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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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reziume: mizani: mono-Terapiuli efeqtis 

ganviTarebisaTvis kibos zedapiruli daava-
debebis winaaRmdeg eqsperimentul masalaze 
dayrdnobiT, gamoyenebul iqna xelsawyo 
”lezi”, romelic Seiqmna saqarTvelos teq-
nikuri universitetis bionanokeramikisa da 
nanokompozitebis masalaTmcodneobis cent-
rSi (saqarTvelos inteleqtualuri sakuT-
rebis erovnuli centri, saqpatenti. depo-
nirebis damadasturebeli mowmoba 5054. 
“marTvadi lokaluri hiperTermia da magni-
turi hiperTermia kibos daavadebebis sam-
kurnalod”).  

meTodi: marTvadi lokaluri hiperTermia.  
Sedegebi: naCvenebi iqna, rom yvela 

cxovelSi (3 Tvis albinosi Tagvebi) dafiq-
sirda kibos daavadebis SeCereba da ganvi-
Tarda intratumoruli nekrozi. 7-10 seansis 
Semdeg simsivne dawylulda, rac eqsperi-
mentis dadebiT Sedegze metyvelebs (paTo-
logiur-anatomiuri laboratoriis ”paTge-
os” daskvna. gamokvlevis # 3119-12, Tbilisi, 
saqarTvelo). 

daskvna: morfologiuri kvlevis Sedege-
bis safuZvelze dadgenilia aseve, rom RviZ-
li da filtvebi (ZiriTadi samizne orga-
noebi) intaqturia, meoradi simsivnuri dazi-
anebebi ar fiqsirdeba. SegviZlia davaskvnaT, 
rom marTvadi lokaluri hiperTermiiT ga-
mowveuli simsivnuri masis lizisis dros am 
organoebSi metastazirebas adgili ar aqvs.  

 
sakvanZo sityvebi: marTvadi lokaluri 

hiperTermia; nekrozi; dawyluleba; usaf-
rTxoeba; intaqturi; metastazi.  

 
 
1. Sesavali 
hiperTermia 1883 wlidan arsebobs, mas 

Semdeg, rac medicinis doqtorma uiliam 
qolma am mimarTulebiT gamokvlevebi daiwyo. 
is iyo niu-iorkis saavadmyofos zogadi qi-
rurgi. qoli dainteresda 1868 wels gamoq-
veynebuli ojaxis eqimis, buSis statiiT, ro-

melSic aRwerili iyo ganukurnebeli seniT 
daavadebuli pacientis mdgomareoba. avadm-
yofs sarkoma saxeze hqonda. marTalia buSma 
ver SeZlo mas daxmareboda am momakvdi-
nebeli senis daZlevaSi, magram daafiqsira, 
rom pacients hqonda janmrTelobis mou-
lodneli, droebiTi gaumjobeseba mas Sem-
deg, rac mas gaurTulda kanis infeqcia, e.w. 
erisipelasi. infeqciam gamoiwvia maRali 
sicxe 104-105 farenhaitiT (40-41 gradusi). 

qoli momdevno 20 wlis ganmavlobaSi in-
tensiurad awarmoebda eqperimentebs cxo-
velebze, raTa Seeswavla maRali tempera-
turis gavlena simsivnis sxvadasxva formaze. 
cxovelebze Catarebuli warmatebuli eqspe-
rimentebis Semdeg es meTodi simsivniT daa-
vadebul adamianebze mosinja. mas baqteriebi 
Sehyavda adamianis organizmSi, raTa maRali 
sicxe gamoewvia. baqteriebi, romlebsac is 
iyenebda, cnobilia rogorc qolis toq-
sinebi. qolma did warmatebas miaRwia am 
meTodiT, gansakuTrebiT rbili qsovilis da 
Zvlis sarkomis mkurnalobaSi. Tumca am 
meTods seriozuli gverdiTi movlenebic 
hqonda im infeqciis gamo, romelic mas or-
ganizmSi Sehyavda [1]. 

msoflioSi sxvadasxva meTodiT mkurna-
loben simsivniT daavadebul pacientebs. 1987 
wels germaneli onkologi raik hameri, Svi-
lis gardacvalebis Semdeg simsivniT daa-
vadda. eqimi mivida im daskvnamde, rom sim-
sivne mas didi stresis gadatanis Semdeg 
gauCnda [2]. man SeimuSava Teoria, romelic 
samedicino wris warmomadgenlebisTvis mou-
lodneli aRmoCnda. Tavisi meTodikis gamo-
yenebiT eqimma 6000 pacienti mTlianad 
gankurna da am meTods Svilis saxelis 
mixedviT dirk hameris sindromi uwoda. 

SeerTebul StatebSi nano- da mikronawi-
lakebi nemsiT SehyavT organizmSi da maTze 
Semdeg cvladi magnituri velis zemoqme-
debiT warmoiqmneba siTbo [3]. 

 



4 
 

 
 

sur 1. nano- da mikronawilakebi nemsiT SehyavT organizmSi 

 
medicinaSi mkvlevarTa gansakuTrebul 

interess magnituri Tvisebebis mqone nano- da 
mikro paramagnetikuri nawilakebis gamoye-
neba iwvevs. paramagnetizmi (berZnulad para _ 
Tan, axlos) _ fizikuri Tvisebaa para-
magnituri nivTierebebisTvis damaxasiaTebe-
li movlenebis da Tvisebebis erToblioba. 
paramagnituri anu rac magnitis polusisaken 
sustad miizideba. nivTierebebi, romlebsac 
susti magnituri Tvisebebi aqvT. es interesi 
ZiriTadad maTi magnituri velis saSualebiT 
distanciurad marTvis SesaZleblobiT aris 
ganpirobebuli. sainteresoa, rom dReisaTvis 
paramagnituri nawilakebis gamoyenebis erT-
erT aqtualur mimarTulebas onkologiuri 
daavadebebis mkurnalobis axali meTodebis 
SemuSaveba warmoadgens. paramagnetikebi aris 
nivTierebebi da masalebi dadebiTi magnitu-
ri amTviseblobiT, romlebSic gare magni-
turi velis ararsebobis SemTxvevaSi ar aris 
ubnebi atomTa magnituri momentebis mowes-
rigebuli (paraleluri an antiparaleluri) 
ganlagebiT. paramagnetikebis magnituri amT-
visebloba bevrad naklebia erTze, xolo 
magnituri SeRwevadoba axloa erTTan. para-
magnetikebi aris nivTierebebi da masalebi 
Tavisufali eleqtronebis garkveuli koncen-
traciiT, romelTa spinuri magnituri momen-
tebi Tavis wvlils deben paramagnetizmSi. 
esaa karbidebi, nitridebi, boridebi, sili-
cidebi. paramagnetikebad xdebian nivTiere-
bebi _ yvela fero-, feri- da antiferomag-
netikebi kiurisa da neelis temperaturebis 
zeviT transformirdeba. mecnierebi miiCneven, 
rom uaxloes momavalSi marTvadi lokaluri 

hiperTermia onkologiuri pacientebis mkur-
nalobis erT-erTi mniSvnelovani meTodi 
gaxdeba [4]. 

nano- da mikro nawilakebis gamoyenebiT 
hiperTermiis efeqtis miRebis sakiTxebze 
muSaoba mimdinareobs msoflios sxvadasxva 
qveyanaSi: taivani, iaponia, germania, SvedeTi, 
aSS, didi britaneTi, ruseTi da sxv. [4]. 

simsivnuri ujredebis gaxurebis sxvadas-
xva meTodebi arsebobs: mkurnaloba cxeli 
wyliT, infrawiTeli sxivebiT, ultrabgeriT 
da mikrotalRebiT, magram, am meTodebiT ar 
xerxdeba Rrmad ganlagebuli simsivnuri 
ujredebis efeqtianad da lokalurad gaxu-
reba. 20-30 mkm diametris feromagnituri 
mikrosferoebis, rogorc Termowyaros gamo-
yeneba mizanSewonilia hiperTermiis Casata-
reblad Rrmad ganlagebuli kibos ujre-
debis SemTxvevaSi [5]. es mikrosferoebi 
miitaceba simsivnuri ujredebis receptore-
biT-folatebiT. 

1987 wels iaponiaSi hiatma, [4] deim da 
erbem pirvelad daadastures, rom 17Y2O3 –
19Al2O3 – 64SiO2 (mol %) 20-30 mkm diametris 
minis mikrosferoebis gamoyeneba SesaZle-
beli iyo kibos in situ (adgilze) dasxive-

bisTvis. itrium-89 (89Y) am minaSi aris ara-
radioaqtiuri izotopi, magram neitronuli 

dasxiveba axdens 89Y-is gaaqtiurebas da 

warmoqmnis β-gamomsxivebel 90Y-s, romlis 
sicocxlis naxevrad daSlis periodi 64.1 
saaTia. 20-30 mkm diametris radioaqtiuri 
minis mikrosferoebi SeyavT organoSi (mag. 
RviZlis kiboSi). am process iaponiaSi 
asruleben (Shimizutech) danadgariT. 
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sur. 2. Microspheres‐infusion	machine	Shimizutech,	Co.	Ltd	
(http://www.shimizutech.co.jp/)	

 
minis mikrosferoebi moxvdebian simsivnis 

wvril sisxlZarRvebSi da blokaven misTvis 
sakvebis miwodebas, garda amisa iZlevian 
mokle manZilze moqmed maRalionizebul β 
sxivebs. β-sxivebi ar moqmedebs sxva romelime 
qimiur elementze da aqvs daaxloebiT 2.5 mm-
is mokle SeRwevadobis diapazoni cocxal 
qsovilSi da amgvarad ar warmoadgens 
radiaciul saSiSroebas garSemo janmrTeli 
qsovilisTvis. am mikrosferoebs axasiaTebs 
maRali qimiuri xangamZleoba da amdenad 
radioaqtiuri 90Y mikrosfero ZiriTadad 

rCeba pacientis organizmSi SigniT moTav-
sebisas da ar moqmedebs mezobel janmrTel 
qsovilze. 90Y-is radioaqtivoba neitroniT 
dasxivebisas [6] 21 dReSi umniSvnelod mcir-
deba, amitom mikrosferoebi maleve kargaven 
aqtiurobas kibos mkurnalobis Semdeg. isini 
ukve gamoiyeneba klinikurad RviZlis kibos 
samkurnalod kanadaSi, aSS-sa da CineTSi, 
aseve gamoiyeneba klinikur cdebSi daava-
debuli Tirkmlis da elenTis mkurnalobasa 
da arTrituli saxsrebis dasxivebis sino-
veqtomiaSi. 

 

 
 

sur. 3. Y2O3 mikrosfero 
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magnetitis nawilaki, romelic siTbos 
ganabnevs neelis relaqsaciiT, idealuria 
magnituri hiperTermiisaTvis ori gansakuT-
rebuli mizezis gamo. pirveli _ ar arse-
bobs araviTari gansxvaveba magnetitis mier 
siTbos gabnevis maxasiaTeblebSi xelovnur 
_ in vitro da organizmis pirobebSi _ in vivo 
analizis dros. meore _ magnetitis nawi-
laki, romelic gaabnevs siTbos neelis re-
laqsaciiT sakmaod mcirea dispersiisTvis 

da SeiZleba gamoyenebul iqnas mizanmi-
marTuli mitanisaTvis, rac magnituri siT-
xis hiperTermiis damatebiT upiratesobas 
warmoadgens. Tumca zogi avtori aRniSnavs, 
rom siTbos gabneva gamowveulia rogorc 
braunis, ise neelis relaqsaciiT, aravin 
amaxvilebs yuradRebas magnetitis fizikur 
Tvisebebze, romlebic siTbos warmoSoben 
ZiriTadad neelis relaqsaciiT. 

 

 
 

sur. 4. magnituri momentis brunva nano-nawilakebSi 
 

 
 

nax.1. neelis da braunis relaqsaciebiT siTbos Teoriuli gabneva wyalSi.  
f = 600 kHz, Happlied = 40 (Oe), T = 300 (K), η = 0.89 (mPa·s), Ms = 5.6 (kOe), K = 30(kjm3),  

kuTri siTbo = 670 (jkg-1K-1), simkvrive =5180 (kg m-3), magnetitis nanonawilakebis  
koncentracia = 4,0 (mas%), ESAR - STanTqmis efeqturi kuTri siCqare 
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braunis relaqsaciiT gabneul siTboze 
Zlierad moqmedebs nawilakis garSemo arse-
buli garemo. mag., Tu garemos siblante, 
romelSic es nawilakebia gabneuli, maRalia, 
an Tu brunvis Tavisufleba SezRudulia, 
braunis relaqsaciis meSveobiT am nawi-
lakebis mier gabneuli siTbo an Semcirdeba 
an Sewydeba. amgvarad, msgavsi ESAR sidi-
deebis realizaciisaTvis laboratoriul 
pirobebSi an eqperimentebiT in vivo da in vitro 
mniSvnelovania, nawilakebi, romelTa relaq-
sacia xdeba nelis meqanizmiT. Tumca im 
nawilakebis zomebi, romlebic siTbos gaab-
neven magnituri veqtoris neelis da braunis 
moZraobiT, SeiZleba ganisazRvros Teoriu-
lad, maTi relevanturi wili magnituri 
hiperTermiis nebismier nimuSSi an maTi 
praqtikuli gamoyenebis koncefcia saTana-
dod ar aris gaTvaliswinebuli. praqtikuli 
mniSvnelobis TvalsazrisiT, unda ganisazR-
vros neelis an braunis relaqsaciebis Se-
fardebiTi wili siTbos gabnevaSi nebismieri 
nimuSisaTvis, radgan garemom ujredis Sig-
niT SesaZloa imoqmedos braunis wilze da 
gabneuli siTbo SesaZloa iyos naklebi 
vidre dasaSvebi sidide. arc Tu ise didi 
xnis win zemoT moyvanili koncefcia eqpe-
rimentulad damtkicda [18], ramac xazi 
gausva SefardebiTi wilis detaluri ana-
lizis aucileblobas efeqtiani mkurnalo-
bisTvis [6-14]. 

saqarTveloSi pirvelad SeviswavleT mar-
Tvadi lokaluri hiperTermiis meTodis 
gamoyenebiT simsivnis sawinaaRmdego efeqti. 
hiperTermia warmoadgens meTods, romelic 
gulisxmobs simsivnur ujredebze citosta-
tikur zemoqmedebas ujredSi temperaturis 
gazrdiT – Cven SemTxvevaSi temperaturuli 
veliT gamowveuli siTburi gabneviT. mkvle-
varTa jgufSi Sedian keramikosebi, eqimi 
onkologebi, fizikosebi, konstruqtorebi, 
imunologebi. 

jandacvis msoflio organizaciis monace-
mebiT avTvisebiani simsivneebiT ganpiro-
bebuli avadobisa da misgan gamowveuli sik-
vdilianobis maCvenebeli gamudmebiT izrdeba 
mTel msoflioSi. dReisaTvis onkologiur 
avadmyofTa mkurnalobaSi wamyvani roli 
eniWeba: 

1. qirurgiul meTodebs;  
2. qimioTerapias;  
3. sxivur Terapias. 
hormono da imunoTerapia damxmare meTo-

debia.  
xSir SemTxvevaSi, kvalificiurad Catare-

buli Carevis miuxedavad daavadeba leta-
luri gamosavliT mTavrdeba. garda poli-
organuli ukmarisobisa, amis mizezia qimio-

radioTerapiiT gamowveuli imunuri sistemis 
daTrgunva, mielodepresia, leikopenia, kar-
dio, nefro-, hepato- da neirotoqsikuroba, 
interkurentuli mikrobuli garTulebebi da 
sxva. yovelive es ganapirobebs avTvisebiani 
simsivneebis mkurnalobis axali gzebis 
Ziebis aucileblobas, romlebic mimarTuli 
iqneba simsivnis sawinaaRmdego strategiis 
gasaZliereblad. 

cnobilia, rom avTvisebiani simsivneebi 
Sedgeba organizmis sakuTari ujredebisagan, 
romlebic normisagan mxolod imiT gansxvav-
deba, rom maTSi mimdinareobs ukontrolo, 
SeuzRudavi gamravleba da zrda. amitom 
avTvisebian simsivneebSi metaboluri proce-
sebis intensivoba da Sesabamisad energeti-
kuli moTxovnilebebi ufro maRalia, vidre 
Cveulebriv qsovilebSi. am faqtoris gaTva-
liswinebiT perspeqtiulia daavadebul da 
mis mosazRvre qsovilebze iseTi zemoqme-
debis gamoyeneba, romelic drois garkveul 
monakveTSi amowuravs gadagvarebuli ujre-
debis energetikul potencials, gamoiwvevs 
maTi cilebis denaturacias (daRupvas), da 
amave dros, SenarCunebuli iqneba janmrTeli 
ujredebis sicocxlisunarianoba [6-16]. 

aseTi biofizikuri zemoqmedeba SeiZleba 
iyos adgilobrivi hiperTermia (+42_+440C). 

mTel msoflioSi avTvisebiani simsiv-
neebiT ganpirobebuli avadobisa da misgan 
gamowveuli sikvdilianobis maCvenebeli 
gamudmebiT izrdeba da klebis tendecia ar 
gaaCnia. problemuria naadrevi diagnostika 
da avadmyofTa didi nawili stacionars ukve 
garTulebul mdgomareobaSi (III-IV stadia) 
mimarTavs, rodesac maT ukve qirurgiuli, 
sxivuri da medikamenturi komponentebis 
gamoyenebiT kombinirebuli da kompleqsuri 
mkurnaloba esaWiroebaT. imata im pacientTa 
raodenobamac, romlebic eqim-onkologs 
mimarTaven simsivnuri procesis mogvianebiTi 
klinikuri niSnebis manifestaciiTa da 
sxvadasxva metaboluri darRvevebiT.  

avTvisebian simsivneTa mkurnalobis axali 
meTodebis SemuSaveba onkologiis mniSvne-
lovani amocanaa. eqsperimentuli da klini-
kuri kvlevebiT dadasturebuli dadebiTi 
Sedegis mqone samkurnalwamlo saSualebisa 
Tu mkurnalobis meTodis klinikur praqti-
kaSi danergva ki wingadadgmuli nabijia 
onkologiuri pacientebis mkurnalobis 
sakiTxSi.  

 

2. ZiriTadi nawili 
kvlevis mizania onkologiuri avadmyo-

febis mkurnalobis uaxloesi da Soreuli 
Sedegebis gaumjobeseba simsivnur warmonaq-
mnze marTvadi lokaluri hiperTermiis ga-



8 
 

moyenebiT .aRniSnuli miznis misaRwevad 
dasaxuli iyo Semdegi amocanebis gadaWra: 

1) eqsperimentul simsivneebze hiperTer-
miis simsivnis sawinaaRmdego samkurnalo 
efeqtis Seswavla; 

2) eqsperimentSi hiperTermiis simsivnis 
sawinaaRmdego adiuvanturi efeqtis dadgena 
poliqimioTerapiasTan kombinaciaSi. 

hiperTermiis sxvadasxva reJimis Seswavla 
mkurnalobis uSualo da Soreul Sedegebze. 

 
mecnieruli siaxle 
saqarTveloSi pirvelad iqna warmodgeni-

li, eqsperimentul masalaze dayrdnobiT 
marTvadi lokaluri hiperTermiis simsivnis 
sawinaaRmdego monoTerapiuli samkurnalo 
efeqti.  

 
kvlevis obieqti da amocana 
kvlevis obieqts warmoadgenda 2-3 Tvis 

20-30 grami masis ujiSo araxazovani TeTri 
Tagvebi da maTi avTvisebiani simsivnuri 
ujredebi. kibos ujredebi iRupeba Cveuleb-
riv daaxloebiT +42-440C, radgan Jangbadis 
miwodeba sisxlZarRvebiT arasakmarisia, ma-
Sin rodesac normaluri ujredebi ar 
ziandeba ufro maRali temperaturis dro-
sac. garda amisa, simsivne ufro advilad 
xurdeba, vidre garSemo mdebare janmrTeli 
qsovili, radgan sisxlZarRvebi da nervuli 
sistemebi nakleb ganviTarebulia simsivneSi, 
amas garda aseTi daavadebuli ujredebis 
JangbadiT momarageba naklebia Cveulebriv 
janmrTel ujredebTan SedarebiT [6-20]. 

eqsperimenti Catarda cxovelebis Tormet 
jgufze. Sedegebi yvela jgufisaTvis Tanab-
rad dadebiTia. Sedegebi gamoqveynebulia 
iaponiaSi, aSS-Si, evropasa da saqarTve-
loSi. prezentaciebi moewyo saerTaSoriso 
konferenciebsa da msoflio kongresebze 
[25-39]. am Sedegebsa da ramdenime wlis mu-
Saobis gamocdilebaze dayrdnobiT, gaCnda 
motivacia, raTa eqim-onkologebTan konsul-
taciebis safuZvelze, Seqmniliyo klinikuri 
aparatura moxalise pacientebisaTvis. 

 
samuSaos mizani 
samuSaos mizans warmoadgens daavadebe-

bis samkurnalo klinikuri aparaturis Seq-
mna da misi gamocda cxovelebze marTvadi 
lokaluri hiperTermiis meTodiT da misi 
saSualebiT temperaturuli velis trans-
portirebiT avTvisebiani simsivneebis mkur-
naloba. 

samuSaos arsi mdgomareobs imaSi, rom 
Cven mier Seqmnili klinikuri xelsawyos 
(sur. 5) hiperTermiuli Tavakis meSveobiT 
xdeba temperaturuli velis transporti-
reba moxalise pacientis daavadebul ubanze 
hiperTermiuli meTodiT, am Tavakis simsiv-
nur ubaze ganTavsebiT garkveuli drois 
ganmavlobaSi, romelic ganisazRvreba empi-
riulad, anu imisda mixedviT Tu rogor 
reagirebs pacienti mkurnalobaze da rogor 
eqvemdebareba daavadeba mkurnalobas. 

zemoTqmulidan gamomdinare temperaturu-
li intervali Seadgens +42-440C, xolo dro-
is xangrZlivoba 20-40 wuTs. 

 

 
 

sur. 5. marTvadi lokaluri hiperTermiis meTodiT simsivnuri daavadebebis  
samkurnalo aparati “lezi”. damzadebulia saqarTvelos teqnikuri universitetis  

bionanokeramikisa da nanokompozitebis masalaTmcodneobis centrSi  
(xelmZRvaneli prof. z. kovziriZe) 
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eqsperimentis aRwera 
zemoT miTiTebuli meTodis usafrTxoeba 

Semoklebuli programiT Seswavlil iqna 
200±5 g wonis TeTr virTagvebze. 

eqsperimentisTvis SeirCa virTagvebis 
sacdeli da sakontrolo jgufebi. TiToeul 
jgufSi Sedioda 6 mamrobiTi da 6 mdedro-
biTi sqesis virTagva. sacdeli jgufis cxo-
velebs depilirebuli zurgis areSi vafen-
diT Termopads (hiperTermiul Tavaks). Ter-
mopadi SeerTebuli iyo siTbos gamommuSa-
vebel xelsawyosTan. Termopadis saSualebiT 
xdeboda temperaturuli velis transpor-
tireba virTagvebis sxeulis depilirebul 
monakveTze. procedura grZeldeboda 10 wu-
Tis ganmavlobaSi. sakontrolo cxovelebis 
sxeulis depilirebul monakveTze vafendiT 
Termopads gamorTul mdgomareobaSi. orive 
jgufis cxovelebze eqsperimenti grZel-

deboda 14 dRis ganmavlobaSi. eqsperimentis 
wina periodSi virTagvebi imyofebodnen 
orkvirian karantinSi. 

TiToeul virTagvaze proceduris 10 
wuTiani xangrZlivobiT 10 dRis ganmavlobaSi 
dadginda mkurnalobis meTodis avtorebis 
mier adamianze dadgenili 30 wuTiani pro-
ceduridan gamomdinare rac 100-jer aRema-
teboda virTagvis siTbur velSi yofnis nor-
mas, gamomdinare avtorebis mier mowodebuli 
adamianebisaTvis dadgenili normidan. 

eqsperimentis dasrulebisTanave moxda 
cxovelebis dekapitacia Sinagani organoebis 
Seswavlis mizniT. 

kvlevis mizani iyo sasikvdilo dozis 
(LD50) dadgena da aseve organizmSi mimdinare 
calkeuli uaryofoTi simptomebis regis-
tracia. 

 

    
თაგვი 1                                                       თაგვი 2 

    
თაგვი 3                                                      თაგვი 4 

    
თაგვი 5                                                         თაგვი 6 

 

sur. 6. 6 mamrobiTi sqesis virTagva. aparaturis gamocda uvneblobaze 
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თაგვი 1                                                          თაგვი 2 

    
თაგვი 3                                                         თაგვი 4 

    
თაგვი 5                                                          თაგვი 6 

 
sur. 7. 6 mdedrobiTi sqesis virTagva.  

aparaturis gamocda uvneblobaze 

 

 

kvlevis Sefaseba 
kvlevis Sedegebis Sefaseba xdeboda irv-

inis Skalis mixedviT: 
ganwyoba-emociuroba (mousvenrobis gaRr-

maveba, agresiuloba), moZraobiTi unari; cns-
is agzneba (SekrToma, kudis gaSeSeba, kan-
kali, krunCxva); poza (prostracia, SeboWi-
loba, kidurebis mdgomareoba- moxrili, 
gaSlili); motoruli diskoordinacia (bar-
baci, uCveulo siaruli, dgomis refleqsi); 
kunTovani tonusi (CaWidulobis Zala, Caz-
neqili zurgi, muclis daWimuloba); ref-
leqsebi (niJaras, rqovanas, ipsilateruli 
moxris refleqsi); avtonomiuri reaqciebi 
(guga, quTuToebi, egzofTalmi,Sardva, ner-
wyvdena, cremldena, aburZgvna, kanis feri 

niJaraze); cianozi an hiperemis, gulis cemis 
da sunTqvis sixSire; myisieri an dayovne-
buli sikvdili [40-49]. 

sxeulis masis namatis kontroli xorci-
eldeboda cdis dawyebis dRes da Semdgom 
yovel me-7 dRes. 

 
kvlevis Sedegebi: 
dakvirveba xorcieldeboda proceduris 

damTavrebidan 10 wuTis, 1, 2, 4 saaTis gan-
mavlobaSi da Semdeg yoveldRiurad dReSi 
erTxel 14 dRis ganmavlobaSi. 

eqsperimentis Catarebis da dakvirvebis 
mTeli periodis ganmavlobaSi integraluri 
maCveneblebis araviTari gadaxra normidan 
ar dafiqsirebula. 
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dakvirvebis periodSi yvela cxoveli 
janmrTelia da aqtiuri. dakvirvebis mTel 
periodSi sacdeli cxovelebis orientireba 
garemoSi, ynosviTi reaqciebi da moZraobiTi 
unari normaSia. ar aRiniSneba mousvenroba da 
agresiuloba. SenarCunebulia normaluri 
poza, motoruli aqtiuroba, kunTovani to-
nusi. refleqsebi gare gaRizianebaze (xmauri, 
sinaTle, Sexeba, tkivili), avtonomiuri reaq-
ciebi normis farglebSia, sunTqvisa da gu-
liscemis sixSire sawyis maCveneblebs Seesa-
bameba. TvaliT SesamCnevi gamovlinebebi ar 
aRiniSneba. Tagvebis sxeulis wonis namati ar 
gansxvavdeboda sakontrolo jgufis maCveneb-
lebisgan. Tagvebi normalurad moixmardnen 
sakvebsa da wyals. dakvirvebis 14 dRis gan-
mavlobaSi cxovelebis dacema registrire-
buli ar aris. Tagvebis kvdomis ararsebobis 
Sedegad SeuZlebeli gaxda ld50–is gaTvla. 

dadginda, rom zemoT aRniSnuli meTodis 
100-jer gazrdili xangrZlivoba virTagvebSi 
ar avlens arc letalur da arc mavne 
Sedegebs eqsperimentalur cxovelebze. 

 
makroskopuli gamokvlevebi: 
virTagvebSi bewvis safari sufTa, swori 

ganlageba, kidurebisa da yurebis kani 
vardisferi, sufTa. daTvalierebisas Tmis 
budobrivi cvenis kerebi ar iqna aRmoCenili. 
bunebrivi xvrelidan gamonadeni ar aRe-
niSnebaT. Sinagani organoebi ganlagebulia 
sworad. qsovilebi sufTa, cximovani qsovili 
saSualod ganviTarebuli. seriozuli gar-
sebis zedapiri namiani, kriala, garsebi gam-
Wvirvalea. miokardiumi mkvrivi, parkuWebis 
Rru carielia, endokardiumi sufTa. fil-
tvebi vardisferi, haerovani (wyalSi ar 
iZireba). parenqimaSi sisxlCaqcevebi ar aRi-
niSneba. ganakveTze siTxe an sisxli ar 
daedineba. RviZli da elenTa gadidebuli ar 
aris. zedapiri sada, namiani, kriala, ganak-
veTze anafxeks ar iZleva. Tirkmelebis kaf-
sula advilad scildeba. orive Tirkmlis 
zedapiri sada, ganakveTze qerqovani da 
tvinovani nivTiereba advilad gasarCevia. 
Sardis buSti savsea, Sardi gamWvirvale.  

