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saleqcio kursSi ganxilulia liTonebisa da Senadnobebis eleqtronuli 

sxiviT aorTqlebisa da orTqlis nakadis Semdgomi kondensaciis gziT nakeTobis 

zedapirze liTonuri da araliTonuri danafarebis miRebis teqnologiuri pro-

cesebi. yuradReba gamaxvilebulia orTqlis mdgomareobidan fazaTa warmoqmnis 

meqanizmebze, agreTve ZiriTadi teqnologiuri faqtorebis gavlena struqturis 

Camoyalibebis pirobebze da orTqlis fazidan kondensirebuli araorganuli 

masalebis struqturisa da Tvisebebis formirebis procesebze. gamokveTilia eleq-

tronul-sxivuri teqnologiis gamoyenebis zogierTi axali mimarTuleba.  

naSromi gankuTvnilia masalaTmcodneobis saganmanaTleblo programis stu-

dentebisaTvis. igi did daxmarebas gauwevs, agreTve, axali masalebisa da teqno-

logiebis sferoSi momuSave axalgazrda specialistebs. 
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Sesavali 

Tanamedrove manqana-danadgarebSi, safren aparatebsa Tu ZravebSi nake-

Tobis zedapirs yvelaze rTul pirobebSi uwevs muSaoba, radgan igi eqs-

pluataciis adreul stadiaSi ganicdis samuSao garemosa da masTan kontaq-

tSi myofi detalebis zemoqmedebas. zedapirisa da, bunebrivia, mTlianad na-

keTobis mwyobridan gamosvlis ZiriTadi mizezi SeiZleba iyos: meqanikuri 

(maT Soris daRlilobiTi) da abraziuli cveTa, rac dakavSirebulia Sesa-

bamisad meqanikur zemoqmedebasTan an xaxuniT ganpirobebul meqanikur cve-

TasTan; koroziul-meqanikuri cveTa, rasac moxaxune zedapirisa da qimiu-

rad agresiuli garemos zemoqmedeba iwvevs; masalis eroziuli cveTa siT-

xesTan an airTan kontaqtis adgilebSi, rac Zlierdeba hidro an airis naka-

diT watacebuli myari nawilakebis zemoqmedebiT; moxaxune zedapirebis Se-

kvra, masalis amogleja da gadatana erTi sakontaqto zedapiridan meoreze; 

cveTa, romelic dakavSirebulia dabali orTqlis drekadobis mqone masa-

lis seleqciur aorTqlebasTan gansakuTrebiT Rrma vakuumis pirobebSi, ze-

dapiris Jangvisas da a.S. 

zemoT aRniSnulidan gamomdinare, manqanaTa nawilebis muSaobis unari-

anobisa da xanmedegobis gasazrdelad aucilebeli xdeba misi zedapiris sa-

eqspluatacio maxasiaTeblebis amaRleba. am pirobis realizaciis erT-erTi 

xerxia nakeTobis zedapirze iseTi specialuri danafaris datana, romelic 

SedgenilobiT, struqturiT da TvisebebiT gansxvavebuli iqneba ZiriTadi 

liTonisagan. 

danafars uwodeben masalis erT an ramdenime fenas, romelic xelov-

nurad aris datanili ZiriTadi masalis (fuZeSris) zedapirze. dasmuli 

Sreebis raodenobis mixedviT ansxvaveben erTSrian da mravalSrian, xolo 

fazuri Sedgenilobis mixedviT – erTfaza da mravalfaza (heterofazur) 

danafarebs. 

gamoyenebuli masalebis mixedviT arCeven: liTonur (sufTa liTonebis 

an Senadnobebis) danafarebs; kompoziciurs, romelic aris liTonuri 

danafari masSi Tanabrad ganawilebuli araliTonuri nawilakebiT, magali-

Tad metalokeramikuli kompozicia; araorganuli danafarebi, romlebic 

Sedgeba liTonebis araorganuli naerTebisagan, magaliTad, oqsidebisgan, 

nitridebisgan, karbidebisgan, silicidebisgan da sxva keramikuli, uJangba-
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do da liTonis msgavsi qimiuri naerTebisagan. 

ZiriTadi funqciis mixedviT arCeven cveTamedeg, mxurvalmedeg, koro-

ziamedeg, antifriqciul, Tbosaizolacio, teqnologiur da sxva saxis dana-

farebs. 

formirebis meTodidan gamomdinare, danafarebs yofen difuzur, da-

naSrev (mfaravi tipis) da Sereul (difuzur-danaSrevi tipis) danafarebad. 

difuzuri gajerebis gziT miRebuli danafari ZiriTadi liTonisa da da-

safari masalis urTierTqmedebis produqtia. amasTan, nakeToba zomebs ar 

icvlis, radgan difuzuri danafari ZiriTadi liTonis zedapirul fenebSi 

warmoiqmneba. yvela difuzuri fena, romelic qimiur-Termuli damuSavebis 

gziT miiReba (cementirebuli, azotirebuli, alitirebuli da a.S), am tipis 

danafarebs miekuTvneba.  

danaSrevi danafaris fazuri Sedgenilobis formirebaSi ZiriTadi 

liToni monawileobas ar Rebulobs. liTonis zedapirze danafari daitane-

ba da magrdeba sxvadasxva sisqis damoukidebeli fenebis saxiT. difuzur-

mfaravi danafaris formirebis SemTxvevaSi ki mimdinareobs difuzuri ur-

TierTqmedeba ZiriTad liTonsa da dasafar masalas Soris sakontaqto ze-

dapirze. 

dReisaTvis specialuri danafarebis miRebis araerTi meTodia SemuSa-

vebuli, romlebic mravali daniSnulebisa da sxvadasxva Tvisebebis (mxur-

valmedegi, cveTamedegi, koroziamedegi, Tburi, eleqtro da optikuri) dana-

farebis dasmis SesaZleblobas iZleva. arsebuli meTodebidan mrewvelobaSi 

yvelaze farTod difuzuri gajerebis, gazoTermuli (gazoplazmuri) da-

frqvevis, airadi fazidan dasmis, siTxidan qimiuri da eleqtrolituri das-

mis da sxva meTodebi gamoiyeneba. amasTan, didi yuradReba eTmoba procesis 

warmarTvas vakuumSi, neitralur da damcav garemoSi, rac dasafari masale-

bis CamonaTvalis gazrdis did SesaZleblobebs iZleva. 

danafaris formirebisaTvis masalis SerCevas mravali  faqtori  gansa- 

zRvravs. maTgan ZiriTadia danafaris daniSnuleba, ZiriTadi masalis Sed-

geniloba da saeqspluatacio garemo. Tumca arsebobs zogadi moTxovnebi, 

romelic dasafari masalisa da misi dasmis xerxis SerCevisas aris gasaTva-

liswinebeli. esenia: zedapiris specialuri Tvisebebis uzrunvelyofis una-

ri; muSa agresiuli garemos zemoqmedebisgan ZiriTadi liTonis dacvis una-
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ri; fuZeSresTan mtkice SeWiduloba; mcire dazianebebisadmi aramgrZnobia-

roba da SemTxveviTi teqnologiuri da saeqspluatacio defeqtebis TviT-

uvnebelyofa; ZiriTad liTonTan qimiuri SeTavsebadoba (ar ganviTardes ma-

vne qimiuri urTierTqmedeba `danafari-fuZeSre~ fazaTa sazRvarze. magali-

Tad, myife da advildnobadi fazebis warmoqmna); danafarisa da fuZeSris 

Tburi gafarToebis koeficientebis umniSvnelo gansxvaveba, rac Termocik-

lirebis pirobebSi Seamcirebs daskdomis albaTobas da uzrunvelyofs kon-

struqciis sakmao Termomdgradobas; eqspluataciis dros Tvisebebis stabi-

luroba. am pirobis uzrunvelsayofad saWiroa danafarsa da fuZeSres So-

ris urTierTdifuziis siCqare mniSvnelovnad dabali iyos nakeTobis eqs-

pluataciis xangrZlivobasTan SedarebiT; danafaris datanis SerCeuli me-

Todi misaRebi unda iyos nakeTobis konstruqciisaTvis. garda amisa, gasaT-

valiswinebelia teqnikuri da ekonomikuri kriteriumebi – SesaZleblobis 

farglebSi masalis dabali Rirebuleba, SerCeuli xerxis ganxorcielebis 

siadvile da mwarmoebloba, produqciis xarisxi da zedapiris sisufTave. 
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1. zogadi cnebebi eleqtronul-sxivuri 

teqnologiis Sesaxeb 

 

1.1. aorTqlebisa da kondensaciis procesebi 

aorTqlebisa da orTqlis nakadis Semdgomi kondensaciis fizikuri 

procesebi im unikalur teqnologiur komplesTa ricxvs miekuTvneba, rom-

lebic praqtikulad SeuzRudav SesaZleblobebs qmnis myari tanis struq-

turebis CamoyalibebaSi atomebisa Tu molekulebis regulirebadi wyobiT. 

airad mdgomareobaSi nivTiereba ar emorCileba xsnadobis kanonebs. ami-

tom erTdroulad ramdenime nivTierebis aorTqlebiT, maTi orTqlis naka-

debis urTierTSereviTa da fuZeSreze Semdgomi kondensaciiT SeiZleba 

iseTi arawonasworuli struqturebi Camoyalibdes, romlebic ar arsebobs 

bunebaSi da romelTa miReba tradiciuli meTodebiT Zneli an SeuZlebelia.  

vakuumSi formirebulma araorganuli masalebis danafarebma da Txelma 

firebma, romelTa sisqe ar aRemateba 1 mkm-s, ukve uzrunvelyves progresi 

mikroeleqtronikaSi, gamoTvliT teqnikasa da xelsawyoTmSeneblobaSi. 

Txel firTa struqturebis sinTezma ki SesaZlebeli gaxada Seqmniliyo mi-

niaturuli mowyobiloba iseTi kuTri maxasiaTeblebiT, romelic fantasti-

kuri gveCveneboda axlo warsulSi. aseTi STambeWdavi Sedegebis miRwevaSi 

mniSvnelovani roli Seasrula eleqtronul-sxivurma teqnologiebma. 

eleqtronuli sxiviT nivTierebis aorTqleba da orTqlis nakadis Semd-

gomi kondensacia optikisa da mikroeleqtronikis saWiroebisaTvis Txeli 

firebis misaRebad saTaves gasuli saukunis ocdaaTian wlebSi iRebs. igive 

saukunis samociani wlebis dasawyisSi ukrainis mecnierebaTa akademiis e.o. 

patonis saxelobis eleqtroSeduRebis institutSi ukrainis nacionaluri 

akademiis akademikosis, b. a. movCanis xelmZRvanelobiT daiwyo sistematuri 

kvlevebi da mowyobilobis SemuSaveba eleqtronul-sxivuri teqnologiiT 

araorganuli masalebis sqeli firebisa (1-2 mm) da masiuri kondensatebis 

misaRebad winaswar gansazRvruli struqturiTa da TvisebebiT. 

zogadad, firebisa da danafarebis miRebis Termovakuumuri meTodi da-

fuZnebulia nivTierebis vakuumSi gaxurebaze aorTqlebis temperaturamde, 

orTqlis nakadis formirebaze da mis Semdgom kondensaciaze dasafari 

masalis (fuZeSris) zedapirze. masalis gasaxureblad iyeneben eleqtronul 

sxivs, lazers, joulis siTbos, maRali sixSiris vels.  
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 nivTierebebis eleqtronul-sxivuri aorTqlebis meTodi mniSvnelovnad 

gansxvavdeba vakuumSi aorTqlebis sxva meTodebisagan. misi principi Semdeg-

Si mdgomareobs: asaorTqlebel masalas (sufTa liTons, Senadnobs, qimiur 

naerTs) saorTqlebel tigelSi (sur. 1.1) aTavseben. masalis aorTqlebas 

anxorcieleben eleqtronuli sxiviT, romelic eleqtronuli qvemexis ele-

qtrodebs Soris sivrceSi formirdeba, gadis sxivgamtarze dayenebuli 

amaCqarebeli anodis RreCoSi, gadaixreba eleqtromagnitur velSi da 

asaorTqlebeli masalisken miemarTeba. liTonis gadaxurebis Sedegad 

warmoqmnili orTqlis nakadi Rrma vakuumis pirobebSi praqtikulad swor-

xazovnad vrceldeba. Tu orTqlis nakadis moZraobis gzaze saTanado tem-

peraturis mqone masalas (fuZeSres) movaTavsebT, mis zedapirze daiwyeba 

orTqlis fazis kondensacia.   

eleqtronul-sxivuri aorTqlebis meTodis upiratesoba ZiriTadad mis 

universalobaSi, teqnologiur moqnilobasa da ekonomiurobaSi gamoixateba. 

eleqtronuli sxivi erT-erTi  yvelaze  efeqturi  siTbos  wyaroa. myar 

sxeulTan eleqtronuli nakadis Sejaxebisas misi kinetikuri energia rent-

genis gamosxivebis aRgznebaze, meorad emisiaze da masalis gaxurebaze ixar- 

jeba. 20-25 kv amaCqarebeli  potencialisa  da ramdenime amperi sxivis denis  
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Zalis SemTxvevaSi energiis danaxarji rentgenis gamosxivebis aRgznebaze 

eleqtronuli sxivis saerTo simZlavris daaxloebiT 0,1% Seadgens. aseTi 

gamosxiveba susti SemRwevi unariT xasiaTdeba da srulad STainTqmeba 

liTonis kameris ramdenime milimetri sisqis kedlebiT. energetikuli dana-

xarjebi meorad emisiaze (WeSmarit meorad emisiaze da arekvlil eleqtro-

nebze) 15%-mde aRwevs. eleqtronebis kinetikuri energiis danarCeni nawili 

Tbur energiad uSualod asaorTqlebeli nivTierebis zedapirul fenebSi 

gardaiqmneba. aRniSnuli fenis sisqe sakmaod mcirea. igi 1-2 mkm-s Seadgens, 

rac uzrunvelyofs eleqtruli energiis praqtikulad srul gardaqmnas 

Tbur energiaSi. aqedan gamomdinare, koncentrirebuli eleqtronuli sxivi 

yvelaze Zneldnobadi elementebisa da qimiuri  naerTebis  regulirebadi  

siCqariT  aorTqlebis SesaZleblobas iZleva. 

vakuumSi orTqlis nakadi im SemTxvevaSi warmoiqmneba, rodesac asaor-

Tqlebeli masalis orTqlis wneva teqnologiur nakveTurSi narCen wnevas 

aRemateba. qvemoT cxrilSi mocemulia zogierTi elementis orTqlis wnevasa 

da gaxurebis temperaturas Soris damokidebulebis xasiaTi. 

50-100 kvt simZlavris Tanamedrove eleqtronul-sxivuri qvemexebi li-

Tonuri da araliTonuri nivTierebebis sakmaod maRali siCqariT (magali-

Tad, 10-2 gsm2wm-1) aorTqlebis SesaZleblobas iZleva. orTqlis nakadis kon-

densacia SesaZlebelia ganxorcieldes praqtikulad nebismieri masalis fu-

ZeSreze masTan kondensatis saukeTeso SeWidulobis  (adheziis) uzrunvel-

yofiT.                                                            

saorTqleblad spilenZis wyliT saciebeli tigeli gamoiyeneba, rome--

lic maqsimalurad icavs orTqlis nakads da, aqedan gamomdinare, saboloo 

produqts daWuWyianebisagan. aorTqlebis procesi SeiZleba sxvadasxva 

siCqariT ganxorcieldes ramdenime damoukidebeli tigelidan, xolo or-

Tqlis sxvadasxva nakadis kondensacia _ erTdroulad maTi urTierTSere-

viT an sasurveli TanamimdevrobiT. es fuZeSris zedapirze gansxvavebuli 

fazuri Sedgenilobisa da bunebis erTSriani an mravalSriani danafarebis 

miRebis SesaZleblobas iZleva.  

yvelaze farTo gamoyeneba cilindruli formis spilenZis wyliT sa-

civebelma tigelma pova, romelSic asaorTqlebeli masala sxmulis an daw-

nexili zodebis saxiT Tavsdeba. zodis diametri 25-dan 70 mm-mde diapazonSi                                           
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zogierTi masalis temperaturasa da orTqlis wnevas 

Soris damokidebuleba 

 

elementi 

 
Ddnobis 

wertili, 

    K 

 
duRilis 

wertili, 

K 

   temperatura K,  orTqlis 

wnevis SemTxvevisaTvis, x133 pa 

  
10-1 

 
10-2 

 
10-3 

 
10-4 

 
10-5 

         

       Al 

Ce 

Co 

Cr 

Cu 

Fe 

Ge 

Mo 

Ni 

Ti 

 

932 

1077 

1768 

2176 

1357 

1809 

1210 

2890 

1725 

1940 

 

2736 

3740 

3174 

2938 

2846 

3148 

3100 

4924 

3159 

3575 

 

1620 

2180 

1960 

1825 

1690 

1920 

1830 

3060 

1970 

2210 

 

1490 

1070 

1790 

1670 

1530 

1750 

1670 

2800 

1800 

2010 

 

1355 

1795 

1655 

1540 

1405 

1615 

1530 

2580 

1655 

1850 

 

1245 

1650 

1430 

1430 

1300 

1500 

1410 

2390 

1535 

1715 

 

1160 

1525 

1340 

1335 

1210 

1400 

1310 

2230 

1430 

1600 

 

icvleba. Txevadi abazanis zedapiri, saidanac xdeba masalis aorTqleba, 

erT doneze unda iyos SenarCunebuli, risTvisac Tanamedrove danadgarebSi 

cilindruli formis, uZiro saorTqlebeli da zodis  vertikalurad 

gadasaadgilebeli meqanizmebi gamoiyeneba. 

Tu teqnologiur nakveTurSi gaiSviaTebis siRrme 10-2-10-4 pa-s  Sead-  

gens, saorTqleblis Tavze orTqlis nakadis ganawilebis sivrciTi simkvri-

ve kosinusoidalur kanons emorCileba: 

ф()=ф0cos(), 

sadac  ф() aris im  orTqlis nakadis simkvrive, romelic sibrtyis nor-

malis mimarT  kuTxes qmnis;  

ф0 – orTqlis nakadis simkvrive =0 SemTxvevisaTvis. 

mocemuli kanonis Tanaxmad, orTqlis nakadis maqsimaluri simkvrive 

saorTqleblis zedapiris mimarT normaluri mimarTulebiT (=0) SeiniSneba. 

vakuumis Semcireba  1 pa-mde  (magaliTad, kameraSi argonis an azotis Seyva-

niT), orTqlis nakadis gabnevas da, aqedan gamomdinare, misi simkvrivis gaTa-

nabrebas ganapirobebs.  
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tigelidan brtyel stacionarul  fuZeSremde  manZilis optimaluri 

mniSvneloba 300 mm Seadgens. aseT pirobebSi orTqlis nakadis kondensaciis 

siCqarem liTonebisaTvis SeiZleba 30-50 mkm/wT miaRwios, xolo keramikuli 

masalebisaTvis (oqsidebi, karbidebi, boridebi) - 15-20 mkm/wT.  

 

1.2. difuzuri procesebi 

 

      1.2.1. difuziis meqanizmebi. zogadad, difuzias uwodeben TavisTavad 

mimdinare movlenas, romlis drosac xdeba erTi nivTierebis atomebis (mo-

lekulebis) SeRweva meoreSi atomebs (molekulebs) Soris Sualedebis gav-

liT. difuziis gziT SeiZleba moxdes agreTve fuZeSris zedapirze adsor-

birebuli nivTierebis gadatana kristalSi nawilakebis Tburi moZraobis 

xarjze. 

difuzia gadamwyvet rols TamaSobs mravali procesis mimdinareobaSi, 

rogoricaa, magaliTad, Canasaxis warmoqmna, kristalebis zrda, fazuri gar-

daqmnebi myar sxeulebSi, Secxoba da myarfazuri reaqciebi. 

difuzuri procesebi SeiZleba iseT sistemebSi mimdinareobdes, rom-

lebic rogorc erTi, ise sxvadasva nivTierebis atomebisagan Sedgeba.  

ansxvaveben TviTdifuzias da heterodifuzias. TviTdifuzia gulisx-

mobs komponentis atomebis gadaadgilebas koncentraciis cvlilebis gare-

Se, magaliTad, atomebis gansxvavebuli kinetikuri energiis gaTanabrebis 

gziT. amdenad, TviTdifuzia SeiZleba mimdinareobdes rogorc sufTa liTo-

nebSi, ise erTgvarovan SenadnobebSi, magaliTad, myar xsnarebSi. heterodi-

fuziis SemTxvevaSi ki gansxvavebuli bunebis nivTierebis atomebis gadaad-

gilebis gziT icvleba Senadnobis koncentracia myari sxeulis sxvadasxva 

ubnebSi. magaliTad, A-BBerTfaza sistemis stabilizaciis procesSi difu-

zia gamoiwvevs Sedgenilobis gaTanabrebas, ra drosac A da B atomebis 

Semxvedri nakadebi warmoiqmneba.   

difuzia yvela SemTxvevaSi ar ganapirobebs Sedgenilobis gaTanabrebas 

myari tanis moculobaSi. piriqiT, difuziis Sedegad SesaZlebelia  gaizar-

dos kidec erT-erTi komponentis koncentracia kristaluri gisosis gark-

veul ubnebSi. aseT process aRmaval difuzias uwodeben. aRmavali difu-

ziis mimdinareobis erT-erT mizezad SeiZleba atomTa Soris urTierTqmede-

bis Zalebi CaiTvalos. davuSvaT, A-B sistemis erTgvarovan myar xsnarSi  un-
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da gamoiyos AnBm qimiuri naerTi fazuri wonasworobis Sesabamisad. Tu 

aRniSnuli fazis gamoyofa raime mizeziT ferxdeba, sistema arawonaswo-

rul mdgomareobaSi aRmoCndeba, amitom masSi SeiZleba daiwyos aRmavali 

difuzia, rac ramdenadme Seamcirebs sistemis Tavisufal energias. praqti-

kulad aRmavali difuzia mocemul SemTxvevaSi mosamzadebeli etapia AnBm 

naerTis gamosayofad, rac sistemas qimiurad araerTgvarovans xdis. 

difuziis koeficienti, romelic koncentraciis gaTanabrebis siCqares 

gansazRvravs, temperaturazea damokidebuli da mravali nivTierebisaTvis, 

kerZod, liTonebisaTvis, aisaxeba empiriuli damokidebulebiT, romelic 

areniusis gantolebis saxelwodebiTaa cnobili: 

 D=D0e
-E/RT  ,          (1.2) 

sadac D0 aris mamravli, romlis mniSvnelobas im liTonis kristaluri 

gisosis tipi gansazRvravs, romelSic difuzuri procesebi realizdeba; 

T - absoluturi temperatura; 

E - aqtivaciis energia, romelic aucilebelia erTi mdgomareobidan me-

zobel mdgomareobaSi atomebis gadasvlisaTvis; 

R - gazis universaluri mudmiva. 

kristaluri gisosis kvanZebSi ganlagebulma atomebma sakuTari adgili 

rom datovon, aucilebelia maT garkveuli damatebiTi energia SeiZinon, ro-

melsac aqtivaciis energias uwodeben. igi mWidro kavSirSia kristalis mra-

val TvisebasTan. aqtivaciis energia Tburi rxevebis xarjze aRiZvreba, ris 

Sedegadac imdenad izrdeba nawilakebis rxevis amplituda, rom atomma SeiZ-

leba datovos kidec Tavisi regularuli adgili kristalur gisosSi. ro-

desac Tburi rxevebi sakmaod didia, SesaZlebelia moxdes atomebis adgi-

lebis mimocvlac anu ganviTardes difuzia. 

Canergvis myari xsnaris ubralo kubur gisosSi rxevebis sixSire, ume-

tes SemTxvevaSi, ar iwvevs Canergili atomis mdgomareobis Secvlas. Tumca 

calkeulma Zlierma rxevebma an gamxsnelisa da Canergili atomebis rxeviTi 

moZraobebis SemTxveviTma damTxvevam SeiZleba gamoiwvios Canergili atomis 

naxtomi mezobel, Sualedur mdgomareobaSi (sur. 1.2, a, b). atomis Su-

aleduri mdgomareoba metad aramdgradia da mxolod drois metad umniSv-

nelo monakveTSi arsebobs. 

temperaturis gazrdiT atomebis saSualo kinetikuri energia da maTi 
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gadaxtomis sixSire matulobs. gamoTvlebiT dadgenilia, rom aqtivaciis 

energia  E is energiaa, romelic aucilebelia Canergili atomis gadasaxto-

mad wonasworulidan (a, sur. 1.2) Sualedur, gazrdil energetikul mdgoma-

reobaSi (b). 

