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Sesavali 

 

qveynis ekonomikuri ganviTarebisa da cxovrebis 

done ganisazRvreba naxSiris, navTobisa da bunebrivi 

airis moxmarebuli raodenobiT. am bunebrivi 

resursebis mopoveba da transportireba  Tavis mxriv 

dakavSirebulia sxvadasxva markis foladis 

warmoebasa da gamoyenebasTan. aRniSnulidan gamomdi-

nare msoflio moTxovnileba foladze yovelwliu-

rad izrdeba da matebis tempi momavalSic SenarCun-

deba. imis gaTvaliSwinebiT, rom foladis gamodnoba 

feroSenadnobebis danamatis gareSe SeuZlebelia, 

Zneli warmosadgeni ar aris, raoden ganuzomelia 

feroSenadnobebis roli da mniSvneloba foladis 

warmoebaSi. 

amJamad msoflios 90 qveyana 150 sxvadasxva saxis 

feroSenadnobebs adnobs, romelic sufTa an garkveu-

li TanafardobiT 25-mde elements Seicavs. warmoebu-

li feroSenadnobebis naxevari manganumiani, xolo 

danarCeni siliciumiani, qromiani, nikeliani da sxva 

Senadnobebia. 

saqarTvelos statistikis departamentis monace-

mebiT sasaqonlo produqciidan saeqsporto arealSi 

pirvel adgilze swored feroSenadnobebia (2007 

wlis monacemebiT mis wilad modis 11,4%). amJamin-

deli monacemebiT saqarTvelo silikomanganumis 

warmoebis moculobiT brazilias, espaneTs, samxreT 

Kkoreas, meqsikasa da avstralias utoldeba.  
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WiaTuris sabados prognozuri maragi imis garan-

tiaa, rom manganumiani feroSenadnobebis warmoeba 

uaxloes momavalSic darCeba Cveni qveynis mrewve-

lobis ganviTarebis prioritetul mimarTulebad. 
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1.zogadi mimoxilva 

 

• ra pirobaa saWiro imisaTvis, rom oqsididan 

Termuli disociaciiT miviRoT liToni ? 
imisaTvis rom oqsidma Termuli disociacia 

ganicados 
MeO→Me + 1/2O2 

aucilebelia Jangbadis disociaciis drekadoba   
Po2(MeO)     aRematebodes Jangbadis parcialur wnevas 

airad fazaSi (pO2 a.f.) e.i. unda Sesruldes piroba 

Po2(MeO) >Po2a.f 

 

• ramdenad SesaZlebelia am pirobis dacva? 

am pirobis dacva vakumis qveS gaxurebis 

SemTxvevaSic TiTqmis SeuZlebelia, radganac Po2(MeO)  

Zalian mcire sididea. 

magaliTad: 

2Mn+O2=2MnO       lg Po2(MeO)            16000C-ze =-17,55 atm 

Si+O2=SiO2               lg Po2(MeO)                16000C-ze =-19 atm 

2Fe+O2=2FeO           lg Po2(MeO)           16000C-ze =- 10,25 atm 

 

• maSin ra meTodiT Rebuloben liTons? 

liTons Rebuloben oqsididan misi aRdgeniT 

(aRmdgenelis gamoyenebiT). 

 

• agregatuli mdgomareobis mixedviT 

aRmdgeneli ramdengvaria? 



8 
 

agregatuli mdgomareobis mixedviT aRmdgeneli 

SeiZleba iyos: 

myari   (C, Si, Al) 

Txevadi (mazuTi) 

airadi  (H2, CO) 

 

• aRmdgenelis  SerCevisas ra ZiriTadi sakiT-

xebia gasaTvaliswinebeli? 

aRmdgenelis SerCevisas aucilebelia pasuxi 

gaeces Semdeg kiTxvebs: 

1. SesZlebs Tu ara aRmdgeneli mocemul 

temperaturaze Sesabamisi oqsidis aRdgenas; 

2. rogoria aRdgenili elementis amokrefis 

xarisxi; 

3. rogori iqneba aRdgenis siCqare. 

 

• SeiZleba Tu ara eqsperimentis Catarebis 

gareSe pasuxi gaeces am kiTxvebs? 

eqsperimentis Catarebis gareSe Termodinamikuri 

gaTvlebiT SesaZlebelia 1 da 2 kiTxvaze pasuxis 

gacema. rac Seexeba me-3 kiTxvas,igi kinetikis sferoa 

da aucilebelad saWiroebs specialur eqsperimen-

tul gamokvlevebs. 

 

• rogor unda iqnes Termodinamikuri angariSiT 

gansazRvruli oqsididan elementis aRdgenis 

SesaZlebloba? 

ganvixiloT reaqcia  
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MeO+MeI→Me+MeIO     (1) 
sadac  Me- aRsadgeni elementia 

             MeI – aRmdgenelia 

 

gamomdinare iqedan, rom nebismieri aRdgeniTi 

reaqcia daJangvis reaqciis paralelurad 

mimdinareobs, pirveli reaqcia ori martivi reaqciis 

saxiT SeiZleba warmoisaxos: 

2Me+O2=2MeO     (2)   (-∆G2
0) 

2MeI+O2=2MeIO     (3)   (-∆G3
0) 

 

imisaTvis, rom pirveli reaqcia ganviTardes 

aucilebelia aRmdgenels (MeI) JangbadTan ufro meti 

swrafva axasiaTebdes vidre aRsadgen elements (Me). 
am swrafvis maxasiaTebeli Termodinamikuri sididea 

izobarul _ izoTermuli (mudmivi wnevisa da mudmivi 

temperaturis maxasiaTebeli) potencia-liΔ∆G0 

(jibsis energia), romlis sididec pirdapiri 

reaqciis ganviTarebisas uaryofiTia. kerZod, rac 

ufro minimaluria -∆G-s mniSvneloba, (e.i. absolu-

turi sidide rac ufro didia) miT metia aRmdgene-

lis an aRsadgeni elementis Jangbadisaken swrafva. 

e.i. pirveli reaqcia rom wavides aucilebelia 

Sesruldes piroba  

│-∆G3
0│>│-∆G2

0│, winaaRmdeg SemTxvevaSi pirveli 

reaqcia ver ganviTardeba. 
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• dawereT ∆G0–s temperaturaze damokidebu-

lebis gantoleba. 

jibsis energiis cvlileba temperaturuli 

funqciaa ∆G=F(T) ,  mas Semdegi saxe aqvs: 
 

∆GT
0=∆HT

0-T∆S0
T 

sadac ∆HT
0 - enTalpiaa, igive Tburi efeqti 

Sebrunebuli niSniT (∆H=-Q ),  
∆ST

0 -   entropia, igive dayvanili siTbo 

S= q/T, reaqciis mimarTulebis maCvenebeli. 

 

• dawereT enTalpiisa (∆H)  da entropiis  (∆S) 
cvlilebis temperaturaze damokidebulebis 

gantolebebi: 

∆HT
0=∆H298+׬

்
ଶଽ଼ ∆CpdT 

 

∆ST
0=∆S298+׬

்
ଶଽ଼  ∆Cp/T . dT 

 
sadac ∆H298  da ∆S298 enTalpiisa da entropiis 

cvlilebaa standartul pirobebSi          

(250C).   es  sidideebi  cxrilSia mocemuli. 

∆Cp  siTotevadobis cvlilebaa, Tavis mxriv 

∆Cp  = a0+a1T+a2T-2. . . 
sadac a0, a1 da a2 steqeometriuli koeficientebia da  

cxrilSia mocemuli. 
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• ra sididiT xasiaTdeba elementis aRdgenis  

xarisxi? 

elementis aRdgenis xarisxze SeiZleba vimsjeloT 

wonasworobis mudmivas mniSvnelobiT, rac ufro 

didia wonasworobis mudmiva, miT ufro maRalia 

elementis aRdgenis xarisxi. 

 

• ra aris wonasworobis mudmiva da riT 

SeiZleba gamoisaxos igi? 

wonasworobis mudmiva aris miRebuli da aRebuli 

nivTierebebis wonasworuli koncentraciebis namrav-

lis fardoba. magaliTad reaqciisaTvis 

 

aA+bB=cC+dD 
 

wonasworobis mudmiva ܭ ൌ
CDౚ CCౙ

CA౗ CBౘ
 C Sesabamisi 

nivTierebebis koncentraciebia.  

                             CA
a .  CB

b 

    wonasworobis mudmiva SeiZleba kidev gamoisa-

xos aqtiurobiT (a) da moluri wiliT 

 

ܭ ൌ
ୟ
ౙ

 ୟ
D

ୟA  ୟB
ܭ       ൌ

N
ౙ

 N
D

NA  NB
 

 

• ra SemTxvevaSi  myardeba wonasworoba ? 
wonasworoba  myardeba maSin, rodesac pirdapiri 

(V1) da Sebrunebuli (V2) reaqciebis siCqareebi 

erTmaneTs utoldeba (V1 = V2). wonasworobisas  
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jibsis energies cvlileba aris minimaluri, xolo 

entropiis sidide maqsimaluri. 

 

• ra damokidebulebaa jibsis energiasa da 

wonasworobis mudmivas Soris? 

am damokidebulebas Semdegi saxe aqvs: 

lgK= -∆G0/4,57T 
 
• raSi mdgomareobs le-Satelies principi? 

le-Satelies principi, anu moZravi wonasworobis 

principi Semdegnairad SeiZleba Camoyalibdes, Tu 

sistemaze, romelic mdgrad wonasworul mdgoma-

reobaSi imyofeba, vimoqmedebT garedan da SevcvliT 

raime faqtors, romelic mis wonasworul mdgoma-

reobas gansazRvravs, maSin wonasworoba Seicvleba 

im mimarTulebiT, rasac Sedegad am qmedebis efeqtis 

Semcireba moyveba. amitomacaa rom egzoTermuli  

reaqcia ukeT mimdinareobs dabal temperaturaze, 

xolo endoTermuli ki maRal temperaturaze. 

 

• jibsis gantolebis mixedviT qimiuri reaqciebi 

ramden tipad SeiZleba daiyos? daaxasiaTed 

TiToeuli. 

Tu pirdapiri reaqcia endoTermulia e.i. ∆H>0-ze  
=A, ∆G=∆H - T∆S gamosaxulebidan gamomdinare       
∆S>0-ze=B, maSin jibsis energiis cvlilebis gamosa-

xuleba Semdeg saxes miiRebs: ∆G=A-BT 
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analogiurad, Tu reaqcia egzoTermulia           
∆H<0-ze= - A  da ∆S<0-ze=-B , maSin 

∆G= -A+BT. 
imisdamixedviT, Tu rogori saxe aqvs jibsis 

gantolebas qimiuri reaqciebi oTx tipad iyofa: 

 

I tipi.  ∆G=A+BT e.i. reaqcia endoTermulia (∆H>0) 
da ∆S<0. gantolebidan gamomdinare  ∆G>0-ze da    Kp<1-
ze. e.i.reaqcia mimdinareobs marjvnidan marcxniv da 

temperaturis gazrda xels  ar uwyobs pirdapiri 

reaqciis mimdinareobas, amasTan wonasworobis mud-

mivas sidide izrdeba. 

 

II tipi.  ∆G=A-BT e.i. reaqcia endoTermulia  

(∆H>0-ze) da ∆S>0- ze. am SemTxvevaSi temperaturis 

gazrdiT izrdeba ∆G -.s uaryofiTi mniSvneloba e.i. 

umjobesdeba reaqciis mimdinareobis pirobebi, Tumca 

Kp mcirdeba. 

 

III  tipi.   ∆G= -A+BT e.i. reaqcia egzoTermulia 

(∆H<0-ze) da ∆S<0- ze. gantolebidan gamomdinare, 

temperaturis gazrda xels ar uwyobs reaqciis 

mimdinareonas, magram amcirebs Kp –s. 

 

IV tipi.  ∆G= -A-BT e.i. reaqcia egzoTermulia 

(∆H<0-ze) da ∆S>0- ze, rac imaze miuTiTebs, rom     

Kp >1-ze da temperaturis gazrda xels uwyobs 

reaqciis mimdinareobas da amcirebs Kp  sidides. 



14 
 

• ra aris feroSenadnobebi?    

feroSenadnobebi aris rkinis Senadnobebi 

sxvadasxva elementebTan: siliciumTan, manganumTan, 

qromTan, volframTan da a.S. maT Sesabamisad uwode-

ben: ferosiliciums, feromanganums, feroqroms, 

ferovolframs, da a.S. feroSenadnobebi zogjer 

kompleqsuri Senadnobebis saxiTacaa warmodgenili: 

ferosilikomanganumi (silikomanganumi), ferosili-

koqromi (silikoqromi) da a.S. feromanganums  fola-

dis marilsa da wiwakas uwodeben. 

 

• romeli Senadnobebi moiazreba kidev 

feroSenadnobebSi? 

feroSenadnobebis ricxvs miekuTvneba dabalrkina-

Semcveli Senadnobebic: kristaluri siliciumi, 

romelSic rkinis Semcveloba 1,5%-s ar aRemateba, 

liTonuri manganumi (rkinis Semcveloba araumetes 

3%), liTonuri qromi, silikokalciumi, siliko-

alumini da a.S. 

 

• CamovTvaloT FferoSenadnobebSi is ZiriTadi 

elementebi, romlebic rkinasTan erTad gansazRv-

raven Senadnobebis xarisxs, daniSnulebas da 

masalebis xarjs erT tona Senadnobebze. 

es elementebia: siliciumi, qromi da manganumi. 

 

• CamovTvaloT feroSenadnobebis miRebis 

meTodebi. 
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cnobilia feroSenadnobebis miRebis Semdegi 

meTodebi: 

1. eleqtroTermuli meTodi (naxSirbadaRdgeniTi 

da silikoTermuli), romlis drosac siTbos wyaroa 

eleqtroenergia. 

2. metaloTermuli procesi. es procesi 

mimdinareobs garedan siTbos miwodebis gareSe. 

saWiro siTbo gamoiyofa egzoTermuli reaqciiT. 

3. eleqtrolituri meTodi. elementebis aRdgena 

xorcieldeba eleqtrodenis saSualebiT Sesabamisi 

oqsidebis (Mn.Cr) gogirdmJava marilis xsnarebidan 

4. brZmedis RumelSi gamodnoba. am meTodiT 

SesaZlebelia naxSirbadiani feromanganumisa da 

mcire siliciumSemcveli ferosiliciumisa da sili-

komanganumis gamodnoba (9-14% Si) 
 
• feroSenadnobebis miRebis romeli meTodia 

yvelaze metad gavrcelebuli? 

feroSenadnobebis miRebis yvelaze gavrcelebuli 

eleqtroTermuli meTodia. amitomacaa, rom sxvada-

sxva saxis feroSenadnobebis miReba umetes wilad 

eleqtroRumelebSi xdeba. 

 

• feroSenadnobebis miRebis eleqtro da 

metaloTermuli meTodebi aRmdgenelis saxeobis 

mixedviT ra procesebad SeiZleba daiyos? 

aRmdgenelis mixedviT feroSenadnobebis miRebis 

procesi SeiZleba iyos: 
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1.  naxSirbadaRdgeniTi, romlis drosac 

aRmdgenelad gamoiyeneba naxSirbadi (koqswvrila, 

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

2.  silikoTermuli, romlis drosac 

aRmdgenelad gamoiyeneba siliciumi (silikoman-

ganumi, silikoqromi, ferosiliciumi). es aRmdgeneli 

naxSirbadaRmdgenelze ufro Zviria. 

3.  aluminoTermuli, romlis drosac aRmdgene-

lad gamoyenebulia  alumini. es yvelaze Zviri 

aRmdgenelia. 

 

• ra Tviseba axasiaTebs alumino da siliko-

Termul procesebs naxSirbadaRmdgeniT procesebTan 

SedarebiT? 

siliko da aluminoTermiiT SesaZlebelia unax-

Sirbado (an mcire naxSirbadiani) markis feroSenad-

nobebis gamodnoba. 

 

• kazmSi flusis (kiri, kirqva da a.S.) 

gamoyenebis mixedviT feroSenadnobebis miRebis 

procesi ramden gvaria? 

Tu ki feroSenadnobTa gamodnobis procesi kazmSi 

flusis damatebas ar iTvaliswinebs, process 

ufluso ewodeba, xolo Tu flusis gamoyenebas 

saWiroebs, process flusiani hqvia. bunebrivia 

pirveli gacilebiT martivi da iafia. 

• warmoqmnili widis raodenobis mixedviT 

feroSenadnobebis gamodnobis procesi ramdengvaria? 
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feroSenadnobebis gamodnobisas yovelTvis 

warmoiqmneba garkveuli raodenobis wida. Tu wida 

imdenad mcirea, rom Rumelidan gamoSvebisas 

widisTvis saWiro ar xdeba specialuri cicxvis 

gamoyeneba, maSin aseT process pirobiTad uwidos 

uwodeben (ferosiliciumis warmoeba da sxv.), 

winaaRmdeg SemTxvevaSi procesi widiania. 

  

• periodulobis mixedviT feroSenadnobebis 

warmoebis procesi ramdengvari SeiZleba iyos? 

feroSenadnobebis warmoebis procesi SeiZleba 

iyos: 

1. uwyveti, am SemTxvevaSi Rumelis gamorTva ar 

xdeba da Rumelis sakerZes ganuwyvetliv miewodeba 

sakazme masalebi. liTonisa da widis gamoSveba ki 

periodulad xorcieldeba. 

2.  wyvetili, am SemTxvevaSi Rumels mTlianad 

miewodeba kazmi. gadnobisa da Jangva-aRdgeniTi 

procesebis warmarTvis Semdeg Rumels gamorTaven da 

misgan mTlianad axdenen liTonisa da widis 

gamoSvebas. 

 

• sad gamoiyeneba feroSenadnobebi? 

feroSenadnobebi ZiriTadad gamoiyeneba Sav 

metalurgiaSi, foladis ganJangvis da 

legirebisaTvis. mcire raodenobiT iyeneben ferad 

metalurgiasa da qimiur warmoebaSi. 
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• ras niSnavs foladis ganJangva da legireba? 

ganJangva gulisxmobs Txieri foladidan Jang-

badis moSorebis process, legireba ki foladi-

saTvis gansakuTrebuli Tvisebebis miniWebas (cveTa-

medegoba, mxurvalmedegoba, uJangaoba da a.S.) 

 

• ra Tvisebas aniWebs Jangbadi folads? 

Jangbadi folads aniWebs cxeltexadobas (gogir-

dis msgavsad). vinaidan Jangbadi rkinasTan warmoqm-

nis dabaltemperaturis mqone naerTs (evteqtikuri 

naerTi), Termuli damuSavebis procesSi es naerTi 

dneba da sxmulSi warmoiqmneba bzarebi. 

 

• ra raodenobis feroSenadnobebi ixarjeba erT 

tona foladze? 

feroSenadnobTa xarji erT tona foladze 

saSualod 7-9kg-s Seadgens. 

 

• ras ewodeba eleqtroTermuli procesi? 

yvela im process, sadac eleqtroenergia Tbur 

energiad gardaiqmna eleqtroTermuli procesi 

ewodeba. 

 

• sad mimdinareobs eleqtroTermuli procesebi? 

eleqtroTermuli procesebi SeiZleba ganxor-

cieldes el.Rumelebsa da im  danadgarebSi, sadac 

gamoyenebulia sxvadasxva saxis eleqtromaxureb-

lebi: rkaluri, induqciuri, eleqtrowinaRobisa da 
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dieleqtrikuli. eleqtroTermuli procesebi mimdi-

nareobs agreTve vakumur-rkalur, eleqtronul da 

plazmur maxureblebSi, aseve eleqtrowidur da 

vakumur-rkaluri gadadnobisas. 

