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konstruqciuli masalebis deformaciis fizikur-

qimiuri meqanika zedapirulad-aqtiur garemoSi  
 

m.lorTqifaniZe 

 
samuSaos mizans warmoadgens zedapirulad-aqtiur garemoSi (zag) moTavsebuli 

konstruqciuli masalebis (ZiriTadad betonis) defomaciebis ganviTarebis kinetikis 
Taviseburebebis Seswavla. aseTi saxis kvlevebi aucilebelia (momavali gamoyenebiTi kvlevis 
stadiaze) am masalebis saeqspluatacio maxasiaTeblebis gasaumjobeseblad. 

aRwerilia specialurad konstruqciuli masalebisaTvis am movlenis dawvrilebiTi 
Seswavla warmodgenili Tvalsazrisis gaTvaliswinebiT. amgvari kvlevebi saSualebas mogvcems 
miviRoT mocemuli funqciis parametrebi, romlebic aRweren masalis Sad-is droSi svlis 
damokidebulebas deformirebuli sxeulis gare maxasiaTeblebTan (mag. maTi zomebi, zedapiris 
mdgomareoba da sxva). am damokidebulebebis codna saSualebas mogvcems winaswar 
ganvsazRvroT konkretul obieqtebSi Sad-is droSi svla, rac Tavis mxriv, mogvcems misi 
gamoyenebis SesaZleblobas momaval gamoyenebiT kvlevebSi, romlebic mimarTulni iqnebian 
angariSis dazustebisken, zag-Si konstruqciebis muSaobisas, Sad-is ganviTarebisTvis 
sakmarisi datvirTvis pirobebSi (mag. milSadenebis maRali wnevis milebisTvis, qvabulebis da 
sxva angariSebisTvis). 

myari tanis Seuqcevadi cocvadobis movlena zedapirulad aqtiur garemoSi, warmoadgens 
daZabuli mdgomareobis unikalur instruments kritikulamde bzaris warmoqmnisa da 
ganviTarebis kvlevis dros. 

am movlenis Semdgomma kvlevebma SesaZlebelia didi daxmareba gauwios daZabuli 
konstruqciebis uecari katastrofuli rRvevebis bunebisa da meqanizmebis gagebaSi. 

 

 

myari tanis siTxis an airwarmomqmnelTa garemomcvel garemosTan urTierTobaTa 

mravalmxriv saxeebs Soris rebinderis efeqts gansakuTrebuli adgili ukavia. 

zogierT SeTxvevaSi Znelia zustad ganisazRvros zRvari, romelic ganasxvavebs 

movlenebis am jgufs sxvebisgan, rTulia misi sufTa saxiT gamoyofa garemos jamuri 

moqmedebisagan. “rebinderis efeqti” unda gavigoT rogorc movlenaTa jgufi 

garemomcveli garemos gavlenisa myari tanis meqanikur Tvisebebze, romelic 

gamoixateba myari tanis garemomcvel garemosTan fazaTSoriso sazRvarze Tavisufali 

zedapiruli energiis SemcirebaSi [1,2]. 

p.rebinderis mier axali movlenis aRmoCena, exeba zedapirulad aqtiur garemos 

gavlenas myari tanis meqanikur Tvisebebze. ruseTis, ukrainis, aSS, germaniis, 

safrangeTis da sxva qveynebis mraval laboratoriaSi dagrovda uamravi masala am 

movlenis kanonzomierebaze, meqanizmebze da bunebaze [3-6]. Aam samuSaoebma aCvenes 

rebinderis efeqtis farTo gavrceleba bunebasa da teqnikaSi. am faqtis rigma 

specifikurma Taviseburebebma ganapirobes zedapirulad aqtiuri nivTierebebis 

danergva mrewvelobaSi. magaliTad, masalebis meqanikuri damuSavebisas, mTis qanebis 

burRvisas, wvrilad dafqvisas, meqanizmebis detalebis dacvaSi maTi naadrevi 

rRvevisagan. gamovlenili iyo efeqtis mniSvnelovani roli metalebis daRlilobiT 

rRvevisas, xaxunisa da cveTisas da geologiuri procesis mimdinareobisas da sxva. 

