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biznes-inJineringi qimiasa da 

farmaciaSi

erTsafexuriani teqnologiiT miRebuli celzianis keramika

zviad kovziriZe, stu-s sruli profesori
rodam mWedliSvili, stu-s doqtoranti

///////////////////////////////////

eleqtrosaizolacio masalebs waeyenebaT 
maRali moTxovnebi meqanikuri da eleqtruli 
simtkicis, Termuli medegobis, maRali xve-
driTi moculobiTi eleqtruli winaRobis, da 
sxva TvisebaTa mimarT. industriaSi gamoyenebul 
keramikul izolatorebs Soris   faifurs mniS-
vnelovani adgili ukavia [1-3]. masalebi, rom-
lebic BaO - Al2O3 - SiO2   sistemas    miekuTvneba   
gamoiyeneba eleqtronikaSi, eleqtroteqnika-
Si, cecxlgamZle cementebis, teqnikuri minis, 
ZnellRobadi keramikuli  masalebis misaRebad 
[4-5]. masalaSi bariumis ionis dadebiTi moq-
medeba mdgomareobs   imaSi, rom  misi  didi ra-
diusis gamo (0,143 nm)  igi amkvrivebs masalis 
struqturas  da amiT  xels uSlis eleqtrog-
amtarobas, romelic mcire   radiusis   ion-
ebiT aris ganpirobebuli [6-7]. 

amocanas warmoadgenda bariumis karbonatisa 
da Tixuris  bazaze  cecxlgamZle,  Termiuli da 
gazoTermiuli dartymebis mimarT medegi,  maRa-
li eleqtrowinaRobis mqone celzianis kerami-
kis miReba erTsafexuriani teqnologiiT. aseTi 
masalis miRebis teqnologiaSi gaTvaliswinebu-
lia monoklinuri celzianis winaswari sinTezi   
1500 - 16000C – ze bariumis karbonatis da ka-
olinis narevis SecxobiT.  teqnologiis meore 
etapze miRebuli Senacxobis bazaze, malRob-
lebis damatebiT mkvrivad Semcxvari   keramikis   
miReba ganmeorebiTi gamowviT 1600 - 16500C 
–ze. Cvens mier SemuSavebuli teqnologiiT, 
Semadgenlobebi mzaddeboda kaolinis, cecxl-
gamZle TeTradwvadi Tixis da bariumis karbon-
atis bazaze.  qimiuri Sedgenilobebi mocemulia 
cxrilSi  1.

masala SiO2 Al2O3 Fe2O3 CaO MgO SO3 TiO2 K2O Na2O BaO CO2 x.d

perliti
aragacis 
(sasomxeTi)

73,50 14,00 0,80 0,70 0,50 0,20 _ 4,70 3,20 _ _ 2,40

kaolini
prosianaia 
(ukraina)

47,50 37,40 0,42 0,50 0,25 _ 0,40 0,33 0,20 _ _ 13,00

c\g Tixa
vesioloe 
(ukraina)

46,90 37,85 0,82 0,25 0,50 _ 0,95 kvali kvali _ _ 12,70

BaCO3 _ _ _ _ _ _ _ _ _ 77,70 22,30 22,30

14100C-ze 
gamomwvari
faifuris  
lewi

73,40 20,90 0,40 0,80 0,15 _ 0,20 2,70 1,45 _ _ _

cxrili 1 
gamoyenebuli  nedleuli  masalebis  qimiuri  Sedgeniloba, mas  (%-Si)
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gamoyenebuli nedleuli masalebis baza ze-
momzadda 24 sxvadasxva Sedgenilo-bis masa, 
romelTagan SerCeuli iqna ori da Semdgomi kv-

levebi Catarebuli iqna SerCeul C6 da   C8 Semad-
genlobaze. cxrili 2.

cxrili  2  
C6   da   C8    masebis  materialuri  da  masalebis  qimiuri  Sedgeniloba, mas %

indeqsi BaCO3
kaolini

prosianaia (ukraina)
perliti

aragacis (sasomxeTi)

c\g Tixa
vesioloe 
(ukraina)

