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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 1600°C , under 30 mPa pressure and standing at the final temperature for 10-12
minutes. Precursor was prepared in a thermostat at 150°C 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: p —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.

YK 666. 762.93

MNONYYEHUE CUATOHCOAEPHALLUX KOMMNO3UTOB HUTPOANNTIOMOTEPMUYECKUMMU
NMPOUECCAMU, METOOAMU PEAKUMOHHOIO CNEKAHUA U TOPAYEIO NPECCOBAHUA
Kos3upugse 3.[., Huxkapapgse H.C., lapaxsenupse H.N., Tabaraase I.C., MectBupuwsunn 3.[1.

Pe3stome: Liesib paboTbl: NoNyYeHUE CMANOHCOAEPKALLMX KOMMNO3UTOB HUTPOANOMOTEPMUYECKMMM NPOLLECCaMMU,
MeTOoZaMM PEAKLLMOHHOTO CNEKAHMA U TOpPAYEro NPeccoBaHuUA.

MeToa: meTogamn peaLmMoOHHOro CnekaHua U Noc/ieayoLWmnm ropayMm npeccoBaHnem nosyyeH komnosut CH — 6
npu Temnepartype 1600°C u nog, aasneHvem 30 MlMa B BakyymHol neun. MoarotoBka npekypcopa npousBogmnach B
TepmocTaTe npu 150° C, no4 AaBneHnem xonogHoro npeccosaHusa 120 — 150 kr/ cm’ 1 200 — 250 Kr/ cm’

PesynbTaThl: NpoBeaeHbl UCCNeAoBaHUA GU3MKO-TEXHUYECKUX CBOMCTB 06PasLLOB, MOJIYYEHHbIX PEaAKLMOHHbLIM
CNeKaHMeM M ropAaYMm npeccoBaHnem. MexaHUYeckMe nokasaTenn obpasy,os, NOAYyYEHHbIX FOPAYMM NPEeCccoBaHMEM:
npegen NPoYHoOCTM Npu cxkatum 1640 MIMa, npegen npoyHocTh npu n3rnbe 490 MMMa, moaynb ynpyroctu 199,5 Ma.

PeHTreHOCTPYKTYPHbIM, 3/1EKTPOHHO — MUKPOCKOMUYECKUM, MUKPOPEHTIEHOCNEKTPAbHbIM aHaNM3aMM U3YYEHbI
MUKPOCTPYKTYpa 1 $a30Bbli1 COCTAB NOJYYEHHOTO KOMMNO3UTA.

BbiBoabl: KOMNo3uT CH — 6 xapakTepusyeTca BbICOKMMU GUINKO-TEXHUYECKMMM CBOMCTBAMM: BbICOKOW TBEPAO-
CTbtO, MJIOTHOCTbIO W MPOYHOCTbIO, YTO MO3BOJIAET MOJy4aTb BbICOKOTEMMNEPATYPHbIE U3A4eNUA, TaKMe KaK 3alWuTHble
yex/ibl TepMmonapbl, NPUMEHATb NPU NeYyHON GYyTepOoBKE, B MALUMHOCTPOEHUM - ANA U3FOTOBAEHWUA LIAPUKOBbIX NOA-
LUMMNHUKOB, B KAYeCTBE MHCTPYMEHTA A1 MeTaNN0-KamHeobpaboTku 1 T.4,.

KntoueBble €n0OBa: BbICOKOOTHEYMOPHbIN KOMNO3UT; PeaKLMOHHOE CMeKaHWe; HUTPOoasloMoTePMUYECKMEe Npo-
LLeCCbl; CUANOH; KOPYHA; HUTPUZA CUAMLMA; Kapbua cuamums.
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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 1600°C and 10° 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: Openg.=1000-1150 MPa, cbend‘loooOC;GOO MPa HV=14GPa; HV10000C 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.

VOK 621.9.02
METAZINOKEPAMMUYECKMIA KOMNO3UT AN OBPABOTKU METANNOB PE3AHUEM
Kos3upugse 3.4., Huxkapagse H.C., MukaHagse A.U., Tabatagse I'.C.

