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samuSaos zogadi daxasiaTeba 

samuSaos aqtualoba. warmodgenili sadoqtoro naSromi 

Seexeba iseT aqtualur sakiTxebs rogoricaa: 

swrafSekvradi cementebis miReba da maTi Tvisebebis kvleva. 

dasawyisSive unda avRniSnoT, rom saqarTveloSi ukve gasuli 

saukunis 60-70 wlebSi prof. T. gabadaZis mier miRebuli iyo da 

farTod gamoiyeneboda alunitiani swrafSekvradi, zeswrafgama-

grebadi, gafarToebadi, damZabavi da sxva saxeobis cementebi. 

amJamad es cementebi aRar iwarmoeba sxvadasxva mizezebis gamo. 

prof. T. gabadaZis xelmZRvanelobiT gagrZelda samuSaoebi axali 

saxeobis swrafSekvradi cementebis miRebis mizniT xelmisawvdomi 

masalebis bazaze. kerZod uTabaSirod dafqvili klinkeris baza-

ze. naSromSi mocemulia sxvadasxva eleqtrolitebis damatebis 

gavlena dafquli klinkeris fiziko-meqanikur Tvisebebze. gamo-

Tqmulia mosazreba dafquli klinkeris Sekvris meqanizmis Sesa-

xeb sxvadasxva eleqtrolitis damatebisas. miRebulia swrafSe-

kvradi maRali simtkicis mqone cementebi, romlebic SeiZleba 

gamoyenebuli iyos mSeneblobis mTel rig ubnebze. rogoricaa 

hidroenergetika, metromSenebloba, wyalmomarageba, melioracia 

da samoqalaqo mSenebloba. disertaciaSi dasmuli sakiTxebis 

garSemo arsebuli literaturis ganxilvisas yuradReba miiqcia 

brunaueris, skalnis, odleris, Spinovas da sanickis Sromebma. 

isini zamTris pirobebSi betonirebisaTvis cements amzadebdnen 

uTabaSirod dafquli klinkeris bazaze, radgan miiCnevdnen, rom 

TabaSirSemcveli cementis gamagrebis pirvel saaTebSi warmoqmni-

li kalciumis hidrosulfoaluminati adreuli gayinvis pirobe-

bSi asrulebs destruqciul rols (amcirebs simtkices).  

uTabaSirod dafquli klinkeris Zalze swraf Sekvris vadebs 

(romlebic praqtikulad gamoricxaven mis gamoyenebas arapla-

stiurobisa da umniSvnelo simtkicis gamo) miTiTebuli avtorebi 

aregulirebdnen plastifikatoris da potaSis damatebiT. Cven 

gadavwyviteT es efeqti gamogveyenebina swrafSekvradi cementebis 
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miRebisaTvis. amasTan gavzardeT am danamatebis sia. gamoviyeneT 

ra natriumis da kalciumis  qloridebi, natriumis, kaliumis, 

kalciumis karbonatebi, natriumis da kaliumis sulfatebi, Saqa-

ri, samSeneblo TabaSiri da sxva plastifikatoris gareSe. 

Catarebulma kvlevebma saSualeba mogvca migveRo swrafSe-

kvradi cementebi portlandcementis klinkeris (romelic didi 

masStabiT iwarmoeba saqarTveloSi) da aradeficituri, iafi da 

xelmisawvdomi danamatebis safuZvelze, amasTan maTi warmoebis 

teqnologia SesaZlebelia ganxorcieldes cementis moqmed sawa-

rmoebSi cvlilebebis gareSe an uSualod samSeneblo poligonze. 

damuSavebuli cementebi SeiZleba gamoviyenoT mSeneblobis 

iseT areebSi, sadac saWiroa maTi swrafi Sekvra (mag: nagebobebSi 

an konstruqciebSi wyalmodinebis SeCereba), an samuSaoebis Cata-

reba dabal an uaryofiT temperaturebze. 

mSeneblobis Tanamedrove teqnologiebs axasiaTebT betonis 

narevebis  did manZilebze transportireba, gadatvirTvebi da sxv. 

rac moiTxovs did dros. narevebSi wylis da cementis urTie-

rTqmedebis Sedegad swrafad iwyeba struqturwarmoqmnis proce-

sebi, romelTa darRveva garkveuli drois Semdeg iZens Seuqcevad 

xasiaTs. e.i. misi Tvisebebi (gansakuTrebiT simtkice) mkveTrad 

uaresdeba. drois im intervalis dadgena, romlis ganmavlobaSic 

betonis narevs aqvs darRveuli struqturis TviTaRdgenis unari 

Tvisebebis gauaresebis gareSe, Zalze didi mniSvneloba aqvs 

mSeneblobisaTvis. am intervalis dadgenis meTodika Cven Sevi-

muSaveT reologiis meTodebis gamoyenebiT, amasTan saTanado 

rekomendaciis gacema SesaZlebelia moxdes swrafad. 

samuSaos mizani da praqtikuli mniSvneloba.  

mSeneblobis mravali sferosTvis saWiro swrafSekvradi 

cementebi Znelad xelmisawvdomia. Cveni mizani iyo martivi teqno-

logiiT arsebuli masalebis bazaze swrafSekvradi cementebis 

miReba da Tvisebebis kvleva, rogorc klinkeris, aseve cementebis 

da xsnarebis hidrataciis sakiTxebis Seswavla, sxvadasxva Cven-
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Tvis xelmisawvdomi masalebis damatebisas. CvenTvis sainteresoa 

klinkerisa da cementis Sekvris procesebis, rogorc daCqareba 

aseve Seneleba. am Tvisebebis arsebobas moiTxovs mSeneblobis 

mravali dargi.  

Sekvris procesis mkveTri daCqareba saWiroa mSeneblobis 

iseT sferoSi, rogoricaa gvirabebisa da sxva nagebobebis Sida 

zedapirebis torkretireba. am dros dasafar zedapirTan SeWidu-

lobis gazrdisaTvis saWiroa cementis swrafi Sekvra. didi fa-

rTobebis cementis xsnariT dafarvisas saWiroa misi xangrZlivi 

Sekvra, raTa moeswros misi damuSaveba. cementis swrafi Sekvra 

saWiroa agreTve konstruqciebSi da nagebobebSi wyalmodinebis 

SeCerebisaTvis. gamoTqmulia mosazreba aRniSnuli cementebis wa-

rmoebis ganxorcielebis SesaZleblobebze rogorc cementis 

qarxanaSi, aseve uSualod samSeneblo poligonze. 

 rogorc zemoT avRniSneT, Tanamedrove mSeneblobisaTvis 

damaxasiaTebelia betonis mza narevebis did manZilebze tra-

nsportireba da xangrZlivi betonireba.Bbetonis narevebs mxolod 

garkveuli drois ganmavlobaSi (tiqsotropiuli periodi) aqvT 

unari aRidginon darRveuli struqtura saboloo Tvisebebis 

gauaresebis gareSe. naSromSi Seswavlilia narevis (cementis 

comis) momzadebidan sxvdasxva drois gavlena mis reologiur 

(plastiur-denad) Tvisebebze da simtkiceze. SemuSavebulia meTo-

di mza narevis dayalibebis drois optimaluri xangrZlivobis 

dadgenisaTvis. 

kvlevis obieqti da meTodebi 

kvlevis obieqti iyo kompania ,,haidelbergcementis’ mier 

warmoebuli klinkeri da cementi. SeviswavlidiT klinkeris 

hidrataciis da gamagrebis procesebs aseve reologiur Tvisebebs 

sxvadasxva danamatis damatebis SemTxvevaSi. 

