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vuZRvni Cemi mSoblebis naTel xsovnas,  
                     romelTa  xateba  mudam   Tan  mdevs         
                     da  maxsenebs  maTi  cxovrebis  wess: 

               Sromisa  da  Rirsebis   pativiscemas 
 

avtorisagan 
 
wigni warmoadgens Cveni Canafiqris erT-erT nawils, 

romelic iTvaliswinebs, rom araorganuli masalebis 

kvlevebiT dakavebul specialistebs miawodos liTo-

nuri masalebis Tvisebebis kvlevis fizikur-qimiuri 

analizis meTodebi qarTul enaze. amdenad, igi warmo-
adgens am mimarTulebiT gamocemuli–wignebis_CTP_fi-
zikur-qimiuri sistemebis wonasworuli mdgomareobis 

cvladi parametebisa da diurometriis_organul 

gagrZelebas. 

masalebis meqanikur Tvisebebs mecnierebisa da teqni-

kis mravali dargi ikvlevs.  TiToeuls am sakiTxisa-

dmi sakuTari pozicia da midgoma aqvs: mag., maTematika 

drekadobis, plastikurobis da cocvadobis Teoriis 

Seswavlisas sxeuls ganixilavs rogorc  masiur da 

uwyvet garemos; myari tanis fizika, piriqiT, iTvalis-

winebs atomur struqturas da gansakuTrebul yurad-

Rebas aqcevs wonasworobidan mis gadaxras (damaxinje-

bas), rasac Seiswavlis dislokaciuri da vakansiuri 

Teoriebis safuZvelze; liTonmcodneoba iTvalis-

winebs mikrostruqturas da mis cvlilebebs; fizikur-
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qimiuri meqanika ki swavlobs garemos gavlenas 

deformirebad masalaze da a.S. 

meqanikuri Tvisebebis maxasiaTeblebi ar warmoadge-

nen masalis mudmivas. isini mniSvnelovnad arian 

damokidebuli masalis struqturaze, Sedgenilobaze, 

gamosacdeli nimuSis formaze, zomasa da Camagrebis 

saxeze, gare zemoqmedebis meqanikur, temperaturul, 

magnitur, dasxivebis, koroziul da a.S. pirobebze. 

ucvlel temperaturaze gamocdili erTi da igive 

masala SeiZleba iyos myife an plastikuri, mgrZno-

biare an aramgrZnobiare CanaWerisa da winaswarCa-

saxuli bzaris mimarT da a.S.  

liTonuri masalebis meqanikuri Tvisebebi warmo-

adgens centralur disciplinas ara mxolod 

liTonTmcodneebisa da liTonTa Termuli damuSave-

bis specialistTa  momzadebis, aramed masalaTmcod-

neebis, meqanikosebis da liTonkonstruqciebis gaanga-

riSebebiTa da agebiT dakavebuli inJiner-specialis-

tebisaTvisac. vvaraudobT, mkiTxveli garkveulia iseT 

cnebebSi, rogoricaa: datvirTva, Zabva, drekadi da 

plastikuri deformaciebi, muSaoba, energia, 

liTonebis atomur-kristaluri aRnagoba, nawilakebs 

Soris kavSiris saxeebi myar sxeulebSi, liTonebis 

ZiriTadi fizikuri da qimiuri Tvisebebi da misT. 

miuxedavad aRniSnuli molodinisa, wignSi mainc aris 

mravali axsna da miniSneba. 

 

meqanikuri Tvisebebis aRsaqmelad aucilebelia am 

Tvisebebis fizikuri safuZvlebis gaazreba.A aqedan 

gamomdinare, xSirad mivmarTavT Tvisebebis  fizikuri 

arsis mokle gadmocemas. wignSi ganxilulia ara kon-
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kretuli Senadnobis meqanikuri Tvisebebi, aramed maTi 

qcevis kanonzomierebebi, meqanikuri Tvisebebis fizi-

kuri safuZvlebi. bunebrivia, atomur, mikroskopul 

Tu makroskopul moculobebSi, fazaTa sazRvrebze 

mimdinare procesebi da a.S. arTulebs meqanikuri Tvi-

sebebis Sesaxeb mecnierul kvlevebs da praqtikaSi 

aseTi garTulebebis gverdis avla SeuZlebelia. ami-

tom realur pirobebSi masalebis urTierTSedarebi-

sas an konstruqciisaTvis sasurveli masalis arCevi-

sas, aRniSnuli faqtorebis gauTvaliswinebloba 

mcdari mecnieruli da praqtikuli daskvnebis 

gakeTebis mizezi xdeba. 

miuxedavad imisa, rom manqanaTmSenebloba da meta-

lurgia qveynis mrewvelobis mniSvnelovan dargebs 

warmoadgens, liTonuri masalebis meqanikuri Tvise-

bebisa da maTi kvlevis meTodebis Sesaxeb litera-

tura qarTul enaze, faqtobrivad ar arsebobs. swo-

red amitom ganvizraxeT saqarTveloSi moRvawe masa-

laTmcodneebs, liTonTmcodneebs, meqanikosebs da 

sxva  specialistebs qarTul enaze, Semoklebulad, 

zedmeti detalizaciis gareSe, (literaturuli wyaro-

ebis analizisa da kompiuteruli Zebnis sistema guglis 

uaxlesi monacemebis safuZvelze),  mivawodoT Tanamed-

rove mecnieruli midgomebi polikristaluri liTo-

nuri masalebis makromeqanikuri Tvisebebis Sesaxeb. 

amasTan, gavacnoT am Tvisebebis kvlevis Tanamedrove 

meTodebi da sakvlevi aparatura. amitom teqstSi 

gamoyenebuli gvaqvs ornairi Srifti: ZiriTadi 

masalisaTvis _ SedarebiT msxvili, xolo damatebiTi 

da sacnobaro masalebisaTvis SedarebiT wvrili. vime-

dovnebT, wigni didad daexmareba mecnierebs, saswav-
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lo procesebiT dakavebul pedagogebsa da warmoebaSi 

momuSave specialistebs, radgan igi, mcire moculobis 

miuxedavad, exeba da aSuqebs yvela ZiriTad meqanikur 

Tvisebas da maTi Seswavlis standartul midgomebs. 

vfiqrobT, wigni did samsaxurs gauwevs aseve  

liTonuri nawarmis xarisxis kontrolis sferoSi 

moRvawe qarTvel inJiner-teqnikur specialistTa far-

To speqtrs. vimedovnebT, rom naSromi interess 

gauRviZebs am dargis specialistebs da moxdeba 

masalebis meqanikuri Tvisebebis maxasiaTeblebis 

kidev ufro Rrma analizi. 

sasiamovno movaleobad mimaCnia madloba gadavuxado 

qalbaton cisana Todua-kartozias, batonebs _ merab 

ratiSvils, Tamaz natriaSvils, Teimuraz namiCeiSvils, 

anatoli okleis (wignis redaqtirebisa da recenzire-

bisaTvis), paata qorqias, joni alanias da irakli 

lagvilavas (wignis gaformebis dros gaweuli megob-

ruli daxmarebisaTvis). 
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Sesavali 
 
liTonuri masalebis meqanikuri Tvisebebis maxasiaTe-

blebi gamoiyeneba metalurgiuli warmoebis produq-

ciis xarisxis masobrivi kontrolis da sakonstruq-

toro-gamoTvliTi saqmianobisas. konstruqciebis da 

detalebis gaangariSebis dros aucileblad iTvalis-

wineben masalebis meqanikuri Tvisebebis sxvadasxva 

maxasiaTebels, rac  liTonebisa da Senadnobebis 

meqanikuri Tvisebebis codnas moiTxovs. liTonuri 

masalebis meqanikuri Tvisebebi ki damokidebulia 

iseT parametrebze, rogoricaa: qimiuri Sedgeniloba, 

struqturuli mdgomareoba da struqturis erTgva-

rovnoba,  mavne minarevebisa da araliTonuri Canar-

Tebis arseboba  da misT. amasTan, aRsaniSnavia, rom   

foladisa da Senadnobis xarisxze mniSvnelovan gav-

lenas axdens warmoebisa da damuSavebis teqnologi-

uri procesebis parametrebic. 

 

metalurgiuli warmoebis produqciis kontroli iwye-

ba qarxanaSi: madnis, saTbobis, feroSenadnobebis da 

foladebis warmoebisaTvis aucilebeli sxva masale-

bis miwodebis momentidan. warmoebis sxvadasxva sta-

diaze, stadiis  Sesabamisi da kontrolis gansxvave-

buli meTodebi gamoiyeneba. warmoebis teqnologiuri 

procesis dasrulebis Semdeg liTonebi da Senadnobe-

bi, maTi meqanikuri Tvisebebis gansazRvris mizniT, 

gamoicdeba sxvadasxva meTodiT. meqanikuri Tvisebebis 

Sefaseba xdeba simtkicis zRvriT, denadobis zRvriT, 

nimuSis wagrZelebiT (gawyvetis Semdeg), sisaliT, dar-

tymiTi siblantiT da sxv. liTonis warmoebis proce-

sebi (kazmis momzadebidan, saglinav dganze an sxva manqa-
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naze, liTonuri namzadebisTvis aucilebeli zomebisa da 

formebis micemamde) aisaxeba meqanikur Tvisebebze. 
 

momxmarebels qarxnidan, liTonTan erTad, miewodeba 

misi meqanikuri Tvisebebis maxasiaTeblebis ricxviTi 

mniSvnelobebi. momxmarebeli am monacemebiT sazRvravs 

liTonis vargisianobas konstruqciis muSaobis kon-

kretuli pirobebisTvis. meqanikuri gamocdebis labo-

ratoriuli meTodebi, SeZlebisamebr, liTonis ”sasam-

saxuro” Tvisebebs unda aRawarmoebdes da xasiaTde-

bodes metalurgiuli qarxnis produqciis xarisxis 

masobrivi kontrolisTvis aucilebeli simartiviT.  
 

momxmarebels, xSirad, winaswargansazRvruli meqani-

kuri Tvisebebis mqone Senadnobebi esaWiroeba. Senad-

nobis meqanikuri Tvisebebis Sefaseba ki maTi gamoc-

dis mkacrad reglamentirebuli meTodebiT unda war-

moebdes, radgan meqanikuri maxasiaTeblebis ricxviTi 

mniSvnelobebi damokidebulia gamocdisas gamoyene-

bul meTodebze. meqanikuri gamocdis meTodebi ar Se-

iZleba SeirCes nebismierad, aseT SemTxvevaSi maTi 

Sedegebi araSedarebadi iqneba. meqnikuri Tvisebebis 

maxasiaTeblebi ara mxolod Sedarebadi, aramed sakon-

truqtoro praqtikisTvis gamosadegi da sando unda 

iyos.  

 

meqanikuri Tvisebebis is ”ZiriTadi” maxasiaTebeli, 

romlis mixedviTac SesaZlebeli iqneboda (rogorc 

misgan warmoebulis, gamoTvlebiT) sxva maxasiaTeblebis 

miReba, jer ver moinaxa. aqedan gamomdinare, kon-

kretul pirobebSi muSaobisaTvis gankuTvnili liTo-

nis meqanikuri Tvisebebis Sefasebis ”ZiriTadi” maxasi-
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aTeblis ararseboba meqanikuri gamocdis sxvadasxva 

meTodiT sargeblobas gvaiZulebs.      

 

meqanikuri Tvisebebis yvela maxasiaTebeli pirobiTia. 

amitom, sxvadasxva liTonisa da Senadnobis meqanikuri 

Tvisebebis maTi saSualebiT SepirispirebisaTvis 

aucilebelia meqanikuri maxasiaTeblebis miRebis 

meTodebis unificireba. Sedarebadi Sedegebis misaRe-

bad… saxelmwifos mier meqanikuri gamocdis mravali 

meTodi reglamentirdeba standartebiT an uwyebrivi 

instruqciebiT. am mimarTulebiT muSaobas mudmivad 

aaqtiurebs standartizaciis saerTaSoriso organi-

zacia  ISO, standartizaciis evropuli komiteti CEN-i  
da standartizaciis mravali sxva saerTaSoriso Tu 

regionaluri organizacia. 

 

Cveni mcdeloba meqanikuri Tvisebebis maxasiaTebleb-

is saerTaSoriso standartebiT dadgenil aRniSvneb-

Tan harmonizaciisa am etapze uSedegod dasrulda. 

samwuxarod, winamdebare naSromze muSaobisas liTo-

nebis meqanikuri Tvisebebis saerTaSoriso standar-

tebis identuri qarTuli versiebi saqarTveloSi ar 

arsebobda, magram kidev ufro samwuxaroa, rom isini 

dResac ar arsebobs. 
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Tavi I 
liTonuri masalebi da maTi ZiriTadi 

Tvisebebi 
 

1.1 liTonuri masalebis zogadi daxasiaTeba 

 

nebismieri civilizaciis ganviTarebis done misi arse-

bobis periodSi moxmarebuli masalebiT ganisazRv-

reba. kacobriobis ganviTarebasTan erTad izrdeba mo-

Txovnac masalebze. amasTan, Cndeba axali ufro 

gazrdili moTxovnebi maTi Tvisebebis mimarT. Tana-

medrove teqnika moiTxovs, rom axlad Seqmnili masa-

lebi xasiaTdebodes ara mxolod gansazRvruli fun-

qcionaluri Tvisebebis kompleqsiT, aramed iyos maRa-

li simtkicis, SeZlebisamebr msubuqi, plastikuri da 

advilad eqvemdebarebodes damuSavebas. 

 

kacobriobis ganviTarebis Tanamedrove doneze mTava-

ri sakonstruqcio masalebia liTonebi da Senadnobe-

bi. isini, adamianis moRvaweobis TiTqmis yvela 

sferoSi gamosayenebel masalebs Soris, ZiriTadi da 

universaluria. liTonebi warmoadgens polikrista-

lur sxeulebs, romlebic erTmaneTis mimarT sxvada-

sxvagvarad orientirebuli mcire zomis kristalebi-

sgan Sedgebian. maT kristalizaciis pirobebidan 

gamomdinare, araswori forma aqvT da kristalitebad 

an marcvlebad iwodebian. 

 

liTonebi da Senadnobebi (radgan liTonur Senadnobebs 

liTonebTan mravali saerTo Tviseba aqvs, teqstSi, xSirad, 

termin ”liTonis” qveS liTonuri Senadnobebic igulisx-

meba), saimedo da teqnologiuri damuSavebis Tvalsaz-
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risiT, mosaxerxebeli masalebia. am masalebis krista-

lur mdgomareobaSi FarTo gamoyenebis mizezi, maTi 

mravali saukeTeso Tvisebaa. maT Soris upirvelesad,  

unda aRiniSnos maRali simtkice, ZiriTad TvisebaTa 

erTgvarovnoba, siTxeebisa da gazebis SeuRwevoba, si-

sale, drekadoba, plastikuroba, sixiste, simyife, ko-

roziuli medegoba. garda CamoTvlili Tvisebebisa, 

liTonebi myar da nawilobriv Txevad mdgomareobaSic 

kargi Tbo- da eleqtrogamtarobiT, aseve eleqtrowina-

Robis dadebiTi temperaturuli koeficientiT xasi-

aTdeba. mraval liTons, kristalur aRnagobasTan, li-

Tonur bzinvasTan da a.S. erTad, zegamtarobis, Termo-

eleqtronuli emisiis da kargi arekvlis unari aqvs.  

 

liTonebisaTvis damaxasiaTebeli Tvisebebi maTSi da-

debiTad damuxtuli birTvisa da mis irgvliv (sxva-

dasxva energetikul doneze) moZravi, uaryofiTad damux-

tuli eleqtronebis arsebobiT aixsneba. atomi 

stacionarul mdgomareobaSi neitraluria. Eeleqtro-

nebis ricxvi atomSi birTvis dadebiTi muxtis tolia 

da periodul sistemaSi elementis Sesabamisi rigiTi 

nomris tolia. liTonebis Semadgeneli atomebi, gare 

energetikul doneze, eleqtronebis mcire raodenobas 

Seicavs. eleqtronebis atomebTan kavSiri eleqtro-

nebis gamosvlis muSaobiT ganisazRvreba, e.i. im muSa-

obiT, romelic aucilebelia izolirebuli atomis 

gare Sreze arsebuli eleqtronis mosacileblad.  

 

liTonebis (romlebic ionur-eleqtronul gisoss warmo-

adgenen)  mdgradoba ganpirobebulia dadebiTad damux-

tul ionebsa da ganzogadebul eleqtronebs Soris 

eleqtromizidulobiT. aseTi urTierTqmedeba iwodeba 
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liTonur kavSirad da igi ewinaaRmdegeba kristaluri 

gisosis rRvevas. am dros dadebiTad damuxtuli ione-

bi da uaryofiTad damuxtuli koleqtivizebuli eleq-

tronebi urTierTmiizideba. mizidulobis Zalebi wo-

naswordeba ionebis urTierTganzidvis ZalebiT da  

eleqtronebis moZraobiT gamowveuli ZalebiT. atome-

bi (ionebi), Cveulebriv,  miiswrafian ganlagdnen erT-

maneTisgan im manZilze, rom maTi urTierTqmedebis 

energia minimaluri iyos.  

 

kristaluri gisosis kvanZebSi myofi atomebi advilad 

gascemen savalento eleqtronebs da dadebiTad imux-

tebian (kvanZebSi, nawilobriv, neitraluri atomebic rCe-

ba). ionebs Soris sivrce ”Sevsebulia” uaryofiTad 

damuxtuli, e.w. ”eleqtronuli gaziT” (savalento 

eleqtronebi dadebiTad damuxtul ionebs erTad akaveben. 

winaaRmdeg SemTxvevaSi, ganzidvis Zalebis moqmedebiT, gi-

sosi daiSleboda. am dros ionebi kristaluri gisosis 

sazRvrebSi akaveben eleqtronebs da misi datovebis saSu-

alebas ar aZleven. kavSiris aseTi Zalebi lokalizebuli 

ar aris da raime garkveuli mimarTulebiT ar xasiaTde-

bian), e.i. liTonebis gare eleqtronul garsze myofi 

eleqtronebi dakavSirebuli ar arian gansazRvrul 

atomTan. isini mowyvetilia maTgan da erToblivad 

liTonis mTlian ”naWers” ekuTvnian. aseT eleqtro-

nebs, Cveulebriv, gamtarobis eleqtronebs uwodeben. 

isini gare eleqtrul velSi advilad aCqardebian da 

maTi mowesrigebuli moZraoba eleqtrodenis di-

nebas_eleqtrogamtarobas_iwvevs.  

 

TvalsaCinoebisTvis liToni SeiZleba warmovidginoT 

ionur ConCxad, romelic atomgulebisa (Sinagani eleqt-
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ronebiT) da koleqtivizebuli gamtarobis eleqtro-

nebisgan Sedgeba. isini ionur ConCxs garSemoedineba, 

rogorc siTxe. ionebs Soris myofi eleqtronebi 

mudmivad gadaadgildeba, magram maTi gadaadgileba 

axlomdebare ionebis mizidulobis ZalebiT izRudeba. 

 

ionebi da atomebi kristaluri gisosis kvanZebSi, 

romeliRac saSualo wertilis irgvliv, irxeva. am 

dros maT urTierTganlagebis Secvla, gisosis Sua-

ledebSi gadaadgileba da romeliRac kvanZis Tavi-

suflad datoveba SeuZliaT. temperaturis zrdasTan 

erTad matulobs ionebisa da atomebis rxevis ampli-

tudebi. myar an Txevad liTonSi ganuwyvetliv xdeba  

atomebidan calkeuli savalento eleqtronebis mow-

yveta da maTi mierTeba ionebTan. myardeba moZravi 

wonasworoba, romlis drosac eleqtronebis garkveu-

li raodenoba mudmivad Tavisufal mdgomareobaSi 

rCeba. rac ufro meti Tavisufali eleqtroni aqvs 

liTons, miT ufro metad axasiaTebs liTonuri 

Tvisebebi (mag., maRali eleqtro- da Tbogamtaroba). Tavi-

sufali eleqtronebis mcire raodenobis mqone sxeu-

lebi daqveiTebuli eleqtrogamtarobiTa da plasti-

kurobiT xasiaTdeba.  

 

liTonuri kavSiris arseboba masalas plastikuri de-

formirebisa da plastikuri deformaciiT TviTgan-

mtkicebis unars aniWebs. plastikurad deformirebisas 

icvleba liTonis forma da rigi Tvisebebisa, kerZod, 

civi deformirebisas matulobs simtkice da mcirdeba 

plastikuroba. amitom, Tu masalis SigniT aris defeq-

tebi an detalis forma Zabvebis koncentrators war-

moadgens, maSin aseT adgilebSi Zabvebi iseT sidide-
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ebs aRwevs, rom bzaris warmoqmnis SesaZlebloba ar 

gamoiricxeba. magram,  imis gamo, rom liTonis plas-

tikuroba maRalia am adgilebSi, maT Soris bzarisa 

da daurRveveli masalis sazRvarTan (SesarTavTan), 
liToni plastikurad deformirdeba, ganmtkicdeba da 

rRvevis procesi SeCerdeba.  

 

araliTonebSi msgavsi ram ar SeiniSneba. liTonebi-

sgan gansxvavebiT, yvela araliToni ionuri an kova-

lenturi kavSirebiT xasiaTdeba. kavSiris es saxeebi 

ganpirobebulia ori sxvadasxvagvarad damuxtuli 

ionis eleqtrostatikuri ZalebiT da xistia. maT ara 

aqvT plastikuri deformaciisa da TviTganmtkicebis 

unari. rogorc ki bzarisa da daurRveveli masalis 

sazRvarTan Zabva gansazRvrul sidides miaRwevs, 

masala myisierad irRveva. am mdgomareobebiTaa ganpi-

robebuli is faqti, rom liTonebi saimedo sakon-

struqcio masalebad gvevlineba, xolo araliTonuri 

masalebi, maTi bunebidan gamomdinare, moTxovnil 

saimedoobas ver uzrunvelyofen. liTonebis, rogorc 

sakonstruqcio masalebis, Tvisebebs Soris, umetes 

SemTxvevaSi, umniSvnelovanesia meqanikuri Tvisebebi. 

aucilebeli saimedoobis uzrunvelsayofad yvela 

sapasuxismgeblo detali da nakeToba unda mzaddebo-

des liTonisagan da ara plastmasis, minis an qvisagan.  

 

sufTa liTonebis samrewvelo gamoyeneba, yovelTvis 

ar aris ekonomikurad momgebiani. isini, xSirad, moT-

xovnil Tvisebebs ver pasuxoben. sufTa liTonSi yo-

velTvis ar aris erTdroulad SeTavsebuli ramdenime 

aucilebeli Tviseba. maTi simtkice dabalia, eleq-

truli Tvisebebi damokidebulia temperaturis cvli-
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lebaze, aqvT siTburi gafarToebis maRali koefici-

enti da a.S. sufTa liTonebs, SenadnobebTan Sedare-

biT, dabali meqanikuri Tvisebebi gaaCnia. amis gamo, 

maTi gamoyenebis sfero im SemTxvevebiT Semoisaz-

Rvreba, rodesac aucilebelia maTi specialuri Tvi-

sebebiT sargebloba (mag., magnituri an eleqtruli). 
sufTa liTonebisgan gansxvavebiT, TiTqmis nebismieri 

moTxovnili Tvisebebis mqone Senadnobis miRebaa 

SesaZlebeli.  

 

idealuri saimedoobis mqone sakonstruqcio masalas 

Semdegi Tvisebebi moeTxoveba: mcire simkvrive, maRali 

simtkice, drekadobis maRali moduli, kargi SeduRe-

badoba, koroziuli medegoba yvelanairi aris mimarT, 

struqturis maRali stabiluroba da izotropuloba. 

amasTan, ar unda axasiaTebdes simyife da hqondes maq-

simaluri zomebis konstruqciebad akrefis unari. ara-

realuria mcdeloba imisa, rom yvela es Tviseba erT 

masalaSi gaerTiandes. ase rom, arsebuli teqnologi-

ebiT Cven uaxloes momavalSi universalur masalas 

ver miviRebT. amdenad, Tanamedrove, e.w. ”farTod gamo-

yenebuli masalebi” (foladebi, Tujebi, mina da sxv.) 

jerjerobiT Tavis mniSvnelobebs inarCuneben. amasTan 

erTad, masalebis sxvadasxva jgufis farglebSi, Tan-

daTan Cndeba gansakuTrebuli Tvisebebis mqone warmo-

madgenli, romlis masobrivad gamoyeneba, misi siZvi-

ris gamo, jer SezRudulia da mxolod calkeul sfe-

roSi vrceldeba. miuxedavad ekonomikurad araxelsay-

relobisa, gansazRvruli sferosTvis Seqmnili speci-

aluri Tvisebebis matarebeli Senadnobebis ricxvi 

swrafad izrdeba.  
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mas Semdeg, rac Tanamedrove liTonTa fizikam liTo-

nebis plastikurobisa da simtkicis gazrdis SesaZ-

leblobebi axsna, axali masalebis sistematuri da 

intensiuri  SemuSaveba daiwyo. es ki axlo momavalSi 

iseT masalebamde migviyvans, romelTa simtkicis maC-

veneblebis sidide dRevandeli Cveulebrivi Senadno-

bebis simtkiceze mravaljer meti iqneba. amave dros 

didi yuradReba daeTmoba kombinirebuli masalebis 

mravali SesaZleblobis TandaTan gamovlenas. kombi-

nirebuli masalebi ori perspeqtiuli mimarTulebiT 

viTardeba: 1. araorganuli liTonuri an organuli 

polimeruli masalebis ganmtkiceba (armireba) uwvri-

lesi maRali simtkicis mqone minis, naxSirbadis, bo-

ris, beriliumis, foladis da a.S. boWkoebiT an Zafi-

sebri monokristalebiT. (aseTi kombinirebisas masalis 

maqsimaluri simtkice drekadobis maRal modulTan da 

mcire simkvrivesTanaa Sexamebuli); 2. masalebis ganmtki-

ceba sali disperhirebuli nawilakebiT.  

 

p. rebinderma miuTiTa idealuri maRalmtkice masalis 

miRebis saintereso SesaZleblobaze. is gamodioda 

principidan_”gza simtkicisken rRvevaze gadis”. amave 

dros nebismier realur masalas moiazrebda rogorc 

struqturuli defeqtebidan, praqtikulad, Tavisufal 

umcires nawilakebad danawevrebuls. misi azriT, zem-

tkice nawilakebis dawnexiTa da gaxurebiT SeerTebi-

sas SesaZlebeli iqneba uforo, Teoriul simtkices-

Tan miaxloebuli simtkicis mqone masalis miReba. 

 

masalis daqucmaceba ar aris simtkicis amaRlebis 

erTaderTi gza. nadnobebSi, xsnarebSi da orTqlis 

kondensaciisas umciresi Canasaxi kristalebis war-
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moqmniT sasurveli wvrilmarcvlovani struqturis 

mqone masala miiReba (mag., eleqtrokontaqtebSi gamoyene-

buli dispersiuldanafarian masalebSi danafaris simtki-

cis mkveTri gazrda liTonur fuZeSi uwvrilesi oqsidebis 

an sxva sali nivTierebebis Tanabari ganawilebiT miiRweva). 
damuSavebis axali midgomebiT SesaZlebeli gaxda ise-

Ti zeplastikuri masalebis miReba, romlebic 1000%-

ian gaWimvas uZleben. moyvanili magaliTebi gviCvenebs, 

rom axali masalebis miReba maTi warmoebisa da 

damuSavebis axal teqnologiebs iTxovs.  

 

axali masalebis miRebis da maTi damuSavebis teqno-

logiebis uaxlesi meTodebis Zieba farTod gaiSala 

da intensiurad mimdinareobs mas Semdeg, rac 1959 

wels riCard feimani amerikis fizikuri sazogadoebis 

krebaze gamovida cnobili moxsenebiT: ”iq qveviT mra-

vali Tavisufali adgilia”. SeiZleba iTqvas, rom man 

nanoteqnologiis koncefcia Semoitana, riTac daiwyo 

axali era nanometruli nawilakebisa da nanometruli 

masalebis Tvisebebis kvlevebis mimarTulebaSi.  

 

ukanasknel wlebSi liTonebis damuSavebis arsebuli 

teqnologiebis veqtorma mkveTri Semobruneba ganica-

da. iqmneba axali da ixveweba arsebuli midgomebi na-

noteqnologiebSi. nanometruli masalebi, mraval uni-

kalur TvisebasTan erTad, erT iseT Tvisebas avlens 

romelic masalaTmcodneobas (da ara marto mas) Sem-

dgomi ganviTarebis ukidegano SesaZleblobebs uqmnis. 

es aris nanometruli masalebis Tvisebebis damokide- 

buleba nanometruli nawilakebis zomebze. am damoki-

debulebis dasadgenad farTodaa gaSlili samecniero 

kvlevebi ara marto masalaTmcodneobaSi, aramed iseT 
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dargebSic, rogoricaa medicina, biologia, genetika, 

energetika da mravali sxva. nanometruli masalebis 

unikaluri Tvisebebis gamovlenaSi did rols asru-

lebs maTi miRebis fizikur-qimiuri meTodebi. maTi 

simravlis miuxedavad, nanometruli masalebis miRebis 

SesaZleblobebi SeiZleba or ZiriTad mimarTulebaSi 

gaerTiandes: 1. calkeuli atomebis an molekulebis 

SeerTeba; 2. sxvadasxva meTodiT kompaqturi myari sxe-

ulis nanometrul zomebamde daqucmaceba.  

 

Tanamedrove mecnierTa saerTo aRiarebiT, uaxloes 

momavalSi, nanometruli teqnologiebi moicavs adami-

anis moRvaweobis TiTqmis yvela sferos da radika-

lur gavlenas moaxdens samecniero-teqnikur progres-

ze. warmodgenili naSromi ar iTvaliswinebs nanomet-

ruli masalebis kvlevis fizikur-qimiuri meTodebis 

analizs, amis gamo maT ganxilvas ar SevudgebiT. 

 

liTonuri masalebis Tvisebebis mravalferovnebaa is 

mTavari faqtori, romliTac ganisazRvreba maTi 

farTo gamoyeneba teqnikaSi. dRes ukve konstruqtore-

bsa da teqnologebs SeuZliaT masalebis maxasiaTeb-

lebis vrceli monacemebiT isargeblon. maT SesaZleb-

loba aqvT gansazRvruli sferosTvis yvelaze mizan-

Sewonili Tvisebebis mqone masalebi SearCion.  liTo-

nur masalebs, maTi Sinagani agebulebis Taviseburebe-

bidan gamomdinare, erTmaneTisgan gansxvavebuli Tvi-

sebebi gaaCnia. amdenad, aucilebelia masalebis agebu-

lebisa da Tvisebebis erTian kavSirSi Seswavla.  

masalebis ZiriTad Tvisebebad SeiZleba CaiTvalos 

maTi fizikuri, qimiuri, meqanikuri, teqnologiuri da 
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saeqspluatacio Tvisebebi. Cven zogadad yvela am Tvi-

sebas ganvixilavT. gansakuTrebiT ki SevCerdebiT meqa-

nikur Tvisebebze da SevecdebiT gadmovceT im mocu-

lobiT, romelic gansazRvrul warmodgenas Seuqmnis 

liTonebis meqanikuri Tvisebebis maxasiaTeblebis 

dadgeniT dakavebul specialists. 

1.2 liTonuri masalebis fizikuri Tvisebebi 
 
nivTierebis niSandobliv Tvisebebs qimiuri urTierT-

qmedebis gareSe fizikuri Tvisebebi ewodeba. maT mie-

kuTvneba: dnobis temperatura, duRilis temperatura, 

siblante, simkvrive, dieleqtrikuli SeRwevadoba, 

siTbotevadoba, siTbogamtaroba, eleqtrogamtaroba, 

absorbcia, feri, koncentracia, emisia, denadoba, in-

duqtiuroba, radiaqtiuroba da misT.  

 

nivTiereba rCeba TavisTavadi, e.i. ucvleli, manam, sa-

nam SenarCunebuli iqneba misi molekulis Sedgenilo-

ba da agebuloba (aramolekuluri nivTierebisaTvis_sanam 

SenarCundeba misi Sedgeniloba da atomebs Soris damaxasi-

aTebeli kavSirebi). 

 
xazgasmiT unda aRiniSnos,  rom  nivTierebis yvela 

Tviseba (maT Soris meqanikuric) fizikuria. magram arse-
bobs garkveuli garegnuli  niSani imisa romelic 

uflebas iZleva sxeulis yvela Tviseba daiyos e. w. 

fizikur da meqanikur Tvisebebad. es niSani  Tvise-

baTa gazomvebis zogierT Sedegs efuZneba. meqanikuri 

Tvisebebis gansazRvrisas sxeuli rRvevas an Seuqcev 

deformacias ganicdis, xolo fizikuri Tvisebebis 
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gansazRvra mis narCen deformacias ar iwvevs.  fizi-

kuri Tvisebebis Teoria, upiratesad, kristaluri gi-

sosis dinamikas Seiswavlis. igi eleqtronebis urTi-

erTSoris da maTi kristaluri gisosis vels Soris 

urTierTqmedebas  efuZneba, xolo meqanikuri Tvisebe-

bi, ZiriTadad, kristaluri aRnagobis defeqtebis 

TeoriiT SemoisazRvreba. amdenad, cneba ’’fizikuri 

Tvisebebi’’ pirobiTia da igi meqanikur Tvisebebs 

”upirispirdeba’’.    

 

ganvixiloT nivTierebis Sinagan agebulebaze da mis 

atomur-eleqtronul struqturaze damokidebuli 

zogierTi ZiriTadi fizikuri Tviseba:  

 
a) feri aris sxeulis unari gamoiwvios mis mier arek-

lili an misgan gamofrqveuli xiluli gamosxivebis 

speqtruli Sedgenilobisa da gansazRvruli intensiu-

robis Sesabamisi mxedvelobiTi SegrZneba damkvirveb-

elSi. sxvagvarad: liTonebis unari areklos masze 

dacemuli gansazRvruli sigrZis sinaTlis sxivebi, 

romlebic adamianis TvaliT (ferad) aRiqmeba. igi xi-
luli eleqtromagnituri gamosxivebis maxasiaTebe-

lia da obieqtis vizualur, subieqtur aRqmas iwvevs. 
liTonebs liTonuri bzinva axasiaTebs. bzinva aris 

masalis zedapiris unari mimarTulad areklos sinaT-

lis nakadi. igi liTonis amrekli zedapiris maxasi-

aTebelia da zedapiridan sarkulad areklili da 

difuzurad gabneuli sinaTlis Tanafardobebs gviCve-

nebs. liTonis gluvi zedapiri sinaTlis did pro-

cents aireklavs. liTonebi feriT erTmaneTisgan 

gansxvavdeba, magaliTad: spilenZs aqvs movardisfro-

mowiTalo, oqros_yviTeli, ceziums_Ria yviTeli, 
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vercxls maxasiaTebeli_TeTri, alumins, magniums, 

platinas, kalas, kadmiums, da vercxliswyals_mo-

lurjo-TeTri, xolo rkinasa da dariSxans_moruxo 

feri. Zlier daqucmacebuli liTonebi ruxi, yavis-

feri an Savi feriT xasiaTdeba.  
 

sxvadasxva nakeTobisaTvis gamoyenebuli liTonis 

Senadnobebi feriTi maxasiaTeblebiT mniSvnelovnad 

gansxvavdeba ZiriTadi liTonis ferisgan. miuxedavad 

imisa, rom mravali saukunea sxvadasxvagvar da sxvada-

sxva feris Senadnobebs iyeneben,  liTonebis aRnago-

basa da mis amrekl unars Soris urTierTkavSiri jer 

kidev ar aris gaxsnili;  

 
b) simkvrive liTonebis umniSvnelovanesi maxasiaTebe-

lia. igi asaxavs, erTeul moculobaSi, nivTierebis 

raodenobas. simkvrivis mixedviT liTonebi dayofilia 

jgufebad: msubuqi, simkvrive ≤5 g/sm3-ze; mZime, sim-

kvrive 5-dan 10 g/sm3-mde da Zalian mZime simkvrive 10 
g/sm3–ze meti.  yvelaze msubuqi liTonia liTiumi_0,53 
g/sm3,  xolo yvelaze mZime liTonis dasaxeleba dRe-

isaTvis SeuZlebelia. ori yvelaze mZime liTonis os-

miumisa da iridiumis simkvriveebi tolia da daaxlo-

ebiT 22,6 g/sm3-s Seadgens. maTi zusti simkvrivis ga-
moTvla gaZnelebulia, maTi minarevebisgan arasrul-

fasovnad gasufTavebis gamo. nebismieri minarevi maT 

simkvrives amcirebs;  

 
g) dnobis temperatura aris is temperatura, romel-

zec gasaxurebeli nivTiereba, siTbos STanTqmiT, 
kristaluri mdgomareobidan Txevad mdgomareobaSi 

gadadis. dnobis temperaturis mixedviT liTonebi 
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Semdeg jgufebad iyofa: advildnobadi, dnobis tem-

peratura ≤600 ℃-ze, saSualodnobadi dnobis tempera-

tura 600-dan 1600 ℃-mde da Zneldnobadi, dnobis tem-

peratura ≥1600 ℃-ze.  
 

dnobis temperaturamde gaxurebuli myari kristalu-

ri nivTierebis TxevadSi gadasayvanad saWiroa e.w. 

dnobis faruli siTbo. igi siTbos is raodenobaa ro-

melic ixarjeba dnobis temperaturaze myari sxeulis 

erTeuli masis imave temperaturaze Txevad mdgomare-

obaSi gadasayvanad. imisTvis, rom myari nivTiereba 

gaTxevaddes sakmarisi ar aris dnobis temperatura-

mde gaxureba. kristaluri struqturis dasarRvevad 

kidev unda miewodos damatebiT siTburi energia, 

romelic gamdnari nivTierebis temperaturis momate-

bas ar gamoiwvevs. e.i., sanam myari nivTiereba mTli-

anad ar gaTxevaddeba, misi temperatura siTburi ener-

giis wyaros temperaturaze maRla ar aiwevs. siTbos 

wyaros simZlavris amaRleba mxolod daaCqarebs gad-

nobas, magram gasadnobi nivTierebis srul gaTxevade-

bamde misi temperatura darCeba mudmivi; 

 

d) Tbogamtaroba aris liTonis unari, gaxurebisas, 

ama Tu im siCqariT gaataros siTbo, xolo gacivebisas 

gasces igi. an kidev: masalis unari gadasces siTbo 

sxvadasxva temperaturis mqone sakuTari ufro Tbili 

zedapiridan naklebad Tbil zedapirs. procesi nivTi-

erebis Semadgeneli molekulebis, atomebis, eleqtro-

nebis siTburi gaaqtiurebis xarjze mimdinareobs. 

saukeTeso TbogamtarobiT xasiaTdeba sufTa liTone-

bi_vercxli, spilenZi da alumini. maRali Tbogamta-

robis  liTonebi da Senadnobebi cxeli damuSavebisas 
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Tanabrad xurdeba, advilia maTi SeduReba da rCilva. 

maT farTod gamoiyeneben Tbomimocvlis aparatebis 

dasamzadeblad. maRali Tbogamtarobis liTonebi 

amave dros saukeTeso elgamtarebia. Tbogamtaroba 

gamoiyeneba Tboteqnikur gaangariSebebSi; 
 
e) Tburi gafarToeba aris liTonebis Tviseba gafar-

Tovdes gaxurebisas da SeikumSos gacivebisas. es gaT-

valiswinebuli unda iqnes manqanaTa detalebisa da 

liTonuri nagebobebis damzadebisas. sxvadasxva xazo-

brivi gafarToebis koeficientis mqone liTonebisgan 

damzadebuli da Semdeg urTierTSeerTebuli detale-

bi gaxurebisas SeiZleba moiRunos an  dairRves.  

 

Camosxmuli detalebis gacivebisas Txeli nawilebi 

ufro swrafad civdeba vidre sqeli da kumSvas ganic-

dis. am dros warmoiqmneba Sinagani Zabvebi da SesaZ-

lebelia bzaris gaCenac. konstruqtori valdebulia 

sworad SearCios sxmulis kveTis zomebi. siTbur 

gafarToebas didi mniSvneloba aqvs SenaduRi kons-

truqciebisTvis, romlebSic, Sinagani Zabvebic aRiZ-

vreba da mosalodnelia bzarebis gaCena. gansakuTre-

biT saguldagulod unda iqnes gaTvaliswinebuli 

liTonebis xazobrivi gafarToeba sazomi da precizi-

uli xelsawyoebis, kalibrebis da maRal temperatu-

rebze momuSave manqanaTa detalebis damzadebisas. 

garda aRniSnulisa, es Tviseba gaTvaliswinebeli 

unda iqnes xidis fermebis agebisas, rkinigzis relse-

bis dagebisas da sxva SemTxvevebSi;  
 

v) siTbotevadoba aris sxeulis 1 0C temperaturis mo-

matebisas STanTqmuli siTbos raodenoba. sxvadasxva 
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liTonis siTbotevadobis Sesadareblad xvedriTi 

siTbotevadobis cneba gamoiyeneba. igi erTeuli masis 

liTonis 1 ℃ temperturis momatebisas STanTqmuli 

siTbos raodenobaa;  

 

z) eleqtrogamtaroba aris liTonis unari, eleqtru-

li velis moqmedebiT gaataros eleqtruli deni. igi, 

agreTve, am unaris raodenobrivad damaxasiaTebeli 

fizikuri sididea. eleqtrogamtaroba ganpirobebulia 

sxeulSi moZravi damuxtuli nawilakebis_eleqtrone-

bis, ionebis da sxvaTa arsebobiT. liTonebis unaris 

Sefaseba gaataros eleqtrodeni ori urTierTsawina-

aRmdego TvisebiT_eleqtrogamtarobiT da eleqtrowi-

naRobiT_xasiaTdeba. kargi eleqtrogamtaroba auci-

lebelia mag., dengamtari masalebisaTvis, xolo xel-

sawyoebis da Rumlebis eleqtrogamxureblebis damza-

debisas aucilebelia maRali eleqtrowinaRobis mqone 

Senadnobebi.  

 

araliTonebisagan gansxvavebiT, yvela liTonisaTvis 

damaxasiaTebelia eleqtrowinaRobis amaRleba tempe-

raturis amaRlebasTan erTad. aseTi klasikuri das-

kvna Zalas inarCunebda manam, sanam 1911 wels holan-

dieli mecnieri haime kamerling onesi (asistentebTan 

erTad), iyenebda ra Tavis mier gaTxevadebul heliums 

vercxliswylis Tvisebebis, kerZod, misi eleqtrowi-

naRobis temperaturaze damokidebulebis cvlilebis 

sakvlevad, zegamtarobis aRmoCenamde ar mivida (zega-
mtaroba aris zogierTi masalis Tviseba, maTTvis damaxa-

siaTebel Tkr temperaturaze qveviT gacivebisas, nulovani 

eleqtruli winaRoba gamoavlinos). maT SeniSnes, rom da-

sawyisSi daskvna imis Sesaxeb, rom temperaturis Sem-
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cirebiT liTonis eleqtrowinaRoba mdovred mcir-

deba dadasturda. xolo, rodesac vercxliswylis 

temperaturam  4,15 K-s miaRwia, misi eleqtrowinaRoba 

naxtomisebrad Seicvala da nulis toli gaxda.  

 

es efeqti maTTvis sruliad moulodneli iyo, xolo 

maSin arsebuli TeoriebiT misi axsna_SeuZlebeli. 

Semdegma kvlevebma aCvena, rom zegamtaroba qvanturi 

movlenaa da igi ar SeiZleba aRiweros klasikuri ga-

gebiT, rogorc martivi idealuri gamtaroba. dReisa-

Tvis cnobilia ramdenime aTeuli sufTa liToni, 

Senadnobi da keramikuli masala, romlebic maTTvis 

damaxasiaTebel Tkr(>77K-ze) temperaturaze ufro qve-
viT gacivebisas zegamtarul mdgomareobaSi gadadis;   

 
T) magnituri Tvisebebi aris liTonis unari damagnit-

des.  magnituri Tvisebebis mixedviT yvela liToni 

diamagnitur da paramagnitur jgufebad iyofa. 

paramagnituri jgufis kerZo SemTxvevas fero- 

magnituri liTonebi_rkina, kobalti, nikeli da 

iSviaTi liToni gadoliniumi warmoadgens. maRal 

temperaturebze isini TavianT magnitur Tvisebebs 

kargaven (mag., rkina_768, kobalti_1100, xolo nikeli_350 
℃) magnituri Tvisebebis mqone masalebi gamoiyeneba 

eleqtroteqnikur xelsawyoebSi; 

1.3 liTonuri masalebis qimiuri Tvisebebi 

 

nivTierebebis (qimiuri elementebis, martivi nivTierebebis 

da qimiuri naerTebis) qimiur procesebze damokidebul 
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Tvisebebs, anu Tvisebebs, romlebic qimiuri reaqcie-

bis procesSi gamovlindebian, qimiuri Tvisebebi ewo-

deba. zogadad,Qqimiur Tvisebebs miekuTvneba sxva niv-

TierebebTan reagirebis da daSlis unari. farTo ga-

gebiT nivTierebisQqimiuri Tvisebebi damokidebulia 

ara marto imisgan Tu romeli qimiuri elementebisa-

gan Sedgeba is, aramed nivTierebis molekulebis 

struqturisa (struqturuli izomeria) da molekule-

bis sivrculi konfiguraciisagan (konformacia, stere-

oizomeria). rogorc wesi, erTnairi Sedgenilobisa da 

struqturis mqone nivTierebebs erTnairi qimiuri 

Tvisebebi aqvs.   
 

liTonis ZiriTadi qimiuri Tviseba misi Semadgeneli 

atomebis mier savalento eleqtronebis advilad ga-

cemis da dadebiTad damuxtuli ionebis mdgomareoba-

Si gadasvlis unaria. tipuri liTonebi arasodes ar 

ierTebs eleqtronebs. maTi ionebi yovelTvis dadebi-

Tadaa damuxtuli. isini, qimiuri reaqciebisas advi-

lad gascemen ra eleqtronebs, iTvlebian energeti-

kul aRmdgenelebad. sxvadasxva liTons eleqtronebis 

gacemis sxvadasxva unari aqvs. rac ufro advilad 

gascems liToni eleqtronebs, miT ufro aqtiuria igi 

da ufro energiulad Sedis reaqciaSi sxva nivTie-

rebebTan. liTonebis qimiur Tvisebebs axasiaTebs maTi 

damokidebuleba sxvadasxva aqtiuri aris qimiur ze-

moqmedebasTan. TiToeul liTons am zemoqmedebisadmi 

winaaRmdegobis gawevis gansazRvruli unari aqvs. li-

Tonebis qimiuri Tvisebebidan, praqtikuli Tvalsaz-

risiT, gansakuTrebiT mniSvnelovania: xsnadoba, Jan-

gvadoba, koroziuli medegoba. 
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a) xsnadoba aris nivTierebis unari gaixsnas ama Tu im 

gamxsnelSi, rogorc TxevadSi, ise myarSi. didi mniS-

vneloba aqvs liTonebis nadnobebis da airebis urTi-

erTqmedebas. liTonebis dnobis procesSi, nadnobSi, 

zogierTi airi endoTermuli reaqciebiT ixsneba sxva 

ki_egzoTermuliT. nadnobis gamyarebis procesSi,  

endoTermuli reaqciebiT gaxsnili airebis xsnadoba 

mcirdeba da kristalizaciisas warmoqmnili airis 

buStebi sxmulis forianobas ganapirobebs.  

 

b) Jangvadoba aris liTonis unari, mJangavis qimiuri 

zemoqmedebiT, JangbadTan Sevides reaqciaSi da war-

moqmnas oqsidi. liTonebis Jangvadobis unari farTo 

sazRvrebSi icvleba. maTi umravlesoba Cveulebriv 

temperaturaze, sxvadasxva siCqariT iJangeba haeris 

JangbadiT. reaqciis siCqare da meqanizmi Zlieraa da-

mkidebuli konkretuli liTonisa da Senadnobis bu-

nebaze. umravles SemTxvevaSi Jangvis procesis Sede-

gad oqsidebi warmoiqmneba, tute liTonebi ki (liTi-

umis garda) peroqsidebs warmoqmnis.  
 

praqtikuli TvalsazrisiT, zog SemTxvevaSi 

sasurvelia nakeTobis zedapirze mtkice oqsiduri 

firis warmoqmna. igi liTonis zedapirs Jangbadis 

siRrmeSi SeRwevisagan da Semdgomi Jangvisgan icavs. 

liTonebis haerisadmi mdgradoba warmoqmnili 

oqsidis TvisebebiT ganisazRvreba, kerZod_war-

moqmnili oqsidis moluri moculobis liTonis 

molur moculobasTan fardobiT (Voqs./VliT.).  roca 

Voqs / VliT  >1 liTonze Jangeulis damcavi firi 

warmoiqmneba da igi liTons Semdegi Jangvisgan 
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daicavs. aseTi firebi damaxasiaTebelia mag., Al, Ti da 
Cr–Tvis. miuxedavad maTi aqtiurobisa, isini haerze 

(damcavi firebis daxmarebiT) mdgradia. is liTonebi,  

romelTa  Voqs / VliT < 1-ze  haerze  aramdgradia  

(mag.,  tute liTonebi)  

 
g) koroziuli medegoba aris liTonis unari gauwios 

winaaRmdegoba garemos zemoqmedebiT gamowveul rRve-

vas. TiTqmis yvela liTonis zedapiri, romelic Sexe-

baSia airul an Txevad garemosTan, metnaklebad swra-

fad irRveva. amis mizezi ki liTonisa da haerSi arse-

buli gazebis, agreTve wyalTan da masSi gaxsnil mi-

narevebTan qimiuri urTierTqmedebaa. amdenad, koro-

ziuli medegobis TvalsazrisiT, qimiuri Tvisebebi 

SeiZleba ganxiluli iqnes, rogorc liTonebis unari 

win aRudges daJangvas an sxvadasxva nivTierebebTan 

(haeris JangbadTan, naxSirJangTan, sinestesTan, tuteebTan 

da sxv.) naerTis warmoqmnas. rac ufro iolad Sedis 

liToni sxva elementebTan naerTSi, miT ufro advi-

lad irRveva igi.   

 

koroziuli rRveva ori saxisaa: qimiuri da eleqtro-

qimiuri. sufTa qimiuri korozia, ZiriTadad, Jangvado-

biT ganisazRvreba. Eeleqtroqimiuri korozia aRiZvre-

ba dengamtari siTxis Tanaarsebobisas, liTonebis fi-

zikur-qimiuri araerTgvarovnebis gamo. liTonebis 

eleqtroqimiuri aqtiurobis daxasiaTebisa da eleq-

troqimiuri procesebis gagebis fuZemdeblur rgols 

liTonebis ZabvaTa rigi (mwkrivi) warmoadgens. igi 

iwyeba qimiurad aqtiuri da mTavrdeba yvelaze pasi-

uri_keTilSobili liToniT. umniSvnelovanesi liTo-
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nebisa da wyalbadisTvis ZabvaTa rigi, uaxlesi war-

modgenebiT, Semdegnairad gamoiyureba: Li, Rb, K,  Ba,  Sr,  
Ca,  Mg,  Al, Be, Mn,  Zn,  Cr, Ga,  Fe,  Cd,  Tl, Co,  Ni,  Sn,  Pb, H, Sb, Bi, 
As, Cu, Hg, Ag, Pd,   Pt,  Au. 
 

nebismieri ori liToni warmoqmnis galvanur wyvils. 

amasTan, emZ miT meti iqneba, rac ufro Sors dganan 

isini erTmaneTisgan ZabvaTa rigSi. ori sxvadasxva 

liTonisgan damzadebuli galvanuri elementis eleq-

trodebidan ZabvaTa rigSi wina adgilze mdgom masa-

laze gaCndeba uaryofiTi potenciali. Zabvis sidide 

(potencialTa sxvaoba) damokidebulia elementis ad-

gilze ZabvaTa rigSi da eleqtrolitis Tvisebebze.  

 

wyalbadis mimarT gazomili zogierTi liTonis eleq-

troduli potenciali warmodgenilia #1 cxrilSi. 

  

liTonTa umravlesoba ama Tu im mJavaTi iJangeba. is liTo-

nebi,  romlebsac  uaryofiTi  standartuli eleqtroduli 

potenciali aqvT iJangebian H+ ionebiT da ixsnebian. liTo-

nuri elementebis mniSvnelovani maxasiaTebeli fuZe Jangeu-

lebisa da Sesabamisi hidroJangeulebis warmoqmnis unaria. 

perioduli sistemis mTavari qvejgufis liTonebis oqside-

bisa da hidrooqsidebis fuZianoba izrdeba zevidan qveviT, 

xolo Tanaqvejgufebis (garda I_III)_ukudamokidebulebiT. 

periodebiT da rigebiT elementis rigiTi nomris zrdisas 

fuZianoba klebulobs. daJangulobis ramdenime xarisxis 

mqone liTonebis (rogorc d da fLliTonebi) daJangulobis 

xarisxis zrda oqsidebis fuZianobis Semcirebas iwvevs da 

maT maRal oqsidebs mJava xasiaTi aqvs. 
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cxrili 1. liTonebis eleqtroduli potenciali 

 

liToni eleqtroduli 
potenciali, v 

liToni eleqtroduli 
potenciali, v 

Li _ 3,045 Fe _ 0,440 

Rb _ 2,925 Cd _ 0,403 

K _ 2,924 Co _ 0,277 

Cs _ 2,923 Ni _ 0,250 

Ba _ 2,910 Sn _ 0,136 

Sr _ 2,890 Pb _ 0,126 

Ca _ 2,866 H 0,00 

Na _ 2,714 Bi + 0,215 

Mg _ 2,363 Cu + 0,337 

Al _ 1,663 Ag + 0,799 

Mn _ 1,179 Hg + 0,850 

Zn _ 0,763 Pt + 1,188 

Cr _ 0,744 Au + 1,692 
 

SeniSvna: aRmdgeneli eleqtrodebis standartuli poten-

cialebi wyalbadis mimarT aRniSnulia “_” niSniT, xolo 

mJangavebi aRniSnulia “+” niSniT). 
 

masalebis qimiuri Tvisebebis  Sefaseba xdeba sxvada-

sxva garemoSi (mJavebSi, tuteebSi, marilxsnarebSi, wyal-

Si da haerze), sxva qimiur nivTierebebTan maTi damoki-

debulebis gansazRvriT. SerCeuli masalebis qimiuri 

Tvisebebis codna aucilebelia konstruqciebis mede-

gobis winaswar Sesafaseblad. Senadnobebze sxvada-

sxvagvari aqtiuri agentis moqmedebisas maTi zedapiri 

sxvadasxva intensiurobiT iwyebs rRvevas da es pro-

cesi, droTa ganmavlobaSi, nakeTobis zedapiridan 
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siRrmis mimarTulebiT vrceldeba. Cveulebriv tem-

peraturaze garemos gavleniT gamowveul qimiur 

rRvevas liTonebis korozia ewodeba. 

 

mSrali haeris atmosferos pirobebSi, oTaxis tempe-

raturaze, yvela liTonisa da Senadnobis zedapiri 

ifareba Tavisive Jangeulis Txeli SriT (firiT). es 

procesi qimiurad yvelaze ufro mdgrad_platinisa 

da oqros zedapirebzec mimdinareobs. temperaturis 

awevisas Senadnobi ufro intensiurad iJangeba da 

nakeTobis zedapirze ufro sqeli firi_xenji_warmo-

iqmneba (xenjis aSreveba liTonis detalis ganivkveTis da, 

Sesabamisad, konstruqciis medegobis Semcirebas iwvevs). 
Jangeulis firis warmoqmniT zogierTi liToni 

garemos gavlenis mimarT ufro medegi xdeba, vidre 

TviTon liTonia. am movlenas liTonebis gapasiureba 

(pasivacia) ewodeba.  
 

liTonebisa da konstruqciebis rRveva SeiZleba eleq-

troqimiuri procesebiT gamowveuli koroziiTac mox-

des. eleqtrolitur xsnarSi moTavsebuli yoveli 

liToni dadebiTad damuxtul ionebs gamoyofs. cal-

keuli liToni xsnarSi gansxvavebuli raodenobis 

ionebs gamoyofs, ris Sedegadac isini eleqtrolitSi 

moTavsebisas sxvadasxva potencials iZenen. unda aRi-

niSnos, rom liTonuri Senadnobebis qceva eleqtro-

litebSi da maTi eleqtroqimiuri koroziis meqaniz-

mic, liTonebisTvis aRwerili movlenis analogiuria 
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1.4 liTonuri masalebis teqnologiuri Tvisebebi 
 

teqnologiuri Tvisebebi aris mWreli iara-

RiT_WriT_damuSavebadoba, SeduRebadoba, Wedadoba, 

saCamomsxmelo Tvisebebi da sxva. anu masalis unari 

daeqvemdebaros civ da cxel mdgomareobaSi damuSa-

vebis ama Tu im teqnologias.  maTi saSualebiT irkve-

va, SesaZlebelia da advilia Tu ara SerCeuli masa-

lisagan, mocemuli teqnologiiT, detalis damzadeba. 

warmoebaSi gansakuTrebuli mniSvneloba aqvs liTo-

nebisa da Senadnobebis teqnologiuri Tvisebebis 

codnas. maTi saSualebiT xdeba manqana-mowyobilo-

bebis detalebis damzadebis xerxebisa da meTodebis 

SerCeva, damzadebis ama Tu im operaciis ganxorcie-

leba. teqnologiur Tvisebebs teqnologiuri sinje-

biT axasiaTeben. isini, SerCeuli xerxiT, liTonis 

damuSavebis vargisobis xarisxobriv Sefasebas iZle-

vian. Tu teqnologiur sinjad gamoyenebul nimuSze, 

gamocdis Semdeg daTvalierebisas, ar aRmoCndeba 

bzari, Canaxevi, ganSreveba an rRvevis sxva niSani, 

CaiTvleba, rom nimuSma gauZlo gamocdas. ganvixiloT 

liTonebis ZiriTadi teqnologiuri Tvisebebi 

zogadad: 

 
a) WriT damuSavebadoba aris liTonis an Senadnobis 

reaqcia masze mWreli instrumentis gansazRvruli 

siCqariTa da ZaliT moqmedebis procesze. igi erT-

erTi umniSvnelovanesi teqnologiuri Tvisebaa. 

meqanikurad (WriT) muSavdeba liTonuri namzadebis 

udidesi umravlesoba, aseve konstruqciis SenaduRi 

kvanZebis detalebi. sufTa da gluvi zedapiris misa-

Rebad zogierTi liToni kargad, zogierTi ki, maRali 
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sisalis gamo, cudad muSavdeba. cudad muSavdeba 

dabali sisalis mqone blanti liTonebic. WriT 

damuSavebis Semdeg, maTi zedapirebi mqise da anagle-

jebiania. damuSavebadobis gaumjobeseba (mag., fola-

debis) Termuli damuSavebiT sisalis momatebiT an 

SemcirebiT miiReba;  
 
b) SeduRebadoba aris liTonis unari, rogorc wesi, 

sxva liTonebTan warmoqmnas ZiriTadi liTonebis 

TvisebebTan miaxloebuli Tvisebebis mqone SenaduRi 

nakeri. sxvanairad: SeduRebadoba aris masalis an 

SeuRlebuli masalebis Tviseba, SeduRebis dadgenili 

teqnologiiT warmoqmnas SenaduRi SenaerTi, rome-

lic upasuxebs nakeTobis saeqspluatacio moTxovnebs. 

arsebobs fizikuri da teqnologiuri SeduRebadobis 

cneba. fizikuri SeduRebadoba gulisxmobs qimiuri 

kavSirebiT monoliTuri SenaduRi naerTis miRebas. 

aseTi SeduRebadoba TiTqmis yvela sufTa liTonsa 

da Senadnobs axasiaTebs. teqnologiuri SeduRebadoba 

aris liTonis maxasiaTebeli, romelic gansazRvravs 

damuSavebis mocemuli meTodisadmi daqvemdebarebis 

da winaswargansazRvruli saeqspluatacio Tvisebebis 

mqone SenaduRi naerTis warmoqmnis unars. teqnologi-

uri SeduRebadobis dasadgenad unda ganisazRvros: 

SenaduRi liTonis qimiuri Sedgeniloba,  struqtu-

risa da Tvisebebis  SeduRebis xerxze damokidebule-

ba, nakermimdebare zonis struqtura, nakeris meqani-

kuri Tvisebebi da bzarwarmoqmnisadmi masalis mid-

rekileba. praqtikulad SeduRebadoba SenaduRi nake-

ris gaWimvasa da Runvaze gamocdis sinjebiT gani-

sazRvreba;  
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g) Wedadoba aris liTonis Wedvis unari, civ an cxel 

mdgomareobaSi, garegani Zalebis moqmedebiT, rRvevis 

raime niSnis gareSe, Seicvalos sawyisi forma. 

WedadobasTanaa dakavSirebuli damuSavebis iseTi 

umniSvnelovanesi saxeebi, rogoricaa glinva, wnexa, 

adidva, Wedva da Stampva. wneviT damuSavebis 

sxvadasxva xerxiT nakeTobis dasamzadeblad liTonis 

SerCevisas, mxedvelobaSi miiReba masalis damuSavebis 

mocemuli meTodisadmi daqvemdebarebis unari. Wedado-

bis gansazRvra xdeba samWedlo sinjis deformaciis 

mocemul xarisxamde dasmiT (nimuSis simaRle, Cveuleb-

riv, misi diametris gaormagebuli sididiT aiReba). Tu ni-

muSis gverdiT zedapirze bzari ar warmoiqmna, iTvle-

ba, rom aseTi liToni vargisia wneviT damuSavebisa-

Tvis. Wedadobis xarisxi mraval faqtorzea damokide-

buli. maT Soris yvelaze mniSvnelovani plastikuro-

baa. igi axasiaTebs masalis unars daurRvevlad de-

formirdes. rac ufro maRalia masalis plastiku-

roba, miT ufro did jamur moWimvas uZlebs igi. 

 

liTonebis wneviT damuSavebisas plastikurobaze mra-

vali faqtori moqmedebs: dasamuSavebeli masalis Sed-

geniloba da struqtura, daZabuli mdgomareobis xasi-

aTi deformaciisas, deformaciis araTanabroba, de-

formaciis siCqare, deformaciis temperatura da sxv.  

damuSavebisas aRniSnuli faqtorebidan romelimes 

cvlileba iwvevs  plastikurobis cvlilebas. zoga-

dad ganvixiloT TiToeuli maTganis plastikurobaze 

gavlena;  

 

a) liTonis Sedgeniloba da struqtura. masalis 

plastikuroba pirdapiraa damokidebuli qimiur Sedge-
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nilobaze. foladSi naxSirbadis Semcvelobis zrda 

plastikurobis Semcirebas iwvevs. plastikurobaze 

did gavlenas axdens foladSi minarevebis saxiT Se-

mavali elementebi: kala, stibiumi, tyvia, gogirdi. 

isini liTonSi ar ixsnebian. ganTavsdebian marcvlis 

sazRvrebze da maT Soris kavSirebs asusteben. am 

elementebis dnobis temperatura dabalia da cxeli 

deformaciis Casatareblad liTonis gaxurebisas dne-

bian. iwveven plastikurobis dakargvas. plastikuroba 

damokidebulia liTonis struqturul mdgomareoba-

zec (gansakuTrebiT ki cxeli deformaciisas). plastiku-

robas dabla swevs mikrostruqturis araerTgvarov-

nebac. erTfaza Senadnobi, sxva Tanabar pirobebSi, 

yovelTvis ufro plastikuria vidre orfaza. fazebis 

gansxvavebuli meqanikuri Tvisebebi araTanabar de-

formacias iwvevs. wvrilmarcvlovani liToni ufro 

plastikuria, vidre msxvilmarcvlovani. zodis liTo-

ni ufro naklebplastikuria, vidre naglini an naWedi 

liToni, radgan sxmulis struqtura marcvlebis, Ca-

narTebis da sxva defeqtebis mkveTri araerTgvarov-

nebiT xasiaTdeba;  

 
b) daZabuli mdgomareobis xasiaTi. daZabuli mdgoma-

reobis sqemis cvlilebisas erTi da igive masala 

sxvadasxva plastikurobas avlens. 1912 wels gamoCe-

nilma mecnierma Teodor fon karmanma (1881–1963), 
sqelkedlian cilindrSi ganTavsebul nimuSze 170 
mega n/m2 wneviT glicerinis daWirxvniT qviSaqvisa da 

marmarilos dasma SeZlo. yovelmxrivi kumSvis sqemiT 

ganxorcielebuli deformaciis Semdeg nimuSebis 

narCenma deformaciam 9% Seadgina (Semdeg man 78 %-iani 
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narCeni deformaciis miRweva SeZlo). plastikuri Tvise-

bebis gamovlenis yvelaze ufro xelsayrel daZabuli 

mdgomareobis sqemas yovelmxrivi kumSva warmoadgens. 

am dros marcvalTSorisi deformacia Zneldeba da 

mTeli deformacia marcvalTSiga deformaciiT xdeba.  

deformaciis sqemaSi gamWimavi Zabvebis gaCenisas 

plastikuroba mcirdeba da yvelaze ufro dabali 

 plastikuroba vlindeba yovelmxrivi gaWimvis 

sqemisas;  

 

g) deformaciis araTanabroba. rac metia deformaciis 
araTanabroba, miT naklebia plastikuroba. deforma-

ciis araTanabroba damatebiTi Zabvebis gaCenas iwvevs. 

gamWimavi Zabvebi yovelTvis amcireben plastikurobas 

da xels uwyoben myife rRvevas. garda amisa, daZabuli 

mdgomareobis araTanabroba masalis meqanikur simtki-

ces amcirebs, radgan gare datvirTvebiT gamowveuli 

Zabvebi jamdeba narCen gamWimav ZabvebTan da rRveva 

iwyeba ufro naklebi sididis datvirTvebisas;  

 

d) deformaciis siCqare. cxeli deformaciisas, 

deformaciis siCqaris matebiT, plastikuroba mcirde-

ba. deformaciis arsebuli araTanabroba aRZravs 

damatebiT Zabvebs, romlebic mxolod im SemTxvevaSi 

moixsnebian, Tu simtkicis kargvis procesis siCqare 

deformaciis siCqareze naklebi ar iqneba; E 
 
e) temperaturis faqtori.  temperaturis gavlena ara-

erTgvarovania. sur. 1-is Sesabamisad, dabal da saSua-

lonaxSirbadian foladebSi temperaturis mateba 

zrdis plastikurobasac (1), maRallegirebuli fola-

di civ mdgomareobaSi ufro plastikuria (2), 
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sasakisre foladis plastikuroba TiTqmis ar aris 

damokidebuli temperaturaze (3), zogierT Senadnobs 

SeiZleba axasiaTebdes amaRlebuli plastikurobis 

intervali (4), teqnikuri rkina 800–1000℃ temperatu-
rul intervalSi Semcirebuli plastikuri TvisebebiT 

xasiaTdeba (5), dnobis temperaturasTan miaxloebul 

temperaturebze, SesaZlebeli gadaxurebis an gadawvis 

gamo, liTonebis plastikuroba mkveTrad mcirdeba;  

 

 
sur. 1. sxvadasxva liTonis fardobiTi moWimvis temperatu- 

        raze damokidebulebis grafiki 

 

d) saCamomsxmelo Tviseba aris Txevadi liTonis una-

ri, misgan damzaddes sxmulebi  bzarebis, niJarebis 

da sxva defeqtebis gareSe. ZiriTadi saCamomsxmelo 

Tvisebebia: Txeldenadoba (Txevadi liTonis unari, Se-

avsos samsxmelo yalibi) an Txevadi liTonis maxasia-

Tebeli, romelic  siblantis  sapirispiro sidides 
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warmoadgens. igi izomeba garkveuli kuTxiT moRunu-

li sxmulis warmoqmnis unariT; Cajdoma aris krista-

lizaciisas moculobis Semcireba. igi warmoadgens 

Cajdomis niJarebisa da Cajdomis sicarieleebis war-

moqmnis mizezs zodebsa da sxmulebSi; likvacia aris 

Senadnobis qimiuri Sedgenilobis araerTgvarovneba, 

romelic Cndeba kristalizaciis procesSi da ganpi-

robebulia imiT, rom sufTa liTonebisgan gansxvave-

biT, Senadnobebi myardeba ara erT garkveul tempera-

turaze, aramed temperaturul intervalSi. rac ufro 

farToa kristalizaciis temperaturuli intervali, 

miT ufro metad viTardeba likvacia. likvaciisadmi 

did midrekilebas avlenen Senadnobis is komponente-

bi, romlebic kristalizaciis temperaturuli inter-

valis gafarToebaze ufro Zlier moqmedeben. mag., fo-

ladebSi_gogirdi, Jangbadi, fosfori da naxSirbadi;  

 

e) SewrTobadoba aris liTonis wrTobis unari gan-

sazRvrul siRrmeze. igi dasamuSavebel nakeTobaSi 

nawrTobi  SriT (martensituli an naxevarmartensituli 

struqturis gavrcelebis siRrmiT) xasiaTdeba da wrTo-

bis kritikuli siCqariT ganisazRvreba. SewrTobadoba 

mniSvnelovnadaa damokidebuli Senadnobis Sedgeni-

lobaze. mag., legirebuli foladebi, gadacivebuli 

austenitis meti mdgradobiT da, Sesabamisad, naklebi 

wrTobis kritikuli siCqariT xasiaTdebian, vidre 

naxSirbadiani foladebi  da, aqedan gamomdinare, uf-

ro did siRrmeze iwrTobian.  

 

SewrTobadobas Zlier amaRlebs Mn, Mo, Cr, Ni da B-is 
mcire minarevi. eqsperimentulad SewrTobadobis siR-

rme ganisazRvreba torsuli wrTobiT. am dros cili-
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ndruli nimuSi, sawrTobi siTxis WavliT, mxolod 

torsidan civdeba (gverdiTi zedapirebi izolirebulia). 

SewrTobadobis siRrme ganisazRvreba (gverdiT zedapi-

rebze gazomili) sisalis, rogorc manZilis funqcia 

cilindris torsidan. im SemTxvevaSi, rodesac ar 

aris uzrunvelyofili nakeTobis gulis wrToba (e.i. 
gulSi gacivebis siCqare naklebia wrTobis kritikul siC-

qareze), SewrTobadobas arasruli ewodeba. rodesac 

nakeTobis mTeli moculoba iwrToba (e.i. am dros nake-
Tobis gulSi gacivebis WeSmariti siCqare aRemateba wrTo-

bis kritikul siCqares), SewrTobadobas gamWoli 

ewodeba. 

 

Cveulebriv, liTonebidan produqciis miReba xdeba: 

gadnobiTa da CamosxmiT, WedviT, StampviT, grexiT, 

glinviT, SeduRebiT, gravirebiTa da sxv. Tu liTo-

nuri masalebis zemoT CamoTvlili Tvisebebi gaTva-

liswinebuli iqneba, maSin, praqtikulad, SesaZlebeli 

iqneba liTonur namzadebsa da nakeTobebze mravali 

teqnologiuri moqmedebis Catareba da winaswargan-

sazRvruli Sedegebis miRweva.    

1.5 liTonuri masalebis saeqsploatacio Tvisebebi 
 
masalis im Tvisebebs, romlebic nakeTobis sxvadasxva 

pirobebSi eqspluataciisas gamovlindeba, saeqsplua-

tacio Tvisebebi ewodeba. saeqspluatacio Tvisebebs 

miekuTvneba: cveTamedegoba, koroziuli medegoba, civ-

metexobisadmi medegoba, mxurvalmtkicoba, mxurvalme-

degoba antifriqciuloba da misT. aRniSnuli Tvise-

bebi ganisazRvreba specialur pirobebSi momuSave 
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sakvlevi obieqtis pirobebis Sesabamisi specialuri 

gamocdebiT.  

 

a) cveTamedegoba erT-erTi yvelaze ufro mniSvnelo-

vani saeqspluatacio Tvisebaa. igi warmoadgens masa-

lis unars winaaRmdegoba gauwios cveTas, anu sxeu-

lis zomebisa da formis TandaTanobiT cvlilebas, 

gamowveuls xaxunisas nakeTobis zedapiruli Sris 

rRveviT. liTonebis cveTaze gamocda specialur nimu-

Sebze laboratoriul pirobebSi tardeba, xolo de-

talebis gamocda_eqspluataciis realur pirobebSi. 

nimuSebis gamocdisas xdeba realurTan miaxloebuli 

cveTis pirobebis modelireba. nimuSebis an detalebis 

kvlevis Sedegebs_cveTis sidides_sxvadasxva meTodiT 

gansazRvraven: sawyisi da saboloo zomebis  Sedare-

biT, nimuSebis wonis danakargiT da sxva.  

 
b) koroziuli medegoba aris masalis unari winaaR-

mdegoba gauwios qimiur an eleqtroqimiur rRvevas, 

masze gare, qimiurad agresiuli, areebis da maRali 

temperaturis moqmedebisas. koroziuli medegoba, 

mocemul garemoSi, koroziis siCqariT ganisazRvreba. 

koroziis siCqaris Sesafaseblad gamoiyeneba xaris-

xobrivi da raodenobrivi maxasiaTeblebi. xarisxob-

rivs miekuTvneba: liTonebis zedapiris garegani saxis 

cvlileba, misi mikrostruqturis cvlileba da 

sxv.…raodenobriv maxasiaTeblebs_dro koroziis pir-

veli keris gaCenamde an drois garkveul SualedSi 

warmoSobili koroziis kerebis ricxvi; masalis sis-

qis Semcireba drois erTeulSi; liTonis masis cvli-

leba nakeTobis zedapiris erTeul farTobze drois 

erTeulSi; koroziis procesSi  zedapiris erTeuli-
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dan gamoyofili (STanTqmuli) gazis moculoba drois 

erTeulSi; mocemuli koroziis siCqaris Sesabamisi 

denis simkvrive; meqanikuri Tvisebebis romelime maCve-

neblis, eleqtrowinaRobis, koroziuli procesis gan-

sazRvrul droSi amreklavi unaris da sxvaTa cvli-

leba (procentebSi). yvela masalas gansxvavebuli ko-

roziuli medegoba gaaCnia. mis asamaRleblad far-

Tod gamoiyeneba Senadnobebis legireba, damcavi dana-

farebis datana nakeTobebis zedapirebze, pasivacia da 

sxva. sxvadasxva pirobebSi liTonebis koroziuli 

medegobis Sesafaseblad, arsebul skalebs Soris, 

yvelaze gavrcelebulia aTbaliani skala. 

 

g) mxurvalmtkicoba aris sakonstruqcio masalebis 

unari,  mniSvnelovani deformirebis gareSe gauZlos 

meqanikur datvirTvebs maRal temperaturebze. igi 

ganisazRvreba iseTi Tvisebebis kompleqsiT, rogo-

ricaa: cocvadobisadmi winaRoba, xangrZlivi simtkice 

da mxurvalmedegoba. amdenad, mxurvalmtkicobis Sesa-

faseblad aucilebelia Catardes meqanikuri gamocde-

bi da ganisazRvros iseTi maxasiaTeblebi, rogo-

ricaa: a) xangrZlivi simtkicis zRvari_udidesi meqa-

nikuri Zabva, romelic gansazRvrul temperaturaze 

datvirTvis gansazRvruli xangrZlivobiT moqmedebi-

sas, mocemul samuSao atmosferoSi, nimuSis an nake-

Tobis rRvevas iwvevs; b) cocvadobis zRvari_udidesi 

pirobiTi gamWimavi Zabva, romlis drosac cocvadobis 

siCqare an deformacia gansazRvrul droSi mocemul 

mniSvnelobebs aRwevs.  

 

d) mxurvalmedegoba (xenjmedegoba) aris liTonebisa da 

Senadnobebis unari, winaaRmdegoba gauwios maRal 
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temperaturebze haeris an sxva mJangavi garemos 

zemoqmedebisas maTi qimiuri urTierTqmedebiT gamow-

veul rRvevas nakeTobis zedapirze. mJangav garemoSi 

liTonebis mxurvalmedegoba ganisazRvreba nakeTobis 

zedapirze warmoqmnili oqsidebis Sris TvisebebiT. 

kerZod, didi mniSvneloba aqvs dadgindes, ramdenad  

arTulebs igi airebis difuzias liTonis siRrmeSi 

da ra winaaRmdegobas uwevs amiT airuli koroziis 

ganviTarebas. mxurvalmedgobis raodenobrivi maxasi-

aTeblebia: gamosacdeli nimuSis masis mateba Jangba-

dis STanTqmiT an zedapiridan oqsiduri xenjis moc-

liT gamowveuli masis kleba, gadaTvlili farTobis 

erTeulze da gamocdis droze. mxurvalmedegoba, 

mxurvalmtkicobasTan erTad, warmoadgens mocemuli 

liTonis maRaltemperaturul pirobebSi saeqsplu-

ataciod vargisobis gansazRvris ZiriTad kriteriums. 

 
e) civmetexobisadmi winaRoba.  civmetexoba aris  masa- 

lis plastikurobis kargva da simyifis gamovlena (an 

mniSvnelovani zrda) temperaturis dawevisas. zogierTi 

liToni da Senadnobi dabal temperaturebze myifdeba. 

gamyifebis fizikuri buneba jerjerobiT daudgenelia 

da isev sakamaToa. arsebobs mosazreba, rom civme-

texoba moculobadacentrebuli kuburi (mdk) gisosis 
mqone  liTonebSi da SenadnobebSi ufro gavrcelebu-

lia. civmetexobisadmi midrekilebis raodenobriv 

sazoms civmetexobis temperatura (zRurbli) warmoad-
gens. myife rRveva am dros mowyvetiT iwyeba, liTonis 

plastikuri denadobis dawyebaze ufro adre. civme-

texobisadmi midrekilobas xels uwyobs liTonSi 

Canergvis minarevebis arseboba. isini, temperaturis 

daweviT, gisosis kumSvasTan erTad, Siga Zabvebis 
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matebas iwveven. blanti rRvevidan myife rRvevaze 

gadasvlis temperatura damokidebulia Termuli da-

muSavebis reJimebze, marcvlis zomaze, datvirTvis 

siCqaresa da Zabvebis koncentraciis sidideze. Yyvel-

aze xSirad civmetexobis Sefaseba CanaWriani prizmu-

li nimuSis dartymiT Runvaze gamocdiT xdeba. misi 

Sefaseba SeiZleba agreTve plastikurobis mkveTri 

cvlilebis temperaturiT an blanti rRvevis wiliT 

rRvevis reliefze.  civmetexoba gansakuTrebul mniS-

vnelobas iZens CrdiloeTi raionebis (civi) tempera-

turis pirobebSi konstruqciebis eqspluataciisas 

kosmosuri aparatebisa da  wyalbadis ZravebisTvis. 

civmetexobis Semcireba miiRweva liTonis mavne mina-

revebisgan gawmendiT, Termuli damuSavebiT da 

legirebiT. 

 

v) antifriqciuloba aris masalis unari (xangrZlivi 

xaxunisas), gamoavlinos amaRlebuli mdgradoba 

cveTis mimarT sakontaqto zedapirebs Soris. 

antifriqciul masalebs moeTxoveba: moxaxune 

zedapirebis muSaobis procesSi warmoqmnil 

temperaturebze datvirTvebis atana, denadobis an 

cocvadobis gamovlenis gareSe; saeqspluatacio aris 

mimarT medegoba; xaxunis koeficientis dabali sidide 

srialis xaxunis pirobebSi; moxaxune zedapirebis 

SezeTvis kargi unari (rac mTavaria, man unda 

uzrunvelyos muSaobis normaluri reJimebi sapoxis 

araTanabari miwodebisas); garda amisa, masalas unda 

axasiaTebdes adheziis dabali unari, kargi mi-

saxmariseba, kargi Tbogamtaroba da TvisebaTa stabi-

luroba.  
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masalis antifriqciuloba vlindeba sapoxis ara-

srulyofili miwodebisas (an sapoxis gareSe xaxunisas) 
da igi damokidebulia masalis iseT fizikur-qimiur 

Tvisebebze rogoricaa: Tbogamtaroba, siTbotevadoba, 

xaxunis Semamcirebeli mtkice sasazRvro Sris warmo-

qmnis unari, advilad deformirebis (drekadad an plas-

tikurad) an cveTis unari, rac xels Seuwyobs Sexebis 

zedapirebze datvirTvis Tanabar ganawilebas (misax-

marisebis Tviseba). antifriqciulobas gansazRvravs 

aseve moxaxune zedapirebis mikrogeometriuli agebu-

lebac, saxeldobr, simqisisa da forianobis xarisxi. 

masala unda xasiaTdebodes moxaxune zedapirebze 

moxvedrili sali abraziuli nawilakebis ”STanTqmis” 

unariT, riTac SeuRlebul detalebs daicavs cveTi-

sgan. mSrali xaxunis dros antifriqciulobis gamov-

lenas xels uwyobs iseTi komponentebis arseboba 

masalaSi, romlebsac TviTon gaaCniaT SezeTvis unari 

da moxaxune zedapirze moxvedrisas amcireben xaxuns 

(mag., grafiti). antifriqciulobis (xaxunis yvela piro-

bebSi) gansazRvris erT-erTi umniSvnelovanesi 

amocanaa SeuRlebuli detalebis masalebis ”Sekvris” 

(adheziis) unaris gamovlena (antifriqciuli masalebi 

adheziis uunarobiT an mcire unariT unda xasiaTdebodes). 
xaxunisas ”Sekvrisadmi” yvelaze midrekili, waxnag-

dacentrebuli kuburi (wdk) gisosis mqone erTsaxela 

masalebis wyvilia. masalaTa Soris gansakuTrebuli 

antifriqciuloba moeTxoveba specialur sasakisre 

Senadnobebs. 

 

z) radiaciuli medegoba aris masalis xangrZlivi 

radiaciuli dasxivebisas, zomebis, struqturisa da 
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Tvisebebis SenarCunebis unari gansazRvrul dasaSveb 

zRvrebSi. dasxivebisas liTonuri sakonstruqcio 

masala ganicdis struqturul gardaqmnas, romelic 

uaryofiT Ggavlenas axdens, pirvel rigSi,  meqanikur 

Tvisebebze da koroziul medegobaze. gamosxivebis 

saxeebidan (neitronuli, ߙ- da ߚ-nawilakebi, ߛ-gamosxiveba) 
yvelaze Zlier gavlenas neitronuli dasxiveba 

axdens. radiaciuli garemo neitronebis speqtriT da 

neitronuli nakadiT xasiaTdeba. maRalenergetikuli 

neitronebis kristaluri gisosis atomebTan dajaxeba 

iwvevs, e.w. radiaciul dazianebebs. dajaxeba atomis 

adgilidan daZvras an gisosSi Zvrebis kaskads iwvevs. 

Zvris kaskadi garkveul moculobaSi maRali simkvri-

vis vakansiebs aCens, xolo am moculobis periferia 

garSemortymulia maRali simkvrivis kvanZTSorisi 

elementebiT  (mag., erT neitrons aluminSi 6000-ze meti 

vakansiis warmoqmna SeuZlia). ZvrebTan erTad, neitro-

nuli nakadebi sakuTari energiiT atomebs aRagznebs, 

aZlierebs maT rxevebs da temperaturas lokalurad 

amaRlebs. temperaturis amaRleba xels uwyobs radi-

aciul molbobas, romelsac Tan axlavs vakansiebisa 

da kvanZTSorisi atomebis anihilacia. maRali tempera-

tura da neitronuli dasxiveba iwvevs birTvul reaq-

cias da heliumis warmoqmnas. heliumi, Tavis mxriv, 

marcvlis sazRvrebze airul buStebs warmoqmnis. 

struqturuli cvlileba, rogorc wesi, meqanikuri 

Tvisebebis cvlilebas iwvevs. rekristalizaciis 

temperaturis qveviT_dabaltemperaturuli dasxivebi-

sas_liToni ganmtkicdeba, rasac Tan sdevs siblan-

tisa da plastikurobis kargva_gamyifeba. masalebis 

Tvisebebis degradaciis pirveli mizezi, dasxivebisas,  
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sxvadasxvasaxela wertilovani defeqtebis warmoqmnas 

ukavSirdeba. rekristalizaciis temperaturis zeviT, 

dasxivebis pirobebSi (maRaltemperaturuli dasxiveba), 
wertilovani radiaciuli defeqtebis roli mcirdeba. 

vakansiebi da kvanZTSorisi atomebi, nawilobriv, 

erTmaneTTan anihilirdeba, erTiandebian klasterebSi, 

romlebic, Tavis mxriv, SeiZleba kvnZTSoris an vakan-

siur dislokaciur maryuJebad gardaiqmnen. maRal-

temperaturuli dasxivebisas difuziuri procesebi 

aqtiurdeba, gadajerebuli myari xsnarebi iSleba da 

xangrZlivi simtkice klebulobs (temperaturisa da 

neitronebis nakadis matebasTan erTad mxurvalsimtkice 

ecema). neitronebis didi nakadiT dasxivebisas, 

foladebsa da ܰ݅ -is, ܶ݅-is, ݋ܯ-is, ܼݎ-is da  ݁ܤ-is 
fuZis SenadnobebSi vakansiuri forebi Caisaxeba da 

izrdeba, xolo ufro moZravi kvanZTSorisi atomebi 

SedarebiT ”Soreul”  manZilze_marcvlis sazRvrebi-

saken_gadadgildebian. aRniSnuli procesi mikrofo-

rebSi, airebis TavmoyrasTan erTad, liTonis mocu-

lobis SesamCnev zrdas, e.w. radiaciul gafuebas, 

iwvevs. qromnikeliani Senadnobebis titaniT, molib-

deniT da niobiumiT legireba amcirebs gafuebas. 

analogiurad moqmedebs wyalbadis naklebi xsnadobis 

mqone maRalqromiani ferituli da perlituri fola-

debi. dasxivebisas mkveTrad mcirdeba liTonuri masa-

lebis koroziuli medegoba. atomur eleqtrosad-

gurebSi, wylisa da wyalorTqlovan traqtebSi, Tbo-

matareblebad wyali da wylis orTqli gamoiyeneba. 

radiolizis Sedegad icvleba eleqtrolitis Sedge-

niloba. xdeba wylis molekulis daSla Jangbadis 

ionebad (da molekulebad), ܱିܪionebad (da wyalbadad). 
warmoqmnili Jangbadi wyalTan da orTqlTan kontaq-
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tSi myof liTons Jangavs, xolo wylis radiolizi 

da hidrooqsidis ionebi xels uwyobs zedapiruli 

oqsiduri firis gaxsnas (romelic Cveulebriv pirobebSi 

liTons koroziisagan icavs). liTonuri masalebis 

radiaciuli medegoba didad gansazRvravs birTvuli 

reaqtoris usafrTxo muSaobas. mravalwliani kvle-

vebis Sedegad damuSavebulia rigi amaRlebuli radi-

aciamedegi Senadnobebisa, romlebic warmatebiT gamo-

iyeneba mraval aTeul atomur eleqtrosadgurSi.  
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Tavi II 
liTonuri masalebis meqanikuri Tvisebebis 

zogadi dayofa 
 

2.1 drekadoba, hukis elementaruli kanoni 
 
miuxedavad imisa, rom drekadi deformaciebis gamov-

lineba uxsovari droidan iyo cnobili (mSvildisari, 

balistebi, katapultebi, bagiris drekadoba da sxv.), misi 
mecnieruli gacnobiereba, rogorc nebismieri myari 

sxeulis Tvisebisa, pirvelad, 1660 wels,  ingliselma  

mecnierma,  robert  hukma  (1635_1703) SeZlo. igi didi 

niutonis Tanamedrove gamoCenili mecnieri, inJineri 

da arqiteqtori iyo. man Tavisi aRmoCena Zalian mok-

led_laTinuri aforizmis saxiT (”Ut tension sic vis”)−Ca-

moayaliba, romlis azric Semdegnairad gadmoicema: 

”rogoricaa Zala, iseTivea wagrZelebac”. im dros 

miRebuli ”wesis” Tanaxmad, hukma gamoaqveyna ara es 

Tezisi, aramed mxolod misi anagrama ”ceiiinosssttuu” 
(maSin aseTi saxiT, aRmoCenis arsis gauxsnelad, priori-

tets uzrunvelyofdnen). 

 
huki darwmunebuli iyo, rom drekadoba myari sxe-

ulebis universalur Tvisebas warmoadgenda. miuxeda-

vad amisa, Tvlida, rom Tavisi Tavdajerebuloba 

eqsperimentiT unda ganemtkicebina. 1676 wels hukma 

drekadobisadmi miZRvnili wigni gamosca. iq aRwerili 

cdebis Sedegebis safuZvelze igi askvnis, rom 

drekadoba aris Tviseba ”liTonebis, xis, qvis qanebis, 

aguris, Tmis, rqis, abreSumis, Zvlis, kunTebis, minis 

da misT.” da iqve axdens anagramis gaSifvrasac. 
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robert hukma Tavisi kvlevebiT ara mxolod dreka-

dobis fundamenturi kanoni aRmoaCina, aramed biZgi 

misca zambariani qronometrebis (manamade mxolod 

qanqarianebi iyo) gamogonebasac. 

 

sxvadasxva drekadi sxeulis (zambarebis, Reroebis, 

mSvildebis) SeswavliT hukma daadgina, rom masalis 

gadamwyveti mniSvnelobis miuxedavad, ”proporciulo-

bis koeficienti”, kerZod zambaris sixiste, Zlieraa 

damokidebuli drekadi sxeulis formasa da zomebze.   

 

hukis Semdeg drekad sxeulebze cdebi mravalma nak-

lebad gamoCenilma da gamoCenilma mecnierma (boilma, 

kulonma, naviem) Caatara. cdebis erT-erT ZiriTad sa-

xed sakvlevi masalidan  damzadebuli Reros gaWimva 

iqca. sxvadasxva laboratoriaSi miRebuli Sedegebis 

Sesadareblad an yovelTvis erTnairi nimuSiT unda 

esargeblaT, an nimuSis zomebis TvisebebTan Serwyma 

unda gamoericxaT. 1807 wels gamovida Tomas iungis 

wigni, romelSic man drekadobis modulis cneba 

Semoitana. drekadobis moduli aris sidide, romelic 

masalis drekadobis unars sacdeli nimuSis formisa 

da zomebisgan damoukideblad aRwers. am dros nimuS-

ze modebuli Zalis_P-s nimuSis ganivkveTis far-

TobFF–ze gayofa Zabva_σ-s, xolo wagrZelebis_∆l-is 
sawyis l  sigrZeze gayofa fardobiT wagrZelebas_ε-s 
iZleva. yovelive amis gaTvaliswinebiT, drekadi sxeu-

lis daZabul mdgomareobasa da deformacias Soris 

kavSiris gamomsaxveli ZiriTadi kanoni gaWimvis (kumS-

vis) umartivesi (erTRerZa) SemTxvevisTvis Semdegnai-

rad Camoyalibdeba: cilindruli Reros absoluturi 
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wagrZeleba (kumSva)_∆l gamWimavi (mkumSavi) Zalis pirda-

pirproporciulia. e.i. 

