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Sesavali  

              

warmoebis iseTi mniSvnelovani dargebis Semdgomi ganviTareba, 

rogoricaa samSeneblo industria da bunebrivi resursebis mopoveba-

damuSaveba (navTobi, gazi, bunebrivi qvebi) moiTxovs axali teqnologiebis 

Seqmnas da gamoyenebas. 

Tanamedrove msoflioSi mSeneblobisas (gvirabebi, aerodromebis 

asafreni bilikebi, hidroteqnikuri nagebobebi da a.S.) ZiriTadad 

moixmareba maRali xarisxis mZimed armirebuli betonebi. renovaciisa da 

rekonstruqciis amocanebi da sxvadasxva konstruqciuli Wrilebis 

gakeTeba ki moiTxovs Tanamedrove almasuri teqnologiebis gamoyenebas. 

aseTi teqnologiebiT xorcieldeba mTeli rigi rTuli operaciebi, 

romelTa Casatareblad mTavari moTxovnaa didi warmadoba da maRali 

sizuste.   

 

   

Aalmaskompoziciuri masalisagan damzadebuli instrumenebis gamoyeneba 

sxvadasxva saburR operaciaze 
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Aalmaskompoziciuri masalisagan damzadebuli instrumenebis gamoyeneba 

Bbetonisa da rkinabetonis Wris operaciebze 

 

     

Aalmaskompoziciuri masalisagan damzadebuli instrumentebis gamoyeneba 

xexvis operaciaze 
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axali, aratradiciuli, energodamzogavi masalebi sul ufro 

farTod imkvidrebs adgils samSeneblo teqnologiebSi. dReisaTvis gaCnda 

precendentebi, Tanamedrove Senoba-nagebobebis asaSenebel funqcionalur 

masalad gamoyenebul iqnas spec. minebi, armirebuli minebi, maRali 

simtkicis betonebi da a.S. aseTi axali Taobis masalebiT Senoba-

nagebobebis konstruireba moiTxovs didi raodenobiT sxvadasxva 

konfiguraciis teqnologiur Wrilebs, rac gulisxmobs mxolod da 

mxolod almasuri instrumentis moxmarebas da almasuri teqnologiebis 

gamoyenebas.  

almasuri teqnologiebi mSeneblobaSi dReisaTvis farTod aris 

Semosuli yvela ganviTarebul da perspeqtivaSi ganviTarebad qveynebSi. 

arsebuli instrumentebi da meTodebi, romliTac mimdinareobs sxvadasxva 

masalebis burRva Tu Wra sxvadasxva tipis samSeneblo sferoSi 

sagrZnoblad Camouvardeba almasur teqnologias, rogorc drois 

ekonomiurobis TvalsazrisiT, aseve muSaobis xarisxiT.  

almasur damuSavebaze samSeneblo sferoSi, rig qveynebSi moqmedebs 

teqnikuri reglamentebi da arsebobs preskuriantebi konkretul 

operaciebze. samwuxarod, saqarTveloSi samSeneblo da satransporto 

sferoSi almasuri teqnologiebi ar aris Semosuli, Sesabamisad 

“saqarTvelos standartebis, teqnikuri reglamentebisa da metrologiis 

erovnul saagento”-s ar daumuSavebia da ar SemouTavazebia standartebi 

da teqnikuri pirobebi.  

cxrilis saxiT warmodgenilia rkina-betonis almasuri instrumentiT    

damuSavebis teqnologiis upiratesoba sxva meTodebTan 

Aalmasuri  teqnologia sxva  meTodebi 

∗ konstruqciaze dartymis Zalis 

ugulebelyofa; 

∗  konstruqciaze vibrodatvirTvis 

ugulebelyofa;  

∗ mzidi konstruqciebis Wra. 

∗betonis simtkicis darRveva; 

∗sasazRvro fenis dasusteba, 

napralebis warmoqmna da narCeni 

daZabulobebi, armaturasTan 

SeWidulobis darRveva. 
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∗ ar saWiroebs dasamuSavebeli 

adgilebis damatebiT damuSavebas, 

xasiaTdeba maRali sizustiT. 

∗ konstruqciis sisqesa da siRrmes ara 
aqvs mniSvneloba. 

∗ ar warmoiqmneba sawarmoo nagavi da 

mtveri. 

∗ aradamakmayofilebeli sizuste; 

∗ aucilebeli xdeba didi moculobis 

samuSaos sesruleba saboloo Sedegis 

miRwevisaTvis. 

∗didi raodenobiT gamoiyofa mtveri 

da mcire raodenobiT nagavi. 

∗samuSaos Sesrulebis didi siCqare, 

Sromisa da energoresursebis mcire 

danaxarji; 

∗samuSaoebi tardeba moqmedi 

warmoebis gaCerebis gareSe; 

∗ kompleqsuri amocanebis swrafi 

gadawyveta 

∗drois, Sromisa da 

energoresursebis didi danaxarji; 

∗sawarmoo procesis SeCereba da 

personalis evakuacia; 

∗xmauris dabali done ∗  xmauris maRali done 

∗garemoze mavne zemoqmedeba 

ugulebelyofilia. 

∗uaryofiTad moqmedebs adamianis 

janmrTelobaze da garemoze. 

 

amJamad, rig samSeneblo kompaniebSi arsebobs Canafiqri, 

teqnologiebi Semoitanon ucxoeTidan. teqnologiis Semotanis 

ganxorcileba navaraudevia ucxouri kompaniebis SemoyvaniT, romelnic 

TavianTi aRWurvilobiTa da teqnologiiT momsaxurebas gauweven 

dainteresebul samSeneblo individebs. 

Tanamedrove novaciuri teqnologiebis Semotana da danergva Cvens 

qveyanaSi, ra Tqma unda misasalmebeli faqtia, magram 

gasaTvaliswinebelia, rom 1987 wlidan saqarTvelos teqnikur 

universitetSi funqcionirebs “almasebisa da kompoziciuri masalebis 

samecniero centri” da arsebobs msgavsi teqnologiebis Seqmnis TiTqmis 

30-wliani gamocdileba.  

wlebis ganmavlobaSi, stu-Si mimdinare samuSaoebis Sedegad 

dagrovebulia didi gamocdileba mZimeddasamuSavebeli masalebis 

(graniti, rkina-betoni, betoni, mina, liTonkeramika) almasur damuSavebaSi.  
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SemuSavebulia araliTonuri  masalebis almasuri damuSavebis  efeqturi 

teqnologiebi, romelic moicavs axali almaskompoziciuri masalis 

Seqmnas instrumentis mWreli nawilisaTvis, almasuri instrumentis 

konstruqciaSi Setanil novaciebs, aseve almasuri damuSavebis axali 

kinematikuri sqemebis Seqmnas. damuSavebuli teqnologiebi efeqturia, 

gansakuTrebiT mZimed dasamuSavebeli masalebis Wris, burRvis da xexvis 

operaciebze. 

SemoTavazebuli proeqtis upiratesobad SeiZleba CaiTvalos is 

garemoeba, rom sawarmoo procesSi Semavali yvela teqnologiuri 

operaciis (saWiro almasebis miReba, almaskompoziciuri masalis 

damzadeba, saboloo konstruqciis instrumentis Seqmna, Sesabamisi 

danadgaris gamoyenebiT saboloo operaciis Catareba) realizacia 

xorcieldeba erTi (sawarmos) erTeulis farglebSi. es garemoeba 

ganapirobebs sawarmoo procesis mobilurobas da moqnilobas, martiv 

adabtacias adgilobriv pirobebTan da bazarTan, rac Tavis mxriv 

ganapirobebs SedarebiT dabal TviTRirebulebas da ekonomiurobas. 

