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naSromis zogadi daxasiaTebanaSromis zogadi daxasiaTebanaSromis zogadi daxasiaTebanaSromis zogadi daxasiaTeba    

    

Temis aqtualobaTemis aqtualobaTemis aqtualobaTemis aqtualoba. minakristaluri masalebis (minakeramikis) 

mecnierebisa da teqnikis mraval dargSi farTo gamoyeneba sain-

formacio wyaroebSi arsebuli monacemebiT naTlad dasturdeba. 

aseulobiT samecniero da teqnikur periodikaSi minakeramikisagan 

damzadebuli nakeTobebis efeqturi gamoyenebis SesaZlebloba 

aRiwereba metadre iseT garemoebaSi, romelic iTxovs ara mxo-

lod erTi romelime zemoqmedebisadmi medegobas, aramed ZiriTadi 

Tvisebebis ucvlelobas nakeTobaze erTdroulad mravali, arcTu 

iSviaTad eqstremaluri faqtoris moqmedebisas.  

amiTaa gamowveuli msoflioSi minakeramikisadmi mniSvnelo-

vani yuradReba rogorc gamoyenebis sferoebis gafarToebis, ise 

Tvisebrivad axali da efeqturi minakristaluri masalebis 

Seqmnis aucileblobis TvalsazrisiT.  

sainformacio wyaroebis analizi imazedac migviTiTebs, rom 

rogorc specialuri daniSnulebis, ise farTo moxmarebis 

nakeTobaTa misaRebad gamiznuli minakeramika ZiriTadad martivi 

sistemebis gamoyenebiT miiReba. swored rom amgvari sistemebi-

saTvis aris Camoyalibebuli minakeramikis miRebis Teoriuli da 

praqtikuli safuZvlebi, Tumca ki `kompozicia – mina – minake-

ramika~ gardaqmnebis stadiebis Teoria da praqtika Tanabari 

xarisxiT ar aris Seswavlili. ukeT am gardaqmnaTa pirveli 

stadiaa gamokvleuli, rac iZleva saSualebas sakmarisi saime-

doobiT Sefasdes am procesis energetikuli maCveneblebi, risi 

Tqmac ar SeiZleba CvenTvis sasurveli kristaluri fazis 

prognozirebis SesaZleblobis Sesaxeb. naklebad prognozi-

rebadia minis minakeramikaSi gardaqmnis stadia. am stadiis mra-

val faqtorze damokidebulebis Teoriuli gansja xSirad 

dadebiT Sedegs ar iZleva da kvleva ZiriTadad eqsperimentul 

xasiaTs Rebulobs. es ki minakeramikis miRebis rogorc Sroma da 

energotevadobis, ise am procesis optimaluri parametrebis 

dadgenis xangrZlivobis gazrdas gulisxmobs.  
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viTareba bevrad mZimdeba, Tu minakeramikis misaRebad gamiz-

nuli minis kompoziciaSi teqnogenuri nedleuli Seiyvaneba. am 

SemTxvevaSi minakeramikis miRebis aramc Tu meore stadia, aramed 

pirvelic rTulad prognozirebadia. es dakavSirebulia gamo-

savali kompoziciis mravalkomponenturobasTan. sistemaSi Sema-

vali komponentebis odenobis ramdenime aTeulamde gazrda 

iTxovs kompoziciis minad gardaqmnis Sesafaseblad araerTi 

aseuli qimiuri urTierTqmedebis Seswavlas, rom araferi vTqvaT 

miRebuli minidan winaswar navaraudevi kristaluri fazis 

gamoyofis prognozirebis SesaZleblobis Sesaxeb. amiTaa gamo-

wveuli, rom teqnogenuri nedleulis Semcveli kompoziciis 

minakeramad gardaqmnis kvlevas da am kvlevis praqtikul gamo-

yenebas araerTi aTeuli weliwadi sWirdeba.  

kvlevebis droSi `gawelva~ ZiriTadad imis Sedegia, rom 

sadReisod ar Camoyalibebula mravalaTeulkomponentiani siste-

mebis Seswavlisadmi mecnierulad dasabuTebuli midgoma. dRes 

arsebuli SemoTavazebebi arcTu iSviaTad iTxoven eqsperimen-

tulad dadgenil monacemTa bazas, romelic martivi siste-

mebisaTvis iqmneboda mravali aTeuli wlis ganmavlobaSi da na-

klebad gamosadegia komponentebiT (mineralebiT, naerTebiT) 

`damZimebuli~ iseTi sistemebisaTvis, rogoricaa teqnogenuri 

nedleulis Semcveli kompoziciebi. amgvari viTareba aferxebs 

axal masalaTa miRebisadmi gamiznul samuSaoebs, metadre iseT 

SemTxvevebSi, rodesac saqme gvaqvs rTuli teqnologiebis 

proqtirebasTan, magaliTad minakeramikis miRebisas.  

Tu gaviTvaliswinebT zemoT moxsenebulsa da im faqts, rom 

Cvens mier SerCeuli Tematika uSualodaa dakavSirebuli sawar-

moTa myari narCenebis garemoze uaryofiTi gavlenis gauvnebel-

yofasa da sasargeblo wiaRiseulis maragebis racionalur 

gamoyenebasTan, vTvliT, rom Cvens mier SerCeuli kvlevis 

Tematika SeiZleba miekuTvnos aqtualurTa ricxvs. 

samuSaos mizanisamuSaos mizanisamuSaos mizanisamuSaos mizani. kvlevis ZiriTadi mizania teqnologiuri 

nedleulis Semcveli multimineraluri kompoziciidan minakera-
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mikis miRebis fizikur-qimiuri Taviseburebebis dadgena. igi 

gulisxmobs amgvari sistemidan minakeramikis miRebisaTvis gamiz-

nuli minis kompoziciis Teoriul proeqtirebas sasurveli 

kristaluri fazis gamoyofis gaTvaliswinebiT, am minis 

warmoqmnis procesSi mimdinare fizikur-qimiur movlenaTa da maT 

Sedegad miRebul produqtTa fazuri Sedgenilobis Teoriul 

Sefasebas, Teoriulad navaraudevi Sedegebis eqsperimentulad 

Semowmebas.  

kvlevis obieqti da meTodebikvlevis obieqti da meTodebikvlevis obieqti da meTodebikvlevis obieqti da meTodebi. teqnogenuri nedleulis rols 

WiaTuris adgilmdebareobis manganumis madnis gamdidrebis 

narCenebi (mmgn) asrulebs. kompozicia miiReboda mmng-s, bajiTis 

adgilmdebareobis kvarc-mindvrisSpaturi qviSis (kbkmq), buneb-

rici da sinTezuri warmomavlobis kalciumis (magniumis) da rigi 

oqsidebisgan.  

kompoziciis da misi maRaltemperaturuli qcevis Teoriuli 

Sefasebisas veyrdnobodiT:  

• stu-s TanamSromelTa mier SemoTavazebul mravalkomponen-

tiani sistemebis Seswavlisadmi Termdinamikur-petroqimiur mid-

gomas, Termodinamikurad `ucnobi~ naerTebis (mineralebis) Termo-

dinamikuri parametrebis standartuli moluri sidideebis gaanga-

riSebis struqturul ingredientTa aditiuri sistemis meTods da 

minakeramikaSi kristaluri da miniseburi fazebis Tanafardobis 

dasadgenad arsebul midgomas;  

• kotlovas mier ganxorcielebul minidan monokristaluri 

fazis gamoyofis uzrunvelyofis saangariSo meTods;  

• minis energetikuli Sefasebis miuleriseul xedvas.  

