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me ar damrCa araferi garda, 
Cemi patiosnebis, mundiris, xmlis  

da Zvlis (samefo) faifuris. 

fridrix meore didi  

 

Sesavali 

 

cnobilia, rom Zvlis faifuri pirvelad gamoigones did britaneTSi 

1780 wels ser spoudis manufaqturaSi. misi Sedgeniloba da warmoebis 

teqnologia mravali wlebis ganmavlobaSi mkacrad iyo gasaidum-

loebuli, vinaidan ,,TeTr oqroze”, ,,samefo faifurze” didi 

moTxovnileba iyo misi gansakuTrebuli siTeTris, maRali gaWvirvis da 

mcire sisqis gamo. 

gansxvavebiT tradiciuli faifurisgan, rogoricaa magari da rbili, 

Zvlis faifurs axasiaTebs gansakuTrebuli struqtura, rac gansazRvravs 

mis maRal esTetikur mxares imis gamo, rom misi kazmis SedgenilobaSi 

sxva komponentebTan erTad ~ 50% Sedis msxvilfexa saqonlis Zvlis 

nacari, xolo es ukanaskneli ZiriTadad Seicavs hidroqsilapatits – 

Ca10(PO4)6(OH)2. 

Zvlis faifuris mwarmoebeli qveynebia: inglisi, Ggermania, iaponia, 

CineTi, safrangeTi, aSS, ruseTi, litva da sxva. 

miuxedavad maRali dekoratiul-esTetikuri mxareebisa, Zvlis 

faifuri saerTod xasiaTdeba dabali Termiuli simtkiciT, rac 

arTulebs misi gamowvis Termiul reJims da xSirad mizezia gaciebis 

periodSi e.w. ,,gaciebis bzarebis” didi raodenobiT warmoqmnisa. Aamdenad 

aRniSnuli movlena saerTaSoriso problemaa da dRemde gadawyvetili ar 

aris. Aamave dros CvenTvis tixruli mominanqrebis fuZed Zvlis faifuris 

gamoyenebis SemTxvevaSi mis Termiul mdgradobas gadamwyveti mniSvneloba 

eniWeba. 

     winaswari laboratoriuli gamokvleveviT (kvleviTi samuSaoebi 

grZeldeba) axali Sedgenilobis, maRali Termiuli mdgradobis  Zvlis 

faifuri mineral klinoenstatitis SemcvelobiT SesaZlebelia mkveTrad 

gavaumjobesoT Zvlis faifuris dabali Termiuli simtkice. Ffaifuris 

SedgenilobaSi gamoyenebuli iqneba mxolod adgilobrivi nedleuli – 
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Zvlis nacari, gurnis kaolini, ozurgeTis kaolinizirebuli traqiti, 

gudauris kvarci, Zirulis Talki.  

 naSromSi ganxilulia agreTve silikatur sistemebSi, kerZod 

minisebur damfaravebSi kristaluri da amorfuli kvarcis gavlena 

Termiul mdgradobaze, rac aseve damokidebulia minanqarSi daZabulobis 

Zalebis arsebobasTan da bzarebis mimarT midrekilebasTan. 

 mxatvruli minanqrebis kazmis SedgenilobaSi mTavari oqsidi 

kaJmiwaa, romelic upirvelesi komponentia miniseburi fazis 

warmosaqmnelad, kvlevis mizani iyo dagvedgina SiO2 sxvadasxva formis 

gavlena minanqris elastikurobis xarisxze. SeviswavleT kristaluri da 

amorfuli kvarci qisaTibis diatomitis saxiT, romlebic sacdel 

kazmebSi SeviyvaneT erTnairi raodenobiT da granulometriiT (3600 

xv/sm2). 

 winaswari kvlevebiT dadgenilia silikatur sistemebSi kristaluri 

da amorfuli kvarcis gavlena daZabulobisa da Tmisebri bzarebis 

warmoqmnis mimarT. ZiriTadi mizezi minisebur damfaravebSi bzarebis 

gaCenisa aris minanqris da safenis ara sxvadasxva xazobrivi gafarToebis 

koeficienti, aramed TviT minanqris mikrostruqtura anu kristaluri 

meseris arseboba minanqris kazmis mTavar komponent-kaJmiwaSi, romelic 

minis sruli gajerebis Semdeg amcirebs mis elastikurobas da zrdis 

midrekilebas bzarebis warmoqmnis mimarT. 

 nebismieri datvirTvis SemTxvevaSi daZabulobis ganviTareba, 

agreTve bzarebisa da kvarcis marcvlebis irgvliv daZabulobebisa da 

bzarebis ganviTareba blokirebuli iqneba diatomitis forebSi energiis 

disipaciiT. eWvs ar iwvevs, rom minanqris danafarSi tixrebis arseboba 

aseve xels Seuwyobs daZabulobis ganviTarebis blokirebas. 

 cnobilia, rom keramikis Termomdgradoba ganpirobebulia 

fizikuri, qimiuri, meqanikuri da Tburi Tvisebebis kompleqsiT, aseve 

nakeTobebis formiT da eleqtruli datvirTvis xasiaTiT.  

 eqsploataciis pirobebze damokidebulebiT, keramikuli masalebis 

Termodartymebisadmi mdgradobis kriterialuri Sefaseba mizaSewonilia 

maTi gamocdis saSualebiT ganxorcieldes. 

 siTburi datvirTvis, aseve Termodartymebisadmi mdgradobis 

Sefasebisa da fiqsaciisaTvis nacad meTodebad iTvleba gaxurebuli 
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nimuSebis mkveTri gacieba haerze, wyalsa da marilian abazanebSi, wvis 

produqtebis garemoSi, nimuSebis mkveTri gacxeleba Rumelebsa da 

specialur stendebze. 

 temperaturuli velis Secvlisas Termostruqturuli 

daZabulobebis gamowveva xdeba heterogenuli sistemis Tundac erTi 

fazis Termuli gafarToebis anizotropiiT, arakuburi kristalur 

meseriani masalis Termuli gafarToebis koeficientis anizotropiiT, 

heterogenul sistemebSi mezobeli fazebis xazovani Termuli 

gafarToebis koeficientebis gansxvavebiT, fazuri gardaqmnebiT, 

romelTac axlavT fazaTa xvedriTi moculobebis cvileba. 

mikrostruqturuli anizotropia da masalis meqanikuri Tviisebebis 

araerTgvarovneba moqmedeben Termostruqturuli daZabulobebis 

mniSvnelobebze. 

 Tu daveyrdnobiT literaturaSi asebul monacemebs imis Taobaze, 

rom Termodartymisadmi mdgradi masalebis misaRebad kazms unda 

axasiaTebdes komponentTa Tvisebebis araerTgvarovneba, marcvlovani 

Sedgenilobis mravalferovneba da a.S. miRebul masalebs, fazuri 

Semadgenlobis araerTgvarovnebis miuxedavad, SesaZlebelia axasiaTebdes 

Termodartymebisadmi maRali medegoba. 

 miuxedavad zemoaRniSnuli Teoriuli sakiTxebis rig SemTxvevebSi 

gadawyvetisa da maTi praqtikaSi danergvisa, dRemde srulyofilad araa 

dadgenili da problemad rCeba daZabulobis Zalebis gavlena silikatur 

masalebSi maT saeqsploatacio parametrebze. erT-erT umniSvnelovanes 

sakiTxad migvaCnia silikatur produqciaSi sxvadasxva saxis bzarebis 

warmoqmnis pirobebi – ra gavlenas axdens masze masebSi Semavali 

oqsidebis fazaTa warmoqmnis dinamika. kristalur da minisebur fazebs 

Soris mimdinare gardaqmnebis kinetika, myari da stabiluri struqturis 

misaRwevad im daZabulobebis Semcireba, romlebic bzarebis warmoqmnas 

uwyoben xels da a.S. 

 aRniSnuli problema Cvens kvlevebSi gaviTvaliwineT, amitom 

yuradReba gavamaxvileT kristaluri da amorfuli SiO2 –is mimarT, 

vinaidan kaJmiwa, rogorc silikaturi sinTezis ZiriTadi oqsidi udides 

gavlenas axdens yvela im rTul procesebze, romlebic mimdinareobs 

kristaluri da miniseburi struqturis mqone masalebSi. 
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 aqtualuria axali efeqturi teqnologiuri procesebis damuSaveba, 

rac saSualebas mogvcems gamartivebuli xerxiT miviRoT maRali 

xarisxis produqti. miznis misaRwevad tixruli minanqris fuZed 

gamoyenebuli liToni Seicvala Termulad mdgradi Zvlis faifuriT, 

vinaidan aseTi faifuri umaRlesi siTeTrisaa, rac aucilebelia kaSkaSa 

da naTeli feris minanqrebis misaRebad. 

 tixruli keramikis fuZis sinTezi dakavSirebulia rig 

siZneleebTan, gansakuTrebiT Termuli mdgradobis gazrdis 

mimarTulebiT rac saSualebas mogvcems mniSvnelovnad gavamartivoT 

teqnologiuri procesebi. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



7 

Tavi 1.  literaturis mimoxilva 

1.1. mominanqrebis teqnikis istoriuli ganviTareba 

 

minanqari - xelovnebis sakraluri saxea. roca 5000 wlis winaT 

Zveli egviptis mxatvrebma gamoigones minanqari isini cdilobdnen 

SeeqmnaT bunebrivi Zvirfasi qvebis (Spineli, lazuriti, azuriti, 

ameTvisto, Zowi, firuzi, zurmuxti, malaqiti, opali, nefriti, cirkoni, 

aleqsandriti da sxva) analogi iseTive moelvare, kriala, Suqmocimcime 

da ,,uTvalavi ferebiT” (S.rusTaveli) Semkobili. 

jer kidev antikuri xanis adamiani iyenebda maT samkaulebad da 

kldeebis mosaxatavad, xolo uZvelesi Zeglebi naTeli dadasturebaa 

imisa, rom adamianebma iswavles qvebis gamoyeneba ara marto pirveli 

saiuveliro da gliptikuri nakeTobebis dasamzadeblad, aramed temperul 

saRebavebSic, romlis gamoyenebis istoria 3500 welze mets iTvlis. 

dResac gancvifrebas iwvevs Zveli egviptelebis, asirielebis, berZnebis 

da sxva xalxebis mier damuSavebuli kaSkaSa da mdgradi mineraluri 

saRebavebi. magaliTad, cnobili warwerebi egvipteli faraonebis 

sarkofagebze Sesrulebulia bunebrivi mineralebisagan damzadebuli 

temperuli saRebavebiT. pirvel mineral-SemRebavebad iyenebdnen carcs. 

sxvadasxva feris rkinian oqras, lazurits da singurs. jer kidev II 

saukuneSi Cv. eramde Zveli Cinelebi gadalaxavdnen ra pamiris uRel-

texilebs, gadadiodnen dRevandeli yirgizeTis teritoriaze, imisaTvis 

rom TavianT samSobloSi waeRoT im droisaTvis cnobili sabadoebidan 

(xaida¬rkani) kinovari, romelic badaxSanis lazuritTan erTad didi 

saqaravno gzebiT SehqondaT Sua saukuneebis evropaSi da bizantiaSi. am 

periodSi mineraluri saRebavebi damzadebuli kinovaris da lazuritis 

gamoyenebiT Zalian Zvirad fasobda da vaWrebis saSualebiT icvleboda 

wona woniT bajaRlo oqroze. 

temperuli saRebavebiT qmnidnen TavianT ukvdav xelovnebis nimuSebs 

aRorZinebis periodis genialuri mxatvrebi: leonardo da vinCi, 

miqelanjelo, ticiani, rafaeli, korejo da sxvebi. 

yvelgan, sadac SeiniSneba kacobriobis kulturis kvali, qvis, 

danebis da najaxebis, Zvlis sxvadasxva sagnebis gverdiT, gvxvdeba 

agreTve minisa da mominanqrebuli martivi nimuSiebi. 
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pirvelad sad da rodis moxda mominanqreba, anu feradi mina 

gamdnar mdgomareobaSi liTonTan dakavSirebuli, dRemde ucnobia. 

istorikosebi berZnebis da romaelebis samkaulebis aRwerisas miuTiTeben 

minanqrebis gamoyenebis Sesaxeb. magaliTad, mikenaSi (saberZneTi) 

aRmoCenili iyo liTonis nakeTobebi, romlebzec mirCilulia minis 

firfitebi SeRebili lurjad. maTi daskvniT nawarmis asaki 1425 da 1300 

wlebSi (Cvens eramde) unda iyos. analogiuri periodebia agreTve kunZul 

kiprze Catarebuli arqeologiuri gaTxrebis Sedegad, daaxloebiT 1200 w 

Cvens eramde [1,2]. 

VI s. (Cvens eramde) pirvel naxevarSi berZnuli mosarTavi nivTebi 

dafaruli iyo TeTri, muqi lurji, muqi mwvane da mkrTali firuzi 

filigranuli minanqrebiT. 

saintereso nivTebi iqna aRmoCenili mikenis saxelosnoSi, romelic 

mdebareobda fivas sasaxleSi ( XIV sk. Cv. eramde), sadac oqrosTan erTad 

muSavdeboda feradi minebic.  V – II sk. Cv. eramde mominanqrebuli 

nimuSebi iqna aRmoCenili samxreT ruseTSi, magram maTi warmomavloba ver 

dadginda [3]. 

tixruli mominanqrebis pirveli niSnebi Cndeba daaxloebiT 2000 w 

Cvens eramde, roca Zvirfas liTonebSi masiur xasiaTs iRebs sanakveTo 

qvebis Casmis teqnika egviptesa da saberZneTSi. swored am teqnikas hqonda 

udidesi mniSvneloba saiuveliro saqmianobis Semdgomi ganviTarebisaTvis, 

vinaidan momzadda safuZveli Zvirfasi liTonebis gamdidrebisa feradi 

mosakazmi masalebiT, liTonebze arsebuli ujrebi iyo safexuri, rogorc 

qvebis bude, ufro gviani tixruli da Wriluri mominaqrebis 

teqnikisaTvis. 

dadgenilia, rom namdvili minanqari egvipteSi IV sauk. Cv. eramde ar 

arsebobda, maSin roca berZnebi ukve  VI sauk. Cv. eramde sistematiurad 

daadnobdnen minanqars oqros samkaulebze. 

mxatvruli mominanqrebis teqnika cnobili iyo da ganviTarebis 

maRal safexurze idga, gansakuTrebiT axali welTaRricxvis Semdeg, 

britaneTSi, safrangeTSi, germaniaSi, ungreTSi, CexeTSi, iranSi, CineTSi 

da iaponiaSi. 

