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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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skolis moswavleebi silikatebis teqnologiis mimarTulebaze 

 

a.w. me-4 kvartalSi gaformda xelSekruleba, erTi mxriv, ssip sagare-

jos municipalitetis sofel manavis sajaro skolasa (warmomadgeneli sko-

lis direqtori leila yorRanaSvili) da, meore mxriv, saqarTvelos teq-

nikuri  universitetis qimiuri teqnologiisa da metalurgiis fakultetis 

silikatebis teqnologiis mimarTulebas (prof. g. gafrindaSvili) Soris.  

xelSekrulebis sagania saqarTvelos ganaTlebisa da mecnierebis sami-

nistros ,,zogadi ganaTlebis xelSewyobis programebis“ ,,saskolo inicia-

tivebis waxalisebis qveprogramis“ farglebSi aRniSnuli skolis proeqti: 

,,keramikuli nakeTobebis (qvevrebi) da samSeneblo aguris dasamzadeblad 

saWiro Tixis masalebis kvleva“ da leqcia-seminarebis Catareba moswavleTa 

jgufisaTvis (CPV:80430000). 

moswavleTa jgufis mier mopovebul iqna Tixis sinjebi manavsa da an-

TokSi, sadac odiTganve moipovebdnen Tixebs da meTuneobis uZveles dargs 

misdevdnen. amJamad es yvelaferi moSlilia da sagarejoSi mxolod erTi 

aguris qarxana muSaobs, isic mxolod SekveTebis SemTxvevaSi. 2013 wels 

iuneskos mier keramikul qvevrs da qvevris  Rvinos kacobriobis aramate-

rialuri kulturuli memkvidreobis Zeglis statusi aqvs miniWebuli. 

soflis mcxovrebTa gadmocemiT, manavsa da anTokSi mopovebuli TixebiT, 

meTunis ostatobiT da codniT mzaddeboda qvevrebi, romlebSic umaRlesi 

xarisxis gamorCeuli Rvinis dayeneba iyo SesaZlebeli. exla es dargi da 

meTunis ostatobac daviwyebulia. 

silikatebis teqnologiis mimarTulebaze Cveni konsultaciiT da meT-

valyureobiT moswavleebma Caatares mopovebuli Tixebis sruli teqno-

logiuri gamokvleva. 

kvlevis Sedegebi da daskvnebi, aseve 2015_2016 ww. gamocemuli Cveni mo-

nografiebi gadaveciT sajaro skolis moswavleebs. 

Catarda sami leqcia: 

 kaxeTis regionis Tixebis gamoyenebis perspeqtivebi sxvadasxva 
dargSi; 

 keramika XXI saukuneSi; 
 mxatvruli minanqris warmoebis Cveni meTodebi. 
 

                                            silikatebis teqnologiis              

                                             mimarTulebis profesori 

                                              guram gafrindaSvili 

 

p.s. ramdenime sajaro skola gvTxovs analogiuri xelSekrulebis gaformebas. 
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profesori guram gafrindaSvili da sofel manavis sajaro skolis qimiis  

maswavlebeli maia didebuliZe moswavleebTan erTad  
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uak 615.838.7:551.352.4 
saqarTvelos samkurnalo "mSrali" talaxebidan organuli 
nivTierebebis gamosayofad optimaluri meTodis SemuSaveba 

n. bokuCava, n. devdariani, l. ebanoiZe, d. jinWaraZe 
qimiuri da biologiuri teqnologiebis departamenti, saqarTvelos teqnikuri universiteti, 
saqarTvelo, 0175, Tbilisi, kostavas 69 
 
E-mail: d.jincharadze@gtu.ge 

 
 

reziume: mizani. kvlevis mizans warmoad-

genda imis dadgena, Tu romeli eqstragentis 

an eqstragentebis kombinaciis gamoyenebiT 

aris SesaZlebeli saqarTvelos “mSrali” 

talaxebidan organul nivTierebaTa maqsi-

maluri gamoyofa. meTodi. soqsletis eqst-

raqtoris meSveobiT Catarda eqsperimentebis 

seria organul nivTierebaTa eqstraqciis 

mizniT. eqstraqciis xarisxi Sefasda eqst-

raqtebis amoSrobis da Semdgomi gravimet-

riuli analizis safuZvelze. Sedegebi. 

dagegmilma da Sesrulebulma sistematurma 

kvlevam gamoavlina eqstragentTa optimalu-

ri kombinacia, romelTa gamoyenebis Sedegad 

eqstraqciis xarisxi maRali iyo. daskvna. 

peloidebis SedgenilobaSi arsebuli bio-

logiurad aqtiuri nivTierebebis (ban), humi-

nuri nivTierebebis, umaRlesi cximovani mJa-

vebis eqstragirebis mizniT optimaluria 

eqstragentebad acetonisa da qloroformis 

Tanamimdevruli gamoyeneba. 

 

sakvanZo sityvebi: bunebrivi Tixa; tala-

xi; peloidi; vulkanuri; lamovani; eqstraq-

cia; gravimetria. 

 

 

1. Sesavali 

bolo wlebi gamoirCeva naturaluri ta-

laxebis (peloidebis) samkurnalo daniSnu-

lebiT gamoyenebis gazrdili interesiT, 

rac aixsneba, erTi mxriv, sazogadoebis 

mkveTri SemobrunebiT ekologiurad sufTa, 

bunebrivi warmoSobis produqtebisadmi da, 

meore mxriv, samkurnalo talaxebis minera-

lur-organuli Sedgenilobis unikaluri 

TanafardobiT, rac maT Zvirad Rirebuli 

medikamentebis alternativad xdis. 

 

2. ZiriTadi nawili 

saqarTveloSi dReisaTvis samkurnalo-

profilaqtikuri mizniT gamoiyeneba axta-

lis vulkanuri da kumisis tbis lamovani 

peloidebi. maTi qimiuri Sedgenilobis da 

fizikur-qimiuri Tvisebebis detaluri Ses-

wavla xdeba saqarTvelos teqnikuri univer-

sitetis mecnierTa jgufis mier [1,5]. kvle-

viTi samuSaoebi Catarda rogorc natura-

lur ("svel"), aseve bunebrivad da xelovnu-

rad gamSral ("mSral") talaxebze.  

Catarebuli kvlevis mizani iyo dadgena, 

inarCunebs Tu ara "mSrali" talaxi im mine-

ralur-organul Sedgenilobas da fizikur-

qimiur Tvisebebs, romelic "sveli" peloi-

debis SemTxvevaSi ganapirobebs maT samkur-

nalo-profilaqtikur Tvisebebs [2,3,4]. moce-

mul kvlevaSi aqcenti gakeTda "mSral" ta-

laxebSi biologiurad aqtiuri nivTierebebis 

(ban), huminuri nivTierebebis, umaRlesi cxi-

movani mJavebis Semcvelobis dadgenaze. 

dasaxuli miznis misaRwevad daigegma 

kvlevis sami etapi:  

1. "mSrali" talaxidan zemoxsenebul niv-

TierebaTa sruli eqstragireba da amisaTvis 

optimaluri eqstragentis (eqstragentebis 

kombinaciis) SerCeva; 

2. eqstraqtis raodenobiTi analizi gra-

vimetriuli (mSrali naSTis jamuri wilis 

dadgena), luminescenciuri da speqtrofo-

tometriuli (calkeul komponentTa wilis 

dagena) meTodebiT. 
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3. "sveli" talaxebis gamoSrobis Sedegad 

darCenil aqtiur nivTierebaTa koncentra-

ciis da, Sesabamisad, maTi samkurnalo-pro-

filaqtikuri potencialis SenarCunebis Se-

saxeb daskvnis gamotana [5]. 

pirvel etapze Catarda eqsperimentebis 

ramdenime seria, raTa sakvlevi obieqtis mi-

marT dadgeniliyo optimaluri eqstragenti 

(eqstragentebis kombinacia), romelic uz-

runvelyofda "mSrali" peloidebidan bio-

logiurad aqtiuri nivTierebebis (ban), hu-

minuri nivTierebebis, umaRlesi cximovani 

mJavebis maqsimalur desorbcias Semdgomi 

raodenobiTi analizis Casatareblad [2,4].  

kvlevis farglebSi eqstragentebad Se-

irCa pentani (1), meTilenqloridi (2), dime-

Tilsulfoqsidi (3), qloroformi (4), ace-

toni (5), wyali (6), eTanoli (7) rogorc in-

dividualurad, aseve maTi kombinaciebi ori 

an sami Tanamimdevruli eqstragirebis Sem-

TxvevaSi [1,6].  

kvlevis sizustis uzrunvelsayofad da 

aqroladi organuli nivTierebebis danakar-

gis minimizaciis mizniT eqstraqciis eqspe-

rimentebis Casatareblad gadawyda soqsle-

tis unificirebuli eqstraqtoris gamoye-

neba (nax.). eqstragirebis dasaCqareblad 

soqsletis eqstraqtori moaTavseT magnitur 

sarevze. eqstraqcia mimdinareobda 20ºС tem-

peraturaze [2,4]. 

 

 

 

           
 

soqsletis eqstraqtori 

 

eqstraqcia aRniSnuli meTodiT sam se-

riad Catarda, sul 63 eqsperimenti: 

1. mxolod erTi, konkretuli eqstragen-

tiT (sul 7 eqsperimenti); 

2. yvela SesaZlo kombinacia ori konkre-

tuli eqstragentis Tanamimdevruli gamoye-

nebiT (sul 21 eqsperimenti); 

3. yvela SesaZlo kombinacia sami konkre-

tuli eqstragentis Tanamimdevruli gamoye-

nebiT (sul 35 eqsperimenti). 

TiToeuli eqsperimenti samjer Catarda, 

miRebuli eqstraqtebi erTmaneTs ereoda da 

xdeboda maTi gravimetriuli analizi. 

pirveli da meore seriebis Sedegad miRe-

buli eqstraqtebis gravimetriuli meTodiT 

analizis Semdeg am or serias Soris dafiq-

sirda mSrali naSTis jamuri wilis mniSvne-

lovani (24_69%) gansxvaveba. amitom, gadawyda 

eqsperimentTa me-3 seriis Catareba, sami konk-

retuli eqstragentis Tanamimdevruli gamo-

yenebiT. me-2 da me-3 seriebs Soris monacemTa 
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sxvaobam saSualod 1,34% Seadgina, Sesabami-

sad Tanamimdevrulad gamoyenebuli eqstra-

gentebis raodenobis Semdgomi gazrda aRar 

CaiTvala mizanSewonilad.  

Semdgomi raodenobiTi analizisTvis Sena-

xul iqna eqsperimentTa me-2 seriis 21 nimuSi. 

 

eqstraqciis eqsperimentis aRwera 

magnitur sarevze damontaJebul sam 

identur soqsletis eqstraqtoris 50,0 ml 

moculobis milesilTavian kolbebSi moa-

Tavses TiTo magnituri mikrowkiri, TiTo 

kolbaSi _ peloidis 1g wonaki, 20,0 ml 

eqstragenti, sarevebi CarTes minimalur siC-

qareze da eqstraqcia ganaxorcieles 30 

wuTis ganmavlobaSi. sarevebi gamorTes, da- 

ayovnes 10 wuTi, raTa moxdes Sewonili na-

wilakebis daleqva, eqstraqtebi gadaitanes 

winaswar moniSnul 750,0_1000,0 ml tevadobis 

WurWelSi. samive kolbaSi, sadac peloidis 

nimuSi iyo darCenili, Tavidan Caasxes 20_20 

ml igive eqstragenti da zemoaRwerili cik-

li gaimeores. vulkanuri talaxebidan eqst-

raqciis SemTxvevaSi optimaluria ciklis 5-

jer gameoreba, xolo lamovanis SemTxvevaSi 

sakmarisia 3-jer. pirveli eqstragentiT aR-

niSnuli proceduris dasrulebis Semdeg 

samive kolbaSi Caasxes meore eqstragentis 

20_20 ml da analogiurad gagrZeldes eqst-

raqciis procesi. meore eqstragentis SemTx-

vevaSic ciklebis raodenoba igivea, rac 

pirvelis SemTxvevaSi [1,6-11].  

gravimetriuli analizis eqsperimentis 

aRwera 

eqstagentTa konkretuli kombinaciis ga-

moyenebiT samive paraleluri eqsperimentis 

Sedegad miRebuli eqstraqti moaTavses wi-

naswar awonil (X1,g) minis jamSi da moax-

dines eqstragentebis aorTqleba 20ºС tempe-
raturaze. procesis dasaCqareblad SesaZle-

belia oTaxis temperaturis airis Wavlis 

gamoyeneba [3]. eqstragentebis sruli aorTq-

lebis da minis jamis mudmivi wonis (X2,g) 

miRwevis Semdeg gamoTvales eqstragirebu-

li mSrali naSTis jamuri wili (g): X=X2-X1. 
aRsaniSnavia, rom kvlevis am etapze cal-

keuli komponentebis raodenobiTi analizi 

ar Catarebula, radgan konkretuli etapis 

daniSnuleba eqstragentebis optimaluri 

kombinaciis gamovlena iyo. 

  
3. daskvna 

Catarebuli eqstraqciis eqsperimentebma 

da Semdgom maTi gravimetriuli analizis 

Sedegebma gamoavlina eqstragentebis kombi-

nacia, romlis gamoyenebis Sedegad ganxor-

cielda peloidebidan biologiurad aqti-

uri nivTierebebis (ban), huminuri nivTie-

rebebis, umaRlesi cximovani mJavebis eqst-

raqciis maRali xarisxi. kerZod, eqstraq-

ciisTvis optimaluri aRmoCnda aceton-

qloroformis kombinaciis gamoyeneba. 
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UDC 615.838.7:551.352.4 

DEVELOPMENT OF OPTIMAL METHOD FOR EXTRACTION OF ORGANIC SUBSTANCES FROM 
MEDICINAL "DRY" CLAYS OF GEORGIA 
N. Bokuchava, N. Devdariani, L. Ebanoidze, D. Jincharadze 
 

Resume: Goal. To determine which extractants, or their combination are optimal for extraction of organic com-
pounds from “dry” peloids of Georgia. Method. For extraction of organic compounds was used Soxhlet extractor. To 
determine and compare extraction rate gravimetric method of analysis was used. Results. Scheduled and performed 
systematic research revels optimal combination of extractants, by which maximal rate of extraction was reached. Con‐
clusion. Sequential use of acetone and chloroform for extraction of biologically active substances (BAS), humic sub-
stances (HS), long-chain fatty acids (LCFA) from peloids is giving optimal results. 

 
Key words: natural clay; dirt; peloids; volcanic; oozy; gravimetric; extraction. 

 
 
 
 
УДК 615.838.7:551.352.4 

РАЗРАБОТКА ОПТИМАЛЬНОГО МЕТОДА ЭКСТРАКЦИИ ОРГАНИЧЕСКИХ СОЕДИНЕНИЙ ИЗ 
“СУХИХ” ЛЕЧЕБНЫХ ГРЯЗЕЙ ГРУЗИИ 
Бокучава Н.В., Девдариани Н.Г., Эбаноидзе Л.О., Джинчарадзе Д.Г. 

 
Резюме: Цель: выявление экстрагентов или их комбинации для максимального выделения органических 

веществ из “сухих” грязей Грузии. Методы: экстрактор Сокслета был использован при проведении серии 
экспериментов для выделения органических веществ. Оценка качества осуществлялась на основе грави-
метрического метода анализа сухого остатка после выпаривания экстрагента. Результаты: запланированное и 
проведенное систематическое исследование выявило оптимальную комбинацию экстрагентов, при исполь-
зовании которых степень экстракции была максимальна. Заключение: последовательное использование 
ацетона и хлороформа является оптимальным для экстракции биологически активных веществ, гуминовых 
веществ, высших жирных кислот из пелоидов. 

 
Ключевые слова: природная глина; грязь; пелоид; вулканическая; илистая; экстракция; гравиметрия. 
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uak 666.2 
Sedgenilobis gavlena boratuli fuZis spilenZisa da manganumis 
oqsidebis Semcveli minamasalebis eleqtroTvisebebze 

T. WeiSvili, n. CijavaZe 
qimiuri teqnologiisa da metalurgiis departamenti, saqarTvelos teqnikuri universiteti, 
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reziume: mizani. stabiluri eleqtromaxa-

siaTeblis mqone masalebis misaRebad Seswav-

lil iqna ori d elementis oqsidis Semcveli 

minamasalebi maRaltemperaturuli sazomi 

ujredisa da teraommetrebis gamoyenebiT. me-

Todi. Cu2O-MnO-B2O3 da CuO-MnO-B2O3 siste-

mebSi ganisazRvra 1100°C-ze sinTeziT miRebu-

li minamasalebis eleqtroteqnikuri maxasia-

Teblebi. Sedegi. dadginda, rom 50 da 40 mol. 

% minis warmomqmnelis (B2O3) Semcvelobisas, 

iseTi eleqtroteqnikuri maxasiaTeblebis, ro-

goricaa moculobiTi kuTri eleqtrowina-

Robis (lgρν), eleqtrogamtarobis aqtivaciis 

energiisa (ΔEα) da winaRobis temperaturuli 

koeficientis (ΔαT) mniSvnelobebi, damokide-

bulia minamasalaSi warmodgenili spilenZis 

ionis saxesa da koncentraciaze. daskvna. 

manganumis oqsidis Canacvleba spilenZis oq-

sidiT gansazRvravs lgρν, ΔEα da ΔαT-s sidide-

Ta klebas, magram farTo temperaturul in-

tervalSi maTi stabiluroba miiRweva Cu2O-s 

Semcvel minamasalebSi, rodesac Cu2O/MnO 

fardoba 1,5-ze metia.  

 

sakvanZo sityvebi: minamasala; spilenZis 

oqsidebi; manganumis oqsidi; boris anhid-

ridi; eleqtrowinaRoba; aqtivaciis energia; 

winaRobis temperaturuli koeficienti. 

 

 
 
1. Sesavali 
 eleqtroteqnikuri daniSnulebis masale-

bis mravali saxeobidan [1,2] miRebis teqno-

logiaTa mravalferovnebiT da simartiviT 

gamoirCeva amorfuli bunebis masalebi, maT 

Soris minamasalebi [3,4]. eleqtroteqnikuri 

daniSnulebis minamasalebidan gansakuTre-

buli adgili ukavia tutearSemcvel Sedge-

nilobebs, romlebic naklebad avlens mid-

rekilebas arasasurveli polarizaciisadmi, 

magram, rodesac sakiTxi exeba specifikuri 

Tvisebebis matarebeli (mag., naxevargamtaru-

li) minamasalebis miRebas, xSirad mimar-

Taven polivalenturi elementebis Semcveli 

naerTebis miznobriv Seyvanas minamasalebSi 

[5]. aseT masalaTa Soris SeiZleba gamoiyos 

spilenZisa da manganumis oqsidebis Semcveli 

kompozitebi, romelTa silikaturi da bo-

ratuli fuZis kompoziciebSi SeyvaniT ga-

moikveTa maTi eleqtromaxasiaTeblebis Tavi-

sebureba [6,7]. spilenZisa da manganumis oq-

sidebis Semcveli boratuli minebis Ses-

wavla Cven mier miznobrivad Catarebul 

kvlevebSic ganxorcielda. kerZod, Cu2O(CuO)- 

MnO-B2O3 kompoziciebSi Seswavlil iqna min-

is warmoqmna da garkveuli SedgenilobisaT-

vis `winaRoba-temperatura~ maxasiaTebeli 

mrudebis moxsna, saidanac gamoikveTa dabali 

aqtivaciis energiisa da winaRobis tempe-

raturuli koeficientis mqone minamasalebis 

miRebis SesaZlebloba [8,9]. aRniSnulidan 

gamomdinare, Seswavlil iqna Cu2O-MnO-B2O3 

da CuO-MnO-B2O3 sistemebSi sinTezirebuli 

minamasalebis eleqtromaxasiaTeblebze maTi 

qimiuri Sedgenilobis gavlena da amavdrou-

lad optimaluri eleqtromaxasiaTeblebis 

mqone minamasalebis SedgenilobaTa progno-

zireba.  
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2. ZiriTadi nawili 

sakvlev obieqtad SeirCa Cu2O(CuO)-MnO-

B2O3 sistemebis is seriebi, romlebSic war-

modgenili kompoziciebi minis warmoqmnisadmi 

midrekilebas avlens da SedgenilobasTan 

mimarTebaSi sasurveli eleqtromaxasiaTeb-

lebis mqone minamasalebis miRebis SesaZ-

leblobis winapirobas qmnis. sawyis etapze 

SedarebiTi kvleva ganxorcielda 1100°C-ze 

sinTezirebul Semdeg or seriaSi warmodge-

nil SedgenilobaTa mimarTebaSi: (50-x)MnO· 

xCu2O·50B2O3 da (50-x)MnO·xCuO·50B2O3, rom-

lebSic klasikuri minis warmomqmnelis – 

B2O3-s raodenoba ucvlelia (%B2O3 50 mol.%), 

magram xdeba Cu2OMnO da CuOMnO urTi-

erTCanacvleba 0_50 mol.% sazRvrebSi. orive 

seriis sacdel nimuSTa eleqtrowinaRoba ga-

nisazRvra farTo temperaturuli intervali-

saTvis (20_300°C), magram SedarebiTi analizi 

ganxorcielda 100, 200 da 300°C-ze aRebuli 

anaTvlebis gamoyenebiT, radgan zogierTi 

Sedgenilobis eleqtrowinaRoba 20°C-ze aRema-

teboda eleqtrowinaRobis sazomi xelsawyos 

(teraommetrebi: E6-3 da E6-13) SesaZleblobebs. 

orive sakvlevi seriis minamasalebis eleqt-

rowinaRobaTa cvla SedgenilobasTan mimar-

TebaSi warmodgenilia 1-el da me-2 naxazebze 

Cu2O da CuO-s Semcveli sistemisaTvis.  

                               
 
 
 
 
 

orive seriis minamasalebisaTvis fiqsir-

deba msgavsi tendenciebi – MnO-s Canacvleba 

spilenZis oqsidebiT amcirebs minamasalebis 

eleqtrowinaRobaTa sidideebs, magram arse-

bobs Tavisebureba, romelic ikveTeba `lgρν _ 
Sedgeniloba“ mrudebis saxiT da maTi mdgo-

mareobiT koordinatTa sibrtyeze. spilenZis 

(I) oqsidis Semcveli minamasalebisaTvis, 

rodesac MnO-s Caenacvleba Cu2O, damaxa-

siaTebelia winaRobaTa mkveTri kleba da am 

SemTxvevaSi Cu2O-s koncentraciaTa zrdas-

Tan erTad lgρν-s sidideebi monotonurad ik-
lebs (nax. 1). sxva suraTi gvaqvs CuOMnO 

Canacvlebis SemTxvevaSi, rodesac CuO-s kon-

centraciis zrdas Tan axlavs lgρν-s sidide-
Ta Semcireba, magram parametrebis urTierT-

damokidebuleba sworxazovania (nax. 2). amave 

dros, Cu2O-s Semcveli minamasalebi ufro 

dabal eleqtrowinaRobas avlens, vidre 

identuri Sedgenilobis is minamasalebi, 

romlebSic spilenZi CuO-s saxiTaa war-

modgenili.  

nax. 1. Sedgenilobis gavlena (50-x)MnO·xCu2O·50B2O3 
seriis  minamasalebis eleqtrowinaRobaze 

 

nax. 2. Sedgenilobis gavlena (50-x)MnO·xCuO·50B2O3 
seriis minamasalebis eleqtrowinaRobaze
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nax. 3. Cu2O(CuO)-MnO-B2O3 sistemebis minamasalebis 

Sedgenilobis gavlena eleqtrogamtarobis aqtivaciis 
energiaze  

SeniSvna: 1 – Cu2O; 2 – CuO 
 

 
nax. 4. Cu2O(CuO)-MnO-B2O3 sistemebis minamasalebis 
Sedgenilobis gavlena  winaRobis temperaturul 

koeficientze  
SeniSvna: 1 – Cu2O; 2 – CuO 

 

`eleqtrowinaRoba-Sedgeniloba” damokide-

bulebis SeswavliT miRebul SedegebTan 

msgavseba ikveTeba iseT or eleqtromaxasiaTe-

belTan mimarTebaSi, rogoricaa eleqtrogam-

tarobis aqtivaciis energia (ΔE) da eleqtro-

winaRobis temperaturuli koeficienti (ΔαT). 

grafikuli masala, romelic warmodgenilia 

me-3_4 naxazebze gviCvenebs, rom manganumis 

oqsidis spilenZis oqsidiT Canacvleba mkveT-

rad amcirebs ΔE da ΔαT-s mniSvnelobebs, rac 

Canacvlebis (Cu2OMnO; CuOMnO) mTel dia-

pazonSi gamovlinda. aRsaniSnavia, rom spi-

lenZis oqsidTa saxeobidan gamomdinare, ΔE-s 

sidideTa mkveTri sxvaoba fiqsirdeba im Sed-

genilobebSi, romlebic 20 mol.%-ze met spi-

lenZis oqsidebs Seicavs. orive maxasiaTebeli 

parametrebis dastabilureba SeimCneva Sedge-

nilobebisaTvis, romlebic Cu2O-s Seicavs 30-

40 mol.% odenobiT da ΔE=0,1 ev, xolo _ 

ΔαT=0,5·10-2 K-1 mniSvnelobebs aRwevs.  

miRebuli Sedegebidan gamomdinare, gamoi-

kveTa Cu2O-s Semcveli minamasalebis upirate-

soba – isini ufro dabali eleqtrowinaRo-

biT, aqtivaciis energiiT da winaRobis tempe-

raturuli koeficientiT xasiaTdeba, vidre es 

CuO-s Semcvel masalebs axasiaTebs.  

stabiluri eleqtromaxasiaTeblebis mata-

rebeli Sedgenilobebis gamosavlenad Catar-

da analizi Cu2O/MnO fardobis gamosavlenad 

eleqtromaxasiaTebeli parametrebis SesaZlo 

cvlasTan mimarTebaSi, rac warmodgenilia 

cxrilis saxiT.  

