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THE RESULTS OF THE RESEARCH OF TECHNICO - CHEMICAL INDICES
OF THE GRAPEFRUIT, CULTIVATED IN THE WEST GEORGIA

G. Kaishauri Biotechnology center. Georgian Technical University. 1a Sarajishvili, 0197 Thilisi, Georgia
E-mail: g.kaishauri@mail.ru

N. Japarashvili Educational-scientific industrial bioecotechnology centre, Georgian Technical University,
77 M. Kostava str., 0175 Thilisi, Georgia
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Reviewers:
N. Begiashvili, Doctor of Technical Sciences, Chairman of Scientific Board of the Institute of Food Industry, GTU
E-mail: nana-begi@mail.ru
A. Khotivari, PhD of Technical sciences, Senior scientific worker at the Institute of Food Industry, GTU
E-mail: ani-barbakadzel@gmail.com

ABSTRACT. This work represents the results of the research of technico - chemical indices of the grapefruits,
cultivated in Lanchkhuti, city in western Georgian region.

We studied organoleptical (the appearance, colour, taste and flavour of the fruit) and technical (the average
weight, the average volume, compactness, linear size - height, diameter as well as form index) indices and mechanic
composition (proportion of biomass components, namely soft mass, skin, albedo and seeds in per cents) of
grapefruits.

Chemical composition of grapefruits is studied as well, including dry matters, sugars (monosaccharides and
sacharose), tanning and colouring matters, ascorbic acid, total acidity.

Research outcomes indicate that the grapefruit is characterized as a good commodity. Soft mass is distinguished by
its high acidity (3,27 % calculated on lemon acid) and by high contents of biologically active matters — ascorbic acid
(43,11 «10° %).

KEY WORDS: Biochemical composition; grapefruit; mechanical contents; technical indices.
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PE3Y/IbTATbl UICC/IEAOBAHUA TEXHO-XUMWYECKUX NOKA3ATE/IEN
NNOLOB rPEMN®PYTA, BbIPALLEHHbIX B 3ANAZLHOW rPY3UU

Kaiiwaypwu I.H. BuoTexHonorMyeckmii UeHTp, [PYy3UHCKMIA TexHudeckuit yHusepcuteT, [pysuma, 0197,
Téunucy, yn. Capagxuwsunu, la.
E-mail: g.kaishauri@mail.ru

Askanapawsunum H.A. HayyHbIi  UEHTP NPOMbIWAEHHON 6WMO3KOTEXHONOTUKM, [PY3UHCKUIA  TEXHUYECKUIA
yHuBepcuteT, Ipysua, 0175, Téuaucu, yn. M. Koctasa, 77
E-mail: nanajaf@mail.ru

PeueH3eHTbI:
H. Bernawsuam, JOKTOP TEXHUYECKMX HAYK, Npeacenatent HayyHoro coseta MHCTUTYTa NULWLEBOW NPOMbILLIEH-
HocTU TY
E-mail: nana-begi@mail.ru
A. XoTuBapw, aKag,. AOKTOP TEXHUY. HAYK, CT. HAy4YHbI COTPYAHUK MHCTUTYTa NULLEBOM NPOMbILLIEHHOCTM [TY
E-mail: ani-barbakadzel@gmail.com

AHHOTAUMA. MpuseneHbl pesynbTaTbl UcciefoBaHMA naogoB rpeindpyTta. Maoabl BbipaweHbl B 3anagHoi
lpy3MK, B YaCTHOCTU, Ha NpuMycasebHOM yyacTKe JTaHUYXYTCKOro paioHa.

M3yyeHbl opraHonenTuyeckue (BHEWHUIA BUA, LBET, BKYC, 3anax) U TeXHMYecKue (cpeaHas macca, cpeaHuii obbem,
NAOTHOCTb NA0AA, NIMHENHble pa3mepbl (BbiCOTa, AMamMeTp), UHAEKC GOpMbl) NMOKasaTeNn, a TaKKe MeXaHWYeCKui
(NpoLLEHTHOE COOTHOLIEHME MAKOTHU, KOXKYPbI, CEMSAH UM anbeno) u GUOXMMUYECKUI cocTaBbl N1040B rperndpyTa.

M3 BUOXMMHUYECKMX NOKa3aTeslel onpeaenanm cogepaHme pacTBOPMMBbIX CyXMX BELLecTs, Caxapos (MOHOCaxapos
M caxaposbl), AyOUNbHbIX U KpacALMX BELLLECTB, aCKOPOMHOBOWM KMCAOTbI, @ TaK¥Ke 06LLLYyt0 KUCIOTHOCTb.

YCTaHOB/IEHO, YTO N0AbLI XapaKTEPU3YIOTCA XOPOLUMMM TOBAPHbIMU CBOMCTBaMMU. KUCNOTHOCTb NI0A0B BbICOKAA —
3,27% B nepecyeTe Ha JIMMOHHYIO KUCNOTY. B MAKOTM naoaos rpeiindpyta COAEPXKUTCA 3HAUMTEIbHOE KOANYECTBO
610N0rMYECKM aKTUBHOIO BELL,ECTBA, B YaCTHOCTM aCKOPBUHOBOM KncnoTbl (43,11-10-3 %).

K/TIOMEBBIE C/IOBA: 61MoXMMMYeCcKuin cocTas; rperindpyT; MEXaHUYECKUIA COCTaB; TEXHUYECKUE NOKasaTenu.
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of educational and environmental awareness among the people. The article considers preconditions for the deve-
lopment of ecotourism in protected areas and expected impact and benefits as well.
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Y93 ga0 Jodogdo @gs]izool Loboo:
2KMnO, + 3H,S0O, — K,S0,4 + 2MnS0O, + 50 + 3H,0

300390 560bobsTdo  hogy@ligemo  bodydo, Jo-
@o@Eol goomgsbo bHHPIH Ol gedm, mwbsg
39dogds  ©o Lodo@mmgdls dgdgmd  odydaggdols
350 g gdol dobbom. 5dolmsb, gognoydols 39@dob-
35b5@0l blbodo 396 osbegbl Lodgmbg s@lgdyeo
dgaobol @odgdoli aoyngd g gds - 4o J@mdsb.

60d9do moglpgds I 5dsbsboTo, Lowsi bod-
@030l Jo@mligmmasdol (NaHSO,) 3%-0sbo blibs-
0> dmdbogdygmo.  ©mEndgbdol  Asmgmdgdols
3039090 do 53 blbodl 0ygbgdgh dgenbols goe-
Jgools dmbsgogmgdas. NaHSO4-0l ggdm dowsaro
3Mb3gbHMsE00l  blbsmols aodmygbgds Logdmbgls
9J360b Jowomeby yodnbobym HadbHb.

dgdga0 30magegs (I 5d5bsbs) Ladygmols
30dobodg  Fymom  hodgiabgel  omgomol{obgdl
> 00 15-20 Gyl addgeogds. 53 @AMl boy-

o 0093bgds dobogol bgesdo®owsb fobs @
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sdobobodo  dodwobsdy  3GmEglol  3GMEy]Egoo,
53 gbowdg bgo@d@omgds dgogs aomgdm. body-
‘do mogbpgds IV sdobobsdo, @mdgandoi woli@o-

oM goygmo Fymomn ©sdbopgdbygmo gm@dsgobols

5%-0560  blbs®os. gl 3Gmiglo, gomo Ibdog,

53539000 Fomgmn@gdge 9839JAL sbpgbl b0odyd-
g, dgmmg dbeog, oL ©gbobygddob@ol gubd-
(3053 530LM0s.

V Loggbydbg b0dydo aomswol wobBomody-
b Fgogmdo, Lowoi 1015 Fyol gmgbogds.

Fomdmygboano yodgibge-gobgod@ogmgdols 3dm-
39bol 3o63bsb@gMgemo oMM gdoo:

L. 565%565T0 KMNOs-ols
3obs306MdgdL

3Mb63Egb@®s305; 0o
Jowomeol  bgwsdomby LYm@ge
03 G0 s sBsMAYSbymo bogmoghgdgdols
Jobag0m  3MmgLgdl, GmIagdoi  boby@danogo
A0l gobdsgamdsdo d0dpobodyg ao®wsdbgdols
Yggao bOEosh Jomsgwol dgogosbmdsl;

2. gobygol  3Gmzgbdo

dmbosfoayg Bgogs  wo
‘dgbodsdolo gmbgb@MmoEos;

3. Lodydom blbo®do gydEmol  ogmgbgdols
EOM; 030 Aobolsbwg®gds FYdEmol byosdom by
Jobag0L  3MmEglgdol  dodwobsmgmdols  bobymd-
030000,

9Jb3g0396@0L dobsbo:

L byganbs{gmol  aodgibgs-aomgmmgools  3@m-
39bol gPmE@aMYms Foddotmngs, Mo bryswse
9Omd5bgmoligeb wsdmyzogdgeo 3MMEgLgdos;

2. Jowoemoby osdligdygemo LoFgolbo dgogs go-
990l doJLodogydo bgo@@ogobsozoo.

9JU3g03gbGol T g@s30L dobsbo ogm 1 sde-
bobsdo KMNOs0l Lodygdom blbomols m3@odogsy-
00 3mb3gbd®oiool woygbs. ImIbswws KMNO4
ol goblbbgoggdgemo 3mbigb@®aiools blibs@mgdo.

L. KMnOgoli  blbotols  3mbigbdmscos 300
da/a0 o6y 9JL3g@M0dgbGol Jgges bwgsdo dgodbs
03 3mlob@goom, Gmd Fobby wodsgo 4mbigbd-
@5300 KMNOs0l blbs@o gs]@mddogem godmey-
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Logaomos gyaHimmol bgesdo®dls s dob Lowe-
d9'do dodpobsmy gobagomo 3GmEgbobsmgol.
2. g9db3gModgb@ol  bgws bmgodo KMnNOgols

700 /a0 3mbEgbHHsEss.  ds@magnas,  Sligmo

blbosmol g5dmygbgools dgdmbgggsdo sliodydegy-
dgano  dologrols bgosdo®by LOymse Fomods-

d9drgds o gdegy  Sdobobgddo  odydaggdom
Aol bgosdo@mols aomgm®gds ggme® bg@b-
©gds. sdM0gs, KMNOs4ol blbs@ols gl 30b396H-
(o300 Jo@omos o Jowomeol  sdydoggdols
dobbom dobo @5dmygbgds > om0l Jobobdgm-

bogno. dgo@hs oblbgoggdyao pH -0l (3.5 4; 5)

0gds  gobagomo  3GmEgbgdo, @sbog  BPOEmol  IJmby Lsdo 60dgTo. gueEmol blbsddo ©oymg-
bgodo@ol bgod@omobsizos sl g®mgdl, mgd-  bgdol O™ goeygbos 10 For-l. dowgdyeo dg-
3> dobo  LoPgobo  ggg@ommds  dgbodhbggoe  wgagdo Inigdgmos Jggdmm, Ly@smby.
5 8-
7 A . —
6 -
5
47 ——1
3 1 -2
2 3
1 4
0
100 200 300 400 500 600
KMnO,

6039Bob bgpsdodol pH-ols s3moEgdgmgds KMNOol blbstols 3mb3gb@@sEosby

3. 9JU39@M0dgbBol  Ygegygdds  godmogemobs,
Amd I 535Bobologol KMNO4ol gg9amsbyg m3@o-
dogoy@o 3mbigbdMsoss 500 /.
9JUb3g@0396G0L II g@s30L  dobobo  5ds5bobsdo
KMNOsmob gomsw gobagom 36mEgldo dmbsfogng
dgogols dg@hggs oym.  J3engggdo  hogs@otgm  m@o
d9585b, golgmadgegols (H;PO,) ©s amgo®odgs-
3oL (H,S0O,) 30dotrm. 53539 ©@ml KMMOgol jmb-

39bO@>30>  FgoEpgbes 500 da/ae-b,  BydEEol
©54mMgbgdoll @AM jo — 5 Fo-l. So@oengey® Gg-
Joddo  sgowgm  gAmbso®o  bmdol, sdobdydgdols
Lbgowslibgs bo@molbols ©s, dgbodedolow, bbgowmes-

Lbgs dgogoobmdols dJmby 4 bodydo (Lodgl@og@e-
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(30O BYA3YE0). osdbspws m@o Lobol Lsdydom
blboto: 1. KMNOsols @s H3PO, -0l (Igogol gmb-
396p®s3os — 0,1%); 2. KMNOgols ©s 0ds39 30b-
GabOO>G00L H S0, dgogel Ggemomgdols yogeng-
bo gy@Emol bodmanmm pH-bg Imizgdyamos 3o-

39e0 3b®ognJo.
Omam® i 9Ju39Mm0dgbGol gy gdowsb

393> 8gogol dgigesls s@lgdomsw o@ 9dmJdgoos

06 3

bgo@@omobsizooll 3GmEglby, Jsp@sd odmoggy-
0o ghmo 360dgbganmgsbo  gsdo — H,SO,-006
5oM9dmdo  Yudem  0bBgloydep  [omods®ms  Jo-

ool bgosdomby gobagomo 3@miglo.
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agbooao 1

Ubgopalbgs dgogol aogergbs 608930l Lasdmanmem pH-bg

O,].O/O H3PO4 0,10/0 H2804
Ne 6039dols LsFgobo pH
6039 dols Ladbmenmem pH 603990l Lodmenmem pH
1 3.8 6,6 6,6
2 4 6,7 6.8
3 4,7 6,7 6.8
4 5 6,8 6,9

Relgm®dgegsl asdmygbgdom ggd dmbg@bos
6039 dols bgsd3o0mbgy bmaogdmo @ool LEgmsw
39BIOYE oS-35 JOMbs o Logo®m gobs 3Gm-
3abol  as3gm@gds, o3 amyodedgsgols godmyg-
bgdol Ygdmbgggsodo o godbpotds Lokodm. be-
©05> 253M0339ms, FO ol Laghmnm godgibge-
3oL ggnmsggdols 30mEgbdo  ymyodEdgegsl aodm-
496900l g30@s@gbmds.

9Jb3900396@0L I g@s30L Jobobo oym T ode-
bobsdo boddol oymgbgdol m3Godogrydo wHM™-
ol dgdhggs. 3@mEgbol dglfoganols dobbom ho-
Aot 9Jl3gMmodghdo  Lsd  Lbgswslbgs
Ygomgodo: 5, 10 ©s 15 For. Lodogg gdmbgggsdo,
I 535%Bsbsd0, KMNOsols s H,SO, -0l bliboédo,

OAOMol

II 565%sb5Fo, NaHSO, -0l blbomdo

BaOGE2 b0
sy dogos ghmo ©s 03539 ©AOMOlL  Fgom godo.
@eobmgols  sgowgom  asblbgsggdymo  ©sdobdydyg-
b0l badolbol, dggg@ommdobs ©s Lofyolo pH-
ol dJmbg gBmbso®o bmdol mmbo bodydo. 9Jl3yg-
®0396@0L  Iggagoo dmzgdgemos 39-2 3b@ogndo.
3odmgeobs, Mmd bodydol blbs®do 10 Fymsdweg
ogmgbgds Lagbgoom Lsgds@olos dolo bgosdo-
Aol Legemo bgo@@omobszoobomgol. gl 9Jl3g-
®039b@0
BoJHoL Amol bybEo goblsbmgMowsb godma-

Jodon@  @95]BH03gdmsb  bodydols  3mb-

©obsty, 9bOYmggmymal dsbsenols LogmEbarol-
9bs@0sbmdols bHwsL.

