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Sesavali 

Tanamedrove mecniereba da teqnika sul ufro intensiurad moiTxovs 

masalebs, romlebic sruliad daakmayofileben sxvadasxva nakeTobebis 

eqspluataciis axali sferoebiTa da pirobebiT gamowveul moTxovnebs.  

rogorc praqtika gviCvenebs, umetes SemTxvevebSi mecnierebisa da 

teqnikis ganviTarebis tempebi masalaTmcodneobis sferoSi moRvawe 

mecnierebisa da praqtikosebis mecadineobaTa tempebs uswrebs. amgvari 

viTarebis ZiriTadi mizezi axal masalaTa miRebis Teoriulad 

dasabuTebuli Sedegebidan praqtikul realizaciamde gadasvlis droSi 

gawelili xangrZlivobaa. Tumca, arcTu iSviaTad aris SemTxvevebic, 

rodesac drois mixedviT naklebad efeqturia TviT masalis miRebis 

procesi, radgan moiTxovs xangrZliv Sromas, energo da masalatevad 

eqperimentebs ZiriTadad imis gamo, rom ucnobi an naklebad Semecnebulia 

SesaZlo movlenebi konkretuli masalis bunebis sferoSi. avtorTa azriT, 

aseTi viTareba Seiqmna spilenZisa da misi Senadnobebis zedapiris dacvisa 

da misdami axali Tvisebebis miniWebis saqmeSi.  

iTvleba, rom liTonis zedapirisadmi axali, ama Tu im miznebisaTvis 

efeqturi Tvisebebis miniWebis erT-erTi ZiriTadi saSualeba mominanqrebaa 

– am zedapirze miniseburi danafaris Seqmna. am procesiT erTgvari 

kompoziti miiReba, romelSic kargadaa SeTavsebuli liTonisa da 

amorfuli myari sxeulis Tvisebebi.  

sadReisod, Savi liTonebis mominanqrebis sakiTxebia saTanadod 

Seswavlili, rac xSirad amgvari axali kompozitebis Seqmnisas ufro 

teqnologiurad, vidre masalaTmcodniurad, ganixileba. ama Tu im axali 

moTxovnis Sesabamisad iqmneba axali safari (minanqari), ZiriTadad masSi 

Semavali oqsidebis minanqris fizikur-qimiur da mominanqrebis 

teqnologiur Tvisebebze gavlenis Sesaxeb arsebuli mdidari 

gamocdilebis safuZvelze, romelmac prognozirebis araerTi saSualeba 

Camoayaliba.  

sxva viTarebaa spilenZisa da misi Senadnobebis minanqrebis sferoSi. 

maTi mominanqrebis ZiriTadi mizani iyo da dResac aris nakeTobebisadmi 

mxatvruli Rirebulebis miniWeba, radgan gamoyenebis sferoSi ar iTxoven 

gansakuTrebuli saeqsploatacio pirobebis mimarT medegobas da, 

optikuris garda, sxva Tvisebebis miniWebas. am gziT viTardeboda 
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spilenZis mominanqrebis saqme. ZiriTadad eqsperimentalurad dadgenili 

iqna spilenZis SenadnobTa saxeebi mominanqrebisTvis, minanqrebis 

Sedgenilobebi da mominanqrebis procesis niuansebi. am sferoSi iyvnen da 

CarTuli arian stu-s qimiuri teqnologiis departamentSi moRvawe 

TanamSromlebic, romelTa mecadineobiT araerTi teqnikuri Tu mxatvruli 

minanqari da maRalmxatvruli mominanqrebuli nakeToba Seiqmna. rigi 

maTgani sazRvargareT (ungreTi, germania, baltiispireTi da sxva) iyo 

eqsponirebuli. swored rom am periodSi SemCneuli iqna mTeli rigi 

Seusabamoba sainformacio wyaroebSi arsebul monacemebsa da am 

TanamSromelTa mier miRebul Sedegebs Soris. amas isic daemata, rom 

mominanqrebuli spilenZi da misi Senadnobebi maTi maRali eleqtro da 

siTbogamtarobis gamo sul ufro xSirad gamoiyeneba teqnikuri 

daniSnulebis nakeTobebSi (mavTuli, Tbomcvleli da a.S.), ramac moiTxova 

Tvisebrivad axali minanqrebis Seqmnis aucilebloba da mraval qveyanaSi 

saZiebo da praqtikuli samuSaoTa ganviTareba gamoiwvia. magram dRemde es 

samuSaoebi empirikaze arian dafuZnebuli, rac, erTis mxriv, amuxruWebs 

sakiTxTa droul gadawyvetas, meore mxriv ki xels uSlis mominanqrebis 

zogad kanonzomierebaTa Camoyalibebas.  

spilenZisa da misi Senadnobebis (aseve, rogorc sxva liTonTa) 

mominanqreba dakavSirebulia sami sakmaod gansxvavebuli procesis dros 

mimdinare fizikur-qimiuri movlenebis SemecnebasTan. pirveli TviT 

liTonis zedapiris damuSavebaa, raTa igi minisebr masalasTan 

„SexvedrisTvis“ momzaddes. meore, minanqris rogorc masalis miRebis 

fizikur-qimiuri safuZvlebis Semecnebas moiTxovs. mesame mominanqrebis 

procesia, rac bunebiT gansxvavebuli masalebis Serwymisas mimdinare 

urTierTqmedebebis codnas moiTxovs.  

gasagebia, rom xelSekrulebiT ganpirobebuli drosa da dafinansebis 

zRvrebSi samive procesis detaluri Seswavla praqtikulad SeuZlebelia. 

amitom gadawyvetili iqna spilenZisa da misi Senadnobebis fizikur-qimiuri 

aspeqtebis im sakiTxebs SevexoT, romelTa gadawyveta xels Seuwyobs 

praqtikisaTvis gamosadegi minanqris Sedgenilobis prognozirebis 

saSualebaTa Camoyalibebas.  
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1. sainfomacio wyaroebSi arsebuli monacemebis analizi 

1.1  ori fazis zedapirulad SeerTebis  

zogadi fizikuri sakiTxebi 

cnobilia, rom ori sxvadasxva myari fazis Serwymis sakiTxi 

ganixileba rogorc am fazaTa Soris ZiriTad zedapirze da mis 

siaxloveze mimdinare procesebi. SemoTavazebulia aRniSnul procesTa or 

jgufad dayofa. pirvel maTgans (pirveladebs) miekuTvneba adgezia anu 

bunebrivi fizikuri an qimiuri mizidulobis ZalTa gamo safarisa da 

dasafar masalaTa SekavSireba. fizikurs ZiriTadad vandervansuli 

Zalebis, xolo qimiurs – ionuri, kovalenturi an metaluri bmebis 

warmoqmna miekuTvneba [1-4].  

adgezia (diupres mixedviT) gamoisaxeba sistemis zedapiruli 

energiis balansis SecvliT Txevadi an myari afskis myari zedapirisagan 

„moglejisas“:  

WmT = nma + nTa – nmT   (1)  da 

Wmm = n1ma + Nn11ma – nmm   (2)   

sadac WmT da Wmm – adgeziis kuTri muSaobaa anu Txevadi da myari fazebis 

(WmT) da ori myari fazis (Wmm) erTimeorisgan dacilebis muSaobaa, 

rodesac fazaTa Soris kontaqtebis farTobi erTis tolia.  

 nadnobis adgezia myari sxeulisadmi (1) gantolebis warmoebulad 

warmoadgina iungma:  

WmT = nTa (1 + cosΘ)   (3) 

 erTi SexediT iolad gadasawyveti (3) gantoleba, iseve rogorc (1), 

sinamdvileSi sirTuleebs qmnis, romelTa eqsperimentiT gadalaxva metad 

rTulia. magaliTad, iungis mier SemoTavazebuli Ө kuTxe WeSmariti, 

Termodinamikurad wonasworuli samxareo kuTxea, romelic umetes 

SemTxvevaSi ar emTxveva gandinebis samxareo kuTxes (Өg). amis garda, 

„Txevadi-myari“ („T-m“) gamyofi sazRvris farTobis meoradi procesebiT 

daSla (3)-iT gaangariSebul sidideebTan SedarebiT realobaSi arsebuli 

WmT-gan imdenad gansxvavdeba, rom iungis gantoleba mniSvnelobas kargavs.  

 (2) gantolebiT sargebloba praqtikulad SeuZlebelia, radgan masSi 

moyvanili sidideebis (n1ma,Nn11ma, nmm, Wmm,) mopoveba realobaSi miuRebelia. 
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adgeziisgan gansxvavebiT Txevadi fazis „miwebebis“ simtkice, iseve 

rogorc kontaqturi SeerTebis simtkice, ganisazRvreba kuTri ZaliT (n/m2, 

pa, kgZ/sm2) da WmT – Tan Semdegi gamosaxulebiT aris dakavSirebuli: 

 

FmT = 
𝑊მთ (𝑛−1)

𝑟
          (4) 

 

sadac, r  gaglejad zedapirebs Soris mizidulobis eleqtromagneturi 

velis moqmedebis siSorea (r ≈ 10-9m); n – manZilis gazrdiT mosazRvre 

Zalebis Semcirebis maCvenebeli. unda aRiniSnos, rom (4)-iT gaangariSebuli 

FmT, iseve rogorc Fmm, realurTan SedarebiT metad did sidideebs iZlevian, 

rac ori mizeziT SeiZleba aixsnas: 

 gamyofi sazRvris struqturuli defeqtebiT;  

 imave sazRvris sibrtyeSi Zlierad moqmedi narCeni 

daZabulobaTa arsebobiT. 

struqturulad defeqtebis ricxvs miekuTvneba kontaqtis or 

zedapirs Soris qimiur bmaTa ganviTarebis arasrulyofileba. rac Seexeba 

daZabulobebs, maTi warmoqmna mravali faqtoris da pirvel rigSi narCeni 

daZabulobebis Sedegia. 

gamWimavi narCeni daZabulobebis (iseve rogorc SemkumSavebis) dros, 

Cndebian Zalebi, romlebic zedapiris mxebis mimarTulebiT (mWreli 

Zabvebi) moqmedeben. Tu saqme gamWinav ZalebTan gvaqvs, SekavSirebis 

sidideebi mkveTrad mcirdebian – saWiroa mcire Zabva or masalas Soris 

arsebuli SeWidulobis moSlisTvis. gasagebia, rom SemkumSavi 

daZabulobebi SeWidulobis moSlisaTvis saWiro Zabvis sidides zrdis.  

am Zabvis sididis mniSvneloba imazecaa damokidebuli, Tu ramdenad 

sworia danafaris zedapiri. imis da mixedviT, Tu ra saxiTaa zedapiris 

gamrudeba, danafarSi SeiZleba ganviTardes cxr. 1-Si moyvanili damatebiTi 

daZabulobebi.  

brtyeli (swori) kontaqtis zedapirSic SesaZlebelia daZabulobebis 

Seqmna. rac ufro dacilebulia danafaris sibrtye kontaqtis sibrtyisgan, 

miT metia danafaris dasafari masalis zedapiridan mowyvetis saSiSroeba. 

anu, rac ufro sqelia danafari, miT naklebia SeWidulobis Zala.  
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cxrili 1.  

narCeni daZabulobebi sferosebur zedapirze gacivebul danafarSi 

gafarToebis 

koeficienti 

daZabuloba Zalvis 

sqema 

 

P 

gaswvrivi 

sigrZivi 

P  

mxebi 

P 

radiusebrivi 

gare fenaSi 

αd < αl SekumSva SekumSva momwyveti 

Zalva  

αd > αl gaWimva gaWimva mimwoli 

Zalva  

Sida fenaSi 

αd < αl SekumSva SekumSva momwyveti 

Zalva  

αd < αl gaWimva gaWimva momwyveti 

Zalva  

            

  _ liToni     _ danafari  

   

 zemoT moxseniebuli Semdegi gamosaxulebiT gamoisaxeba:  

 

 Fmm = 
Wმა (𝑛−1)

𝑟
± 𝑓(𝑝)          (5) 

 

sadac funqcia 𝑓(𝑝) damokidebulia danafaris sisqeze (h), simrudis 

radiusze (R) da zedapiris momrgvalebis niSanze.  

 am sakiTxebs Cven kidev davubrundebiT, aq ki SevniSnavT, rom 

gamyarebuli danafaris Fmm-sa da Sesabamisi nadnobis myari sxeulis mimarT 

adgeziis (WmT) Soris kavSiris gamovlinebis xarisxi metad rTuli 

amocanaa. Tumca, mraval faqtorze damokidebulobis gamartivebiT (anu 

𝑓(𝑝)-s simcirisas) WmT-sa da Fmm-s Soris saSualo statistikuri 
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damokidebulebis dadgena mainc SesaZleblia. magaliTad, Fმთ
1/4

∝WmT (5) anu 

Tu WmT = nTa (1 + cosΘ) icvleba orjer, Fmm 16-jer icvleba.  

 miwebebisa da sakontaqto SeerTebisgan SeWiduloba imiT 

gansxvavdeba, Tu drosa da tempraturis ra sidideebisas imyofeboda 

danafari myar zedapirTan kontaqtSi. SeWiduloba miekuTvneba meorad 

procesebs, romlebic iwyeba ra zedapirze viTardeba siRrmeSi. am 

reaqciaTa ricxvs miekuTvneba qimiuri da eleqtroqimiuri reaqciebi, 

xsnadoba, difuzia da a.S. am procesTa Sedegad icvleba zedapiris 

reliefi, warmoiqmneba axali produqtebi, icvleba sawyis komponentTa 

Sedgeniloba – e.i. iqmneba komponentTa Soris gardamavali, sxvadasxva 

sisqis fena. es movlena SeWidulobis ZiriTadi niSania.  

 SeWidulobis simtkice im ZaliT ganisazRvreba, romelic danafaris 

fuZidan mosacileblad aris saWiro. rRveva SeiZleba moxdes gayofis erT-

erTi sibtyis (adgeziuri rRveva), Sualeduri fenis zedapiris, danafaris 

an fuZis masalebis sibrtyeTa gaswvriv (koheziuri rRveva). SesaZlebelia 

Sereuli (kompleqsuri) rRvevac.  

 aRniSvnis Rirsia SeWidulobis damokidebuleba Termuli damuSavebis 

xangrZlivobaze. anu ori sxvadasxva agregatul mdgomareobaSi myofi 

masalebis kontaqtSi yofnis droze. praqtika gviCvenebs, rom SeWidulobis 

simtkice, gamowveuli Wmm-is gazrdiT (nmT-s SemcirebiT), garkveul 

momentSi mcirdeba. amitom saWiroa am momentis dafiqsireba da sxvdasxva 

xerxiT urTierTobaTa Sewyveta. 

 sainformacio wyaroebSi arsebuli monacemebis analizi [1-5] 

gviCvenebs, rom dasveleba nadnobis adgeziisa da miwebebis aucilebeli 

pirobaa. dasvelebis aryofnisas (Ө = 1800) WmT da FmT myari zedapiris 

mimarT nulis toli xdeba. magram Ө-s da WmT (an FmT)-s Soris 

damokidebuleba arc Tu iolad dasadgenia. irkveva, rom dasveleba 

nadnobis adgeziisa da miwebebis Zalis ganmsazRvreli faqtorebidan 

(rogorebicaa nTa, SmT, r da sxva) erTerTia. 

 Sualeduri fenis warmoqmna umetesad dasvelebis rolis nivelirebas 

axdens. dadgenilad iTvleba, rom minanqris dasvelebisadmi unarsa da 

SeWidulobis indeqss Soris Sesabamisobis dadgena praqtikulad 

SeuZlebelia. es indeqsi uwyvetad izrdeba liTonis zomieri daJangulobis 
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xarisxis zrdisas. iTvleba, rom dasveleba faqtoria, romliTac nadnobis 

liTonis zedapirze Tanabari ganawilebis xarisxi xasiaTdeba.  

 arsebobs kidev erTi faqtori, romelic moqmedebs WmT, FmT-sa da 

dasvelebaze. es nadnobis koroziuli aqtiurobaa. magram, am faqtoris 

gavlenis zemoaRniSnul Tvisebebze erTsaxovani axsnac aranakleb 

sirTulebTanaa dakavSirebuli (am TvisebaTa urTierTdamokidebulebaSi 

arsebulebTan SedarebiT). erTis mxriv, koroziuli aqtiurobis gazrdam 

sakontaqto farTobi unda gazardos, warmoiqmneba ra rTuli, ankeruli 

tipis mikroreliefi. magram arc is unda dagvaviwydes, rom koroziuli 

aqtivoba liTonis zedapirze arsebuli ingredientebis nadnobSi 

gadasvlasac gulisxmobs, rac SeWidulobis simtkiceze arc Tu sasikeTod 

moqmedebs.  

 logikuria daskvna, rom mcdeloba damajereblobis ama Tu im 

xarisxiT visaubroT liTonsa da nadnobs Soris pirveladi da meoradi 

urTierTqmedebis „sufTa“ fizikur movlenebze dayrdnobiT sakmaod 

mniSvnelovani cdomilebebis mizezi SeiZleba gaxdes. amiT aixsneba 

mkvlevarTa miswrafeba iseTi meTodebis (midgomebis) SemuSavebisadmi, 

romlebic damakmayofilebeli sizustiT mogvcems saSualebas 

viwinaswarmetyveloT nadnobis, xolo gacivebis Semdeg erTi myari fazis 

meore myar fazasTan SeWidulobis xarisxi. am sferoSi miRweuli 

Sedegebis ganxilva momdevno Tavis mizania.  

 

1.2. liTonis adgeziis, sakontaqto aqtiurobis da SeWidulobis 

Teoriuli kriteriumebi 

sadReisod miRebulia, rom sxvadasxva saxis nadnobebisa (maT Soris 

silikaturebis) da liTonTa Soris fazaTaSoriso urTierTobebi Semdegi 

Teoriuli kriteriumebis safuZvelze iqnas ganxiluli:  

 Termodinamikurze – romelic organzomilebian monoatomur 

sasazRvro fenaSi mimdinare reaqciebis jibsis Tavisufali 

energiis cvlilebas (∆G0
T) ganixilavs; 

 energetikulze  _ Sesabamisi naerTebis, atomizaciis saSualo 

energiebis (Uat) gansazRvraze; 

 eleqtroqimiurze – „liToni-nadnobi“ sistemis sazRvarze 

warmoqmnili eleqtroduli potencialis Sefasebaze; 
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 eleqtronul-struqturulze – dafuZnebuli tomTa eleqtronuli 

garsacmebis Seuvseblobis xarisxsa da stabiluri eleqtronuli 

konfiguraciaTa mqone atomTa statikuri wonis ganxilvaze; 

 eleqtrostatikurze – dafuZnebuli „dileqtriki-metali“ sistemis 

sazRvarze ganmuxtavi potencialisa da muxtis simkvrivis 

Sefasebaze. 

am kriteriumebiT fasdeba liTonTa adgezia da sakontaqto aqtioba. 

rac Seexeba SeWidulobas, misi ganxilvisas Sefasebas eqvemdebareba 

Sualeduri fenis warmoqmnisas SesaZlebeli movlenebi da maTi Sedegebi 

(difuzur-qimiuri da Jangva-aRdgeniTi urTierTqmedebani, gaxsna da 

fizikuri Sereva, adsorbciul-fizikuri daleqva, meqanikuri 

urTierTSeWra).  

TviToeuli zemoCamoTvlili midgoma sakmaod damakmayofileblad 

xsnis rigi liTonTa silikatur nadnobebTan sakontaqto zedapirze 

SesaZlo movlenebs. arcTu iSviTad saqme spilenZs rogorc kvlevis 

obieqtsac exeba [11-15]. Tumca, ar SeiZleba ar aRiniSnos, rom umetes 

SemTxvevaSi „liToni-nadnobi“ sistemis sakontaqto zedapirze an mis 

garkveul moculobaSi mimdinare procesebis lokaluri urTierTobebi 

SeWidulobis dadgenaSi xels gviSlian. amisTvis saWiroa xangrZlivi 

kvlevebis Catareba an sacnobaro literaturaSi Sesabamisi informaciis 

moZieba. Cveni azriT aseTi SesaZlebloba Termodinamikur midgomebs 

„gaaCnia“, razec yuradReba Semdgom gamaxvildeba.  

 

1.3. adgeziisa da sakontaqto aqtiurobis  

Termodinamikuri kriteriumebi 

rogorc ukve iqna aRniSnuli, danafaris da substratis sazRvarze 

qimiuri bmebi da mis Sedegad axali qimiuri naerTebi warmoiqmnebian. 

iTvleba, rom adgeziis muSaoba Sesabamisi qimiuri naerTis warmoqmnis 

jibsis Tavisufali energiis tolia. rac ufro uaryofiTia energia, miT 

ufro mosalodnelia am naerTis warmoqmna da miT ufro didia adgeziis 

muSaoba (6). 

magaliTad, „liToni_oqsidi“ sazRvarze R-O axali bmebi warmoiqmneba. 

amitom silikaturi (oqsiduri) nadnobebis liTonze adgezia unda 

izrdebodes liTonis Jangbadisadmi Tvisobis gazrdiT.  
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nebismieri valentobis eleqtrodadebiTi elementis oqsidis 

warmoqmnis reaqcias Semdegi saxe aqvs:  

4

𝑛
R + O2 → 

4

mn
 RmO(mn)/2        (6) 

sadac n – elementis valentobaa; m – R-is atomTa ricxvi oqsidis 

molekulaSi.  

      amgvari reaqciis jibsis Tavisufali energia liTonis disociaciis 

drekadobiT (Jangbadis wonasworuli drekadobiT) ganisazRvreba:  

                   ∆ G0
T = RTlnPo2

                   (7) 

      am mosazrebebidan gamomdinare sainformacio wyaroebSi mocemulia 

standartul pirobebSi oqsidTa warmoqmnis jibsis Tavisufali energiebi 

(cxr. 2).  

      cxrilSi moyvanilia mxolod is oqsidebi, romlebic Cveni kvlevis 

interesebSi Sedioda.  

 

cxrili 2 

oqsidebis warmoqmna Tavisufal standartul pirobebSi (reaqcia 6) 

oqsidi ∆ G0
298, kj/moli 02 oqsidi ∆ G0

298, kj/moli 02 

2 CaO 1208,7 2/3 Fe2O3 495,3 

2 SrO 1149,1 2 Fe0,95O 490,6 

2 MgO 1139,7 2 H2O (Tx) 474,7 

2 Li2O 1124,6 2 H2O (a) 457,5 

2/3 Al2O3 1055,5 2 CdO 457,1 

ZrO2 1043,7 2/3 MoO3 445,5 

2 BaO 1021,6 2 CoO 430,4 

2 TiO 981,0 2 NiO 423,5 

TiO2 (rutili) 889,9 2 Sb2O3 421,2 

SiO2 (kvarci) 857,1 CO2 (airi) 394,6 

SiO2 (mina) 849,6 2/3 As2O3 393,0 

2/3 B2O3 (kr) 795,9 2 PbO 376,1 

2/3 B2O3 (mina) 788,4 2/5 As2O5 313,0 

2 Na2O 758,7 2 Cu2O 296,1 

2 MnO 726,0 2 CO (a) 274,5 

2/3 Cr2O3 706,8 2 CuO 256,2 
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2/3 Nb2O5 706,1 2/5 P2O5 540,0 

2 ZnO 642,0 MoO2 534,7 

2/3 Mn2O3 587,0 SnO2 520,3 

 

     cxrilSi moyvanili monacemebi da maTi ganlageba naTlad miuTiTebs 

Jangbadisadmi Tvisobis Semcirebaze (∆ G0
298, kj/moli O2-s zrdaze) CuO-dan 

CaO-mde.  

     (4)-s mixedviT 1500K-ze elementTa Jangbadisadmi Tvisobis Semcirebis 

mwkvrivebi Semdegi saxiT SeiZleba warmovadginoT:  

 monooqsidebisTvis – RO: 

Ca→Sr→Mg→Ba→Ti→V→Mn→Zn→Fe→Ni→Pb→Bi→Cd→Cu 

 R2O3 saxis oqsidebisTvis: 

Al→ Ti→V→Cr→Mn→Fe→Sb→As 

 RO2 saxis oqsidebisTvis: 

Zr→Ti→Si→Mo→As 

      [4,7]-Si SemoTavazebuli iqna adgeziis raodenobiTi Teoria, romelic 

miznad “gamdnari liToni - myari oqsidi” sistemis gamyof zedapirze 

adgeziis muSaobis Teoriuli sazomis dadgenas isaxavda.  

    ganixileboda mimocvliTi reaqcia Me'O + Me'' ↔ Me''O + Me'  (8) 

sadac Me''– gamdnari liToni, Me'O – myari oqsidia. adgeziis sazomad 

miiReboda zedapiruli jibsis Tavisufali energiis cvlileba - ∆ G0
T,S. 

  ∆ G0
T,S = ∆ G0

T,(Me''O) - ∆ G0
T,(Me'O)        (9) 

         am angariSSi ganixileboda monoatomuri zedapiruli  gansazRvruli 

sisqis fena, zedapiris erTeulze ganTavsebuli moreagire nivTierebaTa 

molTa (gram-atomTa) ricxvis gaTvaliswinebiT. naSromSi rigi saintereso 

daskvnaa gamotanili, romelTa Soris Cveni yuradReba erTma miipyro: 

aqtiurad Jangvadi liTonebi kargad “eWidebian” silikatur minebsa da 

oqsidebs, xolo keTilSobilebi – naklebad.  

    zemoT moyvanili monacemebi mkafiod nadnobisa da liTonis 

zedapirebis pirvelad urTierTqmedebaTa aRweras, raodenobrivze metad, 

Tvisebrivad gvTavazoben da xels gviwyoben am procesTa gaazrebis saqmeSi. 

arc is unda dagvaviwydes, rom Teoriulad dadgenili pirveladi 

procesebis Sedegebi umeteswilad (metadre gardamavali feniT 
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SeWidulobis ganviTarebis SemTxvevaSi) ar iZlevian ori sxvadasxva 

bunebis masalaTa mWidro SekavSirebis saimedo prognozirebis saSualebas.  

     am TvalsazrisiT metad mimzidvelia fazaTa Soris ganviTarebuli 

reaqciaTa Termodinamikuri SesaZleblobaTa gansazRvris meTodi. igi 

ZiriTadad jibsis Tavisufali energiis minimizaciis meTods (jTemm) 

emyareba [8-14]. 

