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JurnalSi `keramika~ 

gamoqveynebuli statiebis 

ZiriTadi Tematika  
 

yvela saxis minis,  

keramikis, keramikuli da 

polimeruli kompozitebis,  

zegamtari masalebis,  

Wiquris da minanqris,  
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reziume: ganxilulia infrawiTeli sxive-

biT pur-funTuSeuli produqtebis cxobis 
teqnologiis Taviseburebebi. sinTezirebu-
lia adgilobrivi bunebrivi nedleulebis 
gamoyenebiT Termulad mdgradi keramika da 
Semcxvari masa maRali siSavis koeficientiT, 
rac uzrunvelyofs cxobis intensiurobas. 

 
sakvanZo sityvebi: infrawiTeli sxivebi; 

konveqcia; konduqcia; polimerizacia; per-
forirebuli forma; rentgenofazuri ana-
lizi; klinoenstatiti; muliti; kordieriti. 

 
 
1. Sesavali 
cxobis xangrZlivobis Semcireba, teqni-

kuri da teqnologiuri procesebis sru-
lyofili da axleburi reJimiT yovelTvis 
iwvevda eWvs _ xom ar uaresdeba amiT pur-
funTuSeulis xarisxi? aseTi eWvebi gansa-
kuTrebiT maSin gamZafrda, rodesac firma 
,,Вахтель ГмБх”-ma puris mcxobelTa saerTa-
Soriso gamofenaze _ iba bazarze pirvelad 
gamoitana puris sacxobi Taroebiani mini-
Rumlebi STIR (Selektives Transformiertes Infra Rot 
(gamoyofili transformirebuli infrawi-
Teli gamosxiveba). 

STIR danadgaris teqnologiiT Rumlis sa-
muSao kameris Siga zedapiri dafarulia 
specialuri keramikuli masiT, romelic sa-
Sualebas iZleva miviRoT nakadi, romlis 
70_80% infrawiTeli sxivebia anu siTburi 
energiis masalaze gadacemis saxeobebidan 
(konveqcia, Cveulebrivi gamosxiveba da kon-
duqcia) 80%-mde infrawiTel sxivebze modis. 

 
2. ZiriTadi nawili 
cnobilia, rom bunebaSi arsebuli nebis-

mieri sxeuli, romlis temperatura aRemate-
ba absoluturi nulis temperaturas, infra-
wiTeli gamosxivebis wyaroa [1]. gamosxive-
buli energiis sidide damokidebulia 
sxeulis temperaturaze, gamosxivebis inte-
gralur koeficientsa (sxeulis siSavis 

koeficienti) da gamomsxivebeli sxeulis 
zedapiris farTobze. infrawiTeli gamosxi-
vebis yvelaze didi bunebrivi wyaro mzea. 
zafxulis periodSi infrawiTeli gamosxi-
vebis wili mzis speqtrSi Seadgens aranak-
leb 50%-s, xolo varvar naTurebSi _ 95%-s. 
saxelwodeba ,,infrawiTeli” nawarmoebia 
laTinuridan – infra – dabla, qvemoT, vinaidan 
es sxivebi TvaliT uxilavi eleqtromagni-
turi gamosxivebaa, moTavsebulia speqtris 
sferoSi 0,77_420 mkm sigrZis talRis zonaSi 
anu moqceulia speqtris xilul wiTel sxi-
vebsa da ultramokle radiotalRebs Soris. 

infrawiTeli sxivebi pirobiTad SeiZleba 
davyoT speqtris sam ubnad: mokletalRiani 
(0,77_15 mkm), saSualotalRiani (15_100 mkm) 
da grZeltalRiani (100_420 mkm). infrawiTe-
li gaxurebis teqnikaSi praqtikuli gamoye-
neba aqvs mokletalRian infrawiTel sxi-
vebs, maT zogjer siTburs uwodeben, vinai-
dan maTi intensiuroba ganisazRvreba ga-
momsxivebeli sxeulis temperaturiT. 

imis gamo, rom infrawiTeli sxivebi xa-
siaTdeba masalaSi didi SeRwevadobis una-
riT, aRniSnul RumelSi puris cxoba mimdi-
nareobs Signidan gare zedapirisken da ara 
ise, rogorc dRes arsebul qarxnebSi – ga-
redan SigniT. cxobis aseTi reJimi saSuale-
bas gvaZlevs puris cxobis xangrZlivoba 
TiTqmis 50% SevamciroT. puris xarisxs So-
ris gansxvaveba tradiciul konveqciur Rum-
lebSi cxobasa da axali teqnologiiT cxo-
bas Soris ar arsebobs, rac dasturdeba 
praqtikaSi xangrZlivi dakvirvebisa da kon-
trolis Sedegad. 

infrawiTel gamosxivebas aqvs ori mniSv-
nelovani maxasiaTebeli: gamomsxivebeli 
sxeulis talRis sigrZe (gamosxivebis un-
ari) da gamosxivebis intensiuroba. energiis 
srul raodenobas, gamosxivebuli drois 
erTeulSi, erTeuli zedapiridan uwodeben 
infrawiTeli gamosxivebis unars _ E, BT/M2. 
gamosxivebis energia damokidebulia talRis 
sigrZesa da gamomsxivebeli zedapiris tem-
peraturaze, romelic integraluri maxasia-
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Tebelia, vinaidan mxedvelobaSi miiReba 
yvela talRis energia. gamosxivebis unars, 
romelic miekuTvneba dλ sigrZis talRis in-
tegrals, ewodeba gamosxivebis intensiuro-
ba _ I, BT/(M2-MKM). ܫ = ௗாௗఒ  gaintegralebiT  E= ఒଶఒଵ,ܫ  dλ. 

gamomsxiveblis simZlavris gazrdiT da, 
Sesabamisad, gamomsxivebeli zedapiris tem-
peraturis gazrdiT aseve izrdeba sxivebis 
intensiuroba, xolo gamosxivebis speqtri 
gadadis mcire sigrZis talRis sferoSi, am 
dros gamosxivebis intensiurobis piki 
(speqtris 85_90%) xvdeba 1,5_6mkm sigrZis 
talRis diapazonSi, rac Seesabameba infra-
wiTeli sxivebiT cxobisa da Srobis opti-
malur reJims [2]. 

cnobilia masalebis siTburi damuSavebis 
sxvadasxva xerxi da meTodi, magram dRes 
yvelaze mniSvnelovani efeqturobisa da 
ekonomikuri maCveneblebis TvalsazrisiT 
sxivuri meTodia anu siTburi energiis ga-
dacema gaxurebuli wyarodan obieqtisadmi 
gamosxivebis gziT. igulisxmeba ara Cveule-
brivi sxivuri nakadi, aramed infrawiTeli 
gamosxiveba. infrawiTeli sxivebi TiTqmis 
ar STainTqmeba da ar gaibneva atmosferoSi, 
xasiaTdeba didi SeRwevadobis unariT. aR-
niSnuli unikaluri Tvisebebi saSualebas 
gvaZlevs infrawiTeli gamosxiveba farTod 
gamoviyenoT sxvadasxva masalis Termuli 
damuSavebisas (dnoba, Secxoba, wrToba, 
Sroba, polimerizacia, qimiuri da biolo-
giuri procesebis stimulireba da a.S.). 

keramikuli masis SerCevisas gamoyenebu-
li nedleulis saxeoba ganvsazRvreT, erTi 
mxriv, miRebuli produqciisadmi wayenebuli 
moTxovnilebis da, meore mxriv, warmoebis 
SerCeuli teqnologiuri procesebis Tavise-
burebidan gamomdinare. 

cnobilia keramikuli masebis Sedgenilo-
ba perforirebuli formis filebis dasam-
zadeblad, romelTa dayalibeba plastikuri 
meTodiT xdeba specialur wnexze gan-
sazRvruli zomis nemsisebri puansonis ga-
moyenebiT. keramikuli kazmis SedgenilobaSi 
gamoviyeneT adgilobrivi bunebrivi ned-
leulebi: jvarisa-gurnis kaolini, ozurge-
Tis kaolinizebuli traqiti, faravnis per-
liti, Zirulis Talki da minis lewi [3].  

mniSvnelovania infrawiTeli sxivebiT 
siTburi damuSavebis efeqturoba, gansaku-
TrebiT kvebis produqtebis mimarT. opti-
maluri sigrZis talRis dros infrawiTe-
li gamosxiveba intensiurad STainTqmeba im 
wylis mier, romelic masalaSia, magram ar 
STainTqmeba an umniSvnelod STainTqmeba 
TviT masaliT. es niSnavs, rom wylis moci-

leba aorTqlebiT SesaZlebelia masalis um-
niSvnelo gaxurebis pirobebSi (~600C). war-
modgenili Termuli reJimi saSualebas gvaZ-
levs praqtikulad mTlianad SevinarCunoT 
kvebis produqtebSi vitaminebi, biologi-
urad aqtiuri nivTierebebi, aromati, gemov-
neba da sxva mniSvnelovani danamatebi. 

jvarisas kaolinebi mdebareobs sadgur 
orpiridan 8 km-is daSorebiT CrdiloeTi 
mimarTulebiT da masTan dakavSirebulia 
saavtomobilo gziT. sabado iyofa or mo-
nakveTad: eliawminda da wiqarauli. kaoli-
nis maragi A2+B+C1+C2 kategoriiT 1,591611 
tonaa. rac Seexeba gurnis kaolinur Tixebs 
sabado mdebareobs sof. gurnidan aRmosav-
leTiT 1_2 km-ze Txiszurgis (adgili) mida-
moebSi rkinigzis sadgur orpiridan 17km-ze, 
650_670 m absolutur simaRleze. adgilmde-
bareobis farTobi 20 heqtaria. 

gurnis seleqciuri kaolini miekuTvneba 
maRal temperaturaze Secxobad keramikul 
nedleuls, romlis gamkvrivebis intervali 
1100_13500C temperaturis farglebSia. 

gurnis kaolinis rentgenogramaze (sur. 1, 
SedarebisaTvis mogvyavs prosianovis kao-
linis rentgenograma) warmodgenilia Semde-
gi ZiriTadi pikebi:  

d=7,147Å; 3,571 Å; 2,328 Å; 1,661 Å damaxasia-
Tebelia kaolinitisaTvis, d=4,239 Å; 3,341 Å; 
2,086 Å; 1,639 Å; 1,372 Å _ kvarcisaTvis; 
d=4,182Å; 2,163 Å; 1,991 Å; 1,798 Å _ mikroklini-
saTvis; d=2,691 Å; 1,78 _ mineral hematiti-
saTvis. 

gasuli saukunis 70-ian wlebSi prof. k. 
quTaTelaZis da g. gafrindaSvilis mier sa-
fuZvlianad iqna Seswavlili traqitebi, 
rogorc mindvris Spatis Semcvleli bune-
brivi nedleuli [4,5]. 2009_2010 wlebSi da-
Ziebuli iyo ozurgeTis traqitis axali ub-
nebi (mTispiri, yviCilauri), sadac gamovli-
nebul iqna maRali sisufTavis kaolinize-
buli traqitebi, rogorc axali kompleqsu-
ri nedleuli Zvlis faifuris kazmis Sed-
genlobaSi. kaolinizebuli traqitis mTava-
ri minerali, iseve rogorc nebismier tra-
qitebSi, kaliumis mindvris Spatia, romelic 
warmoqmnis wagrZelebul mikrolitebs naka-
debis saxiT. ZiriTadi masis aseTi agebule-
ba damaxasiaTebelia traqitebisaTvis da 
traqituli struqturis saxelwodeba miiRo.  

rentgenofazuri analizis monacemebis 
Tanaxmad (sur. 2), ZiriTadi kristaluri fa-
zebi warmodgenilia kaliumis mindvris Spa-
tis mineral orToklazis, kvarcisa da 
kaolinitis saxiT (d=4,25; 3,58; 3,24Å _ or-
Toklazi; d=3,34; 2,45Å _ kvarci; d=3,58; 1,661Å; 
_ kaoliniti). 
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sur. 1. gurn

 

sur. 2.
 
 

faravnis perlitis sabad
ninowmindis raionSi, faravni
km-ze. sabado zRvis donida
zea. igi ganlagebulia axal
nigzis 101 km-is mimdebare 
daZiebuli da damtkicebuli 
mateba A+B+C1=14·106 m3-s. s
C2=100·106 m3-s. 

perliti, rogorc deficit
Spatis Semcvleli bunebrivi
keramikaSi danergilia k. quTa
zaniSvilis da g. gafrindaSvi
 

 

nisa da prosianovis kaolinis rentgenogramebi
 

. kaolinizebuli traqitis rentgenograma 

o mdebareobs 
is tbidan 2_3 
n 2150_2250 m-

lqalaqis rki-
teritoriaze. 
maragebi aRe-
aprognozo _ 

turi mindvris 
i malRobeli, 
TelaZis, i. xi-
lis mier [6, 7] 

jer kidev gasuli sauk
am siaxlem miiRo saerT
gamoiyeneba mraval qvey
nelovania, rom perlit
TxvevaSi misi marcvleb
iyos erTgvarovani da 
buli mTel moculobaSi

perliti (obsidiani) 
bis minisebri qania, rac 
rentgenostruqturuli 
aseve minarevebs, romleb
dur-dispersiul mdgomar

 

i 

 

kunis 60-ian wlebSi. 
TaSoriso xasiaTi da 
yanaSi. Zalze mniSv-
tis gamoyenebis Sem-
bis zoma keramikaSi 
Tanabrad ganawile-

i [8, 9]. 
vulkanuri warmoSo-
dasturdeba agreTve 
analiziTac, Seicavs 
bic imyofeba koloi-
reobaSi (sur. 3). 
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Talkis sabado mdebareobs 

taluri masivis aRmosavleT 
nareebis _ lopaniswylis d
auzSi. Talkis Sedgenloba me
farglebSi: 3MgO·4SiO2·H2O-dan 
-mde zRvrebSi da mcire raode
sxva oqsidebis minarevebsac. 

Tixebis msgavsad, Talki ga
dratacias ganicdis da warm
noenstatiti da kvarci (~1200 –

tradiciuli keramikuli 
(nedleulis Sroba _ 1050C, k
birTvebian wisqvilSi sveli
jeradad dafqva, Tanafardoba 
Slikeris gauwyloeba TabaSi
raTa miviRoT plastikuri co
18_19%, filebis (zoma 6,5X4,5X
1 filaze 1,2 mm diametris 650
ba, gamowva 10600C) miRebuli fi
pasuxobs infrawiTeli gamosx
bisadmi praqtikuli gamoyene
lebebs. masalis Txgk 3,4.10-6 0

tervalSi uzrunvelyofs mniS
mul mdgradobas. 

rentgenofazuri analiziT
65% kvarci, 23% muliti, 12%
miiReba. 

kirhxofis kanonis Tanax
sxivSTanTqmis unari pirdapirp
sxivgamosxivebis unaris anu 
Savi sxeuli xasiaTdeba maqsi
xivebis unariT, amitom kerami
(kordieriti, klinoenstatiti
moti) siSavis koeficienti un
li. sinTezirebul filebs vf
luri keramikuli masiT (wiTl
gilobrivi Tixa, WiaTuris man
nis perlitis safuZvelze s
frita an minis lewi) da vwvav
Savis koeficienti TiTqmis 98%

amrigad, miRebulia maRa
infrawiTeli sxivebis gamomsx

 
 
 

 
sur. 3. faravnis perlitis  

rentgenograma 

Zirulis kris-
nawilSi, mdi-

da WeraTxevis 
eryeobs Semdeg 

4MgO·5SiO2·H2O 
enobiT Seicavs 

axurebiT dehi-
moiqmneba kli-
– 13000C). 
teqnologiiT 

azmis Sedgena, 
i meTodiT 3-

m:b:w _ 1:1,5:1,3. 
ris formebSi, 
omis sineste _ 
X1,3mm) dawnexa, 
 xvreli, Sro-
ilebi srulad 
xivebis masale-
bis moTxovni-

0C-1 20_8000C in-
Svnelovan Ter-

T daaxloebiT 
% kordieriti 

mad, sxeulis 
proporciulia 
absoluturad 
maluri gamos-
ikuli masalis 
, muliti, Sa-
nda iyos maRa-
faravT specia-
lad wvadi ad-
nganumi, farav-
sinTezirebuli 
vT 9500C-ze, si-
%-ia. 
ali xarisxis 
xivebeli kera-

mikuli masala da damu
zadebis teqnologia. 

pur-funTuSeulis c
infrawiTeli sxivebiT f
buli germaniaSi, avstr
evropis sxva qveynebSi d
nia warmoeba uSualod
xdeba (sur. 4). cxobis 
TvaliT maqvs nanaxi: m
dakavSirebiT aRvniSnav,
Rumlis warmadoba mis
farTobis mixedviT mniS
sayovelTaod dominireb
lebs. rac Seexeba moqni
ulad sxvadasxva produ
nebismier Taroze, calk
va, araviTar sirTules 

 

 

sur. 4. pur-fun
sacxobi sarTule

 

uSavebulia misi dam-

cxobis teqnologia 
farTodaa gavrcele-
riaSi, italiasa da 
da rac mniSvnelova-
d puris maRaziebSi 
sruli procesi Cemi 
maRaziis RumlebTan 
, rom sarTulebiani 
s mier dakavebuli 
Svnelovnad aRemateba 
bul konveqciur Rum-
ilobas anu erTdro-
uqtis cxoba Rumlis 
keuli sistemis marT-
ar warmoadgens. 

 

nTuSeulis  
ebiani Rumeli
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3. daskvna 
adgilobrivi aramadneuli bunebrivi 

nedleulebis gamoyenebiT miRebulia Ter-
mulad mdgradi keramika kvarcis, mulitis 
da kordieritis fazuri SemcvelobiT. sin-
Tezirebulia maRali siSavis koeficientis 
keramikuli masa sistemiT _ SiO2- Al2O3-Fe2O3-
MnO-MgO-Na2O. 
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BAKING OF BAKERY PRODUCTS WITH APPLICATION OF INFRARED RAYS 
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Resume: A foundation of technology baking bakery products with application of infrared beams. 
 
Key words: infrared rays; convection; polymerization; the punched form; X-ray analysis; mullite; cordierite; cli-

noenstatite. 
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reziume: mizani: samuSaos mizania sialon-
Semcveli kompozitis miReba nitroalumin-
Termuli procesebiT, reaqciuli Secxobis 
da cxeli dawnexis meTodiT. 

meTodi: kompoziti CH-6 miRebulia reaqci-
uli Secxobis meTodiT da Semdgomi cxeli 

dawnexiT vakuum-RumelSi 16000C-ze 30 mpa wne-
viT, bolo temperaturaze 10_12 wT dayovne-
biT. prekursori momzadda TermostatSi 

1500C-ze, civad daiwnexa 12_15 mpa-sa da 20-25 
mpa-ze. 