agbdogno 2

blibs® 3o 60dydol ©ogmgbgdol EAMOL gogergbs dol Lodmanmem pH dohggbgdge by

Ne 60393ols ©ogmgbgdol wAM S oo, ©5gm3g6930L @AM 5936930l @AM
Lo golo pH Lbodmenme pH 10 §goo, 15 oo,
bodmenme pH Lodemanme pH
1 3,5 6 6,8 6,8
2 4 6,4 6,9 6,9
3 4,7 6,6 7 7
4 5 6,9 7 7
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9JUb33®033680L IV g§odo I sdobobolomgol gm-  Fgomgdom  bobosmgds  blbs®Po  @sbsgebyo
3003gegol M3Godoenygdo JmbigbdMaiool dg@hy-  bogdmgdol (mGasbymo 09 sHsm@ysbyeo) dgd-
35> 0gm. gJl3g®0dgbBolmgol sgowgm mmbo gombs-  (3g3germds. 3 Lowowol gomggmo gobolsbwgdgds
00 bemdol 60d9xTo, GmIgmms bosfyolo pH=4 s 1 @ FyomTo sGLgogmo bogmog@gogdols ©obsgeb-
KMNnOsol 3mb;396G®sz0s 0gm 500 3p/m. 60dxdol 3o Logo®m  gobydowol Gom@gbmdon (dy-mdom).
blbo®msb bogmbdod@m ©@m asbolsbwgds 10 Y- 9dudg@odgbdol  dggolgdobogol  gobgerddmgs-
om. 9JL3g®0d96¢0L  Vgegao Fgaslos 60d9Tgdol  bgego  3g@dabaobo@ol gobygol  sbdlsbwg@gmo,
bodmgmem pH-0m s 6539393560 blbsddo 390- V- 39dgmol  dgmmwom. Goym®E  Igrgagoorsh
Bobgabo@ol  gobpgoo. dgogol bofyobo  jmbEgbd- 399004390, GORILEG  30R0GRIgoEl  §0b3b-
5305, 60393930l bodmmmm pH ©s gobpdopols  OO>E0> >@0b 0,1%, 36migbol Fgeayo  Lagggmyr
Jodog@o  Bosbmds  (wogebynmmds)  dmgdgmos bms. s@lobodbogos, @md gl 3GmEglo slodyds-
993 @bGogPo.  39GIobyobo@gmo  gobagopmds 39090 dobagrolsmgol Sdbmmgh e glog@e-
30mEgbol  do@mdomo  Ishggbgogmos.  dolo  Lo- boo (o6 0f393b dob Igodgger ©B0obgdsb).

agb®ogao 3
I 585bsbobomgols 3mb3gbd@sEool Igbfogms
22000370300 bodmE o 39633
Ne 306G9bHG>G0, pH do/ e, O/
%
1 0.025 7,8 12
2 0,05 7 13,26
3 0,075 6,7 13,8
4 0,1 6,7 138
©obggbs
gL ogmomos  ©m3ydgbdol  yomgibgs-bgod- dogbgrsgo  0dobs, G®I  3GOEgbol  de@el

Gomoboool 3GmiEglol yggms boggba@o: gogmo-  ©obadydaggdgeo  bodydol, ©migdgbdol  pH-ols
930l 390356p56500b  M3Godsgudo  Jmb3gbH®s-  dobgabgdgmmo 6,8=7-l Fgowygbl, Jobobdgfmbognos
oo Ladgdom blbs@To; godmboygbgdgeo dgogol,  GoMGoL bgldghbosdo dobo godsgggmo @AMom
H,S0, -0l 93065@gbmds  gmbgm@dgogobmsb g domoglgos,  gobsopsb gl 3GmEglo  Jo@smeols
©M79300; 30m3gLbdo Imbsfomyg Fgog5L m3G0Io- bHOIIH B0 JIbol  Gadg GgbgOgl,  Gomsi

@at0  3mb3gbHMoios;  3omgibgs-bgod®omobe- 9bOYbggeygmgl  dobogol  byosdo@ol,  ©A™Ol

(00l 36miagbPo dmbsPoamy KMNO4qol 893359600 dobgogon  dmbogmebgmo  dgdwogmdo  Igogosbm-

I g0 blbo®ols dsJlodseny@o gobagomo dglodangd- 50bgob ©aEgal.

@mds Aol bmdsbmsb dodosdmgdm.
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TECHNOLOGICAL PROCESS OF WASHING AND NEUTRALIZATION FOR THE RESTORATION OF
PAPER-BASED DOCUMENTS
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ABSTRACT. Restoration-conservation is of utmost importance in terms of the protection and preservation of
archival documents. The article refers to the scientific research of the paper-based documents restoration problems
such as the study of washing and neutralization process. The article considers new five-step technological scheme for
washing and neutralizing the documents. This method enables the processing of paper-based documents made of
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wood and fabric cellulose as well. The most economical effectiveness of this process is provided by the minimal
amount of chemical reagents used in the process. Moreover there is no need of any specific expensive laboratory
facilities and equipment for the process implementation and the process may be performed at any restoration lab of
medium-scale.

KEY WORDS: conservation, Paper-Based Document, restoration, Washing and Neutralization.
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TEXHO/IOTMYECKUIM NPOLLECC PECTABPALIMU- MPOMbIBKU N HEATPAIU3AL UK
AOKYMEHTOB HA BYMAXHOM OCHOBE

FarHupse T.0. JenapTamMeHT XMMUYECKOW U BMONOrMYecKon TexHONOrUA, [PY3UHCKUMIA TeXHUYECKUi
yHuBepcuteT, Ipysua, 0175, Téuaucu, yn. M. KocTasa, 69
E-mail: tamriko.gagnidze@gmail.com

LUsepasa M.K. JenapTaMeHT XMMUYECKOW U BMONOrMYEecKon TexHONIorUA, [PY3UHCKUIA TeXHUYECKui
yHuBepcuteT, Ipysua, 0175, Téunaucu, yn. M. KocTaBa, 69
E-mail: maiatsverava@yahoo.com

PeueH3eHTbI:

N. MBacanua, npodeccop, JOKTOP TEXHUYECKMX HAyK [lenapTaMeHTa XMMUYECKOW U BUONOTrMYECKOM TEXHOOTUIA
baKynbTeETa XMMUYECKOW TEXHONOTUWN U MeTanayprum MY

E-mail: l.gvasalia@gtu.ge

P. Knauawsuam, nonHblt npodeccop [enaptamMeHTa XMMUYECKON M BUoNOrMyeckon TexHonornin dakynbteTa
XMMWYECKOM TEXHONOTUWN U meTanayprum Y

E-mail: rezokldiashvili@yahoo.com

AHHOTAUMUA. B cdepe cOXpaHHOCTM W 3alMUTbl APXMBHbLIX AOKYMEHTOB pecTaBpaLuA-KOHCepBaUMA Wrpaet
rNaBHYI posb. B cTaTbe NpeacTaBneHo HayvyHOe UCC/iel0BaHME HAUBAXKHENMLLIEro NPoLEeCcca PecTaBpaLnmn JOKYMEHTOB
Ha OCHOBe bymaru: npouecc HeWTPanmn3aumMm, NATUCTYNEeHYaTas TEXHONOTMYECKAn CXeMa MPOMbIBKU-HENTPanmM3aLmm
OOKYMEHTOB, XMMMUKO-1abopaTopHble UCCNeLOBaHUA U UX MTOru. Mo npeacTaBNeHHON cXxeme MOXKHO 0b6paboTaTb
AOKYMEHTbI KaK Ha OCHOBE TPAMUYHOM, TaK U Ha OCHOBE LeNNt0N103HOoM Bymaru. [laHHaa cxema TpebyeT MUHUMANbHbIX
3aTpaT XMMUYECKUX PEaKTMBOB U He HYXAAeTca B Aoporocrtoawem nabopatopHom obopyaoBaHWKM, U NO3TOMy eé
MOXHO MPOBOAMUTb B PECTaBPALMOHHbIX MAaCTEPCKUX CPeAHEro ypoBHA.

K/IIOYEBBIE CJ/IOBA: KOHcepBauMsa; HENTpanuMsauua LOKYMEHTOB Ha OyMaKHOM OCHOBE; MPOMbIBKA;
pecTaspaumms.
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©. O3>

25d0Ygb9300m0 ggmemmaools ©g3sMmFdgbBo, Lods@mggamml @gbogy®o yboggm-

Lo®gdo, LoJotmggenm, 0175, mdbdognobo, 3. 3ml@ogsl 75

E-mail: maikor@yahoo.com
©. LoMdomsdy

3L “xgmobgobo@obyo”, Lsds®mggarm, mdoamolio, msds@sdgoaols 155

E-mail: david-sirbiladze@rambler.ru

®9(396bg6@ gd0:

3. @53059g0@00, LFy-ol Lodmm-ggmmmyogdo gsggam@gdol asdmyggbgdbomo agmammyools ©9g3sm-

H°9963 0l sbmEodgdygao 3Gmagglmdo
E-mail: m.Lapiashvili@gtu.ge

o 3mbmbgarodg, LEHY-ol Loddgbgommm gozgmBgBol Lodmdsgsdm s Loddgfggerm 3dgbgdermdols
09350 sIgbB ol 3Mmmeggbm@o, Bgdbogol dgi3bogdgdsms mJ@mo

E-mail: dep45@gtu.ge

Ib6MBOG0S: wg3dgbos (Jgodyero) @garogazols
9OOYMBon0 FeAdss, OmIgmoi gesdofol Jyo-
Job bomdks @olanmgsizogdols s dbggomo dmd@s-
o0l dgogyos. LogoMmgganml dg30  Ggaombdo
Lbgoalbgs dold@sdobs ©s Lom@dol wgdmglos

oMol IgbFoganogmo. Jagybol  Bgco-
BMO0s  aoboggdgmos  Jnosmsdys @@y gdols

do@osbow

Fodagddo. Jol dybgddog aocgdmdo wgosdoFols
Jaoddo momJdol ggges Godol Jobol s@lgdmds
Jbol  doyge  Loobgob®m-ggmemmaoy@d  gmbl.
bEo@osdo dogogmomols Lobom gobbogneyganos, Lm-
gge gbbyl, @ofols Fool, ,,mdogoliols bgols®,
shogniobols  Jgodgmols  ggmemyoy®  gomgdmdo
3obg0mo@gdgemo dmgangbgdo. ©g3dgliools Loobgob-
OM-290@ 30900 Oguombymo  dggolgds, dsmo
Lsdgy@bgm smgolgds o Hgbmbggmml gzmanm-
30900 Fmbslfm@mdols dgbodhybgds Loobgobdm

dogdols s 3ganggol doGomso 3GOMdagdss.
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15033564 LOB®T3IB0: agmenmyoy@o  Ao®gdm;
©g309L0s; ,,mdoeolols bwgs™; IGggdol ©g3dg-
Los; oo Bgdodm@ool smgoligds; Ggd@mbogs;
guby; Jgodgeeo; @Odymo.

dgbogogmo

Bge009gxols (Gmam® sgdomol, olyg go@ym-
gomol) ge®@dol dglfogas sbomgolgdgmo  Ggdo-
BMAool  boobgobdem  ggmemgogdo  Jodmbdgdols
330930Ls o Yggoligdols gHhm-gohmo dmsgsdo  Ls-
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ABSTRACT. Depressions (troughs) are negative landforms of relief resulting from plicate dislocations and
oscillations of the earth's crust. Different depressions of various scale and depth are studied almost in all regions of
Georgia. Generally the entire territory of the country is located in the intermountain troughs. Complex engineering
and geological background is created by the existence of almost all types of rocks in the crust of its geological
environment. As an example, the article considers the phenomena in the geological environment of Pskhu village, the
lake Ritsa, “Thilisi Sea”, Akhaltsikhe trough. Regional engineering - geological assessment of the depressions, their
efficient utilization and maintenance of ecological balance in the technosphere are considered to be the main
problems and challenges in engineering research.

KEY WORDS: basin; depression; geological environment; Mtkvari depression; Pskhu; Ritsa; "Thilisi Sea"; utilization
of the ground; trough; tectonics.
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UDC 624.131.31
SCOPUS CODE 1909

K BOMPOCY UHXEHEPHO-TEO/TIONTMYECKOM OLLEEHKW AENPECCUU

Porasa [1.B. JenapTameHT npuKknagHoin reonornn, FPY3MHCKUMIA TEXHUYECKUI yHuBepcuteT, [py3us,
0175, Téuawncu, yn. M. Koctasa, 75
E-mail: maikor@yahoo.com

Cupbunagse A.3. 000 «[IeOUHKUHUPUHTY, Tpy3ua, Téunmcy, yn. Tamapawsuam 15°
E-mail: david-sirbiladze@rambler.ru

PeueH3eHTbI:
M. Nanuawsunu, accou,. npodeccop JenapTameHTa NPUKIILHON reoormm ropHo-reoiormyeckoro dakynbteta MMy
E-mail: m.Lapiashvili@gtu.ge
I. YoxoHenmpse, npodeccop, AOKTOP TEXHUYECKMX rayk [enapTameHTa rpaxgaHCKOro W MPOMbILLIEHHOTO
CTPOUTENbCTBA CTPOUTENbHOTO dakynbTeTa MY
E-mail: dep4d5@gtu.ge

AHHOTAUMA. [lenpeccumn (KOTNOBUHBI) - oTpULaTenbHble Gopmbl penbeda, conyTcTBylOWMe pesyabTaTaM CKNaa-
YaTbIX AUCOKALMIA U KonebaTenbHbIX ABUXKEHWUA 3eMHOW Kopbl. OHWM pa3HoOro maclwTaba v raybuHbl, N3yyYeHbl NoYTH
BO BCex pernoHax lpysun. B uLesom, BcA TeppuTopua CTpaHbl PAcnosioKeHa B 06/1acT MEMKIOPHbIX BMAAMH,
BO3HUKHOBEHWE U PAa3BUTUE KOTOPbIX AAEeT OCHOBaHWe NpeanonaraTb CUHXPOHHOCTb BO3LENCTBUA KaK TEKTOHUYECKMX,
TaK U 3PO3MNOHHbLIX ABAEHUIN. CAOXMHbIA WHKEHEPHO-TeoNorMyecknini GoH co3naeTcs CyLLecTBOBAHMEM MOYTU BCEX
TMNOB NOPOJA, B 3eMHOIN Kope ee reosornyeckon cpeapl. M3-3a HanMUMA MHOroo6pasHbIX KOMMIEKCOB U 060CTpeHUs
3KONOTMYECKON CUTyaLuKu, NpeaMeToMm 0coboro BHUMAHWMA CUYMUTALOTCA KOT/NIOBMHbI, U B YaCTHOCTM, MEpPCrneKkTMBbI
pPaLMOHANbHOIO MCNO/Ib30BAHWUA TEPPUTOPUM 3aMKHYTBIX AENPECCUt. B cTaTbe B KAYeCTBe NpMMepa paccmaTpuBatoTca
AIBNIEHUSA B re0NI0rMYecKon cpese KoT10BUHbI cena lMexy, o3epa Puua, Tounmcckoro mops, Axanumxe.

MH}KeHepHO-reoNorMyeckas pPerMoHaNbHan OLEeHKA Aenpeccuid, XO3AWCTBEHHOE OCBOEHWE WX M COXPaHeHMUe
3KONOrMYECKOro paBHOBECUA TEXHOCHEPbI—OCHOBHAA NPobaema UHKEHEePHOro NOUCKa U UCCnea0BaHuUA.

KNHOYEBDBIE C/IOBA: BnaauHa; reonorMyeckan cpeaa; genpeccusa; KOTnoBuHa; KypuHckaa genpeccua; ocBoeHue
Tepputopuit; Mexy; Puua; Touancckoe mope; TEKTOHMKa.
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ABSTRACT. The actuality of the modern solution of the problems raised in the article is based on the analysis of
the international experience of the optimal planning of energy resources production. Correlation analysis has revealed
factors influencing production level of energy resources in Georgia. Mid-term forecasting of the factors has been done
by using the auto regression model. Mid-term forecasting of electricity, fuel, coil, natural gas and firewood production
in Georgia has been estimated by means of regression and artificial neural networks. Production parameters have
been verified using trend-adjusted exponential smoothing method. Based on the obtained data, there has been
developed a medium-term forecasting methodology for local energy resources production as well as the relevant
mathematical model and, accordingly, medium-term forecast parameters for local energy resources have been
defined.
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AHHOTALUMA. Ha ocHoBe aHanuMsa MeXAyHapOAHOro OnbiTa ONTMMAAbHOrMO NAAHUPOBAHWA NPOM3BOACTBA
3HEepreTMYEeCKUX PecypcoB B CpegHECPOYHOM nepnoge o60CHOBAHA aKTyaNbHOCTb PeLleHMA BO3HUKLLMX Npobiem Ha
YPOBHE COBpeMeHHbIX TpeboBaHuit. Ha npumepe [py3sun C NOMOLLbIO KOPPENSALMOHHOIO aHanM3a YCTaHOB/EHbI
baKTopbl, BAMAIOLME HA NPOU3BOACTBO 3SHEPreTM4eckMx pecypcos. [lporHosvpoBaHuMe 3TuUX ¢aKToposB B
CpenHecpoYHOM Nepuose BbINOSIHEHO C MOMOLLBIO aBTO-PerpeccMBHbIX mogeneit. OcylecTBNeHO NPOrHo3MpoBaHue
NPOu3BOACTBA 3/IEKTPOSHEPIUM, APEBECUHDI, YIAA, HepTU 1 NpupoaHOro rasa B [pysun B cpeHECPOYHOM nepuose
MCNONb30BAHMEM PErpeccMBHOIO aHaAM3a W UCKYCCTBEHHOW HEWPOHHOM ceTn. MeToaoM 3KCMOHEeHUManbHOoro
CrNaXKMBaHMA peryavMpyembiM TpeHAOM YTOYHEHbl MapameTpbl MNPOM3BOACTBA, COOTBETCTBEHHO oOnpegeneHbl
NPOrHo3npyemble Mokasatenn. PaspaboTaHbl MHoOrodaKTopHas MaTemaTUyeckas MoAesb W eauHas MeToauKa
ONTMMaNbHOTO MAIAHNUPOBAHUA NPOU3BOACTBA SHEPreTUYECKUX pecypcos B [pysum B cpesHECPOYHON MepcrnekTuBe.
YnomsaHyTaa metoguKka anpobuposaHa Ha npumepe pysuu u onpeaeneHbl ONTUMA/bHbIE NJAHOBbIE NapameTpbl
NpPoOu3BOACTBA SHEPreTUYECKMUX PECYPCOB B CPEAHECPOYHOM Nepuoge.

