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

COopHHMK HaydHBIX TpyHAOB [py3nHCKOTO
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KHUM H3aHUEM, KOTOPOE 3apETUCTPUPOBAHO B
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ABSTRACT. The technology of producing natural food additives such as biologically active extracts received from
wild-growing juniper cones and green mass was processed and optimal technological parameters were established at
the institute of food industry: Indian juniper cones and green mass thermal extraction should be provided at 400C’
with alcohol-water solution of 600C” during 4 hours. We studied the organoleptic and physicochemical parameters of
biologically active extracts received from juniper cones and green mass and their marginal parameters.

We have developed the projects of technological instruction of receiving extracts from juniper cones and green
mass and internal manufacturing standard. Studies of the scope of juniper extract use has shown that these extracts
may be used in food industry, as food additive as well as in perfume and cosmetics industry and pharmacology.

KEY WORDS: cones and berries; ethereal oil; juniper; wild-growing.
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baratypusa H.LL. MHCTUTYT nuwieBoi NpombiwNeHHOCTH, Tpy3uHCKuiA TexHudeckuii YHusepcutet, [pysus,
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Kapykas J1.B. MHCTUTYT NUWEBOM NPOMBILWAEHHOCTU, Py3MHCKMIA TexHuyeckuit YHusepcuteT, Mpy3us,
0192, Téunucu, npocnekT N'ypamuwsuam 17
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AemeHtok M.H. MHCTUTYT NULLEBOM MPOMBbIWNEHHOCTU, TPy3MHCKMI TexHuyeckuii YHusepcuTeT, py3sus,
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PeueH3eHTbI:
H. Bernawswuam, npeacegatens HayyHoro coseTa, AOKTOP TEXHMYECKUX HayK MHCTUTYTa MULLEBON MPOMbILL-
neHHoctn I[TY
E-mail: GFS_company@yahoo.com
1. KotopawBuaum, akag,. AOKTOpP, CTapLniA HayYHbI COTPYAHUK MHCTUTYTa NMWEBOM NpomblWneHHoCTU TTY

E-mail: Ikotorashvili@mail.ru

AHHOTALMUA. B NHCTUTYTE NULLEBOI NPOMBbILWNEHHOCTM pa3paboTaHa TEXHONOTUA NOMYYEHUA HaTypasbHbIX NU-
wesblx A06aBOK - BMONOIMYECKM aKTUBHbBIX SKCTPAKTOB M3 LUMLIKO-AFOA, W 3e/1eHOM MAaCCbl MOMMKEBEbHUKA, U YC-
TaHOBJ/IEHbI OMTMMAasJibHble TEXHONOTMYecKMe napameTpbl, KOTOpble 3aK/AYaloTCA B CNefylowemM — LWKLWKO-AroAbl
MHOrOMN/I0AHOTO MOMMEeBEe/IbHUKA A0/KHbl 3KCTparnposatb 60%-HbiM BOAHO-CMMPTOBbIM PAcTBOPOM B TeyeHue
yeTblpex Yyacos nNpu Temnepatype 400C.

M3yyeHbl opraHonentuyeckme U GU3MKO-XMMUYECKME MOoKasaTenn 6MONOTrMYecKM aKTUBHBIX IKCTPAKTOB, M3ro-
TOBJ/IEHHbBIX U3 LWMLLIKO-ArOA, U 3e/1eHON MACcChbl MOXKEBENbHWUKA, U YCTaHOB/IEHO, YTO 3KCTPAKTbl MOTYT 6bITb UCNOSb-
30BaHbl B MULLLEBOW NPOMBILLIEHHOCTU KakK NuLLeBble 406aBKK, a TaKKe B NapdroMmepHO-KOCMETUYECKOM NPOU3BOACT-
Be 1 GapmaKonorum.

PaspaboTaHbl NPOEKTbl TEXHONOMMYECKON MHCTPYKLMU NONYYEHUA IKCTPAKTOB M3 LUULIKO- ATOA U 3e/1eHOM Macchl,
M NPOW3BOACTBEHHbIA BHYTPEHHWW CTaHAAPT Ha OMOAKTMBHbIE 3KCTPaAKTbl MOXKeBesbHWKa. U3yyeHa cdepa uc-
NOJ/Ib30BaHUA IKCTPAKTOB U3 MOMKIKEBENbHUKA.

K/TKOYEBDIE C/TOBA: MOXKKeBeIbHWUK; NapameTpbl; NULLEeBble 06aBKU; LMULWKO-ATOAbl; SKCTPAKTbI.
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SCOPUS CODE 1401

FOR THE QUESTIONS OF GENESIS OF ENTREPRENEURIAL RISK

Z. Jorbenadze Department of Business Administration, Georgian Technical University, 77 M. Kostava str.,
0175 Thilisi, Georgia
E-mail: zuriko.jorbenadze @mail.ru

Reviewers:
V. Datashvili, Doctor of Economics, Professor, Department of Business Administration, Faculty of Business-
Engineering, GTU

E-mail: social_economica@mail.ru
G. Gabaidze, Doctor of Economics, Professor, Department of Business Administration, Faculty of Business-
Engineering, GTU

E-mail: g.gabaidze51@mail.ru

ABSTRACT. Risk occurs when there is a threat to reaching a goal/result or a possibility of losing something. Human
activities in the future are unpredictable, uncertainty is constantly around Uncertainty of the future is a prerequisite
for originating the economic category of entrepreneurial risk. Genesis of an entrepreneurial risk takes place along with
economic and entrepreneurial activities. Entrepreneurial activity, only at a certain stage of development of economic
relations, is realized in adequate economic space and exists as an independat subsystem. In the system of economic
risks the entrepreneurial risk belongs to the economic category by default. It has its specific area of development.

Along with development of entrepreneurial activities the entrepreneurial risk extends more and more to all
realizations of modern day industrial-economic relations.

Entrepreneurial risk is the magic genetic code to help businesses strive towards gaining more income in the
dicection of the unknown threats or danger.

Thus entrepreneurial risk finds its way for development in the whole economic environment and fully reflects on
every change of every realization in the number of economic categories.

KEY WORDS: business activity; economic activity; economics category; economic risk; entrepreneurial risk;

businessman; risk.
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K BOMPOCY rEHE3UCA NPEANPUHUMATE/IbCKOIoO PUCKA BUSHEC-AAMUHUCTPUPOBAHUA

DOxop6eHaase 3.U. JenapTameHT OU3HC-aAMWHUCTPUPOBAHUA, [PY3UHCKMI TEXHUYECKUA YHUBEPCUTET,
I'py3us, 0175, Téuancwu, yn. M. Koctasa, 77

E-mail: zuriko.jorbenadze @mail.ru

PeueH3eHTbI:

B. J[atawsuam, npodeccop, AOOKTOP 3KOHOMMYECKUX HayK [enapTtameHTa 6u3HEC-aaAMUHUCTPUPOBAHUSA,
dakynbTeTa bU3Hec-uHxKeHepuHra MY

E-mail: social_economica@mail.ru

. Fabangse, npodeccop, AOKTOP IKOHOMUYECKUX HayK [lenapTameHTa buU3Hec-agMUHUCTPUPOBaHKA, daKynbTeTa
6uM3Hec-UHKeHepuHra Ny

E-mail: g.gabaidze51@mail.ru

AHHOTALUMA. Kateropma pucka oTparkaeT yrposy fo06biBaHWUA Lenu, BEPOATHOCTb HEeAOMNOYYEHUA UAN NOTEepU
yero-nnbo. HeBO3MOXHO npeayrafate Bce B AeATE/IbHOCTM YenoBeKa, ee BCerfa COMpOBOXAAET AAaHHOCTb
HeonpeaeneHHocTM. HeonpegeneHHocTb Byaylwiero M HeonpeAeneHHOCTb CUTyaUMM ABAAIOTCA NpennocbliKaMu
BO3HMKHOBEHWA 3SKOHOMWYECKOM KaTeropum npeanpuHMMATeNIbCKOro pucKa. [lpouecc BO3HUMKHOBEHWA Mpea-
NPUHUMATENBCKOTO PUCKa NpoTeKaeT Ha GOHe NPOM3BOACTBEHHOM AeATENbHOCTU. [TPOM3BOACTBEHHAA AEATENBHOCTD
peanusyeTca TONbKO Ha OonpeaeneHHOM 3Tane pPasBUTUA SKOHOMUYECKUX OTHOLWEHUIM B aleKBAaTHOM S3KOHOMMUYECKOM
NPOCTPaHCTBE M CyLLecTBYeT B BWAE CAMOCTOATENIbHOM MNOACUCTEMbI. B cucTemMe 3KOHOMMYECKMX PUCKOB npes-
NPUHMMATE/IbCKUI PUCK ABAAETCS CaMODObITHON S3KOHOMMYECKOW KaTeropuen. OH MMeeT cBOM cneumnduyeckunin apean
pa3suTuA. Pa3BMBas NPOM3BOACTBEHHYIO AEATENbHOCTb, NPEANPUHMMATENbCKUI PUCK BCe Bonblue coBMeLLaeT Bce
MMEIOLLMECA Ha CEeroAHALWHMI AeHb BUAbI (ABNEHMA) peanus3aumm NPouU3BOACTBEHHO-3KOHOMMUYECKUX OTHOLLEHWN.
MpeanpUHUMATENBCKUI PUCK ABAAETCA TEM MarMYyeckMm reHeTUYEeCKMM KOAOM, KOTOPbIA, C Le/bto MoayvyeHus
AOMONHUTENBbHOW NpUbbIIK, CTUMYyAUpPYeT OU3Hec Hanepekop yrposam. C y4yeTOM BblleEyKa3aHHOro YC/I0BUS,
npeAnpUHUMATENbCKUA PUCK C MPOCTPAHCTBA NPeanpPUHUMATENbCKON AEeATENbHOCTM PaAcnpOCTpaHAETCAs Ha BCe
3KOHOMMYECKOE MPOCTPAHCTBO M TOJIHOCTbIO OTPAXKAETCA Ha BCeX MepuneTuax peanusauum uenoro psga
3KOHOMMYECKMX KaTeropui.

KNHOYEBbLIE C/IOBA: puck; npeanpuHUMaTeb; NpeanpuHUMATENbCKUIA PUCK; NPeANPUHUMATENbCKAA AeATeNbHOCTD;

X035MCTBEHHAA AeATEeNIbHOCTb, SKOHOMMYEeCKaAa AeATe/IbHOCTb, SKOHOMUNYECKAA KaTeropua, 3KOHOMMWYECKMI PUCK.
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ABSTRACT. The paper discusses problems of reforms in accounting-reporting of public sector. In recent times,
Georgia actively attempts to implement accounting system, which isin compliance with international standards.
However, current normative base and practice significantly differs from that of developed countries. Standards of
public sector were elaborated on the basis of private sector and are mainly focused on entities carrying out
entrepreneurial activities. The paper analyzes current situation of regulation in the mentioned field; existing
shortcomings are distinguished, particularly: mechanical application of private sector standards to public sector,
necessity to limit accounting policy to a certain extent, incompliance of dates for submission of financial reports with
international practice and non-existence of methodological base for its creation. Improvement proposals for
accounting-reporting in public sector are developed, particularly: necessity of reform direction and date revision;
determining framework of accounting policy for public sector; determining optimal ratio for use of cash and accruals
methods for revenues and expenditures; developing optimal model for volume and form of financial reporting and
provision of methodological base to apply for producing such reports.

KEY WORDS: accounting policy; economic event; financial reporting; international standards; public sector;
transferring method.
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K COBEPLLEHCTBOBAHMIO PEFY/IMPOBAHUA YYETA U OTYETHOCTU NYB/IMYHOIO CEKTOPA

Fpuranawsuam /.M. JenapTaMeHT agMUHUCTPUpPOBAHUA Ou3Heca, [PY3MHCKMIA TEXHUYECKUIA YHUBEPCUTET,
I'py3us, 0175, Téuancwu, yn. M. Koctasa, 77
E-mail: grigalashvililevan.ccg@gmail.com

PeueH3eHTbI:

H. LlaHaBa, accou,. npodeccop, OKTOP SKOHOMUKKN [lenapTameHTa BU3HeC-aAMUHUCTPUPOBAHNA GaKynbTeTa
busHec-uHKeHepuHra Iy

E-mail: nodaritsanava@gmail.com

3. Oxkop6eHapae, accol,. npodeccop, akageMUYECKUI LLOKTOP SKOHOMUKK [lenapTameHTa busHec-
aAMUHUCTPUPOBaHUS aKyibTeTa BU3HEC-UHKeHepuHra MY

E-mail: zuriko.jorbenadze @mail.ru

AHHOTALMA. B paboTte obcyxaeHbl npobiembl pehopMUpPOBaHMA yY4ETa U OTYETHOCTU NYyHBANYHOro cekTopa. B
nocneaHnn nepuog B I'pysun akTUBHO OCYLLECTBAAETCA MOMbITKA BHEAPEHWUA CUCTEMbI Y4€Ta, NPUBAUKEHHOrO K
MeXAYHAapOAHbIM CTaHZ4APTaM, HECMOTPA Ha 3TO, AEWCTBYHOLWAA HOpPMaTMBHAA 6asa M MpaKTUKa CyLLEeCTBEHHO
OT/IMYAOTCA OT Pa3BUTbIX CTPaH. CTaHAAPTbl Ny6AMYHOro cektopa 6bian paspaboTaHbl HA OCHOBE YAaCTHOTO CEKTOPa, U
B OCHOBHOM, OPWUEHTUPYIOTCA HA CYOBEKTOB, OCYLLECTBAAIOWMX NPeanpUHUMATE/IbCKY0 AeATeslbHOCTb. B paboTe
MCCNeaoBaHO COBPEMEHHOE COCTOSIHME PEery/iMpoBaHUA AaHHOW chepbl U BbIAB/AEHbI CYLLECTBYIOLWME HEOO0CTaTKK,
TaKMe KaK: MexaHuU4ecKoe pacnpocTpaHeHWe CTaHAapTOB YacTHOFO CEKTOpa Ha MyBAUYHbIA CEKTOP; HEOHXOANMMOCTb
YCTaHOB/IEHMA OMNpPeAenEHHbIX PaMOK AN YYETHON MOJIMTUKM; HECOOTBETCTBME CPOKOB NpescTaBiaeHns GUHAHCOBOM
OTYETHOCTM C MEXAYHApPOAHOMN MPAKTUKOM M OTCYTCTBME MeToAo/0rMyeckon 6asbl eé cocTaBneHus. BbipaboTaHbl
NpeanoXKeHUsa ANA COBEPLIEHCTBOBAHUA YYETa M OTYETHOCTU B MYBAMUYHOM CEKTOPE, B YACTHOCTU: HEOBXOAMMOCTb
nepecmoTpa CPOKOB U HamnpasaeHusa pedopmbl; onpesesieHne PamMoK YYETHOM NOAUTUKKU aaa nyBAMYHOro CeKTopa;
onpegeneHve oNTMManbHOIO COOTHOLIEHUA NMPUMEHEHUA METOa HAaYMCEHMA U KacCOBOIo MeToAa y4éTa A0X040B U
pacxonos; ¢opmupoBaHMe ONTUMaNbHOW Mozenu obbvéma n dopm PUHAHCOBOW OTYETHOCTM WM obecrnevyeHune
meTogonoruyeckoi 6asoit eé coctaBneHms.

KNIOYEBBIE C/IOBA: meXKayHapoaHble CTaHAAPTbl; MeToA HauucneHus; nybanyHbIn cekTop; pedopma; y4éTHan

NONUTUKa, d)VIHaHCOBaFI OTYETHOCTb; SKOHOMMUYECKOE ABJIEHUE.
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PRIORITY ACTIVITIES OF TOURISM STRATEGY IN KVEMO KARTLI REGION
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ABSTRACT. Role of tourism in modern global economy keeps increasing and changing all the time, i.e. its internal
transformation takes place permanently. One of the most actual issues for Georgia is preservation of the world's
natural and cultural heritage and using them rationally. Georgia with unique natural conditions has the opportunity to
make tourism the most foreground sector of economy. The country has all the resources and great potential to
become one of the most successful tourist destinations alongside others in the world. Considering tourism the priority
for Georgia economy is not by chance. Georgia possesses resources to develop various directions of tourism. Tourism
development is vital for Georgia. Supporting the development of tourism is one of the most important sources of
economic prosperity and increase of income and employment in the country.

KEY WORDS: economic growth; national economy; regional development; tourism development.
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AHHOTALUMA. Ponb Typuama B COBPEMEHHOW MUPOBOW 3KOHOMMUKE MPOAOJIKAET PacTM U MeHaTbcA. byayuiee
€ro—BHYTPeHHAA TpaHchopmaLmA. AKTyaslbHOW 3afayeint ABNAETCA COXPaHUTb NMPUPOAHOE U Ky/NbTypHOE Hacneams,
pacnopaauTbcs MMM C¢ yMOM. bnarogapa yHUKanbHOCTM MPUPOAHbIX YCNOBUK, TYPU3M MOMKET MpeBpaTUTbCA B
3KOHOMMYECKMIM npuoputeT. CTpaHa MMeeT OrpoMHble pecypcbl M MOTeHUMasn, 4YTobbl CTaTb OAHOM W3 CaMbIX
yCNeLWHbIX CTPaH B TYPUCTUYECKOM HAMpPaBAeHUU B MUpe M BblTb NpUBAEKATENbHOW AN MHOTMX. TYpU3M B CTpaHax
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KM3HEHHO Ba)KHOe 3HauyeHue u ana pysun. Passutme Typmsama HEOOXOANMMO B LLeNAX COAENCTBUA IKOHOMUYECKOMY
POCTY, BO3MOXHOCTU NOJlYYEHMUA J0X043, @ A/1A POCTa 3aHATOCTU ABAAETCA OAHUM U3 Hanmbosiee BarKHbIX UCTOYHUKOB.
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ABSTRACT. Economic development is of great importance to regional development. International experience
shows that inclusive economic growth largely depends on not only the national, but also regional development
planning and implementation of strong and competitive regions. Regional development is considered as the key factor
in achieving national success.

The plan on regional level is to support establishment of modern institute and pilot centers, as well as promotion
of international best practices of public-private partnership models. For successful implementation of regional policy
directions and strategies adopted thereon it is of particular importance that specific action plans are inclusively
developed and implemented in the nearest future, provided with the effective monitoring and evaluation tools and

measurable indicators combined.

KEY WORDS: gross domestic product; growth diagnostic method; regional development; tourism development;
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AHHOTALMA. SKoHOMMYecKoe pa3BuTHE MMeeT 60/blIOe 3HAYeHME A/1A PEernmoHasibHOro pas3BuTuA. MerKayHa-
POAHbBIN ONbIT NOKA3bIBAET, YTO MHKNIO3MBHbI SKOHOMUWYECKUI POCT BO MHOTOM 33aBUCUT He TOJIbKO OT HaLMOHa/IbHOrO,
HO W PEerMoHaNbHOTO MJIAHUPOBAHUA U OCYLLECTBJEHUA CU/bHBIX U KOHKYPEHTOCMOCOOHbIX PErMOHOB Pa3BUTUA.
PernoHanbHoe pa3BUTME PAacCMATPMBAETCA KaK KNtoYeBol GaKTop B LOCTUNKEHWUM yCcnexa Ha HaLMOHaIbHOM YPOBHE.

Ha perMoHanbHOM ypoBHe NMAAHWPYETCA COAEMCTBME CO34AHWUI0 COBPEMEHHOMO TUMA WMHCTUTYLMOHA/bHbIX WAK
NMUAOTHBIX LLEHTPOB, OCHOBAHHbIX HA HAaUYULLEN MeXAYHAPOAHOMN NPAKTUKE roCyAapCTBEHHO-YAaCTHOrO NApTHEPCTBA B
LLenax NooLLpeHns UCNob30BaHMA Moaenell. PermoHanbHble HAaNpPaBAeHUA U NONUTUYECKME CTPATErMU, NPUHATbIE B
COOTBETCTBMM C YCMELWHOW peanunsaumnels, UMelT BaXKHOe 3HaYeHWe B KOHKPETHbIX MnaHax AencTeuii B 6anKanwem
byaywiem Ans BCECTOPOHHEro pasBUTMA W peanus3aumu, Kotopble 6yayT NpefocTaBAATbCA B COOTBETCTBUM C
3bbEKTUBHBIMM CPEeACTBAMM KOHTPOIA U OLLEHKM M3MEPUMBbIX MOKa3aTeNen, B3ATbIX BMECTE.

KNIKOYEBDBIE CJ/IOBA: BasioBOI BHYTPEHHUI MPOAYKT, METOo4, AMAarHoCTUYECKOro pocCTa; pasBUTUE TYpU3Ma;
pervoHanbHoe pasBUTUE, TYPUCTUYECKMIA MPOLYKT.
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UDC 54-4
SCOPUS CODE 1601

SOME AMENDMENTS TO THE PROCESS OF CALCULATING THE EQUILIBRIUM CONSTANTS OF
REACTIONS OF SULFUR DIOXIDE WITH OXYGEN AND OXIDATION OF THE EQUILIBRIUM
CONVERSION OF SULFUR DIOXIDE TO SULFUR TRIOXIDE

M. Mchedlishvili Department of Chemical and Biological Engineering, Georgian Technical University, 69
M. Kostava str., 0175 Thilisi, Georgia
E-mail: mchedli@mail.ru

Z. Isaakian Department of Computer-aided Construction Design, Georgian Technical University, 68°
M. Kostava str., 0175 Thilisi, Georgia
E-mail: isaakianzura@mail.ru

Reviewers:

T. Tsivtsivadze, Doctor of Chemical Sciences, Professor, Department of Chemical and Biological Technologies,
Faculty of Chemical Technology and Metallurgy, GTU. Head of the Academic Research Centre for Biologically Active
Substances

E-mail: t.tsivtsivadze@gtu.ge

Z. Sanikidze, Associate Professor, Department of Computer Aided Construction Design, Faculty of Civil Engineering,
GTU, Candidate of Physical and Mathematical Sciences, Senior Researcher at N. Muskelishvili Institute of Computer
Mathematics of GTU

E-mail: z_sanikidze@yahoo.com

ABSTRACT. Refine formula describing the dependence of the equilibrium constant for the oxidation of sulfur
dioxide from the reaction temperature given in the literature. It was found that in the equation calculating the
equilibrium constant, constant term is not 0.732 and -0.267. Modified formula for determining the equilibrium degree
of conversion of SO, to SO; (Xe) and provided in the form of the equation of the third degree:

CxXg +Dx X +ExXe+F =0

C, D, E and F — coefficients depending on the temperature, the total system pressure and the concentrations of
reactants — oxygen and sulfur dioxide (in vol.%).

The equation makes it possible to unambiguously determine the numerical value of Xe under all possible con-
ditions, oxidation of sulfur dioxide. One of the three roots of the equation must satisfy the condition 0.00< X, <1.00.

To calculate the values of the process the reaction rate constant and the equilibrium degree of oxidation of sulfur
dioxide, suggested computer software calculations using the program MathCAD 15.0 Software significantly reduced
the time spent by students of chemical and technological professions in carrying out laboratory work relating to issues

of contact oxidation of sulfur dioxide.

KEY WORDS: computer calculation; equilibrium conversion quality; equilibrium constant; refinement of the
formula; sulfur dioxide; sulfur trioxide.
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AONONHEHUA U USMEHEHUA B NMPOLLECCE BbIYMUC/IEHUA KOHCTAHTbI PABHOBECUA
PEAKLIMIA OKUCNEHUA ANOKCUAA CEPbl KNC/IOPO4OM U PABHOBECHOW CTENEHU
NPEBPALLLEEHUA CEPHUCTOrO AHIMAPULA B CEPHbIN

Mueananwsuan M.U. [JenapTameHT XMMUYECKOW U BMONOrMYecKon TexHoNIorui, [PY3NUHCKUIA TeXHUYEeCKui
yHuBepcuteT, Ipysua, 0175, Téunaucu, yn. M. KocTasa, 69
E-mail: mchedli@mail.ru

WUcaaksH 3.K. JenapTameHT KOMNbIOTEPHOIO NPOEKTUPOBAHNA CTPOUTENLCTBA, [PY3UHCKUIA TEXHUYECKUIA
6
yHuBepcuter, Ipysua, 0175, Téuaucu, yn. M. KocTtaBa, 68
E-mail: isaakianzura@mail.ru

PeueH3eHTbI:

T. UuBumBagse, OOKTOP XMMUYECKUX HayK, npodeccop, pykoBoauTesnb Hay4HOro ueHTpa Mno mccnenoBaHUIo
610N0rMYECKM aKTUBHbIX BELLECTB, JenapTaMeHT XMMUYECKON U BUOorMyeckon TeXHONOrnM GakynbTeTa XMMUYECKON
TEXHONOTUWN U MeTannyprm MY

E-mail: t.tsivtsivadze@gtu.ge

3. CaHuKuAze, KaHAMAAT PU3MKO-MATEMATMUECKMX HayK, accou,. npodeccop [enapTameHTa KOMMbHOTEPHOro
NPOEKTUPOBaHUA CTPOUTENBbCTBA, CTPOUTENLHOIO dakynbTeTa MTY; cTapwmin HaydHbIA COTPYAHUK MHCTUTYTa BbICLLEN
maTemaTukm um.H. Mycxenmwsunm

E-mail: z.sanikidze@gtu.ge

AHHOTALMUA. YtouHeHa dopmyna, onmcbiBatlollaas 3aBUCUMMOCTb KOHCTaHTbl paBHOBECUA A1A peakuuit OKuC-
NeHWNA AMOKCMAA cepbl OT TEMNEPaTypbl, NPUBEAEHHAA B IMTEPATYPHbIX UCTOYHUKAX. YCTAHOBNAEHO, YTO B YPAaBHEHUM
BbIYMC/IEHNA KOHCTaHTbI paBHOBeCMA CBOBOAHbIM YneHom ABaseTca He +0,732, a -0,267. MoanduumposaHa popmyna
onpeaeneHns paBHOBECHOW cTeneHu npespauieHus SO, B SO; (Xe) u npeactaBneHa B BUAE YPaBHEHUs TpeTbel
cTeneHu:

CxXg +Dx X2 +ExXo+F =0

C, D, E u F — KoadpoduumeHTbl, 3aBUCALME OT TemnepaTypbl, OOLLero AaBAeHWA CUCTEMbI U KOHLEHTPaLUK
pearvpyoLwmx BeLLecTs — KUCAI0poaa U Anokecmaa cepbl (B %06.).