 
3. daskvna 
amrigad, eqsperimentma cxadyo, rom zemo-

aRniSnuli meTodis gamoyneba eqsperimentSi 
cxovelebisaTvis usafrTxoa. zondze wamoc-
muli garsacmi gamoricxavs cirkulirebadi 
siTxis Sexebas samkurnalo zedapirTan da 
uzrunvelyofs temperaturis intensiur gada-
cemas mimdebare qsovilebTan da Sedegad, 
aqtiur hidro-hiperTemiul mkurnalobas +42-
440C intervalSi eqsperimentuli drois gan-
mavlobaSi. virTagvebze eqsperimentma cxadyo, 

rom zemoaRniSnuli meTodis gamoyeneba 
mkurnalobis procesSi da Semdgom dakvir-
vebis periodSi cxovelebisaTvis usafrTxoa. 

madliereba: avtorebi madlierebas gamoxa-
taven Tbilisis klinikuri onkologiis 
institutis profesorebis, batonebis guram 
menTeSaSvilis da paata xoravas mimarT, 
saqmiani da maRalprofesiul doneze gawe-
uli Tanadgomis, konsultaciebisa da rCeve-
bisaTvis marTvadi lokaluri hiperTermiis 
meTodiT klinikuri aparatis konstruirebis 
procesSi. aparatis konstruirebis procesSi 
aseve gaTvaliswinebuli iqna maRalkvali-
ficiuri samedicino personalis farTo wris 
rCevebi da konsultaciebi.  
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STUDY OF HARMLESSNESS OF LOCAL CONTROLLED HYPERTHERMIA METHOD 
Z. Kovziridze, G. Menteshashvili, P. khorava, Kh. Bluashvili 
 

Resume: Goal:To develop mono‐therapeutic effect of hyperthermia against cancer diseases, on the basis of ex‐

perimental material, a  laboratory device “Lezi”, was used which was created  in Georgia at the Bionanoceramic and 
Nanocomposite Materials Science Center of Georgian Technical University ( National Center of Intellectual property of 
Georgia “Georgian Patent”, Certificate of Deposition # 5054. “Controlled local hyperthermia and magnetic hyperther‐
mia for treatment of cancer diseases”). Method: In all animals (albino rat, 3 month age mice) inhibition of cancer dis‐
ease and development of intra‐tumor necrosis were fixed. After 7‐10 sessions tumor was ulcerated, that refers to irre‐
versibility of the process and the efficiency of the applied method of hyperthermia (Conclusion of Laboratory of Mor‐
bid Anatomy “PathGeo”. Examination # 3119012, Tbilisi, Georgia). Results: On the basis of results of morphological 
study it was proved that liver and lungs (main target bodies) are intact; secondary tumor injuries are not fixed. Conclu‐
sion: Thus, we can conclude,  that during  cancer mass  lysis  that  is conditioned by  local hyperthermia, matastasis  in 
bodies doesn’t take place. Clinical device was created for controlled local hyperthermia to treat surface diseases. 

 
Key words:  controlled local hyperthermia, necrosis, ulceration, metastasis. 

 
 

 
УДК 669:621:762 

ИЗУЧЕНИЕ МЕТОДА УПРАВЛЯЕМОЙ ЛОКАЛЬНОЙ ГИПЕРТЕРМИИ НА БЕЗОПАСНОСТЬ 
З.Д. Ковзиридзе, Г.З. Ментешашвили, П.А. Хорава, Х.Т. Блуашвили 
 

Резюме:  Цель:  Для  развития  монотерапевтического  эффекта  при  лечении  поверхностных  раковых 
заболевании на опирание экспериментальных материалов, использовали прибор «Лези», который был создан 
в  центре био‐нанотехнологического и  нано‐композитного материаловедения при  Техническом  университете. 
(Центр интелектуальной собственности Грузии, Госпатент. Свидетельство удостоверящее депонирования 5054. 
«Управляемая локальная гипертермия и магнитная гипертермия при лечении раковых заболевании»).  

Метод: Управляемая локальная гипертермия. 
Результат: Показано,  что  у  всех животных  (трехмесячные крысы альбиносы)  зафиксировалась остановка 

онкологических  заболеваний  и  образовалься  интратуморный  некроз.  После 7‐10  сеансов  образовалась  язва, 
что указывает о положительных результатах эксперимента (заключения лаборатории патанатомии «Патгео», № 
исследования 3119‐12, Тбилиси, Грузия). 

Выводы:  При  морфологических  исследованиях  также  установлено,  что  печень  и  легкие  (основные 
мишенные  органы)  интактивные,  вторичные  раковые  повреждения  не фиксируется,  поэтому  можем  сделать 
вывод  что,  во  время  лизисса  опухольной  массы,  вызванной  управляемой  локальной  массы,  вызванной 
управляемой локальной гипертермии, в этих органах метастазы не развиваются. 

 

Ключевые слова:  Управляемая локальная гипертермия, некроз, безопасность, интактивный, метастаза. 
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reziume: mizani: samuSaos mizania antidam-

Jangavis SerCeva da misi gavlenis Seswavla 
naxSirbadSemcveli dolomit-serpentinitu-
ri kompozitis ZiriTad Tvisebebze. SerCeu-
lia dolomit-serpentinituri kompozitis 
optimaluri Sedgeniloba da damuSavebulia 
klinkerisa da nakeTobebis warmoebis teq-
nologiuri sqema.M 

meTodi: kompoziti miRebulianimuSebis 
dawnexiT 100 mpa wneviT da Semdgomi ga-
mowviT 14000C-ze. fizikur-teqnikuri Tvisebe-
bi Seswavlilia Tanamedrove meTodebiT.  

Sedegebi:dadgenilia, rom antidamJangavis 
saxiT SesaZlebelia siliciumis gamoyeneba. 
miRebulia kompozitis optimaluri Sedgeni-
loba klinkerze grafitis 10%-s, siliciu-
mis 3%-isa da kompleqsuri moqmedebis plas-
tifikatoris 0,8%-is damatebiT.  

daskvna: rekomendebulia teqnologiis 
danergva ”Zirulis cecxlgamZle nakeTobaTa 
kombinatSi” da nakeTobebis gamoyeneba meta-
lurgiuli Tburi danadgarebisa da cemen-
tis gamosawvavi mbrunavi Rumlebis Secxo-
bis zonis amonagis Sesasruleblad. 

 
sakvanZo sityvebi: dolomit-serpentini-

turi klinkeri; grafiti; antidamJangavi -
siliciumi; plastifikatori; meTilcelu-
lozas xsnari; teqnologiuri sqema. 

 
 
1. Sesavali 
bolo periodSi mecnierTa did interess 

iwvevs naxSirbadSemcveli cecxlgamZle ma-
salebis miRebasTan dakavSirebuli proce-
sebi, maTi sxvadasxva sferoSi gamoyenebis 
mizniT [1-4]. 

sazRvargareTis qveynebSi damuSavebuli 
aqvT sxvadasxva saxis periklaznaxSirbadu-
li cecxlgamZleebis teqnologiebi, romle-
bic erTmaneTisagan gansxvavdeba naxSirba-
dis, periklazis, Semkvrelis, specialuri 
danamatebis saxeobebisa da maTi Semcvelo-
bis mixedviT [5]. 

periklaznaxSirbadul cecxlgamZleebs 
iyeneben metalurgiuli Tburi agregatebis 
wyobaSi yvelaze metad sapasuxismgeblo ad-

gilebSi. aseTi nakeTobebis mdgradoba  damo-
kidebulia periklazis fxvnilis, grafitis 
da specialuri danamatebis Tvisebebze, rom-
lebic mniSvnelovnad aumjobeseben cecxl-
gamZleebis meqanikur da sxva Tvisebebs [5]. 

naxSirbadis Semcveloba mniSvnelovnad 
amaRlebs periklazuri cecxlgamZleebis 
widamedegobas, rac gamowveulia nakeTobebis 
muSaobisas widebis nalRobis cecxlgamZ-
leSi Semcirebuli SeRweviT. naxSirbadis 
raodenobis gazrdiT izrdeba wida, cveTa da 
Termomedegoba, magram mcirdeba meqanikuri 
simtkice da daJangvisadmi mdgradoba. SesaZ-
lebelia moxdes grafitis daJangva, rac 
uaryofiTad moqmedebs nakeTobebis simtki-
ceze, rac arasasurvelia da gadamwyvet gav-
lenas axdens cecxlgamZle nakeTobebis cve-
Taze. es maTi ZiriTadi naklia [5, 6], radgan 
naxSirbadSemcveli cecxlgamZleebis cveTis 
siCqare foladsadnob RumlebSi gamoyenebi-
sas sam faqtorzea damokidebuli: daJangvis 
Sedegad unaxSirbado fenis warmoqmna, widis 
infiltracia (gaJonva) da widasa da cecxl-
gamZles Soris reaqciaze. es faqtorebi aci-
lebuli iqneba im SemTxvevaSi Tu cecxl-
gamZleSi ar moxdeba naxSirbadis daJangva. 
amisaTvis saWiroa antidaJangvis gamoyenebis 
aucilebloba, radgan naxSirbadis daJangva 
gadamwyvet gavlenas axdens naxSirbadSem-
cveli cecxlgamZleebis Tvisebebze.  

naxSirbadSemcveli cecxlgamZleebisaTvis 
antidamJangavebad iyeneben adviladdamJangav 
liTonebs: alumins, rkinas, siliciums da 
sxv. agreTve karbidebs, nitridebs da sxv.  
[7, 8].  

aRniSnuli liTonebidan antidamJangavad 
SevarCieT siliciumi, naxSirbadSemcveli da-
namatebis SeswavliT ki grafitis nanofx-
vnili [9]. saintereso iyo agreTve kompozitis 
Tvisebebze kompleqsuri moqmedebis plas-
tifikatoris gavlenis Seswavlac da gamom-
wvari da gamouwvavi naxSirbadSemcveli do-
lomit-serpentinituri kompozitis optima-
luri Sedgenilobis dadgena. amisaTvis Cava-
tareT eqsperimenti, sadac Semkvrelis saxiT 
gamoviyeneT meTilcelulozas xsnari, rome-
lic yvela Semkvrelisagan gansxvavebiT sau-
keTeso Sedegebs gvaZlevs [10; 11]. 
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2. ZiriTadi nawili 
dasaxuli miznis misaRwevad Tavdapirve-

lad aucilebeli iyo antidamJangavis SerCeva 
da misi raodenobis cvlilebisgavlenis Ses-
wavla kompozitis ZiriTad Tvisebebze. anti-
damJangavis saxiT komponentebs daemata dis-
persiuli, elementaruli siliciumi. cnobi-
lia, romantidamJangavebs amateben 2-10%-is 
odenobiT. Cven davamateT 1,0; 2,0 da 3,0 % da 
SeviswavleT siliciumis danamatis raodeno-
bis cvlilebis gavlena dolomit-serpenti-
nituri kompozitis Tvisebebze gamouwvavi 
nimuSebis masis danakargis mixedviT. amisaT-

vis 10% grafitis Semcvel kazmSi SeviyvaneT 
1, 2 da 3% siliciumi. sawyisi komponentebi 
avurieT faifuris burTulebian wisqvilSi 
da davayalibeT cilindruli formis nimu-
Sebi, zomiT 20X20 mm, naxevrad mSrali meTo-
diT 100 mpa wneviT.mSrali awonilinimuSebi 
gamovwviT 600, 1000 da 14000C-ze 1 saaTiani 
dayovnebiT bolo temperaturaze. oTaxis 
temperaturamde gacivebuli nimuSebi isev 
avwoneT da gamovTvaleT masis danakargi%-
Si. Sedegebi warmodgenilia cxrilSi 1, 
naxazze 1. 

 
cxrili 1 

masis danakargis cvlileba  
temperaturis mixedviT 

 

Ddamatebuli 
Si-is raodenoba,% 

masis danakargi, Δm,% 

6000C 10000C 14000C 

1,0 2,0 3,6 5,0 
2,0 2,0 2,5 4,2 
3,0 2,0 1,8 2,9 

Ddanamatis gareSe 2,0 5,2 5,8 
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naxazi1. naxSirbadSemcveli kompozitis gaxurebisas 6000C (I),  

10000C (II) da 14000C (III) masis danakargis damokidebuleba 
damatebuli siliciumis raodenobasTan 

 
rogorc 1 naxazidan Cans, 6000C–ze masis 

danakargi 2%-mdea, miuxedavad damatebuli 
siliciumis raodenobisa. mniSvnelovnad icv-
leba, sakmaod mcirdeba -2 da gansakuTrebiT 
3%-is damatebisas 10000C, 14000C-ze gamomwvari 

nimuSebis masis danakargi da uaxlovdeba 
6000C-ze miRebul Sedegebs. amrigad, sili-
ciumis 3%-is Seyvana kazmSi xels uwyobs 
naxSirbadis daJangvis Semcirebas. 
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nax. 2. gamowvis reJimis mrudi 

 
nimuSubis gaxurebisas 10000C-ze masis da-

nakargis intensiuroba izrdeba (naxazi 1) da 
mniSvnelovnad mcirdeba damatebuli sili-
ciumis Semcvelobis zrdisas. 14000C-ze erTi 
saaTis dayovnebiT gaxurebisas aRniSnul 
temperaturaze nimuSebis masis danakargi 
mcirdeba siliciumis raodenobis zrdiT. 

naxSirbadSemcveli danamatebis daJangvis 
Tavidan asacileblad aseve mniSvnelovania 

gamowvis reJimis swori SerCeva. avirCieT 
aseTi reJimi: 1000

 o
C ‐mde temperaturis awevis 

siCqare iyo 8
  o
C/wT, Semdeg 1400

  o
C‐mde ‐5

  o
C 

/wT. 
dolomit-serpentinituri kompozitis 

optimaluri Sedgenilobis SesarCevad Sevis-
wavleT fizikur-teqnikuri Tvisebebi (cxri-
li 2). nimuSebis mosamzadeblad klinkeri da 
siliciumi jer davamsxvrieT ybebian msxvre-
vanaSi, Semdeg davfqviT burTulebian wisq-
vilSi. garkveuli TanafardobiT aRebuli 
(cxrili 2). komponentebi kargad avurieT da 
Semdeg davayalibeT cilindruli formis ni-
muSebi, zomiT d  -15 mm, h -20 mm. dayalibeba 
moxda dawnexis naxevrad mSrali meTodiT. 
wneva Seadgenda 100 mpa-s. mza nimuSebi erTi 
dRe-Rame davtoveT haerze, Semdeg gamovaSreT 
TermostatSi 110oC da gamovwviT silitis 
RumelSi 1400

o
C-ze. bolo temperaturaze da-

yovneba iyo erTi saaTi. 

 
cxrili 2 

optimaluri Sedgeniloba da 
fizikur-teqnikuri maxasiaTeblebi 
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Ddn1 100 - _ 8 0,8 312,70 13,20 3,05 >1770 7 

dn2 89 10 1,0 10 - 67,00 14,20 2,45 >1770 7 

dn3 88 10 2,0 10 - 101,40 13,80 2,99 >1770 7 

dn4 87 10 3,0 10 0,8 345,00 10,10 3,25 >1770 8 

 
 
SeviswavleT miRebuli nimuSebis ZiriTadi 

Tvisebebi.fizikur-teqnikuri maxasiaTeblebi 
warmodgenilia cxrilSi 2.  

saukeTeso Sedegebia miRebuli kompleq-
suri moqmedebis plastifikatorisa da 3% 
siliciumis damatebis SemTxvevaSi, simtkicis 
zRvari kumSvisas aris 312mpa. yvela Sedge-
nilobis nimuSis cecxlgamZleoba aRemateba 

17700C.  sabolood optimaluri Sedgenilobaa: 
dn4, klinkeri-Semkvreli-grafiti-siliciumi-
plastifikatori (cxrili 2). 

kompozitis optimaluri Sedgenilobis 
bazaze davamuSaveT nakeTobis warmoebis te-
qnologiuri sqema, romelic warmodgenilia 
qveviT. 
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naxSirbadSemcveli dolomit-serpentinituri kompozitis  

warmoebisteqnologiuri sqema 

 
 
mocemuli teqnologiuri sqemis mixedviT 

dolomitis bazaze maRalcecxlgamZle nax-
SirbadSemcveli kompozitis misaRebad wi-
naswar damuSavdeba sawyisi komponentebi: 
dolomiti da serpentiniti. isini ybebian 
msxvrevanaSi damsxvrevis Semdeg wmindad 
daifqveba burTulebian wisqvilSi da sa-

cerSi gatarebis Semdeg moTavsdeba bun-
kerSi. 

garkveuliTanafardobiT aRebuli dolo-
miti da serpentiniti dozirebis Semdeg 
moTavsdeba amrevSi, sadac danestiandeba 
wyliT, romelic dolomit-serpentinitis 
narevs daemateba 10 %-is odenobiT.  
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danestianebuli narevisagan daiwnexeba 
nimuSebi briketebi hidravlikur wnexze. er-
Ti dReRamis Semdeg gamoSreba saSrobSi da 
Semdeg gamoiwveba RumelSi 1400-14500C tempe-
raturaze. 

miRebuli klinkeri daimsxvreva ybebian 
msxvrevanaSi da Semdeg wmindad daifqveba 
foladis burTulebian wisqvilSi. fxvnili 
moTavsdeba dozatorSi, Semdeg amrevSi, sa-
dac garkveuli raodenobiT daemateba gra-
fitis fxvnili da danestiandeba meTil-
celulozas xsnariT. danestianebuli narevi 
dayalibdeba hidravlikur wnexze da daya-
libebuli nakeToba gaSreba haerze erTi 
dReRamis ganmavlobaSi da Semdeg saSrobSi 
1100C temperaturaze. gamoiwveba RumelSi. ga-
mowvis temperatura unda iyos 1400-1450

0
C, 

bolo temperaturaze dayovneba 1 saaTi. 
nakeTobebi Rumelis gamorTvis Semdeg ga-
civdeba RumelTan erTad Tavisufali re-
JimiT. 

damuSavebuli teqnologiiT klinkerisa 
da mis bazaze nakeTobis (aguris) miReba 
SesaZlebeli iqneba sawarmo Sps “cecxl-
gamZle nakeTobaTa kombinatSi”, romelic 
zestafonis raionis daba ZirulaSia. kom-
binati muSaobda ukrainidan Semotanili 
pologis sabados cecxlgamZle Tixis bazaze 
da awarmoebda Samotis tipis agurs. cecx-
lgamZle nedleulis ararsebobis gamo 
amJamad kombinati ar muSaobs. Tumca misi 
yvela ubani (nedleulis damuSaveba, Semad-
geneli komponentebis dozireba, areva, daya-
libeba, Sroba, gamowva) mzadaa asamuSa-
veblad. sawarmoSi yvela pirobaa maRali 
xarisxis aguris misaRebad. mniSvnelovania 
isic, rom dasaqmdeba (300-350 muSa-mosam-
saxure). 

 
3. daskvna 
SerCeulia da Seswavlilia antidamJan-

gavis gavlena naxSirbadSemcveli dolomit-
serpentinituri kompozitis ZiriTad Tvise-
bebze. damuSavebulia naxSirbadSemcveli 
dolomit-serpentinituri klinkeris bazaze 
kompozitis optimaluri Sedgeniloba.Sed-
genilia klinkerisa da nakeTobaTa warmo-
ebis teqnologiuri sqema. rekomendebulia 
teqnologiis danergva Zirulis “cecxl-
gamZle masalaTa kombinatSi”. Seswavlilia 

nakeTobaTa gamoyeneba metalurgiuli war-
moebis Tburi danadgarebis da cementis 
gamosawvavi mbrunavi Rumlebis Secxobis 
zonis amonagisaTvis. 
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UDC666.946.6 

IMPACT OF ANTIOXIDANT ON THE PROPERTIES OF CARBON‐CONTAINING DOLOMITE‐SERPEN‐
TINITE COMPOSITE 
Z. Kovziridze, N. Nizharadze, M. Balakhashvili, G. Bakhtadze, M. Mshvildadze 
 

Resume: Goal: The goal of the present  research  is selection of an antioxidant and study of  its  influence on the 
main properties of carbon‐containing dolomite‐serpentinite composite. Optimal composition of dolomite‐serpentinite 
composite was selected and technological scheme was developed for production of clinker and articles.  

Method: Composite was obtained by sample pressing at 100 MPa pressure and further sintering at 14500C. Physi‐
cal and chemical properties of the composites were studied by modern methods.  

Results:  It was proved that silicon can be used as an antioxidant. Optimal composition of the composite was ob‐
tained by adding graphite – 10%, silicon 3% and plasticizer of complex effect ‐0.8% to the clinker.  

Conclusion:  Inculcation of the developed technology  is recommended  in the “Dzirula Group of Enterprises of Re‐
fractory Articles” and the products can be used for execution of beddings for baking zones of metallurgical  thermal 
aggregates and rotating cement sintering furnaces. 

 
Keywords:    dolomite‐serpentinite  clinker;  graphite;  antioxidant‐silicon;  plasticizer;  methyl‐cellulose  solution; 

technological scheme. 

 
 
УДК666.946.6 

ВЛИЯНИЕ АНТИОКИСЛИТЕЛЯ НА СВОЙСТВА УГЛЕРОДСОДЕРЖАЩЕГО ДОЛОМИТО‐СЕРПЕН‐
ТИНИТОВОГО КОМПОЗИТА 
З.К. Ковзиридзе, Н.С. Нижарадзе, М.И. Балахашвили, Г.С. Табатадзе, М.Д. Мшвилдадзе 
 

Резюме: Целью  работы  является  выбор  антиокислителя  и  изучение  влияния  его  на  основные  свойства 

доломито‐серпентинитового композита. Выбран оптимальный состав доломито‐серпентинитового композита и 
разработана технологическая схема производства высокоогнеупорного клинкера и изделий на его основе.  

Методы: Композит получен полусухим прессованием образцов под давлением 100 МПа и последующим 
обжигом при температуре 1450

0
С. Проведены физико‐технические испытания современными методами.  

Результаты:  Установлена  возможность  применения  силиция  в  виде  окислителя.Оптимальный  состав 
композита получен с добавлением графита 10 %, силиция 3 % и пластификатора комплексного действия ‐0,8 %.  

Заключение:  Рекомендовано  внедрение  разработанной  технологии  на  Дзирульском  «Комбинате 
огнеупорных  изделий»  и  применение  изделий  для  футеровки  металлургических  тепловых  агрегатов  и  зоны 
спекания цементообжиговых вращающихся печей. 

 
Ключевые слова: доломито‐серпентинитовый клинкер; графит;  антиокислитель‐силиций; пластификатор; 

раствор метилцеллюлозы; технологическая схема. 
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uak 669.621.762 
suspenziis moculobis erTeulSi mikrosferoebis raodenobisa da Tavi-
sufali moculobis gaangariSeba Sida diametrsa da kedlis sisqeze da-
mokidebulebiT 
n. sinauriZe, s. baZgaraZe, n. kuciava, T. qanTaria, T. qanTaria, r. qacarava 
qimiuri da biologiuri teqnologiebis departamenti, saqarTvelos teqnikuri universi-
teti, saqarTvelo, 0175, Tbilisi, kostavas 69 
 
E‐mail: n.kutsiava@gtu.ge  

 

 
reziume: mizani: wamlis kontrolirebadi 

miwodebis erT-erTi moxerxebuli da perspeq-
tiuli xerxia wamlebis (preparatebis) Car-
Tva polimerebis safuZvelze miRebul mikro-
sferoebSi (wamlebis gadamtan mikrokontei-
nerebSi). wamliT datvirTuli mikrokontei-
nerebs miiReben da gamoiyeneben Txevad faza-
Si (ZiriTadad wyalSi) suspenziebis saxiT. 
miRebis procesSi xdeba wylis fazis CarTva 
mikrokonteinerSi masSi gaxsnil preparatTan 
erTad. mikrokonteinerebis jamuri tevadoba 
damokidebuli unda iyos maT ricxvsa da 
calkeuli mikrosferos interieris mocu-
lobaze, romlebic Tavis mxriv damokidebu-
li unda iyos suspenziis moculobis erTe-
ulSi mikrokonteinerebis dasamzadeblad 
gamoyenebuli polimeris masaze, mikrosferos 
Sida diametrsa da kedlis sisqeze. kvlevis 
mizania mikrokonteinerebis tevadobis gaanga-
riSeba suspenziis moculobis erTeulSi 
aRniSnul parametrebze damokidebulebiT.  

meTodi: literaturaSi ar moipoveba mona-
cemebi mikrosuspenziis moculobis erTe-
ulSi mikrokonteinerebis jamuri moculobis 
damokidebulebisa maT masas, kedlis sisqesa 
da Sida diametrTan dakavSirebiT. aqedan ga-
momdinare CavatareT Teoriuli gaTvlebi 
mikrosuspenziis moculobis erTeulSi (1 ml) 
mikrosferoebis interieris jamuri mocu-
lobis (tevadobis) damokidebulebisa aRe-
buli polimeris masaze, mikrokonteineris 
kedlis sisqesa da Sida diametrze. gaan-
gariSeba CavatareT sferuli formis 
mikrokonteineris gamoyenebiT.  

Sedegi: Teoriuli gaTvlebiT dadginda, 
rom mikrosferos saerTo jamuri tevadoba 
mikrosuspenziis moculobis erTeulSi da 
Sesabamisad, masSi inkafsulirebuli Txieri 
preparatis wili, mikrosferos kedlis mo-
cemuli sisqisa da polimeris mocemuli 
masis pirobebSi ar aris damokidebuli mik-
rosferos Sida diametrze. gamoyenebuli 
polimeris mudmivi masisas mikrosferoebis 
raodenoba suspenziis erTeulSi (1 ml) izr-

deba maTi Sida diametris da kedlis sisqis 
Semcirebisas.  

daskvna: Teoriuli gaTvlebiT ganisaz-
Rvra mikrokonteinerebis jamuri tevadoba 
da ricxvi suspenziis erTeulSi mikrosfe-
ros geometriul parametrebsa da maT misa-
Rebad gamoyenebuli polimeris raodenobaze 
damokidebulebiT. 

sakvanZo sityvebi: mikrosferoebis ricxvi, 
mikrosferoebis tevadoba, tevadobis ganmsaz-
Rvreli parametrebi, mikrosferos diametri, 
mikrosferos kedlis sisqe, gamoyenebuli 
polimeris masa.  

 

 
 
1. Sesavali 
wamlis kontrolirebadi miwodebis teqno-

logia aris mecnierebis erT-erTi mowinave, 
multidisciplinaruli sfero, romelsac 
udidesi wvlili aqvs adamianebis janmrTe-
lobis dacvis saqmeSi. kontrolirebadi 
miwodebis am sistemas, tradiciul formeb-
Tan SedarebiT, mTeli rigi upiratesobebi 
aqvs: gazrdili efeqtianoba, naklebi toqsi-
kuroba, meti komforti pacientebisaTvis. 
aseT sistemebSi wamlebis gadamtanad xSirad 
iyeneben maRalmolekulur naeTebs _ 
polimerebs. am mizniT SemuSavebulia specia-
luri polimerebi, romelTa Soris upirate-
soba eniWebaT biodegradirebad polimerebs, 
romlebic dakisrebuli funqciis (wamlis 
transportireba/miwodeba) Sesrulebis Semdeg 
iSleba da gamoidevneba organizmidan. poli-
merebze dafuZnebuli wamlis transpor-
tireba/miwodebis sistemebs Soris gamor-
Ceuli adgili ukavia nano da mikrona-
wilakebs im unaris gamo, rom akumulir-
debian organizmis dazianebul keraSi.  

terminiT „mikronawilakebi“ axasiaTeben 
dispersul fazas (nawilakebs), romlis dia-
metri 1-1000 mikrometris farglebSia. mikro-
nawilakebis mravalferovnebaSi gamoarCeven 
„mikrosferoebs“, romelTagan kvlav gamoar-
Ceven qvesaxeobas „mikrokafsulebs“, romel-

Tac aqvT SigTavsisgan („gulasgan“ - core) gan-
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sxvavebuli masalisgan warmoqmnili „qerqi“ 

(shell). xSir SemTxvevebSi qerqs warmoadgens 
polimeruli masala (umjobesia biodegra-
direbadi), xolo gula ki SeiZleba iyos 
myari, Txieri an gazisebric ki [1]. amgvarad, 
mikrokafsula aris konteineri, romlis Sida 
rezervuari SeiZleba daitvirTos sxvadasxva 
nivTierebebiT (wamlebiT, fiziologiurad 
aqtiuri naerTebiT, mikroorganizmebiT). 

mikrosferoebis misaRebad (qerqad), zemoT 
aRniSnuli Tvisebebis gamo, upiratesobas 
aniWeben biodegradirebad polimerebs. 
mravali sxvadasxva klasis biodegradirebad 
polimerebs Soris, erT-erTi wamyvani adgili 
ukavia e.w. aminomJavur biodegradirebad 
polimerebs, romlebic SemuSavebulia prof. 
r. qacaravas da misi TanamSromlebis mier [2-
5]. Cveni kvlevis mizania aRniSnuli poli-
merebis gamoyeneba wamlebis gadamtani/mim-
wodebeli mikrokonteinerebis (mikrosfero-
ebis) misaRebad. warmodgenil samuSaoSi 
naCvenebia mikrosferoebis tevadobis gaan-
gariSeba maT geometriul parametrebze 
damokidebulebiT.  

 
2. ZiriTadi nawili 
mikrosferoebis (MS) Teoriuli gaangari-

SebisTvis gakeTda Semdegi daSvebebi: 
 MS suspenzia monodispersiulia; 

 MS-s kedlebis sisqe Seadgens misi 
Sida diametris (Dinn) 5% an 10%-s (gaTvlebi 
gakeTda cal-calke am cvladi parametre-
bisaTvis). 

gaangariSeba gakeTda 1 ml suspenziaze. 
am gaangariSebis ZiriTad mizans warmoad-
genda Segvefasebina: 
 MS-s raodenoba 1 ml suspenziaSi (NMS, 

cali/ml-Si) sxvadasxva Sida diametrisa 
(Dinn) da kedlis sxvadasxva sisqisas (L) 
suspenziaSi polimeris garkveuli (QMS, 
mg/ml) masisas; 
 TiToeul MS-Si inkafsulirebuli 

Txieri fazis wili (PP%-Si) saerTo rao-
denobidan MS-s sxvadasxva parametrebisas. 

sasurveli parametrebi gamovTvaleT ro-
gorc sxvadasxva geometriuli maxasiaTeb-
lebis funqcia. MS-s ZiriTad maxasiaTeb-
lebad SevarCieT misi Sida diametris (Dinn) 
da kedlis sisqe (L). gaTvlebisaTvis saWiro 
MS-s gare diametri tolia Dout = Dinn + 2L . 

MS sqematurad gamosaxulia nax. 1-ze. Cve-
ni gaangariSebis mTavari mizania suspenziis 
moculobis erTeulSi (1.0 ml) polimeris 
mocemuli masisas (rac warmoadgens MS-s 
jamur masas _ QMS) formirebuli MS-s 
raodenobis (NMS), aseve MS-Si (yvela anu NMS 
mikrosferoSi, rasac 1.0 ml suspenzia 
Seicavs) sawyisi Txevadi fazis inkafsuli-
rebuli wilis (Vep%), Sefaseba.  

 
 

 
 

nax. 1. mikrosferos sqematuri gamosaxuleba 

 
erTi MS-s masa gamoiTvleba: 

Δm = mout – minn , 
sadac mout  aris gare sferos masa, xolo  minn 
aris Sida sferos masa. 

gare da Sida sferos moculobebi da Se-
sabamisad, maTi masebi gamoiTvleba Semdegi 
gantolebebiT: 

mout=Vout× ρ, 
minn=Vinn× ρ 

 

Dout

მიკროსფეროს 

კედლის სისქე (L) 

შიდა 

სფერო 

გარე 

სფერო 

Dinn

ინკაფსულირებული 

თხევადი ფაზა 
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sadac:  

Vout = 
4

3
 π (Rout)

3, 

Vinn = 
4

3
 π (Rinn)

3, 

sadac Vout da Vinn warmoadgens gare da Sida 
sferoebis moculobebs (sm³-Si), Sesabamisad; 
ρ aris mikrosferoebis mosamzadeblad 
gamoyenebuli polimeris simkvrive.  

sinTezuri polimerebis umravlesobis-
Tvis ρ axloa 1.0 g/sm³-Tan. amgvarad, Tu 
miviRebT, rom ρ = 1, gare da Sida sferoebis 
masa maTi moculobis tolia, anu: 

mout = Vout  x ρ = 
4

3
 π (Rout)

 3, 

minn = Vinn x ρ = 
4

3
 π (Rinn)

 3 . 