K/TKOYEBDBIE C/IOBA: MCKYCCTBEHHble HEWPOHHbIE CETW; MaTemMaTMyecKass mogesb; MPOrHO3MPOBAHWE; MpPOM3-
BO/CTBO SHEPreTUYECKUX PECYPCOB; perpeccus; daKkTop.

L& I-OL 9H™MB3I30) — WORKS OF GTU — TPYAbI ITY ISSN 1512-0996
Ne3 (501), 2016 54 www.gtu.ge



Jb6IAdIB03> —ENERGY — SHEPTETUKA

UDC 620.9
SCOPUS CODE 2102

OhddMISOL 30TJDMINRIIBA IR0 35@RSIFGIRNL ROSIGMLBH03S

9. 2095Ygomo

909dBOMBgJb0gobs s gangB®mbogol ©g3sMHSIgbB, Lodstmggmml Ggbozy®o

960390Lo@g@0, LoJo@mggenm, 0175, mdognobo, 3. gml@Gogsl 75

E-mail: m_giuashvili@mail.ru

09:396%96@® godo:

9. bg3Lsdg, LHg-ob gbgdggdogolbs @s Bgegsmdynbogocool gsgge@gdol gangdd®mm@gdbogols s
9809dHO™bo ol ©g3oMmESIgbGol 3Omeygbm@o, Hgdbogol dgEbogdgdsms wmJdmmo

E-mail: sh_nemsadze@mail.ru

& @bmAganodg, LEY-ob gbgdygBogole ws BgargsmdygbogsEool gsggm@gBol gargd@d®mdmbls®gdols

B9Jbmema09b0l ©g35MmESIgbGol  SLmEoMgdygeo

E-mail: guram.65@mail.ru

S6MBSGOS:  3bmdognos, GmI  30gbmgen 9]@ G-
@0 aodbmdo  goMEsdJdbgeno  sMEYdomo  shJs@g-
ol oo LobybBom gobmdzol 98g]d gm0 bodys-
@gdss. aobmdgol dgogao 360dgbgermgbswss ©sdm-
3009090 a5MEsd]dbganols  FobolifoMo  oogbml-
H0ga00  gaeggol gegpby. yodmggrgymos, OmI
060gJBbg dogrosh bobdmgang 0d3yembols bgdemJdg-
©go> 0dargge dobo LG PHgOol, wobsdogyg@o 3o-
5393 M gdols s gBABmEmaoyg®o dobslosmgdang-
b0l woo LobylGoo oblsbrg®ols Lodgoagdsl.

53356807 LOBI3IS0):

omdabbgdo 033y lio;

353bm8o goMsddbgeno; LobTdod o dsbsbosmg-
dge0; L3gd®O o Lodgg®ogy.

Fgbogogo

LohJo@ol, 0bdgbloyg®o @gg0dobsmgols

QOO
35b39mgboano  Bgdbmmmpogdo 0y ©osabmlbdo-

ISSN 1512-0996

www.gtu.ge

30059bmM0, S3ogdondo mGmeo

3900 ©5b0dbyegdols  sbswgs@ols

00003362
gobol dobmd@oge aodmoygbgds Lbgsslbgs be-
bols do@ogliobdod o dobos@ydymo  asdbmdo
3oM©s3Jdbgengdo, dom dm@mols — shfodgdol god-
bmdo 309bdmgag B gmo 3o0Esd dbgemo. dg3bog-
Mgo0bs s §gdb040L gobgoms®gdols mebsdgodm-
39 0031y 3bogbgenmzabo yrgagdos dog§ygeo
ddenog® 0d3mbyg@ gbgdagBogsdo olgmo Bgdbe-
@00l aodmygbgdom, Gmym@oEss: @wommbols
3o9b0dY@-083y9a@lydo  dgomom s doggds;
3mbLAGPJGogmo dobogrobs ©s boggmmdols wo-
bodogyg@o 3odm (3053 500 9d3gM 5B B e 0
3gnsbdoo dobogols bgosdo@ol ©oxsMgs s ©o-
39 doggde; 0mbgdols ©s gemgd@®mbgdols bsjowom
dobognols  odydoggds  ©o

bbgs.  sebsbodbsgos

L®e-do

domFggmos  goMygggmo  dgogagdo. dspsmoms,
0339 y@o

30m39lgdo,  @mIgams  ©sdydoggdsdo

@ommbols 537 doggds  denogdo,

ds3b0@ M0 OmEgbsg  bo®Eogmeyds

dod 9@,

39000,
B9dbmmmaoyg@o 3o dams,
05330830, dgoymgds ©s ofymods [1]; 3ogbmg-

39M5(30900:

L& I-OL 9H™MB3I30) — WORKS OF GTU — TPYAbI ITY
N3 (501), 2016



J69033B&03> —ENERGY — SHEPTETUKA

9dpOgmo s bbgs Lobol gs3bmdo aomosd]d-

bgergdoli  obsdogyg@o  dobsloosmgdangdol  aob-

Bodobol o
Lbgs 3mbl@E®ydaogeo dsbsgol wobsdogy®o do-

Lobemgms;  senygdobols,  dogboydols,
bolosmgdangdols aodm3gaggs [8].
©0bsdogy®o  godmawobsl dJowgdbymo obgm@-
do@ool baygamaslmgbo  ©sdydoggdobsmgols o
3o gdgeos  3odmygbgdygmo asdbmdo  gomsd]d-
bgenols LA ygao
3gJ®ol mEbs, Mobo dm3mggdsa dgbodangdy-

©0bsdogyg®o  dobsliosmgdargdols
oo 0gom  ShJocgdol godbmdo aoMEsddbgarols
gmggerdb®ogo  aodmygenggom  dolibg  bobdmgeng
oMBYdol  Lodgomgdom, Ibgogbow gengd@@ o
Vogeol  Lobdodygao  dobslbosmgdangdol  3ge09-

gobs 0d3geliyg@o dgmmeon [2].

doGomso bsfogo

sMAydomo  shstgdol 30gbmgmrg]@@ o ao0-
bmdo godEsdJdbgemo oMol woo Loggmeto @bggo-
0o Lobdo@mol 3Jmbg Loli@gds. InFymdogrmdols dm-
gE0Mgds  dgbodangdgmos  gBmo, ®@o ob  I@e-
go@daliosbo  aobsfomgdym3s®sdg@®mgoosbo  @bg-
gomo  LobEgdom. dobo  3@sdBoggeo  asdmygbgdols
EOML  2obmdgol dgogagdol  ©sdydaggdolol, yo-
bmdzol oo LobybRol Yboybggaboymeysw, Lo
doOms  23Jmbpgls 0bgm®dsizos godbmdo  goMwsd-
JIbgarols 533 odmoyd-bobdo@yao
ool dglobgd. o3 0bgm@ToEool dm3mggds  dgod-
g gds  aoMEsdfdbgerby — dob  da@dbmdos@mmdsby

hfodgdols  babdm jang

doboliosmgd-

03390 Lol bgdmJdgogoom,

39HdmE  ao@sdfdbgaol  omdybbgdo  033yenlols

s ‘dgbodsdolo Mgsdiool MgaoldmsEools s dosmo
‘d9damdo  ©sdydoggdom. (3bowos, M Jsmomliob-
‘Jodgeno  aomadJdbgarol  g939]@ M0 swabbgdo-
Lomgol Ladko®ms smdabbgdo 0d3yabols boby@dano-

gmds  3oMsddbgemol  Logygmato  @bggol  3g@o-

mEbg bsgargdo ob dobo mobsbmdswo oymls [8].

LSO 9a(MAISO — WORKS OF GTU — TPYAbI ITY
N3 (501), 2016

LEy-do 5@l LobJB-39Bg0dynmyols dg@Omenmyo-
ol 0bbRodgdol Igabogtims dogd smbodbymo -
Logngdols aodmygbgdom dgddbogno wod@ydomo obJs-
6930l Lobmdo MN-93  Lg@ool  shfs@gdols  god-

©53J3bganols godmyganggol dpows®o  yodmLoang-
bo. 30z Lydomnby bohggbgdos dobo 3mblR@yd

3oy bgds, 50930l
Bomgdol  a(t) [soabbgdols

392 bygdomndg go -
25059 Jdbgenolmgols]

v (1)
‘dgdmbgggolisl.

> 2oMEsdJdbgamols  @godiools
453960
dd@ombols  35(5393Mgdo

mbo@ma-
d0gJBol
‘dgbsdsdolo

Lbgopslibgs

©0bgdo
mbEo@ma®sdols odydeggdols dgegasw [3].

V///////
3

bg@. 1L 1 — gm@39lo; 2 — go@esdd86gmo, ©sdsamgdygmos

boggemgg md0gdBdg, Fadommo 56 besbboo; 3 — 33@Mdbmdostyg

990933630; 4 — M 3obols @ocmmbol FHoymo 56 mobignbs
B30000; 5 — gmd3gbo

oMAYdomo  shJomgdol  gsdbmdo  yoM©sd]dby-
@ol obsdogg@o  dsbobosmgdamgdols  3gemggolsl,
3563 gmdgdon  s@o{@gogmdol  IgLfegarobsl,
Lokodms dobo osmabbgds 0d3ganlig@o shjs®gdom,
G®Ieols 3ogg@0 360Tgbgemmds s@ols 10°-10° /{32

10 3379 boby@danogmbom [4].

ISSN 1512-0996
www.gtu.ge



Jb6IAdIB03> —ENERGY — SHEPTETUKA

a,Vv
Vv
/
=\
\ ~—~
a,(t)
< >
0 > t
a,v Toas
v(t)
a
0 /\ _
<+ t
T a3
Ty <To

by@. 2

0309d®ob obJodgdols a (f) o otrsdddbgmol Mgsjaool v (1) mbEomma@sdgdo

bbgopolbgs dgdmbgggolsb

o3 mgoalsb@obom
shJo®gdols

SJBgomma@os  dgodbsls

309%mgmgJdOgmo  ao8bmdo  go@-

©053Jdbgeol  @obsdogydo  Fobosloosmgoamgdols go-
doboggerggo dofgmdommds, Gmdgmog dmygEgdl
bogganggo  030gdHob  Legegogomo
B030lL Lodgogngdsls.

©0052bm -

‘dgdmmogobgdgemo  dopabody@-0d3geliy@o  ©o-
53bmlGogol wobswasmo (Lg@d. 3) dgozogl: wod-
I9b@og dmfymdommdsl; dzody 0bygdiogdmdols
3Jmbg 0339 byg@o 3mbogbls@m@gdol ds@smgals;
0brgdHm@b, Goe-
©o53@oM0  @mommbols Lbgyao doliby wodsgdyg-

Omdgandoig  Immogligdygemos
gm0 shJomgdols 30gbmge 9d@@ o yo@sd]dby-
@omYO0;  3mIPHoAMAlL, 939G lgme hotmgs-
©0  ©obolM@OL  Lgdom. wobsas®o Iy domdls

ISSN 1512-0996

www.gtu.ge

‘dgdgabso@o:  3mIgGHoG™maby 033 ebols dofm-
©goobsl  aoomgds
B™Ogdols

©obobBmao s  3mbogbls-

So(o@ge  3oroo3gds  0brgdHm@by.
gbol 3oMggeo  bobggod@ommols aogmols dgd-
039090>  ©d >5Ho0gdb
©gbol ggadem@sl. 0begdHm@Po  dnmoglgdyge
Bosogadhay

dmJdggdol dgogase dolbg sdsydgdygmo Logg-
930 md0gdBo soabbgds gHmxgdoo gbodm-

©gy  ©obob@mmo NG

0339 lyo  dgdobogndo  byg-

modgmo  033yg@bom. 0d39ebol boby@demogmds
LEodo@g@os s 5@ oMol ©sdmgoogdygmo aoMyg
RJBMOgdby. 033y bydo bgdmdgogds (Lowogy
> boba®daogmds)  ©sdmogdieos
3obdygbagol  Fogools

dbmgomo
sdgbBgol  dodgols s
3oM5d9BMgodyg [3; 8]

L& I-OL 9H™MB3I30) — WORKS OF GTU — TPYAbI ITY
N3 (501), 2016



Jb6IAdIB03> —ENERGY — SHEPTETUKA

4
1 / \if' \ 5
A/

\I'\.h!\l\

beyd. 3. 3sa60d@-0339@bado LolGgds
1 — ©s389b@ggmo dmfymdommds (3gms@o ©ghol sdds®imggmo sLsdspmgdgmo FESELRMGIsGMGon ©s ggbGommom;
2 — 0839mlydo ©gbol 33bg0o@MM0, dopsmo dodgols 0339mby®o Jmbegblsgmegdol ds@omgom, asb63dgbdsgom;
3 - B3dbmmmyoyndo 3gsbdo, GmIgmoi Fgo3sgl 0begddm@lbs ©s 033ygmbgdo dspbodydo ggmol bgdmddgegdols MBagddL;
4 — Lolbdgdol oBmgol, Logbsmobszool, o3gobs s> dmmizodgdol 3356do; 5 — Lsobgm®dszom-babmdo Lolidgds, HmIgmoi

go303L 353bmd Fo@EsIJIbgagdl, Sbsgmy@-(3086Gm 2>MEs3Jdbgmgdl s Fsdmmgmono Ggdbogol Lsdygomgdgdl

Lowoogbmlgogm obhfo@gdols as8bmdo gomosdd-
dbgeno s@ol gargd@®mdgdebogy®o @bggomo Lol-
Bgds, OmIgaoi o@oabbgds 033y liygdo ohfs®y-
500, ©0BYHIEGosE Y0 FobHmmgds, GmIgmwbyi
504356905 ohJoMgdols aodbmdo gomsddbgeols

n

35b@m@gosms  LoliGgds, ofbgds sligmo: bn?+

tn
d"'e de
+bn71F+“.bla+b08: f(t), bOQOG bn' n—l""bo
oMol 3mgno30gbHgdo, @mdmagdois  aobolsbwg-

Gg9d> Gbggomo LobEgdol Jo@odgBdgdom, f(t)—
omabbgdol  gybjios, @mdgamoi gobolobmgmgds
03370 bye0  shfsMgdomn ©s @bggomo LolEgdol
30M539BMgdom, €—a53bmdo aoMwsd]dbganols @g-
>Jios 0339a@lyd bgdmdgwgdsby [7].
3odbmdo  gomEsdddbgmols  Lsggmetdo  @bggols
Lobdodg gobolisbmgmgds 33gmo@goyg®-Lobdody-
@0 dobslosmgdmom, @mdgmoi oMol go@msd]d-
bagol yoeoggdol ggbdgool L3gdh@gmo Lodys-

Gogol  dmpgmo.  ao@MEsd]dbgenol  gosagdols

L& I-OL 9H™MB3I30) — WORKS OF GTU — TPYAbI ITY
N3 (501), 2016

Babdaoob  b3gdp@gmo  Lodgadogy  S(jo)=

S.(Jo) _ 1
Si(jo) Db(jo) +b,_ (jo) " +..bjo+b,

, bopsg

Si(jo) ws S (jo) go@Esdfdbgmols seabbgdols

s Mgodiool 3gd@®gmo  Lodggdogggdos, dgbe-
d5dolo [5]
ohJo@gdols aodbmdo po®wsddbganol, Mmam™3

dg9dobogy®o  @bggomo  Lolgdol, gmd3agJly@o
Lobdo@geo dobsbosmgdgemo S(j(o):Lj_m), Lo~
S.(Jjw)

3 S(J0) 3otrsddbgmol >dybbyoo woGEy-
domo ohbJsdgdols 1b3gJdB o Lodggmoggs.
30dbmdo  JoMEsdJdbgemol omybbgdolsls wgen-
Bo ob Fobmsob dosbarmgdygeno 0d3yaliyg®o bl
3000, Gedmol b3gJddymo  LodggMogg gOHmol
3M33egJlgdo  Lobdo-

BME0s,  2oMsd]dbgenols

Ao dobslbosmgdgero gobolsbmgmgds, Gmaym@;
@9od00b Ligdd@geo bodgz@ogy S(jo)=S.(jo).
53 dgdmbgggedo  godesdddbgamols  @gediosdo

ISSN 1512-0996
www.gtu.ge



Jb6IAdIB03> —ENERGY — SHEPTETUKA

BJHMdMogo© 5@ s@ol odyengdomo  dygbgaro.
350©53Jdbgemo  SLGmgdl mogolygom @hgggodls
byyarmgobo Lofyolbo gopsswaomgdomn ©s Lofyolo
LohJotom. dbggzomo LobEgdol 3mddagJbygdo bob-
oo dobolboosmgdgamo s@ol LolFgdol msgo-
byggoemo dbgggdols 3md3ggJbagdo Lodigdogy. @em-
absi godbmdo  AoMEsddbgarols @gojios  dgo-
3536 odgemgdom  dpagbgaol, ULsgds®obos goim-
g0 @sd®@ydomo sShfo@mgdol 033ygmbol boby@d-

@ogmds Ty o aoM©sdddbgaols @gsdiool dmgs-

dgbodsdolo  bofyolo  gdobo,  85dob

(GO
S(jo)= exp(—j(mo)x S(jm). 53 BAmEemdowsb Bsbl,

Amd L3gJd®gmo S ©s S Lodzgmogggdol dmy-

@950 gOMbS0M0s, by OMI, AsMmEsdfdbgmols @gsd-
300l omhgbogno  bsFoaols 13gd@®o o@ols aom-

s33go@@-bobdodyao  dobobos-

©oddbganols
0gdgemo [6]
dogroob 3b0dgbganmgobos, G®I Lowoogbmbdo-

30 ™dogddol 309bmgemg]@@gmo wod@gdomo ob-

@0 gH>B DS

Jodgdol  9sdbmdo  AoMEsddbgarols 033y lydo

omabbgos 0gml dognosh bobdmganyg, dosbaomgdy-

o Egads 0339 lnsb, @mdmol  L3gd@d®ywo
Lodig®ogg gOmol Goeos. 58 ©AML  mdogdol

@godcool L3gddegmo Lodgghogy 3GodHogamsn
030395 53 ™Mdogd@ol 3md3egdlydo Lobdody-
g0 dobolboomgdgao o mdogdol osgbmbBosy-

M0 ggmgge ool dob 0d3gebygd  bgdmJdgog-
b5bg Mgodi00l sbognobsdwy.

