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VYupexnen B 1924 rony.
[TepuoanunocTs — 4 HOMEpa B rof

COopHHMK HaydHBIX TpyHAOB [py3nHCKOTO
TEXHUYECKOTO YHUBEPCUTETA SIBISIETCS €Ke-
KBapTAJIbHBIM pedepupyeMbIM MepHOAUIECc-
KHUM H3aHUEM, KOTOPOE 3apETUCTPUPOBAHO B
HECKOJIBKUX MEXIyHapOIHbIX 0a3ax TaHHBIX.

3ammuiieHs! Bce mpasa. JroOyro omy0nm-
KOBaHHYIO B JAHHOM COOpHUKE CTaThIO (TEKCT,
(boTO, WILTIOCTPALIK) HEBO3MOXKHO UCIIONB30-
BaTh HU OAHON M3 QOPM WM CpeACTBaAMHU
(27IeKTPOHHBIMH WJIM MeXaHWU4ecKumu) 0e3
MUCHMEHHOTO Pa3pelIeHus U3JaTesl.

Hapymenue aBTopckux mpaB Haka3zyemo
3aKOHOM.
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MHeHue aBTOpa (aBTOPOB) CTaTHH MOXKET
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ABSTRACT. The institute of food industry conducted first ever research of wild-growing juniper species, spread
area, ethereal oil content in its raw material and the seasonal dynamics of juniper cones oil content. Spread area of
wild-growing juniper has been identified on the basis of targeted expeditions. Based on the research results and taking
into account the spread area and ethereal oil content in Indian juniper cones, polycarpic species of juniper cones
should be used to produce ethereal oil. The cones should be processed in minced form.

Full ripeness of juniper cones comes late in autumn and the fruits stay on trees till early spring. The ethereal oil
content in cones during this period is unchangeable - average 1.1 %.
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PeueH3eHTbI:
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H. Bernawsunu, npeaceaartesib HayYHOro COBETA, AOKTOP TEXHWY. HayK MHCTUTYTa NULLLEBOM NpOMbILLAeHHOCTU TY

E-mail: nana-begi@mail.ru

AHHOTALMA. B NHCTUTYTe NULEBOM NPOMbILIAEHHOCTU BNepBble BblN M3yYeHbl Pa3HOBUAHOCTU AMKOPACTYLLEro
MOKeBe/IbHWKa, Npou3pacTatoLLero B [py3uun; apean ux pacnpocTpaHeHma n cogepaHne sGUpPHOro macna B Cbipbe;
OVMHaMUKa cozepXaHma 3GUPHOro macna B pas/vyHoe Bpema roga. posefeHHbIMM 3KCNeANUMAMM YCTaHOBAEH
apean pacnpocTpaHeHUa AUKOPOCTYLLErO MOXKKeBe/IbHUKA. Ha OCHOBaHUK pe3ynbTaToB UCCeL0BaHUIN YCTaHOB/IEHO,
YTO C Y4eTOM apeasia PacnpoCTPaHEHUA U codep:KaHmA 3OMPHOro Macna B LWMLIKAX, A8 NPOM3BOACTBA 3PUPHOro
Macna HyXXHO 3aroToB/AATb LMLKW W3 BUAA MHOFOM/JIOAHOTO MOMKMKeBeAbHMKa. LUMWKKM MHoronnoaHoro
MOXK¥KeBe/IbHUKA cnesyeT nepepabaTtbiBaTb B U3ME/IbYEHHOM COCTOAHUM.

YCTaHOBAEHO, YTO MO/IHAA 3PENoCTb LIMLIEK MOMKKEBENbHUKA HaCTynaeT NO34HO OCEHbID M Cresible Arogbl Ha
JepeBe OCTalOTCA A0 HacTynieHuA BecHbl. CoaepraHue aPpUPHOro macna B LIMLIKAX B AaHHOE BPemMs MOYTU He
n3meHsAeTca 1 B cpegHem coctasnaet 1,1 %.

K/TKOYEBBIE C/IOBA: AMKOPACTYLLNIA; MOXMKEBENbHUK; WWNLLKK; 3PUPHbIE Macaa.
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SCOPUS CODE 1106

CHEMICAL-TECHNOLOGICAL PARAMETERS OF WILD-GROWING JUNIPER RAW MATERIAL

N. Baghaturia Institute of food industry of Georgian Technical University, 17 Guramishvili Ave.,c 0192
Thilisi, Georgia
E-mail: GFS_company@yahoo.com

L. Kajaia Institute of food industry of Georgian Technical University, 17 Guramishvili Ave., 0192
Thilisi, Georgia
E-mail: kajaia-luiza-dodo@mail.ru
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E-mail: sofotsickiseli@yahoo.com

Reviewers:
L. Kotorashvili, Associate Doctor, Senior Researcher at Institute of Food Industry of GTU
E-mail: Ikotorashvili@mail.ru
N. Begiashvili, Chairman of the Science Board, Institute of Food Industry of GTU, Doctor of Technical Sciences
E-mail: nana-begi@mail.ru

ABSTRACT. The institute of food industry developed technology of harvesting natural food additives — biologically
active compounds from wild-growing juniper cones raw material. Technological parameters established thereon are
the following: the speed of the distillation of residual matter should be 12-13 cm®/min, and the period of ethereal oil
distillation — 1 hour. Chemical content, organoleptic, physical and chemical parameters of the juniper ethereal oil have
been studied and marginal parameters determined. Juniper oil use in food industry, especially in alcohol drinks have
been researched. The projects of technological instructions for harvesting essential oils from juniper cones and its raw
material and internal production standards for juniper cones ethereal oils have been developed.

The scope of use of juniper essential oils has been studied to establish that these essences can be applied in food

industry, as food additive, as well as in perfumery, cosmetics and pharmaceutical industry.

KEY WORDS: cones; essential oils; food additives; juniper; parameter.
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XUMUKO- TEXHOJTOTUYECKUE NMOKASATE/IN CbIPbA ANKOPACTYLLETO MOXMEBE/IbHUKA

baratypusa H.LU. MHCTUTYT NuULEeBOM MNPOMbIWAEHHOCTM [PY3MHCKOrO TEXHWYECKOro yHuBepcuTeTa, [py3us,
0192, Téunncu, npocnekt Nypamuwsnam 17
E-mail: GFS_company@yahoo.com

Kapxasn J1.B. MHCTUTYT NULLEBOA MNPOMbIWAEHHOCTM [PY3MHCKOrO TEXHWYECKOro yHuBepcuteTa, [py3us,
0192, Téunncu, npocnekt Nypamuwsmam 17
E-mail: kajaia-luiza-dodo@mail.ru

Unypuase H.LU. MHCTUTYT NULLEBOA MNPOMbIWAEHHOCTM [PY3MHCKOrO TEXHWYECKOro yHuBepcuteTa, [py3us,
0192, Téunncu, npocnekt N'ypamuwsuam 17
E-mail: sofotsickiseli@yahoo.com

PeueH3eHTbI:
/1. KoTopawsuaum, cTaplimii Hay4Hbli1 COTPYAHWK, accoLl. AOKTOP MHCTUTYTa NULLEBOMN NpOMbIWaeHHOCTN [TY
E-mail: Ikotorashvili@mail.ru
H. bBervawsuan, npeacefatenb HAy4yHOro COBETA, [AOKTOP TEXHWYECKMX HayK WMHCTUTyTa nuuiesomn
npombiwneHHocTn Iy
E-mail: nana-begi@mail.ru

AHHOTALUMUA. B VHCTUTYTE NULLEBON NPOMbILIIEHHOCTM BrepBble 6bina pa3paboTaHa TEXHONOTUA MONYYEHUSs
HaTypasbHOW NULeBon A06aBKM - 3PUPHOro macaa U3 WNLIEK AMKOPACTYLLErO MOXKEBE/bHMKA, MPOU3PaACTaloOLLErO B
lpy3MKn. YcTaHOBAEHbI TEXHONOTMYECKME NAaPaMETPbl, KOTOPbIE 3aKNHYAOTCA B C/ieAyoLLeM: Npu nepepaboTke WunLeK
MHOFONI0AHOTO MOXK¥KEeBe/IbHUKA CKOPOCTb OTFOHKM AUCTUANATA AONKHA ObiTb 12-13 cM’/MUH.; NPOAOMKUTENBHOCTb
OTFOHKM 3QUPHOro Macna - oAuH 4ac. M3yyeH XMMWYECKMI COCTaB, OpraHonenTUdeckne U OU3NKO-XMMUYECKUe
NoKasaTe/In 1 YCTaHOB/EHbl UX NpeaebHble BEIMYNHBI.

PaspaboTaHbl MNPOEKTbl TEXHOJIOFMYECKOM WHCTPYKLMU NepepaboTKM LUWEK MOMKMKEBENbHUKA W NPOUs-
BOZACTBEHHbIV BHYTPEHHWI CTAaHAAPT HAa MAC/10 MOXKKEBENbHUKA.

YcTaHoBAEeHa chepa UCNONb30BAHNA MAC/a U3 MOXKIKEBE/IbHUKaA.

K/THOYEBDIE C/TOBA: MoKKeBenbHUK; NapaMeTpbl; WNLLKN; 3PUpHbIe Macna.
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ABSTRACT. The issues and problems related to the enhancement of healthcare accessibility level are discussed and
characterized in this work, on the basis of which organizational economic system of healthcare and public-private
partnership will be developed.

The authors propose ideas for the development of public-private partnership in healthcare system. The timely
processing of these ideas will ensure better levels of healthcare accessibility and higher quality of government health-
care policy.
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3HAYEHUE TOCYAAPCTBEHHO-YACTHOIO NAPTHEPCTBA B AENE YZIYMLUEHMA AOCTYNHOCTU
MEANUUHCKOIo ObCNY*XUBAHUA

MouoHenung3se 3.P. JenaptameHT 6u3HEC-aAMUHUCTPUPOBAHUA, [PY3UHCKUA TEXHWUYECKUI YHUBEPCUTET,
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Kyrtatenapge P.I. JenapTameHT 6U3HeC-aAMUHUCTPUPOBaHUA, TPY3UHCKUIN TEXHUYECKUIA YHUBEPCUTET,

lpy3us, 0175, Téunncu, yn. M. Koctasa, 77

E-mail: r.kutateladze@gtu.ge

PeueH3eHTbI:
M. Nlomcagse-Kyuasa, npodeccop yyebHoro yHusepcuteTta «eomen»
E-mail: m2008@boom.ge
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AHHOTALMA. M3yueHbl BOMpoOCbl M ONUcCaHbl MNPOBJEMbI, KacalolWMecs YAydlleHMA KadvecTBa AOCTYNHOCTU
MeANLMHCKOro obcnyKnBaHMA, Ha OCHOBE KOTOPOro ByayT pa3sBMBaTbCA OPraHM3aLMOHHO-IKOHOMMYECKAn cucTema
ynpaB/ieHnA 34paBOOXPaHEHMEM U TOCYAAPCTBEHHO- YaCTHOE MapTHEPCTBO.

ABTOpPaMM HameyeHbl NYTU ANA Pa3BUTUA rOCY[aPCTBEHHO-YaCTHOrO NAapTHEPCTBA B CUCTEME 34,0aBOOXPaHEHUA.
CBOeBpEMEHHOE M3yYeHWe uMmetowmxca npobnem caenaet 6onee KaYeCTBEHHbIM AOCTYNHOCTb MEAMLMHCKOro
06CNYKMBAHUA U TOCYAAPCTBEHHYIO NMONIUTUKY 3403aBOOXPAHEHUS.

K/NIHOYEBBIE C/IOBA: rocynapCTBEHHO-YAaCTHOE MAPTHEPCTBO; rOCYAAPCTBEHHAA M YacTHAsA cuUcTemMa 34paBo-
OXPaHEeHWA; AOCTYMHOCTb MEAULMHCKOTO 06CNYKNBAHUA; 34pPaBOOXPAHEHME; SKOHOMUYECKAA CUCTEMA.
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ABSTRACT. After the analysis of condition of enterprises, it is very important to discuss the issues of enhancing
their effective functioning, because from the moment of transformative processes small and medium-sized business
became one of the stabilizing factors for the economy. Developing in very tight conditions, small and medium industry
sector suppors transformation of economy and establishment of competitive environment with mature social conflicts
though engaging the available and unemployed workforce.
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WHHOBALMOHHBIA MEHEAXXMEHT U MAJIbIE U CPEAHUE NPEANPUATUA
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AHHOTAUMA. Mocne aHanMs3a COCTOAHWUA MUCCAeAYyeMOro npeanpuaTMa HeobxoAMMO pPaccMOTpPeTb BOMPOCHI
nosbllweHnsa 3PPeKTUBHOCTU ero PYHKUMOHUPOBAHMA, MOCKOJbKY C MOMEHTa Hayajna TpaHCHOPMALMOHHbIX
NpoLLeccoB Masblil U cpeaHuii BUsHec cTan oAHUM U3 cTabuansnpyowmnx GakTopoB SKOHOMMUKU.

PasBuBaAaCb B CTUCHYTbIX YC/NOBUAX, CEKPET MablX U CPedHUX MPOMbIWAEHHbIX NPeanpuaTuiA cnocobcTeyeT
Ha3peBaHWIO COLMANbHOrO KOHGAMKTA MpuBEeAEeHMEM BbICBOOOXKAEHHbIX W  6e3paboTHbIX COTPYAHWMKOB K
TPaHCHOPMMPOBAHMIO SKOHOMUKM, OCyLLECTBAEHUIO GOPMUPOBAHMA KOHKYPEHTHOW Cpesbl.

K/TKOYEBBIE CTOBA: rocysapCTBEeHHbIE NPOrPaMmmMbl; MHHOBALMOHHOE NpeanpPUHMMATEIbCTBO; MHOOPMALLMOHHLIN
MeHeXKMEHT; KOHKYPEHTHaA cpefa; Masble u cpeaHue nNpeanpuaTma.
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ABSTRACT. To determine the possibility of recovering arsenium and gold from arsenic and gold-bearing raw
materials, a thermodynamic study was conducted for alkaline oxidative pretreatment leaching of arsenopyrite ore and
residues while firing with addition of an oxidizing agent.

The experiment showed that when leaching arsenic-bearing raw material with sodium hydroxide with addition of
hydrogen peroxide, degree of leaching increases by 18-20%. The scheme of technological processing of arsenopyrite
ore is presented thereon.
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TEXHONOIMYEeCcKoM nepepaboTKM apCceHONUPUTHOM pyapbl.

KNNIOMEBbBIE CJ/IOBA: apceHaT HaTpuA; apCEHWUT HATPUA; BbllLeflauMBaHME APCEHONUPUTA; TMAPOKCUA, HaTpUA,
1306apHO-U30TEPMUYECKMI NOTEHLMAN; PYAA; CTENEHD U3B/IEYEHMSA.

ISSN 1512-0996 LB I-OL IoM3IB0O — WORKS OF GTU — TPYAbI ITY
www.gtu.ge 53 Nel (499), 2016



d080s — CHEMISTRY — XUMWA

UDC 66.08
SCOPUS CODE 1601

4636366030 ,,ddAHIRN“ 3TRMOR ,,B6(MZINOL* F06IHORMBNIG( JIRdIGOKR(MSOL

B0D039®-d0309E0 FILV I3RS

©. X0bks@sdg

Jodog@o ©s domemmao®o Ggdbmemaogdol ©g3emEedgbBo, LoJo@mmggmmmls

®9db03900 9boggdlodgdo, Lode@mggarm, 0175, mdognobo, 3. 3olGogsl 69

E-mail: d.jincharadze@gtu.ge

Badbognmo gboggdlodgdo, Lodotmggenm, 0175, mbdognolso, 3.

. gd56m0dy

E-mail: l.ebanoidze@gtu.ge
6. dmgghogs

E-mail: nanabokuchava@gtu.ge
09:396%96@® gdo:

Jodog@o s domamao@o Hgdbmemyogdol ©g3s®mEedgbBo, LoJodmmggmmmls
Badbognmo 9boggdlodgdo, Lododmggenm, 0175, mdbdognobo, 3.

30bogsl 69

Jodoyg@o s dom@maoyg®o §g9dbmemmangdol ©g3s®Esdgb@o, LoJoMmggaml

30b@ogsl 69

o. badgbsbodgomo, LR g-ol Jodoydo Fgdbmmmyools s dgRsmygdgools Bozga@gdol Jodoydo s
dom@ma0yao Gg9dbmammaogdol ©g35M@Fs3dgbGol 3Bmgglm@o

E-mail: sarukhanishviliarchil@rambler.ru

3. amAEgEsdg, LEY-ob Jodoy®o @gdbmemmaoobs ©s dgGomucgools gogym@gdols Jodoy®o o
d0om@ma09®0 G9dbm@maogdol ©g3s@@sdgb@ol slmEoMgdygmo 3Gmeggbm®o

E-mail: vovagordeladze @mail.ru

d6MBSB0S: yobbogoyanos dybgddogo ,,ddMs-

33

@0 39mmoE ,,83bmggmmol’ sHsmGASbymo bofo-

@ols  dobgAsmgdo. ogMsJGma®szgool, mg®dm-
3®og300ls s 3gHOmJodoy@o  sbognobol Igg-

390Dy ©oyMEbMbom  yodmmJdgmos  Jmbsbmgds,
@03 Joggdgeo Jgmmoo g o 30M5EeRo
(Imb@dm@ogmbo@d-dgopgmodol  xaygol  dobg-
@oo, paagmbodo, gomarobodo) s Jgodggeo
(335030, dobpg@mols d3s@gdo, JoaEo@o, 30MoEo0)
dobg@omgdoliogsb.

153306007 LOBT3IB0:  yensygzmbo@o;  gHogs-
BMAMoR05; 0ROSJHMMoR0s; 3P obydo  Fo-

1L&I-OL 9H™M3I30) — WORKS OF GTU — TPYAbI ITY
Nl (499), 2016

@obo; 0f-b3gJH@Ambgmdos;  gogEodo;  gomeobo-
B0 335030 gOolBsmmm3Bogs; dobpgdols d3s-
H9o03 XIB0U
dobg@sao; ,,ddMoo” 39enmoEo; 30039 o0 ©S

dmb@dm@ogmbod-dgowgao@ols

dgmaggeo dobgBomgbdo; 30Modo.

dgbogogmo
Lod 3g@bognm Bomsbo (3germoEn) gy 3oby@o
Fo@dmdmdols  Fogoob  ,,3bmggeol™  3Gmyd@os,

@odgmos g »3amgebg®o  Gamobydol®  xagal
dog3nmgbgds. 0go  Lodjydbsgnm  mgolgdgdomn  bo-
Losmggds.