 

difuziis meqanizmebis (atomebis moZraobis) Sesaxeb sakiTxi ar SeiZle-

ba bolomde Seswavlilad CaiTvalos. amJamad Tvlian, rom kristalur gi-

sosSi elementebis perioduli ganawilebis gamo atomebis adgilebis urTi-

erTSenacvleba garkveuli potencialuri barieris gadalaxvas moiTxovs, 

rac aqtivaciis energiis dagrovebiT SeiZleba ganxorcieldes. difuzuri 

procesebi energiis mcire danaxarjebiT unda ganviTardes kristalis zeda-

pirze, marcvlis sazRvrebSi, agreTve kidura dislokaciisa da sxva saxis 

struqturuli defeqtebis gaswvriv, radgan am ubnebSi ar arsebobs atomebis 

gadaadgilebisaTvis iseTi mniSvnelovani dabrkolebebi, romlebic idealu-

ri agebulebis kristalebSi gvxvdeba. 

nivTierebis gadatana SeiZleba sxvadasxva meqanizmiT ganxorcieldes, 

romelTagan ZiriTadia:  

a - adgilebis pirdapiri mimocvla (sur. 1.3, a). 

adgilebis pirdapiri mimocvla dakavSirebulia gisosis Zlier damaxin-

jebasTan, amitom aseTi meqanizmis realizacia aqtivaciis maRal energias 

moiTxovs, romelic praqtikulad ar SeiZleba iyos uzrunvelyofili mxo-

lod Tburi rxevebis energiiT. aqedan gamomdinare, atomebis adgilebis mi-

mocvla am meqanizmiT naklebad savaraudoa. 
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b - vakanturi meqanizmi (sur. 1.3, b).  

am SemTxvevaSi atomebis mimocvla mimdinareobs elementaruli ujredis 

kvanZebSi ganTavsebul nawilakebsa da vakansiebs Soris. energetikuli da 

geometriuli TvalsazrisiT am meqanizmis  realizacia upiratesad aris sa- 

 

 

 

 

 

 

 

varaudo, radgan aqtivaciis energia praqtikulad mxolod gisosis kvanZebi-

dan nawilakebis mowyvetaze ixarjeba. mxedvelobaSi unda miviRoT, rom ab-

soluturi nulis zemoT yoveli kristali vakansiebis garkveul wonaswo-

rul koncentracias Seicavs. vakanturi meqanizmiT atomebis mimocvlis pro-

cesi mxolod atomis zomebis farglebSi mimdinareobs da mimarTulebiTs 

ar warmoadgens. qaosuri moZraobis es saxe maSin Rebulobs mimarTulebiT 

xasiaTs, rodesac Tavs iCens damatebiTi mamoZravebeli Zala. magaliTad, 

ori sxvadasxva kristalis urTierTSexebis sazRvarze aseTi mamoZravebeli 

Zala qimiur potencialTa Soris sxvaobaa. 

eqsperimentuli monacemebisa da Teoriuli gamoTvlebis urTierTSeda-

rebiT gakeTebulia daskvna, rom sufTa liTonebis umravlesobisaTvis di-

fuziis meqanizmi vakanturia. es imis maCvenebelia, rom TviTdifuziis pro-

cesSi atomebi mxolod im SemTxvevaSi gadaadgildeba, Tu mis gverdiT  va-

kanturi adgili arsebobs. gadaxtomis sixSire ganisazRvreba ara mxolod 

rxevebis sixSiriT, ris Sedegadac atomebma SeiZleba naxtomis gansaxorcie-

leblad sakmarisi energia SeiZinos, aramed im droiTac, romlis ganmavlo-

baSic atomi imyofeba vakanturi kvanZis mezoblad da romelic SeiZleba man 

mogvianebiT daikavos.  

TviTdifuziis D0  koeficientisa da aqtivaciis energiis mniSvnelobebi 

zogierTi liTonisaTvis 1.2 cxrilSia warmodgenili. cxrilis bolo svetSi 

moyvanili monacemebi mniSvnelovan informacias iZleva sxvadasxva liTonSi    
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                                                     cxrili 1.2  

     TviTdifuziis monacemebi zogierTi sufTa liTonisaTvis 

 
liToni 

aqtivaciis energia 
E, kal/moli 

D0, 

sm2/wm 

 
E/Tl, kal/K 

spilenZi 

nikeli 

vercxli 

-rkina 

47100 

66800 

44100 

67200 

0,20 

1,30 

0,40 

118 

35 

38 

36 

37 

    liTonis dnobis temperatura K 

 
reaqciis fardobiTi siCqaris SefasebisaTvis. 

g - wriuli difuzia (sur. 1.3, g).  

aRniSnuli meqanizmiT atomebis adgilebis mimocvla xorcieldeba erT-

droulad ramdenime atomis wriuli gadaadgilebiT kristalur gisosSi. di-

fuziis wriuli meqanizmis realizaciisaTvis aucilebelia kristaluri gi-

sosis deformacia mniSvnelovnad naklebi xarisxiT, vidre atomebis pirda-

piri mimocvlis SemTxvevaSi. amitom am meqanizmiT difuziis ganxorcielebi-

saTvis ufro naklebi aqtivaciis energiaa saWiro.  

d - kvanZebsSorisi meqanizmi (sur. 1.3, d). 

kvanZebsSorisi difuziis SemTxvevaSi atomebis migracia gisosis kvan-

Zebs Soris xorcieldeba. atomebis aseTi gadaadgileba kristaluri giso-

sis Zlier damaxinjebas da, aqedan gamomdinare, aqtivaciis maRal energias 

moiTxovs. difuziis aseTi meqanizmi metad advilad realizdeba Canergvis 

iseT myar xsnarebSi, romelTa kvanZebs Soris mcire zomis atomebia (C, H, N) 

ganlagebuli. kvanZebsSorisi atomebis adgilebis mimocvlis gziT difuzu-

ri  naxtomis  Sesasruleblad saWiroa kristaluri gisosis umniSvnelo 

damaxinjeba. 

aqtivaciis energia Teoriulad spilenZis kuburi waxnagdacentrebuli 

gisosisaTvis aris gamoTvlili, romlis mniSvnelobebi difuziis sxvadasxva 

meqanizmis pirobebisaTvis 1.3 cxrilSia warmodgenili. rogorc cxrilis mo-

nacemebidan gamomdinareobs,  difuziis  vakanturi  meqanizmi atomTa adgi-

lebis mimocvlis yvelaze upirvelesi meqanizmi unda iyos. 
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                                                           cxrili 1.3  

   spilenZSi sxvadasxva meqanizmiT ganviTarebuli  

          difuziis aqtivaciis energiebis gamoTvlili mniSvnelobebi 
 

 
Ddifuziis meqanizmi 

aqtivaciis energia E, 

kkal/g.atomi 

vakanturi 

wriuli 

kvanZebsSorisi  

adgilebis pirdapiri mimocvliT 

64 

91 

230 

253 

 

1.2.2. difuziis anizotropia kristalebSi. cnobilia, rom kristalis 

zedapirze atomebs ufro naklebi kavSirebi gaaCnia kristalis moculobaSi 

ganlagebul atomebTan SedarebiT. amitom atomebis Zvradoba kristalis ze-

dapirze anu zedapiruli difuzia, gaadvilebulia. Sesabamisad, aqtivaciis 

energia gansakuTrebiT dabalia swored zedapiruli atomebisTvis. 

marcvlis sazRvrebs rac Seexeba, maTi WeSmariti atomuri agebuleba 

bolomde ar aris dadgenili, Tumca uSveben, rom zogierT marcvalTSoris 

sasazRvro zonaSi atomebi SedarebiT mWidrod aris ganlagebuli, zoggan 

ki piriqiT, ufro gafaSrebulad normalur kristalur gisosSi maT ganla-

gebasTan SedarebiT. bunebrivia, marcvlis sazRvrebSi atomebis aseTi arare-

gularuli ganlagebis gamo mravali maTganis gadaxtomis sixSire ufro ma-

Rali aRmoCndeba, vidre sazRvrebidan mocilebul ubnebSi. garda amisa, kri-

staluri gisosis anizotropiulobis gamo difuziis siCqare damokidebuli 

unda iyos agreTve kristalografiul mimarTulebaze.  

yovelive es safuZvels iZleva davaskvnaT, rom polikristalSi  nivTie- 

rebis difuziis sxvadasxva SesaZlebloba SeiZleba arsebobdes, rac sqema-

turad 1.4 suraTzea mocemuli. 

eqsperimentulad dadgenilia, rom marcvlis sazRvris gaswvriv difu-

zuri procesebi didi siCqariT mimdinareobs, rac am ubnebSi difundirebu-

li elementis gazrdil koncentracias ganapirobebs. difundirebuli nivTi-

erebis Warbi raodenoba SemdgomSi marcvlis sazRvris orive mxares nawil-

deba. temperaturis Semcirebisas difuziis koeficienti marcvlis sasazRvro 

zonebSi ufro neli siCqariT mcirdeba, vidre marcvlis moculobaSi. ami-

tom SedarebiT dabal temperaturaze marcvalTsazRvruli difuzia upira-

tes mniSvnelobas Rebulobs.  eqsperimentulad  dadgenilia,  rom  5000C-ze 
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TviTdifuziis aqtivaciis energia vercxlis marcvlis sazRvrebSi daaxloe-

biT orjer naklebia, D0 koeficientis mniSvneloba ki 105-jer aRemateba marc-

valSiga difuziis igive maxasiaTeblebs. amasTan, DsazRv. miT ufro metia, 

rac ufro metad aris mezobeli marcvlebi erTmaneTis mimarT dezorienti-

rebuli (Semobrunebuli), radgan am SemTxvevaSi mosazRvre dislokaciebis 

simkvrive izrdeba. 

maRal temperaturaze atomebis energia sakmaod gazrdilia da savese-

biT sakmarisi liTonis mTel moculobaSi atomebis swrafi gadaadgilebi-

saTvis. aseT pirobebSi marcvlis sazRvrebis roli umniSvnelo xdeba da 

DsazRv. TiTqmis ar gansxvavdeba Dmarcv.  

difuziis koeficientebs Soris gansxvaveba mono da polikristalur 

agregatebSi SesamCnevi xdeba maSin, rodesac Tdif0,75Tdn. 

zemoaRniSnulidan SeiZleba davaskvnaT, rom fazuri gardaqmnebi, rom-

lebic myar sxeulebSi SedarebiT dabal temperaturaze mimdinareobs, upi-

ratesad difuziis xarjze marcvlis sazRvrebSi viTardeba. magaliTad, meo-

reuli fazis gamoyofa marcvlis sazRvrebze ara marto imitom mimdinare-

obs, rom advildeba am ubnebSi Canasaxis warmoqmna, aramed imitomac, rom 

gazrdilia gaxsnili elementis difuziis siCqare sasazRvro zonebSi.  

marcvalTsazRvruli difuziisaTvis damaxasiaTebeli TiTqmis yvela 

Tavisebureba samarTliania dislokaciis gaswvriv mimdinare difuzuri 

procesebisTvisac. gafaSrebuli dislokaciuri struqtura zrdis atomebis 

gadaxtomis sixSires aRniSnul zonebSi, radgan aqtivaciis energia ufro 

dabalia dislokaciisgan dacilebul ubnebTan SedarebiT. marcvalTsazRv-

ruli difuziis analogiurad, difuzia dislokaciis gaswvriv upirates mni-

Svnelobas dabal temperaturaze Rebulobs. magaliTad, dislokaciis gaswv-
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riv difuzia arsebiT rols TamaSobs bunebrivi daZvelebis procesis mimdi-

nareobaSi. es imiT aris ganpirobebuli, rom jer erTi, Canasaxi upiratesad 

dislokaciebze warmoiqmneba da, meorec, axali fazis nawilakebi, romlebic 

dislokaciebzea Tavmoyrili, ufro swrafad izrdeba, radgan dislokaciebi 

xels uwyobs gaxsnili nivTierebis atomebis mozidvas am ubnebSi. 

       1.4 cxrilSi warmodgenilia zogierTi liTonis TviTdifuziis aqtiva-

ciis energia marcvalSi da marcvlis sazRvrebSi. 

    kuburi gisosis mqone kristalebSi 

difuziis siCqare praqtikulad ar aris 

damokidebuli kristalografiul mimar-

Tulebaze, radgan samive mTavari RerZi 

tolfasia. sxva saxis kristalebSi ki di-

fuziis koeficientebi ramdenjerme gan-

sxvavdeba kristalografiuli sibrtye-

ebis mimarTulebaze damokidebulebiT. bu-

nebrivia, gansxvavebuli iqneba agreTve aq-

tivaciis energiebic. magaliTad bismutSi, romelic romboedrul singoniaSi 

kristaldeba da SeiZleba indicirdebodes heqsagonuri singoniis Sesabami-

sad, aRniSnuli sidideebis gamoTvlili mniSvnelobebi aseTia:                

D0C1,210-3 sm2wm-1;        D0C6,910-3 sm2wm-1; 

EC31,0 kkal/gatomi;   EC140,0 kkal/gatomi. 

 
1.2.3. difuzia myar xsnarebSi. sufTa liTonebSi difuziis procesis 

ganxilvisas aRniSnuli iyo, rom kristalur gisosSi sakuTari liTonis 

atomebis gadaadgileba xorcieldeba. araerTgvarovan myar xsnarSi homoge-

nizacia, anu Sedgenilobis gaTanabreba difuzuri meqanizmiT, orive kompo-

nentis atomebis gadaadgilebiT SeiZleba warimarTos. Tumca, rogorc ga-

mokvlevebma uCvena, gaxsnili da gamxsneli komponentebis difuziis koefi-

cientebi sxvadasxvaa da Sedgenilobis gaTanabreba upiratesad gaxsnili 

komponentis atomebis gadaadgilebis gziT, vakanturi meqanizmiT 

mimdinareobs. magaliTad, araerTgvarovani TiTberis mowvis procesSi 

difuzia rogorc spilenZis, ise TuTiis atomebis gadaadgilebiT xorci-

eldeba, magram upiratesi meqanizmi, romelic sufTa spilenZis ubnebis sa-
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boloo koncentraciamde Sevsebas uzrunvelyofs, misi TuTiis atomebiT 

gamdidrebaSi mdgomareobs. aqedan gamomdinare, homogenizaciis siCqare mo-

cemul SemTxvevaSi TuTiis atomebis gadaadgilebis siCqariT ganisazRvreba.  

zogadad SeiZleba aRiniSnos, rom orkomponentian liTonur Senadno-

bebSi difuziis dros ufro meti ZvradobiT  advildnobadi komponentis 

atomebi xasiaTdeba. myar xsnarebSi vakanturi meqanizmiT difuziis mimdina-

reoba vakansiebis jamur nakadze daiyvaneba, rac imis maCvenebelia, rom mo-

cemuli mimarTulebiT atomebis yoveli gadaxtoma unda ganapirobebdes va-

kansiis gadaadgilebas sawinaaRmdego mimarTulebiT. yovel komponents sa-

kuTari difuziis koeficienti (DA, DB) axasiaTebs, xolo jamuri difuziis 

koeficienti Semdegi tolobiT gamoiTvleba: 

  D=CBDA+CADB,      (1.3) 

sadac CB  da CA aris Sesabamisi komponentebis atomuri koncentraciebi. Tu 

CB1, xolo CA1 (A gamxsnelia), maSin  DDB anu difuzur procesSi ganm-

sazRvrel rols gaxsnili komponentis difuziis koeficienti iTamaSebs. 

 Canergvis  myar xsnarebSi difuzia mimdinareobs gaxsniliBkomponentis  

gadasvliT (gadaxtomiT) erTi kvanZebsSorisi adgilidan meoreSi. Tburi 

aRgzneba B atoms aqtivaciis energias aniWebs da misi sakmarisi mniSvnelo-

bis SemTxvevaSi atomi erTi kvanZebsSorisi mdgomareobidan meoreSi gada-

xteba. aseTi gadaadgileba atomma SeiZleba nebismieri mimarTulebiT Seas-

rulos, magram moZraobaSi myofi B atomebis didi raodenobis SemTxvevaSi 

maTi nakadi koncentraciuli gradientis mimarTulebiT warmoiqmneba, rome-

lic myari xsnaris Sedgenilobas gaaTanabrebs. 

difuzia Canacvlebis myar xsnarebSi SedarebiT naklebad aris Seswav-

lili. miRebulia, rom vakansiebi, romlebsac liToni nebismier temperatu-

raze garkveuli raodenobiT Seicavs, ganuwyvetliv moZraobs. moZravi va-

kansiebis Sexvedrisas an A, an B atomTan, maTi adgilebis mimocvla xorci-

eldeba. am SemTxvevaSic vakansiebis da, Sesabamisad, atomebis gadaadgileba 

SesaZlebelia nebismieri mimarTulebiT ganxorcieldes, Tumca, ama Tu im 

atomis kristaluri gisosis erTi kvanZidan meoreSi gadaxtomis albaToba 

koncentraciaTa sxvaobis proporciulia. amitom difuziis procesis jamuri 

efeqti ganpirobebuli iqneba A da B atomebis Semxvedri moZraobis xasiaTiT, 

rac saboloo jamSi koncentraciis gaTanabrebas iwvevs. 
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iseve, rogorc TviTdifuziis SemTxvevaSi, minarevi atomebi didi siCqa-

riT kristalis zedapirze difundirebs. paralelurad mimdinareobs di-

fuzia marcvlis sazRvrebSi da bolos – sxvadasxva orientaciis mqone kri-

stalur gisosebSi. ukanaskneli ori procesis ganxorcielebisaTvis ufro 

maRali aqtivaciis energiaa saWiro, amitom atomebis gadaadgileba ufro Se-

nelebuli siCqariT mimdinareobs. 

 
1.2.4. reaqtiuli da kondensaciiT stimulirebuli difuzia. orTql-

fazuri teqnologiis ZiriTadi parametrebi da, upirveles yovlisa, fuZe-

Sris temperatura, `orTqlis nakadi – fuZeSre~ sasazRvro zedapirze mim-

dinare fizikur-qimiuri procesebis mimdinareobis xasiaTs, meqanizmsa da 

kinetikas ganapirobebs. Tu kondensirebuli faza da fuZeSris masala mkveT-

rad gansxvavebuli qimiuri bunebis mqone nivTierebebia, maSin kondensaciis 

procesSi fazaTa gamyof sazRvaraze koncentraciuli da qimiuri 

potencialebis naxtomebi warmoiqmneba. amitom saTanado temperaturuli 

pirobebis miRwevisas difuziis mimdinareobis SesaZlebloba iqmneba. mraval 

liTonur wyvilSi atomebis difuzuri gadanacvleba fazaTSorisi sazRvris 

gavliT fuZeSris siRrmeSi axali fazis warmoqmniT mTavrdeba, anu 

viTardeba reaqtiuli difuzia. Tu moreagire komponentebis savalento 

eleqtronebi erTi da igive s da p mdgomareobaSi imyofeba da SesaZlebelia 

ionur-kovalenturi kavSiris warmoqmna, Camoyalibdeba naxevrad gamtaruli 

tipis liTonTSorisi naerTi. SesaZlebelia agreTve liTonuri gamta-

reblobis liTonTSorisi naerTis, ium-rozeris da sxva tipis fazebis Camo-

yalibebac. 

SedarebiT mdgradi, axali fazis warmoqmna zedapiridan fuZeSris si-

RrmeSi difuziis procesis mimdinareobis Senelebas iwvevs. reaqtiuli di-

fuziis ganviTarebis Sedegad elementebis ganawilebis xasiaTi zedapiridan 

fuZeSris siRrmisken koncentraciuli naxtomebiT xasiaTdeba, radgan Cveu-

lebrivi difuziisagan gansxvavebiT, mocemul SemTxvevaSi SeiZleba warmo-

iqmnas sistemisaTvis damaxasiaTebeli ramdenime liTonTSorisi naerTi. re-

aqtiuli difuziis Tavisebureba aris, agreTve, Camoyalibebuli naerTebis 

farTo homogenobis are. 

      Tu fuZeSris masala da kondensirebadi faza wonasworuli diagramis 
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mixedviT evteqtikas warmoqmnis, Sesabamis temperaturul pirobebSi SesaZle-

belia struqturis Camoyalibebis procesi fuZeSris zedapirze metastabi-

luri Txevadi fazis gavliT warimarTos. 1.5 suraTze magaliTis saxiT 

mocemulia orTqlis fazidan formirebuli Ti-Cu  sistemis Senadnobis ze-

dapiris struqtura, sadac mkveTrad aris 

gamoxatuli misi dendrituli agebuleba, 

rac adasturebs reaqtiuli difuziis pro-

duqtis Camoyalibebas Txevadi fazis gav-

liT. titanis orTqlis nakadis kondensaci-

iTa da reaqtiuli difuziis mimdinareobiT 

Camoyalibebuli Sre ramdenjerme zrdis spi-

lenZis zedapirul sisales.  

   aluminis orTqlis nakadis kondensaciis 

gziT foladis zedapirze SesaZlebelia 

orfaza liTonTSorisi naerTebis (FeAl3 da 

FeAl5)  miReba, romlebic fuZeSris zedapirs specialur Tvisebebs aniWebs. 

igive pirobebis dacviT spilenZis zedapirul fenebSi SesaZlebelia 

aluminiani brinjaos formireba. 

      orTqlfazur teqnologiaSi gamovlenilia kidev erTi mniSvnelovani 

efeqti – kondensaciiT stimulirebuli difuziis mimdinareobis SesaZleb-

loba. kerZod, orTqlis fazidan kondensaciis gziT firis formirebis para-

lelurad danafarsa da fuZeSres Soris mimdinare difuziis siCqare ramde-

nime rigiT aRemateba igive wyvilis (fuZeSre-kondensati) orSrian firSi 

identur temperaturaze mowvis dros mimdinare difuziis siCqares, rac mni-

Svnelovan rols TamaSobs fuZeSris zedapirze sxvadasxva funqciuri 

danafarebis formirebis procesSi. magaliTad, 3000C-mde gaxurebul vercxl-

ze oqros kondensaciis paralelurad, firis formirebis procesSi, mimdi-

nareobs marcvalTsazRvruli difuziis pirveli stadia – difuzia stacio-

narul sazRvrebSi, ra drosac xdeba atomebis difuzia marcvlis sazRvre-

bis defeqtur ubnebSi da difuzantiT misi Sevseba. difuziur zonebSi aRmo-

Cenilia Au-Ag sistemis SenadnobebisaTvis damaxasiaTebeli fazebis arseboba.  

kondensaciis Semdgom periodSi, igive nimuSebis 3000C-ze mowviT gamov-

lenilia marcvalTsazRvruli difuziis mxolod meore etapi – difuzia 
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arastacionarul, migrirebad sazRvrebSi, ra drosac difuzanti marcvlis 

moculobaSi xvdeba. 

kondensaciiT stimulirebuli difuziis siCqare oTxi rigiT aRemateba 

igive wyvilSi, oTaxis temperaturaze dasmuli da identur temperaturaze 

(3000C) Semdgomi mowvis dros mimdinare difuziis siCqares. es SesaZleblo-

bas iZleva sakmaod xangrZlivi (10 sT) kondensaciis Semdgomi mowvis etapi 

daCqarebuli (8 wuTi) kondensaciiT stimulirebuli difuziiT Seicvalos, 

rasac ZiriTadad fuZeSris temperatura gansazRvravs. 

nakeTobis zedapirze specialuri firebis warmoebis tradiciul sfe-

ros sxvadasxva Sedgenilobis liTonuri da maRaltemperaturuli eleqtro-

saizolacio danafarebis dasma miekuTvneba. 80-iani wlebidan erT-erT Ziri-

Tad mimarTulebad Camoyalibda orTqlis fazidan miwodebuli ganmamtki-

cebeli fazis matricaSi Canergvis gziT simtkicis, mxurvalsimtkicisa da 

mxurvalmedegobis amaRlebis uzrunvelyofa. ganmtkicebis efeqti miiRweva 

ganmamtkicebeli fazis dispersiuli nawilakebis mier dislokaciebisa da mi-

krobzarebis blokirebiT. 

koroziisa da Termociklirebisadmi maRali medegobiT xasiaTdeba 100-

4500C–mde gaxurebul aluminis, spilenZisa da foladis zedapirebze formi-

rebuli danafarebi, romlis SemadgenlobaSi alumini, qromi, Al13Cr2 da kidev 

ramdenime ganmamtkicebeli faza Sedis. mraval liTonur sistemaSi miRweu-

lia simtkicis mniSvnelovani gazrda maRali plastikuri maxasiaTeblebis 

SenarCunebiT. unda vivaraudoT, rom miRebuli efeqti ganpirobebulia li-

Tonis zedapirul fenebSi dislokaciebis simkvrivis, bzarebis warmoqmnis in-

tensiurobisa da maTi gavrcelebis SesaZleblobis SemcirebiT. 
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2. eleqtronul-sxivur teqnologiaze moqmedi  

ZiriTadi faqtorebi. 

 

eleqtronuli sxiviT aorTqlebisa da orTqlis nakadis Semdgomi kon-

densaciis gziT Camoyalibebuli danafaris agebulebasa da Tvisebebze mra-

vali fizikur-teqnologiuri faqtori axdens gavlenas, romlebic kondensi-

rebul firebSi didi gadajerebisa da gadacivebis pirobebSi xels uwyobs 

ama Tu im mdgomareobis dafiqsirebas. aseTi faqtorebia:  

1. fuZeSris temperatura da misi zedapiris fizikur-qimiuri mdgoma-

reoma;  

2. orTqlis nakadis gadaxurebis xarisxi;  

3. kondensirebadi fazis atomebis (fragmentebis) buneba da fenis zrdis 

siCqare;  

4. danafaris sisqe;  

5. vakuumuri kameris teqnologiur nakveTurSi gaiSviaTebis xarisxi;   

6. fuZeSreze orTqlis nakadis dacemis kuTxe. 

 

2.1. fuZeSris temperatura 

 
 fuZeSris temperatura (TS) mniSvnelovani parametria, romelic gan-

sazRvravs ara marto kondensatis SeWidulobis xarisxs fuZeSresTan, 

aramed mniSvnelovan gavlenas axdens kristalizaciis SesaZlo meqanizmebis 

realizaciaze, kondensatis fazur Sedgenilobasa da, aqedan gamomdinre, mis 

fizikur-meqanikur maxasiaTeblebze; ganapirobebs orTqlis nakadis ara mar-

to gadajerebisa da gadacivebis xarisxs fazaTa gamyof zedapirze, aramed 

arawonasworuli mdgomareobis realizaciis pirobebsac. 

 garkveuli kinetikuri energiis mqone orTqlis nakadis Semadgeneli 

atomebi (molekulebi) fuZeSresTan Sejaxebisas adsorbirebul mdgomareo-

baSi gadadis, xdeba energiis mimocvla zedapiris atomebTan da maTi naxto-

misebri gadaadgileba zedapirze. swored zedapiris temperatura gansa-

zRvravs adsorbirebuli atomebis Termuli aqtivobis dones da, rogorc Se-

degi, gadaxtomaTa ricxvs, sxva adsorbirebul atomebTan Sexvedrisa da ur-

TierTqmedebis albaTobas Sesabamisi atomuri konfiguraciis warmoqmniT.     

masalebis erT-erTi mTavari maxasiaTebelia homologiuri temperatura 

TH, romelic uganzomilebo sididea da raodenobrivad tolia masalis 
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realuri temperaturis Sefardebisa misi dnobis temperaturasTan. orTqlis 

nakadis kondensaciis SemTxvevaSi igi Semdeg mniSvnelobas miiRebs:  

              TH=TS/Tdn,          (2.1) 

sadac TS aris fuZeSris (kondensirebadi firis), xolo Tdn – asaorTqle-

beli masalis dnobis temperatura kelvinebSi.  

cnobilia kidev erTi, ukuaorTqlebis temperatura TRe, romlis zemo-

Tac molekularuli nakadis dasma fuZeSreze ar xorcieldeba da xdeba mi-

si sruli arekvla gaxurebuli zedapiridan.  