Zvirfasi liTonebis mominanqrebul nakeTobebs TvalsaCino adgili 

uWiravs Sua saukuneebis qarTul xelovnebaSi. oqros fuZeze 
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damzadebuli minanqrebis xelovnebas savsebiT marTebulad miiCneven 

Zveli qarTuli dekoraciuli xelovnebis mwvervalad [4]. dadgenilia, rom 

saqarTvelosa da bizantiaSi mxatvar-Semsruleblebi iyenebdnen tixruli 

mominanqrebis yvelaze rTul da daxvewil teqnologiebs. 

qarTuli minanqrebis nimuSebs, rogorc raodenobrivi 

TvalsazrisiT, aseve mxatvrul-esTetikuri RirebulebiT, msoflioSi erT-

erTi pirveli adgilTagani uWiravs. magram bedis ukuRmarTobis gamo 

mravali unikaluri ganZi ganadgurebulia xSiri omebisa  da Semoseve¬bis 

Sedegad, aseve gatacebuli da mimobneulia msoflios sxvadasxva qveynebis 

muzeumebSi da kerZo pirTa koleqciebSi (ermitaJi, berlinis nacionalur, 

kliunis muzeumebSi, metropolitenis muzeumsa da sxva). sayuradReboa 

akad. S. amiranaSvilis [5] mosazreba imis Sesaxeb, rom antikur xanaSi 

oqros sauveliro nakeTobaTa poliqromiaSi feradi mina cvlis Zvirfas 

da naxevradZvirfas qvebsa da pastas, ,,rom ukve Cv. welTaRricxvis II 

saukuneSi Cndeba pirveli tixruli mominanqrebis nimuSebi”. 

rac Seexeba saqveynod cnobil xaxulis kareds, romelic 

gvancvifrebs Tavis grandiozulobiT (100-ze meti firfita, VIII 

saukunidan moyolebuli XII saukunis CaTvliT) igi tixruli 

mominanqrebis mTeli ,,muzeumia”. 

qarTuli tixruli minanqari umaRlesi sinjis oqroze keTdeboda 

(aseve tixrebic oqrosagan mzaddeboda), iyenebdnen agreTve oqrosa da 

vercxlis Senadnobebsac (eleqtrumi) [4]. 

saqarTveloSi pirveli tixruli minanqrebi daTariRebulia Cv. w.II – 

III saukneebiT, adreuli qristianuli xanis nimuSebi  VII – IX sakuneebiT, 

minanqrebis umetesi nawili ki  XI – XII saukuneebisaa. samwuxarod 

momdevno saukuneebSi SeimCneva tixruli minanqaris teqnikuri da 

mxatvruli donis daqveiTeba, rac gauTavebelma Semosevebma da qveynis 

ekonomiurad ganadgurebam gamoiwvia. XIII – XV saukuunebSi mcire 

raodenobiT damzadebuli minanqrebi ver Seedreba adreul xanebSi 

Sesrulebul Zeglebs, xolo momdevno saukuneebSi minanqris damzadeba 

Sewyda [6], mxolod   XVII da  XVIII saukuneebSi minanqris warmoeba CvenSi 

kvlav ganaxlda, magram Seicvala minanqris da mominanqrebis damzadebis 

teqnika. tixruli minanqris sinTezis saidumloeba ukve dakarguli iyo. 
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dRes  XXI saukuneSi saqarTveloSi daarsda aTobiT skola - 

saxelosno sadac aswavlian tixruli mominanqrebis teqnologias. 

saqarTvelos sapatriarqo, qarTuli tixruli minanqris da 

oqromWedlobis saxelosno ,,fokani” galerea ,,ornamenti” da sxva 

mowodebulia momaval Taobas Seaswavlos tixruli  mominanqrebis 

saidumlo¬ebebi, Seqmnan axali mimarTulebebi uSualod mominanqre¬bis 

teqnologiaSi. 

araa saWiro didi codna da gamocdileba imisaTvis, rom minanqari 

movaTavsoT spilenZis firfitaze ganlagebul mcire zomis ujredebSi da 

gamovwvaT RumelSi feradi miniseburi damfaravis misaRebad. magram 

mominanqrebis teqnika rTul fizikur da qimiur procesebTanaa 

dakavSirebuli. mominanqreba esaa mtkice kavSiris Seqmna or radikalurad 

gansxvavebul masalas Soris - liTonsa da minas Soris. 

liToni Camoyalibebuli kristaluri struqtriT xasiaTdeba. igi 

warmoqmnis gisoss, romlis kvanZebSi ganawilebulia nivTierebebis 

nawilakebi (atomebi, ionebi, molekulebi) minanqarSi, rogorc nebismier 

silikatur minaSi. kristaluri sxeulebisagan gansxvavebiT, ar arsebobs 

sivrcobrivi mowesrigebuloba, anu minas ar gaaCnia kristaluri gisosi. 

zemoTaRniSnulidan gamomdinare, did siZneleebTanaa dakavSirebuli 

mtkice kontaqtis Seqmna liTonsa da minanqars Soris. 

mxatvruli mominanqreba, miuxedavad mravalsaukunovani istoriisa, 

jer kidev empirul safexurzea. minanqrebis Semadgenlobis rTuli 

problemebi, gamowvisa da kavSiris sakiTxebi, minanqris elastikurobis 

xarisxis gavlena produqtis Tvisebebze, aTobiT sxvadasxva wunis saxeebi, 

romlebic warmoiqmneba mominanqrebis procesSi da mravali sxva dRemde 

araa srulyofilad Seswavlili. aqve gvinda moviyvanoT erTi 

niSandoblivi mxare, romelic axasiaTebda mxatvrul mominanqrebas Tavis 

arsebobis periodSi - minanqris Semadgenlobebi, maTi momzadebis xerxebi 

da liTonze gadatanis meTodebi yovelTvis mkacrad iyo 

gasaidumloebuli, ramac didi ziani miayena mis ganviTarebas. 

yvelaze mtkivneuli da problemuri saqarTveloSi dRes aris 

mxatvruli minanqrebis importi iaponiidan, safrangeTidan, aSS-dan, 

avstriidan da sxva qveynebidan; dasamali araa, rom saqarTveloSi ara 

gvaqvs minanqrebis centralizebuli wesiT damamzadebeli warmoeba. 
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amitom, Cveni azriT gamoTqma ,,qarTuli minanqari” dRes aramarTebulad 

migvaCnia, vinaidan TviTon minanqari ucxouria, mxolod misi liTonze 

gadatana da mxatvruli damuSavebaa adgilobrivi. 

zemoTaRniSnuli problemebis gadawyvetas emsaxureba Cveni 

mokrZalebuli naSromi, romelic moicavs mxatvruli mominanqrebis srul 

process da dasmuli winaaRmdegobebis gadalaxvis gzebs. 

jer kidev gasul saukuneSi saqarTveloSi miRebuli iyo 

adgilobrivi nedleulebis gamoyenebiT ZiriTadad teqnikuri minanqrebi 

[7-10], romlebic dainerga Tbilisis qarxana ,,gazoaparatSi” [11]. 

mxatvruli minanqris erT-erTi ZiriTadi Semadgeneli komponenti 

fliusTan erTad pigmentia. 

keramikuli pigmenti ewodeba mxurvalmedeg SeRebil naerTs, 

romelsac gaaCnia gansazRvruli kristaluri struqtura, miRebuli 

maRaltemperaturuli sinTezis Sedegad qimiurad sufTa nivTierebebiT. 

Zvel CineTSi, egvipteSi, bizantiaSi da sxva qveynebSi pigmentebad 

iyenebdnen bunebrivad SeRebil mineralebs, romlebic Seicavdnen rkinas, 

marganecs, kobalts, spilenZs da sxva. magram aseTi mineralebis 

Semadgenloba arastabiluri da cvalebadia. amitom maTi gamoyeneba 

sawarmoo maStabebiT araxelsayrelia. amJamad keramikuli pigmentebis 

sinTezi xdeba sxvadasxva meTodebiT da maTgan Cven SevirCieT qimiurad 

sufTa oqsidebis erToblivi gavarvarebiT damatebul mineralizatorTan 

erTad. Zalze didi mniSvneloba aqvs siTburi damuSavebis Sedegad 

siTezirebuli pigmentis struqturas. moviyvanT erT  magaliTs. Tu F 

Fe2O3-is gavarvareba xdeba martivi nareviT A Al2O3-Tan, maSin aseTi 

saRebavi aramdgradia da fliusis damatebis Sedegad gamowvis procesSi F 

Fe2O3 advilad  ixsneba masSi da kargavs SeRebvis unars. Tu warmoiqmneba 

myari xsnari F Fe2O3-sa A Al2O3-Si, maSin rkinis oqsidi aRar ixsneba [12]. 

araorganuli pigmentebis klasifikacias safuZvlad udevs maTi ori 

damaxasiaTebeli niSani feri da qimiuri Semadgenloba. aseTi 

klasifikaciis Sedegad pigmentebi feris mixedviT SeiZleba davyoT or 

jgufad: aqromatuli da qromatiuli. aqromatiul jgufSi Sedian TeTri, 

Savi da ruxi feris pigmentebi, xolo qromatiulSi - yvela danarCeni 

feri. 
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pigmentis mxolod qimiuri Semadgenlobis codna ar gvaZlevs srul 

amomwurav informacias misi teqnikuri Tvisebebis Sesaxeb. kristalur 

struqturaze damokidebulebis mixedviT, romelic Tavis mxriv 

ganisazRvreba kristalizaciis pirobebiT da kristalebis arsebobiT. 

erTi da igive qimiuri Semadgenlobis nivTierebebs SeiZleba hqondes 

sxvadasxva kristaluri meseri, amitom maTi Seferiloba, gardatexis 

maCvenebeli, simkvrive da sxva iqneba erTmaneTisagan gansxvavebuli 

(polimorfizmi). Zalze mniSvnelovania agreTve pigmentis nawilakebis 

zomebi da forma, romelic damokidebulia pigmentis sinTezis pirobebze: 

gavarvarebis temperaturaze dayovnebis xangrZliobaze. winaswari Serevis 

xangrZliobaze, RumelSi airis garemos xasiaTze da sxva. 

zogierT SemTxvevaSi kristaluri struqturis cvlileba SeiZleba 

moxdes kristalze meqanikuri moqmedebis Sedegadac. tyviis oqsids 

(murdasangi) aqvs orgvari struqtura - rombuli (yviTeli) da 

tetragonaluri (wiTeli). es struqturebi xasiaTdebian sxvadasxva 

simkvriviT, wyalSi xsnadobiT, reaqciis unariT da sxva. oTaxis 

temperaturaze tetragonaluri struqtura mdgradia, xolo rombuli 

aramdgradi. 4890C metad gaxurebiT tetragonaluri P PbO TandaTanobiT 

gadadis rombulSi. swrafi gaciebiT rombuli struqtura oTaxis 

temperaturaze inarCunebs sawyis mdgomareobas xangrZlivi drois 

ganmavlobaSi. magram Tu movaxdenT mis gasresas faifuris jamSi is 

swrafad gadadis mdgrad tetragonalur struqturaSi [13]. 

pigmentebis aseTi gardaqmnebi did gavlenas axdens mxatvruli 

minanqrebis sinTezis teqnologiur procesebze, amitom aucilebelia maTi 

codna da mxedvelobaSi miReba. 

feris mixedviT pigmentebs yofen: lurji, mwvane, wiTeli, yviTeli, 

iisferi, narinjisferi da sxva. TiToeul ferSi SeiZleba Sediodes 

gardamavali ferebi, miRebuli sxvadasxva qromoforebis gamoyenebiT. 

wiTel fers yofen jgufebad: rkinis, qromis, kala-qromis, Tixamiwa-

qromis, Tixamiwa - marganecis, selen-kadmiumis, koloiduri 

oqrosSemcveli, mewamuli, vardisferi. nebismieri feris elferi 

damokidebulia Termuli damuSavebis temperaturaze, xangrZliobaze. 

RumelSi airis garemos saxeobaze, temperaturul gradientze da sxva. 
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Cveni azriT pigmentebis klasifikaciis srlyofili sistema 

mocemulia s. Tumanovis SromebSi [12,14]. romelsac safuZvlad udevs 

pigmentebis kristaluri meseris struqturuli Tavisebureba. saqme isaa, 

rom  araorganuli pigmentebi kristaluri agebulebisaa da rogorc 

zemoT aRvniSneT pigmentebis mravali Tviseba (TviT feric) mis 

kristalur struqturazea damokidebuli. s.Tumanovis mixedviT 

pigmentebis klasifikacia SeiZleba gamovsaxoT: Spinelis, cirkonis, 

korundis, Zowis, vilemitis, sfenis da sxva mineralebis saxiT, romelTa 

kristaluri meseri gamoirCeva maRali qimiuri mdgradobiT, gamZlea 

maRali temperaturebis mimarT da axasiaTebT sinaTlis gardatexis 

maRali koeficienti. 

bunebaSi  aRniSnuli  mineralebi  warmoiqmneba  vulkanuri   da 

sxva  geologiuri procesebis Sedegad  maRal  temperaturaze >15000C. 

amitom pigmentebis sinTezs atareben  SedarebiT dabal temperaturebze 

1000-13000C  kazmSi boris mJavas damatebiT. 

saqarTvelos teqnikur universitetSi sinTezirebulia keramikuli 

pigmentebi adgilobrivi tuteSemcveli mTis qanebis gamoyenebiT zomier 

temperaturebze siTburi damuSavebiT [15-31]. 

Spinelebi qmnian myar xsnarebs SeRebvis farTo speqtriT, amitom 

dReisaTvis safuZvlianadaa Seswavlili maTi sinTezis teqnologiuri 

procesebi da didi raodenobiT amzadeben keramikul  pigmentebs 

Spineluri struqturiT. SeRebvis sisufTave rac axasiaTebT Spineluri 

struqturebis zogierT pigmentebs ganapirobebs maT farTod gamoyenebas 

mxatvruli minanqrebis SemadgenlobaSi (titanis, kalis da qromis 

Semcvelebi). Spineluri tipis pigmenti M MgO.Al2O3 da ZnO.Al2O3  safuZvelze 

iZleva farTo gamis ferebs, romelSic M MgO da Al2O3O nawilobriv an 

mTlianad Cainacvleba CoO, NiO, MnO, FeO da A Al2O3 nawilobriv Cr2O3. 

vilemitis 2ZnO·SiO2 kristaluri meseris pigmentebi intesiuri 

Termulad mdgradi lurji tonalobisaa, vinaidan ZnO nawilobriv 

Secvlilia CoO. sainteresoa sxva tonalobis pigmentebis sinTezi, roca  

CoO icvleba  NiO, CuO, FeO da MnO, rac dRemde araa Seswavlili. 
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Tavi 2. Termiulad mdgradi Zvlis faifuris da kordieritis sinTezSi 

gamoyenebuli  masalis kvleva 

          2.1. tyibulis kaolinuri da argilituri Tixebi 

 

pirvelad Cven mier Zvlis faifuris SemadgenlobaSi gamoyenebuli 

iqna tyibulis raionis kaolinuri Tixebi. kerZod 2009-2010 wlebSi 

uSualod karierebze seleqciuri wesiT SerCeuli iqna srulad axali 

ubnebi jvarisas da gurnis adgilmdebareobis kaolinebi. jvarisas 

kaolinebi mdebareobs sadgur orpiridan 8 km-is daSorebiT CrdiloeTis 

mimarTulebiT da masTan dakavSirebulia saavtomobilo gziT. sabado 

iyofa or monakveTad: eliawminda da wiqarauli. kaolinis maragi 

kategoriiT A2+B+C1+C2 1,591611 tonaa [32]. rac Seexeba gurnis kaolinur 

Tixebs sabado mdebareobs sof. gurnidan aRmosavleTiT 1-2 km-is 

daSorebiT adgil Txiszurgis midamoebSi rkinigzis sadgur orpiridan 17 

km-ze 650-670 m absolutur simaRleze. adgilmdebareobis farTi 20 

heqtaria. 