>@bodbygemo 3garmowols sHomMAsbyemo dgdsc-

ISSN 1512-0996
www.gtu.ge



d030s> — CHEMISTRY — XMW

39b@ols dglobgd Igbsdsdol go@g@o@g@sdos [1]
dmgdgeo. dsbdo s@bodbyemos, @M Lod g@be-
@ Bomob ,abmggaoli s@sm@ysbymo  bofo-
@ol  dodomspo  dobgdoos  dmbEdm@ommbodo,
0gdzs o6 sl g@omobgdygmo, o Lobomss

gl dobgdsao Fomdmpagbogno s @ dobgHe-
@930 056550193mdL Jol;masb.
Lboobgmmdsgom  Fgodmgdols  [1-7]  sbogmobo

bomans  gg0hggbgol, G®I  Bmb@EImGoambodols,
300d0E ggbmgobo  Fgoargdagomo  Logoge@gdol
0bpogoeemobsios
5358 00gd o, dogsmomsw,
‘dgdmbgggsdo,

ddogo@  LoGmyga gbosbss

mobydo  dobgdo-

@gdols 3Oob@sgbdols

JgbFogamols
obgmo  989JBNG0  ggerggol dgmmwo, Gmym@oGSS
©00xRMSJHMM505, gOmMbodbs ©sliggbgdol  yodm-
Bobol Lodgogmgdsls o odgnggs. gl sGol Hmam@3
‘dgLsdsdolo

od  dobg@oagbol  9dgdglmdolomgols

9Bd@mbgdol  dm3mggools  LoMmyaol, obg dsmo

@36039b9mo @98y dlgool dbaogligdol Jgegyo.
sdo@dmdss, Mm3  mobgdol  sbognobo  ddogoen-

LbRswoygd gmddegdly® 3gamggsl dmombmglb. oo

LR TONE Fo YU PN G ToN O 0§-L39J@Omb-
30305, ©gMmogo@dmaydsgosl, jMol@sgmmmiBogsl,

‘990308l

Jodoy@o  sbogmobols Lbgoslbgs dgmmel, mdo-
9JB0L Igbododol sdydaggdols ws 5.9.

do@0msEsE  Mg3mdgbgdymos  jgmggol m@o

LEowools hs@omgds — 3oMggensmo bodydols jgang-
3> @ ggmggol dgogagdol dobgogom, mobgdols
Lbgoalbgs o8y daggdom, dowgdagmo 3Omwey]-

Bgool dglfogaos.

do@omso bofogo

b5 3O ™o JgImmogobgdymos Jodggaswo bo-
d9dgo0ls  ggemggol  dgogagdo.  ggenggol  dobobo
040 ,,5bmggeol™ Lodgy@dbogm Gogabol sHom®-
3obgo Jgdoeagbmols woygbs. mobsdo dgdsge-
o Oaobymo s doMomse  dobolmsb  bsgang-
do© 6dgmo bofogoll — sebm@dGogmo Fymols
F0LoB0@ IO >GRO ISILo  3obs  Mmdog]Hol
537 doggds.  @odydeggdymo
‘Ygoagboemmds  Foddmpagbogmos  3bdogol  3o@-

mobols

0 g dyeo

302 3O>g>do.

o8 dgagbogmdoms s Loobgm@mdsagom Fyo-
0mgddo  s@Lgdyemo  dmbsigdgdomn  [1-7], mobols
Logo®oygom dJobgdsgy@o dgoygbogmdbols ©slisgw-

3960 Bo@odws  39BMmJodogdo  gosbyomodgds.

doemgdyamo dgogagdo Foddmagbogos bGoanJo.

agb®oando  dmygobogro  dmbsigdgdowsb  hobls,

Amd mobsdo dgdogogo mbopgdo Lo g s@ols
»dobar sy 930’ d9dwgy dobg@om gddo:

8@668(’)&)0@(’)6060 (Mt) — (Ca,Na)0,35'(A|,Mg,Fe)z[(Si,A|)4010](OH)2-nHZO;

680;98@060 (Bei)— (Ca,Na)0,3-A|2[(AI,Si)4010]-(OH)2-4HZO;

aog3mbodo (Gl) — (K,Na)(Al,Fe),[(Al,Si)4010](OH),;

3o®odo — FeSy;

d0begmol d3589d0: sbm®EoGo (An) — Ca0-Al,03-2Si0,;

OQBOGO (Ab) - Nazo'Alzo3'6si02;

odnmgmsbo — K,0-Al,04-65i0,;

goi3o@o (Q)— CaCOj;

gommobodo (Kt) — Al05-25i0,-2H,0.

ISSN 1512-0996

www.gtu.ge

LB I-OL IoM3IB0O — WORKS OF GTU — TPYAbI ITY
Nel (499), 2016



d080s — CHEMISTRY — XUMWA

hodmmgaogro  dobgdogngdosb m@o  ImbEIm-
Ao mbo®-6g0gmodols  xaggowsbss s YHmo-
900 dgaTydobowdos dopdgzomo, mydzs oo s
3059 3mboH-3om@obodl  dmdols LG Y]GYOYo
g gdoizos  dmbsgrmebgaro. @o@ dggbgds o
bomhgbgdl, bossagdol dobg@ogrmpaools gobbogn-
3oL dobywgom, Fgm@gga  3BmEYIHMS  @ogbgl

»Bbmggeol® mobols s®om@ysbymo bsFogols

dobgdsaado  dgggbogmdbs  ggemggols mdogd@ols
EobBydEgos  (bob.l). dolby
bomgow  aodmogggms dobgdomgdols dg@gbmdo-

©0gAsJBma®sdom

Lbomgols [Mt-Bei, Gl, Cc, Q, Fs, P (An, Ab,Or)] sdo-
bobosmgdgamo (3gengaol adswsioom) bsgds@olo
95 9Jlgdo.

‘dgodangds dogznmgbmb.

416g0Mogo “ddGomo” 3gamoEols gosbas@0dgds dobg@smmpog® Dgoygbommdstby

G5 bmds dobgomgdo
JoGo- | 0mbi- | ogo- | ammer | gom- | obod- | mGom- | smoo- | ggoe- Jom-
ok ORI | dose | e | gobor | wobor | govo | gbo | 6o 6o | Gode
bo- | 8o, 3ol S 6o 6o bot-
B0 | % @oGb- figbo
&o
o Pl oo | @) | @ | & | 4 | O | @) | @ | ©
TiO: | 078 | 0,0097 0,0097
Si0: | 5250 | 08654 0,1383 | 0,1400 | 0,0683 | 0,0006 | 0,200 | 0,132 02382 | 0,2468
ALOs | 162 | 0.1589 00414 | 00422 | 00231 | 0,0003 | 0,0100 | 0,0022 | 0,397
Fe:0s | 342 | 00214 00136 | 0,078
FeO 116 | 00161 | 0,0081 0,0080
CaO | 590 | 01052 0,0030 | 0,0029 0,0100 0,0896
MgO | 165 | 00409 0,0409
Na:O | 430 | 00693 00125 | 0,091 | 0,0080 0,0397
K:0 2,00 | 00222 0,0200 0,0022
SOs 129 | 00161 | 00161
H:O" | 244 | 0,358 00729 | 00411 | 00212 | 0,0003
HO | 424 | 02455 0,227 | 0,1228
CO: 402 | 00914 0,0012 0,0896 0,0018
FeS 0,0081
O 0,0161
xs30 | 1000 | 17979 04550 | 03659 | 0,1486 0,0400 | 00176 | 03176 | 02468 | 0,1792 0,0018 1,7979
Bobg@smms gdggemds, dsb %
ET::;:S6‘(?):1»&'\"7’:16(aansm0 dobrgGols B3s@gdo 335630 (Q goaodo (Co) 3o@odo P
50,47 39,68 14,83 398 0,87
bBI-OL JBMB3IBO — WORKS OF GTU — TPYAbI ITY ISSN 1512-0996
Nel (499), 2016 56 www.gtu.ge



d0a30> — CHEMISTRY — XMUMUA

3012 Bel, 68

Fsp
8’“4.95: Fsp

— 283 Fsp

286 G¢

65b. 1. @og@sJ@ma®sdol gMsadgbdo

0bg@sfomgan  3gJdmdy s@OLgdyeo domsbmd-
dob bmengdoi bogodmoywgd dobgdogmgdols s@lig-
dmdsby (65b2).  dmgeg@ommosh
9dobdo  boagdol bsdo xaxos  godmgggmogo:
38003400 13! ©0035BM6To sALYdEo  beagn gdo
356300 gdgmos MmJBogodge gqgbsdo — L@y
A YO JmdmJbowgdo, 3625-3650 159! 0b@gc-

goendo - Al-OH 33ols, bomenm 3400-3410 1591 dmbs -

doygmomngdls

39mdo — >plm@doMgdymo JopmmJbopgdol @bg-
3900m, @53 1600 19-mob ©gxum®IoMgoygmo @bg-
3oL boabsE odgnggs.

1390l 2@dge@ommost 1000-1100 13! «ds6-
Fo >OLgd o boggdo Si—0 ddol, 900-950 LI
935630 — BgpHogedgm doymdsmgmdsdo dymeo
seadobol, 845 LI  «9ds6T0 -
beogm  500-535 13!

bodggbmgoabo
dobgdoagdols, @dsbdo  —
Si—O-Al (IV) 330l @bgggdol oIbobggeo  bmengdo

goJLoGpgds.

1120 1050

6ob. 2. 0b6g@sFomgemo b3glGHhol g@sadg6d0

ISSN 1512-0996
www.gtu.ge

420°  660°

DTA

)

8.1%
160°

6ob. 3. DTA > TG 0g@dmp®sdgdo

0§6IMG550000  ghMo ,ddmsg@o” (160°C) ©o

boddgmag@ols  (600C)  gbomgngddgdos

NQUOIONLE

bo g gdo
©s530Jbodgdyano. 30639e00
Gogmo Vygeol, bogeem dgméy — LHGgdHaegwe
Fysools s@ols
Aobis dmdyggds Mt-Bei O gJd ool goofymde.
o3 dmgengbsl, @mam@E hobl, 6000C-‘b3 oy

Mt-Bei-do

doEoagdslmob 5353 dod gdoeo,

dgmo  gabmmgddos  obeoogl. gabmmg@mdygeo
98960, doJLodydom 4200C-056, hggbo Sbdom,
m®56030L Fgogmsb s@ols ws3ogdodgdyano. do-

Lo Lopowg doagebodbgdl, Gmd gl ma@ysbogols ol

LBI-0 (M3 — WORKS OF GTU — TPYAbI ITY
Nel (499), 2016



d080s — CHEMISTRY — XUMWA

bsfoaos, @mdgaroi 3o@ggasmo  mg@Hdgeo  ©o-
39doggdobol mdogddl o Imbognws. TG 3G w©o

DTA-mo0

bOgans  dgglodsdgds ©550]lo®gd g

mgangbgdls (bob.3).

©sbggbs

‘dgodangds  ogoliggbom, @M ,,gbmggaols Lsd-
J9Mbsgre  Bomobols sMommysbygemo dgoagbognmds
debHImdo@mbo@-dgogeoGol  xa-
Aol g9bmgsbo  Lognoge@os, @mdgemsbsi dgafy-

doM00M>S

Igaos Jodlol s dglisdanm gomanobo@ol xguxol
dobg@oangdo. o3 doMomo, YdgBgbow  STmMyya
dobodo podbggmos 33030, goge30(H0, dobrgdol
350l dobg@ogdo, AHm-

‘dgbsdenms  3oMo@o.

@0 gH>B DS

3MO3 bobl, o3 spomdegdsmgmdols mobol  s@e-

mGabgeo  bofoano dgodangds ©sogml  3oMggensw

o Jgma gy dobgBomgdse. Jo@mggmapl dgodwm gods
d0go39mbmo  Jobgdogngdo, MM oo odsen@gd-

3900 Ogmo  30miEgbol  Jgogase  Fo®mdmodbgos
ob gmEdodpgds instatu podmgo@golsl.  Igm@gyaro
X9Gob dobgdomgdo doomo @Hddg@sdgdobs wd
76930L 300mdgddo FomImoddbgds o Lod ygmbognm

Hoobgddo

3ogeols  dbgemg-

bomgdwsp@mggdols
medolisls ggbgogds.

653030 hggh dogd asdmmnJdyao dmbsbeg-
3350 RO oMY, oy IBHJ03gds s Jm-
0mboglh  33aggol L3gEosmg®o sbogro  30gaol
Bo@omgdsl, Mo Lodmdsgamme s@ol o gadogo.

1. N. Bokuchava. Curative Clays of Georgia, "Technical University", 2009.- 150 p. (In Russian).

2. V. Treger. Optical determination of minerals in soil, "Nedra", 1968, 98 p. (In Russian).
3. Z. Berry, B. Mason, R. Ditrikh. Mineralogy, "Mir", 1987.- 592 p. (In Russian).
4. G. Feklichev. Diagnostic specters of minerals, "Nedra", 1977.- 288 p. (In Russian).

5. K. Fray. Mineralogical Encyclopedia, "Nedra", 1985.- 512 p. (In Russian).

6. V. Fank-Kamenetski. Essence of structural admixtures in minerals, "Leningrad University", 1964.- 140 p. (In Russian).

1L&I-OL 9H™M3I30) — WORKS OF GTU — TPYAbI ITY
Nl (499), 2016

58

ISSN 1512-0996

www.gtu.ge



d030s> — CHEMISTRY — XMW

UDC 66.08
SCOPUS CODE 1601

PHYSICAL-CHEMICAL STUDY OF MINERALOGICAL COMPOSITION OF NATURAL “DRY“ PELOID
“PKHOVELI”
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ABSTRACT. Mineralogical composition of natural peloid “Pkhoveli” is observed. Based on the data obtained using
diffractometry, thermography and petrochemical analysis, this particular peloid is suggested to contain two groups of
minerals: primary (monmorillonite-beidellite group mineral, glauconite, kaolinite) and secondary (quartz, feldspars,
calcite, pyrite).

KEY WORDS: calcite; crystal optics analysis; derivatography; diffractometry; dry peloid; feldspars; glauconite; IR-
spectroscopy; kaolinite; monmorillonite-beidellite group mineral; primary and secondary minerals; quartz;
volcanic mud.
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E-mail: vovagordeladze @mail.ru

AHHOTALUMA. PaccmoTpeH MUHepanornyeckuini coctas siedyebHol rpsasm “Mxosenn”. B pesynbTate ee uccne-
AOBaHMA MeTo4aMM MEeTPOXMMMYECKOro aHanusa, avdpaktorpaduu, Tepmorpadum BbICKa3bIBAETCA MHEHME, 4YTO
OaHHbIA nenoua CoaepsKuT ABe rpynnbl MUHEPasNoB: B MEPBUYHYIO BXOAUT MMUHEPan rpynnbl MOHTMOPUAIOHWUTA-

6eiaennTa, rayKoHWUT, KaOJMHUT U BO BTOPUYHYIO KBapLL, NOJIeBble WNaTbl, KabUWUT U NUPUT.

K/NTIOMEBBIE CJ/IOBA: BynKaHuyeckaa rpAasb; gepwsaTtorpadusa; audbpaktorpaduma; WK-cnekTpockonua; Kpwc-
Ta/INIOONTWKA; NepBUYHbIE (MUHEpPan rpynnbl MOHTMOPWINOHWUTA-6EAAeNNTa, TNayKOHUT, KAaOJAUHWUT) U BTOPUYHbIE

(kBapL, nonesble WNaTbl, KANbLUWUT U MUPUT) MUHEpPanbl; “cyxoir” nenoua.
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PA3BUTUE UHOOKOMMYHUKALIMOHHbIX TEXHONOTUIA U UHOGOKOMMYHUKALMOHHOMN
CPEAbI HA NYTU CO3AAHUA TNMOBA/IbBHOIO UH®OPMALIMOHHOTIO OBLLECTBA
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JenapTameHT TeneKoOMMyHUKaunK, Fpy3MHCKUIA TEXHUYECKUn yHuBepcuteT, Mpysua, 0175,

[enapTameHT TeneKOMMYHUKaUMK, [PYy3UHCKUIN TeXHMYECKUI yHuBepcuteT, py3ua, 0175,

T. Kynatagse, npodeccop, LOKTOP TEXHUYECKUX HayK [enapTameHTa TeIeKOMMYHUKaLMI GpaKynbTeTa SHEPreTUKu

N TeNeKOMMYHMKaumun [Ty
E-mail: tamazk@hotmail.com

I. LlamaHagse, 4OKTOP MHXEHEPUMN NO TeIeKOMMYHUKALMKN, TEXHUYECKMI AUPEKTOP KOMMNaHUM MOBUALHON CBA3K

000 «Mobuten»
E-mail: gshamanadze@gmail.com

AHHOTALMA. Paccmatpusatotca npobaembl nocT-
poeHusa 4yesoBevyecTBOM rnobanbHOro MHGOpPMaLMUOH-
Horo obuwectBa (TMO), TexHuuyeckolt 6as3oli KOTOPOro
JonxkHa 6yapeTt ctatb rnobanbHas WHPOpPMALMOHHAA
nMHpacTpyKTypa. MNPUHATO, YTO rNABHLIMU NPOAYKTAMM
MO 6yayT MHPOPMALMA U 3HAHUA, U3 YETO CNELYET, YTo
MHGOPMALUMOHHOE 06LWEecTBO A0MKHO ObiTb CNOCOOHbIM
Npou3BOAUTL BCHO HEOBXOAMMYIO AR €ro KusHeges-
TEeNbHOCTM WHPOPMaLMIO, a TaKke obecneumBaTb Bcex
rpaxgaH cpeacTsamm A0CTyna K 3Toi nHdopmaumu.

MokasaHo BAMAHWME pa3BUTUA  UHPOKOMMYHUKa-
LMOHHBIX TEXHONOrMt 1 ycnyr Ha GopmMMpPOBaHME MUH-
dopmaumoHHoro obwecrsa. basosble MHGOKOMMYHUKa-
LMOHHbIE TEXHONOMMWU Ceryac ycrnewHo Pa3BMBAOTCA U
YCOBEPLUEHCTBYIOTCA, @ HAa UX OCHOBE CTPOATCA CEHCOop-
Hble CETW, CETU CBA3U CeAyHoLLero nokoaeHuna n NHtep-
HeT Bellen.

B TeyeHMe MHOTUX 1IeT MHOPMALMOHHbIE U TEJIEKOM-

MYHUKaUUOHHbIE TEXHONIOMTMKN paCcCMaTpuBaInCb OTAENb-
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HO. B nocnegHue AecATUNETUA MPOMCXOAMUT Hempepbl-
BHas KOHBEPreHUMa 3TUX TEXHOJ/IOTUI, NpesBpalleHme uUx
B €41HYI0 MIHGOKOMMYHUKALMOHHYIO TEXHOJIOTUIO.
EanMHaa MHGOKOMMYHUKaLMOHHAA cpeaa, MoCTPOeH-
HaA Ha HOBOM KauyeCTBEHHOM YPOBHE, CTaHeT TEXHUYECKOW
OCHOBOW rno6anbHOro MHGOpPMaLMOHHOro obLiecTsa.

KNIOYEBBIE C/IOBA: rnobanbHas MHGOPMaUMOHHas
MHpPACTPYKTYypa; rnobanbHas MHPOKOMMYHUKALLMOHHAA
cpefa; rnobanbHoe MHPOPMALMOHHOE 06LWEeCcTBO; UHPO-
KOMMYHUKAUUKN; NHOOKOMMYHUKALMOHHbIE YCAYTU; KOH-
BEPreHUMsa MHTENNEKTYabHbIX aDOHEHTCKUX YCTPOWCTB;
CcoBpeMeHHble MHPOKOMMYHMKALLMOHHbIE TEXHONOTUN.