Termodinamikur-petroqimiuri midgoma efuZneboda jibsis 

Tavisufali energiis minimizaciis meTodis realizaciis oTx 

saSualebas (ulixis pirveli da meore miaxloeba, Svarcman-

temkinisa da klasikuri meTodebi), petroqimiaSi gamoyenebad 

gaangariSebebs da fazuri wonasworobis swavlebis ZiriTad 

debulebebs.  
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pirobiTi aRniSvnebi: o

TG r,∆  _ reaqciis jibsis 

Tavisufali energia T temperaturaze, kkal/ mo-

li; oo
SH rr ,298,298 ∆⋅∆  _ reaqciis siTburi efeqti da 

entropiis cvlileba, kkal/mol; o

fH pr,298,∆  _ 

produqtebis warmoqmnis standartuli moluri 

enTalpia, kkal/mol; o
S pr,298  _ produqtebis 

standartuli moluri entropia; o

fH reag,298,∆  _ 

igive, rac adre, mxolod reagentebisa; o
S reag,298  _ 

igive, rac adre, oRond reagentebisaTvis; pc∆  _ 

reaqciis siTbotevadobis cvlileba, 
kkal/(moli·K); a, b, c, c' da ∆a, ∆b, ∆c, ∆c' _ cp = f(T)-
sa da cp = f(T) funqciebis koqficientebi, 
kkal/(mol·K); M0, M1, M2 da M-2 _ Svrcman-temkinis 
gantolebis temperaturuli koeficientebi  
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struqturuli ingredientebis aditiuri sistemis meTodi 

emyareboda silikaturi naerTebis kristaloqimiur klasifi-

kacias.  

eqsperimentuli kvlevebisaTvis myari kristaluri da amor-

fuli sxeulebis SeswavlaSi farTod gamoyenebadi meTodebi 

gamoiyeneboda.  

mecnierul siaxleTamecnierul siaxleTamecnierul siaxleTamecnierul siaxleTa ricxvs miekuTvneba:  

• minakeramikis misaRebad gamiznuli minis kompoziciis 

Sedgenilobis, masSi Termuli damuSavebisas mimdinare 

fizikur-qimiuri urTierTqmedeebebis arsisa da Tan-

mimdevrobis, maT Sedegad miRebuli produqtebis fazuri 

Sedgenilobis, minidan CvenTvis saWiro kristaluri fazis 

Teoriuli Sefaseba-prognozirebisadmi kompleqsuri mid-

gomis gamoyeneba, romelic efuZneba aRniSnuli minis ener-

getikuli mdgomareobis miuleriseul xedvas;  

• silikatebis kristaloqimiuri klasifikaciis kaJbad-

Jangbadovani tetraedrebis jaWvebis saxiT SekavSirebuli 

piroqsenuli jgufis monoklinuri mineralebis warmoqmnis 

standartuli moluri enTalpiisa da jibsis Tavisufali 

energiis, standartuli moluri entropiisa da siTbo-

tevadobis sidideebis dadgena struqturuli ingredien-

tebis aditiuri sistemis meTodis realizaciiT;  

• piroqsenuli jgufis mineralTa miRebiT mimdinare myar-

faza reaqciebis jibsis Tavisufali energiisa da wona-

sworobis mudmivas temperaturuli damokidebulebis gan-

sazRvra;  

• eqstremalur pirobebSi Termuli damuSavebisas sxvadasxva 

temperaturul intervalSi kompoziciidan gamodevnili 

nadnobis mixedviT minis xarSvis sxvadasxva etapze 

Txevadi fazis Sedgenilobis cvlilebis dadgenis saSua-

lebebis SemoTavazeba.  
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naSromis praqtikuli mniSvnelobanaSromis praqtikuli mniSvnelobanaSromis praqtikuli mniSvnelobanaSromis praqtikuli mniSvneloba ganisazRvreba praqtikaSi 

kvleviT miRebuli Sedegebis gamoyenebiT teqnogenuri nedleulis 

Semcveli kompoziciis Sedgenilobis, minakeramikis misaRebad 

gamiznuli minis warmoqmnis energetikuli sakiTxebis dadgenisa 

da gadawyvetis dros. Sromis, masalebisa da energotevadobis, 

eqsperimentuli kvlevebis moculobisa da Sesabamisad maTi 

xangrZlivobis SemcirebiT.  

qimiur TermodinamikaSi mopovebuli 15-mde mineralis Termo-

dinamikuri parametrebis standartuli moluri sidideebisa da 

100-ze meti myarfaza reaqciaTa jibsis Tavisufali energiisa da 

wonasworobis mudmivas temperaturuli damokidebulebis Sesaxeb 

monacemebi SeiZleba iyos sacnobaro monacemTa bazaSi Setanili, 

ramac xeli unda Seuwyos ara mxolod minakeramikis miRebasTan 

dakavSirebuli sakiTxebis gadaWras.  

kvlevis Sedegebis gamoyenebis sferoebikvlevis Sedegebis gamoyenebis sferoebikvlevis Sedegebis gamoyenebis sferoebikvlevis Sedegebis gamoyenebis sferoebi. kvleviT miRebuli 

Sedegebi SeiZleba warmatebulad iqnas gamoyenebuli sxvadasxva 

amorfuli da kristaluri myari masalebis kvlevisa da warmoebis 

sferoSi, kerZod: sxvadasxva daniSnulebis minisa da keramikis, 

sxmuli qvebisa da minakeramikis, sxva maRaltemperaturuli teqno-

logiebiT ganxorcielebul masalaTa da kompoziciaTa miReba, 

romelTa gamosaval kompoziciebSi rogorc tradiciuli, ise 

teqnogenuri nedleuli Sedis.  

mravalkomponentiani sistemebis kvlevisadmi midgomiT, Cvenis 

azriT, unda dainteresdnen garemosdacviTi sakiTxebiT dakave-

buli specialistebi, romelTa mizani sxvadasxva sawarmoTa myari 

narCenebis racionaluri utilizaciis Sesaxeb gadawyvetilebis 

miRebaa.  

kvlevebisadmi midgoma da miRebuli Sedegebis nawili (kompo-

ziciis daproeqteba, nivTierebaTa da maRaltemperaturuli 

procesebis energetikuli Sefaseba, axali Termodinamikuri 

monacemebi da sxva) SeiZleba Setanili iqnas bakalavriatis, 

magistraturisa da doqtoranturis rig mimarTulebaTa progra-

mebSi.  
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samuSaos aprobaciasamuSaos aprobaciasamuSaos aprobaciasamuSaos aprobacia: sadisertacio naSromis ZiriTadi debu-

lebebi moxsenebul da ganxilul iqna `saerTaSoriso studentur 

konferenciaze~ (Tbilisi, 2010w.), saerTaSoriso samecniero-praq-

tikul konferenciaze `inovaciuri teqnologiebi da Tanamedrove 

masalebi~ (quTaisi, 2010w), saerTaSoriso samecniero-teqnikur 

konferenciaze `garemos dacva da mdgradi ganviTareba~ (Tbilisi, 

2010w.), respublikur konferenciaze _ Republic Conference of Young 

Scientists “CHEMISTRY TODAY” (Tbilisi, 2011w.); saerTaSoriso 

samecniero konferenciaze `qali da XXI saukune~ (Tbilisi, 2011w.).   

publikaciebipublikaciebipublikaciebipublikaciebi: sadisertacio naSromis Sedegebi warmodgeni-

lia 4 samecniero-teqnikur periodikasa da 9 adgilobriv da 

saerTaSoriso konferenciebis masalaTa krebulSi.  

samuSaos moculoba da struqturasamuSaos moculoba da struqturasamuSaos moculoba da struqturasamuSaos moculoba da struqtura: sadisertacio naSromi 

kompiuteruli wyobis 150 gv-zea Sesrulebuli, naSromi or 

nawils, 7 Tavs, 17 qveTavsa da daskvnebs Seicavs. naSromSi 34 

cxrili da 38 naxazia, citirebuli sainformacio wyaro 129 

dasaxelebiT ganisazRvreba.  