 

• eleqtroenergiis Tbur energiad gardaqmnis 

mixedviT el.Rumelebi ramden jgufad iyofa? 

eleqtroenergiis Tbur energiad gardaqmnis mixed-

viT el. Rumelebi Semdeg jgufad iyofa: 

1. rkaluri Rumeli, sadac el.energiis Tbur 

energiad gardaqmna xdeba rkalis meSveobiT; 

2. winaRobis Rumeli, sadac el.energiis Tbur 

energiad gardaqmna xdeba kazmSi an sxva gamtarSi 

denis gatarebiT; 

3. kombinirebuli Rumeli, sadac el.energiis 

Tbur energiad gardaqmna xdeba rkaliT da kazmSi 

denis gatarebiT. 

4. induqciuri Rumeli, sadac liTonuri kazmis 

gaxureba xdeba eleqtromagnituri induqciuri deniT. 

5. plazmuri Rumeli, sadac kazmi xurdeba da 

dneba plazmuri gamosxivebiT. 

6. eleqtronul_sxivuri Rumeli, sadac gaxureba 

da liTonis gadnoba mimdinareobs maRali 

simZlavris eleqtronuli nakadiT (koniT). 

 

• daniSnulebis mixedviT feroSenadnobis 

Rumeli ramdengvaria? daaxasiaTed TiToeuli 

maTgani. 
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feroSenadnobebis Rumeli daniSnulebis mixedviT 

aris aRmdgeniTi da sarafinacio. 

aRmdgeniT RumelSi aRmdgenelad  gamoyenebulia 

naxSirbadi da rigorc wesi gamodnobis procesi aris 

uwyveti (ferosiliciumi, silikokalciumi, kalciumis 

karbidi, naxS. feroqromi, naxS. feroman-ganumi, 

silikoqromi, silikomanganumi da sxva). 

sarafinacio  RumelSi aRmdgenelad gamoiyeneba 

siliciumi an alumini,  procesi aris wyvetili da 

emyareba kazmis mTlian gadnobasa da liTonisa da 

widis periodul gamoSvebas (unaxSirbado da saS. 

naxS.: feroqromi, feromanganumi, ferovolframi, 

ferovanadiumi da sxva). sarafinacio RumelebSi 

siTbos damatebiTi wyaroa siliciumisa da aluminis 

daJangviT gamoyofili siTbo. 

 

• konstruqciis mixedviT ramdengvaria 

feroSenadnobis Rumeli? 

konstruqciis mixedviT feroSenadnobis Rumeli 

SeiZleba iyos: Ria, Ddaxuruli da mbrunavi. 

Rumelis konstruqciaSi Sedis: 

1. garcmi; 

2. TaRi; 

3. eleqtrodis damWeri; 

4. gadamtani cilindri; 

5. eleqtrodebis gadaasadgilebeli meqanizmi; 

6. Rumelis wyalgamaciebeli sistema; 

7. CamtvirTavi mowyobiloba; 
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8. savintilacio mowyobiloba; 

9. Raris momsaxure mowyobiloba; 

10. abazanis mabruni meqanizmi. 

 

• ra masalisagan mzaddeba feroSenadnobis 

Rumelis amonagi? 

feroSenadnobis Rumelis amonagis nairsaxeoba, 

damokidebulia gamosadnobi Senadnobis saxeobasa da 

xarisxze. feroSenadnobis Rumelis zeda sartyeli 

umetes SemTxvevaSi amogebulia Samotis aguriT, 

feroqromisa da mcirenaxSirbadiani feromanganumis 

gamosadnobi Rumelis kedlis qveda nawili da qvedi 

magnezitis aguriT, xolo siliciumiani feroSenad-

nobebis (ferosiliciumi, silikoqromi, silikomanga-

numi)  gamosadnobi Rumelis qveda sartyeli da qvedi 

naxSiris blokebiT. 

 

• ra TanmimdevrobiT xdeba ferosiliciumis 

gamosadnobi Rumelis amogeba? 

ferosiliciumis gamosadnobi Rumelis amogeba 

xdeba Semdegnairad: 

garcmze ageben 10 mm sisqis azbestis furcels, 

romelsac 60 mm sisqeze ayrian Samotis fxvnils. 

Semdeg 8-11 rigad alageben Samotis agurs, ise rom 

zeda wyoburis agurebma gadaxuros qveda wyoburis 

RreCoebi. Samotis agurebs zemodan avseben 10 mm 

sisqis Txevad minaSi areuli grafitis masiT da 

awyoben naxSiris blokebs (550 X 550 X 1400 mm), ise 
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rom horizontaluri  nakerebi praqtikulad aRar 

SeimCneodes. amasTan blokebs Soris vertikalur na-

kerebs Soris manZili 50 mm-s ar unda aRematebodes. 

am nakerebs avseben da tkepnian araumetes 6-7% 

aqroladis mqone eleqtrodebis gaxurebuli masiT.  

blokebis pirvel fenaze ewyoba meore, ise rom 

gadaiketos  pirveli fenis nakerebi. zeda fenis 

blokebis nakerebsa da RreCoebs kvlav avseben da 

tkepnian eleqtrodis masiT. 

qvedis damTavrebis Semdeg iwyeba kedlebis amogeba 

jer naxSiris blokebiT (1300 mm simaRlemde), xolo 

Semdeg Samotisa da Tixamiwis xsnarze dalagebuli 

Samotis aguriT (650 mm simaRlemde). 

 

• rogor iangariSeba sasargeblo fazuri 

datvirTva ( Us.f. v)? 

sasargeblo fazuri datvirTva 

   Us.f =C· Pn
s.s. , sadac 

   Ps.s. sasargeblo simZlavrea _ kvt.  
     C –proporciulobis koeficienti. 

ferosiliciumisTvis C=3,4, xolo n=0,33, sxva 

feroSenadnobebisTvis ki roca  n=0,25 
silikomanganumisTvis  C=6; 
naxSir.feroqromisTvis  C=8; 
naxSir.feromanganumisTvis C=5,5; 
silikomanganumisTvis    C=6. 
 
• rogor iangariSeba eleqtruli parametrebi? 
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eleqtruli parametrebi SeiZleba Semdegi 

damokidebulebidan ganisazRvros: 

 

       Us.f. · 3                                     P 
U= __________  ;                J = ________ ; 
        cosϕ · Κ                                   3 · U 
sadac 

P _ Rumelis nominaluri simZlavrea, kva; 

J _ denis Zala, a; 

U _ Zabva transformatoris gamomyvanze, 

Κ _ Rumelis eleqtruli margi qmedebis 

koeficienti: 

cosϕ  _ Rumelis mowyobilobis simZlavris 

koeficienti. 

 

• ra saSualebiT xdeba RumelSi sxvadasxva 

Tburi reJimis uzrunvelyofa? 

RumelSi sasurveli Tburi reJ regulirdeba 

mravalsafexuriani Zabvis transformatoriT, romel-

sac mkvebavi Zabva ramdenime aTasi voltidan 90_370 

voltamde dahyavs.  

 

• rogor iangariSeba eleqtruli margi 

qmedebis koeficienti Κel.? 

Kელ. ൌ
სܲას.

აܲქტ.
 

sadac 

Psas.  .___ Rumelis sasargeblo simZlavrea  
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        Paqt. ___ aqtiuri simZlavre. 

 

• ra formuliT ganisazRvreba transformato-

ris saWiro simZlavre? 

transformatoris saWiro simZlavre 
 

ܲ ൌ
Gცვ.൉  W

24  ൉  cosϕ  ൉ K 
 

sadac 
Gcv. _ Rumelis mocemuli warmadobaa (cvlaSi); 

W _ eleqtroenergiis xvedriTi xarji, kvt. sT/t; 

cosϕ _ Rumelis simZlavris koeficientia, 

romelic maRali simZlavris RumelebisaTvis 0,85 – 

0,87-is tolia, xolo sarafinacio RumelisaTvis ki 

0,93 – 0,96-is; 

K _ Rumelis simZlavris gamoyenebis koeficientia, 

romelic maRali simZlavris uwyveti procesiT 

momuSave RumelebisTvis 0,97 – 0,98-s aRwevs, xolo 

perioduli da Ria rkaliT momuSave RumelebisTvis 

ki 0,75 – 0,90 intervalSi icvleba. 

 

• rogoria feroSenadnobebis Rumelebis 

ZiriTadi parametrebi? 

feroSenadnobebis Rumelebis ZiriTadi paramet-

rebia: 
 

 

parametri 

Rumelis  saxeoba 

1 2 3 4 5 6 7 
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PKO 

2,5 

PKO 

3,5 

PKO 

10,5

PKO -

16,5; 

PK3 – 

16,5 

PK3

24 

PK3

33 

PП3 

48 

simZlavre, kva 2500 3500 10500 16500 24000 33000 48000 

meoradi Zabva, v 178-89 371-

260 

250- 

100 

210-132 245- 

155 

250- 

130 

238,5- 

137,0 

maqsimaluri denis 

Zala eleqtrodze, ka

13,0 13,0 38,4 59,0 71,0 87,0 111,8 

eleqtrodebis 

diametri,    mm 

300-

450 

300-

450 

800 1200 1200 1500 2800 X 

650 

 1 2 3 4 5 6 7 

eleqtrodebs Soris 

manZili, mm 

1200-

1400

1200-

1400

 2900 3400 4000 3300 

eleqtrodis 

maqsimaluri 

gadaadgileba,  mm 

2350 2350  1200 1500 1600 1200 

abazanis diametri, mm 2700 2700 4000 6200/67

00 

7200 8700 20340X 

6000 

abazanis siRrme, mm 1200 1300 1700 2300 2600 3000 2850 

garcmis diametri, mm 4300 5000 6200 7800/83

00 

8900 10500 7800 

daxris kuTxe 

Camosxmis mxares, 

gradusi 

30 30 30 ___ ___ ___ __ 

P- niSnavs madanTermuls, 

O - Rias,                 
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K – mrgvals, 

3 – daxuruls, 

asoebis Semdgomi cifrebi mva-s miuTiTebs. 

 

• ras ewodeba mokle qseli? 

mokle qseli ewodeba manZils transformatoris 

meoradi gragnilidan eleqtrodebis CaTvliT. 

 

• el.energiis ra raodenoba ikargeba mokle 

qselSi? 

mZlavri feroSenadnobebis RumelisaTvis el. 

energiis  danakargi mokle qselSi saSualod 35%-s 

(mTliani danakargis)  Seadgens, anu miwodebuli 

simZlavris 7-15%-s. 

 

• ra daniSnuleba  aqvs eleqtrods rkalur 

el.RumelSi? 

eleqtrodebis saSualebiT  deni miewodeba Rume-

lis samuSao sivrces. 

 

• ra pirobebs unda akmayofilebdes eleqtrodi? 

 

Rumelis normaluri muSaobis uzrunvelsayofad 

eleqtrodi unda xasiaTdebodes maRali meqanikuri 

simtkiciT, el. gamtarobiT, Termuli mdgradobiT, 

aseve  maRal temperaturaze haerze dajangvis wina-

aRmdegobis gawevis unariT. 
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• ra saxis eleqtrodebi gamoiyeneba rkalur 

RumelebSi? 

rkalur RumelSi gamoiyeneba grafitis, naxSirisa 

da TviTcxobadi eleqtrodebi. fizikuri TvisebiT 

yvelaze ukeTesia grafitis eleqtrodebi. 

 

• feroSenadnobebis warmoebaSi ZiriTdad ra 

saxis eleqtrodebi gamoiyeneba? 

feroSenadnobTa warmoebaSi ZiriTadad gamoiyeneba 

TviTcxobadi eleqtrodebi, romlebic gacilebiT 

iafia grafitisa da naxSiris eleqtrodze. 

 

• risgan Sedgeba TviTcxobadi eleqtrodi? 

TviTcxobadi eleqtrodi Sedgeba liTonis 

garcmisa (cilindrisa) da eleqtrodebis datkepnili 

masisgan. 

 

• rogori Sedgenilobisaa TviTcxobadi 

eleqtrodebis masa? 

TviTcxobadi eleqtrodis masis misaRebad saWi-

roa: 

 

kazmis komponenti marcvlis 

zoma,  mm

eleqtrodis diametri, mm 

≤ 500 ≤ 750 ≤ 1000 
Termoantraciti 

 

antraciti 

 

10-60 
 

3,5-8 
0-10 

___ 

 

____ 

50

___ 

 

___ 

60

35 
 

___ 

30 
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saCamosxmo koqsi 

 

 

fisi 

 

 
0,5-3 
0-10 

 
___ 

 

29 

____ 

 

21 

 

20 

___ 

 

20 

 
___ 

16 
 

19 

 

• ra udevs safuZvlad feroSenadnobis Rumelis 

eleqtrodis diametris SerCevas? moiyvaneT magaliTi. 

feroSenadnobis Rumelis eleqtrodis diametris 

gansazRvra xdeba denis dasaSvebi simZlavris 

gaTvaliswinebiT (j). TviTcxobadi eleqtrodebisTvis 

denis simkvrive 4-7 a/sm2  zRvrebSi icvleba.  mag:  

13500 kva simZlavris samfaziani RumelisaTvis, roca 

minimaluri xazuri Zabva (Ux) 176,5 v-is tolia,  

xazuri denis Zala iqneba 

 

    P · 1000          13500·1000 
Jx=_________ = __________ = 44300 A 
      3 · Ux                      1,73 · 176,5 
 
roca denis simkvrive  j=5 a/sm2 –s Seadgens, 

eleqtrodis diametri Semdegi damokidebulebidan 

ganisazRvreba:   

 

del= 4( ·Jx) / Π( ·j)=106 sm ≈ 1100 mm 
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• ra maCvenebeli udevs safuZvlad cilindrul 

da sworkuTxa formis RumelebSi eleqtrodebis 

ganlagebas? 

 

cilindruli formis RumelSi eleqtrodebis 

ganlageba xdeba eleqtrodis gaSlis diametris 

gaTvaliswinebiT, xolo sworkuTxa RumelSi uaxles 

eleqtrodebis centrebs Soris manZilis Sesabamisad. 

 

• rogor ganisazRvreba cilindruli formis 

RumelSi eleqtrodebis gaSlis diametri? 

eleqtrodebis gaSlis diametrsa da eleqtro-

debis diametrs Soris Tanafardoba 2_3 zRvrebSi 

unda icvlebodes. axali RumelebisaTvis eleqtro-

debis gaSlis sidides aseve gansazRvraven kargad 

momuSave Rumelis xvedriTi simZlavriT; 

 

         Pxv= P/S , 
sadac 

S – im wris farTobia, romlis diametric eleqt-

rodebis gaSlis diametris tolia; 

P _ Rumelis simZlavrea. 

ramdenadac S=Π d2/4, amdenad gaSlis diametri   
dgd= ΡΡ /4 xv 

 

• eleqtrodebis gaSlis diametris gazrdisas 

ras unda mieqces gansakuTrebuli yuradReba? 
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eleqtrodebis gaSlis diametris gazrdisas  

saWiroa gakontroldes manZili eleqtrodsa da 

amonags Soris, romelic didi simZlavris RumelebSi 

uwido procesiT  muSaobisas unda Seadgendes 

eleqtrodis diametris aranakleb 80%-s 

[(a≥0,8_1,0)del],  xolo widuri procesisas ki aranak-

leb 95%-s [a≥(0,95_1,35)del.].  

 

• ra damokidebulebaSia abazanis diametri 

eleqtrodebis gaSlis diametrTan?   

abazanis diametris Sefardeba eleqtrodebis 

gaSlis diametrTan saSualod 1,8_2,3-s Seadgens 

(masSi igulisxmeba eleqtrodsa da amonags Soris 

manZilic). 

abazanis  diametri  Semdegi damokidebulebidan 

SeiZleba ganisazRvros: 

                             d 
dab=dg.d+d el.(1+2K),         K=_____ 
                         del. 

       

sadac 

d g.d _ gaSlis diametria; 

del. _ eleqtrodis diametri. 
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2. manganumiani feroSenadnobebi 

 

• ra Tvisebebs aniWebs manganumi folads?  

manganumi folads aniWebs cveTamedegobas. 

 

• ramdenia manganumis madnis msoflio maragi? 

manganumis madnis samrewvelo maragi msoflioSi 

daaxloebiT 7018 mln tonas Seadgens, romlis 57% 

samxreT afrikaSia Tavmoyrili, 21% ukrainaSi, 7% 

gabonSi, 4% avstraliaSi, xolo darCenili 11% 

sxvadasxva qveyanebSia gabneuli. manganumis mniSvne-

lobani maragi rkina-manganumis ,,konkreciis" saxiT 

okeanis fskerzec gvxvdeba,romelic ferad liToneb-

sac Seicavs (Cu, Ni, Go, Mo da sxva). 
 

• saqarTveloSi manganumis ramdeni sabadoa 

gamovlenili da maT Soris ramdenia samrewvelo 

mniSvnelobis? 

saqarTveloSi  manganumis 14 sabadoa gamovleni-

li, romelTa Soris samrewvelo mniSvnelobis mxo-

lod WiaTuris sabadoa. 

 

• ramdenia WiaTuris sabadoSi manganumis madnis 

maragi? 

WiaTuris sabadoSi manganumis madnis maragi 212 

mln tonas Seadgens (1990 wlis monacemebiT), rac 

yofil sabWoTa kavSiris qveynebSi arsebuli maragis 

8,9%-s Seadgens 
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• ra tipis madnebisgan Sedgeba QWiaTuris 

sabado? 

WiaTuris sabado warmodgenilia karbonatuli 

(maragis 47%), oqsiduri (25%), daJanguli (15%) da 

Sereuli (13%) madnebiT. 

 

• ra ZiriTadi mineralebis saxiTaa 

gavrcelebuli manganumi madnebSi? 

manganumi madnebSi ZiriTadad warmodgenilia 

piroluzitis (MnO2), brauniti (Mn2O3),  hausmanitis 
(Mn3O4), manganitis (MnO2.Mn(OH)2), fsilomelanis 
(MnO.MnO2.nH2O), manganokalcitis (Mn,Ca)CO3, rodoq-
rozotis    (Mn CO3),  rodonotis (MnO.SiO2)  da sxva. 

 
• ra aris madani? 

madani aris is sasargeblo wiaRiseuli, romli-

danac sasurveli elementis amokrefa ekonomikurad 

gamarTlebulia. 

 

• CamoTvaleT manganumis madnebis gamdidrebis 

meTodebi da uCveneT ra princips emyareba TiToeuli 

maTgani. 

cnobilia manganumis madnis gamdidrebis Semdegi 

meTodebi: 

1. gravitaciuli gamdidrebis meTodi. igi 

iTvaliswinebs simkvrivis sxvadasxvaobas mineralebs 

Soris. es meTodi manganumis madnebis gamdidrebis 

yvelaze gavrcelebuli meTodia. gravitaciuli 
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gamdidrebis process umetes SemTxvevaSi wyalSi 

atareben, Tumca zog SemTxvevaSi mZime siTxeebic 

(suspenzia) SeiZleba iqnes gamoyenebuli.  

2. flotaciuri meTodi. aRniSnuli meTodiT 

mxolod wvrilfraqciuli masalebis (1-0�mm)� gamdid-

rebas axdenen specialuri�reagentebis gamoyenebiT. 

flotaciuri gamdidrebis meTodi wvrilfraqciuli 

nawilakebis zedapiruli daWimulobis sxvadasxva 

mniSvnelobis gamoyenebis princips emyareba. 

3. magnituri separacia. am meTods manganumis 

karbonatuli madnebis gasamdidreblad iyeneben. 

gamdidrebis es meTodi magnitur velSi mimdinareobs 

da mineralebis magnituri Tvisebebis sxvadasxva 

unars emyareba 

 

• ra produqtebi miiReba manganumis madnebis 

gamdidrebiT?   

gamdidrebiT miiReba manganumiT mdidari nawili, 

romelsac koncentrati ewodeba da  Raribi nawili, 

romelsac kudi hqvia. 

 

• ra maCveneblebiT SeiZleba Sefasdes madnebis 

gamdidrebis teqnologia? 

madnis gamdidrebis teqnologia SeiZleba Sefas-

des koncentratis gamosavliTa (Y) da manganumis 

amokrefiT (ε). 
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• aCveneT koncentratis gamosavalsa da 

amokrefas Soris urTierT damokidebulebis 

gantoleba. 

