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samuSaos zogadi daxasiaTeba 

 

      Cveni qveynis manganumiani feroSenadnobebis warmoebis 

arsebuli mdgomareobidan gamomdinare, gansakuTrebul 

mniSvnelobas iZens Senadnobebis miReba da maTi xarisxis 

gaumjobeseba rogorc did, aseve mcire da saSualo simZlavris 

RumelebiT aRWurvil mini-sawarmoebSi, romelTa roli da 

mniSvneloba bolo wlebSi ganuxrelad izrdeba. 

      Tavisi maRalefeqturobis gamo Tanamedrove, axali mini-

sawarmoebis ganTavsebis da fuqncionirebis geografia sakmaod 

farToa. sabazro ekonomikis pirobebSi mini qarxnebis muSaobis 

praqtikam, did qarxnebTan SedarebiT, gviCvena misi maRali 

efeqturoba, manevruloba da momxmareblis moTxovnaze swrafi 

reagirebis unari. axali teqnikis da teqnologiebis danargvis 

siadvile, dabali kapitaluri, materialuri da energetikuli 

danaxarjebi, maTi ganlagebis SesaZlebloba satransporto 

magistralebis siaxloves, ai is upiratesobebi, romlebic aseT 

qarxnebs gaaCniaT. aRniSnuli qarxnebi iyeneben ra ufro sufTa 

teqnologiur procesebs, maT SesaZlebloba eZlevaT 

mniSvnelovnad Seamciron garemos dacvisaTvis gankuTvnili 

xarjebi. 

      amJamad saqarTveloSi funqcionirebs 10 mini-

feroSenadnobTa qarxana, romlebSidac damontaJebulia 2,5-9,0 mva 

simZlavris Rumelebi, romelTa jamuri simZlavre 70 mva 

aRemateba. amave dros aRsaniSnavia is garemoebac, rom TiTqmis 

yvela es sawarmo aSenda qaoturad, yovelgvari proeqtirebis, 

teqniko-ekonomikuri, eleqtruli, geometriuli da teqnologiuri 

parametrebis mecnieruli dasabuTebis gareSe. radganac bolo 

aTwleulebSi feroSenadnobTa warmoebis aqcenti gadatanili iyo 

mZlavri da zemZlavri Rumelebis daproeqtebaze da aTvisebaze, 

amitom literaturaSi ar moipoveba an metad mwiria monacemebi 

mcire da saSualo simZlavris Rumelebis parametrebze da maTSi 

mimdinare procesebis Taviseburebebze. 
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      amrigad, samuSaoSi dasmuli problemis arsi mdgomareobs 

imaSi, rom mcire da saSualo simZlavris madanTermuli 

RumelebisaTvis damuSavdes da SeirCes optimaluri parametrebi. 

imis gaTvaliswinebiT, Tu ra rols TamaSobs qveynis ekonomikaSi 

aseTi mini-sawarmoebi da maTi zrdis perspeqtivebi _ naTelia da 

dasabuTebulia problemis aqtualoba.  

      samuSaos mizani:  

      mdgomareobs mcire da saSualo simZlavris madanaRmdgen 

RumelebSi silikomanganumis miRebis teqnologiis srulyofa 

mecnierulad dasabuTebuli eleqteruli, geometriuli da 

teqnologiuri parametrebis optimizaciiT, romelic 

uzrunvelyofs manganumis amokrefis gazrdas da dnobis sxva 

ZiriTadi maxasiaTeblebis gaumjobesebas. garda amisa, momzaddes 

Sesabamisi teqnikuri davaleba da gaices rekomendaciebi 

proeqtirebisaTvis.  

      kvlevis ZiriTadi amocanebi: 

- sxvadasxva simZlavris madanaRmdgen RumelebSi 

silikomanganumis gamodnobis teqnologiuri Taviseburebebis 

analizi, RumelSi gamaval denebTan da geometriul zomebTan 

kavSirSi. 

- madnebis, koncentratebis, sxvadasxva naxSirbadSemcveli 

aRmdgenelebis da kazmebis eleqtrowinaRobebis gamokvleva. 

- madanaRmdgen RumelebSi eleqtruli velebis ganawileba da 

misi gavlenis Seswavla silikomanganumis miRebis procesze. 

- mcire da saSualo simZlavris madanaRmdgeni Rumelebis 

optimaluri eleqtruli da geometriuli parametrebis dadgena 

da maTi gansazRvris racionaluri meTodebis SemuSaveba. 

- silikomanganumis da dabalfosforiani widis miRebis 

teqnologiis damuSaveba da aTviseba mcire simZlavris 

RumelebSi sxvadasxva madnebis, warmoebis narCenebis da 

aRmdgenelebis gamoyenebiT. 
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      kvlevis meTodebi: 

      dasmuli problemis gadawyvetis ZiriTadi meTodi 

mdgomareobs ukve arsebuli, kargad momuSave Rumelebis 

parametrebis gaanalizebaSi da calkeuli monacemebis 

gaumjobesebaSi mecnieruli da eqsperimentuli kvlevebis 

Sedegebis gaTvaliswinebiT. 

      mecnieruli siaxle: 

      Teoriuli dasabuTebiT da eqsperimentuli gamokvlevebis 

safuZvelze pirvelad iqna Seswavlili mcire da saSualo 

simZlavris madanaRmdgen RumelebSi eleqtruli denebis 

ganawileba da misi gavlena abazanis saerTo eleqtrowinaRobaze. 

aseTi RumelebisaTvis SemuSavda eleqtruli da geometriuli 

parametrebis gamoTvlis axali, gamartivebuli meTodi. 

analitikuri damokidebulebebis, procesis modelirebis da 

eqsperimentuli samrewveli dnobebis safuZvelze naCvenebia 

Rumelebis simZlavris gazrdis praqtikuli SesaZlebloba da 

eleqtroteqnologiuri parametrebis gaumjobeseba mxolod 

abazanis eleqtrowinaRobis da Zabvis gazrdis saSualebiT, 

eleqtrodis diametris gauzrdelad. 

      samuSaos praqtikuli mniSvneloba: disertaciaSi dasmuli 

problemis gadawyveta saSualebas mogvcems davamuSaoT 

teqnikurad srulyofili da ekonomikurad gamarTlebuli mcire 

da saSualo simZlavris madanaRmdgeni Rumelebis proeqtebi, 

gavaumjobesoT da davxvewoT manganumiani feroSenadnobebis 

miRebis Sesabamisi teqnologiebi. mSenebare RumelebisaTvis 

gavceT teqnikuri dasabuTebebi, modernizacia gaukeToT ukve 

arsebul Rumelebs, raTa maTi teqniko-ekonomikuri 

maxasiaTeblebi Seesabamebodes teqnikis da teqnologiebis 

Tanamedrove moTxovnebs. 