 

samuSaos ZiriTadi nawilisamuSaos ZiriTadi nawilisamuSaos ZiriTadi nawilisamuSaos ZiriTadi nawili    

1. literatur1. literatur1. literatur1. literaturisisisis        mimoxilvamimoxilvamimoxilvamimoxilva    

 

sainformacio wyaroebSi arsebuli informaciis mimoxilva 

sam Tavs Seicavs. pirvel maTganSi xdeba informaciis mowodeba _ 

jer ganixileba minakeramikis sferoSi dRes arsebuli zogadi 

informacia, meore TavSi _ kompleqsuri nedleulis monawileo-

biT minakeramikis miRebis sakiTxebi da minakeramikis miRebisas 

mimdinare fizikur-qimiuri procesebis Sesaxeb arsebuli mona-

cemebis analizi. mesame TavSi dasasruls SemoTavazebulia sain-

formacio wyaroebSi arsebuli monacemebis analizis (mokle 

daskvnebi), romelTa safuZvelze xdeba Tematikis aqtualobis 

dasabuTeba, kvlevis ZiriTadi miznisa da amocanebis Camoyalibeba, 

kvlevis meTodebisa da masalebis SerCeva.  
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ganxiluli masalis analizis Sedegad SeiZleba davaskvnaT, 

rom martivi sistemebidan minakeramikis miRebis Teoriuli 

safuZvlebi sakmaod maRal donezea ganxiluli. Camoyalibebulia 

mimarTuli dakristalebis meTodis TiTqmis yvela stadiaSi 

mimdinare fizikur-qimiuri procesebi dakristalebis Teoriis 

ZiriTad debulebebze dayrdnobiT, magram naklebadaa Seswavlili 

minakeramikis miRebis sawyisi stadiebi anu dakristalebis pir-

veli etapi. amiTaa gamowveuli, rom dResac Canasaxebis warmoqmna 

isev hipoTezebis doneze ganixileba.  

iqmneba STabeWdileba, rom sawyisi minis miRebis process 

minakeramikis miRebisas saTanado yuradReba ar eqceva. es ki ba-

debs kiTxvas, ra mdgomareobis (struqturis, aRnagobis) nadno-

bidan iwyeba minakeramikis miRebis procesi? am kiTxvaze samwu-

xarod erTgvarovani pasuxi sadReisod ar arsebobs.  

zemoT dasmuli kiTxvebi ZalaSi rCeba da met simkveTres 

iZens mimarTuli kristalizaciis meTodis kompleqsuri nedle-

ulis gamoyenebiT miRebuli minakeramikis Seswavlisas. saTanado 

gaTvaliswinebis gareSe rCeba _ teqnogenuri nedleulis 

mineralogiuri Sedgeniloba, romelSic SesaZloa xuTi da meti 

bunebiT gansxvavebuli minerali iyos, rac TavisTavad arTulebs 

kvlevas.  

sainformacio wyaroebSi arsebuli monacemebis analizis 

safuZvelze gamoikveTa ori ZiriTadi sakiTxi, romlebic 

moiTxoven kvlevas da garkvevas sawyis kompoziciaSi teqnogenuri 

nedleulis arsebobisas:  

• sawyis kompoziciaSi Semavali teqnogenuri nedleulis 

mineralogiuri Sedgenilobis gavlena minis miRebis ener-

getikasa da mis struqturaze;  

• minis xarSvis maqsimaluri temperaturis gavlena teqno-

genuri nedleulis gamoyenebiT miRebuli minisa da mina-

keramikis struqturasa da fazur Sedgenilobaze.  
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urTierTobaSi am sakiTxebis garkveva SeiZleba Camoyalibdes 

Semdegi formulirebiT `teqnogenuri nedleulis gamoyenebuT 

minakeramikis miRebis fizikur-qimiuri sakiTxebis Seswavla~.  

teqnogenuri nedleulis magaliTad SerCeulia WiaTuris 

manganumis madnis gamdidrebis narCenebi. arCevani emyareba fizi-

kuri da koloiduri qimiis mimarTulebaze am narCenebis 

Seswavlis sferoSi mopovebul gamocdilebas.  

ZiriTadi miznis misaRwevad dasaxulia Semdegi amocanebis 

gadaWra:  

•   konkretuli kompoziciis proeqtireba teqnogenuri 

nedleulis maqsimaluri gamoyenebiT;  

•   WiaTuris madnis gamdidrebis narCenebis mineralogiuri 

Sedgenilobis gaTvaliswinebiT kompoziciebSi gaxurebisas 

mimdinare fizikur-qimiuri procesebis arsisa da am 

procesebis Sedegad miRebuli produqtebis fazuri 

Sedgenilobis prognozireba;  

•   laboratoriul pirobebSi Teoriulad navaraudevi 

Sedegebis eqsperimentuli Semowmeba.  

aqedan gamomdinare ikveTeba dasaxuli kvlevis ZiriTadi ZiriTadi ZiriTadi ZiriTadi 

mizani mizani mizani mizani _ teqnogenuri nedleulis gamoyenebiT minakeramikis mi-

Rebis, Cvenis azriT naklebad Seswavlili sakiTxebis ganxilva, am 

ganxilvas dRes am sferoSi arsebuli Teoriuli mosazrebebi 

SeuZlia gaamdidros, rac aqtiurad SeiZleba gamoyenebuli iqnas 

Teoriuli kvlevebis Tu Tanamedrove axali minamasalebis 

miRebis teqnologiebSi.  

 

2. Sedegebi da maTi gansja2. Sedegebi da maTi gansja2. Sedegebi da maTi gansja2. Sedegebi da maTi gansja    

2.1. kvlevaSi gamoyenebuli meTodebi da masalebi2.1. kvlevaSi gamoyenebuli meTodebi da masalebi2.1. kvlevaSi gamoyenebuli meTodebi da masalebi2.1. kvlevaSi gamoyenebuli meTodebi da masalebi    

meore nawili 7 Tavsa da 8 qveTavs Seicavs. kvlevaSi gamo-

yenebuli meTodebi da saSualebebi or jgufad SeiZleba daiyos: 

saangariSo da eqsperimentuli maT garda meore nawilSi ganixi-

leba kvlevisas gamoyenebuli masalebis (nedleulis) zogadi 

Taviseburebani, romelTa gareSe rTulia maTi monawileobiT 
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miRebul kompoziciaSi minakeramikis miRebisas mimdinare fizikur-

qimiuri procesebis dasabuTebuli ganxilva.  

aRniSnul amocanaTa gadasaWrelad daigegma Semdegi saSua-

lebebi: maRaltemperaturuli Sefasebis Termodinamikur-petro-

qimiuri midgoma, romelic efuZneba procesTa Sefasebis jibsis 

Tavisufali energiis minimizaciis meTods, normatiul minera-

lebze petroqimiur gadaangariSebebs; vant-hofis izoTermis gamo-

yenebas, Sesabamisi sistemebis mdgomareobis diagramebSi arsebuli 

monacemebis analizs, jibsis Tavisufali energiis virtualur 

dadgenas, proeqtirebis kotlova-cvetkovas meTodi.  

    

2.2. eqsperimentuli meTodebi2.2. eqsperimentuli meTodebi2.2. eqsperimentuli meTodebi2.2. eqsperimentuli meTodebi    

Teoriulad navaraudevi movlenebis SemowmebisaTvis gamoi-

yeneboda myari amorfuli da kristaluri sxeulebis sferoSi 

aRiarebuli meTodebi, maT Soris:  

• diferencialur-Termuli analizi;  

• rentgenofazuri analizi;  

• iw-speqtroskopuli analizi (STanTqmis speqtrebi).  

 

2.3. gam2.3. gam2.3. gam2.3. gamoyenebuli masalebioyenebuli masalebioyenebuli masalebioyenebuli masalebi    

kvlevaSi ZiriTadad WiaTuris manganumis madnis gamdidrebis 

narCenebi (mmgn) gamoiyeneboda. arCevanis mizezebi:  

• narCenebi wvrildispersuli masaliTaa warmodgenili, rac 

gamoricxavs mis winaswar meqanikur damuSavebas;  

• narCenebis oqsiduri Sedgeniloba mudmivi kontrolis qveS 

iyo, maT Soris stu-s TanamSromelTa mxridan ukanaskneli 

20 wlis manZilze;  

• narCenebis odenoba (maragi) warmoebis asamoqmedeblad 

saWiro marags utoldeba (~200 mln. tn).  

igi 23 mineralisagan Sedgeba (cxr. 1). misi oqsiduri 

Sedgeniloba moyvanilia cxr. 2-Si.   
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cxrili #1. mmgn-is mineralogiuri Sedgeniloba 

 

mmgn 

mineralebis Semcveloba, mas. % 

Ap Ru BS FeS2 Gtt Mu Kt Gl H Mt Gt Or 

0,74 0,30 1,21 0,61 2,49 3,98 0,77 1,06 2,06 1,40 0,88 4,68 

 
mineralebis Semcveloba, mas. % 

Ab An Cc Mc M´c Man Psl Pyr W Q Op H2O 

17,43 8,43 3,87 1,31 3,79 2,11 4,10 0,98 4,04 26,70 26,70 4,00 

    
pirobiTi aRniSvnebipirobiTi aRniSvnebipirobiTi aRniSvnebipirobiTi aRniSvnebi: Ap—apaTiti; Ru—ruTili; Ba-Su---bariti; FeS2—
piriTi; Gtt—geoTiTi; Mu—muskoviTi; Kt—kaoliniTi; Gl—glaukoniTi; 
H—heilandiTi; Mt—montimorinoliTi; Gt—galuaziTi; Or—orToklazi; 
ab—albiTi; An—anortiti; Cc—kalciTi; Mc—magneziTi; M’c—rodoxri-

ziTi; Psl—psilomelani; Pyz—piroluziTi;W—vadi; Q—kvarci; Op—
opali; Man—manganiTi. 

