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JurnalSi `keramika~ 

gamoqveynebuli statiebis 

ZiriTadi Tematika  
 

yvela saxis minis,  

keramikis, keramikuli da 

polimeruli kompozitebis,  

zegamtari masalebis,  

Wiquris da minanqris,  

sxmuli qvis,  

mineraluri bambis,  

mWida masalebis, cementis da sxva 

araorganuli,  

Zneldnobadi,  

axali da tradiciuli masalis 

sferoSi  

Catarebuli samecniero kvlevebi,  

maTi miRebis teqnika da 

teqnologia, nanoteqnologia da 

nanoqimia   

polimeruli biomasalebi 

bioinJineria 

organul nivTierebaTa 

teqnologia 

metalurgia 

masalaTmcodneoba 

kompoziciuri masalebi da 

danafarebi 

araorganuli da organuli 

sinTezi 

nanomasalebisa da kompozitebis 

miRebis eleqtroqimiuri 

teqnologiebi 

Termodinamika, kinetika da 

katalizi 

JurnalSi agreTve  

SesaZlebelia ganTavsdes  

statiebi Semdeg sakiTxebze: 
 

axali teqnika, mowyobiloba 
sawarmoTa da warmoebis teqniku-

ri gadaiaraReba.  

sanedleulo bazis ganviTa-
reba, nedleulis racionaluri 

gamoyeneba, maT Soris adgilob-

rivi warmoebis narCenebis.  

resurs- da energodamzogveli 
teqnologiebi. garemos dacva.  

sawarmoTa sameurneo moRvawe-
oba sabazro pirobebSi, ekonomi-

ka, marketingi.  

saqarxno gamocdileba.  

informacia, reklama. 

gamoyenebis sferoebi 

 

energetika 

mSenebloba 

saxalxo moxmarebis sagnebi  

qimia da qimiuri teqnologia 

masalaTmcodneoba 

metalurgia 

eleqtronika da eleqtroteqnika 

medicina  

optika  

sxva sferoebi 

garemos dacva 
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boris imnaZis xsovna 
 

qalbatonebo da batonebo! am mwuxris Jams, roca caTa 

maradiul sasufevelSi vacilebT CvenTvis sayvarel ada-

mians, Sendobas viTxov oriode wuTiT es didi adamiani 

gavixseno, romelic rkinasaviT gacvda ojaxis, erisa da 

qveynis samsaxurSi da ,,Jangi” ar mohkidebia. 

axla, roca am kacuri ubraloebiT Semkul mSvenier 

adamianze vfiqrob, erTi frTiani gamonaTqvami maxsendeba, 

romelsac mis saflavTan guli mkarnaxobs. xom gaxsovT 

folkloridan: ,,sadac Sen daimarxebi, netav im eklesiaso”. 

arian Cumi, uangaro moRvaweni, romelTa cxovrebas ar sWirdeba Sela-

mazeba – sakmarisia aRiniSnos maTi Rvawli, rac TavisTavadac momxiblavia. 

aseT uangaro moRvawed mimaCnia batoni borisi. 

eris siyvaruli saqmeSi ikiTxeba, cxovrebis gzaze Seni sworad gadad-

gmuli nabijebiT, Seni niWiT, qveynis sakeTildReod daxarjuli SromiT, 

romelic kamkama sindisiT izomeba. 

rogorc Cveni eris mama _ winamZRoli ilia WavWavaZe brZanebda: ,,kacs ori 

saxeli unda hqondes, erTi aq dasarCeni da meore Tan wasaRebi”. boriss 

mecnierisa da kacobis eTikuri kodeqsi arasodes daurRvevia, sikeTiTa da 

guliT gamorCeuli adamianis cxovrebiT icxovra. iyo saqarTvelos teqni-

kuri universitetis cnobili profesori, rusuli Jurnalistikis mimarTu-

lebis xelmZRvaneli, saqarTvelos pedagogikis mecnierebaTa akademiis wevri, 

Jurnal ,,ganaTlebis” redaqtori, 150-mde Sromis, rusuli enis gramatikis 

swavlebis meTodikis avtori. muSaobda Jurnalistikamcodneobis aqtualur 

sakiTxebze, romelTagan aTamde saxelmZRvaneloa. misi xelmZRvanelobiT 

araerTma magistrantma da doqtorantma daicva disertacia. Tan waiRo didi 

siyvaruli ojaxis, meuRlis, Svilebis, SviliSvilebis, qveynis, megobrebis da 

axloblebis. 

veris ubanSi dabadebulma da gazrdilma, rogorc verelebs sCveviaT, 

Tavisi cxovrebis gza taZrisaken – sindisisaken, progresisaken, kacur-

kacobisaken airCia da swored aseTi arCevanis gamo samegobro wrem sicoc-

xleSive kaci-koloritad aRiara.  

RmerTma mogvca Zala, sikvdils SeurigdeT, magram xsovna da monatreba 

maradiulia, mogonebis unari uflis saCuqaria. madloba ufals, yvelani sik-
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vdilis Svilebi varT, pativi mivagoT Cveni sayvareli adamianis xsovnas, 

romelic droebiT dagvSorda. 

aseTi adamianebi ar kvdebian da Tu kvdebian, kvlav ibadebian. 

brZenkacs uTqvams: Tu ginda adamiani safuZvlianad gaicno, unda 

gamoscado eqstremalur pirobebSi. Cveni megobrobis TiTqmis eqvsi aTeuli 

wlis ganmavlobaSi, rogorc yofiT cxovrebaSi, ise sanadirod taribanasa 

Tu CaTmaSi, lenqoransa Tu TedeleTSi, CeCneTsa Tu daRestanSi (Cveni 

bolo nadiroba Sedga gasuli wlis noemberSi TeZamisa da rkonis xeobaSi), 

ar yofila erTi SemTxvevac ki, rom mas ukmayofileba gamoeTqvas raime 

sakiTxze an daerRvia nadirobis mkacri kanonebi. 

aseTia am maSvrali kacis mrwamsi da didbunebovneba. 

mSvidobiT boris, dido qarTvelo, sikeTisa da siyvarulis mTesvelo! 

           RmerTma amravlos Seni modgma! 

           msubuqi iyos SenTvis qarTuli miwa!  

                              amin! 

         

 

      guram gafrindaSvili 

 

sityva warmoTqmuli boris imnaZis dakrZalvis dRes, 

25 maiss, veris sasaflaoze 
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uak 666.95 
mxatvruli mominanqreba aRdgeniTi cecxlis teqnikiT (me–5 xerxi)  
g. gafrindaSvili, s. sanaZe  
qimiuri da biologiuri teqnologiebis departamenti, saqarTvelos teqnikuri universiteti, 
saqarTvelo, 0175, Tbilisi, kostavas 69 
 
E-mail: g.gafrindashvili@gtu.ge 

 
 

reziume: mizani. saiuveliro, sasuveniro 
da sxva daniSnulebis mxatvruli momi-
nanqrebis axali me-5 xerxis saerTaSoriso 
dafuZneba, romelic emyareba aRdgeniTi cec-
xlis teqnikiT sruliad gansxvavebuli tra-
diciuli minanqrebisagan sadafisferi, liTo-
niseburi sikrialis zedapiris maRal esTe-
tikuri minanqris sinTezs. mxatvruli momi-
nanqrebis sayovelTaod cnobili oTxi xerxi-
sa, rogoricaa tixruli, tvifruli (kveTi-
li), vitraJuli da ferweruli. axali meTo-
di radikalurad gansxvavdeba maTgan, ro-
gorc sinTezis TaviseburebiT, aseve Sedegis 
mravalferovnebiT. 

meTodi. mikrorentgenuli, rentgenuli 
impulsebis intensivobis eleqtronuli zon-
dis refokusirebiT, polariskop–poliamet-
ris da sxva Tanamedrove aparatebis gamoye-
neba aRdgeniTi procesebis fizikur–qimiuri 
safuZvlebis Sesaswavlad. 

Sedegi. molodinis sawinaaRmdegod dadge-
nilia Jangbadis Semcveloba minanqris zeda-
piris fenaSi ufro maRalia (568 imp/wm), xo-
lo 10 mkm sisqis moxsnis zonaSi Jangbadis 
raodenoba Semcirda 472 imp/wm-mde, Semdeg ki 
monotonurad izrdeba da aRwevs 510 imp/wm 
100 mkm-s moxsnisas. xvedriTi zedapiruli 
eleqtrowinaRobis SedarebiT dabali sidide 
(lgρ=6,61omi-1) aRiniSneba nimuSis zedapirze, 
xolo fenis moxsnis Sedegad minanqris eleq-
trowinaRoba izrdeba. dadgenilia daZabu-
lobis Semcireba minarCilSi minanqari–fuZe 
aRmdgeneli atmosferos moqmedebis gazrdiT, 
rac Cveni azriT gamowveulia minanqarSi 
drekadobis modulis SemcirebiT. 

daskvna. aRdgeniTi cecxlis mxatvruli 
minanqari, rogorc gamorCeuli mxatvrul-
esTetikuri, aseve fizikur-qimiuri Tvisebe-
biT da dekorirebis axali me-5 xerxi, reko-
mendebulia dainergos mxatvruli mominanq-
rebis sferoSi arsebul sawarmoebsa da 
individualur mewarme mxatvar-meminanqreTa 
saxelosnoebSi.  

 
sakvanZo sityvebi: sakvanZo sityvebi: aRd-

geniTi cecxli; gafriteba; rentgenuli im-
pulsi; eleqtruli zondi; eleqtro wina-
Roba; polarizaciul-optikuri meTodi; in-

terfereciuli ferebi; gamWimavi da kumSviTi 
daZabuloba; minarCili; drekadobis moduli.  

 
 
1. Sesavali 
uZvelesi droidan (Zveli welTaRricxvis 

1600-1200 wlebi) cnobilia Zvirfasi liTo-
nebis (oqro, vercxli, spilenZi da maTi 
Senadnobebi) mominanqrebis teqnika da misi 
meSveobiT mxatvruli, saeklesio da saero 
nakeTobaTa damzadeba. 

minanqars TvalsaCino adgili uWiravs Sua 
saukuneebis qarTul xelovnebaSi. igi ganvi-
Tarebis iseTsave maRal safexurze idga, 
rogorc xuroTmoZRvreba, kedlis mxatvroba 
da reliefuri plastika; amis damadastu-
reblad marto xaxulis karedaze SemorCe-
nili minanqris raodenoba da Sesrulebis 
donea sakmarisi. 

qarTuli tixruli minanqris koloriti 
da Sesrulebis mxatvruli manera gansxvav-
deba sxva qveynebis (bizantia, egvipte, irani 
da sxv.) tixruli mominanqrebisagan. qarTuli 
minanqris ferebs Soris Taviseburia e.w. xor-
cisferi da gamWirvale mwvane. S. amiranaS-
vilis mosazrebiT, minanqris ferebSi manga-
numis Serevis Sedegad xorcisfers iRebs. 
qarTuli tixruli minanqris bevri nimuSi 
dakargulia; uZvelesi, VIII saukuniT aris 
daTariRebuli; es aris kaTolikosis gulze 
dasakidebeli jvari (daculia saqarTvelos 
xelovnebis muzeumSi) [1-6]. 

silikaturi nakeTobis (keramika, mina) 
Termuli damuSaveba SeiZleba movaxdinoT 
damJangavi, neitraluri da aRmdgeneli cecx-
lis airis garemoSi, rac RumelSi Tavisu-
fali Jangbadis da aRmdgeneli airebis rao-
denobazea damokidebuli. 

sxvadasxva avtorebis mier dadgenili iqna, 
rom miniseburi damfaravebi maTi aqtiurobis 
mixedviT SeiZleba davyoT qimiurad inertul 
da aRmdgeneli airebis moqmedebis mimarT 
midrekil masalebad. 

aRdgeniTi cecxlis minanqrebis (Wiqure-
bis) damaxasiaTebel niSans warmo-adgens 
sadafisferi an liToniseburi sikrialis 
zedapiri, rac Wiqurze garbilebis tempera-
turaze aRmdgeneli airebis zemoqmedebis 
Sedegad warmoiqmneba. aseTi Wiqurebis sinTe-
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zi SeiZleba movaxdinoT didi temperatu-
ruli intervalis pirobebSi 700-14000C, rac 
saSualebas gvaZlevs maiolikis da faifuris 
nawarmi dafaruli iqnas aRdgeniTi cecxlis 
minanqriT [7-8].  

miuxedavad 35 saukunis istoriisa, romel-
sac iTvlis Zvirfasi da feradi liTonebis 
mominanqrebis tradiciuli teqnologia, aRd-
geniTi cecxlis teqnikiT mxatvruli mominan-
qreba liTonebze pirvelad damuSavebulia 
Cven mier da amJamad mimdinareobs kvleviTi 
samuSaoebi mis dasaxvewad [9]. 

yvela liTonebi, garda keTilSobilebisa 
haerze icvleba, mqrqaldeba da gardaiqmneba 
fxvnilad anu gadadian oqsidur mdgomare-
obaSi, magaliTad: 

2Me +O2  2MeO 
2Cu +O2  2CuO. 

Jangbadi, romelic Sedis CuO-Si, SeiZleba 
kvlav gamovyoT Tu oqsids gavaxurebT nax-
SirTan: 

2CuO + C  Cu2O + CO 
Cu2O + CO  2Cu + CO2. 

am SemTxvevaSi Jangbadi uerTdeba naxSirs 
da liToni aRdgeba nawilobriv an srulad. 
aRniSnuli gardaqmnebi safuZvlad udevs 
aRdgeniTi cecxlis teqnikiT sinTezirebul 
minisebur damfaravebs. 

amrigad, zogierTi oqsidebi da aseve spi-
lenZis, oqros, vercxlis qimiuri naerTebi, 
romlebic minanqris SemadgenlobaSi Sedis 
temperaturis da airis garemos reJimis 
optimalur pirobebSi advilad ganicdis 
aRdgenas da gadadis qveJangis an liTonis 
mdgomareobaSi. maTgan gansxvavebiT kobal-
tis, nikelis, qromis, manganumis da sxva 
qromoforebis naerTebi Zalian Znelad an 
savsebiT ar ganicdian aRdgenas. aRdgenis 
optimalur reJimSi isini ar iZlevian dama-
xasiaTebel efeqts. magram aRniSnuli qimiu-
ri naerTebi mniSvnelovnad cvlian aRmdge-
neli kompleqsebis nafens da elfers, rac 
saSualebas gvaZlevs miviRoT maRaldeko-
ratiuli miniseburi damfaravebi. 

aRsadgeni naerTebis SerCevisas unda vi-
xelmZRvaneloT cnobili wesiT - rac ufro 
Znelad iJangeba liToni, miT ufro advilad 
ganicdis aRdgenas [10-13].  

 

 
2. ZiriTadi nawili 
vinaidan mxatvruli minanqrebis garbile-

bisa da lRobis temperatura gacilebiT 
dabalia, vidre Wiqurebis, xolo aRdgeniTi 
procesi, rogorc kristalizaciis stadia, 
minanqrebis SemTxvevaSi mimdinareobs gacile-
biT srulad, rac Al2O3 mcire raodenobiTaa 

ganpirobebuli. Al2O3 amuxruWebs aRdgeniT 
procesebs da kristalizacias. amitom Teo-
riuli TvalsazrisiT sainteresoa lRobis 
dabaltemperaturiani minanqrebis sinTezi. 
erT-erTi aseTi minanqris fritis Semad-
genlobaa: 

 

 
 

gafritebis Semdeg 100 w.n. fritas vuma-
tebT sxvadasxva qromoforebs rogoricaa: 
CuO, Bi2O3, AgNO3 da sxva 1–5%. minanqris 
lRobis temperaturaa 790-8500C. aRdgenis 600-
6300C. miiReba mewamuli, momwvano da oqros-
frad SeRebili minanqrebi. 

rogorc zemoT aRvniSneT, sxvadasxva 
saxis minisebur damfaravebs Soris aRdge-
niTi cecxlis minanqrebi gansakuTrebul 
adgils ikavebs rogorc SeRebvis (feris) 
nawilSi, aseve struqturuli Tavisebure-
bebis mimarT. miuxedavad mravalsaukunovani 
istoriisa dRemde araa damuSavebuli Teo-
riuli safuZvlebi aRdgeniT procesebze moq-
medi mravali faqtorisa - dawyebuli minan-
qris qimiuri Sedgenilobidan damTavrebuli 
aRdgenili afskis fizikur mdgomareobamde. 
dRemde Sesrulebuli samuSaoebi ZiriTadad 
exeba aRdgeniTi cecxlis damfarvebis 
optimalur Sedgenilobebs da Termuli damu-
Savebis teqnologias, romlebic uzrunvel-
yofen maRal dekoratiul da esTetikur 
efeqts [14-15]. 

Cveni azriT, zemoaRniSnuli problemebis 
gadawyvetaSi gansakuTrebuli mniSvneloba 
eniWeba garbilebis temperaturaze minis 
afskis struqturis CamoyalibebaSi mis qimi-
ur Sedgenilobas, fenis siRrmeSi qimiuri 
elementebis ganawilebas da faqtobrivi 
movlenebis konstatacias, roca gamowvis 
damJangavi reJimi icvleba aRmdgenliT. 

 
Jangbadis raodenobis cvlileba 

minanqarSi 
mcdeloba, mikrorentgenuli gamokvleve-

biT dagvedgina minanqris fenaSi Jangbadis 
raodenoba (romelic did gavlenas axdens 
aRdgenis xarisxze) ganivkveTis profilis 
mixedviT SeuZlebelia TviT minanqris mniS-
vnelovani araerTgvarovnebis gamo. amitom 



Cven mier gamoyenebuli iqna meT
gulisxmobs datanili minanqri
Tanmimdevrul (safexurebur) m
sisqiT gaprialebis gziT sur.
bebSi rentgenuli impulsebi
izomeboda eleqtronuli z
gaSlili refokusirebis piro
diametri 20 mkm). 

molodinis sawinaaRmdego
Semcveloba minanqris zedapir
moCnda ufro maRali (568 imp/wm
sisqis moxsnis zonaSi Jangbad
Semcirda 472 imp/wm-mde, Semde
nurad izrdeba da aRwevs 510 
moxsnisas. 

anomaluri mizezebis ganxil
badis maRali Semcvelobisas m
pirul SreSi (gaprialebis g
TqviT mosazreba, rom es mo
veulia airis garemoSi arsebu
da wylis orTqlis STanTqmiT
reba damtkicda gaxurebis Se
intesivobis meored gazomvisa
diT. gaxurebis Semdeg intesivo
bel zedapirze Semcirda 568 
imp/wm-mde. danarCen nimuSebS
mimarTuleba TiTqmis analogi
mimarTulebis. amave dros Jan
loba minanqris gauprialebel 

 

sur

I - minanq

II - m
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Todi, romelic 
is fenis (Sris) 
moxsnas 10 mkm 
. 1. aseT piro-
is intesivoba 

zondis Zlier 
obebSi (laqis 

od Jangbadis 
ris fenaSi aR-
m), xolo 10 mkm 
dis raodenoba 
eg ki monoto-
imp/wm 100 mkm-s 

lvisas – Jang-
minanqris zeda-
gareSe), gamov-
ovlena gamow-
uli Jangbadis 
T. Cveni mosaz-
emdeg 3500C da 
as igive meTo-
oba gaupriale-
imp/wm-dan 510 

Si II mrudis 
uria I mrudis 
gbadis Semcve-
fenaSi aRmoC-

nda ramdenadme meti, vi
fenaSi. 
zedapiruli eleqtro 
aRdgeniTi cecxlis mi
fenis Tvisobrivi cvl
gamovikvlieT nimuSebis 
li eleqtrowinaaRmdego
Tvis nimuSebis zedapiri
pastiT da Semdeg gamovw
eleqtrodebs mivuerTeT
mi kontaqtebi: eleqtr
zomva movaxdineT oT
(sur. 2) xvedriTi zedap
aRmdegobis SedarebiT 
=6,61 omi-1) aRiniSna nimu
moxsnis Sedegad miniseb
trowinaaRmdegoba izrd
rmeze lgρ mniSvneloba aR
qris gauprialebeli zed
piruli winaaRmdegoba S
sorbirebuli wylis ma
rac dasturdeba gaupri
mniSvnelobis gazrdiT
gamokveTilad dasturde
10 mkm siRrmeSi Jangbad
cireba uzrunvelyofs 
aRdgenas da dafarvis m
dekoratiul Sexeduleba

 
r. 1. Jangbadis Semcvelobis cvlileba  

minanqris SreSi 
qris fenis safexurisebri moxsna nimuSebis  

winaswari gaxurebis gareSe;  
minanqris fenis safexuriseburi moxsna  
nimuSebis 3500C gaxurebis Semdeg 

 
 

idre 10 mkm siRrmis 

winaRoba minanqarSi. 
inanqrebis zedapiris 
lilebebi damatebiT 
xvedriTi zedapiru-

obis gazomviT, amisa-
i davfareT vercxlis 
wviT, xolo miRebul 
 TermowyviliT mzo-
owinaaRmdegobis ga-
axis temperaturaze 
piruli eleqtrowina-
dabali sidide (lgρ 
Sis zedapirze. fenis 
uri damfarvis eleq-

deba da 100 mkm siR-
Rwevs 7,84 omi-1. minan-
dapiris dabali zeda-
SeiZleba avxsnaT ad-
aRali SemcvelobiT, 
ialebeli nimuSis lgρ 
T gamowvis Semdeg. 
eba urTierT kavSiri 
dis raodenobis Sem-
minanqris xarisxian 

maRal esTetikur da 
as. 

 



sur. 2

I - m
ni

II - m

daZabuloba minanqarSi. min
meqanikuri Tvisebebis sakiTxis
roca xdeba gamowvis damJangv
gadasvla aRmdgenelze, gamovi
rebis meTodi. minanqris fu

SevarCieT mina C 48-3, romlis

temperaturul intervalSi to
aRniSnuli minis SerCeva d

misi garbilebis maRali temper
rac uzrunvelyofs miniseburi
(minanqari, Wiquri) gamowvis S
fuZis (safenis) deformaciis 
dros Cven mier SerCeuli mini
rogorc modelis, mdgomareo
SesaZlebelia daZabulobis 
gazomva poliarizaciuli-optik

praqtikulad minanqris aRd
neba 0; 5; 10; 15; 25; 35 wuTis
minis safenze, movaxdineT m

troRumelSi 620-6300C temperat
Termuli damuSavebis Ser

uzrunvelyofs minaSi narCeni
arsebobas misi mkveTri ga
agreTve minanqris aRdgenis 
xarisxis amaRlebas aRmdgenel
dayovnebis xangrZliobis gazrd

nimuSebSi arsebuli daZabul

poliariskop-poliarimetr ПКС
meTodiT [16-17]. 
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2. minanqris SreSi xvedriTi zedapiruli  

winaaRmdegobis cvlileba 
minanqris fenis safexuriseburi moxsna  
imuSebis winaswari gaxurebis gareSe 
minanqris fenis safexuriseburi moxsna  

nimuSebis 3500C gaxurebis gareSe 
 
 

nanqris Termo-
s Sesaswavlad, 
eli pirobebis 
iyeneT modeli-
uZis modelad 

s Txgk 20-5800C 
olia 54.10-70C-1-s. 
dakavSirebulia 

raturiT (8100C), 
i damfaravebis 
SesaZleblobas 
gareSe. amave 

s upiratesoba, 
bs imaSi, rom 
ganuwyveteli 

kuri meTodiT. 
gena da dayov-
s ganmavlobaSi 
ufelis eleq-

turaze. 
rCeuli reJimi 
i daZabulobis 
acivebis gamo, 

monotonuri 
l atmosferoSi 
diT. 
loba gavzomeT 

С-125 cnobili 

mowvis xarisxze bev
buli nawarmis saeqspl
romelic xSirad gani
arsebuli Sida narCeni d
mza nawarmSi ganawilebi
ris gansazRvra aucile
ciidan gamomdinare, rom
nawarms, masSi araTana
daZabulobaTa arsebobi
daqveiTebuli (susti) meq
Tvisebebi. 

minis nawarmSi arseb
xobrivi Sefaseba specia
sawyoTi - polariskopi
kvlevis saWiro etapze

polariskopi ПКС-125, 
sqema Semdegia (sur. 3). 

Sesamowmebeli minis
ekransa (6) da mqrqal 
analizatoramde da nel
3600-iT (mTeli wriT) ma
sibrtyeSi, romelic po
sibrtyis perpendikula
icvleba nawarmis Sefer
moqmnili interferenciu
srulad ganisazRvreba 
obiT (Cveulebrivi da p
Zod, nawarmis ama Tu i
mnili sxivis sxvaobaTa
lebiT. 

 

rad aris damokide-
loatacio saimedoba, 
isazRvreba nawarmSi 
daZabulobiT da maTi 
iT. aRniSnli paramet-
beli xdeba im pozi-
m arasrulad momwvar 
abrad ganawilebuli 
is gamo, axasiaTebs 
qanikuri da Termuli 

buli Zabvebis xaris-
luri optikuri xel-
iiT xdeba. Cven mier 
e gamoyenebuli iqna 

romlis principuli 

s nawarmi Tavsdeba 
minas (8) Soris, e.i. 

l-nela SemobrunebiT 
s bruni ukeTdeba im 
olarizebuli Suqis 
a-rulia; am dros 
riloba. ekranze war-
uli suraTis xasiaTi 
sxivTa svlis sxva-

polarizebuli), ker-
im wertilSi warmoq-
a SekrebiT an gamok-



sur
1 - Suqi

3- sarke; 4 - po
6 - analizat

 
Cven mier Seswavlili iqn

buli minis nimuSi da aqeda
daZabulobaTa sididis dasadg
buli iqna ukve aRwerili meT
specifikur midgomaze agebul
eqsperimentis Tavisebureba im
rom analizatoris brunva 

 
                 ფერი                          
 

yviTeli ------------------------
moyviTalo-mwvane --------
mwvane ----------------------------
mocisfro-mwvane ----------
cisferi ------------------------

mewamuli iisferi --------

wiTeli -----------------------
narinjisferi ----------- 1
Ria yviTeli ------------- 2
yviTeli -------------------- 2
TeTri ----------------------- 3

 
minis firfitebSi, romleb

daZabulobis Sedegebi mocemul
 

 minanqarS

დაყოვნების ხა
620
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r. 3. ПКС-125 markis polariskopis sqema 
is wyaro (naTura); 2 - linza-kondesatori;  
olarizatori; 5 - minis nimuSi (sakvlevi obieq
tori (ekrani), 7 - kvarcis firfita, 8 - mqrqal

mina; 9 - saproeqcio obieqtivi 
 

na mominanqre-
n gamomdinare 
genad gamoyene-
Todika, magram 
i, konkretuli 
aSi gamoixata, 
im momentamde 

xdeboda, sanam minaSi w
zebuli Suqis Savi qo
sazRvarTan Serwyma a
moqmnili Zabvebis xari
biTi SefasebisaTvis ga
terferenciuli ferebis

                სვლათა სხვაობა(მკმ) 
---- 325
--- 275
--- 200
---- 145
---- 115

ferTa gamokleba

 
-------0  
25
130
200
260
310

ferTa Sekreba

 

bic dafarulia aRdgeniTi cecxlis mi
lia cxril 1-Si: 

cxril
Si daZabulobis sididis damokidebuleba 
dayovnebis xangrZlivobasTan 

 

ნგრძლივობა (წთ) 
-6300C 

დაძაბულობის სიდიდე 
 ნმ/სმ 

0 64.0 
5 58.2 
10 56.0 
15 56.4 
25 54.8 
35 54.2 

qti) 
li 

warmoqmnili polari-
obas ,,mina-minanqris” 
ar moxdeboda. war-
sxobrivi da odeno-
amoyenebul iqna in-
s cnobili cxrili: 

inanqrebiT, kumSviTi 

li 1 
 



unda aRiniSnos, rom daZabu
minarCilSi minanqari-mina dam
moSi gamowvisas tolia 76 nm/sm

cvalebadi valentobis oqsid
unda gamoewvia minanqris Txgk
fenaSi gamWimavi daZabulobis
minis safenSi gamoiwvevda kum
lobis momatebas, magram gazo
gviCvena, rom minanqris fenis
kavSirebulia sapirispiro efe

dobr, dadginda, rom 620-6300C T
Saveba aRmdgenel garemoSi d
Tamde dayovneba ukve mniSvnelo
daZabulobas. dayovnebis Semd
praqtikulad ar cvlis daZab
des, rac adasturebs minanqa
raodenobis stabilizacias. 

gamovlenili efeqti SeiZ
minanqris drekadobis moduli
romelsac adgili aqvs aR
gaviTvaliswinebT qromofo-r
drekadobis moduls, romel
savsebiT SesaZlebelia minanqr
genisas, Cveni mosazreba sa
vliani iqneba. 

daZabulobis Semcireba 
agreTve liTonis minanqarTan 
ukanasknelis aRdgenis SemTx
amisa minarCilSi, roca g

literatura 
1. Brephl E.Kunst-handwerkiches Email

chverlag, Leipzig, 1983, pp 26-27. 
2. Петцольд А., Пешмаинг Г. Эмаль 

М.»Металлургия», 1990, с.8-9. 
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ulobis sidide 
mJangvel gare-
m. 
debis aRdgenas 
k da minanqris 
s gazrda, rac 
mSviTi daZabu-
omvis Sedegebma 
s aRdgena da-
eqtTan. saxel-

Termuli damu-
da 0-dan 5 wu-
ovnad amcirebs 
dgomi gazrda 
bulobis sidi-
rSi Jangbadis 

Zleba avxsnaT 
is SemcirebiT, 
Rdgenisas. Tu 
rebis dabal 

lTa warmoqmna 
ris fenis aRd-
vsebiT safuZ-

mosalodnelia 
minarCilSi, am 
xvevaSi. garda 
gamowva xdeba 

damJangav pirobebSi, ko
feba SemkumSavi Zalebis
amitom daZabulobis Se
moxdeba minanqris Txgk 
genisas.  

 
3. daskvna 
dadgenilia aRdgeniT

rebis Sedgeniloba da 
ZiriTadi parametrebi. 
neli airebis qimi-uri m
minanqarze, Sedegad viR
elferis minanqars, r
Cveulebriv airis da
sinTezirebul minanqreb
rove meTodebiT dad
Semcvelobis, eleqtro
daZabulobis cvlilebeb
mniSvne-lovnad martivde
si, vinaidan aRdgeniTi p
vobis mixedviT mza min
moiTxovs gaxexvas da 
rialebas. 

rekomendebulia axal
mxatvruli minanqrebis 
,,orientirSi“ da indi
mxatvar-meminanqreTa saxe
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emcireba intesiurad 
gazrdiT misi aRd-

Ti cecxlis minanq-
siTburi damuSavebis 
Seswavlilia amdge-
moqmedebis procesebi 
RebT gansakuTrebuli 
rac ar axasiaTebs 
amJangvel garemoSi 
bs. kvlevis Tanamed-
dgenilia Jangbadis 
owinaaRmdegobis da 
bi minanqris fenaSi. 
eba warmoebis proce-
procesebis xangrZli-
nanqris zedapiri ar 

mravaljerad gap-

li klasis maRal 
danergva ,,fokanSi”, 

ividualurad moqmed 
elosnoebSi. 
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UDC 666.95 
ARTISTIC ENAMELING WITH BY REDUCING FLAME TECHNIQUE (FIFTH METHOD)  
G. Gaprindashvili, S. Sanadze  
 

Resume: Goal. International establishment of the new 5th method of artistic enameling for jewellery, souvenir 
and other purposes.  