ZiriTadi nawili 

rogorc cnobilia, nebismieri produqciis Seqmnis aqtualoba 

ganpirobebulia masze arsebuli moTxovnilebiT samomxmareblo bazarze. 

erTiani samomxmareblo bazari pirobiTad SeiZleba pirobiTad daiyos 

egreTwodebul adgilobriv da saerTaSoriso bazrad. Aadgilobriv 

bazrad Cvens konkretul SemTxvevaSi, bunebrivia, moiazreba saqarTvelos 

samomxmareblo sivrce.  

proeqtis strategiuli gegmidan gamomdinare, funqcionirebis 

pirvel etapze, navaraudevi iyo adgilobrivi bazris Seswavla da 

etapobrivi aTviseba. Aaqedan gamomdinare, proeqtis farglebSi Catarda 

saZiebo-kvleviTi samuSaoebi, romelic mimarTuli iyo Cvens mier 

aTvisebuli almasuri da sxva zesali masalisagan damzadebuli 

instrumentebis nomenklaturis moTxovnis masStabis (gamoxatuli fulad 

eqvivalentSi) gansazRvraSi da moTxovnis dinamikis (wlebis mixedviT) 
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dafiqsirebaSi. Ppirvel rigSi dasafiqsirebelia is garemoeba, rom 

saqarTveloSi dReisaTvis CvenTvis saintereso profilis – almasuri da 

sxva zesali instrumentis warmoeba ar arsebobs. Aaqedan gamomdinare, 

ZiriTadi aqcenti gakeTda Semosul importuli warmoebis produqciaze.  

Seswavlili iyo statistikis sammarTvelos monacemTa baza da zogierTi 

sabaJo terminalis monacemebi. qvemoT moyvanilia Sesabamisi saerTaSoriso 

kodebi, romliTac Semosulia moxmarebadi almasuri da zesali 

instrumentis produqciis sruli nomenklatura.  
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Nnax. 1. ses esn kodebiT Semosuli importuli almasuri 

instrumentis Rirebuleba wlebis mixedviT 

 

zemoTmoyvanili statistikuri monacemebis dinamika wlebis mixedviT 

cxadyofs dasaxelebul produqciaze mzard moTxovnas da dasaxuli 

miznis aqtualobas.  

uaxloes periodSi adgilobriv bazarze Sesvlis SesaZlebloba 

ganpirobebulia SemoTavazebul produqtze moTxovnilebis arsebobiT, anu 

realizaciis segmentis masStabiT. Mmagram, yovelive amasTan aucileblad 

gasaTvaliswinebelia stus-is mier warmoebuli instrumentis fasisa da 

xarisxis maCveneblis upiratesoba importuli warmoebis analogebTan.  

stu-Si Seqmnili produqciis konkurentunarianobas ganapirobebs:  

1. almasuri instrumentebis xarisxi, romelic ganisazRvreba misi 

WrisunarianobiTa da medegobiT; 
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2. Seqmnili samecniero produqciis TviTRirebuleba, romelic 

ganisazRvreba gamoyenebuli masalebis RirebulebiT da damzadebis 

procesis maRalteqnologiurobiT.  

Cvens konkretul SemTxvevaSi, gezi iyo aRebuli rogorc 

instrumentSi gamosayenebeli almaskompoziciuri masalis miRebis 

teqnologiaSi novaciuri elementebis Setanaze, aseve iseTi 

meTodologiis Seqmnaze, romelic saSualebas iZleva miRebul iqnas 

maRali eqsploataciuri maCveneblebis mqone funqcionaluri masalebi, 

romlis sawyis komponentebad gamoyenebul iqna xelmisawvdomi, 

araZviradRirebuli masalebi. 

nebismieri masalis Tvisebebis kompleqss umetes wilad ganapirobebs 

misi miRebis teqnologiuri parametrebi. gansakuTrebiT mniSvnelovani 

roli eniWeba miRebis pirobebs mravalkomponentiani kompoziciuri 

masalebis formirebisas. gansakuTrebiT mniSvnelovania teqnologiuri 

parametrebis SesamCnevi zegavlena iseTi masalis miRebisas, romelsac 

ganekuTnebian almaskompoziciuri da liTonkeramikuli kompoziciebi, anu 

sali Senadnobebi. iseTi parametrebis cvalebadoba, rogoricaa sawyisi 

fxvnilovani komponentebis marcvlovaneba, marcvlebis forma da 

geometria, presvadoba da Sesabamisad plastifikatorebis gamoyenebis 

aucilebloba, Secxobis wnevis da temperaturis mniSvnelobebi, Secxobis 

garemo da sxva mTlianad ganapirobeben miRebuli masalis xarisxs. 

sawyis masalebad fxvnilebis gamoyeneba saSualebas iZleva pres-

formebSi daipresos da miviRoT zusti zomis da formis namzadebi, rac 

saSualebas iZleva minimumamde daviyvanoT meqanikuri damuSavebis 

moculoba. Camosxmis meTodisgan gansxvavebiT, fxvnilTa metalurgiis 

teqnologia saSualebas iZleva Seiqmnas iseTi kompoziciebi, romlebic 

Seicaven erTmaneTTan Seudnobad komponentebs, rac saSualebas iZleva 

Seiqmnas efeqturi Semadgenlobis masalebi gamoyenebis konkretuli 

sferosTvis. mniSvnelovania, is upiratesoba, rom Secxobis temperatura 

SesamCnevad ufro dabalia, vidre Camosxmis dros, rac garkveul wilad 

ganapirobebs mis teqnologiurobas. 
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fxvnilebis mniSvnelovani maxasiaTeblebia marcvlebis forma da 

zoma, `dayris~ masa da presvadoba. marcvlebis forma da zomebi 

damokidebuli aris fxvnilebis miRebis teqnologiaze. es maxasiaTeblebi 

sxva TvisebebTan erTad gavlenas axdenen dapresvis Sedegad miRebuli 

briketis simtkiceze. Secxobis dros formis mixedviT ganirCevian 

sferuli, dendrituli da namsxvrevi tipis fxvnilebi. briketis simtkice, 

romelic dapresilia dendrituli formis marcvlebidan ufro maRalia, 

vidre imave metalis briketisa, romelic sferuli an namsxvreuli tipis 

fxvnilebidan aris dapresili. liTonuri fxvnilebis nawilakebis zomebi 

meryeobs mikrometridan 0,5-mm-de. instrumentis damzadebisas ZiriTadad 

gamoiyeneba dendrituli formis dispersuli fxvnilebi, romelTa 

nawilakebic gadian kvadratuli formis sacris ujredebSi 40-100 mkm 

zomiT. 