 
cxrili #2. monokompoziciis oqsiduri Sedgeniloba  

molur wilebSi 
mmgn-is  

Sedgeniloba 
P2O5 TiO2 MnO2 SiO2 Al2O3 Fe2O3 FeO 

aqroladebis gare- 

Se mas%-Si 
0,36 0,31 9,00 59,56 9,85 2,96 0,21 

igive, molTa 

raodenoba 
0,0025 0,0039 0,1035 0,9913 0,0966 0,0185 0,0029 

igive, molTa 

wilebSi 
0,0017 0,0026 0,0692 0,6626 0,0646 0,0124 0,0019 

cxrili #2-is gagrZeleba 

BaO MnO CaO MgO K2O Na2O SO3 Σ 

0,82 7,26 4,49 1,44 1,75 1,72 0,57 100,00 

0,0053 0,1023 0,0801 0,0357 0,0186 0,0278 0,0071 1,4961 

0,0035 0,0684 0,0535 0,0239 0,0124 0,0186 0,0047 1,0 

 
petroqimiur gadaangariSebaze dayrdnobiT kompoziciis 

SeqmnaSi gamoyenebuli iqna damatebiT dedofliswyaros 

adgilmdebareobis kirqva, skuris adgilmdebareobis dolomiti, 

kalcinirebuli soda miRebuli koncern `SISEGAM~-is ss `mina~-

dan.  
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2.4. minakeramikis kompoziciis proeqtirebis 2.4. minakeramikis kompoziciis proeqtirebis 2.4. minakeramikis kompoziciis proeqtirebis 2.4. minakeramikis kompoziciis proeqtirebis     

fizikurfizikurfizikurfizikur----qimiuri sakiTxebiqimiuri sakiTxebiqimiuri sakiTxebiqimiuri sakiTxebi    

kvlevebis dawyebamde gaanalizebuli iqna miniseburi 

mdgomareobis sadReisod arsebuli Sexeduleba, romelTa 

mixedviT mina inarCunebs kristalizaciur `mexsierebas~. is, rom 

amgvari midgoma pirvel miaxloebebSi marTebulia, naTlad 

ikveTeba rudolf miuleris mier dadgenil faqtSi erTi da igive 

naerTis kristaluri da miniseburi formis Sida energia 85-97%-

iT mokledmoqmedi ZalebiTaa ganpirobebuli. danarCeni modis 

Soreulad moqmed Zalebze. garda amisa, arsebobs mravali 

mtkiceba, maT Soris saqarTveloSic mopovebuli, rom minas 

metadre miRebuls mravalmineraluri sistemidan, axasiaTebs 

kristaluri mowyobis `mexsiereba~, rac gamoisaxeba 

`struqturuli erTeulebiT~.  

amave stadiaze miRebuli iqna momavali minakeramikis 

kristaluri fazis bunebis Sesaxeb gadawyvetileba. arCevani 

piroqsenebze SeCerda Semdegi mosazrebebis gamo:  

• piroqsenuli minis miReba iTxovs nakleb temperaturas, 

vidre sxva romelime;  

• piroqsenuli minakeramebi sakmaod kargadaa Seswavlili;  

• piroqsenuli Sedgenilobis sxmuli qvebis praqtikaSi 

arsebobs piroqsenuli nadnobebis miRebisaTvis 

kompoziciis gaangariSebis metad efeqturi xerxi 

(kotlova-cvetkovas meTodi).  

kompoziciis Sedgenilobis proeqtireba, ganxorcielebuli 

kotlova-cvetkovas meTodiT, ramdenime stadias Seicavda. raTa 

dadgenili iyo CvenTvis sasurveli Sedgenilobis kristaluri 

fazis gamoyofa miRebuli minis minakeramikaSi gadayvanisaTvis. am 

gaangariSebis mimdevrobisa da miRebuli Sedegebis cxrili #3 

ase gamoiyureba.  
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cxrili #3. monomineraluri piroqsenuli kompoziciis angariSi  

 

oqsi- 

debi 
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na
S
T
i 

d
am

at
eb

iT
 
S
es

ay
va

ni
, 
mo

l
eb

i
 

d
am

at
eb

iT
 
S
es

ay
va

ni
, 
ma

s
.w
. 

Sedgeniloba, 
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l
z
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P2O5 0,36 0,0025           0,0025   0,36 0,33 0,0025 0,0016 

TiO2 0,31 0,0039   0,0039           0,31 0,39 0,0039 0,0023 

SiO2 9,00 0,1035        0,0933 0,0102     0,89 0,82 0,0102 0,0061 

MnO2 59,56 0,9913 0,1112 0,0744  0,0649 0,0113 0,0029 0,0357 0,3502  0,0053 0,3354   53,56 54,83 0,9913 0,5931 

Al2O3 9,85 0,0966 0,0278  0,0039 0,0649          9,85 9,07 0,0966 0,0578 

Fe2O3 2,96 0,0186  0,0186            2,96 2,72 0,0186 0,0111 

FeO 0,21 0,0029      0,0029        0,21 0,19 0,0029 0,0018 

BaO 0,82 0,0053          0,0053    0,82 0,75 0,0053 0,0032 

MgO 7,26 0,1023        0,0818 0,0205     13,87 12,77 0,1956 0,1170 

CaO 4,49 0,0801   0,0039 0,0649 0,0113   0,1751    0,1751 9,82 14,31 13,18 0,2552 0,1527 

MnO 1,44 0,0357       0,0357       1,44 1,33 0,0357 0,0214 

K2O 1,75 0,0186  0,0186            1,75 1,61 0,0186 0,0111 

Na2O 1,72 0,0278 0,0278             1,72 1,58 0,0278 0,0166 

SO3 0,57 0,0071           0,0071   0,57 0,52 0,0071 0,0042 

 100,00 1,4961 0,1668 0,1116 0,0117 0,1947 0,0226 0,0058 0,7014 0,7004 0,0307 0,0106 0,3450   108,62 100,00 1,6713 1,0000 

1
5
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optimaluri kompoziciis dadgenis Semdeg ganxorcielda 

masSi Semavali mineralebis urTierTqmedebis SesaZleblobebisa 

da momgebianobis Seswavla Termodinamikur-petroqimiuri 

midgomiT. am faqtorTa Sefasebis mimdevroba iyo Semdegi:  

 
 

 

 

 

 

 

 

 

 

 

 

 
 
 
Sefasebuli iqna 100-ze meti reaqcia, rogorc Termodi-

namikuri parametrebis monacemTa bazis, ise struqturuli ingre-

dientebis aditiuri sistemis meTodiT miRebul sidideTa gamoye-

nebiT. magaliTisaTvis mogvyavs ulixis pirveli miaxloebiT rigi 

reaqciebis Sefasebis Sedegebi cxrilis saxiT (cxr. 4).  

 
cxrili #4. piroqsenuli Sedgenilobis uzrunvelmyofeli 

reaqciebis Sefaseba 

# reaqciebi 
funqciis 

gantoleba 
kkal/mol 

o

PTG ,∆  
lgKp,T 

T, K lgKp 

1 2 3 4 5 6 

1 
Fe2O3·H2O+K2O·Al2O3·6SiO2+CaCO3 

→K2O·Fe2O3·4H2O+CaO·Al2O3·SiO2+SiO2+ 

H2O+CO2 

68,69-0,0673 T -10,25 1133 1,90 

2 
Fe2O3·H2O+K2O·3Al2O3·6SiO2·2H2O+ 

3CaCO3 +SiO2 → K2O·Fe2O3·4SiO2+3(CaO· 

Al2O3·SiO2)+3H2O+ CO2  
169,23-0,2180 T 2,72 773 -0,20 

3 
Al2O3·2SiO2·2H2O+TiO2+2CaCO3 → CaO· 

Al2O3· TiO2+(CaO·SiO2)+SiO2+ H2O+CO2 
105,67-0,1925 T -23,88 673 7,75 

kompoziciaSi oqsiduri Sedgenilobis 

gadaTvla normatul mineralebze 

minieralTa Soris SesaZlo urTierTqmedebaTa dastis 
Sedgena da maTi SefasebisaTvis Termodinamikuri 

parametrebis monacemTa bazis Seswavla  

TiToeul konkretul temperaturul intervalSi 
energetikulad momgebiani urTierTqmedebebis  
da maTi gamosavlianobis xarisxis dadgena 

