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Sesavali 

 

feroSenadnobebi aris rkinis Senadnobi sxvada-

sxva elementebTan. mas foladis warmoebis marilsa 

da wiwakas uwodeben. arc erTi tona foladi ar 

dneba feroSenadnobebis danamatis gareSe, radgan 

ganJangvisa da legirebis mizniT, Txier folad-

sadnob abazanaSi misi damateba aumjobesebs fola-

dis fiziko-meqanikur Tvisebebs. garda foladis 

warmoebisa zogierTi saxis feroSenadnobebi 

gamoiyeneba agreTve ferad metalurgiasa da qimiur 

warmoebaSi. feroSenadnobebis xarji erT tona 

foladze 7-9 kg Seadgens. 

feroSenadnobebs miekuTvneba ormagi (ferosili-

ciumi, feromanganumi, ferovolframi da sxva) da 

sammagi (ferosilikomanganumi, ferosilikoqromi da 

sxva) Senadnobebic, agreTve iseTi mcirerkinaSemcve-

li Senadnobebi, rogoricaa kristaluri siliciumi 

(Fe<1,5%), liTonuri manganumi (Fe<3%), liTonuri 

qromi, silikokalciumi, silikoalumini da sxva. 

siliciumi, qromi da manganumi feroSenadnobebis 

ZiriTadi komponentebia, radganac maTi raodenoba 

rkinasTan erTad gansazRvravs feroSenadnobebis 

miRebis sirTules, sakazme masalebisa da el. 

energiis xarjs tona produqtze da miRebuli 

Senadnobebis xarisxs da daniSnulebas. 

ama Tu im  Senadnobebis (romelic sxvadasxva 

raodenobiT Seicavs wamyvan elements) miRebis 
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teqnikur-ekonomikuri maCveneblebis srulyofili 

Sefasebis mizniT, SemoRebulia bazuri wonis mcneba. 

magaliTad, standartis mixedviT ФС45-Si 
siliciumis Semcveloba 41-47% intervalSi meryeobs. 

bazur tonad miCneulia is tona, romelSic 

siliciumis Semcveloba 45% iqneba. siliciumis 

bazur tonaSi siliciumisa da manganumis 

procentuli SemcvelobaTa jami 82-s Seadgens. 

naxSirbadiani feromanganumis bazuri wona 75% Mn-
is raodenobas iTvaliswinebs, xolo manganumis 

koncentratebis bazuri wona ki 48% manganums. 

naturaluri wonidan bazur wonaze 

gadaangariSeba Semdegi gamosaxulebidan xdeba: 

           

ܳბაზ.ტ ൌ
ܳნატ.ტ כ %ܣ

45%
 (ferosiliciumisTvis) 

ܳბაზ.ტ ൌ
ܳნატ.ტ כ %ܣ

82%
 (silikomanganumisTvis) 

ܳბაზ.ტ ൌ
ܳნატ.ტ כ %ܣ

48%
 

(manganumis 

koncentratisTvis) 

ܳბაზ.ტ ൌ
ܳნატ.ტ כ %ܣ

75%
 (naxS. feromanganumisTvis) 

 

sadac, A-SenadnSi siliciumis faqtiuri 

Semcvelobaa %-Si (ferosiliciumSi), silikoman-

ganumisTvis A manganumisa da siliciumis 

procentuli Semcvelobis jamia, xolo manganumis 

koncentratisa da feromanganumisTbis ki A 
masalebSi manganumis Semcvelobaa. 
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Qnat.t- naturaluri wonaa. 

analogiurad gadaiTvleba nedleuli masalebisa 

da el. energiis xarji da sxva. 

   feroSenadnobebis miRebis ramdenime gza 

arsebobs: 

 eleqtroTermuli (naxSirbadaRdgeniTi da 

silikoTermuli) meTodi. gamodnoba xdeba rkalur 

madanTermul RumelSi eleqtroenergiis saSualebiT 

gamoyofili siTbos xarjze. 

 liTonTermuli meTodi. gamodnoba xdeba 

keriaSi garedan siTbos miwodebis xarjze. procesi-

saTvis saWiro siTbo egzoTermuli reaqciebiT 

gamoiyofa.  

 eleqtrolituri meTodi. elementebis aRdgena 

xdeba gogirdmJavas xsnarSi gadasuli Sesabamisi 

oqsidebidan (Mn,Gr). 
 gamodnoba brZmedis RumelSi. aRniSnuli 

meTodiT SesaZlebelia naxSirbadiani feromanganu-

misa da Raribi ferosilikomanganumis gamodnoba (9-

14% Si). 
 Jangbadkonvertoruli meTodi, romelic 

Txevadi liTonis rafinaciis process emyareba 

(vakumSi an mis gareSe). 

 gamodnoba plazmur RumelebSi. 

feroSenadnobebis ZiriTad raodenobas el. 

RumelebSi eleqtroTermuli meTodiT Rebuloben. 
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aRmdgenelis nairsaxeobis mixedviT eleqtro-

Termuli da liTonTermuli meTodebi SeiZleba 

iyos: 

 naxSirbadaRdgeniTi, rodesac aRmdgenelad 

gamoyenebulia naxSirbadi (koqswvrila, antraciti 

da a.S.). es yvelaze iafi aRmdgenelia. 

 silikoTermuli, sadac aRmdgenelad 

gamoyenebulia siliciumi (silikomanganumi, 

silikoqromi, ferosiliciumi). es aRmdgeneli 

gacilebiT Zviria koqswvrilasTan SedarebiT, Tumca 

unaxSirbado feroSenadnobebis miRebis saSualebas 

iZleva. 

 aluminoTermuli, aRmdgenelad gamoyenebulia 

alumini, romelic marTalia yvelaze Zviria, magram 

Znelad aRsadgeni oqsidebis aRdgenasa da 

unaxSirbado Senadnobebis miRebas uzrunvelyofs. 

 imis da mixedviT gamodnobisas gamoyenebulia Tu 

ara flusi (kiri, kirqva, dolomiti, kvarciti da 

a.S.), feroSenadnobebis miRebis procesi iyofa 

flusianad da uflusod.  

feroSenadnobebis gamodnobisas yovelTvis 

warmoiqmneba wida, Tu widis raodenoba imdenad 

mcirea, rom liTonis gamoSvebisas saWiro ar xdeba 

specialuri WurWlis (cicxvi, widamzidi) gamoyeneba, 

process pirobiTad uwidos uwodeben 

(ferosiliciumis gamodnoba), winaaRmdeg SemTxvevaSi 

procesi widiania. 



11 
 

da bolos, feroSenadnobebis gamodnobis procesi 

SeiZleba iyos uwyveti da perioduli (wyvetili). 

uwyveti procesis SemTxvevaSi CarTul Rumels 

ganuwyvetliv awvdian kazms, xolo Senadnobs 

periodulad uSveben (grafikis Sesabamisad). 

wyvetili procesisas  RumelSi erT an randenime 

ulufad yrian kazms, gadnobisa da aRdgeniTi 

procesebis damTavrebis Semdeg Rumels gamorTaven 

da axdenen liTonisa da widis gamoSvebas. 

dacarielebul RumelSi Tavidan CatvirTaven kazms 

da gamodnobis cikls kvlav imeoreben. 
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1. sakazme masalebis momzadeba dnobisaTvis 

 

Rumelis warmadobasa da misi teqnikur-

ekonomikuri maCveneblebis zrdis efeqtianobas 

kazmis momzadebis xarisxi gansazRvrvs. 

bevri samuSaoebia Catarebeli imis dasadgenad, 

Rumelis normaluri muSaobisaTvis Tu ra zomis 

sakazme masalebi unda iqnes gamoyenebuli. kerZod 

dadgenilia, rom ФС45-is gamodnobisas kvarcitis 

zoma 25-60 mm-is farglebSi unda icvlebodes, xolo 

ФС 75-is gamodnobis SemTxvevaSi ki 40-100 mm 

diapazonSi meryeobdes. koqswvrilas  fraqcia 5-20 

mm-s (<25 mm) unda Seadgendes. 

aRmdgenelis zomis SerCevisas gasaTvaliswine-

belia is garemoebac, rom maRal temperaturaze 

kazmis el.winaRobis ZiriTadi maregulirebeli aris 

aRmdgeneli da rac ufro wvrilfraqciulia igi, 

miT ufro maRalia misi el.winaRoba. Tumca unda 

aRiniSnos isic, rom wvrilfraqciuli aRmdgenelis  

zomaze meti raodenobiT gamoyeneba mkveTrad 

auaresebs kazmis airganvladobas da iwvevs sakazme 

masalebis Secxobas. 

bunebaSi arsebuli madnebi, rogorc wesi 

sasargeblo mineralebTan erTad fuWe qansac 

Seicavs. madani madnuri da aramadnuri mineralebis 

is bunebrivi erToblivobaa, romlidanac ama Tu im 

elementis amokrefa ekonomiurad aris 

gamarTlebuli. 
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mopovebis mixedviT madani momzadebis sxvadasxva 

stadias gadis: 

 damsxvreva, daxarisxeba (simsxos mixedviT); 

 gamdidreba; 

 gaSualedeba; 

 danaWrovneba. 

 

Ria wesiT mopovebisas madnis calkeuli naWrebis 

zoma 1000-1200 mm-s aRwevs,xolo miwisqveSa mopovebis  

SemTxvevaSi ki 300-800 mm-s, amitomac saWiro xdeba 

madnis damsxvreva da dawvrilmarcvlovneba. 

damsxvrevas specialur samtvrevelaSi axorcieleben, 

xolo dafqvas (-1 mm) wisqvilebSi axdenen. 

damsxvreva da dafqva Sromatevadi da 

ZviradRirebuli procesia. masze mTeli 

gadasamuSavebeli fabrikis mTliani teqnologiuri 

ciklis Rirebulebis 35-70% ixarjeba. madnis 

damsxvreva stadiebad mimdinareobs. yoveli stadia 

damsxvrevis xarisxiT xasiaTdeba. damsxvrevis 

xarisxi dasamsxvrevi da damsxvreuli madnis 

naWrebis maqsimaluri diametrebis SefardebiT 

ganisazRvreba. mdidari madnebis gamoyenebis 

SemTxvevaSi  damsxvreuli  madani, SeiZleba 

uSualod  miewodos sadnob agregats, xolo Raribi 

madnebis gamoyenebisas,  damsxvreuli madani  

RumelSi CatvirTvamde gamdidrebis teqnologiur 

cikls gadis. 
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mopovebuli madani aramarto granulometriuli 

SedgenilobiTaa zogjer metalurgiuli warmoe-

bisTvis miuRebeli, aramed qimiuri SemcvelobiTac, 

amitom saWiro xdeba sasargeblo elementis 

raodenobis gazrda, e.i. madnis gamdidreba. 

madnis gamdidreba aris sasargeblo wiaRiseulSi 

madnuri nawilisa da fuWe qanis gancalkevebis 

procesi. gamdidrebis Sedegad miiReba sasargeblo 

elementiT mdidari nawili, romelsac koncentrati 

hqvia da Raribi nawili, romelsac kuds uwodeben. 

koncentratSi sasargeblo elementis Semcveloba 

maRalia vidre madanSi, kudSi ki piriqiT. 

madnis gamdidrebis ramdenime meTodi arsebobs. 

yvelaze metad gamdidrebis meqanikuri meTodebia 

gavrcelebuli (gravitacia, magnituri separacia da 

flotacia). 

gravitaciuli   gamdidrebisas mineralebis 

gayofa simkvrivis mixedviT xdeba. am meTods  maSin 

iyeneben, rodesac sasargeblo mineralebi mZime an 

msubuqia fuWe qanTan SedarebiT. gravitaciul 

gamdidrebas mSral (haeri) an svel  garemoSi 

axdenen. sveli gravitacia, rogorc wesi daleqviT 

xorcieldeba da wylis garda mZime siTxeebic  

(suspenzia) SeiZleba iqnes gamoyenebuli. 

gamdidrebis es meTodi Zlier efeqturia manganumisa 

da rkinis madnebis  gamdidrebis SemTxvevaSi. 

magnitur separacias maSin iyeneben, roca 

mineralebs sxvadasxva magnituri Tviseba gaaCnia. es 
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meTodi magnetituri madnebisa da manganumis 

karbonatuli madnebis gasamdidreblad gamoiyeneba. 

flotaciuri meTodi emyareba ama Tu im siTxis 

mier madanSi arsebuli sasurveli mineralebisa da 

fuWe qanis zedapiris dasvelebis sxvadasxva unars. 

es meTodi gamoiyeneba wvrilfraqciuli (1-0 mm) 

masalebis gasamdidreblad. 

gamdidrebis teqnologiis efeqtianobaze SeiZleba 

vimsjeloT miRebuli koncentratis raodenobiT 

(gamosavaliT), masSi wanyvani elementis 

SemcvelobiTa da koncentratSi am elementis 

amokrefiT. 

koncentratis gamosavalsa da sasurveli 

elementis amokrefas Soris Semdegi damokidebuleba 

arsebobs: 

      β 

ξ=Ɣ•___    sadac ξ- elementis amokrefaa,% 

      α 

     

       Ɣ –koncentratis gamosavali, % 

        β-elementis Semcveloba koncentratSi,% 

       α- elementis Semcveloba madanSi, %. 

Tavis mxriv koncentratis gamosavali Semdegi 

gamosaxulebidan iangariSeba: 

 

 

    α-θ 
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Ɣ  = ------ •100    
    β- θ 

sadac θ-elementis Semcvelobaa kudSi, % 

 

magaliTad, Tu madanSi manganumis Semcveloba 

aris 20% (α), koncebtratSi-50% (β) da kudSi 10% 

(θ), maSin koncentratis gamosavali iqneba 

 

     α-θ       20-10 

Ɣ  = ------ •100=-------•100=25%,  
    β- θ       50-10 

 

xolo manganumis amokrefa koncentratSi ki 

 

        β        50 

ξ=Ɣ•___ = 25 •___ =62,5% 

        α       20 

 

manganumis danakargi kudSi Seadgens: 

 

          100-62,5=37,5% 
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2. koncentratebis danaWrovnebis teqnologia 

 

rogorc  avRniSneT gamdidrebis teqnologia 

madnebis winaswar damsxvrevas iTvaliswinebs. rac 

ufro dawvirilmarcvlovanebulia  madani, miT 

ufro gaiolebulia madnuri mineralebisa da fuWe 

qanis erTmaneTisagan gancalkevebis procesi. kazmis 

airganvladobis gaumjobesebis mizniT RumelSi 

gamoyenebamde zogjer saWiro xdeba koncentrantebis 

danaWrovneba (gamsxvileba). 

danaWrovneba aris wvrilfraqciuli masalis 

(madani, koncentrati, mtveri) natexovan masalad 

gardaqmnis procesi. danaWrovnebis sami meTodi 

arsebobs: aglomeracia, dagundaveba da dabriketeba. 

aglomeracia danaWrovnebis iseTi meTodia, 

romelic siTbos xarjze wvrilfraqciuli 

masalebis Secxobas iTvaliswinebs. Secxobis 

procesi specialur saaglomeracio lentaze 

xorcieldeba da saWiro siTbo saaglomeracio 

kazmSi Sereuli saTbobis wvis Sedegad gamoiyofa 

(zog SemTxvevaSi siTbo garedanac miewodeba). 

aglomeracia masalis danaWrovnebis yvelaze 

farTod gavrcelebuli da maRalefeqturi meTodia. 

igi 10-0 mm fraqciuli Sedgenilobis mqone masalebis 

gasamsxvileblad gamoiyeneba. rogorc praqtika 

aCvenebs silikomanganumisa da feromanganumis kazmSi 

aglomeratis gamoyeneba (manganumis koncentratiT 

miRebuli) Rumelis normalur muSaobas, 
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airganvladobis gaumjobesebasa da eleqtrodebis 

Rrmad Cajdomas uzrunvelyofs. miuxedavad amisa, 

aglomeraciis procesSi warmoqmnili silikaturi 

naerTebi manganumis aRdgenas garkveul wilad mainc 

aferxebs. aglomeraciis procesi ZiriTadad 

xorcieldeba cecxlrikis cxauraze kazmis fenebs 

Soris haeris gawoviT. cxauraze 30-35 mm simaRleze 

jer tvirTaven sakuTar nabruns (fraqcia 10-25 mm),  

Semdeg ayrian kazms (250-350 mm). cecxlrikebis qveS 7-

10 kpa wneviT axdenen haeris gawovas. procesis 

dasawyebad  specialuri asanTebi mowyobilobiT 

1200-13000C temperaturaze axureben zeda fenas, ris 

Sedegadac xdeba saTbobis aaleba. gawovis Sedegad 

wvis zona 10-40 mm/wT siCqariT zemodan qvemoT 

gadainacvlebs da sagebamde miRwevisas Secxobis 

procesi mTavrdeba. rogorc wesi aglomeraciis 

procesi 10-20 wuTs grZeldeba. wvis zonaSi 

temperatura 15000C-s aRwevs. wvis produqtebi Tavis 

siTbos kazmis qveda fenebs gadascems da 60-1500C 

temperaturaze gaxurebuli tovebs samuSao sivrces. 

saTbobis wvis reaqcias Semdegi saxe aqvs: 

 
C+O2=CO2;       CO2+C=2CO 

 

aglomeracia Zalzed efeqturia kazmSi 

karbonatuli mdgenelebis gamoyenebis SemTxvevaSi, 

radganac danaWrovnebasTan  erTad  maTi  disocia-

ciac  xdeba. 
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Tanamedrove saaglomeracio manqanam dRe-RameSi 

SeiZleba awarmoos 1500-10000t aglomerati. 

dagundaveba. Rrma gamdidrebis teqnologia 

madnebis dafqvas iTvaliswinebs, ris Sedegadac 

miiReba wvrildispersuli masala (1-0 mm), romlis 

danaWrovnebasac dagundavebiT axdenen. 

gundebis warmoebis procesi ori stadiisgan 

Sedgeba: jer Rebuloben  nedl  gundebs,  

romelTac  gamtkicebis  mizniT jer 300-6000C 

temperaturaze gamoaSroben, Semdeg ki 1200-13500C-ze 

gamowvaven. ukeT dagundavebis mizniT 

dasagundavebel masalas 0,3-1,5% Semkvrelsa 

(wvrildispersuli Tixa) da 8-10% wyals umateben. 

granulatoris wriuli moZraobis Sedegad 

wyalTan da SemkvrelTan areuli masala 

TandaTanobiT ikvreba gundebad da 10-20 mm 

diametris miRwevis Semdeg miewodeba konveieruli 

tipis gamosawvav manqanas (adre gamowvas Saxtur da 

mbrunav RumelebSi axdenen), sadac sveli gundebi 

gadis gamoSrobis, gaxurebisa da gamowvis stadias. 

gamoSrobis zonaSi temperatura 250-4000C-s 

Seadgens (gamowvis zonidan warmoqmnili airebis 

xarjze), gamowvis zonaSi  ki   1200-13500C-s aRwevs 

(airadi an Txevadi saTbobis wvis Sedegad).gundebis 

gaciebas haeris SeberviT axdenen (cecxlrikebis 

cxauris meSveobiT). miRebuli gundebi, romelTa 

diametris zoma 10 mm-s aRemateba (gacxrilvis 

Semdeg) miewodeba momxmarebels, xolo 10-0 mm 
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diametris mqone ki Tavidan gadis dagundavebis 

cikls. 

aglomeraciisagan gansxvavebiT dagundavebis 

procesi Secxobamde ar unda mivides, Tu ar iqneba 

SenarCunebuli gamowvis temperaturis zeda zRvari 

(1320-13500C) gundebi gadneba da erTmaneTs SeeduReba. 

amasTan, arasakmaris temperaturul intervalSi 

gamowvac (1200-12500C-ze dabla) dauSvebelia, 

radganac sagrZnoblad mcirdeba gundebis simtkice. 

sasurveli simtkicisaa gunda, rodesac igi civ 

mdgomareobaSi  1,5-2,5 kn/gundaze dawnexvas uZlebs. 

konveiruli tipis manqaniT  SesaZlebelia  dRe-

RameSi   2500-9000 t gunda iqnes miRebuli. 

dagundaveba danaWrovnebis efeqturi meTodia, 

radganac feroSrnadnobebis gamodnobis praqtikam 

aCvena, rom kazmSi gundebis arseboba aumjobesebs 

airganvladobas da madnebis Rrma gamdidrebis 

farTo gamoyenebis saSualebas iZleva. 

dabriketeba. am meTodisadmi interesi 

dabriketebis efeqturobaSi mdgomareobs. kerZod, 

aglomeraciisagan gansxvavebiT dabriketebisas ar 

xdeba kazmis mdgenelebis ganSreveba da briketis 

nebismieri moculoba procesisaTvis saWiro yvela 

komponents Seicavs. briketebi kargi 

airganvladobiTa da maRali kuTri winaRobiT 

gamoirCeva, rac eleqtrodebis Rrmad Cajdomas 

ganapirobebs. 



21 
 

briketebis damzadebas specialur sabrikete 

danadgarze axdenen. Semkvrelad gamoiyeneba 

celulozas warmoebis narCeni, e.w. sulfit-

spirtuli barda, Txevadi mina, an sulfit-spirtuli 

bardisa da bitumis narevi. 

dasabriketebeli masala amrevis gavlis Semdeg 

(amrevSi miewodeba Semkvreli), miewodeba 

dasabriketebel wnexs, romelic ori 

urTierTsawinaaRmdegod  moZravi lilvisgan 

Sedgeba. miRebul briketebs ovaluri forma aqvs da 

sakmarisi simtkiciT gamoirCeva. zestafonis 

feroSenadnobTa qarxanaSi arsebuli briket 

danadgari sakmao simZlavrisaa da misi wliuri 

warmadoba 300000t brikets Seadgens. specialuri 

gamokvlevebiT dadgenilia, rom silikomanganumis 

gamodnobisas manganumis amokrefa briketebiT 

dnobisas 10%-iT ufro maRalia aglomeratiT 

dnobasTan SedarebiT, xolo el.energiis xarji 400 

kvt.sT-iT Semcirebuli, rac briketis gamoyenebis 

efeqtianobaze miuTiTebs. 
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3. naxSirbadaRmdgenelis Taviseburebani 

 

naxSirbadi, rogorc aRmdgeneli mTeli rigi 

TaviseburebebiT gamoirCeva, kerZod: 

 

 naxSirbadiT  oqsidis aRdgenis produqti 

yovelTvis aris airadi nivTiereba  MeO+C=Me+CO↑, 
romelic tovebs ra sareaqcio zonas, mudmivad 

arRvevs wonasworobas, ris gamoc wamyvani elementis 

amokrefa TiTqmis maqsimums aRwevs (95-98%) 

(pirdapiri reaqciis ganviTarebis gamo). 

 

 temperaturis momatebiT naxSirbadis 

JangbadTan swrafva izrdeba, rac Znelad aRsadgeni 

oqsidebis aRdgenas uzrunvelyofs. 

 

 naxSirbadiT oqsidebis aRdgenisas xdeba 

karbidebis warmoqmna (SiC,  Mn7C3,  Fe3C  da sxva), ris 
gamoc Senadnobebi didi raodenobiT Seicavs 

naxSirbads. amitomac unaxSirbado da 

dabalnaxSirbadiani Senadnobebis misaRebad 

naxSirbadis aRmdgenelad gamoyeneba dauSvebelia. 

 

 naxSirbadiT oqsidebis aRdgenis procesi 

endoTermulia, ris gamoc feroSenadnobebis miReba 

eleqtroenergiis mniSvnelovan xarjTanaa 

dakavSirebuli. 
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 aRmdgenelTa Soris naxSirbadi yvelaze iafi 

aRmdgenelia. 

 

naxSirbadis aRmdgenelad gamoyeneba yovelTvisaa 

SesaZlebeli, roca SenadnSi naxSirbadis an 

siliciumis maRali Semcvelobaa dasaSvebi. 

ukanasknel SemTxvevaSi siliciumis mier karbidebis 

daSlis Semdeg gamonTavisuflebuli naxSirbadi 

oqsidis aRdgenaze ixarjeba: 

 

MeC+Si→MeSi+C 

C+MeO→Me+CO 
 

zogierTi naxSirbadSemcvleli aRmdgenelis 

daxasiaTeba mocemulia cxrilSi: 
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nacari, A 
aqroladi, V 
sineste, W 
gogirdi, S 

myari naxSirbadi 
xv.el.winaRoba. 10-2omi.m

 
nacris qimiuri 
Sedgeniloba, % 

SiO2 
Ai2O3 

CaO+MgO 
Fe2O3 
P2O5 

K2O+Na2O 

10,65 
1,44 
0,44 
0,89 
87,02 
0,0121

 
 
 

35,4 
23,3 
3,8 
33,8 
0,24 
2,13 

10,80 
1,20 
1,30 
1,34 
86,66
0,0148

 
 
 

36,5 
22,2 
3,9 
33,7 
0,24 
2,64 

27,0 
5,60 
1,90 
0,91 
71,49 
75,0 
 
 
 

75,7 
11,2 
3,0 
7,6 
0,03 
1,18 

0,71 
8,08 
0,80 
4,23 
86,98 

3•106 
 

 

 

46,3 
24,3 
10,5 
14,2 
0,75 
0,13 

1,45 
14,54
2,10 
0,04 
83,97

2•106 
 

 

 

1,90 
3,40 
41,1 
0,85 
5,12 
0,29 

 

feroSenadnobebis warmoebis manZilze 

naxSirbadaRmdgenelis mravali saxeoba iqna 

gamoyenebuli: koqswvrila, dayalibebuli koqsi, 

naxevradkoqsi, xis naxSiri, antraciti, qvanaxSiri, 

navTobis koqsi, torfis koqsi, naxerxi da sxva. 

davaxasiaTod zogierTi maTgani: 

koqswvrila qvanaxSiridan metalurgiuli koqsis 

warmoebis procesSi miiReba, rogorc Tanamdevi 

produqti. igi yvelaze iafi aRmdgenelia da 

gamoiyeneba  yvela procesSi, sadac maRalnacriani 
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aRmdgenelis gamoyeneba SezRuduli ar aris 

(nacrianoba 10-12% aqvs). mis maxasiaTeblebs 

uSualod gansazRvravs qvanaxSiris xarisxi da 

dakoqsebis reJimi. wvrilfraqciulobis gamo (-5 mm) 

gamoyenebis win saWiro xdeba misi gacxrilva. 

naxevradkoqsi miiReba arakoqsvadi grZelaliani 

naxSirebidan. igi koqswvrilaze ukeTesi 

aRmdgenelia. dabal temperaturaze misi el.winaRoba 

TiTqmis orjer aRemateba sxva koqsis analogiur 

maCvenebels, Tumca gaxurebis Semdeg naxevradkoqsis 

el.winaRoba ecema da koqswvrilas winaRobas 

utoldeba. koqswvrilasTan SedarebiT igi maRali 

qimiuri aqtiurobiT gamoirCeva. 

dayalibebuli koqsi warmoadgens winaswar 

formamicemul koqs. igi sxva koqsisa da 

koqswvrilasgan gansxvavebiT mcire raodenobiT 

Seicavs wvril fraqcias da maRali 

eleqtrowinaRobiT gamoirCeva. 

 torfis koqsi torfis 400-6000C temperaturamde 

gaxurebiT miiReba. igi rogorc kargi aRmdgeneli 

maRali xvedriTi el.winaRobiTa da qimiuri 

aqtiurobiT gamoirCeva. miuxedavad amisa, 

feroSenadnobTa warmoebaSi misi masiuri gamoyeneba 

jer ar dauwyiaT. 

antraciti mkvrivi dabalnacriani 

naxSirbadSemcveli masalaa. maRal temperaturaze 

imsxvreva. aqvs dabali eleqtrowinaRoba da qimiuri 
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aqtiuroba. feroSenadnobTa warmoebaSi mas sxva 

aRmdgenelTan erTad iyeneben. 

qvanaxSirs marTalia sxva aRmdgenelebTan 

SedarebiT maRali el.winaRoba axasiaTebs, magram 

aqroladebisa da fisisebri nivTierebis maRali 

Semcvelobis gamo feroSenadnobTa warmoebaSi 

masiuri gamoyeneba ver hpova. 

xis naxSiri yvelaze ukeTesi aRmdgenelia. mas 

aqvs maRali elwinaRoba, forianoba da qimiuri 

aqtiuroba. igi mcire raodenobiT Seicavs nacars. 

siZviris gamo xis naxSirs feroSenadnobTa 

warmoebaSi iSviaTad iyeneben (kristaluri 

siliciumi, silikokalciumis da 90% 

ferosiliciumis misaRebad). 

navTobis koqsi navTobis gamoxdis Sedegad 

darCenili narCenebis dakoqsviT miiReba. igi mcire 

raodenobiT Seicavs nacars da aqroladebs. maRali 

forianobiTa da qimiuri aqtiurobiT gamoirCeva, 

Tumca siZviris gamo mxolod minarevebisagan sufTa 

Senadnobebis misaRebad sxva aRmdgenelebTan erTad 

gamoiyeneba (kristaluri siliciumis misaRebad da 

sxva) 

xis naxerxs zogierT feroSenadnobTa qarxanaSi 

Rumelis elwinaRobisa da airganvladobis gazrdis 

mizniT iyeneben, Tumca am masalis gamoyeneba 

warmoebaSi meorexarisxovan xasiaTs atarebs. 
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4. oqsidebis aRdgena siliciumiT 

 

siliciumiT oqsidebis aRdgena Semdegi reaqciiT 

mimdinareobs: 

 
2(MeO)+[Si]=2[Me]+(SiO2) 

 
wonasworobis mudmiva  

 

 

(SiO2)•[Me]2 

K=___________ 
(MeO)2 •[Si] 

 
Carevis gareSe aRniSnuli reaqcia swrafad aRwevs 

wonasworobas, ris gamoc sasurveli elementis 

amokrefa Zalian mcirea. marTlac 

mcirenaxSirbadiani feroqromis ufluso meTodiT  

gamodnobisas  qromis amokrefa kazmidan mxolod 55-

60%-s Seadgens,xolo widaSi Cr2O3–s raodenoba ki 

35%-s aRwevs. wonasworobis gamosaxulebidan  

 

                        K(MeO)2[Si] 
[Me]2=__________ 

   (SiO2) 
 
e.i. liTonis gamosavlis gasazrdelad SiO2–is 

aqtiurobis Semcirebaa aucilebeli, rasac kazmSi 
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kiris (CaO) damatebiT axdenen. jamur reaqcias 

Semdegi saxe aqvs: 

 

2(MeO)+[Si]+(CaO)=2[Me]+(CaO•SiO2) 
 

widaSi CaO –s arseboba wamyvani elementis 

amokrefis gazrdas uzrunvelyofs. marTlac 

unaxSirbado feroqromis flusiani meTodiT 

gamdidrebisas, kazmidan qromis amokrefa 83-85%-s 

Seadgens. 

siliciumi, rogorc aRmdgeneli umetes wilad 

Senadnobebis saxiT gamoiyeneba (silikomanganumi, 

silikoqromi, ferosiliciumi). 

sufTa fazebSi silikoTermuli procesi 

egzoTermulia, Tumca realur pirobebSi 

gamoyofili siTbos raodenobis ukmarisobis gamo 

eleqtroRumelebSi gamodnoba el.energiis damatebiT 

xarjs saWiroebs. 