Method. Use of microroentgen, roentgen impulses of different intensity electronic probe, polariscope-polymeter 
and other up-to-date devices for study of physical and chemical basics of reduction processes.  

Results. In contrary of expectations there is determined oxygen content in enamel layer, specific electric resistance 
change on enamel surface and in the depth, stress changes in enamel depending on duration of enamel-base reducing 
atmosphere action.  

Conclusions. Implementation of new class of artistic enameling is recommended in “Fokan”, “Orientir” firms and 
other enameling workshops of individual entrepreneurs. 

 
Key words:  reducing flame; roentgen impulse; electric probe; electric resistance; polarization-optical method; in-

terference colors; expansion and compression stresses; solder alloy; module of elasticity. 
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reziume: mizani. pirvelad miRebulia 
Txevadi higienur-kosmetikuri saponi askanis 
bentonituri Tixis gamoyenebiT, romlis 
Sedgeniloba gamdidrebulia nacarqaTamas 
mcenareuli nayeniT da sxva damxmare niv-
TierebebiT.  

meTodi. parfiumeriul-kosmetikur war-
moebaSi mcenareuli nedleulidan biolo-
giurad aqtiuri nivTierebebis gamosayofad 
gamoyenebulia eqstraqciis meTodi.  

Sedegebi. Txevadi saponi rekomendebulia 
saxis nebismieri kanis, xelebis da tanis 
dasabanad.  

daskvna. askanis bentonitur Tixaze miRe-
buli Txevadi higienur-kosmetikuri saponi 
SefuTulia specialuri dozatorebiT, rac 
maqsimalurad icavs kans WuWyisgan. amasTan, 
misi gamoyeneba patara antibaqteriuli Wur-
WliT mosaxerxebelia mogzaurobaSi. saponi 
acilebs WuWys, arbilebs da ar aRizianebs 
kans.  

 
sakvanZo sityvebi: bunebrivi Tixa; mcena-

reuli nayeni; saponi; mikroelementebi.  

 
 
1. Sesavali 
saponi cnobilia uxsovari droidan. mas 

iyenebdnen Zveli egviptelebi. sapnis Seqm-
namde ki xmarobdnen sodas, nacars da sxva 
gasarecx saSualebebs. romaelebi amzadeb-
dnen sxvadasxva saxis sapons Txis qonis 
nacarTan duRiliT. aseTi saponi wyalSi 
cudad ixsneba, amitom iyenebdnen mxolod 
kosmetikur saSualebad. 

Txevadi saponi iTvleba yvelaze higienur 
saSualebad, radgan SefuTulia specialuri 
dozatorebiT, romelic mTlianad icavs 
kans WuWyisgan. amasTan, Txevad sapons gaaC-
nia kosmetikuri Tvisebebis didi speqtri. es 
imiT aixsneba, rom Txevad konsistenciaSi 
advilia sxva komponentebis damateba, rogo-
ricaa mcenareuli eqstraqtebi, eTerzeTebi 
da sxv. yovelive es xels uwyobs adamianis 
kanis pH-is donis aRdgenas. mogzaurobaSi 

mosaxerxebelia misi patara antibaqteriuli 
WurWliT waReba. 

saqarTveloSi, xalxur medicinaSi uxso-
vari droidan iyenebdnen Tixas. igi cnobili 
iyo sxvadasxva saxelwodebiT: `wiTeli~, anu 
`somxuri miwa~ da `TeTri~ Tixa, TeTri 
fxvnili moyviTalo an nacrisferi elfe-
riT. 

Tixis cnebis qveS igulisxmeba miwisebri 
masala, romlis nawilakebis zoma ar aRema-
teba 2 mmk-s. igi xasiaTdeba wylis Zlieri 
STanTqmiT, gajirjvebiT, maRali dispersiu-
lobiT da adsorbciis unariT. qimiurad 
sufTa Tixa wyalSi ar ixsneba da cximiania. 
didi raodenobis wyalTan SereviT, warmoq-
mnis pastismagvar masas. TeTri Tixa adamia-
nisaTvis uvnebelia da saukeTeso antisep-
tikia. medikamentebze ukeTesad klavs avadm-
yofobis gamomwvev baqteriebs da aqrobs 
anTebiT procesebs. qimiurad araaqtiuria, 
amdenad sruliad uvnebelia. Tixa STanTqavs 
toqsinebs, Slakebs, Sxamebs, aseve gamoyofs 
organizmidan radionuklidebs, asufTavebs 
sisxls, jirkvlebs da nervul centrebs [1].  

 
 

2. ZiriTadi nawili 
Txevadi higienur-kosmetikuri saponis mi-

saRebad Cven mier SerCeulia askanis bento-
nituri Tixa, romlis Sedgeniloba gamdid-
rebulia nacarqaTamas mcenare nayeniT da 
sxva damxmare nivTierebebiT. 

askanis bentonituri Tixa warmodgenilia 
ori saxesxvaobiT. askangeli – tute ben-
toniti da askanTixa _ tute-miwabetoniti. 

askangeli – Al2[Si4O10](OH)2nH2O tute mont-
morilonitiani Tixa nacrisferia, xasiaT-
deba tiqsotropuli TvisebebiT, Zlier 
ijirjveba (1:10), axasiaTebs maRali disper-
siuloba, ris gamoc aqvs maRali Semkvreli 
Tvisebebi da plastikuroba. mcenareuli 
nayenis (nacarqaTama) minimaluri damatebiT 
is qmnis plastikur masas [2]. 

askanis Tixis Tvisebebis dasaxasiaTeblad 
gansazRvruli iyo misi fizikur-qimiuri 
maxasiaTeblebi da qimiuri Sedgeniloba, 
romlis Sedegebi warmodgenilia cxr. 1, 2. 
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cxrili 1 
askanis Tixis, fizikur-qimiuri  

maxasiaTeblebi 
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42 1,31 7810 6500 0,0021 0,54 333 6,6 _110 86 

 
 
askanis Tixis nacrianoba Seadgens 86%, 

rac gamowveulia, ZiriTadad, Tixiani fenebis 
arsebobiT. sakvlevi Tixa xasiaTdeba aRmdge-
neli TvisebebiT, rasac miuTiTebs Jangva-
aRdgenis potencialis uaryofiTi sidide. 
misTvis damaxasiaTebelia maRali sinestე – 
42%. aRsaniSnavia mniSvnelovnad maRali 
webvadobisa da plastikurobis sidideebi [2]. 

kristaluri ConCxi, ZiriTadad warmodge-
nilia nawilakebiT, romlis diametri <0,01 
mm (45,8% mSral talaxze). 

qimiuri analizis Sedegebma aCvena, rom 
SiO2 Semcveloba Seadgens 56-58%, Al2O3 _ 
14,2%, Fe2O3 _ 2,5%; CaO _ 11,4%, MgO _ 4,3%, 
SO3 _ 2,4%, Na2O _ 1,5%, K2O _ 1,1%. 

gogirdwyalbadis saerTo raodenoba da-
balia _ 0,05%. 

mikroeლეmentebis Sedgenilobisa da rao-
denobis Sedegebi miRebuli speqtraluri da 
rentgenfluorescenturi meTodebiT, moy-
vanilia cxr. 2-Si. 

 
 

cxrili 2 

mikroeლეmentebis Sedgeniloba, % 
 

Pb Sr Fe Ag Ba Zn Mg Co Ni Ca Rb 

1,010-3 4,310-2 2,4 6,010-5 10,010-2 1,010-2 5,110-2 6,010-4 0,15-21 3,7 5,910-3 
 

 

Sn da Cr elementebi TixaSi ar aRmoCnda. 
napovnia biologiurad aqtiuri elementebi 
_ Fe, Co, Ni, Sr, Mn, Zn, Ag da rigi 
metalebisa, romelTa balneologiuri roli 
ar gamovlenila. 

askanis Tixis Sedgeniloba gamdidrebu-
lia mcenare nacarqaTamas nayeniT (Tanafar-
dobiT 1:10). nacarqaTama (bot. yarRani, Ca-
rani) saqarTveloSi farTod gavrcelebuli 
erTwliani mcenarea. qarTvelebi nacarqa-
Tamas nacridan odiTganve xarSavdnen s-
apons: `aqa ars balaxi, romlis Zirs das-
wven, da nacriTa misiTa aduReben sapons um-
jobessa, kualad, xmaroბen sxuaferca~ (va-
xuSti bagrationi). 

nacarqaTamas sodasac uwodeben: `marili-
si, esreT ewodebis wvnianTa balaxTa, ro-

melnica aRmoscendebian zRvispirebsa da 
mlaSe adgilTa, romelnica dawvisa Semdgo-
mad iZlevian nacartutis aRmonakveTis ma-
rilsa da uwodeben mas sodad, romelsa das-
wvaven ra da gardaaqceven nacrad, da anac-
reben miT marilsa da uwodeben mas sodad, 

romelsa hsWamen xalisiT aqlemni~ [3]. 
nacarqaTama Seicavs didi raodenobiT 

saponinebs, karotins, alkaloidebs, vitamin 
C, E, organul mJavebs, cilebs, eTerzeTebs.  

nacarqaTamas klasis mcenareebi didi 
raodenobiT moipoveba raWasa da qarTlSi. 
maT miekuTvneba Carani, yarRani. am klasis 
mcenareebis qimiuri Sedgeniloba Seswavli-
lia avtorebis [3] mier da warmodgenilia 
cxr. 3. 
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cxrili 3 
Caranisa da yarRanis qimiuri Sedgeniloba,  

mas% 
 

mcenareebis 
dasaxeleba 

Semcveloba, mas% 

SiO2 Al2O3 Fe2O3 CaO MgO Na2O K2O P2O5 SO3 Cl 

Carani 4,4 2,9 2,1 8,2 7,5 43,4 3,7 0,8 7,3 27,3 

yarRani 3,8 2,4 2,0 9,2 2,7 45,5 2,1 1,5 6,2 25,4 

 
Txevadi sapnis SedgenilobaSi damxmare 

nivTierebebis saxiT Seyvanilia glicerini, 

sakvebi soda, niSaduris spirti, NaKMЦ 
_DnatrikarboqsimeTilceluloza, 3% wyal-

badis zeJangi da bolos emateba surne-

lovani nivTiereba. 

glicerini – samatomiani spirti, sxva-

dasxva cximovani mJavebiT Sedis bunebrivi 

cximebisa da zeTebis SedgenilobaSi. glice-

rinSi ixsneba boris mJava, natriumis tetra-

borati, natriumis hidrokarbonati, tanini 

da sxva. 86%-ze meti koncentraciis glice-

rini Zlier higroskopulia. iwvevs kanis 

gawiTlebas, gaRizianebasa da aqerclas. ami-

tom gamoiyeneba wyal-gliceriniani da eTa-

nol-gliceriniani narevebis saxiT. glice-

rinis Tanabari raodenobiT wyliT ganzave-

bisas miiReba saukeTeso losionebi, romelic 

arbilebs da asworebs kans. glicerini 

warmoadgens krioproeqtors. amcirebs prepa-

ratis gayinvis temperaturas, ewinaaRmdegeba 

nawarmis gamoSrobas. 
 sakvebi soda – NaHCO3 nazi, gaucximov-

nebeli da amqerclavi saSualebaa, arbilebs 

xist wyals. 

wyalbadis zeJangi – H2O2 3% _ adezin-

ficirebs da auferulebs kans. 

niSaduris spirti – 10% amiaki, gamo-

iyeneba xelebis dasabanad qirurgiaSi. gaaC-

nia antimikrobuli Tvisebebi, kargad asuf-

Tavebs kans. 

natrikarboqsimeTilceluloza – NaKMЦ 
bunebrivi mcenareuli warmoSobis gelwar-

momqmneli, labisebri nivTierebaa, romelic 

wyalTan warmoqmnis koloidur sistemas. 

aratoqsikuria da fiziologiurad uvnebeli. 

kargad ixsneba civ da cxel wyalSi, ar 

ixsneba organul gamxsnelebSi, mineralur 

zeTebSi. wyalSi gaxsnisas NaKMЦ warmoqmnis 
blant gamWvirvale xsnars, pH = 7,5.  

teqnologiuri procesis aRwera 

winaswar amzadeben askanis Tixis fxvnils, 

risTvisac asufTaveben, fqvaven da crian 

wminda sacerSi. Tixas aSroben mzeze, an 

TermostatSi 80-85-mde, ufro maRal tempera-

turaze is kargavs samkurnalo Tvisebebs. 

mcenare nacarqaTamas foTlebs aqucma-

ceben, wonian, amateben aduRebul wyals (1:10). 

gaciebis Semdeg wuraven ormag dolbandis 

fenaSi. calke amzadeben NaKMЦ – xsnars, 

risTvisac 0,5 g-s xsnian 50 ml. cxel 70 ga-
moxdil an aduRebul wyalSi, aqafebis miz-

niT ayovneben 5 sT. 

10 g askanis bentonitur Tixas amateben 

100 ml Tbil nacarqaTamas nayens, ureven xis 

kovziT srul gaxsnamde. Semdeg Tqvefen miq-

seriT da TandaTanobiT amateben 5 g sakveb 

sodas, 5 g glicerins, 5 ml wyalbadis ze-

Jangs da 2,5 ml niSaduris spirts da Tqve-

fen. miRebul Tixian masas amateben 50 ml 

NaKMЦ winaswar damzadebul aqafebul xsnars 

da agrZeleben srul gaxsnas. miRebul Txe-

vad sapons ayovneben 2 dRe, ureven xis kov-

ziT, surnelis damatebis Semdeg gadaaqvT 

WurWelSi dasafasoeblad.  

 
3. daskvna 
pirveladaa miRebuli Txevadi higienuri-

kosmetikuri saponi askanis bentonituri Ti-

xis gamoyenebiT, romlis Sedgeniloba gamdid-

rebulia nacarqaTamas mcenareuli nayeniT 

da sxva damxmare nivTierebebiT.  

miRebuli Txevadi higienur-kosmetikuri 

saponi askanis bentonitur Tixaze SefuTu-

lia specialuri dozatorebiT, romelic 



15 

 

maqsimalurad icavs xelebs WuWyisagan. amas-

Tan, misi gamoyeneba mosaxerxebelia mogzau-

robaSi patara antibaqteriuli konteineriT. 

saponi acilebs WuWys, arbilebs da ar aRi-

zianebs kans.  
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UDC 613.4 
LIQUID HYGIENIC-COSMETIC SOAP BASED ON NATURAL RAW MATERIALS OF GEORGIA  
N. Devdariani, Kh. Nozadze, D. Jincharadze, N. Bokuchava  
 

Resume: Goal. Creation of liquid soap mixtures based on bentonite clays mainly enriched with "Chenopodium" 
herbal extract and other useful natural additives.  

Method. Widely used method of extraction of biologically active compounds from herbal raw materials.  
Results. Created liquid soap due to its smoothing and hydrating properties is recommended for application on all 

types of facial skin, as well as for hands and body.  
Conclusion. For more convenient use it is recommended to pack and dispose cosmetic soap with hygienic proper-

ties using special containers equipped with dosator. 
 
Key words:  Natural Clays; Biologicaly Active Extract; Chenopodium; Dispenser with dosator. 
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reziume: meTodi. kvlevis meTodi mdgoma-
reobs mcire biznesis ganviTarebis proble-
mebSi, maTi ganviTarebis gzebsa da sainves-
ticio garemos gaumjobesebis RonisZiebebSi.  

mizani. kavSiris dadgena mcire biznesis 
ganviTarebas, maT gadamwyvet gzebsa da 
sainvesticio garemos gaumjobesebas Soris.  

Sedegebi. gamokvlevebis Tanaxmad, saku-
Tari saxsrebi warmoadgens kapitalis Ziri-
Tad wyaros, rogorc damwyebi mewarme-
TaTvis, ise im mewarmeebisTvisac, romlebic 
SeiZenen ukve arsebul warmoebas. maT muSa-
obis procesSi uwevT finansuri saxsrebis 
gare wyaroebis moZieba. 

daskvna. safinanso kompaniebi xSir SemT-
xvevaSi, ar afinanseben mcire saojaxo sa-
warmoebs, radganac maT interes warmoad-
gens mzardi amonagebisa da mogebis per-
speqtivebis mqone sawarmoebi, romelTaganac 
upiratesoba eniWeba maRalteqnologiur 
dargebs.  

 
sakvanZo sityvebi: biznesi; mcire biznesi; 

regionSi biznesis ganviTareba; demogra-
fiuli Taviseburebebis gavlena biznesze. 
mcire biznesis finansuri uzrunvelyofis 
SesaZleblobebi da sainvesticio garemos 
gaumjobeseba.  

 
 
1. Sesavali 
saqarTvelo, saxelmwifoebrivi mSeneb-

lobis yvela etapze atarebs mizanmimarTul 
da Sedegebze orientirebul ekonomikur da 
socialur politikas. misi ZiriTadi mimar-
Tulebebi mTlianad qveynisa da calkeuli 
regionis doneze, iTvaliswinebs qveynis mSp-s 
zrdas. regionuli sawarmoo potencialis 
optimalur gamoyenebas, mosaxleobis msyidve-
lobiTi unaris amaRlebas, saerTaSoriso 
imijis gaumjobesebas. 

biznesis warmoeba adamianebs SesaZleb-
lobas aZlevs sakuTari SromiT, sakuTari 
riskis fasad gamoavlinon Tavisi gonebrivi 
da fizikuri SesaZleblobebi, gaxdnen sazo-
gadoebis srulfasovani da aRiarebuli, 
Rirseuli wevrebi. 

am TvalsazrisiT, qarTuli saxelmwifos 
erT-erT mTavar funqciad migvaCnia biznesis 
xelSewyoba. qveynis geografiuli, sameurneo 
Taviseburebebis, bunebrivi resursebis mra-
valferovnebis da tradiciebis gaTvalis-
winebiT perspeqtiulad gvesaxeba mcire biz-
nesis ganviTareba. 

regionSi, mcire biznesis ganviTarebaze 
gavlenas axdens mravali faqtori, romel-
Tagan aRsaniSnavia regionis demografiuli 
Taviseburebebi, resursebis aTvisebis xasi-
aTi, infrastruqturis done, regionuli 
xelisuflebis damokidebuleba da sxva. 

mcire biznesis ganviTarebis regionuli 
marTvis principebis perspeqtiulobas amtki-
cebs Semdegi pirobac: saqarTvelos klasiku-
ri mTiani qveyanaa da mcire komliani dasax-
lebuli punqtebis simravliT xasiaTdeba. aq 
mcxovrebi ekonomikurad aqtiuri mosax-
leobis dasaqmebisaTvis xelsayrelia sawar-
moTa amoqmedeba. es erTi mxriv, sasargebloa 
mewarmisaTvis, radgan saSualeba eZleva 
daasaqmos adgilze mcxovrebi iafi muSaxeli, 
xolo meore mxriv, Tavidan gvacilebs 
mosaxleobis gadaadgilebis saWiroebas 
samuSaos moZebnasTan dakavSirebiT.  

 

 
2. ZiriTadi nawili 
saqarTvelos regionebSi gvaqvs mcire 

biznesis araracionaluri struqtura, rac 
gamoixateba regionebis, mxareebis, qalaqe-
bisa da dabebis mixedviT maT araTanabar 
ganviTarebaSi. 

regionebSi mcire mewarmeobis ganviTare-
bis done damokidebulia iseT faqtorebze, 
rogoricaa xelsayreli geografiuli mdeba-
reoba, mosaxleobis Semosavlebis done, 
ganviTarebuli infrastruqtura, adgilob-
rivi xelisuflebis damokidebuleba. 

mcire biznesisaTvis prioritetulia kve-
bis mrewveloba. saqarTvelos didi poten-
ciali gaaCnia sakonservo warmoebis ganvi-
TarebisaTvis. sabWouri ekonomikis dros is 
miliard pirobiT qila konservs amzadebda, 
dReisaTvis ki meaTedsac ver amzadebs. 

saqarTvelos ekonomikis ganviTarebis 
dRevandel etapze, upiratesoba unda mieni-
Wos mcire mewarmeobis ganviTarebis xelSem-
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wyobi socialur-ekonomikuri garemos Seqm-
nas, rac bunebrivia mxolod sakanonmdeblo 
bazis Camoyalibebas ar gulisxmobs. igi 
bazarze swori orientaciis arCevaSic unda 
daexmaros mewarmes. amasTan erTad, daicvas 
igi saSinao bazarze, xeli Seuwyos sagada-
saxado, satarifo, sabaJo meqanizmebis gamo-
yenebiT da sxva. 

regionebSi mcire biznesis stimulirebi-
saTvis metad mniSvnelovani nabiji gadaid-
gmeboda, Tu saxelmwifo miiRebda gadawyve-
tilebas, biznesebidan miRebuli gadasaxa-
debis adgilobriv biujetebSi warmarTvis 
sasargeblod. aseT SemTxvevaSi TviT adgi-
lobrivi xelisufleba iqneboda dainte-
resebuli biznes-subieqtebis ricxvis zrdi-
Ta da maTi saqmianobis mxardamWeri Ronis-
Ziebebis SemuSavebiT, Sesabamisad ki adgi-
lobriv biujetebSi Senatanebis gazrdiT. 

ucxoeTSi arsebobs saxelmwifoTa munici-
palitetebis monawileobiT erToblivi prog-
ramebis realizaciis gamocdileba. saqarTve-
loSic SesaZlebelia `municipalitetTaSori-
si prioritetuli programebis~ SemuSaveba, 
romlebic SesaZlebelia ganxorcieldes 
erTdroulad ramdenime municipalitetSi, 
romelTac eqnebaT socialuri da ekono-
mikuri mniSvneloba da aseve miscemen eko-
nomikur efeqtianobas mcire biznes-subi-
eqtebs. 

dReisaTvis saqarTveloSi mcire biznesSi 
arsebuli mdgomareobis analizis safuZvel-
ze SeiZleba davaskvnaT, rom igi jer kidev 
formirebis etapzea. am sferos radikaluri 
gardaqmna-ganviTarebisaTvis aucilebelia 
saxelmwifo maregulirebeli funqciebis 
gaaqtiureba da masStabebis gazrda. 

biznesis ganviTarebis sawyis etapze dafi-
nanseba warmoadgens araerTi potenciuri 
biznesmenisaTvis sirTuleTa saTaves. 

 gamokvlevebis Tanaxmad sakuTari saxs-
rebi warmoadgens kapitalis ZiriTad wyaros, 
rogorc damwyebi mewarmeTaTvis, ise im 
mewarmeebisTvisac, romlebic SeiZenen ukve 
arsebul warmoebas. maT muSaobis procesSi 
aseve uwevT finansuri saxsrebis gare 
wyaroebis moZieba. 

mcire mewarmisaTvis, rogorc wesi, ufro 
usafrTxoa axali warmoebis finansireba 
investorTa saxsrebiT da ara kreditebiT. 
tipuri safinanso kompania yovelwliurad 
Rebulobs 1000-mde moTxovnas dafinansebaze, 
romelTagan xangrZlivi analizis Semdeg 
mxolod ramdenime kmayofildeba. 

safinanso kompaniebi ZiriTadad ar afinan-
seben mcire saojaxo sawarmoebs, radganac 
maT interes warmoadgens mzardi amonagebisa 

da mogebis perspeqtivis mqone sawarmoebi, 
romelTaganac upiratesoba eniWeba maRalteq-
nologiur dargebs. 

sainvesticio politikis efeqtianobis 
amaRleba Cveni qveynis umniSvnelovanesi 
prioritetia, amisaTvis aucilebelia investi-
ciuri saqmianobis mudmivi srulyofa da misi 
marTvis gaumjobeseba meurneobriobis yvela 
doneze. 

saqarTveloSi, mcire biznesis investire-
bis SedarebiT ganviTarebuli wyaro sabanko 
kreditia. 

mcire sawarmoTa zrdasTan erTad izrde-
boda mcire biznesis dakreditebaze moTxov-
nac, swored krediti warmoadgens Cven sinam-
dvileSi aucilebel pirobas warmoebis 
gansaviTareblad da saqonelbrunvis gasaum-
jobeseblad. 

mcire biznesis dakrediteba, sabanko 
saqmianobis erT-erT urTules mimarTulebaa, 
rac gamoixateba operaciaTa Semosavlia-
nobasa da sakredito saSualebebis brunviT 
mcire vadebSi. xSir SemTxvevaSi bankebi Tavs 
ikaveben mcire biznesis dakreditebaze Tuki 
isini myarad ar funqcionireben da didi 
xnis gamocdileba ar aqvT. 

im umTavres faqtorebs Soris, romlebic 
xels uSlian biznesis ganviTarebas, mewar-
meebi pirvel rigSi asaxeleben finansuri 
resursebis simcires, xolo Semdeg, maRal 
sagadasaxado ganakveTebs, xelisuflebis 
mxridan biznesis interesebis daucvelobasa 
da biznesis sakonsultacio momsaxurebis 
xelmiuwvdomlobas. 

saxelmwifos ekonomikur politikaSi unda 
aisaxos da gatardes mcire biznesis fi-
nansur mxardaWerasTan dakavSirebuli Sem-
degi RonisZiebebi: 

 mcire biznesis sastarto kapitaliT 
finansirebis programebis SemuSaveba, rome-
lic mimarTuli iqneba mcire sawarmoTa 
dabali saprocento ganakveTiT dakredi-
tebaze; 

 mcire biznesis daxmarebis fondis Ca-
moyalibeba, romelic ikisrebs Tavdebobas 
bankebTan kreditis miRebisas; 

 mcire biznesis sawarmoebisTvis Se-
RavaTiani dabegvris sistemis SemoReba da 
a.S. 

amrigad, mcire biznesis mxardaWeris 
RonisZiebebi, maTi finansuri mdgomareobis 
gaumjobeseba da stabilizeba, axali samuSao 
adgilebis Seqmnis myari garantiebi, buneb-
rivia qveynis dabalansebuli ekonomikis 
formirebisa da funqcionirebis realuri 
safuZveli gaxdeba.  
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3. daskvna 
biznesi aris winaswar gaazrebuli saq-

mianoba, urTierTobaTa erToblioba, romel-
sac moaqvs individis materialuri da 
sulieri moTxovnilebebis dakmayofilebis-
Tvis garkveuli Semosavali, is amavdrou-
lad, sazogadoebrivi sargeblianobis Tvi-
sebis matarebelicaa, radgan TiToeuli 
individis interesebis dakmayofileba, auci-
leblad iTvaliswinebs sazogadoebis inte-
resebsac. am process Tan axlavs winaaR-
mdegobebi, romlebic SeiZleba ganvixiloT, 
rogorc sazogadoebis ekonomikuri prog-
resis da safuZveli. 

mcire biznesi, Tavisi moculobiT, eko-
nomikis erT-erT umsxviles seqtors warmoa-
dgens. igi rogorc biznes sistemis, aseve 
mTeli ekonomikuri sistemis formirebis, 
ganviTarebisa da stabilurobis erT-erTi 
pirveli wyaroa. 

2011 wlis pirvel ianvridan saqarTvelos 
sagadasaxado kodeqsSi Setanili cvlile-
bebis Tanaxmad, mcire bizness miekuTvneba 
fizikuri piris saqmianoba, romlis wliuri 
brunva ar aRemateba 100 aTas lars, xolo 
mikro biznesis _ 30 aTas lars. 

mcire bizness aqvs mniSvnelovani socia-
lur-ekonomikuri roli, rac ZiriTadad 
gamoixateba sazogadoebis saSualo fenis 
formirebis daCqarebaSi da ekonomikurad 
aqtiuri mosaxleobis ricxvis zrdaSi; 
unarian mewarmeTa warmoCenaSi. 

unda aRiniSnos, rom msxvili da mcire 
warmoeba Tundac erTi teritoriis farg-
lebSi, rogorc wesi, ar aris urTierT-
Semcvleli. 

miuxedavad imisa, rom saqarTveloSi mniS-
vnelovani warmatebebiT biznesis ganviTa-
rebasTan dakavSirebiT da xelisuflebac 
etapobrivad SeimuSavebs mcire mewarmeobis 
mxardaWeris meqanizmebs, mewarmeebi kvlav 
samewarmeo garemos gaumjobesebis molo-
dinSi arian. 

gamokvlevebiT Cans, rom mewarmeobisaTvis 
dResac aqtualuria iseTi xelSemSleli 
faqtorebi, rogoricaa finansebze xelmisaw-
vdomoba, kreditis maRali saprocento 
ganakveTi, maRali sagasaxado ganakveTebi. 
mewarmeebi Tvlian, rom maTi biznesis war-
matebuli ganviTarebisaTvis zemoT aRniSnul 
problemebTan erTad aranaklebi mniSvneloba 
aqvs mosaxleobis msyidvelobiTunarianobas. 
aqedan gamomdinare, zogadad biznesisaTvis 
mniSvnelovania mosaxleobis keTildReoba, 
romelzec jaWvurad aris mibmuli biznesis 
gafarToebis SesaZleblobebi. 

saqarTvelom unda daaCqaros konkurent-
unarianobis erovnuli modelebis damuSaveba 
msoflio ekonomikuri forumisa da msoflio 
bankis reitingebis rekomendaciebisa da das-
kvnebis gaTvaliswinebiT, romelTa gaumjobe-
sebisaken swrafva, saqarTveloSi gamoiwvevs 
arsebuli biznes klimatis gaumjobesebas, 
srulyofasa da Sesabamisad biznes subieqte-
bisaTvis xelsayreli saqmiani pirobebis 
Seqmnas. 

zogadad, qveynis ekonomikaSi, mcire biz-
nesis rolis gansazRvrisas unda gamoviye-
noT iseTi maCveneblebi, rogoricaa: mSp-Si 
mcire biznesis wili, produqciis warmoebisa 
da brunvis maCveneblebi mcire biznesSi, 
mcire sawarmoTa raodenoba 100 mcxovrebze 
gaangariSebiT, mcire biznesis wili eqspor-
tSi da a.S. 

mSp-Si mcire biznesis dabal xvedriT 
wils ukavSireben mcire sawarmoebis gansaz-
Rvris kriteriumebs. maSin, roca saqarTve-
loSi mcire sawarmoTa brunvis raodenoba 
Seadgens 100 aTas lars, evrokomisiis mier 
miRebuli klasifikaciiT mikro sawarmoTa 
brunva 2 milion evros unda Seadgendes, 
xolo mcire sawarmoebisTvis ki 10 milion 
evros. 

Tanamedrove pirobebSi mcire biznesis 
ganviTarebis da bazarze poziciebis gamyare-
bisaTvis mniSvnelovan Sida faqtors war-
moadgens marTvis sistemis srulyofa. man 
unda moicvas prognozirebis, dagegmvis, 
aRricxvis, analizisa da kontrolis proce-
sebi. Sida garemos monitoringis maCveneb-
lebma unda misces sawarmos xelmZRvane-
lobas saSualeba miiRos strategiuli 
gadawyvetilebebi. amitom, mcire sawarmoebSi 
msgavsi sistemis SemuSaveba da danergva 
warmoadgens sakmaod aqtualur sakiTxs. 

mcire biznesis ganviTarebis strategiis 
SemuSavebisas, gansakuTrebuli mniSvneloba 
unda mieniWos mcire biznesis inovaciur 
xelSewyobas, romelic moiTxovs mecnierul-
teqnikuri infrastruqturis ganviTarebas, im 
biznes subieqtebis mxardaWeras, romlebic 
orientirebuli arian inovaciebze da maRal 
teqnologiebze. inovaciuri strategiis 
SemuSaveba unda aisaxos inovaciuri ganvi-
Tarebis saxelmwifo miznobriv programebSi. 
aseTi programebi ama Tu im formiT arsebobs 
ganviTarebul da ganviTarebad qveynebSi, 
romelTa gamoyenebis efeqtianobas kargad 
aCvenebs iaponiis, singapuris, israelis da 
sxvaTa gamocdileba.  
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UDC 330:625 
PROBLEMS OF SMALL BUSINESS DEVELOPMENT AND WAYS OF THEIR SOLUTION AND ACTIONS 
OF IMPROVEMENT OF INVESTMENT ENVIRONMENT  
A. Kankadze  
 

Resume: Method. The research method lies in actions for improvement of small business development problems, 
ways of their solution and investment environment.  