Sedegebi: Catarebulia cxeli dawnexiT mi-
Rebuli nimuSebis fizikur-teqnikuri Tvise-
bebis kvleva. meqanikuri maCveneblebi Sead-
gens: simtkicis zRvari kumSvisas _ 1640 mpa, 
simtkicis zRvari Runvisas _ 490 mpa; dre-

kadobis moduli _ 199,5 gpa; HV _ 11.40 gpa. 
rentgenostruqturuli, eleqtronul-mik-

roskopuli da mikrorentgenospeqtruli ana-
liziT Seswavlilia miRebuli kompozitis 
mikrostruqtura da fazuri Sedgeniloba. 
dadgenilia kompozitis Sedgeniloba, rom-

lis ZiriTadi fazebia: β sialoni, korundi da 
siliciumis karbidi. 

daskvna: miRebuli kompoziti CH-6 xasiaT-
deba fizikur-teqnikuri TvisebebiT _ maRali 
sisaliT, simkvriviT da simtkiciT. 

 
sakvanZo sityvebi: maRalcecxlgamZle 

kompoziti; reaqciuli Secxoba; nitroalu-

minTermuli procesebi; sialoni; korundi; 

siliciumis nitridi; siliciumis karbidi. 

 
 
1. Sesavali 
bolo wlebSi sialonis keramika ufro me-

tad gamoiyeneba cveTamedegi, abraziuli, kon-
struqciuli daniSnulebis nakeTobebis da-
samzadeblad, radgan gamoirCeva unikaluri 
meqanikuri TvisebebiT, Termuli medegobiT 
da medegobiT qimiuri garemos zemoqmedebis 

mimarT maRal temperaturebze. amis gamo, sia-
lonebs Wkviani superkeramika ewoda. 

sialonebi gamoiyeneba teqnikis sxvadasxva 
sferoSi. miuxedavad mecnierebis mravalric-
xovani Sromebisa [1-9], romelic eZRvneba sia-
lonebis miRebas ucxoeTis bevr qveyanaSi, 
maTSi gadmocemulia sialonebis sinTezis me-
Todebi ZiriTadad laboratoriuli eqsperi-
mentis mixedviT, mcire informaciaa samrew-
velo miRebis meTodebis Sesaxeb. es dakav-
Sirebulia sinTezis produqtebis maRal 
mgrZnobiarobasTan, nedleulis qimiur Sedge-
nilobasa da mimdinare procesebis paramet-
rebTan. es arTulebs misaRebi produqtebis 
fazuri Sedgenilobis prognozirebas. 

amasTan dakavSirebiT, sialonis sinTezis 
mimdinareobis Seswavla da saimedo meTode-
bis SerCeva axali funqciuri masalebis 
misaRebad Tanamedrove masalaTmcodneobis 
aqtualuri amocanaa.  

ganasxvaveben 10 saxis sialons, gansxva-
vebuli kristaluri struqturiT (arsebobs 
siliciumis nitridis, siliciumis oqsinit-
ridis, aluminis nitridis, mulitis struq-

turiT) da Al:Si gansxvavebuli TanafardobiT 
[10-13]. sialonebis kristaluri struqtura 
msgavsia im naerTis struturisa, romel-
Tanac axlosaa misi warmoqmnis are. sialo-

nebis ramdenime tipi arsebobs: α; β; X; O1; H; R. 
sxvadasxva tipis sialonis miRebis meTo-

debi gansxvavdeba sawyisi nedleuliT da 
procesis ganxorcielebis pirobebiT (tempe-
ratura, dro, wneva, atmosferos Sedgenilo-

ba). β sialonis zogadi formulaa: Si 6-X Al xO 
xN 8-X (sadac x= 0÷4,2). igi ganixileba, rogorc 

Si3N4-is myari xsnari aluminis nitridisa da 
oqsidis myar xsnarSi [14-18]. 

sistema Si-Al-O-N SeiZleba warmovadginoT 
oTxkomponentiani, sqematurad gamosaxuli 
tetraedris saxiT, romlis wveroebSi gan-
lagebulia Semadgeneli elementebi (sur. 1). 

sialonuri fazebis struqtura da saxel-
wodeba warmodgenilia 1-el cxrilSi [19-21]. 
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sur. 1. Si-

 
 

saxelwodeba 

α 

β 

O1 

X

H 

R 

 
 

2. ZiriTadi nawili 
reaqciuli Secxobis meTo

troaluminTermuli proceseb
kompoziti CH-6 azotis gare

gamowviT [22-26]. 
sawyisi masalebis saxiT

kaolini, aluminis pudri, sil
ciumis karbidi, aluminis oqs
ciaSi nimuSebis misaRebad 
procesis gasaumjobeseblad 
saxiT gamoviyeneT magniumis o
viaT miwaTa elementis itr
MgO da Y2O3 daemata fxvnils 1 

    
 

-Al-O-N sistemaSi Semadgeneli komponentebis  
ganawilebis sqema 

cx
sialonuri fazebis  

saxelwodeba da struqtura 
 

sialonis qimiuri 
formula 

sialoni
struqturis

Mex (SiAl)12 (ON)16 

X=0÷2 
α -Si3N4

Si 6-X Al xN 8-X 

X=0 ÷ 4,2 
β - Si3N4

Si 2-X AlX O 1+X N 2-X 

X=0,04÷ 0,4 
Si2ON2 

Si2-X Al1-X Ox N1-X 

x= 0,04 ÷ 0,2 
3Al2O3• 2S

SiAl3O2N3 
SiAl5O2N5 

AlN 

SiAl4O2N4 
SiAl6O2N6 

AlN 

odiT da ni-
iT miRebulia 
moSi 14500C-ze 

 gamoviyeneT: 
liciumi, sili-
sidi. kompozi-
da Secxobis 

danamatebis 
oqsidi da iS-

riumis oqsidi. 
da 1,5 mas.%-is 

odenobiT. am oqsidebis 
peratura uzrunvelyof
dros maRali temperat
kuri nalRobis warmoqm
wyobs masalis Secxobis
arsebiTi mniSvneloba aq
momedegobisa da simtki
bis misaRebad. Secxobis 
beseblad aseve daemata
da cecxlgamZle Tixa 
narevis Sedgeniloba 
cxrilSi. 

 

xrili 1 

is 
s tipi 

 

4 

iO2 

lRobis maRali tem-
s narevSi gaxurebis 
uris mqone evteqti-
mnas, rac xels Seu-
s process, romelsac 
qvs gadidebuli Ter-
icis mqone nakeTobe-
procesis gasaumjo-

a minisebri perliti 
mcire raodenobiT. 

warmodgenilia me-2 
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cxrili 2  
narevis Sedgeniloba 

 

                             საწყისი კომპონენტის შემცველობა,მას.% 
kompozitis 
 
 indeqsi 

kaolini 
prosianaia 
(ukraina) 

Al Al2O3 SiC Si პერლიტი 
aragacis 
(somxeTi) 

Y2O3 MgO pologis 
Tixa 

(ukraina) 

CH-6     15 20  20 20 22       3 2 1         5 
 

kaolinis, aluminis pudris, siliciumis, 
siliciumis karbidis, korundisa da cecx-
lgamZle Tixis bazaze me-2 cxrilSi warmod-
genili materialuri Sedgenilobis mixedviT 
movamzadeT narevi, davayalibeT nimuSebi – 
cilindrebi, zomiT d–15mm, h –15mm, 20 mpa 

wneviT naxevrad mSrali meTodiT. 1100C-ze 
gaSrobis Semdeg nimuSebi gamoiwva 14500C tem-
peraturaze azotis garemoSi, bolo tempera-
turaze 1-saaTiani dayovnebiT. gamowvis tem-
peraturuli reJimi warmodgenilia me-2 su-
raTze.  

 

0 2 4 6 8 1 0 1 2 1 4 1 6 1 8

0

2 0 0

4 0 0

6 0 0

8 0 0

1 0 0 0

1 2 0 0

1 4 0 0

1 6 0 0

T0 C

t , s T

 
sur. 2. reaqciuli Secxobis meTodiT miRebuli nimuSebis  

gamowvis temperaturuli reJimi 
 
 

SeviswavleT miRebuli nimuSebis Tvisebebi, romelTa fizikur-teqnikuri maxasiaTeblebi 
warmodgenilia me-3 cxrilSi.  

cxrili 3 
 

reaqciuli Secxobis meTodiT  
miRebuli kompozitis CH-6-is Tvisebebi 

 

kompozitis 
indeqsi 

Ria forianoba 
w,% 

simtkicis 
zRvari kumSvi-

sas,mpa 

simkvrive, 
ρ, g/sm3 

qimiuri 
medegoba, % 

CH-6 
 

15.2 
 

256 2.25 wyali mJava 

99.82 99.20 
 

 
14500C-ze gamomwvari nimuSebi davfqviT da 

movamzadeT cxeli dawnexisaTvis. prekurso-
ri momzadda TermostatSi 1500C-ze, civad 
daiwnexa 12_15 mpa-sa da 20_25 mpa-ze. gamoiw-
va 16000C-ze 30 mpa wneviT, gaxureba mimdina-
reobda vakuumSi, saboloo temperaturaze 

10_12 wT dayovnebiT. gamowvis reJimi iyo: 
20_5000C-mde 70C /wT, 500_14000C-mde 1500C wT, 
1400_16000C-mde ki 100C/wT. gaciveba 100C/wT. 
gamowvis temperaturuli reJimi warmodge-
nilia me-3 suraTze. 
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sur. 3. cxlad dawnexili n
gamowvis temperaturuli

 
SeviswavleT 16000C-ze cxl

nimuSebis fizikur-teqnikuri T
buli Sedegebi warmodgenilia 

cxlad dawnexil

kompozi-
tis 

indeqsi 

Ria  
forianoba 

w,% 

sae
r

CH-6 
(16000) 

0,7 

 

miRebuli masalis dinamik
sale da drekadobis modul
Tanamedrove ISO-14577 saerTa
dartis moTxovnebis Sesabamis 
tramikrosisalis testerze D
lic myari sxeulebis zedapire
maxasiaTeblebis (mikrosisale
moduli) dasadgenad gamoiyeneb

CH-6 16000C-ze cxlad dawn
Catarebuli testis Sedegad 
bulia matricaSi, anabeWdis 
ramdenimejer, sadac saSualo
HV: 1140. 

dinamikuri mikrosisale 
Rvreba testirebis procesSi
modebuli datvirTvis sididis
SeRwevis siRrmiT. misi mniSvne
vleba formuliT: DH=a x F/h2; 
didea da damokidebulia id
maze, vikersis indentoris
a=3,8584. 

meTodis upiratesoba Cveul
kuri anu anabeWdis wrfivi z
nali) gazomvebTan SedarebiT
imaSi, rom is Seicavs rogor
ise drekad mdgenelebs. gazom
ar aris damokidebuli anabe

 
nimuSebis  
 reJimi 

lad dawnexili 
Tvisebebi. miRe-
me-4 cxrilSi. 

Tu SevadarebT Tviseb
(cxrili 3 da 4), SeiZl
libebis meTodis gavle
maxasiaTeblebze. cxlad
bis Ria forianoba aris
zRvari kumSvisas _ 1619
uli Secxobis meTodiT
maCveneblebia: simtkicis
256 mpa, Ria forianoba _
salodneli iyo naxto
simtkicis zRvari kumSv

noba.…sisale aris HV:11
Si warmodgenili mona
vTqvaT, rom 16000C sakmar
li gamkvrivebisaTvis. 

li nimuSebis fizikur-teqnikuri maxasiaTe
 

erTo fo-
rianoba,     
∏, % 

simkvrive,   
ρ, g/sm3 

wneva, 
mpa 

simtki
zRva

kumSvi
mpa

4,35 2,97 30 161

 

kuri mikrosi-
i ganisazRvra 
aSoriso stan-
dinamikur ul-

DUH-211S, rome-
ebis meqanikuri 
e, drekadobis 
ba.  
nexil nimuSze 
anabeWdi aRe-
aReba moxda 

o simagre aris 

(DH) ganisaz-
i indentorze 
sa da masalaSi 
eloba gamoiT-

a mudmivi si-
entoris for-
Tvis tolia: 

lebriv stati-
omebis (diago-
, mdgomareobs 
rc plastikur, 
vebis Sedegebi 
Wdis zomebze, 

datvirTvebsa da drekad
gvarovnebaze. 

dinamikuri sisale g
va-gantvirTvis reJimSi, T
datvirTvaze Svidi anaT
ukiduresi mniSvnelobis 
darCenili xuTi sididi
krosisalis Sesabamisi 

sazRvreboda avtomatur
datvirTvis maqsimumze 
gantvirTvis bolos _ 3 

indentireba moxda CH
dawnexili nimuSis ma
Sedgeba β-sialonisagan
misi saSualo dinamiku
DHV=10290mpa-s, rac sakm
belia [27-29]. 

datvirTva-gantvirTvi
grafikidan (sur. 4) gani
bis modulis sidide S=
dadgeniT. is aris da
grafikis mxebi gantvirT
Si. xelsawyo gansazRvra
drekadobis moduls, r
nimuSis SemTxvevaSi tol

 
 

baTa maxasiaTeblebs 
leba SevniSnoT daya-
ena fizikur-teqnikur 
d dawnexili nimuSe-
s 0,7 % da simtkicis 
9 mpa, xolo reaqci-
T miRebuli nimuSis 
s zRvari kumSvisas 
_ 15,2 %. rogorc mo-
omisebrad Seicvala 
visas da Ria foria-

40. Cven mier cxril-
cemebidan SegviZlia 
risia nimuSebis sru-

 
cxrili 4 

eblebi 

icis 
ari 
isas, 
a 

simtkicis 
zRvari  

Runvisas, 
mpa 

9 420 

di aRdgenis araerT-

anisazRvra datvirT-
TiToeul konkretul 
Tvalis aRebiT, ori 
ugulebelyofiT da 

is gasaSualebiT. mi-
mniSvneloba gani-

rad. dayovnebis dro 
Seadgenda 5 wm-s, 

wm-s (sur. 4, a, b). 
H-6 16000C-ze, cxlad 
atricaSi, romelic 
. gamocdis Sedegad 
ri sisale Seadgens 
maod maRali maCvene-

is damokidebulebis 
isazRvreba drekado-
=(dF/dh)h-hmax sixistis 

atvirTva-gantvirTvis 
Tvis sawyis wertil-
avs sakvlevi masalis 
romlis sidide Cveni 
lia: E=199gpa. 
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me-5 suraTze naCvenebia SiA
aRebuli anabeWdi, saidanac 
beWdis forma mkveTria, gamok
ebiT. wiboebis gaswvriv SeiniS

 
 

 

 

su

b) i
 

 

AlON matricaSi 
Cans, rom ana-
kveTili wibo-
Sneba Tanabari 

zomis bzarebi, rac m
erTgvarovnebasa da maR
kvriveze. 

a) 
 
 

b) 
 

ur. 4. datvirTva-gantvirTvis mrudebi:  
a) indentorze datvirTvis Zalis,  

indentoris masalaSi SeRwevis siRrmis 

metyvelebs matricis 
Ral fardobiT sim-
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sur. 5. SiAlON matricaSi a
anabeWdi, datvirTva 2

 
 

s
 
 

 
s

 

 

aRebuli  
00 g 

reaqciuli Secxobis 
dawnexiT 16000C-ze miReb
6 fazuri Sdgenilobis 
Catarda rentgenostru
tronuli mikroskopiis m

rentgenostruqturul
rentgenis aparatze дрон
daRebulia 22,5_650 kuTx
qariT 20 wuTSi. orive 
modgenilia me-6_7 suraT

kompozitis rentgeno
lia sialonis damaxas
uli maqsimumebi Dhkl : 7,9
2,19; siliciumis karbidi
2,014; korundi _ Dhkl:3,49; 

sur. 6. CH-6 kompozitis X-ray (14500) 

sur. 7. CH-6 kompozitis X-ray (16000) 

meTodiT da cxlad 
buli kompozitis CH-
Sesaswavlad kvleva 
qturuli da eleq-
meTodebiT. 

li analizi Catarda 
н-3. rentgenograma ga-
xis intervalSi, siC-
rentgenograma war-

Tebze.  
ogramaze gamokveTi-
iaTebeli difraqci-

95; 5,63; 3,85; 3,65; 2,520; 
i _ Dhkl: 2,63; 2,370; 2,19; 
2,52; 2,36; 2,090.  
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rogorc orive rentgenogram
6 kompoziti ZiriTadad Sedgeba
gan, romelsac aqvs heqsagonur
aseve Seicavs siliciumis ka
runds, romlebic Tavidan Sei
zitSi. orive SemTxvevaSi komp
ca β sialonia da ganmtkicebul
da siliciumis karbidis krist

eleqtronul-mikroskopuli 
da JEOL firmis eleqtronul-r
kanirebeli) mikroskopis saSua

 

a) x 270  

g) x2200    

sur. 8. CH-6 ko
sxvadasxva 

midan Cans, CH-
a β sialonisa-
ri struqtura, 
rbids da ko-
iyvaneba kompo-
pozitis matri-
lia korundisa 
alebiT. 
kvleva Catar-

rastruli (mas-
lebiT. meTodi 

efuZneba areklili el
reuli amotyorcnili el

areklili eleqtrone
pozitis fazuri analiz
texeT zedapiris paral
lia texi iyos axali mi
modgenilia me-8 suraTz
x2200, d) x2700 gadidebis

me-8 suraTze Cans β 
gari matrica, rac ad
struqturuli analizis 

 

      
 

                                 b) x 1000 
 

        
 

                                    d) x270
 

ompozitis eleqtronul-mikroskopuli suraTe
gadidebisas: a) x270; b) x1000; g) x2200; d) x2700

leqtronebis da meo-
leqtronebis asaxvas. 
ebis saSualebiT kom-
zis dros nimuSi gav-
lelurad. aucilebe-
iRebuli, Sedegi war-
ze: a) x270, b) x1000, g) 
sas. 
sialonisagan Semd-

dasturebs rentgeno-
monacemebs. 