 

 

4.1 siliciumiT aRdgenis Taviseburebani 

 

siliciumiT oqsidebis aRdgenas Semdegi 

Taviseburebebi axasiaTebs: 

 Jangbadisaken maRali swrafvis gamo, 

siliciumi sxvadasxva oqsidebis aRdgenis 

SesaZleblobas iZleva (MnO, Cr2O3, MoO3 da sxva), 
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Tumca temperaturis momatebiT siliciumisa da 

Jangbadis urTierTswrafva klebulobs; 

 

 SesaZlebelia unaxSirbado feroSenadnobebis 

miReba; 

 

 silikoTermul process Tan axlavs 

silicidebis warmoqmna, rac zog SemTxvevaSi 

arasasurvelia liTonSi siliciumis maRali 

Semcvelobis gamo; 

 

 flusis gamoyenebis aucilebloba widis 

fuZianobisa da sakazme masalebis xarjis gazrdis 

mizezi xdeba; 

 

 silikoTermuli procesi sakmao raodenobis 

eleqtroenergiis xarjs moiTxovs; 

 

 siliciumi Zvirad Rirebuli aRmdgenelia, 

radganac misi Senadnobebis miReba sxva 

elementebTan calke RumelSi gamodnobas,  

damatebiT el.energiasa da masalebis xarjs 

moiTxovs. 
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5. oqsidebis aluminiT aRdgena 

 

oqsidebis aRdgenas aluminoTermuli procesiT 

Semdegi saxe aqvs: 

3MeO+2Al=3Me+Al2O3 
 

             (Al2O3)[Me]3                                               K(MeO)3[Al]2 
         K= __________;     [Me]3=  ____________ 

    (MeO)3[Al]2                                                     (Al2O3) 
 

silikoTermuli procesis msgavsad, liTonis 

maqsimaluri amokrefisTvis saWiro xdeba miRebuli 

produqtis (am SemTxvevaSi Al2O3–s) aqtiurobis 

Semcireba, rasac kiris gamoyenebiT axdenen. flusis 

gamoyenebisas aluminoTermuli reaqcia Semdeg saxes 

miiRebs: 

3MeO+2Al+CaO=3Me+CaO•Al2O3 

 

rogorc wesi aluminoTermul process kerebSi 

atareben. gamoyenebuli alumini Txevadi aluminis 

ganqreviTaa miRebuli (SekumSuli haeriT an 

orTqliT) da misi marcvlebis zoma 3-0 mm-s 

Seadgens. 

 

 

5.1 aluminiT aRdgenis Taviseburebani 

 

alumini, rogorc aRmdgeneli Semdegi 

TaviseburebebiT gamoirCeva: 
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 metalurgiul temperaturebze mas JangbadTan 

ufro meti swrafva axasiaTebs, vidre siliciumsa da 

naxSirbads; 

 

 JangbadTan didi midrekilebis gamo, igi 

Znelad aRsadgeni oqsidebis aRdgenis saSualebas 

iZleva; 

 

 imis gaTvaliswinebiT, rom aRdgenis erT-erTi 

produqti Al2O3 widaSi rCeba da misi aqtiurobis 

Sesamcireblad fluss iyeneben, izrdeba widis 

jeradoba. 

 

 alumini yvelaze Zvirad Rirebuli 

aRmdgenelia. 1 kg moli Jangbadis SesaerTeblad 

saWiroa 24 kg naxSirbadi, 28 kg siliciumi da 36 kg 

alumini. garda amisa 1 kg moli Jangbadis 

SesakavSireblad saWiro aluminis raodenoba 

Rirebulebis TvalsazrisiTac 19-jer da 2,4-jer 

ufro Zviria naxSirbadisa da siliciumis saWiro 

raodenobis RirebulebasTan SedarebiT; amitomac 

alumins mxolod ZnelsdaRsadgeni oqsidebis 

aRsadgenad da unaxSirbado Senadnobebis misaRebad 

iyeneben. 
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6. flusi 

           

feroSenadnobTa kazmSi Semavali arasasurveli 

oqsidebisa da reaqciis produqtebis widaSi 

gadasayvanad, aseve widis siblantis Semcirebisa da 

Txierdenadobis gazrdis mizniT, saWiro xdeba 

flusis gamoyeneba. flusi SeiZleba iyos fuZe, mJave 

da Tixamiwiani. feroSenadnobTa warmoebaSi iseTi 

Senadnobebis misaRebad, rogoricaa liTonuri 

manganumi, saSualo-naxSirbadiani feromanganumi, 

mcire-naxSirbadiani feroqromi, naxSirbadiani 

feroqromi, silikomanganumi da a.S., umetes wilad 

fuZe fluss iyeneben (kiri, kirqva, dolomiti), xolo 

gadasamuSavebeli dabalfosforiani widebis 

gamosadnobad ki mJave fluss (kaJmiwaSemcvel).  

sakazme masalebSi Semavali oqsidebis dnobis 

temperatura (SiO2-17280C, Al2O3-20400C, CaO-25700C, 
MgO-28000C) gacilebiT maRalia feroSenadnobTa 

dnobis temperaturaze, miuxedavad amisa, am 

oqsidebis gansazRvruli raodenobiT Serevisas, 

warmoiqmneba advildnadi (13000C dabla) da 

Txierdenadi naerTebi, romlebic garkveulwilad 

xels uwyobes RumelSi mimdinare procesebs. 
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7. feroSenadnobebis gamosadnobi 

eleqtroRumelebis daxasiaTeba 

 

 

procesebi, sadac eleqtroenergia Tbur energiad 

gardaiqmneba eleqtroTermuls uwodeben. eleqtro-

Termuli procesebi SeiZleba ganxorcieldes 

eleqtroRumelebsa da sxva saxis maxurebel 

agregatebSi, kerZod  rkalur, induqciur, eleqtro-

winaRobisa da dieleqtrikuli tipis RumelebSi. 

amJamad warmatebiT gamoiyeneba vakumur-rkaluri, 

eleqtronuli, plazmuri, lazeruli, eleqtro-

widuri da vakumur-rkaluri gadadnobebic.  

 

 

7.1 eleqtrometalurgiuli Rumelebis 

klasifikacia 

 

liTonebis gamosadnobad gankuTvnili 

eleqtroRumelebi Semdeg jgufebad SeiZleba daiyos: 

 rkaluri Rumelebi, sadac el.energia Tbur 

energiad rkalis meSveobiT gardaiqmneba. 

 winaRobis Rumelebi, sadac el.energiis Tbur 

energiad gardaqmna xdeba kazmSi an gamtarSi denis 

gatarebiT (winaRobis Rumelis tipiuri magaliTia 

liTonuri eleqtrodebis mqone eleqtrowiduri 

gadadnobis Rumeli, sadac  el.winaRobis rols 

asrulebs gamdnari widis abazana). 
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 kombinirebuli Rumelebi, sadac siTbo 

gamoiyofa rkaliTa da kazmSi denis gatarebiT. 

 induqciuri Rumelebi, sadac liTonuri kazmis 

gaxureba xdeba eleqtromagnituri induqciuri 

deniT. 

 eleqtronul-sxivuri Rumeli, sadac liTonis 

gaxureba da dnoba xdeba maRali sixSiris 

eleqtronuli koniT. 

 plazmuri Rumelebi, sadac liTonis gaxureba 

da dnoba xdeba plazmuri sxivis saSualebiT. 

 gaxurebis meTodis mixedviT rkaluri Rumeli 

sami tipis SeiZleba iyos: 

1. pirdapir gaxurebis, rodesac RumelSi 

CatvirTuli masalebis gaxureba xdeba TiToeul 

eleqtrodsa da liTons Soris anTebuli rkaliT. 

aseTi tipis Rumelebi gankuTvnilia foladisa da 

sxvadasxva Senadnobebis gamosadnobad. 

2. arapirdapiri gaxurebis, rodesac RumelSi 

CatvirTuli masala xurdeba liTonisa da widis 

Tavze eleqtrodebs Soris anTebuli rkalis 

gamosxivebiT. aseTi tipis Rumelebs iyeneben 

SedarebiT dabali dnobis temperaturis mqone 

liTonebis gamosadnobad (feradi liToni, Wedadi 

Tuji da sxva). 

3. kombinirebuli gaxurebis daxuruli rkaliT. 

am SemTxvevaSi RumelSi CatvirTuli kazmis gaxureba 

xdeba eleqtrodebsa da kazmis fenis qveS 

warmoqmnili rkaliT da kazmSi gamavali deniT. 
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aseTi tipis Rumelebi farTod gamoiyeneba 

madanTermuli procesisaTvis, kerZod ki 

feroSenadnobebis warmoebaSi, sadac elementebis 

aRsadgenad maRali temperaturaa saWiro. 

 

 

7.2 feroSenadnobebis  Rumelebis  konstruqcia 

 

daniSnulebis mixedviT feroSenadnobebis 

Rumelebi SeiZleba iyos aRdgeniTi da sarafinacio. 

aRmdgeniT RumelebSi kazmSi aRmdgenelad 

gamoiyeneba naxSirbadi. rogorc wesi gamodnobis 

procesi aris uwyveti, xolo Senadnisa da widis 

gamoSvebis ki perioduli (ferosiliciumi, 

silikokalciumi, kalciumis karbidi, naxSirbadiani 

feroqromi, naxSirbadiani feromanganumi, 

silikoqromi, silikomanganumi). aRdgeniTi 

Rumelebis transformatoris simZlavre 7_75  mvt-s 

Seadgens. 

sarafinacio RumelebSi aRmdgenelad 

gamoyenebulia siliciumis an aluminis Semcveli 

Senadnobebi. kazmis mTliani gadnobisa da 

rafinaciis damTavrebis Semdeg Rumelidan 

periodulad axdenen liTonisa da widis gamoSvebas 

(mcire da saS.naxSirbadiani feromanganumi da 

feroqromi, ferovolframi, ferovanadiumi da sxva). 

rogorc wesi sarafinacio RumelebSi siliciumisa 

da aluminis daJangviT damatebiTi siTbo gamoiyofa. 
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sarafinacio Rumelis transformatoris simZlavre 

3_6  mvt-s Seadgens. 

feroSenadnobebis ERumelebi konstruqciis 

mixedviT SeiZleba iyos: Ria, daxuruli, uZravi, 

dasaxreli (horizontaluri RerZis mimarT) da 

mbrunavi (vertikaluri RerZis garSemo).  

feroSenadnobebis Rumelebis konstruqciis 

ZiriTadi elementebia: garcmi, TaRi, eleqtrodis 

damWeri, gadamtani cilindri, eleqtrodis 

gadaasadgilebeli meqanizmi, eleqtrodebis 

gadaSvebis samuxruWe mowyobiloba, wylis 

gamaciebeli sistema, CamtvirTavi mowyobiloba, 

gamwovi da Semberi vintilacia, Raris momsaxure 

mowyobiloba, abazanis mabrunebeli mowyobiloba. 

 

 

7.3 feroSenadnobebis Rumelebis amonagi 

 

Rumelis amonagis nairsaxeoba gamosadnobi 

Senadnobis tipzea damokidebuli. feroSenadnobebis 

Rumelebis Saxtis zeda sartyeli umetes wilad 

amogebulia Samotis aguriT. kedlebis qveda nawili 

da qvedi im RumelebisaTvis, romlebic gankuTvnilia 

mcirenaxSirbadiani feromanganumis da feroqromis 

gamosadnobad, amogebulia magnezitis aguriT, xolo 

siliciumiani Senadnobebis (ferosiliciumi, siliko-

qromi, silikomanganumi) gamosadnobi RumelebisaTvis 

ki naxSiris blokebiT. 
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axlad amogebuli Rumeli eqspluataciaSi 

gaSvebamde saWiroebs gamoSrobas, razec miaxloebiT 

15 mvt.sT eleqtroenergia ixarjeba. mZlavri 

madanaRmdgeniTi RumelebisaTvis gaxurebis 

xangrZlivoba 20-30 dRes Seadgens, xolo 

sarafinacio RumelebisaTvis 10-15  dRes. 23 mva 

simZlavris daxuruli Rumelis axlad amogebul 

amonags 5-7 dRis ganmavlobaSi jer airiT aSroben, 

Semdeg Ria mdgomareobaSi denis saSualebiT (3 dRis 

ganmavlobaSi simZlavris TandaTanobiT matebiT) da 

mxolod amis Semdeg Rumeli gadahyavT muSaobis 

daxurul reJimze. 

 

 

7.4 eleqtrodi 

 

eleqtrodebis daniSnulebaa eleqtroenergia 

miawodos Rumelis samuSao sivrces. normaluri 

muSaobisaTvis eleqtrodebs unda gaaCndeT sakmarisi 

meqanikuri simtkice da elgamtaroba, xasiaTdebodes 

Termuli mdgradobiT da maRal temperaturaze 

daJangvis winaaRmdegobis gawevis unariT. am 

TvisebebiT gamoirCeva naxSirbadSemcveli masaliT 

damzadebuli eleqtrodebi. 

eleqtro RumelebSi iyeneben grafitis, naxSirisa 

da TviTcxobad eleqtrodebs (cxr.1) grafitis 

eleqtrodebi, rogorc wesi foladisa da sxvadasxva 

markis Senadnobebis misaRebad gamoiyeneba. diametri 

am eleqtrodebisa 75-555 mm farglebSi meryeobs 
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(OГОСТ 4426-80), Tumca sasurveli denis simkvrivis 

uzrunvelsayofad, maRali simZlavris rkalur 

RumelebSi zogjer 610-710 mm diametris mqone 

grafitis eleqtrodebsac iyeneben. 

 

cxrili 1 

eleqtrodebis ZiriTadi fizikuri Tvisebebi 

 

ganzomileba e l e q t r o d i 
grafitis naxSiris  TviTvxobadi

WeSmariti 
simkvrive, g/sm3 
 

moCvenebiTi 
simkvrive, g/sm3 
 

forianoba,  % 
 
meqanikuri 
simtkice, X105pa: 

 
kumSvaze 
gaWimvaze 
Runvaze 

 
kuTri el. 
winaRoba, X10-6omi.m
 
dasaSvebi 
simkvrive, a/sm2 
 
daJangbis 
temperatura,  0 C 

2,2 _ 2,23
 
 

1,55 _ 1,70
 
 

23 _ 30 
 
 
 
 

200 _ 400
70 _ 200 
60 _ 200 

 
 

8 _ 14 
 
 

12 _ 30 
 
 

600 _ 700

1,9 _2,05 
 
 

1,5 _ 1,6 
 
 

18 – 25 
 
 
 
 

150 _ 300 
30 _ 70 
20 _ 50 

 
 

20 _ 30 
 
 

5 _ 11 
 
 

460 _ 500 

1,8 _ 1,9 
 
 

1,5 _ 1,6 
 
 

20 _ 30 
 
 
 
 

80 _ 300 
20 _ 40 

30  
(gamomwvari)

 
60 _ 85 

 
 

5 _ 7,0 
 
 

400 _ 500 
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naxSiris eleqtrodebs umetes wilad 

naxSirbadiani foladebisa da kristaluri 

siliciumis gamosadnob mcire da saSualo  

tevadobis mqone rkalur RumelebSi iyeneben. 

feroSenadnobebis warmoebaSi ZiriTadad 

sxvadasxva diametrisa da ganzomilebis mqone 

TviTcxobadi eleqtrodebia gamoyenebuli, romlebic 

sagrZnoblad iafia grafitisa da naxSiris 

eleqtrodebTan SedarebiT. TviTcxobadi 

eleqtrodebi Sedgeba liTonis cilindruli 

garcmisa da eleqtrodebis datkepnili masisagan. 

garcmi mzaddeba 0,6-3,0 mm sisqis rkinis 

furclisagan da igi 1,2-1,8 m sigrZis calkeuli 

seqciisgan Sedgeba. seqciebi erTmaneTTanaa 

SeduRebuli.  

garcmi, garda imisa rom denisa da siTbos gamta-

robas uwyobs xels, eleqtrodebs daJangvisganac 

icavs. 

eleqtrodebis masas, rogorc wesi Rebuloben 

damsxvreuli antracitis, saCamosxmo koqsisa da 

Semkvrelisagan (qvanaxSiris sqelfisi da fisi). 

TviTcxovadi eleqtrodebis misaRebi kazmis 

miaxloebiTi Sedgeniloba aris Semdegi: 
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kazmis 

komponentebi 

ma
r
c
vl

is
 

s
im
s
x
o
, 
  

 m
m 

komponentebis 

Sedgeniloba, % 

eleqtrodebis diametri, 

mm 

≤ 500 ≤ 750 >1100 

<1100 

Termoantraciti 

 

an antraciti 

 

 

saCamomsxo koqsi

 

sqelfisi* 

10-60 

 

3,5-8 

0-10 

 

0,5-3 

0-10 

_ 

_ 

 

30 

_ 

 

29 

_ 

21 

_ 

 

_ 

60 

 

20 

_ 

20 

35 

 

_ 

30 

 

_ 

16 

19 

 

    *garbilebis temperatura 38-400C 
 
  kazmi arevis Semdeg (areva xdeba amrevSi) 

miewodeba specialur moedans, saidanac CaitvirTeba 

eleqtrodebis garcmSi. gaxurebuli masa rbildeba 

da datkepnis gareSec mWidrod avsebs TviTcxobadi 

eleqtrodis garcms. sakontaqto ybebis qveS 

moxvedrili eleqtrodis masa 4000C–s temperatu-

razea gaxurebuli.  eleqtrodis  damWeris ubanze 

masis temperatura 8500C–mde izrdeba da ybebis qveS 

gamomwvari eleqtrodi gamodis. rodesac dawvis 

Sedegad eleqtrodi dabla iwevs, liTonis garcmze  

aduReben garcmis axal seqcias da avseben 
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eleqtrodis masiT. eleqtrodis gamowvis reJimma 

sakontaqto ybebis qveS srulad unda uzrunvelyos 

eleqtrodis masis Secxoba. 

TviTcxobadi eleqtrodebis normalur muSaobas 

uzrunvelyofs: 

 

 eleqtrodis masis racionaluri SerCeva; 

 swori Tanafardoba ZiriTad da Semkvrel 

nivTierebebs Soris; 

 eleqtrodebis optimaluri siCqariT CaSveba; 

 eleqtrodebis optimaluri xvedriTi xarji 

(kg/1000 kvt. sT daxarjul energiaze); 

 normaluri teqnologiuri procesi, rac ufro 

didia eleqtrodebis xvedriTi xarji, miT ufro 

swrafad tovebs eleqtrodis masa Secxobis zonas. 

drois am monakveTis sagrZnobi SemcirebiT 

eleqtrodi ver aswrebs normalur  mdgomareobamde 

Secxobas. eleqtrodebis xvedriTi xarjis 

SemcirebiT eleqtrodebis masas didxans mouwevs 

zonaSi yofna. metismetma dayovnebam SeiZleba 

uaryofiTad imoqmedos eleqtrodebis damWeris 

simtkiceze. 

  eleqtrodebis CaSvebis siCqares gansazRvraven 

eleqtrodis diametridan gamomdinare. siliciumiani 

Senadnobebis warmoebisas eleqtrodis gadaSvebas 

cvlaSi 1-3 jer axdenen, sxva Senadnobebis 

SemTxvevaSi ki dRe-RameSi erTxel. eleqtrodis 

gadaSvebis simaRle 150-250 mm-s Seadgens. 
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7.5 feroSenadnobebis Rumelis 

eleqtromowyobiloba da samuSao sivrcis 

zomebi 

 

feroSenadnobebis gamosadnob Rumels misTvis 

damaxasiaTebeli specialuri optimaluri eleqtru-

li reJimi gaaCnia. kerZod, simZlavris, denis Zalisa 

da Zabvis swori SerCeviT SesaZlebelia eleqtro-

energiis normaluri danaxarjebiT miRweul iqnes 

sadnobi agregatis maqsimaluri warmadoba. 

feroSenadnobebis  RumelSi denis ganawilebas 

masSi mimdinare teqnologiuri procesi gansazRv-

ravs. uwido gamodnobisas xdeba airadi sartylis 

warmoqmna, romelic gavarvarebuli kazmis kedlebSia 

moqceuli. sartyels ZirSi Txevadi liToni aqvs, 

xolo Tavze eleqtrodi. amitom, airis sartyelSi 

denis mier gamoyofili simZlavre, Rumelis 

sasargeblo simZlavris ZiriTadi Semadgeneli 

nawilia. Tburi danakargebis Semcirebis mizniT 

dauSvebelia kazmis gaxureba sareaqcio zonis miRma, 

amitomac aucilebelia gamodnobis procesSi 

Rumelis sakerZe iyos civi. 

uwido procesisTvis SedarebiT mcire Zabvaa 

saWiro, vidre widis zedapirze anTebuli rkalis 

SemTxvevaSi. 

sasargeblo fazuri Zabva (Us.f.,v) Semdegi 

gamosaxulebidan iangariSeba 
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Us.f.=C·Pn
s 

 

sadac  Ps. – sasargeblo simZlavrea, k.v.t 

       C _ proporciulobis koeficientia, 

romelic ferosiliciumisaTvis 3,4-is tolia (roca 

n=0,33), silikomanganumisaTvis udris 6-s, 

naxSirbadiani feroqromisaTvis 8-s, naxSirbadiani 

feromanganumisaTvis 5,5 da silikokalciumisaTvis ki 

6-s (roca n=0,25). 
    eleqtroparametrebi Semdegnairad SeiZleba 

ganisazRvros  

 
                             Us.f..√૜                                          P 
              Utran=----------------- ;                         J=_____ 

                          COSφ.ƺel                                                  √૜.Utran. 

 

sadac  PP_ Rumelis normaluri simZlavrea, kva; 

                 J_ denis Zala, a; 

                 Utran – Zabva tranformatoris 

gamomyvanebze, v; 

                 ƺel._Rumelis mowyobilobis m.q.k. 

           COSφ _ Rumelis mowyobilobis simZlavris 

koeficienti. 

 

 RumelSi sxvadasxva Tburi reJimis misaRwevad, 

iyeneben mravalsafexurian Zabvis transformators. 
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                            Psas.  

eleqtruli m.q.k.                 ƺel=---------- ,    

                                                             Paqt. 

 

xolo energetikuli m.q.k. 

ƺen= ƺel. ƺTb. sadac ƺTb._ Rumelis Tburi m.q.k.-a; 

                                           

                                     ƺel_ Rumelis eleqtruli m.q.k. 

 

feroSenadnobebis Rumelis konstruqciis optima-

lobasa da teqnologiis srulyofis dones 

ZiriTadad gansazRvravs erT tona liTonis 

misaRebad daxarjuli eleqtroenergiis raodenoba: 

 

    Q 
W=___ ,  

    ξ 

sadac Q_elenergiis daxarjuli ra-baa drois 

garkveul periodSi, kj (an kvt.sT) 

       ξ_drois am periodSi gamodnobili 

liTonis raodenoba. t. 
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7.6 Zalovani transformatori 

 

   rkaluri feroSenadnobebis gamosadnobi 

Rumelis ZiriTadi danadgaria transformatori, 

romelic mkvebavi denis Zabvas aTeuli aTasi 

voltidan 90-370 v-mde amcirebs. 

Zalovani transformatori, rogorc wesi, Sedgeba 

gulanas garSemo ganlagebuli ramdenime 

gragnilisagan. ZabvaTa Tanafardoba transfor-

matoris gragnilebze xviaTa ricxvis Sefardebis 

proporciulia. rogorc wesi erTfaziani 

transformatoris pirvelad gragnils ufro meti 

xviebi aqvs, vidre meorad gragnils. 

Semavali Zavbis Sefardeba meorad ZabvasTan 

dautvirTavi transfotmatoris SemTxvevaSi, propor-

ciulia pirveladi gragnilis xviebis ricxvis 

Sefardebisa meoradi gragnilis xviebis ricxvTan. 

denis Zalebi am gragnilebSi uku damokidebulebaSi 

imyofeba. 

imis gamo, rom transformatorSi Semavali da 

gamavali simZlavreebi TiTqmis erTnairia, misi margi 

qmedebis koeficienti (m.q.k.) Zalian maRalia da 96-

98%-s aRwevs. transformatoris Zabvas, denis Zalasa 

da simZlavres Soris Semdegi damokidebuleba 

arsebobs: 

 

Umeor.=Upir/n;  Jmeor=n.Jpir;      Pmeor.=(96-98%).Ppir. 
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sadac      U-Zabvaa, v 

           J-denis Zala, a 

           n-xviebis ricxvi pirvel gragnilSi 

           P-transformatoris simZlavre, kva 

 

Zaluri transformatoris sasurveli simZlavre P, 
kva, Semdegi  formuliT iangariSeba: 

 
GdRe-Rame.W 

P=____________ 
                      86,4 cosφ.K 
 

sadac 

GdRe-Rame - Rumelis warmadobaa, t/dRe-RameSi; 

W - eleqtroenergiis xvedriTi xarji, mj/t; 

cosφ - Rumelis simZlavris koeficienti, romelic 

didi simZlavris RumelisaTvis 0,85-0,87-is tolia, 

xolo sarafinacio RumelisaTvis ki 0,93-0,96-s 

K  - Rumelis simZlavris gamoyenebis koeficientia, 

romelic uwyveti procesiT momuSave mZlavri 

RumelisaTvis 0,97-0,98-s Seadgens, xolo periodulad 

momuSave RumelebisaTvis ki 0,75-0,90 diapazonSi 

icvleba. 

Tu el.energiis xarji (W) gamosaxulia kvt.sT/t, 

maSin transformatoris simZlavris formula Semdeg 

saxes miiRebs: 
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P  GGdRe-Rame.W 

P=______________ 
  24. cosφ. K 

 

feroSenadnobebis misaRebad iyeneben samfaza an 

erTfazian sam transformators. teqnologiuri 

procesis Taviseburobidan  da Zalovani transfor-

matoris daniSnulebidan gamomdinare, ganisazRvreba 

meoradi Zabvis safexurebis raodenoba. 

zogierTi feroSenadnobebis gamosadnobi Rumele-

bis ZiriTadi maxasiaTeblebi mocemulia Mme-2 

cxrilSi. 

rkaluri foladsadnobi Rumelebisagan gansxva-

vebiT, feroSenadnobebis Rumelebs SedarebiT 

Tanabari datvirTvis ganrigi gaaCnia, amitomac 

droselis gamoyenebas aRar saWiroebs. 
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cxrili 2 

feroSenadnobebis Rumelebis ZiriTadi parametrebi 

parametrebi Rumelis saxeoba* 

PKO-
2,5 

PKO-
3,5 

PKO-
10,5 

PKO-
16,5 
PKЗ-
16,5

PKЗ-
24 

PKЗ-
33 

РПЗ-
48 

simZlare, kva 
 
meoradi Zabva, v 
 
denis 
maqsimaluri 
Zala 
eleqtrodze, ka 
 
eleqtrodis 
diametri, mm 
 
gaSlis 
diametri, mm 
 
eleqtrodis 
maqsimaluri 
gadaadgileba, mm
 
abazanis 
diametri, mm 
 
abazanis siRrme, 
mm 
 
gadacemis 
diametri, mm 
 
abazanis brunvis 
sixSire, sT-1 *** 

 

daxris kuTxe, 
grad. 

2500 
 

178-89
 
 
 
 

13,0 
 

300-
450 
 

1200-
1400 
 
 
 

2350 
 
 

2700 
 
 

1200 
 
 

4300 
 
 

5,4 
 
 
30 

3500 
 

371-
260 
 
 
 

13,0 
 

300-
450 
 

1200-
1400 
 
 
 

2350 
 
 

2700 
 
 

1300 
 
 

5000 
 
 

5,4 
 
 
30 

10500 
 

250-
100 
 
 
 

38,4 
 
 

800 
 
 
** 
 
 
 
** 
 
 

4000 
 
 

1700 
 
 

6200 
 
 

1-2 
 
 
30 

16500 
 

210-132
 
 
 
 

59,0 
 
 

1200 
 
 

2900 
 
 
 

1200 
 

6200/ 
6700 
 
 

2300 
 

7800/ 
8300 
 
 

1/33: 
1/32 
 
_ 

24000
 

245-
155 
 
 
 

71,0 
 
 

1200 
 
 

3400 
 
 
 

1500 
 
 

7200 
 
 

2600 
 
 

8900 
 
 

1/48: 
1/194 

33000
 

250-
130 
 
 
 

87,0 
 
 

1500
 
 

4000
 
 
 

1600
 
 

8700
 
 

3000
 
 

10500
 
 

1/60:
1/200

48000
 

238,5-
137,0

 
 
 

111,8
 
 

2800 
X  
650 
3300
 
 
 

1200
 
 

20340 
X 

6000
2850
 
 

7800
 
 
_ 
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* P_ madanaRdgeniTi Rumeli, K_mrgvali, 

П_sworkuTxa, O-  Ria,   З-daxuruli, cifrebi 

miuTiTebs simZlavres, mva; 

**  _ar aris damuSavebuli; 

*** _mricxveli uwido procesia, mniSvneli 

widiani. 

 

 

7.7 mokle qseli 

 

denmimyvan ubans transformatoris meoradi 

gragnilidan eleqtrodebis CaTvliT mokle qseli 

ewodeba. didi simZlavris feroSenadnobebis 

RumelisaTvis eleqtroenergiis danakargi mokle 

qselSi mTliani danakrgebis 35%-s Seadgens. am 

danakargebis 3-10% modis saltesa da ybebze, xolo 

4-12% eleqtrodebze. imis gamo, rom mokle qseli 

aTi aTasobiT amper dens atarebs, gamtarebis 

garSemo warmoiqmneba mZlavri magnituri veli, 

romelic fazebis araTanabar datvirTvas iwvevs. 

am uaryofiTi efeqtis Sesamcireblad mokle 

qsels masiuri salteebisgan ki ar amzadeben, aramed 

iseTi brtyeli spilenZis salteebisgan, romelTac 

siganis sisqesTan Sefardebis maRali maCvenebeli 

aqvs. 

saltis dasaSvebi sisqis zoma Semdegi 

gamosaxulebidan iangariSeba: 
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         ඥ࢖ 

δ=503 •------ 
        μ •f  

sadac 

δ _ saltis sisqea,sm 

ρ _ kuTri elwinaRoba, omi. m 

    μ _ fardobiTi magnituri  SeRwevadoba 

    f   _  denis sixSire, herci 
 

cvladi denis SemTxvevaSi ( sixSire 50 herci) 

wiTeli spilenZisgan damzadebuli saltis sisqe ar 

aRemateba 13 mm-s, xolo aluminisgan damzadebulis 

SemTxvevaSi ki 17 mm-s. 

aqtiuri winaRobisa da kontaqtebSi danakargebis 

Semcirebis mizniT, denmimyvan salteebs aduReben. 

mokle qselis saerTo aqtiuri winaRobidan 

gamomdinare, SeiZleba ganisazRvros Rumelis 

simZlavris danakargi, kvt: 

 

Pdanak=3J2Rm.q•10-3, 
 

sadac 

      Pdanak._ simZlavris danakargia, kvt; 

      J  _ denis Zala, a; 

       Rm.q  _ mokle qselis aqtiuri winaRoba, omi. 
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simZlavris danakargi mokle qselSi (Pdanak. m.q.) 

ganisazRvreba qselis sasurveli simZlavrisa (P 
pirvelad mxares)  da eleqtrodze (kazmis doneze) 

arsebuli sasargeblo simZlavreTa sxvaobiT. mokle 

qselis fazis aqtiuri winaRoba tolia:  

 
        Pdanak•10-3 

Rm.q.= _________ 

      3J2 

 

feroSenadnobebis Rumelebis erT-erTi mniSvne-

lovani maxasiaTebelia mokle qselis reaqtiuli 

winaRoba, romelic damokidebelia TviTinduqciasa 

da Rumelis denmimyvani calkeuli ubnebis urTierT-

Soriso induqciaze. mokle qselis reaqtiuli 

winaRoba amcirebs Rumelis saerTo aqtiur 

simZlavres (cosφ-s dabali mniSvnelobis gamo) 

sasargeblo simZlavresa da warmadobas. cosφ 
Semdegi gamosaxulebidan iangariSeba: 

       Paqt. 

cosφ=_________ 

           J•Usaf•√૜ 
 

sadac      Paqt.____aqtiuri simZlavrea, kvt 

           Usaf ___mocemul safexurze Zabva, v 

  

cosφ-s mniSvnelobis gazrda SesaZlebelia 

simetriulad ganlagebuli sami erTfaziani 
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transformatoris RumelTan maqsimaluri 

miaxloebiTa da misi meoradi gragnilebis  

eleqtrodebTan samkuTxa SeerTebiT ganxorcieldes. 