       TRe=(0,75-0,97) Tdn.       (2.2) 

eqsperimentulad dadgenilia, rom sufTa liTonebis, oqsidebis, karbi-

debisa da boridebis tipis Zneldnobadi naerTebis eleqtronuli sxiviT 

aorTqlebisa da orTqlis nakadis Semdgomi, pirdapiri kondensaciiT farTo 

temperaturuli diapazonis mqone fuZeSreze, sami damaxasiaTebeli struqtu-

ruli zona formirdeba zRvruli temperaturebiT T1 da T2 (sur. 2.1). magali-

Tad, sufTa nikelis kondensatebisaTvis zRvruli temperaturebis saSualo 

mniSvnelobebi tolia: T1=2700C; T2=4500C.  

varaudoben, rom pirvel, dabaltemperaturul zonaSi (TST1), SezRudu-

lia atomebis gadaadgilebis (gadaxtomebis) SesaZlebloba or mezobel  wo- 

 

 

 

 

 

 

 

 

 

nasworul mdgomareobas Soris; meore zonaSi (T1-T2 temperaturuli inter-

vali) upiratesad mimdinareobs zedapiruli difuzia, xolo mesameSi (TS>T2) 

– moculobiTi difuzia. 

Sesabamisad, dabaltemperaturul zonaSi kondensati amorful an nano-

kristalur agebulebas Rebulobs. meore zonaSi kondensatisaTvis damaxa-

siaTebelia svetovani struqtura upiratesi kristalografiuli orientaci-
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iT. svetovani kristalebis sigane  T1-T2 intervalSi  fuZeSris temperaturis 

zrdasTan erTad  mikronis meaTedidan ramdenime mikronamde izrdeba. 

aRniSnul zonebSi kondensatis arawonasworuli struqturebisaTvis 

damaxasiaTebelia nano da mikrozomis forianoba, romelic damokidebulia 

nivTierebis individualur Tvisebebze da firis dasmis teqnologiur para-

metrebze, upirveles yovlisa ki _ fuZeSris temperaturaze, kondensaciis 

siCqareze, sivrceSi fuZeSris gadaadgilebis xasiaTsa da dasafari zeda-

piris orientaciaze orTqlis nakadis mimarT. 

mesame, maRaltemperaturul zonaSi (TS T2) svetovani struqtura mdovred 

gadadis wonasworul, marcvlovan struqturaSi. marcvlis zomebi izrdeba 

fuZeSris temperaturis matebasTan erTad. magaliTad, TS=8500C-ze kondensi-

rebuli sufTa nikelis marcvlis saSualo zoma 70-75 mkm-s aRwevs. 

fuZeSris temperatura gadamwyvet rols TamaSobs mravalkomponentiani 

masalis rogorc erTi, ise ramdenime saorTqleblidan komponentebis cal-

calke aorTqlebisa da fuZeSreze maTi erTdrouli kondensaciis gziT Ca-

moyalibebuli firis qimiuri Sedgenilobisa Tu steqiometriuli proporci-

is uzrunvelyofaSi. amJamad erTiani Teoria orTqlfazuri teqnologiis 

procesSi qimiuri naerTis kristalebis Casaxvisa da maTi zrdis Sesaxeb ar 

arsebobs. gamoTqmulia varaudi, rom kondensaciis procesSi fuZeSreze un-

da moxdes orTqlis fazis Semadgeneli fragmentebis rekombinacia naerTis 

warmoqmniT. Tu es asea, qimiuri naerTis ama Tu im modifikaciis warmoqmnis 

albaToba damokidebuli iqneba imaze, Tu romeli fragmentebi Seva qimiur 

reaqciaSi kristalizaciis centrebis Casaxvis sawyis stadiaSi. fragmen-

tebis adsorbciis xarisxs, zedapirze maTi Zvradobis unarsa da naerTis 

warmoqmnis siCqares ki fuZeSris temperatura gansazRvravs. Tumca ar SeiZ-

leba kondensirebuli firis fazur Sedgenilobasa da fuZeSresTan misi Se-

Widulobis xarisxze `fuZeSre-orTqlis nakadi~ fazaTa gamyofi zedapiris 

bunebisa da aRniSnul sasazRvro zonaSi mimdinare fizikur-qimiuri proce-

sebis xasiaTis gavlenis gamoricxva.  

Tu fuZeSris masala da kondensirebuli faza qimiuri bunebiT mkveT-

rad gansxvavdeba erTmaneTisgan, kondensaciis procesSi fazaTa gayofis 

sazRvarze koncentraciuli naxtomi warmoiqmneba. amitom xelsayreli tempe-

raturuli pirobebis arsebobis SemTxvevaSi iqmneba difuziis mimdinareobis 
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SesaZlebloba. difuziis Sedegad Canacvlebis an Canergvis myari xsnarebi 

Tu warmoiqmneba, fuZeSris zedapiris struqtura da Tvisebebi mniSvnelov-

nad ar Seicvleba. fuZeSrisa da kondensatis SezrdisaTvis yvelaze saukeTe-

so pirobebi izostruqturuli da erTmaneTSi ganusazRvrelad xsnadi wyvi-

lebis (fuZeSre, kondensati) gamoyenebis SemTxvevaSi iqmneba. gansxvavebul pi-

robebSi Camoyalibebuli firi `fuZeSre-danafari~ fazaTa gayofis zedapir-

ze dabali struqturuli srulyofilebiT xasiaTdeba. 

fuZeSris masalis, misi zedapiris mdgomareobisa da fuZeSris tempera-

turis gavlena gansakuTrebiT mkveTrad mJRavndeba liTonur fuZeSreze oq-

siduri firis Sezrdis procesSi. 100-7000C_mde temperaturul diapazonSi 

bunebrivi zedapiris mqone spilenZis fuZeSreze dasmuli aluminis oqsidis 

(maRaltemperaturuli eleqtroizolatori) danafarsa da fuZeSres Soris 

damakmayofilebeli adheziuri Tvisebebi fuZeSris sakmaod viwro temperatu-

rul intervalSi miiRweva, romelic 200-2200C_s Seadgens. gansxvavebulia 

kondensatis fazuri Sedgenilobac temperaturaze damokidebulebiT: 3000C-

mde Camoyalibebulia -Al2O3. aRniSnuli temperaturis zemoT mkvrivi agebu-

lebis kondensati icvleba TeTri Seferilobis fxvniliT (sur. 2.2), fazuri 

Sedgeniloba ki jer dabaltemperaturul  modifikaciaSi gadadis, xolo 

Semdeg igi icvleba  maRaltemperaturuli modifikaciiT (sur. 2.3).  

fuZeSris temperaturis gavlena kondensatis struqturasa da Tvisebebze 

dafiqsirebulia spilenZis fuZeSreze kondensirebul cirkoniumis dioqsi-

dis danafarSic. 300-3500C temperaturul intervalSi SeiniSneba danafaris 

TavisTavadi aSreveba fuZeSris zedapiridan, xolo SedarebiT maRal tempe-

raturaze (500-6000C-ze) _ SeWidulobis xarisxi imdenad izrdeba, rom  siste-

ma monoliTur kompoziciad gadaiqceva. 

mniSvnelovani cvlileba mimdinareobs kondensatis fazur Sedgenilo-

baSic. dabaltemperaturul diapazonSi yalibdeba cirkoniumis oqsidis mo-

noklinuri modifikacia (sur. 2.4), xolo maRaltemperaturul zonaSi – 

monoklinurTan erTad Tanaarsebobs tetragonuri mdgenelic, romelic war-

modgenilia arasteqiometriuli proporciiT ZrO1,95  (sur. 2.5) da kondensats 

Sav Seferilobas aniWebs.  

amgvarad, fuZeSris (kondensaciis) temperatura erT-erTi umTavresi teq-

nologiuri parametria, romelic danafaris praqtikulad yvela  maxasiaTe- 
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belze axdens arsebiT gavlenas. zogadad, nivTierebis kondensacia im momen-

tidan daiwyeba, rodesac drois garkveul monakveTSi fuZeSreze dacemuli 

Nt nawilakebis raodenobis Sefardeba igive  farTobidan da igive droSi 

fuZeSris zedapiridan ukuaorTqebuli  Ne  nawilakebis raodenobasTan raRac 

kritikul mniSvnelobaze meti aRmoCndeba. es sidide unda izrdebodes gan-

sxvavebuli bunebis fuZeSridan asaorTqlebeli masalis bunebis mqone fuZe-

Sris zedapirze kondensaciis procesis gadasvlasTan erTad. varaudoben, 

rom swored es ukanaskneli faqtori gansazRvravs firis saboloo Sedge-

nilobasa da kristalur agebulebas im SemTxvevaSi, rodesac kondensacia 

mravalkomponentiani orTqlis nakadidan mimdinareobs. orTqlis nakadis 

mudmivi simkvrivis SemTxvevaSi am pirobas kondensaciis Tkr kritikuli 

temperaturiT gamosaxaven, romlis zemoT kristaluri Canasaxis warmoqmnis 

siCqare metad mcirea an nuls uaxlovdeba. 

     2.6 suraTze warmodgenilia sqema, romelic xsnis sakondensacio orTq-

lis fazis cvlilebis xasiaTs fuZeSris Tkr temperaturaze damokidebulebiT  

A da B komponentebis mudmivi nakadebis miwodebis pirobebSi. TAB
kr kritikuli 

temperaturis qvemoT  AB naerTis Canasaxebi warmoiqmneba. fuZeSris tempera-

turis  Semcirebisas kondensirebadi  nawilakebis  raodenobrivi Sefardeba 

umniSvnelod icvleba TA
kr temperaturis miRwevamde, romlis qvemoT Warbi A 

komponentis kristalizaciisaTvis xelsayreli pirobebi iqmneba.  analogiu- 
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rad, TB
kr  temperaturis qvemoT SesaZlebeli xdeba Warbi B komponentis gamo-

kristalebac. 

warmodgenili sqemis safuZvelze gansazRvrulia fuZeSris temperatu-

ris `steqiometriulobis intervali~ konkretuli qimiuri naerTebisaTvis. 

magaliTad, InSb naerTisaTvis igi Semoifargleba 400-5200C diapazoniT, xo-

lo InAs  naerTisaTvis – 230-6800C_iT. 

amgvarad, orTqlis fazis Semadgeneli fragmentebis nakadebisa da fu-

ZeSreze kondensaciis pirobebis marTva SesaZlebelia erTmaneTisgan damou-

kidebeli sami regulirebadi temperaturuli reJimis SerCeviT ganxorciel-

des, romlebmac unda uzrunvelyos A da B komponentebis sasurveli siCqa-

riT aorTqleba da fuZeSris optimaluri temperaturuli intervalis miR-

weva. amasTan, steqiometriulobis uzrunvelsayofad fuZeSreze AB  binaru-

li naerTis sinTezi unda xorcieldebodes darCenili Warbi komponentebis 

praqtikulad sruli ukuarekvliT. amis realizacia SesaZlebeli iqneba ma-

Sin, rodesac 

TAB
kr>Ts> TA

kr> TB
kr             (2.3) 

cvalebadi koncentraciis firebSi Sedgenilobis marTvisaTvis kon-

densaciis kritikul temperaturebTan erTad saWiroa kidev erT-erTi umTav-

resi parametris _ kondensaciis koeficientis (k) gaTvaliswineba. igi aris 
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fuZeSris farTobis erTeulze kondensirebadi masis namati drois erTeul-

Si. mxedvelobaSi unda miviRoT agreTve fuZeSris zedapirisa da misi tempe-

raturis gavlena qimiuri naerTis warmoqmnis siCqareze, ramac SeiZleba mni-

Svnelovani raodenobrivi cvlileba Seitanos warmodgenil modelSi. 

fuZeSrisken moZravi da masze adsorbirebuli atomebis energiis,  kon-

densatis struqturisa da Tvisebebis garkveul zRvrebSi varireba SesaZ-

lebelia orTqlis fazaSi ionizirebuli da amaCqarebeli atomebisa da mo-

lekulebis SeyvaniT. magaliTad, danafarebis dasmis Tanamedrove procesi 

iTvaliswinebs orTqlis nakadis nawilobriv ionizacias wriuli eleqtro-

dis gamoyenebiT, romelic saorTqlebelSi, Txevadi abazanis Tavzea ganTav-

sebuli. dabalvoltiani rkaluri ganmuxtva orTqlis nakadSi, eleqtrodsa 

da abazanis zedapirs Soris aRigzneba. fuZeSreze modebulia 100-500 v_iT 

uaryofiTi potenciali. orTqlis nakadis dadebiTi ionebi, romlebic fuZe-

Srisken miiswrafvis, damatebiT energias da gazrdil impulss Rebulobs 

fuZeSresTan Sjaxebisas.  

dasaSvebia agreTve teqnologiur kameraSi argonis Seyvana wneviT 0,5 pa. 

misi daniSnulebaa rkaluri ganmuxtvis stabilizacia. saWiroebis SemTx-

vevaSi kondensaciis zedapirze Sesabamisi nitridebis sinTezisaTvis dasaS-

vebia reaqciuli airis, kerZod, azotis Seyvanac.   

 

2.2. fuZeSris fizikur-qimiuri buneba 

 
 danafaris struqturas, fazur Sedgenilobasa da, gansakuTrebiT adhe-

ziaze, garda temperaturisa, mniSvnelovan gavlenas axdens fuZeSris masa-

la, misi zedapiris agebuleba, mdgomareoba da faqizi struqtura. mzardi 

firis xarisxovani Sezrdis erT-erTi arsebiTi pirobaa fuZeSris zedapi-

risa da masze mzardi firis kristalur gisosebs Soris msgavsebis xarisxi. 

epitaqsiuri wazrdisaTvis yvelaze saukeTeso pirobebi iqmneba izostruqtu-

ruli da erTmaneTSi ganusazRvrelad xsnadi wyvilis (fuZeSre-danafari) 

gamoyenebis SemTxvevaSi. epitaqsia gulisxmobs kondensirebuli fenis orien-

tirebul Sezrdas fuZeSresTan, romlis kristaluri gisosi fuZeSris 

struqturas imeorebs. fuZeSre da kondensati Tu erTi da igive nivTi-

erebebia, process avtoepitaqsiurs uwodeben, winaaRmdeg SemTxvevaSi – hete-

roepitaqsiurs. gansxvavebul pirobebSi Camoyalibebuli firi `fuZeSre-
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danafari~ fazaTa gamyof zedapirze dabali struqturuli srulyofilebiT 

xasiaTdeba.  

fuZeSris zedapirisa da misi faqizi struqturis gavlena danafaris  xa-

risxsa da fazur Sedgenilobaze gansakuTrebiT mkveTrad mJRavndeba liTo-

nur fuZeSreze oqsiduri firis Sezrdis SemTxvevaSi. ase magaliTad, erTi 

da igive Sedgenilobis orTqlis fazidan identur pirobebSi aluminis fu-

ZeSris mTel temperaturul diapazonSi (150-5000C) kondensirdeba aluminis 

oqsidis  modifikacia, xolo spilenZis fuZeSreze, rogorc es zemoT iyo 

aRniSnuli, ,  da  modifikaciebi. bunebrivi zedapiris mqone alumini da 

cirkoniumis oqsidi ki SeuTavsebel wyvilTa ricxvs SeiZleba mivakuTvnoT, 

radgan arc erT temperaturul diapazonSi (150-5000C) damakmayofilebeli 

SeWiduloba maT Soris ar miiRweva da xdeba danafaris sruli aSreveba fu-

ZeSris zedapiridan (sur. 2.7).  

 

 

 

 

 

 

 

 

 

 

 

 

 

fuZeSris zedapiris gaaqtiureba da misi agebulebis mizandasaxulad 

Secvla saSualebas iZleva araerTi procesi marTvadi gavxadoT.  

myari tanis zedapiri gansakuTrebuli arawonasworuli area sakuTari, 

moculobisagan gansxvavebuli specifikuri TvisebebiT. myari tanis moculo-

baSi ganTavsebuli nebismieri atomisa an ionisaTvis damaxasiaTebelia masze 

moqmedi Zalebis simetriuloba garemomcveli atomebis mxridan. zedapiris 

specifikur Tvisebebsa da struqturul niSans ki aRniSnuli simetriulobis 



   

 

31

darRveva ganapirobebs: zedapiris atomi xasiaTdeba ufro naklebi uaxloesi 

mezobeli atomebis ricxviT da yoveli maTgani mocemuli atomidan mxolod 

cal mxares mdebareobs. zedapiris warmoqmnas Tan sdevs agreTve liTonur 

kristalSi eleqtronebis ganawilebis xasiaTis Secvla.  

atomebisa da ionebis arawonasworuli mdgomareobis Sedegad darRve-

uli simetriulobis nawilobrivi kompensacia Tavdapirvelad zedapirTan 

axlos mdebare atomebis wyobis garkveuli damaxinjebiT miiRweva, xolo 

wonasworul mdgomareobasTan Semdgomi miaxloeba calkeuli atomebis, mo-

lekulebisa da zedapiruli kompleqsebis warmoqmnis gziT xdeba. Tumca 

arc aseTi mdgomareobaa srulad wonasworuli, radgan umravles SemTxveva-

Si myari tanis zedapirze SeiZleba spontanurad warimarTos rigi procese-

bisa, rogoricaa, magaliTad, zedapiruli myari fenebis warmoqmna, kerZod, 

zedapiris Jangva. 

adsorbciisa da qimiuri reaqciis procesis Sedegia aluminis zedapirze 

bunebriv pirobebSi warmoqmnili aluminis oqsidis (Al2O3) sakmaod mkvrivi, 

Txeli firi, romlis sisqem Svid dReSi SeiZleba 50-100Å miaRwios. warmo-

qmnili zedapiri bunebriv pirobebSi sakmaod didi drois ganmavlobaSi 

arsebobs mniSvnelovani cvlilebebis gareSe, rac aluminis zedapiruli 

fenis fizikuri simetriulobis darRvevis kompensaciis maqsimaluri SesaZ-

leblobis realizaciaze miuTiTebs da ris Sedegadac qimiuri Sedgenilo-

bis Secvlis gziT igi sakmaod pasivirebul, e.w. `realur~ zedapirad gar-

daiqmneba. 

aluminis fuZeSreze imave bunebis mqone gardamavali qveSris arseboba 

uzrunvelyofs mdovre gadasvlas fuZeSris masalidan mzardi Al2O3-is dana-

farze, rac Al-Al2O3 wyvils Soris imdenad mtkice kavSirs ganapirobebs, rom 

nimuSis mTlianobis darRvevis Semdegac ki SeuZlebelia fuZeSridan dana-

faris aSreveba. rac Seexeba spilenZis fuZeSres, masze aseTi monaTesave 

gardamali Sre ar arsebobs, amitom Cu-Al2O3 wyvils Soris SeWidulobis 

xarisxi umniSvneloa.  

aluminis fuZeSresa da cirkoniumis oqsids Soris SeuTavseblobis Zi-

riTadi mizezi aluminis bunebrivi zedapirisa da cirkoniumis oqsidis age-

bulebebs Soris mniSvnelovan gansxvavebaSi mdgomareobs. -Al2O3 naerTisa-

Tvis damaxasiaTebelia heqsagonuri kristaluri gisosi parametrebiT: 
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a =4,75Å,  c=12,97Å, xolo cirkoniumis dioqsidisaTvis – monoklinuri parame-

trebiT: a =5,17Å, b =5,26Å, c=5,30 Å an tetragonuri parametrebiT: a =5,07Å, 

c=5,16Å. garda amisa, aluminisa da cirkoniumis oqsidebs Soris ar warmo-

iqmneba raime tipis Sualeduri naerTi, romelmac SeiZleba fuZeSresa da 

danafars Soris gardamavali Sris roli Seasrulos. 

amgvarad,  aluminsa da cirkoniumis  dioqsidis kondensats Soris Seu-

Tavseblobis ZiriTadi mizezi fuZeSris zedapirze  aluminis oqsidis ar-

sebobiT aris ganpirobebuli.  

zogadad SeiZleba iTqvas, rom fuZeSris bunebrivi zedapiris mizanda-

saxulad SecvliT, anu misi gaaqtiurebiT, Seicvleba `fuZeSre-orTqlis na-

kadi~ fazaTa gamyofi zedapiris buneba, agebuleba da mimdinare procesebis 

xasiaTi. gansaxilvel SemTxvevaSi SesaZlebelia, magaliTad, fazaTa warmo-

qmnis procesze aluminis bunebrivi zedapiris gamoricxvis mizniT, erTsa da 

imave teqnologiur ciklSi jer moxdes fuZeSris zedapiris gadafarva Txe-

li, ramdenime angstremi sisqis sufTa aluminiT, xolo Semdeg – cirkoni-

umis dioqsidis dasma.  

aRniSnuli teqnologiiT miRebuli nimuSebis (alumini-ZrO2) makrosko-

puli kvleviT dgindeba, rom sisqis mixedviT metad Tanabar da udefeqto 

kompozitze ar SeiniSneba aSrevebis umniSvnelo ubnebic ki (sur. 2.8), rac 

fuZeSresa da kondensats Soris SeWidulobis Zalis mniSvnelovan gazrdaze 

miuTiTebs. funqciuri Tvisebebis da, upirveles yovlisa, cirkoniumis 

oqsidsa da aluminis fuZeSres Soris adheziis gazrdis faqti, bunebrivia, 

ganpirobebulia fazaTa gamyofi zedapiris agebulebis SecvliT. 

orTqlis fazidan miwodebuli aluminis atomebi arRvevs fuZeSris 

bunebrivi zedapiris wonasworobas da igi aqtivirebul mdgomareobaSi gada-

hyavs. gardamavali qveSris wonasworulTan miaxloebis erT-erT pirobas 

orTqlis fazis SedgenilobaSi Semavali qimiuri naerTis atomebis 

(fragmentebis) adsorcia, garkveuli Sedgenilobis kondensirebuli firis 

Camoyalibeba da fuZeSresTan Sezrda aris.  

     im SemTxvevaSi, Tu SeuZlebelia realur zedapirTan asaorTqlebeli 

masalis Sesabamisi Sedgenilobis firis uSualo Sezrda, maSin ar aris ga-

moricxuli fazaTa gamyof zedapirze reaqtiuli difuziis mimdinareobis 

gziT erTi an ramdenime gardamavali fazis Camoyalibeba.  
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      swored aseT situacias aqvs ad-

gili gansaxilvel SemTxvevaSi. ker-

Zod, cirkoniumis oqsidis kristalu-

ri gisosis uSualo Sezrda aluminis 

waxnagdacentrebul gisosTan ver gan-

xorcieldeba, radgan kristaluri gi-

sosebis Seusabamoba (= 112 /)( aaa  , sa-

dac 2a  aris cirkoniumis oqsidis gi-

sosis periodi, xolo 1a  - aluminis 

kristaluri gisosis periodi) sakma-

od maRalia da kondensaciis tempera-

turaze (400-5000C) 0,257 Seadgens. amitom fazaTaSoris sazRvarze reaqtiuli 

difuziis ganviTarebis gziT unda velodeT Al-Zr sistemisaTvis damaxasia-

Tebeli gardamavali liTonTSorisi naerTis warmoqmnas, romelic uzrun-

velyofs mdovre gadasvlas fuZeSris masalidan oqsidur danafarze.  

liTonTSorisi gardamavali fazebis formirebis meqanizmSi gasarkvevad 

aucilebelia ori ZiriTadi garemoebis gaTvaliswineba: 

1. 2133 K temperaturis zemoT cirkoniumis oqsidis disociaciis Sede-

gad airadi faza Seicavs O,  O2,  Zr,  ZrO da ZrO2. cirkoniumis Semcveloba 

airad nakadSi meryeobs 0,01-dan 0,45%-mde. (ix. cxr. 2.1). 

2. aluminis gamoyenebis erT-erTi sferoa alumoTermia anu sufTa alu-

mini gamoiyeneba Jangeulebidan liTonebis, maT Soris - cirkoniumis aRsad-

genad.  

aqedan gamomdinare, aluminis aqtiur zedapirze moxvedrili orTqlis 

nakadis SemadgenlobaSi Semavali Jangeulis fragmentebidan unda moxdes 

cirkoniumis aRdgena, romelic orTqlis SedgenilobaSi Semaval sufTa 

cirkoniumTan erTad  Al-Zr sistemisaTvis damaxasiaTebel gardamaval Sua-

Sres warmoqmnis. Al-Zr sistemaSi araerTi aseTi Sualeduri naerTi warmoiqm-

neba, magram orTqlis fazidan kondensaciis pirobebSi Camoyalibebis yve-

laze didi albaToba Zr3Al gaaCnia. 

cirkoniumis oqsidis amorfuli firis kristalizaciis procesis ele-

qtronul mikroskopSi uSualo dakvirvebiT dadgenilia, rom susti eleqt-
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ronuli nakadis zemoqmedebiT kristalizaciis procesi ZrO fazis krista-

luri gisosis CamoyalibebiT iwyeba. mxedvelobaSi unda miviRoT is faqtic, 

rom 2133 K temperaturis zemoT cirkoniumis oqsidis airad fazaSi ZrO-s Se-

mcveloba yvela SemTxvevaSi aRemateba ZrO2-is raodenobas da icvleba 38,34-

dan 40,13%-is zRvrebSi (ix. cxr. 2.1). amasTan, Zr3Al-sa da ZrO-s kristaluri 

gisosebis zomebSi umniSvnelo Seusabamoba, rac 0,048-s Seadgens (es para-

metri Zr3Al-sa da ZrO2 wyvils Soris mniSvnelovania da 0,117-is tolia), safuZ-

vels iZleva vivaraudoT, rom fazaTa Sezrdis Semdgomi safexuri ZrO-s 

ramdenime aTeuli angstremis sisqis fenis warmoqmniT unda ganxorcieldes, 

rac fazaTa gayofis zedapirze energiis mniSvnelovan zrdas ar gamoiwvevs. 

ZrO2 naerTis Camoyalibeba fazaTa warmoqmnis Semdgom etapze unda ganxor-

cieldes. 