Cven mier SerCeuli gurnis kaolinis qimiuri Semadgenloba 

mocemulia 1 cxrilSi. SedarebisaTvis mogvyavs prosianovis kaolinis 

qimiuri analizic 

cxrili 1 

kaolinis qimiuri analizi 

 

nedleuli 

oqsidebis Semcveloba, mas.% 

SiO2 TiO2 Al2O3 Fe2O3 

+ FeO 

CaO MgO K2O  + 

Na2O 

ხ.დ. 

prosianovis 

kaolini 

47,7-

50,7 

0,4-0,7 36,7-

39,3 

0,5-0,6 0,5-

0,55 

0,27-

0,32 

0,85-

1,30 

11,5-

12,4 

gurnis 

kaolini 

 

49,20 0,24 32,6 0,68 0,58 0,26 1,34 14,18 

 

unda aRiniSnos, rom jvarisas da gurnis kaolinuri Tixebi 

geologiurad moqceulia erT teritoriaze da maTi fiziko-qimiuri da 

teqnologiuri Tvisebebi identuria. aqvea didi raodenobiT argilituri 
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kaolinebic, romlebic wyalSi ar ijvirjvebian da keramikul Tvisebebs 

iZenen wmindad dafqvis Semdeg.  

sur.1 mocemulia gurnis kaolinis nimuSis xazobrivi zomebis  

cvlilebis damokidebuleba gaxurebis temperaturaze. rogorc suraTidan 

Cans gurnis kaolinis nimuSis ganuwyveteli gaxurebisas SeiZleba 

gamovyoT cvlilebaTa oTxi periodi. 

 

  

sur.1. gurnis kaolinis nimuSis xazobrivi zomebis 

cvlilebebis damokidebuleba gaxurebis temperaturaze 

 

pirvel periodSi adgili aqvs masis Termul gafarToebas Seda-

rebiT dabal temperaturaze - 5000C, roca nimuSSi ar mimdinareobs raime 

arsebiTi struqturuli cvlilebebi. 

meore periodi 500-8000C nimuSis umniSvnelo Cajdoma 

dakavSirebulia kaolinis dehidrataciasTan. 
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sur.2. gurnis da prosianovis kaolinis rentgenogramebi 

mesame periodSi 900-10000C SeiniSneba mniSvnelovani Cajdoma, rac 

dakavSirebulia metakaolinitis destruqciasTan da myar fazaTa 

cvlilebasTan. 1100-13000C temperaturul intervalSi adgili aqvs 

Cajdomis intensiur xazobriv cvlilebebs, romelic gviCvenebs kaolinis 

Secxobis intervals. 

meoTxe periodSi 1300-13500C xdeba Cajdomis Semcireba da Sewyveta, 

rac gviCvenebs nimuSis Secxobis procesis dasasruls. 

amrigad SegviZlia davaskvnaT, rom gurnis seleqciuri kaolini 

mi¬ekuTvneba maRal temperaturaze Secxobad keramikul nedleuls, 

romlis gamkvrivebis intervali 1100-13500C temperaturis farglebSia. 

gurnis kaolinis rentgenogramaze sur. 2 (SedarebisaTvis mogvyavs 

prosianovis kaolinis rentgenograma) warmodgenili Semdegi ZiriTadi 

pikebi: d=7,147ÅÅ; 3,571 Å; 2,328 Å; 1,661 Å Å damaxasiaTebelia  

kaolinitisaTvis, d=4,239 Å; 3,341 Å; 2,086 Å; 1,639 Å Å; 1,372 Å Å 

damaxasiaTebelia kvarcisaTvis; d= 4,182 Å; 2,163 Å; 1,991 Å; 1,798 Å Å 

damaxasiaTebelia mikroklinisaTvis, xolo d=2,691 Å; 1,78 Å Å mineral 

hematitisaTvis. 

gurnis kaolinis Secxobis intervali davadgineT wyalSTanTqmis, 

cecxlovani Cajdomis da moculobiTi masis cvlilebebiT nimuSebis (110-

13200C) intervalSi Termuli damuSavebiT (sur.3). miRebuli Sedegebi srul 
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SesabamisobaSia xazobrivi zomebis cvlilebebis damokidebulebasTan 

gaxurebis sxvadasxva temperaturaze. 

 

sur.3. gurnis kaolinis Secxoba 

1- moculobiTi masa; 2 - wyalSTanTqma; 3 - cecxlovani Cajdoma 

 

gurnis kaolinis rentgenogramebi nimuSebis sxvadasxva 

temperaturaze gamowvisas (sur. 4) gviCvenebs, rom 10000C-mde mxolod 

kvarcisaTvis damaxasiaTebeli pikebia. gamowvis temperaturis Semdgomi 

gazrdiT mcirdeba kvarcis raodenoba da Cndeba mulitis pikebi (d=5,40 Å; 

3,39 Å; 2,86Å Å; 2,20 ÅÅ). 

13000C-dan mulitis garda rentgenogramaze Cndeba agreTve 

kristobalitis pikebi (d=4,05 Å; 2,48 ÅÅ). 

13500C  rentgenogramaze aris mulitis da kristobalitis pikebi.  
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sur.4. sxvadasxva temperaturaze gamomwvari gurnis 

kaolinis rentgenogramebi 

 

 

2.2. ozurgeTis kaolinizirebuli traqiti. 

 

traqitebi, rogorc mindvris Spatis Semcvleli bunebrivi 

nedleuli, safuZvlianad iqna Seswavlili gasuli saukunis 70-ian wlebSi 

prof. k. quTaTelaZis da g. gafrindaSvilis mier [33-36]. 2009-2010 wlebSi 

daZiebuli iyo ozurgeTis traqitis axali ubnebi (mTispiri, yviCilauri), 

sadac gamovlinebuli iqna maRali sisufTavis kaolinizirebuli 

traqitebi, rogorc axali kompleqsuri nedleuli Zvlis faifuris kazmis 

SemadgenlobaSi. kaolinizebuli traqitis mTavari minerali, iseve 

rogorc nebismier traqitebSi, kaliumis mindvris Spatia, romelic 

warmoqmnis wagrZelebuli mikrolitebs ganlagebuli nakadebis saxiT. 

ZiriTadi masis aseTi agebuleba damaxasiaTebelia traqitebisaTvis da man 

traqituli struqturis saxelwodeba miiRo. 
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kaolinizaciis procesi, rogorc erTerTi SemTxveva dedamiwis 

qerqis qimiuri Sedgenilobis cvlilebisa, iyofa endogenur da egzogenur 

procesebad. endogenurs (siRrmuli) miekuTvneba procesebi, romlebic 

mimdinareobs Rrma fenebSi Siga mizezebiT. orive SemTxvevaSi 

kaolinizaciis procesebze did gavlenas axdens mJavebis, tuteebis da 

fuZeebis koncentracia, romelic warmoiqmneba sxvadasxva SemTxveviTi 

mizezebiT, biologiurad aqtiuri organizmebis moqmedebiT, garemos 

temperaturiT da sxv. 

aRsaniSnavia, rom kaolinizaciis garemoSi reaqciis neitraluri 

mdgomareoba (pH=7) ar SeiZleba SenarCunebul iqnes xangrZlivad. amitom 

Tixawarmomqmneli mineralebi SeiZleba mJavur an fuZe garemoSi 

warmoiqmnas. mJavuri TixebisaTvis pH=67, fuZisaTvis H pH 10,5. 

kaoliniti da misi analogebi - dikiti, nakriti, galuaziti da 

pirofiliti warmoiqmneba mJavur garemoSi. 

me-5 sur-ze warmodgenilia kaolinizebuli traqitis mikrostruqtura. 

kaolinizirebuli traqitis sinjis qimiuri Sedgeniloba mocemulia me-2 

cxrilSi. 

                                                                  cxrili 2 

kaolinizirebuli traqitis qimiuri analizi 

 

masala 

oqsidebis Semcveloba, mas.% 

SiO2 Al2O3 Fe2O3 

+FeO 

CaO MgO Na2O K2O TiO2 MnO K2O/ 

Na2O 

kaolini-

zirebuli 

traqiti 

 

60,2 

 

18,3 

 

0,3 

 

0,8 

 

0,5 

 

0,9 

 

12,1 

 

0,23 

 

0,12 

 

13,4 
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a)                               b) 

sur. 5. kaolinizebuli traqitis mikrostruqtura 

gadideba  a)X100   b) X6000 

 

me-3 cxrilSi mocemulia miaxloebiTi mineralogiuri Sedgeniloba 

Seswavlili traqitisa, qimiuri analizidan gamomdinare. 

                                                                   cxrili 3 

kaolinizirebuli traqitis mineralogiuri Semadgenloba 

masala 

 

Sedgeniloba, mas.% 

 

albiti orToklazi kvarci Tixuri minarevebi 

kaolini-

zirebuli 

traqiti 

 

 

2,26 

 

70,25 

 

8,35 

 

18,86 

 

0,28 

 

rentgenofazuri analizis monacemebis Tanaxmad (sur. №6) ZiriTadi 

kristaluri fazebi warmodgenilia kaliumis mindvris Spatis mineral 

orToklazis, kvarcis da kaolinitis saxiT (d=4,25; 3,58; 3,24 Å Å-

orToklazi;  d=3,34;  2,45 Å -kvarci; d=3,58; 1,661Å Å; kaoliniti d = 3,58; 1,661 

Å. 
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sur.6. kaolinizirebuli traqitis rentgenograma 

 

traqitis Termuli damuSavebis dros mimdinare fiziko-qimiuri da 

kristalizaciis procesebi SeviswavleT nedleulis kompleqsuri 

Termografiuli analizis da leitcis gamaxurebeli mikroskopis 

saSualebiT (sur. 7,8 ) sagulisxmoa, rom traqitis kompleqsur 

Termogramaze ar aRiniSneba mniSvnelovani Termiuli efeqtebi, rac 

zogadad damaxasiaTebelia natriumis, kaliumis da kalciumis 

alumosilikatebisaTvis. aRiniSneba 1200C endoefeqti, rac 

dakavSi¬rebulia fiziko-meqanikuri wylis gamoyofasTan da mcire 

raode¬nobiT masis danakargTan (3450C danakargi 0,38%-ia). 

dilatometruli mrudi gviCvenebs nimuSis gafarToebas gaxurebiT. 10300C 

Cajdoma Seadgens 

romelic 12800C Seadgens 13,46%, rac Tavis mxriv dakavSirebulia 

gamkvrivebis procesTan. masis danakargi Seadgens 1,25%. 
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sur. 7. kaolinizirebuli traqitis kompleqsuri Termograma 

I diferencialuri Termuli analizi 

II dilatometruli Termograma 

III masis danakargi 

 

cnobilia, rom silikatebs, gansxvavebiT liTonebisagan, ar gaaCniaT 

lRobis mkveTrad gansazRvruli temperatura. maTi garbilebis da 

nalRobis denadobis xarisxi damokidebulia rig faqtorebze da maT 

Soris qimiur Semadgenlobaze. kaliumis modulis gazrda silikatur 

masalaSi (traqitebisaTvis maRalia da icvleba 15-20) iwvevs garbilebisa 

da lRobis intervalis gazrdas, aseve nalRobis siblantis zrdas. 

zemoTaRniSnuli debuleba dasturdeba kaolinizirebuli traqitis 

leitcis gamaxurebeli mikroskopiT Seswavlisas cnobili meTodikiT 

sur.8 analiziT dadgenili iqna damaxasiaTebeli temperaturuli 

wertilebi: Cajdomis dasawyisi 11400C, romelic gviCvenebs minis 

warmoqmnis dasawyiss-minimumi 13000C, maqsimumi 13800C. garbilebis 

dasawyisi 13400C, naxevarsferos warmoqmna 14400C, gaRvris dasawyisi  

15000C. 

nalRobis siblantis gazrdiT izrdeba faifuris Secxobis 

intervali, rasac Zalze didi mniSvneloba aqvs iseTi nakeTobebis 

warmoebaSi, rogoricaa Txelkedliani Zvlis faifuri, romlis aqilevsis 
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quslad iTvleba deformaciis mimarT midrekileba da ara sakmao  

Termomedegoba. 

 

sur.8. gaxurebis procesSi traqitis fotokadrebi 

 

2.3. faravnis perliti 

 

faravnis perlitis sabado mdebareobs ninowmindis raionSi, 

faravnis tbasTan 2-3 km-is moSorebiT. sabado zRvis donidan 2150-2250 m-

zea. igi ganlagebulia axalqalaqis rkinigzis 101 km-is mimdebare 

teritorize. daZiebuli da damtkicebuli maragebi aRemateba A+B+C1=14.106 

m3-s. saprognozo C2=100.106 m3-s. dReisaTvis faravnis perlitis sabados 

licenziis mflobelia Sps samTo kompania ,,faravnis perliti”. 

wiaRiseulis sasargeblo sisqe 120-m-mdea. dRes 10 m-dea sabado 

eqspluatirebuli. zeda nawilebSi aris msubuqi pemzisebri perliti. 

amJamad gadaxsnilia karieris ori ubani, sadac moi-poveba pemziseburi da 

masiuri perliti pemzisebri perlitis moculobiTi wona Seadgens 0,8-1.2 

t/m3-Si. masiuri perliti ki 1,6-2,2 t/m3. perliti aqtiuri bunebrivi 

malRobelia, rac saSualebas gvaZlevs misi gamoyenebiT keramikuli 

masebis Secxobis da lRobis temperatura SevamciroT 100-1500C-iT. 

perliti, rogorc deficituri mindvris Spatis Semcvleli 

bunebrivi malRobeli keramikaSi danergilia k. quTaTelaZis, i. xizani-

Svilis da g. gafrindaSvilis mier jer kidev gasuli saukunis 60-ian 

wlebSi, siaxlem miiRo saerTa¬Soriso xasiaTi da gamoiyeneba mraval 

qveyanaSi. 



24 

gamokvlevebma gviCvena, rom perlitis simkvrive (gansxvavebiT 

obsidianisa), dabalia, xasiaTdeba miniseburi bzinvarebiT, imsxvreva 

niJariseburi formis bzarebze, rac perlitis struqturisTvisaa 

damaxasiaTebeli (sur.9), gardatexis maCvenebeli NN=1,485, simkvrive 2,3-2,5 

g/sm3 wyalSTanTqma 5,12%. 

 

 

 

 

 

 

 

 

 

 

 

sur.9. faravnis perlitis mikroskopiuli suraTi x160 

 

faravnis perlitis qimiuri Semadgenlobaa (mas.%): SiO2– 74,04; Al2O3– 

14,16; Fe2O3 – 0,51; O CaO – 1,3; O MgO – 0,38;  SO3– 0,15; O K2O – 3,92; N Na2O - 3,31; 

xurebiTi danakargi 3,18. 

perlitis garbilebis temperaturaa 12400C, Secxobis 11300C, anu 

aqtiuri Secxobisa da garbilebis temperaturebs Soris intervali 1100C. 

gaxurebis diferencial mrudze (sur.10) aRiniSneba erTi 

endoTermuli efeqti, romelic Seesabameba perlitidan kristaluri 

wylis gamoyofas 8500C-ze. 