MS-s masa (Δm) gare da Sida sferoebis 
masebis (maTematikurad, roca ρ=1 g/sm3, maTi 
moculobebis sxvaobis) tolia:   

Δm = 
4

3
 π [(Rout)

3–(Rinn)
3], 

sadac Rout aris gare sferos radiusi da 

tolia Dout/2. Rinn aris Sida sferos radiusi 
da tolia: Dinn/2. 

1.0 ml suspenziaSi MS-s raodenoba 
gamoiangariSeba 1.0 ml suspenziaSi polime-
ris masis  (QMS mg/ml) erTi MS-s masaze (Δm-
ze) gayofiT:  

NMS = QMS / Δm = QMS / 
4

3
 π [(Rout)

3–(Rinn)
3], 

sadac QMS warmoadgens polimeris masas 
(gramebSi) 1.0 ml. suspenziaSi. 

 imis gaTvaliswinebiT rom 

Rout = Rinn + L,  და  L = kDinn = k2Rinn, 
viRebT: 

Rout = Rinn + L = Rinn + 2k Rinn = (1+2k) Rinn, 
sadac k aris Sida diametris Dinn wili, Cven 

SemTxvevaSi k = 0.05 (anu Sida diametris 5%) da 
k = 0.1 (anu Sida diametris 10%). 

martivi gardaqmnebis Sedegad viRebT: 

NMS = QMS / 
4

3
π (Rinn)

 3 [(1+2k)3‐1], 

anu Sida diametriT gamosaxuli: 

             NMS = QMS / 
4

3
π (Dinn/2) 3 [(1+2k)3‐1].        (1) 

MS-s mTliani/saerTo Sida moculoba 
(ΣVinn), gamoangariSebuli, rogorc Vinn× NMS, 
gansazRvravs 1.0 ml suspenziaSi inkafsuli-
rebuli Txevadi fagis (zogadad siTxis) 
moculobas (VEP), romelsac Seicavs MS-is 
jamuri (NMS) raodenoba (sxva sityvebiT, 
Txevadi fazis ra moculobaa inkafsulire-

buli MS-Si, romelsac Seicavs 1.0 ml sus-
penzia): 

ΣVinn = Vinn × NMS = 

= 
4

3
 π (Rinn)

 3
 × QMS / 

4

3
π [(Rout)

3–(Rinn)
3]= 

= (Rinn)
 3

 QMS / (Rout)
3–(Rinn)

3. 
 
vinaidan ΣVinn= VEP, 1.0 ml suspenziaSi 

inkafsulirebuli Txevadi fazis moculoba 
gamoiTvleba: 

VEP = (Rinn)
3

 QMS / (Rout)
3–(Rinn)

3  mL, 
sadac Vinn aris erTi MS-is Sida moculoba; 
NMS aris MS raodenoba 1.0 ml suspenziaSi; 
VEP aris yvela MS-Si inkafsulirebuli 
Txevadi fagis mTliani moculoba (anu 
inkafsulirebuli wili); Rout aris gare sfe-
ros radiusi; Rinn aris Sida sferos radiusi. 

1.0 ml suspenziaSi (romelic Seicavs 
mikrosferoebis NMS raodenobas) inkafsuli-
rebuli Txevadi fazis wili procentSi 
(VEP%) tolia: 

VEP% = (VEP /1) ·100 = 

= [(Rinn)
3

 QMS / (Rout)
3–(Rinn)

3 ] ·100 %. 
 Tu gaviTvaliswinebiT, rom  

Rout = (1+2k) Rinn 

da CavsvamT zeda gantolebaSi, martivi 
gardaqmnis Semdeg miviRebT: 

                          VEP% = QMS/ (1+2 k)3 – 1.              (2) 
anu, formula (2)-is Sesabamisad, 1 ml 

suspenziaSi moTavsebuli MS-s Sida mocu-
loba da, Sesabamisad, iq moTavsebuli Txe-
vadi fazis wili VEP%, damokidebulia mxo-
lod or parametrze – pirdapirproporci-
ulad gamoyenebuli polimeris masaze (QMS) 
da ukuproporciulad MS-s kedlis sisqeze 
rogorc Sida diametris wilze (k) romelic 
gaangariSebisas SeirCeva daSvebiT (Cven 
SemTxvevaSi k=0.05 (5%) an 0.1 (10%) da ar aris 
damokidebuli mikrosferos zomebze). Tu 
davuSvebT, rom realur situaciaSi warmoq-
mnili sxvadasxva zomis MS-is kedlis sisqis 
da Sida diametris Tanafardoba ar icvleba, 
moculobis erTeulSi warmoqmnili MS-is 
jamuri tevadoba damokidebulia mxolod 
maT dasamzadeblad gamoyenebuli polimeris 
masaze moculobis imave erTeulze gadaan-
gariSebiT. sxva sityvebiT, ramdenjerac meti 
iqneba aRebuli polimeris masa, formula (2)-
is Sesabamisad, imdenjer meti iqneba inkaf-
sulirebuli siTxis wili, magram Cveni 
daSvebis pirobebSi, es wili ar iqneba damo-
kidebuli MS-is zomebze - anu warmoiqmneba 
mcire (davuSvaT, Sida diametriT 5 µm) Tu 
didi zomis (davuSvaT, Sida diametriT 100 µm) 
mikrosferoebi, maTSi moTavsebuli siTxis 
jamuri moculoba iqneba erTi da igive. es 
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azri kargad dasturdeba cxr. 1-4 mona-
cemebiT: Tu gamoyenebuli polimeris masaa 20 
mg/ml da MS-s kedlis sisqea Sida diametris 
(Dinn.) 5% (k=0.05), maSin MS-s sxvadasxva Sida 
diametrisas (5, 10, 20, 50 da 100 µm) MS 
suspenziaSi inkafsulirebuli Txevadi fazis 
wili (VEP%) ucvlelia da Seadgens 6.04% 
(cxr. 1); MS-s kedlis sisqis gazrdisas Sida 
diametris 10%-mde (k=0.10), inkafsulirebuli 
Txevadi fazis wili mcirdeba 2.74%-mde (cxr. 

2). Sida diametrisa da kedlis sisqis 
varirebisas igive damokidebuleba rCeba 
polimeris masis gazrdisas. magaliTad, Tu 
polimeris masas gavzrdiT 2.5-jer. anu 50 
mg/ml-mde (cxr. 3 da 4), inkafsulirebuli 
Txevadi fazis wilebi, rogorc mosalod-
neli iyo, gaizrdeba 2.5-jer, amasTan ufro 
maRali iqneba MS-s kedlis naklebi sisqisas 
- Sesabamisad 15.1% roca k=0.05 da 6.85% roca 
k=0.10. 

 
cxrili 1 

inkafsulirebuli Txevadi fazis wili VEP% MS-isTvis, 
romelTa kedlis sisqea Sida diametris (Dinn.) 5% (k=0.05), 

xolo gamoyenebuli polimeris masa QMS =20 mg/ml 
(Teoriuli gaangariSeba) 

 

ცვლადი  პარამეტრები 

MS შიდა დიამეტრი, 
 Dinn., µმ 

5.0 10.0 20.0 50.0 100.0 

MS კედლის სისქე  
L = 0.05 Dinn., µმ 

0.25 0.5 1.0 2.5 5.0
 

1.0 მლ MS სუსპენზიაში ინკაფსულირებული თხევადი 
ფაზის წილი, VEP% 

6.04 6.04 6.04 6.04 6.04 

 
 

cxrili 2 
inkafsulirebuli Txevadi fazis wili VEP% MS-isTvis,  

romelTa kedlis sisqea Sida diametris (Dinn.) 10% (k=0.10),  
xolo gamoyenebuli polimeris masa QMS =20 mg/ml  

(Teoriuli gaangariSeba) 
 

ცვლადი პარამეტრები 

MS შიდა დიამეტრი, 
 Dinn., µმ 

5.0 10.0 20.0 50.0 100.0

MS კედლის სისქე  
L = 0.10 Dinn., µმ 
 

0.5 1.0 2.0 5.0 10.0
 

1.0 მლ MS სუსპენზიაში ინკაფსულირებული თხევადი 
ფაზის წილი, VEP% 

2.74 2.74 2.74 2.74 2.74 
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cxrili 3 
inkafsulirebuli Txevadi fazis wili VEP% MS-isTvis,  
romelTa kedlis sisqea Sida diametris (Dinn.) 5% (k=0.05),  

xolo gamoyenebuli polimeris masa QMS =50 mg/ml  
(Teoriuli gaangariSeba) 

 

ცვლადი  პარამეტრები 

MS შიდა დიამეტრი, 
 Dinn., µმ 

5.0 10.0 20.0 50.0 100.0

MS კედლის სისქე  
L = 0.05 Dinn., µმ 

0.25 0.5 1.0 2.5 5.0
 

1.0 მლ MS სუსპენზიაში ინკაფსულირებული თხევადი 
ფაზის წილი, VEP% 

15.10 15.10 15.10 15.10 15.10 

 
 

cxrili 4 
inkafsulirebuli Txevadi fazis wili VEP% MS-isTvis,  

romelTa kedlis sisqea Sida diametris (Dinn.) 10% (k=0.10),  
xolo gamoyenebuli polimeris masa QMS =50 mg/ml  

(Teoriuli gaangariSeba) 
 

ცვლადი პარამეტრები 

MS შიდა დიამეტრი, 
 Dinn., µმ 

5.0 10.0 20.0 50.0 100.0

MS კედლის სისქე  
L =0.10 Dinn., µმ 

0.5 1.0 2.0 5.0 10.0
 

1.0 მლ MS სუსპენზიაში ინკაფსულირებული თხევადი 
ფაზის წილი, VEP% 

6.85 6.85 6.85 6.85 6.85 

 
 

rac Seexeba MS-s ricxvs (NMS) 1 ml 
mikrosuspenziaSi, rogorc gamomdinareobs 
formula (1)-idan, igi mcirdeba mikrosferos 
zomis (Sida diametris Dinn) da kedlis 
sisqis (koeficient k-s) zrdiT. magaliTad, 
Tu QMS=20 mg/ml da k=0.05, maSin 1 ml 
mikrosuspenziaSi miiReba 9.2×108 cali 5µm 
Sida diametris mqone mikrosfero; Tu 
mikrosferos diametri gaizrdeba, magali-
Tad, 100 µm-mde, maSin 1 ml suspenziaSi 
mikrosferoebis ricxvi Semcirdeba 1.1×105-
mde (cxr. 5). am dros mikrosferoebis ja-
muri tevadoba, rogorc ukve vTqviT, ar icv-
leba (am parametrebisaTvis VEP% = 6.04%, 

cxr. 1); xolo Tu QMS = 20 mg/ml da k = 0.10, 
1 ml suspenziaSi miiReba 4.2 ×108 cali 5 µm 
Sida diametris mqone mikrosfero da 5.2 ×104 

cali 100 µm Sida diametris mqone 
mikrosfero (cxr. 6). mikrosferoebis jamuri 
tevadoba am SemTxvevaSi mcirdeba 2.74%-mde 
(cxr. 2). polimeris masis gazrda QMS=50 
mg/ml-mde (anu 2.5-jer) aseve zrdis nebis-
mieri zomis mikrosferoebis raodenobas 2,5-
jer (SeadareT cxr. 5 da 6-is monacemebi); 
amdenjerve izrdeba mikrosferoebis jamuri 
tevadoba (SeadareT cxr. 1 da 3 da cxr. 2 
da 4-is monacemebi). 
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cxrili 5 

mikrosferoebis raodenoba (NMS) 1.0 ml suspenziaSi  

polimeris cvladi raodenobisas (QMS),  
rodesac MS kedlis sisqea 5% (k = 0.05) 

  
 

QMS, მგ/მლ 
 

მიკროსფეროს შიდა დიამეტრი,  

Dinn, µმ 

5 10 20 50 100

მიკროსფეროს კედლის სისქე,  

L, µმ 

0.25 0.5  1.0  2.5  5.0  

მიკროსფეროების რიცხვი,  

NMS /მლ 

20 9.2×108 1.1×108 1.5×107 9.2 ×105 1.1×105 

50 2.3×109 2.8×108 3.8×107 2.3 ×106 2.8×105

 

 

 
 

cxrili 6 

mikrosferoebis raodenoba (NMS) 1.0 ml suspenziaSi  

polimeris cvladi raodenobisas (QMS),  
rodesac MS kedlis sisqea 10% (k = 0.10) 

 

 

QMS, მგ/მლ 
 

მიკროსფეროს შიდა დიამეტრი,  

Dinn, µმ 

5 10 20 50 100 

მიკროსფეროს კედლის სისქე,  

L, µმ 

0. 5  1.0  2.0  5.0  10.0  

მიკროსფეროების რიცხვი, 

 NMS /მლ 

20 4.2 ×108 5.2 ×107 6.5 ×106 4.2 ×105 5.2 ×104 

50 1.0 ×109 1.3 ×108 1.6 ×107 1.0 ×106 1.3 ×105
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3. daskvna 
Teoriuli gaTvlebiT ganisazRvra mikro-

konteinerebis jamuri tevadoba da ricxvi 
suspenziis erTeulSi mikrosferos geomet-
riul parametrebsa da maT misaRebad ga-
moyenebuli polimeris raodenobaze damo-
kidebulebiT.  
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UDC 669.621.762 

COMPUTATION OF THE NUMBER AND LOADING CAPACITY OF MICROSPHERES DEPENDING  
ON THEIR GEOMETRICAL PARAMETERS 
N. Sinauridze, S. Badzgaradze, N. Kutsiava, T. Kantaria, T. Kantaria, R. Katsarava 
 

Resume: Goal: One of  the  convenient and highly promising means  for  controlled and  target  administration of 

drugs  is  their  encapsulation  of  drugs  in microspheres made  of  polymers  (drug  delivery microcontainers). Micro‐
containers loaded with drugs are obtained and used in liquid phase (mainly in water) as micro‐suspensions. In the pro‐
cess of their fabrication, water phase together with the dissolved drug is  incorporated  into the microcontainers con‐
tainer. Total capacity of microcontainers should depend on their number and the capacity of a microsphere which, in 
turn, should depend on the polymer’s quantity per unit volume of microsuspension, on micro‐spheres inner diameter 
and wall thickness. The goal of the report  is computation of the capacity of micro‐containers per unit volume of mi‐
crosuspension in terms of the above mentioned parameters. 

Method: We have carried out theoretical computations of the dependence of total capacity of the  interior of mi‐
cro‐containers per micro‐suspension volume unit (1 ml) in terms of a polymer’s quantity, micro‐containers wall thick‐
ness and inner diameter. For the computations we used a spherical model of a hollow microcontainer. 

Result: Theoretical calculations showed that total capacity of microspheres per unit volume of micro‐suspension 
and, respectively, a portion of encapsulated liquid phase, for the given wall thickness of a microsphere and the given 
quantity of a polymer doesn’t depend on the size (inner diameter) of a microsphere. At the fixed quantity of the used 
polymer the number of microspheres per unit volume of micro‐suspension (1 ml) increases with decreasing their inner 
diameter and wall thickness. 

Conclusion: By theoretical computations we determined total capacity of micro‐containers and their number per 
unit volume of micro‐suspension as a function of both geometrical parameters of the microspheres and quantity of 
the polymer used for their fabricating. 

 
Key words:   number of microspheres per unit volume; microspheres capacity; parameters  influencing capacity; 

diameter of a microsphere; wall thickness of a microsphere; quantity of a polymer. 
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УДК  669.621.762 

РАСЧЕТ  ЧИСЛА  И  СУММАРНОЙ  ЕМКОСТИ МИКРОСФЕР  В  ЕДИНИЦЕ  ОБЪЕМА МИКРОСУС‐
ПЕНЗИИ В ЗАВИСИМОСТИ ОТ ИХ ГЕОМЕТРИЧЕСКИХ ПАРАМЕТРОВ 
Н.О. Синауридзе, С.А. Бадзгарадзе, Н.А. Куциава, Т.Д. Кантариа, Т.Д. Кантариа, Р.Д. Кацарава 
 

Резюме: Цель: Одним из удобных и перспективных способов доставки лекарств является их включение в 
полимерные  микросферы  (микроконтейнеры).  Нагруженные  лекарством  микроконтейнеры  получают  и 
используют  в  жидкой  фазе  (в  основном  в  воде)  в  виде  микросуспензий.  В  процессе  получения  микросфер 
происходит включение водной фазы в микроконтеинер вместе с растворенным в ней препаратом. Суммарная 
емкость микроконтейнера должна зависеть от объёма внутренней полости отдельных микросфер и их числа, 
что,  в  свою  очередь  зависит  от  массы  использованного  для  приготовления  микросфер  полимера  в  единице 
объема микросуспензии, от внутреннего диаметра и толщины стенки микросферы. 

Цель  исследования  ‐  расчёт  суммарной  емкости  микросфер  в  зависимости  от  упомянутых  параметров  в 
единице объема микросуспензии. 

Метод: Расчет проводили с использованием сферической модели микроконтейнера.  
Результат:  расчетом  установлено,  что  общая  суммарная  емкость  микросфер  в  единице  объема 

микросуспензии и, соответственно, доля инкапсулированной в них жидкой фазы при данной толщине стенки 
микросферы  и  данной  массе  полимера  не  зависит  от  внутреннего  диаметра  микросферы.  При  постоянной 
массе  полимера  число  микросфер  в  единице  объема  микросуспензии  увеличивается  с  уменьшением 
внутреннего диаметра и толщины стенки микросферы. 

Заключение:  Расчетом  определена  суммарная  емкость  микроконтейнеров  и  их  число  в  единице  объема 
микросуспензии  в  зависимости  от  геометрических  параметров  микросфер  и  количества  полимера,  исполь‐
зованного для их получения. 

 
Ключевые слова:  число микросфер на единицу объема; емкость микросфер; параметры определяющие 

емкость; диаметр микросфер; толщина стенки микросферы; масса использованного полимера. 
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uak 664.8/9   
zogierTi sakvebi produqtis konservaciis meTodebi 
m. demetraZe, †r. Cagunava, n. kuciava 
qimiuri da biologiuri teqnologiebis departamenti, saqarTvelos teqnikuri universiteti, saqar-
Tvelo, 0175, Tbilisi, kostavas 69 
 

E‐mail: n.kutsiava@gtu.ge   
 

 
reziume: mizani: me-17 saukunis pirveli 

naxevari saqarTveloSi aRiniSna saerTo 
ekonomikuri da politikuri aRmavlobiT. 
imereTis samefoSi, guriis da gansakuTrebiT 
samegrelos samTavroebSi adgili hqonda 
araerT sasikeTo gardaqmnas, rac naTlad 
gamoixata mrewvelobis ganviTarebis Canasa-
xebis warmoqmnaSi, xelosnobis da soflis 
meurneobis mTeli rigi dargebis swrafad 
ganviTarebaSi. aRmavloba ganicada qimiis 
praqtikulma, sayofacxovrebo gamoyenebamac, 
romelmac didi roli iTamaSa aRniSnuli 
dargebis warmatebul winsvlaSi. am ukanas-
knelma, aseve sagrZnobi roli Seasrula 
sakvebi produqtebis konservaciis meTodebis 
aTvisebasa da daxvewaSi es ukanaskneli ki 
Tavis mxriv, didad exmareboda maSindel 
mosaxleobas marxvis da zamTris perio-
disaTvis xangrZlivi droiT dovlaTis 
gamozogvasa da moxmarebaSi.  

aRniSnuli procesis SefasebisaTvis bev-
ri wyaro arsebobs, romlebSic am periodis 
saqarTvelos istoriisaTvis Zalze sainte-
reso cnobebia daculi, magram SeiZleba 
iTqvas, rom igi saTanado, sagangebo gan-
xilvis sagani ar yofila. yovelive es ki 
miuTiTebs naSromis aqtualobaze da am 
mimarTulebiT kvlevebis Catarebis mizanSe-
wonilobaze. 

meTodi: Sesabamisi cnobebis da istori-
uli faqtebis mosaZieblad avtorebi daeyr-
dnen dasavleT saqarTveloSi moRvawe 
italieli misionerebis Canawerebs (don 
lambertinis, qristefore kastelis, pietro 
dela vales da sxva misionerebis cnobebi), 
Zvel qarTul literaturul wyaroebs, 
eTnografiul literaturas, arqeologiuri 
xasiaTis naSromebs, romelTa Seswavlam maT 
saSualeba misca im periodis dasavleT 
saqarTveloSi zemoT ganxiluli Tematikis 
Sesabamisad arsebuli suraTi aReweraT. 

Sedegi: moZiebulma masalam aCvena aRniS-
nuli periodis dasavleT saqarTveloSi 
praqtikuli qimiis sakmaod maRali done da 
misi roli sakvebi produqtebis konserva-
ciis meTodebis aTvisebasa da daxvewaSi, 

rom am procesisaTvis gamoyenebuli bevri 
fizikuri da qimiuri meTodebi dRemde Semo-
naxulia da dResac gamoiyeneba praqtikaSi; 
aseve daculia aRniSnuli procesisaTvis 
damaxasiaTebeli calkeuli fragmentebi. 

daskvna: aRniSnuli procesebis praqti-
kulma gaanalizebam gviCvena, rom im droi-
saTvis gamoyenebuli konservaciis meTodo-
logiis mTeli rigi fragmentebi dResac 
warmatebiT gamoiyeneba.  

 

sakvanZo sityvebi: misioneri; levan II 
dadiani; konservacia; praqtikuli qimia; 
odiSis samTavro; don lambertini; qriste-
fore kasteli; pietro dela vale.  

 
 
1. Sesavali 
sasoflo-sameurneo produqtebis vargi-

sian mdgomareobaSi Sesanaxad da SemdgomSi 
sakvebad gamosayeneblad, Zveli droidanve 
SemuSavebul iqna am produqtebis konservi-
rebis meTodebi. rogorc cnobilia, Cveuleb-
riv mdgomareobaSi, garkveuli drois Semdeg, 
sakvebi produqtebi lpobas iwyebs, rac 
ganpirobebulia maTi haerTan SexebiT, lpo-
bis mikrobebiT, temperaturiT da nestia-
nobiT. konservirebis sxvadasxva meTodebi 
ki swored am pirobebis Tavidan asacileb-
lad aris gaTvaliswinebuli. rogorc Cven 
mier mopovebuli werilobiTi masalebidan 
Cans, dasavleT saqarTveloSi, konservire-
bisaTvis, ZiriTadad iyenebdnen damarilebas, 
Srobas da Sebolvas, ZmriT, TafliT an 
SaqriT damuSavebas da a.S. [vagneri, gv. 939] 
qvemoT moyvanili gvaqvs dakonservebis is 
meTodebi, romlebsac didi mniSvneloba 
hqonda odiSis mosaxleobisaTvis da rom-
lebic Cveulebrivi Senaxvis wesebisagan gan-
sakuTrebuli maCveneblebiT gamoirCeva.  

 
2. ZiriTadi nawili 
Tevzis konservacia. odiSSi, rogorc 

zRvispira samTavroSi, erT-erT ZiriTad 
sakveb produqts Tevzi warmoadgenda, amito-
mac didi yuradReba eqceoda Tevzis sxva-
dasxva saxiT gamoyenebas da amasTan erTad 
misi xangrZlivi droiT Senaxvas. 
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cnobilia, rom Tevzis xorci malfu-
Webadia da daWeris momentidan 4-6 saaTis 
Semdgom is ukve uvargisi xdeba [CavleiS-
vili, gv. 602]. aqedan gamomdinare megrelma 
meTevzeebma icodnen, rom Tevzis daWeris 
momentSive misTvis iseTi pirobebi unda 
SeeqmnaT, rom SesaZlebeli yofiliyo misi 
xangrZlivi Senaxva ise, rom produqtis Rire-
buleba ar Semcirebuliyo. aseTi pirobe-
bisaTvis lambertis Tanaxmad megrel meTev-
zeebs Semdegi gonebamaxviluri wesi gamou-
muSavebiaT: daWeril Tevzs layuCebidan pir-
Si Toks uyridnen da wyalSi xelaxla agdeb-
dnen ise, rom es Tevzi navTan TokiT iyo 
mibmuli. aseT Tevzs gansakuTrebiT ki 
zuTxs, lambertis cnobiT, didxans cocxlad 
inaxavdnen wyalSi. Tevzis gacilebiT ufro 
didi xniT SenaxvisaTvis, mosaxleoba sxva-
dasxva konservirebis wess mimarTavda, xolo 
levan II dadianis sasaxleSi es problema 
Zalze originalurad iyo gadawyvetili. ker-
Zod, daWeril Tevzebs aq specialur auzebSi 
aTavsebdnen da mxolod garkveuli drois 
Semdeg iyenebdnen daniSnulebisamebr [lam-
berti, gv. 168]. rogorc etyoba, am wess 
gansakuTrebiT iyenebdnen Tevzebis im 
jiSebisaTvis, romlebic garkveul sezonSi 
Cndebodnen odiSis mimdebare zRvis zolSi. 
amaze miuTiTebs lambertis SeniSvna: `auzSi 
Seinaxaven, raTa moixmaron, roca misi 
daWeris dro aRar iqneba~ [lamberti, gv. 168]. 

saintereso cnobebi moyavs imave lamberts 
Tevzebis ori saxeobis (anjaqias da foron-
jis) konservirebasTan dakavSirebiT. am 
avtoris Tanaxmad aRniSnul Tevzebs Wridnen 
ramdenime naWrad, TiToeul 2-2 mtkaveli 
sigrZiT. 3 dRiT debdnen marilwyalSi da 
Semdeg axmobdnen mzeze [lamberti, gv. 168]. 

damarilebis Sedegad Tevzis sxeulSi 
gamjdari marili, misi qsovilis struqturas 
nawilobriv cvlis da iqidan wylis mole-
kulebs gamodevnis. amis Semdeg mimarTavdnen 
gamoSrobas, rac produqtis karg gamZleobas, 
maRal sagemovno Tvisebebisa da advilad 
SeTvisebis unars uzrunvelyofda. mzeze 
gamoSroba, romelic bunebriv gamoSrobad 
iTvleba, ganapirobebda rogorc misi sisve-
lis Semcirebas, ise mis ukeT dakonservebas 
[CavleiSvili, gv. 608, 614-615]. 

inaxavdnen agreTve zuTxis kaknatels, 
romelic Zvlis magier am Tevzis mTel tans 
ikavebda Tavidan bolomde. lambertis Tanax-
mad meTevzeebi misi konservirebisaTvis Sem-
deg wess mimarTavdnen: `zuTxs rom dasWrian 
da am kaknatels gamoiReben, igi welebsaviT 

iweva. mas gaaxmoben da Seinaxaven did-
marxvaSi saWmelad, rogorc gemriel saW-
mels~ [lamberti, gv. 169]. 

marils iyenebdnen xizilalis dasamzadeb-
ladac: farTo xis WurWelSi iyreboda 
marilSereuli xizilala da mzeze idgme-
boda. dRis ganmavlobaSi, es masa ram-
denjerme joxiT ireoda da xizilalas 
marcvlebis odnav gamagrebisas, ukve mza 
produqti sxva WurWelSi gadahqondaT Sesa-
naxad [lamberti, gv. 168-169]. aRsaniSnavia, rom 
xizilalis damarilebis aRniSnuli wesi 
sulxan-saba orbelianis leqsikonSic aris 
moxsenebuli. didi leqsikografis Tanaxmad 
`xizilala damarilebuli qviriTa~ aris, 
xolo misive ganmartebiT `qviriTa Tevzis 
kvercxi~-a [orbeliani 2, gv. 213, 423]. 

samegreloSi qviriTis Senaxvis Zalze 
saintereso wesi aRwera safrangeTis kon-
sulma ruseTSi gambam, romelmac amier-
kavkasiaSi imogzaura 1820-1824 wlebSi. am 
aRwerilobis mixedviT megreli meTevzeebi 
`xizilalas garedan cvils avlebdnen xol-
me~, ris Sedegadac is iseTi Senaxvisunariani 
xdeboda, rom gaufuWebeli saxiT misi gag-
zavna gambas sityvebiT cxel indoeTSic ki 
SeiZleboda [gamba, gv. 94]. 

cvilis Sre xizilalis marcvlis zeda-
pirs haerTan kontaqtisagan icavda da amiT 
mas Tavidan acilebda lpobis saSiSroebas. 
cvilis marcvlebze dafena da saWiroebis 
SemTxvevaSi cxeli wylis saSualebiT maTgan 
mocileba siZneles ar warmoadgenda, vina-
idan orive operacia cvilis Tburi damu-
SavebiT xorcieldeboda (temperaturiT gaT-
xevadebuli cvili rogorc advilad ekvroda 
xizilalis zedapirs, iseve advilad scil-
deboda mas). 

gambas mier xizilalis cvilis saSua-
lebiT Senaxvis wesi, udavod adreul sauku-
neebSic gamoiyeneboda da mas levanis epo-
qaSic, e.i. 1611-1657 wlebSic kargad icnob-
dnen. 

rogorc vxedavT, odiSis mosaxleoba 
safuZvlianad iyo gacnobierebuli marilis 
konservaciul TvisebebSi. Tevzis naWrebis 
marilwyalSi 3-dRiani dayovneba, am xsnars 
saSualebas aZlevda difuziiT naWris siR-
rmeSic SeeRwia da mariliT yvela nawili 
Tanabrad gaejirjva. aseTi gajirjvuli ma-
sis mzeze gaxmobisas, wyali mTlianad orT-
qldeboda gasaxmobi naWrebidan, rac sabo-
lood uzrunvelyofda am damarilebuli 
naWrebis lpobisagan dacvas. gamxmari Tevzis 



30 
 

xorcs, sabas Tanaxmad, ,,jufTi" ewodeboda 
[orbeliani, gv. 464].  

rogorc lambertis cnobebidan irkveva, 
odiSSi sakvebad zuTxis TiTqmis yvela na-
wils xmarobdnen tyavze mikruli patara 
Zvlebisa da Signeulis garda. magram am uka-
nasknelsac Tavisi gamoyeneba hqonda, vinai-
dan misgan rogorc lamberti miuTiTebs 
adgilobrivi mcxovreblebi Tevzis webos 
amzadebdnen [lamberti, gv. 169]. 

misioneri ar ganmartavs Tu rogor xde-
boda am webos damzadeba, magram zuTxebis 
jiSisagan Tevzis webos damzadeba imdenad 
gavrcelebuli iyo sxvadasxva qveynebSi, rom 
misi teqnologiis aRdgena odiSis pirobebSi 
siZneles ar unda warmoadgendes, vinaidan is 
erTnairi unda yofiliyo yvelgan da maT 
Soris am samTavroSic. sxva qveynebSi cno-
bili teqnologiis Tanaxmad jer zuTxis 
Signeulidan iRebdnen sacurao buSts, ro-
melsac CaWriT xsnidnen, recxavdnen, Wimav-
dnen da mzeze aSrobdnen. amis Semdeg gareTa 
kunTovan fenas, romelic wyalSi duRebisas 
ar iZleoda webos, acilebdnen buStisagan, 
xolo Siga fenas wriuli an swori zolebis 
saxiT awvrilmanebdnen. 