samuSaos safuZveli iyo standartebiT ГОСТ 10178-85, 310.1..4-

81 da ЕN 197-1 gaTvaliswinebuli mowyobiloba: vikas xelsawyoebi 

comis normaluri sisqis da Sekvris vadebis gansazRvrisaTvis, 
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Semrevi, vibromagida, sxvadasxva zomis yalibebi, kumSvaze da 

Runvaze simtkicis zRvris damdgeni aparatebi MИИ-100, MC-100, 

MC-1000 da sxva. 

samuSaos Sesasruleblad gamoyenebuli iyo sxvadasxva qimiu-

ri reaqtivi da bunebrivi masalebi. qimiur analizebs vatarebdi 

piradad me ,,haidelbergcementis’’ kaspis cementis qarxnis centra-

lur laboratoriaSi. 

rentgenostruqturuli analizi CavatareT difraqtometrze 

,,DPOH-3” i. javaxiSvilis saxelmwifo universitetis araorganuli 

qimiis da eleqtroqimiis samecniero kvleviT institutSi. 

cementebis plastiur simtkices vsazRvravdiT VUEkonstru-

qciis konusur plastometrze. 

naSromis ZiriTadi Sedegebi da mecnieruli siaxle 

SemuSavebulia mTeli rigi swrafSekvradi cementebi, dadgeni-

lia maTi optimaluri Sedgenilobebi, Seswavlilia ZiriTadi Tvi-

sebebi da gamovlenilia gamoyenebis areebi.  

dadgenilia, uTabaSirod dafquli klinkeris Sekvris Senele-

bis meqanizmi da identificirebulia sxvadasxva danamatebis Tana-

obisas hidrataciis procesSi warmoqmnili naerTebi.  

reologiuri meTodebiT dadgenilia urTierTkavSiri wyal-

cementis fardobis sididis, Sekvris vadebis da tiqsotropiuli 

periodis xangrZlivobebs Soris. 

naCvenebia, rom mza cementis comis da betonis narevis ga-

moyenebis optimaluri periodi (fiziko-meqanikuri Tvisebebis 

gauaresebis gareSe) Seadgens amaUTu im w/c fardobis Sesabamisi 

Sekvris dasawyisis xangrZlivobis 70-80%.   

 

disertaciis moculoba da struqtura. 

sadisertacio naSromi warmodgenilia 110 nabeWd gverdze. igi 

Sedgeba Sesavlis, ori Tavisa da daskvnisagan. Seicavs 39 cxrils, 

9 naxazs da erTvis citirebuli literaturuli nusxa. 
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samuSaos ZiriTadi Sinaarsi 

Tavi 1. swrafSekvradi cementebis miReba uTabaSirod 

dafquli klinkeris bazaze 

cnobilia, rom cementebze moqmedi standartebis ГОСТ 10178-

85 da ЕN 197-1 Sesabamisad portlandcementis da widaportla-

ndcementis Sekvris vadebi xangrZlivia (dasawyisi ara uadresi 45 

wT, dasasruli ara ugvianes 10 sT). am periodSi maT ar gaaCniaT 

simtkice, Tumca TandaTanobiT da xangrZlivad ganicdian Sedede-

bas (e.i. kargaven Zvradobas). 

arsebobs mSeneblobis garkveuli sferoebi, romlebic 

moiTxoven swrafSekvradi cementis da betonis gamoyenebas (to-

rkretbetoni, wyliani satransporto gvirabebis cementacia da 

ineqcia, metropolitenis tiubingebis da sadawneo milebis pira-

pirebis Sevseba, swrafi gamagreba da wyalgaumtarebloba, ko-

lxeTis dablobis daWaobebuli susti gruntis swrafi SeSroba, 

Sekvra, gamagreba da sxva). 

aRniSnuli mizniT cnobilia alunitiani zeswrafgamagre-

badi wyalgaumtari cementis miReba da gamoyeneba, magram 

amisaTvis saWiroa alunitis qanis Semotana azerbaijanidan da 

misi gamowva 600_700◦C-ze, rac xSirad sirTuleebTan aris daka-

vSirebuli. amitom amocanad davisaxeT migveRo swrafSekvradi 

da damakmayofilebeli sididis simtkicis mqone cementebi kaspis 

da rusTavis cementis qarxnebis portlandcementis klinkerebis 

bazaze. danamatebad gamoviyeneT realizaciaSi myofi mza 

marilebi. gamocdilia ramodenime aTeuli wyalSi xsnadi ele-

qtroliti, romelTa nawilis gavlena dafquli klinkeris 

Tvisebebze mocemulia qvemoT. 

Cvens mier Catarebulia didi moculobis samuSao TabaSiris 

gareSe dafquli klinkeris (dk) Tvisebebis regulirebis sakiTxe-

bze. kvlevis obieqti iyo kompania ,,haidelbergcement jorjias” 

sveli meTodiT momuSave rusTavisa da kaspis cementis qarxnebis, 
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agreTve igive kompaniis mSrali meTodiT momuSave ,,qarTuli 

cementis” klinkerebi. romlis qimiuri Semadgenloba iyo Semdegi 

(%): SiO2-21,01-21,67; Al2O3-4,85-5,77; Fe2O3-2,50-2,98; CaO-66,36-67,55;am 

klinkeris maxasiaTeblebi aseTia: KH=0.91; n=2.14; p=1.43. xolo misi 

mineralogiuri Semadgenloba ki aseTi, %: C3S=59,78-68,20; C2S=9,88-

16,31; C3A=6,63-8,41; C4AF=12,61-14,07. 

gamoyenebuli iyo xelmisawvdomi danamatebi. gamoyenebul da-

namatTa umravlesoba (garda kalciumis karbonatisa) kargad 

ixsneboda wyalSi, rac saSualebas gvaZlevda dk-s Semadgenloba-

Si isini Segvetana, rogorc dafqvis procesSi aseve uSualod dk-

s gamoyenebis win wyalxsnaris saxiT. danamatebi dk-s Semadgenlo-

baSi Segvyavda 1-10% odenobiT misi masidan an vamzadebdiT Sesa-

bamisi koncentraciebis wyalxsnarebs. 

 

1.1. swrafSekvradi cementebi natriumis qloridis 

damatebiT 

gamoyenebuli iyo kompania ,,Heidelbergcement‟-is mier warmoe-

buli klinkerebebi. unda avRniSnoT, rom uTabaSirod dafquli 

klinkeri ikvreba Zalze swrafad, miuxedavad misi maRali wyal-

momTxovnelobisa. miRebuli comi swrafad kargavs plastiurobas, 

ris gamoc Znelia misgan nimuSebis dayalibeba. mWidis masidan 1% 

NaCl (cxrili 1) Semcvelobisas Sekvris dasawyisi gaxangrZlivda. 