               β                                     α−θ 

          ε =Y⎯ (%)            Y= ⎯⎯   .100% 

               α                                     β−θ 

sadac 

Y - gamosavalia, % 

ε - amokrefa, % 

β - koncentratSi elementis Semcveloba, % 

α - madanSi elementis Semcveloba, % 

θ - kudSi elementis Semcveloba, % 

 

• rogoria ,,WiaTurmanganumis" fabrikebSi 

koncentratebis gamosavali da ra xarisxis 

koncentrantebs awarmoeben? 

koncentratebis gamosavali ,,WiaTurmanganumis" 

pirobebSi 25%-s aRwevs. awarmoeben oTxi saxis 

koncentrats: 

I x.  Mn>48,0%,  SiO2≈10-12%,  CaO≈2,5%,  P≈0,19% 
II  x.   Mn 42-47,9%,  SiO2≈14%,  CaO≈2,5%,  P≈0,19% 
III  x.  Mn 35-41,9%,  SiO2≈18%,  CaO≈3%,     P≈0,19% 
IV x. Mn<35%,         SiO2≈22%,  CaO≈6%,      P≈0,19% 

 

• ra granulometriuli Sedgenilobis 

koncentratebs awarmoeben ,,WiaTurmanganumis" 

FfabrikebSi? 
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manganumis madnebis gamdidrebis amJamindeli teq-

nologiis mixedviT, ,,WiaTurmanganumis" fabrikebSi 

miRebuli koncentratebis granulometriuli Sedge-

nilobaa 10-0 mm. 

 

• ra maCveneblebiT axdenen manganumis 

koncentratebis Sefasebas? 

manganumis koncentratebi SeiZleba Sefasdes: 

manganumis SemcvelobiT; 

fosforis modulis mniSvnelobiT (%P/ Mn%) 
kaJmiwis modulis mniSvnelobiT (%SiO2/ Mn%) 
rkinis modulis mniSvnelobiT (%Fe/ Mn%) 
fuWeqanis fuZianobiT (%GaO+MgO/ SiO2%) 
granulometriuli SedgenilobiT 

sinestiT (H2O%) 
 

• romelia manganumis koncentratebSi yvelaze 

mavne elementi? 

yvelaze mavne elementi manganumis koncentratSi 

aris fosfori. 

 

• daasaxeleT manganumis koncentratebidan 

fosforis moSorebis samrewvelo meTodi da raSi 

mdgomareobs misi arsi? 

manganumis koncentratebis defosforaciis (fos-

foris moSorebis) samrewvelo meTodia metalurgi-

uli meTodi, romelic eleqtroRumelSi dnobis 

Catarebas moiTxovs. es meTodi kazmSi manganumis 
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koncentratTan erTad mcire raodenobis myari 

naxSirbad aRmdgenelis (koqswvrila, naxSiri da a.S) 

gamoyenebas iTvaliswinebs. aRmdgenelis raodenoba 

isea SerCeuli, rom man uzrunvelyos koncentratSi 

arsebuli mxolod rkinisa da fosforis aRdgena da 

ara manganumis. fosforis aRdgenis procesis gaum-

jobesebis mizniT kazmSi kaJmiwaSemcvel masalebsac 

iyeneben. dnobis Sedegad miiReba maRalmanganumiani 

da dabalfosforSemcveli (P<0,03%) gadasamuSave-

beli wida. 

 

• CamoTvaleT manganumis koncentratebis 

danaWrovnebis (gamsxvilebis) saxeebi da axseniT maTi 

arsi. 

mangaumis koncentratebis danaWrovnebis saxeebia: 

aglomeracia, dagundaveba da dabriketeba. 

aglomeracia aris wvrilfraqciuli masalebis 

(10-0 mm) Secxobis procesi, romelic saaglomeracio 

kazmSi arsebuli iafasiani myari saTbobis wvis 

Sedegad gamoyofili siTbos xarjze xorcieldeba. 

dagundaveba wvrilfraqciuli masalebis    (1-0 mm) 

gasamsxvileblad gamoiyeneba. dagundavebis procesi 

sami stadiisagan Sedgeba: nedli gundebis miReba 

Semkvrelis gamoyenebiT (bentoniti anu Tixamiwa) da 

miRebuli gundebis gamyareba gamoSrobiTa (300-6000C) 
da gamowviT (1200-13500C). 

dabriketeba xorcieldeba specialuri wnexis 

gamoyenebiT. dasabriketebeli masalis simsxo 5-0 mm-s 
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Seadgens. dabriketebisas gamoyenebulia specialuri 

Semkvreli 6-8%-is odenobiT (celulozis narCeni-

barda, Txevadi mina da sxva). dawnexisas wneva 300 kg.Z 

/sm2-s Seadgens. 

 

• rogoria msoflioSi warmoebuli fero-

SenadnobTa saerTo moculobaSi manganumiani 

feroSenadnobebis xvedriTi wili? 

msoflioSi warmoebul feroSenadnobTa Soris 

manganumiani Senadnobebis raodenoba 40-45%-s Sead-

gens. 

 

• CamovTvaloT manganumiani feroSenadnobebis 

mwarmoebeli qveynebi. 

manganumian feroSenadnobebs awarmoebs: CineTi, 

samxreT afrika, iaponia, safrangeTi, ukraina, aSS, 

norvegia, indoeTi, brazilia, espaneTi, samxreT 

korea, meqsika, avstralia. 

 

• amJamad romeli feroSenadnobebi dneba 

zestafonis feroSenadnobTa qarxanaSi (zfq) da ra 

raodenobiT? 

z.f.q.-Si   amJamad   adnoben    silikomanganumsa   

(120 aTasi t. weliwadSi)  da saSualonaxSirbadian 

feromanganums (11 aTasi t  weliwadSi). 
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2.1. silikomanganumi 

 

• z.f.q.-Si romel saamqroebSi adnoben 

silikomanganumsa da saSualonaxSirbadian 

feromanganums? 

silikomanganums adnoben #1 da #4 saamqroSi, 

xolo s/n feromanganums ki #2 saamqroSi. 

 

• ra fiziko-qimiuri TvisebebiT xasiaTdeba 

manganumi? 

manganumis fiziko-qimiuri Tvisebebi: 

atomuri wona   54,93 

simkvrive     200C 7,4 g/sm3 

simkvrive    12430C 6,43 g/sm3 

dnobis tenperatura  12430C 
duRilis temperature  20360C 
valentoba   2, 3, 4, 6  da 7 

 

• ra sakazme masalebi gamoiyeneba silikomanga-

numis gamosadnobad? 

silikomanganumis gamosadnobad gamoiyeneba: 

manganumis  koncentrati  (Mn≥36%)   an 
manganumSemcveli sxva  masala. 

kvarciti (SiO2 >.90%) 

koqswvrila (C ≥ 82%) 

kirqva   (CaO  54%) 
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• fosforis Semcvelobis mixedviT ramdengvari 

silikomanganumi dneba da sad gamoiyeneben mas? 
fosforis Semcvelobis mixedviT silikomanganumi 

aris orgvari: gadasamuSavebeli da sasaqonlo. gada-

samuSavebel silikomanganums (P≤0,12%), rogorc 

silikoTermul aRmdgenels mcirenaxSirbadiani man-

ganumiani feroSenadnobis (saS. da mcire naxSir. 

fero-manganumi, liTonuri manganumi) misaRebad 

iyeneben, xolo sasaqonlo silikomanganumi (P≥0,12%), 
rogorc kompleqsuri ganmJangveli fola-dis 

metalurgiaSi gamoiyeneba. 

 

• rogoria silikomanganumis gamodnobis 

procesi da ra tipis RumelSia misi gamodnoba 

SesaZlebeli? 

silikomanganumis gamodnoba xorcieldeba eleqt-

rorkalur madanTermul RumelSi. silikomanganumis 

gamodnobis procesi aris uwyveti (sakazme masalebi 

uwyvetad miewodeba Rumelis sakerZes) da aRdgeniTi 

(koqsis naxSirbadi maRal temperaturebze (1300_ 

16000C) oqsidebidan aRadgens manganumsa da sili-

ciums, romelTa SeerTebiTac miiReba silikoman-

ganumi). gamodnoba mimdinareobs daxuruli eleqtro-

rkaliT. 

 

• z.f.q-Si ra simZlavris eleqtroRumelebSi 

adnoben axdenen silikomanganums? 
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z.f.q-Si  silikomanganums adnoben 11,5 mvt (#1 

saamqro) da 22,5 mvt (#4 saamqro) simZlavris eleqt-

roRumelebSi. 

 

• rogori granulometriuli Sedgeniloba unda 

hqondes silikomanganumis gamosadnobad saWiro 

sakazme masalebs? 

silikomanganumis gamosadnobad gankuTvnili 

manganumSemcveli masala granulometriuli 

SedgenilobiT 4 klasad iyofa: 

I   klasi 20-200 mm 

II   klasi 20-100 mm 

III  klasi  5-100 mm 

IV klasi   5-50 mm 

aRmdgenelis   sasurveli   granulometriuli  

Sedgenilobaa 10-25 mm, xolo kvarcitis 25-80 mm. 

 

• silikomanganumis gamodnobisas rogoria 

eleqtroRumelebis optimaluri eleqtruli reJimi 

z.f.q-Si?  

#1 saamqroSi Zabvis safexuria  I-II , dabali 

mxaris Zabvaa 143-137 v, denis Zala eleqtrodebze 

45ka, (10,5 mvt). 

#4 saamqroSi Zabvis safexurebia V-VII, dabali 

mxaris Zabvaa 182-172,5 v, denis Zala eleqtrodebze 

72,8-76,8 ka (22,5 mvt). 
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• ra faqtorebi ganapirobebs silikomanganumis 

gamodnobisas eleqtroRumelis teqnologiuri 

reJimis darRvevas? 

kazmis araswori dozireba; 

sakazme masalebis fraqciuli Sedgenilobis 

darRveva; 

eleqtruli reJimis Secvla; 

sakerZis araswori momsaxureba. 

 

• ra gavlenas axdens aRmdgenelis raodenobis 

cvlileba eleqtroRumelis muSaobis teqnologiur 

maCveneblebze da aCveneT gamosworebis gzebi. 

kazmSi aRmdgenelis naklebobisas eleqtrodebi 

Rrmad eSveba kazmSi. denuri datvirTva eleqtro-

debze arastabiluria, SeimCneva widis ,,duRili" 

sakerZeze, Rumelidan gamomavali wida blantia, 

SenadnobSi mcirdeba siliciumis Semcveloba da 

izrdeba fosforis raodenoba. 

Rumelis muSaobis gamosasworeblad saWiroa 

kazmSi aRmdgenelis momateba an Rumelze Zabvis 

gazrda. im SemTxvevaSi Tu Rumeli xangrZlivad 

muSaobs aRmdgenelis naklebobiT da saWiro xdeba 

satigele zonis gaxureba, SesaZlebelia Rumeli 

amoirTos, eleqtrodebis qveS Caiyaros  100-200 kg 

koqsi, eleqtrodiT Caiwnexos igi satigele zonaSi 

da kvlav CairTos Rumeli. 

aRmdgenelis siWarbis SemTxvevaSi eleqtrodebis 

CaSveba kazmSi naklebia, satigele zona Seviwrovebu-
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lia, adgili aqvs eleqtrodebTan kazmis Cavardnebs. 

Rumelidan wida gadmodis Semcirebuli raodenobiT. 

Senadni gamoedineba ,,civad". 

Rumelis muSaobis normalizaciisaTvis saWiroa 

Semcirdes aRmdgenelis raodenoba kazmSi an gamonak-

lis SemTxvevaSi manganumSemcveli nedleulis gan-

sazRvruli ulufa miewodos  eleqtrodebTan. aseT 

SemTxvevaSic nebadarTulia eleqtroreJimis Secvla. 

 

• rogoria  sakazme masalebisa da 

eleqtroenergiis. xarji 1 t liTonze? 

erTi tona silikomanganumis misaRebad ixarjeba: 

manganumSemcveli masala (Mn 40 %) ⎯2500 kg 
kvarciti   __ 350 kg 

koqsi       __ 420 kg 

el. energia __ 4800 kvt. sT. 

 

• ras udris widis jeradoba silikomanganumis 

gamodnobisas da saerTod ra aris widis jeradoba? 

widis jeradoba aris widis raodenobis Sefardeba 

liTonis raodenobasTan.  silikomanganumis  dnobi-

sas widis jeradoba 1,2 _ 1,3 Seadgens. 

 

• rogoria silikomanganumis widis  saS. qimiuri 

Sedgeniloba da sad gamoiyeneba igi? 

silikomanganumis wida Seicavs: 

Mn 16% ,  SiO2 45%,  CaO 19,3% 
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aseTi Sedgenilobis wida gadasayrelia, Tumca 

kazmis danaWrovnebis mizniT am widas z.f.q-Si SiMn-is 
kvlavwarmoebaSi iyeneben. 

  

• CamoTvaleT silikomanganumis markebi qimiuri 

Sedgenilobis CvenebiT. 

 

 

marka 

elementis qimiuri Semcveloba, % 

 
Si 

Mn ara 
naklebi

 
C

P  
S A Б 

ara umetesi 

MnC 25 
 
MnC 22 
 
MnC 17 
 
MnC 12 

25-dan 35-is CaTvliT 

 

20 ,,__" 25 ,,____" 

 

15 ,,__" 20 ,,____" 

 

10 ,,__" 15 ,,____"

60 

 

65 

 

65 

 

65

0,5

 

1,0

 

2,5

 

3,5

0,05

 

0,10

 

0,10

 

0,2

0,25

 

0,35

 

0,6 

 

0,6

0,03 

 

0,03 

 

0,03 

 

0,03 

 
Mn- manganumia,  C--siliciumi 

 

• ramdenia silikomanganumis gamodnobisas 

kazmidan manganumis amokrefa liTonSi? 

manganumis amokrefa liTonSi aris 75%. 

 

• sad gamoiyeneba Si Mn? 
silikomanganumi gamoiyeneba foladis ganJangvisa 

da legirebisaTvis, amasTan iyeneben silikoTermul 
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aRmdgenelad saS., mcirenaxSirbadiani da liTonuri 

manganumis misaRebad. 

 

• ra farglebSi unda icvlebodes 

silikomanganumis  widis fuZianoba? 

silikomanganumis widis fuZianoba 
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛

2SiO
CaO  0,65-0,75 

zRvrebSi icvleba. 

 
• z.f.q-Si romeli markis silikomanganums 

adnoben? 

z.f.q.-Si umetesad adnoben MnC 17  (Si - 17%, Mn 73-
75%, P 0,3-0,4%,   C 2-2,5%). 

 
• ra zRvrebSi icvleba Mn-is amokrefa 

liTonSi? 

silikomanganumis  gamodnobisas  Mn-is amokrefa 
liTonSi  74 - 80%-s Seadgens. 

 

• rogoria Si-is amokrefa liTonSi? 

siliciumis amokrefa liTonSi  30 - 45%  Seadgens. 

• rogoria P-is amokrefa liTonSi? 
fosforis amokrefa liTonSi 80%-a.  

 

• rogoria Fe-is amokrefa liTonSi? 
rkinis amokrefa liTonSi 90 - 95%-s aRwevs. 
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• rogoria 11,5 da 22,5 mvt simZlavris Rumelis 

dReRamuri warmadoba   z.f.q.-Si? 

Sesabamisad 33 da 65 tona. 

 

• riT aris amogebuli silikomanganumis 

gamosadnobi Rumeli? 

silikomanganumis gamosadnobi Rumeli amogebulia 

cecxlgamZle aguriT da naxSiris blokebiT. 

 

• drois ra intervaliT axdenen liTonisa da 

widis gamoSvebas? 

Rumelidan widisa da liTonis gamoSvebas axdenen 

ori saaTis intervaliT. 

 

• raSi isxmeba Rumelidan gamosuli liToni da 

wida? 

Rumelidan liTonsa da widas uSveben kaskadurad 

ganlagebul Ffoladis cicxvebSi. 

 

• ras niSnavs kaskadurad ganlagebuli 

cicxvebi? 

kaskadurad ganlagebaa roca pirveli cicxvidan 

(misi avsebis Semdeg) Senadnobi gadaedineba  me-2 

cicxvSi, meoridan mesameSi da a.S. 

 

• romel cicxvSi rCeba liToni? 

Rumelidan liToni da wida erTi xvrelidan 

gamodis. imis gamo, rom liTonis xvedriTi wona 
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gacilebiT maRalia widis xvedriT wonaze, liToniT 

jer pirveli cicxvi ivseba. 

 

• rogor axdenen foladis cicxvebis 

momzadebas? 

pirvel cicxvad yovelTvis iyeneben widis garnisa-

Jian cicxvs, xolo danarCenebis damuSavebas axdenen 

kiris rZiT. 

• sad axdenen liTonis Camosxmas? 

liTons Camoasxamen saCamosxmo manqanaze, sadac 

gaciebuli liToni iyreba rkinis balonebSi da 

awonis Semdeg miewodeba momxmarebels. 

 

• ratom ver adnoben brZmedSi maRalsili-

ciumian silikomanganums? 

arasakmarisi temperaturis gamo. 
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2.2. naxSirbadiani feromanganumi 

 

• CamoTvaleT naxSirbadiani feromanganumis 

markebi. 

naxSirbadiani feromanganumis markebia:  ФМn 78 A,   
ФMn 78K (Si<1,0%), ФMn 78, ФMn 75 AC6 (P≤0,05%,  
Si≤6%), ФMn 75 C4 (Si≤4,0), Ф Mn 75, ФMn 70 (Si<6%), 
cifrebi miuTiTeben manganumis Semcvelobaze (ara 

naklebi). 

 

• rogoria naxSirbadiani feromanganumis miRebis 

procesi da ra tipis RumelebSi adnoben mas? 

naxSirbadian  feromanganums adnoben maRali simZ-

lavris eleqtroRumelebsa da brZmedSi. procesi 

aris uwyveti da igi emyareba naxSirbadiT manga-

numisa da rkinis oqsidebis aRdgenas. aRdgenili 

elementebis SeerTebis xarjze miiReba feromanga-

numi, xolo madanSi arsebuli oqsidebisa da flusis 

SednobiT wida. 

 

• naxSirbadiani feromanganumis gamodnobis 

ramdeni meTodia cnobili? 

cnobilia naxSirbadiani feromanganumis gamod-

nobis ori meTodi: flusiani  da ufluso. 

 

• raSi mdgomareobs ufluso meTodiT naxSir-

badiani feromanganumis gamodnobis arsi? 
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ufluso meTodiT gamodnobisas kazmSi ar xdeba 

fuZe flusis  (kirqva, dolomiti) damateba, ris 

gamoc dabalia manganumis amokrefa liTonSi (60%),  

samagierod miiReba dabalfosforiani da maRalman-

ganumiani (Mn36-42%,  p≤0,025%) wida, romelsac gada-

samuSavebeli silikomanganumis (P≤0,125%) misaRebad 
iyeneben. 

 

• aucilebelia Tu ara ufluso dnobisas kazmSi 

mxolod maRalxarisxiani manganumis koncentratebis 

gamoyeneba da ratom? 

ufluso meTodiT naxSirbadiani feromanganumis 

dnobisas iyeneben mxolod maRali xarisxis koncent-

ratebs (Mn≥45%), romlebSic fosforis  moduli 

(P/Mn) ar unda aRematebodes 0,0036-s, winaaRmdeg 

SemTxvevaSi fosforiT arastandartuli liToni 

miiReba. 

 

• ra sakazme masalebi gamoiyeneba ufluso 

meTodiT naxSirbadiani feromanganumis gamodno-

bisas? 

ufluso meTodiT gamodnobisas gamoiyeneba manga-

numis koncentrati, rkinis Semcveli masala (gunda, 

burbuSela) da koqsi. 