14100C-ze 
gamomwvari

faifuris  lewi

C6 45 43 0,5 6,5 5

C8 40 47 1 7 5

SiO2 Al2O3 Fe2O3 CaO MgO SO3 TiO2 K2O Na2O BaO x.d

C6 27,65 19,55 0,25 0,28 0,16 0,01 0,24 0,33 0,14 34,96 16,41

C8 30,29 21,17 0,28 0,31 0,17 0,01 0,25 0,39 0,23 31,10 15,84

teqnologiurad   masa   mzaddeboda   sveli   
dafqvis   meTodiT  12 sT ganmavlobaSi. pirveli   
CatvirTva  8 sT, xolo   meore  - 4 sT. nimuSe-
bi: filebi 50×50×8 mm, kubebi  10×10 mm   da  
Reroebi l=50mm,  waxnagebiT  a=b =5 mm  momzadda   
Slikeris   gauwyloebiT   miRebuli   comis-
gan   plastiuri  dayalibebis   meTodiT, 
gamoiSro  haerze   da   TermostatSi   da   
gamoiwva   SiC   RumelebSi: 850, 900, 950, 1000, 

1050, 1100, 1200, 1370, 1400, 1430  da  14700C 
temperaturebze  Semdegi  reJimiT: 0 – 5000C 
– 30C\wT; 500 –7000C – 20C\wT, 7000C - 13500C 
– 50C\wT;  13500C – saboloo   temperatura -    
20C\ wT. dayovneba   saboloo   temperaturaze 
– 40 wT. 

(1)  fizikuri  da  teqnikuri   Tvisebebi: 
masalaTa   Tvisebebi   warmodgenilia   cxri-

lSi  #3.
cxrili  3.

sinTezirebul  masalaTa  fizikuri  da teqnikuri   Tvisebebi

maCvenebeli maCveneblis   sidide

C6 C8

Ggamowvis  temperatura,T0C 1430 - 1470 1430 - 1470

Fforianoba  wyalSTanTqmis  
mixedviT W% Ggamomwvari,T0C                                                               
1400
 1430
 1470     

1,87
0,13
0,04

1,20
0,14
0,04

Mmeqanikuri  simtkice  Runvaze, 
δR mpa Ggamomwvari,T0C                                                          
1400
 1430
 1470           

61,40
64,70
70,00

61,70
66,40
74,00

Mmeqanikuri  simtkice  kumSvaze, 
δk mpa Ggamomwvari,T0C                                                         
1400
1430
1470           

236,50
412,80
442,80

233,80
410,60
436,70

simkvrive, P g\sm3  
gamomwvari,T0C                                                           
1400
1430
 1470           

2,81
2,97
3,00

2,78
2,95
3,12
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elastikurobis moduli E, N \mm2.103 G
gamomwvari, T0C
1430
1470

74,40
77,50

73,50
77,30

Zraobis  moduli G,  N \mm2.103 
gamomwvari, T0C
1430
1470G

29,20
31,30

28,80
30,90

puasonis koeficienti, µ
gamomwvari, T0C
1430
1470G

0,281
0,283

0,282
0,284

Tbotevadoba CP  j \kg
0Κ  

 20- 2000C
gamomwvari, T0C                                                           
1470                                   

612 641

Tbogamtarebloba, λ vt \m.K,  
gamomwvari, T0C
1430
1470G

1,28
2,30

1,98
2,24

qimiuri  medegoba 1sT duRilis Semdeg, 
%
wylis  mimarT, 
ΝaOН (35%)

99,80
99,00

99,68
99,10

xvedriTi  moculobiTi  winaRoba: P 
om\sm, 0C
23
100
150
200
250
300

10-14

10-12

10-11

10-11

10-11

10-10

10-14

10-12

10-12

10-11

10-11

10-11

dieleqtrikuli  danakargebis kuTxis 
tangensi, 1 mhc  20 0C, tgδ . 10-14 2 3

Termiuli xazobrivi gafarToebis 
koeficienti,
α. 10-6 0C-1       intervalSi:                  
20-100 0C
                                           