BBEAEHUE
3a Bpemsa CBOero CyLIecTBOBAHMA Yes0BEYeCTBO
NPOLLINO MHOXeCTBO (a3 pa3BUTUA, 38 KOTOPbIE OHO Hay-
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UMNOCb M3roTaBAMBaTb OPYyAMe, BblpalLMBaTb CE/bX03nM-
POAYKTbl, CTPOUTb 3aBogbl U GabpuKK, pacwennatb
aToM, 3anycKaTb B KOCMOC KOCMMUYecKMe Kopabnau. Ceir-
yac HacTana 3pa co3gaHua YyenoBeyecTBoM rnob6anbHoOro
mHpopmaLMOHHOro obuiecrsa, TexHUYECKon 6as3ol Ko-
TOPOro fo/MKHa bypeT cTaTb rnobanbHasa MHdopmaum-
OHHaA MHOPACTPYKTypa. O TOM, YTO peyb UAET O CTpeMm-
NIeHUN co3aaHna UMEHHO rnobanbHOro MHGOPMaLMOH-
HOro obuiecTBa, MOXKHO CyaAuTb XOTA Obl NO TaKMMm Bce-
MMPHBIM LOKYMEHTaM, KaK:

v' «OKuHaBcKas xapTua rnobanbHOro uHpopma-
LMOHHOro obuiecTBa», NpUHATaA rnaBamu rocyaapcrs u
npasuTensbCTs "rpynnbl Bocbmu" 22 nons 2000 r. [1];

v «TyHuCCKasA nNporpamma Ansa passuTUA MHGopma-
LMOHHOro 06lecTsa», NPUHATAA B pamKax BCEMUPHOM
BCTPEYM Ha BbICLLEM YPOBHE, NpoLieAllei B ABa 3Tana: B
KeHese B 2003 r. 1 B TyHuce B 2005 r.[2];

v' npuHatTMe MeAYHapOAHbLIM COK30M 31EKTPOC-

Basu (MC3 - ITU) Ha nNONHOMOYHOM KOHbepeHUUn B
(Typuma) B Hosbpe 2006
oTmeYaTb 17 man Kak «BceMupHbI AeHb 3/1EKTPOCBA3N U
nHdopmaumnoHHoro obuiectea» [3].

AHTanum roga peweHua

EcTb MHOrO onpeaeneHunii NoHATUA "MHGOpPMaLMOH-
Hoe obuiectBo". Mbl npuBegem ogHO U3 HuUx. UHoop-
MaLMOHHOe 06LLeCcTBO — HOBas UCTOpUYecKas ¢asa pas-
BUTUA LMBUAN3ALMKN, B KOTOPOW rNaBHble NPOAYKTbI NPo-
n3BoacTBa — MHboOpMaLMa M 3HAHUA. OTANUYUTENbHBIMU
yepTamu MHOGOPMALMOHHOIO 0b6LWEecTBa ABAAIOTCA: [0C-
TYNHOCTb K HeobxoamMmoin nHbopmauuu ONs BCEX ero
yneHos, cnocobHOCTbL 0bLLecTBa NPON3BOAMUTL BCHO HEOb-
XOOMUMYIO ONA €ro XU3HeAeaTeNbHOCTU MHpopMaLMIo, a
TaKKe obecneynBaTtb BCeX rpaxaaH cpeacTBaMmm AocTyna
K 31Ol MHbopmauuu [4]. U3 aToro onpeaeneHns BUAHO,
4yTo B MHOOPMALMOHHOM OOLLECTBE peLlaloyo pPosb
UrpaeT AOCTYNHOCTb K Heobxoaumon nHbopmauun ana
BCEX €ro 4Y/1eHOoB.

OCHOBHAA YACTb

OfHUM 13 Hanbonee BaXKHbIX GaKTOPOB, BANAIOLLMX Ha
dopmmposaHme obliecTsa ABaaLaTb NEPBOro BeKa, ABNA-
0TCA UHHOKOMMYHUKALMOHHbIE TEXHONOMMKU 1 ycnyru. B
CBOIO ouyepesb, YPOBEHb Pa3BUTMA TEXHONOMMIM U ycayr
3aBUCUT OT YPOBHA 3KOHOMUKM U, B NEPBYIO o4epeab, OT
NNaTEXecnocobHOro Cnpoca HaceNeHUn Ha Te WUAU UHble
MHOOKOMMYHMKALMOHHbIE ycayrn. Mbl mMoxem caenatb
3aK/IloYEeHNe, YTO nocTpoeHue rnobanbHoit MHopma-
LMOHHOI MHOPACTPYKTYpbl M BXOXAeHWe B rnobanbHoe

L& I-OL 9H™MB3I3() — WORKS OF GTU — TPYAbI ITY
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MHPOPMALMOHHOE O06LWEeCcTBO BO3MOMHbI MPU  BbINO-
HEHUW ABYX 0653aTe/IbHbIX YCIOBUIA:

v\ HannMuna COBPEMEHHbIX MHPOKOMMYHUKALMOH-
HbIX TEXHONI0TUIA;

v\ Hanuuna OUHAHCOBbLIX CPEACTB Ha uUX npuobpe-
TeHue.

NHPOKOMMYHMKALMOHHAA WHPPACTPYKTYypa COCTOUT
M3 TPEX OCHOBHbIX COCTABAAOWMX: MHGOPMALMNOHHDIN
TepMuHan aboHeHTa, ceTb AOCTyNa U TPAHCMOPTHAA CeTb
cBA3MN.

MHdopmaLMOHHDIN TepMUHaAN aboHEeHTa MOXKEeT coc-
TOATb M3 PA3/IMYHOIO POLA KOHKPETHbIX YCTPOMCTB (cTa-
UMOHapHbIA TenedoH, MobUNbHbIN TenedpoH, Mobub-
HbI MyNbTUMEANNHBIA TEPMUHAN U T.N).

Cetb pocryna (access network) nHoraa HasbiBatoT
MeCTHOI ceTblo cBA3WU. B ceTu poctyna moryT npume-
HATbCA KabesibHble IMHUK CBA3M (Ha OCHOBE MeTannyec-
KUX WM ONTUYECKUX NPOBOSALLMX CPeA), PaanOSIMHUM,
ONTMYECKUe NMHMK U ntobble apyrve. MNponyckHaa cno-
COBHOCTb ceTeil AoOCTyna onpeaensercs B OCHOBHOM
TpeboBaHMAMM abOHEHTAa W MOXKET W3MEHATbCA OT
AecaTkos Kbut/c oo coteH M6éuT/c.

TpaHcnopTHaA ceTb CBA3U COCTOUT U3 BCEBO3MOXHbIX
CTPYKTYP (KONbLEBbIX, paauanbHbiXx M T.n.). TpaHcnop-
THble CETU BK/OYAlOT B cebs KaK MarucrpasnbHble, Tak
30HOBble (MAM BHYTPWU3OHOBbLIE) /IMHWUM CBA3K, Y3/bl
aBTOMAaTMYECKOW CBA3M, CETEBbIE Y3/Ibl U MHOTUE Apyrue
anemeHTbl. TeXHO/MIOrMYECKN TPAHCNOPTHbIE CETU CBA3M
COCTOAT U3 NINHWUIA CBA3M — KabesibHbIX (MeTananyeckmx
AW ONTUYECKMX), BecnpoBOAHBIX, PaguopenerHbIX Wt
CNYTHUKOBbIX. MponyckHas cnocobHOCTb TPAHCMOPTHbIX
ceTei MOXeT AoCTUraTb AECATKOB U coTeH [but/c.

B TeueHne MHOrMx netT MHGOPMaLMOHHbIE U TENEKOM-
MYHWMKaLMOHHbIE TEXHO/IOTMU PacCMaTPUBaANNUCh OTAE/Nb-
Ho. B nocnepHve AecATUAETUA NPOUCXOAMUT HEMpepbIs-
HaA KoHBepreHuua (cpawmBaHue, CcOAUMKEHME) 3STUX
TEXHONOTWMIA, NpeBpalleHne UX B eAUHYI0 MHPOKOoMMY-
HUKALMUOHHYIO TEXHOJIOTUIO HA OCHOBe 6a30BbIX TEXHO-
noruii (obbeguHeHUA maTemaTUYecKuX, GU3MYECKUX wu
TEXHUYECKMX METOA0B).

Pa3ButMe 6a30BbiX MHPOKOMMYHUKALMOHHbIX TEXHO-
nornn obecneuymBaeT nporpecc Kak MHOOKOMMYHMKaLUIA
B LLe/IOM, TaK M psfa BHYTPEHHUX MHGOKOMMYHMUKALLMOH-
HbIX NPOL,ECCOB, NPOTEKAILLMX C PA3/IMYHON CKOPOCTLHO.
LlecTb 6a30BbiXx NPOLECCOB Pa3BUTUA MHOOKOMMYHMU-
Kauui B HacToALEe BPEMS MOMKHO A0CTAaTOYHO TOYHO
0603HaUUTb:

v' mobunbHaa TenedpoHM3aUMA — NpeaocTaBieHue
HaceneHnto MobunbHOM TenePpoHHOM CBA3YK;
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v’ KomnbloTepusauma - obecneyeHne HaceneHus
NnepcoHasbHbIMM KOMMbOTEPAaMU U APYIMMU CPeacT-
BaMM BbIYUC/IUTENBHOW TEXHUKY;

v\ TenekomnbloTepusaums — MPOLECC BXOXAEHUA
(coeanHeHunsa) KomnboTepoB BO BceMMpHYyto ceTb CBA3MW.
OpHMM U3 NpOABAEHUA TeNeKOMMblTepU3auUmn ABNA-
etca NHTepHeT;

v' Mo6uabHasA TeNIeKOMNbIOTEPU3ALNSA — BXOXKAEHME
MOBWIbHBIX KOMMNbIOTEPOB BO BceMmpHyto ceTb CBA3MK;

v' tenedoHusauma — obecnedyeHne HaceneHus cra-
LUMOHapHbIMK TenepoHamu. ITOT npouecc Havancas B
KOHUe XIX- Hayane XX BEKOB M NMpOJO/IXKAaeTcA [0 Hac-
TOALWLErO0 BPEMEHM, TaK KakK B OONbLIMHCTBE pas3BU-
BalOWMXCA CTpaH TenedOHHaA MNAOTHOCTb (KOAMYECTBO
TenedpoHoB Ha 100 Ayw HaceneHus) KpaiHe HM3Ka, YTo U
onpegenset 3KOHOMWYECKYHD OCHOBY pasBUTUA Te-
nedoHusaumm;

v\ TeneBM3MOHHOE M padMoBellaHue — Kak U Tene-
$OoHM3aUMA, Havyan pPasBMBATLCA AOCTAaTOMHO [AaBHO U
NPOAONKAT HENPEPbIBHO COBEPLUEHCTBOBATLCA (HanNpK-
mep, nepexoa, Ha umdpoBoe BelLaHne).

be3ycnoBHO, Takoe aeneHne obuwero npouecca pas-
BMTUA [OBOJIbHO YC/IOBHO, HO OHO AEMCTBUTENBHO XapaK-
TEpPU3yeT HAMNpPaBAEeHUA COBEPLUEHCTBOBAHUA WHPOKOM-
MYHMKaumii. Tak, Ha ocHOBe 3TUX 6a30BbIX TEXHOOINI
ceflyac ycnewHo pa3BMBAOTCA BCEMPOHMKAOWME CEH-
(Wireless Sensor Network — WSN,
Ubiquitous Sensor Networks - USN), cetn cBasu cneny-
outero nokoneHusa (Next Generation Networks, NGN) n

COpHble cetu

NHTepHeT Belweli (Internet of Things, 1oT).

«CeHcopHas cetb» (WSN, USN) cerogHa asnseTtca
YCTOABWMMCA TepMMHOM, o603HavaloWwmm pacnpe-
[Ae/IeHHYI0, BCEeMPOHMKAoLLY0, CaMOOPraHU3YIOLLYOCA,
YCTOMUMBYIO K OTKAa3sy OTAE/IbHbIX 3/1€MEHTOB CeTb M3
HeobCNy)KMBaeMbiXx W He Tpebylowmx cneunanbHom
YCTAHOBKM YCTpoMcTB. KaKabl y3en ceHCOpHOW ceTu
MOXET coaeprKaTb Pas/MyHble AATYMKM ANA KOHTPOASA
BHELWHEN cpeabl, MMKPOKOMMbIOTEP M paaunonpuemone-

peaaTunKk [5]. 3To nosBonseT ycTPOMCTBY NPOBOAWUTb

CBasb

M3MepeHUsa, CaMOCTOATE/IbHO MNPOBOAUTb HaYaNbHYIO
06paboTKy AaHHbIX U NOAAEPKMBATL CBA3b C BHELUHEMN
MHPOPMALLMOHHOWN CUCTEMOIA.

«Cetn cnepytowero nokoneuua» (NGN) — mynb-
TUCEPBUCHbIE CETU CBA3WU, ALPOM KOTOPbIX ABAAOTCA
(kouenuua IMS - IP Multimedia

Subsystem), noaaep:KMBatoLLMe NOAHYIO UM YaCTUYHYIO

onopHble |P-ceTn

MHTErpaumio ycayr nepegauvm peuyn, AaHHbIX U MyJb-

PeanusyloT NPUHLMN KOHBEPreHumu Yycayr
3NeKTpoCBA3n [6].

TMmeaua.

«UHTepHeT Bewen» (loT) — KoHUenuUsA BbIYUCAU-
TenbHON ceTn GpU3NYECcKUX 0BbEKTOB («Bellei»), ocHa-
LLEHHbIX BCTPOEHHbIMWU TEXHWYECKUMU npuemMo-nepe-
JaoLWMMK cpeacTBamMm CBA3M 418 B3aUMOAENCTBMA Apyr
C Apyrom wau BHewHen cpegort [7]. Monynsapusaumm
MHTepHeTa Bewel cnocobcTBOBaN YNop B KOHUENLMU HA
o6beMHEHNE YCTPOMCTB M «BELEen» B eMHYI0 BblYUC-
NINTE/IbHYIO CeTb, OBC/YKMBAEMYIO WMHTEPHET-NPOTOKO-
NamMu, B KOTOPOM CTAHOBUTCA BO3MOXKHOM NOMHAsA aBToO-
MaTu3auusa BbIMONHEHWUA Pa3/IMYHbIX MPOLECCOB Heroc-
peAcTBEHHO CaMMMU «BeLLAMMY», Hanpumep, 6bITOBbIMU
npubopamu.

MpoLecchbl coBepleHCTBOBAHMA MHOOKOMMYHMKALNIA
NOCTOAHHO KOHBEPIMPYIOT, U Hayano Mm 6bino noso-
KEHO KOHBepreHumein AByx 6a30BbIX TEXHOMOIMIA: CBA3N
(communication) n kKomnbtoTepa (computer), KoTopble Ha
puc.1 ycnosHo n3obpaxkeHbl LLeNoYkon nx passutma [8].
Kaxagpli nocneaylowmin  3Tan  KOHBEPreHuMn Xapak-
TepusyeTtca fobaBneHNMEeM HOBOro (M KpaiiHe BayKHOro)
anemeHTa. K 6asoBomy coctosHuio C*C (KomnbioTep w
cBA3b) pAobaBnaetca mobunbHOCTb M, 3aTem MyAbTU-
meauiHocTb MM, nocne Yero KOHBepreHuMA NpuBeaET K
fnobanbHoli cucteme MOBUABHON U MYyNbTUMEOMIAHOM
cBasn GMM, KoTopaa MoOCTeNneHHO npeBpaTUTCA B
FnobanbHyt0 MOBUNbHYIO CUCTEMY NMEPCOHANbHOW CBA3U
(cnyk6bbl) GMPCS (Global Mobile Personal Com-
munications by Satellite [9]).

—» C*C—-C*C*M— C*C*M*MM—GMM—GMPCS

Kommsiotep

Puc. 1. Mpoueccbl coBepLIEHCTBOBAHWUA UHPOKOMMYHUKALUIA

MOMMMO KOHBepreHuuMm WHGOKOMMYHMKALMOHHBIX
TEXHO/IOMMA B BauKalillee gecATUieTUE NPOU3OUAET U
KOHBepreHunsa MHPOKOMMYHUKaALMOHHBIX ycayr. Ha puc.
2 YCNOBHO MOKa3aHo npespatlleHne MHOMMX abOHEeHTCKUX
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YCTPOWCTB, BK/OYaA OGbITOBYHO 3/IEKTPOHUKY U YCTPOMCT-
Ba AOMALIHEr0 MOHUTOPUHIA B eAUHBIA MHPOKOMMYHU-
KaLMOHHbBIW TepMUHan aboHeHTa.
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PacwupeHme WHPOPMALMOHHOTO B3aUMOLENCTBUA
MeXAay /NAbMM, OCHALLEHHbIMW WHTENNEKTYaNbHbIMM
abOHEHTCKMMU yCTponcTBamMM (KomnbloTepamn, Mobusb-
HbIMM TeflepoHaAMM U Ap.), HA B3aUMOAENCTBME BELLEN U
NPUPOAHONM cpeabl, OCHALLEHHbIX COOTBETCTBYHOLMMM
annapaTHo-nporpammHbiMKn cpeactsamu (loT), cosgaet
AICHYIO [AONTONETHIOW MepPCneKkTUBY AanbHenwero pas-
BUTUA BCEX HanpaBAeHU UHPOKOMMYHUKALMOHHbDIX
TeXHONOrni. PasBntne 1 BHeApeHUe KOHBEPTEHTHbIX pe-
weHut NGN u loT, a Tak)Ke KOTHUTUBHbIX U HaHOTEX-

Teaedon (T) —_—

Tenesmsop (TV) EE—
Komnbiorep (C) —  » | HNudopmaunonubiii
TepMHHAJ aGoHeHTa

Berrosas sneKTpoHHKa -_ i

(CE-consumer electronics) T*TV*C*CE*HM

Jdomamuuii MouuTOopHar |

(HM - house monitoring)

HO/IOTUIA B YacTU CONMMKEHUA U B3aMMOMPOHUKHOBEHUA
«HEOpPraHMKM» U BMOOPraHNYECKOro MUpPa KUMBOW Npu-
poabl (TO ecTb coeAMHeHWe BO3MOXHOCTEN COoBpeMeH-
HbIX TEXHOMIOTUI C KOHCTPYKLMAMM, CO34aHHbIMU KUBOM
npUpoAaoi) 3HaMeHYET HOBbI Ka4yeCTBEHHbIW 3Tan NnocT-
cpeabl
(InfoCommunication environment, ICE) n Ha ee 6a3se

poeHnsAs eAuHOM WHPOKOMMYHUKALUOHHOM

rnobanbHoro MHPoOpmauuoHHoro obwecrsa (Infor-

mation society).

Puc. 2. NpeBpaleHne abOHEHTCKUX YCTPOCTB B €AUHbIN
MH(POKOMMYHUKALMOHHBI TepMUHaAN aboHeHTa

IMraHTCKOe KOAMYEeCTBEHHOE YBenYeHne Yncna B3a-
MMOOENCTBYIOLLMX OOBEKTOB M CYObEKTOB, MMELNX
A0CTyN K rno6anbHo UHGOKOMMYHUKALMOHHOM cpepae,
npuBeAeT K 3aMeTHOM, farKe BO3MOXKHO NOJIHOW, Aec-
TPYKTYPM3aLmMM CYLLECTBYIOWLEro NpeAcTasleHns o mupe
N notpebyeT pa3paboTKM HOBbIX NPEACTABAEHUA O HEM,
UTO eCTeCTBEHHO CKAXEeTCA Ha KOHTEHTe yCayr npu ux
bopMMpPOBaHUKN N NpeaoCcTaBAEHUM, A TaKKe Ha sbdek-

TUBHOCTM WX agMWMHUCTPUPOBAHUA. CUCTEMbI, BCTPOEH-
HbIX B OKpYKalollyto cpeay AaTunkos loT (Hanpumep,
MYNbTUCEHCOPHblE  cUCTeMbl), obecrnedyaT  HOBble
BO3MOXHOCTM M MNOCTaBAT HoBble Npobaembl [10].

Ha puc. 3 cxemaTuyecku MoKasaHa CTpPyKTypa ¢op-
MUpyemoW eanHO MHPOKOMMYHUKALMOHHOM cpeapl, a
Ha puc. 4 — nHdpacTpyKTypa NpeaoCcTaBNeHMA MaCCOBbIX

MHPOKOMMYHUKALMOHHDIX YCAYT.

