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naSromis zogadi daxasiaTebanaSromis zogadi daxasiaTebanaSromis zogadi daxasiaTebanaSromis zogadi daxasiaTeba    

    

Temis aqtualobaTemis aqtualobaTemis aqtualobaTemis aqtualoba. msoflioSi minanqris miRebisaTvis gan-

kuTvnil kompoziciebSi Semavali ZiriTadi komponentebi buneb-

rivi qanebis da sinTezuri masalebis mkveTrad Semofarglul 

ricxvs moicavs. minanqris miRebis sadReisod damkvidrebuli 

Termuli reJimi am ricxvSi Semaval komponentTa Soris 

maRaltemperaturul urTierTqmedebaTa sakmaod detaluri 

Seswavlis Sedegia.  

kompoziciebSi ZiriTad komponentTa funqciebis matarebeli 

yoveli axali ingredientis Seyvanisas minanqris Termuli war-

suli icvleba. im SemTxvevaSi, Tu axali komponenti Sedgeni-

lobiT martivia da mis maRaltemperaturul qcevaze, individua-

lurad da tradiciul komponentebTan SerwymaSi, sruli infor-

macia arsebobs, minanqris Termuli warsulis misi miRebis pro-

cesze gavlenis prognozireba rTul amocanas ar warmoadgens.  

viTareba mniSvnelovnad rTuldeba, Tu axali komponenti 

kompleqsuri nedleulia da bunebiT mravalmineraluri. amgvari 

nedleuli bunebrivi (qanebi) da teqnogenuri (teqnogenuri nedle-

uli) warmomavlobisaa da ramdenime aTeul minerals (naerTs) 

Seicavs. am SemTxvevaSi minanqris misaRebad gamiznuli kompo-

ziciis Segdenilobisa da misi Termuli damuSavebis reJimis 

dadgenis prognozirebisaTvis aucilebeli xdeba mravalvarian-

tuli amocanis gadaWra. pirvel rigSi es Termuli damuSavebis 

sxvadasxva stadiaze urTierTqmedebaTa simravlidan energeti-

kulad momgebianebis dadgenis sakiTxs exeba.  

amiT aixsneba kompleqsuri nedleulis Semcveli kompozi-

ciebis Ziebis xangrZlivi, Sroma- da energotevadi, ZiriTadad 

eqsperimentuli xasiaTi da is garemoeba, rom minanqris sawarmoo 

danergva droSi metad `gawelili~ procesia. es ki arTulebs 

minanqrisa da sxva miznobrivi daniSnulebis produqtis misaRebad 

saWiro sanedleulo bazis isedac mZime mdgomareobas. bunebrivi 

kompleqsuri wiaRiseulis maragebis Semcirebam da msoflioSi 
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arsebuli ekologiuri viTarebis gamZafrebam kompleqsuri nedle-

ulis, metadre teqnogenuris, uswrafesi gamoyenebis sakiTxebs 

umniSvnelovanesi socialuri da ekonomikuri Rirebuleba mianiWa.  

tradiciuli kompoziciebis daproeqtebaSi aprobirebulia 

Termodinamikis mdidari SesaZleblobebis gamoyeneba. am SesaZleb-

lobebiT teqnogenuri nedleulis Semcveli kompoziciebis (tnSk) 

miRebaSic SeiZleba sargebloba, Tu gadailaxeba is sirTuleebi, 

romlebsac warmoqmnis sakvlevi sistemis mravalmineraloba.  

warmoqmnil sirTuleTa gadasalaxavad stu-s mkvlevarTa 

jgufis mier SemoTavazebuli iqna mravalmineralur sistemebSi 

mimdinare maRaltemperaturuli procesebis Seswavlisadmi Termo-

dinamikur-petroqimiuri midgoma. igi gulisxmobs jibsis Tavisu-

fali energiis minimizaciis meTodis Serwymas petroqimiisa da 

fazuri winasworobis swavlebis ZiriTad debulebebTan am 

sistemaSi maRaltemperaturuli procesebis da maT Sedegad 

miRebuli produqtebis fazuri Sedgenilobis dasadgenad.  

samuSaos mizanisamuSaos mizanisamuSaos mizanisamuSaos mizani. kvlevis ZiriTadi miznis misaRwevad 

gadasaWreli iyo Semdegi konkretuli amocanebi:  

• minanqris mmgn-is Semcveli mravalmineraluri kompozi-

ciebis Teoriuli proeqtireba masSi Semavali mineralebis 

(naerTebis) gaTvaliswinebiT;  

• Teoriulad daproeqtebul minanqris kompoziciaSi Ter-

muli damuSavebisas SesaZlo fizikur-qimiuri procesebis dastis 

Sefasebis safuZvelze energetikulad momgebianebis dadgena, maT 

Sedegad miRebuli produqtebis fazuri Sedgenilobis 

prognozireba;  

• Teoriulad navaraudevi minanqris kompoziciisa da tempe-

raturuli zemoqmedebisas mimdinare movlenebis eqsperimentuli 

Semowmeba rogorc fritis miRebis stadiaze, ise mominanqrebuli 

nakeTobis miRebis sruli cikliT labratoriul pirobebSi. 

kvlevis obieqti da meTodebikvlevis obieqti da meTodebikvlevis obieqti da meTodebikvlevis obieqti da meTodebi. kvlevis obieqti iyo mraval-

minieraluri kompozicia, romelSic kompleqsuri mmgn 

nedleulTan (teqnogenuri) da bajiTis adgilmdebareobis 
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kvarcmindvris Spaturi qviSa (bunebrivi qani, bkmq), 

Tanaarsebobdnen sinTezuri masalebi _ kristaluri boraki (CBx), 

kalcinirebuli soda (Nc), CoO. kompoziciis Teoriuli 

dadgenisas gamomdinareobiT msoflioSi farTod moxmarebadi 

gruntis Sedgenilobidan.  