 

Cu2O(CuO)-MnO-B2O3 sistemis minamasalebSi Cu2O/MnO fardobis gavlena 

eleqtromaxasiaTebel parametrebze 
 

minamasalis 
indeqsi 

qimiuri Sedgeniloba, mol.% 
fardoba 
Cu2O/MnO 

maxasiaTebeli parametrebi 

Cu2O MnO B2O3 lgρν (300°C) o.m. ΔE, ev -ΔαT ·10-2, K-1 

PMB-145 10 40 50 0,25 9,1 0,86 3,7 
PMB-235 20 30 50 0,66 5,1 0,43 1,8 
PMB-334 30 30 40 1,0 4,9 0,11 0,5 
PMB-325 30 20 50 1,5 4,8 0,11 0,5 
PMB-424 40 20 40 2,0 4,6 0,11 0,5 
PMB-415 40 10 50 4,0 4,5 0,11 0,5 
PMB-514 50 10 40 5,0 4,4 0,11 0,5 
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Cu2O(CuO)-MnO-B2O3 ori seriis minebis Ses-

wavliT (40 da 50 mol.% B2O3-s SemcvelobiT) 

gamoikveTa is aucilebeli piroba, romelic 

uzrunvelyofs stabiluri eleqtroparamet-

rebis matarebeli Sedgenilobebis miRebas. 

cxrilSi warmodgenili masalidan, romelic 

lgρν, ΔE, ΔαT sidideTa SedgenilobasTan damo-

kidebulebis analizis Catarebis SesaZleblo-

bas iZleva, SeiZleba gakeTdes daskvna, rom 

stabiluri eleqtromaxasiaTeblebiT gamoir-

Ceva Sedgenilobebi, romlebSic Cu2O/MnO 

fardoba 1,5-dan 5-mde zRvrebSia warmod-

genili.  

  

3. daskvna 

spilenZ- da manganumSemcveli samkomponen-

tiani ori oqsiduri sistemis (Cu2O-MnO-B2O3 

da CuO-MnO-B2O3) 1100°C-ze sinTeziT miRebu-

li minamasalebis eleqtrowinaRobaTa farTo 

temperaturul intervalSi (20-300°C) Seswav-

liT da ori ZiriTadi eleqtromaxasiaTeblis 

(eleqtrogamtarobis aqtivaciis energia da 

eleqtrowinaRobis temperaturuli koeficien-

ti) gamoTvliT dadginda:  

_ eleqtrowinaRobaTa klebas ZiriTadad 

gansazRvravs masala, romliTac Sedgenilo-

baSi Seyvanil iqna spilenZis oqsidi da 

naklebadaa damokidebuli minis warmomqmne-

lis raodenobaze;  

_ spilenZis oqsidis orive nairsaxeobaTa 

Seyvana (manganumis oqsidis xarjze) Sedgeni-

lobaSi iwvevs masalaTa eleqtrogamtarobis 

zrdas, magram Cu2O-s gamoyenebis SemTxvevaSi 

Tvisebis cvlilebis efeqti 2-jer ufro 

Zlieria;  

_ spilenZis (I) oqsidis da manganumis (II) 

Semcvel SedgenilobaSi SesaZlebelia daba-

lomiani rezistoruli masalebis miReba, 

romlebic xasiaTdeba naxevargamtarebisaT-

vis damaxasiaTebeli eleqtrowinaRobiT 

(lgρ20°C=5÷7om), eleqtrogamtarobis aqtivaciis 

energiis (ΔE=0,11 ev) da winaRobis tem-

peraturuli koeficientis (ΔαT = -0,5·10-2 K-1) 

dabali mniSvnelobebiT;  

_ SedgenilobaTa eleqtroparametrebis 

stabiluroba vlindeba spilenZis (I) oqsidis 

Semcvel manganumboratul kompoziciebSi, ro-

desac Cu2O/MnO fardoba 1,5_5,0 zRvrebSia 

warmodgenili. 
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UDC 666.2 

EFFECT OF COMPOSITION ON ELECTRIC PROPERTIES OF GLASS MATERIALS ON BORATE BASIS 
WITH CONTENT OF COPPER AND MANGANESE OXIDES  
Cheishvili Т.Sh., Chijavadze N.G. 
 

Resume: Goal. Glass materials containing oxides of two d-elements were studied. Method. Using high-temperature 

measuring cell and teraohmmeters with the purpose of obtaining the materials having stable electrotechnical character-

istics. Electrotechnical characteristics of glass materials obtained through synthesis at 1100°C in Cu2O-MnO-B2O3 and 

CuO-MnO-B2O3 systems are determined. Rezalt. It is established that in case of 50 and 40 molar % of glass former (B2O3) 

the values of electric indices, such as specific volume resistivity (lgρν), energy of conductivity activation (ΔE) and tempera-

ture resistance coefficient (ΔαT) are depended on the type of copper ion and its concentration in glass material. Conclu‐

sion. Substitution of manganese oxide by copper oxides leads to reduction of values of lgρν, ΔE and ΔαT, but their stability 

within wide temperature range is reached in glass materials, when Cu2O/MnO ratio is more than 1,5.    

    

Key words: glass material, copper oxides, manganese oxide, boric anhydride, electric resistivity, activation ener-

gy,  temperature resistance coefficient. 

 
 
 
 
УДК 666.2 

ВЛИЯНИЕ  СОСТАВА  НА  ЭЛЕКТРИЧЕСКИЕ  СВОЙСТВА  СТЕКЛОМАТЕРИАЛОВ  НА  БОРАТНОЙ 
ОСНОВЕ С СОДЕРЖАНИЕМ ОКСИДОВ МЕДИ И МАРГАНЦА 
Чеишвили Т.Ш., Чиджавадзе Н.Г. 

 
Резюме.  Цель:  получение материалов, имеющих стабильные электротехнические характеристики, с ис-

пользованием высокотемпературной измерительной ячейки и тераомметров; для этого были изучены 
стекломатериалы, содержащие оксиды двух d-элементов. Метод:  определены электротехнические 
характеристики стекломатериалов, полученных синтезом при 1100°С, в системах Cu2O-MnO-B2O3 и CuO-MnO-
B2O3. Итог: установлено, что при содержании 50 и 40 мол.% стеклообразователя (B2O3) значения таких электро-
показателей, как удельное объемное сопротивление (lgρν), энергия активации проводимости (ΔE) и 
температурный коэффициент сопротивления (ΔαT) находятся в зависимости от вида иона меди и его 
концентрации в стекломатериале. Вывод: замещение оксида марганца на оксиды меди приводит к снижению 
значений lgρν, ΔE и ΔαT, но их стабильность в широком интервале температур достигается в стекломатериалах, 
когда соотношение Cu2O/MnO больше 1,5.  

 

Ключевые слова: стекломатериал; оксиды меди; оксид марганца; борный ангидрид; электросопротив-
ление, энергия активации;  температурный коэффициент сопротивления.  
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reziume:  mizani. Cu(II), Co(II) 3d metalebis ace-

taturi kompleqsnaerTebis sinTezi farTo 

speqtris mqone sokos sawinaaRmdego, antibaq-

teriuli Tvisebebis mqone medikament klotri-

mazolTan. meTodi. Catarebuli eqsperimen-

tisas miRebuli kompleqsebis, maTi sawyis 

metalTa acetatisa da klotrimazolis nimu-

Sebis qimiuri Sedgenilobis dadgenis mizniT 

rentgenofluorescenciuli da aqsialurin-

duqciuri plazmis meTodebiT Catarda gamokv-

levebi. Sedegi. kvlevis procesSi SemuSavda 

am Sedgenilobis nimuSebis Sesabamisi meTo-

dika da analizis sisworis Sesadareblad 

gamoyenebul iqna miaxloebuli Sedgenilobis 

msgavsi standartuli nimuSebi. daskvna. 

Catarebulma sinTezurma samuSaoebma aCvena, 

rom metalTa (kobalti (II), spilenZi(II)) Se-

sabamisi marilebis _ acetatisa da klot-

rimazolis eTanol wyalxsnarebSi, marilis 

da ligandis sxvadasxva Tanafardobis miuxe-

davad, yovelTvis warmoiqmneba kompleqs-

naerTebi, romlebic metalis erT ionze 

klotrimazolis erT molekulas Seicavs.  

 

sakvanZo sityvebi: acetati; acetaturi komp-

leqsnaerTebi; klotrimazoli; rentgenofa-

zuri da rentgenofluorescenciuli anali-

zis meTodebi. 

 

 

 
1. Sesavali 
zogierTi biometalis (spilenZi (II), Tu-

Tia, rkina (II), manganumi (II) da sxva) atomebs, 

romlebic miekuTvneba sicocxlisTvis auci-

lebel mikroelementebs, Sedis ra mravali 

fermentis, vitaminis, hormonis da sxva aq-

tiuri centrebis SedgenilobaSi, uCndeba 

fiziologiuri procesebis funqcionirebisa 

da regulirebis unari cocxal organizmSi.  

virussawinaaRmdego qimioTerapiis war-

matebaTa gasaRebi bioaqtiur biokompleqsna-

erTTa sworad SerCevaSi mdgomareobs, rom-

lebsac SeeZleba molekulur doneze Ser-

CeviT daTrgunos virusspecifikuri proce-

sebi dasnebovnebul ujredebSi ise, rom 

SeZlebisdagvarad ar Seexos jansaR ujred-

Ta metabolizms. aseTi specifikuri Tvise-

bebis mqone biokompleqsnaerTebis gamoyene-

bis mizania virusTa aqtiurobis inaqtivacia 

an minimumamde Semcireba. 

Cven mier sinTezirebulia farTo speqtris 

mqone sokos sawinaaRmdego, antibaqteriuli 

Tvisebebis medikamentis_klotrimazolis bio-

koordinaciuli naerTebi biometalebTan 

(Co(II);  Ni(II); Zn; Cu(II) ; Ni(II)). imasTan dakavSirebiT, 
rom TiToeul am biokoordinaciul naerTSi 

erTmaneTTan Serwymulia sxvadasxva aqtiu-

robis elementTa atomebi (azoti, Jangbadi, 

gogirdi, biometalebi), maT udavod ZaluZT 

gaaZlieron erTmaneTi da mTlianobaSi 

sinTezirebuli kompleqsnaerTebi. 
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2. ZiriTadi nawili 

Co(II) da Cu(II) metalebis marilTa acetate-

bis wyalxsnarebs davamateT klotrimazolis 

spirtxsnari moluri TanafardobiT 1:1. Se-

sabamisi xsnarebi erTmaneTs SevurieT magni-

turi sareviT da gavacxeleT wylis abazana-

ze daaxloebiT 3_4 saaTi, 700C-ze. xsnarebis 
wyalbaduri maCveneblis mniSvneloba eqspe-

rimentis farglebSi ar Secvlila da daax-

loebiT 6_7 Seadgenda (susti mJavur-neit-

raluri are). kristalebis saxiT gamoyofili 

kompleqsnaerTebi gavacalkeveT xsnarebisgan 

da gavrecxeT eTanolis wyalxsnariT, ga-

vaSreT haerze. 

 spilenZis acetaturi kompleqsis nimuSSi, 

rentgenofluorescenciuli analiziT, Cu-is 
Semcveloba 12,74% Seadgens. 

kobaltis acetaturi kompleqsis nimuSSi, 

rentgenofluorescenciuli analiziT, Co-is 
Semcveloba 11.23% Seadgens.  

miRebuli kompleqsnaerTebis zogierTi 

fizikuri Tvisebebi da maTSi metalis masuri 

wili mocemulia cxrilSi  

cxrili 1 
 

№ 
kompleqsnaerTis 
qimiuri formu-

la 
feri 

agregat. 
mdgoma-
reoba 

lR.t 

 

molu-
ri 
masa 

metali, % xsnadoba 

Teor. praq. 
dimeTil-
forma-
midSi 

wyalSi 

1 
Co(HCOO)2(Clotri) 

 

Ria 
var-
dis-
feri 

myari 189-192 521,87 11,23 10,37 + _ 

2 
Mn(HCOO)2(Clotri) 

 
TeT-
ri 

myari 200-202 526,76 12,74 11,21 + _ 

  

rentgenofazuri analizis SedegebiT mi-

Rebuli sibrtyiTi manZilebis (da/n) safuZ-

velze Seswavlil nimuSebSi dadginda arse-

buli calkeuli damoukidebeli krista-

luri fazebi. 

klotrimazolis rentgenogramaze (sur.1) 

TvalnaTliv fiqsirdeba mxolod klotri-

mazolis kristaluri struqturis Sesa-

bamisi sibrtyiTi manZilebi (da/n 9,3A, 5,96A, 

4,64A, 4,52A, 4,00A, 3,87A, 3,20A, 3,11A, 2,59A, 2,46A ). 
 

 
 

 

sur. 1. klotrimazolis rentgenofazuri  

analizis rentgenograma 
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spilenZis acetatis rentgenogramaze ki 

(wyalze gadaRebuli) TvalnaTliv fiqsirde-

ba (sur.2) sxvadasxva intensiurobis krista-

luri struqturis Sesabamisi sibrtyiTi man-

Zilebi (da/n 7.01A, 6.16A, 5,81A, 5,37A, 3,30A, 3,09A, 

2,55A, 2,28A, 2,30A da sxva), romlebic mTli-

anad Seesabameba spilenZis acetatis kris-

taluri struqturis fazebs. 

 

 
  

sur. 2. Cu-is acetatis rentgenofazuri analizis  

rentgenograma (wyalze gadaRebuli) 

  

eqsperimentulad miRebuli Cu-is acetatu-

ri kompleqsis nimuSis (k-2-r) rentgenofazuri 

(sur. 3) analizis rentgenogramaze (spirtSi 

damuSavebuli) TvalnaTliv fiqsirdeba mxo-

lod Cu-is acetaturi kompleqsis (da/n 6.22A, 

5,63A, 5,14A, 4,83A, 3,89A, 3,31A, 3,03A, 2,18A, 1,80A, 

1,75A) kristaluri fazebi. am SemTxvevaSi spi-

lenZis acetati spirtSi gaixsna da rentge-

nogramaze aRar fiqsirdeba. 

Cu-is acetaturi kompleqsis nimuSSi klot-

rimazolis damoukidebeli struqturuli fa-

za ar fiqsirdeba. 

 
 

sur. 3. Cu-is acetaturi kompleqsis rentgenofazuri analizis  

rentgenograma (wyalze gadaRebuli) 

 

kobaltis acetatis rentgenogramaze (sur. 

4) fiqsirdeba ramdenime piki (da/n 8,85A, 8,23A, 
7,67A, 7,0A, 2,71A), romlebic Seesabameba mxo-

lod kobaltis acetatis kristalur fazas.  
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sur. 4. kobaltis acetatis rentgenograma 

 

eqsperimentulad miRebuli kobaltis ace-

taturi kompleqsis nimuSis rentgenofazuri 

(sur.5) analizis rentgenogramaze TvalnaT-

liv fiqsirdeba mxolod Co-is kompleqsis 

(da/n 9,95A,8,33A, 7,87A, 4,38A, 4,13A, 4,07A, 3,65A da 
sxva) kristaluri faza. eqsperimentulad mi-

Rebul kobaltis acetaturi kompleqsis ni-

muSSi kobaltis acetatisa da klotrimazo-

lis damoukidebeli struqturuli fazebi ar 

fiqsirdeba. Co-is acetaturi kompleqsis ni-

muSSi klotrimazolis damoukidebeli struq-

turuli fazis ararseboba aixsneba eqsperi-

mentSi Co-is monawileobisas acetatis komp-

leqsis struqturis warmoqmniT. 

 

 

 
 

sur. 5. Co -is acetaturi kompleqsis rentgenofazuri  

analizis rentgenograma 
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rentgenofazuri analizis rentgenogramebis sibrtyiTi manZili (d) da intensiuroba (I/I0) 

mocemulia cxrilSi. 

cxrili 2  
 

 

dasaxele

ba 

 

 

№ 

Cu‐acetati Cu-acetaturi 

kompleqsi 

Co‐acetati  Co-acetaturi 

kompleqsi 

I/I0  d α/n, Å  I/I0 d α/n, Å  I/I0 d α/n, Å I/I0 d α/n, Å 

1 9 8,85 1 15,7 7 8,85 2 9,96 

2 9 8,23 9 10,56 8 8,23 10 8,33 

3 1 7,6 4 8,07 4 7,6 4 7,87 

4 9 7,01 10 7,78 3 7,01 3 6,5 

5 10 3,70 8 7,01 3 3,70 2 6,22 

6 4 2,45 2 6,63 2 2,45 2 6,00 

7 2 4,55 5 6,22   3 5,81 

8 5 4,28 4 6,11   3 5,14 

9 4 4,09 3 5,86   5 4,38 

10 2 3,87 2 5,14   5 4,23 

11 5 3,69 8 4,58   7 4,13 

12 10 3,48 6 4,52   7 4,06 

13 4 3,30 3 4,18   5 3,65 

14 5 3,09 5 4,09   4 3,35 

15 4 3,04 2 3,56   1 3,06 

16 4 2,86 2 3,47   1 2,69 

17 4 2,69 2 2,90   1 2,63 

18 5 2,55 2 2,74   2 2,56 

19 8 2,39     2 2,30 

20 7 2,31     1 2,20 

21 10 2,28     1 2,10 

22 5 2,21     1 2,01 

23 5 2,03       

24 7 1,96       

25 6 1,92       

  

 

 

3. daskvna 

kvlevis safuZvelze calsaxad ganisazRv-

ra kompleqsis miRebis eqsperimentuli piro-

bebi da maxasiaTeblebi. 
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UDC 543 

SYNTHESIS OF ACETATE COMPLEX COMPOUNDS OF 3d METALS CU(II), CO(II), 
RADIOFLUORESCENT AND RADIOGENOPHASIC EXAMINATION OF THEM 
R.J. Japaridze; T.I. Tsivtsivadze; N.G. Poporadze; Zh.D. PetriaSvili;  
N.Sh. Chigogidze; R.Sh. Kldiashvili 
 

Resume: Goal. synthesis of acetate complex compounds of 3d metals Cu(II)-ის, Co(II) with wide-range antifungal 

medication Clotrimazol. Method. the complexes, their starting metals acetates and Clotrimazol samples received after 

experiments were examined with radiofluorescent and axial inductive plasma methods for determination of chemical 

content. Results. for such content samples during study corresponding method was developed, for comparison of cor-

rectness of analysis similar samples with approximate content were used. Conclusion. basing on study properties and 

experiment conditions for receiving complexes were determined. Conducted joint works showed that in water solu-

tions of metal (Co, Cu) corresponding salt acetates and Clotrimazol despite different ratio of salt and ligand complex 

compounds, containing on molecule on each ion of metal, are usually received. 

 
Key words: acetate; acetate complex compounds; Clotrimazol; radiophasic and radiofluorescent analysis methods. 
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УДК 543 

СИНТЕЗ АЦЕТАТНЫХ КОМПЛЕКСНЫХ СОЕДИНЕНИИЙ 3d МЕТАЛЛОВ ‐ CU(II), CO(II). ИХ 
РЕНТГЕНОФЛЮОРЕСЦЕНТНОЕ И РЕНТГЕНОФАЗОВОЕ ИССЛЕДОВАНИЕ 
Джапаридзе Р.Дж., Цивцивадзе Т.И., Попорадзе Н.Г., Петриашвили Ж.Д.,  
Чигогидзе Н.Ш., Клдиашвили Р.Ш. 

 
Резюме:  Цель:  синтез ацетатных комплексных соединениий 3d металлов - Cu(II), Co(II) с имеющим ши-

рокий спектр противогрибковых, антибактериальных свойств медикаментом Клотримазол. Метод: методами 
рентгенофлюоресцентной и аксиальной индуктивной плазмы, с целью установления химического состава, 
проведено исследование образцов, полученных экпериментом, комплексов и их исходных металлов, ацетата и 
Клотримазола. Итог: в процессе исследования была разработана методика, соответствующая для образцов 
этого состава, и для сравнения правильности анализа были использованы подобные стандартные образцы 
приближенного состава. Вывод: на основании исследования однозначно определились условия и харак-
теристики экспериментов получения комплексов. Проведенные синтезные работы показали, что несмотря на 
различные соотношения соли и лиганда в водных растворах этанола Клотримазола и ацетатов соответст-
вующих солей металлов (кобальт, медь), всегда образуются комплексные соединения, которые содержат одну 
молекулу Клотримазола на один ион металла.  

 
Ключевые слова: ацетаты; ацетатные комплексные соединения; Клотримазол; методы рентгенофазного 

и рентгенофлюоресцентного анализа.  
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reziume: mizani. adgilobrivi nedleulis 

bazaze gamomwvari da gamouwvavi nakeTobe-

bis miRebis teqnologiis damuSaveba. meTo-

di. Catarebulia kvleva rentgenostruqtu-

ruli da eleqtronuli mikroskopiis meTo-

debiT. Sedegi. adgilobrivi nedleulis ba-

zaze miRebulia gamomwvari da gamouwvavi 

cecxlgamZle nakeTobebi maRali fizikur-

teqnikuri TvisebebiT. daskvna. miRebuli ga-

momwvari da gamouwvavi cecxlgamZle nake-

Tobebi SesaZlebelia gamoyenebul iqnes ce-

mentis gamosawvavi mbrunavi Rumlebis da 

metalurgiuli Tburi danadgarebis maRal-

temperaturuli zonebis amonagisaTvis. 

 

sakvanZo sityvebi: dolomitი; serpentini-

ti; klinkeri; cecxlgamZle nakeToba; gamom-

wvari da gamouwvavi nakeTobebi; rentgeno-

struqturuli da eleqtronul-mikroskopu-

li analizis meTodebi. 

 

 
1. Sesavali 
teqnikis Tanamedrove dargebis ganviTa-

rebam metalurgiuli procesebis intensifi-

kaciis aucilebloba gamoiwvia, ramac mo-

iTxova sxvadasxva daniSnulebis Tburi ag-

regatebis gavrcelebis saWiroeba, ris ga-

moc mraval ganviTarebul qveyanaSi mrew-

velobis mniSvnelovani dargi cecxlgamZle 

masalebis warmoeba gaxda. 

cecxlgamZle masalebi nakeTobebia, rom-

lebic mzaddeba mineraluri nedleulis ba-

zaze da inarCunebs Tavis Tvisebebs maRali 

temperaturis moqmedebis pirobebSi. gamoiye-

neba konstruqciuli da damcavi masalebis 

saxiT. 

 cecxlgamZle masalebis misaRebad gamoi-

yeneba sxvadasxva teqnologia da procesi. 

umetesad is teqnologia, romelic iTvalis-

winebs nedleulis Semadgeneli komponente-

bis dawvrilmanebas, kazmis momzadebas, Sem-

deg saWiro zomebisa da formis nakeTobis 

dayalibebas garkveuli wneviT da sabolo-

od Termul damuSavebas garkveul tempera-

turaze misi meqanikuri gamkvrivebis (Secxo-

bis) mizniT [1 -9]. 

 miRebuli nakeTobebis saeqspluatacio 

Tvisebebi ganisazRvreba qimiuri, fizikur-

qimiuri da meqanikuri Tvisebebis kompleqsiT. 