Goal. relation exists between of small business development and ways of their solution and improvement of 
investment environment.  

Results. Accordingly of research the own assets represents the main course of capital for novice entrepreneur, as 
well as for entrepreneurs whose purchase existing enterprises. They are searching in working process the outer 
sources of financial assets. 

Conclusion. The financial companies often are not financing the small family enterprises because they are 
attended on having growing tasks and perspectives of profit enterprises, from that advantages have the high tech 
fields. 

 
Key words: business; small business; development of business in regions; impact of demographic features on 

business; possibilities of financial support of small business and improvement of investment environment. 
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reziume: mizani. masalebis meqanikuri 
simtkicis an deformaciis sxvadasxva konkre-
tuli saxeobebis mimarT misi winaRobis 
dasaxasiaTeblad, gamoiyeneba moduli. Tu 
mis ukanasknel mniSvnelobaSi ganmarteba 
moduli gamoiyeneba meqanikuri Tvisebebis 
dasaxasiaTeblad masalaTa farTo wrisaTvis, 
Cven SemTxvevaSi ki keramikuli masalebisaT-
vis _ maSin masalaTa stabiluridan metas-
tabilur mdgomareobaSi gadasvlisas, anu 
daSlis procesSi, meqanikuri moduli mniS-
vnelovan rols unda asrulebdes. Cveni samu-
Saos mizania SemuSavdes keramikul masalaTa 
meqanikuri modulis formula, romelic 
amomwurav pasuxs mogvcems masalaTa makro- 
da mikromeqnikuri Tvisebebis, makro- da mik-
rostruqturuli mdgenelebis _ kristaluri, 
miniseburi da foriani fazebis rolis Sesa-
xeb maslaTa stabiluridan metastabilur 
mdgomareobaSi gadasvlis procesSi.  

meTodi. keramikul masalaTa mikro- da 
makrostruqturuli, mikro- da makromeqani-
kuri maxasiaTeblebis Seswavlisa da gan-
zogadebis safuZvelze SerCeuli iqna formu-
lis parametrebi. 

Sedegebi. formula moicavs makromeqani-
kuri Tvisebebidan: drekadobis da elasti-
kurobis moduls, meqanikas Runvaze sami da 
oTx wertiliani datvirTviT, kumSvasa da 
wyvetaze. mikromeqanikuri maxasiaTeblebidan 
moiazrebs: birbaumis, brinelis, Soris, 
rokvelis samive parametrs, knupis, vikersis 
da moosis skalas. morfologiuri maxasi-
aTeblebidan: kristaluri, miniseburi da 
foriani fazis masobivi moculobiT da 
xazobriv Tvisebebs. daZabulobis intensivo-
bis kritikul koeficients. formulaSi Semo-
tanilia sruliad axali gansazRvreba _ 
matricaSi foriani fazis gadanawilebis 
faqtori.  

(saqarTvelos inteleqtualuri sakuTre-
bis erovnuli centri-saqpatenti. deponire-
bis damadasturebeli mowmoba 7136. nawar-
moebi: keramikul masalaTa da kompozici-
ebis meqanikuri modulis formula. deponi-
rebulia 2017. 10. 11.). 

daskvna. amdenad, warmodgenili formula 
aris krebsiTi xasiaTis da misi gamoyeneba 
SesaZlebelia nebismieri keramikuli masale-
bisa da keramikuli kompozitebis teqnolo-
giaSi.  

 
sakvanZo sityvebi: meqanikuri moduli; 

kristaluri faza; miniseburi faza; foriani 
fazis matricaSi ganawilebis faqtori; 
makromeqanika; mikromeqanika; Kic.  

 
 
1. Sesavali 
masalaTa morfologiuri kvlevisas mniS-

vnelovani roli ganekuTvneba kristalur 
fazas, romelic struqturis yvelaze gamaZ-
lierebel mdgenels warmoadgens. krista-
luri fazis gadanawileba matricaSi da 
misi zomebi, mniSvnelovnad moqmedebs meqani-
kur Tvisebebze (sur. 1a da b). wvrildis-
persiuli zomebi, 5 mkm-ze naklebi da maTi 
Tanabari ganawileba zrdis keramikis nebis-
mieri saxeobis meqanikas, xolo maTi didi 
zomebi, rogoricaa 20-40 mkm da meti, da 
araTanabari ganawileba masalis masaSi, 
amcirebs ara marto meqanikur, aramed sxva 
saeqsploatacio Tvisebebsac, rogorebicaa 
Termuli da airTermuli medegoba dart-
ymebis mimarT, eleqtro da magnituri Tvise-
bebi, xanmedegoba da eqspluatacia rTuli 
daZabulobebis pirobebSi, mag. eleqtroga-
damcem xazebze da a.S. (1-3). 

miniseburi faza kristalur fazasTan 
SedarebiT warmoadgens matricis sust mdge-
nels, magram Tu masSi Tanabrad aris 
gadanawilebuli kristalebi da forebi, 
maSin is iqneba SemakavSirebeli da SemamWi-
debeli am fazebisaTvis. ra Tqma unda, mci-
re odenobis miniseburi faza am SemTxvevaSi 
SedarebiT dadebiT rols Seasrulebs, mag. 
myar fazaTa Secxobis dros, rodesac misi 
moculobiTi wili naklebia 12%-ze. Sereuli 
(12-30 mas.%) da Txiadfazuri Secxobis dros 
(meti 30 mas. %-ze), ra Tqma unda masalaTa 
meqanika SedarebiT sustia. foriani faza 
aseve kompleqsur zegavlenas axdens kerami-
kis sxvadasxva Tvisebebze. 
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ა)                                                                                                            ბ) 
 

sur. 1. keramikuli nimuSis morfologiuri  
eleqtronul mikroskopuli suraTi x 5400. a) miniseburi faza  
armirebuli mulitis kristalebiT. b) nawilobriv armirebuli  
mulitis kristalebiT. Ria feris ubnebi miniseburi fazebia 

 
didi mniSvneloba aqvs forebis zomas, maT 

moculobiT wils, formas, aris es daxu-
ruli da mrgvali formis, gamWoli Tu 
naxevrad gamWoli. rac ufro wvrildis-
persiulia forebi matricaSi da Tanabrad 
aris ganawilebuli, miT Zlieria, xanmedegia 
da mdgradia masala Termuli, airTermuli 
dartymebis da meqanikuri daZabulobebis da 
dartymebis mimarT. forebi mniSvnelovnad 
moqmedebs nakeTobaTa kompleqsur Tvisebebze, 
maTi momrgvalebuli forma, mcire zomebi _ 
5 mkm-ze naklebi da Tanabari ganawileba 
zrdis keramikis medegobas gare datvirT-
vebis mimarT. rodesac Ria forianiba wyal-
STanTqmis mixedviT nulis tolia, maSin 
daxuruli forebis moculobiTi wili mat-
ricaSi ZiriTadad meryeobs 1.5-9 moc. %-s 
Soris. rac Seexeba TvaliT uxilav mikrob-
zarebs, grifitsis mixedviT isini nebismier 
Termulad damuSavebul masalaSia (4.5). meqa-
nikuri datvirTvis pirobebSi, mag. wylis 
turbinebis an airturbinebis mfrinav apara-
tebSi sastarto amuSavebis procesSi, daZa-
bulobebis intensivobebi maqsimaluria. am 
dros Tavs iCens daZabulobebis intensivoba 
bzaris wverosTan da kritikul SemTxvevaSi 
xdeba bzaris, gansakuTrebiT didi zomis 
bzarebis ganviTareba mowyvetis gziT (6). 
bzari am dros SeiZleba ganviTardes 2000 
m/wm siCqariT. da gamoiwvios myisieri katas-
trofa. am SemTxvevaSi mniSvnelovan rols 
asrulebs daZabulobis intensivobis kriti-
kuli koeficienti _ Kic, romelic dakavSire-
bulia drekadi energiis ganTavisuflebis 
kritikul intensivobasTan an daSlis sib-
lantesTan Gic. moculobiTi daZabulobebis 

mdgomareobaSi K2ic=E Gic (1-µ2), sadac µ-pua-
sonis koeficientia. daZabulobis intensivo-
bis koeficienti (dik) aris sidide da gan-

sazRvravs normalur daZabulobas y wer-

tilSi, romelic mcire dacilebiT mdeba-
reobs r bzaris wverodan da gamoxatavs 
adgilobriv daZabulobebs bzarTan axlos. 
sxeuli bzariT, datvirTvis dros aRwevs 
wonasworobis zRvrul mdgomareobas, rom-
lis drosac bzari an ukve iwyebs moZraobas, 
an SeuZlia daiZras adgilidan, mocemuli 
datvirTvis mcire matebis dros. am SemT-
xvevaSi daZabulobis intensivobis koefici-
enti iqneba kritikuli am masalisaTvis 
mocemuli datvirTvis pirobebSi. drekad 
sxeulSi bzariT, Tu RerZi y bzaris mimar-
Tulebis perpendikularulia, dik-i asimpto-
tur miaxloebaSi ganisazRvreba gamosaxu-

lebiT K=lim √2πr ,y  sadac Kic aris sidide, 
romelic axasiaTebs masalis daSlis da 
gviCvenebs myife bzaris ganviTarebas mowyve-
tis gziT blant daSlas (6).  

 
2. ZiriTadi nawili 
Kic keramikuli masalisaTvis mniSvnelo-

vani parametria, amitom es sidide SevitaneT 
Cven formulaSi, romlis maTematikuri gamo-
saxuleba aseTia: 

 

Kvol.E.Kic.Pd 
          M=---------------------- MPa/mm2 

Km.Gvol..Pvol..Pm 
 

sadac Kvol aris kristaluri fazis mocu-
lobiTi wili matricaSi; E _ elastiurobis 
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moduli; Kic _ daZabulobis intensivobis 
kritikuli koeficienti; Pd _ masalaSi fo-
rebis gadanawilebis faqtori; Km _ kris-
talebis saSualo zoma masalaSi; Gvol. _ 
miniseburi fazis moculobiTi wili masa-
laSi; Pvol. _ foriani fazis moculobiTi 
wili masalaSi; Pm _ forebis saSualo 
zoma. aq yuradRebas vamaxvilebT sruliad 
axal sidideze, Pd _ masalaSi forebis 
gadanawilebis faqtorze, romelic Cven 
xelT arsebuli informaciiT saerTaSoriso 
doneze arsad ar aris gamoyenebuli. es 
sidide ganisazRvra 1-is tolad da misi 
mniSvnelobis Sefaseba mTlianad damoki-
debulia mkvlevarze, gamomdinare morfolo-

giuri suraTidan. imisda mixedviT, Tu 
rogor aris forebi masalaSi gadanawile-
buli, faqtoris sidide SeiZleba icvlebo-
des 1-dan 0.8-de da ganisazRvros 1. 1-iT, im 
SemTxvevaSi, Tu forebi Tanabrad aris 
matricaSi gadanawilebuli da daaxloebiT 
erTi zomisaa. forebi Semcxvar konsoli-
direbul masalaSi aris momrgvalebuli 
formis. 2. 0.9-iT im SemTxvevaSi, Tu forebis 
gadanawileba araTanabaria da 3. 0.8-iT, Tu 
forebis koalescenciis1 procesia dawyebu-
li, anu masala Termulad damuSavdeba misi 
sinTezis temperaturasTan SedarebiT maRal 
temperaturul areSi (sur 2 a da b). 

 

       
 

ა)                                                                                                ბ)  
 

sur. 2. celzianis eleqtrokeramikis foriani fazis morfologiuri suraTi.  
a) 14500C-ze gamomwvari, b) 15000C-ze gamomwvari 

 
sur. 1-ze mocemulia samkomponentian sis-

temaSi BaO-Al2O3-SiO2 keramikis Secxobis 
temperaturebze gamomwvari nimuSebi. orive 
SemTxvevaSi Ria forianoba wyalSTanTqmis 
mixedviT nulis tolia. 14500C aris am kera-
mikis optimaluri Secxobis temperatura, 
anu rodesac masala mzad aris industriaSi 
eqsploataciisaTvis. 15000C-s pirobebSi, ke-
ramika imyofeba Secxobis intervalSi, wyal-
STanTqma nulis tolia, magram matricaSi 
mimdinareobs forebis koalescencia, rac 
suraTze b) naTlad Cans. aSkaraa, rom am 
SemTxvevaSi meqanikuri simtkice Runvaze ik-
lebs da Seadgens 66 MPa. 14500C-ze meqanika 
Runvaze aris 79 MPA. am SemTxvevaSi 
forebis gadanawilebis faqtori aiReba 0.8. 
79x0.8=63.2. sxvaoba 66-sa da 63.2-s Soris aris 
cdomileba _ 4.24%. sxva mraval SemTxve-
vebSi naangariSevi forebis masalaSi gada-

nawilebis faqtori Tavsdeba am cdomilebis 
farglebSi (7-9). formulis danarCeni para-
metrebi iangariSeba struqturuli kvlevis 
Sedegad miRebuli optikuri da eleqtro-
nul-mikroskopuli suraTebidan. rac Seexeba 
Kic-s, iangariSeba cnobili formuliT: 

 

0.035 HV√a 
Kic=----------------- MPa/mm2 

F (HV/FE)2/5√b/a 
 

sadac, F aris formis faqtori, romelic 
gulisxmobs nawilakis an masalis udidesi 
maxasiaTebeli zomis fardobas umciresTan 
da keramikisaTvis aiReba saSualod 3-is 
tolad; HV _ mikrosisale vikersis mixed-
viT; E _ elastiurobis moduli _ MPa; b _ 
anabeWdis bzaris sigrZe _ mkm.; a _ anabeWdis 
diagonalis naxevari _ mkm.; 

 
__________________________ 
1 koalescencia, forebis zrda myar sxeulSi, forebis gaerTianeba, rasac Tan axlavs maTi jamuri 
zedapiris Semcireba saerTo moculobis ucvlelobis dros. forebis koalescenciis procesi SeiniS-
neba Secxobis bolo stadiebze da ganisazRvreba msxvili forebis zomebis zrdiT, mcire zomis 
forebis vakansiuri xsnadobis Sedegad. 
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veibulis cnobil formulaSi, romelic 

axasiaTebs masalis simtkices an defor-

maciis sxvadasxva konkretuli saxeobebis 

mimarT winaRobas da aris myife sxeulis 

daSlis daZabulobis ganawilebis funqciis 

xarisxis maCvenebeli (6), dafuZnebulia „sus-

ti ubnis“ hipoTezaze. mas aqvs Semdegi saxe: 
 

P= 1- exp   1 0/
m

    , 
 

sadac, P aris daSlis albaToba;   _ daS-

lis daZabuloba; 1  – zRvruli daZabuloba, 

anu daZabuloba, romlis qvemoTac daSla 

ar mimdinareobs; 0  _ normirebis parametri; 

m _ veibulis moduli. 

veibulis ganawilebis funqcia misaRebia 

myife sxeulebis iseTi daSlis aRwerisaT-

vis, romlebSic daSla inicirebulia mocu-

lobiTi an zedapiruli defeqtebiT.  
 

 
3. daskvna 
Cven mier SemuSavebul formulaSi pro-

cesi aRiwereba ara marto moculobiTi da 

zedapiruli defeqtebiT, aramed mikro- da 

makrostruqturuli moculobiTi da zedapi-

ruli _ kristaluri, miniseburi da foriani 

fazuri SedgenilobiT, maTi matricaSi gada-

nawilebiT, masobrivi moculobiTi wiliT, 

procentuli SemcvelobiT da maTi ganvi-

TarebiT da gardaqmnebiT qimiuri da fizi-

kur-qimiuri procesebis Sedegad masalaTa 

konsolidaciis procesSi.  

aRniSnuli Tvisebebi ganisazRvreba eqspe-

rimentulad. umniSvnelovaness warmoadgens 

sruliad axali, forebis masalaSi gadanawi-

lebis faqtori, romelic Cveni informaciiT 

jer arsad da arcerT formulaSi ar gamo-

yenebula. sagulisxmoa formulaSi daZabu-

lobis intensivobis kritikuli koeficientis 

Setana, romelic mniSvnelovan mikro da 

makromeqanikur parametrebs moicavs. Cveni 

formula amomwurav pasuxs iZleva masalaTa 

kompleqsur Tvisebebze da gamoyenebadia 

nebismieri keramikuli masalebisa da kerami-

kuli kompozitebisaTvis, rogorebicaa, meta-

lokeramika, bikeramika, minakeramika, minameta-

lokeramika da sxv. isini gamoiyeneba teqnikis 

mraval mowinave dargSi, Tanamedrove teqno-

logiebSi da sayofacxovrebo pirobebSi.  
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UDC 621.9.02 
FORMULA OF MECHANICAL MODULE FOR CERAMIC MATERIALS  
Z.  Kovziridze  
 

Resume: Goal. A module is used to describe resistance of materials to various particular forms of mechanical 
strength or deformation of materials. If in its latter meaning the definition “module” is used for characterization of 
mechanical properties of a wide specter of materials, and in our case of ceramic materials, at the transition of materials 
from stable to meta-stable state, that is in the process of disintegration of materials, mechanical module should play a 
significant role. The research pursued to develop a formula of mechanical module, which would provide us with 
exhaustive answer about macro- and micro-mechanical properties, macro- and micro-structural constituents, about the 
role of crystal, glass and porous phases in the process of transition of materials from stable to meta-stable state.  

Method. Parameters of the formula were selected on the basis of the study and generalization of micro- and 
macro-structural, micro- and macro-mechanical characteristics of ceramic materials. 

Results. The formula covers the following macro-mechanical properties:  module of shift and elasticity, mechanics: 
at bending with three and four point charge, at contraction and rupture. From micro-mechanical characteristics it 
considers: Birbaum, Brinner, Schore, all three Rockwell’s parameters, properties according to Knup, Wickers and 
Moos’s scale. From the morphological characteristics it considers: mass-volumetric and linear properties of crystalline, 
glass and porous phases; critical stress intensity factor. Absolutely new definition is introduced into the formula, the 
factor of porous phase spreading in a lattice.   

(National Center of Intellectual property of Georgia “Georgian Patent”, Certificate of Deposition # 7136. "Formula 
of Mechanical Modulus of Ceramic Materials and Composites". 2017.10.11). 

Conclusion. Thus the offered formula is of a cumulative character and it can be used in technology of any ceramic 
material and ceramic composites. 

 
Key words:  mechanical module; crystalline phase; glass phase; factor of spreading of porous phase in the lattice; 

macro-mechanics; micro-mechanics; Kic. 
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reziume: mizani. adgilobrivi nedleulis 
bazaze maRali fizikur- teqnikuri Tvisebe-
bis mqone cecxlgamZle betonis miReba da 
am teqnologiis damuSaveba.  

meTodi. kvleva Catarebulia qimiuri, ren-
tgenostruqturuli, Termografiuli, eleq-
tronuli mikroskopiis meTodebiT.  

Sedegi. miRebulia ori sxvadasxva Sed-
genilobis, mxurvalgamZle da maRalcecxl-
gamZle maRali fizikur-teqnikuri Tvisebe-
bis betoni.  

daskvna. miRebuli cecxlgamZle betone-
bis gamoyeneba SesaZlebelia metalurgiuli 
Tburi danadgarebis maRaltemperaturuli 
zonebis amonagisaTvis.  

 
sakvanZo sityvebi: cecxlgamZle betoni; 

portlandcementi; serpentiniti; dolomit-
serpentinituri klinkeri; kvlevis fizikur-
teqnikuri meTodebi; metalurgiuli Tburi 
danadgarebi; amonagi.  

 
 
1. Sesavali 
teqnikis sxvadasxva sferoSi gamoyenebu-

li Tanamedrove Tburi agregatebi msxvili 
sainJinro mowyobilobaa, romlebic rTul 
temperaturul pirobebSi muSaoben. maTi 
cecxlgamZle masalebze moqmedeba iwvevs 
fizikur-meqanikuri Tvisebebis cvlilebas 
da konstruqciebis daZabulobas. amis Sede-
gia Tburi danadgarebis SedarebiT swrafi 
gamosvla mwyobridan, romlebic agebulia 
cecxlgamZle agurebiT. did xarjebTanaa 
dakavSirebuli maTTvis remontis Catareba, 
ZviradRirebuli agurebisa da mniSvnelovani 
SromiTi xarjebis gamo. amasTan dakavSire-
biT, gaCnda axali cecxlgamZle masalebisa 
da samSeneblo konstruqciebis Seqmnis auci-
lebloba, romlebic agregatebis xanmede-
gobas gazrdida. am amocanis gadasawyvetad, 
dRis wesrigSi dadga cecxlgamZle beto-
nebisa da rkinabetonis damuSavebisa da 
Canergvis sakiTxi. damuSavebulia cecxl-
gamZle betonebis teqnologia da Tburi 
agregatebis konstruqciebi [1, 2]. 

miuxedavad miRweulisa, sistemuri Teo-
riuli da eqsperimentuli kvlevebi dResac 

mimdinareobs betonebze maRali temperatu-
rebis moqmedebis Sesaswavlad da Zieba 
maTi cecxlgamZleobis amaRlebisa da axa-
li saxeobis cecxlgamZle betonebis misa-
Rebad.  

 cecxlgamZle betoni aris specialuri 
saxis betoni, romelic maRali tempera-
turis xangrZlivi moqmedebisas inarCunebs 
mocemul (dasaSveb) zRvrebSi ZiriTad fizi-
kur-meqanikur Tvisebebs. cecxlgamZleobis 
mixedviT betonebi iyofa Semdeg jgufebad: 
 maRalcecxlgamZle, cecxlgamZleobiT 

1580_1770℃. 
 mxurvalgamZle, cecxlgamZleobiT 

1250_1580℃. 
cecxlgamZle betoniT amogebuli Tburi 

agregatebis muSaobis gamocdilebam aCvena, 
rom am masalebis gamoyeneba: 
 ar moiTxovs winaswar gamowvas, rome-

lic aucilebelia cecxlgamZle agure-
bis warmoebisas; Tburi damuSaveba 
xorcieldeba Tburi agregatis gaSve-
bisa da eqspluataciis dros; 

 ar saWiroebs Sromatevadi samuSaoebis 
Catarebas agurebis gaxexvis da 
RumelSi amonagis wyobis gakeTebisas; 

 iqmneba araZviradRirebuli masalebis 
gamoyenebis SesaZlebloba, kerZod: 
widebis, tufebis, pemzis da sxv. rac 
garkveul ekonomias iZleva. 

 miiRweva Tburi agregatebis mSeneb-
lobis dabali TviTRirebuleba; 

 gaCndeba nebismieri formis Rumlebis 
konstruqciebi. 

yvela zemoT CamoTvlili, mianiSnebs 
cecxlgamZle betonebis gamoyenebis perspeq-
tivaze. 

cecxlgamZle betonebis Sedgenilobaa _ 
hidravlikuri an sahaero mWida masala, 
Semavsebeli da wmindad dafquli minera-
luri danamati. moTxovnilebisgan gamomdi-
nare betoni SeiZleba damzaddes sxvadasxva 
mWida masalis gamoyenebiT. sxva tipis be-
tonebis Semavseblisgan gansxvavebiT Cven 
mier SemuSavebuli Semavsebeli unda iyos 
iseTi masalebisagan Semdgari, romelTac eq-
nebaT sakmaod maRali cecxlgamZleoba. ase-
Ti SeiZleba iyos: Samoti, qromiti, magneziti 
da sxv. [3-6]. 
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cnobilia, rom cecxlgamZleobis Tval-
sazrisiT mWida masalebs Soris ukeTesia 
portlandcementi. imisaTvis, rom portland-
cementze damzadebulma betonma maRali 
temperaturis moqmedebisas SeinarCunos sak-
marisi simtkice, mis SedgenilobaSi SehyavT 
wvrildispersiuli danamatebi, romlebic 
Seicaven aqtiur amorful kaJmiwas. port-
landcementis bazaze cecxlgamZle beto-
nebis miRebis arsi mdgomareobs imaSi, rom 
betonis Semadgeneli wmindadafquli dana-
mati SeakavSirebs ra cementis qvis Tavi-
sufal CaO-s maRal temperaturebze gaxure-
bisas, xels Seuwyobs aucilebeli simtki-
cisa da struqturis SenarCunebas misi 
gacivebis Semdegac. maRali temperaturis 
zemoqmedebisas betonis simtkice damokide-
bulia Semavseblis saxeobaze da mis mine-
ralogiur bunebaze [7-12].  

 

 
2. ZiriTadi nawili 
Cveni mizania adgilobrivi nedleulis 

bazaze axali Sedgenilobis cecxlgamZle 
betonis miReba maRali fizikur-teqnikuri 
TvisebebiT da teqnologiis damuSaveba.  

zemoaRniSnulidan gamomdinare, maRal-
cecxlgamZle betonis misaRebad, SevarCieT 
ori Sedgeniloba: 

1. Sedgeniloba: 
mWida masala _ portlandcementi; 
Semavsebeli _ msxvili da wvrili 

fraqciis magnezituri aguris lewi; 
danamati _ 800℃ gamomwvari wmindad 

dafquli serpentiniti. 
2. Sedgeniloba: 
mWida masala _ portlandcementi; 
Semavsebeli _ msxvili da wvrili fraq-

ciis magnezituri aguris lewi; 
danamati _ wmindad dafquli dolomit-

serpentinituri klinkeri. 
mSrali narevis Tanafardoba komponen-

tebs Soris masis mixedviT %-Si Seadgenda: 
portlandcementi: wmindadafquli danamati: 
Semavsebeli _ 18:6:76 

magnezituri aguris lewi momzadda 
Semdegnairad: lewi davamsxvrieT ybebian 
msxvrevanaSi da movamzadeT msxvili Semav-
sebeli marcvlebis zomiT (5-25mm) da wvrili 
_ (0.15-5mm). gacrili da saWiro zomis 
marcvlebis mqone msxvili da wvrili 
Semavsebelis kargad arevis Semdeg, mom-
zadda garkveuli granulometruli Sedge-
nilobis narevi. 

wmindad dafquli danamatis saxiT 
pirveli Sedgenilobis _ betoni 1-is, SemT-

xvevaSi gamoviyeneT 800℃ gamomwvari wmindad 
dafquli serpentiniti. igi aRniSnul tempe-
raturaze gamowvis Sendeg Seicavs aqtiur 
Si02-s. 700-900℃-ze mas SeuZlia Sevides reaq-
ciaSi CaO-sTan da SeboWos igi. Tavisufali 
CaO arseboba, rogorc ukve aRvniSneT, amci-
rebs betonis simtkices. 

saqarTveloSi arsebuli saCxeris serpen-
tinitis sabadoSi aRebuli partiidan, 
fxvnili momzadda Semdegnairad: serpen-
tiniti davamsxvrieT ybebian msxvrevanaSi, 
Semdeg davfqviT burTulebian wisqvilSi,  

serpentinitis gaxurebis diferencialur 
mrudze (nax. 1), sami endoTermuli efeqtia 
maqsimumebiT: 900C, 6500C da 7900C da erTic 
egzoTermuli efeqti maqsimumiT 8100C, 
romelic damaxasiaTebelia serpentinite-
bisaTvis. pirveli endopiki 900C dakavSi-
rebulia higroskopuli wylis dakargvasTan, 
meore 6500C, gamowveulia mineral serpen-
tinis dehidrataciiT, romlis drosac 
irRveva misi kristaluri meseri. 6500C–ze 
kristalizaciuri wylis sruli dakargvis 
Semdeg rCeba dehidratirebuli rentgen-
oamorfuli serpentini 3MgO.2SiO2, romel-
sac metaserpentins uwodeben. mesame endo-
efeqti _ 7900C-ze mianiSnebs serpentinitSi 
mcire raodenobiT magnezitis _ MgCO3-is, 
arsebobaze, romelic am temperaturaze 
iSleba. aseve aRiniSneba erTi egzoTermuli 
efeqti maqsimumiT 810℃, romelic damaxa-
siaTebelia serpentinitebisaTvis. 

 

 
 

nax. 1. serpentinitis Termograma. 
 

serpentinitis qimiuri Sedgenilobidan 
(cxrili 1) Cans, rom igi didi raodenobiT 
Seicavs MgO-s _ 33,69 %-s, romelic reaq-
ciaSi Seva advilad lRobad komponentebTan 
da Sedegad warmoqmnis cecxlgamZle mine-
ralebs. 
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cxrili 1 
serpentinitis qimiuri Sedgeniloba 

 

საბადოს 
დასახელება 

ოქსიდების შემცველობა, მას.% 

Fe2O3 Al2O3 MgO SiO2 CaO SO3 R2O სინესტე ხ.დ. 

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

 

 
meore Sedgenilobis, betoni 2-is, SemT-

xvevaSi movamzadeT dolomit-serpentinitu-
ri klinkeri Semdegnairad: dolomitisa da 
serpentinitis 4:1 Tanafardoba gamovwviT 
1400℃-ze. misi Semadgeneli ZiriTadi fazebia 
samkal-ciumiani silikati _ 3CaOSiO2, perik-
lazi MgO [13, 14], rac kargad Cans 
rentgenostruqturuli, petrografiuli da 
eleqtronuli mikroskopiis kvlevebis 

monacemebiT (nax. 2, 3, 4). es mineralebi 
maRalcecxlgamZlea. masSi mcire raodeno-
biT miiReba arasasurveli minerali - 
orkalciumiani silikati, romelic daukav-
Sirdeba portlandcementis CaO-s, SeboWavs 
mas da warmoqmnis 3CaOSiO2-amitom miRebuli 
klinkeris gamoyeneba, rogorc wmindad 
dafquli danamatisa, SesaZlebeli iqneba 
maRalcecxlgamZle betonis misaRebad. 