 

∆݈ = ݇P 
sadac:                            

݇ = ௟
ாி

 , 
 
l aris Reros sigrZe, 
F_Reros ganivkveTis farTobi, 

E_grZivi drekadobis moduli, romelic masalis    

  meqanikur maxasiaTebels  (mudmivas) warmoadgens. 
 

hukis kanonis gamosaxvis ufro moxerxebuli formaa 

 

ߪ =   , ߝܧ
 

sadac: σ = ௉
ி

    aris normaluri Zabva Reros ganivkveTSi,  

xolo 

= ߝ          ∆௟
௟
 _Reros fardobiTi wagrZeleba; (kumSva); 

                   E – propociulobis koeficienti. 

 
hukis kanoni iTvleba ZiriTad Tanafardobad, rome-

lic gamoiyeneba konstruqciebisa da nagebobebis 

simtkicesa da deformirebadobaze gaTvlebisas. amave 

dros unda aRiniSnos, rom hukis kanoni moqmedebas 

Sewyvets im SemTxvevebSi, rodesac romelime Zabva (an 
deformacia) miaRwevs calkeuli masalisaTvis damaxa-

siaTebel drekadobis zRvrul mniSvnelobas. 
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2.2Ddrekadi mdgomareobis maxasiaTeblebi 
 
drekadobis fizikuri buneba dakavSirebulia eleq-

tromagnitur urTierTqmedebebTan (maT Soris van-der-

vaalsis ZalebTanac). SeiZleba CaiTvalos, rom drekadi 

deformaciebi atomebs Soris manZilebis cvlilebebis 

Sedegia. miT ufro xistia masala, rac ufro nakleb 

deformacias iwvevs Zabva.  
 

hukis kanoni SeiZleba aixsnas atomebis drekadi urTierT-

qmedebiT. kristaluri gisosidan gamovyoT gare da Siga Za-

bvebisgan Tavisufali ori mezobeli atomi. sur. 2ªa-s 
Sesabamisad, aseT SemTxvevaSi atomebi wonasworobaSia, anu 

maT Soris moqmedi mizidulobis Zalebi ganzidvis 

ZalebiTaa gawonasworebuli. 

 
 sur. 2. or atoms Soris urTierTqmedebis Zalis damoki-  

        debuleba maT Soris manZilze 

 

kristalur gisosSi or atoms Soris axlo manZilze 

urTierTqmedebis Zalebis sidide (sxva mezobeli atomebis 

gavlenis gauTvaliswineblad) maT Soris manZilis funqciaa 

da sqematurad sur. 2 b-ze gamosaxuli mrudebiT aRiwereba:  
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suraTidan naTlad Cans, rom atomebs Soris usasrulod 

did manZilze urTierTqmedebis Zalebi_P nulis tolia. 

atomebis daaxloebisas mizidulobis Zalebi izrdeba 

(mrudi 1) da gansazRvrul adgilze maT Soris ganzidvis 

Zala (mrudi 2) mkveTrad izrdeba. or atoms Soris 

wonasworobis manZili ganisazRvreba majamebeli mrudi 3-is 

horizontalur RerZTan gadakveTis maCvenebliT (roca, 

Zala P=0). igi sididiT ܽ଴ monakveTis tolia. 

 

sqematurad or atoms Soris urTierTqmedebis energiac, 

sur. 3-is Sesabamisad, analogiuri mrudebiT aRiwereba.  

 

 
 

sur. 3. or atoms Soris urTierTqmedebis energiis damoki-    

       debuleba maT Soris manZilze  

 

atomebs Soris usasrulod did manZilze urTierTqmedebis 

energia nulis tolia (mrudi 1). atomebis dasaaxloeblad 

Sesrulebuli muSaobis sidide aiTvleba sawyisi nulovani 

wertilidan. Sedegad miiReba mizidulobis Sesabamisi 

mrudi-1, ganzidulobis_2 da majamebeli energetikuli mru-

di_3. misi minimumi Seesabameba wonasworuli_ܽ଴ wertilis 

mdebareobas. amdenad, Tu sxeulze modebulia drekadi 

deformaciis gamomwvevi Zala, maSin atomebs Soris wonas-

woruli manZili icvleba da wonasworobis axali mdgoma-

reoba myardeba. am mdgomareobaSi atomebs Soris urTierT-
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qmedebis Secvlili ZalebiT garedan modebuli Zalis 

kompensireba xdeba. sawyisi wonasworuli mdebareobidan 

atomebis gadanacvleba atomTSorisi, axali da Zveli, manZi-

lebiT xasiaTdeba:  

u = a− ܽ଴, 

 
sadac: a aris atomebs Soris manZili. 

 

Tu sxeulze modebuli Zala_P gamWimavia, maSin  ܽ > ܽ଴-ze da 
wanacvleba u dadebiTia, xolo kumSvisas a <  ܽ଴-ze da u < 0-
ze. kvlevebiT dadgenilia, rom drekadobis moduli ar 

aris damokidebuli deformaciis niSanze. misi sidide 

gaWimvisas da kumSvisas erTnairia. 

 

drekadi mdgomareobisaTvis yvelaze mnSvnelovani 

parametrebia: drekadobis zRvari (an uxeSad, denadobis 

zRvari) da drekadobis modulebi.  

 

denadobis zRvari gansazRvravs zRvrulad dasaSveb 

saeqsploatacio datvirTvas, romlis drosac liToni 

mxolod drekad an mcire, dasaSveb, drekad-plastikur 

deformacias ganicdis (proporciulobis an drekadobis 

zRvrebi drekadi mdgomareobis sazRvars ramdenadme ufro 

zustad asaxaven).  

 
drekadobis modulebi axasiaTeben masalis winaaR-

mdegobis unars drekad mdgomareobaSi datvirTvis 

moqmedebaze. asxvaveben drekadobis modulis or 

ZiriTad saxes: 1. normaluri (grZivi) drekadobis 

moduli (iungis moduli an ubralod drekadobis modu-

li). 2. mxebi drekadobis moduli (Zvris moduli an 

hukis moduli). pirvel SemTxvevaSi, Zalebi cdiloben 
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atomebi mowyviton erTmaneTs, xolo meore SemTxve-

vaSi_daZran isini adgilidan. rogorc aRvniSneT, dreka-

dobis modulebis mniSvnelobebi atomTSorisi urTierT-

qmedebis ZalebiT ganisazRvreba da masalis mudmivebs 

warmoadgens. sididiT iungis moduli hukis moduls 

2,5_3-jer aRemateba. 

 

iungis moduliEE asaxavs winaRobas normaluri Zabve-

bisadmi (gaWimva, kumSva, Runva), xolo Zvris moduli 

G_mxebi Zabvebisadmi (grexa). rac metia drekadobis 

modulebi (miT metia drekadi ubnis daxriloba Zabva-de-

formaciis diagramaze), miT naklebia drekadi defor-

maciebis sidide toli Zabvebisas da, aqedan gamomdi-

nare, metia konstruqciis sixiste.   
 

drekadi deformaciebi yovelTvis naklebia    ఙ೐

ா
 sidi-

deze. maTi daxmarebiT ganisazRvreba zRvrulad dasa-

Svebi saeqsploatacio deformaciebi (denadobis zRvris 

CaTvliT) da nakeTobis sixiste. drekadobis module-

bsa da Zabvebs erTnairi ganzomilebebi (mpa, n/mm2,  

kgZ/mm2) aqvT.  
 

sasurvelia, sakonstruqcio masalebi denadobis maRa-

li zRvrebisa (itans did datvirTvebs) da drekadobis 

modulebis (uzrunvelyofen maRal sixistes) maRali   

maCveneblebis SexamebiT xasiaTdebodes. gaWimvisas da 

kumSvisas drekadobis modulebs erTnairi sidide aqvs, 

xolo denadobis zRvrebi SeiZleba sxvadasxva 

hqondes. 
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2.3 masalebis drekadobis raodenobrivi 
maxasiaTeblebi 

 

1. normaluri drekadobis moduli (iungis moduli) E. 
misi ganzomileba iseTivea, rogoric Zabvis (mpa), xo-

lo misi aRniSvna laTinuri sityvis_“elasticitat”_dreka-
dobis, pirvel asoniSans Seesabameba. igi axasiaTebs 

masalis sixistes da masalis maxasiaTeblebis  iseTi-

ve tipia, rogoric misi simkvrive, eleqtrogamtaroba, 

Tbogamtaroba da a.S. iungis moduli  E axasiaTebs 

masalis winaaRmdegobis unars gaWimvaze (kumSvaze), 
drekadi deformaciis areSi an obieqtis Tvisebas de-

formirdes RerZis gaswvriv, erTRerZa Zalis zemoq-

medebisas. igi ganisazRvreba ise, rogorc modebuli 

Zabvis fardoba deformaciaze.  

 

ܧ =
ߪ
ߝ

 , 

 
sadac: σ aris gamWimavi Zabva, 
 ;fardobiTi wagrZeleba_ߝ       

 

2. mxebi drekadobis moduli  ܩ. axasiaTebs masalis 

unars winaaRmdegoba gauwios formis cvlilebas mo-

culobis ucvlelobisas. igi ganisazRvreba rogorc 

Zvris Zabvis fardoba Zvris deformaciasTan (isazRvre-
ba rogorc mxebi Zabvebis moqmedebis sibrtyeebs Soris 

arsebuli swori kuTxis cvlileba). Zvris moduli sib-

lantis erT-erT mdgenelia. 

 

ܩ =  ఛ
ఊ
 , 
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sadac: τ aris mxebi Zabva,  

        γ_Zvra (Zvris kuTxe); 

 

3. moculobiTi drekadobis moduli (moculobiTi 

kumSvis moduli)  ܭ axasiaTebs obieqtis unars, Seicva-

los moculoba yovelmxrivi normaluri Zabvebis 

zemoqmedebisas (moculobiTi Zabva). 

 

ܭ = ఙ
∆
 , 

 
sadac: ∆ aris moculobis Semcireba. 

 

drekadobis modulebi sxeulis deformaciebis (sidi-

dis) modebul meqnikur Zabvebze damokidebulebis 

koeficientebia (da piriqiT). umartives SemTxvevaSi, 

mcire deformaciisas, es damokidebuleba sworxazo-

vania, xolo drekadobis modulebi proporciulobis 

koeficientebia. arsebobs drekadobis sxva modulebic: 

 
1. puasonis koeficienti. drekad Reros wagrZelebis 

garda kidev erTi fundamenturi Tviseba aqvs. speci-

aluri cdebiT dadgenilia, rom drekadi Reros gaWim-

visas yovelTvis aqvs adgili Semdeg kanonzomierebas: 

Tu ganiv deformacia ߝᇱ-s ( ߝᇱ=∆d/d , sadac: ∆d  aris Reros 
diametris Semcirebis sidide gaWimvisas, d_Reros sawyisi 

diametri) gavyofT grZiv deformacia ε-ze, aRmoCndeba, 
rom gamWimavi Zalis nebismieri mniSvnelobisas es 

fardoba mudmivia. 
|ఌᇲ |

ఌ
  =  =const. 
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(radgan  ߝᇱ < 0-ze amitom misi absoluturi mniSvneloba 

aiReba). mudmiva -s puasonis (frangi maTematikosis 

simon deni puasonis sapativcemulod) koeficienti 

ewodeba.  igi ar aris nimuSis ganivkveTis farTobis 

formasa da zomebze damokidebuli, mxolod masalis 

maxasiaTebels warmoadgens. puasonis koeficientis 

sidide sxvadasxva masalisTvis 0-dan (korpis) 0,5-mde 
(rezinis) icvleba. ukanasknel SemTxvevaSi, gaWimvis 

procesSi, nimuSis moculoba ar icvleba (aseT masa-

lebs ukumSveli masalebi ewodeba). liTonebisTvis  -s, 
mniSvneloba sxvadasxvaa, magram is axlosaa 0,3-Tan. 
 
2. lames (gabriel) parametrebi: Tu Reros gaWimvis 

ganxilvidan romelime drekadi sxeulis ganxilvaze gada-

valT, romelic mocemuli Zalebis moqmedebas eqvemdebareba, 

maSin unda SevirCioT romelimeMM wertili da gadavideT 

misi SemomsazRvreli elementaruli paralelepipedis  

(romlis waxnagebic sakoordinato RerZebis XYZ-is parale-

luria) ganxilvaze. rogorc cnobilia, paralelepipedis 

waxnagebze moqmedebs σ tenzoriT miwodebuli Zabvebi, 

romlebic ε tenzoriT gansazRvrul deformacias iwveven. 

zogadad, hukis kanoni am tenzorebis komponentebs Soris 

kavSirs adgens. igi Semdegi saxiT Caiwereba:  
   

ଵଵߝ = ఙభభ
ா

 −  ఙమమ
ா

 −   ఙయయ
ா
 , 

 

ଶଶߝ = ఙమమ
ா

 −  ఙభభ
ா

−  ఙయయ
ா
 , 

 

= ଷଷߝ
ଷଷߪ

− ܧ 
ଵଵߪ

ܧ − 
ଶଶߪ

ܧ  , 

 

ଵଶߝ =  
1

ܩ2  ,  ଵଶߪ 

59



60 
 

ଶଷߝ =
1

ܩ2  ,ଶଷߪ

  

ଷଵߝ =
1

ܩ2  ଷଵߪ 

sadac: E aris iungis moduli;  

       G_Zvris moduli;   
       _puasonis koeficienti. 
ukanasknel sam gantolebaSi Zvris moduli G, drekadobis 
moduli E da puasonis koeficienti   Semdegi gantolebiTaa 
erTmaneTTan dakavSirebuli:  

 

ܩ =
ܧ

2(1 + ) . 

 
Zvris modulis uSualod gansazRvra SesaZlebelia mrgva-

li kveTis mqone nimuSis grexaze gamocdiT. 

 

hukis ganzogadebuli kanoni amtkicebs, rom nebismieri 

formis sxeulis romelime wertilis daZabuli mdgomare-

oba SesaZlebelia ganisazRvros gansaxilveli wertilis 

irgvliv (midamoSi) deformaciis ganmsazRvreli 6 xazob-

rivi sididiT. am TanafardobebSi proporciulobis koefi-

cientebs drekadobis modulebs uwodeben. anizotropiul 

sxeulebSi, mag., kristalebSi, drekadobis modulebi sxvada-

sxva mimarTulebiT sxvadasxva sididisaa. aqedan gamomdi-

nare, zogadad, myari sxeulis drekadi Tvisebebi drekado-

bis 21 moduliT daxasiaTdeba. izotropiuli sxeulebi-

sTvis damoukidebeli drekadi mudmivebi oramde dadis. de-

formirebadi izotropuli sxeulis romelime wertilis 

drekadi Zabvis komponentebis amave wertilSi deformaciis 

komponentebTan kavSiri, lames mudmivebiT aisaxeba: 

 

௫ߪ = ௫௫ߝߤ2 + (ߝ௫௫ + ௬௬ߝ +  ,(௭௭ߝ
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߬௫௬ =  ௫௬ߝߤ

 

sadac: σ da τ arian Zabvis normaluri da mxebi mdgenelebi;      

       ε_deformaciis komponentebi; 
       koeficientebi  da µ_lames mudmivebi.  

 

lames mudmivebi drekadobis modulTan da puasonis  
koeficientTan Semdegi TanafardobiTaa dakavSirebuli: 

 

ߤ = ܩ = ா
ଶ(ଵା)

   , 

 
 = ா

(ଵା)(ଵିଶ)
   . 

 

sadac: E aris grZivi drekadobis moduli; 

       G−Zvris moduli.  

 

homogenuri da izotropuli myari masalebi, romlebic 

xazobrivi drekadi TvisebebiT xasiaTdebian, srulad 

aRiwereba drekadobis nebismieri wyvili moduliT. 

drekadobis moduli da puasonis koeficienti is wyvi-

li sididea, romelic srulad axasiaTebs nebismieri 

konkretuli  izotropiuli masalis drekad Tvisebebs. 

warmodgenili drekadobis modulebi damokidebulia 

sxeulis (nakeTobis) qimiur Sedgenilobaze, winaswar-

damuSavebaze, temperaturaze da sxv. 

2.4 aradrekadi movlenebi 
 
a) zogadi nawili. drekadobis areSi dadgenili kav-

Siri Zabvasa da deformacias Soris (hukis kanoni) iseT 
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SemTxvevas asaxavs, rodesac datvirTviT gamowveuli 

sistemis cvlileba kvaldakval mihyveba datvirTvis 

process. e.i. igulisxmeba, rom datvirTvis nebismieri 

cvlileba sistemis mdgomareobis myisierad cvli-

lebas iwvevs. am pirobis dacva imis garantias iZleva, 

rom datvirTvisa da gantvirTvis procesebi, energeti-

kuli TvalsazrisiT, Seqcevadia. datvirTvis dros 

daxarjuli mTeli energia gantvirTvisas Tavisuf-

ldeba da Zabva-deformaciis diagramaze maTi Sesaba-

misi xazebi erTmaneTs emTxveva. 

 

sxeulebSi, gare datvirTvis cvlilebisas, wonaswo-

robis Sesabamis axal mdgomareobaSi sistemis myisi-

eri gadasvla ar xdeba. igi saWiroebs garkveul dros. 

atomuri sistemis aseTi dagvianeba ganpirobebulia 

modebuli ZabvebiT gamowveuli sistemis sxvada-

sxvagvari Tburi, magnituri an atomuri gadawyobebiT. 

am dros irRveva pirdapiri kavSiri Zabvasa da defor-

macias Soris da diagramaze datvirTva-gantvirTvis 

procesis amsaxveli xazebi erTmaneTs ar emTxveva. 

Cndeba histerezisis maryuJi. datvirTva-gantvirTvis 

cikluri cvlilebisas, meqanikuri energiis nawili 

gadadis siTboSi da energiis Seuqcevi kargva xdeba. 

erTi ciklis dros gabneuli energiis raodenoba 

ganisazRvreba σ_ε-is koordinatebSi warmoqmnili his-

terezisis maryuJis farTobiT da masalis ”Sinagani 

xaxunis” zomas warmoadgens.              

 

idealuri erTgvarovani masala, absoluturad erTgva-

rovani deformaciisas, drekadidan drekad-plastikur 

areSi gadasvlis mkafio da mkveTr gadasvlas unda 

iZleodes. monokristalebs drekadidan plastikur defor-
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maciaze mkveTri gadasvla axasiaTebs. polikristalebSi es 

gadasvla, drekadobis swori xazidan Zabvis RerZis mimarT, 

”mdovred” gadaxras iwyebs, garda im gansakuTrebuli Sem-

Txvevebisa, rodesac Senadnobebi denadobis kbiliT xasiaT-

debian. struqturis homogenurobis zrdasTan erTad, iz-

rdeba drekadobis zRvris fardoba denadobis zRvar _ ߪ଴,ଶ-

Tan. naTelia, rom es fardoba erTs miT ufro uaxlovdeba, 

rac ufro mcirdeba ”simdovre” Zabvis RerZis mimarT plas-

tikur areSi gadasvlisas. polikristaluri masalebis 

deformaciis pirobebi da struqtura, deformaciisas, 

ar aris erTgvarovani. Sesabamisad, plastikur areSi 

gadasvla miT ufro ”mdovred” xdeba, rac ufro ara-

erTgvarovania masala. polikristalis sawyisi plas-

tikuri deformacia lokaluri xasiaTsaa. igi iwyeba 

maSin, rodesac sxeulis moculobis umetesi nawili 

drekad areSi imyofeba. amasTanave, jer kidev makros-

kopuli TvalsazrisiT, drekad areSi SeiniSneba iseTi 

movlenebi romlebic drekadi sxeulisaTvis niSan-

doblivi qcevebidan gadaxras iwvevs. maT miekuTvneba: 

drekadi mermeqmedeba, drekadi histerezisi, ”Sinagani 

xaxuniT” gamowveuli Tavisufali rxevebis mileva da 

bauSingeris efeqti. isini gaerTianebulia saerTo 

dasaxelebaSi_aradrekadi movlenebi. absoluturad 

homogenuri deformaciisas maT adgili ar aqvT. 

 

aradrekadi movlenebi drekadobis zRvris mniSvnelo-

baze naklebi Zabvebisas vlindeba. unda aRiniSnos, 

rom mermeqmedebisa da histerezisis aRmoCena SeiZleba 

jer kidev ߪ଴ଶ Zabvisas, mraval polikristalur sxe-

ulSi (zusti meTodebis gamoyenebiT). Cveulebriv, ara- 

drekadi movlenebi Seiswavleba drekadobis areSi mim-

dinare umciresi plastikuri deformaciebisas.   
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radgan Cvens mizans ar warmoadgens drekad areSi mci-

re plastikuri deformaciebis detaluri Seswavla, 

Tavs SevikavebT maTi dawvrilebiT ganxilvisgan. mniS-

vnelovani plastikuri deformaciebisas am procesebis 

gavlena, umeteswilad, SeumCneveli xdeba.  

 

srulyofili drekadoba aris sxeulis unari, defor-

mirdes mxolod garegani datvirTvebiT (Siga Zabvebis 

gavlena nulis tolia). ”srulyofili drekadobidan” 

drekadi sxeulis gadaxris mizezebia: a) deformaciis 

damokidebuleba datvirTvis sidideze, misi modebis 

Tanamimdevrobasa da mimarTulebaze. (sxvadasxvagvari 
saxis datvirTvis diagramebi erTmaneTs ar emTxveva, riTac 

irRveva Sesabamisobis erTmniSvneloba datvirTvasa da 

deformacias Soris); b) deformaciis damokidebuleba 

datvirTvasa da droze. e.i. aradrekadi movlenebi 

damokidebulia deformaciis siCqareze.  

 

pirveli jgufis gadaxrebi drekad histereziss, xolo 

meore, mcire plastikuri deformirebisas, mermeqme-

debis movlenebs iwvevs. maTi Seswavla SesaZlebelia 

datvirTvis yvela ZiriTadi_gaWimvis, kumSvis, Runvis 

da grexis_meTodiT.U histerezisisa da mermeqmedebis  

movlenebi, umetesad, erTdroulad xdeba da maTi erT-

maneTisgan gancalkaveba rTulia.  

 

zemoT aRvniSneT, rom drekad mdgomareobaSi liToni 

makroskopulad ar deformirdeba da umetesad mxo-

lod calkeuli mikromoculobebi ganicdis lokalur 

mikroplastikur deformacias. es mikrodeformaciebi, 

e.w. aradrekadi movlenebis gamomwvevi arian. isini 

mniSvnelovan gavlenas axdenen liTonis qcevebze dre-
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kad mdgomareobaSi. statikuri datvirTvebisas vlin-

deba drekadi mermeqmedeba da relasaqcia, xolo dina-

mikuri datvirTvebisas_Sinagani xaxuni. liTonebSi 

Sinagani xaxunis arseboba mraval meqanikur efeqts 

iwvevs. maT miekuTvneba pirdapiri da Seqceuli merme-

qmedeba, Zabvebis relaqsacia, Tavisufali rxevebis 

mileva da a.S. maTi arseboba SesaZlebelia mxolod 

drekadobis zRvarze naklebi Zabvebisas. 

 

temperaturis momatebisas liTonebis drekadi Tvise-

bebi uaresdeba. es vlindeba drekadi aris Seviwro-

ebiT (drekadobis zRvris SemcirebiT), aradrekadi mov-

lenebis gaZlierebiT da drekadobis modulebis Sem-

cirebiT. 

 

stabiluri zomebis mqone drekadi elementebisaTvis 

gankuTvnili masalebi aradrekadi Tvisebebis minimu-

miT unda xasiaTdebodes. es moTxovna kargad srul-

deba, rodesac drekadobis zRvari mniSvnelovnad 

aRemateba muSa Zabvas. garda amisa, mniSvnelovania 

drekadobisa da denadobis zRvrebis Tanafardoba. 

rac metia fardoba e /0.2 ,  miT naklebia aradrekadi 

Tvisebebis gamovlena. liTonis drekadi Tvisebebis 

Sefasebisas, drekadobis maRal zRvarTan erTad, didi 

mniSvneloba aqvs e /0.2   fardobis maRal mniSvnelo-

basac. 

 

roca Zabva drekadobis zRvars aRemateba, maSin, liT-

onis denadobis gamo, Zabvasa da deformacias Soris 

proporciuloba irRveva. realuri masalis reaqciis 

analizs is faqti arTulebs, rom mTeli moculobis 

erTdrouli gadasvla plastikur areSi ar xdeba. 
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struqturisa da Sedgenilobis (Zabvebis koncentraciis 
gamomwvevi likvaciuri zonebi, CanarTebi, sxvadasxva 

orientaciis kristalebi polikristalebSi) makroskopu-

lad erTgvarovan daZabul mdgomareobaSi, masalis 

calkeul ubnebSi, SesaZlebelia mikroplastikuri 

deformacia im dros, rodesac moculobis didi 

nawili jer kidev drekad mdgomareobaSia. aseTi 

lokaluri mikroplastikuri deformaciuli procese-

bi iwvevs mermeqmedebas, Zabvebis relaqsacias, histe-

reziss. amasTan, Sesabamisi efeqtebi ufro Zlieraa 

gamosaxuli, vidre sufTa drekad areSi datvirTvisas, 

rodesac Sinagani xaxuni dislokaciebis moZraobasTan 

ar aris dakavSirebuli. 

 

b) drekadi mermeqmedeba. drekadi mermeqmedeba aris 

deformaciis sididis TviTneburi cvlileba ucvleli 

Zabvisas. mermeqmedebis datvirTva ”moqmedebs Semdeg”, 

e.i. deformacia vlindeba ara datvirTvis cvlilebi-

sTanave, aramed, miiRweva TandaTan, garkveuli drois 

ganmavlobaSi (Sekavebuli Seqcevadi deformacia). sxva 

sityvebiT, deformacia iseTi saxiT CamorCeba datvir-

Tvas, rom nimuSi swrafi datvirTvisas dasawyisSi, 

Semcirebul deformacias avlens (Semdeg, ukve mudmivi 

datvirTvisas, TandaTan matulobs), xolo swrafi gan-

tvirTvisas (ar aris aucilebeli nulamde), piriqiT, ni-

muSi, dasawyisSi, datvirTvis proporciulad defor-

maciis Semcirebas ar avlens, xolo Semdeg (garegani 

datvirTvis ararsebobisas an Semcirebisas), droSi, de-

formaciis TandaTan Semcireba xdeba. mag., datvirTvis 

qveS myofi zambarebisa da membranebis deformaciis droSi 

cvlileba. igi xasiaTdeba sawyissa da saboloo defor-

maciebs Soris sxvaobiT. rac ufro naklebia liTonis 
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mermeqmedeba, miT ufro stabiluria datvirTvis qveS myofi 

nakeTobis zomebi. 
 

datvirTvis swrafi Sewyvetis Semdeg deformaciis 

TandaTan matebas, pirdapiri mermeqmedeba ewodeba, xo-

lo datvirTvis swrafi moxsnis Semdeg an gantvirTvis 

dros SeCerebisas deformaciis TandaTan Semcirebas, 

Seqceuli drekadi mermeqmedeba ewodeba. amgvarad, li-

Tonis qceva am SemTxvevebSi, SesaZlebelia ganxilul 

iqnes rogorc Sualeduri, sufTa drekadsa da sufTa 

plastikurs Soris. erTi mxriv, drois sawyis momen-

tSi deformacia plastikuria (narCenia), is rCeba dat-
virTvis swrafi cvlilebis Semdegac; meore mxriv, 

deformacia Semdeg drekadobis niSnebs iZens da 

garkveuli drois Semdeg igi qreba.  

 

umetes SemTxvevaSi, mermeqmedeba sufTa saxiT ar 

vlindeba. datvirTvis cvlileba, Cveulebriv, arasak-

marisad swrafia da mermeqmedeba aswrebs datvirTvis 

an gantvirTvis procesSi gamovlenas. xSirad sakuT-

riv plastikur deformaciaze mermeqmedebis zeddeba 

SeiniSneba da, amis gamo, mas sxeulis sawyis zome-

bamde dabruneba ar SeuZlia. termini ”drekadi mer-

meqmedeba” miekuTvneba im datvirTvebs, romlebic 

drekadobis zRvarze gadasvlas ar iwveven, sxvagvarad 

gveqneboda ”plastikuri mermeqmedeba”.  

denadobis zRvarze naklebi ZabvebiT (xangrZlivi 

datvirTviT) gamowveuli neli plastikuri deformacia 

SeiZleba ganxilul iqnes agreTve rogorc pirdapiri 

mermeqmedebis gamovlineba. amgvarad, SeiZleba CaiT-

valos, rom cocvadobisas vlindeba pirdapiri mermeq-
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medeba, xolo relaqsaciisas_Seqceuli drekadi mer-

meqmedeba. 

 

ise rogorc sxva drekadi arasrulyofilebebi, merme-

qmedebac dakavSirebulia adgilobriv plastikur de-

formaciebTan. amis gamo, is matulobs struqturuli 

heterogenulobisas, deformaciis procesis araerT-

gvarovnebisas da plastikuri deformaciis xelSem-

wyobi yvela faqtoris gavlenisas. mag., temperaturis 

amaRlebasTan erTad, izrdeba rogorc mermeqmedebis 

siCqare, ise mermeqmedebiT gamowveuli deformaciis 

sididec. temperaturis dawevisas, piriqiT, mermeqme-

deba mcirdeba.  _185 0C-ze, zog SemTxvevaSi, misi aRmo-

Cenac ki SeuZlebelia. mermeqmedebaze moqmedebs da-

tvirTvis xasiaTi, ise rogorc moqmedebs plastikur 

deformaciebTan dakavSirebuli sxva procesebi. rac 

ufro metia mxebi Zabvebi, miT ufro Zlieria mer-

meqmedeba. ase, mag., Runvisas mermeqmedeba mniSvnelov-

nad naklebia, vidre grexisas, xolo yovelmxrivi (mo-

culobiTi) kumSvisas (sadac mxebi Zabvebi ar aris), is ar 
SeiniSneba.  

 

drekad mermeqmedebas, mraval SemTxvevaSi, mniSvne-

lovani praqtikuli mniSvneloba aqvs. nakeTobis swo-

rebis dros warmoqmnili plastikuri deformaciis 

Sedegad, nakeTobis gantvirTvis Semdeg, droTa ganmav-

lobaSi, misi dabreca (deformacia) xdeba. igi SeiZleba 

Seqceuli drekadi mermeqmedebis an I gvaris narCeni 

Zabvebis moqmedebis Sedegi iyos. pirvel SemTxvevaSi 

mizanSewonilia, sworebis Semdeg moSvebis iseTi 

temperatura SeirCes, romlis drosac Seqceuli dre-

kadi mermeqmedeba srulad warimarTeba. amiT, Semdgomi 
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eqspluataciisas, dabrecis SesaZlebloba Tavidan 

iqneba acilebuli. 

  

pirdapiri drekadi mermeqmedeba mniSvnelovan rols 

asrulebs zambarebis, membranebis da sxva xangrZlivi 

datvirTvisTvis  gankuTvnili drekadi elementebis 

masalebis SerCevisas. didi praqtikuli mniSvneloba 

aqvs aseve maRal temperaturebze liTonis TandaTan 

gandinebas, xangrZlivi mudmivi ZabviT datvirTvisas 

liTonebSi cocvadoba vlindeba. cnobilia agreTve 

Termoplastikuri mermeqmedeba. Tu calkeuli struq-

turuli mdgenelis araerTgvarovani plastikuri 

deformaciiT an sxvadasxvagvarad orientirebuli mar-

cvlebiT gamowveuli narCeni Zabvebis Semcvel,  plas-

tikurad deformirebul polikristalur liTons ga-

vaxurebT, masSi drekadobis zRvris sidide Seicvleba. 

amasTan erTad Seicvleba drekadobis modulis 

zRvrebi da maTi Tanafardobac. gaxurebisas,Aam cvli-

lebebis Sedegad gamovlindeba damatebiTi narCeni 

(Cveulebrivi Tburi gafarToebisagan gansxvavebuli) 
deformacia. aRweril movlenas adgili aqvs daxvevis 

Semdeg zambarebis gaxurebisas. gaxurebis procesSi, 

dasawyisSi, zambara gaiSleba, xolo Semdeg, gansa-

kuTrebiT maRal temperaturebze, iwyebs dagrexas da 

misi xviaTa ricxvi matulobs. Termoplastikuri mer-

meqmedebis movlena ama Tu im zomiT detalebis civi 

plastikuri deformaciis Semdeg, gaxurebis yvela Sem-

TxvevaSi, vlindeba.  

 

amgvarad gaTvaliswinebuli unda iqnes sworebis Sem-

deg detalebis moSvebisas damatebiTi deformaciis 

faqtori, xolo zambarebis daxvevis Semdeg moSvebisas 
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damatebiTi deformaciisa  da xviebis ricxvis 

cvlileba. G 

 

g) Zabvebis relaqsacia. relaqsacia aris droSi uc-

vleli deformaciisas, masalaSi gare zemoqmedebiT 

aRZruli Sinagani Zabvebis TviTneburad Semcirebis 

procesi (relaqsacia, drekad mermeqmedebasTan erTad,  

cocvadobis deformaciebis kerZo SemTxvevaa). igi sawyis 

da saboloo Zabvebs Soris sxvaobiT xasiaTdeba. misi 

gamovlenis praqtikuli magaliTi damWimavi SeerTebe-

bis droSi Sesustebaa. rac naklebia relaqsacia, miT 

stabiluria moqmedi Zabvebi. 

 

relaqsacia, arsebuli deformaciis sididis ucvle-

lobis pirobebSi, atomur-molekulur gadaadgile-

bebTanaa dakavSirebuli. Zabvebis relaqsaciis period-

Si sawyisi deformaciis xasiaTi SeiZleba Seicvalos. 

magaliTad, SesaZlebelia, drekadidan TandaTan Seuq-

cev plastikurSi gadavides.  

 

cocvadobisadmi midrekilebas yvela myari sxeuli 

avlens ama Tu im zomiT. misi gamomwvevi Zala im Zala-

ze naklebia, romelic Cveulebrivi gamocdisas narCen 

deformacias warmoqmnis. Tu liTonis an sxva 

plastikuri masalis gaWimvaze gamocdisas procesi 

Sewydeba da nimuSi deformaciis miRweul saboloo 

mniSvnelobaze dayovndeba, maSin Zabva droSi 

TandaTan Semcirdeba da axal mdgrad mniSvnelobas 

miiRebs. am movlenas, mudmivi deformaciisas, Zabvis 

relaqsacia ewodeba. Zabvebis relaqsaciis sqema  

suraT 4-zea warmodgenili. 
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mrudi warmoadgens gansazRvruli sididiT winaswar-

deformirebuli nimuSis, deformaciis mudmivobisas, 

 
sur. 4. Zabvis relaqsaciis mrudi (sqema)  
 
droSi Zabvebis cvlilebis grafiks. cocvadobas Tan 

sdevs ZabvaTa relaqsacia. am dros masalaSi narCeni 

deformaciis gavleniT, Sinagani Zabvebis pikebi gada-

nawildeba da Semcirdeba. narCeni deformaciis Zabve-

bis lokaluri pikebis drekadi energia nawilobriv 

ganibneva ”plastikuri” deformaciis muSaobis saxiT, 

romelsac Reros saerTo sigrZis cvlilebis gamow-

veva ar SeuZlia.  Tu procesi dabal temperaturebze 

mimdinareobs, maSin atomebis difuziuri gadatanis 

wvlili mniSvnelovnad mcirdeba da Sinagani Zabvebis 

pikebis Semcireba mikroskopuli lokaluri ZvrebiT 

xdeba. aseTi ”dinamikuri” mobruneba  gansxvavdeba im 

mobrunebisgan, romelic maRaltemperaturuli cocva-

dobisas mimdinareobs. am dros Termulad gaaqtiure-

buli procesi iwvevs mniSvnelovan struqturul 

cvlilebebs. 

 

Zabvebis relaqsaciaze gamocda cocvadobaze gamoc-

daa, romelic daumyarebeli Zabvisas xdeba. Tu nimuSi 

deformirebulia mocemul sididemde, maSin nawili am 

deformaciisa drekadia, xolo meore nawili_plasti-
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kuri. cocvadobis Sedegad plastikuri deformacia 

droSi matulobs. ramdenadac Zabvebis relaqsaciaze 

gamocdisas saerTo deformacia mudmivi rCeba, imde-

nad droSi drekadi deformacia unda Semcirdes. dre-

kadi deformaciis Semcireba mxolod im SemTxvevaSi 

SeiZleba, Tu modebuli Zabva mcirdeba, anu relaqsir- 

deba.  

 

d) Sinagani xaxuni. datvirTvisas sxeulze gadacemuli 

energiis gabnevis unars Sinagani xaxuni ewodeba. igi 

axasiaTebs deformaciis procesSi sxeulze miniWebu-

li meqanikuri energiis gafantvis da siTbod gardaq-

mnis unars, agreTve idealuri drekadi sxeulis qcevi-

dan gadaxrebis xarisxs. Sinagani xaxuni ganisazRvreba 

cvladi datvirTvisas energiis kargviT da misi daxa-

siaTeba milevis dekrementiT an Sinagani xaxunis 

koeficientiT xdeba. 

 

drekadobidan gadaxra (drekadobis arasrulyofileba) 
vlindeba deformirebis datvirTvis sidideze, datvir-

Tvis mimarTulebaze, datvirTvis procesis siCqareze 

da droze damokidebulebiT. drekadobis arasrul-

yofilebis movlena, drekadobis zRvarze naklebi, 

Zalian mcire Zabvebisas iwyeba. am dros irRveva dat-

virTvasa da deformacias Soris Sesabamisobis calsa-

xa damokidebuleba. igi histerezisis, bauSingeris 

efeqtis da a.S. saxiT vlindeba, iwvevs milevas, mermeq-

medebas da relaqsacias. 

  

Tavisufali drekadi rxevebis amplituda histerezi-

sis maryuJs warmoqmnis. e.i. rxevis yoveli ciklisas, 

sxva danakargebTan erTad, energiis nawili histere-

72



73 
 

zisis maryuJis farTobis zomis Sesabamis muSaobaze 

ixarjeba da rxevebi TandaTan miileva. rxevebis mi-

leva damokidebulia Zabvebis amplitudaze. aqedan ga-

momdinare, rxevebis milevis Sedareba erTnairi ampli-

tudebisas xdeba. am pirobis gverdis avla, maRali am-

plitudebisas, 10_100-jer gansxvavebul Sedegs iZleva, 

xolo mcire amplitudebisas, romlebsac  10ି଻ da uf-

ro dabali deformaciebi Seesabameba, Sinagani xaxuni, 

praqtikulad, amplitudaze damokidebuli ar aris.  

 

drekadi rxevebis milevaze mravali faqtori moqme-

debs. did gavlenas axdens daZabuli mdgomareobis ara-

erTgvarovneba. sagangebod moqmedebs temperaturis 

cvlileba (mag., vercxlis milevis logariTmuli dekreme-

nti temperaturis 30-dan 300℃-mde cvlilebisas 150-jer ma-

tulobs). Cveulebriv, temperaturis mateba 100_150℃-mde 

meqanikuri Tvisebebis mniSvnelovan cvlilebebs ar iw-

vevs, magram am dros milevis Zlieri mateba xdeba. 

zogadad, mileva miT ufro dabalia, rac ufro maRa-

lia plastikuri deformaciisadmi winaRoba. marcvlis 

zrdiT rxevebis mileva matulobs. mcire amplitu-

debisas wrToba aZlierebs rxevebis milevas, xolo di-

di amplitudebisas_amcirebs. moSvebis temperaturis 

amaRlebisas rxevebis mileva mcirdeba. plastikuri de-

formacia milevis mkveTr matebas iwvevs. civWedvis Sem-

deg daZveleba da moSveba milevas amcirebs da sxv.G 

 

sxeulis grexiT datvirTvisas mileva mniSvnelovnad 

ufro Zlieria, vidre gaWimvisas, kumSvisas da Runvi-

sas. aqedan gamomdinare, drekadi rxevebis milevis 

kvlevisas datvirTvis gavrcelebuli meTodi grexaa. am 
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dros mkveTrad vlindeba yvela sxva procesi, rome-

lic drekad arasrulyofiloebasTanaa dakavSirebuli.  

drekad areSi Sinagan xaxuns yvelaze xSirad Zabvebis 

cikluri cvlilebis an cikluri deformaciisas 

ikvleven. periodulad cvalebadi Zabvebi deforma-

ciis periodul cvlilebas iwvevs. sxeulSi mimdinare 

Zabvebis relaqsaciis gamo, deformacia Zabvas garkve-

uli faziT CamorCeba, romlis sididec daZvris φ 

kuTxiT ganisazRvreba. fazis daZvris kuTxis  tangensi 
(tg φ) rxevis energiis ganbnevis zomad iTvleba.  

 

srulyofili drekadi sxeulis erTjeradi deformaciisgan 
gansxvavebiT, perioduli deformirebisas, …Zabva σ da de-
formacia ε erT fazaSi ar imyofeba. isini erTimeorisagan 
φ kuTxiTaa daZruli. am daZvris sidided ߮݃ݐ iTvleba, 
romelic drekadi rxevebis vargisobis Q-s Sebrunebuli 
sididea. amasTan, gamoiyeneba sxva maxasiaTeblebic: milevis 
logariTmuli dekrementi δ, rxevis erTi periodisaTvis 
drekadi energiis fardobiTi ganbneva ∆ܣ௘/ܣ௘, rezonansuli 
mrudis sigane ∆߱/߱ோ . sadac ∆ω aris rezonansuli sixSire 
߱ோ -dan iseTi gadaxra, romlis drosac iZulebiTi rxevis 

amplituda ݉ tolia ݉௠௔௫ ቀ1 − ଵ
√ଶ

ቁ. es maxasiaTeblebi  

urTierTdakavSirebulia da gamoisaxeba rogorc: 
 

߮݃ݐ =
1
ܳ =

௘ܣ∆

௘ܣߨ2
=

ߜ
ߨ =

∆߱
߱ √3. 

 

Sinagani xaxunis gazomvis mravalgvari eqsperimentu-

li meTodi arsebobs. maT Soris erT-erTi gavrcele-

buli meTodia mgrexi qanqara nimuSis Tavisufali 

rxeva, romlis drosac Tavisufali rxevis amplitu-

dis registracia xdeba (Cven, aq da qvemoT, Sinagani xaxu-

nis mxolod zogad mxares warmovadgenT. detalurad Ses-
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wavlis msurveli saWiro literaturas advilad moipovebs). 
Tavisufali rxevis reJimSi muSaobisas, Sinagani xaxu-

nis zomad, Cveulebriv, drekadi rxevebis milevis 

siCqaris logariTmuli dekrementi δ aiReba. igi ori 
mezobeli deformaciis amplitudebis (A) fardobis 

naturaluri logariTmis tolia:  

 

ߜ = ݈݊ ஺೙
஺೙శభ

= ଵ
௞

݈݊ ஺೙
஺೙శೖ

 ,  

 

sadac ݇ aris amplitudis pirvel da meore gazomvebs 

Soris milevadi rxevebis ciklebis raodenoba. 
 

liTonebis drekadi rxevebis milevis unaris praq-

tikuli mniSvneloba udavoa. yvela sxva Tanabar piro-

bebSi, rac ufro naklebia drekadi rxevebis mileva, 

miT ufro mkveTri da maRalia rxevis rezonansuli 

pikebi, romlebsac nakeTobis rRveva SeuZlia. amitom, 

umetes SemTxvevaSi, sasurvelia, masalebs didi sidi-

dis milevis dekrementi hqondes. didi milevis 

dekrementis mqone liTonebi bgerisa da vibraciis 

efeqturi CamxSobi arian (mag., Tuji). daniSnulebis 

mixedviT liTonebi unda xasiaTdebodes  maRali 

(amortizatorebi) an, piriqiT, dabali (mzomi xelsaw-

yoebis zambarebi) Sinagani xaxunis koeficientiT. 

 

praqtikulad rTuli misaRwevia erT masalaSi dreka-

di rxevebis milevis miRweva, sxva meqanikuri Tvisebe-

bis dauzaraleblad. mag., legirebuli foladebi, ro-

ca σ <ߪ௦-ze Zalian mcire drekadi mileviT xasiaTde-

bian. radgan praqtikaSi, umetesad, es masalebi gamoi-

yeneba, mraval SemTxvevaSi, mniSvnelovani roli rxe-
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vebis STanTqmaSi sxvadasxva konstruqciul faqto-

rebs (energiis garegan mSTanTqmelebs) eZleva. xSir Sem-

TxvevaSi, konstruqciul drekad milevas ufro nakle-

bi mniSvneloba aqvs da ZiriTadi mniSvneloba masalis 

drekadi milevis unars eZleva. mag., turbinis frTebi-

saTvis drekadi milevis dekrementis Semcirebas rezo-

nansuli rxevisas, CanaRunebisa da Zabvebis momateba 

da, Sesabamisad, ganmeorebiT datvirTvisas, simtkicis 

Semcireba SeuZlia. gansakuTrebuli didi drekadi 

mileva, e.w. madempferirebel Senadnobebs axasiaTebs. 

es Senadnobebi dartymisas ar JRers da ar iwvevs 

rezonansul rxevebs. zog SemTxvevaSi, piriqiT, 

saWiroa bgeris CamxSobi minimaluri sididis mqone 

masalebi: zusti xelsawyoebis (manometrebi, altimetre-

bi) drekadi elementebis da bgeris gamomcemi nakeTo-

bebisaTvis (kamertonebi, musikaluri instrumentebi, zare-

bi da sxv.), rodesac saWiroa xangrZlivi bgeriTi rxe-

vebi da drekadi milevis logariTmuli dekrementis 

minimaluri sidide.   

 

drekad-plastikur areSi, deformaciis gansazRvruli 

sididis Semdeg, Sinagani xaxuni amplitudisagan 

damokidebuli xdeba. igi rxevis amplitudis zrdasTan 

erTad izrdeba. kritikuli deformaciis ߝ௖-is ampli-

tuda warmoadgens im sazRvars, romlis Semdegac rxe-

vis energiis ganbneva ganpirobebulia, ZiriTadad, dis-

lokaciebis moZraobebiT. amplitudebis am areSi moce-

muli Zabvis Sesabamisi aradrekadi deformacia,  praq-

tikulad, myisierad gamovlindeba. amis gamo, Sinagani 

xaxunis sidide da histerezisis maryuJis farTobi da-

mokidebuli ar aris datvirTvis siCqareze. rxevis 

amplitudisgan damokidebuli Sinagani xaxuni damo-
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kidebuli ar aris rxevis sixSireze. misi xasiaTi 

ganisazRvreba mravali mizeziT: masalis bunebiT da 

sisufTaviT, mikroplastikuri deformaciis ganvi-

Tarebis xarisxiT da a.S.   

 

e) bauSingeris (iohan) efeqti. Tu liTonis nimuSs 

gaWimviT davtvirTavT drekadobis zRvarze  metad da 

Semdeg nulamde ganvtvirTavT, saerTo deformaciis 

erTi nawili gaqreba, xolo meore nawili darCeba. 

gamqrali energia hukis kanons eqvemdebareba da misi 

moxsna 5000 m/wm-Si siCqariT xdeba. imave nimuSis 

gaWimviT xelaxali datvirTvisas, aRmoCndeba, rom mi-

si deformaciisadmi winaRoba, xazovani kanoniT, nu-

lidan im Zabvamde izrdeba, saidanac gantvirTva daiw-

yo. e.i. hukis kanoni SenarCunebuli iqneba ufro maRal 

Zabvamde. am movlenas civWedvas uwodeben. am Zabvidan 

nimuSis Semdegi deformireba, misi winaaRmdegobis 

imave kanoniT, zrdas iwvevs, rogorc es nimuSis 

SeuCerebliv gamocdisas xdeba. 

 

garkveuli mimarTulebiT mcired civnaWedi liTonis 

sapirispiro niSniT datvirTvisas (mag., gaWimviT civna-

Wedi gamoicados kumSviT) sawyisi  plastikuri defor-

maciebisadmi, winaRoba mcirdeba (mcirdeba drekadobis 

da denadobis zRvrebi). es efeqti misi pirveli aRmom-

Cenis, bauSingeris, saxels atarebs. rac ufro metia 

daSveba narCen plastikur deformaciaze, miT ufro 

sustad gamoisaxeba es efeqti. 

 

bauSingeris efeqti SeiZleba aixsnas uSualod dreka-

dobis zRvris zemoT mimdinare plastikuri defor-

maciis procesis ganxilviT. polikristaluri liTo-
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nis plastikuri deformacia yvela marcvalSi erT-

droulad ar iwyeba. deformirebas pirvelad is 

marcvlebi iwyeben, romlebic udidesi mxebi Zabvebis 

mimarT ufro xelsayreladaa orientirebuli. RerZu-

li datvirTvis SemTxvevaSi, es iqneba nimuSis RerZis 

mimarT 450–iani kuTxiT daxrili sibrtye, mrgvali 

nimuSis grexisas_normaluri ganivkveTi da grZivi 

radialuri sibrtye. xelsayrelad orientirebuli 

marcvlebidan plastikuri deformacia vrceldeba 

sxva, SedarebiT araxelsayrelad orientirebul, 

marcvlebze da a.S., manam, sanam deformaciis wvril-

wvrili kerebi erTmaneTs ar Seerwymebian da mTel 

moculobas ar moicaven. calkeuli marcvlis (an mar-

cvalTa jgufis) formis cvla iwvevevs irgvlivmyofi 

marcvlebis ukuqmedebas da iZulebuls xdian mas dre-

kadad deformirdes. gantvirTvis Semdeg, drekadad 

deformirebuli marcvali cdilobs aRidginos sawyi-

si forma. am process ukve Seuqcevadad (plastikurad) 
deformirebuli mezobeli marcvlebi xels uSlian. 

Sedegad, formis aRdgena xdeba nawilobriv. mar-

cvlebis jgufebs Soris warmoiqmneba narCeni daZa-

buloba, romelic drekadobis zRvris Semcirebis 

mizezi xdeba. deformaciis niSnis cvlilebisas, narCe-

ni Zabva jamdeba garedan modebul (muSa) ZabvebTan da 

ukumimarTulebis narCen deformacias aadvilebs. 

garegnulad mTeli procesi drekadobis zRvris 

SemcirebiT aisaxeba. 

 

zogjer, sawyisi plastikuri deformaciisadmi Semci-

rebuli winaRoba SeiniSneba mxolod civnaWedi da 

civWedvis mimarTulebiT gamocdil liTonebSi. zog-

jer,  ganumtkicebloba SeiniSneba sawyis civnaWed li-
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TonTan SedarebiTac ki. aRniSnuli ganumtkicebloba 

mniSvnelovnad icvleba masalis saxisa da misi damu-

Savebis mixedviT. maRalmoSvebul foladebSi SeiniS-

neba drekadobis zRvris Zlieri daweva, datvirTvis 

niSnis Secvlisas. bauSingeris efeqti dabalmoSvebul 

foladebSi ufro sustad vlindeba (15_30%). rkinisa-

Tvis es movlena damokidebulia marcvlis zomaze. 

msxvilmarcvlovani rkina (diametri ≈300 mkm) saerTod 

ar avlens bauSingeris efeqts, wvrilmarcvlovani 

ki_mkveTrad gamoxatuli efeqtiT xasiaTdeba.  

 

bauSingeris efeqts didi mniSvneloba aqvs, upirve-

lesad, niSancvladi datvirTvebis dros  daRlilo-

bis simtkicis Sesaswavlad. zogierT SemTxvevaSi, am 

efeqts praqtikuli mniSvneloba statikuri datvirTve-

bis drosac aqvs (mag., nakeTobis eqspluataciisas nakeTo-

baSi teqnologiuri procesebiT gamowveuli civWedvis 

mimarTulebis sapirispiro niSniT datvirTva).  civad gas-
worebuli milis kumSvaze muSaobisas, aucilebelia 

Tavidan iqnes acilebuli drekadobisa da denadobis 

zRvrebis Semcireba. civnaWedi liTonis dabali moS-

veba bauSingeris efeqts xsnis. igi sawyisi plastiku-

ri deformaciis Semcirebul winaaRmdegobas aRadgens 

winamorbedi civWedvis mimarTulebis sawinaaRmdego 

mimarTulebiT. 

 

v) drekadi histerezisi. histerezisi, makroskopuli 

plastikuri deformaciisas, e.i. datvirTvisa da gan-

tvirTvisas,  deformaciis diagramebis datvirTvis da 

gantvirTvis xazebis ardamTxveva Sedegia plastikuri 

deformaciebis kanonebis moqmedebis. 

79



80 
 

ganvixiloT drekadi histerezisi, romelic  drekad, 

anu Zalian mcire sididis plastikuri deformaciis, 

areSi SeiniSneba. ise rogorc mermeqmedebis movlenis 

Seswavlisas, aqac, sufTa drekad da sufTa plasti-

kur mdgomareobebs Soris, Sualeduri mdgomareoba 

arsebobs. narCeni deformaciebis ararsebobisas, dat-

virTvis moxsnis Semdeg masala sawyis mdgomareobas 

ubrundeba. e.i. iqceva ise, rogorc drekadi sxeuli. 

amave dros datvirTvisa da gantvirTvis totebis 

daumTxvevloba Seuqcev (aradrekad) procesebze migvi-
TiTebs. 

 

radgan deformaciisas STanTqmuli muSaoba Zabva-de-

formaciis diagramis Seasabamisi farTobiT xasiaT-

deba, cxadia, histerezisis maryuJis farTobi, anu 

datvirTvisas STanTqmuli da gantvirTvisas dabrune-

buli muSaobebis sxvaoba, narCen, gantvirTvisas 

deformaciis ardabrunebuli muSaobis sidides Seesa-

bameba.  

 

datvirTvis sidideze damokidebulebiT, histerezisi 

SesaZloa ar gamovlindes, an gamovlindes Caketili 

maryuJis, an Ria, Cauketavi maryuJis saxiT. ukanas-

kneli, datvirTvis Semdgomi matebisas, plastikuri 

deformaciis diagramis monakveTSi gadadis. zusti 

gazomvebiT diagramis drekadi nawilis gamrudebis 

dafiqsireba SeiZleba, magram did plastikur defor-

maciebTan SedarebiT es gamrudeba Zalian mcirea. 

sxvadasxva faqtoris gavlena histerezisis maryuJis 

sididesa da formaze, am faqtorebis mermeqmedebaze 

gavlenis analogiuria. kerZod, grexisas, RunvasTan 
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SedarebiT, drekadi histerezisi metia, xolo mocu-

lobiTi kumSvisas histerezisi ar arsebobs da a.S.  

  

deformaciis siCqaris gazrdiT, histerezisis maryuJis 

farTobi mcirdeba. temperaturis amaRlebiT, rogorc 

wesi, histerezisis maryuJis farTobi matulobs, 

magram lurjmetexobis temperaturaze rkina ufro 

viwro histerezisis maryuJs iZleva. es bunebrivia, 

radgan lurjmetexobis temperaturaze plastikuri 

Zvrebi gaZnelebulia imis gamo, rom izrdeba winaRoba 

plastikuri deformaciisadmi. 

 

monokristalebs histerezisis movlena ar axasiaTebs. 

polikristalur masalebSi, heterogenulobis zrdi-

sas, histerezisis movlena matulobs, kerZod, civna-

Wedi liTonebi ufro did histereziss iZleva. rome-

liRac kritikuli Zabvis qvemoT datvirTvisa da gan-

tvirTvis procesis mravaljer gameorebiT histere-

zisis maryuJis farTobi TandaTan mcirdeba. maSin 

rodesac, datvirTvis matebiT, maryuJis farTobi SeiZ-

leba gaizardos. histerezisis maryuJis siganis da 

farTobis warmodgenili cvlileba mniSvnelovania 

daRlilobiT rRvevis Seswavlisas. 

 

bevr SemTxvevaSi drekadi histerezisis movlenas didi 

praqtikuli mniSvneloba aqvs. zusti xelsawyoebis 

dasamzadeblad gankuTvnili masala unda xasiaTde-

bodes minimaluri histerezisiT da, aqedan gamomdi-

nare, minimaluri mermeqmedebiT. 

z) aradrekadi movlenebis mniSvneloba. pirdapiri da 
Seqceuli drekadi mermeqmedebis, Zabvis relaqsaciis 
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da drekadi histerezisis movlenebs didi praqtikuli 

mniSvneloba aqvs zustxelsawyoTmSeneblobaSi, xanmo-

kled da xangrZlivad datvirTuli drekadi elemen-

tebis damzadebisas. maT sagangebo mniSvneloba aqvT 

agreTve Zalovani drekadi elementebisaTvis, romle-

bic Zabvebis relaqsaciis gamo, kargaven TavianT sa-

datvirTo maxasiaTeblebs (resorebs, winaswardaZabul 

armaturas, samagr detalebs da sxv.). mecnierebi cdilo-

ben SeimuSaon mcire mermeqmedebis da maRali relaq-

saciamedegi masalebi. aseTi masalebi uzrunvelyofen 

sazomi xelsawyoebis sistemis swrafmoqmedebasa da si-

zustes, Zalovani zambarebis xangrZliv muSaobas, amci-

reben teqnologiur dabrecas da sxv. aseT masalebs 

mcire Sinagani xaxuni aqvs da cudad ganabneven rxevis 

energias. es ukanaskneli Tviseba gansakuTrebiT mniSvne-

lovania JReradi instrumentebis (zarebi, musikaluri 

instrumentebi) dasamzadeblad. praqtikaSi gamoiyeneba 

kargi JReradobis da minimaluri Sinagani xaxunis mqone 

sali da myife Senadnobebi (mag., Cu+25% Sn). 
 

mraval SemTxvevaSi, piriqiT, saWiroa iseTi masalebis 

gamoyeneba, romlebsac eqneba amaRlebuli madempferi-

rebeli unari_rxevis CamxSobi Tvisebebi, e.i. masalebi 

maRali Sinagani xaxuniT, didi cikluri siblantiT. 

aseTi masalebis gamoyeneba aucilebelia iseT nakeTo-

bebSi, romelTa daniSnulebac rxevis energiis CaxSo-

baa. isini sagangebo mniSvnelobas iZenen iseT SemTxve-

vebSi, rodesac madempferirebeli unaris amaRlebis 

miRweva konstruqciuli RonisZiebebiT (garegani amor-

tizatorebiT) ver xerxdeba. maRali dempferirebis una-

ris mqone masalebis gamoyeneba xels uwyobs xmauris 
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Semcirebas, SeuRlebuli detalebis xangamZleobis 

zrdas, rezonansuli katastrofis saSiSroebis Tavi-

dan  acilebas. Cveulebriv, masalis struqturis ara-

erTgvarovnebis amaRlebisas, madempferirebeli da 

histerezisis unari izrdeba. mag., maRali dempferi-

rebis unariT xasiaTdeba ruxi Tuji, romlis struq-

turaSic grafitis basri Sinagani ”CanaWrebis” mniSvne-

lovani raodenobaa. isini iwveven Zabvebis koncentra-

cias da lokalur mikroplastikur deformacias, 

dabali nominaluri Zabvebisas. maRali dempferirebis 

unaris mqone Senadnobis Sinagani xaxunis sidide 1%-

ze metia. L 

2.5 liTonebis plastikuroba 
 

plastikuroba (berZn. plastikós-saZerwad vargisi, damyoli) 
aris masalis unari mTlianobis daurRvevlad (bzare-

bis, Canaxevebisa da rRvevis gareSe) ganicados plasti-

kuri deformacia. xazobrivi daZabulobisas is ga-

movlindeba mas Semdeg, rac drekadi deformireba 

plastikuriT Seicvleba, anu rodesac garegani Zale-

bis zemoqmedebiT aRZruli Zabvebis sidide denadobis 

zRvris mniSvnelobas gadaaWarbebs. am Zalebis moqme-

debiT sxeuli icvlis formas, zomebs da Zalebis 

moqmedebis Sewyvetis Semdeg axal formasa da zomebs 

inarCunebs. plastikuroba drekadobis sapirispiro 

Tvisebaa.  

 

praqtikulad liTonebis plastikuri Tvisebebi gani-

sazRvreba cilindruli an brtyeli formis nimuSebis 

gaWimva-kumSvis an Txelkedliani cilindruli mila-
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kis gamWimavi ZaliT, grexis momentiT da Siga wneve-

biT deformirebis eqsperimentebiT. isini Zabvisa da 

deformaciis damoukideblad aTvlis saSualebas 

iZlevian 

 

plastikuri deformirebis SesaZleblobebi _ ߪ଴,ଶ/ߪ஻  

fardobiT ganisazRvreba da igi ganmtkicebis xarisxs 

axasiaTebs. rodesac ߪ଴,ଶ/ߪ஻=0,5_0,6-s, liToni maRali 

deformirebadobiT xasiaTdeba (δ da ߖ aTeuli procen-

tebiT gamoisaxeba). piriqiT, rodesac deformaciis Sem-

deg ganmtkiceba ߪ଴,ଶ/ߪ஻=0,95_0,98-s, liToni myife masa-

lis msgavsad iqceva. plastikuri deformaciis are 

praqtikulad ar arsebobs (δδ da 3%_ 1 ߖ-s Seadgens). 

yvelaze xSirad plastikuri Tvisebis Sefaseba stati-

kuri erTRerZa gaWimvisas gansazRvruli fardobiTi 

wagrZelebis δ-s sididiT xdeba. sxva saxeebiT defor-

maciebisas (kumSva, Runva, grexa), deformaciebis didi 

siCqareebisas (Wedva, glinva) da maRali temperature-

bisas, igi plastikurobas srulad ver gansazRvravs. 

amgvarad, plastikuroba damokidebulia temperatu-

raze, deformaciis siCqaresa da damuSavebis xerxze. 

plastikurobis sidideze Zlier gavlenas axdens mra-

vali saxis minarevi, xSirad maTi Zalian mcire kon-

centraciac ki. gaWimvisas, plastikurobis meore maxa-

siaTebeli fardobiTi Seviwroeba aris. bevr SemTxve-

vaSi is ufro zustad asaxavs liTonis glinvis, Wed-

visa da dasmis unars. plastikur Tvisebebze msje-

loba martivdeba maSin, rodesac cnobilia Tanabari 

wagrZelebis sididis fardoba Tavmoyril wagrZele-

basTan gaWimvisas.  
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plastikurobis Sefaseba, praqtikaSi, teqnologiuri 

sinjebis gamocdiT xdeba. isini deformaciis iseT 

xerxebs asaxaven romlebic Sesabamis teqnologiur 

procesebs ufro Seesabamebian. ase, magaliTad: kumSva-

ze gamocdisas (glinvis deformaciis axlo analogi) 
ganisazRvreba maqsimaluri deformaciis sidide, 

bzarwarmoqmnis momentamde; gavrcelebulia plastiku-

robis Sefaseba moRunvis kuTxis sididiT, gadaRun-

vebis raodenobiT (ricxviT) an (da)grexiT, romelsac 

uZlebs naxevarfabrikati bzarebisa da Canaxevebis 

warmoqmnis gareSe; lentidan fosos gamoWimvaze 

gamocdas (Stampvisa da Rrma gamoWimvis analogi) atare-
ben Canaxevebisa da bzarebis gaCenis momentamde. 

 

liTonebis wneviT damuSavebis teqnologiuri proce-

sebisaTvis mniSvnelovania maRali plastikuri Tvise-

bebi. normalur pirobebSi eqspluatacisas, liToni 

drekad mdgomareobaSi imyofeba da misi plastikuri 

Tvisebebi ar vlindeba. amdenad, nakeTobis normaluri 

eqspluataciisas, plastikurobis maCveneblebze orien-

tireba, erTi SexedviT, uazrobaa. magram Tu ki arse-

bobs imis albaToba, rom nakeTobis datvirTva dena-

dobis zRvarze meti iqneba, maSin aucilebelia masa-

las plastikuroba hqondes. winaaRmdeg SemTxvevaSi, 

rodesac datvirTva romeliRac zRvars gadaWarbebs, 

myife liToni maSinve dairRveva, xolo plastikuri 

masala, Warbi energiis sakmaod didi nawilis STan-

Tqmis Sedegad, datvirTvas daurRvevlad aitans. 

 

kristaluri sxeulebis plastikuroba mravali mik-

roskopuli meqanizmis moqmedebasTanaa dakavSirebuli. 

maTi roli garegani pirobebiT (temperatura, datvirTva 
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da  deformaciis siCqare) ganisazRvreba. aucilebelia, 

am meqanizmebis ganxilva moxdes plastikuri defor-

maciis elementarul aqtSi monawile atomebis ricxvis 

zrdis Sesabamisad.   

 
fizikuri Tanafardobebi, romlebic drekadidan 

drekad-plastikur mdgomareobaSi gadasvlis ubanze 

sxeulis deformirebis procesis aRweris Teoriul 

safuZvels warmoadgens, masalis plastikuri Tvisebe-

bis gaTvaliswinebiT, plastikurobis Teoria ewodeba. 

plastikurobis Teoria warmoadgens meqanikis im naw-

ils, romelSic myari sxeulebis deformacia Seiswav-

leba drekadobis zRvars zeviT. plastikurobis Teo-

ria swavlobs plastikuri sxeulebis makroskopul 

Tvisebebs da uSualod ar aris damokidebuli plas-

tikuri Tvisebebis fizikur axsnaze. igi plastikurad 

deformirebad sxeulebSi Zabvebisa da deformaciebis 

ganawilebis gansazRvris meTodebs swavlobs. plasti-

kurobis Teoria mniSvnelovan rols asrulebs teqni-

kaSi. igi mWidro kavSirSia konstruqciebis daproeq-

tebis umniSvnelovanes sakiTxebTan, liTonebis plas-

tikuri deformaciis teqnologiuri procesebis kvle-

vasTan da misT. konstruqciebis gaangariSebis meTode-

bis srulyofis Ziebis procesSi gansakuTrebul mniS-

vnelobas iZens masalebis plastikuri Tvisebebis gaT-

valiswineba. es gansakuTrebuloba imis Sedegia, rom 

myife masalisgan damzadebuli konstruqcia, gare Za-

lebis moqmedebisas, rRvevis stadiamde plastikur 

deformacias, praqtikulad, ar ganicdis. plastikuri 

masalisgan damzadebul konstruqciaSi ki, ZiriTadi 

deformaciebi, uSualod, plastikuri deformaciebis 

warmoSobisas formirdeba (ase, magaliTad, realur diag-
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ramaze denadobis baqnis dasasrulis Sesabamisi sruli de-

formaciebi, mravali masalisTvis, 30_40-jer aRemateba 

drekadi deformaciis ubnis dasasrulis deformacias). 
 

plastikuri deformacia dakavSirebulia zogierTi 

atomTSorisi kavSiris rRvevasa da axlis warmoq-

mnasTan. realuri liTonis plastikurad deformi-

rebis unari misi umniSvnelovanesi da sasargeblo 

Tvisebaa. plastikuroba gansazRvravs masalebis wne-

viT damuSavebis (Wedva, glinva, Stampva da sxv.) teqno-
logiuri operaciebis SesaZleblobas. garda amisa, 

zogadad plastikuroba uzrunvelyofs nagebobebis 

sakonstruqcio simtkices, manqanaTa nawilebisa da 

sxva liTonuri nakeTobebis saimedoobas. maRali 

plastikurobis mqone masalebi Zabvebis koncentrato-

rebisa da gamyifebis sxva faqtorebisadmi naklebad 

mgrZnobiarea. gamocdileba gviCvenebs, rom liTonis 

simyife anu plastikurad deformirebis misi dabali 

unari, xSirad, nakeTobis mcire datvirTvebis drosac 

ki, uecar, myife rRvevas iwvevs.  

 

simyife masalis Tvisebaa, dairRves SesamCnevi narCeni 

deformaciis gareSe.  aseTi Tvisebis mqone masalebs myife 

masalebs uwodeben. myife masalebis rRvevisas wagrZeleba, 

ZiriTadad, 2_5 %-is zRvrebSia, xolo rig SemTxvevebSi 

misi sidide procentis wilebiT izomeba. myife masalebis 

gaWimvis diagramas denadobis baqani da ganmtkicebis zonebi 

(ubani) ar axasiaTebs. gaWimvaze da kumSvaze gamocdisas 

miRebuli simtkicis zRvrebis Sedegebis Sedareba gviCve-

nebs, rom aseTi masalebi kumSvisas simtkicis zRvris ufro 

maRali maCvenebliT xasiaTdebian, vidre gaWimvisas. maTi 

fardoba KK=σgaW/σkumS. TujebisTvis 0,2…0,4-ia, xolo kerami-

kuli masalebisTvis_0,1…0,2. 
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plastikurobisa da simyifis gamovlenaze did gavlenas ax-

dens datvirTvis siCqare da temperatura. swrafi datvir-

Tvisas ufro mkveTrad simyifis Tviseba vlindeba, xolo 

neli datvirTvisas_plastikurobis Tviseba. mag., myife minas 

unari aqvs normalur temperaturaze, datvirTvis xan-

grZlivi zemoqmedebiT narCeni deformacia miiRos, xolo 

iseTi plastikuri masala, rogoric dabalnaxSirbadiani 

foladia, mkveTri dartymiTi datvirTvisas, myife Tvisebebs 

avlens. sasurveli mimarTulebiT masalebis Tvisebebis 

cvlilebis erT-erT ZiriTad teqnologiur operacias Ter-

muli damuSaveba warmoadgens. foladis wrToba mkveTrad 

zrdis simtkicis maxasiaTeblebs da imave dros amcirebs 

mis plastikur Tvisebebs. 

 

plastikurobis Seswavlas didi praqtikuli mniSvne-

loba aqvs. igi SesaZlebels xdis racionalurad SeirCes 

teqnikuri masalebi, romelTa plastikurobasac damu-

Savebis an sxvadasxva pirobebSi eqspluataciisas, Cve-

ulebriv, moTxovnaTa mTeli kompleqsi waeyeneba. aqedan 

gamomdinare, didi mniSvneloba eniWeba ama Tu im masalis 

plastikuri deformirebis unaris gansazRvras. 

amJamad plastikurobis ori Teoria arsebobs: defor-

maciuli da denadobis. maT Soris gansxvaveba fiziku-

ri Tanafardobebis konkretul CaweraSi mdgomareobs. 

deformaciul TeoriaSi, hukis kanonis nacvlad, 

Zabvebsa da deformaciebs Soris axali Tanafardobebi 

dgindeba. denadobis TeoriaSi ki fizikuri Tanafar-

dobebi Zabvebs deformaciis nazrdTan an deformaciis 

siCqaresTan akavSirebs.  

 

eqsperimentuli kvlevebi gviCvenebs, rom plastikuro-

bis deformaciuli Teoria samarTliania martivi da-

tvirTvisa da SedarebiT mcire deformaciebisas. e.i., 
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rodesac yvela gare datvirTva droSi proporciulad 

icvleba. denadobis Teoria efeqturia rTuli datvir-

Tvebisas aRZruli didi deformaciebis procesebis 

Seswavlisas. e.i. rodesac sxeulze modebuli datvir-

Tvebi erTmaneTisgan damoukideblad icvleba droSi. 

 

Cven mxolod plastikurobis deformaciuli Teoriis 

zogadi ganxilviT SemovisazRvrebiT. rTuli datvir-

TvebiT gamowveuli didi deformaciebis gacnoba spe-

cialists SeuZlia masalaTa wneviT damuSavebis 

kursSi. 

 

a) TviTdifuziuri da difuziuri plastikuroba. li-

TonebSi, mkumSavi Zalebis moqmedebiT, kristalis 

atomuri Sreebi Zalebis moqmedebis zedapiruli ubne-

bidan gamWimavi Zalebis moqmedebis ubnebze gadaad-

gildeba. kristalis zedapirze an mis moculobaSi 

masis gadatana TviTdifuziiT xdeba. iseT SemTxve-

vebSi, rodesac kristalis zoma ar aris Zalian mcire, 

anu misi kuTri zedapiri ar aris Zalian didi, maSin 

plastikuri deformaciis yvelaze efeqturi meqanizmi 

moculobiTi TviTdifuziaa. am dros xdeba atomebis 

”gaxsna”, anu kumSvis ubnebidan zedapiruli Sreebis 

atomebis, kvanZTSorisi atomebis saxiT, kristalis 

siRrmeSi SeRweva da maTi im ubnebze gamoyofa, rom-

lebic gamWimavi Zalebis moqmedebas ganicdian. ”gamo-

yofis” procesis paralelurad, gamWimavi Zalebis 

moqmedebis areSi warmoqmnili vakansiebis nakadi uku-

mimarTulebiT moZraobs da kumSvis adgilebSi anihi-

lirdeba. realuri SemTxvevebis umetesobaSi TviTdi-

fuziuri deformacia, ZiriTadad, vakansiebis mimar-
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Tul nakadebTanaa dakavSirebuli (isini ufro advilad 

warmoiqmnebian, vidre kvanZTSorisi atomebi). 

 
erTgvarovan daZabul velSi, sxvadasxvagvari atomis 

Semcvel kristalSi, atomebis ganlageba orientaci-

ulad mowesrigdeba, ris gamoc kristali ganicdis, 

garkveul, mowesrigebulobis xarisxze damokidebul, 

deformacias. sur. 5a-s Sesabamisad Zabvis moxsnis Sem-
deg mowesrigebuli mdgomareoba SeiZleba araxel-

sayreli aRmoCndes, magram is garkveuli droiT Senar-

Cundeba, radgan mouwesrigebel mdgomareobaSi mobru-

neba atomebis difuziuri gadaxtomebis siCqariT gani-

sazRvreba. 

 

kristalSi araerTgvarovani daZabulobis velis arse-

bobisas didi radiusis mqone minarevi atomebi da 

kvanZTSorisi atomebi cdiloben gisosis gaWimul, xo-

lo mcire radiusis mqoneni_SekumSul ubnebSi gadavi-

dnen. sur. 5 b-s Sesabamisad warmoiqmneba koncentra-

ciis araTanabari ganawileba, rac sawyisi ara-

erTgvarovani deformaciis stabilizacias iwvevs. 

kristalis SedgenilobiTaa SezRuduli maqsimaluri 

deformacia, romlis warmoqmnac orientaciuli 

mowesrigebulobiT an koncentraciuli araerTgvarov-

nebiTaa SesaZlebeli. amgvarad, TviTdifuziuri da 

difuziuri deformaciebi wertilovani defeqtebis 

(vakansiebis, kvanZTSorisi da minarevi atomebis) nakadebiT 

ganisazRvreba. 

 

90



91 
 

 
sur. 5. difuziuri plastikuroba: 

a) erTgvarovani daZabulobis velSi minarevi atomebis 

(Savi wreebis) orientaciuli mowesrigebuloba;  

b) minarevi atomebis gadanawileba araerTgvarovani 

daZabulobis velSi; 

I _ sawyisi kristali; 

II _ minarevi atomebis Semcveli kristali Zabvebis mo-

qmedebisas; 

III_kristalis saboloo deformacia 

 

realur pirobebSi defeqtebis gadaadgileba siTburi 

fluqtuaciebiTaa ganpirobebuli da maTi sixSire, 

temperaturis Semcirebisas, swrafad mcirdeba. amis 

gamo, plastikurobis es meqanizmi  mxolod sakmaod 

maRal (aranakleb 0,5 Tdn -is) temperaturebze moqmedebs. 

b) kraudionuli plastikuroba. deformacia kraudio-
nebis, anu kristalebSi mWidrodwyobili atomuri ri-

gebis gaswvriv atomebis ”Sesqelebis”, gaCeniTa da ga-

daadgilebiTaa ganpirobebuli. cnobilia, rom krista-

lebSi atomebi gansazRvruli kristalografiuli mimarTu-

lebiT erTmaneTisgan Tanabari manZilebiT daSorebuli ri-

gebiTaa ganlagebuli. Tu raime zemoqmedebis Sedegad erTi 

atomi, masze dacemuli sxva atomis “dartymis” Sedegad, da-
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iZvreba Tavisi mdebareobidan, mas, Tavis, mxriv mezobeli 

atomebis gadaadgileba SeuZlia da a.S. amrigad, atomebis 

garkveuli raodenoba daiZvreba da atomebis rigis romeli-

Rac monakveTze erTi atomi zedmeti aRmoCndeba.  

 

sur. 6-is Sesabamisad kristalis zedapirSi wvetis Cawne-

visas masala wvetis Cawnevis zonidan kraudionebad gai-

fanteba da Cawnevis adgilidan raRac manZilze, kvanZT-

Sorisi atomebis amaRlebuli koncentracia Seiqmneba. 

 
sur. 6. kraudionuli plastikuroba: 

        I_kristali Cawnevamde; 

        II_wvetis Cawnevisas kraudionebis warmoqmna; 

        III_formis saboloo cvlileba (kristalSi  

           kvanZTSorisi atomebis warmoqmna)  

g) dislokaciuri plastikuroba. plastikuri defor-

maciis tipuri saxe dislokaciis kristalografiul 

sibrtyeebze srialia. sriali yvelaze ufro iolad 

mWidrodwyobil sibrtyeebze, mWidrodwyobili mimar-

Tulebis gaswvriv, mimdinareobs. srialis procesis daw-

vrilebiT Seswavla laboratoriebSi gazrdili  liTone-

bis monokristalebze moxerxda. am dros gairkva ara marto 

is, rom sriali warmoiSoba zogierTi gansazRvruli mimar-

TulebiT da, Cveulebriv, sruliad gansazRvrul sibrtye-

ebze, aramed isic, rom monokristalebi mcire Zabvebisas 

deformirdebian. monokristalebis gadasvla denadobis 

mdgomareobaSi aluminisTvis 1-dan, xolo rkinisTvis daax-

loebiT 15 – 20 mpa Zabvebisas iwyeba. Teoriulad es gadas-
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vla, orive SemTxvevisTvis, 10000 mpa Zabvebisas unda warmo-
ebdes. eqsperimentul da Teoriul monacemebs Soris aseTi 

gansxvaveba, mravali wlis ganmavlobaSi, mniSvnelovan aux-

snel problemas warmoadgenda. 1934 wels, jefri ingram 

teilorma, maikl polanim da egon orovanma gamoTqves 

mosazreba, romelic kristaluri struqturis defeqtebze 

warmodgenas efuZneboda. maTi varaudiT, srialis dasaw-

yisSi gadanacvleba atomuri sibrtyis romeliRac wertil-

Si xdeboda, xolo Semdeg kristalSi vrceldeboda. daZ-

rul da dauZvrel areebs Soris sazRvari kristaluri 

struqturis xazobriv defeqts warmoadgens. srialis gav-

rcelebis sazRvars dislokacia (dislokaciis xazi) uwo-

des. sur. 7-is Sesabamisad es xazi, kristalSi, suraTis 

sibrtyis perpendikularulad midis.  

 
sur. 7. dislokaciis gadaadgileba kristalur gisosSi: 

         a_isris mimarTulebiT modebulia Zvris Zabva; 

         b_dislokaciis warmoSoba (wriT SemosazRvruli);  

         g_dislokaciis moZraoba marjvniv;   

         d_aRdgenili wonasworoba  

kristalze Zvris Zabvis moqmedebisas, dislokacia iwyebs 

moZraobas da im sibrtyeze gadaadgildeba, romelzec is 

imyofeba. mas Semdeg rac dislokaciebi warmoiqmneba, isini 

kristalSi Zalian advilad moZraoben. am faqtiT aixsneba 
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monokristalebis ”sirbile”. liTonebis kristalebSi, Cve-

ulebriv,  uamravi dislokacia arsebobs (molbobil liTo- 

nur kristalSi dislokaciebis saerTo sigrZe 1sm3–Si 10 
km-ze mets Seadgens). 1952 wels korporacia ”bel telefo-

nis” laboratoriis TanamSromlebma, kalis Zafisebri kris-

talis Runvaze gamocdisas, aRmoaCines, rom aseTi krista-

lebis Runvaze simtkice srulyofili  (udefeqto) krista-

lebis Teoriul simtkices uaxlovdeboda (Semdgom mravali 

liTonis Zalian mtkice Zafisebri kristalebi iqna gamov-

lenili). rogorc varaudoben, maRali simtkice ganpirobe-

bulia imiT, rom aseT kristalebSi saerTod ar aris 

dislokaciebi an aris kristalis mTel sigrZeze gamavali 

erTi dislokacia. 

 

paraleluri sibrtyeebis sistemaSi sriali makros-

kopul Zvras warmoadgens, xolo sxvadasxva sistemis 

Sesabamisi Zvrebis SeuRleba kristalebis plastikuri 

deformaciis ZiriTad nawils warmoadgens. kristaleb-

Si sriali araerTgvarovania: sur. 8-is Sesabamisad, 

pirvelad is srialis sibrtyis raRac nawils moicavs. 

Semdeg am aris sazRvari mTel sibrtyeze vrceldeba. 

amitom, srialis ganviTareba SeiZleba ganxilul iq-

nes rogorc dislokaciis warmoqmnisa da gadaadgi-

lebis procesi. deformaciis siCqare proporciulia 

dislokaciebis simkvrivis da dislokaciebis gadaad-

gilebis siCqaris.E 

 
sur. 8. elementaruli sriali idealur kristalur   

       gisosSi, dislokaciis gadaadgilebisas 

94



95 
 

realur kristalebSi dislokaciebis warmoqmnis pro-

cesSi, yovelTvis gaCndeba iseTi dislokaciebi, rom-

lebsac, Zabvebis moqmedebis Sedegad, sakuTari sig-

rZis gazrda SeeZlebaT (dislokaciebis gamravleba). ami-
tom, axali dislokaciebis warmoqmnis stadia mxolod 

gansakuTrebul SemTxvevebSi axdens srialis limiti-

rebas (mag., deformaciis dasawyisi udislokacio mik-

rokristalebSi). danarCen SemTxvevebSi, srialis ganvi-

Tareba dislokaciebis moZraobiT ganisazRvreba. rad-

gan atomebi dislokaciis siaxloves Tavisi wonaswo-

ruli mdebareobidan daZrulia, maTi axal, wonaswo-

rul, mdebareobaSi gadayvana (romelic srialis sib-

rtyeze erTi atomuri manZiliT kristalis Zvras saWiro-

ebs) mniSvnelovnad ufro naklebi energiis danaxarjs 

moiTxovs, vidre atomebisTvis udefeqto (daumaxin-

jebel) kristalebSi. dislokaciis gadasaadgileblad 

energetikuli barieri miT ufro naklebia, rac ufro 

didia damaxinjebis zona dislokaciis siaxloves 

(irgvliv). dislokaciis moZraobis unaris mixedviT, 

masalebi iyofa or jgufad: a) kovalentur kristale-

bSi es barieri uaxlovdeba atomTSorisi kavSirebis 

rigs da misi gadalaxva SesaZlebelia mxolod 

siTburi fluqtuaciebisas. amitom, dislokaciis Zvra-

doba SesamCnevi xdeba mxolod sakmaod maRal 

temperaturebze (zomier temperaturebze kovalenturi 

kristalebi araplastikuria); b) liTonuri da ionuri 

kavSirebis mqone kristalebSi dislokaciebis gada-

adgilebis barieri 10ଷ − 10ସ-jer naklebia, vidre maTi 

kavSirebis energia da aseT kristalebSi barieri 10ଷ −
10ସ G Zabvebze (G Zvris modulia) qreba. aseTi 

Zabvebisas, dislokaciebis moZraoba siTbur aqtivaci-
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as ar iTxovs da, amdenad, maTi moZraobis unari tempe-

raturaze sustadaa damokidebuli. srulyofil Kkris-

talur gisosSi dislokaciis moZraobis winaRoba 

metad mcirea, riTac ganpirobebulia maRali plasti-

kuroba ionur da liTonur kristalebSi. 

 

realur kristalebSi sxvadasxvagvari defeqti (werti-
lovani defeqtebi, minarevi atomebi, dislokaciebi, sxva fa-

zis nawilakebi) arsebobs da, Sesabamisad, moZravi dis-
lokaciebis srialis winaRoba am defeqtebis urTier-

TqmedebebTanaa dakavSirebuli. araminarevebian plas-

tikur kristalebSi ki ZiriTad winaRobad dislokaci-

ebs Soris urTierTqmedebebi iTvleba. srialisadmi 

winaRobis nawili, romelic uSualod dakavSirebulia 

dislokaciebis SejaxebasTan, SeiZleba Semcirdes siT-

buri aqtivaciis xarjze, magram srialisadmi winaRo-

bis umetesi nawili ganpirobebulia dislokaciebis 

(Tavis irgvliv warmoqmnili sakuTari daZabulobis velze 

gavliT) Sorsmoqmedi urTierTqmedebiT da temperatu-

raze TiTqmis ar aris damokidebuli. dislokaciebi, 

erTmaneTze urTierTqmedebebis Sedegad, muxruWdebian 

da Cerdebian. amitom, mudmivi siCqariT deformirebi-

sTvis aucilebelia axali dislokaciebis uwyvetad 

gaCena. amas mohyveba kristalSi dislokaciebis sim-

kvrivis mudmivi zrda, romelic sm-2 lic 10ଵଵ − 10ଵଶ 

cals aRwevs. Sesabamisad izrdeba srialisadmi maTi 

urTierTwinaRoba da kristalis de-formaciuli 

ganmtkiceba an civWedva xdeba. sur. 9-is Sesabamisad, 
dislokaciebs Soris urTierTqmedebas naTlad 

asaxavs monokristalis “Zabva-deformaciis” diagrama.  
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 sur. 9. “Zabva-deformaciis”diagrama monokristalisTvis  

 

am diagramaze tipuri SemTxvevebis sami damaxasi-

aTebeli ubania asaxuli. isini dislokaciuri struq-

turis evoluciis sam stadias Seesabamebian. pirveli 

stadia_advili srialis stadia (ar unda avurioT 

“martiv” srialSi), romlis drosac dislokaciis sim-

kvrive SedarebiT mcirea. advili srialis stadiaze  

yoveli dislokacia, SeCerebamde, kristalis zomis 

Sesabamisi manZilis gavlas aswrebs da maTi mniS-

vnelovani nawili kristalis zedapirze gamodis. sri-

alisadmi winaRoba calkeuli dislokaciebis (romel-

Ta simkvrivis zrda, deformaciis sididis zrdasTan 

SedarebiT, umniSvneloa) urTierTqmedebiTaa ganpirobe-

buli. amis gamo, ganmtkicebis koeficienti, aseT dros, 

mcirea da daaxloebiT 10ିଷ G-s Seadgens. deformaciis 
xarisxisa da dislokaciebis simkvrivis zrdasTan 

erTad, maTi ganawileba araerTgvarovani xdeba: dis-

lokaciebi srialis sibrtyeebSi kompaqtur grovebs 

warmoqmnis (II stadia); am grovebis mier aRZruli daZa-

bulobis veli, Tavis mxriv, Tanamdev deformacias 

iwvevs. aseTi lokaluri, sxvadasxva mimarTulebis, 

deformaciebi SeiZleba kristalis saerTo formac-
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vlilebaSi ar gamovlindes, magram, srialis meorad 

sibrtyeebSi dislokaciebis warmoqmniT, isini maT 

simkvrives zrdian. ZiriTadi da meoradi sistemebis 

dislokaciebis urTierTqmedebebi dislokaciebis Tav-

moyras (“Sesqelebas”) da dislokaciuri ujredovani 

struqturis Camoyalibebas iwvevs. mTeli II stadiis 

ganmavlobaSi dislokaciuri struqturis xarisxi 

SenarCunebulia, mxolod ujredebis zomebi mcirdeba 

da ganmtkicebis koeficienti daaxloebiT 10ିଶG-mde 
izrdeba. dislokaciebis simkvrivis Semdgomi zrdisas, 

dislokaciebis ganTavsebis srialis sibrtyeebidan, 

xdeba maTi nawilis gamodevna (“gamowneva”). am dros 

sxvadasxva niSnis dislokaciebis Sexvedra maT 

anihilacias iwvevs. warmoebs dislokaciebis sim-

kvrivis ganmuxtva da ganmtkicebis koeficientis var-

dna (III stadia). am procesis paralelurad mimdina-

reobs kristalSi mikrobzarebis warmoqmnac, isini 

sabolood kristalis mTlianobis rRvevas iwveven (es 
momenti kristalSi  maqsimalurad misaRwevi plastikuri 

deformaciis sidides gansazRvravs).  

 
marcvalSi mimdinare plastikuri deformaciebis gan-

xiluli meqanizmebi rTuldeba polikristalebSi, 

marcvlebs Soris urTierTqmedebebiT. polikristalis 

deformacia sxvadasxva datvirTvis mimarT sxvadasxva-

nairad orientirebul da sxvadasxva pirobebSi myofi 

kristalis deformaciebis jamur Sedegs warmoadgens. 

amitom, deformaciis ganviTarebas ar aqvs mkafiod 

gamosaxuli stadiuri xasiaTi (ise rogorc monokris-

talebs. sur. 9). marcvlebs Soris sazRvrebi ewina-

aRmdegeba dislokaciebis gavrcelebas da, rogorc 
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wesi, dabal temperaturebze kristaluri sxeulebis 

ganmtkicebas iwvevs. maRal temperaturebze sazRvr-

ebis arseboba ki, romlebic defeqtebis wyaroebs (an 

“(Ca)modinebebs”) warmoadgens, piriqiT, plastikurobas 

amaRlebs. amaRlebuli temperaturis gavlena SeiZleba 

aixsnas dislokaciebze da marcvlovan struqturebze 

warmodgenidan gamomdinare. deformaciulad ganmtki-

cebadi liTonebis kristalebSi arsebuli mravalric-

xovani dislokacia amaxinjebs kristalur gisoss da 

zrdis kristalis energias. gaxurebul liTonSi ato-

mebis Zvradoba matulobs da isini, axal, ufro srul-

yofil, naklebi dislokaciebis Semcvel kristalebad 

gadaewyobian. aseT rekristalizaciasTanaa dakavSire-

buli simtkicis TandaTanobiTi kargva, romelsac 

adgili aqvs liTonebis molbobisas. 

maRal temperaturebze plastikurobis dislokaciuri 

meqanizmi difuziur da TviTdifuziur meqanizmebs 

Seerwymis. minarevebian kristalSi, minarevi atomebis 

gadanawilebis Sedegad, dislokaciebis (an disloka-

ciebis grovebis) Zabvebis relaqsacia SeiZleba ganxor-

cieldes. dislokaciebis irgvliv warmoiqmneba minare-

vebis “atmosfero” da dislokaciuri plastikuroba 

ecema (dislokaciuri daZveleba). amgvarad, minarevebis 

mocilebiT, Cveulebriv, plastikuroba izrdeba. meore 

mxriv, dislokaciebi vakansiebisa da kvanZTSorisi 

atomebis ”(Ca)modinebis” efeqtur wyaros warmoadgens. 

am defeqtebis gaCena an anihilacia dislokaciebze 

gawyvetili, arasruli atomuri sibrtyeebis daSenebas 

an Semcirebas da, Sesabamisad, dislokaciebis sakuTa-

ri srialis sibrtyidan gadacocebas iwvevs. sxvada-

sxva niSnis dislokaciebs Soris wertilovani defeq-
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tebis nakadi TviTdifuziur plastikur deformacias 

iwvevs, xolo am nakadebiT gamowveuli dislokaciebis 

gadacocebebi maT srialis sibrtyeSi mdebare winaRo-

bis Semovlis saSualebas aZlevs. maRaltemperatu-

ruli deformaciisas, TiToeuli dislokaciis mier 

gavlili srialis gza (Cveulebriv temperaturebTan 

SedarebiT, rodesac difuziuri Zvradoba mcirea) izrdeba. 
dislokaciebis simkvrivis ganmuxtvis procesebi, 

dislokaciebis urTierTanihilaciis Sedegad, ufro 

intensiurad mimdinareobs, deformaciuli ganmtkiceba 

ecema da mudmivi datvirTvisas viTardeba deformacia 

(cocvadobis procesi). 
  
d) daoreulebis meqanizmi. daoreuleba dakavSirebu-

lia kristalis elementaruli ujredis deforma-

ciasTan, romelic moqmedi Zalebis mimarT kristalis 

nawilis orientaciis cvlilebas iwvevs. xelaxla 

orientirebuli kristalis nawili sawyisi kristalis 

mimarT daoreulebisaTvis damaxasiaTebel Zvras 

ganicdis, romlis sididec kristaluri gisosis 

simetriiT ganisazRvreba. realur pirobebSi defor-

macia viTardeba sawyis kristalSi oreulis kompo-

nentis_SuaSris_CasaxviTa da gavrcelebiT. Tu oreu-

lis SuaSre kristalis SigniT mTavrdeba, maSin mis 

boloebze daZabulobis velebi aRiZvreba da oreule-

bis urTierTqmedebebi deformaciul ganmtkicebas 

iwvevs. zog kristalSi daoreuleba plastikuri de-

formaciis ZiriTadi meqanizmia. Cveulebriv, daoreu-

leba, upiratesad dabal temperaturebze viTardeba, am 

dros sriali garTulebulia da iqmneba oreulebis 

CasaxvisTvis aucilebeli Zabvebis lokaluri koncen-

traciis pirobebi. 
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e) fazuri gardaqmnebiT gamowveuli plastikuroba.  
fazuri gardaqmnisas, axali (gansxvavebuli kristaluri 

gisosis mqone), fazis warmoqmnisas aRZruli meqanikuri 

datvirTva iwvevs kristalis formis Seuqcev 

cvlilebas. am dros, sawyisi faza Zabvebis moqmedebiT 

metastabilur mdgomareobaSi gadadis. ramdenadac 

sistemis fardobiTi stabiluroba damokidebulia 

temperaturaze, imdenad plastikuroba aris damokide-

buli deformirebisa da fazuri wonasworobis tempe-

raturebis Tanafardobaze. gansazRvrul pirobebSi 

temperaturis cvlileba iwvevs datvirTviT warmoq-

mnili fazis stabilurobis Semcirebas. aseT SemTxve-

vaSi SesaZlebelia gardaqmnisas miRebuli deforma-

ciis gaqroba (formis damaxsovrebis efeqti). 

