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23°bobl LsbBMYSMIDdOOZ 3BMIMGOL.

99dGHOMbMwo 905OHM3gmds G0l Labgwdfo-
g0 3oOmm39wmdol bobEgds, MmIgwos giwdbgds
0683mM3530mw-lo3mdbogogom  Ggdbmemaogdols
299mygbgdsl  dggybols sz mdsdo.  BHgdbmenm-
30980, GMdegdos LXFNIFWE IRIFL JLIIOOM-
B 8056:00390™dL, 3gdbo3m®mo mzsmbsbmoboom,
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9O05690Lsb 2oblibzszgds 0bgMmMTs3ool gos-
3990L LoLHGSGOL, LEbEMMBdOLS s MLsgHPbMIdOL
bs®OLbbom. Jomob 3006303 29blbzs39dmwo
Abegom Ggdbmemaom®mo 0bmgsgoss dermzhgobo.

doGomso bsfjoero

m5bs0g0mmgzg  Abmgwom  ©Y390EGM 0Bl
6930300l BO3smBgs, Mog  FobdoMmMIPIMW0s
0m3Bgob  BH9dbmarmyool  gobzomstgdom. dgrm3-
Bgobo (0obyen. Blockchain s6vy ,8ewm3xs330“) 6ol
©9390GHMIWoHgdIMwo Imbsggdoms BB, M™Igeos
9903536 0b6x3M®To309L, dErMm3hgob Jugol dmbsfjo-
Wgms 3096 bbmmE0gwgdMmo  GMbbadizogdol
(3m39603530900L) Ggbabgd. ol s00ddgds, FHgdbmemm-
30996 3565000305 5 15395MmE OO 3MGEHIbEoswO
593l 3ol 208tmygbgdsl gargd@®™bro oM mnzgEm-
00l sbyM30l JoBBom. 0bmzs30MGmo Egdbmemaos
dbmiom  dsbdEedom 3oMmzgws 2008 fgwl ao-
0Pbs  @o  gALbobwmgdm©s  3M03GHMIsGHol  —
»00330060L 953993056 Bbdiombomgdsl. dolo 9gd0-
Bo 539300690 0s  9bMbodNH  30OHMB/ZoHms
XJMNBND, H™Igeog 36Md0w0s Lo@mdo bogzodm@ml
(Satoshi Nakamoto) Lobgeroo.

39950399600 »35wLsBOHOLOm, dErmzbgobo 3H03-
OOMIOIBONWOQ IGO0, 39O33)Xo  figbgdoo
0990000350 IBsto Mfiyzg@Eo 908wI3tMmdomo gug-
096®g00b — ,0eM3g00L" K330 [1]. 50b0dbo F9d-
Beagrmpos 0dwrggs Bbodergde@mdsl gergd@®mbrw
g960b5¢0do  9303ebmm  dmbsgdgdoo  (Bsbsfhgmado),
O0dgms odwos 96 Fga3ws 3ModGozmwe dgma-
@9BIX0d.  9gdHOMbYwo  gObsgo  deremghgod
3996memao0l  3mbEgJuETo s0bodbagl 9EabE®s-
@oHYOME dmbs3ggdms d5Bol, GMIgbsg bBJoMo
©I3IBAOWoDIINOo FBONX HgbHOo gfimg-
05. 930L0 3OO, FMMbseo F3gMWGIMHOZ0 BSOS
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(Folder), ®t09wbog od3b 39603399900 LEAHOJEHWOS.

139300 3MMYMTNo  MBOHMB3gEYMRs,
6Igog 5MogMom BgHhzgols s 3nd3009EHIMHBYs -
90b@o790wo, HoMmamoagbl denm3bgobols Juganb.
gmzge Lo LMZIOL o6 3mB30YAHIOL  9fiemgds
0m3hgob Jugeol 3356d0, GMIgog BgoEegt Gso-
@300 (969 83900 K 9F30L) slegdL. MOmMIYEO
0m3hgob 339600 bsdMI0 3B0IZ69EMdOLSS, sT0-
Gm0s3 900bbg3s derm3zbgobo 93BG I0BYdm
336 myos.

IIIOOMBYwo FOBoro Bggde YoM3ZINLO
§9Lgdol (3300 JMHMTBJPMB WMYO3MOMI© -
393906500 dEM3gdoLOdsE. MmomMmgwo dermzo,
Mm@ Ggbo, 89033L 398-058396909el 5699 3,
Omammg fobs dem3zmsb ©sds3o3d0Mgdgee bodsbl
(35BLYBEZOMEO MIMEIBMBOL LOoTdMEM™s Hymds),
3LObgEgdOL s Babofigol — BMobBagdool dmbagg-
390L. ®53 MBO™ 9@ BabofigOl — BHMbBod0L 9g30-
9o dewm3do, dom MROM 0BOHEIds dM3IJOOL Mo-
™EYbMds.  9gEgd@G®mmbmen  gm@boserdo  BsbsfgMgdo
96y BHMbBogdi09d0 8godegds Lbgssbbgs Lobol
0ymb. 3525005, d¢m3hgobo (derm3xsF30) dglod-
Mo 3m035309L Bsbsfgmadl 3mbEMmodBHgdby, dgbs-
39Ol MREgdsHg s 5.9. [2].

©53mbdo  s8sMmnyero dbmgerom 93mbmdozm®o
gme@dol (World Economic Forum) 2015 {ierols sbyo-
60dob 056553, dEM3hg0b Bgdbmemyos Fomdmago-
3960 G960 n® 3HMGMIMEL, Gmdgerog Lodrs-
@305l 0denggs 4obbmME0gEEIL dmbsgdos MMmo-
9330 FHMadL ImMob Jugerol dogboom dvuygs-
053500 306900l 490M9dg. Jugerol dmbsfogrgbo 0
O™ MOPO0YM0JI9wgd96 ©sdonmmo 0wgbEo-
3035GHMMGO0M, Y390 2o6bMMOE30gwgdmmwo GH™Mmb-
Dog3os 99oBHde M(33Ego BMBBoJ30g00L KoF3l,
89909 30 bafjoergds Juger® 339609880 [3].
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993AOMEo g®Bseob bEHHYIEHNG:

003ISGME IR TIGESN (VBANN)

LogoMmzgumm 0gm gem-9mmo 3063900 §39996s,
Odgdsg 0em3hgobol  Ggdbmemyos Fo@do@gdom
56965 Loxs®™ 19dGHm®do. 530l MZobahobm dogs-
@005 LaxdOHM MIGLEAMOL gOHMZbME LosgabBHMLS ©s
30035600 Bitfury-ob g00mdwogo 30HmgdEol 4obbmm-
(309905, OMIgEoE  FMEobbdmdl  Lods®omggwmdo
mdM530 Jmbgdol HgRoLEHMmoEo0LIL ,0wM3Rq0b Fgdbm-
@m0l 259mygbgdsbl4]. Loxsmm GgabBMo dMmz0
Jmbgool Fglabgd MEYgsmo 0bxm@mBsgool 99933900
000MM0  ©M3IBGHOL  B38E30MdL  SEbEY)-
6L g9dBOHmbymo bgwdmfigmoom. derm3zbgob Lob-
(98ob 89839000, ©M3BAHOL  JEradHOMbIws©
bgedmfg@ols mdgb@do mommgnye m3wydgb@l (sdm-
Bofigdl) 9boFgds 390-3mo. vy 39069080l G999
©M3v9996&80 8930005 3300090y, Aol gboFgds sbowo
390-3m0. LadMEm® 99090 9699 39006900 s0Mm-
BfgMgdo 50Lobgds LoxsMm MgglG®ol 399390 bY.
LogoMm390M gOm-9MHMO 300390 J39ysbss, Mmdgen-
053 9530 Jmbgdol Gglobgd sdmbsfigMo yzgwsby o-

ISSN 1512-0996
www.shromebi.gtu.ge

399 bobEYBsdo AsbomagLs [5]. 21-9 Lomzmbol gl do-
Q@ GPPmwoyon®o 35©sfy300, Fobyswswadawo
Badox0s BXgMGE 305dGH03Mwo JMmbom, olg Logh-
053mMobm mbyBg J3g9bol Fo@dmbsRgbo.
Logdo®mnggeml  bsdzomwosm og3l  3m@gbsoswo,
0m3hgob ©35%g obgl gMm-gOmo FomBoEgdv)-
o  dmboffoeng.  530L  oToaliGMMgdgos, 2018
ool 21 bgdBgddg®dl do@dgobols (BITMAIN) o
dobo 3sMGHBoMmMO 33356006 — doEIsbol (BITKAN)
FHoMHFIMH00 MI0OLA0 Ro@oMgdweo (3053MWEO
05060620L! dsem@om Lsdo@o. bsdo@ol gMo-9Hmo
00053500 0Bsbo 0ym derm3Bgob 0brLiG@mosls s
0506069 30Bbglid0 BoODo LyBMPSMIOOL VMMO-
9053530060905,  3M5dBH0OIMNWO  ©S  MINMHOYWO
3060l 45H05MmYVs. ©MBboLAOGOOL goblibols Lsgoo-

! 85060690 - (0B, Mining) 608653l dm3mggdsl (3003-
A™05060bg0L  gdmbgggzsdo  sboseo  dermzgdol  Fgddbsl
@M 3bgobol Jugewdo)
https://www.wordreference.com/enru/mining.
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39mb dmsgmmdol §930go0 s dbmxuwomdo (fody-
3960 3033560900 Homdmoygbegdo gufeHgdmbgb.

1590560 BLBoEHOL BotIYEgdTo 20T Lo0b-
G698 ©olZML0gdo, bssE 3M03BHMT0bYMIBLS s
0 3Bg0bol 9o boslBgol dglisdergdemds dog350,
9O»056gmologol s 0bEMLEBMOOL oMo -

@g00LmM30L AogHBOMGO0BI0 LoobEYMgLM 0ggdo [6].

=

000@obdo 30xgGEo d:0b6obyol Fsmgwom bsdo@ol
3oblbs (21.09.2018) 2

dem3Bgob Hogbmwmposl y3gws 3030wobYdy)-
o Lobgedfogm s00sMHRL, 8500 dmeol 33, oo
060090, 053mbos, gM3sb0s, 396505 s bbg. g@s-
30060350 0696905 dm3bgob #Hgdbmmmyos v3-
6506580, guBmbgmbs s bbgs Jggybgddo. s0bodby-
o $9dbmemyos Fglodwgdgemos gsdmoygbgdmogl
Lbgo@sbbgs LegOmdo, Lowsg 9MEowgdgEos dmbo-
399ms  9gbabgzo-lobBHFa@0BoE0s, Togowoms, Ls-
bgdfogm 90sOHmM39mds, LodsMmowo, gobsbligdo,
Xob5(339, 396500 gds, F93b0gMgds, s Lbg.

§ogbdo ,,0em3hgobo. 93mbmdogol sbowo Ligdgds

«

(Blockchain. Blueprint for a New Economy), d¢om3bgob

2https://www.google.com/search?q=%E1%83%AA%E1%8
3%98%E1%83%A4%E1%83%A0%E1%83%A3%E1%83%9A
%E1%83%98+%E1%83%9B%E1%83%90%E1%83%98%E1%
83%9C%E1%83%98%E1%83%9C%E1%83%92%E1%83%98
%E1%83%A1+%E1%83%A1%E1%83%90%E1%83%9B%E1
%83%98%E1%83%A2%E1%83%98&rlz=1C1KMZB_enGE57
7GE577&source=Inms&tbm=isch&sa=X&ved=0ahUKEwjpxnz
dbgAhUKjosKHVRcDv8Q_AUIDigB&biw=1920&bih=920
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3393000 0bLEHoGMEoL (Institute for Blockchain
Studies) 9339350 ©@s ©sIRMAbYdgo  Fgensbo
b3mbo (Melanie Swan) 935da93l d¢rm3hqob &Hgdbem-
@Myo0ol  3eobogo3s30sl  dolo  ysdmygbgdol  Lodo
bg3gMml dobggzom:

- Blockchain 1.0 560l 3sc0m@s (3G03GHM35@s
390009gbg0s ™m39Mo3090d0, MMTgdlog 3933060 oJ3u
5306566 BHEOBBo3090mb, Togomoms, BEs©O
215360900 s 0RO Fosbol Lol dgdo);

- Blockchain 2.0 sG>0l 3mb6&Magd@goo (93mbmado-
30U, 30bsblwyMmo dsBEMOL LggMmTo dsbbmME0gEwgdvY)-
o ™m396530900 Lbgsalibgs Lsbol obbG®mmdgb@ol
2498mygabgdom: 5930900, MBdW0YS30900, B0BhgMLYDO,
99303900, 30b6GH®d@gdo s bbg.)

- Blockchain 3.0 560l m396530900, HMmIWms -
60361905 4oL Bobsbl®o GMbbagiogdol Leg-
Ml (3039w ds 0bgo LRIOHMYPDBY, MMYMOOEs: bo-
XM BOMZIMds, Q9bsmrgds, 993boghgds, xsb-
©5339 o bbg.) [7].

L3900 8ygmBg6 derm3hgob Gdbmempo-
ob g09myqbgdol Msdgbody LEgMMU, MHMIgdOoE 39b-
Lo3MMGOM  YMMOEGdsl  0dbobwMmgdl, sbgmoo:
(8,9,10]

L5306sBLM s LBsdBIM LBgHM, GMIolbmzobss
dbmgmom  dolidEBed0m 9vdsgzgds yzgwsbyg dg@o
dm3hgob 23035305, HFPMWMONMO B5©Y39-
Gowgdgd0l Bsdmbsmgowo, GmIgwos ©oxdbgde-
@05 dm3hgobBy s F0doMmMWos Logobsblim Lgg-
MO0l 2oM©oddbolinggh, bozdsm g3MEgwos: gl sGOL
G0 LodB3M 5625000900, 9BgsMm0dgd0 BoDOIME s
0100 30690l GO, 2oILobsYdO, Bols-
Bo Jowswgdo, LogMgodm oLEMMm0gdo ©s bbg.
09 3¢ 3bg0obo Bssbo33¢9dL @alvbgEgdo m3g-
6530900L b5fol, MmIgmog bLOHYEEGds dw)sdags-
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@0 306700l 39939Mm000m, 0l 35MOLIW MG AoBEM-
0L g0bsbLYMo LEgOML 9539dEH06MB.

939@sbY 36mdoro bgghm, Gmdgewdog ysdmoyg-
6995 dm3hgobo ML BMESEO dBs360EgdO, doG-
32060 ©5 BMY30 3MH03BHM35¢MEgd0.

003 3m0bo, WBOM 3bmdowos LsBMYsE™Ydsdo,
30©M) dBm3hgobo, EMIJEog LsBIZWoE IO
9ol Fo®dmBmdsl. LHimMgo d0G3MmobTs 2s9mogwrobs
0em3bgobol  9EIbEMIoBYdIWMo  (godsbsfowg-
090) H99LEGHMOL 3MGHIBE0SWO O FBLIBEZMS bbgs
00856009 q0900, LosE dgbosdergdgaos dobo 3Mod-
GOZNWO yddyggbgds.

3mb0ogMo  3mBGHEMsIBHGO0 (569 LIsMF-3mbEHGS]-
39%0) 560L M Bl ol Fgmsbbdgds, Hmdgeros
065bgds derm3hgob dmboigdors dsHsdo. sLgomo dg-
056bdgds dg0dgds ©s0@™L MG dmdowosdql demol
sbv peer-to-peer (P2P), dmgoodgbs s mMasbobs-
3osb (P20) 96 dmgoesdqbo s ,056gsbsL“ (P2ZM) de-
6oL, LIsOG-3bBHMdBHYd0  0dwg3zs  93GMIdGH0bY-
OMEOE 49Ol dgLsdErgdeMmdsly dgmsbbdgdweno
306mdgd0L  Lsydz9wby. Omymea 30 LlsME-3mb-
&M5dBH0do 93999900 306H:MdS FglMeErgds (Fsgowo-
05, 5J300b 2994ozs ,1“ doMIBY ,2%), Tgosbbdgds
533MAoGMMO©  SOLOMIEEdS S 5303900 (Fope-
WOMHP: RIS LoblMYdO, FOBOMWO Zo¢E,
LZYPOIOOL YBEIBS) YIOPDOIOMNYIOEILIOd 3MBEG-
653963 90L dmMob. gdudg®mEgdo, LAsME-3MbEMSdE9-
00l 59mygbgdol Bstmm JgbodegdErmdsl dmemgren
390L39dG03580 bgszgh, Mosb, dombgwszs dsmo
go0BOE00L  9M59MH™MO  I3009W™MdoLS, gb BH9gbm-
™05 9Jb39Mm06EHME Labgl 5GHIMIOL S XIO o6
500l IBo© BIMOM godmyqbgdoliomgol [8,11].