TiTqos es gaxangrZliveba umniSvneloa (Sekvris dasawyisis dro 

gaizarda 2-dan 5 wT-mde), magram es dro saSualebas gvaZlevs  

normalurad CavataroT, rogorc cementis comis mozelvis, aseve 

dayalibebis procesi. drois aseTi gaxangrZliveba gvaZlevs 

aramarto cementis comis normalurad gamoyenebis saSualebas, 

aramed mTeli rigi samSeneblo operaciebis Catarebis SesaZle-

blobasac, magaliTad torkretirebis.  
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cxrili 1. natriumis qloridis damatebis raodenobis gavlena 
uTabaSirod dafqvili klinkeris fiziko_meqanikur 
Tvisebebze 

  

NaCl 
raode-
noba,  % 
mWidis 
masidan 

comis 
normaluri 
sisqe, % 

 
Sekvris vadebi, wT. 

simtkicis zRvari 
kumSvaze, kgZ/sm2 

dasawyisi dasasruli 
1 

DdRe 
3 

dRe 
7 

dRe 
28 
dRe 

0 42 2 4 0 0 62 106 

1 40 5 30 10 180 250 488 

2 37 6 40 30 147 225 428 

3 32 5 40 130 312 325 473 

5 32 7 42 75 230 315 455 

10 40 6 44 87 290 310 430 

 

NaCl-is damatebis raodenobis zrda ar axdens arsebiT 

gavlenas Sekvris dasawyisis xangrZlivobaze. ufro arsebiTad 

igi moqmedebs Sekvris dasasrulis xangrZlivobaze, romelic 

icvleba 10-dan 44-wuTamde. 

NaCl-is damatebis raodenobis Semdgomi zrda garkveulad 

axangrZlivebs Sekvris dasawyiss. amavdroulad mcirdeba comis 

normaluri sisqis sidide. rac dadebiT gavlenas axdens cementis 

simtkiceze. comis normaluri sisqis sidide, romelic sWirde-

boda udanamato klinkers, mcirdeba 5_10%-iT. udanamatod da-

fquli klinkers 1 da 3 dRis gamagrebis Semdeg ar gaaCnia 

simtkice. 7 dRis gamagrebis Semdeg misi simtkice aris 62, xolo 

28 dRis gamagrebis Semdeg 106kgZ/sm2, rac migvaniSnebs imaze, rom 

udanamatod dafquli klinkeris gamoyeneba mizanSewonili ar 

aris. 

danamatSemcvel kompoziciebs 1 dRis gamagrebis Semdeg yve-

las gaaCnia simtkice, amasTan maqsimaluri simtkice 130kgZ/sm2-ze 

miRweul iqna kompoziciaSi 3% NaCl-is Semcvelobisas. aseve 

maRalia im kompoziciebis simtkice, romlebic Seicaven 5 da 10% 

NaCl mWidis masidan. 
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3 dRis gamagrebis Semdeg yvelaze maRali simtkice gaaCnia 

3% NaCl-is Semcvel kompozicias - 312kgZ|/sm2, aseve maRalia 5 da 

10% NaCl Semcveli kompoziciebis simtkice. daaxloebiT igive 

suraTia 7 dRis gamagrebis Semdeg. 28 dRis gamagrebis Semdeg 

yvelaze maRali simtkice hqonda kompozicias, romelic Seicavda 

1% NaCl_488kgZ/sm2. praqtikulad igive simtkice gaaCnia 3% NaCl-is 

Semcvel kompozicias. yvela kompoziciis simtkice 28 dRis ga-

magrebis Semdeg 4_4,5-jer aRemateba udanamato dafqvili klinke-

ris simtkices. uTabaSirod dafqvili klinkeris Sekvris da 

gamagrebis procesebis normalurad warmarTvisaTvis mizan-

Sewonilad migvaCnia masze 1 da 3% NaCl-is damateba rogorc 

SereviT, aseve wyalxsnarebis saxiT. 

 

1.2. swrafSekvradi cementebi kalciumis qloridis 

damatebiT 

cdebis am seriaSi kalciumis qloridi Segvyavda wyalxsna-

ris saxiT. wyalxsnarebis koncentracia iyo iseTi, rom CaCl2-is 

raodenoba mWidis masis mimarT yofiliyo 1, 2, 3, 5, da 10%. 

Aam danamatis, rogorc Sekvris da ZiriTadad gamagrebis 

damaCqareblad gamoyenebis sakiTxebs mravali Sroma mieZRvna, 

magram maTi da Cveni midgoma aRniSnuli procesebis daCqarebaze 

gansxvavebulia. Cven gvinda miviRoT swrafi Sekvra da gamagreba 

(wuTebSi da saaTebSi), xolo aRniSnul SromebSi aqcenti gakeTe-

bulia gamagrebis Soreul vadebze. 

uTabaSiro da udanamato dafquli klinkeris swraf Sekvraze 

da plastiurobis swraf dakargvaze zemoT avRniSneT.  

mWidis masidan 1% CaCl2-is Semcvelobisas Sekvris dasawyisi 

gaizarda 2-dan 4-wuTamde.Ees mcire cvlileba TiTqos umniSvne-

loa, magram sruliad sakmarisia imisTvis, rom nimuSebi Tavisu-

flad dagveyalibebina. 
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cxrili 2. kalciumis qloridis damatebis raodenobis gavlena 
uTabaSirod dafqvili klinkeris fiziko_meqanikur 
Tvisebebze 

 

CaCl2 

raodenoba, 
%, mWidis 
masidan 

comis 
normaluri 
sisqe, % 

Sekvris vadebi, wT. 
simtkicis zRvari 
kumSvaze, kgZ/sm2 

dasawyisi dasasruli 
1 

dRe 
3 

dRe 
7 

dRe 
28 
dRe 

0 42 2 4 0 0 62 106 

1 36 4 15 25 112 210 463 

2 36 10 43 25 195 250 458 

3 36 20 70 25 197 290 497 

5 35 40 85 50 145 290 480 

10 32 50 92 60 172 320 530 

 

CaCl2-is damatebis raodenobis Semdgomi zrda axangrZlivebs 

Sekvris dasawyiss 10-dan 50-wuTamde da amave dros amcirebs 

comis normaluri sisqis sidides 36-dan 32%-mde, rac dadebiT 

gavlenas axdens cementis simtkiceze. 

danamatSemcvel kompoziciebs 1 dRis gamagrebis Semdeg maqsi-

maluri simtkice 60kgZ/sm2 aqvs  10% CaCl2-is Semcvel kompozicias. 

3 dRis gamagrebis Semdeg yvelaze maRali simtkice gaaCnia 

3% CaCl2 Semcvel kompozicias, aseve maRalia CaCl2-is Semcveli 

yvela kompoziciis simtkiceebic.  

7 dRis gamagrebis Semdeg yvelaze maRali simtkice aqvs 3 da 

5% kalciumis qloridis Semcvel kompozicias - 290kgZ/sm2. aseve 

maRalia 1, 2, 10% CaCl2 Semcveli kompoziciebis simtkiceebic. 

28 dRis gamagrebis Semdeg CaCl2 Semcveli Yyvela kompoziciis 

simtkice 3_4-jer aRemateba udanamato dafqvili klinkeris si-

mtkices. optimalurad SeiZleba miviCnioT 3% CaCl2-is damateba, 

radgan misi simtkice 28 dRis gamagrebis Semdeg aris 497kgZ/sm2. 

CaCl2 damatebis raodenobis cvlileba saSualebas gvaZlevs 

vareguliroT (gavaxangrZlivoT) Sekvris vadebis (gansakuTrebiT 
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Sekvris dasawyisi) sidide, rac Zalze mniSvnelovania teqnolo-

giuri procesis msvlelobisaTvis. 