 

polikristalebSi, marcvlis SigniT, plastikuri de-

formaciis ganxiluli meqanizmis moqmedeba marcvle-

bis urTierTqmedebiTaa garTulebuli. polikrista-

lebSi deformacia aris sxvadasxva orientaciis mqone 

kristalebis deformaciebis jamuri Sedegi. dabal 

temperaturebze marcvalTSorisi sazRvrebi ewinaaR-

mdegebian dislokaciebis gadaadgilebas da, rogorc 

wesi, xdeba liTonis gantkiceba. maRal trmperatu-

rebze, piriqiT, sazRvrebi warmoadgenen defeqtebis an 

maTi Camodinebis wyaroebs da amaRleben plastikuro-

bas. dislokaciuri da TviTdifuziuri deformaciebis 

Sexameba iwvevs sazRvrispira areebSi maT maRal plas-

tikurobas, rac maRaltemperaturuli deformaciebis 

specifikur meqanizmSi_”asrialeba” marcvlebis saz-

Rvrebze_gamoixateba. am dros marcvlebis erTmaneTis 

mimarT gadaadgileba fxvier masalebSi nawilakebis 
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moZraobis msgavsia da zog SemTxvevaSi 1000%-mde de-
formacias (zeplastikurobas) uzrunvelyofs.  

 

maRali plastikuroba miiRweva im SemTxvevaSic, 

rodesac  deformirebisas rekristalizaciis procesi 
moaswrebs dasrulebas. am dros ufro metad dama-

xinjebuli da, aqedan gamomdinare, yvelaze naklebad 

plastikuri marcvlebi, mzardi, ufro srulyofili 

struqturis mqone marcvlebiT ”STainTqmebian”. rek-

ristalizaciiT plastikurobis aRdgena farTod gamo-

iyeneba praqtikaSi, liTonebis cxlad damuSavebisas.  

2.6 liTonebis simtkice 
 

simtkice myari sxeulebis fundamentur Tvisebas war-

moadgens. farTo gagebiT ki es aris myari sxeulebis 

unari, garegani datvirTvis zemoqmedebisas, gansaz-

Rvrul pirobebSi da zRvrebSi, winaaRmdegoba gau-

wios rRvevas (nawilebad dayofas) an formis Seuqcev 

cvlilebas (plastikur deformacias). viwro gagebiT, 

simtkice aris masalis rRvevisadmi gamZleoba, anu 

Tviseba daurRvevlad aitanos  ama Tu im meqanikuri 

datvirTvis, temperaturuli, magnituri, eleqtruli 

da radiaciuli velebis, araTanabari gaSrobis an 

gafuebis, sxeulis sxvadasxva adgilebSi fizikur-

qimiuri procesebis araTanabari mimdinareobis da 

sxva procesiT aRZruli gare zemoqmedeba.  

 

meqanikur Tvisebebs Soris simtkices gansakuTrebuli 

adgili uWiravs. konstruqciis (nakeTobis) unari, da-
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urRvevlad aitanos saeqspluatacio datvirTvebi, 

upirvelesad, masalis simtkiciT ganisazRvreba. amde-

nad, pirvelxarisxovani  mniSvnelobis amocanaa masa-

lebSi simtkicis maxasiaTeblebis gazrda (damakmayofi-

lebeli plastikurobis uzrunvelyofiT). liTonis simtki-

cis gazrda niSnavs: manqanebis, mowyobilobebis Sromisuna-

rianobis gaxangrZlivebas, maTi masis Semcirebas, saimedo- 

obis gaumjobesebas, xanmedegobis amaRlebas, ekonomiurobas 

da masalatevadobis Semcirebas. nakeTobis saimedoobisa da 

xanmedegobis uzrunvelsayofad, simtkicis moTxovnili si-

didis maCveneblebis miRebis da ganmtkicebis yvelaze raci-

onalur, progresul xerxebs miekuTvneba legireba, Termu-

li, Termomeqanikuri da qimiur-Termuli damuSavebebi, de-

formaciuli ganmtkiceba, kompoziciuri, mravalSriani, 

fxvnilovani da granulirebuli masalebis SemuSaveba. Se-

nadnobebis ganmtkicebis mizniT, ukanasknel dros iyeneben 

ultrabgeriT da magnitur damuSavebas, maRali energiis na-

wilakebis dasxivebas, lazeriT damuSavebas, maRal wnevas 

da a.S. masalaTmcodneebis prognoziT, uaxloes wlebSi, 

SesaZlebelia Seiqmnes specialuri Senadnobebi da fola-

debi 3500_6000 mpa-is, xolo msubuqi Senadnobebi 1000_1500 

mpa-is simtkicis zRvrebiT da am masalebis teqnikuri sim-

tkicis maT Teoriul simtkicesTan mniSvnelovani miaxlo-

eba moxdeba. 

 

simtkiceze masalaTa gamZleobaSi sxvadasxva Teoria 

arsebobs. maT Soris yvelaze cnobilia: 1. udidesi nor-

maluri Zabvebis Teoria;B2. udidesi deformaciebis Teoria; 

3. udidesi mxebi Zabvebis Teoria; 4. formacvlis udidesi 

kuTri potencialuri energiebis Teoria; 5. zRvrulad 

daZabuli mdgomareobebis Teoria (moris simtkicis Teoria). 

CamoTvlili Teoriebidan (1 da 2 myife, xolo 3 da 4 

blanti rRvevebs aRwers)  yvelaze sruli, zusti da yov-

lismomcveli moris Teoriaa. is rogorc myife masalebis 
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(Tuji, betoni, aguri), aseve plastikuri masalebis (dabal-

naxSirbadiani foladebi) simtkicis Semowmebas miesadageba. 

 

meqanikur Tvisebebs Soris, simtkice da plastikuroba 

myari sxeulis umniSvnelovanes Tvisebebs warmoad-

gens. orive es Tviseba erTmaneTTan urTierTkavSirSia. 

isini, saeqspluatacio datvirTvebisas, gansazRvraven 

myari sxeulebis unars, win aRudges masalis formis 

Seuqcevadad cvlas da makroskopul rRvevas, anu mas-

Si garegani an Sinagani velebiT aRZruli mikrosko-

puli bzarebis moqmedebiT sxeulis nawilebad dayo-

fas. simtkicisa da rRvevis procesebis Seswavla masa-

laTmcodneobis erT-erT mTavar Semadgenel nawilad 

iTvleba. es procesebi, miznobrivi daniSnulebis, sxva-

dasxva detalisa da konstruqciisTvis Sesaferisi sa-

konstruqcio masalebis SerCevisa da maTSi moTxovni-

li simtkicis maCveneblebis Camoyalibebis raciona 

luri xerxebis Ziebis Teoriul safuZvels warmo-

adgenen.  

 

praqtikaSi masalebis deformaciebisa da rRvevis mizezs, 

umravles SemTxvevaSi, meqanikuri Zabvebi warmoadgens. igi 

deformirebad sxeulSi gare zemoqmedebis gavleniT aRZru-

li Siga Zalebis zomaa. moqmedebis xasiaTis mixedviT, meqa-

nikuri Zabvebi iyofa: gamWimav, mkumSav, da Zvris Zabvebad. 

mgrexavi momentebi Zvris Zabvis gansakuTrebuli saxea, xo-

lo mRunavi momentebi_gamWimavi da mkumSavi Zabvebis Sexame-

bas (Cveulebriv, Zvris Tanaarsebobisas) iwvevs. standar-

tuli mowyobilobebiT SesaZlebelia, aseTi, sxvadasxva sa-

xis, Zabvis aRZvra nimuSSi da gansazRvra zRvrulad dasa-

Svebi da mrRvevi Zabvebis. sur. 10-is Sesabamisad, nebismier 

M wertilSi Zabvis Seswavlisas am wertilSi sxeulis 

gakveTa (warmosaxviTi sibrtyiT) xdeba.  
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sur. 10. daZabuli M  wertili sxeulSi:  

       a) daZabul wertilze gamavali mkveTi sibrtye;  

       b) elementaruli farTobi  daZabuli  wertilis     

         irgvliv da  Zabvis  veqtoris mdgenelebi     

 

Tu gakveTili sxeulis Semxebi nawilebis urTierTqmedebis 

sidides Zalebis mniSvnelobebiT SecvliT, maSin M werti-
lis SemomsazRvrel elementarul ∆F farTobze moqmedi ∆P 
Zala da maTi Tanafardobis zRvari gamoisaxeba rogorc:  

ܲ = lim
∆ி→଴

 ∆௉
∆ி

= ௗ௉
ௗி

  

 
igi veqtoruli sididea da ∆F farTobze M wertilis Zabvad 

iwodeba. Zabvis veqtoris mdgenelebi: ganivkveTis sibrtyis 

perpendikularulad moqmedi Zabva iwodeba normalur Zab-

vad σ, xolo ganivkveTis sibrtyeSi moqmedi Zabva_mxeb Zab-

vad τ. amave dros veqtorebis erToblioba, M wertilze 

gamavali yvela sibrtyisTvis, am wertilSi arsebul daZa-

bul mdgomareobas axasiaTebs: 

 

ଶ݌ = ଶߪ + ߬ଶ  . 
 
sur. 19-is Sesabamisad, daZabuli mdgomareobis dasaxasi-

aTeblad, datvirTuli sxeulis nebismier wertilSi, am 

wertilis irgvliv SemosazRvraven usasrulod mcire 
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sworkuTxa paralelepipeds, romlis wiboebi XYZ sworkuTxa 
koordinatTa sistemas  qmnis.   

 

 
sur. 19. daZabuli M  wertilis irgvliv gamoyofili  

        usasrulod mcire paralelepipedi 

  

sam araparalelur waxnagze moqmedi TiToeuli Zabva SeiZ-

leba daiSalos erT normalur da or mxeb mdgenelad. 

normaluri Zabvebis mimarTulebis ganmsazRvreli indeqsebi 

am waxnagis perpendikularuli RerZis aRniSvnas emTxveva. 

mxebi ZabvebisaTvis pirvel indeqss aqvs igive azri, rac 

normalurs, xolo meore indeqsi im RerZis aRniSvnas 

emTxveva, romlis gaswvrivac Zabva moqmedebs. amgvarad, 

wertilSi daZabuli mdgomareoba 9 sididiT xasiaTdeba, 

romlebic, Cveulebriv, ase Caiwereba: 

 

(ܵ) =  ൭  
௫ߪ      ߬௫௬      ߬௫௭
߬௬௫ ௬ߪ           ߬௬௭  
߬௭௫     ߬௭௬ ௭ߪ     

  ൱ 

 

es gamosaxuleba aRwers Zabvis tenzors sxeulis mocemul 

wertilSi. aRsaniSnavia, rom 9 komponentidan damoukide-

beli mxolod 6-ia. gansaxilveli paralelepipedis wonaswo-

robis pirobidan (mxebi Zabvebis wyviladobis kanonidan 

gamomdinare nebismieri RerZis mimarT jamuri mbruna-vi 

momenti nulis tolia) SeiZleba CavweroT: 
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߬௫௬ = ߬௬௫ ,     ߬௫௭ = ߬௭௫ ,    ߬௬௭ = ߬௭௬ 
 

e.i. tenzoris mTavari diagonalis mimarT simetriuli kom-

ponentebi erTmaneTis tolia. amrigad, yvela veqtoris er-

Toblioba M wertilze gamavali yvela sibrtyisTvis am wer-

tilSi arsebul daZabul mdgomareobas axasiaTebs. es daZabuloba 

srulad ganisazRvreba Zabvis tenzoriT, romlis komponentebicaa: 

 

௫ߪ ௭ߪ    , ௬ߪ    ,   ,    ߬௫௬ = ߬௬௫ ,    ߬௬௭ = ߬௭௬ ,    ߬௭௫ = ߬௫௭ 

 

isini aRweren Zabvas M wertilis maxloblad gamoyofili 

usasrulod mcire paralelepipedis waxnagebze.  
 

Zabvasa da deformacias Soris damokidebuleba aRiwereba 

masalis drekadobis zRvrebSi_drekadobis Teoriis Tana-

fardobebiT (ix. hukis kanoni), xolo plastikur mdgomare-

obaSi_plastikurobis Teoriis gantolebebiT. Zabvebis cde-

biT Seswavla ki tenzometriis meTodiT xdeba (iyeneben op-

tikur meTodebsac, mag., Zabvis kvlevis polarizaciul_op-

tikur meTods). 

mravali eqsperimentuli kvleviT naCvenebia, rom masa-

lebis simtkice mniSvnelovnadaa damokidebuli daZa-

buli mdgomareobis saxeze. zogadad, datvirTuli 

sxeulis daZabuli mdgomareoba mis romelime werti-

lSi, SeiZleba ganisazRvros am wertilSi gamaval 

sakoordinacio sibrtyeebSi arsebuli Zabvebis sidi-

deebiT. wertilSi gamavali sakoordinacio sibrtye-

ebis mdebareobis nebismierad arCevisas, TiToeul maT-

ganSi iqneba rogorc normaluri, aseve mxebi Zabvebi. 

maTTvis Semotanilia Sesabamisi aRniSvnebi: 
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,௭௭ߪ_sibrtyisaTvis ݕݔ ߬௭௫ , ߬௭௬                    

௬௬ߪ_sibrtyisaTvis ݖݔ , ߬௬௫ , ߬௬௭;                        

,௫௫ߪ_sibrtyisaTvis ݖݕ ߬௫௬ , ߬௫௭. 

 

maTSi pirveli indeqsi im sibrtyis orientacias uCve-

nebs, romelSic Zabvebi moqmedebs, anu romeli sakoor-

dinacio RerZis perpendikularulicaa mocemuli sib-

rtye. meore indeqsi uCvenebs Zabvis mimarTulebas sa-

koordinacio RerZze.             

 

sxeulis yovel wertilSi arsebobs mxebi Zabvebisgan 

Tavisufali (=0) sami urTierTperpendikularuli sib-

rtye. isini iwodebian mTavar sibrtyeebad. normalur 

Zabvebs am sibrtyeebSi mTavar Zabvebs uwodeben da 

aRniSnaven: ߪଵ, ,ଶߪ  ଷ. amasTan, yovelTvis unda iqnesߪ

daculi piroba: ߪଵ > ଶߪ >  .ଷߪ
 

zogadad, daZabuli mdgomareoba iyofa sam jgufad. 

esenia: a) moculobiTi, anu samRerZa.  aseT SemTxveva-

Si mTavari Zabvebi nulisgan gansxvavebuli sidide-

ebia; b) brtyeli, anu organzomilebiani. aseT SemTxve-

vaSi mTavari Zabvebidan erT-erTi nulis tolia; g) 

erTganzomilebiani, anu erTRerZa. aseT SemTxvevaSi 

sami  mTavari Zabvidan nebismieri ori nulis tolia. 

simtkicis Teoriis ZiriTadi amocana mdgomareobs sim-

tkicis kriteriumis dadgenaSi. igi masalis sxvadasxva 

daZabuli mdgomareobisas rRvevis saSiSroebebis 

urTierTSedarebis saSualebas iZleva. simtkicis 

SerCeuli kriteriumi, daZabuli mdgomareobis sqemaze 

damokidebulebisgan sxvadasxva masalis gamocdebisas 

miRebuli eqsperimentuli monacemebis, rogorc 
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mTavari Zabvebis mniSvnelobebs Soris fardobebis 

funqciis, safuZvelze unda dasabuTdes. 

 

aRvniSnavT, rom, vinaidan jerjerobiT masalebis sim-

tkicis da daZabuli mdgomareobis saxis urTierTda-

mokidebulebis dadgenili erTiani Teoria ar arse-

bobs, amitom praqtikuli gaTvlebisas gamoiyeneba 

gamartivebuli kriteriumebi. konstruqciis simtkice-

ze Semowmebis yvelaze gavrcelebul da TvalsaCino 

kriteriums, daZabuli mdgomareobis umartivesi Sem-

TxvevebisTvis (gaWimva-kumSva, grexa, sufTa Zvra), war-

moadgens Semdegi pirobis dacva:  

 

௠௔௫ߪ ≤  ze-|ߪ|
 

sadac: ߪ௠௔௫  aris konstruqciis yvelaze saSiS wertil-    

       tilSi aRZruli Zabvis maqsimaluri saangariSo 

       mniSvneloba; 

  konstruqciaSi gamoyenebuli masalisaTvis_|ߪ|       

           dasaSvebi Zabvis mniSvneloba. 

nakeTobis masalis SerCevisas (saimedoobisa da xangam-

Zleobis uzrunvelsayofad), sxvadasxva SemTxvevisaTvis 

simtkicis kriteriumebad gvevlineba: propociulobis 

zRvari, denadobis zRvari, cocvadobis zRvari, sim-

tkicis zRvari da sxv. simtkicis saxeebia: Teoriuli, 

teqnikuri, sakonstruqcio, dinamikuri da xangrZlivi. 

mokled ganvixiloT TiToeuli maTgani:  

 
a) Teoriuli simtkice aris idealuri, udefeqto, 

masalis simtkice. igi ganisazRvreba atomTSorisi 

kavSiris sididiTa da xasiaTiT, myari sxeulis 
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struqturiT da misi Semadgeneli nawilakebis ato-

mur-molekuluri ZvradobiT. myari sxeulebis simtki-

ce ganpirobebulia sxeulis Semadgeneli atomebisa da 

ionebis urTierTqmedebis (SeWidulobis) ZalebiT. es 

Zalebi, umTavresad, atomebis urTi-erTganlagebazea 

damokidebuli. sur. 12-is Sesabamisad, mag., ori mezobe-

li atomis urTierTqmedebis Zala (Tu garemomcveli 

atomebis gavlena ugulebelyofilia) damokidebulia 

mxolod maT Soris manZilze.  

 
sur. 12. ori atomis urTierTqmedebis Zalis damokidebu-            

        leba maT Soris manZilze  

wonasworul manZilze (ݎ଴ ≈ 10 nm) es Zala nulis 

tolia. ufro mcire manZilze Zala dadebiTia da 

atomebi ganizidebian, xolo didi manZilze_miizi-

debian. kritikul rc manZilze mizidulobis Zalis 

absoluturi sidide maqsimaluria da   ܨఛ–s tolia. 

mag., Tu ܵ଴ ganivkveTis mqone cilindruli Reros 

gaWimvisas misi RerZis gaswvriv mimarTuli Zala P 
iseTia, rom atomTa mocemul wyvilze mosuli gare 

Zala aRemateba mizidvis maqsimalur ܨఛ  Zalas, maSin es 

atomebi  daubrkoleblad  Sordebian  erTmaneTs. 

magram imisTvis, rom sxeuli dairRves, romelime ze-

dapiris gaswvriv, aucilebelia  gansaxilveli zeda-
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piris orive mxares ganlagebul yvela atomur wyvil-

ze moqmedebdes    ܨఛ–ze meti Zala. ܨఛ Zalis Sesabamis 

Zabvas uwodeben Teoriul Zabvas, an  Teoriul simtki-

ces garRvevaze da aRniSnaven σTeor. (σTeor.≈ 0,1 E-s, sa-
dac E-iungis modulia). praqtikaSi  rRvevas adgili aqvs 

ܲ∗ realuri datvirTvisas, romlis Sesabamisi Zabva 

tolia:  

 

ߪ =
ܲ∗

ܵ
 

 

da igi 100−1000-jer naklebia σTeor.-ze. Teoriul da 

namdvil (realur) simtkiceebs Soris arsebuli gan-

sxvaveba aixsneba sxeulis struqturis araerTgvarov-

nebiT (marcvlis sazRvrebiT polikristalur sxeulebSi, 

gareSe minarevebiT da sxv.), romelic, Tavis mxriv,  sxe-

ulis ganivkveTSi datvirTvis araTanabar ganawilebas 

iwvevs;  

 
b) teqnikuri simtkice aris realur masalebSi miRwe-

uli simtkice. zogi foladisTvis misi mniSvneloba 

Teoriuli simtkicis daaxloebiT 1/10-s Seadgens, 

xolo myari sxeulebis umravleso-bisTvis ki 

Teoriuli simtkicis 1/100 an 1/1000 nawils Seadgens;  

 

g) sakonstruqcio simtkice aris konstruqciuli 

elementebis, SenaduRi kvanZebis, muxla lilvebis, 
WanWikebis, turbinis frTebis simtkice da a.S. sakon-

struqcio simtkice ufro mcirea, vidre teqnikuri, 

rac aixsneba konstruqciebSi naserebiT, CanaWrebiT an 

sxva zedapiruli defeqtebiT, Sinagani daZabulobebiT, 
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datvirTvis ufro mZime reJimebiT (vidre labo-

ratoriuli nimuSebis gamocdisas) da sxva mizezebis 

arsebobiT. liTonebSi yovelTvis arsebobs Zabvis 

koncentratori_struqturis araeTgvarovneba (minareve-

bi, ganmamtkicebeli fazebi), defeqtebi (Siga da zedapi-

ruli bzarebi), nakeTobis konstruqciuli Tavisebure-

bebi (naserebi, ganivkveTis mkveTri cvlilebebi). rRvevis 
meqanizmi dakavSirebulia mikroplastikur deforma-

ciebTan, romlebic viTardebian koncentratorebis 

siaxloves da droTa ganmavlobaSi bzaris Casaxvas 

iwveven. sanam bzari nela viTardeba, konstruqcia 

inarCunebs Sromisunarianobas. kritikuli mniSvnelo-

bis miRwevis Semdeg ki bzari viTardeba Zalian swra-

fad da nakeToba katastrofulad irRveva. erTRerZa 

gaWimvisas, rRveva xdeba simtkicis zRvris Semdeg, 

rodesac nimuSis plastikuri deformacia dasrul-

deba. realur pirobebSi, konstruqciebSi, liTonebi 

irRveva iseTi Zabvebis drosac, rodesac maTi sidide 

denadobis zRvars ar aRemateba. es ki imas niSnavs, 

rom simtkicis zRvari realur simtkices ar gansaz-

Rvravs da mis aRsawerad sxva maxasiaTeblebia saWiro. 

praqtikam aCvena, rom nakeTobis Sesabamisi masalis 

(eqspluataciis Sesabamis pirobebSi) xangamZleobas sa-

konstruqcio simtkice, cveTa da koroziuli medego-

ba ganapirobebs. saxeldobr, am Tvisebebis gaTvalis-

winebiT xdeba masalebis SerCeva umetesi praqtikuli 

amocanis gadawyvetisas;   

 
d) dinamikuri simtkice aris masalebis unari daur-

Rvevlad aitanos dinamikuri datvirTvebi; dinamikuri 

simtkice vlindeba, nakeTobebze drois umcires 
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SualedSi, didi intensiurobiT datvirTvis modebi-

sas. deformaciis maRali siCqaris pirobebSi, plasti-

kuri deformacia ver aswrebs Sesabamisi siCqariT 

ganviTarebas da masala, denadobis fizikur zRvarze 

ufro maRali Zabvisas,  drekadad deformirdeba.Ee.i. 

denadobis dinamikuri zRvris gadameteba statikuri 

denadobis zRvris mniSvnelobaze dakavSirebulia 

plastikuri deformaciis dagvianebasTan. aRsaniSnavia, 

rom dinamikuri ganmtkiceba legirebul da Termulad 

ganmtkicebul foladebSi (romlebsac aSkarad gamosaxu-

li denadobis baqani ar aqvT) denadobis pirobiT zRvar-

ze ufro naklebi xarisxiT vlindeba, xolo simtkicis 

zRvris sidideze_praqtikulad ar aisaxeba 

 

e) xangrZlivi simtkice aris cocvadobis mdgomare-

obaSi xangrZlivad myofi masalis simtkice. an kidev, 

maRal temperaturaze daZabul mdgomareobaSi xan-

grZlivad myofi masalis simtkice, anu mxurval-

mtkicoba (igi kompleqsuri Tvisebaa da aerTianebs iseT 

maRaltemperaturul Tvisebebs, rogoricaa: cocvadobis wi-

naRoba, xanmokle da xangrZlivi simtkiceebi, xangrZlivi 

plastikuroba). igi xasiaTdeba xangrZlivi simtkicis 

zRvriT. xangrZlivi simtkicis zRvari aris udidesi 

pirobiTi Zabva, romlis moqmedebisas, mocemul tempe-

raturaze,  drois mocemul SualedSi, masala irRve-

va. es maxasiaTebeli gansazRvravs masalis unars win 

aRudges rRvevas temperaturisa da datvirTvis 

xangrZlivi zemoqmedebisas. igi mcirdeba temperatu-

risa da dayovnebis gazrdiT. xangrZlivobis aRniSvna-

Si mocemulia ori indeqsi: zeda uCvenebs mocemul 

temperaturas, qveda_mocemul xangamZleobas sT-Si, 

mag., ߪ ଵ଴଴
ଽ଴଴ .  masalis xangrZlivi simtkicis  mniSvnelo-
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ba gansazRvrul temperaturaze damokidebulia xan-

grZliv plastikurobaze. plastikuri Tvisebebis er-

Tobliobas, xangrZlivi datvirTvis pirobebSi, xan-

grZlivi plastikuroba ewodeba. pirobiTad, igi xasi-

aTdeba fardobiTi wagrZelebisa da fardobiTi Seviw-

roebis sidideebiT mocemul temperaturaze gawyve-

tisas. amasTan, xasiaTdeba kriteriumebis mTeli ri-

giT, mag., ”plastikurobis resursiT” da a.S.  

  

masalebis muSaobis unaris gamovlena maRal tempera-

turebze, moiTxovs rTul da mraval faqtorze damo-

kidebuli Tvisebebis Seswavlas. is faqtorebi romle-

bic mocemul konkretul pirobebSi SeiZleba ganmsaz-

Rvrelic ki iyos (mag., ”temperatura_dro”-is  damokide-
bulebis pirobebSi xangrZlivi datvirTvisas: xangrZlivi 

simtkice, xangrZlivi plastikuroba da cocvadoba; ciklu-

ri datvirTvisas_gamZleobis zRvari da sxv.), srulad 

mainc ver axasiaTeben masalis maRaltemperaturul 

simtkices. masala, miuxedavad misi simtkicis maxa-

siaTeblebis maRali maCveneblebisa, ar aris mtkice, 

Tu mas, Tundac minimaluri, plastikuroba (2%-is 

zRvrebSi Tanabari plastikuri wagrZeleba) ar eqneba. 

amrigad, masala Sromisunariania manam, sanam misi gan-

mtkicebis procesebi ganumtkiceblobis procesebs ar 

aRemateba, anu manam, sanam arsebobs romeliRac, Tun-

dac minimaluri, Tanabari fardobiTi wagrZeleba.  
 

xangrZlivi simtkicis zRvars, mocemul temperatura-

ze,   drois   xangrZlivoba mieniSneba. mag., 600 ℃-ze  

ଵ଴଴ߪ = 250 n/mm2 niSnavs, rom 600 ℃-ze  250 n/mm2 sidi-
dis meqanikuri Zabva gamoiwvevs masalis rRvevas 100  
sT-is Semdeg. 
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praqtikaSi sxvadasxva konstruqciaze datvirTvisa da 

temperaturis moqmedebis dro mniSvnelovnad gansxva-

vdeba erTmaneTisgan (mag., raketis masalisTvis es dro 

SeiZleba ramdenime wami iyos, xolo stacionaruli turbi-

nebis masalebisTvis_ramdenime aseulaTasi saaTi). maRal 

temperaturebze Zalian didi xniT momuSave detale-

bisTvis adgenen cocvadobis zRvars. am mizniT, Sesa-

bamisi gamocdebi tardeba da Caiwereba cocvadobis 

mrudebi. xangrZlivi simtkicis zRvari ganisazRvreba 

masalis sxvadasxva temperaturaze gaWimvisas. tempera-

turis matebiT masalis umetesobis xangrZlivi simtki-

cis zRvari mcirdeba. igi, amasTan, damokidebulia qi-

miur Sedgenilobaze, mikrostruqturaze (marcvlis zo-

maze, formaze, ganmamtkicebeli fazis nawilakebis formaze, 

zomaze da ganawilebis xasiaTze) da samuSao garemoze 

(SeiZleba mkveTrad Semcirdes, Txevad, advilmdnad liTo-

nebTan nimuSis urTierTqmedebisas).  

 
mxurvalmtkice Senadnobebis SerCevisas, xangrZlivi 

simtkice, cocvadobisadmi winaaRmdegobasa da mxur-

valmedegobasTan erTad, mniSvnelovani maxasiaTebe-

lia. gazis turbinebis, reaqtiuli Zravebisa da rake-

tebis gamoCenam kidev ufro mniSvnelovani gaxada 

kvlevebi, mimarTuli maRal temperaturebze saeqs-

pluatacio masalebis Tvisebebis gaumjobesebisaTvis. 

Tanamedrove teqnikis mravali dargis Semdgomi ganvi-

Tareba ferxdeba arsebuli masalebis SezRuduli 

maRaltemperaturuli Tvisebebis gamo; E 
 
v) xanmokle simtkice aris masalis unari, romelic 

axasiaTebs masalis rRvevisadmi winaRobas, sxeulis 
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maRali siCqariT deformirebisas. xanmokle simtkicis 

gansasazRvrad, Cveulebriv, iyeneben gaWimvaze gamosac-

del iseT manqanebs, romelTa datvirTvis mosadebi 

mowyobiloba 10 – 100 mm/wT siCqariT gadaadgildeba. 

xanmokle simtkicis gansazRvris upiratesad gavrce-

lebuli meTodebia statikur rRvevaze, kumSvaze, Run-

vaze da Wraze gamocdebi. Tu gamosacdel masalaze 

datvirTvis modebidan mis rRvevamde datvirTvis dro  

ramdenime wams ar aRemateba, maSin masalis simtkice 

im meqanikuri ZabviT SeiZleba Sefasdes, romlis zevi-

Tac masala rRvevas ganicdis. Mmas xSirad simtkicis 

pirobiT_myisier zRvars anu myife_xanmokle simtki-

cis zRvars uwodeben. xanmokle simtkicis zRvris 

gansazRvra Cveulebrivi simtkicis zRvris gansaz-

Rvris analogiuria, im gansxvavebiT, rom nimuSi am 

dros xurdeba  mocemul temperaturamde. xanmokle 

simtkicis zRvris maxasiaTebeli emsaxureba erTob 

mcire droiT (wamebi, wuTebi) momuSave detalebis 

maRal temperaturaze  simtkicis gaangariSebas. 

2.7 rRveva da rRvevis procesis fizikuri arsi 
 

deformaciisas liTonSi,  maRali sididis Zabvebis 

warmoqmnis SemTxvevaSi, procesi mTavrdeba sxeulis 

mTlianobis darRveviT. sxeuli ganivkveTze irRveva 

ara erTdroulad, aramed rRveva SesaZloa imaze di-

di xniT adre daiwyos, vidre nakeTobaze maqsimaluri 

datvirTva iqneba modebuli. rRveva moicavs sam sta-

dias: a) bzaris Casaxvas; b) bzaris ganviTarebas; g) 

rRvevas. bzari warmoiqmneba, ZiriTadad, rRveviswina 

plastikuri deformaciis procesSi. 
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sxeulis rRveva mis nawilebad dayofaSi an makros-

kopuli, SeuiaraRebeli TvaliT SesamCnevi bzaris (an 

foris) warmoqmnaSi mdgomareobs. rRvevis momenti 

Zabvis, deformaciis an deformaciis muSaobis kriti-

kuli mniSvnelobebis sidideebs ukavSirdeba. aseTi 

warmodgenebi udevs safuZvlad masalebis simtkicis 

im mravalricxovan Teoriebs, romlebic warmatebiT 

gamoiyeneba manqanaTa detalebisa da nagebobaTa kvan-

Zebis xanmedegobis gasaangariSeblad.  rRvevis proce-

sebs mecnierebis axali mimarTuleba_rRvevis meqanika_swav-

lobs. naSromSi Semoklebuli saxiT iqneba ganxiluli ukve 

dadgenili ”WeSmaritebani”. 

 

rRvevis procesis fizikuri arsis gageba dakavSire-

bulia mikrobzarebis (an mikroforebis) Casaxvis, gan-

viTarebis, agreTve mikrobzarebisa da mikroforebis 

”moSuSebis” meqanizmebis SeswavlasTan da deformaci-

is rogorc liTonebis kristaluri aRnagobis defeq-

tebis (vakansiebis, dislokaciebis, disklinaciebis da 

misT.) moZraobis procesis warmodgenasTan.  dRemde 

rRvevis datvirTvis pirobebTan kavSirze, mikrobzare- 

bisa da mikroforebis urTierTqmedebasa da ganviTa-

rebaze, gansakuTrebiT maT ”moSuSebaze” fizikuri 

warmodgena arasakmarisadaa Seswavlili. aqedan gamom-

dinare, rRveva ganxilul unda iqnes rogorc rigi 

TanmimdevrobiTi stadiisgan Sedgenili procesi: a) 

submikroskopuli zomis bzarebis an forebis Casaxva; 

b) maTi Semdgomi ganviTareba_mikrobzarebisa da mik-

roforebis warmoqmna; g)  mikrobzarebisa da mikro-

forebis erTmaneTTan Serwyma da mikrosiRrueebis 

warmoqmna; d) SeuiaraRebeli TvaliT xiluli, makro-

117



118 
 

skopuli, magistraluri bzaris Camoyalibeba, romlis 

gavrcelebac sxeulis nawilebad dayofiT mTavrdeba.  

 

dayofa SesaZlebelia agreTve deformaciis drosac, 

kristalis erTi nawilis meoris mimarT dacurebis an 

ganivkveTis nulamde Semcirebisas. Cven ganvixilavT 

rRvevis im procesebs, romlebic bzarebis Casaxvasa 

da ganviTarebasTanaa dakavSirebuli. aseTi SezRudva 

migvaniSnebs rRvevis procesis lokalurobaze. magis-

traluri bzaris zrdisas, rRvevis winaRoba ganisaz-

Rvreba ara mTliani masalis TvisebebiT, aramed im 

mcire moculobebiT, romlebic bzaris gavrcelebis 

gzazea ganTavsebuli. datvirTvis sxvadasxvagvar 

pirobebSi, am mikromoculobebis qcevebis da bzaris 

gavrcelebis siCqaris mixedviT, bzari SeiZleba iyos 

”myife” an ’’blanti”. saxeldobr, am niSnebis mixedviT, 

TviT rRvevis procesi iyofa or kategoriad_myife da 

blant rRvevebad. (sainJinro TvalTaxedviT simyife da 

siblante rRvevis procesis alternatiuli mxareebia). 
rRvevis ori tipis Sesabamisad, SesaZlebelia gamo-

iyos  liTonis rRvevis winaRobis ori tipi: winaaR-

mdegoba Zvraze (Wraze) da winaaRmdegoba mowyvetaze. 
 

masalis rRvevas, romelsac win uswrebs mniSvnelo-

vani plastikuri deformacia, blant rRvevas uwode-

ben, xolo rRvevas plastikuri deformaciis gare-

Se_myife rRvevas. myife rRvevisas bzaris gavrcelebis 

siCqare  1000 m wm-1-s aRwevs, xolo blanti rRvevisas 

igi 100-jer naklebia. blanti rRvevis dros deforma-

ciis are bzaridan daSorebul manZilze vrceldeba, 

xolo myife rRvevis SemTxvevaSi deformacia viwro 

areSi,  bzaris wverosTanaa lokalizebuli. aqedan ga-
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momdinare, blanti rRvevisas, bzaris gavrcelebaze 

(winwawevaze), myife rRvevasTan SedarebiT, mniSvnelov-

nad ufro didi energia ixarjeba. 

 

erTjeradi, monotonurad mzardi datvirTvis moqme-

debisas, SesaZlebelia ganviTardes orive tipis myife 

da blanti (plastikuri) rRveva. am SemTxvevaSi termi-
nebi blanti da plastikuri gamoiyeneba rogorc sino-

nimebi (miuxedavad imisa, rom masalaTa meqanikaSi, maT So-

ris mniSvnelovani gansxvavebis gamo, isini cal-calke gani-

xilebian). rRveva, mraval SemTxvevaSi, Sereuli tipi-

saa. igi, erTdroulad xasiaTdeba myife da blanti 

rRvevis niSnebiT. 

 

miRebulia, rom myife rRveva aRiZvreba mxolod da 

mxolod im SemTxvevaSi, rodesac masalaSi, plasti 

kuri mdgradobis dakargvis dadgomamde, garkveuli, 

kritikuli sididis gamWimavi Zabva (miiRweva) arsebobs. 

amrigad, bzaris Casaxvis winapiroba plastikuri 

deformaciaa. e.i., kristalur masalebSi, bzaris Casax-

vis etapi SeuZlebelia warmovidginoT plastikuri 

deformaciis gareSe. bzaris Casaxva xdeba im SemTxve-

vebSi, rodesac dislokaciebis grovas, wveros areSi, 

SesaZlebloba ar eqneba plastikuri deformaciis 

xarjze Seamciros Zabvebis koncentracia. dReisaTvis 

sayovelTaodaa miRebuli, rom bzaris Casaxva ar 

ukavSirdeba drekad deformaciebs. qsperimentebi ar 

tovebs imis eWvs, rom bzarebis CasaxvaSi, maT Soris 

myife rRvevis bzarebisaSic, gadamwyveti roli 

plastikur deformacias ekuTvnis. 
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bzaris ganviTarebis stadiaze plastikuri deforma-

ciis roli ufro mokrZalebulia da igi procesis 

organul aucileblobas ar warmoadgens. radgan dis-

lokaciis wyaroebi yovelTvis  ganviTarebadi bzaris 

wverozea (maRali Zabvebis areSi), amitom liTonebi de-

formirdeba rRvevis am etapzec. rRvevis process, mis 

yvela stadiaze, yovelTvis Tan axlavs plastikuri 

deformacia. amrigad, liTonebSi absoluturad myife 

mowyveta miuRwevelia. dReisaTvis ar arsebobs sar-

wmuno monacemebi, romlebic daadasturebdnen iseTi 

rRvevis reliefis miRebis SesaZleblobas, romelzec 

plastikuri deformaciis kvali ar iqneboda. aqedan 

gamomdinare, myife da blant rRvevebs Soris mkveTri 

da upirobo sazRvris gatareba SeuZlebelia. 

 
atomur doneze bzarebisa da forebis Casaxvis meqanizmi im 

Sexedulebas efuZneba, rom rRvevisaTvis aucilebelia dis-

lokaciebis moZraobiT gamowveuli plastikuri defor-

macia. cnobilia dislokaciebis SeerTebis da submikrobza-

rebis warmoqmnis ramdenime modeli:  

 
a) ziner-stros dislokaciebis Serwymis modeli. am dros, 
moZravi dislokaciebis damuxruWeba da maTi  Tavmoyra ra-
ime winaaRmdegobis siaxloves (marcvlis sazRvrebis, oreu-

lebis, Warbi fazis Canasaxebis) xels uwyobs ramdenime 

dislokaciis daaxloebas, maTi eqstrasibrtyeebis Serwymas 

da maT qveS mikrobzaris Canasaxis warmoqmnas. dislo-

kaciur mikrobzarSi sapirispiro niSnis dislokaciis 

moxvedrisas, mikrobzari SeiZleba mikroforad gardaiqmnes, 

rac solisebri dislokaciuri bzaris ”dablagvebas” da mis  

birTvSi Zabvebis koncentraciis mniSvnelovan Semcirebas 

iwvevs;  

 

120



121 
 

b) vakansiebis lokaluri Tavmoyris da maTi forebSi kon-
desaciis modeli. am modelis mixedviT mikrofori warmo-

iqmneba kristaluri gisosis vakansiebiT gadajerebis da 

maTi mikroforebSi Tavmoyrisas. process xels uwyobs pla-

stikuri deformacia, radiaciuli dasxiveba, wrToba da 

misT;  
 
g) Zvris deformaciiT forebis Camoyalibebis modeli. es 

modeli efuZneba srialis gadamkveT sibrtyeebSi dislo-

kaciebis gadaadgilebebs. aseTi srialis pirobebis makros-

kopul masStabSi realizeba ganivi an xraxnuli glinvisas 

xdeba. am dros namzadis RerZis zonaSi siRrue ixsneba;D 
 
d) SeCerebuli Zvris modeli. igi wina modelis msgavsia da 

dislokaciebis barierebiT blokirebas varaudobs. maT 

Soris sxvaoba imaSi mdgomareobs, rom dislokaciis grovis 

TavSi, srialis sibrtyis qvemoT (qveda areSi), ara mxolod 

garkveuli intensiurobis mxebi Zabvebi aRiZvreba, aramed _ 

mniSvnelovani gamWimavi Zabvebic.    

ganxiluli modelebis garda, arsebobs sxva modelebic 

(subsazRvrebTan bzaris Casaxvis modeli, kotrelis 

modeli da sxv.). yvela modelisaTvis saerTo aris is, rom 

yvelaSi dislokaciebis Tavmoyra ganixileba. 

 
2.8 rRvevis meqanizmi 

 

masalebis umetesobisaTvis myife simtkice aris maqsi-

maluri gamWimavi Zabvis sidide, romelic rRvevas ar 

iwvevs. is yovelTvis idealuri udefeqto masalis σ୲  

Teoriul simtkiceze naklebia. ߪ௧ zRvarze naklebi 

Zabvebisas mikrobzaris warmoqmnas xels uwyobs Ter-
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muli fluqtuaciebi. sur. 13-is Sesabamisad, Tu mcire 

zomis zedapirze (romlis zomebic gacilebiT aRemateba 

erTi atomis ganivkveTs) lokaluri Zabva ߪ௧-ze meti aR-

moCndeba, maSin zedapiris gaswvriv moxdeba garRveva 

(gagleja).   

 
 

sur. 13. grifiTis (Griffith) bzari (isrebi uCveneben gaWimvis  
        mimarTulebas, xolo daStrixuli nawili_im ares,    

        romelSic Zabvebi moixsna) 

garRvevis napirebi erTmaneTs kritikul   ݎ௖-ze meti 

manZiliT daSordebian (sur. 12). am manZilze atomTSo-

risi Zalebi ukve mcirea da  bzari warmoiqmneba.  

  

lokaluri Zabvebi gansakuTrebiT didia warmoqmnili 

bzaris napirebTan (amasTan, isini miT ufro metia, rac 

ufro didia bzaris zoma), sadac Zabvebis koncentracia 

xdeba. roca bzaris zoma aRemateba romeliRac rc-zo-
mas, maSin mis napirebTan myof atomebze moqmedi Zabve-
bis sidide ߪ௧-ze meti xdeba. amis Semdeg bzari, mTel 

kveTze, didi siCqariT izrdeba da masala irRveva. rc 
ganisazRvreba pirobiT: bzaris zrdisas masalis gamo-

Tavisuflebuli drekadi energia dafaravs bzaris 

axali zedapiris warmoqmnaze daxarjul energias:  
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௖ݎ ≈
  ܧ
ଶߪ  , 

 

sadac γ aris masalis erTeuli zedapiris energia. 

 

sanam mzardi gare Zalebi rRvevisaTvis aucilebel 

sidides miaRwevs, manam atomebis calkeuli jgufebi 

(gansakuTrebiT kristalebis defeqtebis SedgenilobaSi Se-

mavali), Cveulebriv, gadaewyobian, ris drosac loka-

luri Zabvebi mcirdeba (Zabvis relaqsacia) da xdeba 

sxeulis formis cvla_plastikuri deformacia. amas 

xels uwyobs, agreTve, Termuli fluqtuaciebic. rRve-

vas yovelTvis win uswrebs mcire an didi zomis 

plastikuri deformacia. amitom, rc-s Sefasebisas γ-
energiaSi plastikuri deformaciis muSaobis γcmuS-is 

komponentic unda CairTos. igi, Cveulebriv, WeSmarit 

zedapirul γ-energiaze ramdenime rigiT metia.  

 

roca plastikuri deformacia ara mxolod rRvevis 

zedapiris siaxloves, aramed sxeulis moculobaSic 

mniSvnelovan sidides aRwevs, rRveva blantia.  

 

ganvixiloT nimuSis gaWimvisas moculobiTi Zabvebis 

gavlena rRvevaze. Aam SemTxvevaSi moculobiTi Zabve-

bis zeddeba modebul Zabvaze plastikurobis zrdas 

iwvevs, radgan yovelmxrivi kumSva bzaris gaxsnas 

ewinaaRmdegeba. piriqiT, plastikuroba, Cveulebriv 

mcirdeba, Tu nimuSs CanaWeri eqneba. sur. 14-is 

Sesabamisad, am efeqtis ganxilva SeiZleba moxdes 

yelis mqone (romelic wriuli CanaWris  ekvivalenturia) 
gasaWimi nimuSis magaliTze.  
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sur. 14. Zabvebi gasaWimi nimuSis yelSi 

 

modebuli ߪଵ Zabvis gavleniT nimuSis yelis areSi 

aRiZvreba Zabvis ganivi komponenti. daZabuli mdgoma-

reoba nimuSis am zonaSi xasiaTdeba Zabvebis aqsialu-

ri (ߪଵ − ௛ߪ ௛) da moculobiTiߪ ,  komponentebiT. Tu uCa-

naWro nimuSis dinebis Zabva, gaWimvisas, σ-s tolia, 

maSin yelis mqone nimuSisTvis igi toli iqneba:^ 

 

ߪ = ଵߪ −  ௛ߪ
saidanac: 

 

ଵߪ = ߪ +  ௛ߪ
 

maSasadame, yelis areSi masalis dinebis dasawyebad 

aucilebelia, ߪଵ Zabva gaxdes ߪ +  ௛ Zabvis toli. aseTߪ

SemTxvevaSi moculobiTi Zabva xels Seuwyobs bzaris 

gaxsnas (anu masalis gamyifebas). amasTan, unda gaizar-

dos dinebis moCvenebiTi Zabva ߪଵ. amrigad, plastikur 

124



125 
 

masalebSi ߪ௛ Zabvis SeuzRudavad gazrda SeuZlebe-

lia, vinaidan ߪଵ Zabva verasodes SeZlebs Zabvis 3ߪ 
mniSvnelobas gadaaWarbos. 
 

rRvevis xasiaTi gamovlindeba rRvevis reliefis 

zedapiris struqturaSi. misi Seswavla xdeba fraqto-

grafiiT. myife da blant rRvevebs erTmaneTisgan gansxva-

vebuli rRvevis zedapirebi aqvs. defeqtebis xasiaTi gviCve-

nebs Tu ra saxis rRvevas hqonda adgili. myife rRvevisas 

zedapiri Camonatexi formisaa, xolo blanti rRvevis Sem-

TxvevaSi, zedapiri gaWimulia (wagrZelebuli da xveulia). 
 

kristalur sxeulebSi kristalografiuli tkeCadobis 

sibrtyeebze anaxleCi Seesabameba  myife rRvevas, xo- 

lo blants_mikrosicarieleebis Serwyma (fraqtogra-

mebze ”jamebis” saxiT gamovlindeba) da sriali. dabal 

temperaturebze mimdinare rRveva, upiratesad, myifea, 

maRalze ki_blanti. blanti rRvevidan myife rRvevaze 

gadasvlis temperaturas civmetexobis kritikuli tem-

peratura ewodeba. 

 
radgan rRveva bzaris Casaxvis da Semdeg misi zrdis pro-

cesia, amitom igi siCqariT an datvirTvis modebis momenti-

dan rRvevis momentamde τ droiT, anu masalis xangam-

ZleobiT unda xasiaTdebodes. kvlevebiT dadgenilia, rom 

xangamZleoba τ, gaWimvisas, temperaturebisa da nimuSze 

modebuli Zabvebis σ-s farTo intervalSi, Semdegi fardo-

biT ganisazRvreba:   

߬ = ߬଴݁݌ݔ ൬ ଴ܸ − ܸߪ
݇ܶ  ൰, 

sadac: ߬଴  aris myar sxeulSi atomebis siTburi rxevis peri-  

         odis ≈ 10ିଵଶ-is toli;  
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U             ଴ܸ_masalis sublimaciis energiis mniSvnelobasTan       

         axlo energia; 

       V_aqtivaciis  moculoba,  romelic   ramdenime      

          aTas atomur  moculobas Seadgens (damokidebu-   

          lia masalis datvirTvis droze, masalis winas- 

           wari Termuli da meqanikuri damuSavebis proces- 

          Si Camoyalibebul struqturaze); 

        k_bolcmanis mudmivaa da  1,38 ∙ 10ିଵ଺ erg/grad–is  

          tolia. 

 

xangamZleoba mkveTrad mcirdeba dabal temperatu-

rebze Zabvebis momatebisas. ase rom, τ-s nebismieri 

mniSvnelobisTvis arsebobs Zabvebis TiTqmis mudmivi 

zRvruli ߪ଴ mniSvneloba, romlis zeviT nimuSi, praq-

tikulad, myisierad irRveva. xolo dabla ganusaz-

Rvrelad didxans aris gamZle. amdenad, ߪ଴-is mniS-

vneloba SeiZleba simtkicis zRvrad CaiTvalos. dro 

τ ixarjeba mikrobzarebis Termofluqtuaciuri Casax- 

vis molodinze da Semdeg_kritikul ݎ௖ zomamde 

zrdaze. Zabvebis modebisas, dasawyisSi, nimuSi dreka-

dad, xolo Semdeg plastikurad deformirdeba. 

amasTan, sawyis mdgomareobaSi arsebuli an plasti-

kuri deformaciisas warmoqmnili struqturuli 

araerTgvarovnebis siaxloves aRiZvreba mniSvnelovani 

sididis lokaluri Zabvebi (kristalebSi damuxruWe-

buli Zvrebis TavSi_dislokaciebis grova). am adgilebSi 

mikrobzarebi Caisaxeba. SesaZloa maTi koncentracia 

iyos Zalian didi. miuxedavad amisa, maTi zomebi, 

romlebic  struqturis araerTgvarovnebis masStabiT 

ganisazRvreba, gacilebiT naklebia ݎ௖-ze. bzari ar 

izrdeba da sxeuli ar irRveva manam, sanam SemTxveviT, 

mag., TanamimdevrobiT Serwymisas, axlos ganTavsebuli 
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mezobeli mikrobzarebidan erT-erTi ar miaRwevs 

kritikul zomas. aqedan gamomdinare, axali mtkice 

masalis damuSavebisas unda vizrunoT ara imdenad 

imaze, rom bzarebi ar Caisaxos, aramed imaze, rom 

isini ar gaizardos. 

 

Termuli fluqtuaciebis SemTxveviTi xasiaTi da 

nimuSis moculobaSi SemTxveviT ganawilebuli struq-

turuli araerTgvarovnebebi, Tavisi zomebiT da sim-

tkicis xarisxiT, mocemuli σ da T-s mniSvnelobebisas, 

erTi da imave masalis (nimuSebis) gamocda iwvevs  

xangamZleobis (agreTve simtkicis zRvris) mniSvnelo-

bebis ganbnevas. albaToba imisa, rom nimuSSi susti 

adgili Segvxvdes, miT ufro metia, rac ufro metia 

misi moculoba. amitom, simtkice (mrRvevi Zabva) mcire 

zomis nimuSebisa (mag., liTonis wvrili Zafebis) ufro 
maRalia, vidre imave masalis didi zomis nimuSebisa 

(masStabis efeqti). amaRlebuli Zabvebis ubnebi, sadac 

ufro advilad Caisaxeba mikrobzarebi, zedapirTan 

(Sverilebi, nakawrebi) ufro xSirad gvxvdeba. amitom, 

zedapiris gaprialeba simtkices zrdis, xolo agre-

siul areebSi amaRlebuli Zabvebis ubnebi, piriqiT, 

simtkices adablebs.  

 
rRvevis meqanizmis dadgenis mizani aris winaswargansaz-

Rvruli Tvisebebis mqone axali masalebis Seqmnis ZiriTadi 

principebis garkveva, arsebuli masalebis gaumjobeseba da 

maTi damuSavebis meTodebis racionalizacia. axali, maRa-

li simtkicis masalebis damuSavebisas, pirveli moTxovna 

aris plastikuri deformaciisadmi masalis winaRobis 

amaRleba. kristalur sxeulebSi es defeqtebis simkvrivis 

SemcirebiT an wvrildispersiul masalebSi dislokaciebis 
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simkvrivis zRvruli sididis miRweviTaa SesaZlebeli. meo-

re moTxovna aris rRvevisadmi masalis winaRobis amaRleba. 

igi maRali Teoriuli simtkicis (ߪ௧ =  miRwevamde (ܧ0,1

daiyvaneba. ߪ௧-is maRali mniSvneloba mikrobzarebis Casax-

vas aZnelebs. bzarebis zrdis aRmosafxvrelad, masala 

sakmaod plastikuri unda iyos. aseT SemTxvevaSi, bzaris 

wverosTan, misi zrdisTvis aucilebeli Zabvebi, plasti-

kuri deformaciis xarjze gaiwoveba. maRali simtkicisa da 

plastikurobis Sexamebisas, Senadnobis mtkice (Cveulebriv 

myife) fazaSi an boWkoSi aRZruli bzari plastikuri 

matricis sazRvarTan SeCerdeba. amis gamo, maRali simtki-

cis masalebis mniSvnelovan maxasiaTebels bzaris gav-

rcelebis winaRoba anu rRvevis siblante warmoadgens.  
  

rRvevis siblante es aris bzaris SesarTavTan gamWi-

mavi Zabvis fardobiTi mateba, bzaris stabiluridan 

arastabilur zrdaze gadasvlisas. rRvevis siblante 

mWidro kavSirSia masalis simtkicis maCveneblebTan. 

simtkicis zrdas Tan axlavs plastikurobisa da 

rRvevis siblantis Semcireba. es movlena im mdgoma-

reobiT aixsneba, rom maRalmtkice masalebs mcire 

aqvs is energia, romelic rRvevisas STainTqmeba da 

romlis donec bzaris wverosTan plastikuri defor-

maciis sididiT ganisazRvreba. maRali simtkicis 

masalebisTvis simtkicis zrdis efeqti mniSvnelovnad 

gadaifareba plastikurobis SemcirebiT, ris Sedega-

dac rRvevis siblante mcirdeba. dabali da saSualo 

simtkicis masalebs, oTaxis temperaturaze, Cveuleb-

riv, rRvevis siblantis ufro maRali maCvenebeli 

aqvT, vidre maRalmtkice masalebs. temperaturis 

dawevisas,  simtkice matulobs da, gansazRvrul 

pirobebSi, dabali da saSualo simtkicis masalebis  

rRvevis siblantis maCveneblebi utoldeba maRalmtki-
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ce masalebis rRvevis siblantis maCveneblebs oTaxis 

temperaturaze. rRvevis siblante SedarebiT farTod 

damatebiT iqneba ganxiluli.  

2.9 polikristaluri masalebis rRveva 

aqamde deformirebadi sxeuli, deformaciamde da da-

tvirTvis mTeli procesis ganmavlobaSi, ganixilebo-

da rogorc gluvi, CanaWrebisa da naserebis gareSe, 

mudmivi ganivkveTiT da mTliani (siRrueebis, forebisa 

da bzarebis GgareSe). e.i. bzarebisa da siRrueebis war-
moqmna-ganviTareba ar iyo gaTvaliswinebuli. Tu war-

movidgenT, rom sxeuli udefeqtoa rogorc sawyis, ise 

datvirTvis mTeli procesis ganmavlobaSi, es niSnavs, 

rom igi irRveva mTel ganivkveTze erTdroulad da 

moulodnelad. maSin rodesac, bzaris ganviTarebis 

gamo, realuri sxeuli ganivkveTze yovelTvis araer-

Tdroulad (wertilidan wertilamde) irRveva. sinamdvi-
leSi, rRveva viTardeba droSi. igi ganpirobebulia 

erTi an ramdenime centridan bzaris CasaxviT da Sem-

dgom misi zrdiT. liTonebisa da SenadnobebisaTvis 

damaxasiaTebelia kristaluri rRvevis ori saxe: 1. 

marcvalTSorisi (interkristaluri), roca bzari marc-

vlis sazRvrebze vrceldeba. 2. marcvalTSiga (tran-
skristaluri)_bzari, igi marcvalSi vrceldeba. sak-

vlevi masalis rRvevis reliefis makro- da mikro-

struqturebis Seswavla bzaris ganviTarebisadmi 

masalis winaaRmdegobis unaris Sefasebis saSualebas 

iZleva. praqtikaSi, rRvevis reliefis mixedviT, SesaZ-

lebelia rRvevis xasiaTis gansazRvra. plastikuri 
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masalebi saeqsploataciod saimedoa, maTSi saSiSi 

myife rRvevis albaToba naklebia.  

 

Tu procesis meqanizmidan gamomdinare  klasifika-

ciiT vixelmZRvanelebT, maSin SesaZlebelia liTo-

nebSi gamoiyos rRvevis xuTi ZiriTadi tipi: myife, 

blanti (plastikuri), adiabaturi Zvra, rRveva cocva-
dobisas da rRveva daRlilobiT.  

 

ganvixiloT isini cal-calke:  

 
a) myife rRveva. myife rRvevisas, normaluri gamWimavi 

Zabvis moqmedebiT, atomebis erTi Sris meorisagan 

mowyveta xdeba. mowyveta winaswari deformaciis 

gareSe mimdinareobs. bzaris Casaxvis meqanizmi, myife 

da blanti rRvevebisaTvis, erTnairia: dabrkolebebis 

(submarcvlebis sazRvrebi, fazaTa sazRvrebi) win, moZra-
vi dislokaciebis Tavmoyris gamo, koncentrirdeba 

bzaris warmoqmnisaTvis sakmarisi Zabvebi da rodesac 

Zabvebi gansazRvrul mniSvnelobebs miaRwevs, bzaris 

zoma xdeba kritikuli. misi Semdgomi zrda xorciel-

deba TviTneburad. myife rRvevisaTvis damaxasiaTe-

belia basri (maxvili) bzari. bzaris SesarTavTan 

plastikuri deformaciis zona mcirea. myife bzaris 

ganviTarebis siCqare maRalia da igi bgeris gavrce-

lebis siCqares uaxlovdeba (xdeba uecari, katastrofu-

li rRveva). myife rRvevis energotevadoba mcirea, 

xolo bzaris ganviTarebis muSaobis sidide nuls 

uaxlovdeba. rRvevis zedapirebi, Cveulebriv, mTavari 

normaluri Zabvebis traeqtoriebis mimarT ganlage-

bulia perpendikularulad; myife rRvevis Sedegi 
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datotvili naTeli mbzinvare rRvevis reliefia. myife 

bzari vrceldeba ramdenime paralelur sibrtyeze. 

rRvevis sibrtye normaluri Zabvebis perpendikula-

rulia.  darRveuli ubnis napirebi uniSvnelodaa (Zne-

lad SesamCnevad) deformirebuli. rkinis SenadnobebSi 

myife rRveva kuburi (Feα) gisosis waxnagebze xdeba. am 
tipis rRveva normaluri ZabvebiTaa gamowveuli da 

mas “mowyvetiT rRveva” ewodeba; 

 

b) blanti rRveva. masalis blant rRvevas iwvevs mxebi 

Zabvebi da igi xorcieldeba Zvris (Wris) deforma-

ciiT. rRvevas yovelTvis uswrebs mniSvnelovani 

plastikuri deformacia. bzari blagvia.  plastikuri 

deformaciis zona, bzaris win, didia. bzaris ganviTa-

rebis siCqare mcirea. energotevadoba mniSvnelovania. 

energia ixarjeba gayofis zedapiris warmosaqmnelad 

da bzaris gasavrceleblad. rRvevis zedapirebi, Cveu-

lebriv, mTavari normaluri Zabvebis traeqtoriebis 

mimarT daxriladaa (daaxloebiT 450 iani kuTxiT) ganla-

gebuli; rRvevis zedapirebi uswormasworoa, sinaTlis 

sxivebs ganabnevs (rRvevis reliefi mqrqali da boWkovani 

agebulebisaa). darRveuli ubnis napirebi mniSvnelo-

vnadaa deformirebuli. rkinis plastikuri deforma-

cia (݁ܨఈ) aris Sedegi kristaluri  gisosis diagona-

lebze mimdinare Zvrebisa. kristalur gisosSi Zvrebi 

gamowveulia mxebi ZabvebiT. mxebi ZabvebiT gamowveul 

rRvevas, ZvriT (WriT) rRveva ewodeba; 
 

g) adiabaturi Zvra. didi siCqariT deformaciisas, 

liTonis SigniT temperatura Zlier maRldeba. amis 

naTeli damadasturebeli faqtia, ferituli foladis 
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swrafi deformaciis Semdeg, liTonis ganivkveTSi 

martensitis Txeli Sreebis warmoqmna. es migvaniSnebs, 

rom am adgilebSi liTonis temperatura ara mxolod 

900℃-ze metad xurdeba, aramed imazec, rom liTonis 

gaxurebuli Sre rCeba Txeli da igi misi garemom-

cveli civi liTonis mier siTbos arTmeviT iwrToba.  

 

liTonis gaxurebisas xdeba misi ganumtkiceblobac, 

Sesabamisad naklebad mtkice Txel SreSi Zvris kon-

centracia xdeba. amrigad, liTonis swrafi deforma-

ciis Sedegad, makroskopulad kargad gamosaxuli sri-

alis sibrtyeebis gaswvriv, Zvris tendencia SeiniSne-

ba. rRvevis am saxes adiabaturi ZvriT rRveva ewodeba.   

    
d) rRvevis procesi cocvadobisas. plastikuri 

deformacia, romelic Zabvebis zrdis gareSe Tan-

daTan matulobs, axasiaTebs masalis denadobas. sxe-

ulze modebuli datvirTvis ucvlelobisas, deforma-

cia icvleba droSi. plastikur deformacias, romlis 

sididec nel-nela matulobs xangrZlivi drois 

ganmavlobaSi Zabvebis gavleniT da romlis aRmoCena 

dakvirvebis Cveulebrivi drois manZilze praqtiku-

lad SeuZlebelia ewodeba cocvadobis deformacia, 

xolo aseTi deformirebis process_cocvadoba (krip 

procesi). cocvadoba liTonze modebuli mudmivi Zab-

vis moqmedebiT gamowveuli uwyveti deformaciaa. 

dabal temperaturebze mcire datvirTvebisas igi Seq-

cevadia.  normalur temperaturaze plastikuri de-

formacia sxeulSi TiTqmis myisierad yalibdeba, 

rogorc ki Sesabamisi Zabva moedeba, Semdeg ki umniS-

vnelod matulobs. amaRlebul temperaturebze liTo-
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nebi ara marto rbildebian, aramed ise deformirde-

bian, rom deformacia droSi matebas ganagrZobs.  

 

cocvadoba problemebs qmnis maRal temperaturaze 

(0,4_0,6 ܶdn) da maRali (garkveuli sididis, magram dena-

dobis zRvarze dabali) datvirTvisas. cocvadobis de-

formacias Tan axlavs struqturis da, Sesabamisad, 

meqanikuri Tvisebebis cvlileba. plastikuri defor-

maciisagan (romelic liTons amtkicebs) gansxvavebiT, 

cocvadobis deformacia liTonis simtkices amcirebs. 

cocvadobisas, garda mudmivad mzardi deformaciisa 

da cocvadobis siCqaris zrdisa, liTonSi iwyeba bza-

rebis Casaxva da garkveuli drois Semde igi irRveva.  

 

droze damokidebul aseT deformacias, anu cocva-

dobas, SeuZlia maRal temperaturaze xangrZlivi 

muSaobisTvis gankuTvnili konstruqciebis sasamsaxu-

ro vada SezRudos. rac ufro metia Zabvebi da maRa-

lia temperatura, miT ufro metia cocvadobis siC-

qare. temperatura, romelzec cocvadoba kritikuli 

xdeba, sxvadasxva liTonisTvis sxvadasxvaa. mag., sate-

lefono samsaxurebis zrunvis sagans, bunebrivi gare-

mos Cveulebriv temperaturebze, Camosakidi tyviisgar-

siani kabelis cocvadoba warmoadgens, maSin rodesac 

specialuri Senadnobebi zomagadasul cocvadobas 800 

℃–zec ar avlens.  

 

cocvadobis pirobebSi momuSave detalebis saeqsplu-

atacio vada SeiZleba zRvrulad dasaSvebi deforma-

ciiT an rRveviT ganisazRvros. konstruqtori valde-

bulia, daproeqtebisas, es SesaZlebeli ori varianti 

gaiTvaliswinos. maRal temperaturebze xangrZlivad 

133



134 
 

muSaobisaTvis gaTvlili nakeTobis (mag., turbinis 

frTebis) dasamzadeblad masalis vargisobis winaswar 

Sefaseba Znelia. sasamsaxuro drois Sesabamisi xan-

grZlivobiT gamocdebis Catareba, xSirad, praqtiku-

lad SeuZlebelia, xolo xanmokle (aCqarebuli) gamoc-
debis Sedegebis eqstrapolacia ufro xangrZliv vada-

ze, arc Tu ise martivia, vinaidan SesaZlebelia rRve-

vis xasiaTis cvlileba.  

 

cocvadobis movlenasTan aris dakavSirebuli mxur-

valsimtkicis cneba. igi warmoadgens masalis unars, 

amaRlebuli temperaturis pirobebSi imuSaos datvir-

Tvis qveS dasaSvebi deformaciiT da daurRvevlad. 

mxurvalsimtkicis raodenobrivi maxasiaTebeli dena-

dobis zRvari da xangrZlivi simtkicis zRvaria. mec-

nierebi mxurvalmtkice Senadnobebis meqanikur Tvise-

bebs ganuwyvetliv aumjobeseben, magram, miuxedavad 

amisa, Tanamedrove teqnika maT winaSe mudmivad mzard 

amocanas ayenebs: damuSavdes ufro da ufro maRali 

temperaturis pirobebSi samuSaod vargisi masalebi.    
 

cocvadoba mudmivi temperaturis pirobebSi, simtkicis 

zRvarze naklebi gamWimavi (mkumSavi) Zalebis moqmede-

bisas, sxeulis zomis uwyveti cvlilebiT aisaxeba. 

amrigad, cocvadoba aris mudmivi datvirTvis (an meqa-

nikuri Zabvis) moqmedebiT mimdinare myari sxeulis 

neli, uwyveti, plastikuri deformacia. igi xasiaTde-

ba cocvadobis zRvriT_xangrZlivi moqmedebis maqsi-

maluri ZabviT, romlis drosac misi siCqare an masa-

lis jamuri deformacia gansazRvruli drois Semdeg 

garkveul dasaSveb sidides ar aRemateba. cocvadobis 
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zRvari aRiniSneba ori (zeda da qveda) indeqsiT: zeda 
uCvenebs mocemul temperaturas, xolo qveda wiladis 

saxiTaa, romlis mricxveli uCvenebs dasaSveb wagrZe-

lebas procentebSi, mniSvneli ki_dros, romlis gan-

mavlobaSic is miiRweva (zogjer qveda indeqsi damyare-

buli cocvadobis dasaSveb siCqares uCvenebs), mag., ߪଵ/ଵ଴଴଴
ଽ଴଴ .   

cocvadoba SeiniSneba gaWimvisas, kumSvisas, grexisas 

da sxva saxis datvirTvebisas. amis gamo mxurvalmtki-

ce Senadnobebis eqspluataciisas masalis cocvadoba 

erTob rTuli datvirTvis pirobebSi xdeba. 

 

cocvadoba aRiwereba cocvadobis mrudiT. igi, tempe-

raturisa da datvirTvis (Zabvis) mudmivobisas, defor-
maciis droze damokidebulebas asaxavs. sur. 15-is Se-

sabamisad, misi forma damokidebulia gamocdis tempe-

raturaze, modebul Zabvebsa da masalis mdgomareoba-

ze.  

 
sur. 15. maRaltemperaturuli cocvadobis tipuri mrudi:  

 ;଴_sawyisi myisieri deformaciaߝ       

         I_daumyarebeli cocvadoba; 

         II_stacionaruli cocvadoba; 

         III_aCqarebuli cocvadoba; 

                     D_rRveva 
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cocvadobis mrudze gamoiyofa: ߝ଴ sawyisi myisieri de-

formacia. igi aerTianebs drekadi da plastikuri 

deformaciebis mdgenelebs, romlebic, ZiriTadad, mo- 

debul Zabvebzea damokidebuli; I stadia aris  garda-   
mavali daumyarebeli anu milevadi cocvadobis ubani. 

am stadiaze plastikuri deformaciis siCqare Tanda-

Tan mcirdeba;  II stadia_damyarebuli cocvadobis uba-

ni. am stadiaze cocvadobis procesi mimdinareobs 

droSi, minimaluri mudmivi siCqariT, romelic Zabvaze 

da temperaturazea damokidebuli (praqtikulad, am sta-
diaze cocvadoba mudmivi siCqariT xasiaTdeba). III stadia 
_aCqarebuli cocvadobis  ubani. igi xasiaTdeba cocva-

dobis siCqaris mudmivi zrdiT nimuSis rRvevamde 

(zogjer gamoyofen uSualod rRveviswina IV ubans). ro-

gorc wesi, masalebis rRveva III an rRveviswina stadi-
ebze xdeba. myife masalebi ki, zogjer, II stadiazec 
irRveva. cocvadobis mrudze D wertili Seesabameba 

rRvevis moments. 

  

jamuri dro rRvevamde da calkeuli stadiis xan-

grZlivoba damokidebulia temperaturaze da modebul 

datvirTvaze. 0,4_0,8 Tdn temperaturaze cocvadobis 

mileva aris Sedegi I stadiaze deformaciuli gan-

mtkicebisa (civWedvis). am temperaturaze SesaZlebe-

lia civWedvis moxsna da masalis Tvisebebis mobru-

nebac. maSasadame, masalis cocvadobis realuri siC-

qare ganisazRvreba ganmtkicebisa da mobrunebis siC-

qareebiT. rodesac civWedvisa da mobrunebis siCqare-

ebi erTnairi gaxdeba, dgeba cocvadobis II stadia. III 
stadiaze gadasvla ki ukavSirdeba masalaSi daziane-
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bebis (forebis, mikrobzarebis) dagrovebas, romelTa 

warmoqmna ukve I da II stadiaze iwyeba.  
 

nakeTobaze, Zabvis pirveli modebisas, deformaciuli 

suraTi didi siCqareebiT gaWimvaze gamocdis analogi-

uria. D drois SedarebiT mcire intervalSi datvir-

Tvis qveS myofi masalis deformacia icvleba eqvem-

debareba ganmtkicebis gansazRvruli kanoniT (mag., 

paraboluriT). cocvadobis mrudis analizi gviCvenebs, 

rom datvirTviT gamowveuli sawyisi wagrZelebis 

Semdeg, deformaciis siCqare gardamaval procesSi, 

anu cocvadobis I stadiaze, TandaTan mcirdeba. ro-

desac igi miaRwevs ganmtkicebisa da mobrunebis 

procesebs Soris wonasworobas_II stadias deforma-

ciis siCqare, ukve, TiTqmis mudmivi rCeba. Aam stadia-

ze masalaSi mniSvnelovani struqturuli cvlilebebi 

aRar xdeba. iwyeba dazianebebis TandaTan dagroveba, 

romelic, sabolood, masalis rRvevas iwvevs. xSirad 

masalis rRvevis win SeiniSneba deformaciis aCqare-

ba_III stadia (unda aRiniSnos, rom maRaltemperaturuli 

cocvadobis meqanizmi sabolood dRemde ar aris 

dadgenili).  

cocvadobisas rRveva Semdegnairad aixsneba: cocvado-

bis procesSi, masalaSi dislokaciebiT gadatanili 

vakansiebi Tavs iyris marcvlis sazRvrebTan minareve-

bisa da CanarTebis irgvliv. vakansiebis aseTi Sejgu-

feba warmoqmnis mcire zomis forebs. dazianebebis gan-

sazRvrul stadiaze xdeba forebis koalescencia da 

Sedegad warmoiqmneba bzari. rodesac masalis dazia-

nebebis xarisxi kritikul mniSvnelobas miaRwevs, coc-

vadobis siCqare izrdeba da nimuSi swrafad irRveva;  
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e) liTonis daRlilobiT gamowveuli rRvevis pro-
cesi. roca muSaobisas liTonuri nakeToba ganicdis 

mravaljerad niSancvlad datvirTvas, garkveuli 

ciklis Semdeg igi irRveva. liTonis rRvevas gan-

meorebadi niSancvladi datvirTvebiT (ZabvebiT) liTo-

nis daRliloba ewodeba, xolo mis unars, winaaRmde-

goba gauwios daRlilobiT rRvevas, gamZleoba (amta-

noba) ewodeba. e.i. gamZleoba aris masalis Tviseba, 

gansazRvrul droSi rRvevis gareSe aitanos cikluri 

datvirTvebi. daRlilobiT rRvevis ZiriTadi maxasia-

Tebelia gamZleobis zRvari. is gviCvenebs ciklis 

udides Zabvas, romlis drosac, ciklebis mocemuli 

ricxvisas, daRlilobiT rRveva ar aris mosalod-

neli. xSirad gamoiyeneba simetriuli niSancvladi 

ciklebi (erTnairi amplitudis mqone mkumSavi da gamWimavi 

Zabvebi moqmedeben rigrigobiT). aseT SemTxvevaSi 

gamZleobis zRvari aRiniSneba -iT. gamZleobis 

cneba axlokavSirSia simtkicesTan. amis dasturia is 

faqti, rom arsebobs daRlilobis simtkicis anu 

daRlilobisadmi winaRobis cneba. daRlilobis 

simtkiceze gamocda standartebiT reglamentirdeba. 

 

gamZleobis, mniSvnelobiT meore, maxasiaTebelia daR-

lilobis xangamZleoba. is gansazRvravs ciklebis im 

ricxvs, romlic SeuZlia aitanos liTonma mocemuli 

Zabvisas. ganisazRvreba, agreTve, rRvevis albaToba datvir-

Tvis mocemuli donis da ciklebis mocemuli ricxvisaTvis 

(an dasaSvebi Zabvebi rRvevis mocemuli albaTobisas). 

daRlilobis winaRobis mniSvnelovani maxasiaTebelia bzaris 

zrdis siCqare_dl/ dN da ciklebis siblante (cikluri bzar-

medegoba) ܭூ஼
௖௬௞௟

. maTi gansazRvrisas fiqsirdeba bzaris sigrZe, 

ciklebis ricxvis matebis Sesabamisad, xolo datvirTva 
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xdeba 15_20 herc sixSireze. liTonis unari, imuSaos cikluri 

datvirTvebis pirobebSi, mniSvnelovnadaa damokidebuli 

datvirTvis pirobebze: a) SedarebiT mcire Zabvebisas (drekadi 

deformaciebis Sesabamisi) daRlilobis xangamZleoba di-

dia_liToni inarCunebs mTlianobas ciklebis didi ricxvisas; 

b) mniSvnelovani datvirTvebisas (drekad-plastikuri defor-

maciebis areSi) daRlilobis xangrZlivoba bevrad naklebia. 

mcire cikluri daRlilobis parametrebi ganisazRvreba 5 ∙
10ସ raodenobis ciklebis bazaze da 3_5 herc sixSireeebze; g) 

mudmivi Zabvisas, temperaturis ciklur cvlilebas Tan 

axlavs drekad-plastikuri deformaciebi, rac Termul 

daRlilobas iwvevs. masalis unars, win aRudges rRvevas 

Termuli daRlilobis pirobebSi, TermogamZleoba ewodeba. 

TermogamZleobis maCvenebeli aris Termociklebis raodenoba, 

mocemuli datvirTvisas masalis rRvevamde. amrigad, 

liTonuri masalebis rogorc simtkice, ise gamZleoba 

damokidebulia temperaturul faqtorze.  

gamZleobis maxasiaTeblebi damokidebulia masalis 

simtkiceze, plastikurobasa da struqturis Tavisebu-

rebaze. yvela liTonisa da Senadnobis gamZleobaze 

uaryofiTad moqmedeben minarevebi, uxeSi fazuri da, 

gansakuTrebiT, araliTonuri CanarTebi. aseTi Canar-

Tebis geometriuli zomebis orjer gadideba, daRli-

lobis xangamZleobis 10_100-jer Semcirebas iwvevs. 

detalis xan erT xan meore mxares Runva misi zeda-

piris rigrigobiT kumSvasa da gaWimvas iwvevs. niSan-

cvladi Zabvebis moqmedebiT, liTonSi, dazianebebis 

TandaTan dagroveba xdeba da, Sesabamisad, icvleba 

misi Tvisebebi. warmoiqmneba mikrobzarebi. maTi zrda-

ganviTareba iwvevs liTonis progresirebad rRvevas. 

zogjer daRliloba SeiZleba gamovlindes nakeTobis 

sasamsaxuro drois dasawyisSive. amis mizezia 
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nakeTobis damzadebis an Termuli damuSavebisas Tan-

daTan dagrovebuli Zabvebi.  

 

nimuSis rRveva xdeba Zabvebis ciklebis garkveuli raode-

nobis moqmedebis Semdeg. Ees raodenoba SeiZleba iyos mi-

lioni, ramdenime aTeuli milioni an meti. Cveulebriv, rac 

ufro mcirea cikluri Zabvebis amplituda, miT ufro metia 

rRvevisTvis aucilebeli ciklebis saSualo raodenoba. 
liTonis daurRvevlad ”samuSaod” dazianebebis dagrove-

bis pirobebSi,  aucilebelia ciklebisa da datvirTvebis 

regulireba. rac meti iqneba datvirTvis ciklebis raode-

noba,DmiT naklebi unda iyos datvirTvebi. Zabvebis ampli-

tudis, rRvevamde ciklebis ricxvebis logariTmze 

damokidebuleba e.w. S–N mrudebiT anu S–N grafikebiT 

(Stress_Zabvebi,  Number_ricxvi sawyisi asoebis Sesabamisad) 
aisaxeba. sur. 16-is Sesabamisad, S–N mrudi sqematurad 

uwyveti xaziTaa warmodgenili.  
 

  
sur. 16. daRlilobis zRvris mqone masalebis S_N mrudi 
 

mrudi daRlilobis zRvris Sesabamis Zabvaze horizonta-

luri xdeba. Tu daRlilobis zRvari namdvilad arsebobs, 

maSin gamocdebi, romlebic Zabvebis am amplitudaze nakle-

bi sididis Zabvebisas moxdeba, ver gamoiwvevs daRlilobiT 
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rRvevas. faqtobrivad, myarad ar aris dadgenili, iReben Tu 

ara S–N mrudebi horizontalur mdgomareobas. arsebobs 

mosazreba, rom es mrudebi horizontaluri mdgomareobidan 

yovelTvis dabla eSvebian (es suraTze wyvetili xaziTaa 

naCvenebi). Tu es asea, maSin gamodis, rom daRlilobis 

zRvari saerTod ar arsebobs. 

 

daRlilobiT rRvevis meqanizmis fizikuri arsi Semde-

gia: cikluri datvirTvisas lokaluri Zabvebi mikro-

moculobebSi im mniSvnelobas aRwevs, romlis drosac 

mdgradi kristalTSorisi da kristalSiga kavSirebi 

irRveva. warmoiqmneba srialis zolebi, koncentrir-

deba sxvadasxvagvari araerTgvarovnebebis mikrode-

formaciebi da koncentraciis romeliRac kritikuli 

mniSvneloba ganapirobebs mikrobzarebis warmoqmnas. 

niSancvladi Zabvebi iwvevs lokalizebul plastikur  

deformaciebs da masalis deformaciul ganmtkicebas. 

amis Sedegad, garkveuli drois Semdeg,  detalis yve-

laze sust ubanze warmoiqmneba mikrobzarebi. mikro-

bzarebis boloebis siaxloves Zabvebis koncentracia 

maT iZulebiT zrdas iwvevs da, Sesabamisad, mcirdeba 

is ganivkveTi, romelzec datvirTvaa modebuli. dro-

Ta ganmavlobaSi, cikluri datvirTvis gagrZelebisas, 

mikrobzarebi xilul bzarebSi gadaizrdeba.  

liTonis daRlilobiT rRvevisas warmoiqmneba ori 

zonisgan Sedgenili, damaxasiaTebeli, rRvevis reli-

efi. pirveli zona gluvi mixexili zedapiriT xasiaT-

deba da mas daRlilobis zonas uwodeben. igi, eqs-

ploataciis procesSi, TandaTan yalibdeba. meore zo-

na sxvadasxva masalisTvis sxvadasxvagvaria. igi myife 

masalebisTvis uxeSi kristaluri agebulebiT xasiaT-

deba, xolo blanti masalebisTvis_boWkovani agebule-
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biT. bzaris ganviTarebis siCqare sxvadasxva krista-

luri struqturis mqone liTonisTvis SeiZleba sxva-

dasxva iyos. Mmagram dazianebebis dagrovebis Semdeg, 

bzaris ganviTareba yovelTvis sakmaod mcire droSi 

xdeba. muSaobis procesSi pirveli zona SeiZleba 

koroziuli feniT daifaros an es zona warmoqmnis 

Semdeg, garkveuli droiT, koroziisaTvis xelsayreli 

iyos. mzidi unaris sruli dakargvisas (roca bzari 

miaRwevs gansazRvrul zomas), masala myisierad irRveva 

da warmoiqmneba myisieri rRvevis zona_kmatexis zona.  

 

daRlilobiT rRvevis zonaSi rRvevis winmswrebi de-

formaciebi, praqtikulad, ar arsebobs. es daRlilo-

biTi rRvevis gansakuTrebiT saSiSi Taviseburebaa. aseT 

SemTxvevaSi rRvevis prognozireba SeuZlebelia, radgan 

ar arsebobs konstruqciis romelime elementis Sromis-

unarianobis kargvis aSkara niSnebi. rRvevis procesi am 

SemTxvevaSi iwyeba mikroskopuli bzarebis warmoqmniT, 

romlebic swrafad vrceldeba da detalis moulodnel 

rRvevas iwvevs. Cveulebriv, daRlilobis bzaris Casaxva 

im adgilebSi xdeba, sadac koncentrirebulia Zabvebi an 

masalis struqtura mkveTrad icvleba. kvlevebiT 

dadgenilia, rom aRniSnuli faqtorebis ararsebobisas 

daRlilobiT rRveva ar xdeba.  

liTonSi daRlilobis bzarebi Caisaxeba pirvel zonaSi, 

nakeTobis zedapirul SreebSi (es misi ganmasxvavebeli 

niSania). am zonaSi Tavmoyrilia maqsimaluri Zabvebi da 

rRveva xdeba udidesi gamWimavi Zabvebis moqmedebis zeda-

pirze. yoveli ciklisas bzari siRrmis mimarTulebiT nela 

viTardeba. rodesac ganivkveTis Semcirebis gamo moqmedi 

Zabvebi mrRvevi Zabvebis sidides gadaametebs, rRveva 
myisierad vrceldeba mTel ”cocxlad” darCenil ganiv-
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kveTze. radgan cikluri datvirTvebisas daRlilobis bza-

rebi nakeTobis zedapirze Caisaxeba, amitom nakeTobis zeda-

piris mdgomareoba, xangamZleobis asamaRleblad, gansakuT-

rebul mniSvnelobas iZens. polireba da zedapiruli 

ganmtkiceba zrdis gamZleobis zRvris sidides.  

  

konstruqciebis eqspluataciisas, maTi mwyobridan 

gamosvlis yvelaze gavrcelebuli mizezi aris daR-

liloba. saxeldobr, liTonebis es Tviseba konstruq-

torebs did sirTuleebs uqmnis  vibraciis pirobebSi 

samuSaod gankuTvnili konstruqciebis dagegmarebisas. 

mag., safren aparatebSi vibraciiT gamowveuli daRli-

lobiT rRvevis Tavidan asacileblad, xSirad mowmde-

ba da icvleba TviTmfrinavebisa da vertmfrenebis 

sakvanZo detalebi.  

daRlilobiT rRvevebs cikluri datvirTvis pirobeb-

Si momuSave manqanaTa detalebic eqvemdebareba. cik-

luri Zabvebi SeiZleba zed daedos statikur 

datvirTvas da rRveva im sididis Zabvebma gamoiwvios, 

romelTa maqsimaluri amplituda rRvevis minimalur 

statikur Zabvaze mniSvnelovnad naklebia.Ee.i. 

datvirTvis didi ciklisas, erTjeradi datvirTvisgan 

gamowveul ZabvebTan SedarebiT, rRvevas gacilebiT 

dabali sididis Zabvebi iwvevs.  nakeTobebis did 

umravlesobaSi, daRlilobis bzarebiT da simtkicis 

Semcirebis sxva mizezebiT gamowveuli rRveva nax-

vretebis, xraxnis da sxva garegani da Sinagani kon-

centratorebis siaxloves xdeba. realuri konstruq-

ciebis, danadgarebisa da nagebobebis umravleso-

bisaTvis tipuri Taviseburebaa naserebis arseboba. 

Zalian cotaa iseTi konstruqciuli elementi, romel-
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Sic ar iyos naxvreti, xraxni, halteli, kinti, Sena-

duRi an narCili nakeri da sxv. garda aseTi garegani 

koncentratorebisa, gluv elementebs gaaCniaT nakaw-

rebi da sxva zedapiruli dazianebebi, aseve_struq-

turis araerTgvarovnebiT, CanarTebiT, marcvlebisa 

da maTi blokebis sazRvrebiT warmoqmnili Siga kon-

centratorebi. amdenad, CanaWrisadmi mgrZnobiarobis 

maxasiaTeblebis gansazRvra (romlebic nakeTobis meqani-

kur Tvisebebze sxvadasxvagvari CanaWris gavlenas asaxaven), 

did praqtikul mniSvnelobas iZens. 

2.10 liTonebis siblante 

myari sxeulis deformirebis procesSi daxarjuli 

meqanikuri energiis (muSaobis) Seuqcevad STanTqmis 

unars siblante ewodeba. siblante masalis simtkicisa 

da plastikurobis funqcias warmoadgens. 

liTonebis plastikurobisa da siblantis cnebebs xSirad 

aigiveben. sinamdvileSi es terminebi liTonuri masalebis 

sxvadasxva Tvisebebs sazRvraven. plastikuroba fasdeba 

absoluturi, fardobiTi da logariTmuli erTeulebiT da 

axasiaTebs masalis (daurRvevlad) deformirebis unars. 

siblante ki plastikuri deformirebisas STanTqmuli ener-
giis raodenobas sazRvravs da izomeba energiis ganmsazRv-
reli erTeulebiT. grafikulad energiis raodenoba, rome-
lic masalis dasarRvevadaa sakmarisi, “WeSmariti Zab-
va_WeSmariti deformaciis” mrudiT SemosazRvruli farTo-
bis tolia. es ki imas niSnavs, rom siblante damokidebu-
lia rogorc maqsimalur SesaZlo deformaciaze, aseve 

liTonis simtkiceze. 
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siblantis sidide gamoisaxeba muSaobis fardobiT ni-

muSis moculobasTan. misi ganzomilebaa jouli/m3 an, 

pirobiTad, rRvevis muSaobis rRvevis sibrtyis sawyis 

farTobTan SefardebiT da misi ganzomilebaa jo-

uli/m2. siblante simyifis sapirispiro Tvisebaa. 