99396 GO0l sHBOHOom, derm3bgobo 3500 0bLEG-
996G 0s X9BEIE30L LEIMHmbogob [12]. dgrm3-
Bgobol MLon®MbMd0LL gsdmdobsty, ogswvy-
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405 dobo gs9mYygbgds 3530960 9350IYMBMBOL Ob-
GO0l d9bsbgz9-25330LsMZ0L. dMbszgdms 3M03-
G980 ©doR3Ms s Tgbsbgs ©9EgbG™s-
@oHgdME dmbszgdoms M9gbGH®do, GMmIgwois Jug-
@O0 Lobom 6oL foMmdmygbowo, dg@o Mbo-
gOmbms. 599MH030Lb dgghmadme 8GsGgodo, xmb
3o¢o03s (John Halamka) dmem soo ool 063s3-
@Md5d0 ddomdl Xx9boE30L bygdmdo gargd@Om-
6o 8356039 mdOL ©abgM3o%Y s derm3hgobl
3960b0owsgl HmamGE dmdsgowl 353096@Ms dmbo-
399900 89bsbz0l M35eLBsBOHOLOM. BoddE0Ms, qu-
GMbgm0o 5M0ob J399sbs, HmAgaog Fomdo@Ggdoom bg®-
393L 3em3hgob 39dbmermyosl LsdgoEobm Bsbsfg-
6900b 99bsbzs-LoLEBHGBsGHOBIEFO0LsMZ0L [13].
256500900l LBgHmBo darm3zhgob Ggdbmmmaools
5690335 JbOXB3gYmRL Lfjagerol 3Gmaglols 989-
JEHMO@BL. 50bsb0d65305, O3MTGIOL gangdBHHm-
6900 Loboo dgbobga-g93900L, gangdEMmbuyemo 3we-
Lgdol 899w9ds39ds-0gbobgol Logombo s Ubg. [14].
0H0EOoo  dndlobymgdol Lggmmdos IMszs¢ro
5369300L  bbmOE0gEgdol  Logmdggero  0dbgds
0m3hgobo, HMIEolL 458mygbgds MYYMLOMOIdS
9005900 Lo3obMbIIdEM 5JBHJdOm.
99dAOMbmo LoxstHm Lghgolgdo gMo-9Homo
86033690 m35bglo bLEgOMs derm3hgob FHgdbmaerm-
2300L  3580Yggbgdol M35eLIBOHOLOM. Q9630050 Jd)-
WO 5 3OMYMIbYo bobgwdfonmado sgGHomee©
09850096 dm3bgob  BHgdbmemyool  sbgMyzol
396L39dG0390Dg s dM3hgob FHggbmemmayools dsBs-
by ©583796709m0  3WoBHBMMIGO0L  gsdmynbgdaBy
Loxs®m bgdBm®do. 2018 farol 10 s36Mogl g3tm-
3930060b {93005 22-05 J39949bsd bgemo dmsfigds ©93-
@sMs3osl  93Mm3ol  dermzhgobol  3sMEBBomGMmdOL
89dabols Fglobgd. Fgosbbdgool msbsbdo, g39ybgdo
33009096 9OHTBgPL 2o BosMME  oyB™mzoEo
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390m3EOEIRds @1 3Ebs H9gboz M ©s brGdsdorw
L39MMGOTO0 > JONMILWO350 I0HYMb derm3hgobols
05BsBg BB 3EoGHBRMMTOL  458mYyg69ds,
OHmIgog 3ob3m3bowo 0dbgds GmymOE LoxsmM,
obg 3gMdm bgdGmmobomgol [15]. dg3bogM-9dudge-
3900 000869396, GBI  sMi30gdgwos  gB™3bo
LEAHMSGYR00L 993198o3905 dEM3Bgobol sbgM30LS
5 359myqbadolsmgol. 3530MMdmM, LEGHMsEgyool dg-
049853995 s dobo gobbm®Eogwrgds Fobyswowadwao
Bodoxo 0gbgds derm3bgobol 3ems@Bm™mBsby ©sgmd-
BgdMmo  bBgOMgdOL  gobzomsMgdolsm3zol.  dolo
dogds, bBMb3gEymzal LsBMLgMmMdM gx39JE0sbM-
0L, LOBMPSEMIOOL 39000 EEIMBLS s 396MbBI-
©90MdOL 06M3z5:309MMdL [16].

313365

801bg935© dwm3hgob GHggbmwmpool owy-
Lo 393egbols Lbgo@olibgs LggMmby, sofjegwmang-
000 byFoMM 0dobsmMz0L, MM BHgdbmemaos Lwe-
39bm3b50 o0byMyMl 53 ™y 08 J39ybol AslsdEo-
000. $9dbmmaool Lbgosbbgs Lygmmdo ob@gy-
00705 3oolbIMBL SMOgMMO IdMIMEGOOL Yo-
QOb3oL, Fom FmEobss Fgdbmemaom®mo, dds0m-
390 Md0m0, MmMAB0BsE30ME0, LeEosW MO ©s 5.0.
500533300l 30miglo  0gb6gds  gBHO3mdMo30

@OGHIOGHMOS

90pM>©0, GMdgwog ©o39330HEIDs HYbmem-
30996 ©5 0BLEOGHWEOME F3WOEYdIRL. MOE MBOM
bowos  Bgdbmemyos, dom MB®® dg@o dsgrolb-
39350 LdFoMHm LEBMYsEMYOOLOM30L Tob ASLOEbM-
05 5 LOFINBIOs©, 0¥ M33IbsE oM GHo-
390 99dos 53 3gdbmemaosl 4o@oFMsls Lbgswo-
Lbgs bggEMTo sOLYdMEO 3O MBEGIFdO0. F5olosdg,
39d6mmaool bgoalibgs LygMmdo gsdmygbgdols
396L39J3H035 3938060 JOM0s bEbyEWIFonmgd@mOg,
LsHMYsMIIM03 s LETsMNIOMH0Z S139dBHJoMb.
30 3gdbmemayool  250mygbgdol  3oMoEILmds
360L: 1. MlsgMmmbmgds — GM6Dg30900 3G03GMyMs-
BOYLIQ ©FOBONWOS; 2. YEIWILMDS — dpMs-
05 5 doido Imbo3gdgdol dgi3es oomgdol dgma-
©g0gE0s. 9OHMbgE FbbmME0gEgdMEo  EMIbbad-

300b BsbofigMol IgEgews 99w9degdgeos yzgws dmd-
0936 BMbbogdgool denmzol dg33erol 3ocmgdyg; 3.

250330035¢0mds — GMb6Bogd30gd0 Loxstm ©s ©g-
396GHGooBdMmos.  BHgdbmemyool  0bEgamazos
99JBHO™bMwo ddsmmzgwmdol bLolEgdsdo, obeM-
ol bobgwdfonm ddommz9wmdol  gi39JGH0sbmdsL,
3959306090L BHMIBBog30900L batrxgdl, 495050EH0390L
Loy oM ofigbgdmegdgdls s mdoadggdl dmMol
MODOJOHNMIYPOL, 2obol Tob »BOHM LHO-xL, dmgd-
Bowl s gx39JEosbL.
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Study of chemical-mineralogical composition and possibilities of practical application of clays
from three locations of Kartli-Kakheti

Givi Loladze Department of Chemical Technology and Biotechnology, Georgian Technical
University, 69 M. Kostava str, 0160 Tbilisi, Georgia
E-mail: g.loladze@gtu.ge

Teimuraz Cheishvili Department of Chemical Technology and Biotechnology, Georgian Technical
University, 69 M. Kostava str, 0160 Tbilisi, Georgiaa
E-mail: t.cheishvili@gtu.ge

Reviewers:
G. Tabatadze, Associate Professor, Faculty of Chemical Technology and Metallurgy, GTU
E-mail: g.tabatadze@yahoo.com
V. Gordeladze, Associate Professor, Faculty of Chemical Technology and Metallurgy, GTU
E-mail: b.gordeladze@gtu.ge

Abstract. The main objective of the research was to establish mineralogical and chemical composition of the
argillaceous rocks from Gamarjveba, Patardzeuli and Tskarostavi locations, to assess the possibilities of
manufacturing the building materials (brick, tiles) from them and to identify appropriate technological parameters.

Establishment of mineralogical and chemical composition of examined clays through petrographic methods, X-
ray phase analysis and complete chemical analysis of silicates as well as article manufacture from clays and study of
their basic and peculiar properties had been conducted.

Mineralogical and chemical composition of the clays from three locations was identified and their comparative
study was conducted. Molding ability of clays was determined, test samples were molded and baked and their
properties were studied as well.

Examined clays are characterized by complex and different mineralogical and chemical composition at the same
time. Clays are distinguished by plasticity index acceptable for enterprises and high water solubility. For obtaining
the ceramic items for industrial purposes it is recommended to use the clays from Tskarostavi location, which

provide receipt of items with desirable operational properties at 900-950°C.

Key words: Baking; clay; item; mineralogy; molding; phase composition; properties.
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UDC 666.953
SCOPUS CODE 1508
DOI: HTTPS://DOL.ORG/10.36073/1512-0996-2019-3-19-28

I/IBY‘ICHI/Ie XMMHUKO-MHHEPATIOTHYIECKOTO COAEPXKAHUA Y1 BOSMOXXHOCTH ITPAKTHUYIECKOTO

HUCIIOJIB30BaHUA I'JIMH HaXOAAIINUXCA Ha TpéX KapTJIHfICKO—KaxeTHHCKHX TeppUTOpHUAX

I'usu Jlonanze JemapraMeHT XUMUYeCKOH M OHOJIOTMYeCKOH TeXHONOTuH, I'pysuHCKHH TexHMYeCKUi
yHusepcuret, I'pysus, 0160, Téwrncu, yi. M. Kocrasa, 69
E-mail: g.loladze@gtu.ge

Teumypas Yenmsmim JlemapraMeHT XUMUYeCKOH M GHOJIOrMYecKOil TeXHOJOruil, I py3UHCKUI TeXHUYeCKUil
yausepcuret, I'pysus, 0160, Téwrncu, yi. M. Kocrasa, 69
E-mail: : t.cheishvili@gtu.ge

Periensentsr:

I. TaGaragse, kaHIZUZAT TeXHMYECKMX HAyK, acCOLMHUPOBAHHBIA Ipodeccop GaKyabreTa XUMHYECKON
TexHoOrUK U MeTaurypruu ['TY

E-mail: g.tabatadze@yahoo.com

B. T'opaemasise, xaHAuMIAT TeXHMYECKMX HAyK, acCOUMMPOBAHHELIN Ipodeccop daxyabTeTa XUMHUYECKOH
TexHoOrny ¥ Metauryprun ['TY

E-mail: b.gordeladze@gtu.ge

AnHoramua. Usyvenve MecTOpOXIeHUs TINHICTHIX OPOZ cenenmii amapmxse6a, Ilatapaseynn u Lxapoc-
TaBU - yCTaHOBJ’[eHI/Ie MHHEPAJIOTUYIECKOTO W XMMHUYIECKOTO COCTaBa M OL€HKAa BO3MOXXHOCTHU HOJIY‘IGHI/IH 13 HUX
Marepuaaa (KI/IPHI/I‘Ia, HJII/ITOK) AJi1 CTPOUTEJIBHOTO HA3HAYEHMNI, yCTaHOBJ’IeHI/IH TEeXHOJIOTUYECKHUX IIapaMeTpOB
HeTpOI‘pa(l)I/I‘IECKI/IMI/I MeTOAdaMH, IIOJTHBIM peHTI‘eHO(i)aBOBLIM 1 CUJIHUKATHBIM XMMHNYECKHM aHAJIWU30M, BAXXKHO IIJIA
U3y4eHUA UX IPAaKTHYeCKOTO UCIIOIb30BAHIA.

YcTaHOBIEH XUMUKO-MUHEPAIOTMYECKUH COCTaB IIHH TPEX MecTopoxAeHuit. OnpeneneHa crrocoGHOCTs dop-
MOBKHM - OOXKHTa IJTHH, OCYILIeCTBUIACh KATHOPOBKa-00XUT HCCIeLyeMoro obpasija, Iocie u3ydeHus ObLIN CpaB-
HEHBI UX KadyecTBa. VccrenoBaHHbIe TIMHBI XapaKTePU3YIOTCS CIOXXHBIM U B TO K€ BPeMs PasHBIM MUHEpPaIoruyec-
KM U XMMHUYIECKHUM COCTAaBOM, IIPHEMJIEMBIM [JI IIPONU3BOACTBA YHCJIOM IIJIACTUYHOCTHU U XOPOIIVM PACTBOPEHHEM
B BOZE. ,ZI;JIH HOJIy‘IeHI/IH KepaMHu4IeCKoro HPO,Z[YKTH CTPOUTE/JIBPHOTO HA3HAYECHUNA peKOMeH,ZLyeTCH IIpUMEHEeHNe
eI 1IKapocTaBCKOTO y4acTKa, KOTopasd obeclieyrBaeT IOTyYeHHe IIPOAYKTa JKeJlaTeTbHbIX SKCILTyaTallHOHHBIX
cBoiicts Ha 900-950°C.

K]IIO‘IeBBIe CJIOBA: BPDKUTAHME; TJIMHA; KAY€CTBO; MUHEPAJIOTUA; IIPOAYKT; (1)2130B0€ COZepiKaHH1e; q)OPMOBKa.
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Regression Statistics
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Multiple R 0,978578674
R Square 0,957616221
Adjusted R Square 0,955123058
Standard Error 15,66506144
Observations 19
ANOVA
df 5SS MS F Significance F
Regressio 1 94255,11971  94255,11971 384,0968488 4,168E-13
Residual 17 4171,700549  245,3941499
Total 18 98426,82026
Coefficients Standard Error t Stat P-value Lower 95%

Intercept -15,38108394 10,41818423 -1,47636897 0,158128556 -37,3615313

15,906 4,314836586 0,220162821 19,59838893 4,168E-13 3,850333637
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Abstract. For the description and classification of geological objects and ecological systems, for the forecasting
of its actions it’s needed to be developed appropriate mathematical models. The process of such model creation is
quite difficult and consists of several stages. Data obtained from the observations or experiments are processed by
using of statistical analysis.

The development of computer technologies made it possible to apply new technologies in geology and ecology.

The article describes usage of software package Excel's tools and a number of functions in the statistical analysis.

Basic statistical indicators, such as the mean value, dispersion, asymmetry, square root dispersion, excess, etc.
are located in one option, some other essential statistical characteristics can be defined by the corresponding

functions (mainly by statistical and mathematical), which is described in the article in detail.

Key words: Ecology; function; geology; mathematical model; software package; statistics.
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MeTO,Z[BI MATEMATHUIECKOTO MOZETHPOBAHHA B T€OJIOTHH W SKOJOTUH

(mporpammHusIii makeT Excel)

3ypa6 Kakymma WHCTHTYT rupporeosornu ¥ MH)XEHEPHOH reosoTud, ['Py3WHCKHI TeXHHMYeCKUN YHU-
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Jmutpuit AGznanuaze  VIHCTUTYT THAPOTEOJOTHMH M WH)XXEHEPHOM reosoruy, ['PySMHCKUI TeXHUYeCKHH yHU-
Bepcurer, ['pysus, 0126, Tounucy, ceno [luromu, yi. Cs. paBHOanoctorsHo#i Hunsl, Nel

E-mail: dimitri.abz@mail.ru

PerienzenTsr:
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Annoranus. [lns onucanus, KIaccuGUKALUK re0OrnIeCcKUX 0OBEKTOB U IIPOTHO3UPOBAHNUS JEHCTBUI 9KOJI0-
TMYEeCKHUX CUCTEM HeOOXOJMMO CO3ZaHue UX MaTeMaTHdeKux Mozeseit. [Ipouecc co3manus Moeru BechMa CIOXKHBIN
¥ COCTOUT U3 HECKOJIBKHUX STanoB. JlaHHbIe, II0TydYeHHbIe IIyTeM HaOIIofeH I U SKCIIepUMEHTOB, 00paGaThIBAIOTCS C
TIpuMeHeHHeM MHCTPyMeHTOB CTaTUCTNIeCKOTO aHaIH3a.

C pasBuTHEM KOMIIBIOTEPHBIX TEXHOJIOTHH CTaJIO0 BO3MOXXHBIM B T€OJIOTMM M SKOJOTMM IIPUMEHATH HOBBIE
TEXHOJIOTHH. B cTaThbe IOKa3aHO, KaK C IOMOILIBIO PAAa MHCTPYMEHTOB M (PyHKUMI mporpaMMHoro maxera Excel
MOXXHO IIPOM3BECTHU CTaTUCTUYecKuii aHaau3. OCHOBHbIE TaKKe CTATUCTUYECKUeE II0OKa3aTeIH, KaK CpefiHee 3HAUeHNe,
JUCIIepCHs, KBAaJPaTHBIH KOPEeHb W3 JHCIEePCHY, aCCUMETPHs, DKCIeCC W JPYTrHe COCpPefOTOYeHBI B OFHOH OIIIHH,
JIpyTHe CTaTUCTHYECKHUEe XapaKTEPUCTHKU MOXXHO OIPeZie/IUTh C IIOMOIIBIO COOTBETCTBYIOIIMX (pyHKImit. Bce aro

IIOKAa3aHO B CTaThe.

KJIIO‘IeBBIe CJIOBA: TeO0JIOTHA; MaTeMaTH4YeCKass MOZIeJb, HpOI‘pHMMHBIfI IIaKeT; CTAaTUCTHUKA; Q)YHKHHH; DKOJIOTHA.
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Abstract. The article considers commonly used modern video surveillance systems that are often used for state
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Abstract. The article discusses basic methods of design a "Smart House" and analyzes the infosecurity risks. The
advantage of this model is that we can combine different manufacturers' devices in a single network, the main
disadvantage is - the system management depends entirely on the central server. In case of various problems
caused by a hardware-program breakdown, the "Smart House" is impossible to manage or the orders from the
server are inaccurate.

In the decentralized model there is no central server management and the system consists of different sensors,
activators and transmitters. The sensors and transmitters enhance building performance characteristics deviation
from the rated value and deliver orders to the actuation devices that are activated by activators. The main
advantage of this model is its stability against failure. Failures of separate elements don’t affect the functioning of

other elements. The disadvantage is its complexity and high cost implementation.

Key words: Centralized system model; infosecuty risk; server system; Smart House.
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Amnnoramusd. B craree paccMaTpuBaIOTCS OCHOBHBIE METOABI MOCTPOEHHUS «YMHOTO JOMa», aHATU3UPYIOTCS
pucKu MHPOPMAIMOHHOHM 6e30IIacHOCTH «YMHOTO AOMa». IIpeuMylecTBO 5TOH MOAEIH B TOM, YTO MBI MOXeM
0OBeIMHATh YCTPONCTBA PasHBIX IPOM3BOJAUTENE( B OJHON CeTH, TJIABHBIM HEJZOCTATOK — yIIpaBleHUE CHCTEMOH
ITOJIHOCTBHIO 3aBUCHUT OT IIEHTPAJIBHOTO cepBepa. B ciyuae BOSHUMKHOBEHMUA Pa3TUYHBIX IIpO6sIeM, BEI3BAHHBIX CO0EM
aIIapaTHO-IIPOTPaMMHBIX CPEJCTB, yIpaBIeHue “YMHBIM JOMOM» CTAaHOBHUTCS HEBO3MOXXHBIM IUIM 3aKasbl,
TIOJfy9eHHBIE OT CepBepa, BBIIIOTHAIOTCI HEKOPPEKTHO.