SerCeuli urTierTqmedebebiT miRebuli produqtis 

fazuri Sedgenilobis dadgena 
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4 
BaSO4+CaO·Al2O3·7SiO2-6H2O+5CaCO3 

→ CaO·Al2O3·SiO2+5(CaO·SiO2)+BaO·SiO2 

+ SiO2 + SO2+1/2O2+5CO2+6H2O 

319,26-0,4530 T 

-30,8 773 8,74 

5 

Al2O3·4SiO2·H2O+ Na2O·Al2O3+ 6SiO2 + 

3MgCO3+3CaCO3  → Na2O·Al2O3·4SiO2 + 

CaO· Al2O3·SiO2+3(MgO·SiO2)+ 2(CaO· 

SiO2)+ H2O +6CO2 

224,33-0,2573 T -26,02 973 5,84 

6 
Na2O·Al2O3·6SiO2+CaCO3+MgCO3 → 

Na2O·Al2O3·4SiO2 +CaO·SiO2 +MgO·SiO2 

+2CO2 
45,39-0,0648 T -76,01 1173 5,1 

7 
Na2O·Al2O3·6SiO2+2CaCO3+2CaCO3 → 

Na2O·Al2O3·4SiO2 +2(CaO·SiO2)+2CO2 
61,74-0,0618 T -72,49 1173 4,71 

8 
CaCO3+MgCO3 + 2SiO2→CaO·MgO·2SiO2 

+2CO2 
35,6-0,0784 T -25,01 773 7,07 

9 
CaO·Al2O3·2SiO2+MgCO3→ 

CaO·Al2O3·SiO2+ MgO·2SiO2+CO2 
39,09-0,0374 T -8,52 1273 1,46 

10 
CaCO3+MgCO3 +2SiO2 → CaO·MnO· 

2SiO2+2CO2 
39,83-0,0786 T -13,06 673 4,24 

11 
MnO2+ CaCO3+2SiO2 → CaO·MnO·2SiO2+ 

1/2O2+CO2 
44,18-0,0599 T -2,13 773 0,60 

12 
Mn(OH)2+2SiO2+CaCO3 → 

(CaO·MnO·2SiO2) + H2O +CO2 
29,49-0,0705 T -10,91 573 4,16 

13 
CaO·Al2O3·2SiO2+MnO2+CaCO3+SiO2 → 

CaO·Al2O3·2SiO2+ CaO·MnO·2SiO2 + 

1/2O2+CO2 
63,8-0,0577 T -3,9 1173 0,72 

14 
Mn(OH)2+ CaO·Al2O3·2SiO2+ CaCO3+SiO2 

→ (CaO·MnO·2SiO2) + H2O +CO2 
49,10-0,0662 T -15,31 973 3,43 

 

arsebul monacemebze dayrdnobiT aigo o

hTG ,∆ =f(T) da lgKp,T=f(T)  

damokidebulebebi:  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

nax. 2. rigi myarfaza reaqciis o

hTG ,∆  _ T damokidebuleba 

∆G 

 

  T 

 

cxr. #4-is gagrZeleba 

7 

14 

8 

5 

1 
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nax. 3. rigi myarfaza reaqciis lgKp,T _ T damokidebuleba 
 
Termodinamikur-petroqimiurma Sefasebam gviCvena, rom:  

• 298-873K intervalSi SesaZlebelia wyalSemcvel 

aluminsilikatebis da karbonatebis myarfaza reaqciebi SiO2 

monawileobiT, an mis gareSe, mosalodnelia manganumis 

hidroqsidebis gauwyloeba, miRebul oqsidTa gardaqmnebis 

dawyeba da hematitis karbonatebTan da SiO2-Tan urTierTqmedebis 

dawyeba;  

• 873-1173K intervalSi aRniSnuli reaqciebis intensifi-

kaciaa mosalodneli Txevadi fazis gamoCenis gamo, Tumc ki am 

intervalSi damuSavebis Sedegad miRebul produqtSi 

dominanturia mindvris Spatebi da kvarci. maTTan Tanaarseboben 

piroqsenebic. unda waramoiqmnas hausmaniTic;  

• 1173-1473K intervali Temrulad damuSavebis produqtis 

fazuri Sedgenilobis radikaluri Secvlis temperaturul 

intervalad SeiZleba Sefasedes. mosalodnelia Txevadi fazis 

mniSvnelovani mateba. dominanturi xdeba kristaluri 

piroqsenuli faza. maTTan Tanaarseboben mindvris Spatebi da 

kvarci;  

• 1473-1623K intervalSi mosalodnelia piroqsenTa 

integrireba myari xsnarebis saxiT. maT garda kvarcicaa. 

intervalis zeda zRvarTan mosalodnelia amorfuli masis 95%-

mde gazrda;  

 

  T 

 

  lgKp 

 

7 

14 8 

5 
1 
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• 1673-1723K intervalSi kompoziti, mxolod amorfuli 

faziT unda xasiaTdebodes;  

• nadnobSi da misi gadaciebiT miRebul amorful myar 

sxeulSi mosalodnelia ZiriTadad piroqsenmagvari 

struqturuli erTeulebis arseboba Warbi kaJbadJangbadiani da 

manganituri mikrolikvaciuri ubnebi.  

 

2.5. kompoziciis eqspertime2.5. kompoziciis eqspertime2.5. kompoziciis eqspertime2.5. kompoziciis eqspertimentuli kvleva da Sedegebis gansjantuli kvleva da Sedegebis gansjantuli kvleva da Sedegebis gansjantuli kvleva da Sedegebis gansja    

Teoriulad dadgenili movlenebis dasadastureblad saWiro 

iyo eqsperimentuli mtkicebani, rasac mieZRvna kvlevis es nawili.  

 

 

diferencialur-Termulma analizma misi samive mrudiT 

daadastura 298-1273K intervalSi navaraudevi movlenebi TG da 

DTG-mrudebze masis cvlilebisa da DTA-ze Termuli efeqtebiT. 

miRebuli iqna damatebiTi informacia manganituri nawilis 

gardaqmnaTa Sesaxeb, romelic kargad Seesabameba literaturaSi 

moyvanils.  

 

6MnO + 3O2
 
                6 MnO2                 3Mn2O3                   Mn3O4 

miRebuli Sedegebis gasaanalizeblad mivmarTeT rentgenofa-

zur analizs. miRebuli difraqtogramebi mocemulia nax. 6, 7, 8, 9. 

(I-iT aRiniSneba hedenbergiTiT koreqtirebuli kompozicia, xolo 

II-Ti _ akmiTiT koreqtirebuli).  

      473-573K              853-893K            1123-1373K 

nax. 4. I kompoziciis TG-mrudi nax. 5. I kompoziciis DTG 
da DTA-mrudebi 
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nax. 6. 298 K-ze I da II kompoziciebis difraqtogramebis 
fragmenti 

 
 

 

 

 

 

 

nax. 7. 1173K-ze I da II kompoziciebis damuSavebiT miRebuli 

produqtis difraqtogramis fragmenti 

 

 
 
 
 
 
 
 

nax. 8. 1473K-ze I da II kompoziciebis damuSavebiT miRebuli 
produqtebis difraqtogramebis fragmenti 

 

nax. 9. 1623K-ze orive kompoziciis  
difraqtogramis fragmenti 
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1173-1473K-ze damuSavebulma difraqtogramebma naTlad 

gviCvena kompoziciis fazuri Sedgenilobis dominanturad 

mindvrisSpat-kvarcovanidan piroqsen-kvarcianze gadasvlis 

navaraudevi SesaZlebloba. temperaturis gazrdiT manganumis 

oqsidTa individualuri urTierTqmedebiT hausmanitic miiReba. 

akmiTisa da sxva piroqsenebis rogorc izomorfuli rigis 

mineralebis warmoqmna SeiniSneba. amave dros, difraqtogramebma 

iseT movlenebze migviTiTa, romlebic Cvens mier ar iqna 

gaTvaliswinebuli, es pirvel rigSi tridimitis gamoCenasa da ama 

Tu im movlenis ufro dabal temperaturebze warmarTvas exeba, 

vidre es iyo navaraudevi.  

infrawiTelma speqtroskopiam ZiriTadad aqrolad nivTie-

rebaTa Semcveli komponentebis qcevis ukeT gagebis saSualeba 

mogvca.  

