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Seswavlilia saqarTveloSi maRal tempera­
turaze (>14500C) momuSave sawarmoebis muSaobis 
pirobebi da maRaltemperaturul zonebSi amona­
gis saxiT gamoyenebuli masalebi, moTxovnebi, 

romlebic am masalebs waeyenebaT.                                                             
Seswavlilia saqarTveloSi arsebuli dolo­

mitisa da serpentinitis sabadoebi da dadge­
nilia maT bazaze maRalcecxlgamZle klinkeris 
miRebis SesaZlebloba.                                                         

gaTvlilia ucxoeTidan Semotanili cecx­
lgamZleebis adgilobrivi nakeTobis SecvliT 
miRebuli ekonomikuri efeqti cementis gamosaw­
vavi mbrunavi RumelebisaTvis.                                               

Catarebulia miRebuli klinkeris  fizikur-
meqanikuri Tvisebebis kvleva da mocemulia 
dolomitisa da serpentinitis qimiuri da rent­
genostruqturuli analizis Sedegebi, 

sakvanZo sityvebi: cementis gamosawvavi mbru­
navi Rumelebi, metalurgiuli Tburi agregate­
bi, Secxobis zona, amonagi, dolomiti, serpent­
initi, klinkeri. 
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* * * * * * *

Tanamedrove teqnikis ganviTarebam gazrdili 
moTxovnebi wauyena maRalxarisxovani foladis, 
feradi liTonebis, specialuri daniSnulebis 
cementebis da sxva masalebis warmoebas, rac 
cecxlgamZle masalebis xarisxis gaumjobesebas 
da axali masalebis Seqmnis aucileblobas saWi­
roebs.  amasTan dakavSirebiT msoflios zogi­
erT qveyanaSi tardeba intensiuri samuSaoebi 
axali masalebis misaRebad da arsebulis gasaum­

jobeseblad. E	es uzrunvelyofs Tburi agre­
gatebis amonagis wyobis xanmedegobis gazrdas, 
Sesabamisad Seamcirebs maT Rirebulebas, sare­
monto xarjebs da gazrdis remontTaSoris pe­
riods [1-6].

cementis gamosawvavi Rumelebi cilindruli 
formis sxvadasxva sigrZisa (150-185m) da dia­
metris (4,5-5m) mbrunavi agregatebia (naxazi 1), 
romlebic masSi mimdinare teqnologiuri pro­
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cesebis Sesabamisad sigrZeze pirobiTad dayo­
filia eqvs teqnologiur zonad.

nax. 1. cementis gamosawvavi mbrunavi Rume­
lebi

Tanamedrove Rumelebis yvelazona amoge­
bulia sxvadasxva Sedgenilobisa  da zomis 
agurebiT. amonagis muSaobis specifika xasi­
aTdeba samipirobiT: 1. maRalitemperaturuli 
gradientiT, romelic gansakuTrebiT maRalia 
yvelaze maRaltemperaturul Secxobis zonaSi. 
cecxlgamZle nakeTobis zedapiris temperatura 
aRwevs 1450-15500C, wyobis gareTa zedapiris 250-
30000C-ia, 2. amonagis zedapirze perioduli tem­
peraturuli rxevebiT. Romelic erTi brunvisas 
erTi wuTis ganmavlobaSi 150-2000C-ia. 3. cecxl­
gamZleebis muSaobis erT-erTi pirobaa qimiuri 
da cveTis moqmedeba mudmivad moZravi gamosaw­
vavi masalisagan.