Cvens mizans warmoadgenda SedarebiT maRali fizikur-meqanikuri 

Tvisebebis mqone masalis miReba momavalSi teqnikis sxvadasxva sferoSi 

gamoyenebisaTvis. kerZod, almasuri instrumentis warmoebisaTvis. 

aqedan gamomdinare, potencialur masalas waeyeneboda ZiriTadad 

moTxovna - hqonoda maRali sisale, cveTamedegoba da garkveuli donis 

simtkice. erTerT ganmsazRvrel maxasiaTebels, romelic ganapirobebs 

almaskompoziciuri masalis muSaunarianobas, warmoadgens SerCeuli 

liTonuri Semkvrelis almasdaWeris unari. Aam parametris mniSvnelobis 

awevis mizniT, kompoziciis SemadgenlobaSi Seyvanil iqna naxSirbadis 

mimarT qimiurad aqtiuri Dd – elementebi. Ggarda amisa, Seqmniliyo 

meTodologia, romelic saSualebas mogvcemda sawyisi 

makroganzomilebiani fxvnilovani komponentebi gadagveyvana 

ultradispersul zomebSi. DSeqmnili  teqnologiiT gveZleva saSualeba 

erTi da igive sawyisi nedleulis gamoyenebis pirobebSi kompleqsurad 

gagveumjobesebina saboloo produqcia, anu agvemaRlebina xarisxis 

maCvenebeli – Sesabamisad Segvemcirebina TviTRirebuleba.  

amocanis gansaxorcieleblad daigegma almaskompoziciuri masalis 

Seqmna, romlis Semkvrelis Semadgenloba ganekuTvneboda liTonkeramikul 
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klass (sali Senadnobebi), xolo misi konkurentunarianoba arsebul 

ZviradRirebul sal SenadnobebTan mimarTebaSi ganpirobebuli iyo misi 

miRebis temperaturis mniSvnelovani SemcirebiT, rac iZleva saSualebas 

gamoyenebul iqnas stu-Si arsebul cxeli presvis maRalteqnologiuri da 

warmadi operacia. almaskompoziciuri masalis Semadgenloba daigegma Cu –

Ti –Ni –TiC -s bazaze. D 

dagegmili almaskompoziciuri masalis miRebisaTvis gamoyenebuli 

iyo tradiciuli fxvnilTa metalurgiis meTodi. liTonuri Semkvrelis 

sawyis komponentebad gamoyenebuli iyo liTonTa dispersuli fxvnilebi: 

spilenZi, nikeli, titanis karbidi, titanis hidridi da sxva. sawyisi 

fxvnilebi icreboda meqanikur sacerSi 30wT-s ganmavlobaSi. gamocrili 

sawyisi fxvnilebis marcvlovaneba (dispersiuloba) Sesabamis sacerSi 

gatarebis Semdeg Seadgenda ≤ 63 mkm-s.  

miRebuli fxvnilebi Semdgomi dawvrilmarcvlovanebis mizniT 

gadiodnen Semdgomi aqtivaciis process. aqtivaciis procesi – dafqva 

xorcieldeba burTulebian wisqvilSi. rogorc cnobilia, myari naWrebis 

an nawilakebis dawvrilmarcvlovnebis da dafqvis efeqti burTulebian 

wisqvilSi miiRweva burTulebis moZraobis Sedegad dolis brunvis dros. 

burTulebis gadaadgilebis xasiaTi dolSi damokidebulia mis brunTa 

ricxvze. dolis garkveuli brunTa ricxvis dros centridanuli Zalebis 

gavleniT burTulebi miWerilni arian dolis kedelze da moZraoben 

mbrunav dolTan erTad am dros burTulebi araviTar zegavlenas ar 

axdenen dolSi Cayril masalaze. brunTa am ricxvs ewodeba kritikuli da 

damokidebulia dolis diametrze: Nkr=
D
2.42
, sadac  D - dolis diametria. 

dadgenilia rom dolis brunTa ricxvisas, romelic Seadgens Nkr-is 75%-s, 

masalis naWrebis dawvrilmarcvlovaneba xorcieldeba Camovardnili 

burTulebis dartymis zegavleniT. Tu dolis brunTa ricxvi ar aRemateba 

kritikul brunTa ricxvis  60%-s, burTulebis moZraobis xasiaTi dolSi 

mniSvnelovnad icvleba  [1].  
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SeiZleba miRweul  iqnas; e.w gadagorebis reJimi, rodesac masalis 

dawvrilmarcvlovnebas adgili aqvs burTulebis erTmaneTis mimarT 

xaxunis Sedegad maT daxril zedapirze Camogorebis dros. agreTve, 

SeiZleba miRweul iqnes reJimi, rodesac dawvrilmarcvlovneba 

xorcieldeba masalis mocveTiT burTulebis gare zedapirsa da dolis 

kedlebs Soris. aseT reJims uwodeben “srialis” reJims. reJimebis SerCeva 

ganpirobebulia dasafqvavi masalis bunebiT da TvisebebiT. sali 

Senadnobis warmoebisas, rodesac dasafqvavi masalebi warmodgenilia 

wvrilmarcvlovani karbidebisa da Semkvreli liTonebis (kobalti, 

nikeli) fxvnilebiT, ZiriTadad gamoiyeneba dafqvis srialis an 

gadagorebis reJimi.  

imisaTvis rom, burTulebs hqondeT saSualeba dolis kedelTan 

erTad awevis Semdeg Camogordnen qvemoT da srialis reJimi Seicvalos 

gadagorebis reJimad, aucilebelia rom, burTulebis masis zedapirze 

daxris kuTxe iyos meti vidre bunebrivi daxrisa. burTulebis masaze 

moqmedi Zalebis ganxilvisas romelic moqmedeben dolis brunvis dros da 

geometriuli sqemis gamoyenebiT (nax. 2) gamoiyeneba formula daxris 

kuTxisaTvis, rodesac myardeba wonasworoba: sinβ =
αcos

A
 

sadac: β - burTulebis zedapiris daxris kuTxea; 

      A - xaxunis koeficientia burTulebs da dolis kedels Soris 

      α – kuTxea romelic iqmneba ori radiusiT, erTi AF, romelic gadis 

figuris centrSi da romelic gamosaxavs burTulebis CatvirTvis 

moculobis (segmenti BFC) da meore AF, rodesac aerTebs  qordis 

gadakveTis wertils da hyofs segmentis farTs Sua wertilze. 

 α – kuTxis sidide damokidebulia burTulebis CatvirTvis 

moculobaze an (geometriulad) segmentis farTze, romelic gamosaxavs am 

moculobas.  burTulebiT CatvirTvis zrdasTan erTad (segmentis farTi) 

kuTxe α  izrdeba 0-dan  900-mde, xolo αcos  mcirdeba 1-dan  00-mde. 
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   nax. 2. burTulebis gadaadgilebis zomebi dolSi 

 

 Cvens SemTxvevaSi, sawyisi kazmis komponentebis dafqvisas (TiC, Cu, Ni, 

Sn, TiH2) zemoT CamoTvlili formulebis gamoyenebiT dolis CatvirTva da 

brunTa ricxvi ise iyo SerCeuli, rom miRweuli iyo dafqvis 

“gadagorebis” raJimi. 

 cnobilia, rom garda damfqvavi danebis maZraobis xasiaTisa, 

mniSvnelovan roli dafqvis procesSi eniWeba ares, romelSic 

mimdinareobs dawvrilmarcvlovaneba.  ansxvaveben dafqvis or ZiriTad 

saxes: mSral da svel dafqvas. sali Senadnobebis da liTonkeremikuli 

masalebis dafqvisas ZiriTadad iyeneben sveli dafqvis meTods. Cveni 

samuSaos Sesrulebisas viyenebdiT sveli dafqvis meTods, siTxis ared 

viyenebdiT eTilis spirts. 