     Termodinamikis kanonebidan gamomdinare nebismieri reaqciis 

SefasebisTvis efeqturia gamosaxulebebi:  

∆G0
T,r = ∆H0

T,r - T∆S0
 T,r (10) da LgKp =  −

∆𝐺𝑇,რ
0

2,303 𝑅𝑇
           (11) 

sadac ∆G0
T,r, ∆H0

T,r, ∆S0
T,r _ Sesabamisad qimiuri reaqciis jibsis 

Tavisufali energiis, entalpiisa da entropiis cvlilebaa T tempera-

turaze. T = 298 K da P = 1 atm-isas. zemoCamoTvlili Termodinamikuri 

Tvisebebi ∆G0
T,r, ∆H0

298,r da ∆S0
298,r  simboloebiT aRiniSneba.  

     298,15 K-ze TviToeuli parametris da misi temperaturuli 

damokidebulebis gansazRvra Semdegi gamosaxulebebiT SeiZleba:    

∆H0
298,r = Σ(ni∆H0

f,298)pr – Σ(ni∆H0
f,298) reag., 

                                    ∆S0
298,r = Σ(ni∆S0

f,298)pr – Σ(ni∆S0
f,298) reag.       

da a.S., sadac ∆H0
298,r – nivTierebaTa warmoqmnis standartuli moluri 

enTalpiaa, ∆S0
298,r – standartuli moluri entropia,  ni – nivTierebis i 

odenobis molTa raodenoba. 

∆H0
T,r = ∆ H0

298,r + ∫ ∆CpdT        
𝑇

298
    (13) 

      ∆S0
T,r = ∆ S0

298,r + ∫
∆Cp 

T
 dT 

𝑇

298
    (14 ) 

sadac ∆Cp = ∆ 𝛼 + ∆bT +∆c'T-2, xolo ∆ 𝛼 r = Σ(ni 𝛼)pr - Σ(ni 𝛼)reag. da a.S.,  

    𝛼,b,c' – Cp,T = f(T) funqciis koeficientebia.  

jTemm-is realizaciis Cvens mier gamoyenebuli xerxebi da Tanmimdevroba 

nax. 1-ze aris moyvanili. am meTodiT sargeblobisas [8]-s avtorebi Semdeg 

oTx SemTxvevas aRniSnaven:  

 qimiuri bma da Sesabamisad SeWiduloba ar warmoiqmneba, Tu 

temperaturaTa metad farTo diapazonSi ∆ G0
T,r> O; 

 

______________________________________________________                            

aq da yvelgan „r“ – reaqcia, „pr“ – produqti, „reag“ reagenti 

(12) 
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 danafari (kompoziti) miiReba, magram misi eqsploataciis temperatura 

miRebis (danafaris formirebis) temperaturaze ufro maRali unda 

iyos, Tu ∆ G0
T,r< O dabal da >O O maRal temperaturebze; 

 danafari miiReba, magram misi eqsploataciis temperatura danafaris 

formirebis temperaturaze naklebi unda iyos, Tu ∆ G0
T,p > O dabal 

da < O maRal temperaturebze;  

 miRebuli danafari swrafad iSleba an gardaiqmneba eqsploataciisas, 

Tu ∆ G0
T,r farTo temperaturul intervalSi yovelTvis naklebia 

nulze.  

iTvleba, rom SeWidulobis Termodinamikuri Sefasebis meTodi mokle 

droSi da realobasTan sakmod miaxlovebuli Sedegebis miRebis 

saSualebas iZleva. es ki migviTiTebs, rom jTemm prognozirebis efeqtur 

meTodTa ricxvs SeiZleba mivakuTvnoT.   

      aq erTi sirTulea – arc Tu iSviaTad, metadre rTuli da rigi 

klasis martivi naerTebis Termodinamikuri parametrebis standartuli 

moluri sidideebi ucnobia. am sirTuleebis gadalaxva SesaZloa 

sxvadasxva avtorTa mier SemoTavazebuli saangariSo meTodebiT (8-14). rig 

maTgans Cven klav davubrundebiT angariSis Sesabamis nawilSi.  
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∆H0
298,რ = Σ (n∆ H0

f,298)პრ - Σ (n∆ H0
f,298)რეაგ 

 

∆S0
298,რ = Σ (n∆ S0

298)პრ - Σ (n∆ S0
298)რეაგ 

                                                              ულიხის II მიახლოება 

 

 

 

 

                                                                                                                                                                                    კლასიკური მეთოდი 

                   შვარცმან-ტემკინის მეთოდი 

 

                                                                                                                                                                                                                                       

∆Cp,298 = Σ(n∆Cp,298)პრ-Σ (n∆Cp,298)რეაგ 

∆Cp  = ∆𝛼 + ∆bT + ∆c'T-2 

∆𝛼 =  Σ (n𝛼)პრ -  Σ (n𝛼)reag 

∆b =  Σ (nb)პრ -  Σ (nb)reag 

∆c' =  Σ (nc')პრ -  Σ (nc')reag 

∆G0
T,r=∆H298,r -T∆S298,r 

∆G0
T,r=∆H0

298,r-T∆S298,r-∆Cp,298∙T∙Mo 

∆H0
T,რ =∆H0

298,r +∫ ∆CpdT        
𝑇

298
 

∆G0
 T,რ =∆H0

298,r-T∆S0
298,r-T(∆𝛼M0+∆b M1+∆c' M-2) 

∆S0
 T,რ =∆S0

298,r +∫
∆Cp 

T
 dT 

𝑇

298
 

 

lgKp = - 
∆GT

0

2,303RT
 

∆G0
 T,რ =∆H0 T,რ - T∆S0 T,რ 

nax. 1 jTamm-is realizaciis xerxebi da 
Tanmimdevroba 

 

ულიხის I miaxloeba 

მიახლოება 
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1.4. Sida daWimulobebi drekad safarSi (danafarSi) 

     liTonsa da masze datanil bunebiT gansxvavebul masalas Soris 

safarSi saxifaTo daWimulobebis warmoqmnaa SesaZlebeli. amis mizezi 

kontaqtSi Sesuli masalebis Tvisebebis da pirvel rigSi Termiuli 

gafarToebebis (Tg) gansxvavebaa.  

     ansxvaveben safarSi arsebuli daWimulobebis or jgufs – mudmiv 

(narCen) da droebiT (Termul) daWimulobebs. pirveli Tg-s gansxvavebiTaa 

gamowveuli, meore  - temperaturuli (siTburi) dartymebiT. 

    eqsploataciisas umetes SemTxvevaSi SeWimulobis simtkicis Semcirebis 

da danafaris swrafi daSlis mizezi Sida daWimulobebi xdeba.  

    kumSvaze simtkicis garkveuli zRvrebis gadalaxvisas danafarebi 

wydebian fuZis brtyel an momrgvalebul zedapirs, xolo gaWimvaze am 

zRvris gadalaxvisas danafarSi bzarebi Cndeba. amave dros dadgenilia, rom 

sjobs danafars zezRvruli simtkice gaaCndes kumSvaze, vidre zezRvruli 

simtkice gaWimvaze. es im faqtidan gamomdinareobs, rom Zalebis (gamWimavi, 

SekumSvadi) moqmedebisas masalaTa umravlesobas mniSvnelovnad meti 

simtkice kumSvisas aqvs.  

    drekad danafarebSi meqanikur daWimulobaTa gaangariSebisadmi mravali 

naSromia miZRvnili [1-4, 18, 19]. maTi analiziT irkveva, rom umartives 

SemTxvevaSic ki (brtyli firfita) am daWimulobaTa (daZabulobaTa) 

angariSiT zusti Sedegebis miRweva metad rTuli amocanaa. amave analizis 

safuZvelze SeiZleba Camoyalibdes xuTi saSualeba, romelTa gamoyenebiT 

SesaZlebelia safarSi daWimulobaTa Semcireba: 

 fuZisa da safaris Tvisebebis SeTanxmeba; 

 safaris sisqis regulireba; 

 zedapiris simrudis Semcireba; 

 safarsa da fuZes Soris gardamavali fenis Seqmna; 

 danafaris struqturis marTva.  

winamdebare naSromSi am TanmimdevobiTaa mokled ganxiluli 

daZabulobaTa Sesaxeb sainformacio wyaroebSi arsebuli monacemebi.  

fuZisa da danafaris Serwymisas Seqmnili daZabulobaTa angariSisas or 

SemTxvevas ganixilaven – xistad damagrebuli firfitisa da Tavisuflad 

deformirebadis. pirvelSi meti daZabuloba iqmneba, vidre meoreSi.  
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Tu ganvixilavT xistad damagrebul firfitas, romelsac cali mxridan 

aqvT danafari, Semdegi daSvebebia miRebuli:  

 kveTis gaswvriv daZabulobebi erTnairia; 

 firfita nela civdeba anu firfitaSi temperaturuli gradienti ar 

arsebobs. 

    am daSvebaTa gaTvaliswinebiT danafarSi daZabulobebi (Pd) SeiZleba 

viangariSoT gantolebiT: 

Pd = 
(αდ − αლ)∆T

1−μდ

Eდ
 + 

1−μლ

Eლ
 ∙ 

hდ

  hლ

         (16),  

xolo Pl = _ Pd 
hდ

hლ
         (17) 

sadac αდ, Ed, μd da hd – danafaris ∆T intervalSi xazobrivi Termuli 

gafarToebis temperaturuli koeficienti (xTgtk), drekadobis moduli, 

puansonis koeficienti, danafaris sisqe (Sesabamisad). xolo αლ, El, μl da 

hl – liTonis igive Tvisebebi. Pl – liTonSi arsebuli daWimulobebi Pd –s 

sawinaaRmdego niSniT.  

 Cven yuradRebas am gantolebebze SevaCerebT, radgan ganxiluli 

SemTxvevisgan gansxvavebul pirobebSi (magaliTad, Tavisuflad 

deformirebadi firfitis SemTxvevaSi) movlenebi imdenad rTuldebian, rom 

maTi aRwera umetes SemTxvevaSi praqtikulad SeuZlebeli xdeba.  

 gantolebebidan (16, 17) gamomdinare naTelia, rom TvisebaTa SeTanxmeba 

pirvel rigSi SerwymaSi mosuli masalaTa xTgtk-ebis miaxloebas niSnavs. ∝d 

= ∝l-sas daZabulobebi danafarsa da liTonSi praqtikulad ar Cndebian. amis 

miuxedavad, rekomendirebulia ∝d-s ramdenadme metoba, rac mominanqrebis 

praqtikaSic farTod gamoiyeneba.  

 mominanqrebis Teoriasa da praqtikaSi araerTi naSromi arsebobs, 

romelSic SemoTavazebulia liTonze datanili minanqris safarSi 

warmoSobili daZabulobaTa angariSisadmi midgoma [15]. ditceli, magaliTad 

(16) gamosaxulebas iyenebda da aRniSnavda arc Tu realurad miRebul 

sidideebTan Tanxvdenil angariSis Sedegebs. daihelmani minanqris fenaSi 

ganviTarebuli daZabulobaTa saangariSod T-temperaturaze (18) 

gamosaxulebas gvTavazobs, romliTac Pl–s gansazRvrac SeiZleba (17) 
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gamosaxulebis daxmarebiT. daihelmanis mier miRebuli Sedegebi sakmaris 

SesabamobaSi iyvnen gaangariSebulebTan. 

Pm,T = 
(αლ−αმ)∙Eმ

1−μმ
 (1 −

Eმ∙hმ

Eლ∙hლ
∙

1−μლ

1−μმ
)    (18) 

hm-s SecvliT 2hm-ze SeiZleba gaangariSdes ormxriv mominanqrebul 

firfitaSi ganviTarebuli daZabulobebi. im SemTxvevaSi, Tu firfita 

mravalfeniania (magaliTad, liToni-fuZe minanqari (grunti) _ damfaravi 

minanqari) SeiZleba oelisa da ditcelis (16, 20) mier SemoTavazebuli 

gamosaxulebebiT visargebloT:  

 Pg = 
Eგ

∗

hგ
∙

Eგ
∗αგ,დ−Eლ

∗ αლ,გ

ΣEლ,გ,დ
∗                       (19) 

Pd = 
Eგ

∗

hგ
∙

Eლ
∗ αლ,გ+Eგ

∗αგ,დ+Eლ
∗ αგ,დ

ΣEლ,გ,დ
∗           (20) 

sadac 𝐸∗=Ed(1-μ); ∝l,g = (∝l-∝g)∆Tg  da  

∝g,d = ∝g∆Tl – 
(Eლ

∗ αლ+Eგ
∗αგ)(∆Tგ−∆Tდ)

Eლ
∗ +Eგ

∗   

 ukanasknel gantolebaSi ∆Tg da ∆Td – gruntisa da damfaravi 

minanqrebis gamyarebisa da oTaxis tempraturaTa sxvaobaa. aq da danarCen 

SemTxvevebSi aRniSvnebi g, d da l grunts, damfarav minanqarsa da liTons 

Seesabameba.  

 aRniSnuli gamosaxulebebi xistad damagrebul firfitaSi 

ganviTarebul movlenebs aRweren da gansxvavdebian Tavisuflad 

deformirebad firfitasa da gamrudebuli zedapiris mqone mominanqrebul 

nakeTobebSi ganviTarebul deformaciaTa saangariSo formulebisgan. maT 

Sesaxeb informacia mraval naSromSia da maT Soris [1-4]-Si.  

 ramodenime sityviT minanqris da liTonis sisqeebis daZabulobebis 

sidideebze gavlenas SevexebiT. (16) da (18) gamosaxulebebidan 

gamomdinareobs, rom minanqarSi daZabulobebi miT ufro naklebia, rac ufro 

mcirea misi sisqe. liTonis SemTxvevaSi adgili aqvs sapirispiro movlenebs.  
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1.5. zogi ram spilenZsa da misi oqsidebis Sesaxeb 

winamdebare mimoxilvaSi [21-26] naSromebSi warmodgenili monacemebi 

moiyvaneba. 

spilenZi perioduli sistemis pirveli (IB) jgufis elementia, romlis 

atomuri masa 63,546, rigiTi nomeri 29, dnobis temperatura 1356K, xolo 

duRilis temperatura 2633K.  

mas waxnagdacentrirebuli kuburi gisosi gaaCnia, 𝛼 = 0,31607nm-s toli 

parametriT. 297K-ze misi simkvrive 8,94 kg/m3-s, sisale 350 mpa-s, xolo 

simtkice 22 mpa-s tolia. spilenZis sxva Tvisebebidan gamovyofT: dnobis 

faruli siTbo – 205 j/g; aorTqlebis faruli siTbo – 6,34 kj/g; kuTri 

siTbotevadoba – 0,385 kj/(kg.K); kuTri siTbogamtaroba – 387vt/(sm.K); xTgtk – 

168⋅10-7K-1; kuTri eleqtrogamtaroba – 172⋅10-6 om⋅sm; normaluri drekadobis 

moduli – 125gpa; Zvris moduli – 46,4 gpa; puansonis koeficienti – 0,34.  

spilenZi warmoqmnis uwyvet myar xsnarebs Au, Ni, Pa, Pt, Mn-Tan. Ag myar 

spilenZSi uwyvetad ar ixsneba. zemoT CamoTvlili liTonebidan teqnikur 

miznebSi Ni da Mn gamoiyeneba.  

elementebidan, romlebic aRnagobiTa da TvisebebiT spilenZisgan 

Zlier gansxvavdebian da Txevad mdgomareobaSi masSi srulad ar ixsnebian, 

gamovyofdiT Jangbads, qromsa da molibdens. malegirebeli funqciis 

Semsrulebel minarevTa eleqtrogamtarobaze gavlena gamoisaxeba 

smiriaginisa da misi TanamSromlebis [21] mier SemoTavazebul grafikSi 

(nax.2). 

     dadgenilad iTvleba, rom spilenZis SenadnobebSi, romlebsac 3/2=1,5-s 

toli eleqtronuli koncentracia axasiaTebT Cveulebriv moculobacen-

trirebul gisosebs warmoqmnian. 
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nax. 2. malegirebeli elementebisa da minarevebis gavlena  

spilenZis eleqtrogamtarobaze 

 

amis klasikuri magaliTia CuZn naerTi, romlis safuZvelze β-

TiTberebad xsenebuli myari naerTebi miiRebian. am naerTSi spilenZis erT 

savalento da cinkis or savalento eleqtronebze ori atomi modis, anu 

naerTi eleqtronuli koncentracia 3/2-s tolia. amave tipis naerTebs 

miekuTvnebian CuBe, Cu3Al, Cu5Si, Cu5Sn da a.S. γ-TiTberebis eleqtronuli 

koncentracia (e.k.) 21/13=1,62-s tolia. am SemTxvevaSi erT elementarul 

ujredze 52 atomiani rTuli kuburi gisosi (Cu5Zn8,Cu2Cd8 da a.S.) yalibdeba. ℇ 

– TiTberebSi e.k. 7/4=1,75-s tolia da mkvrivad Cawyobili heqsogonuri 

struqtura warmoiqmneba. rac Seexeba 𝛼 fazas, masSi aRniSnuli fardoba 1,4-s 

tolia. nax. 3-ze Cu-Zn mdgomareobis diagrama moiyvaneba, romlis saSualebiT 

zemoT aRniSnuli Senadnobebis temperaturuli ubnebi SeiZleba 

ganisazRvros [21].  

mominanqrebis mizniT iyeneben TiTbers (maT tompakebsac uwodeben), 

melqiors, neizilbers da brinjaos. mosaminanqreblad gamoyenebadi 

spilenZisa da misi Senadnobebis qimiuri Sedgenilobebi da rigi Tvisebebi 

cx. 3-Si aris moyvanili [2]. 
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nax. 3 spilenZi-cinki mdgomareobis diagrama 

  

cxrili 3 

mominanqrebis mizniT gamoyenebadi Cu da misi Senadnobebi  

elementebi, 

Tvisebebi 

Cu da misi Senadnobebi 

teqnikuri TiTberi brinjao neizilberi melqiori 

Cu 99-99,5 89,00-91,00 91,3-90,2 58-66 78,4-62,0 

Sn 

1-0,5 

0,1 7,9-9,0 - - 

Ni 0,5 - 11-26 18,0-33,0 

Fe 0,1 0,05 0,3 0,5-1,0 

Pb 0,03 0,05 0,05 - 

Zn 10,07-8,07 0,3 30,05-7,05 - 

Al 0,1 - - - 

Mn 0,1 - 0,6 0,5-1,0 

P - <0,4 - Cr 2,6-3,0 

simkvrive, γ, 

gr/sm3 

8,9 8,8 8,8 - - 
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drekadobis 

moduli E, gpa 

125 225 - - - 

simtkice 

kumSvisas n, gpa 

0,22-0,30 - 0,4-0,5 - 400 

sTgtk, 𝛼 ∙10-7, K-1 180 180 180 - - 

kuTri 

siTbogamtaroba, 

λ, vt/g∙k 

360 155 50 - - 

 

Cveni azriT, mominanqrebis TvalsazrisiT metad mniSvnelovania Cu-O2, 

Mn-Cu-O, N1-Cu-O, Si-Cu-O sistemebis mdgomareobis diagramebi [21-24]. sistema Cu-

O2 [21]-Si martivi evteqtikiT aris warmodgenili (nax.4), romlis dnobis 

temperatura 1338K-s tolia. aRiniSneba, rom Jangbadis xsnadoba spilenZSi 

metad mcirea da 1338K-ze 0,011 mas. %-s Seadgens. 

smiTi da robertsi jer kidev XX saukunis 20-ian wlebSi gvTavazoben 

Cu-CuO –s diagramas, romelzec zemoT aRniSnulis garda aRiniSneboda Cu2O-

CuO-L evteqtika  Cu-s 80 da Jangbadis 20 mas. %-sas. am evteqtikis temperatura 

1333K-ia. [25]-Si aris miTiTebebi, rom arsebobs myar xsnarTa farTo ubani 

MgO-s, Cu2+-sa da Cu+-s arsebobiT. 

mogvianebiT dadgenili iqna, rom CuO-s MgO-Si zRvruli xsnadoba 21 

mol. %-s aRwevs da rom arsebobs Cu2MgO4 naerTi, xolo CuO-Si MgO-s 

xsnadoba 1%-s ar aRemateba da SesaZlebelia Cu3MgO4 –s SedgenilobasTan 

miaxlovebuli arasteqiometruli naerTis warmoqmnac [22]. igive cnobaris 

Tanaxmad SesaZlebelia CuMn2O4 Sedgenilobis Spinelis warmoqmna, 

romelTanac Tanaarseboben 1,16 CuO ∙ 0,84 MnO da 1,1CuO∙0,9MnO naerTebi. ar 

gamoiricxeba Cu1+xMn1-x-yO2+x (sadac x = 006, xolo y = 0,048) faza, romelic CuO-

sa da SpinelebTan Tanaarsebobs. garda amisa warmoiqmneba CuMg2O4- Mn3O4  Cu1-

xMn 2+xO2(x=0,212) myari xsnari. sistemaSi Cu-Si-O silikatebi, Cu+ da Cu2+ ar 

warmoiqmneba (nax. 5).  

is, rom spilenZis silikatebi ar warmoiqmnebian, sxva naSromebiTac 

dasturdeba [23]. 
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     nax. 4 Cu-Cu2O sistemis 

     mdgomareobis diagrama 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   nax. 5  Cu – Mn-O sistemis           

   mdgomareobis  diagrama 

 

nax. 6.  CuO – SiO2 sistemis 

dgomareobis SesaZlebeli 

diagrama, agebuli im 

SemTxvevisTvis, rodesac CuO-s 

daSla umniSvnelo iyo 

(arawonasworuli sistema) 

 

nax. 7  Cu2O -SiO2 sistemis 

mdgomareobis diagrama (CuO-s 

Semcveloba araumetes 5%-sa) 
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aRiniSneba, rom arseboben martivi evtektikebi CuO-SiO2 da Cu2O-SiO2 , 

romelTa SedgenilobaSia ≈ 7 mas % CuO (nax. 6) da ≈ 8 mas % Cu2O (nax. 7), 

xolo temperaturebi ≈ 1343K-ia.  

borxertma da kriomerma Seiswavles ra 1073-1323K intervalSi 

urTierTqmedebani MgO-CuO-SiO2 sistemaSi, mividnen daskvnamde, rom Cu2+ ionebs 

SeuZliaT Secvalon 50%-mde  Mg2+,  ris Sedegad (Mg, Cu)O∙MgO∙2SiO2  myari 

xsnari miiReba. miReba gaiolebulia Cu+-s Tanaarsebobisas, magram misi 

gisosSi Sesvla ar iyo dafiqsirebuli. dadginda, rom temperaturis zrdiT 

spilenZis Semcveloba myar xsnarSi mcirdeba da 1323K-ze praqtikulad aris 

mxolod protoenstatiti.  

myari xsnarebi 0-33 mol % CuO-s intervalSi NiO-Sic dadginda. rac 

Seexeba CuO-Si NiO-s xsnadobas, mas ≈4 mol %-iT afaseben [26]. 

 

1.6. spilenZisa da misi SenadnobebisTvis gankuTvnili minanqrebis 

Sedgenilobisa da SeWidulobis arsebuli  

warmodgenebis Sesaxeb 

     xangrZlivi drois ganmavlobaSi spilenZis da misi Senadnobebisgan 

damzadebuli nakeTobebis mominanqreba ZiriTadad saiuveliro, saeklesio 

nakeTobebis, mxatvruli panoebis, samkaulebis, samkerde niSnebisa da 

sayofacxovrebo nivTebis dasamzadeblad gamoiyeneboda. amisaTvis sufTa 

spilenZTan erTad melqiors, neizilbers, TiTbersa da brinjaos iynebdnne.  

     spilenZi da misi Senadnobebi Zvirfasi Tvisebebis gamo (maRali 

eleqtro da siTbogamtaroba, dayalibebisadmi midrekileba da a.S.) 

ukanasknel dros farTod gamoiyeneba maRali sixSiris deniT nakeTobaTa 

wrTobis induqtorad, Tbomcvlelebad, eleqtruli denis gamtarebad, 

naxevargamtarebad da sxva daniSnulebis nakeTobebis dasamzadeblad. 

imisaTvis, rom feradi liTonebidan (spilenZisa da misi Semadnobebidan) 

damzadebulma nakeTobebma gauZlon eqsloataciis eqstremalur pirobebs 

mimarTaven maTi zedapiris dacvas sxvadasxva saxis danafarebiT (maT Soris 

minanqrebiT).  

     rogorc pirvel, meore sferoSi nakeTobaTa mominanqrebisaTvis 

aucilebelia minanqrisa da liTonis xTgtk-s sidideTa erTmaneTTan 

miaxloeba, mWidro SeWidulobis uzrunvelyofa da nakeTobis zedapirisTvis 
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garkveuli Tvisebebis miniWeba. aq mxolod erTi saSualebaa – moiZios iseTi 

Sedgenilobis minanqrebi, romlebic uzrunvelyofen nakeTobebis 

zedapirisadmi wayenebul garkveul moTxovnebs.  

     mxatvruli minanqrebisaTvis garda xTgtk-s mimarT moTxovnis 

dakmayofilebisa, romelic iribad SeWidulobasac gansazRvravs, ZiriTadi 

moTxovnilebebi esTetikuri xasiaTisaa. am sferoSi SemoTavazebulia 

minanqrebis arc Tu mcire odenoba. rigi maTgani cxr. 4-Sia moyvanili, 

romlebic vercxlis, oqrosa da spilenZisgan damzadebuli nakeTobebisTvis 

aris rekomendirebuli. aqve miTiTebulia saqarTvelos teqnikur 

universitetSi damuSavebuli minanqrebi [1,2,27,28]. 

    [1]-Si aRiniSneba, rom cxrilSi moyvanili gamWvirvale minanqrebis 

xSobisTvis SnO-s garda ftoridebi gamoiyeneba, SeRebisaTvis CoO, NiO, Mn3O4, 

Cr2O3, Cu2O. 

