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samuSaos zogadi daxasiaTeba 

    feroSenadnobebis warmoeba aris Cveni qveynis mrewvelobis, im 

tradiciul dargebs Soris erT-erTi, romelis roli da 

mniSvneloba, bolo wlebSi saqarTvelos ekonomikaSi ganuxrelad 

izrdeba. misi ganviTarebis ZiriTadi mimarTulebaa produqciis 

konkurentunarianobis gazrda, energo da nedli masalebis 

xarjis Semcireba, mecnierebis Tanamedrove miRwevebis gamoyeneba 

da danergva, agreTve produqciis xarisxobrivi maCveneblebis 

amaRleba misaRebi fasebis pirobebSi.  

    foladebis  warmoebis gazrdilma tempebma msoflioSi, misi 

xarisxobrivi struqturis cvlilebam maRallegirebuli 

liTonebis gamodnobis mimarTulebiT, gamoiwvia feroSenadnobTa, 

gansakuTrebiT manganumian SenadnobTa, moculobis da 

sortamentis gazrda, sadac erT-erTi mniSvnelovani adgili 

uWiravs silikomanganums. am pirobebSi foladebis warmoebis 

manganumiT dakmayofilebis mTavar rezervs, madnebis mopovebis 

arsebuli, SezRuduli donis pirobebSi, warmoadgens misi 

danakargebis Semcireba, rogorc gamdidrebis, aseve dnobis 

stadiaze. manganumis danakargebis maRal doneze metyvelebs is 

faqti, rom amJamad manganumis sasargeblo gamoyeneba misi mopebis, 

gamdidrebis da eleqtrometalurgiuli gadamuSavebisas, ar 

aRemateba 50%-s.  

    manganumis madnebis Rrma gamdidrebis arsebuli sqemebi araa 

srulyofili, radganac am dros warmoiqmneba didi raodenobis 

Slamebi, rac danakargebis ZiriTad wyaros warmoadgens, garda 

amisa, Rrmad gamdidrebuli manganumis koncentratebis gamoyeneba 

silikomanganumis gamosadnobad, moiTxovs maRalxarisxiani da 

Sesabamisad deficituri kvarcitebis mopovebas. am pirobebSi 

metad mniSvnelovania gamoiZebnos, SedarebiT dabalxarisxovani 

madnebis gamoyenebisaTvis, eleqtrometalurgiuli gadamuSavebis 

iseTi xerxebi, rac uzrunvelyofs dnobis maRal teqnoko-
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ekonomikur maCveneblebs da SesaZleblobas mogvcems gamoviyenoT 

SedarebiT wvrilmarcvlovani koncentratebi, maTi winaswari 

danaWrovnebis Semdeg.  

    Mmdidari, advilad gamdidrebadi madnebis maragebis 

Semcirebam gamoiwvia maRalkaJmiwaSemcveli kancentratebis 

(   2>20%) gamoyenebis aucilebloba, ramac gamoiwvia manganumis 

da siliciumis sasargeblo gamoyenebis xarisxis Semcireba, 

gaauaresa liTonis xarisxi fosforis Semcvelobis 

TvalsazrisiT da migviyvana procesis teqniko-ekonomikuri 

maxasiaTeblebis mkveTr Semcirebamde. kazmis momzadebis 

arsebuli meTodebis pirobebSi dabalxarisxovani koncentratebis 

gamoyenebis dros warmoqmnili siZneleebi ZiriTadid 

dakavSirebulia maTi granulometruli SedgenilobasTan da 

fosfris da kaJmiwis gazrdil xvedriT raodenobasTan. 

      Mmanganumis koncentratebSi aqamde jer-jerobiT 

erTmniSvnelovnad gansazRvruli araa masSi kaJmiwis dasaSvebi 

zRvrebi. Aamis erT-erTi mizezi aris is, rom manganumiani 

SenadnobebisaTvis kaJmiwis rolze metad mwiri monacemebi 

arsebobs. Aamitomac manganumis madnebze arc adre da arc amJamad 

moqmed teqnikur pirobebSi araa SezRudva masSi kaJmiwis 

Semcvelobis TvalsazrisiT. 

       Mmanganumis madnebze da koncentratebze msoflio bazarze 

dRes arsebuli fasebi gvaiZulebs silikomanganumis 

sawarmoeblad gamoyenebul iqnas WiaTuris yvela saxis 

dabalxarisxovani koncentrati, magram ;WiaTurmanganumis” 

sasaqonlo produqciis udidesi nawili warmodgenilia 

wvrilmarclovani flotokoncentratebis saxiT, amitom maTi 

winaswari danaWrovnebis problemis sakiTxi moiTxovs 

gadaudebel gadawyvetas. 

       silikomanganumis warmoebis da manganumis sasargeblo 

gamoyenebis miRweuli maCveneblebis SesanarCuneblad da 
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gasaumjobeseblad aucilebelia specialuri gamokvlevebis 

warmarTva, romlebic mimarTuli iqneba manganumis da siliciumis 

Rrma aRdgeniTi procesebis intensifikaciisaken. 

        Ddasmuli amocanis gadawyvetis erT-erT SesaZlebel 

saSualebas warmoadgens is, rom silikomanganumis gamosadnobad 

kazmSi gamoyenebuli iqnas tute liTonebis alumosilikatebi. 