  

asxvaveben statikur, dinamikur da ciklur siblante-

ebs: statikuri siblante (neli datvirTva rRvevamde) 
ganisazRvreba WeSmariti Zabva_deformaciis diagrama-

ze gaWimvis mrudiTa da deformaciis RerZiT Semosaz-

Rvruli farTobiT. aqedan gamomdinare, dabali sim-

tkicis, magram maRali plastikurobis mqone masalis 

siblante SeiZleba maRali simtkicisa da dabali 

plastikurobis mqone masalis siblantis toli iyos;  

dartymiTi siblante axasiaTebs mocemuli zomebisa da 

formis nimuSis  dartymiTi datvirTviT rRvevaze da-

xarjuli muSaobis nimuSis rRvevis sibrtyis farTob-
Tan fardobas; cikluri siblante  aris deformaci-
isas daxarjuli muSaoba (erTniSna an niSancvladi dat-
virTvis mravaljeradi ganmeorebisas), romelic datvir-
Tvis erTi ciklisas STainTqmeba.   

meqanikuri gamocdebisas miRebuli siblantis sidide 

damokidebulia ara mxolod masalis Tvisebebze, ara-

med gamocdebis Tanmxleb mraval sxva faqtor-

zec_nimuSis temperaturaze, datvirTvis modebis siC-

qareze, daZabuli mdgomareobis tipze da a.S. uar-

yofiT temperaturebze foladebis simtkice matu-

lobs, siblante ki ecema da foladebi ufro myife 

xdeba. masalebis midrekileba temperaturis Semcirebisas 

simyifis gamovlenisadmi gamowveulia masalis denadobis 

zRvris amaRlebiT da dislokaciebis moZraobis garTu-
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lebiT. romeliRac temperaturidan, romelsac simyifis kri-

tikul temperaturas an civmetexobis zRurbls uwodeben, 

myife rRveva ufro adre xdeba, vidre plastikuri gandena 

daiwyeba. dartymiTi siblantis temperaturaze damoki-

debuleba vlindeba viwro temperaturul (civmetexobis 

zRurblis) intervalSi blantidan myife mdgomare-

obaSi naxtomisebrad gadasvliT. temperaturul in-
tervals, masalis civmetexobis zRurblsa da samu-

Sao temperaturas Soris, siblantis maragi ewodeba. 

rac ufro metia siblantis temperaturuli maragi, 

miT naklebia myife rRvevis saSiSroeba. 

civmetexobis zRurbli ganisazRvreba sxvadasxva 

temperaturisTvis CanaWriani nimuSis dartymiT Run-

vaze gamocdisas. miRebuli Sedegebis safuZvelze 

aigeba ”dartymiTi siblante” _ ”temperatura”  damo-

kidebulebis mrudi. dartymiTi RunviT foladebis 

gamocdisas, myife da blanti rRvevis xasiaTi rRvevis 

reliefze, mkafiod gansxvavebul suraTs iZleva. 

rRvevis xasiaTis dadgena, xSirad, rRvevis reliefSi 

boWkovani agebulebis mqrqali mdgenelis raodenobis 

(procentebSi) gansazRvriT xdeba. boWkovani agebuleba 

rRvevis reliefSi ganisazRvreba misi farTobis saw-

yis saangariSo farTobTan fardobiT. Semdeg aigeba 

seriuli mrudebi: ”boWkoebis procenti” _ ”gamocdis 

temperatura”. civmetexobis zRurblad aiReba is tem-

peratura, romlis drosac rRvevis reliefis boW-

kovani agebulebis mdgeneli 50%  iqneba (rac, daaxlo-

ebiT 2/ܶܥܭ Seesabameba). an kidev civmetexobis zRur-

blad miiReba is temperatura, romelzec dartymiTi 

siblante ܷܥܭ ,  Sesabamisad, 30−40,  20 da  ,ܶܥܭ  da ܸܥܭ
15 j/sm2-ze naklebi iqneba. 
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sapasuxismgeblo detalebisTvis simyifis kritikul 

temperaturad, xSirad, iseTi temperatura miiReba, 

romlis drosac rRvevis reliefSi 90% boWkovani 

agebulebis mdgeneli iqneba_ݐଽ଴ . xSirad gansazRvraven 

civmetexobis zeda da qveda zRurblebs. zeda zRur-

blze rRvevis reliefSi boWkovani agebuleba 90% 

unda iyos, xolo qvedaSi_10%.  
 

civmetexobis zRurbli ar warmoadgens masalis mud-

mivas. igi damokidebulia struqturaze, gamocdis 

pirobebze, Zabvis koncentratoris arsebobaze, nimuSis 

zomaze da a.S. rac ufro maRalia simtkice, miT ufro 

maRalia civmetexobis zRurbli. polikristaluri masa-

lis marcvlis zoma mikrostruqturis erT-erTi ZiriTadi 

parametria. marcvlis zomebis cvlileba masalis meqani-

kuri maCveneblebis cvlilebis saSualebas iZleva, kerZod, 

marcvlis dawvrilmanebiT matulobs rRvevis siblante.  

aRsaniSnavia is faqti, rom temperaturis amaRleba 

feradi liTonebis siblantes umniSvnelod zrdis. 

dabalnaxSirbadian foladebSi, civmetexobis tempera-

turaze, blantidan myife rRvevaze mkveTri gadasvla 

SeiniSneba, xolo legirebul foladebSi_siblantis 

maCveneblebis didi ganbneva.  

plastikuri masalebis siblante TiTqmis ar aris da-
mokidebuli nimuSze datvirTvis modebis siCqareze. 

Zabvebis koncentraciis arseboba masalebSi daZabuli 

mdgomareobis sqemas cvlis da siblantes amcirebs. 

detalis zedapiris mdgomareoba, praqtikulad, sibla-
nteze gavlenas ver axdens, magram nimuSis CanaWerSi 

arsebuli nakawrebi myife masalebis siblantes 

amcireben. 
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siblantis gansazRvrisas msgavsebis kanonis dacva ar 

xdeba da, Cveulebriv, didi zomis nimuSebi nakleb 

siblantes avlenen. amis gamo, sxvadasxva masalis sib-

lantis sidideebis Sedareba SesaZlebelia, Tu isini 

miRebulia erTnair pirobebSi, erTnairi zomebisa da 

formis nimuSebis gamocdisas. (praqtikaSi, siblantis 

maCveneblebTan erTad, nimuSis monacemebisa da gamocdis 

pirobebis miTiTeba aris aucilebeli). 
 

manqanebis saimedoobis gansazRvrisas civmetexoba ga-

angariSebebSi ar Sedis. iZleva mxolod zogadi xasi-

aTis rekomendacia: ar gamoiyenon masala civmetexobis 

zRurblis temperaturaze dabali temperaturebisas. 

2.11 liTonebis sisale 
 

sisale aris masalis winaaRmdegobis unari drekadi 

an adgilobrivi plastikuri deformaciisadmi, rome-

lic vlindeba masSi sxva ufro sali sxeulis SeWri-

sas (dainteresebul mkiTxvels diurometriis, rogorc fi-
zikur-qimiuri analizis erT-erTi meTodis, romelic liTo-

nuri masalebis fizikur-meqanikuri Tvisebebis gansazRvras 

emsaxureba, safuZvliani gacnoba SeuZlia /7/ literatu-

rul wyaroSi). imis gamo, rom gaWimvaze gamocda Zvi-

radRirebul mowyobilobasa da drois did danakar-

gebs moiTxovs, xSirad mimarTaven martiv gzas sisa-

leze gamocdebs. brinelisa da rokvelis meTodebiT 

(arsebobs sisaleze gamocdis sxva meTodebic) gamocdisas, 
liTonis zedapirSi indentors Caawneven gansazRvru-

li datvirTviT da datvirTvis gansazRvruli siCqa-

riT. Semdeg, miRebuli anabeWdis an Cawnevis siRrmis 
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mixedviT, gansazRvraven sisalis sidides. rac ufro 

naklebi zomisaa anabeWdi (an Cawnevis siRrme), miT 

ufro maRalia masalis sisale. sisale da denadobis 

zRvari garkveul wilad “Sedarebadi” maxasiaTeble-

bia. Cveulebriv, erT-erTi maxasiaTeblis matebisas 

matulobs meoris sididec. SesaZlebelia Camoyalib-

des iseTi azri, rom liTonur masalebSi yovelTvis 

sasurvelia maqsimaluri denadobis zRvari da maRali 

sisale. sinamdvileSi es ase ar aris, da ara mxolod 

ekonomikuri mosazrebis gamo (ganmtkicebis procesebi 

damatebiT xarjebs moiTxovs). pirvel rigSi, aucilebe-

lia, masalebs mieces sxvadasxva nakeTobis forma. es 

ki, Cveulebriv, liTonebis wneviT damuSavebis pro-
cesebis gamoyenebiT xorcieldeba, romlebSic mniSvne-
lovan rols plastikuri deformacia asrulebs. 

plastikuri deformacia mniSvnelovania liTonsaWrel 

Carxebze masalebis dasamuSavebladac. Tu masalis 

sisale Zalian maRalia, maSin misTvis sasurveli 

formis misacemad Zalian didi Zalebia saWiro, ris 

gamoc swrafad cvdeba mWreli instrumenti. amgvari 

sirTulis Semcireba SesaZlebelia, Tu liTonis 

damuSaveba moxdeba maRal temperaturaze, rodesac is 

rbildeba. Tu cxeli damuSaveba SeuZlebelia, maSin 

molboba (gaxureba, dayovneba da gaciveba neli reJimebiT) 
gamoiyeneba. meore mxriv, liToni gasalebis kvalda-
kval kargavs plastikurobas, anu myifdeba. Tu liTo-
nis denadobis zRvari imdenad didia, rom plastikuri 

deformacia rRvevis gamomwvev Zabvebze xdeba, aseT 

SemTxvevaSi konstruqtors sisalisa da plastikuro-
bis romelime Sualeduri donis arCeva mouwevs. 
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Tavi III 
liTonuri masalebis garegani meqanikuri 

datvirTvebi 
 

3.1 meqanikuri datvirTvis saxeebi 
 
sxeuli, masze Zalis an ZalTa sistemis moqmedebaze, 

formis SecvliT (deformaciiT) reagirebs. Zalis saxe-

sa da  intensiurobaze damokidebul sxvadasxva maxa-

siaTeblebs, romlebiTac liTonuri masalis qceva da 

saboloo mdgomareoba ganisazRvreba, liTonis meqani-

kuri Tvisebebi ewodeba. an TvisebaTa erTobliobas, 

romlebic nakeTobaze sxvadasxva xerxiT modebuli 

meqanikuri Zalebis mimarT, liTonebis an Senadnobebis 

winaaRmdegobis unars asaxaven, ewodeba meqanikuri 

Tvisebebi.  

 

zogjer simtkicis zRvars, denadobis zRvars, sisales, 

dartymiT siblantes da a.S. liTonuri masalebis meqanikur 

Tvisebebs uwodeben. eseni meqanikuri Tvisebebi ki ara, meqa-

nikuri Tvisebebis maxasiaTeblebia. liTonuri sxeulebis 

meqanikur TvisebebSi aisaxeba maTi unari, winaaRmdegoba ga-
uwios meqanikuri datvirTvebis moqmedebas sxvadasxva viTa-
rebaSi. meqanikuri Zabva ewodeba sxeulSi gare zemoqmede-
biT warmoqmnili Sinagani Zalebis sazoms, romelic tol-
qmedi Zalis misi modebis farTobTan Sefardebis tolia.  
 

meqanikuri Tvisebebis maxasiaTeblebis codna mniSvne-

lovania, radgan maTi saSualebiT xdeba liTonuri 

masalebis winaRobis unaris gansazRvra: garegani 

datvirTvebis zemoqmedebis, konstruqciebis muSaobis, 

manqanaTa detalebis eqspluataciis, wneviTa da WriT 

damuSavebis  procesebSi da a.S. sur. 17-is Sesaba-
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misad, konstruqciebSi mosalodnelia masalebze 

sxvadasxva saxis datvirTvebi moqmedebdes. isini SeiZ-

leba cal-calke muSaobdnen gaWimvaze, kumSvaze, Run-

vaze, grexaze, Wraze da a.S. an kidev erTdroulad 

ganicdidnen ramdenime saxis datvirTvas. 

 
sur. 17. deformaciis sqemebi sxvadasxva saxis datvirTvisas:    

       a_kumSva;  

       b_gaWimva;  

       g_grexa; 

       d_Zvra (Wra);  
              e_Runva (punqtiriT naCvenebia nimuSis sawyisi forma)  

  

masalebis muSaobis sxvadasxva pirobebis (temperatu-
ris, garemos, datvirTvis siCqaris da misi droSi 

cvlilebis) Sesabamisad, meqanikuri Tvisebebis  mrava-

li  maCvenebeli da gamocdis mravali meTodi arse-
bobs. datvirTvebiT gamowveuli deformaciisa da 

rRvevis procesSi masalebis qceva damokidebulia maT 

qimiur Sedgenilobaze, struqturul mdgomareobaze, 

gare Zalis moqmedebaze, teqnologiuri damuSavebis 

meTodebsa da rig sxva faqtorebze. 
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3.2 liTonuri masalebis  pirobiTi 
makromeqanikuri Tvisebebi 

 
zogadad, meqanikuri Tvisebebi dayofilia masalis de-

formaciul da simtkicis damaxasiaTebel Tvisebebad:  

a) deformaciuli (deformatio–damaxinjeba) Tvisebebi 

axasiaTebs masalis formisa da zomebis cvlilebis 

unars, masis Seucvlelad. deformacia dakavSirebu-

lia sxeulis, nawilakebis mdebareobis fardobiT 

cvlilebasTan. igi atomTSorisi manZilebis cvlile-

bisa da atomuri blokebis gadajgufebis Sedegs 

warmoadgens. Cveulebriv, deformacias Tan axlavs 

atomTSorisi Zalebis cvlileba, romlis zomasac 

drekadi Zabvebi warmoadgens. amrigad, sxeulze Zabvis 

modebiT gamowveul formisa da zomebis fardobiT 

cvlilebas deformacia ewodeba. deformaciis umTav-

resi saxeebia: gaWimva, kumSva, Zvra, grexa da Runva.  

 

sakvlevi deformacia, umravles SemTxvevaSi, erTdro-

ulad ramdenime saxis deformaciis Sedegs warmoad-

gens. miuxedavad amisa, sabolood, nebismieri defor-
macia SeiZleba or yvelaze martiv_gaWimva-kumSvis da 

Zvris_deformaciebamde iqnes dayvanili. sxeulis de-

formaciis gansazRvra SeiZleba, Tu cnobilia misi 

yoveli wertilis gadaadgilebis veqtori.  

 

struqturuli Tvisebebis TaviseburebebTan dakavSire-

biT, myari sxeulebis deformacia myari tanis fizikis 

Seswavlis sagania, xolo deformirebad myar sxeuleb-
Si moZraoba da Zabvebi_drekadobisa da plastikuro-

bis Teoriebis. gazebsa da siTxeebSi, romelTa nawi-

lakebi advilad moZravia, deformaciis procesis 
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kvleva siCqareebis myisierad ganawilebis SeswavliTaa 

Secvlili.  

 

myari sxeulis deformacia SeiZleba warmoadgendes 

gare Zalebis,  moculobis cvlilebis gamomwvevi fa-
zuri gardaqmnis, siTburi gafarToebis, damagnitebis 

(magnitostriqciis efeqtis) da eleqtruli muxtis gaCe-
nis (piezoeleqtruli efeqtis) moqmedebis Sedegs. is Se-
iZleba iyos Seqcevadi da Seuqcevi. Seqcevadia is de-
formaciebi, romlebic masalaze moqmedi faqtorebis 

moxsnis Semdeg, myisierad da srulad gaqreba. aseT 

deformaciebs drekadi deformaciebi ewodeba (garkve-
uli drois Semdeg gamqrals ki_elastikuri deformacia). 
Seuqcevi, narCeni, anu plastikuri ewodeba iseT de-
formaciebs, romlebic sxeulze datvirTvis faqto-
rebis moqmedebis periodSi grovdeba da maTi moxsnis 

Semdeg deformacia, praqtikulad,  ucvleli rCeba. 

deformaciebi SeiZleba iyos rTulic: drekad-plas-
tikuri da drekad-blant-plastikuri. deformaci-isas, 

plastikuri Tvisebebi met-naklebad, yvela realur 

myar sxeuls aqvs. zog SemTxvevaSi,  rogorc es 

drekadobis TeoriaSi xdeba, sxeulis plastikuri Tvi-

sebebi ugulebelyofilia. 

 
plastikuri deformaciis buneba temperaturaze, daZa-
buli mdgomareobis sqemaze, datvirTvis moqmedebis 

xangrZlivobaze an deformaciis siCqareze damokide-
bulebiT SeiZleba sxvadasxvagvari iyos. datvirTvis 

siCqaris zrdisa da nimuSis temperaturis Semcirebi-
sas, deformaciis absoluturi mniSvneloba mcirdeba 
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da Tavisi xasiaTiT drekad an drekad-plastikurs      

uaxlovdeba.  

 
plastikuri deformaciis ZiriTadi meqanizmi dislo-

kaciebis moZraobaSi mdgomareobs. plastikuri defor-

maciis gamomwvevi dislokaciebis gadaadgileba mrava-

li xerxiTaa SesaZlebeli. deformacia rTuli movle-

naa da misi xasiaTi damokidebulia iseT faqtorebze 

rogoricaa: temperatura, deformaciis siCqare, 

daZabuli mdgomareobis sqema, damuSaveba, romelic 

win uZRvis nimuSis damzadebas da marcvlis zomebi 

(aq da Semdeg plastikuri deformacia gamartivebulad 

iqneba ganxiluli. am sakiTxis safuZvliani SeswavliT 

dainteresebulma specialistma, Sesabamis specialur lite-
raturas unda mimarTos). movlenebis umetesobas, ro-
melsac adgili aqvs plastikuri deformaciisas, 

dReisaTvis mxolod xarisxobrivi axsna moeZebneba. 

raodenobrivi Teoriebis miRwevebi ki, am mxriv, 

arasakmarisia. plastikuri deformaciisas disloka-
ciebis qcevis mravalsaxeoba mravali koncefciis 

erTdroulad arsebobis SesaZleblobas iZleva. Mamde-

nad, plastikuri deformaciis calkeuli saxisTvis 

sayovelTaod miRebuli Teoria ar arsebobs da 

amitom specialisti Tavis saqmianobaSi yovelgvar 

mimdinare cvlilebas unda iTvaliswinebdes. 

 

sxeulis deformaciuli Tvisebebi ganpirobebulia 

relaqsaciis periodiT. relaqsaciis periodi gan-

sazRvravs deformaciuli procesebis xangrZlivobas 

da igi masalis mniSvnelovani maxasiaTebelia. rac uf-

ro mcirea masalis relaqsaciis periodi, miT ufro 

deformirebadia igi. relaqsaciis dro ar aris mud-
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mivi sidide, igi damokidebulia masalis temperatura-
sa da datvirTvis siCqareze gamocdis momentSi. sain-
teresoa aRiniSnos, rom relaqsaciis periodTan Seda-
rebiT, mcire droiT Zalebis moqmedebisas, yvela masa-
la (Tu Zabvebi maT mTlianobas ar arRvevs) drekad-myi-
fed iqceva da deformaciis sruli SeqcevadobiT xa-
siaTdeba. myife sxeulebis deformaciis tipur SemT-
xvevas warmoadgens struqturis ucvleloba. am dros 

deformaciaze daxarjuli drekadi energia ver 

aswrebs relaqsaciuri procesebiT ganbnevas. drekad- 
-myife sxeulebs SesaZloa, daugrovdes mcire drekadi 

energia da, struqturis adgilobrivi darRveviT, Zab-
vebis nawilobrivi relaqsacia moxdes. Zalian xang-
rZlivi droiT (relaqsaciis periodTan SedarebiT), Za-
lebis moqmedebisas myari sxeuli, siTxis msgavsad, ga-
edineba. Zalebis Zalian mcire droiT (relaqsaciis pe-
riodTan SedarebiT) moqmedebisas ki, Txevadi sxeuli 

myari kristaluri sxeulis simyifes avlens. magali-
Tad, wyali (romlis relaqsaciis periodi  10_11 wm-ia), Za-
lis Zalian mcire droiT zemoqmedebisas, myari kris-
taluri sxeuliviT iqceva. qva (mTis qani), romlis re-
laqsaciis periodi 10ଵ଴wm-ia, Zalebis Zalian xang-
rZlivi moqmedebisas siTxis msgavsad iqceva. CamoT-
vlili Tvisebebi masalebis qcevis ukiduresi Sem-
Txvevebia da praqtikaSi maT adgili ara aqvs. mxed-
velobidan ar unda gamogvrCes is faqti, rom mravali 

masala (gansakuTrebiT amaRlebul temperaturebze, rode-
sac Zabvebis relaqsaciis procesi, zogierT masalaSi, Se-
samCnevad intensificirdeba) metad mgrZnobiarea Zalis 

moqmedebis drosa da relaqsaciis periods Soris 

sxvaobis mimarT. amis gamo, gaangariSebebSi sargeblo-
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ben relaqsaciis koeficientiT, romelic gviCvenebs 

Zabvis Semcirebis wils drois garkveuli xangrZlivo-
bisas. 

 

drekadobisa da plastikurobis TeoriaSi sxeulebi 

ganixileba rogorc ”uwyveti” (mTliani). uwyvetoba, 

anu masalis unari, Seavsos mTeli moculoba, rome-

lic mas uWiravs, yovelgvari sicarieleebis gareSe, 

realuri sxeulebis erT-erT ZiriTad Tvisebas warmo-

adgens. uwyvetobis cneba miekuTvneba, agreTve, im ele-

mentarul moculobebsac, romlebzec, azrobrivad, 

sxeulis dayofaa SesaZlebeli. sxeulis TiToeul 

momijnave, usasrulod mcire moculobis centrebs 

Soris (romlebsac ar ganucdia wyveta) manZilis cvli-

leba, am manZilis sawyis sididesTan SedarebiT, mci-

rea. umartivesi elementaruli deformacia romelime 

elementis fardobiTi wagrZelebaa:   

 

ߝ = (௟భି௟)
௟

= ∆௟
௟
 , 

 

sadac: ݈ଵ aris elementis sigrZe, deformaciis Semdeg; 
       ݈_elementis sawyisi sigrZe.   

 

praqtikaSi gvxvdeba mcire deormaciebi, ase rom, ε≪1.       
 

nagebobebis naturuli gamocdisa an modelebze Zabvebis 

sidideze msjelobis mizniT, deformacia izomeba masalebis 

meqanikuri Tvisebebis gansazRvriT. drekadi deformaciebi 

Zalian mcirea da maTi gazomva did sizustes moiTxovs. upi-

ratesad gavrcelebulia deformaciebis tenzometrebiT 

gazomva. amis garda, farTod gamoiyeneba winaRobis tenzo-

gadamwodebi, Zabvebis kvlevis polarizaciul-optikuri me-
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Todi, rentgenul-struqturuli analizi. adgilobriv plas-

tikur deformaciebze msjelobisaTvis iyeneben badis mogo-

rvas, zedapiris advilad daskdomadi badiT dafarvas da a.S. 

b) simtkicis Tvisebebi axasiaTebs masalis unars, gan-

sazRvrul pirobebsa da zRvrebSi daurRvevlad gau-

wios winaaRmdegoba meqanikuri, Tburi da sxva Zabve-

bisgan warmoSobil Siga Zabvebsa da deformaciebs.  

gamWimavi, mkumSavi an sxva saxis Zalebis zemoqmedebisas, 

simtkicis tipuri maxasiaTeblebia: drekadobis zRvari, 

denadobis zRvari da simtkicis zRvari. drekadobis 

zRvari Seesabameba masalis Zabvas drekadi deformaciis 

maqsimaluri mniSvnelobisas; denadobis zRvari aris 

mudmivi Zabvis sidide zrdadi plastikuri deforma-

ciisas; simtkicis zRvari warmoadgens maqsimaluri 

Zabvis mniSvnelobas masalis rRvevis momentSi. 

 

simtkicis aRniSnuli maxasiaTeblebi miekuTvneba mo-

debuli datvirTvis xanmokle moqmedebas. datvirTvis 

xangrZlivi moqmedebisas masalis struqturis darRve-

vis saSiSroeba matulobs. aseT SemTxvevaSi mcire si-

didis Zabvebsac SeuZliaT gamoiwvion cocvadoba da 

simtkicis kargva. xSirad masalis xangrZliv simtki-

ces ikvleven rogorc statikuri, aseve dinamikuri 

datvirTvebisas. vibraciuli datvirTvebi mkveTrad 

amcireben masalis simtkices. amis mizezi masalis 

daRliloba, e.i. masalaSi ararelaqsirebuli Zabvebisa 

da Seuqcevi mikrodefeqtebis dagrovebaa. masalis sim-

tkices aseT SemTxvevaSi, daRlilobis simtkice ewo-

deba da igi specialuri gamocdebiT ganisazRvreba. 

simtkicis yvela CamoTvlili maxasiaTebeli Tavisi 

arsiT pirobiTia. isini ar iTvaliswineben drois faq-
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tors (aseTi midgoma, garkveuli miaxloebiT, mxolod myi- 

fe masalebisTvisaa dasaSvebi). amave dros, xelsawyoebi, 

nimuSis forma da zomebi, datvirTvis siCqare wnexze 

da masalebis simtkiceze gamocdis sxva sawyisi para-

metrebi miRebulia pirobiTad. amis gamo, zomebze, 

datvirTvebis modebis siCqareze da nimuSis gamo-

sacdeli xelsawyos konstruqciaze damokidebulebiT 

SeiZleba erTi da imave masalis nimuSebs simtkicis 

maCveneblebis sxvadasxva sidide aRmoaCndes.  

 
gansazRvruli sididis deformaciiT an gansazRvruli si-

didis datvirTviT Catarebuli meqanikuri gamocdebi erTma-

neTisgan principulad gansxvavebulia. meqanikuri gamocde-

bisas unda dadgindes damokidebuleba liTonis datvirTva-

sa da mis deformacias Soris (es damokidebuleba Semdeg 

sainJinro-sakonstruqtoro praqtikaSi an liTonis warmoe-

bisa da sxvadasxvagvari damuSavebis  procesSi gamoiyeneba). 

datvirTvasa da deformacias Soris damokidebuleba, Tavis 

mxriv, damokidebulia meqanikuri gamocdis meTodze. sur. 

18-is Sesabamisad, warmodgenilia erTi da imave masalis  

gaWimvis diagrama, deformirebis mocemuli siCqariT  (1)  

da mocemuli datvirTviT (2).  

 
sur. 18. gaWimvis diagramebis sqemebi: 

        1. deformirebis mocemuli siCqare;  

        2. mocemuli datvirTva  
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mrudi (1) im SemTxvevas Seesabameba, rodesac nimuSi mudmivi  

siCqariT  deformirdeba, xolo mrudi (2) im SemTxvevas aR-

wers, rodesac nimuSze mudmivi siCqariT mzardi gare dat-

virTvaa modebuli (e.i. datvirTvis nazrdi drois erTeul-

Si mudmivia da nimuSi deformirdeba Tavisuflad). am mru-

debis erTmaneTTan Sedareba gviCvenebs, rom meore mruds 

denadobis baqani ar aqvs. amgvarad, gamocdis sxvadasxva 

meTodiT miRebuli meqanikuri gamocdebis Sedegebi erTma-

neTisgan gansxvavebulia.   
   

zemoT aRniSnuli iyo, rom teqnikuri anu realuri 

simtkicis garda arsebobs Teoriuli simtkicec. igi 

gamoTvlebiT ganisazRvreba da realuri simtkicis 

maCveneblebs 100 – 1000-jer da  ufro metad aRemateba. 

sxvaoba aixsneba masalis Teoriul da realur sim-

tkiceebs Soris liTonSi realurad arsebuli 

metalurgiuli xasiaTis Zabvebis koncentratorebiT 

(mikrostruqturis defeqturobiT, anu mikrobzarebis, 

forebis da misT.) da kristaluri gisosis defeqtebiT 

(dislokaciebiT, vakansiebiT, Canergvis elementebiT). rac 

ufro didi zomisaa myari sxeulis gamosacdeli 

nimuSi, miT ufro meti defeqti koncentrirdeba masSi 

da amis gamo misi realuri simtkice naklebia. e.i. 

masalis simtkicesa da nimuSis zomebs Soris ukudamo-

kidebuleba moqmedebs (masStabis faqtori). aqedan 

gamomdinare, sxvadasxva zomis nimuSis gamocdis dros 

gansazRvruli, Tundac erTi da imave masalis Tvise-

bebis  urTierTSedarebisas, aucilebelia masStabis 

faqtoris SesaZlebeli gavlenis gaTvaliswineba.  

 

kristaluri masalebis simtkice (maT sxva Tvisebebze 

ufro metad) struqturis formirebisa da cvlilebis 
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movlenebsa da procesebze mgrZnobiarea. simtkicis am 

maxasiaTebels udidesi praqtikuli mniSvneloba aqvs. 

simtkicis struqturulad mgrZnobiaroba misi mikro an 

makrodoneze (defeqtebis SemcirebiT, danamatebis SetaniT, 

axladwarmoqmnili fazis dispersiulobis gazrdiT, foriano-

bisa da forebis zomebis SemcirebiT da sxv.) sasurveli 

mimarTulebiT cvlilebis SesaZleblobas iZleva. 

 

dasaSvebi samuSao Zabvebi gamoiTvleba SerCeuli sim-

tkicis kriteriumebis mniSvnelobebis mixedviT. rac 

ufro mtkicea masala, miT ufro maRalia dasaSvebi sa-

muSao Zabvebi da naklebia detalis zomebi da masa. 

amave dros, masalis simtkicis donis matebas Tan sdevs 

dasaSvebi samuSao Zabvebisa da deformaciebis mniSvne-

lobebis zrdac. maT SesazRudad masalis sixistis kri-

teriumi_drekadobis (an Zvris) moduli_maRali unda 

iyos. saxeldobr, sixistis da ara simtkicis kriteriumi 

gansazRvravs im detalebis zomebs, romlebsac zusti 

zomebisa da formis SenarCuneba moeTxovebaT.  

 

masala rRvevisadmi winaaRmdegobis garkveuli unari-

Tac_saimedoobiTac_unda xasiaTdebodes. myife rRve-

vis Tavidan asacileblad, sakonstruqcio masalebi 

sakmarisi plastikurobiTa da siblantiT unda xasiaT-

debodes. masalebis saimedoobis Sesafaseblad civ-

metexobis temperaturul zRurblsac iyeneben. igi, 

temperaturis Semcirebisas, masalebis myife rRve-

visadmi midrekilebas axasiaTebs. rac ufro dabalia 

myife mdgomareobaSi gadasvlis temperatura, eqsplu-

ataciis temperaturasTan SedarebiT, miT ufro metia 

siblantis SenarCunebis temperaturuli maragi da 

naklebia masalis myife rRvevis albaToba. 
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Tavi IV 
Zabvebi da deformaciebi 

 
4.1 datvirTva_deformaciisas polikristalur 
liTonSi mimdinare Sinagani cvlilebebi da am 
cvlilebebze deformirebis pirobebis gavlena 

 
meqanikuri datvirTvebis moqmedebisas liTonebis qce-

vis zogad kanonzomierebebSi da Sesabamis movlenebSi 

ukeT garkvevis mizniT, aucilebelia TviT liTonis 

agebulebis Taviseburebebis ganxilva. yvela myari 

liToni kristaluri nivTierebaa. isini Sedgebian mra-

vali kristalitebis anu marcvlebisgan, romlebSic 

atomebis ganlageba swori samganzomilebiani gisosis 

Sesabamis ujreds qmnis.  

 

liTonis kristaluri struqtura SeiZleba warmovi-

dginoT rogorc atomuri sibrtyeebis anu atomuri 

Sreebis erToblioba. sxeulze Zvris Zabvis (Zala, ro-

melic liTonis nimuSis or mezobel sibrtyes aiZulebs, 

urTierTsawinaaRmdego mimarTulebiT erTmaneTze isri-

alon) modebisas, atomebis erT Sres, meoris mimarT, 

erT atomTSoris manZilze gadaadgileba SeuZlia. 

atomuri Sris aseTi gadanacvleba sxeulis zedapiris 

formaze (magram ara mis struqturaze) unda aisaxos. Tu 

erTi Sre meoris mimarT mravali atomTSorisi manZi-

liT gadainacvlebs, maSin sxeulis zedapirze ”safe-

xuri” warmoiqmneba. calkeuli atomi Zalian mcirea 

da misi gadanacvlebis danaxva mikroskopiT SeuZle-

belia, magram srialisas warmoqmnili safexurebis 

danaxva mikroskopiT SesaZlebelia da mas srialis 

xazebs uwodeben.  
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teqnikuri liTonuri masalebi, Cveulebriv, polikris-

taluri agebulebisaa. e.i. isini sxvadasxvagvari ori-

entaciis mqone  kristalitebisagan Sedgebian da Ti-

Toeuls atomuri sibrtyeebis sakuTari orientacia 

gaaCnia. Cveulebrivi polikristaluri liTonis de-

formacias monokristalis deformaciasTan is aqvs 

saerTo, rom deformacia calkeuli kristalis ato-

mur sibrtyeebze srialis Sedegs warmoadgens. kris-

talebis sazRvrebze sriali ki SesamCnevia maRal 

temperaturebze cocvadobisas.  

  
liTonur masalebSi simtkicis  maxasiaTeblebi atom-

TSorisi SeWidulobis ZalebiT ganisazRvreba. cnobi-

lia, rom defeqtebisagan Tavisufali kristaluri gi-

sosis  mqone monokristalis simtkice gacilebiT ma-

Ralia, vidre polikristaluri sxeulisa, romelic 

imave liTonis marcvlebisagan Sedgeba. polikrista-

lebSi marcvlebs Soris kavSirebis Semcirebis mize-

zi aris marcvlebis sxvadasxvagvari orientacia, 

calkeuli marcvlis kristalur gisosSi defeqtebis 

da polikristalur sxeulSi marcvlebs Soris gare-

Se minarevebis arseboba.  

 

bzarebi, grafitisa da cementitis CanarTebi, mikroforebi, 

niJarebi, airis buStebi da liTonis mTlianobis sxva dam-

rRvevebi liTonSi Zabvebis koncentratorebia. maTi ganla-

gebis adgilebze saangariSo Zabvebi 10_100-jer mcirdeba. es 

ki faqtobrivi muSa ganivkveTis Semcirebis tolfasia. li-

TonSi CamoTvlili defeqtebis arseboba iwvevs atomT-

Sorisi Zalebis amoqmedebas drekadi deformaciis mcire 

monakveTze. Semdeg iwyeba, e.w. drekad-plastikuri defor-

maciis dislokaciuri meqanizmis amoqmedeba. drekad-plas-

tikuri deformacis Sedegad liToni irRveva simtkicis 
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ufro dabal doneze. Zalis modebisas, deformaciis 

dasawyisSi, 1 sm3 liTonSi 106_168 cali dislokaciaa, xolo 

plastikuri deformaciis procesSi maTi raodenoba 108_1012-

mde izrdeba. Tu Termuli damuSavebiT ar moixsneba 

dislokaciebiT gamowveuli Zabvebi (gansakuTrebiT civ 

mdgomareobaSi deformirebis Semdeg), maSin marcvlebis 

sazRvrebze warmoiqmneba mikro bzarebis Canasaxebi, 

romlebic kritikuli zomebis miRwevisas makrobzarebad 

gardaiqmnebian da liToni dairRveva. 

 
manqanaTa detalebisa da liTonuri konstruqciebis 

dasamzadeblad, praqtikaSi, ZiriTadad, defeqtebiT, 

myari masaliT Seuvsebeli forebiTa da gareSe minare-

vebiT Sesustebuli simtkicis mqone liTonuri masa-

lebi gamoiyeneba. isini imisaTvis aris gankuTvnili, 

rom narCeni deformaciisa da rRvevis gareSe miiRon 

datvirTva da Semdeg gadascen igi nagebobis (kon-

struqciebis) Semadgenel mezobel detalebs. liTone-

bis unari, Seasrulos aRniSnuli funqcia, damokide-

bulia maT qimiur Sedgenilobaze, struqturul mdge-

nelebze da maT urTierTganlagebaze, kristalitebis 

kristalur gisosebSi defeqtebis arsebobaze da sxv. 

 

liTonebis qimiuri Sedgeniloba analizuri qimiis meTo-

debiT da speqtruli analiziT Seiswavleba. Senadnobis Zi-

riTadi struqturuli mdgenelebis urTierTganlagebas, sa-

sargeblo da mavne minarevebis sxeulis moculobaSi gana-

wilebas metalografia ikvlevs, xolo kristaluri aRnago-

bis Seswavla xdeba rentgenografiis meTodebiT. meqanikuri 

gamocdebis meTodebiT Seiswavleba masalis unari, defor-

mirdes, winaaRmdegoba gauwios deformacias da gauZlos 

deformaciis gamomwvev datvirTvebs.  
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liTonuri masalebi deformirebis procesSi (rRve-

vamde) sxvadasxvagvarad iqcevian. masalebs, romelTa 

nimuSebis deformireba formisa da zomebis mniS-

vnelovani cvlilebiT mimdinareobs da, amasTan, rRve-

vis momentisas ganviTarebuli deformacia datvirTvis 

moxsnis Semdegac unarCundeba, plastikuri masalebi 

ewodeba. masalebs, romelTa nimuSebis mTlianobis 

rRveva mcire deformirebisas xdeba da rRvevis momen-

tisas ganviTarebuli deformacia datvirTvis moxsnis 

Semdeg myisierad uqreba, myife masalebi ewodeba. 
narCeni wagrZelebis sididis mixedviT masalebi, pirobiTad 

iyofa   plastikur_δ ≥ 10 %-ze,  mcired plastikur _ 5%  ≤ 
δ ≤ 10%-ze da  myife_δ≤ 5%-ze  masalebad. 

 

aRsaniSnavia, rom erTi da igive masala, deformirebis 

sxvadasxva pirobebSi, sxvadasxvagvarad iqceva: zog-

jer gvevlineba rogorc plastikuri masala, zog-

jer_rogorc myife. amasTan dakavSirebiT, ufro swo-

ri iqneba, rom masalebis ZiriTadi makromeqanikuri 

maxasiaTeblebi_drekadoba, plastikuroba, siblante 

da sxva miekuTvnos ara maT Tvisebebs, aramed_masalis 

mdgomareobas. drekadoba, plastikuroba da siblante, 

gare datvirTvebis zemoqmedebisas, masalis meqanikuri 

maxasiaTeblebis da daZabuli mdgomareobis ganmsaz-

Rvreli parametrebia. isini datvirTva-gantvirTvisas 

gansazRvraven Zabvebisa da deformaciebis xasiaTs. 

Zabvebisa da deformaciebis codna, Tavis mxriv, 

mravali teqnologiuri problemis gadawyvetasa da, 

amasTan, eqspluataciis ama Tu im pirobebSi masalebis 

sasamsaxuro vadis SefasebaSi gvexmareba.  
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zogadad, sakonstruqcio masalebs moeTxoveba ara 

mxolod deformaciisadmi maRali gamZleoba (drekadi 

deformaciebi E da G modulebiT xasiaTdeba, xolo plas-

tikuri_ߪ଴,ଶ da ߪდრ zRvrebiT ganisazRvreba), aramed rRve-

visadmi maRali winaRobac. Cveulebriv, saerTo kom-

pleqsur cnebaSi, deformaciisadmi winaRobas_simtki-

ceSi aerTianeben,  rRvevisadmi winaRobas saimedooba-

Si, masalis xangamZleoba ki mravaljeradi datvir-

TvebiT (Tu masalis TiToeuli datvirTvis aqtis Semdeg 

mikrorRvevebi xdeba, mag., cveTa, daRliloba, korozia, 

cocvadoba) xasiaTdeba.  

 
meqanikuri Tvisebebis codna xels uwyobs kon-

struqtors dasabuTebulad SearCios masala, rome-

lic minimaluri masiT, dasaproeqtebeli manqanebisa 

da konstruqciebis saimedoobasa da xangamZleobas 

uzrunvelyofs. meqanikuri Tvisebebis maCveneblebiT 

awarmoeben sxvadasxva liTonisa da Senadnobis Seda-

rebiT Sefasebas, agreTve maTi xarisxis kontrols 

nakeTobis damzadebisas. 

4.2 liTonebis daZabul-deformirebuli 
mdgomareobis daxasiaTeba 

 

meqanikaSi deformacia ganixileba rogorc meqanikuri 

zemoqmedebis Sedegad myari sxeulis romelime ori 

wertilis urTierTganlagebis cvlilebis procesi. 

kristaluri sxeulebi, datvirTvis modebis Semdeg, 

daZabul-deformirebul mdgomareobaSi gadadis. isini 

drekadad da drekad-plastikurad deformirdebian, 
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xolo  datvirTvis gansazRvrul pirobebSi, maTi 

mTlianobis nawilobrivi an sruli rRveva xdeba.  
 

sxeulis deformirebisas vlindeba erTmaneTisgan gan-

sxvavebuli ori saxis deformacia: drekadi da plas-

tikuri. isini erTmaneTisgan gansxvavdebian rogorc 

garegnuli gamovlinebiT, ise Sinagani meqanizmebiTac. 

aqedan gamomdinare, liTonebis drekadi da plastiku-

ri mdgomareobebi sxvadasxva maxasiaTeblebiT aRiwe-

reba.  drekadi deformaciebi atomTSorisi manZilebis 

cvlilebisas vlindeba da ar cvlis liTonis struq-

turas, igi Seqcevadia  (datvirTvis  moxsnis Semdeg de-

formacia qreba).  

 
plastikuri, anu narCeni deformaciebi aRiZvreba dis-

lokaciebis warmoqmniTa da moZraobiT. isini cvlian 

liTonis struqturasa da Tvisebebs. datvirTvis mox-

snis Semdeg deformaciebi rCeba, anu plastikuri de-

formacia Seuqcevi xasiaTisaa.   

 

aRsaniSnavia, rom rac ar unda mcire sididis iyos 

modebuli Zabva, is yovelTvis iwvevs Sesabamis 

deformaciebs. sawyisi deformaciebi yovelTvis dre-

kadia da maTi sidide  Zabvis pirdapirproporciulia 
(proporciulobis kanoni).  

                      

mokled ganvixiloT kristaluri sxeulebis aRniS-

nuli Tvisebebi. Zabvasa da deformacias (an datvir-

Tvasa da gadanacvlebas) Soris kavSiri ganisazRvreba 

nimuSze moqmed datvirTvasa da misgan gamowveul 

deformacias Soris funqcionaluri damokidebulebiT. 

eqsperimentulad deformaciebi nimuSis erTRerZa 
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gaWimvisas isazRvreba. am dros, rRvevis Semdeg, gani-

sazRvreba simtkicis zRvari ߪ௠, fardobiTi wag-

rZeleba ߜ  da fardobiTi Seviwroeba ߖ.   

grafikulad, statikuri erTRerZa gaWimvisas, datvir-

Tvasa da absolutur wagrZelebas (deformacias) So-

ris Tanafardoba aRiwereba, e.w. deformaciis diagra-

miT (mas gaWimvis mrudsac uwodeben). igi warmoadgens 

grafiks, romlis horizontalur RerZze gadazomilia 

wagrZeleba (an deformacia), xolo vertikalu-

rze_datvirTva (an Zabva). sur. 19-is Sesabamisad, 

gaWimvaze gamocdisas Cawerili Zabva-deformaciis 

mrudi warmoadgens  liTonis simtkicis da plas-

tikurobis raodenobrivi maxasiaTeblebis infor-

maciis wyaros.  

    

0 

A 

wagrZeleba

Z
a
l

a

 
sur. 19. Zabva-deformaciis diagrama (OA aris drekadi  

          deformaciis ubani) 

 

gaWimvisas, nimuSze modebuli Zabvis absolutur 

wagrZelebaze damokidebulebis diagrama sworxazo-

vani da mrudxazovani ori ubnisgan Sedgeba. maTi 

SeuRlebis adgili asaxavs drekadidan plastikuri 

deformaciis areSi gadasvlas. mrudis es nawili abs-
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cisis RerZTan daxris kuTxis tangensis TandaTanobiT 

SemcirebiT xasiaTdeba. e.i., plastikur areSi gadas-

vla SeiniSneba ara marto pirdapiri niSniT_narCeni 

deformaciis gamovleniT_aramed mrudis daxris 

kuTxis SemcirebiTac. amis gamo, deformaciis mrudis 

daxris zusti dafiqsireba da misi analizi mniS-

vnelovania masalis drekadidan plastikuri defor-

maciis areSi gadasvlis dasaxasiaTeblad (gansakuT-

rebiT naklebplastikuri masalebis gamocdisas). Tanamed-

rove maRali sixistis sacdel manqanebSi didi yurad-

Reba eqceva rogorc mTlianad Zabva-deformaciis mru-

dis, ise misi nebismieri ubnis maRali sizustiT Cawe-

ras. diagramaze drekadi mdgomareobis sworxazovani 

damokidebuleba A wertilSi mTavrdeba, am wertils 

denadobis pirobiTi zRvari ewodeba.  

 

denadobis zRvarze gadametebuli Zabvebisas liToni 

gadadis plastikur mdgomareobaSi. garegnulad es 

vlindeba moqmedi datvirTvebisadmi winaRobis Semci-

rebaSi, nimuSis formisa da zomebis cvlilebaSi 
(gaWimvisas nimuSis ganivkveTi mcirdeba, sigrZe matulobs). 

Zabvis moxsnis Semdeg liToni deformirebuli rCeba, 

magram ubrundeba drekad mdgomareobas. plastikuri 

deformaciis procesSi dislokaciuri struqturis 

cvlileba liTonis denadobis zRvars maRla 

swevs_xdeba misi deformaciuli ganmtkiceba. nebismier 

SemTxvevaSi, sxvaoba  (ߪ௠ −  ଴,ଶ) gansazRvravs pirobiTiߪ

zRvrebis intervals, romelSic Tanabari plastikuri de-

formacia xdeba, xolo Sefardeba ߪ଴,ଶ/ߪ௠ axasiaTebs 

ganmtkicebis xarisxs (molbobil mdgomareobaSi liTonebSi    

 ௠=0,5_0,6-s, xolo deformaciis Semdeg ganmtkicebisߪ/଴,ଶߪ

xarisxi 0,9_0,95-mde izrdeba). 
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deformaciebi sxeulze normaluri da mxebi Zabvebis 

moqmedebis Sedegia. gaangariSebis mosaxerxeblad srul 

Zabvas urTierTperpendikularul mdgenelebad Slian (nor-

maluri Zabva  da mxebi Zabva ). normaluri Zabvebi sxeu-

lis ganivkveTis normalurad moqmedeben da  masalis nawi-

lakebis erTmaneTTan miaxloebis an daSorebis unars axa-

siaTeben. normaluridan gansxvavebiT, mxebi (Zvris) Zabvebi 

moqmedeben ganivkveTis sibrtyeSi da nawilakebis erTma-

neTis mimarT  fardobiTi srialis unars axasiaTeben. 
gaWimvisas, nimuSis samuSao sigrZeze Zabvebi ganisaz-

Rvreba Semdegi formulebiT:  

ߪ  = ௉
ிబ
 , 

xolo 

    ߬௠௔௫ =
ߪ
2

, 

sadac: σ aris pirobiTi normaluri Zabva nimuSis  

          ganivkveTSi, 

      PP _nimuSis gamWimavi Zala,  
 ,଴_nimuSis ganivkveTis sawyisi farTobiܨ       

       ߬௠௔௫_Zvris udidesi pirobiTi Zabva. 

                     
σ da τ Zabvebis pirobiToba, gamocdis procesSi, nimu-

Sis ganivkveTis sawyisi  farTobis TandaTan Semcire-

bidan gamomdinareobs. ase rom, yovelTvis ܨ଴ >   ,ze-ܨ
xolo ߪ < ܵ -ze.  
 

WeSmariti Zabva S Seesabameba Semdeg fardobas:  
 

ܵ = ௉
ி
  , 
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sadac F aris  P datvirTvisas, nimuSis saangariSo 

sigrZeze, mocemul momentSi, ganivkveTis farTobis 

umciresi mniSvneloba.  

 

e.i., gaWimvisas, pirobiTi Zabva gamoiTvleba nimuSze 

modebuli datvirTvis misi ganivkveTis sawyisF far-

TobTan da ara SemcirebulTan fardobiT (rac mosa-

xerxebelia), xolo WeSmariti Zabva isazRvreba dat-

virTvis, nimuSis, gazomvis momentSi realurad arse-

buli, ganivkveTis farTobTan fardobiT (rac ufro 

Znelia). mcire deformaciebisas aseTi midgoma dasa-

Svebia, magram didi deformaciebis SemTxvevaSi, sur. 

20-is Sesabamisad, SeiZleba SesamCnevi sxvaoba mivi-

RoT. suraTze warmodgenilia sxvadasxva plastiku-

robis mqone ori masalis Zabva-deformaciis mrudebi.  

 
sur. 20. sxvadasxva plastikurobis mqone ori liTonis    

         Zabva-deformaciis mrudebi (gaWimvisas):  

         I_ ufro myife;             

         II_ufro plastikuri;              

         1. denadobis zRvari; 

         2. myife masalis simtkicis zRvari gaWimvisas;  

         3. plastikuri masalis Tanabari deformaciis   

           dasasrulis Sesabamisi Zabva 
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rogorc erTi, ise meore masalis sawyisi sworxa-

zovani damokidebuleba mTavrdeba denadobis zRvris 

1-l wertilSi, saidanac masalis plastikuri dena-

doba iwyeba. am wertilidan naklebad plastikuri 

masala Tanabarad deformirdeba da ߪ௠-is mniS-

vnelobaze deformacia nimuSis rRveviT sruldeba. 

myife masalis diagramis umaRlesi wertili, gaWim-

visas, misi simtkicis zRvars warmoadgens da rRvevas 

Seesabameba. ufro plastikuri masalis SemTxvevaSi, 

nimuSi iWimeba Tanabrad, xolo  σ୫-is miRwevis Sem-

deg iwyeba adgilobrivi Seviwroeba da Semdegi gaWi-

mva, rRvevamde, yelis areSia koncentrirebuli. 

simtkicis zRvari, gaWimvisas, maSin miiRweva, rodesac 

ganivkveTis farTobis Semcirebis siCqare deforma-

ciuli ganmtkicebis siCqares gadaaWarbebs. simtkicis 

zRvris Sesabamisi Zabva ukve ar emTxveva nimuSis 

rRvevis Zabvas, amitom ߪ௠  gansazRvravs ara zRvrul 

simtkices, aramed pirobiT maqsimalur Zabvas, romlis 

drosac mTavrdeba nimuSis Tanabari deformacia.  ߪ௠ 

sidides  xSirad uwodeben simtkicis pirobiT zRvars 

gaWimvisas (damoukideblad imisa, nimuSi yelis warmoqmniT 

dairRva Tu_umisod).  
 

suraTidan Cans, rom pirobiTi Zabva nimuSSi moqmed 

WeSmarit Zabvaze naklebia. Ddiagramaze gaWimvis WeSmariti 

mrudi gadis pirobiTi diagramis zeviT CamoSvebuli ubnis 

gareSe. Zabva-deformaciis mrudi, nebismier SemTxvevaSi, 

nimuSis gawyvetis Sedegad, romeliRac sasrulo defor-

maciaze Sewydeba. rRvevis mizezi sxvadasxva liTonisTvis 

SeiZleba sxvadasxva iyos. igi damokidebulia datvirTvis 

tipisagan. deformaciis procesSi, liTonis ganmtkicebis 

Sedegad, SesaZlebelia Zabvebi iseT mniSvnelobamde gaiza-
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rdos, rom bzaris Casaxva da ganviTareba moxdes. plas-

tikuri masalebis gaWimvaze gamocdisas, rRveva xdeba nimu-

Sis romeliRac lokalur adgilze. Tu nimuSis ganivkveTis 

farTobi romelime adgilas saSualo farTobze naklebi 

gaxdeba, maSin am adgilze Zabvebi gaizrdeba, rac geomet-

riulad Sesustebul adgilze gamoiwvevs deformaciis 

intensifikacias da ganivkveTis farTobis kidev ufro did 

lokalur Semcirebas. gamocdis msvlelobisas, am stadiaze 

iwyeba ”yelis” (ganivkveTis Semcirebis lokaluri aCqareba) 

warmoqmna. miuxedavad imisa, rom masalis mier datvirTvis 

atanis unari mcirdeba, nimuSi yelSi mainc ganagrZobs 

ganmtkicebas da, simtkicis zRvris gavlis Semdeg, gamocda 

yelis gawyvetiT mTavrdeba. plastikuri deformaciis 

procesSi cilindruli nimuSi wvrildeba da, gaWimvasTan 

erTad, pirobiT da WeSmarit Zabvebs Soris sxvaoba izrdeba 

(gansakuTrebiT yelis warmoqmnis Semdeg). aseT SemTxve-

vebSi, δ  da ߖ Sesabamisi Tanabari da Tavmoyrili defor-

maciebis jamebis tolia.  

 

liTonis kumSvisas, drekadi da plastikuri deforma-

ciebi, Cveulebriv, gaWimvaze gamocdisas gamovlenili 

deformaciebis msgavsia. sur. 21-is Sesabamisad,  

pirobiT Zabvasa da pirobiT deformacias Soris 

Tanafardobis mrudi, kumSvisas, ufro maRla gadis, 

vidre Sesabamisi mrudi gaWimvisas. es gamowveulia im 

faqtiT, rom kumSvisas nimuSis ganivkveTi Semcirebis 

nacvlad matulobs. Tu sakoordinato RerZebze 

WeSmarit Zabvasa da WeSmarit deformacias gadavzo-

mavT, maSin mrudebi, praqtikulad, erTmaneTs daem-

Txveva, Tumca gaWimvisas rRveva ufro adre moxdeba. 
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sur. 21. gaWimvisa da kumSvis diagramebi:  

       I. pirobiTi Zabva-deformacia kumSvisas; 

       II. WeSmariti Zabva-deformacia gaWimvisas da kumSvi-    

      sas; 

       III. pirobiTi Zabva-deformacia gaWimvisas; 

       1. toli WeSmariti deformaciebis wertilebi;  

       2. rRveva gaWimvisas;  

       3. sxvadasxva sigrZis nimuSebi  

4.3. Zabvebi da deformaciebi 

meqanikaSi Zabva ganixileba rogorc sxeulis ganiv-

kveTis erTeul farTobze modebuli datvirTva:  

 

ܵ = ௉  
ி

∙ 
 

Zabva kuTri sididea. igi datvirTvis iseTi maxa-

siaTebelia, romelic sxeulis zomebze ar aris damo-

kidebuli. misi ganzomileba aris paskali (pa).  
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Tu Zalis veqtori ar aris misi modebis farTobis 

perpendikularuli maSin igi, sur. 22 Sesabamisad,  ro-

gorc yvela veqtori, SeiZleba daiSalos mdgenelebad: 

normalur (farTobis sibrtyis perpendikularul) 

veqtorad, romelic qmnis normalur Zabvas  da mxeb 

(farTobis sibrtyeSi moqmed) veqtorad, romelic mxeb 

Zabvas iwvevs. meqanikuri gamocdebisas sakuTriv es 

Zabvebi ganisazRvreba.  

 

 
 

sur. 22 sruli Zabvis mdgenelebis ganmsazRvreli sqema 

 

deformaciisa da rRvevis zogierTi procesi ganisaz-

Rvreba normaluri ZabvebiT (mowyvetiT rRveva), sxva ki_ 

mxebiT (plastikuri deformacia, ZvriT rRveva). 22-e sura-

Tidan Cans, rom ܨఈ  farTobze moqmedebs sruli ܵ௡ 

Zabva. am farTobis perpendikulari gare (P) ZalasTan 

qmnis α kuTxes. 

  

ܵ௡ =
ܲ
ఈܨ

 , 

xolo 
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ఈܨ =
଴ܨ

ߙݏ݋ܿ
 , 

 

sadac: ܨ଴ aris Zalis modebis perpendikularuli 

kveTis farTobi 

 

ܵ௡ = ൬
ܲ
଴ܨ

൰  .ߙݏ݋ܿ 

 

normaluri Zabva ܨఈ kveTSi iqneba: 

 

ܵ = ൬
ܲ
଴ܨ

൰ ܿݏ݋ଶߙ , 

 

xolo mxebi Zabva iqneba: 

 

ݐ =
ܲ
଴ܨ

ߙݏ݋ܿ  ∙ ߙ݊݅ݏ =
1
2

 
ܲ
଴ܨ

 .ߙ2݊݅ݏ 

 

normaluri Zabvebi ori saxisaa: gamWimavi (dadebiTi) da 

mkumSavi (uaryofiTi). 

 

meqanikuri maxasiaTeblebis gansazRvrisas  sargeblo-

ben WeSmariti da fardobiTi Zabvebis cnebiT. Tu Zab-

vebi gamoTvlilia drois mocemul momentSi ௜ܲ dat-

virTvis sxeulis ganivkveTis sawyis ܨ଴ farTobTan 

fardobiT, am Zabvas pirobiTi ewodeba, xolo Tu Zabva 

gamoiTvleba rogorc drois mocemul momentSi ௜ܲ 

datvirTvis imave momentSi kveTis ܨ௜ farTobTan far-

doba, maSin aseT Zabvas WeSmariti Zabva ewodeba. Zab-

vebis aRsaniSnavad xSirad gamoiyeneba aRniSvnebi:  
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WeSmariti ZabvebisTvis: S-normaluri, t-mxebi, xolo 

pirobiTi ZabvebisaTvis: σ-normaluri, τ-mxebi. 
 

sxeulze garkveuli sididis gare datvirTvis modebi-

sas xdeba misi deformireba. am dros icvleba sxeu-

lis forma da zomebi. deformaciebs, romlebic Zabvis 

moxsnisTanave qreba, ewodeba drekadi deformacia, 

xlo Zabvebis moxsnis Semdeg SenarCunebul deforma-

ciebs_narCeni. narCen deformaciebs romlebic rRvevis 

gareSe (rRvevis datvirTvaze naklebi datvirTvisas) 

warmoiSoba plastikuri deformacia ewodeba. 

 
liTonuri masalebisagan damzadebuli manqanebis de-

talebisa da konstruqciebis elementebi, maTze mode-

buli gare Zalebis moqmedebiT deformirdeba. maTi 

meqanikuri Tvisebebi ganisazRvreba im unariT, rogo-

radac iReben isini garegan datvirTvas, anu rogor 

winaaRmdegobas uweven deformaciasa da rRvevas.  

 

liTonis deformirebis procesis stadiebis Tvalsa-

CinoebisTvis, sqematurad ganvixiloT sxeulSi mim-

dinare deformaciis diagrama TandaTan mzardi 

datvirTvisas. aseTi diagrama, Cveulebriv, sur. 23-is 

Sesabamisad, Zala-deformacis koordinatebSi aigeba.  

 

gaWimvis diagrama ܲ − ∆݈ RerZTa sistemaSi, faqtobrivad, 

mocemuli masalidan damzadebuli nimuSis meqanikur ma-

xasiaTeblebs aRwers. Zalis erTi da imave mniSvnelobisas 

nimuSis wagrZeleba mis grZivkveTebsa da ganivkveTebzea 

damokidebuli. nimuSis geometriuli zomebis gavlenis 

gamoricxvisaTvis masalis meqanikuri maxasiaTeblebis misa-

Rebad, gaWimvis diagrama aigeba ߪ − -fardobiT koor ߝ
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dinatebSi. sxvadasxva zomis nimuSebis gamocdis Sedegebis 
Sesadareblad mizanSewonilia kavSiris dadgena absolu-

tursa da fardobiT sidideebs Soris. anu σ pirobiT Zabva-

sa  da ε fardobiT wagrZelebas Soris. 
 

 
 

sur. 23. deformaciis procesis sqema gaWimvaze       

          gamocdisas: 

      I. drekadi deformaciebi; II. drekad-plastikuri         

       deformaciebi; III. rRveva. 

      1. calkeul marcvlebSi plastikuri deformaciebis            

   dasawyisi; 
      2. masobrivi plastikuri deformaciebis dasawyisi; 

      3. rRvevis dasawyisi      

 

P datvirTvidan Zabva σ-ze  da ∆l absoluturidan ε fardo-
biT wagrZelebaze gadasvlisas, Cveulebriv, gaWimvis 

procesSi, ugulebelyofilia nimuSis ganivkveTis farTobis 

cvlileba da yelis warmoqmnis Semdeg_mis samuSao sig-

rZeze deformaciis araTanabari ganawileba. σ gamoiTvleba P 
datvirTvis nimuSis ganivkveTis pirvelsawyis farTobTan 

fardobiT, xolo ε_nimuSis absoluturi wagrZelebis mis 

pirvelsawyis  ݈଴ sigrZesTan fardobiT. Sesabamisad, isini 

ase gamoisaxebian:  
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ߪ =
ܲ
଴ܨ
 

   

da 

 

ߝ = ∆௟
௟బ

 , 
 

sadac: P aris gamWimavi datvirTva; 
              F0  –nimuSis sawyisi ganivkveTis farTobi; 

       ∆݈ –nimuSis absoluturi wagrZeleba;  

               l0_nimuSis saangariSo sigrZe gamocdamde. 

 

aseTi gziT miRebul diagramas uwodeben pirobiTi Zabvebis 

diagramas. Tavisi xasiaTiT igi ar gansxvavdeba ∆l_P 
koordinatebSi agebuli diagramisagan. P da ∆l sidideebi, 

mocemuli pirobebisaTvis, mudmiv sidideebze iyofian. amde-
nad, isini σ-isa da ε-gan mxolod masStabiT gansxvavdebian. 

P - ∆l koordinatebidan ߪ – ε koordinatebze gadasvlisas 

diagramis saxe ar icvleba. icvleba mxolod masStabi.  

 

gansaxilveli deformaciis diagramas ori damaxasi-

aTebeli  ubani aqvs: I-l ubanze, datvirTvis sawyis 

stadiaze, gansazRvrul datvirTvamde, deformacia 

sworxazovani kanoniT izrdeba. ubani vrceldeba im 

momentamde, sanam, nimuSze modebuli datvirTvis mox-

snis  Semdeg, nimuSi sawyis zomebs daibrunebs, anu 

nimuSis sawyis saangariSo sigrZeze datvirTva gav-

lenas ver axdens; II ubanze Zalasa da deformacias 

Soris damokidebuleba mrudxazovani xdeba. e.i. nimuSi 

drekad da plastikur deformaciebs erTdroulad 

ganicdis. meore stadiaze, datvirTvis moxsnis Semdeg, 

deformaciis drekadi nawili gaqreba da deformaciis 

mxolod plastikuri nawilis sidide darCeba. III. 
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deformaciis mrudi arsebobas wyvets im momentSi, ro-
desac sxeulis mTlianobis myisieri rRveva da, aqedan 

gamomdinare, datvirTvis Zalian swrafi moxsna xdeba.  

 

Zabvebis mniSvnelobebi, romelTa drosac mxolod 

drekadi deformaciebi warmoiqmneba, ߪ௉ proporci-

ulobis zRvriT  ganisazRvreba. igi im datvirTvas Se-

esabameba, romlis sididemdec hukis kanoni moqmedebs.  
datvirTvis am areSi liTonis yvela marcvali mxo-

lod drekadad deformirdeba, xolo mTlianad nimuS-

Si sruldeba hukis kanoni: deformacia Zabvis propor-

ciulia (aqedan gamomdinareobs zRvris dasaxelebac). 

 
drekad da plastikur mdgomareobebs Soris mkveTri 

sazRvari ar arsebobs. Ees ki imas niSnavs, rom ߪ௉ da, 

garkveuli xarisxiT plastikuri deformaciis gamom-

wvevi σ0,2 Zabvebis intervalSi SesaZlebelia rogorc 

drekadi, ise plastikuri deformaciebi. sanam yvela 

kristalur marcvalSi dislokaciebi uZravia, defor-

macia drekadia. Zabvebis gazrdisas plastikur mdgoma-

reobaSi gadasvla datvirTvis iseT intervalSi Sei-

niSneba, romelSic dislokaciebis moZraoba (Sesabami-

sad, plastikuri deformacia) mxolod calkeul kris-

talur marcvalSi xdeba, xolo danarCenSi realizde-

ba drekadi deformaciis meqanizmi. rodesac sxeulis 

calkeul marcvalSi dislokaciebis moZraobisaTvis 

aucilebeli pirobebi Seiqmneba, isini plastikurad 

deformirebas iwyeben. dasawyisSi aseTi marcvlebis 

saerTo wili mcirea da nimuSis mTlian deformacias 

ver iwvevs.  am dros gaWimvis diagramaze swori xazis 

gamrudeba da denadobis baqanTan mierTeba iwyeba. 
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Zabvas, romlis drosac makrodeformaciis pirveli 

niSnebi gamovlindeba, drekadobis pirobiTi zRvari 

ewodeba. mis aRniSvnaSi indeqsi narCeni deformaciis 

im sidides uCvenebs, romlis mixedviTac drekadobis 

zRvari ganisazRvra (mag., ߪ଴,଴ଵ,  .(଴,଴ହߪ

 

Zabva, romlis drosac plastikuri deformacia ukve  

meti xarisxiT gamovlindeba denadobis pirobiT 

zRvrad iwodeba. praqtikaSi yvelaze xSirad igi nar-

Ceni deformaciis 0,2%-iT ganisazRvreba da  ߪ଴,ଶ-iT 

aRiniSneba.  

 

formalurad, drekadobisa da denadobis zRvrebs Soris 

sxvaoba, drekad da plastikur mdgomareobebs Soris ”saz-

Rvrebis” zust dadgenasTanaa dakavSirebuli. swored pro-

porciulobis an drekadobis zRvrebi mianiSneben aradre-

kadi Tvisebebis da daRlilobis zRvrebis gamovlenaze. 

aRsaniSnavia, rom Termuli damuSavebiT SeiZleba dreka-

dobis zRvris gazrda, denadobis zRvris Seucvlelad. Ees 

ki  imaze  miuTiTebs,  rom am zRvrebis sidideebi sxva-

dasxva procesebiT ganisazRvreba.   

 
plastikuri mdgomareoba maSin damyardeba, rodesac 

dislokaciebis moZraoba SesaZlebeli iqneba nimuSis 

yvela marcvalSi. dislokaciuri struqturis srulad 

gadawyobis Semdeg (plastikuri deformaciis dasasru-

li), liToni drekad mdgomareobas ubrundeba, magram 

Secvlili drekadi TvisebebiT. radgan plastikuri 

deformacia drekadi deformaciis fonze mimdinare-

obs, amitom plastikuri mdgomareoba, xSirad, drekad-

plastikurad iwodeba, magram yvelaze xSirad termini 

”drekad-plastikuri” gardamaval ares miekuTvneba, 

rodesac wydeba drekadi deformacia da plastikuri 
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deformaciebis procesebi iwyeba. Zalian xSirad dre-

kad da plastikur mdgomareobebs Soris ”sazRvrad” 

(miaxloebiT) denadobis pirobiT zRvars_ߪ଴,ଶ-s_iReben. 

zRvrebis warmodgenili aRniSvnebi statikur erTRer-

Za gaWimvas Seesabameba. kumSvaze, Runvaze da grexaze 

gamocdebisas, zRvrebi ganisazRvreba analogiuri 

mniSvnelobebiT.G 

ganxiluli mrudi damaxasiaTebelia iseTi masalebi-

saTvis, romlebic drekadidan plastikur mdgomare-

obaSi mdovred gadadian. sxvadasxva masalis gamocdi-

sas gaWimvis ufro rTuli mrudebis miRebac aris Se-

saZlebeli. sur. 24-is Sesabamisad, maTi saxe damoki-

debulia gamosacdeli masalis bunebaze, gamocdis 

siCqareze, temperaturaze da sxv. 

 
sur. 24. Zabva_deformaciis mrudebi  

 

arsebobs liTonebi da Senadnobebi plastikur mdgo-

mareobaSi gadasvlis aSkarad gamosaxuli horizon-

taluri monakveTiT. isini xasiaTdebian denadobis ara 

pirobiTi, aramed fizikuri zRvriT. denadobis fizi-

kuri zRvris miRwevisas Zabvis mcired gazrda nimuSis 

mkveTr wagrZelebas iwvevs, TiTqos liToni miedineba 

(aqedan zRvris dasaxelebac).  
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4.4 denadobis kbili da denadobis baqani 
 

zogierTi masalisaTvis damaxasiaTebelia, e.w., dena-

dobis kbili da denadobis baqani. sur. 24a-s Sesaba-

misad, denadobis kbilis Semdeg plastikuri defor-

maciis zrda, praqtikulad, modebuli datvirTvis 

sididis ucvlelad, TiTqmis horizontalur monakveT-

ze xdeba. gaWimvis diagramaze abscisis paralelur 

ubans denadobis baqani ewodeba. denadobis baqnis 

mTel sigrZeze masala, TiTqmis, sruliad plastiku-

ria. denadobis   baqani, e.w., denadobis zRvars, anu im 

Zabvas gansazRvravs, romelic nimuSis samuSao nawil-

ze narCen deformacias iwvevs. gamocdis am stadiaze 

plastikuri deformacia nimuSis masalis mTlian 

moculobaSi vrceldeba. nimuSi (datvirTvis praqtiku-

lad ucvlelobisas) mniSvnelovan narCen deformacias 

iRebs. masalis unars, deformirdes mudmivi datvir-

Tvisas, denadoba ewodeba. denadobis baqnis sigrZem 

SeiZleba saerTo deformaciis 1%-s miaRwios.  

 

denadobis kbilis arseboba ganpirobebulia minarevi 

atomebis TavmoyriT dislokaciebis siaxloves da ma-

Ti gadaadgilebis SezRudviT. sur. 25-is Sesabamisad, 

TavmoyriliMminarevi atomebidan dislokaciebis mo-

sawyvetad ufro didi Zabvaa saWiro, vidre liTonSi 

maTi Semdgomi gadaadgilebisaTvis. Zabvas kbilis 

wverze, denadobis zeda zRvari ewodeba, xolo Zabvis 

sidides baqanze_denadobis qveda zRvari anu denado-

bis fizikuri zRvari.  
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sur. 25. ”denadobis kbili” denadobis baqnis win  
 

realuri polikristaluri liTonebisaTvis ߪ௉-s da 

 ௘_s gansazRvra mniSvnelovan meTodur sirTuleebTanߪ
aris dakavSirebuli. am dros saWiroa Zalian mcire 

sididis deformaciebis dafiqsireba. praqtikaSi ufro 

xSirad iseTi masalebisaTvis, romlebsac diagramaze 

ar aqvs denadobis baqani an denadobis kbili, denado-

bis pirobiTi ߪ଴,ଶ zRvari ganisazRvreba. misi sidide 

nimuSis samuSao sigrZis 0,2%-ian deformacias Seesa-

bameba. im SemTxvevaSi, rodesac Senadnobs gaWimvis 

diagramaze denadobis baqani aqvs, denadobis   ߪௌ zRva-

ri (fizikuri) ganisazRvreba. am dros pirobiTi Zabva 

im umciresi datvirTvis tolia, romelzec nimuSis 

deformacia datvirTvis ucvlelad xdeba. denadobis 

kbilis SemTxvevaSi izomeba σsqv. denadobis qveda da 

σszed.  denadobis zeda zRvrebi.  
 

sur. 26-is Sesabamisad, gamosacdeli masalis Sedgenilo-

baze, struqturaze, nimuSis formaze, gamocdis pirobebze, 

sacdeli manqanis sixistesa da sxvaze damokidebulebiT, 

eqsperimentuli kvlevebisas, SesaZlebelia sxvadasxva for-

mis denadobis kbilisa da denadobis baqnis miReba.  
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sur. 26. denadobis zeda da qveda zRvrebis formis   

          magaliTebi 

 

zogjer denadobis zRvris Sesabamis Zabvebze plasti-

kuri masalebis nimuSi talRisebrad deformirdeba. 

dasawyisSi warmoiqmneba kveTis adgilobrivi Seviwro-

eba, romelic Semdeg gadadis mezobel moculobaze 

da es procesi viTardeba manam, sanam aseTi talRis 

gavrcelebis Sedegad denadobis baqnis Sesabamisi  

saerTo Tanabari wagrZeleba ar moxdeba. 

 

polikristalur masalebSi denadobis ߪௌ qveda zRvari masa-
lis marcvlis zomebzea damokidebuli da igi holi-petCis 

Semdegi TanafardobiT gamoisaxeba: 

 

ௌߪ = ଴ߪ + ௄
√ௗ
, 

 

sadac: 0 aris makrodrekadobis zRvari, anu Zabva, romelic     

       axasiaTebs plastikuri deformaciis winaRobas kris-  

       taluri gisosisa da gisosis defeqtebis mxridan.  

       _masalis individualuri mudmiva marcvalTsasazR- 

       vro ganmtkicebis koeficientia, romelic saerTo 

       ganmtkicebaSi marcvlis sazRvrebis Senatans axa- 

       siaTebs. mas holi-petCis koeficientsac uwodeben,  

               d–marcvlis saSualo zoma polikristalur    

       masalaSi. 
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-gamocdis gansazRvruli temperaturis da deforma ܭ ଴  daߪ

ciis siCqarisaTvis masalis mudmivebia. mudmiva 0 ganixi-
leba rogorc marcvlis SigniT aucilebeli Zabva, xolo 

Sesakrebi 
௄

√ௗ
 _ rogorc Zabva, romelic saWiroa macvalTsa-

sazRvro dislokaciebis wyaroebis moqmedebaSi mosayvanad. 

 

gantolebidan Cans, rom, rac ufro mcirea  marcvlis zoma, 

miT ufro maRalia misi denadobis zRvari. am damoki-

debulebis safuZvels plastikuri deformaciis disloka-

ciuri meqanizmi warmoadgens: moZravi dislokaciisaTvis 

marcvlis sazRvrebi efeqtur barierebs warmoadgens.  

ganviTarebuli sazRvrebi xels uSlis dislokaciebisa da 

srialis xazebis gavrcelebas, marcvlebis gaWimvas da 

deformaciis adreul stadiaze mikrobzarebis warmoqmnas. 

rac ufro mcirea marcvlis zoma (igi  SeiZleba 

santimetris ramdenime meaTasedidan ramdenime meaTedis 

toli iyos), miT ufro xSiria es barierebi mosriale 

dislokaciis gzaze da, Sesabamisad, miT ufro meti Zabvaa 

saWiro plastikuri deformaciis sawyis stadiaze. e. i. 

marcvlis dawvrilmanebasTan erTad izrdeba denadobis 

zRvari (masalebis wvrilmarcvlovnoba sasurvelia, rad-

gan wvrilmarcvlovani liTonis meqanikuri Tvisebebi uke-

Tesia, vidre msxvilmarcvlovnisa. garda amisa, wvrilma-

rcvlovani liToni naklebad myifea). denadobis zRvrisa 

da marcvlis zomis urTierTdamokidebulebis sakiTxi 

umniSvnelovanesia polikristaluri masalebis ganmtki-

cebis TeoriaSi. marcvlis zomebis cvlis sxvadasxva meTo-

di arsebobs, romlebic farTod gamoiyenebian liTonebisa 

da Senadnobebis meqanikuri Tvisebebis marTvis saqmeSi. mar-

cvalTsasazRvro ganmtkicebis bunebis kvleva didi xania 

inarCunebs mecnierulsa da praqtikul aqtualurobas. kano-

ni moqmedebs iseTi polikristaluri masalebisaTvis, 

romelTa marcvlis zoma 1 mkm-s aRemateba. nanomasa-
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lebisaTvis,  romelTa marcvlis zomebi ramdenime aTeuli 

nanometria, mocemuli kanoni ama Tu im zomiT irRveva.  

 

foladis muSaobis unari mniSvnelovnadaa damokidebuli 

simtkiceze, marcvlebs  Soris sakontaqto zedapirebsa da 

SuaSreze. feritis calkeul marcvlebSi deformaciebi 

mniSvnelovnad ufro adre iwyeba, vidre nimuSSi Zabvebi 

denadobis zRvars miaRwevdes (aqedan gamomdinare, farTo 

gagebiT, foladis drekadobis moduli mudmivi sidide ar 

aris). magram am deformaciebis ganviTarebas zRudavs 

sakontaqto zedapirebis (ufro mtkice, vidre TviT 

marcvalia) winaaRmdegobebi, marcvalTSorisi SuaSre da 

perlituri CanarTebi. proporciulobis zRvris miRwevis 

Semdeg, plastikuri deformaciis mdgomareobaSi gadasuli 

marcvlebis ricxvi imdenad didi xdeba, rom maTi gavlena 

gaWimvis diagramis daxrilobas mniSvnelovnad cvlis.  

 

denadobis zRvarze, dabalnaxSirbadian  da daballegi-

rebul foladebSi, perlitis CanarTebisa da sakontaqto 

zedapirebis winaaRmdegobis unari mcirea. misi milevis 

Semdeg, feritis marcvlebSi kristalTSorisi winaaRmde-

gobebis Semakavebeli gavleniT dagrovebuli energia iwyebs 

gamovlinebas. moxdeba saerTo Zvra da Sedegad warmo-

iqmneba denadobis baqani. denadobis baqnis mTel sigrZeze 

foladi TiTqmis sruliad plastikuria. denadobis baqnis 

arseboba ganpirobebulia srialis erT zolSi dawebuli 

deformaciis sxva ubnebze TanmimdevrobiTi gavrcelebiT. 

foladis drekadobidan plastikurobaSi aseTi mkveTri 

gadasvlis mizezi mdgomareobs foladis struqturis Se-

madgeneli komponentebis gavlenis TaviseburebaSi (feritis 

maRal plastikurobaSi, perlitisa da cementitis 

drekadobaSi).   

 
Cveulebriv, p/s Tanafardoba ≈0.8-is tolia. wvrilmar-

cvlovan foladebSi es Tanafardoba gacilebiT metia da, 
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zog SemTxvevaSi, denadobis kbilis arsebobisas, erTs uax-

lovdeba. aseTi foladebi didi cdomilebis gareSe SeiZ-

leba gaigivdes idealur drekad-plastikur sxeulTan, 

romelic sruliad drekadia denadobis zRvramde da sru-

liad plastikuria denadobis zRvris Semdeg. aseTi gaigi-

veba mniSvnelovnad amartivebs gaangariSebebs da foladis 

muSaobis zRvrebis analizs. aRniSnuli daSvebisas,  erT-

RerZa daZabuli mdgomareobis SemTxvevaSi, plastikur sta-

diaze gadasvla xdeba maSin, rodesac normaluri Zabvebi 

denadobis zRvris sidides miaRwevs. xolo mravalRerZa 

datvirTvisas, igi ara erTi Zabvis, aramed plastikurobis 

pirobebis damaxasiaTebeli Zabvebis funqciebzea damoki-

debuli. 

denadobis procesSi, nimuSis gaprialebul zedapirze, 

nimuSis RerZis mimarT ≈45°-iani kuTxiT daxrili xa-

zebi (lokalizebuli srialis zolebi) SeiZleba gaCndes.  

sur. 27-is Sesabamisad, es xazebi mxebi ZabvebiT gamow-

veuli kristalebis urTierTmimarT Zvrebis kvals 

warmoadgens da maT liuders-Cernovis xazebs uwo-

deben. 

 
sur. 27. Zvris xazebi (liuders-Cernovis xazebi) 
  
sur. 24 b, g, d-s Sesabamisad, Senadnobebis udidesi 

umravlesobis gaWimvis mrudebze es ubani ar aisaxeba 

aseTi SenadnobebisaTvis, drekadobis zRvris gada-

laxvis Semdeg, nimuSis samuSao nawilze plastikuri 

deformacia datvirTvis monotonuri zrdiT xdeba. 
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Tu drekad-plastikuri deformirebis romelime stadi-

aze datvirTvas movxsniT, maSin diagramaze gantvirT-

vis monakveTi drekadobis pirvelsawyisi sworxazova-

ni ubnis paraleluri xaziT gamoisaxeba (radgan dat-
virTvis moxsniT mxolod drekadi deformacia qreba). gam-
Wimavi Zabvis ganmeorebiT modebisas deformaciis mru-

di imave xaziT gaagrZelebs svlas (drekadi deformaci-

is mateba). sur. 28-is Sesabamisad, Zabvis sididis gant- 
virTvis pirvelsawyisi mniSvnelobis  miRwevis Semdeg 

mrudi imave mimarTulebiT gaagrZelebs svlas, romli-

Tac is wavidoda Sualeduri gantvirTvis gareSe.   

 

 
 

sur. 28. deformaciis ganviTarebis mimarTulebebi Zabva-de-   

        formaciis mrudze, drekad-plastikur stadiaze,    

        Sualeduri gantvirTvisa da Semdegi datvirTvisas 

 

plastikuri deformacia vlindeba mzardi datvir-

Tvisas. am dros liToni civWedviT ganmtkicdeba. Sem-

dgomi datvirTvebisas drekad-plastikuri deformacia 

da, masTan erTad, civWedvac sul ufro izrdeba da 

Tanabrad nawildeba nimuSis mTlian moculobaSi.  

 

detalurad ganvixiloT sur. 24 b-ze warmodgenili,  

e.w. gaWimvis pirobiTi da WeSmariti mrudebi.  
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sur. 29. gaWimvis pirobiTi da WeSmariti mrudebi  

 

rogorc zemoT iyo aRniSnuli, gaWimvisas nimuSi 

grZeldeba, xolo misi ganivkveTi uwyvetad mcirdeba. 

WeSmariti Zabva ganisazRvreba gansazRvrul momentSi 

arsebuli datvirTvis ganivkveTis im farTobTan far-

dobiT, romelic nimuSs mocemul momentSi eqneba. Tu 

gaWimvis dasasruls nimuSs adgilobrivi Seviwroeba 

axlavs, maSin datvirTva rRvevisas ufro naklebia, 

vidre rRvevis win, nebismier momentSi. yelis war-

moqmna gansazRvravs nimuSis saangariSo nawilis Tana-

bari deformaciidan Tavmoyril deformaciaze 

gadasvlis moments. am momentidan nimuSis ganivkveTis 

cvlileba mniSvnelovani xdeba. am monakveTze datvir-

Tvis Sefardeba nimuSis ganikveTis farTobis ara 

sawyis, aramed yovel mocemul momentSi nimuSis gani-

vkveTis farTobis sididesTan, iZleva WeSmariti Zabve-

bis mniSvnelobebs. es Zabvebi, bunebrivia, gansxvav-

deba pirobiTi Zabvebisagan da gansxvavdeba miT ufro 

metad, rac ufro plastikuri iqneba masala (rac ufro 

Zlier icvleba nimuSis ganivkveTi sawyis ganivkveTTan 

SedarebiT).  
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mizanSewonilia ganvasxvavoT pirobiTi da WeSmariti 

deformaciebic. nimuSis sigrZis cvlilebis fardoba 

sawyis sigrZesTan fardobiT wagrZelebas, xolo 

yovel mocemul momentSi sigrZis cvlilebis  im 

sigrZesTan fardoba, romelic eqneba nimuSs mocemul 

momentSi, WeSmarit wagrZelebas gviCvenebs.  

 

Zabvis WeSmariti diagrama warmoadgens gaWimvis diag-

ramas, romlis ordinatazec gadazomilia Zabva (igi 
miiReba mocemuli momentisaTvis modebuli Zalis fardo-

biT nimuSis ganivkveTis umcires farTobTan), xolo 

abscisaze_datvirTvis mocemuli momentisaTvis_udide-

si wagrZeleba. 

 

rRvevis WeSmariti simtkice  ܵி aris maqsimaluri Zab-

va, romelic nimuSis rRvevis momentSi ிܲ datvirTvis 

ganivkveTis minimalur ܨிfarTobTan fardobiT gani-

sazRvreba:         

ܵி = ிܲ

ிܨ
 

                                          

pirobiTi ߪ௉, -ௌ sidideebi, praqtikulad, ar ganߪ ௘ daߪ

sxvavdeba WeSmariti  ߪ௉, ௘ߪ   da ߪௌ sidideebisgan, vinai-

dan, deformaciis simciris gamo, nimuSis ganivkveTi 

praqtikulad ar icvleba, anu ܨ ≅ ଴ܨ . gaWimvis WeSma 

rit diagramaze, ܵா wertilis Semdeg, Zabvis Semcireba 

ar SeiniSneba, radgan ganivkveTis farTobi nimuSis 

yelSi ufro swrafad mcirdeba, vidre datvirTva. aqe-

dan gamomdinare, saSualo Zabva am adgilze izrdeba.  

gaWimvis pirobiTi da WeSmariti Zabvebis diagramebs 

Soris mniSvnelovani gansxvaveba mxolod yelis war-
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moqmnis Semdeg SeiniSneba. plastikuri deformaciebi 

Tavs iyris nimuSis  yelSi.  Sesabamisad, liTonis 

civWedvis efeqti aq gawyvetis momentamde izrdeba da 

miuxedavad datvirTvis Semcirebisa, gamWimavi Zabvebi 

yelSi iqamde matulobs, sanam nimuSi ar gawydeba.  

  

gaWimvisas daZabuli mdgomareobis simartive (erTRer-

Zuloba) narCundeba mxolod yelis warmoqmnamde. yel-

is warmoqmnis Sedegad, Zabvis ganawileba ganivkveTSi 

araTanabari xdeba, masalis marcvlebi ki am adgilze 

ara mxolod grZivi, aramed radialuri da wriuli mi-

marTulebebiTac iWimeba. Sedegad, yelis SigniT ganivi 

bzari warmoiqmneba da nimuSis mTlianoba irRveva. 

 

yoveldRiur praqtikaSi sargebloben pirobiTi Zabve-

biT (WeSmariti Zabvebi ar ganisazRvreba). iTvleba, rom 

nimuSis gamocdis procesSi misi sawyisi ganivkveTi  ܨ଴  

”ucvleli” rCeba. aqedan gamomdinare, simtkicis maxa-

siaTeblebis gamoTvla xdeba Sesabamisi datvirTvebis 

nimuSis ganivkveTis sawyis farTobTan fardobiT.  

 

praqtikulad, yovelive zemoT aRniSnulis gaTvalis-

winebiT, deformaciis mTeli procesi SeiZleba daiyos 

TanmimdevrobiT mimdinare sam stadiad. esenia:  

a) drekadi deformaciis stadia (romelzec Zalasa 

da deformacias Soris damokidebuleba hukis 

kanoniT ganisazRvreba); 

b) drekad-plastikuri deformaciis stadia (Zala-

sa da deformacias Soris damokidebuleba gani-

sazRvreba mrudiT, romlis xasiaTi masalis 

Tvisebebze, datvirTvis modebis pirobebsa da 
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deformaciis diagramis koordinatebis SerCevazea 

damokidebuli);  

g) rRvevis stadia. 

 

deformaciis procesis aseTi dayofa pirobiTia, rad-

gan am stadiebis erTmaneTisgan mkafiod gamijvna 

SeuZlebelia. ase magaliTad, Zalasa da deformacias 

Soris praqtikulad sworxazovani damokidebulebis 

ubanze, makroskopulad drekad areSi, metalogra-

fiuli da rentgenuli meTodebiT SesaZlebelia, 

plastikurad deformirebuli calkeuli marcvlebis 

gamovlena polikristalur sxeulebSi. deformaciis 

aseTi araerTgvarovneba SenarCunebulia plastikur 

areSic. aq, srul rRvevamde didi xniT adre, sxeulis 

zedapirze, rRvevis calkeuli bzarebi SeiniSneba. 

miuxedavad aRniSnulisa, deformaciis procesis 

zemoT moyvanili dayofa misaRebia, radgan, meqnikuri 

datvirTvebisas, es dayofa masalis qcevis ZiriTadi 

kanonzomierebebis gamijvnis SesaZleblobas iZleva.  

 

zogadad, idealurad drekadi da plastikuri sxe-

ulebi bunebaSi ar arsebobs. yovelgvar drekad 

deformacias Tan axlavs Tundac usasrulod mcire 

sididis plastikuri deformacia. sxeulis sruli de-

formacia yovelTvis drekadi da plastikuri defor-

maciebis mdgenelebisagan Sedgeba. 

 
drekadad deformirebis pirdapiri Sedegi konstruqciebisa 

da bunebrivi obieqtebis drekadi deformaciebia. igi advi-

li aRmosaCenia. mag., matareblis liTonis xidze moZra-

obisas drekadi deformaciis Sedegi xidis ZagZagiT aisa-

xeba. xandaxan SeiZleba gavigonoT Tu rogor wkarunobs 
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karadaSi WurWeli quCaze mZime satransporto saSuale-

bebis gavlisas. yvela simebiani instrumentis drekadi rxe-

vebi, ase Tu ise, haeris nawilakebis rxevebad (bgerebad) 

gardaiqmneba. miwisZvra iwvevs dedamiwis qerqis drekad 

rxevebs. Zlieri miwisZvrisas, drekadi deformaciis garda, 

plastikuric aRiZvreba, xolo zogjer dedamiwis qerqs 

bzarebic uCndeba. SeiZleba iTqvas, rom nebismieri defor-

maciis procesSi yovelTvis warmoiqmneba drekadi deforma-

cia. drekadi deformaciebi sididiT 1 %-ze naklebia, xolo 

plastikuri deformaciebi_5 – 10 % da meti. amitom, Cve-

ulebrivi warmodgena deformaciaze plastikur deforma-

cias gulisxmobs. simciris miuxedavad, drekadi defor-

maciebi teqnikaSi mniSvnelovan rols asrulebs. kosmosuri 

xomaldebis, avialainerebis, wyalqveSa navebis, tankerebis 

da a.S. gaangariSeba simtkiceze, pirvel rigSi, nakeTobebis 

saeqspluatacio datvirTvebisas warmoSobili mcire dreka-

di deformaciebis mecnierul analizs warmoadgens. 

4.5 narCeni Zabvebi 
 

rogorc zemoT iyo aRniSnuli, gare Zalebis moqme-

debisas sxeuli deformirdeba da daZabul mdgoma-

reobaSi gadadis.  drekadi deformaciisas Zalebis 

moxsnis Semdeg misi daZabuli mdgomareoba qreba, 

xolo drekad-plastikurad deformirebisas inarCu-

nebs, e.w. narCen daZabulobas.   