 

cxrili 4 

minanqrebis Sedgenilobebi 

oqsidebi Semcveloba, mas % 

1 2 3 4 

SiO2 14,0-35,0 44,0 22,5 34,0-52,0 

B2O3 10,0-15,0 4,0 11,9 10,0-12,2 

Al2O3 - 7,0 3,5 2,0-6,0 

BaO - 8,0 26,2 - 

CaO 20,0-mde 5,0 8,6 - 

          CuO 5,0 - 5,0 - 

PbO 20,0-30,0 - - - 

Na2O  

3,0 

18,1 12,7 18,0-26,0 

K2O 13,9 9,6 8,0-12,0 

SnO - - - 3,0-16,0 

Li2O - - - 3,0-4,0 

ZnO  - - 2,0-10,0 

          

     1, 2, 3 – sanqt-peterburgis teqnologiuri instituti [1, 2]; 

          4 – saqarTvelos teqnikuri universiteti [27, 28] 
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    Sromisa da garemos usafrTxobis gamkacrebuli moTxovnebis gamo, 

saerTaSoriso jandacvisa da ekologiis Sesabamisi saerTaSoriso 

organizaciebis rekomendaciiT saWiro gaxda kalas oqsidis amoReba 

Semadgenlobidan da tyviis oqsidis Semcvelobis SezRudva. amis 

gaTvaliswinebiTaa avtorTa mier [1] axali SedgenilobaTa SemuSaveba (cxr. 4-

Si, 2, 3). ar aris PbO stu-Si Seqmnil minanqarSi (28), magram masSi kalas 

oqsidis mniSvnelovani raodenobaa.  

     mxatvruli da teqnikuri mominanqrebisTvis (spilenZis maRaltempe-

raturuli koroziisgan dacvisTvis) zubexinisa da Tanaavtorebis mier 

miRebulia minanqrebi R20-CaO-MgO-B2O3-Al2O3-SiO2 da  R20-CaO-BaO-B2O3-Al2O3-SiO2 

sistemebis safuZvelze. maTSi Seiyvaneboda  Fe2O3-s, MnO2-sa da sxva 

saRebavebis mcire odenoba. danafarTa SeRebisTvis pigmentebic, xolo 

mxSobebad ZnO2 da T1O2 gamoiyeneboda.  

     ar SeiZleba ar aRiniSnos spilenZisa da maTi SenadnobebisaTvis 

gankuTvnili minanqrebisadmi miZRvnili naSromTa simcire. Cveni azriT, amis 

ZiriTadi mizezi SeiZleba am liTonTa minanqriT dacvis sferoSi uaxlesi 

kvlevis Sedegebis gamoqveynebisgan Tavis aridebis politika iyos. rac axal 

saSualebaTa an masalaTa nebismier sferoSi, pioneruli damkvidrebis 

periodSi xSiri molenaa.  

     rac Seexeba spilenZisa da misi Senadnobebis mominanqrebis periodSi 

minasa da liTons Soris ganviTarebul process, unda aRiniSnos am sfroSi 

gabatonebuli Semdegi Sexeduleba.  

     avtorTa [1-3] Tanaxmad spilenZsa da minanqars Soris adgezia da 

Semdgomi SeWiduloba Jangbaduri “xidebiT” xorcieldeba. bmebi imiT 

warmoiqmneba, rom minanqriT spilenZisa da misi Senadnobebis dasveleba 

Jangbadis atomTa difuziiT (liTonTa gisosis gavliT) ganisazRvreba. 

zedapirze warmoqmnili da liTonis zedapirul fenebSi gaxsnili Jangbadis 

ionebi warmoqmnian ra bmebs minanqris struqturasTan iZlevian SeWidulobas. 

Sesabamisad SeWidulobas Semdegi sqemiT warmoadgenen (nax.8).  
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O          O         O                                       

      Si         Si     minanqari 

O          O         O 

_ _ _ _ _ _ _ _ _ _ _ _  

Cu  O  Cu  O  Cu 

Cu Cu O   Cu Cu spilenZi 

Cu Cu Cu Cu Cu  

 

nax. 8 spilenZis SeWidulobis  

      sqema minanqarTan 

 

      

1.7. sainformacio wyaroebSi arsebuli monacemebis ZiriTadi 

daskvnebi da kvlevis miznis dasabuTeba 

     pirvel TavSi moxsenebuli da sxva monacemebis analizis safuZvelze 

SeiZleba davaskvnaT, rom ori bunebiT sxvadasxvanairi masalis Serwymis 

sferoSi Sesrulebulia mravali kvleva dakavSirebuli gamof zedapirze da 

mis axloblad arsebul fenebSi SesaZlo urTierTqmedebebTan da maTi 

Sedegebis Teoriul aspeqtebTan. irkveva, rom myar fazaTa saimedo Serwymis 

miReba mravali fizikuri, qimiuri da fizikur-qimiuri movlenaTa 

gaTvaliswinebas moiTxovs.  

     liTonebisa da miniseburi myari amorfuli masalis – minanqris 

Serwymisas sakontaqto zedapirsa da Sualedur fenaSi ganviTarebuli 

movlenebi zogadad dadgenil kanonzomierebas ZiriTadad emorCilebian. 

Tumca, moiTxoven momijnave mecnierebisa da praqtikis iseT monacemebs, 

romelTa mopoveba arc Tu iSviaTad praqtikulad SeuZlebelia.  

   konkretulad, spilenZisa da minanqris safuZvelze kompozitis miRebis 

sakiTxebis Seswavla bevrad CamorCeba Savi liTonebis minanqriT dafarvisas 

analogiur sakiTxebSi miRebul informacias. aq ZiriTadad mxatvrul 

mominanqrebazea yuradReba gadatanili, romlis ZiriTad mizans spilenZisa 

da mis Senadnobebidan miRebuli nakeTobebisadmi esTetikur moTxovnilebebs 

uyeneben.  

maSasadame, aRniSnuli SeWidulobis 

ZiriTadad faqtorad minanqris 

sasazRvro fenis oqsidebiT gajereba 

miiCneva: - Cu – Cu – O – Si – O -. 

     aqedan gamomdinareobs, rom radgan 

Si – O – Cu qimiuri bma umTavresi 

valentobebiT xorcieldeba, SeWidu-

loba spilenZis uoqsido zedapirTanac 

unda iyos. Tumca daiSveba oqsiduri 

Sualeduri fenis warmoqnac.  

 

maSasadame, aRniSnuli SeWidulobis 

ZiriTadad faqtorad minanqris 

sasazRvro fenis oqsidebiT gajereba 

miiCneva: - Cu – Cu – O – Si – O -. 

     aqedan gamomdinareobs, rom radgan 

uwyveti Si – O – Cu qimiuri bma umTavresi 

valentobebiT xorcieldeba, SeWidu-

loba spilenZis uoqsido zedapirTanac 

unda iyos. Tumca daiSveba oqsiduri 

Sualeduri fenis warmoqnac.  
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     spilenZisa da mis Senadnobebis teqnikuri mominanqrebis srulyofilad 

SeswalisTvis gansaxorcielebelia kvlevaTa moculobiT metad 

mniSvnelovani samuSaoebi. maTi sam jgufad dayofaa SesaZlebeli. pirveli 

ori liTonis zedapiris Sesabamisi winaswari damuSavebisa da minanqris 

optimaluri Sedgenilobis dadgenis sakiTxebTanaa dakavSirebuli, mesame ki 

TviT mominanqrebis procesTan.  

     TiToeuli am jgufis samuSao iTxovs mkafiod gamosaxul amocanaTa 

gadaWras. pirvel SemTxvevaSi saWiroa liTonis fuZis unaklo mdomareoba: 

homogenuri struqtura, mavne minarevebis da Sida daWimulobaTa aryofna, 

liTonis sufTa gaucximoebuli zedapiri.  

     axali Sedgenilobis minanqris miRebisTvis pirvel rigSi saWiroa iseTi 

minis miReba, romelsac spilenZTan miaxloebuli xTgtk-i aqvs, akmyofilebs 

mis mimarT wayenebul moTxovnebs da uzrunvelyofs Cu-sa da mis 

SenadnobebTan mWidro SeWidulobas.  

     mesame – mominanqrebis damasrulebel nawilSi aucilebelia minis 

liTonis zedapirze datanebis optimaluri parametrebis SemuSaveba.  

     gasagebia, rom Cvens mier mopovebuli grantis arc xangrZlivoba, arc 

finansuri mxardaWeris moculoba da arc SemsrulebelTa odenoba ar iZleva 

farTomasStabiani kvlevis Catarebis saSualebas, rac saTanadod iqna 

gamosaxuli Temis dasaxelebaSi. masSi Cu-sa da mis Senadnobebis 

mominanqrebis fizikur-qimiur aspeqtebzea yuradReba gamaxvilebuli.  

   am aspeqtTa ricxvs Cven mivakuTvnebT Semdeg sakiTxebs:  

 safarisa da substraqtis sazRvarze axali qimiuri naerTebis raobisa 

da warmoqmnis SesaZleblobis Teoriuli Sefaseba; 

 minanqris sakontaqto aqtiurobis Teoriuli Sefaseba; 

 miRebul kompozitSi Sida daWimulobaTa Teoriuli Sefaseba; 

 miRebuli Sedegebis konkretul kompozitze Semowmeba. 

dasaxuli amocanebi gulisxmoben: 

 spilenZisa da maTi Senadnobebidan praqtikaSi gamoyenebadi 

konkretuli saxis liTonis gamoyenebas; 

 aRniSnuli liTonis winaswari damuSavebis arsebuli meTodikis 

gamoyenebas; 
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 arsebuli Sedgenilobis minanqrisa da mominanqrebis teqnologiis 

gamoyenebas; 

 kvlevebis Sedegad dadebiTi Sedegebis miRebisas axali Sedgenilobis 

minanqris SemoTavazebas. 

grantiT gaTvaliswinebuli samuSaoTa SesrulebiT dasaxulia:  

 Camoyalibdes Cveni mosazrebebi spilenZsa da mis SenadnobebTan 

minanqris SeWidulobis Sesaxeb; 

 warmoCenili iqnas fizikur-qimiuri SesaZleblobebi mominanqrebis 

calkeuli stadiis Teoriul SefasebaSi. 

   am miznebis miRweviT SesaZlebeli gaxdeba „liTon-minanqari“ efeqturi 

kompozitis miRebis rigi procesis prognozireba. 

 

2. feradi liTonebis (spilenZis) mominanqrebis  

fizikur-qimiuri aspeqtebis SedarebisTvis  

saWiro sainformacio bazis Seqmna 

rogorc aRiniSna, mominanqrebis SefasebisTvis ZiriTadad qimiuri 

Termodinamikis, fazuri wonasworobisa da petroqimiis debulebaTa 

gamoyeneba iqna dasaxuli. 

qimiur TermodinamikaSi upiratesad procesTa (reaqciaTa) Sefasebis 

jibsis Tavisufali energiis minimizaciis meTodia SerCeuli, radgan mxolod 

am meTodiT SeiZleba am procesTa Sedegad miRebuli produqtebis dayofa 

maTi agregatuli mdgomareobis mixedviT. Tumca Termodinamikuri Sefasebisas 

Cven umetes SemTxvevaSi miuleris mier me-20 saukunis 50-60 wlebSi 

gamoTqmul da SemdgomSi sayovelTaod aRiarebul mosazrebebs 

veyrdnobodiT.  

am mosazrebaTa arsi gamomdinareobs Semdegi daskvnebidan:  

 miniseburi myari tanisTvis (sxeulisTvis) damaxasiaTebelia sivrcobrivi 

karkasis arseboba, romelic kovalenturad bmuli atomebisa da 

kvadrupoluri dajgufebebisgan Sedgeba. aseT sxeulebSi qimiurad 

bmuli atomebisa da ionebis jgufebTa Soris SekavSireba mokled 

moqmedi kovalenturi da vandervalsuri bmebiT xorcieldeba; 



29 

 

 kristalur myar sxeulebSi, garda zemoaRniSnul bmebisa, Sors moqmedi 

kulonuri bmebis Zalebic moqmedeben, rac ganapirobebs am sxeulTa 

sivrceSi mowesrigebuli struqturis Camoyalibebas; 

 kristalur myar sxeulebSi arsebuli kulonuri bmebis minisebr 

sxeulSi aryofna ar unda iwvevdes mniSvnelovan gavlenas minis Sida 

energiaze, radgan myari sxeulis orive formaSi gadamwyvetia 

mokledmoqmedi kovalenturi da dipoluri bmebi. rac mtkicdeba 

kristalur da minisebur mdgomareobebSi nivTierebaTa atomizaciis 

enTalpiis sidideebis mcire gansxvavebebiT – sxvaoba, rogorc wesi, 3%-s 

ar aRemateba.  

zemoT moyvanili daskvnebi iZlevian saSualebas ugulvelvyoT metad 

moSorebuli nawilakebis urTierTqmedebis energia, anu madelungis 

koeficienti erTs gavutoloT da visargebloT kristaluri myari 

sxeulebisTvis sakmao saimedod dadgenili Termodinamikuri parametrebiT 

minis (minanqris) miRebis dros mimdinare fizikur-qimiuri urTierTqmedebaTa 

Sefasebisas.  

swored rom am principiTaa ganxorcielebuli momdevno TavebSi moyvanili 

minanqris kompoziciaSi Termuli damuSavebisas da minanqarsa da liTons 

Soris gamowvisas mimdinare procesebis Termodinamikuri Sefasebebi. magram 

winaswar aucilebeli iyo dagvedgina Termodinamikuri parametrebis 

monacemTa bazis „mzadyofna“ dasaxuli amocanebis gadasaWrelad.  

am sferoSi Cveni mecadineobis Sedegebi meore TavSi aris warmodgenili. 

 

2.1 sainformacio monacemTa bazis Seqmna minanqris kompoziciaSi Termul 

damuSavebisas mimdinare reaqciebis Sesafaseblad 

sainformacio wyaroebSi arsebuli monacemTa analiziT dadginda, rom 

silikatebis warmoqmnis urTierTqmedebaTa SedarebisTvis sakmaod mdidari 

masala arsebobs [9-11, 29, 36]. maTSi mocemulia Termodinamikuri 

SefasebisTvis aucilebeli enTalpiis, entropiis da siTbotevadobis 

standartuli moluri sidideebi, rogorc reagentebis, ise produqtebis 

∆H0
f,298, S0

298 da Cp,298. am sidideebs SemdgomSi Cven gamosaval (sawyis) 

parametrebs an “sawyis Termodinamikur parametrebs (T. p.)” vuwodebT. 
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im SemTxvevaSi, Tu nivTierebis aRniSnuli parametrebi iyo daudgeneli, 

Cven [17, 31]-Si SemoTavazebul e. w. “struqturul ingredientTa aditiur 

sistemas” mivmarTavdiT.  

bevrad mwiri aRmoCnda saWiro sawyis parametrTa Sesaxeb informacia 

boratebis miRebis urTierTqmedebaTa Sesadareblad.  

sainformacio wyaroebSi SemoTavazebuli meTodebiT am parametrTa 

gaangariSebam mniSvnelovani cdomilebebi mogvca. ramac gaangariSebis iseTi 

meTodis Zieba moiTxova, romelic aRniSnul cdomilebebs minimumamde 

daiyvanda.  

mravali mcdelobis Sedegad Cveni arCevani silikatebis sferoSi 

aprobirebul “struqturul ingredientTa sistemis” meTodze SeCerda. es 

meTodi, dafuZnebuli silikatebis kristaloqimiur klasifikaciaze, adgens 

klasifikaciaSi Semaval naerTTa sawyis parametrebs Sesworebisa da 

nivelirebis koeficientebis gamoyenebiT.  

boratebis SemTxvevaSic arsebobs analogiuri klasifikacia, romelic 

teniusonis mieraa SemoTavazebuli, SemdgomSi ki kondratievas 

cvlilebebiTaa da damatebebiT koreqtirebuli [31]. klasifikacia 

dafuZnebulia [BO3] ([B(OH)3]) – samkuTxedebisa da [BO4] ([B(OH)4]) – 

tetraedrebis arsebobasa da Serwymis Tadarigis Sefasebaze. amgvarad, 

boratebi naerTTa 5 klasiTaa warmodgenili (A, B, C, D, E). TiToeuli maTgani 

3-4 qveklasSia ganTavsebuli poliionebis ganawilebisa da erTmaneTTan 

Serwymis saerTo niSnebiT. Cven mxolod im klasebsa da qveklasebze 

SevCerdebiT, romlebic Seicaven kvlevisTvis saintereso boratebs.  

R[B2O4] (R2[B2O4]) – metaboratebi C – klasis  C1 – qveklass miekuTvnebian (nax. 

9). naerTebi miiRebian [BO3] – samkuTxedTa iseTi SerwymiT, romelic am 

poliionebisgan Semdgar jaWvebs warmoqmnian.  

 

 

 

 

 

 

  

nax. 9. Ca[B2O4] struqturis 

motivi mourezios, pleTingerisa da 

zaxariasenis mixedviT 
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R2[B2O5] – piroboratebi B-klasis B1 – qveklasis suanitis jgufis 

naerTebs miekuTvnebian (nax. 10). aq dawyvilebuli [BO3]-s samkuTxedebi 

izolirebulad arian ganlagebuli. 

 

 

 

 

 

 

nax. 10. suanitis struqturis motivi tenisonis mixedviT 

 

A-klasis A1 – qveklasis kotoitis (Mg3[BO3]2) jgufSi ortoboratebi 

Sedian. maTTvis damaxasiaTebelia erTeuli poliionebis (erTeuli [BO3]–

samkuTxedebi) izolirebuli (kunZulovani) ganlageba. 

Sesaswavli urTierTqmedebaTa sferoSi boratebis kidev erTi jgufic 

Sedis – “borati-tinkalkonitis” jgufisa. igi B-klasis B1 – qveklasis 

boratebs miekuTvneba, romlebisTvis damaxasiaTebelia [B(O,OH)3]- 

samkuTxedebisa da [B(O,OH)4]- tetraedrebis urTierTSekavSirebuli 

poliionebi.  

nax. 11-ze warmodgenilia borakis (Na2[B4O5(OH)4]∙8H2O) struqturis 

proeqcia (010) sibrtyeze. igi mkafiod gamosaxavs jaWvisebr motivs, romelic 

ori [BO2(OH)] da ori [BO2(OH)2] samkuTxedebisa da tetraedrebisgan Semdgar 

poliionebiTaa warmoqmnili. maT paraleluradaa ganlagebuli Na(H2O)6- - sgan 

Semdgari jgufebi.   

 

 

  

 

 

                                 

 

 

nax. 11. borakis struqura teniusonis mixedviT 
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zemoT moyvanili struqurebis Taviseburebebidan da [17,31]-dan 

gamomdinare sxvadasxva jgufebis boratebis warmoqmnis reaqciebi SeiZleba 

Semdegi saxiT daiweros: 

metaboratebisTvis: B2O3(B)+RO → RB2O4(RB2) 

piroboratebisTvis: RB2O4(RB2)+RO → R2B2O5(R2B2) 

ortoboratebisTvis: R2B2O5 (R2B2)+RO → R3B2O6(R3B2) 

borakisTvis: B2O3∙ 3H2O+R+BO2∙2H2O+R+BO2∙4 H2O+ H2O → R2
+[B4O5(OH)4]∙ 8H2O(Bor) 

tinkalkonitisTvis: R+BO2∙2H2O+ R+BO2+ B2O3∙ 3H2O→ R2
+[B4O5(OH)4]∙ 3H2O(Tin) 

kernitisTvis: 2(R+BO2∙2H2O)+ B2O3→ R2
+[B4O5(OH)2]∙ 3H2O(Ker) 

 am reaqciebSi reagentebi “struqturul ingredientTa” (s.i.) rolSi 

gamodian da, rogorc wesi, produqtis struqturasTan SedarebiT boratuli 

poliionebis mixedviT metad da naklebad “organizirebul” naerTebs 

warmoadgenen. magaliTad, RB2O4-is misaRebad saWiroa [BO3] – samkuTxedebidan 

uwyvetad Semdgari naerTis (s. i.) - B2O3-isa da uboro naerTis  - boratuli 

organizaciis armqone naerTis (RO-s) aReba.  

 am reaqciebis Tanaxmad SeiZleba daiweros sawyisi parametrebis 

gaangariSebis tolobebi:  

metaboratebisTvis: ∆𝐻𝑓,298,𝑅𝐵2

0 = ∆𝐻𝑓,298,𝐵
0 +∆𝐻𝑓,298,𝑅𝑂

0 ; 

piroboratebisTvis: ∆𝐻𝑓,298,𝑅2𝐵2

0 = ∆𝐻𝑓,298,𝑅𝐵2

0 +∆𝐻𝑓,298,𝑅𝑂
0 ; 

ortoboratebisTvis: ∆𝐻𝑓,298,𝑅3𝐵2

0 = ∆𝐻𝑓,298,𝑅2𝐵2

0 +∆𝐻𝑓,298,𝑅𝑂
0 ; 

borakisTvis: ∆𝐻𝑓,298,𝐵𝑜𝑟
0 = ∆𝐻𝑓,298,𝑅𝐵𝐻4

0 +∆𝐻𝑓,298,𝑅𝐵𝐻8

0 +∆𝐻𝑓,298,𝐵2𝐻6

0 + ∆𝐻𝑓,298,𝐻2𝑂
0  

tinkalkonitisTvis: ∆𝐻𝑓,298,𝑇𝑖𝑛
0 = ∆𝐻𝑓,298,𝑅𝐵𝐻4

0 +∆𝐻𝑓,298,𝑅𝐵
0 +∆𝐻𝑓,298,𝐵2𝐻6

0  

kernitisTvis: ∆𝐻𝑓,298,𝐾𝑒𝑟
0 = 2∆𝐻𝑓,298,𝑅𝐵𝐻4

0 +  ∆𝐻𝑓,298,𝐵2𝑂6

0  

gantolebebSi RBH4 – R+BO2∙2H2O; RBH8 – R+BO2∙4H2O; B2H6 – B2O3 ∙3H2O.  

aRniSnuli gantolebebiT SeiZleba dadgindes boratis saZiebeli 

sawyisi parametrebi ∆𝐻𝑓,298,
0  𝑆298

𝑜   da 𝐶𝑃,298
. amisTvis saWiroa rigi operaciis 

Catareba, romelTa arsi ∆𝐻𝑓,298
0 -sa da 𝑆298

𝑜 -sTvis cxr. 5 da 6-is saxiTaa 

warmodgenili. ioli dasadgenia, rom ∆𝐻𝑓,298
0 -Si cdomileba 2%-s ar aRemateba, 

xolo 𝑆298
𝑜 -sTvis < 1%-ze.  
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cxrili 5 

rigi boratebis ∆𝑯𝒇,𝟐𝟗𝟖,რ
𝟎  –is angariSis msvleloba da Sedegebi 

 

boratebi 
∆𝐻𝑓,298

0  

kkal/ 

moli 

s. i. da maTi ∆𝐻𝑓,298
0   

q1 

kkal/ 

moli 

 

KS 

 

Kn 
∆𝐻𝑓,298,რ

0  

kkal/ 

moli 

cdomileba 

s. i. ∆𝐻𝑓,298
0  

kkal/ 

moli 

∆, 

kkal/ 

moli 

% 

metaboratebis jgufi (RB2O4) 

CaB2O4 -485,41 CaO 

B2O3 

-151,82 

-304,20 

-456,02, 1,0644  

1,0787 

-491,909 6,499 1,34 

Li2B2O4 -488,60 Li2O 

B2O3 

-142,80 

-304,20 

-447,00 1,0930 -482,179 -6,421 1,31 

MnB2O4 - MnO 

B2O3 

-92,04 

-304,20 

-396,24 - 1,0787 -427,424 - - 

MgB2O4 - MgO 

B2O3 

-143,80 

-304,20 

-448,00 - 1,0787 -483,258 - - 

piroboratebis jgufi (R2B2O5) 

Ca2B2O5 -653,54 CaB2O4 

CaO 

-485,41 

-151,82 

-637,23 1,0256 1,0256 -653,54 0 0 

Mg2B2O5 - MgB2O4 

MgO 

-483,26 

-143,80 

-627,06 - 1,0256 -643,113 - - 

Mn2B2O5 - MnB2O4 

MnO 

-427,42 

-92,04 

-519,46 - 1,0256 -532,758 - - 

ortoboratebis jgufi (R3B2O6) 

Ca3B2O6 -819,57 Ca2B2O5 

CaO 

-653,54 

-151,82 

-805,36 1,0176 1,0176 -819,57 0 0 

Mg3B2O6 - Mg2B2O5 

MgO 

-643,11 

-143,80 

-786,91 - 1,0176 -800,760 - - 

Mn3B2O6 - Mn2B2O5 

MnO 

-532,76 

-96,04 

-628,80 - 1,0176 -639,87 - - 

boraki-tinkalkonitis jgufi (Bor-Tin) 

 

Bor 

 

-1503,10 

B2O3∙3H2O 

NaBO2∙2H2O 

NaBO2∙4H2O 

H2O 

-523,10 

-378,11 

-520,11 

-57,79 

 

-1479,11 

 

1,0162 

 

 

1,0152 

 

-1501,59 

 

-1,51 

 

0,1 

 

Tin 

 

-1145,30 

NaBO2∙2H2O 

NaBO2 

B2O3∙3H2O 

-378,11 

-233,51 

-523,10 

 

-1134,72 

 

-1,0093 

 

-1151,97 

 

6,77 

 

0,58 

Ker -1081,70 2(NaBO2∙2H2O) 

B2O3 

-756,22 

-304,20 

-1060,42 1,0201 -1076,54 -5,16 0,47 
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cxrilSi: Ker –kerniti (Na2B4O5∙4H2O); q = Σ∆𝐻𝑓,298,ს.ი
0 ; Kn = 

𝛴𝐾შ

𝑛
 , sadac  

n – etalonebis ricxvia; KS = 
∆𝐻𝑓,298

0

𝑞
; ∆ = ∆𝐻𝑓,298

0  - ∆𝐻𝑓,298,რ
0 .  