Teoriuli proeqtirebisas mivmarTavdiT petroqimiuri gada-

Tvlebis saSualebebs, xolo kompoziciaSi temperaturis zegavle-

niT mimdinare movlenebis Sefasebisadmi gamoyenebul iqna Termo-

dinamikur-petroqimiuri midgoma rigi dazustebebiT. dazustebebi 

ZiriTad Termodinamikurad `ucnob~ reagentTa da produqtTa 

urTierTqmedebaTa Sefasebas Seexeboda. eqsperimentuli kvlevisas 

myar sxeulTa Seswavlisa da maTi Tvisebebis dadgenis meTodebs 

viyenebdiT. rig SemTxvevaSi Tvisebebis dadgenisas saangariSo 

meTodebiTac vsargeblobdiT.  

samuSaos samuSaos samuSaos samuSaos mecnieruli siaxlemecnieruli siaxlemecnieruli siaxlemecnieruli siaxle. mecnierul siaxleTa ricxvs 

miekuTvneba:  

• kompoziciis Sedgenilobis Teoriuli daproeqteba, rome-

lic iTvaliswinebs kompleqsuri bunebrivi da teqnogenuri 

nedleulis ara oqsidur, aramed mineralogiur Sedgenilobas;  

• bor-silikatur mravalmineralur (mravalkomponentian) 

sistemaSi komponentTa Soris maRaltemperaturuli procesebis 

da maT Sedegad miRebuli produqtebis fazuri Sedgenilobis 

Sefaseba, procesTa mimdinareobisa da fazaTa warmoqmnis 

mimdevrobis dadgena;  

• uwylo da wyalSemcveli boratebis Termodinamikuri para-

metrebis standartuli moluri sidideebis saangariSo struq-

turul ingredientTa aditiuri sistemis meTodis SemoTavazeba-

ganxorcieleba, romelic efuZneba boratebis kristaloqimiur 

klasifikacias bor-Jangbadovan samkuTxedTa da oTxkuTdxedTa 

Serwymis xerxebsa da damatebiTi ionebis am struqturul 

erTeulebs Soris ganlagebis principebs;  

• ori minawarmomqneli oqsidis sistemaSi arsebobis piro-

bebSi kompoziciis SemadgenelTa Soris Tvisebrivad axali 
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temperaturebis farTo diapazonSi urTierTqmedebaTa jibsis 

Tavisufali energiisa da wonasworobis konstantis tempe-

raturuli damokidebulebis maTematikuri gamosaxulebebis 

dadgena.  

Sedegebis gamoyenebis sferoSedegebis gamoyenebis sferoSedegebis gamoyenebis sferoSedegebis gamoyenebis sfero. kvlevis Sedegebi SeiZleba 

gamoyenebuli iqnas kompleqsuri (bunebrivi qanebisa da teqno-

genuri warmomavlobis) nebismieri nedleulis gamoyenebiT sxva-

dasxva daniSnulebis minanqris (damfaravis, gruntis) miRebis 

winaswar daproeqtebasa da praqtikuli realizaciisaTvis Sromis, 

masalebisa da energiis da, Sesabamisad, samuSaoTa xangrZlivobis 

mniSvnelovani Semcirebis pirobebSi. kvlevis Sedegebis gaTva-

liswineba sasargeblo unda iyos im specialestebisTvisac, ro-

melTa moRvaweoba uSualod aris dakavSirebuli mrewvelobis 

sxvadasxva dargis sawarmoTa myari narCenebis Sefaseba-

utilizaciis sakiTxebTan.  

kvleviT miRebuli Sedegebi SeiZleba gamoyenebuli iqnas:  

• qimiuri Termodinamikisa da fazaTa wonasworobis Sesaxeb 

swavlebis sferoebSi moRvawe mkvlevarTa mier, metadre im 

SemTxvevaSi, rodesac kvlevis obieqtia mravalmineraluri 

sistemebi;  

• garemos sawarmoo myari narCenebiT dabinZurebisa da maTi 

utilizaciis racionaluri gamoyenebis sakiTxebiT dakavebuli 

specialistebis mier, metadre am narCenebisadmi teqnogenuri ned-

leulis funqciebis miniWebis Sesaxeb gadawyvetilebis miRebisas;  

• silikaturi da Zneldnobadi araliTonuri masalebis (minan-

qari, mina, minakeramika, tradiciuli da specialuri keramika, 

mWida masalebi da a.S.). teqnologiis sferoSi dakavebul mkvle-

varTa, inJinerTa da teqnologTa mier, metadre sawyisi kompo-

ziciebis mravalmineralurobis SemTxvevaSi;  

• umaRlesi ganaTlebis sferoSi (bakalavriati, magistratura, 

doqtorantura) moRvawe profesuris mier qimiuri Termodinamikis, 

fazaTa wonasworobis, garemos usafrTxoebisa da inJineriis, 

araorganuli masalebis da inJineriis sxva dargebis swavlebisas. 



7 

 

publikaciapublikaciapublikaciapublikacia: disertaciis ZiriTadi Sedegebi gamoqveynebulia 

4 statiaSi da 6 saerTaSoriso samecniero konferenciis SromaSi.  

samuSaos aprobaciasamuSaos aprobaciasamuSaos aprobaciasamuSaos aprobacia: disertaciis Sedegebi warmodgenil iqna 

Semdeg konferenciebze: saqarTvelos keramikosTa asociaciis me-2 

saerTaSoriso konferencia da gamofena, Tbilisi, 7-10 oqtomberi 

2009; saerTaSoriso samecniero-praqtikuli konferencia `inova-

ciuri teqnologiebi da Tanamedrove masalebi~, quTaisi, 17-18 

ivnisi 2010; saerTaSoriso samecniero-teqnikuri konferencia `ga-

remos dacva da mdgradi ganviTareba~, Tbilisi 2010; Republic Confe-

rence of Young Scientists “Chemistry today”, 26th February, 2011; saerTa-

Soriso samecniero konferencia `qali da XXI saukune~, Sromebi, 

Tbilisi, 30 ivnisi – 1 ivlisi 2011; akademikos T. lolaZis 

xsovnisadmi miZRvnili saerTaSoriso samecniero konferencia 

`inovaciuri teqnologiebi da masalebi~, 24-27 oqtomberi 2011.  

disertaciis moculoba da struqturadisertaciis moculoba da struqturadisertaciis moculoba da struqturadisertaciis moculoba da struqtura. naSromi Sedgena 

Sesavlis, 2 nawilis (literaturuli mimoxilva, Sedegebi da maTi 

gansja), 13 Tavis, 8 qveTavisa da daskvnisagan. citirebuli 

literaturis nusxa moicavs 140 dasaxelebas. naSromis moculoba 

Seadgens kompiuterze nabeWd 129 gverds, ilustrirebulia 20 

naxaziT, 21 cxriliT, 1 sqemiT, 1 suraTiT.  