Tanamedrove teqnologiiT masis gasaTeT-
reblad gaTvaliswinebuli iyo gogirdis 
dawviT gamoyofili airebiT misi damuSaveba, 
xolo Semdeg saboloo gamoSroba mzeze 
[aleqsandrovi, gv.24].  

gogirdis dawviT miRebuli oqsidi (SO2) 
rogorc cnobilia, SesaniSnav aRmdgenels 
warmoadgens da swored misi aRdgenis 
unariT aris ganpirobebuli maTeTrebeli 
Tvisebebi. Cveni azriT webos gaTeTre-
bisaTvis, samegreloSi produqtis mxolod 
mzeze gadgmiT ar unda dakmayofilebu-
liyvnen, vinaidan maTTvisac iyo cnobili 
gogirdis airis maTeTrebeli Tvisebebi. 
amaze migviTiTebs is garemoeba, rom saqar-
TveloSi rogorc Cven droSi, ise warsulSi 
Zalze farTod iyenebdnen windebis 
gaTeTrebis meTods, romelic qvevris ZirSi 
gogirdis dawvas da gamoyofili airiT 
qvevris pirze Camokidebuli windebis 
damuSavebas iTvaliswinebda. 

yvelis arafuWebadi saxeobebis damzadeba. 
dasavleT saqarTveloSi didi yuradReba 
eqceoda yvelis Senaxvas, vinaidan is erT-
erT ZiriTad sakveb produqts warmoadgenda. 
a. lambertis Tanaxmad samegreloSi mebato-
nisaTvis misarTmev naturalur begaraSi 
RvinosTan, purTan da RomTan erTad yvelic 
moixsenieba [lamberti, gv. 35]. 

Zveli droidanve ukve cnobili iyo, rom 
yvelis nairsaxeobebi didad iyo damokidebu-
li mis sxvadasxvanairad damuSavebasa da 
gemoze. yvelis xarisxianoba damokidebulia 
agreTve saZovarze, kveTis xarisxze, yvelis 
momwifebaze da Senaxvaze [Tofuria, gv.49]. 
gamocdilebiT cnobili iyo, rom amoyvanis 
dros yveli magrad ar unda gaewuraT da mas 
Tavisi sveli unda gahyoloda, raTa momwi-
febuliyo da kargi yveli mieRoT. Tanamed-
rove gamokvlevebiT cnobilia, rom marTlac 
yveli kargad ar momwifdeba Tu masSi sis-
vele (Srati) 40%-is raodenobiT ar iqneba. 
normaluri teqnologiiT miRebul sxva-
dasxva jiSis yvels, cxadia rom sxvadasxva 
Senaxvisunarianoba hqonda. amitomac iyo, rom 
samegreloSi yvelis Senaxvis erT-erT gavr-
celebul wess, misi miwaSi qvevriviT Caf-
lul dergSi Senaxva warmoadgenda. miwis 
SedarebiT zomieri da mudmivi temperatura, 
iseve rogorc RvinisaTvis, yvelisaTvisac 
saukeTeso Senaxvis pirobebs uzrunvel-
yofda. magram maRali Senaxvisunarianobis 
mqone yvelis dasamzadeblad dasavleT sa-
qarTveloSi, kerZod ki samegreloSi, ori-
ginalur teqnologias iyenebdnen, romelic 
yvelis miRebuli produqciis erT welze 
ufro xangrZlivi droiT Senaxvas uzrunvel-
yofda. gamdnar yvels gobSi CaWridnen da 
xelebiT magrad dazelavdnen. kargad da-
zelvis Semdgom qvabSi yridnen da uwylod 
cecxlze acxelebdnen. gacxeleba aduRebamde 
ar unda misuliyo da Tanac is CogniT mo-
revas iTvaliswinebda. aseT pirobebSi adgi-
li hqonda yvelis gaqnasa da gaTxelebas da 
am konsistenciis yvels Tavze marils ayrid-
nen, amis Semdeg gamdnari yveli pirdapir 
xalamSi isxmeboda da Tavmokruli inaxeboda. 
amoRebisas yveli gamagrebuli iyo da is erT 
weliwads inaxeboda [Tofuria, gv. 49]. 

aseve didi xniT Senaxvisunariani iyo 
megruli sulgunic, romlis miRebis teqno-
logiac bolo etapze mis gansakuTrebul 
damuSavebas iTvaliswinebda. sulgunis misa-
Rebad Zroxis rZes mowvelisTanave kveTav-
dnen da cecxlis axlos aTavsebdnen, raTa 
morevisas rZe ar gaciebuliyo. gamoyofil 
delamos xeliT aTbobdnen, Semdeg jer 
aqucmacebdnen xeliT an joxiT da sabo-
lood ki erTad agrovebdnen. dasamwifeblad 
amoyvanil yvels xis WurWelSi, siTboSi 
inaxavdnen. 

damwifebis dasadgenad yvelis naWeri 
cxel wyalSi Tavsdeboda, Semdeg izileboda 
da iweleboda. kargad momwifebis niSani iyo 
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kargi welvadoba da Tanabari Zafebis war-
moqmna. amis Semdeg yveli wvrilad Tanabrad 
iWreboda da wyalSi iyreboda. meore qvabSi 
wyals an Srats aduRebdnen, mosaxarSi yveli 
masSi gadahqondaT. duRilis dros joxis 
saSualebiT yveli magrad izileboda. rac 
ufro kargad iyo yveli damdnari, miT ufro 
kargad mimdinareobda aRniSnuli procesi. 
amis Semdeg xelmeored xarSavdnen mas, raTa 
erbo mocileboda. es meored moxarSva erbos 
mocilebis mizniT aucilebeli iyo vinaidan 
sulugunis damamzadebelTa dakvirvebiT `Tu 
meored ar moixarSeboda, maSin suluguns 
erbo SerCeboda da marils ver moikidebda~ 
[Tofuria, gv. 49]. 

meored moxarSvis Semdeg yveli kvlav izi-
leboda da mrgvaldeboda sferos formis mi-
Rebamde. kargad mozelil sulguns abrtye-
lebdnen da gasacieblad gobSi dadgmul civ 
wyalSi aTavsebdnen. gacivebul yvels ma-
rils ayridnen da 2-3 dRis Semdeg specia-
lur WurWelSi marilwylian waTxSi aTav-
sebdnen.  

xangrZlivad Sesanaxi ulufebisaTvis ki 
gaTvaliswinebuli iyo sxva saxis damuSaveba. 
kerZod, sulgunis kverebs bawarze ise 
acvamdnen, rom isini erTmaneTs ar Sexeboda 
da gasaSrobad cecxlTan axlo Werze an 
mzeze Camokidebdnen, am saxiT Sebolili an 
gamxmari sulguni ki didxans inaxeboda 
[Tofuria, gv. 49-50]. 

sxva sakvebi produqtebis konservacia. 
zogierT SemTxvevaSi megrelebi xorcsac 
akonservebdnen. am mizniT isini Txel-Txel 
naWrebad Tlidnen xorcs da am naWrebs 
kvamlze axmobdnen. rogorc teqstidan Cans, 
aseT xorcs sakvebad TiTqmis erTi wlis 
Semdgomac iyenebdnen [kasteli, gv. 128]. 

xorcis Senaxvis aRwerili wesi eTnog-
rafiuli wyaroebiTac aris cnobili. ajin-
jalma zustad igive wesi Caiwera mTian 
afxazeTSi, romelic aseve xorcis Txel naW-
rebad daWras da Semdeg mis bolSi gamoy-
vanas iTvaliswinebda [ajinjali, gv. 420]. 
aseTi didi xniT xorcis Senaxvas, cxadia, 
misi SebolviT gamoxmoba ganapirobebda. 
cnobilia, rom Sebolvis dros xorci 
kargavs tens, romelic xels uwyobs lpobas. 
amasTan erTad Sebolvis procesSi xorci 
kvamlidan iZens damakonservebel nivTie-
rebebs, meTilis spirts, formaldehids, 
fenols da sxv., riTac xorci iJRinTeba da 
produqti SenaxvisaTvis medegi xdeba [Cav-
leiSvili, gv. 616]. am wesiT droSic igebdnen 

da arc samegrelosaTvis deficituri marili 
ixarjeboda. 

aranakleb gavrcelebuli iyo samegre-
loSi sakvebad gamoyenebuli mcenareuli 
produqtebis konservireba. ZiriTad konser-
vantad Rvinis Zmars da marils iyenebdnen. 

Rvinis Zmari Seicavs 3-5% ZmarmJavas. 
ZmarmJava ki spobs mikroorganizmebs da kon-
servebs aZlevs karg gemos da aromats. 
konservireba ganpirobebuli iyo nedleulis 
Semcveli Saqrebis rZemJava duRiliT. am 
procesis Sedegad dagrovili rZemJava Zlier 
antiseptiks warmoadgens da Trgunavs im 
mravali saxis mikroorganizmebis zemoqme-
debas, romlebic produqtis gafuWebas iwve-
ven. rZemJava duRili, romelic mimdinareobs 
mcenareuli nedleulis damJavebis, damari-
lebis da damwnilebis dros, warmoadgens 
gansazRvruli saxis mikroorganizmebis moq-
medebis Sedegs.  

dakonservebuli produqtebi adgilobrivi 
mosaxleobis erT-erT ZiriTad sakvebs war-
moadgenda, vinaidan marxvebs isini Zalze 
mkacrad icavdnen da marxvis periodSi mxo-
lod nedl an konservirebul sakvebs iyeneb-
dnen.  

 
3. daskvna 
Sroma moicavs mraval sayuradRebo 

faqts rogorc qimiis istoriis, ise saqar-
Tvelos istoriis TvalsazrisiT, sadac sa-
interesod aris warmodgenili me-17 sauku-
neSi qimiis praqtikuli gamoyenebis ganviTa-
rebis done, misi roli sakvebi produqtebis 
konservaciis meTodebis aTvisebasa da dax-
vewaSi. aRniSnuli procesebis praqtikulma 
gaanalizebam gviCvena, rom, im droisaTvis 
gamoyenebuli konservaciis meTodologiis 
mTeli rigi fragmentebi dResac aqtua-
luria.  
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UDC  664.8/9 

SOME OF THE METHODS OF FOOD PRESERVATION 
M. Demetradze, †R. Chagunava, N. Kutsiava 
 

Resume: The goal: The first part of the 17th century was marked by economic and political progress. In the prin‐

cipalities of Imereti, Guria, and especially Samegrelo, a number of positive transformations took place, such as the ap‐

pearance of rudimentary forms of industrial enterprise and the rapid development of numerous agricultural fields and 

craftsmanship. Gains were made  in applied chemistry as well, which played a major role  in the advancement of the 

aforementioned fields. The latter also played a significant role in developing and utilizing food preservation methods, 

which helped the population preserve food and consume it for long periods of time during winter and the lent.  

A number of interesting sources that include very  interesting data on Georgia at this period exist to evaluate this 

process, but  the  latter has not been properly discussed. All of this points  to  the urgency of  the subject and  the  im‐

portance of doing research in this direction.  

Method: In order to obtain relevant data and historical facts, the authors relied on the recordings of  Italian mis‐

sionaries working  in Western Georgia, (the recordings of  (Don Lambertini, Christopher Castile, Pietro della Valle.and 

other missionaries) as well as on old Georgian literary sources, ethnographic literature, and works of archeological na‐

ture. Studying these sources allowed  the authors  to describe the picture of Western Georgia during  that period ac‐

cording to the themes described above.  

Outcome: The obtained materials demonstrated quite a high standard of applied chemistry  in Western Georgia 

and  its role  in developing and employing  food preservation methods.  It also showed  that a number of physical and 

chemical methods that were applied during this process have been preserved and can be practiced even today. There 

have also been preserved individual fragments of the described process.  

Conclusion: The work contains numerous noteworthy facts from the history of chemistry and the history of Geor‐

gia. It has an interesting way of presenting the development level of applied chemistry in Western Georgia. The practi‐

cal Analysis of the processes mentioned above, has shown that the number of fragments of the methodology for the 

conservation used at that time, are nowadays still realizable in practice. 
 

Key words:  Missionary; Principal Levan II Dadiani; conservation; applied chemistry; Odishi Principality; Don Lam‐

bertini; Christopher Castile; Pietro della Valle. 
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МЕТОДЫ КОНСЕРВАЦИИ НЕКОТОРЫХ ПИЩЕВЫХ ПРОДУКТОВ 
М.Б. Деметрадзе, † Р.В. Чагунава, Н.А. Куциава 
 

Резюме:  Цель:  Первая  половина  ХVII  века  в  Грузии  отмечена  общим  экономическим  и  политическим 

подъёмом. В имеретинском, гурийском и особенно мегрельском княжествах имели место не одно благодатное 
преобразование (перестройка), что явно отразилось в зарождении развитой промышленности и в целом ряде 
отраслей  сельского  хозяства  и  ремесел.  Подём  произошёл  и  в  практической  химии,  которая  большую  роль 
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сыграла в успешном прогрессе отмеченных отраслей. Всё это оказало ощутимое воздействие (поступательное 
развитие) на освоение и улучшение методов консервации пищевых продуктов. В свою очередь, это, со своей 
стороны очень помогло населению в периоды зимы и проста секономить продукты в продолжительное время.  

Для оценки отмеченного процесса существует много интересных источников, в которых сохранились очень 
интересные  сведения  об истории  Грузии  того  периода,  но  следует  сказать,  что  это  не  стало  предметом над‐
лежащего  экстренного  пассмотрения.  Всё  что  указывает на  актуальность  этих изысканий и целесообразность 
проведения исследований. 

Метод:  Для  поиска  соответственных  сведений  и  исторических  фактов  авторы  опирались  на  записи 
итальянских  деятелей  ‐  миссионеров  в  западной  Грузии  (Дон  Ламбертини,  Кристофор  Кастель,  Пьетро  Дела 
Вале  и  сведения  других  миссионеров),  другие  старые  грузинские  литературные  источники,  этнографическую 
литературу, работы археологического характера, изучение которых позволило авторам описать полную картину 
тематики того периода в западной Грузии. 

Результат: Найденные материалы показали достаточно высокий уровень практической химии в западной 
Грузии  того  периода  и  её  роль  в  освоении  и  совершенствовании методов  консервации  пищевых  продуктов. 
Много физических и химических методов примененных для этого процесса до сегоднящнего дня сохранились и 
реализуются на практике, также защищены отдельные фрагменты, характерные для этого процесса. 

Вывод:  Работа  содержит  множество  требующих  внимания  фактов,  в  которой  интересно  представлен 
уровень развития практической химии ХVII века. Практический анализ процессов, упомянутых выше, показал, 
что  целый  ряд  фрагментов  методологии  консервации,  используемых  в  то  время,  на  сегодняшний  день  по‐
прежнему реализуемо на практике. 

 
Ключевые слова:  миссионер; правитель Леван II Дадиани; консервация; практическая химия; княжество 

Одиши; Дон Ламбертини; Христофор Кастель; Пьетро Дела Вале. 
 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

http:// www.ceramics.gtu.ge 



34 
 

uak 541.11 
qimiuri wonasworoba da misi wanacvlebis mimarTulebis Tvisebrivi 
Sefaseba 
i. berZeniSvili, m. siraZe, s. xitaliSvili, i. kobalaZe 
qimiuri da biologiuri teqnologiebis departamenti, saqarTvelos teqnikuri universi-
teti, saqarTvelo, 0175, Tbilisi, kostavas 69 
 
E‐mail: i_berdzenishvili@gtu.ge  

 

 
reziume: mizani: gareSe faqtorTa moqme-

debis gavleniT gamowveuli qimiuri wonas-
worobis wanacvlebis mimarTulebis progno-
zireba da Sefaseba. naSromSi ganxilulia 
qimiuri wonasworobis mniSvnelovani maga-
liTi, romelic warmoadgens haberis pro-
cesis safuZvels amiakis warmoebisaTvis. 

meTodi: qimiuri wonasworobis wanacv-
lebis mimarTuleba gareSe parametrebis 
(koncentracia, temperatura, wneva) Secv-
lisas, Tvisebrivad Sefasda moZravi wonas-
worobis Termodinamikuri principis (le 
Satelies principi) safuZvelze. 

Sedegebi: warmodgenilia le Satelies 
principis gamoyeneba, rogorc reaqciis pro-
duqtis _ amiakis meti raodenobiT miRebis, 
aseve gareSe faqtorTa moqmedebiT gamowve-
uli wonasworobis wanacvlebis mimarTu-
lebis prognozirebis da Sefasebis mizniT. 

daskvna: amiakis sinTezis optimizacia 
metad aqtualuria industriaSi azotis 
sasuqebze mzardi moTxovnis gamo. naCvenebia, 
rom haberis procesi 450-5000C temperaturis 
da daaxloebiT 200 atm-s toli wnevis piro-
bebSi mimdinareobs; katalizatorad gamoi-
yeneba kaliumisa da aluminis oqsidebiT 
gaaqtiurebuli rkina.  

 
sakvanZo sityvebi: qimiuri wonasworoba; 

amiaki; sinTezi; produqti; gareSe faqto-
rebi; wanacvleba; mimarTuleba.  

 
 
1. Sesavali 
qimiuri procesis siCqare da misi droze 

damokidebuleba mniSvnelovnad ganisazRv-
reba sistemis wonasworobidan gadaxriT. 
sistema wonasworobaSia Tu pirdapiri da 
Sebrunebuli reaqciebis siCqareebi erTmane-
Tis tolia. qimiuri wonasworoba ricxob-
rivad K wonasworobis konstantiT ganisaz-
Rvreba. gansazRvruli temperaturis piro-
bebSi igi pirdapiri da Sebrunebuli reaq-
ciebis siCqareTa konstantebis Tanafardo-
bis tolia [1-3]. 

wonasworobis srul miRwevamde, reaqciis 
siCqare wonasworuli koncentraciidan ga-

daxris proporciulia. gareSe faqtorTa 
arasasurvel zemoqmedebas iolad SeuZlia 
sistemis gamoyvana Termodinamikuri wonas-
worobidan. qimiuri wonasworobis mdgomare-
obidan gadaxris zrdasTan erTad situacia 
sagrZnoblad rTuldeba: SesaZlebelia 
aRiZras aramonotonuri (maT Soris rxeviTi) 
procesi, romlis dros koncentraciis war-
moebuli droiT icvlis niSans; aseve SesaZ-
lebelia siCqaris mkveTri cvlileba siste-
maze mcire zemoqmedebisas, e.w. „kinetikuri“ 
katastrofebi; aRniSnuli cvlilebebis 
fonze ar aris gamoricxuli mdgradi arawo-
nasworuli struqturebis warmoqmna [1-4].  

samuSaos mizania gareSe faqtorTa zemoq-
medebis gavleniT gamowveuli qimiuri wonas-
worobis wanacvlebis mimarTulebis progno-
zireba da Tvisebrivi Sefaseba. 

 
 

2. ZiriTadi nawili 
sistema wonasworobaSia manam, sanam ucv-

leli rCeba wonasworobis pirobebi: tempe-
ratura, wneva, moreagire nivTierebaTa kon-
centraciebi da sxv. qimiuri wonasworoba 
dinamikuria da pasuxobs gareSe faqtorTa 
zemoqmedebas. Tundac erT-erTi faqtoris 
Secvlisas wonasworoba irRveva da sapasu-
xod inacvlebs marjvniv _ produqtebis, an 
marcxniv _ reagentebis mimarTulebiT [1-4].  

qimiuri wonasworobis Tvisebrivi damoki-
debuleba gamoisaxeba le Satelies princi-
piT, romlis mixedviT, gare zemoqmedebiT 
Termodinamikuri wonasworobidan gamoyvanil 
sistemaSi iseTi procesebi aRiZvreba, romel-
Ta Sedegad sustdeba am zemoqmedebiT ga-
mowveuli efeqti [1-3, 5, 6]. 

ganvixiloT qimiuri wonasworobis umniS-
vnelovanesi magaliTi (nax.1): 

 

 
 

nax. 1. amiakis miRebis reaqcia;  simbolo 

reaqciis Seqcevadobas aRniSnavs 
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es reaqcia warmoadgens haberis procesis 
safuZvels amiakis warmoebisaTvis. igi SeiZ-
leba warimarTos rogorc marjvniv, ise mar-
cxniv. pirdapiri reaqcia (amiakis sinTezi) 
egzoTermulia (∆Ho = -92,4 kj/mol) [2, 7, 8].  

marjvniv da marcxniv mimdinare procesebis 
siCqareebis (v1 da v2) gaTanabreba sistemaSi 
qimiuri wonasworobis damyarebis niSania: 
v1=v2 . 

pirdapiri reaqciis siCqare: 
3

1 1 2 2[ ][ ] ;v k N H  

Sebrunebuli reaqciis siCqare: 
2

2 2 3[ ] ;v k NH  

wonasworobis dros: 
2

32
3

221 ][]][[ NHkHNk   da 

.
]][[

][
3

22

2
3

2

1

HN

NH

k

k
Kc   

am gantolebaSi kvadratul frCxilebSi 
moyvanilia reaqciaSi monawile komponentTa 

wonasworuli koncentraciebi; 1k  da 2k  _ 

marjvniv da marcxniv mimdinare reaqciebis 
siCqareTa konstantebia; Kc parametrs, romelic 
mocemuli sididis temperaturasa da wnevaze 
mocemuli reaqciisaTvis mudmivi sididea, 
wonasworobis konstantas uwodeben. 

rogorc aRiniSna, qimiuri wonasworobis 
mdgomareoba damokidebulia koncentraci-
aze, wnevasa da temperaturaze am paramet-
rebis Secvlisas sistema moqmedebs moZravi 
wonasworobis Termodinamikuri principis 
(le Satelies principi) Tanaxmad.  

ganvixiloT TiToeuli faqtoris gavlena 
wonasworobaze.  

 
2.1.  koncentraciis gavlena 
amosavali nivTierebebis koncentraciis 

gazrda wonasworobas gadaanacvlebs reaq-
ciis produqtebis warmoqmnis mimarTulebiT, 
e.i. marjvniv. 

amrigad, Tu reaqciul narevSi damatebiT 
iqneba Setanili, mag., N2, maSin Kc-s gamom-
saxvel gantolebaSi mniSvneli izrdeba, 
Tumca, radgan Kc konstantaa, am pirobis 
Sesasruleblad aseve unda gaizardos mric-
xvelic. es niSnavs, rom reaqciul narevSi 
izrdeba amiakis (produqtis) koncentracia. 

maSasadame, reagentebis (Txevadi an aira-
di) koncentraciis gazrda wonasworobas 
gadaanacvlebs pirdapiri reaqciis mimarTu-
lebiT, xolo reaqciis produqtebis (Txeva-
di an airadi) koncentraciis gazrda _ 
Sebrunebuli reaqciis mimarTulebiT. 

myari nivTierebis masis cvlileba wonas-
worobis mdgomareobas ar cvlis. 

 
2.2. temperaturis gavlena 
sistemis temperaturis gazrdisas masSi 

warimarTeba siTbos STanTqmiT mimdinare 
procesebi anu wonasworoba inacvlebs mar-
cxniv _ amiakis daSlis endoTermuli reaq-
ciisaken (ΔH>0), da piriqiT, sistemaSi 
temperaturis dawevisas masSi warimarTeba 
siTbos gamoyofiT mimdinare procesebi anu 
wonasworoba inacvlebs marjvniv _ amiakis 
sinTezis egzoTermuli reaqciis (ΔH<0) 
mimarTulebiT.  

 
2.3. wnevis gavlena (mxolod airadi niv-

TierebebisaTvis) 
wnevis gazrda xels uwyobs reaqcias, 

romelic moculobis (V) SemcirebiT mim-
dinareobs. amitom haberis procesSi wnevis 
gazrdisas wonasworoba inacvlebs marjvniv, 
rac zrdis amiakis gamosavals: 

N2(ა) + 3H2(ა) ↔ 2NH3(ა); 

1V _ N2; 

3V _ H2; 

2V _ NH3. 
pirdapiri reaqciis Sedegad miiReba amia-

kis 2V, xolo Sebrunebuli reaqciis dros _  
airadi nivTierebebis 4V.  

amrigad, sistemis wnevis gazrdisas masSi 
warimarTeba moculobis SemcirebiT mimdina-
re procesebi, xolo wnevis dawevisas _ 
moculobis gazrdiT mimdinare procesebi. 

wnevis cvlileba gavlenas ar axdens 
myari da Txevadi nivTierebebis moculobaze 
anu ar cvlis maT koncentraciebs. Sedegad 
reaqciis wonasworoba, romelSic airadi 
nivTierebebi ar monawileobs, praqtikulad 
ar aris damokidebuli wnevaze [1, 3, 6]. 

TavisTavad yuradsaRebia is, rom Tu 
airadi nivTierebebis molTa ricxvi ucvle-

li rCeba reaqciis dros, mag., N2(ა) + O2(ა) ↔ 
2NO(ა), maSin sistemaSi wnevis cvlileba 
wonasworobis wanacvlebas ar iwvevs.  

 
2.4. katalizatoris gavlena 
reaqciis daCqareba aseve SesaZlebelia 

katalizatoris gamoyenebiT [1, 2, 7-9]. 
katalizatori wonasworobis konstantaze 
gavlenas ar axdens da amitom ar moqmedebs 
gamosavalze, Tumca misi gamoyeneba zrdis 
reaqciis siCqares, riTac zogavs dros da 
Sesabamisad fuls. amiakis sinTezisaTvis 
gasufTavebul airebs atareben cxel rkinis 
katalizatorze (nax. 2). 
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N2(a) + 3H2(a)            Fe/Al2O3/K2O                     2NH3(a) 
 
 

katalizatori 

 
 

nax. 2. amiakis sinTezis procesi 

 
am reaqciisaTvis Sesabamisi katalizato-

ris Zebnis procesSi gamoicada daaxloebiT 
20 aTasi sxvadasxva naerTi da yvelaze didi 
gamoyeneba Tavisi TvisebebiT (aqtiuroba, 
mdgradoba, Rirebuleba) pova aluminisa da 
kaliumis oqsidebiT gaaqtiurebulma rkinis 
katalizatorma [7, 8]. amiakis sinTezis 
optimizacia sakmaod aqtualuria indust-
riaSi azotis sasuqebze mzardi moTxovnis 
gamo.  

 

 
3. daskvna 
le Satelies principi saSualebas iZleva 

wonasworobis detaluri analizis gareSe 
ganisazRvros wonasworobis wanacvlebis 
mimarTuleba. meti amiakis misaRebad reaq-
ciis pirobebi unda Seicvalos imgvarad, 
rom wonasworoba gadaixaros marjvniv. 
amasTan, reaqciis siCqare unda iyos maRali. 
haberis procesi 450-5000C temperaturis da 
daaxloebiT 200 atm-s toli wnevis piro-
bebSi mimdinareobs. am dros reaqciis 
siCqare sakmarisad maRalia da produqtis 
gamosavali misaRebi. ufro maRali tempe-
ratura gazrdis amiakis warmoqmnis siCqa-
res, magram Seamcirebs mis raodenobas.  
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CHEMICAL EQUILIBRIUM AND QUALITATIVE ASSESSMENT OF ITS DIRECTION SHIFT 
I. Berdzenishvili, M. Siradze, S. Hitalishvili, I. Kobaladze 
 

Resume: Goal: prediction and assessment of the direction of chemical equilibrium shift caused by external  fac‐

tors. In this work an important example of chemical equilibrium that is the basis of the Haber process for the industrial 
production of ammonia has been considered.  

Method: the direction of chemical equilibrium shift with the changing external conditions (concentration, temper‐
ature, pressure) was qualitatively assessed using thermodynamic principle of dynamic equilibrium (Le Chatelier’s prin‐
ciple).  

Results: we illustrate the application of Le Chatelier’s principle to obtain more reaction product – ammonia and to 
predict and determine shifts in equilibrium if the external conditions are changed.  
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Conclusion: ammonia synthesis optimization is a topic of high interest in  industry due to the growing demand for 
nitrogen fertilizers. It  is shown, that the Haber process  is carried out at a pressure of 200 atm and a temperature of 
450‐5000C using an iron catalyst, promoted by potassium and alumina oxides. 

 
Key words:  chemical equilibrium; ammonia; synthesis; product; external conditions; shift; direction. 
 

 

 
УДК 541.11 

ХИМИЧЕСКОЕ РАВНОВЕСИЕ И КАЧЕСТВЕННАЯ ОЦЕНКА НАПРАВЛЕНИЯ ЕГО СМЕЩЕНИЯ 
И.Г. Бердзенишвили, М.Г. Сирадзе, С.В. Хиталишвили, И.Д. Кобаладзе 
 

Резюме:  Цель  работы:  прогнозирование  и  оценка  направления  смещения  химического  равновесия, 

вызванного воздействием внешних факторов. В работе рассмотрен важный пример химического равновесия, 
представляющий основу процесса Габера для промышленного производства аммиака.  

Метод: направление смещения химического равновесия при изменения внешних условий (концентрация, 
температура,  давление)  оценивалось  качественно  на  основе  термодинамического  принципа  подвижного 
равновесия (принцип Ле Шателье).  

Результаты:  представлено  применение  принципа  Ле Шателье  с  целью  получения  большего  количества 
продукта  реакции  –  аммиака,  а  также  прогнозирования  и  оценки  направления  смещения  равновесия  при 
изменении внешних условий. 

Выводы:  оптимизация  синтеза аммиака является предметом повышенного интереса  со стороны промыш‐
ленности  из‐за  растущего  спроса  на  азотные  удобрения.  Показано,  что  процесс  Габера  осуществляется  при 
давлении  200  атм  и  температуре  450‐5000C;  в  качестве  катализатора  используется  железо,  активированное 
оксидами калия и алюминия. 