Pe3tome: Llenbio aBnseTca nosyyeHne manoBobGppaMoBOro pexyLLero KOMNo3uTa ceA3biBaHMEM KapboHUTpUAa
TUTaHa C BbICOKOTEMMEPaTypHOI MeTannmveckon dpason. MeToabl: KOMNO3UT NOAYYEH NpeABapUTE/IbHbIM NPeccoBa-
HMeM U nocaeayloWmMM CNnekaHWem B BaKyym-neyn npu temnepatype 1600°C u baBAeHun 10°MNa. da30Bbiit aHann3
nposeaeH Ha peHTreHoBcKom annapate DRON-3, MUKpOCTpYKTypa Ha anekTpoHHOM mukpockone NANOLAB-7, mukpo-
TBEpPAOCTb Ha MUKpoTBepgomepe pupmbl « MUCKE», cpaBHUTENbHAA CTOMKOCTb Pe3L0B OUeHMBafacb AJIMHOM Npoii-
[EHHOro NyTU pe3aHuA NPy OAMHAKOBbLIX pexumax o6paboTku. McnbiTaHMAa NPoBOAMANCE Ha TOKAPHOM CTaHKe. Pe-
3yAbTaT: (U3UKO-TEXHMYECKME MOKasaTe/IM WUCCAeayemoro KomnosuTa: O, =1000-1150MMa; 0M3F,10000C,=600Mﬂa;
HV=14TTa; HVlOOOOC =6,5IMa. CTolMKOCTb pe3LoB, M3roTOB/EHHbIX U3 UCC/ieayeMoro KomnosuTa, B 1,5 n 2-pasa npe-
BOCXOAMT CTOMKOCTb Pe3L,0B M3 U3BECTHbIX TBepAblX cnnaBoB BK8 n KNT20. 3akntoyeHne: PeKomeH[0BaHO MCNONb30-
BaHMeE MOJlyYEeHHOro ManoBo/IbGPaMOBOro KOMMNO3uTa 18 06paboTKM pe3aHnem cTasei NPU YUCTOBbIX U MNOYUUCTO-
BbIX Onepaumsax, a Takke gna obpaboTKM cTanen B HarpeTom COCTOAHUM - T.H. ANA CHATUA FOPAYMX CBAPHbIX LUBOB.

KiroueBrie ci1oBa: metannokepamuueckuii KOMNO3WUT; PeXylinii maTepuan; BbICOKOTEMNEepaTypHbIi; »apo-
NPOYHbIN; MUKPOTBEPAOCTD.
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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, Thilisi, 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.

YK 591.2

AMMAPAT A8 NEYEHWUA 3AE0NEBAHUIA PAKA NPAMOM KULLIKU (MPOKTONOIMMYECKOW) U
LUEMKN MATKMU METOIOM YMPAB/IAEMOM NNOKA/IbHOW TMNEPTEPMWUU U U3YYEHUE BE30-
NACHOCTU HA BEJ1bIX MbILLAX

Koe3upugse 3.4., Axoranpgse H.LW., Huxkapagse H.C., bayawsunu X.T.

Pe3tome: N3yyeH moHOTEpPaneBTUYECKUI IPDEKT NeyeHnn paKka ek MaTKM METOAO0M YNPaBASEeMON JI0KaIbHOW
rmnepTepMMM, ONMPAACh HA IKCNEPUMEHTANbHBIA MaTepuran. s 3Toro 66110 UCNOIb30BAHO YCTPOMCTBO «J1e3m», KOTo-
poe co3aaHo B LleHTpe maTepmanoBeseHUs HAHOKEPAMUKM MU HAHOKOMMNO3UTOB. IKCNEPUMEHT, MPOBOAMMbIN Ha H6enbIx
MblILax (TpexmecsyHbIX anbbuHocax) 3apuKcMpoBan NPUOCTAHOBKY BONE3HM M Pa3BUTUE MHTPATYMOPAbHOTO HEKPOo3a
(M3yueHHbI MeToA 3anaTeHToBaH LieHTpOM HauMoHaNbHOM UHTeNNEeKTyalbHOW COBCTBEHHOCTM - caknaTeHTom 5054).

Yepes 7 ceaHCOB neYeHns onyxosb N3bA3BMNACH, YTO FOBOPUT O MOIOKUTEIbHOM pe3yanbTaTe ieveHus.

(Bblno noaTBEpKAEHO MaTonoro-aHaToMuyeckon nabopatopueit «Matkeo» N23119-12 M YMCTONATONOIMYECKUM
uccnegosaHmem Ne15272-13 ot 14.01.2014 r. B r. Tounucwm, Mpysus).

MoaTBepKAeHa 6e30MacHOCTb IEYEHUA KUBOTHbBIX BbILUEYNOMUHAEMbBIM METOLOM.

KnioueBble cnoBa: ynpasnsemas /f0KasbHas rMNepTepmMusa; HEKPO3; M3bA3BAEHME, MEeTacTasbl; 3KCNEePUMEHT;
6e3onacHOCTb; ieyeHme.
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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.

YK 669.168:553.3

UCCNEAOBAHUE NMPOLLECCA BbINNABKU CU/IMKOMAPTIAHLUA C UCNMNOJIbSOBAHUEM
B LUMNXTE TYPA

CumoHrynawsunu 3.A., Kyppapse I'.Y.

Pe3lome: Ha ocHoBe BbINONHEHHbIX MUCCNedOBaHMI pa3paboTaHa, OCBOeHa WM BHeApeHa pecypcocbeperatowas
TEXHONOTMA YTUAN3ALUN PaHEEe He NMPUMEHAEMbIX OTXO40B NPou3BoAacTBa (Tyda) B3amMeH KBapLMTa U U3BECTHAKA, NO-
3BO/IAOLLAA NOBbLICUTb UCMNO/Ib30BAHNE MapraHLa U KPeMHUA, YAYULIUTb TEXHUKO-SKOHOMUYECKME MOKasaTenu npo-
Lecca 1 Ha 5-6% cHU3UTb cebecToMMOCTb CUIMKOMapraHLa.