 

1.3. swrafSekvradi cementebi kalciumis karbonatis 

damatebiT 

saintereso iyo orvalentiani kaTionis Semcveli karbonatis 

gavlenis Seswavla.Yyvelaze xelmisawvdomad miviCnieT Segveswa-

vla kalciumis karbonatis (kirqvis) damatebis gavlena uTabaSi-

rod dafqvili klinkerisagan damzadebuli mWidaze. amasTan unda 

aRiniSnos, rom kalciumis karbonati praqtikulad uxsnadia 

wyalSi. 

gansxvavebiT sxva seriebisagan, sadac sxva danamatebi kompo-

ziciaSi Segvyavda wyalxnaris saxiT, kalciumis karbonati kompo-

ziciaSi Segvyavda SereviT mWidis masidan 5, 10, 20%. cdis Sedege-

bi moyvanilia cxrilSi 3. 

cxrili 3. kalciumis karbonatis damatebis raodenobis gavlena 
uTabaSiro klinkeris comis fiziko_meqanikur Tvisebebze 

 

CaCO3 
raodenoba, 
%, mWidis 
masidan 

 
comis 

normalu-
ri sisqe, 

% 

Sekvris vadebi, 
wT. 

simtkicis zRvari 
kumSvaze, kgZ/sm2 

 
dasawyisi 

 
dasasruli 

1 
dRe 

3 
dRe 

7 
dRe 

28 
dRe 

    0 42 2   4 0 0 62 106 

    5 38 4   8 125 245 380 578 

10 38 5   19 100 125 300 425 

20    36   5 30 80 100 270 400 

 

rogorc miRebuli Sedegebidan Cans 5 da 10% kalciumis 

karbonatis damatebam umniSvnelod Seamcira comis normaluri 

sisqis maCvenebeli (42_dan 38%), xolo Sekvris dasawyisi udanama-

to klinkerTan SedarebiT praqtikulad ar Seicvala. Sekvris 

dasasruli ki umniSvnelod gaxangrZlivda. 



 

13 
 

rac Seexeba kalciumis karbonatis 20%-is Semcvel mWidas, 

comos normaluri sisqis sidide Semcirda, xolo Sekvris dasa-

wyisi gaxangrZlivda 5 wuTamde, dasasruli ki 30 wuTamde. 

kalciumis karbonatis Semcvel yvela kompozicias gaaCnia 

garkveuli  simtkice. maTgan yvela vadebSi Tavisi maCveneblebiT 

gamoirCeva  kompozicia, romelic Seicavda 5% kirqvas. 

rogorc miRebuli Sedegebidan Cans, kalciumis karbonati  

Yyvelaze naklebefeqturia rogorc Sekvris vadebis regulirebis, 

aseve simtkicis zrdis mizniT. 

 

1.4. swrafSekvradi cementebi kaliumis sulfatis 

damatebiT 

kaliumis sulfatis SedarebiT SezRuduli xsnadobis gamo, 

am danamatis 3÷10% mWidis masidan kompoziciaSi Seyvana wyalxsna-

rebis saxiT SedarebiT Zneli iyo. amitom isini kompoziciebSi 

Segvyavda SereviT. cdis Sedegebi moyvanilia cxrilSi 4. 

cxrili 4. kaliumis sulfatis damatebis raodenobis gavlena 
uTabaSiro klinkeris fiziko_meqanikur Tvisebebze 

 

 

rogorc miRebuli Sedegebidan Cans kaliumis sulfatis 

zegavlena praqtikulad umniSvneloa Sekvris vadebis xangrZli-

vobaze, magram unda aRiniSnos, rom miuxedavad comis Sekvris 

mokle vadebisa comi iyo gacilebiT plastiuri da ufro damyo-

K2SO4 
raodeno
ba, %, 
mWidis 
masidan 

comis 
normaluri 
sisqe, % 

Sekvris vadebi, wT. 
simtkicis zRvari 
kumSvaze, kgZ/sm2 

dasawyisi Ddasasruli 
1 

dRe 
3 

dRe 
7 

dRe 
28 
dRe 

0 42 2 4 0 0 62 106 

1 35 2 3 85 210 410 670 

3 36 4 12 100 280 484 720 

5 36 4 12 112 262 398 435 

10 37 5 16 162 310 358 400 
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li. migvaCnia, rom dadebiTi roli Seasrula sulfationis 

arsebobam.  

am danamatma 5_7% Seamcira wyalmomTxovneloba, rac dadebi-

Tad aisaxa simtkicis maCveneblebze. 1 da 3 dRis gamagrebis Se-

mdeg yvelaze maRali simtkice hqonda 10% kaliumis sulfatis 

Semcvel kompozicias 162_310kgZ/sm2. gamagrebis Semdgom vadebSi ki 

misi simtkice danarCen kompoziciebTan SedarebiT dabalia. 

simtkicis, rogorc aRebis maRali tempiT, aseve saboloo 

maCveneblebiT gamoirCeva 3%  K2SO4  Semcveli kompozicia. 

 

1.5. speccementebis simtkice gamagrebis pirvel saaTebSi 

sxvadasxva eleqtrolitis damatebisas 

cxriliSi 5 moyvanilia optimaluri raodenobiT sxvadasxva 

eleqtrolitis damatebis gavlenis Sedegebi dk-s Tvisebebze, 

rogoricaa comis normaluri sisqis, Sekvris vadebis da daya-

libebidan gamagrebis pirvel saaTebSi simtkicis maCveneblebi.  

cxrili 5. sxvadasxvaeleqtrolitis damatebis gavlena  
            dafqvili klinkeris fiziko-meqanikur Tvisebebze 

eleqtrolitis 

comis 
normalu_ri 

sisqe, % 

 
Sekvris vadebi, wT 

 
simtkicis 
zRvari 

kumSvaze, 
kgZ/sm2 

 
dasaxe-
leba 

 
raodenoba 

dk-s 
masidan, % dasawyisi dasasruli 6 sT 12 sT 

0 0 42 2 4 0 0 

NaCl 1 40 5 30 5 10 

CaCl2 1 36 4 15 8 12 

Na2CO3 2 29 4 9 12 45 

K2CO3 1 41 10 38 15 20 

CaCO3 5 38 4 8 15 40 

K2SO4 3 36 4 12 16 45 

Na2SO4 1 40 8 48 18 45 

 

rogorc miRebuli Sedegebidan Cans yvela danamatma Seamcira 

comis normaluri sisqis sidide. Semcireba yvelaze arsebiTia  

natriumis karbonatis damatebis SemTxvevaSi (42%-dan 29%-mde). 

yvela gamoyenebuli danamati axangrZlivebs Sekvris vadebs dk-Tan 

SedarebiT. danamatebma gaaxangrZlives Sekvris dasawyisi 2 wuTi-
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dan¬ 4-10 wuTamde. Sesabamisad gaaxangrZlives Sekvris dasasru-

lis periodic. yvelaze mcire Sekvris dasasrulis periodi aqvs 

karbonatSemcvel danamatebs. TiTqos aseTi umniSvnelo gaxa-

ngrZliveba saSualebas gvaZlevs CavataroT bevri teqnologiuri 

operacia. iqneba es gadatumbva, zedapirze datana, RreCoebis Se-

vseba da sxva. 

 aRsaniSnavia, rom gamoyenebul dk-s ar gaaCnia simtkice 

araTu gamagrebis pirvel 6-12 sT-Si aramed 1 da 3 dRe-Ramis gama-

grebis Semdegac ki. maSin roca, yvela gamoyenebuli danamatis 

Tanaobisas ukve 6sT-Si miiRweva simtkice 5_18kgZ/sm2 farglebSi. 

rac sruliad sakmarisia imisaTvis, rom wyalmodinebisas cementi 

ar iqnes watacebuli. 

gamoyenebuli danamatebi mogvcemen saSualebas vimuSaoT 

dabal da uaryofiT temperaturebzec, radgan isini dabla sweven 

wylis gayinvis temperaturas. aq gvaqvs praqtikulad sruli 

analogia Cveulebriv TabaSirSemcvel cementebTan. EN-197-1-is 

mixedviT gamocdisas dadginda, rom Seswavlili cementebi 

miekuTvneba klass 22,5-32,5. 