Cveni mizani iyo Segveswavla saqarTveloSi 
arsebuli dolomitisa da serpentinitis saba­
doebi da dagvedgina maTi vargisoba maRalcecx­
lgamZle klinkeris misaRebad. aseve gagveTvala 
da dagvedgina is ekonomikuri efeqti, romelsac 
gamoiwvevda adgilobrivi nedleulis gamoyeneba 
ucxoeTidan Semoziduli nakeTobebis nacvlad 
maRalcecxlgamZle klinkeris misaRebad cemen­
tis gamosawvavi mbrunavi RumelebisaTvis. Seg­
veswavla maTi muSaobis pirobebi da maRaltem­
peraturul zonebSi amonagis saxiT gamoyenebu­
li masalebi, moTxovnebi, romlebic maT waeyen­
ebaT.                                                                             

cementis gamosawvavi mbrunavi Rumelebis 
Secxobis zonaSi yvelaze maRaltemperaturul 
da metalurgiuli Tburi agregatebis amonagis 
saxiT ZiriTad masalebs magnezituri da magn­
ezitur- Spineliduri cecxlgamZleebi warmoad­
genen. moTxovnebi da teqnikuri maxasiaTeblebi 
magnezituri cecxlgamZleebisaTvis warmodge­

nilia cxrilSi 1.                                                              
cxrili1.        
magnezituri cecxlgamZleebis maxasiaTeblebi
maCveneblebi qrom-

magne-

zituri

magnezitur- 
qromituli

(gamomwvari)

magnezit-
romituli 
(gamouwvavi)

periklaz- 
Spineli- 
duri

qimiuriSedgeni- 
lobamas.%:

MgO

CaO

SiO2

Fe2O3

Cr2O3

Al2O3

47.3-56.3

1.6

5.8

13.5

20-30.2

6.8

68.2-70.7

1.7

4.5

11

10.4-15

3.9

65.6-70.2

-

-

-

10.2

68.2-73.1

-

-

-

12.6-15.3

cecxlgamZleoba, 0C, >2000 >2000 >2000 >2000

moculobiTi wona, 
g/sm3

2.96-3.08 2.94-3.05 3.02 3.08-3.11

moCvenebiTi 
forianoba,%

20.2-23.2 16.4-20.1 13.4-16.3 14.7-16.4

simtkicis zRvari 
kumSvisas, σmpa

26.0-56.2 40.2-51.2 36.2-47.5 57.2-61.4

damatebiTi 
Cajdoma,%

0.18-0.65 0.17-0.45 1.3-1.6 0.16-0.4

deformaciisdawyebis 
temp-ra,  2kg/sm2 dat-
virTvis dros, 0C

dawyeba

rRveva

1500-1620

1530-1650

1505-1575

1530-1590

- 1530-1615

Termulimedegoba, 
Tbocvla :

8500C-wyali

13000C-wyali

13-17

2-7

>100

9-32

7-9

-

>250

8-12

Termuli 
gafarToebis koef., 

a•10-6

9.5 10-11 - 11-13

Tbogamtaroba, ,kkal/
m×grad.

2 3.1 - 3.2

nax. 2-ze mocemulia cementis gamosawvavi 
mbrunavi Rumelis sxvadasxva teqnologiuri 
zona da am zonebSi momuSave amonagi.

nax.2 mbrunavi Rumelis sxvadasxva teqnologiuri zonis 

amonagi
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yvela es naCvenebi cecxlgamZle xasiaTdeba 
maRali cecxlgamZleobiT   (>19000C) da maRa­
li qimiuri medegobiT fuZe oqsidebis zemo­
qmedebis mimarT. klinkeris agresiis mimarT 
yvelaze mdgradi aris magnezitur-qromituli 
da periklaz-Spineliduri cecxlgamZleebi.

