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biznes-inJineringi mSeneblobaSi

mxurvalmedegi betonis miReba bunebriv, 

nanodispersul kaJmiwa nedleulze

Tamar esaZe, asoc. profesori
xaTuna leJava, ufrosi maswavlebeli

reziume

nanoteqnologiiT miRebulia axali Taobis 
saSeni masala _ nanostruqturuli kaJmiwovani 
mxurvalmedegi betonis saxiT, romelSic 
Semkvrelad gamoyenebulia bunebrivi amorfuli 
nanodispersuli kaJmiwa nedleulisa da 
wvrilad dafqvili uwylo natriumis erToblivi 
sinTeziT miRebuli nanodispersuli natriumis 
polisilikati. rac saSualebas iZleva saimedod 
moxdes im fizikur-qimiuri procesebis marTvis 
regulireba, romlebic mimdinareobs betonSi 
misi gaxurebisas, aseve eqspluataciis dros 
gaxurebis zonaSi uzrunvelyofili iqnas masalis 
erTgvarovneba, rac dadebiTad imoqmedebs	 m i s 
saeqspluatacio Tvisebebze, pirvel rigSi ki 
betonis Termul mdgradobaze. es dasturdeba 
maRalcecxlgamZle danamatis SeyvaniT 
nanodispersul natriumis polisilikatze 
damzadebuli kaJmiwovani mxurvalmedegi 
betonis Tvisebebis ZiriTadi maCveneblebiT, 
romelic naSromSi mocemulia cxrilis saxiT.

sakvanZo sityvebi: mxurvalmedegi betoni, 
natriumis polisilikati, kaJmiwa.

Receiving of the heat-resistant concretes on 
the base of the nanodisperse silica
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Summary

Nanotechnology produced the new generation of 
construction materials– nanostructured silica heat-resistant 
concrete in which nanodisperse natrium polysilicate is 
used as binding material. This polysilicate is made through 
synthesis of the natural amorphous silica and fine grinded 
waterless natrium polysilicate. It allows reliable regulation 
of the physical-chemical processes which occur in concrete 
during its heating. It also ensures the homogeneity of 
materials in heating zones during the exploitation. This 
will have positive effect on the operational characteristics, 
and above all on the thermal condition of the concrete. The 
aforementioned is confirmed  by the characteristics of the 
silica heat-resistant concrete based on the nanodisperse 
natrium polysilicate. The characteristics are provided in the 
table given in this paper. 

Keywords: heat-resistant concrete, natrium polysili-
cate, silica. 

* * * * *

samSeneblo industriaSi didi progresis miR-
weva SesaZlebelia mxolod Tanamedrove samec-
niero da maRalganviTarebuli teqnologiebis 
bazaze, romlebic uzrunvelyofen produqciis 
maRal xarisxs, nedleulis efeqtur gamoyenebas 
da resursebis ekonomias. dReisaTvis nanote-
qnologiebi iTvleba yvelaze perspeqtiul da 
maRalganviTarebul teq-nologiebad. nanote-
qnologiebisa da nanomasalebis gamoyeneba saSu-
alebas iZleva miviRoT gaumjobesebeli maxasi-
aTeblebis mqone samSeneblo masalebi.

aRsaniSnavia im kvlevebis perspeqtiuloba da 
aqtualoba, romlebic mimarTulia nanostruq-
turuli saSeni masalebis nomenklaturuli ga-
farToebisaTvis, maT Soris maRalmodulur 
silikatur sistemebze (polisilikatebze) 
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damzadebuli mxurvalmedegi betonebi, rom-
lebic gamoirCevian maRali saeqspluatacio 
TvisebebiT.

am mimarTulebiT didi samuSaoebia 
Catarebuli kaJmiwa qanebis gamoyenebiT 
sxvadasxva saxis tradiciuli da axali 
tipis saSeni masalebis misaRebad. statiaSi 
moyvanilia mxurvalmedegi kaJmiwovani betonis 
misaRebad Catarebuli kvlevebis Sedegebi, 
romelSic Semkvrelad gamoyenebulia bunebrivi 
amorfuli nanodispersuli kaJmiwa nedleulisa 
da uwylo natriumis silikatis erToblivi 
sinTeziT miRebuli nanodispersuli natriumis 
polisilikati. bunebrivi kaJmiwa nedleulis 
qimiuri Semadgenloba moyvanilia cxrilSi 1.

