawyvet-wrfiv deformirebis 

kanons. am modelebs uwodeben uban-uban wrfivi kanonebiT 

deformirebadi sxeulebis modelebs. 

Tanamedrove kompoziciuri masalebi iyofa sam ZiriTad 

klasad: dispersulad-ganmtkicebuli, nawilakebiT ganmtkicebuli 

da boWkoebiT armirebuli. 
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nawilakebiT ganmtkicebul kompoziciebSi, datvirTva 

nawildeba matricasa da nawilakebs Soris, amasTan nawilakebis 

moculobiTi wili 25%. nawilakebis ganivi da saSualo Tavisufali 

gza matricaSi erT mikronze metia. aseT kompoziciebs 

ganekuTvneba liTonis sxvadasxva SenaerTebi, liTon-keramikuli 

SenaerTebi da sxva. myife kompoziciebSi nawilakebis  roli 

mdgomareobs matricis SezRudvaSi da simtkicis uzrunvelyofaSi. 

kompoziciebis simtkice izrdeba matricis moculobiTi 

koncentraciis da nawilakebs Soris saSualo Tavisufali gzis 

Semcirebis proporciulad. ris Sedegadac myife kompoziciebSi 

simtkice iwyebs klebas. plastikur kompoziciebSi simtkice ar 

aris damokidebuli matricis moculobiT wilze. 

matrica, Tavisi mniSvnelobiT nawilakebiT ganmtkicebul 

kompoziciur masalebSi TamaSobs Sualedur rols kommpozitebis 

or sxvadasxva klass - dispersiul ganmtkicebulsa da boWkovan 

armirebuls Soris. dispersiul-ganmtkicebul masalebSi matrica 

aris ZiriTadi komponenti, romelic iRebs datvirTvas. boWkoebiT 

armirebul masalebSi misi funqciaa gadasces datvirTva 

boWkoebs, xolo nawilakebiT ganmtkicebul masalebSi datvirTva 

nawildeba matricasa da nawilakebs Soris. nawilakebi maSin 

iwyeben ganmamtkicebel moqmedebas, rodesac isini meqanikuri 

Seviwroebis moqmedebiT matricis deformacias zRudaven. matricis 

Seviwroebis efeqtis maCvenebelia kompoziciis drekadobis modulis 

gadaxra met mxares, vidre komponentebSi Zabvebis tolobis 

pirobidan gamoTvlili. 

damakavSirebeli masalebis rolSi, romlebic asruleben 

matricis rols  gamoiyeneba cementebi, polimerebi, liTonebi da 

sxva, romelTa meqanikuri Tvisebebi ganisazRvreba Cveulebrivi 

gamocdebiT. kompozitebis simtkice ganisazRvreba ara marto 

SemakavSirebeli masalebiT, aramed arsebiTi mniSvneloba aqvs 

masalis SemakavSirebel simtkices armirebul elementTan 

(adhezia). struqturis defeqtebis gavlena adheziaze jerjerobiT 

ar aris sakmarisad Seswavlili. 
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kompozitis simtkicis prognozireba, komponentebis cnobili 

meqanikuri Tvisebebis mixedviT sakmaod rTuli amocanaa drekadi 

maCveneblebisgan gansxvavebiT, radgan am SemTxvevaSi arsebiT 

gavlenas axdens sxvadasxva efeqtebi, marcvlis da boWkos doneze.  

meore TavSi gadmocemulia Rerovani kombinirebuli 

sistemebis gaangariSeba betonis cocvadobis deformaciebis 

gaTvaliswinebiT. 

Rerovani elementebis SeuRlebis gziT miiReba e.w. 

kombinirebuli sistemebi. es elementebi aRniSnul sistemebSi 

Serwymulni arian erTmaneTTan kavSirebis saSualebiT, rac qmnis 

statikurad urkvev sistemas. ganvixiloT umartivesi, erTjer 

statikurad urkvevi Rerovani kombinirebuli sistema da 

gaviangariSoT igi cocvadobis deformaciis daZvelebis Teoriis 

gamoyenebiT. 