Al-ZrO2 kompozitis difraqciul suraTze, romelic 2.9 suraTzea warmo-

dgenili, ZrO2-is maqsimumebTan erTad gamomJRavnebulia rogorc sufTa alu-

minis, ise Zr3Al-is maqsimumebi, rac imis damadasturebelia, rom  Al-ZrO2 kom-

pozitSi fazaTa gamyof zedapirze Camoyalibebul gardamaval Sres swored 

Zr3Al warmoadgens. aqedan gamomdinare, teqnologiuri procesi SeiZleba 

Semdegi sqemiT aisaxos: 

Alrealuri+Alkond. ZrOZr3AlZrO2 

fuZeSris bunebis Secvlam ganapiroba aseve kondensirebuli cirkoni-

umis dioqsidis fazuri Sedgenilobis cvlilebac. bunebrivi zedapiris 

mqone aluminis fuZeSreze Camoyalibebuli kondensati orfaza agebulebisaa 

da Sedgeba rogorc cirkoniumis oqsidis monoklinuri, ise tetragonuri 

modifikaciebisagan (nax. 2.10, a), Sualeduri aluminis gardamavalma qveSrem 

ki ganapiroba tetragonuri struqturuli Semdgenis gaqroba da kondensa-

tis orfaza struqturis erTfaza, monoklinuriT Secvla (b).  

amgvarad, fuZeSris masala da misi zedapiris faqizi struqtura, ro- 

melic ZiriTadad fuZeSresa da danafars Soris SeWidulobis xarisxs gan-

sazRvravs, arapirdapiri gziT gavlenas axdens kondensatis struqturisa 

da fazaTa formirebis procesis mimdinareobaze. `fuZeSre-danafari~ gamyof 

zedapirze mimdinare procesebis xasiaTi sxvadasxva etapze  iCens  Tavs da 

igi fazaTa warmoqnis erT-erTi ganuyofeli nawilia. 
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fuZeSris zedapiris gasufTavebisa da aqtivaciisaTvis metad perspeq-

tiulia agreTve aCqarebuli ionebis avtonomiuri, magaliTad, magnetronuli 

tipis wyaros gamoyeneba. fuZeSris an kondensirebadi fenis zedapirebis 

aCqarebuli ionebiT dasxivebas Tan sdevs rigi fizikuri movlenebisa: lo-

kaluri gaxureba, oqsiduri firebis ngreva da mocileba, kristaluri giso-

sis wertilovani da xazovani defeqtebis warmoqmna, qimiuri reaqciebisa da 

difuziis daCqareba, struqturis simkvrivisa da erTgvarovnebis amaRleba 

anu iqmneba fuZeSresa da danafars Soris saukeTeso adheziis miRwevis Sesa-

Zleblobebi SedarebiT dabal temperaturebze dasmis pirobebSic ki. amas-

Tan aucilebelia ionebis energiis im zRvruli mniSvnelobis gaTvaliswine-

ba, romlis zemoTac fuZeSrisa da kondensaciis zedapiris intensiuri ga-

frqveva SeiZleba daiwyos. 

 

2.3. aorTqlebis siCqare 

 
Rrma vakuumSi Ria zedapiridan molekularul reJimSi nivTierebaTa 

aorTqlebis siCqare Semdegi TanafardobiT ganisazRvreba: 

V=4,410-4P0
T

M ,        (2.4) 

sadac V aris 1 sm2 farTobidan 1 wamSi aorTqlebuli nivTierebis masa 

gramebSi; 

P0 – nivTierebis orTqlis wneva mocemul temperaturaze, pa; 

M _ nivTierebis molekularuli masa; 

T _ aorTqlebis temperatura, kelvinSi. 

aorTqlebis siCqares asaorTqlebeli masalis gadaxurebis xarisxi gan-

sazRvravs, romelic erTdroulad orTqlis nakadis kompleqsur Sedge-

nilobaze, molekulebis kinetikur energiasa da fuZeSreze maTi gadacivebis 

xarisxze axdens gavlenas. 2.1 da 2.2 cxrilebSi mocemulia ZrO2 da Al2O3 

naerTebis orTqlis fazis Sedgeniloba temperaturaze damokidebu- lebiT. 

aorTqlebis siCqaris gazrdiT matulobs fuZeSris zedapirze orTqlis 

nakadis Semadgeneli atomebis miwodebis siCqare anu izrdeba kondensireba-

di fenis zrdis siCqare. es ukanaskneli ki arsebiT gavlenas axdens konden-

satis fazur Sedgenilobaze, struqturasa da danafaris Tvisebebze (mor-

fologiaze, forianobaze, struqturis wonasworobis xarisxze  da  krista-  
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                                                   cxrili 2.1 

             disocirebuli ZrO2-is orTqlis fazis Sedgeniloba 

Sedgeniloba, 

moc.% 

temperatura, K 

2133 2620 2983 4000 4700 

O 

O2 

Zr 

ZrO 

ZrO2 

38,33 

0,02 

0,01 

38,34 

23,30 

34,97 

0,11 

0,02 

35,14 

29,76 

33,54 

0,27 

0,03 

34.02 

32,14 

36,42 

1,00 

0,19 

38.05 

24,34 

37,74 

1,64 

0,45 

40,13 

20,04 

          

                                                      cxrili 2.2 

           disocirebuli Al2O3-is orTqlis fazis Sedgeniloba 

Sedgeniloba, 

moc.% 

temperatura, K 

2000 2327 2500 3000 3500 

O 

O2 

Al 

AlO 

Al2O 

AlO2 

Al2O2 

Al2O3 

56,35 

0,98 

35,07 

6,31 

1,29 

- 

0,01 

- 

52,88 

2,21 

2893 

11,92 

4,00 

- 

0,05 

- 

50,77 

2,28 

26,64 

14,27 

5,43 

0,01 

0,08 

- 

46,93 

4,87 

19,56 

19,61 

8,70 

0,05 

0,29 

- 

43,32 

6,82 

15,16 

23,48 

10,51 

0,15 

0,55 

0,005 

 

lur gisosSi atomebis ganawilebis periodulobaze).  

rogorc sufTa liTonebis, ise Senadnobebis aorTqleba gancalkevebu-

li atomebis saxiT xorcieldeba. Senadnobebis umravlesobisaTvis orTqlis 

fazis Sedgeniloba saorTqlebeli tigelis Tavze ar Seesabameba rogorc 

sawyisi masalis, ise Txevadi abazanis saSualo Sedgenilobas  anu mimdina-

reobs Senadnobis fraqciebad  dayofa.  es ganapirobebs  fuZeSresTan mim-

debare kondensirebuli Sreebis gamdidrebas advilad aqroladi komponen-

tebiT. 2.11 suraTze magaliTis saxiT warmodgenilia Fe-Cr-Al-Y sistemis Se-

nadnobis sawyisi zodis, nalRobisa da orTqlis fazis Sedgeniloba tige-

lis Tavze. aseT SemTxvevaSi sisqis mixedviT qimiurad erTgvarovani liTo-
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nuri mravalkomponentiani kondensatebis misaRebad saWiroa aorTqlebis 

sxvadasxva specialuri xerxis gamoyeneba. magaliTad, Senadnobis Semadgene-

li komponentebis aorTqleba damoukidebeli tigelebidan, Txevadi abazanis 

sarkis gazrda da skanirebuli eleqtronuli sxivis gamoyeneba, rac Txeva-

di abazanis Tavze nalRobis qimiur Se-

dgenilobas aTanabrebs. 

    erTi saorTqleblidan pirdapiri 

kondensaciis meTodiT danafaris miRe-

ba naerTis sawyisi Sedgenilobis 

cvlilebis gareSe mxolod im SemTx-

vevaSia SesaZlebeli, rodesac diso-

ciaciis produqtebi praqtikulad Tana-

bari aqroladobiT xasiaTdeba. am pi-

robis uzrunvelsayofad aucilebelia 

`kongruentulobis~ SeTanxmeba naerTis 

aorTqlebis pirobebTan.  

     sawyisi qimiuri Sedgenilobis 

cvlilebis gareSe eleqtronul-sxivuri 

teqnologiiT SesaZlebelia Zneldnoba-

di oqsidebis (Al2O3, Y2O3, ZrO2, MgO), karbidebisa (TiC, ZrC, NbC) da boridebis 

(TiB2, ZrB2) danafarebis miReba. rac Seexeba zogierT naerTs, rogoricaa 

magaliTad, WC, SiC, TiN, AlN, ZrN, maTi dasma pirdapiri aorTqlebis gziT 

SeuZlebelia, radgan gaxurebisas isini mkveTrad gansxvavebuli aqroladi 

produqtebis warmoqmniT iSleba. msgavsi naerTebis, magaliTad, WC da SiC 

kondensatebis miReba mizanSewonilia ganxorcieldes an komponentebis 

aorTqlebiT ori damoukidebeli tigelidan, an aucilebeli xdeba firTa 

miRebis sxva meTodis gamoyeneba. 

 2.12 suraTze warmodgenilia eleqtronuli sxiviT erTi (a) da ori (b) 

tigelidan nivTierebis aorTqlebisa da fuZeSreze orTqlis nakadebis Sem-

dgomi kondensaciis sqemebi. bunebrivia, fuZeSris zedapiri SeiZleba iyos 

rogorc brtyeli, ise cilindruli an ufro rTuli formis, stacionaruli 

(sur. 2.12, a) an asrulebdes garkveul moZraobas sivrceSi specialuri amZ-

ravi meqanizmis saSualebiT (b). 2.12 b suraTze warmodgenili sqema asaxavs 
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orkomponentiani AB masalis (magaliTad, WC an SiC) dasmis teqnologiur 

process wriuli formis, vertikaluri RerZis garSemo mbrunavi brtyeli 

fuZeSris zedapirze. fuZeSris brunva xels uwyobs erTgvarovani struqtu-

ris miRebas kondensatis ganiv kveTSi.  

metad advilia 2.12. b suraTze warmodgenili teqnologiuri sqemis 

transformacia A/B tipis orSriani (mravalSriani) kondensatis misaRebad. 

amisaTvis sakmarisia tigelebs Soris tixaris dayeneba, rogorc es surTze 

StrixebiT aris aRniSnuli. aseT SemTxvevaSi tixaris marcxena mxares mox-

deba fuZeSris dafarva mxolod A nivTierebiT, xolo marjvena mxares – B 

nivTierebiT anu fuZeSris brunvis procesSi ganxorcieldeba komponentebis 

urTierTgadafarva, ris Sedegadac orkomponentiani orSriani an mravalSri- 

 

ani kompoziti miiReba. A da B komponentebis mudmivi siCqariT aorTqlebis 

SemTxvevaSi fuZeSris brunvis siCqare metad martivi da saimedo teqnologi-

uri paremetrebia urTierTmonacvle A da B Sreebis sisqis regulirebi-

saTvis. 

bunebrivia, fuZeSris zedapiris gasufTavebis xarisxi, misi aqtivacia, 

kondensaciisa da antiadheziuri Txeli fenis dasmis temperaturebi mniSv-

nelovani parametrebia kondensatsa da fuZeSres Soris saukeTeso adheziis  
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uzrunvelsayofad an piriqiT, Sesabamis pirobebs qmnis fuZeSridan konden-

satis mosacileblad. 

2.4. gaiSviaTebis xarisxi 

eleqtronul-sxivuri meTodiT liTonebis aorTqleba da kondensacia 

vakuumur kameraSi xorcieldeba, romelSic gaiSviaTebis xarisxi 10-2 pa ri-

gisaa. aseTi gaiSviaTeba aucilebelia imisaTvis, rom aorTqlebuli masalis 

atomebma Tu molekulebma fuZeSrisken moZraobisas ar ganicados Sejaxeba 

vakuumur kameraSi narCeni airebis molekulebTan da orTqlis nakadis moZ-

raobis sworxazovani traeqtoria SeinarCunos. orTqlis nakadis Semadgene-

li atomebis (fragmentebis) Tavisufali garbenis sigrZe Semdegi formuliT 

ganisazRvreba:  

    
n22

1


  =

p

m
2

2

23 


 ,      (2.5) 

sadac   aris atomis (molekulis) efeqturi diametri; 

n – molekulebis ricxvi mocemuli wnevisa da temperaturis pirobebSi 

airis 1 sm3 moculobaSi; 

ν- atomebis (molekulebis) siCqaris saSualo kvadratuli mniSvneloba; 

p- wneva. 

ase magaliTad, warmodgenili formulis Tanaxmad, 1 pa wnevis pirobebSi 

vercxlis atomebis Tavisufali garbenis sigrZe 0,45 sm Seadgens, xolo 10-2 pa 

wnevis SemTxvevaSi – 45 sm. aqedan gamomdinare, saorTqlebel tigelsa da fu-

ZeSres Soris manZili vakuumur kameraSi gaiSviaTebis xarisxTan aris dakav-

Sirebuli. xarisxovani danafaris misaRebad aucilebelia fuZeSreze orTqlis 

nakadis dasma ganxorcieldes manam, sanam moxdeba misi mravaljeradi Sejaxeba 

kameraSi narCeni airebis molekulebTan. amitom vakuumur kameraSi fuZeSre sa-

survelia iseT manZilze ganTavsdes, rom saorTqlebeli tigelidan misi da-

Soreba ar aRematebodes 3 . 

aqve aRsaniSnavia, rom aqtiuri airebi da orTqli (O2, H2O, CO, naxSir-

wylebi), romlebsac danadgaris teqnologiur nakveTurSi narCeni atmosfero 

Seicavs, mtkiced ukavSirdeba mzardi firis atomebs, minarev kompleqsebs 

warmoqmnis da nawilakebis moculobaSi amoiqoleba. Jangbadi arsebiT gavle-

nas axdens kondensatis substruqturaze, blokebs Soris sazRvrebis xarisxze, 
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mikrodaZabulobebis doneze da struqturis stabilurobaze drois mixedviT 

(bunebrivi daZvelebisas, mowvis procesSi da a.S). aqedan gamomdinare, teqno-

logiur nakveTurSi gaiSviaTebis xarisxi aris erT-erTi maxasiaTebeli, rome-

lic kondensatis xarisxs gansazRvravs, amitom procesis mimdinareobis dros 

igi guldasmiT unda kontrolirdebodes.  

 

2.5. danafaris sisqe 

  

 kondensatis sisqe mniSvnelovan gavlenas axdens im ZiriTad paramet-

rebze, romlebic danafaris funqciur maxasiaTeblebs ganapirobebs. kon-

densirebuli fenis sisqis zrdasTan erTad mcirdeba firis teqsturirebis 

xarisxi, izrdeba blokebisa da marcvlis zomebi, forianoba, oqsidebsa da 

mravalkomponentian danafarebSi SeiZleba Seicvalos agreTve fazebis 

urTierTSefardeba da Sedgeniloba. zedapirul fenebSi xdeba ufro metad 

wonasworuli struqturis Camoyalibeba qveda fenebTan SedarebiT. 

struqturis aseTi cvlileba dakavSirebulia mzardi firis zedapirze 

kondensaciis pirobebis SecvlasTan. jer erTi, firis sisqis zrdasTan er-

Tad mcirdeba fuZeSris zedapiris gavlena kondensaciis procesis mimdina-

reobaze da meore, kristalizaciis frontze intensiurad viTardeba Termu-

lad aqtivirebuli procesebi, romlebic xels uwyobs SedarebiT wonaswo-

ruli da msxvili kristalebis Camoyalibebas. amis gamo kondensatis struq-

tura sisqeSi araerTgvarovani miiReba – kondensatis sisqis zrdasTan er-

Tad sxva Tanabar pirobebSi izrdeba marcvlis zomebi da misi srulyofi-

lebis xarisxi, rasac Tan sdevs mikroforianobis gazrda, struqturis sa-

erTo gafaSreba da fizikur-meqanikuri Tvisebebis gauareseba, kerZod, mikro-

sisalisa da eleqtrosaizolacio Tvisebebis Semcireba. 

kondensirebuli fenis sisqis gavlena firis struqturisa da fazuri 

Sedgenilobis cvliebis xasiaTze efeqturad mJRavndeba oqsiduri firebis 

kondensatebSi eleqtronografiuli kvlevis meTodiT. magaliTad, aluminis 

fuZeSreze dasmuli aluminis oqsidSi mcire kuTxeebiT dezorientirebuli, 

wvrili blokebisagan Sedgenili marcvlebi kondensirebuli fenis 4 mkm-dan 

35 mkm-de zrdasTan erTad gadadis sakmaod srulyofil, msxvilmarcvlovan 

struqturaSi. sisqeebis mTel diapazonSi SenarCunebulia aluminis oqsidis  

modifikacia, e.i. fazuri cvlilebebi aRniSnul kondensatSi ar mimdinareobs. 
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mikrostruqturis cvlilebis analogiuri xasiaTia dafiqsirebuli 

cirkoniumis oqsidis kondensatebSic, Tumca struqturul cvlilebebTan 

erTad mocemul SemTxvevaSi fazuri gardaqmnebic SeiniSneba: 4-5 mkm sisqis 

kondensatebi orfaza agebulebisaaDda Sedgeba rogorc tetragonuri, ise 

monoklinuri modifikaciisagan. 35 mkm-mde sisqis zrda ganapirobebs tetra-

gonuri struqturuli Semdgenis gaqrobas da struqtura erTfaza agebule-

baSi gadadis.  

     2.13 suraTze warmodgenilia struqturis cvlilebis sqema kondensire-

buli fenis sisqis zrdaze damokidebulebiT. sqemidan kargad Cans marcvlis 

zomis cvlilebis xasiaTi. fenis sisqis 

zrdasTan erTad izrdeba agreTve daxu-

ruli forebis zomebic, romlebic da-

nafaris didi sisqeebis SemTxvevaSi (35-

40 mkm) oqsiduri firebis zedapirze Ta-

Risebri formis defeqtebs warmoqmnis. 

struqturis aseTi cvlileba iwvevs ro-

gorc danafaris meqanikuri maxasiaTeb-

lebis, ise funqciuri, magaliTad, ele-

qtruli simtkicis Semcirebas maRal-

temperaturul eleqtrosaizolacio da-

nafarebSi (sur. 2.14). eleqtruli simtkicis cvlilebis xasiaTi analogiuria 

rogorc aluminis oqsidis, ise cirkoniumis dioqsidisaTvis da rogorc es 

2.14 suraTze mocemuli diagramidan gamomdinareobs, kondensaciis tempera-

turaze ar aris damokidebuli.  

   

 

2.6. orTqlis nakadis molekularuli Sedgeniloba 
 

      vakuumSi nivTierebaTa Termuli aorTqlebis Sedegad warmoqmnili 

orTqlis faza SeiZleba rogorc kompleqsebs, ise polimerul molekulebs 

Seicavdes. bunebrivia, sakondensacio orTqlis nakadis Sedgeniloba arse-

biT gavlenas moaxdens vakuumuri kondensatebis formirebis procesze, maT 

fazur Sedgenilobasa da stabilurobis xarisxze. 

CanasaxTa warmoqmnis siCqare da maTi mdgradoba  ara marto atomebisa   
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da molekulebis fuZeSreze miwode-

bis siCqariT ganisazRvreba, aramed 

orTqlis nakadis molekularuli 

SedgenilobiTac. Tu axali fazis Ca-

nasaxs TiTo atomis nacvlad n rao-

denobis atomi miuerTdeba, Canasaxis 

stabiluroba mkveTrad gaizrdeba. 

mravalatomiani kompleqsebi SesaZ-

lebelia sakmaod dabaltemperatu-

rul pirobebSic ki TviTon gadaiq-

ces kritikul Canasaxebad. 

Tu ganvixilavT orTqlis mole-

kularul Sedgenilobas mendeleevis 

perioduli sistemis jgufebis mi-

xedviT, Semdegi kanonzomiereba SeiniSneba: I jgufis (tute liTonebi), aseve 

III da gardamavali jgufis elementebis orTqlis faza erTatomian 

nawilakebs Seicavs. molekulebis mxolod mcire nawili orTqldeba 

oratomiani fragmentebis, dimerebis saxiT. magaliTad, liTiumis orTqlis 

fazaSi Li2  dimerebis Semcveloba 2%-mdea, spilenZis qvejgufis elementebSi 

ki mravalatomiani kompleqsebis  (n=2-3) raodenoba mxolod ramdenadme meti 

SeiZleba iyos liTiumTan SedarebiT. 

nulovani jgufis elementebi yovelTvis erTatomiania. 

II jgufis elementebi orTqlis mdgomareobaSi mravalatomiania. mxo-

lod beriliumi SeiZleba Segvxvdes oratomiani molekulebis saxiT. 

IV qvejgufis elementebis orTqlis fazaSi mravalatomiani nawilakebia 

(n=1-7) aRmoCenili. magaliTad, naxSirbadi airad mdgomareobaSi Seicavs ro-

gorc Cn nawilakebs, sadac n=1-8, ise rTuli Sedgenilobis nawilakebsac. 

mravalatomiani kompleqsebi an polimeruli molekulebi Sedgenilobis 

sxvadasxva xarisxis sirTuliT, gansxvavebuli struqturiT da, aqedan ga-

momdinare, kompleqsis SigniT nawilakebs Soris kavSiris sxvadasxva ZaliT 

xasiaTdeba. n atomebis raodenobis gazrdiT nawilakebs Soris kavSiris Za-

lebi ramdenadme mcirdeba. aorTqlebis temperaturis gazrdiT (1000-4000K) 

grafitis Tavze orTqlis SedgenilobaSi SedarebiT rTuli kompleqsebis 
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wili izrdeba.  

mravalatomiani kompleqsebi damaxasiaTebelia agreTve siliciumisa da 

germaniumis orTqlis fazebisaTvis. am ukanasknelSi duRilis temperatura-

ze polimerebis koncentraciam SeiZleba 20% miaRwios.   

V jgufis elementebi erTi, ori da oTxatomiani kompleqsebis saxiT 

orTqldeba. magaliTad, P, As da Sb-is Tavze orTqlis nakadSi Semdeg wonas-

worobas aqvs adgili: 

       A4 2A2 4A,        (2.6) 

romelic temperaturis matebasTan erTad marjvniv gadaadgildeba. 

VI jgufis elementebis aorTqlebisas orTqlis faza Seicavs moleku-

lebs, sadac n icvleba 2-dan 8-mde. maTi urTierTSefardeba temperaturazea 

damokidebuli. 1000 K-ze orTqli Seicavs 12%-mde oTxatomian molekulebs. 

VII jgufis elementebis orTqli oratomian molekulebs Seicavs.  

zogadad SeiZleba iTqvas, rom Termuli disociaciis Sedegad yovel-

Tvis mimdinareobs orTqlis fazis warmoqmna qimiuri naerTis ama Tu im 

komponentis airad fazaSi gadasvlis gamo, rac cvlis naerTis sawyis Sed-

genilobas. aseTi procesi iseT qimiur naerTebSi SeiZleba warimarTos, rom-

lebsac mdgomareobis diagramaze homogenobis ubani gaaCnia. Tu homogenobis 

ubani ar arsebobs, maSin naerTi sawyisi Sedgenilobis cvlilebis gareSe 

disocirdeba.  

qimiuri naerTebis aorTqlebisas orTqlis fazaSi SeiZleba arsebobdes 

molekulebis asociatebi, magaliTad, (NaCl)n, sadac n=1, 2, 3 an Termulad 

disocirebuli molekulebi. magaliTad,  AIIIBV an AIIBVI tipis naxevrad gamta-

ri naerTebi orTqlis fazaSi Semdegi sqemiT gadadis: 

7InSb 7In+Sb1+Sb2+Sb4.     (2.7) 

mravali oqsidis, magaliTad, V2O5 da WO3 naerTebis aorTqlebisas, wyvi-

lad SeiZleba Tanaarsebobdes Semdegi polimeruli molekulebi: 

V4O10, V6O14, V6O12, V4O4, V2O4;     (WO3)2, (WO3)3 

amgvarad, orTqlis fazis Sedgenilobis mixedviT SesaZlebelia asa- 

orTqlebeli masalebi Semdeg jgufebad daiyos: 

1. nivTierebebi, romlebic calkeuli atomebis saxiT orTqldeba; 

2. nivTierebebi, romelTa orTqlis faza mravalatomian kompleqsebs an 

polimerul molekulebs Seicavs; 
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3. nivTierebebi, romlebic Termul disociacias aorTqlebisas ganicdis. 

mravalatomiani kompleqsebis warmoqmna umTavresad TviT asaorTqlebe-

li masalis bunebazea damokidebuli. kompleqsSi atomebis raodenoba Ziri-

Tadad gare eleqtronul garsSi eleqtronuli simkvrivis ganawilebis xasi-

aTiT, savalento kavSirebis mimarTulebiT da calkeuli atomebis an mole-

kulebis polarizebis SesaZleblobiT ganisazRvreba. mravalatomiani komp-

leqsebi umetes SemTxvevaSi aorTqlebis Sedegad warmoiqmneba.  

oqsidebi, romlebic firTa masalaTmcodneobaSi gamoiyeneba, SeiZleba 

sam jgufad daiyos: 

1. aqtiuri elementebis dasamzadebeli masalebi: ZnO (hiprbgerebis gar-

damqmnelebi), PbO, Cu2O (fotomgrZnobiare firebi, katalizatorebi da a.S), 

oqsiduri da halkogeniduri minebi (myartaniani gadamrTvelebi); 

2. saizolacio qveSreebi da danafarebi:  SiO, Al2O3, SiO2, GeO2. 

