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reziume

saqarTvelos saeqsporto produqciaSi, man­
ganumian feroSenadnobebs me-2 adgili uWiravs 
(9.0%). manganumiani feroSenadnobebis ZiriTad 
mwarmoebels Cvens qveyanaSi zestafonis fero­
SenadnobTa qarxana warmoadgens, sadac wliurad 
200 aTas tonamde silikomanganumi dneba. Wia­
Turis maRali xarisxis koncentratebis defi­
cits, qarxana sazRvargareTidan Semotanili 
ZviradRirebuli madnebiT faravs. 

arsebuli deficitis Sevsebisa da WiaTuris 
sabados racionaluri gamoyenebis mizniT, da­
muSavebulia teqnologia, romelic WiaTuris 
Sereuli madnebidan naWrovani koncentratebis 
miRebis saSualebas iZleva. Seswavlilia man­
ganumis am axali nedleulis mTeli rigi meta­
lurgiuli Tvisebebi, kerZod, mineralogiuri, 
granulometriuli da fazuri Sedgeniloba, misi 
airganvladoba, eleqtro da Tbofizikuri maxa­
siaTeblebi, gansazRvrulia sacdeli koncen­
tratidan silikomanganumis miRebis teqnologi­
uri parametrebi.

Summary
Study of metallurgical properties of new manganese ore 

concentrate obtained from the Chiatura field

Among Georgian export products manganese ferroal-
loys take the second place (9.0%). Zestaphoni Ferroalloy 
Plant (ZFP) is main producer of manganese ferroalloys, 
where approximately 200 thousand tons of silicomanga-
neseis smelted per year.  Deficit of high-quality concen-
trates is compensated for by expensive ores imported from 
abroad.

For making up the deficit and rational use of Chiaturaore 
depositsadvanced technology has been developed permit-
ting obtaining special composition lump concentrates from 
Chiatura mixed ores. A number of metallurgical properties 
of these new manganese raw materials have been studied; 
in particular, the mineralogy, grain size and phase com-
position, air permeability, electrical and thermophysical 
characteristics;technological parameters for obtaining 
silicomanganese from test concentrates are determined.

* * * * * *
WiaTuris sabados racionaluri gamoyenebis 

mizniT, stu-s “eleqtrometalurgiis saswavlo-
samecniero centrSi” damuSavebuli iqna teqno­
logia, romelic WiaTuris manganumis Sereuli 
madnebidan naWrovani koncentratis miRebis saS­
ualebas iZleva [1]. 

manganumis am axali nedleulis metalurgi­
uli Tvisebebis gamosakvlevad, Seswavlili iqna 
misi qimiuri, mineralogiuri, granulometriuli 
da fazuri Sedgeniloba, airganvladoba,  kon­
centratis eleqtrowinaRobis temperaturasTan 
damokidebuleba da garbilebis temperaturuli 
intervali. gansazRvruli iqna axali metalur­
giuli nedleulis Tbofizikuri Tvisebebi (en­
Talpia, siTbotevadoba, siTbogamtareblobis 
koeficienti). 

Sedarebis mizniT, analogiuri kvlevebi Wia­
Turis me-3 xarisxis oqsiduri  koncentratis 
gamoyenebiTac Catarda. sacdeli koncentrati­
dan sasaqonlo silikomanganumis gamodnobis 
eqsperimenti “tamanis” tipis eleqtroRumelSi 
ganxorcielda.

sacdeli koncentratis qimiuri, granulome­
triuli, fazuri Sedgeniloba da airganvladoba

sacdeli koncentratis qimiuri, granu­
lometriuli da fazuri Sedgeniloba 1, 2. da 
3 cxrilSia mocemuli, xolo mineralogiuri 
Sedgeniloba. sur. 1-zea naCvenebi.

cxrili 1.
sacdeli koncentratis qimiuri Sedgeniloba, %

Mn SiO2 CaO Fe P g.d

25-35 20-35 5-12 1-2 0.16-0.19 18-23

cxrili 2
sacdeli koncentratis granulometriuli 

Sedgeniloba, %

Ffraqcia, mm

-20+18 -18+15 -15+13 -13+10

32-34 29-35 24-30 5-11

biznes-inJineringi samTo-geologiaSi

WiaTuris manganumis sabadodan miRebuli axali koncentratis 

metalurgiuli Tvisebebis gamokvleva

nugzar wereTeli, stu-s profesori; 
qeTevan wereTeli, stu-s asoc. profesori;

 maia mSvildaZe, stu-s profesori 
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cxrili 3.
sacdeli koncentratis fazuri Sedgeniloba, %

