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RECEIPT OF FUNCTIONAL-PURPOSE GLASS MATERIALS IN SOME
MICROELEMENT-CONTAINING MODEL COMPOSITIONS

M. Zakaraia, M. Mshvildadze, T. Cheishvili

Georgian Technical University, Department of Chemical and Biological Technologies, Str Costava 69.
0160 Thilisi. Georgia

E-mail: t.cheishvili@gtu.ge

Resume: Goal Study of compositions of ZnO-MnO-B203 and Cu20(CuO)-MnO-B203 systems containing
four kinds of microelements aimed to receipt of functional-purpose glass materials from them.

Method. Desirable materials have been received in the studied system according to methods adopted in ceramic
and glass technology — through baking or melting of furnace charges of corresponding composition. Transfor-
mations caused by thermal processing in the composites under study have been studied using thermal and X-ray
phase analyses.

Results. It was established that a key factors determining phase composition of microelement-containing mate-
rial represented by the method for material receipt and thermal processing conditions. The presence of amorphous
and crystalline-nature component parts has been registered in the composition of materials obtained in the system
under study.

Conclusions. Received materials are featured by non-uniform structure (presence of amorphous-crystalline
phases) and vast variety of crystalline compounds in them that is a precondition of receipt of glass materials bear-
ing different properties and having targeted purpose.

Key words: microelements; microfertilizers; composition; furnace charge; thermal processing.
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RECEIPT OF TECHNICAL PREPARATION INVERTASE

E. Topuria, L. Topuria

Georgian Technical University, Department of Chemistry, Str Costava 69. 0160, Tbilisi. Georgia

E-mail: topuriaekaterine@mail.ru

Resume: Goal Invertase is separated for the first time as a result of micromycetes fusion and it is shown that ac-
cording to its thermal stability it superbs the analogues synthesized by mother strain. There is established that the in-
vertase obtained as a result of fusion according to its physical and chemical characteristics isn’t differed largely from
invertases received from other microorganisms.

Method. The methods of fermentation, extraction and centrifugation have been used.

Results. There is shown a possibility in principle of immobilization of invertase at other carriers using different
methods.

Conclusion. Inverted sugar is obtained by means of immobilized invertase.

Key words: enzymes; invertase; immobilization; micromycetes.
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THE IMPACT OF INFORMATION LOGISTICS ON THE ECONOMIC SITUATION IN

GEORGIA
Al. Kankadze, J. Kankadze, A. Tsulaia

Transport and Mechanical Engineering Management Department. Georgian Technical University. Str

Costava 68b. 0160 Tbilisi. Georgia

E-mail: Alegsandregtu@gmail.com; annstsulaia@gmail.com

Resume: Purpose. The article states that socio-economic conditions must first be identified, which requires

significant capital investment.

This problem affects the dynamics, structure and volume of both current and potential investments.

Method. Against the background of the current globalization in the world and due to the geostrategic situation

of Georgia, the development of the country's economy is directly related to the smooth and efficient work of the

transport sector.

The purpose of this system is to optimize the results of the activities of individual elements, so the logistics sys-

tem must constantly initiate and analyze the causes of delays that arise during the movement of raw materials,

products, goods and services in the logistics chain.



Significant improvements in logistics efficiency indicators at the expense of increasing the efficiency of possible
border control procedures.

Result. The article of “The impact of information logistics on the economic situation in Georgia” describes that
a strategy for the development of specific regions has not been developed so far.

Regarding the use of natural resources to solve environmental problems, an economic regulation system should
be developed. For the regions it is necessary to create strategies for the development of the small or medium-sized
attractions.

Noteworthy is the information support system for logistics processes in the regional development process.

Performance of the logistics is mostly related to supply chain reliability and forecasting of manufacturers and
exporters.

The logistics market is very fragmented in Georgia.

Conclusion. In order for the transport system to function better, we need to incorporate the latest technologies,
data collection and transmission facilities, software and data bank into a unified transport information system, as
“regional development analysis of the transport and communications sector shows inequality in its development.
The unified transport information system, the methodological basis of which is presented in the article, should be
established on the basis of creating networks of regional logistics centers that plan, organize and execute cargo
shipments, control traffic flows and provide relevant information on the state of the transport system.

Key words: Investments; Migration; Grant; Grants; Monitoring; Logistics; Globalization; Intermodal; Multi-

modal.
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UDC 330:625

THE RESEARCH OF THE ROLE OF LOGISTICS IN THE REGIONAL MARKET POLICY

Al. Kankadze, J. Kankadze, A. Tsulaia, M. Moiscrafishvili

Transport and Mechanical Engineering Management Department. Georgian Technical University. Str
Costava 68b. 0160 Tbilisi. Georgia

E-mail: Alegsandregtu@gmail.com; annstsulaia@gmail.com

Resume: Purpose. After the collapse of the USSR, many countries underwent a change that was related to the
introduction of technology in agricultural practice, which is based on both material and technical support, as well
as transport and the latest technological development.

Method. Discusses the term "logistics" and its development in its service areas. According to the European Lo-
gistics Association, logistics is the process of planning, organizing, executing and controlling the movement of ma-
te-rial and related flows and from the moment of purchase to production and movement of goods, to the end user,
to better meet market needs, with minimal costs and rational use of resources.

Logistics in military affairs is attributed not only to supply issues, but also to the rapid movement of combat
units in accordance with military tasks.

Result. The work “The research of the role of logistics in the regional market policy” at the present stage is im-
portant for the expansion and strengthening of the trade-economic, cultural-political, scientific or technical inte-
gra-tion and for other relations between different countries or regions.