3. fuZeSris masalebi: Al2O3 (amorfuli da monokristaluri), MgO, SiO2, 

agreTve oqsidebi TiO2, ZrO2; 

daSlisadmi midrekilebis TvalsazrisiT oqsidebi SeiZleba ramdenime 

jgufad daiyos:   

a - oqsidebi, romlebic advilad daSlis unariT xasiaTdeba (Cu2O, PbO, 

NiO, ZnO); 

b - oqsidebi mdgradobis saSualo xarisxiT (SiO, NbO, Cr2O3, Ti2O3); 

g - metnaklebad mdgradi oqsidebi (MgO, BeO, SrO, BaO, TiO, Al2O3). 

amgvarad, mravali Zneldnobadi naerTis (oqsidebis, karbidebis, bori-

debis da a.S) airadi faza Seicavs sawyisi molekulebis disociaciis pro-

duqtebs. 2.1 da 2.2 cxrilebSi warmodgenili iyo aluminis oqsidisa da cir-

koniumis dioqsidis orTqlis nakadebis Sedgeniloba aorTqlebis tempera-

turaze damokidebulebiT. qvemoT cxrilSi mocemulia firTa masalaT-

mcodneobaSi gamoyenebuli zogierTi oqsidis disociaciis Sedegad warmo-

qmnili orTqlis fazis Sedgeniloba. 
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   disociaciis Sedegad warmoqmnili airadi fazis Sedgeniloba 

Sedgenilo-
ba, moc.%  

temperatura, K 

 
PbO 

 
O 
O2 

Pb 
PbO2 
PbO 

(PbO)2 
(PbO)3 
(PbO)4 

600,65 762 1000 1160 1500 1873 2000 
- 

5,93 
11,84 
- 

44,40 
12,84 
22,72 
 2,24 

 

- 
3,49 
6,97 
- 

38,04 
21,11 
20,07 
10,32 

- 
1,98 
3,96 
- 

27,24 
22,40 
10,21 
34,22 

- 
1,88 
3,76 
- 

27,41 
22,22 
6,08 
38,65 

- 
3,44 
6,91 
0,02 
46,33 
23,13 
1,92 
18,25 

0,007 
5,31 
10,73 
0,07 
61,30 
17,04 
0,49 
5,05 

0,01 
5,73 

 11,53 
0,10 
63,60 
15,20 
0,33 
3,47 

 
SiO2 

 
O 
O2 

SiO 
SiO2 

 

1000 1200 1500 1690 1873 2500 3000 
15,11 
23,19 
61,42 
  1,17 

12,20 
24,91 
62,15 
 0,73 

10,00 
26,01 
62,10 
 1,84 

9,94 
26,07 
61,68 
 2,80 

8,90 
26,15 
61,16 
 3,79 

8,35 
25,17 
59,28 
 7,20 

8,51 
24,49 
57,41 
 9,59 

 
GeO2 

 
O 
O2 

CeO 
GeO2 

(GeO)2 
 

1000 1210,4 1388 1500 1873 2000  
- 

 3,33 
66,67 
- 
- 

- 
33,33 
66,67 
- 
- 

0,003 
33,32 
66,66 
0,005 
0,013 

0,005 
33,38 
66,60 
0,012 
0,025 

0,03 
33,35 
66,38 
 0,09 
 0,16 

0,05 
33,22 
66,12 
 0,15 
 0,46 

 
TiO2 

 
                           Ti4O7 

 
O 
O2 
Ti 

TiO 
TiO2 

298,15 1000 1156 1500 2000 2400  
1,41 
- 
- 

1,41 
 97,18 

3,16 
- 
- 

3,16 
 93,68 

0,5 
- 

0,002 
24,99 
74,43 

 

1,03 
- 

0,006 
25,78 
73,18 

 2,18 
0,025 
0,019 
26,64 
71,13 

4,49 
0,14 
0,04 

  28,51 
  66,82 
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3. arawonasworuli mdgomareoba kondensirebul 

firebSi 

 
fuZeSris zedapirze absorbirebuli atomebi, ionebi an molekulebi 

Tavdapirvelad statistikurad ganlagdeba, Semdeg etapze ki iwyeba maTi 

difuzia gazrdili energetikuli donis ubnebisaken, sadac mravali atomi 

Canasaxad erTiandeba. SemdgomSi atomebis migracia Canasaxis mimdebare zo-

nebidan mzardi kristalebisken xdeba.  

atomebis absorbciis procesi SesaZlebelia uSualod fuZeSris maqsi-

maluri energiis mqone ubnebSic daiwyos. aseT ubnebs wamonazardebi, kuTxe-

ebi, wiboebi an ufro farTo gagebiT, aqtiuri centrebi miekuTvneba. rode-

sac energetikuli TvalsazrisiT absorbciisaTvis upiratesi adgilebi atome-

biT gajerebuli aRmoCndeba, procesi fuZeSris brtyel ubnebSi gagrZelde-

ba, Tumca am SemTxvevaSi energiis ufro mcire raodenoba gamonTavisufldeba. 

rogorc, zemoT aRniSnulidan gamomdinareobs, firis zrdis procesi 

fuZeSris uSualo maxloblobaSi, raRac Ta temperaturamde gadaxurebuli 

orTqlis nakadis kondensaciiT mimdinareobs Tf temperaturis mqone fuZe-

Sris zedapirze. Tu es piroba Sesrulebulia, orTqlis nakadis gadacivebis 

xarisxi toli iqneba: 

         n=Ta-Tf          (3.1) 

gamoTqmulia varaudi, rom rodesac kristali orTqlis fazidan izr-

deba, atomebis an molekulebis umravlesoba kondensorTan Sejaxebisas myi-

sierad kargavs energias, Rebulobs fuZeSris zedapiris temperaturas da 

masze adsorbirdeba. sxva sityvebiT rom vTqvaT, orTqlis fazidan kon-

densacia temperaturuli akomodaciiT mimdinareobs. gasaTvaliswinebelia 

is faqtic, rom fuZeSris temperatura iSviaTad aRemateba 950-10000C. aqedan 

gamomdinare naTeli xdeba, rom orTqlis fazidan kristalizaciis procesi 

didi gadacivebisa da gadajerebis pirobebSi xorcieldeba, ris gamoc me-

tad wvrildispersiuli agebulebis firi yalibdeba misTvis damaxasiaTebe-

li atomur-kristaluri da struqturuli defeqtebiT. fuZeSreze orTqlis 

nakadis intensiuri meqanikuri zemoqmedeba ganapirobebs agreTve kristalu-

ri gisosis drekad da plastikur deformacias, romlis zRvruli SemTxveva 

kristaluri gisosis ngrevaa. dasasrul, fuZeSreze orTqlis nakadis 

calmxrivi mimarTulebiT miwodeba umetes SemTxvevaSi svetovani struq-
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turis Camoyalibebisadmi qmnis tendencias. 

orTqlfazuri teqnologiis specifika ganapirobebs mravali Tavisebu-

rebis gamomJRavnebas kondensirebul firebSi. magaliTad, maTSi xSirad fiq-

sirdeba iseTi arawonasworuli fazebi, rogoricaa minisebri da amorfuli 

fazebi, metastabiluri kristaluri modifikaciebi da gadajerebuli myari 

xsnarebi. yvela SesaZlo defeqtis simkvrivis xarisxi vakuumur kondensateb-

Si mniSvnelovnad ufro maRali SeiZleba aRmoCndes, vidre metalurgiuli 

warmoebis Sesabamis masiur nimuSebSi. 

arawonasworobis xarisxs arsebiTad firTa miRebis iseTi fizikur-teq-

nologiuri pirobebi gansazRvravs, rogoricaa: fuZeSris temperatura, ro-

melic ganapirobebs ara marto orTqlis nakadis mniSvnelovan gadacivebasa 

da gadajerebas, aramed arawonasworuli mdgomareobis realizaciis siCqa-

resac; kondensaciis (kondensirebadi firis zrdis) siCqare, romelzec arse-

biTad aris damokidebuli orTqlis nakadis wneva fuZeSris zedapirze da 

misi gadajerebis xarisxi; aorTqlebis siCqare, rac ganapirobebs mravalkom-

ponentiani nivTierebis orTqlis fazis molekulur Semadgenlobas da maT 

kinetikur energias; gaiSviaTebis xarisxi, romelic gansazRvravs kameris 

teqnologiur nakveTurSi narCeni airebis Semadgenlobasa da wnevas. 

aorTqlebisa da kondensaciis maRali siCqare xels uwyobs arawonaswo-

ruli struqturis Camoyalibebas wyobis defeqtebisa da vakansiebis maRali 

koncentraciiT, rac, Tavis mxriv, kondensatis muq Seferilobas ganapiro-

bebs. es ki oqsiduri firis arawonasworuli mdgomareobis garegnuli ni-

Sania. rac ufro metad aris gadaxrili kristalebis zrdis pirobebi wona-

sworulisagan, miT ufo meti defeqtebi warmoiqmneba. 

kondensirebul firebSi amorfuli mdgomareoba kritikuli paramet-

rebiT xasiaTdeba – fuZeSris temperaturiT (Tk) da firis sisqiT (dk), ro-

melTa mniSvnelobebis miRwevis Semdeg mzard firSi amorfuli fazidan 

kristalurSi gadasvla iwyeba. kristalizaciis procesma SeiZleba miiRos 

rogorc `zvavisebri~ xasiaTi fazaTa gamyof zedapirze siTbos gamoyofis 

xarjze, ise  TandaTanobiT, amorful matricaSi kristalizaciis centrebis 

CasaxviT da maTi zrdiT warimarTos. 

mravali sistemis (Ag-Sb, Au-Sb, In-Bi, Ti-Cu da sxva) kondensirebul  fi-

rebSi rentgenostruqturuli analiziT gamovlenilia iseTi fazebis arse-
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boba, romlebic mocemuli sistemis stabilur SenadnobebSi ar aris cno-

bili. magaliTad, Au-Sb sistemaSi arsebobs naerTi AuSb2, 10 mkm-de sisqis 

firebSi ki gamovlenilia AuSb3 naerTis fuZeze Camoyalibebuli myari xsna-

ri. analogiurad, 70 mkm-de sisqis In-Bi sistemis kondensirebul firSi da-

fiqsirebulia In3Bi2 fazis arseboba, xolo Al-Cu sistemaSi – myari xsnari 

25 at%-mde spilenZis SemcvelobiT oTaxis temperaturaze, rac mniSvnelov-

nad aRemateba wonasworul mdgomareobaSi spilenZis xsnadobis zRvars alu-

minSi (2,5 at%). 

fuZeSris temperaturis an kondensirebuli firis sisqis SecvliT Sei-

niSneba fazaTa urTierTSefardebis cvlileba. ase magaliTad, raodenobri-

vi rentgenofazuri analiziT dadgenilia, rom itriumis oqsidSi C- da B- 

formebis fardobiTi raodenoba damokidebulia rogorc fuZeSris tempera-

turaze, ise fenis sisqeze. B- formis fardobiTi raodenobis mkveTri zrda 

5 mkm sisqis kondensatebSi 14000C-is zemoT kondensaciis pirobebSi Sei-

niSneba, xolo 50 mkm sisqis kondensatebSi – 8000C-is zemoT. 

kondensatis sisqeze damokidebulebiT arawonasworobis xarisxis cvli-

leba dafiqsirebulia, agreTve, aluminisa da cirkoniumis oqsidis konden-

satebSi. kerZod, icvleba tetragonuri da monoklinuri fazebis urTierT-

Sefardeba cirkoniumis oqsidSi, xolo aluminis oqsidis danafarebSi kon-

densatis sisqis zrda iwvevs Ria Seferilobis TandaTanobiT gadasvlas muq 

yavisferSi, rac  firis  arawonasworobis  damaxasiaTebeli niSania.  

kondensirebuli firebis erT-erTi gansakuTrebuli Tvisebaa maTSi Warbi 

vakansiebis arseboba, romlebic firis zrdis procesSi warmoiqmneba. 

vakansiebis koncentraciis gazrdis erT-erTi mizezia aorTqlebisa da kon-

densaciis dros masalis polimerizaciis xarisxi. amasTan, Tu orTqlis 

faza rTuli kompleqsebisagan Sedgeba, firSi iseTi arawonasworuli, maT 

Soris amorfuli fazebis arseboba SeiniSneba, romlebic ar aris damaxasi-

aTebeli igive bunebis masiuri masalisaTvis. arawonasworobis garkveuli 

xarisxis maCvenebelia eqsperimentulad dafiqsirebuli cirkoniumis oqsi-

dis Savi Seferiloba, rac ganpirobebulia misi steqiometriuli proporci-

is gadaxriT ZrO2–dan ZrO1,95-mde.  

araerTi metastabiluri fazaa dafiqsirebuli oTaxis temperaturaze 

Ti-Cu sistemis gardamaval zonaSi, romelic Camoyalibebulia titanis orTq-
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lis nakadis kondensaciiTa da reaqtiuli difuziis mimdinareobiT titanisa 

da spilenZis pirgadadebuli firfitebiT Seqmnil safexurze (ix. sur. 4.1). 

Tavisebureba imaSi mdgomareobs, rom fazebi da struqturuli Semdgenebi 

yalibdeba Txevadi fazis gavliT uwyveti, urTierTmonacvle zonebis saxiT 

orTqlis fazidan kondensirebuli komponentis koncentraciis zrdis Sesa-

bamisad (sur. 3.1, a).  

spilenZis fuZeSresTan uSualo mimdebare zonaSi sxvadasxva Sedgeni-

lobis titanis  myari xsnarebi warmoiqmneba. meore struqturul zonaSi 

titanis Semcveloba mkveTrad izrdeba 0,176-dan 10,491 at%-mde. zonis gluvi 

agebuleba, koncentraciisa da sisalis mkveTri cvlileba (sur. 3.1, b), agre-

Tve titanisa da spilenZis atomebis urTierTSefardeba, romelic  axlos 

dgas steqiometriul proporciasTan Ti:Cu=1:8 safuZvels iZleva vivarau-

doT, rom gansaxilveli struqturuli zona aris wonasworul pirobebSi 

ucnobi, axali faza, romelic aisaxeba martivi qimiuri formuliT TiCu8.  

Semdegi struqturuli zona SedgenilobiT 18,525 at% Ti, Seesabameba   

myar xsnars TiCu4 qimiuri naerTis fuZeze. titanis fuZeSresTan mimdebare 

faza Seicavs 34,087 at% titans da miekuTvneba  fazas  TiCu2 qimiuri  near- 

 

 

 

 

 

 

 

 

 

 

 

 

 

Tis fuZeze. Ti-Cu gardamaval SreSi igi stabiluri fazis saxiT aris war-

modgenili, wonasworul pirobebSi Camoyalibebuli  faza ki aris maRal-

temperaturuli, romelic evteqtikuri an periteqtikuri reaqciebiT miiReba 
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da gaciebisas iSleba 8650C temperaturaze (sur. 3.2, a).  

 fazis winamdebare struqturuli zona evteqtikuria. evteqtikac ara-

wonasworuls unda mivakuTvnoT, radgan wonasworuli mdgomareobisagan 

gansxvavebiT, igi aris ara  da  fazebis, aramed  da  fazebis mikromeqa-

nikuri narevi (sur. 3.2, b). 

amgvarad, titanis orTqlis nakadis kondensaciisa da reaqtiuli di-

fuziis mimdinareobis gziT Ti-Cu sistemis gardamaval zonaSi fazebi  da 

struqturuli Semdgenebi uwyveti, Tanamimdevrulad urTierTmonacvle Sre-

ebis saxiT formirdeba titanis Semcvelobis zrdis  Sesabamisad, rac gamo-

ricxavs qve da zeevteqtikuri struqturebis warmoqmnis SesaZleblobas.  

titaniT mdidar ubnebSi, romlebic titanis fuZeSreze spilenZis 

orTqlis nakadis kondensaciiTa da reaqtiuli difuziis mimdinareobis 

gziT yalibdeba, garda gadajerebuli  Ti(Cu) myari xsnarisa, gamomJRavne-

bulia kvazievteqtoidebis sakmaod farTo are titanis SemcvelobiT  83,41-

dan 92,39 at.%-is zRvrebSi (sur. 3.3). kondensirebul SreebSi arawonasworuli 

struqturebis da, kerZod, maRaltemperaturuli   fazis stabilizaciis mi- 
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zezi  mraval fiziur-teqnologiur 

faqtorTan aris dakavSirebuli, 

romlebic kondensirebul firebSi 

didi gadacivebisa da gadajerebis 

pirobebSi xels uwyobs arawonaswo-

ruli mdgomareobis fiqsirebas 

oTaxis temperaturaze. maTgan Ziri-

Tadia orTqlis nakadis kompleqsuri 

Sedgeniloba da molekulebis kine-

tikuri energia; fuZeSris zedapiris 

temperatura, romelic erT-erTi 

yvelaze arsebiTi parametria radgan 

igi ganapirobebs orTqlis nakadis 

ara marto gadacivebisa da gadaje-

rebis xarisxs fazaTa gamyof zeda-

pirze, aramed arawonasworuli 

mdgomareobis realizaciisa da re-

aqtiuli difuziis mimdinareobis 

siCqareebsac; fuZeSreze atomebis miwodebis siCqare, romelic gansazRvravs 

orTqlis nakadis wnevas fuZeSris zedapirze da misi gadacivebis xarisxs. 

arawonasworuli fazebis stabilizaciis arsebiT xelSemwyob faqtors mie-

kuTvneba aseve zonebis mcire sisqe da kondensirebuli warmonaqmnebis maRa-

li dispersiulobis xarisxi.  

orTqlfazuri teqnologiiT danafarebis miRebisas arawonasworuli 

struqturis CamoyalibebaSi pirvelxarisxovani roli teqnologiur nakve-

TurSi narCeni airebis Sedgenilobasa da wnevas eniWeba. iseTi katalizato-

rebi, rogoricaa wylisa da vakuumuri zeTis orTqli, agreTve sxva organu-

li da araorganuli komponentebi, romlebic arsebobs Cveulebriv teqnikur 

vakuumSi, intensiurad aRmoCndeba CarTuli orTqlis nakadis fragmentebTan 

da firis masalasTan reaqciaSi. aRsaniSnavia, rom Zneldnobadi masalebi 

ufro intensiurad reagirebs narCeni airebis aqtiur komponentebTan. 

warmoqmnili kompleqsuri naerTebi mtkiced uerTdeba mzardi firis 

atomebs, SemdgomSi amoiqoleba  firis moculobaSi da yinavs relaqsaciis 
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procesebs anu TamaSebs saCeris rols da amuxruWebs struqturis wonas-

worul mdgomareobaSi gadasvlas.  

amgvarad, rogorc kondensirebul firebSi, ise reaqtiuli difuziis mi-

mdinareobis gziT Camoyalibebul produqtebSi, oTaxis temperaturaze 

arawonasworuli struqturebis fiqsireba ganpirobebulia vakuumSi orTq-

lis fazidan kristalizaciis mravali TaviseburebiT, romelTagan zogier-

Ti maTgani marTvas ar eqvemdebareba. Camoyalibebuli struqtura da fazuri 

Sedgeniloba mniSvnelovnad gansxvavdeba igive sistemis wonasworuli struq-

turebisagan. arawonosworobis xarisxi sakmaod maRalia. amdenad, orTqlfa-

zuri  teqnologiiT  formirebuli firebi da danafarebi eqvemdebareba daZve-

lebis process.  

 
 
 
 
 
 
 
 
 
 



   

 

54

4. orTqlis fazidan kondensaciis meqanizmebi 

4.1. kondensaciis klasikuri meqanizmebi 

 
vakuumuri kondensatebis Canasaxis warmoqmna neitralur, kerZod, amor-

ful fuZeSreze, ori ZiriTadi meqanizmiT SeiZleba ganxorcieldes: 

1 - orTqlikristali; 

2 - orTqlisiTxekristali. 

     rogorc warmodgenili sqemebidan gamomdinareobs, pirvel SemTxvevaSi 

orTqlis kondensacia uSualod mis kristalur mdgomareobaSi gadasvliT 

xorcieldeba, xolo meore SemTxvevaSi – Sualeduri Txevadi fazis gavliT. 

aRniSnuli meqanizmebis realizacia sistemis temperaturasa da wnevazea 

damokidebuli, magram sxva Tanabar pirobebSi mas fuZeSris temperatura 

gansazRvravs:  

           Tf=1.           (4.1)        

aRniSnuli temperaturis qvemoT realizdeba kondensaciis meqanizmi 

orTqlikristali, xolo zemoT - orTqlisiTxekristali. 

       1(2/3)Tdn,       (4.2) 

sadac Tdn aris kondensirebadi nivTierebis dnobis temperatura masiur 

mdgomareobaSi. misi mniSvneloba SeiZleba garkveul zRvrebSi icvlebodes 

sakondensacio nivTierebisa da fuZeSris Tvisebebis, maT Soris kavSiris 

energiis, kondensaciis siCqarisa da sxva faqtorebze damokidebulebiT. ga-

moTqmulia varaudi fuZeSris meore, qveda kritikuli temperaturis arsebo-

bis Sesaxeb:       

   Tf=2(1/3) Tdn,     (4.3) 

romlis zemoTac realizdeba meqanizmi orTqlikristali, xolo qvemoT - 

orTqlisiTxekristali. es varaudi liTonebis didi jgufis, agreTve 

Senadnobebis, dieleqtrikebisa da sxva masalebis kondensatebis kvlevis 

eqsperimentul monacemebze dayrdnobiT aris gamoTqmuli. kondensaciis 

dabaltemperaturul intervalSi (Tf2) orTqlisiTxe meqanizmi zogjer 

ganapirobebs metastabiluri kristaluri firebisa da amorfuli (minisebri) 

fazebis Camoyalibebas (orTqlisiTxekristali, orTqli 

siTxeamorfuli faza). 

garda e.w. mTavari meqanizmebisa, mosalodnelia kondensaciis gverdiTi 
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meqanizmebis ganviTarebac, romlebsac metastabiluri kristaluri fazebis 

Camoyalibebamde mivyavarT. aseT pirobebSi formirebuli metastabiluri fa-

zebi oTaxis temperaturaze firebis dayovnebisas an gaxurebisas srulad an 

nawilobriv wonasworulTan miaxloebul mdgomareobaSi gadadis. aseTi 

gardaqmnebia dafiqsirebuli, magaliTad, stibiumis, kobaltis da sxva liTo-

nebis, Senadnobebisa da naxevrad gamtarebis firebSi. xSirad stabiluri da 

metastabiluri fazebi fuZeSris sakmaod farTo temperaturul intervalSi 

Tanaarsebobs ara marto Txel, aramed masiur kondensirebul firebSic. 

aRsaniSnavia, rom neitraluri (amorfuli) fuZeSris nacvlad `aqtiuri~ 

(monokristaluri) fuZeSris gamoyeneba, romelic epitaqsiuri an avtoepitaq-

siuri monokristaluri fenebis zrdas (anu fuZeSresTan susti kavSiridan 

Zlier kavSirze gadasvlas) ganapirobebs, mniSvnelovnad axSobs  orTqli 

siTxekristali meqanizmis mimdinareobis SesaZleblobas da afarToebs 

orTqlikristali meqanizmis realizaciis temperaturul intervals 1-2. 

aqve aRsaniSnavia, rom ganxiluli meqanizmebi mxolod kondensaciis sa-

wyisi stadiisaTvis, kristalizaciis centrebis Casaxvis momentSi aris sa-

marTliani. momdevno safexurebze Canasaxebi da Txevadi fazis nawilakebi 

aramdgradi xdeba da swrafad gadaiqceva kristalur warmonaqmnebad (gada-

svla siTxekristali). 

 
4.2. orTqlis fazidan kondensaciisa da reaqtiuli  

difuziiT fazaTa warmoqmnis meqanizmebi 

 

orTqlis fazidan kondensaciisa da reaqtiuli difuziis mimdinareobis 

gziT fazaTa warmoqmnis procesebi mwirad aris Seswavlili. am sakiTxSi 

garkvevisaTvis gavaanalizoT spilenZisa da titanis pirgadadebuli firfi-

tebiT Seqmnil safexurze (sur. 4.1) Camoyalibebul gardamaval zonaSi fa-

zaTa warmoqmnis Taviseburebebi. xelovnurad Seqmnil aseT safexurebze uf-

ro adre miiRweva kondensaciis procesis, reaqtiuli difuziisa da fazuri 

gardaqmnebis mimdinareobisaTvis xelsayreli pirobebi, rac fazaTa warmoqm-

nis procesze mniSvnelovani informaciis miRebis SesaZleblobas iZleva. orTq-

lis nakadis kondensacia warmoebdა 830-8500C-mde  gaxurebul  fuZeSreze. 

spilenZisa da titanis pirgadadebul firfitebze orTqlis fazidan  ti- 
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tanis kondensaciisa da reaqtiuli difuzi-

is mimdinareobis gziT fazaTa warmoqmnis 

procesi bunebiT gansxvavebuli fuZeSris, 

spilenZis zedapiridan iwyeba. Ti-Cu  siste-

maSi zemoT ganxiluli (ix. sur. 3.1, 3.2) Ta-

namimdevruli, urTierTmonacvle zonebis 

saxiT fazaTa warmoqmnis procesi  Semdegi 

meqanizmiT SeiZleba aisaxos. 

spilenZis zedapirze orTqlis fazidan adsorbirebuli titanis atome-

bi Rrmad difundirebs fuZeSris siRrmeSi da sakmaod farTo koncentraci-

uli diapazonis titanis myari xsnarebis rigs warmoqmnis.  titanis Semcve-

loba myar xsnarebSi 0,030-dan 0,184 at%-mde diapazonSi meryeobs.  

spilenZSi titanis  myari xsnaris warmoqmna `fuZeSre-orTqlis na-

kadi~ fazaTa gamyof zedapirze fuZeSris siRrmeSi titanis atomebis di-

fuziis siCqaris Semcirebas gamoiwvevs, radgan difundirebuli atomebis 

nawili SeiboWeba matricis atomebiT da maT Soris sakmaod mtkice kavSiri 

myardeba. fuZeSris zedapirul fenebSi intensiurad daiwyeba marcvalTsa-

zRvruli difuziis pirveli stadia – uZravi sazRvrebis Sevseba difuzan-

tis atomebiT. ar aris gamoricxuli marcvalTsazRvruli difuziis am eta-

pis ara marto damTavreba, aramed marcvlis sazRvrebis migraciac. aseve 

unda velodeT spilenZis atomebis difuzias titanis kondensirebad firSi.  

spilenZis zedapirul fenebSi atomebis koncentraciis gansazRvruli 

mniSvnelobis miRwevis SemTxvevaSi, titanis atomebsa da fuZeSris masalas 

Soris reaqtiuli difuziis mimdinareobis gziT Camoyalibdeba titaniT 

SedarebiT Raribi, I gardamavali Sre. cnobilia, rom reaqtiuli difuziis 

mimdinareobisas pirveli gardamavali Sris Camoyalibebis procesSi Canasa-

xis warmoqmna ar aris malimitirebeli faqtori, kriteriumi ar aris agreT-

ve arc Termodinamikuri stabiluroba, aramed mniSvnelovania mxolod kine-

tikuri faqtori. mocemul sistemaSi aseTi faza TiCu8 naerTia.  

fuZeSris zedapirze mdgradi pirveli gardamavali Sris (TiCu8) Camoya-

libebis momentidan kvlav iwyeba fazaTa gamyof zedapirze titanis atome-

bis intensiuri dagroveba, radgan orTqlis fazidan miwodebuli atomebis 

raodenoba mniSvnelovnad aRemateba fuZeSris siRrmeSi difundirebuli ato-
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mebis raodenobas.  