 

 

00 

ebi  
0 
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CH-6 kompozitis eleqtronu
piis suraTebze naCvenebia kar
nimuSis zedapiri, romelzec 
kristalebi im ZiriTadi faze
sac Seicavs 16000C-ze cxla
kompoziti, konkretulad mat
sialons, SiC-sa da korunds.  

arc erT nimuSSi ar ari
nimuSebis rentgenostruqturu
monacemebi TanxvedraSia eleq
roskopiis suraTebTan. aq naTe
li dawnexisas mineralogiuri
ar Seicvala, reaqciuli Secx
nimuSebTan SedarebiT, rac u
Cans didi gadidebis SemTxveva

igive nimuSis mikrorentg
analizi Catarda OXFORD IN
deteqtorze X-max, risi saSua

 
 

sur. 9. 

 
 

uli mikrosko-
rgad Semcxvari 

gamokveTilia 
ebisa, romleb-
ad dawnexili 
tricis saxiT 

is forebi. am 
uli analizis 
qtronuli mik-
elia, rom cxe-
i Sedgeniloba 
xobiT miRebul 
ufro mkafiod 
Si. 
genospeqtruli 
NSTURMENTALS 
alebiTac mivi-

ReT kompozitis Semcvel
Sedgeniloba. analizis 
me-9 suraTze. 

me-9 suraTze warmod
nexiT miRebuli CH-6 ko
tgenospeqtruli analiz
ze da Semadgenel el
procentuli Semcveloba
kompozitis ZiriTadi Se

me-9 suraTze sialon
tebis: siliciumis, alu
azotis procentuli Sem
aseve dafiqsirebulia e
romelic SiC-s Semcvelo
gbadis gazrdili raod
Semcveloba asaxavs rog
korundis arsebobas kom

 
CH-6 kompozitis mikrorentgenospeqtruli  

analizi monakveTze spectrum 1 
 

l elementTa zogadi 
Sedegebi mocemulia 

dgenilia cxeli daw-
ompozitis mikroren-
zi spectrum1 monakveT-

lementTa sqema, maTi 
a, saidanac Cans, rom 
emadgeneli sialonia. 
is Semcveli elemen-

uminis, Jangbadisa da 
mcvelobaa mocemuli. 
elementi naxSirbadi, 
obaze mianiSnebs. Jan-
denoba da aluminis 
gorc sialonis, aseve 
mpozitSi. 
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warmodgenilia elementTa 

amsaxveli sqemebi SedarebiT 
spectrum 2, 3, 4, 5. suraTze warm
tilebis mikrorentgenosturqt
zi TvalsaCino suraTs iZle
wertilebSi arsebuli fazis
elementebis Semcvelobis Ses
Cans sialonis, siliciumis kar
rundis Semadgeneli element
fazebis procentuli Semcvelo
ze procentuli Tanafardoba 
nairia, rac mianiSnebs CH-6 mi
zitis erTgvarovan struqtura
xdis eleqtronuli mikrosko
Sedegebs. 

 

 

3. daskvna 
miRebulia CH-6 kompoziti

katuri nedleulis bazaze, r
xobis meTodiT. 

Seswavlilia kompozitis 
kuri Tvisebebi da fazuri Se

       

       
 

sur. 10. CH-6 kompozitis  
mikrorentgenospeqtruli analizi 

Semcvelobisas 
mokle ubnebze 
odgenili wer-

turuli anali-
va swored am 
s Semadgeneli 
saxeb, saidanac 
rbidisa da ko-
ebis ZiriTadi 

oba. yvela uban-
TiTqmis erT-

iRebuli kompo-
aze da naTels 
opuli kvlevis 

i aluminsili-
eaqciuli Sec-

fizikur-teqni-
dgeniloba. Zi-

riTadi fazebia: β sial
kompozitis matrica, sil
korundi. 

dadgenilia, rom sial
ba xdeba nitroaluminTe

reaqciuli Secxobis 
CH-6 kompozitis Semdg
cxeli dawnexis meTodi
bebiT xdeba kompozitis
maCveneblebis naxtomiseb

cxeli dawnexiT vaku
wneviT da bolo tempe
dayovnebiT miRebulia ma
vrivisa da simtkicis CH
logiuri Sedgeniloba 
lebi Tvisebebis mixedvi
temperaturuli nakeTob
esenia: Termowyvilebis 
Rumlebis amonagebi, mWr
saxiT liTonisa da qvis 

 

 

     

loni, romelic aris 
liciumis karbidi da 

lonis (SiAlON) miRe-
ermuli procesebiT. 

meTodiT miRebuli 
omi damuSavebiT da 
T nimuSebis dayali-
s fizikur-meqanikuri 
bri zrda.  
umSi 16000C-ze 30 mpa 
eraturaze 10_12 wT 
aRali sisalis, simk-

H-6 kompoziti. minera-
ar Seicvala. masa-

T gamoiyeneba maRal-
bebis dasamzadeblad. 
damcavi garsacmebi, 

reli instrumentebis 
damuSaveba da sxva. 
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UDC 666. 762.93 
PREPARATION OF COMPOSITES BY NITRO ALUMINOTHERMIC PROCESSES BY REACTIV  
SINTERING AND HOT PRESSING 
Z. Kovziridze, N. Nizharadze, N. Darakhvelidze, G. Tabatadze, Z. Mestvirishvili 
 

Resume: Goal: The goal of the research is preparation of SIALON-containing composite through nitro alumino-
thermal processes, by the methods of reactive sintering and hot compaction.  

Method: The composite CH-6 was obtained by the method of reactive sintering, with further grinding and hot 
compression in vacuum furnace at 16000C , under 30 mPa pressure and standing at the final temperature for 10-12 
minutes. Precursor was prepared in a thermostat at 1500C temperature by double compression. Pressure equaled to 
20-25 mPa.  

Results: Physical-technical properties of samples prepared via hot compaction were investigated. Limit of hardness 
at compression - 1640 mPa, limit of hardness at bending – 490 mPa, flexibility module 199,5 gPa HV -11,40 gPa. X-Ray 
diffraction analysis, electron microscopic and micro X-ray diffraction analysis were used to investigate composite mi-
crostructure and phase composition. Composite formulation was defined, the main phases of which are: β –SIALON, 
corundum and silicium carbide.  

Conclusion: Composite CH-6 has been selected from the obtained composites, which is characterized by relatively 
high physical-technical properties: strength, density and hardness. 

 
Key words: high refractory composite; reactive sintering; nitro aluminothermic processes; SIALON; corundum; si-

licium nitride; silicium carbide. 
 

 
УДК 666. 762.93 
ПОЛУЧЕНИЕ СИАЛОНСОДЕРЖАЩИХ КОМПОЗИТОВ НИТРОАЛЮМОТЕРМИЧЕСКИМИ  
ПРОЦЕССАМИ, МЕТОДАМИ РЕАКЦИОННОГО СПЕКАНИЯ И ГОРЯЧЕГО ПРЕССОВАНИЯ 
Ковзиридзе З.Д., Нижарадзе Н.С., Дарахвелидзе Н.И., Табатадзе Г.С., Мествиришвили З.Д. 
 

Резюме: Цель работы: получение сиалонсодержащих композитов нитроалюмотермическими процессами, 
методами реакционного спекания и горячего прессования. 

Метод: методами реационного спекания и последующим горячим прессованием получен композит CH – 6 
при температуре 16000C и под давлением 30 МПа в вакуумной печи. Подготовка прекурсора производилась в 
термостате при 1500 C, под давлением холодного прессования 120 – 150 кг/ см2 и 200 – 250 кг/ см2. 

Результаты: проведены исследования физико-технических свойств образцов, полученных реакционным 
спеканием и горячим прессованием. Механические показатели образцов, полученных горячим прессованием: 
предел прочности при сжатии 1640 МПа, предел прочности при изгибе 490 МПа, модуль упругости 199,5 ГПа. 

Рентгеноструктурным, электронно – микроскопическим, микрорентгеноспектральным анализами изучены 
микроструктура и фазовый состав полученного композита. 

Выводы: композит CH – 6 характеризуется высокими физико-техническими свойствами: высокой твердо-
стью, плотностью и прочностью, что позволяет получать высокотемпературные изделия, такие как защитные 
чехлы термопары, применять при печной футеровке, в машиностроении - для изготовления шариковых под-
шипников, в качестве инструмента для металло-камнеобработки и т.д. 

 
Ключевые слова: высокоогнеупорный композит; реакционное спекание; нитроалюмотермические про-

цессы; сиалон; корунд; нитрид силиция; карбид силиция. 
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reziume: mizani: titanis karbonitridisa 

da maRali lRobis temperaturis mqone Sema-
kavSirebeli liTonuri fazis SerwymiT miRe-
bulia mcirevolframiani mWreli kompoziti. 
meTodi: kompoziti miRebulia dawnexiT da 

Semdgomi SecxobiT vakuum-RumelSi 16000C-ze, 
10-3pa wnevisas. fazuri analizi Seswavlilia 

rentgenis aparatze DRON-3, mikrostruqtura 
_ eleqtronul mikroskopze NANOLAB-7, mik-
rosisale MUCKE markis mikrosisalis sazom-
ze, saWrisebis SedarebiTi medegoba Sefase-
bulia Wris erTnairi reJimebis dros gavli-
li manZiliT, cdebi Catarebulia saxarato 
Carxze. Sedegebi: miRebuli kompozitis fizi-
kur-meqanikuri maCveneblebia: σR=1000_1150mpa, 
σR1000

0C,=600mpa, HV=14gpa; HV10000C=6,5 gpa. Wris 
maRali siCqarisa da maRali temperaturis 
pirobebSi, sakvlevi kompozitiT damzadebu-
li saWrisebis medegoba 1,5_2-jer aRemateba 

BK8 da KNT20 sali Senadnobebis saWrisebis 
medegobas. daskvna: rekomendebulia misi ga-
moyeneba gaxurebuli foladebis WriT damu-
Savebisas e.w. cxeli nawiburebis moxsnisTvis, 
agreTve foladebis WriT damuSavebisas suf-
Ta da naxevrad sufTa operaciebze. 

 
sakvanZo sityvebi: metalokeramikuli; kom-

poziti; mWreli masala; maRaltemperaturu-
li; mxurvalmtkice; mikrosisale. 

 
 
1. Sesavali 
sainstrumento masalebis ZiriTadi mocu-

loba dRemde volframis bazaze iwarmoeba, 
romlis maragi TandaTan iwureba. amasTan 
dakavSirebiT mecnierebis winaSe dgas prob-
lema, Seqmnan axali kompoziciuri masalebi 
volframis gareSe an Seamciron misi Semc-
veloba minimumamde da SeinarCunon is fizi-
kur-meqanikuri da saeqspluatacio Tvisebebi, 
rac volframis bazaze miRebul kompozitebs 
aqvs [1-6]. am problemis gadasaWrelad ro-
gorc msoflios mraval qveyanaSi, aseve sa-
qarTvelos teqnikur universitetSic xorci-
eldeba kvlevebi, romelsac safuZveli akade-
mikosma T. lolaZem Cauyara [7-16]. mas didi 
sakmao wvlili miuZRvis liTonebis WriT 
damuSavebis Teoriis ganviTarebaSi [7-11]. 

 

2. ZiriTadi nawili 
rogorc cnobilia, mWreli instrumenti 

ZiriTadad eqvemdebareba bunebiT or gans-
xvavebul daSlis tips: myife da plastikuri 
[7,17,18-24]. Wris normalur pirobebSi saWi-
roa, rom instrumenti arc erT am daSlas 
ar daeqvemdebaros da flobdes sakmao 
plastikur da myife simtkices. 

myife msxvreva xdeba, roca mTavari gam-
Wimavi Zalebi instrumentis mWreli nawilis 
e.w. „saSiS zonaSi“ aRwevs zRvrul sidides, 
masalis simtkicis zRvars. plastikuri de-
formacia xdeba, roca Zvradi daZabuloba 
sxeulis garkveul moculobaSi Warbobs 
denadobis zRvars da iwyeba denadoba. Wris 
procesSi mWreli wibo ganicdis araTanabar 
da yovelmxriv SekumSvas, intensiur gaxu-
rebas da garbilebas, rac mis plastiku-
robas amaRlebs. dadgenilia, rom mWrel 
instruments SeuZlia WriT daamuSaos masa-
la Tu misi sisale 1,4-jer aRemateba dasa-
muSavebeli masalis sisales [7]. sisalis 
Sefardeba SenarCunebuli unda iyos Wris 
nebismier pirobebSi anu sainstrumento masa-
lis gaxurebis SemTxvevaSic. 

standartuli sali Senadnobebis plasti-
kuri daSlis erT-erTi umTavresi mizezia 
sakontaqto fenebis gaxureba da maTi gar-
bileba Wris procesSi, amitom didi mniS-
vneloba aqvs sainstrumento masalis sisa-
lis temperaturul damokidebulebas. 

mWreli liTon-keramikuli kompozitebi 
Sedgeba liTonuri faziT SekavSirebuli 
karbidebis, nitridebis, boridebis an maTi 
myari xsnarebisgan. am kompozitebis e.w. 
keramikuli faza naklebad eqvemdebareba 
plastikur deformacias. mWreli instru-
mentis plastikuri deformaciis mizezad 
gvevlineba SemakavSirebeli liTonuri faza, 
amitom plastikuri simtkicis awevis mizniT 
SeiZleboda Segvemcirebina liTonuri fazis 
Semcveloba, misi Semcireba ki gamoiwvevs 
myife simtkicis zRvris Semcirebas. akade-
mikosma lolaZem Tavis droze gamoTqva 
mosazreba [9], rom mWreli instrumentis 
gaumjobesebis erT-erTi gza liTonuri Sem-
kvrelis plastikuri simtkicis amaRlebaa. am 
mizniT Catarebuli kvlevebis Sedegad miRe-
bul iqna ramdenime kompoziti. ganvixilavT 
erT-erTs, T mcirevolframian kompozits, 
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romlis SedgelobaSi Sedioda

42; TiN – 30-42; Ni- 6-10; Mo-10-12; W
kompozitis Secxoba xdebo

melSi 16000C-ze, 10-3pa pirobe

sur. 1. mcirevolf

rentgenostruqturul

sakvlevi kompozitis mikros
Tavresad erTgvarovania (sur.
Ceuli metaluri faza sakm
akavSirebs karbonitridis mar
dac miuTiTebs simtkicis zR
σR=1100_1150 mpa (cxrili 1), 
igive temperaturaze Semcxvari
bonitridis simtkicis zRva
σR=500mpa, titanis karbonit
lebis zomebi 1_2 mkm zomisaa

s

a mas.%: TiC -30-
W-10-12.  
oda vakuum-Ru-
ebSi. Secxobis 

procesSi titanis karbid
ridis urTierTqmedebiT
karbonitridi, rac ren
analizma daadastura (s

 
 

framiani kompozitis Secxobisas mimdinare pro

i analizi: a) liTonuri Ni-Mo-W-is fazis Tan
b) liTonuri fazis gareSe 

 
struqtura um-
. 2, a, b), Ser-
maod mtkiced 
rcvlebs, raze-
Rvari Runvisas 

maSin, roca 
i titanis kar-
ari Runvisas 

tridis marcv-
a (sur. 2). Sec-

xobis temperaturis mn
medeba karbonitridis m
ar dafiqsirebula, rac
karbonitridis naklebi 
is metalur fazaSi. 

radgan sisalis sidid
ba eniWeba Wris proce
rogorc oTaxis, aseve
rebze.

 

      
 

sur. 2. T kompozitis mikrostruqtura 
 

disa da titanis nit-
T warmoiqmna titanis 
ntgenostruqturulma 
ur. 1). 

ocesis  

naobisas da  

niSvnelovani zemoq-
marcvlebis sidideze 
c SeiZleba aixsnas 
xsnadobiT Ni-Mo-W-

des didi mniSvnelo-
sisTvis, is gaizoma 
e maRal temperatu-
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oTaxis temperaturaze si
rogorc rokvelis meTodiT, 
sxvadasxva datvirTvis pirobe
mizniT paralelurad gazomil

tuli Senadnobebis _ BK8 (W
KNT20 (TiCN80-(Ni,Mo)20%) max
 

sakvlevi da st

კომპოზიტის  
დასახელება 

სიმტკიცე ღუნ-
ვისას, σღ,მპა 

T 900-1150 
BK8 1400-1500 

KNT20 1300-1400 
 

rogorc cxrilidan Cans w
debuleba mikrosisalesa da
sidides Soris erTmniSvnelov
sirda. garkveuli gadaxrebi g
sxvadasxva faqtoriT, romle
axdens sisalis ricxviT mniS
salis araerTgvarovnebaze, ma
mebze, gazomvis cdomilebaze d

b) BK8     

sur. 3. mikrosisa

5N datvirTvisas: a) T 

sale gaizoma 
aseve vikersiT 
bSi. Sedarebis 

l iqna standar-

WC92-Co8%) da 

xasiaTeblebic. 

mikrosisale gaizoma kl
teqnikuri universiteti
raze. 

oTaxis temperaturaz
zomvis Sedegebi warmodg
Si da suraTebze (3, 4, 5).

tandartuli kompozitebis meqanikuri Tvis
oTaxis temperaturaze 

 

HRA 
HV,გპა 5N  

დატვირთვისას 
HV,გპა 15N 

დატვირთვისას 

88-89 9-10 8-9 
89-90 10-11 11-12 
89-90 15-16 16-17 

wrfivi damoki-
a datvirTvis 
vnad ar dafiq-
anpirobebulia 
ebic gavlenas 
vnelobaze, ma-
arcvlebis zo-
da sxva [25-27]. 

mikrosisalis gazomvi
datvirTvis moxsnis Semd
gavlili gzis Sedareb
siaTebina drekadi defo
ricxobrivad maTi sxva
movTvaleT. aRmoCnda, r
nadnobebisaTvis is icvl
lebSi, xolo sakvlevi 
vaSi saerTod ar dafiqsi

 

 
a) T 

   
 

                                                                       g) KNT20 
 

alisa da indentoris mier gavlili gzis graf

sakvlevi kompozitis, b) BK8 da g) KNT20 Senadn

laustalis (germania) 
is keramikis kaTed-

ze mikrosisalis ga-
genilia 1-el cxril-
. 

cxrili 1 
sebebi 

HV,გპა 50N 
დატვირთვისას 

7-8 
11-12 
14-15 

isas datvirTvisas da 
deg, indentoris mier 
iT, vcadeT dagvexa-

ormaciis sidide, rac 
obis procentiT ga-
om standartuli Se-
leboda 22_38% farg-
kompozitis SemTxve-
irda. 