YpaBHeHWe JaeT BO3SMOXKHOCTb OZLHO3HAYHO ONpeae/iuTb YNC/IEHHOE 3HaYeHne Xe Mpu BCeX BO3MOMKHbIX YC/TOBUAX
OKUC/IeHUs anokeunaa cepbl. O4MH U3 Tpex KopHel ypaBHeHus gomkeH yaosnetsopats ycnosuto 0.00 < Xe < 1.00.

[NnA BblMUCNEHUA 3HAYEHUIM KOHCTAHTbl CKOPOCTU PEeaKUMM U PaBHOBECHOM CTEMEHM OKUCAEHUA AMOKCMAA cepbl
NpeanoKeHo KomnbioTepHoe obecneyeHWe MNpoLecca BblMMCAEHUM € momolbtlo nporpammbl Mathcad 15. Mpor-
paMMHbIM obecrneyeHMemM 3HAUUTENIbHO COKPALLLAETCA Bpems, 3aTpaymMBaemoe CTyAeHTaMU XMMUKO-TEXHOIOMMYECKUX
crneumanbHOCTeN YHUBEPCUMTETOB, NPWU BbINONHEHUW nlabopaTopHol paboTbl, Kacatowenca BONPOCOB KOHTAKTHOMO

OKUCNneHna AuMoKCcunaa cepbl.

K/TIHOYEBBIE C/IOBA: gvoKcupa, cepbl; KOHCTAHTA PaBHOBECWUSA; PAaBHOBECHAA CTEMNeHb MPeBpalleHuAa; TPUOKCUA,
cepbl; yTouHeHue popmybl.
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ABSTRACT. Modern science offers more new directions to research complex systems. One of these directions is
synergetics that for 30 years now has been an interdisciplinary subject. Synergetics studies the general laws of self-
organization, establishment of its structure, created during the exchange of permanent streams of substance in the
complex and open systems. Objects of synergetics studies are very different, systems from atom to humans. Detection
of synergetics patterns revealed an overall organizational picture of organic and inanimate systems. In the history of
humanities and natural sciences on the basis of synergetics, formation of the uniform methodology of the holistic
vision of the universe has started. Nowadays, many socio-economic sectors are turning to the synergetics. The article
discusses the steps of formation of synergetics as the general-system theory and describes that formation of this
theory became possible due to the corresponding mathematical apparatus, i.e. development of such leverages like
nonlinear systems, catastrophes theory, system analysis, bifurcation theory, group theory, etc.

KEY WORDS: bifurcation; catastrophes theory; nonlinear systems; self-organization; synergetics; system analysis;
theory of groups; Thermodynamics.
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E-mail: mziakiknadze@mail.ru

N. Netpuawsuam, npodeccop JenapTameHTa aBTOMaTU3UPOBAHHbIX CUCTEM yrpaBaeHUA daKynbTeTa
MHPOPMATUKM U cucTem ynpasaeHua Iy

E-mail: liapetri@rambler.ru

AHHOTALMA. CoBpemeHHas HayKka BCE 60/iblle HOBbIX HanpaBAeHWN npegnaraet 418 UCCNeLOBAHUA CNOMKHbIX
cuctem. Cpeayn 3TUX HaNpaBAEHUIA U CUHEPreTUKa, NPOoLEeCcC CTAaHOB/EHMA KOTOPOW HACUYUTbIBAET TPU AECATUNETUA.
CuHepreTMKa-MeXgUCUMNIMHAPHOE HanpasieHMe W Uu3yyaeT obuwme 3aKOHOMEPHOCTM W MOCTPOEHME CTPYKTYpPbI
CaMOOpPraHM30BaHHOCTM, KOTOPbIE MMEIOT MECTO B Npouecce obMmeHa NepMaHEHTHbIX NMOTOKOB BELLECTB B CNOXKHbIX U
OTKPbITbIX cucTemMax. OBBEKTOM CUHEPreTUKN ABNSIOTCA COBEPLUIEHHO Pa3/INYHbIe CUCTEMBI, OT aTOMa A0 YenoBeKa.
OnpepgeneHve o06LLECUCTEMHOW 3aKOHOMEPHOCTU CUHEPreTUKW roKasano o6yl KapTUHY CTPOEHUA CUCTEM
OAyLWEeBNEHHOM M HeoAyLWEeBNAEHHOW NPMpPOAbl. B UCTOPUM eCcTecTBEHHbIX U TyMaHUTapHbIX HayK Ha 6ase cuHepreTuku
Hayanocb dopmupoBaHue obwel MeTogoN0rMU BUAEHWA BCeNeHHOW. B HacToAwee BpemA K CUHepreTuke
06palaloTCcAs MHOrMe OTpacau COLMANbHO-3KOHOMMYECKMX cdhep. B cTaTbe paccMoTpeHbl 3Tanbl dopmupoBaHUA
CUHEepPreTUKM Kak obLiecncteMHolm Teopun. B cTaTbe oTmeyvaeTca, 4To GOpMUpPOBaHME 3TON TEOPUM CTaN0 BO3MOMKHO C
pa3BUTMEM COOTBETCTBEHHOrO MaTeMaTUYeCKOro annapara, UMeeTcA B BUAY Pa3sBUTUE MHCTPYMEHTOB TEOpMM rpynn,
Teopum bBudypkaLmmn, HeAMHeNHeW JUHAMUKK, TEOPUUN KaTacTpod, CUCTEMHOTO aHaau3a 1 ap.

K/IKOYEBBIE C/IOBA: 6udypKauma; HeAUHEenHble CUCTEMbI; TEPMOAMHAMMKA; CaMOOPraHMU3aums; CUHEPreTUKa;
CUCTEMHbIV aHANU3; TeopUsA rpynn; Teopus KaTactTpod.

ISSN 1512-0996 L& I-OL 9H™MB3I30) — WORKS OF GTU — TPYAbI ITY
www.gtu.ge 63 Ne2 (500), 2016



3(M330IBIAHIRO 3IC60IAIdS — COMPUTER SCIENCE — KOMMNbIOTEPHbBIE HAYKU

UDC 007.62
SCOPUS CODE 1702

3A(MBMB03IN0 JIL3IGSIR(O LOLBIFS ‘FIBOLIdSDO ROBIIVOLSDZOL

a. Jansmgmsdg 50bbglol  5EdobolG@oMmgool  ©93sMHdgbBo, Lods@mggarml  Fgdboggdo
160390Lo@g@0, LoJs@mgganm, 0175, mdbdognobo, 3. 3ml@Gogsl 77
E-mail: r.kutateladze@gtu.ge

S, gmdosTdgogmo 930bmBogydo  0bxgm@IsBogzol  ©g3s@@eIgbBo, Lsdedmggaml  Fgdboggdo

960390Lo@gd0, LoJs@mgganm, 0175, mdbdognobo, 3. 3ml@Gogsl 77

E-mail: anakobia@hotmail.com

%9:396%96@® godo:
3 3%33030dg, LHy-ob 0bgm®ds@dogols s dodmgol LobBgdgdol GozumBgdol 0bgm®do@dogol ©g-

3503 539bH0l 3Mmgzglmmo

E-mail: kkamkamidze@yahoo.com.

9 95MdmyTgoao, LFy-ol dobbyl-0bgobgdobyols @s gmmBgdol dobbylol sEdobolG@®omgdols wg-
35Modgb@ol 3Mmmgglmmo

E-mail: barata49@mail.ru

bmaogtn dgdmbgggedo dgbsdengdganos s@LgdMo-
S6MBSG0S: s gBomos 3GMEAMA03gmo, mE- gl gemeIAmo  bAAsGIH0s ob  LogBmmp  o@
boby woxndbgdamo  gJl3gdBgmo Lolpgds, Gm-  >OLgomdegl dgbsdsdolo LEA@SE 0o
dgaroi  PbOybggeymal  B®gbobyols  hoGomgdsls

Lo 3g0gbm  dgasligdol byg@dbol Jgls@hggew.  9Jb-

B39Jbm@myogdby  m@ogbBotigdymo  dggoligds
gbgds 08 989]Bgdl, Gmdmgdoi doowgds shogno
B9Jbm@myools wsbgtygolsl s sbggg gbgos dg-
©gamdMog  bgdmJdgogdgdl, dsgsmomsw

bmigoygdby  bgyogergbols

3900 LobRgdol godmygbgdom mbos 03 3mbl-
BO9J3ool  3mb3g3d Po0bsiz0s, MmImol Lsdygs- sbogno
@gdoms dgodhggs dggusligdol bgdbgdo. Tyodml  ao®gdmbs o
‘dgbFogeamo.
wadygdaggdgaros bobydol dmegaeo, Gmdgmog
bydbowasb

‘dgdmmsgsbgdyao
bdoldog@o

30mAmB030  939dbgds  byg-

B9dbm@myools  Ygxsbgdolbomgols  go-

Imyggbgoma FTaligdl. LobBgds obgsdls Dggombggol  Lbgowslbgs 5dm0ehggl  m3Godoma@dl

Lbgo@alibgos bgdmJdgogdols 0096005045300l FoM3ggamo 306mdgools s Y bmywggool yomge-

L@@ gaogdol os@bggzol dobbom. 3sliygbols dobgo-

g0m  Imdbdsdgdgano  doowgdl  0©gbBoxogsEo0ls
bgdbgdols hodmbomgogml mommgymmsh  ©sjogdo-

69090 sendsmmdols  360gbgenmdslimsb  gHmog.

L& I-OL 9H™MB3I30) — WORKS OF GTU — TPYAbI ITY
Ne2 (500), 2016

wolfobgbom. gobbogryaos bgdmJdgogdoms owgb-
B0g0goE00l  bydbgdo, GMImgdo dgodargds o
39b  boyggomgbe  0blbE@ydgb@ore  bgdmJdgogdgdols
0gbH0x0gsEoolsmgol.

ISSN 1512-0996

www.gtu.ge



3(M330IBIAHIRO 3IC60IAIdS — COMPUTER SCIENCE — KOMMNbIOTEPHbBIE HAYKU

153356000 LOBIBIB0: 5 lidgdEmemo  boldgds;

bgdmJdggdol 0gbBogogs3os; 3mwboby wegyd-
bgdyao LobBgds; dgxsligdols bg@bo.

Fgbogogo

bgenmgby®o  06¢9egd@ol  doMomswo  sdmzobos
obgmo 3Gmdengdol poekds, G®Igeoi Loko®mgdls
50530569 9JL3gMmEA0bsl Iglsdsdobo  asdmygbgdols
bggOmdo,  Gmam@oass  bsobgobdm  Logdg,  be-
596g50LdgH 30 d93609Hgd5bo,
d0bbglo. Gmd gL

>sd00b7®  gJL3g@@0-

dgoEobs  ©s

0dolso,

dogbgosgsw 50960
ROEOESS TGRS IO
bobg, ol bogdome 0dgosmo  @gly@los s dolo

Fomdmgds, BHoblygmo s ©m3ydgbBomgods dogrosh

Aogmos.  ofgosb  aodmdwobstg,  gJu3g@mEero
LobRgds  ddanogdo  oblB®YIgbBos  Lod®gbobym
woMgdgegdols  dgdodgdobsmgols,  dgodo  gJl-

390 Yo 3mEbol  dgbombybgdols s  3GOmy-
BoYgEmdols s badmobbol yoydxmdgligdobomgols.
9db390H 9o HRGEQHEE
d9bgx9@ L
domgdsdo.

Lol@gds 0@56b0be-

@3ools 3osFYy396 0809500

Lol@gds

93909Lo
adU390(gso
0R%5OMMYdl AosFyggBomgdols dowgdols bgdbgdols

Lobmpsomeo,

Lobwgdgdl s dmo@Esgh 0 gongegbo 3GMdeng-
d900L  goesFy3zgdol gbgol, @mIgmmsmgolsi @o-
mE bmdMogo  dgogygdol  dowgds  dgydengdgaos.
9JL3g0H Yo LobRgdgdo o3 3OMdengdgdol oo~
Lodk@genow 0y4gbgdl d@Msgsmo sen@g@bs@ogol -
bgPomgdols ©s dggnolgdsl, bmeom Jgdwogy dom
dgoaM0  mgoligddogo

Loggdggen by sbagnobols

3°9mYgbgd0m — Lomsboswm ©oliggbgdols godm@sbsl.

doMomspo bofoo
L 53m3560l @slids
gbowos, M bgdbol dgliodsdolmds sdm oy

dgemos Lo@dygo@oslbs s 33ge0ggdol byg@goan by,
9JL390 @0 LoliGgdol godmygbgdom dmbpgl 0d

ISSN 1512-0996

www.gtu.ge

30bLAG Y]zl 3mb3g3HYsmobsios,  GMIgols
Lodgogmgdomsi dgodbggs dggnslgdols bydbgdo.
‘dgdmmagsbgdyaro

bdolsdogdo

3OmAmB030  989dbgds by

B9Jbmmyools  dgggobgdobsmgols  godm-
49690980 Tabigdl.  Lobgds olgsedl  dgz0mbggdls
Lbgowslibgs bgdmJdgogdols opgb@ogogscools LE@e-

s®hggol  dobbom. 3sLybol  Jobgogom

HJ0900b
dmdbdodgdgemo  doomgdl  opgb@ogogsizools bydbg-
0L hodmbomgol  mommgygen  Jomasbmsb  wsog-
‘Jodgdgeo sendosmmdbdols 360dgbganmdslinsh gomesg.
begogdm  dgdmbgggedo  Ygbodgoms  s@Lgdmdogl
9O05g0m0  LAMSHIA0s ob Loghmmo 56 s@lg-

dmdegl Iglodadobo LE@sE 0.

2. 58m3sbol 53mblLbs

X0bIB gOgdabds yoblisbegds ggabyool Hod-
bogomgos  Gmamaz  Lfsgmgools Lobgmds, @mdg-
o bobRgdodydo sdm{dgol 0d g939dHgol, dmd-
@gooE doowgds Hggbmmmyools ©sbyH30l, BoB®-
0mgdols s dmoxno o300l @dml [1].

Lobmpsme, 20093l bgdmddgregdols dgasligds
(b3 Lokodms 3o5dob, Gm@Es dmogs®o  Lobgend-
Vogm  Jdgogdgoo 360dgbganmgsb  bgasgmgbols ob-
©gbl ssdosby®o gomgdml bo@molbby. aotgdmdo
0ggeobbdgds os®s do®Bm dybgodogo aotgdm, do-
3o@omoE, Tyoembg bgdmJdgogds, s®edge  sosdo-
b0 s3gdBgdoE, Isgogmomsw, bgdmJdgogds Lem-
3oog@®  LobRgdgdls o @oMgdymgdgdby. obd
‘dgodangds  Lfsganmdogl  Lodgooobm  dmdbsbydg-
ol bodxgdol  (3geroagdol slisbgol  LadgwoEobem
3gOLmbognbg b sbogno  GgJbmanmyogdol wsbgda-
30l bgaogangboll Imdydogg 3g@bmbognby. sbigmo

B30l dgolgdgdo  gbs gobobogmogogl  yggemos
3609369 mgob  BodBHmal,  @mammoiss  golgdol

bAs Indbdo@gdemolomngol, 3GMgddols womgdyag-
b0l bgerdolo(gomdmds, dmdlbabydmgdbols  bo@molbo,
30mEdaool badolbo s mgomeodgdymgds. gl

‘Pgnoligogdo obggg 9bws ggodwggegl 3GmAbmBL

L& I-OL 9H™MB3I30) — WORKS OF GTU — TPYAbI ITY
Ne2 (500), 2016



3(M330IBIAHIRO 3IC60IAIdS — COMPUTER SCIENCE — KOMMNbIOTEPHbBIE HAYKU

dmdogogmo  g939dBgool dglsbgd, @mdamagdoi Lg®om-
bygeo Sb3gdHos bgoolidog@o Ygxsligdolomgols.

b3 Fgodangds  gobbm@Eogammgl  ddogogmo
sdmi3obobomgol, @mdgemnsysh  mommgymo  Loko-

Bgdl do@amdsls. ‘dggnoligos

0obbbgoggoge
‘dgodangds dmbogl Lobmpoomgddogo dobbgdol ob

39Mdm  as3mygbgdolomgol. ‘dggnolgdols

Dm0,
Logobo o@ol Lsdo  doMomswo  3o@gam®os: 30yl
BoL  Yggolgds, 3OMoagdygdby  MmM0gbGomgdymmo
dga30bgds s Ggdbmemmyogdby  m@ogb@omgdyeo
Ygoligos. Ingdyaro bsdBmdo gdmgbgds LYm@go
o3 4135b503bgemls.

H9JbOmp0goby  MG0ghHo@gogmo  Fggaligds
gbgds 08 9939JBg0L, GmImgdoi doowgds sbogno
H9dbommp00l ©obgdpgolol  @s o
300603 bgdmJdgrgdgdl, dogsmomsw, gomgdmbs

Vygodmb

gbgds

s bmagoydby  sbogro bgaogegbols

Ygl§ogeosb.
3m®RgMds  hodmagsmmods

356990l bgdmJdg-

©gooli dggoligools smo 3md3mbgb@o [2]:
o 30mdmgdol  goblobmgds  —  Igbolifsgeno
0309dBoL  dbgoolis s aodmygbgdols  Lgyg-
Al 2oblobmgme;

*  (adbommyools  o@fgds Fgbogobgdgero

B9dbmmyools gob3s@@gos;

e §gJbmempools 3Gmabmbo — dmdsgsgmo Bgl-

bogmgogdo  Ggbpgbzogool,  3mEgbioy®o
3M0@oggmo  dgdmbggggdols s dgbsdenm

hobo3gangdgdol  Foboslifomdg@yggangds o
35b7Lobmg@mgambgdols @ gds;
e Lm@gosgyg®o sefgds — dmgodoggd, 93mbm-

dogg® > obbodaog®  SL3gJBgoby by

dnJdgogds  Bgdbmampgool  ba@olbmd®ogo
QoA go0m;

e Lm@osgygdo  30mgbmbo  —  Fgbmenmaools
bogosgeg@o  bgaogeegbol  Fobobis@dgdy-

39e0g9s (Abgogbos Fobs 396J@0l, m@mbo ao-
(00 go0m  M0ME0s (338000 b0ls Aomgbmd-

L& I-OL 9H™MB3I30) — WORKS OF GTU — TPYAbI ITY
Ne2 (500), 2016

030 ob3gJBgdol odsdgools o Ggdbmerm-

30990 36mabmbby odm oo gdols aodm,
306500056 (338000 9390ds

bgdmJdgogds

HIbOER0HI>

‘dgodangds  8bodgbgermgsbo
dmobobmls LmEosmy® gsd@mmgoby);

o bydoddgegool oegb@hogogeges — Fgdmme-
30909 Bgdbmemmaosls o Labmye-

©mgosl  do@ol  gOmog@HmnbgdmJdgogdols
3obbobrgme;

o bgdmddgrgdol sbogmobo — @ogdyengds/dem-
3905 5bogobols gganggs (ols mogobo dgbgdom
godgngds 0gml HomEgbmd@mogo ob mgoligd-
030 > ULfogarmdls sgdsmmdsls s by-
dmJdggdol dnls@mebgen ©0535bmbL);

o bgdmddgrgdol dggusligds — sbogrobols Ygwg-
3900l ©o353doMmgds o dglodmrm  SEn@g®-
bo@oggdol gobbogngs;

*  3mano@ogol

sbognobo - Ag3mIgbaz0go0ls

P9Iy dog90s  B9gdbremaogools wsbgtgsol g

Lododolo;
e Jgogagdol jmdgbogocos — Ygogagdols gobe-
xoMmgds  dgxnsligdol  Igogagdon  ©@s0bdg-

Hgbgd o Lobmasomgdolismgol.
dognooh  360dgbgermgobos yggems o3 3md3mbgb-
BoL Bodmgs sbognobPo. syzoggdgao s@ss domo
0obododpggdygmo  dgbdygaogds.  dgbisdengdgeros
0omemggeo  Jmddmbgb@ol bgmsbsgro  ©sdydoggds
Lomobospm  0bgm®dsools

dowgdols  gdmbggasdo.

gggems 3md3mbgb@o gbd-ol aobyymagmo bofoaos,
35353 9Ju3gAaHYmo LobEgdol sboggdee Lako®ms
3963966300 bgdnJdgwgdsms 0RgbHoBogaG0>bY.

9JU3g0E o LobFgdol sggds megobmogo® bsg-
dome OmPo 3Omdengdes; go@ms sdols, obgnogls

BLomob  sbmizodgdygemo  3GMdmgdgdos.  30©bols
dm3mggds  yggensby  3b0dgbgenmgobo  3MMdangdse.

9JU390@ a0 Lobgdol ©sliggbgools dowgdols dgs-
bobdo, @mIgaoE  aoMyggneeo  dmboigdgdols  ©s
35099093960l Loggydgganby Lomsbowm  gomgosy®o

ISSN 1512-0996

www.gtu.ge



3(M330IBIAHIRO 3IC60IAIdS — COMPUTER SCIENCE — KOMMNbIOTEPHbBIE HAYKU

olggbols  dowgdol  Lodygomgosls  odangge,  hggey-
@gddog, Logdome Jzody bmdols 3OmaMsdss, dop-
@09 9Jb3g@E g0 LobRgdol Fo@mds@gdyao dydom-
50l boggobdm bofogmos 30©bols gobaslinsh ghmsg.

Jagdme  dmagdgemos  gJu3g@@ o Lobdgdols
dogeno. o3 Lolgdol ©sbodbygengdss dmdbdomgd-
@obomngols GMgbobaol ¢bAybgganygmazs Loyzgmglim
3oMg3mb dgdhgzol LGB g0l olisygengdasg.

dmbogdms dobs

T
>6hggobols

T
3MEbol dsbs

L@@ g0

=3
<}
s
=0}
o
=)
c
f=al
<
2
=}
%
=]

1

1

1

sdBogeo |
Vglgdol bogdgdo '
1

1

3Jb3368 gm0 Lobdgdol dmegerols gds

Lobdgds dgoegl dmdbds@gderols dog® dofmeg-
dagen 0bgem@doi0sl, GmIgeoi gbgds 3mbgMgd e
30m3ngdsls.  Jmbsigdms  dobs  dgoegl Lol gdo-
Lomgols oo gdgan  gggens dmboigdl. s@hggsbols

LAOAIR0S  yeolbdmdl  asesfyggBomgdols  do-
®gdol,  @obmgolsi  bobEgds  oygbgdl  Fgligol.

300mdgd0  hsdmgeos  LobEgdol  (mwbols dsbsdo
> of@ogder  Fomdotmagl  3@my@msdols  Fgligdols
YLy gdols mobsdodpggdmdsl.