 
Ключевые  слова:  химическое  равновесие;  аммиак;  синтез;  продукт;  внешние  условия;  смещение;  нап‐

равление. 
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reziume: mizani: samuSaos mizania damu-

Savdes axali, ekonomikurad gamarTuli da 
ekologiurad usafrTxo standartuli si-
likomanganumis miRebis teqnologiuri sqema, 
kazmSi warmoebis narCenebisagan damzadebu-
li kompleqsuri briketebis gamoyenebiT. 

meTodi: warmoebis narCenebis danaWrovne-
bisas gamoyenebulia dabriketebis meTodi, 
xolo silikomanganumis dnobisas eleqtro-
RumelebSi karboTermuli meTodi. 

Sedegebi: Seswavlilia da gaanalize-
bulia feroSenadnobTa warmoebis manganum-
Semcveli da naxSirbadSemcveli narCenebis 
warmoqmnis wyaroebi. SemuSavebulia aRniS-
nuli narCenebisagan kompleqsuri briketebis 
miRebisa da gamoyenebis SesaZleblobebi si-
likomanganumis warmoebis procesSi, rac 
saSualebas iZleva SevqmnaT resursdamzogi 
teqnologiuri sqema. 

daskvna: Catarebuli Teoriuli da eqspe-
rimentuli kvlevis safuZvelze SemuSavda 
feroSenadnobTa manganumSemcveli da nax-
SirbadSemcveli narCenebis gamoyenebis yve-
laze racionaluri da perspeqtiuli teqno-
logiuri sqema, rac saSualebas mogvcems 
davzogoT ZviradRirebuli sakazme masalebi 
(manganumis koncentrati, koqswvrila, kvar-
citi), SevamciroT eleqtroenergiis xarji 
da mis safuZvelze SevamciroT produqciis 
TviTRirebuleba.  

 
sakvanZo sityvebi: manganumis madani; wida; 

respiraciuli mtveri; Slami; silikomanga-
numi; kompleqsuri briketi; koqswvrila; nax-
Siri.  

 
 
1. Sesavali 
maRalxarisxovani madnebis deficitis pi-

robebSi metad mniSvnelovania sanedleulo 
bazis gafarToeba, rac TavisTavad gulis-
xmobs manganumis danakargebis Semcirebas 
misi gadamuSavebis yvela etapze. 

mZlavr eleqtroRumelebSi manganumiani 
feroSenadnobebis, kerZod silikomanganumis 
gamodnobis gamocdilebam da dnobis proce-
sis teqniko–ekonomikurma analizma gviCvena, 
rom jer kidev didia rezervi misi war-

madobis gazrdisa, Senadnobis xarisxis ga-
umjobesebisa da warmoebis efeqturobis 
amaRlebisa. am mimarTebiT, pirvel rigSi, 
metad aqtualuri xdeba dnobis Sedegad 
warmoqmnili manganumiani narCenebis gamoye-
neba da maTi utilizaciis problema. 

rogorc cnobilia, silikomanganumis dno-
bisas warmoiqmneba ZiriTadad Semdegi saxis 
narCenebi: e.w. gadasayreli widebi, airgam-
wmend mowyobilobebSi dagrovili respiraci-
uli mtveri (Slami) da mza liTonis sams-
xvrev ubanze warmoqmnili wvrildisper-
siuli liTonuri mtveri. garda amisa, koqsis 
gacxrilvisas warmoiqmneba 8–12% ganaceri 
(0–5mm). 

manganumis oqsidebis naxSirbadTermuli 
aRdgenis Termodinamikis, kinetikisa da 
dnobis analizi cxadyofs, rom manganumis 
oqsidebis Semcveloba saboloo (gadasayrel) 
widebSi liTonur manganumze gadaTvliT 14-
18%-is, zogjer ki _ 20-22%-is farglebSia. 
garda amisa, liTonuri da widuri fazebis 
gayofis araxelsayreli pirobebis gamo (wi-
debis maRali siblante), qerqovan da Txevad 
widebSi liTonis nawilakebis saxiT ikargeba 
ukve aRdgenili, mza Senadnobis 5-8% da ami-
tomac manganumis sasargeblo gamoyeneba misi 
eleqtroTermuli miRebisas 70%-s ar aRema-
teba [1-5]. 

narCenebi imave raodenobiT grovdeba, ra 
raodenobis liTonic iwarmoeba. garda amisa, 
zestafonisa da sxva sawarmoebis mimdebare 
teritoriebze arsebul widasayrelebze wle-
bis ganmavlobaSi dagrovda ramdenime mili-
oni tona wida, romelic ikavebs sakmaod did 
farTobebs da ekologiur safrTxes warmo-
adgens, rogorc garemosTvis, aseve regionSi 
mcxovrebi mosaxleobisaTvis. 

respiraciuli mtveri (Slami), romlis 

Sedgenilobaa: 25-38%  Mn , 22-26%  2SiO , 3-7%  C  

da 0.15% P  grovdeba yovel tona silikoman-
ganumze 100-120kg, xolo feromanganumze ki 
150kg. misi utilizaciis problema mis fraq-
ciulobaSi mdgomareobs (0,1 mm-ze. naklebia) 
da imavdroulad did ekologiur safrTxes 
warmoadgens. garda amisa, mza liTonis 
standartul fraqciulobamde msxvrevisas, 
warmoiqmneba wvrildispersiuli (0–3mm) li-
Tonuri mtveri. misi raodenoba gamomdnari 
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Senadnobis 3-5%-ia (8-10 aTasi t), ver xer-
xdeba misi gamoyeneba da isic danakargebis 
mniSvnelovan wyaros warmoadgens [6-12]. 

aucilebelia aRiniSnos, rom miuxedavad 
Catarebuli mravali Teoriuli da eqsperi-
mentuli kvlevebisa, amJamad samrewvelo mas-
StabiT ar gvaqvs silikomanganumis gada-
sayreli widebis, liTonuri da respira-
ciuli mtveris (Slamis) gadamuSavebis moq-
medi efeqtiani teqnologiuri sqemebi, rac 
saSualebas mogvcems maqsimalurad gamovi-
yenoT manganumi. mcdelobam, silikomanga-
numis gamosadnob kazmSi xelmeored gamo-
gveyenebina damsxvreuli widebi, ver mogvca 
dadebiTi Sedegi. aseTi widebi RumelSi 
mxolod dneba da misgan manganumis aRdgena 
ver xerxdeba, radgan MnO -s koncentracia 
masSi da RumelSi warmoqmnil saboloo 
widaSi gawonasworebulia. aseve, 
gamogveyenebina wvrildispersiuli masalebi 
(mtveri, Slami da sxva) saaglomeracio 
kazmSi da am gziT momxdariyo misi 
dabruneba warmoebaSi, Sedegi ver gamoiRo. 

amrigad, silikomanganumis dnobis dros 
warmoiqmneba e.w. gadasayreli widebi, rom-

lis qim. Sedgenilobaa: 14-18%  Mn ; 45-48%  2SiO , 

0.01%  P  da mtveri 25-38%  Mn , 22-26%  2SiO , 3-

7%C , 0.15% P . SarSandeli monacemebiT qar-
xanaSi dagrovda 100-120 aTasi tona wida da 
16-18 aTasi tona mtveri, rac jamSi daax-
loebiT 50 aTasi tona maRalxarisxovani, 
dabalfosforiani koncentratis ekvivalen-
turia. amas emateba wina wlebSi dagrovili 

200 aTasi tona Slami da yovelwliurad 
warmoqmnili 8000-10000 tona liTonuri mtve-
ri, romelic qarxnis teritoriazea da did 
ekologiur safrTxes warmoadgens. 

zemoT aRniSnulidan SeiZleba davaskvnaT, 
rom manganumis koncentratebis sayovelTao 
deficitis pirobebSi, manganumis sasargeblo 
gamoyeneba ar aRemateba 65-70%, rac mniSvne-
lovnad CamorCeba mecnierebis da teqnikis 
Tanamedrove moTxovnebs, mis konkurentunari-
anobas da ewinaaRmdegeba qveynis strategiul 
miznebs.  

warmodgenil naSromSi SemoTavazebulia 
damuSavdes axali, ekonomikurad gamarTle-
buli da ekologiurad usafrTxo standar-
tuli silikomanganumis miRebis teqnolo-
giuri sqema, kazmSi warmoebis narCenebisagan 
damzadebuli kompleqsuri briketebis gamo-
yenebiT.  

 
2. ZiriTadi nawili 
feroSenadnobTa warmoebis narCenebis 

Teoriuli da eqsperimentuli gamokvlevebis 
(qimiuri, mineralogiuri, Termodinamikuri, 
fiziko-meqanikuri, kinetikuri da eleqt-
ruli) safuZvelze SemuSavebuli iqna sili-
komanganumis gamodnobis teqnologia kazmSi 
kompleqsuri briketebis gamoyenebiT [13-17]. 

Catarebul iqna laboratoriuli da 
naxevradsamrewvelo dnobebi. 

briketebis misaRebi sakazme masalebis 
(warmoebis narCenebis) qimiuri Sedgeniloba 
mocemulia pirvel cxrilSi.  

 
cxrili 1 

sakazme masalebis qimiuri Sedgeniloba 
 

masalis dasaxeleba 
komponentis Semcveloba, % 

Mn  SiO2  CaO  Al2O3  MgO  FeO  P  C 

manganumiani mtveri 27,3 26,5 5,2 4,6 1,2 2,6 0,15 3,5 
granulirebuli wida 

16,8 46,2 20,1 4,7 1,3 0,8 0,02 - 

liTonuri mtveri 
72,0 

17,1

Si
 - - - 

5,0

Fe
 0,34 1,8 

manganumis koncentrati 35,0 21,8 6,4 4,6 1,0 2,9 0,18 - 

koqsis nacari - 37,6 4,5 17,2 1,7 28,1 0,11 - 

 
 

koqsis ganaceris teqnikuri analizi, %: 

nacari _ 12,5; aqroladebi _ 2,1; sineste _ 16,0; gogirdi _ 2,83; myariC  _ 85. 

tyibulis naxSiris teqnikuri analizi, %: 

nacari _ 13,8; aqroladebi _ 37,3; sineste _ 15,0; gogirdi _ 1,5; myariC  _ 46,0. 
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kompleqsuri briketebis Sedgeniloba mocemulia me-2 cxrilSi. 
 

cxrili 2 
briketebis Sedgeniloba, % 

 

komponenti 
varianti 

I  II  III 
manganumiani mtveri 30 20 10 
granulirebuli wida 10 20 30 
liTonuri mtveri 3 7 10 

manganumis koncentrati 10 18 22 

koqsis ganaceri an tyibulis 
naxSiri 

 
40

 
25

 
20 

Semkvreli 7 10 8 

 
laboratoriuli dnobebi kompleqsuri 

briketebis gamoyenebiT Catarebul iqna ma-

Raltemperaturuli eleqtrowinaRobis, e.w. 

,,tamanis“ 40kva simZlavris RumelSi, sadac 

maxurebel elements warmoadgens 100 mm dia-

metris grafitis mili. cecxlgamZle alun-

dis WiqaSi vaTavsebdiT sadnob kazms. 35-40wT 

maRaltemperaturaze (1600-1650°C) dayovnebis 

Semdeg Rumelidan viRebT cecxlgamZle 

Wiqas dnobis produqtebiT, xdeboda liTo-

nis da widis gancalkeveba, iwoneboda da 

vakeTebdiT maT qimiur analizs. 

naxevradsamrewvelo dnobebi Catarebul 

iqna samfaza rkalur eleqtroRumelSi, ro-

melic ikvebeboda 100kva simZlavris trans-

formatoridan, romlis eleqtruli da geo-

metriuli maxasiaTeblebi Semdegia: 

- Zabva transformatoris maRal mxareze - 

220 volti; 

- Zabva transformatoris dabal mxareze 

gvaqvs Svid safexuriani – 25,9 - 73,3 voltis 

farglebSi; 

- grafitirebuli eleqtrodi diametriT 

75 mm; 

Rumelis kedlebi amogebulia Samotis 

aguriT, xolo qvedi ki naxSiris blokebiT 

da datkebnilia eleqtrodis masiT. Rumels 

aqvs liTonis da widis gamosaSvebi erTi 

kriWa. 

Rumelis muSaobis reJimi Semdegia: denis 

Zala eleqtrodebze _ 1200 - 1400 amperi; 

Zabva ki - 52 volti. RumelSi kazmis miwo-

deba xdeboda uwyvetad, liTonis da widis 

gamoSveba yovel 25-30 wuTSi. gamoSvebis Sem-

deg liTons da widas vwonidiT da vagzav-

nidiT qimiur laboratoriaSi saanalizod. 

silikomanganumis dnobis procesSi komp-

leqsuri briketebis gamoyenebiT miRweul 

iqna Rumelis muSaobis Tanabari svla, 

eleqtrodebi Rrmad ijda kazmSi, sakerZeze 

airebis gamoyofa da ganawileba iyo Tana-

bari. Rumlidan liToni da wida gamodioda 

Tavisuflad da sakmarisad gaxurebuli. mi-

Rebul Sedegebze dayrdnobiT Sedga dnobis 

materialuri balansi, romlis ZiriTadi 

teqnikur-ekonomikuri maCveneblebi moyvani-

lia me-3 cxrilSi. 

Catarebuli dnobebis analizi gviCvenebs, 

rom miRebuli liTonebis qimiuri Sedgeni-

loba manganumiT da siliciumiT praqtiku-

lad erTnairia, xolo fosforis Semcve-

loba dnobis yvela variantSi 0,25-0,28%-is 

farglebSia, rac qarxnis teqnologiiT mi-

Rebul liTonTan SedarebiT 0,1-0,15%-iT da-

balia. rac Seexeba manganumis da sili-

ciumis sasargeblo gamoyenebas, igi 4-5%-iT 

maRalia arsebul teqnologiasTan Sedare-

biT. rac gamowveulia imiT, rom Cven SemT-

xvevaSi gamoyenebuli sakazme masalebi (kom-

pleqsuri briketebi) Seicavs naxSirbad-

Semcvel aRmdgenels da liTonur mtvers, 

rac TavisTavad xels uwyobs da intensifi-

cirebas axdens aRniSnuli elementebis aRd-

genis xarisxze. 

 



41 
 

cxrili 3 
silikomanganumis naxevrad samrewvelo dnobebis 

ZiriTadi teqnikur–ekonomikuri maCveneblebi 
 

maCveneblebi 
varianti 

I  II  III 
1 2 3 4 

dnobis raodenoba 10 12 12 
miRebulia, kg:    

liToni 30 35 32 
widis jeradoba 1,1 1,2 1,3 

widis fuZianoba CaO/SiO2  0,40 0,42 0,45 

liTonis qim. Sedgeniloba,  
%: 

   

Mn  74,5 74,1 73,8 

Si  17,2 17,6 18,8 

P  0,25 0,26 0,28 

manganumis Semcveloba  
widaSi, % 

 
8,7

 
8,2

 
8,0 

ZiriTadi elementebis  
ganawileba, % 

   

       
       liTonSi 
       

Mn  73,6 75,2 74,8 

Si  46,2 45,3 47,1 

P  65,7 67,2 66,1 
 
         widaSi 

Mn  12,2 12,7 12,0 

Si  48,2 47,7 46,2 

P  2,5 3,0 2,8 
el. energiis xvedriTi xarji 

kvt.sT./t. 
 

5030 
 

4950 
 

4900 

 
silikomanganumis dnobis procesSi komp-

leqsuri briketebis gamoyenebiT miRweul 
iqna Rumelis muSaobis Tanabari svla, eleq-
trodebi Rrmad ijda kazmSi, sakerZeze aire-
bis gamoyofa da ganawileba iyo Tanabari. 
Rumlidan liToni da wida gamodioda Tavi-
suflad da sakmarisad gaxurebuli. miRe-
bul Sedegebze dayrdnobiT Sedga dnobis 
materialuri balansi, romlis ZiriTadi 
teqnikur-ekonomikuri maCveneblebi moyvani-
lia me-3 cxrilSi. 

Catarebuli dnobebis analizi gviCvenebs, 
rom miRebuli liTonebis qimiuri Sedge-
niloba manganumiT da siliciumiT praqti-
kulad erTnairia, xolo fosforis Semcve-
loba dnobis yvela variantSi 0,25-0,28%-is 
farglebSia, rac qarxnis teqnologiiT 
miRebul liTonTan SedarebiT 0,1-0,15%-iT 
dabalia. rac Seexeba manganumis da sili-
ciumis sasargeblo gamoyenebas, igi 4-5%-iT 
maRalia arsebul teqnologiasTan Sedare-
biT. rac gamowveulia imiT, rom Cven SemT-
xvevaSi gamoyenebuli sakazme masalebi (komp-
leqsuri briketebi) Tavis SedgenilobaSi 

mWidro kavSirSi Seicavs naxSirbadSemc-
vel aRmdgenels da liTonur mtvers, rac 
TavisTavad xels uwyobs da intensifi-
cirebas axdens aRniSnuli elementebis 
aRdgenis xarisxze.  

 
3. daskvna 
amrigad, Catarebuli Teoriuli da eqspe-

rimentuli kvlevebis safuZvelze SemuSavda 
feroSenadnobTa manganumSemcveli da nax-
SirbadSemcveli narCenebis gamoyenebis yve-
laze racionaluri da perspeqtiuli teqno-
logiuri sqema, rac saSualebas gvaZlevs 
davzogoT ZviradRirebuli sakazme masalebi 
(manganumis koncentrati, koqswvrila, kvar-
citi), SevamciroT el. energiis xarji da 
mis safuZvelze SevamciroT produqciis 
TviTRirebuleba.  
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UDC 669.168 

LEARNING THE POSSIBILITIES OF USING FERROALLOY REMNANTS IN MELTING PROCESS OF SILI‐
COMANGANESE 
B. Maisuradze, Z. Simongulashvili, I. Maisuradze, T. Maisuradze 
 

Resume: Objective: onjectvie of the work  is to develop technological scheme for receiving ecologically safe and 

economically efficient, new silicomanganese in stock using complex brickets made of production remnants.  
Method: When cutting production remnants  into pieces bricketing method  is used and during melting the silico‐

manganese in furnace with carbothermal method.  
Results: Sources for receiving magnesium and carbon containing remnants of ferroalloy production are learnt and 

analysed; possibilities of receiving complex brickets from mentioned remnants and using them  in the process of sili‐
coamnganese production allowing to make technological scheme for saving resources.  
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Conclusion: Basing on conducted theoretical and experimental studies the most rational and perspective technol‐
ogy  for using magnesium and carbon containing  remnants of  ferroalloys was developed allowing  to  save expensive 
stock materials (magnesium concentrate, quartzrock), decreease expenditure of electricity and decrease prime cost of 
production basing on it. 

 
Key words:  Magnesium ore; dross; respiratory dust; slurry; silicomanganese; complex bricket; quartzrock; coal. 

 

 

 
УДК 669.168 

ИЗУЧЕНИЕ  ВОЗМОЖНОСТИ  ИСПОЛЬЗОВАНИЯ  ФЕРРОСПЛАВНЫХ  ОТХОДОВ  В  ПРОЦЕССЕ 
ВЫПЛАВКИ СИЛИКОМРГАНЦА 
Б.Г. Майсурадзе, З.А. Симонгулашвили, И.Б. Майсурадзе, Т.Г. Майсурадзе 
 

Резюме:  Цель:  Разработать  новую,  экономический  и  экологический  безвредную  технологическую  схему 

производства  силикомарганца  в  шихте,  с  использованием  комплексных  брикетов  полученных  из  отходов 
производства ферросплавов. 

Метод:  Для  окускования  отходов  производства  использован  способ  брикетирования,  а  при  выплавке 
силикомрганца использован карботермический метод. 

Результаты:  Изучено  и  проанализировано  происхождение  марганецсодержащих  и  углеродосодержащих 
отходов  ферросплавного  производства.  Разработаны  возможности  получения  и  использования  комплексных 
брикетов  из  этих  отходов  в  процессе  производства  силикомарганца,  что  дает  возможность  создания 
ресурсосберегающей технологической схемы.  

Заключение: На основании теоретических и экспериментальных исследований разработана рациональная и 
перспективная  технологическая  схема  использования  отходов  ферросплавного  производства,  которая  даёт 
возможность  сберечь  дорогостоящие  шихтовые  материалы  (марганцевый  концентрат,  коксик,  кварцит), 
уменьшить расход эл.энергии и на его основе уменьшить себестоймость продукции. 

 
Ключевые  слова:  Марганцевый  концентрат;  шлак;  респрирационная  пыль;  шлам;  силикомарганец; 

комплексный брикет; коксик; уголь. 
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reziume: mizani: samuSaos mizania tyibu-

lis sustadSecxobadi da airovani naxSi-
rebidan specialuri saxis koqsaRmdgenlis 
miReba dabriketebis gziT. 

meTodi: dabriketeba movaxdineT ПСУ-10 
tipis hidravlikur wnexze 25,0mpa wneviT da 
miRebuli briketebi davkoqseT 700-800°C tem-
peraturaze. 

Sedegebi: davadgineT, rom meqanikurad 
mtkice briketebis misaRebad optimalur pa-
rametrebs warmoadgens: dasabriketebeli 
naxSiris sineste 6-8%, Semkvrelis raode-
noba 6-8%, gaSrobis temperatura 100-120°C. 
dawnexvis minimaluri wneva 20,0-25,0mpa. xo-
lo briketebis dakoqsvis optimaluri 
parametrebia: briketis gaxurebis siCqare 2,5-
4,5°C/wT., dakoqsvis saboloo temperatura 
700C-800°C. dayovnebis xangrZlivoba aRniS-
nul temperaturaze 60-90wT. 

daskvna: miRebuli koqsbirketebi Tavisi 
fizikur-qimiuri da meqanikuri TvisebebiT 
srulad Seesabameba eleqtro feroSenadnob-
Ta warmoebaSi wayenebul moTxovnebs, rac 
saSualebas gvaZlevs, rom gamoviyenoT koqs-
wvrilas alternativad.  

 
sakvanZo sityvebi: tyibulis naxSiri; 

Semkvreli; koqsi; meqanikuri wneva; nedli 
briketi; koqsbriketi; aRmdgeneli.  

 
 
1. Sesavali 
dRevandel pirobebSi koqsi ZiriTadad 

brZmedis RumelisTvis gamoiyeneba, amitom 
Tanamedrove sakoqse RumelebSi koqsi  Ziri-
Tadad Tujis warmoebisTvisaa gaTvlili. 
yvela sxva arabrZmedul warmoebebSi (saams-
xmelo, aglomeracia, eleqtro feroSenad-
nobebi, karbidis, fosforis da sxva), 
gamoiyeneba Cveulebrivi brZmedis koqsi an 
koqsis daxarisxebisas miRebuli wvrili 
fraqcia. 

arsebul sakoqse RumelebSi miRebuli 
koqsi bevri Tavisi xarisxobrivi maCveneb-
lebiT (simsxo, reaqciis unari, simtkice, 
eleqtrogamtaroba, forianoba da sxv.) ver 
pasuxobs arabrZmedul warmoebis procesebs, 
amitom am agregatebis muSaoba teqnikur-

ekonomikuri TvalsazrisiT dabali maCveneb-
liT gamoirCeva. 

arabrZmeduli moxmarebisTvis mTliani 
warmoebuli koqsis 20% gamoiyeneba, rac 
solidur raodenobas warmoadgens. garda 
amisa, Tanamedrove klasikuri meTodiT da-
koqsvisaTvis gamoiyeneba deficituri koqsva-
di naxSirebi, romelTa maragi mniSvnelovnad 
CamorCeba arakoqsvadi naxSirebis marags. 
amitom koqsqimiur da metalurgiul warmo-
ebaSi aradeficituri naxSirebis gamoyenebis 
sakiTxi aqtualuri gaxda. 

rogorc cnobilia, eleqtroferoSenad-
nobTa warmoebaSi gamoyenebuli tradiciuli 
aRmdgeneli koqswvrila (10-25mm) warmoadgens 
sabrZmede koqsis ganacers. amitom misi 
reaqciis unarianoba da eleqtrowinaRoba, 
romelic mniSvnelovania eleqtroferoSenad-
nobebis warmoebisaTvis, mis moTxovnebs ar 
Seesabameba. garda amisa, koqswvrila warmo-
adgens mwvaved deficitur masalas.  

koqswvrilas deficiti, misi dabali xa-
risxi da feroSenadnobTa warmoebis gadas-
vla mZlavr, daxurul eleqtro Rumelebze 
sul ufro aqtualurs xdis specialuri 
aRmdgenelis warmoebis aucileblobas, ara-
deficituri airadi (Г), sustadSecxobadi (СС) 
da sxva naxSirebidan. 

aRniSnuli problemebis gadasawyvetad 
mecnierTa Zalisxmeva mimarTulia dakoqsvis 
axali teqnologiuri procesebis Seswavli-
saken, romelic saSualebas iZleva gamoye-
nebuli iqnas aradeficituri myari saTbobebi 
[1-7]. 

metalurgiuli koqsis miRebis mravalje-
radi cdebi airadi da sustadSecxobadi 
naxSirebidan Cveulebrivi Sreobrivi teqno-
logiiT ar iZleva dadebiT Sedegs, am ara-
deficituri naxSirebis wili aRniSnul 
procesSi 30-35%-s Seadgens. 

airadi naxSirebis arseboba kazmSi, iwvevs 
koqsis reaqciis unarianobis gazrdas, rac 
brZmedisTvis da saamsxmelo warmoebisTvis 
arasasurvelia, samagierod aucilebel piro-
bas warmoadgens eleqtroferoSenadnobTa 
warmoebisTvis. amitom, maRalxarisxovani 
koqs-aRmdgenelis miReba airadi da sustad-
Secxobadi naxSirebis gamoyenebiT, metad 
mniSvnelovania.  
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2. ZiriTadi nawili 
specialuri saxis aRmdgenelis misaRebad 

sawyis masalas warmoadgens tyibulis 0-3mm 
fraqciis naxSiris koncentrati, romlis 
teqnikuri saSualo analizi: sineste 

5,6,rW   nacrianoba 13,5%d
tA  , aqroladebis 

gamosavlebis raodenoba _ 37,5%dafV  , xo-

lo gogirdi _ 1,5%d
tS  , 8Y  mm . tyibulis 

naxSiris sawyis masalad gamoyeneba ganpiro-
bebulia imiT, rom nacarSi arsebuli 

oqsidebi ZiriTadad ( 2 ~ 50%SiO , 2 3 ~ 30%Al O ), 

rac faqtobrivad warmoadgens kombinirebul 
masalas siliciumSemcveli da aluminSem-
cveli eleqtroSenadnobebisaTvis [1-5]. 

laboratoriul kvlevebSi gamoyenebuli 
iqna sulfitspirtovani bardis 1240kg/m3 sim-
kvrivis wyalxsnari, xsnadi mina da badagi [8-
12]. 

dabriketebas vaxdenT Semdegnairad: wvril-
marcvlovani tyibulis naxSirs an koncen-
trats vumatebT 5-10% xsnad minas, badags an 
maT narevs 1/1 TanafardobiT da ssb-s. 

dabriketebis teqnologiis efeqtianobis 
erT-erT ZiriTad faqtors warmoadgens Semk-
vreli nivTierebis saxeoba da raodenoba. 
dabriketebis procesSi Semkvrel masalad 
gamoyenebul iqna maRali siblantisa da 
zedapiruli daWimulobis mqone sxvadasxva 
saxis da maTi nareviT miRebuli Semkvrelebi, 
romlebic mniSvnelovnad zrdis Sewebva-
dobis da adsorbciis unars da briketebs 
aniWebs maRal metalurgiul Tvisebebs. 
dabriketebis Sesaxeb Catarebulma kvlevebma 
sxvadasxva Semkvrelis (Txevadi minis, ben-
tonitis Tixis, sulfitspirtovani bardis, 
qvanaxSiris fisis, sxvadasxva markis bitu-
mebis) gamoyenebiT aCvena, rom briketebis 
simtkicis mxriv saukeTeso Sedegebi miiReba 
1240-1260 kg/m3 simkvrivis sulfitspirtovani 

bardis (ssb) wyalxsnaris, xsnadi minis da 
badagis gamoyenebis SemTxvevaSi. 

1240 kg/m3 simkvrivis ssb-is koncentratis 
teqnikuri analizi aris Semdegi, %: mSrali 
narCeni _ 50; nacari _ 5,7; S -18,2. 

dabriketebis optimaluri parametrebis 
dadgenis mizniT, laboratoriul pirobebSi 
xdeboda briketis meqanikur maxasiaTeblebze 
kazmis sinestis, Semkvrelis raodenobis da 
dawnexis kuTri wnevis gavlenis Seswavla da 
sxv. 

dabriketebis win xdeboda kazmis winas-
wari areva da 50-60°C-mde gaxureba SemrevSi. 
amis Semdeg, gaxurebul kazms emateboda 
Semkvrelis gansazRvruli raodenoba da 
kargi arevis Semdeg xdeboda dabriketeba 25 
mpa ZaliT ПСУ-10 hidravlikur wnexze, ris 
Sedegadac miiReboda 40mm da 20mm simaRlis 
diametris cilindruli formis briketebi. 

nedli (axladmiRebuli) da mSrali 
(tSrobis=100-120°C) briketebis meqanikuri maxasi-
aTeblis gansazRvra xdeboda kumSvis (gaW-
yletis) da Camoyris meTodiT. dartymis 
erTdroul moqmedebaze gamocdiT da mbrunav 
dolSi cveTis gziT. 

TiToeuli seriidan xdeboda 20-20 briketis 
gamocda kumSvaze, ris Sedegadac miiReboda 
simtkicis saSualo maCvenebeli. winaRoba 
dartymaze ganisazRvreboda 2m simaRlidan 
briketebis oTxjeradi CamoyriT Tujis fi-
laze da Semdeg fraqciebad dayofiT. yovel 
cdaze xdeboda 100-120 briketis gamocda.  

briketebis simtkicis maxasiaTeblebze ga-
mocdis Sedegebi warmodgenilia 1-4 naxa-
zebze. 

Catarebuli kvlevebis Sedegad dadgeni-
lia, rom briketebis simtkicis maCveneblebi 
TiTqmis identuria da ar aris damokidebuli 
sawyisi komponentebis qimiur Semadgenlo-
baze. 