 

 

7.8 eleqtrodebis, eleqtrodebis gaSlisa da 

Rumelis abazanis diametri 

 

feroSenadnobebis Rumelis eleqtrodis diametri 

denis dasaSvebi simkvrivis (j) mixedviT 

ganisazRvreba . TviTcxobadi eleqtrodebisaTvis 

denis dasaSvebi simkvrive  4-7 a/sm2 farglebSi 

meryeobs. samfaza RumelisaTvis, romlis 

transformatoris simZlavre 13500 kvt-a, xolo 

nominaluri xazobrivi Zabva ki Uxaz.=176,5 v, 

xazobrivi denis Zala Semdegi gamosaxulebidan 

ganisazRvreba: 

 

                    P•1000             13500•1000 
Jxaz.= ________ = ___________ = 44300 a. 

           √૜•Uxaz           1,73•176,5 

 

roca denis simkvrive  j=5 a/sm2, eleqtrodis 

diametri iqneba: 

 

deleq=ඥ૝ • ۸xaz /ඥп •  sm ≈1100 mm 106=ܒ 
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cilindruli formis RumelisTvis, eleqtrodebis 

ganlagebas eleqtrodebis ganSlis mixedviT 

afaseben, xolo sworkuTxa Rumelebis SemTxvaSi ki 

or uaxloes eleqtrodebis centrebs Soris 

manZiliT.  

cilindruli formis RumelebisaTvis ganSlis 

diametri misi eleqtrodis diametrTan SefardebiT 

ganisazRvreba. aRniSnuli Sefardeba 2-3 zRvrebSi 

meryeobs. Sefardebis mcire maCvenebeli ufro 

mZlavri  da energotevadi RumelebisaTvis 

gamoiyeneba. 

feroSenadnobebis Rumelis abazanis diameters, 

eleqtrodebis ganSlis diametris mixedviT irCeven. 

rogorc wesi abazanis diametris Sefardebas  

eleqtrodebis ganSlis diametrTan (dganS) 1,8-2,3-is 

tolad  miiCneven. am TanafardobaSi eleqtrodebsa 

da abazanis amonags Soris dasaSvebi sicarielecaa 

(a) nagulisxmebi. Rumelis abazanis diametri Semdegi 

damokidebulebidan iangariSeba: 

 

                                        a 
dabaz.= dganS+ deleq(1+2K),      sadac K= _____ 

                                    deleq 

 

13500 kva simZlavris RumelisaTvis abazanis 

diametri tolia: 

 

                 dabaz=2,1•dganS= 2,1•2,75=5,8 m 
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abazanis siRrmes eleqtrodis diametrTan 

mimarTebaSi angariSoben: 

 

Habaz=(2,2÷3,0)• deleq 

220 kv.a/m3 moculobiTi simZlavrisa da 13500kva 

simZlavris Rumelis SemTxvevaSi Saxtas moculoba 

toli iqneba: 

 
VSaxta=13500/220=61,4 m3; 

 

abazanis siRrme ki (roca farTobi 

S=п•5,8
2
/4=26,4m2) 

 

                                VSaxta 

Habaz= ______ =61,4/26,4=2,3 m. 
                                     S 
 
cecxlgamZle amonagis sisqis gaTvaliswinebiT   

(750 mm), Rumelis garcmis diametri iqneba: 

 

5800+2•750=7300 mm 

 

eleqtrodebis ganSlisa da abazanis diametri da 

siRrme, daxurul Rumelebs ufro meti aqvs vidre 

Ria tipisas. 13500 kva simZlavris daxuruli Rumeli 

Semdegi saorientacio maCveneblebiT xasiaTdeba: 
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dganS=3,5 m,    dabaz=7,3 m da   Habaz=3,5 m. 

 

sarafinacio feroSenadnobebis Rumelis 

angariSisas foladis sadnobi rkaluri Rumelis 

parametrebs Soris damokidebulebas iyeneben. 
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8. feroSenadnobebis miRebis fiziko_qimiuri 

safuZvlebi 

 

elementebis umravlesoba bunebaSi oqsidebisa da 

sxvadasxva mJavas marilebis saxiT gvxvdeba. ase 

magaliTad: 

manganumi bunebaSi gavrcelebulia Semdegi 

mineralebis saxiT: MnO2 (piroluziti), Mn2O3 
(brauniti), MnO2Mn(OH)2 (manganiti), Mn2O3.4H2O 
(fsilomelani), Mn3O4 (hausmaniti), MnCaCO3 

(manganokalciti), MnCO3 (rodoqroziti), MnOSiO2 
(rodoniti) da sxva. 

       rkina ZiriTadad Semdegi mineralebiTaa 

warmodgenili: Fe3O4 (magnetiti), Fe2O3 (hematiti), 
Fe2O3.mH2O (limoniti), FeCO3 (sideriti), FeTiO3 
(ilmeniti) 

qromi gvxvdeba magnoqromitis (MgFe)O.Cr2O3, 
qrompikotitisa (Mg,Fe).O.(Cr,Al)2O3 da alumino-

qromitis (FeO.(Cr,Al)2O3)  saxiT. 

alumini korundis (Al2O3), mulitis (3Al2O3.2SiO2), 
nefelinis ((Na,K)2O.Al2O3.2SiO2), kaolinitisa 

(Al2O3.2SiO2.2H2O) da sxva mineralebis saxiT 

arsebobs. 

spilenZi halkopiritis (CuFeS2), halkozinis 

(Cu2S), kupritis (Cu2O) da sxva hidrokarbonatebis 

saxiTaa gavrcelebuli (rogoricaa malaqiti 

(CuCO3.Cu(OH)2) da sxva). 
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liTonis miRebisas aucilebeli xdeba Sesabamisi 

elementebis aRdgena misi naerTebidan. oqsidebidan 

elementis aRdgenis umartives saSualebas Termuli 

disociacia warmoadgens. 

 
MeO→Me+1/2O2             (1) 

   
Tumca, Znelia daculi iqnes disociaciisaTvis 

aucilebeli piroba, kerZod Jangbadis disociaciis 

drekadoba Po2(MeO)  unda aRematebodes airad fazaSi 

Jangbadis parcialur wnevas po2 air.f. 

   
Po2(MeO)>po2 air.f    (2) 

 

am pirobis dacva vakumSic praqtikulad 

SeuZlebelia, radganac Jangbadis disociaciis 

drekadoba Po2(MeO) Zalian mcire sididea, magaliTad: 

 

2Mn+O2=2MnO   LgPo2  16000C-ze     = -17,55 atm 
 

Si+O2=SiO2         ,,__________"       = -19  atm 
 

    2Fe+O2=2FeO    ,,__________"      = -10,25 atm 
 

marTlac, manganumis oqsidebis Termul 

disociaciis magaliTze naTlad Cans raoden maRali 

temperaturaa saWiro liTonuri manganumis 

misaRebad: 
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             4240C       8770C    12000C   
MnO2→Mn2O3-→Mn3O4→MnO→Mn 
                              14000C    30000C 

 
amitomac, oqsidebidan sasurveli elementis 

misaRebad aucilebeli xdeba aRmdgenelis 

gamoyeneba. 

aRmdgenelis SerCevisas aucilebelia pasuxi 

gaeces Semdg kiTxvebs: 

1. SeZlebs Tu ara SerCeuli aRmdgeneli 

miznobrivi elementis aRdgenas. 

2. rogori iqneba aRdgenili elementis amokrefis 

xarisxi madnidan liTonSi. 

3. rogori iqneba madnidan miznobrivi elementis 

aRdgenis siCqare.  

aqedan pirvel or kiTxvaze eqsperimentis 

Catarebis gareSe amomwuravad pasuxobs 

Termodinamikuri gaTvlebi, xolo me-3 kiTxvaze 

pasuxis gacema SesaZlebelia mxolod da mxolod 

aRdgenis procesis meqanizmis Seswavlis Semdeg, igi 

kinetikis sferoa da specialur eqsperimentul 

gamokvlevebs saWiroebs. 
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8.1 elementis aRdgenis SesaZleblobis 

gansazRvra misi oqsididan 

 
aRsadgeni oqsidi avRniSnoT MeO-Ti, xolo 

aRmdgeneli MeI-iT. ra piroba unda iqnes daculi 

imisaTvis rom wavides Semdegi reaqcia: 

 

MeO+MeI→Me+MeIO       (1) 
 
es reaqcia mxolod maSin wava, rodesac 

aRmdgenels (MeI) ufro meti naTesauri kavSiri 

eqneba JangbadTan vidre aRsadgen elements (Me). 
elementis JangbadTan naTesauri kavSiris 

maxasiaTebel sidides izobaruli potenciali 

(izobaruli_mudmivi wneva) (ΔG0)  warmoadgens. 
iqidan gamomdinare, rom yvela aRdgeniT reaqcias 

Tan axlavs daJangvis reaqciac, (1) reaqcia ori 

reaqciis jamad SeiZleba warmovadginoT: 

 

2Me+O2=2MeO   (ΔG0
1)      (2) 

 
2Me+O2=2MeO   (ΔG0

2)     (3) 
 

bunebrivia, rom (1) reaqcia TviTneburad mxolod 

maSin SeiZleba wavides, rodesac ΔG0
1-is 

absoluturi mniSvneloba ufro naklebi iqneba ΔG0
2-

is absolutur mniSvnelobaze, e.i. roca IΔG0
1I<IΔG0

2I. 
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ΔGo-s anu jibsis energiis (amerikeli mecnieris 

jibsis sapativcemulod) temperaturaze 

damokidebulelebis gantolebas Semdegi saxe aqvs: 

 

ΔG0
T=ΔH0

T- TΔS0
T        (4) 

 

sadac ΔH0
T- enTalpiaa anu reaqciis Tburi efeqti 

Sebrunebuli niSniT (H= -Q), xolo ΔS0
T entropiaa, 

romelsac zogjer dayvanil  

                         Q 
siTbosac uwodeben   (S= ─).  Tavismxriv 
                                             T 
                        

ΔH0
T= ΔH298+׬ გარ܂܂܌ܘ۱∆

૛ૢૡ
 +qgar  +qdn  +׬   Δ۱۷۾ ܂ ܂܌ 

დნ܂    (5) 

da 

    ΔS0
T=ΔS298+ ׬ Δܘ܋

გარ܂

გარ܂
૛ૢૡ ࢀࢊ  ൅

გარࢗ
დნࢀ

൅
დნࢗ

დნࢀ
൅ ׬ Δ۱۾

۷

܂
܂
დნࢀ

 (6)     ࢀࢊ 

 

 
sadac: Tgar _ fazuri gardaqmnis Sesabamisi 

temperaturaa. 

        T dn  _ dnobis temperatura; 
        q gar _ gardaqmnis siTbo; 

        q dn  _ dnobis  siTbo; 

              ΔCp  _ kuTri siTbotevadobis cvlileba.  

    imisaTvis, rom amovxsnaT me-5 da me-6 

gamosaxulebaSi mocemuli integralebi, 
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aucilebelia mocemuli gvqondes ΔCp=F(T) 
damokidebulebis gantoleba: 

 
Cp=a+bT+ dT-2                  (7) 

 
 sadac a, b da d steqeometriuli koeficientebia 

da igi sxvadasxva nivTierebebisaTvis cxrilebSia 

mocemuli. 

   aRniSnul gamosaxulebabSi Δ Sesabamisi 

sidideebis cvlilebaze miuTiTebs.  

gamartivebis TvalsazrisiT ΔG0-s angariSisas 

SeiZleba gamoyenebul iqnes sxvadasxva 

saxelmZRvaneloebsa da cnobarebSi arsebuli 

cxrilebi an ΔG0-s cvlilebis temperaturaze 

damokidebulebis grafikuli gamosaxuleba (sur. 1), 

sadac maRal temperaturul intervalSi (1500_2000k) 
sxavadasxva oqsidebisaTvis winaswaraa mocemuli 

ΔG0-s mniSvnelobebi. 
grafikuli gamosaxulebidan gamomdinare, 

liTonebs Soris yvelaze didi swrafva YJangbadTan 

Ca-s axasiaTebs, xolo yvelaze susti spilenZs. 

erTaderTi mrudi, romelic yvela mruds kveTs 

naxSirbadis JangbadTan urTierTobis gamomsaxvelia, 

yvela sxva elementisagan gansxvavebiT temperaturis 

gazrdiT am mrudis ΔG0-s uaryofiTi mniSvneloba 

klebulobs, rac imaze miuTiTebs, rom maRal 

temperaturaze naxSirbadi yvelaze kargi 

aRmdgenelia. 
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sur. 1. jibsis standartuli energiis  cvlilebe-

bis damokidebuleba temperaturaze. 
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8.2 reaqciis wonasworoba, Seqcevadi da 

Seuqcevadi reaqciebi 

 
wonasworuli ewodeba sistemis iseT 

Termodinamikur mdgomareobas, romelic drois 

mixedviT ar icvleba. wonasworobis mdgomareoba 

garegan faqtorebzea damokidebuli. Termodinamikis 

kanonidan gamomdinare nebismieri Termodinamikuri 

sistema wonasworobisaken miiswrafvis. wonasworo-

bisas procesi ki ar wydeba aramed atarebs moZrav 

dinamikur xasiaTs. qimiuri wonasworobisas 

pirdapiri reaqciis paralelurad viTardeba 

Sebrunebuli reaqciac. wonasworoba myardeba maSin 

rodesac pirdapiri da Sebrunebuli reaqciis 

siCqareebi erTmaneTs gautoldeba.  

Termodinamikur qimiur wonasworobas sawyisi 

nivTierebebisa da reaqciis produqtebis 

koncentraciebis iseTi Tanafardoba Seesabameba, 

rodesac entropia aris maqsimaluri, xolo 

Tavisufali energiis cvlileba minimaluri. 

qimiuri reaqcia or jgufad _ Seqcevad da 

Seuqcevad iyofa. Seqcevadi iseTi reaqciebia, 

rodesac reaqciis produqtebis urTierTqmedebiT 

sawyisi nivTierebebi warmoiqmneba. Seqcevadi qimiuri 

reaqciebi bolomde ar mimdinareobs, aramed raRac 

zRvars aRwevs, romlis Semdegac moreagire 

nivTierebebis koncentraciebis cvlileba aRar 

SeiniSneba. magaliTad: maRal temperaturaze 
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naxSirorJangisa da wylis urTierTqmedebiT 

naxSirJangi da wylis orTqli miiReba 

 
CO2+H2 ↔ CO+H2O 

 
Seuqcevadi qimiuri reaqciebis mimdinareobisas, 

sawyisi nivTierebebi praqtikulad bolomde 

gardaiqmneba reaqciis produqtebad. Seuqcevadobis 

ZiriTad pirobas warmoadgens warmoqmnili 

produqtis gayvana sareaqcio zonidan, winaaRmdeg 

SemTxvevaSi Seuqcevadi reaqciebi SeiZleba Seqcevadi 

gaxdes. magaliTad, daxSul WurWelSi kirqvis 

gamowviT  dagrovili CaO-sa da CO2-is 
urTierTqmedebiT kvlav  CaCO3 miiReba: 

                                                           
CaCO3  ↔ CaO+CO2 

 

 

8.3 reaqciis wonasworobis mudmivas gansazRvra 

 

eqsperimentulad dadgenilia, rom bevr 

SemTxvevaSi Qqimiuri reaqciis siCqare pirdapir 

proporciul damokidebulebaSia moreagire 

nivTierebebis koncentraciebTan. 

 

AA + B ↔ C + D. 
 

pirdapiri reaqciis siCqare V1 = K1.CA.CB sadac K1 
pirdapiri reaqciis siCqaris mudmivaa, romelic 
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sawyisi nivTierebebis bunebasa da temperaturazea 

damokidebuli. CA da CB  A da B nivTierebebis 

koncentraciebia. 

qimiuri reaqciis ganviTarebasTan erTad A da B  
nivTierebebis koncentraciebi mcirdeba, xolo C da 

D izrdeba. Sebrunebuli reaqciis siCqare 

  

V2 =K2CcCD    sadac  K2 -Sebrunebuli reaqciis 

siCqaris mudmivaa. 

 
wonasworobisas V1=V2  e.i. 
 

           K1CACB =K2CcCD    saidanac 
 
    K1          CcCD 
--------- = ------------ =  Kc          (1)     
     K2          CACB 
 

sadac Kc wonasworobis mudmivaa, romelic 

damokidebuli ar aris moreagire nivTierebebis 

koncentraciebze, aramed damokidebulia maT 

bunebasa da temperaturaze. 

Tu moareagire nivTierebebisa da reaqciis 

produqtebis koncentraciebs A , B, C  da D asoebiT 

avRniSnaT, maSin (1)  gamosaxuleba Semdeg saxes 

miiRebs: 
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             [C] . [D] 
        KKc= ----------------                  (2) 
                             [A] .[B] 
 
Tu reaqciaSi ramodenime molekula monawileobs:  

aA + bB = cC + dD 
 
maSin wonasworobis mudmiva 

 

    [C]c. [D]d 
Kc= --------------         (3)         
        [A]a .[B]b                          
 

me-3 gamosaxuleba momqmed masaTa kanons 

warmoadgens, romlis mixedviTac reaqciaSi Sesuli 

nivTierebaTa masa reaqciis Sedegad miRebul 

nivTierebaTa masis tolia. 

ganvixiloT reaqcia  2CO + O2  ↔ 2CO2,  
wonasworobis mudmiva 

       

         [CO2]2 

   Kc= ---------------      (4) 
            [CO]2 . [O2] 
 
airadi fazis arsebobis SemTxvevaSi nivTierebis 

koncentraciebi maTi parcialuri wnevebiT SeiZleba 

Seicvalos. am dros wonasworobis mudmivas Kp-Ti 
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aRniSnaven. aqedan gamomdinare me_4 gamosaxuleba 

Semdeg saxes miiRebs 

  

                   P2
co2 

                          Kp= --------------        (5)  
                                   P2

co . Po2 
 

sadac Pco2 , Pco da  Po2 Sesabamisi airebis 

parcialuri wnevebia wonasworobisas. 

erTi da igive reaqciisaTvis Kc da Kp  mudmivebi 
erTmaneTis toli ar aris 

 
               Kp=Kc(RT)∆n        (6)       
 

sadac  ∆n  airadi nivTierebebis molebis 

gardaqmnis ricxvia,  

       R - airis universaluri mudmivaa 

                              

    PV                         
R = ------   mendeleev- klapeironis 

          T        gantolebidan. 

 

reaqciisaTvis 

 

               2H2+O2 ↔ 2H2O 
  
∆n=2-(2+1)=-1, radganac 3 moli nivTierebisgan 

miRebulia 2 moli nivTiereba. aRniSnulis 
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gaTvaliswinebiT me-6 gantoleba Semdeg saxes 

miiRebs: 

                    

                                     Kp=Kc(RT)-1     
Kc 

 e.i. Kp= -------   (7) 
                  RT 
 
Tu sawyisi da saboloo molebis  ricxvi tolia, 

maSin   ∆n=0, es is SemTxvevaa, roca Kp=Kc. 
reaqciis wonasworobis mudmiva SeiZleba moluri 

wiliTac gamoisaxos:                                             

 
Nc . ND 

         KN= --------------              (8)  
NA .NB 

 
wonasworobis mudmiva gamosaxuli koncentracie-

biTa da moluri wiliT aqtiurobis koeficientis 

gaTvaliswinebis gareSe samarTliania mxolod 

Zlier ganzavebuli xsnarebisaTvis, romelebic 

idialuri sistemebis kanons eqvemdebareba: 

 

                 Nc . Yc . ND .YD 
KKN= -----------------------          (9)   

                                   NA .YA .NB .YB 
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sadac  YA ,YB, Yc  da YD Sesabamisi nivTierebebis 

aqtiurobis koeficientebia 

 

Cc . Yc .CD .YD 
         Kc= ----------------------      (10) 

CA .YA  .CB .YB 

 

reaqciis wonasworobis mudmiva, romelic 

aqtiurobiTaa gamosaxuli yvela realuri 

sistemisaTvisaa samarTliani 

 

                           ac .aD 
        KKa= -----------     (11) 
                           aa .aB 
    
aqtiuroba  a = NY         (12)    
 
 sadac N -nivTierebis moluri wilia 

       Y - aqtiurobis koeficienti 
 

mocemuli komponentis aqtiuroba xsnaris 

Sedgenilobaze, temperaturasa da wnevazea 

damokidebuli. 

aqtiurobis nacvlad SeiZleba zogjer mxolod 

aqtiurobis koeficientiTac visargebloT.  
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8.4 le-Satelies principis gamoyeneba 

metalurgiuli procesis analizisas 

 

le-Satelies principi anu moZravi wonasworobis 

principi SeiZleba ganvixiloT rogorc wesi, 

romelic axasiaTebs Termodinamikuri sistemis 

arsebobis Secvlis gavlenas wonasworobaze.  es 

principi kerZo saxiT 1884 wels vant-hofma gamoTqva, 

zogadad le-Sateliem Camoayaliba, xolo 

Teoriulad 1887 wels k.braunma daasabuTa, 

romelmac aCvena, rom le-Satelies principi 

Termodinamikis  me-2 kanonis Sedegs warmoadgens. 

le-Satelies principi SeiZleba Semdegnairad 

Camoyalibdes. Tu sistemaze, romelic mdgrad 

wonasworul mdgomareobaSi imyofeba vimoqmedebT 

garedan da SevcvliT raime pirobas, romelic 

gansazRvravs mis wonasworul mdgomareobas, maSin 

wonasworoba Seicvleba im mimarTulebiT, romlis 

Sedegadac am qmedebis efeqti Semcirdeba. 

pirobebi, romelTa Secvlas SeuZlia imoqmedos 

reaqciis an fazuri gardaqmnis wonasworobaze aris 

temperatura, wneva da moreagire nivTierebaTa 

koncentracia. mdgradi wonasworobisas, rogorc 

avRniSneT, pirdapiri da Sebrunebuli reaqciebis 

siCqareTa jami erTmaneTs utoldeba, xolo maT 

Tbur efeqtebs sawinaaRmdego niSnebi aqvT. 

temperaturis gazrda iwvevs wonasworobis Secvlas 

im mimarTulebiT, romelsac Tan axlavs siTbos 

STanTqva, xolo temperaturis Semcireba 
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sawinaaRmdego mimarTulebiT moqmedebs. amis 

msgavsad, wnevis gazrda cvlis wonasworobas im 

mimarTulebiT, romelsac Tan axlavs moculobis 

Semcireba da piriqiT. Tu sistemaSi romelic 

mdgrad qimiur wonasworobaSi imyofeba, erT-erT 

moreagire nivTierebis damatebiT raodenobas 

SevitanT, maSin wonasworobis Secvla moxdeba im 

mimarTulebiT, romelic am nivTierebis 

koncentracias Seamcirebs. 

vinaidan umravlesi metalurgiuli procesi 

umetesad mudmivi garegani wnevis qveS mimdinareobs, 

maTi wonasworobis ZiriTadi ganmsazRvreli piroba 

temperaturaa. 

qimiuri reaqciis wonasworobaze temperaturis 

gavlenis dadgena eyrdnoba Termodinamikur 

gantolebas: 

 

dLnKp       ΔH 
---------- = ------          (1)            (izobaris gantoleba) 
 dT            RT2 

 
aq Cveulebriv ori SemTxveva ganixileba: 

 

1) endoTermuli procesebisaTvis e.i. roca ΔH > 0 -
ze, wonasworobis mudmivas warmoebuli dLnKP / dT 
dadebiTia, rac niSnavs, rom wonasworobis mudmiva 

temperaturis zrdadi funqciaa, e.i. temperaturis 

gazrdiT reaqciis pruduqtis wonasworuli 
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koncentraciebi izrdeba, xolo sawyisi nivTiere-

bebisa mcirdeba. 

2) egzoTermuli procesebisaTvis, e.i. roca ΔH < 0 
-ze, warmoebuli dLnKP /dT uaryofiTia da Kp aris 

temperaturis klebadi funqcia. es niSnavs rom 

temperaturis SemcirebiT reaqciis produqtebis 

wonasworuli koncentracia mcirdeba, xolo sawyisi 

nivTierebebis ki piriqiT izrdeba. 

zemoaRniSnulidan gamomdinare mdgradi 

wonasworobis pirobebSi endoTermuli reaqciebi 

kargad mimdinareobs maRal temperaturebze, xolo 

egzoTermuli reaqciebi ki dabal temperaturebze. 

Tumca zogjer metalurgiuli  procesebis dros 

ZiriTadi ganmsazRvreli reaqcia ver aRwevs 

wonasworobas, an iseT temperaturul intervalSi 

mimdinareobs, romelic metia wonasworul 

mdgomareobaze. aseT SemTxvevebSi  le-Satelies 

principebis gamoyeneba da raime daskvnebis gakeTeba 

sifrTxiles moiTxovs, radganac nebismieri qimiuri 

reaqciis mimdinareobis ganmsazRvrelia ara misi 

siTburi efeqtis niSani, aramed am reaqciis jibsis 

energiis cvlilebis (ΔG) niSani, xolo reaqciis 

mimarTulebis maCvenebelia misi entropiis 

cvlilebis niSani. es daskvnebi jibsis cnobili 

gantolebidan gamomdinareobs 

 

ΔG = ΔH - TΔS             (2) 
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le-Satelies principi am gantolebis kerZo 

SemTxvevad ganixileba. marTlac reaqciis wonaswo-

robisas ΔG = O -s, anu    
 

        ΔG 
LgKp= - --------  
                 RT  
 

gamosaxulebidan gamomdinare Lgkp = 0 da kp = 1-s,. 
e.i ΔH = TΔS.  Tu pirdapiri reaqcia endoTermulia 

e.i. ΔH>0=A, maSin am tolobidan gamomdinare misi 

entropiis cvlileba iqneba dadebiTi, e.i. ΔS>0=B, da 

me-2 gamosaxuleba am SeTxvevaSi zogadad SeiZleba 

ase Caiweros ΔG=A-BT, saidanac gamomdinareobs, rom 

temperaturis gazrdiT ΔG uaryofiTi gaxdeba, e.i. 

reaqciis mimdinareobis Termodinamikuri pirobebi 

gaumjobesdeba. 

analogiurad, Tu reaqcia egzoTermulia, e.i. 

ΔH<0=-A  da ΔS<0=-B  gveqneba ΔG=-A+BT, saidanac 

gamomdinareobs, rom temperaturis gazrdiT ΔG 

gaxdeba dadebiTi, e.i. reaqciis mimdinareobis 

Termodimanikuri pirobebi gauaresdeba. 

imis mixedviT, Tu rogori saxe aqvs jibsis 

gantolebas qimiuri reaqciebi oTx tipad SeiZleba 

daiyos: 

I _ tipi.   ΔG =A +BT e.i reaqcia endoTermulia 

,ΔH>0-ze da ΔS<0-ze, rogorc gantolebidan Cans 
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ΔG>0-ze da Kp<1-ze. e.i. reaqcia mimdinareobs 

marjvnidan marcxniv da temperaturis gazrda xels 

ar uwyobs pirdapiri reaqciis mimdinareobas, magram 

wonasworobis  mudmivas sidide izrdeba. 

II - tipi. ΔG = A-BT e.i. ΔH>0-ze daΔS>0-ze , am 

SemTxvevaSi temperaturis  gazrda zrdis ΔG-s 

uaryofiT mniSvnelobas, e.i. temperaturis gazrda 

xels uwyobs reaqciis mimdinareobas, Kp izrdeba. 

III - tipi. ΔG = -A+BT e.i. reaqcia egzoTermulia 
ΔH<0-ze da ΔS<0-ze, gantolebidan gamomdinareobs, 

rom temperaturis gazrda xels ar uwyobs reaqciis 

mimdinareobas, magram amcirebs Kp sidides. 
IV – tipi .ΔG = -A - BT e.i.  ΔH<0-ze daΔS>0-ze, rac 

niSnavs, rom Kp>1-ze da temperaturis gazrda xels 

uwyobs reaqciis mimdinareobas, magram amcirebs Kp 

sidides. 

Tu rogor axdens gavlenas wonasworobis 

mudmivas zrdis an klebis siCqareze temperatura, 

Seswavlili ar aris. literaturaSi miTiTebulia 

mxolod, is rom rac didia ΔH-is absoluturi 

mniSvneloba, miT ufro intensiuria Kp-s cvlileba 

temperaturis mixedviT. Kp=f(T)  mrudis analizi 

saWiroebs Kp-s meore warmoebulis temperaturuli 

damokidebulebis gamomsaxveli gantolebis codnas, 

romlis saxe literaturaSi cnobili ar aris. am 

gantolebis miRebis mizniT Tu gavawarmoebT 

temperaturiT (1) gantolebas, miviRebT 
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d2 LnKp           ΔH         ΔCp  
-----------  = -  -------- + ---------             (3) 
   d T 2              RT3        RT2 

 
sadac ∆Cp  reaqciis siTbotevadobis cvlilebaa. 

es gantoleba SeiZleba sxvagvaradac warmoisaxos: 

 

d2 LnKp           ΔH         ΔCpT    
------------ = - --------- + -----------         (4) 
  dT2              RT3          RT3 

 
vinaidan ^ΔCp mcire sidideebia, SeiZleba 

CavTvaloT, rom ΔCpT<< ΔH  da me-3 gantolebaSi 

meore wevri ugulvebelvyoT,  maSin wonasworobis 

mudmivas meore warmoebuli temperaturiT SeiZleba 

sakmarisi sizustiT ganisazRvros  

 
d 2LnKp          ΔH   
------------ = - --------    (5)   
     dT 2            RT3 

 
am gantolebidan gamomdinare:  

1) Tu reaqcia endoTermulia ΔH>0) , maSin 

d2Lnkp/dT2 <0-ze da Kp=f(T) mrudi iqneba  amozneqili, 

rac niSnavs, rom temperaturis gazrdiT Tanaxmad (1) 

gamosaxulebisa Kp  ki izrdeba, magram misi zrdis 
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siCqare klebulobs da garkveul temperaturaze es 

zrda SeiZleba umniSvnelo gaxdes. 

2) Tu reaqcia egzoTermulia (ΔH<0), maSin 
d2LnKp/dT2>0-ze da Kp=f(T) mrudi iqneba Cazneqili, 

rac niSnavs, rom temperaturis gazrdiT Tanaxmad (1)  

gantolebisa, Kp-s sidide ki klebulobs, magram misi 

klebis siCqarec agreTve klebulobs, ris gamoc 

garkveul temperaturaze es kleba SeiZleba 

umniSvnelo gaxdes. 

 

 

8.5 reaqciis gamosavali da misi zrdis 

meTodebi 

 

qimiuri reaqciis Termodinamikuri analizis 

praqtikuli mniSvneloba gamoixateba im pirobis 

gansazRvraSi, romelic saSualebas mogvcems 

"CavaxSoT" Sebrunebuli reaqcia da procesi 

warvmarToT sasurveli mimarTulebiT marcxnidan-

marjvniv. pirdapiri reaqcia bolomde midis im 

SemTxvevaSi, rodesac Sebrunebuli reaqcia raime 

mizezis gamo ver xorcieldeba. kerZod; 

1) reaqcia airad nivTierebebs Soris wava 

bolomde, Tu reaqciis produqti myari nivTierebaa. 

2) Tu reaqciisas xsnarebSi warmoiqmneba uxsnadi 

nivTiereba, Sebrunebuli reaqcia ver ganviTardeba.  

3) Tu reaqciis Sedegad miiReba aqroladi 

nivTiereba da igi Sordeba sareaqcio zonas. 
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4) didi siTburi efeqtis  mqone reaqciebi 

mimdinareobs bolomde. 

aRniSnulidan gamomdinare, reaqciis 

gamosavlianobis e.i. Sesabamisad madnidan wamyvani 

elementis amokrefis gazrdis mizniT, reaqciis 

wonasworobaze SeiZleba ramodenime garegani 

faqtoriT vimoqmedoT: 

1) flusebis gamoyenebiT vuzrunvelyoT reaqciis 

romelime produqtis aqtiurobis Semcireba. 

magaliTad, qromis ufluso meTodiT gamodnobisas: 

 2Gr2O3 + 3Si → 4Gr+3SiO2,  reaqciis 

wonasworobisas, qromis amokrefa mxolod 40-50%-s 

Seadgens. kiris damateba amcirebs SiO2-s aqtiurobas 

da qromis aRdgenis reaqcia Rrmad gadainacvlebs 

marjvniv:  

                              
2Cr2O3+3Si+3CaO  =  4Cr+3(CaO . SiO2) 

 
da qromis amokrefa am SemTxvevaSi  83-86% -mde 

izrdeba. 