Fabgool bogmgdo dgoiogh  3dma®sdsdo  go-
dmggbgdgme Taligol o s@fgdl Lodygsgost. gb
LobRgds s@fgdl @mam® g gomgdml, oly Bgdbm-
@eyoy®  guolbgdgdl. Fgbgdl ofgb IF — THEN
bHOPIO G-

sliggbgdols  domgdol  8gdobobdo, @mdgenog
3obLobmgasgl sJ@oygdo Fglgdol bsgdgdl, ge3:yd-
bgds> modus ponens-ols LEAMs@gyosol, G®Imols me-
bobdows, GmEs A 499ds@o@os s Fglbo ddmdls
“IF A, THEN B”, doomgds oliggbs, @md B-3 &g9d-
dom0Bos by AmEs Fgbol Fobs dodmdgdo 499-

do@o@os, s93ogdmoe 49dds@odo 0dbgds Fgog-
303 30MaM35Tdo hogdbygmo s@hggobols mobsdod-

ISSN 1512-0996

www.gtu.ge

0930005 25bLobrgmogl 0d dogl, @mdwols do-
bgegomsi Fabgdo odbgds  godmygbgdyamo  dmbs-
399ms  dobol dododm. oliggbols dowgdol Igdo-
bobdo  gyPbmds  ¢3mdedsdmygagdom by germ-
b5l o6y dobbol Jog® Fodmgo by gamdsl. gl
b0'dbogl, @md  slygbgdol dowgdols  dgdsbobdo
0fygol dygdomdol dobbomn s Iydomodl ygqdo-
domygagdomn  J39d0bbgdologgh Lomsbopm  3oliy-
bols ‘dg@hggodey.

bgyogergbol 0@gb@oxogscos s@ols 3Gmiglo,
Amdmols dg9dggmdomsi dgdgsbgdgmms ggbwo ob
‘dgdxzolgdgamo oMo oyomodgdl 0d  bgdmJdgog-
domos Lool, dmdegdoi Ggdbmemaools wobgdmygols
‘dgga05. 53 Lool 9339300 dgxolgdols Jobbgdols
‘Jgbsdsdolog doomgds Lsdmenmm dgnsligdgdo.

0gbogogsEos  dgbsdangdgemos  Msdwgbody
bgdboo, OMAgEmsash  mommggml  Logyms®o
93005 9bmdgdo s bogarmgsbgdgdo s3l. bg@bols
>@bggs 989dbgds 03 30Mmdgdl, @MIggdoE Sbo-
bogl dgxolgdol 3@m@Egll, dsl'do hodmygan swo-

doobgol, dgbolifogar  Ggdbmanmaosl s bgando-
Lo gomd aglyg@dbgol. gl by@mbgdos:

L& I-OL 9H™MB3I30) — WORKS OF GTU — TPYAbI ITY
67 Ne2 (500), 2016



3(M330IBIAHIRO 3IC60IAIdS — COMPUTER SCIENCE — KOMMNbIOTEPHbBIE HAYKU

Jmwgao — 9bOYbggmygmnl @gommdols yo-
dodBoggoye  Fomdmwygbsl. s@lgdbmdls dm-
M@0

geoobo:  gm@dsgnydo

doggem gdo.
99gotgds

g2 ool
NoREIUIoE NG ol

>
Q0@ Io@ A0
dogemgdol  9dgBgbmds domg-
9500390 poaVig3a0aol. dowgegdo gaGO
d9Bo©  2o3moygbgds obo-

gobobsl, gopdg 0gbBogogsiEoolsl.

bgdmJdgogdoms

dodmbogngs — 5g9dbgdymos 0bgm@dody-
g0 bagobol aodmgomnbgsby, domo mgom-
Lobmobols dgxgdgdebyg o aoblsgym@gdom
dmbasbg@bgodganos
Ggdobomgol.

oM bmdM0g0  go@m-
©yEgol dgmmgo — gJuidgdGHol ogogbsth-
@olols dgmmeos 3ema@sdgdols Jowgdoliom-
g0L.  oli  @aoblbgogogds  dodmbogngoloashb,
0H9H>E0 Yo 3HMELos ©s Gro@mdls do-
sefoml  3mblgblyll  gJl3gm@gdl  dm@ols
3olgbgdols Sbmbody@mdbols s LEsELEO-

390 s37doggdols dgdggmdom. gl dgmmeo

doMomsse  2sdmoygbgds  Lgsbodmgdols  dg-
0 MEMEDMY09Jo.

0B gOoB Y@ gmo  dgobs  —  0bgm®dsiools
do@gds  2odm3gybgdgmo  @o@gde@ydols

33%0930L  ggase. 3mEbol  godmem  dsbols
dowgds dglisdagdganos dognooh Lf@sgsw o
odo@0 MoMgd Y gdgdoli JoMmmdgddo.

obGmGoygmo  sbogrmaos - Lalodagdam

bgdbo 0bgm@dozools dobsmgdse sbogrobols
309300 oL 3obloggodgdon  g3adHaG0s
‘dgbodenm  Bogmogno
©m39dgbdodgdolbsmgol. gl
dgo®o,

Gopaols  bgaogegbgdols
bgdbo  s@oo
5Jal dobodsgnyy@o  Amomo  Imm-
bmgbgdo ©o dogrosh byliGos domogro @o-
20U bgasgegbgdols 0gb@ogogsEoobsmgols,
dogn0sb

OmIamgooi  LHobs@@ygmmoloysh

3oblbgoggdyaos.

L& I-OL 9H™MB3I30) — WORKS OF GTU — TPYAbI ITY
Ne2 (500), 2016

68

bigbotho — dglodanm goMoob@gdols aobbogn-

domo  2oxsOmmgds  Lbgowslbgs  Slm-

3%
306 oo bgasgegbols hodmgom. gl by@-

‘dgbodgnem  do@oano  Goyols

bo  989dHac0>
bgdmJdggdol  0pgb@ogossizoobsmgols  dc3o-
69 ©amols ©s Ggbygdlgdols dmmnbmgbom.
bigboto o  Lokodmgdls gomgdg  bognbols
d0{393ob Lobig@ggeo Bgegyol dobogdow.
JoBommyo — ¢dsm@Bogglo byg@bo 3m@gbioy-
60 bgaogengbgdol  gbobobow.  dgodangds
sliglbgds Lbgs Fyotmgdoab o6 spgds dm-
(39990 253mygbgdomo  s@ol  glododolsw.
Agby@lgdobs s @AMOlL Jmmbemgbs bszds-
ME 505, 25Mgdy s©sd0sbgdols dmfgggs
Lodkodms, dop@sd oMo oo GHomwgbmdom.
35BPEMy960 35dm0ygbgds 035do @olo®mdy-
bgdgmow, @md  Ubgs bgobgdl o  aodmy-
H®MFIo0> 3mBgbgo@o bgdmJdgrgdgdo.

ENGIGISTEN G56bmIogngdosbo

3o@dEmA0l
QeoGdss. Jogomo @ogol 93g]Bgdol goblsb-
g Lobymggaros Lfmego o3 dgmmwon.

dmOgm@maog®o  sbogobo — oggaggl bg-
dmJdggdgdols s dom ool Om0gHm-
©530 300909 gdol sdmIFydsg Losl. @mis
35G0dgB@gools  Los

dogrosh  a@dgaros,  go-

5743900 gdoms  bojdgdo  dognosh oo
doomgds. OMoLs s MglydLgdols dmmbmgbs

bogdome  dosgnos  sdo@md ol dgdomdls
@0©gbmoM0g > MgobgoMog (33erseoby.

Ao yg@mdol by — asblobegdagh 3o@-
3900 Mool dmJdgegdgdl o slimEosiEoy®
b9dmJdggdgdl.  Ladkodms

Gopols  by-

dogmogo  @oyols

3509dg  swodosbgdo  do@ogno
0gb@ogogsioolsmgols

3356305035300 Logdome odsaros.

e Jdggdgd0ls S
3mMbgddogo I@y@do — LY®sgo abs Uy-
Ladgnm  bgdmdgogdgdol g@dgero Lools do-
Lbowgdo, ol agmolbdmdl j@go@oyga -

ISSN 1512-0996

www.gtu.ge



3(M330IBIAHIRO 3IC60IAIdS — COMPUTER SCIENCE — KOMMNbIOTEPHbBIE HAYKU

Gmgbgdol s
bgdblog  Lbiodogods

00g900l  29bg@odgdol. o3
3593y swsdosbgdo
sbogro  0ggdol  dobsmgdosw. Mglydlgdby
domnbmgbs dobodsay@os, sd0@md o3 bg@bls
bdoGoe ©odbdomg Lodygomgdoe  0ygbgdgb
bbgs bgdbgdolbogols 3m@gbaoygdo  bgyeg-
g 9bgdols dobswgdo.

hggb dogd  dgdmmsgsbgdyano

Lol gds

adb3g®-
iy 3o90033@a3L - 33EoRYdL
5 25bLobwgMogl 3 bgdbgdowsb yggemmaby
‘Igbogg@oll  dImigdgmo  Lo@dysioobsmgol.
h39b &obglobdRgOgm BaErergso, GMImydoi
>YGORYSIE0o>  Jowgarols

(30900 5©ygbL  Lodgecog®  dggomb-
390L, @mdmgdoi ©ogldols ImIbIs®goem gdls

©s  Jdbols

sbsggdo. gL

dmpgamobsmgols  gowsFyggdo-

gogdoms bod@sgamol Logydggenls:
Lgobodgds  G@sbomgdols

Foboowdga.  gliss
yggeos  dbodgbgarmgsbo  dgzombgs, goboowasb
ol obobogl  dgaoligdbols dobbgdl o  @ob-
Lobeg@ogl dmdbdsmgomobmgol bgandolo(g-
md  bydbl. Lgsbodmgds sbpgbl  3omggero
M0g0l bgaogengbgdol oo  Lool  ggbgdo-
M905L. 30ty dogmobbdgges Lokodm ds@sogno
M0gol bgdmJdgegdgdols goblsbwgdolsmgols.
sdob Lofobssedwgame, @mslodmgds 0ggbgdl
20JBHmAgdols dz0mg Losl, goblsbmg®agh od
980000, Oedgmbsg gl godhomgdo
obpgbl Lbgs bm@oosmy®  goddmmgdby s

(3R0gmdls  ©ssdys®ml dJobyb-dgrgamddogo

303906900 bgdmdggdgdl dmdol. demzgdoe
‘dgodangds

3oMggemo, dgmeg  ob

dmgendo
mM0g9 bgdboli gBhmse aodmygbgds.

bgandobsfgomdo  ©am  —  dgbodangdgemos
AmolL Lsdo s@hggsbo: owo, Lodygsmm ©s
d0my.

bgandobsfgomdo @gly@lbgdo — gobsbly®o
Aabyg@lgdo,

>  >Esdosby®o Omdggdoi

dmbofoggmdgh dgrsligdol 3mmEglido. oo

ISSN 1512-0996

www.gtu.ge

69

Lodo s@hggobos: oo, Ladygegmm ©s d300y.
3°M99g 39@lLmbsgro — 9 33omoxgo30g®o
osd0sbgdo  gBobgool  gubwol  yoMgosb
0dbgds  2o8mygbgdymo, olobo gsbobogngds
AO30603 »Tgrmdseo®, Fobsowdegy dgdmb-
393590 0lobo oG5 gomdsos™.

Ygdogogro s aodmdsgomo  335b0g0 s300
- m®o ob3gdo, Gmdmgdoi  gbgds 0dsl,
0y Godgbo Mompgbmd@ogos dgggaligdols
d9bwol Bogd  doggdygmo  ©>  yogdgmo
0bxgm@I>300.

Hgl3mbegb@gdo — gbgds sesdosbgdl, Gmd-
0696
Logs®xodmdo.

@agdoi  dgodargds 3odm gomn by

©yEgol
boabls:

m®o  dgzombgs

gbgds >0l 0y oMo Jgomogo-
3000 Aglbdmbpgbdo 0©gbdogoiEodgdygemo
©5 {gomdopo; o oy oMol Lododm jmb-
Lgbbylo o3 5©s5dosbgdls dm@ols.

39bwols Fg3tgdo — dgxsligdolmgol godm-
gabagdamo abrol Fggtgdo Tgodawgds ogs-
bgb dgxnsobgdols Bgdbmenmaools ,,d3mwby b

»oMod(3m©bg".

@Oo(HIOSHYOS = GO M@ 0gOFS. 07
@oBg@odgdgmo Fyomm byandolsfgomdos,
d5dob ol omgangds ,,{g0mdssw”, bomam
09 gMbgoEgbosmYMs — 0mgEgds ,,5oMs-
Yamdsmoe.

3oM0dgHtgdo — oy dglobfogmo  Ggdbm-
@EY0s SMHSS oMY 3oboggdo s dognosb
Oogeo,  ggges  3sMadgdo  ,,dgodangds
0©gb(H0GoE0OYoYEO™. !y
3592905005, S0@Mbggs 3s@sdg@do —

04els

bofoeno

1 O@S0-

©9b30x80(30M9d5005%.

30mdgdol  2oblobmgds — oy sdmizabs

s@hgymos o Aol gopsgk@om  s@hggemo

dobgogom, 35dob  3sbggbo

Bgdbememaools

0dbgds  ,bomgaos™;  Fobsomdpgy  dgdmb-

39350 3obggbo 0dbgds .00 s@ol bomgaro®.

L& I-OL 9H™MB3I30) — WORKS OF GTU — TPYAbI ITY
Ne2 (500), 2016



3(M330IBIAHIRO 3IC60IAIdS — COMPUTER SCIENCE — KOMMNbIOTEPHbBIE HAYKU

;901)6360 bodial  sbbsdl  bgdmJdgegools  0wgbBoxogsEools
©539 35390990 9JL3g@E9mo LobEgdol dmwg-  bg@bl,  @mdgol  dgdggmdomss  dmdbdomygdgenls

o 3609369mmg06 Famoml go@obl gowofygy  999dos ss@bomls swgsgeGg@o bydbo, 3OO odo-
Homgdg50l Jowgdols 3GmEgbol ds@mgsBo. 3Gof o dmEgdgmo yodgggamoe Tabgool Logyndggm by,
H0ga0  0gomlsbGolon ol odmggs ao@obHool,  bgINJIgEgdsms  0©gbdHoBogsEo0l bydbadols  jmd-
G003 Jnogodo  (3gmowgdo  syGomgdmasp  gobsdo- 0065305 989dH M0 0bLEGPIbGHS  MGSbobo30-
@@dg8L bomsbopem ©alyghols dowgdsl. 900b> @5 g@gdnl doGogolol sbogro Hybmmm-

5060369@0 Jnwgmols ©sboTbgmagdss H®g6ob-  30gdol  bgdmddggdol  0G@ddTo.  0gbGHoGoge-

390 obdo@gdol aofggs Loygzgmglem dgxsligdols ool 5dmobs 3o Logdomm Goygmos, Gopyob ol
bgdboli dglodhggom, dmEgdgmo JoMmmdgdols @ 980dbgds  Fo@dmbsbgols ©s 0bdgogosl ©o oG
‘dgbmgggdol  aomgosmolifobgdom. gl Imwgano >@gdmdl dolo Ggomobgdols senamdomdo.

@0 JOSB YOS

1. J. Coates. Technology Assessment — A Tool Kit. Chemtech, June 1996, pp. 372-383 (In English).

2. A. Porter. A Guidebook for Technology Assessment and Impact Analysis, Elsevier. N.Y., 2005, pp. 19-25 (In English).

3. R. Keller. Expert Systems Technology, Prentice-Hall, Englewood Cliffs, N.J.,1987, pp. 5-20 (In English).

4. Jan Van Den Ende, Karel Mulder, Marjolijn Knot, Ellen Moors, Philip Vergragt. Traditional and Modern Technology
Assessment: Toward a Toolkit. Technological Forcasting and Social Change. Volume 58, Issues 1-2, May-June, 1998,
pp. 5-21 (In English).

5. M. Small. The Value of Information for Conflict Resolution // Nato Science Series: IV. Earth and Environmental
Sciences. Volume 38, 2005, pp. 171-194 (In English).

6. L. Jame, Velverde Jr. Integrated Assessment Modeling. Comparative Risk Assessment and Environmental Decision
Making. Volume 38, 2005, pp.195-211 (In English).

7. Ck. Kwong, Wh Ip, Jwk Chan. Combining Scoring Method and Fuzzy Expert Systems Approach to Supplier
Assessment: A Case Study. Integrated Manufacturing Systems, Volume 13, Issue 7, 2006, pp. 512-519 (In English).

LGI-0L IBMIIB0 — WORKS OF GTU — TPY bl ITY ISSN 1512-0996

N2 (500), 2016 70 www.gtu.ge



3(M330IBIAHIRO 3IC60IAIdS — COMPUTER SCIENCE — KOMMNbIOTEPHbBIE HAYKU

UDC 007.62
SCOPUS CODE 1702

A PROTOTYPICAL EXPERT SYSTEM FOR REFINEMENT OF ASSESSMENT PROCESSES

R. Kutateladze Department of Business Administration, Georgian Technical University, 77 M. Kostava str.,
0175 Thilisi, Georgia
E-mail: r.kutateladze@gtu.ge

A. Kobiashvili Department of Economic Informatics, Georgian Technical University, 77 M. Kostava str.,
0175 Thilisi, Georgia
E-mail: anakobia@hotmail.com
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E-mail: kkamkamidze@yahoo.com
E. Baratashvili, Professor, Department of Business Administration, Faculty of Business-Engineering, GTU
E-mail: baratad9@mail.ru

ABSTRACT. A prototypical knowledge-based expert system is described which provides training for selection of the
best approach for assessment. By applying the expert system, a structure for selecting the assessment methods was
conceptually formulation.

The proposed prototype is based on the rules used to assess any technology. The system asks questions in order to
select the identification of strategies for different effects. As a result of the responses the user receives a list of ways
of identification of corresponding values of probability connected with them. In some cases only one strategy can exist
or there might not exist the corresponding strategy at all.

Focused on technologies, assessment is concerned to those effects, which are taken as a result of the adoption of
new technology, and also relates to productive impacts; for example, to learn the impact of a new source of
environment and society.

A system model is developed which selects the optimal assessing techniques, given certain conditions and
constraints. The impact identification techniques are discussed which may become the best tools for impact
identification.

KEY WORDS: assessing techniques; impact identification; expert system; knowledge-based system.
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NMPOTOTUNHAA SKCMNEPTHAA CUCTEMA AN1A YCOBEPLLEHCTBOBAHUA OLLEHOK

Kyratenapgse P.T. [denaptameHT 6u3HEC-aAMUHUCTPUPOBAHUA, [PY3UHCKUIN TEXHUYECKUI YHUBEPCUTET,
lpysus, 0175, Téunncwk, yn. M. Koctasa, 77
E-mail: r.kutateladze@gtu.ge

Ko6uawsunu A.A. [enapTameHT 3KOHOMMYECKON MHPOPMATUKKU, PY3UHCKUIA TEXHUYECKUIM YHUBEPCUTET,
lpy3us, 0175, Téunncwk, yn. M. Koctasa, 77
E-mail: anakobia@hotmail.com

PeueH3eHTbI:

K. Kamkamuase, npodeccop AenaptmeHta MHGOPMaTUKK, daKyibTeTa MHOOPMATUKNU cucTeM ynpaBaeHus My
E-mail: kkamkamidze@yahoo.com

E. bapaTtawsuam, npodeccop AenaptameHTta 6M3HEC-aAMUHUCTPUPOBaHUSA, daKyabTeTa BUHEC-UHKeHepuHra [TY
E-mail: barata49@mail.ru

AHHOTALMA. OnucaHa OCHOBaHHasfA Ha MPOTOTMMHbLIX 3HAHWAX IKCMEpPTHAA CUCTema, KoTopaa obecneymsaer
nposefeHne TPeHWHra Ansa Bbibopa Hauaydwero cnocoba oueHKU. NMpuMeHeHUeM 3KCNEPTHOM CUCTEMbI COBEpLUEHA
KOHLLeNTYan3aLma KOHCTPYKLMK, C MOMOLLbE KOTOPOW MPOUCXOAUT OTOOP CNOCO6O0B OLEHKM.

MpeanoXKeHHbIN NPOTOTUN OCHOBBLIBAETCA HA MPaBW/IaX, UCNOJIb3YEMbIX A8 OLEeHKM ntobon TexHonornu. Cuctema
CTaBUT BOMpPOCbl Ans Bblbopa MAEHTUPUKAUMM CTpaTernin pasnuuyHbIX Bo3aenctBuid. o pesynbTaTam OTBETOB
nosib3oBaTesb MPUHUMAET MepeyeHb CnocoboB MAEHTUPUKAUMM BMECTE CO CBA3AHHBIM C HUM 3Ha4yeHUEeM
BEPOATHOCTM. B HEKOTOPbLIX CAYy4asX MOMKET CyL,ecTBOBaTb TOJIbKO OAHA CTpaTerMs WAM COBCEM He CyLLecTByeT
COOTBETCTBYIOLLLAA CTpATErma.

OpuWeHTMPOBaHHAA Ha TEXHONOIMM OLEeHKa KacaeTca Tex 3¢h¢PeKToB, KOTOpble NPUHMMAIOTCA B pesy/bTaTte
BHEAPEHMA HOBOM TEXHONOMMU, U TaKXKe KacaeTcsa pe3y/ibTaTUBHbIX BO34ENCTBUM, HANPUMEP, U3Y4UTb BO3AENCTBUA HA
HOBYIO Cpeay UCTOYHMKA U CoLMyMma.

PaspaboTtaHa mogenb cucTembl, KOTOpaa M3 Pa3IMYHbIX CNOCOBOB BbIOBUPAET ONTUMA/bHBIN NPU ONpeaeneHHbIX
YCNOBUAX U OFpaHUYeHUAX. PaccmoTpeHbl cnocobbl naeHTUdmKaLmMm Bo3aencTeumi4, KOTOpble MOTYT CTaTb HAUAYYLWIUM
MHCTPYMEHTOM A5 naeHTUdUKaUnmn Bo34enNcTBUN.

KNKOYEBBIE C/NOBA: wnaeHTMOMKaALMA BO3LENCTBUM; CUCTEMA, OCHOBAHHAA HA 3HaHMAX; CNOCOb OLEHKY;
3KCnepTHasA cucTema.
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NATURE OF INTERACTION BETWEEN INFLATIONARY AND REPRODUCTION PROCESSES
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E-mail: g.tsaava@banklabonline.com
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E-mail: rati_burdiashvili@hotmail.com
V. Mosiashvili, Associate Professor, Department of Banking and Finance Technologies, Faculty of Business-
Engineering, GTU
E-mail: vmosiashvili@yahoo.com

ABSTRACT. 1. Peculiarity of modern inflation is that it is built into the reproductive process and can not be
considered outside the economic system as a whole. Therefore, in principle, separate analysis of inflation, generation
of income and production is irrelevant. All three processes are not independent, they are only elements of the
reproduction mechanism.

2. Analysis of the genesis of inflation must begin with the realization that the depreciation of money and the
associated rise in prices - this is only the formal signs of inflation, while its economic content with respect to the
produced goods lies in the deeper areas related to the reproduction process and social relations. Purely monetary
factors of inflation while only forming or further reinforcing the existing imbalances, in no case are the main cause of
inflation.

3. Identification of the real causes of inflation is necessary to increase the efficiency of state policy not only in
regard to the prevention of inflationary rise in exsiting prices but also other aspects of the economic policy. Analysis of
inflationary processes assumes that inflation in its origin and development goes through every stage of the
reproduction pcocess — on the one hand making particular impact on each of them and on the other hand is subjected
to reverse effect from each stage of the reproduction process.

4. This approach reveals the diversity of the factors causing inflation and the impact on the nature of its course:
align the set of conflicting theories and concepts of inflation; to develop the most appropriate mechanisms of anti-
inflationary policy that takes into account not only economic, but also social, and many other conditions for the
existence and development of the society.

KEY WORDS: future value of money; gross income; inflation rate; product cost; production costs.
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AHHOTAUMA. 1. Cneundunka coBpeMeHHOM MHOAALMM 3aKNt0YaEeTCA B TOM, YTO OHA BCTPOEHa B BOCNPOU3BOACT-
BEHHbI NPOLLECC M HEe MOXKET PacCMaTPMBaTbCA BHE SKOHOMMYECKOMN CUCTEMBI B LiesIoM. M03TOMY NPUHUMNMANBHO
Maslocofep KaTeneH pasaenbHbll aHann3 MHoAAUMK, 06pasoBaHUA AOXOA0B M NPOM3BOACTBA. Bce 3T Tpu npouecca
He CaMOCTOATE/NbHbI, OHWU NPEACTaBAAOT COBOM NNLWb 3N1EMEHTbI OAHOMO BOCMPOU3BOLACTBEHHOTO MEXaHM3MA.

2. AHanus reHesnca UHPAALMOHHBIX NPOLLECCOB AOKEH HAYMHATLCA C OCO3HAHMA TOro, YTO obecLeHeHne aeHer
M CBA3AHHbIN C HAM POCT LEeH — 3TO AULWb dopMasbHble NPU3HAKU MHOAALMK, B TO BPEMA KaK ee SKOHOMUYecKoe
cogeprkaHue nexuT B 6onee rnybokux chepax, CBA3aHHbIX C BOCMPOU3BOACTBEHHbBIM MPOLLECCOM M OBLLECTBEHHbIMM
OTHOLUEHUAMM MO MNOBOAY MNPOU3BEAEHHOro NPOoAyKTa. YucTo aeHekHble ¢akTopbl MHGAAUMM MPU 3TOM NULb
0bOPMAAIT UAN AOMOSHUTENIBHO YCUIMBAKOT C/IOXMBLUMECA AUCMPONOPLMKU, HO HU B KOEM C/ly4ae He ABAATCA
OCHOBHOW NPUYMHOM HAALMMN.