 

1.6. damuSavebuli speccementebis Sekvris da 

      gamagrebis meqanizmis Sesaxeb 

rac Seexeba Sekvris vadebis Senelebis qimizms, migvaCnia, rom 

uTabaSiro klinkeris Sekvris vadebis ama Tu im sididiT gaxa-

ngrZlivebas iwvevs is afskebi, romelic warmoiqmneba klinkeris 

mineralebis wylian garemoSi. gansakuTrebiT samkalciumiani alu-

minatis urTierTqmedebiT ama Tu im danamatTan. C3A xazs vusvamT 

imitom rom, igi gamoirCeva hidrataciis swrafi unariT da aris 

ZiriTadi gamomwvevi Cqari Sekvrisa. Cveni azriT, danamatebi am 

mineralTan warmoqmnian sxvadasxva kompleqsur naerTebs, romle-

bic afskis saxiT (analogia Cveulebrivi cementis Sekvris 

procesTan) gadaekvreba cementis marcvlebs da xels uSlis 

wylis SeRwevas marcvlis siRrmiT fenebSi.Aafskis mdgradoba 
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ganapirobebs Sekvris vadebis xangrZlivobas.Aafskbis sisqe da 

droSi mdgradoba ki uSualo kavSirSia danamatis koncentraci-

asTan. Sekvris vadebi kanonzomierad icvleba erTi romelime 

danamatis raodenobis cvlilebasTan erTad, magram sxvadasxva 

danamatis SemTxvevaSi Tundac erTnairi kaTionis an anionis 

SemTxvevaSi es kanonzomiereba Zneli dasadgenia.   

gamoyenebuli danamatebi msgavsad TabaSirisa, klinkeris 

samkalciumian aluminatTan (C3A) reagirebisas warmoqmnian maekra-

nirebel afskebs. magaliTad CaCO3  damatebisas warmoiqmneba 

karbonatuli kompleqsebi 3CaO*Al2O3*CaCO3*12H2O [d, A (7,60; 3,80; 

2,86)] da 3CaO*Al2O3*3CaCO3*32H2O [d, A (9,41; 3,80; 2,70; 2,51)]. kalciumis 

qloridis damatebisas kalciumis qloraluminatebi: 3CaO*Al2O3*-

CaCl2*10H2O [d,A (7,91; 3,94; 3,81; 2,35; 2,15),  3CaO*Al2O3*3CaCl2*30H2O da 

sxva naerTebi. 

aRniSnul naerTTa warmoqmnis dadasturebis mizniT Cata-

rebuli iqna rentgenostruqturuli kvlevebi.Aanalizi Cautarda 

arahidratirebul dafqul da hidratirebul klinkerebs da 

SedarebisTvis amave klinkeris bazaze TabaSiris Tanaobisas 

damzadebul cementebs, agreTve savadasxva danamatTan erTad 

hidratirebul klinkerebs. aRniSnuli sakiTxi detalurad aris 

ganxiluli disertaciaSi.Aaq aRvniSnavT, rom arsebiTi gansxvaveba 

hidratirebul klinkersa da cements Soris mdgomareobs pirve-

lSi sulfoaluminaturi fazebis ararsebobaSi. gamoyenebuli 

danamatebi pirvel rigSi reagireben samkalciumian aluminatTan 

da warmoqmnian zemoT aRniSnul rTul kompleqsebs, romelTa 

identificireba garkveuli sirTuleebis miuxedavad (mcire 

raodenoba, pikebis urTierTgadafarva da sxva) gamo mainc 

moxerxda.    
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Tavi 2. cementebis Tvisebebis regulireba reologiuri 

meTodebis saSualebiT 

samSeneblo samuSaoTa saxis da specifikis mixedviT betoni-

rebis procesma SeiZleba moiTxovos sxvadasxva dro (ramdenime 

wuTidan ramdenime saaTamde). mTeli am periodis ganmavlobaSi 

betonis (an xsaris-duRabis) narevma unda SeinarCunos saWiro 

advilCawyobadoba.Aam Tvisebis xangrZlivi SenarCunebis yvelaze 

advili da martivi gzaa wyalcementis fardobis gazrda an wylis 

damateba betonirebis procesSi.Mmagram aRniSnuli zomebi uaryo-

fiTad moqmedebes betonis gamagrebis temze da betonis sxva 

maxasiaTeblebze. bolo dros farTo gamoyeneba hpoves plastifi-

katorebma (da superplastifikatorebma), romlebic saSualebas 

iZlevian SevamciroT: w/c fardobis sidide, cementis xarji be-

tonSi da amasTan SevinarCunoT (da gavaumjobesoT kidec) advil-

Cawyobadobis xarisxi. plastifikatorebis gamoyenebis xaziT 

saqarTveloSi didi samuSaoebia Catarebuli prof. a. nadiraZis 

da misi TanamSromlebis mier. cementis Sekvris dasawyisis xan-

grZlivobis sidididan gamomdinare, xSirad betonirebis procesis 

saukeTeso periodis xangrZlivobaze msjeloben, gamomdinare 

Sekvris dasawyisis xangrZlivobis sidididan. Cveni azriT, es 

swori ar aris, radgan mSrali betonis narevis wyalTan urTi-

erTqmedebis sawyisi momentidanve iwyeba struqturwarmoqmnis 

procesebi, rogorc betonis narevSi myof cementSi, aseve TviT 

betonis narevSic.Bbetonirebis procesSi iZulebiT mravalje-

radad xdeba betonis narevSi mimdinare struqturwarmomqmneli 

procesebis darRveva (mag.: transportireba, gadmotvirTva, TviT 

betonireba da sxva). 

rogorc zemoT iyo aRniSnuli, cementis wyalTan urTi-

erTqmedebis sawyisidanve warmoiqmneba koagulaciuri struqtu-

rebi. maT axasiaTebT Seqcevadoba–darRveuli struqturis Tavi-

sTavad aRdgenis unari saboloo Tvisebebis gauaresebis gareSe, 

amasTan araerTjeradad.Aam movlenas ewodeba tiqsotropia. 
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magram, cementis comi an betonis narevi am Seqcevadobis unars 

inarCunebs xanmokle droiT (yvela SemTxvevaSi cementis Sekvris 

dasawyisis xangrZlivobaze naklebi droiT). Ddrois es monakveTi 

(wyalTan Serevis momentidan Tvisebebis gauaresebis gareSe 

darRveuli struqturis aRdgenis unaris dakargvamde) dgindeba 

reologiuri kvlevebiT. Cven SemTxvevaSi viyenebdiT konusur 

plastometrs. cdebs vatarebdiT Semdegnairad: viRebdiT 350g 

cements, vzeldiT comis normaluri sisqis  Sesabamisi an sxva 

raodenobis wyliT da vaTavsebdiT rgolSi zomebiT, mm ( =100, 

=40). rgols vdgamdiT plastometris moZrav magidaze da comis 

zedapiri mogvyavda SexebaSi plastometris konusis wverosTan. 