B meueHTpasn30BaHHON MOZEIN OTCYTCTBYET IIeHTPATH30BaHHOE YIIpaBjIeHNe CEPBEPOM, a CHCTEMA COCTOUT M3
Pa3HBIX TAaTYMKOB, aKTUBATOPOB U IE€PeIaTIMKOB. [lepefaTynKy U JATIYMKH yJIydIIaloT paboure XapaKTepPUCTUKU
3aHUA OT HOPMBI U [JOCTAaBJIAIOT 3aKa3bl HAa YCTPONCTBO-UCIIOJTHUTENH, KOTOpble IPUBOAATCA B IeHCTBHE aKTHU-
BaTopaMu. OCHOBHBIM IIPEMMYILIECTBOM 3TOI MOJENU SABJIAETCA ee yCTOHYMBOCTH OT c6oeB. COOM OTAENIBHBIX
3JIeMEHTOB He BJIMAIOT Ha (PYHKIMOHUPOBAHHE IPYTUX 3JIEMEHTOB, a HEJJOCTATOK- HA CJIOKHOCTb U JOPOTOBU3HY

BHE/IpeHHUA.

KiroueBble c10Ba: Mozenb LEHTPaIM30BAHHOM CHCTEMBI; PUCK HH(DOPMALMOHHON Ge30IIaCHOCTH; CepBep

CHCTEMBI; « Y MHBIH TOM».

356bogrzolb mstomo 16.04.2019
d9dealizemol ovstoeo 02.05.2019
b9erdefgemoeros psbsdg s 24.10.2019

ISSN 1512-0996 bA¢-ob 3GMAgdo — Works of GTU — Tpyas: ITY
www.shromebi.gtu.ge 53 Ne3 (513), 2019



Ls0bg0b®m bsgdg — Engineering — UmxenepHoe geno

UDC 620.16
SCOPUS CODE 2209

DOI: https://doi.org/10.36073/1512-0996-2019-3-54-60

boobls s df3560aol boogom ©sdmdsggdol 3ommoghmbmewGo Egdbmemyos

33900L 06ELEHMO0L Y356 G096F0, Logdotmzgwml &gdbozMMo MbogzxmLoGYEO,

339906 06EMLEH®MO0L I35 GHTIBEGO0, Lods@mzgwml Bgdbozm®o Mboggdbo@gdo,

33900L 0bEMLEHMO0L I356E09BF0, Logdotmzgwml &gdbozMMo MbogzxmLoGYEO,

205 302¢0g0560
LodoOmggerm, 0160, mdowobo, 3. 3mb@oegsl 68°
E-mail: gia_goletiani@yahoo.com

05095 0lbogsdg
Logotmgqem, 0160, ®dowobo, 3. 3MbE szl 68°
E-mail: tamazisakadze@gmail.com

8030 BBV
LodoOmggerm, 0160, mdowobo, 3. 3mb@oegsl 68°
E-mail: Givi.Gugulashvili@gmail.com

69306D9bG9d0:

B. X985M0JY, LAY-0L LoGMBLIMOEHM s Fobdsbs0¥dTYbgOMIOL B3 MW EHIGHOL 3OMBILMOO

E-mail: zurabjaparidze@yahoo.com

L. bmersdg, 3L ,LodoMmzggeml 3530350529063 go0l 99acmm3gools s Mg(303¢0mgdol 396GH®OL oMgd-

A™MO0, 39d6030L d9360gMgdsms MJEHMMO

E-mail: sulkhansuladze@gmail.com

3b6mB5305. BoEwobs s fzs60wol badolbol 8y-
Bo®Pmbadol »boggmloMo dgomoo dsmo Logo-
300 53v9353900L 300MHMIGOMBMEIMMHO Bgdbemem-
2095. gb 3900MEO olbdmdl 1535630 LsFomm #Hqo-
3965@1MmoL  9gddbsliosh ghms  3Mmpd@olomgol
3EOWIOIO BMEOMOOMO Bbosbmdol Fgddbsl o
99656B1bgdsl o6 0bmgzszom@o  Ggdbmemyos bo-
@ob s 339600l 3awsbogm®o dgbsbgol dgommg-
00Lob  99bLbgeggdom, 3MHMMIEHOL  45303905LMb
9O 0m35¢00LHobgdl Job oGIBosbgdl L3gE0s-

bA¢-ob 3G™3gdo — Works of GTU — Tpyam I'TY
Ne3 (513), 2019

MO0 593760569090 dmfiymdowmdom, MHmIgem-
Lo 899deos fiysamo  gosg@gzoml  dgoMgooldgh-
Lo Bofoes3g0s@. ©sdEHb0sbgdegda godmoyg-
Bgds  BHoBgb0mo  BHo3ob §M39396s, MMIgELs;
bowol 56 dfzobool Lomoglido dgmderos 8gddbsls
9ol Boliemol 6g. 3065096 bowo s dfh3s60wo
031905 3MEbIw 3MMm©I@Ids©, 530EHM™3 0bmgs-
3000 15F53030M IBIYIMOL dgdsdo gom35wOl-
§0b69090s dmdab-259fimzo 396@0wWsE0s, Mol
09039m00ms3 193600 250Mm0Y369ds bsdwdgzsto
35960 5 ol 50l F73LgdL A3M9dm@b dofmey-

ISSN 1512-0996

www.shromebi.gtu.ge



Ls0bg0b®m bsgdg — Engineering — UmxenepHoe geno

0o bR 35960. SO G030l BP0 AsTM-
0mBg35 FMo@o LoblMgdoL 93mbmdoom s 3MbLE-
9300L LOTSHEOZ300m.

1533960  LoGYz9d0: OHMLYEO; 396GHOWSGHM-
60; 9059 IYMGB0; 333MYLM0; 3mBEIBLsGHMMO.

99Lsg5¢00

bogrobs @s 339600l Lodsgogtm ©sdwdsgzgdol
36093690 m3969L0 Mg0LYPIMMYPOSS YIMSWMO O3-
6980 50a0wbg om0 [oboliffot 5303905, 53 3~
3B9LL Hobslifatro 25303900L L3gE0sEHYEM Lo MOGOLS
9B 53s9bogdgo Fo3036Mgd0L 1o3bgddo @M.
00 9900b393580, HmEgLsz bowo ©s dfzsbowo sy
94m3b90e03  35005H0E30LMZ0L MOl g9632903b0o,
o0 53039095 M9RMYIGOGHMOIOT0 b 53EHMMdO-
3030 GMbL3MOEH0MGOOLLL, Lol Aodmoygbgds Bo-
0530360 356496500 @5 ©bsYMGO0. oIy 5obo,
39303905 890dwgds adgobyero figwom, mmgwoo,
353219-565005Mmgd0L 39939Md0m @ Lbgs.

§obslfoMo 25303900l LoYMBmIO sOLGOMBL Lo~
30mbseo s 8mdMmsg0. bgmo To3036Mgd0, M-
3003 F9L0, 33009 BHY39EMIOLsS.

9360m30L Bmaoghom J394sbsdo 094gbgdgb 35deols
2393039050 yobmeogom 303 Pgocrdo (Hgyoerdo, HmI-
ol $gd3gMs@Ges sbermlss 0°C-096). 8 dobboom
gmomgdls @ Joomgddo  hofigmdogr  3OHm©dEL
3m03Lgd9b  3Mb3909MBY. FoLBY FMAIOSMBOLIL FOHM-
QIGO0 39030l yobyywogzom 3030 fywolb Bgbsl o6
0my390s L9000 Hywoo.

ISSN 1512-0996
www.shromebi.gtu.ge

do®omso bsfjogro

Logdu3gM0dgbG™  0bM3530MM0  sBIYIMOL  Tg-
0500396900 Baforgdos: 3md3MglmMo, 3mbgblodm-
60, 353050 Foo, LEMOMNJE OG0, Lsds303MM
39099, fyarols ¢vgddm, dmdgb-g90fm30 396G0WsE0s
5 BMJ393960. LoTo303MOM 5MJYBHT0 (30MIYXOMIGOL
05303500396G0 022, GmIoL Mool G9d3g-
Go@Mess  -10°C. 359960580  39d39MoGMOOL 300093
O8O0 ©afjg3e begds 36393965 80gH gsdbyBdYIEwo
9ol bo3zool botxBg, Mol dggyosg 39996580
BMOMB0000 F9b0sbMds 0BMEYds 95%-09.

9 7 l 4

O | ’

by6. 1. 0bmz5306M0 BsYGOL 360630390 bggds
1 - 3m33Ggbm60, 2 — 3mbEgbLa¢M®o, 3 — EOGMLYMoO,

4 — LomOMYegdgmo, 5 — 35896, 6 — fywol Gmddm, 7 — dmdpgbo

3063 0moE0s, 8 — godfimgo 39bGHowsE0s, 9 —fywob dowo,

10 — gg3ggs6s

5096 LoE0300 EOLFMTs39d9w 3OMEYYIEHS©
Fomdmygboos bowo s dfgsbowo, sd0@md do0-
35¢0olfjobgdmwo «bs ogml L3960 2oty 35960l
90fm@9ds3, 9 0. vbs 8g9MomU oMy s dogs 35900
o 1535680 Bogfhimml gl Batggo. 35960l sdv)ds-
3900L 3OmEgLOo SLYM0s: oMy 359M0 g3 Fogs 359ML

3960339790 3Om3mmgoom (e, 2, AB  fo®@o).

bA¢-ob 3GMAgdo — Works of GTU — Tpyas: ITY
Ne3 (513), 2019



Ls0bg0b®m bsgdg — Engineering — UmxenepHoe geno

896930L  fam@owowsb (C Faddowo) bsdgzo &9-
Bosbgds  d3oMgoldghlomo  fywolb  Bszoom
96963060 BMJ303565L d983gmdom. I-D osp®s-
05Dy gl 3OMmEgbo godmbsbvyeos CD foMom. omg

g

.___
20000

-

—toop
250y
Hzog

-

22,

y S/ P
I7A

A

OOV 77

AL O PO 77 &

O XX S

V=060

r
ts
=
Vi

35960 Hg839Ms@ Mo 27°C, dogs 3596M0L  (9d3g-

GoBMMs 30 — 5°C. Bgbol B350 ©s3mTaggdolsls

35960 390390 Mes 9399s 1°C-0¢0y.

i=const

7,

23
22

bR A

26,

e

& ot
ararmeee-=lEEERREREERETRNY

'y

>

flldtiddiitactiniiiiiictilisss

>

il FTEE T T
o
2

LLEI L.

Y
i
LA

7
¥
=
&
3
K

by

&%,
,

<

Jﬁ&i&&é{xé:’:ﬁ:‘t&ih’:é' BAS LA

by, 2. 35960l 8353980l 3BGmEgLoL I-D osy®sds

bA¢-ob 3G™3gdo — Works of GTU — Tpyam I'TY
Ne3 (513), 2019

56

& &£ F 1 F 1

§ r & ¢ f0 n 12 13 M U5 W T W8 )9 20 21 22 23 P4 25 26 27T 2 M

ISSN 1512-0996

www.shromebi.gtu.ge



Ls0bg0b®m bsgdg — Engineering — UmxenepHoe geno

33093900L 15539993900 BY  99639M08gdMo s 30EMHMHYOMDBMEMHO 5303900LsL 3OMEMIEHOL ©o-
53909905 0gMIMAM53900, MHMIwgdoz 330839698  F1dsgg00l 3MMEglol babyMdwogmds bs3wgdos, 30-

530300090 gdsl 3MMENIGHOL 353039008 3Mm- Mg 359M0m #5303900LsL. gl Igodgds S0blbLL 0dom,

39LLS s 35900l FMdMEMdOL LobdsMgl dmeol (L.  HMI 36MEYYIGOL 359639003560 45:303900LsL bogds

3 s L. 4). LOMBML  EF5EJOOMO FMEoEgds fywol mMomdwols
dowgdryeo dmbsggdgdol s6seroBds 4308396s, MM  BSBsTo oY3z9560L batrxby.

é;-\
R

10 <

g /A ?, .

¢ o~ H‘&-

4 A< O e

2 R L e e LT s v =

{j i el gl & pd LI IT

0 25 50 75 100 125 150 175 200 225

35303980L bsba®AEogmds for

0 sg60ls GexdrseaBols boBgscry 0,15 A/a

0 Ssg6ols BedGsebols boRdsy 2 A9
A 33g630ls GeadtB3mBols boBgistig 4 8/

by6. 3. 360Gl s39353980b 3GBMEgLOL MYHIMYMBs 359600 J53039d0LL

30
236
O 26
T 21 N
‘% 22
18 N>
16
14 NMES,
Bt
E e A5
R 10 SN
pe=se
6 ANy g:&
‘1 q—\\ - i
6 | -—_-_-__[--......
0 25 50 75 100 125 150 175
85603980b bsbp@ogrogmbs for

0 3960l deadtseaBols bokgstrg 0,15 a8
0 3sg6ols Bmd3080ls boRistig 2 /F0
A dsgols 8eadtrseaBols bokglsig 4 /D

by, 4. 36:0mvdEoL 8349353900l 3HeMEglol 0gMHAMYMds 30MMIGHMBMEMHO ©5FFs39d0LL

ISSN 1512-0996 bA¢-ob 3GMAgdo — Works of GTU — Tpyas: ITY
www.shromebi.gtu.ge 57 Ne3 (513), 2019



Ls0bg0b®m bsgdg — Engineering — UmxenepHoe geno

y 25 n
; r_/_/./-"""—-"""'ﬁ\
20 f"‘ﬁ'
il— o = AR o
210 - NI A
3 4 ° - L | |
Addgmad®s °C

0 dsg60ls GeadtrseaBols boBgiscrg 0,15 /G0

0 Ssg6ols BedGsebols boRdsty 2 A9
A 39630l GeadtB3mBolbs boBgistig 4 8/

by 5. 36:mEIEOL ©s949853980L 3930 359600 35303900l

L
(=]

b2s A\ _A_,__._.——-—-—-—--A
L= [
= A
3 S .l
%1. E ........... D

_ 0 L o -y
2 ]

10 &

5

i 2 14 19 24 e

SgHgGIR “C

0 sg60ls GeadtrseaBols boBgiscrg 0,15 /G0

0 Ssg6ols BedGsebols boRdsty 2 A9
A 3sg630ls GeadtB3mBols boBgistig 4 8/

by, 6. 36G:mEYIGOL ©949853980L 39330 30MMIYHMBMEPMGO Ho3039d0LL

39-5 o 99-6 LMD 25FMBbLIE0s borols
@5 9h396000L L0300 sTMABs3900L BHgddo M-
3MO3 35960m, 0lg 30MOMOIGOHMDBMEIMMO 35303900~
Lsb, Losg 983500 BBL 30MHMIgOHMBMEOHO yo-
(3039000 98399@0L ¥30MmGHILMdS.

L3369
bowobs @ 335600l bogogom @sddsggdols
06m353099M0 G030l ©sbsPIM0  bdmowgdsl od-

bA¢-ob 3G™3gdo — Works of GTU — Tpyam I'TY
Ne3 (513), 2019

935 3609369¢mgbsco d99;306HaL 3Gm©dEHobL bo-
(303000 531353900 MM s TodLodoerMo
3930650 Mbmm 3H:Mm©MJGHoL bomolbo. sdo@mad slg-
00 G030L bs353030M EIBsEYIMOL Fo@mBmagds dsen-
b9 9003905 bogdommzgermlb bmgeol dgymbgmdsb.
565009M0L 50 YOO FHMGJIOL oM s~
60dbsgos dobo 3mBLEHMMJ300L LM EH03g, MoE S0-
Lobgds O OBIbLIMRJOOL O 93mbmTosdo.

ISSN 1512-0996
www.shromebi.gtu.ge



Ls0bg0b®m bsgdg — Engineering — UmxenepHoe geno

@OoGBIOGIOS

1. Megrelidze T., Japaridze Z., Suladze S., Gugulashvili G., Goletiani G., Tepnadze A., Kvirikashvili G., Omiadze Z.
Refrigerator machines (Piston compressors). “Teqnikuri Universiteti”. Tbilisi. 2009, 52-53 pp. (in Georgian).

2. Megrelidze T., Sadagashvili E., Beruashvili G., Gugulashvili G. Study of the optimal working regimes of refrige-
rator machines with difficult cycle. "Teqnikuri Universiteti”. #2 (480). Tbilisi. 2011, 91-96 pp. (in Georgian).

3. System trouble shooting measuring instruments. Danfoss A/S (RC-SM/MWA), 09-2002. (in Russian).

4. Honeywell refrigerants. Honeywell International Inc. 2006.

UDC 620.16
SCOPUS CODE 2209
DOI: https://doi.org/10.36073/1512-0996-2019-3-54-60

Hydroelectric technology of refrigeration processing of fruits and greens

Gia Goletiani Department of Food Industry, Georgian Technical University, 68 a M. Kostava str, 0160
Thilisi, Georgia
E-mail: gia_goletiani@yahoo.com

Tamaz Isakadze Department of Food Industry, Georgian Technical University, 68 a M. Kostava str, 0160
Thilisi, Georgia
E-mail: tamazisakadze@gmail.com

Givi Gugulashvili Department of Food Industry, Georgian Technical University, 68 a M. Kostava str, 0160
Thilisi, Georgia
E-mail: Givi.Gugulashvili@gmail.com

Reviewers:
Z. Japaridze, Professor, Faculty of Transportation and Mechanical Engineering, GTU
E-mail: zurabjaparidze@yahoo.com
S. Suladze, Doctor of Technical Sciences, Director of LTD “Georgian Refrigerant Recovery and Recycling Center”
E-mail: sulkhansuladze@gmail.com

Abstract. A universal method of preserving the quality of greens and fruits is hydrolic cold processing
technology. This method involves creating of the required temperature and maintaining the necessary relative
humidity for the product. Unlike the cooling of the product, innovative technology with use of classical
technology of storage of fruits and greens, includes rode holding moisture using special devices into smaller pieces.
Compounding devices are tangential-type nozzles that can form a region of water mist in a fruit or greens storage.