 

 

 

 

 

 

 

 

 

   

 

dadginda, rom Cvens mier navaraudevi CO2-is sistemidan 

`gasvla~ ufro dabal temperaturebze xdeba, vidre Cven 

vivaraudeT, xolo H2O-s sistemidan sruli mocileba 

navaraudevze ufro maRal temperaturebzea mosalodneli.  

saerTo jamSi Teoriulad navaraudevi movlenebi damakmayo-

filebel SesabamisobaSi aRmoCnda realobaSi mimdinareebTan. 

amiT SeiZleboda davkmayofiliyaviT, rom ara imis mtkicebis 

nax. 10. I kompoziciis 
STanTqmis iw-speqtri 

nax. 11. I 
kompoziciis da misi 
Termuli damuSavebiT  
miRebuli produqtebis 
iw-speqtris fragmentebi 
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mopovebis aucilebloba, romelic daadasturebda minis Termuli 

damuSavebisas navaraudevi piroqsenebis gamoyofas.  

 

2.6. navaraudevi minis miRebisa da misgan gamoyofili fazis 2.6. navaraudevi minis miRebisa da misgan gamoyofili fazis 2.6. navaraudevi minis miRebisa da misgan gamoyofili fazis 2.6. navaraudevi minis miRebisa da misgan gamoyofili fazis 

laboratoriuli Semowmebalaboratoriuli Semowmebalaboratoriuli Semowmebalaboratoriuli Semowmeba    

Teoriuli Tu eqsperimentuli meTodebiT miRebuli Sedegebis 

Semdeg dasadgeni darCa imis Semowmeba, ramdenad Seesabameboda 

teqnogenuri nedleulis gamoyenebiT miRebuli minis miRebisa da 

misgan Teoriulad navaraudevi piroqsenuli fazis gamoyofis 

Sesaxeb Cvens mier SemoTavazebuli mosazrebebis marTebuloba.  

minis miReba ganxorcielda laboratoriul pirobebSi. 

cdisaTvis aRebuli iqna akmitiT koreqtirebuli oqsiduri 

Sedgenilobis Cvens mier daproeqtebuli minis kompozicia (ix. 

cxr. #5) masSi Seyvanili iqna minis teqnologiaSi aRiarebuli 

xarSvis danamatebi _ damaCqareblebi (СaF2 da H3BO3) kompoziciaSi 

Semavali komponentebis jamuri raodenobis zeviT, ramac wesiT 

ar unda Secvalos minisaTvis damaxasiaTebeli Tvisebebi (cxr. 6).  

 

cxrili 5. minis oqsiduri Sedgeniloba (mas. %) 

P2O5 TiO2 MnO2 SiO2 Al2O3 Fe2O3 FeO  BaO MnO CaO MgO Na2O K2O SO3 ∑ 

0,30 0,27 0,74 49,17 8,13 9,88 0,17 0,67 11,45 11,82 1,19 4,30 1,44 0,47 100,00 

 
cxrili 6. kompoziciis Sedgeniloba 

mmgn Fe2O3 CaCO3 Na2CO3 CaF2 H3BO3 ∑ 

87,76 7,50 16,24                                                   5,96 1,3 3,2 121,96 

 

kompoziciis mcire ulufebis xuTjeradi xarSvis Sedegad 

miRebuli minis temperaturuli reJimis grafikuli gamosxva 

nax.12-zea warmodgenili.  

Cveni survili iyo dagvedgina cvlis Tu ara minis 

teqnologiaSi miRebuli xarSvis reJimi Cvens mier navaraudev 

xarSvis temperaturas da am minidan Termuli damuSavebisas 

gamoyofili kristaluri fazis raodenobas. nax. 12 gviCvenebs, 
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rom Cvens mier navaraudevi meti xarSvis temperatura ar unda 

yofiliyo 1573K-ze meti rac emTxveva minis xarSvis reJimis 

temperaturas.  

 

nax. 12. minis xarSvis reJimi 

 

minis masalidan dayalibebul iqna sxvadasxva saxis 

gamocdebisaTvis saWiro formisa da sididis nimuSebi.  

laboratoriuli kvlevebis Sedegad dadginda, rom 

minakeramis miRebisaTvis gamiznuli minis miRebis Teoriulad 

navaraudevi movlenebi namdvilad axlosaa realurad mimdinareeb-

Tan, imis miuxedavad, ra temperaturuli reJimiT miviRebT mas.  

gamovlinda ra Teoriulad navaraudevi minis miRebis 

realoba dasadasturebeli darCa am minidan Termuli 

damuSavebisas piroqsenuli fazis gamoyofis SesaZlebloba, rac 

agreTve Teoriulad iqna navaraudevi.  

minakeramikis miRebis praqtikis analizma gviCvena, rom umetes 

SemTxvevaSi am miznisaTvis minis orsafexuriani Termuli 

damuSaveba gamoiyeneba, romlis temperaturuli parametrebis 

dadgenisaTvis ar aris SemuSavebuli pirdapiri saSualebebi. 

amiTaa gamowveuli yoveli konkretuli SemTxvevisaTvis iribi 

saSualebaTa nairferovneba.  

im SemTxvevaSi Tu kvlevis mizania garkveuli teqnikuri 

maCveneblebis (saeqspluatacio Tvisebebis) mqone minamasalebis 

miReba, Termuli damuSavebis optimaluri reJimis dasadgenad 

saWiroa mraval saSualebaTa Serwyma, rac TavisTavad 

moculobiT mniSvnelovan eqsperimentul da naturulur 

samuSaoebs moiTxovs.  
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Cveni kvlevis mizani sxva sferoSia. dasaxuli iyo dagvedgina, 

ramdenad prognozirebadia minakeramikis misaRebad gamiznuli 

minis sinTezis sakiTxebi miniseburi mdgomareobis Tavisebure-

bebis Sesaxeb arsebulisa da fizikuri da koloiduri qimiis 

mimarTulebaze mravali wlis ganmavlobaSi kvlevebiT dagro-

vebuli informaciis safuZvelze. amitom iyo SerCeuli eqsperi-

mentulad sakmaod detalurad Seswavlili piroqsenuli 

minakerami, raTa mis magaliTze warmogveCina am saxis masalis 

misaRebad saWiro mina. vTvliT, rom am amocanis erTi nawili 

dadebiTad iqna gadaWrili, magram pasuxgaucemeli rCeboda 

kiTxva, ramdenad Seesabameba Cvens mier navaraudevi piroqsenuli 

kristaluri fazis gamoyofa minidan, Termuli damuSavebisas.  

Cven vivaraudeT, rom minaSi imTaviTve kristaluri zomis 

Canasaxebi arseboben hausmanitis magvari dajgufebebis saxiT 

(Mn
2+

[MnO4/2]
-4), romelTa zrdaa SesaZlebeli minis garbilebis 

temperaturamde, anu daSvebuli iyo dakristalebis is procesi, 

romelic aRwerilia a. saruxaniSvilis mier binebrivi qanebis 

rekristalizaciisadmi miZRvnil kvlevebSi, im gansxvavebiT, rom 

iq aRiwereboda magnetitis qceva Termuli damuSavebisas.  

hausmanits SeuZlia Seasrulos iseTive roli, rogorc 

magnetits piroqsenebis gamoyofaSi, rac dasturdeba 

piroqsenebisa da hausmanitis kristaluri gisosebis parametrebis 

siaxloviT. maCveneblebi akmayofileben katalizatorisa (nuklea-

toris) da ZiriTadi, masze gamosayofi, fazebis kristaluri 

gisosis msgavsebas, maT Soris sxvaoba dasaSveb farglebs (10-15%) 

ar aRemateba.  

  

 

 

 

 

 

 

 

 

  
nax. 14. maRaltemperaturuli damu-
Savebis Semdeg miRebuli 
produqte-  bis difraqtogramebis 
fragmentebi 

nax. 13. minis diferencia- 
lur-Termuli analizi 
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minakeramikis misaRebad minis Termuli damuSavebis reJimis 

dasadgenad diferencialur Termul analizs mivmarTeT (nax. 13). 