Kimouessie ciosa: CUIMKOMapraHey,; WWXTa, mapraHeuy, CMI'IML],VIIZ; Tyd); KBapuwuT, BOCCTaHOB/EHUE, METANN,
wnak.
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PREPARATION OF LOW-PHOSPHOROUS MANGANESE CONCENTRATE USING SODIUM CHLORIDE
Z. Simonishvili, A. Gogiberidze, V. Qingladze

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.

Key words: Manganese; Sodium chloride; cox.
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NONYYEHUE HU3KOPOCH®OPUCTOIO MAPTAHLEEBOIO KOHLEEHTPATA C NTPUMEHEHUEM
X10PUAA HATPUA

Cumonuwsmnu 3.3., lornbepuase A.B.,[Uukawya [.C.] KuHknaaze B.J.

Pe3tome: PaspaboTaH meTog nonyyeHns manodpocdopuctoro mapraHuUeBoro KoHueHTpaTa. Ana gedocoopaunm
NPUMEeHAETCA NPUPOAHbIN AeleBbld MaTepual - XJI0PUCTbIA HaTpwuii. [oy4eHHbI MapraHLUEeBbli KOHLEHTPAT MOXKeT
6bITb MPUMEHEH AR NONYYEHUA CTaHAAPTHOIO CNiaBa peppomapraHua.

Kimrouessie ciioBa: xnopug HaTpusa; mapraHuesas pyaa; KOKC.
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STUDY OF ALLUVIUM SHALES (FALLING ROCKS OF CAUCASIAN RIDGE, GENERATED AS A RESULT
OF SILL-MUDFLOWS), AS A POZZOLANIC ADDITIVE FOR CEMENT
E. Shapakidze®, R. Skhvitaridze™, I. Gejadze®, V. Maisuradze®, M. Nadirashvili*, E. Khuchua®
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11, Mindeli st., Thilisi, 0186, Georgia

** Georgian Technical University, Research Centre "NanoDugabi", 77, Kostava st, Tbilisi, 0175, Georgia

E-mail: ellennelia@gmail.com

Resume: Possibility of application of alluvium shales
(falling rocks of 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 °C.

Shales were burned at temperatures 600, 800 and
1250 °C 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 800°C, 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
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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].



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 CEM II/AT (6-20%)
and CEM II/BT (21- 35%) [3].

Since 2014 a 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 °C 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
biotite, pyrite,
quartz, augite, sericite, calcite, plagioclase, orthoclase,

of: hydromica, muscovite, limonite,
chlorate and aggregates of shales.
The chemical composition of shales is presented in

Table 1.

Table 1
Chemical composition of shales of Kvareli,
mass %
. o o o o o 0
Sl sl ol S |2 ]g|dg o | 2| o
Sl | R || g || 2|5 |8 |2 |8 || 2|5
3,5 58,0 | 0,89 | 18,8 | 2.86 | 3.65 | 0,23 | 0,23 | 1,52 | 1,75 | 0,23 2,1 3,0 1,74 2,0
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According to the differential-thermal analysis data
(Figure 1) the endo-effect within the temperature range
100 -150 °C complies with the removal of the water ab-
bsorption. In the temperature range 450 — 680 °C loss of
weight about 4 % takes place. It is obviously connected
with the loss of constitution water, but at 560-680 °c
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 OC 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 °C 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 Nol (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 AO); clay mineral chlorite
(14.14, 7.08, 4.73, 3.54 A%); mica (9.96, 4.96, 2.555, 2.010
AO); feldspar of Ca-Na (4.02, 3.77, 3.67, 3.19, 2.954,
2930, 2.800, 2.395 A°).

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

On diffractogram No3 (800°C) argillous phase is com-
pletely vanished, mica is diminishing and X-ray amorph-
ous phase is increasing.

On diffractogram No4 (1250°C) X-ray amorphous
(liquid) phases prevails, in which there is quartz up to
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90%, mica is completely dissolved and mullite (5.45,
3.44,3.39, 2.695, 2.511, 2.208, 1.837 A°) appears.

According to X-ray phase analysis data it can be sup-
posed that at 600°C temperature partial decomposition
of argillous component is begun and oxides SiO,, Al,0;
and Fe,0; 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 800°C 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 1250°C, activity of the latter is de-
creased, because there is emerging mullite - 3Al,0;
-2Si0, 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 0C) were ground. For regulating times of set-
ting 5% gypsum is added.