 

 
 

nax. 2. dolomit-serpentinituri klinkeris  
rentgenograma 

 
 
 

 
 
 

nax. 3. 1450℃–ze gamomwvari klinkeri 2-is  
mikrostruqtura, X200 
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ა) X1000  ბ) X2000 
 
 

       
 

გ) X3000  დ) X3500 
 

nax. 4. 1450℃-ze gamomwvari klinkeri 2-is  
eleqtronulmikroskopuli suraTebi sxvadasxva gadidebisas:  

a) X1000, b) X2000, g) X3000, d) X3500 

 
 

betonis Semadgenlobis SerCevisas gaviT-
valiswineT mecnierulad dasabuTebuli Sem-
degi pirobebi: 
 wyalcementis Tanafardoba, romelic 

ar unda aRematebodes 0.6; 
 1m3 betonis mosamzadeblad cementis 

xarji ar unda iyos 250kg-ze naklebi; 
 betonis Zvradoba unda uzrunvel-

yofdes betonis Cawyobas vibrirebis 
meTodiT da unda Seadgendes 30-40mm 
standartuli konusis mixedviT.  

betonis narevi momzadda komponentTa 
Semdegi TanafardobiT - portlandcementi: 
wmindaddafquli danamati: Semavsebeli - 
18:6:76. mosamzadeblad gamoviyeneT portlan-
dcementi, markiT 400. dayalibebisas betonis 

nimuSebi gavamkvriveT vibromagidaze vib-
rirebiT da dayalibebuli nimuSebi dava-
yovneT haerze 28 dRis ganmavlobaSi, Semdeg 
gamovaSreT 110℃-ze TermostatSi da gava-
xureT 800, 1000, 1250 da 1400℃ tempera-
turebze. temperaturis awevis siCqare iyo 
150℃ saaTSi, xolo bolo temperaturaze 
dayovneba Seadgenda 3 saaTs. garkveul tem-
peraturamde gaxurebis Semdeg SeviswavleT 
gacivebuli nimuSebis nawilis fizikur-
teqnikuri Tvisebebi. Sedegebi mocemulia 
cxrilSi 3. miRebuli cecxlgamZle betonis 
identifikacia movaxdineT infrawiTeli 
(FTIR) speqtrebiT, romelic mocemulia nax. 
5-ze. 
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nax. 5. cecxlgamZle betonis FTIR speqtri 
 

 

sakvlevi nimuSis infrawiTeli speqtrebi 
gadaviReT Ge-is magidaze (Avatar Multi-Bounce 
Flat Plate 45 degree Ge). FTIR speqtrebma aCvenes, 
rom Cven mier miRebuli masala Seicavs 
cecxlgamZle betonisaTvis damaxasiaTebel 
STanTqmis yvela zols, maT Soris mkafiod 
SeimCneva betonis masaSi arsebuli wylis 
OH-jgufebis absorbciiT gamowveuli STan-
Tqmis zoli 3516sm-1 ubanSi. (wyalcementis 
Tanafardoba ar aRemateba 0.6). 

maRal temperaturaze muSaobisas nebis-
mieri masalis Tvisebebi da xarisxi fasdeba 
sxvadasxva fizikur-meqanikuri maCveneblebiT: 
simtkicis zRvari kumSvisas normalur da 
maRal temperaturaze, Termuli medegoba, 
cecxlgamZleoba, maRal temperaturaze dat-
virTvisas deformaciis dawyebis temperatu-
ra, Cajdoma, Termuli gafarToeba, Tbogam-
taroba. yvela es Tviseba ganpirobebulia ma-
salebis qimiuri da mineralogiuri Sedge-
nilobiT, struqturiT, forianobiT, mocu-
lobiTi woniT da sxva. cecxlgamZle beto-
nebis muSaobis maqsimaluri vada ganisaz-
Rvreba am TvisebaTa erTobliobiT. yvela Ca-
moTvlili Tviseba ganvsazRvreT Sesabamisi 
standartebis mixedviT. Sedegebi warmodgeni-
lia cxrilebSi 2, 5. 

cecxlgamZleoba mocemulia cxrilSi 2. 
cxrilSi 2 mocemuli monacemebidan Cans, 

rom pirveli Sedgenilobis betonis gamoyene-
ba SesaZlebelia Tbur agregatebSi, romelTa 
samuSao temperatura ar aRemateba 1450℃-s, e.i. 
miRebulia mxurvalgamZle betoni, xolo 
betoni 2 aris maRalcecxlgamZle da misi 
gamoyeneba SesaZlebelia 1800℃-mde. ganisaz-
Rvra betonebis simtkicis zRvari kumSvisas 
sxvadasxva temperaturaze gaxurebisas. cdebma 
aCvenes, rom cecxlgamZle betonis 1 da 2 
cxrilebSi mocemuli nimuSebis simtkice 800 
da 1000℃-ze Semcirda da ufro gaizarda im 
nimuSebis simtkicesTan SedarebiT, romlebic 

ar damuSavda temperaturaze da inaxeboda 
normalur pirobebSi (cxrili 3). 

erTnair pirobebSi miRebuli nimuSebis 
gaxurebisas 800℃, 1000℃, 1250℃ da 1400℃-ze 
ukeTes Sedegs iZleva is nimuSebi, sadac 
wmindadafquli danamatis saxiT gamoyenebu-
lia dolomit-serpentinituri klinkeri. 
SeviswavleT agreTve betonze gaxurebis 
xangrZlivobis gavlena. 800℃-ze nimuSebi 
gavaxureT 2 da 8 saaTis ganmavlobaSi, es 
temperatura SevarCieT im mosazrebidan 
gamomdinare, rom ufro metad simtkice 
mxolod am temperaturaze gaxurebisas Sem-
cirda cxrili 3-is mixedviT.  

gaxurebis xangrZlivobis mixedviT beto-
nebis simtkicis zRvari kumSvisas, mocemu-
lia cxrilSi 4. 

nimuSebis guldasmiT daTvalierebisas 
aRmoCnda, rom arc erT nimuSze 8 saaTiani 
gaxurebis SemTxvevaSi arc Ria, arc mcire 
bzarebi ar SeiniSneba, praqtikulad simtkice 
ar Semcirda arc erTi danamatis gamoyenebis 
SemTxvevaSi. unda aRiniSnos, rom sxvadasxva 
temperaturaze gaxurebisa da misi xangrZli-
vobis Seswavlisas dadginda wmindad daf-
quli danamatis saxiT dolomit-serpenti-
nitis klinkeris gamoyenebis upiratesoba. 
cecxlgamZle betonebis maRal tempera-
turaze muSaobisas erT-erTi mniSvnelovani 
maCvenebeli da parametria Cajdomis sidide. 
konstruqciaSi gamouwvavi betonebi ganic-
dian temperaturis zemoqmedebas. amitom xde-
ba betonis Cajdoma, kerZod Tburi agregatis 
eqploataciis procesSi. ganisazRvra mSrali 
nimuSebis Cajdoma gaxurebamde da gaxurebis 
Semdeg. 

betoni 1-Tvis deformaciis sawyisi tempe-
ratura aris 1100-1200℃, xolo bolo 1250-
1350℃; betoni 2-sTvis sawyisia 1250-1300℃, 
bolo ki 1350-1400℃. miRebuli Sedegebi moce-
mulia cxrilSi 5. 
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cxrili 2 
betoni 1 da 2-is cecxlgamZleoba 

 

მჭიდა მასალა 
 

წმინდად დაფქული 
დანამატის სახეობა 

შემავსებელი 
ბეტონის შემადგენელი 
ნაწილის თანაფარდობა, 

%, მასის მიხედვით 

ცეცხლგამ-
ძლეობა,℃ 

პორტლანდცემენტი 800℃-ზე გამომწვარი 
სერპენტინიტი 

მაგნეზიტური 
აგურის ლეწი 

18:6:76  1550 

პორტლანდცემენტი დოლომიტ-სერპენტი-
ნიტური  კლინკერი 

მაგნეზიტური 
აგურის ლეწი 

18:6:76 >1750 

 
 

cxrili 3 
betonis 1 da 2-is simtkicis zRvari kumSvisas nimuSebis  

sxvadasxva temperaturaze gaxurebisas 
 

წმინდად დაფქული დანამატის სახეობა 

სიმტკიცის ზღვარი კუმშვისას, კგ/სმ2 

გახურების ტემპერატურის, 0℃  შემდეგ ნიმუში გახურების 
გარეშე 800 1000 1250 1400 

 8000C-ზე გამომწვარი სერპენტინიტი 160 130 398 670 400 

დოლომიტ-სერპენტინიტური კლინკერი 180 148 420 880 410 

 
 

cxrili 4  
betonebis simtkicis zRvari kumSvisas  

nimuSebis gaxurebis xangrZlivobis mixedviT 
 

წმინდად დაფქული 
დანამატის სახეობა 

სიმტკიცის ზღვარი კუმშვისას  
8000C-ზე, კგ/სმ2 

2 8 
8000C-ზე გამომწვარი სერპენტინიტი 160 160 

დოლომიტ-სერპენტინიტური კლინკერი 180 180 

 
 

cxrili 5 
cecxlgamZle betonebis fizikur-teqnikuri maxasiaTeblebi 

 

შედგენილობა ცეცხლგამ-
ძლეობა,℃ 

დატვირთვისას 
დეფორმაციის 

ტემპერატურა, ℃ 

სიმტკიცის 
ზღვარი 

კუმშვისას, კგ/სმ2 
თერმული 
მედეგობა 

(800℃-წყალი), 
თბოცვლა 

 
ჩაჯდომა, 

 % 
საწყისი ბოლო 800-1400 ℃ გახურე-

ბის ინტერვალში 
 ბეტონი 1 1550	 1100-1200  1250-1350 160-670 18-20 0,5-0,7

ბეტონი 2 >1750 1250-1300 1350-1400 180-880 >25 0,5-0,7

 
aRsaniSnavia, rom yvela fizikur-teqni-

kuri parametriT ukeTesi Sedegebi miviReT 
betoni 2-is SemTxvevaSi, igi maRalcecxlgam-
Zlea. misi gamoyeneba SesaZlebelia maRal 
temperaturaze Tburi agregatebis muSaobi-
sas, rogorc damcavi amonagi. aseve SesaZle-

belia betoni 1-is gamoyeneba SedarebiT dab-
al temperaturebze momuSave agregatebis 
amonagis saxiT, kerZod 1450℃-mde. damuSavda 
cecxlgamZle betonis warmoebis teqnologi-
uri sqema (nax.  6.). 
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nax. 6. cecxlgamZle betonis warmoebis teqnologiuri sqema 
 
 

3. daskvna 
cecxlgamZle betonis misaRebad SerCeu-

lia ZiriTadi komponentebi: mWida masala, 
wmindaddafquli danamati da Semavsebeli.  

1. Sedgeniloba: 
 mWida masala - portlandcementi; 
 Semavsebeli - msxvili da wvrili 

fraqciis magnezituri aguris lewi; 
 danamati - 800℃ gamomwvari wmindad 

dafquli serpentiniti. 
2. Sedgeniloba 
 mWida masala - portlandcementi; 
 wmindadafquli danamati - dolomit-

serpentinituri klikeri. 
 Semavsebelis saxiT SerCeulia magne-

zituri aguris lewi. 
mSrali narevis Tanafardoba komponen-

tebs Soris masis mixedviT %-Si Seadgens: 
portlandcementi: wmindadafquli danamati: 
Semavsebeli _ 18:6:76. 

Seswavlilia ori wmindad dafquli 
danamatis fizikur-teqnikuri Tvisebebi da 
Sedgeniloba, kerZod: a) 8000C gamomwvar ser-
pentinitis da b) dolomit-serpentinituri 
klinkeris gamoyenebis SemTxvevaSi. 

 ganisazRvra maTi zegavlena portlan-
dcementis cecxlgamZleobaze.  

SemuSavda cecxlgamZle betonebis 1 da 2-
is optimaluri Sedgeniloba – gamoyenebulia 
adgilobrivi nedleuli, kerZod, metalurgi-
uli qarxnis narCenebi (magnezituri aguris 
lewi) portlandcementTan da wmindad daf-
qul danamatTan (serpentiniti da klinkeri) 
erTad. dadgenilia, rom pirveli Sedgenilo-
bis betonis gamoyeneba SesaZlebelia Tbur 
agregatebSi, romelTa samuSao temperatura 
ar aRemateba 1450℃-s, e.i. miRebulia mxurval-
gamZle betoni, xolo betoni 2 aris maRal-
cecxlgamZle da misi gamoyeneba SesaZle-
belia 1800℃-mde. SemuSavebulia cecxlgamZle 
betonis momzadebis teqnologia.  
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UDC 666.946.6 
OBTAINING OF HIGH-REFRACTORY CONCRETES ON THE BASIS OF LOCAL RAW MATERIAL  
Z. Kovziridze, N. Nijaradze, T. Petriashvili, M. Balakhashvili  
 

Resume: goal. Obtaining of refractory concrete of high physical-technical properties on the basis of local material 
and development of technology of its obtaining.  

Method. The research was implemented by chemical, X-ray structural, thermographic and electro microscopic 
methods.  

Results. Two types of high-temperature and high-refractory concretes of various composition were obtained which 
are characterized by high physical-technical properties.  

Conclusion. The obtained refractory concretes can be used for lining of high-temperature zones of metallurgical 
thermal aggregates. 

 
Key words: refractory concrete; Portland-concrete; serpentinite; dolomite –serpentinite clinker; physical-

technical methods of research. metallurgical thermal aggregates; lining. 
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reziume: mizani. kompozitis miReba SiC-
SiAlON sistemaSi metaloTermuli procesiT 
azotis mediaSi.  

meTodi. sialoni aris myari metalooq-
siduri xsnari nitridSi. misi arsebobis are 
ganixileba oTx komponentian Si3N4-AlN-SiO2-
Al2O3 sistemaSi. warmodgenil naSromSi sia-
lonis Semcveli kompoziti alumo-Termuli 
procesiT azotis garemoSi geopolimeris 
(kaolini prosianaia da pologis cecxl-
gamZle Tixa _ ukraina), siliciumis karbi-
dis, metaluri siliciumis, aluminis nano-
fxvnilis narevisa da aragacis perlitis 
mcire danamatebiT, miRebulia reaqciuli 
Secxobis meTodiT. am meTodis upiratesoba 
is aris, rom komponentebi Termuli damu-
Savebis procesSi urTierTqmedeben erTma-
neTTan: Si3N4, Si, AlN aqtiurebia da SiALON 
warmoiqmneba SedarebiT dabal 1250-13000C 
temperaturaze. naTelia, rom ALN-is Canergva 
ß-Si3N4-is kristalur meserSi aseT dabal 
temperaturaze SedarebiT advilia, vinaidan 
Si3N4 struqtura jer kidev ar aris srul-
yofili da formirebis procesSia.  

Sedegi. ß-SiAlON Camoyalibda: SiC, sili-
ciumi, aluminis nano fxvnilisa da geopo-
limeris bazaze 14500C temperaturaze. reaq-
ciuli Secxobis meTodiT miRebuli karbid-
sialonuri kompozitis wyalSTanTqma foria-
nobis mixedviT, Seadgens 13-15%. miRebuli 
nimuSebi gatarda ybebian msxvrevanaSi da 
gadaifqva atritorul wisqvilSi dispersiu-
lobiT, mikro fxvnilis miRebamde. Semdeg, 
nimuSebi cxlad daiwnexa 16200C temperatu-
ramde. dawnexvis wneva Seadgenda 30 Mpa. 
dayovnebis dro gamowvis bolo tempera-
turaze _ 8 wT. dawnexili nimuSebis wyal-
STanTqma forianobis mixedviT Seadgenda 
0.5%-ze naklebs. Tvisebebis Semdgomi Seswav-
la am nimuSebze gagrZelda. aRsaniSnavia, 
rom masalaTa simagre da cveTamedegoba 
imatebs maTSi siliciumis karbidis Semcve-
lobis matebiT.  

daskvna. naSromSi moyvanilia SiC-SiAlON 
kompozitis miRebis procesebi da misi fizi-
kur-teqnikuri maxasiaTeblebi. fazaTa kompo-

ziciebi Seswavlilia rentgenostruqturuli 
analizis meTodiT, xolo struqtura, opti-
kuri da eleqtronuli mikroskopuli meTo-
debiT. 

eleqtrulma Tvisebebma gviCvena, rom cxe-
li wnexiT miRebuli nimuSi A2 niSniT ufro 
dabali winaRobis matarebelia, vidre fori-
ani masala B, romlisganac is iqna miRebuli. 
aRniSnuli unda ukavSirdebodes cxeli wne-
xiT miRebuli masalis, reaqciulad Semcxva-
ri struqturidan-mkvriv stuqturaSi gadas-
vlas. miRebuli masalebi SesaZlebelia gamo-
yenebul iqnes javSanteqnikaSi, Termowyvilis 
damcav garsacmebSi _ 18_20 gazomva gaml-
Rval metalebSi da konstruqciebSi, cecxl-
gamZle amonagis saxiT.  

 
sakvanZo sityvebi: SiAlON; SiC; aluminTer-

muli procesebi; azotis garemo; kompoziti.  

 
 
1. Sesavali 
keramika, romelic Si-Al-O-N sistemaSi sxva-

dasxva fazebs Seicavs, sialonebi ewodeba. 
isini simonebis klass ekuTvnian [1]. sialo-

nebis struqturul erTeuls warmoadgens (Si, 
Al) tetraedri msgavsad tetraedrisa SiN4 si-
liciumis nitridSi da siliciumis oqsi-
nitridSi _ SN2O. sialonebi Seicaven iseT 
struqturul tipebs da fazebs, romlebic 
efuZneba: aluminis nitrids, apatits, sili-

ciumis ɑ da ß nitridebs, siliciumis oqsi-
nitrids, Spinelebs da sxv. maTi miReba 

SeiZleba neitralur atmosferoSi 16000C-ze, 
reaqciuli SecxobiT 20000C-ze, cxeli wnex-

viT 17500C-ze an ufro maRal temperaturebze 
narevebSi: aluminis nitridi da siliciumi, 
aluminis oqsidi da siliciumis oqsidi, 
siliciumis oqsinitridi, aseve liTium-
aluminis an magnium-aluminis SpinelebiT. 
erTfaziani sialoni SesaZlebelia arsebob-

des SedarebiT viwro ubanSi formuliT Si(6-

X)AlXOXN(8-X), sadac x icvleba 0-dan 5-mde. 
sialonebis Si3Al3O3N5 sistemaSi, romelic 
struqturulad axloa siliciumis nitrid-
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Tan, xolo qimiuri TvisebebiT aluminis 
oqsidTan ukeT aris Seswavlili. 

sialonebis ramdenime tipi arsebobs: α; β; 
X; O1; H; R [2-6]. maTi gamoyeneba konstruq-
ciuli masalebis saxiT SesaZlebelia 13000C–

mde damJangav da 18000C–mde aradamJangav 
garemoSi [6-8]. 

cxrilSi 1, mocemulia sialonebis qimiuri 
Sedgenilobebi da struqturuli tipebi. 

 

 
cxrili 1 

sialonuri fazebis saxelwodeba  
da struqtura 

 

 
 

Si-Al-O-N sistema SeiZleba iyos oTxkompo-
nentiani da sqematurad is SeiZleba warm-
ovadginoT tetraedris saxiT, romlis kvan-
ZebSi moTavsebulia Semadgeneli elementebi 
(sur. 1). ormagi naerTebi ganlagdebian tet-
raedris wiboebze. amasTan, 18000-mde, isini 
inarCuneben normalur valentobas. amave 
dros sistemis oTxelementiani yvela SesaZ-
lo kombinacia ganlagdeba Si3N4-SiO2-Al2O3-
AlN sibrtyeSi da SeiZleba gayofili iyos 
ori tolgverda samkuTxedis saxiT, romle-
bic warmoadgenen sammag Si3N4-Al2O3-SiO2 da 

Si3N4- Al2O3-AlN sistemas [9-13].  

2. ZiriTadi nawili 
me-2 cxrilSi mocemulia sakvlevi obieq-

tis materialuri Semadgenloba. 
pologis Tixis qimiuri Sedgeniloba 

aseTia (mas.%): SiO2-47.92, Al2O3-35.20, Fe2O3-2.06, 
CaO-0.40, MgO-0.30, xurebiTi danakargi _ 12.24. 
cecxlgamZleoba _ 1710-17300C. 

kaolinis qimiuri Sedgeniloba, (mas.%): 
SiO2 _ 46.45, TiO2 _ O.33, Al2O3 _ 38.70, Fe2O3 _ 
0.46, MgO _ kvali, CaO _ 0.36, Na2O _ 0.45, 
K2O-0.60, x.d. 13.63. cecxlgamZleoba _ 17700C.

 
cxrili 2 

CN-7 kompozitis  
materialuri Semadgenloba, mas.% 

 

დასახე-
ლება 

გეოპოლიმერი  

კაოლინი 
პროსიანაია 

(უკრაინა ც/გ) 
 

პოლოგის 
თიხა 

Al SiC Si პერლიტი 
(სომხეთი) 

MgO Y2O3 

CN 7 13.9 4.63 23.15 27.78 25.00 2.78 0.92 1.8 

 

saxelwodeba 
sialonis  

qimiuri formula 
sialonis  

struqturis tipi 

α Mex (SiAl)12 (ON)16 
X=0÷2 

α-Si3N4 

β Si 6-X Al xN 8-X 
X=0 ÷ 4,2 

β-Si3N4 

O1 Si 2-X AlX O 1+X N2-X 
X=0,04÷ 0,4 

Si2ON2 

X Si2-X Al1-X Ox N1-X 
x= 0,04 ÷ 0,2 

3Al2O3• 2SiO2 

H SiAl3O2N3 
SiAl5O2N5 

AlN 

R SiAl4O2N4 
SiAl6O2N6

AlN 



 

 
 

sur. 1. Si-Al-O-N sistemaSi Se
komponentebis ganawilebi

 
wonasworuli fazuri diag

fazebi ganixileba, rogorc s

venebia სურ. 2-ze. erTfaziani
loni) ganlagebulia X Sedgen
riv (Al2O3

.AlN)+(1-X) Si3N4, sadac
ram xazebi kaTioni/anionis 
=3/4. myari xsnarebis warmoqmn
AlN-is β-Si3N4-Si, ar moiTxo
kaTionebisa da anionebis vakan

bas β-Si3N4-ს kristalur meserS
koncentraciis gazrdiT myar 
neva β-Si3N4 -is meseris xazovani

 

 
sur. 2.  Si3N4-AlN -Al2O3-SiO2 

fazuri diagrama 
 
mWreli instrumentuli sia

maluri fazuri Sedgenolobaa
da 25% miniseburi faza. Cven 
vaneT aragaciis (somxeTi) mi
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emadgeneli 
is sqema 

grama, romlis 
sialonebi, naC-

 mxare (β1
-sia-

nilobis gaswv-
c X=0÷0,8, mag-
TanafardobiT 

na - Al2O3-sa da 
ovs Canergili 
nsiebis arsebo-

Si. Al3+ da O2-

xsnarSi SeimC-
i zrda [14-21].  

 

sistemis  

lonebis opti-
a 75% sialoni 
narevSi Seviy-

iniseburi per-

liti 3 mas%-mde, romel
seburi fazisagan, xolo
turuli wyali da aire
dis dehidratacias 8600C
struqturis gafaSreba 
difuzuri procesebis 
axali fazebis warmoq
Seqmnas. sur. 3-ze mocemu
mograma, xolo sur. 4-z
gamomwvari perlitis r
Tic dasturdeba, rom is
anad minisebur fazas. 
Sedgeniloba Semdegia 
Al2O3-14.03, Fe2O3-0.62, CaO
0.25, R2O-6.50, x.d.-3.42. [22]. 

rentgenogramaze (sur

da azotirebis meTodi
uli SecxobiT miRebul
faza ß-sialonia. kompo

lonTan erTad siliciu
nelo raodenobiT Seica
7kompozitis matricaSi 
ciumis karbidis marcvl
aRemateba axalwarmoqmni

ridis marcvlebis zomas
 

 

 
sur. 3. perlitis

 

 

sur. 4. perlitis r
a) zeda _ nedli per

gamomwvari

lic Sedgeba 96% mini-
o danarCeni _ struq-
ebia. perliti ganic-
C-ze, am dros xdeba 
da es xels uwyobs 
intensifikacias da 

qmnisTvis pirobebis 
ulia perlitis Ter-
ze nedli da 9000C-ze 
rentgenogramebi, ri-
s warmoadgens mTli-

perlitis qimiuri 
(mas.%):  SiO2-73.48, 

O-0.60, MgO-0.47, SO3-

r. 5) metaloTermuli 

T, 14500C-ze reaqci-
li CN-7-is ZiriTadi 
oziti Seicavs ß-sia-
umis karbids, umniSv-
avs X sialonsac. CN-
gamokveTilia sili-

lebi, romelTa zoma 
ili siliciumis nit-

s [23]. 

 

s Termograma 

 
rentgenogramebi.  
rliti, b) qveda _  
i 9000C 



 

sur. 5. reaqci

 
 CN-7 kompozitebis mikro

kvlevis monacemebi (sur. 6), 
rentgenostruqturuli anali

 

CN-7 X-200 CN-7 X-500 

sur. 6. CN-7 k
 
 
kompozitis misaRebad SerC

lebi: kaolini, aluminis nanof
perliti, danamatebis saxiT- Y2
logis Tixa dozirebis (awonva
ifqva faifuris burTulebi
nakeTobis misaRebad narevi da
likuri wnexis saSualebiTY2
qveS. dayalibebuli nimuSebi 
erze erTi dReRamis ganmavlob
saSrobSi 1100C temperaturaze
litis RumelSi azotis garemo
saboloo temperaturaze dayov
30 wT-s. mza nakeToba Rumlis 
deg, RumelTan erTad gacivd
reJimiT.  

mkvrivi nakeTobis misaReba
Secxobisa da nitroalumoTer
biT miRebuli kompoziti CN-7, 
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iulad Semcxvari CN-7 kompozitis X-RAY (14500

ostruqturuli 
TanxvedraSia 

izis Sedegeb-

Tan, saidanac Cans, ro
matricas warmoadgens ß-

           
 
 

 
kompozitis optikur-mikroskopuli morfolog

Ceuli nedleu-
fxvnili, SiC, Si, 

2O3, MgO da po-
a) Semdeg gada-
an wisqvilSi. 
aiwnexa hidrav-
20 MPa wnevis 
gamovaSreT ha-
baSi da Semdeg 
e. gamoiwva si-
oSi 1400-15000C, 
vneba Seadgenda 
gamorTvis Sem-

da Tavisufali 

ad reaqciuli 
rmuli meTode-
gatarda ybebi-

an msxvrevanaSi, gadaifqv
vilSi 8 saaTis ganmavl
ritorul wisqvilSi 8-10

cxeli dawnexvisas da
rekristalizaciis aqtiu
xobadi nivTierebis marc
jer kidev ar iwyeba. e.i
nakeTobas eqneba wvril
tura da maRali fardob

cxeli wnexvisaTvis p

TermostatSi 1500C-ze, c
radad _ 12-15MMPa. da

cxlad daiwnexa 16200C
qveS, vakuumi Seadgenda

saboloo temperaturaz

reJimi iyo: 20-5000C-mde 7
1500C/wT, 1400-1620 0C–mde 

 
0C) 

om am kompozitebis 
-sialoni. 

 

gia 

va burTulebian wisq-
lobaSi da Semdeg at-
0 wT-is ganmavlobaSi. 
abal temperaturebze 
uri procesi, e.i. Sec-
cvlebis zomis zrda, 
i. Sedegad Secxobil 

lmarcvlovani struq-
biTi simkvrive.  
rekursori momzadda 

civad daiwnexa orje-

a 20-25 MPa. wneviT. 

C-ze 30 MPa. wnevis 

a 10-3 Pa-s, dayovneba 

e 10-12 wT. gamowvis 

70C /wT, 500-14000C-mde 
ki 10 0C/wT. გaciveba 
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100C/wT. gamowvis temperaturuli reJimi war-

modgenilia sur. 7-ze. 

Seswavlil iqna 16200C-ze cxlad dawne-

xili nimuSis fizikur-teqnikuri maxasiaTeb-

lebi. miRebuli Sedegebi warmodgenilia 

cxrilSi 3. cxlad dawnexili nimuSis wyal-

STanTqma forianobis mixedviT naklebia 

0,3%-ze, xolo simtkicis zRvari kumSvisas, 

1910 MPa.…sisale Seadgens HV-19.70. Cven mier 
cxrilSi warmodgenili monacemebidan Seg-

viZlia davaskvnaT, rom 16200C sakmarisia ni-
muSebis sruli gamkvrivebisaTvis. 

0 50 1 0 0 1 5 0 2 0 0 2 5 0 30 0
-2 0 0

0

2 0 0

4 0 0

6 0 0

8 0 0

1 0 0 0

1 2 0 0

1 4 0 0

1 6 0 0

1 8 0 0

T
, 0 C

t ,  m in

 
sur. 7. CN-7-is cxeli wnexviT  

16200C-ze gamowvis temperaturuli reJimi 

 
 

 
cxrili 3 

cxlad dawnexili CN-6 nimuSis fizikur-teqnikuri maxasiaTeblebi 
 

kompozitis 
indeqsi 

Ria fo-
rianoba 

w,% 

saerTo 
forianoba, 

P, % 

simkv- 
rive, ρ, 

g/cm3 

dawnexvis 
wneva, 

MPa. 

simtkicis 
zRvari 

kumSvisas, 

σk, MPa. 

simtkicis 
zRvari 

Runvisas, 

σR, MPa. 

CN-7 (16000) 0,28 3.10 3,17 30 1910 470 

  

  

cxrili 4 
cxlad dawnexili CN-7 nimuSis meqanikuri 

maxasiaTeblebi 
 

kompozitis 
indeqsi 

Kic, MPa. 
 

msxvrevadobis faqto-
ri, 

B, MPa. 
n -faqtori 

CN-7 (16200) 5.54 4,56 -2.44 

 
 masalis msxvrvadobis gaangariSebuli 

faqtoris mniSvneloba mocemulia cxr. 4-Si. 
mikrosisalis eqperimentulad dadastu-

rebuli mniSvnelobidan gamomdinare da 
daZabulobis intensivobis kritikuli koe-
ficientis daxmarebiT (Kic):B=Hv/Kic, ganmar-
tebul iqna msxvrevadobis raodenobrvi faq-
tori (B). nimuSSi msxvrevadobis faqtoris 
dabali mniSvneloba, gulisxmobs bzaris 
katastrofuli gavrcelebis dabal SesaZ-
leblobas, manqanuri damuSavebis dros [24]. 

Anstis-is [25] mixedviT Kic=0.0016 P/C0 3/2 
(E/H)1/2 GPa, sadac P aris datvirTva niu-
tonSi _ N; Co-bzaris sigrZe anabeWdis cent-

ridan bzaris wveromde metrebSi; EE _ iun-
gis moduli gigapaskalebSi _ GPa; V _ mok-
rosisale vikersis mixedviT gigapaskalebSi 
_ GPa. 

masalaTa manqanuri damuSavebisaTvis mniS-
vnelovan parametrs warmoadgens n-faqtori, 
romelic saSualebas gvaZlevs vimsjeloT 
masalaze, misi manqanuri damuSavebis simar-
tivis Sesaxeb. n=0,643-0,122 Hv, keramika da 
keramikuli kompoziti advilad dasamuSave-
beli iqneba Tu mas aqvs n-is dadebiTi 

mniSvneloba [24]. Cveni masalis SemTxvevaSi, 
rogorc WriT, aseve manqanuri damuSaveba 
xexvaze, masalis maRali simagris gamo 
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rTulia. aqve unda aRiniSnos, rom diskebis 
almasis qargoliT Wris dros, wavawydiT 
did winaaRmdegobas, ramac daaziana ramde-
nime almasis qargoli da aman, bunebrivia 
gamoiwvia masalaSi bzarebis ganviTareba. am 
movlenam masalis meqanikuri Tvisebebi ram-
denadme Seamcira. sasurvelia yofiliyo la-
zeruli WriT damuSavebis SesaZlebloba. 

miRebuli masalebis dinamikuri mikrosi-
sale da drekadobis moduli, ganisazRvra 
Tanamedrove ISO-14577 saerTaSoriso stan-
dartis moTxovnebis Sesabamis dinamikur ul-
tra mikrosisalis testerze DUH-211S, rome-
lic myari sxeulebis zedapirebis meqanikuri 
maxasiaTeblebis (mikrosisale, drekadobis 
moduli) dasadgenad gamoiyeneba. Sedegebi 
warmodgenilia cxrilSi 5.  

 
cxrili 5 

CN-7 kompozitis teqnikuri maxasiaTeblebi 
<<Test condition-SiAlon-200 >> 

 
Test mode Load-unload  
Sample name SiAlon-zv Sample No. #1 
Test force 200.000[gf] Minimum force 0.200[gf]
Loading speed 1.0(7.1448[gf/sec]) Hold time at load 5[sec]
Hold time at unload 3[sec] Test count 21 
Parameter name Temp Parameter 20 
Comment 21.06.17-SiAlon-zv-200;DHV5-3   
Poisson's ratio 0.190   
Cf-Ap,As Correction ON Indenter type Vickers
Read times 2 Objective lens 50 
Indenter elastic 1.140e+006[N/mm2] Indenter poisson's ratio0.070 

 
 
 

<< Test result >> 
 

 
 



 

sur. 8-ze mocemulia kompoz

 
 

sur. 8. CN-7 
2N datvirT
damokideb

da

 
indentoris anabeWdebis su

marcvalSi mocemulia suraTeb
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zitis mikromeqanikuri maxasiaTeblebi. 