 Ddasafqvavi nivTierebis masis Sefardeba burTulebis raodenobasTan 

aRebuli gvqonda 1 : 6. dafqvis xangrZlivoba myife masalebis dafqvisas 

(TiC,  SiC) ZiriTadad adgenen eqsperimetrulad, da ganisazRvreba im 

moTxovnebiT, rac waeyeneba kazmis komponentebis  marcvlis zomebs. 
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nax.3. TiC-s fxvnilis marcvlebis saSualo zomis damokidebuleba aqtivaciis 

droze 

 

Cvens mier gamoyenebuli dolis konstruqciisTvis dadgenili iqna 

fxvnilovani titanis karbidis, spilenZis da rkinis marcvlis zomebis 

damokidebuleba dafqvis droze anu aqtivaciis procesis kinetika.  

dafqvili nivTierebebis (TiC, Ni, Cu) dispresulobis gansazRvra 

xorcieldeba stu-s almasebisa da kompoziciuri masalebis centrSi. 

meTodis gamoyenebiT miRebuli Sedegebi moyvanilia (nax.3).  

                

Nnax. 4. Semcxvari (P =400 kg/sm2; T=8500C) liTonuri kompoziciuri masalis (Fe-Cu-
Ni-Sn) sisalis damokidebuleba sawyisi fxvnilovani komponentebis 

dispersulobaze. 
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SemuSavebuli meTodis meSveobiT, SesaZlebeli gaxda sawyisi 

fxvnilovani komponentebis gadayvana makroganzomilebidan (>50 mkm) 

mikroganzomi-lebaSi (<5 mkm). ESedegebi gansakuTrebiT mniSvnelovania 

iseTi plastiuri masalebis wvrildispersuli fxvnilebis misaRebad, 

rogoricaa rkina da spilenZi, radgan aseTi elementebis mikrodispersuli 

fxvnilebis miReba sxva meTodebis gamoyenebiT (eleqtroqimia, 

kondensireba gazuri fazidan, gafrqveva damcav areSi) sakmaod 

maRalteqnologiuri da Sesabamisad ZviradRirebuli teqnologiebia.   

fxvnilebis aqtivaciis Sedegad miRebuli sxvadasxva 

dispersiulobis fxvnilebi SemdgomiSi gamoyenebuli iyvnen kompoziciur 

masalebis misaRebad. rogorc mosalodneli iyo, aqtivaciis Sedegad, 

miRebuli wvrilmarcvlovani fxvnilebis gamoyenebam SesamCnevad 

gaaumjobesa miRebuli cxobilebis fizikur-meqanikuri maCveneblebi, 

Secxobis imave P - T  pirobebisaTvis. liTonuri matricis (Semkvrelis) 

iseTi fizikuri maxasiaTebleblebis gaumjobeseba, rogoricaa sisale, 

simtkice da a.S. warmoadgens mTlianad almaskompoziciuri masalis 

eqsploataciuri parametrebis ZiriTad ganmsazRvrel faqtors, radgan, 

adgili aqvs almasdaWeris unaris da cveTamedegobis amaRlebas.  

eqsperimenti maRali wnevisa da temperaturis pirobebSi 

xorcieldeboda e.w. cxeli dawnexvis danadgarze, romlis ZiriTadi 

nawilia 30 t Zalis presi da 15 kvt simZlavris gaxurebis avtomaturi 

sistema. 

danadgari Seqmnilia saqarTvelos teqnikuri universitetis 

almasebis da kompoziciuri masalebis samecniero centrSi. cxeli 

dawnexva xorcieldeba specialur presformaSi.  

msoflio praqtikaSi, analogiuri procesis gansaxorcieleblad 

(cxeli dawnexva) gamoiyeneba grafitis presformebi. rogorc cnobilia, 

aseTi tipis presformebi saSualebas iZleva uzrunvelyon araumetes 400 

kg/sm2 wnevis ganviTareba, rac ganpirobebulia gamoyenebuli specialuri 

grafitis simtkiciT. wnevis diapazonis gazrdis mizniT iqna SemuSavebuli 
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specialuri konstruqciisa da Sedgenilobis presforma, romelic 

saSualebas iZleva miRebul iqnas 900-9500C temperatura da 1200 kg/sm2 

wneva.  

principialuri sqema mocemulia (nax. 5) gaxureba xdeba 

regulirebadi cvladi denis gatarebiT. temperaturis gazomva muSa areSi 

xorcieldeboda Termowyvilebis meSveobiT ±2-30C sizustiT, wneva 

kontrolirdeba hidrosistemaSi Seqmnili wnevis CvenebiT manometrze, 

romelic winaswar iyo gamoTvlili da dagraduirebuli eleqtronuli 

dinamometriT, winaswar gansazRvruli wnevis modebis Semdeg 

xorcieldeboda gaxureba ≈1000C /wT, dayovneba maqsimalur temperaturaze 

120 wm. gacieba ≈1000C/wT. 

                  

nax. 5. kompozitebis Sesacxobad gamoyenebuli principialuri sqema. 

1 – sarydeni fila, 2 – Sualeduri fila,  3 – wnex-forma, 

4 – eleqtro Tbo izolacia,  5 – damWeri rgoli,  6 – Termowyvili 
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rogorc zemoT iyo aRniSnuli, cxeli presvis procesis 

Casatareblad mis ZiriTad elements warmoadgenda specialuri formis 

pres-forma. Cvens SemTxvevaSi gamoyenebuli iyo rogorc spec. grafitis, 

aseve specialuri cecxlgamZle foladisgan damzadebuli presformebi. 

presformis geometriuli zomebi da forma ise iyo SerCeuli da 

gaTvlili, rom uzrunvelyofda samuSaoSi dagegmili konkretuli 

konstruqciis da geometriuli zomebis mqone masalebis nakeTobebis 

miRebas. 

presformis ZiriTadi nawilebi damzadebuli iyo specialuri markis 

cecxlgamZle foladisgan. SerCeuli masalis Termomedegoba Seadgenda 

900-9300C. 200-8000C - temperaturul intervalSi maqsimaluri SesaZleblo 

ganviTarebuli wneva Seadgenda 1400-1500km/sm2. aRniSvnis Rirsia is 

garemoeba, rom abraziuli masalis Semcveli fxvnilebis presvis 

operaciebi, gansakuTrebiT SedarebiT gazrdili wnevis pirobebSi 

(ϕ≥100km/sm2) did sirTuleebTan aris dakavSirebuli.  

  rogorc zemoT iyo naCvenebi, cxeli presvis teqnologiur 

operacias sasurveli Semadgenlobis masalebis nakeTobebis miRebisas 

nakeTobebis formirebas sxva operaciebTan SedarebiT (Camosxma, Secxoba 

vakuumSi da sxva) sagrZnobi upiratesobebi gaaCnia. pirvel rigSi igi 

xasiaTdeba mniSvnelovnad maRali warmadobiT, rac zrdis dagegmili 

masalidan nakeTobebis miRebis rentabelobas. meore da ZiriTadi aris is 

garemoeba, rom Secxobis procesi mimdinareobs maRali wnevis pirobebSi, 

rac ganapirobebs mis mkveTr intensifikacias.  miRebuli nacxobebi 

gamoirCevian Zalian dabali forianobiT e.i maRali simkvriviT da 

Sesabamisad maRali fizikur-meqanikuri maCveneblebiT, simtkiciT, sisaliT 

da sxva. zogierT SemTxvevaSi aRniSnuli parametrebi gansazRvraven 

miRebuli (Semcxvari) masalebis teqnikis sxvadasxva sferoSi gamoyenebis 

SesaZleblobas. 