      Tu gaviTvalisiwnebT adgilobirvi mini-sawarmoebis 

raodenobas da misi zrdis perspeqtivebs, agreTve Cveni mezobeli 

qveynebis dainteresebas aRniSnuli problemiT, romlebsac 

feroSenadnobTa warmoebis Cvenze gacilebiT naklebi tradiciebi 
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da gamocdileba aqvT, naTeli xdeba Seqmnili produqtiT 

(proeqtebiT) adgilobrivi da saerTaSoriso bazrebis 

daintereseba. 

      samuSaos aprobacia: sadisertacio naSromis ZiriTadi 

debulebebi moxsenda da ganxilul iqna: `saqarTvelos 

keramikosTa asociaciis me-2 saerTaSoriso konferenciaze” 

(Tbilisi, 2009w.), saerTaSoriso samecniero-praqtikul 

konferenciaze `inovaciuri teqnologiebi da Tanamedrove 

masalebi” (quTaisi, 2010w.), saerTaSoriso samecniero-teqnikur 

konferenciaze `garemos da cva da mdgradi ganviTareba” 

(Tbilisi, 2010w.).  

      publikaciebi: sadisertacio samuSaos ZiriTadi debulebebi 

da Sedegebi gamoqveynebulia 11 samecniero naSromSi. 

      samuSaos moculoba: sadisertacio naSromi Sedgeba Semdegi 

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

Sinaarss, 31 naxazs, 14 cxrils, 10 suraTs, citirebuli 

literaturis nusxas 99 wyaros dasaxelebiT da 3 danarTs. 

disertacia warmodgenilia Tabaxis 115 furcelze.    

 

 samuSaos ZiriTadi Sinaarsi 

Tavi 1.     silikomanganumis gamodnobis  

        teqnologiuri Taviseburebebis analizi 

 

      manganumiani feroSenadnobebis warmoeba damyarebulia 

naxSirbadTermuli da silikoTermuli meTodebiT manganumis 

aRdgenaze misi madnebidan da koncentratebidan. 

      erT-erTi ZiriTadi manganumiani Senadni, romelic 

eleqtroRumelebSi gamodneba aris silikomanganumi, romelic 

gamoiyeneba foladebis ganJangvisa da legirebisaTvis. Tavisi 

qimiuri SedgenilobiT igi unda akmayofilebdes moqmed 

standartebs. silikomanganumSi manganumis fardoba siliciumTan 

meryeobs 2,3-6,5 zRvrebSi, rac Seesabameba, rogorc aSS, iaponiis, 
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CineTis, germaniisa da sxva qveynebis standartebs, aseve rigi 

mkvlevarebis rekomendaciebs. 

      amJamad, Cvens qveyanaSi moqmedi, rogorc didi, aseve mcire 

sawarmoebi muSaoben sxvadasxva xarisxis da genezisis madnebze, 

koncentratebze da warmoebis narCenebze. maTSi manganumis da 

fosforis Semcveloba, rogorc absoluturi aseve fardobiTi 

(%P/%Mn) mniSvnelobiT icvleba did diapazonSi. miuxedavad 

imisa, rom aRniSnul qarxnebSi teqnologiuri procesebi 

damakmayofilebladaa organizebuli, manganumis sasargeblo 

gamoyeneba meryeobs 68-73%, siliciumis ki 40-42% farglebSi, rac 

sruliad ver pasuxobs dRevandel moTxovnebs. 

      sxva mizezebTan erTad yovelive es gamowveulia imiT, rom 

manganumis da siliciumis aRdgena atarebs sapirispiro xasiaTs. 

erTis mxriv, manganumis srulad da Rrmad aRsadgenad saWiroa 

maRalfuZiani kazmi, rac TavisTavad xels uSlis siliciumis 

aRdgenas. praqtikulad am amocanis gadawyveta SesaZlebelia 

dnobisaTvis kazmis momzadebis racionaluri meTodebis 

gamoyenebiT, widis optimaluri Sedgenilobis SerCeviT, dnobis 

swori eleqtruli reJimebiT da temperaturiT. 

      silikomanganumis miRebis procesi damyarebulia madnebidan 

da koncentratebidan manganumis da siliciumis erTdroul 

aRdgenaze. dabal temperaturebSi xdeba madnis manganumSemcvel 

mineralebSi arsebuli manganumis oqsidebis, rogorc Termuli 

disociacia, aseve misi arapirdapiri aRdgena MnO -mde, Semdegi 

sqemiT da reaqciebiT: 

         MnOOMnOMnMnO CCC       14001200

43

877

32

424

2       (1) 

                           2322 24 OOMnMnO                     (2) 

                           24322 46 OOMnOMn                    (3) 

       43OMn urTierTqmedebs Rumelis sareaqcio zonidan 

gamomaval airebTan (CO ) da advilad aRdgeba MnO -mde SedarebiT 

dabal temperaturebze: 
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                        243 3 COMnOCOOMn                   (4) 

      teqnologiuri procesis sworad mimdinareobis dros 

Rumelis maRal temperaturul zonaSi xvdeba manganumis madani, 

romelSidac manganumi imyofeba monooqsidis (MnO ) saxiT, 

romlis aRdgena mimdinareobs mxolod myari naxSirbadiT: 

                         COMnCMnO                        (5) 

es reaqcia mimdinareobs siTbos STanTqmiT da misi sawyisi 

temperaturaa 1420ºС. 

      manganumi naxSirbadTan warmoqmnis mtkice naerTs, 

manganumis karbids - yxCMn , romlis miRebis sawyisi temperaturaa 

1324ºС. 