3. O6cTosTenbHoe OBHApY)KeHWe peanbHO AEMCTBYIOWMX MPUYMH, BbI3bIBAOWMX UHPAALMIO, HEOBXOAMMO ANA
nosbleHnA 3¢PEKTUBHOCTU NONIUTUKM FTOCYapPCTBA HE TOIbKO B NPeaynpeXaeHUN U CAEPHKUBAHUN YIKe BO3HUKLLETO
MHONALMOHHOIO POCTa LEeH, HO U B APYrMX acrnekTax 3KOHOMUYECKON MOAUTUKU. AHANN3 MHONALMOHHbIX NPOLLECCOB
YyUnTbIBaET, YTO WMHONALMA B CBOEM 3apOXKAEHWM U Pa3BUTUM OXBaTblBaeT BCe CTaguu BOCNPOW3BOACTBEHHOrO
npotiecca, ¢ O4HOM CTOPOHbI, OKa3blBaA Ha KaXKAyo U3 HUX TO AU MHOE BO3AENCTBUE, C APYIOW — CaMo NoABepranch
obpaTHOMY BO34€eMCTBUIO CO CTOPOHbI KaxA0M CTaanmn BOCNPOU3BOACTBEHHOMO MpoLLecca.

4. VIMeHHO TaKoW noaxon MNO3BONAET BbIABUTb BCE MHOroobpasve ¢akTopoB, reHepupyowmnx WHONALMIO U
BO3EMCTBYIOLMX HA XapaKTep ee NPOTEKaHUA; NPUBECTU B COOTBETCTBME MHOXKECTBO NPOTUBOPEYALLMX APYT APYry TEOpUit
M KOHUENUM MHPAALMK; BbipaboTaTb Hanbosiee aaeKBaTHblE MEXaHM3Mbl aHTUMHOAALMOHHOM NOAUTUKM, YYUTbIBAIOLLLEN
He TO/IbKO SKOHOMMUYECKME, HO U COLMAIbHBIE, U MHOTUE ApYrMe YCI0BUSA CYLLECTBOBAHMA U Pa3BUTUA obLuLecTsa.

K/TKOYEBDIE C/IOBA: 6yaywias aeHeXKHaa CTOMMOCTb; BeCb 40X04,; NPOU3BOACTBEHHbIE 3aTpaThbl; ce6ecToMmMocTb
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ABSTRACT. The paper presents the results of an experimental study of movement speed of heating element in the
liquid where the movement of heating element is caused by a reactive force, arising at boiling liquid and acting from
the boiling liquid on the heating surface. The study was conducted using the experimental setup projected and
manufactured specifically for this purpose and at the presence of a high-speed video recording.

The study shows that at the boiling, the greater the heat flux, the greater the value of reactive force occurred and
the speed of movement of the heating element in the liquid caused by this force.

It is suggested that in order to identify the factors affecting the value of reactive power and for better study of the
boiling process, it is advisable to conduct similar studies with different liquids boiling on the heating elements made of
various materials.
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ABSTRACT. The article presents the results of a study of the mechanical effects of boiling liquid on the heating
surface. The study was conducted with the help of a specially designed experimental setup for fixing reactive force
occurred at boiling liquid and a high-speed video recording camera.

It is shown that the value of the reactive force, generated by the developed bubble boiling and acting on the
heating surface, is constantly changing between their maximum and minimum values. At escalating the specific heat
flux increased the average reactive power as well as the interval between its maximum and minimum values.

ISSN 1512-0996
www.gtu.ge 93

L& I-OL 9H™MB3I30) — WORKS OF GTU — TPYAbI ITY
Ne2 (500), 2016



Jb6IAdIB03> —ENERGY — SHEPTETUKA

It is suggested that in each steady boil mode, changed reaction force is caused by the change in the amount of
molecules of the liquid per unit of time as well as the presence of other physical phenomena accompanying the
process of boiling.

KEY WORDS: behavior of the reactive power of steam; fermentation mechanism; liquid fermentation.
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ABSTRACT. Transformable systems interded for large-
scale structures usually consist of regular lever systems;
the structure of those defines the spatial position of
whole chain systems. The examples of such systems large
deployable antenna-reflectors are considered. By
including the additional inner kinematic chains in the
given deployable structural scheme, it is possible to
achieve rather high stiffness on the last stage of
deployment. Base on the structural analysis of presented
ring system due to introduction of additional kinematic
pairs the structural module is determined and
accordingly structural and kinematic analysis of basic
units is carried out. After the determination of basic
unit’s  kinematic parameters, the character of
experimental module motion, and accordingly the law of
motion of the whole system is defined, as well as
precision of transformation is determined on last stage
structural parameters for

of deployment. Optimal

solution of desired tasks are determined.
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INTRODUCTION

Transformable systems, which are intended for the
large-scale structure design are usually the regular lever
systems; the structure of those defines the spatial position
of the whole chain systems. The examples of such systems
are [1, 2, 3]; they were applied in design of antennas,
reflectors and large deployable bridges.

By including the additional inner kinematic chain in
the given deployable structural scheme, it is possible to
achieve rather high stiffness on the last stage of
and that will level of

deployment, increase the

transformation precision for real systems.

MAIN PART
1. STRUCTURE OF FORCE RING
Here is presented the structural scheme of the new

deployable force ring, which is the kinematic chain
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formed by the rod elements. The fragments of the chain
are shown on the Fig. 1 and Fig. 2; there are 4 and 3
sections respectively. Each single section is the
parallelogram shaped mechanism with double warpage
groups of alternating motion on its diagonal. It also can
be formed by threaded connection. If we consider the
given fragment as a planar system, the degree of motion
(degree of freedom) will be w=3n-2p, where for the given
group number of circles (elements) in the relative motion
is n=20, number of bindings is p=28, thus w=3:20-2:28=4,
it means that the degree of motion of each single sector

isequalto 1 (4, 5).

Fig. 1. The fragment of kinematic chain

Fig. 2. The design diagram of the kinematic chain

The same result is obtained if the structural scheme
will be considered without diagonal double warpage

groups (Fig.3).
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Fig. 3. The design diagram of the kinematic chain

For the given scheme n=16, p=16, w=3-12-2:16=4.
Here, each section also has one degree of freedom
(degree of freedom for each section is also equal to 1), to
determine the system it is necessary to add a lever in
every section. By synchronization of levers the motion of
the whole system is completely defined.

If the beginning of the motion is started by means of
single cable, the deployment of the system will have a
casual character; it will only depend on alternation of
friction in some nods, which it its tern is undefined value.

If we add one spring drive in each section and if the
structural groups on the diagonal axis during the
deployment can be fixed in the bounding position, then
the combination of spring drive together with one cable
drive will give possibility to fix the system in the bounding
position and provide the design stiffness (Fig. 4).

If the angle 6 between the planes of the paral-
lelogram-shaped mechanism is constant, than the dep-
loyment will proceed as a closed chain system, that as a
result we'll get the deployment by a circumference, with
the radius that is varied during the deployment as
P=PmintPmax, Where all values are dependent on design

characteristics (6, 7).

Fig. 4. The design scheme of structural chain’s latching, combined
version 1- parallelogram-shaped mechanism (section); 2. diagonal

structural group; 3. system’s cable drive; 4. spring drive
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As mentioned above, in the structural chain con-
sisting of parallelogram-shaped mechanisms, the degree
of freedom equals to the number of parallelograms. For
example on the Figure 5 in the relative motion w=4; so it
is desirable to have degree of kinematic motion equal to
w=1.Thus three new constraints must be added, and they
will be placed in the hinges that are located on the
diagonals of the middle parallelograms’ planes; for
example in hinges A, B, C, or better in A', B', C' hinges as
in the structurally less loaded units. Additional constraint
would be formed in those hinges by adding of bevel gear.
The cone angle depends on the number of sections in

closed chain.

Fig. 5. Additional constraints in the chain

The design structural module of this deployable ring’s
structural scheme is presented as a mechanism (Fig. 6)
which contains the 1% group — the chain OAO;A; with the
number of motion equal tol. It is connected with the 2™
group of the regular structure, where the number of
motion is equal to 0. The number of regular structures’

groups (Fig. 7) depends on the design data.

Fig. 6. Module of structural group for system analysis
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Fig. 7. Initial and additional regular groups

So by means of described above module the entire
system is characterized, and its motion becomes comp-
letely predefined.

On the Figure 8 presented is the fragment of force

ring’s structural scheme.

Fig 8. The structural scheme of the force ring (fragment)

where ¢, is the projection of lever’s deployment, p; is the
current value of deployment’s radius of curvature, & is
the central angle of the section.

According to the scheme £,=8¢sind, at the end of the
deployment €. =8, ¢=0+r/2, the radius of the

deployment

! lySin
p=—0__ o3P (1)

) i)
2tg—  2tg—
g2 g2
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The hinge of the design module - A, as well as all
hinges of the system move radially and in addition hinges
move on the parallelogram plane

For such complex motion the total speed can be
calculated in vector form as follows:

VA :VA) +VAA) ’ (2)

Each component of vector can be calculated by
means of the following formulas:
Vg, =11 =1, COS¢-
. l,cose
t —
g 2

The absolute module of speed for the hinge A is:

vA=‘/v§,30 +Va =10,C05¢-¢ [1+ 16 . (8

4tg >
92

The acceleration for the hinge A on the parallelogram

plane is calculated as follows:
apy, =1 COSQ- Q-9+ (,COSQ- P, (5)

and the acceleration in radial direction is:

lySine-@-¢ {,CO8¢ ..
aA) = 0 + 0 (P=

2tgg 2tgg
! . . ..
= 08(—S|n(p-(p2+COS(p-(p). (6)
2tg§

The total acceleration of the hinge A

ap ~|ans +35 - (7)

The obtained formulas give the possibility to
determinate all kinematic parameters of the hinges such
as: movement, linear and angular velocities and
accelerations. By these parameters all the dynamic
events which take place during the transformation of the
force ring are defined.

The experimental module of the force ring includes
four sections. It is placed between two guide rods, one of
which is fixed and the other is connected with it by
means of hinges, and its end is joint with the module of
target chain (with the last hinge). The initial element of

the chain is rigidly connected with the fixed guide rod.
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The end of the chain moves in the slot of the mobile
guide; so it is the imitation of the real system’s
movement (8, 9).

The chain is moving along the imaginary arc with a
variable radius. When the angle of rotation of the mobile
guide B0 the theoretical radius of the curvature R,;,=0;
and when B->Bmax then the system is deployed with the
maximal radius Ry In addition, the last hinge of the
chain in the imaginary mechanism is along the straight
line O;A and during the rotation mobile guide OA the
radius decreases down to its medium, but then increases
again up to its maximal value Ry

Rmax for the experimental module is known, its
current value is calculated in accordance with the Figure
9. Particularly, for the mechanism of experimental
module minimal radius is Rpmin=RmaxC0s286. Then the
length of the slot in the mobile guide where the hinge A

is moving equal AR=R,,(1-c0s286).

Fig. 9. The scheme of positions for the mechanism of experimental
module with four sections during the relative motion

(Bi— rotation angle of the mobile guiding rod)

In the mechanism 0,A'O, where 0,A'=4 &; (&, is the
vector sum of the sides in the sections), the rotation of
the mobile guiding rod’s angle - B describe the
trajectories, which take place during the deployment of
the real systems. Obtained results allow to lead the
experimental research of the kinematic chain in

accordance with the design data.
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CONCLUSION

On the basis of structural analysis of presented ring
system, by placing the additional kinematic junctions we
can draw up the structural module of the system,
according to which structural and kinematic analysis of

the main nods can be conducted. After the kinematic

parameters of the basic hinges are defined we can

determine the character of movement of the

experimental module, and in accordance with it define
the rules for the whole ring system’s movement and
calculate the precision of its transformation on the last

stage of movement.
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AHHOTALMUA. TpaHchopmmpyemble cUCTEMbI, KOTOpble NpeAHasHaYeHbl ANA KOHCTPYKLUMI 6onbwnx rabaputos,
06bIYHO COCTOAT U3 PErynapHbIX PbIYAXKHbBIX CUCTEM, CTPYKTYPA KOTOPbIX ONpeaenseT NPoCTPaHCTBEHHOE NONOXKEHUE
BCel Ko/bLeBOM cuUCTEMbI. PaccmaTpuBaloTcs CyLLECTBYIOWME MPUMEpPbI aHTEHH-pedneKTopoB NMofobHbIX cucTeMm.
BBegeHnem [OMONHUTENBbHBIX KMHEMATUYECKMX BHYTPEHHUX Lernei MPUHATA CTPYKTYpHas CXema C NOBbIWEHHOW
YKECTKOCTbIO Ha MNoC/iefHeM 3Tane pPacKpbiTUA. Ha OCHOBe CTPYKTYPHOrO aHa/iv3a MpeAcTaB/ieHHOW KO/bLEeBOM
CUCTEMbI BBEAEHWEM [OMOJIHUTE/IbHBIX KMHEMATUYECKUX COEAUHEHWUI OnpeaesieH CTPYKTYPHbIA MOAY/b CUCTEMBI,
COrNIacHO KOTOPOW MNpPOBEAEH CTPYKTYPHbIA M KUHEMATUUECKU aHanu3 OCHOBHbIX y310B. lMocne onpeneneHus
KMHEMaTUYeCKMX NapameTpoB OCHOBHbBIX Y3/10B ONpefenéH xapaktep ABWKEHWA SKCNEPUMEHTASIbHOrO MOZY/A, U B
COOTBETCTBUM C HWM, OMpedesieH 3aKOH ABUMKEHWA BCeW KONMbLEBOW CUCTEMBI, @ TaKXe onpejesneHa TOYHOCTb
TpaHchopmaLMn Ha mocsegHeM 3STane ABUMKEHWA. YCTaHOBJ/IEHbl KOHCTPYKTMBHbIE OMTMMAaJibHble MapameTpbl As
pelweHus Tpebyembix 3a4au.

K/TKOYEBDBIE C/IOBA: BHYTPEHHAA Lenb; KMHEMaTUYeCKasa napa; KPyroBasa CUCTEMA; PEryasipHblii 3/1eMeHT;
CTPYKTYPHbIA MOAYNb.

ISSN 1512-0996 1B I-0L IP(M3I30 — WORKS OF GTU — TPYAbI ITY
www.gtu.ge 101 Ne2 (500), 2016



06J06d%0> —ENGINEERING — MHXEHEPUA

UDC 535.87
SCOPUS CODE 2205

336060 S3BMBMBNIA0 LIBI30L LOVN650RIRIJ(M B@S6LBM®30MIdSR0D LOLBIFS

9- 99d8s@05Tgogmo boggdbmdgdol, L3gEosgydo

0bLBoR B0, LoJotmggemls
mdogrobo, 3. 3olbAogol 68°

LolEgdgdols s Loobgob®m gb@ybgganymaols
Badbogamo 9bogg@lodgdo, Lodotmggenm, 0175,

E-mail: medzmariashvili@gtu.ge

3. Lsbogodg bopggdmdgdol, L3gaosgyg@o LoliEgdgdolbs o boobgobdm gb@ebgganymaols
0bLBORYH0, Logotmggamml  Ggdbogy®o ¢boggdlodgdo, Lojsdmgganm, 0175,
mdoaolo, d. gob@egsl 68%
E-mail: sanikidze@gtu.ge

6. Foabsdg bopggdmdgdol, L3gaosgyg@o LoliEgdgdolbs o boobgobdm gb@bgganymaols

0bLBORYH0, Logodmggamml  Ggdbogy®o ¢boggdlodgdo, LoJodmggenm, 0175,

mdoaolo, d. gobFegsl 68%

E-mail: tsignadze@gtu.ge
boggdmdgdol, L3gEosgydo

0blBoR B0, Loodmgganmls
mdoaolo, d. gobEegsl 68%

6. 9gd3s®05Tgogmo LolEgdgdols s Loobgob®m gb@ybgganymaols

Badbogamo 9bogg@lodgdo, Lodotmggenm, 0175,

E-mail: nika-medzmariashvili@mail.com

%9:396%96@ godo:
9. Taomdg, Lol boggdmdgdol, Liggosmygmo LobEgdgdols ws Loobgobdm ¢gb@ybggaymaxols obl-

HoHIOOL 3obgmgoagdol PO, 3GOFILm@o

E-mail: tserodze@gtu.ge

b. @g06053g0@0, LEA-0b boggdmdgdols, L3giosgygdo bobEgdgdols ws Loobgobdm 9b@ybggeymaols
0bLB0HYEL IgEbogto msebsdd@mmdgaro, wmGmmo

E-mail: z.gviniashvili@gtu.ge

dogomds. gl 3mbbE@ydcos Lodygoagdsl odarggs

d6MBSB0S:  LoGosdo  gobbogoyamos  balme-
@e-badggObgn I3gbodgos Lyhggologsb ©edisge
LoliBgds, @mdmol godmygbgds dgodangds bodge-
3900, dogomomo  gobol LgBygolopsb @obise-
350, 53M9m3g Jbgdydo Lomdygdgdols dmbsfymdsw.
65D do  Fomdmpegboano 3mblE®YJogwo by
dob Fobgrgon ©ogedbawge, ogofysgm @ baggery
300md93d0 godmgiogn Lgdysol LoFobsswmdwgym

LolBgdol Lowgdmbl®sizom  gubaog®o  InFym-

L& I-OL 9H™MB3I30) — WORKS OF GTU — TPYAbI ITY
Ne2 (500), 2016

dofymdommbol  godeobomgol  bakodm
‘dgdiomgdols

®Omols

IBOO PHow
bgdmJdgrgdoliogshb,

oo
dogbg

5{)08()(3800)

396509 ®gOmgdols

tbggol dgdgodgdom  go  dgdEodegl  Izgbsdobs

s bogmayzols wsbosbgdom doygbgdymo bo@ogro.

503306  LOBI33S0:  ggbobo;  3mbLEA®YJE0o;
dmFgmodogmmds; LgHygol LoFobssmdpgym; @®sbL-
Rm@doMgoso Loli@gds.

ISSN 1512-0996

102 www.gtu.ge



06J06d%0> —ENGINEERING — MHXEHEPUA

TgLogogo
boJodmggermdo  bmgeol  dgy@bgmdols  g@m-
9omo  dodomswo  dJodo@mymgds  dgggbobgmdss.

Ooama3  3bmdogos, dmog@o Lgdygs ©s Jodo
360dgbgamgbo@  obosbgdl gobl, bgasdoy®  by-
3 Jdggdsl obpgbls dol bO@sDY, LEsdoey@o
demlogenol dogdsls ©s ba@molbbyg. bodogro bdo-
BHoE 50 Emd00 Joomb @s®l skoMbdgdl.
bogaol dg9@abgmdsdo  dg3bogdgodols,  Ggdbo-
Jobs s shogro Fgdbmemmaogdols ©obgdags -
@olbdmdl  dgbogdgmo  ggargggool
35630000985,  Bgdbogno s  Fgdbmemaoydo
Losbenggools s ao8mymbgdgdols 3Ms]@ogne yo-
3mdengdols

‘dgdamd

dmygbgodsl. >JB oG mdo@sb  po-
dmdpobodyg oo db0dgbgermds gbokgds Lobime-
@m-bsdgymbgm bodyoggdol ©oigol bbgowslbgs
B030L 699693030 baolosmol bgdmJdgmgdologsb.
390 gmamemmmyog®o bgdmdgogdobogeb bomys-
3000b ©o330L g@m-9Gm0 98adH M0 bodgomgdes
oMo aoabydgs. Lobmgem-bsdgy@bgm  jeyeo-
B0l Lgdygobopgsb oigol 3 dgmmwol s@bo
>0l ol, GmI bodpsggdl aowabydaggh 3s@o®s
IXOIRool IJmby Abgogdo doeggdom, Gog -
649639@04mRl dmbsgarols yo@msb@omdgdya dgbsm-
h9bgdol. s@iEmy 9dbodgbgems ol gojBoE, ™3
bgBgagol  Lofobss@dogam  aopsbydge,
Aamb, gdboby®gds gy@dbols dmbsganol Lsodgom

od0g9

53356 Jodologeb, IFgHhgdols o 3bmggergdo-
Logob. ggbobbyg Jodol yodymgomo bgdmddgwgds
3bmdognos,

G53  3odmobo@gds

Bogmgaemom
Ao IFgobg Logsdols s dFogg 3@ 93690l
39dob0g9M0  sbosbgdom, olig boswspols godmd-
OMd0m. goMs 5dobs, bomysggdoli oxgs@gs bsj-
domp  (ghomyx®gogdosbo doom 0fgg3l  @ob-
Lobwg@yen  bgdmJdgogdsl GoposiEogen dogsbl-
by, 30g0m3@0ds@ls ©s, gogasw, di3gbs®ols ye-
6o bygaolbogdga  bApsls ©s  gobgoms®gdsby.
3b00b 530beTo gowoby®mgol Jg9d boswspols Ggd-
39580 Ladygomme 2-3°%-0m bogangdos, ol
ISSN 1512-0996

www.gtu.ge

103

oo 360dgbgemds gl gobgmols Mgaombolmgols
Logdome sdsboliosmgdgammo ggsaggdol @AM, —
3ooby@gs boswsgl 9Yu@m bobay@darogo @mols
3obdogenmdsdo  gbo@hybgdls oJ@ogdo ggbol @g-
b0obmdols o gobo YRO®M @o3ombogyds®  om-
30L90L  Fyoel. gowobydgs Log®™dbmd  bgaogeng-
bols obgbl Jodol Lobjo®gbg, Gmdgemoi 4-40%-
0 dEoGEgds. 3bmdogos, GMI Lgdygobopash wsd-
(3580 15%-00  bO@Ol
496dbols dmlogoel, bogrem dsJ@oobmds 0do@gdls

LobEgdgdol  aodmygbgds

L5%-0m. dognosh Loygg@omgdms ols ao09dmgdse,
Amd Legeol 399@abgmdol jae@Gydgdol 3sloyg@o
o330l dgmmEo, Gmam®oi  s@ol  dswoli godm-
496905, 9b@bggenygmal dmlsgamol ©s3gol Loy-
3009bm geEep0g@o Lobygmsgoo.

bomJgo8005b godmdobs®y, sJB o yg@os bo@-
303900l s Lbgs ds@gdosmy@o gobgygmmdgdols
LgBygaol, Jodols ©s bogogobspasb ©sdiego sbe-
o 3mbLEOYJEogdols dgddbs, @oi gyolbdmdls
LEo@osdo gobbogmyao dsygdo Loli@gdgdol ©ss-
009JBgdols o mblE@Myodgosl, domo spgdols
5 9Jb3ens@oiEool dgmmegdl.

LgdYyaoL LoFobssmdwgam LobEgdol 3@sd@ogsdo
5bgMygols @o, dgogas, yuddbol go®sb@omgdey-
0 dmboganoli dowgdols 9b@ybggeymeasl  wowo
bmEosengd-g30b6m3ogg@o 3bodgbgenmds sab.

do@omswo bsfogo

L LgdyYgolbogsb 839660l w3330 s@Lgdymo
bolEgdgdol dmgarg dodmbomogs.

ddogomo Farols gobdogammdsdo, Lolmgenm-lo-
d990bgm g9 Ya9o0l  Jnbsgeosbmdols  gyob®-
by Lgdygob LoFobsowdpgam  gowsbydggdols
bgdmJdggdol 30mdmgdgdl Lfsgmmdwbgb Lbgs-
slibgs  Jggybol IgEbogmgdo, dom dm@ol gg61-
g0, JYogo, 3gLdsbo, 3Bgdlo, dgansdgogno.

BaM0bol  9boggdlodgBol
3936090960l dO™3gdo 53 JodoGrmyargdom. od og-

23M9m39  (3bmdognos

L& I-OL 9H™MB3I30) — WORKS OF GTU — TPYAbI ITY
Ne2 (500), 2016



06306005 —ENGINEERING — UHXEHEPUA

BMO Yool Imbsigdgdom, yowsbymgol Jggd wdxm-
dglgds dogtmygemods@o s bogmagol gobgomsdy-
b0l 3oOmdgdo, o3 bAwol dnlogmmosbmdslbs s
Lolbmgmm-Lsdgy@abgm 3dmeygliool bo@olibl.
Lobwgotaomgm, ddogoa  Jggysbsdo — s3b-
®0s5do (,L,RUSTAR”), odoeosls (“AGRINOVA”) o
Lbbgogob,  UgByggol Lofoboomdpgam  gowoby@gs
bygo soggee Famby 3gHos godmoygbgos ws spg-
dgaos  ddogog  smol 3gdBodby, @oi  9b@yb-

Lobemgaem-Lodgydbgm  3@meydcool

oygoab
Ygbs@hbgdsls s domoen ba@molbl.