 

• erTi tona naxSirbadiani feromanganumis 

misaRebad ra raodenobis sakazme masalebi da 

el.energia ixarjeba? 
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sakazme masalebis xarji tona produqciaze 

Seadgens, kg: 

manganumis koncentrati (48% Mn) ------ 2971 
rkinis gunda---------------------------------------- 85 

koqsi -------------------------------------------------- 415 

el.energia, kvt.sT ----------------------------- 3054 

 

• ram ganapiroba ufluso meTodiT dnobisas 

fosforis mcire raodenoba widaSi (P≤0,02%)? 
fosfori advilad aRdgeba da kazmSi arsebuli 

raodenobis 80% gadadis liTonSi da mxolod 3-5% 

rCeba widaSi. 

 

• ratom ar SeiZleba maRalfosforiani 

koncentratebis gamoyeneba ufluso meTodiT 

dnobisas? 

vinaidan nax.feromanganumis ufluso meTodiT 

gamodnobisas manganumis amokrefa liTonSi dabalia 

(60%), maRalfosforiani koncentratebis gamoyenebi-

sas fosforiT arastandartuli liToni miiReba 

(P>0,45%) 
 
• romel temperaturaze mimdinareobs 

naxSirbadiT  MnO -dan  Mn-is aRdgena da rogoria 
reaqciis produqti? 

MnO-dan  Mn-is aRdgena SeiZleba ganxorcieldes 

rogorc karbidebis ise Tavisufali saxiT. 
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karbidebis warmoqmnis sawyisi Teoriuli tempera-

tura 12700C tolia, xolo Tavisufali saxiT war-

moqmnis SemTxvevaSi ki 14000C. 
 
• ra gavlenas axdens temperaturis cvalebadoba 

karbidebis warmoqmnis intensivobaze? temperaturis 

momatebiT manganumis karbidebis warmoqmnis intense-

voba izrdeba, amitomac MnO-dan    Mn-is  aRdgena 

karbidis warmoqmniT mimdinareobs. 

 

• ra rols asrulebs rkina manganumis 

aRdgenisas? 

rkinis arseboba kazmSi aumjobesebs manganumis 

aRdgenis pirobebs. 

 

• romel temperaturaze mimdinareobs manganumis 

silikatebis rodonotisa (MnO . SiO)2 da tefroidis 

[(MnO)2.SiO2] warmoqmna? 
rodonitisa da tefroidis warmoqmna mimdinareobs 

1200-12500C temperaturaze da Mn-is aRdgena am 

SemTxvevaSi silikatebidan xdeba. 

 

• ra rols  asrulebs CaO manganumis aRdgenis 

procesSi? 
kazmSi CaO-s arseboba xels uwyobs silica-

tebidan manganumis aRdgenas, radganac igi rogorc 

fuZe oqsidi reagirebs kaJmiwasTan (mJave oqsidTan) 

da silikaturi naerTidan aZevebs manganumis mono-
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oqsids (MnO), romlidanac manganumis aRdgena gaci-

lebiT iolia vidre silikaturi naerTebidan. 

 

• naxSirbadiani feromanganumis gamodnobisas 

rogoria kazmidan siliciumis amokrefa liTonSi? 

naxSirbadiani feromanganumis gamodnobisas sili-

ciumis amokrefa  liTonSi 8 - 10%-s aRwevs. amitomac  

SenadnSi siliciumis 1,0%-mde Semcvelobisas auci-

lebelia  koncentratSi SiO2-is raodenoba ar  aRe-
matebodes 10%-s. 

 

• ra Semadgenlobisaa ufluso meTodiT 

miRebuli wida da ras udris misi jeradoba 
widis jeradoba daaxloebiT Seadgens 1,2-s. wida 

xasiaTdeba Semdegi qimiuri SedgenilobiT: Mn  36-
42%,  SiO2  29-31%, CaO  7-9%,   FeO  1%,  Al2O3  6-8%,   
MgO  2% . 

 
• widis gamoyenebis gaTvaliswinebiT ras udris 

ufluso meTodiT dnobisas manganumis saerTo 

amokrefa  liTonSi? 

widis gamoyenebis gaTvaliswinebiT  (silikomanga-

numis dnobaSi) manganumis saerTo amokrefa liTonSi 

ufluso meTodiT dnobisas 83%-s aRwevs. 

 

• raSi mdgomareobs naxSirbadiani feromanga-

numis gamodnobis flusiani meTodis arsi? 
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uflusosgan gansxvavebiT, flusiani meTodis 

ZiriTadi mizani kazmidan manganumis maqsimaluri 

amokrefaa. 

 

• ras udris flusiani meTodis gamodnobisas 

manganumis amokrefa liTonSi? 

flusiani  meTodiT  dnobisas manganumis amokrefa 

liTonSi 75%-s aRwevs. 

  

• ra sakazme masalebi gamoiyeneba naxSirbadiani 

feromanganumis flusiani meTodiT gamodnobisas? 

flusiani maTodiT gamodnobisas kazmSi gamoyene-

bulia manganumis madnis koncentrati, rkinis gunda, 

koqsi da kirqva. 

 

• rogoria sakazme masalebis xarji tona 

liTonze (flusiani meTodi). 

naxSirbadiani feromanganumis flusiani meTodiT 

gamodnibisas sakazme masalebis xarji tona liTonze 

Seadgens, kg: 

manganumSemcveli nedleuli (48% Mn)__ 2060 
rkinis gunda ____________________ 110 

kirqva _________________________ 700 

koqsi __________________________ 580 

eleqtro energia ___________________ 4300 kvt.sT 

 

• ra dadebiTi mxare aqvs flusiani meTodiT 

gamodnobas? 
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flusiani meTodiT gamodnobisas SesaZlebelia 

kazmSi gamoyenebuli iqnes manganumis Raribi madnebi 

(karbonatuli). 

 

• rogori qimiuri Sedgeniloba aqvs flusiani 

meTodiT miRebul nax. feromanganumis widas da sad 

gamoiyeneba igi? 

flusiani meTodiT gamodnobili naxSirbadiani 

feromanganumis widis qimiuri Sedgenolobaa: 

Mn - 11,0% ,   SiO2 - 32%,  GaO - 41,0%,  MgO- 1,8%,  
Al2O3 - 1,3% aseTi Sedgenilobis wida uvargisia 

Semdegi gamoyenebisaTvis da igi iyreba. 

 

• rogoria flusiani meTodiT gamodnobisas 

widis jeradoba da  fuZianoba? 

widis jeradoba 1,35-s Seadgens, xolo fuZianoba  

GaO  __1,3-s   
SiO2 
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2.3. mcire da saSualonaxSirbadiani  

 

feromanganumi 

 

• mcire da saS.naxSirbadiani feromanganumis ra 

markebia cnobili? 

cnobilia mcire da saSualonaxSirbadiani fero-

manganumis Semdegi markebi. 

 

marka Mn 
ara naklebi

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

mcire naxSirbadiani   feromanganumi 

ФMn  0,5 85 0,5 2,0 0,30 0,03 

saSualonaxSirbadiani   feromanganumi 

ФMn 1,0A 
ФMn 1,0 
ФMn 1,5 
ФMn 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 

 
• sad gamoiyeneba mcire da saSualonax-

Sirbadiani feromanganumi? 

mcire da saSualonaxSirbadiani feromanganumi 

gamoiyeneba unaxSirbado foladebis misaRebad da 

eleqtrodebis warmoebaSi. 
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• ra meTodebiT miiReba mcire da saSualonax-

Sirbadiani Fferomanganumi? 

mcire da saSualonaxSirbadiani feromanganumi 

miiReba metalurgiuli (silikoTermuli) aRdgeniTa 

da maRalnaxSirbadiani feromanganumis ganqrevis 

gziT (naxSirbadis amowviT) 

 

• rogoria mcire da saSualonaxSirbadiani 

feromanganumis gamodnobis procesi? 

gamodnobis procesi aris wyvetili e.i. Rumelis 

amonagis SekeTebis Semdeg, RumelSi CatvirTaven 

sakazme masalebs, CarTaven Rumels, procesis 

damTavrebis Semdeg ki gamorTaven Rumels da mTlia-

nad axdenen liTonisa da widis gamoSvebas. 

 

• ra simZlavris RumelebSi miiReba mcire da 

saS.naxSirbadiani feromanganumi silikoTermuli 

procesis SemTxvevaSi? 

silikoTermiuli gziT mcire da saS.naxSirbadiani 

feromanganumis gamodnoba xdeba 3,5 ;  5,0 da 7,0 mvt 

simZlavris dasaxrel sarafinacio RumelebSi. 

 

• rogoria Rumelis amonagi? 

amonagi aris fuZe (magnezitis aguri). 

 

• ramden xans grZeldeba mcire da saS. 

naxSirbadiani feromanganumis gamodnobis procesi? 

gamodnobis procesi grZeldeba 4-5 saaTi. 
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• ra sakazme masalebi gamoiyeneba mcire da 

saS.naxSirbadiani feromanganumis gamodnobisas? 

sakazme masalebad gamoiyeneba manganumis koncent-

rati (Mn>42%),  gadasamuSavebeli silikomanganumi   

(Si ≥17,0%, P≤0,12%), kiri an kirqva. 
 

• ra principiT xdeba Rumelis CarTva da ra 

TanmimdevrobiT axorcieleben z.f.q-Si mcire da 

saS.naxSirbadiani feromanganumis gamodnobas? 

mcire da saS.naxSirbadiani feromanganumis gamod-

nobas procesi moicavs Semdeg operaciebs: 

1. Rumelis amonagis SekeTeba; 

2. eleqtrodebis gadaSveba; 

3. saRumele  xvimiridan kazmis nawilis (ZiriTa-

dad silikomanganumi) CatvirTva sasurveli denuri 

datvirTvisTvis; 

4. Rumelis CarTva da mcire simZlavris aReba; 

5. kazmis darCenili nawilis mTlianad CatvirTva 

eleqtrodebis irgvliv; 

6. teqnologiuri simZlavris aTviseba, 

7. kazmis gadnoba; 

8. Senadnobis rafinireba da momzadeba gamoSve-

bisTvis; 

9. Rumelis amorTva; 

10. Senadnobisa da widis gamoSveba. 
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• ras emyareba saS.naxSirbadiani feromanganumis 

gamodnobis procesi, dawereT ZiriTadi reaqcia. 

saS.naxSirbadiani feromanganumis gamodnobis pro-

cesi emyareba silikomanganumis siliciumis manganu-

mis oqsidebiT amowvas. silikoTermiul reaqcias 

Semdegi saxe aqvs: 

 
2MnOTx+[Si]+2CaOmy=2Mn+2CaO.SiO2my 

ΔG1500-1600
0
c=18480+86,47T 

 

• ra rols asrulebs CaO  gamodnobis 

procesSi? 
MnO.SiO2 sistemaSi  CaO-s damateba xels uwyobs 

siliciumiT manganumis aRdgenas da Tburi efeqtis 

gazrdasac uzrunvelyofs. 

 

• rogori unda iyos  kazmSi gamoyenebuli 

manganumis koncentratis sineste? 

manganumis koncentratis sineste 3%-s  ar unda 

aRematebodes 

 

• jibsis energiis temperaturaze 

damokidebulebis cvlilebiT daaxasiaTeT 

silikoTermiuli aRdgenis amsaxveli reaqcia. 

ΔG-s temperaturaze damokidebulebis mixedviT 

enTalpiis cvlileba aris dadebiTi (ΔH>0), e.i. 

reaqcia aris endoTermuli, xolo entropiis 

cvlileba ki uaryofiTi (ΔS<0),  rac imaze miuTi-
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Tebs, rom temperaturis momateba xels uSlis 

reaqciis msvlelobas. 

 

• ra raodenobis sakazme masalebi da el.energia 

ixarjeba erTi tona saS. naxSirbadiani 

feromanganumos misaRebad? 

saS.naxSirbadiani feromanganumis gamodnobisas 

sakazme masalebis xarji tona produqciaze Seadgens: 

1. manganumis koncentrati (Mn 48%) -1550kg, 
2. silikomanganumi (82) - 1100kg, 
3. kiri - 350kg, 
4. el.energia - 1450 kvt.sT. 
 
• ras udris z.f.q-Si manganumis amokrefa 

kazmidan liTonSi? 
manganumis amokrefa saS.naxSirbadiani feromanga-

numis gamdnobisas liTonSi 56%-s aRwevs. 

 

• risi tolia am dros widis fuZianoba? 
widis fuZianoba 0,7-0,8-s aRwevs. 

 

• ramdenia z.f.q-Si saS. naxSirbadiani 

feromanganumis widaSi manganumis Semcveloba da sad 

gamoiyeneba aRniSnuli wida? 

z.f.q-Si arsebuli teqnologiiT miRebuli wida 32-

34%  Mn-s Seicavs. aRniSnul widas fosforis dabali 

Semcvelobis (P≤0,02%) gamo iyeneben gadasamuSave-

beli silikomanganumis gamosadnobad.  
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• ras udris saS. naxSirbadiani feromanganumis 

widis jeradoba? 

jeradoba 1,5-is tolia. 

 

• ra specifikuri  niSnebiT SeiZleba gamoixatos 

saSualo naxSirbadiani feromanganumis gamodnobis 

normaluri teqnologiuri reJimidan gadaxveva? 

1. kazmis amofrqvevebi da afeTqebis damaxasiaTe-

beli xma mianiSnebs manganumis koncentratis an 

kirqvis maRal sinesteze. 

2. kazmis neli gadnoba, naTeli mwvane feris 

wida, romelic   gamyarebisTanve iSleba Ffxvnilis 

saxiT, adasturebs kazmSi kiris (kirqvis) siWarbes. 

3. SenadnSi siliciumis maRali Semcveloba 

kazmis gamodnobis damTavrebisas, Sedegia  dozi-

rebis uzustobis da moiTxovs Rumelis abazanaSi 

sarafinacio narevis (manganumis koncentrati, kiri an 

kirqva) damatebiT Seyvanas 

4. Rumelis garcmis gawiTlebis SemTxvevaSi 

imisaTvis, rom aviciloT Rumelis gaWra aucile-

belia Rumelidan dauyonebliv gamouSvaT nadnobi. 

Tu daTvalierebisas SeimCneva cecxlgamZle amonagis 

aradamakmayofilebeli mdgomareoba, Rumeli unda 

gaCerdes SekeTebisaTvis an cecxlgamZle amonagis 

SecvlisaTvis.  
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2.4. liTonuri manganumi 

 

• CamoTvaleT liTonuri manganumis markebi 

liTonuri manganumis markebia: 

 

marka miRebis 

meTodebi 

Mn 
ara naklebi

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

Mn  998  

eleqtro-

lituri 

99,8 
 

0,04 __ 0,003 0,003 

Mn  997 99,7 
 

0,06 __ 0,05 0,10 

Mn  965  

eleqtro-

Termuli 

96,5 
 

0,10 0,8 0,05 0,05 

Mn  95 95,0 
 

0,20 1,8 0,07 0,05 

 
• liTonuri manganumis miRebis ra meTodebia 

cnobili? 
liTonuri manganumi miiReba eleqtrolituri da 

eleqtrosilikoTermiuli (zogjer aluminoTermiu-

li) gziT. 

 

• ra stadiebs Seicavs liTonuri manganumis 

miRebis eleqtrolituri gziT miRebis teqnologia? 
es stadiebia: 

1. madnis momzadeba gamotutisTvis; 

2. gamotutva; 

3. xsnaris gawmenda; 
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4. eleqtrolizi. 

 

• raSi mdgomareobs madnis winaswari momzadebis 

arsi? 

madnis winaswari momzadeba gulisxmobs mis 

damtvrevasa da aRdgeniT garemoSi gamowvas. 

 

• aRmdgenlad ras iyeneben? 

madans ureven qvanaxSirs an mazuTs. 

 

• dawereT aRdgenis reaqcia. 

MnO2+C= MnO+CO 
 
• ramdenia gamowvis temperatura? 
gamowvis tempeatura ar unda aRematebodes 700 - 

9000C 
 
• gamomwvari madnis gamotutvas riTi axdenen? 
gamomwvari madnis gamotutva xdeba specialur 

avzSi, gogirdmJavas xsnaris garemoSi. 

 

• dawereT manganumis xsnarSi gadasvlis reaqcia. 

MnO+H2SO4=MnSO4+H2O 
• riTi axdenen xsnaris gawmendas? 
filtraciis Semdeg xsnars umateben amoniumis 

sulfats  

[(NH4)2SO4] , ris Sedegadac xdeba xsnaris gawmenda 
Ni-sa da Go-isagan  (ileqeba  NiS  da GoS). 
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• eleqtrolizisas sad  gamoiyofa manganumi? 
eleqtrolizis procesSi Mn gamoiyofa kaTodze 

Txeli fenis (1,5 - 2 mm) saxiT. miRebuli metali 

uferulia da advilad imsxvreva. 

 

• saSualod ramdenxans grZeldeba gamotutvis 

procesi? 
gamotutvis procesi grZeldeba saSualod 24 

saaTi. 

 

• eleqtrolituri manganumis miRebisas risi 

tolia manganumis amokrefa? 

manganumis amokrefa aRwevs 60-65 %-s. 

 

• rogoria masalebisa da eleqtroenergiis 

xarji tona manganumze? 

eleqtrolituri manganumis miRebisas masalebis 

xarji tona manganumze Seadgens: 

1. manganumis madani (48% Mn)  _ 4000-4200 kg 

2. gogirdmJava               _ 1300-1500 kg 

3. amoniumis sulfati          _ 1600-1900 kg 

4. amiakis wyali                  _ 500-550 kg 

5. mazuTi                       _ 300 kg 

6. qvanaxSiri                   _ 300 kg 

7. eleqtroenergia        _ 10500-12000 kvt.sT. 

• ras emyareba liTonuri manganumis 

silikoTermuli gziT miRebis meTodi? 
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manganumiani feroSenadnobebis miRebis 

silikoTermuli meTodi zogadad emyareba manganumis 

monooqsididan (MnO) gadasamuSavebeli silikomanga-

numis siliciumiT aRdgenis process. 

 

• ra stadiebisgan Sedgeba silikoTermuli gziT 

liTonuri manganumis miRebis procesi? 

silikoTermuli gziT liTonuri manganumis 

miRebis procesi Sedgeba Semdegi stadiebisgan: 

1. maRalmanganumiani da dabalfosforiani gada-

samuSavebeli widis miReba; 

2. gadasamuSavebeli silikomanganumis gamodnoba 

3. liTonuri manganumis miReba. 

 

• raSi mdgomareobs maRalmanganumiani da 

dabalfosforiani gadasamuSavebeli widis miRebis 

arsi? 

gadasamuSavebeli widis miRebis arsi eleqtro-

RumelSi manganumis koncentratidan rkinisa da fos-

foris SerCeviT (seleqciur) aRdgenaSi mdgomareobs. 

es procesi igivea, rac manganumis koncentratebis 

defosforaciis metalurgiuli meTodi. 

 

• risi toli unda iyos fosforis moduli 

gadasamuSavebel widaSi? 

gadasamuSavebel widaSi fosforis moduli (P/Mn) 
ar unda aRematebodes 0,00038, rac TiTqmis 10-jer 
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ufro mcire sididea, vidre yvelaze saukeTeso 

koncentratebSi misi mniSvneloba. 

 

• ra qimiuri Sedgenilobis unda iyos 

gadasamuSavebeli wida? 

gadasamuSavebeli widis qimiuri Sedgenilobaa 

Semdegi: 

 

marka Mn, % ara naklebi P, % ara umetes
ШПМ 45 0,017

ШПМ 47 0,013 

 

• rogoria gadasamuSavebeli widis gamodnobis 

procesi da ra simZlavris RumelebSi xdeba misi 

miReba? 

gadasamuSavebeli widis miRebis procesi aris 

perioduli. aRniSnuli widis gamodnoba xorciel-

deba Ria, samfaza dasaxreli tipis RumelebSi, 

romelTa simZlavrec 2500-5000 kva-s Seadgens. 