©obgbo

Lo@ospbmlGogm mdogd@ol, shs@gdol 3ogbmg-
m9dBOYo g53bmdo aoMmsdJdbgmols dognbyg bob-
dogemg 0337 bygd smabbgdoby Mgodiool L3gdd-

Ao Lodggdogol  sbogroboo  dglisdangdgenos
3oMs3Jdbgemol  LEOYJBIGHol sy gbs,  s33emo-
O Iey®-Lbobdod o, Lo 3gomo®o Lobdodggdols,

©09935800900L,  s@5FOB0gmbdol o  Lbgs IgB@m-

@eyog®o  dobslbosmgdangdol  wowo  LobybGom

3obLobmg®o.

1. Proceedings of The International Technical Conference. Magnetic Pulse Treatment of Materials, Ways of Improving

and Developing. Samara. 2007, 274 p. (in Russian).

2. Sh. Nemsadze, G. Dolaberidze. Impulse Method of Determining the Natural Frequencies of the Shock Acceleration

Measurement Transducers. //Metrology, Ne10. 1981, 32-35 pp. (in Russian).

3. Sh. Nemsadze, A. Toronjadze. Magnetic Pulse Setting. No 877855. (in Russian).

4. V. Tuchkevich, I. Grekhov. New Principles of Large Power Commutation by Semiconductor Devices. Leningrad,

Nauka. 1988, 115 p. (in Russian).
5. 1. Grekhov, S. Korotkov,

A. Stepaniants, D. Khristyak, V. Voronkov, Y. Aristov. High-Power Semiconductor-Based

Nano and Subnanosecond Pulse Generator with a Low Delay Time. IEEE TRANSACTIONS ON PLASMA SCIENCE,

VOL.33, NO.4. AUGUST 2005, 1240-1244 pp. (in Russian).

6. |. Grekhov, S. Korotkov,
Elektrotekhnika, Ne3. 1986, 44-46 pp. (in Russian).

N. Yakovchuk. The Study of Reverse-switched dynistors in high-current pulse mode /

7. V. Sidorov, E. Oshovskaya, N. Chentsov, S. Proskuryakov. Determination of Rational Time of Diagnosis. // UDC

669.02/ 09. 658.58. (in Russian).

8. Sh. Nemsadze, G. Dolaberidze. Analysis of the processes in the system of mechanical waveguide-acceleration

transducer at impact motion. // “lzmeritelnaya tekhnika”, 1978. Ne1, 60-61 pp. (in Russian).

ISSN 1512-0996

www.gtu.ge

L& I-OL 9H™MB3I30) — WORKS OF GTU — TPYAbI ITY
N3 (501), 2016



Jb6IAdIB03> —ENERGY — SHEPTETUKA

UDC 620.9
SCOPUS CODE 2102

DIAGNOSTICS OF PIEZOELECTRIC ACCELEROMETER TRANSDUCER

M. Giuashvili Department of electrical engineering and electronics, Georgian Technical University, 75 M.
Kostava str., 0175 Thilisi, Georgia
E-mail: m_giuashvili@mail.ru

Reviewers:

Sh. Nemsadze, Professor, Doctor of Technical Sciences, Department of electrical engineering and electronics,
Faculty of Power Engineering and Telecommunication, GTU

E-mail: sh_nemsadze@mail.ru

G. Tskhomelidze. PhD, Associate Professor, Department of power consumption technology, Faculty of Power
Engineering and Telecommunication, GTU

E-mail: guram.65@mail.ru

ABSTRACT. In fact, piezoelectric measuring converters represent effective measures for shock accelerations with
high accuracy. Measurement results basically depend on the preliminary diagnostic researches of transducer. The
article considers short-term impulse influence on the object that enables to define structure, dynamic parameters and
other metrological characteristics of the transducer to a high precision.
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AHHOTALMA. N3BecTHO, UTO NbE303NEKTPUUYECKNE N3MEpPUTENbHbIE NpeobpasoBaTtenn ABAAKTCA IPPEKTUBHBbIM
CPeACTBOM 4/1A U3MEPEHUA YAAPHbIX YCKOPEHUI C BbICOKOW TOYHOCTbO. Pe3ynbTaTbl M3MepeHUsA B 3HAYUTEIbHOM
CTeneHn 3aBUCAT OT NpenBapUTENbHbIX AMArHOCTUYECKUX UCCen0BaHNn npeobpasosaTteneit. MNokasaHo, YTO BecbMa
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OPTIMIZATION OF DC ELECTRIC MOTOR CONTROL SYSTEM

M. Tsetskhladze Department of electrical engineering and electronics, Georgian Technical University, 75 M.
Kostava str., 0175 Thilisi, Georgia
E-mail: merabi.tsetskhladze@mail.ru

Reviewers:
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electronics, Faculty of Power Engineering and Telecommunication, GTU
E-mail: turdzeladze59@gmail.com

ABSTRACT. It's known that the regulation indicators of DC motor rotation speed are significantly increased by
using the electrical elements and the principles of relay regulator. This is connected to the achievements in
microelectronics, existence of relatively non-inertial and high speed blocks as well as use of thyristor in control
systems that enabled the development of actually non inertial management schemes. The article represents the
rotation speed regulation system of the DC motor operating in the slipping mode, which is characterized with high
speed and accuracy when used in electric drives of various types.

KEY WORDS: speed regulation; slipping mode; relay regulator; high speed and accuracy.
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onTUMU3ALUA CUCTEMDbI YIIPABNIEHUA SNEKTPOABUTATE/IEM NOCTOAHHOIO TOKA

Leuxnapse M. K. JenapTameHT 3/1eKTPOTEXHUKMU U INEKTPOHUKN, TPY3UHCKUI TEXHUYECKUIN YHUBEPCUTET,
l'py3ua, 0175, Téunncy, yn. M. Koctasa, 75
E-mail: merabi.tsetskhladze@mail.ru

PeueH3eHTbI:

L. Hemcapge, npodeccop, AOKTOP TEXHUYECKUX HayK [lenapTameHTa 3/1eKTPOTEXHUKM U SNEKTPOHMKN daKynbTeTa
SHepreTUKN N TeNeKOMMyHUKauum Iy

E-mail: sh_nemsadze@mail.ru

A. Typasenapse, accou,. npodeccop, AOKTOP TEXHUYECKUX HayK [lenapTameHTa 3/1eKTPOTEXHUKN U NEKTPOHUKMU
daKkynbTeTa SIHEPTETUKU U TEIEKOMMYHUKauumM MY
E-mail: turdzeladze59 @gmail.com

AHHOTALIUA. MU3BecTHO, 4YTO nNOKasaTenu peryampoBaHMA 4acCTOTbl BpaLLEHUA 3HAYUTENIbHO YBEAUMYMIUCHL C
NPUMEHEHMEM 3/IEKTPUYECKUX 3/1IEMEHTOB WM 3aKOHA O pene perynMpoBaHuA. OTO, B CBOK oyepenp, CBA3AHO C
pasBUTUEM MMKPO3IEKTPOHWUKM, C NOABAEHUEM OTHOCUTENbHO HEMHEPLMOHHBIX U BblCTPOAENCTBYOWMX BJOKOB U C
NPUMEHEHMEM TUPUCTOPOB B CUCTEMAX YNpaBiEHWA, KOTOPble MO3BOINAWN CO34aTb MPaKTUYECKM HEUMHEPUMOHHble
ynpaBfieHyeckme cxembl. [MOKa3aHa cucTema peryivpoBaHMA 4acTOTbl BpaALLEHMA ABUraTena NOCTOAHHOTO TOKa,
paboTaloWwero B pexxMme CKOJIbKEHUA, KOTOPAsA XapaKTEPU3YeTCA BbICOKMM ObICTPOAENCTBMEM U TOUHOCTbIO MpuU
NPUMEHEHUW B 3NEKTPONPUBOAAX PA3/INYHbIX TUMOB.

K/TKOYEBBIE C/IOBA: 6bicTpoAeNCTBME M TOYHOCTb, PEry/IMPOBAHUE CKOPOCTW; PErynsTop pene; pexum

CKOIbXKeHMuA.
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9.3 3(CON(3o.009). Afood, total suface —  QOGOMA0OED0O
BgN0BmMM00l  LHgmmo  go@mnmdo, Gmdgeai  dmo-
(3536 @o@BdmGogmo bdga gmols, Gdobs s dwobstols
QONMJL, do.

Fgomboiogowsb CHy-0l gdobools godmbomgang-
@oE yodmoggbgds goGIgs:

CHiemissionsww flood = P X E(CH4)air X Afiood, total surface +
+P X E(CH4)bubble * Afiood, total surface,
Loz CHiemissionsww flood @01 CHy-0l Ldgano  gdo-
Los o@om@omo Gg@odmmoowsb, 3a(CH4)/F; P —
396ome0, ey (B3gawyddog, 365 Faogdo dggo-
Lgdolomgol); E(CHagr — Lodygomem @eoy®o ©o-
Babog®o gdobogoo ga(CHa)(do.0@y). 309803096~
Bo 0.2 33 oMol wopagbogro Lowowpyg LoJs®mgy-
BaBOHOGOL g0,
g0ds@olmgol  Faroli gobymom oyns®ey 3g-
®0omEdo; E(CHy) puwpe — Lodgomm  d93@3mg560

@l bmdogHoe  bedom

9doLogdo, g CHy /(@s.0mg). gmgnoiogbdo 0.14 3o
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Fomdmoygbl  wopagbog  Lowowpgl  Lodommngy-
@l Fgohodmaool 3030, bmdogdo  bmFom

g0ds@olngol Faroli gobymom ©oyxs®sg 3g-

({’0(‘%{’?’0; Aﬂood, total surface Qbéam&)()@() (?)Uﬁ)()'
BM™G00l bOyao GoGmmdo, Jo.
g0boosb 1 @mbols doamdolsmgols  Loko®m

IPCC-0ls 30g® wowggbogno gdolools 3mgxnoEogbdo
o3 aobobomgol o s@Lgdbmdl, >doBmd, {yslo-
3530096 NOz-ob fanogdo gdolos byarol Hogmse
0g6s> dohbgyeoo.

S8gandglbo. ©sLsGOM@0  bdgangmol  BoGmmdo
100 3o-L gowagbl. godmgosbys®odmm bsbdom-
Mm@ gobyol gdolos:

COzemissionswwtlood=365(5009)%9,3 33(COL )/ (3500 )%
x100 (3o)= 339 45032(CO,)/Y, wosbgrmgdom 339 @.

3odmgosbas@modmo dgmsbols gdolos:

CHaemissionswwilood=365(02)x0,2 33,(CHa)/ (3000 g)x
x100(35)+365(060)x0.14 3oy (CH, )/ (3000 09)x 100(30)=
=12 410 gp(CH,)/Y.

9809y 9Bo3by gowsegoygsbmm bobdoMmm@geb-
d0b 935055296¢ o:

12410 ga(CHy/§ x 21=260 610 3o(CO,)§ =
~ 0,2x106 38(COL)/T., wosbanmgdom 261 F. NOy-ol
Femoyg@o gdobos byenol Bmase olbs dohbgyano.

sdmdgbosh xodydo ymggeFanoygdo gdolos
bobdoOm@gobaols  ggg0go@gbBom  Vgopagbls 339+

+261+0,0=600 @Fmbosl.

J0063039b0.  0oLSHIMGH0  Bg@oGmGool  gom-
nmdo 140 39]@oM0s. aodmgosbysdodmem bobdod-
mGgobaols gdolios:
flood=305(20029)%9,3 3(COL)/(3o.co0g)x
x 140 (3o) = 475 23042(COL/Y, posbenmgdom 457 @.

CO2emissionsWW

3odmgosbas@odmm dgmsbols gdolos:
CHaemissionswwilood=363(0@)%0,2 33y (CHa)/(3o.0@0) %
x140(35)+365(0@g)x0,14 30(CH.)/ (3s.0009)x140(30)=
=17 374 35(CHy)/Y.
3005304356mm bobdodmm@gebaol ggg035e0 6@ do:
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17374 3a(CHL)/Y x 21 = 364 854 34a(CO)/Y =
~0,3x100 30(CO,)/Y, wosbammgdom 365 @.

Fgomboizogowsb  NO»-oli fanoy@o gdobios bey-

@ols oo ofbs  dohbgyeo.
xodg@o ymggeoFaoygdo gdobos bobdodm@gebyols

30Gbsm3gliowsb

94303509600 dgoagbls 475+365+0,0=840 Fmbsl.

IBggoa39bob sbsBdME@0

Vaogobogagol
Bo®Ommdo  (0,00005 3s5)  ¢3bodgbganms,  sdo@™ma
dsbDdg Lomdyg@ol aobgdol gdologdls o6 asbgo-
bognsgo.

6585635639b0. olsBdmmo bdgmgmol GoGmm-
b0 628 Jo-b dgoygbl, Losowsbsiz 80 3gd@oto
Fomdmowagbl Lobmgam-bsdgy®bgm ©sbodbymg-
ol dofsb.

3°9mg0sbasMm0dmm bobdodm@gebaols gdolios:

CO2emissionsww flood=365(5009)x9,3  3a(COL)/(3o.0009) %
x628(35)=2,1x100 30,(CO,L)/§, g.0. @osbanmgdom 2132 .
3odmgosbyomodmo dgmsbols gdobos:
CHy emissionsww flood=365(0229)x0.2 33(CH4)/(35.00029)%
628(35)1365 (0g)x0,14 3a(CH4)/(3o.0009)%x628 (35)=

77,9103 ga(CH,)/S.

X

3005304356000 bobdo@mmgebaols ggg035e0 6@ do:
77 900  3a(CHa)§x21=1636631  33(CO)/§ =
1,6x106 38(COLY/Y, wosbanmgdom 1637 (.

U

bodobgobdglowob  xodydo  ymggeFeoydo

9dolos  bobdodm@ygsbaol  g3303omgbGom  dgow-
296L 2132+1637+0,0 = 3769 @-L.

696L,339b0. ©oLosBdMG0 blgemgmol FoGmmdo
370 35-U dgoygbl. godmgosbys®modmm  bobdo@-

mGg5byos gdobos:

CO2emissionsww flood=365(0@9)x9,3 35(CO2)/(3o-ww@y) *
x 370 (35) = 1 255 96549(COL)/Y; g.0. osbenmgdom
1 256 @mbs.