2) reaqciis romelime produqtis gayvana 

sareaqcio zonidan zrdis elementis amokrefas. am 

mizniT kazmSi rkinis Semcvel komponentebs umateben, 

radganac rkina damleqis rols TamaSobs. 

magaliTad, ferosiliciumis miRebisas 
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SiO2+2C=Si+2CO 
       + 

        Fe 
        II 

                                           FeSi    (liTonSi  FenSim) 
 

rkinas reaqciis zonidan gahyavs aRdgenili 

siliciumi, e.i. irRveva wonasworoba, da reaqcia 

kvlav gadainacvlebs marcxnidan marjvniv, amitomac 

konkretul SemTxvevaSi siliciumis amokrefa 

kazmidan 92%-s Seadgens. 

zogierTi specialuri teqnologiebisaTvis, sadac 

reaqciis erT-erTi produqti airadi fazaa, xSir 

SemTxvevaSi vakums iyeneben. magaliTad, vakumian 

induqciur RumelSi Txevadi feroqromis 

rafinirebisas, liTonis ganaxSirbadianebas masSi 

gaxsnili Jangbadis xarjze axdenen: 

 

I C I + I O I =COair↑ 
 
10-2 verc.sv. gaiSviaTebac ki sakmarisia imisaTvis, 

rom CO-s gawoviT feroqromSi naxSirbadis 

Semcveloba 0,1-dan 0,02-0,03%-mde Semcirdes. 

3) wamyvani elementis gamosavlis gazrdis Zlier 

saSualebas temperatura warmoadgens. 

temperaturis gazrda endoTermul procesebSi 

yovelTvis xels uwyobs wamyvani elementis 

amokrefis gazrdas, Tumca temperaturis zomaze meti 
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momateba Slis Rumelis amonags da iwvevs  

aRdgenili elementebis mniSvnelovani nawilis 

aorTqlebas. amitomac yvela process Sesabamisi 

optimaluri temperatura Seesabameba. 
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9. manganumiani Senadnobebis warmoeba 

 

9.1.  manganumis warmoeba msoflioSi 

 

amJamad msoflioSi 150 sxvadasxva saxis 

feroSenadni dneba, romelic sufTa an garkveuli 

TanafardobiT 25-mde elements Seicavs. 

feroSenadnobTa warmoebas 90 wamyvani qveynis 364 

sawarmo emsaxureba. marto 1996 wels msoflioSi 

gamodnobilma feroSenadnobTa saerTo raodenobam 

16,5 milion tonas miaRwia, romelTa Soris umetes 

nawils _ 47,8%-s manganumiani feroSenadnobebi (7,89 

mln. t.) Seadgenda, xolo danarCens qromiani (3,8 

mln. t./23,0%), kaJbadiani  (3,87 mln. t./23,5%) da 

nikeliani (0,94 mln.t./5,7%) Senadnobebi.  

maRalnaxSirbadiani feromanganumis udidesi 

mwarmoebeli 1998 wlis monacemebiT CineTi (932 aTasi t.), 

samxreT afrika (429 aTasi t.), iaponia (386 aTasi t.), 

safrangeTi (413 aTasi t.), ukraina (291 aTasi t.) da 

braziliaa (113 aTasi t.). aRniSnuli qveynebis mier 

warmoebulma maRalnaxSirbadiani feromanganumis 

saerTo raodenobam (2,56 mln. t.) msoflio 

maCveneblis 77,8% Seadgina.  

amave wels CineTma da ukrainam Sesabamisad 700 

aTasi tona (msoflio warmoebis 22,7%) da 493 aTasi  

tona  (16%) silikomanganumi gamoadno, xolo 287 

aTasi t. samxreT afrikis respublikam, 243 aTasi t. 

norvegiam, 193 aTasi t. indoeTma, 124 aTasi t. 

braziliam, 117 aTasi t. espaneTma, 107 aTasi t. 



81 
 

samxreT koream, 105 aTasi t. meqsikam da 102 aTasi t. 

avstraliam awarmoa.  

rafinirebuli feromanganumis msoflio warmoebis 

70,2% ki gamodnobil iqna norvegiaSi (166 aTasi 

t./msoflio moculobis 25,3%), iaponiaSi (133/20,3%), 

CineTsa (85/13,0%) da aSS-Si (76/11,0%).  

sufTa foladebze moTxovnilebis gazrdam dRis 

wesrigSi daayena xarisxiani feroSenadnobebis 

gamodnobis aucileblobis sakiTxi. manganumian 

feroSenadnobTa warmoebis teqnikuri maCveneblebs 

upirveles yovlisa kazmSi gamoyenebuli nedleulis 

xarisxi gansazRvravs, msoflioSi koncentratebis 

xarisxobrivi dayofa ki araerTgvarovania, kerZod 

feromanganumian SenadnobTa warmoebisaTvis 

gankuTvnili koncentratebi sxvadasxva qveynis 

mixedviT Semdeg moTxovnebs unda akmayofilebdes 

(cxrili 1). 

manganumis madnebis samrewvelo maragi msoflioSi 

daaxloebiT 7018 milion tonas Seadgens, romlis 

42% (2950 aTasi tona) yofili socialisturi 

qveynebis teritoriazea, xolo maragis umetesi 

raodenoba samxreT afrikis respublikaSia 

Tavmoyrili. manganumis madnebis ZiriTadi 

mwarmoebeli qveynebia: samxreT afrikis respublika, 

brazilia, avstralia, indoeTi, maroko da gana. 

 

cxrili 1 
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manganumis koncentratebis xarisxze teqnikuri 

moTxovnileba 

komponenti 

masuri Sedgeniloba, % 

feromanganumi silikomanganumi 

ukr

aina

I x

dasavleT 

evropa 
aSS 

`a~ x

ukra

ina 

II x 

dasavleT 

evropa 

aSS

`b~ 

x I x II x III x IV x

Mn, aranaklebi 

Fe, ara umetesi 
SiO2, ara umetesi 
P, ara umetesi 

43,0

_ 

_ 

_ 

48,0

_ 

7,0 

0,12

46,0

7,5 

9,0 

0,15

46,0

8,0 

12,0

0,18

34,0

_ 

_ 

_ 

44,0 

9,0 

10,0 

0,15 

40,0

12,0

12,0

0,15

40,0

16,0

15,0

0,30

 

sazRvargareTis koncentratebis xarisxobrivi maC-

veneblebi me-2 cxrilSia naCvenebi. 

 

cxrili 2 

manganumis koncentratebis xarisxobrivi 

maCveneblebi, % 

komponenti 
ukraina

avstralia gaboni brazilia
samxreT 

afrikaI x II x

Mn 
P 
SiO2 

43,7

0,19

13,1

36,1

0,17

26,1

48,5 

0,09 

6,8 

51,0 

0,10 

2,6 

49,0 

0,09 

2,5 

51,0 

0,04 

4,8 

 

damoukidebel saxelmwifoTa Tanamegobrobis 

qveynebSi arsebuli manganumis madnebis umetesi 
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nawili (70,6%) Raribi madnebiTaa (karbonatuli da 

Sereuli) warmodgenili da mxolod mesamedi (29,4%) 

gvxvdeba oqsiduri madnebis saxiT. maragis 80,6% 

ukrainaze [tokmakis (43,2%) da nikopolis (37,4%) 

sabado], 5,7% ruseTze, xolo 4,2% yazaxeTze modis. 

ukrainis madnebis koncentratebi xarisxobrivi 

maCveneblebiT aSkarad CamorCeba sazRvargareTis 

koncentratebs. kerZod, rogorc me-2 cxrilis 

monacemebidan gamomdinareobs ukrainis konc-

entratebSi fosforisa da kaJmiwis moduli 

Sesabamisad orjer da oTxjer aRemateba sxva 

qveynis koncentratebSi mis analogiur maCveneblebs. 

ukrainis madnebis koncentratebSi fosforis 

modulis maRali mniSvneloba arTulebs aRniSnuli 

masalebidan maRalxarisxiani manganumiani 

feroSenadnobebis miRebis teqnologias, kerZod, 

pirometalurgiuli gziT saWiro xdeba aRniSnuli 

koncentratebis winaswari gadamuSaveba da 

dabalfosforiani widebis miReba, romlis drosac 

tona produqciaze 1000 kvt. sT. eleqtroenergia 

ixarjeba da kazmSi arsebuli manganumis 20% 

ikargeba. amitom teqnologiuri procesis 

gasamartiveblad da saerTaSoriso bazarze 

konkurentunariani manganumiani feroSenadnobebis 

misaRebad saWiro xdeba dabalfosforiani 

sazRvargareTis madnebis gamoyeneba, im raodenobiT, 

rom fosforis modulma (P/Mn) 0,0035-s ar 

gadaaWarbos. Tumca rogorc ukraineli 
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specialistebi aRniSnaven, importuli madnebis 

gamoyenebas uaryofiTi mxarec gaaCnia, kerZod, es 

madnebi tute metalebis oqsidebsac (Na2O, K2O) 

Seicavs, romlebic garkveul temperaturaze 

gamoidevneba da Rumelis zeda horizontalur 

zonaSi ileqeba da garkveuli koncentraciis 

SemTxvevaSi (30%-ze meti) warmoqmnis lokalur 

advildnad da Txierdnad widebs, riTac uaresdeba 

airganvladoba da dnobis eleqtruli reJimi. 

amasTan, mcirdeba amonagis mdgradobis 

xangrZlivoba da klebulobs manganumis amokrefa. 

garda amisa, importul madnebSi rkinis maRali 

raodenoba arTulebs maRalsiliciumiani 

silikomanganumis miRebis process. unda aRiniSnos 

isic, rom aRniSnul madnebSi iseTi mavne minarevebis 

arseboba rogoricaa gogirdi, dariSxani da tyvia 

(romlebic mTlianad gadadian liTonSi) foladis 

xarisxsac auaresebs. amitom importuli madnebisa da 

koncentratebis gamoyenebis SemTxvevaSi, zemo 

aRniSnuli faqtorebi aucilebelad unda iyos 

gaTvaliswinebuli. 

    rogorc statistikuri monacemebidan irkveva, 

silikomanganumisa da naxSirbadiani feromanganumis 

gamodnobisas, koncentratebSi yoveli procenti 

manganumis SemcirebiT dRe-RameSi Sesabamisad 3,2-3,7 

da 2,5-2,6 toniT ecema Rumelis warmadoba da aseve 

Sesabamisad 1,0-1,3 da 0,54-1,0%-iT klebulobs 

manganumis amokrefa. amasTan, tona produqciaze 
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daxarjuli eleqtroenergiis xarji izrdeba, 

kerZod, silikomanganumis SemTxvevaSi 45-70, xolo 

naxSirbadiani feromanganumis gamodnobisas ki 50-54 

kvt. sT-iT. amitomacaa, rom nikopolis manganumis 

madnis koncentratebze momuSave sawarmoebi 

teqnologiuri maCveneblebiT aSkarad Camouvardeba 

sazRvargareTis sxva madnebis koncentratebze 

momuSave sawarmoebis maCveneblebs.  

 

 

9.2. manganumis warmoeba saqarTveloSi 

 

saqarTveloSi 14 manganumis sabadoa gamovlenili, 

romelTa Soris samrewvelo mniSvnelobis mxolod 

WiaTuris sabadoa, romlis auzSic Sesabamisad 

msofliosa da damoukidebel saxelmwifoTa Tana-

megobrobis qveynebSi arsebuli manganumis madnebis 

maragis 1,8 da 9,5%-ia Tavmoyrili. (cxrili 3) 
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cxrili 3 

saqarTvelos manganumis madnebis resursebi 
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I. sabadoebi: 

WiaTuris 

Cxari-ajameTis 

yvirilis depresia 

 

II. perspeqtiuli  

farTobebi: 

TeTriwyaros 

wyaltubo-martvili 

aWara-TrialeTis 

zona 

 

sul perspeqtiul  

farTobze 

 

mTliani maragi 

 

212,7 

5,0 

27,0 

 

 

 

_ 

_ 

_ 

 

 

_ 

 

244,7 

 

32,0 

30,0 

40,0 

 

 

 

25,0 

20,0 

35,0 

 

 

80,0 

 

262,0 

 

244,7 

35,0 

67,0 

 

 

 

25,0 

20,0 

35,0 

 

 

80,0 

 

506,7 

 

WiaTura 

Terjola 

zestafoni 

 

 

 

TeTriwyaro

wyaltubo-

martvili 
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WiaTuris sabados eqspluatacia saukuneze metia 

grZeldeba da 250 milion tonaze meti madania 

mopovebuli. imis gamo, rom am xnis ganmavlobaSi 

ZiriTadad oqsidur madnebs amuSavebdnen, sag-

rZnoblad Semcirda manganumis Semcveloba madanSi, 

kerZod, Tu ki 1934 wels manganumis saSualo 

Semcveloba madanSi 43,5% iyo, es maCvenebeli 1960 

wels 26,6%-mde, xolo 1990 wels 18,5%-mde Semcirda. 

1990 wlis monacemebiT, WiaTuris sabados maragi 

kvlavac soliduria da 212,7 milion tonas Sedgens. 

WiaTuris sabado umetes wilad Raribi 

madnebisgan Sedgeba (maragis 75%), mdidari oqsiduri 

madnebis raodenoba ki mxolod 25%-s aRwevs. 

oqsiduri madnebis saerTo maragis 11% maRali xa-

risxis peroqsiduri madnebia, romelSic manganumi 

piroluzitis mineralebis saxiT gvxvdeba. I da II 

xarisxis oqsiduri madnis koncentratebSi manganumi 

umetes wilad manganitiTa (I x. 50,2-69,0%; II x. 48,2-

60,3%) da piroluzituri mineralebiTaa 

warmodgenili  (I x. 50,2-58,4%; II x. 45,5-49,1%), 

zogierT SemTxvevaSi es koncentratebi TiTqmis 

Tanabari raodenobiT Seicavs aRniSnul mineralebs 

(manganits 27-37%-s; piroluzits 30-38%-s). Raribi 

madnebis umetesi wili karbonatulia (kalciumis 

rodoqroziti, manganokalciti). oqsiduri 

madnebisgan gansxvavebiT, karbonatuli madnebi 

naWrovnebiT, maRali simtkiciT, cveTamedegobiTa da 

maRaltemperaturuli mdgradobiT gamoirCeva. misi 
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simkvrive 1,8-2,3 t/m3 intervalSi icvleba. manganumis 

Semcveloba karbonatul madnebSi araerTgvarovania 

da mopovebis adgilis mixedviT sakmaod did 

diapazonSi meryeobs (10-36%). stabiluri muSaobis 

periodSi `WiaTurmanganumSi~ warmoebuli 

koncentratebis saerTo raodenobam 1981 wels 1005,8 

aTas tonas miaRwia, romlis 47,2%-s 1 x-is (474,4 

aTasi t.), 18,1%-s II x-is (182,1 aTasi t.) da 13,2%-s II x-

is oqsiduri koncentratebi Seadgens. karbonatuli 

koncentratebis xvedriTi wili am periodisaTvis 

18,9%-s ar aRemateba. 1986 wlis monacemebis mixedviT 

ki `WiaTurmanganumis~ produqciaSi 25,4%-iT imata 

karbonatuli koncentratebis raodenobam da 237,8 

aTas tonas miaRwia, rac mTliani produqciis 24,9%-s 

Seadgens. sanacvlod 27,4 da 5,6%-iT iklo I da II x-

is oqsiduri koncentratebis raodenobam da 

Sesabamisad 344,5 da 171,8 aTas tonamde Semcirda. 

sabWoTa kavSiris daSlam da sabazro ekonomikaze 

gadasvlam umZimes viTarebaSi Caayena 

`WiaTurmanganumi~. 2000 wels aRniSnulma sawarmom 

mxolod 25,3 aTasi tona I da II x-is koncentrati 

gamouSva. Tumca bolo wlebis monacemebiT 

mdgomareoba met-naklebad daregulirda, kerZod, 

maRali xarisxis koncentratebis raodenobam 

TandaTanobiT imata da 2003 wels 93,6 aTas tonas 

miaRwia. `WiaTurmanganumis~ monacemebiT 

koncentratebis raodenobis zrdis tempi uaxloes 

periodSic SenarCundeba. 
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`WiaTurmanganumis~ koncentratebis ZiriTadi 

momxmarebeli  g. nikolaZis saxelobis zestafonis 

feroSenadnobTa qarxanaa, romelic sabWoTa 

kavSirSi warmoebuli manganumiani feroSenadnobebis 

saerTo raodenobis 30%-s adnobda da foladisaTvis 

saWiro maRalxarisxiani feroSenadnobebis 

moculobis 75%-s awarmoebda. 

qarxanaSi manganumiani feroSenadnobebis garda 

qromiani da gansakuTrebuli daniSnulebis mqone 

Senadnobebis teqnologiebicaa damuSavebuli da 

aTvisebuli. optimaluri reJimiT muSaobis periodSi 

1986 wlis monacemebiT, zestafonis feroSenadnobTa 

qarxanaSi 369886 tona manganumiani feroSenadnobi 

iqna miRebuli, romlis 42,6%-s (157138 t.) 

silikomanganumi Seadgenda, xolo 30%-sa (110977 t.) 

da 26,9 %-s (99677 t.) saSualonaxSirbadiani da 

naxSirbadiani feromanganumi. aRniSnuli monacemebis 

msoflio maCveneblebTan SedarebiT irkveva, rom am 

periodisaTvis zestafonis feroSenadnobTa qarxanam 

manganumiani feroSenadnobebis saerTo moculobis 

(1996 w.) 4,7% awarmoa.NniSandoblivia aRiniSnos isic, 

rom yofil sabWoTa kavSirSi momuSave sawarmoebs 

Soris zestafonis qarxana erTaderTia, romelic sa-

SualonaxSirbadian feromanganumsa da 

eleqtrolitur manganums Rebulobda. 

zestafonis feroSenadnobTa qarxanas sruli 

simZlavriT datvirTvis SemTxvevaSi daaxloebiT 450 

aTasi tona I xarisxis oqsiduri koncentrati (Mn 
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48%) da 350 aTasi tona manganumis aglomerati (Mn 
37%) esaWiroeba. WiaTuris sabados madnebis 

koncentratebis simciris gamo 1983 wlidan qarxanaSi 

sazRvargareTidan madnebis Semotana daiwyes 

(weliwadSi 200 aTasi tonis odenobiT), riTac 

SeinarCunes manganumiani feroSenadnobebis miRebis 

is tradiciuli teqnologia, romliTac aRniSnuli 

sawarmo gamorCeuli iyo sabWoTa kavSiris sxva 

qarxnebisagan. kerZod, SenarCunebul iqna 

naxSirbadiani feromanganumis gamodnobis ufluso 

meTodi da miRebuli dabalfosforiani da maRal-

manganumiani widebidan (Mn 38-42%, P<0,02%) 

saSualonaxSirbadiani feromanganumis gamosadnobad 

saWiro gadasamuSavebeli silikomanganumis (P 0,12%) 

gamodnobis teqnologia. 

amJamad zestafonis feroSenadnobTa qarxana 

yovelwliurad saSualod 100 aTas tona 

silikomanganums adnobs, rac 1998 wlis msoflio 

maCveneblis 3,24%-s Seadgens. miRebuli Senadni mci-

re raodenobiT Seicavs fosfors, radganac kazmSi 

xSir SemTxvevaSi importul madnebs iyeneben. imis 

gamo, rom qarxanaSi ar funqcionirebs 

saaglomeracio fabrika da sadnob agregats 

Termiulad daumuSavebeli manganumSemcveli masala 

miewodeba, 22,5 mvt simZlavris rkaluri Rumelis 

dRe-Ramuri warmadoba  60 t-mde Semcirda, xolo 

eleqtroenergiis xarjma 4800 kvt. sT-s gadaaWarba.  

 



91 
 

9.3 naxSirbadiani foromanganumis gamodnobis 

teqnologia 

 

naxSirbadiani feromanganumis gamodnobas 

axorcieleben didi simZlavris eleqtro RumelebSi. 

procesi emyareba naxSirbadiT manganumis da rkinis 

oqsidebis aRdgenas. aRdgenili elementebis 

SeerTebis xarjze miiReba feromanganumi, xolo 

madanSi arsebuli oqsidebisa da flusis SednobiT 

ki wida. procesi aris uwyveti, xolo Rumelidan 

liTonisa da widis gamoSveba perioduli. 

naxSirbadiani Fferomanganumis gamodnoba 

brZmedis RumelSicaa SesaZlebeli, Tumca igi 

araekonomiuria koqsis  gazrdili xarjis gamo. 

eleqtroTermuli naxSirbadiani feromanganumis 

qimiuri Sedgeniloba    ruseTisa    (ГОСТ 4755-80)  
da   ukrainis   (ГОСТ 3547-97)  saxelmwifo standar-

tebis mixedviT mocemulia 1 da 2 cxrilSi. 
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cxrili 1 

 

naxSirbadiani feromanganumis markebi da qimiuri 

Sedgeniloba, % 

 

marka Mn ara 
naklebi 

C Si P S 
ara umetesi 

Ф Mn  78A 78-82 7 2 0,05 0,03 

Ф Mn 78K 78-82 7 1 0,35 0,03 

Ф Mn 78        78-82 7 2 0,35 0,03 

Ф Mn 75AC6 75 7 6 0,05 0,03 

Ф Mn 75 C4 75 7 4 0,45 0,03 

Ф Mn 75C9 75 6 9 0,45 0,03 

Ф Mn 75 75 7 1 0,45 0,03 

Ф Mn 70 70 7 6 0,6 0,03 

 
cxrili 2 

 

naxSirbadiani feromanganumis markebi da qim. 

Sedgeniloba, % 

 

marka MMn  C maqs. Si maqs. P maqs. S maqs. 
Ф Mn 78 А 75-82 7,0 6,0 0,10 0,03 

Ф Mn 78 Б 75-82 7,0 6,0 0,70 0,03 

 
naxSirbadiani feromanganumis gamosadnobad 

iyeneben rogorc sworkuTxa ise mrgvali tipis 

eleqtrorkalur Rumelebs. 
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qvemoT mocemulia sworkuTxa (РП3-63) da mrgvali 

abazanis mqone eleqtroRumelebis teqnikuri 

maxasiaTelebi. 

                

                  РП3-63                         РКГ-81 
Rumelis  transformatoris 

simZlavre, k.v.a.  6300 (3 X 2100)     81000 (3 X 27000) 

maRali mxaris Zabva,v    154000         154000 

meoradi Zabvis zRvari, v 238,5-137,0     340-180 

fazaze denis maqsimaluri 

 Zala, a                 112000          160000 

simZlavris koeficienti  0,91            0,91 

eleqtrodis zomebi, mm  300x750      diametri 2000 

eleqtrodebs Soris manZili, mm 3300      4300 

eleqtrodebis gadaadgilebis 

saSualo siCqare, m/wT         0,5           2 

sadnobi sivrcis zomebi, mm  1200          1600 
sigrZe                      20340          15000 

sigane               6000           --------- 

simaRle                  3190          7300 

gamosaSvebi xvrelis ra-ba 

(kriWa)                    3              2 

 

РПЗ-63 eleqtroRumelis transformatori 23 

safexuriania. 

РKГ-81 Rumelis optimaluri aqtiuri simZlavre 

45-47 mvt-s Seadgens. mrgvali Rumelis muSaobis 

maRali maCveneblis miRweva SesaZlebelia im 
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SemTxvevaSi, rodesac kazmi  ≤ 14% SiO2-is 
Semcvelobis mqone  20-100 mm simsxos manganumis 

aglomeratsa da 10-30 mm fraqciis manganumis 

koncentrats Seicavs, romelSic SiO2-is Semcveloba 

ar aRemateba 12 %-s. 

Rumeli amogebulia cecxlgamZle agurebiTa da 

naxSiris blokebiT. eleqtrodebi aris TviTcxobadi, 

rac Gteqnologiuri procesis uwyvetobas 

uzrunvelyofs. 

RumelSi moxvedrili kazmi manganums sxvadasxva 

oqsidebis saxiT Seicavs: MnO2, Mn2O3,  Mn3O4  da  
MnO. gaxurebisas manganumis maRali oqsidebi 

advilad disocirdebian. procesi endoTermulia da 

siTbos STanTqmasTanaa dakavSirebuli. 

 

        4240C 
2MnO2----------------Mn2O3+1/2O2                ΔH 298=73,3 kj 

 

         8770C 
3Mn2O3---------------2Mn3O4+1/2O2               ΔH298=141,3 kj 

 

Mn3O4   da  MnO-s disociacia maRal 

temperaturazea SesaZlebeli, 

 

        12000C                                       
Mn304-------------------3MnO+1/2O2                ΔH298=227 kj 

        14000C 
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            30000C 
MnO----------------Mn+1/2O2                            ΔH298=387 kj 

 

manganumis maRali oqsidebi  advilad aRsdgeba 

naxSirbadis monooqsidiT 

 

MnO2(my)+2CO(air)-----2Mn2O3(my)+2CO2(air)   (1) 

 

P   P2co2 
lgK1=------------- 

      P2co 
 

2270C- ze  lgK1(atm) aRwevs 45,8-s. 

6Mn2O3(my)+2CO(air)-______ 4Mn304(my)+2CO2(air)   (2) 
 

        P2co2 
lgK2= ------------ 

P   P2co 
 

5270 C-temperaturaze lgK2(atm)=22,81       
 

K1da K2 maRali mniSvneloba miuTiTebs imaze, rom 

es reaqciebi faqtiurad Seuqcevadia. amasTan me-2 

reaqcia ganviTarebas iwyebs 2000C temperaturaze . 

manganumiani feroSenadnobebis gamodnobisas, 

rodesac sakerZe airi 65%-is farglebSi Seicavs CO-
s, 1 da 2 reaqcia faqtiurad Rumelis zeda zonebSic 

iwyebs ganviTarebas.  
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Mn3O4-is  CO-Ti aRdgena gacilebiT rTulad 

mimdinareobs:  
 

Mn3O4(my)+CO(air)=3MnO(my)+CO2(air)        (3) 
 

         Pco2 
lgK3= ---------- 

         Pco 
 
7000C- ze  lgK3=2,374  
1, 2 da 3 reaqcia aris egzoTermuli, amitom 

temperaturis momatebiT airad fazaSi co2-is 
wonasworuli Sedgeniloba ecema, xolo co-s 
raodenoba ki izrdeba. 

aucilebelia aRiniSnos, rom Fe3O4 gacilebiT 

rTulad aRdgeba vidre  Mn3O4. magaliTad, Fe3O4-CO-
FeO-CO2  sistemaSi 7000-ze CO-s wonasworuli 

Semcveloba 35,3%-s Seadgens,xolo analogiuri 

maCvenebeli Mn3O4-CO-MnO-CO2 sistemaSi ki mxolod 

6,1%-ia. 

manganumis maRali oqsidebi (MnO2, Mn2O3 da Mn3O4) 

iolad aRsdgeba myari naxSirbadiT SedarebiT 

dabal temperaturazec ki. 

niSandoblivia aRiniSnos, rom manganumis 

monooqsididan (Mno) manganumis aRdgena co-Ti 

SeuZlebelia, misi aRdgena mxolod myari 

naxSirbadiTaa SesaZlebeli; 
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2MnO(my)+2C(gr)=2Mn(Tx)+2COair   (4)   ΔG0=138600-
82,76T 

 
2Mn0(my)+20/7C(my)=2/7Mn7C3+2COair   (5)   

∆G0=134090-86,73T 
 
                ΔG0 
lgKp= -  ----------  
              4,57T 
 

gamosaxulebaSi jibsis energiis cvlilebis 

mniSvnelobis CasmiTa da Pco=1 atm pirobis 

daSvebiT SeiZleba ganvsazRvroT me-4 da me-5 

reaqciis dawyebis temperatura, T4(daw)=14010C, xolo  
T5(daw)=12790C. 

karbidamde manganumis aRdgenis sawyisi Teoriuli 

temperatura Semdegi gamosaxulebidanac SeiZleba 

viangariSoT: 

 

MnO(my)+(1+X)C=MnCX+CO  (6)     ΔG0
T=196293-123T 

 

roca ΔG0
T=0, me-6 reaqciis dawyebis temperatura 

toli iqneba 1597K (13240C)-is. Termodinamikuri 

mosazrebidan gamomdinare, MnO-dan aRdgenisas 

upiratesoba me-5 da me-6 reaqciis ganviTarebas unda 

mieniWos, Tu gaviTvaliswinebT  imasac, rom 

temperaturis momatebiT manganumis karbidebis 

warmoqmnis intensivobac izrdeba, gamodis rom 
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Senadni umetes wilad    manganumis    karbidebs 

Seicavs [Mn7C3, Mn3C (Mn,Fe)7C3].   
   ramdenadac feromanganumis dnobisa da 

aRdgenis temperaturebi erTmaneTTanaa 

miaxlovebuli, amdenad naxSirbadiT gajerebuli 

liTonis wveTebi romelic ileqeba Rumelis qvedze, 

urTierTqmedebs koqsTan da widis nalRobTan, rasac 

Sedegad mohyveba kazmSi arsebuli siliciumis  

aRdgena. 

 

(MnFe)7C3 +(SiO2)→[Si]Mn,Fe+CO 
 

imis gaTvaliswinebiT, rom 1200-13000C 
temperaturul intervalSi manganumis monooqsidi 

(MnO) intensiurad reagirebs kaJmiwasTan (SiO2), 

warmoiqmneba Txevadi silikaturi naerTi rodoniti 

(MnO.SiO2) da tefroiti [(MnO)2.SiO2], amitomac 

Txevadi fazis gamoCenisas manganumis aRdgena am 

silikaturi naerTebidan mimdinareobs. aRdgenis 

reaqciebs Semdegi saxe SeiZleba hqondes: 

 

MnO. SiO2+3C=Mn+Si+3CO 
 

(MnO)2 .SiO2+4C=2Mn+Si+4CO 
 

MnO.SiO2+3C=MnSi+3CO 
 

MnO.SiO2+C=Mn+SiO2+CO 
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(MnO)2.SiO2+2C=2Mn+SiO2+2CO 

 
MnO.SiO2+10/7C=1/7Mn7C3+SiO2+CO 

 

silikaturi fazis warmoqmna, garkveul wilad 

aferxebs manganumis aRdgenas, Tumca 1500-16000C  
temperaturul intervalSi silikaturi naerTebidan 

manganumi praqtikulad mTlianad aRdgeba. amasTan 

15000C-ze tefroitidan ufro iolad mimdinareobs 

aRdgena, vidre rodonitidan. 

naxSirbadiani feromanganumis gamodnobisas 

kazmSi CaO-sa da MgO-s arseboba sagrZnoblad 

aiolebs silikaturi naerTebidan manganumis 

aRdgenis process (MnO-s aqtiurobis gazrdis 

xarjze). 