ZiriTadi Tviseba cecxlgamZleobaa, nakeTo-

bis unari winaaRmdegoba gauwios gaulRob-

lad maRali temperaturis moqmedebas. ganas-

xvaveben masalebs cecxlgamZleobis mixedviT: 

_ cecxlgamZle masalebi (cecxlgamZleoba 

1580_17700C), 
_maRalcecxlgamZle (1770_20000C ), 
_umaRlesi cecxlgamZleobis (>20000C). 
formirebuli cecxlgamZle nakeTobebi 

SeiZleba iyos gamomwvari an gamouwvavi, maT 

ganasxvaveben Termuli damuSavebis xarisxis 

(xasiaTis) mixedviT. 

gamomwvari cecxlgamZle nakeTobebi gamow-

vis temperaturaze iRebs sasurvel fizikur-

qimiur Tvisebebs (forianoba, simtkice, 

cecxlgamZleoba, Termuli medegoba, defor-

maciis dawyebis temperatura, mdgradoba, ag-

resiuli garemos zemoqmedebis mimarT da 

sxva). Ggamouwvavi cecxlgamZleebi nakeTobe-
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bia cecxlgamZle masalebisa da Semkvrele-

bisagan, romlebic sasurvel Tvisebebs iZens 

SedarebiT dabal temperaturaze gamowvisas.  

gamouwvavi cecxlgamZleebi simtkicis mi-

xedviT CamorCeba gamomwvari nakeTobebisas, 

magram Termuli medegobiT aRemateba ga-

momwvari cecxlgamZleebis Termul medegobas 

[10_12]. 
gamowvisas (Secxobisas) nakeTobebi ganic-

dis garkveuli sididis Cajdomas, romelic am 

saxis masalebisaTvis mniSvnelovani maxasia-

Tebelia. Aamitom, gamouwvavi nakeTobebis 

miRebisas Cajdomis sididisa da simtkicis 

gansazRvra mniSvnelovania. Tu aRniSnuli 

sidideebi dasaSveb normebSi iqneba nebismier 

temperaturaze nakeTobebis Termuli damuSa-

vebisas, ekonomikuri TvalsazrisiT mizanSe-

wonilia aseTi nakeTobebis warmoeba. 

gamouwvavi nakeTobebis gamoyenebisas ga-

mowvis temperaturis zemoT isini ikreben 

simtkices da sxva Tvisebebs, mxolod Cajdo-

mis sididis maCvenebeli unda iyos umniSv-

nelo, rom ar gamoiwvios wyobis dazianeba. 

Aamitom, eqsperimentis Catarebisas yuradReba 

unda gavamaxviloT or ZiriTad maCvenebelze: 

1. simtkicis zRvari kumSvisas da 2. Cajdoma. 

simtkicis zRvari kumSvisas dasaSvebia 

iyos iseTi sididis, rom nakeTobam gauZlos 

meqanikur zemoqmedebas wyobaSi muSaobis 

dros. Cajdoma, rogorc aRvniSneT, unda iyos 

umniSvnelo da ar icvlebodes nakeTobis sa-

muSao temperaturamde da muSaobis pirobebSi. 

 

2. ZiriTadi nawili 

Cveni mizania dolomit-serpentinitis klin-

keris bazaze gamomwvari da gamouwvavi nake-

Tobebis miRebis teqnologiis damuSaveba.  

gamomwvari nakeTobebis misaRebad nimuSebi 

Semdegnairad momzadda: klinkeri jer davam-

sxvrieT ybebian msxvrevanaSi da davfqviT 

burTulebian wisqvilSi. garkveuli Tana-

fardobiT aRebuli (cxrili 1) komponentebi 

kargad avurieT, Semdeg davayalibeT d-15 mm, h-
20 mm zomis cilindruli formis nimuSebi, 

dayalibeba moxda dawnexis naxevrad mSrali 

meTodiT. wneva 100 mpa-s Seadgenda. Semkvre-

lis saxiT gamoviyeneT MgSO4 20%-iani xsnari 

da Sesadareblad wyali. 

mza nimuSebi erTi dRe-Rame davtoveT 

haerze, Semdeg gamovaSreT TermostatSi 110 oC 

da gamovwviT silitis RumelSi 1450 oC -ze. bo-
lo temperaturaze dayovneba erTi saaTi iyo.  

narevis Sedgeniloba da gamomwvari nimu-

Sebis fizikur-teqnikuri maCveneblebi war-

modgenilia 1-el cxrilSi. 

 

cxrili 1 

 narevis Sedgeniloba da gamomwvari nimuSebis fizikur-teqnikuri maCveneblebi 

ni
mu

S
is

 i
nd

eq
s
i 

narevis Sedgeniloba, mas % 

g
am
o
w
vi
s
 

t
em
pe
r
at

u
r
a,
 Τ

0 C
 

fizikur-meqanikuri 

maxasiaTeblebi 

 

abanos 

sabados 

dolomi-

tis 

 

klinkeri 

 

skuris 

sabados 

dolomi-

tis 

 

klinkeri 

Semkvrelebi 

s
im
t
ki
c
is

 

z
R
va
r
i 
ku

mS
va
- 

z
e,
 
σ
mp
a 

s
im
kv
r
iv
e,
 
ρ
g
/s
m3
 

R
ia

 f
o
r
ia
no

b
a,
 Π

%
 

c
ec

x
l
g
am
Zl

eo
b
a,
 

o
C
 

 

MgSO4‐is 

xsnari  

w
ya
l
i 

d1 100 _ _ 8 1450 93,7 2,49 24 >1770 

d2 _ 100 _ 8 1450 148,7 2,64 20 >1770 

d3 _ 100 8 _ 1450 165,0 2,86 16,2 >1770 
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rogorc 1-eli cxrilidan Cans, skurisa 

da abanos dolomitebis bazaze miRebuli 

klinkeris gamoyenebisas miRebuli nimuSebis 

fizikur-meqanikuri maCveneblebi erTmaneTi-

sagan gansxvavdeba. skuris dolomitze miRe-

buli nimuSebis simtkicis zRvari kumSvisas 

TiTqmis 2-jer aRemateba abanos dolomitis 

maCvenebels (cxrili 1). d3 nimuSebi, rom-

lebic momzadda MgSO4-is 20%-iani xsnaris, 

rogorc Semkvrelis, damatebiT 10%-is ode-

nobiT, simtkicis zRvari kumSvisas 165 mpa-s 

Seadgens. wylis, rogorc Semkvrelis, gamo-

yenebis SemTxvevaSi es maCvenebeli 148,7 mpa-

ia. forianoba 16,2% ufro naklebia d2-is mo-

nacemebTan SedarebiT. yvela Sedgenilobis 

nimuSis cecxlgamZleoba 17700C aRemateba. 
amrigad, ukeTesi Sedegebia miRebuli sku-

ris sabados dolomitis gamoyenebis SemTx-

vevaSi. optimalurad SeiZleba CaiTvalos da-

wnexis wneva 100 mpa, Semkvreli SeiZleba iyos 

magniumis sulfatis xsnari da wyali, radgan 

am ukanasknelis gamoyenebis SemTxvevaSi mi-

Rebulia damakmayofilebeli Sedegebi.  

 

cxrili 2 

21436-75 standartis “maRalcecxlgamZle nakeTobebi cementis mbrunavi Rumlebis 

amonagisaTvis” monacemebi (periklazqromituli cecxlgamZle masalisaTvis) 

  

 

 

marka 

 

 

simtkicis  

zRvari  

kumSvisas, 

aranakleb 

, mpa 

moCvenebiTi 

simkvrive,  

, g/sm3 

Ria forianoba, 

araumetes Π, % 

deformaciis  

dawyebis 

temperatura, 

aranaklebi 0C, 

Termuli 

medegoba 

(13000C 
wyali), 

Tbocvla  

ΠXЦ 30 2,95 23 1520 8 

 

 

 amrigad, 14500C-ze gamomwvari nimuSebis 

fizikur-teqnikuri maCveneblebi sakmaod ma-

Ralia mis Sesabamis standartis monacemeb-

Tan SedarebiT.  

 d2 nimuSebis (cxrili 1) fazuri Sedgeni-

lobis dasadgenad CavatareT analizi rent-

genostruqturuli da eleqtronuli mikros-

kopiis meTodebiT. 

 rentgenostruqturuli analizi Catarda 

rentgenis Дрон-3 aparatze. rentgenograma 

gadaRebulia 22,5_650 kuTxis intervalSi, 20 

siCqariT wuTSi. nimuSis rentgenograma war-

modgenilia 1-el naxazze.  

rogorc miRebuli kompozitis rentgenog-

ramidan Cans (nax.1), igi igive mineralebs Se-

icavs, rogorc dolomit-serpentinituri kli-

nkeri. 

eleqtronul mikroskopuli kvleva Ca-

tarda JEOL firmis eleqtronul-rastruli 

(maskanirebeli) mikroskopiT, YSM 65 OLW 

saSualebiT.  

 

 
 
 

nax.1. d2 dolomit-serpentinituri  

kompozitis rentgenograma 

 

meTodi efuZneba areklili eleqtronebis 

asaxvas. areklili eleqtronebis saSuale-

biT kompozitis fazuri analizisaTvis ni-

muSi gavtexeT zedapiris paralelurad. au-

cilebelia texi iyos axali miRebuli. Se-
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degi warmodgenilia me-2 naxazze, X950 da 

X1000 gadidebisas. 

me-2 naxazze gamokveTilia ori feris mi-

neralebis arseboba, rac adasturebs rent-

genostruqturuli analizis monacemebs. 

kompozitis gamomwvari d2 nimuSis eleq-

tronuli mikroskopiis naxazze (nax.2) naCve-

nebia kargad Semcxvari nimuSis zedapiri, 

romelzec gamokveTilia Camoyalibebuli im 

ZiriTadi fazebis kristalebi, romlebsac 

Seicavs klinkeri, kerZod: periklazi da 

aliti, Tumca Zalian mcire raodenobiT 

SeimCneva belitis CanarTebic. Sualeduri 

nivTierebebi _ samkalciumiani aluminati 

C3A, orkalciumiani feriti C2F da oTx-

kalciumiani aluminferiti kompozitSi gana-
wilebulia araTanabrad.  

 

 
 

a) X950 

 

 
 

B b)X1000 
 

nax. 2. dolomit-serpentinituri d2 kompozitis 

eleqtronul-mikroskopuli suraTebi sxvadasxva 

gadidebisas: a) X950, Bb) X1000 

 

aliti warmodgenilia araswori formis 

erTmaneTTan Sezrdili kristalebiT. adgi-

lebSi aris msxvili abis formis krista-

lebis saxiT, romelic gadaWrelebulia pe-

riklaziT. igi masSi CarTulia wertilebis 

saxiT, iseTi ubnebicaa, sadac periklazis 

marcvlebi ganawilebulia alitis krista-

lebs Soris. Sualeduri nivTiereba gana-

wilebulia am mineralebs Soris, magram 

xSirad araTanabrad.  

gamouwvavi nakeTobebis misaRebad Cavata-

reT eqsperimenti skuris sabados dolo-

mitze damzadebuli klinkeris gamoyenebiT. 

nimuSebi movamzadeT zemoaRniSnuli meTo-

diT (nimuSebis zoma, dayalibebis wneva, 

Srobisa da gamowvis pirobebiT) gamowvis 

sxvadasxva temperaturaze – 1300, 1200 da 

11000C. Mmza nimuSebi gamovcadeT Sesabamisi 

standartuli meTodebiT. Ggamouwvavi nake-

Tobebis misaRebi narevis Sedgeniloba da 

miRebuli nimuSebis fizikur-teqnikuri maC-

veneblebi warmodgenilia me-3 cxrilSi.  

cxrilis monacemebidan Cans, rom, ro-

gorc mosalodneli iyo, gamowvis tempera-

turis SemcirebiT fizikur-teqnikuri maCve-

neblis yvela monacemi gauaresebulia: kumS-

visas simtkicis zRvari da simkvrive Semcir-

da, xolo forianoba mniSvnelovnad gaizar-

da. ukeTesi Sedegebia miRebuli MgSO4-is 

20%-iani xsnaris gamoyenebis SemTxvevaSi. 

Cajdomis sidide yvela temperaturaze imde-

nad umniSvneloa, rom cxrilSi misi mona-

cemebis Setana ar gaxda saWiro. am maCveneb-

lebis Sedarebisas saxelmwifo 13998-80 stan-

dartis “maRalcecxlgamZle periklazqromi-

tuli da qromitoperiklazuri gamouwvavi 

nakeTobebis” moTxovnebTan (cxrili 4) ana-

logiuri cecxlgamZle gamouwvavi masalebi-

saTvis yvela maCvenebeli akmayofilebs 

standartis monacemebs 1200 da 13000C-is Sem-
TxvevaSi, danarCeni SedarebiT naklebad.  
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cxrili 3 

narevis Sedgeniloba da gamouwvavi nimuSebis fizikur-teqnikuri 

maCveneblebi 
 

N 

 

 

 

 

 

N 
 
 

Nnarevis Semdgeniloba 

Mmas. % 

g
am
o
w
vi
s
 t

em
pe
r
at

u
r
a,
 

T0 C
, 

 

s
im
t
ki
c
is

 z
R
va
r
i 

ku
mS

vi
s
as

, 
,
 m
pa
 

mo
Cv
en
eb

iT
i 
s
im
kv
r
iv
e,
 

, 

g
/s
m3
 

R
ia
 f

o
r
ia
no

b
a,
 Π

, 
%
 

c
ec

x
l
g
am
Zl

eo
b
a,
 0 C 

T
er

mu
l
i 
me
d
eg

o
b
a 
(1
30
00 C 

w
ya
l
i)
, 

T
b
o
c
vl

a 

Dd
ef

o
r
ma
c
ii
s
 d

aw
ye
b
is

 

t
em
pe
r
at

u
r
a,

 0
C 

 

dolomit- 

serpentin-

tinitis 

klinkeri 

 

Semkvrelis 

saxeoba da 

raodenoba 

w
ya
-

l
i 

M
gS

O
4   

dg1 

 
100 - 8 1300 38,5 2,19 19 1770 8 1400 

dg2 

 
100 8 - 1300 27,8 2,20 20 1770 8 1400 

dg3 

 
100 - 8 1200 36,0 2,14 21 1770 7 1400 

dg4 

 

100 8 - 1200 26,8 2,15 20 1770 7 1400 

dg5 

 
100 - 8 1100 19,8 2,03 31 1770 7 1330 

dg6 

 

100 8 - 1100 20,2 2,09 32 1770 7  1350 

  

 cxrili 4 

13998-80 standartis “maRalcecxlgamZle periklazqromituli da  

qromitoperiklazuri gamouwvavi nakeTobebis” monacemebi 

 

 

simtkicis zRvari 

kumSvisas, , mpa 

moCvenebiTi 

simkvrive,  

, g/sm3 

Ria forianoba, Π % Ddeformaciis 

dawyebis 

temperatura, 0C 

 

27,5 

 

2,95 

 

20 

 

1400 

 

 Semdegi eqsperimenti Catarda gamouwvavi 

cecxlgamZleebis misaRebad kazmSi naxSir-

badSemcveli danamatis saxiT 10 % grafitis 

nanofxvnilis damatebisas. wina Sedegebis 

gaTvaliswinebiT nimuSebi miviReT 1200 da 

13000C-ze Termuli damuSavebiT. 

me-5 cxrilis monacemebiT 1200 da 13000C-ze 
miRebuli nimuSebis yvela maCvenebeli aRema-

teba standartiT 13998-80 gaTvaliswinebul 

moTxovnebs analogiuri cecxlgamZleebisaT-

vis (cxrili 4) da ukeTesi Sedegebia miRe-

buli grafitis nanofxvnilis damatebisas.  
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cxrili 5 

grafitis nanofxvnilis damatebiT miRebuli nimuSebis 

fizikur-teqnikuri maCveneblebi 

 

 

 

 

 

 

 

 

 

NN 
 
 

Nnarevis Sedgeniloba 

Mmas % 
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Gg
r
af

it
is

 n
an
o
f
x
vn
il

i 

Semkvre-

lis 

saxeoba 

da 

raoden-

oba 

w
ya
l
i 

M
gS

O
4 

dg7 

 
90 10 - 8 1300 40,8 2,21 18,8 1770 8 1400 

 

dg8 

 

90 10 8 - 1300 38,2 2,34 18,0 1770 8 1460 

Ddg9 

 

 

90 10 - 8 1200 27,6 2,10 19,7 1770 7 1400 

Ddg10 

 

90 10 8 - 1200 27,4 2,18 19,0 1770 7 1390 

 

SedarebiT ukeTesi Sedegebia miRebuli Sem-

kvrelis saxiT MgSO4-is xsnaris gamoye-

nebisas.  

gamouwvavi masalebis fazuri Sedgenilo-

bis gasagebad CavatareT rentgenostruqtu-

ruli analizi 14000C-ze gamomwvari dolo-

mit-serpentinituri klinkeris gamoyenebiT 

damzadebuli nimuSebisaTvis.  

 

 

N 

nax. 3. dolomit–serpentinituri klinkeris rentgenograma 
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me-3 naxazze mocemulia klinkeris rent-

genograma, xolo me-4 nax-ze _Aamave klin-

kerze damzadebuli nimuSebis rentgenog-

ramebi dolomit-serpentinitis _ 4/1 da 3/1-

is TanafardobiT miRebuli klinkeris gamo-

yenebiT 1100, 1200, 13000C-ze gamomwvari nimu-
SebisaTvis. rogorc rentgenogramidan Cans, 

yvela rentgenograma TiTqmis erTnairia da 

klinkeris damaxasiaTebel periklazsa da 

alits Seicavs. 

 
nax. 4. 4/1 TanafardobiT miRebuli klinkeris 1-1100, 2-1200, 3-1300 da 3/1-is 4- 13000C-ze  

gamomwvari nimuSebisaTvis rentgenogramebi 

 

 

  

3. daskvna 

miRebuli monacemebis gaanalizebiT SesaZ-

lebelia Semdegi daskvnis gakeTeba. 14500C-ze 
gamomwvari nimuSebis fizikur-teqnikuri maCve-

neblebi sakmaod maRalia misi Sesabamisi 

standartis monacemebTan SedarebiT. rac Se-

exeba gamouwvavi nimuSebis Sedegebs, 11000C-ze 
miiReba aradamakmayofilebeli Sedegebi; 1200 

da 13000C-ze miRebuli nimuSebisaTvis ki _ da-

makmayofilebelia. Eekonomikuri da teqnikuri 

pirobebis gaTvaliswinebiT sawarmoo piro-

bebSi es metad mniSvnelovania.  
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SINTERED AND NON‐SINTERED REFRACTORY OBJECTS ON THE BASE OF LOCAL RAW MATERIAL 
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Resume: Goal. Development of technology for obtaining sintered and non-sintered objects on the base of local 

raw material. Method. Study has been performed by X-ray diffraction and electronic microscopy methods. Results. 

Sintered and non-sintered refractory objects of high physical-and-technical properties have been obtained on the base 

of local raw material. Conclusion. The obtained sintered and non-sintered refractory objects can be used for high-

temperature zone bedding in cement sintering rotating furnaces (kilns) and metallurgical thermal aggregates.  

 
Key words: dolomite; serpentinite; clinker; refractory object; sintered and non-sintered objects; X-ray diffraction 

and electronic microscope analysis methods. 
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ПОЛУЧЕНИЕ ОБЖИГОВЫХ И БЕЗОБЖИГОВЫХ ОГНЕУПОРНЫХ ИЗДЕЛИЙ НА ОСНОВЕ 
МЕСТНОГО СЫРЬЯ 
 
Ковзиридзе З.Д., Нижарадзе Н.С., Балахашвили М.И., Табатадзе Г С., Мшвилдадзе М.Д. 

 
Резюме.  Цель:  разработка технологии получения обжиговых и безобжиговых огнеупорных изделий на 

основе местного сырья. Метод: исследование проведено методами рентгеноструктурного анализа и 
электронной микроскопии. Результаты: на основе местного сырья получены обжиговые и безобжиговые 
огнеупорные изделия с высокими физико-техническими показателями свойств. Выводы: для футеровки 
цементообжиговых печей и металлургических тепловых агрегатов возможно применение полученных 
обжиговых и безобжиговых огнеупорных изделий.  

  
Ключевые  слова: доломит; серпентинит; клинкер;огнеупорное изделие; обжиговые и безобжиговые 

изделия; методы анализа рентгеноструктурной и электронной микроскопии. 
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reziume: mizani. titanis karbidisa da rki-
na-nikelis liTonuri SemakavSireblis bazaze 

maRali simtkicis kompozitis miReba. meTodi. 

kompoziti miRebulia dawnexiT da Semdgomi 

SecxobiT vakuumRumelSi 14500C-ze, 10-3pa 

wnevisas. fazuri analizi Catarebulia rent-

genis aparatze DRON-3, mikrostruqtura _ 

eleqtronul mikroskopze NANOLAB -7, mikro-

sisale _ MUCKE markis mikrosisalis sazom-

ze, simtkicis zRvari Runvisas gamglej apa-

ratze R-100. Sedegi. miRebuli kompozitis 

fizikur-meqanikuri maCveneblebia: σღ=1600_1800 

mpa, σღ10000C,=550 mpa HV=14 gpa; H HV10000C=2,3 gpa. 

daskvna. titanis karbidis rkina-nikelis li-

Tonuri SemakavSirebliT miRebuli kompo-

zitis gamoyeneba SesaZlebelia rogorc mWre-

li masala, misgan SeiZleba damzaddes fi-

lierebi mavTulebisa da milebis saglinavad. 

kompozits aqvs maRali simtkice Runvisas, 

maRali sisale _ HRA 89_90 da maRali darty-

miTi siblante _ 25 kjouli/m2, simkvrive _ 

5,46 g/sm3, rac imis Tqmis saSualebas gvaZ-

levs, rom es kompoziti SeiZleba gamoyene-

bul iqnes javSanteqnikaSi. 

 
sakvanZo sityvebi: liTonkeramikuli; kom-

poziti; mWreli masala; mikrosisale; fi-

liera; javSanteqnika. 

 

 
1. Sesavali 
amocanebi teqnikis mTavari dargebis do-

nis asamaRleblad axali masalebis Seqmnis 

aucileblobasac moiTxovs, romelTa Soris 

liTonkeramikuli kompoziciuri masalebi 

erT-erT mniSvnelovan rols asrulebs. 

maT aqvT Tvisebebi, romelic damaxasiaTe-

belia rogorc keramikisaTvis (sisale, maRa-

li cveTamedegoba, maRali lRobis temepe-

ratura), ise liTonisaTvis (maRali simtkice, 

siTbogamtaroba, eleqtrogamtaroba, mdgra-

doba dartymiTi datvirTvis mimarT). kompozi-

ciuri masalebi liTonuri matriciT farTod 

gamoiyeneba rogorc konstruqciuli da li-

TondamamuSavebeli masala cveTis pirobebSi 

momuSave kvanZebSi, javSanteqnikaSi da sxva.  

liTonkeramikuli masalebis ZiriTadi mo-

culoba dRemde volframis bazaze iwarmoeba, 

romlis maragi TandaTan iwureba. amasTan da-

kavSirebiT, mecnierebis winaSe dgas prob-

lema, Seqmnan axali kompoziciuri masalebi 

volframis gareSe an Seamciron misi Semcve-

loba minimumamde da SeinarCunon is fizikur-

meqanikuri da saeqspluatacio Tvisebebi, rac 

volframis bazaze miRebul kompozitebs aqvs 

[1-6]. am problemis gadasaWrelad rogorc 

msoflios mraval qveyanaSi, aseve saqarTve-

los teqnikur universitetSic xorcieldeba 

kvlevebi, romelsac safuZveli akademikosma 

T. lolaZem Cauyara[7-16]. T. lolaZes sakmao 

wvlili miuZRvis liTonebis WriT damuSa-

vebis Teoriis ganviTarebaSi [7-11]. 