20-900 0C     

2,42
4,10

2,44
4,14

Termiuli medegoba wylis mimarT, 0C
cikli Termostati –wyali  (170C) 
yoveli  200C-s Semdeg. xarkortis  
meTodi

420 430

yvela Tviseba gansazRvruli   iqna   saerTo   
aRiarebuli meTodikiT. Zraobisa da elasti-
kurobis moduli gansazRvruli iqna “krautkre-
meris“ xelsawyoTi ultrabgeris meTodiT. 
Tbofizika – “Colora” - Termokonduqtometrze 
medegoba Termiuli dartymebis mimarT xarkor-
tis   meTodiT.  Х – ray analizi DROH  3-ze.  

morfologiuri fazuri analizi CAM - SCAN-
is eleqtronuli mikroskopis meSveobiT. fo-
riani fazis analizi Catarda Zejs  -  Wang -s 
xelsawyoze. 

sur. 1 da 2-ze warmodgenilia celzianis C6   
da C8 masalaTa struqturul – meqanikuri maxa-
siaTeblebi.
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sur.  1.  meeqvse   Semadgenlobis  struqturul 
– meqanikuri   maxasiaTeblebi.

sur.  2.  merve   Semadgenlobis   struqturul 
– meqanikuri   maxasiaTeblebi

(2) fazuri analizi:  
rentgenostruqturuli analizi CavatareT   

difraqtometr DROH - 3 –ze. 
8500C–ze gamomwvari C6 nimuSis rentgenogra-

maze (sur. 3) dafiqsirebulia BaCO3-is  damaxa-
siaTebeli pikebi,  romelTa difraqciuli maqsi-
mumebia: dhkl = 4,5;  4,26;  3,34;  2,62;  2,15;  2,02   A

0.
9000C-ze gamomwvari nimuSebis rentgenogra-

maze Semcirebulia BaCO3-is damaxasiaTebeli 
pikebis intensivoba.
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sur. 3. meeqvse  Sedgenilobis  rentgenogramebi

9500C –ze  dafiqsirebulia axali faza –ci-
mriti BaO . Al2O3 . .2 SiO2 . H2O  

dhkl = 7,70;  3,97; 2,98;  2,6;  2,20    A
0  da rent-

genoamorfuli faza. 10000C –ze aseve   dafiq-
sirebulia cimriti dhkl   = 7,87;  3,98;  2,99;  2,65;  
2,20    A

0 da aRsaniSnavia, rom bevrad ufro   in-
tensiurad,  vidre   9500C –ze, rac   niSnavs  
imas,  rom igi warmoiqmna meti raodenobiT.  
erTdroulad gamoCnda celzianis--  BaO . Al2O3 . 
.2 SiO2     refleqsebi: 

dhkl   =    3,41;  3,36;  3,03    A
0.

10500C-ze gamomwvari nimuSebis rentgeno-
gramaze kidev ufro gazrdili pikebia, damax-
asiaTebeli cimritisaTvis vidre 10000C –ze. 
celzianis damaxasiaTebeli difraqciuli maqsi-
mumebis intensivoba am  temperaturul inter-
valSi ucvlelia. celziani 11000C da 12000C    
imave raodenobiT da intensivobiT aRiniSneba  
rogorc  10000C –ze (sur.3) 

13700C–ze mniSvnelovnad Semcirda cimritis 
BaO. Al2O3 . .2 SiO2. H2O damaxasiaTebeli xaze-
bis intensivoba (sur.3) da SesamCnevad izrdeba 
celzianis refleqsebi: dhkl = 6,55;  5,87;  4,63; 3,63;  
3,56;  3,34;  3,27;  3,03;  2,92;  2,76 A0. 