It discusses the role and place of the Georgian transport system in the economy. Also, the state of information
provision of logistics and its role in regional market policy.

Conclusion. This paper presents a study of the role of logistics in regional market policy. Its development, start-
ing with military affairs, covered all activities and especially the economy. The use of logistics allows us to success-
ful-ly solve any level of problems related to material and information flows.

The use of information system to increase efficiency is achieved through transparent (direct) ways and a com-
bination of information system, which allows to avoid duplication and multiple use of information.

Key words: logistics; economics; information system; data flows; integration.
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Test mode

Sample name
Test force
Loading speed
Hold time at unload
Parameter name
Comment
Poisson's ratio
Cf-Ap,As Correction
Read times

Indenter elastic

SEQ Fmax hmax

1650°C ¢933965¢®sDg domgdmmo CN-8 3md3mbodol
303603935603960 dobsbosmgdMgdo

<<**  Test condition-CH8-1650 ***>>

Load-unload

3bGoo 5

[mN]  [um]
1 206.11 1.2419
2 210.42 1.3860
3 206.11 1.2701
Average 20755 1.2993
Std. Dev. 2484 0.076
cv 1.197 5.879

CHS8-1650 Sample No. CHS8-1650
200.00[mN] Minimum force 1.96[mN]
1.0(70.0670[mN/sec]) Hold time at load 5[sec]
3[sec] Test count 3
Parameter 20
24.11.15. .SH8-1650-Tex -Uni-200
0.250
ON Indenter type Vickers
2 Objective lens 50
1.140e+006[N/mm?2] Indenter poisson's ratio 0.070
<<** Test result ***>>
hp  hr DHV-1 DHV-2 Eit  Length HV Data
name
[um] [um] [N/mm2] [um]
0.4801 0.6795 666.193 4435.000 9.252e+004 4.517 1910.017 CHB8-1650(1)
0.6371 0.8510 546.009 2550.168 8.182e+004 4.517 1949.885 CHB8-1650(2)
0.6173  0.7663 636.923 2659.186 9.501e+004 4.517 1910.001 CHB8-1650(3)
0.5782 0.7656 616.375 3214.785 8.979e+004 4.517 1923.301
0.085 0.086 62.672 1058.143 7007.244 0.000 23.023
14.783 11.204 10.168 32915 7.804 0.000 1.197
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=<"** Force-Depth graph ***==>
Force-Depth graph
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OBTAINING OF B-SiAION NANOCOMPOSITE WITH ALUMOTHERMAL AND NITROGEN
PROCESSES

7. Kovziridze, N. Darakhvelidze, N. NiJaradze, G. Tabatadze, Z. M. Mshvildadze, Mestvirishvili,

M. Balakhashvili, V. Kinkladze

Institute of Bionanoceramic and Nanocomposite Technology. Georgian Technical University. Str Cos-
tava 69. 0160 Thbilisi. Georgia

E-mail: kowsiri@gtu.ge

Resume: Objective - to obtain a composite in STAION-ALOs system and to study its properties. Method -
Obtaining the composite by metallothermic and nitrogenation methods.In the present work, the composite
containing sialon is obtained through alum-thermalprocess, by the reactive sintering method in nitrogen medium,
from the mixture of aluminosilicate raw material (Prosyanaya kaolin and Polog refractory clay-Ukraine),
nanopowder of aluminum oxide (German company “ALCOA”), and metallic silicium with small additives of glass
perlite Aragac (Armenia).The advantage of this method is that the aluminosilicate raw material decomposes during
the heat treatment process and the alum-thermal-nitration process takes place at the same time, making it easier to
open ALN and AI:0s in the newly formed (-SI3N4 crystal lattice, which provides B-Sialon generation at a
relatively low temperature, 1250-1300°C.

Result - Corundum-sialon composite material is obtained by reactivesintering process at a temperature of
1450°C.The corundum and sialon phases in the composite are confirmed by X-ray phase, spectral and electron-
microscopic analyzes. To obtain consolidated samples, the material obtained by reactive sintering was grounded in
the attritor and hot pressed at 30 MPa and 1620°C and was kept at the final temperature - 7 minutes. The phase
composition of the obtained samples remained unchanged after hot pressing, the density increased and the porosity
dropped below 1%, accordingly the numerical values of the mechanical properties were increased: Opress. -1600
MPa; Gvend. -460 MPa; HV-19.7 GPa.

Conclusion - obtained corundum-sialon composite with its physical-technical properties: porosity-0-1%;
density -3.21g / cm3; Opress.- 1923 MPa; Gbend.-470 MPa; HV-19.7 GPa, elasticity modulus -22 GPa; dynamic hardness
-3214 N / mm?; chemical stability to sulfuric acid (density 1.84) -99.3%, to water -99.8%.

The obtained materials may be recommended in armor engineering, when measuring temperature in metals
molten as protective coatings for the thermocouple, as well as in high-temperature furnace linings, as well as in
clean processing operations as a metalworking cutting material.

Key words: B-SIAION; corundum; reactive sintering; composite; properties.
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SELECTION OF NEW KIND RAW MATERIALS FOR RECEIPT OF BIOACTIVE GLASS MA-
TERIALS

E. Uchaneishvili, T. Cheishvili

Georgian Technical University, Department of Chemical and Biological Technologies, Str Costava 69.
0160 Thilisi. Georgia

E-mail: t.cheishvili@gtu.ge

Resume: Goal Carrying out the studies related to bioactive glasses receipt on the basis of raw material base — nat-
ural cattle bones.