 

naSromis ZiriTadi SinaarsinaSromis ZiriTadi SinaarsinaSromis ZiriTadi SinaarsinaSromis ZiriTadi Sinaarsi    

1.1.1.1. literaturis mimoxilvaliteraturis mimoxilvaliteraturis mimoxilvaliteraturis mimoxilva    

 

literaturis mimoxilvis nawilSi kritikulad ganixileba 

sakiTxebi, romlebic dakavSirebulia minanqris, rogorc minis 

saxesxvaobis warmoCinebasTan (1.1), minanqris msoflioSi miRebul 

klasifikaciasa (1.2), minanqris miRebaSi kompleqsuri nedleulis 

gamoyenebasTan (1.3). beWdviTi da virtualuri informaciis 

safuZvelze Temis aqtualobis dadgenas, kvlevis mizanisa da 

gadasaWreli amocanebis Camoyalibebas 1.4 Tavi eTmoba.  

aRiniSneba, rom minanqari Tavisi bunebiT amorfuli myari 

sxeulis (minis) saxesxvaobaa, radgan emorCileba miniseburi 
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mdgomareobis bunebis amxsnel debulebebsa da kanonzomierebebs. 

ZiriTadi gansxvaveba imaSia, rom mina mravali saxis nakeTobis 

damzadebis sawyisi masalaa da atarebs nakeTobaTa Tvisebebis 

ganmsazRvrel funqcias, xolo minanqari `liToni-minanqari~ 

kompozitebis erT-erTi komponentia da igi mxolod 

nawilobrivad aris am funqciis matarebeli, rac ganapirobebs 

minanqrisaTvis Cveul Taviseburebebs _ igi SeiZleba xasiaTde-

bodes minasTan SedarebiT mikro da makro doneze meti mou-

wesrigeblobis xarisxiT, garbilebis intervalisa da dabal-

temperaturobiT, fizikuri, qimiuri da teqnologiuri Tvi-

sebebisadmi gansxvavebuli moTxovnilebebiT.  

sainformacio wyaroebSi arsebuli monacemebiT irkveva, rom 

minanqarTa dayofa fuZe minanqrebsa (gruntebsa) da damfaravebad 

dResac ZalaSia. gruntis funqciebi dResac ucvlelia. man 

kompozitSi `liToni-minanqari~ unda Seasrulos:  

• miniseburi nivTierebis liTonis zedapirTan mWidro 

SemakavSireblis roli;  

• kompozitis gafarToebisas damfarav minanqarsa da liTons 

Soris Suamavlis roli;  

• damfaravi minanqris buferis roli.  

gruntebis asortimentis `simdidris~ miuxedavad maTi oqsi-

duri Sedgeniloba komponentTa SezRuduli nakrebiT ganisazR-

vreba. aRniSnulma garemoebam mkvlevarebi miiyvana daskvnamde, rom 

SesaZlebelia sxvadasxva dargSi gamoyenebadi mominanqrebuli 

nakeTobisaTvis Seiqmnas farTo moxmarebis gruntebi. magaliTad, 

im nakeTobebisaTvis, romlebic gamiznulia qimiurad agresiul 

garemoSi samuSaod, SemoTavazebulia gruntis kazmis Semdegi 

Sedgeniloba: kalcinirebuli soda 10-35; boraki 10-25; Li2CO3 0-5; 

BaCO3 0-2; CaCO3, MnO, CO jami 8 (mudmivad).  
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damfaravi minanqrebi metad, vidre gruntisa, Sedgenilobis 

nairsaxeobiT gamoirCevian, rac ganpirobebulia mominanqrebuli 

nakeTobebis Semdgomi gamoyenebis saeqspluatacio pirobebiT.  

sainformacio wyaroebSi mravladaa miTiTeba gruntisa da 

damfaravi minanqrebis misaRebad kompleqsuri nedleulis 

gamoyenebis mravalmxriv mizanSewonilobaze. kompleqsuri 

nedleulidan yvelaze xSirad bunebrivi da teqnogenuri 

warmomavlobis qanebi gamoiyeneba, ris Sedegad minanqris kazmis 

(kompoziciis) Sedgeniloba mravalmineraluri xdeba. masSi, 

arcTu iSviaTad 15 da meti bunebrivi da xelovnuri mineralia 

(naerTia), rac ganapirobebs amgvari kompoziciis kvlevidan 

praqtikul gamoyenebamde miyvanis metad xangrZliv dros, rom 

araferi vTqvaT masalisa da energiis xarjis mniSvnelovan 

zrdaze.  

sainformacio wyaroebSi moyvanili informaciis kritikuli 

ganxilvis Sedegad gamotanil iqna Semdegi daskvna. 

mominanqrebul nakeTobebze mzardi moTxovnilebis 

dasakmayofileblad mkvlevarebi ZiriTadad mominanqrebis 

procesis gaumjobesebasa da mwarmoeblurobis gazrdasTan 

dakavSirebuli problemebis gadaWriT arian dakavebuli. am 

mimarTulebiT mravali warmatebuli nabijia gadadgmuli, Tumca 

bevrad naklebi yuradReba eqceva am procesis erT-erT 

Semadgenel stadias _ minanqris warmoebas, metadre sawyis 

kompoziciaSi kompleqsuri nedleulis erT-erTi warmomadgenlis 

_ teqnogenuris Seyvanisas. am sferoSi jer kidev ar aris 

Camoyalibebuli minanqris miRebisadmi gamiznuli kompoziciis 

Teoriuli proeqtirebisa da Termuli damuSavebisas mimdinare 

fizikur-qimiuri procesebis da maT Sedegad miRebuli produq-

tebis fazuri Sedgenilobis prognozirebisadmi midgomis prince-

pebi, romlebic erTis mxriv, aferxeben mokle droSi Tvisebrivad 

axali minanqrebis miReba-gamoyenebas, meore mxriv ki _ amux-
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ruWeben msoflios mraval regionSi ekologiuri daZabulobis 

moxsnas.  

amiT iyo ganpirobebuli Cvens mier dasaxuli kvlevis 

ZiriTadi mizani da mis misaRwevad gadasaWreli amocanebi.  

 
2. 2. 2. 2. Sedegebi da maTi gansjaSedegebi da maTi gansjaSedegebi da maTi gansjaSedegebi da maTi gansja    

 
naSromis meore nawili Sedgeba cxra Tavisagan (2.1-2.9), 

romlebSic ganixileba kvlevis rogorc meTodologiuri, ise 

Teoriulad da eqsperimentulad Catarebuli Ziebis sakiTxebi da 

maT safuZvelze miRebuli Sedegebis gansjis Sinaarsi.  