vTqvaT gvaqvs statikurad rkvevadi rkinabetonis koWi, 

romelic davtvirTeT Tanabradganawilebuli datvirTviT da 

Semdeg malis SuaSi SevuyeneT rkinatonis dgari. am dros ( 0=t  

momentisaTvis) urTierTqmedebis Zala koWsa da dgars Soris ar 

arsebobs. garkveuli drois gasvlis Semdeg koWSi cocvadobis 

deformaciebis ganviTarebis gamo dgarisa da koWis Sexebis 

wertilSi aRiZvreba urTierTqmedebis Zala, romelic, 

rasakvirvelia, iqneba drois funqcia. aRvniSnoT igi -iT (nax. 1).  iX

 

 

 

 

 

 

 

 

 

nax. 1. urTierTqmedebis  Zalis aRZvra iX
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koWis maqsimaluri gadaadgileba (CaRunva) datvirTvis 

moqmedebis Sedegad (rodesac  aRvniSnoT -iT, xolo 

dgaris gadaadgileba (damokleba)  Zalis moqmedebis Sedegad 

aRvniSnoT -Ti. vinaidan es deformaciebi droSi cvalebadia 

(kerZod, rodesac , isini ar arseboben), SegviZlia davaskvnaT, 

rom drois nebismieri momentisaTvis am gadaadgilebaTa 

cvlilebebi erTmaneTis toli unda iyos, anu  

0>t

X

sr(1)
tΔ

t

sr(1)
tΔ

0=t

sr(2)sr(1)
tt dd Δ=Δ .                   (1) 

Tu gamoviyenebT daZvelebis Teoriis gantolebas, (1) 

Caiwereba ZalTa meTodis kanonikuri diferencialuri 

gantolebis saxiT: 

)1()1()2()2()1()1()2()1( )()( ttttt ddXdddX ϕϕδϕδδδ Δ+++ ,    (2) 

sadac  da  drekadi gadaadgilebebia Sesabamisad koWSi da 

dgarSi, romlebic gamowveulia 

)1(δ )2(δ

1=X  Seyursuli ZaliT; 
( )1Δ  aris 

drekadi gadaadgileba koWSi, romelic gamowveulia masze 

moqmedi Tanabargadawilebuli datvirTviT. 

cocvadobis Teoriis daSvebaTa sizustiT SegviZlia 

CavTvaloT, rom: 

constk
d
d

k

k

t

t

t

t ==== )1(

)2(

)1(

)2(

)1(

)2(

ϕ
ϕ

ϕ
ϕ

ϕ
ϕ

.                 (3) 

am ukanasknelis gaTvaliswinebiT da (2)-is gayofiT -ze 

miiReba 

)1(−
tdϕ

)1()2()1(
)1(

)2()1( )()( Δ++ t
t

t Xk
d
dX

δδ
ϕ

δδ .                  (4) 

toloba (4) warmoadgens pirveli rigis wrfivi 

diferencialuri gantoleba mudmivi koeficientebiT da mudmivi 

Tavisufali wevriT, aseTi gantolebis zogadi amoxsna aris 

⎟
⎟

⎠

⎞

⎜
⎜

⎝

⎛
−

+
Δ

+= +

+

+

+ )1(
)2()1(

)2()1(
)1(

)2()1(

)2()1(

1)2()1(

)1(

0

tt
kk

t e
k

eXX
ϕ

δδ

δδ
ϕ

δδ

δδ

δδ
,       (5) 
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0X  aris urTierTqmedebis Zala, rodesac 0=t , ris gamoc 00 =X  

da amitom (5) miiRebs saxes: 

⎟
⎟

⎠

⎞

⎜
⎜

⎝

⎛
−

+
Δ

= +

+ )1(
)2()1(

)2()1(

1)2()1(

)1(
t

k

t e
k

X
ϕ

δδ

δδ

δδ
.           (6) 

Tu Cven gvinda ganvsazRvroT -s saboloo mniSvneloba. 

e.i. rodesac , (6)-is Tanaxmad gveqneba  

tX

kt XX =∞=

⎟
⎟

⎠

⎞

⎜
⎜

⎝

⎛
−

+
Δ

= +

+ )1(
)2()1(

)2()1(

1)2()1(

)1(
t

k

k e
k

X
ϕ

δδ

δδ

δδ
.          (7) 

kX -s gansazRvris Semdeg koWSi gamoiTvleba Tanabradgana-

wilebuli datvirTvisa da am Zalis erToblivi moqmedebiT 

gamowveuli maqsimaluri mRunavi momenti da maqsimaluri Zabva. 