 

nax. 1.  briketebis simtkicis damokidebuleba 
Semkvrelis raodenobaze; 

1 – nedli (axladmiRebuli) briketebi; 

2 – mSrali ( 0t 100 CSrobis ) briketebi 

nax. 2. briketebis simtkicis damokidebuleba 
dasabriketebeli kazmis sinesteze; 

1 – nedli (axladmiRebuli) briketebi; 

2 – mSrali ( 0t 100 CSrobis ) briketebi 
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nax. 3. briketebis simtkicis damokidebuleba 
dawnexvis xvedriT wnevaze; 

1 – nedli (axladmiRebuli) briketebi; 

2 – mSrali ( 0t 100 CSrobis ) briketebi 

nax. 4. briketebis simtkicis damokidebuleba 
Srobis xangrZlivobaze 

 

 
Semkvrelis raodenobis gavlena brike-

tebis meqanikur simtkiceze ganisazRvreba 
briketis moculobaSi nawilakebis dasve-
lebis pirobebiT. Semkvrelis simciris 
dros kazmis nawilakebi arasakmarisad sve-
ldeba. xolo siWarbis SemTxvevaSi, iqmneba 
meqanikurad susti Semkvrelis sqeli fena, 
ris Sedegadac nedli da mSrali briketebi 
uZleben nakleb datvirTvas da gamoirCevian 
dabali simtkiciT. garkveul zRvrebSi sa-
kazme masalebSi sinestis arseboba xels 
uwyobs sakazme komponentebis Sewebebis 
gaumjobesebas SemkvreliT da kargi arevis 
Sedegad dawnexis procesSi nawilakebs So-
ris miiRweva ufro mWidro kontaqti. sabo-
loo jamSi briketebis simtkicis maxasia-
Teblebi izrdeba Semkvrelis naklebi xar-
jis SemTxvevaSi. 

kvlevebis Sedegad dadgenilia, rom da-
briketebis teqnologiaSi ZiriTad da rTu-
lad regulirebad faqtors warmoadgens 
dawnexis win narevis sineste. wyali asru-
lebs damxmare rols da mxolod aadvilebs 
nawilakebis daaxloebas. sinestis ukmariso-
bis dros Zneldeba nawilakebis daaxloeba, 
rac uaryofiTad aisaxeba briketebis 
simtkiceze. sinestis siWarbis dros izrdeba 
manZili nawilakebs Soris da Sesabamisad 
briketebis simtkicec mcirdeba. sinestis 
optimaluri Semcveloba uzrunvelyofs 
nawilakebis siaxloves da SeWidulobis Za-
lebis gazrdas. 

dasabriketebeli narevis optimaluri si-
nestis gansazRvris mizniT dawnexis win na-
revis sineste icvleboda 2-10%-is inter-
valSi, vinaidan 2%-ze naklebi sinestis 
dros miiReboda fxvieri, naklebad mtkice, 
naxevar formis briketebi, xolo 10%-ze me-
ti sinestis dros, narevi ekvroda presfor-
mebs da Semdgom dawnexa xdeboda SeuZle-

beli. dadgenilia, (nax.2), rom kazmis opti-
maluri sineste briketebis misaRebad unda 
Seadgendes 6-8%-s. 8%-ze meti sinestis Sem-
TxvevaSi dabriketebis procesi uaresdeba, 
vinaidan SeiniSneba kazmis mikvra presfor-
maze rac briketebis xarisxis Semcirebas 
iwvevs. 

dawnexis xvedriTi wnevis gazrda (nax. 3) 
iwvevs mSrali biketebis simtkicis gazrdas 
kumSvasa da dartymaze. briketebis simtkicis 
maxasiaTeblebi mkveTrad izrdeba dawnexis 
xvedriTi wnevis gazrdiT 20-25 mpa-mde, xo-
lo yvelaze mcirea 30-90-mpa-s intervalSi.  

briketebis gamocdam dartymaze da cveT-
aze aCvena, rom 10mm-ze wvrili fraqciis 
gamosavlianoba Seadgens 5-8%-s. 

briketebis simtkiceze maTi haerze Sro-
bis xangZlivobis damokidebulebis kvleveb-
ma aCvena, rom simtkice kumSvaze 10-20 saaTis 
ganmavlobaSi briketebis bunebrivi Srobis 
Semdeg mkveTrad izrdeba, magram maTi sim-
tkice 20%-iT naklebia 100-120°C-ze 2 saaTis 
ganmavlobaSi gamomSral briketebis simtki-
ceze (nax. 4). 

briketebis Srobis procesSi, poli-
merebis warmoqmnasTan erTad, xdeba dabal-
molekulur jgufTa sinTezi. polimer-
izaciis procesebis mimdinareobis ufro 
xelsayreli pirobebi iqmneba notio brike-
tebis 100-120°C temperaturamde gaxurebis 
dros, rac mniSvnelovnad zrdis Semkvreli 
nivTierebis simtkices da maSasadame, kazmis 
komponentebis calkeuli marcvlebis Sekv-
ris simtkices briketis mTel moculobaSi. 

amrigad, tyibulis naxSiris dabrike-
tebisTvis Catarebuli kvlevebis Sedegad 
davadgineT, rom meqanikurad mtkice (10-12mpa 
simtkice kumSvaze) briketebis miRebis opti-
malur parametrebs warmoadgens: dasabri-
ketebeli naxSiris sineste 6-8%, Semkvrelis 
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sulfitspirtovani bardis raodenoba 6-8%, 
Srobis temperatura 100-120°C. naxSiris op-
timaluri fraqcia 0-3mm. dawnexvis minimalu-
ri wneva 25,0mpa. 

specialuri saxis aRmdgenlis misaRebad 
eqsperimentebs vatarebdiT laboratoriul 
pirobebSi specialur avtoklavur gamaxure-
belSi, romelic mocemulia me-5 naxazze. 

 
 

 
nax. 5. briketebis dasakoqsi danadgaris sqema 

 
tyibulis naxSiris Termografiuli da 

misi mineralogiuri mdgenelebis Termodi-
namikuri gamokvlevebis Semdeg mivediT im 
daskvnamde, rom naxSiris gaxurebis sabo-
loo temperatura Seadgens 700-800°C, rome-
lic Seesabameba dabaltemperaturuli koq-
sis miRebis temperaturas. 

naxSiris briketebis dasakoqsi danadgari 
Sedgeba: avtoklavisagan (1), romelic CaSve-
bulia WaSur maxurebel RumelSi, xolo 
avtoklavSi CatvirTuli dasakoqsi naxSiris 
briketebi (2) moTavsebulia specialur ci-
lindrul WurWelSi advili momsaxurebis 
mizniT (8). avtoklavSi temperatura izomeba 
qromel-alumelis ( XA ) Termowyvilis meSve-
obiT (7) milivoltmetris gamoyenebiT (4). 
gamaxurebeli Rumeli mierTebulia avto-
transformatorze 250 40PHO   (3), rome-
lic saSualebas gvaZlevs vareguliroT 
naxSiris briketebis gaxurebis siCqare 
avtoklavSi. avtoklavSi, agreTve SegviZlia 
vareguliroT masSi arsebuli wnevis sidi-
de, romelic warmoiqmneba gamoyofili aire-
bis meSveobiT, wneva avtoklavSi izomeba 
manometriT (6), xolo misi regulireba xde-
ba ventiliT (5). 

tyibulis naxSiris briketebis dakoqsvis 
procesis kvlevisas SeviswavleT koqsbri-
ketebis simtkicis damokidebuleba naxSiris 
briketebis gaxurebis temperaturis siCqare-
ze, koqsis forianobis damokidebuleba misi 
gaxurebis siCqareze, aqroladebis gamosava-
lis damokidebuleba wnevis sidideze, eleq-
trowinaRobis damokidebuleba aqroladebis 
Semcvelobaze. Semdeg movaxdineT miRebuli 
koqsbriketebis teqnikuri analizi da misi 
teqnologiuri parametrebis gamokvleva. 

koqsbriketebis simtkicis damokidebule-
bis Sesaswavlad gaxurebis siCqareze, av-
toklavSi naxSiris temperaturas varegu-
lirebdiT transformatoris saSualebiT. 
kvlevebis Sedegad davadgineT, rom naxSiris 
briketebis gaxurebis optimalur siCqares 
warmoadgens 2,5-4,5°C/wT, romlis drosac 
miviReT SedarebiT mtkice (struqturuli 
simtkice 58%, (kumSvaze gaWyletaze) 12,5mpa. 
kvlevis Sedegebi naCvenebia me-6 naxazze. 

koqsbriketebis forianobis gaxurebis 
siCqareze damokidebulebis Seswavlisas mis 
davadgineT, rom am SemTxvevaSic gaxurebis 
optimalur siCqares warmoadgens TiTqmis 
igive parametrebi 2-4°C/wT, romelic naCve-
nebia me-7 naxazze. 
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nax. 6. koqsbriketebis simtkicis damokidebuleba  

gaxurebis siCqareze 
 

 

 
nax. 7. koqsbriketebis forianobis damokidebuleba 

gaxurebis siCqareze 
 

   

CavatareT kvlevebi koqsbriketebSi aqro-
ladebis Semcvelobis raodenobaze misi 
dakoqsvis pirobebis cvlilebisas, kerZod, 
vcvliT avtoklavSi arsebuli gamoyofili 
aqroladebis wnevas, kvlevis Sedegebma gviC-
vena, rom wnevis arcTu ise mniSvnelovani 
momatebiT aqroladebis Semcveloba koqsSi 
mniSvnelovnad izrdeba (8,5-12,2%). 

rogorc cnobilia, udidesi mniSvneloba 
eniWeba eleqtroferoSenadnobebis warmoebis 
procesSi aRmdgenlis eleqtrowinaRobas. am 
mizniT CavatareT kvlevebi koqsbriketebis 
eleqtrowinaRobis, masSi aqroladebis Sem-
cvelobaze damokidebulebiT. kvlevebma gviC-
vena, rom eleqtrowinaRoba izrdeba masSi 
aqroladebis SemcvelobiT, romelic warmo-
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adgens maT pirdapirproporciul damokide-

bulebas  537,5% 1,9 10dafV    om.sm , xolo 

 8% 42dafV  om.sm  [13-16]. 

CavatareT kvlevebi koqsbriketebis simt-
kicis damokidebulebis gansasazRvravad misi 
miRebis saSualo temperaturaze. kerZod, 
koqsbriketebis simtkicis damokidebuleba 

briketebis dakoqsvis saboloo temperaturis 
dayovnebis xangrZlivobaze. kvlevebma gviC-
vena, rom optimaluri dayovnebis dro sabo-
loo temperaturaze koqsbriketebisTvis Se-
adgens 60-dan 90 wuTs, faqtobrivad am xnis 
ganmavlobaSi xdeba aqroladebis gamoyofa. 
koqsis simtkicis damokidebuleba dayovnebis 
xangrZlivobaze naCvenebia me-8 naxazze. 

 

 
nax. 8. koqsbriketebis simtkicis damokidebuleba  

dakoqsvis saboloo temperaturis dayovnebis xangrZlivobaze 

 
koqsbriketebis miRebis procesSi Catarebuli kvlevebis saboloo Sedegebi naCvenebia 

pirvel cxrilSi. 
 

cxrili 1 
koqsbriketebis xarisaxobrivi  

maCveneblebi 
 

 
nimuSebis 
dasaxeleba 

teqnikuri analizi, % 
simtkice 

 

reaqciis 
unarianoba 

2CO  

ml/gr.wm 
rW  

d
tA  

 

dafV
 

d
tS  

gaWyletaze 
(kumSvaze) 

mpa 

xexvaze, 
% 
 

Camogde-
baze, 
(%) 

xv. elwina- 
Roba 
omi,sm 

tyibulis 
naxSiris 
koqsbriketi 

 
 

2,5 

 
 
19,5 

 
 

3,6 

 
 
0,75 
 

 
 

18,8 

 
 

9,3 

 
 

99,5 

 
 

40,0 

 
 

2,5 

metalurgiuli 
koqsi 

 
2,3 

 
10,8 

 
1,5 

 
1,2 

 
21,5 

 
7,2 

 
99,8 

 
1,5 

 
1,2 

 
amrigad, koqsis miRebis kvlevebma gviC-

vena, rom xarisxiani produqciis misaRebad 
saWiroa davicvaT Semdegi teqnologiuri pa-
rametrebi: gaxurebis siCqare 2,5-4,5°C/wT, da-

koqsvis saboloo temperatura 700-800°C da 
dayovnebis xangrZlivoba 700-800°C tempera-
turaze 60-90wT.  
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3. daskvna 
Catarebuli kvlevebs Sedegad davadgineT, 

rom meqanikurad mtkice naxSiris briketebis 
misaRebad optimalur parametrebs warmoad-
gens: dasabriketebeli naxSiris sineste 6-8%, 
Semkvrelis raodenoba 6-8%, gaSrobis tempe-
ratura 100-120°C, dawnexvis minimaluri wneva 
20,0-25,0mpa. 

xolo briketebis dakoqsvis optimalur 
parametrebs warmoadgens: briketebis optima-
luri gaxurebis siCqare 2,5-4,5°C/wT, dakoq-
svis saboloo temperatura 700-800°C da da-
yovnebis xangrZlivoba aRniSnul tempera-
turaze 60-90wT. 

aRniSnuli kvlevebis analizis Sedegad 
SegviZlia davaskvnaT, rom tyibulis naxSi-
risgan miRebuli koqsbriketi (specialuri 
aRmdgeneli) Tavisi fizikur-qimiuri Tvise-
bebiT mcired gansxvavdeba metalurgiuli 
koqsis Tvisebebisagan, samagierod mniSvne-
lovania misi gansxvaveba kuTr eleqtro-
winaRobasa da reaqciis unarze, rac gvaZ-
levs imis Tqmis saSualebas, rom tyibulis 
naxSiridan miRebuli specialuri aRmdge-
neli gamoyenebul iqnas eleqtroferoSe-
nadnobTa warmoebaSi, rogorc koqswvrilas 
alternativa.  
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RECEIVING SPECIAL TYPE REDUCING SUBSTANCES FROM TKIBULI COAL 
B. Maisuradze, Z. Simongulashvili, I. Maisuradze, T. Maisuradze 
 

Resume: Objective: The goal of the work is receiving special coke reducing sunstances via briketting from Tkibuli 

easily caking and gaseous coal. 
Method: Briketting was done on ПСУ‐10 type hydravlic press with pressure of 25,0mpa and received brikets were 

cokeed at 700‐800°C temperate. 
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Results: It was found out that to receive mechanically strong brikets optimal parameters are: dampness of coal to 
be briketted 6‐8%, drying temperature 100‐120°C. Minimal pressure of press 20,0‐25,0mpa. And optimal parameters 
of cokeing briket are: briket heating rate 2,5‐4,5°C/min. Final temperature of cokeing 700C‐800°C. Duration of delay at 
mentioned temperature 60‐90min. 

Conclusion: received coke‐brikets with their physical, chemical and mechanical properties completely correspond 
to requirements risen in production of electric ferroalloy which allows us to use it as an alternative of coke breeze. 

 
Key words:  Tkibuli coal; binding; coke; mechanical pressure; course briket; coke briket; reducing substance. 

 

 

 
УДК 662.74 

ПОЛУЧЕНИЕ СПЕЦИАЛЬНЫХ ВИДОВ ВОСТОНОВИТЕЛЯ ИЗ ТКИБУЛЬСКИХ УГЛЕЙ 
Б.Г. Майсурадзе, З.А. Симонгулашвили, И.Б. Майсурадзе, Т.Г. Майсурадзе 
 

Резюме:  Цель:  Из  Ткибульских  газовых  и  слабоспекающихся  углей  получить  коксвостановитель  специ‐

ального вида путем брикетирования. 
Метод:  Брикетирование  проводилось  на  гидравлическом  прессе  типа  ПСУ‐10  под  давлением  25,0  Мпа. 

Коксование полученных брикетов проводилось на температуре 700‐800°C. 
Результаты: Установили, что оптимальными параметрами для получения механически прочных брикетов 

являются: влажность углей для брикетирования 6‐8%, количество связующих веществ 6‐8%, температура сушки 
100‐120°C, минимальное давление пресования 20,0‐25,0 Мпа. Оптимальные параметры коксования брикетов: 
скорость  нагрева  брикетов  2,5‐4,5°C/мин,  конечная  температура  коксования  700‐800°C.  Выдержка  на  этой 
температуре 60‐90 мин.  

Заключение:  Полученные  коксобрикеты  своими  физико‐химическими  и  механическими  свойствами 
полностью  соответствуют  требованиям  электроферросплавной  промышленности,  что  дает  возможность 
использовать коксвостоновитель альтернативой коксика. 

 
Ключевые  слова:  Ткибульский  уголь;  связующий;  кокс;  механическое  давление;  сырой  брикет;  коксо‐

брикет; восстановитель. 
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reziume: mizani: kvlevis mizania baqterie-

bisagan sasmeli wylis gawmendisaTvis ara-
pirdapiri eleqtroqimiuri aRdgenis meTo-
dis gamoyenebiT liTonuri vercxliT modi-
ficirebuli mfiltravi masalis miRebis 
teqnologiis damuSaveba da gamocda.  

meTodi: mfiltrav masalad gamoyenebulia 
axali tipis matrica - ceolitiani foro-
vani keramika, xolo modificirebis proces-
Si matricaSi Camjdari vercxlis ionebis 
arapirdapiri eleqtroqimiuri aRdgenisaT-
vis mediatorad SerCeulia qinon-hidro-
qinonis redoqs-sistema.  

Sedegebi: fakultaturi anaerobuli (maT 
Soris E.coli) da mezofiluri aerobuli baq-
teriebiT maqsimalurad dabinZurebuli sas-
meli wyali vercxliT modificirebul ceo-
litian forovan keramikul filtrSi gata-
rebis Semdeg efeqturad iwmindeba baqterie-
bisagan - gafiltrul wyalSi koliindeqsi 
naklebia 3-ze, xolo saerTo mikrobuli 
ricxvi naklebia 10 koloniawarmomqmnel er-
Teulze.  

daskvna: vercxliT modificirebuli ceo-
litiani forovani keramikuli filtri amJ-
Ravnebs maRal antibaqteriul Tvisebebs da 
SeiZleba gamoyenebuli iqnes mavne baqte-
riebisagan sasmeli wylis gasawmendad.  

 
sakvanZo sityvebi: bunebrivi ceoliti; 

Tixa; hidroqinoni; ionuri mimocvla; koli-
indeqsi; koloniawarmomqmneli erTeuli.  

 
 
1. Sesavali 
janmrTelobis dacvis msoflio organiza-

ciis 2013 wlis monacemebiT, msoflioSi 700 
mln adamianze meti Rebulobs paTogenuri 
organizmebiT dabinZurebul sasmel wyals 
[1]. am globaluri problemis gadaWris 
efeqturi gza dasaxa keramikosTa saerTa-
Soriso arakomerciulma gaerTianebam Potters 
for Peace, romelmac SeimuSava iafi teq-
nologia da ganviTarebadi qveynebisTvis 
daiwyo liTonuri vercxlis Semcveli kera-

mikuli filtrebis, e.w PFP-filtrebis war-
moeba. filtrebiT gawmendili sasmeli wyali 
akmayofilebs msoflio jandacvis organiza-
ciis dabali riskis standarts.  

PFP-filtrebi mzaddeba Tixebis, naxerxisa 
da wvadi masalisagan (xis naxerxi, yavis an 
brinjis CenCo). gamowvas atareben 887-9000C-ze. 
wvadi nivTierebebis amowvis Semdeg filtrSi 
warmoiqmneba arxebi, romlebic uzrunvel-
yofs wylis gaJonvas anu filtracias. kera-
mikul filtrSi SeyavT koloiduri liTo-
nuri vercxli (nanovercxli) ori gansxva-
vebuli meTodiT: disks funjiT usvamen 
koloiduri vercxlis xsnars, romelic Sei-
cavs 200mg/l nanovercxls an disks uSveben 
koloiduri vercxlis xsnarSi, romelic 
Seicavs 800mg/l nanovercxls da aCereben 25-
30 wm-is ganmavlobaSi [2].  

PFP-filtrebis ZiriTad nakls warmoad-
gens gasawmend wyalSi vercxlis gadasvlis 
maRali xarisxi, rac gansakuTrebiT Tavs 
iCens filtris eqspluataciis sawyis peri-
odSi. filtraciis dawyebidan pirvel 30 
wuTSi wyalSi gadadis filtrSi arsebuli 
vercxlis TiTqmis 20-22% [2]. es iwvevs vercx-
lis aramiznobriv xarjs da zrdis vercx-
liT wylis dabinZurebis safrTxes. amerikis 
SeerTebuli Statebis garemos dacvis saagen-

tos (USAPA) monacemebiT vercxlis maqsima-
luri dasaSvebi koncentracia sasmel wyal-
Si Seadgens 0,1mg/l [3]. 

2012 wels gamoqveynda keiptaunis universi-
tetTan arsebuli wylis kvlevis komisiis 

angariSi, sadac gaanalizebuli iyo PFP-

filtrebis eqspluataciis Sedegebi [4]. angariSSi 
pirvelad gamoTqmulia vercxliT modifici-
rebuli ceolitis nanokompozitis bazaze 
keramikuli filtrebis damzadebis idea. 
avtorTa mosazrebiT, Tavdapirvelad qimiuri 
gziT unda damzaddes koloiduri liTonuri 
vercxliT modificirebuli ceoliti anu 
vercxli-ceolitis nanokompoziti, romelic 
SemdgomSi Tixovan masalasTn erTad gamoiw-
veba maRal temperaturaze, daaxloebiT 
9000C-ze. aseTi filtris damzadebis mizanSe-
woniloba eyrdnoba im mosazrebas, rom ceo-
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liti Tavisi ionmimocvliTi unariT warmo-
adgens saukeTeso masalas karkasSi eleqtro-
statikuri mizidvis ZalebiT mtkiced Camj-
dari vercxlis ionebis misaRebad. aseTi 
ionebis aRdgenis Sedegad miRebuli liTo-
nuri vercxlis nawilakebis adgezia ceoli-
tisa da, Sesabamisad, filtris struqtu-
rasTan unda aRematebodes meqanikuri gziT 
Seyvanili nawilakebis analogiur maxasia-
Tebels, rac saSualebas iZleva aRmovfxvraT 

PFP-filtrebis ZiriTadi nakli - wyalSi 
vercxlis gadasvlis maRali siCqare. 

gamoTqmuli ideis praqtikuli realiza-
ciis Sesaxeb samuSaoSi [4] informacia ar 
aris. aqedan gamomdinare, SeuZlebelia ideis 
realur efeqturobaze msjeloba. migvaCnia, 
rom ideis ZiriTadi mosalodneli dadebiTi 
efeqti aris is, rom igi saSualebas iZleva 
ceolitis karkasSi mtkiced Camjdari liTo-
nuri vercxlis miRebis SesaZlebloba Sevu-
TavsoT keramikuli masalis maRal meqanikur 
simtkices. amave dros, am ideis realizacia 
dakavSirebulia garkveul winaaRmdegobasTan. 
saqme isaa, rom vercxli-ceolitis nano-
kompozitis Tixovan narevTan erTad 850-

900 -ze gamowvas aucileblad mohyveba verc-
xlis nanostruqturis rRveva da misi nawi-
lakebis Secxoba, ris gamoc liTonuri ver-
cxlis antibaqteriuli da antivirusuli 
moqmedebis unari mkveTrad Semcirdeba an 
mTlianad gaqreba [5]. 

literaturuli monacemebis kritikuli 
analizis safuZvelze Camoyalibda da ganxor-
cielda liTonuri vercxliT modifici-
rebuli ceolitiani forovani keramikuli 
filtris damzadebis idea, romelic gulis-
xmobs Semdegi ori ZiriTadi teqnologiuri 
stadiis Catarebas [6]: 

- ceolitis, Tixebisa da wvadi masalis 
maRaltemperaturuli gamowva da ceolitiani 
forovani keramikuli masalis miReba; 

- ceolitiani forovani keramikuli masa-
lis modificireba liTonuri vercxliT, rac 

gulisxmobs masalis damuSavebas AgNO3-is 
xsnariT da matricis struqturaSi Camjdari 

Ag+ ionis aRdgenas aRmdgenelis gamoyenebiT. 
teqnologiuri ideis siaxle mdgomareobs 

imaSi, rom myar sarCulad, anu matricad 
ceolitis nacvlad gamoyenebulia axali 
tipis masala - ceolitiani forovani kera-
mika. ideis mosalodneli dadebiTi efeqti 
ganpirobebulia imiT, rom axali tipis 
matricaSi SenarCunebulia ceolitis ionmimo-
cvliTi unari da igi Serwymulia keramikuli 
masalisaTvis damaxasiaTebel simtkicesTan, 
rac saSualebas iZleva Tavidan aviciloT 
ceolitis maRali cveTadobiT ganpirobebuli 

uaryofiTi movlenebi. amave dros, modi-
ficirebis procesis Catareba mza matricaSi 
(anu, kazmis gamowvis Semdeg) saSualebas 
iZleva Tavidan aviciloT aqtiuri kompo-
nentebis - liTonuri vercxlis maRal-
temperaturuli damuSavebiT ganpirobebuli 
arasasurveli procesi - liTonuri vercxlis 
nawilakebis Secxoba.  

am ideis ganxorcielebis xelis SemSlel 
faqtors warmoadgens ceolitis Tviseba, rom-
lis Tanaxmadac Termuli damuSavebis Sede-
gad misi ionmimocvliTi tevadoba mkveTrad 
mcirdeba [7,8]. kerZod, 900 -ze gamowvis 
Sedegad ceolitis struqtura amorfuli 
xdeba da ionmimocvliTi tevadoba praqtiku-
lad nuls uaxlovdeba. am problemis gadaWra 
SesaZlebelia gamowvis optimaluri tempe-

raturis SerCevis gziT. 800-850 -ze ceoliti 
inarCunebs mkveTrad Semcirebul, magram gar-
kveul ionmimocvliT tevadobas, rac SesaZle-
belia savsebiT sakmarisi aRmoCndes liTo-
nuri vercxlis Semcveli filtrebis efeq-
tiani funqcionirebisTvis imis gaTvalis-

winebiT, rom PFP filtrebSi liTonuri 
vercxlis maqsimaluri Semcveloba dabalia 
da 0.03%-s Seadgens [1]. 

zemoT gamoTqmuli ideis garda, winam-
debare samuSaos siaxles warmoadgens agreT-
ve liTonuri vercxliT modificirebuli 
filtris dasamzadeblad matricaSi Camjdari 

Ag+ ionebis arapirdapiri eleqtroqimiuri 
aRdgenis meTodis SemuSaveba [9]. 

ceolitebisa da Tixis eleqtrogamtaroba 
ionuri xasiaTisaa da ganpirobebulia kaTi-
onebis migraciiT. vinaidan ceolitian kera-
mikul filtrs ar aqvs eleqtronuli 
gamtarebloba, matricis karkasSi arsebul 

prekursoris - Ag+ ionebis uSualo monawi-
leoba eleqtrodul procesSi SeuZlebelia. 
kaTionebis eleqtroqimiuri aRdgenis pro-
cesi SeiZleba Catardes mxolod arapir-
dapiri eleqtroqimiuri zemoqmedebiT. am miz-
niT aucilebelia SeirCes iseTi nivTierebebi, 
romlebic Seasrulebs mediatoris, anu eleq-
tronebis gadamtanis funqcias eleqtrodsa 

da matricaSi arsebul Ag+ ionebs Soris. 
aseT mediatorad SerCeulia hidroqinon-
qinonis redoqs-sistema. cnobilia, rom hid-

roqinoni warmoadgens Ag+-is efeqtur aRmd-
genels [10-14]. matricaSi Camjdari vercxlis 

ionebis (Ag+Z) hidroqinonTan moqmedebiT 
miiReba miznobrivi produqti - vercxliT 

modificirebuli mfiltravi masala (Ag0Z) da 
para-benzoqinoni (SemdgomSi qinoni): 
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                                                                   (1) 
reaqciis (1) Sedegad miRebuli qinoni aRdgeba kaTodze hidroqinonis warmoqmniT: 

                                                             (2) 
 
jamur process warmoadgens prekursoris 

- Ag+-is arapirdapiri eleqtroqimiuri aRd-
gena, ris Sedegadac miiReba liTonuri ver-
cxliT modificirebuli matrica: 

                     2 Ag+Z +2e  2AgoZ                          (3) 
amrigad, Caketil teqnologiur konturSi, 

romelic Sedgeba modificirebisa da eleq-
trolizis procesebisagan, mimdinareobs hid-
roqinonisa da qinonis urTierTgardaqmna, anu 
rogorc hidroqinonis, aseve qinonis rege-
neracia. orive nivTierebis xarji minimaluria 
da ganpirobebulia mxolod meqanikuri dana-
kargebiT. xerxi iZleva hidroqinonis mniSv-
nelovnad gaiafebis saSualebas, radgan mis 
nedleulad gamoiyeneba modificirebis qimiur 
procesSi warmoqmnili qinoni, ris gamoc 
hidroqinonis misaRebad saWiro nedleulis 
xarji praqtikulad nuls utoldeba.  

hidroqinonis mniSvnelovnad gaiafebas iw-
vevs agreTve is garemoeba, rom igi miiReba 
uSualod misi moxmarebis adgilze da ar 
gamoiyeneba sasaqonlo produqtis saxiT. 
sasaqonlo produqtis SedarebiT maRali 
fasi ganpirobebulia im damatebiTi teqno-
logiuri operaciebiT, romelTa Catareba 
aucilebelia xsnarebidan mSrali nivTie-
rebis gamosayofad (aorTqleba, kristaliza-
cia, Sroba). SemoTavazebuli xerxis Tanax-
mad, sasaqonlo produqtis saxiT hidroqi-
nonis xarji mkveTrad mcirdeba da igi 
ganpirobebulia e.w. sastarto xarjiT da 
gardauvali meqanikuri danakargebiT. mkveT-
rad mcirdeba, agreTve, sasaqonlo produq-
tis saxiT hidroqinonis gadazidvis xarjebi.  

samuSaoSi [15] dadgenilia qinon-hidroqi-
nonis narevis mediatorul sistemad gamo-
yenebis SesaZlebloba da SemuSavebulia qino-
nis eleqtroqimiuri aRdgeniT ganzavebuli 
wyalxsnarebidan hidroqinonis 100%-iani 
deniT gamosavliT miRebis meTodi. eleqtro-
lizs atareben oTaxis temperaturaze da 

kaTodad gamoyenebulia naxSirbadis qeCis (Le 

Carbone Lorraine) eleqtrodi. winamdebare 
samuSaoSi ganxilulia qinonis eleqtro-
qimiuri aRdgeniT miRebuli hidroqinoniT 

matricaSi Camjdari vercxlis ionebis (Ag+Z) 
aRdgenis procesis kvlevis Sedegebi.  