kaJmiwa nedleulis qimiuri Semadgenloba

cxrili 1

ganmsazRvreli elementebi
(Semcveloba %–Si 1100C-ze gamoSrobisas)

SiO2 AL2O3 TiO3 Fe2O3 P2O5 FeO CaO MgO MnO K2O Na2O SO3 x.d ∑

75,7 8,25 0,52 3,32 0,17 0,43 2,39 1,41 0,04 1,71 0,79 <0,10 5,08 99.8

80,2 4,10 0,44 6,3 0,06 <0,25 2,28 0,59 0,07 0,87 2,42 <0,10 4,30 99.7

87,0 5,00 0,35 2,25 0,07 <0,25 0,72 0,50 0,02 1,03 0,58 <0,10 2,26 99.8

75,7 8,80 0,60 4,00 0,09 0,49 1,99 0,87 0,03 2,10 1,24 <0,10 4,10 100.

kvlevebis Sedegebis ganzogadebiT, romlebic 
Catarebulia polisilikatebis misaRebad unda 
aRiniSnos, rom ZiriTad sawyis komponents 
warmoadgens siliciumJavas zolebi da wyliani, 
an uwylo tute metalebis silikatebi. mocemul 
kvlevebSi tute metalis silikatis saxiT 
gamoyenebulia natriumis silikati, rogorc 
yvelaze gavrcelebuli da iafi masala. 
koncentrirebuli tute koloiduri xsnarebis, 
silikaturi zolis da sxva silikaturi sistemebis 
misaRebad sxvadasxva Sedgelobebis kaJmiwovani 
mxurvalmedegi duRabisagan vibrodawnexiT 
damzadda 5×5×5sm zomis kubebi, romelTa Tburi 
damuSaveba xdeboda Semdegi reJimiT: 200C-dan 
900C-mde temperaturis aweva 1,5sT, dayovneba 
90±50C temperaturaze – 0,5sT, Semdgomi 
temperaturis aweva 2000C da dayovneba 2sT. 
am nimuSebis fizikur–meqanikurma kvlevebma 
aCvena Sedegebi, romelic mocemulia naxazze 1.

  Rk (mga)

nax.1. gamomSrali nanodispersuli kaJmiwa nedleulisa-

gan damzadebuli kopoziciuri Semkvrelis nimuSebis simt-
kicis damokidebuleba natriumis polisilikatis Sem-
cvelobaze.

ნატრიუმის პოლისილიკატი %.
kompoziciaSi mrudis mixedviT Semkvrelis 

(natriumis polisilikati) optimaluri 
Semcveloba Seadgens 20-30%, romlis drosac 
nimuSebs aqvT maRali simtkice (34mgpa-mde). 
kompozitSi natriumis polisilikatis aseTi 
raodenoba warmoiqmnis mwebavi kontaqtebis 
optimaluri ricxvs, amitom kompoziciis 
nimuSebis afueba ar xdeba, vinaidan wylis 
orTqli masalaSi, romelsac ar aqvs mTlianoba 
gamodis Tavisuflad. im SemTxvevaSi Tu 
aseTi kontaqtebis raodenoba iqneba ufro 
meti marcvalTSorisi sicarieleebi TiTqmis 
mTlianad Seivseba Semkvreli nivTierebiT da 
sistema gardaiqmneba moculobiT-monoliTur 
kompoziciad. 

temperaturis aweviT 180–2000C-mde xdeba 
sistemis TiTqmis mTliani gauwyloeba SeumCneveli 
jdeniT, rac ganapirobebs mxurvalmedegi 
betonis nakeTobebis sakmaris simtkices. Tumca, 
bunebriv kaJmiwa nedleulze damzadebuli 
mxurvalmedegi betonis dayalibebisas da misi 
Semdgomi gamoSrobisas SeZenili Tvisebebi 
uzrunvelyofs mxurvalmedegi masalis mxolod 
samontaJo simtkices, xolo misi saeqspluatacio 
Tvisebebi damokidebulia im fizikur-
qimiur procesebze, romlebic mimdinareobs 
poli-silikatnatriumian SemkvrelSi maRal 
temperaturebze. 