3°dmgosbyo@odmm dgmsbols gdobos:

CH. emissionsww flood=305(0009)x0,2  38(CH4)/(3>.0009)%
x370(35)+365(0x9)x0,14 3o,(CH,)/ (35.0009)x370(35)=
=45 917 33(CH,)/§.
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300530435bmm bobTDo@mm@gebaol 933035 96¢ do:

45 917 go(CHu)Y/Y x 21=964 257 4a(CO)/Y =
~ 0,9x106 386(COL/Y., wosbanmgdomn 964 @.

6gblgM3glowsb xodymo ymgganFaoydo gdobos
bobdomm@gsbyol gzg0goagb®do dgowaqbls

1256+964+0,0 = 2220 @mbol.

R3G3gobigbo.  ©sLoddmmo  blgamgmol  god-
0mdo 0,5 35U goygbl. aodmgomgsmmo  bob-
‘Jodmdgobyos gdolos:

CO2 emissionsww flood=305(0@9)x9.333(CO2)/ (do.009) *
x 0,5 (35)= 1 69732(COL)/§., woosbgnmgdom 1,7 @.

203305650 Igmobols gdoloo:

CHy emissionsww flood=365(002)x0,2 3(CHy)/(35.0009) %
x 0,5 (35)+365 (mg) x 0,14 3a(CH4)/(3s.009)%0,5(35)=
=62 3a(CHW/Y.

300530435bm0 bobTdo@mm@gebaol 933035 96¢ do:

62 33(CH,)/§>21=1303 32,(COL)/ = 1,3x10°  33(CO,)/Y,
sshenmgdon 1,3 .

NOz-0l fenoggdo gdobos bygaol Goesw ofbs

dohbgyeno.
oMog35b3glowsb xod9@0 4mgg9e0fanoydo
gdobos  bobDdodm@gebgol  ggg035e096@do  dgow-

396L L7+1,3+0,0 = 3 @mbosb.

I9obg9g39b0. ©sLoBdMG0 bdgemgmnols Bodmnmdo
17 35-L Jgoygbl. godmgosbys@odmm bsbdo@mme-
o630l gdobos:

CO2 emissionsww flood=365(0@9)x9,3  35(CO)/(d5.000)
x 17 (3o)= 57 707 3a(COL)/§., wosbgrmgdom 58 @.

203300650 Igmobols gdoloo:

CHy emissionsww flood=305(00009)%0,2 33,(CHa)/ (35.0009) %
x 17 (39)+365 (0@9)x0,14 3a(CH4)/(3s.00g)x17 (3>) =
=2 110 3o(CH4)/Y.

300530435bmm bobdodmm@gebaol ggg035e0 6@ do:

2110 3p(CHy)/ §>x21=44304 30(CO,)/§=0,04x100 35(CO,)/§-
35dobosdg, dyobgadgbols dgdmbgggsdo  dgmsbols
qgmggeoTemogdo gdobos Fysaloiagomsb, godmbe-
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bgaro COrol gggogomgbfom, gowpgbl 44 (-b.

NOz-0l Farogdo gdobos byarols Geomsw olbs
dohbgyano.
bobdodmm-

X o39®0 9dolos

gmgoeVarog®o
Jobgol 93303500 9bGom dgopagbls 58+44+0,0 = 102
B™bsb.

bambigbo. bywmbiglol Jgdmbgggedo  ©o0@-
dmmgds 528 39d@oMo s dmoEagl Byggol, Lobbog
do{gol, dpgamgdls s dwobsmgl.

3°0m305bg5M0dmm bobBoGmagsbaols gdobos:

CO2emissionsww flood=365(009)%9.333(CO2)/(35.009) *
x 528 (35)=1,79x10° 35(CO2)/§.

3535bosdg, byombigbol dgdmbgggsdo COz-0ls
gogoeTaogdo  gdobos  Tgombozogoesb  dgow-
396L @osbanmgdom 1792 @-b.

byyombdglowsb dgmsbols gdobos ofbgds:

CHiemissionswW flood=305(009)%0,2  3o,(CH,)/(3o.0009)
x x 528 (35) + 365 (romg) x 0,1433(CHy)/(35.009) %
x 528 (35) = 65,5%10° 33(CH,)/{;

byyombigbowsh  dgmsbols  gdolos  gowsgoygsbom
bobdodm@gobyols 93303580966 do:

65,5103 30,(CH,)/§>21=137602132,(CO,)/§>x21=
=137602133(CO,)/§ = 1,4x10033(CO,)/§oby 1376 .

30bo0sb I @mbol dopgmdobomgols  Logodm
IPCC-0b 30g®d wopygbogro gdolools 3mgxnoEogbdo
od  aobobomgol 5@ s@ALgomdl,  sdo@md,
Tyoebsiogowsb NOy-ol Femoygdo gdobos byeools
Ho@sE odbs dobbgyaro.
byyombdglols  {yoemls@sgowsb
bobdo@magebyol (CO,), dgmsbols (CHs) wo sbm-
Hob Jagasbaol (NOy)  xodg@o  gmggeFaoygho
9d0bos  bobBodmagsbaols  ggg0goe9bBom  dgoc-
296L 1792+1376+0,0 = 3168 Gmbsl.

390L3gdBogeo  3gbgdols  Loddgnsgmy,
50

3odslosdy,

slo®-

BIN0GMA00L  Godmmbdo s Lamdygdols

35bgd0ls gdobogdo obogrgm 3o@g9en 3b@ogndo.
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agbooao 1
3ol Eaboddm@o | COz-ols CHsols NOz-0ls 98oLogdols
3gbols o gm0 bdgegmol | g30bos, @ | gdolos, § 990bos, § x50,
olobgangds Loddgnogay, R>ONMd0, CO2-als
30 3 933 Foso
1 | sogedglo 222 100 339 261 0,0 600
2 | go®bomidglo 512 140 475 365 0,0 840
3 | 3pggomdgbo 43 0,00005 - - 0,0 -
4 | b53dsbgobdglo 433 628 2132 1637 0,0 3769
5 | 696Lgmagbo 300 370 1256 964 0,0 2220
6 | BoMogobdglo 85 0,5 1,7 1.3 0,0 3
7 | @gebygigho 175 G 58 44 0.0 102
8 | byombiglo 702 528 1792 1376 0,0 3168
Lsndyg@ol gobgdol Imbosgmmebgemo
gdoLogdo
RQoMogobdglio
0% dygobggdgbo
, 1%
49 )
' sdqadglio
6%
6535bgsbiglio
35%
bg®. 1. 336L3g]Hogmo 30p@mgmg]®@mbsaa@gdomsb dmbsmmpbymo
bomdyg@ol aobgdol gdologdo 3MmEg6GYmo dohggbgdmgdom
©sbggbs b0l gdolos goEoagdom bsgangdos mdmge gd@@m-

Lodmemme, Amamag  bgdomowsb hobl, Lom-
b0l 20bgools yggensby wowo bggodomo Fogo —
35% dmwols bodobgabdgliol, 29% — bywmbdglol ©s
21% — bgblgm3gbols Fomow (ob. Lyd. 1).

doygbgosgse  s@bodbymols, Lomdygmols gobyg-
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Loy g@ol (nglo) dgdmbgggsdo. dogsmomolsmgols

dggoodmm  bodsbgobdglols Lodd-

(Lowpdgeo
@ogty 433 da30), gadHOmgbytigool  Ferogdo
3odmdygdoggds 1514 dopoged. Losmo) dogd Lomdy-

Aol 2obgdols gdobos (3769 BHCO2-0l gzg035egbBo
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Vogeofor@o) 03539 Loddgogdols o gagddOmy-
bgmgools Fenoy@o godmdydoggdol dgdmbgggsdo
30003000 Mdmge gJB@Ombsea ol dog® goxnc -
399900 Lomdg@ols 3obgdol Homgbmdsl.
bobdodmmygebaoll gdolools jmggoEogb@ol  go-
dobsmgagero ge®dges dgdogyos:
CO,=Cryer/hfue*(Cco,/Cm) (33CO; /338 L)

99339005 Lomdmddo (3y C/3y Lomdmddo), hae
— 969M200L  Ygd39e0mds (3Bl gy Lomomdo),
Cco, — bobdodmdgebgol  dmegigegdo  Fmbs
(ga/dmgno CO,), Cm — bobdo@dowol dJmeng3meny-
&0 Fobs (3g/dmeo C).

0o0nmggeo  Godol Lbosmdmdol bobdomm@geb-

30L gdobool jmggzoEogbdo Fo®dmwygboamos dg-2

oo CO; s@ols bobdodm@gsbyols gdobools 3mg- G bGog»o.
20309660 (g3 COs /338Lm), Che — bobdomdowols
agb®ogno 2
Chuel hiuel CO, bobBodmdygsbaols
bomdmd (32C/ (336 b0/ cm Ceon Jolool 6
5O OMOO0 (o)) ouvoou MHN0(30¢ 0,
RISA 33 39 (/om0 C) | (ga/dmsmo COy) H] 309B0GeI4H
Lomdmdo) Lomdmdo) (CO; /338 bm)
6sbdo@o 0,75 75 12 44 0,37
bogmmdo 0,82 11,7 12 44 0,26
49bgdcM0g0 gobo 0,75 12 12 44 0,23
09 30005000 MdmgagJBOmbsyn®o  asdmo-
49690 bobdodl, Farogmo gdobos ofbgds: CO, = 288888
_ 6 _ _ .
=1514x10" 338.L0»x0,37=560180000 33=560 180 Fmbo; 200008
09 306005000 Mmdmge g mbsyy®o godmo-
N SN
496901 bogmmdl, Fanogdo gdolos ofbgds: & & & S
CO,=1514x 106d36.lsz0,26:39364000066: %éb )
=393640 @mbs;

09 3000M50m0 Mmdmge g mbsyy®o godmo-
49690l d9bgo@mog aobl, Faroy@o gdobos ogbgdes:
COy= 1514x10° 33 x 023 = 348220000 go =
= 348 220 {mbs;

oJ39 9bs 500b0dbml, @M yodmsbys®odgodo-

Lol 30@mdbdomo  mdmgargJ@BHmbsag@ol  domyo

J39:900L 3mgBo30gbHO 5@ yopgomgamolifobydos.

sdMopo, 0gbosi d9bgoMmog aobby dmdydegy
0dmgegdomboeyygtol  doge  pegdfzygmo  gdo-
ool Gomegbmos (348220 CO/{gano) 344451 @
CO/Y-000 o@gds@gods bodobgobdglowsb bsbdo®m-
Jobgols gdolosls (3769 BCO2/{geno) (beyd. 2).
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L@, 2. Lomdg@ols 3obgdols gdolos @ CO2-ols gggogomgb@o
Vaso§ardo

Egsdofol ganods@o s dolby dogby bgdm -
3909%0L JgMmdoangds Jo3EmdM0mbsol Loghmnm Lsb-
@gbogos. Lomdygdol 98dHo  godmosgsh  wgwe-
dofol bgpsdo@mol s o@INLRIOML  omdmdsl,
653 bog@mbols ds@odmgdgamos dgbgddoago gzmlols-
®99g00ls s gomdMomdolomgol. jamods@ol Lolb-
693> oo Pbrs 0gel ©Fgodobrgmo ©s dmd-
goo  momdgdolomgol s gmods@ol (33eoengde-
by Bgo3009ds 3MmAPoboMgoygmo bos ogml Lm-
3o Y@ s 93mbmdoggd Aobgomodgdslioshb.
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ABSTRACT. The work analyzes the potential hydropower plants (HPP), that are to be built in Georgia, and which
have a regulating reservoir. Generally, such hydropower plants have the most negative impact on the climate, as HPPs
have own global warming potential (GWP). There has been calculated carbon dioxide emission for each HPP,
equivalent in carbon dioxides. As a result these calculations will help us to estimate expected impact on climate
change in case of their construction. For example, we have made comparison of the emissions of greenhouse gases
from Namakhvani Hydro Power Plant to the same capacity and annual electricity generation thermal power plant
emissions of greenhouse gases. From the natural gas-fired thermal power plants carbon dioxide emissions are
(348220 tCO2 / year), that is 344451 tCO2 / year more than of carbon dioxide emissions from Namakhvani Hydro
Power Plant (3769 tCO2 / year ).

KEY WORDS: climate change; carbon dioxide emission.
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PeueH3eHTbI:

H. MopruwBuau, akaj. AOKTOP, accUCT.- npodeccop [lenapTtameHTa 3/1EKTPO3HEPreTUKU U 31EKTPOMEXAHUKN
dakynbTeTa IHEPreTUKU U TeNeKOMMYHUKauuu MMy
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T. OxuwkapuaHu, A.T.H., npodeccop [lenapTameHTa TEnIOSHEPTreTUKU U 3HeproapPeKkTMBHOCTM aKyabTeTa
3HEepPreTUKN U TeNeKoMmyHuKaummn Ny

E-mail: tengish@yahoo.com

AHHOTAUMA. Mpy3na obnagaet noTeHUManom BoO306HOBASEMbIX UCTOYHNKOB SHEPrUN, OCOBEHHO ’MAPONOTEHLN-
anom. Pa3BuTMe ceKTopa BO30OHOBAAEMON 3Heprnn 6yaeT yAoBNETBOPATb BHYTPEHHMI CMPOC M CTpaHa CTaHeT
KPYMHbIM PErMoHaNbHbIM 3KCMOPTEPOM 3/1EKTPO3Heprun. PaboTta aHanusmpyet IC-bl [py3un, KoTopble UMeET
peryanpyoLmin pesepayap, OKasbiBatoT Hanbosee HeraTMBHOE BAMAHWE Ha KAMMaT, Kak 9C 061agatoT cO6CTBEHHbIM
noTeHumanam rnobansHoro notensnenua (GWP). PaccuntaHbl BbIBPOCHI NAapHUKOBBIX ra30B 3KBUBAJ/IEHTHOM [1BYOKUCU
yrnepoga AAA KaxAoW M3 noTeHuuanbHbix [IC. B pesynbTate STOT pacyeT MOMOMKET HaM OUEHUTb BAMAHUE
TPY3MHCKMX MPOEKTHbIX TMAPO3NEKTPOCTAHUMI Ha rnobasbHOe NoTeNIeHUE B Cly4ae UX CTPOUTE/bCTBA.

Hanpumep, cpenaHo cpaBHeHWe BbIGBPOCA NAPHMKOBBLIX FA30B MAPOCTAHUMM HamaxBaHM C  TenaoBbIX
3NEKTPOCTAHUMIN TOWN Ke MOLLHOCTM M rofoBOMN BbIPabOTKM 3N1eKTPO3Hepruun. [laxe ecnm TensoBan 3N1eKTPoCTaHLmA
paboTtana Ha NpMPoOaAHOM rase, BbI6pochl AByokucu yrnepoaa (348220 1 CO,/roa) Ha 344451 1 CO, / roa 6onblie yem

BbIBpOCHI OT ruapocTaHummn HamaxsaHu (3769 T CO,/ roa).

K/TKOYEBbBIE C/IOBA: Bbi6GpOChI ABYOKUCK yrnepoaa; rnobanbHoe notensieHme.
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ABSTRACT. The hazard of deforestation or cutting
down the trees for heating purposes is not legally
secured and controlled in Georgia. This problem can be
solved by the replacement of firewood with alternative
natural resources and energy efficient technologies. The
alternative form of organic fuel is the residual biomass,
as a renewable source of energy. The residual biomass
has a number of advantages: 1) it is a kind of renewable
energy sources; 2) it is spread almost over the entire
country; 3) it is relatively inexpensive in comparison with
fossil fuel; it significantly reduces greenhouse gas
emissions. Therefore, in this study we have considered
an energy audit project for Napareuli public school of
Kakheti region as a case study. The project examined the
replacement of firewood furnace with the device of
biomass. Pyrolytic boiler made by Georgian Technical
University scientists has been chosen in the process of
selecting of residual biomass combustion technologies.
Relevant economic analysis was conducted based on the
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obtained data and information and appropriate NPV, PI,
IRR, PB were calculated as well.

KEY WORDS: Economic analysis, Residual biomass,
Pyrolytic boiler.

INTRODUCTION

The hazard of deforestation or cutting down the trees
for heating purposes is not secured and legally controlled
in Georgia. It should be noted that the main user of
firewood is rural population. This includes 47.5 percent
of the total population (approximately 2 million people in
Georgia). Obviously the current consumption of wood
across the country is facing an ecological catastrophe.

Unfortunately, firewood has been widely consumed
in the regional schools of Georgia. The exploitation of
wood for heating purposes
environment and forest but also the wellbeing of the

not only endangers
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school students and staff. This makes the adoption of
energy efficient technologies for the use of natural
resources necessary.

The alternative form of organic fuel so called residual
biomass is a kind of renewable energy source. The term
biomass is derived from the plants and animals organic
waste. It can be divided into primary sources including
plants, animals and micro-organisms and secondary
sources - recycling of primary biomass and waste
biomass.