 

fikebi  
obebisTvis 
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a)                                                  b) 

 
sur. 4. mikrosisalisa da indentoris mier gavlili gzis grafikebi  

50N datvirTvisas: a) T sakvlevi kompozitis, b) KNT20 SenadnobisTvis 

 
 

 
a)                                                b) 

 
sur. 5. mikrosisalisa da indentoris mier gavlili gzis grafikebi 

100N datvirTvisas: a) T sakvlevi kompozitis, b) KNT20 SenadnobebisTvis 
 

 indentoris anabeWdebze dakvirvebam gviC-
vena (sur. 6, a, b), rom sakvlevi kompozitis 
sazRvrebi darRveulia yvela datvirTvis 

SemTxvevaSi, standartuli BK8-is SemTxveva-

Si ki rRveva 15N datvirTvis Semdeg fiqsir-

deba, xolo KNT20 Senadnobis SemTxvevaSi, 
sadac 20% nikel-molibdenis liTonur Sema-
kavSirebels Seicavs, anabeWdis sazRvrebis 

rRveva ufro meti _ 50N datvirTvisas fiq-
sirdeba, rac, Cveni azriT, miuTiTebs sakv-
lev kompozitSi, standartul SenadnobebTan 
SedarebiT, drekadi deformaciis naklebo-
baze oTaxis temperaturis pirobebSi. 

sisalis maxasiaTeblebis maRal tempe-
raturebze gansazRvriT (cxrili 2) vnaxeT, 
rom sakvlevi kompoziti sisales inarCunebs 
sakmaod maRal temperaturamde maSin, roca 
standartuli kompozitebi kobaltis an 

nikel-molibdenis liTonuri SemakavSireb-
liT sagrZnoblad CamorCeba mas, rac 
ganapiroba SemakavSirebeli metaluri fazis 
mxurvalmedegobis gazrdam, masSi metaluri 
volframis SeyvaniT. 

 

cxrili 2 
kompozitebis sisalis  

temperaturaze damokidebuleba 
 

ტემპერა-
ტურა, 

t 0C 

სისალე HV, გპა 

საკვლევი
კომპოზიტი T 

WC92-Co8 TiCN80-Co20 

200 14,0 13,0 14,0
400 13,0 10,5 11,5
600 11,0 8,0 8,5
800 9,0 5,5 6,0
1000 6,5 3,5 4,0
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N კომპოზიტის დასახელება 
T BK KNT 

 
 
 
5 

 

 
 
 
15 

 
 
 
50 

 

sur. 6. indentoris anabeWdebis  

suraTebi 5, 15, 50 N datvirTvisas 

 
Runvaze simtkicis zRvris gansazRvram ma-

Ral temperaturaze gviCvena, rom sakvlevi 
mcirevolframiani kompozitis simtkice TiT-
qmis ar icvleba 10000C-mde, nimuSebis gamoc-
dis temperaturis Semdgomi zrdisas simtki-
cis zRvari Runvisas mdovred ecema, magram 
12000C-ze jer kidev inarCunebs 400_600mpa 
sidides (sur. 7). 

Catarebul iqna eleqtronul mikrosko-
puli kvleva sakvlevi kompozitis nimuSebis 
texisas, Runvaze simtkicis zRvris gamocdis 
Semdeg (sur. 8). oTaxis temperaturaze gate-
xili nimuSis (sur. 8, a) SemTxvevaSi Cans, 
rom rRveva xdeba rogorc marcvalTSoris, 
aseve transkristalituri meqanizmiT, xolo 
maRal temperaturebze _ marcvalTSoris 
metalur fazaze (sur. 8, b). 
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sur. 7. T da KNT20 kompozitis Runvaze simtkicis  
zRvris temperaturaze damokidebulebis mrudebi 

 
 

 
a) 

 

                  
                              b)                                                  g) 

 
sur. 8. T kompozitis texis eleqtronulmikroskopuli suraTi Runvaze  

simtkicis zRvris gamocdis Semdeg: a) oTaxis temperaturaze, b) 8000C; g)12000C 
 

medegobaze Catarebulma cdebis [28-30] Sedegebma naxSirbadovani, legirebuli fola-
debisa da mxurvalmtkice Senadnobebis WriT damuSavebisas gviCvena, rom sakvlevi kompo-
zitis medegoba 1,5_2-jer aRemateba standartuli kompozitebis medegobas (sur. 9, a, b, g). 
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g) 
 

sur. 9. medegobis mrudebi T, BK da KNT kompozitebisaTvis  

sxvadasxva masalis WriT damuSavebisas: a) folad HRC=45-is, b) Tujisa da  

g) uJangavi foladis (α=α1=90; φ =450; φ1 =35; λ=00; t=1mm; S=0,21mm/br) 
 

 

folad 45-is (HRC-45) damuSavebisas, Wris 
dabali siCqaris dros, medegobis maCvene-
beli (sur. 9, a) yvela kompozitisTvis met-
naklebad erTnairia, romelic ganisazRvreba 
myife adheziuri cveTiTa da CamofxvniT, rad-
gan maT daaxloebiT erTnairi simtkicis 
zRvari aqvs. Tujis damuSavebisas dabali 

Wris siCqaris pirobebSi v=5_10 m/wT (sur. 7, 
b) medegoba daaxloebiT isev erTnairia, 

xolo v=5_10 m/wT siCqarisas T kompozitis 

medegoba bevrad aRemateba BK8 da KNT20 
medegobas, asevea uJangavi foladebis damu-
Savebisas (sur. 9, g). 

sakvlevi kompozitis metalur SemakavSi-
rebelSi maRali lRobis temperaturis 
mqone volframis damatebiT, zogadad, am 
kompozitis plastikuri simtkice gaizarda, 
rac gamoixata maRali siCqareebis Wrisas 
mis upiratesobaSi [31]. 

maRali plastikuri simtkicisa da difu-
zuri medegobis Sedegad sakvlevi mcire-
volframiani kompozitis mniSvnelovani upi-

ratesoba dafiqsirda BK8 da KNT20-is mimarT 
gaxurebul mdgomareobaSi foladis WriT 
damuSavebisas SenaduRi milebis Siga da 
gare nakerebis moxsnis operaciaze, roca 
Wris temperatura 900_9500C aRwevda.  

3. daskvna 
titanis karbonitridisa da maRali lRo-

bis temperaturis mqone SemakavSirebeli li-
Tonuri fazis SerwymiT miRebuli mcirevol-
framiani mWreli kompoziti SeiZleba gamo-
yenebul iqnes foladebis WriT sufTa da 
naxevrad sufTa damuSavebisas. rekomendebu-
lia misi gamoyeneba agreTve gaxurebuli 
foladebis WriT damuSavebisas e.w. cxeli 
nawiburebis moxsnisTvis. 
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UDC 621.9.02 
METAL-CERAMIC COMPOSITES FOR METAL TREATMENT BY CUTTING 
Z. Kovziridze, N. Nizharadze, A. Mikanadze, G. Tabatadze 
 

Resume: The Goal: Low wolfram-containing cutting composite was obtained by fusion of titanium carbonitride 
and binding metal phase of high melting temperature; Method: The composite was prepared by compaction and fur-
ther baking in vacuum furnace at 16000C and 10-3 Pa pressure. Method: analyses were performed on the X-Ray diffrac-
tion apparatus DRON-3, microstructure - on electron microscope NANOLAB-7, micro hardness - on micro-hardness 
meter of the mark MUCKE; relative resistance of cutters was estimated according to distances run at similar cutting 
regimes. Experiments were performed on turning machine. Results: Physical –mechanical proper of the prepared 
composite are as follows: σbend.=1000-1150 MPa, σbend.1000

0C,=600 MPa HV=14GPa; HV1000
0C 6,5 GPa. At the terms of 

high cutting rates and high temperatures stability of cutters prepared by the composite under the study exceeds 1,5-2 
times that of the known BK8 and KNT20 hard composite cutters. Conclusion: Its application is recommended in hot 
steel treatment by cutting, for removal of the so called edges/seams, as well as in steel treatment by cutting, during 
pure and semi-pure operations. 

 
Key words:  metal-ceramic; composite; cutting material; high-temperature; heat-resistant; micro hardness. 

 
 
УДК 621.9.02 
МЕТАЛЛОКЕРАМИЧЕСКИЙ КОМПОЗИТ ДЛЯ ОБРАБОТКИ МЕТАЛЛОВ РЕЗАНИЕМ 
Ковзиридзе З.Д., Нижарадзе Н.С., Миканадзе А.И., Табатадзе Г.С. 
 

Резюме: Целью является получение маловольфрамового режущего композита связыванием карбонитрида 
титана с высокотемпературной металлической фазой. Методы: композит получен предварительным прессова-
нием и последующим спеканием в вакуум-печи при температуре 16000С и давлении 10-3Па. Фазовый анализ 
проведен на рентгеновском аппарате DRON-3, микроструктура на электронном микроскопе NANOLAB-7, микро-
твердость на микротвердомере фирмы «MUCKE», сравнительная стойкость резцов оценивалась длиной прой-
денного пути резания при одинаковых режимах обработки. Испытания проводились на токарном станке. Ре-
зультат: физико-технические показатели исследуемого композита: σизг.=1000-1150МПа; σизг.1000

0C,=600МПа; 
HV=14ГПа; HV1000

0C =6,5ГПа. Стойкость резцов, изготовленных из исследуемого композита, в 1,5 и 2-раза пре-
восходит стойкость резцов из известных твердых сплавов ВК8 и КNT20. Заключение: Рекомендовано использо-
вание полученного маловольфрамового композита для обработки резанием сталей при чистовых и получисто-
вых операциях, а также для обработки сталей в нагретом состоянии - т.н. для снятия горячих сварных швов. 

 
Ключевые слова: металлокерамический композит; режущий материал; высокотемпературный; жаро-

прочный; микротвердость. 
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uak 591.2 
marTvadi lokaluri hiperTermiis meTodiT swori nawlavis kibosa 
(proqtologiuri) da saSvilosnos yelis daavadebebis samkurnalo apa-
rati da usafrTxoebis Seswavla TeTr virTagvebze 
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qimiuri da biologiuri teqnologiebis departamenti, saqarTvelos teqnikuri universiteti, 
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reziume: mizani: Seswavlilia hiperTermiis 
monoTerapiuli efeqti swori nawlavis kibo-
sa da saSvilosnos yelis daavadebebis sam-
kurnalod. meTodi: marTvadi lokaluri hi-
perTermiis meTodis ganviTarebisaTvis, eqspe-
rimentul masalaze dayrdnobiT, gamoyenebul 
iqna xelsawyo `lezi~, romelic Seiqmna stu-
is bionanokeramikisa da nanokompozitebis ma-
salaTmcodneobis centrSi. Sedegebi:  yvela 
cxovelSi (3 Tvis albinosi Tagvebi) dafiq-
sirda kibos daavadebis SeCereba da ganvi-
Tarda intratumoruli nekrozi (saqarTvelos 
inteleqtualuri sakuTrebis erovnuli cent-
ri, saqpatenti. deponirebis damadasturebeli 
mowmoba 5054. `marTvadi lokaluri hiperTer-
mia da magnituri hiperTermia kibos daavade-
bebis samkurnalod~). daskvna: Sedegad dad-
ginda, rom 7_10 seansis Semdeg simsivne daw-
ylulda, rac eqsperimentis dadebiT Sedegze 
metyvelebs (paTologiur-anatomiuri labora-
toria ”paTjeos” daskvna. gamokvlevis #3119-12 
da histopaTologiuri gamokvleva #15272-13. 
diagnozis gacemis TariRi 14.01.2014 w. Tbi-
lisi, saqarTvelo). 

uvneblobaze eqsperimentma cxadyo, rom 
zemoaRniSnuli meTodis gamoyneba mkurnalo-
bis procesSi cxovelebisaTvis usafrTxoa. 

 
sakvanZo sityvebi: marTvadi lokaluri 

hiperTermia; nekrozi; dawyluleba; metasta-
zi; eqsperimenti; usafrTxoeba; mkurnaloba. 

 
 
1. Sesavali 
 
problemis aqtualuroba da kvlevis 

siaxle 
jandacvis msoflio organizaciis mona-

cemebiT avTvisebiani simsivneebiT ganpirobebu-
li avadobisa da misgan gamowveuli sikvdili-
anobis maCvenebeli gamudmebiT izrdeba mTel 
msoflioSi. dReisaTvis onkologiur avadm-
yofTa mkurnalobaSi wamyvani roli eniWeba: 

 

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

Todebia.  
Tumca, xSir SemTxvevaSi, kvalificiurad 

Catarebuli Carevis miuxedavad, daavadeba le-
taluri gamosavliT mTavrdeba. garda poli-
organuli ukmarisobisa, amis mizezia qimio-
radioTerapiiT gamowveuli imunuri sistemis 
daTrgunva, mielodepresia, leikopenia, kar-
dio-, nefro-, hepato- da neirotoqsikuroba, 
interkurentuli mikrobuli garTulebebi da 
sxva. yovelive es ganapirobebs avTvisebiani 
simsivneebis mkurnalobis axali gzebis Ziebis 
aucileblobas, romlebic mimarTuli iqneba 
simsivnis sawinaaRmdego strategiis gasaZ-
liereblad. 

pirvelad saqarTveloSi SeviswavleT mar-
Tvadi lokaluri hiperTermiis simsivnis sa-
winaaRmdego efeqti. hiperTermia aris meTodi, 
romelic gulisxmobs simsivnur ujredebze 
citostatikur zemoqmedebas ujredSi tempe-
raturis gazrdiT – Cven SemTxvevaSi tempera-
turuli veliT gamowveuli siTburi gabneviT. 

saqarTveloSi yovelwliurad avTvise-
biani simsivniT daavadebulTa raodenoba 
Svidi aTass aRwevs. daavadebulTa saerTo 
raodenoba ocdaTxuTmeti aTasia. 

cnobilia, rom avTvisebiani simsivneebi 
Sedgeba organizmis sakuTari ujredebisagan, 
romlebic normisagan mxolod imiT gansxvav-
deba, rom maTSi mimdinareobs ukontrolo 
SeuzRudavi gamravleba da zrda. amitom, av-
Tvisebian simsivneebSi metaboluri procese-
bis intensiuroba da, Sesabamisad, energeti-
kuli moTxovnilebebi ufro maRalia, vidre 
Cveulebriv qsovilebSi. am faqtoris gaTva-
liswinebiT perspeqtiulia onkologiurad 
daavadebul da mis mosazRvre qsovilebze 
iseTi zemoqmedebis gamoyeneba, romelic dro-
is erT monakveTSi amowuravs gadagvarebuli 
ujredebis energetikul potencials, gamoiw-
vevs maTi cilebis denaturacias (daRupvas), 
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amave dros SenarCunebuli iqneba janmrTeli 
ujredebis sicocxlisunarianoba [1-9]. 

aseTi biofizikuri zemoqmedeba SeiZleba 

iyos adgilobrivi hiperTermia (+42_+44oC). 
mTel msoflioSi avTvisebiani simsivne-

ebiT ganpirobebuli avadobisa da misgan 
gamowveuli sikvdilianobis maCvenebeli ga-
mudmebiT izrdeba da klebis tendencia ar 
gaaCnia. gaZnelebulia naadrevi diagnostika 
da avadmyofTa didi nawili stacionars gav-
rcelebuli simsivneebiT (III_IV stadia) mi-
marTavs, rodesac maT qirurgiuli, sxivuri 
da medikamenturi komponentebis gamoyenebiT 
kombinirebuli da kompleqsuri mkurnaloba 
esaWiroebaT. imata im pacientTa raodeno-
bamac, romlebic eqim-onkologs mimarTaven 
simsivnuri procesis dagvianebiTi klinikuri 
niSnebis manifestaciiTa da sxvadasxva meta-
boluri darRvevebiT.  

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

 

2. ZiriTadi nawili 
kvlevis mizania onkologiuri avadmyofe-

bis mkurnalobis uaxloesi da Soreuli Se-
degebis gaumjobeseba simsivnur warmonaqmnze 
marTvadi lokaluri hiperTermiis gamoye-
nebiT. 

aRniSnuli miznis misaRwevad dasaxulia 
Semdegi amocanebis gadaWra: 

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

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

hiperTermiis sxvadasxva reJimis Seswavla 
mkurnalobis uSualo da Soreul Sedegebze. 

 
mecnieruli siaxle 
eqsperimentul masalaze dayrdnobiT, sa-

qarTveloSi pirvelad iqna warmodgenili 
marTvadi lokaluri hiperTermiis simsivnis 
sawinaaRmdego monoTerapiuli samkurnalo 
efeqti da adiuvanturi moqmedeba simsivneTa 
poliqimioTerapiul mkurnalobaSi swori na-
wlavisa da saSvilosnos yelis daavadebebi-
saTvis. 