 

cxrili 6 

rigi boratebis 𝑺𝟐𝟗𝟖,რ
𝟎  –is angariSs msvleloba da Sedegebi 

 

boratebi 
𝑆𝑓,298

0
 

kkal/ 

moli-K 

s. i. da maTi 𝑆298
0

 
 

q 

kal/ 

moli-K 

 

KS 

 

Kn 
𝑆298,რ

0
 

kal/ 

moli-K 

cdomileba 

s. i. 
𝑆298

0
 

kal/ 

moli-K 

∆, kal/ 

moli-K 

% 

metaboratebis jgufi (RB2O4) 

CaB2O4 25,06 CaO 

B2O3 

9,50 

12,90 

22,40 1,119  

 

1,118

5 

 

25,05 0,01 0,04 

Li2B2O4 24,50 Li2O 

B2O3 

9,01 

12,90 

21,91 1,118 24,51 -0,01 0,04 

MgB2O4 - MgO 

B2O3 

6,43 

12,90 

19,33 - 21,62 - - 

MnB2O4 - MnO 

B2O3 

14,70 

12,90 

27,60 - 30,87 - - 

piroboratebis jgufi (R2B2O5) 

Ca2B2O5 34,68 CaO∙B2O3 

CaO 

25,06 

9,60 

34,56  

1,003 

 

 

 

1,003 

34,66 0,02 0,06 

Mg2B2O5 - MgO∙B2O3 

MgO 

21,62 

6,43 

28,05 28,14 - - 

Mn2B2O5 - MnO∙B2O3 

MnO 

30,87 

14,40 

45,27 45,71 - - 

ortoboratebis jgufi (R3B2O6) 

Ca3B2O6 43,91 Ca2B2O5 

CaO 

34,66 

9,50 

44,16 0,9943  

0,9943 

43,90 0,01 0,02 

Mg3B2O6 - Mg2B2O5 

MgO 

27,13 

6,43 

33,56 - 33,36 - - 

Mn3B2O6 - Mn2B2O5 

MnO 

45,71 

14,40 

60,11 - 59,75 - - 

boraki-tinkalkonitis jgufi (Bor-Tin) 

 

Bor 

 

140,05 

2(NaBO2∙4H2O) 

HBO2 

H3BO2 

109,94

0 

11,699 

21,231 

 

142,872 

 

0,9802 

 

0,9802 

 

140,04 

 

+0,01 

 

0,01 

 

Tin 

 

- 

2(NaBO2∙2H2O) 

2H3BO3 

74,09 

42,46 

 

116,552 

 

- 

 

114,247 

 

- 

 

- 

Ker - 2(NaBO2∙2H2O) 

B2o3 

74,09 

12,90 

86,99 - 85,268 - - 

 

cxr. 6-Si igivea, rac cxr. 5-Si, mxolod ∆𝐻𝑓,298
0  icvleba 𝑆298

0  -iT. 
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aq aucilebelia xazgasmiT aRiniSnos, rom [17,31]-Si SemoTavazebuli 

meTodis sizustis xarisxi sacnobaro literaturaSi (wyaroSi) konkretul 

kristaloqimiur jgufSi e. w. “etalonTa” raodenobazea damokidebuli. rac 

ufro metia maTi odenoba, miT naklebia cdomileba. silikatebis SemTxvevaSi 

etalonTa odenoba TiTqmis yovelTvis 2-3-is toli an metia. boratebi am 

mxriv naklebadaa Seswavlili, amitom arc Tu iSviaTad etalonad 

kristaloqimiur jgufSi erTi naerTis gamoyenebaa SesaZlebeli, ramac ar 

SeiZleba ar iqonios sizusteze moqmedeba. is, Tu rogor imoqmedebs 

cdomileba ama Tu im reaqciis Termodinamikur Sefasebaze, aRwerilia 

Sesabamis TavSi (ix. Tavi 2.3).  

cxrilebSi warmodgenil informaciasTan dakavSirebiT kidev erT 

momentze SevCerdebiT. saqme borakis 𝑆298
0 -s Seexeba. rogorc Cans, Cvens mier 

SerCeuli s. i. ar uzrunvelyofen borakisTvis damaxasiaTebel struqturul 

kompaqturobas, rac mgrZnobiared standartul molur entropiis sidideze 

moqmedebs. amiT aixsneba ∆𝐻𝑓,298,𝐵𝑜𝑟
0 -sa da 𝑆𝑓,298,𝐵𝑜𝑟

0  –is s.i.-Ta rogorc 

Tvisebrivi, ise raodenobrivi gansxvaveba.  

 

2.2. sakvlevi obieqtSi Semavali komponentTa T.p.-s standartuli 

moluri sidideebis Sesaxeb 

rogorc aRiniSna, minanqaris kompoziciis SedgenilobaSi Semavali 

boratebis T. p. monacemebi ar gamoirCeva siuxviT. mravali e.w. monacemTa 

bazis analizma gviCvena, rom yvelaze meti monacemi [29,30]-Sia (ix. cxr. 7). 

 

cxrili 7 

boratebis T.p. sidideebi [29,30]-s mixedviT 

boratebi da elementebi −∆𝐻𝑓,298
0 , 

kkal/moli 

𝑆298,
0  

kal/moli·K 

Cp, 298, 

kal/moli·K 

[30] [29] [30] [29] [30] [29] 

B 0 0 1,40 1,40 - 2,65 

(2,86) 

Al 0 0 6,77 6,77 - 5,82 

Ca 0 0 9,90 9,94 - 6,20 

Cd 0 0 12,37 12,37 - 6,22 
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Co 0 0 7,18 7,18 - 5,93 

Cr 0 0 5,68 5,65 - 5,58 

Ba 0 0 15,01 14,93 - 6,71 

Mg 0 0 7,81 7,81 - 5,95 

Mn 0 0 7,65 7,65 - 6,28 

Mo 0 0 6,85 6,84 - 5,75 

Fe 0 0 6,52 6,49 - 5,97 

Na 0 0 12,24 12,26 - 6,74 

Ni 0 0 7,14 7,14 - 6,23 

Cu 0 0 7,923 7,923 - 5,84 

K 0 0 15,34 15,46 - 7,06 

O2(a) 0 0 49,00 49,00 - 5,237 

Si 0 0 4,50 4,50 - 4,79 

Sr 0 0 12,50 13,31 - 6,40 

Ti 0 0 7,32 7,32 - 6,00 

V 0 0 6,91 6,91 - 5,95 

W 0 0 7,80 7,81 - 5,81 

Zn 0 0 9,95 9,95 - 6,08 

Zr 0 0 9,32 9,32 -, 6,06 

B2O3 kr 304,20 304,23 12,90 12,90 - 15,00 

am 299,84 299,71 - 18,59 - - 

H3BO3 

B(OH)3 

B2O3∙3H2O, 

sasolini, kr 

523,10 523,02 42,46 42,42 - 38,88 

HBO2 

γ - forma 

B2O3∙H2O, 

metabormJava, kr 

384,34 384,24 23,40 23,40 26,05 - 

NaBO2 

β-forma 

NaO∙ B2O3, kr 467,02 466,60 35,14 35,11 31,50 31,52 

Na2B4O7 Na2O∙2B2O3 kr 786,59 786,10 45,30 45,29 44,66 44,64 

amorf. - 779,60 - 47,50 - 44,42 

Na2B8O13 Na2O∙4B2O3, kr - 1412,9 - 66,0 - 72,0 

Na2(B3O5)2 Na2O∙3B2O3, kr 1100,19 1100,3 55,50 55,50 58,2 58,2 

NaBO2∙ 2H2O Na2O∙B2O3∙4H2O, kr 756,21 - 74,09 - - - 

NaBO4∙ 4H2O Na2O∙B2D3∙8H2O, kr 1040,15 1009,4 109,94 - - - 

Na2[B4O5(OH)]∙ 8H2O boraki, kr 

Na2O∙ 2B2O3∙10 H2O 

1503,01 1503,20 140,06 - 146,99 - 
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Na2[B4O5(OH)4]∙ 3H2O tinkalkoniti, 

kr 

Na2O∙ 2B2O3∙5H2O 

- 1145,3 - - - - 

Na2[B4O5(OH)4]∙ 2H2O kerniti, kr 

Na2O∙ 2B2O3∙4H2O 

- 1081,7 - - - - 

B2(OH)4 337,09 355,6 29,995 - - - 

B3O3H3 301,70 295,7 40,00 - - - 

CaO∙2B2O3 803,12 803,18 32,19 32,2 37,83 37,75 

2CaO∙B2O3 1 mod.  653,54 653,58 34,68 34,70 35,14 35,16 

2 mod. - - - - 55,03 - 

3CaO∙B2O3 kr.  819,57 819,61 43,91 43,90 48,19 44,90 

amorf. - - - - 68,80 - 

CaO∙B2O3, 

kalcioboriti 

kr. 485,41 485,44 25,1 25,06 24,34 24,85 

amorf. - - - - - 61,70 

CaB2O4∙2H2O, CaO∙B2O3∙2H2O 

uralboriTi, kr 

- 651,0 - - - - 

Ca[B(OH)4]2∙2H2O - 907,0 - - - - 

Ca[B3O4(OH)3]∙H2O, kolemaniti, kr - 829,3 - 46,4 - 52,35 

Ca[B3O3(OH)5]∙4H2O, inioniti, kr - 1110,7 - 79,6 - 88,1 

CaO∙B2O3∙2SiO2, danburiti, kr - 928,0 - 37,0 - 44,24 

CaB[SiO4]∙OH, datoliti, kr - 589,3 - 260 - - 

2Al2O3∙ B2O3, kr - 1112 - - - - 

KBO2 K2O∙ B2O3, kr - 234,7 - 19,12 - - 

K2B4O7 K2O∙ 2B2O3, kr - 798,5 - 49,8 - - 

K2O∙ 3B2O3, kr - 1112,3 - 60,3 - - 

K2O∙ 4B2O3, kr - 1428,4 - 70,2 - - 

LiBO2 Li2O∙ B2O3, kr - 488,60 - 24,50 - 28,58 

Li2B4O7 Li2O∙ B2O3, kr - 807,1 - 37,65 - 42,35 

Li2O∙ 3B2O3, kr - 1117,4 - 47,2 - 70,1 

Li2O∙ 4B2O3, kr - 1421,8 - 60,4 - 77,8 

 

SeniSvna: Cvens mier dadgenili rigi boratis sawyisi T. p. moiyvaneba 

cxr. 5 da cxr. 6-Si. 

cxr. 7-Si moyvanili monacemTa analizis safuZvelze Semdegi zogadi 

daskvnebis gamotana SeiZleba:  



38 

 

 elementTa T.p.-is standartuli moluri sidideebi – saimedod aris 

dadgenili, Tumca ki rig SemTxvevaSi arsebobs Seusabamobebi (Ba, K, Sr); 

 boratebis sakmaod mniSvnelovani nawilisTvis ucnobia cxrilSi 

moyvanili yvela parametri (Tin, Ker, uralboriti, CaB2O4∙4H2O da a.S.); 

 rigi boratebisTvis [30]-Si aRiniSneba moyvanili monacemebis 

dazustebis aucilebloba; 

 sadReisod cnobili boratebis simravlidan (≈300) daaxloebiT erTi 

meaTedisTvisaa T. p. standartuli moluri sidideebi sizustis ama Tu 

im xarisxiT. 

yvelaferi zemoT aRniSnuli ramdenadme arTulebs Cvens winaSe 

dasmuli amocanebis gadaWras, Tumca maTi gadalaxva SesaZlebelia. 

magaliTisTvis, rigi boratis T. p. dadgenis mizniT ukve xsenebuli 

struqturuli ingredientTa sistemis gamoyenebis mcdelobis 

ganxorcielebaa.  

 rac Seexeba silikatebs, maTi T. p. monacemTa baza bevrad mdidaria, 

vidre boratebisa. garda amisa, Cveni azriT, [17,31]-Si SemoTavazebuli 

meTodiT Termodinamikurad ucnob naerTTa T. p. sakmao sizustiT dadgena 

SeiZleba.  

 

2.3 spilenZTan minanqris urTierTqmedebis Termodinamikuri SefasebisTvis 

saWiro naerTTa sawyisi T. p.-s monacemTa Sesaxeb 

 sainformacio wyaroebSi arsebuli monacemTa analizisadmi miZRvnil 

TavSi ukve aRwerili Sefasebis ganxorcielebisTvis Cven mier Catarda 

spilenZisa da minanqris SesaZlo urTierTqmedebis Sedegad mosalodneli 

(garda silikatebisa da boratebis) produqtebis T. p.-is monacemTa bazis 

analizi. Ziebis obieqtebSi ZiriTadad Cu-is monawileobiT miRebuli 

metalidebi, silicidebi da boridebi iyo.  

 

2.3.1. metalidebis (intermetalidebis) sawyisi T. p. 

cnobilia, rom metalidebi umetes SemTxvevaSi normalur valentobaTa 

wess ar emorCilebian [21]. ionuri da kovalenturi naerTebisgan gansxvavebiT 

metalidebSi dominanturi liTonuri bmaa.  
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metalidebis umTavres saxeebs Semdegnairad axasiaTeben (saxeebi 

moiyvaneba metaluri bmebis Semcirebis mwkrivis mixedviT):  

 kurnakovis naerTebi – mowesrigebuli myari xsnarebi, zestruqturebi, 

romelTaTvis umWidroesi Cawyobis struqturebia damaxasiaTebeli 

(FeCr, FeV, Cu3Au, CuAu, FeAl, Mg3Cd da a.S.); 

 lavesis fazebi (AB2, naklebad AB). naerTebSi Semavali atomTa 

radiusebis fardoba ZA/ZB = 1,1 ÷ 1,37. maTTvisac damaxasiaTebelia 

mWidrod Cawyobili struqturebi (MgCu2, MgNi, MgZn-tipis naerTebi). 

lavesis naerTebSi warmoiqmneba brtyeli, xazobrivi an kunZulovani 

struqturebi;  

 eleqtronuli naerTebi – TiTberis tipis warmonaqmnebi, romlebic 

erTis mxriv Cu, Au, Ag-isa da gardamavali liTonebisgan, meore mxriv ki 

perioduli sistemis IIb-Vb qvejgufebis elementebisgan Sedgebian.  

ium-rozerim ormagi metalidebis sami jgufi gamoyo. pirvelSi man 

Semdegi naerTebi Seiyvana:  

 β – TiTberis tipis, CsCl-isa da β–Mn-is saxeobebis kristaluri 

struqturebiT, naerTebi eleqtronuli koncentraciiT 3/2 

(magaliTad, CuZn da γ-Cu5Si, Sesabamisad);  

 𝛾 – TiTberis tipis naerTebi eleqtronuli koncentraciiT 21/13 

(Cu5Zn8); 

 ε - TiTberis tipis naerTebi eleqtronuli koncentraciiT 7/4 (CuZn3). 

liTonsa da minanqars Soris urTierTqmedebaTa SefasebisTvis Cven 

ZiriTadi yuradReba im metalidebze gavamaxvileT, romelTa SedgenilobaSi 

Cu Sedioda. Cvens xelT arsebuli sainformacio wyaroebSi arsebuli Cu-

metalidebi, romlebisTvisac sawyisi T. p.-is sidideebi dadgenilia, cxr. 8-Si 

moiyvaneba.  
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cxrili 8               

metalidebis T. p.  

Cu-metalidebi T.p. mniSvnelobebi Cu-metalidebi T.p. mniSvnelobebi 

∆𝐻𝑓,298,
0  

kal/moli 

𝑆𝑓,298,
0  

kal/moli-K 

∆𝐻𝑓,298,
0  

kal/moli 

𝑆𝑓,298,
0  

kal/moli-K 

ZnCu -5,02 18,70* CaCu - 18,70 

ZnCu3 -4,8 35,30* Ca2Cu - 29,10 

Zn8Cu5 -36,8 12,479* CaCu5 -11,6 51,87 

Ca2Cu - 29,10 MgCu2 -8,01 17,67 

Cd3Cu -3,8 47,14* Mg2Cu -6,95 22,05 

CdCu1,5 -2,75 - NiCu - 15,77* 

Cd3Cu2 -5,49 52,68 CoCu - 15,81* 

CdCu0,75 -2,86 - MnCu4 - 41,18* 

Cd3Cu4 -5,71 74,47 MnCu3 - 37,08* 

 

*miRebulia Cvens mier. 

 

cxr. 8-is analizi gviCvenebs, rom monacemebi Cu-metalidebis warmoqmnis 

standartuli moluri entalpiis, standartuli moluri entropiisa da 

siTbotevadobis (standartul pirobebSi) Sesaxeb metad mcirea. SemdgomSi am 

monacemTa gamoyenebisTvis aucilebeli iyo srulad Segvevso im naerTTa T.p., 

romelTa Sesaxeb erTi maTgani mainc mocemuli iyo. 

cnobilia, rom rig SemTxvevebSi nivTierebis standartuli moluri 

entropiis dasadgenad maTSi Semavali elementebis (oqsidTa)  𝑆298
0  jamdeba 

Sesabamisi inkrementTa gamoyenebiT [9,30]. Cven SemTxvevaSi inkrementTa 

dadgenisTvis saWiro monacemebi ar moipoveba, rac am midgomis gamoyenebas 

arTulebs. am viTarebidan gamosavali Cven kvlav struqturul ingredientTa 

sistemis gamoyenebiT ganvizraxeT, risTvisac gamoyenebul iqna is Cu-

metalidebi, romelTa 𝑆𝑓,298
0  cnobilia da or sxvadasxva sainformacio 

wyaroSi cdomilebis mcire zRvrebiT xasiaTdeboda. amgvar metalidTa Soris 

MgCu2, CdCu2, Cd3Cu2 da Cd3Cu4  aRmoCdnen. maTi gamoyenebiT miRebuli Sedegebi 

cxr. 9-Sia moyvanili, sadac 𝑆𝑓,298
0 -s dadgenis Tanmimdevrobacaa warmodgenili. 
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cxrili 9 

Cu-metalidebis 𝑺𝒇,𝟐𝟗𝟖
𝟎  -is -dadgenis Tadarigi da Sedegebi 
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9

8
,

0
 k
al

/m
o
l
i-

K
 

[2
9

, 
3

0
] 

s.i. da maTi 

𝑆298,
0  

kal/moli-K 

q
=

Σ
𝑆 2

9
8

0
 

K
შ
=𝑆

2
9

8
,

0 𝑞
 

K
ნ=

𝛴
K

შ

𝑛
 

𝑆 2
9

8
,მ

0
 

ka
l
/m
o
l
i∙

K
 

 

cdomileba 

 

s.i. s.i. da  

𝑆298
0  

Δkal/ 

moli∙K 

% 

1 2 3 4 5 6 7 8 9 10 

MgCu2 24,6 Mg 

2Cu 

7,81 

15,846 

23,656 1,0399 1,03 24,37 0,23 0,93 

CdCu2 30,195 Cd 

2Cu 

12,37 

15,846 

28,216 1,0701 1,03 29,06 1,135 3,76 

Cd3Cu2 52,68 2Cu 

3Cd 

15,846 

37,11 

52,956 0,9948 1,03 54,54 -1,86 3,53 

Cd3Cu4 74,47 4Cu 

3Cd 

31,692 

37,11 

68,803 1,0824 1,03 70,87 3,6 4,83 

Mg2Cu 22,05 

[33] 

2Mg 

Cu 

15,62 

7,923 

23,543 0,9366 1,03 24,25 -2,2 9,98 

CaCu - Ca 

Cu 

9,90 

7,923 

17,823 - 1,03 18,36 - - 

BaCu - Ba 

Cu 

14,93 

7,923 

22,853 - 1,03 23,54 - - 

ZnCu - Zn 

Cu 

9,95 

7,923 

17,873 - 1,03 18,41 - - 

ZnCu3 - Zn 

3Cu 

9,95 

23,769 

33,719 - 1,03 34,73 - - 

Zn8Cu5 - 8Zn 

5Cu 

79,6 

39,615 

119,215 - 1,03 122,79 - - 

Ca2Cu - 2Ca 

Cu 

19,88 

7,923 

27,803 - 1,03 28,64 - - 

CaCu5 51,6 

[29] 

Ca 

5Cu 

9,90 

39,615 

49,515 1,0421 1,03 51,00 -0,6 1,16 

MnCu4 - Mn 

4Cu 

7,65 

31,692 

39,342 - 1,03 40,52 - - 

MnCu3 - Mn 

3Cu 

7,65 

23,769 

31,419 - 1,03 32,36 - - 

NiCu - Ni 

Cu 

7,14 

7,923 

15,063 - 1,03 15,51 - - 

CoCu - Co 

Cu 

7,18 

7,923 

15,103 - 1,03 15,56 - - 

 

BeCu - Be 

Cu 

- 

7,923 

- - - - - - 

SrCu - Sr 

Cu 

12,50 

7,923 

20,423 - 1,03 21,04 - - 

cxrilSi Setanilia ori Cu-metalidi, romelTa S0
298 miTiTebulia 

mxolod erT wyaroSi (CaCu5 _ [29]-Si, xolo Mg2Cu – [33]-Si). nivelirebis 

koeficientis gamoyenebiT maTTvis miRebuli sidideTa cdomileba erT 
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SemTxvevaSi 0,45-is, xolo meoreSi – 11,77%-is tolia. Cveni azriT, [33]-Si 

moyvanili S0
298 dasazustebelia. rogorc Cans, erTi da igive Sedgenilobis 

Cu-metalidebis S0
298 –ebi wrfivi damokidulebiT unda gamoisaxebodes. 

Cvens mier gakeTda mcdeloba gamogveyenebina [32]-Si SemoTavazebuli 

T.p.-ebis analogiis meTodi, romelic S0
298,Cu-Me da S0

298,MeO damokidebulebas 

gamosaxavs (nax. 12).  

naxazze miRebuli damokidebuleba S0
298,MeO - S0

298,Cu-Me  rogorc II jgufis 

a-qvejgufis, ise b-qvejgufis elementebis monawileobiT warmoqmnili 

naerTebisTvis wrfivia. Tumca, gansxvavdeba RerZebis mimarT daxris kuTxiT. 

Sors mimaval daskvnebisgan Tavs vikavebT, magram vTvliT, rom wrfeebis 

daxris kuTxis gansxvaveba, rogorc Cans, damokidebulia valentur da 

metalur bmaTa wilis gansxvavebaze (Cu-MeIIa da Cu-MeIIb elementTa 

monawileobiT miRebul naerTebSi). pirvelebSi, rogorc Cans, valenturi 

bmebi dominanturia.  

 

    𝑆298,𝐶𝑢−𝑀𝑒
0  

 

 

 

  

 

 

 

 

 

 

 

                                                                𝑆298,𝑀𝑒𝑂
0  

 

nax. 12. S0
298,Cu-Me   - S0

298,MeO damokidebuleba 

 

sxva midgomis gamoyeneba dagvWirda metalidebis (kupridebis) 

warmoqmnis standartuli moluri enTalpiebis dasadgenad. 

BeO – 3,38;  BeCu – 14,20 

MgO – 6,44; MgCu – 16,40 

CaO – 9,50;  CaCu – 18,70 

SrO – 13,00; SrCu – 21,20 

BaO – 16,83; BaCu – 24,00 

ZnO – 10,43; ZnCu – 18,60 

CdO – 13,10; CdCu – 21,40 
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cxr. 8-Si moyvanili monacemTa analiziT dadginda, rom metalidebis 

∆𝐻𝑓,298
0  -2,7÷-12,0 kkal/molis farglebSia da damokidebulia naerTebSi Semaval 

liTonTa raodenobaze. Tu miviRebT metalidSi Semavali liTonisa (Me) da 

Cu-s atomebis ∆𝐻𝑓,298
0 -ze tolfasovani zegavlenis daSvebas, SeiZleba 

davadginoT TiToeuli maTganis am sidideze gavlenis wili. maTi fardoba 

formulaSi miTiTebul elementTa odenobaTa fardobis tolia. magaliTad, 

CaCu5-is SemTxvevaSi, romlis ∆𝐻𝑓,298
0 = −11,6

კკალ

მოლ
-ia, Ca-is wili Seadgens -1,933 

kkal/mol-s, xolo Cu-sa – (-9,665)kkal/mol-s. am sidideebis (Cu/Ca) fardoba 5-

s udris (ix. cxr. 10). 

 

cxrili 10 

kupritebis ∆𝑯𝒇,𝟐𝟗𝟖
𝟎 -is mniSvnlobebi da atomuri wilebi 

naerTi ∆𝐻𝑓,298
0  

kkal/moli 

atomTa 

raodenoba 

TiToeuli 

atomis 

wili, 

kkal/moli 

Me-is 

wili, 

kkal/moli 

Cu-is 

wili, 

kkal/moli 

fardoba  

Cu-Me 

 

f 

MgCu2 -8,01 3 2,67 2,67 5,34 5,34/2,67 2 

Mg2Cu -6,95 3 2,317 4,633 2,317 2,317/4,634 0,5 

CaCu5 -11,6 6, 1,933 1,933 9,665 9,665/1,933 5 

ZnCu -5,02 2 2,51 2,51 2,51 2,51/2,51 1 

ZnCu3 -4,8 4 1,20 1,20 3,60 3,60/1,2 3 

Zn8Cu5 -36,8 13 2,83 22,65 14,15 14,15/22,65 0,625 

Cd3Cu -3,8 4 0,95 2,85 0,95 0,95/2,85 0,333 

Cd3Cu2 -5,49 5 1,098 3,294 2,196 2,2196/3,294 0,667 

Cd3Cu4 -5,71 7 0,816 2,447 3,263 3,263/2,447 1,333 

 

gamoviyenebT ra cxrilSi moyvanil monacemebs, SegviZlia davuSvaT, 

rom Mg-is seriisTvis TiToeuli atomis wili naerTSi iqneba 

(2,67+2,317):2=2,494; Cd-is seriisTvis – (0,95+1,098+0,816):3=0,955. igive logikiT Zn-

is seriisTvis TiToeuli atomis wili (2,51+1,20+2,83):3=2,18-is toli iqneba.  

miRebuli Sedegebis gamoyenebiT dadgenili Mg-is Cu-Tan Senadnobebis 

∆𝐻𝑓,298
0 -is sidideebi da maTi sainformacio wyaroebSi moyvanil 

mniSvnelobebTan Sedarebis Sedegebi da cdomileba cxr. 11-Sia warmodgenili.  
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cxrili 11 

kupritebis ∆𝑯𝒇,𝟐𝟗𝟖
𝟎 -is mniSvnelobebi da cdomilebis sidide                                               

 

naerTi 

∆𝐻𝑓,298
0  

kkal/mol 

nivelirebis 

koeficienti 

Kნ 

∆𝐻𝑓,298,ა
0  

miRebuli 

sidide, 

kkal/mol 

cdomileba 

sxvaoba 

kkal/mol 

% 

MgCu2 -8,01 2,494 -7,482 0,528 6,59 

Mg2Cu -6,95 2,494 -7,482 -0,532 7,65 

CaCu5 -11,6 1,933 -11,598 pr. ar aris 

CaCu - 1,933 -3,866 - - 

Ca2Cu - 1,933 -5,799 - - 

CaCu2 - 1,933 -5,799 - - 

ZnCu -5,02 2,18 -4,36 0,66 13,15 

ZnCu3 -4,8 2,18 -8,72 3,92 81,17 

Zn8Cu5 -36,8 2,18 -28,34 8,46 23,0 

Cd3Cu -3,8 0,955 -3,82 0,02 0,52 

Cd3Cu2 -5,49 0,955 -4,775 0,715 13,02 

Cd3Cu4 -5,71 0,955 -6,685 0,975 17,07 

  

cxrilSi moyvanili monacemebi gviCveneben, rom Cveni daSveba imis 

Sesaxeb, rom Me-isa da Cu-is atomebs SeaqvT Tanabari wili naerTis 

(metalidis) ∆𝐻𝑓,298
0 -Si, mxolod miaxloebad unda miviRoT da isic Zn-is 

seriis metalidebis gamoklebiT. Tumca isic gasaTvaliswinebelia, rom 

zemoaRniSnuli naerTebis T. p.-ebi, garda Mg-isa, moiTxovs dazustebas.  