Method. Glass materials receipt in Na20-CaO-SiO2-P20s composition, in which the content of separate oxides is
established for the bioglasses of the same composition, but with the difference that as one of the furnace charge ingre-
dients the natural cattle bone — a complex phosphorus-containing raw material according its composition — has been
taken. Glass material synthesis has been conducted according to technologies adopted in glass technology, through
furnace charge high-temperature synthesis.

Results. A new result has been obtained after conducted studies — the synthesis of phosphorus-containing bioglass
is possible with the use of treated cattle bones as a main ingredient of furnace charge. A synthesis temperature of ob-
tained glass materials is 1320-1400°C.

Conclusions. Glasses containing 6-10 mass.% of phosphorus anhydride are synthesized on the basis of treated nat-
ural cattle bones, and bioglass materials with 33-48 MPa compression strength and high chemical resistance in phys-
iological solutions are received through their one-stage thermal processing.

Key words: biochemistry; cattle bone; furnace charge; synthesis; properties.

40



w3 661.179

056589000m39 969Gamgx39dGMMo LsddxbgdEEM Fobsgrgdol Fomgdol Ggdbmermyogdols
099853905 LogdoMmm39¢ml mobmgsbo Jsbgdol Logmdzge By

0- 9585Jodg*, 0. §58mBsdg*, @. 5dbos*, 0. 3gx5dg*, 6. Lbgo@s®odg**, m. 3gBMosdgowo*

03969 %9395083000L LobgE™dOl MO oLoL Lsbgwdform Mboggdlodg®o, swgdusbomg m3zs¢FMHgwodols
Lobgermdol dobgMegrwdo bgwgmmols 30335800L 0bLEHOEWEO. bads®mzgum, 0186, mdowrolo, dobpgeol 11
** Lodommzgwml @gdbozmmo Mboggmlo@gdo, Jodommo Ggdbmemaools @s gm0l B93MWEIGO,

Lodotogganm, 0160, 0d0wwolo, 3mbEegsl 69

E-mail: elena.shapakidze@tsu.ge

9b0dg: doBsbo. 659600l Bobsbos bags®mzg-
@b 00bm3560 J569d0L (sE30s© WMo moby-
00, SMR0W0EHJO0 > MObIBOJwYd0) Logwyd3zgw by
39653Bo@ol  domgdol  GHgdbmamyool  Ggdmdaggds
50O GHMM0E 306:009000.

dgoom@o. H96GYBMRBBMM0 sbagrobolmzgols yo-
900y9gbgdms ogMsd@mdgdmo Apon-4.0, HIIII "By-
peBecTHHK",, L30QBAOL sBMEOM s bogzgwols gogn-
A&®om. U (dsd35) — 3533 I (0gbols dogns) - 20mA. o-
50900 LB — 2 gMo/Fo. A=1.54778 A.

©OEBIMIBE0O-mgMdMwo  sbsgroBgdolimzgol
390000949bg0mes  3gM3sbmo oMol ©IMHoz5G™MY-
®>@o NETZSCH, STA-2500 REGULUS sbsqnobodm-
6om. 600dgdl SbMgdEbgb 10000°C-0y 3gsdo-
399 Boggdo, 3sb@adol bobdsMg _ 10 a®oo/fo.
9B°0MbMGHo 6030009M9ds - a-ALOs.

LOMBIMYPSTESOMBS  A9BoLsBOZMS
WTII-MTI'4 «100».

d9980. LoJoOMZgMl MobMmzsbo Jobxdol (se3z0-
WWOE WOMBSPO MOLY, SMHR0WOE0 S 00bIBOJSWO)
155311339 DBY WVBMMIEHMMOE 3060HMdJdTo Bowd)-
oo ¥gBHMboL Abgdvdo BmOMZgsbo Fgdaglgdgwo —
39653Do@0 3990930 J0MOMOEO 3565dgEMYdom: bo-
goto 10933¢030L doezs — M300 - M800, Loodm-
39035OMBOL 309530309630 1=0.096-0.172 3¢/3-K.

@sl53965. 300gdrEo 39M53D0EOLY TYbsdergdg-
oo IHBOIPEIL OMAMOE 3MBLEGMJ30MEo, oy
00MbsobBeMEnszom Abwgdvydo dgE™bgdo.

bybafigmby

L53356dm Lo@yggdo: 96gMaMIRgIBHWMGO; 39Ge0%o-
A0; ®0bM3560 J56700; LOMBOMYSTBHIOMDYS.

1. 3glsgogmo

056599006Hm39 39670 Mds, 49b3005M9d0L LfMs-
30 3983900l 30MmMdGOT0, TMOMbMZL 9GS ToMEGHM
159396gdem  Tologrgdol  FomBmgdol Mom@abmdmog
DL, 9M8g 85000 9bgMRMIBIIEHWIOMBIOL ©sb3Y-
ol o LOveyma3al, Moz mobsdgMmgy Losbmg-

41

900l 3MIBMOEHNME®I0L  bsMolbol 35 gdsls
MBOHMb3gmymal. 08  doBBoL  dowfgzs  Fgbadang-
09os FbmEmE sbogro doymdgdol 99dmdsggdom
Q5 5Q0P0MOM030 byowgol dsboby.