miuxedavad mravali dadebiTi faqtorisa, rac Tan axlavs masalebis 

formirebas maRali wnevisa da tempereturis pirobebSi, gansakuTrebiT 
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iseTi axali kompoziciuri masalebisa, romelTa Seqmna sxva cnobili 

meTodebiT SeuZlebelia xasiaTdeba mravalnairi sirTuleebiT, romelTa 

gadaWra zogierT SemTxvevaSi iTxovs sxvadasxva sferoSi aproborebuli 

maRalteqnologiuri meTodebis gamoyenebas. ase magaliTad, 

umniSvnelovanes amocanas warmoadgens dagegmili P - T pirobebis 

parametrebis Seqmna sareaqcio aris mTlian moculobaSi, misi zusti 

SenarCuneba τ  drois ganmavlobaSi da Sesabamisi kontrolis 

ganxorcieleba.  zemoT naxsenebi amocanis ganxorcieleba sakmaod rTul 

teqnikur siZneleebTan aris dakavSirebuli da isini ganpirobebulni arian 

TviT cxeli presvis procesis ganxorcielebis TaviseburebiT. aRniSnuli 

sirTuleebis daZleva maRali wnevis da temperaturebis sferos aqtualur 

amocanebs warmoadgens, radgan upirobod aisaxeba saboloo produqciis 

xarisxze.  

 warmodgenil samuSaoSi Catarebuli iyo seria eqsperimentebisa, 

romelic mimarTuli iyo Cvens mier SerCeuli Semadgenlobis 

almaskompoziciuri masalis Secxobis pirobebis gaumjobesebisken.  

kerZod, gamoyenebuli iyo cxeli presvis procesSi muSa aris 

anawyobis sxvadasxva geometriuli sqema. icvleboda agreTve gaxurebis da 

dawnexvis aris SeqmnaSi monawile masalebis qimiuri Semadgenloba.   

amocanas warmoadgenda gamovleniliyo damokidebuleba pirdapiri 

gaxurebis meTodis pirobebSi, romelic gamoiyeneba stu-s almasebis da 

kompoziciuri masalebis samecniero centrSi gamoyenebul muSa aris 

konstruqciebisas (anawyobis sqemebis) da maTSi realizebuli P - T 

parametrebs Soris erTgvarovnebis miRwevisaTvis.  P - T parametrebis 

erTgvarovneba dawnexvis muSa areSi Sesabamisad isaxeba Semcxvari nimuSis 

iseTi fizikur-meqanikur maxasiaTeblebze - rogoric aris nimuSis 

simkvrive, sisale, simtkice da sxva.  

Semcxvari nimuSebis fizikuri maxasiaTeblebis ganawilebis 

dafiqsirebiT mis mTels moculobaSi iZleva saSualebas gakeTdes 

garkveuli korelacia nimuSis fizikur-meqanikuri Tvisebebis 
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anizotropiulobasa da Secxobis pirobebs Soris. rogorc cnobilia, P - T  

parametrebis zegavlena Secxobis procesze da Sesabamisad miRebuli 

nimuSebis Tvisebebze, gansakuTrebiT mkveTrad vlindeba myarfazuri 

Secxobis pirobebSi [2, 3] .  

aqedan gamomdinare, cxeli presvis procesSi muSa V moculobaSi 

Seqmnili tempereturuli velis erTgvarovnebaze da wnevis mTels 

moculobaSi regeneraciaze ufro mkafio suraTis Sesaqmnelad SerCeuli 

iqna iseTi liTonkeramikuli kompozicia, romelic ganapirobebda SerCeul 

maRal temperaturis pirobebSi procesis mimdinareobas myar fazaSi. 

gamoyenebuli iyo kompozicia qimiuri SemadgenlobiT Cu –Sn –Ni -TiC. titanis 

karbidis Semcveloba Seadgenda 30%, xolo SemakavSireblis komponentTa 

xvedriTi wili ise iyo SerCeuli, rom 900 -9100C temperaturis pirobebSi 

Txevadi faza ar dafiqsirdeboda.  

nax. 6, 7 moyvanilia procesSi dagegmili Semadgenlobis 

kompoziciuri masalis Secxobisas gamoyenebuli cxeli presvis sqemebi. 

eqsperimentebis Catarebisas adgili hqonda sxvadasxva geometriis 

nimuSebis miRebas erT SemTxvevaSi mrgvali Rilakebis (diametri φ  18 mm 

da simaRle h 8-9 mm) Secxoba, xolo meoreSi 24×8×8 mm zomis Zelakebisa.  

mrgvali nimuSebi (diskebi, Rilakebi) SemdgomSi gamoiyeneboda iseTi 

maxasiaTeblebis dasadgenad, rogoric aris mikro da makro sisale, 

simkvrive, Cajdomis koeficienti da agreTve metalografiuli da 

rendgenofazuri analizebisTvis.  

Zelakis formis nimuSebis miRebis aucilebloba ganpirobebuli iyo 

Seqmnili kompoziciuri masalis Runvaze simtkicis mniSvnelobebis 

dasadgenad. pirvel SemTxvevaSi nimuSebis Secxoba xorcieldeboda 

cilindruli tipis presformaSi (nax. 6 a), xolo meore SemTxvevaSi 

orpozician dasaSlel presformaSi (nax 6 b).  
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nax. 6.  cilindruli formis nimuSis Sesacxobi wnex-forma. a), Zelakis formis 

nimuSis Sesacxobi asawyobi wnex-forma. b) 

1 – matrica, 2- puansoni, 3- nimuSi 

 

aqve aRniSvnis Rirsia is garemoeba, rom identuri Semadgenlobis 

kompoziciuri masalis Secxobisas erTi da igive P – T - τ  pirobebSi, 

cilindruli (nax 6 a) da sworkuTxa prizmul (nax 6 b) presformebSi 

miRebuli Semcxvari nimuSebi garkveulad gansxvavdebodnen erTmaneTisgan 

zogierTi fizikur-meqanikuri maxasiaTeblebiT. kerZod, umniSvnelo, magram 

stabiluri sxvaoba iyo dafiqsirebuli iseT maCveneblebSi, rogoric aris 

miRebuli masalis simkvrive, sisale da Cajdomis koeficienti. 

konkretulad maxasiaTeblebSi sxvaoba sxvadasxva konstruqciis 

presformaSi miRebuli nimuSebisTvis aRwevda 3-5%.  

statistikurad dafiqsirda rom, mTlian cilindrul wnexformaSi 

miRebuli nacxobis maxasiaTeblebi stabilurad odnav ufro maRali iyo, 

vidre prizmul dasaSlel presformaSi. Aamis mizezad Cvenis azriT 

SeiZleda ganvixilod is garemoeba, rom cilindrul mTlian presformas 

gaaCnia ufro maRali sixiste vidre dasaSlel analogs, romelic Tavis 

konstruqciuli Taviseburebebs gaTvaliswinebiT (nax. 6 b) maRali wnevis 
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da tempereturis zemoqmedebiT ganicdis garkveuli sididis zomebSi 

daZvras sigrZe-siganis veqtoriT.  