Ennnan nndokoMMyHHKAIIHOHHAN cpea
Cueremm Caywbm Creremsl Henrpea | |Feonndop-| | Cueremea Baibl ITpoune
OnanHHra | |mogdep:axkn| | desomac- cepradn- | |magnonnme| | verosnoro | | foumbinnx | | encremer
RJIHEHTOBE HOCTH KAlHH CHCTeMbI AOCTYNA MAHHBIX
I ponaiigepbi Cucrema Toab3oBaTenn
HHoKOMMYHHIA- > AAMHHHCTPHPOBAHHA |
LHHOHHBIX YCJIVT yeayr

Puc. 3. CTpyKTypa popmupyemoii eguHoin
MHPOKOMMYHUKALIMOHHO cpeabl
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B nepsyto oyepenb, GopmmMpoBaHUO MHPOKOMMYH-
MKaLMOHHOM cpeabl crnocobcTBOBasO pasBUMTME Mac-
COBbIX MH(GOKOMMYHMKALMOHHBIX YCAyr onepaTopamu
MOBWNbHON CBA3M, KOTOPbIE NEPBbIMMU B LUIMPOKMX MACLL-

Tabax CTanu MCNonb3oBaTb NpW MNpenocTaBieHUn abo-
HEHTY OAHON WH(POKOMMYHUKALMOHHOMN YCAyrM cetu
pasHbIX OMepaTopoB CBA3W, BKAOYaA WU ceTn O UKeK-
POBaHHOM CBA3M.

Eannasan IIC'JOI((]M MYHHKallHOHHasA cpeaa

CerTn modnneHoi
coTOB Ol CBATH

Cern
urcHpoBan-

IIposaiinepbi ¢
HOH CBAIH

HHQOKOMMY -
HHKAHOHHBIX

yomyr BecnpoBo HELE Cern cBazH
CEHCOPHBIE CIeIYHIETo
cern (WSN) NOK0JICHHA
(NGN)

Cern paguo n Cern enyT-
TeICBHIHOH- HHKOBOH
HOT0 BelllAHHA CBAI3H
IoakzoBarenn
Kabeabubie cern|| Hurepner
Bemei
(IoT)

Puc. 4. UndpacTpyKTypa NpesocTaBneHUsA MacCcoBbIX UHPOKOMMYHUKALUOHHDIX YCyr

3AKNHOYEHUE

Co3paHue rnobanbHol MHOPACTPYKTYpbI, YTO Npes-
YyCMaTpMBaeT KaK pasBUTME W COBEpLUEHCTBOBaHWe 6Oa-
30BbIX TE@/IEKOMMYHUKALMOHHbIX TEXHOMOTUIN, TaK U BO3-
HUKHOBEHWE HOBbIX MHPOKOMMYHUKALMOHHbBIX TEXHOJO-
MU U COOTBETCTBYIOLMX MHOOKOMMYHUKALMOHHDBIX Ce-
Ter. K HUM oTHocaTcA cet NGN (OCHOBaHHble Ha KOH-
uenuuu IMS), BcenpoHuKatolme ceHcopHble cetn (USN -
Ubiquitous Sensor Networks) u UHTepHeT Bewen (loT).
3T ceTM €O34at0T TEXHMYECKYI 6a3y ANnA HaCTOALWMX U

NINTEPATYPA

byaywmx TpeboBaHnit MHOOKOMMYHUKaumin. OaHoBpe-
MEHHO, Ha 3Tom 3Tane GbopmUpoBaHNA UHPOKOMMYHU-
KauMOHHOWU cpepbl, dopmupyeTcA HOBOE MNpencTase-
Hue chepbl ycnyr. PacCcMOTpeHne OCHOBHbIX XapaKTepuc-
TUK cepBuca, ero ¢yHKUMM UM po/ib B COBPEMEHHOM
obliectBe MO3BONAT OLEHWMBATb POb KaXKAOW HOBOM
MHPOKOMMYHUKALMOHHOMN yCcnyrn U 3HayeHue UHGO-
KOMMYHMKALMOHHbIX TEXHOJIOTUA O/17 KAXKLOro uneHa
MHPOpPMaLMOHHOro obLiecTBa.
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Weber, J.M. Rabaey, E. Aarts (etc.) // In Ambient Intelligence. — New York, NY: Springer-Verlag.

6. https://ru.wikipedia.org/wiki/NGN
7. http://termin.bposd.ru/publ/10-1-0-32129

8. L. Varakin. The main directions of development of info-communication in Russia on the basis of modern
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ABSTRACT. This article is dedicated to the phase of development of the global information society by mankind,
which assumes the global information infrastructure to become its technical foundation. Definition and essence of an
information society is described, which implies that such society should be able to produce all the necessary
information for proper existence and provide all citizens with means of access to such information.

The effect of development of info-communication technologies and services in the information society is shown.
The sensor networks, the next generation networks and the Internet of Things are now successfully developing on the
basis of core technologies.

For many years, information and telecommunication technologies were considered separately. In recent decades,
there is a continuous convergence of these technologies, turning them into the united info-communication
technology.

A new qualitative stage of developing of united info-communications environment will be the basis of a global
information society.

KEY WORDS: advanced info-communication technologies; convergence of intelligent subscriber devices; global
information infrastructure; global information society; global info-communication environment; info-communication;
info-communication services.
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ABSTRACT. Bainitic cast iron matrix structure (80-90% bainite, 10-20% residual austenite) with spheroidal graphite
can be obtained by isothermal hardening of nodular cast iron or using bainite class cast iron. Its hardness is provided
by bainite while plasticity is provided by retained austenite containing spheroidal graphite. However, the problem is
durability, hardly correctable cast metal structure and compatibility of the process of obtaining spheroidal graphite
with the casting technological cycle.

The period of heat treatment of ductile iron (when the bainitic transformation of carbon-poor areas is completed,
but the new phase - carbides and martensite crystals are not yet formed in carbon-rich areas of the austenite) is
difficult to use. If this time is missed, the amount of residual austenite is greatly reduced. If the spherical shape of
graphite in normal conditions (without heat treatment) provides some improvement of characteristics, including
plasticity, it is not enough during the isothermal tempering, since the uncontrolled appearance of new phases causes
embrittlement of an alloy.
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AHHOTALUMA. CrtpykTypy OCHOBbI 6eliHuUTHOro uvyryHa (80-90% 6eliHuT, 10-20% OCTATO4YHbIA ayCTEHWUT) C
LWApPOBUAHBIM TPAGUTOM MOMNKHO MOMYYUTb C MOMOLLBIO M30TEPMMYECKOM 3aKalKM MAACTUYHOTO 4YyryHa Wau
MCNonb3oBaHMEM YyryHa 6elHUTHOro Knacca. Ero tBepaocTb obecneumsaet 6eHUT, B TO BpeMA KaK MNACTUYHOCTb
obecneynBaeTca OCTaTOYHbIM ayCTEHUTOM C WAPOBUAHbLIM rpaduTom. OfHAKO Npobiemoit ABNAIOTCA 4ONTOBEYHOCTb,
TPYAHO MCnpaBuMman CTPYKTypa JIMTOrO MeTanna M COBMECTMMOCTb MPOLLecca MojlyYeHus WwaposmaHoro rpadura
TEXHO/IOTMYECKUM LIUKNOM NNTBA.

MpomeKyToK TepMo0ob6paboTKM NAACTUUYHOrO YyryHa (Koraa 6eliHUTHoe npespalleHue yrnepoa-6egHbix yuyacTkos
3aBepLIaeTcsa, a HoBble dasbl - Kapbuabl U KpUCTainbl MapTeHCcMTa He ycnean obpasoBaTtbcA B BoraTbix yrieposom
y4acTKax aycTeHuTa) TPyAHO MCMOoNb30BaTb. ECIM 3TOT MOMEHT ynycKaeTcs, 3HaYUTe/IbHO YMEeHbLIAEeTCa KOMYecTBO
OCTaTOYHOro aycTeHuTa. Ecan cdepuyeckas dpopma rpaduta B 0bbluHbIX ycnoBuax (6e3 Tepmuueckon obpaboTku)
obecrneunmBaeT HEKOTOPOE Y/yYLLEHUE XAPAKTEPWUCTMK, BK/KOYAs MAACTUYHOCTb, 3TO HELOCTAaTOYHO BO Bpems M30-
TEPMMYECKOM 3aKa/lKK1, NOCKO/bKY BECKOHTPO/IbHOE NoAB/eHNE HOBbIX Ga3 OXpynyMBaeT cnias.

KNIKOYEBBIE C/IOBA: 6elHUTHbIN YyryH; A0/JTOBEYHOCTb; KOHCTPYKLUMOHHAA MNPOYHOCTb; OCHOBA; OT/IMBKQ;
CTOMKOCTb; LWApPOBUAHbIA M KOMNaKTHbIN rpaduT.
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DEFINITION OF OPTIMAL INTERVAL BETWEEN TIME SERIES TERMS
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Reviewers:
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E-mail: kalabegishvili@hotmail.com
A. Kikabidze, Professor, Department of Engineering Geodesy and Geoinformatics, Faculty of Mining and Geology, GTU
E-mail: a-kikabidze@yahoo.com

ABSTRACT. This article presents the analysis of time series using the parametric method of identification of
autoregressive models, parameters least squares method and adequacy of diagnostic examination issues, also
practical application matters of the finally obtained models, including forecasting, process control and determining the
optimum interval between the time series terms. The article emphasizes that in application of models for predicting
processes preference is given to probability, stochastic model, and not to deterministic methods, because the latter
gives less accurate forecasts. Another subject discussed is the determination of water level in the reservoir and
optimal value of interval between the time series terms of inclination indicators readings in the transfer function of
input and output processes in the unified Enguri HPP high dam general technical system. Analyzed are the
autoregressive, multiplier type models obtained by sampling of given time series and aggregation of the new time
series containing various intervals. Obtained are the probable values of optimal interval according to the readings of
inclination measuring devices located in different places of dam, with the residual errors in the mean square error
criteria. The results of analysis are presented in the form of tables and drawings showing that the optimal time
interval between the time series terms has different magnitude in different areas of the dam.

KEY WORDS: aggregation; discretization; forecasting; optimal interval; regulation; time series; ; time of late reaction.
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TMYECKMX MALUWH U MeXaTPOHUKM, TPY3UHCKUIA TEXHUYECKUIA yHMUBepcuTeT, Mpy3usa, 0175,
Téunucu, yn. M. KoctaBa, 75
E-mail: murman meskhi@gtu.ge
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Téunucu, yn. M. KoctaBsa, 75
E-mail: geodezia@gtu.ge

UHap3se P.B. JenapTaMeHT WHXeHepHOW reoaes3Mm U reoMHGOPMaATUKM MPOU3BOACTBEHHO-TEXHOO-
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PeueH3eHTbI:
M. KanabernwBunm, skcnepT ruapoTEXHUYECKUX coopy:KeHuin 000 “UHrypulIC”, AOKTOP TEXHUYECKUX HayK,
npodeccop
E-mail: kalabegishvili@hotmail.com
A. Kukabugse, npodeccop [enaprameHTa WUHKEHEPHON reodesnn U reomHPOpMaTUKU FOPHO-FeosIorMyeckoro
dakynbteta ITY
E-mail: a-kikabidze@yahoo.com

AHHOTALMA. CraTbA noceAlLeHa BOMPOCAaM aHA/IM3a BPEMEHHbIX PALOB: MCMOJ/Ib30BaHMA MeToAa MapameTpu-
YeCcKoM UAEHTUOMKALMM aBTOPErpPecCMOHHbIX MOAenen, onpeseneHus MnapameTpoB MEeTOAOM HaMMEHbLUMX
KBaZpaToOB M AMArHOCTMYECKOM MNPOBEPKM afeKBaTHOCTU. [peacTaB/ieHbl BOMPOCbI MPAKTUYECKOTO NPUMEHEHMUA
mogaenen, B TOM Yncie NPorHO3MpPoBaHUA, PEryMpoBaHHMUA NPOLLECCOB U onpeseneHna ONTMMasbHOrO MHTepBana
MeXay uneHamu paga. [ogvyepKkHYTo, 4YTO MNPW WUCMOMb30BaHUMM MoAene ANA npouecca MPOrHO3MPOBAHMA
npeanoYyTeHMe OTHAETCA BEPOATHOCTHOM, CTOXAaCTUYECKOW, a He AeTepMUHUPOBAHHOM MOAENU, MOTOMY YTO
nocneaHAn faeT MeHee TOYHble NPOrHo3bl. [peacTaBaeH BONPOC onpeaeneHna B nepesaTtoyHon GyHKLUUN BXOSALLMX
M BbIXOAALMX NPOLLECCOB €ANHON TEXHUYECKON CUCTEMbI BbICOTHOM nAoTMHbI UHrypul3C. Bxoaawmii npouecc - 31o
YPOBEHb BOAbl B BOAOXPAHUAMLLE, @ BbIXOAALLMK - NMOKasaTesell HaknoHomepa. [poaHann3npoBaHbl NOJyYeHHbIe
ANCKpeTM3aLumen 3a4aHHbIX BPEMEHHbIX PAAOB W arperauyein HOBbIX PALOB COAEPrKaLLMe Pas/IMyHble UHTepBasbl
BPEMEHHbIX PALOB B BUAE AaBTOPErpecCUMOHHbIX M My/JbTUNMKATOPHOTO TUNa moaenei. MonyyeHbl oNTUMabHblE
BEPOATHOCTHbIE 3HAYeHWA MHTepBana, COrNacHO MOKA3aHMAM PaCMONOXKEHHbIX B Pa3HbIX MeCcTax MOTUHbI U3Me-
PAOLWMX HAKAOH M3MepUTENbHbIX MPMOBOPOB, MO KPUTEPUIO CPeAHEeKBaLPaTUYECKON MOrpeLHOCTU OCTaTOYHbIX
OlWMBOK. Pe3ynbTaTbl aHanM3a NpeacTaBieHbl B BUAE TabauL, U PUCYHKOB, KOTOPblE MOKa3bIBAOT, YTO ONTUMA/bHAA
Be/INYMHA UHTepBasa BpeMEHU MeXay Y1eHaMmn pAa0B Pa3nyHa B Pa3HbIX MeCTaxX NAOTUHbI.

KNIKOYEBDBIE CNNIOBA: arpernmpoBaHue; BPpeMEHHOW psf; BPEMS 3anasablBaHWMA peakuuu; AUCKpeTu3auma; onTu-
Ma/ibHbI/A MUHTEPBAN; MPOrHO3MPOBaHMWE; PETYIMPOBaHME.
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ABSTRACT. This article discusses the research of dam reaction time to changes in the water level in Enguri HPP
reservoir. Presented is the analysis of multiplier models established via discretization of actually existing empirical
time series - level of water in reservoir and readings of the inclination measuring devices installed in various places
within the dam body and aggregation of the new series with different intervals. The transfer function of time series
with identification of input and output processes is obtained. It is noted that output process could be affected by
exogenous, i.e. no-feedback factors, as well as other factors, which determine the behavior of output process, its
reaction. It is emphasized that as criteria for determining the dam reaction time, applied is not a value of standard
error, but rather the minimum value of the sum of squares of residual errors of models - the difference between
actual time series terms and the same terms obtained through the model. This article also discusses the value of
parameter to be entered into the model during the research of dam reaction delay time to the changes of water level
in the reservoir for both — continuous dynamic system and discrete system cases. The probable value of reaction time
in various parts of the dam is also established for Enguri HPP. It is recommended to increase representativeness of the
time series for the purpose to develop more convincing conclusions.
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AHHOTALUA. PaccmoTpeH BONpPOC MCCnefoBaHUA BPeMEHM peakuMn NAOTMHLI HA M3MEHEHWEe YPOBHA BOAbl B
BogoxpaHunuue WHrypul3C. [lpeactaBneHbl: AUCKPETU3UMPOBAHME PEasibHO  CYLLECTBYHOWMX 3IMMIUPUYECKUX
BPEMEHHbIX PALOB - YPOBHA BOAbl B BOAOXPAHWU/MLLE W YCTAHOB/EHHbIX B PA3/IMYHbIX MECTax Tena MAOTUHbI
nokasaTesiel, U3MepAoLWMX HaKNOH NPMBOPOB, U aHANIM3 HOBbIX MOJIYYEHHbIX arperMpoBaHUEM PALOB C Pa3IUYHbIMU
MHTEpPBanamm MyAbTUMIMKAaTOPHOrO Tuna Mmogaeneit. lMonyyeHa nepefatoyHas OGYHKUMA BPEMEHHbIX PAJOB C
MAEHTUPUKALMEN BXOAHbIX U BbIXOAHbIX NpoueccoB. CneayeT OTMETUTb, YTO HA BbIXOAHOM NPOLECC MOTYT BAUATb KaK
3K30reHHble MAn 6e3 obpaTHOM CBA3K, TaKkKe M Apyrve $akTopbl, KOTOpble onpeaensAloT NoBeAeHMEe BbIXOAALWMX
NpoLeccoB, Ux peakumto. NoayYepKHYTO, YTO NpWU onpeseneHnn BPEMEHN PEAKLUN NAOTUHBI KPUTEPUEM MPUHATO He
3HayeHWe CTaHAAPTHOMN MOrPeLHOCTM, @ MUHUMA/IbHAA BEIMYMHA CYMMbl KBagpaTOB OCTAaTOYHbIX OWMBOK mogenu -
Pa3HOCTU MeXKAY GaKTUYEeCKMMM YAeHaMN BPEMEHHOTO PALA M NONYYEHHbIMU U3 MOLENN TEX e YleHOB. PaccmoTpeH
BOMPOC BPEMEHWN peaKLuMn NAOTUHbI, NPU U3MEHEHMUMU YPOBHA BOAbl B BOAOXPAHUAULLE, OT 3HAaUYEHUA BXOLALLErO B
mMozeNb NapameTpa, Kak B Cayvyae HEnpepbiBHON AMHAMUYECKOW CUCTEMBI, TaKXKe U A1A AUCKPETHOM cuctembl. B
ycnosuax WHrypul3C ycTtaHoBNeHa BepPOATHaA BEe/IMYMHA BPEMEHW peakuuu MNAOTUHbI B  PA3HbIX MecTax.
PekomeHgoBaHO ana nonyyeHua 6onee npasaonofobHbIX BbIBOAOB yBEMUYEHUE penpe3eHTaTUBHOCTU BPEMEHHOro
pAaga.
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INTRODUCTION

ABSTRACT. The given transaction is devoted to the In order to provide facilities for the disabled persons
determination of dynamic characteristics of the frame of ~t0 overcome different obstacles such as stairs in
invented stair climber platform for different purposes, in Georgian Technical University a stair climber with original
particular for disabled persons. Dynamic parameters of Scheme of frame has been invented. The mentioned
the device are calculated on the basis of dynamic rigidity ~Mechanical system is depicted in the Fig 1.
method. Since the frame of the stair climber is built by
side frames connected by means of bars, due to the
heavy type of periodical workload, it is necessary to
determine  natural frequencies of the connecting rods
as parts of the frame of the machine. These bars are
assumed as the rods with elastic characteristics. Based
on the here offered method the mathematical model is
obtained, which gives the opportunity of determination
not only the natural frequencies, but the modes of

oscillation, as well and as the results of other dynamic
parameters of the mechanical system.