Samples in the form of cubes of 2x2x2 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 NoO is considered as control cement
(free from additive).
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Figure 1. Differential-thermal pattern of Kvareli shales

Figure 2. Diffraction patterns of Kvareli shales: No1- unburnt shale; No2 - heated at 600 °C;

No3 - heated at 800 °C; No4 - heated at 1250 °C
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Table 2

Physical-mechanical properties of cements

Normal density of Sample .
. Changes in cement
No Cement composition, mass.% cement paste, strength after activity, %
mass.% 28 days, MPa ’
o | Clinker =93 29.0 65.5 -
Gypsum -5
Clinker -85
1! Burnt shale (600°C) - 10 30.5 61.8 -5.6
Gypsum -5
Clinker -75
12 Burnt shale (600°C) - 20 31.0 58.4 -10.8
Gypsum -5
Clinker - 60
N Burnt shale (600°C) - 35 32.0 46.0 -29.8
Gypsum -5
Clinker -85
2! Burnt shale (800°C) - 10 31.5 69.5 +6.1
Gypsum -5
Clinker -75
22 Burnt shale (800°C) - 20 32.5 62.3 4.9
Gypsum -5
Clinker - 60
2} Burnt shale (800°C) - 35 33.5 53.5 -18.3
Gypsum -5
Clinker -85
3! Burnt shale (1250°C) - 10 32.0 60.7 7.3
Gypsum -5
Clinker -75
32 Burnt shale (1250°C) - 20 32.0 51.2 21.8
Gypsum -5
Clinker - 60
3} Burnt shale (1250°C) - 35 33.5 41.4 -36.8
Gypsum -5

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 800°C 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.
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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.
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YK 666.952

UCCNEAOBAHUE HAHOCOB IMUHUCTbIX CNIAHLLEB (OBPYLLAIOLLLEMCA TOPHOM NOPO/bl
KABKA3CKOIO XPEGTA, O6PA3OBABLLUENCA BC/IEAQCTBUE CENEBO-TPA3EBbIX MOTOKOB)
B KAYECTBE NYLL,0/IAHOBOW AOBABKW ANA LEMEHTA

Wanakupgse E.B., Cxsutapuase P.E., l'egxap3se U.B., Maiicypagse B.WU., Hagupawsuau M.P.,
Xyuya E.A.

Pe3tome: NccnepnoBaHa BO3MOXHOCTb MPUMEHEHWS HAHOCOB IMHUCTBIX CaHLLeB (0bpyLatowenca ropHoi nopo-
bl KaBkasckoro xpebTta, o6pasoBaBLUelics BCheACTBME CeNleBO-TPA3eBbIX MOTOKOB) B KaYecTBe NyLL0/1aHOBOM A06aB-
KM ons uemeHTa. C aToM Uenblo claHubl 6biIM U3yYeHbl METOZaMMN XMMUYECKOTo, neTporpadunyeckoro, peHTreHogpaso-
Boro n anddepeHUManbHO-TEPMUYECKOTO aHAIM30B, KOTOPbIE BbIABUAN TeHAEHUMIO $a3oBbIx NPeBpPaLLEHUI NPU Ha-
rpese c/llaHUEB B MHTepBane temnepaTyp 20 - 1000°C.

[MnHKUCTBbIE cnaHupl o6xKkuranuce Npu Temnepatypax 600, 800 n 1250°C ¢ BbIAEPKKON NPM MaKCMManbHOM Temne-
paTtype 60 MUH. PU3NKO-MEXaHUYECKNE UCTbITaHMUA NOKA3aaMn, YTO HAUAYYLIMMMK NOKA3aTeNAMMU NO NPOYHOCTM obna-
[AloT LemeHTbl ¢ gobaskol 10-35 macc.% cnaHueB, 060X KeHHbIX Npu TemnepaType 800°C.

KnioueBble cnoBa: nyuuonaHosan AobaBKa ANA LLeMeHTa; HaHOCHbIW FIMHUCTBIN CAaHeL,; ceneBo-rpasesblit no-

TOK; 3KO/Z1I0TM4eCKoe paBHOBecCuHe.
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YK 666.1.25

OCOBEHHOCTU TEPMMWYECKOIO PACLUUPEHUA U SNTIEKTPOCONPOTUBJ/IEHUA
CTEKNNOMATEPUANOB B CUCTEME Cu,0-MnO-B,03

T.lWW. Yenwswunu, H.I'. Yuarkasapse

[enapTameHT XMMMUYECKON U BUONOrMYecKol TexHoNorni, MPy3MHCKUIA TexHudeckun yHusepcuteT, [pysus, 0175,

Téunucu, yn. Kocrasa 77
E-mail: t.cheishvili@gtu.ge

Pestome: MccnegoBaHue BbINOMHEHO C LLENbIO U3yye-
HWA BO3MOXHOCTM NOJIy4YEHUA CTEKIOMATEPMANIOB I/1EK-
TPOTEXHMYECKOrO HasHayeHuA. TensoBoe paclmpeHue
CTEeKNOMaTepManoB M3y4yanocb Ha KBapLEeBOM AMNATO-
MeTpe, a 3/1eKTPOCONpPOTUBIEHNE — TEpaOMMeTpamu. B
paboTe npeacTaBAeHbl YCAOBUA NOSyYeHMA cneundunde-
CKUX CTeknomatepuanos B cucteme Cu,0-MnO-B,0; u
paccMOTpeHbl BOMPOCHI BAMAHUA COCTaBa Ha Temnepa-
TYpHble 3aBUCMMOCTU WX YAJIMHEHUA U 3J1EKTPOCOMNpPO-
TMBNeHUA. NoKa3aHo, YTO B3aMMO3aMeLLLEHMEM OKCUA0B
mapraHua (1) u megum (1) B npegenax 10-40 mon.% mox-
HO MONYYUTb CTEKIOMATEPUabl CO CTabUNBbHBIMU 3NEK-
TpodM3MUYECKMMM XapaKTePUCTUKAMMU.