dgarSi mkumSavi Zabva, romelic 0=t  momentisaTvis ar arsebobda, 

ganisazRvreba  Zalis moqmedebis gaTvaliswinebiT. es  da 

 Zabvebi iqnebian cocvadobis deformaciebis gaTvaliswinebiT 

miRebuli sidideebi.  

kX )1(
kσ

)2(
kσ

ricxviTi magaliTi. vTqvaT nax. 1-ze warmodgenilia erTjer 

statikurad urkvevi  sistemis  parametrebia: 10=l

)2( 2=E

m; b = 0,2 m; h=1m; 

H = 3 m; a=0,2m; q=0,2kn/sm;  ; kn/sm2  1)1( =kϕ 2)2( =kϕ
3)1( 10⋅=E

masalaTa gamZleobis kursidan cnobilia, rom statikurad 

rkvevadi koWis maqsimaluri CaRunva Tanabradganawilebuli 

datvirTvis moqmedebis SemTxvevaSi aris 

78,0

12
1620102

102,0
384

5
384

5
6

3

44
)1( =

⋅
⋅⋅

⋅
==Δ

EJ
ql

sm; 

xolo kn Zalisagan koWis maqsimaluri CaRunva  1=tX

00625,0

12
162010218

)10(
48 6

3

333
)1( =

⋅
⋅⋅⋅

=
⋅

=
EJ

lδ sm; 

1=tX  kn Zalisagan dgaris sigrZis Semcireba  

00038,0
2020102

300
3

)2( =
⋅⋅⋅

==
EA
Hδ sm; 
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00663,000038,000625,0)2()1( =+==+δδ sm; 

2
1
2

)1(

)2(

===
k

kk
ϕ
ϕ

; 

00791,000038,0200625,0)2()1( =⋅+=+ δδ k sm. 

(4)-is Tanaxmad 

)1(27,1111
00701,0

78,01 06,1
1

00663,0
00701,0

)2()1(

)1( )1(
)2()1(

)2()1(

−
⋅

+

+

−=⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
−=⎟

⎟

⎠

⎞

⎜
⎜

⎝

⎛
−

+
Δ

= eee
k

X
t

k

k

ϕ
δδ

δδ

δδ
; 

3465,0
8864,2
11

06,1
06,1 === −

−

e
e  

amitom 

7,726535,027,111)3465,01(27,111 =⋅=−=kX kn. 

axla gamovTvaloT koWis maqsimaluri mRunavi momenti, romelic 

Tanabradganawilebuli datvirTvis moqmedebisaganaa gamowveuli: 

25000
8

)10(2,0
8

232

max ==⋅=
lqXM k

q kn.sm. 

xolo koWis maqsimaluri mRunavi momenti, romelsac iwvevs  

Zala, iqneba 

kX

18175
4

10007,71
4max =⋅=⋅=
l

k
q XM kn.sm. 

faqtiuri maqsimaluri momenti koWSi iqneba: 

68251817525000maxmax =−=−= xq
k MMM kn.sm. 

maqsimaluri Zabva cocvadobis deformaciebis gaTvaliswinebis 

gareSe iqneba 

75,0

6
10020

25000
2

max)1(
max =

⋅
==

W
M q

σ  kn/sm2; 

xolo cocvadobis deformaciebis gaTvaliswinebiT 

205,0

6
10020

2825
2

)1(
max =

⋅
==

W
M k

kσ  kn/sm2. 

dgarSi drois 0=t  momentisaTvis Zabva nulis tolia. 

betonis cocvadobis deformaciebi aRZraven  mkumSav Zalas da 

Zabva dgarSi iqneba: 

kX
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182,0
2020
8,72)2(

max =
⋅

==
W
X k

kσ  kn/sm2; 

e.i. betonis cocvadobis deformaciebma gamoiwvevs Zabvis 

gadanawileba koWidan dgarze. 