14000C-ze celziani imave intensivobiTaa,  
rogorc 13700C –ze. 

14700C–ze cimritis intensivoba igivea, 
rogorc 13700C  celzianis pikebi gaizarda: dhkl 
= 6,62; 5,87;  3,80;  3,56;  3,47;  3,35;  2,77; 2,58 A0. 

8500C –ze   gamomwvari C8 nimuSis rent-

genogramaze (sur. 4) dafiqsirebulia BaCO3-is 
damaxasiaTebeli pikebi, romlis difraqciuli    
maqsimumebia: dhkl = 4,58;  4,25;  3,7;  3,68;  3,34;  
3,23;  2,62   A

0. 9000C –ze Semcirebulia  BaCO3-
is damaxasiaTebeli pikebis intensivoba. 9500C 
–ze, am  SemTxvevaSic rogorc  C6-Si dafiqsire-
bulia cimriti- BaO . Al2O3 . .2 SiO2  . H2O d hkl   =  
7,70;  3,97;  2,98;  2,65;  2,20    A

0.
SeiniSneba  rentgenoamorfuli faza.
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sur. 4. merve Sedgenilobis rentgenogramebi

10000C-ze; 10500C; 11000C da 12000C-ze gamom-
wvari  nimuSebis rentgenogramaze  cimritis 
damaxasiaTebeli pikebi kidev ufro gazrdilia, 
xolo celzianis  raodenoba igivea: dhkl=3,47;  
3,36;  3,28;  3,03;  2,76;  2,52    A

0 (sur. 4).
13700C–ze 14000C gamomwvari nimuSebis   rent-

genogramaze mniSvnelovnad Semcirda cimritis 
damaxasiaTebeli xazebis intensivoba da Sesa-
mCnevad izrdeba celzianis pikebis intensivoba: 
dhkl = 6,55;  5,87; 3,80;  3,65;  3,56;  3,47;  2,28 A0.

14300C-ze 14700C-ze cimritis intensivobebi 
erTi da igivea, xolo celzianis   pikebi gaizarda 
dhkl = 6,62; 5,87; 3,80; 3,56; 3,47; 3,35; 3,28 A0.

eleqtronul – mikroskopuli analizi   
Catarda C8 Sedgenilobis masalaze. SerCeul  
iqna 14000C,  14300C-ze da 14700C –ze gamomw-
vari nimuSebi. yvela SemTxvevaSi gadideba iyo  
X 4000. TiToeul temperaturul nimuSze   
Seswavlili iqna  or–ori ubani – sur.5 samive  
SemTxvevaSi dafiqsirda kristaluri war-
monaqmnebi, romlebic SedarebiT gamokveTilia 
14300C-ze da 14700C –ze gamomwvar nimuSebSi. 

aq aSkaraa masaSi celzianis da cimritis raode-
nobrivi upiratesoba bariumis aluminatebTan 
da silikatebTan SedarebiT, romelTa masobri-
vi procentuli Semcveloba minimaluria da Х 
–  ray analizis mixedviT ar unda aRematebodes 
1-3 mas %-s. mTliani masa gadafarulia celz-
ianis da cimritis kristalebiT. aseve ar aris 
gamokveTili mulitis da kvarcis kristalebi. 
savaraudod muliti furclovani da ara nem-
siseburi formisaa, gadafarulia upiratesi 
kristaluri masiT - celzianiT da cimritiT, 
kvarcis da mulitis Semcveloba metad mcire 
– savaraudoT 1-2%-T. amitom maTi pikebi rent-
genogramebze mxolod erTi refleqsiT d  hkl = 
3,34 da 2,20 A0 Sesabamisad aRiniSneba da isic ara 
yvela temperaturaze 9500C –zeviT. vfiqrobT, 
rom bariumis karbonatis nawilobrivi daS-
lis procesSi gamoTavisuflebuli BaO moix-
mars rogorc axladwarmoqmnil mulits da 
ar aZlevs  mas ganviTarebis saSualebas. BaO   
aseve moixmars TixuriT SemadgenlobaSi Seyva-
nil kvarcs  celzianisa da cimritis warmoqm-
niT.  samive nimuSze aSkarad SeiniSneba forebi, 
romlebSic ganTavsebulia celzianis da cimri-
tis kristalebi. bolo 14700C –ze gamomwvar 
nimuSSi naTlad Cans foras Sevsebis procesi 
kristalebis zrdis xarjze, rac difuziuri   
procesebiT unda iyos ganpirobebuli.