The diversity of biomass can be listed as follows:
e Wood;
e Waste of forestry exploitation;
e Waste of wood industrial production;
e Agricultural crop residues;
e Waste of agro processing industry;
e Animal waste;
e Waste of water treatment equipment;

Municipal household waste and others.

The biomass has been used for many years for its
benefits such as:

e Its resource in the biosphere cycle is actually

inexhaustible;

e |tis spread across almost the entire earth territory;

e Biomass is cheaper than fossil fuel;

e Biomass can be directly used as a fuel or
converted to other fuels, it can be stored and
used when needed;

e The alternative use of biomass significantly reduces
emission of greenhouse gases in the atmosphere.

MAIN PART

There are different methods to get energy out of
biomass. The selection of the method is based on the
biomass moisture. If the biomass humidity is less than 50
percent, then thermo chemical processes can be used for
the conversion. When biomass humidity is more then 50
percent, it is recommended to use biological or bio-
technological processes.

Note that the thermo-chemical and bio-technological
processes are comprised of different methods as it is
explained below:

The thermo-chemical process includes:

1. Direct burning to get the heat;

2. Pyrolysis (thermal decomposition of organic
compounds in non-oxygen environment);
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3. Gasification;
4. Liquidity (to get liquid fuel).
The bio-technological process includes:
1. Methane boiling;
2. Ethane fermentation;
3. Anaerobic fermentation with getting hydrogen.

Biomass direct burning is the oldest and developed
method. However, the possibilities of improvement are
not fully realized yet. Biomass direct combustion for the
household stoves is the most common device, whose
perfection is far from desired results. Biomass Pyrolysis is
a process in which the carbohydrates involve in biomass,
break down into the non-oxygen from 450 to 550 OC
temperature conditions environment. Pyrolysis can be
used in any forms of solid organic substances. During one
ton of wood processing 300 kg of wood coal, 140 m3
natural gas with 10 MJ/m3 thermal capacity, 50 liters of
acetic acid, 3 liters of acetone, 70 liters of wood oil and
others can be received. The wood coal which is derived
from Pyrolysis does not contain sulfur and phosphorus.
Therefore, it has been widely used for the production of
high-quality steel. The wood coal can be used instead of
wood, the wood coal stoves are more efficient than the
common wood stoves. Accordingly, the use of wood coal
reduces emissions of harmful substances for human
health in the atmosphere.

In the paper we examined the Napareuli public school
of Kakheti region and set up an energy audit project. The
project considers the replacement of firewood furnace
with the device of biomass. For the beginning, we
analyzed the characteristics of the school and collected
the information mentioned below:

The three-story brick building was put into the
operation in 1966. The school total heating area is 2,583
mz, while 861 m’ is the total floors and ceilings space.
The walls’ total area is 1,082 mz, the double glazing
windows’ total area equals 206 m’, while the total
volume of the building is 8,266 m”>.

There are 280 pupils and 24 staff in the building on a
daily basis. The heating season lasts from November 15
to April 15.

The analysis of the abovementioned data which were
gathered during the energy audit revealed that the
required energy for heating the Napareuli school is
159,158kWh/year.

However, the firewood energy potential is 2,852
kWh/m®> and the efficiency of the furnace is 0.6.
Therefore, the basic energy corresponds to 159, 158 /
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(2,852 * 0.6) = 93.0 m’ of firewood, which costs 93.0¥120
= 11,169 GEL (one cubic meter of firewood costs 120
GEL). The Carbon dioxide (CO,) emissions in these
conditions would be equal to 159,158 x 0.42 / 1000 =
66.8 ton / year, (0.42 kg CO,/kWh is CO, kilograms per
kWh energy).

The residual biomass energy potential equals to 4.1
kWh/kg and the efficiency of the Pyrolytic boiler is 0.9,
so the energy corresponds to 159,158 / (4.1 * 0.9) =
43,132 kg of biomass, which costs 43,132*0.15 = 6,500
GEL (one kg residual biomass bale costs 0.15 GEL). In this
case, carbon dioxide (CO,) emission is zero.

Thus, the introduction of a new technology makes the
11,169-6,500= 4,669 GEL savings possible.

For waste biomass utilization assessment, selection of
its optimum burning technologies and modes would be
necessary. Pyrolytic boiler made by Georgian Technical
University scientists has been chosen in the process of
selecting of residual biomass combustion technologies.
The device costs 10,000 GEL.

Biomass device cost - 10,000 GEL;
Working period is 10 years;

.
[ ]
e The annual electricity savings - 4,669 GEL;
Repair costs 500 GEL/year;

Discount rate is 10%;

By the end of 10 years, the liquidation value will

Using economic analysis procedure enables us to
calculate the economic benefit of the energy efficient
technologies project.

Calculation of the project Net Present Value, (NPV)

The Net Present Value (NPV) is the difference
between initial investment and sum of the discounted

cash flows. If NPV is positive, investment is acceptable.
An investment typically involves putting in an initial
amount and then, earns periodically benefits (cash
inflow) or saves money that ensures the pay back of
investment plus yields interest.

_CF
T+r)"

NPV= n=1

Where the NPV is net present value, GEL; Cash
Flow(CF) - the savings, GEL; n - the specific investment
period, year; r - the discount/interest rate, %; IC- one
time investment, GEL.

NPV = 4,669 (PVA10%, 10) — 500 (PVA10%, 10) + 500
(PV10%, 10) — 10,000 = [4,669 (6.1446) — 500 (6.1446) +
500 (0.3855)] — 10,000 = 15,810 GEL.

The Net Present Value of this project is 15,810 GEL.

Calculation of the project Internal Rate of Return,
(IRR)

The Internal Rate of Return (IRR) is defined as the
discount rate (r), when the present value of expected

incomes equals to the costs of the investments: IRR=r,

be 500 GEL. When NPV=0.
Cash inflow, outflow and net cash flow of the project
is presented in table 1.
Table 1
Cash inflow, outflow and net cash flow

year cash inflow cash inflow cash outflow net cash flow
0 -10,000 -10,000 -10,000 -10,000
1 4,669 -500 4,169
2 4,669 -500 4,169
3 4,669 -500 4,169
4 4,669 -500 4,169
5 4,669 -500 4,169
6 4,669 -500 4,169
7 4,669 -500 4,169
8 4,669 -500 4,169
9 4,669 -500 4,169
10 4,669 500 -500 4,669

The Internal Rate of Return (IRR) of this project is 40%.
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Calculation of the project Profitability Index, (Pl)

The Profitability index (Pl) is the ratio of the net
present value to investment of a proposed project.

It is a useful tool for ranking projects as it allows to
quantify the amount of value created per unit of the

investment. The ratio is calculated as follows:

PI=NPV/IC 21,

Where Pl is the profitability index; NPV is the net
present value of a proposed project/GEL; and IC- initial
investment/GEL. Rules for selection or rejection of a
project:

Pl > 1, the project is acceptable;

Pl < 1, the project must be rejected.

PI=1, no revenue, no loss.

PI=NPV/IC=15,810/10,000= 1.58

Profitability index (P1) of this project is 1.58.

Calculation of the project Payback Period, (PB)

The payback period is the time required for the
company to recover its initial investment. It is calculated
as ratio of investment to savings, received as a result of
energy efficient event.

PB=IC/ES, year

Where PB is a payback period, year; IC- initial
investment, GEL; ES- annual savings, GEL

PB=IC/ES=10,000/4,669 = 2 years.

The payback period of this project is 2 year.

The profitability of the project is presented in Table 2

Table 2

Profitability

Project IC (GEL) PB (Year)

IRR (%) NPV (GEL) PI

Biomass Heating System 10,000 2

40 15,810 1.58

The results of this calculation indicate that project’s
all indicators of conducted economical analysis are
acceptable.

CONCLUSION

In general, the spread of energy-efficient technologies
and energy eficiency measurement across Georgia is
obvious.
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AHHOTAUMA. B pernoHax lpy3mun ¢ uenbto oborpesa npoucxoamt beccuctemHana n B6ecKOHTPOJIbHasA BbipybKa
neca. Ona peweHua npobaembl HEOOXOAMMO 3aMeEHUTb APOBa aNbTEPHATUBHLIM OPraHWMYECKUM BUAOM TOM/IMBA U
sHeprocbeperatolei TexHonornen. bBomacca paccmaTpmMBaeTCcA B Ka4ecTBe HOBOTO MCTOYHMKA SHEPIUM KaxKabli rog,
OHAa MMeET LeNbli pag NpeMmyLLecTs: BO30OHOBAAEMbIE UCTOYHUKM SHEPTUM U CNef0BaTENbHO, HEUCYEPNAEMOCTb.
Moyt no Bceill TeppuTOpPUM CTPaHbl MMEET PacnpPOCTPaHEHWEe OTHOCUTENbHO HeAoporoe WMCKonaemoe TOMJMBO,
KOTOpOe faeT 3HauuTes/lbHOe YyMeHblleHMe Bbl6pPOCOB NAPHMKOBbLIX rasoB. B uccnegoBaHMM paH  MPOEKT
3HEepreTMYeCcKoro ayamTa rocyfapCTBEHHOM WKOAbI. [POeKT npeanonaraeT 3ameHy neuu, paboTatoLieit Ha ApoBax, Ha
neyb, paboTatowyto Ha 6Momacce pacteHuin. bbin BbIbBpaH NUPOAUCTUYECKUI BoliNep, cO3AaHHbIN NpeacTaBuTeNem
TexHnyecKoro yHuBepcuTeTa.

Ha ocHose nHdopmauum, NoNy4eHHON B X04e SHEPreTUUECKOro ayaunTa, A4 HeEOBXOAMMOro KOANYeCcTBa SHePrum
npv OTONJIEHUU 34aHUA U APYTMX HEOOXOAMMbIX AAaHHbIX NMPOU3BOAUTCA SKOHOMUYECKMI aHanU3: BblM paccumTaHbl
OVNCKOHTUPOBAHHbIN YUCTbIN A0X0A4, BHYTPEHHSAA HOPMA AOXOAHOCTU, CPOK OKYNAEMOCTU U MHAEKC PeHTabeNbHOCTH.

KNKOYEBBIE C/TIOBA: ocTaTo4Hasa bMomacca; NMponnUCTMYecknin boiiep; SKOHOMUYECKUI aHaNun3.
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model and linear programming graphical method of the process, the working variation equations of controlling actions
(such as water main oscillation amplitude, additional low-amplitude oscillations and quantity of water supply) and
optimal control algorithm have been elaborated and as a result, the functional structure of the optimal control system
of jigging process was developed. The control system designed on the basis of this structure provides process control
according to the technological criterion, which implies maximum yield of saleable concentrate in spite of disturbing
effect variability.

KEY WORDS: diaphragm jigging machine; loosening; optimal; control system.
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AHHOTALMA. PaccmoTpeHbl BOMPOCbI MOCTPOEHUA  CUCTEMbI  ONTMMAZILHOTO  YNpPaBAE€HMA  MPOLECCOM
oboralLeHns MapraHueBon pyabl B AvadparmoBoli OTCaAOYHOM MawuHe. Ha ocHOBe MaTemMaTU4YeCKol MoAeNn U C
nomoLLbto rpaduyeckoro BapMaHTa MeTosa SIMHEMHOro NPOrpPaMmMMpPoOBaHMA NPoBeAeHa oNTUMM3aLmMA npouecca. Ha
OCHOBE PE3yNbTaToOB ONTUMM3ALMM  COCTAB/EHbI ANTOPUTMbl ONTMMANbHOIO YynpaBAeHWAa U pabouve ypaBHeHUA
YyNpaBAAoWmMX BO3AENCTBUA — aMMNAUTYAbl OCHOBHOrO KonebaHuAa BOAbI, AOMNOJHUTE/IbHbIX HU3KOaMMAUTYAHbIX
KonebaHUn U M3MEHEHMA KONMYEeCTBA NogaBaeMoW BOAbl. B pe3ynbTaTe cocTaBneHa (yHKLMOHa/bHAA CTPYKTypa
CUCTEMbI ONTUMANIBHOFO YNpPaB/JeHMA MPOLLECCOM OTCafKWU. [locTpoeHHaa cucTtema ynpasneHus obecneymBaeT
ynpaB/iieHne NpoLLeccom Mo TEXHOJOTMYECKOMY KPUTEPUIO, KOTOPbLIMA NMO3BONAET NONyYeHNEe MAaKCMMAaNbHOIO BbiXOAa
KOHAMLMOHHOTO NPOAYKTa HE3aBUCUMO OT U3MEHEHMUIA BO3MYLLLAIOLLMX BO3AENCTBUN.

K/TKOYEBBIE C/TIOBA: ayadparmoBas 0TcaZ0uyHas MallMHa; ONTMMa/ibHas; Pa3pbIXJIEHHOCTb; CUCTEMA YNpPaABEHNA.
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TRANSCRITICAL REFRIGERANT SYSTEMS

T. Megrelidze Department of Food Industry, Georgian Technical University, 68° M. Kostava str., 0175
Thilisi, Georgia
E-mail: tmegrelidze@yahoo.com
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Thilisi, Georgia
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E-mail: givi.gugulashvili@gmail.com

Iv. Pochkhidze, PhD, Founder of LTD “Amiga”
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ABSTRACT. Running on carbon dioxide ( in the R 744 ) transcritical refrigeration machine is characterized by high
volumetric efficiency, small size compressor cylinders, small diameter refrigeration piping, with high heat recovery
potential and high energy efficiency. Due to the working fluid characteristics such chillers are distinguished by the lack
of ozone-depleting potential, low global warming potential, low cost, absence of toxicity and flammability. Carbon
dioxide is one of the first refrigerant used in the first refrigeration system. After the appearance of CFCs, carbon
dioxide has been relegated to the background. Nevertheless nowadays, when the world realized the danger of the
destruction of the protective ozone layer Freon, usage of carbon dioxide in refrigeration systems has become actual.

Noteworthy that for the specific features of carbon dioxide, design, installation and maintenance of refrigeration
systems with carbon dioxide require special provision.

KEY WORDS: agent; dioxide; carbon; effectiveness; refrigerator.
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TPAHCKPUTUYECKUE XONOAWN/IbHBIE CUCTEMbI

Merpenuase T.1. JenapTamMeHT NUWeBoli MHAYCTPUK, NPYy3NHCKNI TeXHUYECKMIA yHuBepcuTeT, Mpysua, 0175,
Téunwucu, yn. M. KocTasa, 68°
E-mail: tmegrelidze@yahoo.com

Ucakapse T.A. JenapTaMeHT NUWeBoli MHAYCTPUK, [PY3NUHCKNI TeXHUYECKUIA yHuBepcuTeT, Mpysua, 0175,
Téunwucu, yn. M. KocTasa, 68°
E-mail: tamazisakadze@gmail.com

PeueH3eHTbI:

. FTyrynawswunamn, accou. npodeccop [enaprameHTa NULLEBON MHAYCTPUM daKynbTeTa TPaHCNOPTa M MALIMHO-
cTpoeHuna Ity

E-mail: givi.gugulashvili@gmail.com

WU. Nouxunpae, akagemuyeckmin goktop 000 «Amura»

E-mail: info@hitech-villa.ge

AHHOTAUMA. PaboTalowas Ha auokcuae yrnepoga (Ha R 744) TpaHCKpUTMYECKas XO0/M0A4WM/IbHAA MaluuHa
OoT/IM4aeTcA 06bEMHON NPOU3BOAUTENBHOCTBIO, MasbiM rabapuTom UMAMHAPOB KOMMpPEeccopa, MajbiM AUMAMETPOM
X0NoaubHbIX TPpybonpoBOAOB, BbLICOKMM MNOTEHUMANOM pereHepauuu Temsia W BbICOKOW 3HepreTmyeckon
3bdEKTUBHOCTBIO. 0 XapaKTepUCTUKaM paboyero Tena TakMe XONoAU/bHblIe YCTAaHOBKMW BbIAENAITCA OTCYTCTBUMEM
030HOpPa3pyLIAlOWEro NoTeHUMana, ManbiM MNOTEHLMANOM [N106aNbHOrO MOTENAEHUA, HU3KOM CTOMMOCTbLIO,
OTCYTCTBMEM TOKCMYHOCTM W BOCNNamMeHAeMocTW. [lnoKkcupa yrnepopa ABAAETCA OAHWUM U3 NEPBbIX XONOAUNbHbIX
areHToB, MPUMEHAEMbIX B NEPBbIX XONOAWMbHbIX cucTemax. lMocne nossneHus ¢GpeoHOB AMoKcua yrnepoga 6bin
OTOABMHYT Ha BTOpPOM nsaH. OfHAKo cerogHsA, KOrga BeCcb MUP OCO3HAN OMACHOCTb pPaspylleHWa dpeoHamwu
3alLUTHOrO O30HOBOTO CN0A, BONPOC WUCMNONb30BaHMA B XOJOAMbHbIX CUCTEMAX AMOKCMAA Yraepoga BHOBb CTan
aKTya/IbHbIM.