 

• riT aris Rumeli amogebuli? 

gadasamuSavebeli widis gamosadnobi Rumeli 

amogebulia magnezitis aguriT. 

 

• SesaZlebelia Tu ara maRali simZlavris 

el.RumelebSi gadasamuSavebeli widis gamodnoba 

uwyveti procesiT? 
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SesaZlebelia, Tumca fosforis Semcveloba am 

SemTxvevaSi widaSi 0,03%-mde SeiZleba gaizardos. 

 

• ra sakazme masalebi gamoiyeneba gadasamu-

Savebeli widis misaRebad da ra raodenobiT 

miewodeba igi Rumels? 

gadasamuSavebeli widis misaRebad gamoiyeneba: 

manganumis koncentrati           ________ 1200kg 

wvrilfraqciuli koqswvrila       ___ 1000-1200kg 

silikomanganumis gadasayreli wida ___ 1000-800kg 

sakuTari warmoebis narCenebi       ______  300kg 

 

• ra ZiriTadi amocanebi dgas gadasamuSavebeli 

widis gamodnobisas? 

gadasamuSavebeli widis gamodnobisas saWiroa: 

1. koncentratSi arsebuli fosforis maqsimalu-

ri raodeniba gadavides Tanamdev liTonSi, 

2. widaSi darCes  manganumis maqsimaluri raode-

noba da misi mcire raodenoba  gadavides liTonSi. 

3. wida iyos  naklebad blanti. 

 

• gadasamuSavebeli widis gamodnobisas ra 

uwyobs xels fosforis maqsimalur gadasvlas 

liTonSi da manganumis maqsimalur amokrefas 

widaSi? 

fosforis gadasvla liTonSi da manganumis 

maqsimaluri amokrefa widaSi SeiZleba daregulir-
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des aRmdgenelisa da flusis (kvarciti) koreqtire-

biT. 

 

• riT miiRweva widis dabali siblante? 

widis dabali siblante miiRweva widis qimiuri 

Sedgenilobis regulirebiTa da temperaturis moma-

tebiT. 

 

• dawereT fosforis moSorebis reaqcia 

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

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

• gadasamuSavebeli widis gamodnobisas rogoria 

fosforis gadanawileba? 

fosfori Semdegnairad nawildeba: 

liTonSi    _ 65-70% 

widaSi      _  3-5% 

aorTqldeba _ 27-30% 

 

• widis ra fuZianoba ganapirobebs gadasamu-

Savebel widaSi fosforis minimalur mniSvnelobas? 

gadasamuSavebel widaSi fosforis minimaluri 

Semcvelobis misaRwevad aucilebelia, rom widis 

fuZianoba (CaO/SiO2) ar aRematebodes 0,3-s. fuZia-

nobis Semdgomi momateba xels uwyobs manganumis 

amokrefis gazrdas liTonSi, rac arasasurvelia.  
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• ramden xanSi axdenen Rumelidan gadasamu-

Savebeli widis gamoSvebas? 

gadasamuSavebeli widis gamoSvebas Rumelidan 

axdenen cvlaSi samjer kiris rZiT dafarul 

foladis cicxvebSi. 

 

• rogoria gadasamuSavebeli widis miRebisas 

Tanamdevi liTonis qimiuri Sedgeniloba? 

Tanamdevi liToni warmoadgens naxSirbadian 

feromanganums, romelic Seicavs 54-64% Mn-s, 28-37% 
Fe-s,  3-6% C-s,  0,5-0,7% Si -sa da  2,5-4% P-s. 

 

• sad gamoiyeneba Tanamdevi liToni? 

Tanamdevi liToni gamoiyeneba avtomaturi fola-

debis warmoebaSi, ferofosforisa da naxSirbadiani 

feromanganumis nacvlad. 

 

• rogoria Tanamdevi liTonis gamosavali? 

erTi  tona gadasamuSavebeli widis warmoqmnisas 

miiReba 74 kg Tanamdevi liToni. 

 

• rogoria sakazme masalebis xarji erT tona 

gadasamuSavebel widaze? 

erTi tona gadasamuSavebeli widis misaRebad 

saWiroa (bazuri wona) : 

manganumis koncentrati         _ 1180kg 

wvrilfraqciuli koqswvrila   _ 137kg 

wvrilfraqciuli kvarciti     _  87kg 
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silikomanganumis wida          _  90kg 

eleqtroenergia                _ 1330kvt.sT 

 

• rogoria manganumis ganawileba gadasamu-

Savebeli widis gamodnobisas? 

manganumi nawildeba Semdegnairad: 

liTonSi _ 8%; widaSi _ 86%; aorTqldeba _ 6% 

 

• gadasamuSavebeli silikomanganumis ra 

markebia cnobili? 

cnobilia gadasamuSavebeli silikomanganumis 

Semdegi markebi: 

 

marka 

Sedgeniloba, % 

Si 
ara naklebi 

C P Fe 
a r a   u m e t e s

СМnП-В 
СМnП-1 
СМnП-2 

28 

28 

27

0,05 

0,07 

0,15 

0,050 

0,050 

0,070

2,0 

2,3 

2,8

• ras emyareba gadasamuSavebeli 

silikomanganumis miRebis procesi? 

gadasamuSavebeli silikomanganumi miiReba eleqt-

roferoSenadnobebis sadnob RumelSi, kazmidan man-

ganumisa da siliciumis erTdrouli aRdgeniT. 

 

• ra sakazme masalebi gamoiyeneba gadasamu-

Savebeli silikomanganumis gamosadnobad? 
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sakazme masalebad gamoiyeneba dabalfosforiani 

maRalmanganumiani gadasamuSavebeli wida, kvarciti 

da koqsqvrila. 

 

• ra simZlavris eleqtroRumelebSi xdeba 

gadasamuSavebeli silikomanganumis gamodnoba da 

rogoria gamodnobis procesi? 

gadasamuSavebeli silikomanganumis gamodnoba 

xorcieldeba 5 da 16,5 mva simZlavris eleqtrorka-

lur RumelebSi. gamodnobis procesi aris uwyveti. 

 

• gadasamuSavebeli silikomanganumis miRebisas 

ra TanafardobiT miewodeba sakazme masalebi 

Rumels? 

sakazme masalebi el.Rumels miewodeba Semdegi 

TanafardobiT; 

dabalfosforiani gadasamuSavebeli wida _ 800 kg 

kvarciti       _________________ 270 _280 kg  

koqswvrila           ____________ 340 _ 360 kg 

 

• gadasamuSavebeli silikomanganumis gamodno-

bisas cvlaSi ramdenjer xdeba liTonisa da widis 

gamoSveba? 

liTonsa da widas uSveben cvlaSi 6-jer. 

 

• gadasamuSavebeli silikomanganumis gamodnobi-

sas ras udris manganumis da siliciumis amokrefa 

liTonSi? 
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manganumis amokrefa liTonSi 83,7%-s Seadgens, 

xolo siliciumis ki 60%-s. 

 

• ra Sedgenilobis wida miiReba 

gadasamuSavebeli silikomanganumis gamodnobisas? 

gadasamuSavebeli silikomanganumis widas aqvs 

Semdegi qimiuri Sedgeniloba :   Mn 6-9%,  CaO 18-
22%,  MgO 7-12%,  SiO2  45-47%,  C  1,6-1,8%. 

 
• risi tolia widis jeradoba? 
gadasamuSavebeli silikomanganumis widis 

jeradoba aRwevs 0,8_1-s.  

 

• rogor xdeba liTonis damuSaveba? 

gadasamuSavebel silikomanganums Txier 

mdgomareobaSi ukeTeben granulacias, an gamyarebis 

Semdeg 40-0 mm fraqciamde amsxvreven. 

 

• ra simZlavris RumelebSi xdeba liTonuri 

manganumis gamodnoba? 

liTonur manganums adnoben 5000 kva simZlavris 

Ria dasaxreli tipis eleqtroferoSenadnobebis 

sadnob RumelSi. 

 

• riT aris Rumeli amogebuli? 

liTonuri manganumis gamosadnobi el.Rumeli 

amogebulia fuZe amonagiT _ magnezitis aguriT. 
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• ra sakazme masalebi gamoiyeneba liTonuri 

manganumis gamosadnobad? 

liTonuri manganumis gamosadnobad gamoiyeneba 

dabalfosforiani gadasamuSavebeli Txieri wida, 

gadasamuSavebeli silikomanganumi (aRmdgeneli)  da 

flusi, kerZod kiri (CaO  93,2%). 
 
• pirobiTad ra stadiebisgan Sedgeba liTonuri 

manganumis gamodnobis teqnologia da ramden xans 

grZeldeba procesi? 

liTonuri manganumis  gamodnobis teqnologia 

pirobiTad Semdeg stadiebad SeiZleba daiyos: 

1. Rumelis SekeTeba; 

2. silikomanganumis CatvirTva (mTliani wonis 

1/3); 

3. Txieri widis Casxma; 

4. darCenili silikomanganumis CatvirTva (2/3 

mTliani wonis); 

5. kazmis gadnoba; 

6. RumelSi haeris Seberva siliciumis amowvis 

mizniT. 

liTonuri manganumis gamodmobis procesi 

grZeldeba 3_3,5 sT. 

 

• rogoria sakazme masalebis xarji tona 

produqtze? 

erTi tona liTonuri manganumis misaRebad 

saWiroa: 
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gadasamuSavebeli dabalfosforiani wida (48% Mn) 
- 2087kg 

gadasamuSavebeli silikomanganumi __  650 kg 

kiri               _____________ 1631 kg 

eleqtroenergia   _________________ 2590 kvt.sT 

 

• rogoria elementebis ganawileba liTonuri 

manganumis gamodnobisas? 

elementebis ganawilebas aqvs Semdegi saxe: 

 

sakazme masala elem

enti

gadadis,  %

liTonSi widaSi aorT-

qldeba 

dabalfosforiani wida 

silikomanganumi 

dabalfosforiani wida 

silikomanganumi 

kazmi 

Mn 
Mn 
Fe 
Fe 
P 

46,5 

100 

90,0 

100 

60,0

45 

_ 

10 

_ 

30

8,5 

_ 

_ 

_ 

10

 

• ra qimiuri Sedgenilobis wida miiReba 

liTonuri manganumis gamodnobisas? 

liTonuri manganumis widas aqvs Semdegi qimiuri 

Sedgeniloba: %: 

Mn SiO2 CaO MgO Al2O3 P 

13-15 27-29 44-45 3,1-3,3 1-3,5 0,003-0,005 
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• risi tolia liTonuri manganumis widis 

jeradoba? 

jeradoba damokidebulia miRebuli liTonis 

markaze da igi 3,6_4,0 intervalSi meryeobs. 

 

• sad gamoiyeneba liTonuri manganumis wida? 

liTonuri manganumis gadasayreli wida danaWrov-

nebis Semdeg SeiZleba gamoyenebul iqnes manganumiani 

feroSenadnobebis warmoebasa da foladis gamodno-

bisas. dadgenilia, rom eleqtroRumelebSi foladis 

gamodnobisas, kiris nacvlad aRniSnuli widis 

gamoyeneba, manganumiani FferoSenadnobebis ekonomias 

uzrunvelyofs. 

 
  



74 
 

2.5. azotirebuli manganumi 

 

• aCveneT azotirebuli manganumis markebi. 

cnobilia azotirebuli manganumis Semdegi markebi: 
marka sawyisi 

manganumi 

Mn ara
nak-

lebi 

C Si P S N 
ara  umetes ara 

nak-

lebi 

Mн  92H6 eleqtro-

lituri

92,0 0,10 _ 0,005 0,10 6,0 

MH  87H6 eleqtro-

Termiuli 

87,0 0,20 1,8 0,07 0,05 6,0

Mn  89H4 89,0 0,20 1,8 0,07 0,05 4,0 

Mn  91H2 91,0 0,20 1,8 0,07 0,05 2,0

 

• ra sistemisgan Sedgeba azotirebuli 

manganumi? 

azotirebuli liTonuri manganumi Sedgeba Mn - N  
orkomponentiani sistemisagan, romelSic warmoiqm-

neba Semdegi nitridebi:    Mn4N (5,99% N),    Mn5N2 (9,2 - 
11,92%N),    Mn3N2 (13,5 - 15%N)  da sxva. 

 

• sad gamoiyeneba azotirebuli manganumi? 

azotirebuli manganumi sxvadasxva markis fola-

dis gamosadnobad gamoiyeneba. austenituri klasis 

koroziamedeg foladebSi azoti garkveul wilad 

nikelsac cvlis. 
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• rogoria azotirebuli manganumis warmoebis 

teqnologia? 

azotirebuli manganumis myarfaziani warmoebis 

teqnologia SemdegSi mdgomareobs: burTulebian 

wisqvilSi azotis atmosferoSi miRebul 2_0 mm-mde 

damsxvreul manganumis fxvnils yrian qveSSi da 

aTavseben 2000C-mde maxurebel vakuumur RumelSi. 

133,3 paskalamde gaiSviaTebisa da 8000C-mde   gaxure-

bis    Semdeg,  RumelSi awvdian  molekulur azots  

(99% N2). izoTermuli dayovnebis temperatura Sead-

gens 900 _ 9500C-s. procesis egzoTermulobis Sede-

gad xdeba fxvnilis Secxoba. masis gacieba warmoebs 

azotis garemoSi. 

 

• ramden xans grZeldeba azotirebis procesi? 

azotirebis procesi grZeldeba 70 saaTs. 

 

• romel temperaturaze miiReba Secxobili masis 

sasurveli simtkice? 
Secxobili masis sasurveli simtkice miiReba 

750_9000C temperaturul intervalSi  Catarebuli 

azotirebisas. 

 

• ras udris Secxobili masis simkvrive? 

Secxobili masis simkvrive aRwevs 5,9_6,4 g/sm3-s. 

 

• ra raodenobis sakazme masalebia saWiro erTi 

tona azotirebuli manganumis misaRebad? 
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erTi tona sasaqonlo azotirebuli manganumis 

misaRebad ixarjeba: 

liTonuri manganumi  ____   1030 kg  

azoti        ___________    150 m3 

eleqtroenergia   _______    1180 kvt.sT 
 

• ramdenia manganumis sasargeblo gamoyeneba 

azotirebuli manganumis miRebisas? 

manganumis sasargeblo gamoyeneba 97%-s aRwevs. 

 

• rogoria azotirebuli silikomanganumis 

qimiuri Sedgeniloba? 

azotirebas ukeTeben silikomanganumsac, romlis 

qimiuri Sedgenilobaa: 

 

marka Mn, 
ara naklebi

N Si C, 
ara umetes 

CMH 7H 60,0 7,1 9_17 3,5 

CMH 5H 60,0 4,0_7,0 9-17 3,5

 

saerTod azotirebis myarfaziani meTodi univer-

saluria da SeiZleba sxva feroSenadnobebisaTvis 

iqnes gamoyenebuli. 
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3. siliciumiani feroSenadnobebi 

 

• CamoTvaleT ferosiliciumis markebi 

ferosiliciumis markebia (DCTУ  4127 - 2002 mixed-
viT) 

ФС90, ФC 70, ФС65, Ф C45, ФC 25, ФС 20, ФС15 da ФС10.  
ФС niSnavs ferosiliciums, xolo cifrebi silici-

umis raodenobas  aRniSnaven. 
 

• ra  fiziko-qimiuri TvisebebiT xasiaTdeba 

siliciumi? 

siliciumi liTonuri bzinvarebis mqone myari da 

advilad msxvrevadi araliTonia. igi Semdegi fiziko-

qimiuri TvisebebiT xasiaTdeba: 

atomuri wona         _ 26,086   

simkvrive 200C -ze      _ 2370 kg/m3 

valentoba             _  2; 4. 

dnobis temperatura   _ 14140C 
duRilis temperatura _ 22870C 
 

• siliciumis ramdeni alotropuli forma 

arsebobs? 

siliciumis   ori   alotropuli    forma arse-

bobs: 

1) amorfuli (Savi feris),  romelic eleqtro-

gaumtaria da   

2) kristaluri (foladis feris), romelic dens 

atarebs.    
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•  ra saxis  oqsidebs warmoqmnis siliciumi 

JangbadTan? 

siliciumi Jangbadis mimarT aqtiuri elementia. 

igi JangbadTan warmoqmnis myar oqsids _ siliciumis 

orJangs (SiO2) da aramdgrad  maRaltemperaturul 

formas - siliciumis monooqsids (SiO).  cnobilia 

agreTve aramdgradi oqsidebi Si2O3  da  Si3O4.  
 
• ra mdgomareobaSi gvxvdeba kaJmiwa (SiO2)? 
kaJmiwa (SiO2) SeiZleba  iyos amorfuli da 

kristalur mdgomareobaSi. gaxurebisas amorfuli 

forma  kristalurSi gadadis. 

 

• kristaluri kaJmiwis ramdeni modifikaciaa 

cnobili? 

cnobilia kristaluri kaJmiwis sami modifikacia ( 

kvarci, tridimiti da kristobaliti). gaxurebiT es 

modifikaciebi erTmaneTSi gadadis 

α kvarci → β kvarci → tridimiti → 

kristobaliti 

myaria 570 _ 8700C     14700C- mde      17130C- mde 
 

• ramdenia SiO2-is dnobis temperatura? 

SiO2-is dnobis temperaturaa 17130C. 
 

• Fe-Si   sistemaSi romeli silicidebia 

cnobili? 
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Fe-Si  sistemaSi cnobilia Semdegi silicidebi: 

FFe3Si;    Fe2Si;    FeSi  da  FeSi2 
 
 

3.1.ferosiliciumi 

 

• ra sakazme masalebi gamoiyeneba 

ferosiliciumis gamosadnobad? 
ferosiliciumis misaRebad gamoiyeneba kvarciti, 

koqsi da rkinis  burbuSela. 

 

• rkinis burbuSelas nacvlad ratom ar iyeneben 

rkinis Semcvel sxva masalebs ( madani, aglomerati, 

gundebi)? 
rkinis burbuSelis gamoyenebis aucilebloba  

ganpirobebulia imiT, rom rkinis oqsidebi dabal 

temperaturaze advilad reagireben SiO2-Tan da 

warmoqmnian advildnad silikatebs. Tu ki 

SiO2+2C=Si+2CO reaqciiT aRdgenis Teoriuli 

temperatura (roca ΔG0
T=0)  16690C-s Seadgens, 

FeO⋅SiO2   naerTis evteqtikuri temperatura mxolod 

11780C-is tolia, e.i. rkinis burbuSelis sxva 

masalebiT Secvlis SemTxvevaSi aRdgenis process 

win uswrebs gadnobis procesi. silikaturi 

nalRobis warmoqmna mkveTrad amcirebs kazmis kuTr 

eleqtrowinaRobas, xdeba kazmis komponentebis 

ganSreveba, riTac uaresdeba Rumelis teqnologiuri 

maCveneblebi. 
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• rogoria ferosiliciumis gamodnobis 

procesi?  

ferosiliciumis gamodnobis procesi aris uwyveti 

da uwido. 

 

• ra simZlavris RumelebSi xdeba 

ferosiliciumis gamodnoba? 

ferosiliciums adnoben  22,5 _ 63 mva simZlavris 

Ria da daxuruli tipis eleqtro RumelebSi. Rumeli 

naxSiris blokebiTaa amogebuli. 

 

• rogoria sakazme masalebis granulometriuli 

Sedgeniloba? 

granulometriuli Sedgeniloba sakazme masale-

bisa aris Semdegi: 

1. kvarciti (SiO2 ≥97%,   Al2O3 ≤1,5%) - 20 - 80 mm 
2. koqswvrila 5 _ 20 mm 

 

• ra SesaZlo reaqciebi  SeiZleba ganviTardes 

Fe - Si - O- C sistemaSi? 