DTA mrudi SedarebiT sust, magram mkafiod gamosaxul sam 

endoefeqts aCvenebs maqsimumebiT 743, 888 da 1113 K-Tan. maT garda 

SeimCneva farTo egzoefeqti 784-862K intervalSi da igive niSnis 

ori mniSvnelovani sididis efeqti maqsimumebiT 1083 da 1143K 

temperaturebze. 

arsebuli monacemebis gaanalizebiT miRebul mosazrebaTa 

marTebulebis dasadgenad rentgenofazur analizs mivmarTeT, 

romlis difraqtogramebi fragmentebis saxiT nax. 14-zea warmo-

dgenili.  

fragmentebis arCevisas yuradRebas difraqtogramebis mxo-

lod im ubnebs vaqcevdiT, roimlebic gansxvavdebodnen amorfuli 

masalisaTvis damaxasiaTebeli suraTiT da Seicavdnen 

kristaluri fazis arsebobis dα/n-xazebis dastas. 1100K-ze naTlad 

gamoisaxeba ramdenime piroqsenebisaTvis damaxasiaTebeli dα/n-xazi 

yvelaze intensiuria (2.99).  

rentgenofazurma analizma naTlad gviCvena, rom minis 

proeqtirebisas Cvens mier ganxorcielebulma midgomam dadebiTi 

Sedegi mogvca _ dadasturda, rom Termodinamikur-petroqimiuri 

prognozirebiT SesaZlebelia aramc Tu mxolod teqnogenurad 

misaRebi minis sinTezi, aramed iseTisac, romelic Termuli 

damuSavebisas gamoyofs miznobrivad SerCeul ZiriTad 

kristalur fazas. 

magram eqsperimentis Catarebisas gamoyenebuli iqna 

dayalibebuli da gamomwvari nimuSebis TandaTanobiTi gaxureba 

oTaxis temperaturidan 1173-1273K-mde DTG, TG da DTA-is mrudebis 

miRebisas siCqariT, rac minakeramikis uwyvet process ar 

Seesabameba. amitom dasadgeni iyo, ramdenad moqmedebs 

minakeramikis miRebis saxecvlili Termuli reJimi minidan 

gamoyofili kristaluri fazis raobaze.  

amis dasadgenad minis xarSvisa da dayalibebis Semdeg nimu-

Sebi gamowvis temperaturidan (973-1023K) swrafad Cvens mier opti-
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malurad miCneul 1073K-dan 1123K temperaturamde xurdeboda da 

garkveuli dayovnebis Semdeg (0,5÷1sT) RumelTan erTad 

civdeboda. amgvarad, miRebuli nimuSis rentgenofazurma analiz-

ma mogvca adre miRebulidan ramdenadme gansxvavebuli difraq-

tograma (nax. 15).  

 

nax. 15. 1073-1098K-ze damuSavebuli minis difraqtograma 

 

gansxvaveba, rogorc refleqsebis intensiurobaSi, ise rigi 

maTganis dα/n-xazebis ganlagebaSic SeimCneva, Tumca gamoyofili 

faza ucvleli rom darCa, amis dasturia #7 cxrilSi moyvanili 

piroqsenebis diagnostikis monacemebi.  

difraqtogramebis gansxvavebis mizezad SeiZleba dasaxeldes 

is, rom `qvevidan~ dakristalebis procesi iZleva saSualebas 

ganviTardnen ramdenadme gansxvavebuli movlenebi, vidre im 

SemTxvevaSi, rodesac dakristalebis `saRi~ nimuSi eqvemdebareba 

metadre iseTi minis SemTxvevaSi, rogoric Cvenia. igi xom man-

ganums Seicavs, romelsac SeuZlia dabal temperaturebze 

inicireba zedapirul movlenebs misces. aman ki SeiZleba ar 

iqonios gavlena dakristalebis procesze.  

am sakiTxis gadaWra, iseve rogorc imis dadgena, ra gzebiTa 

da saSualebebiT SeiZleba minis minakeramad gadaqcevis procesis 

ganxorcieleba, Cvens mier daxarjulze aranakleb drosa da rac 

mTavaria rogorc araerTxel aRiniSna mraval `sufTa~ eqsperi-

mentul  kvlevebs  moiTxovs.  maTi  sakiTxebis  dasasabuTeblad, 
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cxrili #7. miRebuli produqtis diagnostikisaTvis saWiro monacemebi 

  
1073-1098K-ze 

damuSavebuli 

sinji 

Diopside 11-654 

CaO·MgO·2SiO2 

Augite 24-002, aluminiah, 

CaO(MgO·Al2O3·FeO)·2SiO2 

Augite 24-201 

CaO(MgO,FeO)2SiO2 

Augite 24-203 

CaO(MgO,FeO)2SiO2 

Hedenbergite 25-160, 

magn, 

CaO(FeO,MgO)2SiO2 

Hedenbergite, synt. 

24-204 

CaO(FeO,MgO)2SiO2 

dα/n I dα/n I dα/n I dα/n I dα/n I dα/n I dα/n I 

3,21 3 3,23 3 3,23 3 3,25 2 3,23 8 3,25 3 3,27 2 

3,00 10 2,99 10 2,99 10 3,00 10 2,99 10 3,00 10 3,00 10 

2,91 7 2,89 3 2,96 3 2,96 4 2,95 7 2,97 5 2,58 3 

2,53 7 2,57 2 2,90 3 2,90 4 2,52 6 2,89 3 2,54 4 

2,47 4 2,52 3 2,56 3 2,57 4 2,57 6 2,57 3 2,15 2 

2,28 3 2,53 4 2,55 4 2,53 8 2,13 4 2,53 5 1,77 2 

2,05 4 2,95 3 2,13 4 2,14 3 1,63 4 1,64 4 1,64 2 

1,636 4 1,63 2 1,64 4 1,63 2 1,42 4 1,63 4 6,55 2 

 

cxr. 7-is gagrZeleba 

Hedenbergite 24-

205, magn. sint, 

Acmite calc. 31-1309 

(Na2O,CaO) (SiO2)2 

(Fe2O3) 

Acmite, synt. 34-185 

Na2O· Fe2O3·4SiO2 

Jadeite, 22-1338 

Na2O· Al2O3·4SiO2 

Iogansenite 35-529 

CaO·MgO·2SiO2 

Clinoenstatite 35-

60 (mon) 

MgO·SiO2 

Clinoferrosilicate, synt. 

17-548 FeO·SiO2 

dα/n I dα/n I dα/n I dα/n I dα/n I dα/n I dα/n I 

3,27 2 3,27 2 4,42 8 4,29 8 6,63 3 3,17 5 4,61 6 

3,00 10 2,98 3 3,19 5 3,10 3 3,05 10 2,98 7 3,23 8 

2,58 3 2,91 6 2,98 7 2,92 8 3,03 4 2,87 10 3,03 10 

2,54 4 2,12 1 2,83 10 2,83 10 2,57 4 2,46 4 3,35 10 

2,15 2 1,73 1 2,47 6 2,49 3 2,55 4 3,28 3 2,91 6 

1,64 2 1,64 2 1,73 6 2,42 3 2,62 3 2,12 3 6,47 4 

1,77 2 6,38 10 1,60 4 2,07 3 2,05 2 2,46 4 2,60 3 

6,55 2 4,41 2 6,37 9 1,57 2 1,63 2 1,61 3 2,48 2 

  

2
7
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gadaWrisaTvis araerTi sistematuri kvleva tardeba sadReisod 

msoflioSi da mas mere gaxdeba prognozirebadi, rodesac 

movlenaTa aRwerisaTvis sainformacio baza kritikul 

moculobas miaRwevs.  

am Tavis dasasruls ki davZenT, rom kvlevis ZiriTadi mizani 

Cveni azriT miRweuli iqna – dadasturda, rom minakeramikisTvis 

gamiznuli teqnogenuri nedleuliT miRebuli minis prognozireba 

damakmayofilebeli sizustiT SesaZlebelia, iseve rogorc am 

minidan CvenTvis sasurveli kristaluri fazis gamoyofisa.  