 

kvlevis obieqti da amocana 
kvlevis obieqts warmoadgenda 2_3 Tvis 

20_25 grami masis ujiSo araxazovani TeTri 
Tagvebi da maTi avTvisebiani simsivnuri 
ujredebi. kibos ujredebi Cveulebriv iRu-

peba daaxloebiT 42_440C, radgan Jangbadis 
miwodeba sisxlZarRvebiT arasakmarisia ma-
Sin, rodesac normaluri ujredebi ar 
ziandeba ufro maRali temperaturis dro-
sac. garda amisa, simsivne ufro advilad 
xurdeba, vidre garSemo mdebare normaluri 
qsovili, radgan sisxlZarRvebi da nervuli 
sistemebi naklebad ganviTarebulia simsiv-
neSi, amas garda aseTi daavadebuli ujre-
debis JangbadiT momarageba naklebia Cveu-
lebriv janmrTel ujredebTan SedarebiT [1-
15]. eqsperimenti Catarda cxovelebis Tormet 
jgufze. Sedegebi yvela jgufisaTvis Tanab-
rad dadebiTia da gamoqveynebulia iaponiaSi, 
aSS-Si, evropasa da saqarTveloSi. prezen-
taciebi gakeTebulia saerTaSoriso konfe-
renciebsa da msoflio kongresebze [16-20]. am 
Sedegebsa da ramdenime wlis muSaobis ga-
mocdilebaze dayrdnobiT gaCnda motivacia, 
raTa Seqmniliyo klinikuri aparatura vo-
luntari pacientebisaTvis, aparatura marT-
vadi lokaluri hiperTermiis meTodiT swori 
nawlavis (proqtologiuri) kibosa da saSvi-
losnos yelis daavadebebis samkurnalod. 
romelic Seiqmna saqarTvelos teqnikuri uni-
versitetis bionanokeramikisa da nanokompo-
zitebis masalaTmcodneobis centrSi.  

samuSaos mizans Seadgenda Cven mier kons-
truirebuli samkurnalo klinikuri aparati 
gamogveyenebina cxovelebze marTvadi loka-
luri hiperTermiis misaRebad. misi saSuale-
biT xdeboda temperaturuli velis mizanmi-
marTuli transportireba cocxal organiz-
mSi avTvisebiani simsivneebis samkurnalod. 

samuSaos arsi mdgomareobs imaSi, rom 
Cven mier Seqmnili klinikuri xelsawyos 
(sur. 1) zondis (hiperTermiuli Tavakis) meS-
veobiT xdeba temperaturuli velis trans-
portireba voluntari pacientis organizmSi 
hidro-hiperTermiuli meTodiT. am Tavakis 
simsivnur ubanSi CadgmiT, garkveuli drois 
ganmavlobaSi, romelic empiriulad ganisaz-
Rvreba, vnaxavT, rogor reagirebs pacienti 
mkurnalobaze da rogor eqvemdebareba daava-
deba mkurnalobas. zemoTqmulidan gamomdi-
nare, temperaturuli intervali Seadgens 

42_440C, xolo drois xangrZlivoba _ 20_40 
wuTs. 
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sur. 1. marTvadi lokaluri hiperTermiis meTodiT  
swori nawlavisa (proqtologiuri) da saSvilosnos yelis  
simsivnuri daavadebebis samkurnalo aparati. damzadebulia  
saqarTvelos teqnikuri universitetis bionanokeramikisa da  

nanokompozitebis masalaTmcodneobis centrSi  
(xelmZRvaneli, prof. z. kovziriZe) 

 
 
ZiriTadi parametrebi 
eleqtrokveba                                       220 v 160 vt 
gamacxeleblis eleqtrokveba                       60 v 100 vt 
avzis moculoba                                     0.5 l 
temperaturis regulirebis diapazoni gamosavalze 40.5–47.00C 
zondSi siTxis nakadis siCqare                      250 ml/wT 
 

aparatis damzadebisas gamoiyeneba same-
dicino daniSnulebis silikonis sadrenaJo 
milebi, manawileblebi da sxva samedicino 
aqsesuarebi. 

temperaturis kontroli xorcieldeba sa-
mi sensoriT. ori Termosensori gamoiyeneba 
hidrosistemis Sesasvlel-gamosasvlelze 

siTxis nakadebis temperaturis gasakontro-
leblad, romlis Sedegebi gamoisaxeba marT-
vis panelis 3-Tanrigian displeize. mesame 
sensori damontaJebulia gamacxelebelze da 
misi signali gamoiyeneba sistemis eleqtro-
nuli marTvis wredSi. 
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Termoparametrebis 

gansazRvris 
wredi 

 eleqtro- 
kvebis 
wredi 

 

 

 
sistemis 
marTvis 
wredi  

Zaluri 
wredi 

 

 

 
gazomvebis 

wredi 
 

gamacxelebeli 
  T  sensori 

 
sur. 2. temperaturis stabilizaciis  

eleqtronuli wredis sqema 
 
gamacxelebeli damzadebulia maRali si-

sufTavis vercxlis 4x7x220 mm milisgan. mi-
lis aqtiuri are dafarulia Tbogamtari 
eleqtrosaizolacio feniT, romelzec dax-
veulia spirali. milis daboloebaze da-
montaJebulia temperaturuli sensori, ro-

melic aRricxavs gamacxeleblidan gamosu-
li siTxis nakadis temperaturas. kargvebis 
Tavidan acilebis mizniT gamacxelebeli 
mTlianad dafarulia Termoizolaciuri 
damcavi garsiT. 

  

 
 

.

1

x

Temperature 
    sensor

Temperature 
    sensor

x

Temperature 
    sensor

 
 

sur. 3. hidravlikuri sistemis funqcionirebis sqema 
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hidravlikuri sistemis funqcionirebas 
uzrunvelyofs sami mudmivi denis dabali 
Zabvis eleqtrotumbo. tumboebis marTvis 
eleqtronuli bloki axorcilebs erT sa-
rezervo da sam muSa reJims: 

- muSaobs PUMP1 tumbo, rac gansaz-
Rvravs avzSi moTavsebuli siTxis cirku-
lacias gamacxeleblis gavliT. praqtiku-
lad es reJimi gamoiyeneba aparatis mosam-
zadeblad, avzSi siTxis temperatura sta-
bilurdeba marTvis panelidan gansazRvrul 
doneze (sur. 3). 

- muSaobs PUMP2 (reversul reJimSi) da 
PUMP3 tumboebi. praqtiulad zondidan 
amoitumbeba haeris da siTxis narCenebi. re-
Jimi gansazRvrulia garsacmiani zondis 
sxeulSi Seyvanis da gamoyvanis procesis 
Sesamsubuqeblad. 

- muSaobs PUMP2 da PUMP3 tumboebi, 
zondSi cirkulirebs saWiro temperatu-
ramde gacxelebuli wylis nakadi. zondidan 
amotumbuli siTxe gamacxeleblis gavliT 
brundeba avzSi, mimdinareobs samkurnalo 
aris gacxelebaze dakarguli temperaturis 
aRdgena (sur. 4). 

 
 

.

2

x

Temperature 
    sensor

Temperature 
    sensor

x

Temperature 
    sensor

3

xx

Pressure sensor

InputOutput  
 

sur. 4 hidravlikuri sistemis funqcionirebis sqema  
samkurnalo reJimSi 

 
 

hidravlikuri sistemis marTvis sqema 

uzrunvelyofs tumboebis muSaobas marTvis 

panelidan arCeuli reJimis Sesabamisad. 

hidravlikuri sistemis marTvis sqema 

gansazRvravs tumboebis intesiurobas 

zondSi saWiro wnevis (maqsimaluri 50 kpa) 

Sesaqmnelad. Warbma wnevam SesaZloa gamow-

vios sxeulis qsovilebis dazianeba. marTvis 

panelidan SesaZlebelia wnevis regulireba 

10% farglebSi. daavadebul qsovilTan 

zondis Sexebis farTobTa efeqturi Tboga-

dacemis procesis misaRebad SenarCunebuli 

unda iqnes saTanado siCqaris siTxis nakadi. 

arsebuli sistemis marTvis eleqtronuli 

sqema, klinikuri gamocdis Sedegebis mixed-

viT, axdens arsebuli fiqsirebuli parame-

trebis regulirebas farTo diapazonSi. 

hidravlikuri sistemis gamosasvlelze 

Semavali da gamomavali nakadebis Sesaer-

Teblad zondis Sesabamis milebTan gamoye-
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nebulia gadamyvan-Camketebi. zondTan mi-

saerTeblad gamoyenebulia silikonis sqel-

kedliani sadrenaJo milebi: 2x5 mm (Semava-

li) da 3x6 mm (gamomavali). hidravlikuri 

sistemis aparatis Siga SeerTebisTvis ga-

moyenebulia 4x8 mm silikonis mili. mowyo-

bilobaSi silikonis sqelkedliani milebis 

gamoyenebam, silikonis Termoizolaciuri 

Tvisebebis gaTvaliswinebiT, ganapiroba ga-

remos temperaturis umniSvnelo gavlena 

cirkulirebadi siTxis temperaturaze. regu-

lireba xdeba farTo diapazonSi. 

zondi silikonis milia, romelzec wa-

mocmulia Txelkedliani garsacmi. 

 

 

 

 
 
 

sur. 5 hiperTermiuli meTodiT  
swori nawlavisa da saSvilosnos yelis simsivnuri daavadebebis  

samkurnalo zondi 
 
 

marTvadi lokaluri hiperTermiis meTo-

dis gamoyenebis usafrTxoebis Seswavla Se-

moklebuli programiT TeTr virTagvebze 

meTodis arsi mdgomareobs kanqveSa qso-

vilebSi lokalurad 42_44 sm farglebSi 

mudmivi temperaturuli velis warmoqmnasa 

da SenarCunebaSi. 

mkurnalobis nebismieri axali meTodi 

Seswavlili unda iqnes usafrTxoebaze. am 

mizniT Catarda kvlevebi TeTr virTagvebze. 

 

eqsperimentis aRwera 

zemoT miTiTebuli meTodis usafrTxoeba 

Semoklebuli programiT Seswavlil iqna 20 
 5 g wonis TeTr virTagvebze. 

eqsperimentisTvis SeirCa virTagvebis 

sacdeli da sakontrolo jgufebi. Ti-

Toeul jgufSi Sedioda 10 mamrobiTi da 10 

mdedrobiTi sqesis virTagva. sacdeli jgu-

fis cxovelebis saSvilosnos yelsa da 

swor nawlavSi Segvyavda specialuri hiper-

Termiuli zondi Termopadi TavakiT. Termo-

padi SeerTebuli iyo siTbos gamosamuSave-

bel xelsawyosTan. orive jgufis cxove-

lebze eqsperimenti grZeldeboda 10 dRis 

ganmavlobaSi. 

Termopadis saSualebiT xdeboda tempe-

raturuli velis transportireba virTagve-

bis saSvilosnos yelisa da swori nawlavis 

garkveul saproqcio monakveTze. eqsperimen-

tuli cxovelis saSvilosnos yelsa da 

swor nawlavSi (sur. 6) Seyvanili zondis 

Tavaki Tbeboda 42_430C da am temperaturas 
aRniSnuli Tavaki inarCunebda specialuri 

aparatis saSualebiT. eqsperimentis wina pe-

riodSi virTagvebi imyofebodnen 2-kvirian 

karantinSi. 

TiToeul virTagvaze proceduris 3-wuTi-

ani xangrZlivoba 10 dRis ganmavlobaSi 100-

jer aRemateba meTodis avtorebis mier mo-

wodebul 30-wuTiani proceduris dros. 

eqsperimentis dasrulebisTanave moxda 

cxovelebis dekapitacia Sinagani organoe-

bis Seswavlis mizniT. 

kvlevis mizani iyo sasikvdilo dozis 

(LD50) dadgena da aseve organizmSi mimdinare 
uaryofiTi, calkeuli simptomebis regis-

tracia. 
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sur. 6. eqsperimenti marTvadi lokaluri hiperTermiis  
meTodis Sesaswavlad usafrTxoebaze sacdeli jgufis  

cxovelebis saSvilosnos yelsa da swor nawlavSi 
 
 

kvlevis Sefaseba 
kvlevis Sefaseba xdeboda irvinis skalis 

mixedviT: 
ganwyoba-emociuroba (mousvenrobis gaRr-

maveba, agresiuloba); moZraobis unari; cns-is 
agzneba (SekrToma, kudis gaSeSeba, kankali, 
krunCxva); poza (prostracia, SeboWiloba, 
kidurebis mdgomareoba _ moxrili, gaSli-
li); motoruli diskoordinacia (barbaci, 
uCveulo siaruli, dgomis refleqsi); kunTo-
vani tonusi (CaWidulobis Zala, Cazneqili 
zurgi, muclis daWimuloba); refleqsebi (ni-
Jaris rqovanas, ipsilateruli moxris ref-
leqsi); avtonomiuri reaqciebi (guga, quTu-
Toebi, egzofoaliSi, Sardva, nerwyvdena, 
cremldena, kanis feri niJaraze); cianozi an 
hiperemis, guliscemis da sunTqvis sixSire; 
myisi an dayovnebuli sikvdili. 

sxeulis masis namatis kontroli xor-
cieldeba cdis dawyebis dRes da Semdgom 
yovel me-5 dRes. 

 
kvlevis Sedegebi 
dakvirveba xorcieldeba proceduris 

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

eqsperimentis Catarebisa da dakvirvebis 
mTeli periodis ganmavlobaSi integraluri 
maCveneblebis normidan gadaxra ar dafiq-
sirebula. 

dakvirvebis periodSi yvela cxoveli 
janmrTelia, aqtiuri. dakvirvebis periodSi 
sacdeli cxovelebis orientireba garemoSi, 

ynosviTi reaqciebi da moZraobis unari nor-
maSia. ar aRiniSneba mousvenroba da agresi-
uloba, SenarCunebulia normaluri poza, 
motoruli aqtiuroba, kunTovani tonusi, 
refleqsebi gare gaRizianebaze (xmauri, si-
naTle, Sexeba, tkivili). avtonomiuri reaq-
ciebi normis farglebSia, sunTqvisa da gu-
liscemis sixSire sawyis maCveneblebs Seesa-
bameba. TvaliT SesamCnevi gamovlinebebi ar 
aRiniSneba. Tagvebis sxeulis wonis namati 
ar gansxvavdeba sakontrolo jgufis maCve-
neblebisagan. Tagvebi normalurad moixmaren 
sakvebsa da wyals. dakvirvebis 14 dRis gan-
mavlobaSi cxovelebis dacema registrire-
buli ar aris. Tagvebis kvdomis ararsebobis 
Sedegad SeuZlebeli gaxda LD50-is gaTvla. 

dadginda, rom zemoT aRniSnuli meTodis 
100-jer gazrdili xangrZlivoba virTagveb-
Si ar avlens arc letalur da arc mavne 
efeqtebs. 

 
makroskopuli gamokvlevebi 
virTagvebSi bewvis safari sufTaa da 

swori ganlagebis, kidurebisa da yurebis ka-
ni vardisferi da sufTaa. daTvalierebisas 
Tmis budobrivi cvenis kerebi ar iyo aRmoCe-
nili. bunebrivi xvrelebidan gamonadeni ar 
aReniSnebaT. Sinagani organoebi ganlagebu-
lia sworad. qsovilebi sufTa, cximovani 
qsovili saSualodaa ganviTarebuli. sero-
zuli garsis zedapiri namiani, kriala, gar-
sebi gamWvirvalea. miokardiumi mkvrivi, par-
kuWebis Rru carielia, endokardiumi sufTa. 
filtvebi vardisferi, haerovani (wyalSi ar 
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iZireba), parenqimaSi sisxlCaqcevebi ar aRi-
niSneba. ganakveTze siTxe an sisxli ar dae-
dineba. RviZli da elenTa gadidebuli ar 
aris. zedapiri sada, namiani, kriala, ganak-
veTze anafxeks ar iZleva. Tirkmlebis kaf-
sula advilad scildeba, orive Tirkmlis 
zedapiri sadaa, ganakveTze qerqovani da tvi-
novani nivTiereba advilad gasarCevia. Sar-
dis buSti savsea, Sardi gamWvirvale. 

 
kvlevis Sedegebi da daskvna 
amrigad, eqsperimentma cxadyo, rom ze-

moaRniSnuli meTodis gamoyeneba cxovele-
bisaTvis usafrTxoa.  

 
3. daskvna 
zondze wamocmuli garsacmi gamoricxavs 

cirkulirebadi siTxis Sexebas samkurnalo 
zedapirTan da uzrunvelyofs temperaturis 
intensiur gadacemas mimdebare qsovilebTan 
da Sedegad aqtiur hidrohiperTemiul mkur-
nalobas 42_440C intervalSi, eqsperimentu-
li drois ganmavlobaSi. virTagvebze eqspe-
rimentma cxadyo, rom zemoaRniSnuli meTo-
dis gamoyeneba mkurnalobis procesSi da 
Semdgom dakvirvebis periodSi cxovelebi-
saTvis usafrTxoa. 

madliereba: avtori madlierebas gamox-
atavs Tbilisis klinikuri onkologiis in-
stitutis onkologebis, profesorebis, bato-
nebis _ guram menTeSaSvilis da paata xora-
vas mimarT, saqmiani da maRalprofesiul do-
neze gaweuli Tanadgomis, konsultaciebisa 
da rCevebisaTvis marTvadi lokaluri hiper-
Termiis meTodiT klinikuri aparatis kon-
struirebis procesSi. aseve, aparatis kon-
struirebis procesSi gaTvaliswinebul iqna 
samedicino maRalkvalificiuri personalis 
farTo wris rCevebi da konsultaciebi. 
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UDC 591.2 
APPARATUS FOR THERAPY OF (PROCTOLOGIC) RECTUM CANCER AND CERVIX UTERI DISEASES BY 
LOCAL CONTROLLED HYPERTHERMIA AND STUDY OF SAFETY ON ALBINO RATS 
Z. Kovziridze, N. Joglidze, N. Nizharadze, Kh. Bluashvili 
 

Resume: Goal: Monotherapeitic effect of hyperthermia has been studied for therapy of rectum cancer and cervix 
uteri diseases. Method: Apparatus “Lezi” was used for further development of the local controlled hyperthermia me-
thod, on the base of experimental material. Apparatus was created at GTU  Bionanoceramic and Nanocomposite Ma-
terials Science Center. Results: In all animal (3 month albino rats) inhibition of cancer disease was fixed and intra-
tumor necrosis was developed. (Georgian National Center of Intellectual Property, “GeorgianPatent”. Certificate of 
deposition: 5054. “Local controlled hyperthermia and magnetic hyperthermia for cancer diseases therapy”). Conclu-
sion: It was proved that after 7-10 sessions cancer was ulcerated, which refers to positive effect of experiments. (Con-
clusion (Pathology-anatomy Laboratory “PathGeo”, examination # 3119-12, histo-pathological examination # 15272-
13. Date of issue of diagnosis: 14.01.2014, Tbilisi, Georgia) 

Experiments for safety proved that application of the above referred method in the process of therapy is safe for 
animals. 

 
Key words: local controlled hyperthermia; necrosis, ulceration; metastasis, experiment; safety/harmlessness, 

therapy. 
 

 
УДК 591.2 
АППАРАТ ДЛЯ ЛЕЧЕНИЯ ЗАБОЛЕВАНИЙ РАКА ПРЯМОЙ КИШКИ (ПРОКТОЛОГИЧЕСКОЙ) И 
ШЕЙКИ МАТКИ МЕТОДОМ УПРАВЛЯЕМОЙ ЛОКАЛЬНОЙ ГИПЕРТЕРМИИ И ИЗУЧЕНИЕ БЕЗО-
ПАСНОСТИ НА БЕЛЫХ МЫШАХ 
Ковзиридзе З.Д., Джоглидзе Н.Ш., Нижарадзе Н.С., Блуашвили Х.Т. 
 