Bgdmbligbgdeo  s9m3960L  goshY39BL  y39-
390YOIMGOL  5pMgogg  39bmbo  gbgMamsdbm-
3930 Tolboggdols g99mygbgdol dgliobgd, 3gMdm 93-
3530006  sbmEoMgdol  byardy3Gvyemgdom  bs-
FoOMZILM  FIWEII0s  0bEddwgsbyml  93-
MHM35600096GOL  bodFmb  2010.19.05. oMgd@Eogzoom
2010/31/EU 8gbmdsms  gbgtymgngdd«ydo 095639690~
@gool  [1], sbggg  930M3oMsdgbGol  LodFmb
20122510 oMgd@ogzoom 2012/27/EU  gbgbamgsgd-
AGMOMBOL Fglobgd [2], s80EH™I LogsHMZImb 356-
@s396@d> 2020(. 21 Foobl 98B 303s Lodotomgg-
@b 396mbgd0: "9bMamangd@m®mdol dglobgd”, Ne
5898 [3] o "896mdgd0lL  9bgMHamgn9d@mdmdol
Ggbobgd", Ne5900 [4].

dmmbmgbgdo Fgbmdgdols s BoggdMdGdOL Loom-
0mlb B39t o339y TMogae  J3ggsbsdo
Lobgendfiogml  Mgarmmomgdol 360836gamazsbo  g3od-
AMO0s. g FMmbm3zbgdo  obobogds GMaMGE o~
6990 5330,  9M9BbENgdso  dbgdmogo  Mg-
LmEOLIOOL  B330MbsErIMO  godmygbgdol, ,Lsmdwmol
99%39dBOL, oby 5GHIMLBgO™MTo Lbgs 0530y 20dmbo-
0meng3900L 9983009008 M35 bsbOOLO.

96963098399 GHwIM0  bdTgBYdM BoLoEgdOL Fo-
9900l gMm-gOHmMo Jmz5M0 0ToM0vengdss dbvy-
0mdo  09FBH™MbgdoL  As8mygbgds BMOMZeb  9daglg-
09w%by.

R}MO™3560 99538900l gOHm-9H00  JOMHOMSWO
Lobgmdos  396M3BoG0. 39058%BoGo doomgds mobm-
3960 Job9d0l (50030 WOMBSO MObYdO, St1YO-
@OoEJO0 5 00bdBOJWId0) 553500l gbom.

39Ms0Bo@o  yobgsdggao s BHgbdgwgao dsbs-
@55, 8™ GvBHJJools s 8753900l dodsto,
903039>  3790030L5L,  3IEbEIEYH0d,  JoBoMe©
0b69OGHW0s. 39M58BoGo bobdggaos, 9O 0boszL
00Obggdl,  AFgMgdl o oM 9939900gdsMgds
@30dsL. 39M53BoEoL beMgdol Lodzzmoggs 350-sb



900 33-80g 3RNO gHOBY, LodH3oE) 3ddzoby
— 04-056 6 8350009, Yyobgz599gamds  509bs3e9d
F35 (3990635-goc0mmdol 35 (303w00), §gocrdmsbodds
10-0s6  25%-00g.  39658BoGOL  0BMBIOBMEsEGOM
®30L90900  GBobEYds, MMPMOG oMo  LOMBdMYST-
GoMmdol, A=0.14-020 g@/d-K.

39605000 d0M0MOEI©  0ffo™TMGds oG-
399600 dgmmEom, bsffomdmog ddGMsgom ©s Bm-
230960 dg8mbggzsdo Lggro FgoMmEOomsE. debvy-
@gdol 5830 godmfzol  3GMmEgbdo  [omdmgdl
3d6bog Bergddo.

39650B0@0L  omdmgdol  Ggdbmwmaom@o 36m-
39Ol sMlo  BEYMTsMgMdL  Bywgo  Meby-
@gdol  90mf35d0 Mm3BHOToMHo  Mg70800. 0dob-
030, OHMI mobol aMmBMms 5393009L, E3oEg-
dIW0S 5JBHOMMO  S0MPTIMYMRBS ©OgImb3sl mobols
239051300l BBl 30OHMIWsLBHOIME  IEYMISMYM-
0580. Bbm®ToH  3oMmmdYddo  somfo@mdmddbs, mo-
bol  258mfj30Lb MM, F0dEOBsMYMAL MBGOM s~
do  ($gd39Mo@MMg0DY, 30M7 30MMILE03OO
239Md0gds. 980G,  39MdboGHol  Fomdmgdolsl
Bywgmmo  36ms6mmadols 4sdmfizol OmL  LsFo-
G5 (3ga3gMsG@ol bYMsgsw ofg3s, 306500096 bg-
o 2o3mfjgol  3OmiEgbdo  s0MgdOL  IgEHLMdS
3900094mg3s ®obol  2omd0Egdol  ©sfiygdedy, Mol
8900p0© doogds 8330030 ©d BaWYOIQ 9B
oo 396MsdBo@o.  Bgowgmmo  gMsbrangdols
537900L  ($9939M0BvMsdg  LHMags  golisbwdgd-
WOE 930 J0JE0s Fom0  FodmdMmMds s obsol-
§o60 4000mMds.

2399mfi3ob  Mm3@GH00se®  MHggods  dohRbgwenos
LogggbwyMgdosbo Mgg0do . mbsgzol [5] dobgwgzom:
Byo@gmwo  g®bmmgdol  200°C-sb  600°C-8on
056@omobmdom s Fgdamdo LfiMogo aobmE@gds
5631980L ¢g839Ge@m@sdg — 12000C.