   

sxeulSi narCeni daZabulobis warmoqmnis mizezi  

plastikuri deformaciis ganawilebis araTanabrobaa. 

polikristalur sxeulSi, calkeuli marcvlis mou-

wesrigebeli ganlagebis gamo, sxeulis moculobis 

araerTgvarovani plastikuri deformacia viTardeba. 

erTmaneTis momijnave marcvlebi sididiT da mimar-
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TulebiT sxvadasxvanarad deformirdeba da narCeni 

Zabvebis warmoqmnas iwvevs. narCeni Zabvebi pirobiTad 

Semdeg saxeebad iyofa: 

a) I gvaris narCeni Zabvebi. Zabvebi, romlebic 

aRiZvreba sxeulis msxvil zonebs Soris 

(sxeulis makroskopuli moculobebis zRvrebSi); 

b) II gvaris narCeni Zabvebi. Zabvebi, romlebic  

momijnave marcvlebs Soris da marcvlis 

SigniT aRiZvreba (sxeulis mikroskopuli mocu-

lobebis zRvrebSi); 

   g) III gvaris narCeni Zabvebi. Zabvebi aRZruli sxeu-    

      lis Siga moculobaSi, ramdenime kristaluri 

      gisosis Semcvel moculobaSi. 

 

nebismieri narCeni Zabva xasiaTdeba erTi da imave  

bunebiT. polikristalur sxeulSi, marcvlebis kris-

taluri gisosis wonasworobis darRvevisas, warmo-

iqmneba daZabuli mdgomareoba. imis gamo, rom defor-

mirebuli kristaluri gisosi yoveli mxridan Seviw-

roebas ganicdis garemomcveli masalisagan, gare 

Zalebis moxsnis Semdeg sawyis_wonasworul mdgoma-

reobas ver ubrundeba. am dros sxeulSi  warmoqmnil 

Zabvebs narCeni Zabvebi ewodeba. aseTi Zabvebis integ-

rireba iwvevs ramdenime kristaluri gisosis zRvreb-

Si  III gvaris, ramdenime marcvlis zRvrebSi II gvaris, 
xolo makromoculobaSi I gvaris Zabvebis warmoqmnas. 
  
narCeni Zabvebis kvleva, ZiriTadad, rentgenografiuli 

meTodiT xdeba. igi saSualebas iZleva Sefasdes marcvlis 

kristaluri gisosis damaxinjebis xarisxi da amis mixed-
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viT ganisazRvros narCeni Zabvebi raodenobrivad. narCeni 

Zabvebis makroskopuli ganawilebis Seswavla meqanikuri 

meTodebiT xdeba. igi Seiswavleba masalaTa gamZleobis 

kursSi gamoyenebuli daZabuli da deformirebuli mdgo-

mareobis Sefasebis saerTo meTodebiT. Cven (mokled) 

ganvixilavT mxolod narCeni Zabvebis gansazRvris meqani-

kur meTodebs. masalaSi gare ZalebiT gamowveuli daZabu-

li da deformirebuli mdgomareoba ganixileba masalaTa 

gamZleobis kursSi  im samuSao hipoTezebis gaTvaliswi-

nebiT, romlebic realuri Tvisebebis gasaSualebis ufle-

bas iZleva: 

I hipoTeza. calkeuli masalisaTvis sxeuli iTvleba 

sruliad drekadad gansazRvrul garkveul zRvramde (e.i. 

mxedvelobaSi ar miiReba am zRvramde aRZruli umniSvnelo 

sididis plastikuri deformacia);  

II hipoTeza. sxeuli mTel moculobaSi (maT Soris 

usasrulod mcire, elementarul moculobaSic) erTgvaro-

vnad da izotropulad iTvleba; 

III hipoTeza. masala avsebs sxeulis mTlian moculobas 

(forebisa da sicarieleebis gareSe).     

 

aRniSnuli hipoTezebi saSualebas iZleva, rom gare Zale-

bis moqmedebiT gamowveuli sxeulis daZabuli da defor-

mirebuli mdgomareoba gaanalizdes maTematikuri aparatis 

gamoyenebiT. 

 

polikristalebSi TiToeuli marcvali warmoadgens kris-

tals, romelic misTvis niSandoblivi anizotropulobiT 

xasiaTdeba. polikristalebSi marcvlebis kristalografi-

uli RerZebis orientacia, rogorc wesi, mouwesrigebelia. 

gare datvirTvebis moqmedebiT calkeul marcvalSi, maTi 

orientaciidan gamomdinare, Sesabamisi drekadi da plasti-

kuri deformaciebi aRiZvreba. deformirebuli marcvali 

zemoqmedebs mezobel marcvalze. polikristalis saerTo 

195



196 
 

deformacia calkeuli marcvlebis deformaciebis jams 

warmoadgens. marcvlebis didi raodenoba da polikris-

talSi maTi SemTxveviTi orientacia uflebas iZleva, rom 

polikristali ganxilul iqnes kvazitropul sxeulad. 

 

manam, sanam polikristaluri sxeulis deformacia mcirea, 

misi kvazitropuloba SenarCundeba. mas Semdeg rac sxeul-

Si mniSvnelovani plastikuri deformacia moxdeba, calke-

uli marcvlis kristalografiuli RerZebis mimarTule-

bebi erTmaneTs uaxlovdeba. marcvali gaiWimeba polikris-

talis deformaciis mimarTulebiT da gaxdeba anizotro-

puli sxeuli. am faqtis sailustraciod gamodgeba civnag-

lini foladis furceli. glinvis mimarTulebis gaswvriv 

da ganivad misi meqanikuri Tvisebebi erTmaneTisgan mniSvne-

lovnad gansxvavdeba.  

 

Cveulebriv, liTonis plastikuri deformaciis Semdeg yo-

velTvis SeiniSneba aratolRerZa, gaWimuli marcvlebi_teq-

stura. plastikuri deformaciis Semdeg marcvali xasiaT-

deba damaxinjebuli kristalografiuli gisosiT. igi cdi-

lobs pirvelive SesaZleblobisas Tavisi sawyisi_normalu-

ri_forma daibrunos. es movlena cnobilia rogorc mobru-

neba. plastikuri deformaciis Sedegad, Zvrisa da daoreu-

lebis sibrtyeebze dislokaciis gadaadgilebiT da Tav-

moyriT, liTonis marcvali nawevrdeba ufro mcire zomis 

nawilakebad. 

deformaciis procesSi nebismieri kristaluri masala 

ganicdis ganmtkicebas. termini deformaciuli ganmtkiceba 

(civWedva) niSnavs, rom ukve plastikurad deformirebuli 

kristalis Semdgomi plastikuri deformirebisaTvis auci-

lebelia sawyisi deformaciis gamomwvev Zabvebze ufro 

meti sididis Zabvebi. deformirebis procesSi, masalis 

deformaciuli ganmtkiceba, dnobis temperaturasTan Seda-

rebiT, sakmaod ufro dabal temperaturebze xdeba. aseT 
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SemTxvevaSi amboben, rom masalam civi plastikuri defor-

macia ganicada, anu masala deformirda ganmtkicebiT, 

ganumtkiceblobis gareSe. 

 

eqsperimentebiT dadgenilia, rom plastikurad deformire-

bisas  liTonebi (da sxva myari masalebi) sxvadasxvagvarad 

iqcevian. arsebiTi mniSvneloba datvirTvis siCqares eniWeba. 

maRal temperaturebze (zog SemTxvevaSi oTaxis tempera-

turazec ki) myari sxeulebi cocvadobis da sxva mermeqme-

debis unars avlenen. plastikurobis Teoria realuri masa-

lebis rTuli qcevebis idealizebas axdens. am mizniT igi 

sxvadasxvagvar hipoTezas eyrdnoba. gamoyenebis sxvadasxva 

sferosTvis sxeulis plastikurobis sxvadasxvagvari modeli 

gamoiyeneba. sur. 30ªa, b, g-s Sesabamisad, Cveulebriv, plasti-

kurobis TeoriaSi, Zabva-deformaciis diagramis aproqsimacia 

ori ubnisgan Semdgari sqemebiT xdeba, xolo. sur. 30 d-s 

Sesabamisad, farTod gamoiyeneba “xistad plastikuri” sqemac. 

masze drekadi deformacia (plastikur deformaciasTan Seda-

rebiT mniSvnelovni simciris gamo)  ugulebelyofilia.  

 

OA monakveTi masalis drekad mdgomareobas asaxavs, xolo 

AC plastikuri mdgomareobis Sesabamis monakveTs.   

 

 
sur. 30. ߪ −   :is damokidebulebis idealizebuli sqemebi-ߝ

        a. idealizebuli plastikuri masala; 

        b. masala xazobrivi ganmtkicebiT;  
        g. masala araxazobrivi ganmtkicebiT;  
        d. xistad plastikuri masala   
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plastikuri deformirebisas masalis daZabuli da deformi-

rebuli mdgomareoba mniSvnelovnadaa damokidebuli dat-

virTvis istoriaze. Tu M wertilSi movxsniT datvirTvas,   
maSin diagramaze gantvirTvis monakveTi drekadobis swor-

xazovani ubnis paraleluri MP xaziT gamoisaxeba. nimuSis 
gantvirTvis Semdeg, misi meorejer datvirTvisas, masalis 

drekadobis zRvris maCvenebeli, ganmtkicebis anu civWedvis 

xarjze, izrdeba (A wertilis nacvlad M wertili). M 

wertilis Sesabamisi sruli deformacia drekadi da 

plastikuri nawilebisgan Sedgeba:  ߝ = ௘ߝ + ௉ߝ .         
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Tavi V 
liTonuri masalebis meqanikuri gamocdebi 

 
5.1 masalebis gamocdis zogadi daxasiaTeba 

 
meqanikuri gamocdebi emsaxureba meqanikuri Tvisebebis 

gansazRvras, e.i. gare Zalebis moqmedebis mimarT 

winaaRmdegobis gawevis unaris gansazRvras. gamocdis 

TiToeuli saxe avlens meqanikur Tvisebebs, romlebic 

gviCveneben masalis unars gansazRvruli saxiT wina-

aRmdegoba gauwios ama Tu im Zalovan zemoqmedebas. 

meqanikuri gamocdebis meTodebi, rogorc wesi, stan-

dartebiT an uwyebrivi instruqciebiT reglamentir-

deba. maTSi mocemulia Sesabamisi gamocdis meTodi da 

terminebis zusti gansazRvrebebi. standartebSi, 

Cveulebriv, naCvenebia ZiriTadi moTxovnebi sacdel 

manqanebze, miTiTebulia nimuSis  forma da zomebi, 

gansazRvrulia meqanikuri sidideebis ZiriTadi cne-

bebi, gamocdis Catarebis da meqanikuri maxasiaTe-

blebis gaangariSebis wesi. yovelive es aucilebelia 

sxvadasxva organizaciis mier erTi da imave produq-

ciis gamocdebis Sedegebis Sesapirispireblad. gamom-

cdeli SeiZleba iyos mravali, magram gamoyenebuli 

gamocdis meTodebi unda iyos erTnairi. 

 

liTonuri masalis meqanikuri Tvisebebis Seswavli-

sas, upirveles yovlisa, aucilebelia misi makro- da 

mikroagebulebis warmodgena. garda amisa, unda Sefas-

des is daZabuli mdgomareoba, romelic iqmneba 

gamocdisas liTonSi. da bolos, aucilebelia vico-

deT sacdeli mowyobilobebis is Tvisebebi, romlebic 

meqanikuri gamocdebis Sedegebze axdenen gavlenas.  
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masalebis gamocda, ZiriTadad, manqana-mowobilobebiT 

xdeba. am dros ganisazRvreba maTi teqnologiuri da 

saeqspluatacio Tvisebebi. gamocdebi tardeba sxvada-

sxva mizniT: nedleulis Tvisebebis gansasazRvrad, 

warmoebis Sualedur etapebze naxevarfabrikatebis 

xarisxis sakontrolod, mza produqciis Sesamowmeb-

lad, samecniero kvlevebis da sxv. masalebis gamo-

cdisas gamoiyeneba kvlevis meqanikuri da fizikur-

qimiuri meTodebi. isini iyofa sakontrolo, nakeTo-

bis mTlianobis mrRvev da aramrRvev meTodebad. 

mrRvevi meTodi gamocdis obieqtis dazianebas an 

srul rRvevas iwvevs, aramrRvevi ki obieqtis 

Semdgomi gamoyenebis SesaZleblobas iZleva.  

 

masalebis gamocdis ZiriTadi meTodebia:  

a) meqanikuri: gaWimva, kumSva, grexa, Runva, dartymiTi 

Runva, Wra, sisalis gansazRvra,  daRliloba da sxva;  

b) fizikuri: elgamtarobis, Tbogamtarobis, yinvagam-

Zleobis, magnituri da sxv. Tvisebebis gansazRvra; 

g) qimiuri: qimiuri Sedgenilobis, qimiuri zemoqme-

debisadmi winaaRmdegobis unaris, kerZod, Jangvis da 

sxv. Tvisebebis gansazRvra;  

d) struqtuli: makrostruqturis, mikrostruqturis 

(liTonebisTvis metalografiuli) da kristaluri stru-

qturis (upiratesad, rentgenuli sxivebiT) gansazRvra. 

  

masalebis gamocdas SeiZleba miekuTvnos agreTve 

sxvadasxva teqnologiuri sinjebi, romelTa saSuale-

biTac mowmdeba masalis winaaRmdegobis unari 

deformaciis, temperaturuli, qimiuri da sxva zemoq-
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medebebisadmi, aseve teqnologiuri damuSavebisadmi 

daqvemdebarebis unari.  

praqtikaSi liTonuri masalebis muSaobis pirobebi 

mravalgvaria. Sesabamisad, maTi calkeuli meqanikuri 

maxasiaTeblis misaRebad aucilebelia sxvadasxvagva-

ri meqanikuri gamocda. meqanikuri gamocdebis saxeebis 

klasifikacia SeiZleba Semdegnairad: 

    1. gare zemoqmedebis xasiaTidan gamomdinare: 

      a) xanmokle gamocdebi; 

      b) xangrZlivi gamocdebi. 

    2. daZabuli mdgomareobis saxidan gamomdinare:  

      a) gamocdebi gaWimvaze, kumSvaze, Runvaze, Wra-

ze;  

      b) gamocdebi rTuli daZabuli mdgomareobis 

pirobebSi.  

    3. teqnologiuri gamocdebi:  

      a) gamocdebi plastikurobis kontrolisaTvis;  

      b) sisalis gazomva;  

      g) gamoWimvaze gamocda.  

    4. gamocdebi cvladi datvirTviT:  

      a) gamocdebi daRlilobaze;  

      b) gamocdebi statikur daRlilobaze.  

    5. dartymiTi gamocdebi:  

      a) dartymiT gaWimvaze gamocdebi;  

      b) RunviT dartymiT siblanteze gamocdebi;  

      g) ganmeorebiTi dartymebiT gamocdebi.  

    6. naturuli gamocdebi:  

      a) stendebze gamocdebi;  

      b) mza nawarmis gamocda.  
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liTonebis makromeqanikuri gamocdebisas, rogorc 

wesi, daZabul mdgomareobaze dakvirveba da gaangari-

Seba makroskopul moculobebze xdeba. yvela saxis 

meqanikuri gamocdisas, liTonis nimuSi, SesaZleblo-

bisamebr, imave gare gavlenas eqvemdebareba rogor-

sac realuri nakeToba eqspluataciisas. gamocdebiT 

miRebuli meqanikuri Tvisebebis maxasiaTeblebi piro-

biTia, vinaidan isini gamocdis pirobebzea damokide-

buli. Sedarebadi monacemebis misaRebad gamocdis 

meTodebis unificireba xdeba rekomendaciebiT an 

wesebiT, an sauwyebo, erovnuli da saerTaSoriso 

standartebiT.    

5.2 liTonuri masalebis meqanikuri gamocdebis 

daniSnuleba da ZiriTadi tipebi 
 
liTonebis meqanikuri gamocdebis ganxilvis dawyeba-

mde aucilebelia am gamocdebis saerTo suraTis gar-

kveva. konstruqciebis da sainJinro nagebobebis dap-

roeqtebisas aucilebelia masalis qcevis xasiaTisa 

da Sesabamisi meqanikuri maxasiaTeblebis codna. man-

qanaTa nawilebis da nagebobis an misi calkeuli ele-

mentis simtkicis, an sixistis Semowmeba xdeba masala-

Ta gamZleobis meTodebiT. am meTodebis saangariSo 

formulebSi gamoiyeneba masalis meqanikuri Tvisebe-

bis maxasiaTeblebi_drekadobis moduli E, denadobis 
zRvari ߪ଴,ଶ, puasonis koeficienti  da sxv. es maxasi-
aTeblebi sakvlevi masalidan damzadebuli specialu-

ri nimuSebis meqanikuri gamocdebiT ganisazRvreba.  

yvelaze xSirad gamoiyeneba liTonebis erTRerZa gaWi-

mva. am dros liToni xazobriv daZabul mdgomareoba-
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Si imyofeba, rac manqanaTa nawilebSi da nagebobebSi 

iSviaTad xdeba. e.i. liTonis sasamsaxuro Tvisebebi 

xSirad gansxvavdeba im pirobebisgan, romelsac igi 

meqanikuri gamocdebisas eqvemdebareba. aqedan gamomdi-

nare, meqanikuri gamocdebisas cdiloben gamoiyenon 

iseTi meTodebi (grexa, Runva, niSancvladi datvirTvebi 

da a.S.), romelTa daxmarebiTac  SesaZlebeli iqneba 

meqanikuri gamocdebis pirobebis sasamsaxuro pirobe-

bTan miaxloeba. gamocdis zRvruli SemTxveva liTo-

nebis sasamsaxuro pirobebSi anu naturuli saxiT 

gamocdaa (igi Zviria da did dros moiTxovs).  

  
liTonis sasamsaxuro pirobebis asaxvis mizniT, nimu--

Sebs iseT pirobebSi cdian, romlis drosac sivrcu-

li daZabuli mdgomareoba iqmneba. am mizniT, Cveuleb-

riv, nimuSis formis mkveTri cvlilebebi (rgoluri 

amonaCarxebi, naxvretebi da sxvadasxvagvari naserebi) gamo-
iyeneba. aseT ubnebSi warmoiqmneba Zabvebis koncentra-

ciebis, brtyeli da sivrculi daZabuli mdgomareobe-

bis mkveTri gradientebi. amis garda, liTonis muSao-

bis sasamsaxuro pirobebSi gaTvaliswinebuli unda 

iqnes garemos gavlenac. xSirad garemo gamosacdeli 

masalis mimarT qimiurad agresiulia da aCqarebs mis 

rRvevas (korozia, maRali da dabali temperaturebis 

moqmedeba da sxv.). 
 
liTonebis meqanikuri gamocdebis pirobebis garTule-

ba laboratoriul gamocdebs, garkveul wilad, mis 

namdvil sasamsaxuro pirobebTan aaxloebs. es saSua-

lebas iZleva, ufro srulad daxasiaTdes liTonis 

vargisoba gansazRvruli konstruqciisaTvis. ase xde-
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ba liTonis ”sakonstruqcio simtkicis” Sefaseba. la-

boratoriuli gamocdebis sasamsaxuro pirobebTan mi-

axloebis mcdeloba mas Semdeg garTulda, rac gair-

kva, rom liTonis meqanikuri Tvisebebis maxasiaTebels 

warmoadgens, agreTve, masSi ukve Casaxuli bzaris gav-

rcelebaze reagirebis unari. 

 

meqanikuri gamocdebiT vlindeba masalis unari, wina-

aRudges deformacias an deformirdes Zalis zemoqme-

debiT. maTi saSualebiT dgindeba zRvrebi sadamdec 

SeuZlia sakvlev obieqts daurRvevlad aitanos dat-

virTvebi. am Tvisebebis Seswavla meqanikuri gamocde-

bis erTiani meTodebiT xdeba. isini ar arian damoki-

debuli masalis qimiur Sedgenilobaze, struqturaze, 

SenadnobebSi minarevebisa da aRnagobis mankebis arse-

bobaze. es ki saSualebas iZleva ganisazRvros am faq-

torebis gavlena Senadnobebis deformirebadobasa da 

simtkiceze. garda amisa, meqanikuri Tvisebebis maxasi-

aTeblebi sxvadasxva Senadnobis urTierTSedarebis 

saSualebas iZleva. meqanikuri maxasiaTeblebis mixed-

viT SesaZlebelia Tvalyuri vadevnoT am Tvisebebze 

Senadnobis calkeuli komponentis an misi damuSavebis 

pirobebis moqmedebas.  

 

laboratoriuli meqanikuri gamocdebiT SeiZleba kon-

struqciis simtkicis mxolod miaxloebiTi mniSvnelobebis 

gansazRvra. amis gamo, konstruqciis simtkicis  gaTvlisas 

gamoiyeneba simtkicis maragis koeficienti. igi konstruq-

ciis rRvevamde gamocdiT an saeqsperto SefasebebiT gani-

sazRvreba. amasTan Zveli masalis nacvlad gaWimvaze gamoc-

debis Sedegad gamovlenili ukeTesi meqanikuri maxasiaTeb-

lebis mqone axali masalis gamoyeneba simtkicis maragis 

koeficientis proporciulad Semcirebis garantias ar iZ-
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leva. aq unda aRiniSnos, rom konstruqciebis rRvevamde 

gamocdebisas ganisazRvreba konstruqciis rRvevis datvir-

Tva, Tumca, sinamdvileSi, konstruqciis mtyuneba xdeba 

ukve konstruqciis masalis drekadobis zRvrisas, rodesac  

gamoCndeba plastikuri deformacia. amitom, aseTi gamocde-

bisas simtkicis maragis koeficienti saorientaciod gvev-

lineba.  

 

simtkicis maragis gazrda zedmeti masalis xarjvas, kon-

struqciis damZimebas da gaZvirebas iwvevs. amasTan, ar 

arsebobs 100%-iani garantia imisa, rom konstruqcia moce-

muli (saeqspluatacio) drois ganmavlobaSi gauZlebs 

samuSao datvirTvebs. amis gamo, ufro sapasuxismgeblo 

nakeTobebisaTvis naturul gamocdebs iyeneben. aseTi gamoc-

debisas, eqsploataciis mosalodnel datvirTvebTan xasi-

aTiT da mniSvnelobiT  Sesabamis datvirTvebs iyeneben. 

 
detalebis muSaobis pirobebis gaTvaliswinebiT Seir-

Ceva meqanikuri gamocdebis saxeebi da Sesabamisi nimu-

Sebi. meqanikuri Tvisebebis maxasiaTeblebi sxvadasxva 

formis nimuSis meqanikuri gamocdis SedegebiT gani-

sazRvreba. moqmedi datvirTvis droSi cvalebadobis 

mixedviT Semdegi meqanikuri gamocdebi arsebobs:  

 

    1. statikuri: gaWimva, kumSva, Runva, grexa. stan-

dartuli nimuSis statikuri gamocda mis srul rRve-

vamde, masze mdovred mzardi datvirTviT xdeba. 

statikuri  gamocdisas datvirTvis siCqare 10-5_10-2 m 

wm-1 zRvrebSi icvleba. amasTan, Zalis gardamqneliT 

nebismier dros SeiZleba nimuSze modebuli datvir-

Tvis gansazRvra, xolo gadaadgilebis an deforma-

ciis gardamqmneliT_deformaciis gazomva; 
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    2. dinamikuri: dartymiTi siblante,  sisalis dina-

mikuri meTodebiT gansazRvra. dinamikuria iseTi ga-

mocda, romlis drosac gamosacdel masalaze Ddar-

tymiTi an Zalian swrafad mzardi Zalebi moqmedebs.   

dinamikuri  gamocdis  xangrZlivoba meased wm-s ar 

aRemateba, xolo deformirebis siCqare 3_5 m wm-1-is 

tolia;       

    3. daRlilobiT anu ganmeorebiT cvladi datvir-

Tva_daRlilobiT rRveva. eqspluataciis an gamocdis 

procesSi masalaze (nimuSze) modebuli sididiTa da 

mimarTulebiT mravaljeradi cvladi (cikluri) dat-

virTvebiT gamowveuli rRvevis kvleva. 

 

calke jgufs warmoadgens xangrZlivi maRaltempera-

turuli meqanikuri gamocdebi (cocvadobaze, xangrZliv 

simtkiceze, relaqsaciaze). moTxovnidan gamomdinare, me-

qanikuri gamocdebi tardeba dabal, normalur da ma-

Ral temperaturebze sxvadasxva agresiul garemoSi, 

CanaWrebiTa da sawyisi bzarebiT, arastacionarul re-

JimebSi, radiaqtiuri dasxivebisas, akustikuri zemo-

qmedebisas da sxv.  

 

liTonebis meqanikuri gamocdebi gankuTvnilia imisa-

Tvis, rom cdiT Sefasdes maTi is fizikuri Tvisebebi, 

romlebic uSualod axasiaTeben meqanikur simtkices 

(swored amis gamo iwodebian meqanikur Tvisebebad). Cven ar 
SevudgebiT meqanikuri simtkicis metad rTuli da  

jer kidev bolomde gaurkveveli fizikuri bunebis 

axsnas. aRvniSnavT mxolod, rom teqnikaSi igi miRebu-

lia rogorc masalis unari, win aRudges meqanikur 

rRvevas an daurRvevlad gauZlos deformirebas. sim-
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tkicis Sefaseba xdeba nimuSze modebuli Zalebis 

sididiT, ZabvebiT, muSaobiT (romelsac uZlebs liToni 

datvirTvisas darRvevamde an deformaciis romelime mniS-

vnelobamde) an modebuli datvirTviT. 

miuxedavad mecnierTa mudmivi miswrafebisa, meqanikuri 

simtkice gamoesaxaT ganzogadebuli gamosaxulebiT, 

daZabuli mdgomareobisgan damoukideblad, es jer 

kidev ver xerxdeba. liTonebis meqanikur simtkices 

dRemde axasiaTeben Sedgenilobis, aRnagobis Tavise-

burebebis, miRebis meTodebis, damuSavebis da, saer-

Tod, misi ”teqnologiuri  winaistoriis” gaTvalis-

winebiT. amasTan, meqanikuri simtkicis daxasiaTeba 

miuRebelia datvirTvisas liTonSi warmoqmnili daZa-

bulobebis sxvadasxva mdgomareobebTan kavSiris gare-

Sec. es ukanaskneli warmoadgens liTonebis meqaniku-

ri Tvisebebis kvlevis erT-erT ZiriTad amocanas. am 

amocanis miaxloebiT gadasawyvetad Seiswavleba meqa-

nikuri Tvisebebis sxvadasxva maxasiaTebeli da gamoi-

yofa maT Soris ZiriTadi, romelic, winaswar 

warmodgenas qmnis  danarCenebze. 

 

liTonebis meqanikuri Tvisebebis dasadgeni gamocdebi 

miznad isaxavs ara marto yvelaze TvalsaCino, Teori-

ulad dasabuTebuli maCveneblis dadgenas, aramed isi-

ni didi praqtikuli mniSvnelobis mqone mTeli rigi 

amocanebis kvlevacaa. gamocdebisas unda gamovlindes 

sxvadasxva cdebis monacemebi: konstruirebisTvis (sim-

tkicis tipuri saangariSo), liTonebis eqspluataciis-

Tvis specialur pirobebSi (sakvlev pirobebSi simtkicis 

maxasiaTeblebis dasadgeni), gansakuTrebiT dabali da 

maRali temperaturebisTvis (temperaturis xangrZlivi 
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zemoqmedebis dasadgeni), sxvadasxvagvari dinamikuri, 

vibraciuli da rTuli daZabuli datvirTvebisTvis 

(datvirTvis pirobebis gavlenis dasadgeni) da sawarmoSi 
liTonis xarisxis masobrivi kontrolisTvis.   

nebismieri meqanikuri gamocda warmoadgens eqsperi-

ments, romelic garkveul fizikur pirobebSi nakeTo-

bebze an imave masalisgan damzadebul nimuSebze ama 

Tu im daZabul an deformirebul mdgomareobebs aRa-

warmoebs. gamocdebisas mdgomareobebis aRwarmoeba 

grZeldeba nimuSis rRvevamde an deformaciis gansaz-

Rvrul xarisxamde.   

 

nimuSis datvirTvis pirobebidan (daZabuli mdgomare-

obis xasiaTi, gamocdis temperatura, datvirTvis siCqare, 

gamocdis garemo da a.S.) gamomdinare, erTi da igive li-

Toni SeiZleba dairRves myifed (mcire deformaciiT an 

plastikuri deformaciis gareSe) an plastikurad (an 

blantad mniSvnelovani plastikuri deformaciiT). sxva 

sityvebiT, liToni SeiZleba iyos myife an plastikur 

(blant) mdgomareobaSi. P 
 

meqanikuri gamocdebisas umniSvnelovanesi maxasiaTebe-

lia liTonis daZabuli mdgomareobis saxe.  praqtika-

Si gansakuTrebiT farTod gamoiyeneba martivi erT-

RerZa gaWimvis tipi. (liTonebis statikuri gamocdebisas 

nimuSi mudmivi an nela da mdovred mzardi ZaliT_kvazi-

statikurad_itvirTeba. am dros ganisazRvreba drekadoba, 

plastikuroba, winaRoba ZabvebiT gamosaxuli mcire da 

mniSvnelovani plastikuri deformaciebisadmi, rRvevisadmi 

winaRoba). naklebad gamoiyeneba sxva martivi daZabuli 
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mdgomareobebi: erTRerZa kumSva, brtyeli Runva, grexa 

(cilindruli nimuSis) da Wra.  

 
nimuSis gamocdis procesSi, plastikuri deformaciis daw-

yebis Semdeg, liTonis nebismieri daZabuli mdgomareoba 

saxes icvlis, magram misi sawyisi saxe mainc arsebiT mniS-

vnelobas inarCunebs. swored amitom, gamocdebisas, daZabu-

li mdgomareobis dasaxasiaTeblad Semotanilia ”sixistis” 

(”sirbilis”) koeficienti. Tu mocemuli daZabuli mdgoma-

reobis maxasiaTebeli mTavari normaluri Zabvebi S1,  S2 , S3 

iseTia, rom S1>S2>S3-ze da amasTan ganivi deformaciis koe-

ficients aRvniSnavT -Ti, maSin  ߬௠௔௫  , ܵ௠௔௫
௡  da ߙ-s gamosaxu-

lebebi Semdeg saxes miiRebs: 

߬௠௔௫ = ௌభିௌమ
ଶ

; 
 

ܵ௠௔௫
௡ = ଵܵ − (ܵଶ + ܵଷ ); 

 

ߙ = ఛ೘ೌೣ
ௌ೘ೌೣ

೙  = ௌభିௌమ
ଶௌభି଴,ହ (ௌమାௌయ)

 . 

 

sadac: ߬௠௔௫ aris udidesi mxebi (Zvris) Zabva;        

       ܵ௠௔௫
௡ _udidesi dayvanili gamWimavi Zabva. (igi  

           maqsimalur wagrZelebas axasiaTebs); 

       S1,  S2  da  S3 aris mTavari WeSmariti Zabvebi;  

 ;sixistis koeficienti_ߙ       
       _puasonis koeficienti (umravlesi liTonis-                

          Tvis igi 0,25 _ 0,3-is tolia). 

 
#2 cxrilSi  warmodgenilia  sxvadasxva  daZabuli 

mdgomareobebis ”sixistis”koeficienti,  mTavari S Zab-
vebis sxvadasxva Sefardebebisas (=0,25). 
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meqanikuri Tvisebebis srulad gamovlenisTvis auci-

lebelia gamocdebi Catardes datvirTvis sxvadasxva 

xerxiT (gaWimviT, kumSviT, dartymiTi da statikuri Run-

viT, grexiT, sisalis gazomviT da a.S. kompoziciuri masa-

lebisTvis  mniSvnelovania  Zvraze gamocda), maqsimaluri 

mxebi Zabvebis, maqsimaluri gamWimavi Zabvebisa da 

deformaciebis sxvadasxva TanafardobebiT. mxebi Zab-

vebi, umTavresad, plastikuri deformaciebis SesaZ-

leblobas gansazRvravs da misi ganviTarebis Semdeg  

ZvriT (WriT) rRvevis saSiSroeba iqmneba. gamWimavi 

Zabvebi, upiratesad, mowyvetiT myife rRvevas iwvevs.  

 

cxrili #2. sxvadasxva daZabuli mdgomareobebis 

”sixistis” koeficienti, S Zabvebis sxvadasxva Tanafardo-

bebisas (=0,25) 
 

daZabuli 

mdgomareobis 

tipi 

mTavari Zabvebi ”sixistis” 
koefici-

enti, α 
 

S1 S2 S3 

samRerZa gaWimva S S S 0,0 

samRerZa gaWimva S 8/9S 8/9S 0,1 
erTRerZa gaWimva S 0 0 0,5 
grexa S 0 −S 0,8 
orRerZa kumSva 0 −S −S 1,0 
erTRerZa kumSva 0 0 −S 2,0 
samRerZaA kumSva −S −7/3S −7/3S 4,0 
samRerZaA kumSva −S  −2S −2S ∞ 
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5.3 zogadi moTxovnebi meqanikuri gamocdebis 
nimuSebze 

 
meqanikuri gamocdebis obieqtebia: nimuSebi, modelebi, 

konstruqciis elementebi da naturaluri sididis 

konsrtuqciebi. gamocdebisas, yvelaze xSirad, speci-

aluri nimuSebi gamoiyeneba. nimuSi warmoadgens ga-

mocdas daqvemdebarebul specialuri formis sxeuls 

masalis meqanikuri Tvisebebis Sesafaseblad. nimuSis 

mravali tipi normatiuli dokumentaciiT reglamen-

tirdeba. maT erTRerZa gaWimvaze, kumSvaze, grexasa 

da Runvaze gamosacdeli nimuSebi miekuTvneba (ar reg-
lamentirdeba samecniero-kvleviT samuSaoebsa da rTul 

daZabul mdgomareobaSi gamosacdeli nimuSebi). 

 
nimuSebi unda akmayofilebdes, meqanikuri gamocdebis 

Sedarebadi da aRwarmoebadi Sedegebis misaRebad, ga-

mocdis saxis Sesabamis moTxovnebs. nimuSis namzade-

bi erTi da imave dnobis an partiis liTonuri nake-

Tobebidan (Reroebi, furclebi, sxmulebi) unda SeirCes. 
kvlevisas, sakvlev masalaSi, upirvelesad, qimiuri 

elementebis raodenobrivi Sedgeniloba ganisazRvre-

ba. liTonuri masalebis meqanikuri Tvisebebi Zlieraa 

damokidebuli maT struqturul mdgomareobaze. Tavis 

mxriv struqtura damokidebulia Termuli damuSave-

bis reJimebze, Camosxmisa da glinvis teqnologiebze. 

nimuSs iseTi forma unda hqondes, rom misi gamocdi-

sas moculobis gansazRvrul zRvrebSi erTgvarovani 

daZabuli mdgomareoba ganxorcieldes. nimuSis am na-

wils, sxva damxmare nawilebisgan gansxvavebiT, nimu-

Sis samuSao (muSa) nawili ewodeba. praqtikaSi iTvle-
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ba, rom am nawilSi Zabvebi da deformirebuli mdgo-

mareoba erTgvarovania.  

daZabul-deformirebuli mdgomareobis erTgvarovnobis re-

alizebis aucilebloba dakavSirebulia im faqtTan, rom 

deformirebadi sxeulis nebismier wertilSi Zabvebis pir-

dapiri Sefasebis meTodi dReisaTvis ar arsebobs. sxeulis 

daZabul-deformirebuli mdgomareobis gansazRvris arse-

buli meTodi saSualebas iZleva deformacia gaizomos sak-

vlevi sxeulis gare zedapirze. sxeulis danarCen werti-

lebSi Zabvebis sididis Sefaseba gare ZalebiT xdeba. ase-

Ti Sefasebisas aucilebelia mxedvelobaSi iqnes miRebuli 

sakvlevi sxeulis uwyvetobis, erTgvarovnobis da izotro-

pulobis hipoTeza. 

 
nimuSis samuSao nawilze gamoiyofa saangariSo ubani, 

romelic meqanikuri Tvisebebis maxasiaTeblebis (wag-
rZelebis, damoklebis, dagrexisa da mobrunebis kuTxis, ga-

nivi zomebis cvlilebis da sxv.) gasazomad gamoiyeneba. 
samuSao nawilis forma damokidebulia namzadis saxe-

ze. yvelaze xSirad nimuSi ganivkveTis mrgvali, rgo-

luri an sworkuTxa formis Reros warmoadgens. Tu 

nimuSis namzadad Rero, sxmuli an sqeli furceli 

gamoiyeneba, maSin nimuSis samuSao nawils cilindru-

li, xolo Txeli furclidan damzadebuli nimuSis 

samuSao nawils prizmuli forma aqvs. gamosacde-lad 

upiratesoba eZleva cilindrul nimuSs. drekad-

plastikuri da simtkicis Tvisebebis kvlevisaTvis 

nimuSebis geometriuli formebi mravalgvaria. ufro 

xSirad gamoiyeneba boloebSi Sesqelebuli Reros sa-

xis nimuSebi. aseT Sesqelebebs nimuSis Tavebs uwode-

ben. maTi forma sacdeli manqanis pirmodebis kon-

struqciebzea damokidebuli. 
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sakvlevi detalisgan an masalisgan specialuri nimu-

Sebis dasamzadebeli namzadebis amoWra xdeba liTon-

saWrel Carxebze, makratlebze, Jangbaduri da ano-dur-

meqanikuri Wrisa da sxva meTodebiT. amasTan, auci-

leblad unda iqnes gaTvaliswinebuli liTonis nameti 

im zonebis mosacileblad, romlebmac, gaxurebis an 

civWedvis gavleniT, Tvisebebi Seicvales. namzadebis 

SerCeva, amoWris adgilebi, raodenoba, namzadebidan 

damzadebuli nimuSebis grZivi RerZis mimarTuleba, 

amoWris meTodis Sesatyvisi nametis zomebi da sxva 

normatiul-teqnikuri dokumentebiT reglamentirdeba. 

 

nimuSi mzaddeba meqanikuri damuSavebiT: WriT, frez-

viT, xexviT da polirebiT. damzadebis procesSi unda 

gamoiricxos mis meqanikur Tvisebebsa da namzadis 

meqanikur Tvisebebs Soris sxvaobis gamomwvevi 

faqtorebi. zog SemTxvevaSi nimuSad naxevarfabri-

katebi (mavTuli, lenti, Zafi, bagiri, armatura da a.S.) 
gamoiyeneba. meqanikuri damuSavebisas unda gamoiri-

cxos liTonis gaxurebiT da civWedviT gamowveuli 

Tvisebebis cvlileba (damuSavebis reJimis SerCeviT, 

xelovnuri gacivebiT). saboloo gavlisas, Wris siRrme 

0,3 mm-s ar unda aRematebodes. brtyeli nimuSebi 

glinvis zedapirul Sreebs unda inarCunebdes (Tu 

normatiul-teqnikuri dokumenti sxva miTiTebebs ar iTva-

liswinebs). brtyeli nimuSebis waxnagebze xiwvebis 

mocla meqanikurad xdeba. nimuSis nawiburebi, mis 

samuSao nawilze, dasaSvebia gaixexos da gaiwmindos 

zumfariani qargoliT an zumfariT.  gamosacdeli 

nimuSebis raodenoba, tipi, zomebi da moTxovnebi 

damuSavebuli zedapirebis simqiseze, zomebis norme-

bidan dasaSvebi gadaxrebi da sxva ganisazRvreba 
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gamocdis yoveli saxisaTvis Sesabamisi normatiul-

teqnikuri dokumentebiT. nimuSebis niSandeba xdeba 

nimuSis arasamuSao nawilze.  

 

normatiuli dokumentebiT da instruqciebiT regla-

mentirdeba moTxovnebi nimuSis geometriul formaze. 

nimuSis geometriuli formis srulyofileba xels 

uwyobs gamocdis Sedegebis Sefasebas da Semdgom 

cdebSi maT aRwarmoebadobas. dauSvebelia nimuSis sa-

muSao nawilis ganivkveTis zomebis cvlileba, nimuSis 

RerZis gamrudeba da formis sxva geometriuli ara-

srulyofilobebi, romlebic nimuSis daZabul-defor-

mirebuli mdgomareobis instruqciiT gaTvaliswinebul 

zRvrul mniSvnelobebze met cvlilebas iwvevs.  

 

meqanikuri gamocdebis Sedegebze mniSvnelovan gavle-

nas axdens nimuSis samuSao nawilis zedapiris mdgo-

mareoba. nakawrebi, basri CanaWrebi, niJarebi da sxv. 

daZabul-deformirebuli mdgomareobis adgilobriv 

cvlilebas, masalis naadrev rRvevas da cdis Sedege-

bis damaxinjebas iwvevs. statikuri gamocdebisaTvis 

nimuSebis zedapirebis simqise saWrisis ”sufTa gavli-

sas” WriT an xexviT miRebul simqises ar unda aRema-

tebodes. daRlilobaze gamosacdeli nimuSebis zeda-

piris simqise ufro dabali unda iyos, rac sufTa 

xexviTa da polirebiT miiReba. 

 

meqanikuri gamocdebisaTvis gankuTvnil nimuSebs qimi-

uri Sedgenilobisa da struqturis erTgvarovnoba  mo-

eTxoveba. liTonis struqturul mdgomareobaze did 

gavlenas axdens Termuli damuSaveba. amis gamo, Termu-

li damuSavebis reJimebisadmi moTxovnebis mkacrad 
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dacva aucilebelia. nimuSis zedapiruli Sris struq-

turul mdgomareobaze mniSvnelovan gavlenas meqani-

kuri damuSavebis reJimebi_Wris siRrme da Wris siCqare 

axdens. isini zedapiris civWedvas iwveven. zedapiris 

civWedva gansakuTrebiT arasasurvelia mcire zomis 

nimuSebisaTvis (mikronimuSebi, Txelkedliani nimuSebi). 
zogierTi saxis Termuli damuSaveba mag., wrToba, 

nimuSis struqturis araerTgvarovnobas iwvevs, gansa-

kuTrebiT didi kveTis SemTxvevaSi, radgan Termuli 

damuSavebis Sris siRrme SesaZloa iyos mcire.                                    

5.4 gaWimvaze gamosacdeli nimuSebis forma, maTi 
damzadebis wesebi, gamocdis pirobebi da 

Taviseburebebi 
 

sur. 31-is Sesabamisad, gaWimvaze gamosacdeli nimuSis 

Tavebs an pirmodebis nawilebs Soris samuSao ubani 

warmoadgens sworxazovani RerZis da mudmivi ganivkve-

Tis farTobis mqone cilindrul an sworkuTxa 

Reros.  

 
sur. 31. gaWimvaze gamosacdeli cilindruli (a) da brtye-

li (b) nimuSebi:  ݀଴_nimuSis sawyisi diametri;  ܽ଴_sawyisi 

sisqe;  ܾ଴_sawyisi sigane;  ݈଴_sawyisi saangariSo sigrZe;   
l_samuSao sigrZe; D_Tavebis diametri; B_nimuSis pirmo-

debebis sigane; L_nimuSis saerTo sigrZe; r_samuSao nawilis 

TavTan SeuRlebis simrudis  radiusi. 
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praqtikaSi gaWimvaze gamosacdelad proporciul ci-

lindrul (diametri_݀଴ ≥ 3 mm-ze) an furclovani masa-

lebisaTvis brtyel (sisqe_ܽ଴ ≥ 3 mm-ze) nimuSebs iyene-
ben. nimuSis  deformaciis gasazomad, samuSao nawil-

ze, moiniSneba monakveTi, romelsac saangariSo 

sigrZes uwodeben. umetesad iyeneben  cilindrul ni-

muSebs. aseT nimuSebSi sawyis saangariSo sigrZesa (݈଴) 

da sawyis diametrs (݀଴) Soris  Tanafardobebi dacu-

lia. gavrcelebulia xuTjeradi ݈଴ = 5݀଴-s (mokle) da 

aTjeradi ݈଴ = 10݀଴-s (grZeli) nimuSebi. maT pro-

porciuli nimuSebi ewodeba                      .  
 

brtyeli nimuSebis saangariSo sigrZesa da ganivkve-

Tis farTobs Soris Tanafardoba  iseTivea, rogoric 

cilindrulisa, oRond aq formulaSi sawyisi diamet-

ris nacvlad ganivkveTis sawyisi farTobi F0 Semodis. 

cilindruli nimuSis ganivkveTis farTobia:  

 

଴ܨ = గௗబ
మ

ସ
 , 

 

mokle nimuSisaTvis:  

  

݈଴ = 5݀଴ = 5ටସிబ
గ

= 5,65 ඥܨ௢ , 

 

xolo grZeli nimuSisaTvis: 

݈଴ = 10݀଴ = 10ටସிబ
గ

= 11,3 ඥܨ௢ . 

nimuSis gamocdamde, nimuSis samuSao ݈ monakveTze moi-

niSneba saangariSo ݈଴ sigrZe kerniT  an  sxva  saSua-
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lebiT.  cilindruli  nimuSebisaTvis ݈ aiReba ݈଴ +
0,5݀଴_dan ݈଴ + 2,5݀଴_mde, xolo brtyeli nimuSebi-

saTvis_݈଴ + 1,5ඥܨ଴_dan  ݈଴ + 2,5ඥܨ଴_mde. 
 

sacdeli manqanis pirmodebis meqanizmSi Camagrebis 

xerxidan gamomdinare, ganisazRvreba cilindruli da 

brtyeli nimuSebis Tavebisa da gardamavali nawile-

bis formebi da zomebi. Camagreba unda gamoricxavdes 

momWerebSi nimuSis asrialebas, sayrdeni zedapirebis 

Telvas, Tavebis deformacias samuSao nawilidan 

Tavebze gadasvlis adgilebze da Tavebze rRvevas.   

 

rogorc zemoT aRvniSneT, gaWimvaze gamosacdeli ni-

muSebis forma, maTi damzadebis wesebi da gamocdis 

pirobebi reglamentirdeba normatiul-teqnikuri do-

kumentebiT. moTxovnebi gaWimvaze gamosacdeli nimuSe-

bisadmi SesaZloa sxvadasxva qveyanaSi sxvadasxva 

standartiT ganisazRvrebodes, magram arsebobs praq-

tikulad yvela qveynis standartebiT gaTvaliswi-

nebuli  zogadi  moTxovnebi:  

 

a) nimuSebi, Cveulebriv, yvela mxridan unda damuSav-

des: furclebidan, zolovanebidan da misT. nimuSebi 

brtyeli nawarmis mxolod nawiburebis mxridan unda 

damuSavdes: mcire diametris milebis, wvrilsortuli 

naglinis, wnelebisa da misT. gamocda dasaSvebia da-

muSavebis gareSec. mcire diametris milebis gamocdi-

sas nimuSis namzadebis boloebi mWidrod morgebuli 

sacobebiT unda gaiWedos an ise unda gabrtyeldes, 

rom gamosacdeli manqanis momWerebSi maTi Camagreba 

SesaZlebeli iyos; B 
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b) damuSavebuli nimuSebis ganivkveTi SeiZleba iyos 

mrgvali, kvadratuli an sworkuTxa (gverdebis Tana-

fardoba 4:1-s ar unda aRematebodes). daumuSavebeli 

nimuSebi SesaZlebelia iyos sxva formisac;  
 

g) damuSavebuli nimuSebis cilindruli an prizmuli 

nawilebis gamosacdeli sigrZe (samuSao sigrZe) saan-

gariSo sigrZeze, Cveulebriv, ݀଴-iT an fesvi ܨ଴-dan 

sididiT meti unda  iyos. is mdovred  (zolebis da 

monaWrebis gareSe) unda gadadiodes nimuSis TavTan da 

inarCunebdes Tanabari  sididis ganivkveTs. winaaRmdeg 

SemTxvevaSi, kveTis msxvili (ganieri) nawili naklebi 

xarisxiT deformirdeba, vidre wvrili. gamosacdeli 

nimuSis sigrZis sxvadasxva xarisxiT deformireba ki 

fardobiTi wagrZelebis Semcirebas iwvevs. 
 

nimuSis gaWimvaze gamocdamde unda Semowmdes damzadebuli 

nimuSis zomebis, Sesabamisoba standartiT moTxovnil 

zomebTan. Semdeg, gamWimavi Zalis misaRebad standartuli 

mrgvali nimuSi unda moTavsdes specialur samarjvSi_re-

versorSi, romelic gamosacdeli manqanis sayrdenebs Sor-

is Tavsdeba (xSirad reversori manqanis erT-erT kvanZs 

warmoadgens). manqanaSi aRZruli mkumSavi Zala reversoriT 

gamWimav Zalad gardaiqmneba. modebuli Zalebis zemoqmede-

biT, nimuSSi aRZruli deformacia vlindeba nimuSis for-

misa da zomis cvlilebiT. igi SeiZleba iyos drekadi an 

plastikuri. nimuSis gamocdisas TanmimdevrobiT viTardeba 

deformaciis procesis sami ”etapi”: drekadi deformacia, 

plastikuri deformacia da rRveva. meqanikuri gamoc-

debisas maxasiaTeblebi ganisazRvreba rogorc drekad, ase-

ve plastikur areebSi. rogori mcirec ar unda iyos 

masalaze modebuli Zabva, is mainc iwvevs garkveuli sidi-

dis deformacias. amasTan, sawyisi deformacia yovelTvis 
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drekadia da pirdapir proporciul damokidebulebaSia  

modebul mzard ZabvasTan.   gamWimavi Zalebi warmoadgens 

nimuSis samuSao nawilis bolo ganivkveTebis simZimis cen-

trebSi modebul or tolqmed Zalas, romlebic mkacradaa 

mimarTuli nimuSis samuSao nawilis RerZis gaswvriv. aR-

niSnuli moTxovnebis dacva sacdeli manqanebis specialu-

ri pirmosadebi tuCebiT (an sxva samarjviT) da nimuSis bo-

lo nawilebis_nimuSis Tavebis_saSualebiT xorcieldeba.  

 

normatiuli dokumentebiT gansazRvruli wesis Sesa-

bamisad damzadebuli nimuSebis gamocda specialur 

sacdel  an  universalur  manqanebze  xdeba. datvir- 

Tva-wagrZelebis pirveladi mrudis grafikuli gamo-

saxvisaTvis TviTCamwer xelsawyoebs iyeneben.  

 

myife masalebisa da dabal temperaturebze nimuSebis 

gamocdisas, aucilebelia, gansakuTrebuli yuradReba 

mieqces momWerebSi nimuSebis RerZul Camagrebas, rad-

gan sxva SemTxvevaSi, damatebiTi mRunavi datvirTve-

biT, nimuSis naadrevi rRveva moxdeba. (nimuSebis Camag-
rebas sferuli momWerebis gamoyeneba mniSvnelovnad aio-

lebs). Nnaadrevi rRvevis mizezi SeiZleba, nimuSis ze-

dapiris dazianebebic iyos. amitom, myife masalis ni-

muSebze naWdevebis dasatanad wertvisa da nakawrebis 

nacvlad saRebavi an melani unda iqnes gamoyenebuli. 

daucentreblad nimuSis gamocda denadobis zeda 

zRvris sididesa da gamomsaxvelobis xarisxze moqme-

debs. 

 

datvirTva_deformaciis mrudebis grafikuli gamosa-

xuleba nimuSis gamocdis siCqarezea damokidebuli. 

toli wagrZelebebis SemTxvevaSi, rac ufro metia 

wagrZelebis (deformaciis) siCqaris zrda, miT metia 
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Zabva. gaWimvis mrudis ”svlaze” deformaciis siCqaris 

gavlenis Sesabamisad siCqaris gazrdasTan erTad, ma-

tulobs simtkicisa da denadobis zRvrebis mniSvne-

lobebi. Sedarebadi sidideebis misaRebad aucilebe-

lia, denadobis zRvris dadgomamde datvirTvis siC-

qare ar aRematebodes 10 n/mm2/wm-s (rac deformaciis 

siCqaris 0,005% /wm-s Seesabameba). denadobis zRvris 

zeviT plastikuri masalebis deformaciis siCqare 

0,4%/wm siCqaremde SeiZleba gaizardos. Seviwroeba 

gamocdis siCqareze, TiTqmis, ar aris damokidebuli. 

oTaxis temperaturaze maRali ZabvebiT da maRal 

temperaturebze dabali ZabvebiT datvirTvebs, drois 

gansazRvrul monakveTSi, progresirebadi deformaci-

ebi da, zog SemTxvevaSi, nimuSis rRvevac SeuZlia 

gamoiwvios. geometriulad igivuri nimuSebi denado-

bis zRvris, simtkicis zRvris, fardobiTi wagrZele-

bisa da fardobiTi Seviwroebis erTnair mniSvnelo-

bebs iZleva (kirpiCev_kikis msgavsebis kanoni). am kanonis 
mixedviT, gamocdis Sedegad,  urTierTSedarebadi 

sidideebis misaRebad aucilebelia Catardes gaWimva 

dadgenili formisa da zomebis nimuSebze. msgavsebis 

kanonis Tanaxmad, nimuSebi, erTnairi Zabvebisas erT-

nair deformaciebs iReben. erTi da imave liTonis 

sxvadasxva nimuSze erTnairi wagrZelebis misaRebad 

aucilebelia daculi iqnes Semdegi piroba: 

 
௟భ

ඥ஺భ
= ௟మ

ඥ஺మ
= ௟య

ඥ஺య
=  , .ݐݏ݊݋ܿ

 

sadac: ݈ଵ , ݈ଶ , ݈ଷ aris nimuSebis saangariSo sigrZeebi;         
,ଵܣ                    , ଶܣ    .ଷ _ nimuSebis ganivkveTis farTobebiܣ

  

220



221 
 

e.i. yvela nimuSisaTvis saangariSo sigrZis fardoba 

ganivkveTis farTobidan amoRebuli kvadratuli fes-

vis sididesTan toli unda iyos.  

 

nimuSis kveTis forma simtkicis zRvarze, praqtiku-

lad, ar moqmedebs (simtkicis zRvris udidesi mniSvne-

loba miiReba mrgvali kveTis mqone nimuSebSi). ufro Se-
samCnevia nimuSis formis gavlena denadobis zRvarze. 

igi, mrgvali nimuSis SemTxvevaSi, maqsimaluria. saan-

gariSo sigrZis sawyisi ganivkveTis farTobidan amo-

Rebuli kvadratuli fesvis sididesTan fardobis 

erTnairi mniSvnelobisas TiTqmis erTnairi fardobi-

Ti wagrZeleba miiReba. Tu brtyel nimuSebSi siganis 

sisqesTan fardoba iqneba 4:1-ze meti, (analogiurad 

rTuli kveTis mqone nimuSebis) gamocdisas wagrZelebis 

naklebi mniSvnelobebi miiReba. KkveTis adgilobrivi 

Sesustebebi da defeqtebi, yelis naadrevi warmoqmnisa 

da masTan dakavSirebuli nimuSis Tanabari wagrZele-

bis Semcirebis gamo, saerTo wagrZelebis Zlier Sem-

cirebas iwvevs. 

 

nimuSTa Tavebis gavleniT aRZruli ganivi Zabvebi 

mezobel nawilebSi wagrZelebisa da Seviwroebis pro-

cesebs aZnelebs da Sesabamisi maxasiaTeblebis Semci-

rebas iwvevs. isini im SemTxvevaSic mcirdebian, rode-

sac nimuSi irRveva nakawrze an defeqtze. aramrgvali 

kveTis mqone nimuSebis fardobiTi Seviwroebis gan-

sazRvra gaZnelebulia. is, mrgvali kveTis mqone 

nimuSebis SeviwroebasTan SedarebiT, miT naklebia, 

rac metad gansxvavdeba nimuSis siganis sisqesTan 

fardoba erTisgan. 
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nimuSis muSa nawilidan nimuSis Tavebze Zalian mdov-

red gadasvla (momrgvalebis didi radiusi, konusuri ga-

dasvla) rbili foladebis denadobis zeda zRvars 

mniSvnelovnad zrdis, denadobis qveda zRvarze ki 

umniSvnelod moqmedebs. D 

 

didi sigrZis mqone gamosacdeli nimuSebi, maqsima-

luri datvirTvis miRwevamde, Zabvebis Tanabari erT-

RerZa ganawilebiT xasiaTdeba. denadobisa da simtki-

cis zRvrebis mniSvnelobebi nimuSis gamosacdeli 

sigrZis sidideze ar aris damokidebuli. saangariSo 

sigrZis Semcirebisas, saerTo wagrZelebaSi, adgilob-

rivi (yelis) wagrZelebis wilis matebis gamo, fardo-

biTi wagrZeleba izrdeba. yovelive amis gaTvaliswi-

nebiT, realuri Sedegebis misaRebad, proporciuli 

nimuSebis zomebis zustad dacva aucilebelia. 

 

mcire ݈ ≤ 2݀଴–ze gamosacdeli sigrZis nimuSebSi 

Tavebi, rogorc didi kveTis mqone, samuSao sigrZis 

mezobel ubnebze iwvevs mniSvnelovan ganiv Zabvebs da, 

amasTan dakavSirebiT, grZivi Zabvebis araTanabar gana-

wilebas (mravalRerZa daZabuli mdgomareoba). ganivi Zab-
vebi, ewinaaRmdegeba ra ganiv kumSvas, zrdis denado-

bis zRvris da, gansakuTrebiT ki, simtkicis zRvris 

maCveneblebs. mcire sididis gamosacdeli sigrZis 

SemTxvevaSi fardobiTi wagrZeleba da fardobiTi Se-

viwroeba, erTnairi masalis standartuli nimuSebis 

gamocdis Sedegad miRebuli maCveneblebisgan mniSvne-

lovnad gansxvavdeba. amave dros, mrgvali da brtyeli 

nimuSebi, ise rogorc sxvadasxva saxis foladebi, 

sruliad sxvadasxvagvarad iqcevian. Zalian mcire sig-

rZis nimuSebis gamocdisas, standartuli nimuSebis 
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gamocdebiT miRebuli maCveneblebidan, yvelaze Zlier 

fardobiTi Seviwroebis maCveneblebi gadaixreba da 

amasTan erTad SesaZloa nimuSi naadrevad gawydes. es 

Taviseburebebi gansakuTrebiT mkafiod CanaWriani (ro-

gorc gluvi ise maxvili) nimuSebis gamocdebisas vlin-

deba. aseT nimuSebze gansakuTrebiT Zlier gavlenas 

axdens mravalRerZa datvirTvebi. 

 

meqanikuri gamocdebis Sedegebze did gavlenas axdens 

gamocdis temperatura. sur. 32-ze sqematurad warmod-

genilia Cveulebrivi (aralegirebuli) foladebis dena-

dobis zRvris, simtkicis zRvris, wagrZelebisa da Se-

viwroebis mniSvnelobebis damokidebuleba gamocdis 

temperaturaze.  

 

 
 

sur. 32.  temperaturaze damokidebulebiT meqanikuri      

          Tvisebebis cvlilebis sqema: 

          1. simtkicis zRvari; 

          2. denadobis zRvari; 

          3. Seviwroeba; 

          4. wagrZeleba  

 

223



224 
 

legirebuli foladebis meqanikuri Tvisebebi, ZiriTa-

dad, analogiuri temperaturuli damokidebulebiT 

xasiaTdeba. im gansxvavebiT, rom calkeuli mrudi Se-

iZleba iyos  daZruli da simtkicis zRvris maqsimumi 

naklebi simkveTriT gamosaxuli (an ar arsebobdes), xo-
lo fardobiTi wagrZelebisa da fardobiTi Sevi-

wroebis minimumebma gadaiwion ufro maRali tempe-

raturebisken. uaryofiT temperaturebze simtkicis 

zRvris da, gansakuTrebiT, denadobis zRvris 

mniSvnelobebi maRldeba.  

 

aralegirebul foladebSi gansakuTrebiT SesamCnevad 

matulobs denadobis zeda zRvari. fardobiTi wagrZe-

leba, dasawyisSi, ramdenadme izrdeba, xolo tempera-

turis Zalian dabali mniSvnelobebisas, wyvetilwyve-

tilad, metad mcire mniSvnelobebs iZens. deformire-

badobis unaris aseTi Semcireba gaWimvaze gamocdisas, 

haeris duRilis (−183℃) temperaturasTan axlos iwye-

ba (araRerZuli datvirTvisas deformirebadobis Semcireba 

SeiniSneba gacilebiT maRal temperaturebze). gaumjobese-

buli legirebuli sakonstruqcio foladebi, arale-

girebulTan SedarebiT, simtkicisa da denadobis 

zRvrebis naklebi matebiT xasiaTdeba. am foladebis 

fardobiTi wagrZeleba, ufro xSirad, −183℃-mde ga-
mocdisas maRldeba. maSin rodesac am temperaturamde 

fardobiTi Seviwroeba mdovred da naklebi sididiT 

mcirdeba, vidre aralegirebul foladebSi. amdenad, 

am temperaturamde gaWimvaze gamocdisas, liTons Se-

saZlebelia jer kidev hqondes  deformirebadobis 

mniSvnelovani unari. 
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5.5 gaWimvaze liTonuri masalebis meqanikuri 
maxasiaTeblebis praqtikuli gansazRvris 

Taviseburebebi 
 
meqanikuri Tvisebebis Seswavlis mdidari eqsperimen-

tuli  masalis udidesi nawili erTRerZa statikuri 

gamocdis wilad modis. Mmasalebis meqanikuri gamoc-

debis praqtikaSi meqanikuri Tvisebebis maxasiaTeble-

bi Teoriulidan odnav gansxvavebuli ”teqnikuri” 

maCveneblebiT ganisazRvreba.  

 
masalebis Tvisebebis praqtikuli gansazRvris safuZ-

vels warmoadgens imis codna Tu rogor reagireben 

isini nebismier datvirTvaze. Tu cnobilia mocemuli 

datvirTviT warmoqmnili deformaciis sidide, maSin 

konstruqtors SeuZlia iwinaswarmetyvelos konkre-

tuli nakeTobis reaqcia mis samuSao pirobebze. masa-

lebis Tvisebebis urTierTSedarebis an konkretuli 

nakeTobis konstruirebis gavrclebul meqanikur maxa-

siaTebels warmoadgens (gaWimvisas gansazRvruli) de-

formaciisa da Zabvis urTierTdamokidebuleba. 

 

gasaWimi nimuSis deformacias Tan axlavs sacdeli  

manqanis (pirvel rigSi, Zalasazomi meqanizmis) deforma-
ciac. am deformaciis mniSvneloba damokidebulia 

sacdeli manqanis sixisteze. igi warmoadgens datvir-

Tvis fardobas manqanis damtvirTveli nawilebis dre-

kadi deformaciebis absolutur jamTan: 

 
௠ܭ =  .௠݈∆/ܨ
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datvirTvis procesSi, nimuSi da manqana SeiZleba gan-

xilul iqnes rogorc ori, erTmaneTTan mimdevrobiT 

SeerTebuli, sxvadasxva sixistis drekadi sxeuli. 

amave dros, datvirTvis dawyebidan nimuSis rRvevamde, 

manqanis nawilebi drekadad deformirdeba, xolo ni-

muSSi, drekadobis zRvris gadalaxvis Semdeg, drekad 

deformaciasTan erTad, plastikuri deformaciac 

xdeba. amas datvirTvis diagramis formis cvlileba-

mde mivyavarT. mag., rbili foladis xist sacdel man-

qanebze gamocdisas, denadobis baqnis win denadobis 

kbili SeiniSneba, maSin rodesac denadobis zRvris 

miRwevisas Zabva ecema. Zabvis vardnis mniSvneloba 

manqanis sixistezea damokidebuli. mcire sixistis 

mqone manqanebze nimuSis gamocdisas, SesaZlebelia, 

denadobis kbili arc dafiqsirdes.  

 

yuradReba unda mieqces im faqts, rom gamocdis Sede-

gebze  sacdeli manqanis gavlenis xarisxi damokide-

bulia gamosacdeli nimuSis masalis Tvisebebze (ga-

mocdis procesSi icvleba misi sixistec). nimuSisa da 

sacdeli manqanis sixistis Tanafardoba gavlenas ax-

dens gasazomi Zalis mniSvnelobaze. rac ufro metia 

sacdeli manqanis sixiste, nimuSis sixistesTan Seda-

rebiT, miT ufro zustad gaizomeba nimuSze modebu-

li Zala. sxva sityvebiT, erTi da imave masalisagan 

damzadebuli sxvadasxva zomis nimuSebis erTsadai-

mave manqanaze gamocdisas, SesaZlebelia, meqanikuri 

maxasiaTeblebis sxvadasxva mniSvnelobebi miviRoT.   

 
datvirTvis diagramidan sacdeli manqanis  nawilebis  

wagrZelebis gamosaricxad Tanamedrove saukeTeso man-

qanebSi, nimuSis samuSao nawilis deformaciis gasa-
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zomad, gadaadgilebis specialuri gardamqnelia ga-

Tvaliswinebuli. 

 

liTonebis gaWimvaze statikuri erTRerZa gamocda 

praqtikaSi meqanikuri Tvisebebis mraval maxasiaTe-

bels gansazRvravs da maTi sidideebis gaangariSeba 

ufro advilia, vidre gamocdis sxva meTodebiT miRe-

buli imave maxasiaTeblebisa. amasTan erTad, gaWimvaze 

gamocdis teqnika SedarebiT martivia da kargadaa 

damuSavebuli.  

 

praqtikulma gamocdilebam aCvena, rom zog SemTxveva--

Si gaWimvaze saxeSecvlili gamocdis saWiroeba Cnde-

ba. mag., gluvi cilindruli nimuSebis gamocdis nac-

vlad, saWiroa CanaWriani cilindruli nimuSebis ga-

mocda. an kidev, aucilebelia RerZuli gamocdidan 

eqscentrulze gadasvla. xSir SemTxvevaSi liTonebis 

gamocda sxva daZabuli mdgomareobiT_grexiT, RunviT 

da a.S._xdeba. meqanikuri gamocdebis pirobebis aseTi 

garTulebebi liTonebis laboratoriul gamocdebs 

aaxloebs mis namdvil samuSao, sasamsaxuro pirobeb-

Tan. isini ufro srulad axasiaTeben, e.w., ”sakons-

truqcio simtkices” da liTonis vargisobas mocemu-

li konstruqciisaTvis. sakonstruqcio simtkicis Se-

fasebis mizanSewoniloba Semdegi praqtikuli magali-

Tidan Cans: sapasuxismgeblo WanWikebis dasamzadeb-

lad SerCeuli maRali statikuri simtkicis (ߪdr >1500 
n/mm2) mqone liToni ar gamodga: igi Zalian mgrZnobi-

are aRmoCnda modebuli gamWimavi Zabvebis eqscentri-

sitetisadmi (gansakuTrebiT iseT SemTxvevebSi, roca mas 

ze moWrili iyo Zabvebis iseTi koncentatori, rogoric 

xraxnia) da advilad irRveoda. e.i. maRali simtkicis 
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maxasiTeblis mqone liTonma (arasakmarisi sakonsrtuq 

cio simtkicis gamo) ar ivarga.    

5.6 erTRerZa gaWimvis Zabva-deformaciis diagrama 
 
liTonuri masalebis meqanikuri Tvisebebis kvlevisas, 

mecnierebisaTvis erT-erT mniSvnelovan amocanas war-

moadgens nimuSze modebuli datvirTviT gamowveul 

Zabvebsa da Sesabamis deformaciebs Soris arsebuli 

kavSiris kanonzomierebis dadgena. Zabvebisa da de-

formaciebis urTierTobas ganvixilavT qvemoT, erT-

RerZa gaWimvisas eqsperimentalurad agebuli Zabva-de-

formaciis diagramis magaliTze.  TvalsaCinoebisaT-

vis detalurad ganvixiloT realuri sxeulis (dabal-

naxSirbadiani molbobili foladis) erTRerZa gaWimvisas 

miRebuli Zabva_deformaciis diagrama (kumSvisas “Zabva-

deformaciis” diagrama gaWimvis diagramis analogiuria). 

 

sur. 33 Seesabameba ܨ଴ ganivkveTis farTobisa da  ݈଴ saw-
yisi saangariSo sigrZis mqone nimuSis deformaciis 

sididis cvlilebis Zabvaze damokidebulebas. mis or-

dinataze gadazomilia gamWimavi Zala ܲ (an Zabva ), 
xolo abscisaze_absoluturi wagrZeleba ∆݈ (an de-

formacia ε). gaWimvis mrudi axasiaTebs liTonis 

qcevas deformirebis procesSi, datvirTvis modebis 

momentidan nimuSis rRvevamde.  
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sur. 33. dabalnaxSirbadiani molbobili foladis  

        gaWimvis mrudi    

 

nimuSis absolutur wagrZelebasa da deformacias 

Soris Semdegi damokidebulebebi arsebobs: 
 

∆݈ = ݈ − ݈଴, 

 
ߝ = ∆௟

௟బ
  . 

 
sadac: ݈଴

 
aris gamosacdeli nimuSis sawyisi saangari-    

       So sigrZe;   

         ∆݈_nimuSis absoluturi wagrZeleba; 

ߝ                  −nimuSis fardobiTi deformacia. 
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mrudis sworxazovani OA ubani asaxavs masalis dre-

kad deformacias, xolo diagramis mrudxazovani ubne-

bi dakavSirebulia drekad-plastikur deformacieb-

Tan. aseTi diagramebiT SeiZleba dadgena masalis 

rigi parametrebisa mag., denadobis pirobiTi zRvre 

bis (ߪ଴,ଶ  an ߪ଴,଴ଶ), gandinebis Zabvis (ߪ௜), anu Zabvis 

deformaciis nebismieri xarisxisTvis, simtkicis 

zRvris ߪ௠, anu pirobiTi Zabvisa, romelic im maqsima- 

lur datvirTvas Seesabameba, romelsac masala gauZ- 

lebs daurRvevlad. simtkicis maxasiaTeblebis garda, 

diagramidan masalis plastikuri Tvisebebic  ganisaz-

Rvreba. xSirad plastikurobis sazomad fardobiT 

wagrZeleba δ-s an fardobiT Seviwroeba  ߖ-s irCeven. 

 

diagramis analizi gviCvenebs, rom gaWimvis mrudze  

damaxasiaTebeli wertilebi_OABCDEF_erTmaneTisgan   

gansxvavebul sam ubans gamoyofen. ganvixiloT gaWim-

vis mrudis calkeuli ubnebi da iq mimdinare procese-

bi: 

1) drekadi deformaciis OA ubani. diagramis swor-

xazovani OA monakveTi warmoadgens nimuSis drekadi 

deformaciis  ubans. igi asaxavs ܲ datvirTvasa da ∆݈  
wagrZelebas Soris pirdapirproporciul damokide-

bulebas. Aam ubanze deformacia Seqcevadia: Tu ni-

muSs davtvirTavT A wertilis ordinatis Sesabamisi 

௉ܲ  sididis gamWimavi ZaliT da Semdeg ganvtvirTavT, 

SevniSnavT, rom nimuSis sigrZe imave kanoniT Semcir-

deba, romliTac is datvirTvis dros izrdeboda. e.i., 

am ubanze, nimuSSi, mxolod drekadi deformaciebi 

aRiZvreba. A wertilis (romelSic proporciulobis kano-
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ni wyvets moqmedebas) ordinatis   ௉ܲ-s sididis mixedviT 

gamoiTvleba proporciulobis zRvari:  

 

௉ߪ = ௉ು
ிబ 

  , 
 

sadac ܨ଴ aris nimuSis ganivkveTis sawyisi farTobi.  
 

amrigad, proporciulobis zRvari ewodeba im udides  

Zabvas, romlis atanac SeuZlia mocemul masalas, 

proporciulobis kanonidan gadauxrelad. Pproporciu-
lobis zRvari ߪ௉, praqtikulad, denadobis zRvars emTxveva. 

amitom, meqanikuri gamocdebisas,  misi gansazRvra ar xdeba. 

inglisisa da amerikis normebSi proporciulobis zRvari 

xSirad denadobis zRvarTanaa gaigivebuli. 
 

௉ܲ  datvirTvis sidide damokidebulia nimuSis zomebsa 

da masalis fizikur Tvisebebze. igi im datvirTvas 

Seesabameba, romlis sididemdec hukis kanonia samar-

Tliani. Ee.i., OA  ubani vrceldeba im momentamde, sanam 

nimuSi masze modebuli datvirTvis moxsnis  Semdeg 

sawyis zomebs daibrunebdes, anu nimuSis sawyis saan-

gariSo sigrZeze datvirTva  gavlenas ver axdens.  

 

A wertilis Sesabamis  romeliRac mdgomareobamde  

datvirTvasa  da deformacias Soris arsebuli swor-

xazovani funqcionaluri damokidebuleba gamoisaxeba 

tgߙ sididiT, sadac α, aris kuTxe ON-sa da wagrZelebis       

∆݈ RerZs Soris. amgvarad, ON xazis nebismieri werti-
lisaTvis Zala Semdegnairad SeiZleba gamoisaxos: 

ܲ =  .ߙ݃ݐ݈∆
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ON daxrili xazi gviCvenebs masalis sixistes, anu im 

maxasiaTebels, romelic miuTiTebs Tu rogor cvlis 

masalis atomTSoris manZilebs garedan modebuli 

datvirTva (am sididiT, miaxloebiT, sakvlevi masalis 

atomTSoris mizidulobis Zalebs axasiaTeben). ON xazis 
daxris kuTxis α-s tangensi (tgα)  drekadobis norma-
luri E modulis proporciulia da ricxobrivad  

 
ܧ = ఙ

ఌ
  . 

 

tgα-s sidide  dakavSirebulia drekadobis normalur E 
modulTan da igi yoveli liTonis individualuri 

maxasiaTebelia. 

 

A wertilis Semdeg ON xazi gamrudebas iwyebs. Tu 

sacdel nimuSs davtvirTavT gamWimavi ZaliT, rome-

lic B wertilis ௘ܲ  ordinatis sidides ar aRemateba 
da ganvtvirTavT, maSin, gantvirTvisas, nimuSis de-

formacia Semcirdeba imave kanoniT, romliTac is 

matulobda datvirTvisas. maSasadame, am SemTxvevaSic, 

nimuSSi mxolod drekadi deformaciebi aRiZvreba.  

 

davuSvaT, rom datvirTvis TandaTan matebas Tan 

axlavs misi sruli gantvirTva. maSin, manam sanam 

deformacia inarCunebs drekad xasiaTs, gantvirTvas 

Tan unda axldes misi sruli gaqroba. Tu B wertilis 

Sesabamisi sidide ௘ܲ   udidesia im Zalebs Soris, rom-

lebsac gantvirTvisas uZlebs nimuSi, narCeni defor-

maciis gareSe, maSin igi drekadobis zRvris Sesaba-

misi Zabvis sidide iqneba da ase gamoisaxeba: 
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௘ߪ = ௉೐
ிబ

  . 

 
amrigad, drekadobis zRvari ewodeba udides Zabvas, 

romlis atanac SeuZlia mocemul masalas gantvir-

Tvisas, narCeni deformaciis gareSe. drekadobis 

zRvris dadgena teqnikurad rTuli procesia. amis 

gamo, praqtikulad, gamoiTvlian im Zabvas, romlis 

drosac narCeni deformacia Zalian mcirea (0,005, 0,05, 
an 0,01%) da aRniSvnaSi uCveneben narCeni deformaciis 

sidides  (ߪ଴,଴଴ହ, , ଴,଴ହߪ  .(଴,଴ଵߪ
 

drekadobis WeSmariti zRvris nacvlad ganisazRvreba  

teqnikuri drekadobis (ߪ௘) zRvari. igi im Zabvas Seesabameba, 

romlis modebac nimuSSi 0.01, 0,05 an 0,005% narCen defor-

macias iwvevs (frangul normebSi ”drekadobis zRvari” 

denadobis zRvars aRniSnavs). misi gansazRvra safexurovani 

datvirTva_gantvirTviT da yoveli safexuris Sesabamisi 

wagrZelebis gazomviT xdeba. procesi grZeldeba manam, 

sanam narCeni deformacia winaswargansazRvruli deforma-

ciis 0,01 an 0,005% sidides ar miaRwevs. sazomi xelsa-

wyos_eqstenzometris_nimuSze mcire winaswari datvirTviT 

dayenebis Semdeg, (masalas) mosalodneli drekadobis 

zRvris 90%-is sididis ZabviT datvirTaven. Aam datvirTvas 

inarCuneben manam, sanam mzomi ar Sewyvets deformaciis 

Cvenebas (aranakleb 10 wm-isa, rom gaTvaliswinebul iqnes 

mermeqmedeba). amis Semdeg xdeba nimuSis gantvirTva sawyis 

datvirTvamde da deformaciis gazomva. es procesi, Zabvebis 

10−20 n-is matebiT, grZeldeba manam, sanam saangariSo sig-

rZis narCeni deformacia 0,01%-s (0,005%) ar miaRwevs.   
 
aRsaniSnavia, rom drekadobis zRvari ar emTxveva pro-

porciulobis zRvars. isini erTmaneTisagan damouki-

deblad arseboben. maT Soris gansxvaveba imdenad 
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mcirea, rom plastikurobis TeoriaSi mas, Cveulebriv,  

ugulebelyofen. praqtikulad ki TiToeuli maTgani 

sakmarisia (gaWimvisas) drekadi deformaciisadmi li-

Tonis udidesi winaaRmdegobis dasaxasiaTeblad. 

 

B  wertilis Semdeg, gaWimvis mrudi ON swori xazidan 
gadaxras iwyebs. deformacia izrdeba datvirTvaze 

swrafad. irRveva proporciuloba Zabvasa da deforma-

cias Soris. proporciulobis zRvars zemoT, fola-

dis  calkeul kristalSi, SesamCnevi plastikuri de-

formaciebi viTardeba. isini gaWimvis diagramaze swo-

ri xazis gamrudebas da denadobis baqanTan mierTebas 

iwveven. Ee.i. Zabva, drekad deformaciasTan erTad, nar-

Cen plastikur deformaciasac iwvevs da mdovred mii-

wevs C wertilamde.  im SemTxvevaSi, rodesac gamWimavi 

Zala ௘ܲ-ze meti gaxdeba nimuSis gantvirTvisas, de-

formacia srulad ar gaqreba da diagramaze miviRebT 

datvirTvis paralelur gantvirTvis ܥܥᇱ xazs. am Sem-
TxvevaSi ܥଵ wertilamde sruli deformacia Seadgens:    

 

∆݈ = ∆݈஼ + ∆݈௘஼ . 

 

amrigad, C wertilis damaxasiaTebeli Tavisebureba 

imaSi mdgomareobs, rom nimuSis ௘ܲ  sidideze meti Za-
liT datvirTvis da Semdgomi gantvirTvisas, am wer-

tilidan nimuSSi narCeni deformacia warmoiqmneba.  

 

praqtikulad denadobis ߪௌ zRvari, Zabva-deformaciis 

diagramaze, nimuSis sawyis kveTze modebul Zabvas Se-

esabameba. igi drekadobis aris dasrulebis Semdeg ga-

Wimvis mrudis sworxazovani monakveTidan naTlad 
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gamoxatul gadaxras iwvevs. am dros, wagrZelebis ma-

tebis miuxedavad, sacdeli manqanis Zalasazomis isa-

ri pirvelad gaCerdeba an ukan gadaixreba. denadobis 

dawyebis Semdeg Zabvis Semcirebis dasawyisi denado-

bis zeda zRvars Seesabameba, xolo qveda zRvari_im 

sidides, romelamdec, zeda zRvris gamovlenis Semdeg, 

Zabva vardeba. naTlad gamoxatuli denadobis zRvari 

mxolod zogierT plastikur masalas aqvs. maTTvis 

damaxasiaTebelia, e.w. denadobis mkveTri zRvari, anu 

”denadobis kbili”. rodesac ar gvaqvs naTlad gamoxa-

tuli denadobis zRvari, denadobis zRvrad aiReba im 

Zabvis mniSvneloba, romlis modebisas sawyisi saanga-

riSo sigrZe 0.2%-iT deformirdeba. mas denadobis pi-

robiT zRvari ewodeba da aRiniSneba ߪ଴,ଶ-iT. denado-
bis  pirobiTi zRvris gansazRvra ori meTodiT xdeba: 

1. drekadobis zRvris analogiurad (im gansxvavebiT, 

rom winaswargansazRvruli narCeni deformacia 0,01%-is 

nacvlad 0,2% aiReba); 2. sur. 34-is Sesabamisad, sacdeli 

manqaniT Cawerili Zabva_deformaciis diagramiT. 

 
sur. 34. gaWimvis mrudidan ߪ଴,ଶ-is gansazRvris sqema  

 

Zabva-deformaciis diagramiT ganisazRvreba mxolod sim-

tkicis maxasiaTeblebi ߪdr da ߪ଴,ଶ (aseTi gziT gansaz-
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Rvruli denadobis pirobiTi ߪ଴,ଶ zRvari Seicavs, damatebiT, 

manqanis momWerebis umniSvnelo gadaadgilebebsa da defor-

macias. am diagramaze normaluri drekadobis moduli 

namdvil sidideze gacilebiT naklebia, radgan diagramis 

Camweri aparati manqanis nawilebis drekad deformaciebsac 

afiqsirebs. drekadobis modulis gansasazRvrad gamosac-

del nimuSze kideben tenzometrebs, romlebic mcire sidi-

dis deformaciebis gansazRvris da OA ubnis zustad agebis 
saSualebas iZleva. imave mizeziT deformaciis δ da ߖ 

maxasiaTeblebi ganisazRvrebian ara diagramiT, aramed 

nimuSis geometriuli zomebis gazomviT gamocdamde da 

gamocdis Semdeg.   

 

sacdeli manqanis Zalasazomi meqanizmis folxvis, rever-

sorSi arsebuli RreCoebis an nimuSis Tavebsa da traver-

saSi maTTvis gankuTvnil budeebs Soris arasruli kontaq-

tis gamo manqanuri diagramis sawyisi ubani mrudxazaa. misi  

gamoricxva diagramis abscisis gadakvTamde sworxazovani 

ubnis gagrZelebiT xdeba. swori xazisa da abscisis gada-

kveTis wertili aiReba diagramis sawyis wertilad. diagra-

maze erTdroulad nimuSis, reversoris da manqanis Suale-

duri rgolebis jamuri deformacia iwereba. diagramis 

mixedviT jamuri deformaciidan nimuSis sufTa deforma-

ciis gamoyofa sakmaod Znelia.  
 
praqtikulad, sacdel manqanaze Cawerili gaWimvis 

mrudidan denadobis fardobiTi zRvris gansazRvri-

sas, nimuSis samuSao sigrZidan gamomdinare (dadgeni-

li daSvebebis gaTvaliswinebiT), narCeni deformaciis 

sigrZe gamoiTvleba. gamoTvlili sidide gadiddeba 

diagramis masStabis proporciulad da miRebuli 

sigrZis Sesabamisi monakveTi, wagrZelebis RerZze, O  
wertilidan gadaizomeba.  ܥᇱ wertilidan gavlebuli OA 
xazis paraleluri xazis gaWimvis mrudTan gadakveTis 
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P wertiliT ganisazRvreba ଴ܲ,ଶ datvirTva, romelic, 

narCeni deformaciis sidideze mocemuli daSvebiT, 

denadobis fardobiT zRvars Seesabameba (aseTi gamoTv-

lebisas, diagramis masStabi wagrZelebis RerZze ≥50:1). 
teqnikur gazomvebSi miRebulia procentebSi gamosa-

xuli, e.w. ߪ଴,ଶ, anu is Zabva, romelic  nimuSis sigrZis 

an sxva zomis 0,2% narCen deformacias iwvevs: 

 

଴,ଶߪ = ଴ܲ,ଶ

଴ܨ
 ∙ 100%. 

 

aseTi wesiT denadobis pirobiTi zRvari ganisaz-

Rvreba mxolod im SemTxvevaSi, rodesac gaWimvis 

mrudze denadobis baqani ar arsebobs. denadobis 

fardobiTi zRvris gansazRvrisas datvirTvis siCqare 

1,0-dan 30,0-mde mpa wm-1-is zRvrebSi unda iyos.  
         

amrigad, gaWimvisas denadobis zRvari ewodeba im 

Zabvas, romlis drosac nimuSSi aRiZvreba narCeni 

deformacia da vrceldeba gaWimvis Zalis droebiTi 

mudmivobisas mis samuSao sigrZeze. denadobis zRvris 

Semdeg gamWimavi Zala iwyebs mdovred zrdas.  

 

2) drekad-plastikuri CEE ubani. aq datvirTva ufro 

naklebi simkveTriT ganagrZobs matebas, vidre pirvel 

ubanze da deformacia ukve Seuqcevia, igi Tanabradaa 

ganawilebuli nimuSis sigrZeze.  
 

gaWimvis mrudis D-E ubanze nimuSi drekad-plas-

tikurad deformirdeba. E wertilSi datvirTva aRwevs 

maqsimums   ( ௠ܲ-s). am momentamde cilindruli nimuSis 
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samuSao sigrZe inarCunebs Reros formas. igi mTel 

sigrZeze Tanabari wagrZelebiTa da ganivkveTis far-

Tobis mudmivobiT xasiaTdeba. Tu Cven E wertilSi 

nimuSs warmosaxviT ganvtvirTavT, maSin gantvirTvis  

-ᇱ xazi ON xazis paraleluri iqneba. radgan dreܧܧ

kadi deformaciis moduli gantvirTvisas mudmivi 

rCeba, amitom deformacia ase gamoisaxeba: 

 

∆݈ா =  ᇱܧܱ
 
E wertilis Semdeg EF mrudi dabla eSveba. nimuSis 

SezRudul sigrZeze deformacia iwyebs Tavmoyras. 

Sedegad, nimuSi adgilobrivad Seviwrovdeba da war-

moiqmneba, e.w.,  ”yeli”. am dros  yelis kveTSi Zabva 

izrdeba, xolo datvirTvis Zala mcirdeba. maqsimalu-

ri ாܲ Zalis Sesabamisi pirobiTi Zabva aRiniSneba ߪ௠-

iT da mas praqtikaSi simtkicis zRvars uwodeben. rea-

lurad, plastikur masalebSi, is aris nimuSis sa-

muSao nawilis Tanabari narCeni deformaciis gamo-

mwvevi udidesi Zabva, romlis gadaWarbebisas nimuSi 

araTanabar deformirebas iwyebs, Cveulebriv, datvir-

Tvis SemcirebiT. igi gamoisaxeba formuliT: 

 

௠ߪ = ௉ಶ
ிబ
 , 

 

sadac: ாܲ aris gaWimvis mrudis udidesi ௠ܲ ordinatis 
          Sesabamisi grZivi Zala; 

   .଴_nimuSis ganivkveTis sawyisi farTobiܨ        
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 ௠-is pirobiToba imaSi mdgomareobs, rom gaWimvisߪ

WeSmariti Zabva-ܵா , E wertilSi, mniSvnelovnad metia, 

vidre ߪ௠, radgan, gaWimvisas ganivkveTis farTobi  ܨா  

mcirdeba da F଴-ze naklebi xdeba. 

 

im liTonebisaTvis, romlebic yelis warmoqmniT irR-

veva, ߪ௠ axasiaTebs liTonis winaRobis unars plas-

tikuri deformaciisadmi da kavSiri ara aqvs simtki-

cis zRvarTan gaWimvisas. im liTonebisTvis, romlebic 

irRveva yelis warmoqmnis gareSe, e.i. gaWimvis mrudis 

aRmaval ܧܥ  monakveTze, ߪ௠ warmoadgens simtkicis 

zRvrul maxasiaTebels mowyvetisas (aseT movlenas Tan 

axlavs rRvevis reliefis kristaluri aRnagoba da am 

dros plastikuri deformacia TiTqmis ar xdeba). narCeni 

plastikuri deformaciis gareSe, mowyvetis gamomwvevi 

udidesi WeSmariti ܵா Zabva Seesabameba mowyvetis WeS-

marit ்ܵ  winaaRmdegobas;   

 

3) Tavmoyrili deformaciis ࡲࡱ ubani. plastikuri ma-

salebis diagramaze, Zabvis maqsimumidan dawyebuli 

ufro mdgradia lokaluri deformacia da nimuSis 

danarCeni nawili praqtikulad  ar deformirdeba.  ߪ௠  

Zabvidan dawyebuli, deformacia Tavs iyris nimuSis 

erT yvelaze sust ubanze. am ubanze datvirTva mcir-

deba, nimuSis ganivkveTi adgilobrivad Seviwrovdeba 

da sur. 35-is Sesabamisad, e.w., “yeli” Cndeba.  
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sur. 35. nimuSis ganivkveTis adgilobrivi Seviwroeba (yeli) 

am momentidan deformaciaSi sigrZis mxolod mcire 

nawili monawileobs da iseTi maxasiaTeblebi, rogo-

ricaa: moculobis mudmivoba, wagrZeleba, Seviwroeba, 

deformaciis muSaoba da sxv. nimuSis mxolod mcire 

moculobis, yelis, minimaluri ganivkveTis momijnave 

nawilebs miewereba. 

 

teqnikuri masalebis umravlesoba Tanabrad wagrZel-

deba plastikuri gaWimvis mxolod pirvel stadiaze. 

garkveuli momentidan, romelic gaWimvis diagramaze 

maqsimaluri Zabvis Sesabamis maqsimalur Tanabar wag-

rZelebas Seesabameba, plastikuri deformacia loka-

lizdeba. am momentidan nimuSis danarCen sigrZeze ga-

nivkveTis farTobi, praqtikulad, ucvleli rCeba.  

 

yelis warmoqmnis mizezi Seviwroebuli ganivkveTis, mezo-

bel Seuviwroebel ganivkveTebTan SedarebiT, naklebi sim-

tkicea. imisaTvis, rom nimuSi mTel sigrZeze Tanabrad ga-

iWimos aucilebelia ganivkveTi, romelic Seviwroebas iw-

yebs, deformaciisas ufro mtkice gaxdes, vidre mezobeli 

nawilebia. amis mizezi SeiZleba iyos: 1. deformaciuli 

ganmtkiceba (fizikuri); 2. yelSi deformaciis siCqaris 

gazrdiT gamowveuli ganmtkiceba; 3. geometriuli ganmtki-

ceba. Aam dros yeli moqmedebs rogorc CanaWeri, romelic, 
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plastikur masalebSi Zabvis maqsimumis gadalaxvis Semdeg, 

nimuSis SigniT plastikuri deformaciis winaRobis gaz-

rdas iwvevs (daZabuli mdgomareobis sqemis cvlilebis 

gamo, e.i. mxebi Zabvebis fardobiTi wili mcirdeba). 

 

mravlobiTi srialis ganviTarebis Sedegad, yelSi ma-

Rali simkvrivis vakansiebi da dislokaciebi Cndeba. 