fazaTa warmoqmnis procesSi aucilebelia agreTve imis gaTvaliswineba, 

rom mzardi firis zedapiruli fenebi, romlebic ufro xangrZlivad imyo-

feba gamdnari da gadaxurebuli liTonis abazanis zegavlenis qveS, Sedare-

biT უფრო maRal temperaturamde xurdeba, vidre fuZeSresTan mimdebare qve-

da fenebi. amasTan, gasaTvaliswinebelia, rom orTqlis fazidan fuZeSreze 

atomebis adsorbciა temperaturuli akomodaciiT mimdinareobs, rac proce-

sis egzoTermul xasiaTs ganapirobebs. amitom gansaxilvel SemTxvevaSi 

erT-erTi umniSvnelovanesi fizikuri faqtori aris firSi kondensaciis fa-

ruli siTbოs dagroveba. yovelive es  cvlis fazaTa warmoqmnis tempera-

turul pirobebs da iqmneba Termodinamikurad mdgradi, titaniT ufro mdi-

dari, axali fazიs Camoyalibebis SesaZlebloba.  am SesaZleblobis reali-

zaciisaTvis aucilebelia ganxorcieldes wina stadiaSi Camoyalibebuli 

fazis sisqeSi zrda raRac kritikuli mniSvnelobis miRwevamde. am procesis 

siCqare ZiriTadad limitirdeba titanis atomebis difuziis siCqariT 

zedapiridan fuZeSris siRrmisken firis gavliT. ar SeiZleba spilenZis 

atomebis difuziis gamoricxva sawinaaRmdego mimarTulebiT, kondensirebad 

firSi. Semdgom etapze moxdeba evteqtikaSi Semavali  fazis formireba 

uSualod TiCu8 fazis zedapirze am ukanasknelis sisqis garkveuli nawilis 

STanTqmis xarჯze.  

 fazis Camoyalibebis Semdeg procesis koncentraciuli da tempera-

turuli faqtorebi xels uwyobs Termodinamikurad aramdgradi, Sedgeni-

lobiT evteqtikurisagan gansxvavebuli Txevadi fazis warmoqmnas. Camoya-

libebisTanave siTxe kontaqtSi Sedis fuZeSris meore masalasTan, titanTan 

da iwvevs mis gaaqtiurebas. am momentidan iwyeba procesSi monawile yvela 

fazis qimiuri potencialebis gaTanabreba da siTxis Sevseba deficituri 

komponentiT anu fuZeSris masalis  gaxsna siTxeSi. orTqlis nakadis miwo-

debis SewyvetisTanave, nimuSis gacivebisas, siTxisa da titanis fuZeSris 

gamyof sazRvarze mimdinare qimiuri reaqciebis Sedegad Camoyalibdeba  ti-

taniT kidev ufro mdidari, λ (TiCu2) faza, darCenili siTxe ki iSleba evteq-

tikuri reaqciiT L.  

arawonasworuli evteqtikis warmoqmnaSi, garda fuZeSris masalidan 
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siTxeSi atomebis gadasvlisa, mniSvnelovani roli SeiZleba iTamaSos ag-

reTve temperaturulma da koncentraciulma fluqtuaciebma. titaniT ufro 

mdidari fazebis Camoyalibeba ar xdeba, radgan amas xels ar uwyobs Txeva-

di fazis koncentraciuli faqtori.  
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5. daZvelebis procesi kondensirebul firebSi 

 
kondensirebul firebSi didi gadacivebisa da gadajerebis gamo kanon-

zomierad yalibdeba arawonasworuli mdgomareoba, romelic masalis aqti-

virebul mdgomareobas ganapirobebs. arawonasworobis da, aqedan gamomdina-

re, aqtivaciis xarisxi kondensirebul firebSi ar Camouvardeba, zogjer ki 

aRemateba kidec im aqtivaciis xarisxs, romelic intensiuri korpuskularuli 

da eleqtromagnituri koniT masalis dasxivebisas miiRweva. 

firebSi daZvelebis movlena SeiZleba Semdeg saxeebad daiyos: 

 
a - fazuri fizikur-qimiuri daZvelebis procesi. aRniSnuli procesi 

polikomponenturi (n≥2) sistemebisTvis aris damaxasiaTebeli da arawonas-

woruli fazis kristaluri gisosis tipis an agregatuli mdgomareobis Se-

cvlamde daiyvaneba. aseTi procesis magaliTad gamodgeba gadajerebuli 

myari xsnaris daSla, evteqtoiduri daSla, mravalkomponentiani fazis gan-

minva, fazebis aRdgena da sxva myarfazuri procesebi. 

 
b - fazuri (polimorfuli) daZvelebis procesi. igi qimiuri Sedge-

nilobis cvlilebis gareSe mimdinareobs. aRniSnul process miekuTvneba po-

limorfuli da martensituli gardaqmnebi, fazebis mowesrigebisa da simt-

kicis kargvis (ganumtkiceblobis)  procesebi, erTkomponentiani amorfuli 

fazebis kristalizacia (ganminva) da a.S. 

 
g - Sigafazuri (makro da substruqturuli) daZvelebis procesebi. es 

procesebi qimiuri Sedgenilobisa da gisosis tipis Seucvlelad mimdinare-

obs. cvlilebas eqvemdebareba mxolod makro da substruqturuli maxasia-

Teblebi da maTTan dakavSirebuli struqturulad mgrZnobiare Tvisebebi 

(dispersiulobis xarisxi, makro da mikroubnebis kristaluri gisosebis ur-

TierTorientacia da kristaluri aRnagobis defeqtebis ganawileba). aseT 

procesebs miekuTvneba dasveneba, rekristalizacia, poligonizacia, teqstu-

ris Camoyalibeba da misi cvlileba, makro da mikrodaZabulobebis warmoqm-

na da relaqsacia, gaoreba da a.S. 

 kristalur gisosSi komponentebis gadanawileba atomebis ZvradobasTan 

aris dakavSirebuli. amdenad, arawonasworuli kondensirebuli firis wona-

sworul mdgomareobaSi gadasvlis procesi Termulad aqtivirebuls 
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miekuTvneba. amitom kondensatis temperaturis gazrda xels Seuwyobs firis 

gadasvlas wonasworulTan miaxloebul mdgomareobaSi da, aqedan gamomdi-

nare, kondensatis Seferilobis Secvlas. 

firTa daZvelebis procesSi miRebul Sedegs rogorc sawyisi firis 

raodenobrivi fazuri Sedgeniloba, ise arawonorobis xarisxi gansazRv-

ravs. dadgenilia, rom CdTe firis daZvelebis procesSi metastabiluri heq-

sagonuri modifikaciis gardaqmna stabilur kubur modifikaciaSi ufro 

srulyofilad mimdinareobs maSin, rodesac sawyis mdgomareobaSi firi 

didi raodenobiT Seicavs heqsagonur mdgenels. aRsaniSnavia, rom arawonas-

worobis swrafi relaqsacia iSviaT SemTxvevaSi mimdinareobs gansakuTre-

biT sufTa liTonebis kondensatebSi. Tu mowvis temperatura kondensaciis 

temperaturas aRemateba, arawonasworuli firis wvrildispersiuli agebu-

leba msxvilkristaluriT icvleba da igi masiur monokristalTan miaxloe-

bul Tvisebebs Rebulobs. 

aluminis oqsidis amorful firebSi, romlebic miRebulia trieto-

qsilaluminis daSliT 4000C temperaturaze, 8000C-ze mowvis Sedegad icvle-

ba rogorc firis struqtura, ise misi fizikuri Tvisebebi. erTsaaTiani mo-

wvis Semdeg firSi gamovlenilia sami fazis arseboba: amorfuli, -Al2O3 da 

- Al2O3. samsaaTiani mowvis Semdeg ki amorfuli faza qreba.  

analogiuri Sedegi miiReba siliciumisa da sitalis fuZeSreebze 150-

5000C-ze aluminis oqsidis amorful kondensatebSi, sadac 7000C-ze mowvis 

Sedegad Al2O3-is  modifikacia yalibdeba. mowvis temperaturis Semdgomi 

gazrdiT SeiniSneba kristalebis gamsxvileba.  

100-2000C-ze  vakuumuri aorTqlebis meTodiT GeO-s firebSi  mkveTrad 

mcirdeba forianoba gansakuTrebiT haerze mowvis procesSi.  

garda wonasworul mdgomareobaSi gadasvlisa, mowvis temperatura 

fuZeSre-danafari fazaTa gamyof sazRvarze mimdinare procesebis xasiaTsac 

gansazRvravs, rac gansakuTrebiT mkveTrad orSriani liTonuri firebis 

mowvis dros mJRavndeba. titanisa (fuZeSre) da spilenZis (danafari) 

orSriani kondensirebuli firis koncentraciuli profilis Seswavlisas 

naCvenebia, rom 600-900K temperaturaze mowva xels uwyobs titanis atomebis 

swraf difuzias spilenZis firSi. sasazRvro zonaSi difuzuri procesebis 

mimdinareobis Sedegad warmoiqmneba Ti3Cu4, TiCu3 da TiCu4 liTonTSorisi na-
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erTebi. igive efeqti meordeba spilenZis fuZeSreze dasmul titanis firSi 

– 700-800K temperaturaze mowvis procesSi mimdinareobs spilenZis atomebis 

difuzia titanis firSi. mowvis temperatura Tu aRemateba 800K, iwyeba Ti-Cu 

sistemis liTonTSorisi naerTebis warmoqmna. sagulisxmoa, rom orive Sem-

TxvevaSi difuziis procesi fuZeSridan kondensirebul firSi mimdinareobs. 

mowvis procesSi mimdinare gardaqmnebis asaxsnelad magaliTis saxiT 

ganvixiloT aluminis fuZeSreze kondensirebuli, arawonasworuli, muqi ya-

visferi Seferilobis aluminis oqsidis danafaris mowvis (xelovnuri daZ-

velebis) procesi sxvadasxva temperaturaze gaxurebisas. 

5.1. suraTze warmodgenilia aluminis fuZeSreze dasmuli aluminis oq-

sidis mowvis reJimi danafarSi mimdinare gardaqmnebis damTavrebis werti-

lebis miTiTebiT. rogorc warmodgenili grafikidan gamomdinareobs, arawo-

nasworuli agebulebis kondensatSi ferTa cvlileba iwyeba 2000C-dan da mi-

si pirveli etapi mTavrdeba 1,5 saaTis dayovnebis Semdeg. drois am period-

Si nimuSisaTvis damaxasiaTebeli muqi yavisferi Seferiloba Ria yavisfer-

Si gadadis (sur. 5.2, a, b). 

nimuSis 3000C-mde gaxurebisas danafaris Seferiloba sagrZnoblad icv-

leba – 2,5 saaTis dayovnebis Semdeg igi gadadis TeTrSi, romelsac moyvi-

Talo elferi gadahkravs (sur. 5.1, 5.2 g). temperaturis Semdgomi gazrda 

4000C-mde uzrunvelyofs kondensatis gadasvlas TeTr ferSi 1,5 saaTis 

ganmavlobaSi (sur. 5.1, 5.2 d). 

igive nimuSebis vakuumSi mowviT kondensatis SeferilobaSi analogiu-

ri cvlilebebia dafiqsirebuli, rac imis maCvenebelia, rom aluminis oqsi-

dis gadasvla arawonasworuli mdgomareobidan wonasworulSi ZiriTadad 

Sigakristaluri gardaqmnebis mimdinareobiT aris ganpirobebuli. 

xelovnuri daZvelebis Semdeg kondensatSi ar SeiniSneba arc bzarebis 

warmoqmna, arc fuZeSris mimarT adheziuri Tvisebebis gauareseba, rac imis 

dasturia, rom mowvis Semdeg aluminis fuZeSresa da danafars Soris Se-

narCunebulia gardamavali Sris buneba da bmis Zalebi. 

xelovnuri daZvelebis dros kristalSi mimdinare gardaqmnebis xasiaTs 

kargad xsnis nimuSis siRrmeSi elementebis ganawilebis  suraTi,  romelic 

5.3 suraTzea warmodgenili. rogorc gamomdinareobs grafikebis xasiaTidan, 

sawyis nimuSSi, romlisTvisac damaxasiaTebelia muqi yavisferi Seferiloba, 
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Jangbadis ganawilebis mruds daRmavali xaxiaTi gaaCnia (sur. 5.3, mrudi 1). 

Jangbadis intensiurobis Semcireba nimuSis ganivkveTSi (siRrmeSi) mis ara-

Tanabar ganawilebaze miuTiTebs. rogorc haerze (mrudi 2), ise vakuumSi 

(mrudi 4) srulad momwvar nimuSebSi suraTi gansxvavebulia – Jangbadis 

intensiuroba Tanabaria danafaris zedapiridan siRrmisken, rac kondensatis 

moculobaSi misi ganawilebis Tanabar xasiaTze miuTiTebs. sayuradReboa, 

rom haerze momwvar nimuSSi aRiniSneba Jangbadis intensiurobis TiTqmis 

orjer gazrda vakuumSi momwvar nimuSTan SedarebiT (mrudebi 2, 4).  

 

warmodgenili monacemebis urTierTSedarebiT mivdivarT im daskvnamde, 

rom dabal temperaturaze (200-3000C) aluminis oqsidis firis wonasworul 

mdgomareobaSi gadasvla srulad ar xorcieldeba, razec miuTiTebs firis 

Sualeduri Seferiloba TeTrsa da muq yavisfers Soris da kristalur gi-

sosSi Jangbadis ganawilebis gaTanabrebis tendencia (sur. 5.3, mrudi 3). mo-

cemuli temperaturuli pirobebi ver uzrunvelyofs oqsidis firSi yvela 

vakansiis Sevsebas da struqturis gawonasworebas. 

temperaturis Semdgomi gazrda 4000C-mde iwvevs procesis ufro metad 

gaaqtiurebas, ris Sedegadac komponentebis gadanawileba kristalur gisos-

Si praqtikulad mTavrdeba, kondensatis struqtura gadadis wonaswo-

rulTan mialoebul mdgomareobaSi da danafari Rebulobs oqsidisaTvis 

damaxasiaTebel TeTr Seferilobas. 
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mowvis Sedegad kondensatis fazuri Sedgeniloba ar icvleba. rogorc 

mowvamde, ise mowvis Semdeg, danafari aluminis oqsidis  modifikaciisgan 

Sedgeba.  

haerze da vakuumSi momwvari nimuSebis Jangbadis intensiurobebSi gan-

sxvaveba ganpirobebulia imiT, rom haerze gaxurebisas kondensatis mocu-

lobaSi Jangbadis gadanawilebasTan erTad xdeba oqsidis kmaJangva haeris 

JangbadiT, Tumca firis wonasworul mdgomareobaSi gadasvla ZiriTadad 

ganpirobebulia komponentebis gadanawilebiT kristalur gisosSi. 

arawonasworuli struqtura cirkoniumis oqsidis kondensatSic yalib-

deba, rac danafars Sav Seferilobas aniWebs. amis mizezia rogorc 

elementebis araTanabari ganawilebaKkristalur gisosSi, ise Jangbadis 

deficiti, rac iwvevs firis Sedgenilobis gadaxras steqiometriuli pro-

porciidan (ZrO2–dan ZrO1,95-mde). 

cirkoniumis oqsidSi mowvis dros mimdinare gardaqmnebis xasiaTSi 

garkvevisaTvis, saWiroa Semdegi eqsperimentulad dafiqsirebuli faqtebis 

gaTvaliswineba:  

 1. fuZeSridan winaswar aclili cirkoniumis oqsidis firis haerze mow-

visas Savi Seferiloba TeTrSi gadadis 6500C-ze, xolo vakuumSi mowvisas 

igi fers ar icvlis 1100-11700C-mde gaxurebis SemTxvevaSic ki. es efeqti 

imiT aris ganpirobebuli, rom gaiSviaTebis pirobebSi oqsidis moculobaSi 

Jangbadis deficitis Sesavsebad ar arsebobs saTanado wyaro, haerze mowvis 

SemTxvevaSi ki kondensatis moculobaSi Jangbadis deficiti atmosferos 

Jangbadis difuziis gziT ivseba. 

 2. tantalisa da molibdenis fuZeSreebze kondensirebul cirkoniumis 

oqsidSi haerze mowvis dros ferTa cvlilebis temperaturuli zRvari dab-

la iwevs da tantalze dasmuli kondensatisaTvis Seadgens 5500C, xolo 

molibdenis fuZeze dasmuli kondensatisaTvis - 6000C. es is temperaturebia, 

romlebzec intensiurad iwyeba tantalisa da molibdenis fuZeSreebis Jang-

vis procesi. igive nimuSebis vakuumSi mowvisas Savi Seferilobis Secvla 

TeTriT 1100-11700C temperaturul intervalSi SeiniSneba fuZeSris masalisa-

gan damoukideblad. 

zemoT  aRniSnuli faqtebidan gamomdinareobs, rom tantalisa da moli-

bdenis fuZeSreebze dasmul cirkoniumis oqsidSi Jangbadis deficitis Sev-
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seba ZiriTadad xorcieldeba sasazRvro zonis gavliT Jangvadi liTonuri 

fuZeSris zedapiridan oqsiduri firis moculobaSi Jangbadis difuziis 

gziT. fuZeSris zedapirze warmoqmnili sakuTari oqsidebi arRvevs `fuZe-

Sre-ZrO2~ gardamavali zonis agebulebas, rac iwvevs oqsiduri danafaris 

ganSrevebas fuZeSris zedapiridan (sur. 5.4). 

 

vakuumSi mowvisas danafaris wonasworulTan miaxloebul mdgomareoba-

Si gadasvla unda davakavSiroT liTonis moculobaSi narCeni Jangbadis di-

fuziasTan fuZeSridan oqsidur danafarSi.  

marTalia, mowvis procesSi erTdroulad xdeba kristalur gisosSi 

elementebis ganawilebis periodulobis aRdgena, magram warmodgenili mona-

cemebi imis damadasturebelia, rom cirkoniumis oqsidis Savi Seferiloba 

da, aqedan gamomdinare, arawonasworuli mdgomareoba, ZiriTadad gamowveu-

lia Jangbadis deficitiT, rac ganapirobebs kondensatis arasteqiometrias 

ZrO1,95.  

orSriani danafarebis mowvis procesSi SesaZlebelia ganviTardes kon-

taqtur-reaqtiuli dnobis procesic. igi sam etaps moicavs: 

1. mosamzadebels, romlis drosac liTonebis sakontaqto zedapirze  

mocemuli sistemis evteqtikaSi Semavali myari xsnarebis an qimiuri nearTe-

bis Sreebi warmoiqmneba; 

2. Txevadi fazis formirebas; 

3. komponentebis gaxsnas warmoqmnil Txevad fazaSi. 

     Txevadi SuaSris warmoqmnis Semdeg masTan kontaqtSi myofi liTonebis 

sazRvarze Cndeba koncentraciuli naxtomebi, magram siTxis gamyarebis Sem-

deg mTel gardamaval zonaSi Sedgeniloba TiTqmis Tanabrdeba da misi sa-
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Sualo mniSvneloba mocemuli sistemis evteqtikur Sedgenilobas Seesabame-

ba. nalRobis sasazRvro zonebSi ar SeiniSneba myari xsnarebis arsebobis 

ubnebi. 

amgvarad, aorTqlebisa da kondensaciis didi siCqareebi yvela im faq-

toris mniSvnelobis gazrdas ganapirobebs, romlebic firis (danafaris) 

arawonasworuli mdgomareobis xarisxs gansazRvravs. kerZod, izrdeba or-

Tqlis disociaciis xarisxi da misi kompleqsuri Sedgeniloba, molekule-

bisa da atomebis kinetikuri energia, fuZeSreze nivTierebis miwodebis siC-

qare. yovelive es iwvevs kondensirebuli firisaTvis damaxasiaTebeli samive 

saxis (fazuris, struqturulisa da substruqturulis) arawonasworuli 

mdgomareobebis dafiqsirebas oTaxis temperaturaze defeqtebis didi kon-

centraciiT, maT Soris vakansiebiT. irRveva kristalur gisosSi elemente-

bis perioduli ganawilebis xasiaTi, rac ar gamoricxavs kondensirebuli 

fazis steqiometriuli Sedgenilobidan gadaxras. Arawonasworuli krista-

lizaciis pirobebSi warmoqmnili defeqtebi arRvevs firis uwyvetobas, rac 

iwvevs eleqtruli simtkicisa da xvedriTi eleqtruli winaaRmdegobis 

Semcirebas dieleqtrikul firebsa da danafarebSi.  

xelovnuri daZveleba, anu mowvis procesi, xels uwyobs kondensatebSi 

forianobis Semcirebas, komponentebis gadanawilebas da kristalur gisos-

Si maTi ganawilebis periodulobis aRdgenas, rac saboloo jamSi struq-

turis wonasworulTan miaxloebul mdgomareobaSi gadayvanas ganapirobebs. 

orSriani firebis mowvisas Sesabamisi temperaturuli pirobebis  miRwevis  

SemTxvevaSi  SeiZleba ganviTardes agreTve kontaqtur-reaqtiuli dnoba. 
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6. orTqlis fazidan kondensirebuli araorganuli  

masalebis struqtura da Tvisebebi 

 

 rogorc ganxiluli masalidan gamomdinareobs, eleqtronul-sxivuri 

teqnologia nakeTobis zedapiris agebulebisa da funqciuri maxasiaTeblebis 

Secvlis mraval SesaZleblobas iZleva. maTi demonstrireba metad mosaxer-

xebelia orTqlis fazidan sxvadasxva variantiT dasmuli araorganuli ma-

salebis (erTfaza, dispersiuli an fenovani agebulebis orfaza 

kondensatebis, foriani an gradientuli kompoziciebis) struqturisa da 

Tvisebebis analizis safuZvelze.   

6.1 suraTze warmodgenilia 1,0-1,2 mm sisqis nikelis kondensatebis Ziri-

Tadi meqanikuri Tvisebebis (simtkicis zRvari gaWimvaze maqs, mikrosisale 

H, plastikuroba ) cvlilebis xasiaTi fuZeSris Ts temperaturaze damoki-

debulebiT. kondensatebi miRebulia gradientuli temperaturis mqo-ne 100x40 mm 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

zomis foladis fuZeSreze. fuZeSris temperaturuli diapazoni Seadgenda 

200-9000C. kondensatis mosacileblad fuZeSris zedapiri winaswar 

ifareboda CaF2-is Txeli feniT. diagramis analizisas mxedvelobaSi unda 

miviRoT, rom nikelis kondensatebisaTvis T1 da T2 zRvruli temperaturebi 

Sesabamisad Seadgens 2700C da 4500C. 
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warmodgenili diagramebis xasiaTidan gamomdinare, rodesac fuZeSris 

temperatura TsT1, kondensati xasiaTdeba maRali simtkiciT, sisaliT da 

dabali plastikurobiT (1-2%). T1-T2  temperaturul intervalSi SeiniSneba 

sisaslisa da simtkicis maxasiaTeblebis vardna, xolo plastikuroba 14-

15%-mde izrdeba. kondensaciis temperaturis mateba (Ts>4500C) marTalia, sisa-

lisa da simtkicis maxasiaTeblebis Semdgom umniSvnelo Semcirebas ganapi-

robebs, magram plastikuroba 38% aRwevs. meqanikuri Tvisebebis es maxasia-

Teblebi axlos dgas maRal temperaturaze momwvari sufTa, polikristalu-

ri nikelis TvisebebTan. analogiuri damokidebulebaa miRebuli sxva sufTa 

liTonebisTvisac. 

polimorfuli gardaqmnebis mqone keramikul kondensatebSi, magaliTad, 

Al2O3 da ZrO2-Si, T1-T2 temperaturul intervalSi forianoba maqsimalur 

mniSvnelobas aRwevs, xolo mikrosisale minimumamde mcirdeba.  

orTqlis nakadis ionizacia mniSvnelovan gavlenas axdens zemoT aRni-

Snul temperaturul intervalSi formirebuli kondensatebis struqturasa 

da Tvisebebze. 6.2 suraTze warmodgenilia erTi tigelidan aorTqlebuli 

dawnexili TiC kondensatis mikrosisalis cvlilebis xasiaTi. diagramidan 

naTlad Cans, rom pirdapiri kondensaciis pirobebSi karbidis mikrosisale 

monotonurad izrdeba, orTqlis nakadis ionizaciis SemTxvevaSi ki sisale 

mkveTrad matulobs 410-4800C temperaturul intervalSi. aRniSnuli interva-

lis qvemoT da zemoT sisalis mniSvnelobebi praqtikulad ucvlelad aris 

SenarCunebuli.   
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struqturisa da Tvisebebis ufro rTuli damokidebuleba SeiniSneba 

orfaza kondensatebSi, romlebic liTonur matricaSi, magaliTad, disper-

siul oqsidebs Seicavs. fuZeSris Ts temperatura da meore komponentis Sem-

cveloba im ZiriTad parametrebs warmoadgens, romlebic aRniSnuli konden-

satebis struqturasa da Tvisebebs gansazRvravs. meore komponenti, rogorc 

wesi, ZiriTadi liTonis orTqlis nakadSi damoukidebeli tigelidan 

aorTqlebis gziT SehyavT (ix. sur. 2.12, b).  

6.3 suraTze warmodgenilia ZrO2-is nawilakebis zomis cvlilebis  xasi- 

aTi nikelis matricaSi  ZrO2-is moculobiT Semcvelobaze damokidebulebiT. 

yvela SemTxvevaSi ZrO2-is nawilakebi Tanabradaa ganawilebuli nikelis mat-

ricis moculobaSi. nawilakebis saSualo zomebi gansazRvrulia transmi-

siuri eleqtronuli mikroskopis meTodiT. rogorc warmodgenili grafike-

bidan gamomdinareobs, ZrO2-is nawilakebis zomebis zrdas ganapirobebs ro-

gorc fuZeSris temperaturis, ise ZrO2-is moculobiTi wilis mateba. ro-

desac Ts=6500C da nikelis matricaSi cirkoniumis oqsidis moculobiTi 

Semcveloba 1-3% Seadgens, misi nawilakebis zoma 20-dan 25 nanometramde 

zRvrebSi meryeobs.  

      aRsaniSnavia, rom kondensaciis procesSi  meore  fazis  nanonawilakebis  

formirebas Tan sdevs matricis marcvlebis zomis mkveTri Semcireba. Mmaga- 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



   

 

70

liTad, marcvlis saSualo zoma sufTa nikelis kondensatebSi Ts=8500C tem-

peraturaze 70-75 mkm-s Seadgens,  xolo imave  temperaturaze, 1,5 moc.% ZrO2-

is Semcvelobis SemTxvevaSi, marcvlis zoma daaxloebiT 4 mkm-mde mcirdeba. 

marcvlis (kristalitebis) zomis Semcireba monotonurad mimdinareobs meore 

fazis Semcvelobis zrdasTan erTad. 

 amgvarad, oqsidebis, karbidebisa da boridebis nanonawilakebi xels 

uwyobs  sqeli  kondensatebis liTonuri matricis marcvlebis dawvrilmanebas. 