                     COCMnCMnO  33
1

3
4                    (6) 

      amitom, rogorc vxedavT MnO -s naxSirbadiT aRdgenisas 

jer warmoiqmneba manganumis karbidi Semdeg ki – liTonuri 

manganumi. 

      siliciumis aRdgena mimdinareobs Semdegi reaqciebiT: 

           COSiCCSiO 232  , sawy. temperatura - 1255ºС       (7) 

           COSiOCSiO 2 , sawy. temperatura - 1772ºС         (8) 

           COSiCSiO 222  , sawy. temperatura - 1670ºС                (9) 

      silikomanganumis warmoqmnis jamuri reaqcia, romlis 

drosac mimdinareobs naxSirbadiT manganumis da siliciumis 

paraleluri aRdgena, SeiZleba Caiweros Semdegi sqemis saxiT: 

             COCxSiMnCxSiOMnO 3][][)3()()( 2             (10) 

      reaqciis produqtebis SelRobis Sedegad warmoiqmneba 

Senadni 68-74%Mn  da 14-22% Si . imis gamo, rom manganumis 

silicidebi ufro mtkice naerTebia vidre karbidebi, amitom 

naxSirbadis Semcvelobas SenadnSi gansazRvravs 

silikomanganumSi siliciumis raodenoba. 

      sufTa oqsidebis MnO  da 2SiO  aRdgenisagan gansxvavebiT, 

silikomanganumis dnobis dros aRdgena ZiriTadad mimdinareobs 

manganumis silikatebidan, tefroitidan ( 22 SiOMnO  ) da 
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rodonitidan ( 2SiOMnO  ). MnO  da 2SiO  urTierTqmedeba 1100ºС 

temperaturaze ukve intensiurad mimdinareobs. garda amisa, 

mniSvnelovani xarisxiT aRdgena MnO  karbidamde, rogorc zemoT 

iqna aRniSnuli SemCneva 1279ºС, e.i. mniSvnelovnad ufro 

dagvianebiT vidre manganumis silikatebi warmoiqmneba. 

aRsaniSnavia isic, rom manganumis arsebobisas mniSvnelovnad 

umjobesdeba kaJmiwis aRdgena. axladaRdgenili manganumi 

gvevlineba rogorc damleqi saSualeba aRdgenili 

siliciumisaTvis, iseve rogorc rkina ferosiliciumis 

gamodnobis SemTxvevaSi. 

      manganumis da siliciumis erTdrouli aRdgena 

ganpirobebulia teqnologiuri procesiT, amitom 

silikomanganumis gamodnobisas aucilebelia miRweul iqnas ara 

marto manganumis aramed siliciumis Rrma aRdgena. 

      magram imis gamo, rom ukanasknel wlebSi feroSenadnobTa 

warmoeba ZiriTadad xdeba dabalxarisxiani, xSirad 

maRalrkinaSemcveli da maRalfosforiani adgilobrivi da 

importirebuli madnebidan da koncentratebidan, mkveTrad daeca 

warmoebis teqniko-ekonomikuri maCveneblebi da Senadnis xarisxi. 

3-6%-iT Semcirda manganumis amokrefa, xolo eleqtroenergiis 

xarji 4200kvt.sT/t-dan 5000kvt.sT/t-mde gaizarda. Sesabamisad 

gaizarda manganumis widaSi gadasvlis xarisxi, rac xSirad 20%-s 

aRemateba. aRsaniSnavia isic, rom widebSi manganumi ikargeba ara 

marto oqsiduri saxiT, aramed liTonuri CanarTebis saxiT (5-8%). 

yovelive amis fonze, amJamad SeimCneva ra manganumis 

koncentratebis mwvave deficiti da Sesabamisad masze gazrdili 

fasebi, amitom manganumis danakargebis Semcireba misi 

gadamuSavebis yvela etapze warmoadgens metad aqtualur da 

mniSvnelovan amocanas.  

      mravali naSromi, romelic miZRvnilia silikomanganumis 

warmoebis teqniko-ekonomikuri da xarisxobrivi maCveneblebis 

gasazrdelad, exeba am Senadnobis miRebas mZlavr (16,5-30,0mva) da 

zemZlavr (48,0-75,0mva) RumelebSi da Zalze mwiria informacia 
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silikomanganumis warmoebaze mcire (2,5-5,0mva) da saSualo 

simZlavris (7-9mva) RumelebSi. 

      viTvaliswinebT ra imas, rom amJamad silikomanganumis 

gamodnobis mniSvnelovani wili modis swored mcire da saSualo 

simZlavris Rumelebze da didia perspeqtiva misi kidev ufro 

gazrdisa, Cveni samuSaos ZiriTad mizans warmoadgens 

silikomanganumis miRebis teqnologiis daxvewa aseTi tipis 

RumelebSi (Sesabamisad Rumelebis optimaluri geometriuli da 

eleqtruli parametrebis damuSaveba), romelic saSualebas 

mogvcems gavzardoT warmoebis ZiriTadi maCveneblebi. 

      amrigad, mravalricxovani eqsperimentuli gamokvlevebis da 

praqtikuli gamocdilebis miuxedavad, amJamad, silikomanganumis 

miRebis teqnologias, gaaCnia rigi mniSvnelovani naklovanebebi 

da saWiroebs daxvewas. Tu gaviTvaliswinebT manganumiani 

feroSenadnobebis warmoebis moculobis gazrdas, SeiZleba 

davaskvnaT, rom uaxloes perspeqtivaSi manganumis racionaluri 

gamoyenebis problema dRis wesrigSi ufro mwvaved dadgeba vidre 

amJamad da misi gadawyveta warmoadgens mineraluri nedleulis 

gamoyenebis gaumjobesebisa da sanedleulo bazis gafarToebis 

erT-erT ZiriTad mimarTulebas.   

 

Tavi 2. feroSenadnobTa warmoebaSi gamoyenebuli   

          nedli masalebis da kazmebis  

eleqtrowinaRobis gamokvleva 

 

      manganumiani feroSenadnobebis gamodnobis procesSi 

madanaRmdgeni Rumelis muSaobaze udides gavlenas axdens 

gamoyenebuli sakazme masalebis da kazmebis eleqtrowinaRoba. 

maRali eleqtrowinaRoba uzrunvelyofs RumelSi eleqtrodebis 

Rrma mdebareobas da mniSvnelovnad amcirebs Rumelis zeda 

horizontebSi denebis gafantvas. igi saSualebas iZleva 

eleqtroenergiis danakargebis gareSe gavzardoT muSa Zabva 
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eleqtrodebze da Sesabamisad saRumele agregatis sasargeblo 

simZlavre. 

      kazmis saerTo eleqtrowinaRoba ZiriTadad damokidebulia 

naxSirbadiani aRmdgenelebis da madnis oqsiduri komponentebis 

winaRobaze, fraqciulobaze da kazmSi maT Tanafardobaze. aqedan 

gamomdinare naTlad Cans Tu ra didi mniSvneloba aqvs sakazme 

komponentebis eleqtrowinaRobis Seswavlas. 