Tavis mxriv, isini aramTlianobebis Canasaxebis wya-

rod iqcevian da maTi Semdgomi gamsxvileba forebs 

warmoqmnis. forebis urTierTSerwyma, gaWimvis RerZis 

ganivi mimarTulebiT, iwvevs bzarebis Casaxvas. bzare-

bis  Semdegi  ganviTarebis Sedegad, nimuSis mTli-

anoba irRveva. yelis warmoqmnis Semdeg, gawyvetis 

momentSi, ிܲZala , romelic F wertilis ordinatas 

Seesabameba, rRvevis namdvil anu “WeSmarit” ܵி 

winaRobas gansazRvravs. rRvevis WeSmariti winaRoba 

aris maqsimaluri Zabva, romelsac masala uZlebs  

rRvevis wina momentSi. igi  gamoisaxeba Semdegi 

damokidebulebiT: 

 

ܵி = ௉ಷ
ிಷ
 , 

 

sadac ܨி aris nimuSis yelis umciresi ganivkveTis fa-

rTobi mowyvetis momentSi.  
 
 mocemul SemTxvevaSi ܵி-is buneba sruliad gansxva-

vebulia ்ܵ-s bunebisgan. rRvevis WeSmariti ܵி 

winaRoba warmoadgens udides saSualo normalur 

Zabvas nimuSis yelis ganivkveTSi, romelsac is 

uZlebs, ZiriTadad,  Zvris (Wris) Zabvebis moqmedebiT 
rRvevisas. 
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rRvevis WeSmariti winaRoba mniSvnelovnad metia, vid-

re simtkicis zRvari, vinaidan igi ganisazRvreba ara 

sawyisi, aramed nimuSis ganivkveTis saboloo, rRvevis 

momentSi arsebul faqtobriv farTobTan SefardebiT. 

WeSmariti ௜ܵ Zabvebi ganisazRvreba rogorc datvir-

Tvis fardoba, drois mocemul momentSi, realurad 

arsebul ganivkveTis farTobTan:  

 

௜ܵ = ௜ܲ

௜ܨ
 

gaWimvaze gamocdisas, nimuSis narCeni absoluturi 

wagrZelebis Sefardebas sawyis saangariSo sigrZes-

Tan, ewodeba narCeni fardobiTi wagrZeleba gaWimvi-

sas, romelic Cveulebriv, procentebSi gamoisaxeba:  

 

ிߜ =
∆݈ி

݈଴
 ∙ 100%. 

 
igi gaWimvis mrudze or paralelur  OA da  ܨܨᇱ   xaz-

ebs Soris monakveTs_ܱܨᇱ-s Seesabameba. ܧᇱܨᇱ = ∆݈ாி mo-

nakveTi warmoadgens Tavmoyril deformacias. igi mii-

Reba maqsimaluri  ாܲ Zalis miRwevis Semdeg. saerTo 

narCeni wagrZeleba, rRvevis Semdeg,  warmoadgens Ta-

nabari da Tavmoyrili, wagrZelebebis jams. igi gani-

sazRvreba nimuSis saboloo da sawyisi sigrZeebis 

sxvaobiT. 

∆݈ி = ݈ி − ݈଴ 

 

,ଵ monakveTiܨᇱܨ (sur. 33) nimuSis rRvevis momentSi dre-

kadi milevadi wagrZelebaa da gaWimvis mrudzeFܨ wer-
tilidan abscisis RerZze  ܨܨଵperpendikularuli xazis 
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daSvebiT SemoisazRvreba. igi ∆݈ா da ∆݈ாி-Tan Sedare-

biT, liTonebisTvis, metismetad mcire sididea. amitom 

nimuSis narCeni deformaciis gazomvisas, es sidide, 

umetes SemTxvevebSi, ugulebelyofilia (praqtikaSi ܨᇱ 

da   .(ᇱ wertiliܨ ଵ wertilebi ganixileba rogorc erTiܨ 
 
Tavmoyrili wagrZeleba, Cveulebriv, nimuSis SezRu-

duli nawilis sigrZeze (nimuSis diametris daaxloebiT 

1,5_2 sidideze) vrceldeba. am nawilis sazRvrebSi ݈ாி 

wagrZeleba ukiduresad araTanabradaa ganawilebuli. 

igi umciresi ܨி  kveTidan orive mxares simetriulad 

koncentrirdeba.Aamgvarad, narCeni fardobiTi wagrZe-

lebis formulidan gvaqvs: 

 

ிߜ = ∆௟ಷ
௟బ

= ∆௟ಶ
௟బ

+ ∆௟ಶಷ
௟బ

 . 

 

am formulaSi meore Sesakrebi azrs kargavs, vinaidan       

∆݈ாி deformacia mTel ݈଴ sigrZeze ar vrceldeba. ߜி-s, 
misi arasrulyofilobis gamo, plastikurobis Sesafa-

seblad ar iyeneben, roca plastikurobis ufro mizan-

Sewonili Sefasebis miRebaa SesaZlebeli. 

 

Cveulebriv, fardobiTi wagrZelebis Sedarebadi mniSvnelo-

bebis misaRebad gamoiyeneba proporciuli nimuSebi. fardo-

biTi wagrZeleba didadaa damokidebuli saangariSo sigrZis 

sidideze. fardobiTi wagrZeleba miT ufro metia, rac uf-

ro moklea (mocemuli kveTis) nimuSi. gaWimvaze (gansakuT-

rebiT saarbitraJo) gamocdebisas, upiratesad, xuTjeradi 

proporciuli nimuSebi gamoiyeneba. araproporciuli nimu-

Sebis gamoyenebisas, saangariSo sigrZe, ZiriTadad, 100 an 
200 mm-ia. aseT nimuSebze miRebuli wagrZelebis maCvenebe-

243



244 
 

li SeiZleba mniSvnelovnad gansxvavdebodes proporciuli 

nimuSebis gamocdisas miRebuli maCveneblebisgan.  

 

gaWimvaze gamocdis procesSi, wagrZelebis paralelu-

rad misi Seviwroebac, e.i. ganivkveTis farTobis Sem-

cirebac xdeba. cilindruli nimuSebisTvis miRebuli 

aRniSvnebis gamoyenebiT gveqneba: 

 

ிߖ =
଴ܨ − ிܨ

଴ܨ
 ∙ 100%. 

sadac ߖி aris nimuSis gaWimvisas ganivkveTis piro-

biTi fardobiTi Seviwroeba, Cveulebriv, gamosaxuli 

procentebSi. am gansazRvras xSirad ganivkveTis Se-

viwroebas an kumSvas uwodeben. ߖி-is pirobiToba 

gamomdinareobs absoluturi   ܨ଴ − -ி Seviwroebis Seܨ

fardebiT sawyis F଴-Tan, radgan ganivkveTis namdvili 

sidide gaWimvis procesSi icvleba. ߖி sidide aris 

jami Tanabari wagrZelebis ubanze kveTis cvlilebisa 

da gawyvetis adgilze, yelSi, adgilobrivi Seviwro-

ebisa. mrgvali kveTis nimuSebis SemTxvevaSi, fardo-

biTi Seviwroeba ganisazRvreba yelis yvelaze wvrili 

adgilis ori urTierTperpendikularuli mimarTule-

bis diametrebis gazomviT. Bbrtyeli nimuSebis Sem-

TxvevaSi, maTi waxnagebis Sua nawilebi ufro Zlier 

ikumSeba, vidre wiboebi. amitom, Seviwroeba ganisaz-

Rvreba umciresi sisqis da umciresi siganis gazomviT, 

anu gawyvetis sibrtyeSi Caxazuli sworkuTxediT.     

 

ிߖ -liTonis deformirebadobis meore ma (ி-Tan erTadߜ) 

xasiaTeblad iTvleba. ߖி aris udidesi fardobiTi 

Seviwroeba liTonisaTvis, romelic miiReba rRvevisas 
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yelis umcires kveTSi. igi axasiaTebs liTonis udi-

des plastikurobas yelSi, daZabuli mdgomareobisas, 

romlis mocemac rRvevisas fardobiT wagrZelebas ar 

SeuZlia. amitom, gaWimvisas, ߖி    iTvleba plastiku-

robis yvelaze ufro martiv da arsebiT maxasiaTeb-

lad. fardobiTi Seviwroeba ߖ SeiZleba gansazRvrul 

iqnes ara marto nimuSis umciresi ߖி   ganivkveTisTvis, 

aramed,  gaWimvis nebismier momentSi, nebismieri sxva 

ganivkveTisaTvisac, zogadi formuliT:  

 

௜ߖ = ிబିி೔
ிబ

 . 

 

kerZod, E  wertilisTvis ganivkveTis udidesi Tanabari 

Seviwroeba  ߖா, Tu ganivkveTis farTobi am SemTxvevi-

sTvis iqneba  ܨா , ganisazRvreba rogorc: 

 

ாߖ = ிబିிಶ  
ிబ

 . 

 

udidesi  Tanabari  Seviwroebis ߖா-s garda,  liTons  

aqvs  Tavmoyrili Seviwroebis ߖாி mniSvnelobac. igi 

miiReba nimuSze, romelsac ukve aqvs E wertilis Sesa-

bamisi Tanabari deformacia, anu ߜா an  ߖா . misi sidide 

ganisazRvreba formuliT: 

 

ிߖ = ிಶିிಷ
ிಶ

 . 

 

nimuSis rRvevamde, misi deformirebis procesSi, gar-

kveuli sididis meqanikuri muSaoba sruldeba. igi 

gaWimvis mrudsa da deformaciis RerZs Soris                     
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 ଵܱ farTobis proporciulia da mas liTonisܨܨܧܦܥܤܣܱ

siblantis maxasiaTebeli ewodeba.  

 

simtkicis TvalsazrisiT, mTeli gaWimvis mrudi SeiZ-

leba warmovidginoT  ܧ wertiliT or nawilad gayo-

filad. ܧ wertili Seesabameba ganviTarebis unaris 

mqone bzaris warmoqmnis moments. bzaris Semdgomi 

zrda nimuSis dacalkevebas iwvevs. Tu ܧ wertilidan 

abscisaze davuSvebT vertikalur ܧܧଵ xazs, maSin am 

xazis marcxniv mdebare farTobi im muSaobis propor-

ciuli iqneba, romelic bzaris CasaxvisTvisaa aucile-

beli, xolo marjvena nawili, nimuSis mTel ganiv-

kveTze, bzaris gavrcelebis muSaobas Seesabameba. 

mTeli muSaoba ki warmoadgens maT jams. 
 

-wertilis Semdeg SesaZlebelia ganviTardes liTo ܧ

nis qcevisaTvis principulad gansxvavebuli ori Sem-

Txveva. Tu bzaris Casaxvis Semdeg misi gavrceleba 

raRac muSaobas saWiroebs, aseT rRvevas blanti rRve-

va ewodeba. igi gansazRvruli saxis rRvevis reli-

efiT xasiaTdeba. aseT SemTxvevaSi bzaris gavrcele-

bis muSaoba A ≫ 0-ze. Tu  ܧ wertilSi mrudi mowydeba, 

maSin bzaris gavrcelebis muSoba A ≈ 0 da liToni 

myifed irRveva. SesaZlebelia Sualeduri SemTxvevac: 

dasawyisSi blanti da Semdeg _ myife rRveva. 

 

ganxiluli masala gviCvenebs, rom gaWimvaze erTRerZa 

statikuri gamocdisas, ganisazRvreba: Zabvis erTeu-

lebSi_drekadi Tvisebebi; mcire plastikuri deforma-

ciisadmi winaRobis unari; mniSvnelovani plastikuri 

deformaciebisadmi winaRobis unari; rRvevisadmi wina-
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Roba; Tvisebebi, romlebic axasiaTeben plastikurobas 

procentebSi da statikuri siblantes muSaobis erTe-

ulebSi. 

 

 

5.7 kumSvaze statikuri gamocda, gamosacdeli 
nimuSebis forma da zomebi 

 

kumSvaze statikuri gamocda Savi da feradi liTo-

nebisa da Senadnobebis meqanikuri Tvisebebis maxasi-

aTeblebis gansazRvris erT-erTi yvelaze rbili me-

Todia. teqnikurad faseul mraval masalas (mag., Tujs 

da zogierT samsxmelo Senadnobs), plastikurobis ukma-

risobis an mowyvetis mcire winaaRmdegobis gamo, 

meqanikuri Tvisebebis dasadgenad daZabuli mdgomare-

obis “rbili” (anu rodesac ganivi deformaciis koefici-

enti =0,25-s sixistis maCvenebeli α=2-s) meTodi esaWi-

roeba. gamocdis aseT erT-erT meTods erTRerZa 

kumSva warmoadgens. kumSvaze RerZuli gamocdisas, 

nimuSebi mokldeba, xolo maTi ganivkveTebi farTov-

deba. Teoriulad kumSva SeiZleba ganxilul iqnes 

rogorc sawinaaRmdegod mimarTuli gaWimva. aqedan 

gamomdinare, yvela is gansazRvreba, romelic liTo-

nebis gaWimvaze gamocdisTvisaa damaxasiaTebeli amave 

formulirebas inarCunebs kumSvisTvisac Seqceuli 

mimarTulebiT. e.i., kumSvisas, meqanikuri Tvisebebis 

igive maxasiaTeblebi izomeba, romlebic gaWimvisas, 

oRond Sebrunebuli niSniT (nimuSis damokleba, wagrZe-

lebis nacvlad da ganivkveTis farTobis mateba, Semcirebis 

nacvlad). Sesabamisad, kumSvisas, WeSmariti Zabvebi 

pirobiTi Zabvebis mniSvnelobebze naklebia.  drekado-
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bis, proporciulobis da denadobis zRvrebi, kumSvi-

sas, xSirad emTxveva gaWimvis meTodiT miRebuli 

Sesabamisi maxasiaTeblebis sidideebs. es imiT aixsne-

ba, rom mcire deformaciebisas, nimuSis torseb-ze 

xaxunis gavlena jer kidev ar gamovlindeba. miuxeda-

vad amisa, meTodikis sirTulis gamo (tenzometrebis 

savaldebulo gamoyeneba), es maxasiaTeblebi kumSvaze 

gamocdisas, iSviaTad ganisazRvreba. garda amisa, nimu-

Sis kumSvaze gamocda, gaWimvaze gamocdisagan, rigi 

TaviseburebiT xasiaTdeba, kerZod: a) ar xorcieldeba 

plastikuri masalebis rRveva (gamocdis procesSi masa-

lebi ikumSeba, magram ar nawevrdeba. e.i., kumSvisas plasti-

kuri masalis simtkicis zRvris gansazRvra SeuZlebelia, 

radgan ubralod is ar arsebobs); b) liTonis kumSvaze 

winaRoba da deformacia, romelsac cilindruli 

nimuSi iRebs gamocdisas, damokidebulia h0/d0 fardo-

baze; g) gamocdis Sedegze Zlier moqmedebs nimuSis 

torsebze (romlebzec kumSvis Zalebi gadaicema) ganvi-

Tarebuli xaxuni.  

 

pirveli Tavisebureba cxadadaa warmodgenili sur. 36-is 

Sesabamisad, Tujisa da molbobili spilenZis kumSvis 

mrudebiT.E  

me-2 mrudi, Tujis kumSvis (1-li) mrudisgan gansxvavebiT, 

faqtobrivad, ara rRvevis Sedegad, aramed nebismierad 

wyvets svlas da, Tanac, nimuSis daurRvevlad gabrtyele-

bis Semdeg (kumSvis SesaZleblobis Semcirebis gamo), cdi-

lobs ordinatas paraleluri gaxdes. riTac gamoiricxeba 

plastikuri masalis simtkicis zRvris gansazRvris SesaZ-

lebloba kumSvisas.    
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sur. 36. kumSvis mrudebis sqemebi: 

     1. Tujis;  

     2. molbobili spilenZis 

  

nimuSis kumSvisas rRvevaze gadasvla arsebiTad sxvagvaria, 

vidre gaWimvisas. mravali myife masala, romelic gaWim-

visas mowyvetiT myifed irRveva (Tuji, aluminis samsxmelo 

Senadnobebi), kumSvisas maT WriT rRveva aReniSnebaT. plas-

tikuri masalebis (rbili foladi, tyvia da sxv.) kumSvisas 

rRveva SeuZlebelia. isini brtyeldebian da diskos for-

mas iReben. Aam dros rRvevis winaRobisa da plastikurobis 

sruli gamovlena SeuZlebelia.  

 

meore Taviseburebis axsnas  sur. 37-is Sesabamisad, erTi da 

imave masalis sxvadasxva ℎ଴/݀଴ sawyisi fardobis (ℎ଴/݀௢ −0,5;  
1,0; 1,5; 2,0) kumSvis diagramebi iZleva.  

erTnairi (∆h) sididis kumSvisas, Zala (ܲ) miT metia, rac 

ufro moklea nimuSi. ℎ଴/݀଴   fardobis zrdasTan erTad, ܲ 
Zalis mniSvnelobebi, TandaTan, erTmaneTs uaxlovdeba. 

249



250 
 

 
 

sur. 37. h0 /d0  fardobis gavlena wiTeli spilenZis kumSvis     

        mrudebis saxeze 

 

mesame  Taviseburebis axsnas iZleva, sur. 38-is Sesabamisad, 

feradi plastilinis cilindruli nimuSis plastikuri 

deformaciis procesi kumSvisas. a. forma Seesabameba sawyis 

mdgomareobas (deformacia nulis tolia), xolo b. for-

ma_nimuSis simaRlis 1/3-ze kumSvas. kumSvisas damaxasiaTe-

beli kasriseburoba da cilindris grZiv-diametrul  kveT-

Si plastilinis grZivi da ganivi xazebis          

 
sur. 38. cilindruli nimuSis deformacia kumSvisas  

 

gamrudeba moculobaSi, Sedegia araTanabari deformaciis. 

es movlena nimuSis torsebze xaxunis r Zalebis warmoSobiT 
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aixsneba. grZivi kumSvisas aRiZvreba xaxunis Zalebi, gamo-

sacdeli wnexis filebis mier nimuSis ganiv gafarToebaze 

gaweuli winaaRmdegobiT. isini nimuSis muSa nawilebis 

boloebze ganivi deformaciis damuxruWebas iwveven. praq-

tikulad dadgenilia, rom rac ufro moklea nimuSi, miT 

ufro Zlieria xaxunis r Zalis gavlena da liTonis kumS-

vaze winaRoba. kumSvisas, kumSvis Zabvis gaangariSeba   ߪ =
-଴ formuliT aranakleb pirobiTia, vidre Zabvis gaangaܨ/ܲ

riSeba gaWimvisas nimuSis yelSi, radgan am drosac  ganiv-

kveTis farTobi cvalebadia (matulobs da nimuSis mTel 

simaRleze erTmaneTisgan gansxvavebulia), xolo RerZuli 

Zabvebi kveTebSi araTanabaria.  
 

kumSvaze, ZiriTadad, myife masalebi (Tuji, samsxmelo 

Senadnobebi, betoni, qva, aguri da sxv.) gamoicdeba. kum-
Svaze gamosacdeli oTxi tipis nimuSi arsebobs: 1. ci-

lindruli, gluvi torsebiT; 2. prizmuli, kvadratu-

li kveTiT; 3. prizmuli, sworkuTxa kveTiT; 4. nimuSe-

bi torsuli amonaCarxiT.  

liTonebis kumSvaze gamosacdelad, ufro xSirad 

cilindruli (sawyisi diametri ݀଴ = 10 − 25 mm-s da 

sawyisi simaRle ℎ଴ ≈ 3݀଴-s, masalis Tvisebebidan gamom-

dinare, dasaSvebia fardobis sxva maCvenebelic. grZeli 

nimuSebis gamoyeneba, ganivi Runvis warmoqmnis saSiSroebis 

gamo, mizanSeuwonelia) formis nimuSebi gamoiyeneba. 

nimuSebis torsuli zedapirebi gaxexili da parale-

luri unda iyos, radgan gamocdis Sedegebze arsebiT 

gavlenas axdens torsebze xaxuni.  

 

gamocdis Sedegebis mixedviT, kumSvis diagrama aigeba. 

(koordinatebSi kumSvis Zala ܲ_nimuSis absoluturi damok-

leba ∆h an pirobiTi Zabva ߪ_fardobiTi damokleba ߝ:   
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ߪ = ௉
ிబ
,  

sadac:   ܲ  aris  kumSvis Zala;  
 .଴_nimuSis sawyisi kveTiܨ        

ߝ = ௛బି௛
௛బ

 , 

sadac: ℎ଴ aris nimuSis sawyisi simaRle;  
                 ℎ_simaRle dasmis Semdeg). G 
 

kumSvaze gamocdis Sedegad ganisazRvreba araplasti-

kuri masalebis proporciulobis, drekadobis, dena-

dobis da simtkicis zRvrebi (plastikuri masalebi 

kumSvisas daurRvevlad brtyeldeba). 

kumSvaze gamocdebi tardeba gaWimvaze sacdel da 

universalur yvela sistemis manqanze. cilindrul ni-

muSebs (liTonebis SemTxvevaSi) aTavseben wnexis or pa-

ralelur filas Soris  da, TandaTan, uwyvetad, 

mzardi P ZaliT tvirTaven. sur. 39-is Sesabamisad, 

kumSvaze gamocdis Sedegebis gamosaxva SesaZlebelia 

kumSvis diagramiT, romelic aigeba kumSvis Zala 

P_absoluturi damokleba ∆h koordinatebSi.   

 
sur. 39. kumSvis diagrama da dabalnaxSirbadiani  folade-         

         bis nimuSebis rRvevis xasiaTi 
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garegnulad plastikuri masalis umetesobis kumSvis 

diagrama emTxveva denadobis zRvramde gaWimvis diag-

ramas. diagramis A wertili masalis proporciulo-

bis zRvars Seesabameba. mis momdevno ubanze deforma-

ciis ufro swrafi mateba aRiniSneba da denadobis 

baqani gamokveTilad ar SeiniSneba. amis gamo, mravali 

masalisTvis denadobis zRvrad is pirobiTi Zabva mi-

iReba, romlis drosac narCeni deformacia sawyisi si-

maRlis 0,2%-s Seadgens. denadobis zRvris gansazRvra 

nimuSis gaWimvaze gamocdis analogiurad xdeba: 

 

଴,ଶߪ = ௉బ,మ
ிబ

 , 
 

denadobis zRvris Semdeg nimuSis ganivkveTis farTo-

bis zrdis Sesabamisad, mrudi mkveTrad maRla miiwevs. 

nimuSi deformaciis procesSi, ganivkveTis farTobis 

TandaTan matebis gamo, ufro meti da meti datvir- 

Tvis atanisunariani xdeba. nimuSi kasrisebr formas 

iZens da Semdeg, rRvevis niSnebis gamovlenis gareSe, 

SesaZloa gabrtyeldes Txel firfitamde. zog Sem-

TxvevaSi, masalis arasakmarisi plastikurobis gamo, 

nimuSis gverdiT zedapirebze wvrili bzarebi Cndeba. 

kumSviT gamocdisas,Pplastikuri masalis rRvevamde 

miyvana, praqtikulad, SeuZlebelia. aseT SemTxvevaSi 

cda ise wydeba, rom udidesi mrRvevi datvirTvis da, 

Sesabamisad, kumSvaze simtkicis zRvris gansazRvra 

SeuZlebeli xdeba. amis gamo, foladebi kumSvaze uf-

ro iSviaTad gamoicdeba, vidre gaWimvaze. foladebis 

kumSvaze gamocdisas, Cveulebriv, mxolod proporciu-

lobis zRvari ganisazRvreba. praqtikaSi kumSviT ga-

mocdebs, upiratesad, teqnologiuri sinjebis gamo-
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sacdelad iyeneben. sinjebis daxmarebiT kumSvaze 

gansazRvruli deformaciisas bzarebis gamoCeniT 

dgindeba masalis vargisianoba.  

 

sur. 40-is Sesabamisad, myife masalebis kumSvis diag-

ramas gansxvavebuli saxe aqvs.  

 
 

sur. 40. kumSvis diagrama da Tujis nimuSebis rRvevis  

        xasiaTi       

 

diagramaze ar aris sworxazovani ubani. ௠ܲ௔௫  datvir-

Tvisas nimuSi uecrad irRveva. nimuSze, misi grZivi 

RerZis mimarT, daaxloebiT 45°-iani daxrili kuTxiT, 

mravali bzari Cndeba (45°-iT daxril sibrtyeebSi mxebi 

Zabvebi maqsimaluria). 
    
rRvevis aseTi xasiaTi kumSvisas daxril farTobebze 

aRZruli mxebi Zabvebis moqmedebiT aixsneba. amgvarad, 

myife masalebis kumSvaze da gaWimvaze gamocdisas 

mxolod simtkicis zRvris gansazRvra aris SesaZle-

beli. dadgenilia, rom Tujis kumSvisa da gaWimvis 

diagramebs Soris sxvaoba mxolod imaSi mdgomareobs, 

rom simtkicis zRvris Sesabamisi datvirTva kumSvisas 

3–5-jer aRemateba simtkicis zRvris datvirTvas ga-
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Wimvisas. Ee.i. Tuji kumSvaze datvirTvas ufro ewina-

aRmdegeba, vidre gaWimvaze datvirTvas. 

 

myife masalis nimuSis deformaciis xasiaTi da misi 

rRvevis mizezebi didadaa damokidebuli xaxunis im 

Zalebze, romlebic aRiZvreba gamocdisas nimuSis 

torsebsa da sacdeli manqanis sayrden filebs Soris. 

nimuSis torsebze xaxuni moculobiT kumSvas iwvevs. 

amgvarad, mcirdeba Zabvis mxebi mdgeneli, rac WriT 

rRvevas ewinaaRmdegeba. praqtikulad dadgenilia, rom 

nimuSis torsebis xaxunis r Zalebis sapoxiT an sxva 

saSualebebiT (torsebze xaxunis Sesamcireblad, garda 

sapoxisa, iyeneben xaxunis kuTxis toli kuTxis mqone konu-

sur sadgamebs. nimuSis dasacentreblad ki erT-erTi say-

rdeni sferuli formis mzaddeba) Sesusteba iwvevs 

ganivi Zalebis minimumamde Semcirebas. amis Sedegad, 

plastikuri masalis cilindrul nimuSs gamocdis 

msvlelobis mTeli drois ganmavlobaSi SeuZlia ci-

lindruli   formis SenarCuneba, xolo araplastikur 

da myife masalebs_gabrtyelebis Zalis mniSvnelovani 

Semcireba da rRvevis saxis Secvla.  sur. 41-is Sesaba-

misad, myife masalebi, torsebze sapoxis moqmedebisas, 

a da b, tipis rRvevis nacvlad (sadac xdeba rRveva bza-
rebis wveroebiT erTmaneTisken mimarTuli ori konusis mo-

xazulobis an nimuSis ori naxevris dacerebul konusisebr 

zedapirebze urTierTsrialiT), irRveva nimuSis mTel 

simaRleze, grZivi bzarebis warmoqmniT. sur. 41 g, ni-

muSis torsebis parafiniT periodulad gapoxviT SeiZ-

leba xaxunis Zalebis sruli gamoricxva. nimuSi kas-

ris formas aRar miiRebs da rRveva (dauSveblad didi 

gamWimavi deformaciebis gamo) diametruli sibrtyis pa-

ralelur sibrtyeebze moxdeba.  
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sur. 41.  kumSvisas liTonis rRvevis sqemebi: 

         a) plastikuri masalebis; 

         b) mcire plastikuri masalebis; 

         g) myife masalebis 

 

kumSvaze gamocdis dros miRebuli meqanikuri Tvise-

bebis maxasiaTeblebis, ganmtkicebis mrudisa da misi 

parametrebis praqtikaSi gamoyeneba SeiZleba Semdegi 

miznebisTvis: a) masalebis SerCevisa da konstruqci-

uli gadawyvetilebebis dasabuTebisaTvis; b) meqaniku-

ri maxasiaTeblebis normirebis statistikuri kontro-

lisa da liTonis xarisxis SefasebisaTvis; g) nake-

Tobis teqnologiuri procesebis damuSavebisa da dap-

roeqtebisaTvis; d) manqanaTa  nawilebis simtkiceze 

gaangariSebisaTvis.  

 

5.8Ggrexa 
 
grexa liTonebis meqanikuri gamocdis erT-erT “rbil” 

saxes miekuTvneba. igi aRiZvreba im SemTxvevaSi, ro-

desac sxeulis ganivkveTs datvirTva moedeba wyvili 

Zalis (momentis) saxiT. am dros sxeulis ganivkveT-
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ebSi mxolod erTi Sinagani faqtori_mgrexi momen-

ti_aRiZvreba. e.i. grexa deformaciuli mdgomareobis 

is saxea, romlis drosac Reros ganivkveTebSi moqme-

debs mxolod mgrexi momentebi Tmgrex.  

 
mrgvali Reroebis ganivkveTebi grexis dros brtyeli rCeba. 

prizmuli Reros grexis dros, kveTis wertilebi Reros Re-

rZis gaswvriv gadaadgildeba, rasac deplanacias uwodeben. 

Tu sxvadasxva kveTSi sxvadasxva deplanaciaa, maSin Reros 

ganivkveTSi, mxeb ZabvebTan erTad, normaluri Zabvebi war-

moiqmneba. aseT grexas SezRudul grexas uwodeben. Tavisu-

fali grexis dros deplanacia yvela kveTSi erTnairia, ga-

nivkveTSi mxolod mxebi Zabvebi warmoiqmneba (sufTa Zvra).  

 

grexisas, mxeb da normalur Zabvebs Soris gaWim-

visagan gansxvavebuli Tanafardoba myardeba. gaWim-

visas, udidesi mxebi Zabvebi nimuSis RerZis mimarT 

450-iani kuTxiT daxril ganivkveTebSi moqmedebs da 

maTi sidide normaluri Zabvebis naxevaria. 

 

cilindruli nimuSis grexisas, grZivi RerZis mimarT 

normaluri ganivkveTebis  sibrtyeebsa da, wyvilado-

bis kanonidan gamomdinare, Reros radialur kveTSic 

(daStrixuli sibrtye) udidesi mxebi Zabvebi moq-

medebs. e.i. sur. 42-is Sesabamisad, daZabuli mdgomare-

oba yvela wertilSi sufTa Zvras Seesabameba.  

 

Zabvebis wyviladobis kanoni adgens damokidebulebas 

elementaruli paralelepipedis urTierTmarTobul sib-

rtyeebze moqmedi wyvili mxebi Zabvis sididesa da mimarTu-

lebas Soris, romlis mixedviTac or urTierTperpen-

dikularul sibrtyeSi mxebi Zabvebi sididiT toli da 

niSniT sawinaaRmdegoa:  
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߬௬௫ = −߬௫௬;  ߬௭௬ = −߬௬௭  ;  ߬௭௫ = −߬௫௭ 

 

 

 

 

 

 
 

 

 

 

 

 

 

sur. 42. mrgvali ganivkveTis mqone nimuSis grexa, romlis   

        marjvena bolo uZravia,xolo marcxenaze modebu- 

         lia momenti   ܶ: 
         ߮ aris dagrexis kuTxe; 
  fardobiTi Zvra_ߛ         
 

udidesi normaluri Zabvebi moqmedebs nimuSis grZivi 

RerZis mimarT 450-iani kuTxiT daxril sibrtyeebSi da 

ricxobrivad tolia maqsimaluri mxebi Zabvebisa. e.i. 

grexisas  

߬௠௔௫ =  ,௠௔௫ߪ

 

xolo sirbilis maCvenebeli: 

 

݉ =
߬௠௔௫

௠௔௫ߪ
= 1. 

 

grexa sxvadasxva konstruqciuli elementis defor-

maciis erT-erTi ZiriTadi saxea. grexaze momuSave Re-
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ros, Cveulebriv, lilvs uwodeben. e.i. lilvis ganiv-

kveTSi grexas iwvevs garedan wyvili Zalis saxiT mo-

debuli momenti. sur. 43-is Sesabamisad, am dros lil-

vis nebismier ganivkveTSi mgrexi momenti aRiZvreba: 

ܶmgrex = ܶ 
 

 

 

 

 

 

 

 

 

 

 

sur. 43. lilvis erTi   (ܥଶ) ganivkveTis l manZilze daSore- 

        buli meore  (ܥଵ) ganivkveTis mimarT mobruneba 

        (∆߮ = ߮ଶ − ߮ଵ) 
 

TiToeuli kveTi lilvis RerZis mimarT romelime  ߮௜ 

kuTxiT gadaadgildeba. am dros lilvis sigrZe da 

ganivkveTis zomebi, praqtikulad, ucvleli rCeba. ∆߮ 
aris lilvis saangariSo l ubnis dagrexis (mobrunebis) 
kuTxe. igi Seesabameba Reros erTi ganivkveTis l man-
Zilze daSorebuli meore ganivkveTis mimarT mobru-

nebas.  

 

dagrexis kuTxes, Reros sigrZis erTeulze, dagrexis 

fardobiT kuTxes uwodeben. grexisas Llilvis de- 

formaciuli maxasiaTebeli ߛ kuTxuri deformaciaa 

(Zvris deformacia). lilvis sakvlevi ubnisaTvis Zvris 
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maqsimaluri deformacia mis zedapirze xdeba (msaxve-

lis mobrunebis kuTxe) da igi toli xdeba: 

 

ߛ = ௗ
ଶ௟

∆߮, 

 

sadac: ݀ aris  lilvis ganivkveTis diametri; 

        ݈_lilvis saangariSo sigrZe. 

 

drekad stadiaze Zvrisas samarTliania hukis kanoni 

(gavixsenoT, rom hukis kanoni, rogorc wesi, samarTliania 

0-dan proporciulobis zRvramde Zabvebisas). am dros mxeb 

Zabvasa da Zvris kuTxes Soris sworxazovani damoki-

debulebaa:  

 

߬ = ܩ ∙  ,ߛ
 

GGsadac: G aris proporciulobis koeficienti da mas   

          meore gvaris drekadobis koeficienti anu    

          Zvris moduli ewodeba; 

 .Zvris kuTxe_ߛ              

 

ukve naCvenebi iyo, rom izotropuli masalebisaTvis Zvris 

moduli aris dakavSirebuli masalis sxva drekad maxasi-

aTeblebTan Semdegi fardobiT: 

 

ܩ = ா
ଶ(ଵା)

, 

 

sadac: E aris iungis moduli; 

       _puasonis koeficienti. 
hukis kanons grexisas, lilvis ubnisTvis, romelic 

gadaadgilebasa (dagrexis kuTxesa) da datvirTvas 
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(moments) Soris pirdapirproporciul damokidebule-

bas gamosaxavs, Semdegi saxe aqvs: 

 

                     ߮ = ் ௟
ீ ௃ು

 , 

 

sadac: ߮ aris dagrexis kuTxe radianebSi; 

       ܶ −mgrexi momenti, nm-Si; 

       ݈_nimuSis saangariSo sigrZe, mm-Si; 
     meore gvaris drekadobis moduli (Zvris_ܩ       

           moduli), pa-Si; 

  ௉_nimuSis ganivkveTis inerciis polaruliܬ       

          momenti. 

 

௉ܬ = గௗర

ଷଶ
 . 

 

Tu gvecodineba nimuSze modebuli T mgrexi momenti 
da φ dagrexis kuTxe maSin: 

 

ܩ = ் ௟
௃ುఝ

. 

 

Reros drekadi grexisas Zabvebis ganawileba ganiv-

kveTSi araTanabaria. isini xazobrivad matuloben, 

centridan daSorebis Sesabamisad. mgrexi momentebi 

iwvevs mrgvali kveTis ReroebSi mxeb Zabvebs, romle-

bic Semdegi formuliT ganisazRvreba: 

 

߬௉ = ் ∙ఘ
௃ು

 , 

sadac: ߬௉  aris mxebi Zabva ganivkveTis centridan ߩ   
          manZiliT  daSorebul wertilSi; 
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  ௉_nimuSis ganivkveTis inerciis polaruliܬ        

           momenti (imave wertilSi); 

 .materialuri wertilis RerZidan daSoreba−ߩ                    

 

e.i. udidesi mxebi ߬௠௔௫ Zabva iqneba Reros RerZidan 

yvelaze ufro daSorebul wertilebSi, anu Reros 

zedapirze. am dros  

 

௠௔௫ߩ = ݎ = ௗ
ଶ

  , 
xolo: 

߬௠௔௫ =
ܶ

௉ܹ
 , 

 

sadac: ௉ܹ aris Reros winaRobis polaruli momenti       

        grexisas (winaRobis momenti grexisas) da tolia: 

 

௉ܹ = ௃ು
௥

= గௗయ

ଵ଺
. 

 

drekad-plastikur stadiaSi grexis dros mxebi Zabve-

bi, romlebic denadobis zRvars (denad.) eTanadeba, 

vrceldeba lilvis zedapiridan RerZisaken. zRvrul 

mdgomareobaSi plastikuri zona vrceldeba lilvis 

RerZamde. amasTan, mrgvali kveTisaTvis zRvruli 

mgrexi momenti ganisazRvreba tolobiT: 

 

ܶzRvr =  ଶ
ଷ

߬ denad.ݎߨଷ
. 

 

plastikuri masalis grexa ganvixiloT dabalnax-

Sirbadiani foladis mgrexi momenti ܶ-s  dagrexis ߮ 

kuTxeze damokidebulebis (grexis diagrama) magaliTze. 
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sur. 44-is Sesabamisad, aRvweroT diagramis maxasi-

aTebeli ubnebi da wertilebi.   

 
  

sur. 44. plastikuri masalis grexis diagrama (a) da defor- 

        maciis drekadplastikuri ubnis Sesabamisi mxebi  

        Zabvis epiura (b) 

 
dasawyisSi, damokidebuleba deformaciasa da Zabvas 

Soris proporciulia, e.i. ܣAwertilis Sesabamisi 

datvirTva warmoadgens datvirTvis im zRvars, sana-

mdec hukis kanoni samarTliania. anu  OA ubani vrcel-

deba manam, sanam nimuSi, masze modebuli datvirTvis 

moxsnis  Semdeg, sawyis mdgomareobas daibrunebs. 

praqtikulad, nimuSis deformacia proporciulobis 

zRvrebSi imdenad mcirea, rom, specialuri mgrZno-

biare xelsawyoebis gareSe, misi SemCneva SeuZlebelia.  

A wertili  diagramaze ௉ܶ  moments Seesabameba, romel-

zec datvirTvis gadameteba diagramis gamrudebas 

iwvevs. Aam dros nimuSSi aRZruli Zabvis sidide pro-

porciulobis zRvars warmoadgens. mrudxazovani ABC 
ubani masalaSi plastikuri deformaciis gaCenasa da 

ganviTarebas axasiaTebs. B wertili diagramaze ଴ܶ,ଷ 
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moments Seesabameba. am dros, ߬ௌ–is toli Zabvisas, 

nimuSis masalis zedapirul SreSi viTardeba plastikuri 

deformacia. Semdgomi deformirebisas es zona aRwevs Rrma 

Sreebs da plastikuri deformirebis rgolisebr zonas 

warmoqmnis.  kveTis centralur nawilSi Zabva iqneba ߬ௌ-ze 
naklebi, anu iq darCeba drekadi zona. sabolood, plas-

tikuri zona Seavsebs mTel ganivkveTs. masalis mzidi una-

ri amoiwureba da Zabva kveTis yvela wertilSi ߬ௌ–is toli 

gaxdeba. denadobis zRvrad, pirobiTad, miRebulia is Zabva, 

romelic nimuSSi φ=0,003 rad. tol kuTxur deformacias 

iwvevs. diagramaze mrudxazovani ubani SeiZleba 

Zalian grZeli iyos. amis mizezi ara mxolod masalis 

plastikuroba, aramed nimuSis ganivkveTSi daZabuli 

mdgomareobis araTanabrobacaa.  

 

plastikuri masalebis ganivkveTSi Zabvebis araTanaba-

ri ganawileba gansazRvravs drekadi deformirebidan 

plastikurze gadasvlis Taviseburebas. proporciu-

lobis zRvris miRwevis Semdeg, drekadi da plastiku-

ri deformireba xdeba erTdroulad. dasawyisSi plas-

tikuri deformacia iwyeba nimuSis konturze, sadac 

udidesi mxebi Zabvebi moqmedebs. Semdeg, datvirTvis 

gazrdisas, plastikuri deformacia TandaTan nimuSis 

RerZisaken vrceldeba. nimuSis zedapirze adgili aqvs 

plastikur dinebas, siRrmeSi masala deformacias 

jer kidev drekadad ewinaaRmdegeba (wertili B). mxebi 
Zabvis Sesabamisi epiura, deformaciis romeliRac 

Sualeduri momentisaTvis, mocemulia sur. 44 b-ze. 

amgvarad, nimuSis datvirTvis am etapze masala 

drekad-plastikur deformacias ganicdis: kveTSi SeiZ-

leba gamoiyos rgoluri plastikuri zona 1 da ”dre-

kadi birTvi” 2. amiT aixsneba is faqtic, rom grexis 

mrudze denadobis baqani praqtikulad ar aRiniSneba.  
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grexisas plastikuri Reros deformirebis ubnebi da 

am ubnebze Zabvebis ganawilebis Sesabamisi sqemebi 

ganvixiloT sur. 45-is mixedviT. 

 

 
 

sur. 45. Reros deformirebis sqematuri diagrama da  

          Zabvebis ganawileba ganivkveTSi grexisas. 

          a. drekadi deformireba; 

          b. plastikuri deformireba; 

          g. rRveva 

 

mas Semdeg rac plastikuri deformacia nimuSis mTel 

ganivkveTs  moicavs (Zabvebis ganawileba erTgvarovani 

gaxdeba) igi dairRveva. amave dros SeiniSneba mgrexi 
momentis zrda, nimuSis saboloo rRvevamde. rodesac 

nimuSis mgrexi momenti ௠ܶ௔௫  mniSvnelobas miaRwevs 

(simtkicis zRvari), misi RerZis perpendikularul kveT-
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Si masala irRveva, xolo nimuSis ganivkveTis zomebi 

ucvleli rCeba. 

 

nimuSis zedapirze datanili swori grZivi nakawri, 

rRvevis momentisaTvis xraxnul xazad gardaiqmneba 

sur. 46.    

 
sur. 46. Reros deformireba: 

        a. Rero deformirebamde;  

        b. deformirebis Semdeg 

 

rRvevis Semdeg Reros nawilebi, drekadi deforma-

ciebis gavleniT, mobrundeba garkveuli kuTxiT, 

dagrexis kuTxis sawinaaRmdegod. diagramaze φ-is 

sidide Reros dagrexis narCen kuTxes Seesabameba 

(drekadi Zalebis gavleniT gamowveuli mobruneba moxsni-

lia). masalis plastikurobis xarisxi grexisas, 

dagrexis fardobiTi narCeni ߮଴ kuTxiT xasiaTdeba: 

߮଴ = ఝ
௟
 , 

sadac ݈ Reros saangariSo sigrZea. 

sabolood, SeiZleba aRiniSnos, rom myife da plas-

tikuri masalebis rRvevis xasiaTi sxvadasxvaa. plas-

tikuri nimuSi ganicdis ganivkveTze Wras,  myife ma-

sala ufro nakleb winaaRmdegobas uwevs gaWimvas, 
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vidre kumSvas da xdeba mowyveta gamWimavi Zabvebis 

mimarTulebiT. 
 
grexa, liTonebis plastikur areSi, meqanikuri gamoc-

debis yvelaze zust meTods warmoadgens. am dros yve-

laze plastikur masalaSic ki nimuSi mTel sigrZeze 

Tanabrad deformirdeba, xolo forma ucvleli rCeba. 

nimuSis gamocdamde pirobiT daniSnuli diametri, 

plastikuri dagrexis Semdegac, praqtikulad, swori 

rCeba. amdenad, grexiT gamocdisas SesaZlebelia, 

plastikuri masalebisaTvis, SedarebiT zustad gani-

sazRvros Zabva da deformacia. sxva meTodebiT ga-

mocdisas am maxasiaTeblebis saimedo monacemebis mi-

Reba SeuZlebelia: gaWimvisas yelis gaCena, Runvisas 

rRvevis miuRwevloba da kumSvisas kasrisebroba, gav-

lenas axdens saboloo Sedegebze. plastikur areSi 

liTonebis gamocdis erT-erTi mniSvnelovani meTodia 

cilindruli nimuSebis gamocda. umjobesia milisebri 

nimuSis gamocda. imis gamo, rom Reros RerZis gaswvriv 

mxebi Zalebi nulis tolia da, Sesabamisad, nimuSi mTel 

ganivkveTSi plastikurad ar deformirdeba. Txelkedliani 

milisebri nimuSebis gamocdis uaryofiT mxares warmoad-

gens mdgradobis kargva mniSvnelovani deformaciisas. 
 

Tavisi fizikuri arsiT, grexa aris Zvra. grexis de-

formacia ZvriT deformaciis kerZo SemTxvevaa. plas-

tikuri masalis grexisa da Zvris diagramebs praqti-

kulad erTnairi saxe aqvs, sur. 47.   
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sur. 47. plastikuri masalis Zvris diagrama 

grexaze gamocdiT dadgenili meqanikuri maxasiaTeb-

lebi gansazRvraven Zvraze misi winaaRmdegobis unars. 

Zvra SeiniSneba gaWimvisas da kumSvisas. sufTa Zvra 

SeiZleba ganxilul iqnes rogorc erTdrouli kumSva 

da gaWimva urTierTperpendikularuli mimarTulebiT.  

 
erTRerZa gaWimva (kumSva) garTulebulia plastikuri 

deformaciis araTanabrobiT. amitom, masalebis plas-

tikurobis Seswavlis mizniT, mizanSewonilia mrgvali 

kveTis mqone cilindruli nimuSebis Zvraze datvir-

Tvis gamoyeneba. masalebis grexaze gamocdis dadebi-

Ti momentebia: 

1. nimuSis mTel samuSao sigrZeze nimuSis defor-

maciis igivoba gamocdis dawyebidan rRvevamde, 

amasTan, nimuSis ganivkveTisa da samuSao 

sigrZis pirvelsawyisi zomebis SenarCuneba; 

2. liTonebis rRvevis saxesa da simtkicis Tvise-

bebs Soris arsebuli mkafio kavSiri (advili 

dasadgenia rRvevis romel saxes WriT Tu mowyvetiT 

rRvevas hqonda gadamwyveti mniSvneloba gamocdis 

ukanasknel stadiaze).  
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masalis plastikuri grexisas, rRvevis saxe iZleva 

imis saSualebas rom dadgindes, ra iyo rRvevis mize-

zi: Wraze winaRobis  mniSvneloba τWr Tu mowyvetaze 

winaRoba ்ܵ . grexisas maqsimaluri mxebi Zabvebi ߬௠௔௫ 

nimuSis RerZis perpendikularul sibrtyeeebSi moqme-

debs, xolo udidesi normaluri Zabvebi_ܵ௠௔௫ 45
0-iani 

kuTxiT daxril sibrtyeebSi. (zogjer ganixileba gre-

xiT rRvevis mesame_“xisebri” anu “tkeCisebri”_saxe. igi 

araliTonuri CanarTebiT dabinZurebuli an likvaciuri 

SenadnobebisaTvisaa damaxasiaTebeli. am dros grZivi Rer-

Zis mimarT Zvrisadmi winaRoba Semcirebulia). 

 
sur. 48-is Sesabamisad, rRvevis xasiaTidan gamom-

dinare, SeiZleba vimsjeloT imaze Tu romel Zabvebs 

(normalurs Tu mxebs) ufro cudad ewinaaRmdegeba 

gamosacdeli masala. ase magaliTad, myife masala 

(Tuji), romelic uaresad ewinaaRmdegeba gaWimvas, 

vidre kumSvas mTavari gamWimavi Zabvis moqmedebiT, 

Cveulebriv, irRveva xraxnuli xazis gaswvriv. 

plastikuri masalisagan (rbili foladi) damzadebuli 

cilindruli nimuSi irRveva ganivkveTze, radgan 

misTvis normaluri Zabvebi ufro naklebad saSiSia, 

vidre mxebi Zabvebi.  

 
 

sur. 48. rRvevis saxeebi grexisas: 

          a. Wra; 

          b. mowyveta    
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grexaze gamocdis gamoyeneba mizanSewonilia:  

1. nawrTobi sakonstruqcio da saiaraRo folade-

bis plastikurobis Sefasebisas (romlebic ga-

Wimvaze da Runvaze gamocdisas myifed irRveodnen);  
    2. gaWimvis dros yelis warmomqmneli maRalplas-   

      ikuri foladebisa da Senadnobebis plastikuro-    

      bisa da siblantis Sefasebisas;  

    3. rRvevis saxeebis (mowyveta an Wra) diferencire-    
       bis aucileblobisas;  

    4. teqnologiuri gamocdebis dros, wneviT damuSa- 

       vebadobis Sesafaseblad da sxv.   

 
nimuSebis grexaze gamocda. ise rogorc erTRerZa ga-

Wimvaze gamocdisas, grexaze nimuSebis gamocdac Sesa-

bamisi standartebiT xdeba. nimuSebis grexaze gamoc-

dis Taviseburebebis gacnobamde, aucilebelia grexi-

sas drekadobisa da plastikurobis  zRvrebze narCeni 

deformaciebis sidideebis gansazRvris pirobebSi 

garkveva. 

 
narCeni deformaciis daSveba ࣎ࢋ-sa da ࣎ࡿ-is gansazRvrisas. 
grexis SemTxvevaSi, deformaciis daSvebis mcire sidide-

ebidan gamomdinare,  

݃௠௔௫ = ߛ = ఝ௥బ
௟బ
  

an   

߮ ≈ 1,5
݁ଵ ∙ ݈଴

଴ݎ
  , 

 

sadac:  ߮ aris daSveba daxvevaze radianebSi; 

 ;଴_Reros radiusi mm-Siݎ                 

        ݈଴_Reros saangariSo sigrZe mm-Si. 
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0,001, 0,005 da a.S. drekadobis zRvrebisaTvis gaWimvisas 

Sesabamisi daSvebebi narCen deformaciebze Seadgenda saan-

gariSo sigrZis 0,001, 0,005 %-s da a.S. naTelia, rom Sesaba-

misi daSvebebisaTvis narCen Zvraze (g୫ୟ୶) an (ߛ) unda 

gamravldes 1,5-ze. amgvarad, drekadobis zemoT moyvanil 

zRvrebs gaWimvisas, Seesabameba drekadobis zRvrebi grexi-

sas: 0.0015 da 0,0075.  

 

nimuSebis grexaze gamocdis SedegebiT SeiZleba 

ganisazRvros Semdegi meqanikuri maxasiaTeblebi: 

1. Zvris moduli; 

2. proporciulobis zRvari; 

3. denadobis zRvari; 

4. simtkicis zRvari (pirobiTi); 

5. simtkicis zRvari (WeSmariti); 
6. maqsimaluri narCeni Zvra;  

7. rRvevis xasiaTi. 

 

rRvevaze sacdeli manqanebi unda uzrunvelyofdes 

Semdeg zogad pirobebs: 

 

1. nimuSebis Tavisufal brunvas, gamocdis mTeli 

procesis mimdinareobisas (nimuSze raime damate-

biTi datvirTvis gareSe); 
2. momWerebSi nimuSis karg dacentrebas; 

3. statikuri datvirTvis simdovres; 

4. nimuSis RerZis gaswvriv erT-erTi momWeris 

Tavisufal gadaadgilebas; 

5. datvirTvis zust gazomvas (1%); 

6. daxvevis kuTxis gazomvis sizustes (0,5%). 
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Tanamedrove manqanebi aRWurvilia personaluri 

kompiuterebiT. isini marTaven  gamocdis process da 

manqanidan iReben aucilebel monacemebs, ageben gre-

xis diagramas ܶ = ݂(∆߮),  rogorc “momenti_dagrexis 

kuTxis” damokidebulebas (aq dagrexis kuTxe ganixileba 

nimuSis samuSao sigrZeze anu miRebulia ߮ ≅ ∆߮). 
 
grexaze gamosacdeli nimuSis geometriuli forma da 

zomebi standartebiT ganisazRvreba. dasaSvebia pro-

porciuli normaluri, agreTve milisebri nimuSebi. 

nimuSebis Tavebi gamosacdeli manqanis Camagrebis 

Taviseburebebs unda iTvaliswinebdes. 

 

grexaze gamocdis Sedegebze mniSvnelovan gavlenas 

nimuSis zedapiris mdgomareoba axdens. gansakuTrebiT 

es SeiniSneba maRalmtkice masalebis gamocdisas. 

nakawrebis da mikrobzarebis arseboba nimuSis plas-

tikurobis maCveneblebs amcirebs. 

5.9 Runva 
 

Runvaze gamocda aris liTonuri masalebis teqnolo-

giuri gamocdis erT-erTi yvelaze gavrcelebuli 

meTodi. Aam meTodiT sxvadasxva sisqis furceli, wne-

lebi, profilebi da sxmulebi gamoicdeba. teqnolo-

giuri gamocdebi sawarmoo xasiaTisaa. maTi mizania 

ama Tu im maxasiaTebeli sididis zusti raodenobis 

gansazRvris gareSe, umokles droSi pasuxi gasces  

sakvlevi masalis warmoebaSi gamoyenebis SesaZleb-

lobas. teqnologiuri gamocdebisas, ZiriTadad, masa--

lis deformirebis xarisxi ganisazRvreba. igi iyofa 
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or did jgufad: a) cxel da b) civ gamocdebad. liTo-

nuri masalebis Runvaze gamocdis umniSvnelovanesi 

amocana mdgomareobs furclovani masalis simtkicesa 

(an mis sisqesa) da misi RunviT deformaciis unars So-

ris kavSiris dadgenaSi. masalis simtkicis (an sisqis) 
gazrdisas, misi Runvis unari mcirdeba, anu pirveli 

bzari ufro naklebi kuTxiT moRunvisas Cndeba. 

 

Runva gare Zalebis an temperaturis gavleniT gamow-

veuli deformaciis saxea, romelic deformirebadi 

obieqtis (Zelis, Reros, koWis, filis, garsis da sxv.) 
RerZis an Sualeduri sibrtyis gamrudebas iwvevs. 

swori Zelis deformirebisas asxvaveben:  

   a) martiv (brtyel) Runvas, romelsac Zelis erT-    

      erT mTavar sibrtyeSi (Zelis geometriul da    

      ganivkveTis inerciis mTavar RerZebze gamavali  

      sibrtyeebi) mdebare gare  Zalebi iwveven;  

   b) rTul Runvas, romelic gamowveulia gare  

      Zalebis sxvadasxva sibrtyeSi ganlagebiT;  

   g) irib Runvas, romelic rTuli Runvis kerZo  

      SemTxvevaa da deformaciis iseT saxes  

      warmoadgens, romlis drosac Zelis gamrudebas  

      mis RerZze gamavali is Zalebi iwveven,  

      romlebic mis arcerT mTavar sibrtyeSi ar Zevs. 

 

sur. 49-is Sesabamisad, deformirebadi elementis ga-

nivkveTSi moqmed Zalovan faqtorebze damokidebule-

biT Runvis Semdegi saxeebi arsebobs: sufTa  (mxolod 

mRunavi momentebi moqmedebs), sur. 49 a; ganivi (mRunav mo-

mentebTan  erTad  ganivi  Zalebic  moqmedebs), sur. 49 b; 
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                 a                         b 

 A           

                   g         G              d 
 

sur. 49. Runva, Zelis ganivkveTSi moqmed ZalTa faqtorebis  

        mixedviT  

 

sainJinro praqtikaSi ganixileba Runvis gansakuT-

rebuli saxe_grZivi Runva. grZivi Runvis dros Zelis 

amozneqas iwvevs grZivi mkumSavi Zalebi. sur. 49g; 

xolo grZiv-ganiv Runvas iwvevs RerZis gaswvriv da 

mis perpendikularulad erTdroulad moqmedi Zalebi,  

sur. 48 d.     

           

Runvaze gamocdis arsi mdgomareobs  mrgvali, kvadra-

tuli, sworkuTxedis da mravalkuTxedis formis ga-

nivkveTis mqone nimuSebis, Zalis moqmedebis mimarTu-

lebis Seucvlelad, moRunvis winaswar gansazRvrul 

kuTxemde RunviT plastikur deformaciaSi. sur. 50-is 

Sesabamisad,  nimuSis Runvis procesSi, sayrdenebis 

RerZebi Zalis moqmedebis mimarTulebis perpendikula-

ruli unda darCes. Runvaze gamocda warmoebs or say-

rdenze mdebare nimuSze Tavmoyrili datvirTvis mode-

biT (sur. 50a.), xolo iSviaTad_toli simetriuli da-
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tvirTvebiT, romlebic nimuSis gansazRvrul ubanze 

qmnian sufTa Zvras.  sur. 50b).   

 
         sur. 50. Runvis sqemebi: 

 a. Tavmoyrili Runva;  

 b. sufTa  Runva   

  

Runvaze gamocdisas, umetes SemTxvevaSi, nimuSi or 

sayrdenze ideba da mis Sua nawilze modeben Zalas. 

Runvaze masalis winaaRmdegobis unari nimuSis CaRun-

vis sididiT ganisazRvreba. procesis naTlad warmod-

genis mizniT davuSvaT, rom Zeli Sevsebulia masSi 

Calagebuli warmosaxviTi boWkoebiT (sur. 51_I). Run-

viT deformaciisas erTi zonis boWkoebi ikumSeba, 

meore_iWimeba (sur. 51, II).  

 
sur. 51.  Sua nawilSi datvirTuli nimuSis gamocda  

          Runvaze.   

          a. SekumSuli Sre; 

          b. neitraluri Sre; 

          g. gaWimuli Sre 
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sur. 52. brtyeli Wrili plastikuri Runvisas 

 

viwro nimuSis Runvisas warmoiqmneba araerTgvarovani 

daZabuli mdgomareoba. igi erTRerZa gaWimvidan (α = 0,5) 
erTRerZa kumSvamde (α = 2) icvleba. A 

 

kumSvisa da gaWimvis zonebs Soris ganTavsebulia 

neitraluri Sre, romlis boWkoebic deformacias ar 

eqvemdebareba, anu maTi sigrZeebi ar icvleba. suraTe-

bidan Cans, rom rac ufro Sorsaa boWkoebi ganlage-

buli neitraluri Sridan, miT ufro metad deformir-

debian isini (sur. 51, 52). 

 
amgvarad, SeiZleba davaskvnaT, rom Runvisas, Zelis 

ganivkveTSi, Sinagani Zalebis moqmedebiT, aRiZvreba 

rogorc mkumSavi, aseve gamWimavi Zabvebi, romelTa 

sidide damokidebulia gansaxilveli wertilis mdeba-

reobaze Zelis ganivkveTSi. neitralur RerZze 

ganTavsebul wertilebSi Zabvebi nulis tolia. Zelis 

ganivkveTSi neitraluri Sridan sxvadasxva manZilze 

ganTavsebul wertilebSi normaluri Zabvebi manZilis 

proporciulad matulobs da isini SeiZleba gamoiT-

valos formuliT:  
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ߪ = ா∙௭
௥

  , 
 

sadac: ߪ aris normaluri Zabva;  

  manZili CvenTvis saintereso boWkodan_ݖ       

         neitralur Sremde;  

 ;drekadobis moduli_ܧ       

 .neitraluri Sris simrudis radiusi_ݎ       
 

sur. 53-is Sesabamisad, Runvis SemTxvevaSi, mocemul 

manZilamde, erTmaneTis paraleluri gverdiTi zedapi-

rebis  misaRebad (am manZilis gasakontroleblad), gver-

debs Soris Sesabamisi sisqis sadebi gamoiyeneba (sur. 

53 a, b). 180°–iT Runvis SemTxvevaSi, ori gverdiTi ze-

dapiri (standartis moTxovnidan gamomdinare) SeiZleba 

erTmaneTs Seexos (sur. 53 g).  

                   
      a             b            g           d        
sur. 53. a, b, g_Runvaze gamocdis meTodebi da d_kma-    

        Runvis sqema 

 

Runvaze gamocdis Catarebis mizanSewoniloba, upirve-

lesad, konstruqciebis detalebis RunviT datvirTvis 

farTod gavrcelebiTaa ganpirobebuli. am meTodis 

damaxasiaTebeli Tavisebureba isaa, rom Runvaze gamoc-

disas, plastikuri masalebis rRvevis miRweva SeuZle-

belia (nimuSebi gamocdisas, maTi boloebis urTierTSexe-

bamde, daurRvevlad iRuneba). amis gamo, Runvaze gamocda 

da rRvevis stadiis maxasiaTeblebis (simtkicis zRvari 

277



278 
 

Runvisas da maqsimaluri CaRunvis isari) gansazRvra, 

upiratesad, iseTi masalebisTvis gamoiyeneba, romlebic 

gaWimvisas myife da naklebplastikur Tvisebebs avlenen. 

gaWimvaze erTRerZa statikuri gamocdisas, aseTi masa-

lebis meqanikuri maxasiaTeblebis gansazRvra garTu-

lebulia imis gamo, rom am tipis masalebi ukiduresad 

mgrZnobiarea nimuSis RerZis gaWimvis RerZidan gadax-

risadmi (TanaRerZulobis darRvevisadmi). 

  

plastikuri masalebis Runvaze gamocdis Sedegebis 

analizis sirTulis miuxedavad, mas sxvadasxvagvari 

gamoyeneba aqvs rogorc produqciis miRebisas, xaris-

xis sakontroleblad, aseve maTi eqsperimentuli Se-

swavlisas. Mmyife da naklebplastikuri masalebis 

SemTxvevaSi, Runvaze gamocda warmatebiT cvlis maT-

Tvis naklebinformaciul, gaWimvaze erTRerZa stati-

kur gamocdas. garda amisa, Runvaze sinjebis gamocda 

emsaxureba masalis plastikurobaze, erTgvarovnobaze 

da wneviT civi damuSavebadobis unaris gamartivebul 

Semowmebas. 

5.10. Runvaze gamocda 
 

Runvaze gamocdebi wnexebze an universalur manqaneb-

ze tardeba. sur. 54-is Sesabamisad,  Runvaze sacdeli 

universaluri manqanebi aRWurvili unda iyos Semdegi 

mowyobilobebiT:  

a) mRunavi mowyobiloba, ori specialuri gasaSleli  

   sayrdeniTa da samarTuliT, sur. 54;     
b) mRunavi mowyobiloba V-sebri amonaRebiTa da samar-   

  TuliT, sur. 55;  
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g) mRunavi mowyobiloba giragebiTa da samarTuliT,     

    sur. 56; 

d) saregistracio mowyobiloba_diagramis aparati.  

. 
sur. 54. mRunavi mowyobiloba ori sayrdeniTa da samarTuliT 

 
sur. 55. mRunavi mowyobiloba V-sebri amonaRebiTa da  

         samarTuliT 

                       
sur. 56. mRunavi mowyobiloba giragebiTa da samarTuliT 
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gamocdisas, nimuSze modebuli DdatvirTva, Cveuleb-

riv, mis deformirebas iwvevs, xolo sacdeli manqanis 

Zalasazomi nimuSis deformaciisadmi winaRobis sidi-

dis registracias awarmoebs. gamocdisas, sxvadasxva 

datvirTvis Sesabamisi Zabvebis garda, manqanis diag-

ramis mowyobiloba nimuSis CaRunvis isarsac gansaz-

Rvravs.  nimuSis CaRunvis sididis gansazRvra indika-

toriT, kaTeTometriT an isriani CanaRunsazomiT 

xdeba. nimuSze datvirTvisa da misi CaRunvis sididis 

gansazRvris Semdeg, koordinatebSi_mRunavi Zala_Ca-

Runva, Runvis diagrama aigeba. diagramis abscisaze 

izomeba deformaciis, saxeldobr, CaRunvis mniSvne-

lobebi, xolo ordinataze_nimuSis deformaciisadmi 

winaRobis Zalis, anu datvirTvis mniSvnelobebi. 

diagramis mixedviT ganisazRvreba proporciulobis, 

drekadobis, denadobisa da simtkicis zRvrebi. 56-e 

suraTze warmodgenilia plastikuri masalebis Run-

vis tipuri diagrama.  

 
 
sur. 57. Runvis diagrama  

 

Runvis ܱܽܿ݁ܤ mrudze swori xazi ܱܰ asaxavs propor-

ciulobis kanons, xolo ܱܽ Seesabameba nimuSis dat-
virTvisas deformaciis proporciulobas. Zalebis      
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௉ܲ,  ௘ܲ ,   ௌܲ da ஻ܲ sidideebi, Sesabamisad, Runvisas pro-

porciulobis, drekadobis, denadobis da maqsimaluri 

Zabvis zRvrebs Seesabameba. ௌܲ-is gansazRvrisas, ܱܰ-is  

paraleluri  ܿ݃ xazi abscisaze mohkveTs ݂ܿ monakveTs, 
romelic narCeni CaRunvis dasaSveb sidides Seesa-

bameba. 

 

masalis saxeze damokidebuli Runvis tipuri diagra-

mebi warmodgenilia sur. 58-ze. myife masalebis 

Runvisas datvirTvis maqsimumi, xSirad, pirveli bza-

ris warmoqmnas emTxveva. zogjer bzaris warmoqmnas 

diagramis vardnil Stoze mkveTri mowyveta axlavs. 

 

 
 

sur. 58. Runvis tipuri diagramebi:    

         a. plastikuri masalebi; 

         b. Sualeduri SemTxvevebi; 

         g. myife masalebi 
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 ISO 7438:2005 liTonuri masalebis RunviT gamowveuli 

plastikuri deformaciis atanis unaris gansazRvris 

meTods adgens. 

 
liTonuri masalebis Runvaze gamocdis saerTaSoriso 

standarti (ISO 7438:2005) Semdeg simboloebsa da 

aRniSvnebs iyenebs:  

 

cxrili 3. ISO 7438:2005-Si gamoyenebuli aRniSvnebi da maTi 

dasaxelebebi 

 

aRni-
Svna 

Pparametris dasaxeleba ganzomi-
leba 

a nimuSis sisqe an diametri (an mra-
valkuTxedis kveTis mqone nimu-
SebisTvis mravalkuTxedSi Caxa-
zuli wrexazis diametri) 

mm 

b nimuSis sigane mm 
L nimuSis sigrZe mm 
lD momRunavi mowyobilobis sayrde-

nebs Soris manZili 
mm 

DD samarTulis diametri mm 
 moRunvis kuTxe gradusi ߙ
r nimuSis moRunuli nawilis Siga 

radiusiGgamocdis Semdeg  
mm 

f samarTulis gadanacvleba  mm 
c manZili sayrdenisa da samarTu-

lis (momrgvalebuli nawilis), ho-
rizontalur RerZebs Soris ga-
mocdis dawyebamde 

mm 

p manZili sayrdenisa da samarTu-
lis vertikalur RerZebs Soris 
gamocdis Semdeg 

mm 
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sur. 59-ze naCvenebia mRunavi mowyobiloba ori speci-

aluri gasaSleli sayrdeniTa da samarTuliT.  

 

 
 

sur. 59.   Runvis sqema da ISO 7438:2005-Si gamoyenebuli   

         aRniSvnebi 

 

sayrdenebis sigrZe da sigane unda aRematebodes 

nimuSis siganes (diametrs). samarTulis diametri liT-

onproduqciis normatiuli dokumentiT ganisazRvreba.  

 
im SemTxvevaSi Tu ar arsebobs miTiTeba liTonebis norma-

tiul dokumentebSi, samarTulis diametri nimuSis ori sis-

qis (radiusis) toli aiReba, xolo sayrdenebis momrgva-

lebis radiusi unda iyos aranaklebi nimuSis sisqisa (dia-

metrisa). nimuSis sayrdenebi da samarTuli sakmaod sali 

unda iyos. mRunavi mowyobilobis samarTulis, damWeri 

samarjvebis, agreTve V-sebri amonaRebiT mRunavi mowyobi-

lobas muSa zedapirebi ar unda iyos moTelili. aRniSnuli 

zedapirebis sisale unda iyos ≥50HRC-ze.  
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praqtikulad, Tu liTonproduqciis normatiuli do-

kumenti specialur pirobebs ar ayenebs, maSin Runvaze 

gamosacdeli nimuSis sigane aiReba Semdegnairad: a) 

roca nakeTobis sigane ≤ 20 mm-ze, nimuSi nakeTobis 

siganis toli aiReba; b) 3 mm-ze naklebi sisqis 

nakeTobebisaTvis, rodesac nakeTobis sigane >20 mm-ze, 

aiReba 20 ±±0,5 mm, xolo 3 mm-ze meti sisqis mqone 

nakeTobebisaTvis_20-dan 50 mm-mde; g) 25 mm-ze naklebi 

furclebis, zolovanas da fasonuri profi-lebi-

saTvis gamosacdeli nimuSi_nakeTobis sisqis toli, 

xolo meti sisqis SemTxvevaSi, erTi mxridan meqani-

kuri damuSavebiT sisqe daiyvaneba 25-mm-mde; d) mrgva-

li, kvadratuli, sworkuTxa an mravalkuTxedi ganiv-

kveTis mqone nimuSebi nakeTobis ganivkveTis toli 

aiReba im SemTxvevaSi, Tu mrgvali ganivkveTis nimuSis 

diametri an mravalkuTxedebSi Caxazuli wris diamet-

rebi 50 mm-s ar aRemateba. winaaRmdeg SemTxvevebSi 

xdeba maTi Semcireba 25-mm-mde, sur. 60-ze  warmodge-

nili sqemiT. gamocdisas, nimuSebis daumuSavebeli 

zedapiri gasaWim mxares unda moeqces. 

 

 

 
               a                         b                       
sur. 60. nimuSebis amoWris sqema mrgvali da mravalkuT- 

        xedSi Cawerili didi  diametris ≤ 50 mm-mde  
        namzadebidan:      

        a. mrgvali namzadi;  

        b. mravalkuTxa namzadi            
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gamosacdeli nimuSis saorintacio sigrZe ganisaz-

Rvreba formuliT: 

ܮ = 2(ܽ + (ܦ +  ,ܭ

 sadac:  a aris nimuSis sisqe (diametri); 
              D – samarTulis diametri;  
              K – koeficienti (100 _ 150mm). 
 

meqanikuri damuSavebis Semdeg zedapiris simqise ar 

unda aRematebodes 40Rz-s. 
 

RunviT deformaciisas, sayrdenebSi xaxunis Zalebis 

Semcireba maT Soris manZilis gazrdiT miiRweva. say-

rdenebs Soris manZilis, nimuSis ganivkveTis zomisa 

da formis Tanafardoba mniSvnelovnad aisaxeba 

gamocdis Sedegebze.   

5.11 dartymiTi siblante 

 
liTonuri detalebisa da konstruqciebis eqspluatacii-
sas, SeiZleba adgili hqondes sxvadasxva siCqariT mimdi-
nare deformaciebs. zogi detalis an nakeTobis defor-
mireba SeiZleba wlebis ganmavlobaSi grZeldebodes, xo-
lo zogis wamis mcire nawilebSi. plastikuri defor-
macia deformaciis siCqariT SeiZleba daxasiaTdes: 

ௗܸ = ௗ௘
ௗ௧
 , 

 

sadac: ௗܸ aris deformaciis siCqare; 

        e_WeSmariti deformacia; 
        t_dro. 
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deformaciis siCqaris ganzomileba 1/wm-ia. zogadad, 

deformaciis siCqare  10ିଵ଴ − 10ହ wm_1–mde zRvrebSi 

icvleba (afeTqebis procesebis gaTvaliswinebiT). stati-
kuri meqanikuri gamocdebisas, deformaciis siCqa-

re  10ିସ − 10ିଶwm_1 zRvrebSi icvleba, xolo dinamikuri 

gamocdebi, Cveulebriv, 10ିଶ wm_1 deformaciis siCqa-

riT tardeba.  

 

liTonebis gaWimvaze an kumSvaze gamocda stati-

kuri_neli_TandaTan mzardi datvirTviT xdeba. am 

meTodebiT SeuZlebelia nakeTobaze dinamikuri_dart-

ymiTi_datvirTvebis gavlenis gansazRvra. statikuri 

datvirTvis siCqareebiT miRebuli gamocdebis Sede-

gebi, gacilebiT ufro didi siCqareebiT moqmedi dat-

virTvebisadmi masalebis winaaRmdegobis unars ar 

asaxaven. dartymiTi datvirTvebisas masalebis rRve-

vaze mdgradoba dinamikuri gamocdebiT ganisazRvreba. 

dinamikuri gamocda iseTi gamocdaa, romlis drosac 

deformaciis siCqare mniSvnelovnad aRemateba stati-

kuri gamocdis siCqares  (dinamikuri gamocdebi, daax-

loebiT, 105-jer aRemateba statikuri gamocdebis defor-

maciis siCqares).  

dartymiTi gamocdebisas miRebuli ZiriTadi maxasi-

aTebeli dartymiTi siblantea. is im energias saz-

Rvravs, romelic CanaWriani nimuSis dasarRvevadaa 

saWiro. dartymis energia CanaWris irgvliv romeli-

Rac moculobiT STainTqmeba. es moculoba damokide-

bulia masalis simtkicesa da plastikurobaze. sxvada-

sxva liTonisaTvis is sxvadasxvaa da misi gansazRvra 

Znelia. amitom rRvevis energia miekuTvneba ara de-

formirebul moculobas (rac ufro sworia), aramed 
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nimuSis CanaWerSi darCenili ganivkveTis farTobs 

(rac ufro moxerxebulia). Aamitom dartymiTi siblan-

tis sidide pirobiT xasiaTs atarebs. igi gaTvalis-

winebuli unda iqnes sxvadasxva liTonis an sxvada-

sxva temperaturaze gamocdisas miRebuli maCveneble-

bis Sedarebis dros.  

 

arsebobs iseTi liTonebi da Senadnobebi, romlebsac 

gaWimvaze maRali plastikuroba axasiaTebs, magram 

dartymiTi datvirTvisas myife Tvisebebs avlenen. 

muSaobis procesSi, mravali detali da instrumenti 

ganicdis xanmokle dartymiT datvirTvebs. aqedan 

gamomdinare, aucilebelia ganisazRvros calkeuli 

liTonis winaaRmdegobis xarisxi dinamikuri dartymi-

Ti datvirTvebisadmi. dartymiTi siblantis saSua-

lebiT SesaZlebelia masalis muSaobis unaris Sefa-

seba rTuli datvirTvis pirobebSi da myife rRvevi-

sadmi misi midrekilebisa. isini damokidebulia 

datvirTvis modebis siCqareze, daZabuli mdgomare-

obis “sirbileze” da temperaturaze. am mizniT gamo-

iyeneba CanaWriani nimuSebi. CanaWeri axdens Zabvebis 

koncentracias da amcirebs ”sirbilis” koeficients. 

 

dartymiTi siblantis gansazRvris meTodi dafuZ-

nebulia dartymiTi siblantisa da CanaWris radiusis 

xazobriv damokidebulebaze. dinamikuri gamocdebi 

Runvaze liTonis rRvevisadmi midrekilebas avlens. 

dartymiTi siblante aris dartymiTi Runvis meqani-

kuri maxasiaTebeli, romliTac qanqarian urnalze 

CanaWriani nimuSis rRvevisaTvis daxarjuli muSaoba 

fasdeba. siblante simyifis sapirispiro Tvisebaa. igi 

warmoadgens masalis unars, dartymiTi energiis 
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STanTqmiT  win aRudges mis rRvevas. mag., mina myifea 

imis gamo, rom mas plastikuri deformaciiT energiis STan-

Tqmis unari ar aqvs. sapirispirod amisa, aluminis furcel-

ze Zalis mkveTrad modebisas  didi Zabvebi ar aRiZvreba, 

vinaidan mas plastikurad deformirebis unari aqvs da, 

Sesabamisad, dartymis energias STanTqavs. rogorc zemoT 

aRiniSna, dartymiTi siblante pirobiTi maxasiaTebelia. igi 

mniSvnelovnadaa damokidebuli nimuSis zomebze, CanaWris 

formasa da zedapiris mdgomareobaze. 
 

dartymiTi siblante integraluri maxasiaTebelia. igi 

damokidebulia masalis rogorc simtkiceze, ise plas-

tikurobaze. amasTan, misi gansazRvrisas erTdroulad 

izomeba bzaris Casaxvaze da ganviTarebaze daxar-
juli muSaoba. 

 

ܷܥܭ = ܽଵ + ܽଶ, 

 

sadac: ܷܥܭ  aris nimuSis rRvevaze daxarjuli sruli  

            muSaoba, 

                  ܽଵ_ bzaris Casaxvaze daxarjuli muSaoba, 

                  ܽଶ_ bzaris gavrcelebaze daxarjuli muSaoba. 

 

erTmaneTisgan gamoyofili dartymiTi siblantis mdge- 

nelebis kvlevebiT dadgenilia, rom isini sxvadasxva-

nairad arian damokidebuli masalis struqturul 

mdgomareobaze da mraval sxva garegan faqtorze. aR-

saniSnavia, rom dartymiTi datvirTvisas, liTonis myi-

fe rRvevaze gadasvla, ZiriTadad, meore mdgenelis 

qceviT ganisazRvreba. amdenad, kvlevebisas,  mizanSe-

wonilia dartymiTi siblantis muSaobis dayofa mdge-

nelebad. aseTi dayofis mravali meTodi arsebobs. maT 

Soris yvelaze dasabuTebuli winaswarCasaxuli daR-
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lilobisbzariani nimuSebis gamocdaa. aseTi nimuSis 

dartymiTi siblante uaxlovdeba ܽଶ-s, radgan dart-

ymis muSaoba, praqtikulad, mTlianad mza bzaris gav-

rcelebaze ixarjeba. Tu am saxiT mopovebuli ܽଶ-is 

sidide gamoakldeba standartuli nimuSebis gamocdi-

sas miRebul ܷܥܭ–s mniSvnelobas, Sedegad miviRebT 

bzaris Casaxvaze daxarjuli ܽଵ-is muSaobis sidides.  

 

radgan nakeTobaSi yovelTvis aris defeqtebi (meta-

lurgiuli an teqnologiuri warmoSobis bzarebi), amitom 
maTi saeqspluatacio unarianoba ukeTesad Seefardeba 

bzaris gavrcelebis  ܽଶ-is muSaobas, vidre ܽଵ-is an      

 s muSaobebs. amasTan erTad,  bzaris gavrcelebis-ܷܥܭ

muSaoba Seesabameba liTonis winaRobas ukve dawyebu-

li rRvevisas da naklebadaa damokidebuli naseris 

(CanaWeris) simaxvileze. bzaris gavrcelebis ܽଶ muSa-

oba, Tavisi mniSvnelobiT, uaxlovdeba myife rRvevis 

winaRobis ufro saimedo maxasiaTeblebs: rRvevis sib-

lantis parametrebs_ܭூ஼-s da ܩூ஼-s. myife rRvevisadmi 

midrekiloba, pirvel rigSi, ganisazRvreba bzaris 

gavrcelebis muSaobiT. rac ufro metia ܽଶ, miT nak-

lebia myife rRvevis SesaZlebloba. ori erTnairi 
dartymiTi siblantis mqone masalidan ufro saimedo 

iqneba is masala, romlis ܽଶ-ic meti iqneba. 
 

praqtikaSi Semdegi saxis koncentratorebiT sarge-

bloben: 

       ܷ-sebri koncentratoris radiusi ܴ =1 mm-s; 

       ܸ-sebri koncentratoris radiusi  ܴ =0,25 mm-s            
         da CanaWris kuTxe udris 45°-s; 
       ܶ_daRlilobis bzari. 
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CanaWrebis Sesabamisad, dartymiTi siblante aRiniS-

neba rogorc: ܷܥܭ,  dinamikuri siblantis) .ܶܥܭ da ܸܥܭ

dabal an maRal temperaturebze gansazRvrisas aRniSvnaSi 

damatebiT SemoaqvT gamocdis temperatura, mag., Kିܷܥܭଵ଴଴).    
sidide  ܸܥܭ_sapasuxismgeblo, xolo  ܶܥܭ_gansakuTre-

biT sapasuxismgeblo masalebis kontrolisas gamo-

iyeneba. ܶkoncentratori warmoadgens nimuSSi winas-

warCasaxul bzars. aseT SemTxvevaSi, dartymis energia 

ixarjeba mxolod bzaris ganviTarebaze (ara mis Casa-

xvasa da ganviTarebaze) amitom,   ܶܥܭ < ,ܷܥܭ)           .(ܸܥܭ
 
sxvadasxvagvarad modebuli datvirTvis moqmedebiT, 

erTi da igive masala irRveva an blantad, an myifed. 

gamocdisas, masalis elementarul moculobebze moq-

medebs rogorc gamWimavi, ise mkumSavi Zabvebi. aseTi 

Zabvebi da nimuSis swrafi datvirTva (urnalis vardni-

sas)  xels uwyobs masalis gamyifebas. Mmyife rRvevi-

saTvis xelsayreli daZabuli mdgomareoba ganapiro-

bebs pirveli bzaris gaCenas CanaWris fuZesTan. war-

moqmnili bzaris wverosTan Seiqmneba analogiuri da-

Zabuli mdgomareoba, Zabvebis Zalian Zlieri koncen-

traciiT, rac xels uwyobs Casaxuli bzaris nimuSis 

siRrmeSi winsvlas mis srul rRvevamde.     
 

bzaris gaCenis Semdeg warmoqmnili daZabuli mdgo-

mareobis maxasiaTeblebi icvleba. Sesabamisad icvle-

ba rRvevis pirobebic. Aam cvlilebebis raodenobrivi 

Sefaseba jer ver xerxdeba da Sedegebze mxolod 

rRvevis reliefis saxeebis mixedviT msjeloben. Tu 

rRvevamde masala mniSvnelovani plastikurobiT xasi-

aTdeba, maSin misi rRvevis reliefi blanti iqneba. 

blanti bzaris wina frontis gansazRvra dartymiT 
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siblanteze gamocdaSi mdgomareobs. es erT-erTi me-

Todia, romelic aerTianebs Runvaze, CanaWriani nimu-

Sisa da dartymiTi moqmedebiT gamocdebs. 

 

nimuSis gamocdis temperaturis daweva ganapirobebs 

myife rRvevis reliefis warmoqmnas, xolo temperatu-

ris aweva_Cveulebriv, blanti rRvevis reliefisas. 

amasTan, myife rRvevaze daxarjuli muSaoba ufro 

naklebia, vidre blant rRvevaze daxarjuli muSaoba.  

 

gamocdebi gviCvenebs, rom foladebi da mravali sxva 

liToni dabal temperaturebze myife Tvisebebs avle-

nen, xolo maRal temperaturebze_blant Tvisebebs. 

blanti qcevidan myifeze gadasvla temperaturis viw-

ro diapazonSi xdeba, romlis Sua wertilsac blant-

myife gadasvlis temperatura ewodeba. aseTi gadas-

vlis arseboba, dartymiT siblanteze gamocdis garda, 

sxva gamocdebiTacaa dadgenili. gadasvlis gazomili 

temperatura gamocdidan gamocdamde icvleba CanaWris 

siRrmis, nimuSis zomebisa da formis, agreTve datvir-

Tvis meTodisa da dartymis siCqareze damokidebule-

bis mixedviT. 

 

radgan meqanikuri gamocdis arcerT saxeSi samuSao 

pirobebis mTeli diapazoni ar aRiwarmoeba, dartymiT 

siblanteze gamocda Rirebulia Tundac imiT, rom igi 

sxvadasxva masalis Sedarebis saSualebas iZleva.  

dartymiT Runvaze gamocdebi rekomendebulia, ZiriTadad, 

masalis Sedgenilobisa da Termuli damuSavebis reJimebis 

optimizaciisaTvis. tardeba seriuli gamocdebi da igeba 

dartymiTi siblantis gamocdis temperaturaze damokidebu-

lebis mrudebi. maTi analiziT ganisazRvreba is temperatu-
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ra, romelic rRvevaze daxarjuli muSaobis minimalur si-

dides Seesabameba. am temperaturas simyifis kritikuli tem-

peratura, anu civmetexobis temperatura ewodeba. seriuli 

mrudebidan civmetexobis temperaturasTan erTad SeiZleba 

ganisazRvros gardamavali temperaturebis intervalis si-

gane da sruliad blanti da sruliad myife  rRvevebis mu-

Saobis doneebi. maT ewodebaT, Sesabamisad, civmetexobis 

zeda da qveda zRurbli. gardamavali temperaturis mixed-

viT gansazRvruli, masalisaTvis damaxasiaTebeli tempera-

turuli maragis sidide aris dabali temperaturebis piro-

bebSi nakeTobis an konstruqciis muSaobis saimedoobis 

ZiriTadi maCvenebeli.  

 

amave dros, es meTodi gvawvdis informacias imis Se-

saxeb, Tu ra gavlenas axdens dnoba, damzadebis teq-

nologia da Termuli damuSaveba masalis myife rRve-

visadmi midrekilebaze. Sarpis meTodiT,  ܸ-sebri Ca-

naWriT, foladebisTvis blant-myife gadasvlis tempe-

raturam SeiZleba +90 0C-s miaRwios, magram Sesabamisi 
malegirebeli danamatebiT da Termuli damuSavebiT 

misi -130 0C-mde dawevaa SesaZlebeli. myife rRveva 

mravali avariis mizezi xdeba. mag., milsadenebis mou-

lodneli garRveva, wneviani WurWlebisa da sasawyobo 

rezervuarebis afeTqebebi, xidebis Camoqceva da sxv. 

laboratoriul pirobebSi Catarebuli gamocdebis Se-

degad miRebuli cnobebi mniSvnelovnad amcirebs ase-

Ti avariebis albaTobas. miuxedavad imisa, rom simtki-

cis gaangariSebisas dartymiTi siblantis gaTvalis-

wineba SeuZlebelia, mas mainc didi praqtikuli mniS-

vneloba aqvs. dartymiTi siblantis temperaturisadmi 

damokidebulebiT fasdeba masalis myife rRvevisadmi 

midrekileba. erTeulTa saerTaSoriso sistemaSi misi 

ganzomileba gamoixateba j/m2-iT.  
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5.12 dartymiT siblanteze gamocda 
 
liTonebis dartymiT siblanteze gamocdis sxvadasxva 

meTodi arsebobs. erT-erTi maTgani Sarpis meTodia. am 

meTodis gamoyenebisas, CanaWrian prizmul nimuSze 

dartyma aweuli urnaliT xdeba. meTodi dafuZnebu-

lia Sua nawilze datanili koncentratoriani nimuSis 

qanqariani urnalis erTi dartymiT rRvevaze (sur. 61).  
 

gamosacdeli nimuSi Tavsdeba or sayrdenze da urna-

lis dartyma, CanaWris mopirdapire mxridan, mis Sua 

nawilze xdeba. dartymis momentSi urnalis moZraobis 

siCqare 4÷7 m/wm-ia, rac, daaxloebiT, 10ଶ wm_1 defor-

maciis siCqares Seesabameba. 

 

gamosacdelad, ZiriTadad, menaJesa da Sarpis tipis nimu-

Sebi gamoiyeneba. nimuSebi boloebiT sayrdens eyrdnoba. 

qanqaris mxolod erTi dartymiT xdeba nimuSis rRveva an 

sayrdenebs Soris gatyorcna. nimuSze qanqaris dartymis 

muSaoba aisaxeba skalaze, uSualod muSaobis erTeulSi. 

dartymis muSaobidan gaiangariSeba CanaWriani nimuSebis 

dartymiTi siblante. igi mniSvnelovnadaa damokidebuli 

nimuSis formaze. sxvadasxva formis nimuSebidan gansaz-

Rvruli dartymiTi siblantis sidideebi erTob pirobiTia.  

menaJes tipis nimuSebi gamoiyeneba myife rRvevisadmi midre- 

kilebis mqone foladebisa da sxmulebisaTvis. Tanamedrove 

urnalebTan SeTavsebuli oscilografi dartymis Zalisa 

da deformaciis sididis dadgenis saSualebas iZleva.  
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61. qanqariani urnali d misi muSaobis sqema:  

a) qanqariani urnalis zogadi saxe (1_sadgari,      

   2_urnali,3_skala,4_isari, 5_nimuSi, 6_muxruWi);    

b) urnalis moZraobis sqema;      

g) sayrdenebze nimuSis ganTavsebis sqema 

 

qanqariani urnali gamoiyeneba nimuSebis dartymiT 

Runvaze gamosacdelad  da, aqedan gamomdinare, dar-

tymiTi siblantis gansasazRvrad. nimuSis rRvevaze 

daxarjuli muSaoba im manZiliT isazRvreba, romel-

294



295 
 

zec gadaixreba qanqara dartymis Semdeg. SemarTuli 

qanqaris potencialuri energiis maragi ganisazRvreba: 

 

ଵܭ = ܲ(݈ −  ,(ߙݏ݋ܿ ݈
 

sadac: ܲaris qanqaras masa; 
        ݈_qanqaras sigrZe; 
 ;qanqaras awevis kuTxe_ߙ        

 .ଵ_potencialuri energiis maragiܭ        

 

urnali vardnisas (ukidures qveda mdgomareobaSi) 
dartymas nimuSze axdens da mis rRvevas iwvevs. am 

dros ixarjeba misi kinetikuri energiis nawili, xo-

lo narCeni energiis xarjze aiweva ߚ kuTxiT mopir-

dapire mxares. awevis dasasruls, qanqaras gaCerebis 

momentSi (zeda mkvdari wertili), misi potencialuri 

energia iqneba:  

 

ଶܭ = ܲ(݈ −  .(ߚݏ݋ܿ ݈
 
amrigad, nimuSis rRvevaze daxarjuli mTliani 

muSaoba K ganisazRvreba: 
 

ܭ = ଵܭ − ଶܭ = ߚݏ݋ܿ)݈ܲ −  .(ߙݏ݋ܿ
 
dartymiTi siblante ܥܭ j/m2 warmoadgens dartymis 

muSaobis (koncentratoris adgilze) nimuSis ganivkve-

Tis sawyis ܨ଴ farTobTan fardobas:  

 

ܥܭ = ௄
ிబ
. 
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5.13 Wra da Wris deformaciebi 
 
konstruqciis mravali elementi, gaWimvis da kumSvis 

deformaciebis garda, eqvemdebareba Zvris (Wris) de-

formaciasac. ZvriT deformacia aRiZvreba maSin, ro-

desac konstruqciis elementze moqmedi gare Zalebi 

erT sibrtyeSi an erTmaneTisgan umniSvnelod daci-

lebul da sapirispirod mimarTul sibrtyeebSia 

ganTavsebli. romelime kveTis gadaadgilebas, sakuTar 

sibrtyeSi, meoris mimarT ewodeba Zvra. Zvris defor-

maciis analizisas asxvaveben Wrisa da CamoxeTqvis 

cnebebs. termini ”Wra”, upiratesad, plastikuri masa-

lebis Zvrebis aRwerisas gamoiyeneba, xolo ”Camo-

xeTqva”_myife masalebis Zvrebis aRwerisas.  