Teoriuli kvleva efuZneba qimiuri Termodinamikis samive 

kanonidan gamomdinare jibsis Tavisufali energiis minimizaciis 

meTods. meTodis realizaciisaTvis gamoiyeneba ulixis I (1) da II 

(2) miaxloeba, Svarcman-temkinis midgoma (3) da klasikurad miC-

neuli saSualeba (4). TiToeuli maTganis Tanmimdevroba eyrdnoba 

qimiur TermodinamikaSi farTod gamoyenebad Semdeg gamosa-

xulebebs:  

0

298,

0

298,

0

, hhTh STHG ∆−∆=∆      (1) 

   0

0

298,

0

298,

0

298,

0

, McTSTHG phhTh ⋅∆−∆−∆=∆    (2) 

   )( 210

0

298,

0

298,

0

, −
′∆+∆+∆−∆−∆=∆ McbMaMTSTHG hhTh  (3) 

0

,

0

,

0

, ThThTh STHG ∆−∆=∆      (4) 

sadac 0

,ThG∆  _ reaqciis jibsis Tavisufali energia nebismier T 

temperaturaze; 0

298,hH∆ , _ reaqciis standartuli moluri 

enTalpiaa; 0

298,hS∆  _ reaqciis standartuli moluri entropia; ∆a, 

∆b,  ∆c' _ reaqciis ∆cp = f(T) funqciis koeficientebi; Mo, M1, M2  _ 

Svarcman-temkinis mier gamoTvlili temperaturuli koeficien-

tebi; 0

,ThS∆  _ reaqciis enTalpia da entropia nebismier T tempera-

turaze.  

∫∆+∆=∆
T

phhT dTcHH
298

0

,298

0

, ; ∫
∆

+∆=∆
T

p

hhT dT
T

c
SS

298

0

,298

0

,  
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reaqciis sisrulis xarisxze vmsjelobT vant-hofis 

izoTermis gamoyenebiT: lnKp = -(∆Gh,T/RT), sadac Kp _ wonasworobis 

Termodinamikuri konstanta, R _ airis universaluri mudmiva.  

minanqris rigi Tvisebis dasadgenad gamoyenebul iqna goliu-

sis mier SemoTavazebuli gantolebebi: siblantisaTvis 

Tbxaa
n

i

iio /lg
1

++= ∑
=

η ; zedapiruli daWimulobisaTvis 2

1

310 ctbTxa
n

i

ii ++=⋅ ∑
=

σ , 

xazobrivi Termuli gafarToebis temperaturuli koeficientisa-

Tvis (xTgtk) ∑
=

=⋅
n

i

ii xa
1

7
10α , sadac ao, ai, b, c _ gantolebaTa regret-

siis koeficientebi, t da T _ temperaturebi celsiusis da kelvi-

nis skaliT.  

petroqimiuri angariSebis Catarebis mizniT petrologiaSi 

miRebuli gadaangariSebebebis saSualebebi gamoiyeneba.  

eqsperimentuli kvleva (2.2) Seicavda myari sxeulebis 

Sesaswavlad farTod gamoyenebad diferencialur-Termul 

analizs (xelsawyo Q-1500D), rentgenofazur analizs (difraqto-

metri ДРОН-1,5), STanTqmis infrawiTel speqtroskopias (“Nicolet” 

firmis “AVATAR-FT-IR” xelsawyo), rig SemTxvevaSi kristalo-

optikur analizs (polarizaciuli mikroskopi Labor-Lux 12) 

viyenebT. Sedegebis analizisaTvis vsargeblobdiT sxvadasxva 

mineralis (naerTis) diagnostikuri cnobarebiT, rentgenometri-

uli ganmsazRvrelebiT saerTaSoriso monacemTa bazebiTa da sxva 

sacnobaro literaturiT.  

minanqris miRebasa da misi Tvisebebis SeswavlisaTvis 

gamoiyeneba sxvadasxva saxis Tburi danadgari (Termostati, 

Termokarada, mufelis Rumeli, silitebiani Rumeli), xTgtk-s 

dasadgenad _ dilatometri (ДКВ-4А), simkvrivis gansazRvrisaTvis 

_ hidrostatikuri meTodi, miRebuli nadnobis xarisxis Sesa-

faseblad _ Zafis meTodi, dakristalebis unaris dasadgenad _ 

masiuri dakristalebis meTodi da mravali sxva, romliTac 

sargebloben minis da minanqris kvlevis sferoSi.  
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2.3 Tavi eZRvneba kvlevaSi gamoyenebul masalebs (nedleuls). 

minanqris misaRebad gamiznul kompoziciaSi 2 kompleqsuri 

nedleuli iyo. erT-erTi maTgani kompleqsur nedleulTa teqno-

genurebis klass miekuTvneba _ WiaTuris manganumis madnis 

gamdidrebis narCenebi (mmgn), xolo meore _ bunebrivs, bajiTis 

adgilmdebareobis kvarc-mindvrisSpaturi qviSa (bkmq).  

sinTezur masalaTa ricxvs miekuTvneba kalcinirebuli soda, 

kristaluri boraki da kobaltis (II) oqsidi. TiToeuli maTgani 

SedgenilobiT akmayofilebs maT mimarT da minanqris sferoSi 

arsebul moTxovnebs. rac Seexeba mmgn-sa da bkmq-s, aRvniSnavT, 

rom bkmq-s Sedgeniloba srulad Seesabameba amgvari nedleu-

lisadmi wayenebul moTxovnebs da gamoiyeneba koncern `Sisecam~-is 

saaqcio sazogadoeba `mina~-s qsnis minis qarxanaSi. Cven mxolod 

misi mineralogiuri Sedgeniloba davadgineT. mmgn stu-s qimiuri 

departamentis mkvlevarTa jgufis dakvirvebis obieqtia 10-ze meti 

wlis ganmavlobaSi, romelSic winamdebare naSromis avtoric 

monawileobda. dakvirvebebiT dadginda mmgn-s rogorc qimiuri, 

ise mineralogiuri Sedgeniloba (ix. cxr. 1, 2).  

rogorc gairkva, bkmq-s SedgenilobaSi 83,46 mas% kvarcia da 

~15,0 mas% mindvris Spatebi, danarCeni ki rutili (0,1 mas%), 

kaoliniti (0,8 mas%) da goeTiti (0,26 mas%), xolo mmgn-Si 22 

sxvadasxva mineralia.  