Cvens mier daSvebiT miiRebuli Sedegebis gamoyeneba Semdgomi 

angariSebisas misaRebia, radgan ∆𝐻𝑓,298
0 -is sidideebi sakmaod mcirea da 

cdomileba 20%-is farglebSi reaqciebis Sefasebisas dasaSvebia.  

 

 

2.3.2. boridebis sawyisi T. p.-is Sesaxeb 

boridebi _ boris ufro eleqtrodadebiT elementebTan, praqtikulad 

liTonebTan naerTebia (Me4B, Me3B, Me2B, Me3B2, MeB, Me3B4, MeB2, Me2B5, MeB4, 

MeB6).  
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erTi da igive liTonis atoms SeuZlia borTan zemoT aRniSnuli  

naerTebis mwkrivis warmoqmna. bors erTi dauwyvilebeli 2p eleqtroni aqvs 

gare orbitaze. amitom, boris atomebi iZleva Zlier kovalentur bmebs, 

rogorc Tavis ise sxva elementebTan Seqmnil naerTebSi. 

liTonTa atomebis siWarbisas boris atomebi gisosSi Cveulebrivad 

erTimeoresagan izolirebulni arian, xolo boris siWarbisas warmoiqmnebian 

jaWvebi, badeebi, karkasebi. 

arsebobs keislingi-s klasifikacia, romlis mixedviT boridebs Semdeg 

jgufebad hyofen: 

 naerTebi boris izolirebuli atomebiT, magaliTad Mn4B 

(rombuli), Fe2B (tetraedruli). am jgufSi boridebis simravle Sedis. 

maTSi liToniT warmoqmnili tetraedrebiT Seqmnil zolebs Soris 

boris atomebi ganlagdebian. B-B bmis sigrZe am boridebSi 2Å-s 

aRemateba; 

 naerTebi boris atomTa jaWvebiT, magaliTad FeB (rombuli), MoB 

(tetrogonuri). boris atomebis trigonuli prizmebis centrebSi 

ganlagdebian, aqvT eqvs-eqvsi mezobeli liTonis atomi da or sxva 

boris atomTan arian kontaqtSi. B-B bmis sigrZe meryeobs 1.74-1.86 Å-is 

SualedSi; 

 naerTebi boris atomebisgan Semdgari gaormagebuli jaWvebiT, 

magaliTad Cr3B4, Mn3B4. boris erTi atomi liTonis 6 atomis 

garemocvaSia. boris atomTa Soris manZili jaWvSi 1.74Å-is tolia, 

jaWvebs Soris 1.54Å-is. naerTebi naklebad mdgradia struqturaSi, 

boris atomTa Soris sxvadasxva manZilebiT, ormagi jaWvebis arsebobis 

gamo. 

 naerTebi B-is atomebisgan Semdgari badeebis struqturiT MeB2, 

sadac Me gardamavali liTonebia. naerTebi stabiluri da mdgradia, 

maT miagavT Me2B5 tipis naerTebic. aseT naerTebSi liTonis 

atomebisgan Semdgari fenebi enacvlebian boriT warmoqmnil fenebs. 

TiToeuli boris atoms sami B erTvis (manZili 1.73 Å) da garemoculia 

6 Me-iT. 
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 naerTebi boris atomebisgan Semdgari karkasiT (CaB6). Me-is 

atomebi karkasis sicarielebSia. boris erTi atomi garemoculia 5 Me–

is atomiT, xolo 1Me–is atomi _ 24 boris atomiT. 

arc boridebis Termodinamiuri parametrebis monacemTa baza 

gamoirCeva siuxviT, Tumca ufro srulia, vidre metalidebisa. arc Tu 

iSviaTobaa erTi da igive boridis Sesaxeb T.p.–ebis sxvadasxva 

sainformacio wyaroSi gansxvavebuli sididiTa miTiTeba. 

CvenTvis xelmisawdomi standartuli cxrilebis analizis Sedegad 

arCevani samze SeCerda [29, 30, 33], romlebSic boridebis yvelaze meti 

odenobaa moyvanili (cxrili 12) 

           

                                                           cxrili 12 

                boridebis sawyisi T. p.                                                      

 

naerTi 

 

[29]-s mixedviT 

 

[30]-s mixedviT 

 

[33]-s  mixedviT 

 

Hf,298,kkal/

mol 

 

 

S0
298 

kal/ 

(mol.K) 

 

Cp0
298 

kal/ 

(mol.K) 

 

Hf,298,kkal/ 

mol 

 

 

S0
298 

kal/ 

(mol.K) 

 

Cp0
298 

kal/ 

(mol.K) 

 

Hf,298,kkal/ 

mol 

 

 

S0
298 

kal/ 

(mol.K) 

ALB2 -  -  - -36.09 8.29 10.43 -16.0 -  

CoB -  -  - -  -  - -22,5 -  

COB2 -  -  - -  -  - -30.0 -  

CrB -  -  - -18.00 5.75 8.56 -18.0 5.75 

CrB2 -  -  - -22.50 6.25 12.80 -22.5 6.25 

FeB -  -  - -17.00 6.62 12.00 -17.00 13.54 

Fe2B -  -  -  -17.00 13.54 17.98 -  -  

MgB2 -10.50 8.60 11.43 -21.98 8.59 4.71 -22.0 8.60 

MgB4 -13.70 12.44 16.81 -25.10 12.51 7.89 -8.5 19.25 

MnB -  -  - -17.31 7.75 8.56 -18.0 7.75 

MnB2 -  -  - -22.50 8.25 9.00     -22.5 8.25 

MoB1.65 -  -  - -36.17 6.23 9.47 -  -  

MoB2.15 -  -  - -40.34 7.02 11.38 -  -  

MoB3.8    -40.74 9.80 16.07 -  -  
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Mo2B -22.60 22.8 18.78 -28.92 12.58 13.94 -  -  

NiB -  -  - -24.00 7.19 8.28 -24.0 7.2 

Ni4B3    -74.50 27.39 30.61 -74.5 27.4 

TiB -36.00 8.3 7.1 -38.29 8.29 6.66 -  -  

TiB2 -  -  - -77.39 6.81 10.57 -77.4 6.81 

TiB2.022 -  -  - -77.35 6.90 - -  -  

VB -  -  - -33.10 4.78 8.39 -  -  

VB2 -  -  - -48.70 7.19 11.16 -  -  

ZrB2 -  -  - -78.01 8.59 11.51 -  -  

 

cxr. 12-Si  moyvanili monacemebis mixedviT SeiZleba davaskvnaT, rom 

SemdgomSi gansaxorcielebeli angariSebisaTvis umjobesia gamoyenebul iqnas 

[30] –Si gamoyenebuli monacemebi negmani-sa da beirini-s mixedviT (moiyvaneba 

naSromebSi miTiTebuli pirveli avtorebis gvarebi). 

Tumca isic aRsaniSnavia, rom rigi boridebis T.p. sxvadasxva 

sainformacio wyarosa da  [30]-Si imdenad gansxvavdeba, rom saWiro gaxda 

iaponuri monacemebis romelime xerxis Semowmeba. Cven S0
298 sidideTa 

Sesamowmeblad “s.i. adiciuri sistemis” meTodi gamoviyeneT. miRebuli 

Sedegebi da TviT meTodis ganxorcielebis Tadarigi cxr. 13-Si aris 

warmodgenili.     

 

  B cxrili 13 

              boridebis S0
298 –is Semowmebis Tadarigi da Sedegebi                                                                

boridi boridis 
S0

298 

kal/ 

(mol.K) 

s.i. da maTi 
S0

298,kal/(mol. K) 
 

q=Σ S298, 

s.i. 

 

KS=
S298

0

𝑞
 

        

SeniSvna 
s.i. s.i-Ta 

S0
298 

AlB2 8.29 Al 

2B 

6.77 

2.80 

9.57 0.8662 boridebis S0
298 aRebulia 

[30] –dan. cxrilSi moyvanilia 

boridebi, romlebSic boris 

atomebs SeuZliaT warmoqmnan 

jaWvebi da badeebi. moyvanili 

boridebis Soris mxolod  

CrB 5.75 Cr 

B 

5.68 

1.40 

7.08 0.8121 

FeB 6.62 Fe 

B 

6.52 

1.40 

7.92 0.8359 

Fe2B 13.54 2Fe 

B 

13.04 

1.40 

14.44 0.9377 

MgB2 8.59 Mg 7.81 10.61 0.8096 
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2B 2.80 erTia (MgB4), romelSic Se-

saZlebelia boris atomebiT 

Seqmnili karkasis warmoqmna. 

gaangariSebam gviCvena, rom 

Fe2B, MgB4 daDTiB xasiaTdebian 

KS-is udidesi sididiT, xolo 

umciresebiT TiB2, VB, VB2 da 

ZrB2 

 

MgB4 12.51 Mg 

4B 

7.81 

5.60 

13.41 0.9329 

MnB 7.75 Mn 

B 

7.65 

1.40 

9.05 0.8564 

MnB2 8.25 Mn 

2B 

7.65 

2.80 

10.45 0.7895 

Mo2B 12.58 2Mo 

B 

13.70 

1.40 

15.10 0.8331 

NiB 7.19 Ni 

B 

7.14 

1.40 

8.54 0.8419 

Ni4B3 27.39 4Ni 

3B 

28.56 

4.20 

32.76 0.8361 

TiB 8.29 Ti 

B 

7.32 

1..40 

8.72 0.9507 

TiB2 6.81 Ti 

2B 

7.32 

2.80 

10.12 0.6729 

VB 4.75 V 

2B 

6.91 

1.40 

8.31 0,5740 

VB2 7.19 V 

B 

6.19 

2.8 

9.71 0.7404 

ZrB2 8.59 Zr 

2B 

9.32 

2.80 

12.12 0.7087 

 

cxrilSi moTavsebuli informacia, Cveni azriT, unda iyos sakmarisi raTa 

gamoiTqvas ori mosazreba: an [30]-Si moyvanili S0
298 sidideebi 

dasazustebelia, an cxrilSi miTiTebuli boridebi struqturiT 

mniSvnelovnad gansxvavdebian danarCenebisgan, romelTa motivis agebaSi 

boris atomebTan erTad “Tanatol” monawileobs liTonis atomebic 

asruleben. aq SesaZloa liTonis atomTa nawilis monawileoba badeebis da 

karkasis warmoqmnaSi. 

               

               2.3.3. silicidebis sawyisi T. p.-is Sesaxeb 

silicidebi iseTive naerTebia, rogoric boridebi. maT sam ZiriTad 

jgufze hyofen: ionur-kovalenturebze, kovalenturebsa da liTonmsgavsebze. 

pirvel jgufs miakuTvneben ZlierdadebiTi metalebis kaJbadTa naerTebs. 

am metalebs gare orbitaze S eleqtroni aqvT (tute da tutemiwa metalebi). 

tute liTonTa silicidebSi (MeSi, sadac Me- Na, K, Pb, Cs) kaJbadis atomebi 

warmoqmnian tetraedrul jgufebs, romlebsac Sp3 eleqtronuli 
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konfiguracia aqvT. miiReba polianionebi (Si4)4-, garSemortymuli 16 Me-is 

anioniT. am silicidebSi moqmedebs ionuri bmis (R+ …. Me) kovalenturTan (Si 

- Si) Serwyma, ris Sedegad warmoiqmneba jgufi (struqturuli erTeuli) (RSi6). 

Li –s gansakuTrebuli adgili ukavia. Mmas ionizaciis umaRlesi potenciali 

aqvT, rac aniWebs mas unars xelsayrel pirobebSi struqturuli 

dajgufebebi warmoqmnas. aRniSnaven, rom arseboben Li5Si4 , Li2Si  da SesaZloa 

Li4Si. 

tutemiwa metalebis da Cu-sa da Zn-is atomebTan Si-is SerwymiT  

miiRebian MeSi, Me2Si da MeSi2  Sedgenilobis silicidebi. maTTvis 

damaxasiaTebelia Si-is atomebisgan warmoqmnili struqturuli elementebi, 

romlebic rTuldebian Si/Me fardobis zrdiT. ase, CaSi-xasiaTdeba jaWvebiT, 

CaSi2-Si gofrirebuli fenebia. M 

meore jgufs miekuTvneben gare Sp- eleqtronis mqone elementebis 

silicidebs. maT mxolod pirobiTad Tu mivakuTvniT silicidebs, radgan 

SerwymaSia Si (eleqtrouaryofiToba polingis mixedviT 1,8) borTan (2,0), 

naxSirbadTan (2,5), azotTan (3,0), JangbadTan (3,5), fosforTan (2,1), gogirdTan 

(2.5). amitom ukeTesia maT nitridebi, fosfidebi, oqsidebi da a.S. vuwodoT. 

mesame jgufSi Sedian silicidebi warmoqmnili gardamavali metalebiT. am 

silicidebSi Serwymulia liTonTa Soris metaluri da kaJbadebis Soris 

kovalenturi bmebi. am bmebis wili d- da f-eleqtronuli garsebis 

Seuvseblobis xarisxTan damokidebulebaSi farTo intervalSi icvleba. 

amgvari cvalebadoba silicidebSi liTonebis da kaJbadis atomTa fardobiTi 

SemcvelobiTac SeiZleba iyos gamocveuli. 

d- eleqtronebis garsis Seuvseblobis xarisxis anu am garsis 

aqceptoruli unaris, zrdisas izrdeba metaluri bmis wili Me-isa da Si–is 

atomTa Soris, xolo am xarisxis Semcirebisas izrdeba Si-Si kovalenturi 

bmis wili. 

kaJbadis Semcvelobis zrdisas silicidebis struqtura rTuli xdeba. 

umdables silicidebs tipiuri metaluri struqtura aqvT kaJmiwis 

izolirebuli atomebiT. aseTebia, magaliTad, Me3Si, romlebic warmoiqmnebian 

Si-is atomebis liTonTa atomebiT Canacvlebisas im SemTxvevaSi Tu 

RSi/RMe≥0.84-0.85.  



50 

 

Si-s Semcvelobis zrdisas  Si -is atomTa izolirebuli wyvilebi (FeSi2), 

jaWvebi (Mn5Si3), fenebi (MoSi2,CrSi2, TiSi2) da karkasi (ThSi2) warmoiqmneba.  

Termodinamikurad silicidebi metad Seswavlilia vidre metalidebi da 

boridebi. maTi warmoqmnis standartuli moluri enTalpia, standartuli 

moluri entropia da siTbotevadoba cxr. 14-Sia moyvanili. 

 

cxrili 14 

silicidebis sawyisi T.p. [29,30,33]-is mixedviT                                        

silicid

ebi 

   [30]- mixedviT [29]- mixedviT [33]- mixedviT SeniSva 

H0
f,298 S0

298 Cp0
298 H0

 f,298 S0
298 Cp0

298 H0
 f,298 S0

298 

   1    2    3    4    5    6   7   8   9   

 

 

aq da sxvagan 

Cp298-s 

dasadgenad [29]-

is mixedviT 

Cp298=f(T) 

funqciis Semdegi 

gantoleba iyo 

gamoyenebuli 

 Cp,t = a + b ·10-3 · 

· 298+c · 105 (1/T)2+ 

d ·10-6 T2 +e · 108/ 

(1/T)3 

BaSi -45,0   -    -    -    -    -    -    - 

CaSi    -   -    - -36.09 10.80 11.29 -36.0    - 

Ca2Si    -   -    - -49.95 19.04 17.39 -50.0    - 

CaSi2    -   -    - -36.09 12.09 16.45 -36.0    - 

CoSi    -   -    - -24.00 10.30 10.58 -22.7 10.2 

CoSi2    -   -    - -24.59 15.32 15.59 -23.6 15.3 

Co2Si    -   -    -    -    -    - -28.0    - 

Cr3Si    -   -    - -30.11 20.96 21.51 -22.0 20.6 

CrSi    -   -    - -15.06 10.47 10.79 -12.7 10.5 

CrSi2    -   -    - -22.94 13.97 15.19 -19.1 14.0 

Cr5Si3    -   -    - -64.05 43.44 - -50.50 40.40 

FeSi -18.30 11.0 11.00 -17.59 10.99 10.79 -18.30 10.00 

Fe3Si    -   -    - -22.39 24.81 23.38    -    - 

FeSi2 -18.20 13.2 15.8 -19.41 13.29 15.33    -    - 

FeSi2,43 -16.0 16.8 18.0    -    -    -    -    - 

FeSi2,33    -   -    - -14.10 16.61    -    -    - 

Fe2Si -20.0 24.7 23.5    -    -    -    -    - 

Fe5Si3 -46.0 50.1 47.7    -    -    -    -    - 

FeSi2,33 -14.10 16.61    -    -    -    -    -    - 

Mg2Si -18.95 18.11 16.35 -18.59 17.93 16.23 -18.90 15.25 

MnSi -18.60 11.25 10.98 -14.48 11.10 12.70 -14.50 11.10 

Mn3Si -26.50 24.95 23.80 -19.02 24.97 23.86 -19.0 24.80 

MnSi1.7 -20.0 13.26 14.03 -18.07 13.42 14.00    -    - 

Mn5Si3    -    -    - -47.99 57.11 46.66 -48.0 57.00 

Mn4Si7    -    -    -    -    -    - -73.7 54.50 

Mo3Si    -    -    - -22.94 24.69 22.05 -27.8 25.45 

Mo2Si -24.41 25.4 22.22    -    -    -    -    - 

MoSi2 -28.40  15.50 -27.96 15.54 15.30 -31.50 15.55 

Mo5Si2 -72.30  49.20 -68.12 49.68 43.09 -74.10 49.70 

NiSi    -    -    - -20.60 11.21 10.69 21.40 10.60 
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NiSi 2    -    -    -    -    -    - -22.50 15.60 

Ni2Si    -    -    - -33.60 18.31 16.97 -34.10    - 

Ni3Si2    -    -    -    -    -    - -55.5    - 

TiSi1 -31.00    -    - -31.07 11.71 10.85 -31.00 11.70 

TiSi2 -32.00    -    - -32.03 14.60 15.65 -32.1 14.6 

Ti5Si3 -139.0    -    -    -    -    - -138. 52.10 

ZrSi -35.00    - 10.80 -37.05 13.91 10.65 -35.5    - 

ZrSi2 -36.00    - 15.60 -38.00 17.09 15.45    -    - 

Zr3Si2 -92.00    - 26.0    -    -    -    -    - 

Zr2Si -50.00    - 25.20   -49,95   3,90 16,44   -81,0    - 

Zr4Si -51.00    - -    -    -    -    -    - 

Zr5Si3 -147.0  44.0 -137.97 62.91 43.33 -146.7    - 

Zr6Si5 -203.0    -    -    -    -    - -203.0    - 

WSi2    -    -    - -21.99 15.30 15.36    -    - 

W5Si3 -    -    - -32.31 54.99 43.27    -    - 

SrSi -45    -    -    -    -    -    -    - 

Sr2Si -60    -    -    -    -    -    -    - 

SrSi2 -45    -    -    -    -    -    -    - 

V3Si -25.00 27.0 21.7 -41.20 23.47 20.88    -    - 

VSi2 -36.00 14.10 15.4 -29.18 14.13 15.49    -    - 

V2Si -37.00    -    -    -    -    -    -    - 

V5Si3 -112.0    -    -    -    -    -    -    -  

 

silicidebis SemTxvevaSic mravladaa Seusabamoba Cvens mier gamoyenebul 

sainformacio wyaroebSi moyvanili sawyisi T.p.-is sidideTa Soris. (ix.cxr.14). 

rigi naerTTa sawyisi T.p-is dasadgenad kvlav mogvixda [31]-Si SemoTavazebul 

angariSis meTodis gamoyeneba. angariSis Sedegebi cxr.15-Sia moyvanili. 

cxrilSi gamoyenebuli monacemebiT agebuli grafiki (nax. 13) gviCvenebs, 

rom angariSiT miRebuli sidideebis gamoyenebisas mrudxazobrivi 

damokidebuleba miiReba. Mg2Si  da Ca2Si-is standartul cxrilSi moyvanili 

S0298-is sidideebze gatarebuli da Ba2S-mde eqstropolirebuli 

damokidebuleba angariSiTA da mopovebuli sidideTa Soris 6-dan 10%-mde 

cdomilebas iZleva, Tu ra Tqma unda, S0
298-is damokidebuleba eleqtronTa 

raodenobaze wrfivad SeiZleba CavTvaloT. is rom arcerTi damokidebuleba 

ar iZleva damakmayofiebel Sedegebs Cu2Si-is, Zn2Si-is da Cd2Si-is SemTxvevaSi 

naTelia. 
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cxrili 15 

ionur-kovalenturi silicidebis S0298-s angariSis Sedegebi                                                           
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cdomileba 

 

Δ,kal/ 

(mol.K) 

% 

C2Si 17.93 20.12 0.8912  

0.8374 

16.85 1.08 6 

Ca2Si 19.04 24.3 0.7835 20.35 -1.31 6.9 

Sr2Si - 29.50 - 0.8374 24.70 - - 

Zn2Si - 24.40 - 0.8374 20.43 - - 

Cu2Si - 20.34 - 0.8374 17.03 - - 

Ba2Si - 34.52 - 0.8374 28.91 - - 

 

 

                                         

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

naxazi 13. R2S silicidebSi 𝑆𝑓,298
0 -sa da 

R-is rigiT #-s Soris damokidebuleba 
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daaxloebiT igive Sedegebs vRebulobT S0298 -R at.m. damokidebulebis 

SemTxvevaSic (nax. 14). aqac erTi SexedviT arc Tu damakmayofilebel 

Sedegebs vRebulobT. Tumca arc imis SemCnevaa rTuli, rom meore jgufis 

mTavar qvejgufSi Semaval atomTa silicidebis S0298 cvlileba erT, xolo B- 

qvejgufSi SemavalebiT igive naerTebis S0298 gansxvavebul kanonzomierebebs, 

TiToeulisTvis individualur kanonmzomierebebs emorCilebian. 

 

naxazi 14. prognozirebuli S0298 -is  sidideebis damokidebuleba 

silicidebSi (R2Si) R–s atomur masaze. 
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es movlena meordeba Cvens mier agebul kidev or damokidebulebaSi. 

pirveli maTgani gamosaxavs silicidebis S0298-sidideebis damokidebulebas. 

RBelementis radiusebze, romlebic aRebulia [42]-dan. Cven bokis mier 

SemoTavazebul sidideebs viyenebdiT. 

aq perioduli sistemis meore jgufis mTavari qvejgufis elementebis 

silicidebis aRniSnuli damokidebuleba metad rTulia, Tumca misi 

gamosaxva wrfiTacaa SesaZlebeli – igi wyvetili xaziTaa warmodgeneli 

nax.15-ze. rogorc Cans, am wrfiTac SeiZleba visargebloT Termodinamikurad 

ucnobi R2Si -is S0298-is dasadgenad. 

amave jgufis B-s qvejgufis elementebian R2Si-Tvis 𝑆298,𝑅2𝑆𝑖
0  – r wrfiv 

xasiaTs atarebs. sainteresoa, rom damatebiT naangariSebi Cd2Si-is S0298-s 

sidide am wrfes kargad moergo.  

𝑆298,𝑅2𝑆𝑖
0 − æ damokidebuleba imeorebs xasiaTiT winamorbeds (nax.16). 

eleqtrouaryofiTobis dasadgenad [43]-is gamoyenebiT iqac SeiZleba rTuli 

naxazi 15. prognozirebuli 

 𝑆298,𝑅2𝑆𝑖
0  – r damokidebuleba 

 

naxazi 16. prognozirebuli 

𝑆298,𝑅2𝑆𝑖
0  _ æ  damokidebuleba 
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damokidebulebis wrfiviT Secvla S0298-sididis 5-dan 10%-is cdomilebis 

zRvrebSi. 

zemoT moyvanili damokidebulebebidan ori ukanaskneli miviCnieT 

gamoyenebisTvis mosaxerxeblad. amiT iyo gamowveuli, rom igive rigis 

silicidebisTvis (ionur-kovalenturebis), iseve rogorc liTonis 

msgavsebisTvis, romelTa ∆H0
f,298 ar aris dadgenili, dagvedgina am 

damokidebulebaTa gamoyenebis SesaZlebloba. damokidebulebebi nax. 17-zea 

moyvanili. 

 

∆𝑯𝒇,𝟐𝟗𝟖
𝟎  kkal/mol 

                  Ba2Si                                                  Ba2Si 

 

 
                  Sr2Si                                                Sr2Si 
 

 

 

                      Ca2Si                              Ca2Si 

                             ∆𝑯𝒇,𝟐𝟗𝟖 
𝟎 − æ       ∆𝑯𝒇,𝟐𝟗𝟖

𝟎 − 𝒓     

 

 

 

                       
                   Ni2Si                 

                Fe2Si 

                                 Ca2Si 

                                                Co2Si               
                            
                        Mo2Si  
                        Mn2Si  
                                               
                        Mg2Si        Mg2Si       
 
 

 

 

nax. 17. ∆𝐻𝑓,298,𝑅2𝑆𝑖
0 − 𝑟 da ∆𝐻𝑓,298,𝑅2𝑂

0 − æ damokidebulebebi  

r · 10,nm 

æ 
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irkveva, rom rogorc ionur-kovalenturebis, ise liTonmagvari 

silicidebis sacnobaro wyaroebSi mocemuli sidideebi R2Si-Si Semavali R-is 

rogorc r-Tan, ise æ-Tan sworxazobriv damokidebulebas iZlevian. garkveuli 

disonansi ∆𝐻𝑓,298,𝑆𝑟2𝑆𝑖
0 -is sidides Seaqvs. Tumca, Tu miviRebT mxedvelobaSi, 

rom es Termodinamikuri parametri mxolod erT sacnobaro wyaroSia 

moyvanili [29] SeiZleba davaskvnaT, rom igi iTxovs Semowmebas. Cvens mier 

mowodebuli damokidebulebebidan gamomdinare 

∆𝐻𝑓,298,𝑆𝑟2𝑆𝑖
0 = -61,82kkal/mol. 

amave damokidebulebebidan irkveva, rom ∆𝐻𝑓,298,𝐵𝑎2𝑆𝑖
0  = _66,12 kkal/mol. 

wrfivia gardamavali liTonebis monawilebobis miRebuli silicidebis 

damokidebuleba r-sa da æ-ze. Aman mogvca saSualeba dagvedgina Fe2Si-is, 

Cr2Si-isa da Mn2Si-is warmoqmnis standartuli moluri enTalpiebi. 

meore Tavis dasasruls ar SeiZleba ar aRiniSnos, rom Termodinamikuri 

parametrebis, rogorc yvela grafikuli Tu saangariSo dadgenis meTodi, 

umaRlesi xarisxis sizustiT ar xasiaTdeba. Tumca, Tu gaviTvaliswinebT im 

garemoebas, rom arc sacnobaro wyaroebSi arsebul monacemebs SeuZliaT 

uzrunvelyon zedmiwevniT maRali sizuste, Cveni azriT, Cvens mier 

mopovebuli monacemebiT SesaZlebelia rigi nivTierebaTa Soris 

urTierTqmedebaTa damakmayofilebeli Termodinamikuri Sefaseba. 