3bmbdognos  Lgdygologsb  dizgbsdols  wsdzogo

dofymdommods (ygd. 1), Gmdgaroi dgoggds 339-
bo@mol  olisdoy@gdgaro  dogmyargdol dJmby  dm-
dgool Hoagdoligsb. 3i3gbo@ol bogmaols msgby go-
00 ob m@ogg FbGowsb FgdmBodgdymos dmdgd-
056 odsgogdodmgdgemmo dgg@mgdol dJmbg am@dogo

dogmyemgdo, a®dog  dogmyemgdby  dogdmgdygeos
obgggol dglsdargdenmdols IJmbg dmdboeno ©s3-
(3530 bgpsdo@o. 53 bysdodoli ©sbggymro Jwym-
3590l goJlodmmgoo ©s dob  Jggos boYodg-
090%g aodmol s@ddgdgemo oMo g gdgbdgdo.
300 g gdgbBgdol dmenmgdbg s@ol hodmbis-
dgeo dyeggdols IJmbg dsdmybo Lobgany@gdo Imd-
bogno bgesdo®ols sbggge-godgmolismgols [1].

506060 sdzog0 JmTymdognmdols bogenos
35369 bgdmJdgogdologsh dEgbsdols s@slsmabowm
053335 53 odmVggymos wsdEsgo bgwsdodols
3oL dggans  Lobgeny@ols 3mddgbgdolngols be-
1000 ©oEo AMom. 53 AMOL obdsgamdsdo
bogmago bosbpgds @mam@i bgdygol, olg dobo
05bdbgngdo  Jodoliopsb, Mol dgogaomsi 0bdy-
b5 bodogno.

by@. 1 LgByggobogsb 3i3gbodol @od3ago dmfymdogmmds

3bmbdognos  LgByggologeb gobol @sdiogo dmf-
godogomds (bg@. 2), Gdmdgeoi gopagds dmdgools
1 @oggoolysh, dmdgdols Lomsgggdbyg wsdog®gdgao
dsgdom dgdglbgon 39@Ig@ymew ©sbdymo 4 g
bogmo Jogngdoliogob o o3 Bogrgdby dogdmgdey-
@0 dmdbogno 5 sdog0 bgsdo@obopsb [2].

>mbodbymo sdEogo dmfymbdogmdbols bsgenos
dobo 3300y Jpa®omds, @ol aodmz bgdygol

056dbengdo Jodol s@goMmgol dgogase ©sdze-

L& I-OL 9H™MB3I30) — WORKS OF GTU — TPYAbI ITY
Ne2 (500), 2016

30 bgs30Mm0l sdkg@o dmJboeno dogngdo oweyby-
b5 ob 0@bgge, Gobsi dmlpggh ©sdzego bgwsdo-
@0l gopabs ob bogmyby Jodyxgbs ws boymazols
39300 ©obosbgds. 5dolmsb gBhmew, dmdgdols by-
> bofoemgddo wodog@mgdye ©sdkgmgdbg dogd-
0goygmo  sdi3ego  bgwsdodo  ggH b ybggen-
4ol 339bs@ol  Lomsbopme  ©ogol  Jodol
0obdbengdo LgGygologsb.

ISSN 1512-0996

104 www.gtu.ge



06J06d0> —ENGINEERING — MHXEHEPUA

by@. 2. Lgdygobogsh gsbal

333530 JPgmBommds
Log@msdm@olm  godmapogmgdols  go3bmdols,
YgbTogmobs o sbosgrobols Jgogagdowsb godmd-
©obodyg, dodomso oliyghgdo ws Foboswowgdgdo
LoJodmggermdo olobgdgom dgodargds hodmgoye-
@0omon dgdpgyboodoo:

- ggbsbolis s Lbgs dgodggslo Lsbmgenm-bsdg-
A@bgm  Jaem@adol  Lgdggols s  Jodols  dgdsbo-
3960 ©5b056g30Loaob woge doEyMo yooby®agols
bodgogmgdon  989dHaG0  ©o  3g@b3gdHogmo  dg-
0OmE0s  aosbydgols 3mblEygiool @gbBodganm-
40l b gbggeygmaols 30Hmdowsh asdmdwobomyg;

- 030 gdge0s Aodmebys®odgdols o jmb-
bEagJcogmo  bjgdgdol  dgdwogmdo  Legmymes
Mm3@odogydo s IMsogomagblicogdo Lolidgdgdols
dgJ3bols dods@myen gdom.

bodaoggdol  Lgdygol LoFobsowdwgam  aome-
byydggool  oggdobg  wobobomxgdol  dgdiodgods
>@oboly@ggao  genodody®o GodBm@goolysh Lo-
bmgam-bsdggabgm 3@ y@gdols 3sbogmdo ©o3-
30l IgmmEgdol GoBmmE yogM3gergdol, do@ogo

989JOaO™dol s AgbGodgmy@mbdol b ybggen-

ISSN 1512-0996

www.gtu.ge

105

gogol  doGomso

30bLAOYJ30gd0L  modgdygagdols
d60dgbganmgbo V93300980 abss domo sdbe-

dodoOmyagdss.  Jslmd@ogow

35dmygbgdomo

960l Bgdbmmmaogdmdols  gobGEs ©s  dobe-

@ohgoRmdol  Fgdgotgds  jmblBOgJGogme do-
Logngdols Lfm@op dgmbggom.

2. 3gbsbol @od3530 SgE™bmdogdo  Lgdygol
boFobso@dpgam GHobbgm@domgdsma bolidgds.

9L gobbH@adgos 3obggambgde LyHygoLopsb
Lolmgem-Lodgy®dbgm d3gbsdgms wodizeg dmfym-
d0@mdgol o odmoygbgds bomysggdols Lgdygo-
Lopob @obs@ogow, satgmgg bgdgdo bomdydy-
b0l dolbofymdo, @o3 badyomgdol odanggs ao-

0bodeml  Lobmgem-bsdgy@bym

3MmeydiEool
dobogemosbmods s badolbo [3].

3965bol og3@mbmdoydo Lg@ygol LoFobssmdwg-
30 BOblgm®omgdswo LobEgds dgoiegh 1 dm-
dgdoli  Gopagol 2 33gbomggdol  wobisdspa®gdgano
3 dogoygagdom, Izgbstgms 4 bogmaol megby
gm0 ob m@o dbMopsh FgdmAsdgdgem 5 gmdog
dogmygagdl 1 dmdgomob ©sdsgegdomgdgano dgg@-
mgdom, 5 a®dog dogmymgdby dog@mgdyen ©sb-
39306 dgLodangdbanmdol dJmby dmdbogr 6 ©sd(303
bgs30al,
0900l 7 goJbodmagdl s dob Jggos bofody-

o3 6 bgpsdomols wobggyero doymds-

96bg aodeol o@ddgmgen 8 soy® g 9dgb@gols
©gemgdols obdygero  Fymom
‘dgdgligdo doangdol Lobom, dmJbogno bgosdomols

ob  omdb®ogoe
8 goygdo g gdgbBgdol  dmemgdby  hodmlss-
dgemo  dgpggool IJmbg 9 Foddyb  Lobgeny@gdls
dodboemo  bgpsdo@ols ©sbsbgggee. ImTymdognm-
b0l aobsdagmom Lokodm ©@mols dgbsdizomgs-
o 2 3396509900l dogby bgdmJdgogdologsb dg-
Boe wobszegow, dndbogmo 6 ©sdzogo bgwsdodols
obgggeo dpgmdsdgmdols 7 goJlodmdgdo Fom-
o9l aobsdods wasMgddbyg wodsg@gdyeo jo-
YO0 ©gAmgdols Lobom dgbd g gdyao 8 gang-
d96@9d0Lomgol domo dmenmgdowsh bgmom aowe-
Loblbgar 35390l ob Fymomn dgdglgdo  gowy®o

L& I-OL 9H™MB3I3() — WORKS OF GTU — TPYAbI ITY
Ne2 (500), 2016



06J06d%0> —ENGINEERING — MHXEHEPUA

dogngdol Lobom dgbd g gdyamo gengdgb@gdolom-
0L domo Fmbobopob aowsloblbgen @ggem  go-
3990, 20bo30@s 1 aoMgdby odog®gdymo Jows-
6o @ghmgdol bobom dgbdrgemgdygammo 8 gengdgb-
Bgoobomgol  domo  dmmgdowsh  bgmom  yowe-
Loblbgemo 3oggdo dgodangds oyml @ybgomo ob
dologmologeb  @odboswgdyea,

093500 beogne

Fysmom dgdgbgdo goy®o dogngdols Loboo dgb-
@gegdgmo 8 gagdghHooobomgol pobggogbogo
7 goJlbs@megdo  gbws  0gml  sdbowgdyemo
Vymom  dgabgoygao  dogngdol Fmbobspob yowe-
webgol Jgbsdargdenmdols djmby w@gzoo  dole-
@olsgob. 7 goJlo@megdol Jggd 1 omdgools bofo-
@gddo  oygbgdygmos 4 bogmegol ‘dgdmd{gomdo
Loddygeols 10 gobogo dogmyemgdo, 6 ©odi3ogo by-
53000l aod@olisl Jomdg 8 Jowydo gengdgb@g-
0l goalogmdsm 4 boymaol ©sbosbgdols mego-
56 sbsEomgdms, boam Jodoli ws@godmmgaby
do{ymoo@mmdols  dgBo  Ipa®omdols  9b@dybggan-
Logmego 1 dmdgdol Jggos bofoemgodo gsbogow,
m@Ib@ogo  ©odopMgdymos
309bBolggh  boweybo
12 93bgoom aodmogno ©sdog0 bgwsdomol 8 jo-

@omdb@ogo  ob
11 @gHmgsbo  Lowgs®gdo
00 g gdgbBgdols dgbsgoggdemsw (L. 3).
3965bol  53BmbmIog@o  LgBygol Lofobsomdwy-
30 AMoblgm®mdodgoso LolFgdol godesdwy dobo
593530 6 bgodo®o 8 joyd gengdgbBgdby wob-
399 dpamdomgmdsdos (Lygd. 4, o). 8 joy®o
90 gdgbBgdol dmemgdo hslidymos 353930l Lobom
‘gl gangdagm 7 FoJlo@m@gddo (Lyd. 4, d).
LobEgdol aodes Jgdwgabsodom bpgds: 6 ©od-
(3980 bgsdomols gobsdods aoMgdby ooy dy-
b0 @gBhmgdols  Lobom  dgbergengdgemo 8 3o-
00 9egdgb@gdol dmenmgdosb mybgowo/ @ g-
3500 353900L — 7 goJlo@mmgdol bygemom ao@obl-
boo o6 Fymol dodfmpgdgamo Fyommwsb Fymom
d993Lgo0 gowedo Joangdol Lobom LG gangdyano
8 gangdgbBgdol dmemgbowsb wMggso 7 3oggdols
= godbs@magdol o3 gegdgbBgdoli Fmbolisysb yo-

L& I-OL 9H™MB3I30) — WORKS OF GTU — TPYAbI ITY
Ne2 (500), 2016

oblbom brgds 6 33030 bgesdomol godens. 6

bgeado@ol  aodaolisl 8

0533530 300
99396G0  mogolo fmbom  gd598>  Jaogom wo 4
bogmeggols  dgdmdFgmdo  Loddgools 10 asbog
3030090 gdbg  aoogm®gol  Ygogase  hsdmeol 4
bogmeggols g@mo b m@ogg IbGowsb olig, M @
gbgde 3sl. sd3080 bgwado@mol LY@sgsm asdensls
bgenls 9Fgmal dobo 8 joy®o gargdgbBgdols 10
35603 dogmyangdby poogm@gs. sdobmsb, @o©ysb
6 5333080 bgesdo®ol 8 joydo  gangdgb@gdo o
05350 6 bgpedo®o 0agds 4 boymegol dgdmd|g-
omdo 10 gobogo Bogmgangdol yomdgdm, obobo o@
>boobgdgh bogmal. 6 ©sdeg0 bgwedomol aoTd-
ol dmanm gBs3bg dobo 8 Joeydo gangdgb@gdo
hogodwgods 11 @gdmgebo Lowgs®gdols adybBolggb
boyb 12 9dbgddo @o3 mogol dbgdog 3b@yb-
302g08L gorg@o gargdghHadol Bggeggosl bydy-
0L mobdbangdo  Jodol  @s@gzod@golol Fo®dma-
boeno @bgggdol dods@m s 5dom mogowsh oi0-
gdl 6 sdego bgwsdomols 8 joydo gangdgb-
Bgd0m  doygbgdymo boymgol ©sbosbyosl o 6
533530 bgsdomols bogmazbg dodxgboon Lgdygzom

doygbgoyen bodowl (Lyd. 3).

by, 3. ggbsbol sgBmbmdoy@o Lgdygol LsFobssmBogam
BHo6bgm@dotgdswo bobggdob bmyowo bgwo goTmom
a6 903530 (dmJbogmo bgwsdodmol wslsbggger
356g79mgbogo  goa@o gangdgb@gdol dmenmygdby
hs8mbs3dgmo 358096 Lobgmygdom)

ISSN 1512-0996

106 www.gtu.ge



063060005 —ENGINEERING — MHXEHEPUA

%)
by, 4. JoFgmdommds Eobggrmo Imdbogmo bgmsdo@mon (5)
o gHoadgbdo (8)

Loli®gdsl  dgdwgaboods@  3g3og9b: 6 ©sdi3030

bgesdomols 8 joy@d gargdgbGgdl smogoliynmgdgb
11 Logyomgools 96bgdosb.  Fyaom

‘dgdglgoo dogngdol Loboo dglidrygmgdygan 8 owy®

12 bowybo

92093963 g0 dmblibosh Fyemol B0dFmegdgemo  {yo-

OMEsh s oimosh Faoliaeb. 6 wsdzsgo bgoo-
300l 8 Joydo gagdgb@gdols dememgdby hodm-

5335996 d9ggdols 3Jmby 9 doddyb  Lsbgerymgdls
> 6 ©od(308 bgodo®l osbggzgh 8 joyd geng-
3963 90Dy, 6 odiEogo bgwsdotols 8 joyd  gang-
396090y wobgggol dgdge  bgmom  go@sblibosb
096350/ M350 353906 7 GoJbs@mmgol, holigsdgh
8 oMo gegdgb@gdols dmamgdls s bgeol dmo-
Ydgdgb 7 35390-80JLodm@gol, @ols 39dggmdoms

ISSN 1512-0996
www.gtu.ge

107

Og30md0l dogrom 7 3oggd-goJLo@mgdo dgdmyg-

33905 8 jou® g gdgb@gdl s ©ssxgodbodgdls
do{gmdommdols sg930en damds®gmdsl (Ly®. 4).

by@. 5. bgdygol LsFobssmBpgam Loldgdol

borgdmbld@sgom Bu6di0a@o 8mfymdommds
53930 () ©d 3>Ymogn (3) dpymIs®gmdsTo

LEs@osdo Imizgdgmo  gmbbE®ydaogeo Uy
dol dobgogomn EsIbsEEs, sofym s LoJommgy-

@l gobobs s bgboanols  Lodgsgo  dsbognols

Joddmgdol  gamgbymo  396@3®ol  3menogmbhy,
dgbgomoli Go0mbols bmgga xowsy®sdo, Loggerg
300mdgddo, 100 IgB@o Loa@dol ggbsbols Moggdo-
Lomgols godmoEsws (Gmymai dmb@ogol, oby gd-
L3engo@oioolsl) Lgdyggol LoFobsomdpgam  Lol-
B9l Logdmbldmszom  g9bjaogdo  ImFymdo-
emods (Ly@. 5).

Omam03 bgdmo  segbodbgm, ggbsboli sg@m-
bemdogdo Lgdygol LoFobsowdwgam G®sbligm@do-

M90o0  LoliGgdol godeo-sg933s bmdE0 e ©g-

L& I-OL 9H™MB3I3() — WORKS OF GTU — TPYAbI ITY
Ne2 (500), 2016



06J06d%0> —ENGINEERING — MHXEHEPUA

b5 aMdogo dmdboamo mgdml g@gbols 3Mobzodom.
396oboli Mool Loa®dg dgtygmadls 80—140 IgB@ols
goBamgddo, ododmd ggboboli @opaoli asb{gMog
dodboeno mg@ml dmenm, asdmobs s ©obgggols
OML  hsdmdbhgds Fbmeme 1-15 d&ybom. §oT-
dgmdotgmdsdo  dnFymdoammdols

@ o@D 3®dogo

®gam, msgolbo dmJboemdosb yodmdwobodyg, dod-
439%9> Oga0gxol 3Gmgoals.

Lobmgatgomgn s@Olgdygmo bgdygobogsb d3g-
bomgms ©sdzogo dbsgoglo 3mblEMydicogoologsh
3oblbgoggdom, Lowsi  dowol  aod@ms-©s 39380
gmgger  @ogdo begds bgmom, gddogo dmJbogno
hodmizdygao  dodégbo

Lobgargmgdol d9dg9mdom, @oi3 dmombmgl o

®ghmgdol  deamgdby
AL ©s dopyg Igedogoe hodmdggdygaos, hggbo
dmfgmdogmbol  sdmJdgogds  dgbsdagdganos  og-
B®ISAPAoE, bods®msgo 3gm@Boesb, Lbgopslbgs
300biodom, dsm dm@ol 9.§. ©mdobmls 3@obio-
300, GoamaE aMdogo, obg aobogo dodoGrmygeng-
d0m, @oi LgBygolb @aml d0bodydsdeg 5330091k
533530 dool hodmdggdol boby@damogmodsl.

©sbggbs
537 dogos  sbogro  3mblE®Og]cogmo  Lgds,
Amdganoi 3obggnmgbgds Izgbsdgms Lgdygobogsb

53303 dmfymbdommdgdl  ©s dolo  godmygbgds
‘dgodangds botasggdol, dogomomsw gobol Lg@y-
30Logob sloogom, sadgmgg dbydygdo Lomdydg-
b0l dmbsfymdsg.

gL gmbledgdaos Lodygsmgdsl odamggs, Lolidg-
ol godemolomgol  Lakodm @m0l dgdicodgdom
d39b>Ggg0 o 0gol wegmo doghy bydmJdg-
©go0lbopob o Wsd3030 bgwsdoMoli joey®o wyHem-
900l @bggol dgdzomgoom, dgdcotogl I3zgbsdobs
o bogmaols @sbosbgdom doggbgdymo bo@sano.

AMAmO3 209m 333900006 hobl, aoobydgols
30039e0 Fgol 0y gg@dbols dmbsgogo 0b@©gods
Lodgogmme 14-17%-0m, osbydgol gJldaagsde-

3ools 4=5 Fanols dgdegy gl dohggbgdgero o>@§ g3l

L& I-OL 9H™MB3I30) — WORKS OF GTU — TPYAbI ITY
Ne2 (500), 2016

108

20-25%-b. o6 s@ol godm@oibyeo, @md ggbsbol
Lgdygol  Lofoboosmdwgam  goobydgol  go@®
bobp@demogo  gdb3grgs@oioolsl  aodmgamobogls
Lgdygolyeb ggbsboli 3sbogmo ©sigol dgmmwols
NONE NI
bo@molbmd®ogo sb3g@gdo.

omE bmdMogo,  sMS3g  shogno

LgByYgobogob odizeg  LobEgdsl  ofgl oo
030603049600 938360, ga@dow: bggb 39gGRbmd0m
AGbOYmo  ©o  JoPmggmo
L3gosmoliBgdol dogd, sadgmgg Fomdmoagboano
3MbLAMJaool  Loggerg  306mdgddo

d)Rgaor oMol yoggmgdgmo. s@lgdgm 33eg30d-
by oydwbmdomn 3o

03 ©sliggbgdl, @3

3odmEEol

09 ao30mgoobfobgdm,
amd 1 39]3>0Ddg  9odobpmdbolash ymggen§Fanoy-
Ao Lodgomme  gymdbols dmbsgarols 40%  bogw-
39M0gds, bogm doggdol asdmygbgdols dgdmb-
393590 do@demdls  Lodgomme
15%-0m, doGBogo  domgdsBogndo  asdmmgamgdom
™3

dobogenosbmds

(09 Bogmgemom, 49®dbol  @omgdymgds
Lodygoemme s@ol 1 @o®o) gmgdbygmmdm, Gmd ny
1 33d®ombg dmwol n g yycdgbo, ©sds@gdomo
‘dgdmlogogmo  ymggeFmoygdop  odbgds  (0.55%n)
oo by dbmeme  sds@gdomo  dgdmlsgmom
%9039 gdagdl aosbwogo mobbs sdmommls
7-8 (ol gobdoganmdsdo. gl 3g@omwo  Logdd-
bomdaop d9dzodegds, 09 gy@mdbol mo®gdyeg-
0l bogmo  s300gdm  @goboli  @oMgdymgdols,
9:0. ¥90dga0  msgolbo Fgdmbogenol dgdEodgdols
300979 ogoMogh aofgynm bodxgdl 7-8 (gwo-
Vodo ©s 3mdpyggbm Fangdol gobdogenmdsdo do-
Lo doGomswo dgdmbsgseo as0bdgds dowgdy-
@0 ©sds@gdomo dgdmbisgemoon.

3mbbHOYI00l  yobbm@Eoy-
930l gogasm LoJo@mggeml gdbgds Lodysag-
b5 dEaommd®og o Log@msdm@olm  dsbodby

‘99333900 dosFmpml Lgdygol, Jodol, Ibol ob-

Fo®dmwy gbogno

Bablboydo wsbboggdols s Logogobogeb digbe-

GOgms o330l shogno,  Lfdogsw  golsdangano
3MbLROYJ30o.

ISSN 1512-0996

www.gtu.ge



06J06d%0> —ENGINEERING — MHXEHEPUA

@0 ISR O

1. www.frustar.com

2. G. Topuria, B. Topuria, G. Topuria. Hail Protection for Plants, Particularly Vineyards. copyright Georgia. GE P 2011
5259 B, A01G13/0, Thilisi, 2011 (In Georgian).

3. E. Medzmariashvili, N. Tsignadze, M. Sanikidze, G. Medzmariashvili. Hail Protection Device for Vineyards. National

Centre of Intellectual Property of Georgia, Sakpatenti, Patent P 5979, Thilisi, 2014 (In Georgian).

UDC 535.87
SCOPUS CODE 2205

AUTONOMOUS ANTIHAIL TRANSFORMABLE SYSTEM FOR VINEYARDS

E. Medzmariashvili Institute of Constructions, Special Systems and Engineering Maintenance of Georgian
Technical University, 68b, M. Kostava str, Thilisi, 0175, Georgia
E-mail: medzmariashvili@gtu.ge

M. Sanikidze Institute of Constructions, Special Systems and Engineering Maintenance of Georgian
Technical University, 68b, M. Kostava str, Thilisi, 0175, Georgia
E-mail: sanikidze@gtu.ge

N. Tsignadze Institute of Constructions, Special Systems and Engineering Maintenance of Georgian
Technical University, 68b, M. Kostava str, Thilisi, 0175, Georgia
E-mail: tsignadze@gtu.ge

N. Medzmariashvili Institute of Constructions, Special Systems and Engineering Maintenance of Georgian
Technical University, 68b, M. Kostava str, Thilisi, 0175, Georgia
E-mail: nika-medzmariashvili@mail.com

Reviewers:
Sh. Tserodze, Professor, Head of Department at the Institute of Constructions, Special Systems and Engineering
Maintenance, GTU
E-mail: tserodze@gtu.ge
Z. Gviniashvili, PHD, Researcher at the Institute of Constructions, Special Systems and Engineering Maintenance, GTU
E-mail: z.gviniashvili@gtu.ge

ABSTRACT. The article considers the agricultural protection plan that can be used to protect plants, for example
vines from hail, as well as arrangement of simple greenhouses. Demonstrative functional device of anti-hail system
was manufactured, assembled and tested in the field condition by the design presented this work. The proposed
structure with less time needed for unfolding devices, makes it possible to protect the plant against adverse
conditions and reduce the loss of plants and fruits by reducing the intensity of branch vibrations.
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AHHOTALMA. PaccmoTpeHa 3almnTHas CUCTEMA Ce/IbCKOXO3AMCTBEHHbIX PACTEHUNA, KOTOpas MOXKET BbiTb Npume-
HEeHa ANA 3aWMUTbl HacaXKAeHWW, Hanpumep, N03bl, OT rPaja, a TaKKe ANs YCTPOMCTBa Nerkux napHuKkos. [o
KOHCTPYKTMBHOW cxeme, MpPeacTaBleHHOW B paboTe, W3roToB/fieHO, cOBpaHO M B MONEBbLIX YCAOBUAX MCMbITAaHO
OEMOHCTPALMOHHO-PYHKLMOHaNbHOE YCTPOMCTBO MNPOTUBOrPafoBOM CUCTeMbl. [lpeacTaBneHHas KOHCTPYKLMA C
YMEHbLIEHMEM BPEMEHM Ha PaACKPbITUE YCTPOMCTBA faeT 6o/blue BO3MOMKHOCTEM 3alMUTUTL pacTeHMA oT Hebna-
ronpUATHbIX BO3AENCTBUN, a TaK¥Ke C YMeHblleHnem KonebaHuii KpaliHUX CTepXKHel 3almnTHOM NOBEPXHOCTU CHU3UTD
HaHeCeHHble YBObITKM OT NOBPEKAEHNI PACTEHUI U NNOAOB.