 
2. ZiriTadi nawili 

sufTa nikelis an kobaltiT Secementebu-

li titanis karbidis bazaze miRebuli masa-

lebis Tviseba mniSvnelovnad umjobesdeba 

liTonis SemakavSirebelSi an karbidis fa-

zaSi malegirebeli danamatis SeyvaniT.  
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malegirebeli danamatebi sxvadasxvanairad 

moqmedebs, zogierTi aumjobesebs karbiduli 

Semadgenlis an liTonuri SemakavSireblis 

Tvisebas, zogi mniSvnelovnad moqmedebs fa-

zaTSorisi sazRvris aRnagobaze, umTavresad 

ki kompozitis Tvisebas cvlis misi struqtu-

ris cvlilebiT. 

mocemul naSromSi Seswavlilia rkinis 

danamatis gavlena TiC-Ni sistemis kermetebze 

20_25mas.% liTonuri Semkvrelis saerTo Sem-

cvelobisas. eqsperimentebi CavatareT Semdegi 

Sedgenilobis kompozitebze (cxrili 1). 

SerCeuli Sedgenilobis narevi daifqva 

vibrowisqvilSi 4_5 g/m2 dafqvis siwmindemde, 

plastificirebisa da granulirebis Semdeg 

civad daiwnexa da Secxva vakuumRumelSi 

1350_14500C temperaturaze 500-is intervaliT, 

10-3atm narCeni wnevis pirobebSi. gamowvis 

Semdeg moxda nimuSebis vizualuri Semowmeba, 

 

 

cxrili 1 

kompozitebis Sedgeniloba, mas.% 

 

kompozitis dasaxeleba 
komponentebi 

titanis karbidi nikeli rkina 

TiCNi15Fe5 80 15 5 

TiCNi10Fe10 80 10 10 

TiCNi5Fe15 80 5 15 

TiCNi20Fe5 75 20 5 

TiCNi15Fe10 75 15 20 

TiCNi10Fe15 75 10 15 

 

gaizoma Cajdoma, wyalSTanTqma, simkvrive da 

meqanikuri Tvisebebi. me-2 cxrilSi warmodge-

nilia 14000C temperaturaze Semcxvari nimu-

Sebis fizikur-meqanikuri Tvisebebis kvlevis 

Sedegebi. 

mikrostruqturis Camoyalibebaze Secxobis 

temperaturis gavlenis Seswavlam gvaCvena, 

rom kompozitSi rkinis SeyvaniT Secxobis op-

timaluri temperatura ramdenadme mcirdeba, 

vidre TiC-Ni kompozitebisTvis igive raode-

nobis liTonuri fazis Semcvelobisas. es 

SeiZleba avxsnaT TiC-Fe evteqtikis SedarebiT 

dabali lRobis temperaturiT [12]. 

sakvlevi kompozitebis mikrostruqturis 

Camoyalibeba iwyeba nimuSebis 11000C tempera-

turis zemoT Secxobisas. Secxobis procesi 

intensiurad mimdinareobs 13000C zemoT, Txe-

vadi fazis gaCenis Semdeg. Secxobis optima-

luri temperaturisas mikrostruqtura TiTq-

mis forebis gareSea, sakmaod wvrilmarcv-

lovania (sur.1), liTonur fazaSi Tanabrad 

aris ganawilebuli karbidis marcvlebi.  
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cxrili 2 

14000C temperaturaze Semcxvari nimuSebis fizikur-teqnikuri Tvisebebi 

 

kompozitis 

dasaxeleba 

simkvrive 

р, g/sm 3 

wyal-

STanT-

qma W, % 

simtkice Runvisas 

Run.mpa 

sisale 

HRA 

dartymiTi 

siblante a, 

kj/m2 

drekadobis 

moduli E, gpa 

TiCNi15Fe5 5,36 0.8 1400-1500 89.0 22 38 

TiCNi10Fe10 5,40 0.8 1400-1500 89.5 22 35 

TiCNi5Fe15 5,40 0.8 1450-1550 90.0 24 34 

TiCNi20Fe5 5,47 0.9 1500-1600 88.0 24 35 

TiCNi15Fe10 5,50 0.5 1550-1600 89.0 24 36 

TiCNi10Fe15 5,46 0.9 1600-1800 89.0 25 35 

 

� 

marcvlebs momrgvalebuli forma aqvs. 

karbidis marcvlebis ZiriTad nawils (90%-

mde) warmoadgens 1,5_2,5mkm zomis marcvlebi 

TiTqmis yvela SedgenilobisaTvis.  

 

 
sur. 1. TiCNiFe kompozitebis mikrostruqtura  

25% liTonSemakavSireblis SemcvelobiT 

 

Semcxvari nimuSebis rentgenofazurma ana-

lizma aCvena, rom rkinis Seyvanisas nikelis-

Tvis damaxasiaTebeli difraqciuli maqsimu-

mebi gadanacvlebulia mcire kuTxeebisken 

(sur. 2), rac rkina-nikelis myari xsnaris war-

moqmnaze miuTiTebs. pikebis gadanacvleba miT 

metia, rac metia kompozitSi rkinis Semcve-

loba. TiC-Ni-Fe sammagi sistemis [12] TiC-Fe 

poliTermuli Wrilis analizidan Cans, rom 

titanis karbidSi rkinis xsnadoba da titanis 

karbidisa _ rkinaSi Zalian umniSvneloa. 

nikelTan rkina myar xsnars warmoqmnis [13]. 

metalografiuli da rentgenofazuri ana-

lizis Sedegebis SejerebiT dadginda, rom 

sakvlevi kompozitebi Sedgeba ori, karbidu-

li da liTonuri fazisagan. 

titanis karbidis urTierTdamokidebuleba 

nikelsa da rkinasTan SeviswavleT mikrorent-

genospeqtruli analizis meTodiT, MS-46 

Cameca firmis mikroanalizatorze aparati 

sakvlev nimuSSi qimiuri elementebis gana-

wilebaze dakvirvebis saSualebas iZleva. misi 

mgrZnobiarobis zRvari 10-14 gramia [14]. radgan 

aparatis garCevadobis unari 1 mkm-s ar aRe-

mateba, kompozitSi ki karbidis marcvlebis 

maqsimaluri sidide _ 3 mkm, igi ar iZleva 

karbidis marcvlebSi metalis SeRwevis 

siRrmeze dakvirvebis saSualebas, amitom 

gamokvleva CavatareT modelur Senadnobze 

karbidis msxvili marcvlebiT (30_40 mkm). 

gamokvlevisTvis nimuSebi momzadda cnobili 

meTodikiT [15]. 
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sur.2. 14000C temperaturaze Semcxvari TiC-Ni da TiC-

Ni-Fe sistemis kompozitebis rentgenografiuli mrudebi 

20% liTonuri SemakavSirebliT 

 

kvlevis Sedegebma aCvena, rom titanis kar-

bidi nawilobriv ixsneba nikel-rkinis liTo-

nur nadnobSi. marcvlebi warmoadgens sufTa 

titanis karbids gaxsnili nikelisa da rkinis 

Zalian mcire koncentraciiT (sur. 3). kar-

bidis marcvlebis sazRvarTan rkinis ato-

mebidan gamosxivebis intensiuroba matricas-

Tan SedarebiT mkveTrad ecema; analogiuria 

nikelis SemTxvevaSic. rkina-nikelis nadnobi 

kargad asvelebs karbidis marcvlebs, ris Se-

degadac izrdeba fazaTSorisi kavSiris sim-

tkice, miiRweva Semcxvari nimuSebis maRali 

simkvrive da simtkice (cxrili 2). am jgufis 

kompozitebis simtkicis mniSvnelobebi TiTo-

euli SedgenilobisTvis sakmaod maRalia, 

magram aRsaniSnavia kompoziti 25% liTon-

SemakavSirebliT _ TiCNi10Fe15, romlis sim-

tkicis zRvari Runvisas 1600_1800 mpas aRwevs 

da aqvs sakmaod maRali sisale _ 89 HRA. 

 

               
  

1) TiCNiFe kompozitis Semadgeneli    2) eleqtronuli suraTi 

qimiuri elementebis ionizaciis 

  mrudebi 

 

 
            3) titanis ganawileba  

 
          4) naxSirbadis ganawileba 
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5) rkinis ganawileba 

 

 
6) nikelis ganawileba 

sur.3. TiCNiFe Sedgenilobis kompozitis mik-

rorentgenospeqtruli analizi 

 

kompoziciuri masalebis dasaxasiaTeblad 

mniSvnelovani parametrebia sisale, simtki-

cis maCvenebeli kumSvisa da Runvisas da am 

sidideebis SenarCuneba maRali temperaturis 

pirobebSi, amitom isini gaizoma rogorc 

oTaxis, aseve maRal temperaturebze.  

oTaxis temperaturaze sisale gaizoma 

rokvelisa (cxrili 2) da vikersis meTo-

debiT. Sedarebis mizniT paralelurad gai-

zoma standartuli Senadnobebis _ BK8 

(WC92-Co8%) da KNT20 (TiCN80-(Ni,Mo)20%), 

maxasiaTeblebic. mikrosisale gaizoma kla-

ustalis (germania) teqnikuri universitetis 

keramikis kaTedraze. 

oTaxis temperaturaze mikrosisalis ga-

zomvis Sedegebi warmodgenilia me-3 cxrilSi  

da me-3 suraTze (4, 5). 

 

cxrili 3  

sakvlevi da standartuli kompozitebis meqanikuri Tvisebebi  

oTaxis temperaturaze 

 

kompozitis dasaxeleba simkice 

Runvisas, 

σR,mpa 

HRA HV, gpa 

5N datvir- 

Tvisas 

HV, gpa 

15N datvir- 

Tvisas 

HV, gpa 

50N datvir- 

Tvisas 

TiC (Ni20,Fe5) 1650-1800 88-89 18-19 14-15 15-16 

BK8 1400-1500 89-90 10-11 11-12 11-12 

KNT20 1300-1400 89-90 15-16 16-17 14-15 

 

rogorc me-3 cxrilidan Cans, sworxazovani 

damokidebuleba mikrosisalesa da datvirT-

vis sidides Soris erTmniSvnelovnad ar da-

fiqsirda. garkveuli gadaxrebi ganpirobe-

bulia sxvadasxva faqtoriT, romlebic gavle-

nas axdens sisalis ricxviT mniSvnelobaze _ 

masalis araerTgvarovneba, marcvlebis zome-

bi, gazomvis cdomileba da sxva [16-18]. 

mikrosisalis gazomvis dros datvirTvi-

sas da datvirTvis moxsnis Semdeg indento-

ris mier gavlil gzaTa SedarebiT vcadeT 

dagvexasiaTebina drekadi deformaciis sid-

ide, rac ricxobrivad maTi sxvaobis pro-

centiT gamovTvaleT. aRmoCnda, rom stan-

dartuli SenadnobebisaTvis is icvleboda 

22_38%-is farglebSi, xolo sakvlevi kompo-

zitis SemTxvevaSi daaxloebiT igive aRmoCn-

da _ 31% dabali datvirTvis SemTxvevaSi, 

xolo maRali datvirTvisas sakvlev da 

uvolframo kompozitebs ar axasiaTebs dre-

kadi deformacia (sur. 4 da sur. 5). 
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ა) 

 

 

ბ) 

 

 
g) 

 

sur.4. mikrosisalisa da indentoris mier gavlili 

gzis grafikebi 5N-15N datvirTvisas. a) sakvlevi TiC 

(Ni20,Fe5) kompozitis, b) BK8 da g) KNT20 

SenadnobebisTvis 

 

  

 
a) 

 

 
b) 

 

sur.5. mikrosisalisa da indentoris mier gavlili 

gzis grafikebi 100N datvirTvisas a) sakvlevi TiC 

(Ni20,Fe5) kompozitis da b) KNT20 SenadnobebisTvis 

 

indentoris anabeWdebze dakvirvebam gviC-

vena (sur. 6), rom sakvlevi kompozitisa da 

uvolframo kompozitis sazRvrebi met-nakle-

bad mkveTria yvela datvirTvis SemTxvevaSi, 

standartuli BK8-is SemTxvevaSi ki rRveva 

15N datvirTvis Semdeg fiqsirdeba, xolo 

KNT20 Senadnobis SemTxvevaSi, romelic 20% 

nikel-molibdenis liTonur SemakavSirebels 

Seicavs, anabeWdis sazRvrebis rRveva ufro 

meti _ 50N datvirTvisas fiqsirdeba. 
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N kompozitis dasaxeleba

TiC (Ni20,Fe5) BK8 KNT20 

 

 

 

5 

 

 

 

15 

 
 

 

 

50 

 

  

sur 6. indentoris anabeWdebis suraTebi 5, 15, 50 N datvirTvisas 

 

 rogorc me-2 cxrilidan Cans, sakvlev kom-

pozitebs meqanikuri Tvisebebis maRali 

maCveneblebi aqvs oTaxis temperaturis pi-

robebSi, am maCveneblebs isini sakmaod maRal 

temperaturamde inarCuenebs (sur.7). rogorc 

suraTidan Cans, sakvlevi kompozitisa da 

volframis bazaze miRebuli standartuli 

Senadnobis sisaleebis mrudebi 5000C 

temperaturaze kveTs erTmaneTs. es gasage-

bicaa, radgan sakvlevi kompoziti meti raode-

nobiT Seicavs liTonur fazas, miuxedavad 

amisa, misi sisale 10000C -ze 2,3 gpa-s Seadgens. 
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rac Seexeba simtkicis zRvars Runvisas, igi 

8000C 1200 mpa-s tolia, 10000C-ze ki _ 550mpa 

(sur. 8), rac sakmaod maRali maCvenebelia.  
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sur. 7. sakvlevi da standartuli  

kompozitebis sisalis temperaturaze  

damokidebulebis mrudebi 
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sur.8. TiC (Ni20,Fe5) kompozitis simtkicis  

zRvris temperaturaze damokidebulebis  

mrudi 

 

Catarebul iqna sakvlevi kompozitis ni-

muSebis texis eleqtronul-mikroskopuli 

kvleva oTaxis temperaturaze, Runvaze simt-

kicis zRvris gamocdis Semdeg (sur.9). sura-

Tidan Cans, rom rRveva xdeba rogorc marc-

valTSorisi, ise transkristalituri meqa-

nizmiT. 

  

 
 

sur. 9. kompozitis texis  

eleqtronul-mikroskopuli suraTi, X 5000 

 

am jgufis kompozitebis Jangvis mimarT 

mdgradoba bevrad metia, vidre volframis 

karbidis bazaze miRebuli Senadnobebisa. 

wonis namati 9000C temperaturaze 7 saaTis 

ganmavlobaSi damJangav areSi gaxurebisas 

TiC (Ni20, Fe5) (Ni20, Fe5) kompozitis SemTx-

vevaSi mxolod 9,6 mg/sm2 Seadgens. me-10 sur-

ze mocemulia sakvlevi da standartuli 

kompozitebis Jangvis kinetikuri mrudebi 

8000C temperaturaze sxvadasxva drois xang-
rZlivobiT gaxurebisas. rogorc suraTidan 

Cans, sakvlevi kompozitis mdgradoba Jang-

vis mimarT bevrad aRemateba standartuli 

Senadnobebis mdgradobas igive pirobebSi, 4 

saaTisa da meti dayovnebisas am ukanask-

nelTa wonis namatma gadaaWarba 50mg/sm2 da 

grafikze aRar moTavsda. 

  
 

sur.10. sakvlevi da standartuli kompozitebis Jangvis 

kinetikuri mrudebi 8000C temperaturaze 
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sakvlevi kompozitis meqanikuri Tvisebe-

bis maCveneblebidan gamomdinare nimuSebi 

momzadda mWreli Tvisebebis gamosacdelad. 

naxSirbadovani foladis frezvisas sakvle-

vi kompozitis medegoba 1,5 _ 1,8 -jer aRema-

teboda T15K6 cnobili markis frezebis me-

degobas. 

aseve kargi Sedegi aCvena sakvlevi kompo-

zitis firfitebiT aRWurvilma saWrisebma 

feradi liTonebis WriT damuSavebisas. 

  

 

3. daskvna 

winaswari Sedegebis mixedviT titanis kar-

bidis rkina-nikelis liTonuri Semakav-

SirebliT miRebuli kompozitis gamoyeneba 

SesaZlebelia, rogorc mWreli masala. misgan 

SeiZleba damzaddes filierebi mavTulebisa 

da milebis saglinavad. kompozits aqvs 

maRali simtkice Runvisas _ 1600_1800mpa, maRa-

li sisale _ HRA 89-90 da maRali dartymiTi 

siblante _ 25 kjouli/m2, arcTu maRali sim-

kvrive _ 5,46 g/sm3, rac imis Tqmis saSualebas 

gvaZlevs, rom es kompoziti SeiZleba gamo-

yenebul iqnes javSanteqnikaSic. 
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UDC 621.9.02 

HIGHLY HARD WOLFRAM VOID COMPOSITE IN THE TiC‐Ni‐Fe SYSTEM 
Z.Kovziridze*, N.Nizharadaze, G.Tabatadze 
 
   

Resume: Goal. Obtaining of a composite of high hardness on the base of titanium carbide and iron-nickel metal 

binder; Method. The composite was obtained by compaction and further sintering in vacuum furnace, at 14500C and 

10-3Pa pressure. Phase analysis was performed on X-ray apparatus DRON-3, microstructure - by electron microscope 

NANOLAB-7, micro hardness - on MUCKE mark micro-hardness meter, hardness limit at bending – on rupture appa-

ratus R-100. Result. Physical-mechanical properties of the obtained composite are: σb. =1600-1800 MPa, 

σb10000C,=550 MPa HV=14 GPa; HV10000C 2,3 GPa. Conclusion. The composite obtained on the base of titanium 

carbide and iron-nickel metal binder can be used as cutting material; it can be used for making filliers to be used in 

rolling the wires and pipes. The composite is characterized by high hardness at bending- HRA 89-90 and high shock 

viscosity 25 kJoule /m2, density - 5,46 g/cm3, which enables us to state that this composite can be used in armored 

technology.  

 
Key words: metal-ceramics, composite, cutting material, micro-hardness, fillier, armored technology. 
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УДК 621.9.02 

БЕЗВОЛЬФРАМОВЫЙ КОМПОЗИТ ВЫСОКОЙ ПРОЧНОСТИ В СИСТЕМЕ TiC‐Ni‐Fe 
Ковзиридзе З.Д., Нижарадзе Н.С., Табатадзе Г.С. 

 
Резюме. Цель: получение композита высокой прочности на основе карбида титана и железо-никелевого 

связующего сплава. Метод: композит получен прессованием и последующим спеканием в вакум печи при 
температуре 14500С, давлении 10-3МПа. Фазовый анализ проведен на рентгеновском аппарате ДРОН-3, 
микроструктура изучена на электронном микроскопе NANOLAB-7, микротвердость - на аппарате марки MUCKE , 
предел прочности определили на разрывном аппарате R-100. Результат: физико-технические показатели 
полученного композита: σизг.,=1600-1800МПа, σизг.1000

0C,=550 МПа HV=14 ГПа; HV1000
0C 2,3 ГПа. Вывод: композит, 

полученный на основе карбида титана с использованием железо-никелевого связующего сплава, можно 
использовать как режущий материал. Из него можно изготовить фильера, для вытягивания проволок и труб. 
Композит имеет высокий предел прочности при изгибе, высокую твердость – HRA 89-90 и ударную вязкость -25 
КДж./м2, плотность составляет 5,45 г/см3, что дает возможность рекомендовать полученный композит для 
использования его в бронетехнике. 

 

  
Ключевые  слова: металло-керамический; композит; режущий материал; микротвердость; фильера; 

бронетехника. 
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reziume: mizani. ori axali diazol- da 

dibenzoTiofendioqsidis Semcveli kondensi-

rebuli tetracikluri heterocikluri siste-

mis sinTezi. meTodi. sawyis naerTad aRebulia 

dibenzoTiofeni da Tanamimdevruli ”miSene-

bis” gziT anelirebulia triazolis birTvi. 

Sedegebi. miRebulia ori axali tetraciklu-

ri sistema: 3H-triazolo[4,5-b]dibenzoTiofen-

5,5-dioqsidi da 3H-triazolo [4,5-a] dibenzo-

Tiofen-5,5-dioqsidi. daskvna. orive dasinTe-

zebuli naerTi aris sawyisi mravalricxovani 

warmoebulebis misaRebad, mosalodneli bio-

logiuri aqtiurobiT. 

 
sakvanZo sityvebi: dibenzoTiofendioqsidi; 

imidazoli; tetracikluri sistemebi. 

 

 
 
1. Sesavali 
infeqciuri procesebis gamomwvev paToge-

nur da pirobiTad paTogenur mikroorganiz-

mebis Stamebis uzarmazar raodenobas axa-

siaTebs rogorc genetikuri, aseve SeZenili 

rezistentoba, amitom mikrobebis sawinaaRm-

dego preparatebi peroidulad icvleba. axa-

li samkurnalo saSualebebis SeqmnisaTvis 

mniSvnelovania cnobili, fiziologiurad 

aqtiuri molekulis qimiuri modifikacia, ro-

melic aseve gulisxmobs biologiuri aqtiu-

robis mqone molekulebis erT molekulaSi 

gaerTianebas, rasac xSirad mivyavarT 

biologiuri aqtiurobis intensiurobis da/an 

speqtris cvlilebasTan. 

axali samkurnalo saSualebebis Ziebis 

erT-erTi ZiriTadi mimarTulebaa biologiu-

rad aqtiuri naerTebis sinTezi heterociklu-

ri naerTebis bazaze. strategia mdgomareobs 

biologiurad aqtiuri heterociklebis: imida-

zolisa dibenzotiofenis erT molekulaSi 

gaerTianebiT, maT bazaze sxvadasxva farmako-

logiuri Camnacvleblebis SeyvaniT warmoe-

bulebis misaRebSi, fizikur-qimiuri maxasia-

Teblebis SeswavlaSi. 

samedicino praqtikaSi imidazolSemcveli 

naerTebi gamoiyeneba, rogorc farTo speqt-

ris samkurnalo saSualebebi. imidazolis 

naerTebs aqvs Semdegi biologiuri aqtiuroba: 

• sokos sawinaaRmdego da antibaqteriuli; 

• anTebis sawinaaRmdego da tkivilgamayu-

Cebeli; 

• tuberkulozis sawinaaRmdego; 

• antidepresantuli; 

• simsivnis sawinaaRmdego; 

• antileiSmaniuri. 

 

imidazolis preparatebidan mikonazoli, 

ekonazoli, ketokonazoli, dabali toqsiku-

robis da farTo antimikrobuli speqtris ga-

mo, moicavs miceliumis sokoebs da gra-

mdadebiT baqteriebs, gamoiyeneba sokovani 

daavadebebis sawinaaRmdegod [1-5]. 

aseve mravalmxrivi aqtiurobiT xasiaTdeba 

Tiofeni da benzoTiofeni. isini gamoiyeneba 

rogorc saSeni masala sinTezur samkurnalo 

qimiaSi. benzTiofenis nawarmebis sxva ciklur 

sistemebTan kombinacia gamoiyeneba, rogorc 

alergiis sawinaaRmdego, tkivilgamayuCebeli, 

anTebis sawinaaRmdego, Tvalis hipertenziuli 

saSualeba [6-9].  
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2. ZiriTadi nawili 

Cvens adreul SromebSi [10-14] mocemulia 

tetracikluri naerTebis sinTezi dibenzoTi-

ofenis, dibenzofuranis, triazolis da imi-

dazolis bazaze. mocemuli statia gulisx-

mobs erT molekulaSi iseTi biologiurad 

aqtiuri fragmentebis gaerTianebas, rogo-

rebicaa imidazoli da dibenzoTiofendioq-

sidi. aRniSnuli heterocikluri fragmentebis 

originaluri SerwymiT mosalodnelia bio-

logiuri aqtiurobebis intensiurobis da/an 

mimarTulebebis cvlileba. maT nawarmebs So-

ris moiZieba araerTi naerTi, romelic wam-

lis saxiT warmodgenilia bazarze.  