396500@0L  §omdmgdolol  ©mdgedo  S06M5O
396900l boliosmo  gab30MHMdGdMEos 03 Jodowdo
495J30900m, OMIgdo3 d0dEobsmgmdl  godmfizol
3Mmgbdo.  500Ygbgr  goMgdmdo 3060l Fsbgo
(Fe203) 390000L g39:96390 (FeO), Moz oobolb 3o-
HM3abB03MNO  dAMIsMgMdsTo  goaligaols  vgd-
053090 Bogd@HMM0s. 50dYIPgwo FoMgdm aEby-
@b doaboo Fomdmogdbgds mMysbmaro dobstgzg-
00L 5 BT gdol  Tggas, TogaMsd  359GobL
35000 BoFsMOOL  Asdm  MEobyemo  FobsMgzgdo
5 BsTsEHgdo dgodergds s8mofzsl o PoMdmod-
36905 005969030  gogdm, 530GHMI  ©sTz9bY030
20050 25090 dgdo  0YMHIMESFMTa39d0L
UG9©05d0  5MLOLYYMZYOS.

0009690 2093l JoMMmdddo ol
0939900l Bmbsdo Iglsdangdgaos Mebwengdol bg-
@©53060  2oOMds, MOl 29dmE 58 bmbsdo soMs-

42

©O  2oM9dm by ogmb  LbEo  smdoygbgwo,
M3geog FoLoL  FoMMIWLEB0ZMGO MMM
@5 500530y gsl 0bs@BMBgdL, 53539 MM AMo-
Byengdol Bga3oMo @Emdsl 56 gsbogob.

30650  goMgdml  boliosmo  39M58BoGol  gg-
D93 o0bsbgds. M3060L  Hobagmangdol  dymTstg-
™md0L s 899339mdoL  dobgzom: fomgwo ig-
oL Hgs30M00 FMsbgdo B00Mgds b3
239090mdo, bmem dmdo  BogMoly®mom —  swd-
3969 25698mdo.

dooms@ bgowgmme  39Ms8BoGolL  HoMdmg-
0580 959m0yY4gbgds ImbEHIMMOowmbo@mMo, 3oMm-
JoObmmo s LIMoEgoddwm®odosbo  dobgmowg-
00lgeb 99050  mobgdo, GMIgEms  Jodowdo
990039600Mds  Bmyos©  899gabso®mos  (dsb. %):
Si0; — 50-65; ALO3 — 10-20; Fe;Os+FeO — 3,5-10; CaO —
3%-0¢09; MgO — 4%--00g; Na20+K20 — 3,5-5,0. olobo
39035396 sbg3zg MOPBMwo  Fobstgzgdol  s6odg-
AL 2%-L, OMIIPdOE FoM3397wo Lobol d49dEvy-
@300l 258960L Fgo@ml Fomdmowyqbl.

Jodom®  dgoggboemdsdo  oblsmomMgdero
Mo 9603905 030Lwxzswo  Si0s- ob s ®306oL
mgboEgdol  sMLYIMBIL,  MoPD  MgoLYGsEO
Si02-0L  MomEgbmdom  460LsbM3MYds  Mobgdol
0@37gool  Mbs®o:  Si0; — 20%-0g  9MLYdMBOLSL
00bgd0 39MPo© B30, bmem 30%-bg Towowro
399330Md0LLL  553719d0LMZ0L  M3sGoLos  [6, 7]
9439wobg 390090 58900l MBsMo o3l JoEMM-
JoOlme  obgdl, bmwm  d336@mbo@ Mo mobgdo
L5gOHNMP 5O 349300dd.

00bgd0, 29O J0MHOMIEO obMo dobghs-
@gd0Ls, 990303 Lbgoolibgs dobstggl, Memdengd-
Lo 20bbbgoggdmmo Bgdmddggds o3l 9319d5%g.
33963E0L 3obstgzqdo 3gMsdbo@ol dolomgds dsgbg
006560939050 0m3egds. 356M0Mbsdaro dobstgzgdo
306d30l,  0s0s5doMols s 3gMgErgdol  Losboo,
MHmIgmgddog CaO — 3%-Bg 89BHos, ghomo dbcog,
byl Mfymdl 953500l 39d3gMe@OHwo 0bdg-
3o¢0ol  dq030Mgdsl, BogMsd slggg ofigggL  3gMed-
DoGolL gMobegdol ©sdesl Fomdmddbowo oMol
Bogmdol 9goc-

63060 BogMmgools wodmbo@ol, ®3obol
300MHmJlool, 30M0EOL  hsbstmgdol  Bgdmddg-
©905 09MFNo  ©s3ds3900LsL  25BolsBEIMIdS
239098mb  HsL0sOm. MObOL  FoBMfZoLLL  TssbY-
30 29090mdo 03065 29oolL  1sdZ5¢gbEH0sb
®}MMIsdo, bowm  s0dybger  @oMgdmdo — ™mM3o-
©@9b@06d0. {3M0wmoldgmlormo M30b0l dobstg-
3990 ©5©Yd0Ms© dmddggdl 39MsdboGol dowg-
05%by. 500969 sMgdo  sd8s3700LL  Toboeol
@Ml 39d39M5GIMs 1o3BIMP HVSWOS.



319 mJbogdo (Na20, K20) agbggds Gogms
30bg5egdoL Lobom, 0lg Mobsfo®dmdgdbgero dobg-
o900l 890099600Mdsd0E. Fomo Momgbmds 5-6%
89503968 >  gMBMo  Tv)dsg9d0LsL byl
Pymdl comdob $gd3gemodw@ol sfiggabl.

30650D0@0L doboMgdsE 0obgdOL 583w9gd0L vbo-
oL 2olod0gHgdEsE, AoLoEol bodEH3oEoEL Sbodow-
WO S 583900l 0bFGHIMZool  olsgsMoM-
90  094qbgdgb Lbgoolbgs obss@l  Mremyms
0b135000, 0y FY>OO ToboegdOL Loboo.