Mn-is saerTo 

raodenoba

Mn kar-
bonatebis saxiT

Mn oqsidebis 
saxiT

25-35 55-70 30-45

me-3 cxrilis monacemebidan gamomdinare, 
sakvlev masalaSi ZiriTadad sWarbobs karbo­
natuli tipis mdgenelebi, rasac  aRniSnuli 
masalis gamowvis danakargis maRali mniSvnelo­
ba (cxr.1) da misi  mineralogiuri gamokvle­
vac adasturebs  (sur.1); kerZod, karbonatuli 
mdgeneli, romelic didi raodenobiT Seicavs 
natexovan masalas, mikrosferolituri aRnago­
bisaa; manganumis am axal nedleulSi karbonate­
bi ZiriTadad warmodgenilia manganokalcitis 
saxiT, romelSic alag-alag moTavsebulia bza­
rebis mqone kalciumiani fsilomelani-ransei­
ti. nimuSSi aRiniSneba oolituri warmonaqmnis 
daWimuloba, romlis zonebic manganokalcitiT 
da qalcedoniTaa warmodgenili. aramadnuri 
nawili umeteswilad kvarcits, halcedonsa da 
opals Seicavs. nimuSSi iSviaTadaa piritis mcire 
raodenobac

სურ.1 საცდელი კონცენტრატის მინერალოგიურიშედგენილობა

kazmis airganvladoba hidravlikur Tvise­
baTa jgufs ganekuTvneba da igi did gavlenas 
axdens RumelSi mimdinare fiziko-qimiur pro­
cesebze. naWrovani sakazme masalebis gamoyeneba 
zrdis wamyvani elementis amokrefasa da Sesa­
bamisad miRebuli liTonis raodenobas. Ggarda 
amisa, Rumeli amofrqvevis gareSe muSaobs da 
misi eleqtruli reJimic stabiluria. 

sacdeli produqtis airganvladobis gan­
sazRvra klasikuri meTodiT ganxorcielda [2], 
kerZod angariSisas gamoyenebuli iqna damokide­

buleba

sadac 	 K	 airganvladobis ricxvia;
Q	 nimuSSi gamavali haeris raodenoba, sm3;
L	 nimuSis simaRlea, sm;
T	 nimuSSi Q sm3 haeris gavlis dro, wT;
P	 wneva, romliTac haeri gadis nimuSSi.
eqsperimentis Sedegebidan gamomdinare, 

sacdeli koncentratis airganvladoba sakmaod 
maRalia da igi 405-583 erTeul diapazonSi 
meryeobs.

sacdeli koncentratis eleqtrowinaRobisa 
da garbilebis temperaturis gamokvleva

feroSenadnobebis gamosadnobi kazmis 
madnuri nawilis eleqtrowinaRoba da misi 
garbilebis procesis temperaturaze damokide­
bulebis xasiaTi, mniSvnelovan gavlenas axdens 
mTliani kazmis Tvisebebze. manganumiani feroSe­
nadnibebis gamodnobisas, Rumelis eleqtrore­
Jimi mniSvnelovnad aris damokidebuli kazmis 
eleqtrowinaRobisa da garbilebis procesze, 
ris gamoc aRniSnuli fizikuri maxasiaTeblebi, 
qimiur SedgenilobasTan erTad, axali nedleu­
lis ZiriTad metalurgiuli Tvisebebis ganm­
sazRvrel faqtorad unda CaiTvalos. kazmis 
eleqtrowinaRobisa da garbilebis dawyebis tem­
peraturis maRali maCveneblebi uzrunvelyofs 
dnobis procesSi kazmSi eleqtrodebis Rrma Ca­
jdomas, Sedegad mniSvnelovnad mcirdeba zeda 
horizontebze denis gadadineba eleqtrodebs 
Soris da SesaZlebelia sasargeblo Zabvisa da 
Sesabamisad, saRumele danadgaris sasargeblo 
simZlavris gazrda mcire eletroenergiis da­
nakargiT. eleqtroRumelSi dnobisas, mimdi­
nareobs rTuli fiziko-qimiuri gardaqmnebi, 
romelTa Soris sakazme masalebis garbileba 
gansakuTrebul yuradRebas imsaxurebs. kazmis 
moZraobisas sakerZedan qvemoT, izrdeba misi 
temperatura. temperaturul zonaSi moxvedri­
sas, iwyeba kazmis madnuri nawilis garbileba, 
warmoiqmneba Semcxvari konglomerati da ro­
gorc Sedegi, xdeba dnobis aerodinamikuri 
pirobebis gauareseba.