 

Wraze momuSave elementebisa da detalebis gaangari-

Sebis meTodika efuZneba sufTa Zvris Teorias. sufTa 

Zvra ewodeba iseT brtyel daZabul mdgomareobas, 

romlis drosac or urTierTperpendikularul sib-

rtyeSi mxolod mxebi Zabvebi moqmedeben. gansazRvru-

li saxiT orientirebul aseT sibrtyeebs ewodeba 

sufTa Zvris sibrtyeebi. am sibrtyeebisaTvis:   

         

ଵߪ = ଶߪ = ߬, 
 

xolo mTavari sibrtyeebi sufTa Zvris sibrtyeebTan 

45°-ian kuTxeebs qmnian.  

 

Reroze, misi RerZis perpendikularulad moqmedi ori 

toli, erTmaneTTan axlos ganlagebuli da urTi-

erTsawinaaRmdegod mimarTuli ori toli Zala iwvevs 
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rRvevas. sur. 62-is Sesabamisad, Reros marcxena nawi-

li marjvenas romeliRac AB sibrtyeze gamoeyofa. 
 

 
62. ZvriT gamowveuli rRveva 

 

Zvris sibrtyeze deformaciis Seswavlis mizniT, am 

sibrtyeze elementaruli paralelepipedi gamoiyofa  

(sur. 63). 

 

ganvixiloT paralelepipedis waxnagi, rodesac mis 

perpendikularul waxnagebze moqmedebs mxolod mxebi 

Zabvebi (sufTa Zvra). mxebi Zabvebis moqmedebiT Wriswi-

na deformacia iwvevs elementaruli paralelepipedis  

 

 

 
sur. 63. elementaruli sibrtyis Zvra  
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swori kuTxeebis gadaxras. sworkuTxedi     ܾܽܿ݀,   ܾܽଵܿଵ݀      

paralelogramad gardaiqmneba.   ܾܿ  wibo daiZvreba da     

ܾଵܿଵ mdgomareobaSi gadava. ܾܾଵ monakveTi absoluturi 

Zvras Seesabameba da misi sidide damokidebulia or 

mosazRvre kveTs Soris manZilze. rogorc 63-e sura-

Tidan Cans, absoluturi Zvra damokidebulia ܾܽ wibos 
sigrZeze. amis gamo, praqtikaSi, absoluturi Zvris 

nacvlad, fardobiTi Zvra ganisazRvreba. igi,  ܾܾଵ ab-

soluturi Zvris gansaxilvel waxnagze,  ܾܽ  manZilTan 

fardobis tolia. ܾܾܽଵ samkuTxedidan  es fardoba ߛ 
kuTxis tangensis tolia. fardobiTi Zvra Zalian mci-

rea drekad mdgomareobaSi,  Zalian mcire kuTxeebisa-

Tvis ki samarTliania toloba: 

 

ߛ݃ݐ ≈  .ߛ
 

e.i. daZvris zomas fardobiTi ߛ Zvra, anu or axlo-

mdebare mosazRvre kveTs Soris absoluturi Zvris, 

maT Soris manZilze, fardoba warmoadgens: 

 

௕௕భ=ߛ݃ݐ
௔௕

≈  .ߛ
 

Tu RreCoSi or gadamWrel Zalas Soris gavatarebT 

warmosaxviT kveTs da gakveTil Reros erT-erT na-

wils CamovacliT, maSin darCenil nawilze misi (Za-

lis) moqmedeba SeiZleba Seicvalos Sinagani ZabvebiT, 

romlebic imoqmedeben kveTis imave sibrtyeSi. e.i. Zvra 

iwvevs mxeb Zabvebs. Wra masalis rRvevaa, romelic mxe-

bi Zabvebis moqmedebiT, masalis erTi nawilis meoris 

mimarT Zvris deformaciiT xdeba. Wraze gamocda masa-

lis iseTi meqanikuri gamocdaa, romelic Zvris de-
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formaciiT xdeba.  Wraze gamocda WanWikebis, moqlo-

nebis, sogmanebis, wkirebis, SenaduRi nakerebis, manqa-

naTa nawilebis da maTi Sesabamisi WanWikuri, moqlo-

nuri, sogmanuri, wkiriani da sxvaTa SeerTebebis 

datvirTvebs aRawarmoebs. cnobilia, rom gaWimvaze 

simtkicis zRvarsa da Wraze simtkicis zRvars Soris 

sakmaod mdgradi Tanafardoba arsebobs. simtkicis  

zRvari, Wrisas, naklebia simtkicis zRvarze, gaWim-

visas. magaliTad, foladebisaTvis isini erTmaneTTan 

dakavSirebulia  Semdegi TanafardobiT: 

 
߬ = (0,6 −  .௠௔௫ߪ(0.8

 

foladis nimuSis rRvevis xasiaTi Wrisas, mkveTrad 

gansxvavdeba gaWimvaze rRvevisagan. gaWimvisas nimuSze 

yeli warmoiqmneba da rRvevis reliefs kristaluri 

saxe aqvs. Wrisas miiReba gluvi ganivkveTi da misi 

forma TiTqmis ar icvleba. Cveulebriv, sufTa Zvra 

iSviaTad gvxvdeba, radgan, rogorc wesi, Wras Tan ax-

lavs Runva da Telva. Wrisas mxolod mxebi Zabvebi 

aRiZvreba (radgan Zabvis veqtori ganTavsebulia ganiv-

kveTis sibrtyeSi) da detalze isini ganivkveTis sibr-

tyis sxvadasxva mxridan moqmedeben. mxebi Zalebi Ta-

nabradaa ganawilebuli Wris mTel farTobze da 

Zvris sibrtyeSi Zevs. aqedanP gamomdinare, simtkicis 

zRvari Wrisas ganisazRvreba rogorc ܲ  gadamWreli 

Zalis fardoba ܨZvris farTobTan:      
 

߬ = ௉
ி

  . 
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realurad, Wra erTdroulad or sibrtyeSi xdeba. aqedan 

gamomdinare, Wraze gamocdisas, samuSao sibrtye (Zvris 

sibrtye) nimuSis ganivkveTis gaormagebuli farTobis 

tolia. Wrisas moqmedi Zalebis sibrtyeebiT Semosaz-

Rvruli deformirebadi kveTis yvela wertili Tanabrad 

gadainacvlebs tol manZilebze, anu masala am wertilebSi 

erTnair deformacias ganicdis. es niSnavs, rom kveTis 

yvela wertilSi moqmedi Zabva erTnairia. e.i. Zabvis sidide 

Sinagani Zalebis tolqmedi P-s Reros ganivkveTis 

gaormagebul 2F farTobTan fardobiT ganisazRvreba:  

P 

τ= ௉
ଶி

   , 
 

sadac:  ߬ aris Wris Zabva; 
        ܲ–tolqmedi Zala; 

 .nimuSis ganivkveTis farTobi_ܨ        

 
Zvris deformaciisaTvis samarTliania hukis kanoni: 

drekadobis zonaSi Zabvebi fardobiTi deformaciis 

pirdapirproporciulia. e.i. Zvris  dros τ da γ erTma 

neTTan sworxazovnadaa damokidebuli (ise rogorc 

gaWimva-kumSvis dros σ da ε) da ase gamoisaxeba:  
 

߬ =  ,ܩ ߛ

 

sadac: τ aris mxebi Zabva; 
 ;Zvris kuTxe_ߛ        
     Zvris moduli (igi damokidebulia sxeulis –ܩ                  

        masalaze). 

 
realurad, sufTa saxis Zvris deformacia gare zemoq-

medebiT garTulebulia, radgan mas, TiTqmis yovel-
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Tvis, Tan axlavs Runvis da romelime sxva saxis de-

formacia (mag., moqlonis Zvris deformacias Tan axlavs 

misi Runva da Telva).  aqedan gamomdinare, aseTi saxis 

SeerTebis gaangariSebisas, gaTvaliswinebuli unda iq-

nes Telvis Zabvebic. konstruqciebSi Wraze momuSave 

Cveulebrivi elementebi (WanWikebi, moqlonebi, sogmanebi 

da sxv.), erTdroulad, normaluri Zabvebis zemoqmede-

basac eqvemdebareba. isini im kveTebSi aRiZvrebian, 

romlebic Wras ganicdis. aqedan gamomdinare, aseTi 

elementebis masala muSaobis ufro rTul pirobebSi 

imyofeba, vidre sufTa Zvra aris. 

5.14 Wraze gamocda 
 

ganivi Wris daZabul pirobebSi, Wraze, Cveulebriv,  25 

mm-mde diametris mrgvali kveTis cilindruli nimuSi 

gamoicdeba. liTonebis Wraze gamocdis umartivesi 

sqemebi 64-e suraTzea warmodgenili. 

 

 
 

sur. 64. Wraze gamocdis sqemebi:  

        a. erTmxrivi Wra;  

        b. ormxrivi Wra 
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laboratoriebSi Wraze gamocda, yvelaze xSirad, spe-

cialuri samarjvebis gamoyenebiT xdeba. Wraze gamoc-

das Tan axlavs Runvac, romlis mxedvelobaSi miReba, 

nimuSis daZabuli mdgomareobis  Sefasebisas, metad 

rTulia. iseTi faqtorebi, rogoricaa samarjvis say-

rdeni zedapiris sigane, nimuSsa da samarjvis deta-

lebs Soris RreCoebi, garkveuli xarisxiT aisaxeba 

gamocdis Sedegebze. sxvadasxva laboratoriebSi Wra-

ze gamocdis Sedegebis Sedarebadobis misaRwevad, sa-

marjvebisa da gamocdis pirobebis unificireba xdeba. 

Wraze gamocdis unifikaciisaTvis samarjvis detale-

bis zomebs adgenen. mrgvali kveTis cilindruli nimu-

Sebis gamosacdeli samarjvis erT-erTi konstruqcia 

warmodgenilia 65-e suraTze. am konstruqciaSi naxvre-

ti Seesabameba gamosacdeli nimuSis diametrs.  

 

 
sur. 65. nimuSebis Wraze gamosacdeli samarjvi 

 

sur. 66-is Sesabamisad, sxvadasxva diametris nimuSebis 

gamosacdelad samarjvebSi, zogjer, sxvadasxva di-

ametris ramdenime naxvretia gaTvaliswinebuli.  
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sur. 66. nimuSebis Wraze gamosacdeli mravalnaxvretiani  

        samarjvi  

 

samarjvebi  mravali saxisaa. samarjvebSi nimuSebis 

Wraze gamocda gamWimavi an mkumSavi ZalebiT gaWim-

vaze sacdel nebismier manqanaze SeiZleba. 65 da 66 

suraTebze  warmodgenili samarjvebi, maTSi Camagre-

buli nimuSebiT, sacdeli manqanis filebs Soris da-

ideba da masze datvirTva moedeba. satacebze, sapi-

rispirod mimarTuli Zalebis moqmedebiT, ormxrivi 

Zvra xorcieldeba. Wraze gamocda did sizustes mo-

iTxovs. nimuSis zusti diametri specialuri nawrTo-

bi saWreli sayelurebiT (Wris rgolebiT) ganisaz-

Rvreba. Wraze gamocdisas samarjvis mWreli instru-

mentis sisale unda iyos ≥ -ze. nimuSis elemen-ܥܴܪ59

tebis Telvis Sesamcireblad (Tavidan asacileblad), 
samarjvis Wris rgolsa da satacebs Soris RreCo mi-

nimaluri unda iyos.  Wraze gamocdisas am mowyobi-

lobebma Runva ar unda gamoiwvios. winaaRmdeg Sem-

TxvevaSi, Runvis gamo, Wris sibrtyeSi, mxeb ZabvebTan 

erTad, normaluri Zabvebic warmoiqmneba, romelTa 
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sididis gansazRvra Znelia. amis gamo, Wris adgilebSi 

daZabuli mdgomareoba, pirobiTad, mxebi ZabvebiT fas-

deba da maTi kveTSi ganawileba iTvleba Tanabrad.  
  

ormxrivi Wris sqemiT gamocdisas, nimuSis Sua da ki-

dura nawilebs Soris Zvra xdeba. nimuSis deformacia 

mis srul rRvevamde grZeldeba. simtkicis zRvars 

Wraze maSin aqvs praqtikuli Rirebuleba, roca nimu-

Sis datvirTva uaxlovdeba eqspluataciis pirobebs. 

Wraze gamocdisas Caiwereba gamocdis diagrama da fi-

qsirdeba ݀଴ diametrian sacdel Reroze, faqtobrivad, 

Wramde moqmedi maqsimaluri Zala_ ௠ܲ௔௫ . miRebuli Se-

degebis mixedviT, Wris kveTebSi Wraze winaRobis anu 

Zvris Zabva_τ gaiangariSeba Semdegi formuliT:  

 

߬ = ௉೘ೌೣ

ଶ ∙ 
ഏ೏బ

మ

ర

= ଶ௉೘ೌೣ

గௗబ
మ  . 

 

aRniSnuli formula pirobiTia, vinaidan Reros daZa-

buli mdgomareoba, sinamdvileSi, Teoriul moTxovne-

bze gacilebiT rTulia. am dros Rero, Wris garda, 

erTdroulad, Telvasa da Runvasac ganicdis (sur. 67). 

 
 

sur. 67. ormxriv Wraze gamocdis sqema 

 

ormagi Wrisas myife masalebis Wris kveTebSi, WrasTan 

erTad, xSirad aRiniSneba bzarebi da rRveva, xolo 
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plastikuri masalis nimuSebi, WrasTan erTad, Telvas 

da plastikur Runvas ganicdian.  

 

furclebis Wraze gamocda gamownexiT xdeba (sur. 68). 

aseT SemTxvevebSi, furclis Runvis Tavidan asaci-

leblad misaWer rgolebs iyeneben. 

 
 

sur. 68. gamownexaze gamocdis sqema: 

     1. misaWeri rgoli; 

         2. puansoni; 

         3. nimuSi; 

         4. matrica 

5.15 meqanikuri Tvisebebis gamoyenebiTi 
mniSvneloba 

 

sainJinro praqtikis erT-erT ZiriTad amocanas warmo-

adgens masalebis SerCeva manqanebisa da meqanizmebis 

eqspluataciis konkretuli pirobebisTvis. manqana-da-

nadgarebis xangrZlivi da saimedo muSaobisTvis auci-

lebelia maTi detalebisa da kvanZebis dasamzadeblad 

iseTi masalebi SeirCes, romlebsac gansazRvruli fi-

zikuri, qimiuri, meqanikuri da teqnologiuri Tvisebe-
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bi eqnebaT. meqanikuri Tvisebebis Sesabamisad, kons-

truqtori dasabuTebulad irCevs Sesabamis masalas, 

romelic konstruqciis saimedoobasa da xangamZle-

obas minimaluri masiT uzrunvelyofs.  masalebis 

araswori SerCevis Sedegs warmoadgens manqana-mowyo-

bilobebis dabali saeqspluatacio medegoba. amitom, 

masalebis SerCevisas,  unda ganisazRvros masalebis 

Tvisebebis aucilebeli kompleqsi, romelic, eqsplua-

taciis gansazRvrul pirobebSi, maRal sakonstruqcio 

Tvisebebs uzrunvelyofs. saimedo da Sromisunariani 

teqnikis Sesaqmnelad masalebis SerCevis safuZvels 

warmoadgens maTi meqanikuri Tvisebebis maxasiaTeb-

lebi, romlebic Sesabamisi gamocdebiT ganisazRvreba.  

 

faqtobrivi cnobebi sakonstruqcio masalebis meqani-

kur maxasiaTeblebze eqsperimentulad ganisazRvreba. 

ZiriTadi meqanikuri Tvisebebi_simtkice, sixiste, dre-

kadoba, sisale da sxva_cdiT dgindeba. nimuSebis ga-

mocdisas SeiZleba, agreTve, temperaturis, radiaqti-

uri dasxivebis, Termuli damuSavebis da sxva faqto-

ris gavlenis xarisxis Sefasebac. rig SemTxvevaSi 

cdiseulad Seiswavleba calkeuli konstruqcia, misi 

kvanZebi, mTliani nageboba an misi modeli. am kvleve-

biT saangariSo sqemebi da formulebi mowmdeba. vlin-

deba saSiSi zonebi an ubnebi da Zabvebis faqtobrivi 

ganawileba saSiS kveTebSi. sabolood ganisazRvreba 

nagebobis an konstruqciis saimedobis xarisxi. 

 

masalis simtkice kompleqsuri maxasiaTebelia. igi 

simtkicis, sixistis, saimedoobisa da xangamZleobis 

kriteriumebis Sexamebas gulisxmobs. masalis sim-

tkicis kriteriumis SerCeva xdeba misi muSaobis piro-
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bebis gaTvaliswinebiT. statikuri datvirTvebisas, 

simtkicis kriteriumebia simtkicisa da denadobis 

zRvrebi, romlebic plastikuri deformaciisadmi 

winaRobas axasiaTeben. radgan, detalebis umravleso-

bisTvis, dauSvebelia eqspluataciis procesSi plas-

tikuri deformacia, amitom maTi mzidi unaris saanga-

riSo maxasiaTeblad gamoiyeneba denadobis zRvari. 

Tu eqspluataciis procesSi detali xangrZliv cik-

lur datvirTvebs ganicdis, maSin misi simtkicis 

kriteriumad gamZleobis zRvari aiReba da a.S. 

 

meqanikuri Zabvebis moqmedebisas sxeulis qcevis maxa-

siaTeblebi, zogadad, meqanikuri Tvisebebia. magali-

Tad, simtkice xasiaTdeba meqanikuri ZabvebiT, plasti-

kuroba_deformaciebiT, dartymiTi siblante da de-

formaciis muSaoba_muSaobiT, xangrZlivi simtkice 

_xangamZleobiT da sxva. meqanikuri Tvisebebi masalis 

“sufTa” mudmivas ar warmoadgens. isini mniSvnelov-

nadaa damokidebuli sxeulis formasa da zomaze, 

datvirTvis modebis siCqareze, zedapiris mdgomare-

obaze, garemoze, gamocdis temperaturaze da sxva 

mraval faqtorze. zogierTi meqanikuri Tviseba (gansa-
kuTrebiT rRvevasTan dakavSirebuli) damokidebulia ma-

salis struqturaze. amitom maT struqturulad 

mgrZnobiare Tvisebebs uwodeben.  

 

konstruqciaSi, gamoyenebis TvalsazrisiT, simtkice 

ganixileba rogorc gamoyenebuli masalis unari win 

aRudges rRvevas, romelsac gare Zabvebis zemoqmede-

biT aRZruli Siga Zabvebi iwveven. an konstruqciis 

unari, daurRvevlad Seasrulos Tavisi daniSnuleba 
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gansazRvruli droiT. simtkice Semdegnairad klasi-

ficirdeba:  

1. statikuri_konstruqcia mudmivadaa datvirTu-

li;  

2. dinamikuri_konstruqcia dinamikuradaa datvir-

Tuli;   

3. daRlilobiTi_konstruqcia ciklurad da 

niSancvladi ZabvebiTaa datvirTuli.   

 

konstruqciebisTvis asxvaveben saerTo (mTeli kon-

struqciis unari daurRvevlad gauZlos datvirTvas) da 

adgilobriv  simtkices (konstruqciis calkeuli kvanZis, 

detalis da SenaerTis unari gauZlos gansazRvrul dat-

virTvas). simtkiceze angariSisas iyeneben gaangariSe-

bebs dasaSveb Zabvebze an datvirTvis ciklebis dasaS-

veb ricxvebze. dasaSveb Zabvebze gaangariSebis 

ZiriTadi gantolebebia: 

 

௠௔௫ߪ ≤ ௠௔௫߬      ,| ߪ | ≤ | ߬ |, 
 

sadac:  ߪ௠௔௫ da ߬௠௔௫ aris udidesi saangariSo     
        normaluri da mxebi Zabvebi. 

   ,da | ߬ |_detalebis simtkicisTvis usafrTxo | ߪ |       

        dasaSvebi, normaluri da mxebi Zabvebia.  

 

konstruqciis saerTo simtkiceze msjeloba ar SeiZ-

leba mxolod nimuSebis meqanikuri gamocdebiT. isini 

ver asaxaven im mravalmxriv zemoqmedebas, romelsac 

liToni ganicdis detalebis (konstruqciebis) damzade-
bis processa da maTi Semdgomi eqspluataciisas. 

mTlianobaSi, konstruqciis simtkicis kriteriums sas-
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tendo, naturuli da saeqspluatacio gamocdebi war-

moadgens. simtkicesa da xangamZleobaze aseTi gamoc-

debisas iseTi faqtorebis gavlena ganisazRvreba, ro-

goricaa: narCeni Zabvebis sidide da ganawileba, Sena-

duRi nakeris defeqtebi da liTonuri nakeTobebis 

konstruirebisa da damzadebis teqnologiis sxva de-

feqtebi. 

 

manqanebisa da aparatebis daproeqtebis stadiaze da-

saproeqtebeli konstruqciis mzidi elementebis rRve-

vis sxvadasxva tipis (daRlilobiT, myife, kvazistatiku-

ri, cocvadobiT, koroziiT, eqspluataciis periodSi cve-

TiT da misT.) ganviTarebis SesaZleblobis (saangariSo 

an eqsperimentuli) Sefaseba xdeba. amasTan, ganxiluli 

unda iqnes mocemuli momentisTvis cnobili, kons-

truqciis eqspluataciis pirobebSi SesaZlebeli, 

rRvevis yvela meqnizmi im masalisTvis, romlisganac 

mzaddeba mzidi elementebi.  

 
konstruqciebSi gaTvaliswinebuli unda iqnes masalis xan-

gamZleobac, anu misi unari uzrunvelyos detalebis 

Sromisunarianoba gansazRvruli droiT. winaaRmdegoba gau-

wios daRlilobis, cveTis, cocvadobis, koroziis, radi-

aciuli gafuebis da masalebis sxva procesebiT ganpi-

robebul TandaTanobiT rRvevas. umetes SemTxvevaSi xan-

gamZleoba ganisazRvreba masalis daRlilobiT rRvevisa-

dmi (cikluri xangamZleobiT) an cveTisadmi (cveTamedego-

biT) winaRobebiT. maRal temperaturaze momuSave detale-

bis Sromisunarianoba ganisazRvreba cocvadobis siCqariT, 

romlis SezRudvac mxurvalmtkice masalebis gamoyenebiT 

miiRweva. mSrali gazebis atmosferoSi an Txevad eleqtro-

litebSi momuSave detalebis xangamZleoba damokidebulia 

airuli an eleqtroqimiuri koroziisadmi masalebis wina-
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Robaze. aseT pirobebSi Sromisunarianobas mxurvalmedegi 

da koroziamedegi masalebi inarCuneben.  

 

masalis maxasiaTeblebi gamovlenili unda iqnes kon-

struirebis samecniero-kvleviT stadiaze. rRvevis yo-

veli meqanizmi simtkicis gansazRvrul kriteriumTa-

naa dakavSirebuli. zRvruli mniSvneloba konstruq-

ciis masalis TiToeuli kriteriumisTvis eqsperimen-

tulad dgindeba. am kriteriumebis dasaSvebi mniSvne-

lobebi, rogorc wesi, ganisazRvreba, simtkicis kri-

teriumis zRvruli mniSvnelobis Sesabamisi maragis 

koeficientze gayofiT. maragis koeficientebis mniS-

vnelobebi SeirCeva dasaproeqtebeli konstruqciis 

pasuxismgeblobis xarisxis, eqspluataciis gamocdi-

lebis, eqspluataciis saangariSo droisa da misi 

SesaZlebeli rRvevis Sedegebis gaTvaliswinebiT.  

 
meqanikuri gamocdebis Sedegad SesaZlebelia konstruqciis 

simtkicis miaxloebiTi gansazRvra. amisaTvis, praqtikaSi, 

konstruqciis simtkicis gaangariSebisas, gamoiyeneba sim-

tkicis maragis koeficienti. misi sidide ganisazRvreba  

konstruqciis rRvevamde gamocdisas an eqspertuli Sefase-

bisas. Zveli masalis Secvla, ukeTesi meqanikuri maxasiaTe-

blebis mqone axali masaliT, simtkicis maragis proporci- 

uli Semcirebis garantias ar iZleva. aRsaniSnavia is faq-

tic, rom konstruqciis rRvevamde gamocdisas isazRvreba 

konstruqciis datvirTva rRvevaze, Tumca, sinamdvileSi, 

konstruqciis mtyuneba konstruqciis masalis drekadobis 

zRvarze xdeba, rodesac igi plastikurad deformirebas 

iwyebs. amdenad, simtkicis maragis koeficienti, aseTi ga-

mocdebis drosac, mxolod saorientaciod iTvleba. 

 

simtkicis maragis gamoyeneba muSa kveTebs zrdis, xolo 

zedmeti masalis gamoyeneba konstruqcias amZimebs da aZvi-
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rebs. amave dros, arasodes aris 100%-iani garantia imisa, 

rom mocemuli konstruqcia gauZlebs samuSao datvirTvebs 

moTxovnili droiT. amitom, ufro sapasuxismgeblo nakeTo-

bebis saimedoobis Sesafaseblad naturul gamocdebs iyene-

ben. aseTi gamocdebisas, nakeToba icdeba (xasiaTiT da da-

niSnulebiT) nakeTobis saeqspluatacio datvirTvebis Sesa-

bamisi datvirTviT. analogiurad gamoicdeba calkeuli na-

keTobac. damzadebuli partiidan gamosacdelad SeirCeva  

nakeTobis gansazRvruli raodenoba da maTi gamocdebis Se-

degebi mTel partiaze vrceldeba (msjeloben nakeTobis 

mTeli partiis SesaZleblobaze, Seasrulos Tavisi fun-

qcia).  

 

detalze  (konstruqciaze) moqmedi faqtobrivi datvirTvebi 

da Tvisebebi im masalisa, romlidanac is mzaddeba SesaZ-

loa saangariSod miRebuli Tvisebebidan mniSvnelovnad 

gansxvavdebodes. amave dros, detalis simtkicis Semcirebis 

faqtorebi (gadatvirTvebi, masalis araerTgvarovneba da 

a.S.) SemTxveviT xasiaTs atareben da winaswar maTi gaTva-

liswineba SeuZlebelia. miuxedavad aseTi arasasurveli 

pirobebisa, detalma, mTlianobaSi, usafrTxod unda imuSa-

os. amisaTvis ki saWiroa gansazRvruli sifrTxilis zomebi 

winaswar iqnes miRebuli. am mizniT, Zabvebi, romlebic uz-

runvelyofen manqanis an nebismieri sxva nagebobis Seufer-

xebel eqspluatacias, naklebi unda iyos im zRvrebze, 

romlebzec SeiZleba moxdes rRveva an aRiZras plastikuri 

deformacia.  

 

[ߪ] = ఙ೙
[௡]

 , 

 

sadac:  [ߪ]  aris dasaSvebi Zabva; 
 ;௡_masalis zRvruli Zabvaߪ         

         [݊]_ simtkicis zRvris normatiuli koeficienti  

         (xSirad usafrTxoebis koeficientsac uwodeben). 
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statikuri datvirTvebisas, myife masalebisaTvis zRvrul 

Zabvad simtkicis zRvari miiReba, xolo plastikurebisa-

Tvis_denadobis zRvari (denadobis zRvris toli Zabvebisas 

SeiZleba masalis mniSvnelovani plastikuri deformireba 

moxdes, rac dauSvebelia). amrigad, simtkicis maragis koe-

ficientis Semotana xdeba im mizniT, rom uzrunvelyofil 

iqnes nagebobis da misi calkeuli nawilebis  usafrTxo da 

saimedo muSaoba.  

 

simtkicis maragis koeficientis mniSvneloba rRvevis 

sxvadasxva meqanizmisTvis xvadasxvaa. dasaSveb Zabveb-

ze gaangariSebisas, isini, rogorc wesi, 1,05-dan (saf-
reni aparatebis, romlebic adamianebis transportirebi-

sTvis ar aris gaTvaliswinebuli, elementebis simtkicis 

uzrunvelsayofad) 6-mde (samgzavro liftebis konstruq-

ciebSi gamoyenebuli bagirebis simtkicis uzrunvelsa-

yofad) icvlebian. datvirTvis ciklebis mixedviT gaan-

gariSebisas mniSvnelovnad ufro didi koeficiente-

bis gamoyeneba SeiZleba. yvelaze ufro sapasuxis-

mgeblo da energotevadi manqanebisa da aparatebis 

gaangariSeba dargobrivi normebiTa da standartebiT 

reglamentirdeba. eqspluataciis gamocdilebis dag-

rovebis, konstruqciis fizikuri mdgomareobis kvle-

vis meTodebis, simtkicis uzrunvelyofis meTodebis 

ganviTarebasa da srulyofasTan erTad, aRniSnuli 

normebi da standartebi periodulad gadaisinjeba.  

5.16 sxvadasxva faqtoris gavlena meqanikur 
Tvisebebze da am Tvisebebis urTierTkavSiri 

 
normatiul dokumentebSi reglamentirebuli aralegi-

rebuli foladebis meqanikuri Tvisebebi (Tu ar arse-
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bobs sxva specialuri miTiTeba) normalizebul mdgo-

mareobas miekuTvneba. radgan mikrostruqtura damoki-

debulia gacivebis siCqareze, aucilebelia, mxedvelo-

baSi iqnes miRebuli nakeTobis zomebis cnobili gav-

lenac. denadobisa da simtkicis zRvrebi masiuri nake-

TobisaTvis, mcire kveTis mqone nakeTobasTan Sedare-

biT, dabali iqneba. 

 
gaumjobeseba TvisebaTa farTo zRvrebSi cvlilebis 

SesaZleblobas iZleva. gaumjobesebuli foladebis 

meqanikur Tvisebebze mniSvnelovan gavlenas axdens 

naxSirbadis Semcveloba, malegirebeli elementebi da 

maTi raodenoba, nakeTobis zomebi. saerTod, gaumjo-

besebul mdgomareobas, maRal simtkicesTan erTad, 

siblantis saukeTeso mniSvneloba axasiaTebs. simtki-

cis zRvris umciresi mniSvneloba miiRweva subkriti-

kuli an ܣ஼భ-is maxloblad qanqarisebri molbobiT.  

  

cxelad deformirebuli foladebis meqanikuri Tvise-

bebi normalizebuli mdgomareobis maCveneblebs uax-

lovdeba. rekristalizaciisas msxvilmarcvlovani 

struqturis mqone foladebis denadobis zRvari Zli-

er mcirdeba.  

 

civad deformirebuli foladebis denadobis da sim-

tkicis zRvrebi izrdeba, Tanac denadobis zRvari 

simtkicis zRvarze meti sididiT matulobs. ase rom, 

deformaciis maRali xarisxisas isini TiTqmis erTma-

neTs emTxveva. simtkicis maCveneblebis zrdasTan er-

Tad, mcirdeba fardobiTi wagrZeleba da naklebi xa-

risxiT_fardobiTi Seviwroeba.  
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denadobis zRvris simtkicis zRvarTan fardoba. mol-

bobil aralegirebul foladebSi denadobis zRvari 

simtkicis zRvris, saSualod, 50–60%-s Seadgens. 

naglin mdgomareobaSi es fardoba glinvis dasrule-

bis temperaturaze da gacivebis pirobebzea damokide-

buli. wvrili naglini profilebisTvis ufro maRa-

lia, vidre sqeli naglinebisTvis. aralegirebuli 

gaumjobesebuli foladebisaTvis, rogorc wesi, es 

fardoba ufro maRalia, amasTan igi gaumjobesebis 

xasiaTzea damokidebuli. legirebul foladebSi 

denadobis zRvris fardoba simtkicis zRvarTan, Cveu-

lebriv, ufro maRalia, vidre aralegirebul folade-

bSi. fardobis umaRlesi mniSvneloba gaumjobesebul 

mdgomareobaSi miiReba (70 – 80%). austenituri klasis 

foladebSi es fardoba gacilebiT naklebia. nawrTob 

mdgomareobaSi igi 40%-ze naklebia. civnaWed mdgoma-

reobaSi misi amaRleba SesaZlebelia 90%-mde.  

 

fardobiTi wagrZeleba simtkicis zRvris sapirispi-

rod icvleba. Tu  simtkicis zRvari legirebis, cxe-

li da civi deformaciebisa da Termuli damuSavebis 

Semdeg izrdeba, am dros, rogorc wesi, wagrZeleba 

mcirdeba. Seviwroebis dabali maCveneblebisas dart-

ymiTi siblantec mcirea. G 

deformaciis mimarTulebebi. naglinidan da naWedidan 

amoWrili  ganivi nimuSebis gamocdisas, grZiv nimuSeb-

Tan SedarebiT, wagrZelebisa da Seviwroebis ufro 

dabali mniSvnelobebi miiReba. es ganpirobebulia wne-

viT damuSavebisas deformaciis mimarTulebiT likva-

ciuri ubnebis da araliTonuri CanarTebis gaWimviT, 

amasTan erTad, deformaciis Sedegad marcvlebis ga-
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WimviT warmoqmnili boWkovani struqturis moqmede-

biT. denadobisa da simtkicis zRvrebze mimarTulebe-

bis gavlena naklebia. 

 
drois gavlena deformirebuli liTonis Tvisebebze.  
meqanikuri Tvisebebis kvlevisas yuradReba unda mieq-

ces im faqtsac, rom Tu denadobis zRvarze maRla 

datvirTul rbil folads davavargebT, maSin, garkve-

uli drois gasvlis Semdeg, misi denadobis da simtki-

cis zRvrebi amaRldeba. amasTan, denadobis zRvris 

mniSvneloba winaswari datvirTvis dones gadaaWar-

bebs (daZveleba civWedvis Semdeg). drekadobis zRvari 

dasawyisSi mcirdeba da Semdeg isev izrdeba. erTdro-

ulad mcirdeba fardobiTi wagrZeleba da fardobiTi 

Seviwroebac. foladebis daaxloebiT 300℃-mde gaxu-

rebiT (ganmamtkicebeli, anu xelovnuri meqanikuri daZve-

leba) am procesis xangrZlivobis Semcireba SesaZle-

belia ramdenime wuTamde. lurjmetexobis areSi (200–
300℃) meqanikuri daZveleba deformirebis procesTan 

erTad xdeba. 
 

cxladnaglin foladebSi uSualod glinvis Semdeg 

fardobiTi wagrZelebisa da fardobiTi Seviwroebis 

mniSvnelobebi Zalian dabalia. isini, nakeTobebis 

kveTis zomebis mixedviT, normalur sididemde maRl-

debian erTi kviridan erT Tvemde drois ganmavlo-

baSi. zogjer, sawyis sidideebTan SedarebiT, maTi 

mniSvnelobebi 2–3-jer izrdeba. denadobisa da simtki-

cis zRvrebi am dros mniSvnelovan cvlilebebs ar 

ganicdis. zomier 100–200℃-mde gaxurebiT es procesi 

SeiZleba mniSvnelovnad daCqardes. 
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Tavi VI 
rRvevis siblante (bzarmedegoba) 

 
6.1 simtkicisa da rRvevis zogadi mimoxilva 

 
Zabvebis ganawileba defeqtis konturze. adamiani, Ta-

visi arsebobis mTel manZilze, mudmiv SexebaSi iyo 

simtkicisa da rRvevis sakiTxebTan. sxvadasxva nagebo-

bis mSeneblobisas uxdeboda simtkicis problemis 

gadawyveta. miuxedavad amisa, didi xani ar iyo axsni-

li kiTxva Tu ratom irRveoda esa Tu is nageboba 

(konstruqcia), gamoyenebuli masalis simtkiceze mniS-

vnelovnad naklebi datvirTvebisas. pirveli mecnie-

ruli kvlevebi mxolod aRorZinebis epoqaSi gaCnda 

(leonardo da vinCi, galileo galilei_kvlevebis Semdgomi 

ganviTareba ki hukis saxels ukavSirdeba). zRvaosnobis 

ganviTarebam da, Sesabamisad, gemebis katastrofebis 

raodenobis zrdam mecniereba aiZula Cafiqreboda 

sakiTxs: ratom irRveoda gemebis korpusebi, roca, Ze-

lebis simtkicis Teoriidan gamomdinare, maTi simtki-

ce ramdenjerme aRemateboda gemebis korpusebis rRve-

vis gamomwvev datvirTvebs. faqtebis analizma cxadyo, 

rom gemebis korpusebisaTvis upiratesad saSiSi iyo 

sxvadasxva liukebisa da naxvretebis ganTavsebis ad-

gilebi. swored maT irgvliv warmoiqmneboda bzarebi. 

gemTmSeneblebma daiwyes naxvretebis gaangariSebebSi 

gaTvaliswineba da gaamagres naxvretis napirebi (ga-

zardes kveTi naxvretis irgvliv), magram aseTi midgoma 

sakmarisi ar aRmoCnda. 

 

mocemul etapze Teoria CamorCeboda praqtikas. man 

mxolod me-20 saukunis dasawyisSi SeZlo aexsna nax-
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vretebis gavlena simtkiceze. germanelma meqanikosma 

g. kirSma mcire zomis mrgvalnaxvretiani sworkuTxa 

firfitebis erTRerZa gaWimvaze gamocdisas SeniSna, 

rom Zabvebi naxvretis konturis napirebze mniSvne-

lovnad (3-jer) aRemateboda Zabvebs naxvretidan moSo-

rebul wertilebSi. anu Zabvebs imave ZalebiT datvir-

Tul mTlian firfitaSi. sur. 69. 

  
 

sur. 69. Zabvebis ganawilebis sqema mcire zomis mrgvali  

        formis naxvretis konturze 

         

gamodis, rom im dros damkvidrebuli sainJinro gaT-

vlebi  TiTqmis  3-jer amcirebda saSiSi Zabvebis rea-

lur sidideebs  (mcire zomis naxvreti TiTqmis ar amci-

rebda ganivkveTis farTobs).  

 

ufro moulodneli Sedegebi iqna miRebuli Sedare-

biT rTuli amocanis gadawyvetisas_elifsis formis 

naxvretiani firfitis gamocdisas, (g. kolosovi, k. ing-

lisi) sur. 70. 

 

aRmoCnda, rom im SemTxvevaSi Tu elifsis naxevarRe-

rZebis fardoba ݈ ܾ = 3⁄ -s, maSin elifsis wveroebSi 

Zabvebi imatebda 7-jer  (1 + 2 ௟
௕

= 7). 
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sur. 70. elifsis formis naxvretis wveroebze Zabvebis        

        ganawilebis sqema 

 

dadgenilia, rom gansakuTrebiT saSiSi pikuri Zabvebi 

damokidebulia naxvretis simrudeze. iq, sadac simru-

de maqsimaluria Zabvebis sidide mravaljer aRemateba 

Zabvebis mniSvnelobas mTlian firfitaSi. 

 

௬ߪ = ଴ߪ ቀ1 + 2 ௟
௕

ቁ. 
 

CanaWris wveroSi simrudis  ݎ radiusis gaTvaliswi-

nebiT formula Semdeg saxes iRebs: 

 

௬ߪ = ଴ߪ ቆ1 + 2ට ௟
௥
ቇ. 

 

aRmoCnda, rom Zabvebis koncentraciis gamosaxva aseTi 

saxiT misaRebia ara marto  elifsis, aramed nebismi-

eri formis naxvretisTvisac, Tu mis konturze simru-

dis mcire radiusis mqone wertili iqneba. yvela Sem-
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TxvevaSi Zabvebis koncentracia ganisazRvreba CanaW-

ris siRrmiTa da simrudis radiusiT mis wveroSi. am 

formulis mixedviT, Zabvebis maRali koncentracia 

SeiZleba warmoiqmnas rogorc nebismieri zomis nax-

vretis napirTan, ise nakawris wverosTanac.  

 

realur masalebSi aRniSnuli formuliT sargebloba 

ar SeiZleba damatebiTi analizis gareSe, radgan  Zab-

vebis koncentraciis zonaSi Seuqcevadi procesebi aq-

tiurdeba (mag., plastikur masalebSi). xSirad aseT zo-

nebSi dazianebebi TandaTan grovdeba da Semdeg bza-

rebad gardaiqmneba.  

 

cxadi gaxda, rom konstruqciebis gaangariSebebSi 

aucilebeli iyo Zabvebis koncentraciis gaTvalis-

wineba. Kk. inglisma simtkiceze gaTvlebis praqtikaSi 

Semoitana cneba ”Zabvebis koncentracia”, anu ricxvi, 

romelic miuTiTebda Tu ramdenjer aRemateboda adgi-

lobrivi Zabvebi nominalurs. am ricxvs Zabvebis kon-

centraciis koeficienti ewoda da ganisazRvra CanaW-

ris formiT da masalis TvisebebiT (yvelaze saSiSi si-

tuacia iqmneba myife masalebis maxvil CanaWrebTan).  

 

realuri masalebis simtkicisa da Zabvebis sufTa ma-

Tematikuri gamoTvlebisas warmoiSva winaaRmdegoba. 

erTmaneTs ar emTxveoda gaTvlebiT miRebuli Teori-

uli da eqsperimentiT miRebuli teqnikuri simtkicis 

maCveneblebi. raodenobrivad teqnikuri simtkice 

10_100-jer da metjer naklebi iyo Teoriulze. 

 
Teoriuli da teqnikuri simtkice. kristaluri masa-

lebis simtkicis asamaRleblad Catarebulma eqsperi-
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mentulma kvlevebma da konstruqciebisa da nagebobe-

bis saangariSo Zabvebze mniSvnelovnad naklebi dat-

virTviT gamowveuli rRvevebis analizma aCvena, rom im 

droisaTvis gavrcelebuli warmodgena simtkiceze, 

rogorc masalis mudmivaze, arasakmarisi iyo. 

  

sakonstruqcio masalebis meqanikuri Tvisebebis gau-

mjobesebis gzebis Ziebisas mecnierebma daadgines, rom 

atomebs Soris mizidulobisa da ganzidvis Zalebi da-

mokidebuli iyo atomTSoris manZilebze. sur. 71-is 

Sesabamisad, atomebis urTierTqmedebis Zalebi damo-

kidebulebulia maT Soris manZilze. 

 

 
 

sur. 71. atomebis urTierTqmedebis Zalebis damokidebuleba  

        atomTSoris manZilze (sqema) 

    1. atomebs Soris mizidulobis Zala;  

    2. atomebs Soris ganzidvis Zala; 

    3. atomebis urTierTqmedebis jamuri Zala.  

                  a  aris atomebs Soris manZili.      

               /2_talRis naxevarsigrZe 
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atomebs Soris mcire manZilis SemTxvevaSi ganzidvis 

mrudis daxriloba metia, vidre mizidulobisa. amis 

gamo, urTierTqmedebis jamuri mrudis daxriloba da-

debiTia. misi mniSvneloba nulis toli gaxdeba maSin, 

rodesac atomTSoris manZili a-s gautoldeba. am 

dros or atoms Soris SeWidulebis ZalebiT, wonas-

woruli pirobebi iqmneba (atomebs Soris mizidulobas 

iwvevs savalento eleqtronebis dabalenergetikuli mdgo-

mareoba, ganzidvis mizezi ki mezobel atomebs Soris man-

Zilis Semcirebisas Sevsebuli doneebis gadafarvaa). a man-
Zilze, wonasworobaSi myof atomebs Soris manZilis 

gasazrdelad, aucilebelia gamWimavi Zabvis modeba. 

Tu CavTvliT, rom atomebs Soris urTierTqmedebis 

Zala am Zabvis tolia, maSin igi, daaxloebiT, SeiZ-

leba manZilis harmoniuli funqciis saxiT gamoi-

saxos: 

 

ߪ = ௠௔௫sinߪ ቀଶగ௫


ቁ, 

 
sadac ߪ௠௔௫ aris atomebis SeWidulebis Teoriuli 

simtkice. 

 
σ Zabvas da ݔ  gadaadgilebas farTobis erTeulze mo-

suli muSaoba Seesabameba. igi tolia rRvevisas Zabvis 

mrudis ݔ = 0-dan ݔ = /2-mde monakveTis zRvrebSi arse-

buli farTobisa. amgvarad, 

 

ܣ = ∫ ௠௔௫ߪ ݊݅ݏ  ଶగ௫



మ

଴ ݔ݀ =  ఙ೘ೌೣ
గ

 . 
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Tu axali zedapiris warmoqmnisas erTeul farTobze  

daxarjul energias (dakavSirebuls mxolod rRvevasTan) 

aRvniSnavT ߛ-Ti, maSin: 

 ఙ೘ೌೣ
గ

=  .ߛ2
 

xazobrivi drekadobis areSi ݔ-is mcire gadaadgile-

bisas, amave gantolebasTan erTad, samarTliania hukis 

gantolebac, anu: 

 

ߪ = ா௫
௔

 , 
 

 :is gamoricxviT miviRebT– ݔ/ߪ

 

௠௔௫ߪ = ா
ଶగ௔

, 

 

rac, axali zedapiris warmoqmnisas erTeul farTobze 

daxarjuli energiis gamosaTvlel gantolebasTan 

kombinaciiT, iZleva Teoriuli simtkicis gamosaxu-

lebas: 

 

௠௔௫ߪ = ටఊா
௔

 . 

 

masalebis fizikur-meqanikuri Tvisebebis kvlevebma 

praqtikaSi daadastura, rom eqsperimentuli kvleve-

biT gansazRvruli masalis simtkicis zRvris mniSvne-

loba gacilebiT naklebia vidre atomTSoris kavSire-

bis energiaze dafuZnebuli Teoriuli gaTvlebiT mi-

Rebuli Sedegebi. Teoriul da teqnikur simtkiceebs 

Soris aseTi mkveTri gansxvaveba axsnil iqna a. iofes 
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mier Catarebuli eqsperimentiT: man gazoma sufris 

marilis kristalis simtkice (romelic, rogorc wesi, 

ramdenime mpa-ia) da igi, ramdenime xniT cxel wyalSi 

CaZirvis Semdeg, Seadara  amave kristalis simtkices 

(wyalSi gaixsna kristalis zedapiris garkveuli sisqe). 

aRmoCnda, rom kristalis simtkice gaizarda 2000 mpa-

mde da mxolod orjer CamorCeboda  marilis Teori-

ul simtkices. cxadia, rom cxel wyalSi zedapiruli 

Sris gaxsnam gamoiwvia kristalis dakbilulobebis, 

nakawrebis, bzarebis da sxva ufro wvrilmani zedapi-

ruli defeqtebisagan ganTavisufleba. 

 

gamoiTqva mosazreba, rom masalis struqturis srul-

yofileba gamoiwvevda teqnikuri simtkicis maCveneble-

bis Teoriul mniSvnelobasTan miaxloebas. aseTi Se-

xeduleba ganmtkicda liTonuri masalebis udefeqto 

Zafisebri monokristalebis miRebis Semdeg, romelTa 

simtkice 10000 mpa-s udris (aRsaniSnavia, rom sakons-

truqcio foladebis simtkice 300 _ 800 mpa-s zRvrebSia). 

kristaluri masalebis defeqturi struqturis ”gamo-

sworeba” ramdenime rigiT amaRlebs teqnikur simtki-

ces da aaxloebs TeoriulTan (்ߪ ≅  Tanamedrove  .(ܧ0,1

mecniereba askvnis, rom Teoriul da realur simtki-

ces Soris sxvaoba Semdegi faqtorebiT aixsneba: a) 

masalis kristalur gisosSi atomebis regulirebuli 

ganlagebebidan gadaxriT, anu masalis struqturis 

defeqturobiT; b) masalis mTlianobis teqnologiuri 

darRvevebiT_bzarebiT. 

 

polikristaluri sxeulis  defeqtebi. praqtikaSi ga-
moyenebuli liTonebisa da Senadnobebisagan nebismie-

ri teqnologiiT damuSavebul nakeTobaSi aris iseTi 

323



324 
 

arasrulyofilobebi, rogoricaa: vakansiebisa da kvan-

ZTSorisi atomebis didi raodenoba, dislokaciebis 

maRali sawyisi simkvrive, sxvadasxva zomis, geometri-

uli formisa da orientaciis mikrobzarebi, CanarTe-

bi da damzadebis defeqtebi. es masalebi warmoadgenen 

mowesrigebul an mouwesrigebel myar xsnarebs da 

Sedgebian oTxi ZiriTadi geometriuli formis ara-

srulyofilobebisagan: 1. wertilovani (nulganzomile-

biani_vakansiebi da kvanZTSorisi atomebi); 2. xazovani 

(erTganzomilebiani_wertilovani defeqtebis jaWvi, sxvada-

sxva tipis dislokaciebi); 3. zedapiruli (organzomile-

biani_atomebis wyobis defeqtebi, marcvlis, blokebis, ore-

ulebis sazRvrebi da a.S.) da 4. moculobiTi (samganzo-

milebiani_forebi, CanarTebi, gamonayofebi da msgavsi war-

monaqmnebi, romelTa zomebic atomTSoris manZils mraval-

jer aRemateba).  

 

liTonebSi yovelTvis arsebobs Zabvebis koncentra-

torebi_struqturis araerTgvarovneba (minarevebi, gan-

mamtkicebeli fazebi) da defeqtebi (Sinagani da zedapiru-

li bzarebi). unda aRiniSnos, rom Zabvebis koncentra-

ciis mizezi, mikroskopul defeqtebTan erTad, aris 

makroskopuli Sinagani mTlianobebis wyveta, anu sica-

rieleebi, nakeTobis konstruqciuli Taviseburebebi: 

maxvili kuTxeebi, didi zomis CanaWrebi, kveTis mkveT-

ri cvlilebebi da sxva. amrigad, realuri masalebis 

rRvevaSi did rols esa Tu is defeqti TamaSobs. maT 

Soris gansakuTrebuli adgili mikrobzarebs uWiravs. 

mcire datvirTvebisas isini gavrcelebis tendencias 

ar avlenen da, amdenad, safrTxesac ar warmoadgenen. 

magram droTa ganmavlobaSi xdeba mikrobzarebis Ser-

wyma da bzaris Casaxva. sanam bzari nela viTardeba 
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nakeToba Sromisunariania. rac ufro nela viTardeba, 

bzari, miT metia konstruqciuli simtkice. didi dat-

virTvebisas,  zogi mikrobzaris wveroSi, gamWimavi Za-

bva aWarbebs kritikuli Zabvis sidides, rac iwvevs 

bzaris gavrcelebas. aramdgradi_swrafi zrdis una-

ris mqone magistraluri bzaris warmoqmnis Sedegad, 

konstruqcia irRveva katastrofulad.  

 
bzarebisa da rRvevis saxeebi. naCvenebi iyo, rom meqa-
nikuri datvirTvis moqmedebiT, myari sxeulis  rRve-

vis procesi iyofa: bzaris kritikul sididemde gav-

rcelebis da kritikulis Semdgom periodebad (kriti-

kulamde bzaris gavrcelebis periodi warmoadgens kons-

truqtorebisaTvis e.w. ”usafrTxo dazianebis” peiriods). 

zogadad rRveva  Sedgeba sami  stadiisagan esenia: a) 

bzaris inicireba; b) bzaris stabiluri zrda; g) bza-

ris arastabiluri zrda anu rRveva. yvela masalaSi 

samive stadia ar realizdeba. myife masalebSi Siga 

(marcvlis sazRvrebi da sxv.) da gare (nakawrebi da sxv.) 

defeqtebi iTvleba Canasax bzarebad. aseT SemTxvevaSi 

pirveli ori stadia SeiZleba gamoiricxos. naklebad 

myife masalebSi bzarebis arastabilur gavrcelebas 

win uswrebs maTi inicireba da stabiluri zrda. mag-

ram Tu bzaris inicireba da stabiluri zrda yovel-

Tvis ar xdeba, arastabiluri zrda mudam rRvevis 

damamTavrebeli stadiaa. amrigad misi ganviTarebis 

meqanizmi ganisazRvreba rRvevis pirveli ori stadiis 

arsebobiT an ararsebobiT.  
 

bzaris gavrcelebis siCqaris mixedviT, asxvaveben myi-

fe da blant rRvevebs. myife rRvevisas bzaris gavrce-

lebis siCqare masalaSi bgeris gavrcelebis 0,4 ÷ 0,5 
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sidides (1000 m/wm-s) aRwevs, xolo blanti rRvevis siC-

qare 100÷1000-jer naklebs. blanti rRvevisas saWiroa 

mniSvnelovnad meti energia, radgan deformaciis are 

moicavs bzaris sazRvrebidan moSorebul liTonis 

moculobas. myife rRvevisas deformacia lokalize-

bulia mcire areSi, bzaris wverosTan, da mis wasa-

nacvleblad saWiroa bevrad naklebi energia. amri-

gad, gavrcelebis siCqaris mixedviT, bzarebi SeiZ-

leba iyos blanti an myife. 

 

polikristalur sxeulebSi marcvalze gamavali bza-

riT gamowveul rRvevas ewodeba marcvalSiga (trans-

kristaluri) rRveva, xolo marcvlis sazRvarze gamava-

li bzariT gamowveul rRvevas_marcvalTSorisi (mar-

cvalTsasazRvro, interkristaluri) rRveva. praqtikaSi 

ufro Sereuli xasiaTis rRveva gvxvdeba. rRvevis ze-

dapiris mikroskopuli orientirebis mixedviT asxva-

veben mowyvetiT da ZvriT rRvevebs.  

 

rRvevis deformaciis modelebi. bzariani sxeulis 

simtkiceze gaangariSebis amosaval wertilad masze 

modebuli datvirTviT  aRZruli Zabvebisa da defor-

maciebis ganawilebis kvleva miiCneva. rRvevis meqaniz-

mi dakavSirebulia mikroplastikur deformaciebTan, 

romlebic viTardebian Zabvebis koncentraciis siax-

loves da droTa ganmavlobaSi iwveven bzaris Casax-

vas. sur. 72-is Sesabamisad, bzaris konturis nebismi-

eri wertilis midamoSi Zabvebisa da deformaciebis 

ganawileba SeiZleba warmovidginoT sami kerZo Sem-

TxveviT: I. normaluri mowyvetiT, II. ganivi da III. 

grZivi ZvriT. I dakavSirebulia normaluri Zabvebis 

moqmedebiT warmoqmnili   bzaris zedapirebis wanac-
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vlebasTan. am dros bzaris mopirdapire napirebi, bza-

ris zedapiris perpendikularulad, urTierTsawina-

aRmdego mimarTulebiT gadaadgildeba; II. mxebi Zabve-

bisas ganivi ”Zvris” tipis bzari warmoiqmneba. am 

dros  bzaris napirebi, bzaris sibrtyeSi misi fron-

taluri xazis perpendikularuli mimarTulebiT erT-

maneTze srialeben; III. mxebi Zabvebisas grZivi ”Zvris” 

tipis bzari warmoiqmneba. am dros  bzaris erTi zeda-

piri srialebs meoreze bzaris frontis paralelu-

rad da bzaris napirebi bzaris sibrtyeSi misi fron-

taluri xazis paralelurad gadaadgildeba (Semdeg 

teqstsa da formulebSi ܭ-s indeqsebi I, II da III bzaris 

wanacvlebis saxeebs aRniSnaven).  

 
sur. 72. bzaris wanacvlebis saxeebi:  

        I. ”mowyveta”;  

        II.Gganivi ”Zvra”;  

        III. grZivi ”Zvra” 

 

zogadad bzari am sami tipiT SeiZleba aRiweros. yvelaze 

xSirad teqnikaSi I tipis bzari gvxvdeba, radgan konstruq-

ciis elementebis didi umravlesoba im SemTxvevaSi irRveva, 
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rodesac bzaris napirebi bzaris sibrtyis perpendikularu-

lia. bzaris sxva saxis wanacvlebisas icvleba Zabvis kuT-

xuri damokidebuleba da Sesabamis formulebSi iqneba ܭூூ 

an ܭூூூ .  maTgan yvelaze didi praqtikuli mniSvneloba aqvs 

wanacvlebis I saxes. amitom II da III saxe ar ganixileba.  

 

bzaris zrdis winaRoba (ܴ mrudi). ܴ mrudi aris grafi-
kulad gamosaxuli bzaris gasazrdelad aucilebeli 

energiis damokidebuleba bzaris sigrZesTan. blanti 

masalebisaTvis igi mzardi bzaris wverosTan axali 

plastikuri zonis warmosaqmnelad da mikrosicarie-

leebis Casaxva-zrda-Serwymis procesebisaTvis auci-

lebeli energiebis jamisagan Sedgeba. ukanaskneli Se-

sakrebi, plastikuri zonis Semcvel energiasTan Seda-

rebiT, Zalian mcire sididisaa da, Sesabamisad, ܴ mru-
dis sawyisad koordinatTa saTaves_0 wertils_iReben. 

e.i. nulovani Zabvisas plastikurobis zona nulis to-

lia. an kidev energetikuli kriteriumi sruldeba nu-

lisgan gansxvavebuliNnebismieri Zabvisas. am dros 

Zabva da plastikuri deformacia arasakmarisia da 

bzari ar izrdeba. e.i. bzaris gasazrdelad energeti-

kuli kriteriumi aucilebeli, magram arasakmarisi 

kriteriumia. bzaris wvero gasaxsnelad jer kidev ar 

aris mzad, vinaidan Zabva da deformacia sakmarisi 

sididis ar aris bzaris warmoqmna-zrdisaTvis. im mo-

mentSi, rodesac aseTi situacia iqmneba bzaris wve-

rosTan, Seiqmneba plastikurobis sakmarisi zona da 

bzari gaizrdeba mxolod im SemTxvevaSi, Tu bzaris 

zrdisas gamoiyofa energiis is raodenoba, romelic 

sakmarisi iqneba bzaris axal wverosTan plastikuro-

bis zonis warmosaqmnelad.   
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bzaris stabiluri zrdisas energiis gamoyofis siCqa-

re da bzaris zrdisadmi winaRobis energia unda iyos 

toli (naklebobisas bzari Sewyvets zrdas, xolo metobi-

sas arastabilurad ganviTardeba). brtyeli daZabuli 

mdgomareobisas energiis gamoyofis siCqare ganisaz-

Rvreba rogorc: 

 

ܩ = గఙమ௟
ா

= ܴ, 
 

radgan  bzaris  zrdisas  izrdeba rogorc ߪ, aseve   
݈-ic gamodis, rom ܩ izrdeba ara ݈-is proporciulad, 

aramed ufro swrafad. sur. 73-is Sesabamisad, sqemidan 

Cans, rom roca ݈௜ zomis Sesabamisi bzari ߪଵ sididis 

ZabviTaa datvirTuli bzaris sigrZe xdeba ݈ଵ. 

 

݈ଵ = ݈௜ + ∆݈ 
 

 
sur. 73. brtyeli daZabuli mdgomareobis ܴ-mrudi (sqema) 
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am dros gamoyofili energia ܣ wertilis ordinatas 

Sesabamisia. mudmivi Zabvis dros bzaris sigrZis mate-

bisas, ܩ gaizrdeba ܥܣ xazis Sesabamisad. Zabvis ߪଶ 

mniSvnelobamde momateba gamoiwvevs bzaris sigrZis 

zrdas da igi gaxdeba: 

 

݈ଶ = ݈௜ + ∆݈ଶ. 

 

mudmivi ߪଶ Zabvis pirobebSi, bzaris sigrZis zrdisas, 

 ஼ߪ xazis Sesabamisad da a.S. kritikuli ܪܤ icvleba ܩ

Zabvisas bzaris sigrZe ݈஼-s toli, xolo ܩ da ܴ sidi-
deebi ܦ wertilis Sesabamisi xdeba. bzaris zrda ߪ஼-

is mudmivobisas ܩ izrdeba ܨܦ xazis Sesabamisad da 
es xazi ܦ wertilis Semdeg mrudze maRla iqneba. e.i. 

 .meti iqneba ܴ-ze da rRveva iwyeba ܩ wertilidan ܦ
mecnierebma daadgines, rom  ܴ mrudi invariantulia  

(sur. 74).  

 
sur. 74. invariantuli ܴ-mrudi (sqema) 
 
e.i. igi ar aris damokidebuli bzaris sawyis sigrZeze. 

es ki niSnavs, rom nebismieri sigrZis bzarisaTvis 

sruldeba rRvevis piroba am mrudisa da energiis 

gamoyofis siCqaris Sexebis wertilSi. 
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bzaris gavrcelebis siCqare. rRvevis winmswrebi ara-
stabiluroba aRiZvreba maSin, rodesac bzaris gafar-

Toebis SemTxvevaSi drekadi deformaciebis ܩ-s inten-
siuroba mudmivad aRemateba bzaris zrdis ܴ winaRo-
bas. ܩ-sa da  ܴ-s Soris sxvaoba Seesabameba energiis im 
raodenobas, romelic SeiZleba gadavides kinetikur 

energiaSi; amrigad, es sidide gansazRvravs bzaris 

gavrcelebis siCqares sakvlev areSi.  

 

mas Semdeg rac bzaris zoma ∆݈ sididiT gaizrdeba, en-

ergiis saerTo raodenoba, romelsac SeuZlia gadavi-

des kinetikur energiaSi, ganisazRvreba ∆݈ monakveTze 

-sxvaobis integraliT. grafikulad am integra (ܴ -ܩ)

lis sidide naCvenebia sur. 75-ze daStrixuli ܧ ariT.  

 

sur. 75. kinetikuri energiis grafikuli sqema   

grafikze sqema naCvenebia Semdegi daSvebebiT: 1. bzari 

vrceldeba mudmivi Zabvisas; 2. deformaciis drekadi ener-

giis gamoyofa damokidebuli ar aris bzaris gavrcelebis 

siCqareze; 3. bzaris zrdis winaRoba mudmivia. aRsaniSna-

via, rom deformirebis siCqareze damokidebuli masa-

lebis ܴ mrudi klebadobiT xasiaTdeba (75 suraTze 

wyvetili xazi 1). 
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myife liTonebSi bzari rRvevis kritikul stadiamde daax-

loebiT 1 mm/sT siCqariT moZraobs. kritikuli zomis miRw-

evis Semdeg 1/1000 wm-Si, misi gavrcelebis siCqare izrdeba 

10 000 km/sT-mde. maSasadame, aCqarebis sidide bzaris aCqare-

bis etapze Seadgens 10଼ m/wm2-s.  

 

bzaris gantoteba (bifurkacia). ganvixiloT martivi 

SemTxveva. davuSvaT  ܴ mudmivia da bzaris gavrceleba 

xdeba mudmivi Zabvisas. anu energiis gamoyofis inten-

siuroba xazobrivadaa damokidebuli bzaris zomaze 

(sur. 76).  

 

sur. 76. bzaris gantotebis sqema 

im dros rodesac bzaris zoma orjer aRemateba saw-

yis zomas, romlis drosac igi arastabiluri xdeba 

݈∆ anu, rodesac) (ܣ) = ݈஼-s) maSin energiis gamoyofis in-

tensiuroba orjer aRemateba (ܤ) bzaris zrdis ܴ wi-
naRobas. e.i. am dros Tavisufldeba ori bzaris gav-

rcelebisaTvis sakmarisi energia da Sedegad iqmneba  

bzaris gantotebis SesaZleblobis piroba.  

bzaris ݈ = 3݈஼ zomamde gazrdisas (∆݈ = 2݈஼) energiis 

gamoyofis intensiuroba 3ܴ     ܩ-is toli gaxdeba. es ki 
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niSnavs, rom SesaZlebelia sami bzaris erTdroulad 

gavrceleba, anu  mravaljeradi gantoteba. amrigad, 

sqemis Tanaxmad, bzaris gantoteba im SemTxvevaSia Se-

saZlebeli, roca fardoba 
௟
௟೎

= 2, 3, 4-s da a.S. gamoT-

vlebiT dadgenilia, rom bzaris gantotebisaTvis au-

cilebeli bzaris gavrcelebis minimaluri siCqare Se-

adgens 0,19-s (pirveli toti (Sto) Cndeba, rodesac 
௟೎
௟

=
0,5-s). 

gantotebis procesi gavlenas axdens bzaris gavrce-

lebis siCqareze. gantotebis momentSi kinetikuri 

energiis zrda mkveTrad mcirdeba da nacvlad ܮܪܣ 
farTobisa, ܥܤܣ da ܨܪܤ samkuTxedebis farTobebis 

Sesabamisi xdeba. es niSnavs, rom gaorebuli bzarebi 

moZraobs ufro nela, vidre erTeuli (calfa) bzari.  

6.2 rRvevis meqanika 

zogadi mimoxilva. datvirTvebze myari sxeulis reaq-

cia vlindeba deformaciiT an rRveviT. rRvevis pro-

cesebis kvleviT  SesaZlebeli gaxda masalis simtki-

ceze gaangariSebebi, romelTa maTematikurma ganzoga-

doebebma am mecnierebis axali mimarTuleba_rRvevis 

meqanika_warmoSva, romelic ikvlevs: sxeulis nawila-

kebs Soris SeWidulobis kargvis makroprocesebs, ma-

salis Tvisebebs, masze moqmedi Zabvebis dones, raode-

nobriv kavSirs nimuSSi bzaris arsebobasa da bzaris 

gavrcelebis meqanizms Soris. es kvlevebi nawilobriv 

ukavSirdeba rRvevis procesebis makromeqanizmebis 

Seswavlas, nawilobriv ki, rRvevis kriteriumebis da-
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sabuTebebs makrodoneze. rRvevis meqanikis umTavresi 

mizani  mrRvevi datvirTvis (gamWimavi, mkumSavi an Zvris 

Zabvebi) parametris dadgena da im Zabvebis sididis wi-

naswarmetyvelebaa, romelsac SeiZleba konstruqciam 

daurRvevlad gauZlos. 

praqtikulma aucileblobam biZgi misca konstruqcieb-

is gaangariSebis mecnieruli meTodebis SemuSavebas. 

konstruirebisas unda gaeTvaliswinebinaT: myife bza-

ris ganviTarebisadmi masalis winaRobis unari; kavSi-

ri Zabvebis dasaSveb sididesa da sawyis masalaSi 

arsebuli bzarebis (an bzarismagvari defeqtebis) zomebs 

Soris. rRvevis meqanikas laboratoriuli kvlevis 

iseTi dasabuTebuli meTodika unda SeemuSavebina, 

romlis bazazec miRebul Sedegebs gadaitandnen da-

saproeqtebel konstruqciebSi. 

avariaTa mizezebis analizis Sedegebma mianiSna mecni-

erebs, rom tradiciuli, drekadi an plastikuri mdgo-

mareobebis mixedviT nagebobebis simtkicis Sefaseba 

arasakmarisi iyo da gasaTvaliswinebelia is gansa-

kuTrebuli daZabul-deformirebuli mdgomareoba, ro-

melic sxeulis deformirebis procesSi bzaris wve-

ros siaxloves xdeba. bzaris ganviTarebis kanonzo-

mierebis kvlevisas dadginda, rom masalaSi arsebuli 

arasrulyofilebani did gavlenas axdendnen nakeTo-

bis simtkiceze, kerZod, bzaris ganviTarebis proce-

sze masSi. bzarebi ganviTarebas daRlilobiT, plas-

tikur da myife rRvevamde gacilebiT adre iwyebdnen 

da amasTan maTi ganviTarebis process rRveviswina pe-

riodSi didi dro eWira. dakvirvebebma aCvena, rom 

bzaris gavrceleba rTuli procesia da misi kanon-
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zomierebebis codnas udidesi praqtikuli mniSvnelo-

ba aqvs. amasTan rRvevis  xangrZlivoba, anu srul 

rRvevamde nakeTobis ”sicocxlis” udidesi nawili 

(90% da meti), bzaris zrdis periodze modis da nake-

Tobis eqspluataciisas mTavari adgili masSi arsebu-

li mikrobzarebis ara raodenobas, aramed maTi ganvi-

Tarebis temps uWiravs.  

 

masalis romelime wertilis (an mTlianad sxeulis) 

mzidi unaris amowurvis momentis dasadgenad saWiroa 

e.w. simtkicis kriteriumebis gansazRvra. masalis kri-  

teriumebis formulirebisas aucileblia, eqsperimen-

tulad, standartuli meTodebiT, ganisazRvros iseTi 

mudmivebi, rogoricaa denadobisa da simtkicis zRvre-

bi, masalis rRvevis WeSmariti winaRoba da sxv. bza-

ris gavrcelebis dasawyisis kriteriumi (anu rRvevis 

kriteriumi), rRvevis meqanikis safuZvels warmoadgens, 

magram igi ar gamomdinareobs uwyveti sxeulis wonas-

worobisa da moZraobis meqanikis gantolebebidan.  

rRvevis meqanikis mizania Seqmnas deformaciisa da 

rRvevis Teoria, struqturis defeqturobisa da samu-

Sao garemos zemoqmedebis gaTvaliswinebiT. me-20 sau-

kunis dasawyisSi Camoyalibebuli klasikuri midgoma 

masalebis da konstruqciebis simtkicis Sefasebisad-

mi, gamomdinareobda uwyveti aris Tvisebebidan. am mid-

gomiT deformirebadi sxeuli SeiZleba iyos uwyveti 

an, roca masalis daZabul-deformirebuli mdgomareo-

ba miaRwevs romeliRac kritikul mniSvnelobas (roca 

gamWimavi Zabva miaRwevs simtkicis zRvars deformirebadi 

myari sxeulis romelime wertilSi),  myisierad gadavi-

des  uwyvetidan darRveul mdgomareobaSi.  
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me-20 saukunis 40-ian wlebamde manqanaTa detalebis an 

konstruqciis elementebis simtkiceze gaangariSebisas 

masalaSi defeqtebis arsebobas ar iTvaliswinebdnen. 

iTvleboda, rom Zabvebis zRvruli mniSvnelobis miR-

wevis SemTxvevaSi, konstruqcia myisierad irRvva, anu 

bzaris ganviTarebis procesi mxedvelobaSi ar miiRe-

boda (klasikuri midgoma). mogvianebiT klasikuri mid-

goma Seicvala e.w. araklasikuri midgomiT, romelic-

Tvlis, rom deformirebadi sxeulis elementis uwyve-

ti mdgomareobidan darRveul mdgomareobaSi gadasv-

las Tan axlavs Sualeduri procesi rac defeqtebi-

ani (mikrobzarebiani) sxeulis simtkicis amocanis ga-

dawyvetisas aucileblad unda iqnes gaTvaliswinebu-

li. samoqalaqo da samrewvelo obieqtebis katastro-

ful rRvevaTa mizezebis kvlevebis safuZvelze mecni-

erebma daadgines, rom rRveva yvela SemTxvevaSi Seum-

Cneveli narCeni deformaciiT xdeboda da rRvevis win 

bzaris mimdebare are gansakuTrebul mdgomareobaSi 

imyofeboda. iq masala deformirdeboda drekadobis 

zRvarze maRla. amave areSi adgili hqonda plastikur 

dinebas, garemosTan urTierTqmedebas, difuziur pro-

cesebs, masalis dazianebas da masalis lokaluri 

rRvevis gamomwvev sxva movlenebs. 

amgvarad, masalis rRvevis araklasikuri sqema iTva-

liswinebs mdgomareobis aRricxvas maxvilwveroebiani 

defeqtebis siaxloves. aqedan gamomdinare, myari sxeu-

lis simtkicis Sefasebisas aucilebelia mxedveloba-

Si iqnes  miRebuli misi lokaluri fizikur-meqaniku- 

ri Tvisebebi, mag., unari winaaRmdegoba gauwios bza-

ris gavrcelebas (bzarmedegoba). radgan bzaris wvero-

Si masalis qcevis sakontrolo maxasiaTeblebia ener-
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gia, Zabvebi da deformaciebi, Sesabamisad, rRvevis me-

qanikis yvela kriteriumi iyofa energetikul, Zalo-

van da deformaciul kriteriumad. 

bzaris gavrcelebis dasawyisis kriteriumebi SeiZle-

ba ganisazRvros rogorc energetikuli, ise Zalovani 

mosazrebebiT. 1920 wels alan arnold grifiTma gan-

sazRvra energetikuli kriteriumi, xolo jorj 

renkin irvinma 1957 wels moaxdina  Zalovani kriteri-

umis formulireba. manve aCvena am kriteriumebis ekvi-

valentoba. Zalovani midgomis realizaciam xeli Se-

uwyo sakmaod mkacri da dasrulebuli rRvevis xazo-

vani meqanikis Camoyalibebas.  

 
rRvevis  energia da grifiTis energetikuli kriteri-
umi. rRvevis meqanikis amosavali aris a. grifiTis 

Teoria. man daadgina: Tu erTeuli sisqis firfitaze 

gamWimavi σ Zabvis moqmedebisas ganviTardeba gaWimvis 

RerZis perpendikularulad ݈  sigrZis bzari, maSin 

firfitis drekadi energia Semcirdeba da imavdrou-

lad Sesruldeba muSaoba rRvevis Tavisufali zedapi-

rebis (bzaris kedlebis) warmosaqmnelad. firfitis 

energiis jamuri cvlileba damokidebulia sxvadasxva 

niSnis mqone ori mdgenelis Tanafardobaze. am Teo-

riis mixedviT, myife masalebis rRveva ganpirobebu-

lia sxeulSi arsebuli bzarebiT an bzarismagvari 

defeqtebiT, romelTa gavrceleba iwvevs rRvevas.  

 

mecnierebisaTvis gansakuTrebul interess bzaris wveros  

momijnave are iwvevs. xazovan meqanikaSi ganixileba nulo-

vani sisqis bzariani, Zabvebisagan Tavisufali zedapiris 

mqone idealurad drekadi sxeulis modelis rRveva. grifi-
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Tis mixedviT, myife rRvevis procesSi energiis roli mdgo-

mareobs SemdegSi: bzaris wverosTan mxolod Zabvebis kon-

centracias sxeulis rRveva ar SeuZlia. Tu bzaris wve-

rosTan miwodebuli ar iqneba sakmarisi energia, rRveva 

Sewydeba. energiis balansSi garkvevis mizniT, ganvixiloT 

uZravad damagrebuli erTeuli sisqis usasrulo firfita, 

2l sigrZis I tipis centraluri ganivi bzariT da σ drekadi 
ZabviT, sur. 77 a.  

 

       
 

sur. 77. grfiTis kriteriumi uZravi momWerebisas: 

a. bzariani firfita uZravi boloebiT;  

b. drekadi deformaciebis energia (1 aris ݈   da   
            2_݈ + ݈݀ sigrZis bzarebi) 
 

firfitaze modebuli datvirTvis Sesabamisi ”datvir-

Tva_deformaciis“ diagrama naCvenebia 77-e b suraTze. fir-

fitaSi dagrovebuli drekadi energia warmodgenilia OAB 
farTobiT. bzaris dl sididiT gavrcelebisas firfitis si-

xiste mcirdeba (xazi OC); radgan firfitis napirebi damag-
rebulia uZravad, datvirTva da, Sesabamisad, firfitaSi 

dagrovebuli drekadi energia mcirdeba OCB sididemde; 

bzaris l-dan  l+dl-mde gavrceleba iwvevs OAC samkuTxedis 

farTobis Sesabamisi drekadi energiis ganTavisuflebas. 

bzaris sigrZis Semdgomi zrdisas drekadi energia  ODE 
samkuTxedis farTobis Sesabamisi xdeba.  
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Termodinamikuri gaTvlebiT grifiTma aCvena: ar SeiZ-

leba bzari gaizardos arastabilurad (katastrofu-

lad)  manam, sanam myar sxeulSi dagrovebuli da bza-

ris zrdisas ganTavisuflebuli drekadi energia ar 

gaxdeba (rRvevaze daxarjul damatebiT energiasTan er-

Tad) myari sxeulis Termodinamikuri zedapiruli ߛ 
energiis toli an masze meti (sur. 78). anu sanam Sem-

degi piroba ar iqneba Sesrulebuli: 

 

≥ ߛ
ܷ݀
݈݀

 

 

sadac 
ௗ௎
ௗ௟
 aris drekadi energia gamoTavisuflebuli 

bzaris zrdiT axali zedapiris warmoqmnisas. 

 
 

sur. 78. rRvevis energiis cvlileba bzaris zrdisas: 

1. axali zedapiris warmoqmnis energia; 

2. ganTavisuflebuli drekadi energia; 

3. energiis cvlileba 
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simtkicis donesa da defeqtis zomas Soris analizu-

ri Sefasebis eqsperimentulma Semowmebam, myife masa- 

lebisaTvis, damakmayofilebeli Sesabamisoba aCvena. 

grifiTi cdida minis kolbebs, romelTa zedapirzec alma-

sis instrumentiT winaswar dahqonda sxvadasxva sigrZis 

nakawrebi. man SeniSna, rom kolbebSi ganviTarebuli wnevi-

sas, wnevisa (Zabvis) da nakawris naxevarsigrZis gansazRvru-

li Tanafardobis dros kolbebi irRveoda. minis teqnikuri 

simtkicis gansazRvrisas grifiTi ikvlevda bzarismagvari 

koncentratoriani myife sxeulis mzid unarsac. kvlevebiT 

dadginda, rom bzaris spontanuri ganviTareba iwyeba maSin, 

roca drekadi energiis ganTavisuflebis siCqare gadaaWar-

bebs axali gamyofi zedapiris warmosaqmnelad aucilebeli 

zedapiruli energiis nazrds. amdenad, kanonzomieri aRmoC-

nda myife sxeulebis mowyvetiT rRvevis saangariSo maxasi-

aTeblad kuTri zedapiruli energiis gamoyeneba. magram 

grifiTis mixedviT gaangariSebebma, romlebSic gamoyenebu-

li iyo zedapiris WeSmariti energiis zoma, polikrista-

luri masalebis (upirvelesad liTonebisa da Senadnobe-

bis) eqsperimentul SedegebTan Seusabamoba aCvenes.  

 

kvlevebiT naCvenebi iyo, rom nimuSebis gamocdiT miRe-

buli simtkicis zRvris mniSvneloba (romlis miRwevi-

sas masala irRveva) mniSvnelovnad naklebia, vidre 

atomTSorisi kavSirebis energiaze dafuZnebuli Teo-

riuli gaTvlebiT miRebuli Sedegebi. es gansxvaveba 

aixsneba im Zalian mcire, mikroskopuli, bzarebiT 

(drekad mdgomareobaSi isini ganapirobeben Zabvebis maRal 

koncentracias), romlebic yovelTvis arseboben masa-

lis zedapirsa da  moculobaSi. aseTi sicarieleebi 

iwvevs simtkicis maCveneblebis Semcirebas. modebuli 

Zabva Zlierdeba an koncentrirdeba bzaris wveroze, 

amasTan, Zabvis koncentraciis xarisxi damokidebulia 
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bzaris orientaciasa da mis geometriul formaze. 

mag., Tu sibrtyeze sicarielis warmomqmneli elifsis 

formis bzari orientirebulia gamWimavi datvirTvis 

perpendikularulad, maSin bzaris wveroze aRZruli 

maqsimaluri Zabva ߪ௠௔௫ Semdegi gamosaxulebiT gani-

sazRvreba:  

 

௠௔௫ߪ = ଴ ටߪ2 ௟
௥
  , 

 

sadac: ߪ଴ aris nominaluri gamWimavi Zabva;  

       l_bzaris zedapiris sigrZe an bzaris sigrZis  
         naxevari;  

       r_simrudis radiusi bzaris wverosTan. 

 

simrudis mcire radiusis mqone grZeli bzarebisaTvis 

ඥ݈ ⁄ݎ  gamosaxulebis faqtori xdeba mniSvnelovani. 

aseT SemTxvevaSi ߪ௠௔௫ bevrad aRemateba ߪ଴-s. ߪ௠௔௫ ⁄଴ߪ   

fardobas Zabvebis koncentraciis koeficienti ewo-

deba, aRiniSneba K-Ti da ganisazRvreba formuliT:  

 

ܭ = ఙ೘ೌೣ
ఙబ

= 2ට ௟
௥
. 

 

fizikuri mniSvnelobiT Zabvebis koncentraciis koe-

ficienti aris Zabvebis zrdis zoma bzaris wverosTan 

Zabvis nominalur mniSvnelobasTan SedarebiT.  

  

myife masalebSi Zabvebis koncentraciis efeqti ufro 

mniSvnelovania, vidre plastikurSi. plastikur masa-

laSi, rodesac maqsimaluri Zabva denadobis zRvris 

mniSvnelobas gadaaWarbebs, masala iwyebs plastiku-
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rad deformirebas. am dros rRvevis meqanizmi ukav-

Sirdeba Zabvebis koncentratorebis siaxloves ganvi-

Tarebul mikroplastikur deformaciebs. isini iwveven 

Zabvebis Tanabar ganawilebas da maqsimaluri Zabvebis 

sididis Semcirebas mosalodnel Teoriul mniSvnelo-

basTan SedarebiT. myife masalebSi Zabvebis aseTi ga-

danawileba ar xdeba bzaris irgvliv da Sinagani 

mTlianobebis wyvetis adgilebSi. am dros maqsimalu-

ri Zabva masalaSi Seesabameba Tavis Teoriul mniSvne-

lobas. 

 

gaWimvaze σ  Zabvis moqmedebisas, 2݈ sigrZis mowyvetis 

bzariani idealuri modelis brtyeli deformaciis 

amocanis ganxilvis dros, grifiTma gansazRvra myife 

masalebSi bzaris zrdisas ganTavisuflebuli dreka-

di energia: 

ߛ =
ଶ݈ߪߨ
ܧ2 , 

 

sadac ܧ aris masalis drekadobis moduli.  

 

formulidan gamomdinareobs, rom bzaris gasavrce-

leblad aucilebeli kritikuli Zabva (grifiTis krite-

riumi) myife masalebSi ganisazRvreba formuliT: 

 

௖ߪ = ටଶாఊ
గ௟

. 

 
yvela myife masalaSi aris zomiT, geometriuli for-

miTa da orientaciiT erTmaneTisgan gansxvavebuli 

mravali sicariele da bzari. roca am bzarebidan 
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erT-erTis wveroSi gamWimavi Zabvis sidide gadaaWar-

bebs kritikuli Zabvis mniSvnelobas, bzari arastabi-

lurad viTardeba da sxeuli katastrofulad 

irRveva.  

dadgenilia, rom bzaris romeliRac kritikuli ݈஼ zomidan 

dawyebuli, drekadi energiis maragis Semcireba gadafaravs 

zedapiruli energiis matebas. es ki niSnavs, rom bzaris 

kritikuli sigrZis zrda, bzaris ganviTarebis aramdgrad 

stadiaze, deformaciis energiis maragis xarjze mimdinare-

obs da ar iTxovs gamWimavi Zalis matebas. bzaris kritiku-

li ݈஼ sigrZe da misi Sesabamisi gamWimavi Zabva σ erTmaneT-

Tan dakavSirebulia zemoT naCvenebi grifiTis kriteriumiT: 

 

ߪ = ටଶఊೄ  ா
గ௟಴

, 

 

sadac: ߛௌ  aris xvedriTi zedapiruli energia; 

                 E_iungis moduli. 

 

es kriteriumi gviCvenebs, rom rac metia moqmedi Zabva, miT 

ufro mokle bzarebs SeuZlia gavrceldes katastrofulad 

(zvavisebrad). Zabvis kritikul mniSvnelobas myife simtki-

cis zRvars uwodeben da igi aRiniSneba     ߪ௙ −iT. grifiTis 

kriteriumidan: 

 

݈஼ ≈ 1,5 ఊೄா
ఙ೑

మ . 

 

praqtikulad, absoluturad myife rRveva SeuZlebelia. aqe-

dan gamomdinare, grifiTis kriteriumiT gansazRvruli Se-

degebi mniSvnelovnad mcirea mowyvetiT rRvevis winaRobis 

sidideze. es faqti Semdegnairad aixsneba: bzaris gavrce-

lebis frontze adgili aqvs garkveuli sididis plastikur 

deformacias, romelic aRiZvreba mas Semdeg rac mzardi 
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Zabva miaRwevs masalis denadobis zRvars. myife rRvevis 

winmswrebi plastikuri deformaciis procesis energoteva-

doba, rogorc wesi, mzardi bzaris zedapiruli energiis 

nazrdze bevrad ufro metia. amdenad, mizanSewonilia, wina 

gamosaxulebaSi ߛௌ-is nacvlad kuTri zedapiruli energiisa 

da plastikuri deformaciis kuTri energiis jamis (ߛௌ  (௉ߛ + 
gamoyeneba. 

 

kvazimyife rRveva. iTvleboda, rom grifiTis Teoria 

mxolod myife masalebis rRvevis pirobebs asaxavda. 

liTonebis rRvevas ki yovelvis Tan axlda rRvevis-

wina plastikuri deformacia da maTi rRveva  myife 

rRvevis pirobebidan gansxvavdeboda. orovanma daad-

gina, rom plastikuri deformacia Tavs iyrida bzaris 

zedapiris (konturis) viwro SreSi, (sur. 79). 

 
sur. 79. deformirebuli Sre bzaris konturTan (daStrixu-   

        li nawili) 

 

rRvevis meqanikaSi aseT rRvevas kvazimyife rRveva  

ewodeba. orovanma da irvinma grifiTis rRvevis sqe-

maSi zedapiruli γ energiis cneba gaafarToves. mas   
rRvevis axali zedapiris warmoqmnaSi plastikuri mu-

Saobis wili daumates da sruli zedapiruli  energia   
warmoadgines rogorc:     
 

ߛ + ௉ߛ , 

 

sadac ߛ௉ aris rRvevis erTeuli zedapiris warmoqmna-

ze daxarjuli plastikuri deformaciis muSaoba. igi 
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Seuqcevia da mxolod bzaris zrdaze ixarjeba. rRve-

vis procesebis kvlevisas mxedvelobaSia misaRebi is 

faqti, rom plastikuri masalebisaTvis ߛ௉ ≫ -ze. maga-ߛ
liTad foladebisaTvis ߛ௉ ≈ 10ଷߛ. aseTi mniSvnelovani 

sididis plastikuri muSaoba ganapirobebs liTonebis 

maRal winaRobas myife rRvevisadmi. deformaciis mu-

Saobis gaTvaliswinebiT grifiTis formula plasti-

kuri masalebisaTvis Caiwereba rogorc: 

 

ߪ = ටଶா(ఊାఊು)
గ௟

. 

 
aqedan gamomdinareobs, rom: 

 

݈ߨ√஼ߪ = ඥ2ߛ) ܧ + = (௉ߛ  .ݐݏ݊݋ܿ
 

orovanisa da irvinis kvazimyife rRvevis koncefcia 

saSualebas iZleva myife masalebis rRvevis grifiTis 

sqemidan gadavideT realuri masalebis rRvevis 

sqemaze.  

 
rRvevis Zalovani parametrebi. myife rRvevisadmi gri-
fiTis maRalefeqturi energetikuli midgoma, bzaris 

midamoSi warmoqmnili daZabuli velis analizs ar 

iTvaliswinebda (masalaSi garkveuli zomis defeqtebis 

arsebobisas grifiTis Teoria, rRvevis procesSi da rRve-

vamde, sufTa drekad qcevebs varaudobs). grifiTis Teo-

riis ganviTareba da Sevseba, liTonebis rRvevaSi 

plastikuri deformaciis garduvali monawileobis 

asaxviT, irvinisa da orovanis kvlevebiT daiwyo. maT, 

mravali katastrofuli avariis analizisas myife 

rRvevis fizikuri warmodgenebis damuSavebasTan er-
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Tad mniSvnelovani yuradReba miaqcies rRvevis meqa-

nikis kvlevebsac. ase gaCnda rRvevis formaluri Teo-

ria. igi cnobilia rogorc  drekadi xazobrivi rRve-

vis meqanika an martivad xazobrivi rRvevis meqanika. 

es Teoria rRvevis siblantis maCveneblebis ufro 

sruli da Teoriulad dasabuTebuli gansazRvris 

saSualebas iZleva.  

 

liTonebis rRvevaSi plastikuri deformaciis asaxva 

SesaZlebeli gaxda mas Semdeg rac irvinma, bzaris 

wverosTan daZabulobis velis analizis safuZvelze, 

grifiTis energetikuli balansis koncefcia 

”Zalovan” koncefciad gardaqmna. irvinma Semoitana 

bzaris sigrZis erTeulze (1 sm-ze) wanacvlebis Zalis 

cneba, romelic bzaris wverosTan daZabulobis velis 

energiis kargvis intensiurobis ekvivalenturia. am 

Zalas rRvevis meqanikaSi, grifiTis sapativcemulod 

(misi gvaris pirveli asos mixedviT), ܩ_Ti aRniSnaven. igi 

Sinaarsobrivad bzaris gavrcelebis muSaobis analo-

giuria. gaangariSebebiT G-sTvis miRebulia Semdegi 

Tanafardoba: 

 

ܩ =
ଶ݈ߪߨ

ܧ
 

 

sadac: σ aris garedan modebuli Zabva; 

       l _bzaris sigrZe; 
       E_drekadobis normaluri moduli. 

 

formulidan gamomdinareobs, rom G kritikul mniSvne-

lobas maSin miaRwevs,  rodesac ݈ଶ -is namravli kri-

tikuli mniSvnelobis toli gaxdeba (/E   mudmivi sidi-
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dea). amgvarad, ܩ kriteriumi erTmaneTTan modebul 

Zabvasa da defeqtis sigrZes akavSirebs (masalis saime-

dooba maTzea damokidebuli). 

 

am parametris fizikuri azri aris is muSaoba, rome-

lic ixarjeba (sigrZis erTeulze) bzaris mier rRvevis 

axali zedapiris warmoqmnaze. liTonebSi: 

 

ܩ = ௌߛ)2 + (௉ߛ = ௉ߛ2 , 

 

sadac: ߛௌ aris kuTri zedapiruli energia; 

 .௉ _plastikuri deformaciis kuTri energiaߛ        

 

dadgenilia, rom es gamosaxuleba aris im drekadi energiis 

pirveli rigis warmoebuli, romelic gamoiyofa bzaris gax-

snisas mTel sigrZeze. 

 

G kriteriumis maTematikuri interpretacia aris K pa-
rametri. rRvevis siblante fasdeba K parametriT. mas  

Zabvebis intensiurobis koeficients (ingl. Stress Intensity 
factor) uwodeben da axasiaTebs bzaris wveroSi gamWi-

mavi Zabvebis lokalur matebas. igi gamoiyeneba  rRvevis 

xazobriv meqanikaSi, bzaris wverosTan ZabvebiT war-

moqmnili daZabulobis velebis aRsawerad (sur. 80).  

 

aRsaniSnavia, rom amgvari drekadi amocanis gadawyve-

tis maTematikuri aparati didi xniT adre iyo damuSa-

vebuli n.i. musxeliSvilisa da g.v. kolosovis mier. 

daZabuli velis aRwerisas naCvenebi iqna, rom bzaris 

wveroSi daZabulobis vels 1/√ݎ-dan saxis singula-

roba aqvs, sadac ݎ aris manZili bzaris wverodan im 

wertilamde, romelSic Zabva ganisazRvreba. e.i., sxva-
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gvarad,  ܭ aris daZabulobis singularobis zoma bza-

ris midamoSi.  