      Cvens mier eleqtrowinaRobebis gamokvlevebi Catarda 

saqarTvelos mecnierebaTa akademiis metalurgiis institutis 

meTodikiT, romelic saSualebas iZleva avtomatur reJimSi 

daafiqsiros sakvlevi nimuSis eleqtrowinaRoba Sesabamis 

temperaturaze.  

      xvedriTi eleqtrowinaRoba gamoiTvleba Semdegi 

formuliT: 



SR 
  

sadac   - xvedriTi eleqtrowinaRobaa, omi. m; 

       R  - nimuSis eleqtrowinaRobaa, omi; 

       S  - nimuSis farTobia, m2; 

         - nimuSis simaRlea, m.  
 

      eleqtrowinaRobis temperaturebze damokidebulebis 

mrudebi, mocemulia naxazebze 1-6. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
nax1. sxvadasxva xarisxis madnebis eleqtrowinaRobis damokidebuleba       
     temperaturaze: 1 _Mn -49%; 2. _Mn -44%; 3. _Mn -35%; 4. _kvarciti 
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         nax.4. sxvadasxva Sedgenilobis kazmebis eleqtrowinaRobis  
               damokidebuleba temperaturaze: 1. madani +100% koqsi;  
               2. madani +70% koqsi +30% naxSiri; 3. madani+100% naxSiri;  
               4. madani + 100% naxSiri + kvarciti 

 

      mrudebi naxazze 1. gviCvenebs eleqtrowinaRobis 

damokidebulebas madnis xarisxze da temperaturaze. mTels 

temperaturul intervalSi yvelaze dabali eleqtrowinaRoba 

aqvs I xarisxis manganumis koncentrats, - Mn  - 49%, 2SiO  - 8,1%, 

xolo yvelaze maRali – III xarisxis koncentrats Mn  - 35,2%, 

2SiO  - 21,8%. es aixsneba imiT, rom I xarisxis koncentratSi didi 

raodenobiTaa kargad gamtari minerali-piroluiziti ( 2MnO ). 

koncentratSi manganumis raodenobis Semcireba da Sesabamisad 

kaJmiwis ( 2SiO ) raodenobis gazrda iwvevs madnis 

eleqtrowinaRobis gazrdas. 

      tyvarCelis da tyibulis naxSirebis eleqtrowinaRobebis 

SeswavliT dadginda, rom 400ºС temperaturamde naxSirebi arian 

dieleqtrikebi, xolo 400-900ºС temperaturebSi maTi 

eleqtrowinaRoba mkveTrad ecema. Semdeg ki SeimCneva winaRobis 

neli vardna. 

       

 

x
ve
d
r
i
T
i
 e
l
eq
t
r
o
 
w
i
n
aR

o
b
a 

Ιg
ρ
, 
o
mi
.m

 



 13 

 
nax. 3. naxSirbadiani aRmdgenelebis eleqtrowinaRobis damokidebuleba  
       temperaturaze da aqroladi nivTierebebis raodenobaze: 
       1 _ koqswvrila; 2 _ antraciti; 3 _ naxevradkoqsi;  
     4 _ navTobkoqsi; 5 _ tyvarCelis naxSiri; 6 _ tyibulis naxSiri. 

       

 

nax. 4. sxvadasxva fraqciis koqswvrilas eleqtrowinaRobis cvlileba  
       0-1200°С temperaturul intervalSi: 1_ 0-5mm; 2 _ 5-20mm; 3 _ 20-25mm 

 

      madanaRmdgeni feroSenadnobTa Rumelis muSaobis reJimis 

erT-erTi ZiriTadi ganmsazRvreli faqtoria naxSirbadiani 

aRmdgenelebis Tvisebebi: reaqciis unari, fraqciuloba da 

eleqtrowinaRoba. aRmdgenelis swori SerCeva uzrunvelyofs 

eleqtrodis Rrma Cajdomas kazmSi, rac mniSvnelovnad amcirebs 

Rumelis sakerZeze Tbur danakargebs. garda amisa, maRali 

eleqtrowinaRobis aRmdgenelebis gamoyeneba uzrunvelyofs 

Rumelis abazanaSi simZlavris ufro Tanabar ganawilebas. 
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izrdeba eleqtruli rkalis simZlavre da mcirdeba kazmSi 

gamavali denebis mier gamoyofili simZlavre. Cvens mier 

Seswavlili iqna rigi naxSirbadSemcveli aRmdgenelebi, 

romlebic erTmaneTisagan mkveTrad gansxvavdebian aqroladebis 

SemcvelobiT.  

 

nax. 5. kazmebis eleqtrowinaRobis damokidebuleba gamoyenebul   
   aRmdgenelze da temperaturaze: 1. tyibulis naxSiri;  
  2. tyvarCelis naxSiri; 3. navTobkoqsi; 4. antraciti; 

            5. koqswvrila; 6. grafiti 

 

      aRmdgenelebSi aqroladi nivTierebebis raodenoba da misi 

Sedgeniloba mniSvnelovan gavlenas axdens Rumelis muSaobaze. 

aqroladebis didi raodenoba, xdeba ra misi kondensacia Rumelis 

zeda horizontebSi, iwvevs kazmis Tanabari svlis darRvevas da 

misi airganvladobis gauaresebas (xdeba misi Secxoba). 

      gazomvebis Sedegebidan Cans, rom aRmdgenelebis 

eleqtrowinaRoba aqroladebis gamosvlis klebasTan erTad 

mcirdeba. 