dReisaTvis magnezitur nedleulze 
moTxovnileba mTels msoflioSi izrdeba, Tumca 
misi maragebi TandaTan mcirdeba, amitom gaxda 
aucilebeli da moTxovnadi axali fuZe Sedge­
nilobis masalebis miRebis, romelsac gamoiyen­
eben cementis gamosawvavi mbrunavi Rumelebis 
Secxobis zonis da metalurgiuli Rumelebis 
amonagisaTvis, es gansakuTrebiT mniSvnelovania 
saqarTvelosaTvis, sadac cecxlgamZle nakeTo­
bebi ar iwarmoeba. Aam Rumelebis Secxobis zona, 
yvelaze maRaltemperaturuli zonaa (1450-
15000C).  amonagi ganicdis meqanikur da qimiur 
zemoqmedebas. am zonisaTvis saWiro cecxlgam­
Zle magnezituri aguri Semoitaneba CineTidan, 
avstriidan da TurqeTidan. nedleuli (magnezi­
ti) aseTi cecxlgamZleebis warmoebisaTvis ara 
marto saqarTveloSi aramed mTlianad kavkasiaSi 
deficituria da ar moipoveba. Cveni varaudiT, 
magnezituri cecxlgamZleebis nacvlad dolo­
mituri cecxlgamZleebis miReba saqarTvelo­
saTvis moTxovnadi da aqtualuria Tanamedrove 
pirobebSi da Cvens mier Catarebuli eqsperimen­
tebis Sedegad miRebuli monacemebis safuZv­
elze SesaZlebelia maRalcecxlgamZle masaleb­
is konkurentunariani nakeTobebis warmoeba [7-8]. 
Cven gavTvaleT saqarTveloSi moqmedi cementis 
Rumelebis amonagis saxiT gamoyenebuli aguris 
raodenoba da Rirebuleba da miRebuli ekono­
mikuri efeqti, romelic warmodgenilia qveviT: 

saqarTvelos cementis qarxnebisTvis: 
rusTavisa da kaspis cementis qarxnebSi muSao­
bs  7 mbrunavi Rumeli. RumelSi amonagi weli­
wadSi saSualod 2-jer icvleba. am Rumelebi­
saTvis Secxobis zonis amonagis saSualo sigrZe 
= 45m. 1 grZivi metrisaTvis   gamoiyeneba 8t 
aguri. 1RumelisaTvis weliwadSi 2-jer saWiroa 
45×8×2=720t aguri.7Rumeli-saTvis weliwadSi 
saWiroa 720t×7=5040t/w. aguri. periklazSpineli­
duri cecxlgamZle aguri Semoitaneba Tur­
qeTidan da 1t aguris fasia 855€. mTlianad 
mbrunavi RumelebisaTvis saqarTveloSi 
Semodis 5040t×855€=4309200€s Rirebulebis 
periklazSpineliduri aguri. Cvens mier adg-
ilobrivi nedleulis bazaze damzadebuli 
1t aguris fasi iqnebadaaxloebiT 250 € /t 
anu 5040t/w ×250€=1260000€/w. weliwadSi eko-
nomia iqneba 4309200€-1260000=3049200€ amdenad 
wliuri ekonomia Cvens mier adgilobrivi 
nedleulis gamoyenebiT warmoebuli cementis 
gamosawvavi agurisaTvis cementis qarxnebis 
mbrunav RumelebSi gamosayeneblad Seadgens  

3049200€/w.×2.4l=7303680 lars. dasaqmdeba 350-
400 muSaxeli. gavecaniT saqarTveloSi arse-
buli nedleulebis dolomitisa da serpenti-
nitis sabadoebs, SeviswavleT qimiuri Sedge-
niloba (cxrili 2 da 3).

cxrili 2.

dolomitebis qimiuri Sedgeniloba

saba- 

dos 

dasa- 

xe- 

leba

oqsidebis Semcveloba, mas.%.

Fe
2
O

3
Al

2
O

3
MgO SiO

2
CaO SO

3
MnO R

2
O

5
TiO

2
K

2
O Na

2
O R

2
O

sines- 

te
x.d.

Aaba- 

no
0,88 2,62 18,23 4,50 32,01 0,38 0,7 - - - - 0,13 0.21 40,77

sku- 

ri
0,08 2,04 19,93 - 32,25 0,14 0,02 0,12 0,03 0,1 1,3 - - 45,8

muxu- 

ri
0,1 0,06 20,65 1,26 31,29 - - - - - - - 0,12 46,52

 
dolomitebis Semadgeneli ZiriTadi oqside­

bia CaO da MgO. Aam oqsidebis Semcveloba 
samive sabados dolomitSi TiTqmis erTnairia 
(cxrili 2). Mminarevebis saxiT Seicaven mcire 
raodenobiT SiO