 

S

OO

a
b

c

def

g

h

2

i

N
H

N

N

1

34

5

 
 

 tetracikluri naerTebis misaRebad saWi-

roa o-diaminebis miReba. diaminebSi amino- 

jgufebis konfiguraciaze damokidebulia imi-

dazolis ciklebis anelirebis adgili. Cveni 

mizania 1,2- da 2,3-diaminodibenzoTiofen-5,5-

dioqsidis miReba. 

orive SemTxvevaSi sawyis naerTad aRebul 

iqna dibenzoTiofeni (1) (sqema 1). 2,3-dia-

minodibenzoTiofen-5,5-dioqsidis misaRebad, 

naerTis (1) daJangviT, wyalbadis zeJangis 

saSualebiT miRebul iqna dibenzoTiofen-5,5 -

dioqsidi (2) [11]. naerT (2)-is nitrirebiT 

azotmJavaSi gogirdmJavas TanxlebiT miiReba 

3-nitrodibenzTiofen-5,5-dioqsidi (3) [11]. miRe-

buli naerTis (3) aRdgeniT, marilmJavaSi Tu-

Tiis mtvris meSveobiT, miiReba 3- aminodiben-

zoTiofeni (4). naerTis (4) acilirebiT Zmar-

mJava anhidridis meSveobiT, ZmarmJavas areSi 

vRebulobiT 3-acilaminodibezoTiofen-5,5 di-

oqsids (5), xolo misi nitrirebiT (kvlav 

manitrirebeli narevis meSveobiT: azotmJa-

va/gogirdmJava) miiReba 2-nitro,3-acilamino-

dibenzoTiofen-5,5-dioqsidi (6) romlis aRd-

geniT marilmJavaSi TuTiis mtvris Tanaobisas 

miiReba 2-amino, 3-acilaminodibenzoTiofen-5,5-

dioqsidi (7). naerTis (7) hidroliziT miiReba 

2,3-diaminodibenzoTiofen-5,5-dioqsidi (8) 

(sqema 1). 

 

 

sqema 1 
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1,2-diamondibenzoTiofen-5,5-dioqsidi Semde-

gi sqemiT miiReba: sawyis naerTad aRebul iqna 

dibenzoTiofeni (1). misi nitrirebiT manit-

rirebeli agentis (azotmJava: gogirdmJava) 

meSveobiT miiReba 2-nitrodibenzoTiofeni (9), 

romlis aRdgeniT hidrazinhidratisa da ni-

kel/reneis meSveobiT eTanolis areSi miiReba 

2-aminodibenzoTiofeni (10). naerTis (9) aci-

lirebiT, ZmarmJava anhidridis meSveobiT, ben-

zolis areSi miiReba 2-acilaminodibenzoTi-

ofeni (11), romlis wyalbadis zeJangiT daJan-

gviT ZmarmJavas areSi miiReba 2-acilamino-

dibenzoTiofen-5,5-dioqsidi (12). naerTis (11) 

nitrirebiT, mbolavi azotmJavas meSveobiT, 

ZmarmJavas areSi miiReba 1-nitro, 2-acilamino-

dibenzoTiofen-5,5-dioqsidi (13), romlis aRd-

geniT hidrazinhidratisa da nikel/reneis 

meSveobiT eTanolis areSi miiReba 1-amino, 2-

acilaminodibenzoTiofen-5,5-dioqsidi (14). 

naerTis (13) natriumis tutiT hidroliziT 

eTanolSi miiReba 1,2-diaminodibenzoTiofen-

5,5-dioqsidi (15) (sqema 2).  

 

sqema 2 
 

izomeruli tetracikluri sistemebi (15) 

(16) miRebulia diaminebidan (8),(15) natriumis 

nitritisa da marilmJavas moqmedebis Sedegad 

(sqema 3) . 

 

sqema 3  
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miRebuli originaluri naerTebis struq-

turebi dadasturebulia infrawiTeli da mas-

speqtroskopiis da elementuri analizis meS-

veobiT. miRebuli Sedegebi adasturebs sin-

Tezirebuli naerTebis aRnagobas. 

eqsperimentuli nawili  

infrawiTeli speqtrebi Caweril iqna fu-

ries gardamqmneli infrawiTeli mikroskopiT 

„Varian FT-IR 610/660-IR“; qromato-mas-speqtro-

metri Clarus 500-MS; airmatarebeli heliumi – 

1ml/wT; kapilaruli kvarcis sveti _ 30mX0, 

25mm; faza – DB-5MS; inJeqtoris temperatura _ 

2500C; analizis piroba _ 1000C_2wT. siCqare _ 

150C/wT; -28000; 20wT. lRobis temperatura ga-

zomilia aparatze “Mel-Temp 3.0”. 
dibenzoTiofen-5,5-dioqsidi (2) – 18,4g di-

benzoTiofens (1) xsnian 100 ml yinulian Zmar-

mJavaSi da acxeleben. duRilisa da morevis 

pirobebSi wveTwveTobiT amateben 30ml wyal-

badis zeJangs. wyalbadis zeJangis damate-

bisas gamoileqeba TeTri feris kristalebi. 

sareaqcio ares duRilisa da morevis pi-

robebSi ayovneben 1sT, ris Semdegac kvlav 

amateben 10ml wyalbadis zeJangs da aduReben 

30wT. narevs ayovneben 24sT. filtraven, rec-

xaven wyliT neitralur aremde da aSroben. 

kontroli _ qloroformi: eTilacetati _ 3:1. 

TeTri nemsisebri kristalebi. M=216; C12H8O2; 

gamosavlianoba: 95,3%. Tლღ.ტ.=231OC, lit. Tm.p.= 

232_233OC [15].  

3-nitrodibenzoTiofen-5,5-dioqsidi (3) – 

11,4g (0,05moli) dibenzoTiofen-5,5-dioqsids 

xsnian 40 ml konc. gogirdmJavaSi. wveTwve-

TobiT amateben 34,2ml mbolav azotmJavas 

(d=1,5). temperaturas 15_20 wuTis ganmavlo-

baSi inarCuneben 60_70 OC-ze. aciveben da 

asxamen yinulian wyalSi. yviTel naleqs 

filtraven, recxaven wyliT, aSroben da 

akristaleben acetonSi. filtrze rCeba 3-

nitrodibenzoTiofen-5,5-dioqsidi(3). miiReba 

13g 3-nitrodibenzoTiofen-5,5-dioqsidis (3) 

yviTeli kristalebi; M=261; qimiuri for-

mula C12H7NO4S; gamosavalianoba _ 94%; Tლღ.= 

264OC; lit. Tლღ.=265-266OC; [16]. kontroli_ 

qloroformi: eTilacetati 3:1. 

3-aminodibenzoTiofen-5,5-dioqsidi (4) – 

12.2g (0,04moli) 3-nitrodibenzoTiofen-5,5-di-

oqsids (3) xsnian 481ml 96%-ian eTilis spirt-

Si da amateben 70 ml 31%-ian marilmJavas. 

duRilisa da morevis pirobebSi ulufebad 

amateben 23.5g TuTiis mtvers. yviTeli Sefe-

rilobis sareaqcio are TandaTan gamWvirvale 

wiTeli feris xdeba. reaqcia mimdinareobs 

40_45wT. sareaqcio ares filtraven. fil-

trats amateben wyals. gamoiyofa wiTeli 

feris naleqi, naleqs filtraven, narinjis-

fer filtrats amuSaveben natriumis tutis 

40%-iani xsnariT. warmoqmnil naleqs filt-

raven, filtratidan amins eqstragireben 

eTilacetatiT. acileben gamxsnels, aSroben 

oTaxis temperaturaze. akristaleben 96%-ian 

eTilis spirtSi. gaSrobis Semdeg miiReba 9.5g 

yviTel-momwvano feris kristalebi. kont-

roli _ qloroformi: gamosavlianoba _ 88.7% 

M=231; C12H9NO2S; Tლღ.=256_258OC lit. Tლღ.=259_ 

-260OC [16]. 

3-acetaminodibenzoTiofen-5,5-dioqsidi (5) _ 

1,1g (0,004moli) 3-aminodibenzoTiofen-5,5-dioq-

sids(4) amateben 68,75ml yinulian ZmarmJavas, 

morevis pirobebSi aduReben. amateben wveT-

wveTobiT 1ml ZmarmJavaanhidrids, TandaTan 

gamovardeba Calisfer-yviTeli Seferilobis 

kristalebi. morevisa da duRilis pirobebSi 

ayovneben 30wT. cxlad filtraven da recxaven 

neitralur reaqciamde. aSroben oTaxis tem-

peraturaze. akristaleben 96%-ian eTanolSi. 

kontroli _ eTilacetati: eTeri 3:1. gamo-

savlianoba: 1.4g, 95.2%; Tლღ.ტ..=317_319OC. M=273. 

gamoTvlilia C14H11NO3S; C- 61.52; H- 4.06; N- 5.12; 

S- 11.73%. napovnia: C- 61.48; H- 4.08; N- 5.15; S- 

11.72%. IR (KBr)max (cm-1): 3440 (NH); 3245 (CH3 ); 1704 

(C=O); 1550(CN); 1157(SO2) . m/z: 273.05 (100.0%), 

274.05 (16.2%), 275.04 (4.5%), 275.05 (1.9%).  

2-nitro-3-acetaminodibenzoTiofen-5,5-dioq-

sidi (6) _ 2g(0,007moli) 3-acilaminodibenzo-

Tiofen-5,5-dioqsids(5) xsnian 39 ml yinulian 

ZmarmJavaSi da wveTwveTobiT amateben 6,3 ml 
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azotmJavas (d=1.5) da 2 ml konc. gogirdmJavas. 

reaqcias atareben 60_70OC-ze. limonisfer-yvi-

Tel kristalebs filtraven Sotis filtrze 

da recxaven wyliT neitralur reaqciamde. 

aSroben. akristaleben 96%-ian eTanolSi. 

kontroli_qloroformi: eTilacetati 1:1. ga-

mosavlianoba: 1.8g, 78.3%; Tm.p.=292-293OC. M=318. 

gamoTvlilia C14H10N2O5S; C- 52.83; H- 3.17; N- 8.80; 

S- 10.07 %. napovnia: C- 52.80; H- 3.14; N- 8.84; S- 

10.10 %. IR (KBr)max (cm-1): 3440 (NH); 3245 (CH3 ); 

1700 (C=O); 1535(CN); 1532 (NO2); 1140(SO2) . m/z: 

318.03 (100.0%), 319.03 (16.7%), 320.03 (4.8%), 320.04 

(2.1%). 

2-amino-3-acetaminodibenzoTiofen-5,5-dioq-

sidi (7) – 1,1g(0.99moli) 2-nitro-3-aminoacil-

dibenzoTiofen-5,5-dioqsids(6) amateben 75 ml 

96%-ian eTanols da 8,8 ml 31%-ian ma-

rilmJavas da duRilisas 3,6g TuTiis mtvers 

ulufebad. sinTezi mimdinareobs naerTis (4) 

miRebis meTodis msgavsad. eTerSi gada-

kristalebis Semdeg Rebuloben muqi yviTeli 

feris kristalebs. kontroli _ qloroformi: 

eTilacetati: eTeri 1:3:1; gamosavlianoba: 0.8 g, 

80%, Tლღ.ტ..=264-265OC. M=288. gamoTvlilia 

C14H12N2O3S; C- 58.32; H-4.20; N- 9.72; S-11.12 %. 

napovnia: - 58.30; H-4.24; N- 9.69; S-11.10 %. IR 

(KBr)max (cm-1): 3440 (NH); 3300 (NH2); 3240 (CH3 ); 

1700 (C=O); 1530(CN); 1150(SO2). m/z: 288.06 (100.0%), 

289.06 (16.2%), 290.05 (4.5%), 290.06 (1.9%). 

2,3-diaminodibenzoTiofen-5,5-dioqsidi (8) _ 

0,8g (0,002moli), 2-amino-3-acilaminodibenzoTi-

ofen-5,5-dioqsids (7) amateben 20 ml 96%-ian 

eTanols da 20ml wyalSi gaxsnil 5g KOH -s. 

morevisa da duRilis pirobebSi ayovneben 

30wT. gamoleqil kristalebs cxlad filt-

raven, recxaven wyliT neitralur reaqciamde. 

aSroben. miiReba mura yviTeli feris 

kristalebi. kontroli _ benzoli: eTila-

cetati 3:1; gamosavlianoba: 0.46 g, 78%; M=246. 

Tლღ.ტ..=243_246OC M 246. gamoTvlilia C12H10N2O2S; 

C- 58.52; H-4.09; N,-11.37; S- 13.02 %. napovnia: C- 

58.50; H-4.12; N,-11.33; S- 13.06 %. IR (KBr)max (სმ-1): 

3400, 3300 (NH2); 1150(SO2). m/z: 246.05 (100.0%), 247.05 

(14.0%), 248.04 (4.5%), 248.05 (1.4%).  

2-nitrodibenzoTiofeni (9), 2-aminodibenzo-

Tiofeni (10), 2-acetaminodi-benzoTiofeni (11) 

miRebulia [11] meTodikis mixedviT. 

2-acetaminodibenzoTiofen-5,5-dioqsidi (12) 

– 6g (0,024moli) 2-acilaminodibenzoTiofens 

(11) amateben 24 ml yin. ZmarmJavas, duRilisa 

da morevis pirobebSi amateben 10 ml 33%-ian 

wyalbadis zeJangs. reaqcia mimdinareobs 

naerTi (2)-is analogiurad. spirtSi gadakris-

talebis Semdeg miiReba TeTri feris kris-

talebi. qloroformi: eTilacetati -3:1; gamo-

savlianoba: 5 g, 73.6%; T ლღ.ტ..=272_274OC. M 273; 

gamoTvlilia C14H11NO3S; C- 61.52; H-4.06; N-5.12;  
S- 11.73; %. napovnia: C- 52.80; H-3.20; N- 8.85; S- 10.00 

%. IR (KBr)max (სმ-1): 3445 (NH); 3235 (CH3 ); 1700 

(C=O); 1555(CN); 1157(SO2). m/z: 273.05 (100.0%), 
274.05 (16.2%), 275.04 (4.5%), 275.05 (1.9%);  

 1-nitro-2-acetaminodibenzoTiofen-5,5-

dioqsidi(13) _ 5g (0,018moli) 2-

aminoacildibenzoTiofen-5,5-dioqsids (12) 

xsnian 100 ml yin. ZmarmJavaSi, wveTwveTobiT 

amateben 16 ml azotmJavas (d=1.5). reaqcia 

mimdinareobs 23OC-ze 40 wT-is ganmavlobaSi. 

limonisfer-yviTel kristalebs amuSaveben 

narTis (6) analogiurad. akristaleben 96%-ian 

eTanolSi. kontroli_qloroformi: 

eTilacetati 1:1; gamosavlianoba: 72,7%. 

Tლღ.ტ..=256_258OC. M 318; gamoTvlilia C14H10N2O5S; 

C- 52.83; H-, 3.17; N- 8.80; S- 10.07 %. napovnia: C- 

52.80; H-3.20; N- 8.85; S- 10.00 %. IR (KBr)max (სმ-1): 
3445 (NH); 3250 (CH3 ); 1710 (C=O); 1540 (CN); 1530 
(NO2); 1145 (SO2) . m/z: 318.03 (100.0%), 319.03 (16.7%), 

320.03 (4.8%), 320.04 (2.1%). 

1-amino-2-acetaminodibenzoTiofen-5,5-dioq-

sidi (14)_samyela kolbaSi, romelic aRWurvi-

lia meqanikuri sareviT, ukumacivriTa da 

sawveTuri ZabriT aTavseben 4g (0.012moli) 1-

nitro-2-aminoacildibenzoTiofen-5,5-dioqsids 

(13) da 142 ml 96%-ian eTanols. narevs mudmivi 

morevis da duRilis pirobebSi mcire ulufe-

biT umateben renes/Ni katalizators. parale-
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lurad wveTwveTobiT umateben 6 ml hidra-

zinhidrats. sareaqcio masa gamWvirvale saxes 

iRebs. narevs aduReben kidev 2 saaTi, Semdeg 

filtraven da filtrats aciveben. gacivebis 

Semdeg ileqeba moTeTro-iasamnisferi 

kristalebi, romelsac filtraven da rec-

xaven neitralur aremde. kontroli _ benzo-

li: eTilacetati 3:1. miiReba moTeTro-iasam-

nisferi kristalebi. gamosavlianoba: 2.7g. 75%; 

Tლღ.ტ..=282_283OC. M 288.32; gamoTvlilia 

C14H12N2O3S; C- 58.32; H- 4.20; N- 9.72; S- 11.12%. 

napovnia: C- 58.22; H- 4.25; N- 9.70; S- 11.15%. IR 

(KBr)max (სმ-1): 3445 (NH); 3310 (NH2); 3240 (CH3 ); 1710 

(C=O); 1530(CN); 1155(SO2). m/z: 288.06 (100.0%), 
289.06 (16.2%), 290.05 (4.5%), 290.06 (1.9%). 
 1,2-diaminodibenzoTiofen-5,5-dioqsidi (15) _ 

0,8g(0,002moli) _ amino-2-acilaminodibenzo-

Tiofen-5,5-dioqsids (14) amateben 20ml 96%-ian 

eTanols da 20 ml wyalSi gaxsnil 5g KOH -s. 

morevisa da duRilis pirobebSi ayovneben 

30wT. gamoleqil kristalebs cxlad filt-

raven, recxaven wyliT neitralur reaqciamde. 

aSroben. miiReba Ria yviTeli kristalebi. 

kontroli _ benzoli: eTilacetati 3:1; gamo-

savlianoba: 0,46 g, 74%; Tლღ.ტ..=297OC. M 246.28; 

napovnia C12H10N2O2S; C- 58.52; H- 4.09; N,- 11.37; S- 

13.02 %. gamoTvlilia: C- 58.50; H- 4.13; N,- 11.34; S- 

13.00 %. IR (KBr)max (სმ-1): 3400- 3300 (NH2); 1150(SO2). 

m/z: 246.05 (100.0%), 247.05 (14.0%), 248.04 (4.5%), 

248.05 (1.4%). 

triazolebSemcveli ciklebis miReba (zo-

gadi meTodi) 

samyela kolbaSi, romelic aRWurvilia 

sawveTuri ZabriTa da ukumacivriT, aTavseben 

0,2 g (0,0007 moli) diamins, amateben 0,36 ml 

31%-ian marilmJavasa (HCl) da 4 ml wylis na-

revs. nivTiereba marilmJavaSi ar ixsneba, 

jirjvdeba. civi wyliT gacivebisa da morevis 

pirobebSi amateben 0,1 g natriumis nitrits 

(NaNO2) gaxsnils 0,5 ml wyalSi. nitritis 

mimatebis dawyebisTanave narevi Rebulobs muq 

Seferilobas, daaxloebiT 10 wuTis Semdeg 

Seferiloba gaRiavda. nitritis damatebidan 

kidev 10 wuTi civ mdgomareobaSi mimdinare-

obs moreva, Semdeg daaxloebiT 30 wuTi na-

revi Tbeba. narevi ifiltreba civad. irecxeba 

wyliT neitralur aremde. miRebuli krista-

lebi gadakristaldeba ZmarmJavaSi da 

irecxeba amiakis wyalxsnariT, Semdeg wyliT 

neitralur reaqciamde.  

3H-triazolo[4, 5-b]dibenzoTiofen-5,5-di-

oqsidi (16)  

gamosavlianoba: 0,165 g, 79%; narinjisferi 

kristalebi. Tლღ.ტ.=203_205OC. M257; napovnia 

C12H7N3O2S; C- 56.02; H- 2.74; N,- 16.33; S- 12.46 %. 

gamoTvlilia: C- 56.12; H- 2.78; N,- 16.25; S- 12.44 %. 

IR (KBr)max (სმ-1): 3400- 3300 (NH2); 1150(SO2). m/z: 

246.05 (100.0%), 247.05 (14.0%), 248.04 (4.5%), 248.05 

(1.4%). 

3H-triazolo[4,5- a]dibenzoTiofen-5,5-dioq-

sidi (17) 

gamosavlianoba: 0,46g. 74%; limonisferi 

kristalebi. Tლღ.ტ..=313_315OC. M257; napovnia 

C12H7N3O2S; C- 56.02; H- 2.74; N,- 16.33; S- 12.46 %. 

gamoTvlilia: C- 56.10; H- 2.77; N,- 16.24; S- 12.42 %. 

IR (KBr)max (სმ-1): 3400- 3300 (NH2); 1150(SO2). m/z: 

246.05 (100.0%), 247.05 (14.0%), 248.04 (4.5%), 248.05 

(1.4%).  

  
 

3. daskvna 

dibenzoTiofenidan Tanamimdevruli gar-

daqmnebis Sedegad miRebulia 1,2- da 2,3-dia-

minodibenzoTiofen-5,5-dioqsidebi, saidanac 

natriumis nitritisa da marilmJavas urTi-

erTqmedebiT miRebulia 3H-triazolo [4,5-b] 

dibenzoTiofen-5,5-dioqsidi da 3H-triazolo 

[4,5-a]dibenzoTiofen-5,5-dioqsidi. miRebuli na-

erTebi fuZemdebluri ciklebia, romelTa ba-

zaze SeiZleba mravalricxovani warmoebule-

bis miReba, mosalodneli biologiuri aq-

tiurobiT.  
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Resume: Goal.  The aim of the current work is to creat new heterocyclic tetracyclic condensed systems which 

combine dibenzothiophen and triazole into one molecule. Method. Dibenzothiophen was taken as an initial combina-

tion and in the way of ,,attachment’’ it annihilated the triazole nucleus. Rezults. New tetrtacyclic systems were pro-

duced: 3H-triazolo[4,5-b]dibenzothiophene-5,5-dioxide da 3H-triazolo[4,5-a]dibenzothiophene5,5-dioxide. Their spec-

tral characteristics are studied. Conclusion. The above mention pentacyclic compounds, in turn, represent predeces-

sors for the synthesis of numerous derivatives with the expected biological activities.  

 
Key words: acetate; acetate complex compounds; Clotrimazol; radiophasic and radiofluorescent analysis methods. 

 
 
 
 
УДК 543 

НОВЫЕ ТРИАЗОЛ‐ И ДИБЕНЗОТИОФЕНДИОКЦИДСОДЕРЖАЩИЕ ТЕТРАЦИКЛИЧЕСКИЕ 
КОНДЕНСИРОВАННЫЕ СИСТЕМЫ  
Маисурадзе М.Г., Kаландия Е.Дж., Гахокидзе Н.З., Матнадзе M.М., Палавандишвили Г.А. 

 
 
Резюме: Цель: синтезировать две новые триазоло- и дибензотиофендиоксид-содержащие тетрацик-

лические гетероциклические конденсированные системы. Метод: в качестве исходного соединения взят 
дибензотиофен-5,5 диоксид и в результате последовательных преобразований получены новые вещества. 
Результаты: получены 3H-триазоло [4,5-b] дибензотиофен-5,5-диоксид и 3H-триазоло[4,5-а] дибензотиофен 
-5,5-диоксид. Изучены спектральные характеристики синтезированных веществ. Заключение: полученные 
соединения представляют начальные вещества для синтеза многочисленных производных с ожидаемой 
биологической активностью.  

  
Ключевые слова: ацетаты; ацетатные комплексные соединения; Клотримазол; методы рентгенофазного 

и рентгенофлюоресцентного анализа.  
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Resume: Goal. The aim of the current work is to creat 

new heterocyclic pentacyclic condensed systems which 

combine benzothiophen and benzimidazole/triazoleinto 

one molecule. Method. Dibenzothiophen was taken as an 

initial combination and in the way of ,,attachment’’ it 

annihilated the imidazole and triazolam nucleus. Rezults. As 

a result, two new pentacyclic systems were produced: 3H-, 

9H- diimidazole [4,5-c][5,4-f] Dibenzothiophene-5,5-dioxide 

and 3H-, 9H- ditriazole[4,5-c][5,4-f] dibenzothiophene-5,5-

dioxide. Their spectral characteristics are studied. 

Conclusion. The above mention pentacyclic compounds, in 

turn, represent predecessors for the synthesis of numerous 

derivatives with the expected biological activities.  

 

Key  words:  Dibenzothiophenedioxide, Imidazole, 
Benzotriazole, Pentacyclic systems.  

 
 

 

INTRODUCTION 

The world medical practice confirms that the micro-

organisms and viruses are becoming more and more 

dangerous to humans.It is impossible to create a vaccine 

against all infectious diseases. The pathogenic and 

conditionally pathogenic strains of bacteria causing the 

infection processes are characterized by a large number 

of genetic resistance as well as residence in adverse 

conditions. These genetic monsters represent the 

products of selection in there or those massively used of 

antimicrobial and antiviral drugs. Therefore the anti-

microbial drugs are periodically changing. 

Therefore the synthesis of new compounds and their 

antimicrobial and antiviral activities hes study become 

very important. 