a)
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b)

g)

sur.5. C8 masalis eleqtronul – mikroskopiuli  suraTebi  gamomwvari: a)14000C;  b)14300C;    
g)14700C X 4000.

(3)  foriani   fazis   analizi:   
 Termiuli damuSavebiT nedleuli masale-

bis narevis Secxobis da gamkvrivebis procesSi 
keramikis mniSvnelovani maxasiaTebelia foria-
nobis sididis raodenobrivi gansazRvra.  teq-
nologiuri procesebis da konglomeratSi ned-
leuli masalebis gardaqmnebis mixedviT forebs  
aqvT sxvadasxva forma, amasTan maTi gadanawile-
ba matricaSi mniSvnelovan gavlenas axdens mza 

produqtis mTel rig Tvisebebze [8-15, 16] Se-
swavlil iqna C8 masalis foriani fazis anali-
zi  14000C , 14300C   da   14700C – ze gamomwvari 
nimuSebisaTvis - sur. 6-7. sur. 6-ze mocemulia 
matricaSi forebis zomebisa da maTi gadanawi-
lebis mdgomareoba, xolo sur.7-ze daxuruli 
forianobis xazobrivi analizi, forebis sixSi-
risa da forianobis jamuri sixSiris mixedviT.

sur.6 . forebis   struqtura  C8  keramikaSi   Secxobis   intervali  sxvadasxva temperaturaze.  



173

biznes-inJineringi qimiasa da farmaciaSi

sur.7. C8  keramikis daxuruli forianobis xazobrivi analizi: 1 – forebis  sixSire;  2 – forianobis 
jamuri sixSire.

analizi Sesrulebulia C
8
 masalis mkvrivi 

Secxobis intervalSi. forebis ganawilebis   
mrudi aCvenebs,  rom masala Seicavs 75%-mde 
forebs zomiT naklebi 5 mk-ze. jamuri mrudi   
gviCvenebs,  rom 14 mk-ze naklebi forebis wili 
95%-ia. Secxobis bolo stadiaze - 14700C -ze   
masala Seicavs mTliani forebis daaxloebiT   
70%-s zomiT naklebs 4 mk-ze (1 mrudi) da  
90%-mde zomiT naklebs 12 mk. mxolod  fori-
anobis mTliani Semcvelobis 5 da 10%-s Sesa-
bamisad Secxobis dasawyis da saboloo stadi-
aze aqvT zomebi meti optimalurze - 9 mk-ze 
– budvortis mixedviT.      

 (4) Sedegebi da maTi gansja: 
Cven mier sinTezirebuli masalebi warmate-

biT unda muSaobdnen Termuli da gazoTermiuli 
dartymebis winaaRmdeg. raodenobrivi Sefaseba 
medegobisa Termodartymebis mimarT, ZiriTadad 
iTvaliswinebs drekad sxeulSi warmoqmnili 
pirveli rigis Termodrekadi daZabulobebis 
mimarT winaaRmdegobis gansazRvras. rogorc 
cxrili 3-dan Cans, masalas  aqvs sakmaod maR-
ali meqanikuri Tvisebebi da dabali xazobrivi  
gafarToebis koeficienti. amas didi mniSvneloba 
aqvs, raTa  samsaxuris rTul pirobebSi warmo-
qmnili temperaturuli daZabulobebi aRmoCndes 
dabali am Tvisebebze da masalam gauZlos   Ter-
modartymebs [7]. amasTan sakmaod maRalia Zrao-

bisa da elastikurobis moduli, rac miuTiTebs 
masalaSi Zlieri atomTaSorisi kavSirebis ar-
sebobas [8], amas  SeuZlia ganapirobos  masalis  
maRali winaaRmdegoba bzarebis Casaxvis da maTi 
gavrcelebis mimarT. es  SeiZleba  gamoyenebul 
iqnes keramikis Sefasebisas, imsaxuros maRali 
gradientebis da  temperaturebis pirobebSi.      