es sakiTxi ganvixiloT betonis gaWimvaze muSaobis 

gamartivebuli sqemiT (nax. 2). es sqema warmoadgens sam elements, 

ori maTgani (#1 da #3) SeerTebulia mimdevrobiT, xolo erTi 

(#2) paralelurad. maTgan #1 elementi Tavisi funqcionaluri 

TvisebebiT warmoadgens Semavseblis xsnarTan `SeWidebis~ 

elements, #2 elementi-`xsnars~ da #3 elementi-`Semavsebels~. 

sqema funqcionirebs anu sibrtyidan gadascems datvirTvas B 

sibrtyes Semdegi saxiT: yvela sami elementis muSaobisas gvaqvs 

mZime da msubuqi betonebis SemTxveva. rodesac #1 da #3 

elementebis mzidi unarianoba nulis tolia da muSaobs mxolod 

#2 elementi, sqemas SeuZlia gadasces datvirTva sibrtyidan B 

sibrtyes. es aris ujredovani betonis SemTxveva (Semavseblis da 

SeWidulobis simtkice nulis tolia, magram betoni `muSaobs~) 

#2 elementis mzidunarianoba nulTan tolobis SemTxvevaSi (e.i. 

Semavseblis marcvlebs Soris xsnaris arqona) muSaoben #1 da #3 

elementebi anu gadascemen datvirTvas sibrtyidan B sibrtyes. es 

aris msxvilforovani betoni. elementebis Sesabamis sxva 

variantebSi sqemebi ar muSaoben. magaliTad Tuki muSaobs 

mxolod #3 elementi (`Semavsebeli~) datvirTva ar gadaecema A 

sibrtyidan B sibrtyes. es is SemTxvevaa, rodesac gvaqvs mxolod 

Semavsebeli marcvlebis narevi xsnaris gareSe da marcvlebis 

zedapiri ar aris Segozili xsnariT, rac iZleva marcvlebis 

SeWidvis saSualebas (e.i. aseTi betoni iSleba) yvela 

struqturuli elementebis (nax. 11) erToblivi muSaobis 

pirobidan viRebT Semdeg gamosaxulebas: 

P1=P3=PK1=PK3 
P2=PK2 

sadac P1, P2 da P3 – Zalebia, romlebic gadaecema struqturul 

elementebs saerTo gamWimavi P datvirTvisagan. K1, K2 da K3 aqvs 

Semdegi mniSvnelobebi 
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nax. 2.  betonis funqcionaluri sqema 

 

                   

E
VVEVE

2
13 2

+⋅
+

VVEE
EK

31

2
2

31

31

= ;    

2
2

31

3113

31

2

31

3113

31

31

E
V
VV

VEVE
EE

V
VV

VEVE
EE

KK
+

+

+
== ,                      (8) 

sadac E da V-1, 2 da 3 elementebis Sesabamisad `sakontaqto fenis~ 

`xsnaris~ da `Semavseblis~ drekad

moculobebia. 

 (6) formula miviRoT ise, rom elementebis 

yvela

obis modulebi da 

imisTvis, rom gaviTvaliswinoT drekadobis modulebis 

gavlena betonis gaWimvaze simtkicis formulaSi, meTodurad 

mosaxerxebelia

ze optimaluri mzidi unarianoba TiTqos koreqtirebuli 

iyos datvirTvis sakuTari nawilis aRqmiT. e.i. K1, K2 da K3. maSin 

(120) formula Caiwereba Semdegnairad 

( ) ( )[ ]
F

KRKR

KRKR 2
22/1

3311

2
⎟
⎟

⎠

⎞

⎜
⎜

⎝

⎛

+
ααα

mKRT3311 2+

=σ .               (9) 

R1 elementebis mrRvevi datvirTvebidan maT simtkiceze σi 

(I=1,2,3) gadasvlisas SeiZleba visargebloT formuliT σi=Ri/Fi,  
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sadac Fi - Sesabamisi struqturuli elementis muSa zedapiria. 

rogorc adre iyo aRniSnuli indeqsi `1~- ekuTvnis `SeWidulobis~ 

elements, `2~ - matrica - `xsnars~ da indeqsi `3~ - `marcvals~. 