The synthesis of the biologically active compounds on 

the base of heterocyclic compounds is one of the main 

direction in the search of new drugs. Substances 

containing heterocyclic fragments quantitatively ranks 

first in the arsenal of drugs (60% - over). For the creation 

of new drug is very important chemical modification of a 

known physiologically active molecule, which also means 

combination of two or more pharmacologically active 

molecules in one molecule that can promote increasing 

of biological activity of the new molecule and expanding 

the spectrum of its pharmacological action. This article 

the integration in a single molecule of biologically active 

fragments, such as benzimidazole/benzotriazole and 

benzothiophene. Each of these compounds is characteri-

zed by a high biological, especially antiviral and anti-

fungal activity [1-5]. 

 

 

RESULTS AND DISCUSSIO 

In our latest works basing of benzimidazole/benzo-

triazole and thi-ophenes tetracyclic systems were 

successfully integrated [6-10]. Synthesized compounds 

displayed high antimicrobial activity in the initial 

researches. In the current work, we aimed to create 

pentacyclic system, where two imidazole/triazolam 

nucleus would be annihilated with the tricycled system 

of thiophene. (Figur 1). 
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Figur 1. 

 

As an initial compound 3,7-aminodibenzothiophene-

5,5-diokside (1) were taken and after benzoilisation – 

3,7-dibenziolaminodibenzothiophene- 5,5-dioxid was 

received [11]. After compound (2) nitration was received 

4,6-dinitro-3,7-dibenziolamonodibenzothiophene-5,5-di-

oxide (3)[12]. The received compound (3) with restoring 

in hydrochloric acid using zinc 4,6-diamino-3,7-

dibenziolamino-dibenzothiophene-5,5-dioxide was recei-

ved (4). With compound (84)hydrolyzing we receive 

3,4,6, 7-tetra-aminodi-benzo-tiophene (5). (Figure  2). 

The received tetraamine is the initial compound of 

imidazole and triazolam for further attachment. Imi-

dazole including pentacyclic system 3H-, 9H- diimi-

dazole[4,5-c][5,4-f]dibenzo-thiophene-5,5-dioxyde (6) 

was obtained from tetraamines by condensation with 

formic acid at the presence of a catalytic amount of 

hydrochloric acid at the modified Phillips reaction 

conditions. Triazole inclu-ding Pentacycled system 3H-, 

9H-di-thiazole[4,5-c][5,4-f]dibenzothiophene-5,5-dioxide 

(7) was obtained by reaction of hydrochloric acid and 

sodium nitrite with diamines. (Figure 3) 
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Received original compounds were explored using IR 

and UV 1H-PMR and mass-spectroscope. The obtained 

result proves the synthesized compound structure. 

Experiment 

IR spectra were recorded on spectrum meter 

“Thermo Nicolet” Avatar 370. 1H NMR spectra were 

recorded on spectrometer Bruker WM-400 (400 MHz) in 

DMSO-d6, TMS internal standard. Elemental analysis was 

performed on the analyzer HP-165B CHN. Melting point 

is defined on the apparatus “Mel-Temp 3.0” control of 

the reaction and purity of the products was carried out 

on the plates. MS spectra were recorded with a Jeol the 

MS route JMS-600 H. 

3,7‐Dibenzoilaminodibenzothiophene‐5,5‐dioxide 

(2).  1,1g. (0,004moles) 3,7-diaminodibenzothiophene-

5,5-dioxide (5) [12] is added 68,75ml(0,3moles) into 

benzene, then boiled and stirred.The boiling substance is 

dissolved. They add into drops 0,75ml(0,03moles) ben-

zoilclorid, eventually beige yellow crystals will be thrown 

out. Stirring and boiling isy deled it for 30minutes.They 

filter and wash with water. They dry it at room tem-

perature. Control – Ethyl acetate: Ether 3:1. After crys-

tlization from etanol Tm.p..=323-325OC. Yields: 1,4gr. 95%; 

yellow crystals. M=330; Anal. Calc. For. C- 58.17; H- 4.27; 

N- 8.48; S, 9.71%. C16H14N2O4S; Found: C- 58.04; H- 4.61; 

N- 8.27; S- 9.421%. IR (KBr)��max (cm-1): 3440 (NH); 3245 

(CH3 ); 1704 (C=O); 1550(CN); 1157(SO2) . 
1H NMR (400 

MHz, DMSO-d6) (ppm): 2.09 (3H, s, J = 2.09, COCH3-21, 

61), 8.08 (1H, s, J9, 1 = 8.13, J7,8, = 8.13, J8,5, = 0.91, J9,3, = 

0.91, H-8,9), 8.17(1H, s, J1, 3 = 2.33, J7,5 = 2.33, J1,9 = 8.13, 

J7,5= 2.23, H-1,7), 8.44(1H, s, J3, 1 = 2.33, J5,7 = 2.33, J3,9 = 

0.91, J5,8= 0.90, H-3,5), 9.89(1H, bs, NH-21,61). m/z: 

330.07 (100.0%), 331.07 (18.4%), 332.06 (4.5%), 332.07 

(2.5%) 

4,6‐dinitro‐3,7dibenzoilaminodibenzo‐thiophene‐

5,5‐dioxide  (3).  2.1g (0,006moles) 3,7-dibenzoilami-

nodibenzo-thiophene-5,5-dioxide is placed in three-neck 

flask, That is equipped with: Stirring appliance, drop 

funnel and thermometer. They add 32ml (0,7moles) ice 

Acetic acid. In stirring conditions they add the compound 

of sulfur acid and nitric acid (1,57ml H2SO4, d=1.84 (and 

5.1ml HNO3; d=1.5), After adding the compound of the 

solution is mixed at 60-70OC temperature for 15 minutes. 

The reaction mass is moved into glacial glass. Reddish 

crystals precipitates. The precipitetion is filtrated, and 

washed. They are drived and crystalize into the 

ethilacetate.Control - cholochrome: ethyl acetate:ether 

1:2:1. Yields: 2,5g. 97%; Reddish crystals. Tm.p.=330-

331OC. Anal. Calc. For. C16H12N4O8S. C- 45.72; H- 2.88; N- 

13.33; S- 7.63%. Found: C- 45.92; H- 2.67; N- 13.25; S-

7.47%. IR (KBr)��max (cm-1): 3440 (NH); 3245 (CH3 ); 1700 

(C=O); 1535(CN); 1532 (NO2); 1140(SO2) . 
1H NMR (400 

MHz, DMSO-d6) (ppm): 2.11 (3H, s, J = 2.09, COCH3-2
1, 

COCH3-6
1), 8.64 (1H, s, J3, 9 = 0.71, J5,8, = 0.71, H-3,5), 

9.02(1H, d, J9, 3 = 0.71, J8,5 = 0.71, H-8,9), 10.41(1H, bs, 

NH-21, 61). m/z: 420.04 (100.0%), 421.04 (18.5%), 422.03 

(4.5%), 422.04 (3.5%), 421.03 (1.5%) 

4,6‐diamine‐3,7diabenzoilaminodibenzo‐thiophene‐

5,5‐dioxide  (4)  is received similarly as 3,7-diamino-

dibenzothiophene-5,5-dioxide (5). Yields: 1,2g . 40%; 

Tm.p.=303-306OC. M276. Anal. Calc. For. C16H16N4O4S . C- 

52.16; H- 4.38; N- 20.28; S- 11.60%. Found: C- 52.25; H- 

4.22; N- 20.31; S- 11.50%. IR (KBr)��max (cm-1): 3440 (NH); 

3300 (NH2); 3240 (CH3 ); 1700 (C=O); 1530(CN); 

1150(SO2). 1H NMR (400 MHz, DMSO-d6) (ppm): 2.01 

(3H, s, J3 = 2.09, -COCH3-2
1, -COCH3-61), 6.29 (1H, s, NH-

21,61), 6.43 (2H, s, NH-1,7). 7.87(1H, d, J3, 9 = 0.72, J5,8, = 

0.72, H-3,5), 8.10(1H, d, J9, 3 = 0.72, J8,5 = 0.72, H-8,9). 

m/z: 276.07 (100.0%), 277.07 (15.5%), 278.06 (4.5%), 

278.07 (1.5%) 

3,4,6,7‐tetraaminodibenzothiophenes‐5,5‐dioxide 

(5)– 0,6gr (0,002moles) 2.8-diamino-3,7diaminoacyl- 

dibenzothiophenes-5,5-dioxide (8) is added into 20ml 

ethanol and 20 ml dissolved in water 5g KOH. Stirring 

and boiling conditions they delay for 30minutes. Violet 

crystals are filtrated.They wash with water until neutral 

reaction and dry.It is crystalized in ethyl acetate M=276; 

Control- Benzol:Ether 3:1; Yields: 0.38g 42%; violet 

crystals. Tm.p..=225-227OC. M276. Anal. Calc. For. 

C12H12N2O2S; C- 52.16; H- 4.38; N- 20.28; S- 11.60%. 

Found: C- 52.41; H- 4.42; N- 20.18; S- 11.52%. IR 

(KBr)��max (cm-1): 3400, 3300 (NH2); 1150(SO2). 1H NMR 

(400 MHz, DMSO-d6) (ppm): 4.87 (2H, d, NH2-2,3,6,7), 

7.08 (1H, d, J3, 9 = 0.71, J5,8, 10 = 0.71, H-3,5), 7.66 (1H, d, J8, 
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5 = 0.71, J9, 3 = 0.71, H-8,9). m/z: 276.07 (100.0%), 277.07 

(15.5%), 278.06 (4.5%), 278.07 (1.5%) 

3H‐,  9H‐ Diimidazole  [4,5‐c],[5,4‐f]‐dibenzothiophe‐

ne‐5,5‐dioxide (6) 

In a three-necked flask which is equipped with 

dropping funnel and reflux condenser, tetraamine (9) 

(0.2 g, 0.0001 mol) is contained, and then Formic acid 1 

ml (0,04moles) and 1ml of hydrochloric acid (31%) and 4 

ml water are added. 

Suspension is boiled during 30 minutes. By adding 

H2O and the suspension of ammonium hydroxide –till 

the ammonia odor. Formed crystals are filtered and 

washed until neutral reaction. They are dried at room 

temperature and crystalize into acetone. Brown crystals 

appear.Control- Ethyl acetate :Hexane :Ether 5:1:3. 

Yields: 0.15g. 70%; Brown crystals. Tm.p.=299-301OC.M 

296. Anal. Calc. For. C14H8N4O2S. C- 56.75; H- 2.72; N- 

18.91; S- 10.82%. Found: C- 56.66; H- 2.62; N- 19.00; S- 

10.65%. IR (KBr)��max (cm-1): 3430, 3400 (NH); 1150(SO2). 
1H NMR (400 MHz, DMSO-d6) (ppm): 8.10 (1H, d, J10, 8 = 

0.06, J10, 6 = 0.91, J11, 4 = 0.91, J11, 2 = 0.06, H-10,11), 8.42 

(1H, d, J4, 11 = 0.91, J6, 10 = 0.91, H-4,6), 8.53 (1H, d, J2, 11 = 

0.06, J8, 10 = 0.06, H-2,8), 12.20 (1H, bs, NH-3, NH-7). m/z: 

296.04 (100.0%), 297.04 (16.1%), 298.03 (4.5%), 298.04 

(1.8%), 297.03 (1.5%) 

3H‐,  9H‐  ditriazolo[4,5‐c][5,4‐f]  dibenzothiophene  ‐

5,5‐dioxide (7) 

In a three-necked flask which is equipped with 

dropping funnel and reflux condenser, tetraamine (9) 

(0.2 g, 0.0001mol) is contained, and then 0.36 ml of 

hydrochloric acid (31%) and 4 ml water are added. The 

substance is not solid and added into the hydrochloric 

acid, it is only bulked up. With cooled by cold water and 

during the rotated addition, the solution of 0.1 g sodium 

nitrite (NaNO2) is in 0.5 ml water. After the addition of 

nitrite, the color of mixture turned into brown. 

Approximately after 10 minutes, the color became even 

lighter. Then the mixture was heated for 30 minutes and 

then was filtered and washed with cold water. The 

product was subjected to be recrystallized from acetic 

acid and was washed with ammonia liquor. The use of 

Silufol UV-254 is to Control ether:hexane:ethyl acetate 

to be 5:1:3. Yields: 0.168g. 78%; Brown crystals. 

Tm.p.=286-287OC. M=298; Anal. Calc. For C12H6N6O2S. C- 

48.32; H- 2.03; N- 28.17; S- 10.75%. Found: C- 48.25; H- 

2.23; N- 28.11; S- 10.62%. IR (KBr)��max (cm-1): 3420, 

3390 (NH); 1150(SO2). 1H PMR (400 MHz, DMSO-d6) 

(ppm): 8.57 (1H, d, J6,10=0.91; ,J4,11=0.91 H-10,11), 8.80 

(1H, d, J6, 10 = 0.91, J4, 11= 0.91, H-4,6), 11.82 (1H, bs, NH3, 

NH-7). m/z: 298.03 (100.0%), 299.03 (13.9%), 300.02 

(4.6%), 299.02 (2.2%), 300.03 (1.6%). 

 

 

CONCLUSION 

In the conclusion, dibenzothiophene-5,5 dioxyde 

after consistent transformation 2,3,7,8-tetramin-diben-

zothiophene- 5,5 dioxide was received that is the initial 

compound. 

In Philips modified reaction conditions, also with 

Sodium nitrate and hydrochloride acid influence penta-

cyclic heterocyclic condensed systems were received 3H-, 

9H-diimidazolo [4,5-c][5,4-f]dibenzothiophene-5,5-dioxide 

and 3H-, 9H- ditriazolo [4,5-c][5,4-f]dibenzo-thiophene-

5,5-dioxide. The above mention pentacyclic compounds, 

in turn, represent predecessors for the synthesis of 

numerous derivatives with the expected biological 

activities. 

 

REFERENCES 

1. Subramaniyan Arulmurugan, Helen P. Kavitha, 

Samiyappan Sathishkumar and Rajaram Arulmozhi, 

Biologically Active Benzimidazole Derivatives, Mini-

Reviews in Organic Chemistry, 12(2): 178-195. 

2. Kaushik Chanda, Sreerama Rajasekhar, Barnali Maiti and 

Balamurali MM, Synthesis and Medicinal Applications of 

Benzimidazoles: An Overview, Current Organic 

Synthesis, Volume 13 (E-pub ahead of print) Volume 13, 

6 Issues, 2016] 

3. [S. Khabnadideh, Z. Rezaei, A. Khalafi-Nezhad, K. Pakshir, 

A. Roosta and Z Baratzadeh, Design and Synthesis of 

Imidazole and Benzimidazole Derivatives as Antifungal 

Agents, Anti-InfectiveAgents, 7(3):215-218.2009] 

4.  [Emre e Mentes, Fatih Yılmaz, Fatih Saban Beri s, Olcay 

Bekircan and Bahittin Kahveci.Microwave-Assisted 

Synthesis of Some New Benzimidazole Derivatives with 



 

52 
 

their Antimicrobial Activity, Current Microwave 

Chemistry, 2(1): 32-39.2015] 

5. {Leyla Yurttas, Yusuf Ozkay, Hulya Karaca, Yagmur Tunali 

and Zafer Asim Kaplancıkli, Synthesis and Antimicrobial 

Evaluation of Some 2,5-Disubstituted Benzimidazole 

Derivatives,Letters in Drug Design & Discovery, 10(6): 

486-491. 2013]; 

6. M.Maisuradze, G. Ugulava, N. Bolkvadze, G. 

Phalavandishvili, N. Gaxokidze, M.Matnadze. Some New 

Derivatives of3H-Benzo (b)Furobenzotriazole. Journal of 

Chemistry and Chemical Engineering. USA Vol.7, No. 7, 

621-625 2013 

7. M.Maisuradze,TKhoshtaria, N. Gaxokidze, L.Kurkovskaia. 

Synthesis of benzo[b]thieno[3,2-e]benzimidazoles, first 

representatives of a new heterocyclic system. Chemistry 

of Heterocyclic Compounds. Vol. 44,(8), pp 1024-1026, 

2008;  

8. M.Maisuradze, G.Ugulava. The Triazole and Thiophene 

Containing New Heterocyclic Systems. Journal of 

Chemistry and Chemical Engineering. USA. Vol.6, No. 4, 

p 378-383 2012;  

9. M.G.Maisuradze, V. O. Ananiashvili, N. Z. Gaxokidze,M. 

M. Matnadze Some novel derivatives of 3H-

benzo[b]thiophen[3,2-e]benzimidazole. Chemistry of 

Heterocyclic Com- pounds. Vol. 48, No. 12, p.1801-

1804, 2013; 

10. M.G.Maisuradze, V. O. Ananiashvili, N. Z. Gaxokidze,M. 

M. Matnadze, S. P. Tsqvitaia.Synthesis of novel 

heterocyclic systems, benzo[b]furobenzimidazoles. 

Chemistry of Heterocyclic Compounds, Vol. 48, No. 7, p 

1125-1126, 2012;  

11. H.Gilman, D.L. Esway. The Oxidation of DibenzoThiofene 

and Phenoxathiin with Hydrogen Peroxide. J. Am/ 

Chem. Soc. v 74, N14, p 2021-2025. 1952. 

12. N.M.Gullinane, C.G. Davies, G.I. Davies. Substution 

Derivatives of Difenilebsulfide adn Difenilensulfone. J. 

Chem. soc. p. 1435-1437.1936. 

 

 
 

 

uak 66.098 
axali diazol/triazol- da dibenzoTiofendioqsidis Semcveli 

pentacikluri sistemebi  mosalodneli biologiuri aqtiurobiT 

m. maisuraZe, e. kalandia, n. gaxokiZe, m. maTnaZe. g. falavandiSvili 
 
 
reziume: mizani.  axali pentacikluri heterocikluri kondensirebuli sistemebis sinTezi 

triazolisimidazolisa da dibenzoTiofendioqsidis bazaze. meTodi. sawyis naerTad 

aRebulia  3,7-diaminodibenzoTiofen-5,5-dioqsidi da Tanamimdevruli gardaqmnebis Sedegad 

miRebulia axali naerTebi. Sedegi. dasinTezebulia 3H-, 9H-diimidazolo [4,5-c][5,4-f] diben-
zoTiofen-5,5-dioqsidi da 3-,9-ditriazolo[4,5-c][5,4-f] dibenzoTiofen-5,5-dioqsidi. Seswav-

lilia dasinTezebuli naerTebis speqtruli maxasiaTeblebi. daskvna. orive dasinTezebuli 

naerTi  aris sawyisi mravalricxovani warmoebulebis misaRebad, mosalodneli bio-

logiuri aqtiurobiT.  

 
sakvanZo sityvebi: dibezoTiofendioqsidi; imidazoli; triazoli; pentacikluri sistemebi. 
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УДК 66.098 

НОВЫЕ ДИАЗОЛ/ТРИАЗОЛ‐ И ДИБЕНЗОТИОФЕНДИОКЦИДСОДЕРЖАЩИЕ 

ПЕНТАЦИКЛИЧЕСКИЕ СИСТЕМЫ С ОЖИДАЕМОЙ БИОЛОГИЧЕСКОЙ АКТИВНОСТЬЮ 
Маисурадзе М.Г., Kаландия Е.Дж., Гахокидзе Н.З., Матнадзе M.М., Палавандишвили Г.А. 

 

 

Резюме. Цель: синтезировать новые пентациклические гетероциклические конденсированные системы на 
базе триазол/имидазола и дибензотиофедиоксида. Метод: в качестве начального соединения взят 3,7-
диамонодибензотиофен-5,5 диоксид и в результате последовательных преобразований получены новые 
вещества. Результаты: получены: 3H-, 9H- диимидазоло [4,5-c][5,4-f] дибензотиофен-5,5-диокцид и 3H-, 9H- 
дитриазоло[4,5-c][5,4-f] дибензотиофен -5,5-диоксид. Изучены спектральные характеристики синтезированных 
веществ. Заключение: Полученные соединения представляют начальные вещества для синтеза много-
численных производных с ожидаемой биологической активностью.  

 

Ключевые слова: дибензотиофендиоксид; имидазол; триазол; пентациклические системы. 
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fermentebis Tvisebebis Seswavla da maTi gamoyeneba qeris Semcveli 
baci feris ludis teqnologiur procesSi 

m. Zekonskaia, g. maisuraZe 
qimiuri da biologiuri teqnologiebis departamenti, saqarTvelos teqnikuri universiteti, 

saqarTvelo, 0175, Tbilisi, kostavas 69 

 
E-mail: anastasia01258@gmail.com 

 
 

reziume: mizani. samuSaos mizania egzo-

fermentebis Tvisebebis Seswavla da maTi 

gamoyeneba baci feris ludis moxarSvis pro-

cesSi gauRojebeli masalebis damatebisas. 

meTodi. ludis moxarSvis procesi Catarda 

infuziuri meTodiT. Sedegebi. Seswavlilia 

egzofermentebis moqmedeba badagis koncen-

traciaze, temperaturaze, pH  da sxva. ganxi-

lulia maTi Termostabiluroba. egzofermen-

tebis gamoyenebiT miRebuli analizi gviCve-

nebs, rom miRebuli ludi Tavisi TvisebebiT 

ar Camouvardeba klasikuri ludis Tvisebebs 

da zogierTi parametriT gaumjobesebulia. 

daskvna. egzofermentebis gamoyenebisas  gau-

Rojebeli masalebis damatebiT miiReba baci 

feris maRali xarisxis ludi, romelic 

zogierTi parametriT aRemateba kidec klasi-

kuri ludis parametrebs. gauRojebeli masa-

lebis damateba da egzogenuri fermentebis 

gamoyeneba saSualebas iZleva SevimuSaoT 

resursdamzogi teqnologiuri sqema.  

 

sakvanZo sityvebi: egzogenuri fermentebi; 

pH ; Termostabiluroba; gauRojebeli masa-

lebi; qeri; temperatura; alao; ludi. 

 

 
 
1. Sesavali 
alao Zvirad Rirebul nedleulia, ami-

tom fermentaciis gziT fermentebis komer-

ciulad miReba SesaZlebeli gaxda gasuli 

saukunis 60-iani wlebidan. ludisa da fer-

mentebis mwarmoeblebma daiwyes fiqri, ro-

gor SeecvalaT alao gauRojebeli nedle-

uliT egzogenuri fermentebis gamoyenebiT.  

fermentebi bunebrivi katalizatorebia, 

romlebic gabneulia cocxal materiaSi, sa-

dac katalizs ukeTeben yvela sasicocxlo 

bioqimiur process, isini miiReba mcenare-

uli, cxoveluri an mikrobiologiuri wya-

roebidan. alaos fermenti mcenareuli war-

moSobisaa. fermentebi proteinebia. isini ga-

moiyeneba katalizatoruli bunebis an aqti-

urobis gamo. fermentebis aqtiuroba damoki-

debulia Semdeg faqtorebze [1-5]: 

• fermentis koncentraciaze; 

• substratis koncentraciaze (reaqciis 

komponentebze); 

• temperaturaze; 

• pH -ze; 

• inhibitorebis arsebobaze. 

 

 

2. ZiriTadi nawili 

temperatura. qimiuri reaqciis siCqare 

izrdeba temperaturis matebasTan erTad. 

igive xdeba fermentuli reaqciis dros. Tu 

fermentuli reaqciis siCqares an aqtiuro-

bas gavzomavT temperaturis mudmivi matebi-

sas, SevamCnevT, rom garkveul temperatura-

ze aqtiuroba klebas iwyebs imis nacvlad, 

rom gaizardos (sur. 1–2). aqtiurobis kle-

bis mizezia fermentis cilis Tburi dena-

turacia. Tu temperatura isev gaizrdeba, 

fermenti inaqtivirdeba. es procesi Seuqce-

via, amitom fermentebis an procesis mimdi-

nareobis arCevisas aucilebelia am urTi-

erTdamokidebulebis gansazRvra [6,7]. 
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sur. 1. temperaturis gavlena baqteriul da  

alaos amilazaze 

 - - alaos amilaza 

 __ baqteriuli amilaza 

 

 
sur. 2. temperaturis gavlena amileqsis  

aqtiurobaze  

 

 pH . temperaturis msgavsad arsebobs 

garkveuli diapazoni, sadac fermentebi yve-

laze ukeT muSaobs (sur. 3, 4). optimaluri 

pH -ia 5.4. 