 

 
sur. 80. bzaris frontiswina daZabulobis velis mdgenele- 

        bis gamosaTvleli aRniSvnebis sistema  

 
K-s gansazRvris aucilebloba gamoiwvia bzarebian 

sxeulSi  Zabvebis  Sesaxeb  amocanis  ganxilvam.   K-s  
ganzomileba SI sistemaSi aris pa.m1/2. G–sTan Sedare-

biT, misi gansazRvra eqsperimentulad da simtkiceze 

gaangariSebebSi gamoyeneba, ufro mosaxerxebelia. 

 

ܩ =
ଶܭ

ܧ
 

an 

ܭ = ܧܩ√ =  .݈ߨ√ߪ 
 

es parametri axasiaTebs bzaris wverosTan gamWimavi Zabvis 

matebas da ricxobrivad im Zabvis tolia, romelic bzaris 

wverodan misi gavrcelebis mimarTulebiT, 2/ߨ mm-is manZil-

ze moqmedebs.  
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Tu bzarebian or sxeuls erTnairi mniSvnelobis K 
aqvs, maSin bzarebis areSi maTi daZabulobis velebic 

erTnairi iqneba. irvinma ivarauda, rom bzarebis gav-

rcelebis dasawyisi SeiZleba formulirdes rogorc 

bzarebis kritikuli mniSvnelobis miRwevis pirobebi. 

amiT man myife rRvevis Zalovani kriteriumis formu-

lireba moaxdina. axali koncefciis mixedviT: masala-

Si arastabiluri rRveva iwyeba maSin, rodesac bzaris 

wverosTan Zabvis kritikuli intensiuroba miiRweva 

(igi drekadobis xazobrivi TeoriiT gamoiTvleba). 

 

bzaris wverosTan daZabulobis velis komponentebi vester-

gaardis gantolebebiT gamoiTvleba: 

 

௫ߪ =
ூܭ

ݏ݋ܿ  ଵ/ଶ(ݎߨ2)
ߠ
2 ൬1 −  ݊݅ݏ

ߠ
2 sin

ߠ3
2

൰ ; 

 

௬ߪ  =
ூܭ

ଵ/ଶ(ݎߨ2) ݏ݋ܿ 
ߠ
2 ൬1 +  ݊݅ݏ

ߠ
2 ݊݅ݏ 

ߠ3
2

൰ ; 

 
௫௬ߪ = ௄಺

(ଶగ௥)భ/మ cos ఏ
ଶ

 sin  ఏ 
ଶ

cos  ଷఏ
ଶ

 , 

 
sadac: r aris manZili bzaris wverodan im wertilamde,       

        romelSic Zabva ganisazRvreba; 

       θ_kuTxe, bzaris gavrcelebis sibrtyeSi mdebare x  
          RerZsa da ⃗ݎ radius-veqtors Soris. 
 

gantolebebi gviCvenebs, rom mocemuli datvirTvisas K 
parametris erTnairi mniSvnelobebi iZleva erTnair daZa-

bul vels. Zabvis intensiurobis koeficienti ar aris damo-

kidebuli r–is da  θ-s koordinatebze igi warmoadgens mxo-
lod, modebuli Zabvisa da bzaris geometriis funqcias.  
amdenad, K koeficienti srulad gansazRvravs velis daZabu-
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lebas bzaris wverosTan. misi ganzomilebaa n/mm3/2. nimuSze 

datvirTvis pirobebis aRsaniSnavad ܭ −s indeqsebi miewere-

ba marjvniv qveviT (KI,  KII, KKIII).   

daZabuli mdgomareobebis Sesabamisad, irvinis mixed-

viT, K-sa da G-s Soris Semdegi kavSiri arsebobs:  
     a) brtyeli daZabuli mdgomareobisaTvis 

 

ଶܭ             =  ,ܩܧ
 

    Bb) brtyeli deformirebuli mdgomareobisaTvis  

                    
          

ܭ  
ଶ = ாீ

ଵିమ , 

 

sadac  aris puasonis koeficienti.  
 

 .s sidide gaangariSebebSi martivi gamosayenebelia-ܭ

Tu cnobili iqneba datvirTuli sxeulis zomebi, bza-

ris sigrZe, forma da modebuli Zabva, misi gansazRvra 

drekadobis TeoriiT advilia.   miRebuli Sedegebi sa-

inJinro gaangariSebebSi rRvevis siblantis raode-

nobriv sazomad gamoiyeneba. misi saSualebiT im Zabve-

bis sidideebis gamoTvla aris SesaZlebeli, romlis 

drosac, bzaris arastabiluri gavrcelebis Sedegad, 

katastrofuli rRveva xdeba.  

 

myife masalebisaTvis rRvevis siblantis dasaxasia-

Teblad gamoyenebul sxvadasxva maCveneblebs Soris 

Teoriulad mkafio kavSiria dadgenili, xolo dre-

kad-plastikuri da plastikuri masalebisaTvis aseTi 

gamaerTianebeli Teoria jer ar arsebobs. amitom, 

rRvevis siblante ganixileba rogorc TvisebaTa er-
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Toblioba da ara erTi Tviseba. rRvevis siblantis 

yvela maCveneblisaTvis saerTo is aris, rom isini     

afaseben muSaobas, romelic masalis rRvevaze dai-

xarja. 

 

plastikuri zona bzaris wverosTan. bzaris gavrce-

lebis drekadi amocanis ganxilvisas naCvenebi iyo 

rom bzaris wveros midamoSi Zabvebi singularulia. 

praqtikaSi gamoyenebul masalebs, kerZod, liTonebs 

aqvT denadobis zRvari. am zRvris zemoT Zabvebi iwve-

ven masalis deformacias. e.i., bzaris wveros midamoSi 

masalebi deformirdebian da, aqedan gamomdinare, Zab-

vebi ar SeiZleba singularuli iyos. am ares, bzaris 

wverosTan, bzaris plastikur zonas uwodeben. brtye-

li daZabuli mdgomareobisaTvis bzaris plastikuri 

zonis sidide uxeSi SefasebiT ganisazRvreba formu-

liT: 

௜௝ߪ =
ூܭ

 ,  ௜݂௝  ݎߨ2√

sadac 

 

ூܭ =  .݈ߨ√ߪ
 

es damokidebuleba aris drekadi amocanis gadawyveta 

da igi  bzaris wveroSi Zabvebis usasrulobaSi gadas-

vlas ar krZalavs. sinamdvileSi es ar moxdeba, rad-

gan bzaris wverosTan aRZruli plastikuri deforma-

ciebi zRudaven Zabvebs. bzaris wverosTan plastiku-

robis zonis sididis Sesafaseblad saWiroa ganisaz-

Rvros bzaris wverodan is ݎ௉ manZili, romelzec dre-

kadi ߪ௘  Zabva denadobis ߪ௦ zRvars aRemateba. vegardis 

gantolebaSi ߪ௘ =  :௦ CasmiT θ = 0 kuTxisaTvis gveqnebaߪ
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௘ߪ = ௄಺

ඥଶగ௥ು
=  ,௦ߪ

an 

௉ݎ = ௄಺
మ

ଶగఙೞ
= ఙమ௟

ଶఙೞ
. 

 

sinamdvileSi bzaris midamoSi plastikurobis zona 

ramdenadme metia. irvinma aCvena, rom plastikurobis 

arsebobisas bzaris qceva mis fizikur sigrZeze meti 

sigrZis bzaris qcevas Seesabameba. bzaris wveros 

midamoSi, drekad SemTxvevasTan SedarebiT, plasti-

kuri deformaciebis Sedegad, gadaadgileba metia, 

xolo sixiste naklebi. sxvagvarad, firfitis qceva 

Seesabameba bzariani firfitis qcevas. aseT SemTxve-

vaSi bzaris efeqturi sigrZe Seadgens: 

 

௉ܧ = ݈ +  ,ߜ
 

sadac: ݈ aris bzaris fizikuri zoma; 
       δ_Sesworeba. 
 

ߜ s gamosaxva-ߜ = -௉-s saxiTaa miRebuli, e.i., plastikuݎ

robis zonis zoma orjer aRemateba ݎ௉-is pirvelad 

Sefasebas. Zabvebis intensiurobis koeficientiTa da 

masalis TvisebebiT srulad kontroldeba plasti-

kuri zonis sidide da masSi plastikuri deformaci-

ebis intensiuroba. Zabvebis intensiurobis gamoTvli-

sas saWiroa bzaris zoma xelovnurad (fiqtiurad) 

gaizardos plastikuri zonis sididis naxevriT.  

irvinis Semotanili Sesworeba afarToebs xazobrivi 

rRvevis meqanikis samarTlianobis ares (mrRvevi Zabve-

bis mixedviT are maTi matebis, xolo bzarebis kritikuli 
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sigrZis mixedviT misi Semcirebis mimarTulebiT). brtyeli 

deformaciisas plastikuri Sesworebebis Setana (maTi 

simciris gamo) ar xdeba. plastikurobis zonis forma-

ze ufro zusti warmodgenis miReba SesaZlebelia 

rodesac denadobis piroba ganixileba nulisagan 

gansxvavebuli θ kuTxeebisaTvis (Cven aq maT ar 

ganvixilavT). 

 

  integrali. rRvevis meqanikaSi dadgenilia, rom ࡶ

plastikurobis zona bzaris wverosTan (Tu, simciris 

gamo, ugulebelyofili ar aris) energiis gamoyofis in-

tensiurobaze garkveul gavlenas axdens. ܩ-s sidideze 
plastikuri deformaciis gavlenis mniSvnelobis da-

sadgenad, saWiroa bzaris wverosTan warmoqmnili da-

Zabulobis velis drekad-plastikuri amocanis amox-

sna. garda amisa, arsebobs iribi meTodic, romelic  ܬ 
integraliT ganisazRvreba (ganvixilavT ܬ integralis 

mxolod aRwerilobas). 

 

 integralis ZiriTadi damaxasiaTebeli Taviseburebaaܬ

daZabul myar sxeulSi garkveuli Caketili aris for-

misa da zomisagan misi sididis damoukidebloba. es 

zona SeiZleba iyos plastikur zonaSi, gadakveTos 

igi an iyos misi sazRvrebis gareT. yvela SemTxvevisa-

Tvis ܬ integralis sidide erTi da igivea. drekadi 

SemTxvevisaTvis ܬ integralis amoxsniT damtkicebu 

lia, rom  

ܬ =  ,ܩ
e.i., drekadi SemTxvevisaTvis ܬ integrali energiis ga-

moyofis intensiurobis ekvivalenturia. naCvenebia, 

rom 
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ܬ = − డ௉
డ௟

 , 
 

sadac Pܲ aris potencialuri energia. 
 

drekad SemTxvevaSi ukanaskneli gantolebebi ekviva-

lenturia. anu ܬ integrali aris bzaris gavrcelebis 

Sedegad energiis gamoyofis ganzogadebuli funqcia. 

es funqcia samarTliania im SemTxvevisaTvis,  rode-

sac bzaris wveros siaxloves mniSvnelovani plasti-

kuri deformacia xdeba. ܬ integralis integrirebis 

gzaze damoukidebloba iZleva SesaZleblobas Sedare-

biT martivad ganisazRvros energiebis gamoyofa im 

SemTxvevisaTvis, rodesac bzaris wverosTan plasti-

kurobis didi zonaa. savaraudoa, rom arsebobs ܬ in-
tegralis kritikuli  ܬூ஼-s mniSvnelobac, romlis miR-

wevisas bzari zrdas iwyebs. aseTi mdgomareobis Seq-

mna SesaZlebelia drekadi SemTxvevebisaTvisac. gamo-

dis, rom  

 

ூ஼ܬ = ூ஼ܩ . 

 

ukanaskneli toloba miuTiTebs, rom bzaris zrdis 

procesi, romelic did plastikur deformaciebTanaa 

dakavSirebuli, SeiZleba ganisazRvros ܬூ஼-Ti, Tu gve-

codineba ܩூ஼-s mniSvneloba iseTi SemTxvevisaTvis, ro-

desac ugulebelyofilia plastikuri deformacia da 

piriqiT. 

-integralis gamoyenebiT SesaZlebeli xdeba mxed ܬ

velobaSi ar iqnes miRebuli plastikuri deforma-

ciebis SemosazRvruloba. es saSualebas iZleva ܬூ஼ 
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(Sesabamisad ܩூ஼) ganisazRvros mcire zomis nimuSebze 

(anu brtyeli deformaciebisas). bzaris neli zrdisas 

mis wverosTan masalis gantvirTva xdeba. ukanasknel 

dromde ܬ integralis  integrirebis gzaze damouki-

debloba plastikuri deformaciis TeoriiT mtkic-

deboda, romelic masalis gantvirTvas ar iTvalis-

winebs. aRsaniSnavia, rom rRvevis kriteriumi ܬ integ-
ralze dafuZnebuli meTodikiT mxolod bzaris Casa-

xvisas ganisazRvreba da bzaris stabiluri zrdisa-

Tvis misi gamoyenebis meTodika ar arsebobs. 

6.3 rRvevis siblante 
 
rRvevis siblante gansazRvravs masalis bzarmedegobas anu 

garkveuli zomis bzarebiani masalis unars daurRvevlad 

imuSaos konstruqciaSi. nebismieri liTonuri masalisaTvis 

myife rRveva SeiniSneba gamocdis an eqspluataciis gansaz-

Rvrul pirobebSi. myife rRvevisadmi midrekileba Zlieraa 

damokidebuli masalis eqspluataciis temperaturaze. naCve-

nebi iyo teqnikuri masalebis rRvevis blant-myife gadas-

vlis temperaturuli intervali da misi Sesabamisi blant-

myife gadasvlis Sua temperatura. blanti rRvevidan myife 

rRvevaze gadasvlis temperaturuli faqtoris gavlenis 

Sesaswavlad ganvixiloT am gadasvlis sqema. igi mowyvetis 

winaRobasa da denadobis zRvris temperaturuli damokide-

bulebis sxvadasxvaobas efuZneba. sur. 81 Sesabamisad, 

(mrudi 1), mowyvetis winaRoba ߪ଴, romelic myife rRvevis 

winaRobas axasiaTebs, mciredaa damokidebuli tempera-

turis zrdaze.  

amis sapirispirod plastikuri deformaciis dasawyebad au-

cilebeli Zabva, anu denadobis zRvari ߪௌ , Zlier mcirdeba 

temperaturis matebasTan erTad (mrudi 2). 1 da 2 mrudebis 
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gadakveTis temperatura Seesabameba blantmyife gadasvlis 

anu simyifis zRurblis ଵܶ  temperaturas. am temperaturaze 

ufro maRal temperaturebze ߪௌ <  -଴ datvirTvisas jer deߪ

 

 
 

sur. 81. blant-myife gadasvlis sqema  

 

nadobis zRvari miiRweva da rRvevas winuswrebs mniSvnelo-

vani plastikuri deformacia. ଵܶ   temperaturaze nakleb 

temperaturebze   ߪௌ >  ଴, e.i. datvirTvisas, jer miiRwevaߪ

mowyvetaze winaRobis sidide da xdeba myife rRveva. nake-

Tobis (gansakuTrebiT CrdiloeT raionebSi) eqspluata-

ciisas gaTvaliswinebuli unda iqnes temperaturis Semci-

rebisas gamyifeba. 

 

deformaciis siCqaris gazrdisas denadobis zRvari matu-

lobs (mrudi 3), xolo mowyvetaze winaRoba, praqtikulad, 

ucvleli rCeba (mrudi 1). 1 da 3 mrudebis gadakveTa ufro 

maRal temperaturaze xdeba ( ଶܶ > ଵܶ). e.i. deformaciis siCqa-

ris gazrdisas myife rRvevis temperaturuli are farTov-

deba da, magaliTad, Cveulebriv pirobebSi, plastikuri ma-

sala oTaxis temperaturaze myife xdeba.  

mowyvetis winaRobis Semcirebis nebismieri faqtori blant-

myife gadasvlis temperaturas zrdis. 2 da 4 mrudebi ikve-
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Teba ଷܶ temperaturaze ( ଷܶ > ଵܶ). aseTi piroba SeiZleba Seq-

mnas mag., marcvalTSoris kavSiris Sesustebis gamomwvevi 

minarevi atomebis marcvlis sazRvrebze segregaciam.  

 

rRvevis saxeze udides gavlenas daZabuli mdgomareobis 

sqema axdens. plastikurobis gamovlenas xels uwyobs mkum-

Savi Zabvebi. isini masalaSi arsebuli mikrobzarebis gaS-

las ewinaaRmdegebian. blanti rRvevisas yvelaze araxel-

sayreli datvirTvis yvelaze ”xisti” sqema_samRerZa (mocu-
lobiTi) gaWimvaa. is aRiZvreba maxvili CanaWris wveros si-

axloves, sadac Zabvebi koncentrirdeba. amis gamo, zedapi-

ruli CanaWrebi, amonaCarxebi da nakawrebi xels uwyoben 

myife rRvevas. plastikuri deformaciisaTvis xelsayrelia 

yvelaze ”rbili” sqema_samRerZa kumSva. yovelmxrivi Tanaba-

ri kumSvisas SesaZlebelia mxolod drekadi deformacia, 

rRveva ki saerTod ar xdeba. 

 

gansakuTrebiT mniSvnelovania sakmaod maRal (oTaxis da 

ufro maRal) temperaturebze mimdinare myife rRveva. li-

Tonebsa da Senadnobebs, romelTa blant-myife gadasvlis 

temperatura aRemateba oTaxis temperaturas, civmetexs 

uwodeben. 

 

grifiTis mixedviT, Zabvis sidide, romlis drosac vrcel-

deba bzari, rogorc myife bzari, aris drekadobis moduli 

ܧ −s, bzaris kedlebis zedapiruli  ߛௌ energiis, plastikuri 

deformaciis  ߛ௉ muSaobisa da bzaris l sigrZis funqcia. 

drekadobis moduli masalis mudmivaa. misi cvlileba Se-

saZlebelia mxolod mniSvnelovani legirebiT. aseve Zne-

lad regulirdeba ߛௌ zedapiruli energiac. faqtorebi (Zi-

riTadad legireba), romlebic zrdian ߛௌ-is mniSvnelobas, 

xSirad aZneleben plastikur deformacias da amcireben 

  ௉_s. amrigad, mrRvev Zabvebze, Cveulebriv, darCenili oriߛ

௉ߛ)   da ݈)   parametriT zemoqmedeben.  
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myife rRvevis ZiriTadi saSiSroeba imaSi mdgomareobs, rom 

igi vrceldeba SedarebiT mcire Zabvebisas. grifiTis kri-

teriumis da myife mdgomareobidan plastikurSi gadasvlis 

temperaturis ganmsazRvreli faqtorebis safuZvelze, zoga-

di saxiT, formulirebulia civmetexobasTan brZolis prin-

cipuli mimarTulebebi yoveli konkretuli SemTxvevisaT- 

vis. isini SeiZleba gamovlindes: qimiuri Sedgenilobis 

cvlilebiT (minarevebisagan gawmenda, legireba), dnobis, 

kristalizaciis, wneviT damuSavebis, Termuli damuSavebis,  

Secxobis da struqturaze zemoqmedebis sxva  reJimebiT. 

 

irvinma kvazimyife rRvevis meqanikaSi Zabvebis intensi-

urobis kritikul koeficient ܭ௖-s cneba Semoitana. 

man daadgina, rom bzari arastabilur (TviTnebur) 

zrdas iwyebs mas Semdeg, rac rRvevis dros ganTavi-

suflebuli drekadi kuTri energia miaRwevs kriti-

kul mniSvnelobas. rRvevis meqanikis principebi saSua-

lebas iZleva ganisazRvros is kritikuli Zabva, rom-

lis drosac SesaZlebeli iqneba bzaris zrda. igi ga-

moisaxeba formuliT: 

 

஼ܭ = ௖ߪ ܻ  , ݈ߨ√ 
 

sadac: Y aris uganzomilebo sidide. igi damokidebu-

lia bzarisa da nimuSis zomebze, maT geometriul 

formebsa da datvirTvis modebis saxeze. uganzomilebo 

Y mamravlebi rRvevis meqanikaSi ”Y tarirebis“ dasaxelebi-

Taa cnobili. isini damokidebulia bzaris sigrZis sxeulis 

zomasTan fardobaze, mag., ܾ kveTis sisqeze, e.i.   = ݈ ܾ⁄  ric-

xvze. es damokidebuleba warmodgenilia cxrilis saxiT an 

miaxloebiTi formuliT, xSirad mravalwevriTac: 

 

Y() = ܿ଴ + ܿଵ+ ܿଶ + ܿଷ + ⋯ 
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Tu konstruqtori cnobaridan Sesabamis  Y tarirebas Sear-
Cevs, maSin misi amocana_konstruqciis gaangariSeba rRveva-

ze_martivdeba. 

 

brtyeli nimuSisaTvis, romelSic bzaris sigrZe nimu-

Sis siganeze gacilebiT naklebia, am koeficientis 

sidide axlosaa 1_Tan. usasrulo siganis firfitaSi 

viwro bzaris arsebobisas  Y=1-s. xolo, Tu naxevrad-

usasrulo siganis firfitas aqvs napiridan l sigrZis 
bzari, maSin Y=1,1. 
 

-஼ parametris ganzomileba aris pa∙m1/2. SedarebiT Txeܭ

li nimuSebisaTvis ܭ஼-s mniSvneloba damokidebulia 

nimuSis sisqeze. Tu nimuSis sisqe mravaljer metia, 

bzaris zomaze,     maSin   ܭ஼-s mniSvneloba sisqisgan da-

moukidebeli xdeba. aseT SemTxvevaSi adgili aqvs 

brtyel deformaciebs.  

 

rodesac Txel firfitaSi bzaris wverosTan Zabva ߪ௭ ar 

arsebobs (ߪ௭ = 0-s), realizdeba brtyeli daZabuli mdgoma-

reoba (sur. 80).Ffirfitis sisqis gazrdisas (ݖ −RerZis mi-

marTulebiT), warmoiqmneba gamWimavi mesame Zabva: 

 
௭ߪ =  (ߪ௫ +  (௬ߪ

 
da Seiqmneba iseTi brtyeli daZabuli mdgomareoba, rode-

sac ݖ RerZis mimarTulebiT wanacvleba SeuZlebeli gax-

deba. kvlevebiT dadgenilia, rom rac metia nimuSis sisqe, 

miT naklebia plastikuri deformaciis zona da ufro swra-

fia myife rRvevis procesi (mowyveta). e.i., nimuSis bzaris 

wvero ufro axlosaa brtyel daZabul mdgomareobasTan, 

vidre brtyel deformirebul mdgomareobasTan. 
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brtyeli deformacia iseTi procesia, rodesac dat-

virTvisas ar xdeba nimuSis frontaluri da ukana 

waxnagebis perpendikularuli mimarTulebiT defor-

mireba. aseTi sqeli nimuSebis brtyeli deformirebi-

sas ܭ஼-s Zabvis intensiurobis kritikuli koeficienti 

ewodeba.  igi aRiniSneba ܭூ஼-Ti da misi sidide gamoiT-

vleba formuliT:  

 

ூ஼ܭ =  .݈ߨ√ ߪ ܻ
 

amrigad, -ூ஼ (brtyeli deformirebuli mdgomareobisaܭ

Tvis), ise rogorc ܭ஼ (brtyeli daZabuli mdgomareobisa-

Tvis), aris sazomi bzaris warmoqmnis Semdeg masalis 

myife rRvevisadmi winaaRmdegobis. maT uwodeben rRve-

vis siblantes. praqtikulad,  ܭூ஼  parametriT ganisa-

zRvreba defeqtis sigrZeze damokidebulebuli mrRve-

vi Zabvebi da piriqiT: Tu gvecodineba muSa Zabvebi, 

SeiZleba vivaraudoT bzarebis sigrZe detalSi, 

romlis miRwevisas moxdeba rRveva.  

 

myife masalebSi mzardi bzaris win plastikuri de-

formacia ver ganviTardeba. amitom maT ܭூ஼  _s dabali 

maCveneblebi aqvs da rRveva katastrofis reJimSi 

xdeba. plastikuri masalebi ki ܭூ஼-s maRali mniSvne-

lobebiT xasiaTdebian. mcire sididis rRvevis sib-

lantis mqone masalebisaTvis dasaSvebia mcire sig-

rZis bzarebi. cxadia, rom udidesi rRvevis siblan-

tis mqone masalas udidesi narCeni simtkice aqvs. 

 

brtyeli deformaciebisas rRvevis siblante masalis 

fundamentur Tvisebebs miekuTvneba. is damokidebulia 
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iseT faqtorebze, rogoricaa: masalis mikrostruqtu-

ra, temperatura, deformaciis siCqare ( ܭூ஼ garemos mxo-

lod mocemul temperaturaze an mocemuli siCqariT de-

formirebis Sesabamisi TvisebebiT ganisazRvreba). ܭூ஼_s 

sidide mcirdeba deformaciis siCqaris matebisas da 

temperaturis dawevisas. denadobis zRvris zrda  

-ூ஼_s Semcirebas iwvevs, xolo marcvlis dawvrilmaܭ

nebiT, rogorc wesi,  ܭூ஼ izrdeba.  

6.4 bzarmedegobaze gamocda 
 
am gamocdebSi gansakuTrebuli mniSvneloba eniWeba nimuSis 

yvela zomis, CanaWrisa da bzaris Tanafardobas, radgan 

maT bzaris wverosTan unda Seqmnan brtyeli deformaciis, 

xolo misgan_moSorebiT drekad-daZabuli mdgomareobis 

pirobebi. mxolod aseT SemTxvevaSia SesaZlebeli rRvevis 

siblante ܭூ஼-s gansazRvra. ZiriTadi moTxovna waeyeneba 

nimuSis sisqe B-s, igi unda akmayofilebdes Semdeg pirobas: 

 

ܤ ≥ 2,5 ൬௄಺಴
ఙబ,మ

൰
ଶ
, 

 

sadac ߪ଴,ଶ aris masalis denadobis pirobiTi zRvari gaWim-   

        visas, gamocdis imave pirobebSi (temperatura,  

        siCqare). 

 

praqtikaSi mravali liTonuri nakeTobisa da naxevarfabri-

katis (pirvel rigSi, furclebis) zomebi ar akmayofilebs. 

 ூ஼-s koreqtuli gansazRvrisa pirobebs (maRalmtkiceܭ

foladebisaTvisac ki). aseT SemTxvevebSi izomeba ܭ஼ rRve-

vis siblante brtyeli daZabuli mdgomareobisaTvis. es 

rRvevis siblantis naklebad mkacri maxasiaTebelia, radgan 

misi sidide nimuSis geometriazea damokidebuli.                                                                                                                                     
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im plastikuri masalebisaTvis, romelTa bzaris gavrcele-

bis winaRobis gansasazRvrad ver xerxdeba ܭூ஼  -sa ܭ஼-s Se-

faseba, iyeneben e.w. bzaris kritikuli gaxsnis ߜ஼ −s mniS-

vnelobas, romlis drosac bzaris aramdgradi zrda iwye-

ba.  ߜ஼ ganixileba, rogorc rRvevis deformaciuli kriteri-

umi. ise, rogorc ܭ஼,   isic damokidebulia nimuSis sisqeze. 

iseTi SemTxvevebisas, rodesac rRvevas Tan axlavs plasti-

kuri deformacia, rRvevis winaRobis maxasiaTeblad Semot-

anilia ܬ integrali. igi axasiaTebs bzaris wverosTan ener-

giis nakadis intensiurobas bzaris zrdis sawyisi momenti-

saTvis.  ܬ integrali naklebadaa damokidebuli nimuSis for-

maze. igi ganisazRvreba Runvaze gamocdisas an nimuSis ga-

recentruli gaWimvisas Cawerili ”gaWimva_gadaadgilebis” 

diagramiT. (rRvevis meqanikaSi gamoyenebuli zogierTi 

simbolo da ganzomileba mcemulia me-4 cxrilSi). 

 

cxrili 4.  rRvevis meqanikaSi gamoyenebuli zogierTi 

termini da maTi ganzomileba. 

 

simbolo dasaxeleba ganzomileba 

 Zabvis intensiurobis koeficienti mpa∙m1/2 ܭ
 Zabvis intensiurobis kritikuli  ܥܭ

koeficienti 

” _ ” 

-ூ intensiurobis koeficienti mowܭ

yvetiT rRvevisas (deformaciis I 

modeli) 

” _ ” 

 ூ஼ Zabvis intensiurobis kritikuliܭ

koeficienti (deformaciis I 

modeli) 

” _ ” 

 ூூ Zabvis intensiurobis koeficientiܭ

(deformaciis II modeli). 

” _ ” 

 ூூ஼ Zabvis intensiurobis kritikuliܭ

koeficienti (deformaciis II 

modeli)  

” _ ” 
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cxrili 4.  gagrZeleba 

 
      
ܭ ூூூ

 Zabvis intensiurobis koeficienti 

(deformaciis III modeli) 

” _ ” 

 ூூூ஼ kritikuli Zabvis intensiurobisܭ

koeficienti (deformaciis III modeli). 

” _ ” 

 Zabvis intensiurobis pirobiTi ∗ܭ

koeficienti 

” _ ” 

஼ܭ
∗ Zabvis intensiurobis pirobiTi 

kritikuli koeficienti 

” _ ” 

 ொ Zabvis intensiurobis saangariSoܭ

koeficienti  

” _ ” 

 ொ் Zabvis intensiurobis kritikuliܭ

koeficienti mocemuli sisqis an 

diametris nimuSisaTvis 

” _ ” 

 ஼ bzaris wveros gaxsna maqsimaluri ஼ܲߜ

datvirTvisas 

m 

 ji integrali 106 j/m2 ܬ

 ” _ ” ௜  ji integralis saangariSo sidideܬ

 ” _ ” kritikuli ji integrali (ூ஼ܬ)  ஼ܬ

 

 

liTonis rRvevis procesebze Tanamedrove fizikuri 

da meqnikuri warmodgenebis mcodne mkiTxvelisaTvis 

rTuli ar iqneba masalis bzarmedegobis gansazRvra 

nebismieri standartis mixedviT. eqsperimentulad 

rRvevis siblanteze nimuSebi gamoicdeba rogorc 

erTjeradi, xanmokle statikuri, ise xangrZlivi sta-

tikuri da cikluri datvirTvebiT, RerZuli da gare-

RerZuli gaWimvebiT da samwertiliani RunviT.  
 

rRvevis siblantis maxasiaTeblebis anu bzarmedego-

bis gansazRvra winaswar (cikluri datvirTviT, kons-
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truqciuli koncentratoris midamoSi) reglametirebuli 

sigrZis daRlilobis bzardatanil nimuSebze xdeba. 

nimuSi gaiWimeba da gamocdisas Caiwereba diagrama 

”datvirTva_wanacvleba ”(ܲ − ܸ) an ”datvirTva_CaRun-

va” (ܲ − ݂). am dros izomeba Zala da nimuSis waxnagze 

CanaWris gaxsnis zoma. maqsimaluri Zala gawyvetisas 

gamoiyeneba bzarmedegobis gansazRvrisaTvis.   

 

gamocdebis Sedegebis mixedviT Semdegi ZiriTadi 

maxasiaTeblebi gamoiTvleba: 

1. Zalovani_Zabvis intensiurobis K–s an KI–is     

kritikuli koeficientebi: ܭூ஼ , ஼ܭ  
∗ , , ொ்ܭ ஼ܭ    ; 

2. deformaciuli_bzaris gaSla wveroSi  ߜ஼;                
3. energetikuli _ J integralis kritikuli  

mniSvneloba   ܬ஼  an   ܬூ஼ . 
 

liTonebis bzarmedegoba fasdeba erTi an ramdenime Zalo-

vani, deformaciuli da energetikuli sididiT: ܭூ஼ , ஼ܭ  
∗ ,

஼ܭ  , , ொ்ܭ  -Tu sruldeba bzarmedegobis maxasiaTeb .(ூ஼ܬ) , ஼ܬ ,஼ߜ

lebis gansazRvris koreqtulobis pirobebi, maSin ZiriTadi 

aris ܭூ஼ sidide. im SemTxvevebSi, rodesac ܭூ஼ , ஼ܭ    , -ொ் sidiܭ 

deebis koreqtulobis pirobebi ar sruldeba, liTonis 

bzarmedegobis Sefaseba xdeba  ܭ஼
  .sidideebiT (ூ஼ܬ) , ஼ܬ ,஼ߜ   , ∗

damuSavebulia rekomendaciebi, romlebic saSualebas 

iZlevian SeirCes gamosacdeli masalis Sesabamisi ni-

muSebis konfiguracia da zomebi. miRebulia agreTve 

rRvevis siblantis gansazRvris analizuri gamosaxu-

lebebi. ix. cxrili #5. 

 

bzarmedegobis eqsperimentuli gansazRvrisas gamoiye-

neba standartuli nimuSebi. maT nimuSis datvirTvisas 
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aRZruli Zabvebis nakadis perpendikularulad orien-

tirebuli basri CanaWeri an mkveTri amonaCarxi unda 

hqondeT. nimuSi winaswar ciklurad ise itvirTeba, 

rom konstruqciuli koncentratoris midamoSi gan-

viTardes reglamentirebuli sigrZis bzari. am dros 

CanaWris ”bunebrivi” simaxvile  iseTsave adgilobriv 

SeSfoTebas iwvevs, rogorsac bzari konstruqciaSi.  

 

magaliTisaTvis standartuli nimuSebis nairsaxeobi-

dan, sur. 82-is Sesabamisad, ganvixiloT e.w. kompaq-

turi nimuSis gamocda bzarmedegobaze.  

 

 

 
 

sur. 82. ”kompaqturi nimuSi” 
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winaswar (cikluri datvirTviT, konstruqciuli koncen-

tratoris midamoSi) gaiWimeba reglamentirebuli sigr-

Zis daRlilobis bzardatanili nimuSi da gamocdisas 

Caiwereba diagrama ”datvirTva_wanacvleba” (ܲ − ܸ).  
 

rRvevis siblanteze gamocda gansxvavdeba sxva meqanikuri 

gamocdebidan. am dros winaswar ar aris cnobili Sesrul-

deba Tu ara ܭூ஼ -s gansazRvris marTlzomierebisaTvis au-

cilebeli moTxovna, romelsac unda akmayofilebdes nimu-

Sis zomebi, kerZod: 

ܽ da ܤ ≥ 2,5 ൬௄಺಴
ఙబ,మ

൰
ଶ
, 

sadac: ܽ aris bzaris sigrZe, CanaWris siRrmesTan erTad; 

 .nimuSis sisqe_ܤ        
 

amis gamo nimuSis zomebis SerCevis sawyis etapze, xdeba 

-ூ஼ -s saorientacio Sefaseba. arsebobs cnobili monacemeܭ

bis ganmazogadebeli cxrilebi da diagramebi. magaliTi-

saTvis ganvixiloT diagrama, romelic ൬௄಺಴
ఙబ,మ

൰
ଶ
 da 

ఙబ,మ
ா
 fardo-

bebs erTmaneTTan akavSirebs. denadobis zRvari gluvi nimu-

Sis gaWimvaze gamocdiT, martivad miiReba, xolo drekado-

bis moduli xSirad cnobilia. amdenad, SesaZlebeli xdeba 

-ூ஼ -s saorientacio Sefaseba da, aucilebeli moTxovnis Seܭ

sabamisad, nimuSis zomebis SerCeva. nimuSis gamocdis siCqa-

re aiReba normatiuli dokumentis moTxovnis gaTvaliswine-

biT (igi umetesad@2_8 mpa/mm3/4 wm-Si zRvrebSia).  

 

gamocdis procesSi TviTCamweriT avtomaturad registrir-

deba diagrama datvirTva_gadaadgileba. TviTCamweri xel-

sawyos sakoordinato RerZebis masStabi ise unda SeirCes, 

rom diagramis sworxazovani nawilis abscisasTan daxris 

kuTxis tangensi 0,7 _ 1,5 zRvrebs ar scildebodes. gosti 

25.506_85 aseTi diagramebis oTx tips ganixilavs. (sur. 83):   
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sur. 83. datvirTva-gadaadgilebis ("P-v" an   "ܲ − ݂") maxasiaTe-   
        beli diagramebi  

 

I tipi_mrudis wveros (nimuSis rRvevis ܥ wertili)  daxri-
li ܱܤ xazis marcxniv mdebareobiT xasiaTdeba. OB xazi ab-
scisasTan ߙହ kuTxiTaa daxrili da am kuTxis tangensi 5%-

iT naklebia diagramis sawyis sworxazovan monakveTze gav-

lebuli mrudis mxebis abscisasTan ܽ daxris kuTxis tan-
gensis mniSvnelobaze. 

II tipi xasiaTdeba datvirTvis sawyisi lokaluri maqsimu-

miT, romelic daxrili ܱܤ xazis marcxniv mdebareobs. 

rRvevis ܥ wertili mdebareobs abscisasTan ܽଷ଴బ  -iani kuT-

xiT daxrili  ܱܩ xazis marcxniv. am kuTxis tangensi 30%-iT 

naklebia diagramis sawyis sworxazovan ubanze mrudis mxe-

370



374 
 

bad gavlebuli xazis abscisasTan daxris kuTxis (ܽ-s) tan-
gensis mniSvnelobaze. 

 

III tipi xasiaTdeba  ܱܩ xazis marcxniv mdebare nimuSis 

rRvevis Sesabamisi datvirTvis maqsimumiT (ܥ wertili).  

 

IV tipis diagrama Seesabameba im SemTxvevas, rodesac maqsi-

maluri datvirTva ܥ wertils Seesabameba, xolo rRveva ܥ 
wertilis marjvniv  ܨ wertilSi xdeba. 

 

kompaqturi nimuSis gamocdisas izomeba Zala da nimu-

Sis waxnagze CanaWris gaxsnis zoma. maqsimaluri Zala 

gawyvetisas gamoiyeneba bzarmedegobis gansazRvrisa-

Tvis. datvirTvis Sesabamisi Zabvebis intensiurobis 

koeficienti mocemuli saxis nimuSisaTvis gamoiTvle-

ba formuliT: 

ூܭ =
ܲ√݈
ܾݐ

൫29,6 − 185 + 655ଶ − 1017ଷ + 639ସ൯ .  

gamocdebi tardeba oTaxis an dabal temperaturebze. 

am dros isazRvreba masalis bzarmedegobis tempera-

turaze damokidebuleba (xarisxobrivad igi dartymiTi 

siblantis temperaturaze damokidebulebis analogiuria) 

6.5 rRvevis meqanikis principebze dafuZnebuli 
daproeqteba 

 

naCvenebi iyo, rom erTRerZa gaWimvisas rRveva xdeba 

nimuSis plastikuri deformirebis dasrulebis Sem-

deg, simtkicis zRvris miRwevisas. magram realur pi-

robebSi liTonebi irRveva denadobis zRvarze nakle-

bi Zabvebis drosac. es niSnavs, rom simtkicis zRvari 
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ar gansazRvravs liTonebis realur simtkices da mis 

aRsawerad saWiroa sxva maxasiaTeblebi.  

 
rRvevis procesebis kvlevaTa miRwevebma mecnierebs 

saSualeba misca gaekeTebinaT Semdegi ZiriTadi das-

kvnebi:  

1. rRveva, zogadad, arakritikuli movlenaa. 

igi aris bzarebis Casaxvis, maTi gaerTiane- 

bisa da zrdis fizikuri procesi, romelic  

mTavrdeba erT-erTi aseTi bzaris mdgrado-

bis dakargviT;  

2. submikro- da mikrobzarebi aris defeqturi 

struqturis elementi (dislokaciebisa da  va-

kansiebis msgavsad) da ara Sedegi masalis mo-

mzadebis arasakmarisad kargi teqnologiisa. 

 
masalaSi arsebuli Canasaxi defeqtebi, cikluri dat-

virTvis  an datvirTvisa da garemos erToblivi ze-

moqmedebisas, droTa ganmavlobaSi izrdeba da bzari 

Camoyalibdeba. bzaris zomazea damokidebuli misgan 

gamowveuli Zabvis koncentracia. bzarebis arseboba 

iwvevs konstruqciis simtkicis Semcirebas da igi saw-

yis saproeqto simtkiceze naklebi xdeba. eqspluata-

ciis procesSi, garkveuli drois Semdeg, simtkice 

imdenad Semcirdeba, rom konstruqcia veRar SeZlebs 

SemTxveviTi maRali datvirTvebis atanas da am momen-

tidan igi advilad irRveva.   

 

roca konstruqciaSi aseTi SemTxveviTi maRali dat-

virTvebi ar aRiZvreba, maSin bzari zrdas ganagrZobs 

manam, sanam simtkice ar gaxdeba imdenad mcire, rom 

rRveva moxdes eqspluataciis normalur pirobebSi. 

372



376 
 

konstruqtori uSvebs masalis daskdomisa  da, Sesa-

bamisad, konstruqciis rRvevis SesaZleblobas.  cdi-

lobs Seqmnas iseTi konstruqcia, romlis rRvevis al-

baToba, eqspluataciis mTeli drois ganmavlobaSi, 

dabali iqneba. radgan konstruqcias aqvs mxolod 

SezRuduli xangamZleoba, misi saimedoobis uzrun-

velsayofad aucilebelia bzaris zrdis siCqarisa da 

narCeni simtkicis Semcirebis siCqaris winaswarmetyve-

leba. es sakiTxebi aris rRvevis meqanikis sagani da 

igi mowodebulia  upasuxos Semdeg kiTxvebs:   

 

1. rogori damokidebulebaa bzaris sididesa da 

simtkices Soris? 

2. ra zomis bzaria dasaSvebi mosalodneli sa-

eqspluatacio datvirTvebisas, anu rogoria 

bzaris kritikuli zoma; 

3. ramden xans grZeldeba bzaris zrda gansazR-

vruli sawyisi zomidan kritikul zomamde?  

4. ra zomis niJaraa dasaSvebi konstruqciis 

eqspluataciis sawyis momentSi? 

5. ramdenad xSirad unda Semowmdes konstruqciaSi 

bzarebis arseboba? 

praqtikam aCvena, rom nakeTobis xangamZleobas gansaz-

Rvravs: sakonstruqcio simtkice, cveTamedegoba da ma-

salis koroziuli medegoba (nakeTobis eqspluataciis 

Sesabamis pirobebSi).  

konstruqciis ama Tu im elementis mosalodneli 

rRvevis SesaZleblobis Sefasebisas aucilebelia sami 

faqtoris gaTvaliswineba. saxeldobr: rRvevis sib-

lante ܭ஼-s an rRvevis siblante brtyeli deformaci-
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isas  ܭூ஼-s,  modebuli datvirTva σ-sa da bzaris zoma 
l-is. igulisxmeba, rom  Y koeficienti cnobilia. nake-

Tobis daproeqtebisas unda Sefasdes romeli faqto-

ria SezRuduli gamoyenebis pirobebidan  gamomdinare 

da romeli unda ganisazRvros daproeqtebisas. maga-

liTad, masalis (ܭ஼-s da  ܭூ஼-s mniSvnelobebis) SerCe-

va, xSirad, ganisazRvreba simkvrivisa (wonis SezRud-

visa) da nakeTobis saeqspluatacio garemoSi masalis 

koroziuli maxasiaTeblebis moTxovnebiT. aseT dros 

mniSvnelovania gaTvaliswinebul iqnes piroba_rode-

sac ori parametri izRudeba, mesames mniSvneloba 

mkacrad unda dafiqsirdes gantolebebiT: 

஼ܭ = ௖ߪ ܻ  ; ݈ߨ√ 
ூ஼ܭ =  .݈ߨ√ ߪ ܻ

 

magaliTad, roca ܭூ஼ da l gansazRvrulia gamoyenebis 

pirobebiT, maSin saangariSo dasaSvebi (kritikuli) Zab-

va ߪ௖   ganisazRvreba formuliT: 

஼ߪ =
ூ஼ܭ

 ݈ߨ√ܻ
 . 

roca mocemulia Zabvis done da cnobilia rRvevis 

siblante brtyeli deformaciisas, maSin bzaris maq-

simaluri dasaSvebi sigrZe gamoiTvleba formuliT: 

݈஼ = ଵ

గቀ಼಺಴
഑ౕ ቁ

మ  ∙ 

unda aRiniSnos, rom liTonur masalebSi Siga da gare 

bzarebis aRmosaCeni da gasazomi daurRveveli kontrolis 

mravali Tanamedrove meTodi arsebobs.  
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Tavi VII 
 

sacdeli manqanebi 
 
liTonuri masalebis meqanikuri Tvisebebis ufro 

obieqturi Sefaseba, romelsac meqanikur sagamocdo 

laboratoriebSi, xelsawyoebsa da manqanebze gamoc-

debis Sedegad miRebuli maxasiaTeblebis analizi 

iZleva, SeuZlebelia.  gaWimvaze, kumSvaze, Runvaze, 

grexaze, Cawnevaze da a.S. gamocdebi martivi da swra-

fia. aseTi gamocdebiT SesaZlebelia realur saeq-

spluatacio datvirTvebTan da teqnologiur damuSa-

vebebTan miaxloeba. farTodaa gavrcelebuli iseTi 

gamocdebi, romlebiTac ganisazRvreba: simtkice, 

plastikuroba, dartymiTi siblante, daRliloba, 

cocvadoba, cveTa, xangrZlivi simtkice. magram kon-

struqciebisa da detalebis realur simtkiceze yve-

laze obieqtur warmodgenas naturuli meqanikuri 

gamocdebi iZleva. aRsaniSnavia, rom aseTi gamocdebi, 

laboratoriuli gamocdebisagan gansxvavebiT, ufro 

xangrZlivi, Zalian rTuli da Zvirad Rirebulia. 

dReisaTvis ufro momgebianad iTvleba sxvadasxva 

meTodiT masalis laboratoriuli gamocdebi.   

 

liTonuri masalebis meqanikuri Tvisebebis maxasiaTe-

blebis sakvlevi Tanamedrove laboratoriebi aRWur-

vilia sxvadasxva saxis specialuri sacdeli manqane-

biTa da wnexebiT. Mmiuxedavad maTi mravalferovnebi-

sa, yvela maTganisTvis aucilebelia Semdegi ZiriTa-

di kvanZebi: 

      I.  datvirTvis modebis meqanizmi (nimuSis defor-   

          mirebisaTvis); 
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      II. Zalasazomi meqanizmi  (Zabvis registraciisaT-   

          vis); 

      III. diagramis aparati (Zabva-deformaciis mrudis     

         Casawerad). 

  
meqanikuri Tvisebebis maxasiaTeblebis gansasazRvri 

sacdeli mowyobilobebi da xelsawyoebi klasifici-

rdeba maTi gamoyenebis sferos, muSaobis principisa 

da daniSnulebis mixedviT. sacdeli mowyobilobebisa 

da xelsawyoebis ZiriTadi jgufebia: 

 

1. manqanebi statikuri gamocdebisaTvis. gaWimvaze, 

kumSvaze, ganivi da grZivi Runvis, erTdro-

ulad grexa-gaWimvis an kumSva-grexis manqanebi; 

2. manqanebi dartymiTi datvirTviT gamocdebi-

saTvis. urnalebi: vertikaluri tipis vardnili 

sacemiT, qanqariani, pnevmaturi, rotaciuli 

sagrexi manqanebi; 

3. manqanebi ganmeorebiT_cvladi datvirTviT 

gamocdebisaTvis. nimuSis RunviTa da brunviT, 

erT sibrtyeSi nimuSis RunviT, nimuSis gaWimva-

kumSviT, nimuSis grexiT, erTdrouli gaWimviTa 

da grexiT daRlilobaze sacdeli manqanebi; 

4. manqanebi specialuri saxis gamocdebisaTvis. 

plastikuri deformirebiT nakeTobis zedapiru-

li ganmtkicebis sacdeli manqanebi; fxvnilo-

vani masalebisa da elborisagan damzadebuli 

firfitebis sacdeli mikromanqanebi; 

5. sisalis gansasazRvri xelsawyoebi. brinelis, 

rokvelis, vikersis meTodebiT sisalis gasazo-

mi xelsawyoebi; drekadi ukusxletis (Soris) 
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meTodiT sisalis gasazomi gadasatani xelsaw-

yo; mikrosisalis sazomi xelsawyo;  

6. Zalis sazomi xelsawyoebi. etalonuri danadga-

rebi; gadasatani sanimuSo dinamometri; tipuri 

hidravlikuri dinamometrebi; muSazambariani 

gaWimvis dinamometrebi; Zalasazomi manqanebi da 

sxv. 

7. sazom-sakontrolo saSualebebi. meqanikuri da 

eleqtruli tenzometrebi.  

 

masalebis meqanikuri gamocdebisaTvis sxvadasxvagva-

ri specialuri, dinamikuri da statikuri teqnikaa Se-

qmnili: gamWimavi manqanebi, romlebzec SesaZlebelia 

Catardes gamocdebi gaWimvaze, kumSvaze, Zvraze da 

Runvaze. aseT manqanebs, eqstremaluri pirobebis Sesa-

qmnelad, SeiZleba kriokamera an Rumeli miesadagos; 

urnalebi qanqariani, horizontaluri da vertikalu-

ri, romlebzec SesaZlebelia dartymiTi siblantis, 

elastikurobis da daRlilobiT rRvevis Seswavla; 

manqanebi samSeneblo masalebis gamosacdelad, aseve 

rezonansuli manqanebi da sxv.  

 

laboratoriul kvlevebSi iyeneben specialur manqa-

nebs, romlebsac statikuri da dinamikuri datvir-

Tvebisas SeuZliaT standartuli nimuSebis (gaWimvaze, 

kumSvaze, Zvraze, dartymaze da sxv. gamocdebisas) defor-

mireba da rRveva. liTonuri masalebis sacdeli man-

qanebi  uzrunvelyofen nimuSebis datvirTvis aucile-

bel mudmiv siCqares (an mudmiv deformacias) da aRWur-
vili arian cdis maCveneblebis asaRebi, xolo  auci-

lebel SemTxvevebSi, gamocdis diagramis Camweri mow-

yobilobiT.  
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sacdeli manqanebis daproeqtebas da seriul warmo-

ebas warmatebiT aviTarebs aSS, inglisi, germania, 

iaponia, CineTi, SvedeTi, italia da sxv. am qveynebSi 

sacdel manqanebs da maT aRWurvilobas aTeulobiT 

firma amzadebs. 

 

liTonuri masalebis meqanikuri pirobebidan gamomdi-

nare, bunebrivia, rom sacdel laboratoriebs saime-

do, mtkice da xanmedegi manqanebi esaWiroeba. am sfe-

roSi msoflio aRiareba moipova kompania Zwick-is 
produqciam.  Zwick-s aqvs sacdeli manqanebis damzade-

bisa da realizaciis mravalwliani gamocdileba. ma-

salebis fizikur-meqanikuri gamocdebisaTvis xelsaw-

yoebis, manqanebisa da sistemebis damzadeba Zwick-ma 
jer kidev 1937 wels daiwyo. Tanamedrove saaqcio 

sazogadoeba ZwickRoell jgufSi gaerTianebulia didi 

gamocdilebisa da saerTaSoriso avtoritetis mqone 

firmebi_Zwick, ToniTexnik, IndentecLtd da ZwickRoell 
Controllers Ltd. 2002 wlidan ZwickRoell AG jgufTan gaer-

Tianda franguli firma AcmelLabo, romelic samSeneb-

lo mrewvelobisaTvis laboratoriul xelsawyoebs 

amzadebs. ZwickRoell jgufi momxmarebels, tradiciul 

sacdel manqanebTan erTad, axal hibriduli amZrave-

bis mqone manqanebs awvdis. firma Zwick-i masalebis, 

detalebisa da funqcionaluri gamocdebis Casatareb-

lad mis mier damuSavebul universalur programul 

uzrunvelyofa testXpert-s iyenebs.   
 

kidev erTi lideri sacdeli manqanebis sivrceSi aris 

amerikuli kompania   Instron-i. magram, rogorc praqtikam 
aCvena, aris SedarebiT ufro iafi teqnika, romlis 
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saimedoobac eWvs ar iwvevs. mag., iseTi mwarmoeblebi, 

rogoricaa: espanuri Ibertest-i, inglisuri Imatek-i da 
Sveicaruli Rumul-i msoflio bazars awodeben liTo-

nebis, Senadnobebis, sagzao masalebisa da sxva sac-

del manqanebs, romlebsac kompaniebis_Zwick-isa da 
Instron-is gverdiT Rirseuli adgili uWiravs.  

 

calke unda aRiniSnos Cinuri warmoebis iafi sacde-li 

manqanebi. saerTaSoriso bazarze maTi raodenoba da 

reputacia didi siswrafiT izrdeba. magaliTisa-Tvis 

moviyvanT mxolod 20 wlis istoriis mqone Jinan East 
Group Testing Machine Co. Ltd-s, romelic aparatuli da 

programuli uzrunvelyofiT amzadebs universa-lur 

hidravlikur da eleqtronul sacdel manqanebs, 

sacdel wnexebs, horizontaluri gaWimvis manqanebs, 

aseve sacdel manqanebs maRaltemperaturul cocvado-

baze, grexaze, daRlilobaze, dartymiT Runvaze da sxv. 

 

Tanamedrove meqanika, maRali sizustis eleqtronika 

da momxmarebelze orientirebuli programuli uz-

runvelyofaa wanamZRvari Tanamedrove sacdeli man-

qanebisa da sistemebis universalurobisa da maRali 

xarisxis “gonivrulobisa”. isini kompiuteruli sis-

temebiT awarmoeben TvisebaTa mravali maxasiaTeblis 

avtomatur registrirebas. garda amisa, maTi umravle-

soba aRWurvilia maRali sizustis sazomi teqnikiT, 

rac gamocdis Sedegebis karg ganmeorebadobas uzrun-

velyofs. nebismier Tanamedrove sacdel mowyobilo-

bas aqvs avtomaturi sistemebiT dakompleqtebis Se-

saZlebloba. amgvarad, iqmneba avtomaturi kompleqsi, 

amaRlebuli mwarmoeblurobiTa da muSa personalis 

minimaluri raodenobiT. 
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sacdeli manqanebis damamzadebeli specializebuli 

firmebi mudmivad aumjobeseben produqciis xarisxs. 

isini cdiloben saswrafod miawodon momxmarebels 

sacdeli manqanebis (gaumjobesebuli datvirTvis mowyo-

biloba, hdravlikuri an sxva tipis amZravebi, gazomvisa da 

gamocdis procesis marTvis avtomatizebuli sistemebi da 

sxv.) axali teqnikuri gadawyvetilebebi. 

 

winamdebare wignSi sacdeli mowyobilobebi warmod-

genili iqneba zogadad, konstruqciuli wvrilmanebis 

gareSe. mizani  erTia: warmovadginoT gamoyenebuli 

mowyobilobebis zogierTi gavrcelebuli tipi da 

mokled aRvweroT misi ganviTarebis tendenciebi. aR-

niSnuli sakiTxi ganxiluli iqneba am dargSi erT-er-

Ti mowinave kompaniis, INSTRON-is, magaliTze. liTo-

nuri masalebis meqanikuri gamocdebis mowyobilobe-

bis mwarmoebelTa Soris igi erT-erTi aRiarebuli 

brendia. mis mier Sesrulebuli sakvanZo damuSavebe-

bi, kerZod, marTvis sistema, ukukavSirebiT da gamoc-

debis sruli cifruli programuli uzrunvelyofiT 

kompanias saSualebas aZlevs, masalebis gamocdis 

sferoSi, gauswros konkurentebs. INSTRON-i Tavisi 

daarsebis momentidan_1946 wlidan_yvela tipis masa-

lis sacdeli mowyobilobebis wamyvani mimwodebelia. 

kompaniis mier nawarmoebi mowyobilobebi  maRali sa-

imedoobiT  wyveten rogorc sakvlevaZiebo, ise xaris-

xis kontrolis amocanebs. 1957 wlamde kompaniis 

Stab-bina ganTavsebuli iyo aSS-is q. kantonSi. 1960 

wels Seiqmna kompania INSTRON Limited–i Stab-biniT 

inglisSi, q. hai uaikombSi.  dReisaTvis korporacia 

INSTRON-Si gaerTianebulia sxvadasxva qveyanaSi gan-

Tavsebuli sacdeli da sazomi mowyobilobebis aRi-
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arebuli, saukeTeso saerTaSoriso reputaciis mqone 

iseTi lideri brendebi, rogoricaa: SFL, Wilson 
Instruments-i,  Wolpert-i, CARL-i SCHEANCK AG (axla es qve-

danayofi iwodeba INSTRON STRUKTURAL TESTING. q. darm-

Stadti, germania). Dynatup-ma da SATEC-ma sakuTar upi-

ratesobebs am sawarmoebidan gadmoRebuli teqno-

logiebi SeuTavsa da fasdaudebeli gamocdileba 

SeiZina liTonuri masalebis gamocdis sferoSi. 

dReisaTvis gaerTianebulma kompaniam umaRles warma-

tebas miaRwia sacdeli manqana-mowyobilobebis damza-

debis saqmeSi. kompania INSTRON-i momxmarebels uz-

runvelyofs rogorc sabazo sacdeli xelsawyoebiT, 

ise sruliad avtomatizebuli sacdeli sistemebiT.  

misi produqcia gamoirCeva maRali sizustiT, xan-

grZlivi sasamsaxuro periodiT, ubadlo moqnilobiTa 

da eqspluataciis moxerxebulobiT.Aaqedan gamomdi-

nare, misi produqcia momxmarebelTa moTxovnebs sru-

lad akmayofilebs da kompania uzado avtoritetiTac 

sargeblobs. 

 

liTonproduqciis bazarze arsebuli konkurenciis 

dasaZlevad mwarmoeblebi da mimwodeblebi cdiloben, 

warmoebis moculobis zrdasTan erTad, umniSvnelo 

danaxarjebiT miaRwion produqciis umaRles xarisxs. 

liTonuri masalebis gamocdebTan dakavSirebiT, li-

Tonis mwarmoeblebs mravali problemis gadalaxva 

uxdebaT. liTonis miwodebasTan erTad, maT unda 

uzrunvelyon produqciis simtkicisa da saeqsplu-

atacio xarisxis gacxadebuli maCveneblebi. amasTan 

erTad, unda daicvan mravali saerTaSoriso stan-

dartis moTxovnebi. am problemebis gadawyvetas sru-

lad uzrunvelyofs masalebis gamocdis sistema 
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INSTRON-i. igi orientirebulia xarisxis umaRles 

standartebze da sacdel mowyobilobebs amuSavebs  
ISO 9001 standartebiT moTxovnili (an ufro maRali) 
maCveneblebis Sesabamisi gazomvis etalonebiTa da 

meTodebiT. mokled ganvixiloT kompania INSTRON-is 
ZiriTadi produqcia: 

 
a) universaluri sacdeli manqanebi statikuri 
gamocdebisaTvis. aseTi tipis manqanebis sistemebSi 

gamWimavi (mkumSavi) datvirTvis Sesaqmnelad sxvada-

sxvagvari teqnologiebi gamoiyeneba. standartuli 

Zalvebi SeiZleba ganxorcieldes eleqtomeqanikuri 

danadgarebiT, xolo didi Zalvebis ganviTarebisa-

Tvis hidravlikur sacdel sistemebs iyeneben.  

 

kompania INSTRON-i sacdeli mowyobilobebis bazarze 

Semosulia gaWimvaze, kumSvaze, Runvaze da Zvraze ga-

mosacdeli eleqtromeqanikuri da hidravlikuri uni-

versaluri manqanebiT, romlebic gaTvaliswinebulia 

sxvadasxvagvari formisa da zomis  liTonuri nake-

Tobebis gamosacdelad. kompaniis eleqtromeqanikuri 
sacdeli manqanebi yvelaze ufro farTod gamoiyene-

ba. igi msoflioSi aRiarebuli produqciaa. maTze 

xelmisawvdomia mravalgvari (0,5 kn-dan 600 kn-mde) da-
tvirTvebi. isini uzrunvelyofen gamocdis maRal siC-

qares, aqvT didi samuSao zona, gamoirCevian mniSvne-

lovani muSa svliT, traversisa da damWerebis gada-

adgilebis zusti gazomviT. 

 

dRemde  SATEC-i rCeba hidroamZravis mqone universa-
luri sagamocdo manqanebis (150 kn-dan 3000 kn-mde) sa-
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firmo dasaxelebad. amgvari manqanebi, Cveulebriv, 

liTonproduqciis nimuSebis, armaturis, milebis, mav-

Tulis, foladis sortuli naglinis, sqelfurclo-

vani foladisa da samagri nakeTobebis gamosacdelad 

gamoiyeneba 

 

eqspluataciisas sacdeli manqanebi xasiaTdeba simar-

tiviT da saimedoobiT. gamocdebis marTvis progra-

muli uzrunvelyofis paketi zusti kontrolis sis-

temas inarCunebs, rac nimuSis mudmivi siCqariT ga-

mocdis garantiaa. garda amisa, programaSi CarTuli 

rTuli algoriTmebi, Zabva-deformaciis mrudebis 

daxmarebiT, gamocdebis Sedegebis gansazRvris SesaZ-

leblobas iZleva. 
 
b) dartymiTi datvirTviT gamocdis sistemebi. dart-

ymaze sacdeli Dynatup-is seriis manqanebi gamoiyeneba 
gamosacdeli nimuSebis an detalebis mier energiis 

STanTqmis maxasiaTeblebis gansasazRvrad. arsebobs 

farTo nomenklatura im modelebisa, romlebic Seq-

mnilia energiis, datvirTvisa da siCqaris konkretu-

li moTxovnis Sesabamisad. am sistemebTan programa 

Impulse-s gamoyeneba marTvis Semsubuqebis, monacemebis 
Sekrebis, gamocdis Sedegebis grafikuli asaxvis, 

maxasiaTeblebis gaangariSebis, angariSebis Sedgenisa 

da monacemTa bazis marTvis saSualebas iZleva.  
 

dartymiTi datvirTvis gamocdis sistemebTan erTad, 

kompania momxmarebels awvdis specialur aRWurvilo-

bas, romelTa daniSnulebaa sabazo (Sarpisa da izodis 

meTodebiT), agreTve specialuri ASTM, ISO, EN, DIN, 
ГОСТ-isa da sxva samrewvelo standartebis Sesabamisi 

383



387 
 

gamocdebis Catarebis uzrunvelyofa.  deformaciis 

maRali intensiurobis sacdel sistemebTan INSTRON 

VHS-i iyenebs servohidravlikur teqnologias kon-

troler Fast Track 8000-Tan SexamebiT, rac sxvada-

sxvagvari liTonis gamocdis saSualebas iZleva. 

seria  VHS-i uzrunvelyofs dartymiT datvirTvebs 100 

kn-mde, 25 m/wm-mde siCqareebisas.  

 
g) manqanebi ganmeorebiT-cvladi datvirTviT gamocde-
bisaTvis. masalebisa da detalebis cikluri datvir-

TvebiT gamocdisas, xangrZlivi eqspluataciis mode-

lirebisaTvis kompania INSTRON-i, Cveulebriv, servo-

hidravlikur sagamocdo sistemebs iyenebs. kompaniis 

daRlilobis sagamocdo sistemebi Seicavs manqanebs, 

romlebSic datvirTvis modeba 25 kn-dan 100 mn-mde 

xdeba. aseT manqanebze SesaZlebelia standartuli 

daRlilobiTi gamocdebis Catareba, mag., mravalci-

kluri daRliloba, daRliloba maRali deforma-

ciebisas, rRvevis meqanika, agreTve, gafarToebuli 

moTxovnebis SemTxvevaSi, Termomeqanikuri daRlilo-

ba, mravalRerZa daRliloba da gamocdebi defor-

maciis maRali intensiurobisas. manqanebs did moqni-

lobas aniWebs erTRerZa da mravalRerZa gamocdebis-

Tvis gankuTvnili sruli cifruli servohidravli-

kuri kontrolerebi INSTRON  8800. 
 
d) manqanebi cocvadobaze da xangrZliv simtkiceze 
gamocdebisaTvis. xSirad aucilebelia ganisazRvros 

liTonuri masalis qceva mudmivi datvirTvis piro-

bebSi rogorc garemos, ise amaRlebul temperatureb-

ze. aseTi gamocda, Cveulebriv, did dros moiTxovs 
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(zogjer 10000 sT-mde). am moTxovnebis Sesabamisad, kom- 

pania  INSTRON-i momxmarebels awvdis rogorc stan-

dartul universalur sacdel danadgarebs, ise coc-

vadobaze da xangrZliv simtkiceze gamocdis mode-

lebs. kompania INSTRON-is mier cocvadobisa da xan-
grZlivi simtkicis gamocdebze miRebuli gadawyveti-

lebebi safuZvlad daedo iseTi sacdeli manqanebis 

standartebis SemuSavebas, romlebic, specializebul 

mzid konstruqciebTan erTad, Rumlebisa da samar-

jvebis sistemebisagan Sedgeba. maT SeuZliaT 10000 sT-

mde xangrZlivobiT 30 kn datvirTva aitanon. ber-

ketuli meqnizmis daxmarebiT ganxorcielebuli dat-

virTvebi am manqanebs ekonomikurad efeqturs da ma-

Ralsaimedos xdis. amave dros, kompania INSTRON-is 
mier cocvadobaze da xangrZliv simtkiceze sacdel 

manqanebisaTvis gankuTvnili mravali Rumeli da dam-

xmare mowyobiloba  SeiZleba miesadagos gaWimvaze 

gamosacdel Cveulebriv universalur sacdel danad-

garebs. 
 

e) sisalis sazomi xelsawyoebi. kompania Wilson 
Instruments-i iTvleba sisalis sazomi xelsawyos 

Rockwell-is Semqmnelad. rokvelis meTodiT gamocdebi 

sisalis Sefasebis yvelaze gavrcelebuli meTodia. 
Rockwell-2000 da Tukon-2100 sisalis sazom yvelaze 

efeqtur, saimedo da zust xelsawyoebad iTvleba. ma-

rTvis cifruli teqnologiis Sekruli ciklis daxma-

rebiT, Rockwell-is am tipis sisalis sazomi xelsawyo-

ebi gazomvis Sedegebis aRwarmoebasa da saimedoobas 

uzrunvelyofs. isini teqnikuri maxasiaTeblebiT Ta-

385



389 
 

namedrove bazarze arsebul yvela analogiur pro-

duqcias aRemateba.  
 
v) manqanebi grexaze gamocdebisaTvis. kompania 
INSTRON-is grexaze sacdeli manqanebi gamoirCeva 

nimuSis pirmodebis saimedoobiT (sxvadasxva konstruq-

ciis cangebi, masrisebri momWerebi) da grexis Sedegad 
gamowveuli gadaadgilebebis efeqturi gazomvis ten-

zometrebiT. INSTRON-is grexaze sacdel manqanebSi 

CarTulia sistemebi daRlilobiT da statikuri ga-

mocdebis amocanebis gadasawyvetad, isini Sesabamiso-

baSi arian grexaze da gaWimva-dagrexaze gamocdebis 

moTxovnebTan. gamosacdelad xelmisawvdomia 12 nm-

dan 13000 nm-mde datvirTvebi. es manqanebi, Cveulebriv, 

gamoiyeneba samagri detalebis, mavTulis, sortuli 

naglinis da liTonuri nakeTobebis gamosacdelad.  

 
z) avtomaturi sacdeli sistemebi. avtomaturi siste-

ma INSTRON TestMaster-i axorcielebs gamocdis piro-

bebis da marTvis moTxovnebis avtomatur momzadebas. 

roboti iRebs nimuSs, udarebs Strix-kods da iZleva 

gamocdis Tanmimdevrobas. mas SeuZlia gamoicnos geo-

metriuli kodi, romlis mixedviTac ganisazRvreba Tu 

romeli standartis (ASTM, EN, ISO, JIS) mixedviTaa dam-

zadebuli nimuSi. roboti gazomavs nimuSs, gadaitans 

manqanasTan da ganaTavsebs mas saWiro mdgomareobaSi. 

amis Semdeg is iwyebs gamocdas: gaiangariSebs maxasi-

aTeblebs da saboloo Sedegebs avtomaturad miaw-

vdis laboratoriis monacemTa bazas. sistema uzrun-

velyofs maRal sizustes, efeqturobas da saimedo-

obas.  
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garda ZiriTadi mowyobilobebisa, INSTRON-i momxma-

rebels Tavazobs damxmare mowyobilobebis farTo 

arCevans: momWerebs, aRWurvilobebs, eqstenzometrebs 

da programebis paketebs, romlebic advilad esada-

geba nebismier manqanas da TiTqmis yvela saWiroebis 

dakmayofilebis garantias iZleva. im SemTxvevebSi, 

rodesac standartuli winadadebebi ar Seesabameba 

nimuSebis an gamocdebis moTxovnebs, igi uSualod 

momxmareblis saWiroebaze gaTvlil unikalur gadaw-

yvetilebebs amuSavebs. 
 

T) kamerebi da Rumlebi. INSTRON-s SeuZlia momxmare-

bels miawodos Rumlebis seria: xelovnuri klimatis 

maRaltemperaturuli da dabaltemperaturuli Rum-

lebi; gaxurebis specializebuli sistemebi sakvleva-

Ziebo amocanebisaTvis; avtonomiur sistemad da ufro 

msxvil sistemebTan integraciisaTvis gankuTvnili 

Rumlebi, kamerebi da sxv. 
 

i) programuli uzrunvelyofa. INSTRON-is progra-

mebidan aRsaniSnavia: 

Partner-i, gaumjobesebuli programuli uzrunvelyofa 

statikuri gamocdebis da grexaze gamocdebisaTvis;  

Bluehill-i, masalis yvela tipis gamocdisaTvis sru-

liad integrirebuli gamoyenebiTi programebis modu-

lebis uaxlesi kompleqsi;  

ATA-Wilson-Wolpert -i, sisalis gazomvis programebi;  

Impulse, dartymiTi gamocdebis monacemTa Sekreba da 
analizi;  
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FastTrack-i (danarTebis nakrebi), gafarToebuli gamoye-

nebiTi programebi daRlilobiT gamocdebis da cik-

luri datvirTvis Sesasruleblad.  
 
k) nimuSebis pirmodebis elementebi da aRWurvilobe-

bi. INSTRON-i, masalebis meqanikuri Tvisebebis maxa-

siaTeblebis sakvlev ZiriTad mowyobilobebTan er-

Tad, amzadebs damxmare aRWurvilobis farTo asor-

timents. sacdeli manqanebis erT-erTi mniSnelovani 

kvanZi nimuSis Camagrebis kvanZia. am mimarTulebiT 

kompanias mravali originaluri konstruqcia aqvs 

damuSavebuli. maT Soris aRsaniSnavia solisebri, 

pnevmatikuri solisebri, hidravlikuri solisebri, 

dinamikuri, specializebuli (samagri detalebis, mav-

Tulis, trosisa da sxv.) momWerebi. Runvaze da Wraze  
gamocdis samarjvebi da sxv. 

l) tenzometrebi. nimuSis daZabul-deformaciuli 

mdgomareobis kvlevis mizniT INSTRON-i iyenebs 

(Camo)sakid, avtomatur da videoeqstenzometrebs. maTi 

saSualebiT SesaZlebelia Zalis, datvirTvis, mgrexi 

momentis, wnevis, wonis, vibraciisa da sxva meqanikuri 

da fizikuri parametrebis cvlilebebiT gamowveuli 

deformaciis zustad gazomva.  
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leqsikoni 
 
advili sriali_1. srialis sawyisi stadia, rodesac defor-

macia, ZiriTadad, xdeba srialis erT sistemaSi disloka-

ciis moZraobiT. 2. ubani deformaciis mrudze ganmtkicebis 

mcire koeficientiT. 

adiabaturi ZvriT rRveva_liTonis swrafi deformaciiT 

rRvevis saxe gaxurebisas warmoqmnil naklebad mtkice 

Txel SreSi, koncentrirebuli Zvris sibrtyeebis gaswvriv. 

antifriqciuloba_masalis unari gamoavlinos (xangrZlivi 

xaxunisas) amaRlebuli mdgradoba sakontaqto zedapirebs 

Soris  cveTis mimarT.  

arawrfivi drekadobis Teoria_Teoria, romelSic romelime 

arawrfivi damokidebulebiT icvleba hukis kanoni.  

bzaris ganviTarebis zona_rRvevis keridan daSorebuli 

rRvevis reliefis ubani. 

bzaris kmatexis zona_1. nimuSis zedapiris mimdebare 

rRvevis reliefis ubani, romelic bzaris Casaxvis keris 

mopirdapire mxares mdebareobs. 2. nimuSis an nakeTobis uba-

ni, romelic dairRva darCenil  cocxal kveTSi, cikluri 

datvirTvebiT gadatvirTvis Sedegad. 

bzaris Casaxvis zona_bzaris rRvevis keris mimdebare ubani. 
bzinva_masalis zedapiris unari mimarTulad areklos 

sinaTlis nakadi.  

dagrexis kuTxe_grexisas Reros erTi ganivkveTis l manZil- 

ze daSorebuli meore ganivkveTis mimarT mobrunebis sidi-

de. 

dagrexis fardobiTi kuTxe_dagrexis kuTxe Reros sigrZis 

erTeulze. 
dartymiTi siblante_masalis meqanikuri maxasiaTebeli 

dartymiTi Runvisas. Seesabameba nimuSis rRvevis muSaobis 

rRvevis sibrtyis ganivkveTis sawyis farTobTan Sefar-

debas. 
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denadoba_plastikuri deformacia, romelic TandaTan 

matulobs (an masalis unari deformirdes, praqtikulad, 

mudmivi datvirTvisas) Zabvebis zrdis gareSe.  
denadobis baqani_abscisis paraleluri ubani gaWimvis di-

agramaze. 

denadobis zRvari_pirobiTi Zabva, Seesabameba plastikuri 

deformaciis gansazRvrul sidides (mag., ߪ଴,ଵ an ߪ଴,ହ) met-

wilad gavrcelebulia denadobis pirobiTi zRvari ߪ଴,ଶ,   
romelic 0,2% narCen deformacias Seesabameba.  

deplanacia_Txelkedliani Reros ganivkveTis wertilebis 

gadaadgileba, romelic mas gardaqmnis mrude zedapirad an 

sibrtyeTa erTobliobad. 

deformacia_myari tanis wertilebis urTierTganlagebis 

cvlileba gare an Siga Zalebis zemoqmedebiT sxeulze, an 

sxeulze  Zabvis modebiT gamowveuli formisa da zomebis 

fardobiTi cvlileba masis Seucvlelad. 

deformaciis muSaoba_muSaoba daxarjuli mocemuli de-

formaciis gansaxorcieleblad, xasiaTdeba diagrama_Zabva-

deformaciis Sesabamisi ubnis farTobiT. 

deformaciis siCqare_absoluturi an fardobiTi deforma-

ciis cvlileba drois erTeulSi. 

dinamikuri siblante_dinamikuri datvirTviT  STanTqmuli 

energia rRvevamde. 

dislokacia_kristaluri mesris xazobrivi defeqti, 

arRvevs atomuri sibrtyeebis swor monacvleobas da 

warmoadgens kristalis SigniT Zvris zonis sazRvars, rom-

lis gaswvriv da maxloblad regularuli kristalebi-

saTvis damaxasiaTebeli atomebis wesieri ganlageba 

darRveulia. 

dislokaciebis simkvrive_yvela dislokaciis jamuri sigrZe 

liTonis erTeul moculobaSi.E 

dislokaciuri daZveleba_simtkicis mateba da plastiku-

robis Semcireba, gamowveuli dislokaciebis irgvliv 

minarevebis “atmosferos” warmoqmniT.  
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dnobis temperatura_temperatura, romelzec nivTiereba 

kristaluri mdgomareobidan, siTbos STanTqmiT, Txevad 

mdgomareobaSi gadadis. 

drekadi deformacia_deformacia, romelic masalaze 

moqmedi datvirTvis moxsnis Semdeg myisierad da sruliad 

qreba.  

drekadi mermeqmedeba_deformaciis sididis TviTneburi 

cvlileba ucvleli Zabvisas.  

drekadoba_1. fizikuri TvalsazrisiT, aris sxeulis 

Tviseba, deformirdes datvirTvis modebisas da myisierad 

aRidginos Tavisi sawyisi forma da moculoba (myari 

sxeulebi) an_ mxolod moculoba (siTxeebi da gazebi), 

maTze gare Zalebis moqmedebis Sewyvetis Semdeg. 2. 

meqanikuri TvalsazrisiT, makroskopuli sxeulebis Tvise-

ba, gare Zalebis meqanikuri zemoqmedebisas winaaRmdegoba 

gauwios sakuTari moculobis an formis cvlilebas. 

drekadobis zRvari_maqsimaluri pirobiTi Zabva, romlis 

drosac vlindeba plastikuri deformaciis pirveli niSnebi 

da narCeni deformacia aRwevs gansazRvrul sidides (Cve-

ulebriv, 0.001, 0,005%-s). 

drekadobis Teoria_Seiswavlis Zabvasa da deformacias 

Soris damokidebulebas wrfiv, hukis kanonis areSi.  

drekadobis moduli_sidide, romelic aRwers masalis 

drekadobis unars, sacdeli nimuSis formisa da zomebisgan 

damoukideblad. 

eleqtrogamtaroba_liTonis unari, gaataros eleqtruli 

deni eleqtruli velis moqmedebiT. 

zegamtaroba_zogierTi masalis Tviseba, gamoavlinos nu-

lovani eleqtruli winaRoba maTTvis damaxasiaTebel Tkr 

temperaturaze qveviT gacivebisas. 
zogadi fardobiTi Seviwroeba_nimuSis nebismieri ganivkve-
Tis absoluturi Seviwroebis Sefardeba sawyis farTobTan 

gaWimvis nebismier momentSi,. 
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Tavmoyrili Seviwroeba_fardobiT da Tanabar SeviwroebaTa 

sxvaoba 

Tbogamtaroba_liTonis unari, ama Tu im siCqariT gaataros 

siTbo gaxurebisas da gasces igi gacivebisas. 

Tburi gafarToeba_liTonis unari gazardos Tavisi 

moculoba gaxurebisas da Seamciros gacivebisas.  

izomeria_arseboba iseTi qimiuri naerTebisa (izomerebis), 

romlebsac erTnairi Sedgeniloba da molekuluri masa 

aqvT, magram gansxvavdebian aRnagobiT an atomebis mdeba-

reobiT sivrceSi, ris Sedegad TvisebebiTac gansxvavdebian 

(mag. AgCNO da AgNCO). 
konformacia_atomebis sivrculi ganlageba gansazRvruli 

konfiguraciis molekulaSi, ganpirobebuli erTi an 

ramdenime erTmagi sigma-kavSiriT. 

koroziuli medegoba_liTonis unari, winaaRmdegoba gauwi-

os garemos zemoqmedebiT gamowveul rRvevas (qimiurad 

agresiuli areebis da maRali temperaturis moqmedebisas).  
kraudioni_zedmeti atomis gaCeniT gamowveuli swori wyo-

bis darRveva atomebis (ionebis) ganlagebaSi, gansazRvruli 

mimarTulebis gaswvriv, atomuri rigis calkeul ubanze. 

kraudionuli plastikuroba_deformacia ganpirobebuli 

mWidrodwyobili atomuri rigebis (kraudionebis) gaswvriv 

atomebis ”Sesqelebis” gaCeniTa da gadaadgilebiT krista-

lebSi.  

kristalis kuTri zedapiri_fardoba kristalis zedapiris 

farTobisa moculobasTan.  

kuTri muSaoba_muSaobis sidide daxarjuli nimuSis 

samuSao nawilis erTeul moculobaze. 

magnituri Tvisebebi_Tvisebebi, romlebiTac aisaxeba 

liTonuri masalis qceva magnitur velSi. 

martivi sriali_dislokaciis, srialis erT sistemaSi 

sriali. 

meqanikuri Tvisebebi_masalebis unarebi, winaaRmdegoba 

gauwios meqanikuri datvirTvebis moqmedebas sxvadasxva 

viTarebaSi.  
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meqanikuri Zabva_sxeulSi gare zemoqmedebiT warmoqmnili 

Sinagani Zalebis sazomi, romelic tolia tolqmedi Zalis 

misi modebis farTobTan Sefardebis. 

mowyvetiT rRveva_normaluri ZabvebiT gamowveuli rRveva.  

mrRvevi gamocda_mis dros nakeToba kargavs Sromisunari-

anobas, anu funqciis Sesrulebis unars. 

myife simtkice_maqsimaluri gamWimavi Zabvis sidide, ar 

iwvevs rRvevas masalebis umetesobaSi. 

mxurvalmedegoba_liTonebisa da Senadnobebis unari wina-

aRmdegoba gauwios airebTan (an sxva mJangav garemosTan) 

qimiur urTierTqmedebas maRal temperaturaze. 

mxurvalmtkicoba_liTonebisa da Senadnobebis unari, daur-

Rvevlad gauZlos meqanikur datvirTvas maRal temperatu-

raze. 

narCeni Zabvebi_Zabvebi, romlebic liTonSi gare zemoqme-

debis (meqanikuri, Termuli, fizikur-qimiuri da sxv.) mox-

snis Semdeg rCeba da sxeulis SigniTaa gawonasworebuli.     

narCeni fardobiTi wagrZeleba_nimuSis narCeni absolu-

turi wagrZelebis Sefardeba sawyis saangariSo sigrZesTan 

gaWimvaze gamocdisas. 

pirobiTi fardobiTi Seviwroeba_nimuSze modebuli Zabve-

biT gamowveuli gawyvetis win miRebuli ganivkveTis farTo-

bis Semcirebis fardoba ganivkveTis sawyis farTobTan.  

plastikurobis Teoria_fizikuri Tanafardobebi, romlebic 

aRweren sxeulis drekadidan drekad-plastikur mdgomare-

obaSi gadasvlas da am ubanze (masalis plastikuri Tvise-

bebis gaTvaliswinebiT) deformirebis process.  

proporciulobis zRvari_pirobiTi Zabva, romelic ”Zabva-

deformaciis” mrudze wrfivi ubnidan mrudxazovan ubanze 

gadasvlis wertils Seesabameba. 
Jangvadoba_liTonis unari, mJangavis qimiuri zemoqmedebiT 

Sevides reaqciaSi JangbadTan da warmoqmnas oqsidi. 

relaqsacia_Zabvis sididis TviTneburi cvlileba ucvleli 

deformaciisas.  

393



397 
 

rRvevis kera_1. bzaris Casaxvis ubani. 2. nimuSis an nakeTo-

bis ubani, romelSic rRveva iwyeba. 

rRvevis siblante_gamWimavi Zabvis fardobiTi mateba bza-

ris SesarTavTan, bzaris stabiluridan arastabilur zrda-

ze gadasvlisas. 

rRvevis WeSmariti simtkice_maqsimaluri Zabva, romelic 

ganisazRvreba nimuSis rRvevis momentSi datvirTvis ganiv-

kveTis minimalur farTobze fardobiT.  

rRvevis  WeSmariti winaRoba_maqsimaluri Zabva, romelsac 

masala uZlebs  rRvevis wina momentSi.  

saCamomsxmelo Tvisebebi_masalis unari warmoqmnas sxmule-

bi bzarebis, niJarebis da sxva defeqtebis gareSe. 

siblante_myari sxeulis Tviseba, Seuqcevlad STanTqos  

meqanikuri energia plastikuri deformaciiT rRvevisas. 

siblantis maragi_temperaturuli intervali masalis civ-

metexobis zRurblsa da samuSao temperaturas Soris. 

simkvrive_nivTierebis raodenoba erTeul moculobaSi. 

simtkice_myari sxeulebis unari, daurRvevlad aRudges win 

gare Zalebis moqmedebas. farTo gagebiT, myari sxeulebis 

unari, winaaRmdegoba gauwios rRvevas, agreTve formis Seu-

qcev cvlilebas garegani datvirTvis zemoqmedebisas, gan-

sazRvrul pirobebsa da zRvrebSi.  

simtkicis zRvari_pirobiTi Zabva, romelic im maqsimalur 

datvirTvas Seesabameba, romelsac uZlebs nimuSi. 

simyife_masalis Tviseba, dairRves SesamCnevi narCeni, 

deformaciis gareSe.   

statikuri siblante_sxeulis neli datvirTviT rRvevamde 

STanTqmuli energia. raodenobrivad WeSmariti Zabva_de-

formaciis diagramaze gaWimvis mrudiTa da deformaciis 

RerZiT SemosazRvruli farTobiT ganisazRvreba. 

stereoizomeria_identuri qimiuri struqturis mqone izome-
rebi, erTmaneTisgan atomebis sivrceSi ganlagebiT gansxva-

vebuli. 
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sufTa Zvra_daZabuli mdgomareoba, romlis drosac Rero-

dan gamoyofili elementis waxnagebze mxolod mxebi Zabve-

bi moqmedebs. aseT waxnagebs sufTa Zvris baqnebs uwodeben. 

udidesi  Tanabari  Seviwroeba_fardoba nimuSis Tanabari 

deformaciis ubanze sawyisi da saboloo kveTebis farTo-

bebis sxvaobisa sawyis farTobTan. 

feri_sxeulis unari gamoiwvios mis mier areklili an 

misgan gamofrqveuli xiluli gamosxivebis speqtruli Sed-

genilobisa da gansazRvruli intensiurobis Sesabamisi  

mxedvelobiTi SegrZneba damkvirebelze (igi amrekli zeda-

piris maxasiaTebelia da zedapiridan sarkulad areklili 

da difuzurad gabneuli sinaTlis Tanafardobebs warmo-

adgens). 

fizikuri Tvisebebi_nivTierebisaTvis niSandoblivi Tvise-

bebi qimiuri urTierTqmedebis gareSe. 

qimiuri Tvisebebi_nivTierebis Tvisebebi, gamovlenili qi-

miuri reaqciebis procesSi. 

SeduRebadoba_liTonis unari, warmoqmnas xarisxiani Sena-

duRi naerTi sxva masalebTan, romelTa Tvisebac, rogorc 

wesi, axlosaa ZiriTadi liTonebis TvisebebTan.  

SewrTobadoba_gansazRvrul siRrmeze liTonis wrTobis 

unari.  

Seuqcevi deformacia_narCeni, anu plastikuri deformacia, 

romlis sidide praqtikulad ucvleli rCeba sxeulze dat-

virTvis moxsnis Semdegac. 

Seqcevadi deformacia_ix. drekadi deformacia.  
Sinagani Zabvebi_Zabvebi, romlebic liTonze gare 

zemoqmedebis (meqanikuri, Termuli, fizikur-qimiuri da sxv.) 

moxsnis Semdeg rCeba liTonSi da gawonasworebulia sxeu-

lis SigniT. 

Sinagani xaxuni_aradrekadobis gamovlineba myar sxeulSi, 

igi gamoixateba deformaciis procesSi masze miniWebuli 

meqanikuri energiis araSeqcevad ganbnevaSi.  

cveTamedegoba_masalis unari, winaaRmdegoba gauwios cve-

Tas (xaxunisas nakeTobis zedapiruli Sris rRveviT gamow-

395



399 
 

veul sxeulis zomebisa da formis TandaTanobiT cvli-

lebas). 

civmetexobis zRurbli_blanti rRvevidan myife rRvevaze 

gadasvlis temperatura (viwro temperaturuli intervali), 

romelzec masalis dartymiTi siblante naxtomisebrad 

gadadis blantidan myife mdgomareobaSi (igi xasiaTdeba 

rRvevis reliefSi blanti mdgenelis mocemuli doniT an 

dartymiTi siblantis gansazRvruli sididiT). 

civmetexobis kritikuli temperatura_blanti rRvevidan 

myife rRvevaze gadasvlis temperatura.  
civWedva_1. liTonebisa da Senadnobebis struqturisa da 

Tvisebebis cvlileba, plastikuri deformaciis Sedegad, 

rekristalizaciis nawilobrivi an sruli CaxSobisas. 2. 

damuSaveba, romelsac liToni civi plastikuri defor-

maciiT ganmtkicebamde mihyavs. 

cikluri siblante_1. deformaciis muSaoba (erTniSna an 

niSancvladi datvirTvis mravaljeradi ganmeorebisas), ro-

melic datvirTvis erTi ciklisas STainTqmeba. 2. liTonis 

unari, Seuqcevlad STanTqos energia cikluri datvir-

Tvebisas. igi, amtanobis zRvris toli Zabvisas, histerezi-

suli maryuJis siganiT xasiaTdeba.  

cocvadoba_myari sxeulis neli uwyveti, plastikuri 

deformacia, gamowveuli mudmivi datvirTvis (an meqanikuri 

Zabvis) moqmedebiT. 

cocvadobis deformacia_plastikuri deformacia, romelic 

nel-nela matulobs mudmivi Zabvebis gavleniT xangrZlivi 

drois ganmavlobaSi da dakvirvebis Cveulebrivi drois 

periodSi misi aRmoCena, praqtikulad, SeuZlebelia.  

Zabva_sxeulSi gare zemoqmedebiT warmoqmnili Sinagani 

Zalebis sazomi, romelic tolqmedi Zalis misi modebis 

farTobTan Sefardebis tolia.  
ZvriT (WriT) rRveva_mxebi ZabvebiT gamowveuli rRveva.  

Zvris Zabva_mxebi Zabva, romelic liTonis nimuSis or 

mezobel sibrtyes aiZulebs isrialos erTmaneTze, erTma-

neTis urTierTsawinaaRmdego mimarTulebiT. 
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Wedadoba_liTonebisa da Senadnobebis Wedvis unari. WriT 
damuSavebadoba_liTonis an Senadnobis qceva masze mWreli 

instrumentis gansazRvruli siCqariTa da ZaliT 

moqmedebisas. 

WriT rRveva_mxebi Zabvebis moqmedebiT ganpirobebuli 

rRveva.   

xazobrivi gafarToebis Termuli koeficienti_sxeulis 

sigrZis nazrdi erTeul sigrZeze misi 1℃-iT  gaTbobisas.  

xangamZleoba_1. liTonis unari, gauZlos mravaljerad 

datvirTvas destruqciis procesSi rRvevamde gansazRvru-

li sididis daZabulobiT. 2. masalis (nakeTobis) unari, 

SeinarCunos Sromisunarianoba mocemul pirobebSi, gansaz-

Rvruli drois ganmavlobaSi. 

xangrZlivi plastikuroba_plastikuri Tvisebebis (far-

dobiTi wagrZelebisa da fardobiTi Seviwroebis) erTob-

lioba xangrZlivi datvirTvis pirobebSi.  

xangrZlivi simtkice_1. masalis unari, winaaRmdegoba gau-

wios rRvevas drois mocemul monakveTSi mudmivi gamWimavi 

Zabvis moqmedebisas, mocemul (Cveulebriv aweul) 

temperaturaze. 2. cocvadobis mdgomareobaSi xangrZlivad 

myofi masalis simtkice.  
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