Резюме: Изучен монотерапевтический эффект лечения рака шейки матки методом управляемой локальной 
гипертермии, опираясь на экспериментальный материал. Для этого было использовано устройство «Лези», кото-
рое создано в Центре материаловедения нанокерамики и нанокомпозитов. Эксперимент, проводимый на белых 
мышах (трехмесячных альбиносах) зафиксировал приостановку болезни и развитие интратуморального некроза 
(изученный метод запатентован Центром национальной интеллектуальной собственности - сакпатентом 5054). 

Через 7 сеансов лечения опухоль изъязвилась, что говорит о положительном результате лечения. 
(Было подтверждено патолого-анатомической лабораторией «Патжео» №3119-12 и чистопатологическим 

исследованием №15272-13 от 14.01.2014 г. в г. Тбилиси, Грузия). 
Подтверждена безопасность лечения животных вышеупоминаемым методом. 
 
Ключевые слова: управляемая локальная гипертермия; некроз; изъязвление; метастазы; эксперимент; 

безопасность; лечение. 
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reziume: mizani: silikomanganumis gamod-
nobis procesis intensifikaciis mizniT, ga-
mokvleulia tradiciulad gamoyenebuli Zvi-
rad Rirebuli sakazme masalebis (kvarciti, 
kirqva, dolomiti) Secvla, kaJmiwis, Tixami-
wisa da tute liTonebis oqsidebis Semcveli 
SedarebiT iafi kompleqsuri nedleuliT _ 
tufis RorRiT, romelic samSeneblo warmo-
ebis narCenia da jerjerobiT saTanadod ar 
gamoiyeneba. meTodi: Seswavlil iqna sxva-
dasxva genezisis tufebis qimiuri, fizikur-
meqanikuri, mineralogiuri da metalurgiuli 
Tvisebebi. Sedegebi: Catarebuli samrewvelo 
gamokvlevebis safuZvelze SemuSavebuli, aT-
visebuli da danergilia, kvarcitebis da 
kirqvis nacvlad, tufebis gamoyeneba sili-
komanganumis warmoebaSi. daskvna: dadgenilia, 
rom tute liTonebis aluminsilikatebi 
xels uwyobs silikomanganumis widebis gaT-
xevadebas, aumjobesebs ZiriTadi elementebis 
_ manganumisa da siliciumis sasargeblo ga-
moyenebis xarisxs, rac saboloo jamSi 
mniSvnelovnad zrdis warmoebis ZiriTad teq-
nikur-ekonomikur maxasiaTeblebs. 

 
sakvanZo sityvebi: silikomanganumi; kazmi; 

manganumi; siliciumi; tufi; kvarciti; aRd-
gena; liToni; wida. 

 
 
1. Sesavali 
mZlavr da saSualo simZlavris eleq-

troRumlebSi sasaqonlo silikomanganumis 
gamodnobis procesis fizikur-qimiuri ana-
lizi da warmoebis gamocdileba mowmobs 
imaze, rom jer kidev didia Rumlebis war-
madobis gazrdis, Senadnobis xarisxis 
gaumjobesebis da warmoebis efeqturobis 
amaRlebis rezervi. 

silikomanganumis gamodnobis procesis 
intensifikaciis erT-erTi mimarTuleba tra-
diciulad gamoyenebuli sakazme masalebis 
(kirqva, dolomiti, kvarciti) Secvlaa kaJmi-
wis, Tixamiwisa da tute liTonebis oqside-
bis Semcveli kompleqsuri nedleuliT. aseT 
nedleuls ganekuTvneba bunebaSi farTod 
gavrcelebuli sxvadasxva genezisis tufebi, 

pegmatitebi, granitebi, sienitebi, perlitebi 
da sxva. es qanebi fizikuri TvisebebiT ak-
mayofilebs eleqtroRumlebSi feroSenadno-
bebis gamosadnobad gamoyenebul sakazme ma-
salebze wayenebul moTxovnebs. 

gamokvleulia, rogor moqmedebs kazmSi 
silikomanganumis gamodnobis procesis teq-
nikur-ekonomikur maCveneblebze kirqvisa da 
kvarcitis tufiT Secvla. 

 
2. ZiriTadi nawili 
cnobilia, rom sxvadasxva kazmSi tute 

liTonebis oqsidebisa da marilebis damate-
ba mniSvnelovnad aCqarebs liTonebis nax-
SirbadiT aRdgenis process maTi oqsidebi-
dan. 

silikomanganumisa da liTonuri manganu-
mis gamosadnob kazmebSi pegmatitis warma-
tebiT gamoyenebis magaliTma aCvena, rom mi-
zanSewonilia gagrZeldes kvlevebi sxva 
ufro perspeqtiuli, xelmisawvdomi da ara-
deficituri bunebrivi mineralebis moZiebi-
sa, romlebic tute oqsidebs Seicavs [1, 2].  

madanaRmdgen RumlebSi tuteebis qcevis 
analizi gviCvenebs, rom isini, Tixamiwis Ta-
naarsebobis pirobebSi, ZiriTadad gadadis 
widaSi da amitom maTi aRdgena, airad faza-
Si gadasvla da regeneracia gaZnelebulia. 
es imiT aixsneba, rom tute liTonebis si-
likatebs unari aqvs TixamiwasTan warmoqm-
nas tute aluminsilikatebi, saidanac tu-
teebis aRdgena moiTxovs SedarebiT maRal 
temperaturebs, rac maTi widaSi gadasvlis 
ZiriTadi winapirobaa [1-3]: 

 

 32222 4)( OAlSiOONaOK  

23222 4)( SiOOAlONaOK   

TGT 5023052458000  

 CSiOOAlONaOK 23222 4)(  

COSiOSiOOAlNaK  2232 3)(2  

,354691991 TGT    CT 1680saw.  
 

tuteSemcveli masalebis es Tviseba metad 
mniSvnelovania manganumiani feroSenadnobe-
bis gamodnobisaTvis gamoyenebuli sakazme 
masalebis SerCevis TvalsazrisiT, radgan 
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am pirobebSi tute liTone
airad fazaSi minimaluri iqn
ralebs ganekuTvneba sxvadasx
lebic rogorc pegmatitebi vu
moSobis mTis qanebia. xdeba ma
momuSaveba da ZiriTadad sam
moebaSi gamoyeneba. maTi narCe
fraqciis (tufis RorRi), ro
leba 6_8-jer naklebia, vidre 
3_4-jer naklebi, vidre kvarci
ba jerjerobiT ver xdeba.  

tufis mniSvnelovani maxasi
Si kaJmiwisa da tute liTone
Tanaarseboba, rac, rogorc cn
uwyobs silikaturi nalRobeb
Semcirebas [4] da manganumisa d
aRdgenis procesebis intensifi

 

 
nax. 1. silikomanganumis misa

aRdgenis kinetikuri mrud
1 – kvarcitis da kirqvis g

2 – tufis gamoyene
 

tufebi, Tavisi qimiuri 
ganekuTvneba mJave mineraleb

Seicavs, %: ;7668 2SiO  7 
 

masalebi Mn  2SiO  

 
manganumis 
koncentrati 
koqsis nacari 
kvarciti 
kirqva 
tufi 

 
44,3 
 

0,8 
_ 
_ 
_ 

 
14,0 
 

35,3 
96,0 
0,4 
75,0 

 
 

ebis gadasvla 
eba. aseT mine-
xva tufi, rom-
ulkanuri war-
aTi farTo ga-
mSeneblo war-
enebis 10_70 mm 
omlis Rirebu-
pegmatitis da 
itis, gamoyene-

iaTebelia mas-
ebis oqsidebis 
nobilia, xels 
bis siblantis 
da siliciumis 
ikacias (nax. 1). 

 

aRebi kazmebis 
debi 1600°C 
gamoyenebiT; 
ebiT 

SedgenilobiT, 
bs, romlebic 

);(10 22 OKONa   

;1713 32OAl  3241 OFe ; 2
zikur-meqanikuri maxasi
Semdeg farglebSi: 

- xvedriTi masa (si
kg/m3; 

- moculobiTi masa _
- forianoba _ 30_60%
- wylis STanTqmis u
- Tbogamtarobis koe

j/kg.sT.grad; 

- dnobis temperatur
sacdeli-samrewvelo 

Zlavris madanaRmdgen el
variantad Catarda. 

dnobebis TiToeuli 
voba iyo 30 dRe-Rame. s
modnoba xdeboda uwyvet
produqtebis periodul
aRniSnul Rumels aqvs 
vari TaRi, romelSi
Rumlis sakazmis moms
kuTvnili sami fanjara 
400 mm diametris graf
dnobis eleqtruli re
eleqtrodebze _ 110v, d
dnobis procesi xasiaT
truli datvirTviT, ka
Rrma mdebareobiT da a
moyofiT kazmis mTeli 
produqtebis gamoSveba 
aguriT (Samoti) amogeb
nac zedmeti wida gadad
miedineba sagranulacio
ganumis eqsperimentuli
moyenebuli sakazme masa
geniloba da variantebi
teqnikur-ekonomikuri ma
nilia cxrilebSi (1, 2). 

sakazme masalebis  
qimiuri Sedgeniloba, % 

 
CaO  MgO  32OAl  OK2  ONa2  

 
3,8 
 

3,9 
0,3 
53,6 
2,85 

 
2,0 
 

1,2 
0,4 
0,67 
1,5 

 
2,47 
 

2,7 
1,1 
0,17 
15,0 

 
1,2 
 

1,8 
_ 
_ 
4,8 

 
0,6 
 

1,0 
_ 
_ 
4,2 

CaO52   [5]. maTi fi-

iaTeblebi meryeobs 

imkvrive) _ 2500_3500 

_ 1000_1800 kg/m3; 
%; 
unari _ 20_40%; 
eficienti _ 0,35_0,45 

ra _ 1200_1450 C . 
dnobebi 5 mva sim-

leqtroRumelSi oTx 

variantis xangrZli-
silikomanganumis ga-
ti procesiT, dnobis 

li (2sT) gamoSvebiT. 
waWrili konusismag-
dac ganTavsebulia 
saxurebisaTvis gan-
da aRWurvilia sami 
itis eleqtrodebiT. 
Jimi Semdegia: Zabva 
enis Zala _ 19_21 ka. 

Tdeba mdgradi eleq-
azmSi eleqtrodebis 
airebis Tanabari ga-
zedapiridan. dnobis 
xdeba cecxlgamZle 

bul cicxvSi, saida-
is daxril RarSi da 

o ormoSi. silikoman-
i dnobebisaTvis ga-
alebis qimiuri Sed-
is mixedviT dnobebis 
axasiaTeblebi moyva-

cxrili 1 

32OFe  P  OH 2  

 
1,8 
 

28,9 
1,4 
0,5 
1,1 

 
0,19 
 

0,11 
_ 
_ 

0,011 

 
12,0 
 

14,3 
_ 
_ 
_ 
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cxrili 2 
samrewvelo dnobis ZiriTadi maCveneblebi 

 
   maCveneblebi 

                         varianti     

 
I 
 

 
II 

 

 
III 

 

 
IV 

 

xvedriTi xarji, kg/t 
- manganumis koncentrati 
- kvarciti 
- koqswvrila 
- kirqva 
- tufi 
el. energiis xarji, kvt.sT/t 
liTonis qim. Sedgeniloba, %  
            Mn  
            Si  
            P  
SenadnobSi gadadis, % 
           Mn  
           Si  
widis qim. Sedgeniloba, % 
          MnO  

          2SiO  

         CaO  
         MgO  

        32OAl  

        OKONa 22   

widis jeradoba 
widaSi oqsidebis fardoba 

    2/)( SiOMgOCaO   

    222 /)( SiOOKONa   

    3222 /)( OAlOKONa   

 
2250 
606 
530 
98,3 
_ 

4350 
 

74,2 
17,0 
0,36 
 

74,5 
40,58 

 
18,6 
48,3 
14,8 
5,2 
7,0 
4,95 
 

1,15 
 

0,414 
0,102 
0,707 

 

 
2200 
415 
515 
_ 
226 
4217 
 

74,2 
17,30 
0,37 
 

76,1 
42,30 

 
18,0 
46,2 
12,4 
4,6 
8,45 
5,9 
 

1,08 
 

0,368 
0,128 
0,692 

 
2150 
231 
494 
_ 
445 
4152 
 

74,1 
17,81 
0,36 
 

77,8 
44,45 

 
17,5 
44,3 
12,0 
4,6 
10,0 
6,8 
 

1,00 
 

0,419 
0,153 
0,680 

 

 
2100 
_ 
480 
_ 
690 
4048 
 

73,8 
18,20 
0,37 
 

79,3 
46,60 

 
16,3 
42,4 
12,1 
5,1 
10,9 
7,3 
 

0,95 
 

0,453 
0,172 
0,670 

 
 
dnobebis I variantSi silikomanganumis 

gamodnoba xdeboda Cveulebrivi, saqarxno 
kazmis gamoyenebiT. dnobebis II, III da IV va-
riantebSi kirqva kazmidan mTlianad amoiRes 
da kvarciti tufiT Secvales, kvarcitis 
woniTi raodenobis 30, 60 da 100%-is Sesaba-
misad. 

sacdeli dnobebis Sedegebi gviCvenebs, 
rom kazmSi tufis raodenobis gazrdiT man-
ganumis da siliciumis amokrefa SenadnoSi 
matulobs da maqsimalur mniSvnelobebs aR-
wevs, rodesac kazmidan amoRebuli kvarciti 
da kirqva 100%-iT Seicvala tufiT. amave 

dros, widaSi 222 /)( SiOOKONa   fardoba 

(widis tute moduli _ wid.M ) 0,102-dan 0,172-

mde TandaTan izrdeba, Cveulebriv kazmTan 
SedarebiT. 

am fardobaze damokidebulebiT icvleba 
SenadnSi manganumisa da siliciumis amok-

refa (nax. 2) da maTi widaSi gadasvlis xa-
risxi (nax. 3). 

wid.M  gazrdiT siliciumis amokrefa Se-

nadnSi izrdeba gamokvleuli widebis mTel 
intervalSi. manganumis amokrefa liTonSi 

SesamCnevad izrdeba 16,0wid.M  mniSvnelo-

bamde, xolo Semdeg umniSvnelod matulobs. 
manganumis aseTi qceva aixsneba imiT, rom 
tufiT, kazmSi siliciumisa da tute li-
Tonebis oqsidebis garda, Segvyavs mniSvne-

lovani raodenobis Tixamiwa 32OAl , romel-

sac SeuZlia manganumTan Seqmnas ufro mtki-

ce naerTebi, vidre kaJmiwasTan 2SiO . am 

dros manganumis monooqsidis aqtiuroba 
nalRobSi mcirdeba da, Sesabamisad, iklebs 
manganumis aRdgenis xarisxi. 

Sesabamisad, silikomanganumis dnoba kaz-
mSi tufis SeyvaniT unda Sefasdes ara ga-
moyenebuli tufis raodenobiT, aramed wi-
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daSi kaJmiwis, Tixamiwis, tu
oqsidebis SemcvelobiT da ma
rac kargad dasturdeba widi
da daxarjuli eleqtroenerg
xarjis damokidebulebiT wid
dulTan (nax. 4). ase, magaliTa
ganumis dnobis saukeTeso t
mikuri maCveneblebi, sacdeli d
mul pirobebSi, miiRweva maSin, 

 

nax. 2. manganumis (1
siliciumis (2) amokr
damokidebuleba wi

tute modulTan

 
 

4400 

4200 
 
 
 

4000 

 
 

                      nax. 4. ele
da 

 

te liTonebis 
aTi fardobiT, 
is jeradobisa 
giis xvedriTi 
dis tute mo-
ad, silikoman-
teqnikur-ekono-
dnobebis moce-
rodesac wida 

Seicavs 10_12% 32OAl , 6

18,016,0 wid.M . miuxed

dis tute modulis Sem
uwyobs siliciumis liT
tebas, am dros umniSvne
numis sasargeblo gamo
radobisa da eleqtro
xarjis Semcireba. 

 

 

1) da  
refis  
idis  
n 

nax. 3. manganumi
siliciumis (2) wida

xarisxis damoki
tute modul

 

kvt.sT/t 

 

qtroenergiis xvedriTi xarjis (1) 
widis jeradobis (2) damokidebuleba  

widis tute modulTan 
 

6_7% )( 22 OKONa   da 

davad imisa, rom wi-

mdgomi gazrda xels 
TonSi amokrefis ma-
elod izrdeba manga-
yeneba da widis je-
oenergiis xvedriTi 

 

is (1) da  
Si gadasvlis  
debuleba  
lTan 
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3. daskvna 
Catarebuli gamokvlevebis safuZvelze 

SeiZleba davaskvnaT, rom tute liTonebis 
oqsidebis TixamiwasTan Tanaarsebobis pi-
robebSi warmoiqmneba tute aluminsilikate-
bi, romlebic silikomanganumis dnobisas 
mJave widuri nalRobebidan mniSvnelovnad 
aCqarebs manganumis da siliciumis aRdgenis 
process da aumjobesebs dnobis teqnikur-
ekonomikur maCveneblebs, rac dadasturda 
Catarebuli samrewvelo gamokvlevebis Se-
degad. ase, magaliTad, Rumlis warmadoba 
gaizarda 7%-iT, manganumisa da siliciumis 
sasargeblo gamoyeneba ki _ 4_5 da 5_6%-iT, 
Sesabamisad. Semcirda daxarjuli eleqtroe-
nergiis xvedriTi xarji 6_7%, TviTRirebu-
leba ki 30_40 amerikuli dolariT erT to-
na Senadnoze. 
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UDC 669.168:553.3 
LEARNING THE SILICO-MANGANESE SMELTING PROCESS BY USING TUFF IN FURNACE 
Z. Simongulashvili, G. Qurdadze 
 

Resume: On the basis of the executed researches it has been developed, mastered and introduced the resource-
saving technology of production wastes (tuff) instead of quartzite that allows to increase usage of manganese and sili-
con, to improve technical and economic process indicators and to reduce prime cost of silicon manganese by 5-6%. 

 
Key words: silicon manganese; furnace charge; manganese; silicium; reduction; metal; slag; tuff. 
 

 
 
УДК 669.168:553.3 
ИССЛЕДОВАНИЕ ПРОЦЕССА ВЫПЛАВКИ СИЛИКОМАРГАНЦА С ИСПОЛЬЗОВАНИЕМ  
В ШИХТЕ ТУФА 
Симонгулашвили З.А., Курдадзе Г.У. 
 