 

3. minanqris miRebisas mimdinare procesebis Sefaseba 

winamdebare naSromis sainformacio wyaroebSi arsebuli monacemebis 

analizisadmi miZRvnil TavSi Cven kompoziciaSi SesaZlo fizikur-qimiur 

procesebsac SevexeT. 

vinaidan minanqari minis saxesxvaobas wamoadgens, mis kompoziciaSi 

mimdinare procesebi erTi SexedviT minis miRebisTvis gankuTvnil 

kompoziciebSi mimdinare procesTa analogiuri unda iyos. magram, es mxolod 

im SemTxvevaSi, Tu minisa da minanqris kompoziciaTa Tvisebrivi Sedgeniloba 

erTnairia. 

minanqris funqcionaluri datvirTva minisgan mkveTrad gansxvaveba, rac 

umetes SemTxvevaSi moiTxovs kompoziciisadmi gansakuTrebuli moTxovnaTa 

dakmayofilebas. 
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minanqari advildnobadi mina unda iyos, raTa srulad dafaros liTonis 

nakeTobis zedapiri da uzrunvelyos miRebuli kompozitis muSaoba 

sxvadasxva (arc Tu iSviaTad eqstremalur) pirobebSi. 

minanqrisadmi advildnobadobis miniWeba kompoziciaSi Semavali 

komponentebis dastas moiTxovs. am Tvisebis misaniWeblad mizanSewonilia 

kazmSi mravlad iyos tute liTonTa da boris oqsidTa Semcveli 

komponentebi. magram, R2O oqsidebi advildnobadobis miniWebasTan erTad 

safaris qimiuri medegobis mkveTri Semcirebis mizezi xdeba. igive nakli 

B2O3-sac aqvs. damatebiT igi amcirebs minanqris Termuli gafarToebis 

temperaturul koeficients, rac xdis mas liTonTan SeuTavsebels _ 

safarSi da zedapirul Sua SreSi metad saxifaTo daWimulobebi 

warmoiqmneba.  

is rom SiO2 dadebiTad moqmedebs minanqrisa da minis qimiur da fizikur 

Tvisebebze sayovelTaodaa cnobili. magram, igi mniSvnelovnad amcirebs 

advildnobadobas. isic gasaTvaliswinebelia, rom kaJmiwis odenoba ar unda 

iyos garkveul zRvarze naklebi, raTa uzrunvelyos amorfuli myari 

sxeulis miReba. 

aRniSnul oqsidTa dadebiTi da uaryofiTi mxareebis gaTvaliswinebiT 

mimarTaven sxva elementTa oqsidebis Seyvanas, romlebic sadReisod 

perioduli sistemis TiTqmis yvela elements moicavs. 

gansakuTrebulia spilenZisa da misi SenadnobebisTvis minanqris 

Sedgenilobisadmi moTxovna. pirvel rigSi minanqars unda axasiaTebdes 

spilenZis Termuli gafarToebis temperaturul koeficientTan miaxloebuli 

am Tvisebis sidide. amiT unda miiRweodes spilenZisa da misi Senadnobebidan 

miRebuli nakeTobaTa mxurvalmedegoba, garkveuli izolatoruli Tvisebebi, 

qimiuri medegoba da a.S. 

am Tvisebebis uzrunvelyofisTvis erT dros tyvia da kalaSemcveli 

minanqrebi gamoiyenebodnen, Tumca SemdgomSi maTi warmoebidan “amoReba” 

moxda, radgan Pb da Sn metad toqsikur elemenTa ricxvs miakuTvnes. 

sadReisod spileZisa da misi Senadnobebis mosaminanqreblad ori 

minanqari iqna SemoTavazebuli. maTi Sedgenilobebi moyvanilia 1.6.-Si. orive 

maTgani Seicavs BaO-s (8.0 da 26.2) R2O oqsidebs (32,0 da 22,3), B2O3-s (4 da 

11,9),  Al2O3-s (7 da 3,5), CaO-s (5 da 8,6), SiO2-s (44 da 22,5). meore uxvbariumian 
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SedgenilobaSi CuO-caa (5mas%). molebSi am minanqarTa Sedgeniloba cxrili 

16-Sia moyvanili. 

 

cxrili 16 

minanqrebis Sedgeniloba molebSi  

Mminis  
o-ba, 

Mmas. % 

Sedgeniloba molebSi  
SeniSvna SiO2 Al2O3 B2O3 BaO Cao CuO K2O Na2O ∑ 

100mas.% 0.7323 0.0687 0.0575 0.0522 0.0892 - 0.1476 0.2920 1.4395 I 
kompozi-

cia 
1 moli 
minis 
masaSi 

0.5087 0.0477 0.0400 0.0363 0.0620 - 0.1025 0.2028 1.0 

100 mas% 0.3745 0.0343 0.1709 0.17.09 0.1534 0.0719 0.1019 0.2049 1.2827 II 
kompozi-

cia 
1 moli 
minis 
masaSi 

0.2920 0.0267 0.1332 0.1332 0.1196 0.0561 0.0794 0.1598 1.0 

 

Tu davuSvebT, rom minanqris Termul damuSavebisas orive kompoziciaSi 

B2O3-is mTeli raodenobis B-is 30% gadadis samidan oTxkoordinirebul 

mdgomareobaSi, maSin minanqarSi Si - B Jangbadiani karkasis bmulobis 

koeficienti (fb) toli iqneba:  

I kompoziciaSi: fb =
𝛾𝑆𝑖𝑂2+0.3𝛾𝐵2𝑂3

𝜈𝑁𝑎2𝑂+𝜈𝐾2𝑂+𝜈𝐵𝑎𝑂+𝜈𝐶𝑎𝑂+3𝜈𝐵2𝑂3+3𝜈𝐴𝑙2𝑂3+2𝜈𝑆𝑖𝑂2
=

0.5207

1.6841
=0.3092 

Aaq da sxvagan 𝜈-oqsidTa moluri odenobaa 1 mol. minanqarSi 

 II kompoziciaSi: fb =
0.3320

1.6118
= 0.21 

am angariSidan gamomdinareobs, rom arc erTma kompoziciam mdgradi 

(minanqari) ar SeiZleba mogvces, metadre meorem. minaqris liTonze 

gamowvisas orive dakristalebisadmi maRal midrekilebas unda iCendes. 

angariSisas Cven ar miviReT mxedvelobaSi Al3+--is oTxkoordinaciul 

mdgomareobaSi gadasvlis SesaZlebloba – modifikatorebi, rogorc 

dadgenilia (4,35), pirvel rigSi JangbadiT ara B2O3s, aramed Al2O3-s 

“amaragebeb”. amis gaTvaliswinebiT fb-is sidideebi icvleba: 

pirvel kompoziciaSi fb =
0.5684

1.68441
= 0.34 

meoreSi fb =
0.3587

1.6118
= 0.22 

Al-is sakoordinacio mdgomareobis Secvlis gaTvaliswinebiT irkveva, rom 

pirveli kompizicia metadaa midrekili minis warmoqmnisadmi, vidre meore _ 

mas dakristalebisadmi maRali midrekileba unda gaaCndes. aRniSnuli 
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daskvnis sxva formulirebac SeiZleba moviyvanoT: meore kompoziciidan 

swrafi gacivebiT miRebuli minanqari moiTxovs damatebiT RonisZiebebs, raTa 

liTonze gamowvisas ar warimarTos mominanqrebisTvis arasasurveli 

movlenebi. es RonisZiebebi Slikeris saTanado momzadebis sferoSia 

Casatarebeli.  

saWiro oqsidebis SeyvanisTvis gamosayenebeli nedleulis (masalebis) 

SerCevis TvalsazrisiT, orive kompoziciis Sedgenis sxvadasxva varianti 

arsebobs. Cven am variantebidan ors warmovadgenT. 

pirvel maTganSi oqsidebis Sesayvanad ZiriTadad qimiuri reaqtivebi 

SeiZleba gamoviyenoT (teqnikuri Tixa-miwa, kaliumis, natriumis, kalciumis, 

bariumis karbonatebi, boris mJava, spilenZis oqsidi). aseT kompoziciaSi 

bunebrivi nedleulidan kvarcis qviSa da midvris Spati, an pegmatiti 

SeiZleba iyos – pirveli rogorc SiO2-is ZiriTadi “momwodebeli”, danarCeni 

ori ki rogorc saWiro Al2O3-is kompoziciaSi Semyvani da kvarcis qviSisa da 

tute liTonTa korbonatebis damzogavi nedleuli. 

minisa da minanqris miRebis praqtikaSi arsebuli informaciis gamoyenebiT 

amgvari Sedgenilobis kompoziciebSi, Termuli zemoqmedebis gavleniT, 

Semdegi fizikur-qimuri gardaqmnebis (urTierTqmedebebis) nusxa SeiZleba 

Camoyalibdes [1,3,36-38]. 

 1273 K temperaturamde SesaZlebelia: 

- higroskopuli wylis mocileba (293-493K) 

- boris mJavasTan dakavSirebuli movlenebi (konstituciuri wylis 

mocileba da HBO2-is warmoqmna, Txevadi fazis pirveli ubnebis 

warmoqmna 503-573 K) 

- korbonatebis, metadre R2CO3-is urTierTqmedeba boris mJavasa da 

misgan warmoqmnil naerTebs Soris Sesabamisi boratebis warmoqmniT 

(B2O3-is siWarbisas) _ misi lRoba (503-723 K); 

- tute da tutemiwa elementTa siWarbisas karbonantebis 

urTierTqmedebis dawyeba mindvris Spatsa da pegmatitebSi Semaval 

mineralTa Soris, SiO2-is monawileobiT da mis gareSe (≥723 K); 

- qimiur urTierTqmedebebSi SiO2-is aqtiuri monawileba 

silikaturi da borsilikaturi naerTebis warmoqmniT, advildnobadi 

naerTebis warmoqmna da dnoba, Txevadi fazis odenobis zrda (723-1273K); 
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 1473K temperaturamde gaxurebisas ZiriTadad unda mimdina-

reobdnen Semdegi procesebi: 

- airadi fazis kompoziciidan gamoyofis gaaqtiureba, Zneldnobadi 

naerTebis gaxsna momravlebul Txevad fazaSi, axali evteqtikebis 

warmoqmna da naerTebis dnoba (1273-1473K) 

 1673 K temperaturamde kompoziciis Termuli damuSavebisas: 

- TandaTanobiT Txevadi fazis qimiuri Sedgeniloba rTuldeba 

Semdegi sqemiT B2O3 - mH2O → R2O(RO) - nB2O3→ R2O(RO) - nB2O3 – pSiO2, 

heterogenuli Txevadi sistema sul ufro metad Rebulobs 

homogenurobis niSnebs. 

gasagebia, rom zemoT moyvanili informacia Tvisebrivad aRwers 

kompoziciaSi mimdinare procesebs. am procesTa raodenobriv mxares Cven ar 

vexebiT, radgan igi sakmao sirTuliT Sesabamis wyaroebSia moyvanili. 

aRvniSnavT mxolod imas, rom aq moyvanili mimdinare procesebis 

temperaturuli gradacia metad pirobiTia da damokidebulia kompoziciis 

konkretul Sedgenilobasa da Termuli damuSavebis xerxebze. 

sul sxva viTarebaa kompoziciis Sedgenis meore variantis SemTxvevaSi, 

rodesac gamosavali masalebis rolSi ZiriTadad kompleqsuri (maT Soris 

teqnogenuri warmomavlobis) nedleuli gamoiyeneba. 

 

3.1 kompleqsuri nedleulis gamoyenebiT miRebuli  

kompoziciis proeqtireba 

minanqris teqnologiaSi kompleqsuri nedleulis aqtiuri gamoyenebis 

istoria arcTu didia da am saqmeSi mniSvnelovani roli stu-s 

TanamSromlebsac miuZRviT. maTi mecadineobiT dadginda, rom kompleqsuri 

nedleuli (bunebrivi qanebi, sxvadasxva myari narCenebi) iZleva saSualebas 

ara mxolod Semcirdes mravali saxis deficituri da ZviradRirebuli 

nedleulis (masalebis) xarji, aramed radikalurad Secvalos minanqris 

miRebis teqnologiuri sqema (34). isic dadginda, rom kompleqsuri 

nedleulis gamoyenebiT, sabazo Sedgenilobis SenarCunebisas, minanqarSi 

iseTi oqsidebic Sedian, romlebic mas Tvisebrivad axal Tvisebebs aniWebs. 

amis magaliTad Cven adre ganxilul SedgenilobaTa gasaSualebiT 

miRebuli minanqris kompozicias moviyvanT. misi Sedgenilobaa: SiO2 33,25 
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(0.5534); Al2O3 5.2(0.0515); B2O3 7.95 (0.1142); BaO 17.1(0.1115); CaO 6.8(0.1213); CuO 2.5 

(0.0359); K2O 11.75(0.1247); Na2O 15.40(0.1896)* 

aRniSnuli Sedgenilobis 

fb=
𝛾𝑆𝑖𝑂2+0.3𝛾𝐵2𝑂3+𝜈𝐴𝑙2𝑂3

𝜈𝑁𝑎2𝑂+𝜈𝐾2𝑂+𝜈CuO+𝜈CaO+3𝜈𝐵2𝑂3+3𝜈𝐴𝑙2𝑂3+2𝜈𝑆𝑖𝑂2
=

0.4908

1.6794
=0.29, 

anu minis miRebis zRvarzea. 

davuSvaT am Sedgenilobis misaRebad gamoiyeneba iseTi kompleqsuri 

nedleuli, rogoricaa WiaTuris adgilmdebareobis manganumis madnis 

gamdidrebis narCenebi _ wvrildispersuli Slami (mmgn). misi oqsiduri 

Sedgeniloba cxr. 17-Sia moyvanili, xolo mineralogiuri _ cxr. 18-Si. amis 

garda B2O3-is Sesayvanad ara boris mJava, aramed boraki, xolo kompleqsuri 

nedleuli ZiriTadad Al2O3-is saWiro raodenobis Sesayvanad gamoiyeneba. 

cxr. 16-17-Si moyvanili monacemebis Tanaxmad 5.25mas% Al2O3 -is minanqarSi 

Sesayvanad dagvWirdeba 51.39 woniTi nawili mmgn. am raodenobiT mmgn-s 

kompoziciaSi aReba iZleva oqsidTa garkveul raodenobas (ix.cxr 19). Tu 

davuSvebT, rom kompoziciaSi Sesayvani sxva nedleuli (masala) “sufTaa”, 

maTi odenobis dadgena mraval faqtorzea damokidebuli (pirvel rigSi 

TiToeuli oqsidis minis Tvisebebis gavlenaze). Cven SemTxvevaSi 

kompoziciaSi manganumis oqsidTa arsebobam ramdenadme BaO-s funqcia unda 

Seasrulos, radgan iTvleba, rom minaSi ZiriTadad Mn2
2+Mn4+O4 (Mn3O4) unda 

arsebobdes [39]. es ki imaze migvaniSnebs, rom MnO odenoba minanqarSi orjer 

unda aRematebodes MnO2-s, romelsac SeuZlia miiRos monawileoba 

kaJbadJangbaduri badis agebaSi. erTaderTi gansxvaveba sawyis 

SedgenilobasTan isaa, rom ver iqna uzrunvelyofili CaO-s mocemuli 

Semcveloba, romlis ZiriTadi daniSnulebaa safaris qimiuri medegobis 

gazrda. Tumca amis miRweva Slikeris momzadebis procesSicaa SesaZlebeli. 

Teoriuli mosazrebidan gamomdinare, kompoziciaSi manganumis oqsidTa 

Termuli damuSavebisas 0.0380 MnO Mn2
2+Mn4+O4 marils 0.0190 MnO2-Tan unda 

warmoqmnides (ix cxr. 15). danarCeni dioqsidi maRal temperaturebze MnO-mde 

unda aRdges (0.0192 moli, rac 1.36 mas%-s udris). maSasadame, 0.0192 moli 

Jangbadi   kompozicias  unda   moscildes,  Tumca  manganumis  TviTaRdgena  

 

* _ ricxvebi frCxilebs gareSe gamosaxaven Semcvelobas mas.%-Si, frCxilebSi _ molTa 

raodenobas. 
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cxrili 17 

mmgn-is oqsiduri Sedgeniloba 

ganzomi- 

leba 
oqsidTa   Semcveloba  

∑ 
P2O2 Ti O2 MnO2 Si O2 Al2O3 Fe2O3 FeO BaO MnO CaO MgO K2O Na2O SO3 CO2 H2 O 

Mmas% 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 2.65 100.03 

Mmol. r-ba 0.0023 0.0038 0.0978 0.8904 0.1002 0.0156 0.0019 0.0052 0.0973 0.0785 0.0335 0.0144 0.0339 0.0050 0.1043 0.1472 1.6313 

Mmol. wili 0.0014 0.0023 0.0600 0.5458 0.0614 0.0096 0.0012 0.0032 0.0597 0.0481 0.0205 0.0088 0.02080 0.0031 0.0639 0.0902 1.0000 

 

cxrili 18 

mmgn-is mineraloguri Sedgeniloba  

 

ganzomi- 

leba 

                                   mineralTa   Semcveloba 

Ap Ru B-S Gtt Mu Gl Kt Mt Gt H Or Ab 

Mmas% 0.70 0.30 1.11 2.49 3.98 1.10 0.77 1.08 0.88 2.06 4.90 17.41 

Mmol. r-ba 0.0007 0.0037 0.0052 0.0140 0.0050 0.0013 0.0030 0.0030 0.0030 0.0030 0.0088 0.0332 

Mmol. 
wili 

0.0009 0.0047 0.0066 0.0179 0.0064 0.0017 0.0038 0.0039 00.0038 0.0039 0.0112 0.0424 

 

cxrili 18-is gagrZeleba 

 

ganzomi- 

leba 

            
∑ 

An Cc Mc M'c Man Psl Pyz Wad Q Op meqan. 
H2O 

Mmas% 8,43 3,82 2,74 3,86 2,11 3,84 1,84 6,78 26,59 3,15 0,11 100,00 

Mmol. r-ba 0,0303 0,0382 0,0325 0,0336 0,0120 0,0148 0,0045 0,0324 0,4425 0,0517 0,0061 0,7832 

Mmol.wili 0,0387 0,0488 0,0415 0,0430 0,0154 0,0189 0,0058 0,0414 0,5654 0,0661 0,0078 1,0000 
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cxrili 19 

kompoziciis proeqtirebis mimdevroba da oqsiduri Sedgeniloba 

N 

nedle-

uli 

 
raode-

noba 

Termuli damuSavebisas araaqrolad 
oqsidTa Semcveloba, mas% 

 
∑ 

qroladi, 
masa% 

saer-
To 
∑ P2O5 TiO2 MnO2 SiO2 Al2O3 Fe2O3 FeO B2O3 BaO CuO MnO CaO MgO K2O Na2O SO3 H2O CO2 

Mmmgn 51.39 0.16 0.16 4.37 27.49 5.25 1.28 0.07 - 0.41 - 3.54 2.26 0.69 0.70 1.08 0.21 47.67 1.36 2.36 51.39 

Kkrist. 
Bboraki 

21.78        7.95       3.53  11.48 10.27  21.78 

Kkvarcis 
qviSa 

5.76    5.76             5.76  
 

 5.76 

CuO 2.5          2.5       2.50   2.50 

BaCO3 13.84         10.75        10.75  3.10 13.84 

K2CO3 16.25              11.05   11.05  5.21 16.25 

Na2CO3 18.44   
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

10.79  
 

10.79 
 

 7.66 18.44 

 129.9 0.16 0.16 4.37 33.25 5.25 1.28 0.07 7.95 11.16 2.5 3.54 
 

2.26 0.69 11.75 15.40 0.21 100.0 11.63 18.33 129.96 

 

cxrili 20 

kompoziciis oqsiduri Sedgeniloba molebSi 

 

ganzomileba oqsidTa Semcveloba  
 ∑ 

P2O5 TiO2 MnO2 SiO2 Al2O3 Fe2O3 FeO B2O3 BaO CuO MnO CaO MgO K2O Na2O SO3 

Mmol. 
raodenoba 

0.0011 0.0020 0.0503 0.5534 0.0515 0.0080 0.0010 0.1142 0.0728 0.0359 0.0499 0.0403 0.0171 0.1247 0.1896 0.0026 1.3144 

mol. wili 0.0008 0.0015 0.0382 0.4210 0.0392 0.0061 0.0007 0.0869 0.0555 0.0273 0.0380 0.0307 0.0130 0.0949 0.1442 0.0020 1.0000 
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daJangvis unaris gaTvaliswinebiT kvlav MnO-s daJangvaze SeiZleba 

daixarjos Mn2O3-is (MnO·MnO2, Mn2+Mn4+O3) warmoqmniT. Cven ugulvelv-

yofT aseT viTarebas da vTvliT, rom MnO2-iT gamoyofili Jangbadi 

ixarjeba sxvadasxva valentobaSi myofi rkinis odenobaTa balansis 

SenarCunebaze, risi gaTvaliswinebac praqtikulad SeuZlebelia. amiTaa 

gamowveuli, rom cxr. 19-Si kompoziciis Sedgeniloba mas%-Si 100-s veRar 

gautoldeba.  

 

cxrili 21 

Sedgeniloba Mn-is valenturi mdgomareobis gaTvaliswinebiT  

 

ganzomi- 

leba 

oqsidTa   Semcveloba 

P2O5 TiO2 MnO2 SiO2 Al2O3 Fe2O3 FeO B2O3 

Mmas% 0,16 0,16 2,17 33,25 5,25 1,28 0,07 7,95 

Mmol. r-ba 0,0011 0,0020 0,0250 0,5534 0,0515 0,0080 0,0010 0,1142 

Mmol.wili 0,0008 0,0015 0,0190 0,4210 0,0392 0,0061 0,0007 0,0869 

 

cxrili 21-is gagrZeleba 

 

ganzomi- 

leba 

oqsidTa   Semcveloba  
∑ 

BaO CuO MnO CaO MgO K2O Na2O SO3  

Mmas% 0,16 0,16 2,17 33,25 5,25 1,28 0,07 7,95 99,59 

Mmol. r-ba 0,0011 0,0020 0,0250 0,5534 0,0515 0,0080 0,0010 0,1142 1,3144 

Mmol.wili 0,0008 0,0015 0,0190 0,4210 0,0392 0,0061 0,0007 0,0869 1,0000 

 

cxr. 21-Si moyvanili monacemebiT:  

fb= 
𝜈𝑆𝑖𝑂2+𝜈Al2O3+0.3𝛾𝐵2𝑂3+𝜈MnO2+𝜈𝑃2𝑂5+𝜈𝑇𝑖𝑂2+3𝜈𝐵2𝑂3+2𝜈𝑆𝑖𝑂2

𝜈𝑁𝑎2𝑂+𝜈𝐾2𝑂+𝜈MgO+𝜈CaO+𝜈𝑀𝑛𝑂+𝜈𝐶𝑢𝑂+𝜈𝐵𝑎𝑂+𝜈𝐹𝑒𝑂+3𝜈𝐹𝑒2𝑂3+3𝜈𝐴𝑙2𝑂3++2𝜈𝑀𝑛𝑂2+2𝜈𝑇𝑖𝑂2+5𝜈𝑃2𝑂5
= 

=
0.5076

1.7764
 = 0.29 

rogorc irkveva fb-is sidide ar icvleba mmgn-is kompoziciaSi Seyvanis 

SemTxvevaSi da igi praqtikaSi gamoyenebadi minanqrebis fb-sgan 

mniSvnelovnad ar gansxvavdeba. 

zemoT moyvanili monacemebiT SeiZleba gamovitanoT Semdegi daskvnebi: 
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 mmgn-is gamoyenebiT mniSvnelovnad mcirdeba kompoziciaSi 

Semavali kvarcis qviSis odenoba _ nacvlad ~34-mas. nawilisa ~6 mas. 

nawili; 

 mniSvnelovnad mcirdeba kalcinirebuli sodis raodenoba  

26.33 mas.n.-18.44m.n; 

 mmgn srulad akmayofilebs moTxovnilebas Al2O3-Si. rac 

gamoricxavs teqnikuri Tixamiwis, mindvris Spatebisa da pegmatitebis 

gamoyenebas; 

 mmgn sagrZnoblad amcirebs bariumis karbonatis odenobas _ 

nacvlad ~22.1 m.n-sa  ~13.8 m.n. 

am daskvnebiT TvalnaTliv irkveva, rom mmgn-s Seyvana kompoziciaSi 

ekonomiurad momgebiani unda iyos. 

amas isic emateba, rom kompleqsur masalas SeuZlia dadebiTad 

imoqmedos TviT minanqris miRebis procesze, rac gamowveulia, misi 

polimineraluri SedgenilobiT. 

amis dasadgenad saWiroa yuradRebis gadatana mmgn-is gamoyenebiT 

miRebuli kompoziciis mineralogiur Sedgenilobaze. ganvixiloT am 

kompoziciaSi Termuli damuSavebisas SesaZlo procesebi. 