 
 

sur. 3. pH -is gavlena amileqsis  

aqtiurobaze 

 

 
 

sur. 4. pH -is gavlena diazimis  

aqtiurobaze 

unda aRiniSnos, rom marTalia fermentebs 

aqvs rogorc temperaturuli, aseve pH -is 

optimaluri mniSvnelobebi, sadac avlens 

aqtiurobas, magram fermentebs SeuZlia 

imuSaos optimalurze ufro dabal pirobebSi 

(reaqciis dro, gamoyenebuli dozebi). 

 stabiluroba. fermentebis stabiluroba 

aris misi unari, SeinarCunos aqtiuroba 

reaqciis garkveul pirobebSi. fermentebis 

stabiluroba didi Tu mcire doziT imazevea 

damokidebuli, razec maTi aqtiuroba (sur. 5, 

6). unda aRiniSnos, rom substrati Cveulebriv 

stabilizebas uwevs ferments da ase gark-

veuli ionebi fermentis stabilizebaze zemo-

qmedebs. amis kargi magaliTia kalciumis 

ionebis stabilizebadi moqmedeba baqteriul 

amilazaze. 

 fermentebi gamoiyeneba SedarebiT mcire 

odenobiT, Cveulebriv 0,5-dan 10 kg-mde 500t 

alaos xarSvaze, ukeTesi ganawilebisTvis 

Sesales qvabSi an samaduRroSi rekomendebu-

lia fermentebis garkveuli doza gaixsnas 

10_20l civ wyalSi (wylis temperatura 

C20 25 ). gaxsnili fermenti maSinve unda 

iqnes gamoyenebuli. xsnari ar SeiZleba da-

vayovnoT 1–2 sT-ze met xans. 

 rogorc ukve aRvniSneT, gauRojebeli 

nedleuli, rogorc alternatiuli wyaro, 

farTod gamoiyeneba praqtikaSi. 

 Tu gamoiyeneba danamatebi, romlebsac 

uSualod SeuZlia daduReba, rogorc Saqari 

an glukozur-maltozuri sirofebi, emateba 

badagis duRilisas. 

 

 
dro (sT) 

 

sur. 5. temperaturis gavlena amileqsis  

stabilurobaze 
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dro (wT) 

 

 sur. 6. diazimis stabiluroba sxvadasxva  

temperaturisas 

 

saxamebelSemcveli danamatebi unda ise da-

muSavdes, rom saxamebeli iyos kleisterize-

buli. kleisterizaciis procesi aucilebelia 

gasaTxevadeblad, raTa SevamciroT siblante 

da saxamebeli gavxadoT xelmisawvdomi ala-

os hidrolizebuli fermentebis moqmede-

bisaTvis. 

Tu saxamebeli ar aris sakmarisad hidro-

lizebuli Selesvis dros, maSin iqmneba sa-

SiSroeba, rom moxdes saxameblis regresia 

gacivebisas da saxameblis gaxleCa ar mox-

deba, rac SemdgomSi imoqmedebs badagis da 

SemdegSi ludis filtraciaze. 

gauRojebeli masalebi, romelTa saxame-

bels aqvs dabali kleisterizaciis tempera-

tura (qeri da xorbali), SeiZleba Seilesos 

alaosTan erTad, sadac miiRweva sakmaod ma-

Rali temperatura qerisa da xorblis kleis-

terizaciisTvis [8, 9]. 

Tumca sxva gauRojebeli danamatebisas, 

rogoricaa simindi, brinji an sorgo, romel-

Ta saxamebels aqvs kleisterizaciis maRali 

temperatura, aucilebelia calke gaTxevadeba 

pH -ze zemoT, Cveulebriv iyeneben C100 . 

ludis xarSvisas mcire raodenobis alaos 

SemTxvevaSi qeri Zalian kargi saSualebaa, 

rogorc damatebiTi nedleuli qeris alaos 

Sesacvlelad, radgan mas axasiaTebs bevri 

kargi Tviseba, rogorc alaos msgavs ned-

leuls: 

• Seicavs amilazas da peptidazas; 

• SeiZleba daematos Semles qvabSi, rad-

gan qeris saxamebels axasiaTebs kleis-

terizaciis dabali temperatura; 

• aqvs garsi (qercli), romelic uzrun-

velyofs filtraciis xelSewyobas. 

SesaZlebelia alaos naxevari Seicvalos 

naRerRiT, magaliTad, 30% simindis RerRili 

da 70% alao Seicvalos 30% simindis RerRi-

liT, 35% qeriT da 35% alaoTi da SesaZle-

belia Cveulebriv vawarmooT maRali xarisxis 

ludi, magram amasTan warmoiqmneba egzoge-

nuri fermentebis gamoyenebis aucilebloba 

[8-11]. 

qeriT da egzogenuri fermentebiT ludis 

xarSvas aqvs Semdegi upiratesobebi: 

• fermentebis dozireba SeiZleba iyos 

dazustebuli Sesales qvabSi saWiro 

aqtiurobisTvis; 

• SekveTis mimarT naklebi damokidebule-

ba alaos fassa da xarisxze; 

• ufro dabali siblantis miReba, rac 

xels uwyobs badagis da Semdgom ludis 

filtraciis gaadvilebas; 

• danakargebis Semcirebis SesaZleblobas. 

 1-el_me-3 cxrilSi mocemulia alaos 50%-

iT Secvlis Sedegebi, xolo me-7 suraTze 

alaos Selesvis grafiki. 

 

 
 

sur. 7. Selesvis grafiki 

 

 kvlevebi Catarebul iqna or variantad: I 

varianti amileqsis damatebiT, xolo II va-

rianti diazimis damatebiT. 
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cxrili 1  

Selesvis procesis teqnikuri maxasiaTeblebi 

 

 
maxasiaTeblebi 

 
klasikuri 

varianti 

amileqsi 
I 

diazimi 
II 

1. pH Selesvisas 
 
2. daSaqrebis dro, wT 
 
3. badagis filtraciis 
 dro,wT 
 
4. filtraciis siCqare 
 l/m2/wT 
 
5. gamosavali, % 

5,50 
 

10–15 
 
 

210 
 
 

13,4 
 

68,8 

5,50 
 

10–15 
 
 

177 
 
 

15,6 
 

72,4 

5,50 
 

10–15 
 
 

204 
 
 

12,8 
 

75,3 

 

rogorc kvlevebma aCvena (cxrili 1), da-

Saqrebis dro klasikurTan SedarebiT xan-

grZlivobiT ar gansxvavdeba da 10–15 wT-is 

farglebSia. 

I variantSi badagis gafiltvris siCqare 

TiTqmis identuria klasikurTan SedarebiT, 

xolo II variantSi aqvs ufro didi siCqare, 

vidre klasikurs. 

eqstraqtis gamosavali orive variantSi 

ufro didia, vidre klasikurSi (cxr. 1). 

 

 

cxrili 2  

badagis xarisxis fizikur-qimiuri maCveneblebi 

 

 

maxasiaTeblebi 

 

klasikuri 

varianti 

I II 

 

1. eqstraqtuloba, % 

2. pH   

3. feri, EBC erTeuli 

4. siblante, mpa.wm 

5. beta-glukani, mg/l 

6. gaxsnili azoti, mg.l 

7. alfaaminuri azoti, mg/l 

8. Zn , mg/l 

 

9,35 

5,25 

17 

1,72 

587 

825 

139 

0,22 

 

9,18 

5,35 

17 

1,69 

170 

956 

149 

0,21 

 

9,15 

5,40 

17 

1,65 

335 

938 

142 

0,23 

 

rogorc kvlevebma aCvena, badagSi _ klasi-

kurSic da I da II variantSic eqstraqtuloba 

TiTqmis erTnairia. pH -is mniSvneloba gazr-

dilia orive variantSi klasikurTan Sedare-

biT. siblanteebic TiTqmis erTnairia, beta-

glukanis Semcveloba SedarebiT naklebia 

orive variantSi, vidre klasikurSi, gaxsnili 

azotis raodenobac orive variantSi ufro 

didia, vidre klasikur variantSi (cxr. 2). 

me-3 cxrilSi mocemulia ludis analizi. 
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cxrili 3 

ludis analizi 

 

maxasiaTeblebi klasikuri 
varianti 

I II 

1. sawyisi badagis  

 eqstraqtuloba, % mas 

2. moCvenebiTi eqstraqti, % mas 

3. alkoholi, % mas 

4. daduRebis moCvenebiTi  

 xarisxi, % 

5. daduRebis xarisxis sawyisi  

 da saboloo sxvaoba 

6. pH   

7. feri, EBC erTeuli 

8. siblante, mpa.wm 

9. beta-glukani, mg/l 

10. qafis stabiluroba, 

 rosis da klarkis 

11. vicinaluri diketonebi, mg/l 

12. eTerebi, mg/l 

13. umaRlesi spirtebi, mg/l 

 

9,30 

2,21 

2,91 

 

76,4 

 

6,2 

4,4 

14 

1,65 

210 

 

130 

0,10 

22,4 

75 

 

9,14 

2,11 

2,89 

 

77,3 

 

0,4 

4,5 

13 

1,61 

62 

 

136 

0,09 

22,1 

79 

 

9,08 

1,95 

2,95 

 

79,1 

 

0,4 

4,5 

13 

1,61 

159 

 

136 

0,09 

20,3 

78 

 

  

3. daskvna 

rogorc Catarebulma kvlevebma aCvena 

(cxrili 3), 50% qeris damatebiT da egzofer-

mentebis gamoyenebiT miRebuli ludi TiTqmis 

yvela parametriT Seesabameba klasikur luds 

da zogierTi maCvenebliT aRemateba kidec, 

rac saSualebas iZleva warmatebiT iqnes 

gamoyenebuli ludis miRebis procesSi qeri 

da egzofermentuli preparatebi, kerZod ami-

leqsi da diazimi, romlebic srulfasovnad 

cvlis alaos amilazas. 
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STUDY THE PROPERTIES OF ENZYMES AND USE THEM FOR PRODUCTION OF LIGHT BEER, WITH 
ADDITION OF NON‐FERMENTED BARLEY 
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Resume: Goal. Study the properties of enzymes and use them for the production of light beer, with addition of 

non-fermented matarials. Result. Have been studied egzo enzymes catality activity dependence on wort concentra-

tion, pH, temperature and so on. Delved also thermo tolerant of egzo enzymes. 

Results. Beer analysis of consequences appears, that beer properties no less than classic beer one. Some of prop-

erties are the best at new beer. Conclusion. Addition of egzo enzymes and use non-fermented barley during the beer 

production have been reciave high quality light beer. Some parametrs of beer preferred the clasik one. To use non-

fermented materials and add egzo enzymes during manufacture may be done new technology line of beer production. 

It will be posible to decreese the main feedstock. 

 
Key words: Egzo enzymes; pH; thermo tolerant; non-fermented materials; barley; temperature; malt beer. 

 
 
 
УДК 663.4(035) 

ИЗУЧЕНИЕ СВОЙСТВ ФЕРМЕНТОВ И ИХ ПРИМЕНЕНИЕ В ПРОИЗВОДСТВЕ 
 СВЕТЛОГО ПИВА С ДОБАВЛЕНИЕМ НЕСОЛОЖЕННОГО ЯЧМЕНЯ 
Дзеконская М.Л., Майсурадзе Г.Б. 

 
Резюме.  Цель:  изучение свойств ферментов и их применение в производстве светлого пива, с добав-

лением несоложенного материала. Метод: процесс пивоварения проводили инфузионным методом. Выводы: 

изучены свойства экзоферментных препаратов в зависимости от концентрации сусла, температуры и рН, и так 

далее. Изучена термостабильность этих ферментных препаратов. Анализируя данные, выявлено, что пиво, 

полученное с добавлением экзоферментных препаратов, ничуть не хуже классического пива без всяких 

добавок. Можно сказать, что по некоторым параметрам пиво с применяемыми экзогенными ферментными 

препаратами даже лучше классического пива. Заключение: в производстве светлого пива с несоложенным 

материалом и экзогенными ферментными препаратами получено, что некоторые параметры пива превосходят 

параметры классического пива. Применение несоложенного материала и экзогенных ферментных препаратов 

дало возможность создать новую технологическую схему с экономией ресурсов. 

 
Ключевые  слова: экзогенные ферментные препараты; рН; термостабильность; несоложенные матери-

алы; ячмень; температура; солод; пиво.  
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reziume:  mizani. samuSaos mizania vercx-

lis nanonawilakebis Semcveli antibaqte-

riuli preparatebis  miReba energiis iafi 

wyaros_dRis sinaTlis gamoyenebiT. meTodi. 

vercxlis nanonawilakebi miviReT vercxlis  

nitratis fotoqimiuri (dRis sinaTliT das-

xivebiT) aRdgeniT eTanolis areSi, nawila-

kebis stabilizatorad gamoyenebulia poli-N-
vinil-pirolidoni.  Sedegi.  miRebulia anti-

baqteriuli nanovercxlis Semcveli kompo-

zicia poli-N-vinil-pirolidonis bazaze. 

energiis wyarod_dRis sinaTlea. aRsaniSnavia, 

rom dRis sinaTliT vercxlis nanonawila-

kebis miReba pirvelad moxda. miRebuli na-

nosuspenzia daxasiaTebulia  eleqtronuli 

speqtrometriiT _ vercxlis nanonawilakebis 

plazmonis STanTqmiT. daskvna. damuSavebulia 

erTsafexuriani, iafi da martivi fotoqimiu-

ri    aRdgenis meTodi dRis sinaTlis gamoye-

nebiT, romelic saSualebas iZleva davasinTe-

zoT  sasurveli zomis (≤ 10 nm) vercxlis na-

nonawilakebi, romlebsac eqneba  praqtikuli 

gamoyenebis maRali potenciali baqterici-

duli preparatebis saxiT.  

 

 

sakvanZo sityvebi: nanovercxli; foto-

qimiuri aRdgena; dRis sinaTle; eTanoli; 

polivinilpirolidoni. 

 
 

 

1. Sesavali 

paTogenuri baqteriebis axali Stamebi, 

romlebic mdgradia praqtikulad yvela anti-

biotikis mimarT, Tanamedrove medicinis erT-

erTi yvelaze problemuri sakiTxia. amitom,  

infeqciis sawinaaRmdego alternatiuli sa-

Sualebebis mokvleva da ganviTareba Tanamed-

rove farmaciisa da biomedicinis erT-erTi 

yvelaze mniSvnelovani gamowvevaa.  

baqteriebi advilad kolonizdeba qsovile-

bisa da qirurgiuli instrumentebis,  implan-

tebis, orTopediuli nakeTobebis, kaTeterebis 

da a.S. zedapirze, rac  iwvevs e.w. biofilmis 

(Biofilm) warmoqmnas. biofilmi  uTxelesi afs-

kia, romelsac baqteriuli komunebi  qirur-

giuli instrumentebis zedapirze warmoqmnis 

Cadgmidan ramdenime saaTSi.   instrumentebi 

da nakeTobebis organizmSi moxvedris/implan-

taciis  SemTxvevaSi  biofilmi xdeba infeq-

ciis bude _ igi periodulad iSleba da qmnis 

inficirebis axal keras. aRniSnulidan gamom-

dinare, baqteriebis winaaRmdeg brZola da bi-

oafskis prevencia Zalian mniSvnelovania 

Tanamedrove medicinaSi. medicinis garda, pa-

Togenuri da arasasurveli bioqimiuri proce-

sebis gamomwvev  baqteriebTan brZola aseve 

mniSvnelovania sxva dargebSic. vercxlis 

nanonawilakebi gamoiyeneba biologiasa da 

kvebiT mrewvelobaSi, meRvineobaSi, farma-

ciaSi, SesafuT masalebSi.  

efeqtur antibaqteriul preparatTa  Camo-

naTvalSi erT-erTi yvelaze perspeqtiulia 

vercxlis nanonawilakebi. dadgenilia, rom 

vercxlis nanonawilakebi antimikrobulad 
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aqtiuria lpobisa da paTogenuri mikroor-

ganizmebis, sokoebisa da virusebis 650 Stamis 

mimarT [1,2], amasTan es aqtiuroba vlindeba 

Zalze dabali koncentraciebisas (10 ppm) [3,4]. 

vercxlis nanonawilakebis antimikrobuli 

aqtiurobis farTo speqtri dakavSirebulia 

maT  mravalferovan da oligodinamikur anti-

mikrobul meqanizmTan [5]. 

mravali avtoris mier vercxlis nanonawi-

lakebi aRiarebulia, rogorc arsebulTa So-

ris yvelaze efeqturi antimikrobuli agenti 

antibiotik-rezistentuli baqteriuli Stame-

bis mimarT.  dadgenilia, aseve vercxlis na-

nonawilakebisa da garkveuli antibiotikebis 

sinergiuli efeqti, romelic aZlierebs anti-

biotikebis aqtiurobas mikrobuli Stamebis 

mimarT [6,7].  

specifikuri antibaqteriuli Tvisebebis 

mqone mdgradi da bioSeTavsebadi  vercxlis 

nanonawilakebis miReba umniSvnelovanesi teq-

nologiuri procesia. vercxlis nanonawila-

kebi fiziologiur areSi ganicdis mniSvne-

lovan cvlilebas, rogoricaa, magaliTad,  

agregacia da zedapiris inaqtivacia, rac 

mniSvnelovnad asustebs maT antibaqteriul 

efeqturobas. mxedvelobaSia misaRebi agreTve 

is garemoebac, rom vercxlis nanonawilakebi  

amJRavnebs citotoqsikurobas, rac zRudavs 

maT  gamoyenebas biomedicinaSi. aRniSnulidan 

gamomdinare, mniSvnelovania vercxlis na-

nonawilakebis rogorc stabilizacia, aseve 

maTi citotoqsikurobis Semcireba da, Sesa-

bamisad,  bioSeTavsebis gaumjobeseba.  amitom 

logikuria, rom dReisaTvis didi Zalisxmevaa 

gadatanili vercxlis nanonawilakebis Serwy-

maze zedapirulad aqtiur nivTierebebsa da 

polimerebTan [8]. amgvari Serwymis Sedegad 

miiReba mdgradi, sinergiuli antibaqteriuli 

nanokompoziti axali, modificirebuli Tvise-

bebiT, rac miuwvdomelia calke aRebuli 

komponentisaTvis.   

umeteswilad nanonawilakebis misaRebad 

iyeneben samkomponentian sistemas, romelic 

moicavs vercxlis marilebs, aRmdgen agentebs 

da stabilizatorebs. yvelaze xSirad iyeneben  

vercxlis nitrats. vercxlis ioni (Ag+) 

vercxlis neitralur nawilakebSi  (Ag0) ga-

dahyavT qimiuri meTodiT, risTvisac iyeneben  

sxvadasxva aRmdgens: NaBH4, formamidi, di-

meTilformamidi, eTanoli, trieTanolamini, 

hidrazini da sxva [9]. qimiur aRdgenas xSirad 

awarmoeben wyalxsnarebSi mastabilizebeli 

agentebis (ix. qvemoT) gamoyenebis gareSe [10]. 

qimiuri meTodi martivia da efeqturi, magram 

aRmdgeni agentebis umetesobis biologiuri 

toqsikuroba da garemoze damazianebeli ze-

moqmedeba problemad rCeba. am TvalsazrisiT 

perspeqtiuli aRmdgeni agentia eTanoli. bo-

lo wlebSi popularuli xdeba aseve buneb-

rivi (ZiriTadad mcenareuli) warmoSobis 

aRmdgeni agentebi [11].  

aRniSnul problemaTa WrilSi sul ufro 

met popularobas iZens aRdgenis fizikuri me-

Todebi, rogorebicaa γ-gamosxiveba, ultrai-

isferi gamosxiveba, mikrotalRuri da ult-

rabgeriTi damuSaveba, lazeruli gamosxiveba, 

eleqtroqimiuri meTodi da sxva [9,10,12,13]. 

magram fizikuri meTodebis gamoyeneba da-

kavSirebulia  sakmaod Zvirad Rirebuli  apa-

raturis gamoyenebasTan, rac maTi naklia. 

rogorc aRvniSneT, vercxlis nanonawi-

lakebis miRebisas aucilebelia mastabili-

zebeli agentebis gamoyeneba, raTa Tavidan 

aviciliT maTi agregireba. SemoTavazebuli 

da gamocdilia mravali mastabilizebeli 

agenti, rogorebicaa grZeljaWviani  ali-

faturi mJavebi (stearinis, palmitinis, lau-

rilis)  da aminebi (laurilamini), aseve bu-

nebrivi da sinTezuri warmoSobis polimerebi 

_ saxamebeli da karboqsimeTilirebuli sa-

xamebeli, heparini, qitozani da karboqsime-

Tilirebuli qitozani,  polivinilis spirti, 

poli-N-vinil-pirolidoni [14-21]. am mizniT 

gamoyenebul polimerebs Soris erT-erTi 

yvelaze efeqturi mastabilizebeli agentia 

poli- N-vinil-pirolidoni (PVP), romelic 

amavdroulad xasiaTdeba maRali bioSeTav-

sebiT (gamoiyeneba sisxlis plazmis Semcvle-

lad [22]), firwarmoqmnis unariT da xsnado-

biT eTanolSi. poli-N-vinil-pirolidoni 

efeqturad gamoiyenes, mastabilizebeli agen-

tis saxiT, vercxlis nanonawilakebis mi-
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saRebisas  vercxlis nitratis aRdgeniT eTa-

nolis xsnarSi, energiis wyaro _ mikrotal-

Ruri gamosxiveba [23,24]. am procesis naklia 

is, rom moiTxovs sakmaod Zvirad Rirebul 

mikrotalRur danadgars da garkveuli sifr-

Txilis dacvas, raTa airidon eTanolis adu-

Reba da amoSroba.    
 

 

2. ZiriTadi nawili 

samuSaos mizania vercxlis nanonawila-

kebis miReba vercxlis  nitratis spirtxs-

narSi mastabilizebel agentad poli-N-vinil-

pirolidonis gamoyenebiT, martivi da iafi 

meTodiT _ fotoqimiuri aRdgeniT dRis 

SuqiT (speqtris xiluli nawiliT) dasxi-

vebisas, literaturaSi aRwerilia foto-

qimiuri aRdgena ultraiisferi dasxivebiT. 

magram es meTodi moiTxovs ultraiisferi 

gamosxivebis specialur wyaros. Cven mier 

SerCeuli meTodi sayuradReboa Tavisi 

siiafiTa da simartiviT. vercxlis nanona-

wilakebi miviReT poli-N-vinil-pirolidonisa 

(1,0 g, mol. masa≈40 000, Sigma-Aldrich) da vercx-

lis nitratis (0,1 g) spirtxsnaris (40,0 ml) 

dRis sinaTliT dasxivebiT, risTvisac aR-

niSnuli xsnari davdgiT fanjris rafaze. am 

SemTxvevaSi fanjris minam Seasrula Suq-

filtris roli, rameTu igi atarebs mxolod 

speqtris xilul nawils da ar atarebs 

mokletalRian ultraiisfer gamosxivebas.  

 

 
 

nax. 1. PVP/AgNO3‐is sakvlevi xsnari eTanolSi 
dasxivebamde (a) da  dasxivebidan 24 sT-is Semdeg (b) 

 

 

aRdgenis processa da vercxlis nanona-

wilakebis warmoqmnaze metyvelebs is gare-

moeba, rom sawyisi uferuli xsnari, xiluli 

sxivebis gavleniT, ifereba yavisfrad (nax. 1). 

SevniSnavT, rom siiafisa da simartivis garda, 

SemoTavazebuli meTodi aris ekologiurad 

damzogveli, vinaidan ar moiTxovs vercxlis 

ionis (Ag
+
) atomur vercxlamde (Ag

0
) aR-

sadgenad specialuri reagentebis (xSirad 

toqsikuri) gamoyenebas _  am funqcias asru-

lebs eTilis spirtis molekulebi. Ag+-io-

nebis aRdgenis procesi eTanolis xsnarSi 

mimdinareobs 1-li sqemis Sesabamisad1:   

 
_____________________ 

1SevniSnavT, rom mastabilizebeli danamatis _ poli-N-vinil-pirolidonis gareSe AgNO3-is foto-

qimiuri aRdgenis procesi eTanolSi ar mimdinareobs. 
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sqema 1. vercxlis ionis aRdgena atomur vercxlamde eTanolis xsnarSi 

 

 

mas Semdeg, rac vercxlis atomebi warmo-

iqmneba, xdeba maTi gaerTianeba (zrda) na-

nonawilakebis Camoyalibebamde. dadgenilia 

[25], rom rodesac nawilakebis diametri 50 nm-

s qvemoTaa, amidis jgufi (azotis atomi) 

urTierTqmedebs vercxlTan da qmnis damcav 

garss, riTac xels uSlis nawilakebis aglo-

meracias (Sewebebas). kompleqsis warmoqmna po-

li-N-vinil-pirolidonsa da vercxlis ions 

Soris aRwerilia me-2 sqemaze, sadac Cans ami-

duri bmis mastabilizebeli funqcia. 