MnO.SiO2+CaO→CaOSiO2+MnO 
(MnO)2.SiO2+2CaO→(CaO)2SiO2+MnO 

 

silikatebidan gamonTavisuflebuli MnO-s 
aRdgena myari  naxSirbadiT zemoaRniSnuli 

reaqciebis Sesabamisad ganxorcieldeba.   

manganumis  aRdgenasTan erTad, TiTqmis mTlianad 

aRsdgeba kazmSi arsebuli rkina da gadadis 

SenadnSi. rkinis oqsidebis aRdgena SeiZleba 

ganxorcieldes, rogorc airadi aRmdgeneliT (CO), 
ise myari naxSirbadiT: 

     5700C-ze maRla 
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3Fe2O3+CO=2Fe3O4+CO2             ΔH0

298= - 63120 j 

 
Fe3O4+CO=3FeO+CO2                    ΔH0

298=22470  j 

 
FeO+CO=Fe+CO2                            ΔH0

298= - 13230 j 

 
Fe3O4+C=FeO+CO                          ΔH0

298=189200 j 

 
FeO+C=Fe+CO                               ΔH0

298=150190 j 

 
 
naxSirbadiani feromanganumis gamodnobisas mcire, 

raodenobiT aRsdgeba kazmSi arsebuli siliciumi 

 
SiO2+2C=SI+2CO 

 
 da 70-80%  fosfori. 
fosforis aRdgena mimdinareobs Semdegi reaqciiT: 

 

Ca3(PO4)2+5C=3CaO+P2+5CO 
 
es reaqcia 10000C-ze zemoT myar fazaSic iwyebs 

ganviTarebas. niSandoblivia aRiniSnos, isic rom 

fosforis aRdgenis process aumjobesebs kazmSi 

kaJmiwis arseboba, kalciumis fosfatidan P2O5-s 

gamodevnis xarjze. 
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Ca3(PO4)2+3SiO2=3CaSiO3+P2O5 
P2O5+5C=P2+5CO 

 
   am SemTxvevaSi fosforis aRdgena 9000C -is 

farglebSic mimdinareobs. Txevadi nalRobidan 

fosforis aRdgena aseve SesaZlebelia 

ganxorcieldes manganumiTac: 

 

               P2O5+5Mn=P2+5MnO 

 
imis gaTvaliswinebiT, rom MnS mcired ixsneba 

SenadnSi, gogirdis Semcveloba naxSirbadian 

feromanganumSi 0,03%-s ar aRemateba. 

naxSirbadiani feromanganumis gamodnobis ori 

meTodi arsebobs, ufluso da flusiani. pirveli 

meTodi or safexuriania, xolo meore erTsafe-

xuriani. ufluso meTodi ekonomikuri TvalsazrisiT 

gacilebiT iafia FflusianTan SedarebiT. 

ufluso meTodiT gamodnobisas liTonTan erTad 

miiReba maRalmanganumiani (Mn≈38%) da dabalfos-

foriani (p≤0,02%) gadasamuSavebeli wida, .romelsac 

dabalfosforiani silikomanganumis gamosadnobad 

iyeneben. 

am SemTxvevaSi izrdeba manganumis saboloo 

amokrefa da mcirdeba sakazme masalebis xarji. 

flusiani meTodiT gamodnobisas ki kazmSi 

damatebiT SehyavT kiri an kirqva, riTac zrdian 

widis fuZianobas da cdiloben liTonSi manganumis 



102 
 

maqsimalur amokrefas. am dros miRebuli wida 

manganumiT Raribia     (MnO    10-14%;    SiO2  31%;   
CaO 41% ;   MgO 1,8%; Al2O3 1,3%, CaO/SiO2   1,0-1,2)    da 
Semdgomi gadamuSavebisTvis uvargisi.  

  naxSirbadiani feromanganumis gamodnobis 

ZiriTadi teqniko-ekonomikuri maCveneblebi 

mocemulia me-3 cxrilSi. 

            
 

 

cxrili 3 

naxSirbadiani feromanganumis gamodnobis 

ZiriTadi teqniko-ekonomikuri maCveneblebi 

 

dasaxeleba 

 

meTodi 

flusiani ufluso 

xarjebi, kg/b.t 

manganumSemcveli nedleuli (48% 
Mn) 

koqsi 

rkinis gunda 

kirqva 

eleqtrodebis masa 

 

 

2060 

580 

110 

700 

21 

 

 

2971 

415 

85 

_ 

22,4 

el.energia,  k.vt.sT/b.t. 4290 3498 

Mn -is Semcveloba widaSi, %   

ELOBA 
14,2 35,8 

widis jeradoba 1,2 0,88 

manganumis amokrefa, % 78-82 60-62 
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ufluso meTodiT gamodnobisas gamoiyeneba 

manganumiT mdidari koncentratebi, maSin rodesac 

flusian procesSi garkveul wilad Raribi 

manganumSemcvleli masalebic SeiZleba iqnes 

gamoyenebuli. 

nax. feromanganumis gamodnobis ufluso meTodi 

kargad iqna aTvisebuli zestafonis feroSenadnobTa 

qarxanaSi, romlis widasac  (Mn  37-42%, SiO2  29-31%,  
CaO  7-8%,  FeO  1%  Al2O3  6-8%  MgO  2%,  C-0,3-0,5% ,  
S  1,2-1,5%,  P  0,01-0,02%,   jeradoba 1,2) warmatebiT  
iyeneben dabalfosforiani silikomanganumis 

gamosadnobad. 

z.f.q.-Si elementebis gadanawileba liTonur, 

widur da airad fazaSi mocemulia me-4  cxrilSi.  

 

cxrili 4  

elementebis  ganawileba, %  (ufluso meTodi) 

 

elementi gadadis, % 

liTonSi widaSi airad 

fazaSi 

Mn 
Si 
Fe 
P 
S 

60 - 62 

8 - 10 

95 

70 

1 

28 -30 

90 - 92 

5 

3 - 5 

60 

10 

_ 

_ 

25 - 27 

39 
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widis gamoyenebis Semdeg manganumis saboloo 

amokrefa liTonSi ufluso meTodiT gamodnobisas 

Seadgens 83%-s, e.i. 8-10%-iT mets vidre flusianis 

SemTxvevaSi. amitom manganumiT mdidari 

koncentratebis gamoyenebisas umjobesia 

naxSirbadiani feromanganumi gamodnes ufluso 

meTodiT, xolo karbonatuli da sxva  Raribi 

oqsiduri madnebis gamoyenebis SemTxvevaSi ki 

flusianiT. 

naxSirbadiani feromanganumis gamodnobisas 

liTonisa da widas ori saaTis intervaliT 

erTdroulad uSveben Rumelidan kaskadurad 

ganlagebul cicxvebSi, liTonis Camosxmas axdenen 

saCamosxmo manqanaze. 

 

 

 9.4 ferosilikomanganumis (silikomanganumis) 

gamodnobis teqnologia 

 

silikomanganumi, rogorc ganmJangveli da malegi-

rebeli danamati farTod gamoiyeneba metalurgiaSi 

sxvadasxva xarisxis foladis misaRebad. garda amisa 

mas iyeneben rogorc aRmdgenels rafinirebuli 

manganumiani Senadnobebis warmoebaSi. silikomanga-

numSi manganumis Semcveloba aranaklebi 60%-

ia,xolo siliciumis raodenoba 10-dan 35%-mde 

meryeobs. 

silikomanganumis markebi da maTi qimiuri 

Sedgeniloba ukrainisa da ruseTis saxelmwifo 
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standartebis mixedviT mocemulia pirvelDDda meore 

cxrilSi: 

 

cxrili #1 

silikomanganumis qimiuri Semcveloba 

 

marka elementis raodenoba, % 

Si Mn 
aranaklebi 

C P S 

 
 A B 
 ara umetes  

MnC 25 25-dan 35,0-is 
CaTvliT 

60,0 0,5 0,05 0,25 0,03

 

MnC 22 20-dan 25,0-is 

CaTvliTDDDA 

65,0 1,0 0,10 0,35 0,03

MnC 17 15-dan 20,0-is 
CaTvliT 

65,0 2,5 0,10 0,60 0,03

MnC 12 10-dan 15,0-is 
CaTvliT 

65,0 3,5 0,20 0,60 0,03

 
 Mn-manganumia, C-siliciumi. 

yofil sabWoTa kavSirSi silikomanganums sami 

msxvili qarxana awarmoebda, nikopolis, zaporoJiisa 

da zestafonis.  
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cxrili # 2 

silikomanganumis qimiuri Semcveloba, % 

 

 

m a r k a 

elementebis raodenoba, % 

Si MMn 
ara 

naklebi

C P S 
ara umetes 

CMn26 
CMn20 
CMn20P 
CMn17 
CMn17P 
CMn14 
CMn14P 
CMn10 

≥26,0 
20,0-25,9
20,0-25,9
17,0-19,9
17,0-19,9
14,0-16,9
14,0-16,9
10,0-13,9

60 

65 

65 

65 

65 

65 

65 

65 

0,2 

1,0 

1,0 

1,7 

1,7 

2,5 

2,5 

3,5 

0,05 

0,10 

0,25 

0,10 

0,35 

0,25 

0,35 

0,35 

0,03 

0,03 

0,03 

0,03 

0,03 

0,03 

0,03 

0,03 

 

fosforis Semcvelobis mixedviT 

silikomanganumi�А da Б jgufebad iyofa, xolo 

naWrovnebis (simsxo) mixedviT ki 5 klasad. 

liTonSi naxSirbadis raodenobis cvlilebaze 

did gavlenas axdens siliciumis Semcveloba, rac 

ufro izrdeba siliciumis Semcveloba SenadnobSi 

miT ufro mcirdeba masSi naxSirbadis xsnadoba. 

aRniSnuli gamowveulia imiT, rom Mn-Si kavSiri 

gacilebiT ufro mdgradia Mn-C kavSirTan 

SedarebiT. dabalfosforian silikomanganums, 

romelsac rafinirebuli manganumiani Senadnobebis 

misaRebad iyeneben, gadasamuSavebels uwodeben. 
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zestafonis feroSenadnobTa qarxanaSi gadasamu-

Savebeli silikomanganumis gamodnobis tradiciuli 

teqnologiuri cikli arsebobs. kerZod, saSualo-

naxSirbadiani feromanganumis gamodnobis teqnolo-

gia kazmSi dabalfosforiani gadasamuSavebeli 

silikomanganumis (P ≤ 0,12%) gamoyenebas iTvaliswi-

nebs, gadasamuSavebeli silikomanganumis warmoeba 

Tavis mxriv dabalfosforiani (P ≤ 0,02%)  da 

maRalmanganumiani (Mn 32-42%) widebis  gamoyenebas 

emyareba, rasac z.f.q-Si naxSirbadiani feromanganu-

mis ufluso da saSualonaxSirbadiani feromanganu-

mis naxevradflusiani dnobis meTodebiT aRweven. 

aRniSnuli meTodebiT dnobis ganxorcieleba Tavis 

mxriv kazmSi manganumis maRali xarisxis 

deficituri oqsiduri koncentratebis gamoyenebas 

iTvaliswinebs. 

silikomanganumis gamodnobis teqnologiuri 

procesi aris uwyveti. misi miReba xorcieldeba 

didi simZlavris samfaza sworkuTxa da mrgvali 

tipis eleqtrorkalur RumelebSi (10,0-16,5-63-75 mva), 

sadac gamoyenebulia TviTcxobadi naxSiris 

eleqtrodebi. Rumelis qvedi da kedlebi amogebulia 

naxSiris blokebiT. 

 sakazme masalebad gamoiyeneba manganumSemcveli 

produqti (manganumis koncentrati), kvarciti, 

koqswvrila, saWiroebis SemTxvevaSi kirqva an 

dolomiti. silikomanganumSi fosforis Semcvelobis 

Semcirebis mizniT, kazmSi iyeneben dabalfosforian 
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gadasamuSavebel widebs an mcire fosforian 

sazRvargareTul madnebs (avstralia, gaboni, gana...) 

kaJmiwaSemcvel masalad gamoiyeneba 25-80 mm 

simsxos mqone kvarciti (SiO2 >95% ,  Al2O3 <1,8%). 
saWiro fuZianobis misaRwevad da widebis 

Camosayalibeblad kazmSi kirqvasac amateben  (im 

angariSiT, rom (CaO+MnO)%>51,5%). koqsis 

raodenoba ise unda SeirCes, rom  РПЗ-63 
RumelisaTvis Cmy/Mn kazmSi 0,38-0,47 zRvarSi 

icvlebodes, xolo  РКЗ-75 tipis RumelisaTvis ki 

0,38-0,4 diapazonSi meryeobdes. 

silikomanganumis gamodnobisas kazmis miwodeba 

RumelSi unda iyos Tanabari, TaRis qveS sakerZe 

airis wneva РПЗ-63 tipis RumelisaTvis 1-3 pa-s unda 

Seadgendes, xolo РКГ-75 RumelisaTvis ki 20-50 pa-s. 

amasTan TaRqveSa airis temperatura am 

RumelebisaTvis Sesabamisad ar unda iyos 400 da 

2000C-ze meti. sakerZe airSi (romelic 85%-mde CO-
Seicavs), Jangbadisa da wyalbadis Semcveloba 10 da 

8%-s ar unda aRematebodes.  

silikomanganumSi fosforis Semcvelobis 

Semcirebis mizniT, kazmSi sxvadasxva raodenobis 

dabalfosforian manganumSemcvel masalebs iyeneben 

(cxrili 3). 
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(cxrili 3) 

sxvadasxva fosforSemcveli silikomanganumis 

kazmis Sedgeniloba, kg 

 

kazmis komponentebi fosforis Semcveloba 

silikomanganumSi, % 

0,15 0,25 0,35 0,50 0,60

aglomerati АМНВ--2 _ 500 940 1370 1660

dabalfosforiani 

gadasamuSavebeli wida 

(ШМП)  

900 730 360 180 _ 

manganumis madani 

(avstralia) 

680 400 340 140 _ 

koqsi 310 310 320 320 320

kvarciti 250 260 260 260 260

kirqva 60 _ _ _ _ 

rkinis gunda 55 65 50 50 50 

manganumis meoradi 

nedleuli (narCenebi) 

200 300 300 400 400

 

niSandoblivia aRiniSnos, rom silikomanganumSi 

fosforis SemcirebiT (dabalfosforiani 

gadasamuSavebeli widis xarjis �gazrdiT) 

sagrZnoblad matulobs eleqtroenergiis xarji, 

widis jeradoba da ecema manganumis amokrefa 

(cxrili 4) 
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cxrili 4 

sxvadasxva fosforSemcveli silikomanganumis 

gamodnobis teqnikur_ekonomikuri maCveneblebi  

 

monacemebi fosforis Semcveloba, 

% 

0,20 0,35 0,50 0,60 

xvedriTi xarji, kg/t 

_manganumis nedleuli 

(48%Mn) 
_koqsi 

_kvarciti 

_kirqva 

_narCenebi 

_manganumis meoradi 

nedleuli 

_eleqtrodebis masa 

 

 

1843 

415 

285 

100 

163 

 

_ 

28,5 

 

 

1728 

425 

333 

_ 

234 

 

208 

24,6 

 

 

1700 

410 

305 

_ 

251 

 

194 

24,2 

 

 

1674 

395 

294 

_ 

217 

 

153 

24,0 

eleqtroenergia, kvt.sT/t 4191 4088 3930 3840 

manganumis Semcveloba 

widaSi, % 

 

11,7 

 

12,4 

 

12,6 

 

12,5 

widis jeradoba 1,6 1,5 1,4 1,3 

amokrefa 75,26 79,9 81,5 82,2 

 

silikomanganumis gamodnobis procesi emyareba 

naxSirbadiT manganumis da siliciumis erTdroul 

aRdgenas. 

naxSirbadiani feromanganumis msgavsad, siliko-

manganumis gamosadnobad gankuTvnili kazmic manga-
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nums sxvadasxva oqsidebisa da mineralebis saxiT 

Seicavs: piroluziti (MnO2), fsilomelani 

(MnO.MnO2.nH2O), manganiti (MnO2.Mn(OH)2 ,braoniti 
((Mn2O3), Hhausmaniti (Mn3O4 ),tefroiti (2MnO.SiO2 ) 
da sxva. 

RumelSi moxvedrili manganumis oqsidebi  

disocirdebian (ix. naxSirbadiani  feromanganumis 

miReba) Semdegi sqemis mixedviT: 

 

   12000C 

MnO2 --------Mn2O3--------Mn3O4 ------ MnO------Mn 
                 4240C           8770C          14000C     30000C       
 

manganumis maRali oqsidebi advilad aRsdgebian 

CO-saSualebiT: 

 
4MnO2(my) +2CO(air)    =2Mn2O3(my) +2C02(air) 

 
6Mn2O3(my)+2CO(air) =4Mn3O4+2CO2(air) 

 
2Mn3O4+2CO(air) =6MnO+2CO2(air) 

 
500K-ze   lg KMnO2 =45,8 

 
Mn2O3 -dan aRdgena ufro rTulad mimdinareobs 

vidre MnO2 –dan, Tumca 800 K-ze 
 

lgKMn2O3 =22,81 
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kidev ufro Wirs Mn3O4  -dan aRdgena, am 

SemTxvevaSi  

lgKMn3O4 =2,374 
 

manganumis oqsidebi (MnO2, Mn2O3, Mn3O4) 200-3000C  

temperaturul intervalSi advilad aRsdgeba myari 

naxSirbadiT (ix. naxSirbadiani feromanganumis 

gamodnoba). 

unda aRiniSnos, rom wvrilfraqciuli kazmis 

SemTxvevaSi 600-8000C temperaturaze manganumis 

maRali oqsidebi advilad aRsdgeba MnO-mde 

Rumelis zeda horizontSi, Tumca natexovani kazmis 

arsebobisas Tavs iCens difuziuri siZneelebi da 

MnO-mde aRdgena mxolod Rumelis qveda 

horizontSia SesaZlebeli. 

manganumis maRali oqsidebisagan gansxvavebiT 

MnO-s aRdgena mxolod myari naxSirbadiTaa 

SesaZlebeli: 

 

2MnO(my) +2C=2Mn(Tx) +2CO(air)      ΔG0
T =138600-82,7T 

 
2MnO(my)  +20/7C=2/7Mn7C3(my)+2CO(air)       ΔG0

T  
=134090-86,73T 

 

am reaqciebis dawyebis temperatura Sesabamisad 

Seadgens 1401 da 12790C-s. 



113 
 

karbidamde manganumis aRdgenis sawyisi Teoriuli 

temperatura Semdegi gamosaxulebidanac SeiZleba 

viangariSoT: 
 
(MnO)my +(1+ X)C=MnCX +CO          ΔG0

T =196293-123T 
 

          196293 

roca  ΔG0
T=O        Tdawy =  ------------ =1597K(13240C) 

                      123 
 

niSandoblivia aRiniSnos, rom kazmSi rkinis 

arseboba mkveTrad aumjobesebs oqsidebidan 

manganumis aRdgenis process. 

manganumis aRdgenasTan erTad aseve aRdgeba 

kvarcitSi, madansa da koqswvrilas nacarSi 

arsebuli siliciumi. dadgenilia, rom kaJmiwidan 

siliciumis aRdgenis procesSi miiReba Sualeduri 

produqti--karborundi (SiC) .da adviladaqroladi 

siliciumis monooqsidi (SiO). 
  

SiO2(Tx)+ 2C=Si(Tx)+2CO(air)          ΔG0
T=167400-86,4T 

 
roca Pco   =1atm    Tdawy =16900C 

 
SiO2(Tx)+3C=SiC(my) +2CO(air) ,       ΔG0

T =153720-81,96T 
 
SiO2 (Tx)   +C=SiO(air)  +CO(air)        ΔG0

T  =159600-77,94T 
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P CO +PSiO    =1atm  pirobisas T dawy=17300C 
 

SiO2(my)+Si(Tx)=2SiO(air)        ΔG0
T =121430-52,87T 

 
SiO2(Tx)+C=Si(Tx)+CO(air)       ΔG0

T=7800-8,46T 
 

SiO(Tx) +2SiC(my)=3Si(Tx)+2CO(air)  ΔG0
T=194760-95,28T 

 
zemoaRniSnuli reaqciebiT manganumisa da 

siliciumis aRdgenas arTulebs 12000C 
temperaturaze warmoqmnili silikatebi tefroiti 

(MnO)2SiO2)   da rodoniti (MnO.SiO2).  
aucilebelia aRiniSnos, isic rom aRdgenili 

manganumi siliciumis mimarT damleqis funqcias 

asrulebs, riTac aumjobesebs siliciumis aRdgenis 

process. Tavis mxriv aRdgenili siliciumi 

manganumis monooqsidTanac reagirebs: 

 

2MnO+Si=2Mn+SiO2 
 
wonasworobis miRwevis es reaqcia siliko-

manganumis Sedgenilobasa da widaSi maganumis 

Semcvelobas gansazRvravs.wonasworobis mudmivas am 

reaqciisaTvis Semdegi  saxe eqneba: 
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     [MMn]2.(SiO2 ) 
KSi-Mn= -------------------- ,                       

          (MnO)2.[Si] 
am   gamosaxulebidan 

 [Mn]2(SiO2) 
              (MnO)2=----------------- 
                                           KSi-Mn.[S] 
 
wonasworobis mudmivas gamosaxulebidan 

   
          [Mn]2 (SiO2) 

KSi-Mn = ----------------------- 
         (MnO)2.[Si] 

gamomdinare 

         [Mn]2.(SiO2) 
(MnO)2= --------------------                        

            KSiMn[Si] 
 

e.i. widaSi manganumis raodenoba liTonSi 

siliciumis Semcvelobazea damokidebuli. kerZod, 

rac ufro didi procentuli raodenobiTaa liTonSi 

siliciumi, miT ufro mcirea manganumis raodenoba 

widaSi. [miuxedavad imisa,  rom manganumis aRdgena 

umetes wilad naxSirbadis meSveobiT xorcieldeba]. 

aRniSnuls statistikuri  monacemebic adasturebs. 

  kerZod, gadasamuSavebeli silikomanganumis (30% 

siliciumi) wida 5% manganums Seicavs, xolo 
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sasaqonlo silikomanganumis (siliciumi 17%) widaSi 

ki manganumis  raodenoba 16-20% aRwevs. 

MnO-Mn-SiO2-Si-C  sistemaSi wonasworoba myardeba 
mxolod maSin, rodesac wonasworobaSi mova Semdegi 

reaqciebi: 

 

2MnO+2C=2Mn+2CO 
 

          [Mn]2.P2 CO 
KMn= ------------------ 
            (MnO)2 [C]2 

 
SiO2+2C=Si+2CO 

 
          [Si].P2

CO 
KSi= -------------------- 

         (SiO2).[C]2 
 

am reaqciebis wonasworobisas aucilebelia 

damyardes wonasworoba rogorc maT Soris aseve 

manganumis siliciumiT aRdgenis reaqcias Soris. 

aRniSnuli  martivi gardaqmniTac dasturdeba: 

           
              KMn[C]2(MnO)2K  KSi(SiO2).[C]2 
P2

CO= ---------------------- = -------------------       
       [Mn]2                         [Si] 

 
aqedan 
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KMn          [Mn]2 (SiO2) 
-------- = ------------------- 
KSi            (MnO)2 [Si] 

 
miRebuli gamosaxuleba identuria KSi-Mn 

wonasworobis gamosaxulebis . 

manganumis aRdgenaze silikaturi naerTebis 

uaryofiTi zegavlenis Sesamcireblad kazmSi 

SehyavT dolomiti an kirqva, riTac zrdian MnO-s 
aqtiobas: 

  

MnO.SiO2+CaO=MnO+CaO⋅SiO2 
 

aucilebelia aRiniSnos isic rom mxolod MnO-s 
aqtiurobis gazrdis TvalsazrisiT kazmSi flusis 

zomaze meti raodenoba Seaferxebs siliciumis 

aRdgenis process. dadgenilia, rom 0,4-0,5 widis 

fuZianobis CaO+MgO SemTxvevaSi  

            SiO2 

 

liTonSi Si-is 17% Semcvelobisas, manganumis 

gamosavali 3-8%-iT izrdeba, xolo widis fuZianobis 

1-mde gazrdiT ki siliciumis raodenoba liTonSi 

mkveTrad ecema. 

zemoaRniSnuli Termodinamikuri monacemebiT 

manganumis aRdgena 1310-14200C temperaturul 

intervalSi  mimdinareobs, xolo siliciumis 16900C-
ze, rac imaze  miuTiTebs, rom MnO-SiO2 oqsidur 
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sistemaSi manganumi ufro iolad aRdgeba vidre 

siliciumi. aRniSnuls praqtikuli Sedegebic 

adasturebs. 

eqsperimentuli gamokvlevebiT dadginda, rom 

manganumis silikatebidan jer tefroiti aRdgeba, 

xolo Semdeg rodoniti  
 

(MnO)2⋅SiO2+C=Mn+MnO⋅SiO2+CO 
 

MnO⋅SiO2+3C=(Mn+Si)+3CO 

 

gasaTvaliswinebelia, rom kazmSi erTeul 

manganumze mosuli kaJmiwis didi raodenoba da 

silikatebis arseboba aferxebs manganumisa da 

siliciumis aRdgenis process. 

niSandoblivia, isic rom 1400-16000C 

temperaturul intervalSi kazmSi tutemiwa 

liTonebis ( Na2O, K2O) gansazRvruli raodenoba 

amcirebs widis siblantes da aCqarebs aRdgenis 

procesebs. amitom rekomendirebulia 

silikomanganumis gamodnobisas kazmSi gamoyenebul 

iqnas sxvadasxva saxis tute miwa liTonebis 

Semcveli masalebi (pegmatiti, naxSiris gamdidrebis 

narCenebi, tufi, traqiti, da a.S) 

CMn17 markis gamodnobisas manganumis amokrefa 

liTonSi   72-75% -s Seadgens, siliciumis 40-45%, 

xolo fosforis 80-85% (ix. cxr. 4) 

cxrili 4 
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elementebis ganawileba silikomanganumis 

gamodnobisas 

 

elementi gadadis,% 

liTonSi widaSi orTqldeba 

Mn 
Si 
P 

75 

40 

80 

17 

50 

4 

8 

10 

16 

 

liTonsa da widas Rumelidan uSveben   ori 

saaTis intervaliT kaskadurad ganlagebul 

cicxvebSi. liTonis Camosxmas axdenen saCamosxmo 

manqanaze. miRebuli wida (Mn 13-15%, SiO2  47-40%,  
CaO 12-13%,  Al2O3 5-7%,  MgO 2,9-3,1%,  FeO 0,4-0,7% , 
fuZianoba 0,34-0,6, jeradoba 0,6-1,5) manganumis dabali 

Semcvelobis gamo gamousadegaria Semdgomi 

metalurgiuli gadamuSavebisaTvis. Tumca unda 

aRiniSnis, isic rom manganumis amokrefis gazrdis 

mizniT silikomanganumis kazmSi am widebsac iyeneben. 

ukraineli specialistebis mier, SemoTavazebulia 

silikomanganumis gamodnobis orsafexuriani meTodi, 

romlis pirveli etapi fosforiT standartuli 

liTonis miRebas iTvaliswinebs, xolo meore etapi 

ki kazmSi manganumSemcvel erT-erT masalad dnobis 

pirvel etapze miRebuli granulirebuli 

damsxvreuli widis gamoyenebas. procesis 

normaluri msvlelobisaTvis sasurvelia kazmSi 
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wida aRmdgenelTan erTad, winaswari dabriketebis 

Semdeg iqnes gamoyenebuli. 

 

 

9.5 liTonuri manganumis miRebis  teqnologia 

eleqtrometalurgiuli meTodiT 

 

teqnikurad sufTa manganums  (95-99,8% Mn) 
liTonurs uwodeben da mis miRebas eleqtro-

silikoTermuli da eleqtrolituri meTodebiT 

axdenen. zogierT qveyanaSi liTonur manganums 

aluminoTermuli procesiTac awarmoeben. liTonuri 

manganumis Sedgenloba mocemulia pirvel cxrilSi.  
MMn998 da Mn997  markebs eleqtrolituri gziT 

Rebuloben, xolo  Mn 965 da Mn 95-s silikiTermuliT. 

          

cxrili 1 

liTonuri manganumis qim.Sedgeniloba % (ГОСТ 
6008 - 10) 

 

marka miRebis 

meTodi 

Mn ara 
naklebi 

C Si P S 
ara umetes 

Mn 988 
Mn 997 

eleqtro-

lituri 

99,8 

99,7 

0,04 

0,06 

_ 

_ 

0,003 

0,05 

0,003

0,10 

Mn 965 
Mn 95 

eleqtro-

Termuli 

96,5 

95,0 

0,10 

0,20 

0,8 

1,8 

0,05 

0,07 

0,05 

0,05 

 

silikoTermuli gziT manganumiani feroSenad-

nobebis miRebis teqnologia emyareba gadasamuSa-
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vebeli silikomanganumis siliciumiT manganumis 

monooqsidis (MnO) aRdgenas. 
liTonuri manganumis gamodnoba sami stadiisagan 

Sedgeba: 

1. _ dabalfosforiani da maRalmanganumiani 

gadasamuSavebeli widis gamodnoba, 

2. _ gadasamuSavebeli silikomanganumis 

gamodnoba, 

3. _ liTonuri manganumis miReba 

 

dabalfosforiani da maRalmanganumiani widis 

miRebis procesi igivea rac defosforaciis 

metalurgiuli meTodi da igi  eleqtroRumelSi 

naxSirbadiT koncentratSi arsebuli fosforisa da 

rkinis winaswar aRdgenas emyareba. kerZod, 

koncentrats im raodenobis naxSirbadaRmdgenelTan 

erTad adnoben, rom man srulad aRadginos 

koncentratSi arsebuli fosfori da mcire 

raodenobiT manganumi. am SemTxvevaSi manganumis 

ZiriTadi masa widaSi rCeba, xolo aRdgenili 

elementebis xarjze ( Fe, P, Mn), e.w. ,,Tanmyoli" 

liToni, kerZod ki naxSirbadiani Fferomanganumi 

miiReba ( Mn 45-55%, P 1,5-3%, Si  0,5%, C 2,8-3%).  
defosforaciis Semdeg widaSi fosforis moduli  

(P/Mn) araumetes  0,00038-s Seadgens, rac 10-jer 

ufro mcirea WiaTuris umaRlesi xarisxis 

koncentratebSi mis analogiur maCvenebelTan 

SedarebiT. 
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dabalfosforian gadasamuSavebel widaSi  

manganumis Semcveloba widaSi aranakleb 45-47%-s 

Seadgens (P≤0,013-0,017%)  da sakazme masalad gamoi-

yeneba mxolod umaRlesi xarisxis koncentratebi. am 

teqnologiiT miRebuli Tanamdevi loToni 

fosforis maRali Semcvelobis gamo (P 1-3%,  Si  
0,5% , Mn 45-55%), ar aris farTo gamoyenebis.  

amJamindeli teqnologiiT manganumis amokrefis 

gazrdis mizniT,  gadasamuSavebeli widis misaRebad, 

jer gamoadnoben feromanganums ФMn 78 Б (0,7%-mde 
P), romlis widasac (Ш М П-78)  (Mn 36-38%, SiO2 20% 

da P 0,012) warmatebiT iyeneben gadasamuSavebeli 

silikomanganumisa da liTonuri manganumis gamosad-

nobad. aRsaniSnavia, rom amgvari teqnologiuri 

sqemiT z.f.q.-Si wlebis manZilze  warmatebiT axor-

cielebdnen saSualonaxSirbadiani feromanganumisa 

da gadasamuSavebeli silikomanganumis miRebas. 

dabalfosforiani gadasamuSavebeli widebis miRebas 

axdenen wyvetili da uwyveti procesiT. wyvetili 

procesiT widebis miRebas axorcieleben 5000 kva 

simZlavris magnezitis aguriT amogebul RumelebSi. 

widebis gamodnobisas fosforis aRdgena xdeba im 

naerTebidan romelsac manganumis koncentratebi 

Seicavs. 10000C-ze zemoT mimdinareobs Semdegi 

reaqcia: 

 

2[Fe3(PO4)2]+16C=3Fe2P+P+16CO 
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2[Mn3(PO4)2]+16C=3Mn2P+P+16CO 
 

xolo 11000C-ze maRla kargad viTardeba 

kalciumis fosfatebidan fosforis aRdgenis 

reaqcia: 

 

(CaO)3P2O5+5C=3CaO+2P+5CO 
 
aRdgenili fosfori an ixsneba an naerTs 

warmoqmnis aRdgenil manganumTan da rkinasTan, ri-

Tac umjobesdeba apatitidan [(CaO)3.P2O5]Ofosforis 
Semdgomi aRdgena da dabla iwevs aRdgenis 

temperaturac. 

 

kazmSi SiO2 -is arseboba xels uwyobs fosforis 

aRdgenas. 

 

2[Ca3(PO4)2]+3SiO2=3(Ca2SiO4)+2(P2O5) 
                    2(P2O5)+10C=4P+10CO 

-------------------------------------------------- 
                3SiO2+2[Ca3(PO4)2]+10C=3(Ca2SiO4)+4P+10C 
 

widaSi fosfori liTonuri CanarTebiTac rCeba. 