HeobxoaMMO yuMTbIBATL, YTO B CBA3M C PALAOM XapPaKTEPUIYIOLLNX AMOKCUA, YINepoaa CBOMCTB, OT/IMYAIOLWMX ero OT
APYrUX XONOOM/bHbLIX areHTOB, MPOEKTUPOBAHWE, MOHTAXK M 3KCMAyaTauusa paboTaloWwmx Ha AMOoKcuae yriepoaa
XON104M/IbHbIX YCTAHOBOK CBA3aHbl CO CNeLnanbHbIMU YCI0BUAMMU.

K/TKOYEBDIE C/IOBA: areHT; AMOKCUA,; Yriepoa,; Xono4nnabHas mawmnHa; 3¢GeKTUBHOCTb.
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REDUCTION OF ENERGY EXPENDITURE IN THE PROCESS OF NATURAL GAS LIQUEFACTION BY THE
DRIVES FOR REFRIGERATION COMPRESSORS

T. Megrelidze Department of Food Industry, Georgian Technical University, 68° M. Kostava str., 0175
Thilisi, Georgia
E-mail: tmegrelidze@yahoo.com
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ABSTRACT. The liquefied natural gas is very promising fuel for the internal combustion engines, representing one
of the most effective types of alternative fuels that can be used in a motor, railway, sea and air transportation.
Currently the tendency of use of liquefied natural gas in transportation has been sharply increased abroad. Well
known companies (Ford, Man, Saviem, Toyota, Menka, etc.) have carried out activities confirming high efficiency of
use of liquefied natural gas in transportation. During 20 years the company Mask (USA) together with Waste Manage
Inc. is producing car engines using liquefied natural gas. CH / LNG industrial tractor operating on liquefied natural gas
has a significant cruising range (up to 1000 km.).

Nowadays the issue related to the reduction of energy expenditure by the drives for refrigeration compressors is
of great importance. Based on our calculations conducted we are able to provide specific possibilities for the
reduction of energy expenditure up to 20 % .

KEY WORDS: compressor; condenser; drive; energy; natural gas.
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UDC 662.76
SCOPUS CODE 2210

3KOHOMMA SHEPTO3ATPAT HA NPUBOA KOMMNPECCOPOB ABYXCTYNEHYATOM NAPOBOM
XON0AUNTbHOW MALLUHbI MPU CHUKEHUU NPUPOAHOIO rA3A

Merpenuase T.1. [enapTameHT Nuweson MHAYCTPUK, [PY3UHCKNI TEXHUYECKNI yHuBepcuTeT, Ipy3ua, 0175,
Téunwucu, yn. M. Koctasa, 68°
E-mail: tmegrelidze@yahoo.com

Ucakapse T.A. JenapTameHT NULEeBON MHAYCTPUMK, [PY3UHCKUIN TEXHUYECKUI yHUBepcuTeT, Mpy3us, 0175,
Téunucu, yn. M. Koctasa, 68°
E-mail: tamazisakadze@gmail.com

PeueH3eHTbI:

. Fyrynawswunmn, accou. npodeccop [enaprameHTa NuULLEBON MHAYCTPUM daKyibTeTa TPaHCNOPTa M MALIMHO-
cTpoeHua Ity

E-mail: givi.gugulashvili@gmail.com

. MasaHuwBsuan, akagemmy.gokrtop, ampektop 000 «Amura»

E-mail: givi-mazanishvili@gmail.com

AHHOTALMUA. OXUNKEHHbIN NPUPOAHbIMA a3 ABNAETCA BeCbMa MNEPCNEeKTUBHOWM MWAKOCTbIO A1a ABuratesnei
BHYTPEHHero cropaHua. OH sBAseTcA OAHMM M3 3GPEKTUBHbLIX BUAOB aNbTEPHATMBHbLIX TOMJMB, KOTOPbIA MOXKET
MCNONb30BaATLCA B aBTOMOBU/IbHOM, KENE3HOA40POKHOM, MOPCKOM M aBUALMOHHOM TpaHcropTe. B HacTosLLee Bpems 3a
pybexkom pesKo yBesIMunIach TeHAEHLMA UCMO/b30BaHWA NPUPOAHOro rasa Ha TpaHcnopTe. NpoBeAeHHbIe B U3BECTHbLIX
¢upmax (Ford, Man, Saviem, Toyota, Menka n ap.) ucnbiTaHua NoaTBEPAUN BbICOKYIO 3P HEKTUBHOCTb UCMO/b30BAHMA
OXKMMKEHHOTO NPMPOAHOro ra3a Ha TpaHcnopTe. AMepuKaHcKkaa dupma Mask cosmecTHo ¢ dpupmoint Waste Manage Inc. B
TeyeHune 20 neT NPoOM3BOAUT aBTOMODBWUAbHbIE ABUraTenun, paboTalolwme Ha NPUPoaHOM rase. Tarady mapku CH/LNG,
paboTatowmii Ha OXUMKEHHOM NPUPOAHOM rase, MMeeT 3HaunTe IbHbIM 3anac xoaa (8o 1000 Km).

[nAa npousBoACTBA TOM/AMBA M3 OXUMKEHHOrO MPUPOLHONO rasa B HacToALlee BPEMS Ha 3aBOAax MCNO/b3yeTcs
LMKA C OAHOPA30BbIM APOCCEMPOBAHMEM W NpenBapuUTeNbHbIM OXAXKAEHUEM, ANA NPOBEAEHUA KOTOPOro
MCNONb3YyeTCA NApPOBan ABYXCTyNeHYaTasa Xo0/04ANAbHAA MaWwnHa. Ha cerogHAWHNA AeHb YMEHbLUEHWE 3Hepro3aTtpaT
Ha MPMBOA KOMMPECCOPOB XONOAM/bHbBIX MALIMH ABAAETCA BECbMa aKTyasibHbiIM Bompocom. [poBeneHHble Hamu
3KOHOMMYECKME pacyeTbl NO3BOAIOT YTBEPKAATL BO3SMOXKHOCTb YMEHbLIEHWA 3KOHOMUYECKMX 3aTpaT 40 20%.

KNTKOYEBBIE C/TIOBA: Komnpeccop; KoHAEeHCcaTop; NPUBOA; NPUPOAHbIN ras; sHeprus.
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environmental and economic conditions in one ecosystem. For the beginning it should be encouraged the economic
research (on enterprise level) towards the ecologization of economic activity. Primary information about the existing
environment, negative impact on the environment, environmental expenditures and other relevant data are collected
at micro level. Environmental protection, rational use of natural resources require further development of appropriate
state regulatory frameworks.
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ABSTRACT. By using the method of successive
approximation there has been studied the unsteady
rotation problem of the motion infinite porous plate with
the falling stream of the conductive fluid with the
components of velocity v, =ar, v,=0, v, =-2az,

with account of magnetic field and heat transfer in case
when the coefficient of electric conductivity and injection
velocity are functions of temperature as a form-

c=0 [1 Tj L 8} [1 TJ
SO0l tT | Yw T Vo T
T, T,

To determine the thickness of the dynamic and
thermal boundary layers, relevant differential equations
are obtained and written their exact solutions for the
particular cases when the injection velocity varies
according to different laws and between the thicknesses
of a functional dependence of the form ¢, (¢) = Y0 (¢).

All physical characteristics of the flow are calculated.
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KEY WORDS: boundary layer, conductivity, falling
stream, injection velocity, magnetic field, porosity, heat
transfer.

INTRODUCTION

As it is known, injection of fluid through the plate is
used to reduce the growth of unstable perturbation in
the boundary layer and for delaying its separation. It can
also be considered as the effective means of intensifying
processes using heat transfer [1].

In papers [2] and [3] by means of the method of
consistent approximation the unsteady problems of the
motion infinite porous plate with falling stream of the
conductive fluid with account of magnetic field and heat
transfer, have been studied.

In paper [2] was discussed the case when the
injection velocity is a function of the time and in paper
[3] was discussed a similar problem in case when the
coefficient of electric conductivity and injection velocity
are variables, depending on the temperature and time
accordingly.
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MAIN PART
In this paper by means of the method of successive
approximation we have studied the unsteady rotation

the velocity of uniform flow falling on the plate
perpendicular to its surface [4].
We will assume that the influence of dissipative

effects on the fluid flow and heat transfer are negligibly
small and the intensive injection leads to a significant
reduction of the radial velocity of the fluid near the plate
and the temperature difference in the main stream and

problem of the motion infinite porous plate with the
falling stream of the conductive fluid with the
components of velocity v, =ar, v, =0, v,=-2az,
with account of magnetic field and heat transfer in case

and the plate is relatively small.

With this in mind, to solve the problem, we use the
following system of equations of unsteady motion of a
conducting fluid in a uniform magnetic field and the

when the coefficient of electric conductivity
injection velocity are functions of temperature. It is
understood, that a-is a given quantity, independent of

the external magnetic field and is expressed in terms of )
energy equation:

2

v 2
6U,+ r60r+ Z@U,__(p:_ 16_p+v A r_& o B o,
Ot or oz r p Or 72 p
ov ov ov, L,V ) B2
—L+v,— o, —L+—L=v | Ay, —— —G—OU(P ,
ot or oz r P2 p
o, +v, o, +v, o, :—la—p+v Av,, (1)
ot or 0z p Oz
60, +i+a&=01
or r 0z
o’T or  or  or
A—=p c,| —+v,—+v,— |,
oz? ot or 0z
2 2
where A:8—+l£+a—.
o ror oz’

We will note that v,(r,z,t), v,(7,z,t), v,(rz1t) are the components of fluid velocity, o - coefficient of
electric conductivity, v -viscosity, p - density, B, - the magnetic field, 7 - temperature, ¢, - heat capacity for

constant pressure and A - thermal conductivity.
System (1) must be integrated with the following initial and boundary conditions:

=0, v,=v,=v,=0, T=T,z0)
t>0, z=0, v, =0, vy,=s0 r, v,=- v,(zt), T=T,01) (2)
z=mw, v, =ar, v, =0, v, =-2az, T=1T,.

W

Here UW(Z,t) is injection velocity, § - parameter rotation, a)(t) - angular velocity of the plate, T', -temperature

of the plate and 7 - temperature of the fluid away from the plate. For geometric and mechanical reasons, the

solution of system (1) is considered in the form of:

L, =0rg(M,t'), L, =4/vay, [g(n,t')—v{v(n,t')]

V ’ U ’ r ! ’ r (3)
=l r=wgt, ot)=0y(t), v,(z1)=\Vvoyv, (M), p=-pve,p(nr).

0

v, = oyrf (M),
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We assume that the injection velocity and coefficient of electric conductivity are variables depending on the
temperature in the form of

Taking into account the conditions (3), (4) and a’r = —lg—p , and for simplicity use of unprimed quantities, from
p or

the (1) we obtain the following system of equations:

2
%—g—i— 1—1 Uoz—mzf :g1+f2—q2—a2,

on° o T, on on

2

a—g—a—q+ 1—1 Uoﬁ—mzq :ga—q+2fq,

o ot T, on on

9 __5p_Yo 0T

on T, on (5)

2
Gy B c
where m* =—2"% and P, — X% _prandtl’s number.
P®y
To determine the thickness of the dynamic and thermal boundary layers formed in the rotating plate, instead of
the asymptotic layers considered the layers of finite thickness, which will change over time. To determine them we

use the following conditions

0 oT
n=8(t), “L=o, n=38(t), —=0. (6)
on on

Thus for the solution (5) we have the following initial and boundary conditions:

t=0, f=q=g=0, T=T,(m0), 80)=0, 5,(0)=0,
t>0, n=0, =0, g=so (1) g=0T=T,(0.1)
0
n=5t) f=a q=0, =0 (7)
on
n=8,(t) T=T,, a_y,
on

Problem (5)-(7) will be solved by the method of successive approximation and let us search solutions of this

problem in the form of series
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£=Y 000, g=Y i), g=) g(nt) T=D Ti(nt). (8)
k=0 k=0 k=0 k=0

To determine the unknown functions there required only the first two approximations. Options f;, q,, g, Tp,

fi. a1, &, T, respectively are solutions

n=0, fo=0. gy=sot) Ty=T,(01),

62—‘]}:0, az—qzozo, 62—7;0:0, n=9&1), fo=a ¢q,=0,

m on dl n=8.(t) Ty=T,,

n=0, f=0, ¢=0 T7=0, n=0, f=0, ¢=0 T7=0,
n=91t). =0, ¢=0 n=4&71). £=0, ¢ =0
n==06,(t), I, =0, n==06,(t), 1, =0,

and functions g,and g, determined from the expressions

n P ¢ 0
goz_j[;_oa_?ufo] ac, g1=—£(;—°a—2+2f1] ac.

0

Functions fy, 90, &0, Iy, fi» 91, &, T} are as follows:

a n vEO M 0
=Zn, g =s0 |1-2], =0 = 4T,
fo s 9o ( 5] 8o T 5 0 STH

a0 m* ot (vt & Vea®  vya® ab m* 25’0’ ad' |(n' &
fi=— + ———n |+ - + + -— || ———n|-

7,85, & 12 12 1,88, T.8° T, § &2)l6 6

2
M EEC S LU (U
TS | 2 2
o[ 500 _asolfn® & 3 2“_“”_2(1”2) _so0 m(3487) | (' 8%
"l mes, 82 )l o2 5 8 6 7,85, 6 6

, soBv,  sod m? w8
+| so'+ + —-—"n],
7.8 T, 2 2

4 3 92 5—8 3 2 2
g o V] a0’ & ) g[&]¥ w8 ), [0h O )
T, | 8,12 1 orl 5, 1,552 6 6 o T8,

2 2 2.2 5 3 2 2 2 '
xn——S—Tn N ab m Lo n__8_n2 | @by, _a900+a9 m +2s0)_£><
2 2 .58, & 30 12 1,88, T &° 7.8 3 52

4 2 3
x T]__S_nz | @ 45207 + % n——§n2 )
2 6 1.0 3 2

rop a0 n' & ) o0 0P(B-5) | 87 | (O%, 0%y )(n’ 8
T Ossl 2 12 ot 8, 1,552 6 6 oo T5, )\ 2 2
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where =T, -T,.
To determine the unknown thicknesses 5(¢) and d,(¢) use the condition (6) continuous transition of velocity

and temperature boundary layer, velocity and temperature of external flow, assuming that they are functions of time
only.

To determine the thicknesses of the dynamic and thermal boundary layers, we obtain the following system of
equations:

’ 2 2 3
(%) + 3 Y| 283 g o
2 T 2T, 5, I,

0 0

’

’ 3 2
(8%_) -1 2 (lne) +i% 6% +3_616_T+29i8_]~+9&67_ :i .
6 ot 26 I, & T P

® w r
Let us consider some special cases, when it will be possible to obtain expressions &(¢) and 8;(t) explicitly.
Consider the case when the thickness between &,(¢) and 8(¢) is a functional relationship of the form &,(¢)=1v5(¢),
where y = const .
1) a) Let us assume that v, (¢)=B;0,(t), where B, =const . Then from the second equation of the (9) we obtain

the following differential equation:

' , 30T, 3ay B;6(2y+1)| ., 6
82) —| 200y +2> L 20 PrYTL) ) s O
(57) { 0 8o 2 T r~p

0 r

The solution of this equation can be written as:

0 30T, 3ay Br6(2y+1) _T 30T, 3ay_Bro(2y+1)
, 607 I[e o 2 1, ]d” 1 I[e oa 2 T, ]d“
o =—e° > e’ dr.
E 0 0°(1)

In particular, if @ = const , then

3ay BrO(2y+1)
127, *[T*%} t
& = - *

P.[3ayT, +2B,6(2y+1)]

b) If B, L 21}1’94r§ai—ﬂ ,then for any 6(¢) we have: 8;(t)= it .
02y +1) 0o 2 P

1) a) Let us assume that v, () = BO(t). Here S =const. Then to determine the dynamic boundary layer, from

the first equation of (9) we obtain the following differential equation:

’ 2
(8%) + ' XTImO | Sa oo
2vT, 2

0

And the solution may be written as follows
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7’[6(2y—l)m2+63y6+57a:|drt j‘{e(Zy—l)mz-%ByeJrSia o
2 1

0T, 0T, 2
8% =60(t)e ? ! 0 !

e dt.
Jot)

If @ = const and @ = const , than we obtain

m?0 (2y-1)+y(6B0+5aT,, )
1297, t

3(t)= |— l-e 21T ,
m*0(2y—1)+y(6p0O+5aT, )

b) If @=const and B=—
0| 2 T

o0

T,|5 2y —1)m?
—w{—a+e(y—)m}, then for any 0(¢) we have: 8(t):\/a.