 

 

 

 

 

 

 

 



25 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

sur.10. faravnis perlitis Termograma 

1. temperaturis gazrdis mrudi  2. Termoefeqtis mrudi 

 

perliti (obsidiani) vulkanuri warmoSobis miniseburi qania, rac 

dasturdeba agreTve rentgenostruqturuli analiziTac, is Seicavs aseve 

minarevebs, romlebic imyofebian koloidur-dispersul mdgomareobaSi 

(sur.11) 

 

 

  

sur.11. faravnis perlitis rentgenograma 
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bunebrivi perlitis zomebis da formis cvlilebebi ganvsa-zRvreT 

leitcis firmis gamaxurebeli mikroskopis gamoyenebiT (sur.12 0C 

iwyeba nimuSis zedapiris momrgvaleba, xolo 14200C warmoiqmneba 

naxevarsferos formis wveTi. es miuTiTebs perlitis erT-erT dadebiT 

teqnologiur parametrze-perlitis mina xasiaTdeba maRali siblantiT. 

rac keramikuli sinTezis procesSi CajdomiTi deformaciuli Zalebis 

moqmedebis mimarT mdgradia da nakeToba inarCunebs zust geometriul 

formas. 

 

 

sur.12  faravnis perlitis gaxurebis fotokadrebi 

 

 

sur.12.  faravnis perlitis gaxurebis fotokadrebi 

 

                         2.4. Zirulis Talki 

 

sabado mdebareobs Zirulis kristaluri masivis aRmosavleT 

nawilSi mdinareebis lopanis-wylis da WeraTxevis auzSi [32]. Talkis 

Semadgenloba meryeobs Semdeg farglebSi: 3MgO.4SiO2
.H2O-dan 4MgO .5SiO2 

. 

H2O -mde zRvrebSi da mcire raodenobiT Seicavs sxva oqsidebis 

minarevebs. 

msgavsad Tixebisa, Talki gaxurebiT ganicdis dehidratacias da 

warmoiqmneba klinoenstatiti da kvarci (  1200 - 13000C) 

6000C-mde gaxurebisas gamoiyofa mcire raodenobiT fiziko-

meqanikuri wyali, xolo 800-10000C farglebSi intesiurad gamoiyofa 

qimiurad (kristaluri) dakavSirebuli wyali (sur.13) 
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sur.13. Talkis Termograma 

 

Zirulis seleqciuri Talkis qimiuri Semadgenlobaa (mas.%): SiO2 – 

58,90; Al2O3 – 1,80; MgO – 30,90; (FeO + Fe2O3) – 1,70; K2O – 0,50; xurebiTi danakargi 

- 6,20. 

lRobis temperatura  15000C, xv. wona 2,9 g/sm2, Txgk 5·106. 

 

                           2.5. gudauris kvarci 

 

saqarTveloSi kvarcis ZarRvebi farTodaa gavrcelebuli Ziri-

Tadad im raionebSi sadac arsebobs granituli intruziebi. magram unda 

aRvniSnoT, rom daZiebuli sabadoebis didi umravlesoba dRemde 

arasakmarisadaa Seswavlili, rogorc maragebis, aseve gamoyenebis 

sferoebis mimarTebaSi. SedarebiT geologiuri genezisis, qimiur-

mineralogiuri Semadgenlobis da daTvlili maragebis mxriv 

damakmayofilebadaa Seswavlili Zirulis kristaluri masivi [32]. 

kvarcis monawileoba minanqrebis, fliusebis, pigmentebis da 

faifuris kecis formirebaSi gamoixateba imiT, rom wmindad 

dawvrilmanebul mdgomareobaSi 10000C-ze zemoT is malRoblebTan erTad 

warmoqmnis gamdnar masas. SiO2 lRobis Sedegad miniseburi faza xdeba 

blanti da Zvlis faifuris Secxobis intervali izrdeba. gamdnari 

kvarci, rogorc ZiriTadi minis warmomqmneli, aseve optimalur zRvrebSi 

uzrunvelyofs minanqrebis mdgradobas da aniWebs maT rig dadebiT 

Tvisebebs. 
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Zvlis faifuris siTeTris da minanqrebis naTeli ferebis misaRebad, 

rac didaTaa damokidebuli kvarcis sisufTaveze Cveni yuradReba miiqcia 

stefanwmindis raionSi arsebulma kvarcisa da kvarcitebis farTod 

gavrcelebam. kerZod sof. arSis, snos da gudauris mimdebare 

teritoriebze Cvens mier  gamovlinebuli iqna sruliad axali 

Seuswavleli ubnebi, sadac sakmao raodenobiTaa maRali xarisxis 

kvarcitebi. gudauris da arSis kvarcis qimiuri analizi mocemulia 

cxril 4-Si. 

cxrili 4 

gudauri da arSis kvarcis qimiuri analizi 

oqsidebi gudauris kvarci arSis kvarci 

SiO2 99.3 99.5 

TiO2 0.02 0.01 

Al2O3 0.3 0.4 

Fe2O3 0.09 0.1 

R2O 0.2 0.2 

CaO - - 

MgO - - 

 

 

 

2.6. qisaTibis  diatomiti 

 

saqarTveloSi arsebuli diatomitis cnobili sabadoebidan 

aRsaniSnavia axalcixis raionSi arsebuli qisaTibis diatomiti, rogorc 

maragis aseve xarisxis gamo [32]. sabado mde¬bareobs sof. qisaTibTan 

axlos, axalcixidan 10 km daSorebiT. 

diatomitis genezisi dakavSirebulia umciresi zomis erT-ujrediani 

diatomis wyalmcenareebTan, romlebic advilad iTvisebdnen kaJmiwas, 

xolo es ukanaskneli grovdeboda maT naWuW-javSanSi. diatomis daRupis 

Semdeg maTi calkeuli nawilebi milioni wlebis ganmavlobaSi ileqeboda 

wyalsatevebis fskerze, sadac grovdeboda da warmoqmnida mZlavr 

fenovan plastebs. aseTi genezisi diatomits aniWebda simsubuqes da 

forianobas. 
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diatomitis simetriuli forovani struqturis gamo farTod 

iyeneben siTxeebis dinamiuri filtraciisaTvis. maRali xarisxis 

lompokis (aSS) diatomiti 1 sm3 moculobaSi Seicavs 4,5 mln javSans, 

xolo qisaTibis diatomitSi es raodenoba aRwevs 26 mln-mde. cxril 5-Si 

mocemulia SedarebiTi qimiuri analizi ori tipis diatomitis, miRebuli 

rentgenografiuli gamokvleviT. 

cxrili 5 

diatomitis qimiuri analizi 

komponentebis 

dsaxeleba 

maRali sisufTavis 

 

 standartuli 

        diatomiti 

SiO2 98,65 91,62 

Al2O3 0,60 4,20 

Fe2O3 0,27 1,39 

Na2O 0,14 0,50 

K2O 0,10 0,83 

MgO  0,08 0,61 

CaO 0,08 0,41 

TiO2 0,03 0,24 

P2O5 0,03 0,13 

jami 99,98 99,93 

 

qisaTibis diatomitis balansuri maragi kategoriebis mixedviT 1956 

w 1 ianvrisTvis Seadgens A2+B+C1 1908 aTas tonas. sabados farglebSi 

seiZleba gamovyoT oTxi saxis diatomite, romlebSic SiO2 raodenoba did 

farglebSi icvleba (cxr. 6). minanqris SemadgenlobaSi gamoviyeneT 2 da 4 

ubnebi, romlebSic SiO2  raodenoba maRalia, xolo  Fe2O3  minimaluri. 

diatomiti, rogorc kaJmiwis amorful mdgomareobaSi Semcveli, 

sainteresoa ra gavlenas axdens misi Seyvana minanqarSi, rogorc lRobis 

temperaturis aseve sxva saeqsploatacio parametrebis mimarT. 
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cxrili  6 

qisaTibis diatomitis qimiuri analizi 

diatomi-
tis 

saxeebi 

SiO2 Al2O3 Fe2O3 CaO MgO SO3 x.d. 

mura 
msxvil 
zoliani 
 
TeTri 
 
ruxi 

 
wvril 
zoliani 

 

 

77.09-81.79 

 

 

85.01-96.76 

 

84.69-93.90 

 

 

83.95-92.70 

 

 

12.00-6.94 

 

 

6.16-0.90 

 

5.03-2.95 

 

 

6.05-3.04 

 

 

4.75-2.39 

 

 

3.19-0.36 

 

5.03-2.95 

 

 

2.38-1.30 

 

 

2.92-1.02 

 

 

1,02-0,19 

 

0,80-0,69 

 

 

1,08-0,78 

 

 

0.46-0,30 

 

 

0.47-0.06 

 

0.43-0.33 

 

 

1.16-0.23 

 

 

- 

 

- 

 

- 

 

 

- 

 

 

5.66-4.67 

 

 

4.15-2.72 

 

5.25-1.95 

 

 

5.4-1.85 

 

 

                                       2.7. Zvlis nacari. 

 

momzadebuli iqna msxvilfexa saqonlis kidure¬bis SerCeuli Zvali. 

am ukanaskneli gawmendiT zedmeti nawilebisa gancximvis (Zvlebis 3 sT 

duRili sarecxi saSualebebis gamoyenebiT) Semdeg gamovwviT 0C da 

birTvebian wisqvilSi movaxdineT misi wmindad dafqva. sabolood Zvlis 

nacari warmoadgens TeTri feris fxvnils, romlis qimiuri 

Semadgenlobaa: SiO2 – 0,34; Al2O3-0,26; Fe2O3-0,09; CaO – 53,18; MgO – 2,80; P2O5 -

40,32;x.d. – 3,01. Zvlis nacrisaTvis damaxasiaTebelia SemRebavi oqsidebis 

(Fe2O3, TiO2) Zalze mcire raodenobiT Semcveloba. rac uzrunvelyofs 

Zvlis faifuris maRal siTeTres (80-85%). qimiuri analizis safuZvelze 

gamovTvaleT mineraluri Semadgenloba %: Ca10(PO4)6(OH)2 – 95,03; Ca(OH)2 –

0,22; Mg(OH)2 – 4,06; minarevebi - 0,69; jami - 100. 

amrigad, Zvlis nacari ZiriTadad Seicavs hidroqsilapatits. Zvlis 

nacris rentgenogramaze (sur.14), romlebic gamomwvaria 10000C da 14000C 

hidroqsilapatiti warmodgenilia sibrtyeTa Soris manZiliT d = 4,06; 

3,44; 3,173; 3,080; 2,807; 2,778; 2,776; 2,717; 2,627; 2,261; 1,943; 1,938; 1,846; 1,803; 1,720 

Å; xolo sibrtyeTa Soris manZilebi: d=3,44; 2,682; 2,750; 2,510; 1,924; 1,839Å Å 

gamosaxavs vitlokits, romelic warmoiqmneba Zvlis nacris 

rentgenogramaze 14000C gamowvis SemTxvevaSi. 
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sur.14. Zvlis  nacris  rentgenogramebi 

 

Zvlis nacris Termograma (sur.15) xasiaTdeba mcire, magram 

mravalricxovani endoefeqtebiT, rac miuTiTebs masis safexurisebr 

danakargebs. 125-5000C garglebSi adgili aqvs masis sam safexurad 

danakargs 0,65; 1,63; 2,17%, rac dakavSirebulia magniumis da kalciumis 

hidratebTan hidratuli wylis gamoyofasTan. endoefeqtebi 1060-14500C 

ukavSirdeba hidroqsil apatitidan neli reJimiT dehidra¬tacias. 

hidroqsilapatitSi Sedis agreTve kristaluri wyalic, romelic 14500C 

cildeba eba 

avxsnaT hidroqsilapatitis kristaluri meseris agebulebiT, romlis 

SigniT ganlagebulia OH OH1 jgufebi. amitom gaxurebisas 

hidroqsilapatiti Znelad kargavs hidroqsilis ionebs kristaluri 

meseridan, rac dadasturebulia literaturuli monacemebiT [37] 
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sur.15. Zvlis  nacris  Termograma 

I  diferencialuri Termuli mrudi 

II masis danakargebis mrudi 

 

 

sur.16. Zvlis  faifuris  rentgenograma 
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2.8. Termulad mdgradi Zvlis faifuris 

ZiriTadi maxasiaTeblebis dadgena 

 

Catarebuli fiziko-qimiuri kvlevebis safuZvelze gurnis kaolinis, 

ozurgeTis kaolinizirebuli traqitis, gudauris kvarcis, Zirulis 

Talkis da Zvlis nacris gamoyenebiT Cvens mier miRebulia Termulad 

mdgradi faifuris kazmis Semadgenloba (mas%) 

Zvlis nacari - 43 

gurnis kaolini - 30 

ozurgeTis kaolinizirebuli traqiti - 19 

gudauris kvarci - 17 

            ------------------------------ 

      100%-ze zemoT 20% Zirulis Talki - 20 

cxril 7-Si mocemulia gamoyenebuli nedli masalebis qimiuri Sema-

dgenloba. 

cxrili 7 

nedli masalebis qimiuri Semadgenloba 

 

masalebi 

oqsidebis Semadenloba, masa % 

SiO2 Al2O3 TiO2 Fe2O3 CaO MgO K2O Na2O P2O5 x.d. 

 

Zvlis 

nacari 

0,34 0,26 - 0,09 53,18 2,8 - - 40,32 3,01 

gurnis 

kaolini 

49,20 32,6 0,24 0,68 0,58 0,26 0,8 0,54 - 14,18 

ozurg. 
kaoliniz. 
traqiti 

60,2 18,3 - 0,3 0,8 0,5 12,1 0,9 - 7 

gudauris 

kvarci 

99,3 0,3 0,02 0,09 - - 0,2 0,2 - - 

Zirulis 

Talki 

58,9 1,8 - 1,7 - 30,9 0,5 - - 6,2 

 

Zvlis faifuris fiziko-meqanikuri Tvisebebis analizi gamowvis 

temperaturaze damokidebulebiT, aseve nimuSebis cvlilebebi Termuli 
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damuSavebisas leitcis gamaxurebeli mikroskopis gamoyenebiT davadgineT 

faifuris Secxobis intervali (sur.17,18), romelic 1280-13000C  

farglebSia. cxr.8 da cxr.9 mocemulia Zvlis faifuris fazuri 

Semadgenloba da fiziko-meqanikuri Tvisebebi, xolo sur. 20 

eleqtro¬mikroskopiuli suraTebi. 