 

daskvnadaskvnadaskvnadaskvna    

WiaTuris adgilmdebareobis manganumis madnis gamdidrebis 

narCenebis (mmgn) magaliTze teqnogenuri nedleulis Semcveli 

kompoziciidan minakeramikis miRebis TaviseburebaTa Seswavlis 

Sedegad dadginda, rom:  

1. teqnogenuri nedleulis Seyvana minakeramikis misaRebad 

gamiznul minis kompoziciaSi mniSvnelovnad zrdis minis 

sinTezisas mimdinare fizikur-qimiuri urTierTqmedebebis varian-

tulobas, ris dasadgenad praqtikaSi arsebuli prognozireba-

Sefasebis saSualebebi dadebiT Sedegs ar iZlevian, iseve ro-

gorc aRniSnuli minidan sasurveli kristaluri fazis 

gamoyofis SemTxvevaSi.  

2. mmgn-is gamoyenebiT minakeramikis misaRebad gamiznul 

minaSi Termuli damuSavebisas mimdinare procesebisa da 

sasurveli kristaluri fazis gamoyofis SesaZleblobis 

Sefaseba-prognozirebisaTvis efeqturi aRmoCnda Termodinamikur-

petroqimiuri midgomis gamoyeneba martivi sistemebis mdgo-

mareobis diagramebSi arsebuli monacemebis aqtiuri sargeblobiT 

im SemTxvevaSi, Tu gaziarebuli iqna kristalur da minisebur 

mdgomareobebSi myofi nivTierebebis agebulebis energetikaSi 

axlo mowesrigebulobis dominanturi roli.  

3. minakeramisaTvis gamiznul minaSi Termuli damuSavebis 

Sedegad misaReb produqtSi amorfuli da kristaluri fazebis 
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Tanafardobis SerCeviTa da sxmuli qvebis warmoebaSi 

piroqsenuli kompozitis warmoebaSi gamoyenebadi saangariSo 

meTodis sargeblobiT SeiZleba Teoriulad vivaraudoT minis 

kompoziciis Sedgeniloba, romelmac unda uzrunvelyos piro-

qsenuli fazis gamoyofa garkveul temperaturaze damuSavebisas.  

4. Teoriulad navaraudevi Sedgenilobis kompoziciaSi 

mimdinare fizikur-qimiuri procesebisa da maT Sedegad miRebuli 

produqtebis fazuri Sedgenilobis Termodinamikur-petroqimiuri 

Sefasebis Sedegebisa da am kompoziciaSi temperaturis zegavle-

niT eqsperimentulad dadgenil movlenaTa Sedarebam maT Soris 

damakmayofilebeli Sesabamisoba aRmoaCina _ umniSvnelo gansxva-

vebebi teqnogenuri nedleulis gamoyenebiT Sedgenili kompozi-

ciidan minis miRebis saerTo suraTs ar cvlian.  

5. Teoriulad navaraudevi da eqsperimentulad Semowmebuli 

monacemebiT daproeqtebuli kompoziciis Termuli damuSavebisas 

warmoaCens ori temperaturuli intervalis arsebobas. pirvel 

maTganSi mimdinare procesebSi ZiriTadad mmgn-Si arsebuli 

mineralebs (naerTebs) Soris myarfaza reaqciebiT gamoirCeva, ris 

Sedegad miiReba polimineraluri produqti, maSin rodesac 

meoreSi dominanturia urTierTqmedebebi, dakavSirebuli piroqse-

nebis myari xsnarebis warmoqmnasTan – produqti monominera-

luria.  

6. mosazreba kristalur da amorful mdgomareobaSi myofi 

nivTierebis energetikaSi axlomowesrigebulobis dominanturi 

rolis Sesaxeb dasturdeba mza minis Termuli damuSavebisas 

gamoyofili kristaluri fazis raobiT _ igi piroqsenulia, rac 

iribad migviTiTebs miRebuli minis mikroheterogenurobaze.  

7. mmgn-is gamoyenebiT miRebuli kompoziciidan warmoebuli 

minis Termuli damuSavebis reJimisa da Tadarigis SecvliT 

gamoyofili kristaluri fazis raoba ar icvleba _ igi piroqse-

nuli rCeba, Tumca SeimCneva piroqsenebis farglebSi myari 

xsnarebis Sedgenilobis Secvla.  
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Abstract 

 

The analysis of information sources also points to the fact that glass-ceramics 

meant for the receipt of both special-purposed and all-purpose wares is basically 

received with the use of simple systems. Theoretical and practical basics of glass-

ceramics receipt are formulated namely for such systems, while the theory and 

practice of “composition → glass → glass-ceramics” transformation stages is not 

studied to the same extent. The first stage of these transformations is better studied, 

that allow us to estimate energy indicators with satisfactory reliability, while there is 

no telling about the possibility of forecast of crystalline phase desirable for us. The 

stage of glass transformation into glass-ceramics is less forecasted.  

The situation drastically changes if technogenic raw materials are inserted into 

glass composition meant for the receipt of glass-ceramics. In this case not only the 

second stage of glass-ceramics receipt, but even the first one is difficult to forecast. 

This is related to multi-component nature of output composition. The increase of 

number of system’s components up to several dozens requires the estimation of more 

than one hundred of interactions for establishment of optimal mode of thermal 

processing, say nothing about the forecast of separation of preliminary assumed 

crystalline phase from received glass.  

In order to overcome the mentioned difficulties is used the conjugation of 

current approaches from information sources concerning the energetics of glass 

receipt from multicomponent systems and the separation of preliminary forecasted 

crystalline phase. Among them should be noted thermodynamic-petrochemical 

approach offered by GTU employees concerning the estimation of processes running 

during the receipt of glass from multicomponent systems and of phase composition of 

products emerged as a result of these processes, as well as Muller’s view on the 

estimation of glass energetics, calculation method implemented by Kotlova for the 

receipt of monomineral crystalline phase, and also the means offered by GTU 

researchers for determination of crystalline and glass-like phase ratio.  

The role of technogenic raw materials in the research is acted by the residues of 

Chiatura location manganese ore dressing (MODR), which is definitely the 

multicomponent system. Mixtures received after its use as of one of the basic 

components of output composition and after the measures implemented during design 

of this composition consist of 28 components.  

According to Kotlova, the petrochemical calculation singled out the area of 

compositions, which was able, after glass receipt, to provide the separation of 

monomineral (pyroxene) crystalline phase during implementation of crystallization 

process “from below”. By the separation of crystalline and glass-like phase with the 

use of previously mentioned means the composition with desired content has been 

determined.   

The estimation of interactions between components of obtained composition at 

the various temperature with the use of thermodynamic-petrochemical approach had 

determined two areas, in which the products of different nature are received. In the 

first of them (373-1023K) the interactions between components should pass in the 

solid phase basically with the origin of field spars, while in the second one (1073-

1523K) the processes of pyroxene’s origin are dominant. In this case the interactions 

pass in the solid phase, while with the presence of liquid phase.  

Except of mentioned crystalline phase the origin of hausmannite is assumed, 

which, along with pyroxene and plenty of SiO2 should be ranked among the latter 

crystalline phases merged into glass-like state (fusion). According to Muller’s view, 
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the product (glass), received as a result of fusion’s subcooling, should be consisted of 

structural units of covalently bonded silicium-oxygen chains, that is characteristic for 

pyroxenes, which are “stitched” together by [M2
+
O2/2

-] and [M2+
O2/2

-] units. As to 

hausmannite, it, like magnetite grains, should not loose its individuality at the 

submicron level at the maximum temperatures of boiling that should promote the 

separation of basic phase during crystallization “from below”.  

Theoretically assumed interactions running during glass receipt and 

experimental estimation of phase composition of products obtained as their result 

determined the validity of the main conclusions of theoretical speculations – 

satisfactory correspondence between theoretically and experimentally obtained results 

has been determined.  

The essence of assumed crystalline phase separated during glass crystallization 

was in full correspondence with experimentally obtained result – it was of pyroxene 

nature and, even if changed, only within the boundaries of pyroxenes’ solid solutions. 

Unfortunately, we were unable to obtain experimental verification of hausmannite’s 

effect on the separation of basic crystalline phase. But the fact that difference between 

crystalline grid constants among pyroxenes and hausmannites didn’t exceed 5-10%, 

and that allow us to assume its (hausmannite) role as of nucleator in the separation of 

pyroxenes.  

On the basis of analysis of research results we can assume that the data obtained 

by the forecast of composition of multicomponent composition meant for glass-

ceramics receipt, as well as of processes running during the boiling, phase 

composition of products obtained as a result of these processes and the essence of 

crystalline phase separated during crystallization is in good correlation with the 

virtually current processes.   

 