ATavi 2.4 eTmoba minanqris miRebisadmi gamiznuli kompozi-

ciis Teoriul proeqtirebas, romelic xorcieldeba garkveuli 

oqsiruri Sedgenilobis dasakmayofileblad saWiro ingredien-

tebis raobisa da raodenobis dadgeniT (ix. cxr. 3). sabazo Sedge-

nilobis saxiT gamoiyeneba mominanqrebis sferoSi farTo daniS-

nulebis grunti.  

dadginda, rom kompozicia sul xuT indredients Seicavs, 

romlebic sinamdvileSi 26 bunebrivi mineralisa da xelovnuri 

naerTsisagan Semdgar sistemas warmoadgens (cxr. 4). maTgan rigi 

mineralis odenoba ar aRemateboda 1 mas%-s.  
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cxrili 1. mmng-s mineralogiuri Sedgeniloba 
 

mineralebi 
molTa 
r-ba 

mol. 
masa 

mas.% mineralebi 
molTa 
r-ba 

mol. 
masa 

mas.% 

Ap, apatiTi 0,0007 1004,644 0,70 Cc, kalciTi 0,0382 100,08 3,82 

Ru, rutili 0,0037 79,90 0,30 Mc, magneziTi 0,0325 84,312 2,74 

B-S, bariTi 0,0052 213,426 1,11 M'c, rodoqroziTi 0,0336 114,938 3,86 

Gtt, goeTiTi 0,0140 177,684 2,49     

Σ 0,0238  4,60 Σ 0,1043  10,42 

Mu, muskoviTi 0,0050 796,60 3,98 Man, manganiTi 0,0120 175,876 2,11 

Gl, glaukoqroiTi 0,0013 844,682 1,10 Psl, psilomelani 0,0148 256,00 3,84 

Kt, kaoliniTi 0,0030 258,132 0,77 Pyr, piroluziTi 0,0045 408,0 1,84 

Mt, montmoriloniTi 0,0030 360,306 1,08 Wad, manganumis hidroqsidebi 0,0324 209,00 6,78 

Gt, gaulaziTi 0,0030 294,132 0,88 Σ 0,0637  14,52 

H, heilandiTi 0,0030 686,642 2,06 kvarcSemcveli mineralebi 

Σ 0,0183  9,87 Q, kvarci 0,4425 60,086 26,59 

    Op, opali 0,0517 61,00 3,15 

uwylo aluminsilikatebi Σ 0,4942  29,74 

Or, orToklazi 0,0088 556,68 4,90 meq. mierT. H2O 0,0061 18 0,11 

Ab, albiTi 0,0332 524,456 17,41 sul mmng-Si 0,7827  100,00 

An, anortiTi 0,0303 278,212 8,43     

Σ 0,0723  30,74     
 
cxrili 2 mmgn-isa da bkmq-s oqsiduri Sedgeniloba (mas. %) 

 
nedl. P2O5 TiO2 MnO2 SiO2 Al2O3 Fe2O3 FeO BaO MnO CaO MgO K2O Na2O SO3 CO2 H2O ∑ 

mmgn 0,32 0,30 8,50 53,50 10,22 2,50 0,14 0,80 6,90 4,40 1,35 1,36 2,10 0,4 4,59 2,65 100,0 

bkmq - 0,10 - 93,89 3,21 0,22 - - - 0,05 0,04 1,77 0,54 - - 0,18 100,00 

 

1
3
 



14 

 

cxrili 3. kompoziciis da misi oqsiduri Sedgeniloba 

kompoziciaSi Semavali 

komponentebi, mas. n. 

kompoziciisa (mas.n.) da misi 

oqsiduri (mas.%) Sedgeniloba Σk 

Σm 

aqroladi ingredientebi mas.n./100 

fritaze 

mmng bkmq Na2CO3 
boraki 

CBx 
CoO CO2 H2O Na2O, boraki 

43,41 23,69 18,75 47,40 0,90 
134,15 

mas.n. 
9,02 23,32 

0,52 

1,77 

P2O5 0,14 - - - - 0,14 miRebuli aRniSvnebi: 

mmgn – manganumis madnis gamdidrebis 

narCenebi; 

bkmq _ bajiTis adgilmdebareobis 

kvarcmindvrisSpaturi qviSa; 

Nc _ kalcinirebuli soda; 

CBx _ kristaluri boraki; 

CoO _ kobaltis Jangis reaqtivi (s.a.); 

 

*SeniSvna: Σk = R+A mas.n., 

xolo Σm warmoadgens 100 minis masaSi 

Semaval oqsidTa odenobis jams 

(mas..%);  

R _ nedleulTa jami; A _ aqrolad 

ingredientTa jami 

TiO2 0,13 0,02 - - - 0,15 

MnO2 3,69 - - - - 3,69 

SiO2 23,22 22,28 - - - 45,50 

Al2O3 4,43 0,78 - - - 5,21 

Fe2O3 1,09 0,05 - - - 1,14 

FeO 0,06 - - - - 0,06 

BaO 0,35 - - - - 0,35 

MnO 2,99 - - - - 2,99 

CaO 1,91 0,01 - - - 1,92 

MgO 0,59 0,01 - - - 0,60 

K2O 0,59 0,43 - - - 1,02 

Na2O 0,91 0,03 10,36 7,70 - 19,00 

SO3 0,17 - - - - 0,17 

B2O3 - - - 17,30 - 17,30 

CoO - - - - - 0,8 

CO2 1,15 - 7,87 - - - 

H2O 1,99 0,08 - 21,15 0,1 - 

 fritis masis od-ba, mas. % 100,04  

 

1
4
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cxrili 4. kompoziciis mineralogiuri Sedgeniloba (mas. %)  

minerali 

(naerTi) 

Semcve- 

loba 

minerali 

(naerTi) 

Semcve- 

loba 

minerali 

(naerTi) 

Semcve- 

loba 

minerali 

(naerTi) 

Semcve- 

loba 

Ap 0,3 Mt 0,47 Mc 1,19 Q 31,30 

Ru 0,15 Gt 0,38 M'c 1,68 Op 1,36 

B-S 0,48 H 0,89 Man 0,92 Nc 18,23 

Gtt 1,14 Or 4,61 Psl 1,67 Bor 47,4 

Mu 1,73 Ab 8,64 Pyr 0,82 CoO 0,90 

Gl 0,48 An 3,72 Wad 2,95 Ant 0,06 

Kt 0,52 Cc 1,66     

 

da erTi SexedviT, SeiZleba ugulvebelyofili iyo, Tumca ki 

Tu am mineralebs davajgufebT warmomavlobis mixedviT, SeiZleba 

mivideT daskvnamde, rom amgvari midgoma arcTu marTebulia, Mu, 

Gl, Kt, Mt, Gt fenovan wyalSemcvel silikatebs miekuTvnebian da 

maTi minanqris miRebis procesze gavlenis mxedvelobaSi miReba 

ar aris mizanSewonili.  