Fe - Si - O - C  sistemaSi  SeiZleba adgili hqondes 

Semdeg reaqciebs: 

1. SiO2+Cmy=SiOair+CO 
2. 2SiO2+SiCmy=3SiOair+CO 
3. SiOair+2Cmy=SiCmy+CO 
4. 2SiOair+[Si]Fe=2SiOair 
5. SiOair+SiCmy=2[Si]Fe+CO 
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6. SiOair+C=[Si]Fe+CO 
 
•  ra maCveneblebiT SeiZleba Sefasdes Rumelis 

normaluri muSaoba? 

Rumelis normaluri muSaobisas:  

1. kazmi Tanabrad miewodeba Rumels;  

2. eleqtrodebi Rrmad Cadis kazmSi; 

3. TaRis qveS Warbi wneva 2,0 _ 5,0 paskals aRwevs; 

4. temperatura TaRis qveS ar aRemateba 500 _ 

6000C-s; 

5. sakerZe airSi wyalbadisa da Jangbadis 

Semcveloba Sesabamisad ar aRemateba 5 da 1,0 %-

s; 

6. gamavali airebis raodenoba aris mudmivi. 

 

• ras iwvevs kazmSi aRmdgenelis raodenobis 

cvlileba? 

kazmSi aRmdgenelis raodenobis naklebobisas: 

1. deni iwyebs rxevas; 

2. eleqtrodebis Cajdoma ar aris myari;  

3. airebis gamoyofa  mxolod eleqtrodebis gar-

Semo xdeba;  

4. kazmis Secxobis intensioba izrdeba;  
5. Raridan gadmodis sqeli wida;  

6. sakerZis temperatura 500 _ 6000C-dan  1000 _ 

12000C-mde izrdeba;  

Tu kazmSi aRmdgenelis nakleboba  didxans 

gagrZelda  wida saerTod aRar gamova Rumelidan. 
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dnobis normaluri reJimis  aRsadgenad aucile-

belia gaswordes kazmis Sedgeniloba da amavdrou-

lad eleqtrodebis qveS Rumels miewodos msubuqi 

ulufa (aRmdgenelis siWarbiT) an Seicvalos 

samuSao Zabva. 

kazmSi aRmdgenelis raodenobis siWarbisas:  

1. eleqtrodebi maRla iwevs;  

2. adgili aqvs eleqtrodebTan kazmis Cavardnas;  

3. eleqtrorkali xmaurobs;  

4. liToni da wida cudad gamoedineba Rumelidan. 

 

• ra raodenobisa da qimiuri Sedgenilobis wida 

miiReba ferosiliciumis gamodnobisas?  

ferosiliciumis gamodnobisas widis raodenoba 

Txevadi masis 3_5%-s Seadgens. wida Semdegi qimiuri 

SedgenilobiT xasiaTdeba:  48_50% SiO2,     20_25% 

Al2O3,   15_18%  CaO,   10_15%  SiC 
 
• ra rols asrulebs rkina ferosiliciumis 

gamodnobisas? 
kazmSi rkinis arseboba mniSvnelovnad aumjobe-

sebs siliciumis aRdgenis process, radganac aRdge-

nili siliciumi rkinaSi ixsneba da xdeba misi da-

leqva. amitom rkinas ,,damleqsac" uwodeben. 

 

• rogor xdeba Rumelidan liTonisa da widis 

gamoSveba? 
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liTonsa da widas Rumelidan erTi xvrelis 

saSualebiT uSveben  Samotis  aguriT amogebul 

cicxvSi   (38_40% Al2O3 ,  50_55% SiO2). 
 
• ra masalisgan mzaddeba Rumelis  xvrelis 

Casaketi ,,konusi"? 

konusi mzaddeba koqsisa (an naxSirbadovani masis) 

da cecxlgamZle Tixis (50% SiO2, 35% Al2O3, 1,5% TiO2, 
0,5% CaO danarCeni H2O) SereviT. gamoyenebis win 

,,konusis" gamowvasac axdenen. 

 

• ramdenjer axdenen cvlaSi Rumelidan ferosi-

liciumis gamoSvebas? 

rogorc praqtikam aCvena ferosiliciumis gamoSve-

bis ricxovnobas gansazRvravs erT tona liTonze 

daxarjuli eleqtroenergiis raodenoba, e.i. ferosi-

liciumis marka (ix. cxrili) 
 

ferosiliciumi

s marka

ΦC 20 ΦC 25 ΦC  45 ΦC  65 ΦC  75 

el-energiis 

xvedriTi xarji 

kvt. sT/t

 

2180 

 

2820 

4700 

5200 

7500 

8000 

8800 

9500 

gamoSvebis 

ra_ba  cvlaSi

 

6_8

 

6_8 

 

5_6

 

4_5

 

4_5

 
• rogoria gamoSvebuli liTonis temperatura? 
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Rumelidan gamosuli ferosiliciumis  tempera-

tura 1650_17500C-s Seadgens, amitomac Senadnobis 

temperaturis dawevis mizniT cicxvSi garkveuli 

periodiT xdeba ferosiliciumis dayovneba. 

 

• sad axdenen ferosiliciumis Camosxmas? 
ferosiliciumis Camosxmas axdenen lenturi tipis 

konveierul manqanaze. 

 

• rogoria sakazme masalebis xarji erT tona 

liTonze? 

erTi tona ferosiliciumis misaRebad saWiroa, kg: 

 

 

ferosiliciumi 

 

 

ΦC 20
 

ΦC 25
 

ΦC 45
 

ΦC 65
 

ΦC 75 

kvarciti 

rkinis burbuSela 

koqswvrila 

eleqtrodebis masa 

el.energiis xarji, 

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 

1567 
343 
720 
43,3 
74,0 

 
92,1 

1930 
250 
845 
54 

8800 
 

91,8 

 
• ra meTodebiT axdenen ferosiliciumis 

rafinirebas aluminisagan? 



85 
 

imis gaTvaliswinebiT, rom ferosiliciumis zogi-

erT markaSi aluminis Semcveloba ar unda aRemate-

bodes 0,1%-s, aucilebeli xdeba liTonidan aluminis 

amowva. 

aluminis rafinirebis ori meTodia cnobili: 

1. erTi meTodi iTvaliswinebs rkalur (an induq-

ciur) RumelSi Txevadi ferosiliciumidan aluminis 

rafinirebas TixamiwiT gamdidrebuli widiT ( CaO-
SiO2 sistemis).  

2. meore meTodi iTvaliswinebs cicxvSi Txevadi 

ferosiliciumis widawarmomqmneli nareviT rafini-

rebas. widiswarmomqmnelad gamoyenebulia kiri, kvar-

citis fxvnili, rkinis madani da mlRobi Spati 

(CaF2). 
 

• ra uaryofiTi mxare aqvs aluminis 

rafinirebis meTods? 

RumelSi rafinirebisas klebulobs siliciumis 

Semcveloba SenadnobSi, amasTan maRalia eleqtro-

energiis xvedriTi xarji (1400 _ 1500kvt. sT/t). 
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3.2. kristaluri siliciumi 

 

• ra markebi arsebobs kristaluri siliciumis 

da rogor miiReba igi? 

arsebobs kristaluri siliciumis Semdegi markebi: 

 

marka Si 
aranaklebi 

a r a   u m e t e s 

Fe Al Ca Fe + Al + Ca 
 

Kp 00 
 

Kp 0 
 

Kp 1 
 

Kp 2 
 

Kp 3 

 
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 

kristaluri siliciumi miiReba rkalur 

elektroRumelSi kvarcidan an kvarcitidan 

naxSirbadiT siliciumis aRdgeniT. 

 

• aCveneT siliciumis aRdgenis reaqcia Tavisi 

Termodinamikuri maxasiaTeblebiT. 

siliciumis aRdgena Semdegi reaqciiT mimdina-

reobs: 

SiO2+2C=Si+2CO 
ΔG0

T=697390-359,07T 
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• ras udris am reaqciis dawyebis Teoriuli 

temperatura? 

siliciumis  aRdgenis   Teoriuli  temperatura   

1942 K (16690C) Seadgens. 
 

• sad gamoiyeneba kristaluri siliciumi? 

kristaluri siliciumi gamoiyeneba silicium-

spilenZis SenadnobSi, sinTeTikur  aluminosiliciu-

mian SenadnobSi (siluminebi), aseve specialuri 

foladebisa da Senadnobebis ganJangvisa da legire-

bisaTvis. Kp 00 markas naxevar gamtarebis misaRe-

badac iyeneben. 

 

• ra sakazme masalebi gamoiyeneba kristaluri 

siliciumis misaRebad? 

kristaluri siliciumis gamosadnobad gamoiyeneba;  

1. kvarciti        (20-50 mm);   

2. xis naxSiri     (5-15 mm); 

3. navTobis koqsi      da 

4. airuli naxSiri  (5-15 mm). 

       

• ra periodiT axdenen nadnobis gamoSvebas? 

kristaluri siliciumis gamoSveba xdeba uwyvetad, 

raTa Tavidan iqnes acilebuli meoradi 

karbonizaciis procesi. 

 

• ra raodenobis  sakazme masalebia saWiro erTi 

tona kristaluri siliciumis misaRebad? 
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16,5 mva simZlavris RumelSi kristaluri siliciu-

mis gamodnobisas (cvladi denis SemTxvevaSi) erTi 

tona produqciis misaRebad ixarjeba; 

1. kvarciti         ____  2540 kg 

2. xis naxSiri      ____  1310  kg 

3. navTobis koqsi   ____  150   kg 

4. airuli naxSiri  ____  240   kg 

5. el.energia       _____ 11,2 _ 12,2 mvt.sT 

 

• kristaluri siliciumis miRebisas rogoria 

kazmidan elementebis amokrefa ? 

elementebis amokrefa aris Semdegi: 

Si _ 78 - 85%; Al _ 50 - 55%; Ca _ 35 - 40%; Mg _ 30 - 
35%; Fe _ 95 -98%. 

 
• ra Sedgenilobis airi gamoiyofa kristaluri 

siliciumis gamodnobisas? 
kristaluri siliciumis gamodnobisas gamoyo-

fili airi Seicavs: 

CO _ 80 - 85%; CO2  _ 4 - 8%; CH4 _ 1 - 3%; H2O _ 0,1 -
1%; N2 1 _ 4%; H2 _ 1 - 3%. 

aRniSnuli airi gawmendamde mtversac Seicavs 

(SiO2 80%; Al2O3  2-4%; Fe2O3 0,1-0,2%; CaO 1-2%; C 7-8%). 
 
• ra raodenobis airi warmoiqmneba kristaluri 

siliciumis gamodnobisas? 
gamoyofili airis raodenoba Seadgens 120 000 

m3/dRe-RameSi (22,5 mva simZlavris RumelSi). 
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• ra raodenobis wida miiReba kristaluri 

siliciumis gamodnobisas? 
miRebuli widis raodenoba Seadgens mTliani masis 

3-8%-s. 

 

• ra qimiuri Sedgenilobiisa kristaluri 

siliciumis wida? 
kristaluri siliciumis gamodnobisas miRebul 

widas aqvs Semdegi qimiuri Sedgeniloba, %:      30-
50% SiO2; 10-30% Si; 8-15% SiO; 10-40% SiC; 0,5-1,0% 
Fe2O3; 12-15% Al2O3; 20-30% CaO. 

 
• sad  gamoiyeneba aRniSnuli wida? 
kristaluri siliciumis gamodnobisas miRebuli 

wida gamoiyeneba foladis ganJangvisaTvis (RumelSi, 

cicxvSi  an  boyvebSi), agreTve siliciumiani fero-

Senadnobebis misaRebad. 

 

• gadamuSavebis ra stadiebs gadis kristaluri 

siliciumi momxmarebelTan miwodebamde? 
boyvebSi uwyvetad gamoSvebis Semdeg, nadnobi 

ganicdis kristalizacias, miRebul sxmuls amsxv-

reven da sasaqonlo produqcias widisgan ganacal-

kevebis Semdeg ugzavnian momxmarebels. 

 

• rogor axdenen miRebuli nadnobis rafinirebas? 
kristaluri siliciumis rafinirebas axdenen 

gamaxurebel cicxvebSi tutemiwa liTonebis marile-
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bis (NaCl, Na3AlF6 da sxv) gamoyenebiT. rafinirebis  

procesSi aluminis Semcveloba 0,3_0,45%-dan 0,10_0,20 

%-mde  mcirdeba,  xolo kalciumis 0,6_1,0%-dan 0,2 _ 

0,4%-mde. 

 

• ra  upiratesi maCveneblebiT xasiaTdeba 

mudmivi deniT kristaluri siliciumis gamodnobis 

teqnologia cvladi deniT gamodnobasTan 

SedarebiT? 
mudmivi deniT Rumelis muSaobisas 15_20%-iT nak-

lebi ZviradRirebuli eleqtrodi ixarjeba, amasTan 

mcirdeba eleqtroenergiis xvedriTi xarji, izrdeba 

sasaqonlo siliciumis xarisxi da umjobesdeba 

momsaxure personalis Sromis pirobebi. 
 

 

3.3. siliciumis karbidi 

 

• sad gamoiyeneba siliciumis karbidi 

(karborundi)? 

karborundi (SiC),   rogorc maRali mikrosimagris 

mqone xelovnuri sali masala, farTod  gamoiyeneba 

liTonebis damuSavebisas da metalurgiul warmoe-

baSi liTonuri produqciis gasawmendaT, agreTve 

cecxlgamZle masalebis dasamzadeblad. 

 

• bunebaSi ra saxiT gvxdeba siliciumis 

karbidi? 
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bunebaSi siliciumis karbidi gavrcelebulia  

mineral muasanitis (SiC)  saxiT. es minerali aRmoCe-

nil iqna irkutskis olqsa (1956 w.) da dneprovski-

doneckis gorakebSi (1965 w.). 

 

• rogor iReben siliciumis xelovnur karbids? 

siliciumis xelovnur karbids Rebuloben SiO2-is 

naxSirbadiT aRdgeniT: 

SiO2+3C=SiC+2CO         ΔG0
T=555615-322,11T 

 
• risi tolia PPco=100 kpa wnevis pirobebSi 

aRniSnuli reaqciis nulTan tolobis temperatura 

(ΔG0
T=0)? 

karbidis  warmoqmnis  (ΔG0
T=0) Teoriuli tempera-

tura 1725 K-s Seadgens. 
 

• ra TvisebebiT xasiaTdeba siliciumis karbidi? 
siliciumis karbidis simkvrivea 3,22 g/sm3,  

warmoqmnis siTbo ΔH0
298=66,16 kj/moli. 

 

• ra Fferisaa karborundi? 
arsebobs Savi da mwvane Fferis karborundi, 

romelsac warmoebis maStabiT eleqtro RumelebSi 

iReben. 

 

• ra sakazme masalebi gamoiyeneba karborundis 

misaRebad? 
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karborundis misaRebad gamoiyeneba koqsi da 

kvarcis fxvnili. amasTan mwvane karborundis misaRe-

bad kazms natriumis qloridsac umateben. 

 

• ra axdens mavne zemoqmedebas karborundze? 
karborundis miRebaze mavne gavlenas axdens 

kvarcis fxvnilSi arsebuli Tixamiwa. amitomac 

kvarcis fxvnils gamoyenebamde guldasmiT recxaven. 

Tumca ar aris gamoricxuli narCeni Tixamiwidan da 

aRmdgenelis nacridan kompleqsuri karbidebic 

(Al4SiC da Al4CSi4) warmoiqmnas romlebic  maRal 

temperaturaze disociaciiT warmoqmnian SiC-s,  Al-sa  
da  C-s. 

 

• ra tipis RumelebSi xdeba karborundis 

miReba? 

karborundi miiReba eleqtrowinaRobis RumelSi, 

romelic warmoadgens moZrav baqans da romlis 

boloebSic ganlagebulia dengamtari naxSiris 

eleqtrodebi. 

 

• rogoria aRniSnuli Rumelis muSaobis 

principi? 

baqanis fskerze yrian nabruns, kvarcis fxvnils 

da Semdeg awyoben naWrovani navTobkoqsis kerns, 

romelsac zemodan ayrian sareaqcio kazms. kerni 

sawyis periodSi samuSao winaRobasac warmoadgens. 
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• ra raodenobis sakazme masalebi ixarjeba 

erTi tona karborundis misaRebad? 

erTi tona karborundis misaRebad saWiroa: 

kvarcis fxvnili___ 1750 /2000 kg 

antraciti ________ 900 /700 kg 

navTobkoqsi _______ 300 /600 kg 

xis naxerxi ________ 170 /370 kg 

          sufris marili (NaCl) __1230  kg 
el.energia ____ 8200 /10000 kvt.sT 

(mricxveli Savi karborundis SemTxvevaa, xolo 

mniSvneli mwvanesi). 

 

• ra moTxovnebi waeyeneba sakazme masalebs? 

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-s, 0,02% TiO2-s. 

aRmdgenelad SeiZleba gamoyenebuli iqnes mxolod 

mcire nacriani naxSirbad aRmdgenlebi antraciti 

(nacrianoba 3%, Cmy_93%) da navTobkoqsi (nacrianoba 

0,8%, Cmy-94%, aqroladebi 5%, sineste 3%). 

 

• ra raodenobiT miewodeba  kazmi Rumels da 

rogor akontroleben karborundis miRebis process? 
RumelSi tvirTaven 50_65 t kazms da 3200-4500 kg 

kerns; karborundis miRebis process ZiriTadad 

akontroleben daxarjuli eleqtro energiis raode-

nobiT. magaliTad, 3500 kvt simZlavris transfor-

matoris SemTxvevaSi karborundis  miRebis procesi 
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damTavrebulad iTvleba Tu ki eleqtroenergiis 

xarji 65-70 mvt.sT-s Seadgens. 

 

• ra dro sWirdeba Rumelis gaciebas? 

Rumels acieben 24_32 saaTis ganmavlobaSi. 

 

• riT SeiZleba daiSalos kazmSi arsebuli 

siliciumis karbidi? 

ferosiliciumis gamodnobisas kazmSi arsebuli 

siliciumis karbidi advilad iSleba liTonuri 

rkiniT SiC+Fe=[Si]Fe+Cmy 

 

• ramden xans grZeldeba siliciumis karbidis 

liTonuri rkiniT daSlis procesi? 

rkinis meSveobiT siliciumis karbidis daSlis 

reaqcia manam mimdinareobs, sanam SenadnobSi sili-

ciumis Semcveloba 23_24%-s ar miaRwevs. am SemTx-

vevaSi adgili aqvs wonasworobaSi myof silikokar-

bidis (Fe5Si3Cx) warmoqmnas. 
 

• ra principiT axdenen kristaluri siliciumis 

momxmarebelTan miwodebas? 

naWrovan SiC-s Semdgomi gadamuSavebis mizniT 

sxvadasxva klasis sali marcvlebis dasamzadeblad 

iyeneben. 70%-mde SiC-s Semcvelobis wanazardebs ki 

ferosiliciumis gamodnobisas, cecxlgamZle masale-

bis warmoebaSi, naxSirbadovani masis misaRebad da 

sxva daniSnulebiT iyeneben. 
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4. qromiani feroSenadnobebi 

 

• daaxasiaTeT qromi. 

      atomuri wona 51,996 

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

       valentoba 2,   3  da 6 

 

• CamoTvaleT qromis karbidebi. 

qromi naxSirbadTan Semdeg karbidebs warmoqmnis: 
Cr23C6;  Cr7C23;  Cr3C2      da    CrC. 

 
• CamoTvaleT qromis silicidebi. 
Cr-Si sistemaSi  warmoiqmneba Semdegi Termodinami-

kurad mdgradi silicidebi:  Cr3Si;  Cr5Si3;  CrSi da CrSi2. 
 

• CamoTvaleT qromis fosfidebi. 

Cr-P sistemaSi  warmoiqmneba  Semdegi fosfidebi: 
Cr3P;  Cr2P;  CrP; CrP2   da sxva. 

 

• CamoTvaleT qromis sulfidebi. 

Cr-S sistemaSi arsebobs stabiluri (CrS,  Cr3S4 da 

Cr2S3 ) da metastabiluri (Cr7S8 da Cr3S6 ) sulfidebi. 