          Aamrigad, yovelive zemoTTqmulidan gamomdinare 

dasmuli problemis arsi da aqtualoba mdgomareobs imaSi, rom 

dRes manganumis msoflio bazarze arsebuli mdgomareobidan 

gamomdinare,  SemuSavdes adgilobrivi dabalxarisxiani madnebis 

gadamuSavebis racionaluri teqnologiebi, romlebic 

uzrunvelelyofs warmoebis maRal, konkurentunarian teqnoki-

ekonomiur maCveneblebs Samcirebs manganumis danakargebs misi 

gadamuSavebis yvela etapze da gazardos WiaTura-zestafonis  

samTo-metalurgiuli kompleqsis mniSvnelobas msoflioSi.  

         samuSaos mizani: sadisertacio samuSaos ZiriTad mizans 

warmoadgens sasaqonlo silikomanganumis miRebis teqnologiis 

SemuSaveba, kvleva da samrewvelo aTviseba maRalkaJmiwa Semcveli 

manganumis koncentratebis gamoyenebiT. am mizniT procesis 

maRali teqniko-ekonomikuri maCveneblebis misaRwervad 

rekomendirebulia aseTi madnebis dabriketeba naxSirebTan erTad 

da kazmSi kvarcitebis nacvlad tute liTonebis, 

alumosilikatebis gamoyeneba:    

                    kvlevis ZiriTadi amocanebi:  

 WiaTuris sabados manganumis madnebis qimiur-mineralogiuri 

Sedgenilobis analizi da gamdidrebis sxvadasxva stadiaze 

kaJmiwis raodenobis gavlena manganumis danakargebze;  

 madnebis dabriketebis optimaluri parametrebis SerCeva da 

miRebuli briketebis metalurgiuli Tvisebebis gamokvleva;  
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 madnebis, koncentratebis da maT bazaze miRebuli madnuri, 

madannaxSiriani da monokazmis briketebis 

eleqtrowinaRobis da garbilebis temperaturis Seswavla;  

 madannaxSiriani briketebis Termuli Tvisebebi da maTi 

eleqtrmedegobis dadgena;  

 silikomanganumis misaRebi kazmebis aRdgenadobis Seswavla 

misi Sedgenillobis da winaswar momzadebis xerxebTan 

damokidebulebiT;  

 maRalkaJmiwa Semcveli manganumis madnebidan 

silikomanganumis gamodnobis teqnologiis SemuSaveba 

kazmSi madannaxSiriani briketebis da tute liTonTa da 

alumosilikatebis gamoyenebiT;   

   kvlevis meTodebi; sadisertacio samuSaoSi dasmuli 

amocanebis gadasawyvetad gamoyenebul iqna analizis Tanamedrove 

fiziko-qimiuri meTodebi. Mmadnebis da gamdidrebis produqtebis 

qimiur-mineralogiuri gamokvleva Catarda kompleqsurad, misi 

qimiuri, petrografiuli da Termografiuli Seswavlis 

saSualebiT. madannaxSiriani da madnuri briketebis 

metalurgiuli SefasebisaTvis gamokvleul iqna maTi 

eleqtrowinaRoba, garbilebis dawyebis temperatura, aRdgenis 

kinetika da Termuli da meqanikuri medegoba. aRdgenis 

produqtebis fazuri Sedgenilobis metalofizikuri gamokvleva 

xdeboda qimiuri, petrografiuli da mikrorendgenospeqtrialuri 

analizis meTodebiT. Mmikrozondis   -46  (;kameka”)  saSualebiT. 

        Eeqsperimentuli dnobebi Catarebul iqna laboratoriul 

(100kva), naxevradsamrewvelo (1000kva) da samrewvelo (22,5mkv) 

eleqtroRumelebSi. 

       Mmecnieruli siaxle: gamokvlevebis kompleqsuri meTodebis 

gamoyenebiT dadgenilia madannaxSiriani briketebis gaxurebisas 

fazuri gardaqmnebis Tanmimdevroba da koncentratebSi kaJmiwis 

Semcvelobis da temperaturis gavlena briketebis 
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eleqtrowinaRobasa da garbilebaze. Seswavlilia 

silikomanganumis miRebis kinetikuri kanonzomierebebi da 

axsnilia aRdgenis meqanizmis zogierTi aspeqtebi. Sefasebulia im 

RonisZiebebis efeqturoba, romlebic saSualebas gvaZlevs 

vareguliroT iseTi urTierTsapirispiro movlenebi rogoricaa 

aRdgenis da widis warmoqmnis procsebi. amis safuZvelze 

gacemulia rekomendaciebi dnobisaTvis kazmis momzadebis 

yvelaze racionali meTodebis Sesaxeb, romelic saboloo jamSi 

saSualebas gvaZlevs forsirebulid warvmarToT aRdgeniTi 

procesebi.  

        naCvenebia tute liTonebis oqsidebis gavlena RumelebSi 

silikomanganumis miRebis procesze. dadgenilia, rom kazmSi, 

kvarcitis magivrad, tufis RorRis gamoyeneba zrdis manganumis 

da siliciumis aRdgenis siRrmes da siCqares maTi oqsidebidan da 

silikatebidan.  

        SemuSavebulia sasaqonlo silikomanganumis miRebis 

efeqturi teqnologia kazmSi madannaxSiriani briketebis da 

tufis RorRis gamoyenebiT, nacvlad kvarcitisa, 

dabalfosforiani widisa da koqsisa. aRniSnuli teqnologia 

saSualebas gvaZlevs eleqtrometalurgiuli gadamuSavebis 

procesSi gavzardoT manganumis da siliciumis sasargeblo 

gamoyeneba, Sesabamisad 8 da 10%.  

        saSuSaos praqtikuli mniSvneloba; kazmis momzadebis 

SemuSavebuli meTodis gamoyeneba saSualebas gvaZlevs ufro 

racionalurad gamoviyeniT Cvens qveyanaSi arsebuli manganumis 

resursebi, gavafarTovod sanedleulo baza da Sesabamisad 

SevamciriT Zvirad Rirebuli manganumis madnebis importi.  

        silikomanganumis miRebis damuSavebuli teqnologia, 

kazmSi madannaxSiriani brivetebis da tute liTonebis 

alumosilikatebis gamoyenebiT, uzrunvelyofs manganumis da 
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siliciumis liTonSi amokrefis xarisxis gazrdas da Sesabamisad 

misi TviTRirebulebis Semcirebas.  