Since fruits and greens are considered as living products, the innovative refrigeration equipment design is
based on supply and exhaust ventilation, which allows the environment to be filled with clean air. The production

of this type of equipment, in contrast to the factory facilities, is distinguished by great money savings.

Key words: Capillary tube; compressor; condenser; oil separator; ventilator.
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C. Cynapgze, supexrop OOO «IleHTpa c60opa U pelUKINPOBAHKA XIaN0areHToB [ pysun», JOKTOp TeXHUYECKHX HayK

E-mail: sulkhansuladze@gmail.com

AnHOTanMs. YHUBEPCATPHBIM METOLOM COXPAaHEHUs Ka4eCTBA 3eJeHU U (QPYKTOB ABJIAETCS THAPOAdPO30JIbHAS
TEXHOJIOTHSA XOJIOZHOM 06pabGoTKM. DTOT MeTOJ, BKIIOYAeT CO3JaHMe HeOOXOZUMOIN TeMIIepaTyphl U IOAAepKaHKe
HeOOXOJUMOM OTHOCHTENIFHON BIXHOCTH JJIA NPOAyKTa. VIHHOBaIMOHHAA TE€XHOJIOTHA B OTIMYME OT OXJIKIEeHUA
IIPOZYKTA, C MCIIONB30BaHHEeM KJIaCCHYeCKOH TeXHOIOTHH XpaHeHHA QPYKTOB U 3eJIeHH, BKJII0YaeT IOAJePsKKY BIIaX-
HOCTH C TOMOIIBIO CHEIHMANBHBIX YBIKHUTEIBHBIX YCTPOWCTB Ha Gojee MeJKMe YacTH. Y BIKHUTEIBHBIMU
yCTpOMCTBAMY ABIAIOTCA POPCYHKH TaHT€HITUATBHOTO THIIA, KOTOPBIe MOTYT O6Pa30BBIBATE B XPAHIMIIUIIE 3€IeHH HIU
oBomIeit 06J1aCTh BOASHOTO TyMaHa.

ITockonbKy GPYKTHI U 3e€Hb CUUTAIOTCA XXUBBIMHU IIPOAYKTaMHU, CXeMa MHHOBAIIMOHHOTO XOJIOAMIBHOTO 060-
pyZoBaHHA CHabOXeHa IIPUTOYHO-BBITDKHOM BeHTIUIAIIMEN, KOTOpasd IO3BOJIAET 3aIOJNHATH OKPYXKAIONIYIO Cpexy
YHCTHIM BO3ZYXOM. I[IpoM3BOZICTBO TaKOTO THIIA OGOPYAOBAaHUI B OTIMYME OT 3aBOACKUX YCTPOMCTB, OTIMYAeTCA

60IBIION SKOHOMUEH JeHEXHbIX CPEJICTB.

KitoueBbie €10Ba: BeHTUIATOP; KAIWJUIAPHASL TPy6a; KOMIPECCOpP; KOHAEHCATOP, MAaCIOOTAE/IUTEb.
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Abstract. The diagnostic innovative modulator for piston compressors of household refrigerators is a universal
tool capable for complete diagnosis of compressors. It is distinguished by its compactness, simplicity of the electric
device, durability, small dimensions and weight of work. This type of device facilitates the work of the refrigerator.
In case of non-availability, the refrigerator has to use a number of controlling devices to determine the
shortcomings of the compressor work, while one such modulator can perform much more work than all above-
mentioned. An innovative modulator can accurately diagnose all types of household refrigerators compressors and
save citizens from excessive repair costs. This can be considered as critically important factor for severe economic

conditions of today.
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AnHoTaua. [lyarnocTneecKuii HHHOBALMOHHBIH MOZYIATOP MOPUIHEBEIX KOMIIPECCOPOB GBITOBBIX XOJIOAYIIb-
HUKOB—YHHMBEPCAIBHBIH HMHCTPYMEHT, CIIOCOOHBIN IIOJHOCTBIO NUATHOCTHPOBATh KoMipeccopsl. OH OTIHMYaeTcs
KOMITaKTHOCTBIO, IIPOCTOTOH DJIEKTPUYECKOTO yCTPOICTBA, AOJTOBEYHOCTBIO, MAIBIMU rabapuTaMU U BeCOM. DTOT
THI yCTPOMCTBa O4YeHb OOJerdaer paboTy XOJOAWIBIIVKA. B ciyyae OTCyTCTBHA TaKOTO MHCTPYMEHTA, XOJIO-
IIUIBIIVK JOJDKEH HCIIOIB30BaTh HECKOIBKO YCTPOMCTB A OIpeeleHIs HeJOCTaTKOB paGoTsl KOMIIPECCcopa, B TO
BpeMA KaK OFMH TaKOH MOJYyJIATOP MOXXeT BBINIOJHATh HAaMHOTO Gosbine paboTsl. VIHHOBAaIIMOHHEIH MOZYJIATOD
MOXKET TOYHO AMATHOCTHPOBATh BCE THUIBI KOMIIPECCOPOB OBITOBBIX XOJONUIBHUKOB K CIACaTh TPAKIAH OT
Ype3MepHBIX 3aTpaT Ha PeMOHT. JDTOT (HaKTOpP MOXKHO PacCMaTpUBATh KaK PEIIAIONyIO 4epTy IJIA CYPOBBIX 3KO-

HOMHNYECKUX YCJ'IOBI/II‘/JI CeroHANIHETO OHAI.
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Abstract. The number of automated industries is increased significantly with the development of technology.
At the beginning of this process, the aim of the automatization was increasing productivity and decreasing human
resources. However, today the process is focused on the product quality and reliability of the manufacturing
processing. The factories' owners started to set up networking systems and software for monitoring the production
process in real time and maintenance of product quality. This paper presents a critical analysis of the systems used
for the monitoring of the production process in real time and the control algorithms with three types of equipment

developed by Festo Didactic.
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AHHOTa].H/IH. C PpasBUTHEM TEXHOJIOTHUH YHCJIO dBTOMAaTH3HMPOBAHHBIX HPe,ILHPI/IFITI/Iﬁ 3HaYHUTEJIbHO YBEJINIHNJIOCH,
1 Ha IIEPpBOM O3STall€ Pa3BUTUA IEJBIO dABTOMATH3AIIUH GBLIO TIOBBILIEHME IIPOM3BOAUTEIBHOCTH M COKpallleHHne
YEeJIOBEYECKUX PECYPCOB. Tewm e MeHee, X OCHOBHOI saaaqeﬁ CEeroH:A ABIAETCA IIOBBIIIEHNE Ka9€CTBa IIPOAYKIINH 11
HaZe>XHOCTH €€ ITPOMU3BOACTBEHHOIO IIpolecca. BCJIC,Z[CTBI/IG 9TOT'0 BIaAeIbIbl 3aBOJOB Hada/J I HACTPAaUBATh CETEBbIE
CHCTEMBI W IIPOI'PaMMHOE 06ecne‘{eHI/Ie, 6JIaI‘0,II;apH KOTOPBIM ITIOABMJIACH BO3MOXKHOCTH KOHTPOJIHMPOBATH IIPOILECC
IIPOM3BOACTBA IPOAYKTa M IIOALEPKaHHE TPEHNSI IIPOAYKTA. Bor II0YeMYy B HACTOAILILEM AOKYMEHTE IIpeICTaBJIeH
KPI/ITH‘IECKI/IP‘I aHaJIN3 CUCTEM, MCIIOJIB3YEMbIX I MOHHUTOPHHTIA IIPOLIeCCa ITPON3BOACTBEHHBIX ITPOILIECCOB B PEXXHME
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CBoGOZHSII, HEpACTBOPEHHSIH B XXUIAKOCTH BO3AYX — 3 eKTHBHOE CPeAICTBO [JIS TalleHuI

THAPABINYECKHNX YAAaPOB B HATTOPHBIX THAPOTPAHCIOPTHBIX CHCTEMAX
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AnHoTanud. B HacTosmee BpeMs HALIOPHBIE THAPO-
TPaHCIOPTHBIE CUCTEMBI HaXOIAT LIMPOKOE PAaCIPOCTpa-
HeHHe BO MHOTHX OTPacjiX IIPOMBINIJIEHHOCTH W3-32
CBOMX MHOTHX IIOJIOKHUTeNIBbHBIX cTOpoH. OfHaKo m3-3a
cnenudUKYA SKCIUTyaTalUM, B AHAJOTUYHBIX CHCTEMaX
YacTO BO3HUKAIOT HECTAIOHAPHEIE IIPOIECCHl M THJ-
PpaBiIMYecKye YIaphl, KOTOpbIe OTPUIATeIFHO BIMAIOT Ha
peXuM uX paboThI, TAK KaK HEPEeIKO ABJIAIOTCA IIPUYU-
HAaMU Ccepbe3HBIX aBapuil. Mcxoxsa us sToro, 60psba mpo-
TUB TaKWUX SBIEHUH SBIAETCS aKTyalbHOH IIPOGIeMOI.
VI3 MHOruX CpeZCTB U CIOCOGOB, Pa3pabOTaHHBIX HAMU,
TaKMM CIOCOOOM ABJIAETCA CBOOONHBIN BITYCK HEPACT-
BOPEHHOTO B KaIleJIbHOM KUAKOCTY BO3JyXa B HAIIOpPHBIE

THPOTPAHCIIOPTHBIE CHCTEMBI, KOTOPBIH 3GbGdeKTUBHO

b&¢m-ob 3GM3gdo — Works of GTU — Tpyas: ITY
Ne3 (513), 2019

IIpeJOoTBpalld€T BO3HHKHOBEHMNE THIPAaBIUMYECKHUX Y/d-
POB, YTO IIOATBEPKAEHO TEOPETHIECKMMHN H SKCIIEpH-

MEHTAJIbHBIMH HCCII€NOBAHNAMM, IIPOBEI€HHBIMY HaAMM.

KitoueBble CI0BA: ruzpaBnuvecKkue yzapsl; THJ-
POTPaHCIIOPTHbIE CHCTEMBbI; 3aTyXaHWe IPOLEecca; KOH-
IeHTpaIysA BO3AyXa; MHOTObA3HBIH MOTOK; HECTAaIHO-

HapHbI€ ITPOLECCHI; IIPEBBINIEHMIE I[aBJIEHI/Iﬁ.

Beepenue

Co BTOpOIi NOJIOBUHEI IIPOIIJIOTO BeKa HAIIOPHBIE THUJ-
POTPaHCIIOPTHBIE CHCTEMBI, T.e. TPaHCIIOPTHPOBaHHE
Pa3IUYHBIX TBEPABIX CHITYYHX MaTepHaIOB IOCPeZCT-
BOM ITOTOKA KaIleJTbHON JKUIKOCTU (B OCHOBHOM BOJBI)
o TpPyOOIpOBOJZAM HAIIJIO IIMPOKOE IIPUMEHEHHE BO
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MHOTHUX cdepax IIPOMBINIIEHHOCTH M  CEIBCKOTO
X034#cTBA. DTO OOYC/IOBIEHO MHOTHUMMU IOJIOXHTEIh-
HBIMM CBOWCTBAMM IIO OTHOLIEHHUIO K TPafUIIOHHBIM
BujaM TpaHcmopTa [1-7]. Kpome Toro, uro sror Bu[,
TPaHCIIOPTAa OYeHb YUCTHIH, B HEKOTOPHIX CIy4asX, Hall-
pHuMep, B TOPHOM Jeje, KOTJja HeoOXOZUMO YaCTHIHOe
WIX TOJHOe oboramieHue IIOTe3HbIX MCKOIAeMBIX, C
STUM BHZOM TPAaHCIIOPTA HE MOXKET KOHKypHpPOBaTh HU
OZIH APYTOH BUJI, TPAHCIIOPTA.

ITpu HamopHOM TPY6GOIPOBOAHOM THAPOTPAHCIIOPTE IO
Tpy6oIpoBoZaM (DaKTHUECKH BCETr7ja TPaHCIOPTUPYeTCS
TpexdasHas (qacTupI

THAPOadpOCMEChH TBEPABIX

CBITyYMX MaTepUayOB+HeCyllas Cpeia — KalleJbHasd
KMIKOCTB+ HEDACTBOPDEHHBIM B JKHAKOCTH BO3TYX,
KOTOPBIM OOJIOKEHBI JAaCTHIIBI TBEPAOTO CHITydero Ma-
teprana). OcobeHHO IpUMeYaTeNbHBIM SBIIETCI TO
06CTOATENIBCTBO, YTO B IIPOLieCCe TPaHCIIOPTHPOBAHU,
T.e. TIPU IIlepeMelleHHH II0 TPyOOIPOBOAY, B 3aBUCHU-
MOCTH OT H3MEHEeHHMS JaBlIeHUd, MOTYT M3MEeHHUTBCI
0OBEMBI COCTABJIAIONIMX DJIEMEHTOB M COOTBETCTBEHHO
MX KOHIIeHTpallMM B JaHHOM cedeHMH. M3-3a aroro
06CTOATENBCTBA TI0 BCeH AumHe TPyGOIPOBOSHOM Ma-
THCTPaU PeXXHUM JBIDKEHHA IOTOKA THAPOAa3POCMeCH He
MOXeT OBITh IOJHOCTHIO YCTAaHOBHBIIMMCH, YTO COOT-
BETCTBEHHO BIHMAET KaK Ha XapaKTep IIPOTeKaHUI
Ipolecca, TaK ¥ Ha BeJTHYUHY U3MEHEeHUS JaBIeHHA.

V3 BBIIIEU3IOXEHHOTO BHUHO, UTO IIPOLECC ABIACTCH
BeCbMa CJIOKHBIM, IIO3TOMY CO BTOPOH IIOJIOBUHEI
mpomutoro Bexa B 'oprom uucTuTyTe MM, I A, Lymyxuz-
3e HAYamMCh KpyIHOMAclTaGHble (yH/JaMeHTaIbHbIe
HCCIefIOBAHNA HECTAI[MOHAPHBIX IIPOLIECCOB M THJ-
PaBIMYECKUX YZapOB B HAIIOPHBIX TPYOOIIPOBOZHBIX
THIPOTPAHCIOPTHEIX CHCTEMaX M C YIeTOM IOMyYeHHBIX

pe3ysIbTaToB pa3paboTka 9(GEKTUBHBIX CIIOCOO0B U
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CpencTB Ang GOpPHOBI IMPOTHB STUX HeXeJIaTeTbHBIX
apaeHui [1-7], 4TOGBI ObecIeunTh HaZEeXKHYIO paboTy
aHAJIOTMYHBIX CHCTEM B JIIO60M CITydae SKCILTyaTall .

B macrosmeii paboTe paccMaTpHUBaeTCA (pPAarMeHT U3
STUX HCCIEIOBAaHUI, B KOTOPOM OTPa)KEHBI PEe3yJIBTAaThI
HCCIIefIOBAHMI CBOOOZHOTO, HEPACTBOPEHHOTO B JKHJ-
KOCTH BO3ZyXa, KaK 3(p(eKTUBHOTO CpefCTBa [JIA Talle-
HUA TUIpPAaBIMYeCKUX YZapoB B HAIOPHBIX TPYOOIpPO-

BOAHBIX T POTPAHCIIOPTHBIX CHUCTEMAX.

OcHoBHasA 9acTh

Kaxk 6p110 CKa3aHO BbIlle, HAMU OBLIM IIPOBeZEHBI BYH-
JAMeHTaJIbHbIE WCCIeZOBAHMA HECTAI[MOHAPHBIX IIPO-
LIeCCOB M TUAPABIWYECKUX YJApOB B HAIOPHBIX TH[-
POTPaHCIOPTHBIX CHCTeMaX. BbIIK IIpOBeJeHbI TeOpeTH-
yecKHe M DKCIIePUMEHTaJbHBIE MCCIEeOBAHMA KaK Ha
J1a60PaTOPHBIX, TaK M HA ITPOMBILNIIEHHBIX yCTaHOBKAX.
I mccnemoBaHuit B 1aGOPAaTOPHBIX YCJIOBHUAX CIIe-
IMAJIbHO OBUIM CMOHTHPOBAHBI IIOJIYIIPOMBIIIEHHBIE
YCTaHOBKH. B TeopeTHMuecKOi 4acTU MCCIeZOBaHUA ObI-
s ocxoBausl Ha Teopun H.E. Xyxosckoro [8]. Ilo aroit
TEOPUU OCHOBHBIM IIapaMeTPOM CYIIECTBEHHO BJIMAIO-
MM KaK Ha XapaKTep IPOTeKaHUI B TPYOOIIPOBOZAX, TaK
Y Ha BeJINYMHY IIPEBBIIIEHN JaBlIeHUA HaZ JaBIeHHEeM
IIPH YCTQHOBUBIIEMCS PEXUMe, ABJISEeTCI CKOPOCTh pac-
IIPOCTPaHEHUA BOJHBI BO3MYIIEHHS IIPU HEYCTAHOBHB-
muxcsa mporeccax. Vicxops u3 sToro, HaMu Ha yabopa-
TOPHBIX DKCIIEPHMEHTATbHBIX YCTAHOBKAX OBLIN IIPOBE-
J€HBl KMCCIeZOBAaHMS II0 ee OIpeAeseHUI0 IIPU TPaHC-
TIOPTHUPOBAaHUY [ABYx(hasHbIX (YACTHUIBI TBEPABIX CHIIY-
YNX MAaTepHAaJOB+HeCyIas CpeIbl — KalleJbHAsd XKH[-
KOCT5H) U Tpex(asHbIX (YaCTHUIIBI TBEPIBIX CHITYyYHUX MaTe-

pHUATIOB+HECyIIass Cpela — KalleJbHad XXHUAKOCTb+ CBO-
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GOIHbIH HEPaCTBOPEHHBIN B XUAKOCTH BO3/LYX) IIOTOKOB.
Ha BenmmunHy CKOpOCTH pacIpoCTpaHEHUSA BOJHBI IHJ-
PaBIMYECKOrO yZapa B TpyOOIpOBOZe IIpH TPAHCIOP-
THUPOBAaHUHU Tpex(asHbIX THPOadpOCMeceli CyIeCTBeHHO
BIMAET HaIW4Me CBOOOZHOTO, HEPaCTBOPEHHOTO B Ka-
IeJBHOM KUIKOCTH BO3ZyXa, OOBEeMHBIH MOZYIb YIPY-
TOCTH KOTOPOTO 3HAUHUTEIBHO MEHbIIe 0GBEMHOTO MOZY-
JId YIPYTOH Hecyllled KaIleJbHOM >XHUJKOCTH, KaK IIpa-
BUJIO, BOJBL, TeM 00JIee TBEPABIX CBHIITYyINX MaTepHAIOB.