©36535¢3900L Loboom gsdmoyggbgds 306030, 306o-
Aob b59f30, ©sf3mowdsbgdemo BabdoMo, bobgmbo,
29900060, ©BsTo@gdol  298mygbgds,  gobLgo-
699000 3m33gumEol, Lsdwgsegdsl 0dagzs Av0-
DoMEML 531980l 398303096¢0 2-3-x 96, Bglodos-
ol 9993060gL  39MsdBoEol Bags@o dmiwenm-
00000 b5 O MZONPVOMHYOIYEYDS.

39650Bo@ol  {omBmgdolomzgol  gedmygbgdwyeo
00bg00@6  A5bLS3MMGO00  s©lsbodbsgos dwbgd-
6030 M0bsx30dwgd0. Fo00 35OFOLMBOL JOMOMSO
36039M0305 ©BJMFOMWwo M9708000 MIHIMWO
©5399853900L0b  1120-1250°C  39d3gMo@Ery@rmen  ob-
G9M35wdo Bobo M300831gd0L bs™o, Mol F9Y-
390053 3oLOES BMOMZID LGHOYIEHWMl 0dgbl. ot
500LS, godogro by bsliosmgdmEgl 8330030
J30b053356(0 LEAHOWIEHMMOm, BHMIgwoz Hyserdo oG

95430000  F0MM0MGOL  39OBMBsBYOOL  I30MY
9903390md5Bg, 39 by 0yml gEMY3MM3560;
3o 393bwdggamds 9O  Mbs  50gTsBEHdemgl
1350°C. 90bgGogrmyomMo 99wagbowrmdom alisdzg-
005 80%-9g 300MHMJoMLgdoLy s JarmModolb 99d3-
30mds,  obstgzgdol  Lsboo  Fgodrgds  ogmb
006360 83580, 339030, LOIMOGHO, 306MH0GO,
39CE0G0 50399l 3% [8].

B396 90ge BoGo®madmEro  33¢09390000  WSdM-
5GMOH0M 3063900 2sdmzwgbor 0dbs dc.
©OWYROL bgmdol 658sewo 0obsgodwwgdols godm-
g9bgool  dglsdergdermds  3gMsdBoGol dobomgds
[9, 10].

2. doMomso bsfioero

B396 FoghH Lodo®mzgeml  mobmgsbo  Jsbgdols
(500305  WOMBIO  MObYdO, 9MYOWOBIOO  ©S
0bsg30dwgd0) MmgM3Mwo dMmEoBoEoMgdol d9wg-
239 600-800°C &gd39Gms@mmMol gstpyegddo dowmg-
0maos  (39996G0L  Bomomad@ommo  3w93emesbm®o
©b6s3s@o [11, 12]. Bbsd®MBol FoBsbos LogsOangg-
ol ®obmgzabo Jobgdol Logmdzgmby 3gMsdbodob
d00gd0L  Bgdbmemyools  899mdsggds  WSdMMSEM-
(oM 30OHMOdT0.

bogEIw  Byowonwee  3d3mygbydrier
2390060l mobs,  Mgmgmol  sMPOWwoGHO

0gbs
>

b39©ds, 8530, 8ojdo  Bcmdogm, BmbsgOlgOHm  IZOWOL 65350 MObsBogsro. Mobmgsbo Jsbgdol
RBIOOm, o3 MOYEMWO BogmogHgRdTRdOL sGLYdMdOL  Jodorco  Fgragbormds  dmggsbogros  l-gw
05B396909w05. FoM0Tgogolmsb dmddggds LbEo gbOowwdo.
gbMoo 1
0obmgsbo sbgdols Jodomto dgagbogrmds, dst. %

Ne b. ©. | SiO: | TiO2 | ALOs | FexO3 | FeO | Mm20s | CaO | MgO | SO:; | Na;O | K20

1* 10.60 | 52.84 - 15.07 | 647 - - 706 | 249 | 136 | 1.19 | 2.17

2%* 7.01 | 47.19 - 15.90 | 13.36 - 0.10 630 | 410 | 139 | 2.86 | 1.30

3*F% | 450 | 5995 | 0.89 | 1730 | 345 | 3.65 0.59 1.53 | 243 | 030 | 220 | 2.20

Kk

* 8o@sSbol mobs, ** mgemgmol s@goarodo,

I-ge bLye-bg FoMBmygbowos Ls3zwgzo oo-
bgdol M9gbGRIBMM3900, Lssg BodloMmgds oo-
bwdo  GobgMowgdol —  Jurmodol;  dmb@dmmo-
wmbo@ol (1466 - 1496, 7.14, 425, 366, 2.86, 2.327
A); 3356306 (334 A); 306zl 33s¢gdol (387 A)
©5 39MdMBEHOL (303 A) 5GlgdMdS.

©O0%9M96E05M-009MHTMWo  sbserobgdols  dg-
©J3J00L  Bobgogom  (LY®.  2),  P6EMIBIIGHO
100-150°C-0b  ®otaergddo  yzgwrs IMvEDby  swo-
60dbgds, GMIgeoE dgglsdsdgds dgdebogmGs do-

43

Jgomaols mobsgofsaro

9O®gdMwo gwol dmEoergdst. 650—-850°C-ob (¢q0-
3905@¢ MM 0b@Gghzowdo  3erobogds  daog®o
9bmgxngdBHo, Moz LogsMsmomo mobmmo  dobg-
Moggool  3MoLGHIEMOO IGuEOOL OL3939L, T o7-
GoM6 S0mORME 3m®Todo  JoModdbsls ©353806-
©g0s. 00 9bMgxgd@Bol 3030 TIOIMYPP0 VI
3993905GHMMmaBg  009603bgds  29MEodBOL  Mobsl
(718°C), 653 099)Y39egdlL 50 mobol m30Lgdsby,
3P0 ©593309@gBOML G POIGIONL  yod7-
GOMOYOL.