 

 

 

 

sur.17. Zvlis faifuris nimuSebis fotokadrebi 

gaxurebis procesSi 

 

sur.18. Zvlis faifuris Tvisebebis damokidebuleba 

gamowvis temperaturaze 

1- moculobiTi masa; 2- wylis STanTqma; 3-saerTo Cajdoma 

4-meqanikuri simtkice 
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cxrili 8 

Termulad mdgradi Zvlis faifuris fazuri Semadgenloba 

faifuris 

indeqsi 

gamowvis 
temp-ra 0C 

vitlokiti- 

anortiti 

klinoensta-
titi 

kvarci 

 

miniseburi 

faza 

 

3-15 1300 53 9 11 21 

 

                                                                   cxrili 9 

Termulad mdgradi Zvlis faifuris fiziko-meqanikuri Tvisebebi 

 

 

maCveneblebi 

faifuris indeqsi 

3 - 15 

gamowvis temperatura,0C 1300 

saerTo Cajdoma, % 12,7 

moculobiTi masa, გ/სმ3 2,52 

simagre mpa statikur Runvaze 92,7 

wyalSTanTqma, % 0,83 

Txga 20-6000C 82,2 

siTeTre, % 87 

Termiuli mdgradoba, 0C 205 

gaWvirva,% 17 

Secxobis intervali, 0C 40 

 

                 

 

       sur.19.  Zvlis faifuris mikrostruqtura X 600 
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sur.20. Zvlis faifuris mikrostruqtura X 6000 

 

2.9. kristaluri fazebis warmoqmnis Termodinamikuri 

analizi sistemaSi CaO-Al2O3-P2O5-SiO2 Talkis damatebiT 

 

farTod gavrcelebuli silikaturi masalebisa da nakeTobebis 

warmoebis intesifikacia da xarisxobrivi gaumjobesebis aucilebloba 

dRis wesrigSi ayenebs maTi warmoebis procesebis detalur Seswavlas. 

silikaturi masalebis, maT Soris Zvlis faifuris miRebis 

procesis damuSavebisas didi mniSvneloba aqvs gamosavali nedleulis  

monawileobiT mimdinare qimiuri reaqciebis Seswavlas, rac SesaZlebelia 

moxdes procesebis Termodinamikuri gamokvlevis safuZvelze. 

aRsaniSnavia, rom keramikuli masalebisa da nakeTobebis teqnologiaSi 

ZiriTadad saqme gvaqvs maRaltemperaturul proce-sebTan, romelTa dros 

adgili aqvs ara marto qimiur gardaqmnebs, aramed warmoqmnili 

produqtebis kristaluri fazebis urTierT-Secxobas, rac saboloo 

angariSiT gansazRvravs miRebuli masalebis Tvisebebs. 

Zvlis faifuris gamomwvar keramikul kecSi ZiriTadad Ca3(PO4)2 – 

Al2O3 – SiO2 sistemaa da maTgan warmoqmnili kristaluri fazebi. 

gamosavali nivTierebebidan gamomdinare da maTi sawyisi raodenobrivi 

urTierTSefardebiT warmoiqmneba faifuri, romelSic kristaluri faza 



37 

warmodgenilia anorTitiT, vitlokitiT da miniseburi faziT, rac 

Tavsdeba masalis kristalur fazebs Soris. 

Zvlis faifuris masis misaRebad gamosaval nivTierebad gamoi-yeneba 

fosfaturi nedleuli Ca10(PO4)6(OH)2, agreTve SiO2 da Al2O3 · 2SiO2. maTi 

urTierTqmedeba SeiZleba gamoisaxos Semdegi reaqciebiT: 

 

Ca10(PO4)6(OH)2 + 3(Al2O3
. 2SiO2) = 2Ca3(PO4)2 + 3(CaO. Al2O3 

. 2SiO2) + 

                                                            + CaO. SiO2 + H2O + P2O5                      (1) 

Ca10(PO4)6(OH)2 + 4(Al2O3
. 2SiO2) = 2Ca3(PO4)2 + 4(CaO. Al2O3 

. 2SiO2) + 

                                                           + H2O + P2O5                                           (2)    

  Ca3(PO4)2 + 3(Al2O3
. 2SiO2) = 3(CaO. Al2O3 

. 2SiO2) + P2O5                           (3) 

Ca10(PO4)6(OH)2 + 10(Al2O3
. 2SiO2) = 10(CaO. Al2O3 

. 2SiO2) + 

                                                             + 3P2O5 + H2O                                        (4) 

Ca10(PO4)6(OH)2 + Al2O3
. SiO2 = 3Ca3(PO4)2 + CaO. Al2O3 

. 2SiO2 + 

                                                            + H2O                                                      (5) 

aRniSnuli masalebis bazaze miRebuli Zvlis faifuri xasiaTdeba 

arasakmarisi Termuli TvisebebiT, romlis gaumjobesebis mizniT Cvens 

mier damatebuli iqna Talki 3MgO.4SiO2
.H2O, romelic 

maRaltemperaturuli damuSavebiT ganicdis gardaqmnas: 

3MgO . 4SiO2 
. H2O = 3(MgO . SiO2) + SiO2 + H2O                                     (6) 

      Talki                   klinoenstatiti   kvarci 

       

moyvanili reaqciebis (1-6) mimdinareoba Zvlis faifuris miRebis 

procesSi eWvs ar iwvevs, magram maTi mimdinareobis SesaZleblobis 

dadgena mizanSewonilia dadgindes Termodinamikuli analizis meTodiT, 

romelic gulisxmobs am reaqciebis jibsis energiis cvli-lebaTa 

gamoTvlas. 

jibsis energiis cvlilebis gamoTvla SesaZlebelia cnobili 

meTodiT reaqciaSi monawile nivTierebebis standartuli 

Termodinamikuri monacemebis safuZvelze (cxr.10) 
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                                                                 cxrili 10 

(1-6)  reaqciebis gamosavali nivTierebebisa da produqtebis 

standartuli Termodinamikuli funqciebi 

nivTiereba 0

298H  

kj/moli 

0

298G  

kj/moli 

0

298S  

kj/grad 

a b c 

Ca10(PO4)6(OH)2 13479.23 12679.74 781.85 957.5 166.01 -209.5 

Al2O3 
. 2SiO2 3383.26 3177.95 124.36 29.58 21.37 -20.40 

Ca3(PO4)2 4126.73 3890.52 236.32 201.8 166.00 -20.9 

CaO. Al2O3
. 2SiO2 4245.85 4098.86 199.44 269.92 97.4 -70.60 

H2O 242.16 228.92 188.98 30.59 10.3 - 

P2O5 1494.15 1350.86 114.596 17.54 - - 

SiO2 912.37 857.90 41.9 47.01 34.36 -11.31 

CaO. SiO2 1633.05 1549.25 87.57 108.31 16.51 -23.67 

3MgO.4SiO2 
. H2O 5928.25 5544.54 261.16 344.71 142.54 -49.86 

MgO . SiO2 1555.54 1464.32 67.88 284.42 19.86 -26.31 

 

 

Tu jibsis energiis cvlileba uaryofiTi mniSvnelobisaa SeiZleba 

davaskvnaT, rom reaqcia mocemul pirobebSi SesaZlebelia miT ufro, rac 

naklebia jibsis energiis cvlileba. 

jibsis energiis cvlileba SesaZlebelia gaangariSebuli iqnas 

sxvadasxva sizustiT Tu amis saWiroeba arsebobs. cnobilia jibsis 

energiis cvlilebis gamoTvlis ulrixis meTodi pirveli da meore 

miaxloebiT, Svarcman-tiomkinis meTodi. am meTodebiT gaangariSebuli 

mniSvnelobebi zogadad erTmaneTisagan didaT ar gansxvavdebian - 

cdomileba ar aRemateba 2-5%. amitom teqnikuri gaangariSebisaTvis 

savsebiT sakmarisia nebismieri maTganis gamoyenebiT miRebuli 

mniSvnelobebi [38, 39]. 

jibsis energiis cvlileba warmoadgens temperaturis funqcias da 

martivad gamoisaxeba Semdegi damokidebulebiT: 

ΔGT = 0

298H  – T 0

298S  

sadac:  0

298H - aris qimiuri reaqciis mimdinareobisas warmoqmnis  

             siTboebis - entalpiis cvlileba standartul pirobebSi. 

             0

298S - aris qimiuri reaqciis msvlelobisas entropiis  
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                      cvlileba standartul pirobebSi 

Sesabamisad:  0

298H = ∑ 0

298H          -       ∑ 0

298H   

                    saboloo produqtebi    sawyisi produqtebi 

 

                    0

298S = ∑ 0

298S      -       ∑ 0

298S   

                  saboloo produqtebi           sawyisi produqtebi 

 

jibsis energiis cvlilebis mniSvnelobebi ulrixis pirveli 

miaxloebis meTodiT (1-6) reaqciebisaTvis mocemulia cxril 11-Si. 

                                                                   cxrili 11 

               G-ΔGT    mniSvnelobebi temperaturis mixedviT 

 

reaqcia 

-ΔGT  mniSvneloba kj/moli (temperatura 0 K) 

1100 1200 1300 1400 1500 1600 

1 259279 327714 393850 460429 535483 615145 

2 381217 468266 562300 663031 770218 883632 

3 279198 339907 404438 472464 543697 617896 

4 939614 1148080 1371178 1607960 1857613 2119425 

5 102777 128911 158479 191712 227630 266222 

6 115395 126461 137527 148593 159658 170734 

 

 jibsis energiis cvlileba temperaturis mixedviT (1-6) reaqci-

ebisaTvis meti TvalsaCinoebisaTvis warmodgenilia sur. 21-ze 
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         sur.21 . ΔG0 damokidebuleba temperaturaze reaqciebisaTvis 1-6 

 

jibsis energiis cvlilebis gaangariSeba mocemuli reaqciebisaTvis 

miuTiTebs, rom yvela maTgani ganxilul temperaturul intervalSi 

bolomde midis, xolo ra saxiT imyofeba reaqciis produqtebi mza 

faifurSi SesaZlebelia dadgindes rentgenostruqturuli da fazuri 

analiziT. me-6 reaqciis produqtebis, klinoenstititis da SiO2 -is 

urTierTqmedebis SesaZlebloba (1-5) reaqciis produqtebTan aseve 

Sefasebuli iqna Termodinamikuli gaTvlebis safuZvelze. Sedegebma 

aCvena, rom klinoenstatitis am produqtebTan urTierTqmedeba nakleb 

savaraudoa da mza produqtSi - Zvlis faifurSi unda arsebobdes 

klinoenstatitis faza, rac dasturdeba sur.16 Zvlis faifuris 

rentgenogramiT d = 2,98; 2,88. 

                             

2.10.  kordieritis keramika 

 

rogorc SesavalSi aRvniSneT keramikul fuZed tixrul 

minanqarebSi gamoyenebuli gvaqvs agreTve kordierituli keramika, 

romelic sinTezirebulia mTlianad adgilobrivi nedleulebis 

gamoyenebiT (gurnis kaolini, Zirulis Talki). 
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kordieritul keramikaSi 80%-mde kordieritia (2MgO . 2Al2O3 
. 5SiO2), 

xolo danarCeni 20% klinoenstatiti, muliti da miniseburi fazaa. cxr.12 

naCvenebia kordierituli keramikis ZiriTadi Tvisebebi. 

                                                                   cxrili 12 

                       kordierituli keramikis Tvisebebi 

 
masala 

simkvrive 

gr/sm3 

mocul.wona 

gr/sm3 
 

simtkice 

Runvaze 

kg/sm2  

simtkice 

kumSvaze 

kg/sm2  

Txgk 

α . 0C-1 

Semcxvari 

kordie-
riti 

 

2,75-2,83 

 

2,08-2,3 

 

7000-9000 

 

2000 

 

(1-2).10-6 

 

dabali Termiuli xazobrivi gafarToebis koeficientis gamo 

kordieritis keramika xasiaTdeba maRali TermomedegobiT, rac 

aucilebelia tixruli keramikis sinTezis dros. 

kordieritis sinTezis reaqciis msvleloba ganvsazRvreT jibsis 

energiis cvlilebebis xasiaTiT, romlis aucilebeli pirobaa utoloba  

ΔG GT
0 < 0. 

 

2.11. kristalur fazaTa warmoqmnis Termodinamikuri 

analizi kordieritis sinTezis procesSi 

 

rogorc zemoT aRvniSneT tixruli keramikis fuZis Termul 

mdgradobas da simagres gadamwyveti mniSvneloba eniWeba xarisxiani 

produqtis misaRebad, vinaidan nakeTobis swrafi gaxurebis da gaciebis 

pirobebSi ar moxdes misi dabzarva. maRali Termuli mdgradobiT 

gamoirCeva kordieriti (2MgO . 2Al2O3 
. 5SiO2), vinaidan mas axasiaTebs 

gamorCeulad dabali Termuli xazobrivi gafarToebis koeficienti - 1,2 . 

10-6 0C-1. 

samkomponentian sistemaSi M MgO . Al2O3 
. SiO2 arsebobs sammagi kri-

sta¬luri naerTi kordieritis saxiT, romlis Teoriuli Sedgeniloba %-

Si masis mixedviT aris: M MgO – 13,7; A Al2O3 – 34,9;  SiO2– 51,4;  misi 

simkvrivea 2,8 g/sm3. 14350C kordieriti dneba daSliT; warmoiqmneba muliti 

3Al2O3 
. 2SiO2  da magnezialuri mina. 
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kordieritis sinTezi SesaZlebelia, rogorc zemoaRniSnuli 

oqsidebis SecxobiT, aseve bunebrivi aramadneuli mineralebis gamo-

ye¬nebiT, rogoricaa Talki (3MgO . 4SiO2 . H2O), kaolini (Al2O3 
. 2SiO2 

. 2H2O) da 

xelovnuri teqnikuri Tixamiwa  Al2O3 kordierituli keramikis sinTezi 

movaxdineT Zirulis auzis Talkis, gurnis (tyibulis r-ni) kaolinis da 

  12500C. 

 

zogadad, kordieritul keramikaSi zemoaRniSnuli nedleu-lebis 

gamoyenebiT 80% kordieritia, xolo 20% klinoenstatiti, muliti da 

miniseburi faza. aRsaniSnavia, rom klionestiti da muliti aseve 

Termiulad mdgradi naerTebia, rac dadebiT gavlenas axdens 

kordieritul keramikaze, rogorc maRali xarisxis keramikul fuZeze. 

Termofizikuri rTuli procesebi, romlebic keramikuli sinTezis 

safuZvels warmoadgens, gansazRvravs nakeTobis Secxobas Txevad da 

myarfazaTa reaqciebiT, struqturaSi garkveuli mineralogiuri 

Sedgenilobis kristaluri fazebis warmoqmnas, romlebic did gavlenas 

axdenen miRebuli produqtis fiziko-meqanikur, Termul da sxva 

Tvisebebze. 

Secxobis procesSi MgO – Al2O3 – SiO2 sistemis keramikul masaSi 

(romlis safuZvelzec miRebulia kordieriti) warmoqmnili kristalur 

fazaTa tipis dadgenis mizniT gamoyenebuli iqna Termodinamikuri 

analizis meTodi. 

aRniSnuli reaqciis mimdinareobis dadgenis mizniT gamoTvlil iqna 

jibsis energiis cvlileba ΔGG cnobili meTodikis mixedviT [38]. 

gamoTvla warmoebda reaqciaSi monawile nivTierebaTa Termodinamikuri 

mudmivebis gamoyenebiT (cxrili 13) 
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cxrili 13 

   moreagire nivTierebebis sawyisi  Termodinamikuri parametrebi 

 
nivTiereba 

warmoqmnis 

siTbo
0

298H  

kkal/mol 

jibsis 
potenciali 

0

298G  

kkal/mol 

entropia 
0

298C  

kkal/mol 

 

a 

 

b. 103 

 

c.10-5 

3MgO . 4SiO2 1415 1323 62,3 68,6 33,5 -13,80 

Al2O3 
. 2SiO2 984 907 48,5 57,5 35,3 -7,86 

Al2O3 400,5 378 12,17 17,43 3,06 -8,47 

MgO.Al2O3
.5SiO2 2186 2064 97,3 154,22 19,21 -9,28 

MgO . SiO2 370,25 349,5 16,2 24,55 4,74 -6,28 

3Al2O3 
. 2SiO2 1631 1539,98 22,3 39,3 8,04 -11,02 

 

      jibsis energiis xasiaTis mixedviT SeiZleba msjeloba procesis 

mimdinareobis principuli SesaZleblobis, agreTve ama Tu im naerTis 

warmoqmis Sesaxeb mocemul pirobebSi. 

procesis mimdinareobis principulad SesaZlo aucilebel pirobas 

warmoadgens ΔG < 0 dacva. sxvagvarad, Tu reaqciis procesSi mcirdeba 

ΔGG mniSvneloba, maSin procesi SesaZlebelia da igi mimdinareobs 

TviTneburad. ΔG > 0 pirobis Sesruleba ki miuTiTebs mimdinare procesis 

SeuZleblobaze mocemul pirobebSi. 