C wmenplo ompefieNleHHsA CTelleHM BIUAHUA 0OOBeMa
CBOGOZHOTO, HEPACTBOPEHHOTO B KaIleJbHON JKUAKOCTU
BO37lyXa Ha CKOPOCTH PacIpOCTPaHEHUA BOJHBI THAPAB-
JINYECKOTO yJapa, Ha JaGOpaTOpPHBIX YCTAHOBKAX B TPY-
601poBoaxX BHyTpeHHUMHU guamerpamu 51,5; 68, 81, 104
u 146 MM OBIIM IIPOBEJEHBI CIIEI[WaJbHbIE MCCIEN0-
BAHMUSA, Pe3yJIbTaTHl KOTOPHIX cBefleHsI B Tabiuue 1. Ilo
3THM JAHHBIM IIOCTPOEHBI SKCIIepUMeHTaIbHbIe KPUBEIE,
KOTOPpble IIpUBeZAeHbI B MOHOorpaduu [7].

OmnsiTel GBUIM TIPOBEAEHBI ITIPH TPAHCIIOPTUPOBAHUH

YHCTOIl BOZBI, ABYX(a3sHBIX IIOTOKOB (BOJa+HEPACTBO-

PEHHBIN B Hell BO3ZYX, ¥ BOAA+YaCTHI[B TBEPIBIX CHIITY-
YMX MaTepUAIOB U TPex(pa3HOro IOTOKA (BOLA+HEPACTBO-
PEHHBII B HEM BO3ZYX-+YACTHIBI TBEPABIX CHITYIMX Ma-
TEpHUAaJIOB).

Ha ocHOBe aHaIM3a 9KCIEPUMEHTATBHBIX UCCIE[OBAaHUN
HaMM IIOJIy4Y€Ha OMIIMpHUYecKasd

3aBUCHMOCTDh [IJIA

ompefieleHNs CKOPOCTH  PacIlPOCTPaHEHUA  BOJIHBI
THIPaBINYECKOTO yZapa B TPyGOIPOBOZAaxX IPU TPaHC-
IIOPTUPOBAHUM JBYX(Pa3HOTO MOTOKA (BOJA — KalleJIbHasd
YKUIKOCTh+CBOOOAHBIN, HEPACTBOPEHHBIN B KaIleJIbHOM
JKUAKOCTH BO3LYX) B 3aBUCHMOCTU OT KOHIIEHTPALUU

BO34yXa B IIOTOKE, KOTOPLIfI uMeeT BUMI:

0,049-a

meop.
omn. — m

803.

a (1)

aeo& ’

rge da,,, - CKOPOCTh PACIPOCTPAHEHHUA BOJHEI THAPAB-

JIMYECKOTO yZapa B BO3AyXe, M/C; .y, - TEOPETHIECKOe

eop.
3Ha4YeHNe CKOPOCTH BOJIHBI THAPABJINYECKOIrO yZzAapa B

TpyOomnpoBoze,

Ta6numa 1

PESYJIBTaTH SKCIIEpUMEHTA/IbHBIX I/ICCJIe,T.I;OBaHI/Iﬁ BQ)Q)EKTIIIBHOCTIII BIINAHUSA CB060,ZI;HOI‘O,

HEpAaCTBOPEHHOI'O B KatmeJabHOM XKHUAKOCTH BO3AYyXd, Ha CTEIIEHD IralleHVA M paBIMI€CKOTO

yZapa B Tpy0OIpOBOZax
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1 2 3 4 5 6 7 8

Dirp=51,5; 6rp=6 1368 1000 0,005 0,5 575 3,42 1,40
-« 1368 1150 0,001 0,1 1150 3,93 3,15
-« 1368 1150 0,003 0,3 1020 3,93 2,86
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NpoAoKeHne

-« 1368 1150 0,005 0,5 630 3,93 1,82

-« 1368 1150 0,008 0,8 480 3,93 1,35

-« 1368 1150 0,010 1,0 440 3,93 1,21

Dip= 68; 6mp=4 1368 1000 0,005 0,5 540 3,29 1,38
-« 1368 1150 0,001 0,1 1140 3,79 3,25

-« 1368 1150 0,003 0,3 780 3,79 2,25

-« 1368 1150 0,005 0,5 620 3,79 1,70

-« 1368 1150 0,008 0,8 510 3,79 1,52

-« 1368 1150 0,010 1,0 460 3,79 1,30

Drp= 81; 8xp= 4,25 1307 1000 0,005 0,5 520 2,61 1,05
—« 1307 1150 0,0012 0,12 1050 3,00 2,40

-« 1307 1150 0,0017 0,17 950 3,00 2,20

-« 1307 1150 0,0038 0,38 680 3,00 1,50

-« 1307 1150 0,0053 0,53 550 3,00 1,30

-« 1307 1150 0,0099 0,99 410 3,00 0,92
Dup=104; 8p=5 1298 1000 0,005 0,5 500 3,24 1,31
-« 1298 1150 0,001 0,1 1080 3,73 3,10

-« 1298 1150 0,003 0,3 750 3,73 2,25

-« 1298 1150 0,005 0,5 570 3,73 1,52

-« 1298 1150 0,008 0,8 460 3,73 1,30

-« 1298 1150 0,010 1,0 430 3,73 1,18

Drp= 146; 8= 11,5 1339 1000 0,005 0,5 420 2,68 0,82
-« 1339 1150 0,0014 0,14 940 3,08 2,20

-« 1339 1150 0,0019 0,19 840 3,08 1,92

-« 1339 1150 0,0038 0,38 600 3,08 1,40

-« 1339 1150 0,0086 0,86 390 3,08 0,90

-« 1339 1150 0,0120 1,20 360 3,08 0,81

ompezenenHoe coraacHo teopuu H.E. XKyxosckoro [8], 0,49- Aneop.
T =TT s D)
m/c; K,,, - KOHI|eHTpanysa BO3Ayxa B IOTOKE KaIleJIbHON gos. e
roge K, — KOHLEHTpauus TBEPAOrO CHIIYyYEero Mare-

SKHIKOCTH — BOJIBL

Ha ocHoBe aHanmmsa oTHX >Xe ODKCIIePHUMEHTaJBHBIX
KCCIeOBAHUN HAMH IOJIy4YeHa SMIIMPHYECKAT 3aBHCHU-
MOCTh [JIf OIpefie;IeHHusA CKOPOCTH PpaCHpOCTpaHeHHs
BOJIHBI THUZPABJINYECKOTO yZAapa B TPyGOIpoBOAax Ipu
TPaHCIOPTUPOBAHUM Tpex(asHOro MmoToka (Boja — Ka-
Ie/IbHAA JKUAKOCTh+TBEpAble YaCTHUIIBI TBEPABIX CBHIIY-
YMX MaTepHaIOB+CBOOOIHBIH, HEPACTBODEHHBIM B Ka-

TIeJIbHOM KUOKOCTHU BOBII;YX), KOTOpasa NMeeT BU/:

ISSN 1512-0996
www.shromebi.gtu.ge

pHaia B IOTOKE HAPOadPOCMECH.

Ha ocHOBaHMYM HAlINX KCCIEAOBAHUIN YCTAHOBJIEHO,
YTO IIPU TPAHCIIOPTHPOBAHNY TBEPABIX TACTHI] CLIHY‘IHX
MaTepUaIOB CKOPOCTH TEOPETUYIECKOTO 3HAYEHUs DTOrO
Ke [apaMeTpa JJIs SaHHOTO TPYOOIPOBOAA BCETa MEHb-
Ille TEOPEeTUIECKOTO 3HAYEHMUs STOTO e IapaMeTpa, Oll-
penenennoro no ¢opmyne H.E. JKykosckoro. Dra pas-

Huna (B CTOPOHY yMEHBIIEHUs) YBEIUIMBAETCI C yBe-
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JIUYeHVeM KOHLIEHTPAIIUY TUAPOCMECH, TO €CTh C yBEeJIH-
YeHHeM HACBIIIEHUA IIOTOKA BOJBI YAaCTUI[AMU TBEPAOTO
CBINTy4Yero MaTepuaja. JTO MOXKHO OOBACHUTH TEM, YTO C
TBEPABIMH YaCTUIIAMHU CBHIIYYUX MATEpPHANIOB B TPy6O-
IIPOBOJ, BCe K€ IIONAZAeT OIpefeIeHHBIH 0OBeM CBO-
60HOTO, HEPaCTBOPEHHOTO B BoZie Bo3zmyxa. IIpu ysemu-
YeHUH Ke KOHIIEHTPAIlUU BO3ZyXa B IIOTOKe BOJOBO3ZY-
ITHOHM cMecH, yBeJIMueHHe HACBHIIEHHOCTU IIOC/IeZHero
YaCTUI[AMHU TBepJOTO MaTepHaa IpaKTHIeCKH He BIUI-
€T Ha CKOPOCTh PAacCIIPOCTPAaHEHMs BOJHBI IHpaBIMdIec-
KOTO yzapa.

Ha ocHOBaHMM aHamM3a KCIEPHUMEHTAIBHBIX HCCIIe-
JOBaHMI HaMM IIOJydeHa SMIIMpUYecKas 3aBHCHMOCTb
IUIA OIpefesieHns CKOPOCTH PaCIpOCTPaHEHUSA BOJHBI
THIPaBINYeCKOrO yAapa AJA TaHHOTO TPyOOIpOBOZa, B
3aBHUCHMOCTH OT OOBEMHOI KOHIIEHTPAIK THAPOCMECH,

KOTOpasa NMeeT BU:

prin. = ey € (~1,2-8,5D,,5,,,), 3)

omn.
rae D, - BHyTpeHHuii muameTp TpyGOmpOBOZa, MM;
S, - 06BeMHas KOHIIEHTPALXA THIPOCMECH.

CrrpaBeZiTHBOCTE Pe3yJIBTATOB, IIOTyY€HHBIX HAMU Ha
71a6OpPATOPHEIX yYCTAaHOBKAX HAMM IIPOBEpeHa Ha KpYII-
HBIX IIPOMBINIJIEHHBIX YCTAHOBKAX. OTH MCCJIeOBAHMSA
IIO3BOJIMJIM YCTAHOBUTH ONTHMAJIbHBIA 00BeM CBOOO-
HOTO, HEPACTBOPEHHOTO B KaIleJIbHOI XXUAKOCTH (B BOZE)
BO3JyXa, BIIyCK KOTOPOIO B TPYOOIPOBOAEI Obecreyn-
BaeT CHIDKeHMe CKOPOCTH PaCIPOCTPAHEHHS BOJHBI THJ-
PaBIMYECKOTO yZapa AJsd JAHHOTO TPyOOIIPOBOZA [0
TaKOH CTeIIeHM, YTO HOBBIIIEHNE JaBIeHUI P IUIpaB-
JIVYeCKMX yZapax He IPEBBIIANO JOIyCTHMBIX 3Haue-
Hu#. JIIa 3TOro JOCTATOYHO B TPYOOIPOBOABI BITYCTHUTD

BO3ZYX TOZ aTMochepHbIM HaBieHueM B obobeme 0,25 —

b&¢m-ob 3GM3gdo — Works of GTU — Tpyas: ITY
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1,5 % ot obuero o6beMa TPaHCIIOPTUPYEMOH IO TPyOO-

mpoBogy ruapocMecu [10], mOATBepKIEHHEM 3TOTO

ABIAIOTCA OCHMJIJIOT'PAMMBI, IIPHUBEAECHHBIE Ha PHC. 1.

1c

1.18 MITa

1.30 MIIa
i S P
1e
r 1.52 MITa
M N~ A~
1c
B 2.25 MIla
m /"\'\'\__
3.10 MIla le
B ; l
334 Miia

AR

Puc. 1. OcuunnorpaMMe! TH/PaBIXIECKHX YAAPOB B TPyGOIpPOBOZE

Dzp=104 MM, Ty TPAHCTIOPTHPOBAHMM THAPOCMECH TIOTHOCTHIO Peu
=1100 xr/cM co ckOpOCTEIO Vo = 2,5 M/C, CKOPOCTB PaCIIpOCTPAHEHNS
BOJIHEI THIPABIMYECKOT0 yAapa (SKCIIepUMEHTATEHOE 3HAYCHME) Jswcn.
= 1180 m/c: A — mpsMoit ruApaBIdeckuit yaap; B — mpu
KOHIeHTpanyH Bo3/iyxa B MOTOKe Kaoa=0,1 %; B — mpu Kee:=0,3 %; I' -
1put Kee=0,5 %; [T — miput Kace. =0,8 %; E — mput Kece. = 1,0 %

OCHOBHBIM IIapaMeTpoOM IIpU OIpeneIeHNN N3MEeHe-
HUS ]aBJI€HUs BO BPeMs HECTAIIIOHAPHBIX IIPOLECCOB U
TUApaBINYeCKUX yAapos, cormacHo teopuu H.E. XKy-
KOBCKOTO [8], ABIfgeTcA CKOPOCTh PaCIpOCTpaHEHUI
BOJIHBI BO3MYIIE€HHNS B HAIIOPHBIX TPY6OHPOBO,I[HX, TaK
Kak IIpeBbIIIEHVE JaBleHUs AP IIpU TaKUX IIPOLeccax

OIIpeneIgseTCsa 110 3aBUCUMOCTH
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AP = avyp, (4)

@ - CKOPOCTh pacIpOCTPaHEHUs BOJHBI 'MIPaBIM-
YeCcKOro yjJapa B HAIlOpPHOM TPyOompoBoze, M/C; Vo —
CKOpOCTH JABIDKEHHS IIOTOKA XXHAKOH MacChl B Tpy0Oo-
IIPOBOZE IIPU YCTAHOBUBLIEMCSH PEXUMe, M/C; P - ILJIOT-
HOCTb, TPAHCIIOPTUPYEMOM IO TPyOOIPOBOAY KHUIKOI
Maccsl, Kr/m>.

ITomHOe maBieHMe IpH YKa3aHHBIX BBILIE IIPOILeccax

B HAITOPHOM TPYyOOIIPOBO/ie OIpefesiaeTcs o GopmyIie

P=P,; +AP, 5)
rae P, - paGodee /aBrenue B HaNOPHOM TPYGOTIPO-

BOJi€ IIpHM YKA3aHHBIX IIpOoIeccax, Ila;

1425
ameopA = —D’ (6)
148 Zmp.
E 3,
€~ 0OBEMHBIN MOZYJIb YHOpyrocTu BOJBI,

€, =21-10°Mlla ; E - MOJyJIb YIPYTOCTH Marepuaia

(cramu) W3 KOTOPOTO H3TOTOBJIEH TPYOOIPOBOZ,

E=2,1-10° MIla; Smp— TOJIIMHA CTEHKH TPyGOIIpo-

BOZA, MM.

3axrrouenue

Kak oTmewasnocs, HallOPHBIN TPYOOIIPOBOAHBIN THA-

POTPAaHCIIOPT M3-3a MHOTHUX IIOJIOXKUTEJIBHBIX CBOMCTB

JIureparypa

HaXOAUT GOJIBIIOe PACIPOCTPaHEHHe BO MHOTHX cdepax
IIPOMBIIITIEHHOCTH U CeJIBCKOro xo3diicTa. Hepocrar-
KOM aHAJOTMYHBIX CHCTEM SABJIIETCS TO OOCTOSTETBCTBO,
YTO M3-3a CHeUU(UKM DKCIUTyaTalluy, IIPH DKCILTyaTa-
UM YacTO BO3HUKAIOT HeCTAl[MOHAPHBIE IIPOIECCHl U
THJpaBIMdecKye YAaphl, KOTOphle OTPHIATEIBHO BIIHA-
10T Ha MX HA/Ie)KHOCTh U TeXHUKO-DKOHOMHUYECKHe II0-
KazaTeJH.

B l'opaom uuctutyTe uMm. I A. Llynykunze BbinosnHe-
HBI KpyIHOMAacIITaOHbBle TeopeTHYeCcKHe MU SKCIepH-
MeHTaJIbHbIe KCCIeZOBAHMA IO 3al[UTe HAIOPHBIX THJ-
POTPaHCIIOPTHBIX CHCTEM OT PE3KHX IIOBBIIIEHUI IaBiie-
HUA BO3HUKIIUX IIPY HeCTAI[MOHAPHBIX IIpoljeccax M U~
paBiudeckux yzapax. PaspaGoraHbl MHOTHMe CpencTBa U
CIIOCOOBI B 3TOM 06JIaCTH, HOBU3HA U ITOJIE3HOCTh KOTOPBIX
3aIIUIeHbI aBTOPCKUMHU CBH/IETeILCTBAMHE U ITATEHTAMIL

W3 atux croco6oB HambGosee 3GGEKTUBHBIMU SBILA-
I0TCS CBOGOZHBIH, HEPACTBOPEHHBIH B KaIleJIbHON XM -
KOCTH BO3ZyX. DKCIIEPUMEHTaJIbHBIMK KCCJIeJOBAaHUAMU
YCTaHOBJIEHO, YTO AOCTaTOYHO B HANOPHBIE TPYOOIpPO-
BOZBI TUAPOTPAHCIIOPTHBIX CUCTEM BIIYCTUTH BO3ZLYX IOJ,
atmochepusiM gmaBreHumeM B ob6bseme 0,25-1,5% ot
o61rero o6keMa TPaHCIOPTUPYEMOH IO TPyGOIPOBOLY
THIPOCMECH, YTOOBI IIOJTHOCTBIO IIPEJOTBPATUTh BO3MOXK-

HOCTH BOSHUKHOBEHUA PE3KUX Kosie06aHmit JaBJICHWA.
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Abstract. For now the pressure head hydrotransport systems are used in many industries because of a number
of their advanced features. However, because of specific operations and exploitation, there are occurred non-
stationary processes and water hammers in similar systems, which have a negative effect on the system
performance and often represent the reasons of serious accidents. Obviously it’s an actual problem nowadays. To
solve this problem we have developed the method of free combined air induction in the pressure head
hydrotransport systems which effectively prevents formation of water hammers. It is proved by conducted

theoretical and experimental researches and obtained results considered in this article.
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Abstract. The process of exhaust gas cleaning in the production of Nitric acid from Nitrogen oxides (NO +
NOz2) was studied by catalytic reduction of natural gases. It has been established that the content of Nitrogen oxides
in gases leaving the catalytic reactor is low, however it complies with the production regulations and does not
exceed the maximum permissible concentrations (MPC) standards adopted by the relevant international
organizations, the catalyst activity is low - the purification rate does not exceed 50%.