CanarTebis Semcirebas widaSi xels uwyobs widis 

siblantis Semcireba, rac Tavis mxriv 

damokidebulia widis Sedgenilobasa da misi 

gaxurebis xarisxze. Tumca rogorc praqtika 

aCvenebs, widaSi fosforis minimaluri 
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Semcvelobisas widis fuZianoba (CaO/SiO2) ar unda 

aRematebodes 0,3-s. 

MMn-is da Fe-is aRdgena im reaqciebiT mimdi-

nareobs, romelic mocemulia naxS.feromanganumisa 

da silikomanganumis gamodnobis teqnologiaSi. 

gadasamuSavebeli   widebis     (Ш П М 45 da  Ш П 
М 47) gamodnobisas erT tona widaze daaxloebiT 

ixarjeba: 

 

manganumis koncentrati (48)--------------------1180kg 

koqswvrila------------------------------------------------37kg 

kvarciti (wvrilfraqciuli)--------------------87kg 

silikomanganumis gadasayreli wida--------90kg 

eleqtroenergia----------------------------------------1330kvt.sT 

 

manganumis ganawilebas Semdegi saxe aqvs: 

liTonSi _ 8%, widaSi _ 86%, orTqldeba _6%. 

     rogorc wesi dabalfosforiani gadasamuSa-

vebeli widebis gamodnobas axorcieleben periodu-

li procesiT, radganac uwyveti procesiT  dnobis 

SemTxvevaSi matulobs fosforis Semcveloba widaSi. 

 

 

9.5.1  gadasamuSavebeli silikomanganumis 

gamodnoba 

 

gadasamuSavebeli silikomanganums (cxrili2) 

Cveulebrivad feroSenadnobebis sadnob RumelebSi 
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adnoben. procesi emyareba kazmidan manganumisa da 

siliciumis aRdgenas. (ix. silikomanganumis gamod-

nobis teqnologia). 

                        
cxrili 2 

gadasamuSavebeli silikomanganumis qim. 

Semcveloba, % 

 

silikomanganumis 

marka 

Si 
aranaklebi 

C P 
araumetes 

Fe 

C Mn П-В 
C Mn П-1 
C Mn П-2 

28 

28 

27 

0,05

0,07

0,15

0,050 

0,050 

0,070 

2,0 

2,3 

2,8 

 

sakazme masalebad gamoiyeneba dabalfosforiani 

gadasamuSavebeli wida, kvarciti da koqsi. 

gamodnobis procesi aris uwyveti, xolo liTonisa 

da widis gamoSveba ki perioduli. gadasamuSavebeli 

silikomanganums adnoben 5 mvt simZlavris eleqtro 

RumelSi. mcire rkinaSemcveli silikomanganumis 

gamosadnobad gamoiyeneba 450 mm diametris mqone 

grafitis eleqtrodebi. SenadnSi gadadis 83,7% Mn  
da  60% Si.  

kazmi Sedgeba 800kg dabalfosforiani widisgan, 

270-280kg kvarcitisa da 340-360 kg koqswvrilasagan. 

naxSirbadis Semcveloba gadasamuSavebel siliko-

manganumSi (Si 27-29%) Seadgens 0,08-0,1%-s, xolo 
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miRebuli   wida  Semdegi  qimiuri  SedgenilobiT 

xasiaTdeba:  

Mn 8,6%,   CaO 18,8%,   MgO 10,0%,   SiO2 46,8%,   Al2O3 
9,9%,  

P 0,002%,   S 1,7% . widis jeradoba 0,8-1 zRvrebSi 

meryeobs. 
 

 

9.5.2 liTonuri manganumis gamodnoba 

 

liTonuri manganumis gamodnobas axdenen 5 da 7 

mva simZlavris Ria da dasaxreli tipis RumelebSi, 

romlebic magnezitis  cecxlgamZle agurebiTaa 

amogebuli. flusad gamoiyeneba kiri (93,2% CaO), 
xolo aRmdgenelad gadasamuSavebeli silikoman-

ganumi. 

liTonuri manganumis gamodnoba pirobiTad 

SeiZleba Semdeg periodebad daiyos: Rumelis 

SekeTeba, silikomanganumis CatvirTva (mTliani 

raodenobis 1/3), Txevadi widis Casxma, kiris Cayra, 

kazmis gadnoba, darCenili  silikomanganumis (2/3 

mTliani raodenobis) CatvirTva, kazmis mTliani 

gadnoba da Txevadi abazanis areva (haeris 

saSualebiT) siliciumis standartul niSnulamde 

Camoyvanis mizniT. dnobis xangrZlivoba 3-3,5 saaTs 

Seadgens. 

 MnO-s silikomanganumis siliciumiT aRdgena 

SeiZleba Semdegi reaqciiT warmovsaxoT:  
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n(MnO.mSiO2)+[Si]=2X [Mn]+(n-2X)MnO.(m+ X )SiO2 
 
kazmSi CaO-s arseboba aumjobesebs manganumis 

aRdgenis GTermodinanikur pirobebs da xels uwyobs 

liTonis gamosavlis gazrdas. 

 

2MnOTx+[Si]+2CaOmy=2Mn+2CaO.SiO2(my) 

 
ΔG0

1500-1600
0
C=18480+86,47T 

 
garda amisa, MnO-SiO2 sistemaSi CaO-s damatebiT 

izrdeba Mn-is Si-iT aRdgenis Tburi efeqti. 

 

erTi tona liTonuri manganumis misaRebad 

ixarjeba: 

 

gadasamuSavebeli wida (48%) _______ 2087kg 

gadasamuSavebeli silikomanganumi __ 650kg 

kirqva ___________________________ 1631kg 

el.energia _______________________ 2590kvt.sT 

 

liTonuri manganumis gamodnobisas miRebuli 

gadasayreli wida (Mn 13,7-14,6%, SiO2 29,9-29%, CaO 
44,2-45,4%, MgO 3,0-3,3%, Al2O3 1,8-3,5%, FeO 0,15-0,20%, 
P 0,003-0,005%, C 0,17-0,23, S 0,08-0,34%) gaciebisas 
12%-iT matulobs moculobaSi da β 2CaO.SiO2-is γ
2CaO.SiO2 gadasvlis Sedegad wvrildispersiul 

fxvnilad iqceva. 
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aucilebelia aRiniSnos, rom liTonuri manga-

numis miRebisas didia manganumis danakargi widaSi, 

ris gamoc manganumis amokrefa liTonSi 50-52%-s ar 

aRemateba, rac eleqtroenergiis xarjisa da 

TviTRirebulebis gazrdis mizezi xdeba.  

 

 

9.6 saSualo da mcire naxSirbadiani 

feromanganumis gamodnoba 

 

saSualo da mcire naxSirbadiani feromanganumis 

qimiuri Sedgeniloba mocemulia me-3 da me-4 

cxrilSi. 

 
cxrili 3 

mcire da saS. naxSr. feromanganumis qim. 

Sedgeniloba, % 

 

 
m a r k a 

Mn  ara 
naklebi

C Si P S 
ara umetesi 

mcire naxSirbadiani Fferomanganumi 

Ф Mn 0,5 85 0,5 2,0 0,30 0,03 
saSualonaxSirbadiani  feromanganumi 

Ф Mn 1,0 A 
Ф Mn 1,0 
Ф Mn 1,5 
Ф Mn 2,0 

85 
85 
85 
75 

1,0 
1,0 
1,5 
2,0 

1,5 
2,0 
2,5 
2,0 

0,10 
0,30 
0,30 
0,35 

0,03 
0,03 
0,03 
0,03 
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cxrili 4 

 

marka Mn C Si S P 
A-jg Б-jg 

Ф Mn 90 
mcire naxS. 

85-95 
 

≤ 0,5 ≤1,8 ≤0,02 ≤0,05 ≤0,3 

Ф Mn 88 
saS.naxS. 

85-95 ≤ 0,2 ≤3,0 ≤0,02 ≤0,10 ≤0,4 

 

saSualonaxSirbadiani feromanganumis miRebis 

procesi analogiuria liTonuri manganumis gamod-

nobis procesis, e.i. emyareba siliciumiT  manganumis 

aRdgenas. kazmSi gamoiyeneba naxSirbadiani 

feromanganumis ufluso meTodiT gamodnobisas 

miRebuli dabalfosforiani gadasamuSavebeli wida, 

(an manganumis koncentrati), gadasamuSavebeli 

silikomanganumi (CMn 17, CMn 20)  da kiri. 

maRalfosforiani liTonis miRebisas SesaZlebelia 

gadasamuSavebeli wida manganumis maRali xarisxis 

koncentratiT Seicvalos. gamodnobis teqnologiuri 

maCveneblebi me-5 da me-6 cxrilSia mocemuli. 

me-6 cxrilis monacemebidan gamomdinare saS. 

naxSirbadian feromanganumSi fosforis Semcire-

basTan erTad manganumis amokrefa 63,2%-dan  57,1%-

mde mcirdeba, xolo eleqtroenergiis xarji ki 

32,2%-iT izrdeba. 

aucilebelia aRiniSnos, rom z.f.q. saS.nax. 

feromanganumis gamodnobis tradiciuli teqnolo-
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giuri sqema arsebobs. kerZod, gamodnobis procesi 

aris naxevrad flusiani da widaSi manganumis 

Semcveloba 32-34%-s aRwevs. aseTi wida rogorc 

mcire fosforSemcveli (P≤0,012%) masala warma-

tebiT gamoiyeneba dabalfosforiani silikomanga-

numis gamosadnobad. 

 

cxrili 5 

saSualonaxS. feromanganumis gamodnobis 

teqnologiuri maCveneblebi widisa (1) da 

koncentratis (I x) gamoyenebisas 

 

d a s a x e l e b a varianti 

1 2 

masalebis xarji, kg/b.t. 

silikomanganumis anaceri (MC17) 
gadasamuSavebeli wida ШМП -78 
oqsiduri koncentrati   Ix 

 

1395 

1115 

_ 

 

1500 

_ 

850 

jamSi manganumSemcveli masala (48%) 2510 2350 

k i r i  950 640 

eleqtroenergia, kvt.sT/b.t. 2550 1530 

Mi-is Semcveloba widaSi,% 13,5 13,2 

widis jeradoba 2,25 1,7 

manganumis amokrefa, % 

liTonSi 

widaSi 

narCenebSi 

aorTqlda 

 

66,5 

 

70,9 

21,4 14,7 

3,0 3,1 

9,1 11,3 
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cxrili 6 

saS.naxS. feromanganumis gamodnobis 

teqnologiuri maCveneblebi (fosforis sxvadasxva 

Semcvelobisas) 

 

 

m o n a c e m i 

 

 
ФMn 

88 P40

 
ФMn 

88 P30

 
ФMn 

88 P10
Rumelis faqtiuri simZlavre, 

k.v.t. 

 

2958 

 

2565 

 

2899 

masalebis xarji, kg/t-ze 

sasaqonlo silikomanganumi 

 

dabalfosforiani wida(48% Mn) 
gadasamuSavebeli 

silikomanganumi 

k i r i 

grafitis eleqtrodi 

magnezitis aguri 

 

773 

 

440 

 

_ 

1558 1800 1970 

 

169 

 

235 

 

692 

1204 1230 1670 

12,1 13,9 12,5 

70,0 76,0 70,3 

el.energia, kvt.sT/t 1971 2265 2606 

manganumis amokrefa, % 63,2 61,1 57,1 

el. energiis sruli xarji, 

kvt.sT/t 

 

9161 

 

8748 

 

10999 

 

z.f.q.-is pirobebSi saS. naxS. feromanganumis 

gamodnobis teqnologiuri maCveneblebi me-7 

cxrilSia mocemuli. 
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cxrili 7 

z.f.q.-Si saS. nax. feromanganumis gamodnobis 

teqnologiuri maCveneblebi 

 

m a C v e n e b e l i arsebuli 

teqnologiiT 

masalebis xarji 1 t. b.,kg 

gadasamuSavebeli 

silikomanganumi 

manganumis koncentrati 

k i r i 

el. energia kvt.sT/t 

 

 

1076 

1595 

494 

1510 

manganumis amokrefa 

liTonSi 

widaSi 

orTqldeba 

 

54,4 

36,8 

8,8 

Rumelis dRe-Ramuri warmadoba, t       37,54 

manganumis amokrefa 

koncentratidan % 

siliciumis gamoyeneba, % 

 

12,4 

53,5 
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10. siliciumisa da ferosiliciumis miRebis 

teqnologia 

 

siliciumi liTonuri elvarebis sali da myife 

araliTonia. igi xasiaTdeba Semdegi fiziko-qimiuri 

TvisebebiT: 

atomuri wona ________ 28,086 
simkvrive ( 200C) _______ 2370 kg/m3 
valentoba  ___________  2; 4 
dnobis temperatura ___  14140C    
duRilis temperatura __ 22870C 
arsebobs siliciumis ori alotropuli forma, 

amorfuli (Savi feris dengaumtari) da kristaluri 

(foladis feri, dengamtari). 

siliciums JangbadTan maRali midrekileba aqvs 

da masTan myar oqsidsa  (SiO2)  da aramdgrad 

maRaltemperaturul formas _ SiO (siliciumis 

monooqsidi) warmoqmnis. 

kaJmiwis (SiO2) kristaluri da amorfuli forma 

arsebobs. gaxurebiT kaJmiwis sami modifikacia 

(kvarciti, tridimiti, kristobaliti) gaxurebiT 

erTmaneTSi gadadis 

kvarciti α → kvarciti β→tridimiti → 

kristobaliti 

myaria 5700C-mde 870 0C-mde 14700 C-mde 17130C- mde 
SiO2-is dnobis temperaturaa 17130 C 
siliciums farTod iyeneben foladis ganJangvisa 

da  
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2[FeO]+{Si]=2[Fe]+(SiO2) 
 

legirebisaTvis. foladSi 1,3-2% siliciumis 

damatebiT izrdeba foladis drekadoba da 

denadobis zRvari. 

 ferad  metalurgiaSi  siliciumi  brinjaos,   

(Si 5%-mde), TiTberis, siluminisa (11 %-mde Si) da 

sxvadasxva ligaturebis warmoebaSi gamoiyeneba. 

siliciumis mniSvnelovani nawili xmardeba qimiur 

da eleqtroteqnikur warmoebas (naxevargamtaruli 

masalebis misaRebad), aseve igi SeiZleba 

gamoyenebul iqnas wyalbadisa  

 

2NaOH+Si+H2O=Na2O.SiO2+2H2 
 

da madnebis gamdidrebisTvis mZime siTxeebis 

misaRebad.   ferosiliciumi  rkina_siliciumis 

Senadnobis FfarTo jgufs  ganekuTvneba.    ΓΟCΤ 

1415-78 (cvlilebiT #3 1988) mixedviT  

ferosiliciumi SeiZleba 20 sxvadasxva markis 

gamodnes, romelTaganac TiToeul madgans 

specialuri daniSnuleba gaaCnia (cxrili 1). 

ukrainis standartis DCTУ  4127-2002 (cxrili2) 

mixedviT ferosiliciumi SeiZleba iwarmoos 9 

markis, romlebic Tavisi qimiuri SedgenilobiT 

TiTqmis Seesatyviseba saerTaSoriso standertis 

moTxovnebs ( ISO  5445. 1980) 
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cxrili 1  

ferosiliciumis qimiuri Sedgeniloba 

(ΓOCT   1415 - 78  cvlileba #3 01.07.88) 

 

 marka    Si C S P Al Mn Cr Ti Cs
a r a u m e t e  s 

1 2 3 4 5 6 7 8 9 10

ФС 92 aranakleb 92 _ 0,02 0,03 2,5 0,2 0,2 _ 0,5

ФС 90 aranakleb 89 _ 0,02 0,03 3,5 0,2 0,2 _ _ 

ФС 90А2,5 aranakleb 89 0,1 0,02 0,03 2,5 0,2 0,2 _ _ 

ФС 75 74-dan 80-mde _ 0,02 0,05 _ 0,4 0,4 _ _ 

ФС 75А2,5 74-dan 80-mde _ 0,02 0,05 2,5 0,4 0,3 _ _ 

ФС 75 (л) 74-dan 80-mde 0,1 0,02 0,04 1,5 0,3 0,3 _ _ 

ФС 75(эл) 74-dan 80-mde 0,1 0,02 0,04 0,1 0,3 0,2 0,05 0,1

ФС 70 ФС 
70А1(эл) 

68_74 

68_74 

_ 

0,1

0,02 

0,02 

0,05

0,04

2,0

1,0

0,4

0,3

0,4

0,3

_ 

0,1

_ 

_ 

ФС 70(эл) 68_74 0,1 0,02 0,04 0,1 0,3 0,3 0,04 0,1

ФС 65 63-68 _ 0,02 0,05 2,5 0,4 0,4 _ _ 

ФС 65А2 63_68 _ 0,02 0,05 2,0 0,4 0,4 _ _ 

ФС 65(л) 63_68 0,1 0,02 0,04 1,6 0,4 0,4 _ _ 

ФС 65(эл) 63_68 0,1 0,02 0,04 1,2 0,3 0,3 0,05 0,5

ФС 45 41_47 _ 0,02 0,05 2,0 0,6 0,5 _ _ 

ФС 45(л) 41_47 0,2 0,02 0,05 1,5 0,6 0,5 _ _ 

ФС 25 23_27 0,6 0,02 0,06 1,0 0,8 1,0 _ _ 

ФС 25У0,8 23_27 0,8 0,02 0,06 1,0 0,9 1,0 _ _ 

ФС 20 20_23 1,0 0,02 0,10 1,0 1,0 _ _ _ 

ФС 20 (л) 19_23 1,0 0,02 0,20 1,0 1,0 0,3 _ _ 
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SeniSvna, siliciumis markaSi ,, л" mianuSnebs, rom 
aseTi marka gankuTvnilia samsxmelo warmoebisTvis, 

xolo ,, эл" marka gankuTvnilia eleqtroteqnikuri 

foladisTvis. 

 

cxrili  2 

ferosiliciumis qimiuri Sedgeniloba 

(DСТУ 4127 - 2002) 
 

marka siliciumi C S P AAl Mn Cr 
a r a u m e t e s  

ФС 90 87 - 95 0,2  0,02 0,04 3,5 0,5 0,2
ФС 75 74 - 80  0,2  0,02 0,05 3,0 0,5 0,5
ФС 70 68 - 74  0,2  0,02 0,05 2,5 0,5 0,5
ФС 65 63 - 68  0,2  0,02 0,05 2,5 0,5 0,5
ФС 45 41 - 47  0,2  0,02  0,05 2,0 1,0 0,5
ФС 25 23 -29  0,8  0,02 0,10 1,0 1,0 0,8
ФС 20  19 - 23  1,0  0,02  0,10 1,0 1,0 0,8
�ФС 15  14 - 19  1,5  0,02 0,15 1,0 1,5 0,8
ФС 10 8 - 14  2,0  0,02 0,15 0,2 3,0 0,8
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cxrili 3 

ferosiliciumis qimiuri Sedgeniloba 

 

 

 

m a r k a 

qimiuri Sedgeniloba % 

Si Al PP S C Mn Cr Ti 
ar

a 
na
kl

eb
i 

Ca
T
vl

iT
 

ar
a 
na
kl

eb
i 

Ca
T
vl

iT
 

a r a u m e t e s 

FeSi 10 8,0 13,0 _ 0,2 0,15 0,06 2,0 3,0 0,8 0,30
FeSi 15 14,0 20,0 _ 1,0 0,15 0,06 1,5 1,5 0,8 0,30
FeSi 25 20,0 30,0 _ 1,5 0,15 0,06 1,0 1,0 0,8 0,30
FeSi 45 41,0 47,0 _ 2,0 0,05 0,05 0,20 1,0 0,5 0,30
FeSi 50 47,0 51,0 _ 1,5 0,05 0,05 0,20 0,8 0,5 0,30
FeSi 65 63,0 68,0 _ 2,0 0,05 0,04 0,20 0,4 0,4 0,30

FeSi 75 A 11 72,0 80,0 _ 1,0 0,05 0,04 0,15 0,5 0,3 0,20
FeSi75A11,5 72,0 80,0 1,0 1,5 0,05 0,04 0,15 0,5 0,3 0,20
FeSi 75 A 12 72,0 80,0 1,5 2,0 0,05 0,04 0,20 0,5 0,3 0,30
FeSi 75 A 13 72,0 80,0 2,0 3,0 0,05 0,04 0,20 0,5 0,5 0,30
FeSi 90 A 11 87,0 95,0 _ 1,5 0,04 0,04 0,15 0,5 0,2 0,30
FeSi 90 A 12 87,0 95,0 1,5 3,0 0,04 0,04 0,15 0,5 0,2 0,30

 
Fe - Si   sistemaSi sxvadasxva saxis silicidebi 

arsebobs:  
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Fe3Si (14,28% Si), Fe2Si (20,0% Si), Fe5Si3  (23,18% Si),   
     FeSi  (33,46% Si)  da   FeSi2  (50,15% Si). 
 
  Fe - Si sistemis SenadnSi siliciumis 

koncentraciis  gazrdasTan erTad misi aqtiurobac 

izrdeba.  

specialistebis  mier gaangariSebulia  rkinis 

silicidebis warmoqmnis jibsis energia ( j/moli) : 

 

ΔG0
T (Fe2Si) = - 129028+2,52T 

 
ΔG0

T (FeSi)   = - 163132+1,79T 
 
ΔG0

T (FeSi2) = - 121842+7,18T 
 

dadgenilia, rom rkinasTan siliciumi 

Termodinamikurad myar naerTs (silicidebi myar 

mdgomareobaSi) da asociatebs (Txevad  

mdgomareobaSi) warmoqmnis, romelsac Tan  axlavs 

ferosiliciumis warmoebisas siliciumis 

aqtiurobis Semcireba. rkinis Tanaobisas 

umjobesdeba kaJmiwidan naxSirbadiT siliciumis 

aRdgenis Termodinamikuri pirobebi. 

Fe -Si - C   sistemaSi naxSirbadis xsnadoba sufTa 

rkinaSi temperaturazea damokidebuli: 

                              

       [ % C] Fe = 1,30+2,5.103 t, 0C 
 



139 
 

rkinaSi grafitis xsnadobis procesis amsaxvel 

jibsis energiis cvlilebas Semdegi saxe aqvs: 

                    

Cgr → [C] Fe ;        ΔGT =21354 -41,87T,   j/moli 

 

rkina naxSirbadian SenadnobSi siliciumis 

damateba aferxebs naxSirbadis xsnadobas, rasac 

ferosiliciumis markebis Sedarebac adasturebs. 

 

 

10.1 naxSirbadiT siliciumis aRdgenis procesis 

Teoriuli safuZvlebi 

 

ferosiliciumi miiReba kvarcitSi Semavali 

siliciumis naxSirbadiT aRdgeniT (rkinis 

burbuSelas Tanaobisas). kazmSi rkinis 

oqsidebSemcveli masalebis ( madani, aglomerati, 

gunda) nacvlad, burbuSelis gamoyeneba 

ganpirobebulia imiT, rom rkinis oqsidebs dabal 

temperaturaze unari Seswevs SiO2-Tan warmoqmnas 

silikaturi nalRobebi. siliciumis naxSirbadiT 

aRdgenis  sawyisi  Teoriuli  temperatura  ( roca 

ΔGT=0 ) reaqciisaTvis 

 

SiO2+2C=Si+2CO 
 

tolia 16690C -is, xolo FeO ⋅ SiO2 naerTis  
evTevTikuri temperatura 11780C-s Seadgens. Rumelis 
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abazanaSi silikaturi nalRobis warmoqmniT 

mkveTrad mcirdeba kazmis kuTri eleqtrowinaRoba, 

xdeba komponentebis ganSreveba da silikaturi 

widis dagroveba, rac Rumelis teqnologiuri 

reJimis arevas iwvevs. 

naxSirbadiT siliciumis aRdgenisas, Tu 

CavTvliT, rom kondensirebuli faza SiO2, C da SiC -
sgan Sedgeba, sufTa siliciumis  nacvlad gvaqvs 

misi xsnari rkinaSi [Si]Fe da airadi faza SiO da CO-
sgan aris    warmodgenili,     maSin     Fe - Si - O - C 
sistemaSi fazuri wonasworobis analizisTvis 

saWiro martivi reaqciebis kompleqss Semdegi saxe 

SeiZleba hqondes : 

 

1. SiO2-dan naxSirbadiT SiOair-mde aRdgena : 

       
SiO2kon+Cmy=SiOair.+CO LgK1+Lg(PSiOair . PCOair.) 
 
 2. kaJmiwis aRdgena SiOair-mde SiC-Ti : 

 

2SiO2kon+SiCmy=3SiOair+CO LgK2=Lg(P3SiO.PCOair) 
 
3. SiO-s aRdgena SiC-s naxSirbadiT: 

 
SiOair+2Cmy=SiCmy+CO           LgK3=Lg(Pco /PSiOair) 
 
4. SiO2-is  urTierToba [Si]Fe-Tan SiOair-is  

warmoqmniT: 
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2SiO2kond.+[Si]Fe=2SiOair    LgK4=Lg(P2SiOair /αSi) 
 

5. SiOair + SiCmy=2[Si]Fe+COair 
 
LgK3=Lg(Pcoair .α2

Si) /PSiOair 
 
6. SiOair-dan Si-is aRdgena Si-is rkinaSi xsnadobiT. 

 

amrigad Fe-Si-O-C sistemaSi fazuri wonasworobis 
analizisaTvis, romelic iTvaliswinebs siliciumis 

rkinaSi sakmao koncentraciis xsnadobas, 

aucilebelia arsebobdes monacemebi siliciumis 

aqtiurobis cvlilebisa naxSirbadiT gajerebul Fe 
- Si - Cgaj SenadnSi. 

 

 

10.2 ferosiliciumis gamosadnobi 

eleqtroRumelis eleqtruli maxasiaTeblebi 

 

madanaRdgeniTi eleqtroRumelebi foladsadnobi 

Rumelisagan gansxvavebiT Rumelis transformato-

ris simZlavriT xasiaTdeba. 

feroSenadnobebis rkaluri Rumelis sasargeblo 

simZlavre (Ps) SeiZleba gamoiTvalos Semdegi 

gamosaxulebiT: 

 

Ps=(GW) /(365 ⋅24 K dr ⋅ Kmaq.),      sadac 
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G _ mocemuli Rumelis warmadobaa t/weliwadSi, 

 

W _ feroSenadnobebis gamosadnobad saWiro      

eleqtroenergiis xvedriTi xarji kvt.sT/weliwadSi 

  

365 ⋅ 24 _ saaTebis raodenoba weliwadSi, sT 

 
K dr. _ kalendaruli drois gamoyenebis 

koeficienti 

        ( Κ dr ≈ 0,08 – 0,95) 
 
Kmaqs _ Rumelis maqsimaluri simZlavris 

gamoyenebis koeficienti. 

 

Rumelis transformatoris sapasporto simZlav-

res  nominalurs uwodeben (Snom). Rumelis trans-

formatoris sruli samuSao simZlavre    S=3⋅Iel. ⋅U 

mkvebavi qselis datvirTvis maxasiaTebelia. Rumelis 

abazanaSi miwodebul simZlavres aqtiur simZlavres 

uwodeben (Pa). aqtiuri simZlavre yovelTvis Camor-

Ceba srul samuSao simZlavres da COSϕ miT ufro 

naklebia, rac ufro didia Rumelis transforma-

toris nominaluri simZlavre da Sesabamisad 

Rumelis abazanis geometriuli parametrebi: 

eleqtrodebis diametri (Del), Rumelis abazanis 

diametri (Dab), abazanis simaRle  (Cab) da sxva.  
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10.3Fferosiliciumis gamodnobisa da Camosxmis 

teqnologia 

 

ferosiliciums sxvadasxva simZlavris  (22,5_63 

mva) (cxr.1), madanaRdgeniT RumelebSi adnoben. 

sakazme  masalad  gamoiyeneba kvarciti (SiO2≥97%,   
Al2O3≤1,5% fraqcia 20_80 mm), kazmSi gamoyenebamde igi 
winaswar  momzadebas gadis (garecxva, damsxvreva da 

daxarisxeba). 
cxrili 1 

Fferosiliciumis  gamosadnobi daxuruli         

madanaRdgeniTi Rumelebis parametrebi 

 

PPp a r a m e t r e b i PK3 - 27 PK3 -33 PK3 - 63 
Aabazanis siRrme, mm 2900 3500 5000 
Aabazanis diametri, mm 6800 8700 11600 
eleqtrodebis diametri mm 1400 1500 1900 
maRali mxaris Zabva, kv 10 110 220 
transfrmatoris samuSao 

safexuris nominaluri 

Zabva , v 

188 224 268,8 

sruli simZlavre, mva 22,6 40 80 
Eeleqtrodebze deni, ka 84,6 103 171,8 
sasargeblo Zabva,  v 92,4 109 128,3 
simZlavre УПК , mva  14,0 22,4 82,5 
simZlavris koeficienti: 

faqtiuri 

0,70 0,65 0,50 

Eeleqtro m.q.k. 0,908 0,915 0,892 
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aRmdgenelad ZiriTadad iyeneben metalurgiul  

koqss (fraqcia 5_20 mm). aRmdgenels unda hqondes 

mudmivi sineste, maRali eleqtrowinaRoba da 

siliciumis oqsidis mimarT aRdgenis maRali unari. 

Fferosiliciumis gamosadnobi Rumeli, rogorc 

mZlavri eleqtromimRebi, mTlianad emorCileba 

eleqtro gamtaris kanonzomierebas. rac ufro didia 

Rumelis abazana, miT ufro dabalia misi aqtiuri 

eleqtro  winaRoba. 

ramdenadac madanaRdgeniTi Rumelis eleqtruli 

da geometriuli parametrebi urTierTkavSirSia, 

procesis regulirebis ganmsazRvreli aris 

eleqtrodebis kazmSi Cajdomis siRrme, romelic 

regulirdeba Zabvis safexuris gadarTviT da kazmis 

Sedgenilobis cvlilebiT. Aase magaliTad, kazmSi 

naxSirbadaRmdgenelis siWarbe amcirebs abazanis 

eleqtrowinaRobas, ris Sedegadac eleqtrodebi 

maRla iwevs da maTi kazmSi Cajdomis siRrme 

klebulobs. kazmSi aRmdgenelis nakleboba, piriqiT 

zrdis abazanis aleqtrowinaRobas, ris gamoc 

eleqtrodebi dabla iwevs da kazmSi eleqtrodebis 

Cajdomis siRrmec izrdeba. eleqtrodebis Cajdomis 

optimaluri sidididan gadaxveva  Rumelis muSaobis 

reJimis darRvevaze miuTiTebs da saWiro xdeba 

aucilebeli zomebis gatareba. 

Fferosiliciumis gamodnoba uwido procesia, 

Tumca  widis raodenoba mTliani raodenobis  3_5%-
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s mainc aRwevs. aRniSnuli wida heterogenuli 

fazisgan Sedgeba da Semdegi qimiuri SedgenilobiT 

xasiaTdeba:  

 
48 -50% SiO2, 20 -25% Al2O3, 15 -18% CaO, 10 -15% SiC. 
 
ferosiliciumis gamoSvebis ricxovnobas gan-

sazRvravs erT tona Senadnobze daxarjuli 

eleqtroenergiis raodenoba, romelic Tavis mxriv 

damokidebulia gamosadnobi ferosiliciumis 

markaze: 

 

Fferosiliciumis 

marka 

ФС 
20 

ФС 
25 

ФС 
45 

ФС 
65 

ФС 
75 

Eeleqtroenergiis xvedriTi  
xarji kvt.sT/t 

 

2180

 

2820

4700

5200

7500

8000

8800

9500

cvlaSi gamoSvebis ra_ba 

(8sT) 

6_8 6_8 5_6 4_5 4_5

 

ferosiliciumis gamoSvebas widasTan erTad 

axdenen  cicxvSi, romelic amogebulia cecxlgamZle 

aguriT (Samoti 38 – 40%  Al2O3,   50 – 55%   SiO2)  an 
kaJmiwaSemcveli masiT, romlis SedgenlobaSi 

SeiZleba Sediodes natriumis   silikatis    xsnari   

(Txevadi mina), beliti (β –Ca2 [SiO4], 40-70% CaO, 
aranakleb  30%  SiO2,  3-10% Al2O3,   2-10%   Fe2O3,   0,5%   
Cr2O3 )    da wyali. 
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ferosiliciums asxaven lenturi tipis konveie-

rul manqanaze,  romlis lentamac  5,0_0,02 m/wm siCqa-

riT SeiZleba imoZraos. Rumelidan gamosuli 

maRali markis ferosiliciumis temperatura 

1650_17500C-s Seadgens, xolo kristalizaciis   

temperatura  ki 1160_11700 C     intervalSi meryeobs. 