 

 

3.2 kompleqsuri nedleulis gamoyenebiT miRebul kompoziciaSi 

Termuli damuSavebisas mimdinare procesebi 

Cven mier miRebuli kompoziciis mineralogiuri Sedgenilobis dadgena 

masSi Termuli damuSavebisas mimdinare procesebis srulfasovani 

Sefasebis winapirobaa. Mmineralogiuri Sedgenilobis ugulvelyofas 

SeuZlia Termuli damuSavebisas kompoziciis qcevis Sesaxeb aramarTebul 

daskvnebamde miyvana. 

tradiciuli nedleulis (masalis) gamoyenebiT miRebuli kompozicia 

rvakomponentiani sistemaa, maSin rodesac mmgn-iT miRebuli 26-

komponentiani (mxolod mmgn-s kompoziciaSi 22 mineraluri warmonaqmni 

Seaqvs). es garemoeba iTxovs sistemis TiToeuli komponentis Termul 

damuSavebisas individualur da komponentebTan erTad qcevis dadgenas. 

iseve, rogorc es tradiciuli minanqrebis SemTxvevaSia ganxorcielebuli. 
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visargebleT ra [40,41]-Si moyvanili informaciiT Catarda petroqimiuri 

gadaTvla, romlis Sedegebi cxr. 18-Sia warmodgenili. 

cxrilSi ganTavsebuli mineralebi SeiZleba daiyos maTTvis 

damaxasiaTebeli saerTo niSniT 7 jgufad (ix. cxr. 22-is SeniSvna). 

aqcesorul mineralebidan minanqris miRebaze raodenobis 

gaTvaliswinebiT Gtt-s SeuZlia iqonios gavlena. Mu da Gl silikatebis 

klasifikaciaSi erT qvejgufSi Sedian da maTi gavlena minanqris miRebaze 

erT-erTi maTganiT SeiZleba Sefasdes. Aaseve Kt, Gt da Mt-dan erT-erTis 

SerCevaa SesaZlebeli, xolo heridanditis urTierTqmedeba sxva 

komponentebTan calke gansaxilvelia.  Or, Ab da An mindvris Spatebia da 

erT-erTi maTganis ganxilviT SesaZlebelia SesaZlo urTierTqmedebaTa 

daxasiaTeba. 

karbonatebis eqvsi warmomadgenelidan romelimes zogad maxasiaTeblad 

gamoyeneba ar unda iyos mizanSewonili, radgan praqtika gviCvenebs, rom 

TiToeul maTgans temperaturis zrdisas maTTvis damaxasiaTebeli qceva 

axasiaTebs. 

calke borakis qcevaa gansaxilveli, radgan igi dabal temperaturebze 

mraval gardaqmnas ganicdis, rac gadamwyvet rols unda asrulebdes 

kompoziciaSi Termuli damuSavebisas mimdinare procesebze. aseve calke 

SiO2-is rolis Seswavlaa saWiro. me-7-e jgufis mineralebi ZiriTadad 

manganumis oqsidebisa da hidroqsidebisgan Sedgebian, rac saSualebas 

iZleva ganvixiloT TiToeuli naerTi calcalke.  

am mosazrebebidan gamomdinare Sedga SesaZlo urTierTqmedebaTa nusxa, 

romelic 300-mde reaqcias Seicavda da jibsis Tavisufali energiis 

minimizaciis meTodiT Sefasda energetikulad yvelaze momgebiani 

urTierTqmedebani. rigi maTgani cxr. 23 da 24-Si da danarTSia moyvanili. 

reaqciaTa Sefasebisas gamoiyeneboda Cvens mier SemoTavazebuli meTodi 

rigi boratisa da silikatebis ∆𝐻𝑓,298
0   da ʄ𝑆𝑓,298

0  da Cp,298-is dasadgenad.   
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cxrili 22 

kompoziciis mineralogiuri Sedgeniloba 

ganz

omi 

leba 

mineralTa   Semcveloba  

∑ 
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M 

mineralebis (naerTebis) naSromSi gamoyenebuli aRniSvnebi: 

Ap  -Aapatiti 

Ru - rutili 

 B-S- bariumis sulfati 

Gtt  - hoeTiti 

Mu -  muskoviti 

Gl  - gaukoqroiti 

Kt  -  kaoliniti 

Mt - montmoriloniti 

Gt - galuaziti 

H   - heidanditi 

Or - ortoklazi 

Ab - albiti 

An- anortiti  

 

 

 

 

 

 

 

 

 

 

 

 

SeniSvna: ukanasknel striqonSi miTiTebuli ricxvebi saerTo niSnebiT 

gaerTianebuli mineralebis (naerTebis) jgufebis nomrebia: 

 

1. mmgn-is aqcesoruli mineralebi 

2. wyalSemcveli aluminsilikatebi 

3. uwylo aluminsilikatebi 

4. karbonatebi 

5. oqsidebi 

6. boraki 

7. manganumis oqsidebi da hidroqsidebi 

 

Cc- kalciti 

Mc - magneziti 

M’c - rodiqroziti 

Man - manganiti 

Psl - psilomelani 

Pyr - piroluziti 

Wad - manganumis hidroqsidebi 

Q  - kvarci 

Op - opali 

Bor - boraki 

Nc  - nartiumis karbonati 

Bc - bariumis karbonati 

Kc – kaliumis karbonati 
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Termodinamikuri analiziT mopovebuli informaciis analizma Semdegi 

mosazrebebis gamoTqmis ufleba mogvca: 

 298-473K intervalSi ZiriTadad Bor-is gauwyloeba unda 

mimdinareobdes tinkalkonitis (Tin) warmoqmniT. am procesis garda 

mmgn-Si Sesavali rigi mineralis (Gtt-s, wyalSemcveli silikatebis, 

kvarcis, karbonantebis) urTierTqmedebebis dawyeba SeiZleba 

vivaraudoT, rasac Bor-s daTin-is nawilobrivi dnoba uwyobs xels; 

 473-723K-is intervalSi kompoziciaSi mimdinare urTierT-

qmedebani sam jgufad SeiZleba davyoT. reaqciaTa pirvel jgufSi Tin 

-is monawileobiT mimdinare procesebia dominanturi. mosalodnelia 

gardamavali wyalSemcveli natriumis boratebis gavliT uwylo 

natriumis boratis miReba, iseve rogorc kaliumis da RO-s Semcveli 

boratebisa. am produqtTa miReba SeiZleba meore jgufis reaqciaTa 

ricxvs mivakuTvnoT, iseve rogorc boratul-silikatur nawilebs 

Soris urTierTqmedebebi. mesame jgufis reaqciebi SiO2-is 

monawileobiT  unda mimdinareobdnen. am reaqciaTa Sedegia binaruli 

da sammagi silikaturi naerTebis warmoqmnis dasawyisi. 

 
cxrili 23 

borakis (Bor)  individualuri da kompoziciis sxva SemadgenelTa 
urTierTobisas qcevis Sefasebis Sedegebi sxvadasxva temperaturaze (T,K) 

                                                                                                                                                               
 
 # 

                   
reaqcia 

Sefasebis parametrebi 
 

∆𝐺0 = ƒ(𝑇), 
kkal/mol 

 

∆𝐺𝑇,
0  

kkal/mol 

 
lg𝐾𝑃,𝑇 

1. Bor → Na2O·2B2O3*5H2O(Tin) + 5·H2O 49,49-0,1926T 298K 

-7,89 5,79 

2. Bor → Na2O·2B2O3 + 10 H2O 135,5-0,3563T 423K 

-12,21 7,38 

3.5 Bor  →  B2O3 * 3H2O + Na2O*B2O3+ 

+7H2O 

105,19-0,2531T 473 

-14,54 6,76 

4.51 Bor  →  B2O3 * 3H2O + Na2O*B2O3· 

·4H2O+3H2O 

47,10-0,1117T 473 K 

-5,73 2,65 

5.6 Bor  + 2CaCO3 →Na2O*B2O3+2CaO· 

·B2O3+2CO2+10H2O  

190,37-0,4404T 473 K 

-17,95 8,29 

6.6I Bor  + MnO →Na2O*B2O3 + MnO· 

*B2O3+10H2O 

119,52-0,3622T 373 K 

-15,58 9,13 

6.6II Bor  + MnCO3 →Na2O*B2O3 + MnO· 

*B2O3+10H2O + CO3 

144,15-0,4017T 373 K 

-5,68 3,33 
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5.6III Bor  + MnO2 →Na2O*B2O3 + MnO· 

*B2O3+1/2O2 

152,12-0,3887T 423 K 

-12,30 6,35 

5.6IV Bor  + CaCO3 →Na2O*B2O3 + CaO· 

*B2O3+10H2O + CO2 

163,80-0,4002T 423 K 

-5,48 2,83 

6.6V Bor  + MgCO3 →Na2O*B2O3 + MgO· 

*B2O3+10H2O + CO2 

139,51-0,4031T 373 K 

-10,85 6,36 

6.6VI Bor  + 2MnCO3 →Na2O*B2O3 + MnO· 

*B2O3+10H2O + 2CO3 

164,28-0,4415T 423K 

-22,47 11,61 

7 Bor  + CaCO3 +2SiO2 →CaO*B2O3· 

·2SiO2+ Na2O *B2O3+10H2O + CO2 

156,92-0,3929T 423K 

-9,28 4,79 

11. Bor  + 2CaCO3 +2SiO2 →2CaO·B2O3· 

·2SiO2·Na2O + Na2O*B2O3 +9H2O + 

+2CO2 

158,57-0,3926T 423K 

-7,50 3,87 

  I Bor  + Na2O* Al2O3 ·6SiO2(Ab) + CaO· 

·Al2O3· 2SiO2→2 Al2O3 ·B2O3+ Na2O· 

·B2O3 ·2SiO2 + Na2O· SiO2+ CaO·SiO2+ 

+4SiO2 +10H2O 

163,29-0,3318T 573K 

-26,83 10,23 

  II Bor  + Or +An  → 2SiO2 *B2O3 +Na2O· 

*B2O3 ·2SiO2 +K2O·2SiO2 + CaO·SiO2+ 

+3SiO2+10H2O 

172,25-0,3369T 573K 

-20,794 7,93 

  III Bor + 2SiO2  →  Na2O· B2O3·2SiO2 + 

+B2O3 ·3H2O+7H2O 

97,89-0,2411T 473K 

-16,43 7,59 

 

cxrili 24 
tinkalkonitis (Tin) individualuri da kompoziciis sxva 

SemadgenlobasTan urTierTobisas qcevis Sefasebis  
Sedegebi sxvadasxva temperaturaze (T,K) 

   
 
 # 

      
reaqcia 

Sefasebis parametrebi 
 

∆𝐺0 = ƒ(𝑇), 
kkal/mol 

 
∆𝐺𝑇,

0     
kkal/mol 

 
lg𝐾𝑃,𝑇 

T-1 Na2O·2B2O3·5H2O(Tin) → Na2O· 

·2B2O3·5H2O 

85.76-

0,1636T 

573K 

-7,93 3,02 

T.2 Tin→ B2O3  · 3H2O +Na2O·B2O3 + 

+2H2O 

55.70-

0,0606T 

773 K 

8,85 -  2,50 

T.3 Tin→ Na2O · 2 B2O3 ·4H2O+H2O 28.26-

0,0249T 

773 K* 

9,02 -2,55 

T.4 Tin→ Na2O · 2 B2O3 · 4H2O+B2O3 

·H2O 

20.88-

0,0174T 

573 K* 

10,91 -7,96 

T.5 Tin+2CaCO3→ Na2O·B2O3+ 

+2CaO · B2O3 + 5H2O+2CO2 

20.55-

0,2479T 

298 K 

-53,22 39,10 

T.6 Tin+CaCO3 → Na2O · B2O3+ 

+CaO·B2O3 +5H2O+CO2 

114.27-

0,2077T 

573 K 

-4,74 1,81 

T.7 Tin+ MnO → Na2O · B2O3+MnO+ 

+5H2O 

70,03-

0,1696T 

473 K 

-10,0 4,62 

T.8 Tin+ MnCO3 → Na2O · B2O3+ 

+MnO· B2O3 + 5H2O+2CO2 

94.66-

0,2092T 

473 K 

-4,29 2,27 
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T.9 Tin+ MnO2 → Na2O · B2O3+MnO· 

·B2O3+ 5H2O+0.5O2 

102,63-

0,1961T 

473 K 

-9,86 4,50 

T.10 Tin+ MgCO3 → Na2O · B2O3+ 

+MgO· B2O3+ 5H2O+ CO2 

89.19-

0,2106T 

473 K 

10,46 4,83 

T.11 Tin+ CaCO3+2SiO2 → Na2O · 

·B2O3+CaO · B2O3 · 2SiO2 + 

+5H2O+CO2  

107.22-

0,2003T 

573 K 

-7,55 2,88 

T.12 Tin+ 2CaCO3+ 2SiO2 → 2CaO · 

·B2O3 · 2SiO2*H2O+Na2O·B2O3+ 

+4H2O+2CO2 

108.86-

0,2001T 

573 K 

-5,80 2,21 

T.13 Tin+ CaCO3+ 2SiO2 → Na2O · 

·B2O3  · 2SiO2 + CaO · B2O3+ 

+5H2O + CO2 

88.61-

0,1969T 

573 K 

-24,22 9,23 

T.14 Tin+ Ab** +An** → 2Al2O3 · 

·B2O3+ Na2O * B2O3·2SiO2+ 

Na2O·SiO2+ CaO *SiO2 + 4SiO2+ 

+5H2O 

113.80-

0,1393T 

873 K 

-7,81 1,95 

T.15 Tin+ Or***+An→ 2Al2 O3 · B2O3+  

+ Na2O · B2O3 · 2SiO2+K2O· 

·SiO2+CaO * SiO2 + 3SiO2 + 5H2O 

122.76-

0,1444T 

873 K 

-3,30 0,83 

T.16 Tin+2SiO →  Na2O · B2O3 

·2SiO2+B2O3 · 3H2O + 2H2O 

48.40-

0,0491T 

873 K 

5,53 -1,30 

 

*   Na2O* 2B2O3*4H2O    -   dneba 327K –ze 

             **   Ab - Na2O * Al2O3  * 6SiO2 ; An - CaO* Al2O3 * 2SiO2 

          *** Or -K2O* Al2O3 * 6SiO2 

 

 723-1123K SualedSi zemoaRniSnuli silikaturi myarfaza 

reaqciebi grZeldeba. mniSvnelovani unda iyos rigi kompozociaSi 

arsebuli da komponentTa Soris urTierTqmedebaTa Sedegad 

miRebuli produqtebis dnoba, evteqtikebis warmoqmna. amis Sedegad 

Txevadi fazis odenoba matulobs. 

 1123-1373K SualedSi mosalodnelia kompoziciis komponentTa 

Soris urTierTqmedebaTa dasruleba, axali evteqtikebis warmoqmna. 

aRniSnuli temperaturuli intervalis zeda zRvris miaxloebisas 

kompozicia ZiriTadad amorfuli sistemis saxiT unda wamogvidges. 

romelSic, aris Zneldnobadi produqtebis (ZiriTadad SiO2-is da 

rigi mindvris Spatebis) CanarTebi. 

 1373-1573K intervalSi kompozicia srulad amorfuli unda iyos, 

Tumca arasrulad homogenuli. Tu miviRebT mxedvelobaSi, rom 

minanqris warmoebaSi srul homogenizaciamde saqme ar mihyavT, 
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SeiZleba CaiTvalos, rom kompoziciis Termuli damuSaveba 

intervalis zeda zRvarze dasrulebulia. 

kvlav aRsaniSnavia, rom 3.2 qveTavSi moyvanili informacia 

ZiriTadad kompoziciaSi Termuli damuSavebis Sedegad mimdinare 

procesebis Teoriuli (Termodinamikur-petroqimiuri) gansjis Sedegia. 

Tu ramdenad Seesabameba am gansjiT miRebuli Sedegebi realurad 

mimdinare gardaqmnebs, amis garkveva eqsperimentuli kvleviT SeiZleba. 

Aam mizans isaxavs informacia moyvanili mexuTe TavSi. 

 

4. SeWidulobis warmoqmnis SesaZlo procesTa Sesaxeb 

rogorc aRiniSna, spilenZis zedapiris minanqarTan SeWidulobis 

mTavar miznad spilenZis oqsidur mdgomareobaSi ,( 2OCu )CuO  gadasvla 

saxeldeba [1, 2, 3]. liTonsa da minanqars Soris SeWiduloba 

dakavSirebulia Jangbadis atomTa difuziasTan liTonis kristalur 

gisosSi, ris Sedegadac zedapirul SreSi warmoiqmnebian zemoaRniSnuli 

oqsidebi. amis gamo, warmoiqmneba Jangbaduri xiduri bmebi )( CuOSi  , rac 

ganapirobebs minanqrisa da liTonis SeWidulobas. ar gamoiricxeba 

SeWidulobis Sualeduri oqsiduri fenis meSveobiTac ganxorcieleba. 

aRniSnuli mosazreba Termodinamikuri kriteriumiTac mtkicdeba, 

metadre liTonTa Jangbadisadmi swrafvis (jibsis Tavisufali energiebis) 

sidideebiT. cxr.2.-dan gamomdinare standartul pirobebSi 

2/2

44
mnmOMe

mn
OMe

n
  sqemiT oqsidTa warmoqmnis 0

298G  sxvadasxva 

liTonis SemTxvevaSi meryeobs 2,2568,1213 
mol

kj
 )

mol

kkal
 61,23  _290,11 (    

SualedSi. am intervalis qvemo zRvari Seesabameba OCu22 -s 
mol

kj
_296,1

)
mol

kkal
(_70,77 da OCu22 -s warmoqmnas )(

mol

kkal
_61,23

mol

kj
_256,2  

amiT irkveva, rom spilenZis oqsidTa warmoqmna energetikulad 

momgebiani ki aris, magram liTonTa oqsidebis warmoqmnis SemTxvevebTan 

SedarebiT bevrad ufro wamgebiania. is, rom spilenZis zedapiris 

garkveul SreSi daJangvis gareSe Znelia warmovidginoT minanqris 

nadnobiT am zedapiris dasveleba da masalaTa Soris kontaqtis 
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pirveladi procesebis ganviTareba, eWvs ar iwvevs. magram, mxolod am 

faqtors liTonis zedapirsa da minanqars Soris saTanado SeWidulobis 

warmoqmnaze gadamwyveti mniSvneloba ar unda eniWebodes. am sakiTxebs 

eZRvneba qvemoT moyvanili informacia. 

 

4.1 SeWidulobaze minanqris SemadgenelTa oqsidur afskTan 

urTierTqmedebis Termodinamikuri Sefaseba 

rogorc aRiniSna, iTvleba, rom feradi liTonebis (kerZod, spilenZis) 

zedapirTan minanqris urTierTqmedebis ZiriTad mizezad CuOSi  bmis 

warmoqmnaa. es, rogorc Cans imas gulisxmobs, rom gamyof zedapirsa da 

mis axloblad spilenZSemcvleli silikaturi naerTis magvari 

warmonaqmnebi unda iyos. vaxseneT gansazRvreba `warmonaqmni~ da 

ganvmartavT, rom minanqris nadnobi sworad rom am dagjufebisgan Sedgeba. 

radgan, minamasalaTa Soris umaRlesi mikroheterogenulobiT igi 

xasiaTdeba. 

minis SemTxvevaSic ki mikroheterogenuloba sayovelTaod aris 

aRiarebuli. masSi (minaSi) arsebuli warmonaqmnebi kristalur 

mdgomareobaSi myofi naerTebis magvaria. maT Soris gansxvaveba 

mowesrigebis xarisxSia.  amorful da kristalur myar sxeulebSi 

axlomowesrigebis xarisxi praqtikulad erTnairia, xolo Sereuli 

mkveTrad gansxvavdeba _ kristalurSi igi sivrcobrivad ganmeorebadia, 

maSin rodesac amorfulSi _ qaoturia [10-15]. 

r. miulerma gamoTqva mosazreba da moiyvana Sesabamisi mtkicebani 

imisa, rom pirvel miaxloebaSi SeiZleba miRebuli iqnas debuleba 

Sereuli geometriuli mowesrigebulobis mcire gavlenis Sesaxeb 

urTierTobaTa saerTo energiaze. man gviCvena, rom es energia saSualod 

90-99%-iT axlo mowesrigebulobis energias pasuxobs. amgvarad, 

gamotanili iqna daskvna minisebur da kristalur mdgomareobaSi atomTa 

qimiuri urTierTqmedebis energias igiveobaze [44]. 

am debulebis gamoyenebiT, Cvens mier SerCeuli minanqari SeiZleba 

warmovidginoT, rogorc Semdgari ZiriTadad Si -isa da B -is atomebisgan, 

romlebic sxvadasxva saxis urTierTqmedebaSi aris Sesuli minanqarSi 

Semaval sxva atomebTan. warmoqmnian ra garkveul dajgufebebs, maT Cven 

naerTis gamosaxvas vaZlevT. magaliTad, ,22 SiOONa  2SiOCaO , 32OBBaO   da 
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a.S. am ganmartebis Semdeg, SeiZleba davubrundeT qveTavis dasaxelebiT 

gansazRvrul Temas.  

irkveva, rom OSiCu  sistemaSi airad fazasTan wonasworobaSi ar 

arsebobs arc erTi silikati. amave da sxva wyaroebSi moiyvaneba 

monacemebi, rom Cu iZleva naerTs Al -Tan ( ,42OCuAl 2CuAlO , romlebic 

inkongruentulad dnebian), Mg -Tan MgOCuO •2( da )•3 MgOCuO , Mn -Tan 

)( 42OCuMn da sxva atomebTan. maT Soris aris miniSnebebi, rom OVCu  , 

OWNaCu  sistemebSi warmoiqmnebian dabaltemperaturuli naerTebi da 

evteqtikebi [52]. 

[53]-Si moiyvaneba 42OCuB -is arsebobis SesaZlebloba K1148 -mde, amave 

wyaroSi miTiTebulia 17462 OBAlCu -is, 52 AlBOCu -is, 2CuAlO -is, 42OCuAl -is, 

623 OBCu -isa da sxva arasilikaturi oqsiduri naerTebis arsebobaze. 

zemoT moxseniebulidan SeiZleba Semdegi daskvnebis gamotana: 

SeWidulobaze CuOSi  bmaze metad, minanqris sxva SedgenelebTan 

spilenZis oqsidTa urTierTqmedebiT warmoqmnil bmebsac SeuZliaT 

imoqmedon. amis dasadgenad `minanqari-spilenZis oqsidebi~ sistemaSi 

SesaZlo urTierTqmedebaTa metad mravalricxovani dastaa, romlis 

nawili qvemoTaa moyvanili. 

urTierTqmedebaTa dastis Sedgenisas aRmoCnda, rom spilenZis 

Semcveli praqtikulad yvela naerTi `Termodinamikurad ucnobia~ _ Cven 

xelT arsebul sainformacio bazaSi ver aRmovaCineT maTi 0

,298fH  da 0

298S -

is mniSvnelobebi, rac ar gvaZlevda aRniSnul urTierTqmedebaTa 

Termodinamikuri Sefasebis saSualebas. 

am viTarebidan gamosavali [17, 31]-is avtorebis mier SemoTavazebuli 

meTodi aRmoCnda. am meTodiT miRebuli Sedegebi cxr.25–Si moiyvaneba. 

urTierTqmedebaTa reaqciebi: 

I  1.    4CuO+Al2O3∙SiO2+CaO∙B2O3→4CuO∙Al2O3∙B2O3+CaO∙SiO2 

I    2.       4CuO+ Al2O3∙SiO2+BaO∙B2O3→4CuO∙Al2O3∙B2O3+BaO∙SiO2 

I    3.       4CuO+ Al2O3∙SiO2+MnO∙B2O3→4CuO∙Al2O3∙B2O3+MnO∙SiO2 

I    4.       Cu2O+ Al2O3∙SiO2+2(CaO∙B2O3)→Cu2O∙Al2O3+CaO∙SiO2+CaO∙2B2O3 

I    5.       Cu2O+ Al2O3∙SiO2+2(BaO∙B2O3)→Cu2O∙Al2O3+BaO∙SiO2+BaO∙2B2O3 

I    6.       CuO+Al2O3∙2SiO2+CaO∙B2O3→Cu2O∙Al2O3+CaO∙B2O3 ∙2SiO2 

I    7.       CuO+Al2O3→CuO∙Al2O3 
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II   1.       CuO+B2O3→CuO∙B2O3 

II   2.       CuO+2(CaO∙B2O3∙2SiO2)→CuO∙B2O3+CaO∙B2O3+CaO∙SiO2+3SiO2 

II   3.       3CuO+B2O3→3CuO∙B2O3 

      II.  4.       Cu2O+B2O3→Cu2O∙B2O3 

  

                                              cxrili 25 

rigi naerTTa 0

,298fH da 0

298S  

# naerTi 
_ 0

,298fH  

kal/moli 

0

298S  

kal/K∙mol 

1 Cu2O Al2O3 455,37 39,56 

2 CuO Mn2O3 265,50 39,05 

3 CuO Al2O3 439,92 24,13 

4 4CuO Al2O3 B2O3 909,07 76,00 

5 3CuO Al2O3 530,12 50,17 

6 BaO  2B2O3 778,20 32,13 

7 2MgO B2O3 643,27 27,13 

8 MnO B2O3 427,34 30,87 

9 MgO B2O3 483,17 21,62 

10 2CaO   B2O3 653,79 34,66 

11 2MnO B2O3 532,88 45,71 

12 3CaO B2O3 820,11 43,90 

13 3MgO B2O3 801,24 33.36 

14 3MnO B2O3 636,17 59,75 

15 Na2O   B2O32SiO2 909,68 50,1 

16 Cu2O B2O3 397,55 39,44 

17 3CuO B2O3 465,40 46,05 

 

II. 5. 3CuO+CaO∙2B2O3+2SiO2→3CuO∙B2O3+CaO∙B2O3∙2SiO2 

II.6. 3CuO+Na2O∙B2O3∙2SiO2→3CuO∙B2O3+Na2O∙2SiO2  

III. 1. CuO+MnO+MnO2→CuO∙Mn2O3(CuO∙MnO∙MnO2) 

III. 2. 2CuO+MnO∙B2O3+MnO2→CuO∙Mn2O3+CuO∙B2O3 
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reaqciaTa Termodinamikuri Sefasebis Sedegebi ulixis pirveli 

miaxloebiT cxr.26-Sia moyvanili. avRniSnavT, rom am Sefasebisas [9, 29, 30, 

33, 54]-Si arsebuli informaciaa gamoyenebuli. 