Fig.1. Stair climber

KEY WORDS: natural frequency; settlement element;

stair climbers; stiffness matrix and flexibility matrix. As shown in the figure, the mechanical system

comprises of the frame and different mechanical systems
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with actuators and executive mechanisms. As a rule, the
given mechanical system works under heavy type of
periodical workload. It is well known that mechanical
parameters of actuators are sensitively influenced on the
dynamic behaviour of the whole mechanical systems.
Here one of the main issues is determination of natural
frequencies and modes of oscillation of the real schemes
of machines,
regimes of work of executive mechanisms is one of the

because determination of resonance
principal matters. Despite the multitude of methods and
appropriate computer programs devoted to calculation
of dynamic parameters of mechanical systems, it has to
be emphasized that all these methods are based on the
that the dynamic
parameters very approximately, which is far from reality.
On the basis of the dynamic rigidity method, the

ideal model would calculate

procedure of calculation of natural frequencies and
modes of complicated mechanisms has been elaborated
(see the references) with preliminary estimation of
obtaining results in comparison with real systems. It is
also necessary to add, that the obtained values of natural
frequencies and modes of oscillation can be used for
determination of optimum sizes of parts of the stair
climber frame. It needs to be emphasized that the given
construction of the platform of the stair climber would
be used for other purposes such as automatic mountain
mowing machine, automatic snow cleaner, etc.

The given mechanical system consists of different
types of bars and construction elements with various
types of junctions of adjacent links. For the purpose of
proper design of multi link mechanical systems it is
necessary to determine different dynamic parameters
among which calculation of natural frequencies, modes

and strains of connecting rods with different schemes of
binding their ends is a sufficiently difficult task.

Here, based on continuation of scientific works
performed in the field of dynamic analysis (see the
references) the method of determination of natural
frequencies of the links as connecting rods is proposed.
This method can be used not only in machine building,
but also in civil engineering during calculations for
different constructions.

MAIN PART

Consider the connecting rod with constant or
changed cross sections, which is fixed by its ends by
different types of cinematic pairs and has infinite degree
of freedom. It is well known that determination of exact
value of dynamic parameters of such structures is
extremely sophisticated, for which, various approximate
methods are widely utilized. In our case, the connecting
rod, as the part of mechanical system, with infinite
degree of freedom would be replaced by the elements
with limited degree of freedom. The design model for
simulation of such systems can be studied as n number
of lumped masses connected by non-inertial elastic
sections of rods, where the masses are located at the
ends of these sections. The examples of different types
of junctions of ends of connecting rods are given in Fig. 2,
where the lumped masses are numbered from 1 to n,
however the non-inertial sectors are numbered from 1 to
n-1. In order to obtain the system’s equations of motion,
it is necessary to draw up the equation of motion of each
mass and equation of deformation of each non-inertial
sector.

Fig. 2. Different types of junctions of ends of connecting rods.
a. Connecting rod rigidly fastened with both ends;
b. Connecting rod rigidly fastened with one end and hinge-rested with second end;

c. Hinge-rested with both ends.
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A separate section of the rod placed between K and
(K+1) masses represents a bar working for spatial
bending. Fig. 3 shows such section subjected to bending
in XZ and YZ inter-perpendicular planes.

QTL
Clm On
__Q-a»/(f.!: Qs
a -
- z
¥ e
Qx -
Ty Qv

Fig. 3. View of separate section with forces and moments
acting on its ends

When we consider the problem on bending of the
mentioned section which is rigidly fastened with the left
end and loaded with forces and moments on the ends,
for XOZ plane we have:

I? 12
SRS
|2 |

=—0, +—
Ve e

Q

6El
|2
_6EI 4El

12 [

12El
Qx =

e
Q\v:

and for YOZ plane we have:

1 12
V=35 g %
__LQ +I_Q
LY==
(2)
2EI  6EI
Qy = 5 y—l—z@
6El  4EI
Q=""7 V"7~

Basing on these formulas we can write equations
connecting generalized forces applied to section ends (K,
K+1) and their respective generalized displacements:

—-Qyx =Ca + By
Qq) = Bqu + Dqk+1

Minus sign in the first formula means that according to

3)
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the accepted law of signs only

(-Qax)

corresponds to displacements gy and Qs -

and (-Qus1)

B1; B2; C; D; matrices represent fourth order
rigidity matrices and in order to determine them we take
qx =0, i.e., section deformation in case it is fastened with
the left end. For this case Qy.,; forces are determined

with the formula:

REL 6Bl

I3 12
Qx2k+1 _GEl  4EI 0 0 Xic41
Qy 241 _ |2 | X\lfk+1 (a)
Qy 2k+1 0 0 12E1  6El{ |IVis
Q¢,2k+1 I° 1? Py

0 0 6El 4El

12 I

The - Qy forces, which are equal to rigid fastening

reactions, would be derived from the following

equilibrium equations:

_Qx,zk = Qx,2k+1
_Qy,zk = Qy,2k+1
TNy 2k :Q\,,,zk+1 _|Qx,2k+1
_Qm,zk = Q(p,2k+1 —|Qy,2k+1

Substituting (4) into (5) we get:

100

—Quk = Blyy1s —Qoks1 = DOyyys
where:
REI  6EI
— 0 0
_6|52| 2|EI 0 0
B =| | 2EI  6El
0 O 5 7
0 o OEl  2EI
12 I
2El  6EI
5 0 0
_6E2I 4|I5| 0 0
p-| 2EI  6El
0 O — 7
0 o GEl  4El
12 I

Similarly, if we assume that right end of rod is
fastened we get matrices:
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12EI  6EI
e
6I52I 2EI 0 0
B, =B = ' I
2 0 0 12EI  6EI
BNEE
0 o _GEl ZEI
12 I
12E1  6EI 0 0
I 12
6El  4EI 0 0
|2 I
€= 2EI  6El
0 NE 12
0 6El  4EI
12 I

In order to establish closed system of equation we
just have to write equilibrium equations of lumped
masses for amplitude states:

2
Quiak-1 = Q2k—2 = ~M X
) - =0
Q\y,Zk—l Q\u,Zk—Z (6)
Qq,;qu —Qq,,zkfz =0
2
Qyioko1 = Qy ok = —My Yo
here ® is natural frequency. The equation (6) can be

represented in form of matrix:

Qo = Qa1 = Hy G (7)
where
-mo*> 0 0 0
0 0 0 0
H, = 5 (8)
0 0 —-mo° O

0 0 0 0

Matrix (8) is the stability matrix of lumped mass. If
from equation (7) we exclude internal forces by the use
of equation (1) and if we take into consideration the
conditions of rigid fastening in the beginning and end of
rod, in one case, and hinged fastening, in the other case,

we have the systems of the following equations:
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(C+H,+D)a, +Ba; =0
B'g, +(C+H;+D)g; +Bg, =0
"o, +(C+H, +D)a, +Bgs =0 (9)
T, +(C+Hs+D)gs +Bgg =0
B'gs +(C+H;+D)g, +Bgg =0
B'q, +(C+Hg+D)ds +Bdy =0

B'dg +(C +Hy+D)dy =0 (10)
B" gy, +(C+H, +D)gy +Bay.; =0
where:
3EI 3EI
BT 0
Qx,2k+1 E E 0 0 Xk+l
Qw,2k+1 _ |2 | « Wk+1
Qy 2k+1 0 0 _E @ Yis1
Qp 2k I I Ot
0 o _3EL 3El
12 I
3EI 3El
T "
_3EL 3B, 0
Y |2 |
D = 3Bl 3El
0 O W T
0 _3El 3El
12 I
3El 3EI
c'=| 3EI 3EI
o 0 = T
o o SEL _3El
12 I

02 Q3 .9 columns of (n-2) unknowns enter into (n-2)
matrix equation system. If the determinant of the given
equations system is equal to zero we get frequency
equation from which we determine all values o =®, of
natural frequency while if by substituting these frequen-
cies we find non-zero solutions of equations we shall
determine the respective ®; natural forms.
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Hy B
T
B Hy B
N =det = BT Hy B =0 (11)
T
B" Hy,

For calculation example the following physical data
are given:

Overall dimensions of connecting rod are:

Length — L=90 cm; Cross-section diameter — d=1.5 cm.

Mechanical characteristics of connecting rod cross-
section are:

Material flexibility module — E=2000000 kg/cm?; Cross-
section inertial moment — 1=0.248 cm4; Design sections
length — =10 cm; Lumped mass value —0.0138 kg,

After introducing these values into common matrix of
dynamic rigidity coefficients by METLAB software the
graphs of d (H) against w are drawn and the values of
natural frequencies are received for three different
fastening cases, which are: rigidly fastened with both
ends (Fig. 5); rigidly fastened with one end and hinge-
rested with second end (Fig. 6) and hinge-rested with
both ends (Fig. 7). Here on the diagrams the values of
natural frequencies are determined by splashed parts of
the curves.

CONCLUSION

This article observes the scope of the dynamic rigidity
method for calculation of natural frequencies and modes
of oscillations of connecting rods as remarkable part of
stair climber for disabled persons. The theoretical model
is brought to practical results. On the basis of MATLAB
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ABSTRACT. This article discusses the scopes of application of radial-forging machines and shows that the method
of radial forging is applied in mechanical engineering to the processing of axis symmetric details with complex shapes,
production of which on metal-cutting machines is uneconomical and results in considerable losses of metal on
shaving. It is noted that this method is applied in metallurgy as well, specifically in the shops of cold rolling of tubes to
forging of tube preparations before drawing.
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AHHOTALMA. PaccmoTpeHbl cdepbl NPUMEHEHUA PAAMANIbHO-KOBOYHbIX MalWH. [OKa3aHo, YTO MeToZ paau-

aNbHOM KOBKM MPUMEHAETCA B MALUMHOCTPOEHUM ANA 06paboTKM OCECMMMETPUYHBIX AeTanelt CNoHou ¢opmbl,

NU3rotToBaIeHNE KOTOPbIX Ha MeTanopeXywmnx CTaHKaX HEe3KOHOMWUYHO U CBA3aHO CO 3HAYUTE/NIbHbIMU NOTEpPAMU

MeTaNlNa Ha CTPYXKKY. OTmeueHo, 4To 3ToT MeTOo4 NPUMEHAETCA TaKXe U B MeTannypruu, B YaCTtHOCTH, LUexax XOﬂO,CI,HOl‘/lI

NPOKaTKM Tpy6 ANA 3aKOBKM TPYBHbIX 3aroTOBOK Nepes, BOJIOYEHNEM.

K/THOYEBbBIE C/IOBA: pagvanbHasa KOBKa; pagManbHO-KOBOYHAA MallMHA; OCECUMMMETPUYHbIE AeTau.
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HEAT-RESISTANT CONCRETE PRODUCED ON NANO-DISPERSION NATRIUM SILICATE COMPOSITE
COHESIVE MATERIAL

T. Esadze Department of Civil and Industrial Engineering Technology and Building Materials,
Georgian Technical University, 68° M. Kostava str., 0175 Thilisi, Georgia
E-mail: e.tamar@mail.ru

Kh. Lejava Department of Civil and Industrial Engineering Technology and Building Materials,
Georgian Technical University, 68° M. Kostava str., 0175 Thbilisi, Georgia
E-mail: kh.lejava@gtu.ge

Reviewers:
Z. Karumidze, Academic Doctor, Department of Civil and Industrial Engineering Technology and Building Materials,
Faculty of Civil Engineering, GTU
E-mail: zkarumidze@yahoo.com
A. Chikovani, Academic Doctor, Department of Civil and Industrial Engineering Technology and Building Materials,
Faculty of Civil Engineering ,GTU
E-mail: achikovani@gtu.ge

ABSTRACT. One of the highly developed technologies for production of nano-refractory materials is
nanotechnology which is in the starting stages of development with respect to refractory materials.

Heat-resistant concrete produced with cohesive material — nano-dispersion natrium polysilicate, shows high
operational properties in comparison with ordinary heat-resistant concrete, produced with silicate-natrium
composition cohesive material. This is explained by the fact that instead of natrium silicate, in heat-resistant concrete
produced with the nano-dispersion natrium polysilicate composition cohesive material, the low-melting alkaline
component (Na,0) is reduced which in turn increases the operational properties of the heat-resistant concrete, heat
stability, temperature of application, corrosion resistance, etc.

KEY WORDS: (Na,O) alkaline oxide; electro smelted corundum; nano-dispersion natrium polysilicate; silica
modulus.
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YXAPOCTOWUKWUIM BETOH HA HAHOQUCNEPCHOM CUIUKAT-HATPUEBOM KOMMNO3ULUOHHOM
BAXYLLUEM

dcapse T.U. [enapTtaMeHT TeXHONOrMI TPaXKOAHCKOr0 M MPOMbBIWIEHHOTO CTPOUTENbCTBA U
CTpOUTENbHBIX MaTepuanos, [PY3UHCKUIA TexHUYecku yHusepcuteT, [pysua, 0175,
Téunucu, yn. M. KocTasa, 68°
E-mail: e.tamar@mail.ru

Nexasa X.A. [JenapTaMeHT TeXHONOrMM TPaKAAHCKOr0 M MPOMbBIW/IEHHOTO CTPOUTENbCTBA U
CTpOUTENbHBIX MaTepuanos, [PY3UHCKUIA TexHUYeckuh yHusepcuteT, [pysua, 0175,
Téunucu, yn. M. Koctasa, 68°
E-mail: kh.lejava@gtu.ge

PeueH3eHTbI:
3. Kapymupase, akagemuud. AoKTop [lenapTameHTa TEXHONOMMIM FPaXKAaHCKOro M MPOMBILLJIEHHOTO CTPOUTENbCTBA U
CTPOUTENbHbIX MaTePUanoB CTpoUTeNbHOro dpakynbTeTa [TY
E-mail: zkarumidze @yahoo.com
A. YuKoBaHu, akagemuud. goKTop [enapTameHTa TEXHONOMMI FParKAaHCKOro M MPOMBILIJIEHHOTO CTPOUTENBLCTBA U
CTPOUTENIbHbBIX MaTepPUanoB CTpoUTeNbHOro dakynbTeTa MY
E-mail: achikovani@gtu.ge

AHHOTALIMUA. OpHoli M3 BbICOKMX TEXHONMOTMIM NPOM3BOACTBA HAHOOrHEYMNoOpOB ABASETCA HAHOTEXHONOruS,
KOTOpan HaxoAMUTCA B CAMOM Hayasie CBOero PasBmuTUA NPUMEHUTENBHO K OrHeynopam.

YKapocTolikme 6eTOHbl, U3roToB/NEHHblE U3 CBA3YIOLLErO HAHOAMCMEPCHOrO MOJIMCUIMKATA HaTpusA, MOKasanu
BbICOKME 3KCMJ/IyaTaLMOHHble CBOWCTBA, MO CPABHEHUIO C OObIKHOBEHHbIMU KapPOCTOMKMMU BeToHamMM, KoTopble
M3roToB/IEHbI HA CU/MKAT-HAaTPMEBOM KOMMO3ULMOHHOM BAXKyLLEM. ITO OOBACHAETCA Tem, YTO BMECTO CW/IMKaTa
HaTPUA B »KAPOCTOMKMX BETOHAX, KOTOpble M3rOTOB/IEHbl HA HAHOAUCMEPCHOM MOANCUINKAT-HAaTPUEBOM BSXKYLLEM,
YMEHbLUAETCA LWeNoYHbI KomnoHeHT (Na,0)-nerkonnaeneHHblli COCTaBAAIOWMIA, @ 3TO, B CBOKO o4epesb, NOBbiWaeT
3KCMNNyaTaLMOHHbIE CBOMCTBA *KAPOCTOMKMX BETOHOB: TEPMOCTOMKOCTb, TeMnepaTypy NPUMeHeHUsA, KOPPO3MOHHYIO

CTOMKOCTb 1 Ap.

KNIOYEBBIE C/IOBA: HaHOAMCNEPCHbIA NOAUCUMAMKAT HATPUS; CUAMKATHbIA MOAY/b; WenouHblit okeng (Na,0);
3NEKTPONNABAEHHbIA KOPYHA.
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ABSTRACT. Sharp changes of the temperature, atmospheric humidity, acids and other corrosive waters cause
cracking and eventually, full or partial demolition of materials. The effect of corrosive medium on the material
(concrete) causes corrosion and deterioration of its physical and mechanical properties.

For Thilisi and its surroundings sulphate corrosion is a priority problem, as the underground sulphate water is very
aggressive towards concrete. With sulphate influence on certain products of portland-cement hydration, compounds
of calcium hydrosulfoaluminate occur in pores, which is the analogue of Ettringite, a natural mineral or gypsum stone
CaS0,-H,0. Their volumes greatly exceed the volumes of matters in reaction, which causes considerable stress and
concrete structure failure. General principles of concrete protection from corrosion are based on production of dense
concrete, with minimum passing (by ratio of filtering) rate and with open porosity (water reducing) as specified in the
construction standards.

KEY WORDS: corrosion; subsoil water; sulphate corrosion.
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AHHOTALMA. Pe3Kne TemnepaTypHble M3MEHEHUs, aTMmochepHas BNA*KHOCTb, KUC/IOTbI U Ap. arpeccUBHbIE BOAbI
CNoOCOBCTBYIOT MOABAEHUIO TPELWMH B MaTepuanax, a 3To, B CBOIO O4vepefb, BbI3blBAeT MX YAaCTUYHOE WAM NOJHOE
paspyweHue. [leficTBUe arpeccMBHOM cpeabl Ha BETOHbI Bbi3biBAaET KOPPO3UIO U yxyalweHne GU3NKO-MeXaHUYEeCKUX
CBOMCTB.

AKTyanbHOW npobnemoit ans ropoga TOMAMCKM U ero OKPecTHOCTeW ABNAeTCs cynbdaTHas Kopposus, M3-3a
noA3eMHbIX cynbdaTHbIX BOA, KOTOPbIe UMEIT Pe3KO BbIABNEHHYIO arpeccMBHOCTb MO OTHOLWEHMIO K 6eToHam. Mpu
B3aMMOLENCTBUN CyNbdATOB C HEKOTOPbIMM NPOAYKTaMM TMApaTaummn NOpTAAHALEMEHTA, B MOPax BO3HWMKAIOT
CcoefMHEeHUA rMapocy/ibPoantoMMHATOB KalbLUUA, KOTOPble ABAAIOTCA aHa/l0raMu NpUPOAHOTro MMUHEpPasa STPUHIUTA,
WAN TMNcoBOro KamHa - CaSO4-H,0, o6bem KoToporo npesbillaeT 06bem BELLECTB, BXOAAWMX B PeEaAKUMIO, 3TO
BbI3bIBAEeT 0CO6bIe HANPAXKEHWUA N pa3pyLLEHNEe CTPYKTypbl 6eToHa.

O6wue NpUHUMNGI 3aWwmTbl 6eToHa OT KOppPo3umM 06OCHOBAHbI Ha MOAyYeHWe NAOTHOro HeToHa ¢ MUHUMANbHOM
NPoHULLAeMOCTbIO (N0 KoadpduumMeHTy ounbTpaumm) M C OTKPLITOM NOPUCTOCTbIO (BOZOMOI/IOLLAEMOCTb), YTO

pernameHTUpoBaHO CTPOUTE/IbHbIMU NMPaBUIaMN U HOPMaMWN.

KZTKOYEBbBIE C/IOBA: rpyHTOBbIE BOAbI; KOPPO3MA; CyNbdaTHAA KOPPO3UA.
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ABSTRACT. Fracture toughness is a property of a material to resist crack propagation.
For testing crack-resistance the approximate method of determining fracture toughness, integral J; was applied.