Senadnis  temperaturis Semcirebisa da widis ukeT 

moxdis mizniT, ferosiliciums garkveuli droiT 

cicxvSi ayovneben. 

imis gaTvaliswinebiT rom ferosiliciumis 

zogierT markaSi aluminis  Semcveloba 1_1,5%-s ar 

aRemateba, zog SemTxvevaSi saWiro xdeba Senadnis 

aluminisagan (zogjer sxva elementebisaganac  Ca, Ti,  
Cr)  gawmenda. 

rafinacia SeiZleba  ganxorcieldes RumelSi an 

cicxvSi.  Ppirveli  gulisxmobs ferosiliciumis 

rafinacias eleqtrorkalur RumelSi CaO – SiO2 

sistemis widis qveS.  aluminis daJangva  am 

SemTxvevaSi  Semdegi reaqciiT mimdinareobs:  

 

4/3[Al] + (SiO2)=2/3(Al2O3)+[Si] 
 

SenadnSi 0,1% aluminis Semcvelobis misaRebad, 

saWiro xdeba orjer an samjer ferosiliciumis 

damuSaveba axladSeqmnili widiT.  

eleqtroRumelSi ferosiliciumis rafinaciisas 

SenadnSi klebulobs siliciumis Semcveloba 

(SiOair_is warmoqmnis gamo) da 1400_1500 kvt.sT/t-mde  
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izrdeba eleqtroenergiis xarji, rac aRniSnuli 

meTodis naklad unda CaiTvalos. 

cicxvSi Txevadi ferosiliciumis rafinaciisas, 

widis warmomqmnelad iyeneben kirs, kvarcis 

fxvnils, rkinis madans, mlRobad Spats (CaF2);  
amasTan rafinaciis procesis dasaCqareblad cicxvSi  

SenadnSi CaSvebuli qSiniT uberaven airad 

energomatareblebs (haeri, teqnikuri Jangbadi, azoti 

an maTi narevi).  sarafinacio komponentad iyeneben 

siderits (FeCO3), igi gaxurebisas iSleba da rkinis 

monooqsids warmoqmnis (FeCO3→FeO+CO2), romelic 

ferosiliciumis aluminTan urTierTqmedebs. 

gamoyofili CO2 Senadnis arevas uwyobs xels. 

qvemoT moyvanilia erTi tona ferosiliciumis 

misaRebad saWiro masalebis raodenoba daxurul 

el.RumelSi. 

 

ferosiliciumi 

masalebis xarji kg: 

ФC 
20 

ФC 
25 

ФC 
45 

ФC 
65 

ФC 
75 

kvarci 

rkinis burbuSela 

koqswvrila 

eleqtrodebis masa 

el.energia, kvt.sT/t 

siliciumis amokrefa, % 

370 
810 
200 
10 

2100
94,3 

552
780
280

8 
2750
98,5

931
658
438
16 

4800
98,2

1568
343 
720 
43,3
7410
92,1

1930
250
845
54 

8800
91,8

                                                                

arakondicirebulma wvrilfraqciulma ferosili-

ciumma SeiZleba SeiZinos sasaqonlo Rirebuleba, 
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Tu ki wvrilfraqciuli masala dabriketdeba an 

eleqtrorkalur (an induqciur) RumelSi  gadadneba. 

 

 

10.4 kristaluri siliciumis gamodnobis 

teqnologia 

 

teqnikurad sufTa siliciumi (96-99%), romelsac 

ГОСТ      2169‐69‐s mixedviT kristalurs uwodeben, 

(cxrili 1) rkalur madanaRdgeniT RumelebSi 

miiReba. (mudmivi an cvladi deniT). miRebis 

teqnologia kvarcitidan an kvarcidan naxSirbadiT 

siliciumis aRdgenis process emyareba:  

 

SiO2+2C=Si+2CO 
 

∆GT
0=697390-359,07 T  (j/moli) 

 

am reaqciis dawyebis Teoriuli temperatura 

16690С‐s tolia. kritaluri siliciumi farTod 

gamoiyeneba silicium-aluminiani Senadnobebis 

gamosadnobad, siluminebis misaRebad 

(aluminosiliciumiani sinTeTikuri Senadnobebi) da 

specialuri foladebisa da Senadnobebis ganJagvisa 

da legirebisaTvis. amasTan, umaRlesi kategoriis 

kristaluri siliciumi (KPOO) mzis batareisa da 

naxevargamtarebis warmoebaSic ixmareba.  
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cxrili 1 

kristaluri siliciumis markebi da qimiuri 

Sedgeniloba  

(ГОСТ   2169‐69) 

 

siliciumis 

marka 

Si 

ara 

naklebi 

ara  umetesi

Fe  Al  Ca  Fe+Al+Ca 

Kr00 

Kr0 

Kr1 

Kr2 

Kr3 

99,0 

98,8 

98,0 

97,0 

96,0 

0,4 

0,5 

0,7 

1,0 

1,5 

0,4 

0,6 

0,7 

1,2 

1,5 

0,4 

0,4 

0,6 

0,8 

1,5 

1,0 

1,2 

2,0 

3,0 

4,0 

 

siliciums adnoben samfaza Ria tipis 16,5 da 22,5 

mva simZlavris eleqtroRumelebSi (cvladi DdeniT) 

uwyveti procesiT. abazana naxSiris blokebiTaa 

amogebuli. eleqtrodebi grafitisaa. TviTcxobad 

eleqtrodebs naklebad iyeneben, SenadnobSi eleqt-

rodis garcmidan rkinis gadasvlis  albaTobis 

gazrdis gamo. 

sakazme masalebad gamoiyeneba kvarciti (fraqcia 

20-50 mm), navTobis koqsi da airadi naxSiri (5-15 mm). 

saRumele xvimirebidan gamosuli kazmi 

CamtvirTavi manqanis saSualebiT Rumels iseTnairad 

miewodeba, rom eleqtrodebTan gamudmebiT iqnes 

SenarCunebuli konusi (<0,5 m). 
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Rumelis airebis atmosferoSi Senadnobis 

dayovnebis Semcirebis mizniT, siliciumis gamoSveba 

uwyvetad xdeba, raTa Tavidan iqnes acilebuli 

meoradi karbidwarmoqmnis procesi. ramdenadac 

siliciumis simkvrive (2,2 g/sm3 16000 C–ze) widis 

simkvriveze naklebia (2,6-2,8 g/sm3), uwyveti 

gamoSvebisas widac gamodis, rac aumjobesebs 

Rumelis momsaxureobasa da xels uwyobs dnobis 

eleqtruli reJimis SenarCunebas. 

siliciumis aRdgenis procesi aris CO, romelic 

sakerZeze iwvis. erTi tona siliciumis misaRebad 

ixarjeba (16,5 mva simZlavris Rumeli, cvladi denis 

SemTxveva); kg 

kvarciti_________2540  

xis naxSiri _____1310  

navTobis koqsi ___150  

airovani naxSiri _240  

eleqtroenergia ___11,2_12,2 mvt.sT 

siliciumis amokrefa 78-85%-s aRwevs; aRdgenili 

siliciumis 0,5% widaSi ikargeba. kazmidan SenadnSi 

gadadis, %: 

 

Al Ca Mg Fe 
50-55 35-40 30-35 85-98 

 
22,5 mva simZlavris RumelSi gamodnobisas 

dReRameSi warmoiqmneba 120 aTasi m3 airi, romelsac 

Semdegi qimiuri Sedgeniloba aqvs; %  
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CO CO2 CH4 H2O N2 H2 

80-85 4-8 1-3 0,1-1 1-4 1-3 
 

airi gawmendamde 1,2-2 g/m3 raodenobiT mtversac 

Seicavs (SiO2 80%,    Ai2O3 2-4%,    Fe2O3  0,1-0,2%,    CaO 
1-2%   da  C - 8%). 

boyvebis Sevsebis Semdeg Senadnobi ganicdis 

kristalizacias, miRebul sxmuls damtvrevisa da 

widisgan gancalkevebis Semdeg awvdian momxma-

rebels. 

siliciumis gamodnobisas warmoqmnili widis 

(Senadnobis masis 3-8%) Sedgenilobaa, %;  

SiO2 30-50, Si 10-30, SiO 8-15,  SiC   10-40,   Fe2O3   0,5-
1,0, Al2O3 12-15, CaO 20-30. aRniSnuli wida SeiZleba 

gamoyenebuli iqnes foladis ganJangvisa (RumelSi, 

cicxvSi an boyvSi) da siliciumiani feroSenad-

nobebis gamosadnobad. 

 

 

10.5 siliciumiani karbidis warmoebis 

teqnologia 

 

siliciumis karbidi (karborundi) farTod 

gamoiyeneba rogorc mikrosisalis mqone xelovnuri 

abrazuli masala.siliciumis karbididan (SiC) miRe-

buli abrazul instruments sxvadasxva liTonuri 

produqciis gasawmendad iyeneben. maRali Termuli 
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da qimiuri mdgradobis gamo, mas cecxlgamZle 

masaladac xmaroben. 

eleqtrometalurgiaSi SiC ganixileba, rogorc 

teqnikuri siliciumis, silikokalciumis, ferosili-

ciumis, silikoaluminisa da sxva siliciumiani 

Senadnobebis gamodnobisas miRebuli Sualeduri 

produqti. 

siliciumis karbidis miRebis procesi zogadad  

Semdegi reaqciiT SeiZleba warmoisaxos: 

 

SiO2+3C=SiC+2CO;       ∆GT
0=555615-322,11T 

 
SiC-s  simkvrive  3,22 g/sm3-s Seadgens,  daSlis 

temperatura 2280k-s, xolo warmoqmnis siTbo 

∆H0
298=66,16 kj/molia. karborundi arsebobs Savi da 

yviTeli feris. orive maTgans samrewvelo pirobebSi 

eleqtroRumelebSi Rebuloben. sakazme masalad 

gamoiyeneba kvarcis fxvnili da naxSirbad-

aRmdgeneli. yviTeli karbidis misaRebad kazms 

natriumis qlorids umateben, romelic kazmSi 

Semavali zogierTi minarevis mavne gavlenasac 

amcirebs. 

Tixamiwis Semcirebis mizniT, kvarcis fxvnils 

guldasmiT recxaven, Tumca ar aris gamoricxuli, 

rom aRdgeniT garemoSi Tixamiwis darCenilma 

raodenobam aRmdgenelis nacarTan erTad 

kompleqsuri karbidebi mainc warmoqmnas (Al4SiC  da  
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Al4CSi4). maRal temperaturaze Al4SiC SeiZleba 

daiSalos da warmoqmnas SiC, Alair. da Cmy : 

karborundi miiReba eleqtrowinaRobis RumelSi 

(4000-4500 kva), romelic warmoadgens moZrav baqans 

da romlis boloebSic ganlagebulia dengamtari 

naxSiris eleqtrodebi. 

aRniSnuli Rumelis muSaobis principi aris 

Semdegi: baqanis fskerze yrian nabruns, kvarcis 

fxvnils da Semdeg awyoben naWrovani navTobkoqsis 

kerns, romelsac zemodan ayrian sareaqcio kazms. 

kerni sawyis etapze samuSao winaRobasac 

warmoadgens. 

erTi tona karborundis misaRebad saWiroa, kg: 

 

kvarcis fxvnili         – 1750/2000 

sufris marili ( NaCl)     _ 1230 
antraciti             _ 900/700 

navTobkoqsi         _ 300/600 

xis naxerxi               _ 170/370 

el. energia               _ 8200/10000 kvt.sT 

(mricxveli Savi karborundis SemTxvevaa, xolo 

mniSvneli mwvanesi) 

 

sakazme masalebi gansakuTrebul moTxovnebs unda 

akmayofilebdes, kerZod kvarcis fxvnili unda iyos 

sufTa minarevebisagan da igi saSualod unda 

Seicavdes 99,6% SiO2-s,   0,3% FeO-s,  0,07% Al2O3-s,  
0,04% CaO-s  0,03%  MgO-sa da 0,02% TiO2-s. 
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aRmdgenelad SeiZleba gamoyenebuli iqnes mxolod 

mcire nacriani naxSirbad aRmdgenlebi, rogoricaa 

antraciti (nacrianoba 3%,  Cmy-93%) da navTobkoqsi 

(nacrianoba 0,8%, Cmy – 94%, aqroladebi 5%, sineste 

3%).  

RumelSi tvirTaven 50-65 t kazms da 3200-4500 kg 

kerns. karborundis miRebis process ZiriTadad 

akontroleben  daxarjuli eleqtroenergiis 

raodenobiT. magaliTad, 3500 kvt simZlavris 

transformatoris SemTxvevaSi karborundis miRebis 

procesi damTavrebulad iTvleba Tuki 

eleqtroenergiis xarji 65-70 mvt.sT-s Seadgens. 

ferosiliciumis gamodnobisas kazmSi arsebuli 

siliciumis karbidi advilad iSleba liTonuri 

rkiniT SiC+Fe=[Si]Fe + Cmy. rkinis meSveobiT 

siliciumis karbidis daSlis reaqcia manam 

mimdinareobs, sanam SenadnobSi siliciumis 

Semcveloba 23-24%-s ar miaRwevs. am SemTxvevaSi 

adgili aqvs silikokarbidis (Fe5Si3CX)  Qwarmoqmnas. 
siliciumis karbidis warmoebisas didi 

raodenobis airadi produqtebi warmoiqmneba. 

Rumelis konstruqciam da CatvirTvis meTodma, 

wesiT unda uzrunvelyos  warmoqmnili  CO-s 

daJangva CO2-mde, magram sxvadasxva mizezis gamo  

CO-s garkveuli raodenoba garemos mainc 

abinZurebs, risTvisac saWiro xdeba 

gamortyorcnili mtvrisa da airis specialuri 

damWeri sistemebis Seqmna. 
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11.qromiani Senadnobebis eleqtrometalurgia 

 

  qromi d. mendeleevis perioduli sistemis IV b 
jgufis elementia, misi rigiTi nomeria 24, igi 

Semdegi TvisebebiT xasiaTdeba: 

 

atomuri wona          51,996 

dnobis temperatura   18700C 
duRilis temperatura   24690C 
simkvrive                7,19 g/sm3 

valentoba              2, 3 da 6 

 

qromi rkinasTan myari da Txevadi xsnarebis 

uwyvet rigs warmoqmnis. 30%Fe+70% Cr Senadnis 

solidusis temperatura 15800C Seadgens, xolo 

likvidusis 16400C-s. naxSirbadTan qromi karbidebs 

warmoqmnis  Cr23C6,  Cr7C23  da Cr3C2,   romlebic 

Sesabamisad  5,58,  13,3  da 9,0% C-s Seicavs. axali 

monacemebiT cnobilia agreTve karbidi CrC, 
romelic 18,75%C-s Seicavs. 

Cr-Si sistemaSi warmoiqmneba Termodinamikurad 

myari silicidebi: Cr3Si, Cr5Si3, CrSi da CrSi2, 
romelTaganac Cr3Si  da Cr5Si3   kongruentulad dneba 

Sesabamisad 1770 da 17200C temperaturaze. 

qromi fosforTan warmoqmnis  fosfidebis mTel 

rigs (Cr3P,  Cr2P,  CrP, CrP2 da sxva).  myar qromSi 
fosfori mcire  raodenobiT ixsneba da Senadnis 

kristalizaciisas gamoiyofa fosfidebis saxiT. imis 
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gaTvaliswinebiT, rom qromis fosfidebi  gacilebiT 

mtkicea vidre rkinis, qromis Senadnobis 

defosforacia daJangviTi meTodiT nakleb  

efeqturia. 

Cr –S sistemaSi arsebobs stabiluri (CrS,  Cr3S4 da 

Cr2S3 ) da metastabiluri (Cr7S3 da Cr3S6) sulfidebi, 

xolo Cr –O  sistemaSi ki Semdegi oqsidebi:  CrO3, 
Cr2O3, Cr3O4, CrO. 

CaO–Cr2O3 sistemaSi xdeba qromitoqromatis 

9CaO.4Cr2O3.Cr2O3  (tdn=17740C)   da qromatis CaCrO4 
warmoqmna. aRniSnul sistemaSi mdgradi naerTia  

kalciumis qromiti CaO – Cr2O3. am sistemaSi 

damJangveli garemos pirobebSi adgili aqvs 

advildnadi Semadgenlobis warmoqmnas. 

CrO–SiO2 sistemaSi mxolod erTi naerTi, qromis 

orTosilikati (2CrO.SiO2)  warmoiqmneba, romelic 

periteqtikuri reaqciiT iSleba. qromis oqsidi (CrO) 
sufTa saxiT dabaltemperaturaze Termodinamikurad 

aramdgradia da haerze disproporcionirebs Semdegi 

sqemiT: 3CrO→Cr2O3+Cr. 
 

 

11.1 qromis madnebi da mineralebi 

 

madnebSi qromi warmodgenilia Semdegi 

mineralebiT: 

 

magnoqromiti      (Mg, Fe) O.Cr2O3 
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qrompikotiti      (Mg, Fe) O. (Cr, Al)2O3 

aluminoqromiti    FeO.(Cr,Al)2O3 

 

rkinis Semcvelobis mixedviT qromis madani 

SeiZleba iyos wiTeli an Savi feris. Savi feris 

madnebi Znelad  dnadi da aRsadgenia. 

qromis madnebi bunebaSi arsebos rogorc 

natexovani ise fxvnilovani saxiT. bunebrivia 

wvrilfraqciuli madnebi gamoyenebamde aucileblad 

saWiroebs danaWrovnebas. 

qromis madnebi (yazaxeTis sabado) unda 

akmayofilebdes Semdeg moTxovnebs: 

  

madnis marka DX – 1 - 1 DDX – 1 - 2 
Cr2O3, % (ara naklebi) 

SiO2,  % (ara umetesi) 
Cr2O3/FeO 

P, %  (ara umetesi 

50 
7,0 
3,5 

0,008 

47 
10,0 
3,0 

0,008 

 

 

11.2 maRalnaxSirbadiani feroqromis miRebis 

teqnologia 

 

ГOCT  4757-91 (iSO  5448-91) mixedviT feroqromi 

sam jgufad maRali, saSualo da mcirenaxSir-

badianad iyofa. qromis Semcveloba jgufis mixedviT 

mocemulia qvemoT: 
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dasaxeleba FeCr 
50 

FeCr 
60 

FeCr 
70 

FeCr 
80 

FeCr 
90 

Cr, mas. % 45,5 
55,0 

55,0 
65,0 

65,0 
75,0 

75,0 
85,0 

85,0 
95,0 

 
maRalnaxSirbadiani feroqromi miiReba qromisa 

da rkinis aRdgeniT. gamodnobis procesi aris 

uwyveti da igi mimdinareobs  maRali simZlavris   

(16,5_33 mva) eleqtrorkalur RumelebSi. 

maRalnaxSirbadiani feroqromis qimiuri Sedgeni-

loba markebis mixedviT aris Semdegi: 

 

marka Cr, ara 

naklebi 
C Si  P, ara 

umetesi 
S 

ФХ 650 А 
ФХ 650 Б 
ФХ 800 А 
ФХ 800 Б 
ФХ 800 СА 
ФХ 800 Б 

65 
65 
65 
65 
60 
60 

6,5 
6,5 
8,0 
8,0 
8,0 
8,0 

2,0 
2,1 
2,0 
2,0 

5,0 -10,0 
5,0 – 10,0 

0,03 
0,05 
0,03 
0,05 
0,03 
0,05 

0,06
0,08
0,06
0,08
0,03
0,05

 

maRalnaxSirbadiani feroqromis gamosadnobi 

Rumelis maxasiaTeblebi mocemulia qvemoT:  
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ganzomileba PK -16,5 PK3-33 

M1  

Zabva maRal safexurze, kv 110 110 
transformatoris simZlavre, mva 16,5 40 

meoradi  Zabva,  v 130-210 261-95
denis maqsimaluri Zala 

eleqtrodebze,  ka 

52,5-65,0 93 

simZlavris koeficienti (cosф) 
samuSao safexurze 

_ 0,92 

el.Rumelis  aqtiuri  simZlavre, mvt _ 31,7 
abazanis 

ganzomileba,  mm: 

diametri 9500 9500 
siRrme 2975 3850 

eleqtrodebis raodenoba 3 3 
eleqtrodebis diametri,  mm 1200 1500 

eleqtrodebs Soris daSoreba, mm 3300 4250 

 

 

oqsidebidan naxSirbadiT qromis aRdgena SeiZleba 

Semdegi reaqciebiT ganxorcieldes (aqve mocemulia 

jibsis energiis cvlilebis temperaturaze 

damokidebuleba da is temperaturebi, roca Pco=100 
kpa da   Δ G0

T=0). 
 
1. Cr2O3+13/3C=2/3Cr2C2+3CO Δ Go

T=730940-511,68T 
(Tsaw.=1430K) 
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2.  2/3Cr2O3+18/7C=4/21Cr7C3+2CO Δ G0
T=511128-364,57T 
(Tsaw=1403 

 
3.   Cr2O3+81/23C=2/23Cr23C6+3CO Δ G0

T=749452-526,47T 
(Tsaw=1424K) 

 
4.   2/3Cr2O3+2C=4/3Cr+2CO Δ G0

T=54624-360,8T 
   (Tsaw=1513K) 

 
5.   3(FeO.Cr2O3)+3C=3Fe+3Cr2O3+3C Δ G0

T=491490- 
415,3T (Tsaw=1185K) 

 
6.  MgO. Cr2O3+3C= 2Cr+MgO+3CO Δ G0

T=720350- 
465,94T (Tsaw=1546K) 

 

mocemuli monacemebidan gamomdinare qromitidan 

jer rkina unda aRdges (me_5 reaqcia), Semdeg qromi 

(Cr2O3-dan) karbidebis warmoqmniTa (reaqcia 1,  2 da 

3) da sufTa qromis saxiT (me-6 reaqcia). 

maRalnaxSirbadiani feroqromis gamosadnobad 

iyeneben qromis madansa da naxSirbadaRmdgenels 

(koqsi, naxevradkoqsi, airovani naxSiri). kazmSi 

SehyavT agreTve sakuTari liTonuri narCenebic. 

saWiroebis SemTxvevaSi qromis madnebs winaswar 

anaWrovneben aglomeraciis an dagundavebis 

meTodiT. 

naxSirbadiani feroqromis gamodnobisas didia 

widis roli. widaSi ZiriTadi komponentebis 
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raodenoba SiO2, MgO da Al2O3 SeiZleba mcire 

zRvrebSi icvlebodes. aseTi  moTxovna 

ganpirobebulia imiT, rom liTonis temperatura 

gamoSvebisas 1500_16000C-s Seadgens. aseTi 

temperaturis misaRwevad aucilebelia widac maRali 

dnobis temperaturiT xasiaTdebodes (17000C). aseTi 

widis misaRebad kazmSi flusis saxiT kvarcitsac 

amateben. sasurvelia wida Seicavdes   30-35%  Al2O3-
s, 30-35%   MgO-s  da   35%  SiO2-s, radganac aseTi  

Sedgenilobis widis dnobis temperaturaa 1560-16800C,  

xolo  siblante  3-7 puazi.     
naxSirbadiani feroqromis gamodnobisas Rumels  

miewodeba Semdegi ulufa: 

 

qromis  madani          850 kg 

qromiT mdidari  wida  150  kg 

kvarciti               30_35 kg  

koqswvrila  (mSrali)   220 kg 

liTonuri narCenebi     150 kg 

 

didi simZlavris RumelebSi dnobisas liTonsa da 

widas cvlaSi samjer uSveben kaskadurad 

ganlagebul foladis cicxvebSi. liTonisaTvis 

gankuTvnili cicxvi widis garnisaJiTaa  dafaruli. 

naxSirbadiani feroqromis miRebisas widis 

jeradoba 0,8-1,3-s Seadgens.  manganumis  amokrefa  

92-96%-s  aRwevs, xolo rkinis 95%-s. kazmis 

angariSisas daxurul RumelSi dnobisaTvis 
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aRmdgenels 2% siWarbiT iReben, xolo  Ria 

RumelSi dnobis SemTxvevaSi  ki 10% siWarbiT. 

erTi  tona bazuri liTonis misaRebad ixarjeba; 

kg: 

 

qromis madani________1890 

koqswvrila _________ 440 

kvarciti ____________ 130 

eleqtrodebis masa  ___ 26  

eleqrtoenergia ______  3400 kvt.sT. 

 

wvrilfraqciuli da Raribi qromis madnebisa da 

iaffasiani qvanaxSiris gamoyenebis SemTxvevaSi 

Zalze efeqturia maRalnaxSirbadiani feroqromis 

plazmur RumelSi gamodnoba. rogorc gaTvlebi 

aCvenebs kapitaluri danaxarjebi 50 aTasi tona 

wliuri warmadobis plazmuri Rumelis asaSeneblad 

15 mln dolars Seadgens, maSin rodesac igive 

warmadobis mqone eleqtroRumelis aSenebisTvis 26 

mln dolaria saWiro. garda amisa plazmur RumelSi 

gamodnobisas mcirdeba qromis danakargi widaSi, 

izrdeba Rumelis warmadoba da rac aranakleb 

mniSvnelovania simZlavre damoukidebeli xdeba 

kazmis winaRobisgan. 

3 mva simZlavris RumelSi Raribi qromis 

koncentratis, (38,2% Cr2O3  da 24,2%  Fe2O3 ) 

naxSirisa da flusis gamoyenebiT  gamodnobili iqna 

feroqromi (54% Cr da 8% C ). qromis amokrefam 92% 
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Seadgena, xolo el. energiis xarjma tona 

produqciaze ki 6500 kvt. sT.         

 

 

11.3 ferosilikoqromi 

 

standartis mixedviT ferosilikoqromi SeiZleba 

iyos gadasamuSavebeli  da sasaqonlo: 

 

marka  Si Cr 
aranaklebi 

C P S 
ara umetes 

ФСХ  10-16 
ФСХ   16-23 
ФСХ   23-30 
ФСХ   30-37 
ФСХ  37-45 
ФСХ  >45 

55 
48 
45 
40 
35 
28 

6,0 
4,5 
3,0 
0,9 
0,2 
0,1 

0,04 
0,04 
0,03 
0,03 
0,03 
0,03 

0,03 
0,02 
0,02 
0,02 
0,02 
0,02 

 

sasaqonlo ferosilikoqroms iyeneben foladis 

ganJangvisa da legirebisaTvis, xolo gadasamuSa-

vebel ferosilikoqroms  ki  rogorc  aRmdgenels 

mcirenaxSirbadiani feroqromis gamosadnobad  

(silikoTermuli meTodi). 

arsebobs  silikoqromis miRebis ori meTodi 

widiani (erT stadiani) da uwido (or stadiani). 

orstadiani meTodi emyareba kazmSi  gadasamuSa-

vebeli feroqromis  arsebobisas  (pirvel stadiaze 

miRebuli)  kaJmiwidan naxSirbadiT  siliciumis 
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aRdgenis process.  erT stadiuri meTodisas kazmSi 

iyeneben qromis madans, kvarcits da koqswvrilas. 

orsafexuriani uwido meTodiT ferosilikoqromis 

gamodnobas axorcieleben sxvadasxva simZlavris 

naxSirbadamonagian madanaRdgeniT RumelebSi (16,5_33 

mva),  uwyveti procesiT. me_2 stadiaze dnobisas 

iyeneben kvarcits (20_80 mm), granulirebul 

gadasamuSavebel naxSirbadian feroqroms,  mcire 

raodenobiT rkinis burbuSelas, naxevradkoqsa da 

koqswvrilas. ferosilikoqromis miRebis jamur 

reaqcias Semdegi saxe aqvs: 

 

2/3(Cr,Fe)7C3+SiO2+2C=14/3[Cr,Fe]+Si+2CO 
 

maRalsiliciumiani  ferosilikoqromis (48% Si) 
gamodnobisas kazmis ulufa aris Semdegi: kg 

 

kvarciti ______________--__-__ 300 

koqswvrila (mSrali) _____---___ 50 

naxevrad koqsi _____________-_ 100 

gadasamuSavebeli feroqromi ___140 

rkinis burbuSela ____________ 22 

 

ferosilikoqromis miRebis erTstadiur meTods 

(widiani) ruseTsa da yazaxeTis  feroSenadnobTa 

qarxanaSi ar iyeneben,  radgan mZlavr RumelSi 

Catarebulma samrewvelo eqsperimentebma  ver aCvena 

dadebiTi efeqti. sakazme masalad gamoyenebul iqna 
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qromis madani (20-80 mm), kvarciti (20-88 mm) da 

koqswvrila (5-20 mm). 

kazmis ulufa Seadgens: 

 

 ФСХ 20 ФСХ  33 
qromis  madani 

kvarciti 

koqswvrila (sineste 15-20%) 

500 
230 
215 

400 
320 
230 

 

dnobis procesSi madnidan da kvarcitidan 

naxSirbadiani aRmdgeneliT mimdinareobs rkinis,  

qromisa da siliciumis aRdgena: 

 

2/3Cr2O3)+18/7C=4/21[Cr7C3]+2CO 
 
2FeO+8/3C=2/3[Fe3C]+2CO 
 
1/3[(Cr,Fe)7C3]+10/3[Si]=7/3[Cr,Fe]Si+SiC 
 

qvemoT naCvenebia ferosilikoqromis widebis 

Sedgeniloba (widuri meTodi) 

 

 SiO2 MMgO Al2O3 ≤ SiC ≤ Cr2O3 

ФСХ 20 
ФСХ 33 

42-45 
43-46 

30-35 
28-32 

13-16 
13-16 

2,0 
3,0 

1,0 
1,0 
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erTi tona ferosilikoqromis gamosadnobad 

saWiroa: 

 

maCvenebeli Si-is       Semcveloba 

13 23 33 43 50 

masalebis xarji, 

kg/t:   kvarciti 

298/634 

 

520/881 742/1134 965/1320 1121/1464

qromis madani _ /1905 _/1600 _/1420 _/1145 _/923 

koqswvrila 117 /543 220/575 312/625 424/678 308/712 

adasamuSavebeli 

feroqromi 

1089/_ 911/_ 803/_ 648/_ 525/_ 

foladis 

burbuSela 

8/30 

 

41/82 62/84 93/105 115/116 

el.energia  

kvt.sT/t 

1500/4770 2450/5660 3390/7040 4350/7770 5110/8870

 

mricxveli uwido (orsafexuriani) teqnologiaa. 

mniSvneli widiani (erTsafexuriani) teqnologiaa. 

 

 

11.4 mcirenaxSirbadiani feroqromis miRebis 

teqnologia 

 

СНГ ГОСТ 4757-91 (ISO 5448-81) mixedviT 

mcirenaxSirbadiani feroqromis sami qvejgufi 

ganixileba: 

  

1) mcirefosforiani   (≤0,03%) 
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2) maRalfosforiani    

3) maRalqromiani (75,0_95%) da mcirefosforiani 

(≤0,02%) 

 

mcirenaxSirbadiani feroqromi miiReba qromis 

madnidan ferosilikoqromis siliciumiT siliciu-

misa da rkinis aRdgeniT. kazmSi kalciumis oqsidis 

arseboba xels uwyobs silikoTermuli  procesis 

warmarTvas. amasTan optimaluri pirobebi miiRweva 

maSin, rodesac widis fuZianoba (CaO/SiO2) 1,7- 1,9-s  
gautoldeba.  jamuri reaqcia SeiZleba Semdegnairad 

warmoisaxos: 
 

2/3Cr2O3+Si+2CaO=4/3Cr+2CaO . SiO2 

  

arsebobs mcirenaxSirbadiani feroqromis miRebis 

ori meTodi.  

pirveli meTodi (erTstadiani) grafitis 

eleqtrodebian rkalur  el. RumelSi dnobas emyare-

ba. kazmi Seicavs qromis madans, ferosilikoqromsa 

da kirs. RumelSi miRebul nadnobs ayovneben, manam 

sanam warmoqmnili feroqromi wonasworobaSi mova 

widasTan. wonasworobis damyarebis procesSi 

grafitis eleqtrodebidan intensiurad mimdinareobs 

liTonis danaxSirbadianeba. 