aRniSnuli tipis “drekadi” deformacia Tavis mxriv ganapirobebs 

mTlianad presformaze modebul Pmax Zalis nawilis P∆ -s dakargvas 

aRniSnul deformaciaze. Sesabamisad, Sesacxob nimuSze mosuli dawola 

Semcirebulia P∆ -s mniSvnelobiT. e.i prizmul dasaSlel presformaSi 

Secxobis dagegmili P-s mniSvneloba realurad Seadgens (P - ∆P )-s, 

rogorc zemoT iyo naCvenebi. wnevis umniSvnelo cvlilebac gavlenas 

axdens cxeli SecxobiT miRebuli masalebis fizikur-meqanikur 

Tvisebebze, gansakuTrebiT myarfazuri Secxobis pirobebSi. 

 nax. 6 a, b-ze moyvanilia cxeli presvis gamoyenebiT nimuSebis 

Secxobis farTod gavrcelebuli klasikuri sqema. nimuSze wnevis 

ganviTareba xorcieldeba zeda puansonis gadaadgilebis Sedegad da misi 

zedapiris uSualo kontaqtiT nimuSze. gaxureba xorcieldeba denis 

pirdapiri gatarebiT rogorc puansonSi, aseve TviT nimuSic da 

wnexformis kedlebSic.  

rogorc cnobilia miRebuli nacxobebis xarisxi mniSvnelovnad aris 

ganpirobebuli misi Tvisebebis anizotropiulobiT mTels moculobaSi, 

rac Tavis mxriv damokidebulia Secxobis moculobaSi wnevisa da 

temperaturis gradientis arsebobaze. myari sxeulebis (fxvnilebis) 

wnexvis pirobebSi adgili aqvs ara izostatikur an hidrostatikur 

procesebs, aramed kvazihidrostatikas. am SemTxvevaSi wnevis regeneracia 

garkveul moculobaSi mraval faqtorzea damokidebuli. kerZod, wnevis 

gavrceleba garkveuli mimarTulebiT damokidebulia fxvnilovani kazmis 

gamoyenebisas (rasac adgili hqonda Cvens SemTxvevaSi) misi wnexvadobaze, 

maRali tempereturis pirobebSi e.w. plastiuri liTonebis 

SesaZleblobaze - fxvnilovani komponentebis marcvlebs Soris xaxunis 

Zalebze, Sida xaxunis maCveneblebze, rogorc dabali ise maRali (muSa) 

temperaturebis pirobebSi Sesacxobi masalis da wnexformis kedlebs 

Soris xaxunis koeficientze, rac Tavis mxriv ganpirobebulia rogorc 
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moxaxune nivTierebebis aRnagobiT da fizikuri da qimiuri TvisebebiT, 

agreTve naxsenebi masalebis maRal temperaturaze molekulaTSorisi 

urTierTqmedebiT.  

rac Seexeba temperaturul gradients muSa moculobaSi aRniSnuli 

sqemis (nax. 6 a, b) gamoyenebisas, igi ganpirobebuli iqneba Sesacxobi 

masalis iseTi maxasiaTeblebiT, rogoric aris misi eleqtrogamtaroba, 

siTbotevadoba da Tbogadacemis maCveneblebi. liTonuri fxvnilovani 

kompoziciuri masalis Sesacxobisas rogorc aCvena stu-s almasebis da 

kompoziciuri masalebis samecniero centris  gamocdilebam Secxobis es 

sqema warmatebiT iyo gamoyenebuli mravali wlebis ganmavlobaSi.  

liTonuri fxvnilebis Secxobisas zemoT moyvanili moTxovnebi 

praqtikulad kmayofildeba. liTonuri fxvnilebs (Cu, Ni, Sn) axasiaTebT 

kargi wnexvadoba maRali tempereturis pirobebSi - plastiuri dineba, 

kargi eleqtro- da Tbogamtaroba. aqedan gamomdinare, miRebul cxobilebs 

axasiaTebT sakmaod maRali xarisxis Tvisebebis izotropiuloba nimuSis 

mTels moculobaSi. 

 im SemTxvevaSi, rodesac misaRebi almaskompoziciuri masalis 

sawyisi fxvnilTa narevi warmodgenilia ara mxolod liTonuri 

fxvnilebiT, aramed mis SemadgenlobaSi garda almasuri fxvnilisa, 

SesamCnevi raodenobiT, arian warmodgenili iseTi qimiuri naerTebi, 

rogoric arian karbidebi, oqsidebi, boridebi da sxva. zemoT naxsenebi 

Tvisebebi -- presvadoba, plastiuroba, eleqtrogamtaroba, Tbogadacemis 

unari da tribologiuri maxasiaTeblebi -- mkveTrad ecvleba.  

rogorc zemoT, samuSaos mizanSi iyo Camoyalibebuli warmodgenili 

samuSaos farglebSi saqme gvaqvs almaskompoziciebTan. titanis karbidis 

didi xvedriTi moculobiT (>50%) Seyvanam mkveTrad Secvala sawyisi 

fxvnilovani kompoziciis fizikuri, eleqtruli da Tburi Tvisebebi. 

Sedegad, Secxobis Zvelma, ukve arsebulma sqemam am SemTxvevaSi ar mogvca 

sasurveli Sedegi.  Semcxvari nimuSebis gamokvlevam (simkvrive, sisale, 

Cajdomis sidide, mikroskopia) daadastura maTi mniSvnelovani 
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araerTgvarovneba moculobaSi, ZiriTadad simaRleSi dawnexvis 

mimarTulebiT. yovelive es ganapirobebuli iyo ganviTarebuli wnevis 

SesamCnevi gradientiT nimuSis zeda da qveda fenebSi. sisaleebis sxvaoba 

nimuSis zeda da qveda zedapirze Seadgina 9-10 erTeuli HRB sistemaSi. 

wnevis aseTi SesamCnevi gradienti Cvenis azriT ganpirobebuli iyo 

Semdegi faqtorebiT:  

1. mkveTrad Semcireba aRniSnuli fxvnilovani komponentebis Cu – Ti - 

TiC  da Cu -  Ni – Sn - TiC  wnexvadoba, rogorc civ ise cxel (9000C) 

mdgomareobaSi.  

 2. fxvnilovan kazmSi TiC -s abrazivis arsebobam mkveTrad gazarda 

Sesacxobi masalis xaxunis koeficienti wnexformis kedlebis masalis 

(grafitis) mimarT, ramac ganapiroba mTlianad wnexformaze modebuli 

Zalis SesamCnevi nawilis danakargi xaxunis Zalebis daZlevaze.  

    

 

nax. 7. cilindruli formis nimuSis Sesacxobi wnex-forma grafitis sarCuliT. a) 

segmentis formis nimuSis Sesacxobi asawyobi wnex-forma, b) grafitis sarCuliT.                                                                                      

1 – matrica, 2- puansoni, 3- nimuSi. 