    samuSaos aprobacia: sadisertacio naSromis ZiriTadi 

debulebebi moxsenda da ganixilul iqna saerTaSoriso 

samecniero-teqnikur konferebciaze “garemos dacva da mdgradi 

ganviTareba (Tbilisi, 2010) da saerTaSoriso samecniero-

praqtikuli konferenciaze “inovaciuri teqbologiebi da garemos 

dacva”(quTaisi, 2011 w).  

    publikaciebi: sadisertacio samuSaos ZiriTadi debulebebi da 

Sedegebi gamoqveynebulia 6 samecniero naSromSi.  

     samuSaos moculoba: sadisertacio naSromi Semdgeba Semdegi 

nawilebisagan: Sesavali,……oTxi Tavi da daskvna. Seicavs reziumes, 

Sinaarss, 21 naxazs, 18 cxrilebs, 5 suraTs, citirebuli 

literaturis nusxis 84 wyaros dasaxelebiT, disertacia 

warmodgenilia Tabaxis 110 furcelze.  

    sadisertacio naSromi Sesrulebulia saqarTvelos teqnikuri 

universitetis qimiuri teqnologisa da metalurgiis fakultetis 

eleqtrometalurgiis saswavlo – samecniero centrSi, Sps 

,,meteqsSi’’, zestafonis feroSenadnobTa qarxanaSi da 

WiaTurmanganmSi  (Sps ,, jorjian manganezi’’).  

      

samuSaos ZiriTadi Sinaarsi 

Tavi 1. WiaTuris madnebis qimiur-mineralogiuri                          

Sedgeniloba da manganumis danakargebis 

 struqtura gamdidrebis sxvadasxva  

stadiaze 

    madnebSi kaJmiwis da manganumis Semcveloba ukuproporciul 

damokidebulebaSia erTmaneTTan da am madnebis meqanikuri 

gamdidreba miznad isaxavs ZiriTadad kaJmiwis mocilebas. 

WiaTuris gamamdidrebel fabrikebis (ЦОΦ-1, ЦОΦ-2, ОΦ-29 da №25) 

muSaobis pirobebSi manganumis danakargebi, misi amokreba, 
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koncentratebis gamsavali da masSi manganumis Semcveloba 

ganisazRvreba moqmedi teqnologiis balansebis mixedviT.  

        yvela zemoT dasaxelebuli gamomdidrebeli 

fabrikebisaTvis am maCveneblebis urTierT damokidebuleba 

identuria da gviCvenebs, rom koncentratebis gamosavali da 

manganumis amokrefa, koncentratebSi manganumis Semcvelobis 

gazrdis SemTxvevaSi, yovelTvis mcirdeba.   

    G gamdidrebis teqnologiuri maCveneblebi pirdapir 

damokidebuliaSia koncentratebSi kaJmiwis SemcvelobasTan da 

ganisazRvreba fardobiT- % SiO2 ∕ %Mn. fardobis % SiO2 ∕ %Mn=0,2-1,6 

zRvrebSi koncentratSi manganumis Semcvelobis (20% dan 48%-mde) 

TandaTanobiTi gazrdiT, misi amokrefis xarisxi mkveTrad ecema 

(100 dan 45% mde) da koncentratSi yoveli procentiT manganumis 

Semcvelobis momateba iwvevs manganumis danakargis TiTqmis 2%-iT 

gazrdas. mTelianad manganumis oqsiduri madnebis gamdidrebis 

Sedegad manganumis danakargebi kudebis da Slamebis saxiT aRwevs 

30-32%. manganumis danakargebis gazrda ZiriTadad ganpirobebulia 

madnuri fazis ufro srulad da Rrmad gaxsnis gamo, rac 

TavisTavad iwvevs Slamwarmoqmnas procesebis gazrdas da ufro 

mdidari kudebis warmoqmnas.  

        kvlevebis obieqtad aRebuli iyo nedli madani da misi 

gamdidrebis produqtebi. Seswavlil iqna nimuSebis oTxi jgufi: 

16 mm fraqciis madni (garecxvis Semdeg), I da IV xarisxis 

koncentratebi, saleqi manqanidan aRebuli kudebi da Slamebi. 

    G  amdidrebis prodeqtebis qimiurma analizma gviCvenebs, rom 

sawyisi nedleulis mimdevrobiT, TandaTanobiTi gadamuSaveba 

iwvevs manganumis kaJmiwasTan Tanafardobis cvlilebas.   % SiO2 ∕ 

%Mn fardoba sawyis madanSi Sedgens 1,5; garecxvis Semdeg-0,96. 

garecxvis Semdeg miRebuli produqti marcvlis simsxos mixedviT 

klasificirdeba fraqciebad: 16-12, 12-2 da 2-0 mm, romlebisTvisac 

es Tanafardoba Sesabamisad Seadgens 2,19; 1,05 da 0,84. aqedan 
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gamomdinareobs is, rom kaJmiwas maqsimaluri raodenoba 

Seesabameba yvelaze msxvil fraqcias. naleqivis Sedegad 

gamoyofili I da II xarisxis koncentratebSi fardoba % SiO2 ∕ %Mn 

Seadgens Sesabamisad 0.12 da 0,22. xolo IV xarisxis koncentratSi 

aRniSnuli Tanafardoba Seadgens 1.4, kudebSi-3.18 da SlamebSi ki-

5.1. gamdidrebis sxvadasxva stadiaze aRebuli WiaTuris sabados 

oqsiduri madnebis nimuSebis petrografiuli gamokvlevebiT 

dadginda, rom gravitaciuli gamdidrebis procesSi 

siliciumSemcveli naerTebis formebi ar icvleba. gamdidrebis 

produqtebSi yovelTvis Warbobs Tavisufali kvarcis 

Semcveloba, iSviaTad gvxvdeba karbonatuli madnis nawilakebi 

da Zalian mcire raodenobiT mindvris Spati da sluilebi. sawyis 

madanSi madnuri fazis wili Seadgens 46,4%; I xarisxis 

koncentratSi 86,3%; II xarisxisi 83,9%; Sualedur IV xarisxis 

koncentratSi 50,4%; kudebSi 32,8% da SlamebSi 20,7%. xolo 

kvarcis raodenoba am produqcebSi Seadgens Sesabamisad 4,6; 5,1; 