aRniSnuli daskvnis marTebuloba dgindeba Tav 2.5-Si, romel-

Sic moiyvaneba minanqris kompoziciaSi Termuli damuSavebisas 

mimdinare procesebis prognozireba-Sefaseba. Sedga kompoziciaSi 

Semavali mineralebis SesaZlo urTierTqmedebaTa dasta, 

romelSic 150-mde myarfaza reaqcia Sevida. dadginda, rom 

Sefaseba mTel rig reaqciaSi monawileTa Sesaxeb saWiro 

monacemebis ararsebobis gamo SeuZlebelia. am sirTulis gadasa-

laxavad mivmarTeT sainformacio wyaroebSi arsebul saangariSo 

meTodebs, romelTa Soris saukeTeso Sedegebi mogvca stu-s 

TanamSromelTa mier silikatebisaTvis SemoTavazebulma struqtu-

ruli ingredientebis aditiuri sistemis meTodma. misi arsi 

SemdegSia: nebismieri Termodinamikurad ucnobi nivTierebis 

saWiro monacemebis mopoveba silikatebis kristaloqimiuri kla-

sifikaciaze dayrdnobiT ucnobze meti da naklebi struqturuli 

mowyobis xarisxis mqone naerTebis monacemTa mixedviT xdeba.  
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boratebis kristaloqimiuri klasifikaciis safuZvelze 

gairkva ama Tu im jgufis naerTTa Sesaxeb arsebuli Termo-

dinamikur monacemTa baza, ris Sedegad arCeul iqna borat-

etalonebis wre. maTi gamoyenebiT dadginda 20-mde boratisa da 

bor-silikatis warmoqmnis standartuli moluri enTalpiisa da 

standartuli moluri entropiis sidideebi. 

Tav 2.6-Si, zemoaRniSnulis garda, warmodgenilia meTodis 

ganxorcielebis Tanmimdevroba da miRebul SedegTa saimedoobis 

xarisxis Sefaseba.  

Tav 2.7-Si moiyvaneba myarfaza reaqciebis dastidan energe-

tikulad momgebiani urTierTqmedebaTa nusxa, romelic gansjiT 

Camoyalibda minanqris kompoziciaSi temperaturis zrdis piro-

bebSi mimdinare procesebisa da maT Sedegad miRebuli produq-

tebis fazuri Sedgenilobis Sesaxeb Teoriuli warmodgenebi. 

navaraudevia, rom 573K-ze nakleb temperaturebze ZiriTadad 

borakis gardaqmnebTan dakavSirebuli movlenebi unda ganviTar-

des. 573-1123K intervalSi kompoziciaSi mimdinare procesebi sam 

jgufad SeiZleba daiyos: tinkalkonitis, wyalSemcveli aluminsi-

likatebis, kvarcisa da sodis dominanturi monawileobiT 

myarfaza reaqciebSi Txevadi fazis gareSe da misi Tanaobisas. 

1123-1473K intervalSi dominanturad unda viTardebodnen movle-

nebi dakavSirebuli adre warmoqmnili boratebisa da silikatebis 

urTierTqmedebebTan, evteqtikebis warmoqmnasTan, naerTTa dnobasa 

da nadnobSi Zneldnobad naerTTa gaxsnasTan.  

Tavi 2.8 Teoriulad navaraudevi movlenebis eqsperimentuli 

mtkicebulebebis mopovebisadmia miZRvnili. masSi ganixileba 

Teoriuli proeqtirebiT miRebuli kompoziciis diferencialur-

Termuli analiziT (2.8.1) gamosavali kompoziciisa da misi sxva-

dasxva temperaturul intervalSi damuSavebiT miRebuli produq-

tebis difraqtogramebiT (2.8.2), kvlevis igive obieqtebis STanT-

qmis infrawiTeli speqtroskopiiT (2.8.3) mopovebuli informacia 

da misi gansja.  

21 
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diferencialur-Termulma analizma (nax. 1) daadgina 360-418K 

intervalSi metad Zlieri endo- (DTA-mrudi) da masis klebis 

(DTG-mrudi) efeqtebi, romlebsac Seesabameba TG-mrudze masis 

klebis mniSvnelovani sidide. sainformacio wyaroebze dayrd-

nobiT aRniSnuli eqstremumebi damaxasiaTebelia borakisa da tin-

kalkonitisTvis. amiT gairkva, rom dabaltemperaturul inter-

valSi mimdinare procesebi ara mxolod borakis, rogorc es iyo 

navaraudevi, aramed tinkalkonitis gardaqmnebTanaa dakavSire-

buli. aman gansjaSi Sesabamisi koreqtirebis Setanis aucileb-

loba daadgina, Tumca ki zogadad navaraudev gardaqmnaTa 

saerTo suraTs es faqti ar arRvevs. amaSi gvarwmunebs TG-mrudze 

masis TandaTanobiT Semcireba ~1173K-mde, rasac Sesabamebian 

Termuli da masis kleba-matebis efeqtebi DTA da DTG mrudebze.  

 

 
 

 
 

nax. 1. kompoziciis TG, DTG da DTA  

Termogravimetruli mrudebi  
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diferencialur-Termulma analizma kidev erT, Cveni azriT 

umniSvnelo, Seusabamobaze migviTiTa _ ama Tu im movlenis tempe-

raturuli intervalebis navaraudevTan SedarebiT 20-50K-iT nak-

leb sidideebze.  

sxvadasxva temperaturebze miRebuli produqtebis difraq-

togramebi TvalnaTliv gviCveneben, rom Teoriulad navaraudevi 

procesebis Sedegad miRebuli naerTebisaTvis damaxasiaTebeli 

refleqsebi sakmaod kargad Seesabameba difraqtogramebze 

dafiqsirebul dα/n-xazebs (ix. nax. 2, imis gaTvaliswinebiT, rom Bx-

iT aRiniSneba boraki, Tin-iT – tinkalkoniti, Q-Ti – kvarci, Fsp-

iT – mindvris Spatebi, Man-Ti _ manganitebi, Na-Ti – soda, Su-Ti 

_ suaniti, N2-Ti _ natriumis diborati, N3-iT _ natriumis 

heqsoborati, Ca3-iT Ca3B2O6; Ca2-iT Ca2B2O5; Tr-iT – tridimiti).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

nax. 2. kompoziciis sxvadasxva temperaturaze damuSavebuli 
produqtebis difraqtogramebi 
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STanTqmis infrawiTeli speqtroskopiis monacemebic damakma-

yofilebel SesabamisobaSia Teoriulad navaraudevi procesebis 

arssa da maT TanmimdevrobasTan (nax. 3). 

 
 

nax. 3. kompoziciisa da misi Termulad damuSavebuli 
produqtebis iw speqtrebi (4000-3100sm-1) 

 

aq aucilebelia aRiniSnos, rom STanTqmis speqtrebiT ufro 

meti informacia miiReba wyalSemcveli naerTebis arsebobisa da 

maTi gardaqmnebis Sesaxeb, vidre wyalSeucvelebisa. gamowveulia 

es im viTarebiT, rom speqtrebis 4000-3000 sm-1 ubani naklebadaa 

gadatvirTuli STanTqmis zolebiT, vidre 1700-450 sm-1 ubani, 

romelSic xSiria bunebiT sxvadasxva nivTierebebSi arsebuli 

bmebis sixSireTa damTxveva. STanTqmis speqtrebis 4000-3000 sm-1 

ubanSi arsebuli zolebiT dadasturda dabal temperaturebze 

ara mxolod borakis, aramed tinkalkonitis gardaqmnaTa 

ganxorcielebis SesaZlebloba.  