(nax 7 a, b)  moyvanilia cxeli   wnexvisas gamoyenebuli sqema, 

romelmac saSualeba mogvca faqtiurad gadagvelaxa muSa moculobaSi 
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wnevis regeneraciis siZneleebi. amocanis gadaWra moxerxda wnexformis 

Sida kedlebis dafarviT iseTi naxSirbadovani spec masaliT (nax. 7), 

romelsac gaaCnia Zalian dabali xaxunis koeficienti Cvens mier 

SerCeuli Semadgenlobis kompoziciur masalasTan da agreTve gamoirCeva 

maRali qimiuri inertulobiT maRali temperaturebis pirobebSi.  

rogorc gamocdebma aCvena, danafari, romlis sisqec 0,2 -   0,35 mm-s 

Seadgens mravaljeradia da misi gamoyeneba SesaZlebelia ara nakleb 4 -5 

ciklisa, gamyofi Sris Seqmna wnexformis kedlebsa da TviT nimuSs Soris 

xorcieldeba meqanikurad da sakmaod martiv da iaf teqnologiur 

operecias warmoadgens. e.w. gamyofi “sarCulis” arsebobam wnexformis 

muSa zedapirze saSualeba mogvca sagrZnoblad Segvemcirebina sisaleTa 

sxvaoba Semcxvari nimuSis zeda da qveda zedapirebze da igi 10-11 

erTeuliT gansxvavebidan dagveyvana 3-4 erTeulze HRB -s SkaliT.  

nimuSebze dafiqsirebuli TvisebaTa sxvaoba simaRlis mimarTulebiT 

amjerad ganpirobebuli iyo arsebuli temperaturuli gradientiT. amis 

dasturs warmoadgenda is faqti rom, zogierT SemTxvevaSi adgili hqonda 

nimuSis zeda nawilSi nadnobis warmoSobas maSin rodesac, Termowyvilis 

meSveobiT kontrolilebadi temperaturis mniSvnelobebi (izomeboda 

nimuSis simaRlis Sua nawilSi) ar iZleoda amis safuZvels. garda amisa, 

mniSvnelovani tempereturuli gradientis arsebobas cxadyofda Semcxvari 

nimuSis grZivi texis struqturis da feradi velis mikroskopuli kvleva 

(analizi). 

 cxeli presvis opereciis ganxorcielebisas (nax. 8) moyvanili a) da 

b) sqemebis gamoyenebiT konstruqciuli pirobebidan da am pirobebSi 

realizebuli eleqtronuli denis wredis sqemidan gamomdinare gaxurebis 

procesSi yvelaze cxel zonas warmoadgens zeda puansoni. temperaturis 

Seqmna, nimuSis gaxureba am SemTxvevaSi xorcieldeboda ZiriTadad zeda 

puansonTan Tbogadacemis meSveobiT da misi gavrcelebis kinetika 

nacxobis mTel moculobaSi damokidebulia TviT nimuSis Tbofizikur 

Tvisebebze, kerZod ki Tbogadacemis koeficientze;  
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radgan cxeli presvis meTodi sakmaod swrafmoqmed teqnologiur 

operecias warmoadgens (misi didi upiratesobaa) da procesebis 

mimdinareoba wamebiT izomeba, aqedan gamomdinare, nimuSis masalis 

Tbofizikuri Tvisebebis fenomeni miT ufro mkafiod gamoixateba.  

siTbos gamoyofa da temperaturis Seqmna garkveul wilad denis 

pirdapiri gatarebis pirobebSi, nimuSis moculobaSi joulis siTbos 

saxiTac akumulirdeba. mniSvnelovania aRiniSnos rom, nimuSis kveTSi 

gatarebuli denis Sedegad gamoyofili siTbos raodenoba mxolod 

umniSvnelo wils Seadgens im Tburi energiisa, rac aucilebelia 

sasurveli temperaturebis misaRwevad.  

es garemoeba ganpirobebulia imiT, rom cxobils, gamomdinare misi 

geometriidan ( h≥φ ) gaaCnia sakmaod dabali winaRoba R.   R Tavis mxriv 

ganisazRvreba rogorc  R=
S


=ρ  (omis kanoni).  

Cvens konkretul SemTxvevaSi gvaqvs Zalian mcire  (7-8 mm) da SedarebiT 

didi S   (S=π r2=3,14 X 92 mm2) 

zemoT moyvanili Sedegebis gansjis Sedegad, daisva amocana 

Segvemcirebina Tburi dartyma zeda puansonidan da Segveqmna iseTi sqema 

rom gaxureba ganxorcielebuliyo SeZlebisdagvarad yoveli mxridan. 

yovelive es Cveni varaudiT gamoiwvewvda TbogadacemiT siTbos gadatanis 

manZilis Semcirebas, gaxurebis kinetikis cvlilebis da Sesabamisad 

tempereturuli velis gaTanabrebas. M   

miznis misaRwevad, zeda da qveda puansonebs da nimuSs Soris 

Seiqmna Tbo- da eleqtro saizolacio fena (nax. 8). 

eleqtro da Tbosaizolacio masalad gamoyenebuli iyo specialuri 

Semadgenlobis kompozicia MgO-s bazaze. winaswar SerCeuli 

Semadgenlobis kompoziciis dispersuli fxvnilebi winaswar guldasmiT 

ireoda da Semdgom ipreseboda civad 8mm diametris namzadebis misaRebad. 

tabletebis simaRle 3 -dan 9mm –mde, Catarebuli eqsperimentebis seriam 
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mogvca saSvaleba gamogvevlina Tbosaizolacio fenis sisqis gavlena 

tempereturis da wnevis ganawilebaze Secxobis areSi. 

 

 

 

nax. 8. cilindruli formis nimuSis Sesacxobi wnex-forma grafitis sarCuliT 
da TboizolatoriT. a), segmentis formis nimuSis Sesacxobi asawyobi wnex-

forma. grafitis sarCuliT da TboizolatoriT b). 

1 –matrica, 2-puansoni, 3-nimuSi, 4- grafitis sarCuli,5-Termo izolatori. 

 

Nnax. 8 moyvanili Tbo- da eleqtrosaizolacio Sris sisqis 

zemoqmedeba muSa areSi (Secxobis areSi) tempereturis da wnevis 

gradientebis cvlilebaze, izolaciuri Sris simaRlis momateba iwvevs 

temperaturuli gradientis monotonur nivelirebas.  
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nax. 9. wnevis (2) da temperaturis (1) gradientis damokidebuleba saizolacio 

fenis sisqeze 

 

amave dros, aRiniSneba wnevis gradientebis warmoSoba miT metad, 

rac metia saizolacio Sris sisqe, garkveul optimalur wertilebSi (nax. 

9 wert.O0). wnevisa da tempereturis gradientebi garkveul kompromisul 

mniSvnelobebs aRweven rac mainc sakmaod Sors aris idialuri  P - T  

parametrebis pirobebis Seqmnisagan. 

wnevebis gradientis warmoSoba, rac aixsneba cxobilebis Tvisebebis 

anizotropiulobaze moculobaSi, ganpirobebuli iyo Tbosaizolacio 

masalis sakmaod dabali simkvriviTY(civad dapresili fxvnilebi), rac 

ganapirobebda wnevis regeneraciis problemebs. am problemis 

aRmosafxvrelad gamoyenebuli iyo axali Tbo- da eleqtrosaizolacio 

masala AI2O3 da SiO2-is bazaze, romelic SemuSavebuli iyo stu-is 

almasebis da kompoziciuri masalebis samecniero centrSi da warmatebiT 

gamoiyeneba maRali wnevebis teqnikaSi Tbosaizolacio masalad da 

gamaxureblad.  

 miRebuli masala warmoadgens grafitokeramikul kompozicias, 

romelic miiReba maRaltempereturuli Termuli damuSavebiT da 

Sesabamisad gaaCnia garkveuli donis maRali simkvrive.  
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aRniSnuli masalis gamoyebebam saSualeba mogvca sagrZnoblad 

Segvemcirebina saizolacio fenis sisqe da dagveyvana misi mniSvneloba 

2,5-3 mm-mde. ramac ganapiroba rogorc wnevebis, aseve tempereturuli 

gradientebis faqtori moxsna (nax. 10). 