ΔGG cvlilebis gansazRvra sxvadasxva temperaturaze movaxdineT 

cnobili gantolebiT  

...
2

ln 22

0 jTTTTaTqG 


  (2) 

sadac, q0 - reaqciis Tburi efeqtia standartul pirobebSi da 

iangariSeba formuliT 

)298298298ln()( ''''''

0    baqqq iiii  

  

aq  '

i  da ''

i   Sesabamisad reaqciis sawyisi da saboloo 

produqtebis moluri wilebia, xolo  '

iq   da ''

iq   - maTi warmoqmnis 

siTboebi standartul pirobebSi. a, b da c koeficientebia, romlebic 

iangariSeba gantolebebiT 

)(...)( ''''''

iiiiiiiiii aaaaaa    
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...)()( '''

iiiiiiii bbbbb    

aq a, b da c Tbotevadobis temperaturli koeficientebia. 

(vinaidan c da Sesabamisad γ Zalian mcire sidideebia, Semdgom 

angariSebSi igi ugulebelyofilia). 

j kirhofis gantolebis integrirebis mudmiva iangariSeba 

formuliT: 

)298298ln(00  



T

q

T

G
j  

sadac ΔG0 - jibsis energiis cvlilebaa standartul pirobebSi. igi 

iangariSeba gantolebebiT 

0'0''

ii GGG      

gantolebebSi ricxviTi mniSvnelobebis CasmiT vRebulobT Semdeg 

sidideebs: 

q0 = - 10596;      a = -33,3;     j= 217,7 

am monacemebis SetaniT (1) gantolebaSi sxvadasxva temperaturebze 

miviReT jibsis potencialis Semdegi mniSvnelobebi (cxr.14)  

                                                                 cxrili 14  

                                  ΔGG-is mniSvneloba sxvadasxva temperaturaze 

temperatura -ΔG temperatura -ΔG 

100 -75058 900 -288795 

200 -99535 1000 -318393 

300 -124652 1100 -348630 

400 -150400 1200 -379507 

500 -176807 1300 -411024 

600 -203844 1400 -443181 

700 -231521 1500 -475979 

800 -259838   

 

aqedan Cans, rom reaqcia Teoriulad SeiZleba ganxorcieldes 1000C-

zec, (fiziko-qimiri da fiziko-meqanikuri wylis dehidratacia 

laolinidan da Talkidan) temperaturis gazrdiT reaqciis warmarTvis 

SesaZle¬bloba mkveTrad izrdeba, amitom misi Catareba mizanSewonilia 

1100÷13000C-is farglebSi (sur.22). 
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amrigad, qimiuri reaqciidan gamomdinare jibsis energiis 

cvlilebis Termodinamikuri gamoTvlebis safuZvelze SeiZleba 

ganisazRvros sinTezirebuli keramikuli masalis struqturaSi 

kristalur fazaTa warmoqmnis SesaZlebloba da tipi. 

gamoTvlil iqna [39] reaqciis wonasworobis mudmivas mniSvnelobebi. 

rogorc cnobilia, reaqciis wonasworobis mudmivas mniSvneloba 

damokidebulia procesis temperaturaze da dgindeba eqsperimentuli 

gziT. Tumca misi mniSvneloba sakmao sizustiT SeiZleba gamoTvlil 

iqnas izobaris, izoqoris, izoTermis an nersetis miaxloebiTi 

gantolebebiT. Cvens mier gamoyenebuli iqna izoTermis gantoleba, 

romelic amyarebs kavSirs wonasworobis mudmivas, temperaturasa da 

jibsis energiis cvlilebas Soris da romelsac Semdegi saxe aqvs: 

T

G
K

145,19
lg


  

  

formulaSi Tu CavsvavT ΔGG-s mniSvnelobas (1) gantolebidan 

miviRebT: 

10 10
145,19314,8

lg

145,19
lg  j

TT

T

q
K


 

am gantolebis amoxsniT miRebuli Sedegebi warmodgenilia 

cxrilSi 15. reaqciis wonasworobis mudmivas mniSvnelobebi sxvadasxva 

temperaturaze 

                                                           cxrili 15 

reaqciis wonasworobis mudmivas mniSvnelobebi sxvadasxva temperaturaze 

TK t0C lgK K 

273 0 2.268593 185.6065 

373 100 2.808007 642.6974 

473 200 3.278484 1898.822 

573 300 3.675308 4734.859 

673 400 4.008931 10207.77 

773 500 4.290266 19510.37 

873 600 4.528375 33757.88 

973 700 4.730441 53757.69 

1073 800 4.90212 79821.45 
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1173 900 5.047897 111659.8 

1273 1000 5.171367 148377 

1373 1100 5.275443 188557.2 

1473 1200 5.362515 230417.5 

1573 1300 5.434565 271997.6 

1673 1400 5.49325 311350.7 

1773 1500 5.539971 346714 

 

rogorc vxedavT, KK-s mniSvnelobebi sakmaod maRalia da izrdeba 

temperaturis zrdiT, rac miuTiTebs imaze, rom reaqcia maRal 

temperaturebze praqtikulad Seuqcevadia da bolomde midis 

kordieritis da mulitis warmoqmniT. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

sur. 22.mocemulia kordieritis eleqtromikroskipuli suraTebi X 6000  
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               Tavi 3. minanqris sinTezi 

 

minanqari araorganuli, ZiriTadad oqsiduri Semadgenlobis 

naerTia, miRebuli miniseburi masis nawilobrivi an sruli gadnobis 

Sedegad, zogjer liTonebis damatebiT, romliTac ifareba liTonuri an 

keramikuli fuZe. cnobilia sami saxis minanqari: 

1) gamWvirvale anu gamWoli minanqari. mas ZiriTadad iyeneben 

Zvirfasi liTonebis dasafaravad; 

2) daxSuli anu aragamWvirvale minanqari gamoiyeneba spilenZis, 

tompakis da sxva liTonebis mominanqrebaSi; 

3) gaWvirvuli anu opaluri minanqari SeiZleba CavTvaloT pirveli 

ori minanqris Sualedur saxeobad. minanqarze dacemuli sxivis kuTxis 

mixedviT gveCveneba TiTqos gamWvirvale an daxSuli. 

   aRniSnul naSromSi minanqrebis sinTezi movaxdineT sam safexurad: 

1. fliusebis sinTezi; 

2.  pigmentebis sinTezi 

3. fliusis da pigmentis SelRoba. 

 

                     3.1. fliusebis sinTezi. 

 

fliusi warmoadgens advilad lRobad minas, romelic 

Semadgenlobis mixedviT SeiZleba iyos tyviani, bortyviani, tute 

bortyviani da tuteboriani. qimiuri Semadgenlobis da lRobis 

temperaturis mixedviT Cven mier sinTezirebuli flusebi davyaviT oTx 

jgufad (cxrili 16). 

                                                                   cxrili 16 

fliusebis jgufebi Semadgenlobis da lRobis temperaturis mixedviT 

 
fliusebis 

jgufi 

temperatura, 0C 

garbileba,   

T1 

wveTis warmoqmna, 

T2 

sruli gaRvra 
T3 

tyviis silikatebi 390 - 460 520 – 570 610 – 670 
bor-tyviani 
silikatebi 

340 - 430 440 – 510 580 – 620 

tute bor-tyviani 
silikatebi 

430 - 490 520 - 580 620 – 730 

tute-boriani 
silikatebi 

430 - 510 540 - 590 650 - 740 
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fliusebis ZiriTad masalebad gamoviyeneT adgilobrivi bunebrivi 

nedleulebi: gudauris kvarci, Zirulis mindvris Spati da pegmatiti, 

minis lewi, gurnis kaolini, saCxeris carci, xolo malRoblad boraki, 

boris mJava, soda, potaSi, tyviis oqsidebi da sxva. 

aRsaniSnavia, rom TviToeuli minanqrisaTvis aucilebelia iseTi 

fliusis SerCeva, romelic TvisebebiT uaxlovdeba minanqarSi 

gamoyenebul pigments da ar unda moqmedebdes masTan agresiulad feris 

cvlilebebis, korpusul-lesirul Tvisebebze da sxva. 

Zvirfasi liTonebis mominanqrebisas zogjer aucilebelia mkacrad 

unda SevarCioT iseTi fliusebi, romlebic aucilebelia ama Tu im feris 

misaRebad, vinaidan TviT fliusis Semadgenloba did gavlenas axdens 

minanqris ferze. magaliTad, oqros Senadnobi 25% vercxlTan da 8,3% 

spilenZTan kargad miesadageba yviTel minanqars, xolo oqros Senadnobi 

30% vercxlTan da 3,3% spilenZTan cisfers. 

cxril 17-Si mocemulia zogierTi fliusebis molekuluri 

Semadgenlobebi, romlebic SeiZleba gamoviyenoT dasaxuli feris 

minanqrisaTvis. 

                                                                   cxrili 17 

                            fliusebis Semadgenloba 

fliusebis molekuluri Semadgenloba minanqrisferi, 
romlisTvisac 
gamoiyeneba 
fliusi 

Na2O K2O ZnO PbO B2O3 SiO2 

- 0,11 0,07 0,90 0,38 0,36 mwvane 

0,26 0,09 0,27 0,70 0,2 0,27 iisferi 

- 0,3 0,2 0,90 0,70 0,75 cisferi 

0,04 0,2 0,15 0,80 0,2 0,7 yviTeli 

- 0,29 - 0,85 0,15 0,8 wiTeli 

- 0,3 0,1 1,00 0,8 0,3 lurji 

- 0,1 - 0,80 0,2 0,70 narinjisferi 

 

 mxatvruli minanqrebis xarisxze did gavlenas axdens fliusebis 

momzadebis teqnologiuri procesebi, vinaidan minanqris sikriale, 

pigmentiT warmoqmnili naTeli ferebi, lRobis intervali da sxv. 
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mniSvnelovani fiziko-qimiuri parametrebi pirdapir kavSirSia fliusis 

bunebaze. 

sinTezirebuli fliusebis Semadgenloba mravalferovania:  

tyviis fliusebi: 

 

bor-tyviani da tute bor-tyviani fliusebi:   
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                      3.2. pigmentebis sinTezi 

 

q. antverpenis muzeumSi, rogorc Zvirfasi reliqvia inaxeba 

rubensis sagzao Cemodani, romelSic aris didi mxatvris mier 

Segrovebuli sxvadasxva saxis bunebrivi saRebavebi. aRsaniSnavia, rom 

mineralur saRebavebs SenarCunebuli aqvT TavianTi pirvandeli saxe, 

xolo organuli warmoSobis sagrZnoblad gauferulda. 

garda zemoTaRnisnuli siZneleebisa, romelic axlavs bunebrivi 

mineraluri saRebavebis sinTezs, maTi maragebi msoflio masStabiT 

didad Semcirebulia, xolo zogierTi maTgani dRes aRarc arsebobs. 

Cveni yuradReba miiqcia sulxan-sabas leqsikonSi moyvanilma 

ganmartebam: ,,singori da singuri wiTeli saxatavia, vercxliswylis 

wyalTa da gogirdTa cecxlSi gamoadnoben”, xolo g. CubinaSvili 

wers:,,singuri - vercxlis wyali da gogirdi, cecxliT Sezavebuli da 

gawiTlebuli, ixmarebis samxatvro wamlad, kinovari”. aRniSnulma 

ganmartebam mogvca stimuli Segveqmna sruliad axali mimarTuleba 

pigmentebis sinTezis saqmeSi, rac emyareba perioduli sistemis 

gardamavali elementebis safuZvelze Termiuli damuSavebiT nebismieri 

ferisa da elferis saRebavis (pigmenti) miRebas. 

naSromSi sinTezirebuli pigmentebi SeiZleba gamoviyenoT, rogorc 

mxatvrul minanqrebSi, aseve temperul da zeTis ferwerul saRebavebSi. 

aqceptorebis [32] SedgenilobaSi (cxrili 18) sxvadasxva feris 

pigmentebis misaRebad gamoiyeneba mendeleevis perioduli sistemis 

gardamavali elementebi, romlebic iyofa 3 jgufad: 

• skandiumidan TuTiamde 

• itriumidan kadmiumamde 

• lanTanidan vercxliswylamde 

TiToeuli elementis raodenoba pigmentSi SeiZleba icvlebodes 0,1-

100%-mde. 

 magaliTisaTvis aviRoT Spineli: M MgO(40).Al2O3(102)  frCxilebSi 

naCvenebia MgO da Al2O3 molekuluri wonebi. 

ganvixiloT ori SemTxveva: 

a. mizania muqi lurji feris pigmentis sinTezi - MMgO-Si vaxdenT 

CoOO-s Canacvlebas, romlis molekuluri wonaa 75. amdenad, muqi lurji 
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pigmentis kazmis Sedgeniloba iqneba: 75 woniTi nawili CoO·102 woniTi 

nawili Al2O3. 

b. mizania Ria lurji feris pigmentis sinTezi - MgO unda 

SevcvaloT 50% CoO, maSin pigmentis Sedgeniloba iqneba: 

     20 woniTi nawili MgO 

     37,5  woniTi nawili CoO 

     102  woniTi nawili  Al2O3 

                                                                   cxrili 18 

aqceptorebis kristaluri meseri 

aqceptorebi Suqtexis 

koeficienti 

n 

dnobis 

temperatura 

0C 

Spineli - MgO . Al2O3 1,8 1850 

cirkoni - ZrO2 . SiO2 1,9 1750 

kasiteriti - SnO2 1,7 - 

korundi - Al2O3 2 2050 

badeleiti - ZrO2 2,2 2700 

Zowi - 3CaO . Al2O3 . 3SiO2 1,7 1200 

vilemiti - 2ZnO . SiO2 1,8 1220 

sfeni - CaO . TiO2 . SiO2 1,7 1250 

silimaniti - Al2O3 . SiO2 1,9 1750 

muliti - 3Al2O3 . 2SiO2 1,7 1800 

kosmoqlori - 2Fe2O3 . 2Al2O3 . 9Cr2O3 . 18SiO2 1,65 - 

ruTili - TiO2 2,8 1450 

 

Spinelebis saerTo formula 

4

3

2

2 OYX  , 4

42

2 OYX    kg/mm2 

X2+ - M Mg, Zn, Fe, Mn, Cd, Cr, Co, Ni; 

X3+  -    Al, Fe, Cr, V, Mo, W; 

X4+ -      Sn, Ti, Zr 
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analogiuri moqmedebiT mwvane feris pigmentis misaRebad ucvlelad 

vtovebT MgO da 3 valentiani  Al-is oqsids vcvliT 3 valentiani Cr-is 

oqsidiT (raodenoba aqac icvleba feris intesivobis mixedviT). 

yviTeli feris misaRebad vilemitis struqturaSi ZnO  SeiZleba 

SevcvaloT CdO. 