25,7; 36,3; 44,4 da 28,1%.  

        sxvadasxva raodenobis kaJmiwis Semcvelobis manganumis 

koncentratebis (9,5; 13,6; 17,7 da 21,8% SiО2) Termografiuli 

gamokvlevebiT ganisazRvra maTi Termuli daSlis msgavsi 

xasiaTi. amitom miRebuli Sedegebis gansja savsebiT 

SesaZlebelia im endoTermuli efeqtebiT, romlebic gamovlinda 

Semdeg temperaturul intervalebSi: 150-170, 340-350, 600-650, 970-

9800C. eqsperimentul monacemebze dayrdnobiT samuSaoSi 

mocemulia sxvadasxva raodenobis kaJmiwis Semcvelobis 

koncentratebis Termuli DaSlis sqema, romlis temperaturuli 

intervali ganisazRvreba mdgradi manganumis mineralebis 

arsebobiT.  

        sinjebis gaxurebisas 160 dan (wylis mocilebis 

temperatura) 10000C-mde jamuri wonis kargva Sesabamisad Seadgens 

8,9; 7,7; 7,1 da 6,5%, rac Seesabameba endoTermul efeqtebs, 

romlebic miT metia, rac ufro maRalia koncentratSi manganumi 
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da mcire kaJmiwa. dadgenilia, rom kaJmiwis Semcvelobis gazrda 

koncentratebSi 2-3 jeradac ki, ver axdens veraviTar gavlenas 

manganitis (MnО·ОH) piroluiztis (MnО2) da fsilomelanis 

(MnО·MnО2·nH2О) disociaciis temperaturaze. Seswavlili 

temperaturebis zRvrebSi, koncentratebSi kaJmiwis Semcvelobis 

gazrda, misi gaxurebis dros, ar iwvevs raRac axali fazebis da 

mineralebis warmoqmnas.  

Tavi 2. briketebis optimaluri parametrebis gansazRvra 

da miRebuli briketebis metalurgiuli 

Tvisebebis gamokvleva 

    manganumis koncentratebis fizikuri Tvisebebis, nivTobrivi 

da granulometruli Sedgenilobis gaTvaliswinebiT, Teoriulad 

iqna dasabuTebuli maTi dnobisaTvis winaswar mosamzadeblad 

gamogveyenebina dabriketebis meTodi. Ggamokvlel iqna sxvadasxva 

kaJmiwis Semcvelobis koncentratebis bazaze damzadebuli 

madnuri, madannaxSiriani da monokazmis briketebi.  

    briketirebis optimaluri parametrebis dadgenis mizniT 

laboratoriul pirobebSi gamokvleuli da samrewvelo wnexze 

Semowmebuli iqna kazmis sinestis, Semkvrelis raodenobis, 

aRmdgenelis – tyibulis naxSiris koncentratis da dawnexvis 

xvedriTi wnevis gavlena briketebis meqanikur maxasiaTeblebze. 

maTi gansazRvra xdeboda gaWyletvis Camogdebis, dartymis da 

xexvis erTdrouli zemoqmedebis gziT.  

    dadgenilia, rom meqanikurad mtkice madnuri da 

madannaxSiriani briketebis damzadebis optimaluri parametrebia 

Sesabamisad: kazmis sineste 3,5-6,0 %, Semkvrelis raodenoba 8-10 

da 7-8%, gamoSrobis temperatura 130-1400C da dawnexvis 

minimaluri xvedriTi wneva 19,6 mpa.  

   I da II xarisxis koncentratebis bazaze damzadebul 

madannaxSirian briketebs aqvs naklebi Termuli mdgradoba III da 

III xarisxis briketebTan SedarebiT, rac ganpirobebulia 
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doscirebadi Jangbadis mcire raodenobiT. Warbi Jangbadi iWvevs 

Rrma  JangviT reaqciebs, amcirebs naxSiris dakoqsebis process 

da auaresebs madannaxSiriani narevebis Secxobadobas.  

   gamokvleul iqna briketebis eleqtrowinaRobis da garbilebis 

temperaturis damokidebuleba koncentratebSi kaJmiwis 

Semcvelobaze. naCvenebia, rom koncentratSi kaJmiwis raodenobis 

gazrda iwvevs eleqtrowinaRobis gazrdas da amcirebs 

garbilebis sawyis temperaturas. sxva Tanabar pirobebSi 

madannaxSiriani da monokazmis briketebis xvedriTi 

eleqtrowinaRoba 6000C  temperaturamde maRalia madnuri 

briketebis analogiur maCvenebelze. xolo ufro maRal 

temperaturebSi ki piriqiT – madnuri briketebis xvedriTi 

eleqtrowinaRoba 600-12000C temperaturul intervalSi ufro 

maRalia madannaxSiriani da monokazmis briketebis 

eleqtrowinaRobaze.  

   briketebSi naxSiris arseboba mkveTrad amaRlebs garbilebis 

sawyis temperaturas da aviwroebs garbilebis temperaturul 

intervals. madnuri briketebis garbilebis sawyisi temperatura 

750-8500C, garbilebis intervali 100-1200C, xolo madannaxSiriani da 

monokazmis briketebisaTvis igi Seadgens Sesabamisad 1250-14000C da 

60-1000C.  