KnioueBble cnoBa: cTek/siomaTepumasnbl; OKCUAbl Meau;
MapraHua 1 6opa; TennoBoe paclWMpeHue; 3NeKTPoCo-
NPOTUB/AEHUE; TemnepaTypHblit KoabodUUMeHT conpo-
TUBNEHMWA; TUM NPOBOAVMOCTH.

1. BBEAEHUE

M3BecTHO, YTO chepbl NPUMEHEHUA UMEIOLLUX MHO-
rOBEKOBYHO UCTOPMIO MCKYCCTBEHHbIX CTEKOJI CTAHOBATCA
BCe MHoroobpasHee. CTek/0 U3 npegmeta bbiTa yesnose-
Ka npeBpaTUNOCh B onpegensaowmin dakTop nepcnek-
TUBHOCTW Pa3BUTUA MHOIMX OTpac/iei TexHUKu. Ha cero-
OHALWHWIA AeHb HAaCYMTbIBAIOTCA AECATKM BUAOB CTEKO,
OTNMYAOLNXCA KaK PYHKLUMOHASIbHOCTBIO MPUMEHEHMUS,
TaK ¥ coctaBom. Ha oCHOBe CTEKON M CTeKSoMaTepuanos
M3roTaBAMBAOTCA MHOTMe Heobxoaumble ANA TexHU4e-
CKOro nporpecca matepuasnbl U cpegu HUX NoaynpoBoOL-
HUKOBbIE, PaAMALMOHHOCTOMKME, Na3epHble, MarHuT-
Hble, cneuunanbHble ONTUYECKMe, Aerpagupyowme b6uo-
cTeknomaTtepumansi n ap. [1-5].

MpeanocbiNKoW AaHHBIX AOCTUMKEHWUI CTaNo co3aaHue
amopoHbIX M aMOPOHO-KPUCTANIIMYECKUX MaTepuMaos,
KOTOpble ABAAIOTCA HOCUTENAMM CBOWCTB TPAAMULMOHHbBIX
KPUCTANZIMYECKMX MaTepuanoB. B KauyectBe npumepa
MOXHO nNpuBeCTM eppuUTHblIE MapraHeucoaeprKallme
CTEKNa, MapraHeu- M TUTAHCOLEPMKALLME XMMUYECKU
CTOMKME CTEK/IONOKPLITUA, Na3epHble cTekna u T.n. [2,6]. B

3TOM acneKkTe BHMMaHMWA 3acayxusatoT paboTbl, npose-
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OEHHble B LLeNAX CO34aHUA MOBEPXHOCTHO- U 06beMHO-
NPOBOAALLMX MONAYNPOBOAHUKOBBLIX CTEKON C npeobna-
Jatolwelt  3NeKTPOHHON NPOBOAMMOCTBIO, Ha OCHOBE
MeabcoaepKamx 6opaTHbIX U CUNMKATHbBIX cTekon [7-9].
INEeKTPOTEXHUYECKUE XaPaKTEPUCTUKM TaKMX MaTepu-
anos, cofepawmx d-anemeHTbl, NO3BONAOT PEKOMEH-
[0BaTb UX B KayecTBe CrnewuunanbHblX PE3UCTUBHbIX 3/1e-
MEHTOB, CMOCO6HbIX 3aMeLLaTb U3BECTHbIE CMJIaBbl U fie-
rMpoBaHHble nonynpoBoaHuKku [10]. Ucxoaa m3 umeto-
LLMXCA B HAayYHOW AuTepaType AAHHbIX U C YY4ETOM Tex-
HO/IOTMYECKOro CUHTe3a BopaTHbIX cTeKkon (Mo cpaBHe-
HUIO C CUJIMKATHBIMKM) HaMK BblIM CUHTE3MPOBAHbI U U3Y-
YeHbl 3neKTpodU3NYECKME U TennoBble CBONCTBA CTEK-
nomartepmanos B cucteme Cu,0-Mn0O-B,0s.