kompoziciur masalebSi Semavseblis da matricas 

urTierTqmedeba xasiaTdeba uganzomilebo parametrebiT - maTi 

drekadobis modulebis farTobiT, puasonis koeficientebiT da 

simtkiciTi TvisebebiT. am SemTxvevaSi Cven gvainteresebs betonis 

RerZuli gaWimvisas aRZruli ganivi Zabvebi.  

boWkovan kompoziciur masalebSi maTi sruli Cawyobisas 

matricaa - boWkos sazRvarze radialuri Zabva σr ganisazRvreba 

formuliT 

( ) ( ) mt EE
fmf

fmm
r vvv

vv
/211 −−++

−σ
≅σ ,                  (10) 

sadac mσ  matricaSi RerZuli Zabvaa; E, v-Sesabamisad drekadobis 

a puasonis koeficientebia (`m~-indeqsiT - matricebi, 

`f~ indeqsiT - boWkoebi). puasonis koeficientebis tolobisas es 

Zabvebi aRar arian. 

betonisTvis, misi struqturuli ujredidan gamomdinare 

modulebi d

(nax. 2 a) gamoTvlebi gamartivebulia da miTiTebuli ganivi 

Zabvebi gayofis sazRvarze betonis RerZuli gaWimvisas toli 

iqnebian 

1
32

132 EEgg ,                      (11) 

sadac ε2 ganivi deformaciebia matricaSi-xsnarSi; ε3-ganv. 

deformaciebia SemavsebelSi; μ2, μ3-xsnarisa da Semavseblis 

puasonis 

32 EE
μμ

σεεσ −=−≅

koeficientebia, E2, E3 Sesabamisad maTi deformaciis 

modulebi. E1 `SeWidulobis~ elementis deformaciis modulia. σg 

betonis sikvrivea gaWimvaze. 

ganvixiloT  umartivesi  SemTxveva,  rodesac  kompoziciis 

simtkice ganisazRvreba marcvlisa da matricis SeWidulobiT. 

maSin betonis simtkice gaWimvaze (11) formulis Tanaxmad iqneba  

 23



Fg

ase rom σr Zabvebi cud SemTxvevaSi miiswrafian moglijon 

marcvali matricas. mricxvelis meore wevri Sedgeba

m
TE

EE
mT 2

32 2
22 1 ⋅⋅⋅−−⋅⋅σ2

,            (12) 

 

gamosaxulebisagan (4m-4)/2m² e.i. perimetrze paralelurad 

SeerTebuli `svetebis~ raodenobis Tanafardoba maT saerTo 

raodenobasTan. gare `svetebis~ gaTvaliswineba aucilebelia im 

m322
1

44 −

≅

μμ

σ

garemoebidan gamomdinare, rom swored maTSi gamoCndeba 

moWidulobis efeqtis dasusteba μ -s gansxvavebidan gamomdinare. 

Siga `svetebSi~ es efeqti qreba moculobiTi moWimvis gamo.  

(12) formulidan miviRebT 

21

32

2

1

44
2

22

m
TEF

mT

−
⋅⋅⋅−+

⋅⋅⋅

μμ

σ
g ,              (13) 

2
32

mEE

≅σ

(13) formulis mniSvneli SeiZleba ganvixiloT rogorc nimuSis 

farTi da SeviyvanoT igi (13) formulis mniSvnelSi. 

Tuki μ2=0.18, μ3=0.20 E1=1.7·10 kg/sm² E2=1.5·10kg/

a=20sm, d=2sm da T=1 (13) formulis Tanaxmad miviRebT, rom 

betonis simtkice mocemuli ganivi Zabvebis gaTvaliswinebiT 

sm², E3=4·10 kg/sm².  

gamowveuli marcvlisa da matricis ganivi deformaciebis 

gansxvavebiT daiklebs 4%-iT. 
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დასკვნა 
 

Catarebul gamokvlevaTa Sedegebi saSualebas gvaZlevs 

gavakeToT Semdegi daskvnebi: 

1. betonis meqanikasTan struqturuli midgoma, rogorc 

marcvlovan kompozitiur masalasTan, saSualebas iZleva 

saimedoobis Teoriis meTodebiT SevimuSavoT misi maTematikuri 

modelebi. SesaZlebeli xdeba sakiTxebisadmi Teoriul 

raodenobrivi midgoma, romlebic, Cveulebriv, betonTmcodneobaSi 

empiriulad ixsneba. marcvlovani kompozitebis struqturul 

meqanikaSi mizanSewonilia maTi struqturuli elementebis _ 

marcvlis, matricis da SeWidulobis statistikuri 

maxasiaTeblebi optimalurad vcvaloT. aseTi midgomisas 

SesaZlebelia erTeuli poziciebidan gadavwyvitoT sxvadasxva 

saxis betonis simtkicis da rRvevis Teoriebi. 