 

a) 
 

 

b) 

 
kompozitis mikromeqanikuri maxasiaTeble

Tvisas. a) indentoris masalaSi CaRrmavebi
buleba droze, b) indentoris datvirTvis 
amokidebuleba anabeWdis siRrmeze 

 

uraTebi matricaSi, matricis da marcvl
bze 9, 10 da 11. 

 

 

ebi  
is  
 

lebis sazRvarze da 
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a)                                                                                  b) 
 

 
 

c) 
 

sur. 9. a), b), c) anabeWdebi aRebulia matricaze 
 
 

                
 

a)                                                                   b) 
 

 
 

c) 
 

sur. 10. a), b), c) anabeWdi aRebulia siliciumis karbidisa da  
matricis sazRvarze 
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a)                                                                      b) 
 

 
 

c) 
 

sur. 11. a), b), c) anabeWdi aRebulia siliciumis  
karbidis marcvalze 

 
 
sur. 8, 9, 10 da 11 unda ganvixiloT er-

Tian konteqstSi. 

Sedegebi warmodgenilia cxrilSi 5, sadac 

mocemuli gvaqvs CH 7-is 16200C-ze cxlad 

dawnexil nimuSze Catarebuli testis Sede-

gebi, anabeWdi aRebulia matricaSi (sur. 9), 

anabeWdis aReba moxda ramdenimejer, Sede-

gebi ki mocemulia cxrilSi, sadac saSualo 

simagre aris HV:19,70gpa. dinamikuri sisale 
DH-8.9 GPa, drekadobis moduli E-145 MPa. 

me-9 suraTze naCveneb SiAlON matricaSi 

aRebuli anabeWdi gviCvenebs, rom misi forma 
gamokveTili wiboebiT mkveTria, wiboebis 

gaswvriv suraTi 9 a-ze bzari ar SeiniSneba. 

suraT b-ze anabeWdis marjvena wibos gaswv-

riv SeiniSneba mcire 6.6 µM zomis bzari, 

xolo suraT g)-ze aseve anabeWdis marjvena 

wibos gaswvriv, SeiniSneba mcire 7.0 μM zomis 

bzari, rac sialonis matricis erTgvarov-

nebasa da maRal fardobiT simkvriveze met-

yvelebs.  
saintereso Sedegebia matricisa da 

marcvlis sazRvarze aRebuli anabeWdebis 

mixedviT. suraTi 10 a)-ze anabeWdis dia-

gonalis sigrZe 17 µM -ia. marcvalze 

bzaris saSualo sigrZe- 5.75 µM. bzaris 

gavrceleba matricaSi ar SeiniSneba. sur. 

10 b)-ze anabeWdis diagonali 12 µM.-ia, 

xolo bzaris saSualo sigrZe marcvalze-

5.22 µM. bzaris gavrceleba matricaSi arc 

aq SeiniSneba. marcvali erT adgilas aris 

gabzaruli. sur. 10 c)-dan Cans, rom ana-

beWdis sigrZe 12 µM, xolo bzaris saSu-

alo sigrZe-11.71 µM.-ia. 

me-5 cxrilSi mocemulia kompozit CN 7–is 
mikrostruqturaSi arsebuli SiC marcvlebis 

testirebis Sedegebi. indentireba xdeboda 

SiC marcvlebze 2 n datvirTvisas.  
siliciumis karbidis marcvlebze aRebuli 

anabeWdis sazRvrebi mkveTria (სურ. 11 a), b), c)) 
bzari, romelic marcvalze indentoris dat-

virTvis Sedegad warmoiSveba, ar vrceldeba 

marcvlis sazRvris iqiT. matrica, misi maRa-

li meqanikuri Tvisebebis da energiis disi-

paciis gamo, axSobs bzaris gavrcelebas da 
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kompozitis simtkice inarCunebs Tavis mniSv-

nelobas. aseTi didi zomis marcvlebi erTe-

ulia (cxrili 8) da amis mixedviT masalis 

meqanikur Tvisebebze msjeloba ararelevan-

turia, vinaidan maTi dispersiulobis xaris-

xis gazrda ar warmoadgens problemas, xo-

lo kvlevisaTvis saintereso suraTs iZleva. 

gansakuTrebiT sainteresoa sur. 11 b). am 

SemTxvevaSi bzari anabeWdis marjvena mxares 

imdenad Zlierad viTardeba, rom is vrcel-

deba matricamde, ejaxeba Zlier matricas, 

brundeba ukan, diagonalurad gadaseravs 

marcvals da marcvlis meore mxares Seeja-

xeba isev matricas, magram mas ver arRvevs. 

unda aRiniSnos, rom bzari inarCunebs maRal 

energias da viTardeba diagonalurad SiC 
marcvlis meore mxares, kargavs ra energias, 

veRar aRwevs matricamde. qveda wibodan gav-

rcelebuli bzari aRwevs matricamde, magram 

energiis disipacia marcvalSi da matricis 

Kic imdenad maRalia, rom bzari matricasTan 

qreba. sur. 11a) da c)-ze naTlad Cans bzaris 

ganviTarebis mimarTulebebi. rogorc cno-

bilia Kic-s am SemTxvevaSic, masalis bzar-

medegobis sakiTxSi didi mniSvneloba aqvs, 

vinaidan bzari mowyvetis Semdeg viTardeba 

2000 m/wm siCqariT da am dros masalis 

medegoba ganisazRvreba ara marto bzaris 

matricaze dartymiTi siCqariT, aramed Kic 
mniSvnelobiT. 

dinamikuri mikrosisale (DH) ganisaz-

Rvreba testirebis procesSi indentorze 

modebuli datvirTvis sididisa da misi 

masalaSi SeRwevis siRrmiT, misi mniSvneloba 

iangariSeba formuliT: DH=a x F/h2; sadac a 
mudmivi sididea da damokidebulia inden-

toris formaze, igi vikersis indentorisTvis 

tolia: a=3,8584. 
meTodis upiratesoba, Cveulebriv stati-

kuri anu anabeWdis wrfivi zomebis (dia-

gonali) dadgenasTan SedarebiT, mdgomareobs 

imaSi, rom is Seicavs rogorc plastikur, 

ise drekad mdgenelebs. gazomvebis Sedegebi 

ar aris damokidebuli anabeWdis zomebze, 

datvirTvebsa da drekadi aRdgenis araerT-

gvarovnebaze. 

dinamikuri sisale ganisazRvra datvir-

Tva-gantvirTvis reJimSi, manamde, sanam mox-

deba drekadi relaqsacia. TiToeul konkre-

tul datvirTvaze Svidi anaTvalis aRebiT, 

ori ukiduresi mniSvnelobis ugulvebelyo-

fiT da darCenili xuTi sididis gasaSua-

lebiT. mikrosisalis Sesabamisi mniSvneloba 

ganisazRvreboda avtomaturad. dayovnebis 

dro datvirTvis maqsimumze Seadgenda 5 wm-s, 

gantvirTvis bolos _ 3 wm-s (sur. 8 a, b). 
indentireba moxda nimuSis matricaSi, ro-

melic Sedgeba β-sialonisagan. gamocdis Se-

degad misi saSualo dinamikuri sisale 

Seadgens DHV=8,9 GPa-s, rac sakmaod maRali 

maCvenebelia. 
datvirTva-gantvirTvis damokidebulebis 

grafikidan (sur. 8) ganisazRvreba elastiku-

robis modulis sidide sixistis _ S=(dF/dh)h-
hmax.-is dadgeniT. is warmoadgens datvirTva-
gantvirTvis grafikis mxebs gantvirTvis 

sawyis wertilSi. xelsawyo gansazRvravs 

sakvlevi masalis elastikurobis moduls, 

romlis saSualo sididec Cveni nimuSis 

SemTxvevaSi tolia E=145 MPa. (cxr. 5). anab-
eWdebis suraTebi srul TanxvedraSia sur. 8-

ze miRebul grafikul monacemebTan.  

rogorc sur. 8 a)-dan Cans, anabeWdis aReba 
mimdinareobda 78 wamis ganmavlobaSi. aRebul 

iqna 18 anabeWdi. TiToeuli anabeWdis siRrme 

gansxvavebulia erTmaneTisagan da icvleba 

2.5-dan 5 µM.-de. rogorc Cans 2N datvirTva 

am masalisaTvis odnav metia optimalurze. 

igive dasturdeba testis Zalis gamoyenebi-

sas (200gr. daaxloebiT=2N-s) anabeWdis 

siRrmis aRebis dros (sur. 8 b) ). am SemT-
xvevaSic anabeWdis siRrmeebi yoveli 18-ve 

testisaTvis gansxvavebulia da icvleba 2.5-

dan 5 µM.-mde.  

SedarebisaTvis mogvyavs cxrili 6 da 

sur. 12, romelzec naCvenebia, rom yvela 

anabeWdi sialonis matricaSi TiTqmis erTi 

da imave siRrmisaa 1N (100 gr) datvirTvis 

dros. SeiZleba davaskvnaT, rom optimaluri 

datvirTva am Semadgenlobis masalisaTvis 

aris 1N. 
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cxrili 6 
CN-7 kompozitis teqnikuri maxasiaTeblebi  

1N datvirTvisas 

 
 

<< Test condition-SiAlon-100 >> 
 

Test mode Load-unload  
Sample name SiAlon-zv Sample No. #1 
Test force 100.000[gf] Minimum force 0.200[gf]
Loading speed 1.0(7.1448[gf/sec]) Hold time at load 5[sec]
Hold time at unload 3[sec] Test count 23 
Parameter name Temp Parameter 20 
Comment 20.06.17-SiAlon-zv-100;DHV5-3   
Poisson's ratio 0.190   
Cf-Ap,As Correction ON Indenter type Vickers
Read times 2 Objective lens 50 

Indenter elastic 1.140e+006[N/mm2] Indenter poisson's ratio0.070 
 
 
 
 

< Test result> 
 

SEQ Fmax hmax hp hr DHV-1 DHV-2 Eit Length HV Data name 
 [gf] [um] [um] [um]   [N/mm2] [um]   
1 100.753 2.0927 1.0353 1.3623 1124.606 4595.143 2.023e+005 12.133 1269.108 SiAlon-100(1) 
2 100.862 2.1408 1.1973 1.4454 1075.849 3439.729 2.028e+005 10.673 1641.878 SiAlon-100(2) 
3 100.954 2.1185 1.0085 1.3472 1099.608 4852.203 1.911e+005 11.989 1302.427 SiAlon-100(3) 
4 100.844 2.1300 0.9980 1.3526 1086.598 4949.256 1.881e+005 11.623 1384.295 SiAlon-100(4) 
5 100.935 2.1822 1.1183 1.4290 1036.181 3945.265 1.855e+005 12.721 1156.721 SiAlon-100(5) 
6 100.624 2.0945 1.0240 1.3135 1121.301 4691.482 1.921e+005 11.843 1330.428 SiAlon-100(6) 
7 100.551 2.1229 1.0193 1.3350 1090.715 4731.042 1.868e+005 11.551 1397.624 SiAlon-100(7) 
8 100.826 2.1357 1.0016 1.3362 1080.626 4912.610 1.834e+005 11.550 1401.679 SiAlon-100(8) 
9 100.826 2.1173 0.9846 1.2881 1099.473 5084.458 1.815e+005 11.404 1437.730 SiAlon-100(9) 
10 100.825 2.1761 1.0974 1.4160 1040.858 4092.733 1.848e+005 11.697 1366.620 SiAlon-100(10) 
11 100.807 2.1566 1.0491 1.3859 1059.580 4477.130 1.857e+005 ----- ----- SiAlon-100(11) 
Average 100.801 2.1334 1.0485 1.3646 1083.218 4524.641 1.895e+005 11.718 1368.851  
Std. Dev. 0.120 0.029 0.064 0.049 28.966 502.835 7155.469 0.529 125.730  
CV 0.119 1.372 6.141 3.617 2.674 11.113 3.777 4.518 9.185  

 
 



 

 

sur. 12. CN-
1 N datvi
damokid

d
 

 
 
am SemTxvevaSi vikersis mix

2.13 µM.-ia. dinamikuri sisale
cxrili da grafikuli masa
TvisebebSi, miuxedavad matric
axasiaTebs (cxrili 6).  

cxrilSi 7 mocemulia anabe
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-7 kompozitis mikromeqanikuri maxasiaTeblebi
irTvisas a) indentoris masalaSi CaRrmavebis  
debuleba droze, b) indentoris datvirTvis  
damokidebuleba anabeWdis siRrmeze 

xedviT sisale 13.68 GPa tolia. anabeWdis
e DHV= 10.83 GPa. E=189 MPa. anabeWdis di
ala gviCvenebs, rom sialonuri matri
cis sxvadasxva adgilebSi aRebuli anaT

eWdebisa da bzarebis saSualo zomebi. 

 

 

i  

s saSualo siRrme _ 
iagonali _ 11.71 µM. 
ica homogenuria da 
Tvlebisa, ryevebi ar 
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cxrili 7 
anabeWdebisa da bzarebis saSualo zomebi 

 

ანაბეჭდის 
სურათის 

№ 

ანაბეჭდის 
დიაგონალის 
სიგრძე, a, μM 

ანაბეჭდის 
დიაგონალის 
ნახევარი 
a/2. μM 

ბზარის 
საშუალო 

სიგრძე ℓ, μM 

SiC-ს მარცვლის 
ზომები, რომელზედაც 

ანაბეჭდია, μM 
შენიშვნა 

14 12,135 6,067 10,4 A-50,8 
B-28,8 

 

ანაბეჭდი აღებულია 
აღნიშნული ზომის 

მარცვალზე 

16 12,428 6,214 10,4 A-54,8 
B-25,6 

 

-„- 

17 14,474 7,237 8,2 A-33,3 
B-20,8 

 

-„- 

საშ.   9,667   
3 16,959 8,479 5,75 A-17,24 

B-10,34 
 

ანაბეჭდი აღებულია 
აღნიშნული ზომის 

მარცვალსა და მატრიცის 
საზღვარზე 

12 12,135 6,067 5,22 A-17,24 
B-17,24 

 

-„- 

13 11,989 5,994 11,71 A-20,64 
B-27,59 

 

-„- 

საშ.   7,56   
2 14,621 7,310 ბზარი არ 

ფიქსირდება 
 ანაბეჭდი აღებულია 

მატრიცაზე 

4 15,644 7,822 7  -„- 
7 17,179 8,589 6,8  -„- 

საშ.   4,5   
  

 
masalaTa meqanikuri moduli. 
masalis meqanikuri modulis gaTvlisaT-

vis gamoyenebuli iqna kovziriZis moduli   

 
Kvol.E.Kic.Pd 

M=----------------- MPa/ μM2. 
Km.Gvol..Pvol..Pm 

sadac, Kvol. aris masalaSi kristaluri fa-
zis moculoba %-Si; E _ elastiurobis 
moduli _ MPa; Kic _ daZabulobis inten-
sivobis kritikuli koeficienti; Pd _ fore-
bis matricaSi gadanawilebis faqtori, ro-
melic Tanabari gadanawilebis SemTxvevaSi 1-
is tolia, 0.9-is toli _ araTanabari gada-
nawilebis SemTxvevaSi da 0.8-is toli _ fo-

rebis koalescenciis SemTxvevaSi. Km _ mat-
ricaSi kristalebis saSualo zoma µM; Gvol 
_ matricaSi miniseburi fazis Semcveloba %-
Si; Pvol. _ matricaSi forebis moculoba  _ 
%; Pm _ matricaSi forebis saSualo zoma _ 
µM. modulis ganzomilebaa MPa/ µM2. for-
mulaSi ver iqneba gaTvaliswinebuli gri-
fitsis [26] bzarebi, dislokaciebi kris-
talebSi, nano defeqtebi minaSi, Tumca for-
mula srul warmodgenas gvaZlevs masalis 
garegani datvirTvebis winaaRmdeg medegobis 
Sesaxeb, romelic miaxloebulia atomTa So-
ris kavSirebis siZlieris gaTvlil mniS-
vnelobebTan. amitomac aris Setanili for-
mulaSi elastiurobis moduli.  
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fazuri analizisaTvis Catarebuli iqna 
eleqtronul-mikroskopuli da rentgeno-
struqturuli analizi, xolo Kic-s anga-
riSisaTvis Catarda mikromeqanikuri Tvise-
bebis kvleva, romlis Sedegebic zemoT aris 
ganxiluli. nimuSebis struqturul-morfo-
logiuri da elementuri Sedgenilobis 
kvleva Sesrulebulia iaponuri kompania 
JEOL-is maskanirebeli eleqtronuli mikros-
kopiT JSM-6510LV, romelic aRWurvilia 
inglisuri kompania OXFORD INSTRUMENTS -
is energodispersiuli mikrorentgenos-
peqtraluri analizatoriT _ X-MaxN. zeda-
piris eleqtronuli gamosaxulebebis miReba 
warmoebda rogorc meorad (SEI), aseve 
arekvlil (BES) eleqtronebSi, 20 kv amaC-
qarebeli Zabvis gamoyenebiT.zogierT SemT-
xvevebSi, zedapiruli muxtis Semcirebis 
mizniT, nimuSebis dafarva xdeboda Pt-is, 

daaxloebiT 10 nm, feniT, iaponuri kompania 
JEOL-is vakuumuri dafarvis mowyobilobiT 
JEC-3000 FC. 

eleqtronuli mikroskopiuli morfolo-
giuri suraTebi sxvadasxva gadidebaze masa-
laSi foriani fazis Semcvelobas gviCve-
nebs. me-8 cxrilSi mocemulia Sedegebi 
forebis analizis Sesaxeb. forebi Ziri-
Tadad momrgvalebulia, magram aseTis ar 
arsebobis SemTxvevaSi, aRebulia forebis 
ganivi da grZivi monacemebi da naangariSebia 
saSualo diametruli Sedegi. daxuruli 
forebis saerTo moculoba aRwevs 2.4 %-s. 
gamWoli da naxevrad gamWoli forebi mat-
ricaSi ar aRiniSneba. morfologiuri sura-
Tebidan gamomdinare miviReT, rom forebis 
gadanawileba masalaSi ar aris srulad 
Tanabari. miviCnieT rom forebis matricaSi 
gadanawilebis faqtori tolia 0.9-s. 

 

            
 

sur. 13. cxlad dawnexili CN 7 masalaSi foriani fazis analizi 

 
  

cxrili 8 
foriani fazis analizi 

 

ანაბეჭდის 
სურათის 

№ 

მხედველობის 
არე S, μM2 

დათვლილი 
ფორების 
რიცხვი, n 

უდიდესი 
ფორას  

Dmax. μM 

უმცირესი 
ფორას 

 Dmin. μM 

ფორების 
Dmid. μM 

ფორების 
შემცველობა,% 

27 1100 9 2.2 0.4 1.6 2,85 
30 1600 18 2.8 0.8 1.9 3.35 
საშ.  27   1.75 3.10 

 
 

kristaluri fazis Semcveloba da  
saSualo zomebi 

kristaluri fazis analizis Sedegebi 
mocemulia cxrilSi 8, saidanac Cans, rom 
daTvlili iqna marcvlebis sakmaod didi 
raodenoba, rogorc siliciumis karbidi, 
aseve sialoni da aluminis Jangi, rac gvaZ-
levs imis saSualebas, rom vimsjeloT ma-

tricis kristaluri fazis am mdgenelebze. 
sialoni Seadgens matricis daaxloebiT 
57%-s. siliciumis karbidi daaxloebiT 27%-
s. forebis Semcveloba daaxloebiT 2%-ia. 
rentgenostruqturuli analizi gvaCvenebs 
aluminis Jangis refleqsebs, romelic sava-
raudod ZiriTadad geopolimeridan gamoeyo. 
SesaZlebelia mcire raodenoba Seiqmna 
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aluminis nanofxvnilisagan, vinaidan azoti 
gausufTavebelia. misi Semcveloba miviReT 
6%-s tolad. rac Seexeba minisebur fazas, 

perliti mTlianad miniseburi masaa, romel-
ic lRveba 12400C-ze [22]. 

 

              
 

a)                                                                                                      b) 
 

 
 

c) 
 

sur. 14. CN 7 a), b), c) sialonis kristaluri fazis  
Semcveloba da maTi saSualo zomebi 

 
savaraudod, SemadgenlobaSi geopolimeris ingredientebTan damatebuli 3% perliti, 

warmoSobs evTeqtikur nalRobebs, gansakuTrebiT tute JangeulebTan da Sedegad, masalaSi 

miniseburi fazis Semcveloba imatebs. misi Semcveloba miviReT 7.4 %-is tolad. SiC, Al2O3  
da SiAlON marcvlebis zomebi da Semcveloba matricaSi mocemulia cxrilSi 9. 
 

cxrili 9 
SiC, Al2O3 da SiAlON marcvlebis zomebi da Semcveloba matricaSi 

  
 

ანაბეჭდის 
სურათის № 

ფაზის 
დასახელება 

მხედველობის 
არე S, μM2 

დათვლილი 
მარცვლების 
რიცხვი, n 

უდიდესი 
მარცვლის 
Dmax.. μM 

უმცირესი 
მარცვლის 
Dmin. μM 

მარცვლების 
Dmid. μM 

ფაზის 
შემცველობა, 

% 

17 SiC 1740 85 33,05 2,70 4,80 26,8 
13 SiC 3225 300 23,00 2,75 4.90 27,6 
საშ.      4.85 27,2 

5 SIALON 35500 250 19,60  5.50 8.60 53,0 
32 SIALON 8200 200 24,30 5,80 7.50 59,8 
26 SIALON 1400 220 21,70 5,30 8.50 59,3 
საშ.      8.20 56,4 

 5  Al2O3  35500  60  2.60  1.27  1.93  5.7 
მარცვლების 
საერთო 
საშუალო 
ზომა 

      5.0 კრისტალური 
ფაზის 
საერთო 
შემცველობა, 
%-89.3 
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sur. 15. CN 7 kompozitis X-ray 
 

 

es Cans, rogorc X-ray-dan, aseve eleq-
tronul-mikroskopuli suraTebidanac.  

elastikurobis moduli aviReT saSualo 

145 MPa-s tolad (cxr. 5). amdenad kovzi-
riZis modulis formula ricxobriv gamosa-
xulebaSi miiRebs Semdeg saxes: 

 
M=89.3x 145x 5.54x0.9/ 5.00x 7.60x1.75x3.10= 

=313 MPa/ μM2 

 
rogorc zemoT aRiniSna, am formulaSi 

ar gaiTvaliswineba grifitsis [26] defeqtebi 
rogorc matricaSi da minisebur fazaSi, 
aseve dislokaciebi da sxva saxis defeqtebi 
kristalur fazebSi. faifurisaTvis 50% 
miniseburi faziT, 25% mulitiTa da 25% 
kvarcis kristaluri faziT, Tu miviRebT, 
rom elastikurobis moduli tolia daaxlo-
ebiT 75 MPa, Kic – 3.5, xolo foriani fazis 
da kristalebis im zomas igives rac Cvens 
cxrilebSia dafiqsirebuli, mocemuli modu-
lis sidide Seadgens 8.7 Mpa/ µM2. sialonuri 
keramika bevrad Zlieria faifurze. 

 
 
 

masalis eleqtro Tvisebebi 
cxeli wnexiT miRebuli masalis eleq-

tromaxasiaTeblebis mniSvnelobebi moyvani-
lia cxrilSi 10, xolo damokidebuleba “wi-

naRoba-temperatura” warmodgenilia nax. 15-
ze, sadac sakvlevi masala aRiniSna “A” 
indeqsiT. imave cxrilSi da naxazze moy-
vanilia nitroaluminTermuli meTodiT mi-
Rebuli sawyisi masalis eleqtromaxasia-
Teblebi (aRiniSna indeqsiT “B”), romlebic 

aRebulia [27]-dan. 
damokidebuleba “lgρ- Τ” sworxazovania da 

A da B variantebiT miRebuli masalebisTvis 
parareluri wrfeebiTaa warmodgenili (sur. 
16). aseve, identuria aΤ da E -s mniSvnelobebi, 
rac denis gadatanis meqanizmis ucvle-
lobaze miuTiTebs (cxr. 9). gansxvaveba fiq-
sirdeba mxolod winaRobaTa sidideebSi im 
TaviseburebiT, rom cxeli wnexiT miRebuli 
nimuSi A 2 niSniT ufro dabali winaRobis 
matarebelia, vidre foriani masala B, rom-
lisganac is iqna miRebuli. aRniSnuli unda 
ukavSirdebodes cxeli wnexiT miRebuli 
masalis reaqciulad Semcxvari struq-
turidan mkvriv stuqturaSi gadasvlas. 

 

cxrili 10 
masalis miRebis pirobebis gavlena  

mis eleqtromaxasiaTeblebze 
 

nimuSis 
# 

nimuSis miRebis 
xerxi 

eleqtrowinaRoba 
298 К-ze, lgρ, λ•m 

eleqtrowinaRobis tempe-
raturuli koeficienti, 

aΤ •10-2 , К
-1 

gamtarobis aq-
tivaciis ener-

gia, E, ℓV 
A cxeli wnexa 6,4 2,3 1,08 

BB nitroaluminTermuli 
sinTezi 

8,4 2,3 1,08 
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sur. 16. cxeli wnexiT (A) da nitroaluminTermuli sinTeziT (B)  

miRebuli masalebis eleqtrowinaRobaTa cvlileba  
temperaturaze damokidebulebiT 

 
3. daskvna 
metaloTermuli da azotirebis proce-

sebis meSveobiT reaqciuli Secxobis meTo-
diT sinTezirebulia SiC kompoziti SiAlON 
sistemaSi. mkvrivi masalis misaRebad fori-
ani (13-15%) kompoziti dawvrilmanebis Semdeg 
16200C-ze cxlad daiwnexa da Semdgomi 
kvlevebi Catarda, rogorc mikro da makro-
meqanikuri, aseve struqturuli, optikuri da 
eleqtronuli mikroskopuli meTodebiT. Ses-
wavlil iqna foriani faza, ganisazRvra misi 
procentuli Semcveloba da zomebi. gani-
sazRvra kristaluri mdgenelebis: sialonis, 
siliciumis karbidis da aluminis Jangis 
matricaSi procentuli Semcveloba da marc-
vlebis zomebi. Sedegebma aCvena, rom sia-
lonis warmoqmna iwyeba 12000C-dan da inten-
siurad viTardeba 1350-14500C-is intervalSi. 
amiT Cven mniSvnelovnad davwieT sialonis 
sinTezis temperatura, reaqciuli Secxobi-
saTvis daaxloebiT 5500C-iT da cxeli wnex-
visaTvis daaxloebiT 1300C-iT, rasac mniSv-
nelovnad Seuwyo xeli miniseburi perlitis 
danamatma. Rumlis gacivebis procesi Tavisu-
falia da masalaSi temperaturis kleba 
fazaTa cvlilebaze ar moqmedebs. miRebulia 
ß- sialoni siliciumis nitridis struqtu-
riT. amas xels uwyobs aseT dabal tempe-
raturebze siliciumis nitridis jer kidev 
axladwarmoqmnili arasrulyofili krista-
luri meseri, romelic Tavisi SedarebiT 
didi sicarieleebis gamo struqturaSi iRebs 
aluminis oqsids, aluminis nitrids da 
siliciumis oqsids. Semdeg, SedarebiT maRal 
_ 1350-14500C temperaturebze igi formirdeba 
ß- sialonis struqturaSi. miRebuli masala 
xasiaTdeba maRali saeqspluatacio Tvise-
bebiT. meqanika Runvaze Seadgens 470 MPa, 
xolo kumSvaze _ 1910 MPa. mikromeqanikurma 

analizma gviCvena, rom bzari xSir SemT-
xvevaSi sialonis matricaSi ar warmoiqmneba 
da Tu warmoiqmna aris mcire zomis. aseTive 
Sedegia matrica-SiC marcvlis sazRvarze. SiC 
-s marcvlebi SerCeuli iqna didi zomis, 
aseTebi sul ramdenimea- 50 µM-is raionSi da 
maTSi bzarebis gavrceleba intensiuria. 
saWiroa SiC fxvnilis winaswar konglo-
meratSi Serevamde, dispersiulobis xarisxis 
amaRleba atritorul an teflonis wisqvi-
lebSi fxvnilis orjer gadafqviT. gaTvli-
li iqna masalis msxvrevadobis B faqtori, 
romelic ar aris maRali. es gviCvenebs bza-
ris swrafi gavrcelebis dabal SesaZleb-
lobebs, xolo n faqtoris uaryofiTi mniSv-
neloba gviCvenebs masalis maRal simagres, 
gauZlos gare meqanikur datvirTvebs manqa-
nuri damuSavebis dros. Sedegi dadasturda 
almasis qargolebiT nimuSebis Wrisas, ro-
desac ramdenime qargoli daimtvra. kompozi-
tis es maRali Tvisebebi dadasturda kovzi-
riZis meqanikuri modulis _ 2462 MPa/ µM2 
gaangariSebisas. miRebulma Sedegma molo-
dins gadaaWarba. am modulSi ar gaiTva-
liswineba kristaluri da miniseburi faze-
bis nano defeqtebi, dislokaciebi, grifit-
sis bzarebi, magram SeiZleba masalaTa mede-
gobis Sesaxeb realuri msjeloba garegani 
datvirTvebis SemTxvevaSi masala miRebulia 
myar fazuri SecxobiT. amas adasturebs 
miniseburi fazis SedarebiT mcire 12%-ze 
naklebi Semcveloba. 

eleqtruli Tvisebis Seswavlam gviCvena, 
rom aΤ da E –s mniSvnelobebi identuria, rac 
denis gadatanis meqanizmis ucvlelobaze 
miuTiTebs (cxr. 9). gansxvaveba fiqsirdeba 
mxolod winaRobaTa sidideebSi im Tavise-
burebiT, rom cxeli wnexiT miRebuli nimuSi 
A2 niSniT ufro dabali winaRobis matare-
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belia, vidre masala B , romlisganac is iqna 
miRebuli. SesaZlebelia aseTi gansxvaveba 
foriani masalis mkvriv struqturaSi gadasv-
liT iyos gamowveuli.  
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UDC 666.762.93 
OBTAINING OF COMPOSITE VIA METAL-THERMAL AND NITROGEN PROCESSES IN THE  
SIC-SI-AL-GEOPOLYMER. SYSTEM  
 

Z. Kovziridze, N. Nijaradze, G. Tabatadze, T. Cheishvili, M. Mshvildadze, N. Daraxvelidze,  
Z. MestviriSvili  
 

Resume: Goal. obtaining of composite in the SiC-SiAlON system with the metal-thermal method in the nitrogen 
medium.  