by@. 1 mobmgsbo Jobgdol Ggb6@agbma®sdgdo: 1 - as@Esdbol mobs,
2 - ogengmol stgogodo, 3 - ggetmob mobsgodseo

91 °C

134 °C
64 °C

718 °C

539°C

545 °C

770°C

753°C

100 200 300 400

500

600 700 800 900 1000

b®. 2. mobmgsbo obgdols mg®dmeo 3Mvygdo: 1 - 45MEsBBOL cobs,
2 - oggmol s6Roo@0, 3 - Y396Meol 0obsxogdswo

By gMEo Asboegdo Fobslifjo® 4s8mdms ogk-
dmbGo@do  (100£5)°C 3gddghed@a®y, ofizdow-
35605 5 gooEcs Ne063 Logg®do. oobol s s6O-
@OoEoLRSE Bobgzho Mo dgomEoom ©sdbHs-
©> 2530 83 @©0s394M0L  amsbmagdo, bmeom
00bsgodowo — (3Mowo bs@gbgdol Lsboom @sMBs.

boowgnwo  9587gb 850G IOIo
0993390l dgendo. 0gMmdMEo sFM3s3900L G9o-

44

39Mo@ms0  dgoa0bs:  1170-1190°C - mobobomgzol,
1180—1200°C — stgoo@obomgol s 1170-1200°C —
0bsx0gsolomzob.

090390 538539008 FJOIAO®  ESVMMSEM-
Mo 3060mdg0do  doegdmen  0dbs  3gMmedbo@ol
3x8MGOMo gMsbymmgdo (L. 3 — Lme. ).



bgd. 3. 39@53%o@a, domgdgmo
3503860l moboliysb (10-20 33)

Lbg@. 4. 396H53b0oG0, domgdgmo
ngmgomol s@aomoGoliysb (10-20 33)

bg@. 5. 3g®53bodo, dopgdgmo
43o®@ol mobsgodmoliasb (5 38-3g)

Lbg@. 6. 3gH53boGo, domgdygmo
g4go®mols mobsgodmoligsb (5-10 33)

by, 7. 3g6s8bo@o, dopgdgmmo
4go0eol mobogodeoliasb (10-20 33)

99Lfogo 0dbs WsdMMeGM®more 30MHMdGdI0
domgdno 10-20 33 BmdoL 39Ms3Bo@ol  doto-
050 03090900 (gbMogro 2), Gmdgwoms dbod-

45

L. 8. 39053bo@o, Jomgdyeo
43500l mobsgodeolasb (2040 33)

369mdgd0  LEBIOGHIPOL  FMPbM3BIBOL  FoMy-
@gddos [13-16].



3bMoo 2
@30MOGMOOVYE 30Hmd7030 JongPRMEo 39MdBOEHOL JoMHoMIEo MZ0LYIGOO

6 b Bogoo ENOEN 4993o@0@0 | VgomBomo- | s89980L | Lomdmgsd@s®dmdbols
UQ%;{"]QO b0333M03g, | bogo® Lod- | LodgzgHogy, b Jdo, 30950- 39910309660,
d 38/ 33M039bg PYALE % 3096¢0 A, go@®/3-K
0nobo 675 700 2,53 037 28 0.167
SM20@ 00 788 800 270 048 25 0.172
0obsgosgo 275 300 242 5.70 39 0.096
990amBo  33wa3gdo BodsHmwo odbgds bg- 8. Porosoii  M.M.  Texuomorums — HMCKYCCTBEHHBIX

dmbligbgdwemo  396M53D0Egoobash  ©sdBowYdMwo
Abmdwydo d9E™bgdOL BHglEoMmgdsby.

3. ©ss336s
00600350,  Lodo®mggeml  oobmgsbo  Jobgdols
(500305  WOMOSEO  MObJBO, SMAOWOFBHJO0 o

MIOPHUCTBIX 3aMONHUTENEeH 1 KepaMuku. «CTpoiusaaTy.
M. 1974. c.319.

9. 9. Bx35dodg, ®. Lbgo@smodg, 0. Js88sdg, . o~
0mbos, 0. g9x9dg. 9bgMymngdEeo  Loddgbgod-
@ Asboengdol FoMdmgdol  39MLdgdGHoggdo  Lo-
JoOmnggemdo.  Lsdmm  gy@bocro,  Mdowobo,
2017. Ne2(39). a3. 61-66.

00bsgogeegdo) - LygdgIrd)  @IVMOOMOOI 10.E. Shapakidze, R. Skhvitaridze, 1. Gejadze, 1. Kamu-
306MdYd80  Jogdgwros  dyhmbol  Alddo  gm- shadze, L. Gabunia, T. Petriashvili. Development of
®mzsbo  Ggdagbgdgwro  —  39M3BoGo,  Bgdwogao technology for production of aggregate for lightweight

doMOMOIEO  356539GMgdom:  bogso  1odzzmogzol
003> — M300 — MS800, LoMdMYSBEHIOHMBOL  JMGO0-
30960 A=0.096-0.172 3®/0. 53 GHo3oL 3gMsdbo-
Gobgab Tgbodergdgaros ©sdboEgl MMMGE 3mb-

concrete - claydite based on the shales of Georgia. 5th
International Scientific-Practical Conference on Up-
to- date Problems of Geology: Power of Geology is
the Precondition for Regeneration of Economics.
Georgian Technical University. 2019. p. 128-130.

bOOTJeogwo,  oby - odmbobawgon IO |y Ghanakidze, 1. Gejadze, M. Nadirashvili, V. Mai-
B9Ombgoo. suradze, T. Petriashvili, A. Skhvitaridze. Using Clay
Rocks of Georgia to Obtain High-Active Pozzolanic

OGHIMSGHMMS Additives to Portland Cement. International Journal of

1. European Commission. "DIRECTIVE 2010/31/EU OF
THE EUROPEAN PARLIAMENT AND OF THE
COUNCIL" of 19 May 2010 on the energy
performance of suildings. 18.06.2010. Official Journal
of the European Union L 153/13.