2. OCHOBHAA YACTb

Llenbto gaHHOM paboTbl 6610 U3yYeHNe maTepuasos,
nosnyyeHHoix B cucteme Cu,0-Mn0-B,0;, T.e. Bapkoi
KOMMNO3MUMit Ha 6opaTHOW OCHOBE, COAEPMKALMX OKCU-
Abl AByX (Meab 1 mapraHeu,) d-anemeHToB. OKcMAbl Map-
raHua U Meau XOpOLLO U3BECTHbI B CTEKIOAENINN — HA UX
OCHOBE MOYYaOT OKPaLLEHHble CTeKNa ObITOBOro 1 cBe-
TOTEXHUYECKOrO HasHayeHna. OAHAKO MX KOHLEHTpaLum
B TaKMX CTEKNAX HE MPEeBbIWAOT HECKO/IbKUX MPOLEHTOB,
a rnybuHy OKpacKu onpeaenstoT cneayowme GpakTopbl:
COCTaB CTeK/a, TemnepaTtypa W atmochepa BapKu, OKuUC-
JIMTENIbHO-BOCCTAHOBUTE/NbHbIE MPOLECCHl MeXAY ABYMSA
d-anemeHTamu. MpeactaBieHHble napameTpsbl (ycnosusa)
npesonpesenaioT B KOHEYHOM cYeTe BaJleHTHO-KOopAU-
HaLMOHHOE cocTofHME d-3/1eMeHTOB NPW MX COBMECT-
HOM NPUCYTCTBUM B cTeknax [1,11]. Mo3aTomy Npu CUHTe-
3e CcTeKkon B usyyaemon cucreme Cu,0-Mn0O-B,0; 6bian
NPUHATbI UAEHTUYHbIE ONS BCEX COCTAaBOB YC/I0BUA CUH-
Tes3a M JanbHenwWwen NoaroToBKM 06pasuoB A1a 3amepa
CBOMCTB.

[Ona cuHTe3sa 6blAn B3ATbl Clefylowme pPeakTUBbI:
meab (1) okncb, mapraHet, (II) okMcb U 6opHas KMcioTa Ka-
yectBa (MapKu) «x.4» U «4.4.a.» C coaepKaHMeM OCHOB-
HbIX BewecTB He meHee 99,0 Bec. %. BapKka WKXT NpoBo-
AMNacb B 3/1EKTPUYECKON Meun ¢ KapbopyHAOBbIMU Ha-
rpeBaTeNmu, TUFAKN ana cuHTesa — dapodoposble emK. 70
mn. TemnepaTtypa Bapku cocTaBnAana 1025+25°C; Bpema



BblAEPXKKM pacniaBoB nNpu gaHHoi TemnepaType — 30
MWH. 1A oTKura o6pasLoB, NOAYYEHHbIX OTIMBKOM pac-
NaaBoOB B MeTanimnyeckne Gopmbl, NpUMeHaNacb mydeb-
HafA anekTponeyb. TemnepaTypa OTXKUra ycTaHaBAMBanacb
C y4eTom TemnepaTypbl cTeknosaHua (Tg) n coctasnAna
(Tg-20)°C npmn ckopocTV Mocneayloulero oxnaAeHusa He
60nee 3°C/MUH. B Lensax nsydyeHna CBOMCTB OTOMKMKEHHbIE
obpasubl WaMboBanUCb AnA NONYyYEeHUA AUCKOB (anameTp
30-40 mMm, ToAWwMHA 3-4 MM) U YeTbIPEXTPAHHBIX CTEePK-
Hel (anrHa 50£2mm; ceveHmne 3x3 Mmm).

TennoBoe pacwupeHne onpemenanocb Ha Aunarto-
meTpe [AKB-4A (ckopocTb nogbema TemnepaTtypbl 2,5-
3°C/MWH), @ aNeKTpUUYecKkoe ConpoTuaaeHne (3neKTpoapbl
rpaduToBble) M3MepsAnocb Tepaommetpom (E6-3, E6-
13A) B BbICOKOTEMMEpaTypHOI avelike [12].

B cucreme Cu,0-MnO-B,0; 6binM CUHTE3NPOBAHLI U
M3y4yeHbl COCTaBbl Tpex cepuit ¢ cogepkaHnem 40, 50 n
60 mon.% B,0;. OaHaKo, B laHHOM cTaTbe NpeACcTaB/eHbl
pe3y/bTaTbl MO CBOMCTBAM A/ COCTABOB C MOJIEKYAP-
Hoit ¢dopmynoit (50—x)Cu,0-xMn0-50B,03, T.K. cocTaBbl
OBYX apyrux cepuit (c 40 n 60 Mo1.% OCHOBHOIO CTEK/IO-
obpasoBaTesifn) NOKasann CXOoxue pe3ynbTaTbl MO 3Haue-
HUAM 3N1EKTPOCONPOTUBAEHUA (P) U TENJOBOro pacluu-
peHus (A€) oT TemnepaTypbl. COCTaB M OLEHKA BHELIHEro
BMAA NepeoxnaxAeHHbIX B GOopmax U OTOXKMKEHHbIX pac-
Nnn1aBoB M3y4aemon cepum npeactaBaeHsbl B Tabn. 1. MNo-
NlyYeHHble 06pasLbl MaTepManoB OT/IMYAKOTCA NO BHELU-
Hemy BMAy — cocTaB 1 MOXKHO OTHecTU K amopdHbIM, a
cocTaBbl 2-4 60nblue MOXOXM Ha aMopdHO-KpUCTaNAn-
Yeckne matepuansl.