2. SemuSavebul modelebs aqvT praqtikuli mniSvneloba betonis, 

rogorc kompozitis SedarebiTi maxasiaTeblebis gansazRvrisas. 

datvirTvis gadanawilebis efeqtis gaTvaliswinebiT 

SemuSavebulia betonis ,,Zabva-deformacia” damokidebulebis 

agebis sxva saxis Teoria misi struqturuli elementebis 

maxasiaTeblebis da erTgvarovnebis xarisxis gaTvaliswinebiT, 

romelic saSualebas iZleva aRvweroT damaxasiaTebeli ubnebi 

diagramis aRmaval da daRmaval ganStoebebze. 

3. miRebulia betonis gaWimvaze simtkicis analizuri 

damokidebulebebi misi struqturuli elementebis statikur 

gamosaxvis maxasiaTeblebze, struqturis stereometriuli 

uwyvetobis xarisxze da nimuSis zomaze. struqturuli 

elementebis statikur maxasiaTeblebs warmoadgens: 

simtkiceebi, deformaciis modulebi da erTgvarovani 

marcvlis maxasiaTeblebi; matricebi da SeWidulobebi; 

marcvlis zomebi da marcvlis masalis tanSi erTgvarovani 

ganawilebis variaciebis koeficientebi; matricis da marcvlis 

ganivi deformaciis koeficientebi. 
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4. betonis Runvisas gaWimvaze simtkicis amocana amoixsneba 

betonis erTgvarovnebis gaTvaliswinebiT. 

5. naCvenebia, rom sistemis mwyobridan gamosvlis Sualeduri 

saSiSroebis mcnebis xmarebisas, es amocana dadis RerZuli 

gaWimvis amocanamde. miRebulia Runvisas betonis simtkicis 

Tanafardobebi gaWimvisas simtkicesTan da damokidebulia 

betonis erTgvarovnebasTan, romlebic gviCveneben, rom betonis 

simtkicis variaciebis koeficientebis klebisas es Sefardeba 

iklebs. 

6. zogad SemTxvevaSi Camoyalibebulia damokidebuleba betonis 

drekadobis modulsa da marcvlis, matricis da maTi 

SeWidulobis drekadobis modulis statistikur maxasiaTeblebs 

Soris.  
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Summary 

As one of main directions in the development of Science of construction in 

modern time, is considered the development of calculation complete processing 

method, construction material which provides the reliability and economy of building 

structures. This, above all, is achieved by fully studied of the elastic and deformable 

properties of the material creep and environmental conditions significant influence on 

the machine components, structural elements and building durability, strength and 

stability. That is mainly provided due to more specific strength and stiffness of 

structural plastics in comparison with classic structural materials. But with these 

positive features, they also have a negative – by the more drastic relaxed character of 

mode of deformation. 

At study of the physical nature of concrete as a composite material, are quite 

effective static methods. This is explained by the fact that any solid body represents a 

statistical ensemble of structural elements (grains, binding). 

These mechanical characteristics have random character, therefore the 

mechanical characteristics of body, which consists of the above mentioned elements, 

also obeys to the laws of probability. 

Mechanical behavior of materials depends on its structure, which may be 

considered at different levels, starting with their nucleus and atom structure from and 

then on molecular, crystalline, dislocation etc. level. While mechanical behavior and 

micro and macro representations quantitative summand integrated task can be 

determined by the creation of static theory of plasticity and strength, which will be 

based on the modern physical views of various deformations and the rupture 

development that is caused by real material’s structural heterogeneity. 

At the creation of modern theories, mainly are grounded on the ideas of 

probability. Determinant methods of calculation represents the first approach, the 

errors are covered by the application of strength coefficients. 