drois tol monakveTebSi konuss vyursavdiT erTi da igive 

siRrmeze cementis comis sxvadasxva adgilas. Cayursvis siRrmes 

vadgendiT saaTis tipis indikatoris meSveobiT (indikatoris ska-

lis danayofis fasi 0,01 mm). Cayursvis siRrme yvela SemTxvevaSi 

Seadgenda 5mm. aRniSnul siRrmeze konusis CayursvisaTvis saWiro 

Zalas vsazRvravdiT  plastometris uZravi da moZravi skalebis 

meSveobiT, romelTa danayofis fasia 5g (0,005kg). plastiuri si-

mtkicis sidides, kgZ/sm2. 

saqarTveloSi warmoebuli cementebis reologiuri Tvisebebi 

praqtikulad ar aris Seswavlili. amJamad  ZiriTadad iwarmoeba 

maRalalituri cementebi.Aamitom saWirod CavTvaleT pirveli 

rigis kvlevebi Cagvetarebina adgilobrivi qarxnebis mier warmoe-

bul portlandcementebze. kvlevisaTvis gamoviyeneT kompania 

haidelbergcementis rusTavis da kaspis cementis qarxnebis mier 

warmoebuli klinkerebis bazaze damzadebuli udanamato da 

danamatiani portlandcementebi. yvela cementi Seicavda 5% Taba-

Sirs cementis masidan, xolo saWiroebis SemTxvevaSi ama Tu im 

saxeobis danamats garkveuli raodenobiT. cementebi ifqveboda 

ise, rom dafqvis xvedriTi zedapiri yofiliyo 3000-3200 sm2/g 

farglebSi. cdebis pirveli seria Catarda udanamato portland-

cementze.Aaqve unda aRvniSnoT, rom orive qarxnis mier warmoe-
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buli klinkerebis mineralogiuri Sedgeniloba Zalze axlosaa 

erTmaneTTan. sakvlevi cementis comis normaluri sisqis sidide 

Seadgenda 24%. Sekvris vadebi, sT-wT: dasawyisi 1-35, dasaruli 6-

15. marka ГОСТ 10178-85 mixedviT Seadgenda 500, xolo EN 197-1 mixe-

dviT miekuTvneboda klass 42,5. damatebiT SeviswavlidiT sakvle-

vi cementebis simtkices comSi (1:0), romlis Sedegebi moyvanilia 

cxrilSi 6. 

 

cxrili 6. cementis fiziko-meqanikuri Tvisebebis damokidebuleba 
w/c fardobis sidideze.   

 

amave cxrilSi naCvenebia Seswavlil sakvlev cementze   

wyal/cementis fardobis cvlilebis gavlena mis  Sekvris vadebze 

da simtkiceze. w/c fardobis mniSvnelobis zrda axangrZlivebs 

Sekvris vadebs da amcirebs simtkices gamagrebis yvela vadebSi, 

cxrilSi moyvanili suraTi garkveuli miaxloebiT asaxavs sxva 

cementebze Catarebul cdebs da amitom am Sedegebis moyvana ar 

CavTvaleT mizanSewonilad.   

cxrilSi miTiTebuli w/c fardobebiT davayalibeT nimuSebi  

droSi plastiuri simtkicis cvlilebis Sesaswavlad. reologiur 

Tvisebebs SeviswavlidiT konusuri plastometris meSveobiT. pla-

stiuri simtkice ganisazRvreboda formuliT: 

F=K x P/h2, 

sadac, K-xelsawyos mudmivaa, damokidebuli konusis wve-

rosTan kuTxis sidideze. Cven SemTxvevaSi igi tolia 0,658; 

w/c 
Sekvris vadebi, wT simtkicis zRvari kumSvaze, kgZ/sm2 

dasawyisi dasasruli 1d. 3d. 7d. 28d. 

0.24 62 280 375 580 815 1020 

0.28 75 330 340 520 740 960 

0.30 108 470 280 410 625 880 

0.35 142 660 125 210 475 720 

0.40 185 775 55 140 375 675 
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h-konusis Cayursvis siRrme, sm; 

P-Cayursvaze miyenebuli Zalis sidide, kgZ. P=n*0,005, sadac n–

uZravi da moZravi skalebis meSveobiT aTvlili danayofTa ri-

cxvia.Kkvlevis Sedegebi moyvanilia cxrilSi 7. 

cxrili 7. cementis plastiuri simtkicis damokidebuleba  
         w/c fardobis sidideze 

 

rogorc miRebuli Sedegebidan Cans, w/c fardobis nebismier 

SemTxvevaSi plastiuri simtkicis zrdis procesSi gamoiyofa sami 

periodi: 1–rodesac cementebs aqvT plastiuri simtkicis Zalze 

mcire mniSvnelobebi (0,000 – 0,120 kgZ/sm2), rac Seesabameba indu-

qciur (anu struqturwarmoqmnis Senelebul procesebs; es ki 

ZiriTadad gamowveulia kalciumis hidrosulfoaluminatis wa-

rmoqmniT; 2–am dros cementebis gamagreba xasiaTdeba plastiuri 

simtkicis zrdiT; da 3–xasiaTdeba plastiuri simtkicis mkveTri 

konusis Cayursvis dro, 
wT 

plastiuri simtkice, kgZ/sm2,  w/c sididisas 

0,24 0,27 0,30 0,35 0,40 

maSinve 0,001 0,000 0,000 0,000 0,000 

10   
wT.Semdeg 

0,002 0,001 0,000 0,000 0,000 

20 
wT.Semdeg  

0,040 0,022 0,013 0,000 0,000 

30 
wT.Semdeg 

0,085 0,055 0,040 0,015 0,000 

40 
wT.Semdeg 

0,130 0,085 0,062 0,035 0,013 

50 
wT.Semdeg 

0,360 0,135 0,078 0,048 0,026 

60 
wT.Semdeg 

0,510 0,340 0,100 0,065 0,035 

70 
wT.Semdeg 

 0,550 0,165 0,082 0,052 

80 
wT.Semdeg 

  0,310 0,110 0,075 

90 
wT.Semdeg 

  0,530 0,170 0,120 

100 
wT.Semdeg 

   0,315 0,155 

120 
wT.Semdeg 

   0,550 0,285 

130 
wT.Semdeg 

    0,525 
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zrdiT, rasac mivyevarT cementebis Sekvris dasawyisis da Sem-

dgom dasasrulis procesebamde.  

pirveli periodis xangrZlivobebi w/c fardobis zrdis 

Sesabamisad izrdeba, magram yvela SemTxvevaSi plastiuri simtki-

cis mkveTri zrda SeiniSneba maSin, roca misi sidide aRwevs 0,30–

0,35kgZ/sm2. aqve unda aRvniSnoT, rom cnobili monacemebis (urievi) 

mixedviT cementis wyalTan Serevis sawyis momentSi plastiuri 

simtkicis sidide tolia 0,0005–0,005kgZ/sm2. Sekvris dasawyisis 

momentisaTvis igi aRwevs 0,7–1,5, xolo Sekvris dasasrulisaTvis 

miiRweva simtkice 5 kgZ/sm2-mde.  