2.4-2.8 TavebSi moyvanili monacemebis analiziT SeiZleba 

gamotanili iyos Semdegi daskvna _ Teoriulad navaraudevma 

movlenebma, dawyebuli minanqris kompoziciis Teoriuli proeq-

tirebiT da damTavrebuli misi Termuli damuSavebisas mimdinare 

procesebisa da maT Sedegad miRebuli produqtebis fazuri 

Sedgenilobis SefasebiT, eqsperimentuli mtkicebani hpova. amiT, 
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Cveni azriT, dasaxuli mizani miRweul iqna. magram mizanSewo-

nilad CaiTvala miRebuli Sedegebi Semowmebuliyo mominanq-

rebuli nakeTobis miRebis sruli cikliT, laboratoriul 

pirobebSi. aRniSnulis ganxilvas Tavi 2.9 eTmoba.  

minanqari miRebuli iqna eqsperimentulad dadgenili Ter-

muli damuSavebis reJimiT (nax. 4).  

miRebuli nadnobidan damzadda frita. am fritisa da 

sawisqvile danamatebiT wyalTan erTad momzadebuli iqna Slike-

ri, romelic  amovlebis xerxiT datanili iyo liTonis zedapir-

ze da Termulad damuSavebuli. nakeTobis fotosuraTi sur. 1-zea 

moyvanili, xolo Tvisebebi cxr. 5-Si. 

 

 

 

 

 

 

 

 

nax. 4. minanqris xarSvis temperaturuli reJimi 

 

 

 

 

 

 

 

 

 

 

 

 

 

sur. 1. I, II, III danafaris fotosuraTi 
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cxrili 5. miRebuli gruntis rigi Tviseba 

Tvisebebi 
TvisebaTa 

mniSvnelobebi 

xarSvis maqsimaluri temperatura, T, K 1533 

xarSvis xangrZlivoba, sT 1,3 

gamowvis xangrZlivoba, wT 3-5 

gamowvis temperaturuli intervali, T, K 1033-1123 

xTgtk, eqsperimentuli, α·10
-7

 (373÷773)·10
7 

K
-1 

98,5 

xTgtk, angariSiT [103], α·10
-7

 K
-1 100,05 

qimiuri medegoba (limonmJavas xsnaris meTodi) 
AA – D klasebi 

A-B 

denadoba 1033K-ze, mm 65 

denadoba 1073K-ze, mm 72 

zedapiruli daWimuloba [103]-is mixedviT, mn/m 269,60 

siblante [103]-is mixedviT 1023-1073K intervalSi 
(puazi) 

3,9 

dakristalebisadmi midrekileba gamowvis 
intervalSi 

praqtikulad 
ar SeimCneva 

safaris (danafaris) sisqe, mm 0,5-1,2 

SeWiduloba, balebi 4-5 

SeWiduloba, minanqris atkeCvis farTobi, % 10-0,8 

 
cxrilSi moyvanili Tvisebebis praqtikaSi gamoyenebiT minanq-

rebis TvisebebTan SedarebiT dadginda SemoTavazebuli minanqris 

udao upiratesoba rig maCvenebelTan mimarTebaSi. aRsaniSnavia 

xarSvis maqsimaluri temperaturis dabali mniSvneloba, romelic 

~50K-iT dabalia, vidre sayovelTaod aRiarebuli gruntebisa. 

iSviaTad Tu gvxvdeba iseTi gruntebi, romelTa gamowvis 

temperaturuli intervali da denadoba iseTi aqvs, rogorc 

SemoTavazebuls. mTavari ki isaa, rom minanqris Slikeris 

momzadeba SesaZlebelia Semwonavi ingredientis metad mcire 

Semcvelobisas an sulac mis gareSe. danarCeni maCvenebeli 

srulad akmayofilebs gruntebisadmi wayenebul moTxovnebs.  

amgvarad irkveva, rom Teoriuli proeqtirebiT miRebuli 

kompoziciiT da masSi mimdinare procesebis Sefaseba-dadgeniT 

warmoebuli grunti srulad Seesabameba realobas da 

akmayofilebs mominanqrebis mTeli teqnologiuri ciklis 

moTxovnebs.  
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daskvnadaskvnadaskvnadaskvna    
 
WiaTuris adgilmdebareobis manganumis madnis gamdidrebis 

narCenebis (mmgn) magaliTze minanqris miRebis fizikur-qimiuri 

aspeqtebis Seswavlis Sedegad SeiZleba davaskvnaT:  

1. mmgn ganekuTvneba kompleqsur nedleulTa ricxvs, rac 

gulisxmobs misi gamoyenebiT miRebul nebismier sistemaSi, maT 

Soris minanqris sinTezisaTvis gankuTvnil kompoziciaSi, tempe-

raturis gavleniT mimdinare fizikur-qimiuri procesebis Sefase-

bisaTvis tradiciuli midgomis arasrulyofilebas.  

2. naSromSi Teoriulad daproeqtebuli minanqris misaRebad 

gamiznul mravalmineralur sistemaSi mimdinare fizikur-qimiuri 

gardaqmnebisa da maT Sedegad warmoqmnili produqtebis fazuri 

Sedgenilobis prognozireba-SefasebisaTvis gamoyenebuli Termo-

dinamikur-petroqimiuri midgomiT SesaZlebeli gaxda movlenaTa 

dayofa Termuli damuSavebis temperaturuli intervalebis 

mixedviT.  

3. navaraudevia, rom `mmgn-kvarcmindvrisSpaturi qviSa-Na2CO3- 

boraki~-s sistemaSi:  

• >573K-mde ZiriTadad mimdinareoben borakis gardaqmnebTan 

dakavSirebuli movlenebi;  

• 573-1123K intervalSi mimdinare procesebis pirobiTad sam 

jgufad dayofa SeiZleba: tinkalkonitis, wyalSemcveli 

aluminsilikatebisa da kvarcis dominanturi monawileo-

biT myarfaza reaqciebi Txevadi fazis gareSe da mis 

Tanaobisas;  

• 1123-1473K intervalSi dominanturia movlenebi, dakavSire-

buli silikatebisa da boratebis urTierTqmedebebTan, 

evteqtikebis warmoqmnasTan, naerTTa dnobasa da nadnobSi 

Zneldnobad naerTTa gaxsnasTan;  

• 1573K-ze kompozicia amorfuli faziT warmogvidgeba.  