Резюме: На основе выполненных исследований разработана, освоена и внедрена ресурсосберегающая 
технология утилизации ранее не применяемых отходов производства (туфа) взамен кварцита и известняка, по-
зволяющая повысить использование марганца и кремния, улучшить технико-экономические показатели про-
цесса и на 5-6% снизить себестоимость силикомарганца. 

 
Ключевые слова:  силикомарганец; шихта; марганец; силиций; туф; кварцит; восстановление; металл; 

шлак. 
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reziume: samuSaos mizania Raribi manga-
numis madnisagan dabalfosforiani koncen-
tratis miReba, romelic gamodgeba meta-
lurgiul mrewvelobaSi. meTodi iTvaliwi-
nebs Zvirad Rirebuli madefosfirebeli 
reagentebis nacvlad bunebrivi, iafi natri-
umis qloridis gamoyenebas. 

Sedegebi: Cven mier Catarebuli cdebiT 
miRebuli dabalfosforiani manganumis kon-
centrati gamodgeba standartuli metalis 
misaRebad. 

 
sakvanZo sityvebi: natriumis qloridi; 

manganumis madani; koqsi. 

 
 
1. Sesavali 
damuSavebulia mcirefosforiani manganu-

mis koncentratis miRebis meTodi. defos-
forirebisaTvis gamoyenebulia bunebrivi, 
iafi nedleuli natriumis qloridi. miRe-
buli manganumis koncentrati SesaZlebelia 
gamoviyenoT standartuli feromanganumis 
Senadnobis misaRebad. 

saqarTveloSi maRali xarisxis manganumis 
madnebis gamoleqvis gamo, sawarmoo da eko-
nomikuri TvalsazrisiT, uaRresad aqtualu-
ria manganumis Raribi madnebis gamoyenebis 
sakiTxi. aseT madnebs miekuTvneba mCatefore-
biani madani, romelic mTeli maragis 14% 
Seadgens, miekuTvneba gansakuTrebul Znelad 
gasamdidrebel madnebs [1-2]. manganumis madne-
bis defosforireba umniSvnelovanesi sakiT-
xia, radgan fosfori yvelaze mavne minarevia 
madanSi. amrigad, madnis winaswari deformi-
reba aucilebelia xarisxiani feroSenadno-
bis misaRebad. literaturaSi cnobilia man-
ganumis madnis defosforirebis meTodebi, 
romelTagan zogi Znelad gansaxorcielebe-
lia, xolo zogi iTvaliswinebs Zvirad Ri-
rebuli reagentebis gamoyenebas [1–4]. 

 
2. ZiriTadi nawili 
am naklovanebis Tavidan asacileblad 

manganumis madnis defosforirebisaTvis ga-
moviyeneT natriumis qloridi, rac Semdegi 
mosazrebiTaa ganpirobebuli: 

1. gamoiyeneba bunebrivi iafi reagenti – 
natriumis qloridi; 

2. teqnologiuri procesi SedarebiT ad-
vilad gansaxorcielebelia; 

3. procesis Sedegad SeiZleba miviRoT 
qlorwyalbadi, romlis utilizaciis SemT-
xvevaSi saSualeba gveZleva miviRoT mari-
lebi da manganumis koncentrati. 

Cven mier damuSavebul iqna Raribi madne-
bis defosforirebis meTodi natriumis 
qloridis gamoyenebiT (nax.1). mocemulia man-
ganumis madnis gamdidrebis principuli teq-
nologiuri sqema fosforis mocilebis miz-
niT. manganumis madans vfqvavdiT da vurev-
diT natriumis qlorids: kazmSi reagentis 
(natriumis qloridis) farTobi manganumis 

madanTan 0,1  0,8 farglebSi icvleba. Sem-

deg kazms vaxurebdiT 12000-ze 45  60 wT-is 
ganmavlobaSi. daJanguli manganumis madanSi 
fosfori ramdenime formiT Sedis, Cven mier 
Seswavlil madanSi fosfori apatitis sax-
iTaa [5]. fosfatebTan natriumis qloridis 
Secxobis procesi Semdegi reaqciis mixed-
viT mimdinareobs: 

 NaClFPOCa 4)( 345  

NaFNaClCaNaPO  24 23  

am procesis Sedegad miiReba limonxsnadi 
fosfati renatiti, romelic miRebuli 
namcxvis dafqvisa da wyalSi Semdgomi ga-
motutvisas gadadis xsnarSi. radgan madani 
didi raodenobiT kaJmiwas Seicavs, Warbi 
natriumis qlori Sedis masTan reaqciaSi [7]: 

 OHOAlxSiONaCl 23222  

HClSiOOAlONa  2322  

gaxurebis Sedegad miRebul namcxvs vaci-
vebdiT haerze, vfqvavdiT da gamoxdil 

wyalSi 80850C 60 wuTis ganmavlobaSi gamov-
tutavdiT. myari da Txevadi fazebis Tana-
fardobaa 1:5. pulpis gafiltvris Semdeg na-
leqs vaSrobdiT haerze an haeris saSrob 
sakanSi da viRebdiT dabalfosforian man-
ganumis koncentrats, filtratSi gadadioda 
natriumis fosfatebi da sxva marilebi, ro-
melTa utilizacia SesaZlebelia kiriT da-
muSavebisas. fosforis amoRebis xarisxi 55–
56% Seadgenda. 
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manganumis Raribi madnis 
qimiuri gamdidrebis principuli teqnologiuri sqema. 

manganumis madani, natriumis qlori, koqsi 
 

 
 

 
Semdgomma kvlevebma gviCvena, rom kazmSi 

aRmdgenlis damateba, koqsis saxiT zrdis 
fosforis amoRebis xarisxs 69_70%-mde. 

kazmis gaxureba 10000C-ze wylis orTq-
lis Tanaobisas rogorc aRmdgenelTan er-
Tad, aseve mis gareSe, iZleva fosforis 
amoRebis xarisxs 69_70%, e.i. iseTives, rac 
iyo 12000C temperturaze gamowvisas orTqlis 
gareSe.  

 

 
3. daskvna 
eqsperimentebis msvlelobisas dadginda 

mCateforebiani manganumis madnis defosfo-

rirebis optimaluri pirobebi: gamowvis tem-
peratura _ 12000C, wylis orTqlis Tanaobi-
sas 10000C; kazmis gamowvis xangrZlivoba 

45_60 wT; gamotutvis temperatura _ 80850C; 
gamotutvis xangrZlivoba _ 60–90 wT; fos-
foris amoRebis xarisxi _ 69–70%. aseTi 
saxis fosforisagan gawmendili manganumis 
koncentrati vargisia metalurgiuli war-
moebisaTvis. 
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Resume: Developed a method for making low-phosphorous manganese concentrate. For dephosphotization is 
used naturae cheap raw material Sodium chloride. Obtained manganese concentrate can be used to make standard 
ferromanganese alloys. 
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ХЛОРИДА НАТРИЯ 
Симонишвили З.З., Гогиберидзе А.В.,  Чикашуа Д.С.,  Кинкладзе В.Л. 
 

Резюме: Разработан метод получения малофосфористого марганцевого концентрата. Для дефосфорации 
применяется природный дешевый  материал - хлористый натрий. Полученный марганцевый концентрат может 
быть применен для получения стандартного сплава ферромарганца. 
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Resume: Possibility of application of alluvium shales 

(falling rocks оf Caucasian ridge, generated as a result of 
sill-mudflows), as a pozzolanic additive for cement has 
been studied. For this purpose shales were studied by 
methods of chemical, petrogtaphic and differential-
thermal analyses, which showed the tendency of phase 
transformations on heating shales at temperature range 
20-1000 0С.  

Shales were burned at temperatures 600, 800 and 
1250 0С at 60 min. exposures at maximal temperature. 
Physical-mechanical examinations showed that the ce-
ment with additives of 10 - 35 mass percent of shales, 
burned at temperature 8000С, had the best strength. 

Key words: pozzolanic additive for cement; alluvium 
shale; sill-mudflow; ecological balance. 

 
 
1. INTRODUCTION 
Up to now portland cement is the most widespread 

and popular construction material in spite of the fact 
that not a few novelties have been invented in the last 
decades [1]. Concrete products and reinforced concrete 
constructions on the base of Portland cement are the 
basis of the modern construction.  

Reliability and durability of concrete and reinforced 
concrete constructions, sturdiness to the influence of 
aggressive environments, relatively simple technology of 
production, opportunity of regulating main technical-
operational and physical-mechanical characteristics and 
finally practically inexhaustible raw material base for 
production of binding agents and fillers – all of this ex-
plains widespread occurrence of concrete and makes it 
possible to consider it as a main component of the capi-
tal construction not only of the present but also of the 
future.  

However despite many remarkable qualities and ac-
cessibility of raw components, a global problem is that, 
concrete belongs to energy- and material-consuming 

construction materials. In addition the most expensive 
component of concrete is cement, more precisely its ba-
sis – clinker.  

Application of pozzolanic additives in cement and 
concrete is an effective method of lowering the con-
sumption of clinker part of cement. Introduction of dif-
ferent kinds of additives in cement is carried out for the 
purpose of improvement of construction-technical prop-
erties of cements, reduction of expenditure fuel-raw re-
sources on their production, giving cements some specif-
ic properties, such as sulfate resistance, water resis-
tance, service durability, etc.  

However lack of high-quality local materials, expen-
siveness of imported additives (because of high trans-
portation expenses) have the most negative influence on 
the quality and production costs of cement and con-
crete.  

High rates of construction in Georgia, as well as in 
border republics (Azerbaijan, Armenia, Turkey) incre-
ment year after year are increasing demands on quantity 
and quality of the produced cement. For the last 25 
years cement industry of Georgia has been experiencing 
sharp deficit of pozzolanic additives of standard compo-
sition. It causes the necessity of importing them from 
abroad and the increase of production cost of the prod-
uct and decrease of the growth of cement industry. Oth-
erwise there is observed a backward process – poor-
quality local materials having no pozzolanic properties 
are applied, which are lowering the activity and quality 
of cements and concretes.  

For solving this problem scientific surveys have been 
made by CIMR for the last 10 years for the purpose and 
usage of acidic volcanic rock formations of Georgia as a 
pozzolanic additive for cement.  

In the process of investigations there were discov-
ered volcanic rocks with distinguished high reactive ca-
pacity to calcium hydroxide. Such are acidic tuffs with 
high content of volcanic glass, i.e. welded tuffs (ignim-
brites), vitric tuffs and volcanic ashes [2].  
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Researches confirmed that addition of the studied 
volcanic rocks while grinding cement in the amount of 10 
- 35 % favors economy of expensive clinker without lo-
wering its grade strength and hardening to aggressive 
environment (sulfate resistance).  

Recently in connection with the transference of ce-
ment productions of Georgia on European Standards, 
except of the volcanic rocks, important interest calls ap-
plication of burnt shales as a pozzolanic additive of ce-
ment. According to EN 197-1 it is foreseen to produce 
Portland cements with burnt shales СЕМ II/АТ (6-20%) 
and СЕМ II/ВТ (21- 35%) [3].  

Since 2014 а new Russian standard has been also put 
into operation, which considers burnt shales as active 
mineral (pozzolanic) additive for cement [4].  

In Georgia, as well as in North Caucasus, and all over 
the world, there are huge supplies of clay shales. Shales 
are solid dark-grey, black and more rarely reddish or 
greenish clay rocks with more or less marked layer struc-
ture. They are found in the oldest geological deposits 
and represent consolidated clay changed by pressure 
and later metamorphic processes. Shales can contain dif-
ferent inclusions, mainly quartz, and also carbonaceous 
substances and oil.  

In Kakheti in surroundings of the city of Kvareli, be-
cause of sill-mudflows carried by the Durudji River, there 
are accumulated million tons of clay shales. Every spring 
when snow begins melting, the little river Durudji shows 
its frantic character: it swells sweeping away everything 
away and the accumulated mass of clay shales threatens 
the city of Kvareli with ecological catastrophe. So in case 
of stating usefulness of the above mentioned shales as a 

pozzolanic additive for cement and utilization of them a 
dual problem will be solved: a risk of flooding of the po-
pulated area will be decreased and at the same time ce-
ment industry will be provided with the high quality ad-
ditive.  

In this direction during many years by Georgian spe-
cialists with the financial support of the European Union 
there were conducted preliminary scientific and produc-
tion-practical researches and calculations, which showed 
economical appropriateness of applying burnt shales as a 
pozzolanic additive for cement [5]. 

 
2. THE BODY OF THE ARTICLE 
In CIMR works for studying shales of Kvareli as a poz-

zolanic additive for cement began comparatively not 
long ago. During many years scientific studies of shales 
were conducted for the purpose of producing heat-
insulating substances, precondition of which was the 
property of clay shales of heating at temperatures over 
1250 0C and getting a layer structure [6]. 

In North Caucasus laboratory investigations for the 
purpose of reception of pozzolanic cements with applica-
tion of burnt clay slates of Dagestan deposit were carried 
out [7]. 

 
REZULTS AND DISCUSSION 
In mineral composition shales of Kvareli are mixtures 

of: hydromica, muscovite, biotite, pyrite, limonite, 
quartz, augite, sericite, calcite, plagioclase, orthoclase, 
chlorate and aggregates of shales.  

The chemical composition of shales is presented in 
Table 1. 

 
 

Table 1 
Chemical composition of shales of Kvareli,  

mass %  
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According to the differential-thermal analysis data 
(Figure 1) the endo-effect within the temperature range 
100 -150 0C complies with the removal of the water ab-
bsorption. In the temperature range 450 – 680 0C loss of 
weight about 4 % takes place. It is obviously connected 
with the loss of constitution water, but at 560-680 0С 
temperature the exo-effect is observed, which corres-
ponds to burning out of organic compounds and oxidiz-
ing of iron. In the temperature range 680-730 0С there is 
observed endo-effect, which is evidently connected with 
the destruction of the crystalline lattice of shales and 
their active amorphization.  

For the preliminary assessment of availability of a 
pozzolanic additive from the material under examination 
were conducted series of burning of shale at tempera-
tures 600, 800 and 1250 0С with time delay 60 minutes 
at the given temperature. Produced materials were X-ray 
phase analyzed in order to define their phase composi-
tion.  

On diffractograms (Figure 2) are clearly seen phase 
changes of the material with increasing burning temper-
ature. 

On diffractogram No1 (unburnt shale) there is ob-
served the presence of quartz (4.25, 3.34, 2.464, 2.285, 
2.230, 2.010, 1.985, 1.817 A0); clay mineral chlorite 
(14.14, 7.08, 4.73, 3.54 A0); mica (9.96, 4.96, 2.555, 2.010 
A0); feldspar of Ca-Na (4.02, 3.77, 3.67, 3.19, 2.954, 
2930, 2.800, 2.395 A0). 

On diffractogram No2 (6000С) quantities of chlorite 
and mica is decreasing and X-ray amorphous phase is 
observed (in the kind of bellying).  

On diffractogram No3 (8000С) argillous phase is com-
pletely vanished, mica is diminishing and X-ray amorph-
ous phase is increasing.  

On diffractogram No4 (12500С) X-ray amorphous 
(liquid) phases prevails, in which there is quartz up to 

90%, mica is completely dissolved and mullite (5.45, 
3.44, 3.39, 2.695, 2.511, 2.208, 1.837 A0) appears.  

According to X-ray phase analysis data it can be sup-
posed that at 6000С temperature partial decomposition 
of argillous component is begun and oxides SiO2, Al2O3 
and Fe2O3 are emerging in X-ray amorphous – active 
form, i.e. burnt shale acquires pozzolanic properties 
(ability of binding of calcium hydroxide on hardening 
cement paste into hardly soluble hydrate calcium sili-
cate). With increasing temperature up to 8000С clay is 
completely being decomposed and percentage of the ac-
tive phase is increased, hence pozzolanic properties of 
the burnt shale are improved. On burning of shale at 
temperature about 12500С, activity of the latter is de-
creased, because there is emerging mullite - 3Al2O3 
∙2SiO2 fire resistant compound, which is non-reactive in 
relation to calcium hydroxide. 

For confirmation of the given hypothesis our further 
researches were directed for testing the burnt shales as 
a pozzolanic additive on cement milling. 

In the laboratory ball grinder clinker with its additives 
10, 20 and 35% shales (burnt at temperatures 600, 800 
and 1250 0С) were ground. For regulating times of set-
ting 5% gypsum is added.  

Samples in the form of cubes of 2х2х2 cm size were 
prepared from the paste of normal density. Forms with 
samples were kept in moist environment for twenty-four 
hours, then removed out of forms and placed the water-
bath. Compression capacity tests were carried out on 
hydrostatic press after 28 days. In every series 6 cubes 
were decomposed. 

Results of physical - mechanical tests are presented 
in Table 2. Cement No0 is considered as control cement 
(free from additive).
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Figure 2. Diffraction pat
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e 1. Differential-thermal pattern of Kvareli shales 

 
tterns of Kvareli shales: No1- unburnt shale; No2 - heated 
o3 - heated at 800 0С; No4 - heated at 1250 0С 

 

 

at 600 0С;  
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Table 2 
Physical-mechanical properties of cements 

 

No Cement composition, mass.% 
Normal density of 

cement paste, 
mass.%  

Sample 
strength after 
28 days, MPa 

Changes in cement 
activity, % 

0 
Clinker                        - 95  
Gypsum                        - 5 

29.0 65.5 - 

11 
Clinker                        - 85 
Burnt shale (6000С)    - 10 
Gypsum                        - 5 

30.5 61.8 -5.6 

12 
Clinker                        - 75 
Burnt shale (6000С)    - 20 
Gypsum                        - 5 

31.0 58.4 -10.8 

13 
Clinker                        - 60 
Burnt shale (6000С)    - 35 
Gypsum                        - 5 

32.0 46.0 -29.8 

21 
Clinker                        - 85 
Burnt shale (8000С)    - 10 
Gypsum                        - 5 

31.5 69.5 +6.1 

22 
Clinker                        - 75 
Burnt shale (8000С)    - 20 
Gypsum                        - 5 

32.5 62.3 -4.9 

23 
Clinker                        - 60 
Burnt shale (8000С)    - 35 
Gypsum                        - 5 

33.5 53.5 -18.3 

31 
Clinker                        - 85 
Burnt shale (12500С)  - 10 
Gypsum                        - 5 

32.0 60.7 -7.3 

32 
Clinker                        - 75 
Burnt shale (12500С)  - 20 
Gypsum                        - 5 

32.0 51.2 -21.8  

33 
Clinker                        - 60 
Burnt shale (12500С)  - 35 
Gypsum                        - 5 

33.5 41.4 -36.8 

 
 
From the data of Table 2 it is clear that the best 

strength is observed for the samples produced on the 
base of additive burnt at temperature 8000С in the 
amount of 10 - 35 % mass from cement content. 