Tabn. 1

NcxoaHblii COCTaB U BU3yasibHaA OLLEHKA NepeoxaaKaeHHbIX
pacnnaeoB cocrasa (50-x)Cu,0-xMn0O-50B,0;

XMMHUYECKM coCTaB Mo CUHTE3Y
0,
Neo MHAaeKcbl cOCTaBoB (mon. %) Bu3syanbHaAa oLeHKa
Cu,0 MnO B,03
1 Cu'Mn-145 10 40 50 YepHoe cTekno
, MaToBas noBepxHOCTb TeEMHO-60pA0BOr0
2 Cu’Mn-235 20 30 50
uBeTa
3 Cu’'Mn-325 30 20 50 To ke, 4To M cocTas 2
4 Cu’'Mn-415 40 10 50 To ke, 4To M cocTas 2

M3yyeHne 3aBMCMMOCTEN «yA/MHEHWe-Temnepary-
pa» MoKasaso onpeaeneHHyo MAEHTUYHOCTb cocTaBos 1
M 2, a TakKe coctaBos 3 u 4 (Tabn. 1) no cxoxectn guna-
TOMETPUYECKUX KPUBbIX, KOTOpble MpeAcTaBAeHbl Ha
puc. 1 ana kpaiHmx coctaBos: Cu’'Mn-145 n Cu’'Mn-415.
Kpueasa 3aBucumoctn «Af - t» B 06omux ciyyasx mmeer
CNOXKHbIM XapaKTep — YeTKo NPOosBAAOTCA U3rnbbl (nepe-
X0Abl) OT O4HOIO NPAMOJMHENHOIO Y4acTKa K Apyromy B
obnactm Temnepatyp OT KOMHaTHoOM go 450°C. Odanb-
Henwni pocT TemnepaTypbl NpegonpeaenneT na1aBHOCTb
XoAa Kpuebix «AL - t», ogHako Ans cocTtaBa ¢ 40mon.%
Cu,0 Habntogaetca 3aTOPMOMKEHHOCTb Xo4a paclumpe-
HUA B obnactn Temnepatyp 450-525°C (dukcupyetcs Hy-
NleBoe pacliMpeHue) ¢ nocieaylolein 3aBepluatoLlein u
XapaKTepHoW A5 amop¢dHOro coctaBa netniein B obnactm

Temnepatyp pasmaryeHus. [loayyYeHHble pesyabTaTbl
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CBMAETENbCTBYIOT O HEOAHOPOAHOM CTPOEHMU M3y4ae-
MbIX MaTepuanos, B KOTOPbIX NPeAno/oKUTE/IbHO BO3-
MOHO OA4HOBPEMEHHOE COCYLLECTBOBAaHUE HECKOJ/IbKUX
COCTaBAAOLWMNX CTPYKTYPY FPynnuMpPOBOK M B TOM uucie
mMeaHobopaTHbIX M MapraHueBobopaTHbIX. [aHHbIN BO-
npoc TpebyeT AONONAHUTENbHOrO U3ydYeHus, Tem bonee ¢
y4YeTOM BbIiBNIEHHOTrO $aKTa — TemnepaTypbl pasmarye-
HMA MaTepunanos (t, ,) NpakTMUeckn cosnagatoT (puc. 1).

BO3MOKHOCTb BIMAHWNA COCTaBa Ha CTPYKTYpHOe 0by-
CTPOMCTBO CUHTE3MPOBAHHbIX MaTepPUaNoB HaLNO OTpa-
YKEHME U B 3aBMCUMMOCTM 3INIEKTPUYECKOTO COMNPOTUBAE-
HUA OT COCTaBa M TemnepaTypbl 3amepa 3HaAYeHul co-
npotuenexma (puc. 2). B unHtepsBane temnepaTyp 20-
300°C 3aBMcMmMoOCTb «lgp - t» HOCUT NPAMOSIMHENHbIN Xa-
paKTep, OAHAKO Yrofl X HaKNOHa MEHAETCA B 3aBUCUMO-
CTM OT CcOCTaBa.
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Puc. 1. XapakTepuctuueckue guaaTtomeTpuieckme Kpusblie CTEKON:
1 - coctas 10Cu,0-40Mn0O-50B,0;; 2 — coctas 40Cu,0-10Mn0O-50B,0;
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Puc. 2. 3aBucumoctb «AL - t» gna
coctaBos xCu,0:(50-x)Mn0O-50B,0;
(coctaBbl cm. Taba. 1)