SesaZlebeli gaxda mravalmxrivi da mravalricxovani monacemebis miReba myari tanis 

qcevaze zedapirulad aqtiur SenadnobebTan, xsnarebTan da airebTan kontaqtis dros. 

dadginda rebinderis efeqtis saerTo Termodinamikuri buneba da kinetikuri 
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Taviseburebebi, romlebic SeiZleba gamovlindnen gansazRvrul pirobebSi nebismieri 

Sedgenilobis da struqturis myar tanebSi – metalebsa da SenadnobebSi, 

kovalenturi, ionuri an molekuluri bmebisas, erTgvarovan da forovan tanebSi, 

poli da mono kristalur polimerebSi da minebSi [7-11]. 

myar tanSi simtkicis kleba da simyifis zrda Seswavlilia mraval sistemaSi: 

metalur mono da polikristalebSi, romlebic imyofebian kontaqtSi an daferilni 

arian zedapiridan adviladdnobad Txevad metalebTan, metalis Txeli feniT; 

kovalentur kristalebTan – germaniumSi, daferilni oqros an sxva metalebis feniT; 

ionur mono– da polikristalebTan – marilebis, oqsidebis, hidroqsidebis; mTis 

qanebTan, romlebic wyalTan arian kontaqtSi, zedapirulad aqtiuri wylis narevebiT 

da eleqtrolitebiT, ionuri SenadnobebiT, grafitTan; organuli SenaerTebis mono 

da polikristalebTan (naftalini, antracidi da sxva) kontaqtSi myofi sxvadasxva 

polimerul organul siTxeebTan da maT wylis narevebTan; Termoplastikur 

polimerebTan. 

amasTan erTad vakvirdebiT Semdeg suraTs; im myife masalebs romelTa rRveva 

xdeba denadobis zRvris miRwevamde, zedapirulad aqtiur garemoSi mivyavarT myife 

rRvevamde naklebi Zabvisa da deformaciisas. amasTan drekadobis modeli, anu kuTxe 

koordinatebSi “Zabva-deformacia” praqtikulad ar icvleba. yvela Seswavlil 

SemTxvevaSi adgili hqonda grifitsis Tanafardobas, anu simtkice iyo proporciuli 

fazaTaSorisi energiis sididis kvadratuli fesvisa 

                         cGa γ=σ ,                                    (1) 

sadac G – drekadobis modulia; c – axladwarmoqmnili mrRvevi bzaris zoma; a – 
uganzomilebo mamravli, a ≈1. 

drekad-plastikuri masalebis rRveva xdeba naklebi Zabvisa da deformaciebisas. A 

aqtiuri garemosTan kontaqtis Sedegad zedapiruli energiis mniSnelovani 

Semcirebisas isini xdebian myifeebi da dabalsimtkiciani. plastikur areSi (1) 

gardaiqmneba 

                       c*G'a' +γ=σ ,                                  (2) 

sadac γ* – axali zedapiris Seqmnaze da plastikur deformaciebze daxarjuli 

muSaoba, anu “efeqturi” zedapiruli energia, romelic Cveulebriv erTi-orjer 

metia WeSmaritze. 

sxva SesaZlo meqanizmi warmoadgines Carlzma da hilingma, rodesac isini 

ikvlevdnen wylis gavlenas minis simtkiceze. maT warmoadgines debuleba, romlis 

mixedviTac garemos moqmedeba koroziuli xasiaTisaa. am meqanizms safuZvlad udevs 

bzaris wveris SesaZlo gaxsna (Zabvebis koncentraciis gamo Zlieri gadaZabva), 

romelsac aqvs zedmeti qimiuri potenciali da amis gamo maRali xsnadoba, da amiT 

xsnidnen metalis simyifes masze metaluri Senadnobebis moqmedebebis dros. magram 

Semdgom TviT am ideis avtorebma uari ganacxades am warmodgenaze. bernSteinma Tavis 

naSromSi damajereblad aCvena, rom minaSi energiis aqtivaciis Semcireba xdeba masSi 

bmebis hidrolizuri gaxleCis Sedegad. am SemTxvevaSi SeiZleba saubari Zabvis 

meqanikuri moqmedebisas qimiuri reaqciebis aCqarebisa da qimiuri bmebis meqanikuri 

rRvevis gaiolebaze, qimiuri reaqciebis moqmedebis ekvivalentobaze (fizikur-qimiuri 

urTierTqmedeba). 
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bolo dros upiratesoba eZleva zedapirulad aqtiuri garemos moqmedebisas 

bzaris ganviTarebis iseT meqanizms, romelic molekuluri dinamikis moqmedebiT 

kompiuterulad gaTvlebis Catarebis saSualebas iZleva, aseTi gaTvlebi Catarebuli 

iqna SCukinisa da iuSCenkos mier brtyeli organzomilebiani modelisaTvis. maT 

naTlad uCvenes virtualur myar sxeulebSi kavSirebis rRvevis Sesusteba da 

Semsubuqeba zedapirulad aqtiuri atomis monawileobisas [12]. 