Limited, small dimensions of the testing material determined the choice of the method - 7 x 14 x 130 mm with sharp

notch in depth of 5 mm. The fatigue crack was pre-nucleated on a Drozdowski shaker. The frequency of the variable

load at the time of crack initiation was 5-10 Hz. Samples with cracks were tested by the three-point bending with the

charts record to the various points of crack propagation.
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AHHOTAUMA. TpelumMHOCTOMKOCTb ABNAETCA 0COBEHHOCTLIO MaTepuasia NPOTUBOCTOATb PACNPOCTPAHEHMIO TPELLMH.

[NnA ncnbITaHMA Ha TPELMHOCTOMKOCTb HamKM Bbln M3bpaH NPUBAUIKEHHbIM MeToa onpeneneHns TPewMHOCTON-
KOCTW, nHterpan J1.

OrpaHuWyeHHble Masble pasmepbl WUCNbITYEMOro MaTepuana onpegenvnn sblbop 3Toro metoga. Pasmepsl
ncnbITyembix 06pasuoB 7 x 14 x 130 mm, ¢ ocTpbiM Hagpe3om rnybuHoi 5 mm. YcTanocTHas TpelwmHa bbina 3apaHee
3apoxgeHa Ha Bubpatope [Apo3noBCKOro. Yactota M3MEHEHWA NEepPeMeHHOW Harpyskm B MOMEHT 3apoXAeHuA
TpewmHbl 5-10 Iy,

O6pasLbl C 3apOXKAEHHONM TPELMHON UCMbITLIBA/IMCL HA TPEXTOYEYHOM M3rMbe Npu PacnpoCTPAHEHUN TPELLMHBI
[0 PasHbIX Pa3MepoB C 3aNUCbI0 AMarpamm.

K/NKOYEBBIE C/IOBA: uHTerpan J;; KOHTpo/sMpyemasa MpPOKaTKa; HOPManu3auma; pacnpocTpaHeHue TpeLLuHbl;
TpeLLMHa; TPELMHOCTOMKOCTD.
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ABSTRACT. Purpose.Comparative study of three
dolomite (Abano, Skuri, Mukhuru-Georgia) and two
serpantinite (Tsnelisi, Sachkhere-Georgia) deposits of
Georgia was carried out to determine their fitness to
Methods. Obtained
materials were studied by electronic and optic-micro-

receive high refractory clinker.
scope, X-ray, refractory and thermal analyses. Physical
and technical characteristics of the material have been
investigated. Results. The main phases of the materials
are: MgO in the form of periclase and 3Ca0-SiO,-alit. Belit
is no longer in the product. C,AF, C;A and C,F peaks have
been fixed. Effect of graphite nanopowder — 20 mz/gr,
TIMREX KS 6 mark, influence of methyl cellulose used as a
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binder and complex action plasticizer on physical-
technical characteristics of the composite have been
studied.
production of materials has been developed. Optimal

Conclusion. Innovative technology for
composition of materials is: cement clinker, binder,
graphite nanopowder, silicium and plasticizer. Optimal
forming pressure — 100 MPa, graphite nanopowder
content — 15 mass%, relative surface 20 mz/gr. Silicium
was introduced into oxygen-containing composite as an

antioxidant.

KEY WORDS: additive; binding; differential-thermal

analysis; dolomite-serpentinite composite; electron

microscopy, flow-sheet of production.
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INTRODUCTION

In many countries dolomite refractories are used
instead of base composition magnesite refractory
materials [1-4]. High refractory dolomite-serpentenite
clinker and on its base a composite was obtained using
the technology developed by us [5-6].

Quality of such refractory materials is conditioned by
joint action of some factors. One of the significant factors
is obtaining of perfect structure to be preserved during
operation of refractories. Besides, significant role is
played by perfect surface of grains in the process of
forming and treatment. This can be achieved by
application of some admixes and binders. They improve
working conditions by the provision of high plasticity,
mass forming capacity, semi-product strength and

resistance to deformation at thermal treatment.

G osm

DiG

DIA

860

MAIN PART

To receive refractory clinker we gave preference to
the following direction:

Synthesis of calcium silicates by adding magnesium
natural hydro silicate (serpentinite) to dolomite, which
proceeds by the following reaction:

6(CaC03-MgCO0;)+3Mg0-2Si0,-2H,0=2(3Ca0-Si0,)

+9Mg0+12C0,+2H,0

Three dolomite and two serpentinite deposits of
Georgia were investigated and their comparative study
was performed [7].

Thermograms of dolomites from the above referred
three deposits are given on Fig.1.

Fig. 1. Dolomite thermograms: a) Abano; b) Skuri; c) Mukhuri

All three thermograms show endo-effects characteristic to dolomite. Destruction proceeds according to the

following reaction: Ca Mg(CO3), = MgO + CaO + 2CO,,
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a) b)

Fig. 2. Serpentinites thermograms: a) Tsnelisi; b) Sachkhere

Study of dolomites and serpentenites proves that they We have computed the component ratio of a mix
are fit for obtaining high refractory clinker. Studies can be  (dolomite, serpentenite) when KH=0,85 and KH=0,95
performed by the application of serpentinite of both  which correspondingly equals to 3:1 and 4/1.
deposites and dolomite of those three deposits [8, 9,10].

Table 1
Chemical compositions of charge and clinker
Oxides, mass/%; material
Material Ratio
Sio, Al,O3 MgO Cao Fe,03 Humidity Losses at Total
calcination
Dolomite- 3/1 10,92 0,68 23,91 23,84 1,69 0,09 38,86 100
serpentinite mix,
4/1 8,99 0,56 23,26 25,32 1,37 0,10 40,4 100
Dolomite- 3/1 17,89 1,11 39,16 39,05 2,77 - - 100
serpentinite
clinker 4/1 15,11 0,94 39,10 42,55 2,30 - - 100
The Table offers theoretically computed chemical Characteristics computed for mineral composition

compositions of charge and clinker, at the values of of clinker for KH=0,85 and KH=0,95 are given in Table 2.
coefficients of saturation KH=0,85 and KH=0,95 .
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Computed characteristics of mineral compositions

Minerals composition, mass %
clinker
KH
C3S Czs C4AF C2F l\/lgO
0,85 37,97 15,83 5,29 1,75 39,16
0,95 49,58 - 6,78 1,84 41,80

Table 2

We studied clinkering and mineral formation Composition of minerals created at sintering of
processes during sintering of dolomite-serpentinite mix, = dolomite-serpentinite and their amounts are offered.
according to temperature, by differential-thermal, X-ray

diffraction, petrographic and electron-microscopic

methods [11].

Fig. 3. Dolomite and serpentinite mix thermogram

Fig. 4. X-ray of clinker 2
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Differential curve of the mix fixes all endothermic
effects, which are characteristic for dolomite and
serpentinite (625, 780 and 870°C).

Specimens sintered at 1200 and 1300°C contain
definite quantity of crystalline periclase and calcium
silicates, including C,S. At the increase of temperature, at

1400 and 1450 °C it gradually decreases since C,S
interacts with free CaO, the peaks of which disappear
and alit is formed. Respectively, intensity of peaks
characteristic to it increases [12-14].

The diagram shows alit (CS), periclase and belit (C,S ).

Fig. 6. Microstructure of clinker 2 sintered at 1450 °C Sintered clinker
2 consists of MgO and C;S crystals
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Fig. 6 shows well that clinker sintered at 1450° C with  electron microscope pictures (Fig.7, 8). The main phases are
2 impregnation coefficient KH=0,95 mainly consists of  observed in case of clinker 1: periclase, alit and belit. On the
MgO and GC;S crystals. picture of clinker 2 there are no belit cristals.

Thorough identification of crystalline phase is given on

a) X1000 b) X2000

c) X3000 d) X3500

Fig. 7. Electron microscope pictures of clinker 1 sintered at 1450 °C, at various magnification:
a) X1000 b) X2000 c) X3000 d) X3500
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¢) X3000
Fig. 8. Electron microscope pictures of clinker 2 sintered at 1450 °C, at various magnification:
a) X1000 b) X2000 c) X3000 d) X3500.

At dolomite-serpentinite sintering due to chemical in-
teraction, periclase, alit and belit are generated (clinker 1).
Periclase and alit (clinker 2).

In special literature we find various binders which are
used in production of refractory materials [15,16].

For our experiments we selected the binders: 25%
solution of magnesium sulphate, water solution of

d) X3500

technical lignosulphonates, methyl cellulose and
polyvinyl alcohol. The best results were obtained at the
application of magnesium sulphate and methyl cellulose
solutions (Table 3, 4).

Effect of compaction pressure to clinker, quantity of
nanopowder and the binder on the composite properties
were studied. Results are given in Table 3.

Table 3
Physical-mechanical properties of specimens
ere o, [7) H 3 >

" Composition, % £ Binder ty!oe and o S = 2 I

- a quantity, w = 5 = c I
29 ] @3 2 2 @ £E5 o
EE 2 58 $80/ 8¢ |58 |25 g2
N1sEE| g | £ w3 ggv|8% |8E | En | BeZ
o o = < £ o = Pt c bt )

°% |5 & |E |g | v |78 | & [&7| 58

® 2 2 = © ©
D, 4/1 90 10 80 10 - 1450 6,28 14.50 2.93 180.70
D, 4/1 90 10 100 10 - 1450 5,72 13.80 3.05 192.60
Ds 4/1 85 15 80 10 - 1450 5,35 13.00 3.00 198.30
D, 4/1 85 15 100 10 - 1450 5,20 13.00 3.26 209.70
Ds 4/1 90 10 80 - 10 1450 6.12 14.10 3.26 187.30
Ds 4/1 90 10 100 - 10 1450 5.00 12.90 2.98 200.8
D, 4/1 85 15 80 - 10 1450 4.40 12.40 3.09 206.50
Dg 4/1 85 15 100 - 10 1450 431 12.10 3.53 181.20
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Obtaining of wear-resistant structure composite
depends greatly on adequate selection of carbon-
[17]. By application of carbon-
containing admix (graphite nanopowder) with clinker,
and by adding of a binder (20% solution of magnesium
sulphate) properties of clinker are improved and high-
grade high refractory composite is formed.

containing admix

Optimal is compaction pressure 100 MPa, added
nanopowder quantity — 15% and a binder which can be
magnesium sulfate solution or water.

Properties of a composite obtained by addition of
graphite nanopowder, antioxidant (silicium) and binder
(methyl cellulose) to the clinker are offered in Table 4.

Table 4

Physical-technical properties of a specimen

Mix composition, mass % Physical-technical characteristics
3
£ g 5 . = g |e Z=
: . £ |y £ > | E. |3 5%
§ |& |2 |5 |35 |2 |=8¢ g 3 | £ S g
1 c Q ‘o =] S c © > ] — O = %) i)
3 o0 @ S a S o g' o § § o
7 [} < O o o [ o ™M
€ % a =% o cd
) © +
dnl 100 - _ 8 0,8 312,70 13,20 3,05 >1770 7
dn2 88,5 10 1,5 10 - 67,00 14,20 2,45 >1770 7
dn3 82,7 15 2,0 10 - 101,40 13,80 2,99 >1770 7
dn4 82,5 15 3,0 10 0,8 345,00 10,10 3,25 >1770 7

Final optimal composition is: clinker-binder-graphite-
silicium-plasticizer.

As is seen from X-ray of the obtained composite

(Fig. 9) it contains the same minerals as dolomite-

serpentenite clinker.

Fig. 9. Dolomite-serpentinite composite DN8 X-ray

Composite X-ray shows that it contains the same
minerals as dolomite-serpentinite clinker (MgO, CsS).

Electron microscope Figure (10,11) of a composite
DN8 specimen shows crystals of the main phases, in
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particular: periclase and alit, there are small number of
belit inclusions too. Intermediate substances C;A, C,F
and C,AF are distributed nonuniformly in the composite.
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BT e A" B S 4P 0 e ™
BES 15kV WD17mm  SS60 BEC 15kV WD17mm SS60 30Pa x1,000 10um ==
Sample Sample 0000 04 Feb 2015

a)Xx950 b)X1000

Fig. 10. Electron microscope pictures of dolomite-serpentinite composite at various magnification. a)X950 b)X1000

SEl 15KV x130 100pm  — SEl 15kVv  WD23mm SS60 x1,000  10pm  —
0000 04 Feb 2015 Sample 0000 04 Feb 2015

SEl  15kV WD23mm  S560 x5,000 Spm
Sample 0000

n','r -

WD23mm  §S60 x2,700  Spm
04 Feb 2015 Sample 0000

04 Feb 2015

SEI 15kV  WD17mm SS60 x1,900  10pm
Sample 0000

SEI  15kV

c) X1900 d) X2700 e) X5000

Fig. 11. Electron microscope pictures of dolomite-serpentinite composite at various magnification.
a) X 130 b) X 1000 c) X1900 d) X2700 e) X5000

04 Feb 2015

Figures 10 and 11 clearly show presence of two color minerals, which supports the data of X-ray diffraction

analysis.
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Fig. 12. Micro X-ray analysis of dolomite-serpentinite composite DN8.

Fig. 12 offers micro X-ray analysis of dolomite- minerals of the composite, periclase and alit are: oxygen
serpentinite composite DN8 on the spectrum 2 section;  calcium, magnesium and silicium. Respectively, their
scheme of constituent elements and their percentage. It  percentage composition is as follows 40,3; 26,9; 19,3 and
shows that the constituent elements of the main 6,1%.

25Sum

M spectrum 3
W% o

o 404

ca 274

Mg 206

Si 56

Fe 49

A 12

M sp=ctrum 4
W% o
Mg 560 04
o] 402 04
C 26 06
Ca 04 01
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Fig. 13. Micro X-ray analysis of dolomite-serpentinite

composite DN8

Schemes describing elements composition are given at 6.
relatively short sections of spectrum 4, 5 and 8, It offers
graphic example about composition of constituent ele-
ments of the existing phases. Thus, e.g. spectrum 4 and 5
refer to percentage of elements Mg and O, while spectrum
8 shows percentage of elements which contain alit. 7.

CONCLUSION
1. Dolomite and serpentinite deposits of Georgia, their 9.
resources, chemical and mineralogical composition

have been investigated. 10.

2. Dolomite and serpentinite ratios 3:1 and 4:1 were
selected for saturation coefficient KH (KH=0,85 and
KH=0,95) and theoretically desirable mineralogical
composition was computed.

3. Physical-technical properties of the obtained 11.

specimens were studied; it was proved that the best
physical-technical indices were obtained at dolomite-
serpentinite ratio 4:1. Optimal sintering temperature
equals to 1450°C and standing at the final tempera-

ture - 4 hours. 12.

4. Physical-chemical processes going on at the sintering
at 900-1450°C of specimens obtained by the ratio 3:1
(clinkerl) and 4:1 (clinker2) were studied by X-ray
diffraction analysis.

5. At the 4:1 ratio of a mix thorough binding takes place by
the formation of C3S through interaction of CaO obta-
ined as a result of dolomite degradation with serpen-
tinite SiO2 and by sintering of a mix at 1400-1450°C.
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Chemical and mineralogical composition of dolomite-
serpentinite clinker has been studied. High quality
well baked composite clinker of desired/focused
phase composition was obtained, which was proved
by petrographic and electronic-microscope analysis
Effect of a binder on composite properties was
studied. Methyl cellulose was used as a binder.
Gunite, characterized by high physical and technical
properties was obtained.

Effect of carbon-containing admixes was studied on
physical-technical properties of the composite.
Graphite nanopowder, mark TIMREX KS 6 was used as
carbon-containing admix, methyl cellulose solution
was used as a binder and as a result carbon-contai-
ning composite was obtained that was characterized
by high operation properties.

Studies were performed to determine effect of
changes of forming pressure and added graphite
nanopowder quantity on composite properties.
Optimal is the forming pressure 100 MPa, quantity of
graphite nanopowder admix 15%.

To prevent carbon oxidation the antioxidant silicium
was introduced into the charge and sintering regime
was selected. Simultaneously complex-action plasti-
cizer was added to the charge and it was proved that
on the base of the obtained clinker it was possible to
prepare high refractory carbon-containing composite
to replace costly magnesite refractory materials used
in sintering zones in cement furnaces and as beddings
in metallurgical furnaces.
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AHHOTALMA. MpoBeaeHo vccnegoBaHUE TPEX MECTOPOMKAEHWUIN TPY3UHCKUX Aonomutos (AbaHo, Ckypu, Myxypa) u
cepneHTMHUTOB (LlHennck, Cauxepe) ONS YCTAHOBAEHUS MX MPUIOAHOCTM C UE/blO MOAYYEeHUS BbICOKOOrHEYNOPHOro
KAMHKepa.

Mcnonb30oBaHbl XMMUYECKUIA, TEPMUYECKUI N PEHTFEHOCTPYKTYPHbIN METOAbl NCCef0BaHMA.

UccnepoBaH AONOMUT-CEPNEHTUHUTOBBIN KOMMO3UT C UCNO/Ib30BAaHUEM CBA3KU U YINEPOAOCOAEP KaLLEN [006aBKMN.
B KauecTBe yrnepogocogepKalleit 4ob6aBKM MCNONb30BaH rpadmUTOBbLIN HaHonopowokK mapku TIMREX KS 6, a ans
CBA3KN — 20%-HbIl pactBop MgS0O,. U3yyeHo BAMAHUE [06ABOK M AaBAEHMA NPECCOBAHUA Ha PUIMKO-TEXHUYECKME
CBOMCTBA NO/IYYEHHOTO KOMMO3UTA.

[nA ycTpaHeHUsA OKUCAEHUA Yyrnepoaa B CMeCM KOMMO3UTA B KayecTBe aHTMOKCUAAHTA UCMONb30BaH CUAULUIA U
BblOpaH peXum 06xKura. B cmecb BBeAEH TaKe NAacTUPUKATOP KOMMAEKCHOro AenCTBMA. YCTaHOBNAEHO, YTO Ha
OCHOBE [0/IOMUT-CEPMNEHTUHUTOBONO K/IMHKEPa BO3MOMKHO MOJYYUTb BbICOKOOTHEYNOPHbIM YFNEepOL0COAEPKALLNN
KOMMO3UT C BbICOKUMU DU3UKO-TEXHUYECKMMM MOKasaTenamu. CocTaBneHa TEXHONOIMYECKasa CXxema NMpou3BOACTBA
3TOro Komnoswura.

K/NTIOYEBbBIE CNNOBA: anddepeHLmManbHO-TePMUYECKUI aHaNN3; 06aBKa; 4ONOMUT-CEPNEHTUHUTOBBIN KOMNO3UT;

CBA3Ka, TeXHO/NI0TMYEeCKaAa CXxema Npon3BoacTBa; 3/IEKTPOHHaA MUKPOCKOMKUA.
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ABSTRACT. Purpose. By the reactive baking method
at 1450°C on the base of geopolymer (kaolin), aluminum
nano-powder, silicium, aluminum oxide, silicon carbide
with little admixes of yttrium oxide, magnesium oxide
and glass perlite (Aragac, Armenia), was obtained
SiAION-containing nano-composite. Methods. Composite
was obtained by the reactive baking method at 1450°C
through the alum-thermal and nitrogen process in the
nitrogen medium. Results. The advantage of this method
is that compounds, which are newly formed thanks to
interaction going on at thermal treatment: SisN,, Si, AIN
are reactive, which contributes to SiAION formation at
relatively low temperature of 1300-1350°C. It is evident

1L&I-OL 9H™M3I30) — WORKS OF GTU — TPYAbI ITY
Nl (499), 2016

that inculcation of a - Al,O3; and AIN in crystal skeleton of
-SizN, is easier since at this tempe-rature interval crystal
skeleton of Si3N, is still in the process of formation. It
should also be stated that strength and wear resistance
of SiAIONs
carbamide and corundum containing composites. The

increase in their presence in silicium
paper offers processes of formation of SiC-SiAION and
Al,Os-SIAION and R-SiAION composites and describes
their physical and technical properties. Open porosity of
the obtained materials equaled to 15-16 %. Conclusion.
Materials consisted of only SiAIONs. To receive compact
materials the composites were grinded in planetary mill
for eight hours, then cleaned from admixtures and the

obtained powder was hot-pressed at 1750°C under 25
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MPa. Standing time at final temperature equaled to
seven min. The results of sample testing: Density,
g/cm>=3.24; Thermal expansion coefficient, 1/grad 10°
6(800)=2.7-3.O; Hardness, HRA=94, HV=18 GPa; Flexural
Strength, 500-550 MPa. Phase composition of the
composites was studied by X-ray diffraction method,
while the structure was studied by the use of optic and
electron microscope. Obtained materials are used in
protecting jackets of thermo couples used for melted
metal temperature measuring (18—20 measuring) and for
constructions used for

placing objects in factory

furnaces, and for cutting ceramics.