 

meore meTodis   arsi mdgomareobs imaSi, rom 

qromisa da kiris narevs calke  adnoben rkalur 
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el.RumelSi da miRebul madanflusian Txier masas 

cicxv_reaqtorSi Txevad ferosilikoqroms ureven.  

    
mcire naxSirbadiani feroqromis qimiuri 

Sedgenilobaa Semdegi: 

 

marka Cr    ara 
naklebi 

C Si P S Al 
a r a     u m e t e s i 

ФX001А 68 0,01 0,8 0,02 0,02 0,7 
ФX001Б 68 0,01 0,8 0,03 0,02 0,7 
ФX002A 68 0,02 1,5 0,02 0,03 _ 
ФX002Б 68 0,02 1,5 0,03 0,03 _ 
ФX003A 68 0,03 1,5 0,02 0,03 0,7 
ФX003Б 68 0,03 1,5 0,03 0,03 0,7 
ФX004A 68 0,04 1,5 0,02 0,03 0,3 
ФX004Б 68 0,04 1,5 0,03 0,03 0,3 
ФX005A 65 0,05 1,5 0,03 0,03 _ 
ФX005Б 65 0,05 1,5 0,05 0,03 _ 
ФX006А 65 0,06 1,5 0,03 0,03 0,3 
ФX006Б 65 0,06 1,5 0,05 0,03 0,3 
ФX010А 65 0,10 1,5 0,03 0,03 0,3 
ФX010Б 65 0,10 1,5 0,05 0,03 0,3 
ФX015А 65 0,15 1,5 0,03 0,03 0,3 
ФX015Б 65 0,15 1,5 0,05 0,03 0,3 
ФX025А 65 0,25 2,0 0,03 0,03 _ 
ФX025Б 65 0,25 2,0 0,05 0,03 _ 
ФX050А 65 0,50 2,0 0,03 0,03 _ 
ФX050Б 65 0,50 2,0 0,05 0,03 _ 
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orive meTodiT  gamodnobis SemTxvevaSi sakazme 

masalebi mcire raodenobiT unda Seicavdes 

naxSirbadsa da fosfors. 

erTstadiuri  meTodiT mcirenaxSirbadiani 

feroqromis miReba xorcieldeba 5000 kva simZlavris 

magnezitis aguriT amogebul dasaxreli tipis 

eleqtroRumelSi. gamodnobis teqnologia Semdeg 

operaciebad SeiZleba daiyos: 

1. Rumelis SekeTeba; 

2. RumelSi ferosilikoqromis pirveli ulufis 

CatvirTva; 

3. pirveli ulufis gadnoba; 

4. ferosilikoqromis meore ulufisa da madan-

kirqviani narevis  nawilis CatvirTva; 

5. meored miwodebuli kazmis ulufis gadnoba; 

6. liTonisa da widis gamoSveba. 

 

mcirenaxSirbadiani feroqromis gamodnoba ori 

periodisgan Sedgeba: pirveli periodis damTavrebis 

Semdeg Rumelidan axdenen widis gamoSvebas, xolo 

meore periodis Semdeg widasTan erTad liTonsac 

uSveben.  

erTi dnobisTvis saWiroa: 

 

qromis madani ______ 5200_5800 kg  

kiri _______________ 4200_4700 kg  

ferosilikoqromi____ 1700_1900 kg. 
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ФX050 da ФX025 markis feroqromis gamodnobis 

teqnologia dnobis periodis mixedviT Semdeg 

operaciebad SeiZleba daiyos: liTonis gamoSvebis 

Semdeg dnobis pirvel periodSi Rumelis qvedze 

ayrian  700-1000 kg ferosilikoqroms, CauSveben 

eleqtrodebs da deniT datvirTvis Semdeg Rumels 

awvdian darCenil ferosilikoqroms madan-kirian 

nawilTan erTad, romlis gadnobis Semdegac axdenen 

liTonisa da widis gamoSvebas.   ФX015,  025,  050 

markis feroqromis gamodnobis SemTxvevaSi RumelSi 

feroqroms kazmTan erTad tvirTaven.   

mcirenaxSirbadiani feroqromis gamodnobisas 

widis fuZianoba 1,70_1,89 Seadgens. miRebuli wida 

Semdegi qimiuri SedgenilobiT xasiaTdeba, %: 48,0-
51,0  CaO,  27,0-30,0  SiO2,   4,5-5,0  Cr2O3,   0,8-1,0  FeO . 

erTi tona feroqromis misaRebad ixarjeba, kg: 

 

qromis madani ___ 1620 kg 

kiri   __________ 1440 kg 

silikoqromi      ____ 609 

el.energia, kvt. sT __  2350 

 

qromis amokrefa kazmidan liTonSi Seadgens 80-

83%-s. 

mcirenaxSirbadiani feroqromis gamodnobisas 

miRebuli wida Semdegi qimiuri SedgenilobiT 

xasiaTdeba,%: 45-46   CaO;   26-27   SiO2;     5,0-6,0  Cr2O3;      

1,0-1,3  FeO;     CaO/SiO2 =1,7.  
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Serevis meTodiT feroqromis miRebis teqnologia 

mTeli rigi TaviseburebebiT xasiaTdeba. qromis 

madnisa da kiris narevis gadnobisas, imis gamo rom 

liTonuri faza am SemTxvevaSi ar figurirebs, 

madanflusian nadnobSi naxSirbadis Semcveloba  

yovelTvis mcirea. garda amisa Serevis procesSi 

grafitis eleqtrodebis ar arseboba, wina 

meTodisagan gansxvavebiT, aseve zRudavs naxSirbadis 

moxvedris SesaZleblobas liTonSi. 

nadnobis Serevisas didi raodenobiT siTbo 

gamoiyofa (qromisa da rkinis oqsidebis ferosili-

koqromis siliciumiT aRdgeniT da CaO- sa da  SiO2-

is SeerTebiT). gamoyofili siTbos raodenoba 

saSualebas iZleva myari ferosilikoqromic iqnes 

gamoyenebuli, rac mcirenaxSirbadiani feroqromis 

miRebas ufro ekonomiurs xdis. garda amisa, Serevis 

meTodiT mcirenaxSirbadiani feroqromis miRebis 

teqnologia kinetikuri TvalsazrisiTac gacilebiT 

swrafia RumelSi gadnobasTan SedarebiT. 

madankiriani narevis nalRobis misaRebad 

SeiZleba gamoyenebuli iqnes qromis madnis 

koncentrati (Gr2O3≥48%, Cr2O3/FeO=3,5;  SiO2≤8,0%;  
CaO≤0,8%;  P≤0,5%)  da kiri (CaO ≥8,9%,  CO2≤2-4%,  
simsxo  5_50 mm). 

imis gaTvaliswinebiT, rom FferoqromSi 

fosforis Semcvelobas uSualod gansazRvravs 

sakazme masalebSi arsebuli fosforis raodenoba, 

winaswar axdenen sakazme masalebis klasifikacias 
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fosforis Semcvelobis mixedviT. gamosadnobi 

feroqromis markidan gamomdinare, ferosilikoqromi 

SeiZleba Seicavdes  48_51%   Si-s,  28,5-29% Cr-s da 
araumetes 0,02% fosfors. 

qromis madnisa da kiris narevis gadnobas axdenen 

magnezitis aguriT amogebul el.RumelSi. 

maxureblad gamoiyeneba grafitis eleqtrodebi. 

kazmSi yovel 100 kg qromis madans emateba 73_82 kg 

kiri. miRebuli Senadni Seicavs  27-29% Cr2O3-s  da 
40-43%  CaO-s . Senadnis formirebis daCqarebis 

mizniT kazms mcire raodenobiT silikoqromsac 

amateben, Sedegad warmoiqmneba SiO2, romelic dabla 

swevs dnobis  temperaturas. madankirian Senadnobs 

Rumelidan uSveben magnezitis aguriT amogebul 

cicxvSi. Cr2O3-is  Semcvelobisa da myari 

danamatebis masis gansazRvris Semdeg adgenen 

ferosilikoqromis  saWiro raodnobas. miRebul 

Senadns  asxaven cicxvSi.  im  siswrafiT,  rom  igi  

Seesabamebodes cicxvSi aRdgeniTi procesebis 

siCqares (200 kg ferosilikoqromi/wT). 

mcirenaxSirbadian feroqroms asxaven Tujis 

boyvebSi, sxmulis sisqe ar aRemateba 80 mm-s. 

Serevis meTodiT feroqromis miRebisas, sakazme 

masalebis xarji tona produqtze Seadgens, kg/t; 

1. qromis madani      (50% Cr2O3)  1750; 
2. ferosilikoqromi  (48%  Si)     570; 
3. kiri    1370;  
4. el.energia    2750 kvt.sT/t. 
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qromis amokrefa saSualod 80%-s aRwevs. 

Semosuli siTbos raodenobis 65,8% madankirian 

Senadns Seaqvs, 11,25% Txevad ferosilikoqroms, 

xolo 23% egzoTermuli reaqciebiT gamoiyofa. 

Serevis meTodiT mcirenaxSirbadiani feroqromis 

gamodnobis teqnologias uaryofiTi mxarec aqvs, 

rac ZiriTadad mcireazotiani Senadnis miRebis 

sirTuleSi gamoixateba. 

 

 

11.5 saSualonaxSirbadiani feroqromis miRebis    

Jangbad-konvertoruli da silikoTermuli 

meTodi 

 

saSualonaxSirbadiani feroqromis qimiuri 

Sedgebiloba standartis (ГОСТ  4757-79)  mixedviT 

aris Semdegi 

 

m a r k a C P 
a r a  u m e t e s i 

ФX 100 А 
ФX 100 Б 
ФX 200 А 
ФX 200 Б 
ФX 400 А 
ФX 400 Б 

1 

1 

2 

2 

4 

4 

0,03 

0,05 

0,03 

0,05 

0,03 

0,05 
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SeniSvna :   yvela   marka  Seicavs   65%  Cr-s,   
2%  Si-s da 0,04%  S-s. 

axali standartebis  (ISO 5448-81)  mixedviT 

qromis Semcveloba saSualonaxSirbadian feroqrom-

Si 45-75% intervalSi meryeobs, xolo naxSirbadisa 

da siliciumis Semcveloba minimumamdea Semcirebu-

li (Sesabamisad  0,5 da 1,5%).  aseTi Sedgenilobis 

feroqromi SeiZleba MmiRebul iqnes rogorc sili-

koTermuli aseve Jangbadkonvertoruli meTodiT. 

ufro adrindelia  ufluso silikoTermuli meTo-

di, romelic iTvaliswinebs qromis madnidan qromisa 

da rkinis aRdgenas ferosilikoqromis siliciumiT: 

 

FeO. Cr2O3+[Si-Cr-Cx] → [Fe-Cr-Cx]+SiO2 

 
amJamad saSualo naxSirbadiani feroqromis 

gamosadnobad iyeneben flusian meTods, romlis 

drosac  erTi tona produqciis misaRebad ixarjeba: 

 

1. 1413 kg qromis madani (50% Cr2O3), 
2. 519 kg  48%-iani ferosilikoqromi, 

3. 100 kg widis separaciiT miRebuli liToni, 

4. 1241 kg kiri,  

5. 14 kg eleqtrodebis masa da 2129 kvt.sT 

eleqtroenergia,  

 

qromis amokrefa  Seadgens 76-80%-s. 
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Jangbad-konvertoruli meTodi 

saSualonaxSirbadiani feroqromis miRebis es 

meTodi emyareba JangbadiT naxSirbadiani 

feroqromis naxSirbadis amowvis process: 

 

2/27Cr7C3+1/2O2=7/27Cr2O3+6/27CO Δ GO
T=-292600+46,1T 

j/moli 

 
1/3Cr7C3+1/2O2=7/3Cr+CO Δ Go

T=-316800+162,9T j/moli 

 

2/3Cr+1/2O2=1/3Cr2O3         Δ G0
T=-377510+85,61T j/moli 

 

jibsis energiis cvlilebis temperaturaze 

damokidebulebis gantolebidan gamomdinare dabal 

temperaturebze, Sebervis sawyis stadiaze unda 

ganviTardes qromisa da qromis karbidis daJangvis 

reaqcia  Cr2O3-is  warmoqmniT. qromis 6%-ze naklebi 

Semcvelobisas ki warmoiqneba SedarebiT myari 

karbidi DCr23C6  (5,8% C). ganaxSirbadianebis reaqcias 
am SemTxvevaSi Semdegi saxe aqvs: 

 

Cr23C6+2Cr2O3=2Cr+6CO 
 
Δ G0

T=1958200-973,62T     j/moli 

 

aRsaniSnavia, rom Cr2O3- iT     Cr23C6     karbidis 

naxSirbadis amowvis Teoriuli temperatura  ufro 
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maRalia vidre Cr7C3-dan, rac imaze miuTiTebs, rom  

daJangvis procesi Txoulobs maRal temperaturas. 

aTvisebulia feroqromis warmoeba 15 tona teva-

dobis konvertorSi, romelSic wyliT gamaciebadi  

saqSinodan Jangbads uberaven. konventorSi yelidan 

asxaven 7-11 tona gadasamuSavebel feroqroms   

(≥60% Cr; ≤1,0% Si; ≤0,05% P; ≤0,06% S; naxSirbadis 
Semcveloba SezRuduli ar aris.) Jangbadis xarji 

erT tona liTonze  80 – 100 m3 Seadgens. dnobis  

damTavrebisas liTons awvdian 600-800 kg saSualo-

naxSirbadian feroqroms, xolo widis gaTxevadebis 

mizniT, gamoSvebis win RumelSi amateben 15-20 kg 

ferosilikoqroms (ФСХ 48). 
konvertorSi saSualo naxSirbadiani feroqromis 

gamodnobis, materialur balans Semdegi saxe aqvs: 

 

miewodeba 

gadasamuSavebeli feroqromi  89,97 

Jangbadi                        10,03 

sul                             100 

 

 

miiReba 

saS.naxSirbadiani feroqromi   62,82 

jarTi                            2,79 

wida                              7,68 

airi                             16,69 

Seusabamoba                      3,02 

sul                               100 
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erT tona mza produqciaze ixarjeba 1230-1260 kg  

naxS.feroqromi, 5-8 kg alumini da 100 m3 Jangbadi. 

qromis amokrefa Seadgens 80-81 %-s. 

 

 

11.6 liTonuri qromisa da feroqromis miReba 

aluminoTermuli meTodiT 

 

  aluminoTermuli gziT SesaZlebelia miRebuli 

iqnes liTonuri qromis Semdegi markebi:  X99A;    
Х99Б; X98,5;  Х98 da  Х97 (miTiTebulia qromis 

minimaluri Semcveloba). 

qromis aluminiT aRdgena mimdinareobs 

Sualeduri oqsidis (CrO) warmoqmniT; aRdgenis 

procesi Semdegi reaqciiT SeiZleba warmoisaxos 

(298_2700 K) 
 
2Cr2O3+4/3Al=4CrO+2/3Al2O3 Δ G0

T=-272340+11,07T, 
j/moli; 

 
2CrO+4/3Al=2Cr+2/3Al2O3; Δ G0

T=-403275+61,79T, 
j/moli; 

 
2/3Cr2O3+4/3Al=4/3Cr+2/3Al2O3;       Δ G0

T=-359630+37,5T,  
j/moli; 

 

liTonuri feroqromis gamosadnobad iyeneben 

qromis oqsids (qromis saerTo  Semcvelobaze 
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gadaTvliT Cr2O3>99, marka OXM-O) da  98% (marka 
OXM-1),  pirveladi aluminis fxvnils. 

RumelgareSe dnobis SemTxvevaSi sasurveli 

siTbos misaRebad, kazmSi natriumis gvarjilasac 

umateben, (>99% NaNO3). flusad gamoyenebulia kiri. 

kalciumis oqsidi  Al2O3-Tan warmoqmnis naerTs, 

romelsac dabali dnobis temperatura aqvs.  

kazmSi  CaO-s SeyvaniT widis dnobis temperatu-

rac dabla iwevs. damJangvel garemoSi SesaZlebelia 

kalciumis qromitoqromatis warmoqmna  

(9CaO.4CrO3.Cr2O3 tdn=12180C),   romelic Tavis mxriv 

qromis aRdgenamde aumjobesebs qromkiriani 

Senadnobebis warmoqmnis process.  

liTonuri qromis gamodnobas axdenen Tujis 

quraSi, romlis qveda nawili amogebulia magnezitis 

aguriT. quras specialur  kameraSi aTavseben. 

dnobas axorcieleben kazmiT, romelic Sedgeba 

qromis oqsidis, aluminis fxvnilisa da natriumis 

gvarjilasagan. gamodnobas iwyeben dabali aalebiT 

da dasawyisSi quraSi awvdian kazmis nawils (10-15%). 

anTeben magniumis fxvnilisa da gvarjilis narevs 

da aRdgeniTi procesis dawyebis Semdeg umateben 

kazmis darCenil raodenobas. miRebul sxmuls 

wyalSi gaciebis Semdeg amsxvreven. 

erTi  tona  liTonuri qromis (97% Cr) misaRebad 
ixarjeba 1650 kg Cr2O3,  620kg aluminis fxvnili da 

140 kg natriumis gvarjila.  
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qromis amokrefa Seadgens 88%-s. miRebuli 

liToni Semdegi qimiuri SemcvelobiT xasiaTdeba: 

 

Cr 
Al 
Si 
Fe 
C 
P 
S 
N 

98-99,3% 
1,1-0,1% 
0,3-0,1% 
0,3-0,6% 

0,01-0,02% 
0,04%-0,006% 

<0,02% 
0,03-0,2% 

 

 

11.6.1 feroqromis miRebis aluminoTermuli 

teqnologia 

 

aluminoTermiis gziT miRebuli mcirenaxSir-

badiani feroqromi Semdegi qimiuri SemadgenlobiT 

xasiaTdeba: 

 

feroqromis   

marka 

Cr C Si S P AAAl 

ФХ 003А 
ФХ 004А 

75 
70 

0,03 
0,04 

0,5 
0,7 

0,015 
0,020 

0,010 
0,018 

0,4 
0,5 

 
sakazme masalebad gamoiyeneba qromis koncentrati 

(58,5% Cr2O3; 1.6% SiO2), pirveladi aluminis fxvnili, 

kiri da mcire raodenobiT gvarjila. gamodnobas 

axorcieleben daxril gamosadnob agregatSi. 
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procesis xvedriTi siTbo 3100_3180 kj/kg-s Seadgens, 

rac 23600C  temperaturis miRwevas uzrunvelyofs. 

feroqromis gamodnobisas qromis amokrefa 89%-s 

Seadgens. 

qvemoT moyvanilia aluminoTermuli feroqromis 

miRebis teqniko-ekonomikuri maCveneblebi. 

 

m a C v e n e b e l i 

masalebis xarji, t; RumelgareSe el.RumelSi 

koncentranti 

alumini 

gvarjila 

kiri 

el.energiis xarji, 

kvt.sT/t 

2,215 
0,710 
0,411 

_ 
_ 

1,756 
0,466 
0,032 
0,466 
1240 

 

miRebuli wida Seicavs: 60% Al2O3-s, 2-4% Cr2O3-s, 
10-13% CaO-s, 20-24% MgO-s 0,8-1% FeO-sa da 0,8-1,5%  
SiO2-s. aRniSnul widas iyeneben maRalTixamiwiani 

naxevradproduqtis an maRalTixamiwiani cementis 

misaRebad. 

 
 

11.7 azotirebuli feroqromis miRebis 

teqnologia 

 

qromTan azoti warmoqmnis myar xsnars [N]Cr  da 

nitridebs: Cr2N(11,87% N) da CrN-s (21,22%N). CrN 



181 
 

nitridis warmoqmnis siTbo (Δ H0
298)   -114kj/mol-s 

Seadgens, xolo entropia 328,1 j.mol K-s. qromis 

nitridebis warmoqmnisas jibsis standartuli 

energiis cvlilebis damokidebulebas temperaturaze 

Semdegi saxe aqvs (j/moli) 

 

4Cr+N2=2Cr2N;            Δ G0
T=-216942-48,07TLgT+275,8T;  

 
2Cr2N+N24CrN;             Δ G0

T=-267520-48,07TLgT=347,7T 
 
azotirebul feroqroms iyeneben nikelis nawi-

lobriv Semcvel masalad, agreTve qromnikelmanga-

numiani da qrommanganumiani austenturi foladebis 

warmoebaSi. 

azotirebuli feroqromis ori nairsaxeoba      

arsebobs, gamodnobili da Semcxvari. gamodnobili   

feroqromi (2,0-4,0% N-is SemcvelobiT),  induqciur 

eleqtro RumelebSi, an plazmur_rkaluri dnobisas 

Txevadi mcirenaxSirbadiani feroqromis azotiT 

gajerebiT miiReba. Txevad feroqromSi molekuluri 

azotis gaxsnas Tan sdevs siTbos gamoyofa  

(procesis egzoTermulobis gamo). 

 

N2(air)+[Fe-70%Cr)→2[N]Fe-70Cr 
 

Txevad qromSi gaxsnili azotis raodenoba 

temperaturis gazrdiT mcirdeba. 
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azotirebuli Secxobili feroqromi warmoadgens 

vakumSi ganaxSirbadianebul maRalnaxSirbadiani 

feroqromis azotiT gajerebul fxvnils (4,0-10,0% 

N). Secxobili azotirebuli feroqromi SeiZleba 

MmiRebul iqnes agreTve mcirenaxSirbadiani siliko-

Termuli feroqromis azotirebiT. momxmareblis 

moTxovnilebis mixedviT, azotis Semcvelobam 

feroqromSi SeiZleba 10%-s miaRwios. 

 

marka 
(ГОСТ 

4757-79) 

Сr  ara 
naklebi 

C Si P S Al N  ara 
naklebi Aa r a u m e t e s 

ФХН 100 А 
ФХН 100 Б 

65 0,06  0,02 
0,03 

0,02  1,0 

ФХН 200 А 
ФХН 200 Б 

65 0,06 1,0 0,03 
0,04 

0,02  2,0 

ФХН 400 А 
ФХН 400 Б 

65 0,06  0,03 
0,04 

0,04 0,2 4,0 

ФХН 600 А 
ФХН 600Б 

65 0,03  0,03 
0,04 

0,04  6,0 

 

 

11.7.1 azotirebuli feroqromis miReba myar    

mdgomareobaSi 

 

myar mdgomareobaSi azotirebul feroqroms 

Rebuloben molekuluri azotis atmosferoSi 

wvrilfraqciuli feroqromis gaxurebiT im 

temperaturaze, romelic nitridebis Termodinamikur 
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mdgradobasa  [(Cr,Fe)N2 da (Cr,Fe)N] da azotirebis 
maRal siCqares uzrunvelyofs. 

ganaxSirbadianebis Semdeg vakuumis RumelebSi 

11000C temperaturaze 100 kpa wnevis qveS SehyavT  

azoti (99,5% N2). azotirebuli feroqromis   brike-

tebs 3 _ 4 kpa wnevis  pirobebSi acieben 600-8000C-
mde. briketebis saboloo gaciebas axdenen haeris 

saSualebiT. erTi tona azotirebuli feroqromis 

misaRebad (6-8%  N;  60% Cr,   da 0,01% C) ixarjeba 

1100 kg gadasamuSavebeli  naxSirbadiani  feroqromi, 

150 m3 azoti da 9500 kvt.sT eleqtroenergia. 

 

 

11.7.2 feroqromis azotireba Txier 

mdgonareobaSi 

 

azotirebas ukeTeben mcirenaxSirbadian fero-

qroms, romelic aluminiTaa ganJanguli da mcire 

raodenobiT Seicavs siliciums. airadi azoti 

gasufTavebuli unda iyos Jangbadisa  da H2O–sgan. 

am pirobebis dacva SesaZlebelia vakumur-induqciur 

RumelSi. 

Txevadi saSualonaxSirbadiani feroqromis 

azotireba SeiZleba ganxorcieldes agreTve Jangbad 

konvertorSi, sadac Txier feroqroms azoti 

miewodeba gverdiTi mxridan. garkveuli samuSaoebia 

Catarebuli feroqromis azotirebisa plazmur 

RumelSic. yvela SemTxvevaSi miiReba feroqromi, 
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romelSic 1-2% azotia gaxsnili da igi sxmulis 

mTel sigrZeze Tanabradaa ganawilebuli. 

 

 

11.8 gadasamuSavebeli feroqromis miRebis 

teqnologia 

 
gadasamuSavebeli feroqromi gamoiyeneba siliko-

qromis misaRebad, aseve konvertorSi saSualo da 

mcire naxSirbadiani feroqromis gamosadnobad da 

foladis warmoebaSi. 

maRalnaxSirbadiani feroqromis gamodnobisas, 

mniSvnelovan rols asrulebs wida, romlis Sedgeni-

lobas gansazRvravs Txevadi fazis warmoqmnis 

temperatura, misi raodenoba da kazmisa da widis 

winaRoba. 

qromis madnebSi magniumis oqsidis raodenobis 

momatebiT, widebSi MgO-s Semcveloba 26-31%-dan 42-

48%-mde SeiZleba gaizardos, rac Tavis mxriv 

qromis danakargebis gazrdasac ganapirobebs. 

gamokvlevebiT dadginda, rom 5-10% CaO-s 
damatebiT wida (romelic 31,96%  SiO2-s, 18,8% Al2O3- 
s, 45,5% MgO-s, 1,3% Cr2O3-s, 0,89% CaO-s, 0,77% FeO-sa 
da 0,21% S-s Seicavs) ufro Txierdenadi xdeba, 

mcirdeba misi dnobis temperatura da eleqtro-

winaRoba. widaSi 1,5% Na2O-s da amave raodenobiT 

K2O–s damateba, aseve dabala swevs widis dnobis 

temperaturas da zrdis  Txierdenadobis intervals. 
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amdenad CaO-sa da tutemiwaliTonebis damateba 

widaSi erTis mxriv aumjobesebs liTonuri Canar-

Tebis daleqvis process (widis Txier denadobis 

gamo), xolo meores mxriv arTulebs saWiro tempera-

turamde widis gaxurebas (gazrdili el.gamtarobis 

gamo). garda amisa, widaSi tutemiwaliTonebis 

Seyvanam SeiZleba Rumelis amonagic daazianos. Tu 

Rumeli normalurad muSaobs, eleqtrodebi Rrmad  

Cadis kazmSi, airebi Tanabrad amodis sakerZedan, 

liToni da wida aseve Tanabrad gamoedineba 

Rumelidan. Tu wida blantia (rasac iwvevs widaSi 

SiO2–is dabali da  MgO–s maRali Semcveloba), 

gaciebisas cicxvSi warmoiqmneba sqeli qerqi da 

cicxvis kedelze widis garnisaJi sagrZnoblad 

matulobs. metismeti Txieri widis SemTxvevaSi (rac  

gamowveulia SiO2-is maRali koncentraciiT), cicxvSi 

qerqi aRar Cndeba, SeimCneva widis duRili, liToni 

swrafad civdeba da warmoiqmneba naRvenTi. 

maRalnaxSirbadiani feroqromis gamodnobisas, 

gansakuTrebuli moTxovnebia gogirdis Semcvelo-

baze. liTonSi gogirdis raodenobis gazrda 

SeiZleba ganapirobos sakazme masalebSi  misma  

maRalma Semcvelobam (umeteswilad aRmdgenelis 

nacarSi), RumelSi flusis naklebobam da kaJmiwis 

raodenobam widaSi. feroqromSi gogirdis 

Semcvelobis Semcireba SesaZlebelia ganxorciel-

des  dabal samuSao Zabvaze muSaobiT da liTonSi 

naxSirbadis raodenobis gazrdiT. 
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Rumelis normaluri muSaobis process umetesad 

arRvevs qromis madanSi magniumis oqsidis  

momatebuli raodenoba. MgO-s raodenobis gazrdiT 
wida blanti xdeba da uWirs Rumelidan gamosvla, 

amasTan MgO-s raodenobis gazrdaze mianiSnebs 

liTonSi naxSirbadis Semcvelobis Semcireba da 

widis dnobis temperaturis gazrda. 

Rumelis normaluri samuSao reJimis aRsadgenad 

da MgO-s koncentraciis Sesamcireblad  saWiroa 

kazmSi mJave flusis damateba. gamodnobis procesis 

normalurad warmarTvisaTvis  sasurvelia widebis 

dnobis temperatura 1883-1923 K intervalSi meryeob-

des. widis Semcveloba SeiZleba daregulirdes 

flusis meSveobiT. 16,5 mva simZlavris daxurul 

RumelebSi naxSirbadiani feroqromis gamodnobisas 

kazmis ulufa aris Semdegi, kg: 

 

qromis madani:  ФХ 800                   ФХ 900 
natexovani 

Cveulebrivi 

koqswvrila 

naxevradkoqsi 

300-400 
300-200 

75 
60 

300 
300 

80-150 
- 

w i d a  
- 

0,30 
- 

0-100 

 
0-60 

- 
0-50 

0-100 

ferosiliciumis 

silikoqromis 

kvarcitebis anaceri 

nabruni narCenebi 
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miRebuli feroqromi Semdegi qimiuri Sedgenilo-

biT xasiaTdeba: 

 

 C Cr Si Fe S P 
 ФХ 800 7,88 71,25 0,24 20,55 0,044 0,022 

 ФХ 900 8,42 69,23 0,26 22,02 0,038 0,018 

 
miRebuli wida Seicavs, % 

 

 Cr2O3saer CrliT Fesaer SiO2 MgO Al2O3 CaO P S 
ФХ 
800 

7,7 3,94 1,5 29,1 44,45 15,9 1,1 0,0017 0,29 

ФХ 
900 

6,24 3,20 1,0 32,66 44,63 16,3 1,0 0,0013 0,36 

 

widis  jeradoba  ФХ -900  markis   gamodnobisas 
0,97-s Seadgens, xolo ФХ 800   markisas_1,04-s. 

erTi b.tona gadasamuSavebeli feroqromis misaRe-

bad ixarjeba: 

masalis xarji, kg ФХ 800 ФХ 900
qromis madani (mSrali, 50%  Cr2O3) 
koqswvrila 

naxevradkoqsi 

siliciumiani feroSenadnobebis wida 

kvarcitebis anaceri 

narCenebis nabruni 

eleqtrodebis masa 

el.energia, kj 

1880,2
210,7 

174,44
95,6 

- 
140,91
10,83 
11,87 

1812,2
374,1 

_ 
86,1 
23,2 

159,4 
11,8 

11,227
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elementebis  ganawilebas aqvs Semdegi saxe: 

 
 

elementi 

g a d a d i s,  % 

liTonSi widaSi narCenebSi 

Cr 
Si 
S 
P 

Mg 
Al 
C 

89,2/91,8 
1,5/1,7 

13,8/9,5 
82,2/82,5 

- 
- 

19,1/22,5 

7,6/5,55 
87,2/93,3 
95,4/86,7 

6,8/5,6 
86,2/78,4 
82,2/79,9 

1,5/1,3 

3,2/6,55 
10,9/10,2 

7,9/8,4 
2,3/4,8 

10,7/8,7 
10,5/10,1 

0,5/1,3 
 

SeniSvna: mricxveli ФХ 800, mniSvneli ФХ 900. 
Rumelis simZlavris mixedviT, liTonisa da widis 

gamoSvebas cvlaSi 3-4 jer axdenen Samotis aguriT 

amogebul cicxvSi. cicxvidan widis mowurvis Sem-

deg, liTons boyvebSi asxaven. 
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