TeTri feris pigmentis misaRebad sfenis struqturaSi TiO2  

SeiZleba SevcvaloT SnO2 da a.S. 

amrigad, mocemul aqceptorebSi gardamavali elementebis saxeobis 

da raodenobis cvlilebiT viRebT nebismieri feris da elferis 

pigmentebs. 

sinTezis msvleloba. receptis mixedviT Semadgenel komponentebs 

vfqvavT birTvebian wisqvilSi da vatarebT №70 sacerSi (4900 xvreli 1 

sm2), miRebul masas vaTavsebT Samotis an korundis cecxlgamZle tigelSi 

da vdgamT silitis eleqtroRumelSi, sadac gamowvis temperatura 

pigmentis Sedgenilobis mixedviT SeiZleba icvlebodes 900-14000C-is 

farglebSi, arasruli Secxobis mdgomareobamde. 

nacxob masas uxeSad dawvrilmanebis semdeg sabolood vfqvavT 

kvlav birTvebian wisqvilSi №100 (10000 xvreli 1 sm2) sacris siwmindiT, 

narCeni aRniSnul sacerze ar undfa aRematebodes 0,5%. 

Cvens mier sinTezirebul msgavsad fliusebisa gamovyofT 7 

ZiriTadi feris pigments, romlebic sxvadasxva struqturuli 

TaviseburebebiT xasiaTdebian (cxrili 20). 

lurji da cisferi pigmentebi. lurji da cisferi pigmentebis 

ZiriTadi qromofori kobaltis oqsidia, gansakuTrebulad Zlierad 

SeRebili pigmenti vilemitis (2ZnO . SiO2) rigisaa. vilemitSi ZnO nawili 

SevcvaleT  CoO. am ukanasknelis struqturaSi Seyvanili raodenobis 

mixedviT SeeZleba vareguliroT feris intesioba cisferidan lurj 

feramde. 

cisferi pigmenti miviReT agreTve kobaltis aluminatebiT, 

romlebic warmoadgenen Spineluri struqturis naerTebs. TuTiis 

SpinelSi ZnO . Al2O3  ZnO nawilobriv CavanacvleT CoO. 

vinaidan Spinelebi erTmaneTTan advilad warmoqmnian izomorful 

naerTebs lurji da cisferi pigmentebis SeRebvis intesioba SeiZleba 

vareguliroT nebismier farglebSi. 
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mwvane pigmenti. ZiriTadi qromofori mwvane pigmentebis klasSi 

Cr2O3  naTel mwvane ferebs iZleva Zowis struqturaSi Al2O3 Canacvleba 

Cr2O3 -iT, 3CaO . Cr2O3 . 3SiO2 . feris intesioba damokidebulia struqturaSi 

Cr2O3-is raodenobaze. 

yviTeli pigmenti.    sinTezirebulia  magnezialur  SpinelSi MgO . 

Al2O3 Sb2O3- is Al2O3 -Si nawilobriv an sruli CanacvlebiT. minanqrebis 

sxvadasxva elferi SeiZleba miviRoT kazmSi rkinis, manganumis, nikelis 

da sxva oqsidebis damatebiT. magaliTad, Fe2O3  yviTel minanqars aniWebs 

mowiTalo elfers, xolo B2O3 - narinjisfers. 

wiTeli pigmenti. sadisertacio naSromSi dawvrilebiTaa aRwerili 

selen-kadmiumis  nCdS . CdSe  wiTeli pigmentis sinTezis teqno¬logia. 

narinjisferi pigmenti. davamuSaveT narinjisferi pigmentis 

sinTezis ori varianti: 1. yviTeli pigmentis kazmSi B2O3 damatebiT  

2. CdCO3, Se da S erToblivi gamowviT. analogiuri siTburi reJimiT, 

rogorc gvqonda Cd-Se  wiTeli pigmentis sinTezis SemTxvevaSi. 

iisfer pigments viRebT Spineluri struqturiT MgO-Si MnO 

CanacvlebiT 

 

 

                                    a)  

 

 

 

 

sur.  . vilemitis lurji pigmenti (a) da Spineluri 

 

                                       b)   

 

         sur.23. vilemitis lurji pigmenti (a) da Spineluri 

                       pigmentebis (b) rentgenograma 
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sur.23. naCvenebia vilemitis da Spinelis struqturis pigmentebis 

rentgenogramebi, romlebic damaxasiaTebelia sxva feris pigme-

ntebisaTvisac. 
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ცხრილი 20 

პ ი გ მ ე ნ ტ ე ბ ი ს   შ ე მ ა დ გ ე ნ ლ ო ბ ა 

 

pigmentis 

struqtura 

 

pigmentis 

feri 

S e m a d g e n l o b a      w. n. gamow. 

tem-ra 

0C 

 Co2O3 ZnO SiO2 Cr2O3 CaO  MgO Sb2O3 CdCO3 Se S B2O3 MnO  Al2O3 

vilemiti lurji 16,24 56,04 23,72 - - - - - - - - - - 1320 

vilemiti cisferi 3,5 66,41 30,09 - - - - - - - - - - 1300 

 wiTeli - - - - - - - 76,28 9,62 14,10 - - - 550 

 narinjisferi - - - - - - - 81,50 3,40 15,10 - - - 550 

Zowi mwvane - - 180 152 108 - - - - - - - - 1350 

Spineli yviTeli - - - - - 58,34 291,52 - - - - - - 600 

Spineli iisferi - - - - - - - - - - - 70,94 101,94 1200 
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                   3.3. minanqris SelRobis (gafritebis) 

                                      procesebi 

 

gafriteba minaqris sinTezis bolo etapia, romelic miznad isaxavs:  

1. minanqris SemadgenlobaSi arsebuli wyalSi xsnadi qimiuri  

         naerTebis uxsnad mdgomareobaSi gadayvanas; 

      2. minanqris lRobis temperaturis  mniSvnelovnad Semcirebas 

         (60-1000C ); 

      3. erTgvarovani masis miReba, rac did gavlenas axdens mina - 

        nqris xarisxze; 

      4. gafritebis Sedegad warmoiqmneba silikaturi mina kvarcTan 

        da nedli masalebi gadadian uxsnad da aratoqsikur  mdgoma- 

        reobaSi. 

teqnikur minanqrebTan SedarebiT mxatvruli da saiuveliro minanqrebi 

mzaddeba mcire raodenobiT da asobiT gama ferebiT. amitom maTi sinTezi 

moiTxovs teqnologiuri procesebis mkacr dacvas - dawyebuli gamoyenebuli 

nedleulebis sisufTaviT da damTavrebuli xarSvis Tboteqnikuri 

procesebiT. minanqris SelRobis (fliusi+pigmenti) kinetika damokidebulia, 

rogorc temperaturaze, aseve droze da kazmSi arsebuli nedleulebis 

marcvlis zomaze (kvarci, mindvris Spati, kirqva, dolomiti da sxv.) 

minanqris xarSvis procesi rTulia, vinaidan mxatvrul minanqrebSi 

gamoyenebulia mendeleevis perioduli sistemis TiTqmis yvela elementi, 

amave dros gafritebisas mimdinare rTuli qimiuri da fizikuri procesebi 

droSi emTxveva erTmaneTs. am reaqciebis didi nawili cnobilia, xolo 

zogierTi maTganis mimdinareoba damyarebulia empirizmze da varaudebze. 

miuxedavad mravali rTuli procesebisa gamovyofT minanqris xarSvis 

ZiriTad etapebs: 

     1. kazmis 0C gaxurebisas gamoiyofa meqanikurad dakavSirebuli 

haeri da fiziko-meqanikuri wyali. iwyeba zogierTi malRoblebidan 

kristalurad dakavSirebuli wylis gamoyofa. 
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2. 5000C iwyeba advilad lRobadi komponentebis lRoba da gauwyloeba. 

natriumis da kaliumis gvarjilebis lRoba (3110C, 3360C), Na2CO3 8520C, 

uwylo bura 8780C, potasiumi 8910C, K2Cr2O7 3980C, NaCl 8000C, Sb2O3 6520C, ZnCl2  

3130C  da a.S. 

    3. advillRobadi evTeqtikuri naerTebis warmoqmna Na2O – B2O3 – SiO2 6000C, 

Na2CO3 – BaCO3, PbO – SiO2 7100C, K2O – SiO2 7400C, Na2O – SiO2 8000C da a.S. 

    4. 0C farglebSi warmoiqmneba aqtiuri oqsidebi karbonatebis CaCO3 

da Na2CO3 daSliT (CaO, Na2O), sulfidebi Jangbadis moqmedebiT gada¬dian 

oqsidebSi. perlitidan kristaluri wylis gamo¬yofa iwvevs mineralis 

daSlas da mis gaaqtiurebas sxva naerTebTan erTad xels uwyobs lRobis 

process. 

    5. temperaturis Semdgomi gazrdiT > 10000C advilad lRobadi oqsidebi 

Sedian SiO2 da Al2O3 reaqciaSi da aseve warmoqmnian evTeqtikur naerTebs, 

romlebSic ixsnebian danarCeni myari da ZneladlRobadi komponentebi. 

    6. temperaturis Semdgomi gazrdiT kazmSi matulobs miniseburi faza. 

tute da mJauri oqsidebi warmoqmnian silikatebs. Tu kazmSi aris boris 

mJava warmoiqmneba agreTve boratebi. bolo stadiaze silikatebi da 

boratebi mTli¬anad ixsnebian da erTmaneTs erevian. minanqris nadnobi xsnis 

SiO2, romelic darCa silikatebis daSlis Sedegad.   

      aRsaniSnavia, rom minanqrebis lRobis procesSi SiO2,                      

polimorfuli gardaqmnebi mniSvnelovan gavlenas ar axdens. SesamCnevia                     

kvarcis naxtomi 5730C anu gardaqmna  კვ  kristobalitSi mxedvelo-            

baSi miiReba mxolod kristobalitis Semcvel kompoziciur minanqrebSi. 

    7. karbonatebisa  da nitratebis daSla da nalRobidan airebis 

intesiuri gamoyofa xels uwyobs minanqris gasufTavebas da homogenizacias, 

amitom xarSvis es etapi unda CavataroT forsirebis gareSe, optimalur 

temperaturaze garkveuli droiT SevinarCunoT RumelSi mudmivi reJimi da 

rac mTavaria siTburi procesi mimdinareobdes damJangveli airis garemoSi. 

   8. karbonatebisa da nitratebis sruli daSlis Semdeg airebis gamoyofa 

minanqridan aRar xdeba, magram saWiroa kvlav davayovnoT gamdnari masa 
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imisaTvis, rom warmo¬qmnil silikatebs, boratebs, oqsidebs, ftoridebs da 

sxva naerTebs Soris mimdinare urTierTqmedebebi dasruldes. 

   9. minanqris xarSvis xarisxs vamowmebT foladis wkiriT gamdnari 

masidan Zafis amowevliT, romelic ar unda Seicavdes kazmis gaumdnari 

nawilakebis kvanZebs da airTa naerTebs. gamdnar minanqars gadmovRvriT 

wylian WurWelSi granulaciis mizniT, rac aadvilebs mis Semdgom dafqvas.  

dafqvis siwminde sxvadasxva Semadgenlobis minanqrebisaTvis 

sxvbadasxvaa. fxvnili unda iyos sakmaod mcire zomis (~ -0,01 mm) 

vinaidan didi zomis marcvlebis Tanabrad gadatana masalaze Znelia. 

daxSul minanqars vawvrilmanebT ufro wmindad, vidre gamWvirvales, 

vinaidan maszea damokidebuli minanqris gamonaTebis Zala. gadafqvis 

SemTxvevaSi minanqarSi Cndeba mqrqali laqebi, vinaidan wvrili marcvlebi 

lRvebian gacilebiT swrafad, vidre msxvili marcvlebi. amitom, 

gansakuTrebiT gamWirvale minanqrebis SemTxvevaSi, maT vacilebT 

mtvrisebur fraqcias garecxviT. minanqars vaTavsebT faifuris jamSi 

vasxavT gamoxdil wyals da minis wkiriT vurevT. msxvili fraqcia ileqeba, 

xolo mRvrie wyals vRvriT. garecxvis process vagrZelebT manamde sanam 

gadasaRvreli wyali ar dakargavs simRvries. daxSuli minanqris SemTxvevaSi 

dasaSvebia wylis mcire simRvrie.  

 

                         3.4. daZabuloba minanqarSi 

 

minanqris Termo-meqanikuri Tvisebebis sakiTxis Sesaswavlad, roca 

xdeba gamowvis damJangveli pirobebis gadasvla aRmdgenelze, gamoviyeneT 

modelirebis meTodi. minanqris fuZis modelad SevarCieT mina C 48-3, 

romlis Txgk 20-5800C temperaturul intervalSi tolia 54·10-70C-1-s. 

aRniSnuli minis SerCeva dakavSirebulia misi garbilebis maRali 

temperaturiT (8100C), rac uzrunvelyofs miniseburi damfaravebis (minanqari, 

Wiquri) gamowvis SesaZleblobas fuZis (safenis) deformaciis gareSe. amave 

dros Cvens mier SerCeuli minis upiratesoba, rogorc modelis, 
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mdgomareobs imaSi, rom SesaZlebelia daZabulobis ganuwyveteli gazomva 

poliarizaciuli-optikuri meTodiT. 

praqtikulad minanqris aRdgena da dayovneba 0; 5; 10; 15; 25; 35 wuTis 

ganmavlobaSi minis safenze movaxdineT mufelis eleqtro-RumelSi 620-6300C 

temperatraze. 

Termuli damuSavebis SerCeuli reJimi uzrunvelyofs minaSi narCeni 

daZabulobis ar arsebobas misi mkveTri gacivebis gamo, agreTve minanqris 

aRdgenis monotonuri xarisxis amaRlebas aRmdgenel atmosferoSi 

dayovnebis xangrZliobis gazrdiT. 

nimuSebSi arsebuli daZabuloba gavzomeT poliariskop-poliarimetr 

ПКС-125 cnobili meTodiT [40, 41]. 

mowvis xarisxze bevrad aris damokidebuli nawarmis saeqsploatacio 

saimedoba, romelic xSirad ganisazRvreba nawarmSi arsebuli Sida narCeni 

daZabulobiT da maTi mza nawarmSi ganawilebiT. aRniSnli parametris 

gansazRvra aucilebel;i xdeba im poziciidan gamomdinare, rom arasrulad 

momwvar nawarms, masSi araTanabrad  ganawilebuli daZabulobaTa arsebobis 

gamo, axasiaTebs daqveiTe¬buli (susti) meqanikuri da Termuli Tvisebebi. 

minis nawarmSi arsebuli Zabvebis xarisxobrivi Sefaseba specialuri 

optikuri xelsawyoTi - polariskopiiT xdeba. Cvens mier kvlevis saWiro 

etapze gamoyenebuli iqna polariskopi ПКС-125, romlis principuli sqema 

Semdegia (sur.24). 
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sur.24. ПКС-125 markis polariskopis sqema 

        1 - Suqis wyaro (naTura); 2 - linza-kondesatori; 3- sarke; 
        4 - polarizatori; 5 - minis nimuSi (sakvlevi obieqti) 
        6 - analizatori (ekrani), 7 - kvarcis firfita,  
        8 – mqrqali mina; 9 - saproeqcio obieqtivi 
 

Sesamowmebeli minis nawarmi Tavsdeba ekransa (6) da mqrqal minas (8) 

Soris, e.i. analizatoramde da nel-nela SemobrunebiT 3600C-iT (mTeli 

wriT) mas bruni ukeTdeba im sibrtyeSi, romelic polarizebuli Suqis 

sibrtyis perpendikularulia; am dros icvleba nawarmis Seferiloba. 

ekranze warmoqmnili interferenciuli suraTis xasiaTi srulad 

ganisazRvreba sxivTa svlis sxvaobiT (Cveulebrivi da polarizebuli), 

kerZoT nawarmis ama Tu im wertilSi warmoqmnili sxivis sxvaobaTa 

SekrebiT an gamoklebiT. 