K/TKOYEBBIE C/IOBA: BUHOIrpaaHWK; KOHCTPYKUMSA; NPOTMBOrpPasoBas TpaHchopMUpyemas CUCTEMA; YCTPOMCTBO.

L& I-OL 9H™MB3I30) — WORKS OF GTU — TPYAbI ITY ISSN 1512-0996
N2 (500), 2016 110 www.gtu.ge



063J06d%0> —ENGINEERING — MHXEHEPUA

UDC 62
SCOPUS CODE 2210

d30393-R056R530L @bIZNMO 3(MIASIMJNL 356DMBORISIR( 350 TFSBN3IH0
JORINOL RSOFIF03Id0 RS 3oLJdNL RN65303IMN) RoB30®0)30L dS6LS R3S

Lodom  gdbmemgogdols ©g3sm@edgb@o, Lsdommggenml Bgdbogn®o  9bogg@lo-
7960, bogodmggerm, 0175, mdogoolio, 3. jmbEegsls 75

g bgossygmo

E-mail: v_zviadauri@yahoo.com

3 099560Tgogno &. gomols  dobgoboms  dgdobogols  0bLEOF PG, Lodstmggem, mdognolo,

9- dobpganols 10

E-mail: ge.tumanishvili@gmail.com

0. bopomsdy

530 bemgol Log@msdmmobm 9boggdlbodgdo, LoJodmggemm, mdogrobo, 20131,

05300 >@dsdgbgdeol bgogsbo, dg-13 33
E-mail: tengiz_nadiradze@yahoo.com

9:396%96@® godo:

o dgg5bodgogno,
B>396@¢0l 30mgz9bmco

E-mail: bezhanishvili@gmail.com

L. 9gdmbos, @. gseol dobdsbosms dgdobogols

35bgmxzoamgdols byganddmgabgeo, 3Gmygglm@o
E-mail: meboniaslava@mail.ru

S6MBSG0S: (30005, H™MI 9303570l Imd@sm-
45l mob obanogl Log@zomo @bggomo 3Gm3gLy-
b0, GM3gmmogsh mdobodgdymo dbodgbgenmds
5J3b 390G0go 9@ dppgbegol, mgdas yobog ©s
d&9bgomn  @bgggdl  dgydanos Slggg 360dgbgenm-
3560 2ogagbols dmbegbs doligdl dm@ol wobsdo-
3900 ©5B300mggo0lL  gobofomgdoby.  gg03sg0l
©0bsdogyg®o  oBgodmggdol hsdggdo Gymagdos
ngoge-Ggabol  Fygomo  ©>  03ddogol  Fygoen
Mgomob ods3ogdoMgdgemo  joogsebs Aoma(39ds,
OmIgeoms  Jn@ol  ©obsdogy@do  oGgodmgs s
bobybols dogns gobo3ommdgdl LoliEgdol bobyodd-

@gmdols s bm@dsmy® gubjombogdsl.

ISSN 1512-0996

www.gtu.ge

bEg-ol  Ladomm-ggmenmyoyco

111

B39 BgHol  Lodmem  Ggdbmamaogdol  ©g3s@-

0bLB0RYHOL FobJobomddgbgdenmdols 3Bmda gdgdols

30 gdols  aodmbsjgmggoe  Loli@gdydo  Bog-
300l bogydgamby  ©adydsggdgmos  gandogaols
Logthomo @bggol ©obsdogydo dmogemo ©s do-
@9dgos bobylmoegdo s@ybbydom yodn§gygeo
Logthiomo @bggols gob@mengdgdo. ho@ogdyemos
@ogbgomo  5Jb3g@odgbGaoo  gardsgerol  gdowag-
bgen doligdl dm@ol obsdogy®o @s@goMmmggdols
3obLob@g@ols dobbom dslgdols s HggoLo  do-
mgdol Lbgowslbgs 36093bgemmdgdolsmgols.

153356 LOBIBIB0: EsyBglm@gdgemo Isbols
‘d93(3009d; @obsdogydo gardogemols @bgggdo; do-
0935304960 Jmpgao; Jmgeo®gds; Loli@gdygdo
dopmds; Fygommgsmo-tgubo.

L& I-OL 9H™MB3I30) — WORKS OF GTU — TPYAbI ITY
Ne2 (500), 2016



063J06d05 —ENGINEERING — MHXEHEPUA

TgLogogo
3bmdogmos [2, 5], dm3 @bggol gogyom gob-
30050 9d9e0  ©obsdoggdo  s@godmgs 3bodgby-
@mgob gogemgbol sbpgbls gendogamols 39 domdoby
o> 0fg393L dobo dmdd@sgo bsFoangdols 0b@gblioyd
(33995L o ITYgMdGHowsb bosmgg aodmlgasl.
>0 ligd e

©obsdogy®  ©s  domg-

de2dogeools
3530390 dmegemgddo [2, 5], bowsn osmfgdogos
6bggomo 3Gm3gLgdo, bOYmsw o@ s@ols dmiy-
dsligodols QO00gOHm Jdgogds,

6odA™Ido

0bg@ 0o
donogo®o

dyeo
653 ©5bosbgdols
>ddMog0

Tgomrmo;
Vagommgarol  gdoarabo

9O00gAmJdgogds

3obbognyganos

3o5393>do  gdoangdols

Jee-
dogemol obombgb dsligdmeb  YHmog@Hm jogdomdo

oliggg,  OmamA3 Fygommgaols  0bgd oo

bgdmdgegds @osbpayby.
>mbodbymosb  godmdpobadyg,  Fygogmmgaols

ded@omds  gobbo@yamos BoMEMbMs© MMYMA 3

53d®ogol  dodo@m;

535l ob,

@osbspol, olig

dom-

M 93500  dogngbdolbs,

Abggol  Rm@docgdsls

PNGICN
3obols

MONMYYED0
3obs30MMmbgdls o3

dsbgdols 0bgMzogmo POmogdm Jdgogdsc.

doMomso bofoao
Logdomo  dm@gano

Hmdgendocy

gendoganol  obsdogygdo
30Mggem  Lgdomndy

boBmgaos Mg 53dMogo  gdogoby®o  gowsgdom;

3odmbobymos

d@9bgomo  Imd@omdgdo  aodmbabymos  gogng@ols
Jambggdom (L@, 1, &).

dolgol dm@ol @ggoo gogdodo gomgogols-
Fobgogeos Ki, Ky, K3, Ks, Ks, K Lobol@dol péggs@0

952999609000, Sbggyg,  0bgBzogmo
d9090s> Fygommgogls s @gebl ©s s3ddsgols

9ON0gOn J-

s Fygommgeol  3doesbgol dmeols — Jglbode-
dolio obgBoygmo Fgzdgoom.

Log®Eomo @bggomo dmddombdols gob@megdg-
b0l domgdolols godmygbgdgeos LoliGgdy®o dow-
3030l dgmmeo [1].

L& I-OL 9H™MB3I30) — WORKS OF GTU — TPYAbI ITY
Ne2 (500), 2016

Vygommgaols dmd@omds @ganlobs ©o >dd@o-
g0l dododm  gobobogngds @MAM@ 3 oG EMb0mMO
dmddomds, boam mngommb Ggalol s s3d@sgols
dmddomdgdo  —
doamdom gob@magdgddo @gze s Fobsswd-

OmamO3  does@sboma.  sligmo
©0g3md0L  dogngdmsb gHmo sobsbgds 0bgdz0%)-
o OHM0ghmJdgogdgdo  3doasbgdl dm@mols ©s
Tygommgombs ©s @genlls dodol.
35b@mEgogdols
Looayl@@oEomo asbgoboamon  gendsganols g@m-

domgdol  m5b530dEggdrmdols

9omo Gymeols — Fygommngmmol bogdEomo @bg-
A dBsmds dolg-
bdobmgols doowgds  dglodedobo sbogrmyoy®o ao-

3000

(gendsgarols  @obo®hgbo

dobobyangdgdo).
m; (ygommganols (byd. 1,2) my @gaobol do-
dodo  @bggomo  dmd@omdol ®mL  dobo  msogo-

byggoemo G Fgd@ogols  (Liga.  2)
dmd@omdols sdbmeny@ydo Lohs@ol g9J@me e

Log®9do

3)

boy@. 1. gendogenol ©0658039G0 dmpgmo:
o) bogdmm Bggds,
8) 309630m0 dmd@omdol gogghol 3gmbggdo

3odmbobymgdsls gdbgds dgdwgao Lobg:

Ve, =Vor + 002 X Ry +Vo3 + 003 15, (1)

oo Vi @geobols Loddodol 396@®0l {@gog0
LohJotgs, Ve — Fygommngaol Loddodols 396@®0l

ISSN 1512-0996

112 www.gtu.ge



063J06d05 —ENGINEERING — MHXEHEPUA

Fogogo  Lobds®yg, wor o agabols s

Vygommgaols d@9bgomo dmd@smdols Loho®ggdo;

Wo3 —

r o Ry — @opoyl-ggddmegdo, dglodsdobsg,
Fygommgaols  mogolggsmo  Fgd@omol  Logy-
oMo s @galol gm@Eobsms  LobEgdol do-
doom (Ly®. 2).

Vasommogarol  3obghoggco
Lobyangdsl 9dbgds Lobg:

9690200l 253m-

D) Vél
T3:ZM3i7:
i

n, 2

1
:EZMN [Voz + o0y x(0,05 + 135 ) + Vo3 + 003 Xrﬂ »(2)

bOQOG 0203 + ;= R:;i (1)"('](1) 2)

Z3
Fyzoc-
ms):-n
il
3
- X
Y 3
“ 8
= fmymbao
Xz
Y

bg@. 2. Fygogmmngmol dmddomds
Ggebol ododm

3069303900 9bgmgools sbogoby®o aodmbaby-
@9qdgbol Jobowgdo brgds (2) asdmlobyagdols
3odans olobmob  ©ogogdocgdya
(35, @genliol) gmmGEobs@ms @gmdgdbyg dodds@-

Gmdgen0dg

mggeo  3obobyglgdols Lodgomgdom, @mdengdogs,

gog@0b  ggobyos
Ly, 1, 8) Lbgoslbgs dosbgnmgdom @bgggdols

Lowowgby ©sdmogdygmgdomn [1].
gggens dobols jobg@dogn®o gbgdaools godmom

mogol  dbcog, 0dargds

9goOm  Oedgeody gom@aEobs@ms Lolggdol @g®-
dgobg o domo ool dodo@m gop@sbgols ob-

ISSN 1512-0996

www.gtu.ge

113

BMEgdols asdmygbgdom doomgds gandsgenol, @m-

3063 ghmo  doaosbo  bobEgdol: ,,d3semo  —
Agebo — Fygommgogmo — g@ogs — do@o — 5dd-
530, ©MYzo00, 0bgBO GOm0 s Fobomdpgamdols
dogn gdom YOm0 gOHmnwsogdo®gdymo,  LogMzgdo
Gbggomo  Fd@smdols  ©oggMgbEosmy®  yobEm-

gdoms Lol gds.

3oblsboanggano
35b@M@gosl gdbgds Loby:

‘dgdmbgggzobmgol  @oa@sbgols

d, oT U
E(a—_)—a—Jra—q_):qua 3)

o0
oq, G oq,

bowosg T wo U dolgdol  gobgBogygdo  ©o

3m@gbEoyg®o gbgtigogdol xsdgdos:

T:Zé:T- ,u:iuj j=1+6, (@
j=1 j=1

bogm ¢ doowgdls dsbgdols Logmzgdo dmd@smdols
(dbggolb) gmmaEobsggdol 360dgbgarmdgdls
G=X, Y1, 21, O, Wi, @1, ..., Xs, Yor Zs, sy Voo 6.
6bggomo  Imd@omdobsl  Fobsowdwgamdols  do-
m9d0 hgguegddog doowgds dmd@omdol Lohomols
3Om3mAogms; Sbgm dgdnbgggsdo  ©obodsio-
9@ 39bJizosl gdbgds Loby:

O=0(q; )
> (3) aob@mengdsdo  mommgygeo  dsbobmgols
‘dgodgngds dgg009L dgdogao Labom:
1>,
®=_h(a), 5)
1

boo gs dogomoms, 3odggeo dobolbogol  do-
00gdl x, 31, 21, B, i, @ 360dgbgenmdgdl. o3 gb-
Jaool 39@dm Foddmgdyangdo Lobhds@®ggdomn dmya-
3996 Fobosmdwgamdols dogngdols 3mI3mbgb@gdl.

Foboswdwgamdol Ai 3mgn030gbBgdl asblsbrg-
@396 o6 9Ju3gM0dgbdgmon, b AL gary-
396@ 900l dobigdmsb Bodog@mgdols oo gdols 3m-
mGEobs@gool dobgogom [3].

L& I-OL 9H™MB3I3() — WORKS OF GTU — TPYAbI ITY
Ne2 (500), 2016



063J06d%0> —ENGINEERING — MHXEHEPUA

gendogenol dbggomo  Imd@omdol  aodmd{gggo
350y dogrgdo dgodengds s>@dm3gbwbgb mgaol b
Ggoboll  ©sb0osbgdgdol  Ygogyew, GMIgemsi
9d6gd>  aoM3399e00  bobdomols 3g@ompyeo  bg-
dmJdgegds gandsganols dmddsmdols LobJomgby o
dmgogdgmgdom. @bgggdol Fyodm slggg dgod-
@qds 0gml dBogswsb Fyzommgombg oo sby®
3005399570 sALgd Ym0 sMMggggd0. mMogg dgd-
mbgggodo s@dabbgdo dogns Agsmme  bgdmdg-
©gols

sdo@md, gl doans

Vagoogomby o,
Vygommganols dbggol  gobBmangdsdo dggs @m-
306G smdgbbgdo dogms.

3069603900 gbgdaool godms oM@ obs@ms
©gHdgdbg aobbmmzogmegds doddsmmggmo jmbo-
bylgool Lodgoggdom [1, 3], Lowsi Lobylgdols
©s gmbobylgool wodws JHoamg-gog g@ol gym-
bggdom bpgds §Oxgogo ob s@sf@g030 dosbanmg-
dom Bbgggdol Lowowgls s dmmnbmgbogr Lobyl-
B9by ©sdmyoegdygmgdom. oy dgImgogedyarg-
dom @bgggdom, AOmImol ambsg 6, v, @ gym-
bggoo o os@gdo@Bgds + 300-15, 95906 ‘dgodangds
‘dgdmgogetammn  goggdol jgmbggool  Gooym-
bmdgd@oygmo  gybdEogdol bodolbmd®og ®oag-
do©  sdeol 3o@mggemo m@o  {gg@om [3], 9. o.

SNB=0-0>/6; cosO=1-0/2 s 9. o3 Vgdo-

bgggodo, dmdMomdol  gobBmengdgddo  doBomsw

F93090mob gohmow, Gmdmgdoi dgozegl 0, v, @
JMmMOEobs@gdl, @hgds dg-2 (92/2, \VZ/Z,(pz/2,9\|/

©s o D) o 393 (6°/6, v /6,0°/6,6%y,6y% 0vo
s 5. 4. ) @oaol Fggdgdo s smbodbymo Logwo-
©g900l  3oMggmo o 992 Foddmgdyemgdo M-
0m. sbgmo gbom doowgds d30Mg sOSFOB0gMb0l
9V 33obof@g030 gob@magdgdo, @mdgmmms  sbe-
@obo  ©o
90900 Lodygomgdgdom 5@ sMols Gogeo.

3069004940,  30@HgbEogA0  ©d
AB96J30g00L  Bolidom  @og@sbgol  gob@mengdsdo
(3), doowgds dglsdsdolo oMsF@g0g aob@meng-
doms Lobi@gdo.

Jmpgaodgds  msbsdgpdmgg  gmd3o-

©olodszogdo

>mbodbyao  Loligdygdo dopamds  gendsgarols

L& I-OL 9H™MB3I30) — WORKS OF GTU — TPYAbI ITY
Ne2 (500), 2016

dolgdol  LogdEomo  O®0gOmEs sz do®goygeo
dmddosmdoll  oggmgbgosmyd  AobBmagdoms
LolBgdol  Jowgdol  Iglodmr gdenmdsls  odanggs;
dd@omdols  aobBmengdgdo  YOHM0gAHmnws3ogdody-
o0 0dbgds 0bg@ogmo, [oboowdwgpmdol @o
093500 bbgowolbges bo@olbols
bod@ogen gdols >M5{ O xg03m60L  (b5dMsg-

930b) ydomargbo badolbo gobolsbwmgmgds Lolb-

dogngdols

Labom.

Bgdsdo  (hggbl dgdmbgggsdo  gandsgoendo) @by-
30000 30m3gLgdols Lowogby ©sdmjowgdyegdom.

dmd@omdoll  ©oggmgbzoomy®d  asbBmagdsms
Lol gds 39JBmO o

‘dgodgmgds  aodmglobmm

Loboo, dgdwgabsodsw:

. n .- .- . . . .
m Qi+zmjf(qj'- d;d;, G 9,9 9;9;)+

ij=l

D0 (G 6.0+ D kg T4, 6a;)=Qt), (6)

ihj=1 ihj=1

Loo M, M 5@l dobgdo  ©s  obgdioob

dmdgbdgdo 4496300 BdMomdsby

Yogog @

05dM 0 gdsE gdom;
zmj f(a;, 9;0;,6d;,0,d;d;) — 0bgdGogmo
ij=1

dogngdols wodo;

n
Zqu f(d, 6 gj) — Foboowdwgamdol dogngdols
il

xodo;

n

z kqi f(d, 60;) — eOggoeo doagdols xodo;
i

Q(t) Ggbogob oo gdgeo
9J3b3sLosbo  Lobgdobmgols i, j =1+ 36, f ¢964-

dogn 960;

30ols bodobos.

hggb gobgoboangm doligdols (Ly@. 1) dbmanme
390E0go@ @0 (Amam®3 ©mdobo@gdewo) @bggyg-
b0l 3oF@x039d9ao0 (7) gobBmangdgdo o gohggb-
90 53mbbol bmaogdmo dgogao (by®. 4, 5). 9g-2,
39-3 o 39-6 3obGmEgdgddo, yoMEs WAHIOPO do-
@gdols, dmbsFomgmdl gomogdhmdgbgdsdo dym-
Q0 My, M3 s Mg I5Lgdol 0bg@Eogeo dogn gda(s;

ISSN 1512-0996

114 www.gtu.ge



063J06d05 —ENGINEERING — MHXEHEPUA

m, Z4

m, zs = k,,(z, — z,) - C Zs;

F (1) ool dgebowsb (ygommgombg aowszg-
dgeo 3gMomeygmmo bosbosmols dogns, AmIanols go-

dmbobgs  dosbenmgdom  gbsdargdgamos  Lobyliem-
000 B9bJi3ool Lsdysagdom
F@®)=Asnh at, ®)

oo A dognols sd3aodygoyg®o 360dgbganmdss, @
— gdogenol LohJomgby ©sdmjogdagemo  s@dp-
bbgdo dognols Lobdodg.

9629-39605L @ogbgomo dgmmwol gsdmygbyg-
dom [4], (7) domgdo@dogy®o dJmwgamols bogydggen-
by hoGods 9JU3900dgbBgd0  gan-
dogemol @ggoeo gargdgb@gdol, Fobsomdwgamdols
dogngdols s dobigdols [5], [6] Lbgowolbgs dbodg-
bgemdbdolbmgol; >@dabbgdo dosgnoli Lobdomyg go-

Moibgomo

305ba5M0dgm  gandoganols  Lobfo@ol (100 3d/Lm)
s mgeol osdgd®@ol (1 ) dobggom, Gox gom
5@96bg ghmo bdodaols dgdmbgggedo odenggs @ =
8,733 ®@byzol Lobdodygl.

o0 gBo3bg ggerggol Jmsgodo dobobo oym 53d-
6530l bofognmdmogo omglmmgdol (& ©®gzo00
©> 3 bol@o sdopa®gdgdom) ©s dneosbo ©o@g-
bm®gdols (Ibmeme & ©H93o00 ©IsyMm9d0m) yog-

@gbol  aodmgganggs  @geolo-mgenols  ©obsdogy®
©05(300mg90bg (bob. 3). Jomggar dgdmbgggedo odd-
G530 bofogmddog  bolBowss  dogdhmgdygeo

Fygommgommmob s bdwols dols obosl; dg-2 dga-
mbgggodo opo Jbmmme ©Mggeo gargdgbdgdbomss
doghmgoygeo  @ogolosb ws, dglsdsdobsw, dgd-

ISSN 1512-0996

www.gtu.ge

m zi = (klz + kzz)zl _kzzzz -G Z;

=K, (2, —Z) +K,5(2, — Z5) —C, Z4;

(m, +rr13)26 =m 23+(k6 +Kk,)z, -

115

(mz + m3)22 =m i3+(k2z + k3z)22 - kzzzl _k3zz3 —C, 22;
m, zs = m,(Z2+ Z6) + (K, + Kk, +K,)z, —k,z, —k,z, —k,z, —C, Z3+ F(1);

(7

Koz, —K,z, —C, Z6.

300gdgmos  Fygommgmol dols s 0bg@zoyao
bgdmJdgrgds Mg liby.

by@. 3. Mg 53dMsg0 bsFoemmd@ogo
sAglmdgdom

Jagdmm, Ly@smgoby dmiEgdyemos (7) yobGmeng-
505 Lolgdol bmaogdmo sdmbsblbols Mo m-

aMadgoo: g4 Lyd-bg bohggbgdos Fygogmmgaols
390@0go@M0 Gbgzol (Z, %, 4 ) mbEogmy@sdgdo
= boggmado @bggols (=1, 2 33) s Ggabol bg-
dmJdggoom asdmfggyeo @bggol (= 8,7 33); 895
bg@-by Vagogogaol  0bgdogmo
dognols  33eroggdols  mlgogmydsdgdo  ©sgmgbm-

@gdgo (2000 g3) ©> @oMbmdgdgmo (700 5p)
2ddéogom  (Mbggol  hobdmbdom). hobls,
oG gbmagdom  dbodgbgermgbo  dEoMEgds  ©obe-

bohggbgdos

CIOPYOIGTE!

dogygdo s@godMmggdo.

L& I-OL 9H™MB3I3() — WORKS OF GTU — TPYAbI ITY
Ne2 (500), 2016



063J06d05 —ENGINEERING — MHXEHEPUA

- ; Z; s -

_f-' \a:gwi:ﬂn:;?:@_‘.fl \,\ 1. foddmpagbogmo dgmmpo ©s gandsgenols do-
3\‘ ;.-": e \. Lgdols Abggomo dmd@omdgbols (6) AobGmmgdoms
o : .--"#:r;,__"_-;. — T‘*, LoliBgds dglodengdbanmdsls odgggs domgds@ogg®o
} ._I--"'"-\._.\___: . i - - ‘f,.. dopgeogdols Lodgomgdbom aodmgoggaomm dslsg-
gV z, TNTe Y 50l 9OmogdhmJdgogdbol  ©obsdogy@o  3Gmgbgdo
— I. e geodagemol  dolgdols s bbgs gobogydo  3o@e-

T . 393 ®9d0L 330 gdols 3oGmdgddo;
b6, 4. Tygomogmol ggB@ogsmamo @Gbggol 2. 25bbmasegdbygmo domgdo@ogy®o dmgeols

0bEomema®sdgdo sbdy Ggmlbol 0bgdogmo (3(Y’6(3(4){](?)‘I]Q’0 '3380)133(‘]301)0)301), 800)(‘]8060(3‘3({)0

bg9mJ9gogdobsl: Z; — 30,
diodigrgdolol: 2 — goosmpomds dopgmodgdom  gohggbgm, @md sdddsgol Ldgao

Z; — bobJotg, Z; — obJo®gd
3~ bobgodig, 2 = obiotigb oG gbmegdbom  3b0dgbganmgbo  330M©gds  ©oO-
msZ, 11,=200033 bsdoggmo s@gotimgs Fygommmgsmmby;

3. boldgdydo dowamdol Lsgydgganby ody-

/N
,‘ / \/-\\//\ Pog909e00  9303570L @bggomo  3GmEgbols aobbe-
m

|' 2 3°0909o  domgdsBoggdo  Impgeol  g53mygbgds
I W}/ ‘dglisdgngdgenos Lo®gobogbm dgdsygbamdols G-
f'!/\//\ 3MOG  Bomgggeo  dslgdol, obg Gogmo  Lob-

B99gool  (gendsgoeo, gogmbo) ©obsdogy®o 3G M-

=700 : 39bgdols ggenggobsmgols.

by, 5. mgmol 0bgd30mo doggdo
oM bmmgdnmo dhsgsmo ©s
©3GgbmG ool ao69dg

@0 gH>B DS
1. L.G. Loitsiansky, A.l. Lurie. A course in theoretical mechanics. DJVU, 1983.- 515 p. (in Russian).
2. V. Zviadauri, G. Tumanishvili, T. Nadiradze. Elaboration of the locomotive spatial vibrations generalized model and
dynamical loads on the drive tooth gearing // Proceedings of the International conference “Transport bridge
Europe-Asia”. Thilisi, 2014, pp. 68 — 75 (In English).
R.F. Ganiev, V.0O. Kononenko. Vibrations of Solids. M., 1986.- 432 p. (In Russian)
Website: www. Runge—Kutta_methods (In English).
M.F. Verigo, A.l. Cogan. Interaction track and rolling stock; M.: Transport, 198.-, 558 p. Web site (in Russian).
Veb site of “Thilisi Electric Locomotive Building Plant” (TEMQA):

I

http://www.tevz.com/ge/about/today/ (In Georgian).