KEY WORDS: melted metal temperature measuring;
nano-composite; syalon (SiAION); hot pressing.

INTRODUCTION

Our work pursued to obtain SiAlION-containing
composites by reactive sintering, on the basis of silicium
carbide and corundum. This method enables us to obtain
desirable phase composition material and such materials
possess properties of the hot-pressed objects. In the
process of obtaining SiAION by reaction sintering,
sintering temperature is sharply decreased at the
application of active materials, in our case we had to
select materials which would enable us to use newly

formed components obtained by the method of reactive

Therefore we gave preference to silica alumina

material kaolin, aluminium powder and elemental
silicium. Intense progress of science and technology
demands perfection of various branches of industry,
which in its turn is connected with the necessity of
creation of new materials characterized by hetero
modular properties. Taking into consideration the
practical experience in materials science, an advantage
of carbides, borides, nitrides and silicides over other type
materials were proved, since hardly melted materials are
high

refraction, corrosion resistance to a number of aggres-

distinguished by precious properties such as:

sive media, high mechanical characteristics, specific
electro and heat-physical properties and others [1]-[6].

Among the oxygen free hardly melted materials
silicium carbide and silicium nitride based materials are
distinguished, which by their unique physical-technical
and chemical properties are widely used in modern
technology: machine-building, chemical, atomic energy,
petroleum refining industries etc. [7]- [14].

Intense work is in progress in recent years in the
sphere of obtaining types of ceramics in which properties
of oxygen-free substances and oxygen substances will be
fused and SIALON are namely suchmaterials[15]-[18].

MAIN PART
Geopolymer, aluminium powder, silicium, silicium
aluminium oxide were used as

carbide, starting

materials, and manganese and yttrium oxides, pearlite

sintering, since at the obtaining of solid solution of  jnhg refractory clay were used as additives. Blend
SIAION inculcation of a-Al,03 and AIN in B-SisNs-Si is  compositions are given in Table 1.
especially simplified when its crystalline lattice is still in
the process of formation.
Table 1
Blend compositions
Composite Initial component composition , mass.%
index kaolin Al Al,O4 SiC Si Pearlite, Y,0; MgO Polog clay,
Armenia Ukraine

SN-1 80,00 20.00

SN-2 20.00 10.00 70.00

SN-3 20.00 10.00 70.00

SN-6 18.52 18.52 18.52 18.52 20.37 2.78 1.85 0.92

SN-7 13.89 23.15 27.78 25.00 2.78 1.85 0.92 4.63

SN-8 13,89 23,15 | 27,78 2500 | 2,78 1,85 0,92 4,63

ISSN 1512-0996

www.gtu.ge

1B3-0 3H(M3IB30 — WORKS OF GTU — TPYAbI ITY

147 Nel (499), 2016



3OLORSMAGMR6I(MdS — MATERIALS SCIENCE — MATEPUANOBEAEHNE

Specimens were made of cylindrical form, size d-15
mm, by semi-dry molding method, molding pressure was
20 MPa. After drying it was sintered in a furnace, by one
hour standing at the final temperature. Device for
sintering for the specimens consisted of a furnace
equipped with silicium carbide heaters, mark TK 30/200.

We have studied physical-chemical properties of
specimens sintered at 1500°C (Table 2). As is seen from

the Table 2, C;, then Cs and Cg are distinguished by high
physical-technical properties. Open porosity, correspon-
dingly equals to 15,2, 15,0 and 15,4 % . Hardness limit at
compaction is 258, 256 and 254 MPa, which refers to the
fact that 1500°C is not enough for complete hardening.
Despite this, chemical resistance to water and acid
(H,SO,4 p=1.84) is still high. Refractoriness of specimens
equals to 1770°C.

Table 2

Physical-technical characteristics of specimens sintered at 1500°C

Composite index Open porosity w,% | Hardness limit at Density, p, Chemical resistance, %
compaction, MPa g/sm3

SN-1 16.2 230 2.28 Water Sulfuric acid,
p1.84

SN-2 15.0 245 2.8 99,41 99.16

SN-3 16.0 240 3.2 99.36 99.15

SN-6 15.0 256 2.25 99.82 99.20

SN-7 15.2 258 2.31 99.79 99.25

SN-8 15.4 254 2.78 99.80 99.30

To investigate physical-chemical processes taking
place at SiAIONs obtaining the specimens were sintered

in 800—1500 °C temperature interval and the inves-

tigation was carried out by X-Ray diffraction analysis.
X-Ray patterns are given on Figurel.

Fig.1. X-Ray patterns of SN-1 composite (800-1100 °C)

X-Ray diffraction analysis of sintered SN-1 specimens
was carried out at 800—1500 ° C by 100°C interval.

X-Ray pattern at 800 °C shows clearly cut diffraction
maximums characteristic to aluminium, silicium and
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quartz. At 900—1000°C temperature interval peaks
characteristic to aluminium and SiO, are sharply
decreased, new phases are formed as a result of

interaction of AIN and AION nitrogen and aluminium.
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Fig. 2. SN-1 composite X-RAY ( 1200—1500°C)

At 1100-1200°C interval intensity of aluminium Intensity of SiO,. sharply decreases. At 1200°C there are no
diminishes and intensity of AIN and AION increases. peaks of Siand SiO,. Peaks characteristic to mullite appear.
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Fig. 3. SN-2 composite X-RAY (800-1100°C)
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At 1300-1400°C (Fig. 2) the main phase is mullite.
Quartz is presented in the form of AIN and AION and peak
characteristic to SizN, is not observed. The same picture is
seen at 1500°C, which refers to the fact that at 1300°C
X- SIAION of mullite structure was formed [19]-[20].

In the X-Ray patterns of SN-2 composition (Table 1)

in the specimens sintered up to 800—1500°C at 100°C
interval, silicium carbide that was introduced into blend
remains unchanged at all temperatures. As seen from the
SN-1 specimens, here again as at 800—-900°C (Fig.3) there
are diffraction maximums characteristic to aluminium,
silicium and SiO,.
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Fig. 4. SN-2 composite X-RAY ( 1200-1500°C)

At 1000-1100°C new phases were formed: AIN and
AION, while at 1100°C - mullite. At all other temperatures
phase formation proceeded by the scheme similar to that
of SN-1, but with less intensity, depending on the
composition. Thus silicium carbide composite with X-
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SiAION binder is obtained (Fig.4). Similar to SN-1 and SN-2
chemical processes in SN-3 composition specimens (Table
2) proceeds by the same scheme (Fig.5-6). a-Al,0;
remains unchanged to the end and the composite
corundum with X-SiAION binder is obtained.
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Fig. 5. SN-3 composite X-Ray (800—1100°C)

SN-7, SN-8) sintered at 1500°C are offered on Figures 7,8,

On the grounds of the obtained results, to obtain SiC
9 . SN-6 composite mainly consists of B-SIAION [21]- [25].

and a-Al,03-containing SIAION composites, we intro-
duced into charge composition, metallic silicium, silicium
carbide in smaller amount and a-Al,0; (Table 1: SN-6, and corundum.

SNO7, SN-8). X-Ray patterns of three composites ( SN-6,

It showed diffraction maximums characteristic to carbide
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Fig.8. SN-7 composite X-Ray (1500°C)

The main phase at the SN-7 X-ray pattern is B-SiAION. The composite alongside with B-SiAION consists of silicium

varbode; it contains X-SiAION in trace quantity.
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Fig.9. SN-8 composite X-Ray (1500°C)

SN-8 composite, similar to the above referred compo-
sites consists of B —SiAION and the introduced a-Al,O5.

Results of microstructure analysis (Fig.10) confirm the
data of X-Ray structural studies. Microstructure of SN-1
composite is presented mainly by X-SiAION phase, in
which particles of Si;N, are inserted as inclusions. Lattice
of SN-6 composite is B —SiAION with silicium carbide and

ISSN 1512-0996
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corundum grains spread in it. SN-7 composite lattice is
analogous to that of SN-6. in which silicium carbide
grains of the size exceeding that of new-formed silicium
nitride are clearly visualized. Lattice of SN-8 composite
contains of the very B —SiAION with a-Al,0; crystals. This
Figure shows pores which are presented in quantity in

this composite.
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SN-1X200 SN-1X200

SN-6 X200  SN-6 X500

SN-7X200 SN-7 X500

SN-8 X200  SN-8 X500

Fig. 10. Microstructures of composites

1B3-0 IH(M3I30 — WORKS OF GTU — TPYAbI ITY

Nl (499), 2016

154

ISSN 1512-0996
www.gtu.ge



3oLORSMAGMRBIMdS — MATERIALS SCIENCE — MATEPUANOBEAEHNE

CONCLUSION sintering of SiC-aluminium powder, silicium and a-Al,0;—
At sintering of kaolin and aluminium powder blend in  aluminium powder — silicium blend the SiC-SiAION and

800—1500°C interval temperatures of formation of  AL,0;-SIAION composites on RB-SIAION lattice were

aluminium and silicium nitrides and on their base mullite  obtained. The obtained results are confirmed by X-Ray

structure X-SiAIONs was fixed and proved. While at diffraction and microscopic analysis.
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bogbgds  (3gbBGOY@  @odm@sBm@osdo  dog@me-
bogmobols  hols@odmgdao. oy dobyobydo  ©s
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@ oo 300"
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geomogdol  dgoagbogmdgdo s Igdsbogydo  go-
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96300, gbes FgdoFdegl yzoms bodg@o, yaoms
©005dgBM0. AmEgloi NeNe32, 28, 25 33 o NeNe22,
20, 18 33 ogaobgds X o XII pogngdoob, Ne28
s Ne2033  dgoomgdbom  beo@dsayd  30MMmdgddo
B Bomdl. oo bmAGgdl (N32 99 s N2 89)
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dobbgdols

dgdonbgggedo. gb 3oty glgadboi  Lsgds@olos

0dolbomgol, GmI  Lokodm dobom§ ggo

dogny@o doMmmgs.

doiool 30mi39lLgdl, @oms dggdenmo dolo LFo-

SO JOgEr0s  §REMIIm  @mommbols  ©yRM®-
agb®ogno 2
18A®T gmeswo, Ni7874, 71143, 71551 Lsdotbbm ©bmdols
Jodogdo g gbommdgdo
Q)B(Y)Emb C Si M P S N Ti V
30(4)(50 Ne , 1, n, f , , [ ,
% % % % % % % %
CE, %
7874
18ADT 0.20 0.34 0.80 0.014 0.023 0.013 0.019 0.19
0.37
71143
18ADT 0.22 0.30 0.71 0.017 0.01 0.006 0.026 0.15
0.37
71551
0.22 0.29 0.67 0.009 0.019 0.013 0.014 0.13
18ADT
agb®ogno 3
18ADT gmeseo, ©bmdol Ne7874; NeNe25, 18, 16 33 3gsbogydo mgolgdgdo
3bmow amobym Ipamds@gmdsdo
©bmdols -
8o N Sks G5 O 6=6,+6,, U=U,+,, Er, a, ,
T 6/992 2 2 9 9 6. .
coctingeio 1, # 6/39 6/39 % % /LR
7874
18AQT 746 660 526 27=19+8 22=16+6 16331 3326
25 684 657 511 30=20+10 23=17+6 17768 3626
7874
18ADT 585 684 561 31=21+10 24=17+7 7435 2916
18 726 689 559 35=23+12 26=19+7 8207 3218
7874
18AGT 746 699 575 29=19+10 22=16+6 4871 2423
16 689 699 571 32=21+11 24=18+6 5265 2619
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agbooano 4
18ADT gm@swo, ©bmdol Ne7874; NeNe25, 18, 16 33 3gdsbogndo mgolgdgdo
0B g0 ©s3Ydoggool dgdegy
©bmdols T
Doy Ni Sk, G O 6=6,+6,, Y=+, Er, a, ,
6/992 6/392 6/392 9 9 6d. ,
©05393®0 Ne, 33 % % ?%’/1532
7874
18AGT 889 864 795 18=12+6 16=11+5 16264 3312
55 862 864 786 22=12+10 19=11+8 18050 3676
7874
18AGT 823 843 782 18=10+8 15=9+6 5771 2265
8 836 852 779 17=10+7 15=9+6 5824 2284
7874
853 873 811 18=9+9 15=8+7 4269 2123
18ADT
16 717 865 796 19=11+8 16=10+6 4525 2251
agb®ogno 5
Nel2 33 5&35@ 700l gemobgs yggems gomol (16) gsdmygbgdom;
LoJodbbm ©bmdgdo Ne71143 o Ne71551, ggmenseo 18APT
©bmdols
30({)(30 Ne Ska O, 9 © 6=61+62/ llJ=lIJ1+lIJ2, ETJ a;)r ’
©0539d®0 Ne, 33 6/892 6/992 6/392 % % 6d. o/ b
dgmdo@gmds
71143
18ADT
o 689 625 514 27=21+6 21=17+4 2449 2167
Gb: pe
71143
18A®T 719 615 505 27.5=20+7.5 21=19+2 2366 2094
12, gb. pe
71143
18ADT
" 729 762 713 16=11+5 14=10+4 1989 1760
IS
71551
18ADT
2 33 759 634 523 34=24+10 26=20+6 3056 2704
Gb- o2
71551
18ADT 738 629 518 33=23+10 25=19+6 2871 2541
12, gb. a2
71551
18ADT
1 700 622 514 31=23+8 24=19+5 2706 2395
Gb a
ISSN 1512-0996 LBY-0b JB(M3IBO — WORKS OF GTU — TPYAbI ITY
www.gtu.ge 165

Nel (499), 2016



3SLORSMIGIR6IMdS — MATERIALS SCIENCE — MATEPUANOBEAEHUE

domgdymo  gogpgool  goblyxes  dgodengds
©o30Fgmo  gs8mebmdogo  gmamswgdol  Jodoymo

adobbogngom. 18ADT

‘g gboanmdols RIS
3oMao sMob dgdhggmo (Mo mJds gbps, Lgangd-
Botgdols  Igdwga), 30Mgger0
©bmds  Ne7874: C=0,20%+Mn=0,80% ©s dargogo
<Ti=0,019%; N=0,013%; V=0,19%>. 53 goaspl
@bmow a@obym (mwE-b yomgdg) dpamds®gmdsdo
MR GQ:511—5756/882, op=657—6996/332, §=27-35%,

3obbsggm@gdbom

8,,(81)=19-23%, Y=22-26%, EN® =1704960;;

ag=3476g</1582 > dobmsb Igbodgdygao dg@ogom-
205809mo0  33ega0l  Vgogagdol.  dogby  Loob-
BgMgbms NeNe25, 18, 1633 LGB Mgdo ws mgo-
bgdgdo  dmde-ol  gdwpgy.  Fobolfemo dmbsay-
dogogoo LodB 3039 GQ,=779—8116/882,
op=843—-873 b/3F, ULogdo@olow dowmogmo 3gnoli@o-
(6=18-22%;

d9%00,

390mbols  dohggbgdagdmob  gHmow
y=15-19%), 53 3md3mbozosl oJ3ggb (mg@dymsw

s39doggdols d9degy) oMy, dswseo Lodd ool
bo3mblR®ydiom dobsasw.

3)x 400

3) X 8004%

bob. 1 o, &, 3 - gomosro 18ADT (Ng,a78’74), >&do@m@s N25 33,

3bmoe aaobymo (bssotn)

op=6606/9%2; 87=27%,
5390gmx0egdls  BSOOW-1

u=20, o, =5266/3%%
Er=1633163. dmbs3gdgd0
4ggems Inmbegbsl. “dangogol” < THNHV> as69dy
6,=250 6/3F, go. 53 FgBnbggasBo “angogom™ gob-
30Mmdgdymo  “sbogro

99bmIgbo” s 39390L

©gbomdol  bpgo®dl. Imigdymos GgHo@H-3gHero-
H®0  bHOPIH a0, yororgdsby 800, LGt
BYHol  Jpagbgargdo  InTglb@oagdyga  Jmedgk-
o gdsls Gmggol.

B960Tgbs: FgBommy@Msgoymo Sbosgmobol Ygrgagdo Imzgdymos l-gen — g7 bobobgdby. yggmms damBs®gmds
Fo®3meagbomos goporgdom: o) x100, 3) x400 ) x800 b s 3306y m3gbGomgdom, Go3 oboygdse blbol

dm@oboge LEHYJHyHgoL.
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5) x100 3) x400 3) X800

bob. 2 5, 6, 3 - gomsEo 18ADT (NQ5.7874), 56358 9@> Ne25 33,
0g@H3gmep 58735ggdnmo (6s3060)

=20, GQ=7955/882; op=8646/392; 57=18%, bgdergdol obigm dbodgbgermgsb bOwsL. LEMY]-
E1=1626463. dowgdamo  0golgdgdol  dgoodgds  GHPOS  ,do@bg  ©oldg@logmos, 36 3399@om
Gbmo  a@obgmmsb  slgm  bg@sml  odgmggs:  M®0gb@odgdgamo. ™I ymgogogem C=0.24%, 9559
Ao, =2696/00%  Acg=2046/33% A37=-9%, go. 9%, 33916g00ORS @oOGHYoLgd@o FodHgbLodoa, Fgle-
3EslFognmmds 35653003501 Lod@ ool dohgg-  0odolo gadygmgomo dmgagbgdoo.

5) x100 3) x400 3) X800

6ob. 3 5, 3, 3 - gomoEo 1IBADT (Ns7874), s@doHp@s Ne18 33, gbemow aerobymo
(6530690)

u=39,  o,=5616/33%  op=6846/33%  3;=31%, bobo@won (Ac,=35 6/33% Acp=24 6/3% Ad;~4%),
Er=743560. dowmgdgmo  dmbsgdgdo  [o@ds@gda-  3obbbgoggdgmos Lo aes dowgdymo NeI8 39
o 53dogmgomadls  B500W-l  dmobegbgdl.  oOdsHg@ol  poty  d@g9oTo  Ne25 dd-o0b  Ty-
©nm®I5300L  aogmghs  (oEgdomo)  Lobgbgs  ©@oMgdoo.
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5) x100

3) x400

B) X805,
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3) x400
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5) x100

3) x400

3) X800 5,

6ob. 6 5, 3, 3 - gomsEo IBADT (N;7874), s@dsdg@s Nel6 33, mghdgmop ©sdgdsggdgmo (bs3o60)
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ROAdo300L  gogagbom  dodobsMgmdl  3sb3H-
3039%0L  3@mgbo, OmIgenoi doJlodydl s g3L,
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omdsgomo  gdobo. gRm®Is3zool yoy@dgargdom
Vobosb{mamds  2563@30(3905-,050-
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doangdols

5) x100

3) x400

3) X800 5,
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‘dg0dhbggo
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5) x100 3) x400

3) X800,

bg®. 8 o, 3, 3 - goEoEo 1BADT bowbmdo 71143. Bmdn-l IgBwgy 6,=7136/08 §=16=11+5%,

E==198963. LdGaddnce Loldghlogmos ©s ghmpgsemgsbo A6L=2006/33

B500W-boob  ghmo  dgbdrgangdygeo  dmdwp-ols
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2%, BS0OW-U

o900
bogdgdo,  do@md gl mgds@oge
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‘dgogagdo  Lokodms  ©@sdmeg00goemswo
3°bgobo@mm (9BOM ©IHIYGOQ).

s>bodbyaolss,

(309%0L

AT 3b0dgbgenmgsbos M@0

Lo gombo:

Jgogmgosomds s 2)
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Yol.