 
3. CONCLUSION 
However for the final decision about the suitability of 

Kvareli shales as a pozzolanic additive for cement, it is 
necessary to conduct the further researches, as the ac-
cumulated mass of the mudflows in the vicinity of the 
city of Kvareli is inhomogeneous material. Apart from 
shale rocks it also contains other weathering products of 
different fractions. Therefore it is necessary to study 
maximal amount of probes from different dislocations.  

The positive solving of the problem will give the op-
portunity of providing cement industry of Georgia and 
also the nearby countries (Azerbaijan, Armenia, Turkey) 
with high-quality and at the same time cheap pozzolanic 
additive, thus to conserve ecological balance in regions 
of the raised hazard. 

 
References 

1. Kondratyev V. B. Mirovaia Ekonomika I Mezhdunarod-
nie Otnoshenia, No3, Moscow, 2015, p. 5-17.  

2. Shapakidze E., Nadareishvili G., Kvatashidze R., Tkema-
ladze M., Maisuradze V., Nadirashvili M., Gejadze I. 
Materials of XIII International Conference “Reproduce 
Of The Resources, Low Waste And Evoronmental 

53



 

 

Technology Exploitation Of Mineral Resouces”, Tbilisi, 
15-20 September, 2014. 

3. EN 197-1:2011. Composiotion, Spesifications And Con-
formity Of Criteria For Common Cements. 

4. GOST R 56196-2014. Dobavki Aktivnie Mineralnie Dlia 
Cementov. Tekhnicheskie Uslovia.  

5. Mirianashvili A., Koivunen L., Dolidze T., Skhvitaridze 
R. Mining Journal, No1(8), Tbilisi, 2002, p. 52-55  

6. Gabunia L., Shapakisze E., Magalashvili G., Gejadze I. 
Anniversary Collection Of Works Of CIMR, Tbilisi, 
2009, p.399–401.  

7. Toturbiev B.D., Toturbiev A.B. Beton I Zhelezobeton, 
No1, Moscow, p. 12-14. 

 
 
 
uak 666.952 
kavkasiis qedis Rvarcofuli nakadis Sedegad warmoSobili naSali  
Tixafiqlebis natanis gamokvleva cementis pucolanuri danamatis  
saxiT 
e. SafaqiZe, r. sxvitariZe, i. gejaZe, v. maisuraZe, m. nadiraSvili, e. xuWua 
 

reziume: gamokvleulia kavkasiis qedis Rvarcofuli nakadis Sedegad warmoSobili na-
Sali Tixafiqlebis natanis gamoyenebis SesaZlebloba cementis pucolanuri danamatis 
saxiT. Aam mizniT Tixafiqlebis Seswavla Catarda qimiuri, rentgenofazuri da diferen-
ciul-Termuli analizebis meTodebiT, romlebmac gaxurebis Sedegad gamoavlina Tixafiq-
lebis fazuri gardaqmnebis tendencia 20_12500С intervalSi.  

Tixafiqlebis gamowva xdeboda 600, 800 da 12500С temperaturebze, 1 sT dayovnebiT maqsi-
malur temperaturaze. fizikur-meqanikurma gamocdebma aCvena, rom simtkicis saukeTeso maC-
veneblebiT xasiaTdeba cementebi, romelTac daemata 10_35 mas.% Tixafiqali, winaswar ga-
momwvari 800 0С temperaturaze. 
 

sakvanZo sityvebi: cementis pucolanuri danamati; naSali Tixafiqlis natani; Rvarco-
fuli nakadi; ekologiuri wonasworoba. 
 

 
 
УДК 666.952 
ИССЛЕДОВАНИЕ НАНОСОВ ГЛИНИСТЫХ СЛАНЦЕВ (ОБРУШАЮЩЕЙСЯ ГОРНОЙ ПОРОДЫ 
КАВКАЗСКОГО ХРЕБТА, ОБРАЗОВАВШЕЙСЯ ВСЛЕДСТВИЕ СЕЛЕВО-ГРЯЗЕВЫХ ПОТОКОВ)  
В КАЧЕСТВЕ ПУЦЦОЛАНОВОЙ ДОБАВКИ ДЛЯ ЦЕМЕНТА 
Шапакидзе Е.В., Схвитаридзе Р.Е., Геджадзе И.В., Майсурадзе В.И., Надирашвили М.Р., 
Хучуа Е.А. 

 
Резюме: Исследована возможность применения наносов глинистых сланцев (обрушающейся горной поро-

ды Кавказского хребта, образовавшейся вследствие селево-грязевых потоков) в качестве пуццолановой добав-
ки для цемента. С этой целью сланцы были изучены методами химического, петрографического, рентгенофазо-
вого и дифференциально-термического анализов, которые выявили тенденцию фазовых превращений при на-
греве сланцев в интервале температур 20 - 10000С.  

Глинистые сланцы обжигались при температурах 600, 800 и 12500С с выдержкой при максимальной темпе-
ратуре 60 мин. Физико-механические испытания показали, что наилучшими показателями по прочности обла-
дают цементы с добавкой 10-35 масс.% сланцев, обожженных при температуре 8000С. 

 

Ключевые слова: пуццолановая добавка для цемента; наносный глинистый сланец; селево-грязевый по-
ток; экологическое равновесие. 
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ОСОБЕННОСТИ ТЕРМИЧЕСКОГО РАСШИРЕНИЯ И ЭЛЕКТРОСОПРОТИВЛЕНИЯ  
СТЕКЛОМАТЕРИАЛОВ В СИСТЕМЕ Cu2O-MnO-B2O3 
Т.Ш. Чеишвили, Н.Г. Чиджавадзе 
Департамент химической и биологической технологий, Грузинский технический университет, Грузия, 0175, 
Тбилиси, ул. Костава 77 
E-mail: t.cheishvili@gtu.ge 
  

 
Резюме: Исследование выполнено с целью изуче-

ния возможности получения стекломатериалов элек-
тротехнического назначения. Тепловое расширение 
стекломатериалов изучалось на кварцевом дилато-
метре, а электросопротивление – тераомметрами. В 
работе представлены условия получения специфиче-
ских стекломатериалов в системе Cu2O-MnO-B2O3 и 
рассмотрены вопросы влияния состава на темпера-
турные зависимости их удлинения и электросопро-
тивления. Показано, что взаимозамещением оксидов 
марганца (II) и меди (I) в пределах 10-40 мол.% мож-
но получить стекломатериалы со стабильными элек-
трофизическими характеристиками. 

Ключевые слова: стекломатериалы; оксиды меди; 
марганца и бора; тепловое расширение; электросо-
противление; температурный коэффициент сопро-
тивления; тип проводимости.

 

1. ВВЕДЕНИЕ 
Известно, что сферы применения имеющих мно-

говековую историю искусственных стекол становятся 
все многообразнее. Стекло из предмета быта челове-
ка превратилось в определяющий фактор перспек-
тивности развития многих отраслей техники. На сего-
дняшний день насчитываются десятки видов стекол, 
отличающихся как функциональностью применения, 
так и составом. На основе стекол и стекломатериалов 
изготавливаются многие необходимые для техниче-
ского прогресса материалы и среди них полупровод-
никовые, радиационностойкие, лазерные, магнит-
ные, специальные оптические, деградирующие био-
стекломатериалы и др. [1-5].  

Предпосылкой данных достижений стало создание 
аморфных и аморфно-кристаллических материалов, 
которые являются носителями свойств традиционных 
кристаллических материалов. В качестве примера 
можно привести ферритные марганецсодержащие 
стекла, марганец- и титансодержащие химически 
стойкие стеклопокрытия, лазерные стекла и т.п. [2,6]. В 
этом аспекте внимания заслуживают работы, прове-

денные в целях создания поверхностно- и объемно-
проводящих полупроводниковых стекол с преобла-
дающей электронной проводимостью, на основе 
медьсодержащих боратных и силикатных стекол [7-9].  

Электротехнические характеристики таких матери-
алов, содержащих d-элементы, позволяют рекомен-
довать их в качестве специальных резистивных эле-
ментов, способных замещать известные сплавы и ле-
гированные полупроводники [10]. Исходя из имею-
щихся в научной литературе данных и с учетом тех-
нологического синтеза боратных стекол (по сравне-
нию с силикатными) нами были синтезированы и изу-
чены электрофизические и тепловые свойства стек-
ломатериалов в системе Cu2O-MnO-B2O3. 

 
2. ОСНОВНАЯ ЧАСТЬ 
Целью данной работы было изучение материалов, 

полученных в системе Cu2O-MnO-B2O3, т.е. варкой 
композиций на боратной основе, содержащих окси-
ды двух (медь и марганец) d-элементов. Оксиды мар-
ганца и меди хорошо известны в стеклоделии – на их 
основе получают окрашенные стекла бытового и све-
тотехнического назначения. Однако их концентрации 
в таких стеклах не превышают нескольких процентов, 
а глубину окраски определяют следующие факторы: 
состав стекла, температура и атмосфера варки, окис-
лительно-восстановительные процессы между двумя 
d-элементами. Представленные параметры (условия) 
предопределяют в конечном счете валентно-коорди-
национное состояние d-элементов при их совмест-
ном присутствии в стеклах [1,11]. Поэтому при синте-
зе стекол в изучаемой системе Cu2O-MnO-B2O3 были 
приняты идентичные для всех составов условия син-
теза и дальнейшей подготовки образцов для замера 
свойств.  

Для синтеза были взяты следующие реактивы: 
медь (I) окись, марганец (II) окись и борная кислота ка-
чества (марки) «х.ч» и «ч.д.а.» с содержанием основ-
ных веществ не менее 99,0 вес. %. Варка шихт прово-
дилась в электрической печи с карборундовыми на-
гревателями, тигли для синтеза – фарфоровые емк. 70 
мл. Температура варки составляла 1025±25°С; время 
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выдержки расплавов при данной температуре – 30 
мин. Для отжига образцов, полученных отливкой рас-
плавов в металлические формы, применялась муфель-
ная электропечь. Температура отжига устанавливалась 
с учетом температуры стеклования (Тg) и составляла 
(Тg-20)°С при скорости последующего охлаждения не 
более 3°С/мин. В целях изучения свойств отожженные 
образцы шлифовались для получения дисков (диаметр 
30-40 мм, толщина 3-4 мм) и четырехгранных стерж-
ней (длина 50±2мм; сечение 3х3 мм).  

Тепловое расширение определялось на дилато-
метре ДКВ-4А (скорость подъема температуры 2,5-
3°С/мин), а электрическое сопротивление (электроды 
графитовые) измерялось тераомметром (Е6-3, Е6-
13А) в высокотемпературной ячейке [12].  

В системе Cu2O-MnO-B2O3 были синтезированы и 
изучены составы трех серий с содержанием 40, 50 и 
60 мол.% B2O3. Однако, в данной статье представлены 
результаты по свойствам для составов с молекуляр-
ной формулой (50–х)Cu2O·хMnO·50B2O3, т.к. составы 
двух других серий (с 40 и 60 мол.% основного стекло-
образователя) показали схожие результаты по значе-
ниям электросопротивления (ρ) и теплового расши-
рения (∆ℓ) от температуры. Состав и оценка внешнего 
вида переохлажденных в формах и отожженных рас-
плавов изучаемой серии представлены в табл. 1. По-
лученные образцы материалов отличаются по внеш-
нему виду – состав 1 можно отнести к аморфным, а 
составы 2-4 больше похожи на аморфно-кристалли-
ческие материалы.  

 
Табл. 1 

Исходный состав и визуальная оценка переохлажденных 
расплавов состава (50–х)Cu2O·хMnO·50B2O3 

 

№ Индексы составов 

Химический состав по синтезу 
(мол. %) Визуальная оценка 

Cu2O MnO B2O3 

1 Сu′Mn-145 10 40 50 Черное стекло 

2 Сu′Mn-235 20 30 50 
Матовая поверхность темно-бордового 

цвета 
3 Сu′Mn-325 30 20 50 То же, что и состав 2 
4 Сu′Mn-415 40 10 50 То же, что и состав 2 

 
Изучение зависимостей «удлинение-температу-

ра» показало определенную идентичность составов 1 
и 2, а также составов 3 и 4 (табл. 1) по схожести дила-
тометрических кривых, которые представлены на 
рис. 1 для крайних составов: Сu′Mn-145 и Сu′Mn-415. 
Кривая зависимости «∆ℓ - t» в обоих случаях имеет 
сложный характер – четко проявляются изгибы (пере-
ходы) от одного прямолинейного участка к другому в 
области температур от комнатной до 450°С. Даль-
нейший рост температуры предопределяет плавность 
хода кривых «∆ℓ - t», однако для состава с 40мол.% 
Cu2O наблюдается заторможенность хода расшире-
ния в области температур 450-525°С (фиксируется ну-
левое расширение) с последующей завершающей и 
характерной для аморфного состава петлей в области 
температур размягчения. Полученные результаты 

свидетельствуют о неоднородном строении изучае-
мых материалов, в которых предположительно воз-
можно одновременное сосуществование нескольких 
составляющих структуру группировок и в том числе 
медноборатных и марганцевоборатных. Данный во-
прос требует дополнительного изучения, тем более с 
учетом выявленного факта – температуры размягче-
ния материалов (tн.д.) практически совпадают (рис. 1).  

Возможность влияния состава на структурное обу-
стройство синтезированных материалов нашло отра-
жение и в зависимости электрического сопротивле-
ния от состава и температуры замера значений со-
противления (рис. 2). В интервале температур 20-
300°С зависимость «lgρ - t» носит прямолинейный ха-
рактер, однако угол их наклона меняется в зависимо-
сти от состава. 
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Рис. 1. Хара
1 – состав 10

 

Рис. 2. Зависимость «∆ℓ - t
составов хCu2O·(50-х)MnO·5

(составы см. табл. 1)

 
Состав Сu′MnВ-145 (кривая 1) 

особенной чувствительностью к изме
туры, в то время как составы с 20 и

 
актеристические дилатометрические кривые стекол: 
0Cu2O·40MnO·50B2O3; 2 – состав 40Cu2O·10MnO·50B2O3 

 

 

 

t» для 
50B2O3 

 

Рис. 3. Взаимная зависимость
и энергии активации

хCu2O·(50-х)MnO·50B2O3

проводимость, В – ионн
(составы см. 

характеризуется 
енению темпера-
и более процент-

ным содержанием Cu2O мен
менению температуры. Эти ж

 

 

ь электросопротивления  
и для составов  
3: А – электронная  
ная проводимость 
табл. 1) 

нее чувствительным к из-
же составы имеют более 

57



низкие значения удельного электросопротивления, 
чем состав Сu′MnВ-145. 

Изученные стекла характеризуются резко отли-
чающимися значениями температурного коэффици-

ента электросопротивления (αТ) и энергии активации 
проводимости (Е), что подтверждается приведенны-
ми в табл. 2 расчетными данными [13].  

 
Табл. 2 

 Электротехнические характеристики стекол состава хCu2O·(50-х)MnO·50B2O3 
 

Индекс 
состава 

Значения удельного электросопро-
тивления (lgρ) при температуре 

Температурный коэф-
фициент электро-
сопротивления 

(-αТ·10-2) К-1 

Энергия активации 
электро-

проводимости  
(Е), эВ 

100°С 200°С 300°С 

Сu′MnВ-145 - 11,3 9,1 1,8 0,40 
Сu′MnВ-235 7,7 7,5 7,2 0,5 0,11 
Сu′MnВ-325 7,3 7,0 6,8 0,5 0,11 
Сu′MnВ-415 7,0 6,7 6,5 0,5 0,11 

 
Для определения типа проводимости в изучаемых 

композициях был использован подход, предложен-
ный в [14]. Представленный на рис. 3 материал в ви-
де зависимости «lgρ200-E» показывает, что все мате-
риалы из серии хCu2O·(50-х)MnO·50B2O3 должны про-
являть склонность к электронному типу проводимо-
сти, однако данное предположение предпочтительно 
в отношении составов с 20, 30 и 40 мол.% Cu2O (рис. 
3, составы 2, 3, 4). 

 
3. ЗАКЛЮЧЕНИЕ  
Синтезом и изучением стекломатериалов состава 

хCu2O·(50-х)MnO·50B2O3 было установлено, что по ха-
рактеру изменения свойств они представляют собой 
аморфные или аморфнокристаллические материалы, 
предположительно с дифференцированной структу-
рой. Составы с 20, 30 и 40 мол.% Cu2O характеризуют-
ся низкими значениями электросопротивления и 
энергии активации, а также малыми величинами 
температурного коэффициента сопротивления, что 
может предопределить их применение в качестве 
многофункциональных низкоомных резисторов. 
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uak 666.1.25 

Cu2O-MnO-B2O3 sistemaSi miRebuli minamasalebis Termuli gafarToebisa 
da eleqtrowinaRobis Taviseburebani 
T. WeiSvili, n. CijavaZe 
 

reziume: warmodgenilia Cu2O-MnO-B2O3 sistemaSi specifikuri minamasalebis miRebis pi-
robebi da ganxilulia Sedgenilobis gavlenis sakiTxi maTi dagrZelebisa da eleqtrowi-
naRobis temperaturul damokidebulebasTan. naCvenebia, rom 10_40 mol.%-ian zRvrebSi man-
ganumis (II) da spilenZis (I) urTierTCanacvlebiT SesaZlebelia stabiluri eleqtrofizi-
kuri maxasiaTeblebis minamasalebis miReba. 

 
sakvanZo sityvebi: minamasalebi; spilenZis, manganumis da boris oqsidebi; Tburi gafar-

Toeba; eleqtrowinaRoba; winaRobis temperaturuli koeficienti; gamtarobis saxe. 

 

 
 
UDC 666.1.25 

PECULIARITIES OF THERMAL EXPANSION AND ELECTRIC RESISTIVITY OF GLASS MATERIALS IN 
THE SYSTEM Cu2O-MnO-B2O3 
Т. Cheishvili, N. Chijavadze 
 

Resume: Conditions of receipt of specific glass materials in the system Cu2O-MnO-B2O3 are represented and issues 
of effect of their composition on temperature dependencies of their enlargement and electric resistivity are consi-
dered. It is shown that by mutual substitution of manganese (II) and copper (I) oxides within the limits of 10-40 mol.% 
is possible to receive glass materials with stable electrophysical characteristics. 
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