aRniSnul zonaSi mcirdeba aRdgeniTi pro­
cesebis siCqare da neldeba kazmis svlis siC­
qarec. kazmis garbilebis temperaturul zona­
Si, airganvladobis Semcirebis gamo, xdeba gax­
urebuli airebis aRmavali nakadis dagroveba da 
calkeuli xvrelebis saSualebiT maRali tem­
peraturiTa da siCqariT, maTi gadineba Rumeli­
dan. maRaltemperaturamde gaxurebuli airebi 
Tavis mxriv xels uwyobs widis naadrev warmo­
qmnas.
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zemo aRniSnulidan gamomdinare, axali saxis 
nedleulis metalurgiuli Tvisebebis Seswav­
lisas, aucilebelia gamokvleuli iqnas misi 
eleqtrowinaRoba da garbilebis temperaturu­
li intervali. am mimarTulebiT specialistTa 
mier mravali kvleviTi samuSaoebia Catarebuli 
[3-8].

WiaTuris manganumis madnis gamdidrebisas 
miRebuli sacdeli koncentratis eletrowin­
aRobisa da garbilebis temperaturuli inter­
valis  Seswavla ganxorcielda kontaqturi 
meTodiT stu-s “eleqtrometalurgiis saswav­
lo-samecniero centrSi” arsebul danadgarze. 
anaTvlebis aReba xdeboda yoveli 1000C tem­
peraturuli intervaliT oTaxis temperaturi­
dan nimuSis garbilebis temperaturis dasrule­
bamde. kuTri eletrowinaRoba gamoiTvala Sem­
degi damokidebulebiT:

, sadac   kuTri eleqtrowinaRobaa, 
omi·m;

R nimuSis eleqtro winaRoba, omi;
S  nimuSis ganikveTis farTi, m2;
h nimuSis simaRle, m.

koncentratebis qimiuri Sedgeniloba cxr. 
4-Sia mocemuli.

cxrili 4. 
manganumis koncentratebis qimiuri  Sedegeniloba, %

dasaxeleba Mn SiO2 CaO Fe P g.d

sacdeli kon-

centrati
25.5 32.6 7.9 1.3 0.16 19.4

me-3 x. oqsd.

koncentrati
37.1 19.8 4.1 1.5 0.18 15.6

eqsperimentis Sedegebidan gamomdinare, 
ganxilul temperaturul intervalSi, sacdeli 
koncentrati maRali kuTri eleqtrowinaRobiT 
gamoirCeva, kerZod 2500C-ze misi kuTri win­
aRoba 1.5 jer aRemateba me-3 xarisxis oqsiduri 
koncentratis analogiur maCvenebels (sur.2). 
temperaturis Semdgomi matebiT aRniSnuli Tan­
afardoba mcirdeba da 11500C-ze es sidide 1.2 
aRar aRemateba.

garbilebis temperaturis gansazRvriT 
dadginda, rom sacdeli komcentrati xasiadeba 
garbilebis dawyebis ufro maRali temperatu­
riTa (10000C) da garbilebis temperaturuli 
intervalis mcire sididiT (1000C), vidre manga­
numis me-3 xarisxis oqsiduri koncentrati (Se­
sabamisad 850 da 2500C). 

Sedegebidan gamomdinare, sacdeli koncen­
tratis gamoyenebam silikomanganumis kazmSi 
unda gaaumjobesos Rumelis eleqtronuli maxa­

siaTeblebi.

sur. 3. koncentratebis el.winaRobisa da garbilebis 
damokidebuleba temperaturaze

1.sacdeli koncentrati,
2. me-3 xarisxis oqsiduri koncentrati.

sacdeli koncentratis Tbofizikuri Tvise-
bebis gamokvleva

cnobilia, rom feroSenadnobTa warmoebi­
sas sakazme masalebis Tbofizikuri sidideebi 
(Tbomomxmarebloba, siTbotevadoba, siTbogam­
tarebloba) uSualod gansazRvravs daxarjuli 
eleqtroenergiis raodenobas. amitmac aRniSnul 
sakiTxTan dakavSirebuli gamokvlevebi yovelT­
vis iwvevda specialistTa did interess [9-20].