) gmamswols

sRGobrgr  j3argggddo  gorgdgeo  gogsgom
300]Boggmo  a3gbsbs  (Pggbo  mgosmom)  gJl3g-

0396300 Rmasols bo-
ISO-1s

‘dgoygdsomdols

Jombgdo. osbognds  dmmbmgbgdds gl (o-
Lgdygeo) 3OMdegdydo  dmmbmgbgdo  yosds®Fogs.
0dolbomgol,  Gmd

B500W-I @030l

goFod3mmn  gbogozomgdyao
SYGOEIOIEOS Q-
@Yo ogmls M@0  3oGmds:  aodmygbgdymo  3md-
30boios gbs 3sbybmodegls ISO-I dmmbmgbgdls —

C<0,22% o CE<0,43%. sbogno dopamdom dognby

NoENOYGES

30300 0gs  Jgrgmgdol 3Gmdegdg@o s jombgdo.

0d6gd> gl dmmbmgbgdo, 3sTob

0P RIGYR0

boggsy 300039880 gbdgugdymo Foeugogdo
0d69%s  ,,x0blomo®, ymggmage®o me-b aocmgdy.
ISO-l dgmeg Immbemgbsd (CE<0,43%) Usgdo®obisw
3OSOMYEOS GQZSOO 6/992 dogbols  Logombo,
dop@od gl abs YBOM  osb@YdYeos  Ig3bogdey-
o, 30009 A500C-0l dowgds 30dw-om.
3oblobogmggamo  opg@bs  wbmdgdo  (gbe.  2):
2)  N71143  (C=022%; Mn=071%; <Ti=0.026%;
N=0.006%; V=0.15%>) ©o> 3) N71551 (C=022%;
Mn=067%; <Ti=0.014%; N=0.013%; V=0.13%>), G-
dgems  aodmygbgds ogogdodMgdyaos Nel2 33 o>6-
3o n@0l Fo@dmgdslbosb. Ne71143: 6 =505-5146/38%

G 5=689—T296/3F2, 5=27—27.5%; 8,,(8,)=20-21%; y=21%;
Er=2407.569; a) =21305/LP.  N7ISSL o ~5l4-
5236/02% o y=622—6296/3%,

E1=2706-3056 63.

§=31-34%; y=24-25%;

ag =2395-27045/L®.  Ne 1289 s@3o@nGoby o-

®gdg@o  dgogagdo  godaos,  dsa@ded  bowbmdols
Jcags, 308md0dzol  3mgnoE0gbdol  IgdEomgdolst,

9Jb39B0dgbHgeom ¥bws ©ay0bryl.

5396 80§ Fgonmgdsmdol gogdxmdglgdol Jobbon Vgggmome ofbs Gomswo 35I'C sbogo ;033mboioom
30ICTIO. 53 3m33mboizosdo Ti=0.030-0.045%, Gm3gmoa 989G boOrows LodGgogol 3shggbgdmgdl, Gog
353mfg99@o ogm bobTomdsol Fg8(30Mgd0m s 035gEBMYMSE  SMHISGYPGL  bgrs3oMo BoomgdmEs enyggo
3Gosams. Fggh 53292990 53 Lsgombol ggtm edadse Jgbfsgms 1IBATAPT ysdmygbgdom. 4439 S3HMmBotgdgmos
b3oangbdo FmLRMAMSE gohmse — Bogdymos gHdsbgmo jomgagdol Bogd wowgdomo Ygrgygdo. hggbh o3

36mdregdsh sggomgdmsr ggoliogmon ms porsgiygade!
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©sbggbs
L Lododbbe gJl3g@0dgb@gdby woydobmdom,

L@sdogrgdo dobowgdom

B9npgdob SYGOJOY-
@0o, HJbrmmyoy® 3BOEILmb gOmE, H5ionb-
©ab byagdHodgdgmo Geo 39:

C=020-022%, Si=025-0.40%; Mn=0.80—0.90%;

$<0.02%; P<0.02% o “Bengomo” <Ti=0.015-0.02%:;

N=0.010-0.015; V=0.10—-0.15%>;

2. 25X 33, 18X 33; 16XV 93, 12XV 39 36m-

Roegdbg  Jomgdymos  sEgdomo  dgogagdo, g.o.
abamoe geobgols d9dpgy, mg@dymo wsdydsggdols
dogdgaos  BS0OW  s@ds@yds  gbogo-

(G0Ogd Yo 6,>5006/32

3>M9 39,
gbosmdol  brgmon s
35020 dgoymgdspmsom (C0.22%; CE<0.43%).
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UDC 669.1.017:661.774.35
SCOPUS CODE 2506

PRODUCTION OF WELDABLE (C < 0,22%; C.q < 0,43%) UNIFIED REBAR B500W WITH YIELD
STRENGTH 6,2 500 N/mm?, HOT ROLLED, WITHOUT HEAT TREATMENT
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ABSTRACT. Austenite fragmentation, increase of secondary phase dispersion, uniform distribution of alloying
elements in matrix "release", bases of the alloying elements and the introduced phases in a matrix increase crack
resistance. Effect of so-called "new phenomenon" is added to this factor - chemical composition of alloy + "loop"
<(Ti+N+V)> + treatment during technological process provide so-called "new phenomenon" influence, which increases
strength with plasticity preserved. For example, rolling of selected steel 3sp on bar-rolling mill + "loop" <(Ti+N+V)>
provide weldable rebar B500W (C<0,22%; Ceq<0,43%) without heat treatment. Industrial approbation of this

technology was successfully realized (NN25%; 18"; 16""; 12®' mm) and is ready for widespread embedding.

KEY WORDS: "new phenomenon" influence; chemical composition of alloy +"loop" <(Ti+N+V)> + treatment during
technological process; strength improvement plasticity preserved.
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AHHOTALUMA. DparmeHTauma aycTeHWUTa, YyBe/NMYEHME AUCMEPCHOCTU BTOPUYHBbIX a3, paBHOMEpHoe pac-
npeaeneHue Nernpyowmx s1eMeHToB B MaTpuLe, ,0CBOBOXKAEHNE” OCHOBbI OT HUX MOBbILWAIOT TPELLMHOCTOMKOCTDb. K
3TUm dakTopam Ao06aBUNOCh BAMAHKUE T. H. ,,HoBOoro deHomeHa” - XMmmMYecKuii cocTaB cnnaea + , wnend” <Ti+N+V> +
06paboTKa B TEXHONOTMYECKOM MPOLECCE, YTO MOBBIWAET MPOYHOCTb C COXPAaHEHWEM NAACTMYHOCTM. Hanpumep,
NPOKaTKa CeNeKTUPOBAHHOM CTanM 3CN Ha COPTONPOKATHOM cTaHe + ,wneid” <Ti+N+V> obecneuymsaloT nonydeHue
6e3 Tepmuyeckoit 06paboTku xopoLlo cBapmsaemolit ( C<0,22%; CE < 0,43% ) apmaTtypbl B500W.

3Ta TexXHOMOrMA yCnewHo Npoluna MpoMmblWAeHHylo anpobauuio (NN25% 18"; 16™; 12 v ) u rotosa ansa
LUMPOKOTO BHEAPEHMA.

KNIIOYEBBIE C/IOBA: BnusHue ,HoBoro ¢eHomeHa”; MoBbIWEHWE MPOYHOCTM; COXPAHEHME MNAACTUYHOCTU;
XMMUYECKUI cOCTaB cniasa +,wnend” <Ti+N+V> + 06paboTKa B TEXHOIOIMYECKOM NpoLLecce.
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Collection of Academic Works of Georgian Technical University is a quarterly refereed periodical included in

several international journal lists.

An article (accepted in Georgian, English or Russian) shall be published in the original language.

An article shall have no more three authors.

Authors shall submit original copies of one or more articles for publication to the publishing house or scan
versions at sagamomcemlosakhli@yahoo.com along with supporting documentation, but only two articles from
the same author(s) shall be published in one edition.
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— inthe Subject line indicate the collection of works and the name(s) of author(s).
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— use ZIP or RAR file compressors in case of large files to attach.

The writing shall be literal, well-structured and apply proper terminology to convey the author’s constructive
arguments relevant to the subject. The authors and reviewers are responsible for the content and quality of an
article.

The collection of works of GTU is a non-commercial publication and running the articles of our researchers and for
PhD students is free of charge.
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the University, should make the preliminary payment by cash or transfer to have their work published (GEL 10 per
page). Copy of the payment receipt should be enclosed with the supporting documentation (two reviews and a
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708977259.
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e Universal Decimal Classification (UDC)
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e Conclusion;
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paboTbl.

e B c/yyae cTaTel, npucbinaemMblx Mo 3/1. NoyTe, Npocbba NpesycMmoTpeTh cneaytowme TpebosaHus:
- YKa3artb B 3/1. Subject-e Ha3zBaHuMe cbopHMKa (Tema) n damunnio aBTopa (aBTOpPOB);
- ucnonb3osaTb Attach (npunoxxutb dann);

- B ciyyae 6onblioro obbema daiina npumeHnUTs apxmsaTop (ZIP, RAR).

e CTaTbs A0NKHA BbITb COCTaBNAEHa rPaMOTHO, C COBMOAEHMEM TEPMUHOIOTMK. ABTOP (aBTOPbI) U PeLeH3eHTbI
HEeCyT OTBETCTBEHHOCTb 33 COAEP!KaHME N KauecTBO CTaTby.

e [locKOoNbKy COOPHUK TPyaoB IPY3UHCKOrO TEXHUYECKOro YHUBEPCUTETA ABNSETCA HEKOMMEPUYECKUM U3AaHUEM,
ONA COTPYAHUKOB CTaTbM Ny6AMKyOTCA BecnaaTHo.

e CornacHo nNocTaHoBAEHMIO akageMuyeckoro coseTta Ne200 (22.01.2010 r.), dm3unyeckoe AmuUo, He ABASAIOWEECA
COTPYAHUKOM YHUBEPCUTETA, AN1A NyO6AMKAUMKM CTaTbM B COOPHUKE TPYAOB AOJIKHO 3apaHee BHECTU AN NEPEeYUCIUTb
Heobxogumyto cymmy (1 ctpaHuua ctout 10 napu) 3a CTaTbio M COOTBETCTBYHOLLYHO AOKYMEHTaLMIO (OBe peueH3uun m
Hanpas/ieHWe Hay4HOro CoBeTa opraHM3aumnmn o Nyb6aAnKaumm ctatb B cbopHUKe Tpyaos [TY), NPUAOKMB CnipaBKy 06

onnarte. B rpacbe «Ha3HauyeHune onnatbl» cnegyert 3anmcaTb «CTOMMOCTb I'Iy6IIMKaLI,VIM CTaTbu».

baHKoBCKMe pekBu3uTbl [TY: HOpuamyeckoe anuo nybauuHoro npasa (KOJIMM); [py3MHCKUA TexXHUYECKUi
YHUBEPCUTET; MAEHTUPUKAUMOHHDBIN Kog 211349192; 6aHK npvema; rocyfapcTBEHHAA KasHa; Ha3BaHWe nony4vatens:

e4MHbI cYeT KasHbl; Kog, 6aHKa: TRESGE22; cyeT nonyyaTens: Ko4 KasHol 708977259.

MNpepnaraem nopaaok 0popmAEeHUA HaYYHOM CTaTbU:

e CTaTbA A0/IXHa BbITb NpeAcTaBNeHa B HaneyaTaHHOM BUAe Ha cTpaHuue dopmata A4, coaeprKaTtb He MeHblle 5
CTpaHuL, (nons — 2 cm, nHTepsan — 1,5);

® CTaTbA AO/IXKHaA 6bITb BbiNOAHEHa B Buae ¢arina doc uam docx (MS Word) n 3anucaHa Ha n1l060M MarHMTHOM
NPOBOAHWKE;

® /1A FPY3NUHCKOro TeKcTa npumeHaTb WwpudT Acadnusx, pasmep 12;

e WpUPT AN8 aHIUIACKOrO U pyccKkoro Tekctos Times New Roman, pasmep 12;

CTtaTbs A0/KHA CONPOBOXKAATLCA creaytolein nHpopmaLmei:

e koga YK (YHuBepcanbHasa gecaTndHan Knaccupurkaums).
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CBepeHun 06 aBTope (aBTOPax) Ha rPY3UHCKOM, aHI/IMMCKOM M PYCCKOM A3bIKaXx:

- NONHOCTbIO UMA 1 dammana asTopa (asTopos), E-mail, HayyHaa cTeneHb M KOHTaKTHbIN TenedoH;

- Ha3BaHMWe AenapTaMeHTa, MOJIHOe Ha3BaHWe opraHu3aLmm — MecTo paboTbl KaXK40ro aBTopa — CTpaHa, ropog;

- MNOMIHOCTbIO GaMUANKN U MMEHA PELLEeH3EHTOB, aApec 3NEKTPOHHOW MNOYTbl, HAyyHOe 3BaHMe, Ha3BaHWe Aenap-

TaMeHTa Uan mecta paﬁOTbI.

e K cTtaTbe 40/IXKHbI NpunaraTbea:

- aHHOTaUMA Ha TPY3MHCKOM, aHIIMIICKOM M pycckom asbikax (100-150 cnos). Jaa uHocmpaHHbix yumameneii
aHHomMayus aensemca eOUHCMEeHHbIM UCMOYHUKOM UH(hopMayuu o pe3yabmamax uccnedoeaHuli, npueedeHHbIX
8 codepxaHuu cmamou. UMeHHO amo onpedensem UHmMepec y4eHo20 K pabome u, cOOMEemMcmMeeHHo, enaaHue

Hayameo duc:(yccwo € demopomM, NMNO3HAKOMUM®bCA € MNosIHbIM meKcmom cmamaoau u m.o.

AHHOTaUMA AONKHA 6bITb:

- UHPOPMALMOHHOM (He AoMKHA coaeprKaTb 06LWMX cnoB u ¢ppas);

- OpWUrMHanbHOM (Nepesos Ha aHMIMMCKOM W PYCCKOM A3blKax AO/KEH OblTb KauyecTBEeHHbI, npu nepesoae
cnegyeT UCMO/b30BaTb CNeLMaNbHYH0 TEPMUHONOTMUIO);

- cofleprKaTesIbHOM (J0N1IKHA OTPayKaTb OCHOBHOE COAEepKaHWe CTaTbU U pesy/bTaTbl UCCEL0BAHUSA);

- CTPYKTYPMPOBaAHHO (CNefoBaTh B CTAaTbe IOTMKe ONUCAHWA Pe3ynbTaTos).

CTaTba AO/MKHA CcoAepKaTb:

® npeaMeT CTaTbM, Temy, Leb (KOTOpble YKa3biBaloT B TOM C/y4ae, eC/iv 3TO He ACHO M3 3ar/1aBua CTaTbu);

® MeToZ WAN METOLO/IOTUI0 NPOBEAEHHOINO UCCNeL0BaHMA (ONMCaHUe MEeToAa UM METOL4O/I0TUMN NPOBeAEHHOW
paboTbl LenecoobpasHo B TOM C/ly4ae, €C/IM OHU BbIAENAOTCA HOBU3HOMW, MHTEPECHBI C TOYKM 3PEHUA JaHHOM
paboTbl);

® pesynbTaTbl UCCAEA0BAHUS;

e apeas UCMO/Ib30BAHUSA PE3y/IbTATOB;

® BbIBOAYI;

® K/KOYEBble CN0BA, PACMONOXKEHHbIE N0 andaBuUTy (Ha rPY3MHCKOM, aHI/IMMCKOM M PYCCKOM A3bIKax);

® B CTaTbe [LO/IKHbI ObITb BblAENEHbI NOA3ar0/I0BKU: BBEAEHME, OCHOBHAsA YacTb U 3aKN04eHNE (BbIBOAbI);

® KOMMNbIOTEPHbIE BapWaHTbl YepTerkel uam dotorpaduin A0MKHbI ObITb BbINOJHEHbI B /06OM rpaduyeckom
dopmare, paspelieHnem — He meHee 150 dpi.

Mo pekomeHpauun 6asbl AaHHbIX MEXAYHAPOAHbIX Hay4HbIX KYPHAN0B, YNCAO WUCMOAL30BAHHOM AUTEPATYpPbI

¥KenaTeNbHo AO/KHO BbITb He MmeHblue 10.
MpeacTtasnaem nopagoK opopmaeHua B ny6anKyemom ctaTbe MCNONb30BaHHON AUTepaTypbl:
damuama U MHUUMANbI BCEX aBTOPOB A0/KHbI BbITb BbINOAHEHbl ByKBaMM NaTMHCKOro andasuTa, T.e. TPAHCAU-

TepaLl,VIel‘;l; Ha3BaHMe CTaTbkh C NepeBoaoOM Ha AHIIMNCKUI A3bIK; Ha3BaHME UCTOYHMKOB (»(ypHana, C60pHVIKa TpYyA4os,

MaTepuanos KoOHbepeHUNn) — TpaHCAnTepaLmMen (A3bIK CTaTbM YKa3aH B CKOOKax).
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Nutepatypa (O6paseu)

1. Jacques Sapir. Energy security as a common advantages.
http://www.globalaffairs.ru/rumbler/n_7780 (In Russian).

2. “Official website of the International Energy Agency:
http://www.iea org/topics/energysecurity/” (In English).
International Energy Agency “Key World Energy Statistics” 2014 (In English).

4. Energy strategy of France McDoleg_butenko20 May, 2009 (In Russian)

5. G.G. Svanidze, V.P. Gagua, E.V. Sukhishvili “Rene-wable energy resources of Georgia”, Leningrad,
Hydrometizdat, 1987, pp. 75-76 (In Russian).

6. Revaz Arveladze, Tengiz Kereselidze "The Georgian Full Independence of Electry Power Is Supported By
Hydropower”. Sakartvelos Teqnikuri Universitetis Archil Eliashvilis Saxelobis Martvis sistemebis Institutis
Proceedings. N18 2014. Thilisi (In Georgian).

Ona npepcraBneHna ctaTbn 4OKeEH 6bITb NMPUNOXKEH NepeyeHb HeO6XO,CI,VIMbIX AOKYyMeHTOB AN1A COTPYAHUKOB U
OOKTOPaHTOB PY3NHCKOro TEXHMYECKOro YHUBepcUTeTa:

e 1Be peueH3nn (cm. obpaseu)
http://publishhouse.gtu.ge/site_files/recenziis nimushi.docx

e BbINOCKA U3 NPOTOKO/a OTPAC/NEBOWM KOMUCCUM NO U3JaTeNbCKOMY Aeny GpakynbTeTa (cm. obpasel)
http://publishhouse.gtu.ge/site_files/aqtis forma.docx

® [IOKYMEHTbI A0/KHbI BbITb YA0CTOBEPEHbI NeYaTtbio GakyabTeTa.
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