 

• CamoTvaleT qromis oqsidebi. 

Cr-O  sistemaSi cnobilia Semdegi oqsidebi: CrO3,  
Cr2O3, Cr3O4,   CrO. 
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• CaO-Cr2O3   sistemaSi ra saxis naerTebi 

SeiZleba warmoiqmnas? 
aRniSnul sistemaSi SeiZleba warmoiqmnas kalciu-

mis qromitoqromiti  (CaO.4CrO3.Cr2O3, dnobis tempera-
turaa  17740C ) da qromati CaCrO4. 

 
• CaO-SiO2  sistemaSi qromis ra saxis naerTebi 

SeiZleba warmoiqmnas? 
am sistemaSi mxolod erTi naerTi qromis 

orTosilikati (2CrO.SiO2 igive Cr2SiO4) SeiZleba 

warmoiqmnas. 

 

• arsebobs Tu ara dedamiwis qerqSi qromi 

Tavisufali saxiT? 

dedamiwis qerqSi qromi Tavisufali saxiT ar 

arsebobs, Tumca sufTa saxiT igi meteoritSia 

aRmoCenili. 

 

• ra mineralebis saxiTaa gavrcelebuli qromi 

madnebSi? 

madnebSi qromi gavrcelebulia Semdegi minera-

lebis saxiT:  magnitoqromiti (Mg,Fe)O.Cr2O3;  qrompi-
kotiti (Mg,Fe)O.(Cr,Al)2O3 da aluminoqromiti  

FeO.(Cr,Al)2O3. 
 
• dsT-s romel qveynebSia qromis madani? 
qromis madani aqvs yazaxeTs (Cr2O3 45-65% ) da 

ruseTs (Cr2O3 33-39%). 
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• ra moTxovnebs unda akmayofilebdes yazaxeTis 

madnebi? 
yazaxeTis qromis madnebi Semdeg qimiur Sedgeni-

lobas unda akmayofilebdes: 

 

madnis marka DX-1-1 DX-1-2 
Cr2O3;%     (ara naklebi) 

SiO2;  %      (ara umetsi) 
Cr2O3/FeO 
P, %             ( ara umetesi)

50 
7,0 
3,5 

0,008 

47 
10,0 
3,0 

0,008 
 

4.1. maRalnaxSirbadiani  feroqromi 

 

• ramden jgufad iyofa feroqromi? 

feroqromi iyofa sam jgufad: maRal,  saSualo da 

mcirenaxSirbadianad. 

 

• ra diapazonSi icvleba qromi aRniSnul 

jgufebSi? 

ГOCT 4751-91-iT mixedviT yvela jgufis 

feroqromSi qromis raodenoba icvleba: 

dasaxeleba FeCr   50 FeCr  60 FeCr  70 FeCr   80 FeCr   90 

Cr,   % 45,5-55,0 55,0-65,0 65,0-75,0 75,0-85,0 85,0-95,0 

 

• CamoTvaleT maRalnaxSirbadiani feroqromis 

markebi qimiuri Sedgenilobis  CvenebiT. 

maRalnaxSirbadiani feroqromis qimiuri 

Sedgeniloba aris Semdegi  (ГОСТ 4757-79): 
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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  C 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

 

• ra principi udevs safuZvlad maRalnax-

Sirbadiani feroqromis gamodnobas? 

maRalnaxSrbadiani  feroqromi miiReba  qromis 

madnidan naxSirbadiT qromisa da rkinis aRdgeniT. 

 

• ra simZlavris RumelebSi adnoben maRalnax-

Sirbadian feroqroms da rogoria dnobis procesi? 

maRalnaxSirbadiani feroqromi miiReba  maRali 

simZlavris (16,5-33 mva) eleqtroRumelebSi. 

gamodnobis procesi aris uwyveti. 

 

• rogoria Rumelis amonagi? 

miuxedavad imisa, rom maRalnaxSirbadiani feroq-

romi naxSirbadaRdgeniTi procesiT miiReba, Rumeli 

amogebulia ara naxSiris blokebiT, aramed 

magnezitis aguriT, radganac zogierTi markis 

feroqromis gamodnobisas ar xdeba nadnobis 

gajereba naxSirbadiT. 
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• aCveneT oqsidebidan naxSirbadiT qromis 

aRdgenis ZiriTadi reaqciebi. 

qromis aRdgena SeiZleba ganxorcieldes Semdegi 

SesaZlo reaqciebiT: 
1. Cr2O3+13/3C=2/3Cr3C2+3CO 

Δ Go
T=730940-511,68T      (Tdaw.=1430K) 

2. 2/3Cr2O3+18/7C=4/21Cr7C3+2CO 

Δ G0
T=511128-364,57T    (Tdaw=1403K) 

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

Δ G0
T=749452-526,47T     (Tdaw=1424K) 

4. 2/3Cr2O3+2C=4/3Cr+2CO 

Δ G0
T=54624-360,8T       (Tdaw=1513K) 

5. 3(FeO. Cr2O3)+3C=3Fe+3Cr2O3+3CO 

Δ G0
T=491490-415,3T    (Tdaw=1185K) 

6. MgO. Cr2O3+3C= 2Cr+MgO+3CO 

Δ G0
T=720350-465,94T   (Tdaw=1546K). 

 
• ra sakazme masalebi gamoiyeneba 

maRalnaxSirbadiani feroqromis misaRebad? 
sakazme masalebad gamoiyeneba qromis madani, 

naxSirbad aRmdgeneli  (koqsi, naxevrad koqsi, airu-

li naxSiri) da mcire raodenobiT  kvarciti. kazmSi 

SehyavT agreTve liTonis sakuTari narCenebi; 

feroqromi SeiZleba gamodnobili iqnes qromis 

madnis aglomeratis an gundis gamoyenebiTac. 
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• ra funqcias asrulebs kvarciti maRal-

naxSirbadiani feroqromis gamodnobisas? 
kvarciti uzrunvelyofs sasurveli widis miRebas. 

kerZod optimaluri Sedgenilobisaa  wida, romelic 

30-35% Al2O3-s, 30-35% MgO-sa da 35% SiO2-s  Seicavs. 

aseTi Sedgenilobis widis dnobis temperatura 1560-

16800C-ia, xolo siblante 3-7 puazi.  

 

• ra ulufiT awvdian kazms? 

kazmis ulufa Sedgeba: 

qromis madani____ 850 kg; 

saSualonaxSirbadiani feroqromis wida __ 150 kg; 

kvarciti_____ 30 kg; 

koqswvrila ______ 215 kg    da  

sakuTari warmoebis liTonur narCenebi ___ 150 kg. 

 

• ramdengvaria naxSirbadiani feroqromi? 

naxSirbadiani feroqromi aris orgvari sasaqonlo 

da gadasamuSavebeli. 

 

• sad gamoiyeneba gadasamuSavebeli feroqromi? 

gadasamuSavebeli feroqromi gamoiyeneba foladis 

da ferosilikoqromis  warmoebaSi. 

 

• ras gavlenas axdens fuZe oqsidebis damateba 

gadasamuSavebeli feroqromis widaze? 

feroqromis widaSi (31,96% SiO2;  18,8% Al2O3;  45,5% 
MgO; 1,3% Cr2O3; 0,89% CaO; 0,77% FeO; 0,21% S) CaO-s  
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10%-mde damatebiT, wida dabaltemperaturaze ufro 

Txierdenadi xdeba, amasTan mcirdeba misi dnobis 

temperatura da eleqtrowinaRoba. 

widaSi 1,5% Na2O-sa da amave raodenobis K2O-s 

damatebiT, aseve mcirdeba widis dnobis temperatura 

da izrdeba Txierdenadobis intervali. 

 

• ra dadebiTi da uaryofiTi mxare aqvs 

feroqromis widaSi fuZe oqsidebis damatebiT 

gamowveul efeqtebs? 

dadebiTi efeqtia is rom fuZe oqsidebis damateba 

aumjobesebs liTonuri CanarTebis daleqvis process 

(widis maRali Txirdenadobis gamo); xolo uaryofi-

Ti efeqtia is rom Zneldeba widis gadaxureba 

sasurvel temperaturamde ( maRali el. gamtarobis 

gamo), garda amisa widaSi tutemiwaliTonebis damate-

bam Rumelis amonagic SeiZleba daazianos. 

 

• kazmSi romeli oqsidis raodenobrivi 

cvalebadoba  arRvevs Rumelis muSaobis normalur 

reJims? 

Rumelis muSaobis normaluri reJimi, umetes wi-

lad irRveva kazmSi MgO-s Semcvelobis  gazrdiT. 

widaSi MgO-s moWarbebuli raodenoba ablantebs 

widas da mas uWirs Rumelidan gamosvla, amasTan 

liTonSi mcirdeba naxSirbadis Semcveloba da 

izrdeba widis dnobis temperatura. 
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• ra saSualebiT axdenen feroqromis widaSi  

MgO–s raodenobis Semcirebas da Sesabamisad 

Rumelis normaluri muSaobis aRdgenas? 

widaSi MgO-s Semcveloba  SeiZleba Semcirdes 

kazmSi mJave flusis damatebiT. 

 

• qromis warmatebiT aRdgenas widis dnobis ra 

temperatura ganapirobebs? 

qromi warmatebiT aRdgeba, rodesac widis dnobis 

temperatura 1883-1923 K–s intervalSi meryeobs. 

 

• ra gavlenas axdens aRmdgenelis raodenoba 

kazmSi feroqromis gamodnobis teqnologiur 

maCvenebelebze? 

kazmSi aRmdgenelis siWarbisas eleqtrodebi 

maRla iwevs, SenadnobSi izrdeba siliciumis 

Semcveloba, Cndeba TeTri ali da liTons uWirs 

Rumelidan gamosvla (dabali temperaturis gamo). 

aRmdgenlis naklebobisas ki piriqiT, eleqtro-

debi Rrmad eSveba kazmSi, eleqtrodebis garSemo 

warmoiqmneba wida, izrdeba SenadnobSi siliciumis 

Semcveloba da widaSi qromis oqsidebis raodenoba. 

 

• ra qimiuri SedgenilobiT xasiaTdeba ФХ 800 
da  ФХ 900? 

aRniSnuli  markebi Semdegi qimiuri SedgenilobiT 

xasiaTdeba: 
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marka 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 

 

• aCveneT ФХ 800 da ФХ 900-is  gamodnobisas 

miRebuli gadasayreli widebis qimiuri Semcveloba? 

ФХ 800  da  ФХ 900-is gamodnobisas miiReba wida, % 

 

marka Cr2O3 

saer 

Cr 

liT

Fe 

saer

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 32,6 44,63 16,3 1,0 0,0013 0,36 

 

• ra raodenobis sakazme masalebi ixarjeba 

erTi bazuri tona gadasamuSavebeli feroqromis 

misaRebad? 

erTi b. tona feroqromis  misaRebad saWiroa; kg: 

dasaxeleba ФХ 800 ФХ 900 
qromis madani (mSrali, 50%  Cr2O3) 
koqswvrila 

naxevradkoqsi 

siliciumiani feroSenadnobebis wida 

kvarcitebi ganaceri 

narCenebi (nabruni) 

eleqtrodebis masa 

el.energia, kvt.sT

1889,2 
210,7 

174,44 
95,6 

- 
140,91 
10,83 
3965 

1812,2 
374,1 

- 
86,1 
23,2 

159,4 
11,8 
3920 
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• rogor nawildeba kazmSi Semavali elementebi 

dnobis produqtebSi? 

elementebis ganawilebas dnobis produqtebSi 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 ФX 800,  mniSvneli  ФX 900. 

• ramdenjer axdenen cvlaSi Rumelidan 

liTonisa da widis gamoSvebas? 

cvlaSi gadasamuSavebel feroqroms widasTan 

erTad Rumelidan uSveben 3-4 jer. 

 

• rogor amonagian civxvSi uSveben Senadnobs? 

Senadnobis gamoSveba xdeba Samotis aguriT amoge-

bul cicxvSi. 

 

• raSi Camoasxaven liTons? 

liTonis Camosxma xdeba boyvebSi. 
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4.2. ferosilikoqromi 

 

• ramdengvaria ferosilikoqromi? 

ferosilikoqromi aris orgvari sasaqonlo da 

gadasamuSavebeli. sasaqonlo feroqromi gamoiyeneba 

foladis ganJangvisa da legirebisaTvis, xolo 

gadasamuSavebeli ki silikoTermuli gziT mcire-

naxSirbadini feroqromis misaRebad. 

 

• CamoTvaleT ferosilikoqromis markebi  

qimiuri Sedgenolobis CvenebiT. 

ferosilikomanganumis markebi Semdeg qimiur Sed-

genilobas unda akmayofilebdes, %: 

(ГОСТ 4861-77) 
 

marka Si Cr aranaklebi C P  araumetesi S 
ФСХ 13 
ФСХ 20 
ФСХ 26 
ФСХ33 
ФСХ 40 
ФСХ 48 

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

 
• ferosilikoqromis miRebis ramdeni xerxia 

cnobili? 

ferosilikoqromis miRebis ori xerxia cnobili: 

erTstadiuri (widiani) da orstadiuri (uwido). 
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• erTstadiuri gamodnobisas ra sakazme 

masalebi gamoiyeneba? 

erTstadiuri gamodnobis SemTxvevaSi kazmSi 

gamoiyeneba qromis madani, kvarciti da koqswvrila. 

 

• ra princips emyareba feroqromis gamodnobis 

orstadiuri meTodi da rogori saxe aqvs jamur 

reaqcias? 

feroqromis orstadiuri (uwido) meTodiT gamod-

noba emyareba kvarcitidan naxSirbadiT siliciumis 

aRdgenas da kazmSi erTstadiuri gziT miRebuli ga-

dasamuSavebeli feroqromis gamoyenebas. jamur reaq-

cias aqvs Semdegi saxe: 

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

gadasamuSavebeli kvarciti koqswvrila feroqromi 
sakerZe feroqromi airi 

 

• ra simZlavris RumelebSi axdenen fero-

silikoqromis (orstadiuri meTodi) gamodnobas da 

rogoria dnobis procesi?  

orstadiuri gziT ferosilikomanganumis gamod-

nobas axdenen 16,5-33 mva simZlavris madanaRdgeniT 

RumelebSi, gamodnobis procesi aris uwyveti. 

 

• riT aris amogebuli Rumeli?  

Rumeli amogebulia naxSiris blokebiT. 
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• ra sakazme masalebi gamoiyeneba orstadiuri 

gziT  feroqromis misaRebad? 

orstadiuri gziT feromanganumis misaRebad 

gamoiyeneba kvarciti (20-80 mm), granulirebuli 

gadasamuSavebeli naxSirbadiani feroqromi, mcire 

raodenobiT foladis burbuSela (5-25 mm) da 

naxevradkoqsi. 

 

• ra qimiuri Sedgeniloba aqvs silikoqromis 

widas (widuri meTodi)? 

silikoqromis wida Seicavs,% 
marka 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 

 

• rogoria sakazme masalebis xarji tona 

produqciaze? 

erTi tona feroqromis misaRebad saWiroa: 
masalebis 

xarji, kg/t: 

Si-is       Semcveloba 

13 23 33 43 50 

kvarciti 298 /634 520/881 742/1134 965/1320 1121/1464 

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

koqswvrila 117 /543 220/575 321/625 424/678 308/712 

gadasamuSave-

beli feroqromi

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

foladis 

burbuSela 

8/30 41/82 62/84 93/105 115/116 

el.energiis 

xarji kvt.sT/t

1500/47702450/5660 3390/70404350/7770 5110/8870 
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SeniSvna:  mricxveli orstadiuri (uwido) procesia;           

mniSvneli ki erTstadiuri (widiani). 

 

4.3.  mcirenaxSirbadiani feroqromi 

 

• CamoTvaleT mcirenaxSirbadiani feroqromis 

qvejgufebi. 

standartebis mixedviT cnobilia mcirenaxSir-

badiani feroqromis sami jgufi: 

1. mcirefosforiani (≤0,03%) 

2. maRalfosforiani (≤0,05%) 

3. maRalqromiani (75,0-95%) da dabalfosforiani    
(≤0,02) 

 

• ra meTodiT axdenen mcirenaxSirbadiani 

feroqromis gamodnobas da rogori saxe aqvs jamur 

reaqcias? 

mcirenaxSirbadiani feroqromi miiReba siliko-

Termiuli meTodiT. procesi emyareba qromis mad-

nidan ferosilikoqromis siliciumiT qromisa da 

rkinis aRdgenas kazmSi CaO–s arsebobisas. jamur 

reaqcias Semdegi saxe aqvs: 

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

• rogoria mcirenaxSirbadiani feroqromis 

gamodnobisas widis optimaluri fuZianoba? 

gamodnobis procesi optimaluria, Tu widis 

fuZianoba (CaO/SiO2 ) 1,7-1,9 intervalSi meryeobs. 
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• CamoTvaleT mcirenaxSirbadiani feroqromis 

markebi da aCveneT maTi qimiuri Sedgeniloba. 

mcire naxSirbadiani feroqromi markebis mixedviT 

Semdegi qimiuri SedgenilobiT xasiaTdeba 

 

marka Cr 
aranaklebi 

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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• mcirenaxSirbadiani feroqromis miRebis 

ramdeni meTodia cnobili da rogoria maTi arsi? 

feroqromis gamodnobis ori meTodia cnobili. 

pirveli meTodis (erTstadiuri) arsi eleqtro-

rkalur RumelSi dnobas emyareba (gamoye-nebulia 

grafitis eleqtrodebi). kazmSi gamoyenebu-lia 

qromis madani, ferosilikoqromi da kiri. RumelSi 

Senadnobs ayovneben manam, sanam warmoqm-nili fero-

qromi wonasworobaSi ar mova Tavisive widasTan. am 

SemTxvevaSi naxSirbadis Semcveloba liTonSi 

izrdeba (eleqtrodebidan gadasvlis gamo). 

meore meTodis (Serevis) mixedviT rkalur 

el.RumelSi jer adnoben qromis madnisa da kiris 

narevs da Semdeg ureven aseve Txier mdgomareobaSi 

myof ferosilikoqroms (cicxv-reaqtorSi). 

 

• ra gavlenas axdens Serevis meTodi 

mcirenaxSirbadian feroqromSi naxSirbadis 

Semcvelobaze? 

Serevis meTodiT gamodnobisas naxSirbadis 

Semcveloba feroqromSi SesaZlebelia 0,02-0,03%-mde    

Semcirdes. 

 

• ra pirobebs unda akmayofilebdes 

mcirenaxSirbadiani feroqromis gamosadnobad 

saWiro sakazme masalebi? 

orive meTodiT feroqromis gamodnobisas sakazme 

masalebi (qromis madani, ferosilikoqromi da kiri) 
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mcire raodenobiT unda Seicavdes  naxSirbadsa  da 

fosfors. 

 

• ra simZlavris RumelSi xdeba 

mcirenaxSirbadiani feroqromis gamodnoba 

erTstadiuri meTodiT da ra operaciebisagan 

Sedgeba gamodnobis teqnologia? 

erTstadiuri meTodiT mcirenaxSirbadiani fero-

qromis gamodnoba xdeba 5000 kva simZlavris eleqt-

rorkalur RumelSi. Rumeli magnezitis aguriTaa 

amogebuli. gamodnobis teqnologia Semdegi operaci-

ebisagan Sedgeba: 

1. abazanis SekeTeba; 

2. ferosilikoqromis pirveli ulufis CatvirTva 

RumelSi; datvirTvis aReba da madan-kiriani 

narevis nawilis CatvirTva; 

3. RumelSi miwodebuli kazmis gadnoba; 

4. ferosilikoqromis da madankiriani narevis 

meore ulufis CatvirTva; 

5. meored miwodebuli kazmis gadnoba; 

6. liTonisa da widis gamoSveba. 