Cvens mier sinTezirebuli  masalebisaTvis,  
gamoviyeneT xarkortis  meTodi, romelic  iT-
valiswinebs Tbogadacemas wyliT gaciebiT. cik-
luri gaxureba iwyeboda  1400C-ze, gaCerebiT  
bolo temperaturaze 20 wT temperaturis ga-
TanabrebisaTvis sxeulSi, Semdgomi gacivebiT  
wylis vanaSi 170C-ze 10 wT-is ganmavlobaSi. 
cikli meordeboda yoveli 200 C-s Semdeg. 
filebze 420 0C-mde bzarebi ar SeimCneoda. ase-
Ti  maRali maCvenebeli ganpirobebuli iyo ara  
marto TvisebebiT, aramed masalaSi  Sedare-
biT maRali daxuruli forianobiT, romelic  
Cveni varaudiT xels uwyobs daZabulobebis  
da  warmoqmnili bzarebis  energiis  disipa-
cias  forebSi da am energiis ara magistralur  
aramed  dendritul gaSlas, rac  masalis  me-
degobas  xels  uwyobs [6]. amas  garda, maRali  
Termomedegoba  masalisa  ganpirobebulia imi-
Tac, rom  danamatebi  miniseburi (96 mas %) 
perlitisa  xels  uwyobs  monoklinuri  cel-
zianis warmoqmnas [7], romelic  Tavisufalia  
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polimorfuli  gardaqmnebisagan  da  gamoirCeva  
mkvrivi  da  erTgvarovani  struqturiT, maRa-
li  meqanikuri  da  eleqtruli  simtkiciT.

Seswavlilia  matriculi  Tvisebebi  fori-
ani  fazis  mixedviT – cxrili 4.

cxrili 4.
C8  masalis matriculi Tvisebebi

        temperatura, 0C
maCvenebeli           

1400 1430 1470

forebis saSualo sidide, 
d  mk 

8,1 7,6 5,3

forebsSoris saSualo 
manZili matricaSi, l mk 

49,6 93,1 97,8

forebis Semcveloba, V% 15,2 8,7 8,5

rogorc  budvortma  gviCvena, yovel  sin-
Tezirebul masalaSi, saerTo  forianoba  daax-
loebiT  9%-ia da isini  mniSvnelovnad  moq-
medeben  masalaTa fizikur  da  teqnikur  Tvise-
bebze [9]. Cven mier  sinTezirebuli masalebis  
saerTo  forianoba, rogorc   cxrili 4 – dan  
Cans  eTanadeba  budvortis  monacemebs. 