At the same time, thermodynamic analysis showed that the theoretical extent of gas purification from Nitrogen
oxides, at the temperature of the catalytic reduction of natural gas production process, is 99.97%.

Within the strict requirements of the relevant organizations for the content of Nitrogen oxides in the exhaust
gases of Nitric acid production, there are two main solutions available to increase the degree of gas purification:
1) providing appropriate changes in process regulations and 2) using more efficient catalyst for exhaust gas cleaning
from nitrogen oxides.

Resume:

Key words: Catalyst; cleaning; Nitric acid; Nitrogen oxides; thermodynamic analysis.
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AmnHoraua. V3y4eH nmpomecc OYMCTKY BEIXJIOIHBIX Ta30B B POM3BOCTBE a30THON KHMCJIOTHI OT OKCHZOB a30Ta
(NO+NO2) myreM KaTaaUTHYeCKOTO BOCCTAHOBIEHHS IIPUPOJHBIM Ta3oM. YCTaHOBJIEHO, UTO XOTSA COJZep:KaHue
OKCH/IOB a30Ta B BBIXOZASIINX M3 KaTAIUTHIECKOTO PpeaKTopa rasax, HebOJIbIIOe, COOTBETCTBYET perIaMeHTy IIPOU3-
BogcTBa u He mpessimaer HopM II.JI.K., IpUHATHEIX COOTBETCTBYIOIIMMHU MEXIYHAapOLHBIMU OPraHU3AIMAMH,
aKTUBHOCTb KaTaJM3aTOPa HU3KAsd, — CTeIIeHb OYUCTKY He mpessiuraeT 50%.

IIpu 5TOM TepMOmMHAMMUYECKUI aHAINU3 II0KA3aJI, YTO TEOPeTUYeCKas CTelleHb OYKMCTKU ra3a OT OKCHUOB a30Ta,
IIpU TeMIlepaType IPOM3BOACTBEHHOTO IIPOILeCCa KATATUTUIECKOTO BOCCTAHOBIEHHUS OKCHIOB a30Ta IIPHUPOLHBIM
rasom cocrasiaseT 99,97%.

IIpu yxecroueHWu TpPeGOBAaHMI COOTBETCTBYIOI[MMM OPTaHM3ALIIMM HAa COZEp)KaHHe OKCHUIOB asoTa B
BBIXJIOIIHBIX Ta3aX IIPOM3BOJCTBA a30THOM KUCJIOTHI, MMEIOTCS [Ba pelIeHUs MPOOIeMbl IOBBIIIEHUS CTEleHU
OYMCTKY rasa: 1) BHECeHHe M3MeHEeHUH B TEXHOJOTMYECKHI perjaMeHT U 2) ucrnosib3oBanue 6osee addhexTHBHOTO

KaTajau3aTopa 414 OYMCTKA ra30B OT OKCH0B a30Ta.

KiroueBsie cioBa: azornas KHCJIO0TA; KaTaanu3aTOP; OKCHUABI a30Ta; OYMCTKA,; TepMO,Z[HHaMI/I‘IeCKI/Iﬁ AdHaJIN3.
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Abstract. The work is aimed at the development of technology for obtaining of coatings of refractory metals -
Niobium and Tantalum on a Copper substrate, by evaporating the starting material with an electron beam and further
condensation of a vapor stream. The macrostructure and the microstructure of the cross section, the phase
composition of the coatings, obtained on the gradient substrate, and the degree of adhesion of the condensate to the
substrate have been studied. The optimum temperature ranges of the substrate, which provide the best adhesion of
coatings to a Copper substrate, are determined. For Niobium condensate it is 300-500°C, and for Tantalum condensate
it is 600-750°C. The degree of mismatch between the crystal lattices of Copper, Niobium and Tantalum was
calculated. Respectively it was concluded that the condensation temperature, structural and geometric factors of the
substrate and condensed phases sufficiently affect the phase composition and degree of adhesion of the condensate to

the substrate during the condensation of Niobium and Tantalum on the Copper substrate.

Key words: Coating; Copper substrate; electron beam; evaporation and condensation.
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IIOKPHITHI Ha IOAJIOXKKE CIIEINAIFHOTO Ha3HAYeHH | .,

Amnnoramusa. Pa6ora mocesameHa paspaboTKe TEXHONOTHMHM MONYYeHWs MOKPBITUI TYTOIJIABKMX METAJUIOB -
HUOOWSA W TaHTaja HAa MEJHOM IOAJOXKKE IyTeM WCHAPEHWs HCXOLHOIO MaTepuad 3JIEeKTPOHHBIM JIY4OM U
mocsefyomeil KOHAeH cayei moToka napa. Vsy4eHsl MaKpOCTPYKTypa U MUKPOCTPYKTYPa IIOIEPEYHOrO CEYEHHUS,
($as30BEIil  COCTAB IIOKPBHITUM, [ONYYEHHBIX HA TPAJUEHTHON IOAJOXKKE M CTEelleHb aire3suyl KOHAEHCATa C
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($a30BEI COCTAB, a TAaKXKe CTEIEHb aATe3Wy KOHAEHCATa C IOAJOXKON CyLIeCTBEHHO BIMSET KaK TeMIeparypa
KOH/IEHCALHY, TAK U CTPYKTypPHBIE U reoMeTpruiecKue HakTOpHI MOJJI0KKY ¥ KOHLEHCHPOBAHHBIX (has.
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09630 93500MdOL MJMOHOOL bEsE0MbsMEo MbYz0L LolsBIaMM 53m3569d0L

59mbsblBOL gHmsgMmMdol mgmegds

Lodo®mggeml  Ggdbogmmo  MboggdlLodgdo,

0065006 35356509 05009353030l 935632960,
Logotmngqerm, 0160, ®dowobo, 3. 3mbEsgel 77
E-mail: tinatin.kapanaZe@gmail.com
69306D9bG9d0:

. bo03995830¢0, LE)-ob 0bBME@TsE030Ls s FoMmMZoL LOLEIIFOOL BO3MEHIGOL 3OMBILMEO
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. 30§53, 0. 393990 LobgamdOL 458mYgbgdomo Fo0gdsE030l 0bbEHOEHWGHOL 393Ebogto Msbsddmmdgero
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3b6mB5305. 063Nl 0figg3l MgMIMOOY3SEM-
0oL 0gmMo0L LEsE0MbsMmmwo Mbgzol (BLgzmMby-
30, ®MEs Gbggzol LobdotMyg o=0c1+ic2. 6250, 61ER) do-
(00O, oMby s 530dsbol Lols®BE3MM s0m-
396900, GmEgbsg LBz  dmEgdmwos U =
(u,w,w,v,0)" 399BHmOol  Bogdmmo 8603369wmds
(OOl 58m39Bs), Lodg U = (Uy, Uz)" goos©yo-
@gdOL 39dH00s, w = (W1, w2)" — 8036m$H8390s¢y0)-
0oL 39JAHMM0, w — 03MMdGOWB30L BMbJ30s, vV — d03-
0©F0dMwemdol  gbdgos, 8 —  Ggd39MeGMeol
33@owgdsy, To(To > 0) Bogdbo®gdNwo G3gMa¢)-
0s6. 65908560L 58mEsbol Ggdmbgggzsdo Lobwzsm by
903990 2obBMYPIIMEO 0gMHTIMIdZ0L BLIM¥)-
@0 3609369¢0mdo.

doMOMO©O  ORIMIBE0sMMO  496EMEgdgdoL
9OM35MMm3560 Lol dob Fglsdsdolo Mmobols gm®-

ISSN 1512-0996
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0@ gdob 250mygbgdoom 93H303Ids OMObgLs s
6903560 LolsBEZMHM 5TM 369Dl 5FMBLLBOL gPHms-

©IOHOMdOL MIM®93900, 39GdME ob, HM™I MYy O-
MobEgls s 6godsbol HmymMi Joas, obyg astg sdm-
39690 59307 59MbsbLBO, J5d0b 0o gHMoEIMH™Os.

1533960 LoGY39d0:  B03OMEHYII3GOEHYO;
Mbgzol  Lobdo®g; LEHEOMbsOMo Gbg3zs; RBLY3-

MObY3s.

d9Lsgoe0

350300 ©MY3500MdOL Fomgdad03mo ImY-
@0 56 0mZoeobfobgdl $FSIHIAGYOYNW GZLWOwY-
090, Bog™sd Lbgmol ©aRMm®IsEgosl msb Lgagl

39939M5GMM0L (3300wgds, bmwm Ggd39Mod ol
(330005l 3s8obsi 30, OHmEs Lbgmebg o6 dmddg-
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Q0L 2oMg doergdo, msb LEggL Jobo IBMOTSEOS.
396boMmos M935MBOL MgMEOOOL oligoo Bmy-
@0, HOEs (YIYOGUYOYLO  FZLOLIIL 5>OPS
239035¢0b{obgdmmos Lbgowsbbgs ggwo, 39Mdm
90360mG9339M0GwOHYo, d03OHmdOMbgol s do3-
HME30IMEMdOL 39e9d0.

B590mddo gobobowrryaos LGsgombodwo Gbg-
30l d90mbgags, MHmas bobdoMy 6=0,+i0,. 6,>0, 6:€ER

3033adum@o  3sMsdgBHmos, g.0. obobowwmos

doGomso bsfjoero

53L93MMHHY3s. JqUfogerowos oMmobwgls s Byo-
3560l LobsBeg®m  53mEsbgdol  sdmbablbol gbme-
©IOHMHMBOOL 0gMMgdgd0. 59 J0Bbom Jowgdmwos dm-
g0l dglsdsdol E0BIMHIbE0swME AsbEMEgdsms
JOMY350mMm3560  LobiEgdobsmgol  a®obol  gm®dvwy-
900, HMIGEms 1B53YOWIIOMNSF ©ITBHIOEIOI0S,
O™ 0 oMObEgLs s bgodabols, MHmamM3 oy,
oLy 2569 50mEobgdl 943l sdmboblbo, 05006 opo
RICIONIOTe To NN

09MHINEOMY3500MdOL 9gMOH00l bEsEoMbsGwo MHY30L ORYMIBEF0SNO ABEHMEGIMS JOHMYZoMIMIb

LobiGgdsl, 903MHMEoFodME™mdol, JozMHmEHII3gMsGwIMols s TozMmMdOMBI0L  dsm3scobfjobgdom g3l

890920 boabg [1]

[(« +%)A+ po®lu+ (4 + g)graddivu — xrotew + u,gradv — S,gradé =0, 1)

(g + %)W+ (%, +x;)graddivw+i oggrotew +
+iowu,gradv—x.gradd =0

@)

(A +0)w+ 2xw + nrotu — g rotw =0 3)
(@A —1p)V — o divu — p,divw+ 5,6 =0, (4)
(x,A+10C)6 +iB,T,odivu + »,divw+i5Tov =0, (5)

Bs@og A 50l @33sbol MmAR6DMB0Wgd0sB0 ©OFBIHIBE0IWMOO M3gPMoGMMo, U = (Uy, Uy)' — os-

T B®BL3MOEHOMIBOL  BoBdMEMS. W = (Wi, wy)T  300b  8030mE70839GHs¢MOol

5Q00gdol  39dBHmMo,
39930, w — 803MMdGMB30L BMbI30s, vV — B03MM©FodNEMdOL BMBJ30s, 8 — $Hgd3gMe@ Mol 3o ds
To(To > 0) 3odbodgdMEo &9839M5GO0EB, 0=01+i02. 6250, 6G1ER Hbggol Lobdodygs, c=a Ty, x#y = igh — i,

o=1hLo%=2n;ni=lio® —n, a,b,LL,%4u %, 10 Bo P to t1, Uz, Ao, 25, = 1,2, ..., 7, 635803000 808039000,

O™MImgdoE  2oblobmazMogl  bbgmmol  dgdebogm® s  Ggd3gMod e  m30LgdgdL. gl dmdogzgdo

538290 x80gdL 89809y G dYOL [1], [2]

ao>0,p>0,q>0,y>0,x>0,2/1+2u+%—2p(2)>0, ay —

—b3 >0, #; > 0,01 +23To)? < 4T, (6)
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He+ 15 =>0,2m, + 35+, >0,u+1>0.

(1)=(5) LobiEgdsdo dgdmegdmE0s d999a0 S0bodgzbgdo:

. 3 o) [ dw dw !
rot=|-—,— | ,roto=|-—,—
X, 0% X, 0%

rotu =92 _ 94 popy o Mo OV
X, 0X,

58 HOEMBIBOEB 30BN, Hd
rotrotaw = Aw, rotrotu = Au — graddivu,
rotgrad = 0, divrot =0.
396%0p5©0E ©9OIMdsd30L 39dHMOL 233b 8g8gao Laby (1], [3]
P@,mU =TY@,mU,T?@,mU,T®@,nU,T®@,nU,T®@,nNU)", )
boog

Ju
TWO,n)U = 2u + x)— + An divu — (u rotu + xw)s + (ugv — BO)n,

T®@,n)U = (x5 + %6) + u,n divw — uss rotw ,
TO@,mU =y 2 — (s w) — by (s - gradv), ®
av
TWO,NU = ay— T U, (n-w) + by(s* gradw),
TG (9,n)U : —u7 +;{1(n w).
sjn = (nl,nz)T.s = (—nz.nl)T. bo 29033000 8730305,

2

Pl e + Ny 5—,500b n = (n1,15)" 6350l J0F>HMMGB00 FoBdmgdwEo.

30d3om N1 5O0L MmEGRBBMI0GV0BO LELEOMO Mg, HMIgerog F9mLsBEgOM®os A? Y93G¥o
fomom, N7 =RAN T

58m396s. 303mgmo NF(027) s6930 (1)-(5) LoLEIOL bgmo OgaMsGNo U = (u,w, w,v,8)" s8mbsblbo,
GIgog A2 LEBOIIODBY 53059yMmBoErgdl 98I0 LobsHBIMM 30MHMBYPI0PIE ghm-gOTU:

(1)* (@oGobegls 58mzs65)

V@Y =@, {(U@D} =f2), )
(ﬁ )* (63085600 58 3965)
{PO.MU@Y = f(2),({(POMU@Y =f(2), (10)
Los3
f=UDSP, fofe ) fO = P 5N ) =12,
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FOk,j=12,f,1=3,4,5 00 bsbagstby daggdnmo gblsogdos, n(z) s6ob z € 2 FooEHowwdo as3-
@PNwo N7 sGob odsHo 23O beETseol mGGo. P(09,n)U 0gmdmdsdzolb 39d@m®0s, GMmIgmog ¢b-
LSBEOIOMEOS (7) FMOHIMEO.

2909 90m396900L  G8mbgg3s8o, MLALGWEME MO GOMo  FaBGHOWOL  Bobemdemdsdo U (X)
399360 MBS 53054MmB0gdEIL JOMBdOL 90y 30MHMIGOL:

U(x) = 0(1x|™),8,U(x) = o(|x| ™),k =1,2. 1)

0gm6995. 0 (T)i ( i ¥ 59035693l 593L 59cbsblbo, 85806 0g0 GOMIM00s.

©53(3)30(3905. 09MM9ds ©EIG3I0EIOMWo 0d6gds, 0 35639690, HMT Tglodsdol gHMy3MIM3b (f)§ )
( I Y (f(2)=0,2e9Q) 58m3s693L 5J3L Bbmmm@ GHG0g05¥AO 53mbsblbo.