The probabilistic methods are based on reality of recording of random entering 

of certain conditions in this or other process. According to A. Kolmogorov are 

existing three ways of such case: the process of starting conditions, which are strictly 

natural and at iteration may be random, the process duration time is random, the 

process natural development is complicated due random disturbances. Based on the 
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science, widely is used language of mathematics, at construction of its scheme on 

initial idealization. Theoretical discussion often assumes the character of formal 

systems (abstract mathematical models), whose interpretation is rather complicated. 

The formal systems represents of certain types of models, with different kinds 

of modeling capabilities and the wide perception of the material. 

The application of the strength theory methods at study of this issues, demands 

increasing of information models, in particular about the applied materials, which is 

considered as necessary condition for system reliability and long life operation 

forecasting. Nowadays is carried out the accumulation of such information on 

materials. 

Some of the statistical (experimental) is quite obvious in the absence of data. 

However, does not cost deterrence from creation of theory, before all the facts will not 

be collected because it is known that not only the road leading to the theory consists of 

the facts, but also the theoretical study of the facts is a necessary condition. 

Therefore, we can not check the results of theoretical investigations by the 

empirical data. If we check the results of such data may not have yet, but theoretical 

studies aim not only to explain empirical facts, but also to make future predictions. In 

recent years, statistically significantly increased interest in about the various 

structurally solid deformable body. This once again underlines the fact that the only 

structures effectively application gives the possibility to correct approach of solid 

body plastic deformation. Description, as well as the damage process accumulation 

during the rupture, calculation of macroscopic characteristics by well-known 

microscopic characteristics in future can be used in creation of the theory of real body 

deformation and rupture. In physical metallurgy, which is close to concrete 

technology, there was a new approach to quantitative physical metallurgy - statistical 

physical metallurgy. In this field the processing of experiments results on the first step 

plays auxiliary in the total statistical physical metallurgy problem solving, and the 

problem is that the properties of microstructures composition and their inter-location 

in space, to calculate the technical properties of the material and numerically 

determine their behavior characteristics at the action of external forces. 

In other respects, the design model complications leads to unlimited 

mathematical difficulties or to solution, that is practically unusable. 
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At the study of strength of physics in the modern conditions, first of all is 

considered the real impact of solid body heterogeneous structure that arises at 

deformation process. Micro-stresses and structural defects will be taken into account 

at rupture beginning. 

The theory of deformation, due the material heterogeneity may not be 

described by theory of deformable solid body, which is based on classical views. 

As, concrete represents the stochastic ensemble by random mechanical 

properties of composite’s structural elements, so their mechanical properties can be 

predicted by based on probabilistic methods on according structural model, as very 

topical today. 

The developed models have practical importance for definition comparative 

characteristics of concrete, as composite’s. By taking into account the effect of load 

distribution has been developed concrete “stress – deformation” relation construction 

quality theory with consideration of structural elements characteristics and the 

uniformity of quality that gives the possibility to describe specific areas on the 

ascending and descending branches of diagram. 

The analytical dependencies on concrete strength on tension on characteristics 

of its statical expression of structural elements, on degree of structure stereometric 

continuity and sample size are obtained. 

The object of study is to research the concrete elements structural mechanics, 

which is based on the strength of concrete statistical regularities, when it is considered 

as a fragile granular composite material. 

The scientific novelty of work lies in drawing up the concrete (as composite 

granular material mathematical models in order to be predictable the strength and 

uniformity relative values at tension, bending and compression of its structural 

elements (grains, matrix, binding) according to the statistical characteristics. 

The practical value of research lies in the fact that for the tasks solution 

instead of statistical principles and methodology of empirical process is developed 

analytic approach. This fact allows us to solve various kinds of concrete strength 

issues by the same approach. On the basis mathematical model is possible to develop 

the statistical principles, as a direct task – prediction of relative characteristics of 

concrete strength according of the structural elements statistical data. As well as 
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inverted task- selection of structural elements and statistical evaluation for concrete 

receiving that relative strength is given (on tension, compression, bending). 

The reliability of basic results is provided by application of theoretical and 

experimental studies, also by coincidence of results of obtained by various authors the 

theoretical and experimental studies. 