Method. SiALON-s are solid metal oxide solutions in nitrides. Area of their presence is considered in four-
component system - Si3N4-ALN-AL2O3-SiO2.. In the present paper SiALON-containing composite was obtained through 
alum-thermal process in the nitrogen medium on the base of Geopolymer (kaolin and pology cley – Ukraine), SiC, alu-
minum nano-powder and Si powder with small additives of perlit (Aragatz, Armenia) by the reactive baking method. 
The advantage of this method is that compounds, which are newly formed thanks to interaction going on at thermal 
treatment: Si3N4, Si, AlN are active, which contributes to SiALON formation at relatively low temperature, at 1250-
13000C. It is evident that inculcation of ALN in crystal skeleton of ß-Si3N4 is easier since at this temperature interval 
crystal skeleton of Si3N4 is still in the process of formation.  

Results. ß-SiAlON was formed at the sintering of SiC-aluminium and silicium powder, geopolymer at 14500C. Poros-
ity of carbide SiAlON composite obtained by reactive sintering, according to water absorption, equals to 13-15%. The 
samples were fragmented in a jaw-crusher and were powdered in attrition mill till micro-powder dispersion was ob-
tained. Then samples were hot-pressed at 16200C under 30 MPa pressure. Hold-time at the final temperature was 8 
min. Sample water absorption, according to porosity, was less than 0.5%. Further studies were continued on these 
samples. It should also be stated that strength and wear resistance of SiALONs increase in their presence in silicium 
carbamide containing composites.  

Conclusion. the paper offers processes of formation of SiC-SiAlON composites and their physical and technical 
properties. Phase composition of the composites was studied by X-ray diffraction method, while the structure was 
studied by the use of optic and electron microscope. Obtained materials are used in protecting jackets of thermo 
couples used for melted metal temperature measuring (18-20 measuring) and for constructions used for placing ob-
jects in factory furnaces. 

 
Key words:  alum-thermal process; nitrogen medium; SiAlON; SiC; composite. 
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reziume: mizani: silikomanganumis miRebis 
procesSi, sakazme nedleulis teqnologiuri 
gadamuSavebis stadiaze manganumis danakar-
gebis da Rumlebis muSaobis efeqtianobis 
gansasazRvrad SemuSavda manganumis balan-
sze damyarebuli meTodika. samuSaos mizania 
Teoriul da eqsperimentul kvlevebze dayr-
dnobiT SemuSavdes gamoyenebuli nedleulis 
xarisxis da liTonSi manganumis Semcvelo-
basTan damokidebulebiT manganumis liTonSi 
amokrefis saangariSo formula. 

meTodi: silikomanganumis dnobebis mate-
rialuri balansebis gaanalizebas vaxdendiT 
maTematikuri statistikis meTodiT. 

Sedegebi: miRebuli maTematikuri gamosa-
xulebebis safuZvelze Sesabamisi gamoTv-
lebiT, SegviZlia raodenobrivad SevafasoT 
manganumis liTonSi amokrefa, nedleulis 
xarisxze, liTonsa da widaSi manganumis 
masur wilze damokidebulebiT. silikoman-
ganumis gamodnobis dros manganumSemcvel 
nedleulSi manganumis 1%-iT Semcireba (42-
30% Mn  farglebSi), iwvevs manganumis amok-
refis 0,59-1,3%-iT Semcirebas. 

daskvna: SemuSavebul iqna silikomanganu-
mis gamodnobis efeqtianobis gamosaangari-
Sebeli meTodika, romelic gamoiyeneba 
madanaRmdgeni eleqtroRumlebis muSaobis 
gasaanalizeblad, teqnologiuri procesebis 
marTvis da warmoebis teqnikur-ekonomikuri 
maCveneblebis prognozirebisaTvis.  

 
sakvanZo sityvebi: silikomanganumi; man-

ganumis madani; liToni wida; amokrefa; man-
ganumi; siliciumi.  

 

 
1. Sesavali 
cnobilia, rom feroSenadnobebis gamod-

nobis teqnologiis ZiriTad xarisxobriv 
maCveneblebs warmoaddgens wamyvani elemen-
tis SenadnobSi amokrefis sidide ( ) da mi-

si oqsidis Semcveloba saboloo widaSi. 
manganumiani feroSenadnobebi iwarmoeba uwy-
veti naxSirbadTermuli procesiT, romelic 
emyareba manganumSemcveli nedleulis oqsi-

debis koqsis naxSirbadiT aRdgenas reaqci-
ebiT (1), romlis drosac: 

2 26 4 2 10MnO SiO SiO C     
 5 2 24 9Mn Si C MnO SiO CO      (1) 

procesis efeqtianoba ganisazRvreba man-

ganumis amokrefiT ( Mn ). igi Tavis mxriv, 

gamoiTvleba manganumis nedleulis mier Se-
tanili manganumis liTonSi gadasvlis xa-
risxiT: 

 
[ ]

0,7746Mn
Mn

Q Mn
Q MnO

 


liT.

nedl.

,  (2) 

sadac MnO ,  MnO ,  Mn  - Sesabamisad 

aris manganumis oqsidebis masuri wili man-
ganumSemcvel nedleulSi, widaSi da manga-

numis Semcveloba liTonSi; MnQ nedl.  - aris 

gadasamuSaveblad miwodebuli manganumSemc-
veli nedleulis masa; 0,7746 – manganumze 
gadasaTvleli koeficientia. 

eleqtrodnobis realur pirobebSi manga-
numis amokrefis siRrme damokidebulia Rum-
lis abazanaSi arsebul Termodinamikur pi-
robebze, romelic pirvel rigSi, ganisaz-
Rvreba procesis temperaturiT da kazmSi 
aRmdgenlis raodenobiT, romelic Cveuleb-
rivad gamoisaxeba rogorc fardoba koqsSi 
arsebuli myari naxSirbadisa kazmSi manga-

numis SemcvelobasTan _ /C Mnmy . mocemul 

faqtorebze did gavlenas axdens gamoyene-
buli manganumSemcbeli nedleuli, pirvel 
rigSi, masSi manganumis Semcveloba, agreTve 
siliciumis oqsidis da fuZe oqsidebis Ta-
nafardoba, rac aucilebels xdis kazmSi 
sxvadasxva flusis warmomqmneli masalebis 
damatebas. ganxiluli faqtorebi axasiaTe-
ben teqnologiis xarisxobriv maCveneblebs, 
romlebic saboloo jamSi dnobis produq-
tebs Soris manganumis ganawilebas gansaz-
Rvraven [1, 2].  

 

 
2. ZiriTadi nawili 
Rumlebis muSaobis efeqtianobis da teq-

nologiuri gadamuSavebis stadiaze manganu-
mis danakargebis gansasazRvrad SemuSavda 
meTodika, romelic damyarebulia manganumis 
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balansze. rogorc daxurul da hermetul 
RumlebSi silikomanganumis gamodnobis ma-
terialuri balansebis gamoTvlebi gviCvene-
ben, manganumis danakargebi aorTqlebaze ar 
aRemateba 0,5-1,0% [2, 3], amitom Cven dasaS-
vebad CavTvaleT, rom praqtikulad gamodno-
bis procesSi monawile mTeli manganumi 
nawildeba liTonsa da widas Soris, anu: 

     1Mn Mn   .  (3) 

gamoTvlebis procesSi vuSvebT, rom 
nedleulSi da widaSi manganumis Semcveloba 
gadaTvlilia manganumze, xolo manganumis 
masebis jami liTonSi da widaSi, tolia 
miwodebuli erTeuli manganumiani nedle-
ulis masisa. maSin manganumiani nedleulidan 
liTonis da widis gamosavali iqneba:  

  
 

  
 
1

1MnMn MnMn
Mn Mn

 
  ,  (4) 

xolo manganumiani nedleulis xarji    

yovel erTeul liTonze iqneba: 

    Mn K Mn
Mn Mn

  ,  (5) 

sadac K  _ widis jeradobaa. 
(4) da (5) tolobebidan sirTules ar 

warmoadgens ganvsazRvroT Tanafardoba man-
ganumis teqnologiuri amokrefis gansazR-
vrisaTvis Camosxmis procesSi danakargebis 
gauTvaliswineblad: 

  
  

1
1Mn

Mn Mn
Mn Mn







.  (6) 

manganumis miRebuli Tanafardoba liTon-
Si, widasa da nedleulSi saSualebas gvaZ-
levs raodenobrivad SevafasoT manganumis 
liTonSi amokrefa, nedleulis xarisxze, 
liTonsa da widaSi manganumis masur wilze 
damokideulebiT. silikomanganumis miRebis 
procesis ZiriTadi maCveneblebi mocemulia 
cxrilSi 1. 

 
cxrili 1 

silikomanganumis dnobis procesis ZiriTadi maCveneblebi 
 

Senadnobi  
  

maCveneblebi 

 

Mn   ,% 

 

 

Mn  ,% Si , 
% 

K  
 
 

/C Mnmy  

 

/SiO Mn2  

 

 

Mn ,% 

 

 

 Mn ,% 

silikomanganumi 

(0,35-0,5% P ) 

68-74 79-84 
 

33-42 
 
 

1,1-1,5 0,36-0,41 
 

1,01-1,05 
 

38-41 
 
 

11-14 

 
manganumiani feroSenadnobebis, kerZod 

silikomanganumis, gamodnobis teqnologiis 
analizi (6) gamosaxulebis gaTvaliswinebiT, 
gviCvenebs, rom SenadnobSi manganumis Semcve-
lobis 1%-iT (sxva elementebis masuri wilis 
gazrdis xarjze, magaliTad rkinis an sili-
ciumis) Semcireba iwvevs misi amokrefis gaz-
rdas saSualod 0,30-0,35%-iT, rac eTanadeba 
[4, 5] monacemebs. manganumis amokrefaze, sxva 
faqtorebTan SedarebiT, yvelaze did 
gavlenas axdens misi Semcveloba manganumian 
nedleulSi. silikomanganumis gamodnobis 
dros nedleulSi manganumis wilis 1%-is 

 42 30% Mn  Semcireba iwvevs manganumis 

amokrefis Semcirebas 0,59-1,3%-iT, rac kargad 
eTanadeba [5] samuSaoSi moyvanil monacemebs, 
romelSic didi raodenobis samrewvelo 
monacemebis damuSavebiT miRebulia aRniSnu-
li sididis mniSvneloba 0,75-1,75%-is farg-
lebSi. gamoTvlebis Sedegebi (6) gamosaxu-
lebis daxmarebiT, nomogramebis saxiT moy-
vanilia naxazze 1, sadac widaSi manganumis 
masuri wili 9-14%-is farglebSi meryeobs. 
liTonSi manganumis Semcvelobis cvlileba, 

bunebrivia, gamoiwvevs mrudebis daxris 
Secvlas, anu naxazze moyvanili monacemebi 
samarTliania mxolod liTonSi manganumis 
Semcvelobis mocemuli mniSvnelobisaTvis, 
radganac gamoTvlebis procesSi yovel kon-
kretul SemTxvevaSi vRebulobT mis erTa-
derT mniSvnelobas. 

teqnologiuri procesis efeqtianoba gan-
pirobebulia ara marto manganumis amokre-
fiT, romelic ganisazRvreba (6) gamosaxule-
biT, aramed elementis danakargebiT gamoS-
vebidan sawyobamde ganvlil gzaze. es da-
nakargebia cicxvebSi qerquli narCenebi, 
saCamosxmo manqanebze gaSxefeba da sxv. 
danakargebis raodenobrivad gansazRvra Se-
saZlebelia widis jeradobis ( K ) saSua-
lebiT, romelic gamoiTvleba widis da li-
Tonis masaTa SefardebiT. teqnologiuri je-
radobis, romelic (6) gamosaxulebiT Seesa-
bameba elementis amokrefas da (4)_(5) Tana-
fardobis gamoyenebiT, miviRebT: 

  
 

Mn Mn
K

Mn Mn





 .  (7)  
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mocemuli Tanafardobidan, widis jera-
dobis gansasazRvrad, SesaZlebelia agreTve 
miviRoT Semdegi kerZo gamosaxulebebi: 

 
  

 
1 Mn

Mn

Mn
K

Mn





  da  
1

Mn

Mn
K

Mn
  .  (8) 

gamosaxulebebis (7) da (8) analizi gviC-
venebs, rom widis jeradoba mcirdeba maSin, 
rodesac mcirdeba SenadnobSi manganumis ma-
suri wili da izrdeba manganumis amokrefa. 
Sesabamisad, silikomanganumSi manganumis Sem-
cvelobis Semcireba bazur-dasaSveb raode-
nobamde, iwvevs ara marto manganumis amok-

refis gazrdas, aramed saSualebas gvaZlevs 
SevamciroT manganumis danakargebi saboloo 
widebSi. garda amisa, liTonis da widis ga-
mosavali ganisazRvreba sawyisi manganumiani 
nedleulis xarisxiT (masSi manganumis Sem-
cvelobiT) da iqedan manganumis amokrefis 
siRrmiT. nedleulSi manganumis Semcvelobis 
gazrdiT widis jeradoba mcirdeba. amrigad, 
widis jeradoba warmoadgens teqnologiuri 
procesis efeqtianobis erT-erT ZiriTad 
maxasiaTebels. 

 

 
nax. 1. manganumis Semcvel nedleulsa da saboloo widebSi manganumis  
teqnologiuri amokrefis damokidebuleba manganumis raodenobasTan 

ferosilikomanganumi - (0,35 0,5% )CMn P  ,   74%Mn   

Mn  _ manganumis Semcveloba nedleulSi; 

(9,10.....14) manganumis Semcveloba widaSi 

 
Tavis mxriv, SenadnobSi manganumis Semc-

veloba, liTonSi gadasuli manganumis far-
dobis tolia mis srul raodenobasTan da 
gamoisaxeba: 

  
   1 1 /

Mn
Mn

Mn Mn





   
.  (9) 

mocemuli Tanafardoba samarTliania 

MnO ,  MnO  da   erTaderTi mniSvnelo-

bisaTvis da widis faqtobrivi jeradobis-
Tvis K , romelic gviCvenebs Tu ramdenjer 
meti an naklebi unda iyos widis masa 
liTonis masaze. igi tolia: 

   (9)
K Mn Mn

faq.
 an    K Mn Mn

(9) faq.
,  

sadac  Mn
faq.

,  (9)
Mn  _ manganumis faqtiuri 

raodenobaa SenadnobSi da (9) gamosaxule-
biT miRebuli gamoTvlebis SemTxvevaSi. 

manganumis amokrefis faqtobrivi raode-
nobis sapovnelad aucilebelia (8)-(9) ganto-

lebaTa sistemis amoxsna MnO ,  MnO , 

 Mn  cnobili mniSvnelobisaTvis da widis 

faqtobrivi jeradobis SemTxvevaSi. gamoTv-
lebi mimdinareobs manganumis amokrefis ise-
Ti mniSvnelobis dasadgenad, romlisTvisac 
samarTliania mocemuli Tanafardobebi. am-
rigad, Cven miviRebT manganumis liTonSi 
amokrefis faqtobriv mniSvnelobas widis 



55 

 

jeradobis, gamoyenebuli manganumSemcveli 
nedleulis xarisxis da widaSi manganuis 
masuri wilis raodenobis safuZvelze. 

manganumis amokrefis sididis 1  (6) gamo-

saxulebiT da 2  (8) da (9) TanafardobebiT, 

SesaZlebelia ganisazRvros manganumis dana-
kargebi: 

 1 2( ) 100%     ,  (10) 

sadac 1  _ aris manganumis teqnologiuri 

amokrefa, romelic miRweulia uSaulod Ru-
melze da gansazRvravs liTonis qimiur 

Sedgenilobas; 2  _ aris e.w. manganumis ko-

merciuli amokrefa, romelic iTvaliswinebs 
manganumis danakargebs misi Rumlidan ga-
moSvebidan mza produqciis miRebamde (rea-
lizaciamde). aq gaTvaliswinebuli araa 
sxmulis fraqcionirebis dros miRebuli 
danakargebi. 

teqnologiis efeqtianobis koeficienti 
ki iqneba: 

 1 2/Э   . 

aucilebelia Semdegi SeniSvnis gaTva-
liswineba. zemoT moyvanili yvela gamoTvla 
Catarebulia liTonis erTeul raodenobaze. 
manganumis SemcvelobaSi igulisxmeba misi 
masuri wili pirvelad widur nalRobSi, 
saidanac mimdinareobs aRdgenis procesi. 
magaliTad, maRalnaxSirbadiani feromanga-
numis ufluso gamodnobis SemTxvevaSi, kaz-
mi Sedgeba mxolod manganumiani nedleuliT 
(madnebis narevi) da koqswvrilaTi, amitom 
gamoTvlebis dros mxedvelobaSi miiReba 
nedleulSi manganumis faqtobrivi Semcve-
loba. feromanganumis flusiani meTodiT 
miRebis SemTxvevaSi kazms damatebiT miewo-
deba kirqva (siliciumis aRdgenis xarisxis 
dasaTrgunad da SesaCereblad), rasac miv-
yavarT manganumis masuri wilis Semcire-
bamde pirvelad widur nalRobSi, saidanac 
xdeba elementebis aRdgena. ase magaliTad: 
maRalnaxSirbadiani feromanganumis flusi-
ani meTodiT dnobis dros kirqvis xarji 
erT tona widis 0,9-1,1 fuZianobis SemT-
xvevaSi nedleulze Seadgens 340-370 kilog-
rams, amitom (6), (7) da (8) gamosaxulebebSi 

MnO  mniSvneloba unda Seicvalos 1,15-1,17-

iT. Sesabamisad, gamoTvlebis dros nedle-
ulSi manganumis Semcveloba unda Semcir-
des 15-17%-iT mis faqtobriv sididesTan 

SedarebiT. ferosilikomanganumis gamodno-
bis dros kazmSi damatebiT SehyavT kvar-
citi, saidanac widaSi gadadis mis mier 

Seyvanili 2SiO -is 10% [6-8]. amitomac moce-

mul SemTxvevaSi, rogorc gamoTvlebi da 
sabalanso dnobebis Sedegebi gviCvenebs, man-
ganumis masuri wilis Semcirebis koefici-
enti nedleulSi toli iqneba 1,01.  

 
 

3. daskvna 
SemuSavebul iqna silikomanganumis gamod-

nobis efeqtianobis gamosaangariSebeli me-
Todika, romelic gamoiyeneba madanaRmdgeni 
eleqtroRumlebis muSaobis gasaanalizeb-
lad, teqnologiuri procesebis marTvisaT-
vis da warmoebis teqnikur-ekonomikuri maC-
veneblebis prognozirebisaTvis. am meTodikis 
daxmarebiT SesaZlebelia agreTve sxva ele-
mentebis amokrefis gamoangariSeba feroSe-
nadnobebis naxSrbadTermuli meTodiT miRe-
bis pirobebSi.  
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UDC 669.168 
DEFINITION OF EFFICIENCY OF OVENS WORK DURING MELTING PROCESS OF SILICON 
MANGANESE  
Z. Simongulashvili, G. Kurdadze, M. Mikeladze  
 

Resume: goal. Worked out method to define loss of manganese and efficiency of ovens work in the process of 
manganese production, while recycling of raw material components, which is based on balance of manganese.  

The aim of the work is to work out calculation formula for picking up manganese in metal due to theoretical and 
experimental researches, in accordance of quality of used raw materials and content in the metal.  

Methods. We analyze the material balance of silicon manganese melting by Mathematical statistics. 
Results. Due to the obtained mathematical computation, in accordance of appropriate calculation, we can 

evaluate the quantity of manganese in metal, depending on raw materials, depending on the massive share of 
manganese in metal and slag. 1 % of Manganese reduced in manganese containing raw materials during silicon 
manganese melting. (within 42-30%) It will reduce pick up of manganese by 0, 59 - 1, 3%. 

Conclusion. Calculation method of silicomanganese melting efficiency has been elaborated, which is used to 
analyze working process of ore restoring electric ovens, for management of technological processes, to predict 
technology and economic indicators of production. 

 
Key words:  Silicon manganese, Manganese ore, Metal slag, Pick up, Manganese, Silicium. 
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reziume: speqtrofotometruli meTodiT 
Seswavlil iqna rkinis (III) kompleqswar-
moqmna azonaerTebTan, romelic sinTezire-
bulia pirogalolis da 2-oqsi-5-nitroaminis 
safuZvelze. mizani. samuSaos mizania 
binalur da Sereulligandian kompleqswar-
moqmnaze mesame komponentis gavlena. komp-
leqsebis speqtrofotometruli maxasiaTeb-
lebis dadgena da sxvadasxva meTodebiT maTi 
Semadgenlobis gansazRvra. aseve, gare 
ionebisa da SemniRbavi nivTierebebis gavlena 
kompleqswarmoqmnaze. meTodebi. sinTe-
zirebuli reagentis Sedgeniloba da aRna-
goba dadgenilia analizis sxvadasxva fizi-
kur-qimiuri meTodebiT. xsnarebis pH-s va-
kontrolebdiT minis eleqtrodiani iono-
metris saSualebiT. optikur simkvrives vzo-
mavdiT speqtrofotometrze 1 sm fenis sisqis 
kiuvetSi. Sedegi. sinTezirebuli reagenti 
rkina (III)-Tan warmoqmnis Seferil kompleqss. 
kompleqswarmoqmnis damokidebulebis Ses-
wavlam garemos mJavianobasTan aCvena, rom 
binaruli kompleqsis maqsimaluri gamosava-
li SeiniSneba, roca рН=4; λмах=405 nm-s Sesa-
bamisad, xolo reagentis mier maqsimaluri 
sinaTlis STanTqma aRiniSneba, roca рН=4; 
λмах=375 nm. rkinis sruli Sebma kompleqsSi 
miiRweva reagentis ormagi siWarbisas. 
kompleqswarmoqmnis reaqciis wonasworoba 
myardeba myisierad, xolo xsnarTa optikuri 
simkvrive ucvlelia erTi dRis ganmavlo-
baSi. daskvna. speqtrofotometruli meTodiT 
Seswavlilia pirogalolis da 2-oqsi-5-
nitroaminis safuZvelze sinTezirebul azo-
naerTebTan rkinis (III) kompleqswarmoqmna. 
aseve mesame komponentis gavlena binaruli 
kompleqsebis kompleqswarmoqmnaze. monaxu-
lia kompleqsebis warmoqmnis optimaluri 
pirobebi. Seswavlilia gare ionebis da 
SemniRbavi nivTierebebis gavlena kompleqs-
warmoqmnaze. dadgenilia erTgvarovan naer-
TebSi moreagire komponentebis Tanafardoba 
da beris kanonze daqvemdebarebis intervali. 

 
sakvanZo sityvebi: speqtrofotometruli 

meTodi; rkina(III)-is gansazRvra; mraval-

ligandiani kompleqsebi; mesame komponentis 
gavlena; difenilguanidini; trifenilgua-
nidini; fenantrolini.  

 
 
1. Sesavali 
bunebriv da samrewvelo obieqtebze rkina 

(III)-is fotometruli gansazRvris mravali 
meTodia cnobili [1-3]. Tumca am meTodebis 
umravlesoba analizurad mouxerxebelia. 

aseve cnobilia, rom ОН- jgufebis da 
azotis donori atomebis Semcveli reagen-
tebi yvelaze xelsayrelad iTvleba rkina 
(III)-is gansazRvrisTvis [4, 5]. vinaidan rkinis 
gansazRvris ufro zusti, mgrZnobiare da 
maRali SerCeviTobis mqone fotometruli 
meTodebis SemuSaveba sakmaod aqtualuria 
analizur qimiaSi, amitom Fe(III)-is pirogalo-
lis azowarmoebulebTan kompleqswarmoqmnis 
Seswavla praqtikul interess iwvevs. lite-
raturuli monacemebiT dadgenilia, rom 
pirogalolis azoCamnacvleblebis gamoyene-
bisas araorganuli ionebis fotometruli 
gansazRvrisas izrdeba ara marto mgrZno-
beloba, aramed, zog SemTxvevaSi, gansazR-
vris arCeviTobac. cnobilia, rom pirogalo-
lis safuZvelze azonaerTebi perspeqtiul 
reagentebs warmoadgens metalebis [1] zogi-
erTi ionebis gansazRvrisTvis. es ganpirobe-
bulia imiT, rom pirogalolis sami hidroq-
silis jgufebi kompleqsebis warmoqmnis 
saSualebas iZleva azojgufis azotis ato-
mis uSualo monawileobiT, ris Sedegadac 
aRiZvreba bma metali-azoti [2]. mocemuli 
kvleva eZRvneba Fe(III)-is 2,3,4-trioqsia-
zobenzinTan (tab), 2,3,4-trioqsi-4'-ftorazo-
benzinTan (tfab), 2,3,4-trioqsi-4'-bromazoben-
zolTan (tbab), 2,3,4-trioqsi-4'-iodoazolo-
benzolTan (tsiab)-Tan urTierTqmedebis 
speqtrofotometrul Seswavlas difenilgu-
anidinis (dfg), trifenilguanidinis (tfg) da 
fenantrolinis (fen) Tanaobisas.  
 

 
2. ZiriTadi nawili 
eqsperimentaluri nawili: xsnarebi da 

reagentebi. reagenti sinTezirebulia meTo-
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dikiT [2], misi Sedgeniloba da aRnagoba 
dadgenilia analizis sxvadasxva fiziko-
qimiuri meTodebiT. 

 

 
X=-H, -F, -Cl, --Br, -J 
 

rkinis sawyisi xsnari (1ˑ10-1М) movamzadeT 

metaluri rkinis (ч.д.а) zusti wonakis 
gaxsniT konc. НC-Sigacxelebisas [7]. muSa 
xsnarebi rkinis naklebi SemadgenlobiT dam-
zadda sawyisi xsnaris ganzavebiT. azonaer-
Tebis (R1, R2, R3, R4). 

1ˑ10-3М xsnarebi davamzadeT eTanolSi 
gaxsniT, xolo reagenti (R5) _ acetonSi gax-
sniT. saWiro mJavianobis Sesaqmnelad gamovi-

yeneT fiqsonali НCl (рН 1-2) daamiakur-

acetaturi xsnarebi (рН 3-11). xsnarebis рН-s 
vakontrolebdiT minis eleqtrodiani 

ionometris _ И-130 saSualebiT. 
xelsawyoebi. xsnarebis optikur simkv-

rives vzomavdiT speqtrofotometrze 
«Lambda-40» (firma «PerkinElmer») kompiuteruli 
uzrunvelyofiT da fotoeleqtrokolori-

metrze КФК–2 1 sm fenis sisqis kiuvetSi. 
xsnarebis pH-s vakontrolebdiT pH-121 markis 
minis eleqtrodiani pH-metriT.  

Sedegebi da maTi gansja: sinTezirebuli 

reagenti rkinasTan warmoqmnis Seferil 
kompleqss. kompleqswarmoqmnis damokidebu-
lebis Seswavlam garemos mJavianobasTan 
aCvena, rom binaruli kompleqsis maqsimalu-

ri gamosavali SeiniSneba, roca рН=4 

(λмах=405 nm) Sesabamisad. xolo reagentis 
mier maqsimaluri sinaTlis STanTqma aRi-

niSna, roca рН=4 (λмах=375 nm). rkinis sruli 
Sebma kompleqsSi miiRweva reagentis ormagad 
Warbi aRebisas. kompleqswarmoqmnis reaqciis 
wonasworoba myardeba myisierad, xolo 
xsnarTa optikuri simkvrive, ucvlelia erTi 
dRis ganmavlobaSi. 

dadginda, rom mesame komponentebis arse-
bobisas (fen, dfg, tfg), warmoiqmneba sxva-
dasxva ligandebiani kompleqsebi. maTi miRe-
bisas SeiniSneba binaruli kompleqsis gada-
nacvleba speqtrTan SedarebiT, xolo komp-
leqswarmoqmnis optimaluri рН gadainac-
vlebs ufro mJava garemosken рН=1 (fen), рН=2 
(dfg, tfg). kompleqsebis mier maqsimaluri 
sinaTlis STanTqma SeiniSneba 413nm Fe(III) - R 
_ dfg-sTvis, 411nm Fe-(III)-R-tfg-sTvis da 417nm 
Fe(III)-R-fen-sTvis. Fe(III)-R binaruli kompleq-
sis gamosavali maqsimaluria, roca reagen-

tis (R) koncentraciaa 8·10-5МR, xolo sxva-

dasxva ligandiani kompleqsebisTvis Fe(III)-R-
დფგ 8·10-5МR და 4,8·10-5МR, Fe-(III)-R-ტფგ 8·10-5МR 
და 5,2·10-5МR; Fe(III)-R-ფენ 8·10-5МR და 4·10-5МR 
Sesabamisad. 

 
cxrili 1 

rkina (III)-is kompleqswarmoqmnis ZiriTadi  
fotometruli maxasiaTeblebi mesame komponentebis Tanaobisas 

 
კომპლექსები рНოპტ Λოპტ Δλ ε·10-3 lgβ კომპონენტების 

თანაფარდობა 
გრად. გრაფიკის სწორხაზოვანი 

ინტერვალი მკგ/მლ 
Fe(III)-R 4 405 30 4,70±0,01  1:1 0,90-5,38 

Fe(III)-R-დფგ 2 413 38 6,20±0,01  1:1:1 0,45-3,58 
Fe-(III)-R-ტფგ 2 411 36 6,90±0,01  1:1:1 0,45-3,58 
Fe(III)-R-ფენ 1 417 42 8,6±0,01  1:1:1 0,22-2,74 

 
komponentebis xsnarebis Serevisas yvela 

kompleqsi warmoiqmneba myisierad, magram 
isini gansxvavdebian mdgradobiT. magaliTad, 
Tu binaruli kompleqsi mdgradia erTi dRis 
ganmavlobaSi da gacxelebisas 600С-mde, 
sxvadasxva ligandiani kompleqsebi mdgradia 
erT dReze ufro xangrZlivad da 800С-mde 
gacxelebisas. 

miRebuli kompleqsebis SemadgenlobaSi 
Semavali komponentebis Tanafardoba dadge-

nilia izomolaruli seriis, starik barbane-
lis miaxlobiTi gamosavlianobis da wonas-
worobis gadanacvlebis meTodebiT [5]. dadge-
nili iqna miRebuli Seferili naerTebis 

Sedgeniloba da tolia 1� 2 [4]. kvlevis Sede-
gad agebuli iqna dagraduirebuli grafikebi 
da gansazRvruli iqna sakvlevi koncentra-
ciebis diapazonebi. 