(1) BO@@dob 039 Fbocg LISWGMOE 35350M3m» U 39d@m®ol 3m83wgduvyms 3gmoemgdwe U
399&HMODBY, (2) GHmMEmdol 3md3wgdlyMo G9MEgdEo 3sdmbsbrmgds BIsWsOHWWOE 49350M3WM W
39106,

(3) HMEMdOL MmEO03g b6 5¢EYGOOWS® J535TMO3WMm w(x) BMBJ300l 3MI3wgdlyGmo FgmmeErgdye
w(x) 536430509, (4) GHM@WM®MIOL MO39 FBoMY SERJOOMEOE  Jo350MO3wmm V(X)) BWbJzo0l JmI3-
@adb®eE Bgnwwgdne 7(x) rbjgosdy, (5) GnEmdol 3nd3wdhrMie FJNRWIINWO gdTmbIbYwYds
U3oEsd@ 35350053mm B(x) §bJ30sbg ©d 350b6FgaOMmm NF(N7) sMgbg. v 3oLIOFIVWIGOM
LE®JLOL ZMOHIMWom, J0300GOIM

+ [{u(2)- TY@,mU (2 ds- [[EX W)+ po? [u) F +
0Q ot

(12)
+ uv(X)divu(x) — B,0(x)divu(x) — xarotu(x)]dx = 0
* [{w(2)- T?(0,mU (2)}*ds— [[E® (w,w) —x0 |w(x) [ +
00 Q* (13)
+iouwW(X)rota(x) +iou,w(x)gradv(x) + x,w(x)gradd(x)]dx = 0
= j {w(2)- T®@,n)U (2)} ds— j [y | gradex(X) F + -3 |w(X) f —2xe? -
30 o (14)
— x@(X)rotu(x) — tW(x)rotax(x) — bygradv(x)rotam(x)Jdx = 0
+ [{v(2)- T @,nU (2} ds- [[a, | gradv(X) [ -7, [V(3) [* + i~
+ 1, V(X)divu(x) — Bv(X)O(X) — u,W(x) gradv(x) - rota(x)]dx = 0
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* [{6(2)- T®@,nU (2} ds- [[x, | grada(x) [ +x,w(x)grado(x) +

+ioc|0(x) P +ioB,T,O(x)divu(x) +icBTH(X)v(x)]dx=0 (16)
Loo3 U -o0 506086m@wos U 39d@Hm@ol  3md3wgdbride  8gmomgdamo  39ddm®o. EM(uu) s
E(l)(v_v,w) 3390M5@wo 3m®mId0 dm399e05 9900930 BMOIMgdom:

2
Ju, du
I L 94

0% 0%

E<l>(a,u)dx=% |divul? +2“—2+”[

+ %+_au2

2], X 2
—|rot
ox T ox ]+2|rou|

2%, + % + X

E@ (w,w) = |divw 2 +

A+ g |3Wl+aW2|2+
2 ||ox,  ox|

|8W1 3 8W2|2 N — s 5
+|ax1 ax2| + > | rotw|

0y (12)~(16) GHemdgd30 35300350bFobgdM (f)§ (IGI % 96ma350m3560 (f(z)=0, z€0Q) 58m356900L
LoboBEOZOHM 306MdBL, 39MdME

{U(2)}" =0, {W(2)}" =0, {a(2)}* =0{(2)}* =0{&(2)}" =0,
{TO@,MU2)F =0, j=134T0(3,n)U(2)=0,j=25,

05806 0Q LoBE3sHBY 493MEIMIONWO  0bEHJHMIIB0 FHMEo 04690 Byeol, Gob gsdmg (12)-(16)
GMEMdGd0 sbg R9O0FIMYdS:
j [E® (u,u) + gv(X)divu(x) —5,0(x)divu(x) -

ot 17)
- pa? |u(x) P —=xa(x)rotu(x)]dx = 0

j [E@ (W, W) + %, | W(X) [ +HioW(X) - rotax(X) + i o, w(X) - gradv(x)
o* (18)
+ %, W(X) - gradd(x)]dx =0,

[Iy lgradax(x) [ =5 |(x) F —xw(x)rotu(x) -
o* (19)
— 1,W(X) - rotax(x) — bygradv(x) - rotm(x)]dx = 0,
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[T | gradv(x) [F =77, [V(x) F +v(3)divu(x) -

(20)
— BV(X)O(X) — 1,W(X) - gradv(x) — b,gradv(x) - rotm(x)]dx = 0
j[x7 | grad (x) > +%,W(x) - grad 8(x) +ioc|6(x) | +
+io B,T,0(x)divu(x) +icBT,0(x)v(x)]dx = 0 (1)

(17), (19), (20) 255¢™@gdgd0L MmM03g TbsMY 39350M530M” ic =59, (21) 396¢MEgdol mMogg dbsbyg 30 —

TL—OOO 5 39336000mm (18) BHMEmdsbmsb ghmao, d03009d0:
0

j[iEE@(G,u) +E@(w,w)—ioo?p |uP —x, |Wf -ios | +
Qt

+ioa, | gradv [P +? | grad@ * +i o, (vdivu + vdivu) —
0

—ion(awrotu + arotu) + %,w- grad§+%v_v- gradd — (22)
0

—iohy,(gradv(x)rota(x) + gradv(x)rotam(x)

— ioc —
—ion, |V +T—I9I2 —ioy | grad(@) [ (x)]dx=0

0
d93600bmm, H™I

i00? = (-0, +i0,) |0, ¢, = (%, + O,0) —iab, 23)
(22) HmM@md0osh (23)-0b gom35¢0Lfobgdom sdmagmo bsdwzowo bsfjowo, dogowgdo:
[[0,E®(U,u)+ E? (w,w) - p, | o Pluf +(ob+ ;) |wf +
ot

+0,(] |0 F +2%) | o +0,8, | gradv [ +$ |grad@ | +
0
2 2 O-ZC 2 A g
o,(l |o|"+n) |V +==1|6 [ +0,u,(vdivu + vdivu)
To 4)
- = %+ Ton, - — 2
+ o,%(wrotu + wrotu) + T(W~ gradéd +w-gradf) + o,y | grad(w) | —
0

—byb,(gradv rotw + gradv - rotw]dx = 0

05000939905 8900920 GHME™dIdO:

bA¢-ob 3G™3gdo — Works of GTU — Tpyam I'TY ISSN 1512-0996
Ne3 (513), 2019 116 www.shromebi.gtu.ge



B5098>¢03> — Mathematics — MaTremarnka

1)
2% | @ P —x(wrotu + arotu) +g |rotu P=
1 2
=2%w——rotul =0,
2
2)
%, | W[ +LTO%3(W~ gradd +w- gradd) + 2 | gadé [P=
2-I—O TO
_ 2
_ BT = (0 + Toxs) |wp + 1 | 2x,gradé + (x, + Tye,)w[?> 0,
4T n, 4Ton,
3)
(25)
2A% 2UH R i P pay (viva -+ Velivu) + 77 [ =
2
_ A2 =2 i 4L v+ divu P2 0,
2 n
4)
a, | gradv > —b, (gradv - rotw + gradv rotw) +
_ K2
+ygradw = By by |rotew [ L | a,gradv + byrote [°= 0,
& &
59 30LaMRIO Yo F99IYR0 GHMEWMBJGOOm:
| gradw |*=|rotw 7,
= 2A+2u+n | =)~
EQ,u) =L H % Givu P +g |rotu P +E® (u,u),
(26)
Los3
2 2
E(l)(a,u)z—z‘u-l—% %ﬁ.% %_%
2 ||ox, OX| 0% OX,
(25) 5 (26) BHMEMdIOOL 2om35¢0LF0bYd0m (24) GHMEMBS Gga30d0s sb7 ooz gHMo:
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[[0,E® (u,u) + E®(W,w) + po, | Pluf +ob|wf +
gt

o.,C
+o,lof I |of +0,|cF I |[VF +.|_—2|9|2+
0
2
Arn Ty — (% + Tos) |2 +
4T %,

1
+2%0, |a)—Erotu P+

1 @7)

2

+ | 2%, gradé + (%, + Ty, )W [ + %2 1v Uydivu |
n

o7

_ 2 _ 2

+0, (24 + Zu;-x)n 2Ho |divu [ +0'2—a°7/a0 2] [rotew P +
n

+ % | a,gradv + byrote [ dx =0

6) MAHMWMBYIOOL 0s65bTo@ (27) 0bFHYAMoOL 0bFJaGMowd39ds R3Mbd30s 9MsMIBYmzomo OO,
500@™3 (27) BHmMEmdoEb sdmIEobodmgmdl, Gmd 0b6@gyMmowd39ds godmboboemgds GHmeos bmerobl, Loo-
b3 ©o35L33960m, MMA:

u(x)=0, w(x)=0, w(x)=0, v(x)=0, 8(x)=0, x& (Q)"(Q)"), Gog 005 60B6s3L, O™ JONEZ>OMZH ((Ij)oir ( ﬁ )(;‘r

39m39690L 593L FBMEME EHHM0Z305wMHO 58Mboblbo, g.0. (f)i W IGI )Y 59m35698L gOMo©gHM0 58mbBsblbo 593b.

53365
6596mddo 24m0bol BMOHINdOL godmygbgdom ©sdBH3I0(3JOME0s OMObMaLs s Byodsbol Lolsbrgmm
50m 356900l 53MbBsblbol MM YHNMBOL MgmEgdgdo.
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Abstract. We consider the stationary oscillations of the micro-stretch materials with microstructure and
microtemperatures. The representation formula of a general solution of the homogeneous system of differential
equations obtained in the paper is expressed by means of seven metaharmonic functions. These formulas are very

convenient in many particular problems for domains with concrete geometry.
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TeopeMa € IMHCTBEHHOCTH PelHeHI/Iﬁ TPaHHYHBIX 3ada9 CTaOUOHapHOI'O KoJeGaHusg Teopnn

TePMOYTIPYyTOCTH

Tumarun Kananazze JemapraMeHT MareMaTtuku, ['pysHMHCKHII TeXHUYecKuil yHuBepcurer, Ipysusa, 0160,
Townnucu, yn. M. Kocrasa, 77
E-mail: tinatin.kapanaZe@gmail.com

PerienzenTsr:
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JI. Bunanze, Hay4HbIH cCOTPyZHUK VIHCTUTYTA IpUKIafHOM MaTeMaTuky uM. V. Bekya

E-mail: lamarabits@yahoo.com

Annorarus. B pa6ore paccMaTpWBaiOTCS OCHOBHBIE TPaHWYHBIE 33flaYW CTAI[MOHAPHBIX KOJeGaHWi Teopuu
TepMOYIIPYTOCTH (IICeBAO -KomeGaHUii, KOT/a JacToTa Kojaebauuii 0=61+ic2. 62>0, 61€R ), Korza Ha rpaHuile 3aaHo
mpesenbHOe 3Hauenwe Bektopa U = (u,w,w,v,0)" (3amava [lupuxme ), rae u(x) —BEKTOp IlepeMelleHud, W =
(w1, w,)" — BEKTOp MUKpOTEMIIepaTypsl, W (X) - GYHKIIUA MUKPOBpAIeHHH, U (X) - GYHKIIUA MUKPOPACTDKEHUI,
O(X) - dbyukuus Temmeparypsi Tema. B ciywae samaum HeiimaHa Ha TpaHHMIle 33aIaHO TIpejeNbHOE 3HAYeHUe
06001 eHHOTO TePMOHANIPIKEHIA.

B pabore momyueHsl ¢opMmynsl I'puHa 419 CUCTeMBl OZHOPOZHBIX Au(depeHIUaNbHbIX ypaBHeHHil. C

IIOMOIIBIO 3TUX QJOPMYJI AOKa3aHbl TE€OPEMBI €AMHCTBEHHOCTH TPAHMYHBIX 3aJa4qd ,ZLI/IPI/IXJIE u Heiimana. B

YAaCTHOCTHU OOKA3aHO, YTO, €CJIN 3ada4vad ,Z[I/IPI/IXIIG u Heitmana umerot penreHne, To OHO €TNHCTBEHHO.

KitoueBbie C10Ba: MEKpOTeMIIEpaTypa; IICEBAOKOIe0aHNe; CTAMOHAPHOE KoebaHue; yacTaTa KoreGanuil.
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096 3n6M93500MdOL MJMOHOOL G030l F0MHOMOEO LslsbEaMM 53m356980 bgsslibgs

3900l 350035¢0olffobgdom

Lagnmdg dofjodg

050099530306 ©9356M 3539630,

LodoMmggml  Ggdbozmeo  Mbogzgdlodgdo,

LodoOmggerm, 0160, mdowobo, 3. 3mbEoegsl 77

E-mail: Sali.bitsadze28@gmail.com

69306D9bG9d0:

. bs6r039258300, LE¥)-0b 0BBRMGToEH030Ls S ToMMZoL LOLEJIGOOL Bo3MEIGOL 3OMGBILMEO

E-mail: kharibegashvili@yahoo.com

0. (39539M9e00, 0. 393995L LEbgEMBOL 2sdMYghd0mO FomgBaE030l 0bLEOEGEHOL g3bogmo MsbsTIMMIgEo

E-mail: I.Tsagareli@yahoo.com

3bm@o305.  $7939MsGHIHMO 39¢0Ls s Y-
3MI5300L 390l BHZoalbgs 30MHMIOL gomz5eol-
§obgdom  3090MMd  EMY3EMBOL  MIMOHOOL
Lbgoolbgs dmEguml, 39M3m© MYMHIMEOEOmY3oEMOOL
900 geb. LH0bEHIMLMS MYHIMEY3500MdOL gMMO-
oL bLASEHOZOL 0MHOMIO LlEBEOZOHM 5FM3bgd0, 396~
dmn ©oMobegls s 5900560l LoboBrgmm  s8m-
396900. @oMObEgl 53m3560L 890mbggzsdo LoBEZs®-
b9 903909905 F99Y0EGOOL 39dEMOOL, doJMHm-
39939M5GH 0L 39dGMMOL, F03MmdMwb30L, dozmm-
©53031@MdoLy s BHYIZgMSGMIOMEO (330Egdol
53769 30900L beztyemo 3603369wmdgdo, beem 6go-
35b0b 90mEobol 9gdmbgazedo LobwzsmBy dm39d«-
oo 396BMYsdo  1gMIMIsdZ0L  BLzBEwo
96033690md900. 300939905 JOMOMNIPO OBYOMHID-
3OS0 2obEBMEgdgdol gHm39MHM360 LolEgdol
dgLsdodolo 4MOboL GmMTMgdo. Mobol BmMIv)-

ISSN 1512-0996
www.shromebi.gtu.ge

@gdolL 2odmygbgdom ©sdEHI0EIOM0s OMObEgls
5 6908560L  LoboBpgm  s3m3sbgdol  sdmbsblbols
9O5IOMMBOL  MgMEgdgdo. 39MdmE  ©GHI0EBI-
005, MHMI v EOMObEIgL GMYMEME Foas S 569
90m396gdL, oLy 67y0dsbols gotyg sdmEsbsl g3l sdm-
BsbLbo, 35906 00 gMMOEYMH0s. o5 Tggbgds bgo-
3560l oo 53mEsbsls, oo sdmbsblibo Qobolisbrgtgds

3903399900 39dGHMM0L dgbo3Mgdol LobYLEHom.

1533560 LoEY39d0: 03OMBdGNMBZs; Fo3MMES-
F00M@Mmdy;  3030mGJI3gM0GHIOS;  $HJOI39MSE Y-
@O B3LOLYIS-

d9Lsgoe0
B596mddo  gobbomos  09MHIMOMY350MdOL
09600l ol dMmEIWo, OHMIWOL EIBMOTS30 -

39380690os  3030mE9d39MsG Ao, F03MMm-
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06HbB30L, F03MME5F0TMEMdOL 39¢gdol bgdmddg-
©705Dg. 58 ImEgErol Fglsdsdolo E0ggMYb3osvY-
60 29563 Mgdgdol LobEgdobsmgzgol dgbfogarowos
O0MHObegls s 63035601 LolabwgM™m SIMEsbgdOL
59mbsbLBOL GHMOIOPMOOL Lo3ombgdo, Mog BGO-
30 OEO MYMMOWO 0bEHIMHLOL Logsbos 53 sdm3s-
B9d0l  3mM9dGHE@mdol  Igufogerol  mzowlsbeo-
Loom. doEgdmEos bbgssbbgs 39wl Qomzowol-
§obgdom mgHIMmE©HY35MdOL Mgmemool bGo@GHozol
©O0RBIMIBE0sWMH  ABBHMWGdIMS  gBmY35MM35b0
LoLEgdolomzol aMObol BMMIMEgdo. o0 BMMHI)-
@gd0L 459mygqbadom ©8EI0EIOWWos OMmObEgLS
5 690dsboll HmamMi Fogs, obg 4969 s0m3569d0L
59mbsbLBOL gHPoEIMHOMIOL MgMMgdgdo. 39M3Mm©

6583969005, ®MI, mv) oMbl GMmym®E dogs, oy
23969 59m35690L, 51939 Bx0dsbol otg STm 3Bl od3L
59mbsblbo, 35806 0a0 gMmogMmos. 0¥y Byodsbols
Fogo 50m3965L 593l 9dmboblbo, sd0b ogo Asbo-
Lob®3MYos  39M339M0  39JHMOMOL  TgLo3lMdOL
LOBNLEGHO.

doGomso bsfjogro

09HINEOMY390MdOL  MgMOmO0oL  LAIEHOLEGH0ZOL
©ORIMIBE0sWH  BEGHMWGOIMS  gOHmAZ5OM356
LobGYAsL  F03OMF0TMEMdOL,  FogMMEHII3gMs-
G0LS o 803MMdOWO30L Fomgzswolffobgdom sd3b

898920 Laby [1]

(U + »)Au + (A + p)graddivu — xrotw + pogradv — Bygradd =0,

ngAw — 1,w + (34 + u5)graddivw — xzgradd =0, yAw — 2xw + xrotu — pyrotw = 0, 1)

agAv —nv — pedivu — p,divw + $,60 =0, %,A8 + »,divw =0,

B3 A 300L @33esbol MmOPBEDM0gd0sB0 OBIMOIBEOSNGO M3gOGHMMO0, U = (U, Uy)T — 3OWIS©-

2090l 39dGHM®0, w = (wy, w,)" — 8036mE993905¢IO0L 39d&™A0, T GOBL3MOEH0MIBOL LoddMEMS, W —

9036060b30L BMbJ309, vV — 8030M©F0dMMdOL BbI30s, & — GH7d39MsGH MOl (33¢0wgds To(Ty > 0)

130JL0MHYOMEOo 3H9939M0EIM0EIb.