CoctaB Cu’MnB-145 (kpuBas 1) xapaktepusyetcs
0COBEeHHOM YyBCTBUTENBHOCTLIO K U3MEHEHUIO TEMMepa-
TYpbl, B TO Bpemsi Kak cocTtasbl ¢ 20 n 6onee NpoueHT-
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Puc. 3. B3aumHas 3aBUCUMOCTb 3/IEKTPOCONPOTMBAEHUA
M SHEeprumn akTUBaLUMU A/IA COCTaBOB
XCu,0:(50-x)Mn0-50B,0;: A — 31eKTPOHHaA
npoBOAUMOCTb, B — MOHHaA NpoBOoAUMOCTb
(coctaBbl cm. Taba. 1)

HbiM cogeprkaHnem Cu,O meHee YyBCTBUTENbHbLIM K U3-
MEHEHMIO TemnepaTypbl. ITU Xe cocTaBbl nmetoT bonee



HU3KME 3HauyeHMUsa yAeNbHOrO 3/1eKTPOCOMNPOTUBAEHMUS,
yem coctaB Cu'MnB-145.

M3yueHHble CTEK/Na XapaKTepusylTcA Pe3Ko OTau-
YaWUMNCA 3HAYEHUAMU TemnepaTypHoro Koadpdpuum-

€HTa 3/1eKTPOCONPOTUBAEHUA (Of) MU SIHEPTUM aKTUBaL MK
nposoaumoctu (E), uTo noaTeepaaeTca NpuBeaeHHbI-
MM B Tab/. 2 pacyeTHbIMKU AaHHbIMK [13].

Tabn. 2

dNeKTpoTEXHUYECKME XapaKTePUCTUKU CTeKon coctaBa xCu,0-(50-x)Mn0-50B,0;

3HayeHuna yaeNbHOro 3/1eKTPOCOMNpPO- TemnepatypHbIid KO3d- | DHeprua akTMeauun
NHaekc TmuBneHus (lgp) npm Temnepatype bULMEHT 3N1eKTpO- 3NEeKTpo-
cocTaBa 100°C 200°C 300°C conpomn_aznel-_ulm NpPoBOAUMOCTH
(-ar107) K (E), aB

Cu'MnB-145 - 11,3 9,1 1,8 0,40
Cu'MnB-235 7,7 7,5 7,2 0,5 0,11
Cu'MnB-325 7,3 7,0 6,8 0,5 0,11
Cu’'MnB-415 7,0 6,7 6,5 0,5 0,11

[na onpepeneHna Tuna NpoBOAUMOCTU B U3y4YaeMbIX
KOMMO3UUMAX OblN MCNOMBb30BaH NOAXOA, MPenOMKeH-
Hbiii B [14]. MpeacTaBaeHHbI Ha puc. 3 maTepuan B BU-
ne 3aBucumoctu «lgp,o-E» NOKasbiBaeT, YTo BCce mare-
puanbl u3 cepmm xCu,0-(50-x)Mn0-50B,0; f0NKHbI NpO-
ABNATb CKJOHHOCTb K 3/1IEKTPOHHOMY TUMY NPOBOAMMO-
CTW, O HAKO AaHHOe Npeano/ioXKeHne NpeanoyYTUTeNbHO
B OTHoweHun coctasos ¢ 20, 30 u 40 mon.% Cu,0 (puc.
3, cocTasbl 2, 3, 4).

3. 3AK/TOMEHUE

CMHTE30M U M3yYEeHMEM CTEKNOMATepPUaioB COCTaBa
XxCu,0:(50-x)Mn0-50B,03 66110 yCTaHOB/IEHO, YTO MO Xa-
paKTepy M3MeHEeHUA CBOWCTB OHW NMpeacTaBnstoT cobol
amopdHble UM aMOPPHOKPUCTANIMYECKME MaTepUabl,
npeanosioXKNTenbHo ¢ AnddepeHUNPOBaHHOM CTPYKTY-
poit. Coctasbl ¢ 20, 30 1 40 mon.% Cu,O xapaKkTepusytoT-
CA HU3KMMM 3HAYEHUAMMU 3SNEKTPOCOMPOTUBNEHUA U
SHEeprun akTMBauUMKM, a TaKXKe ManbiMU BeUYUHAMMU
TemnepaTypHoro KoaddpuuMeHTa CONPOTUBNIEHUSA, YTO
MOXKeT npefonpeaenvtb UX NpPUMEHeHVWE B KayecTse
MHOTOpYHKLMOHAbHbIX HU3KOOMHbIX PE3UCTOPOB.
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PECULIARITIES OF THERMAL EXPANSION AND ELECTRIC RESISTIVITY OF GLASS MATERIALS IN
THE SYSTEM Cu,0-MnO-B,0;

T. Cheishvili, N. Chijavadze

Resume: Conditions of receipt of specific glass materials in the system Cu,0-Mn0O-B,0; 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 (1) oxides within the limits of 10-40 mol.%
is possible to receive glass materials with stable electrophysical characteristics.

Key words: glass materials; copper, manganese and boron oxides; thermal expansion; electric resistivity; thermal
coefficient of resistance; type of conductivity.
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