 

OH

HO N N X

HO
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3. daskvna 
dadgenilia koncentraciis intervali, 

sadac daculia beris kanoni - 0,45-5,38 (FeR1), 
0,45-3,58 (FeR2), 0,45-3,58 (FeR3), 0,22-2,74 (FeR4), 0,22-
274 (FeR5), Sesabamisad.  

astaxovis meTodiT ganvsazRvreT proto-
nebis raodenoba, romelic gamoiyo kompleqs-
warmoqmnis Sedegad da dadasturda kompleq-

sebSi komponentebis miTiTebuli Tanafar-
doba. 

kompleqsebis mdgradobis mudmivebi ianga-
riSeba cnobili meTodiT [4]. gaangariSebebis 

mixedviT lgK1=6,72±0,05 (FeR1), lgK1=6,63±0,06 (FeR2), 
lgK1=6,78±0,04 (FeR3), lgK1=6,88±0,06 (FeR4), 
lgK1=6,97±0,05 (FeR5). 

1

2

4
5

3

A

λ,

ნახ. 2. რეაგენტების ხსნარების შთანთქმის სპექტ-
რები შესაბამისი სისტემების рН-ის ოპტიმალური 
მნიშვნელობისას. 1. R₁, 2. R₂, 3. R₃, 4.-R₄,  
5. R₅C=1·10⁻³М  

1
2

45
3

A

λ n

ნახ.1. რკინა(III)-ის რეაგენტთან კომპლექსების შთანთქმის 
სპექტრები შესაბამისი სისტემების рН-is ოპტიმალური 
მნიშვნელობისას. 1. Fe-R₁, 2. Fe-R₂ 3. Fe-R₃, 4. Fe-R₄,  
5. Fe-R₅C=1·10⁻³М, Сr,₁,₂,₃,₄,₅=1·10⁻³М, 
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cxrili. 2 
rkina(III)-is sinTezirebul reagentebTan reaqciis  

ZiriTadi fotometruli maxasiaTeblebi 
 

რეაგენტი Λმაქს, ნმ λR, ნმ pH Fe� R ε×10-3 lgβ 
ბერის კანონზე დაქვემდებარე-

ბული ინტერვალი მკგ/მლ 
ტაბ(R1) 409 372 3 1� 2 6,4±0,01 6,72±0,05 0,45-5,38 
ტხაბ(R2) 412 370 3 1� 2 7,6±0,01 6,63±0,06 0,45-3,58 
ტფაბ, (R3) 414 367 4 1� 2 7,2±0,01 6,78±0,04 0,45-3,58 
ტბაბ (R4) 417 379 4 1� 2 8,6±0,01 6,88±0,06 0,22-2,74 
ტიაბ (R5) 405 384 5 1� 2 10,4±0,01 6,97±0,05 0,22-274 

 
Seswavlil iqna ionebis da SeniRbuli 

nivTierebebis zemoqmedeba rkina(III)-is halo-
genoCanacvlebul anilinTan kompleqswar-
moqmnaze, romelic sinTezirebul iqna piro-
galolis safuZvelze.  
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UDC 543.42 
COMPLEXOFORMATION  AND  SPECTROPHOTOMETRIC STUDY O OF  FE (III)  WITH PYROGALLOL 
AZODERIVATIVES  
I. Ugrexelidze, M. Tsintsadze, A. Mageramov  
 

Resume: Examined spectrophotometrically complexing iron (III) with an azo compound synthesized by pyrogallol 
and 2-hydroxy-5-amine derivatives. The effect of the third component in the complex formation of a binary complex. 
Studied spectrophotometric characteristics of the complexes, the compositions of the various methods defined. The 
effect of foreign ions and masking substances on the complexation.  

Objective. The aim of the work is the influence of the third component on binary and mixed-ligand complex 
formation.Determination of spectrophotometric characteristics of complexes and definition of their composition with 
different methods. Also the effect of foreign ions and masking substances on complex formation.  

Methods. The composition and structure of synthesized reagents are determined by different physical-chemical 
methods of analysis. pH of solution were controlled by means of glass electrode ionometer. Optical density was 
measured on spectrophotometer in 1 cm thickness cuvette. PH of solution were controlled by means of glass elec-
trode ionometer. 

Result. Synthesized reagent withFe (III) produces colored complex. The study of dependence of complex formation 
on atmospheric acidity has shown that maximum outlet of binary complex is observed when pH=4, according to 
λмах=405 nm, and maximum absorption of light be reagent is observed when рН=4; λмах=375 nm. The complete 
merging of iron in complex is achieved in double excess of reagent. The balance of complex formation reaction is in-
stantaneous, while the optical density of the solutions remain unchanged for one day. 

Conclusion. Using spectrophotometric method, the complex formation of Fe (III) with synthesized azo compounds 
is studied, on the basis of pyrogallol and 2-hydroxy-5amine derivatives. Also the effect of the third component on the 
complex formation of binary complexes. The optimal conditions of complex formation has been found. The effect of 
foreign ions and masking substances on complex formation has been studied. The correlation of the reconstituted 
components in the homogeneous compounds and the subordinating interval on the law of Bear are established. 

 
Key words: determination of iron (III); complex formation; mixed-ligand; spectrophotometric method; ethyle-

nediamine; diphenylguanidine ;triphenilguanidine. 
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Cu(II)-is kompleqswarmoq

pentadionTan mesame kom
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reziume: mizani. am samu
speqtofotometruli meTodiT
sazRvra kompleqsnaerTebSi 3 
disulfofenilazo] 2– 4  pent
Tan difenilguanidinis (dfg), 
nidinis (tfg) da eTilendiami
obisas. SemuSavebul iqnas mTi
lenZis gansazRvra fotometru

meTodi. sinTezuri naerTis
da agebuleba dadgenilia sxv
kur-qimiuri meTodebiT, sisuf
lia qaRaldis qromatografi
pH-is kontrols vawarmoebT m
debiani H-130 ionometris saSu
ris optikur simkvrives vzoma
fotometris Lambda 40 da fot
KФК-2 saSualebiT, 1 sm sisqis 

Sedegi. reagenti sinTezireb
meTodiT da spilenZis ionT
myar kompleqsnaerTs. kompleq
moqmna damokidebulia pH-ze. ma

Widebaa rodesac pH=4; maqs.=454
luri sinaTlis STanTqma 309 n

daskvna. sxvadasxvaligandia
bi warmoqmneba ufro mJava ga
binaruli. kompleqswarmoqmnis
moluri STanTqmis koeficient
deba spilenZis aRmoCenis qveda

dadginda, rom sxvadasxv
kompleqsebis Tanafardobaa C
xolo binalur kompleqsSi _ 1

 
sakvanZo sityvebi: spilenZi

kompleqswarmoqmna; sxvadasxv
speqtrofotometruli meTod
amini; difenilguanidi; trifen

 
1. Sesavali 
rogorc cnobilia [1–3], ac

da misi C-alkil da azomeT
bulebi qmnian mdgrad komple
ionebTan. es reagentebi gamo
lebis aRmosaCenad [4]. 
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qmna 3 – 2[2hidro 3,5 disulfofeni

mponentis Tanaobisas  
iragovi2  
ologiebis departamenti, saqarTvelos teq
stavas 69 
eti, azerbaijani, 1148, baqo, z. xalilovis

 
uSaos mizania 
T Cu(II)-is gan-
– 2[2hidro 3,5 

tadionTan (R)-
trifenilgua-

inis (ed) Tana-
is qanebSi spi-
uli meTodiT. 
s Sedgeniloba 
vadasxva fizi-
fTave dadgeni-
uli meTodiT. 
minis eleqtro-
ualebiT. xsna-
avdiT speqtro-
tokolorimetr 

kiuvetebiT. 
bulia cnobili 
Tan warmoqmnis 
qsnaerTis war-
aqsimaluri Se-

4 nm da maqsima-
m-is tolia.  
ani kompleqse-
aremoSi, vidre 
sas matulobs 
tebi da mcir-
a zRvari. 
a ligandiani 

Cu(II):R:TpH=1:2:1; 
1:2.  

is gansazRvra; 
a ligandiani; 

di; eTilendi-
nilguanidi.  

 

cetilacetonis 
Tinis warmoe-
eqsebs metalis 
oiyeneba meta-

  diketonebi azowar
genen upirates reagents
[5-7]. [8]-dan cnobilia, r
azowarmoebulebis wyal
metrul formaSia. TiTo
formas axasiaTebs maRa
anoba. aSkaraa, metaleb
loba sxvadasxva (ligan
mebTan (N, O). kompleqsw
obs ama Tu im tautomet
Sedegadac reaqcia xasia
viTobis unariT. amitom

bis warmoebulebis sinT
warmoqmna metalebTan, Zl

samuSaos mizania sp
meTodiT Cu(II)-is gansaz
3,5 disulfofenilazo (
nil guanidinis, (dfg), 
(tfg) eTilendiaminis (ed

 
 

2. ZiriTadi nawili 
eqsperimentaluri naw
reagenti sinTezirebu

diT [9], misi Sedgenil
dadgenilia sxvadasxva 
TodebiT. sinTezuri 
dadgenilia qaRaldis q
TodiT. reagentis struq

 

 

spilenZis (II) xsnars
metaluri spilenZisagan
beli pirobebis Sesaqmne
yenebulia HCl-is fiqsana
acetaturi buferuli x
kontrols vawarmoebdiT
biani H-130 ionometris 
optikur simkvrived vz

ilazo] 2 –  4

qnikuri universiteti, 

s q. 23 

rmoebulebi warmoad-

s Cu(II)-is aRmosaCenad 
rom acetilacetonis 
lxsnari sam tauto-
oeuli tautometrul 
ali reaqciis unari-
bis ionebis SeWidu-
dian) donorul ato-
warmoqmna mimdinare-
trul formebSi, ris 
aTdeba maRali SerCe-
m, axal  -diketone-

Tezi, maTi kompleqs-
lier aqtualuria. 
peqtrofotometruli 
zRvra 3/2-hidroqsi - 
(pentalion 2,4 dife-
trifenilguanidinis 
d) Tanaobisas.  

wili: 
ulia cnobili meTo-
loba da agebuleba 
fizikur, qimiuri me-
naerTis sisufTave 
romatografiuli me-
qturuli formulaa: 

 

s (110-3M) amzadeben 
n (99,9%) [10]. aucile-
elad, pH-isTvis gamo-
ali (pH 1-2) da amino 
xsnari (pH 3-11). pH-is 
T minis eleqtrode-
saSualebiT. xsnaris 
omavdiT speqtrofo-



 

tometris Lambda 40 da fot

KФК-2 saSualebiT, kiuvetebis 
Sedegebi da maTi gansja:  
dadgenilia, rom reagenti 

warmoqmnis Seferil kompleqs

leqswarmoqmna maqsimaluria, 

(max=468 nm). reagents maqsimal
Tqma aris 309 nm-ze. 

me-3 komponentis Tanaobisas
optimaluri pH kompleqswar
gadainacvlebs ufro mJava g
(CuR – ed), (CuR – dfg), (CuR 

 

nax. 1. Cu(II) ko
ed, dfg, tfg Tana

nax. 2. kompleqsna

1. CuR; 
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tokolorimetr 

1 sm sisqiT. 

Cu(II) ionebTan 
s naerTs. komp-

roca pH=3 

luri SuqSTan-

 ed, dfg, tfg, 
moqmnis dros 
garemoSi pH=3 
– tfg). maqsi-

maluri SuqSTanTqma to

(CuR – ed), =461 nm (CuR
(CuR – tfg). me-3 komp
warmoiqmneba sxvadasxva
leqsebi. speqtrofotome
degebi mocemulia 1 cxr

cxrilidan Cans, ro
ani kompleqsebi warmoiq
remoSi, vidre binalurS
diani kompleqsebis war
lobs moluri STanT
mcirdeba qveda zRvari s

 
ompleqswarmoqmna reagentTan mesame komponent

obisas 1. CuR; 2. CuR – ed; 3. CuR – dfg; 4. CuR

 

 

 

 

aerTebSi optikuri simkvrivis damokidebuleba

2. Cu-R – ed; 3. Cu-R – dfg; 4. CuR – tfg 

olia, roca =468 nm 
R – dfg) da =464 nm 
ponentis Tanaobisas 
a ligandiani komp-
etruli kvlevis Se-

rilSi. 
m sxvadasxvaligandi-
qmneba ufro mJava ga-
Si. sxvadasxva ligan-
rmoqmnis dros matu-
Tqmis koeficientebi, 
spilenZis aRmosaCenad.

 

tis  

R – tfg 

 

a -ze. 
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cxrili 1 
ZiriTadi fotometruli maxasiaTeblebi  

Cu(II) kompleqswarmoqmnis dros 
 

კომპლექსი pHოპტ ოპტ  
კომპონენტების
თანაფარდობა 

ბერის კანონზე დაქვემდებარე-
რებული ინტერვალი 

Cu-R 4 454 15600 1 : 2 0,25-3,07 

Cu-R- ედ 3 468 25700 1 : 2 :1 0,13-2,72 

Cu-R – დფგ 3 461 23200 1 : 2 :1 0,13-2,72 

Cu-R – ტფგ 3 464 24000 1 : 2 :1 0,13-2,72 

 
3. daskvna 
dadginda rom kompleqsis gamosavlianoba 

CuR maqsimaluria 8.10-5 MR. 

Cu –(II) R- ედ 8 . 10-5 M(R). Cu –(II) R- ედ 8 . 10-5 

M(R) და 3,2.10-5 M(ედ) 

Cu –(II) R- დფგ 8 . 10-5 M(R) და 4,8 . 10-5 М(დფგ) 

Cu –(II) R- ტფგ 8 . 10-5 M(R) და 4 . 10-5 М(ტფგ) 

gamoyenebulma meTodebma gviCvena, rom 
Tanafardoba sxvadasxva ligandiani komp-
leqsebisaTvis aris Cu(II):R:TpH=1:2:1 binalur 
kompleqsSi ki 1:2. 

Seswavlil iqna gareSe ionebis zegavlena 
Cu(II) fotometruli gansazRvris dros bina-
lur da Sereulligandian kompleqsebSi. 
cxrili 2. 

 

cxrili 2 
mcire dasaSvebi raodenoba gareSe nivTierebebis spilenZi (II) gansazRvris dros,  

binalur da Sereulligandian kompleqsnaerTebSi. (cdomileba 5%) 
 

იონი ან 
ნივთიერება R Cu-R Cu-R-ედ 

Сu-R-
დფგ 

Сu-R-
ტფგ 

ეფსილონი 
2-ამინო-4-ფენილბუტენ

2-OH-4 

Na(I) * * * * *  

K(I) * * * * * 200

Ba(II) * * * * *  

Ca(II) * * * * * 50

Ce(II) * * * * * 60

Mn(II) * * * * * 15

Ni(II) 39 59 64 74 79 30

Co(II) 250 270 285 293 297 90

Al(III) * * * * * 15

Sm(III) * * * * * 40

Fe(III) 7 27 35 43 48 1 

Ga(III) 520 550 555 567 569 60 20

Bi(III) 30 45 52 68 74 100

Sn(IV) 153 168 175 189 213  

Hf(IV) 350 364 379 386 390  

Ti(IV) 360 369 389 423 442 0 45

ZrIV) 685 695 710 715 743 0.1  

Mo(VI) 140 152 164 175 189 3 15

W(VI) 267 275 283 305 310 100  
2

2 4C O   98 117 132 158 171 1 

ედტა 8 12 19 28 43 1 

შარდოვანა 85 105 128 144 165  

თიოშარდოვანა 55 80 89 98 106  

ლიმონმჟავა 950 978 1025 1030 1035  

2 4 212Na HPO H O  670 691 716 734 750 40

ღვინის მჟავა 258 278 291 324 349 30

F   257 274 300 315 327 10
 

 

 

spilenZi (II)-is gansazRvra mTis qanebSi: 
analizisTvis viRebdiT standartul nimu-
Sebs: (I А) 519-84 П, (% вес.) (B- 0,0015; Ba- 0,023; 

Be- 0,00009; S- 0,04; V- 0,032; Cr- 0,014; Cs- 0,00009; 
Cu- 0,022;Zr- 0,013; H2O- 0,97; Nb- 0,0008; Th- 0,0025; 
U- 0,00008; Co- 0,0046; Zn- 0,015; F- 0,025; Ga- 
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0,0046; Ge- 0,00016; Li- 0,0014; Mo- 0,00017; Sc- 
0,0043; Pb- 0,0005; Sn- 0,00035; SiO2- 49,1; TiO2- 1,85; 
Ni- 0,0090; Pd- 0,005; La- 0,0014; Ce- 0,0026; Pr- 
0,00027; Yb- 0,00038; Al2O3- 14,23; Fe2O3- 15,22; FeO- 
10,26; MnO- 0,21; CaO- 10,20: MgO- 5,74; Na2O- 2,49; 
K2O- 0,7; P2O5- 0,21; Sr- 0,027; Ta- 0,00012; Nd- 
0,0015; Sm- 0,0005; W- 0,00007; Eu- 0,00023). 

analizis msvleloba: naxSirbadSemcvel 
minis WiqaSi 5g nimuSs vxsnidiT 10 ml narevSi 
HF+9 ml HCl+3 ml HNO3. miRebul pastas vamu-
SavebdiT 5-6 ml HNO3-iT 70-800C-ze HF-is 
mTlianad gadadenamde. miRebul naleqs vxsni-
diT wyalSi da vfiltravdiT 50 ml-is mocu-
lobis kolbaSi da filtrats vavsebdiT ga-
moxdili wyliT Wdemde. spilenZi (II)-is foto-
metruli gansazRvrisTvis miRebul nimuSs 
vaTavsebdiT 25 ml-is moculobis kolbaSi, 
vamatebT 2 ml 1X10-3 М xsnars R, 1 ml 1X10-3 

М xsnars ed da vavsebdiT xsnariT Wdemde, pH 
3. xsnarebis optikur simkvrives vzomavdiT 490 
nm 1 sm sisqis kiuvetebSi, КФК-2-ze. nimuSSi 

spilenZis Semcvelobaa Cu (2,200,02)·10-2%.  
 
literatura 

1. Пешкова В.М., Мельчакова Н.В.-Дикетоны. М.: 
1986. с. 200. 

2. Проблемы химии и применения -дикетонатов ме-
таллов. Отв. ред. акад. В.И.Спицын. М.: Наука, 
1982. с. 265. 

3. Чырагов Ф.М., Гасанов И.Я., Гамбаров Д.Г., Гра-
новская П.Б. Экстракционно-фотометрическое оп-
ределение железа (III) с помощью метил-(2-
оксопропил)-N-(п-фторфенил)азометина // Журн. 
аналит. химии. 1992. T.47. №7. с. 1241-1245. 

4. Чырагов Ф.М. Некоторые неорганические и анали-
тические аспекты производных -дикетонатов // 
Журн. Изв. БГУ, 1997. №2. с.29-38. 

5. Алиева Р.А., Басаргин Н.Н., Сульхнеджад Р.Г., 
Чырагов Ф.М и др. Новая методика определения 
меди в вулканогенной породе и сплава//Журнал 
Аналитическая химии. 2011., № 9. T.66, с. 871-875. 

6. Проблемы химии и применения -дикетонатов ме-
таллов // Под. ред. В.И.Спицына. М.: Наука, 1982, 
с. 265. 

7. Чырагов Ф.М. Комплексные соединения металлов 
с производными β-дикетонов: синтез, строение, 
свойства и аналитическое применение. Дис. док. 
хим.наук. Баку, 2003, с. 264 . 

8. Махмудов К.Т. Исследование и аналитическое 
применение комплексов меди(II) с азопроизвод-
ными β-дикетонов. Дис. на соиск. канд. хим. наук. 
– Баку, 2006. с. 215.  

9. Бусев А.И. Синтез новых органических реагентов 
для неорганического анализа. М.: Изд-во МГУ, 
1972 г. с. 245. 

10. Коростелев П.П. Приготовление растворов для хи-
мико-аналитических работ. М.:Химия, 1964. с. 386. 

11. Подчайнова В.Н., Симонова л.н. Аналитическая 
химия меди. М.: Химия, 1970, с. 417с.  

 

 
 
UDC 543.42 
STUADING OF COMPLEXOFORMATION OF COPPER (II) WITH 3-[2-HIDROXI-3,5-DISULPHO PHE-
NYLAZO]PENTADION-2,4 IN THE PRESENCE OF THIRD COMPONENTS  
M. Qochiashvili, M. Tsintsadze, F. Chiragov  
 

Resume: Goal. Complex formation of Cu(II) with 3-[2-hydroxy-3,5-disulphophenyilazo]pentadion-2,4 in the pres-
ence of third components by spectrophotometric method has been studied. Molar lightabsorbance coefficients of 
complexes CuR, CuR-ED, CuR-DPHG and CuR-TPHGare equal to 15600, 25700, 23200 and 24000. The obey to Beers 
law is observed in region 0,25-3,07 mcg/ml for CuR, 0,13-2,72 mcg/ml for CuR-ED, CuR-DPHG and CuR-TPHG. The pho-
totometricmethod has been appliedfor studying determination of copper(II) in the mountain rock.  

Method. The composition and structure of synthetic compounds are determined by various physical and chemical 
methods, the purity is determined by chromatographic method of paper. PH control is conducted by means of elec-
trode glass H-130 ionometer. The optical density of the solution was being measured by means of spectrophotometer 
Lambada 40 and photo colorimeter KFK (KФК) -2, with 1 cm cuvettes.  

Result. The reagent is synthesized by a well-known method and produces solid complex compound with copper 
ion. The formation of complex compound depends on pH. Maximum adhesion is when pH, max. =454 nm and maxi-
mum light absorption is equal to 309nm. 

Conclusion. Formation of complexes with various liganda in a more acid environment than binary. Molar absorp-
tion coefficients increase during complex formation and the lower margin of copper detection decreases. It has been 
established that correlation of complexes with various ligand is Cu (II) R: TpH = 1:2; and in binary complex 1:2. 

 

Key words: determination of copper; complex formation; mixed-ligand; spectrophotometric method; ethylenedi-
amine; diphenylguanidine; triphenilguanidin. 
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reziume: mizani. samuSaos mizania vercxlis 
nanonawilakebis Semcveli antibaqteriuli 
preparatebis miReba Cven mier pirvelad 
sinTezirebuli biodegradirebadi polimere-
bis _ poliesteramidis (PEA) da poliester-
Sardovanas (PEU) safuZvelze, energiis iafi 
wyaros - dRis sinaTlis gamoyenebiT.  

meTodi. vercxlis nanonawilakebs viReb-
diT vercxlis nitratis foto-qimiuri aRd-
geniT eTanolis areSi. aRgeniT procesze 
fizikuri zemoqmedebisaTvis viyenebdiT ener-
giis iaf wyaros _ dRis sinaTles, xolo 

nawilakebis mastabilizireblad PEA-ს da 

PEU-ს, romlebic Semdgom etapze asruleb-
dnen biokompozituri preparatebis matriqsis 
funqcias. 

Sedegebi. miRebulia da Seswavlilia anti-
baqteriuli nanovercxlis Semcveli kompo-

ziტebi biodegradirebadi PEA-sa da PEU-is 
safuZvelze. SevniSnavT, rom dRis sinaTlis 
gamoyenebiT vercxlis nanonawilakebis mi-
Reba Cven mier ganxorcielebulia pirvelad 

[1]. aseve pirveladaa gamoyenebuli biodeg-

radirebadi PEA da PEU sawyis, vercxlis 
nawilakebis formirebis etapze, nawilakebis 
mastabilizirebeli polimerebad, xolo 
sabolood ki matriqsebad miznobrivi bio-
kompozitebisaTvis (miiReba uSualod sareaq-
cio narevebis gamoyenebiT, maTi gancal-
kevebis da damatebiTi damuSavebis gareSe). 
miRebuli nanosuspenzia daxasiaTebulia 
eleqtronuli speqtrebiT _ vercxlis nano-
nawilakebis plazmonis STanTqmiT, dinamiku-
ri Suqgabnevis meTodiT (DLS) da transmi-
siuri eleqtronuli mikroskopiiT (TEM). 

daskvna. davadgineT, rom PEA-sa da PEU-s 
Soris vercxlis nanonawilakebis saukeTeso 
mastabilizirebelia PEA, romelic amavdro-
ulad iZleva ganmeorebad Sedegebs. PEU nak-
lebad efeqtiania rogorc vercxlis nano-
nawilakebis Camoyalibeba-stabilizaciis, ase-
ve Sedegebis stabilurobis TvalsazrisiT.  

 
sakvanZo sityvebi: nanovercxli; fotoqi-

miuri aRdgena; eTanolis xsnari; dRis si-
naTle; biodegradirebadi polimerebi; poli-
esteramidi; poliesterSardovana.  

 
 
1. Sesavali 
paTogenuri baqteriebis axali Stamebi, 

romlebic mdgradia praqtikulad yvela an-
tibiotikis mimarT, Tanamedrove medicinis 
erT-erTi yvelze mwvave problemaa. Sesaba-
misad, infeqciis sawinaaRmdego alternati-
uli saSualebebis mokvleva da ganviTareba 
Tanamedrove farmaciisa da biomedicinis 
erT-erTi yvelaze mniSvnelovani gamowvevaa.  

baqteriebi advilad kolonizdeba qsovi-
lebisa da qirurgiuli instrumentebis, im-
plantebis, orTopeduli nakeTobebis, kaTe-
terebis da a.S. zedapirze, rac iwvevs e.w. 
biofilmis (Biofilm) warmoqmnas. biofilmi 
warmoadgens uTxeles afsks, romelsac baq-
teriuli komunebi nebismier zedapirze ram-
denime saaTSi warmoqmnian. instrumentebi da 
nakeTobebis organizmSi moxvedris/implan-
taciis SemTxvevaSi, biofilmi warmoadgens 
infeqciis budes _ igi periodulad iSleba 
da qmnis inficirebis axal keras. aRniSnu-
lidan gamomdinare, brZola baqteriebis wi-
naaRmdeg da bioafskis prevencia Taname-
drove medicinis mniSvnelovani amocanaa. 
medicinis garda, paTogenur da arasasurve-
li bioqimiuri procesebis gamomwvev baqte-
riebTan brZola mniSvnelovania biologiasa 
da kvebiT mrewvelobaSi, meRvineobaSi, far-
maciaSi, SesafuT masalebSi da sxv. 

efeqtian antibaqteriul preparatTa Camo-
naTvalSi erT-erTi yvelaze perspeqtiulia 
vercxlis nanonawilakebi. dadgenilia, rom 
vercxlis nanonawilakebs gaaCniaT antimik-
robuli aqtivoba lpobisa da paTogenuri 
mikroorganizmebis, sokoebisa da virusebis 
650 Stamis mimarT [2, 3], amasTan es aqtivoba 
vlindeba Zalze dabali koncentraciebisas 



66 

 

(10 ppm) [4, 5]. vercxlis nanonawilakebis 
antimikrobiuli aqtivobis farTo speqtri 
dakavSirebulia maT mravalferovan da 
oligodinamikur antimikrobul meqanizmTan 
[6]. dadgenilia, aseve vercxlis nanona-
wilakebisa da rigi antibiotikebis siner-
giuli efeqti, romelic aZlierebs antibio-
tikebis aqtivobas mikrobuli Stamebis mi-
marT [7, 8].  

specifikuri antibaqteriuli Tvisebebis 
mqone, mdgradi da bioSeTavsebadi vercxlis 
nanonawilakebis miReba umniSvnelovanesi 
teqnologiuri gamowvevaa. vercxlis nanona-
wilakebi fiziologiur areSi ganicdian 
mniSvnelovan cvlilebas, rogoric aris, 
magaliTad, agregacia da zedapiris inaq-
tivacia, rac mniSvnelovnad asustebs maT 
antibaqteriul efeqtianobas. mxedvelobaSia 
misaRebi agreTve is garemoebac, rom verc-
xlis nanonawilakebi amJRavneben citotoqsi-
kurobas, rac zRudavs maT gamoyenebas 
biomedicinaSi. gamomdinare aRniSnulidan, 
mniSvnelovania kompromisuli gamosavlis 
moZebna _ vercxlis nanonawilakebis stabi-
lizacia aqtivobis SenarCunebiT, xolo 
paralelurad maTi citotoksikurobis Semci-
reba, anu bioTavsebadobis gaumjobeseba. 
amitom logikuria, rom dReisaTvis mniSv-
nelovani Zalisxmevaa fokusirebuli vercx-
lis nanonawilakebis Serwymaze zedapirulad 
aqtiur nivTierebebsa da polimerebTan [9]. 
amgvari Serwymis Sedegad miiReba mdgradi 
antibaqteriuli nanokompoziti axali, modi-
ficirebuli TvisebebiT, rac miuwvdomelia 
calke aRebuli komponentisaTvis.  

umeteswilad nanonawilakebis misaRebad 
iyeneben sam komponentian sistemas, romelic 
moicavs vercxlis marilebs, aRmdgen agen-
tebs da stabilizatorebs. yvelaze xSirad 
gamoiyeneben vercxlis nitrats. vercxlis 
ioni (Ag+) vercxlis neitralur nawilakebSi 
(Ag0) gadayavT qimiuri meTodiT, gamoiyeneben 
ra sxvadasxva aRmdgenebs, rogorebicaa 
NaBH4, formamidi, dimeTilformamidi, eTano-
li, trieTanolamini, hidrazini da sxv. [10]. 
qimiur aRdgenas xSirad awarmoeben wyal-
xsnarebSi mastabilizirebeli agentebis 
gamoyenebis gareSe [11]. qimiuri meTodi aris 
martivi da efeqtiani, magram aRmdgeni agen-
tebis umetesobis toqsikuroba da garemoze 
damazianebeli zemoqmedeba rCeba problemad. 
am TvalsazrisiT perspeqtiuli aRmdgeni 
agentia eTanoli. bolo wlebSi popularuli 
xdeba bunebrivi (ZiriTadad mcenareuli) 
warmoSobis aRmdgeni agentebi [12]. aRniSnul 
problemaTa WrilSi sul ufro met popu-
larobas iZens aRdgenis fizikuri meTodebi, 

rogorebicaa γ-gamosxiveba, ultraiisferi 
gamosxiveba, mikrotalRuri da ultrab-
geriTi damuSaveba, lazeruli gamosxiveba, 
eleqtroqimiuri meTodi da sxv. [10, 11, 13, 14]. 
mowodebuli fizikuri meTodebis gamoyeneba 
dakavSirebulia sakmaod ZviradRirebuli 
aparaturis gamoyenebasTan, rac maT naklad 
SeiZleba CaiTvalos.  

rogorc ukve aRvniSneT, vercxlis nano-
nawilakebis miRebisas aucilebelia mastabi-
lizirebeli agentebis gamoyeneba, raTa 
Tavidan aviciloT maTi agregireba. Semo-
Tavazebuli da gamocdilia mravali mastabi-
lizirebeli agenti, rogorebicaa grZeljaW-
viani alifaturi mJavebi (stearinis, palmi-
tinis, laurilis da sxv.) da aminebi (lau-
rilamini da sxv.), aseve bunebrivi da sinTe-
zuri warmoSobis polimerebi _ saxamebeli 
da karboqsimeTilirebuli saxamebeli, hepa-
rini, qitozani da karboqsi-meTilirebuli 
qitozani, polivinilis spirti, poli-N-
vinil-pirolidoni da sxv. [15-22]. am miz-
nisaTvis gamoyenebul polimerebs Soris 
erT-erTi yvelaze efeqtiani mastabilizi-
rebeli agentia poli-N-vinil-pirolidoni 
(PVP), romelic amavdroulad xasiaTdeba ma-
Rali bioSeTavsebadobiT (gamoiyeneba sisx-
lis plazmis Semcvlelad [23]), firwar-
moqmnis unariT da xsnadobiT eTanolSi. 
poli-N-vinilpirolidoni efeqtianad gamoi-
yenes mastabilizirebeli agentis saxiT ver-
cxlis nanonawilakebis miRebisas vercxlis 
nitratis aRdgeniT eTanolis xsnarSi mikro-
talRuri gamosxivebis zemoqmedebiT [24, 25]. 
am procesis naklia is, rom moiTxovs sakma-
od ZviradRirebul mikrotalRur danadgars 
da garkveuli sifrTxilis dacvas, raTa 
airidon eTanolis aduReba da amoSroba.  