7. V. Zviadauri. Dynamics of Vibratory Transport-technological Machines. Monograph, Tb.: Metsniereba,
2001.- 190 p. (In Russian)

8. S. Vershinsky, V. Danilov, I. Chelnokov. Dynamics of Carriages, M.: Transport, 1988.- 352 p. (In Russian).

L& I-OL 9H™MB3I30) — WORKS OF GTU — TPYAbI ITY ISSN 1512-0996
N2 (500), 2016 116 www.gtu.ge



063J06d%0> —ENGINEERING — MHXEHEPUA

9. V. Zviadauri, G. Tumanishvili, T. Nadiradze, M. Tsotskalashvili. Elaboration of the locomotive spatial vibrations
generalized model and dynamical loads on the drive tooth gearing // Materials of Int. Conference “Transport
bridge Europa-Asia. Thilisi, 2014, p. 68-75 (In English).

10.G. Tumanishvili, V. Zviadauri, M. Chelidze, M. Cockhalashvili. Features of the calculation of traction gears
Locomotives. Coll // Proceedings VIl International Scientific and Technical Conference. 5-12 December, 2009,

Hurghada, Egypt (In Russian).

UDC 621.397.2
SCOPUS CODE 2210

ELABORATION OF THE LOCOMOTIVE-RAILWAY SPATIAL VIBRATION GENERALIZED
MATHEMATICAL MODEL AND DYNAMICAL LOADS OF MASSES

V. Zviadauri Department of Mining Technology, Georgian Technical University, 75 M. Kostava str., 0175
Thilisi, Georgia
E-mail: v_zviadauri@yahoo.com

G. Tumanishvili R. Dvali Institute of Machine Mechanics, 10 Mindeli str., Thilisi, Georgia
E-mail: ge.tumanishvili@gmail.com
T. Nadiradze International Black Sea University, David Agmashenebeli Alley 13km, 20131 Thilisi, Georgia

E-mail: tengiz_nadiradze@yahoo.com

Reviewers:
A. Bezhanishvili, Professor, Department of Mining Technology, Faculty of Mining and Geology, GTU
E-mail: bezhanishvili@gmail.com
S. Mebonia, Professor, Head of Engineering Issues Department at R. Dvali Institute of Machine Mechanics
E-mail: meboniaslava@mail.ru

ABSTRACT. It is known, that movement of the equipage is accompanied by the spatial vibratory processes amongst
which vertical components are dominant, although lateral and rotary vibrations may have also a significant influence
on distribution of dynamical loads between the masses. The closing links of the locomotive dynamical loads are the
wheel-rail pair and gear train connecting the drive and wheel-set. The dynamical loads and friction forces between
them predetermine durability and normal functioning of the system.

For studying the problem a dynamical model of the locomotive spatial vibrations is elaborated and equations of
the spatial vibrations caused by the sinusoidal excitation are obtained. The numerical experiments are carried out for
the purpose of determining dynamical loads between the locomotive component masses for various values of the
masses and elastic links.

Oscillographs of the dynamical loads of wheel set are presented for cases, when drive and wheel-set are
connected with each other toughly and when drive is suspended on the springs.

KEY WORDS: decrease of spring mass; mathematical model; modeling; system approach; vibration of dynamical
loads; wheel-rail pair.
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AHHOTALMA. N3BECTHO, YTO ABUMKEHUIO 3KMNAXKA CONYTCTBYIOT MPOCTPAHCTBEHHbIE KOJsiebaTebHble MPOLLECCH,
cpegu KOTOpbIX AOMMHMpPYIOLWEe 3HayYeHue MPUHALNEKUT BEPTUKAJIbHbIM COCTAaBAAIOWMM, XOTA MOMepeyHble w
BpallaTesibHble KonebaHMA TaKKe MOFyT 3HAaUMTE/NIbHO BAMATb Ha pacnpefeneHue AMHAMUYECKUX Harpy3oK mexay
maccamu. brokupytoLiee (3amblKatoLee) 3BeHO AUHAMUYECKOM Harpy3KM aKUNaka npeacrasaseT 3ybyartas nepegava,
CBA3aHHAA C MapHOW M NPUBOAHOW KOMIECHOM Napoit Koneca-penbca, MeXxay KOTOPbIMU OUHAMMUYECKUE Harpysku u
CWAbl TPEHMA 06YCNOBANBAIOT A0/ITONIBEYHOE M HOPMAIbHOE QYHKLIMOHMPOBAHME CUCTEMDI.

[na nccnepoBaHna Nnpobaembl Ha OCHOBE CUCTEMHOIO Noaxoaa pa3paboTaHa AMHAMUYECKana MOAEb NPOCTPAHCT-
BEHHOro KosiebaHMA 3/1eKTPOBO3a M MOMYYeHbl YPaBHEHWA MPOCTPAHCTBEHHbIX KosebaHWi, BbI3BaHHbIX CUHYCOM-
AanbHbIM BO36YXAEHMEM.

[MpoBefeHbl YNCNEHHble 3KCNEPUMEHTbl C LEenbio onpeaeneHnsa ANHAMUYECKUX HarpysoK MexKay COCTaBHbIMU
MaccamMm 31eKTPOBO3a A/1A PA3/IMYHbIX 3HAYEHUI MAcC U YNPYTUX CUA.

KNTKOYEBBIE C/IOBA: KosiecHas napa-penbc; KonebaHus AMHAaMUYECKOro 3/1eKTPOBO3a; MaTeMaTMYeCcKas MOEND;
MOAENNPOBaHNE; CUCTEMHBIV NOAXOA; YMEHbLUeHMe 6e3peccopHOoi Macchl.
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in reinforced plastics. For determination of stretching strength, basalt fiber reinforced composite material woven
pattern samples are made, for which thermal polymerization method is used. The samples were tested in order to
determine the stretching of the marginal strength. Number of samples reinforcing layers and stretching strength limit
dependence diagram is built on the basis of obtained data.

KEY WORDS: Basalt fiber; composite; reinforcement; polymerization.
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AHHOTAUMA. MpuBoauTca onmMcaHMe TEXHOJIOTMA MONYYEHUA MOJIMMEPHOIO0 KOMMO3MLUMOHHOIO MmaTtepuana,
apMUPOBAHHOIo 6a3a/bTOBbIM BOJIOKHOM, M3rOTOB/IEHWNA U3 HEro ONbITHbIX 06Pa3LL0B U METOLONOMMKN UCNbITaHWI. Ha
OCHOBAHMM aHaNM3a MaTpuL, NPUMEHAEMbIX B apMMUPOBAHHbLIX NJAcTUKaX, nogobpaHa noanadmpHana matpuua. Oan
onpeseneHnsa NPOYHOCTU Ha PACTAKEHWE M3roToB/eHbl 06pasLbl KOMNO3ULMOHHOIO MaTepuana, apMUMpPOBAHHOIO
NnosIoTHOM M3 6a3anbToBOM HWUTU. MCNOMb30BaH METOZL TEepMWYECKOW noanmepusaumn. M3rotosneHbl pasHble
06pasubl C KOAMYECTBOM apMMUPYIOLLEro C€A0A OT O4HOro A0 ABaAauatv. C uenblo yCTaHOBNAEHWMA NpeaesbHOoM
NPOYHOCTM MpOBeAEeHbl UCMbITAHMA Ha pacTaxeHue. Mocne 06paboTKM MOAYYEHHbIX AAHHbIX NOCTPOEHbI rpaduKm

3aBMCUMOCTU NpeaesibHOM MPOYHOCTM Ha PaCTANKEHME OT KOAMYECTBA apMMUPYIOLLErO COSA.
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b5 bo@®oygdols Jo®mJlowols 39dg9mbom pH dohgg-
bgoemols  Moibgomo  db0dgbganmdbols  dgbsdhebgds
9-10-0l  mbgbg, dog®sd COz-0ls dgwog®o  dmgo-
6go0lol &ody@momdo dogrosh oo JnEgemdols
blbowo 3oMmdmbs@gdol Fo®dmJdbs 0§33l Lodydmo
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dgo85L  bgo@@omobgdobomgols  dgodengds

dop o

303>d0
o 0gdols
FomdmJdbogno ogm 99ds,
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DAOPs 5@l ommbby gm@mbogmo 3GmEgligdols
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9896 A0Md>  ©oFmgowy-
de005  bgs30®mol GoMmmmdby, @mMdgmnsbsi go-

> dolo  aodmygbgdols

00900 Jdgegol  amaodETysemdswo. sbggg  ‘dosdb-

nJdgemsw  gbadangdganos FesOg-0l — Lobmgbydo
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pH-ol  do@ogmo
©00535bmbdo bobdoMmmdygsbyols gomwsdboom.

3obgobogrmm dohggbgdengdols
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dioxide, oxygen, mineral scale, salts, micro-organisms, and the effects of temperature, pressure and other factors that
may be encountered and can influence the corrosion. Their effects on corrosion process are observed and the
effective preventive measures developed that include, but are not limited to the use of corrosion inhibitors and
scavengers in drilling fluids.

KEY WORDS: corrosion process; drilling equipment; drilling fluid; hole.

UDC 622.245
SCOPUS CODE 2213

B/IMAHUE COCTABHbIX KOMMNOHEHTOB BYPU/1IbHOIO PACTBOPA U CYLLECTBYIOLLINX
®AKTOPOB HA KOPPO3UOHHbIE MPOLECCbI NPU BYPEHUU CKBAXKUH
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AHHOTALMA. PaccmoTpeHbl maTepuasbHble MU GMHAHCOBbLIE 3aTPaATbl M3-33 BAUSHUA KOPPO3MOHHbIX MPOLECCOB
bypunbHoro pacteopa Ha 6ypoBoe ob6opyaoBaHME, KOTOPOE OYeHb 3HauuTesNbHOe. YCUNeHWe KOpPpPO3MOHHOro
BO34,eNCTBUA BYPUIBHOIO pacTBOPa CBA3AHO C HAaZIMUMEM B HEM YI/IEKMUC/IONO rasa, CEPOBOAOPOLA, KUCA0POLa, CONeN,
MWHEPAIM30BAHHbIX OTIOXKEHUN U MUKPOBUONOTMYECKUX OPraHNM3MOB (BaKkTepwii), a TakKe BO3LENCTBMEM AaBEHUA,
TemnepaTtypbl U Apyrux GakTopos. M3yyeHo Mx BAUAHME HA 0Bpa3oBaHME U YCKOPEHWE KOPPO3MOHHBIX NPOLLECCOB, a
TaKKe MeponpuATUIA NpesynpexaeHUs W NpefoTBPALLEHMA KOppo3uu pobasneHnem B OypuabHbIA  pacTBop
pa3HO0bpasHbIX BULOB NOrNOTUTENEN U CNELMAbHBIX MHIMBUTOPOB.
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ABSTRACT. The article provides the calculation methods for the strength of wind turbine blades made of the

composite materials. In most cases, blades are made as hollow body construction in order to reduce the mass.
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Bending tension, caused by wind flow make stretching voltage on front surface and contractile voltage on back surface
on this tunicary shaped blades. The most dangerous carving with maximum probability of rupture is the area at the
base of the blades, where stretching voltages have maximum importance. The stretching voltages report is made for
winds starting at 2 m/ sec, nominal — 10 m/sec and a maximum of 45m/sec speeds. The methodology, developed on
the strength of the blade, using the results obtained with basalt fiber composite material test results, allows us to
preempt important options of the blade.

KEY WORDS: composite; cover; fiber; rotor; strength.

UDC 62-251:62-784.1
SCOPUS CODE 2210

PACYET HA NPOYHOCTb JIONACTU BETPOBOIO POTOPA

WeaHrnpagse M.T. [JenapTameHT MpPOM3BOACTBEHHbLIX TEXHONOTMN WHMXKEHEPUM MEXAHWUKMK, [Py3UHCKUIA
TEXHWYecKui yHusepcuteT, [pysus, 0175, Tounuck, yn. M. Kocrtasa, 68°
E-mail: shvango@gmail.com

LUunakap3e B.A. [JenapTamMeHT MpPOM3BOACTBEHHbLIX TEXHONOTMN WHMXKEHEPUM MEXAHUKM, [PYy3UHCKUIA
TEXHUYeCcKuit yHusepcuTeT, Mpysus, 0175, Tounuck, yn. M. Kocrtasa, 68°
E-mail: vshilakadze@mail.ru

PeueH3eHTbI:

B. Kupus, npodeccop JenaptameHTa NPON3BOACTBEHHO-TEXHONOIMMYECKMX MALLMH U MEXATPOHUKK, daKynbTeTa
TpaHCNoOpTa U MawMHocTpoeHna MY

E-mail: v.qgiria@gtu.ge

T. Uxanpae, npodeccop [lenapTrameHTa UHKEHEPHOM rpaduKn U TEXHUYECKON MeXaHMKK, paKynbTeTa TpaHcnopTa
M MaWKNHOCTPOeHMA ITY

E-mail: tengizchkhaidze@mail.ru

AHHOTALMA. MpreoamnTca MeTogMKa pacyéta Ha NPOYHOCTb JIoNacTeil BETPOBOro reHepaTopa, U3roTOB/IEHHbIX U3
KOMMO3ULUMOHHBIX MaTepuanos. Jlonactu, C Le/bio YMEHbLIEHUA MAcCbl, B HO/bLIMHCTBE C/ly4YaeB M3roTaBaMBatoTCA
nosnbiMu. B pesynbTate BO3AENCTBMA BO3AYLUHbIX MOTOKOB HAa /ionactn ¢ obosovkoBoW dopmoi, usrnbarowme
HanpsXeHWsA, BO3HMKalOWMe HA nepefHeit NOBEPXHOCTM, Bbi3blBAlOT PACTATMBAIOLLME, @ HA 334HEN MOBEPXHOCTU
CKUMatoWwme HanpsaxeHusa. Hanbonee onacHbIM ceYeHMEM C MaKCMMa/IbHOW BEPOATHOCTLIO Pa3pyLUeHUs ABAseTcA
Y4YaCTOK y OCHOBaHMA I0NACTU, rAe pacTArMBatome HanpaxXeHna UMeT MakCuManbHble 3HaYeHus. MposeaeH pacyér
pacTArMBaloWMX HaNpAXeHU Npu HadanbHoW — 2 m/ceK, HOMUHanbHOM — 10 m/cek u npegenbHoli — 45m/cek
cKopocTax BeTpa. PaspaboTaHHas meToamMKa pacyéra NonacTM Ha MNPOYHOCTb, MPU MCMOJIb30BAHWWU Pe3y/bTaToB
MCNbITAHUA KOMNO3ULMOHHOIO MaTepuasaa Ha ocHose 6a3anbTOBOro BOJIOKHA, NO3BOAET 40 M3rOTOB/EHUS, 3apaHee
onpenenntb OCHOBHbIE MapamMeTpbl I0NaCTU.

KNIKOYEBBIE C/TOBA: BONIOKHO; KOMMO3MT; 060/104Ka; NPOYHOCTb; POTOP.
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dioxide, oxygen, mineral scale, salts, micro-organisms, and the effects of temperature, pressure and other factors that
may be encountered and can influence the corrosion. Their effects on corrosion process are observed and the
effective preventive measures developed that include, but are not limited to the use of corrosion inhibitors and
scavengers in drilling fluids.

KEY WORDS: corrosion process; drilling equipment; drilling fluid; hole.
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AHHOTALMA. PaccmoTpeHbl maTepuasbHble MU GMHAHCOBbLIE 3aTPaATbl M3-33 BAUSHUA KOPPO3MOHHbIX MPOLECCOB
bypunbHoro pacteopa Ha 6ypoBoe ob6opyaoBaHME, KOTOPOE OYeHb 3HauuTesNbHOe. YCUNeHWe KOpPpPO3MOHHOro
BO34,eNCTBUA BYPUIBHOIO pacTBOPa CBA3AHO C HAaZIMUMEM B HEM YI/IEKMUC/IONO rasa, CEPOBOAOPOLA, KUCA0POLa, CONeN,
MWHEPAIM30BAHHbIX OTIOXKEHUN U MUKPOBUONOTMYECKUX OPraHNM3MOB (BaKkTepwii), a TakKe BO3LENCTBMEM AaBEHUA,
TemnepaTtypbl U Apyrux GakTopos. M3yyeHo Mx BAUAHME HA 0Bpa3oBaHME U YCKOPEHWE KOPPO3MOHHBIX NPOLLECCOB, a
TaKKe MeponpuATUIA NpesynpexaeHUs W NpefoTBPALLEHMA KOppo3uu pobasneHnem B OypuabHbIA  pacTBop
pa3HO0bpasHbIX BULOB NOrNOTUTENEN U CNELMAbHBIX MHIMBUTOPOB.

KNIOUYEBBIE CTIOBA: 6ypubHbili pacTBop; bypoBoe 060pya0BaHME; KOPPO3MOHHDBIN MPOLECC; CKBAXKMHA.
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ABSTRACT. Satisfaction indexes for vocational col-
leges financed/co-financed by the government were
established. Data collected from the respondents
selected among students were used and the index of
demand for vocational colleges was calculated. The
rating list of the colleges was prepared. The paper deals
with statistical analysis of two sociological studies
conducted by the author across Georgia in 2014 and
2015. Research respondents are the students of state
vocational education institutions. Students’ satisfaction
with institutions was considered as purpose function.
Statistical analysis revealed the factors determining the
degree of satisfaction. The 52 parameters of research
were distributed in factors. Discussion of the second
research findings has demonstrated the sustainability of
factors outlined towards the time in dynamics.

Works were carried out in accordance with standards
of Research Ethics and in consultation with a group of
sociologists. Data were processed by SPSS statistical
package. (Version 20.0).

Through multifactor regression analysis the pa-
rameters are separated, which determine the students’
satisfaction with the state-funded / co-funded vocational
schools. Based on them the indexes of satisfaction with

institutions are obtained. By combining with indicators of
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demand for institutions, the rating list of the institutions
is prepared.

KEY WORDS: Ranking; rank score; satisfaction index.

INTRODUCTION

The vocational training system is one of the basic
systems in the list of those social and political structures
which are the factors determining the functioning and
development of the state in the process of its integration
into the modern democratic world.

To make the training system consistent with modern
international standards is one of the most urgent
problems. It is especially important to support reforms
by using methods that are directed not at additional
investment but at an optimal distribution of the already
existing resources because this will give a chance to get a
maximal effect of minimal expenditures.

The order and conditions of financing the vocational
training system as they were determined by Resolution
No. 244 of the Government of Georgia, dated September
19, 2013, make it possible to accumulate certain funds
which can be subsequently used to finance the advanced
colleges and raise the competitive ability of their
graduates at the labor market.
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To attain this aim, it is necessary, on the one hand, to
investigate the demand for vocational colleges and, on
the other hand, carry out the ranking of the existing
colleges and create a national rating system.

MAIN PART

In the initial stage of investigation (April-May 2014),
using the method of quantitative sociological inves-
tigation, we identified those basic factors which essentially
determine the attitude of students to vocational colleges.
This in turn was one of the most importation components
of the estimation of vocational colleges (see [2]).

The investigation instruments were prepared and the
well-tested measurement methods were used on the
basis of consultations with experts in the sphere of edu-
cation and expert in vocational education. Field work was
carried out observing the standards of investigation
ethics (see [3-5]).

Data were processed by means of statistical and fac-
tor analysis methods using the IBM SPSS Statistics
software package (version 20.0).

The investigation involved students of 18 vocational
colleges financed/co-financed by the government. Stu-
dents were randomly selected through face-to-face
interviews (the sample size was 1036). An average
interview time was 45-50 min. When responding to
guestions, students estimated their college according to

52 parameters {fi A =l.52} by the 10-point scale.

The target function was used to determine the
satisfaction of students with their college. The many-
factor statistical analysis showed that the information on

52 parameters was distributed in eight independent
factors as follows

FACI z[filyfizl.“'fiq ], i:l,_8, nl+n2+--.r]8:52.

it #is, t=1nj, s=1n, ji €[152], is<[152],
where FAC; is the servicing of students, FAC, is
communication with the

the personal college

administration, FAC3 is the teaching quality, FAC, is
students’ out-of-college activities, FACg is information
and communication resources, FACg is a general
infrastructure, FAC5 is training practice and equipment,

FACg is a lecture room.

L& I-OL 9H™MB3I30) — WORKS OF GTU — TPYAbI ITY
Ne2 (500), 2016

By the results of the interview, each factor for each
respondent m received a certain score calculated by the
formula

n _ -
FACim= 2.8 fim, =18 m=11036,
k=1
where @, is the weight of the parameter fik of the i-th

A

factor, and fikm is the score given by a respondent m

(cm. [6]) for the parameter fik .

In order to determine the dynamics of the factors
with respect to time, the second investigation was
carried out (May 2015). 503 respondents selected among
college students were questioned using the same 52
parameters. Parameters in other classification groups
were distributed in six new factors by the formula

FAC) =( f{ , J"z.’""ffnj )= 1,6

Applying regression analysis, the weight of each

factor oj (j =1,_6) was established and the weights ﬂjs

(j =R, Szlnj) of the parameters contained in the

definition of the factor j. Finally, when defining the
satisfaction parameter with respect to a college, the
weight of each parameter was calculated by multiplying
the factor weight by the weight of the parameter given in
its definition

Wi, =(Weight). =aj-Bj_, j=16, s=1n;.

is
To each of the parameters fj of the first investigation

we attributed the weight W of the respective
parameter calculated in the second investigation. For
each respondent m, the satisfaction score K, was
calculated by the results of the interview using the

following formula

52 52
ZW fim— Z\NI

_i=l i=1 _ i3
Km =23 L, m-110%.
2 W 10— W
i=1 i=1

For each college we calculated the value Ki using the
satisfaction scores K, of the respondents interviewed

in the first investigation, the mean arithmetic value Km

of scores Ri (i = ],_18) with respect to the i-th college.
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In carrying out the classification of vocational colleges
we naturally took into consideration such factor as the
demand for college graduates at the labor market.
Accordingly, based on the data of last five student

admissions Nk (k =E, i :m), for each college we

calculated the normed index in per cent

5
> Nik

The value of the rank coefficient of each college was
determined as the mean geometric value Ki of the
mean satisfaction value and the normed index Ni of the

demand for its graduates at the labor market

Rang; =K -Nj, =118

— _ . — CONCLUSION
Np=—KL  .100%, i=118 . _ , .
18 5 The rating list of the vocational colleges involved in
Z z Nijk the investigation was prepared.
j=1k=1
Average .
Average Normed tri Rating
eometric
code_txt Score admission admission g redistribution,
index index. % rating of score "
in g
0 and volume 0
LEPL — Vocational college «Fazisi» 96.5% 169 4.2% 20.1% 5.4%
_ 1 H ()
N(N)LP -Vocational college «lkarosi» 89.1% 348 8.7% 27.8% 75%
LEPL - Batumi vocational college 80.1% 262
«BlackSea» 6.5% 22.9% 6.2%
_ . “ H ” 0,
N(N)LP-Vocational college “Horizon 92.7% 270 6.7% 25.0% 6.7%
LEPL —Public college “New Wave” (Akhali 85.7% 414
Talga) 10.3% 29.7% 8.0%
LEPL - ti | coll M isi 86.2% 389
vocational college «Mermisi» b 9.7% 28.9% 2 8%
LEPL — vocational college «Opizari 81.7% 247
voeati ge «Opizar» ° 6.1% 22.4% 6.0%
- i i 9
LEPL — vocational college «Modusi» 85.7% 304 7.6% 25.5% 6.9%
N(N)LP — ti | coll Gantiadi 85.3% 194
(N)LP —vocational college «Gantiadi» 6 4.8% 20.3% 559
LEPL — Information system of Education 94.3% 190
Control EMIS 4.7% 21.1% 5.7%
LEPL — Kutaisi publi Il “Iberia” 89.7% 408
utaisi public college “Iberia b 10.1% 30.2% 8.1%
LEPL — Publi Il Aisi 88.39 233
uplic coflege «Aust % 5.8% 22.6% 6.1%
N(N)LP-Vocational college «Prestige 75.3% 201
(N) ' ge «rrestigen ° 5.0% 19.4% 5.2%
LEPL — Vocati | coll “Tetnuldi” 92.6% 64
ocational college “Tetnuldi b 1.6% 12.1% 3.3%
College “Erkvani” 78.9% 40 1.0% 8.8% 2.4%
_ . " ”n 0,
LEPL — vocational college “Lakada 93.1% 46 1.1% 10.3% 2.8%
LEPL — Public college - Gldani vocational 89.4% 246
training centre 6.1% 23.4% 6.3%
Total 87.8% 4024 100.0% 370.2% 100.0%

*)Legal entity regulated by the public law

The proposed ranking model can successfully be used for preparing a rating list of organizations belonging to other

structures.
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AHHOTALUMA. MNpuBeaeH cTaTUCTUYECKMIA aHANN3 ABYX COLMONONMYECKUX UCCAe0BaHNM, MPOBEAEHHbIX aBTOPOM
B 2014 1 2015 roabl. PecnoHAEHTOB UCCNefoBaHUA NPeACTaBAAIT CTYAEHTbl roCyAapCTBEHHbIX NPOodeccnoHanbHbIX
o6pa3oBaTenbHbIX yypexaeHuin. PyHKLMEN Lenn paccmaTpuBanacb YAOBNETBOPEHHOCTb CTYAEHTOB B OTHOLUEHWUM
yumnuw,. B pesynbTaTe CTAaTUCTMYECKOro aHanusa 6blan yCTaHOB/AEHbl onpegensatowme ¢GakTopbl, KoTopble 06yc-
NOBNMBAIOT KayecTBO AaHHOM YAOBNETBOPEHHOCTU. B dakTopax pacnpegeneHbl 52 napameTtpa uccnefoBaHUA.
PaccmoTpeHuMe pesynbTaToB BTOPOro MCCAeL0BaHUA MOKA3an0 YCTOMUYMBOCTL BblAeeHHbIX GAaKTOPOB B AMHAMMKE Mo
OTHOLUEHMUIO K BPEMEHMW.