 `liToni-Zneldnobadi oqsidi~ tipis kondensatebi struqturis didi 

Termuli stabilurobiT xasiaTdeba. magaliTad, nikelis, rkinisa da spi-

lenZis fuZeze miRebul kondensatebSi nawilakebis zrda praqtikulad ar 

mimdinareobs 0,9 Tdn  da ufro maRal temperaturebze 10-20 saaTis ganmavlo- 

baSi dayovnebis SemTxvevaSic ki. 

struqturisa da meqanikuri  Tvisebebis urTierTkavSiris raodenobriv-

ma Seswavlam dispersiuli fazis Semcvel orfaza kondensatebSi zomis da-

maxasiaTebeli efeqtebi gamoavlina. 6.4 suraTze sqematurad aris warmodge-

nili orfaza kondensatebis ZiriTadi struqturuli elementebi da maTi 

sivrceSi ganawilebis zogierTi parametri, romlebic zomis efeqtebis ana-

lizisaTvis aris aucilebeli.  

nawilakebs Soris saSualo manZili, an saSualo manZili uaxloes me-

zobel nawilakebs Soris dacurebis nebismier sibrtyeSi an moculobaSi 

Semdegi damokidebulebiT aisaxeba:  

(6.1) 

 

sadac f aris meore fazis moculobiTi wili. Tu f <<1, maSin  

               f

d

3

2


                     (6.2)           

 

d-s mudmivi mniSvnelobis SemTxvevaSi Tavisufali manZili   mcirdeba 

f -is ukuproporciulad. rogorc zemoT iyo aRniSnuli, kondensatSi meore 

fazis Semcvelobis gazrdas Tan sdevs marcvlis (kristalitebis) zomis (D ) 

monotonuri Semcireba. amitom orfaza kondensatebis struqturaSi SeiZleba 

miRebuli iyos Semdegi struqturuli pirobebi: D <; D =; D >. Sedegad me-

ore fazis nanonawilakebis Semcveli kondensatebis  meqanikuri  Tvisebebis 

 

),1(
3

2
f

f

d

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koncentraciuli damokidebulebis diagramebze damaxasiaTebeli eqstremume-

bi mJRavndeba. 

 6.5 suraTze warmodgenilia denadobis zRvarisa (0,2) da ngrevis dros 

wagrZelebis () cvlilebis xasiaTi Ts=9000C-ze dasmul, 1 mm sisqis Ni-20 

won.%Cr+Al2O3 orfaza kondensatebSi.  

  sufTa myar xsnarebSi 

kristalitebis saSualo zoma 

D  60 mkm-s Seadgens. 0,14 moc.% 

Al2O3-is damatebiT kristalite-

bis saSualo zoma mcirdeba 10 

mkm-mde, xolo 0,63 moc.% Al2O3-

is damatebiT – 4 mkm-de. amas-

Tan, nawilakebis saSuali di-

ametri ukanasknel SemTxvevaSi 

Seadgens 40 nm. amgvarad, 0,50-

0,85 moc.% Al2O3 intervalSi Ses-

rulebulia struqturuli pi-

roba D =. Sesabamisad meqani-

kuri Tvisebebis koncentraci-

ul mrudebze wagrZelebis () 

mkveTri maqsimumi da denadobis 

zRvaris (0,2) minimumi miiReba. meore fazis koncentraciis am viwro  areSi 

minimaluria agreTve mikrosisalis mniSvneloba. D = pirobisaTvis meqaniku- 
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ri Tvisebebis eqstremaluri mniSvnelobebi damaxasiaTebelia rogorc plas-

tikuri, ise myife liTonuri (Be, Cr, Mo, W) da keramikuli masalebisaTvis. 

magaliTad, Ts=9700C temperaturaze dasmul Cr-Cr2O3 kondensatebSi, romlebic 

Seicavs 0,50,1 moc.% Cr2O3, mJRavndeba plastikurobis mkveTri maqsimumi. brtye-

li nimuSebis gadaRunvis kuTxe Seadgens 1600. 

meqanikuri Tvisebebi 0,2-is minimaluri mniSvnelobiT da maqsimaluri 

plastikurobiT gamovlenilia agreTve rkinisa da nikelis fuZeze damzade-

bul orfaza kondensatebSi, romlebic Seicavs Fe-Ce2S3,  Fe-CaF2  da  Ni-C niv-

Tierebebis nanonawilakebs. aseTi struqturis mqone danafarebisaTvis  dama-

xasiaTebelia maRali madempfirebeli unari. 

     6.5 suraTze warmodgenili diagramis analizidan gamomdinare varau-

doben, rom intervalSi, sadac Al2O3-is koncentracia naklebia 0,14 moc.%-ze 

da D <, plastikurobis Semcireba da denadobis zRvaris gazrda, upirveles 

yovlisa, ganpirobebli unda iyos marcvlis eqvsjeradi dawvrilmanebiT. Tu 

Al2O3-is koncentracia Seadgens 0,85 moc% da D >, plastikurobis Semdgomi 

Semcireba da 0,2-is zrda kontrolirdeba dislokaciebis urTierTqmedebis 

meqanizmiT myar aradeformirebul nanonawilakebTan. 

    6.6 suraTze warmodgenilia 720 da 5000C temperaturebze dasmuli Cu-ZrB2 

da Cu-Mo orfaza kondensatebis denadobis zRvaris mniSvnelobebi 200C tempe-

raturaze. Sesrulebulia piroba D >.  

meore fazis 3-5 moc% intervalSi Sei-

niSneba denadobis zRavris (0,2) daax-

loebiT Txutmetjeradi gazrda sufTa 

spilenZis denadobis zRvarTan (50 mgpa) 

SedarebiT. amasTan, plastikuroba ram-

denime procentis donezea SenarCune-

buli.  

sivrciT dacentrebuli da wax- 

nagdacentrebuli kristaluri gisosis 

mqone liTonebis fuZeze formirebuli 

sqeli kondensatebis struqturisa da 

meqanikuri Tvisebebis analizma, rom-
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lebic Seicavs 5-10  moc.% aradeformirebadi meore fazis nanonawilakebs 

cxadyo, rom maTi denadobis zRvari SeiZleba Semdegi TanafardobiT iyos 

warmodgenili:  

     0,2=0den+


mmbG
,      (6.3) 

sadac 0den, mG  da mb  Sesabamisad aris matricis denadobis zRvari, Zvris 

moduli da biurgersis veqtori. 

  =25-40 koeficientia, romelic umniSvnelod aris damokidebuli na-

nonawilakebis formasa da bunebaze. 

radgan ,
3

2

f

d
  zemoT warmodgenili gamosaxuleba SeiZleba Semdegi sa-

xiT Caiweros:                

                      0,2=0den+ f
d

bG mm 

    (6.4)
 

  koeficienti mdebareobs zRvrebSi 38-60. 

zemoT ganxiluli orfaza masalebi maRal meqanikur Tvisebebs gazr-

dil temperaturazec inarCunebs, kerZod, cocvadobis pirobebSi.  

meqanikuri Tvisebebis meore eqstremumi dadgenilia orfaza kondensa-

tebSi, romlebic Seicavs 60-80% dispersiul nawilakebs matricasTan Seda-

rebiT ufro maRali drekadobis (Zvris) moduliT. analogiur struqturebSi 

nawilakebs Soris saSualo Tavisufali manZili  daaxloebiT nawilakebs 

Soris  manZilis saSualo mniSvnelobis tolia anu sruldeba meore stru-

qturuli piroba _ =. am pirobisaTvis meore fazis Semcveloba moculo-

biT procentebSi SeiZleba Sefasdes, Tu miviRebT, rom  

  = ).1(
3

2
fd

f
        (6.5)    

gamoTvlebiT advilad miiReba, rom meore fazis moculobiTi wili mo-

cemuli pirobisaTvis f 0,66. 

aRsaniSnavia agreTve, rom rodesac =, samarTliania Tanafardoba: 

          ==0,34d.                 (6.6) 

6.7 suraTze warmodgenilia Fe-Cu, Cr-Cu da Mo-Cu orfaza kondensatebSi 

simtkicisa  da  mikrosisalis  cvlilebis xasiaTi spilenZis Semcvelobaze  
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damokidebulebiT. kondensatebi miRebulia komponentebis ori damoukidebe-

li tigelidan aorTqlebisa da orTqlis nakadis Semdgomi kondensaciiT.  

fuZeSris temperatura Seadgenda Sesabamisad 6000C, 8500C  da 9500C,  kondensa-

tebis sisqe - 0,8-1,2 mm.  Mo, Cr da Fe-is marcvlebis saSualo zoma Sesabamis 

kondensatebSi 20 moc% Cu-is Semcvelobisas daaxloebiT 1 mkm-is  tolia, 

spilenZis SuaSris sigane  0,3 mkm.  

analogiuri orfaza kondensatebis denadobis zRvari aRniSnul kon-

centraciul intervalSi SeiZleba Semdegi gamosaxulebiT Sefasdes: 

  0,2=0,1+ 1

1

1120
f

d

bG 
,       (6.7) 

sadac 0,1, 1G , 1b , 1f  da 1d  Sesabamisad aris denadobis zRvari, Zvris  modu-

li, biurgersis veqtori, maRalmoduluri fazis moculobiTi wili da nawi-

lakebis zoma. aRniSnuli kondensatebis plastikuroba da ngrevis siblante, 

upirveles yovlisa, maRalmoduluri fazis individualur Tvi- 

sebebze, mis zomebze, formasa da moculobaSi misi ganawilebis xasiaTzea 

damokidebuli. calkeuli nawilakebis Sezrda ConCxedis formis warmona-

qmnebad mkveTrad amcirebs aRniSnuli Tvisebebis dones. 
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  simtkicis analogiuri maqsimumebia miRebuli TiC-Ti, TiC-Mo, Be-Al kon-

densatebSi. simtkicisa da ngrevis siblantis maqsimumebi maRalmoduluri 

fazis 60-80 moc.% Semcvelobis intervalSi dafiqsirebulia agreTve TiB2-

ZrO2, Al2O3-ZrC orfaza kompozitebSi, romlebic dispersiuli fxvnilebis 

SecxobiT aris miRebuli.  

 struqturisa da Tvisebebis zomis efeqti damaxasiaTebelia agreTve 

mravalSriani masalebis farTo klasisTvis, romlebic miiReba sawyisi ara-

organuli masalebis eleqtronul-sxivuri aorTqlebiT. rogorc cnobilia, 

fenebs Soris gamyofi zedapiri xangrZlivad moqmedi daZabulobis wyaro da 

efeqturi barieria dislokaciebis moZraobis gzaze. amitom mravalSriani 

masalebi SeiZleba iyos maRalmtkice oTaxis temperaturaze da mxurval-

mtkice maRal temperaturaze. fenaTa sisqe aris erT-erTi mTavari pa-

rametri, romelic mravalSriani masalis Tvisebebs gansazRvravs.  

      6.8 suraTze warmodgenilia mikrosisalis (H) cvlilebis xasiaTi 

Fe/Cu  mikrofenovan, mravalSrian kondensatebSi urTierTmonacvle rkinisa 

da spilenZis fenaTa sisqeze (h) damokidebulebiT. mikrosisalis mkveTri 

zrda SeiniSneba iseT kondensatebSi, romlebSic Sreebis sisqe ar aRemateba 2 

mkm-s. analogiurad izrdeba mravalSriani kondensatebis simtkicis maxasi-

aTeblebi. Tanabarsisqiani mikrofenovani Fe/Cu, Cr/Cu da Mo/Cu kondensatebis 

meqanikuri Tvisebebis kvlevam uCvena, rom denadobis zRvarsa (0,2) da fene-

bis sisqes (h) Soris urTierTkavSiri SeiZleba Semdegi damokide-bulebiT 

warmovadginoT:                         

0,2=0+
h

BG 15
,     (6.8) 

sadac 0, G da b Sesabamisad aris maRalmoduluri fenis (Fe, Cr an Mo) de-

nadobis zRvari, Zvris moduli da kristaluri gisosis biurgeris veqtori. 

magaliTad, Fe/Cu wyvilisaTvis, rodesac GFe=81 gpa, bFe=0,248 nm, h=0,5 mkm da 

0=150 mpa, denadobis zRvari toli iqneba 750 mgpa. Tanabarsisqiani Sreob-

rivi agebulebis Fe/Cu kondensatebis cocvadobis  damyarebuli siCqare 

6000C-ze da 60 mgpa wnevis dros 100-jer ufro naklebia sufTa rkinis coc-

vadobis damyarebul siCqaresTan SedarebiT. 
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   Ni16Cr5Al/10moc.%NbC  da  Ni6Al12Mo/23moc.%Mo  mikroSreobrivi konden-

satebis meqanikuri Tvisebebi aRemateba, xolo 10000C temperaturaze uaxlov-

deba ЖС6Л mxurvalmtkice nikeliani Senadnobis meqanikuri Tvisebebis 

mniSvnelobas. imedia, axlo momavalSi araorganuli nivTierebebis aorTq-

lebisa da kondensaciis gziT miRebuli iqneba axali, gansakuTrebiT mxur-

valmtkice mravalSriani, `Senadnobi/keramika~, `Senadnobi/oqsidi~ tipis ma-

salebi. 

 aRsaniSnavia, rom Txel (1-2 mkm-ze naklebi) mikrofenian, mravalSrian 

masalebs maRal temperaturaze aqvs midrekileba zeplastikurobisadmi uwy-

veti fenebis daSlis gamo. 

 mikroSreobriv kompozitebSi siTbogadacema da Termuli gafarToeba 

aseve SiZleba farTo diapazonSi regulirdebodes Sreebis masalaTa Sesaba-

misad SerCevis gziT. 

     orTqlis fazidan dasmis gziT SesaZlebelia agreTve nano da mikro-

ganzomilebis foriani araorganuli masalebis miReba forianobis farTo 

diapazonSi. orTqlis fazis arawonasworuli kondensaciis pirobebSi fo-

rebis formirebis mTeli rigi meqanizmebi arsebobs. forianobis warmoqmnis 
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erT-erTi meqanizmi bazirebulia e.w. `daCrdilvis~ efeqtze. Canasaxis aRmo-

cenebisa da misi sxvadasxva kristalografiuli waxnagebis sxvadasxva siCqa-

riT Semdgomi zrdis procesSi kondensaciis zedapirze garkveuli mikrore-

liefi formirdeba. waxnagebi da mikroSverilebi, romlebic maqsimaluri si-

CqariT izrdeba, Crdilavs zedapiris mezobel ubnebs saorTqleblis mxri-

dan (ekranirebas ukeTebs orTqlis nakads), ris Sedegadac Sinagani sicari-

eleebi warmoiqmneba. `daCrdilvis~ efeqti Zlierdeba, Tu kondensaciis ze-

dapirze orTqlis nakadis dacemis kuTxe naklebia 900, an Caisaxeba da izr-

deba meore fazis nawilakebi (sur. 6.9). am meqanizmis zemoqmedebiT SeiZleba 

aixsnas forianobis maRali done Al2O3 da ZrO2 kondensatebSi, romlebic po-

limorfuli fazebis iseT modifikaciebs Seicavs, rogorebicaa, magaliTad, 

-Al2O3  da -Al2O3  aluminis oqsidis kondensatebSi. 

  

 

 

 

 

 

 

 

 

 

 

 

fuZeSris Ts temperaturiT, kondensaciis siCqariTa da, gansakuTrebiT, 

orTqlis nakadSi sxvadasxva nivTierebis danamatebis SeyvaniT kondensa-

tebSi SeiZleba forebis raodenobis, zomebisa da sivrceSi maTi ganawile-

bis regulireba. kondensatis formirebisa da misi Semdgomi Termuli damu-

Savebis stadiaSi forianobis ganviTarebaze zemoqmedebis xasiaTis mixedviT 

danamatebi pirobiTad sam did jgufad SeiZleba daiyos: 

1. danamatebi, romlebic praqtikulad ar urTierTqmedebs ZiriTad (kon-

densatis) komponentTan da mis moculobaSi meore fazis nawilakebis saxiT 

rCeba. magaliTad, ZrO2+Ni; ZrO2+Al2O3. 
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2. danamatebi, romlebic urTierTqmedebs ZiriTad komponentTan (an kom-

ponentebTan) fazaTa Soris sazRvarze da kondensatis formirebis procesSi 

praqtikulad srulad xdeba maTi mocileba. magaliTad, Al, Ti, Si, Zr, Al2O3, 

ZrO2, TiO2 kondensatebisaTvis aseT danamatebs SeiZleba mivakuTvnoT NaCl an 

Cl. aseTi danamatebis Tanaobisas xdeba zedapiris da, upirveles yovlisa, 

kristalitebis sazRvrebis mowamlva reaqciis produqtebis mocilebiT 

(aorTqlebiT): 

                                            
                             Ti+4NaClTiCl4+4Na           (6.9) 

3. danamatebi, romlebic ZiriTad komponentTan martivi an rTuli reaq-

ciebis mimdinareobiT urTierTqmedebs, maT Soris orfaza struqturebis 

warmoqmniT wonasworuli diagramebis Sesabamisad, an kondensatis formire-

bis yvela stadiaze (Semdgomi Termuli damuSavebis operaciis CaTvliT) ai-

radi produqtebis warmoqmniTa da maTi mocilebiT. es aris liTonuri da 

keramikuli kondensatebis danamatebis metad farTo jgufi. magaliTad, ZrO2-

saTvis aseT danamatebs SeiZleba mivakuTvnoT Zr, B, C, iSviaTi miwa elemen-

tebis Zneldnobadi oqsidebi, karbidebi da boridebi.  

6.10 suraTze warmodgenilia foriani struqturebis magaliTebi ZrO2-is 

fuZeze formirebul kondensatebSi. 

struqturis regulirebis axal SesaZleblobebs iZleva dasmis sxva-

dasxva teqnologiuri variantebi. magaliTad, rodesac orTqlis fazaSi 

Seyvanilia iseTi danamatebi, romelTa dnobis temperatura naklebia fuZe-

Sris  (liTonis  an keramikuli masalis kondensaciis zedapiris) tempera- 

turaze (Ts). aseT pirobebSi kondensaciis zedapirze iqmneba damatebuli 

nivTierebis Txeli Txevadi fenis warmoqmnis SesaZlebloba. siTxesa da 

kondensaciis zedapirs Soris urTierTqmedebis procesebi – zedapiris 

dasveleba, siTxis ganRvra da gaxsna fuZeSris masalaSi - aqtiur zemoq-

medebas axdens kondensatis struqturis formirebis pirobebze. 

 `Zneldnobadi liToni – liTonuri danamati~ an  `Zneldnobadi kerami-

ka – liTonuri  danamati~ kompoziciebisaTvis  damaxasiaTebelia liTonuri 

fazis segregaciis ubnebis warmoqmna kristalitebis sazRvrebSi, kerZod, 

kapilaruli gaJRenTisa da masis daCqarebuli gadataniT kristalitebis de-

feqtur sazRvrebSi.  
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6.11 a suraTze sqematurad aris warmodgenili ori kristalitis sazR-

vari da Txevadi fazis moZraobis mimarTuleba kapilaris (kristalTSorisi 

foris) gaswvriv. b surze ki naCvenebia 10000C-mde gaxurebul  fuZeSreze 

kondensirebuli, 0,12 mm sisqis TiC+10won.%Cu danafaris mikrostruqtura. 

dasmis siCqare Seadgenda 4 mkm/wT. dasma xorcieldeboda or  etapad. Tav-

dapirvelad xdeboda 60 mkm sisqis titanis karbidis (TiC) kondensacia, Sem-

deg ki titanis orTqlis uwyvet nakads meore tigelidan spilenZis orTqls 

urevdnen. Sereuli orTqlis nakadis (TiC+Cu) dasma grZeldeboda manam, sanam 

kondensirebuli fenis sisqe 120 mkm-s ar miaRwevda. rogorc gamomdinareobs 

mikrostruqturis xasiaTidan, TiC+Cu fenis kondensaciis paralelurad mox-

da spilenZis SeWra titanis karbidis  sveto- 

vani kristalitebis marcvalTsazRvrul zonaSi TiC kondensatis qveda fenis 

mTel sisqeSi. titanis karbidis svetovani kristalebis saSualo sigane 4-5 

mkm-s Seadgens, spilenZis kristalTSorisi SuaSre ki 0,2 mkm-ze naklebia. 

rentgenostruqturuli analizis monacmebis Tanaxmad, spilenZis SuaSre 

Seicavs Cu4Ti intermetalidebis mcire raodenobas. 

eqsperimentulad dadgenilia, rom spilenZisa da kalis mcire danama-

tebi (4-5 moc.%) praqtikulad araviTar gavlenas ar axdens TiC da TiB2–is 

mikrosisaleze, magram adablebs maT midrekilebas myife rRvevisadmi.  

savaraudoa, rom sxva Txevadfaziani danamatebi, rogorebicaa, magali-

Tad, Al, Ag, iSviaTi miwa liTonebi da maTi Senadnobebi, unda xasiaTdebod-

es metad efeqturi gaJRenTis unariT orTqlis fazidan kermetebis, karbi-

debis, boridebis, oqsidebisa Tu Cr, Nb, Mo, Ta, W-is fuZeze liTonuri sis-

temebis dasmis procesSi. zogierT variantSi, magaliTad, foriani matricis  
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misaRebad, kondensatis dasmis Semdeg SesaZlebelia danamatis mocileba qi-

miuri mowamvlis gziT.   

elqtronul-sxivuri teqnologiiT SesaZlebelia, 3-4 damoukidebeli ti-

gelidan sxvadasxva nivTierebis aorTqlebisa da orTqlis nakadebis Semd-

gomi kondensaciis gziT firis gaswvriv an mis ganivkveTSi SedgenilobiTa 

da struqturiT araerTgvarovani, gradientuli ganawilebis mqone danafa-

ris miReba. Tumca damis procesis simartividan da ekonomikuri mizanSewoni-

lobidan gamomdinare, es amocana gansxvavebuli teqnologiuri xerxis  gamo-

yenebiTac  SeiZleba gadawydes, magaliTad, sxvadasxva nivTierebis narevis 

aorTqlebiT erTi tigelidan. nivTierebaTa narevi specialuri tabletebis 

an kompoziciuri zodebis saxiT mzaddeba. gradientuli danafarebis Sedge-

niloba, struqtura da, Sesabamisad, Tvisebebi, narevis komponentebisa da 

maTi raodenobis racionaluri SerCeviT SeiZleba daprogramirdes. 

 magaliTad, nikelis Senadnobebis fuZeSreze Termobarieruli (fuZe 

ZrO2) zedapiruli keramikuli fenis dasmisaTvis (Ts=10000C) SemoTavazebulia 

komponentebis Semdegi krebuli:  Al-Cr-ZrO2 (7%Y2O3)  da  Al-Cr-Al2O3-ZrO2 (7%Y2O3). 

aorTqlebis temperaturaze aRniSnuli komponentebis orTqlis drekadoba 

mcirdeba Semdegi mimarTulebiT: AlZrO2 (7%Y2O3). amitom tabletidan an kom-

poziciuri zodidan maTi aorTqleba SerCeviT mimdinareobs. Tavdapirvelad 

orTqldeba Al, Semdeg - Cr, Al2O3, xolo damamTavrebel stadiaze - ZrO2, 
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(7%Y2O3). Sedegad fuZeSreze formirdeba kondensati gradientuli Sedgeni-

lobiTa da struqturiT sisqis mixedviT.  

aluminis dnobis (kristalizaciis) temperatura (6600C) naklebia konden-

saciis temperaturasTan (Ts) SedarebiT. amitom fazaTa gamyof zedapirze 

aluminis Txevadi firi warmoiqmneba, romelic urTierTqmedebs mxurval-

mtkice nikelis Senadnobis fuZeSresTan mxurvalmedegi gardamavali fenis 

warmoqmniT. gardamavali fena uzrunvelyofs fuZeSresa da danafars Soris 

gazrdil adheziur simtkices. zedapiruli, svetovani agebulebisa da mikro-

forovani struqturis mqone ZrO2 (7%Y2O3) keramikuli Sre, romlis sisqe 0,15-

0,20 mm aRwevs, garantirebulad uzrunvelyofs airturbinis sxvadasxva dani-

Snulebis, maRal temperaturaze momuSave kvanZebis efeqtur Tbur dacvas.    

nanozomis struqturis mqone, gradientuli danafaris magaliTad SeiZ-

leba ganvixiloT Sn-Cr-MgO sistema. misi aorTqleba erTi tigelidan xorci-

eldeba, kondensacia _ Ts=300-3500C-mde gaxurebul titanis Senadnobis nake-

Tobis zedapirze. kalis dnobis temperaturaa 2320C, amitom kondensacia mim-

dinareobs Txevadi fazis gavliT. danafaris zeda fenis mikrosisale, rome-

lic 75-80 woniT% MgO-s Seicavs, 14-16 gpa-is tolia. danafaris centraluri 

zona mravalfaziani nanokristaluri agebulebisaa, romelsac meqanikuri 

energiis gabnevisa da deformirebadi tanis meqanikuri rxevebis Caqrobis di-

di unari gaaCnia anu xasiaTdeba madempfirebeli unariT. 

6.12 suraTze warmodgenilia 40 mkm sisqis analogiuri danafaris madem-

pfirebeli () unaris amplituduri damokidebuleba. danafari dasmulia 2 mm 

sisqis Ti-6Al-4V Senadnobis firfitaze. misi maxasiaTeblebi daufaravi nimu-

Sis maxasiaTeblebTan aris Sedarebuli.  

warmodgenili magaliTi imis naTeli demonstraciaa, rom Znelad Se-

Tavsebadi Tvisebebi – sisale da masTan dakavSirebuli cveTamedegoba da 

eroziuli mdgradoba erTi mxvriv, da dempfireba meore mxriv, SeiZleba erT 

gradientul danafarSi iyos SeTavsebuli. 

savaraudoa, rom msgavsi klasis danafarebSi kala SeiZleba sxva da-

balmoduliani, qromSi naklebad xsnadi danamatebiT Seicvalos, magaliTad, 

lanTaniT, ceriumiT, samariumiT, neodiumiT, xolo zeda fenebi – ufro sali 

keramikiT. 
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masalaTa zemoT warmodgenili axali struqturebi da danafarebi ar 

amowuravs eleqtronul-sxivuri orTqlfazuri teqnologiis SesaZleblo-

bebs. amas unda daematos kvazikristaluri da konstruqciuli danafarebi 

sisqiT 1-5 mm, romelTa dasmac aseve orTqlis fazidan aris SesaZlebeli. 