 

cxrili 26 

reaqciaTa Termodinamikuri Sefasebis Sedegebi 

# 

Termodinamikuri Sefasebis Sedegebi 

# 

Termodinamikuri Sefasebis Sedegebi 

0

,298,fH r  

kkal/moli 

0

298,S r  

kal/K∙mol 

0

, ( )TG f T r  

kkal/moli 

0

,298,fH r  

kkal/moli 

298,S r  

kal/K∙mol 

)(0

, TfG hT   

kkal/moli 

I. 1 _57,38 6,79 _57,38_0,0068 T II. 1 _40,15 2,74 _40,15_0,0027 T 

I. 2 _51,56 5,83 _51,56_0,0058 T II. 2 _17,87 16,3 _17,87_0,0163 T 

I. 3 _40,15 2,68 _40,15_0,0027 T II. 3 _57,4 2,58 _57,4_0,0026 T 

I. 4 _19,49 _4,02 _19,49+0,0040 T II.4 4,28 _14,34 4,28+0,0143 T 

I. 5 15,36 _6,54 15,36+0,0065 T II.5 _51,04 1,28 _51,04_0,0013 T 

I. 6 _55,90 11,63 _55,90_0,0116 T II. 6 _32,48 4,78 _32,48_0,0048 T 

I. 7 _4,84 1,77 _4,84_0,0018 T III. 1 _14,54 1,91 _14,54_0,0019 T 

 III. 2 _23,62 0,95 _23,62_0,0010 T 

 

cxr.26–Si moyvanili da qimiur reaqciaTa mTeli dastis 

Termodinamikuri Sefasebis monacemebis Tanaxmad, reaqciaTa umravlesoba 

energetikulad momgebiania. misi analizi gviCvenebs, rom mxolod I.5 da II.4 

reaqciebia enetgetikulad wamgebiani (ix. cxr.27). marTalia, 

Termodinamikuri Sefaseba naklebad iTvaliswinebs reaqciaTa kinetikur 

mxares, magram migviTiTebs maTi mimdinareobis SesaZleblobaze. 

       

                                                                 cxrili 27 

reaqciaTa TG -s mniSvnelobebi 1123K -ze 

# 

0

,TG r  

kkal/moli 
pKlg  # 

0

,TG r  

kkal/moli 
pKlg  

I. 1 _65,01 12,65 II. 1 _43,18 8,40 

I. 2 _58,07 11,31 II. 2 _36,17 7,04 

I. 3 _43,18 8,40 II. 3 _60,32 11,74 

I. 4 _15,00 2,92 II. 4 20,34 _3,96 

I. 5 22,66 _4,42 II. 5 _52,50 10,22 
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I. 6 _68,93 13,41 II. 6 _37,87 7,37 

I. 7 _6,86 1,33 III. 1 _16,67 3,24 

 III. 2 _24,74 4,81 

 

pKlg -s angariSebma damatebiT informacia mogvca. dadginda, rom 

zemoaRniSnul reaqciebidan mxolod sami mimdinareobs Seqcevadad (1.4, 1.7 

III.1). maT Soris I.7 reaqcia axlosaa wonasworulTan, III.1- ki gadaxrilia 

produqciaTa miRebis mxares. danarCeni reaqciebi srulad unda 

mimdinareobdnen.  

qveTavis dasasruls SeiZleba iTqvas, rom Cveni varaudi, rom Si_O_Cu 

bmebis warmoqmna gadamwyveti ar aris SeWidulobis ganxorcielebaSi _ 

marTldeba. gamyof zedapirze SesaZlebelia B_O_Cu, Al_O_Cu da minanqarSi 

Semavali sxva atomebis Cu-Tan Jangbaduri `xidiT~ bmebis warmoqmnac. 

 

4.2 gamyof zedapirze araJangbadur naerTTa warmoqmnis SesaZleblobis 

Termodinamikuri Sefaseba 

`liToni_minanqari~ sazRvarze fazaTaSoriso reaqciebis 

Termodinamikuri Sefasebis principebi da ganxorcieleba Jangbadur 

naerTTa Soris (agreTve, Jangbadur naerTebis mixedviT) wina qveTavSi 

ganixileboda. igive principebiT da ganxorcilebis TanmimdevrobiT 

gadawyda iseTi reaqciebis Sefasebac, romelTa reagentebsa da produqtebs 

Soris liTonebi an uJangbado naerTebia. raTa dadgindes SesaZlo 

Sualeduri fena, romelic warmoiqmneba substaqisa da safaris 

urTierTqmedebis Sedegad. iseve, rogorc adre Sedgenili iqna reaqciaTa 

dasta, [44]-Si SemoTavazebuli midgomis gaTvaliswinebiT: 

I.   1. 3Cu+K2O∙2SiO2→Cu2O+K2O∙SiO2+1/2SiO2+1/2Cu2Si 

     2. 2Cu+ K2O∙2SiO2→CuO+K2O∙SiO2+1/2SiO2+1/2Cu2Si 

     3. 3Cu+Na2O∙2SiO2→Cu2O+Na2O∙SiO2+1/2SiO2+1/2Cu2Si 

     4. 2Cu+ Na2O∙2SiO2→CuO+Na2O∙SiO2+1/2SiO2+1/2Cu2Si 

     5. 6Cu+2(MgO∙SiO2) →2Cu2O+2MgO∙SiO2+Cu2Si 

     6. 4Cu+2(MgO∙SiO2) →2CuO+2MgO∙SiO2+Cu2Si 

     7. 6Cu+2(CaO∙SiO2) →2Cu2O+2CaO∙SiO2+Cu2Si 

     8. 4Cu+2(CaO∙SiO2) →2CuO+2CaO∙SiO2+Cu2Si 

     9. 6Cu+2(BaO∙SiO2) →2Cu2O+2BaO∙SiO2+Cu2Si 
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    10. 4Cu+2(BaO∙SiO2) →2CuO+2BaO∙SiO2+Cu2Si 

    11. 6Cu+2(MnO∙SiO2) →2Cu2O+2MnO∙SiO2+Cu2Si 

    12. 4Cu+2(MnO∙SiO2) →2CuO+2MnO∙SiO2+Cu2Si 

II. 1. 4Cu+2MgO∙B2O3→Cu2O∙B2O3+CuO+Mg2Cu 

     2. 3Cu+2MgO∙B2O3→CuO+CuO∙B2O3+Mg2Cu 

     3. 3Cu+MgO∙B2O3→CuO∙B2O3+MgCu2 

     4. 4Cu+MgO∙B2O3→Cu2O∙B2O3+MgCu2 

     5. 7Cu+CaO∙B2O3→Cu2O∙B2O3+CaCu5 

       6. 6Cu+CaO∙B2O3→CuO∙B2O3+CaCu5 

     7. 6Cu+2CaO∙B2O3→CuO∙B2O3+CaCu5+CuO 

qimiur urTierTqmedebaTa nusxa bevrad ufro farTe iyo, vidre zemoT 

aris moyvanili. aq mxolod is urTierTqmedebebia moyvanili, romelTa 

spilenZis silicidebisa da metalidebis ,298fH da 0

298S -is sidideebi 

metwilad saimedodaa miCneuli. 

jibsis Tavisufali energiis minimizaciis ulixis meTodis pirveli 

miaxloebiT am reaqciaTa Sefasebis realizaciam gviCvena, rom reaqciaTa 

umetesoba 1123K-ze SeuZlebelia energetikulad mimdinareobdes. 

magaliTisaTvis mogvyavs Cu2Si-is miRebis I.1_ I.4, I.5 da I.7 reaqciebis 0

1123G  

sidideebi da 0 ( )TG f T  funqciebis gantolebebi (ix. cxr.28) 

cxrili 28 

rigi reaqciebis Termodinamikuri maxasiaTeblebi 

# 

0

1123,G r  

kkal/moli 

0 ( )TG f T   

kkal/moli 
# 

0

1123G  

kkal/moli 

0 ( )TG f T   

kkal/moli 

I. 1 42,03 43,94-0,0017 T I.4 49,76 44,93+0,0043∙T 

I. 2 43,72 46,64-0,0026 T I.5 75,07 83,47+0,0075∙T 

I. 3 42,43 42,32-0,0001 T I.7 84,14 93,66+0,0085∙T 

 

gansxvavebuli Sedegebi iqna  miRebul im reaqciaTa Sefasebisas, 

romlebSic produqtTa Soris spilenZis metaloidebi miiReboda 

(reaqciaTa II seria). Sefasebis Sedegebi cxr.29-Sia moyvanili. 

cxrilSi mocemuli Sedegebi migviTiTeben, rom energetikulad momgebiania 

II.3, II.4 da II.6 reaqciebi, danarCeni ki ara. isic aRsaniSnavia, rom reaqciebi 

Cu2O∙B2O3–is warmoqmniT naklebad momgebiania, vidre CuO∙B2O3-is miRebiT. 
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cxrili 29 

Cu-is metalidebis miRebis SesaZlo procesTa  

Termodinamikuri Sefasebis Sedegebi 

# 

0

1123,G r  

kkal/moli 

0

, ( )TG f T r  

kkal/moli 
# 

0

1123,G r  

kkal/moli 

0

, ( )TG f T r  

kkal/moli 

II. 1 186,96 201,45 – 0,0129 T II.4 -45,66 -35,31-0,0092∙T 

II. 2 102,55 133,32 – 0,00274 T II.5 64,24 76,26-0,0107∙T 

II. 3 -121,18 -103,16 –  0,0166T II.6 -20,31 8,10-0,0253∙T 

 II.7 113,55 118,94-0,0048∙T 

 

winaswari monacemebis Tanaxmad, energetikulad momgebiani aris 

reaqciebi, romelTa Sedegad miiRebian CaCu, ZnCu, ZnCu3, Cd3Cu, BaCu3. 

magaliTisTvis mogvyvavs reaqcia: 

4Cu+ZnO∙B2O3→CuO∙B2O3+ZnCu3, 

romlis 0

1123 194,99KG   kkal/mol. 

me-4 Tavis dasasruls mogvyavs zogadi daskvnebi spilenZsa da 

minanqars Soris fazaTaSorisi urTierTqmedebis Sesaxeb: 

1. spilenZis (mis oqsidTa) urTierTqmedebisas minanqris 

SemadgenlebTan naklebad mosalodnelia Si_O_Cu bmebis warmoqmna. 

Tu spilenZisa da minanqris SeWidulobis mizezad Jangbad-xidur 

bmebis hopoTezas mivyvebiT, bevrad ufro mosalodnelia Al_O_Cu, 

Ba_O_Cu da a.S.. bmebis warmoqmna. 

2. fazaTaSorisi reaqciebis Sedegad ar unda iyos mosalodneli 

silicidebis warmoqmna. gamyof zedapirze da mis orive mxares 

SesaZlebelia sxvadaxva Sedgenilobis spilenZSemcveli 

metalidebis warmoqmna. 

3. SeWiduloba, rogorc Cans, aris minanqris Semadgenel 

dajgufebebsa da spilenZs Soris urTierTqmedebaTa Sedegad 

miRebuli qimiur-Jangbaduri bmebisa da gamyof zedapirze 

metalidebis gayofis Sedegi. 
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5. Teoriulad navaraudevi kompoziciis 

praqtikuli realizaciis rigi Sedegi da  

mominanqrebul liTonSi arsebuli daZabulobaTa Sefaseba  

me-4 TavSi moxsenebuli iqna, Teoriul monacemebze dafuZnebuli, 

spilenZisaTvis (mis SenadnobTaTvis) minanqris kompoziciis konkretuli 

Sedgenilobis gaangariSebisa da misi Sedegebis Sesaxeb. saWiro iyo 

navaraudevi mosazrebebis Semowmeba raTa, erTis mxriv, davrwmunebu-

liyaviT maT realobaSi, meores mxriv ki, Segvefasebina SemoTavazebul 

minanqarSi (minanqris safarSi) nakeTobis gacivebisas saxifaTo 

daZabulobaTa warmoqmnis SesaZlebloba. 

am mimdevrobiTaa warmodgenili qvemoT moyvanili masala. 

 

5.1. kompoziciis miRebisa da Seswavlis Sedegebi 

minanqrisa da mominanqrebis praqtikaSi minis miRebis garkveuli 

operaciebis Tanmimdevrobas icaven, romlis gamosaxva Semdegi sqemiT 

SeiZleba: 

 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

minanqris miRebis 

teqnologiuri xazi 

spilenZis momzadebis 

teqnologiuri xazi 

nakeTobis damzadeba nedli masalebis 

Sesabamisi momzadeba 

kompoziciis Sedgena 

minis xarSva 

fritireba 

fxvnilis damzadeba gamowva 

nakeTobis zedapiris 

dafarva 

zedapiris momzadeba 
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laboratoriul pirobebSi Cven ar gadagvixvevia am sqemiT gaTvalis-

winebuli operaciebisaTvis, Tumca imis aRniSvnacaa saWiro ra Tavisebu-

rebebiT xasiaTdeboda teqnologiuri sqemis es Tu is stadia. 

pirvel rigSi aRsaniSnavia, rom kazmSi Semavali arcerTi Semadgeneli 

ar iTxovda maTi garkveuli zomamde miyvanis araviTar operacias, radgan 

teqnogenuri nedleuli (manganumis madnis gamdidrebis narCenebi) 

wvrildispersiul masalas warmoadgens. 

xarSvis reJimis SerCevisas Cven igive princips davemorCileT, rac 

miRebulia minanqris miRebis teqnologiaSi _ kompozicia itvirTeboda 

maqsimalur temperaturaze silitis gamaxureblian eleqtrul RumelSi 

gaxurebuli minanqris saxarSi qoTnis (masala _ Samoti) gamoyenebiT. 

xarSvis temperaturuli reJimi kompoziciis Teoriuli Sefasebisas 

miRebul monacemebs efuZneboda (ix. nax. 18). 

 

 

 

 

 

 

 

 

 

 

 

 

nax. 18. minanqris miRebis Termuli reJimi 

 

miRebuli frita Srobis Semdeg ifqveba burTulebian faifuris 

wisqvilSi marcvlebis garkveul zomamde miyvanisTvis, xolo nimuSebi 

dayalibebis Semdeg gadaitaneba 450-500°C-ze gaxurebul mufelur 

eleqtrul RumelSi. nimuSebis zoma da forma ganisazRvreboda minanqris 

ama Tu im Tvisebis Sesabamisi moTxovnebiT. 

miRebuli minanqari masaSi Savi, xolo Txel (0,1 mm) fenaSi muqi 

iasamnis feria. 
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minanqrebis rigi Tvisebebi cxr. 30-Sia moyvanili. 

cxr. 30-Si moyvanili Tvisebebidan yuradRebas xazobrivi Termuli 

gafarToebis temperaturuli koeficientis mniSvneloba ipyrobs. igi metad 

miaxloebulia spilenZisa da misi Senadnobebis igive maCveneblebTan 

(sufTa spilenZi _ 178·10-7, Senadnoebbi _ 170-177·10-7), rac gvafiqrebinebs, 

rom minanqris safarSi saxifaTo daWimulobani (500-1000kg/sm2) ar unda 

warmoiqmnas. am mosazrebis dasturia Semdeg qveTavSi moyvanili masala. 

 

cxrili 30 

minanqris rigi Tviseba 

Tvisebebi mniSvnelobebi 

xarSvis maqsimaluri temperatura, °C 1270 

xarSvis xangrZlivoba, wT. 50 

garbilebis wertili, tg, °C 430 

xazobrivi gafarTovebis temperaturuli koeficienti,  

α·10-7°C 

128 

qimiuri medegoba mduRare wylis mimarT (3sT), % 98,8 

safaris gamowvis temperatura, °C 850-900 

gamowvis xangrZlivoba, wT. 3-6 

 

rac Seexeba spilenZs, romelic iqna gamoyenebuli mominanqrebisaTvis, 

misi Sedgeniloba INNOV X SYSTEMS-iT iyo dadgenili (%): Al - 0,42(+/-0,14); 

Si - 0,16(+/-0,03); Ni - 0,016(+/-0,005); Cu - 99,40(+/-0,10).  

 

5.2. daZabulobebi minanqris safarSi 

cnobilia, rom kompoziciis `liToni-minanqari~ simtkice pirvel rigSi 

masSi mudmivi da droebiTi daZabulobebis sididezea damokidebuli. es 

daZabulobebi liTonisa da minanqris α-bis, drekadobisa (E) Zvris (G) 

modulebis, minanqrisa da liTonis sisqeebis sxvaobiTaa gamowveuli. 

aranaklebi mniSvneloba nakeTobis zedapiris simrudis sidideebsac 

eniWeba. 
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droebiT da mudmiv daZabulobebze Cven ukve visaubreT, davZenT 

mxolod, rom droebiTebi warmoiqmnebian gaxurebisa da gacivebis dros 

temperaturis araTanabari ganawilebis gamo da qrebian temperaturebis 

gaTanabrebisas. mudmivebi mudmivad arseboben kompoziciaSi zemoT 

moxsenebuli TvisebaTa gansxvavebis gamo. 

Cven am ukanasknelze vamaxvilebT yuradRebas. 

maT dasadgenad mivmarTeT meTods, romelic farTodaa gamoyenebuli 

sxvadasxva saxis masalebis SerCirlvisas [56] da rigi saxis mominanqrebul 

nakeTobebSi daZabulobaTa dasadgenad [1]. aqve aRvniSnavT, rom Cven 

SevecadeT am gantolebebSi mogvexsna puasonis koeficientebTan 

dakavSirebuli sirTuleebi, razedac qvemoT kvlav aRvniSnavT. 

[55]-Si aRiniSneba, rom minanqarSi warmoqmnili mudmivi daWimulobebis 

daxasiaTebisTvis mominanqrebul nakeTobas, garda mominanqrebuli 

spilenZisa, ganixilaven rogorc samfenovan kompozits.  

Cveni azriT ukanasknelic SeiZleba mivakuTnoT samfenovan 

warmonaqmnebs. es daskvna gamomdinareobs wina TavebSi moyvanili 

monacemebidan. 

SemoTavazebul gamosaxulebas Semdegi saxe aqvs: 

 

𝜎 =
𝐸მ ∙ ∆𝑇[(𝛼შ − 𝛼მ)𝐸შ ∙ ℎშ + (𝛼ლ − 𝛼მ)𝐸ლℎლ]

(1 − 𝜇)(𝐸მℎმ + 𝐸შℎშ + 𝐸ლℎლ)
          (21) 

 

Cven es gamosaxuleba gamoviyeneT rogorc samfenovan, ise orfenovan 

kompozitisTvis. im gansxvavebiT, rom SevitaneT puasonis koeficientis 

dayofa samive (orive) fenisaTvis: 

orfenianisaTvis:  

  

𝜎 =
𝐸მ ∙ ∆𝑇[(𝛼ლ − 𝛼მ))𝐸ლℎლ]

(1 − 𝜇მ)𝐸მℎმ + (1 − 𝜇ლ)𝐸ლℎლ

          (22) 

 

samfenianisaTvis:    

𝜎 =
𝐸მ ∙ ∆𝑇[(𝛼შ − 𝛼მ)𝐸შ ∙ ℎშ + (𝛼ლ − 𝛼მ)𝐸ლℎლ]

(1 − 𝜇შ)𝐸შℎშ + (1 − 𝜇მ)𝐸მℎმ + (1 − 𝜇ლ)𝐸ლℎლ

          (23) 
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am gantolebebSi: Em, ES, El _ minanqris, SuaSrisa da spilenZis 

(liTonis) drekadobis modulebia; αm, αS, αl _ igive fenebisTvis 

gafarToebis koeficientebi, α·10-7°C;  μm, μS, μl _ igive fenebisTvis puasonis 

koeficentebi; hm, hS, hl _ am fenaTa sisqeebi. 

sainformacio wyaroebSi arsebuli monacemebi da Cvens mier 

gaangariSebuli zemoT aRniSnuli TvisebaTa sidideebi moiyvaneba cxr. 31-

Si. aqve miTiTebulia gaangariSebis Sedegebi.    

cxrili 31 

rigi TvisebaTa sidideebi da miRebuli Sedegebi 

Tvisebebi spilenZi 

(l) 

[www.Google.ge,55] 

minanqari 

(m) 

[www.Google.ge,55] 

SuaSre 

(S)  

drekadobis moduli, kg/mm2 (E) 13200 7400 10300** 

xazobrivi Termuli gafarTo-

ebis temperaturuli koefici-

enti, α·10-7°C (α) 

 

177 

 

128 

 

153** 

puasonis koeficienti (μ) 0,556* 0,21 0,382** 

fenebis sisqe, mm (h) 1 0,15 0,015 [1] 

orfeniani kompozitis 𝜎,kg/mm2 

(400°C-0°C) 

 

52,27 

samfeniani kompozitis 𝜎,kg/mm2 

(400°C-0°C) 

 

14,997 

orfeniani kompozitis 𝜎,kg/mm2 

(250°C-0°C) 

 

18,12 

 

SeniSvnebi:  

* _ miRebulia gantolebiT ECu = 2GCu (1+ μCu),  

sadac: G _ Zvris modulia (4240 kg/mm2 [www.Google.ge]). 

** miRebulia, rogorc spilenZis da minanqris saSualo sidideebi.  

 

cxr. 31-Si moyvanili monacemebiT sakvlevi kompoziti, imis miuxedavad 

orfenianad Tu samfenianad ganvixilavT, saxifaTod miCneul 
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daZabulobebTan SedarebiT, daZabulobaTa bevrad naklebi sidideebiT 

xasiaTdebian. 

mivmarTavT ra daZabulobaTa dadgenis ukve xsenebul grafikul 

saSualebas _ Δl-T damokidebulebis gamomsaxveli wrfis gadaadgilebas 

transformaciis wertilis (ttr) spilenZis Δl-T wrfesTan gadakveTamde, 

vRebulobT or sawinaaRmdegod mimarTul daZabulobebis ubnebs _ 

gamWimavsa (+) da SemkumSavs (_). nax. 19-ze isini sruli da wyvetili Strix-

xazebiTaa gamosaxuli. 

     Δl/l,mkm 

 

                                             ttr 

 

 

 

 

 

 

 

 

 

 

 

 

                                                             t°C 

 

 

                                                             t°C 

 

 

      𝜎,kg/mm2 

 

nax. 19. daZabulobebi orfenian kompozitSi 
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am ubanTa konkretul sidideTa proeqtirebiT daZabulobaTa koordi-

natebiT agebul grafikze vRebulobT daZabulobaTa epiuras, romelic 

naTlad gviCvenebs, rom ~250°C-ze daZabulobebi nuls utoldebian. am 

temperaturis SemcirebiT orfenian kompozitSi saxifaToze bevrad ufro 

naklebi sididis SekumSavi Zalebi moqmedeben. maTi arseboba sasurvelicaa, 

radgan mcire mniSvnelobebis (sidideebis) gamWimav ZalaTa moqmedeba 

zrdis kompozitis medegobas. 

am Tavis dasasruls SeiZleba gamotanili iqnas Semdegi daskvna _ 

Teoriulad navaraudevi movlenebi damakmayofilebel SesabamisobaSia 

sinamdvileSi arsebulTan.   

 

ZiriTadi daskvnebi 

1. sainformacio wyaroebSi arsebuli monacemebi ar iZlevian spilenZisa 

da  mis Senadnobebidan miRebuli nakeTobaTa efeqturi mominanqrebisTvis 

saWiro minanqris Sedgenilobis srulfasovani prognozirebis saSualebas 

(iseve rogorc minanqrisa da am liTonTa Soris SeWidulobis arsisa da 

bunebis), ris gareSe axali saxis Taobis kompozitTa miReba droSi 

gawelil eqsperimentul kvlevebs iwvevs. 

2. sainformacio wyaroebSi arsebul monacemebze dayrdnobiT SemoTa-

vazebulia ama Tu im xarisxis saimedoebis minanqris miRebisa da am 

minanqris liTonTan urTierTqmedebis prognozirebisTvis aucilebeli 

Termodinamikuri parametrebis gaTvlis xerxebi. maT ricxvs pirvel rigSi 

miekuTvneba Termodinamikurad ucnobi boratebis Termodinamikuri 

parametrebis dadgenis struqturuli ingredientebis aditiuri sistemis 

meTodi dafuZnebuli boratebis kristaloqimiur klasifikaciaze, da 

agreTve Termodinamikurad ucnobi silicidebis Termodinamikuri 

parametrebis dasadgenad ΔHf,298-r da ΔHf,298-æ damokidebulebebis (r _ 

radiusi, æ _ eleqtrouaryofiToba) gamoyenebaze dafuZnebuli. 

3. SemoTavazebulia silikat-boratul mravalmineralur (>10) sistemeb-

Si maRal temperaturebze mimdinare procesebis Sefasebis Termodinamikur-

peqtroqimiuri meTodi, fazur wonasworobaSi arsebuli debulebebis 

aqtiuri gamoyenebiT. 

4. spilenZsa da minanqars Soris SeWidulobis bunebis Termodinamikuri 

Sefasebis safuZvelze gamoTqmulia mosazreba, rom am masalaTa mWidro 
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Serwyma imdenad -Si-O-Cu _ bmebis warmoqmnis Sedegi ki ara, masalaTa 

gamyof zedapirze -Me-O-Cu _ bmebisa (Me = Al, B,Ba,Pb) da silicidebis 

gamoyofis Sedegia. es mosazreba am masalaTa SeWidulobis mizezTa 

miRebuli axsnisgan gansxvavdeba da moiTxovs sistematur kvlevas. 

5. naSromSi gamoTqmul mosazrebaTa safuZvelze ganxorcielebulma 

moculobiT mcire eqsperimentulma kvlevam gviCvena Teoriulad 

navaraudevi movlenebis damakmayofilebeli Sesabamisoba realurad 

arsebulebTan _ miRebuli iqna minanqari da mominanqrebuli erTeuli 

ararTuli konfiguraciis spilenZis nakeToba sakmaod maimedebeli 

TvisebebiT. 

6. Sefasebulia `spilenZi-minanqari~ da `spilenZi-SuaSre-minanqari~ 

sistemebSi mudmivi daZabulobaTa sidideebi, romlebic naTlad gviCveneben 

miRebuli kompozitis saimedoobas. 

7. kvlevisas miRebulma Sedegebma naTlad warmoaCina spilenZsa da 

minanqars Soris urTierTqmedebaTa Seswavlis gagrZelebis aucilebloba, 

rac, arc Tu xangrZliv droSi, efeqturi da mraval sferoSi gamoyenebadi 

minanqrebis Seqmnas Seuwyobs xels.  
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