rogorc gamokvlevebma aCvena, sacdeli kon­
centratis mineralogiuri Sedgenilobidan 
gamomdinare, siTbotevadoba piks 600-8000C tem­
peraturaze aRwevs (0.96kj/kg.gr.). amave tem­
peraturul intervalSi siTbogamtareblobis 
koeficienti 089-1.1vt/m.gr diapazonSi merye­
obs, xolo Tbomomxmareblobis nazrdi 1.5-jer 
aRemateba 800-11000C temperaturul interval­
Si Tbomomxmareblobis analogiur maCvenebels 
(cxr.5). 
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cxrili  5.
საცდელი კონცენტრატის თბოფიზიკური მახასიათებლები

ტემპერატურა
0C

თბომომხმარებლობა
კჯ/კგ

სითბოტევადობა
კჯ/კგ.გრ

სითბოგამტარებლობის

კოეფიციენტი ვტ/მ.გრ

100 85 0,85 0,89

200 165 0,82 0,71

300 232 0,77 0,79

400 360 0,90 0,84

500 475 0,95 0,86

600 578 0,96 0,89

700 650 0,93 0,98

800 765 0,96 1,10

900 873 0,97 1,83

1000 1010 1,01 1,84

1100 1218 1,11 1,90
sacdeli koncentratis Tbofizikuri maxa­

siaTeblebidan gamomdinare, eleqtroRumelSi 
manganumis am axali nedleulis gamoyeneba ar  
gamoiwvevs eleqtroenergiis gadaxarjvas.

sacdeli koncentratidan silikomanganumis 
gamodnobis teqnologiis damuSaveba

silikomanganumi erT-erTi yvelaze gavrcel­
ebuli da saWiro feroSenadnobia foladis war­
moebisTvis. sabazro ekonomikis pirobebidan 
gamomdinare, zestafonis feroSenadnobTa qarx­
ana amJamad mxolod silikomanganums awarmoebs 
(saSualod 200 aTas tonas weliwadSi). z.f.q-Si 
silikomanganumis gamodnobis teqnologia ka­
zmSi manganumis maRali xarisxis koncentratis 
gamoyenebas emyareba. WiaTuris koncentratis 
arasakmarisi raodenobis gamo, qarxanaSi sazR­
vargareTis ZviradRirebuli madnebi SemoaqvT. 
adgilobrivi nedleuliT koncentratebis 
deficitis Sevsebis mizniT, laboratoriul 
pirobebSi gansazRvruli  iqna sacdeli koncen­
tratis gamoyenebis efeqtianoba silikomanga­
numis gamodnobis  procesSi. sakazme masalebis 
qimiuri Semcveloba, kazmis Sedgeniloba da 
gamodnobis teqnologiuri maCveneblebi   cxr. 
6-8-Sia naCvenebi.

ცხრილი 6
sakazme masalebis qimiuri Sedgeniloba, %

dasaxeleba Mn SiO2 CaO Fe P

speckoncentrati 25.0 33.3 8.1 1.4 0.14

Mn -is mesame xarisxis 
koncentrati

37.1 19.8 4.1 1.8 0.17

kvarciti - 95.6 - - -

Kkoqswvrila (nacari) - 48.4 - - 0.14

cxrili 7 

kazmis Sedgeniloba, %

dasaxeleba maCvenebeli

speckoncentrati 35.9

M Mn -is mesame xarisxis kon-
centrati

48.6

kvarciti 2.8

Kkoqswvrila 12.7

 cxrili 8
silikomanganumis gamodnobis teqnologiuri maCveneblebi

dasaxeleba sacdeli varianti

liTonis qimiuri Sedgenilo-

ba,  %

Mn 74.6

Si 18.8

C 1.8

Fe 4.5

ρ 0.35

Mn-is Semcveloba widaSi 12.3

amokrefva liTonSi,  %

Mn 78.2

Si 45.6

ρ 75.0

sakazme masalebis xarji 1t. 

liTonze,kg

sacdeli koncentrati 1269

M Mn -is mesame xarisxis kon-
centrati

1717

kvarciti 99

Kkoqswvrila 449

dnobis Sedegebidan gamomdinare, axali kon­
centratis gamoyeneba silikomanganumis kazmSi  
misaRebi da efeqturia.
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