Secxobis procesis pirobebis Semdgomi gaumjobesebis mizniT - rac 

ganapirobebs Sesacxobi detalis simaRlis gazrdis SesaZleblobebs, Cvens 

mier SerCeuli anawyobis sqemiT gamoyenebuli iqna ormxrivi presvis 

meTodi.  

 

           

nax. 10. cilindruli formis nimuSis Sesacxobi wnex-forma grafitis sarCuliT 

da TbermoizolatoriT. a), segmentis formis nimuSis Sesacxobi asawyobi wnex-

forma. grafitis sarCuliT da TermoizolatoriT b). 

1 – matrica, 2- puansoni, 3- nimuSi, 4- grafitis sarCuli,                            

5- Termo izolatoriN 

 

nax. 11 moyvanili  sqemis gamoyenebam saSualeba mogvca sabolood 

absoluturad gagveTanabrebina miRebuli Semcxvari nimuSebis 

maxasiaTeblebi (sisaleebi) detalebis mTlian moculobaSi. Nnax. 11 a) da 

b) sqemebis gamoyenebam cxeli dawnexvis procesSi garkveul wilad 
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Secvala gaxurebis sqemac,  rac ganpirobebuli iyo gaxurebis 

eleqtrowredis sqemis SecvliTac. 

Tu pirvel SemTxvevaSi nax. 7 adgili qonda klasikuri pirdapiri 

gaxurebas (deni gadis nimuSSi), eleqtrosaizolacio Sreebis arsebobam 

gamoiwvia nawilobriv iribi gaxurebis meTodze gadasvla, rac rogorc 

cnobilia, SesaZleblobas iZleva gaxurebis ukeTesi pirobebis Seqmnisa 

nax. 11. eleqtruli wredis CarTvis sqemebi (nax. 12) saidanac Cans, rom 

pirvel SemTxvevaSi adgili aqvs paralelur CarTvas, xolo meore 

SemTxvevaSi mimdevrobiTs. 

 SemdgomSi samuSaoSi Catarebuli kvleviTi samuSaoebisaTvis 

gamoyenebuli iyo ormagi wnexvis meTodi N(nax. 11).                            

     

                 a)                                    b) 

nax. 11. segmentis formis nimuSis Sesacxobi wnex-forma grafitis 
sarCuliT ormxrivi wnexvis meTodiT. a), segmentis formis nimuSis Sesacxobi 
asawyobi wnex-forma. grafitis sarCuliT da TermoizolatoriT ormxrivi 

wnexvis meTodiT b). 

1 – matrica, 2- puansoni, 3- nimuSi, 4- grafitis sarCuli,             5- 

Termo izolatori 
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Seswavlili iyo TiC- Ti- Cu Semadgenlobis kompozitis struqtura da 

fazuri Semadgenloba da maTi gavlena iseT fizikur maxasiaTeblebze, 

rogoricaa simkvrive, mikrosisale, makrosisale, simtkice Runvaze. 

Seswavlilia nimuSebi, romelTa miRebis parametrebi Seadgenda P= 

350kg/sm2,   T= 830-9200C,  τ = 60-150 wm. 

                                                    

Nnax. 12. cxeli presvis gaxurebis el. CarTvis sqemebi. 

nimuSis iseTi fizikur- meqanikuri parametrebis codna, rogoric 

aris simtkice da sisale Runvaze da am Tvisebebis anizotropiuloba 

nimuSis mTel moculobaSi garkveul wilad gvaZlevs saSualebas 

movaxdinoT miRebis teqnologiuri parametrebis optimizacia. am mizniT 

dadgenili iyo konkretuli fizikuri maxasiaTeblebis damokidebuleba 

miRebis Termodinamikur parametrebze da meTodologiaze.  

 nax. 13-ze moyvanilia sisaleebis cvalebadoba nimuSis moculobaSi – 

kerZod simaRleSi, maTi Secxobisas, rogorc erTmxrivi, aseve ormxrivi 

presvis pirobebSi. warmodgenili damokidebulebidan naTlad Cans, 

ormxrivi presvis upiratesoba Zneladpresvadi liTonkeremikuli 

kompoziciis miRebis dros plastifikatoris gareSe. liTonkeramikuli 

kompoziciis Secxobisas ormxrivi presvis gamoyeneba saSualebas iZleva 

miviRoT sakmao simaRlis izotropiuli Tvisebebis nakeTobebi.  
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nax. 13. sisalis HRB cvlileba nimuSis simaRlsTan mimarTebaSi 

1) erTmxrivi presva   2) ormxrivi presva 

 

 Pproeqtis farglebSi SemuSavebuli meTodologiisa da 

teqnologiis gamoyenebiT – almaskompoziciuri masalis sawyisi kazmis 

komponentebis aqtivaciis procesis Catareba da Semdgomi Secxobis 

procesis gaumjobesebul teqnologiur pirobebSi Catareba – damzadebul 

iqna almaskompoziciuri masalis funqcionaluri elementebi. 

almaskompoziciuri masalisagan damzadebuli saWreli segmentebi 

SemdgomSi gamoyenebul iqna Ф 400 mm almasuri diskuri xerxis 

armirebisaTvis. Dstu-Si damzadebuli almasuri instrumenti gamocdil 

iqna sawarmoo pirobebSi M 350   markianobis  mqone betonies Wris 

operaciaze. SedarebisaTvis nax 14. moyvanilia imave pirobebSi momuSave 

ucxouri analogis (SvedeTi) eqsploataciuri maCvenebeli, romelic 

yvelaze farTod gamoiyeneba samamulo bazarze. miRebuli Sedegebi 

cxadyofen, rom stu-Si Seqmnili almasuri instrumenti Tavisi 

WrisunarianobiT da medegobiT ar Camouvardeba saukeTeso ucxouri 

warmoebis analogebs. 
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Nnax. 14  gadamWreli almasuri qargolebis   (Ф400) SedarebiTi medegobebi  

betonis Wris operaciaze. 

 

samecniero centrSi damuSavebuli teqnologiiT Seqmnili 

instrumenti, danadgarebi, samSeneblo masalebis damuSavebis teqnologia 

da TanamSromelTa kvalifikacia SesaZlebels xdis gamoyenebul iqnas 

progresuli meTodi qveynis samSeneblo industriis sxvadasxva segmentSi. 

misi gamoyeneba SesaZlebelia nebismieri tipis samSeneblo sferoSi  

sagzao mSeneblobisa da sxvadasxva arqiteqturul-dizaineruli 

samuSaoebis CaTvliT.      

dReisaTvis, stu-is almasebis da kompoziciuri masalebis 

samecniero centri mzad aris gamoiyenos Tavisi potenciali da novaciuri 

teqnologiebiT, romelic moixmareba msoflios mowinave qveynebSi, 

moemsaxuros saqarTveloSi rogorc mimdinare msxvil mSeneblobebs, aseve 

kerZo iuridiul pirebs Tanamedrove interierebis da dizainis 

Sesaqmnelad. Seasrulos samuSaoebi Tavisi danadgarebiTa da 

instrumentebiT.  

             Tu gaviTvaliswinebT saqarTvelos teqnikuri universitetis 

aRebul gezs - moaxdinos mis kedlebSi Seqmnili mecnierebatevadi 
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produqciis sawarmoo realizacia uaxloes periodSi, warmodgenili 

proeqtis angariSi iZens damatebiT aqtualobas. 
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