2,  Al
2
O

3
- s da tute oqsidebs.

cxrili 3.                    
serpentinitebis qimiuri Sedgeniloba

sabados  

dasa- 

xeleba

                           oqsidebis Semcveloba, mas.%

Fe2O3 Al2O3 MgO SiO2 CaO SO3 R2O sines- 

te

x.d.

wnelisis 8,20 1,70 39,36 37,22 0,56 0,3 0,13 0,32 12,20

saCxeris 6,45 2,57 33,69 39,92 1,47 - - - 15,90

serpentinitis orive sabados qimiuri ana­
lizidan (cxrili 3) Cans, rom ZiriTadi kompo­
nentebia SiO

2 
da MgO, romelTa mniSvnelobebia 

Sesabamisad 37,22 da 39,36 mas.% (wnelisissabado) 
da 39,92 da 33,69 mas.%.(saCxeris).  Ddolomitis 
sabadoebis maragebi warmodgenilia qveviT:
•	 Abanos sabados dolomite mdebareobs 

qarelis raionSi. Misi maragi A+B+C kat-
egoriis mixedviT Seadgens 4031 aTas m3-s. 

•	 Skuris dolomiti  - samegrelo-zemos-
vaneTis regionSi, walenjixis raionSi 
sof. Jgalis Crdilo-aRmosavleTiT 1-1,6 
km. misi maragia C2-490176 aTasi tona.

•	 uxuris dolomitis sabado samegrelo-ze-
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mosvaneTis regionSi, Cxorowyus raionis 
sofel muxuridan 2,6km-ze Crdilo-aR-
mosavleTiT mdebareobs, sabados maragi 
Seadgens B-3518000m3, C1-6730000m

3, C2-129000m
3 

sul 10248000m3-s.
dolomit-serpentinituri klinkeris misaRe­

bad SevarCieT Tanafardoba 3:1 da 4:1 damzadda 
briketebi da gamoiwva silitis RumelSi 9000C, 
10000C, 11000C, 12000C, 13500C, 14000 C, 14500C 
da 15000C temperaturaze- erT da oTxsaaTiani 
dayovnebiT. SeviswavleT miRebuli klinkeris 
fizikur- teqnikuri maxasiaTeblebi, romelic 
warmodgenilia cxrilSi 4. masalebis Secxobisa 
da mineralebis warmoqmnis procesis Sefase­
ba moxda, forianobis, simkvrivis da kumSvaze 
simtkicis zRvaris gansazRvriT, aseve rent­
genostruqturuli analizis meTodiT. 

    cxrilidan Cans, rom 3/1 da 4/1 Tanafar­
dobiT aRebuli erTnair pirobebSi gamomwvari 
nimuSebis wyalSTanTqma, forianoba, simkvrive 
da simtkicis zRvari kumSvisas gansxvavdebian 
erTmaneTisagan da 4/1 Tanafardobis SemTxveva­
Si ukeTesi fizikur-teqnikuri maCveneblebiT 
xasiaTdebian

cxrili 4. 
klinkeris fizikur-teqnikuri maxasiaTeble­

bi
Kkomponentebis

Tanafardoba, 

mas.%

gamowv. 