Tu erT-erT asaorTqlebel araorganul nivTierebas – A-s an B-s (ix. 

sur. 2.12, b), SevcvliT organuli  C nivTierebiT, maSin mkvlevarebi miiReben 

axali liTonis an keramikulorganuli kompoziciis axal variants.  
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7. eleqtronul-sxivuri teqnologiis gamoyenebis  

zogierTi axali sfero 

 
7.1. rentgenostruqturulad amorful fxvnilTa miRebisa  

da plakirebis eleqtronul-sxivuri teqnologia 

 

nanoteqnologia aris mecnierebis axali sfero, romelic aqtiurad vi-

Tardeba msoflioSi ukanaskneli aTi-TxuTmeti wlis ganmavlobaSi. termini 

`nanoteqnologia~ dRes ukve farTo gagebiT gamoiyeneba da igi moicavs na-

nomecnierebasac, rogorc sxvadasxva dargSi nanomimarTulebebiT dagrovi-

li sistematizebuli codnis sinTezs.  

nanoteqnologiiT SesaZlebelia mowyobilobis Seqmna iseTi struqtu-

ruli elementebiT, romelTa zomebi 10-100 nanometris farglebSi icvleba 

(1nm=10-9 m). rogorc cnobilia, marcvlis zoma mniSvnelovnad gansazRvravs 

sakonstruqcio masalebis fizikur-meqanikur Tvisebebs. nanozomebis inter-

valSi ki masalebs sruliad axali Tvisebebi uCndeba, xolo arsebuli ki 

mniSvnelovnad, xSirad kardinalurad icvleba.  

firis sisqe da fxvnilis dispersiulobis xarisxi mza nakeTobis praq-

tikulad yvela maxasiaTebelze axdens gavlenas. nanoganzomilebis liTo-

nur fazebSi SemCneulia meqanikuri, eleqtruli, Tburi, magnituri, optiku-

ri da sxva Tvisebebis unikaluri Sexameba. magaliTad, Txel firebSi an na-

wilakebSi, romelTa zoma 1000Å-is rigisaa, dafiqsirebulia simtkicis maxa-

siaTeblebis zrda maTi zedapiris srulyofilebisagan damoukideblad. amis 

axsna SesaZlebelia im mosazrebiT, rom agregatebis mcire zomebi ar aris 

sakmarisi dislokaciebis Casaxvisa da ganviTarebisaTvis. ufro metic, Tu 

dislokacia firis zrdis procesSi warmoiqmneba, igi ar gamoiwvevs mis de-

formacias. 1500-2000Å zomis forebSic ki ar xdeba dislokaciis gadaadgi-

leba 1%-mde drekadi deformaciis pirobebSi.  

rac ufro wvrildispersiulia fxvnili, miT ufro mkvrivi da mtkice 

nakeToba miiReba, fxvnilTa Secxobis temperatura ki mniSvnelovnad iwevs 

dabla standartul granulometrul fxvnilebTan SedarebiT. spilenZisa da 

oqros fxvnilebis dawnexiTa da SecxobiT damzadebul nimuSebSi, sadac 

fxvnilebis marcvlis zoma ar aRemateba 1 mkm-s, nimuSis simtkice Teoriuls 

uaxlovdeba. 
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erTeuli  nanometris zomis siliciumisa da germaniumis  kristalebi 

Zabvis modebisas efeqturad asxivebs sinaTles maSin, rodesac 10 nm-ze meti 

zomis igive masalebi eleqtroluminescenciisaTvis uvargisi xdeba. li-

Tonebi, romlebzec nanonawilakebia datanili, makroobieqtebisgan gansxva-

vdebuli, siblantisa da simtkicis kargi SexamebiTa da gazrdili Tvisebe-

biT xasiaTdeba.  

swored am axali, mcire zomebiT ganpirobebuli Tvisebebis bazaze Se-

qmnil masalebs, sistemebs da maTi miRebis meTodebs ikvlevs nanoteqnolo-

gia. amis safuZvelze daiwyo Camoyalibeba agreTve mecnierebis axalma mi-

marTulebam – nanomasalaTmcodneobam. nanoganzomileba imdenad gansxvave-

bul da unikalur Tvisebebs aniWebs masalas, rom mecnierebi fiqroben masa-

lebis daxasiaTebisaTvis Sedgenilobasa, struqturasa da TvisebebTan er-

Tad SemoRebuli iyos meoTxe parametric – dispersiulobis xarisxi.  

jer kidev metad Znelia konceptualurad ganisazRvros nanomecnierebis 

pozicia, radgan mkafiod da gasagebad ar aris gansazRvruli `nanoteqno-

logiisa~ da `nanomasalis~ arsi. miuxedavad amisa, mowinave qveynebis mier 

mniSvnelovan prioritetad aRiarebuli es mimarTuleba adamianis yofa-cxov-

rebis yvela sferos revoluciuri naxtomiT ganviTarebis imeds iZleva, ra-

sac ukve dReisaTvis miRweuli Sedegebic adasturebs. amdenad, mecniereba 

nanomasalebis Sesaxeb metad perspeqtiuli mimarTulebaa mTel msoflioSi. 

kristalizaciis zogadi kanonzomierebebidan gamomdinare, nanokrista-

luri agebulebis nawilakebis CamoyalibebisaTvis uzrunvelyofili unda 

iyos kristalizaciis centrTa didi ricxvisa da am centrebidan kristale-

bis zrdis dabali siCqaris urTierTSexameba. CanasaxTa ricxvis gazrda Se-

saZlebelia, magaliTad, siTxis mniSvnelovani gadacivebiT, orTqlis naka-

dis gadajerebiTa da gadacivebiT, organuli mJavebis marilebis gadaxure-

biT da a.S. 

fuZeSris dabaltemperaturul pirobebSi fazaTa warmoqmnis Tavisebu-

rebebis Seswavlisas dadginda, rom +700C-is qvemoT sufTa liTonebis (Ni, 

Co, Ti, Mo) orTqlis nakadis kondensaciis Sedegad  formirdeba rentgeno-

struqturulad amorfuli fxvnilebi. Tu fxvnili miRebulia iseT pirobeb-

Si, romelic Zlierad arawonasworuli mdgomareobis fiqsirebas ganapiro-

bebs, misi Semadgeneli nawilakebis struqtura praqtikulad srulad iqneba 
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moklebuli atomebis Sor wesrigs da Camoyalibebuli amorfuli fazebi 

SeiZleba Termodinamikurad stabiluri aRmoCndes. winaaRmdeg SemTxvevaSi 

ultradispersiul garemoSi struqturuli relaqsacia daiwyeba da atome-

bis gadajgufebis wyalobiT struqtura mocemuli pirobebisaTvis mdgrad 

mdgomareobas miuaxlovdeba.  

pirdapir kondensaciasTan SedarebiT ufro mniSvnelovani gadacivebis 

miRwevaa SesaZlebeli gaxurebuli zedapiridan (refleqtoridan) areklili 

orTqlis nakadis marTviT. refleqtori saSualebas iZleva orTqlis nakadi 

mivmarToT ekranirebul nakveTurSi ganTavsebul, sasurvel temperaturamde 

gadacivebul zedapirze, sadac moxdeba misi Semdgomi kondensacia. dadgeni-

lia, rom liTonebis umravlesobis, maT Soris nikelis, kobaltis, titanis, 

spilenZisa da rkinis atomebis ukuaorTqleba ufro advilad xorcieldeba 

TS/Tdn>(0,75_0,8) temperaturamde gaxurebuli molibdenis, volframis an alu-

minis oqsidis (Al2O3) gaprialebuli zedapirebidan.  

amgvarad, sufTa liTonebisa da sxvadasxva naerTis rentgenostruqtu-

rulad amorfuli, nanokristaluri struqturis mqone fxvnilTa miReba 

SesaZlebelia ganxorcieldes eleqtronul-sxivuri teqnologiiT. procesis 

erT_erTi ZiriTadi faqtori orTqlis nakadis gadajerebis xarisxi da fuZeSris 

temperatura aris, romelic unda akmayofilebdes pirobas: TS/Tdn0,3. 

 7.1 suraTze warmodgenilia liTonebis aorTqlebisa da orTqlis naka-

dis Semdgomi kondensaciis gziT rentgenostruqturulad amorful fxvnil-

Ta miRebis sqema pirdapiri kondensaciisa (a) da amreklis (b) gamoyenebiT. 

meore SemTxvevaSi kondensori gamotanilia aorTqlebis zonidan, ris gamoc 

igi naklebad xurdeba saorTqleblidan gamosxivebuli uzarmazari siTbos 

nakadiT da mniSvnelovlad ufro didi gadacivebis xarisxis miRwevas uz-

runvelyofs. 

kondensoris gasaciveblad gamoiyeneba wyali an Txevadi azoti. pir--

vel SemTxvevaSi kondensoris temperatura ar aRemateba 50-600C, xolo Txe-

vadi azoti SesaZleblobas iZleva zedapiri (-60)0C- mde gadacivdes.  

kobaltis fxvnilis eleqtronulmikroskopuli kvleviT mJRavndeba 

nanostruqturis araerTgvarovani agebuleba – nebismierad gabneul, wvrildi-

spersiul nawilakebTan erTad SeiniSneba msxvili, sferoidulTan miaxloe- 
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buli warmonaqmnebi (sur. 7.2, a). aseTi nanostruqtura miuTiTebs sxvadasxva 

orientaciis mqone, zomebiT axlos mdgomi nanonawilakebis erT agregatad 

gaerTianebaze. Tu gaviTvaliswinebT im faqts, rom gadacivebul fuZeSreze 

orTqlis nakadis adsorbcia mimdinareobs temperaturuli akomodaciiT, li-

Tonur firTa formirebisas ki zedapiruli migraciis procesebi ar SeiniS-

neba 2000C-is qvemoT, naklebad unda velodeT kondensorze moxvedrili ato-
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mebis TviTdifuzias. amitom SeiZleba vivaraudoT, rom calkeuli nanonawi-

lakebis formireba unda xorcieldebodes orTqlis Semadgeneli fragmente-

bis uSualod kondensorze moxvedris Sedegad, xolo maTgan Sedgenili ag-

regatebisa – orTqlis nakadSi, romlebic SemdgomSi fuZeSris zedapirze 

fiqsirdeba.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

rentgenostruqturuli analizis monacemebi adasturebs kobaltis 

fxvnilis rentgenostruqturulad amorful agebulebas (sur. 7.2, b). 

 analogiurad, nikelis kondensirebul fxvnilSic mJRavndeba nanona-

wilakebis Tavmoyris ubnebi, romlebic gumbaTisebri formis ansamblebs 

qmnis (sur. 7.3). maT Soris sivrce Sevsebulia fuZeSris mimarT normalurad 

orientirebuli, wagrZelebuli formis warmonaqmnebiT, romlebic literatu-

raSi nanotyeebis saxelwodebiTaa cnobili.  

nanonawilakebi sxvadasxva Zalis zemoqmedebiT raRac moculobaSi iyris 

Tavs da agregatebad erTiandeba. amitom literaturaSi mcire nawilakebis 

ares ganixilaven,  rogorc  foriani  agebulebis  agregatebis  `Rrubels~, 
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romelsac garda garegani geometriuli formisa, Sinagani zedapiric ga-

aCnia. aseTi morfologiaa dafiqsirebuli titanis rentgenostruqturulad 

amorful fxvnilebSi (sur. 7.4).     

mniSvnelovani gadacivebis SemTxvevaSi, uaryofiT temperaturebze, 

bunebrivad unda velodeT rogorc  fxvnilTa dispersiulobis xarisxis, 

ise agregirebisadmi maTi midrekilebis gazrdas. aseT pirobebSi fomirebu-

li kondensatebi Zlierad daZabuli mdgomareobiT xasiaTdeba, rac iwvevs 

nanonawilakebisaTvis damaxasiaTebeli swori Rerosebri formidan gadax-
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ras. ufro metic, zogierT ubanSi konglomeratebi daxveulia da cilind-

rulTan miaxloebul formas Rebulobs (sur. 7.5). mocemul SemTxvevaSic da-

sturdeba kondensirebuli fazebis rentgenostruqturulad amorfuli mdgo-

mareoba. 

rogorc zemoT iyo aRniSnuli, fuZeSris (kondensoris) zedapiris 

struqtura, agebuleba da temperatura anu bunebrivi  zedapiri  da  misi 

fizikuri  buneba,  kondensatis formirebis  procesze arsebiT gavlenas 

kristalizaciis sawyis stadiaSi axdens, rodesac Canasaxis warmoqmna mim-

dinareobs. kondensirebadi fenis sisqis zrdasTan erTad fuZeSris gavlena 

kondensatis agebulebasa da Tvisebebze TandaTan sustdeba da  raRac  dK 

kritikuli sisqis miRwevis Semdeg igi praqtikulad qreba. am momentidan 

pirvelxarisxovan mniSvnelobas rekonstruirebuli, realuri zedapiri da 

orTql-fazuri teqnologiis ZiriTadi faqtorebi Rebulobs. kondensaciis 

zedapirze mcirdeba gadacivebis xarisxi, kristalitebis zoma ki izrdeba. 

aRniSnuli maxasiaTeblebis (kondensirebuli fenis sisqe dK, fuZeSris 

temperatura TK) kritikuli mniSvnelobebis miRwevis Semdeg iwyeba 

amorfuli agebulebis firis gadasvla kristalurSi, xolo nanozomis 

kristalitebi gamodis nanoganzomilebis diapazonidan. aqedan gamomdinare, 

rentgenostruqturulad amorfuli da nanokristaluri fxvnilebisa da 

danafarebis warmoebis eleqtronul-sxivur teqnologiaSi erT-erTi 

umTavresi piroba kondensirebuli fenis dK kritikuli sisqis eqsperimen-

tulad dadgena aris. kritikuli sisqis miRwevis Semdeg procesi an unda 
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Sewydes an kondensori ganTavisufldes masze formirebuli fxvnilisagan 

da procesi ganaxldes teqnologiis sawyisi paremetrebis aRdgenis Semdeg. 

7.1 b suraTze warmodgenili sqemiT SesaZlebelia ganxorcieldes ag-

reTve fxvnilTa plakirebis procesi. amisaTvis saWiroa kondensori pla-

kirebis kvanZiT Seicvalos (sur. 7. 6). dasaplakirebeli fxvnili plakirebis 

kvanZSi iyreba. refleqtoris ze-

dapiridan areklili orTqlis 

nakadi icvlis mimarTulebas, 

plakirebis kvanZis Siga mo-

culobaSi miemarTeba da Sewo-

nil mdgomareobaSi myofi fxvni-

lis Semadgeneli nawilakebis 

mTel zedapirze kondensirdeba. 

teqnologiuri procesis parame-

trebis zusti gaangariSebisa da 

dacvis SemTxvevaSi nawilakebis mTel zedapirze formirdeba metad erTgva-

rovani, Tanabari sisqis plakirebuli Sre SeuTavsebel wyvilebs Sorisac 

ki. 7.7 suraTze magaliTis saxiT warmodgenilia spilenZiT plakirebuli 

volframis fxvnilis difraqciuli suraTi (a) da mikrostruqtura (b). 
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7.2. dengamtar mavTulze maRaltemperaturuli  

eleqtrosaizolacio danafaris datanis teqnologia 

 

 teqnikis ganviTarebis Tanamedrove tempma gazrdili moTxovnebi wau-

yena eleqtrosaizolacio masalebs. am moTxovnebidan ZiriTadia danafaris 

struqturisa da simkvrivis erTgvarovneba nakeTobis mTel zedapirze, fuZe-

SresTan kargi SeWiduloba, ramac unda ganapirobos nakeTobis mTlianobis 

SenarCuneba niSancvladi datvirTvebisa da mravaljeradi gaxureba-gacive-

bis ciklis Semdeg, ar unda gamohyofdes airebs gazrdil temperaturaze da 

Rrma vakuumSi. am moTxovnebs kargad akmayofilebs aluminis oqsidi da cir-

koniumis dioqsidi Sesabamisad aluminisa da spilenZis dengamtar fuZeSre-

ebze. aRsaniSnavia, rom orTqlis fazidan kondensirebuli aluminis oqsi-

dis eleqtrosaizolacio Tvisebebi mniSvnelovnad aRemateba oqsidirebuli 

aluminis mavTulis eleqtrosaizolacio maxasiaTeblebs, rac process me-

tad konkurentunarians xdis. 

cilindrul zedapirebze rogorc liTonuri, ise araliTonuri  masa- 

lebis dasmis procesSi danafaris struqturasa da funqciur maxasiaTeb-

lebze moqmedi faqtorebidan pirvelxarisxovan rols fuZeSreze orTqlis  

nakadis  dacemis kuTxe TamaSobs. am parametris Seswavla metad mo-  

xerxebulia naxevarcilindruli zedapiris mqone maxureblis gamoyenebiT 

Catardes (sur. 7.8). mowyobiloba uzrunvelyofs fuZeSreze orTqlis na-

kadis dacemas 900-dan 100-mde kuTxeebis diapazonSi. saxurebel filaze 

fuZeSris Txeli firi saTanado niRbiT magrdeba. winaswari gaxurebis tem-

peratura SeirCeva fuZeSrisa da dasafari masalebis bunebis gaTvaliswine-

biT. 

    dadgenilia, rom fuZeSris zeda-

pirze orTqlis nakadis dacemis 

kuTxis SemcirebiT 900-dan 100-mde 

kondensatis sisqe mcirdeba 60-70%-

iT, viTardeba struqturuli (geo-

metriuli) anizotropia (sur. 7.9), 

oqsidur danafarebSi forianoba da-

axloebiT 10%-dan 50%-mde izrdeba 

da mkveTrad icvleba eleqtrosaizo- 
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lacio maxasiaTeblebi. zogierT oqsidSi SeiniSneba agreTve fazaTa urTi-

erTSefardebis cvlileba. 

marTalia, TvisebaTa cvlilebis xasiaTs rogorc  fuZeSris masala, 

ise kondensirebadi masalis buneba da fazuri Sedgeniloba gansazRvravs, 

magram yvela SemTxvevaSi orTqlis nakadis dacemis kuTxis gavlena konden-

satis Tvisebebze yvelaze mkveTrad oqsidur danafarebSi mJRavdeba.  

cilindruli formis zedapirze, maT Soris mavTulze, Tanabari  sis-

qis, xarisxovani, erTgvarovani struqturisa da Sedgenilobis danafaris 

misaRebad aucilebelia iseTi pirobebis Seqmna, romelic uzrunvelyofs 

dasafari zedapiris yvela wertilSi orTqlis nakadis dacemas optimaluri 

kuTxeebis diapazonSi, romelic 90300 Seadgens. aRniSnul zRvrebs gareT 

kondensatis struqtura da funqcionaluri Tvisebebi, agreTve danafarsa da 

fuZeSres Soris adheziis (SeWidulobis) xarisxi uaresdeba da kompoziti 

saeqspluataciod gamousadegari xdeba.  

     eleqtronul-sxivuri teqnologia SesaZleblobas iZleva martivad ga-

daiWras aRniSnuli amocana specialuri konstruqciis amrekli mowyobilo-

bis gamoyenebiT (sur. 7.10).  

     eleqtronul-sxivuri danadgaris teqnologiur nakveTurSi amrekli (2, 

sur. 7.10) da saorTqlebeli tigeli masSi moTavsebuli asaorTqlebeli masa-

liT TanaRerZulad aris ganTavsebuli. amrekls aqvs wakveTili konusis 

forma wverosTan mdebare kuTxiT 80-900. dasafari masala, magaliTad, mavTu-

li (1), vertikalurad Tavsdeba amreklis centralur zonaSi. amreklis  fu- 
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Zis sibrtyeSi, aseve TanaRerZu-

lad, dayenebulia ekrani (3), rome-

lic amuxruWebs orTqlis fazis 

centralur nakads da gamoricxavs 

mavTulis  zedapirze mis dacemas 

arasasurveli kuTxiT. dafarvis 

zonaSi moxvedrili orTqlis na-

kadis danarCeni nawili srulad 

airekleba kritikul temperaturam-

de gaxurebuli amreklis zedapi-

ridan, miemarTeba mowyobilobis 

centralur zonaSi da kondensir-

deba optimalur temperaturamde gaxurebuli mavTulis zedapirze. 

      rogorc Cans, orTqlis fazis kondensacia ganxilul ciklSi erT-

droulad mimdinareobs mavTulis mTel zedapirze, rac mniSvnelovnad 

amartivebs da aCqarebs teqnologiur process. amreklis konstruqcia uz-

runvelyofs orTqlis nakadis dacemas cilindruli zedapiris nebismier 

wertilSi 75-dan 900-mde kuTxiT, rac zrdis fuZeSresa da kondensats Soris 

SeWidulobis xarisxs, danafaris struqturisa da agebulebis erTgvarovne-

bas dafarvis mTel zedapirze da ara marto liTonuri, aramed araliTonu-

ri danafarebis miRebis SesaZleblobasac iZleva. amreklis formis Secv-

liT SesaZlebelia ganxorcieldes gansxvavebuli profilis nakeTobis, 

magaliTad, firfitis zedapirebze danafaris yovelmxrivi dasma erT teqno-

logiur ciklSi. 

 

 

7.3. `liToni-liToni~ da `liToni-keramika~ wyvilis dabaltempera-

turuli SeerTebis eleqtronul-sxivuri  

teqnologia 

 

reaqtiuli difuziis ganxilvisas naCvenebi iyo, rom erT-erTi kompo-

nentis, magaliTad, titanis orTqlis nakadis kondensaciisa da reaqtiuli 

difuziis mimdinareobis gziT 750-8500C-mde gaxurebul spilenZis fuZeSreze 

SesaZlebelia Ti-Cu sistemis metastabiluri Txevadi fazis formireba. si-

Txis warmoqmnis procesi upiratesad iwyeba firfitebis pirgadadebiT Seqm-
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nil safexurebze. radgan fuZeSris zedapirebi ar aris atomurad gluvi, sa-

ukeTeso pirobebi iqmneba fuZeSris zedapirebze siTxis ganRvrisaTvis, ris 

Sedegadac man unda Seavsos firfitebs Soris arsebuli yvela RreCo. es 

faqti ganapirobebs siTxesTan kontaqtSi Semosuli fuZeSris zedapirebis 

gaaqtiurebas yovelgvari plastikuri deformaciis gareSe. radgan siTxe me-

tastabiluria, misi wonasworulTan miaxloeba iwyeba fazaTa gamyof zeda-

pirze fuZeSris masalis gaxsniT siTxeSi, gacivebis procesSi ki igi uzrun-

velyofs fuZeSris erTi masalidan meoremde gardamavali Sedgenilobis 

SuaSreebis Camoyalibebas, rac maTi mtkice SeerTebis safuZvels iZleva. 

es  principi  daedo  safuZvlad eleqtronul-sxivuri  teqnologiiT 

liTonebisa da SeuTavsebeli wyvilebis, kerZod, liTonisa da keramikis da-

baltemperaturuli (850-9000C) SeerTebis (SeduRebis) teqnologias.  

7.11 suraTze warmodgenilia orTql-fazuri teqnologiiT liTonis 

firfitebis SeduRebis gamartivebuli sqema. winaswar  gaucximoebuli da ak-

refili SesaerTebeli detalebi (1, 2), samarjvze (3) magrdeba, romelic Se-

saduRebeli wiboebis optimalur 

temperaturamde gaxurebas uz-

runvelyofs. is adgilebi, rom-

lebzec ar aris sasurveli or-

Tqlis nakadis moxvedra, ekra-

nirdeba (5). nimuSis winaswari 

gaxureba da SeerTebis procesis  

ganxorcieleba vakuumSi mimdina-

reobs, romlis siRrme (3,33-

4,33)x10-2 pa Seadgens. SeerTebis 

procesis sasurveli reJimis 

(gaiSviaTebis siRrme, fuZeSris temperatura, `aqtiuri~ liTonis aorTqle-

bis siCqare) miRwevis Semdeg ixsneba moZravi ekrani da orTqlis nakadi Se-

saerTebeli zedapirebisken miemarTeba.  

`titani-titani~ da `titani-keramika~ wyvilebis SeduRebisaTvis eqsperi-

mentulad Semdegi optimaluri reJimia dadgenili: SesaerTebeli zedapire-

bis winaswari gaxurebis temperatura – 800-8500C; kondensirebadi fazis (mo-

cemul SemTxvevaSi spilenZis) aorTqlebis siCqare – 4-5 mkm/wT; procesis 
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xangrZlivoba – 13-15 wuTi. sxva kerZo SemTxvevaSi procesis xangrZlivoba 

eqsperimentulad SeirCeva. Tumca sasurvelia, rom procesis marTva (meta-

stabiluri siTxis warmoqmnisa da SeerTebis damTavrebis momentis fiq-

sireba) ara drois xangrZlivobis mixedviT, aramed saTanado mimwodebisa da 

saregistracio xelsawyoebis gamoyenebiT ganxorcieldes.  

7.12 suraTze warmodgenilia zemoT aRniSnuli reJimiT BT20 Senadnobis 

firfitebis SeerTebis zonisa da ganivi kveTis makrostruqtura. rogorc 

warmodgenili struqturis xasiaTidan gamomdinareobs, SeerTebis zona mak-

roskopulad metad gluvi, erTgvarovani, udefeqto da sisqiT Tanabaria (a).  

aRsaniSnavia, rom  teqnologiuri  parametrebis  optimaluri mniSvnelobe-

bis  dacvis SemTxvevaSi xarisxovani SeduReba xorcieldeba firfitebis 

mTel sakontaqto zedapirze, maT Soris orTqlis nakadis miwodebis sapi-

rispiro mxaresac, rac kargad Cans 7.12 b suraTze warmodgenili makro-

struqturidan. 

 

 

 

 

 

 

 

 

 

 

 

 

analogiuri Sedegebia miRebuli `BT20–aluminis oqsidis keramika~ da   

`BT20–keramika 22XC~ wyvilebis SeerTebisas. orive SemTxvevaSi SeerTebis 

procesi ganxorcielebulia gardamavali zonebis warmoqmnis gziT. 

rogorc warmodgenili masalidan Cans,  eleqtronul-sxivuri  teqno-  

logia pasuxobs yvela im gamowvevas, romelsac teqnika teqnologebis wi-

naSe ayenebs. misi SesaZlebobebi jer kidev ar aris amowuruli. teqnologi- 
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is sruli realizaciisaTvis saWiroa procesze moqmedi, jer kidev amo-

ucnobi da umarTavi parametrebis gamomJRavneba da kvleva, ramac SeiZleba 

eleqtronuli sxiviT liTonebis aorTqlebisa da orTqlis nakadis Se-

mdgomi kondensaciis procesis gamoyenebis areali kidev ufro metad ga-

afarToos. 
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