mecnierul siaxles warmoadgens is, rom zogierTi masalis dasaSvebi 

amtanunarianobis kvlevisas maTi datvirTvis Semdeg, drekad deformaciasTan erTad, 

TandaTan viTardeba droSi milevadi Senelebuli arawrfivi Seqcevadi deformacia 

(Sad) [13-15]. gansakuTrebiT dawvrilebiT es movlena Seswavlilia betonis 

magaliTze, romelic deformirdeboda normalur Tbotenian pirobebSi. Catarebulma 

eqsperimentebma gviCvena, rom es Sad-i gamowveulia mxolod zedapirulad aqtiuri 

garemos moqmedebiT da aqvs Seqcevadi xasiaTi, romelic gamoixateba damatebiTi 

deformaciis mTlianad dabrunebiT zedapirulad aqtiuri garemos mocilebis Semdeg. 

sxvadasxva Sedgenilobis da struqturis masalebze (betoni, tufi, TabaSiri, mina, 

organuli mina, rezina, naftalini) Catarebulma kvlevebma gviCvena, rom aseTi 

Seqcevadi cocvadobis deformacia saerTo xasiaTisaa da es movlena SeiZleba 

ganvixloT rogorc rebinderis efeqtis axali forma. 

naxazze mocemulia am movlenis saxasiaTo mrudi. 

 

        εdr  – droSi ucvleli drekadi deformacia zedapirulad aqtiuri garemos gareSe; 

              εmaqs – Sad-is maqsimaluri deformacia zedapirulad aqtiur garemoSi; 

        τ1  –  Sad-is relaqsaciis periodi zag-Si; 

        τ2 – ukuqcevis deformaciis relaqsaciis periodi zag-is moSorebisas 

 

myari tanebisa da masalebis milevadi Seqcevadi arawrfivi deformaciebis 

mravalwlianma kvlevebma saSualeba mogvca dagvedgina am movlenis fundamenturi 

xasiaTi, rac gamoixateba SemdegSi: 

1. am movlenis warmoqmna da ganviTareba mxolod myari tanisa da zedapirulad 

aqtiuri garemos (Txevadi, an airis saxiT, romlebic uzrunvelyofen adsorbciis, 

xemosorbciis an dasvelebis Sedegad myari tanis Tavisufali zedapiruli energiis 

Semcirebas) uSualo kontaqtis pirobebSi. 

2. procesis Seqcevadoba, romelic gamoixateba mudmivi datvirTvis dros 

Seqcevadi arawrfivi deformaciis (Sad-is) TandaTanobiT gaqrobaSi zedapirulad 

aqtiuri garemos mocilebis Sesabamisad. 
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Cvens mier wamoyenebuli da aRmoCenili movlena milevadi Sad-is Sesaxeb 

warmoadgens rebinderis efeqtis axal formas.  

zedapirulad aqtiur garemoSi myofi masalis Seqcevadi arawrfivi deformaciis 

kvlevis Sedegebis asaxsnelad aucilebelia mxedvelobaSi miviRoT procesis Semdegi 

ZiriTadi gamosavali maxasiaTeblebi, romlebic saerToa kvlevis yvela SemTxvevaSi. 

1. nimuSis datvirTvisas zedapirulad aqtiuri garemos ar arsebobis pirobebSi 

0,5-0,8 zRvruli simtkicis toli ZabviT myisierad vRebulobT WeSmarit drekad 

deformacias, romelic mTlianad Seqcevadia, xolo TviT deformacia ar viTardeba 

droSi. 

2. zedapirulad aqtiuri garemos SeyvanisTanave iwyeba da viTardeba Sad, romelic 

milevadia droSi da zag-is mocilebiT mTlianad Seqcevadia. 

3. Sad-is ganviTarebis kinetika droSi martivi miaxloebiT aRiwereba 

eqsponencialuri funqciiT eqsponentis maCvenebliT, romelic tolia mimdinare 

Catarebuli cdis drois fardobis erTgvar drois parametris maxasiaTebelTan 

“relaqsaciis periodTan”. zogierT SemTxvevaSi procesis dasawyisSi cocvadoba 

viTardeba ufro swrafad, vidre procesis bolos. Ees Tavisebureba SeiZleba 

aRweril iqnas ori eqsponentis jamiT, sadac meores aqvs meti relaqsaciis periodi. 