Cvens mier Seswavlili iqna mominanqrebuli minis nimuSi da aqedan 

gamomdinare daZabulobaTa sididis dasadgenad gamoyenebuli iqna ukve 

aRwerili meTodika, magram specifiur midgomaze agebuli, konkretuli 

eqsperimentis Tavisebureba imaSi gamoixata, rom analizatoris brunva im 

momentamde xdeboda, sanam minaSi warmoqmnili polarizebuli Suqis Savi 

qobas ,,mina-minanqris” sazRvarTan Serwyma ar moxdeboda. warmoqmnili 

Zabvebis xarisxobrivi da odenobiTi SefasebisaTvis gamoyenebul iqna 

interferenciuli ferebis cnobili cxrili 
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           feri                                    svlaTa sxvaoba(mkm) 

                     

 

 

 

minis firfitebSi, romlebic dafarulia aRdgeniTi cecxlis 

minanqrebiT, kumSviTi daZabulobis Sedegebi mocemulia cxril 21-Si 

                                                                     cxrili 21 

minanqarSi daZabulobis sididis damokidebuleba dayovnebis 

xangrZliobasTan 

dayovnebis xangrZlioba  (wT) 

620-6300C 

daZabulobis sidide 

nm/sm 

 
0 64.0 
5 58.2 
10 56.0 
15 56.4 
25 54.8 
35 54.2 

 

 

unda aRiniSnos, rom daZabulobis sidide minarCilSi minanqari-mina 

damJangvel garemoSi gamowvisas tolia 76 nm/sm. 

cvalebadi valentobis oqsidebis aRdgenas unda gamoewvia minanqris 

Txgk gazrda da minanqris fenaSi gamWimavi daZabulobis gazrda, rac minis 

safenSi mosalodneli iyo kumSviTi daZabulobis momateba, magram gazomvis 

Sedegebma gviCvena, rom minanqris fenis aRdgena dakavSirebulia sapirispiro 
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efeqtTan. saxeldobr, dadginda, rom 620-6300C Termuli damuSaveba 

aRmdgenel garemoSi da 0-dan 5 wuTamde dayovneba ukve mniSvnelovnad 

amcirebs daZabulobas. dayovnebis Semdgomi gazrda praqtikulad ar cvlis 

daZabulobis sidides, rac adasturebs minanqarSi Jangbadis raodenobis 

stabilizacias. 

gamovlinebuli efeqti SeiZleba avxsnaT minanqris drekadobis 

modulis SemcirebiT, romelsac adgili aqvs aRdgenisas. Tu 

gaviTvaliswinebT qromoforebis dabal drekadobis moduls, romelTa 

warmoqmna savsebiT SesaZlebelia minanqris fenis aRdgenisas Cveni mosazreba 

savsebiT safuZvliania. 

daZabulobis Semcireba mosalodnelia agreTve minarCilSi liTonisa 

minanqarTan. am ukanasknelis aRdgenis SemTxvevaSi. garda amisa minarCilSi, 

roca gamowva xdeba damJangav pirobebSi, kontaqturi fena imyofeba 

SemkumSavi Zalebis moqmedebis qveS, amitom daZabulobis Semcireba moxdeba 

intesiurad minanqris Txgk gazrdis gamo misi aRdgenisas. 

 

                  3.5. minanqarSi Tmiseburi bzarebis (ceki) 

                              warmoqmnis mizezebi 

 

jer kidev XX  saukunis dasawyisSi mecnierebaSi gaCnda mosazreba, 

rom liTonebze da keramikaze datanil minisebur damfaravebze warmoqmnili 

bzarebis axsnisas iyo zogierTi gaurkvevloba. am periodSi mtkiced iyo 

dafuZnebuli debuleba, rom bzarebis warmoqmna ganpirobebulia damfaravisa 

da fuZis Termiuli xazobrivi gafarToebis sxvadasxva koeficientebiT. 

amasTan dakavSirebiT akad. p. budnikovi werda: ,,Wiqurebis SerCevisas kecis 

mimarT gafarToebis koeficientebs aqvT saorientacio mniSvneloba. rikem da 

Stegerma aCvenes, rom Wiquris bzari an asxleta ar aris damoki¬debuli 

damfaravis gafarToebis koeficientis sidideze. rogorc tomsonma 

daasabuTa am SemTxvevaSi didi mniSvneloba eniWeba Wiquris elastikurobas. 

dabali elastikurobisas kecisa da Wiquris erTnairi Termiuli 

gafarToebis pirobebSic SeiZleba warmoiqmnas bzarebi. piriqiT, Wiquris 

maRali elastikurobis SemTxvevaSi da Termiuli gafarToebis didi 



63 
 

gansxvavebisas kecsa da Wiqurs Soris, bzarebi ar warmoiqmneba. meieri da 

gavasi aseve aRniSnaven, rom igive kanonzomierebaa minanqarsa da liTons 

Soris” [42]. 

samwuxarod, seriozuli mecnieruli gamokvlevebi am mimarTulebiT ar 

Catarebula da dRemde sakiTxi Seuswavlelia. 

gasuli saukunis 60-ian wlebSi prof. k. quTaTelaZis da g. gafrin-

daSvilis   mier [43] gamoTqmuli iyo mosazreba imis Sesaxeb, rom 

tuteSemcveli vulkanuri qanebis safuZvelze damuSavebul minisebur 

damfaravebs maRali elastikurobis gamo bzarebi ar uCndebaT varvarebis 

temperaturaze gaxurebuli nimuSis civ wyalSi CayvinTvis piro¬bebSic. es 

anomalia avtoris mier axsnilia TviT vulkanuri warmoSobis mTis qanebis 

specifikiT, maTi genesiziT maRali temperaturis da wnevebis pirobebSi. 

minanqrebis kazmis SedgenilobaSi mTavari oqsidi kaJmiwaa, romelic 

upirvelesi komponentia miniseburi fazis warmosaqmnelad. kvlevis mizani 

iyo dagvedgina SiO2 sxvadasxva formis gavlena minanqris elastikurobis 

xarisxze. aviReT kristaluri kvarci da amorfuli kvarci qisaTibis 

diatomitis saxiT, romlebic sacdel kazmebSi SeviyvaneT erTnairi 

raodenobiT da granulometriiT.  

diatomiti gacilebiT efeqturi danamatia minanqris SedgenilobaSi, 

vidre kristaluri kvarci bzarebis warmoqmnis sawinaaRmdegod, aseve TviT 

minanqris xarisxis mimarT. arsebul konkretul SemTxvevaSi 15% diatomitis 

damatebiT gamoiricxa bzarebis warmoqmnis saSiSroeba, rac Seexeba 

kristalur kaJmiwas aqac misi raodenoba ukeTes SemTxvevaSi minanqarSi 15%-

ia. 

aseTi damTxveva SiO2 raodenobisa minanqarSi Cveni azriT gamowveulia 

minis gajerebiT 15% kaJmiwis SeyvaniT am ukanasknelis formis miuxedavad. 

maSin, roca diatomitis 15% da meti danamati icavs minanqars bzarebisagan, 

igive raodenobis kristaluri kvarcis damateba mxolod amcirebs bzarebis 

raodenobas. 

minanqris SlifebSi (sur. 25) naTlad Cans kvarcis marcvlebi, 

romlebSic mravladaa mikro bzarebi, unda vifiqroT, rom swored es 

bzarebi moqmedeben Semdeg TviT minanqarSi Tmisebri bzarebis warmoqmnaze. 
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magram kvarcis marcvlebSi arsebuli bzarebi viTardebian da 

yovelTvis ver gadadian minanqarSi. bzarebis minanqarSi gadasvla 

damokidebulia TviT minanqris struqturaze anu damatebuli kaJmiwis 

mikrostruqturaze (sur.26, 27). 

aRniSnuli daZabulobebis Semcirebis mizniT SedgenilobaSi Seyvanili 

15% qisaTibis diatomiti, romlis forianoba 50%-is farglebSia, xolo 

forebis saSualo zoma 30 mkm-ia, nebismieri datvirTvis SemTxvevaSi 

daZabulobebis ganviTareba, agreTve bzarebisa da kvarcis marcvlebis 

irgvliv daZabulobebisa da bzarebis ganviTareba blokirebuli iqneba 

diatomitis forebSi energiis disipaciiT. minanqris danafarSi keramikaze 

tixrebis arseboba aseve xels Seuwyobs daZabulobis ganviTarebis 

blokirebas.  

kvarcis marcvlebSi warmoqmnili bzarebi araa sakmarisi minanqarSi 

bzarebis ganviTarebis, vinaidan Cveni azriT bzarebis warmoqmnis mTavari 

mizezi, TviT minanqris mikrostruqturaa. amosavali minanqris gajerebis 

Semdeg kaJmiwiT (15%-is damatebiT) mniSvneloba araa aqvs diatomitiT Tu 

kristaluri kvarciT, warmoiqmneba Warbi kaJmiwa, magram mxolod 

kristaluri kvarci iwvevs bzarebis gaCenas da zrdas. rac Seexeba amorful 

ditomits, romelic gamdnar (15%), aseve Warb mdgomareobaSi  (>15%)  

amorfuli struqtris gamo ewinaaRmdegeba bzarebis warmoqmnas. aRvniSnavT, 

rom gansxvavebiT minebisa, romlebic SedarebiT homogenuri silikaturi 

nadnobebia, minanqarSi oqsidebi da TviT kvarci miuxedavad gafritebisa 

imyofeba arasrulad gamdnar mdgomareobaSi [44]. 

aqve gvinda xazi gavusvaT erT mniSvnelovan garemoebas - kristaluri 

kvarcis marcvlebi, romlebic rCebian gaumdnar mdgomareobaSi Tavis 

garSemo qmnis e.w. qobismagvar garss, rac ar SeimCneva amorfuli kvarcis 

marcvlebSi. gaumdnari SiO2 da mis garSemo arsebuli qobas Soris Txgk 

mkveTrad gansxvavdeba erTmaneTisagan, rac marcvlis masaSi qmnis damatebiT 

daZabulobas. 

gamokvlevebi gvaZlevs saSualebas davaskvnaT, rom ZiriTadi mizezi 

bzarebis warmoqmnisa minisebur damfaravebSi aris ara minanqris da 

liTonis sxvadasxva xazobrivi gafarToebis koeficienti, aramed minanqris 
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mikrostruqtura, anu kristaluri meseris arseboba minanqris mTavar 

komponent minis sruli gajerebis Semdeg-kaJmiwaSi, romelic amcirebs minis 

elastikurobas da zrdis midrekilebas Tmisebri bzarebis warmoqmnis 

mimarT. 

                                                            

 

            

            a                                          b 

  sur.25. a) minanqris Slifi 15% kristaluri kvarcis damatebiT 

         b)  minanqris Slifi 15% diatomitis damatebiT 

  

 

              a                                          b                            

sur. 26. kvarcis (a) da diatomoitis (b) kristali 

daZabulobis bzariT 
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                                       a 

 

 

                                      b 

 

sur. 27. eleqtromikroskopuli suraTi minaSi 

kvarcis (a) da diatomitis (b) marcvlebiT 

 

 

 

 

 

 



67 
 

d a s k v n e b i 

 

1. miRebulia axali Sedgenilobis, maRali Termiuli mdgradobis 

Zvlis faifuri mineral klinoenstatis SemcvelobiT, riTac mkveTrad 

umjobesdeba Zvlis faifurisaTvis damaxasiaTebeli dabali Termiuli 

simtkice. Zvlis faifuris SedgenilobaSi gamoyenebulia mxolod 

adgilobrivi nedleuli - Zvlis nacari, gurnis kaolini, ozurgeTis 

kaolinizirebuli traqiti, gudauris kvarci, Ziruli Talki. 

2.  Termodinamikuri analiziT dadgenilia axali kristaluri fazebis 

anorTitis, vitlokitis da klinoenstatitis warmoqmna Zvlis faifurSi, 

romelic Seicavs pirvel punqtSi CamoTvlil nedleulebs. 

3. dadgenilia, rom kaolinizirebuli traqiti, gurnis kaolini da 

gudauri-snos kvarci, rogorc qimiur-mineralogiuri, aseve keramikul-

teqnologiuri maCveneblebiT perspeqtiuli nedle¬ulebia saqarTvelosaTvis 

deficituri Cupis mindvris Spatis, prosianovis kaolinis da liubercis 

kvarcis Sesacvlelad faqiz keramikaSi. 

    4. gamokvleulia adgilobrivi nedleulebis safuZvelze kordi-

eri¬tuli keramikis miRebis SesaZlebloba, rogorc Termiulad mdgradi 

keramikuli fuZe tixrul teqnikaSi. 

5. kristalur fazaTa warmoqmnis Termodinamikuri analiziT 

dadgenilia, rom kordieritis sinTezi Zirulis Talkis, gurnis kaolinis 

da teqnikuri Tixamiwis gamoyenebiT mizanSewonilia 1100-13000C farglebSi, 

reaqcia Seuqcevadia da bolomde midis kordieritis da mulitis 

warmoqmniT. 

6. winaswari kvlevebiT dadgenilia silikatur sistemebSi kristaluri 

da amorfuli kvarcis gavlena daZabulobisa da Tmisebri bzarebis 

warmoqmnis mimarT. ZiriTadi mizezi minisebur damfaravebSi bzarebis 

gaCenisa aris minanqris da safenis ara sxvadasxva xazobrivi gafarToebis 

koeficienti, aramed TviT minanqris mikrostruqtura anu kristaluri 

meseris arseboba minanqris kazmis mTavar komponent-kaJmiwaSi, romelic 

minis sruli gajerebis Semdeg amcirebs mis elastikurobas da zrdis 

midrekilebas bzarebis warmoqmnis mimarT. 
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7. nebismieri datvirTvis SemTxvevaSi daZabulobis ganviTareba, 

agreTve bzarebisa da kvarcis marcvlebis irgvliv daZabulobebisa da 

bzarebis ganviTareba blokirebuli iqneba diatomitis forebSi energiis 

disipaciiT. eWvs ar iwvevs, rom minanqris danafarSi tixrebis arseboba aseve 

xels Seuwyobs daZabulobis ganviTarebis blokirebas. 
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