4. fizikur-qimiuri procesebis Termodinamikuri Sefasebisas 

reaqciaSi monawile rigi naerTis saWiro funqciebis arasaime-
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doobasTan an ararsebobasTan dakavSirebuli sirTuleebi gada-

laxul iqna struqturuli ingredientebis aditiuri sistemis 

meTodis gamoyenebiT – dadgenil iqna 15-mde uwylo da 4 wyal-

Semcveli boratis o

fH 298,∆ , o

fG 298,∆  da 298,pc . 

5. mravalmineralur sistemaSi temperaturis gavleniT Teo-

riulad navaraudevi movlenebis eqsperimentulad miRebul 

SedegebTan Sedarebam daadgina maT Soris damakmayofilebeli 

Sesabamisoba _ rigi xarvezis miuxedavad, aRniSnuli sistemis 

maRaltemperaturuli qcevis zogadi suraTi ar icvleba.  

6. dadginda, rom mravalmineraluri sistemis iw speqtro-

skopuli SeswavliT Termuli damuSavebis Sedegad warmoqmnil 

produqtebSi Semaval fazaTa srulyofili identifikacia ver 

xerxdeba. samagierod, am produqtebSi wyalSemcveli naerTebis 

gardaqmnaTa Sesaxeb iw speqtroskopia metad mniSvnelovan infor-

macias iZleva.  

7. Termodinamikur-petroqimiuri midgomiT mopovebuli infor-

maciis realurTan siaxloveze migviTiTebs ara mxolod TviT 

minanqris miRebis faqti, aramed mominanqrebuli nakeTobis 

warmoebis sruli ciklis laboratoriul pirobebSi ganxorcie-

leba _ miRebul iqna minanqris frita, mis safuZvelze TviTSewo-

nadi suspenzia da minanqris safariT mopirkeTebuli nakeToba.  
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Abstract 

 

Basic components of compositions assigned for the receipt of enamel 

worldwide contain very limited number of natural rocks and synthetic materials. 

Thermal mode of enamel’s receipt established today is the result of detailed study of 

high-temperature interactions between components ranked among.  

In the process of every new ingredient’s insertion, which carries the functions of 

basic components in the compositions, takes place the change of thermal past of the 

enamel. Provided that new components are simple according to their content and there 

is a full information on their high-temperature behavior, both individually and in 

combination with traditional components, the forecasting of thermal past’s effect on 

the process of its receipt doesn’t seem to be difficult.  

But the situation drastically changes if new component is the complex raw 

material and it is multimineral by its nature. Such raw material is of natural (rocks) 

and technogenic (technogenic raw materials) origin and contains several dozens of 

minerals (compounds). In this case for forecasting of content of the composition 

assigned for the receipt of enamel and determination of its thermal processing mode is 

necessary to accomplish a multivariant task. First of all it refers to the issue of 

determination of energetically profitable interactions from their variety at the different 

stages of thermal processing.    

This explains the long-term, labor- and energy consuming, basically 

experimental character of the search of compositions containing complex raw 

material, as well as the circumstance that industrial introduction of enamel is very 

“extended” and lengthy process.  This fact complicates already the difficult situation 

in relation to raw materials base necessary for the receipt of enamel and other products 

of designated purpose. Reduction in natural complex fossil stocks and exacerbation of 

current ecological situation worldwide assigns very important social and economic 

priority to the issues of use of complex raw materials, mostly technogenic ones. 

The use of great possibilities is tested in designing of traditional compositions. 

It is possible to use these possibilities in the receipt of technogenic raw materials 

containing compositions (TRMCC), in case of overcoming those difficulties that are 

created by multiminerality of researched system.  

In order to overcome these problems the thermodynamic-petrochemistry 

approach to the study of high-temperature processes running in the multimineral 
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systems has been offered by the group of STU’s researchers. It implies the 

combination of Gibbs free energy minimization method with the fundamental 

provisions of petrochemistry and phase equilibrium teaching with the purpose of 

determination of high-temperature processes in this system and of phase composition 

of products received as a result of them.  

Mentioned approach has been used in theoretical designing of TRMCC meant 

for the receipt of enamel. The role of enamel is played by the multipurpose ground 

tested worldwide, while the waste of Chiatura manganese ore dressing are used in the 

role of technogenic raw materials. With the purpose of provision of ground’s oxide 

content traditional raw materials and other materials have been used along with 

manganese ore dressing waste (MODW). The mixture received by handling of 

ground’s oxide content and composition’s mineralogical content contains 26 mineral 

(compound).   

By determination of energetically profitable interactions in the various 

temperature ranges from the variety of possible interactions between system 

components of this composition and by establishment of phase composition of 

products received as a consequence, the nature and sequence of physical and chemical 

transformations taking place in the process of ground’s receipt has been defined. Both 

the first and the second are significantly differed from the transformations running 

during ground’s receipt from traditional compositions and promote the attainment of 

less energy consumption for the receipt of enamel.  

 In the process of assessment of reactions between the components take place 

difficulties connected with the thermodynamic database existing in the information 

sources. The value of thermodynamic parameters of a number of substances taking 

part in reactions either significantly exceeded the acceptable margin (threshold) of 

errors or didn’t exist at all. In order to fill the mentioned gaps the method of additive 

system of structural ingredients (MASSI), offered for determination of silicates’ 

thermodynamic functions has been used by the STU’s researchers. With the use of the 

principles of this method  0

298,

0

298, , ff GH ∆∆  and 0

298S  of up to 25 “thermodynamically 

unknown” silicates, borates and borosilicates have been determined.  

With the purpose of verification of theoretically assumed events, including 

results received by the MASSI, the principle of their comparison with the data 

acquired by the experimental methods of physical and chemical analysis has been 
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implemented. This comparison showed satisfactory coincidence between theoretically 

assumed and experimentally received results.  

Validity of offered approach of TRMCC designing meant for the receipt of the 

ground has been checked by the complete cycle of this product’s receipt in laboratory 

conditions. The complete cycle of ground’s receipt consisted of composition 

preparation, its boiling, receipt of frit and slurry, metal surfacing at the preliminary 

prepared surface and cover’s baking. The verification of the ground’s receipt by the 

complete cycle testified the validity of thermodynamic-petrochemical approach, also 

found out technologically and economically profitable properties of semi-products 

received at the particular stages of the cycle: reduction of maximal temperature and 

duration of enamel’s boiling; possibility of self-suspended slurry’s receipt, closeness 

of linear expansion temperature coefficient for the cover and the metal, and close 

hitching between the ground and the steel.   

    

 