      feroSenadnobTa Rumelis muSaobaze agreTve did gavlenas 

axdens naxSirbadiani aRmdgenelis fraqciuloba. sxvadasxva 

fraqciis koqsis Seswavlam gvaCvena, rom yvelaze maRali 

eleqtrowinaRoba 0-1200ºС temperaturul intervalSi aqvs 0-5mm 

fraqciis koqss. magram aseTi fraqciis koqsis gamoyeneba 

auaresebs Rumelis muSaobas imis gamo, rom am dros 

SesaZlebelia moxdes sakerZis Secxoba. igi didi raodenobiT 
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waritaceba gamonabolqvi airebis meSveobiT, rac TavisTavad 

iwvevs koqsis did danakargebs. 20mm-ze meti fraqciis koqsis 

gamoyeneba ki zrdis eleqtrogamtarobas, Sesabamisad auaresebs 

eleqtrodebis kazmSi Cajdomis siRrmes da arRvevs Rumelis 

muSaobis normalur reJims.  

      kazmebis eleqtrowinaRobebis gazomvebs vaxdendiT igive 

meTodiT, rogorc aRmdgenelebis SemTxvevaSi. kazmis Sedgeniloba 

gaTvlili iyo silikomanganumis ( Si  - 17%) misaRebad. yvelaze 

maRali eleqtrowinaRoba aqvs tyibulis naxSirze damzadebul 

kazms, Semdeg modis tyvarCelis naxSirze da navTobis koqsze 

damzadebuli kazmebi. 

 

nax. 6. sxvadasxva fraqciis afrikis madnebis eleqtrowinaRobis 
damokidebuleba temperaturaze: 1 _ 0-5mm; 2 _ 5-20mm;  

           3 _ 20-40mm; 4 _ +40mm. 
 

      moyvanili monacemebidan gamomdinareobs is, rom kazmebis 

eleqtrowinaRoba ganisazRvreba ara marto aRmdgenelebis 

eleqtrowinaRobiT, aramed Tu ra moculobiTi raodenobiTaa 

kazmSi aRmdgeneli. 

      ganxilul temperaturul intervalSi kazmebis 

eleqtrowinaRobebis mniSvnelovani gansxvaveba mowmobs imas, Tu 

ra did rols TamaSobs Senadnobis miRebis procesSi 

aRmdgenelis swori SerCeva, rogorc raodenobrivi, aseve 

Tvisobrivi TvalsazrisiT. 
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      sabolood SeiZleba davaskvnaT, rom naxSirebis gamoyeneba, 

silikomanganumis gamosadnob kazmSi, aris perspeqtiuli 

mimarTuleba dnobis maxasiaTeblebis asamaRleblad da 

TviTRirebulebis Sesamcireblad. 

                           

Tavi 3. sakazme masalebSi gamavali denebis   

         damokidebuleba feroSenadnobTa  

Rumelis geometriul zomebze 

 

      kvlevebis obieqtad Cvens mier aRebuli iyo q. rusTavis 

sxvadasxva mcire sawarmoSi ganlagebuli 3500-5000kvt simZlavris 

samfaza madanTermuli Rumelebi grafitis eleqtrodebis 

tolgverda samkuTxedis wveroebSi ganlagebiT. eleqtrodebis 

simetriuli ganlageba saSualebas gvaZlevs gamoviyenoT 

madanTermul RumelebSi denebis ganawilebis klasikuri sqema 

(naxazi 7.), romelsac Cveulebriv iyeneben eleqtruli velebis 

gamoTvlebis dros. 

 

 

nax. 18. madanaRmdgeni Rumelis abazanaSi eleqtruli denebis  
        ganawilebis sqema 
        1-naxSiris blokebi (qvedi); 1a-naxSiris blokebi (kedlis);  
       2-liToni; 3-wida; A _ tigeli; Б _ airis (eleqtrodis qveda) are. 
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      gamosakvlevi Rumelebis ZiriTadi parametrebia 

                            I Rumeli  II Rumeli   III Rumeli  IV Rumeli 

eleqtrodis diametri, mm     300         350           400         450 

ganSlis diametri, mm         1080        1140          1200        1320 

abazanis diametri, mm         2160        2280          2400        2640 

abazanis siRrme, mm           1200        1200          1200        1200  

      mesame Rumelis zomebi yoveli Catarebuli 

gamoTvlebisaTvis miRebulia, rogorc normaluri, optimaluri.   

      Cvens mier Catarebuli yvela gamoTvla Catarebulia 

pirobiT erTeulebSi, amitomac kvlevebis Sedegebi SesaZlebelia 

nebismier Rumels mivakuTvnoT. 

      gamoTvlebis pirveli seria Catarda iseT pirobebSi, 

rodesac eleqtrodebis ganSlis da Rumelis abazanis diametri 

iyo mudmivi ( gand  – 1200mm; abazd  - 2400mm), xolo eleqtrodis 

diametri cvalebadi ( eld  - 300, 350, 400, 450mm) (naxazi 8.). rogorc 

naxazze mocemuli grafiki gviCvenebs, kazmSi gamavali jamuri 

deni I  izrdeba eleqtrodis diametris gazrdasTan erTad. es 

aixsneba imiT, rom eleqtrodis diametris gazrdiT mcirdeba 

manZili misi zedapiridan Rumelis gamtar, gverdiT amonags 

Soris da mcirdeba manZili eleqtrodebs Soris. Sesabamisad 

mcirdeba winaRoba da izrdeba sakazme masalebSi gamavali deni. 

      gamoTvlebis meore seria Catarda eleqtrodebis ganSlis 

diametric cvalebadobis pirobebSi ( gand  - 1080, 1140, 1200, 1320mm 

iyo cvalebadi, xolo eld  - 400mm da abazd  - 2400mm iyo mudmivi) es 

parametri, rogorc gamokvlevebma gviCvena, yvelaze mniSvnelovnad 

axdens zemoqmedebas Rumelis samuSao areSi ganTavsebul sakazme 

masalebSi gamaval denebze. ganSlis diametris cvlileba (misi 

gazrda an Semcireba) eleqtrodis diametris cvlilebasTan 

SedarebiT iwvevs denuri datvirTvebis mkveTr ryevebs. 