      sxvadasxva kazmebis (briketebis) aRdgenadobis gamokvlevis 

kompleqsuri meTodebis gamoyenebiT (aRdgenis kinetika, aRdgenis 

produqtebis qimiuri da petrografiuli analizi) dadginda, rom 

kazmSi manganumis koncentratebis oqsidebis meqanikuri 

gacalkeveba kvarcitis kaJmiwasTan warmoadgens efeqtur 

saSualebas, raTa Semcirdes widis warmoqmmnis siCqare da moxdes 

manganumis aRdgenis intensificia. maRalmanganumiani, naxSirbadiT 

gajerebuli alRobis dagroveba, Tavis mxriv, xels uwyobs da 

zrdis silicumis aRdgenis xarisxs.  
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     kinetikuri gamokvlevebis monacemebi (cxrili 1, nax. 1) 

mowmoben, rom yvela saxis kazmebis aRdgenis saboloo xarisxi, 

ZiriTadad damokidebulia procesis temperaturaze, koncentratSi 

fardobaze  % SiO2 ∕ %Mn da kazmis momzadebis meTodze. 

       
nax. 1 Cveulebrivi (fxvieri) kazmi (1), monokazmis (2) da 

       madannaxSiriani briketebi (3) aRdgenis kinetikuri mrudebi 16000C 

              temperaturaze. 

 

cxrili. 1 LliTonSi elementebis saSualo Sedgenilobis   

            damokidebuleba  koncentratis xarisxze, kazmis momzadebis 
            meTodze da aRdgenis   temperaturaze  

 

kazmis 

momzadebis 

meTodi 

manganumi 

koncentrati 

1450  1600  

                

Ceulebrivi 

kazmi 
44.0 6.42 77.78 1.64 17.0 77.17 0.51 

35.0 4.80 74.39 1.87 16.14 77.40 0.60 

monokazmi 44.0 9.72 81.21 0.65 18.50 76.41 0.30 

35.0 11.99 80.04 0.69 20.40 74.66 0.33 

madannaxSiriani 

briketi 
44.0 11.50 80.41 0.64 19.78 75.04 0.29 

35.0 12.85 80.95 0.68 20.95 74.61 0.33 
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   14500C  miRebuli liTonis saSualo Sedgenilobis analizi 

gviCveneb, rom pirvel rigSi adgili aqvs manganumis aRdgenas. 

silicumis aRdgenac xdeba garkveulwilad, magram aq aRdenis 

siCqare CamorCeba manganumis aRdgenis siCqaresa. widuri 

nalRobis wonasworuli Sedgenilobis miRwevis Semdeg, kaJmiwa 

damoukidebuli fazes saxiT iwyebs gamoyofas. 14500C 

temperaturaze aRdgenid da dayovnebul briketebSi aRmoCenilia 

SiО2, β-kristobalitis saxiT. Aam temperaturaze aRdgenis 

xarisxebs Soris sxvaobam, sxvadasxva   %SiO2 ∕ %Mn fardobis 

madannaxSiririani briketebisaTvis, Seadgina 25-35%, xolo 

siliciumis Semcveloba liTonSi ar aRemateba 13%. 1450-16000C 

temperaturul intervalSi xdeba manganumis da silicumis 

aRdgenis siCqareebis gaTanabreba, TandaTan qreba Tavisufali 

kaJmiwis ukanaskneli kristalebi da 16000C SeimCneva briketebis 

aRdgenis mkveTri mateba. Aam remperaturaze koncentratebis %SiO2 

∕ %Mn fardobis zRvrul intervalSi (0,62-0,39), sxvaoba briketebis 

aRdgenis xarisxebs Soris, siliciumis aRdgenis gamo mcirdeba 

orjer da saboloo (jamuri) aRdgenis xarisxi aRwevs 80-90%. am 

dros siliciumis Semcveloba liTonSi Sesabamisad aRwevs 20-21 

da 17-19%Si.  

     silicumis aqtiur da Rrma aRdgenas xels uwyobs oqsiduri 

nalRobidan gamoyofili Tavisufali SiO2 –is mWidro kontaqti 

aRmdgenelTan da liTonur fazasTan, romelSidac ixsneba 

aRdgenili siliciumi. es gamowveulia briketis 

mikromoculobebSi aRdgeniTi procesebis mimdinareobiT, rac 

TavisTavad ganpirovnebulia briketebis maRali Termuli 

mdgradobiT.  

    Sesrulebuli gamokvlevebiT dadginda, rom naxSirTan erTad 

maRalkaJmiwa Semcveli manganumis madnis dabriketeba, 

warmoadgens efeqtur meTods eleqtrodnobis Casatareblad.  
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Tavi 3. silikomanganumis gamodnobis teqnologiis 

gamokvleva  madnuri  da madannaxSiriani briketebidan  

    naxervadsamrewvelo pirobebSi Catarebul iqna 

silikomanganumis sacdeli dnobebis ori seria, TiToeuli 4 

variantad, romlis Sesabamisadac vaxdendiT kazmis momzadebas. 

dnobebis pirvel seria Catarda madnur briketebze sadac kazmSi 

gamoyenebuli iyo agreTve dabalfosforiani wida, xolo meore 

seriaSi dnobebi Catarda madannaxSirian briketebze.  

    briketebis damzadebas da maT meqanikuri simtkiceze gamocdas 

vaxdendiT Llaboratoriul pirobebSi SerCeuli meTodikis 

Sesabamisad. sul damzadebuli iqna 45t  madnuri da 110 t 

madannaxSiriani briketebi.  

    sacdeli dnobebi Catarebuli iqna 1000 kva transformatoris 

simZlavris Ria tipis, gamtar qvedian, erTfaza rkalur, 

madanaRmdgenel RumelSi. kazmis Sedgeniloba da SerCeuli 

eleqtruli reJimi uzrunvelyofda eleqtrodis Rrma Cajdomas, 

dnonis produqtebis normalur gamosvlas da kazmis Tanabar 

svlas RumelSi.  