temp.,

0C

dayov-

neba, 

bolo 

temp., 

sT

Ffizikur-teqnikuri maxasiaTeblebi

dolo- 

miti

serpen-

tiniti

simtkicis

zRvari

kumSvisas, 

,σk 

mpa

wyalS- 

TanTqma,

w %

fo- 

ria-

noba,

∏%

sim- 

kvrive, 

 pg/sm3

3 1

1350

1400

1450

1500

1

4

1

4

1

4

1

4

228

282

333

352

368

372

408

454

2.50

2.00

1,29

1,12

0,92

0,78

0,82

0,67

6,10

5,40

4,00

2,30

2,44

2,40

1,93

1,88

2,40

2,69

3,09

3,29

3,42

3,58

3,70

3,72

4 1

1350

1400

1450

1500

1

4

1

4

1

4

1

4

318

296

355

377

400

480

492

517

2,10

1,98

1,30

0,99

0,77

0,70

0,70

0,62

5,80

5,10

3,63

2,50

2,08

1,85

1,85

1,82

2,52

2,74

3,45

3,62

3,64

3,69

3,76

3,78

optimaluria agreTve gamowvis temperatura 
14500C  da bolo temperaturaze 4sT-ani dayo­
vneba. am pirobebSi miRebuli nimuSebi arian Sem­
cxvari da maRali fizikur – teqnikuri maCven­
eblebiT xasiaTdebian. rentgenostruqturuli 
analizis Sedegebi warmodgenilia naxazze 3, 4. 

nax.3. klinkeri 1-is rentgenograma,1-900, 2 
-1000 , 3-14500 C.

nax.4.  klinkeri 2-is rentgenograma,1-900, 2 -1000 , 
3-1100, 4 -1200, 5-1300, 6-1400, 7- 14500 C. 
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9000C -ze gamomwvari, rogorc 3:1, aseve 
4:1 nimuSebis rentgenogramaze naxazi 3, 4 
dafiqsirebulia  MgO-s damaxasiaTebeli 
difraqciuli maqsimumebi  dhkl2,109; 1,48 A0,   

CaO – dhkl2,406; 1,705A0,  Ca(OH)2 -dhkl 2,627; 2,47 A0 

და CaCO3- dhkl3,04 ; 1,80 A0. 10000 C-ze gamomwvari 
nimuSebis rentgenogramz   aze igive suraTia, 
mxolod Semcirebulia intensiobiT CaCO3 
da Ca(OH)2-is damaxasiaTebeli pikebi, orive 
SemTxvevaSi - 3:1 da 4:1 Tanafardobebisas. 1100 
0 C -ze ar aris CaCO3 da CaO. Ees ukanaskneli 
Cndeba kalciumis silikatebis saxiT. 1200 
da 13000 C -ze gamomwvari nimuSebi Seicaven 
ukve kristaluri periklazisa da kalciumis 
silikatebis garkveul raodenobas, maT 
Soris orkalciumian silikatsac,romlis 
raodenoba temperaturis matebiT 1400 da 
14500 C –ze TandaTan mcirdeba, rac uTuod 
Sedegia imisa, rom beliti (C2S ) da pirveladi 
mineralebi ixsnebian Txevad fazaSi, romelic 
am temperaturebze Cndeba. C2S urTierTqmedebs 
Tavisufal CaO-sTan, romlis pikebi hqrebian 
da warmoiqmneba aliti. misaRebi produqtis 
Tvisebebis TvalsazrisiT xelsayrelia 
Tavisufali CaO-s SekavSireba samkalciumian 
silikatad C3S (aliti) romelic 
stabiluria >20000C-mde. Uufro ZnelRobadi 
orkalciumiani silikati, romlis lRobis 
temperatura 21000C-ia ganicdis alotropiul 
saxecvlilebas, rasac Tan axlavs moculobis 
cvlileba amdenad, β<γ gardaqmna 6700C-ze 
mimdinareobs moculobis cvlilebiT 10%, 
rac iwvevs klinkeris daSlas fxvnilis saxiT.                                                                       
Mmisi damaxasiaTebeli pikebis intensioba 
Sesabamisad izrdeba. amasTan aRsanisnavia, 
rom klinkeri 1 da 2 –is rentgenogramebi 
am temperaturebze iZlevian gansxvavebul 
suraTs (sur.3,4) C3S-is intensioba klinkeri 
2-is rentgenogramaze klinkeri 1-Tan 
SedarebiT maRalia, rac mowmobs am fazis 
didi raodenobiT Semcvelobas maRali 
sididis KH=0,95-isSemTxvevaSi.Aamave SemTxve
vaSi klinkeri 1-is rentgenogramaze Cans  C2S –
is damaxasiaTebeli difraqciuli maqsimumebi 
dhkl2,87; 2,28; 2,16; 1,627 A0 .