zemoTTqmulis dadasturebisaTvis naxazze 1Mmoyvanilia ti-

qsotropiuli periodis da Sekvris vadebis xangrZlivobebis 

urTierTdamokidebulebis suraTi. 

rogorc miRebuli Sedegebidan Cans, tiqsotropiuli, anu 

dayalibebisaTvis yvelaze saukeTeso periodis xangrZlivoba (ra 

Tqma unda cementze wylis dasxmis momentidan) Seadgens Sekvris 

dasawyisis xangrZlivobis 65-70%.  

cementebis gamagrebis sawyis periodSi tiqsotropiuli 

periodis xangrZlivobis mniSvnelobis dazustebisaTvis Catare-

bul iqna cdebis seria, cementze wylis dasxmis momentidan daya-

libebis sxvadassxva drois gavlenis SeswavlisaTvis. cementebi 

yalibdebobda zemoT moyvanili w/c fardobebis Sesabamisi ode-

nobis wyliT. nimuSebi yalibdeboda cementis comis momzade-

bisTanave da Semdeg drois garkveuli, toli monakveTebis Se-

mdeg.Yyoveli dayalibebis win xdeboda cementis comis gadazelva 

1wT ganmavlobaSi.Ddidi raodenobis monacemebisgan gantvirTvis 

mizniT cxrilSi 8 moyvanilia cementebis fiziko-meqanikuri 

maCveneblebi im SemTxvevisaTvis, roca w/c fardoba tolia 0,24% 

(Seesabameba sakvlevi cementis comis normaluri sisqis sidides) 

da 0,35% (Seesabameba sxmul masas).   
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nax. 1. tiqsotropiuli periodis da Sekvris vadebis        
xangrZlivobis damokidebuleba w/c fardobis sidideze 

 
 

SeniSvna: svetebis simaRle Seesabameba xangrZlivobas, wT: qveda nawilis- 
tiqsotropiuli periodis, svetebis qveda da Sua nawilebis 
simaRleebis jami–Sekvris dasawyisis, svetebis mTliani simaRle–
Sekvris dasasrulis.  

 

rogorc miRebuli Sedegebidan Cans, cxrilSi 8 w/c fardo-

bis yovel  mniSvnelobas Seesabameba drois garkveuli periodi, 

romlis ganmavlobaSic aramarto SenarCundeba, aramed umjobesde-

ba kidec cementebis foziko-meqanikuri maCveneblebi. magaliTad 

roca w/c fardoba tolia 0,24, wylis dasxmidan 10 da 20 wuTis 

Semdeg dayalibebuli nimuSebis simtkice gamagrebis yvela vade-

bSi aRemateba maSinve dayalibebuli nimuSebis simtkices, xolo 

28 dRis gamagrebis Semdeg maTi simtkice arsebiTad (14-15%-iT) 

metia. w/c aRniSnuli fardobisas Tvisebebis gauaresebis gareSe 

nimuSebis dayalibeba SesaZlebelia 30 wuTis ganmavlobaSi cemen-

tis comis momzadebis momentidan. 

roca w/c=0,35 drois es intervali (Tvisebebis SenarCunebis) 

izrdeba 60 wuTamde.Ees faqti, Cveni azriT, unda mniSvnelovani 

iyos mSeneblebisaTvis. 

analogiuri damikidebuleba miviReT sxnarebis reologiuri 

Tvisebebis Seswavlis dros. mxolod aq plastiuri simtkicis 
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gansazRvris nacvlad vsazRvravdiT cementis xsnaris ganSlado-

bas (denadobas) droSi.  

cxrili 8. wylis daxxmis momentidan sxvadasxva dros dayalibebis 
gavlena nimuSebis simtkiceze comSi (1:0) 

 

w/c 

nimuSebis 
dayalibebis dro 
wylis dasxmis 
momentidan, wT 

simtkicis zRvari kumSvaze, kgZ/sm2 

  1 dRe 3 dRe 7 dRe 28 dRe 

 maSinve 360 560 805 1030 

 10 370 585 875 1180 

0.24 20 375 580 860 1155 

 30 320 525 835 1080 

 40 280 415 670 860 

 50 110 275 430 645 

 maSinve 55 140 375 675 

 20 68 145 420 740 

0.35 40 60 150 410 728 

 60 58 140 390 635 

 80 50 125 265 580 

 100 35 90 180 410 

 

SeniSvna: cdebis Sewyveta ganpirobebulia nimuSebis dayalibebissirTuliT. 
 

 

2.1. plastiuri simtkicis da w/c fardobis droSi 

damokidebulebis maTematikuri modelireba 

rogorc cxrili 7-dan Cans arsebobs garkveuli damokidebu-

leba konusis Cayursvis drosa da cementis plastiur simtkices 

kgZ/sm2 Soris. Cven SevecadeT es damokidebuleba warmogvedgina 

Semdegi polinomis (maTematikuri modeli) saxiT.  

y=f(X)=b0+b1+b1x+b2x2+………. 

sadac, y-konusis Cayursvis droa, wT. 

X-cementis plastiuri simtkice, kgZ/sm2. 
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koeficientebi a, b, c……. unda SeirCes ise, rom cdomileba 

eqsperimentul monacemebsa da gantolebiT miRebul Sedegebs 

Soris iyos minimaluri. amisaTvis unda SevadginoT gantolebaTa 

sistema: 

1) nb0+(X1+X2+X3…)*b1+(X12+X22+X32...)+b2(X13+X23+X33...)=y1+y2+y3 

2) (X1+X2+...)*b0+(X12+X22...)*b1+(X13+X23...)*b2+…=y1X1+y2X2+y3X3+… 

m+1) (X12+X22+…)*b0+(X13+X23+…)*b1+(X14+X24+…)*b2=y1X12+y2X22+y3X32 

X1, X2, …da y1, y2... eqsperimentuli monacemebia 

n-cdebis raodenoba 

gantolebaTa sistemas, ricxviTi monacemebis (cxrili 7) 

Casmis (sxadasxva TanafardobisaTvis-w/c) Semdeg vxsniT da 

vRebulobT b0, b1, b2-is mniSvnelobebs, ris Semdegac vadgenT 

empiriul gantolebas cxrili 9. 

cxrili 9. empirul gantolebaTa sistema sxvadasxva w/c 
Tanafardobis SemTxvevaSi 

 
fardoba w/c empiruli gantolebebi 

0,24 Y=0,0025-4,4574*10-4x+5,0476*10-5x2+1,6944*10-6x3 

0,27 Y=0,00586+0,0033x-1,5804*10-4x2+32171*10-6x3 

0,3 Y=0,0187+0,0057x-1,0402*10-4x2+2,2121*10-6x3 

0,35 Y=0,00754+0,00554x-1,0941*10-4x2+8,9219*10-6x3 

0,4 Y=0,2544+0,0134x-2,1078*10-4x2+1,16834*10-6x3 

 

cxrilSi 9 warmodgenilia empiriuli gantolebebiT gamo-

Tvlili cementis plastiuri simtkicis maCveneblebi. 
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cxrili 10. formulebiT gamoTvlili cementis plastiuri 
simtkicis damokidebuleba w/c fardobis sidideze 

 

rogorc miRebuli Sedegebidan Cans eqsperimentuli da 

formuliT gamoTvlili sidideebi (cxr.7 da cxr.10) karg Tana-

fardobaSia erTmaneTTan. rac miuTiTebs imaze, rom miRebuli 

empiruli gantolebebi kargad aRweren process da maTi gamoyene-

ba savsebiT SesaZlebelia. 