2. ZiriTadi nawili 
eqsperimentisTvis gamoyenebulia SroSis 

(zestafonis raioni) wiTeli da TeTri Tixa. 
ceolitis nimuSebi aRebulia xekorZulas 
sabadoze (mcxeTis raioni) da Seicavda 85-
90% klinoptilolits. ceoliti da Tixa 
gaSrobis Semdeg daimsxvra ybebian samsxvre-
velaSi. damsxvreuli masalis zoma ar 
aRemateboda 5 mm. wvad masalad gamoyenebu-

lia xis naxerxi, romelic Sreboda 40-50 -ze 
da ifqveboda keramikul burTulebian 
wisqvilSi. sxvadasxva Sedgenilobis kazmi 
(Tixa, ceoliti da xis naxerxi) erToblivad 
ifqveboda liTonis burTulebian faifuris 
wisqvilSi 100mkm-mde. miRebuli narevisagan 
mzaddeboda plastikuri comi, romlis daya-

libeba cilindruli formis (d=15-18 mm, h=12-

20 mm) nimuSebis saxiT xdeboda wnexis qveS. 
dawnexis sidide 20-70 kgZ/sm2. dayalibebuli 
nimuSebi saSrob karadaSi 100-105 -ze 4 saa-
Tis ganmavlobaSi gamoSrobis Semdeg gamoiw-
veboda mufelis RumelSi. saboloo tempera-
turaze nimuSis dayovnebis xangrZlivoba 
Seadgenda 1 an 4 saaTs. nimuSebis gaciveba 
xdeboda RumelSive da maTi masebi meryeobda 
4-6g farglebSi. mocemuli pirobebisaTvis 
(kazmis Sedgeniloba da gamowvis tempera-
tura) mzaddeboda filtris ori parale-
luri nimuSi. filtris nimuSebi silikonis 
saSualebiT magrdeboda minis milSi, romlis 
sigrZe 25-30 sm-s Seadgens. filtraciis pro-
cesSi wylis svetis simaRle milSi udrida 
daaxloebiT 25 sm-s da misi mniSvnelobis 
ryeva Seadgenda 2 3   sm-s. cdebSi gamoiye-

neboda AgNO3-is reaqtivi kvalifikaciiT 

„sufTa“. mfiltrav masalaSi Ag+ ionis Seyvana 
da misi aRdgena liTonur vercxlamde 
tardeboda minis milSi Camagrebul filtrSi 

AgNO3-is xsnaris, Semdeg ki- hidroqinonis 
xsnaris gatarebiT. xsnaris gadinebis siCqare 
limitirebuli iyo filtris gaJonvadobis 

unariT. filtrSi Ag+ ionebis Seyvanis mizniT 

milSi isxmeboda 25ml 0,055M AgNO3-is xsnari, 
romelic cirkulirebda filtrSi mravalje-
radi gatarebis gziT. amrigad, kvlevis 
SerCeuli meTodi Seesabameba statikur re-
Jims gamdinare xsnaris pirobebSi. filtris 
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damuSaveba xsnariT grZeldeboda 12 saaTis 
ganmavlobaSi. amis Semdeg milSi Casxmuli 
distilirebuli wyliT filtri irecxeboda 

Ag+ ionebze uaryofiTi reaqciis miRebamde. 
garecxvis procesSi narecxi wylis mocu-
loba TiTqmis 7-8-jer aRemateboda ZiriTadi 
xsnaris moculobas. filtrSi Camjdari pre-

kursoris - Ag+ ionebis masa iangariSeba 
formuliT: 

m = (Cსაწყ.  Vსაწყ. - Cსაბ.  Vსაბ.)  1000, 

sadac m ionmimocvliTi meqanizmiT ceoli-

tis karkasSi Sesuli Ag+ ionebis masaa, mg;  

Cსაწყ. da Cსაბ. - Ag+ ionebis koncentracia sawyis 
da saboloo (ZiriTadi xsnari + narecxi 

wyali) xsnarebSi, g/l;  da  - sawyisi 

da saboloo (ZiriTadi xsnari + narecxi 
wyali) xsnarebis moculobebi, l. 

keramikuli filtrSi Ag+ ionebis masuri 
wili (%) ganisazRvreba formuliT: 

a =  % ,  

sadac m filtrSi Ag+ ionebis masaa, mg; mფ- 
filtris masa, g.  

Ag+ ionebis raodenobrivi gansazRvra 
tardeboda, rodaniduli meTodiT [16], xolo 
ganzavebul xsnarebSi am ionebis koncen-
tracia isazRvreboda mikrotalRuri speqt-

rometriT МР-AES4200. literaturul mona-
cemebze [12] dayrdnobiT, hidroqinonis opti-

malur koncentraciad miviCnieT 0.01M wyal-

xsnari. 
 
Ag

Hq

   -is moluri Sefardebis optima-

lurma sididem unda uzrunvelyos mfiltrav 

masalaSi Camjdari Ag+ ionebis sruli 

aRdgena. Ag+ ionebis hidroqinoniT aRdgenis 
reaqciis (1) Tanaxmad, steqiometriulad 
aucilebeli moluri Sefardeba Seadgens 

 
Ag

Hq

   =  . mfiltrav masalaSi Camjdari Ag+ 

ionebis raodenoba icvleboda 0.028-0.26 
milimolis intervalSi. yvela diskSi 

gatarebuli iqna 35 ml 0,01M hidroqinonis 
xsnari, anu 0.35 milimoli hidroqinoni. 

Sesabamisad, moluri Sefardeba 
 
Ag

Hq

    icvle-

boda 
1

12.5
-dan 

1

1.35
-mde. amrigad, steqiomet-

riul raodenobasTan SedarebiT, hidroqi-
noni aRebuli iyo daaxloebiT (25÷2,7)-jer 
ufro meti raodenobiT. hidroqinonis xsna-
riT damuSaveba xdeboda ori gansxvavebuli 
meTodiT: I meTodi iTvaliswinebda hidro-
qinonis xsnaris miwodebas minis milSi 

zemodan qvemoT. filtrSi gaJonili xsnari 
kvlav brundeboda minis milSi. II meTodis 
Tanaxmad, hidroqinonis xsnari miewodeboda 
WiqaSi, romelSic CaSvebuli iyo minis mili 
masSi Camagrebuli filtriT. amrigad, xsnari 
filtrSi moZraobda qvemodan zemoT. Wiqasa 
da milSi xsnaris donis gaTanabrebis Semdeg 
(xsnari milSi faravda filtris zedapirs 2-
3 mm-iT) mils vwevdiT zeviT masSi arsebuli 
xsnaris daclis mizniT. daclis Semdeg mils 
kvlav vuSvebdiT xsnarSi. orive meTodSi 
filtris xsnarTan kontaqtis xangrZlivoba 
Seadgenda 12 sT-s. aRdgenis procesis damTav-
rebis Semdeg filtri irecxeboda gamoxdili 
wyliT 24 saaTis ganmavlobaSi. 

keramikul diskSi Ag+ ionis hidroqinoniT 
aRdgenis procesis kvlevam gviCvena, rom 
liTonuri vercxlis nawilakebis garkveuli 
masa tovebs keramikul disks da gadadis 
zolis saxiT wyalxsnarSi. aqedan gamomdi-
nare, aucilebeli gaxda miRebul zolSi 
liTonuri vercxlis Semcvelobis gansaz-
Rvra. amave dros, aRdgenis procesis damTav-
rebis Semdeg tardeboda qinonis gansazRvra 
ZiriTad xsnarsa da gamrecx wyalSi [17].  

E.coli-T dabinZurebuli wylis gatareba 
keramikul diskSi xorcieldeboda modifici-
rebis procesis Catarebis analogiurad: 
dabinZurebuli wyali miewodeboda minis 
milSi silikoniT Camagrebul keramikuli 
filtrs. wylis gadinebis siCqares gansazRv-
ravda filtris gaJonvadoba. gafiltrul 
wyalsa da keramikul filtrSi E.coli-sa da 
sxva baqteriebis Semcvelobis gansazRvra 
tardeboda Sps „janmrTelobis centris“ (q. 
Tbilisi) mier. E.coli-T xelovnurad dabin-
Zurebuli modeluri wylis nimuSebi mzad-
deboda amave Sps-Si. 

E.coli-s wylis gawmendis procesSi vercx-
lis rolis dadasturebis mizniT dabinZure-
buli wyali tardeboda analogiuri Sedgeni-
lobisa da gamowvis temperaturis mqone 
ceolitian forovan keramikul filtrSi, 
romelic ar iyo modificirebuli liTonuri 
vercxliT. 

 
3. eqsperimentis Sedegebi da maTi 

analizi 
3.1. ceolitiani forovani keramikuli 

filtris damzadebis optimaluri pirobebi 
ceolitiani forovani keramikuli fil-

tris simtkicis sakiTxi warmoadgens erT-
erT ZiriTad problemas filtris damza-
debis teqnologiis SemuSavebis dros. kera-
mikuli masalis gamowvis optimaluri tempe-
ratura aRemateba 900 . gamowvis aseTi tem-
peratura miuRebelia liTonuri vercxliT 



56 
 

modificirebuli filtris dasamzadeblad, 
radgan 900 -ze gamowvis Sedegad ceoliti 
kargavs ionmimocvliT unars da misi ion-
mimocvliTi tevadoba nuls utoldeba. amri-
gad, ionmimocvliTi unaris SesanarCuneblad 
mfiltravi masalis kazmi unda gamoiwvas 
900 -ze ufro dabal temperaturaze, rac 
dakavSirebulia keramikuli filtris simt-
kicis SemcirebasTan. aseve erTmaneTTan 
winaaRmdegobaSia filtris efeqturi fun-
qcionirebisaTvis misi ori umniSvnelovanesi 
maxasiaTebeli - filtris gaJonvadoba da 
simtkice. filtris gaJonvadobis gazrda 
sasurvel sididemde miiRweva kazmSi naxer-
xis damatebiT, rac uaryofiT gavlenas ax-
dens filtris simtkiceze. amrigad, kazmis 
Sedgenilobisa da gamowvis temperaturis 
optimalurma mniSvnelobebma unda uzrun-
velyos gaJonvadobisa da ionmimocvliTi 
tevadobis gansazRvruli mniSvnelobebis 
miRweva filtris damakmayofilebeli sim-
tkicis pirobebSi.  

samuSaos [18] Tanaxmad, PFP filtrebSi 
wylis gaJonvadobis optimalur mniSvnelobad 
miCneulia 2-3 ml/sT·sm2. gaJonvadobis aseTi 
sidide uzrunvelyofs realuri zomis fil-
trebis (radiusiT 25-26 sm) gamoyenebisas dRe-
RameSi 98-147 l wylis gawmendas. amave dros, 
literaturidan [19] cnobilia, rom kerami-
kuli filtrebis meqanikuri mdgradoba iTv-
leba damakmayofileblad, Tu misi simtkicis 
zRvari kumSvaze Seadgens minimum 15-20 kg.Z/sm2. 
aqedan gamomdinare, ceolitiani forovani 
keramikuli filtris optimaluri Sedgeni-
lobis kriteriumad miviCnieT filtris Ziri-
Tadi maxasiaTeblebis Semdegi mniSvnelobebi: 
kumSvaze simtkicis zRvari minimum 15-20 
kgZ/sm2, gaJonvadoba minimum - 1.5-2.0 ml/sT·sm2, 
xolo filtris ionmimocvliTi tevadoba Ag+ 

ionebis mimarT unda uzrunvelyofdes PFP 
filtris maxasiaTeblis miRwevas, romlis 
Tanaxmadac liTonuri vercxlis Semcvelo-
bis qveda zRvari am filtrebSi utoldeba 
0,03%-s [1]. 

TixasTan Serevis gareSe mxolod ceoli-
tis fxvnilis gamowviT miRebuli masala 
xasiaTdeba sakmaod maRali meqanikuri simt-
kiciT - simtkicis zRvari kumSvaze 25-30 
kgZ/sm2-is tolia. magram rogorc es mosa-
lodneli iyo, filtrs aqvs nulovani gaJon-
vadoba. gaJonvadobis gazrdis mizniT 
ceolitis fxvnilze xis naxerxis damateba 
iwvevs filtris meqanikuri simtkicis mkveT-
rad Semcirebas - kumSvaze simtkicis zRvari 
praqtikulad nuls utoldeba. amrigad, 
Tixebisagan gansxvavebiT, ceoliti xasiaT-
deba susti Semkvreli TvisebebiT da xis 

naxerxTan Serevis Sedegad is mTlianad 
kargavs am Tvisebas. xis naxerxis Tanaobisas 
meqanikuri simtkicis misaRwevad aucilebe-
lia ceolitisa da Tixis erToblivi 
gamowva. imisaTvis, rom filtrma gamoavli-
nos ionmimocvliTi unari, saWiroa kazmSi 
ceolitis Semcveloba Seadgendes minimum 40-
50%-s, xolo meqanikuri simtkicisa da gaJon-
vadobisaTvis kazms unda daematos wiTeli 
da TeTri Tixa da xis naxerxi. 

didi moculobis eqsperimentuli kvleve-
bis Sedegad gamoikveTa kazmis Sedgeni-
lobisa da gamowvis pirobebis is optima-
luri mniSvnelobebi, romlebic uzrunvel-
yofen zemoT dasaxelebuli parametrebis 
mqone filtrebis damzadebas (cxr.1). Catare-
buli kvlevebis safuZvelze dadginda, rom 
kazmis optimaluri Sedgeniloba naxerxis 
gareSe aris 50% ceoliti, 40% wiTeli Tixa 
da 10% TeTri Tixa. 100g aseT kazms unda 
daematos 25,0-31,6g naxerxi, rac Seadgens 
kazmis masis 20-24%-s. gamowvis optimaluri 
temperaturaa 800-8500C, xolo gamowvis xangr-
Zlivoba 1 an 4sT. am pirobebSi miRebuli 
ceolitiani forovani keramikuli filtri 
inarCunebs sakmaod maRal ionmimocvliT 
unars Ag+ ionebis mimarT. 1 saaTiani gamow-
vis Sedegad miRebul filtrebSi Ag+ ionebis 
masuri wili icvleba 0,156-dan 0,421%-mde. 
analogiuri maCvenebeli 4 saaTiani gamowvis 
Sedegad miRebul filtrebSi Seadgens 0,104-
0,124%-s. miRebuli Sedegebi srul Sesabami-
sobaSia ceolitis TvisebasTan, rac gamoi-
xateba Termuli damuSavebis temperaturisa 
da xangZlivobis gazrdiT ionmimocvliTi 
unaris SemcirebaSi. 

 
3.2. ceolitian keramikul filtrSi Cam-

jdari Ag+ ionebis liTonur vercxlamde 
aRdgena 

rogorc ukve aRvniSneT, Ag+ ionebis 
aRdgenisaTvis gamoyenebulia qinonis eleqt-
roqimiuri aRdgeniT miRebuli hidroqinonis 
ganzavebuli xsnari. modificirebis pro-
cesis damTavrebis Semdeg filtrSi li-
Tonuri vercxlis Semcveloba icvleba 0,08-
dan 0,29%-mde (cxr. 2), rac TiTqmis 2-10-jer 
aRemateba PFP filtrebis analogiur maxasi-

aTebels [1]. Ag+ ionebis aRdgenis procesSi 
SeimCneva wyalxsnarSi liTonuri vercxlis 
nawilakebis warmoqmna. xsnarSi gadasuli 
liTonuri vercxlis masa damokidebulia 

keramikul filtrSi Ag+  ionebis Semcvelo-
baze, Tumca es damokidebuleba mkafio ka-
nonzomierebas ar emorCileba. 

SedarebiT mkafio gavlena moaxdina 
xsnarsa da filtrs Soris liTonuri verc-
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xlis ganawilebis balansze filtrSi aRmd-
geneli xsnaris moZraobis mimarTulebam 
(cxr. 2). filtrSi aRmdgeneli xsnaris qve-
modan zemoT moZraobis pirobebSi mcirdeba 
xsnarSi gadasuli liTonuri vercxlis 
procentuli wili vercxlis ionebis sawyi-
si raodenobis mimarT. xsnaris zemodan qve-

moT moZraobisas filtrSi darCenili li-

Tonuri vercxlis masa Seadgens Ag+ ionebis 
sawyisi masis 44.9-68,0%, maSin rodesac 
xsnaris sapirispiro mimarTulebiT moZrao-
bisas igive maxasiaTebeli 83.7-93.2%-s aRwevs. 

 
cxrili 1 

ceolitiani forovani keramikuli filtris damzadebis optimaluri pirobebi, 

fizikur-meqanikuri maxasiaTeblebi da  Ag+  ionebis mimarT ionmimocvliTi unari 
 

ფილტრის 

№ 

კაზმის 

შედგენილობა, % 

100 გ კაზმში 

დამატებული 

ნახერხის მასა, გ 

(კაზმში ნახერხის 

მასური წილი, %) 

გამოწვის 

ტემპერა-

ტურა,  

°C 

გაჟონვადობა, 

მლ/სთ.სმ2 

სიმტკიცე 

კუმშვაზე,

კგ.ძ/სმ2 

Ag+  იონების 

მასა 

ფილტრში, 

მგ 

Ag+  

იონების 

მასური 

წილი 

ფილტრ

ში, %

73  

 

 

 

 

 

 

 

 

  

 

 

 

 

 

ცეოლიტი-50, 

წითელი  

თიხა-40,  

თეთრი  

თიხა-10 

 

 

20,0 

(16,7) 

 

 

 

 

 

 

800 

1,20 20 23,1 0,404 

74 1,32 20 23,1 0,368

75 2,56 20 24,4 0,409 

76 

25,0 

(20,0) 

2,56 20 19,0 0,375 

77 1,32 20 25,8 0,421 

77’ 

 

 

1,19 

 

 

20 

 

 

17,7 

 

 

0,339 

 

78        

       30,0 

            (23,08) 

 

12,36 

 

15 

 

18,3 

 

0,379 

79 7,93 15 21,3 0,414

80 8,15 15 19,3 0,416 

81 20.0 

(16,7) 850 

2,25 20 11,25 0,210 

81’ 3,15 20 11,25 0,187 

82 8,75 20 7,28 0,156 

83 27.5 

(21,6) 
800 

             7,5 15 23,25 0,422 

83’ 10 15 24,25 0,452 

84 30,0 

(23,08) 

13,0 15 20,25 0,352 

84’ 14,3 15 20,25 0,348 

85 27.5 

(21,6) 

850 

11,25 20 17,25 0,290 

85’ 12 20 20,25 0,324 

86 30,0 

(23,08) 

14,75 20 16,25 0,255 

86’ 10,75 20 25,25 0,273 

103 30,0 

(23,08) 

3.8 20 5,27 0,104 

107 2.4 20 6,28 0,105 

112               25,0 

             (20,0) 

1.9 20 7,90 0,124 

 
pirobebi: filtrebis №73-86’ gamowvis xangZlivoba 1sT, xolo filtrebis №103-112 - 4sT. 
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cxrili 2  
vercxlis balansi ceolitian keramikul filtrSi  

Ag+ ionebis hidroqinoniT aRdgenis procesSi 

cdis pirobebi: aRmdgeneli xsnaris Sedgeniloba:  hidroqinoni - 0,01M; H2SO4- 0,11M; mocu-
loba - 35ml; 

  

ფილტრის 

№ 

აღებულია მიღებულია 

აღმდგენელი 

ხსნარის 

ფილტრში 

მოძრაობის 

მიმართულება 

Ag+ იონი 

კერამიკულ 

ფილტრში, მგ 

მასური 

წილი,   

% 

Ag0-ის ნაწილაკები 

წყალხსნარში 

Ag0-ის ნაწილაკები  

კერამიკულ ფილტრში 

მასა, მგ 

ფილტრში 

არსებული 

Ag+ იონის  

საწყისი 

მასის 

მიმართ,% 

მასა, მგ 
მასური 

წილი, % 

ფილტრში 

არსებული 

Ag+ იონის  

საწყისი 

მასის 

მიმართ,% 

73  23.1 0,404 9.7 42.0 13.4 0.23 58.0  

 

 

 

 

 

 

 

 

ზემოდან 

ქვემოთ 

74  23.1 0,368 10.2 44.2 12.9 0,20 55.8 

75  24.4 0,409 8.9 36.4 15.5 0,26 63.5 

76  19.0 0,375 7.6 40.0 11.4 0,23 66.0 

77  25.8 0,421 9.7 37.6 16.1 0,26 63.4 

77’  17.7 0,339 8.7 49.2 9.0 0,17 50.8 

78  18.3 0,379 7.9 43.2 10.4 0,22 46.8 

79  21.3 0,414 7.9 37.1 13.4 0,26 72.9 

80  19.3 0,416 7.9 41.0 11.4 0,25 59.0 

        81  11.3 0,210 5.9 52.4 5.35 0.10         47.6 

       81’  11.3 0.187 6.2 55.1 5.05 0.08 44.9 

       82’  7.3 0.156 2.9 40.0 4.35 0.09 60.0 

       83  23.3 0,422 9.3 40.0 13.95 0.25 60.0 

       83’  24.3 0,452 8.6 35.5 15.65 0.29 64.5 

       84  20.3 0,352 12.2 60.3 8.05 0.14 39.75 

       84’  20.3 0,348 8.6 42.5 11.65 0.20 57.5 

       85  17.3 0,290 7.7 44.6 9.55 0.16 55.38 

       85’  20.3 0,324 6.5 32.1 13.75 0.22 67.9 

       86  16.3 0,255 5.2 32.0 11.05 0.17 68.0 

       86’  15.3 0,273 5.9 38.7 9.35 0.17 61.3 

103  5,3 0,104 0,86 16,3 4,41 0,087 83,7 
ქვემოდან 

ზემოთ 
107  6,3 0,105 0,65  10,4 5,63 0,094 89,6 

112  7,9 0,124 0,54 6,8 7,36 0,116 93,2 

 
 

ceolitis karkasSi Camjdari Ag+ ionis 
hidroqinoniT aRdgenis procesSi warmoiqmne-

ba H+ ioni, romelic ceolitis ConCxSi 
nulvalentiani liTonuri vercxlis miRebis 
Sedegad warmoqmnili uaryofiTi muxtis 
kompensacias axdens. wyalbadis ionebis way-
ros warmoadgens, agreTve, qinonis eleqtro-
qimiuri aRdgeniT miRebuli hidroqinonis 
xsnari, romelic Seicavs gogirdmJavas. 
neitraluri liTonuri vercxlis nawilakze 
aRar vrceldeba eleqtrostatikuri mizidu-
lobis Zala da misi fiqsacia ceolitis 
struqturaSi damokidebulia mraval faq-

torze, esenia: aRdgenis pirobebi, ceolitis 
dehidrataciis xarisxi, ceolitis Sedgeni-
loba. 

samuSaoSi [21] Camoyalibebulia zogadi 
debulebebi, romelTa mixedviT aRdgenis 
Semdeg liTonis dispersiuloba myar sar-
CulSi damokidebulia mis zedapirze liTo-
nis adheziis muSaobasa da liTonis atomebs 
Soris Tanafardobaze. atomur mdgomareo-
baSi liTonTa fiqsaciisaTvis saWiroa, rom 
sarCulis mimarT atomebis adheziis muSaoba 
aRematebodes atomebs Soris urTierTqme-
debis Zalebs. vercxlis atomTa wyvils 
Soris urTierTqmedebis Zalebi Seadgens 39 
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kkal/mols, maSin rodesac sarCulsa da 
liTonis atoms Soris adheziis muSaoba 2-8 
kkal/molis tolia. aqedan gamomdinare, verc-
xlis fiqsacia ceolitis an nebismieri myari 
sarCulis zedapirze calkeuli atomebis sa-
xiT naklebad albaTuria. samuSaoSi [22] naC-
venebia, rom ceolitebSi liTonebi xasi-
aTdeba mniSvnelovani mobilurobiT. aRdge-
nis process Tan sdevs liTonTa atomebis 
migracia ceolitis kristalis gare zedapi-
risaken, sadac warmoiqmneba liTonuri faza. 

 
3.3. antibaqteriuli Tvisebebis kvleva  
kvlevis sawyis etapze dadginda E.coli-sagan 

wylis gawmendis procesze qinonisa da 
hidroqinonis gavlena. am nivTierebebis kval-
s SeiZleba Seicavdes liTonuri vercxliT 
modificirebuli keramikuli filtri, 
miuxedavad imisa, rom modificirebis Semdeg 
keramikuli filtri irecxeba wyliT. kvle-
vebi Catarda uvercxlo keramikul filt-
rebze, romlebSic Sesabamisad gatarda 35ml 
0.2 g/l qinonisa da 1.18 g/l hidroqinonis 
Semcveli xsnarebi. qinoniTa da hidro-
qinoniT gaJRenTvis Semdeg diskebSi gatarda 
E.coli-iT dabinZurebuli modeluri wyali. 
orive SemTxvevaSi E.coli-is Semcveloba ga-

filtrul wyalSi ar Secvlila, xolo kera-
mikuli filtri dabinZurda E.coli-T. amrigad, 
qinoniTa da hidroqinoniT garkveul kon-
centraciamde gaJRenTili keramikuli fil-
tri ar avlens antibaqteriuli moqmedebis 
unars. miT ufro gamoricxulia am unaris 
gamomJRavneba maSin, rodesac modificirebis 
procesis damTavrebis Semdeg keramikuli 
filtri irecxeba da orive naerTis 
Semcveloba mfiltrav masalaSi praqtikulad 
nuls utoldeba. 

liTonuri vercxliT modificirebuli 
ceolitiani forovani keramikuli filtre-
bis Tvisebebis xangZlivma da detalurma 
kvlevebma aCvena, rom 1 saaTiani gamowvis 
Sedegad miRebuli filtrebis gaJonvadobis 
unari droSi mcirdeba da daaxloebiT 50-51 
dRe-RameSi nulamde ecema (cxr. 3). gaJon-
vadobis unaris aRdgena moxerxda filtrebis 
gamoxdil wyalSi 45 wuTiani duRilis Sede-
gad, Tumca gaJonvadobis sididem ver miaRwia 
sawyis mniSvnelobas da igi Semcirda 
1.06÷5.46 ml/sT·sm2-mde. 4 saaTiani gamowvis 
Sedegad miRebuli filtrebis gaJonvadobis 
unari droSi ar icvleba, rac miuTiTebs 
gamowvis procesis aseTi xangrZlivobiT 
Catarebis aucileblobaze.  

 
cxrili 3 

filtrebis gaJonvadobis cvlileba droSi 

 

ფილტრის 

 № 

საწყისი 

გაჟონვადობა, 

მლ/სმ2.სთ 

 50 დღე-ღამის 

შემდეგ 

გაჟონვადობა, 

მლ/სმ2.სთ 

 აღდგენილი 

გაჟონვადობა წყალში 

45 წთ-იანი დუღილის 

შემდეგ, მლ/სმ2.სთ 

81’ 3,15 0 1,06 

82’ 8,75 0 1,5 

83 7,5 0 2,29 

83’ 10 0 1,23 

86 14,75 0 5,46 

86’ 10,75 0 4,41 

 

 
E.coli-sagan wylis gawmendis procesis win 

filtrebma №811, 821, 83, 831, 86, 861  gaiara 45 
wuTiani Termuli damuSaveba wyalSi duRi-
lis gziT. aseTi damuSaveba, rogorc 
aRvniSneT, aucilebeli iyo filtris gaJon-
vadobis unaris aRsadgenad (filtrebis 
damzadeba da maTi antibaqteriuli aq-
tiurobis gamocda Catarda daaxloebiT 50 
dRe-Ramis intervaliT). filtris antibaq-
teriuli moqmedebis resursis Seswavlis 
mizniT, E.coli-sagan gawmendis II ciklis win 
imave jgufis filtrebma gaiara mduRare wy-
alSi 4 saaTiani damuSavebis stadia. aseTi 
damuSavebis Sedegad izrdeba wyalSi ver-

cxlis xsnadoba, rac aCqarebs filtrSi 
vercxlis raodenobis Semcirebas da iZleva 
filtris gaxangrZlivebuli eqspluataciis 
miaxloebiTi modelirebis saSualebas. 4 
saaTiani gamowvis Sedegad miRebuli fil-
trebis № 103, 107, 112 antibaqteriuli aq-
tiurobis Seswavla Catarda filtrebis wy-
alSi winaswari Termuli damuSavebis ga-
reSe. orive jgufis filtrebma gamoam-
JRavnes maRali antibaqteriuli aqtiuroba 
(cxr. 4 da 5). eqsperimentSi gamoyenebuli 
iyo E.coli-T xelovnurad dabinZurebuli wy-
ali, romelSic koliindeqsi aRemateboda 
1100-s. liTonuri vercxliT modificirebul 
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keramikul filtrSi gafiltvris Semdeg wy-
alSi koliindeqsis mniSvneloba aRmoCnda 
<3-ze, rac Seesabameba usafrTxo sasmeli 
wylis saerTaSoriso standarts. mxolod 
or SemTxvevaSi (filtri №861, I cikli da 
filtri №86, II cikli) koliindeqsi gafil-
trul wyalSi Seadgenda 23. es ori Sem-
Txveva didi albaTobiT ganpirobebulia 

eqsperimentSi daSvebuli SecdomiT (gafil-
truli wylis dabinZureba moxda gareSe 
faqtorebis gavleniT). amaze miuTiTebs is 
eqsperimentuli faqti, rom orive filtrma 
Semdgom ciklebSi (filtri №861, II cikli 
da filtri №86, III cikli) mTlianad 
gawminda wyali E.coli-sagan. 

 
cxrili 4 

E. coli-sagan wylis gawmendis Sedegebi 
 

cdis pirobebi: dabinZurebul modelur wyalSi koliindeqsi aRemateba 1100, I ciklis win 
filtrebi № №811, 821, 83, 831, 86, 861 damuSavda wyalSi duRiliT 45 wuTis ganmavlobaSi, 
xolo II ciklis win ki damuSavda wyalSi duRiliT 4 saaTis ganmavlobaSi; filtrebis № 
103, 107, 112 antibaqteriuli aqtiurobis Seswavla Catarda wyalSi winaswari Termuli 
damuSavebis gareSe. 
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81’ 1,06 50 <3 0.73 50 <3 0,4 50 <3 

82’ 1,50 50 <3 1.31 50 <3 1,12 50 <3 

83 2,29 70 <3 2.15 70 <3 2,0 70 <3 

83’ 1,23 50 <3 0.98 50 <3 0,72 50 <3 

86 5,46 130 <3 5.93 130 23 6,4 150 <3 

86’ 4,41 100 23 3.86 100 <3 3,3 100 <3 

103 1.76 46 <3 1.45 63 <3 1.25 68 <3 

107 2.31 56 <3 0.94  50 <3 0.87 45 <3 

112 2.75 75 <3 2.08 102 <3 2.01 98 <3 

 
filtrebis № 103, 107 da 112 maRali 

antibaqteriuli aqtiuroba mniSvnelovania 
im TvalsazrisiT, rom am filtrebSi verc-
xlis Semcveloba SedarebiT Semcirebulia. 
liTonuri vercxliT modificirebuli ceo-
litiani keramikuli filtri efeqturi aR-
moCnda, agreTve, mezofiluri aerobuli da 
fakultaturi anaerobuli mikroorganizme-
bisagan sasmeli wylis gasawmendad (cxr. 5). 