4. Seqcevadi cocvadobis ukuqcevis kinetika zedapirulad aqtiuri garemos 

mocilebisas, iseve rogorc cocvadobisas axloa eqsponentasTan. Aam SemTxvevaSi 

gamosakvlevi masalis Tvisebebis aRdgenis siCqare damokidebulia zedapirulad 

aqtiuri garemos mocilebis intensivobasTan (bunebrivi gaSroba, vakumiT da sxv.). 

5. maRali datvirTvebis SemTxvevaSi, rodesac es datvirTvebi uaxlovdeba 

simtkicis zRvars, Sad-Tan erTad viTardeba agreTve Cveulebrivi Seuqcevadi 

cocvadoba, romelic ar qreba garemos mocilebis Sedegad, is miT metia, rac metia 

modebuli Zabva. 

procesis fizikuri modelis aRwerisas, SeiZleba CaiTvalos, rom Sad-is mTeli 

dagrovili Seqcevadi cocvadobis deformacia uzrunvelyofilia Canasaxovani 

bzarebis (grifitsis) warmoqmniTa da kritikul zomamde ganviTarebiT, maTdami 

SeiZleba miyenebul iqnas Canasaxwarmoqmnis Termodinamikuri Teoria.  

aRniSnuli Teoriis Tanaxmad, im daZabulobis dros, (Warbi Tavisufali energia), 

romlebic ufro mcirea, vidre bzarebis zvavuri zrdis Sesabamisi daZabuloba (axali 

faza), xdeba kritikulze mcire Canasaxobrivi bzarebis (axali fazis Canasaxebi) 

fluqtuaciuri warmoSoba da TavisTavadi daxurva. magram Tu bzarebis kedlebze 

xdeba mocemuli masalis mimarT zedapirulad aqtiuri nivTierebis adsorbcia, maSin 

bzarebis ukuqceva Zneldeba da kritikulze naklebi garkveuli zomis bzari 

stabilizirdeba da TandaTanobiT izrdeba. aseTi kritikulze mcire bzaris zrdis 

siCqare ganisazRvreba ori garemoebiT: bzaris wveroSi zedapirulad aqtiuri 

nivTierebis modinebis siCqariT (blanti dineba, bzaris kedlebze zedapiruli 

difuzia, an bzarze airis gavrceleba knudsenis reJimiT), anda bzaris wveroze 

kavSirebis Termofluqtuaciuri wyvetis kinetikiT, rasac, magaliTad, adgili aqvs 

siloqsanuri kavSirebis wyvetisas wylisa da modebuli Zabvis erTdrouli 

moqmedebis dros [12]. 

samuSaos mizans warmoadgens zedapirulad-aqtiur garemoSi (zag) moTavsebuli 

konstruqciuli masalebis (ZiriTadad betonis) defomaciebis ganviTarebis kinetikis 
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Taviseburebebis Seswavla. aseTi saxis kvlevebi aucilebelia (momavali gamoyenebiTi 

kvlevis stadiaze) am masalebis saeqspluatacio maxasiaTeblebis gasaumjobeseblad 

[16]. 

dagegmilia specialurad konstruqciuli masalebisaTvis am movlenis 

dawvrilebiTi Seswavla warmodgenili Tvalsazrisis gaTvaliswinebiT. amgvari 

kvlevebi saSualebas mogvcems miviRoT mocemuli funqciis parametrebi, romlebic 

aRweren masalis Sad-is droSi svlis damokidebulebas deformirebuli sxeulis gare 

maxasiaTeblebTan (mag. maTi zomebi, zedapiris mdgomareoba da sxva). am 

damokidebulebebis codna saSualebas mogvcems winaswar ganvsazRvroT konkretul 

obieqtebSi Sad-is droSi svla, rac Tavis mxriv, mogvcems misi gamoyenebis 

SesaZleblobas momaval gamoyenebiT kvlevebSi, romlebic mimarTulni iqnebian 

angariSis dazustebisken, zag-Si konstruqciebis muSaobisas, Sad-is ganviTarebisTvis 

sakmarisi datvirTvis pirobebSi (mag. milSadenebis maRali wnevis milebisTvis, 

qvabulebis da sxva angariSebisTvis). 

myari tanis Seuqcevadi cocvadobis movlena zedapirulad aqtiur garemoSi, 

warmoadgens daZabuli mdgomareobis unikalur instruments kritikulamde bzaris 

warmoqmnisa da ganviTarebis kvlevis dros. 

am movlenis Semdgomma kvlevebma SesaZlebelia didi daxmareba gauwios daZabuli 

konstruqciebis uecari katastrofuli rRvevebis bunebisa da meqanizmebis gagebaSi. 
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