kaJmiwovani mxurvalmedegi betonis Termo
meqanikurma kvlevebma 14000C temperaturaze 
aCvena, rom nanodispersul natriumis polisi-
likatze damzadebul nimuSebs, romelSic dan-
amatad Seyvanilia maRalcecxlgamZle wvrild-
ispersuli karbonati, aqvT mniSvnelovnad maRa-
li simtkicis maCveneblebi (2-4mgpa) analogiuri 
betonis nimuSebTan SedarebiT danamatis gareSe 
(0,6-0,8mgpa). cecxlgamZle silikatnatriumi-
ani kompoziciis SemadgenlobaSi karbonatuli 
komponentis (carci) SeyvaniT mniSvnelovnad 
gaizarda nimuSebis simtkice saSualo da maRal 
temperaturebze. aseT sistemaSi 8000C tempera-
turidan, warmoiqmna maRalcecxlgamZle naerTi 
2CaO·SiO2. garda amisa SeiZleba vivaraudoT, rom 
carcis disociaciis Sedegad CO2 aorTqlebis 
xarjze warmoqmnili forianobis gamo SesaZle-
beli iqneba kaJmiwovani betonis komponentebis 
gafarToebis kompensacia. es dakavSirebulia 
maRal teperaturebze amorfuli kaJmiwis sxa-
dasxva fazur formebSi gadasvlebze. 

amrigad, aseTi midgoma nivTierebebis SerCe-
visas mxurvalmedegi betonis SedgenlobisaTvis, 
saSualebas iZleva saimedod moxdes im fizikur-
qimiuri procesebis marTvis regulireba, rom-
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lebic mimdinareobs betonSi misi gaxurebisas, 
aseve eqspluataciis dros gaxurebis zonaSi 
uzrunvelyofili iqnas masalis erTgvarovneba, 
rac dadebiTad imoqmedebs	 mis saeqspluata-
cio Tvisebebze, pirvel rigSi ki betonis Ter-
mul mdgradobaze. es dasturdeba nanodisper-
sul natriumis polisilikatze damzadebuli 
kaJmiwovani mxurvalmedegi betonis Tvisebebis 
ZiriTadi maCveneblebiT, romelic naCvenebia 
cxrilSi 2.

nanodispersuli natriumis polisilikatis Semkvrelze 
damzadebuli kaJmiwovani mxurvalmedegi betonis Tvisebebis 
ZiriTadi maCveneblebi

cxrili 2

Tvisebebis dasaxeleba ganzomileba
Tvisebebis 

maCveneblebi

gamoyenebis maqsim-

aluri temperatura 

calmxrivi gaxurebi-

sas

0C 1650

simtkicis zRvari 

kumSvaze 2000C gamoS-
robis Semdeg

mgpa 32-34

saSualo simkvrive 

2000C gamoSrobis 
Semdeg

g/sm3 2,3-2,5

forianoba 2000C 
gamoSrobis Semdeg

% 17-19

xazobrivi jdena 

gamowvis Semdeg 

gamoyenebis 

maqsimalur 

temperaturamde,%

% +0,13

Tbogamtaroba 12000C 
-ze temperaturaze

kkal/m.0C.sT 0,95

darbilebis sawyisi 

temperatura 0,2 mgpa 

mitvirTvisas

0C 1480

daskvna

amrigad, nanoteqnologiiT miRebulia axali 
Taobis saSeni masala _ nanostruqturuli 
kaJmiwovani mxurvalmedegi betonis saxiT, 
romelSic Semkvrelad gamoyenebulia bunebrivi 
amorfuli nanodispersuli kaJmiwa nedleulisa 
da wvrilad dafqvili uwylo natriumis 
erToblivi sinTeziT miRebuli nanodispersuli 
natriumis polisilikati. 
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