2. European Commission. "DIRECTIVE 2012/27/EU OF
THE EUROPEAN PARLIAMENT AND OF THE
COUNCIL" of 25 October 2012 energy efficiency,
https://enr-lex.europa.EU/legal-content/EN/TXT/.

3. ,.bododmggarml  39bmbo  9b9Gamazgd@mdmdol
dglobgd®. Ne5898, 21.05.2020.

4. ,bodomomnggaml  3sbmbo  dgbmdgdol  gbgym-
9%39JGHMOMdOL dglobgd®. Ne5900, 21.05.2020.

5. Omnanxuit C.II. IIpomsBoactBo kepamsuta. Ctpoiins-
nat. Mocksa. 1987. 337 c.

6. Ulyctep P.JI., Paxumosa P.A. CnaHupl, KaK CbIpbE JuIs
MONMy4YeHUst JIETKUX 3amoinHuTenedl OeToHa. 3.
«Henpa». M. 1974. c.63.

7. TOCT 32026-2012 Cripb€ TIHHUCTOE IS MIPONU3BOA-
CTBa KEPaM3UTOBOI'O IpaBms, INeOHS U Tmecka. Tex-
HHYECKUE YCIOBHSI.

Applied Engineering Research. Volume 14, Number
18 (2019) pp. 3689-3695.

12. llamakugze E.B., CxBurapumze P.E., Kamymanze
W.T., Tabynus JI.B., I'emxanze W.B., [lerpuamBuiu
T.T. Pa3paboTka pexuma TEPMHUIECKOTO MOIUPHIIN-
pOBaHMs TJIMHHUCTBIX IOPOA C LENbI0 HMX IyLIoJia-
HOBOH aKTHBAaIMH. ULodmm  gy@dbogno, mdognolo,
2020. Ne1(43). 3. 71-76.

13.TOCT 9758-2012. 3anoaHUTEIH TOPUCTHIE HEOPTaHH-
YecKre JUIl CTPOMTENBHBIX PabOT. MeTombl HCIbI-
TaHUMN.

14.TOCT 7070-99. Meton ormpeeneHus: TeTIONPOBO-
HOCTH ¥ TEPMHYECKOT'O COIPOTHUBJICHUS IPH CTaIHO-
HapHOM TEILUIOBOM PEKHME.

15.TOCT 9757-90. T'paBwmii, mebeHb U IECOK HCKYCC-
TBEHHbIE IOpUCTHIE. TeXHUYECKUE yCI0BuUSl.

16.'OCT 32496-2013. 3anoaHuTenH HOPUCTHIE AJIS JIer-
KkuX 0eToHOB. TexHUYeCKUe yCIOBUS.

33935 856bmOzogems ,,0m005 G390l bsdstozgemml  gkhmz6«9emo  bsdgpbo-
9o gembool obsblrybo IbstrsF9o0 [36sbHol NeAR-18-343]



UDC 661.179

DEVELOPMENT OF TECHNOLOGY FOR PRODUCTION OF MODERN ENERGY
EFFICIENT BUILDING MATERIALS ON THE BASIS OF CLAY ROCKS OF GEORGIA

E. Shapakidze*, I. Kamushadze*, L. Gabunia*, I. Gejadze*, R. Skhvitaridze**, T. Petriashvili*

* Ivane Javakhishvili Thilisi State University. Caucasian Alexandre Tvalchrelidze Institute of Mineral Resources.
Mindeli 11. 0186 Thilisi. Georgia

** Georgian Technical University, Faculty of Chemical Technology and Metallurgy. Str Costava 69. 0160 Tbilisi.
Georgia

E-mail: elena.shapakidze@tsu.ge

Resume: Goal The goal of the work is to develop a technology for producing expanded clay based on clayey
rocks in Georgia (low-melting clay, mudstone and shale).

Method. The X-ray phase analysis were carried out using a Dron-4.0 diffractometer (“Burevestnik”, St. Peters-
burg, Russia) with a Cu-anode and a Ni-filter. U=35kv. I=20mA. Intensity - 2 degrees / min. A = 1.54178 A.

For thermogravimetric analysis, a NETZSCH derivatograph with STA-2500 REGULUS thermogravimetric and
differential thermal analyzer (TG / DTA) was used. Samples were heated to 1000 ° C, in a ceramic crucible, heating
rate 10 °C / min. Reference substance a-A1203.

Thermal conductivity was measured on an ITTI-MTI'4 «100» device.

Results. Under laboratory conditions, a light porous aggregate for concrete was obtained - expanded clay based
on clay rocks of Georgia (low-melting clay, argillite and shale) with the following parameters: bulk density grade
M300 - M800, thermal conductivity coefficient - 0 = 0.096 - 0.172 Watt/m-K.

Conclusion. The obtained expanded clay can be used to produce both structural and heat-insulating lightweight
concrete.

Key words: Energy efficient; Expanded clay; Clayey rock; Thermal conductivity.

This work was supported by the Shota Rustaveli National Science Foundation of Georgia
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