    silikomanganumis Sesadarebeli naxevradsamrewvelo dnobebis 

ZiriTadi Sedegebi mocemulia cxrilSi 2.  

    miRebuli Sedegebi gviCvenebs, rom magnur briketebze 

silikomanganumis dnobias, koncentratis xarisxis gauaresebas 

mivyavarT manganumis amokrefis 4-6%-iT SemcirebasTan, 

dabalfosforiani widis dozirebis 1,5-2,0-jer gazrdasTan da 

eleqtroenergiis xarjis 20%-iT matebasTan.  

   madannaxSirian briketebze Catarebulma dnobebma gviCvena, rom 

sawyis koncentratebSi fardobis %SiO2 ∕ %Mn gazrdiT (0,34 dan 

0,62-mde) manganumis amokrefab mcirdeba umniSvnelod (79,02-dan 

78,20 %-mde), maSin rodesac silicumis amokrefa 47,86- dan 51,78%-

mde izrdeba, rac manganumisaTvis 5-8%-iT da siliciumisaTvis 6-

9% maRalia madnur briketebze miRebuli dnobis Sedegebze. 
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   dabalfosforiani widis, koqswvrilas da nawilobriv 

kvarcitis magivrad, silikomanganumis gamosadnob kazmSi mesame 

xarisxis  koncntratze (35%Mn; 21,9%SiО2) damzadebuli 

madannaxSiriani briketebis gamoyeneba, uzrunvelyofs 

eleqtroRumelis warmadobis 28%-iT gazrdas, manganumis da 

silicumis amokrefis 8-10% gazrdas Sesabamisad. 

eleqtroenergiis xarji mcirdeba 6%-iT, widis saerTo 

gamosavali 20-25% mcirdeba. mcirdeba agreTve Senadnis 

TviTRirebuleba 5-7%-iT.  

   madnuri da madannaxSirian briketebze Catarebuli 

silikomanganumis dnobebis Sedarebidan Cans, rom dnobis 

erTidaigive Sedegebi miiRweva da SedarebiT dabalxarisxovani 

madannaxSiriani briketebis gamoyenebiT. 

Tavi. 4. silikomanganumis dnobis teqnologiis 

samrewvelo  aTviseba  kazmSi briketebis da tute 

liTonebis alumosilikatebis (tufis) gamoyenebiT. 

   silikomanganumis dnobis procesze tute LliTonebis 

oqsidebis gavlenis eqsperimentuli SefasebisTvis Catarebuli 

iqna naxevradsamrewvelo da samrewvelo dnobebi kazmSi 

kvarcitis nacvlad tutes (67% SiО2, Na2O+K2O )  gamoyenebiT.  

    sacdeli naxevradsamrewvelo dnobebi (cxrili2, variant 4), 

romlis Sesadarebel variantad aRebuli iyo 39,1 %Mn 

koncentrateze Catarebuli dnobis Sedegebi (variant 2), 

xasiaTdeboda Rumelis Tanabari svliT, eleqtrodis Rrma 

CajdomiT da dnobis produqtebis Rumelidan ufro intensiuri 

gamosvliT, garda amisa, tufis gamoyeneba uzrunvelyofs widis 

txevaddenadobis gazrdas, rac xels uwyobs liTonis wvrili 

nawilakebis daleqvis process. yovelive amis Sedegad, 

Cveulebriv teqnologiasTan SedarebiT (dnoba kvarcitis 

gamoyenebiT) mniSvnelovnad umjobesdeba dnobis yvela  
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   cxrili.2. silikomanganumis dnobis ZiriTadi maxasiaTeblebi kazmiSi           

             madnuri da madannaxSiriani briketebis gamoyenebiT. 

 
maCveneblebi 

dnoba madnur briketebSi dnoba madannaxSiriani 
briketebSi 

variantebi 

1 2 3 4 1 2 3 4 

Rumelis warmadoba 
t(baz)/dRe-RameSi 

2.280 2.112 1.920 2.232 2.736 2.568 2.472 2.640 

manganumis koncentrati 
(44%Mn, 14.8%SiO2) 

1727 - - - 1872 - - - 

manganumis koncentrati 
(39%Mn, 17.8%SiO2) 

- 2044 - 1947 - 2127 - 2092 

manganumis koncentrati 
(35%Mn, 21.9%SiO2) 

- - 2146 - - - 2358 - 

mdidari wida (35%Mn) 386 374 566 409 - - - - 

kvarciti 439 311 129 - 437 271 139 - 

koqswvrila 560 567 579 569 - - - - 

naxSiri - - - - 802 827 829 830 

tufi - - -- 444 - -- - 392 

el-energis xarji kvt.sT/t 
(baz) 

4800 5280 5760 5200 4500 5040 5400 5000 

 

liTonis qimiuri 
Sedgeniloba 

Mn 75.12 76.43 75.81 75.54 75.81 75.96 74.05 74.46 

Si 17.86 17.78 17.56 18.48 18.79 18.73 19.17 19.12 

P 0.30 0.35 0.35 0.35 0.24 0.27 0.30 0.28 

widaSi mangnumis 
Semcveloba % 

14.96 15.34 15.55 14.0 12.15 12.85 12.65 11.82 

widis fuZianoba 
(CaO+MgO)/SiO2 

0.52 0.55 0.64 0.62 0.40 0.46 0.51 0.56 

widis jeradoba 0.95 1.05 1.15 1.1 0.8 0.85 0.88 0.9 

 

manganumis 
gadasvla 
liTonSi 

Mn  74.0 71.49 70.0 72.81 79.02 78.51 78.20 79.19 

Si 41.82 41.99 42.19 43.89 47.86 50.75 51.78 52.67 

P 76.11 76.11 73.29 70.61 56.06 56.22 58.06 54.27 

manganumis gadasvla 
widaSi % 

14.0 15.07 16.53 14.87 10.25 11.31 11.77 11.32 
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   cxrili. 3. silikomanganumis gamodnobis teqnoko-ekonomikuri  

               maCveneblebi 22.5 mgva Rumeli                               

 

maCveneblebi 

teqnologia 

moqmedi 
teqnolo

gia 

SemuSavebuli 

1 2 

dnobia xangZlioba (dReRame) 30 30 20 

Rumelis warmadoba t/dReRame 70.2 72.8 73.5 

sakazme 
masalebis 
xvedriTi 
xarji kg/t 

(baz) 

madnuri briketi 
(39.5%Mn) 