eleqtrodebis ganSlis diametris Semcirebas Tan axlavs kazmis 

denebis cvalebadobis maRali xarisxi (naxazi 9.).  
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nax. 8. kazmis denebis damokidebuleba      nax. 9. kazmis denebis  
       eleqtrodis diametrTan             damokidebuleba eleqtrodis 
                                             ganSlis diametrTan  
                                                                          

      sakazme masalebSi gamavali denebis Tanabari ganawilebis 

darRveva RumelSi ganSlis diametris gazrdis SemTxvevaSi 

gamowveulia denis im nawilis gazrdiT, romelic mimarTulia 

yoveli eleqtrodidan Rumelis gvedriTi gamtari amonagisaken,  

xolo ganSlis diametris Semcirebis SemTxvevaSi ki – denis im 

nawilis gazrdiT, romelic mimarTulia mezobeli eleqtrodebis 

mimarTulebiT. 

      eleqtrodebis ganSlis diametris Semcirebisas izrdeba is 

deni, romelic mimarTulia yoveli mezobeli eleqtrodebisaken 

da piriqiT – mcirdeba is deni, romelic mimarTulia 

eleqtrodidan amonagis mimarTulebiT, 

      rogorc naxazidan Cans, rodesac eleqtrodebis ganSlis 

diametria 1200mm, e.i. optimaluri, maSin gvaqvs eleqtrodis 

gverdiTi zedapiridan gamtari kazmisaken ganStoebuli denis 

minimaluri mniSvneloba da Sesabamisad am kazmis maqsimaluri 

winaRoba. garda amisa eleqtrodis ganSlis diametris 

yovelgvari gadaxra (rogorc gazrda, aseve Semcireba) iwvevs 

denis gazrdas da Sesabamisad sakazme masalebis winaRobis 

Semcirebas.  

      unda aRiniSnos, rom praqtikaSi xSirad cdiloben 

gazardon Rumelis samuSao aris eleqtruli wredis winaRoba im 
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angariSiT, rom erTi da igive simZlavris pirobebSi 

eleqtrodebze modiodes rac SeiZleba maRali Zabva. 

      rogorc cnobilia, maRal Zabvebze muSaoba iwvevs 

Rumelebis muSaobis teqnikuri maCveneblebis gaumjobesebas, rac 

gamowveulia eleqtruli danakargebis SemcirebiT da simZlavris 

koeficientis gazrdiT. 

      gamoTvlebis mesame seria Catarebul iqna im 

SemTxvevisaTvis, rodesac icvleboda Rumelis abazanis diametri 

( abazd  - 2160; 2280; 2400; 2640mm), xolo eld  - 400mm da gand  - 1200mm 

iyo mudmivi. rogorc naxazze 10. moyvanili monacemebidan Cans, 

Rumelis abazanis diametris gazrdiT sakazme masalebSi gamavali 

deni mcirdeba. es aixsneba imiT, rom abazanis diametris gazrdiT, 

izrdeba manZili eleqtrodsa da Rumelis gverdiT amonags 

Soris. amis gamo izrdeba winaRoba da mcirdeba denis is 

mdgeneli, romelic am mimarTulebiT miedineba. 

 

 

 

       

 

 

 

 

 

            nax. 22. kazmis denebis damokidebuleba Rumelis 
                    abazanis diametrTan 

 

      Catarebul gamokvlevebze da Sesrulebul gamoTvlebze 

dayrdnobiT SeiZleba davaskvnaT, rom Cvens mier SerCeuli (mesame 

Rumeli) Rumelis geometriuli zomebi yvelaze metad 

uzrunvelyofs denebis Tanabar ganawilebas eleqtrodebis 

garSemo da sakazme masalebis winaRobis yvelaze maRal 

maCvenebels.  
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Tavi 4.  feroSenadnobTa Rumelebis eleqtruli  

             da geometriuli parametrebis  

gaangariSeba 

 

            eleqtruli parametrebis angariSi 

 

      angariSi warmoebs Semdegi TanmimdevrobiT: 

      transformatoris simZlavre ganisazRvreba formuliT 

                          kvt 
cos24 




K

AG
W ;                    (1) 

sadac: G  _ Rumelis warmadoba, t/dRe-RameSi; 
       24 _  saaTebis raodenoba dRe-RameSi, sT; 
      cos  _ eleqtroRumelis simZlavris koeficienti; 

     K _  koeficienti, romelic iTvaliswinebs Rumelis gaCerebebs  
da eleqtruli reJimis ryevebs. aiReba 0,93-0,95.  

       A_ eleqtro energies xvedriTi xarji, kvt.sT/t (aiReba 
praqtikuli monacemebis mixedviT). 

 

      Semdeg ganisazRvreba Rumelis abazanaSi gamoyofili 

sasargeblo simZlavre: 

                          kvt elsas rWP  cos ;                   (1) 

       el cosr saangariSo sidide 3500-5000 kva simZlavris 

RumelebisaTvis tolia 0,8.  

      sasargeblo muSa Zabva tolia: 

                         sassas PU 5,6 , volti                   (2) 

      transformatoris meoradi xazuri Zabva Seadgens: 

                         
cos

3

el

sas
xaz

r

U
U


 , volti                   (3) 

      Zabvis sfexurebis ricxvi gamoiTvleba formuliT: 

                         1
64

75,02,1





 xazxaz UU

n                    (4) 

      denis Zala eleqtrodze: 

                         
sas

sas
el

U

P
I

3
 , k amperi                     (5)  
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      abazanis aqtiuri winaRoba tolia: 

                            
el

sas
abaz

I

U
R  , m omi                     (6) 

      eleqtrodze denis Zalis mniSvnelobidan ganisazRvreba 

misi diametri: 

                              
sas

el
U

IЭ
d


 1 , mm                      (7) 

1Э  mniSvnelobebi mocemulia specialur cnobarebSi. 

      eleqtrodis diametris SerCevis siswore mowmdeba denis 

Zalis dasaSvebi simkvrivis mixedviT ( j , a/sm2) 

                            
2

4

el

saang
d

I
j





, a/sm2                    (8) 

      mowmdeba agreTve cos  gaangariSeba: 

                          

2

1cos 











ab

saang
R

X
                      (9) 

sadac abR  _ abazanis aqtiuri winaRobaa, xolo  

       X  _ reaqtiuli winaRoba. 