 

• ramdeni periodisgan Sedgeba mcirenaxSir-

badiani feroqromis gamodnobis teqnologia? 

mcirenaxSirbadiani feroqromis gamodnobis 

teqnologia or  periods moicavs: 
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pirveli periodis damTavrebis Semdeg Rumelidan 

axdenen widis gamoSvebas, xolo me-2 periodis Semdeg 

Rumelidan widasTan erTad liTonsac uSveben. 

 

• rogoria mcirenaxSirbadiani feroqromis 

gamosadnobi kazmis miaxloebiTi Sedgeniloba? 

feroqromis gamosadnobi kazmis Sedgenilobaa, kg: 

 

 I periodi II periodi

qromis madani 

kiri 

ferosilikoqromi 

1800 

800 

1200 

1800 

1400 

200 

 

• ra temperaturisaa mcirenaxSirbadiani 

feroqromis wida? 

widis temperatura yovelTvis aRemateba liTonis 

temperatures da igi pirveli periodisaTvis 1780-

18500C-s Seadgens, xolo meore periodisTvis 1740-

17800C-s. 
 
• ra temperaturisaa liToni? 

cicxvSi gamoSvebis Semdeg liTonis temperatura 

1700-17500C- s Seadgens. 
 

• ras udris widis jeradoba? 

widis jeradoba 2,5-3,0 intervalSi meryeobs. 
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• rogori qimiuri Sedgenilobisaa mcirenaxSir-

badiani feroqromis wida? 

mcirenaxSirbadiani feroqromis widas aqvs Semdegi 

qimiuri Sedgeniloba, %:  

CaO 45-46%; SiO2 26-27%; Cr2O3 5,0-6,0%; FeO 1,0-1,3%; 
fuZianoba (CaO/SiO2) 1,7. 

 
• ra TvisebebiT gamoirCeva feroqromis miRebis 

Serevis meTodi? 
Serevis meTodiT feroqromis gamodnobisas  

madanflusian nadnobSi naxSirbadis  Semcveloba 

aris mcire. egzoTermuli  reaqciebis xarjze didi 

raodenobis siTbo gamoiyofa  (siliciumiT qromisa 

da rkinis oqsidebis aRdgeniTa da  CaO-sa da  SiO2–

is SeerTebiT),  rac kazmSi myari ferosilikoqromis 

gamoyenebis saSualebasac iZleba. amasTan, Txier 

mdgomareobaSi SereviT, komponentebis urTierT-

qmedebis parametrebi kinetikuri TvalsazrisiT gaci-

lebiT maRalia RumelSi gamodnobasTan SedarebiT. 

 

• ra sakazme masalebi gamoiyeneba madanflusiani 

Senadnobis misaRebad? 

madanflusiani Senadnobis misaRebad gamoiyeneba; 

qromis madani DX-1-1 (Cr2O3≥50%; SiO2≤7,0; P≤0,008) da 
DX-1-2 markis (Cr2O3≥47,0; SiO2≤10,0%; P≤0,008%) da 

kiri (CaO≥89%, CO2≤2-4%, fraqcia 5-50mm). 
qromis madanTan erTad qromis koncentratic 

(Cr2O3≥48%, P≤0,05%) SeiZleba iqnes gamoyenebuli. 
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• ra qimiuri Sedgenilobisaa Serevis meTodiT 

mcirenaxSirbadiani feroqromis misaRebad gamo-

yenebuli ferosilikoqromi? 
gamosadnobi  markis mixedviT ferosilikoqromi 

SeiZleba Seicavdes 48-51% Si-s,  28,5-29% Cr-s da   

≤0,020%  P-s. 
 

• madanflusiani Senadnobis misaRebad ra 

TanafardobiT ureven sakazme masalebs? 

madanflusiani Senadnobis misaRebad yovel 100 kg 

qromis madans umateben 73-82 kg kirs, rac uzrun-

velyofs 27-29% Cr2O3-isa da    40-43% CaO-s Semcve-
lobis Senadnobis miRebas. Senadnobis formirebis 

dasaCqareblad kazmSi mcire raodenobiT silici-

umsac amateben. 

 

• rogor axdenen Senadnobebis Seravas? 

madankirian Senadnobs Rumelidan uSveben 

magnezitiT amogebul cicxvSi  da wonian. sazRvraven 

Senadnobis masas da myari danamatebis raodenobas. 

SenadnobSi Cr2O3-is Semcvelobisa da myari danama-

tebis raodenobis mixedviT adgenen ferosiliciumis 

saWiro raodenobas da asxaven  cicxvSi im interval-

liT, rom igi eTanadebodes aRdgeniTi procesebis 

siCqares (200 kg ferosilikoqromi/wT). cicxvidan 

cicxvSi mravaljeradi gadasxmiT uzrunvelyofen 

feroqromis rafinirebas. 
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• Serevis meTodiT feroqromis gamodnobisas 

rogoria tona produqciaze sakazme masalebis 

xarji?  
erTi tona feroqromis (Serevis meTodi) misaRebad 

ixarjeba, kg/t: 

qromis madani  (50% Cr2O3) ___1750 
ferosilikoqromi  (48%Si)  ___570 
kiri   ___________________ 1370 

el.energia kvt.sT/t ________ 2750 

 

• ramdenia qromis amokrefa liTonSi? 

Serevis meTodiT gamodnobisas qromis amokrefa  

liTonSi saSualod 80%-s  Seadgens. 

 

• ra uaryofiTi mxare aqvs Serevis meTods? 

cicxvidan cicxvSi gadasxmisas, Senadnobis 

Serevis procesSi adgili aqvs Txevadi feroqromis 

haerTan kontaqts, rac iwvevs liTonSi azotis 

Semcvelobis gazrdas da misi metalurgiuli 

Rirebulebis daqveiTebas. 

 

• ra saSualeba arsebobs silikoTermiuli gziT 

mcire azotiani feroqromis miRebis? 

silikoTermiuli gziT mcireazotiani feroqromi 

SeiZleba miRebuli iqnes winaRobis tipis vakumis 

RumelebSi feroqromis vakumTermuli damuSavebiT, an 

induqciur vakumur el.RumelSi misi degazaciiT 
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• ZiriTadad ra faqtorebi gansazRvravs 

mcirenaxSirbadiani feroqromis  miRebis teqnikur-

ekonomikur maCveneblebs? 

mcirenaxSirbadiani feroqromis miRebisas teqni-

kur-ekonomikur maCveneblebs ZiriTadad  gansazRv-

ravs qromis madnis xarisxi. qromis madanSi Cr2O3–is 

SemcirebiT, izrdeba el.energiisa da sakazme masale-

bis xarji (qromis madani, ferosilikoqromi da kiri). 

maCvenebeli madanSi Cr2O3-is Semcveloba, %

42 44 46 48 50 
qromis madani.kg 2274 2160 2020 1966 1883 
qromis madani, kg 

Cr2O3  50% 
1910 1901 1897 1888 1883 

ФXC,  kg 6141 637 629 627 621 
kiri, kg 1860 1776 1691 1625 1556 

 

• axseniT feroqromis vakumis qveS ganaxSir-

badianebis arsi. 

am teqnologiis arsi mdgomareobs SemdegSi: 

winaRobis tipis el. RumelSi 1-0,1 pa wnevis qveS 

feroqromis sxmulebs (0,10-0,15% C) 20-24 saaTis 

ganmavlobaSi utareben vakumurTermul damuSavebas  
1450-15000C  temperaturaze. 

 

• ramdeni kamerisgan Sedgeba Rumeli? 

Rumels aqvs sami kamera. winaswari gaxurebis 

kameraSi temperatura 10000C-s Seadgens, meore 
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kameraSi xdeba izoTermuli dayovneba (1450-15000ze), 

xolo mesamse kameraSi nimuSi civdeba. 

 

 

4.4.  saSualonaxSirbadiani feroqromi 

 

• aCveneT saSualonaxirbadiani feroqromis 

qimiuri Sedgeniloba. 

markebidan gamomdinare (ГОСТ 4757-79) saSualo-

naxSirbadian feroqromSi naxSirbadis Semcveloba 

1,0-4% intervalSi meryeobs, sxva elementebis Semcve-

loba ki Semdegia: ≤2,0% Si; ≤0,03%  P da ≤0,04% S. 
axali standartebis mixedviT (ISO 5448-81) qromis 

raodenoba liTonSi 45-75% diapazonSi icvleba, 

xolo naxSirbadisa da siliciumis minimaluri 

Semcveloba Sesabamisad 0,5 da 1,5% Seadgens. 

 

• ra meTodiT miiReba aseTi Sedgenilobis 

saSualonaxSirbadiani feroqromi? 

saSualonaxSirbadiani feroqromi (aRniSnuli 

qimiuri Sedgenilobis) miiReba silikoTermuli da 

Jangbad_konvertoruli gziT. ufro adrindelia 

ufluso silikoTermuli procesi, romelic iTva-

liswinebs ferosilikoqromis siliciumiT qromis 

madnidan qromisa da rkinis aRdgenas:  

FeO.Cr2O3+[Si-Cr-Cx]→[Fe-Cr-Cx]+SiO2 
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• ra raodenobis sakazme masalebia saWiro 

flusiani meTodiT erTi tona saSualonaxSirbadiani 

feroqromis gamosadnobad? 
erTi tona saS.naxSirbadiani feroqromis misaRe-

bad saWiroa: 

qromis madani   (50% Cr2O3) _________ 1413 kg 
ferosilikoqromi    (48%) __________ 519 kg 

widis separaciiT miRebuli liToni _ 100 kg 

kiri ____________________________ 1241 kg 

eleqtrodebis masa _________________ 14 kg 

el.energia _______________________ 2129 kvt. sT. 

 

• ramdenia qromis amokrefa liTonSi? 
silikoTermuli meTodiT saS.naxSirbadiani fero-

qromis gamodnobisas qromis amokrefa liTonSi 76-

80%-s Seadgens. 

 

• ra princips emyareba saS.naxSirbadiani 

feroqromis miRebis  Jangbad-konvertoruli meTodi? 
konvertoruli procesi emyareba airadi 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/molo: 

2/3Cr+1/2O2=1/3Cr2O3; 

Δ G0
T=-377510+85,61T,  j/moli. 
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• rogoria konvertorSi saSualonaxSirbadiani 

feroqromis miRebis teqnologia? 

damuSavebulia saSualonaxSirbadiani feroqromis 

miRebis teqnologia 15 tonian konvertorSi, romel-

sac Jangbadi wyliT gamaciebeli qSiniT zemodan 

miewodeba. konvertorSi yelidan asxaven 7-11 t gada-

samuSavebel naxSirbadian feroqroms (≥60% Cr;    
≤1,0% Si; ≤0,05% P; ≤ 0,06% S naxSirbadis raodenoba 
SezRuduli ar aris).   yovel erT tona liTonze 

ixarjeba 80-100 m3 Jangbadi. dnobis damTavrebis 

Semdeg liTons awvdian 600-800kg saSualonaxSirba-

dian feroqromis jarTs da widis gaTxierebis 

mizniT 15-20 kg ФСХ 48  markis granulirebul fero-

silikoqroms. 

 

• ramdenia Jangbadisa da sakazme masalebis 

xarji erT tona produqciaze? 

erT tona produqciis misaRebad ixarjeba: 

naxSirbadiani feroqromi ____ 1230-1260 kg; 

alumini         ________________ 5-8 kg; 

Jangbadi         ________________ 100 m3. 

 

• ras udris qromis amokrefa liTonSi? 

qromis amokrefa liTonSi Jangbad-konvertoruli 

dnobisas Seadgens 80-81%-s. 

 

 

  



120 
 

4.5. liTonuri qromi 

 

• liTonuri qromis ra markebi miiReba 

aluminoTermiiT? 

aluminoTermiiT miiReba liTonuri qromis  

Semdegi markebi (ГОСТ  5905-80):  Х99А,   Х99Б,  Х98,5,  Х98 
da Х97, cifrebi qromis minimalur Semcvelobaze 

miuTiTebs. 

 

• aCveneT qromis oqsidebis aluminiT aRdgenis 

SesaZlo reaqciebi. 

aluminiT qromis oqsidebis aRdgenisas adgili 

aqvs qromis Sualeduri oqsidis CrO–s warmoqmnas; 

aRdgenis procesi Semdegi reaqciebiT mimdinareobs 

(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. 

 

• liTonur qroms ra sakazme masalebiT adnoben? 

liTonuri qromis gamosadnobad iyeneben qromis 

oqsids (gadaTvliT Cr2O3>99,  marka OXM-0   da  98%  
marka OXM-1) da pirveladi aluminis fxvnils. 

amasTan RumelgareSe dnobis SemTxvevaSi, siTbos 
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damatebiT wyarod gamoyenebulia natriumis 

gvarjila (NaNo3>99%), xolo flusad kiri.  

 

• axseniT kazmSi CaO–s roli da daniSnuleba? 

kazmSi arsebuli CaO  Al2O3-Tan warmoqmnis 

dabali dnobis temperaturis mqone naerTs, ris 

Sedegadac mcirdeba widis dnobis temperatura. 

amasTan, damJangvel garemoSi SesaZlebelia 

kalciumis qromitoqromatis 9CaO.4Cr2O3.Cr2O3 
(tdn=12180C) warmoqmna, romelic el.RumelSi liTo-

nuri manganumisa da mcirenaxSirbadiani feroqromis 

gamodnobisas aumjobesebs aluminiT qromis aRdgenis 

process. 

 

• aRwereT RumelgareSe qromis miRebis 

teqnologiuri sqema. 

liTonuri qromis gamodnobas axdenen Tujis 

quraSi, romlis qveda nawili amogebulia magnezitis 

aguriT. quras specialur  kameraSi aTavseben. dnobas 

axorcieleben kazmiT, romelic Seicavs qromis 

oqsids (OXM-0 da OXM-1 marka),  aluminis fxvnilsa 

da natriumis gvarjilas. gamodnobas iwyeben dabali 

aalebiT da dasawyisSi quraSi awvdian kazmis 

mxolod 10-15%-s.  anTeben magniumis fxvnilisa (an 

burbuSelis) da gvarjilis narevs da aRdgeniTi 

procesis dawyebis Semdeg CatvirTaven kazmis 

darCenil raodenobasac, ise rom kazmi Tanabrad 

ganawildes mTel zedapirze. Tburi danakargebis 
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Tavidan asacileblad quras ketaven. miRebul 

sxmuls wyalSi acieben da Semdeg amsxvreven. 

 

• ra raodenobis sakazme masalebi ixarjeba 

erTi tona liTonuri qromis misaRebad da risi 

tolia qromis amokrefa?  

erTi tona liTonuri  qromis (Cr  97%)  misaRebad 
saWiroa:  

Cr2O3 ____________________1650 kg 

aluminis fxvnili _______ 620kg 
natriumis gvarjila ____  140 kg 

qromis amokrefa   _____   88% 

 

• aCveneT liTonuri qromis saSualo qimiuri 

Sedegniloba. 

liTonuri qromi saSualod Seicavs: 

Cr 98-99,3% Al 1,1-0,1% Si 0,3-0,1% Fe 0,3-0,6% 

C 0,01-0,02% P 0,04%-0,006% S <0,02% N 0,03-0,2% 

 

• aluminoTermiiT ra markis da ra qimiuri 

Sedgenilobis feroqromis miRebaa SesaZlebeli? 

aluminoTermiiT miRebul mcirenaxSirbadian 

feroqroms aqvs Semdegi qimiuri Sedgeniloba:  

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 
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• ra sakazme masalebi gamoiyeneba alumino-

Termuli mcirenaxSirbadiani feroqromis gamosad-

nobad? 

mcirenaxSirbadiani feroqromis gamosadnobad 

gamoiyeneba qromis koncentrati (58,5% Cr2O3; 1.6% 
SiO2; 10% Al2O3; 14% MgO), pirveladi aluminis 

fxvnili, kiri da mcire raodenobiT gvarjila. 

gamodnobas axorcieleben daxril sadnob agregatSi. 

 

• ras udris procesis xvedriTi siTbo da 

rogoria qromis amokrefa? 

procesis xvedriTi siTbo 3100-3180 kj/kg-s Sead-

gens da igi 23600C temperaturis miRebas uzrunvel-

yofs. qromis amokrefa liTonSi 89%-ia, xolo gam-

didrebis procesSi danakargebis gaTvaliswinebiT ki 

58%. 

 

• rogoria aluminoTermiiT feroqromis miRebis 

teqnologiuri maCveneblebi? 

aluminoTermiiT mcirenaxSirbadiani feroqromis 

miRebis teqniko-ekonomikuri maCveneblebi   aris 

Semdegi: 
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 
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      miRebuli  wida   Seicavs; % 
Al2O3 Cr2O3 CaO MgO FeO SiO2 

60 2-4 10-13 20-24 0,8-1 0,8-15 

 

aRniSnul widas iyeneben maRalaluminiani 

naxevradproduqtebisa da cementis misaRebad. 

 

 

4.6. azotirebuli feroqromi 

 

• sad gamoiyeneba azotirebuli feroqromi? 

azotirebul feroqroms iyeneben foladis 

warmoebaSi fiziko-qimiuri Tvisebebis gasaumjobeseb-

lad. igi nawilobriv cvlis nikels. 

• ra raodenobiTaa  azoti azotirebul 

feroqromSi? 

dsT-s qveynebSi warmoebul feroqromSi azotis 

Semcveloba 10%-s aRwevs. 

 

• ra naerTebs warmoqmnis azoti qromTan? 

azoti qromTan warmoqmnis myar xsnars [N]Cr da 

nitridebs    Cr2N (11,87% N)  da CrN (21,22%N). 
 
• azotirebuli feroqromis miRebis ra 

nairsaxeoba arsebobs, daaxasiaTeT TiToeuli? 
azotirebuli  feroqromis   ori  nairsaxeoba      

arsebobs, gadnobili da Secxobili. gadnobili 

feroqromi (2,0-4,0% N-is SemcvelobiT), induqciur 
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eleqtro RumelebSi an plazmur_rkaluri dnobisas 

Txevadi mcirenaxSirbadiani feroqromis azotiT 

gajerebiT miiReba. Txevad feroqromSi molekuluri 

azotis gaxsnas Tan sdevs siTbos gamoyofa 

N2(air)+[Fe-70%Cr)→2[N]Fe-70Cr 
Secxobili feroqromi warmoadgens vakumSi 

ganaxSirbadianebul maRalnaxSirbadiani feroqromis   

azotiT gajerebul fxvnils  (4,0-10,0% N).  Secxo-
bili azotirebuli feroqromi SeiZleba MmiRebul 

iqnes agreTve mcirenaxSirbadiani silikoTermuli 

feroqromis azotirebiT. 

 

• raSi gamoixateba myar mdgomareobaSi 

azotirebuli feroqromis miRebis arsi? 

aRniSnuli procesis arsi mdgomareobs molekulu-

ruli azotis atmosferoSi wvrilfraqciuli fero-

qromis gaxurebaSi im temperaturaze, romelic nit-

ridebis Termodinamikur mdgradobasa [(Cr,Fe)2 da 

(Cr,Fe)N]  da azotirebis maRal siCqares uzrunvel-

yofs. 

samrewvelo pirobebSi aTvisebulia vakumis meTo-

diT maRalnaxSirbadiani feroqromis ganaxSirbadia-

nebis gziT miRebuli mcirenaxSirbadiani feroqro-

mis briketis azotireba. ganaxSirbadianebis Semdeg 

vakuumis RumelebSi 11000C temperaturaze 100 kpa 

wnevis qveS SehyavT  azoti (99,5% N2).  azotirebuli 

feroqromis   briketebis  3 _ 4kpa wnevis pirobebSi 
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acieben 600-8000C-mde. briketebs saboloo gacieba 

xdeba haerze. 

 

• ra raodenobis masalebi ixarjeba erT tona 

azotirebuli feroqromis misaRebad? 

erTi tona azotirebuli feroqromis (6-8% N; 60% 
Cr da 0,01% C) misaRebad ixarjeba: 

gadasamuSavebeli naxSirbadiani feroqromi __ 1100 

kg; 

azoti ______________ 150 m3; 

eleqtroenergia _____ 9500 kvt.s 
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