926 891 883 

manganumis aglomerati 
(47.8%Mn) 

884 850 843 

Mmdidari wida (35%Mn)  505 485 481 

kvarciti 356 180 - 

tufi - 241 433 

koqswvrila 465 453 460 

Eel-energis xvedriTi xarji      
kvt sT/t (baz) 

4110 4050 4000 

 

liTonis qimiuri 
Semadgenloba 

   75.9 75.45 76.10 

   17.3 18.12 17.74 

  0.35 0.34 0.35 

 

 

widis qimiuri 
Sedgeniloba  

   14.92 13.6 13.0 

SiO2 46.45 44.15 43.24 

    20.03 22.5 21.0 

Al2O3 4.76 6.87 9.20 

    1.3 1.45 1.56 

Na2O+K2O - 2.5 4.3 

widis fuZianoba (CaO+MgO)/SiO2 0.46 0.54 0.52 

 

manganumis gadasvla 
liTonSi 

   68.95 71.26 72.51 

   30.01 43.17 45.11 

  78.84 76.35 75.69 
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teqniko-ekonomikuri maCveneblebi, rac warmatebiT damtkicda 

amave Senadns 22.5 mva simZavris samrewvelo RumelebSi 

gamodnobiT.  

      sakazme masalebad gamoyenebuli iyo, III xarisxis (39%Mn) 

manganumis koncentratze damzadebuli madnuri briketebi, 

aglomerati (47,8 %Mn), saSualonaxSirbadiani feromanganumis 

wida (35%Mn), kvarciti, koqswvrila da tufis RorRi. sacdeli 

dnobebi Catarebuli iqna or variantad. Ddnobebis pirvel 

variatSi kvarciti nawilobriv iqna Secvlili tufiT (fardobiT 

1:1), xolo meore variantSi kvarciti mTlianad iqna Secvlili 

siliciumis ekvivalenturi raodenobis tufiT.   

      silikomanganumis Sesadarebeli samrewvelo dnobebis 

ZiriTadi teqnoko-ekonomikuri maCveneblebi saqarxno da 

SemuSavebuli teqnologiebis mixedviT mocemulia cxriSi 3.  

      Catarebuli samrewvelo dnobebis Sedegebis Sedarebidan 

Cans, rom Cveulebriv (saqarxno) teqnologiasTan SedarebiT 

Rumelis warmadoba gaizarda 5% -iT, eleqtroenergiis xvedriTi 

xarji Semcirda 3%-iT, manganumis da silicumis amokreba 

gaizarda 2,5% da 5% Sesabamisad.  
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Ddaskvna 

1. G gaanalizebulia manganumis madnebis mopovebis, 

gamdidrebis, dnobisaTvis kazmis momzadebis da manganumiani 

eleqtroferoSenadnobebis samrewvelo warmoebis 

Tanamedrove mdgomareoba da ganisazRvra metalurgiuli 

gadamuSavebis yvela etapze manganumis danakargebis 

Semcirebis ZiriTadi mimarTulebebi. 

2. G gamdidrebis teqnologiuri maCveneblebis cvlilebis 

gamokvlevam, koncentratebSi SiO2  Semcvelobaze 

damokidebulebiT (fardobis  %SiO2 /Mn    0.2-1.6  zRvrebis 

cvlileba) gviCvena, rom Tu manganumis Semcveloba 

koncentratSi TandaTanobiT izrdeba (20-dan 48%  Mn-mde), 

manganumis amokrefa mkveTrad ecema (100-dan  45%-mde) da 

koncentratSi yoveli procenti manganumis gazrdas 

Seesabameba manganumis 2%-iani danakargi, rac umTavresad 

ganpirobebulia madnuri fazis ufro srulad da Rrma 

gaxsnis aucileblobis gamo, rac TavisTavad iwvevs Slamebis 

raodenobis gazrdas da ufro mdidari kudebis warmoqmnas.  

3.    WiaTuris sabados, gamdidrebis sxvadasxva stadiaze 

aRebuli, oqsiduri madnebis nimuSebis petrografiulma 

gamokvlevam gviCvena, rom gravitaciuli gamdidrebis 

procesSi siliciumSemcveli naerTebis formebi ar 

icvlebian. Ggamdidrebis produqtebi ZiriTadad 

warmodgenilia Tavisufali kvarciT, iSviaTad gvxvdeba 

karbonatuli madnis nawilakebi da Zalian mcire 

raodenobiTaa Spati da sludebi. 

4.    Termografiuli gamokvlevebiT (10000C-mde)  dadginda, rom 

koncentratebSi kaJmiwis raodenobis gazrda araviTar 

gavlenas ar axdens piroluzitis , manganitis, kurnakitis da 

fsilomelanis Termuli disociaciis endoTermuli 

efeqtebis temperaturul cvlilebebze. Sesabamisad, 

koncentratebSi  SiO2--s 2-3-keradac gazrdis pirobebSi, 
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aRniSnuli temperaturebis farglebSi, ar xdeba romeliRac 

axali fazebis da mineralebis warmoqmna. kazmSi naxSiris 

arsebobisas, manganumis oqsidebis disociaciis 

temperaturebi inacvleben ufro dabali temperaturebisken, 

xolo endoTermuli efeqtis sidide miT metia, rac metia 

koncentratSi manganumi da naklebia kaJmiwa. 