 

Rumelis geometriuli parametrebis angariSi 

 

      Rumelis geometriuli parametrebis gansazRvra warmoebs 

eleqtruli maxasiaTeblebis angariSis Semdeg. eleqtruli 

maxasiaTeblebis da geometriuli parametrebis damakavSirebel 

sidides warmoadgens eleqtrodis diametri. geometriul 

parametrebs miekuTvnebian: 

      ganD  _ eleqtrodis ganSlis diametric, mm; 

          _ kedlis amonagis sisqe qvedTan, mm; 

      D    _ abazanis diametri sakerZesTan, mm; 

      elD  _ eleqtrodis diametri, mm; 

      L    _ abazanis siRrme, mm; 

      B    _ eleqtrodebs Soris manZili, mm; 

      blD  _ abazanis diametri naxSiris blokebis doneze, mm; 

      blH  _ naxSiris blokebis simaRle, mm; 

      H    _ eleqtrodis kazmSi mdebareobis simaRle, mm 
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      f    _ manZili eleqtrodsa da kedlis amonags Soris, mm. 

 

      geometriuli parametrebis angariSi warmoebs geometriuli 

msgavsobis principis Sesabamisad. miRebulia, rom mrgval 

sameleqtrodian RumelSi eleqtrodebi ganlagebuli arian 

tolgverda samkuTxedis wveroebze. 

      cxrilSi 1. mocemulia feroSenadnobTa RumelebisaTvis 

geometriuli msgavsobis kriteriumis mniSvnelobebi. 

 

cxrili 1.    geometriuli msgavsobis kriteriumebis mniSvnelobebi 
 

geometriuli parametri 
kriteriumis 

aRniSvna 
kriteriumis 

sidide 

eleqtrodebs Soris manZili, (B ) /B  2,24-3,02 

abazanis diametri sakerZesTan, (D ) /D  5,80-6,00 

abazanis diametri naxSiris 

blokebis doneze, ( blD )  

/

blD  5,60-5,80 

abazanis siRrme, ( L ) /L  2,0-2,50 

naxSiris blokebis simaRle, bl)(H  /

blH  0,95-1,10 

eleqtrodis kazmSi mdebareobis 

simaRle, (H ) 

/H  0,85-1,25 

eleqtrodebis ganSlis diametri, 

( ganD ) 

/

ganD  2,2-3,0 

  

      nebismieri geometriuli parametri ( ) ganisazRvreba 

Semdegi Tanafardobidan: 

                               eld /                       (1) 

magaliRad, eleqtrodebs Soris manZili 

                               eldBB  /                        (2) 

      amgvarad ganisazRvreba yvela geometriuli parametri.  

      eleqtrodebis ganSlis diametri damokidebulia procesis 

TaviseburebebiT da uwyveti procesebisaTvis madanaRmdgeneli 

RumelebisaTvis iReben samTan axlo mniSvnelobas, xolo 

perioduli procesebisaTvis ki _ orTan axlos. Sesabamisad 

manZili eleqtrodebs da amonags Soris aiReba: 

                           eldf 2,195,0                         (3) 
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      abazanis diametri naxSiris blokebis simaRleze: 

                         elganbl dDD 7,2                       (4) 

      Rumelis garcmis diametri gamoiTvleba Semdegi tolobiT: 

                          2 blgar DD ,                        (5) 

sadac   _ aris amonagis sisqe naxSiris blokebis simaRleze. igi 

ganisazRvreba Rumelis simZlavris da procesis teqnologiuri 

TvaiseburebebiT. arsebuli procesebisaTvis mas praqtikuli 

gamocdilebidan irCeven. 

      amrigad, Cvens mier SemuSavebuli meTodikiT Catarebuli 

gaangariSebebi saSualebas gvaZlevs ganvsazRvroT madanaRmdgeni 

Rumelis ekonomikurad gamarTlebuli optimaluri parametrebi, 

maTze dnobis ZiriTadi faqtorebis gavlenis gaTvaliswinebiT. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 24 

daskvna 

 

1. Cveni qveynis manganumiani feroSenadnobebis mrewvelobis 

gafarToebis mizniT Catarebul gamokvlevebze dayrdnobiT, 

SemoTavazebulia silikomanganumis warmoebis gazrda mcire da 

saSualo simZlavris madanaRmdgeni RumelebiT. 

gaanalizebulia mini sawarmoebis roli da mniSvneloba axali 

teqnikis da teqnologiebis danergvis da dnobis teqniko-

ekonomikuri maxasiaTeblebis gazrdis TvalsazrisiT. 

2. literaturul monacemebze dayrdnobiT ganxilulia 

madanaRmdgeni Rumelebis konstruqciuli, eleqtruli da 

teqnologiuri procesebis Taviseburebani. naCvenebia Rumelis 

ZiriTadi parametrebis SerCevis meTodika. dadgenilia Tu 

rogor nawildeba denebi da Zabvebi Rumelis abazanaSi da 

rogoria eleqtruli danakargebi, rogorc Tvisobrivi ise 

raodenobiriv TvalsazrisiT. yvela es gamokvlevebi exeba 

mZlavr Rumelebs da literaturaSi ar moipoveba, an metad 

mwiria monacemebi mcire da saSualo simZlavris RumelebSi 

mimdinare procesebze. 

3. Seswavlilia feroSenadnobTa warmoebaSi gamoyenebuli 

masalebis (madnebi, naxSirbadiani aRmdgenelebi, flusebi) da 

kazmebis eleqtrowinaRoba. dadgenilia, rom madnebSi 

eleqtrogamtar minerals warmoadgens piroluiziti da maTi 

eleqtrowinaRoba icvleba madnis xarisxis ukuproporciulad. 

rac metia koncentratebSi 2SiO -is Semcveloba, miT metia maTi 

winaRoba. aRmdgenelebis eleqtrowinaRoba damokidebulia 

maTSi aqroladebis raodenobaze. rac metia aqroladebi, miT 

metia eleqtrowinaRoba (tyibulis da tyvarCelis naxSirebi) 

da piriqiT _ rac naklebia aqroladebi, miT naklebia maTi 

winaRoba (grafiti, koqswvrila). gamoyenebuli sakazme 

masalebis Sesabamisad icvleba maTi eleqtrowinaRoba. 

madnebSi gazrdili rkinis Semcveloba iwvevs misi 

eleqtrowinaRobis Semcirebas.  
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4. laboratoriuli da samrewvelo Rumelebis abazanis 

gamokvlevam, sxvadasxva eleqtrowinaRobis sakazme masalebis 

gamoyenebis pirobebSi gviCvena, rom Rumelis siRrmeSi denis 

simkvrive da temperatura arasworxazovnad icvleba. maRali 

winaRobis aRmdgenelis (naxSiri) gamoyenebis SemTxvevaSi 

niSvnelovnad mcirdeba kazmis zeda SreebSi eleqtrodebs 

Soris denebis gadineba. Sesabamisad mcirdeba Rumelis 

mocemul siRrmeSi temperaturac. danaWrovnebuli, natexovani 

kazmic zrdis Rumelis abazanis saerTo winaRobas, 

uzrunvelyofs eleqtrodebis Rrma mdebareobas da simZlavre 

racionalurad nawildeba Rumelis mTel moculobaSi. 

zemoTCamoTvlili faqtorebi sabolood mniSvnelovnad 

amcirebs eleqtroenergiis xarjs da zrdis dnobis 

maCveneblebs.  