 

 

 

 

 

 

 

konusis Cayursvis dro, 
wT 

plastiuri simtkice, kgZ/sm2,  w/c sididisas 

0,24 0,27 0,30 0,35 0,40 

maSinve 0,0025 0,000 0,000 0,000 0,000 

10   
wT.Semdeg 

0,003 0,014 0,000 0,000 0,000 

20 
wT.Semdeg  

0,0027 0,022 0,02 0,000 0,000 

30 
wT.Semdeg 

0,084 0,038 0,038 0,018 0,000 

40 
wT.Semdeg 

0,175 0,081 0,08 0,031 0,018 

50 
wT.Semdeg 

0,314 0,16 0,1 0,043 0,030 

60 
wT.Semdeg 

0,517 0,33 0,3 0,06 0,41 

70 
wT.Semdeg 

 0,057 0,2 0,085 0,053 

80 
wT.Semdeg 

  0,35 0,12 0,07 

90 
wT.Semdeg 

  0,59 0,18 0,1 

100 
wT.Semdeg 

  1 0,31 0,16 

120 
wT.Semdeg 

   0,564 0,31 

130 
wT.Semdeg 

    0,5 
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daskvna 

sadisertacio naSromSi warmodgenili sakiTxebis kvlevisa 

daanalizis Sedegebi saSualebas gvaZlevs CamovayaliboT Semdegi 

ZiriTadi daskvnebi: 

1. Seswavlilia zogierTi tute da tutemiwa liTonTa qlori-

debis, karbonatebis da agreTve sxva naerTebis damatebis 

zegavlena uTabaSiro klinkeris hidrataciisa da gamagrebis 

proceseze. 

2. dadgenilia, rom es danamatebi garkveulad axangrZliveben 

Sekvris vadebs da aniWeben ukeTes plastiur_denad Tvisebebs 

vidre es gaaCnia uTabaSiro klinkeris coms, rac Tavis mxriv 

aumjobesebs cementis dayalibebisa da gamoyenebis pirobebs.  

3. miRebulia kompoziciebi, romlebic Sekvris vadebis mixedviT 

SeiZleba mivakuTvnoT swrafSekvrad cementebs. isini efeqtu-

rad SeiZleba iqnes gamoyenebuli mSeneblobis mTel rig 

areebSi. magaliTad wyalmodinebis SeCerebis dros.  

4. gamoTqmulia mosazreba aRniSnul danamatebTan erTad 

uTabaSiro klinkeris Sekvris vadebis gaxangrZlivebis meqani-

zmis Sesaxeb. 

5. naCvenebia, danamatebis efeqturi zegavlena uTabaSiro kli-

nkeris simtkicis intensiur zrdaze, gansakuTrebiT gamagre-

bis pirvel saaTebSi, 1 da 3 dRis Semdeg vadebSi.  

6. naCvenebia, rom aRniSnuli danamatebis Tanaobisas cementebs 

aqvT uaryofiT temperaturaze gamagrebis unari, radgan isini 

dabla sweven wylis gayinvis temperaturas.  

7. reologiuri meTodebiT Seswavlilia cementis blantplasti-

uri Tvisebebi sxvadasxva plastifikatoris Tanaobisas da 

maT gareSe.  

8. dadgenilia kavSiri w/c-s fardobis Sekvris dasawyisis 

sididesa da tiqsotropiuli periodis xangrZlivobas Soris. 

9. naCvenebia, rom mza cementis comis (xsnarebis, betonebis) 

dayalibebis optimaluri periodis xangrZlivoba (e.i. rode-
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sac ar xdeba maTi Tvisebebis da gansakuTrebiT fiziko-

meqanikuri Tvisebebis gauareseba) Seadgens Sekvris dasa-

wyisis xangrZlivobis 70-80%-s. 

10. SemuSavebulia cementis plastiuri simtkicis da sxvadasxva 

w/c fardobis droSi urTierTqmedebis maTematikuri modeli, 

romlis daxmarebiT gacilebiT gamartivebulia tiqsotro-

piuli periodis xangrZlivobis dadgena.   
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Abstract 

 
In the introduced master work it is discussed impact of various additions on 

an ordinal hydration process of a clinker of receivable milled (except adding the 

gypsum) of portlandcement. 

In the literature review of the work it is discussed one of the main 

acceptance technologies of the component-clinker, mineralogical composition, the 

process and structure of the clinker formation of our research. A lots of work have 

been dedicated to the study of clinker microstructure, its minerals and the 

questions of the cement hydration. We have tried to give you the main essence of 

these works briefly. 

Diversity of portlandcement characters   reach on a consumption of 

changes of its chemical-mineralogical composition, which implements through 

same components (lime stone, clay, cinder of pyrite) with changes of their massive 

relationship. Due to this change it is received principally different clinkers of 

chemical-mineralogical composition and accordingly cements. Massive 

relationship change doesn’t occur empirically. It bases on deeply treatment 

methodology, which gives us to receive necessary for us designed clinkers which 

have chemical-mineralogical composition. 

Except clinker, necessary component of cement isagupsum. It regulates the 

binding dates of cement (actually extends it), herewith, gypsum does an important 

role in an intensification of solidification processes. But in some conditions of 

building site, especially in a corrosive atmosphere and during working on negative 

temperature, appears its role. That’s why it’s very important to create such  

ungupsum portlandcement, which has constructional-technical quall liters, and is 

similar to the constructional-technical qualities of portlandcement. 

Relation a lots of work have been held to this question. Scientists mainly 

used two additions, potash and super plasticized instead of gypsum. 

We increased the list to these additions and used various additions: 

chlorides of super plasticized and calcium, carbonates of   super plasticized, 

potassium, calcium sulfates of  super plasticized and potassium, sugar 

constructional gypsum and so on.  

We also used compositions, which consisted of an addition and various 

kind of super plasticized: carbonate+ plasticized of super plasticized, cod a+ 

plasticized, constructional  gypsum+ super plasticized , chlorides and so on. 

For holding of experimental work, we used clinker of Kaspi Cement 

Factory. We have held a chemical analysis of give clinker in Kaspi Cement 

Factory, where I participated in it personally. We defined a chemical composition 

of give clinker, we calculated its characteristics and we found out its mineralogical 

composition on the base of indicators of the chemical analysis. We studied 

parameters of research materials, such as volume mass, grinding finless,  grinding 

fated surface beforehand. We also defined a normal thickness of research material 

slurry, binding dates, strength limit on a compression we experimented a lot of 
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experiments. We carried in a tables the main results of the experiments which are 

give in the experimental part of a the work. 

 The work of the experimental analysis gives us a chance to conclude, that 

it is possible to resave binders of high strength of high-early bundle (in comparison 

which binding dates of the portlandcement). The base of these bundles is a milled 

clinker and above mentioned additions. Ungypsum  clinker is bundled very fast 

and gives us a low strength. It hasn’t one main quality of tenacious materials- 

plasticized. The additions used by us gave the compositions more extended bundle 

dates, which subordinate a regulation with change of the addition amount and a 

high strength in all dates of the solidification. With the two parameters of the 

quality it is especially effective to add super plasticized, carbonate and sulfate of 

potassium by 1-3% for a mass of a tenacious 

We can use processed cements in areas of construction, where it is 

necessary their fast bundle (foreigsample in constructions or stopping water-inflow 

in constructions) or holding works on low or negative temperature.  

   
 
 
 

 

 

 

 

 