5.    SemuSavda da ganisazRvra meqanikurad mtkice (PgaWylec =8-

12mp)  da Termulad mdgradi madnuri da madannaxSirian  

briketebis miRebis racionaluri parametrebi. Ddadgenilia, 

rom briketirebis optimaluri parametrebia: kazmis sineste 

3.5-6.0%, Semkvrelis (sulfituri barda) raodenoba 8-10 da 7-

8%, gamoSrobis temperatura 130-140  da dawnexvis minimaluri 

wneva 19.6 mpa. 

6.      koncentratebSi SiO2 -is gazrdiT matulobs briketebis 

xvedriTi eleqtrowinaRoba da mcirdeba garbilebis sawyisi 

temperatura. briketebSi naxSiris arseboba mkveTrad zrdis 

garbilebis sawyis temperaturas da aviwroebs garbilebis 

temperaturul intervals. Mmadnuri briketebisaTvis  

garbilebis sawyisi temperaturaa 750-8500C, garbilebis 

temperaturuli intervali ki-100-1200C, xolo madannaxSiriani 

briketebisaTvis Sesabamisad 1250-14000C da  60-800C. 

7.    Ddadgenilia, rom kazmSi manganumis koncentratis 

oqsidebis meqanikuri gancelkeveba kvarcitebis siliciumTan 

(madannaxSiriani briketebi) warmoadgens efeqtur saSualebas, 

raTa SevamciroT widebis warmoqmnis siCqare da ufro 

intensiuri gavxadoT manganumis aRdgena. naxSirbadiT 

gajerebuli maRalmanganumiani nalRobis warmoqmna, Tavis 

mxriv, iwvevs siliciumis aRdgenis intensifikacias. 

8.     Llaboratoriuli  da naxevradsamrewvelo dnobebis 

Sedegebze dayrdnobiT dadgenilia, rom madnuri briketebis 

dnobis pirobebSi gamoyenebul koncentratebSi SiO2-is 

Semcvelobis gazrda iwvevs ZiriTadi teqniko-ekonomikuri 

maCveneblebis Semcirebas. silikomanganumis miRebis 
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SemuSavebuli teqnologia, kazmSi madannaxSiriani briketebis 

gamoyenebiT (35%Mn, 21.9% SiO2) uzrunvelyofs 

eleqtroRumelis warmadobis gazrdas 28%-iT, manganumis 

amokrefas liTonSi 8%-iT, siliciumis ki- 10%, 

eleqtroenergiis xarji mcirdeba 6%-iT, xolo Senadnis 

TviTRirebuleba ki-8%-iT. widis saerTo gamosavali 

mcirdeba 20-25%. 

9.     samrewvelo masStabiT SemuSavebul da danergil iqna 

sasaqonlo silikomanganumis gamodnoba kazmSi tufis 

gamoyenebiT. Ddadgenilia, rom kazmSi kvarcitis Secvla 

tufis ( kazmSi tute liTonebis alumosilikatebis Seyvana) 

ganapirobebs manganumis da siliciumis ufro Rrmad 

aRdgenis siCqaris gazrdas. Aamavedros Rumelis warmadoba 

izrdeba 5%-iT, eleqtroenergiis xvedriTi xarji mcirdeba 

3%-iT. manganumis amokrefa SenadnSi gaizarda 2.5%-iT,  

siliciumisa ki 5%-iT. silikomanganumis TviTRirebuleba 

Semcirda 40 aSS dolariT.    
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Abstract 

The paper deals with the very important issue of manganese ferroalloys 

electrometallurgy, which is of low quality manganese ores and concentrates from 

standard silica-making. In terms of permanent and growing deficits of high quality 

manganese ore, specific and experimentally determined issues dedicated to the 

increase of manganese and silicon useful use raised in this paper are very important. 

It is estimated that at time of the use of low-quality ores, the useful use of manganese 

and silicon therefore, does not exceed 70 and 40%. In addition, the paper discusses 

rational schemes of the preliminary preparation for melting blend.  

The basic manganese containing component of silicon-manganese melting 

blend is manganese ore or concentrate. Alloy is made by continuous slag process 

based on simultaneous recovery of manganese and silicon oxide by coke carbon.  

For making silicon-manganese in the blend for use of low-quality ores, the 

paper sets out a range of tasks which are satisfactorily resolved:  

_ On the base of analyzing numerous literary data published it has been 

estimated the number of manganese loss in the process of mining, beneficiation and 

melting of manganese. The paper also offers basic directions for reducing this loss.  

_ There are discussed main types of ores are studied and schemes of 

beneficiation and mineralogical composition.  

_ There are considered characteristics of carbon as the universal restorer and 

relatively inexpensive and not deficient coals for adoption of silico manganese are  

selected there.  

_ There are analyzed modern methods of deaquation, their positive and  

negative sides there. In case of fine-granular low-quality ores there was selected the 

most rational method there.  

_ There are studied characteristics of briquetting materials and there have 

been  

elaborated optimal parameters of briquetting there. There have been studied 

metallurgical characteristics of coal briquettes there.  

       - There is estimated the optimum composition of the lower limit, which 

allows us to adopt preferred brands of alloy without the sharp deterioration of 

technicaleconomical indices.  

The paper made the correct conclusion that the right and effective way of 

using of oxide concentrate of low-quality manganese is briquetting them together 

with their restorer. 

Elaborated technology for the use of low-quality oxide ores and 

concentrates by briquetting them together with their restorer allows us to enhance 

the raw material base of manganese production, to use not deficient and 

inexpensive restorers and to maintain technical-economic indices achieved during 

silicon manganese melting.  
 