E.coli-T dabinZurebul modelur wyalSi 
mezofiluri aerobuli da fakultaturi 
anaerobuli mikroorganizmebis saerTo rao-

denoba aRemateboda raodenobrivi gansaz-
Rvris SesaZlo zeda zRvars (daTvla SeuZ-
lebelia). liTonuri vercxliT modifici-
rebul ceolitian keramikul filtrSi 
gatarebis Semdeg wyalSi saerTo mikrobuli 
ricxvi Semcirda 2-10 koloniawarmomqmnel 
erTeulamde (k.w.e). saerTaSoriso standar-
tiT janmrTelobisaTvis usafrTxo sasmel 
wyalSi saerTo mikrobuli ricxvi unda iyos 
50 k.w.e-ze naklebi.  
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cxrili 5  
mezofiluri aerobuli da fakultaturi anaerobuli baqteriebisagan  

wylis gawmendis Sedegebi 

 
cdis pirobebi: baqteriebis saerTo raodenoba E.coli-T dabinZurebul wyalSi aRemateboda 
raodenobrivi gansazRvris SesaZlo zeda zRvars 
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81’ 1,06 50 2 0.73  50 5 0,4 50 8 

82’ 1,50 50 3 1.31  50 3 1,12 50 8 

83 2,29 70 5 2.15  70 6 2,0 70 10 

83’ 1,23 50 3 0.98  50 4 0,72 50 8 

86 5,46 130 5 5.93 130 6 6,4 150 8 

86’ 4,41 100 7 3.86 100 7 3,3 100 5 

103 1.76 46 2 1.45  63 8 1.25 68 5 

107 2.31 56 4 0.94  50 5 0.87 45 3 

112 2.75 75 6 2.08  102 7 2.01 98 6 

 
vercxlis koncentracia E.coli-sagan gaw-

mendil wyalSi meryeobs 0.09-0.12 ppm-is 
farglebSi (cxr. 6). es mniSvnelobebi Seesa-
bameba sasmel wyalSi vercxlis zeda da-
saSveb koncentracias, romelic Seadgens 0.1 
ppm-s [23]. aqedan gamomdinare, liTonuri 
vercxliT modifirebul ceolitian kera-
mikul filtrSi gafiltruli sasmeli wy-
ali vercxlis Semcvelobis mxriv usafr-
Txoa janmrTelobisaTvis. 

 
cxrili 6 

vercxlis saSualo koncentracia 
E.coli-sagan gawmendil wyalSi, 

ppm 
 

ფილტრის№ CAg+, ppm 

81’ 0.09 

82’ 0.09 

83  0.12 

83'  0.12 

86  0.11 

86'  0.11 

103 0.09 

107 0.10 

112 0.10 

 
  
 

3. daskvna 
miRweulia kvlevis ZiriTadi mizani – ara-

pirdapiri eleqtroqimiuri aRdgenis meTodis 
gamoyenebiT damzadebulia liTonuri ver-
cxlis nawilakebiT modificirebuli axali 
tipis ceolitiani forovani keramikuli 
filtri, romelic xasiaTdeba maRali 
antibaqteriuli aqtiurobiT da vercxlis 
nawilakebis sakmaod maRali meqanikuri da 
qimiuri mdgradobiT, ris gamoc igi SeiZleba 

gamoyenebul iqnas E.coli-sagan, sxva fakulta-
tiuri anaerobuli da, agreTve, mezofiluri 
aerobuli baqteriebisagan sasmeli wylis 
gasawmendad.   
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UDC 666.3 

FABRICATION AND ANTIBACTERIAL CHARACTERISTICS OF ZEOLITE POROUS CERAMIC FILTER MO‐
DIFIED WITH SILVER  
J. Shengelia, G. Tsurtsumia, I. Suladze, T. Tkeshelashvili, V. Tediashvili  
 

Resume: Goal: Fabrication of antibacterial filtrating material.  

Method: Method of fabrication of filtrating materials by calcination of white and red clay zeolites and wood saw‐
dust followed with modification by particles of metallic silver is developed. To reduce silver ions embedded into matrix 
via ion‐exchange process, method of indirect electrochemical reduction using hydroquinone‐quinine system as a me‐
diator is worked out.  
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Results: High antibacterial activity of filter in a process of purification of drinking water from bacteria E. coli, meso‐
philic aerobic and facultative anaerobic microorganisms is shown.  

Conclusion: Modified a zeolite porous ceramic  filter by particles of metallic silver can be used  to purify drinking 
water from bacteria. 

 
Key words:  natural zeolite; clay; hydroquinone; ion‐exchange; coli‐index; colony forming unit. 

 

 

 
УДК 666.3 

ИЗГОТОВЛЕНИЕ МОДИФИЦИРОВАННОГО СЕРЕБРОМ ЦЕОЛИТОВОГО ПОРИСТОГО КЕРАМИ‐
ЧЕСКОГО ФИЛЬТРА И ЕГО АНТИБАКТЕРИАЛЬНЫЕ СВОЙСТВА 
Дж.Г. Шенгелия, Г.С. Цурцумия, И.Ш. Суладзе, Т.М. Ткешелашвили, В.Дж. Тедиашвили 
 

Резюме: Цель: изготовление антибактериального фильтрующего материала.  

Методы:  разработан  метод  изготовления  фильтрующего  материала  путем  обжига  цеолита,  белой  и 
красной  глин  и  древесных  опилок  с  последующим  модифицированием  частицами  металлического  серебра. 
Для восстановления ионов серебра, введенных в матрицу путем ионного обмена, разработан метод непрямого 
электрохимического восстановления с использованием медиатора ‐ системы гидрохинон‐хинон.  

Результаты:  доказана  высокая  антибактериальная  активность  фильтров  в  процессе  очистки  питьевой 
воды от бактерии E.coli, а также от мезофильных аэробных и факультативно анаэробных микроорганизмов.  

Заключение:  модифицированый  металлическим  серебром  цеолитовый  пористый  керамический  фильтр 
может быть использован для очистки питьевой воды от бактерии. 

 
Ключевые  слова:  природный  цеолит;  глина;  гидрохинон;  ионный  обмен;  коли‐индекс;  колониеобразу‐

юшая единица. 
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reziume: kvlevis ZiriTad mizans warmo-

adgenda mcire diametris sali Senadnobis 
spiraluri burRebiT nabeWd filebSi nax-
vretis miRebis procesis optimizacia, e.i. 
operaciis efeqtianobis amaRleba. 

winamdebare naSromis konkretul amoca-
nas Seadgenda Segveswavla evropasa da yo-
fil sabWoTa kavSiris qveynebSi arsebuli 
sainstrumento masalebis fizikur-meqaniku-
ri Tvisebebis gavlena preciziuli burRe-
bis cveTamedegobaze da SegverCia is masala, 
romelsac burRvis procesSi eqneboda maRa-
li cveTamedegobis kriteriumebi. 

meTodi: TiToeuli gamosacdeli sains-
trumento masalidan erTnair pirobebSi dam-
zadda erTnairi geometriis mqone burRebi: 
burRis muSa nawilis diametri d=1,0 mm-s, 
xolo bolovanas d1=2 mm-s Seadgenda, yvela 
danarCeni parametri Sesabamisad akmayofi-
lebda maTze wayenebul moTxovnebs. burRvis 
dros ixvriteboda yru naxvretebi, ori 
erTmaneTze damagrebul 1,5 mm sisqis 
minateqstolitis filebis paketSi, romlis 
markaa CΦ-35I (ГОСТ 10316-78). paketis qvemoT 
moTavsebuli iyo ГФ markis getinaqsis sade-
bi. eqsperimentebisaTvis SerCeul iqna Sem-
degi reJimebi: Wris siCqare V=157,0 m/wT, 
brunTa ricxvi n=50,000 br/wT, miwodeba S=0,04 
mm/br-ze.  

Sedegi: sali Senadnobis spiraluri 
burRebis cveTamedegobaze gansakuTrebul 
gavlenas axdens namzadis Runvaze simtkicis 
zRvris maRali maCvenebeli, sisale moqmedebs 
burRis cveTamedegobaze, magram ara ise, ro-
gorc simtkicis zRvari Runvaze. namzadebs, 
romelTac aqvT Runvaze simtkicis zRvris 

maRali maCvenebeli, σR>2000 n/mm2, maTi cve-
Tis kriteriumebi sam ZiriTad mWrel wibo-
ebze iyo ufro naklebi, vidre im namzade-

bisa, romelTa σR<2000 n/mm2.  
 
sakvanZo sityvebi: preciziuli iaraRi; 

mWreli iaraRi; spiraluri burRebi; sainst-
rumento masala; burRva.  

 
 

 
1. Sesavali 
XXI saukuneSi iseTi mniSvnelovani dar-

gebis progresi, rogoricaa: kosmonavtika, 
aviacia, xelsawyoTmSenebloba, samedicino 
teqnikis warmoeba, manqanaTmSeneloba da 
mravali sxva, warmoudgenelia Tanamedrove 
donis mciregabarituli eleqtronuli kvan-
Zebisa (mek) da radioeleqtronuli aparatu-
rebis (rea) gareSe [1, 2, 3, 4, 5, 6]. 

zemoT aRniSnuli warmoebis dargebSi 
teqnikis ganviTarebis intensiuroba damoki-
debulia maTi elementuri bazis SesaZ-
leblobis swraf zrdasTan, ramac, Tavis 
mxriv, gamoiwvia yvela am dargSi gamoyene-
buli radioeleqtronuli xelsawyoebis 
swrafi mikrominiaturizacia da muSaobis 
procesSi maTdami wayenebuli moTxovnebis 
gamkacreba, rac gamoixateba maT saimedo-
obaSi, sizusteSi, informaciis erTdroulad 
mravali mimarTulebiT swraf gadacema-miRe-
baSi, minimaluri energoresursebis moxmare-
baSi, mcire gabaritul zomebsa da Sesa-
bamisad, patara wonaSi. 

Tanamedrove pirobebSi eleqtronuli apa-
ratebis warmoebis mimarT arsebuli maRali 
moTxovnebis uzrunvelyofa moiTxovs preci-
ziuli mWreli instrumentebis rogorc efeq-
turi konstruqciebis, aseve axali sairaRo 
da dasamuSavebeli masalebis Seqmnis auci-
leblobas, romelTac eqneba optimaluri ge-
ometriuli parametrebi da gaumjobesebuli 
fizikur-meqanikuri Tvisebebi [2, 3, 4,5, 6]. 

eleqtronuli xelsawyoebis saeqspluata-
cio maxasiaTeblebis gazrdam, misi Semadge-
neli elementebis intensiuri mikrominia-
turizaciis tendenciam, rea-isa da mek-is 
warmoebaSi ZviradRirebuli mravalfenovani 
nabeWdi filebis didi raodenobiT gamoCenam, 
gamoiwvia ara marto dasamuSavebuli nax-
vretebis zomebis Semcireba 0,3-0,6 mm-mde, 
aramed naxvretebis xarisxisa da saerTod, 
burRvis operaciis mimarT moTxovnebis gam-
kacreba. aqve unda aRiniSnos, rom inten-
siurad mcirdeba geometriuli zomebi im 
instrumentebisa, romlebic sxvadasxva teqno-
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logiur operaciebSi am elementebis warmoe-
bisTvis gamoiyeneba [2, 3, 4, 5, 6].  

 

2. ZiriTadi nawili 
miuxedavad imisa, rom burRi warmoadgens 

erT-erT tradiciul da kargad Seswavlil 
instruments, mravali sainJinro da samec-
niero problemuri sakiTxi dauzustebelia. 
es gamowveulia imiT, rom gansakuTrebiT 
mcire diametris (0,3-1,0 mm) sali Senadnobis 
spiraluri burRebi (mssb), Wris pirobebisa 
da burbuSelas warmoqmnis mixedviT, war-
moadgens erT-erT yvelaze rTul mWrel 
iaraRs, romelzec burRvis procesis dros 
erTdroulad moqmedebs sxvadasxva erTmaneT-
Tan dakavSirebuli faqtorebi [5, 7, 8, 9, 10, 
11]. amasTan, TiToeulis gavlena rogorc 
burRvis procesze, aseve damuSavebuli zeda-
piris xarisxze kidev ufro aqtualuria, 
rodesac mWreli iaraRi damzadebulia Zvi-
rad Rirebuli, maRali cveTamedegobis mqone, 
magram, sakmaod myife saiaraRo masalisagan, 
rogoricaa sali Senadnobi [12, 13, 14, 15]. 

kvlevis ZiriTad amocanas warmoadgenda 
mcire diametris sali Senadnobis spiraluri 
burRebiT nabeWd filebSi naxvretis miRebis 
procesis optimizacia, e.i. operaciis efeq-
tianobis amaRleba. 

burRvis operaciis efeqtianobis amaRle-
bas pirdapir gansazRvravs ramdenime Ziri-
Tadi faqtori, maT Soris sali Senadnobis, 
rogorc saiaraRo masalis fizikuri da 
meqanikuri Tvisebebi (simtkice, sisale, 
fxvnilis marcvlovneba, maTi simkvrive 
erTeulovan farTobze, forianoba da sxva). 
e.i. nabeWdi filebis damuSavebis dros auci-
leblad SerCeuli unda iqnes instrumentis 
iseTi saTanado masala, romelsac burRvis 
procesSi eqneboda maRali cveTamedegobis 
kriteriumebi. 

dReisaTvis nabeWdi filebis dasamuSaveb-
lad gamoyenebuli mcire diametris sali 
Senadnobis spiraluri burRebis saWiro 
raodenoba samomxmareblo bazarze ganuxre-
lad izrdeba da weliwadSi msoflios 
sxvadasxva qveynis bevri msxvili momxmareb-
lisTvis ramdenime milioni calobiT 
ganisazRvreba. amitom, burRis cveTamede-
gobisa da muSaobis xangrZlivobis, Tundac 
ramdenime procentiT gazrda, gamoiwvevs 
saboloo produqciis warmoebisaTvis auci-
lebeli iaraRebis raodenobis sagrZnob 
Semcirebas, aseve aRsaniSnavia is faqti, rom 
burRis medegobis gazrdasTan erTad mcir-
deba Tanamedrove ZviradRirebuli, cifruli 
programuli marTvis (cpm) Carxebis mocdenis 
droc, rac saerTo jamSi ganapirobebs so-
lidur ekonomikur efeqts, ris gamoc am 
dargSi dakavebuli mravali qveynis mecni-

erebi intensiurad muSaoben, raTa miaRwion 
burRvis operaciis efeqturobis amaRlebas 
[4, 5, 16, 17, 18, 19, 20].  

radioeleqtrunuli warmoebis ganviTare-
basTan dakavSirebiT, 1960 wlidan yofil 
sabWoTa kavSiris teritoriaze intensiurad 
daiwyo axali qarxnebis Camoyalibeba, 
romlebmac aiTvises im droisaTvis arsebuli 
teqnologiebi rogorc sali Senadnobebis 
namzadebis warmoebisTvis, aseve am namza-
debisagan sxvadasxva konstruqciis mWreli 
iaraRebis dasamzadeblad. 

pirvel etapze miznad davisaxeT gamogvek-
vlia sali Senadnobis, rogorc saiaraRo 
masalis fizikur-meqanikuri Tvisebebi, dag-
vedgina maTi gavlena mWreli burRebis 
cveTamedegobasa da simtkiceze. 

minskis (М.З.У. ЭВМ) qarxnis da stu-s 
programuli marTvis laboratoriebis (pml) 
saerTo ZalisxmeviT moxerxda yofil sab-
WoTa kavSiris qveynebSi arsebuli im Zi-
riTadi mwarmoeblebis namzadebis Seswavla 
da klasifikacia, romlebic uSvebdnen sxva-
dasxva markis BK da TK tipis namzadebs mssb-
is warmoebisaTvis (cxr. 1) [12, 24, 25]. 

cxrilSi mocemuli Sedegebidan Cans, rom 
yofili sabWoTa kavSiris teritoriaze 
arsebuli mwarmoebelTa mier gamoSvebuli 
namzadebidan: ВК6М (minski ЭВМ _ belo-
rusia); ВК10МХ, ВК6ХОМ, ВК10ТХ (moskovi 
ВНИИТС _ ruseTi); ВК6OМ (kievi А.З. _ 
ukraina) da ВК6OМГ (Tbilisi, stu, “pml” _ 
saqarTvelo) _ markis namzadebma, sxvebTan 
SedarebiT, ufro maRali fizikur-meqanikuri 
maxasiaTeblebi gamoavlina. aqve unda 
aRiniSnos, rom minskis (ЭВМ) qarxanaSi 
arsebuli sali Senadnobebis rogorc nam-
zadebis, aseve burRebis warmoebis teqnolo-
giuri xazebi aSS-s specialistebis mier 
aris warmoebuli da damontaJebuli, amito-
mac gasagebia maTi SedarebiT maRali maC-
veneblebi [12, 16]. 

analogiuri TvalsazrisiT, Seswavlil da 
klasificirebul iqna evropis sxvadasxva 
qveynis mowinave firmebis mier gamoSvebuli 
namzadebic (cxr. 2). sali Senadnobebis marc-
vlovaneba erTerTi mniSvnelovani maxasia-
Tebelia, romelic ganapirobebs namzadis ma-
Ral meqanikur da saeqspluatacio Tvisebebs. 
Seswavlili markebis marcvlovanebis 
Sefaseba mocemulia cxrilebSi 1 da 2, xolo 
ramdenimes mikrofitografia warmodgenilia 
sur. 1-ze. rogorc mikrostruqturuli foto-
ebidan Cans is sali Senadnobebic ki, rom-
lebic wvrilmarcvlovani mikrostruqturis 
mqoned iTvleba preciziuli spiraluri 
burRebis misaRebad gamoyenebuli masalebi-
saTvis sakmaod msxvilmarcvlovania evropu-
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li Senadnobebis mikrostruqturasTan (sur. 1. e) SedarebiT. 
 

 

   
 

a)                                            b) 

      
                                          

g)                                           d) 
 

 

 
 
e) 

 
 

sur. 1. sxvadasxva sali Senadnobebis mikrostruqturebi:  
a) T, b) ВН10, (saqarTvelo); g) ВК6, d) ВК60М (ruseTi), e) Xavera (evropa) 
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moxda yofili sabWoTa kavSiris terito-
riaze sali Senadnobis mwarmoebeli qar-
xnebis mier gamoSvebuli namzadebis gadar-
Ceva, romelTa fizikur-meqanikuri maxasiaTeb-
lebi sagrZnoblad aRemateboda normad miC-
neul maCveneblebs. yvela SerCeuli sali 
Senadnobis markis namzadebisagan aRebul 
iqna sam-sami partia namzadebisa, TiToeuli 
partiidan damzadebuli xuT-xuTi cali 
d=1,0mm diametris mqone burRebi (sur. 2), 
Sesadarebel sakontrolo burRebad arCeul 
iqna minskis (ЭВМ belorusia) qarxnis BK6M 
masalisagan damzadebuli burRebi. 

miRebul SedegebSi cdomilebebis Sesam-
cireblad eqsperimentebi gameorda 3-jer. 
saerTo jamSi erTi markis Senadnobisagan 
damzadda da gamoicada 45 cali burRi. 

kvlevis I etapze saerTo jamSi gaiburRa 
1200000 naxvreti. imisaTvis, rom Tavidan agve-
cilebina damzadebis pirobebis teqnolo-
giuri, geometriuli da konstruqciuli gan-
sxvavebebi, burRebi damzadda vilniusis bur-
Rebis qarxnis (В.З.С. litva) pirobebSi. gamoc-
debis am seriaSi gamosakvlevi burRis muSa 
nawilis diametri d=1,0 mm-s, xolo bolova-
nas d1=2 mm-s Seadgenda, yvela danarCeni pa-
rametri Sesabamisad akmayofilebda saerTa-
Soriso moTxovnebs (sur. 2). burRvis dros 
ixvriteboda yru naxvretebi, or erTmaneTze 
damagrebul 1,5 mm sisqis minateqstolitis 

filebis paketSi, romlis markaa CΦ-35I 
(ГОСТ 10316-78). paketis qvemoT moTavsebuli 
iyo ГФ markis getinaqsis sadebi (sur. 3) [26, 
27]. 

eqsperimentebis ZiriTadi nawili Sesrul-
da vilniusSi (litva), vilniusis burRebis 
qarxanasTan arsebul samecniero sakvlev 

laboratoriaSi (В.З.С.БЛГИС) cifruli prog-
ramuli marTvis (cpm) – Carxze `Micronic-1~ 
(germania), xolo nawili gamocdebisa stu-is 

pml-Si cpm Carxze CΦ4 (ssrk) da Tbilisis 
qarxana uvm-Si, aseve cpm Carxze _ `Alfa-Z~ 
(aSS), `Klininberg~ (germania). samive SemTxvevaSi 
cifruli programuli marTvis Carxebi, te-
qnikuri monacemebiT, iZleoda SesaZleb-
lobas SegvenarCunebina erTi da imave Wris 
reJimebi. am eqsperimentebisaTvis SerCeul 

iqna Semdegi reJimebi: Wris siCqare V=157,0 
m/wT, brunTa ricxvi n=50,000 br/wT, miwodeba 
S=0,04 mm/br-ze. eqsperimentebis Sedgebi moce-
mulia me-4 suraTze. 

Semdeg ganxorcielda SedarebiTi eqsperi-
mentebi cveTamedegobaze, evropis wamyvani 
firmebis Senadnobebisagan damzadebul bur-
Rebsa da sxvadasxva ВК markis burRebs So-
ris. sakontrolod miCneul iqna ВК6М-is ma-
salisagan damzadebuli burRi. amjerad eqs-
perimentebi Catarda mxolod vilniusis spi-
raluri burRebis qarxnis laboratoriaSi 
(В.З.С.БЛГИС – litva). burRebis geometriuli 
parametrebi, gamokvlevis teqnikuri pirobebi, 
Wris reJimebi, cveTis kriteriumebis gazom-
vis saSualebebi identuri iyo, rogorc wina 
gamocdis dros evropuli firmebis namza-
debis raodenobis SedarebiT simciris gamo, 
TiToeuli markis Senadnobebisagan damzadda 
sam-sami cali burRi, eqsperimentebis samje-
radi gameorebT. jamSi erTi markis namza-
disagan damzadda da gamoicada 9 cali bur-
Ri. me-5 suraTze mocemulia eqsperimentebis 
Sedegad miRebuli monacemebi, saidanac 
naTlad Cans, rom burRebma, romlebic dam-
zadebuli iyo K12D (Spiraltooys-avstria), rom-

lis σR=3640 n/mm2, H10F (Sandvik-avstria), 
σR=3640 n/mm2 da EMT210 (Ekstrament-Sveicaria), 
Sesabamisad, σR=3700 n/mm2 aCvena gasaocrad 
maRali Sedegebi cveTamedegobaze, maTi 

cveTis mniSvnelobebi 2,3÷2,8-jer naklebi 
iyo ВК6М (ЭВМ-belorusia) sakontrolo bur-
Rebis monacemebze [17, 21, 22]. xolo im markis 

namzadebma, romlebic 3000n/mm2≤σR≤3500n/mm2 
Soris iyo moTavsebuli, 1,7-2,1-jer naklebi 
cveTis kriteriumebi aCvena, sakontrolo 
burRTan mimarTebaSi. danarCeni sxvadasxva 
markis namzadisagan damzadebulma burRebma, 

romlebic 2000n/mm2≤σR≤2500n/mm2 Soris icv-
leboda, gamoavlina met-naklebad erTnairi 
cveTis mniSvnelobebi, magram aqac dadas-
turda is faqti, rom rac metia namzadis 
simtkicis zRvris maCvenebeli Runvaze, miT 
naklebia cveTa mis sam ZiriTad mWrel wi-
boze [12, 17, 21, 22].  
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sur. 1. nabeWdi filebis dasamuSavebeli sali Senadnobis spiraluri burRis 
geometriuli parametrebi da cveTis damaxasiaTebeli adgilebi 
1. L _ saerTo sigrZe; 2. l _ mWreli nawilis sigrZe; 3. 1 l _ muSa 
nawilis sigrZe; 4. ω _ spiraluri Raris daxris kuTxe; 
5. 2  _ ormagi gadalesvis kuTxe; 6. d _ burRis diametri; 7. 1 d _ bolovanas 

diametri; 8. K _ burRis gulis diametri; 9. f _ zoluras sigane; 

10. B _ zurgis sigane; 11. q _ zurgis diametri; 12. α _ mTavari ukana kuTxe; 

13. 1 α _ damxmare ukana kuTxe 

 

 
sur. 2. nabeWdi filebis burRiT damuSavebis sqema: 
I-II - erTmaneTze damagrebuli ori CФ-351 markis minateqstolitis fila; 

III - Carxis magidaze dasadebad gamoyenebuli ГФ markis genitaqsi 
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3. daskvna 
1. dsT-s teritoriaze arsebul sali Se-

nadnobis burRebis namzadebis mwarmoebelTa 
Soris Catarebuli eqsperimentebis dros 
cveTamedegobaze sxvebTan SedarebiT maRali 
Sedegebi aCvenes BK6M (М.З.У. ЭВМ – beloru-
sia), BK6ОМГ (stu _ saqarTvelo) da ВК10МХ 
(ВНИИТС - ruseTi) markis Senadnobebisagan 
damzadebulma burRebma [19, 21, 22]. 

2. aRsaniSnavia is faqti, rom namzadebs, 
romelTac aqvT simtkicis zRvris Runvaze 

maRali maCvenebeli, σR>2000 n/mm2, maTi cve-
Tis kriteriumebi sam ZiriTad mWrel wibo-
ebze (h ,h,h. . u.z z g w ) iyo ufro naklebi, 

vidre im namzadebisa, romelTa σR<2000n/mm2. 
[12, 17,21, 22]. 

3. verc erTma BK-tipis Senadnobebisagan 
damzadebulma sxvadasxva markis burRebma 
cveTamedegobaze ver aCvena iseTi Sedegi, 
rogoric 8UF (Sandvik-avstria) markis burRma, 
romlis σR=34000 n/mm2 (~45%-iT naklebi) 
[12, 17, 21, 22]. 

4. dadginda, rom mssb cveTamedegobaze 
gansakuTrebul gavlenas axdens simtkicis 
zRvris Runvaze maRali maCvenebeli [12, 17, 
22]. 

5. sisale moqmedebs burRis cveTamede-
gobaze, magram ara ise, rogorc simtkicis 
zRvari Runvaze [12, 17, 22]. 

6. imisaTvis, rom zemoaRniSnuli qarxne-
bis namzadebi iyos msoflios wamyvani fir-
mebis mier gamomuSavebuli produqciis ana-
logiuri, aucilebelia sagrZnoblad gaum-
jobesdes sali Senadnobebis, rogorc saia-
raRo masalis xarisxi, amaRldes maTi fizi-
kur-meqanikuri maxasiaTeblebi: simtkicis 
zRvari Runvaze, sisale, Semcirdes foria-
noba, miRweul iqnas Sesacxobi fxvnilebis 
supermarcvlovaneba, simkvrivis Tanabari ga-
nawileba mTel dasawnex moculobaSi, miRe-
bul iqnas wvrilmarcvlovani mikrostruq-
tura da sxv.  
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INFLUENCE OF  PHYSICAL AND MECHANICAL  PROPERTIES OF  TOOL MATERIALS ON WEAR  RE‐
SISTANCE OF PRECISION DRILLS 
R. Turmanidze, G. Popxadze, G. Tabatadze  
 

Resume: Goal: Was improvement lf exploitation properties of precision tools made lf tough metsl‐ceramic alloys 

for production lf small dimensional eleqtronic components (SEC) and radio eleqtronic apparatures (REA). 
Method: Study of the  impact of physical‐mechanical gharacteristcs of  instrument materials made by the  leading 

manufacturers of the world with respect to the wear‐and‐tear properties of precision drills and selection of the mate‐
rial, which would possess the high wear criteria in the process of drilling.  

Results: Om base of testing of various instruments, the method was developed for adecuate selection of billets for 
concrete designation instruments and for the processes of theirconditioning and the analysis of results of their practi‐
cal realization was performad for a wide spectrum of tough alloys.  

Conclusion:  It was proved  that efficiency of micro‐tools made of  tough metal‐ceramic material  alloys alongside 
with other parameters, depends greatly on chemical composition of tool material, purity of the components, granula‐
tion, and what is most important, on adequate leading of sintering process. 
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ВЛИЯНИЕ  ФИЗИКО‐МЕХАНИЧЕСКИХ  СВОЙСТВ  ИНСТРУМЕНТАЛЬНЫХ  МАТЕРИАЛОВ  НА 
ИЗНОСОСТОЙКОСТЬ ПРЕЦИЗИОННЫХ СВЕРЛ 
Р.С. Турманидзе, Г.Г. Попхадзе, Г.С.Табатадзе 
 

Резюме: Цель: Улучшение эксплуатационных свойств прецизионных инструментов изготовленных из твер‐

дых  металлокерамических  материалов  для  производств  малогабаритных  электрических  узлов  и  радиоэлек‐
тронных аппаратур.  

Метод:  Изучение  влияния  физико‐механических  свойств  инструментальных  материалов  изготовленных 
передавыми  пройзводствами  мира  на  износостойкость  прецизионных  сверл  и  выбор  материала  высокими 
показателиями по износостости.  

Результат:  На  основе  испытания  различных  инструментов  разработана  методика  правильного  выбора 
балванок и процессов обработки для инструмента конкретного назначения и проведен анализ их практической 
реализации для большого спектра твердых сплавов.  

Выводы:  Потвержден,  что  эффективность  микроинструментов  изготовленных  из  металлокерамических 
твердых  сплавов  наряду  других  параметров  зависит  от  химического  состава  инструментального  материала, 
чистоты компонентов, зернистости и что самое главное правильного проведения процессов спекания, резуль‐
татом чего являются физико‐механические и эксплуатационные свойства. 

 
Ключевые  слова: Прецизионный  инструмент;  режущий  инструмент;  спиральные  верла;  инструменталь‐

ные материалы. 
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