If the obtained expressions &;(7) and &(7) calculate the circumferential component of shear stress- 1_,,

moment of resistance to rotation of the plate- M, moment coefficient of resistance- C,,and heat transfer

coefficient- N, we have:
a) for circumferential component of shear stress
b)

5 T

o0

2 [p3 2 2

® sV /R

Tz(p=p—3€ _£+m e 6__45_6&
12R

5 > ]—(21n'6+4ln'0)+3a) 6] ,
T m

b) for the moment of resistance to rotation of the plate

2 3 2 2
RyYR
p= TP VIR ) 12 mOEE 45 0% | (aiwsedinw+3a)
24 5 T, |8, m?

c) for the torque coefficient of resistance

2 2
C, ———" 5 | 12, me 5——48—6%0 —(2In's+4In'0+3a) 3|,
604/R, S T, | o m

d) for the heat transfer coefficient

/R 2
N:_r—e i+Pr ﬁ a8T+& _S_T lﬁ i 6T+6 Yo )
T.R |5, 125 T, ) 2|30\5, 3T,

2

R
where R, = ®o . Reynolds number.
v
CONCLUSION velocity of the fluid, angular velocity of the plate,

From the above mentioned formulas we can easily Reynolds and Prandtl's numbers on the physical
discern the influence of the magnetic field, injection  characteristics of the flow and heat transfer.
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NPUB/IUKEHHbIA METOZ, PELUEHMA HECTALMOHAPHOM 3AJAYU BPALLEHMUA BECKOHEYHOM
NOPUCTOMN NNACTUHbI HABETAIOLLMM NOTOKOM XUOKOCTU NMPU NEPEMEHHOW
CKOPOCTU OTCOCA U KO3PPULIMEHTA SNNEKTPOMPOBOAHOCTU C YYHETOM MATHUTHOTO
nona u TENNONEPEAAYU

Oxkukunase N.P. JenapTaMeHT WHXEHEPHOW MEeXaHUMKM W TeXHUYECKOW 3SKCNepTusbl CTPOUTENLCTBA,
[PY3NHCKUIA TeXHUYECKUI yHuBepcuTeT, Mpy3ua, 0175, Teuaucu, ya. M. Koctasa 68°
E-mail: levanjikidze@yahoo.com

Lyukupupse B.H. JenapTameHT MmaTeMaTuKu, [PY3UHCKUIA TexHUYeckuih yHusepcuteT, [pysua, 0175,
Téunucu, yn. M. Koctasa 77
E-mail: b.tsutskiridze@mail.ru

PeueH3eHTbI:

3. Unuknweunan, npodeccop [enaptameHTa TEXHUYECKON IKCNEPTU3bI UHKEHEPHOW MEXAHMKU U CTPOUTENbCTBA
cTpouTenbHoro dpakynbteta [TY

E-mail: cicgishvilizura@yahoo.com

3. 3dneppawsunn, accou. npodeccop [enaprameHTa MaTemaTUKM dakyabTeTa MHOOPMATUKM U CUCTEM
ynpasnenua [Ty

E-mail: ek.elerdashvili@yahoo.com

AHHOTALMA. MeTogom nocnienoBaTesibHbIX NPUOANKEHUA B paboTe M3yyeHa HecTaLuMoOHapHas 3ajada
BpalleHMA OEeCKOHEeYHOM MNOoPUCTOM NAAcCTUHbI HaberalWwUm MOTOKOM MNPOBOAALLEN MUAKOCTM C KOMMNOHEHTaMM
ckopoctM v, =ar, Vv, =0, v, =-2azc y4eToM MarHWTHOrO nons U Tennonepepauu. loApasymesaercs, uTo
nepneHAUKYNAPHO NAacTUHe OEWCTBYET OAHOPOAHOE MArHUTHOe MoJjie, Yepes MAACTUHbI MPOUCXOAUT OTCOC TOW e
MUIKOCTU CO CKOPOCTbIO U, M MeXy NAAacTMHOMN M XUAKOCTbIO MAET npouecc Tennonepesayn. B 3agave paccmotpeH

CNyyail, Korga KosaopuUMEHT 3/71eKTPOMPOBOAHOCTM M CKOPOCTb OTCOCA ABAAIOTCA (GYHKUMAMWM TemnepaTtypbl BMAA

c=0 [1 Tj v L (l TJ
=0 | 17| Vw =Y L7 |
T, T,

[nsa pelweHnsa 3a4ayun MCNoNb30BaHbl ypaBHEHUA ABUKeHUA HaBbe-CTOKCa ANS NPOBOAAWLEN KUAKOCTU U ypaBHEHWe
3HEeprnu, 3anucaHHble B LMAUHAPUYECKMX KoopauHaTax. C nomolibio 0606LWeHHbIX MOoACTaHOBOK KapmaHa 3Tu
HenuHenHble anddepeHLManbHble YPaBHEHUS B YaCTHbIX MPOM3BOAHbLIX NPUBEAEHbI K 0ObIKHOBEHHbIM HEANHEMHbIM
andodepeHuManbHbIM YpaBHEHUAM U peLleHbl MeTOA40M NOCNeA0BaTeNbHbIX NPUBAUKEHWA.

[na onpegeneHns TOAWMH AMHAMMYECKOTO WM TEMJ0BOr0 MOrpaHWYHbIX CA0eB MoJsiyyeHbl anddepeHumanbHble
YPaBHEHWA W HalfeHbl UX TOYHble PELIeHMs B YACTHbIX C/y4asX, KOr4a CKOPOCTb OTCOCa MEHAETCA MO PasHbiM
3aKOHaM M Mexay TOJLMH NOTPaHUYHbIX CNOeB CyllecTByeT 3aBUCMMOCTb Buaa Or(t)=7y5(t). BblumcneHsl Bce

¢M3VI‘-I€CKME XapPaKTeEPUCTUKN TeHeHUA.

KNIIOYEBBIE C/IOBA: marHUTHOe none; Haberatowmii NOTOK; MOFPaHUYHbIMA CNOM; MOPUCTOCTb, MPOBOAMMOCTD;
CKOPOCTb OTCOCA; TEN/0NEpenaya; Te4eHme.
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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 Teqgnikuri Universitetis Archil Eliashvilis Saxelobis Martvis sistemebis Institutis

Proceedings. N18 2014. Thilisi (In Georgian).
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Guidelines 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) is published in the original language;

The number of authors of an article should not exceed three;

Authors should submit original copies of one or more articles for publication to the publishing house or send scan
versions to sagamomcemlosakhli@yahoo.com along with supporting documentation, but only two articles from

the same author(s) will 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 article should 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 Resolution No.200 of GTU Academic Council (22.01.2010), authors who are not the employees at
the University, should make the preliminary payment by cash or transfer to have their paper published (10 GEL
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 scientific papers).

“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 (margins - 2 cm, line spacing - 1,5);
e Only MS Word versions of texts are accepted (doc or docx) presented electronically on any magnetic carrier;
e For Georgian texts: font - Acadnusx, font size - 12 pt;

e For English and Russian texts: font - Times New Roman, font size - 12 pt.

The accompanying information to the article should include:

e Universal Decimal Classification (UDC)
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¢ 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, academic title, department or place of employment of each reviewer.

The article should 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 the 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 should 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 should 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

By the recommendations of Databases of International Scientific Journals the number of references should be

no less than ten.

How to form the reference section in the article:
Name and surname of each author should 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 should 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).
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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).

Requirements for the 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 should be verified with the faculty stamp.
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K cBeaeHuto aBTopos!

C60PHUK Hay4HbIX TPy[0B IPY3UHCKOrO TEXHUYECKOTO YHUBEPCUTETA ABNAETCA EXKEeKBapTabHbIM pedepnpyembim
NepuoanYeckMm M3gaHnem, KOTOpoe 3aperucTPUPOBAHO B HECKOIbKMX MeXAYHaPOAHbIX 6a3ax AaHHbIX.
e CTaTbM (MPUHMMAIOTCA HA FPY3UHCKOM, aHIIMIICKOM, PYCCKOM A3blKax) NyB/MKYIOTCA Ha A3blKe OpUriMHana.
e Ko/anyecTBo aBTOPOB CTaTbM HE JO/IKHO NpeBbIWaTh 3.
e ABTOp MOXeT MpefocCTaBAATb ANA NybAnKauum B M34aTenbCKoM AOME MAWM NO 3NEKTPOHHOW noyte (Ha
cnepyrowmin agpec: sagamomcemlosakhli@yahoo.com) ogHy MnM HeckonbKo cTaTeil, a TakXKe B CKaHMPOBaH-
HbIX daitnax ConyTCTBYIOLLYIO AOKYMEHTaUMo, HO B O4HOM HOMepe MOryT BbiTb OnNy6/AMKOBaHbI TONbKO ABe

paboTbl.

e B cnyyae cmamedi, npucelaaemoix o 3a. noyme, npocbba npedycmompems cnedyroujue mpebosaHus:
- YKazame 8 31. Subject-e HazsaHue cbopHUKa (mema) u pamunuro aemopa (aemopos);
- ucnons3zoeams Attach (npunoxcume ¢aiin);

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

e CTaTbs A0NXKHA ObITb COCTaBAEHa rPAaMOTHO, C CObOAEHMEM TEPMUHOIOTMN. ABTOP (aBTOPbI) U PELLEH3EHTbI
HEeCyT OTBETCTBEHHOCTb 33 COAEP!KaHMEe N Ka4yecTBO CTaTby.

e [locKoNbKy COOPHUK TPYyA0B IPY3UHCKOrO TEXHNUYECKOTO YHMUBEPCUTETA ABNSETCA HEKOMMEPUYECKUM U3AaHUEM,
ONA COTPYAHUKOB CTaTbM Ny6ANKYOTCA 6ecnaaTHo.

e CornacHo noctaHoBAEHMIO akagemumyeckoro coseTa Ne200 (22.01.2010 r.), dm3nyeckoe Amuo, He ABAsAIOWEECA
COTPYAHMKOM YHUBEPCUTETA, A4 NyOAMKAUMKN CTaTbM B COOPHUKE TPYAOB AOJIKHO 3apaHee BHECTU AN NePeYncInTb
Heobxogumyto cymmy (1 ctpaHuua ctout 10 napu) 3a CTaTbio M COOTBETCTBYIOLLYIO AOKYMEHTaLMIO (OBe peLeH3suu m
Hanpas/leHWe Hay4HOro CoBeTa OpraHM3aunmn o Nyb6anKaumm ctaTb B cbopHMKe Tpyaos [TY), NpuaoXKMB cnpaBky o6

onnarte. B rpacbe «Ha3HayeHue onnatbl» cnegyet 3anmMcaTb «KCTOMMOCTb I'Iy6}'IMKaLI,VIl4 CTaTbU».

baHkoecKue peKkeusumol ITY: HOpuduyeckoe nuyo nybauvyHozo npaea (FO/IMN); Mpy3uHcKuli mexHu4ecKuii
yHusepcumem; udeHMupuKayuoHHblli Kol 211349192; 6aHK npuema; 2ocydapcmeeHHas Ka3Ha; Ha3edHue

nonyvyamens: eduHslii cdem Ka3Hol; KOO 6aHKka: TRESGE22; cuem noayyamens: KOG Ka3Hol 708977259.

Mpepnaraem nopaaok opopmneHUA HaAyYHOM CTaTbu:

® CTaTbA AOJIXKHa ObITb NpeAcTaBAeHa B HaNe4YaTaHHOM BUAE Ha cTpaHuue dopmata A4, cogeprKaTb He MeHblue 5
CTpaHuy, (monsa — 2 cm, nHtepsan — 1,5);

e (CTaTbA A0/KHa BbITb BbiNONHEHA B Buae ¢alina doc nam docx (MS Word) 1 3anucaHa Ha 1t060M MarHMTHOM
HocuTene;

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

e WpUdT 4NN aHINMIACKOro U pycckoro TekcToB Times New Roman, pasmep 12;

CTaTbA A0NXHA CONPOBOXAATLCA caeayloweil MHGopmaLmeil:

e Kopg YK (YHuBepcanbHas gecaTuuHaa Knaccudukaums).
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CsepeHus 06 aBTope (aBTOPax) Ha rPY3UHCKOM, aHI/IMMCKOM M PYCCKOM A3bIKaXx:

NOJIHOCTbIO UMA U damunma aTopa (aBTopos), E-mail, Hay4yHas cTeneHb U KOHTAKTHbIN TenedoH;
Ha3BaHWe fenapTaMeHTa, NONHOe Ha3BaHWE OpraHM3aLLMn — MecTo PaboTbl KaxKA0ro aBTopa — CTPaHa, ropos;

NOMHOCTbIO GaMUANMK U MMEHA PELEH3EHTOB, aAPec 3/NEKTPOHHOM MoYTbl, Hay4HOe 3BaHMe, Ha3BaHWe aenap-

TaMeHTa uan mecta paboTbl.

K ctatbe A0/KHbI NpuaaraTbea:

AHHOTaLMA Ha FPY3UHCKOM, aHIZIMIACKOM U pyccKom A3sbikax (100-150 cnos). a8 uHocmpaHHbix Yyumameneii

aHHomauyusa Aensaemca eAUHCMEEHHbIM UCMOYHUKOM UHGhopMayuu o pe3yabmamax uccnedosaHuli, npueedeHHbIX

e COOEPMGHUU cmamou. UmeHHO smo onpeae/mem UHmMmepec y4eHoeo K paGome u, coomeemcmeeHHOo, yesnaHue

Hayamo 0ucxyccuro € aemopom, NO3HAKOMUMmMbCA € NO/IHbIM mMeKcmom cmambsu u m.@.

AHHOMauuA 0074HA bbimb:

UHGOPpMAYUOHHOTL (He OONAHCHA codepaHcamb 00wuUx c1o8 u pas);

OPUSUHATLHOU (NePe6o0d HA AHSIUUCKOM U 2PY3UHCKOM A3bIKAX OO0JNCEeH ObiMb KAYeCMEEHHbLU, npu nepeeooe
cliedyem UCnoab306ams CHEYUATbHYIO THEPMUHOLO2UIO);

cooepacamenvHoU (O0NIHCHA OMPAHCAMb OCHOBHOE COOEPHCAHUE CIAMbU U Pe3YIbmambl UCCLE008aAHU);

CMPYKMYPUPOBAHHOU (C1e008amb 8 CMAmMbe J02UKe ONUCAHUSL Pe3VIbMAmMOos).

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/Il0YeBble C/1I0BA, PACMNONOKEHHbIe N0 andasuTy (Ha rpy3MHCKOM, aHITIMIMCKOM M PYCCKOM A3bIKax);
B CTaTbe A0/KHbI 6bITb BblAEEeHbI MOA3ar0N0BKUN: BBELEHME, OCHOBHAA YacTb M 3aK/lo4eHue (BbiBOAbI);
KOMMbOTEPHbIE BapuaHTbl YepTexKel nnm dotorpaduit A0AKHbI O6bITb BbINOAHEHBI B NH06OM rpaduyeckom

dopmarte, paspelieHmem — He meHee 150 dpi.

Nutepatypa

Mo pekomeHgaumn 6a3bl AaHHbIX MeXAYHapPOAHbIX Hay4YHbIX »XYpPHanoB, 4YUCNO MCMNO/Ib30BaHHOW nnTepaTypbl

XenatenbHo AO01XKHO 6bITb He meHblLue 10.
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MpeacTtasnaem nopagoK opopmaeHus B ny6anKyemoi ctaTbe MCNONb30BaHHON NUTepaTypbl:

damnana M MHUUMANbI BCEX aBTOPOB A0/KHbI BbiTb BbIMNOJHEHbI BYKBAMM NaTUHCKOro andasuTta, T.e. TPAHCAU-
Tepaumeit; HasBaHMe CTaTb C NEPEBOAOM Ha aHFIMIUCKUI A3bIK; Ha3BaHME UCTOYHUKOB (KypHana, cbopHUKa TPy4oB,

MmaTepuanoB KoHdepeHLMmM) — TpaHCcAuTepaumen (A3biK CTaTbM YKa3aH B CKOBKax).

JNutepatypa (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).

[na npeactaBneHuns cTaTbM AO/KEH BbITb NPUIONKEH NepedeHb HeEOBXOAUMbIX LOKYMEHTOB A/1A COTPYAHMKOB U

OOKTOPaHTOB PY3MHCKOro TEXHUYECKOro YHUBEpCUTeTa:

e Be peueH3nn (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 O0/1XKHbI 6bITb yA0CTOBEPEHDbI NeYaTbio d)aKyaneTa.
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