 

 
2. ZiriTadi nawili 
rogorc zemoT aRvniSneT [1], adrindel 

kvlevebSi davamuSaveT vercxlis 
nanonawilakebis miRebis erTsafexuriani, 
iafi da martivi fotoqimiuri aRdgenis 
meTodi (dRis sinaTlis gamoyenebiT), 
gamoviyeneT ra mastabilizirebel agentad 
gamoviyeneT poli-N-vinil-pirolidoni (PVP). 
miviReT sasurveli zomis (≤ 10 nm) vercxlis 
nanonawilakebi. cnobilia, rom rodesac 
nawilakebis diametri aris 50 nm-s qvemoT, 
amidis jgufis azotis atomi (romelic 
mravladaa PVP-Si) astabilirebs nanonawi-
lakebs, urTierTqmedebs ra vercxlTan da 
ayalibebs damcav garss, riTac xels uSlis 
nanonawilakebis aglomeracias (Sewebebas) 
[1]. miuxedavad imisa, rom PVP kargi masta-
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bilizirebeli agentia, nanokompozitis mat-
riqsis saxiT mis gamoyenebas mainc gaaCnia 
iseTi SezRudvebi, rogorebicaa maRali 
xsnadoba wyalSi (advilad gamoirecxeba 
nanokompozitis firidan), da aradegradi-
rebadi buneba, rac, misi wyalSi uxsnar 
formaSi gadayvanis SemTxvevaSic ki, ver uz-
runvelyofs firis zedapiridan nanoverc-
xlis uwyvet da kontrolire-bad gamoyofas. 
aqedan gamomdinare, logikuri iyo Semdgom 
cdebSi gamogveyenebina biodegradirebadi, 
eTanolSi xsnadi da wyalSi uxsnari poli-
merebi, kerZod, Cven laboratoriaSi pirve-
lad sinTezirebuli poliesteramidi da 
poliesterSardovana (sqema 1), romlebic 
PVP-s msgavsad jaWvSi Seicaven nanonawi-
lakis mastabilizirebel amidur jgufebis 

azotis atomebs. mniSvnelovania, rom aRniS-
nuli polimerebis „saSen blokebad“ gamoye-
nebulia aratoqsikuri nivTierebebi – amino-
mJava leicini da alifaturi nivTierebebi - 
1,6-heqsandioli da sebacinis mJava.  

vercxlis nanonawilakebs viRebdiT PEA-sa 
da PEU-s (1,0 g) da vercxlis nitratis (0,1 g) 
spirtxsnaris (40,0 ml) dRis sinaTliT das-
xivebiT. PEA-sa da PEU-s xsnarebs erTdro-
ulad vdgamdiT fanjris rafaze, rac uz-
runvelyofda erTnair pirobebs orive xsna-
risTvis. SevniSnavT, rom fanjris mina 
asrulebs Suqfiltris rols, radgan ata-
rebs mxolod speqtris xilul nawils da 
ar atarebs mokletalRovan ultraiisfer 
gamosxivebas. 

 

 

 
 

aRdgenis processa da mis Sedegad vercxlis nanonawilakebis warmoqmnaze metyvelebs is 

garemoeba, rom sawyisi uferuli xsnari xiluli sxivebis gavleniT ifereba yavisfrad1. 
SevniSnavT, rom siiafisa da simartivis garda, SemoTavazebuli meTodi aris ekologiurad 
damzogi, vinaidan ar moiTxovs vercxlis ionis (Ag+) atomur vercxlamde (Ag0) aRsadgenad 
specialuri reagentebis (xSirad toqsikuri) gamoyenebas - am funqcias asrulebs eTilis 
spirtis molekulebi. Ag+-ionebis aRdgenis procesi eTanolis xsnarSi mimdinareobs sqema 2-

is Sesabamisad:  
 
 

 

                                                           
1 SevniSnavT, rom mastabilizirebeli danamatebis - PEA-sa da/an PEU-is gareSe AgNO3-is fotoqimiuri 
aRdgenis procesi eTanolSi ar mimdinareobs. 

sqema 2. vercxlis ionis aRdgena atomur vercxlamde eTanolis xsnarSi  

2 Ag+    +    2 NO3
-    +     C2H5OH                    2Ag0     +      CH3CHO     +     2H+     +    2 NO3

-
hν 

sqema 1. kvlevaSi gamoyenebuli biodegradirebadi polimerebi,  
poliesteramidi (PEA) da poliesterSardovana (PEU). 
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mas Semdeg, rac warmoiqmneba vercxlis 
atomebi, isini iwyeben gaerTianebas (zrdas) 
nanonawilakebis Camoyalibebamde. rogorc ze-
moT aRvniSneT, Tu nawilakebis diametri aris 
50 nm-s qvemoT, amidis jgufi (azotis atomi) 

urTierTqmedebs vercxlTan da ayalibebs 
damcav garss, riTac xels uSlis nawilakebis 
aglomeracias (Sewebebas). mastabilizerebeli 
kompleqsis warmoqmna amidur bmasa da ver-
cxlis ions Soris aRwerilia sqema 3-ze:

 

 
 
movaxdineT miRebuli nanosuspenziebis 

kvleva ultraiisferi speqtroskopiis gamoye-
nebiT (Agilent 8453 UV-visible Spectroscopy System). 
cnobilia, rom vercxlis nanonawilaki war-
moadgens plazmons da aqvs STanTqmis maqsi-
mumi eleqtronul speqtrSi daaxloebiT 400-
460 nm diapazonSi, nanonawilakis zomisgan 
damokidebulebiT [24,25]. amasTan dadgenilia, 
rom rac ufro axlosaa STanTqmis maqsimumi 
400 nm-Tan da rac ufro viwroa STanTqmis 
pikis naxevarsimaRle, miT ufro mcirea nawi-
lakis zoma. vercxlis nanonawilakebis _ zo-

miT 10 nm an qvemoT, STanTqmis maqsimumi 
mdebareobs 400-420 nm-is diapazonSi. 

Cven mier, PEA Tanaobisas miRebuli verc-
xlis nanonawilakebis () eleqtronuli STan-
Tqmis speqtrebi moyvanilia qvemoT (nax. 1), 
saidanac Cans, rom vercxlis nanonawilake-

bis plazmonis STanTqmis maqsimumi (max.) si-
naTleze dayovnebidan 1 sT-is Semdeg aris 
433 nm, xolo 24 sT-is Semdeg 428 nm, rac 
nawilakebis sakmaod mcire zomebze miu-
TiTebs. 

 

 

 
SeviswavleT vercxlis nanonawilakebis 

optikuri parametrebis cvlileba droSi. 
SevniSnavT, rom sistema mravaljer gadioda 
sinaTle-sibnelis cikls (vtovebdiT RamiT 
sibneleSi).  

miRebuli Sedegebi _ nanosuspenziis op-
tikuri simkvrivis da STanTqmis maqsimumis 
cvlileba droSi warmodgenilia nax. 2-ze 

(PEA-is Tanaobisas) da nax. 3-ze (PEU-s Ta-
naobisas) (eqsperimenti CavatareT or para-
lelur seriad). 

rogorc, nax. 2-dan Cans, PEA-ani nanosus-
penziis optikuri simkvrive droSi TandaTan 

izdeba da aRwevs maqsimums dayovnebidan ja-
muri 24 sT-is Semdeg. Semdgomi dayovnebisas 
xsnari TandaTanobiT imRvreva, rac nawila-
kebis agregaciasa da damsxvilebaze miuTi-
Tebs. iwyeba vercxlis gamoleqva (WurWlis 
fskerze warmoiqmneba Savi naleqi), ris Sede-
gadac nanosuspenziis optikuri simkvrive 
droSi mcirdeba (gazomvas vawarmoebdiT ja-
mur 100 sT-mde). eqsperimentis pirvel seria-
Si talRis sigrZe meryeobs 419-439 nm-s So-
ris, xolo paralelurSi _ 423-443 nm-s So-
ris, rac imas miuTiTebs, rom miRebuli na-
wilakebis zomebi aris sasurvel diapazonSi. 

nax. 1. vercxlis nanonawilakebis ui-speqtri sinaTleze dayovnebidan 1 sT-is (a) da 24 

sT-is (b) Semdeg biodegradirebdi PEA-ის Tanaobisas. 
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sqema 3. kompleqswarmoqmna poli-N-vinilpirolidonsa da vercxlis atoms Soris 
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nax. 3. poliesterSardovaniani (PEU) xsnarebis optikuri simkvrivis da talRis 
sigrZis drosTan damokidebulebis grafiki. 
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nax. 2. poliesteramidiani (PEA)xsnarebis optikuri simkvrivis da  
talRis sigrZis drosTan damokidebulebis grafiki. 
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PEU Tanaobisas optikuri simkvrive eqspe-

rimentis dadgmidan TandaTan izrdeba da 

pirvel eqsperimentSi maqsimums aRwevs si-

naTleze dayovnebidan 24 sT-is Semdeg, xo-

lo paralelurSi - 72 saaTis Semdeg (nax. 3), 

Tumca am droisaTvis vercxlis nawilakebis 

nawili gamoleqilia, da optikuri simkvri-

vis zrda mainc fiqsirdeba – pirvel seria-

Si optikuri simmkvrive izrdeba 1,3-mde, xo-

lo meore seriaSi ≈3-mde (rac SeiZleba da-

kavSirebulia xsnaris SemRvrevasTan msxvi-

li nawilakebis warmoqmnis xarjze), es ki 

miuTiTebs eqsperimentis arasaTanado gan-

meorebadobaze. pirvel eqsperimentSi ta-

lRis sigrZe meryeobs 466-486 nm-s Soris, 

xolo paralelurSi - 437-471 nm-s Soris, 

rac aseve miuTiTebs arasaTanado ganmeore-

badobasa da SedarebiT msxvili nawilakebis 

warmoqmnaze.  
miRebuli Sedegebi gviCvenebs, rom Seswav-

lil polimerebs Soris vercxlis nanonawi-

lakebis ukeTesi mastabilizirebelia PEA, 
romelic amavdroulad iZleva ufro mdgrad 

Sedegebs. PEU naklebad efeqtiani aRmoCnda 

rogorc vercxlis nanonawilakebis Camoya-

libeba-stabilizaciis, aseve Sedegebis gan-

meoradobis TvalsazrisiT. 

Sesabamisad, Semdgomi kvlevebi gavagrZe-

leT PEA Tanaobisas miRebul nanonawila-

kebze. SevisawavleT PEA-is Tanaobisas miRe-

buli nanaonawilakebis maxasiaTeblebi dina-

mikuri Suqgabnevis meTodisa (DLS) da trans-
misiuri eleqtronuli mikroskopiis (TEM) 
gamoyenebiT. DLS-iT ganvsazRvreT nanonawi-

lakebis zomebi da davadgineT, rom eTano-

lis xsnarSi Camoyalibebuli nanonawila-

kebis saSualo zoma aris 50 nm (dasxivebis 

dro _ 24 sT). es ar gamoricxavs, rom nawi-

lakebis nawili iyos sasurveli, 10 nm-ze 

naklebi zomis. transmisiuri eleqtronuli 

mikroskopiiT nanonawilakebis gamokvlevam 
daadastura, rom narevSi sakmaoa 10 nm-ze 

naklebi zomis nawilakebi, rac miRebuli 

kompozitis maRal baqtericidul aqtivobas 

gansazRvravs.Aam monacemebis gamoqveynebas 

vgegmavT Semdgom publikaciaSi. 

 

 

 

 

nax. 4. TEM gamosaxuleba vercxlis nanonawilakebi (sxvadasxva gadidebaze) miRebulia 
fotoqimiuri (dRis sinaTlis) dasxivebiT. dasxivebis dro: 24 sT. 
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3. daskvna 
miviReT nanovercxlis Semcveli suspen-

ziebi biodegradirebadi PEA-is da PEU-is 
rogorc mastabilizirebeli polimerebis 
Tanaobisas, risTvisac gamoviyeneT Cveni 
adrindeli kvlevebis safuZvelze damuSa-
vebuli erTsafexuriani, vercxlis nitratis 
fotoqimiuri aRdgenis meTodi eTanolis 

areSi. davadgineT, rom PEA-sa da PEU-s 
Soris vercxlis nanonawilakebis saukeTeso 

mastabilizirebelia PEA, romelic amavdro-
ulad iZleva ufro stabilur Sedegebs. Se-
degad miviReT nanosuspenzia, romelSic 
vercxlis nanonawilakebis narevis saSualo 

zomaa 50 nm rac davadgineT DLS meTodiT. 

TEM gamokvlevebiT dadginda, rom am narev-
Si sakmaoa sasurveli, 10 nm-ze naklebi zo-
mis baqtericiduli aqtivobis matarebeli 
nanonawilakebi.  
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UDC 66.08 
NANOSILVER CONTAINING ANTIBACTERIAL COMPOSITES ON THE BASE OF THE AMINO ACID 
BIODEGRADABLE POLYESTERAMIDES AND POLYESTERUREAS  
Sh. Tskhadadze, N. Kupatadze, D. Tugushi, R. Katsarava  
 

Resume: Goal. The aim of the work was developing antibacterial nanocomposites containing silver nanoparticles 
on the base of the amino acid biodegradable polymers, using a cheap source of energy - daylight irradiation. Method. 
The silver nanoparticles were fabricated by photochemical (applying daylight irradiation) reduction of silver nitrate in 
ethanol solution using biodegradable polyesteramides (PEA) and polyesterureas (PEU) as particles stabilizer. Results. 
Antibacterial composition containing the nanosilver were obtained on the basis of biodegradable PEA and PEU using 
daylight as a source of energy. The obtained nanosuspension was characterized by UV-Vis spectroscopy (by the ab-
sorption of the nanosilver plasmon), Dynamic light scattering (DLS) and Transmission electron microscopy (TEM). Con-
clusion. Comparing stabilizing effects of PEA and PEU it was found that better stabilizer was PEA which at the same 
time gave reproducible results. Mean size of the silver nanoparticles was about 50 nm (DLS) among which a substan-
tial quantity of the particls with the desired size <10 nm was observed (TEM). 

 
Key words:  nanosilver; photochemical reduction; daylight; ethanol solution; biodegradable polymers; poly(ester 

amide)s; poly(ester urea)s. 
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reziume: mizani. Seswavlilia 5 mm-mde 
fraqciulobis yvarlis fiqlis afuebis sa-
kiTxebi, rac ganxorcielda maTi Termuli 
damuSavebiT 12000C-ze. eqsperimenti Catarda 
rogorc bunebriv qanze, aseve misi da orga-
nuli danamatebisgan Sedgenil kompozicieb-
ze. organul danamatebad aRebuli iqna namu-
Sevari avtomobilis zeTi, naxerxi da qva-
naxSiris wvrilmani.  

meTodi. sakvlev masalaTa afuebisadmi 
midrekileba Sefasda nayari moculobiTi 
wonebis gansazRvris safuZvelze. 

Sedegi.Ddadginda, rom fiqlis wvril-
marcvlovani fraqciebis afuebis procesis 
ganmsazRvreli faqtorebia: sakvlevi bune-
brivi qanis marcvlebis zoma, danamatis sax-
eoba da misi raodenoba.  

daskvna. organuli bunebis danamatis 
calkeuli saxeobisaTvis dadgenilia is op-
timaluri raodenoba, romelic uzrunvel-
yofs fiqalis marcvlebis afuebis maqsimu-
mis miRwevas.  

 
sakvanZo sityvebi: fiqali; fraqciuloba; 

organuli danamati; Termuli damuSaveba; 
nayari wona.  

 
 
1. Sesavali 
araorganul forian masalebs gansakuTre-

buli adgili ukaviaT iseT samrewvelo dar-
gebSi, rogoricaa samSeneblo saqme, Tboteq-
nika, agroindustria, qimiuri mrewveloba da 
sxv. nedleulis bazasTan dakavSirebiT 
SeiZleba aRiniSnos, rom foriani araorga-
nuli masalebis miReba, SesaZlebelia mrava-
li saxis nedleulidan, maTi Termuli damu-
SavebiT da romlebic saqarTveloSic moipo-
veba. am mxriv SeiZleba gamoiyos iseTi mini-
sebri da kristaluri bunebis wyalSemcveli 
qanebi, rogoricaa perlitebi, obsidianebi, 
Tixis  rigi saxeobebi da sxv. [1–4]. 

bolo wlebSi aqtiurad ganixileba yvar-
lis adgilmdebareobis fiqlis samrewvelo 
gamoyenebis sakiTxebi, rac pirvel rigSi gan-
pirobebulia regionaluri ekologiuri 
problemebiT. am mxriv sagulisxmoa is samu-

Saoebi, romliTac dadasturda yvarlis fiq-
lis afuebis SesaZlebloba 1150-13000C Termu-
li damuSavebiT [5–7]. 

amave dros, gasaTvaliswinebelia is reko-
mendaciebi, romlebic ukavSirdeba 5 mm-ze 
naklebi fraqciulobis masalis Termul 
afuebas – maTi gamoyeneba rekomendebuli ar 
aris da isini teqnologiur nayars warmo-
adgens. amis mizezia is, rom e.w. qviSis fraq-
ciulobis (0,5–5 mm) marcvlebis Termuli da-
muSavebisas, adgili aqvs naadrev Secxobas 
da gaminebas. aRniSnuli faqtori aferxebs 
msxvili fraqciulobis masalis miRebis 
process [8–9]. 

aRniSnulidan gamomdinare daigegma eqspe-
rimenti, romlis mizania 5 mm-ze naklebi 
fraqciulobis yvarlis fiqlis Termuli da-
muSavebiT warmarTuli afuebis Seswavla, 
rac ganxorcielda rogorc fiqlis mono-
kazmis, aseve gansxvavebuli granulometriis 
fiqlis marcvlebisa da organuli danamate-
bis safuZvelze miRebuli narevebis meSveo-
biT.  

 

 
2. ZiriTadi nawili 
eqsperimenti miznad isaxavda yvarlis 

fiqlis oTxi gansxvavebuli fraqciulobis 
Seswavlas: 

- =0,5–1,0 mm (saS.=0,75 mm – wminda qviSa); 
- =1,0–2,0 mm (saS.=1,5 mm – saSualo qviSa); 

- =2,0–3,0 mm (saS.=2,5 mm – msxvili qviSa); 

- =3,0–5,0 mm (saS.=4,0 mm – msxvili qviSa). 
,,yvarlis fiqali – organuli danamati” _ 

aseT kompoziciaTa Sesadgenad gamoyenebuli 
iqna sami saxis organuli bunebis masala: 
- namuSevari avtomobilis zeTi (SemdgomSi 

,,zeTi”); 
- naxerxi (merqnis gadamuSavebis narCeni); 

fraqciuloba 1–5 mm; 
- qvanaxSiris wvrilmani (tyibulis saba-

dos) fraqciuloba 1–3 mm. 
organuli danamatebi 1–5 won.%-is raode-

nobiT, ZiriTadi sakvlevi masalis _ fiqlis 
100%-s zeviT aiReboda.  

Sedgenili iqna sami saxis kompozicia: 
A – fiqali + zeTi (seria SO); 
B – fiqali + naxerxi (seria SF); 



 

C – fiqali + qvanaxSiri (ser
bunebrivi qanis da danamat

nili narevi mzaddeboda maTi 
viT (faifuris jami, Spateli) 
mavlobaSi da 20–30 wuTiani da
fuebel qoTanSi da Semdeg e
xureblian RumelSi moTavseb
temperatura 12000C-mde izrdeb
biT 2 sT-is ganmavlobaSi (100

maqsimalur temperaturaze ma
10-15 wuTiani dayovnebiT xdebo
 
 

nax. 1.

 
 
 

nax. 2. tem
fiqlis 
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ria SC). 
tisagan Sedge-
intesiuri are-
2–3 wT-is gan-

ayovnebiT  asa-
eleqtro gama-
amde. RumelSi 
boda daaxloe-
C/wT) da cdis 
asalis afueba 
oda. Rumlidan 

gamotanili afuebuli 
oTaxis temperaturaze, 
imsxvreoda, afuebuli m
gamoiyeneboda Semdgomi 
cnobili meTodikiT ganx

Tavdapirvelad ganisa
rivi) da 12000C-ze Term
fiqlis nayari moculo
vad aRebuli sxvadasxva 
lisaTvis miRebuli Sed
nax. 1 da nax. 2-ze. 

 
. nedli fiqalis fraqciulobis gavlena  

nayaris moculobiT wonaze 

 

 
mperaturis uwyveti zrdis reJimiT miRebuli  
nayari moculobiTi wonis damokidebuleba  

masalis fraqciulobaze 
 

masala civdeboda 
qoTani xelovnurad 

masala icreboda da 
 kvlevisaTvis, rac 
xorcielda [10, 11]. 
azRvra nedli (buneb-
mulad damuSavebuli 
biTi wonebi. sakvle-
fraqciulobis masa-

degebi warmodgenilia 
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rogorc nedli, aseve Termulad afue-
buli masalisaTvis fiqsirdeba nayari mocu-

lobiTi wonebis (yr.) cvlileba masalis 
fraqciulobasTan mimarTebaSi. magram, ro-
gorc warmodgenili grafikuli masalidan 

Cans, fraqciulobis zrda gansazRvravs -s 
sidideTa zrdas 1050-dan 1300 kg/m3-mde nedli 
bunebrivi qanisaTvis da piriqiT, afuebuli 
(danamatebis gareSe) fiqlis nayari moculo-
biTi wonebis klebas 620-dan 460 kg/m3-mde. 
aqedan, fiqlis monikazmis afueba miT ufro 
Zlieria, rac metia asafueblad aRebuli ma-
salis fraqciuloba. 

afuebis xarisxze organuli bunebis dana-
matebis gavlena ganisazRvra SO, SFF da SC 
seriis SedgenilobebisaTvis, rodesac zeTis, 

naxerxis da naxSiris danamatebis odenoba 1, 
2, 3, 4 da 5 won.%-s Seadgenda 100 won. naw. 
masalaze, 100%-ze zemoT aRebuli wonis sax-
iT. Eeqsperimentis Sedegebma aCvena, rom or-
ganuli danamatis saxeobaTa gavlena yvar-
lis fiqlis afuebis procesze erTgvarovani 
ar aris, magram zogadi tendecia  nayari wo-
nebis SemcirebasTan dakavSirebiT SenarCu-
nebulia – masalis fraqciulobis zrda am-
cirebs nayari moculobiTi wonebis mniSv-
nelobebs (nax. 3-5). garkveuli msgavseba ikve-
Teba naxerxis da naxSiris danamatebad gamo-
yenebis SemTxvevaSi, magram ufro efeqtiania 
naxSiris danamatiT miRebuli narevebis afu-
eba (seria SC).  

 

 

 
nax. 3. zeTis danamatis raodenobis gavlena  
yvarlis fiqlis nayar moculobiT wonaze 

 
 
 
  

 
 

nax. 4. Nnaxerxis danamatis raodenobis gavlena  
afuebuli yvarlis fiqlis nayar moculobiT wonaze 



 

naxSiris gamoyeneba danamat
iZleva miRebuli iqnas forian
600 kg/m3 nayari moculobiTi w
sac naxerxis SemTxvevaSi 470–6
lobiTi wonis foriani masal
saZlebloba iqmneba. 

zeTis danamatad gamoyenebi
(seria S0) efeqtiania 2–4 won
 
 

nax. 5. 
afuebuli

samive kompoziciaSi miRebu

saTvis ganisazRvra simtkice
mpa) optimaluri narevebisaTv
2% zeTis, 4% naxSiris an 4% 
cvelobisas. sxvadasxva fraqc
lebisaTvis miRebuli Sedegeb
lia 1 cxrilSi. 

eqsperimentiT miRebuli Sed
da mkafiod fiqsirdeba masal
metriis da danamatis saxeobis
bul masalaTa simtkiceze: gr

optimaluri nar
nayari mo

masalis 
indeqsi 

mSr

fr. 0,5 – 1 mm 

yr 1 
S 540 8,2 

SO - 2 560 9,9 

SF – 4 620 12,4 
SC - 4 595 13,3 
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ad saSualebas 
ni masala 470–
wonebiT, rode-
630 kg/m3 mocu-
is miRebis Se-

is SemTxvevaSi 
n.% zeTis Sem-

cveli narevebis Termul
am SemTxvevaSi gansakuT
laTa nayari moculobi
kleba (afuebis xarisxis
2%-ani zeTis danamati
kuTrebiT efeqtiani aRm
ciulobis yvarlis fiqal
debis 2–4). 

 
naxSiris danamatis raodenobis gavlena  

i yvarlis fiqlis nayar moculobiT wonaze 
 
 

uli masalebi-

 kumSvaze (, 
is da kerZod, 
naxerxis Sem-

ciulobis masa-
bi warmodgeni-

degebidan Cans 
lis granulo-
s gavlena miRe-
ranulometriis 

zrda amcirebs simtkic
masalis gavlena Semdegi

S  SO  S
anu yvela fraqciul

yvelaze naklebi simtkic
als, xolo SedarebiT m
gamoirCeva naxSiris d
kompoziciebidan miRebu
lebi. fraqciulobis da
SerCeviT SesaZlebelia 
mqone masalebis miReba. 

revidan miRebuli afuebuli mSrali masal
oculobiTi wonebi da simtkice kumSvaze 

  

rali afuebuli masalis moculobiTi won

(yr. kg/m3) da simtkice kumSvaze (1, mpa) 

fr. 1 – 2 mm fr. 2 – 3 mm 

yr 1 yr 1 
500 7,9 475 7,2 
550 9,8 490 7,7 

595 11,3 525 8,9 
595 13,2 525 9,1 

li damuSaveba, radgan 
rebiT SeimCneva masa-
iTi wonebis mkveTri 
s zrda). sul mcire 
is gamoyeneba gansa-
moCnda 2–5 mm fraq-
lisaTvis (nax. 3, mru-

 

ces, xolo danamati 
i mwkriviT Caiwereba: 

F  SC, 
lobis masalisaTvis, 
ce aqvs ,,sufTa” fiq-
maRali simtkiceebiT 

danamatiT Sedgenili 
uli afuebuli masa-
a danamatis saxeobis 
6,7–13,3 mpa simtkicis 

 
 

cxrili 1 
lebis 

nebi 

fr. 3 – 5 mm 

yr 1 
460 6,7 
480 7,5 

505 6,2 
495 7,9 
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3. daskvna 

 Seswavlilia wmindafraqciuli (qviSa) 
yvarlis fiqlis afuebis SesaZlebloba da 
aRniSnul procesze organuli saxeobis da-
namatebis gavlena; 

 dadginda, rom afuebis procesze or-
ganuli danamatebis (amortizebuli zeTi, na-
xerxi, naxSiri) gavlena individualiria da 
zogadad, uwyveti reJimiT temperaturis awe-
visas, ganapirobebs miRebuli foriani marc-
vlebis nayari moculobiTi wonebis zrdas; 

 ganisazRvra afuebis maqsimaluri sidi-
dis misaRwevi organuli danamatebis opti-
maluri raodenoba, rac Seadgens: zeTi – 
2%, naxerxi da naxSiri 3–4%; 

 dadginda, rom miRebul masalaTa simt-
kice kumSvaze maRalia (6,7–13,3 mpa) da is 
damokidebulia masalaTa nayar moculobiT 
wonaze da fraqciulobaze, kerZod rac nak-
lebia fraqciuloba da metia masalis naya-
ri moculobiTi wona, miT ufro maRali 
simtkiceebis mniSvnelobebi fiqsirdeba.  

 

 

literatura 
1. z. javaSvili, T. WeiSvili. forovani ara-

organuli masalebis miRebis da gamoye-
nebis perspeqtiva saqarTveloSi. Jurnali 
,,inteleqtuali”, #28, 2005, 112-116 gv.. 

2. Каменецкий С.П., Перлиты. ГИЛ по строитель-
ству и строительным материалам – М. 1963 – 
280 с. 

3. n. kakabaZe, n. qorqaSvili, T. metoniZe. afu-
ebuli perliti da misi gamoyeneba. Tbi-
lisi, sabWoTa saqarTvelo, 1966, 143 gv. 

4. Природные ресурсы Грузинской ССР т. 2 Не-
металлические полезные ископаемые. Изд. АН 
СССР. М. 1959 – 380 с. 

5. l. gabunia, i. qamuSaZe, v. SafaqiZe, i. ge-
jaZe.Aafuebuli masalebis miReba adgi-
lobrivi magmuri qanebis gamoyenebiT. ke-
ramika, 2011, #2, 3 – 5 gv. 

6. r. sxvitariZe, e. SafaqiZe, i. giorgaZe,  
S. verulava. TixafiqalSemcveli nataniT-
yvarlis walekvis ekoriskis, xolo ma-
Ralefeqturi saSeni masalebis warmoebiT 
siRaribis Semcirebis xelSewyobas, kala-
potidan natanis amowmenda – gatana – 
utilizaciis inovaciuri teqnologiebi. 
samecniero-teqnikuri Jurnali ,,mSeneb-
loba”. #3 (38), 2015, 26-31 gv. 

7. T. WeiSvili, z. javaSvili. yvarlis fiq-
lis safuZvelze forovani masalebis mi-
Rebis SesaZleblobebis Seswavla. kera-
mika, #2, (38), 2014, gv. 49-52. 

8. Z. javaSvili, T. WeiSvili. adgilobrivi 
bunebrivi qanebis gamoyenebiT forovani 
masalebis miReba da Seswavla. stu-s 
Sromebi, #4, (498), 2015, 37-41 gv. 

9. p. budnikovi, a. bereJnoi, i. belavini da 
sxv. keramikisa da cecxlgamZleebis teq-
nologia. Tbilisi, ganaTleba, 1983. 

10. Лукин Е.С., Аверианов Н.Т. Технический анализ 
и контроль производства керамики. М. Строиз-
дат, 1975, 271 с. 

11. v. sixaruliZe, n. deviZe. laboratoriuli 
samuSaoebi samSeneblo keramikisa da xe-
lovnuri forovani Semvsebebis teqnolo-
giaSi. spi-s tipografia. Tbilisi, 1989,  
48 gv. 

 

 
 

 
 

UDC 553. 541. 549 
STUDY OF THE SWELLING PROCESS OF FINELY-GRAINED FRACTIONS OF KVARELISHALE  
Т. Cheishvili, N. Оmanidze  
 

Resume: Gool. There are studied  issues of swelling of Kvareli shale grains with up to 5 mm fraction carried out via 
their thermal processing at 1200°C. Experiment was conducted in relation to both natural rocks and to compositions 
with the involvement of shale and organic additives. Worked-out automobile oil, sawdust and culm were taken as or-
ganic additives.  

Method. Tendency of studied materials toward swelling was assessed on the basis of bulk weight determination.   
Results. It is established that among determining factors of swelling process of finely-grained shale fractions are: 

size of natural rock grains, type of additive and its quantity.  
Conclusion. For separate types of additives of organic origin is determined the optimum quantity, which provides 

maximum swelling of grains. 
 
Key words:  shale; granulometry; organic additives; thermal processing; bulk weight. 
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