adgilobriv nedleulze damzadebuli cecx­
lgamZle dolomit-serpentinituri  aguris 
warmoeba miRebuli klinkeris bazaze Seqmnis 
precedents qveynisaTvis saWiro produqciis 
warmoebis saqmeSi. zedmeti raodenoba uzrun­
velyofs regionis (azerbaijani, somxeTi) baz­
ris moTxovnilebebis dakmayofilebas. Cveni 
upiratesobaa is, rom adgilobrivi nedleulis  
kerZod dolomitisa da serpentinitis gamoyen­
ebiT, SesaZlebelia fuZe Tvisebebis cecxlgam­
Zle aguris warmoeba, romelic amJamad saqarT­
veloSi Semotanil magnezitur  cecxlgamZleebs 

ajobebs saeqspluatacio parametrebiT.      
 

daskvna

miRebuli Sedegebis gaTvaliswinebiT Sesa­
Zlebelia saqarTveloSi arsebuli dolomiteb­
isa da serpentinitebis gamoyeneba dolomit-
serpentinituri klinkeris misaRebad, romelSic 
ganxorcielda dolomitis Semadgeneli kalciu­
mis oqsidisa da serpentinitis kaJmiwis sinTe­
zi maRalcecxlgamZle kalciumis silikatebad, 
xolo magniumis oqsidis miReba periklazis sax­
iT. damuSavebuli teqnologiiT klinkerisa da 
mis bazaze nakeTobis miReba SesaZlebeli iqneba 
sawarmo Sps “cecxlgamZle nakeTobaTa kombinat­
Si”, romelic zestafonis raionis daba Zirula­
Sia. Kkombinati muSaobda ukrainidan Semotanili 
pologis sabados cecxlgamZle Tixis bazaze da 
awarmoebda Samotis tipis agurs. cecxlgamZle 
nedleulis ararsebobis gamo amJamad kombinati 
ar muSaobs. Tumca misi yvela ubani (nedleulis 
damuSaveba, Semadgeneli komponentebis doz­
ireba, areva, dayalibeba, Sroba, gamowva) mzadaa 
asamuSaveblad. sawarmoSi yvela pirobaa maRali 
xarisxis aguris misaRebad. mniSvnelovania isic, 
rom dasaqmdeba (300-350 muSa-mosamsaxure).

gamoyenebuli literatura:

1. Бикбау М.Я. , Рудный Д.И. ,Журавлев В. П. , 
Полагасва Н. И. Материалы на аснове высокопрочного 
магнезиального вяжущего из доломитового сырья, 
строительные материалы 1997, М. , №5.

2. Борисов А.Ф. , Буньков М.М. , Войтович 
В.А. , Магнезиальные цементы и бетоны, Бетон и 
жулезобетон, М. 2002б №6.

3.Верешагин В.И. , Смиренская В.Н. , Эрдиан С.В. 
Водостойкие смешанные магнезиальные вяжущие, 
стекло и керамика, М. 1997, №1

4. Шубин В.И. Огнеупоры  для цементных 
вращающихся печей, М., Наука, 1986.

5. Bongers U.V., Stradmann Y.J., Dolomi, Ia soluction 
paza la zona de sinterizadon de los hornos rotativos de ce-
mento. Cem.-hormigon, 2000, 71.

6. Бутт Ю.М. ,Тимашев В.В. Практикул  по 
химической технологии  вяжущи материалов, М. ,1973.

7. kovziriZez., niJaraZen.,  qinqlaZev.,  nefariZen., 
balaxaSvilim. cecxlgamZlekompozitismiRebadolomit-ser-
pentinituriklinkerisbazaze // keramika, 1 (18), 2008, Tbi-
lisi, gv. 10 – 12.

8. z.kovziriZe, n.niJaraZe, m. balaxaSvili, 
m.mSvildaZe, Ddolomitisa da serpentiniti-
saxalisabadoebisbazazemaRalcecxlgamZle-
klinkerismiReba. saerTaSorisosamecniero-
praqtikulikonferenciisSromebi. quTaisi, 
2013, 6-7 ivnisi. Ggv.285-288.