 

 
 

sqema 2. kompleqswarmoqmna poli-N-vinil-pirolidonsa da vercxlis atoms Soris 

 

movaxdineT miRebuli nanosuspenziis kvle-

va ultraiisferi speqtroskopiis gamoyenebiT 

(Agilent 8453 UV-visible Spectroscopy System). 

cnobilia, rom vercxlis nanonawilaki war-

moadgens plazmons da aqvs STanTqmis maqsi-

mumi eleqtronul speqtrSi, daaxloebiT 

400_460 nm diapazonSi, nanonawilakis zomaze 

damokidebulebiT [23,24,26]. amasTan dadge-

nilia, rom, rac ufro axlosaa STanTqmis 

maqsimumi 400 nm-Tan da rac viwroa STanTqmis 

pikis naxevarsimaRle, miT ufro mcirea na-

wilakis zoma.  10 nm an qvemoT zomis vercx-

lis nanonawilakebis STanTqmis maqsimumi mde-

bareobs  400_420 nm-is diapazonSi. 

 

 
nax. 2. vercxlis nanonawilakebis ui-speqtri sinaTleze dayovnebidan 24,0 sT-is (a),  

48,0 sT-is (b), 500,0 sT-is (g) da 2000,0 sT-is Semdeg (d) 
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Cven mier miRebuli vercxlis nanonawi-

lakebis eleqtronuli STanTqmis speqtrebi 

moyvanilia me-2 nax-ze, saidanac Cans, rom 

nawilakebis plazmonis STanTqmis maqsimume-

bi (max.) varirebs 407_438 nm zRvrebSi, STan-

Tqmis pikis naxevarsimaRle ki sakmaod viw-
roa gansakuTrebiT 48 da 500 sT-is Semdeg, 

(b da g). es miuTiTebs imaze, rom miRebuli 

nawilakebis zomebi sasurvel diapazonSia _ 

 10 nm.  

SeviswavleT vercxlis nanonawilakebis 

optikuri parametrebis cvlileba droSi. 

SevniSnavT, rom sistema mravaljer gadioda 

sinaTle-sibnelis (vtovebdiT RamiT sibne-

leSi) cikls. miRebuli Sedegebi _ nano-

suspenziis optikuri simkvrivis da STanTqmis 

maqsimumis cvlileba droSi warmodgenilia 

me-3 nax-ze: optikuri simkvrive ganuxrelad 

izrdeba 1300 sT-is ganmavlobaSi, amasTan 

500_600 sT-idan 1300 sT-mde optikuri simkv-

rive icvleba mcired, rac  miuTiTebs, rom 

vercxlis nitrati praqtikulad srulad Se-

vida reaqciaSi1. rac Seexeba plazmonis 

STanTqmis maqsimums (max.), igi mcirdeba 

pirveli 500 sT-is ganmavlobaSi ≈≈407_409 nm-

mde, Semdeg ki umniSvnelod icvleba, rac  

miuTiTebs imaze, rom nanonawilakebis zomebi 

droSi ganicdis mcire cvlilebas. 1500_1600 

saaTidan dawyebuli STanTqmis maqsimumi 

izrdeba da 2000 sT-isTvis 438 nm-s aRwevs. 

TiTqmis amavdroulad iwyeba nanosuspenziis 

optikuri simkvrivis mkveTri Semcireba. yo-

velive es miuTiTebs nawilakebis agregaciasa 

da damsxvilebaze. WurWlis fskerze war-

moqmnili Savi naleqi am mosazrebas adas-

turebs.  

 

 

 

 
 

ნახ. 3. PVP/AgNO3-is  xsnaris optikuri simkvrivis da talRis sigrZis droze 
damokidebulebis grafiki 

 

 

 

 

 

 

___________________ 
1optikuri simkvrivis ganszRvrisas, saWiroebis SemTxvevaSi, miRebul nanosuspenzias vanzavebdiT 5_10-jer 

ise, rom xelsawyos Cveneba yofiliyo 2 optikur erTeulze naklebi. 
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3. daskvna 

SegviZlia davaskvnaT, rom sistema eTanol-

vercxlis nitrati-poli-N-vinil-pirolidonis   

xiluli SuqiT dasxivebiT SesaZlebelia sa-

surveli zomis (≤ 10 nm) vercxlis nanonawi-

lakebis miReba. amasTan, miRebuli nanosus-

penzia gamoirCeva mdgradobiT _ praqtikulad 

ar icvlis parametrebs 1300_1400 sT-is 

(TiTqmis 2 Tvis) ganmavlobaSi oTaxis temp-

raturaze, rac perspeqtuls xdis mis gamoye-

nebas medicinaSi, kvebiT mrewvelobaSi, 

meRvineobaSi da a.S.  

miRebuli nanosuspenziebis dasxmiT gluv, 

hidrofobur zedapirze da spirtis aorTqle-

biT davamzadeT vercxlis nanonawilakebis 

Semcveli poli-N-vinil-pirolidonis nanobio-

kompozituri firebi, romlebic in  vitro baqte-

riciduli aqtiurobis Sesaswavlad gamoiye-

neba.   
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UDC 66.08 

PREPARATION OF SILVER NANOPARTICLES BY SIMPLE PHOTOCHEMICAL METHOD 
 
Sh. Tskhadadze, N. Kupatadze, R. Gaprindashvili, D. Tugushi, R. Katsarava 
 
 

Resume: Goal. The aim of the work is developing antibacterial agents containing silver nanoparticles  by applying 

a cheap source of energy - daylight irradiation. Method. The silver nanoparticles are fabricated by photochemical (ap-

plying daylight irradiation) reduction  of silver nitrate in ethanol solution using poly-N-vinyl-pyrrolidone  as particles 

stabilizer. Results. Antibacterial composition containing the nanosilver has been obtained on the basis of poly-N-

vinylpyrrolidone  using  daylight as a source of energy. To our knowledge this is the first attempt of fabricating the sil-

ver nanoparticles using daylight. The obtained nanosuspension was characterized by UV-Vis spectroscopy by the ab-

sorption of the nanosilver  plasmon  in the region 400-420 nm. Conclusion. Cheap and simple one step method of 

photochemical reduction was elaborated using daylight irradiation. The method allows to synthesize silver nanoparti-

cles with desired size (≤10 nm), which have a high potential for practical applications as a bactericidal agent.      

 
Key words: nanosilver; photochemical reduction; daylight; ethanol; poly-N-vinylpyrrolidone.  
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УДК 66.08 

ПОЛУЧЕНИЕ НАНОЧАСТИЦ СЕРЕБРА ПРОСТЫМ ФОТОХИМИЧЕСКИМ МЕТОДОМ  
 
Цхададзе Ш., Купатадзе Н., Гаприндашвили Р.,  Тугуши Д., Кацарава Р. 

 
Резюме:  Цель: получение антибактериального препарата, содержащего наночастицы серебра, путем 

применения дешевого источника энергии - дневного света. Метод: наночастицы серебра получали 
восстановлением нитрата серебра облучением дневным светом в среде этанола, применяя поли-N-
винилпирролидон в качестве стабилизатора наночастиц. Результаты: получена композиция, содержащая 
антибактериальное наносеребро на базе поли-N-винилпирролидона, применив в качестве источника энергии 
дневной свет источником энергии. Необходимо отметить, что впервые осуществлено получение наночастиц 
дневным светом. Указанный метод получения наносеребра описан  впервые. Полученная наносуспензия 
охарактеризована электронной спектрометрией – поглощением плазмоном наносеребра в области 400-420 нм. 
Заключение: разработан одноступенчатый, простой метод фотохимического восстановления нитрата серебра 
до наночастиц серебра  путем применения в качестве источника энергии дневного света. Метод дает 
возможность получать наночастицы серебра желаемых размеров (≤ 10 нм), которые обладают высоким 
потенциалом практического применения в виде бактериоцидных препаратов.  

  
Ключевые  слова: наносеребро; фотохимическое восстановление; дневной свет; этанол; поли-Н-

винилпирролидон. 
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reziume: mizani. mCateforebiani manga-

numis madnisa da bunebrivi natriumis qlo-

ridis erToblivi gamowva sxvadasxva tempe-

raturaze natriumis qloridis rogorc ma-

defosforirebeli reagentis gamoyenebis Se-

saZlebloba dabalfosforiani manganumis 

koncentratis misaRebad. meTodi. gamoyene-

bulia piroteqnika natriumis qloridisa da 

manganumis madnis erToblivi gamowvisaTvis. 

Sedegi. bunebrivi natriumis qloridisa da 

mCateforebiani manganumis erToblivi ga-

mowvis Sedegad miviReT dabalfosforiani 

manganumis koncentrati. fosforis amoRebis 

xarisxi 18 – 80% Seadgens. daskvna. miRe-

buli manganumis koncentrati vargisia meta-

lurgiul teqnologiaSi standartuli li-

Tonis misaRebad. 

 

sakvanZo sityvebi: natriumis qloridi; 

WiaTuris mCateforebiani madani; koqsi. 

 

 
1. Sesavali 
problemis aqtualuroba da kvlevis 

siaxle. mCateforebiani manganumis madnisa 

da natriumis qloridis erToblivi gamow-

vis procesis Seswavlis mizniT gamoyenebul 

iqna manganumis madani, romlis qimiuri ana-

lizi mocemulia 1-el cxrilSi. 

 

 

cxrili 1  

mCateforebiani manganumis madnis qimiuri analizis Sedegebi 

 

 

qimiuri 

elementebi 

da naerTebi 

Mn MnO2  SiO2  CaO Al O2 3  Fe O2 3  MgO P P/Mn. 104 

madanSi 

Semcvelobis 

masa % 

240 31,8 28,2 3,13 4,67 4,47 1,5 0,16 66,7 

 

 

2. ZiriTadi nawili 

WiaTuris sabados III da IV xarisxis da-

Janguli (mCateforebiani) madnebidan dabal-

fosforiani manganumis koncentratis miReba 

sakmaod rTuli procesia [1]. rogorc qimi-

uri analizi gviCvenebs, madanSi fosforis 

Semcveloba mcirdeba (cxr.1), romelic did 

problemebs qmnis metalurgiul procesSi 

[2, 3]. 

am madnebis defosforirebis mizniT ga-

moiyeneba bunebrivi natriumis qloridi. ro-

gorc me-2 cxrilidan Cans, natriumis qlo-

ridis fardoba manganumis madanTan icvleba 

0,1÷0,8 intervalSi; kazmi gavaxureT 200-dan 

÷13000C-mde. fosforis amoRebis xarisxi man-
ganumis koncentratSi maqsimaluria 12000C-
ze. temperaturis Semdgomi gazrdiT fosfo-

ris amoRebis xarisxi uaresdeba. 
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kazms, romelic Sedgeboda manganumis 

madnisagan an natriumis qloridisagan, da-

vamateT aRmdgeni koqsis saxiT (cxrili 3) 

da gavaxureT 400÷12000C temperaturis inter-
valSi. am etapze natriumis qloridis far-

doba manganumis madanTan 0,1 Seadgenda, xo-

lo aRmdgenis (koqsi) fardoba manganumis 

madanTan 0,1-dan 2,0-mde Seicvala. rogorc 

cxrilidan Cans, aRmdgenis danamatis gazr-

diT fosforis amoRebis xarisxi uaresdeba. 

rodesac natriumis qloridis fardoba 

manganumis madanTan 0,1N udris, maSin koqsis 

fardoba manganumis madanTan 0,4 ÷0,8 iqneba. 

dadebiTi Sedegebi miiReba 12000C-ze. am dros 
fosforis amoRebis xarisxi 61_62%-ia. 

 

 

cxrili 2  

P:Mn damokidebuleba kazmis gamowvis temperaturasa 

da reagentis NaCl raodenobaze 

 

N 

N danamatis 

fardoba 

madanTan 

NaCl/ 

mang.madani გ
 g

am
o
w
vi
s
  

t
em
pe
r
. 0 C

 

Mn MnO2  SiO2  CaO MgO 

 

Al O2 3  

 

 

Fe O2 3  

 

P 

P
/M

n
.  1

04  

1 0,1 200  - - - - - - - - 

2 0,2 - 25,72 16,68 39,60 2,08 1,50 3,48 5,95 0,16 62,20 

3 0,4 - 24,68 15,49 40,80 1,48 1,70 3,99 5,10 0,16 64,82 

4 0,8 - 25,48 17,6 40,40 1,79 1,50 5,67 5,10 0,14 54,94 

5 0,1 400 24,99 17,16 41,80 1,79 1,20 5,54 5,10 0,14 56,02 

6 0,2 - 24,0 18,70 38,24 1,90 1,00 7,00 4,54 0,22 91,66 

7 0,4 - 25,70 16,20 40,10 1,90 1,00 7,17 5,20 0,19 73,93 

8 0,8 - 26,09 16,20 41,10 1,90 1,00 7,11 4,94 0,17 65,16 

9 0,1 600 24,88 15,4 42,64 1,90 1,20 7,50 5,40 0,14 76,36 

10 0,2 - 26,40 16,20 42,60 1,58 1,00 7,20 5,20 0,14 53,03 

11 0,4 - 27,00 15,0 41,20 2,40 1,50 7,80 5,40 0,14 51,85 

12 0,8 - 28,72 17,37 40,10 2,40 1,80 6,70 6,57 0,14 48,74 

13 0,1 800 27,93 18,9 40,20 3,90 2,0 6,88 6,85 0,14 50,12 

14 0,2 - - - - - - - - - - 

15 0,4 - - - - - - - - - - 

16 0,8 - 28,40 16,90 39,90 1,20 0,90 5,84 7,61 0,12 42,2 

17 0,1 1000 26,74 15,91 45,60 2,16 1,61 7,52 5,82 0,098 36,64 

18 0,2 - 25,01 14,95 43,00 1,54 1,50 7,40 5,08 0,995 37,98 

19 0,4 - 27,14 15,16 40,40 3,30 1,o 6,58 6,00 0,158 58,11 

20 0,8 - 24,50 16,92 42,00 0,54 1,90 7,40 4,82 - - 

21 0,1 1200 45,0 16,90 40,01 6,27 1,40 7,47 4,18 0,148 32,88 

22 0,2 - 46,17 - - - - - - 0.147 31,8 

23 0,4 - 45,2 - - - - - - 0,135 29,86 

24 0,4 - 46,13 - - - - - - 0,138 29,92 

25 0,4 1300 46,2 - - - - - - 0,155 34,29 

26 0,4 - 44,1 - - - - - - 0,155 34,83 
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cxrili 3 

P:Mn damokidebuleba kazmis gaxurebis temperaturasa da amRdgenis  

raodenobaze NaCl Tanaobisas 

 

 

N 

danamati  
gamowvis 
temper. 

m a n g a n u m i s    k o n c e n t r a t i 

 

NaCl/Mn 

mad. 

 

koqsi/Mn 

mad. 

 
Mn MnO2  SiO2  CaO MgO Al O2 3  

 

 

Fe O2 3  

 

 
P P/Mn. 104 

1 0,1 0,1 400 32,47 38,91 13,66 5,13 2,20 1,04 4,31 0,13 40,0 
2 ,, 0,2 ,, 31,48 39,19 12,80 4,53 0,80 1,21 2,58 0,13 41,0 
3 ,, 0,4 ,, 11,80 28,96 13,12 4,22 0,80 1,88 3m45 0,12 100,0 
4 ,, 0,8 ,, 22,38 18,54 8,43 4,53 2,30 1,37 3,45 0,11 49,0 
5 ,, 1,6 ,, 15,80 29,47 7,9 3,62 2,00 1,42 2,58 0,06 40,0 
6 ,, 2,0 ,, 14,51 15,02 7,04 3,02 2,00 1,37 3,45 0,06 41,0 
7 0,1 0,1 600 42,00 38,00 13,60 6,80 1,50 2,80 4,40 0,14 33,0 
8 ,, 0,2 ,, 36,40 - 13,90 4,64 1,50 1,04 2,47 0,13 36,0 
9 ,, 0,4 ,, 34,00 26,00 13,40 6,40 1,50 2,80 4,40 0,14 41,00 
10 ,, 0,8 ,, 29,68 14,08 9,02 2,16 1,80 1,46 2,47 0,16 45,00 
11 ,, 1,6 ,, 15,99 9,36 7,88 3,09 1,10 1,12 3,09 0,10 65,00 
12 ,, 2,0 ,, 27,40 6,60 17,40 3,96 1,20 4,20 4,40 0,18 65,7 
13 0,1 0,1 800 49,00 20,00 18,20 6,10 1,20 3,36 4,40 0,185 37,7 
14 ,, 0,2 ,, 45,87 27m30 16,0 6,71 1,50 4,20 4,36 0,18 39,0 
15 ,, 0,4 ,, 36,65 14,81 13,72 4,14 0,90 3,00 3,02 0,127 34,0 
16 ,, 0,8 ,, 25,74 11,23 5,36 3,40 1,00 7,60 3,02 0,115 44,6 
17 ,, 1,6 ,, 27,68 32,00 17,60 4,17 1,30 4,62 6,10 0,144 52,0 
18 0,1 0,1 1000 34,70 1,90 19,80 5,40 1,50 2,20 6,00 0,14 55,0 
19 ,, 0,2 ,, 41,08 8,96 2,88 6,64 2,20 2,21 2,58 0,17 44,0 
20 ,, 0,4 ,, 31,24 5,16 12,06 6,06 1,90 2,29 0,04 0,14 45,10 
21 ,, 0,8 ,, 32,22 23,23 12,36 6,64 2,10 2,08 2,58 0,154 48,0 
22 0,1 0,1 1200 26,50 4,45 10,18 5,13 2,00 2,67 2,58 0,132 50,0 
23 ,, 0,2 ,, 41,5       0,11 26,0 
24 ,, 0,4 ,, 44,3       0,12 27,0 
25 ,, 0,8 ,,          

 

 

N  

 
  
nax. 1. fosforis manganumis madanTan fardobis 

damokidebuleba kazmis gamowvis temperaturaze, 

reagentis (NaCl) sxvadasxva fardobisas manganumis 

madanTan 

 

1. NaCl: manganumi madanTan – 0,1 

2. NaCl : manganumi madanTan – 0,2 

3. NaCl : manganumi madanTan – 0,4 

4. NaCl : manganumi madanTan – 0,8 

5. NaCl : manganumi madanTan – 1,2 

 

rogorc 1-eli nax-dan Cans, kazmis gamow-

vis temperaturis matebisas mcirdeba fos-

foris fardoba manganumTan, e.i. manganumis 

koncentratis kondicia umjobesdeba. 

13000C-is zemoT es monacemebi TandaTan 

uaresdeba, fosforis amoRebis xarisxi ki 

mcirdeba. 

rogorc me-2 nax-dan Cans, kazmis gamowvis 

temperaturis 12000C-mde matebisas manganumis 

koncentratSi fosforis fardoba manganum-

Tan (P:Mn) TandaTan mcirdeba, xolo 13000C 

zemoT imatebs, e.i. manganumis koncentraciis 

kondicia uaresdeba. rogorc vxedavT, aRmd-

genis manganumis madanTan optimaluri Tana-

fardoba 0,1÷0,2-ia. aseTi TanafardobiT man-

ganumis koncentratis saukeTeso kondicia 

miiRweva, e.i. P:Mn koncentratSi minimalu-

ria. am dros reagentis (NaCl) fardoba man-

ganumis madanTan 0,8 Seadgens. 

 



71 
 

 
 

nax. 2. fosforis manganumTan fardobis (P:Mn) 

damokidebuleba kazmis gamowvis temperaturaze, 

aRmdgenis (koqsi) manganumis madanTan sxvadasxva 

fardobisas 

 

1. NaCl : manganumi madanTan – 0,1 

2. NaCl : manganumi madanTan – 0,2 

3. NaCl : manganumi madanTan – 0,3 

4. NaCl : manganumi madanTan – 0,4 

 

 

 

5. NaCl : manganumi madanTan – 0,5 

6. NaCl : manganumi madanTan – 0,6 

 

manganumis madnidan fosforis amoRebis 

gasaumjobeseblad natriumis qloridisa da 

koqsTan erTad gamoviyeneT wylis orTqli, 

madefosfirebeli reagentis (NaCl) manganumis 

madnis sxvadasxva fardobisas. wylis 

orTqlis Tanaobisas, kazmis gamowvis dros, 

dadebiTi Sedegi miiRweva SedarebiT dabal 

temperaturaze. wylis orTqlis gareSe kaz-

mis gamowvis optimaluri temperatura, ro-

gorc zemoT iTqva, 12000C-ia, xolo wylis 

orTqlis Tanaobisas igive Sedegi miiRweva _ 

10000C. me-4 cxrilSi moyvanilia kvlevis Se-

degi: manganumis madnidan fosforis amoRe-

bis xarisxis damokidebuleba gamowvis xan-

grZlivobasTan, kazmSi wylis orTqlis Ta-

naobisas 10000C-ze, 1 sT-is ganmavlobaSi ga-

mowvis Semdeg. manganumis madnidan fos-

foris amoRebis xarisxi ar icvleba. 

 

cxrili 4  

P:Mn damokidebuleba kazmis gamowvis temperaturaze 

(10000C) wylis orTqlis Tanaobisas, reagentis (NaCl) madanTan fardobisas (0,8) 

 

N 

 N 

gamowvis xangrZlivoba, sT k o n c e n t r a t i 

Mn% P% P : Mn . 104 

1 0,5 46,20 0,133 28,8 

2 1,0 44,25 0,130 28,7 

3 1,5 45,10 0,130 28,9 

4 2,0 45,00 0,130 28,9 

5 2,5 45,1 0,129 28,7 

6 3,0 45,2 0,130 28,8 

 

Cveni monacemebiT, saukeTeso Sedegi man-
ganumis madnidan fosforis amoRebisas 

gvaqvs, rodesac natriumis qloridis manga-

numis madanTan fardoba 0,8-ia, xolo aRmd-

genis _ 0,1. gamowvis maqsimaluri temperatu-

ra wylis orTqlis Tanaobisas 10000C-ia, ga-

mowvis xangrZlivoba _ erTi saaTi. fos-

foris amoRebis xarisxi 79–81%-ia. 

  

3. daskvna 

Cven mier miRebuli dabalfosforiani man-

ganumis koncentrati gamoiyeneba standar-

tuli mcirefosforiani liTonebis misaRebad. 
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UDC 800.29 

THE PROCESS OF SIMULTANEOUS ROASTING OF LIGHTPROUS NANGANESE ORE OF CHIATURA 
DEPOSIT AND OF SODIUM CHLORIDE 
A. Gogiberidze, Z. Simonishvili, V. Qinqladze 

 
Resume: Goal. Joint burning of light porous magnesium ore and natural sodium chloride at various temperature 

by application of sodium salt as deformation agent to receive low-phosphor manganese concentration. Method. Pyro-
technics was used for joint burning of sodium chloride and magnesium ore. Result. Low-phosphor manganese concen-
tration was obtained as a result of joint burning of sodium chloride and light porous magnesium ore. Rate of phosphor 
removal equals to 78-80%. Conclusion. The obtained manganese concentrate is fit for obtaining standard metal in 
metallurgical technology.  

 

 
Key words: Co; NaCl; Concentpation.

 
 
 
 
УДК 800.29 

ПРОЦЕСС СОВМЕСТНОГО ОБЖИГА ЛЕГКОПОРИСТОЙ МАРГАНЦЕВОЙ РУДЫ И ХЛОРИДА 
НАТРИЯ 
 
Гогиберидзе А.В., Симонишвили З.З., Кинкладзе В.Л. 

 
Резюме:  Цель: совместный обжиг хлористого натрия и легкопористой марганцевой руды при разных 

температурах, возможность использования хлористого натрия, как дефосфорирующего реагента для получения 
марганцевого концентрата с низким содержанием фосфора. Метод: использована пиротехника для 
совместного обжига хлористого натрия и марганцевой руды. Результат: совместным обжигом природного 
хлорида и легкопористой марганцевой руды получен малофосфористый марганцевый концентрат; степень 
извлечения фосфора составляет 78 – 80%. Заключение: полученный марганцевый концентрат может быть 
применён в металлургической технологии для получения стандартного металла.  

 
Ключевые слова: хлорид натрия; марганцевая руда; концентрация. 
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