PaboTtbl npoBoaMnuck € cobniogeHnem HOPM STUKU UCCNefOoBaHUI U KOHCY/AbTAaUMAMM C COLMONOTMYECKOM
rpynnoi. O6paboTKa AaHHbIX NpoMcxoamaa CTaTucTuieckum naketom SPSS (sepcua 20.0).

C nomouwplo MHOrOhaKTOPHOrO aHasn3a BblAENEHbl NAapameTpPbl, KOTOpble OnpeaenatoT YA0BAETBOPEHHOCTb
CTYAEHTOB B OTHOLWEHUU PUHAHCUMPYeMbIx/coPprHaAHCUPYEMbIX FOCYAaPCTBOM npodeccrmoHanbHbiX yunauw,. C ux no-
MOLLbIO MOAYYEeHbl MHAEKCbl YAOBNETBOPEHHOCTM yuyunuwamu. CoBmelleHMEM C  MX MOKasatenamm yao-
BNETBOPEHHOCTU YUNAULLEM YCTAHOBAEH PENTUHIOBbIM CMUCOK AAHHbIX YHUAULL,

K/TKOYEBDBIE C/TIOBA: nHAEeKC yA0BNETBOPEHHOCTU; PAHKUPOBAHWNE; PEUTUHIOBLIN Bann.
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RELEVANCE OF PHYTOCOSMETICS
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ABSTRACT. The end of XX and the beginning of XXI century in view of ecological crisis showed the need for new
ways. Stress, life rhythm disturbances, hypodynamia, bad nutrition, low immunity, allergies and dermatological
diseases laid the foundation for phytotherapy, the necessity of its use in cosmetics and perfumery. Consumer demand
on cosmetic products increases every day. The focal point in cosmetic products is the ingredients, levels of allergic
reactions to those, efficiency and expiration dates. In addition, there is growing demand on cosmetic products with
herbal ingredients.

Phytotherapy opens up new, or rather the well-forgotten old possibilities to create high-quality, hypoallergenic,
efficient, professional cosmetics.

Make-up cosmetics make the skin look healthy. But looking healthy and being healthy are two different things.
Time spares no beauty and along came the worsening of environment. Luckily new cosmetic products are produced to
affect the skin on cell level. Herbal ingredients become more and more common in cosmetics. Proper research, unique
methods and ideally selected cosmetic products with herbal ingredients allow to offer consumers new, efficient
products to sustain beauty.

KEY WORDS: alkaloids; androgenic nature; biologically active substances; estrogens; phytocosmetics.
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PeueH3eHTbI:
T. UnHuapse, npodeccop AenaptameHta dapmaumm, GakynbTeTa XMMUYECKOM TEXHONOTUN U MeTannyprum [Ty
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AHHOTALMA. KoHey, XX - Hayano XXI BeKOB NpeacTaBAstoT coboi yaMBUTE/IbHYIO 3MOXY OCO3HAHWUS Ye/I0BEYEeCT-
BOM OMAcHOCTU BYPHO pPa3BMBAOLLErOCA IKOJOMMYECKOTO KPU3NCa M NOUCKA MyTeM CNACceHUs, KaK B }KM3HM Ha 3emne B
uenom, TaK W 4enoseKka, B 4acTHOCTM. CTpeccbl, HapyweHWA PUTMA XWU3HW, TMNOAMHAMMWA, HenpaBWIbHOE W
HepauMoHanbHOe NUTaHWe, yBeandeHne notpebneHma meamKameHTO3HbIX U XMMUYECKUX NpenapaTos, BCe 3TO BeAeT
K HapYyLEHUIO CNaXeHHOM paboTbl BCeX CUCTEM YENOBEKA, 0CNAbNEHNI0 UMMYHUTETA, MOBbILLEHWUIO aNePrMYECKUX U
AepmaTonornyecknx 3abonesaHuii. MosTomy rog oT roga Bo3pacTatoT TpeboBaHMA NOTPebUTENA K NPOU3BOAUTENIO
KOCMeTHYecKoW npoaykumn. Ocoboe BHUMAHWE YAENAETCA MHIPeAMEeHTaMm, BXOAAWMM B COCTAaB TOrO MAW MHOTO
cpencTBa, MCNOAb3yeMOro B KOCMETONOMUU, UX FMnoannepreHHoctTy, 3GGeKTMBHOCTN, OANTENbHOCTU XpaHeHuA. B
CBA3W C 3TMM BO3pPaCTaeT aKTya/IbHOCTb UCMO/1b30BaHMA B KOCMETONIOTMN CPELCTB PAaCTUTENIbHOTO NPOUCXOXKAEHUA, UX
COCTaBAALWMX N KOMMNOHEHTOB.

duToTEpPanMA OTKPbIBAET HOBbIE, @ BEPHEE, XOPOLUO 330bITble CTapble BOSMOXHOCTU A/1A CO34aHUA KauyeCTBEHHOM,
rmnoannepreHHon, adppeKkTMBHoOMN, NPodeccMoHaNbHOM KOCMETUKM.

KNIOYEBBIE C/IOBA: ankanouapl; aHAPOreHHas npuMpona; 6MoNorMyeckn akTMBHblE BELLECTBa; GUTOKOCMETUKA;

3CTpPOreHb.bl.
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DYES IN COSMETICS
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ABSTRACT. Cosmetic and perfumery products contain dyes; European manufacturers denote these ingredients by
the letter E and figures. In every country dyes are denoted differently. There is no agreement among perfumers, so
what is acceptable for one country may be banned in another. Unfortunately most dyes are carcinogenic; they are
absorbed into the skin deeply and spread throughout the body through the blood. There is a natural alternative to
cosmetic agents, which contain natural dyes.
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KPACUTE/ZIU B KOCMETO/J10Ir'Mn

bauukapse K.T. JdenaptameHT papmaummn, FPYy3UHCKUIN TEXHUYECKMI yHUBepcuTeT, pysus, 0175, Téunucn,
yn. M. Koctasa, 69

E-mail: ketevanbatsikadze@yahoo.com

PeueH3eHTbI:
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E-mail: kh.tsikarishvili@htu.ge
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AHHOTALUMA. KocmeTuyeckne UM napdioMepHble W34eMA COAEeprKaT KpacuTesn, KOoTopble eBponeinckue
npoussoanTenn obosHavatoT 6ykBo E n umdpamu. B pasHbix cTpaHax Kpacutenn obo3HayaloT no-pasHoOMy, He
CyLLeCTBYeT cornaweHusa cpeam napbromMepos NOTOMY, YTO NPUEMIEMO AAA OAHOM CTPaHbl, 3anpeLweHo B apyroi. K
COXKaNeHuto, BONbLIMHCTBO KpacuTenen KaHUeporeHHbl, OHWU BMUTbIBAIOTCA TYOOKO B KOXY M C MOMOLLbIO KPOBM
PacnpoCTPaHAIOTCA MO BCEMY OPraHM3My. ANbTEPHATUBOM ABNAIOTCA HAaTypPa/ibHble KOCMETUYECKUe CpeacTBa,CpeacTsa
coZepKaline HaTypasibHble KpacuTenu.
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@0 YOS
L59OdMEGOLM bdgEb0gHM  FMMbsgdol dmboggdms B5HgdOL M93mIgbEsEgoom, §sdmygbgdmeo
WOGHIMGHIOHOL MoMmEIbmds LobMz9e0s 0gmb 5M3Bs3Egd sm0bs.

§963ma0a950 299mbod3zgybgdge bBsE0sdo Fodmynbgd o woEgMedGwMol goxmmdgdols ol

g39@s 93GMMOL 335m0 ©s 0bogoswgdo dmEgdnemo Mbs 0gyml Wosmoby®mo 5660l sbmgdom, g.0.

AMbLEOGHIMS300m, LAIGHO0L LobgefmEgds — MoMRIB0WO 0baOLYYMsE, FYsOMUL (J9Hbscrol, FHMIgdOL

3M90990L, 306¢39096300L FoboEgdoL) LobgEHmEIds — GHOBLEPOEHIMIGO0m; Fodmbsligegwo dmbsigdndo

— 063@0olvy® 965Bg (LEIGHOOL gbs BogOMYds BOHRLOEGdIO).

@0BgMsGHGS (6odxdo)

1.

Jacques Sapir. Energy security as a common advantages.

http://www.globalaffairs.ru/rumbler/n_7780 (In Russian).

“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).

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

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

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).

30035Hmd  BEsGHool  Fomdmyaboliogol  LogoMm  ©m31d9bEHsE00ol  Bsdmbsmgoml  Lags®mzggermls

399603160 MboggMLoE oL 0sbsddMMIgdOLS s MIGHMMbEJdOLIZOU:

* M0 M9396%0s (0b. 603w9d0)

http://publishhouse.gtu.ge/site_files/recenziis nimushi.docx

* 353990 E9GHOL bogedMI3am bogdob sMAMOIGMOZ0 30ToLOOL MJdol sdmbsfig®o
(ob. bodwdo) http://publishhouse.gtu.ge/site_files/aqtis forma.docx
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Guide for authors!

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.

To submit scan versions via email please follow the instructions:

— in the Subject line indicate the collection of works and the name(s) of author(s).
— attach the file(s) properly.

— 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.

According to the No.200 decision of the GTU Academic Board (22.01.2010), authors who are not the employees at
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
reference by the organization’s academic board on publishing the article in GTU collection of works). “Cost of
article publication” shall appear as subject in the “purpose of payment” field.

GTU bank detdails: LEPL Georgian Technical University; organization’s identification number 211349192;

beneficiary bank: State Treasury; beneficiary: joint treasury account; bank code: TRESGE22; Account number:
treasury code 708977259.

How to form an academic article:

e The text should be presented in print-out form (A4), no less than 5 pages (edges 2 cm, paragraph spacing 1,5;
e Only MS Word versions of texts are accepted (doc or docx) presented electronically on any storage device;

e For Georgian texts use Acadnusx, font size 12 pt;

e For English and Russian texts use Times New Roman, font size 12 pt;

The accompanying information for the article should include:
e Universal Decimal Classification (UDC)

¢ Information about the author(s) and reviewers in Georgian, English and Russian:

— Full name, academic title, email and phone number of each author;

— Department, full name of organization — place of employment of each author, area/town, country;
— Full name, email address, academic title, department or place of employment of each reviewer.
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The article shall include:

e An abstract in Georgian, English and Russian (100—150 words long), for foreign readers an abstract is the only
source of information about the content of an article and results of research conveyed by it. An abstract
therefore defines the reader’s interest towards the article and possibility of further outreach to the author for
the full text, etc.

An abstract shall be:

— Informative (free of generalized terms and statements);

—  Original (with quality translations in English and Russian with the proper application of terminology);
—  Specific (conveying the core content of an article);

—  Properly structured (consistent with the research results given in the article).

An abstract shall contain:

— The subject, topic and objective of an article (indicated in case if these are not clear from the title);

— Method or methodology of research performed (expected to be described when and if this method or
methodology are new and interesting with reference to the article);

Research results;

Area of application of research results;

Conclusion;

Key words sorted by alphabet (Georgian, English and Russian);

Sections should be outlined Introduction, Main Part and Conclusion;

Digital version of drawings or images in any graphic format, resolution 150 dpi;

Reference

International Academic Journal Database recommends that the references include no less than ten sources.

How to form the reference section in the article:

Name and surname of each author shall be given in Latin letter initials, title of the articles — translated in English,
name of the source (journal, collection of works, conference materials) — with transliteration (original language of the
article will be indicated in brackets).

References (sample)

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).

3. International Energy Agency “Key World Energy Statistics” 2014 (In English).
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 Tegnikuri Universitetis Archil Eliashvilis Saxelobis Martvis sistemebis Institutis
Proceedings. N18 2014. Thilisi (In Georgian).

Requirements for submission of articles by the employees and for PhD students of Georgian Technical University:
e Two reviews (see the sample at)
http://publishhouse.gtu.ge/site_files/recenziis nimushi.docx
e Minutes of the sectoral committee of the faculty publishing (see the sample at)
http://publishhouse.gtu.ge/site_files/aqtis forma.docx
Documents shall be verified with the faculty stamp.
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K cBeaeHuto aBTopos!

CH60PHUK Hay4HbIX TPyAo0B IPY3UHCKOrO TEXHUYECKOTO YHUBEPCUTETA ABNAETCA eXKEeKBapTabHbIM pedepupyembim
NepuoanYeckMm U3gaHnem, KOTOpPOoe 3aperucTPMPOBAHO B HECKOIbKMX MeXAYHapOoAHbIX 6a3ax AaHHbIX.
e CTaTbM (MPUHUMAIOTCA HA FPY3UHCKOM, aHIIMIMCKOM, PYCCKOM A3blKax) Ny6/IMKYIOTCA Ha A3bIKe OpUIr1Hana.
e Ko/anyecTBo aBTOPOB CTaTbM HE AO/IKHO NpeBbIWaTh 3.
e ABTOp MOXET MpeaocCTaBAATb ANA NybauKauum B M3paTenbCKoM AOMe MAM NO 3NEKTPOHHOW noyte (Ha
cnepyrowmii agpec: sagamomcemlosakhli@yahoo.com) ogHy MnM HeckoNbKO CTaTel, a TaKXKe B CKaHMPOBaH-
HbIX dainax ConyTCTBYIOLLYIO AOKYMEHTaUMIO, HO B O4HOM HOMepe MOryT BbiTb ONy6/MKOBaHbI TONbKO ABe

paboTbl.

e B cnyyae cmameli, npucelaaemoix o 3a. noyme, npocbba npedycmompems cnedyroujue mpebosaHus:
- YKazameo 8 3. Subject-e HazsaHue cbopHuUKa (mema) u pamunuro aemopa (aemopos);
- ucnonv3zoeams Attach (npunoxcume ¢aiin);

- 8 cny4vae 60abWo020 0bvbema ¢palina npumeHums apxusamop (ZIP, RAR).

e CTaTbs A0NXKHA BbITb COCTaBAEHa rPAaMOTHO, C COBOAEHMEM TEPMUHOIOTMK. ABTOP (aBTOPbI) N PeLeH3eHTbI
HEeCyT OTBETCTBEHHOCTb 33 COAEP!KaHME N KauyecTBO CTaTby.

e [loCcKONbKY COOPHUK TpyA0B IPY3UHCKOrO TEXHUYECKOro YHUBEPCUTETA ABNSETCA HEKOMMEPUYECKUM U3AaHUEM,
ONA COTPYAHUKOB CTaTbM Ny6AMKYOTCA 6ecnaaTHo.

e CornacHo nNocTaHoBAEHMIO akageMuyeckoro coseTa Ne200 (22.01.2010 r.), dm3unyeckoe Amuo, He ABASAIOWEECA
COTPYAHUKOM YHMUBEPCUTETA, 4N1A NyO6AMKAUMKM CTaTbM B COOPHUKE TPYAOB AOJIKHO 3apaHee BHECTU AN NEPEeYUCIUTb
Heobxogumyto cymmy (1 ctpaHuua ctout 10 napu) 3a CTaTbio M COOTBETCTBYHOLLYO AOKYMEHTaLMIO (4Be peueH3uu m
Hanpas/ieHWe Hay4HOro CoBeTa opraHM3aunmn o Nyb6anKaumm ctatb B cbopHUKe Tpyaos [TY), NPpUAOKMB CnipaBKy 06

onnarte. B rpacbe «Ha3sHauyeHune onnatbl» cnegyet 3anmcaTb «KCTOMMOCTb I'IyslIMKaLI,VIM CTaTbu».

baHkoeckue peKkeusumol TY: HOpuduyeckoe nuyo nybauvyHozo npaea (FOJ/IMN); Mpy3uHcKuli mexHu4ecKuii
yHusepcumem; udeHmMupuKayuoHHolli Kol 211349192; 6aHK npuema; 2ocydapcmeeHHas Ka3HA; Ha38dHue

nonyvyamens: eduHslii cdem Ka3Hol; KOO 6aHka: TRESGE22; cuem noayyamens: Kod Ka3Hol 708977259.

Mpepnaraem nopaaok opopmneHUA HaAyYHOM CTaTbu:

® CTaTbA AO/IKHa ObITb NpeAcTaBNeHa B HaNe4YaTaHHOM BUAE Ha cTpaHuue dopmata A4, cogeprKaTb He MeHblue 5
CTpaHuL, (monsa — 2 cm, nHTepsan — 1,5);

® (CTaTbA A0/KHa BbITb BbiNONHEHa B Buae ¢aiina doc nnam docx (MS Word) 1 3anucaHa Ha 1t060M MarHMTHOM
HocuTene;

® /1A FPY3UHCKOro TeKcTa NpumeHATb wpndT Acadnusx, pasmep 12;

e WpUdT ANs aHIAUIACKOro U pycckoro TekcToB Times New Roman, pasmep 12;

CTaTbA A0NXKHA CONPOBOXAATLCA caeayloweil MHbopmaumeil:

e Kopg YK (YHMBepcanbHas gecAaTuyHaa Knaccudukaums).
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CBepeHun 06 aBTope (aBTOPax) Ha rPY3UHCKOM, aHI/IMMCKOM M PYCCKOM A3bIKaXx:

MOJIHOCTbIO UMA U pamunuma aTopa (aBTopos), E-mail, Hay4yHas cTeneHb U KOHTAKTHbIN TesledoH;
Ha3BaHWe fenapTaMeHTa, NONHOe Ha3BaHWE OpraHM3aLLMn — MecTo PaboTbl KaxKA0ro aBTopa — CTpaHa, ropos;

MOMHOCTbIO GaMUANMK U UMEHA PELLEH3EHTOB, aAPec 3NEeKTPOHHOW MoYTbl, Hay4HOe 3BaHMe, Ha3BaHWe aenap-

TameHTa uam mecta paboTbl.

K ctatbe A0/MKHbI NnpuaaraTbea:

AHHOTaLMA Ha FPY3MHCKOM, aHI/IMIACKOM U pyccKom Asbikax (100-150 cnos). a8 uHocmpaHHbix Yyumameneii

aHHomauyusa Aensaemcsa eAUHCMEEHHbIM UCMOYHUKOM UHGhopMayuu o pe3yabmamax uccnedosaHuli, npueedeHHbIX

e COOEPMGHUU cmamou. UmeHHO smo onpeaenﬂem UHmMepec y4eHo2o K paGome u, coomeemcmeeHHOo, 3esnaHue

Hayamo dua(yccuro € aemopom, NO3HAKoOMUmMaosCA € NosIHbIM mekKcmom cmambsu u m.@.

AHHOMauuA 0074HA bbimsb:

UHGOPMAYUOHHOT (He OONAHCHA coOepIHcamb 00WuUX c108 U Ppas);

OPUSUHATLHOU (Nepedod HA AMEAUUCKOM U PYCCKOM A3bIKAX O0NJICeH OblMb KauyecmeeHHblll, npu nepegooe
credyem ucnonb306ams CReYUanbiyio mepMUHONI02UIO);

cooepacamenvHoU (O0NIHCHA OMPAHCAMb OCHOBHOE COOEPHCAHUE CIAMbU U Pe3YIbnambl UCCLe008aAHU);

CMPYKMYPUPOBAHHOU (C1e008aMb 8 CAMbe J02UKEe ONUCAHUSL PE3VIbIMAMO8).

HonxcHa codepxicams:

npedmem cmamoeu, memy, uyesb (KOmopble yKa3elearom 8 mom cryvae, ecsqiu 3mo He ACHO U3 3d2aa8us
cmamsu);

mMemooO Uuau MmMemoooso2u PosedeHHo020 UCC1e008aHUA (onucaHue memoodd uau memooosaoauu
nposedeHHoU pabomel UenecoobpasHo 8 MOM Cy4ae, ecau OHU 8bI0eAAMCA HOBU3HOU, UHMepPecHsbl C MOYKU
3peHus 0aHHoli pabomeol);

pesyabsmamel Ucciedo8aHUS;

apeas Uucnosb308aHUA PE3YAbMamos;

8b61800bI;

K/Il0YEeBble C/I0BA, PACMO/OKEHHbIe MO andasuTy (Ha rPy3MHCKOM, aHITIMIACKOM M PYCCKOM A3bIKaXx);
B CTaTbe A0/KHbI 6bITb BblAE/EHbI MOA3ar0N0BKUN: BBELEHME, OCHOBHAA YacTb M 3aK/lo4eHue (BbiBOAbI);
KOMMbIOTEPHbIE BapuaHTbl YepTexken nam ¢otorpaduii 4ONKHbI BbITb BbINOJHEHBI B I060M rpaduyeckom

dopmarte, paspelieHmem — He meHee 150 dpi.

Nutepatypa

Mo pekomeHgaumn 6asbl AaHHbIX MeXAYHAapPOAHbIX Hay4YHbIX XYPHanoB, 4YUC/IO MCMNO/Ib30BaHHOW nnTepaTypbl

XenatenbHo JO0/1XKHO 6bITb He meHbLue 10.
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MpeacTtasnaem nopagoK opopmaeHus B ny6anKyemoi ctaTbe MCNONb30BaHHON NUTepaTypbl:

dammana U MHUUMANbI BCEX aBTOPOB AO/KHbI BbiTb BbIMOJHEHbI BYKBAMM NaTUHCKOro andasuTta, T.e. TPAHCIU-
Tepaumeit; HasBaHMe CTaTby C NEPEBOAOM Ha aHIIMNCKUI A3bIK; Ha3BaHME UCTOYHUKOB (KypHana, cbopHUKa TPyLoB,

MmaTepuanos KoHdepeHLMmM) — TpaHCAUTepaumen (A3blK CTaTbM YKa3aH B CKOBKax).

Nutepartypa (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 Teqgnikuri Universitetis Archil Eliashvilis Saxelobis Martvis sistemebis Institutis
Proceedings. N18 2014. Thilisi (In Georgian).

[ns npepctaBneHuns cTaTbM A0KEH BbiTb NPUIOXKEH NepedeHb HEOBXOAUMbIX AOKYMEHTOB A/1A COTPYAHMKOB U

OOKTOPaHTOB PY3NHCKOro TEXHMYECKOro YHUBepcUTeTa:

e Be peueH3un (cm. obpaseu)
http://publishhouse.gtu.ge/site_files/recenziis nimushi.docx

e BbINMCKa U3 MPOTOKO/IA OTPACIEBOIN KOMUCCUM NO U3AaTeNbCKOMY Aeny dakyabTeTa (cm. obpasel)
http://publishhouse.gtu.ge/site_files/aqtis forma.docx

AOKYMEHTbI O0/1KHbl 6bITb YAOCTOBEPEHbI Ne4aTbio cbaKyaneTa.
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