5. Catarebul eqsperimentul gamokvlevebze dayrdnobiT 

ganisazRvra sakazme masalebSi gamavali denebis 

damokidebuleba Rumelis parametrebze. dadgenilia, rom Cvens 

mier SerCeuli Rumelis geometriuli zomebi yvelaze metad 

uzrunvelyofs denebis Tanabar ganawilebas eleqtrodebis 

garSemo da sakazme masalebis winaRobis yvelaze maRal 

maCvenebels.  

6. eqsperimentuli kvlevebis safuZvelze davadgineT mcire da 

saSualo simZlavris RumelebisaTvis eleqtrodis diametris, 

ganSlis diametris, abazanis diametris da simaRlis 

optimaluri zomebi. dnobis maRali maCveneblebis misaRwevad 

aucilebelia deni eleqtrodis garSemo ganawildes Tanabrad 

da imavdroulad gaizardos sakazme masalebis 

eleqtrowinaRoba. 

7. eleqtroRumelebSi silikomanganumis dnobis parametrebis 

gazrdis mniSvnelovan rezervs warmoadgens gamosadnob kazmSi 

naxSirbadis xvedriTi wilis gazrda, rac SeiZleba miRweul 

iqnas koqsis garkveuli raodenobis (25-30%) SecvliT 

adgilobrivi, tyibulis naxSiriT. abazanis eleqtrowinaRobis 
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gazrda aRdgenelis sakmaod maRali raodenobis pirobebSi 

( 27,025,0)/( 2  SiOMnC ), saSUalebas gvaZlevs gavzardoT muSa 

Zabva eleqtrodebze da Sesabamisad Rumelis simZlavre, rac 

saboloo jamSi Rumelis muSaobis maRali maCveneblebis 

miRwevis sawindaria. 

8. SemoTavazebulia Rumelebis eleqtruli da geometriuli 

parametrebis gamoTvlis ori meTodi. dadenilia 5 mva 

simZlavris Rumelis optimaluri eleqtruli da geometriuli 

parametrebi, romlebic Semdegia: abazanis diametri _ 2520mm; 

eleqtrodebis ganSlis diametri _ 1240mm; abazanis siRrme _ 

1500mm; eleqtrodis diametri _ 400mm. 

         Zabva transformatoris dabal mxareze 100-127,5 volti; 

denis Zala eleqtrodze _ 17-23 k amperi, simZlavre _ 2,3-3,5 m 

vati; simZlavris koeficienti _ 82,075,0cos  . 

9. Cvens mier daproeqtebul RumelSi silikomanganumis dnobis 

Sedegebma gviCvena, rom saRumele agregatis simZlavre 

gaizarda 2,0-dan 3,5 m vatamde, Sesabamisad gaizarda Rumelis 

warmadoba 12-dan 18 tonamde dRe-RameSi, Semcirda 

eleqtroenergiis xvedriTi xarji 4400-dan 4000 kvt. saaTamde. 

manganumis da siliciumis amokrefa liTonSi gaizarda 

Sesabamisad 10 da 8%-iT. 

10. gamokvlevebis procesSi miRebuli Sedegebi igegmeba 

gamoyenebuli iqnas ukve arsebuli mcire da saSualo 

simZlavris madanTermuli Rumelebis modernizaciisa da axali 

Rumelebis da maTi marTvis sistemebis proeqtirebisaTvis. 
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Abstract 

 
          Coming out of existing conditions of manganese ferroalloy production in 

Georgia, receiving alloys and improving their quality is especially urgent for mini-

manufactures equipped with  heavy, low and moderate duty furnace, the part and 

importance of which has been increasing last years.  

          Modern technical level and mobility of mini-manufactures provide high 

economic and engineering figures in conditions of relatively low capital expenses.  

          Nowadays, 10 mini factories of ferroalloys with furnaces of 2,5-9,0 MVA duty 

function in Georgia. Their total power exceeds 70 MVA. In the same time it has to be 

denoted that almost all similar manufactures were constructed chaotically, without any 

designing and scientific confirmation of technical, economical, electrical, geometric 

and technological parameters. During last decades projecting and development of 

superpower furnace were stressed. Thus, in literature there are scanty or no data on 

parameters of low and moderate duty furnaces and peculiarities of the processes in 

them. 

          Coming out of abovementioned, the goal of the thesis work is improving 

technology of receiving silicate manganese in low and moderate duty ore restoring 

furnaces by optimization of scientifically confirmed electrical, geometric and 

technological parameters providing growth of manganese picking up and development 

of other main technical and economical properties of melting. For solving planned 

problems following were studied and learnt: 

- technological peculiarities of alloying silicate and manganese in various-duty 

ore restoring furnaces in relation with currency passing through furnace and 

geometric measures. 

- electrical resistance of various carbon containing reducers, concentrates, ores. 

- in ore restoring furnaces distribution of electric fields and their influence on 

the process of receiving silicate and manganese.  

- specification of optimal geometric and electric parameters of low and moderate 

duty ore restoring furnaces and working out rational methods of determining 

performances.  

- development and working out technologies for receiving silicate-manganese 

and low  phosphorus dross in low duty furnaces using various ores, space 

remaining and reducers. 

          By carried out theoretic and experimental studies optimal electrical and 

geometric parameters of 5 MVA power ore restoring furnaces were specified and it 

significantly improved all technical and economic data of silicate and manganese 

melting.  

          Results received after studies can be used for modernization of existing low and 

moderate duty furnaces and projecting new ones. 

 
 

    

                  