monacemebidan  Cans, rom  Secxobis  pro-
cesi  mimdinareobs  swori  reJimiT. dinami-
urad  izrdeba  forebs  Soris  saSualo  man-
Zili  matricaSi  da  mcirdeba  maTi  saerTo  
moculoba,  rac  gamoixateba  simkvrivis  da  
meqanikis  zrdaSi. eleqtruli  Tvisebebi  aRw-
evs  Tavis maqsimums -  cxrili 3. forebs  aqvT  
momrgvalebuli  forma. is faqti, rom  mkvrivi  
Secxobis - 14300C – Tan  axlo  temperaturaze 
- 14000C – ze   masalaSi  maRali  saerTo  fo-
rianobaa,  gamowveulia  imiT, rom  14000C – ze  
mimdinareobs  bariumis  karbonatis  ZiriTadi  
masis  daSla [6]. am  temperaturis  zeviT  
mimdinareobs  masalis  intensiuri  Secxoba. X 
– ray  analizma  gamoavlina  celzianis  miRebis  
teqnologiaSi  dRemde  ucnobi  kristaluri  
faza – cimriti, rac  Cveni  azriT  bariumis  
karbonatis  SeyvaniT  narevSi, pirdapiri  gziT 
–winaswari  gaxurebis  gareSe  unda  iyos  
ganpirobebuli. karbonatis  nawilobrivi  daS-
lis  Sedegad  ukve  9500C –ze  warmoiqmneba  
sruliad  axali  faza -  cimriti, romel-
ic  Tavisi  srulyofili monoklinuri [19-23]  
struqturis   gamo, xels  unda  uwyobdes   
mkvrivi  masalis  miRebas.

9500C –dan  gamoTavisuflebuli  barium-
is  Jangi, moixmars  kaolinitis  narCens  da  
met – naklebi  monacvleobiT, temperaturis 

awevis procesSi warmoiqmneba  celzianis da  
cimritis faza (sur. 3-4)  rac  dasturde-
ba eleqtronul – mikroskopiuli  kvlevebiT  
(sur.5)  Cvens  mier  sinTezirebul  masalebSi  
proces, romelsac  miyavs  masala  Secxobamde, 
warmodgenilia  SecxobiT  Txiadi  fazis  Tanx-
lebisas, romelic  reagirebs  myar  fazasTan. 
aq  garkveuli  roli  eniWeba  minisebur per-
lits, romlis Secxobis  temperaturaa  11300C, 
xolo  lRobis - 12400C. misi  mcire  dana-
matebi  0,5-1,5 mas %, xels  uwyobs masalaSi  
miniseburi  fazis 2-8 mas %-iT  warmoqmnas. 
fundamenturma  kvlevebma keramikul sistemebSi  
aCvenes, rom  gamkvrivaebis procesis swrafi  da 
sruli mimdinareobisaTvis aucilebelia Txiadi  
fazis  garkveuli raodenoba, SesamCnevi xsna-
doba  myari  fazisa TxevadSi da Txiadi  faziT  
myari  fazis  sruli  dasveleba. [24]     

Cveni azriT  es  procesi  mimdinareobs  Cven 
mier  sinTezirebul  masalebSi [25,26]. 

miRebulia celzianis keramika erTsafexu-
riani teqnologiiT. teqnologiidan  mTlianad   
amoRebulia bariumis  da kaolinis bazaze   Sen-
acxobis miReba 1500-16000C  temperaturaze, 
xolo keramikis sinTezis temperatura arsebu-
li teqnologiis meore safexurTan SedarebiT   
Semcirebulia 80-1000C-iT, rac saerTo  jamSi   
mniSvnelovan ekonomikur efeqts  ganapirobebs. 
masalaSi gamovlenilia axali fazis – cimritis 
Semcveloba, romelic Tavisi kargi struqtu-
ruli, meqanikuri, Termiuli eleqtruli Tvise-
bebis gamo xels  uwyobs miRebuli produqtis   
maRali saeqspluatacio Tvisebebis SenarCune-
bas. dadgenilia miRebuli masalis struqturis 
kavSiri mis fizikur da teqnikur TvisebebTan. 
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miRebuli celzianis keramika  misi saeqsplu-
atacio Tvisebebis gaTvaliswinebiT warmatebiT 
SeiZleba gamoyenebul iqnes eleqtronikisa da 
eleqtroteqnikis industriaSi. 

madliereba: gvinda madloba gadavuxadoT   gfr 
bremenis universitetis keramikuli masaleb-
isa da nakeTobebis kaTedras, aseve klausta-
lis teqnikuri universitetis arametaluri 
masalebis instituts eqsperimentis Catarebis   
procesSi gulisxmieri damokidebulebisa da   
TanadgomisaTvis.
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