%At %, 17, Boy B Koy M1, B2, G, 4, ] = 1,2, ...,7 58300 8190039005, HmIegdog gsbbabmngcmagl bgrwols

0999603796 s 3933909 wOHME 1309890, gl 3MT039d0 93059mMBOEIYIL 98Iy MBHMEW™dYOL: [1], [2]
ag>0,u>0n>0,y>0,>0,21+2u+x—2u5>0,ayy —bZ > 0,2, >0, (3; + #3Ty)* <

ATony7 g + 35 = 0,23, + 15 + 6 > 0. (2)

(1) LobEgdsdo dgdmmgdmEros d38Ya0 s0bodzbgdo:

=) e
rot= 0x, 0x, /TOMO = 0x, 0x;
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Jdw Jw )T
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309350 27 560L MGYEBMIowGVOsEO LELEOWO 6Gg, HMIYoa JgdmbsbRgzOMEos A2 J36rmwo fo-
®om, 2~ =RAN
58m3s6s. 303mgzmm 21 (27) 56980 (1) LoLEBIOL obgmo GgaMwsGnwo U = (u,w,w,v,0)" s8mbsblbo,
0goE A2 LsHO35MmBY 53054mx30mgdlL d99ga0 LoLaHBOZOHM 30HMdJO0EB gHm-ghHml
(1) (©otHgobegls 53m3s6s):
W@ =@, (U@ =f@), ®)
(I1)* (6300560l 58 3565)
{POMU@} = f(2),({POMU@)} =f(2), (4)
Lo
f=UOSD, fofaf) fO = R L) =12,
FOk,j=12,f,1=3,4,500 Lsdogsedy dnggdnwmo 5mbd309005, n(z) 6oL z € 32 FaoEHOwdo
2939090 121 5oL F0sO® 336 EMMBswol m@EO. P(9,n)U mg®dmdsdzol 39dGHm®0s, GMmIgemlsg gl
898930 Laby [1], [3]
P(@,m)U = (T (@,n)U, TP @,n)U, T®(@,n)U, T® (9, n)U,T(S)(a,n)U)T, (5)
LS
TWO,n)U = 2u + K)Z_Z + An divu — (u rotu + xw)s + (ugv — B,O)n,
T @, n)U = (s + 1) g—‘: + uyn divw — xgs rotw ,

Jw
T®@,mU =y o= (s - w) = bo(s - gradv),

dv
TWO,n)U = o5~ U,(n-w) + by(s - gradw),

TG)(9,n)U = u7%+}t1(n “w). (6)

sgn = (ny,ny), s = (—ny,ny)', by 25M339M@0 8980355,
ai =n ai +n, ai’ 500b 1 = (ny,1,)" 650l oB>HOM@GdOom FoMHdmadmeo.
n X1 X2
3909 580 3569d0L F50mbgz93580, MLl ME sIMMGdMO FgBE0wol dsbemdemdsdo U(X) 39d@m®o

b5 $30594mB0¢gdEIL JOHMdOL G99y 30MHMBYIL:
U(x) = 0(Ix]™), 0, U(x) = o(Ix|™*),k =1,2. (7)
®9mH98s 1. o) (DT o (1)~ 58mEs6gdL 593b 58mbsblibo, 85806 030 9OM@IO0s.

©39(%)303909. MJMO s> IGHZ0EIOMo 046905 My 35B3969m, HMD JYLsdsdol GOHMYZGM36 (| Y, (1)

(f(2)=0,ze 9Q) 50m356g0L 5943l IbMmEME GHO0Z305MOHO 53MbbLGO.
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(1) bobEBYIoL 30639¢0 s MO ABEHMWYdJdOL MM0Z TGy Fo35dM3wMmm Fgbodsdobs U s W
399&HMM9oBg LIOWsOHWWs©, bmem dgbsdy, dgmmby s Igbmg FobGHMWGdGdOL MmM0ogzg Tbomyg seaqd-
OM@OE 9359M33mm FgLsdsdobo© @, v, 6 §Mbd309dbg @s 3506@gmmm QF (Q7) 59y, ) goboc-
390900 LEMJLOL BMOIMOm, LodMELWMME 0300930 FMOboL 999y BMEOTMEOL:

+ alz{u(z) TO@, U (2} ds— jS[E“) (U, u) + zvelivu — "

- B,Adivu — xarotu]dx = 0,
+ [{w(z)- T @,mU (2} “ds— [[EP (w, ) +%,w* +
0Q [ol )
+x%,W- gradf]dx =0,
+ [{w(2) - T®@,n)U (2)}*ds— |[y(gradw)? + 2xw* -
a’[z I (10)
—®rotu — W-rotw — bogradv -rotw]dx =0,
+ J.{v(z)-T“"(a,n)U(z)}*ds— [[ao(gradv)2+;7v2+
30 o (11)
+ povdivu — B vO — u,w- gradv — bygradv - rotw]dx = 0,

+ j{e(z)-T<5>(a,n)u(z)}ids— j[x7(grad9)2+xlw- gradd]dx =0, (12)
Q Q*

Bogoo TNV, j=12,..5 3503990 dm39dm@os (6) GmIMgdom, brgm EW(u,u) Q9 E)(w,w)

33900M0GW 3mMIGOL o3l 9090 Loby: [4]

E®(u,u) = [/1+/,t+ j(dlvu) lhas auz ou, +
2 X ax2
2
+[guxi gu ] ]+2(rotu)
2
E@ (w,w) = 2y ¥ stk :5 % (divw)? + Zs e [(awl +8W2] +

2 X, 0x
ow, Jw, e — g 2
I\ .
+(8x1 aXzHJF 5 (rotw)

(13)

099 (8)~(12) HmmdYd0 g530:m3500bfFobgdo (1) @s (1) 38m3sB63d0L 9Omaz56M356 Lslisbeztm 3o0-
6HMdJOL, 0030090m, OMI 50 BMOINWsdo 8935350 FoMomo 0b6GIMwwgdo bmeol GHmeos. s9M0ys©

330692
J‘[ E® (u,u) + g,vdivu —B,8divu — xarotu]dx = 0, (14)
Qt
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I[E‘z) (W, W) + %,W° +x,W- grad #]dx = 0, (15)
Qt

J[y(gradw)z + 2% w* —xrotu — 1, W- rotw — bygradv - rotw]dx = 0, (16)
Qi

J[ao(gradv)2 +1v? +uvdivu— BV — 1,W- gradv —
ot

(17)
—b,gradv- rotw]dx =0,
]‘[%7(9rad6’)2 +%,W- gradg]dx = 0. (18)
Qt
(15) BmEmdol mMm03g dbscg 40359003 mm To-bg s 993300800 (18) BHMErmdsliosh, do300gdm:
[ITOE® (W) + 26, ToWP +(3, + T (- grade) + )
Qi

+x,(gradg)*]dx = 0.

(2) 1EH™E@®dYOOL Fomzsolffobrdoom 309dEwmdo:
1, ToW? + (%, + Tyx,)(W- gradé) + x, (grade)? =
— 4T0%2%7 - (%1 +To%3)2 2

1
W2+ ——[(%, + T, )W+ 2% gradd]? > 0.
2. 2, [, + To%s) ,gradd]

099 58 BHOEMdSL 2530035¢0lffobgdo (19)-do, dogowgdom:
ATnny = ( + Tons)’ W 4+

I [T,E® (w, w) +
QF 4y,

+ 41 (¢, + Tyxs)W+ 2%, gradd)®] dx=0.

7

30650056 06¢)93M9¢0d3985 53bd300 9M0MMYMB0mO AoMbobregdss, sd0@™A v93sb6sL3bgwo GHmem-
00056 3090 Md:
E® (w,w.) = 0,w(x) =0, gradé(x) = 0, xe Q*.
579056 30gdMdm, HmI
w(x) =0, 8(X) = c = congt, xe Q*. (20)

30650056 (1) 99m@Esbols 898mbggzsdo {0(2)} =0, bawm (1), s8masbol 8g8mbggzsdo Illim 6(x) =0,
X[

5003 ™3 (20)-56 30090 Mdm, H™A ¢ = 0, g.0.
wW(x)=0, 8(x)=0, xe Q*. (21)
09 58 BHMEMdGOL 4930m35¢0Lobgdo (14), (16) s (17) BHrmermdgddo ©s 89330900, 03009000:

j[E“’ (u,u) + ¥(gradw)® + a,(gradv)® + 2x e’ +
Q* (22)

+1V° + 2u,vdivu— 2xarotu — 2o, gradv- rotew]dx = 0.
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EM(u,u) 33900M5GHo BMMTs FoOdmzoy0bmo sby:

E® (u,u) = E® (u,u) +g (rotu)® + (A +u+%)(divu)2, (23)

LS

2 2
E(l)(U,U)ZM-i- %4_% + %_% >0
2 X, 0%, ox, X,

oy ED (u,u) -0l 850836900051 (23)-56 893085600 (22)-80, 85806 03,0 893309005 5l 3505369HM0:
) 369 96 8930¢) 30 893300005 519 3349

j {E®(u,u) + 2x(w —%rotu)2 +
Qi

+ [(/1 Fu+ g)(divu)z T 2uvdivu + mz} + (24)

+ [ao(gradv)2 —2b,(gradv- rotw) + y(rotw)z]}dx =0.
5J 30bsGygdge (gradv)® = (rotw)* ogoggmdoo.

d93600bmm, H™I

. _ 2
_(2A+2u+x)-n—-2u, (divu)? +

(A + g+ 2)(divu)? + 2u vdivu + v
2 2n

+ 1(/zodivu +1Vv)? >0,
n

a,(gradv)® — 2b,(gradv- rotw) + y(rotw)” =
_h2
_3r-hy (rotw)® + 1 (b,rotw — a,gradv)® > 0.
8 8
0¥) 59 BHMEMBIGOL 35300035¢0LH0bgdm (24)-90, J0300gdm, MM (24)-30 0b3HJMrd398s GBI 30s 5Gr9vgsM-
4mMR0m05, MHOL 258MU (24) BHMEMd0ID 30gdMWMdM, HMB 06@EJYMswd398s 3bd305 beols GHmeros, 9.0.

E®(u,u)= O,w—%rotu =0,divu =0,rotew=0,v=0,

90 BHME™dd0sb 3093 MdM, MmI
u(x) =bx+d,w(x)=b, v(x) =0, xe Q~, (25)

bosg d = (dy,dy)',dy,dy, b BgdoLBogho 910039005,  306sosb (I )é 20m3obol  dgdombggzedo
{u@}* =0, {02} =0, boge (I1); Bmgsbob Bydobggzsdo u(x) =o(X ), w(x)=o(x "), s8oHmd (25)-
©56 30909@mdm» b=0,d =0, g.0. U(X)=0, o(X) =0,YX)=0,Xx€ QF, G5 08k 6oBsgL, G (1)* s (I1)”

99m 3956900 9O50IMH0 5dMbsblibo 593U.
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96935 2. o) (11)7 93m3sbsl 5gdgl 59mboblbo, 85806 ogo sbolsbwgmgds 99890 39JBH™MOL
LOBMLEGHOM:

U@ (x) = (bX +p'cx +d,0,b,q'c,c), (26)

bosg b s ¢ 63dobdogmo bsdgowo 3990d039d0s. d = (di, d;) MmOYbbMmIowgdosbo bsdzowo dmdogo

399&™M0s, beagoem

- 7750‘#031 [ B1(21+2ﬂ+7{)_2ﬂ0B0 (27)
A+2p+)m-2p3 ’ @A+2utm-2u3

p
©39(%303g05. MYMM0s ©IGI0EIPIo 0dbgds ™) 35B396gdM, GM Fgbsdsdol (1) gPmazs®Mzb
59m3565L 5943l 95 INH0 58Mbablbo, HGMBgwos godmolobgds (26) gmEmIMEOod.
304300 U = (1, w, 0, v,0)" 39d@m®0 560l 6godsbols geopgammgsbo (1) sdmEsbols Gggmmsmweo sdm-
Bobbbo. mvg 403009MmGH ¥ MgM@9dsdo Bo@smgdme dbxgermdsl, I0300900:
W(x)=0, B(x)=c=congt, xeQ", (28)
Loos( ¢ bgdobdogMo bsdgowo dmdogss.
(I1')y 8mEsbols 990mbgggsdo c=0.

0 (28) GHMEMdYRL go300m35¢0LFobIdm (1) LobEgdol d0M3gw, Tglsdy s Igmmby AsbEHMEgdgddo,

00300900:
(1 +0)Au+ (A + pgraddivu + xrotw + pggradv =0, (29)
Aw — 21w + xrotu =0, (30)
agAv — nv — pedivu + B¢ =0. (31)

(28) BHO@mdYBOL yoozgsmolfobgdoo T (9,n)U dsd30L 39d@m®0 4505359Hmo sby:
TY0,NU = (2u+ x)a—u + Andivu— usrotu—xsw+ (v — B,C)N. (32)
on o

890m300mm sbseo U 39d@m60 ©s V 34169305 8900093650650
UG=u-p'cx, V=v-('c, (33)
Losg P’ @o g LooEYgdL 543L (27) bsby.

(33) 5060836900 Loggrdzge By (29)—(31) 396GHMEgdgd0 FooofigMgds sby:

(u +%)AU + (A + w)graddivu — xrotw + u,gradv = 0, (34)
YAw — 2xw + xrotl = 0, 35)
a,AV — 1V —u U =0. (36)

099 (6)-0L 99LsTY, Fgmmbg s (32) BHMEMBGOTO 4530035¢0LHobgdm (33) 50bodgzbgdls, dogowgdo:
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(T%0,nm0 (2} :{(2ﬂ+x)37:+/1ndivﬁ—w0tﬁ— (37)
—usw+ uvnt* =0, ze 0Q,
{T90,nU @)}’ ={y%f: —by(s- gradv)}” =0, ze 9Q, o
{TY90,NU )} ={a, % +by(s-gradw)}” =0, z€ 0L, &
Lo U=, .

(29) BHMEWMdOL MmM0gzg TboMg LISWIOWWSE Fo35dMs3wmm U-bg, bewem (30) s (31) GHMEW®dIdOL
6039 oMY 5¢0QgOMHEOE 3935005350 Mo Fglodsdobs W s V 3mbJ3090byg, 8933000Mmm b GHMEMdYdO
Q5 35063930 Mo QF s65%bg, dogowgdo:

[ {E@TOE.MU(2)+a(2T,nU(2) + ¥ (2T @,nUJ (2)}*ds-
do

| {E(D(U,U)+2x(w—;rotﬁj +(2/1+2”J2’”)’7 2o (divil)? +
"

Q+
2
+1(,uodivﬁ +1v)? +w(rota))2 +i(b0rota)—
7 3 3
- aograd\7)2]dx =0,

Lo
~ ~ \2 ~ ~ \2
E(l)(a- L’]')=42'u+}t %4.% + %_% . (40)
’ 2 X, 0X, ox, 0%,

0¢) (40) Gmd530 330m35wolfobgdm, MM (T (9 MU (2)}* =0, j =134, ze 9Q, 35306 dogowgdo:

[ {E“’(J,U)+2x(w—;rotﬁj +(2’“2”;”)’7 2 (Givin)? +
7

Q+

+1(,uodivﬁ+77\7)2 +a°7/7_b§(rota))2 +i(b0rota)— (1)
n & 8
- aograd\7)2]dx =0.
306500006 (41) BHmEmds580 06gaMowdz9ds B3w96d305 565015MHYMBOMO LOOYS, S0GHMI
EO (@) =0, w—%rotﬁ -0, divii=0, V=0,
rotw=0, gradv =0.
579056 3090 Md®, Gd
u(x)=bx+d,n(x)=b,¥(x)=0,xe Q".
09 58 BHMEMdgdL 4og30m3z5¢olfiobgdo (33)-do, ogomgdod:
u(x)=bx+d+p'cx, o(x)=b, v(x)=d'c, (42)
Loog d = (dy, dy)" dy,d,,b ©s ¢ 6gdoldogmo 658g0eo 899803900s.
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50603500, (28) 5 (42) BHrEwmdgdol Msbsbds (11 )y 9HM356MM3560 53mEsEOL sdmBablBOs
U@ (x) = (bx +p'cx+d,0,b,q'c,c),

Lssg P @0 4 LoEowggdl 5930 (27) baby. 5800 Mgm@9s IEHIOGIOM0S.

53365 LEASGHOIOL JOMOMOO  (OMObEgLs s 6godabols)
6536m880 36060l BMEBMEBOl  3s8mygbgdooy  LBsbaBRgHm 58mEsBdoL s3mbablBol gHMsEBMMBOL

©99(330G9¥MWO0s  0gMIMEOIIE®BOL  MgmGool  MINMIIGdO.

@OoGIOGIOS

1. Iesan D. Thermoelastisity of bodies with microstructure and microtemperatures. International journal of solids
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2. Iesan D. On a theory of micromorfic elastic solids with microtemperatures. Journal of thermal stresses. 24(8).
2001.

3. Giorgashvili L., Zazashvili S., Mathematical problems of thermoelasticity of bodies with microstructure and
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Basic boundary value problems of statics of Thermoelasticity theory considering different field
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Abstract. The representation formula of a general solution of the homogeneous system of differential equations
obtained in the paper is expressed by means of three harmonic and four metaharmonic functions. These formulas

are very convenient and useful in many particular problems for domeins with concrete geometry.

Key words: Fugacity of temperature; metaharmonic; microrotation; microstretch; microtemperature.
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UDC 536.7
SCOPUS CODE 2610
DOI: https://doi.org/10.36073/1512-0996-2019-3-121-132

OcHOBHEIE TpaHHUYHBIE 3aJa9H CTATUKHY TEOPHUHU TEPMOYIIDYTOCTH C Y'-IéTOM Pa3HBIX moJei

Canome Brmaznse JemapraMeHT MareMmaTuku, ['pyswHCKHII TexHWYeckuit yHuBepcuter, I'pysusa, 0160,
T6unucu, yn. M. Kocrasa, 77
E-mail: Sali.bitsadze28@gmail.com

PerienzenTsr:
C. XapuGeramsunn, mpodeccop baxynbrera HHGOPMATUKH U cucTeM yrpasieHus ['TY
E-mail: kharibegashvili@yahoo.com
W. Iarapenn, HayuHsIit paboTHuk VHCTHTyTa MaTeMaTuky uM. M. Bekya

E-mail: I.Tsagareli@yahoo.com

AmnHoramua. B paGore paccMaTpuBalOTCA OCHOBHBIE TPAHWYHBIE 33Ja9U CTATHKH TEOPHH TEPMOYIPYTOCTH, B
YaCTHOCTY IpaHuUYHEIe 3a7a4n Jupuxie u Heiimana. B ciydae sagaun Jlupuxie Ha rpaHulie 3ajaHsl IIpeJieIbHbIe
3Ha4YeHHUsA BeKTOPOB IlepeMelleHNs M MUKPOTEeMIIePaTypHl, a TakKe QyHKIMI MUKPOBpPAalleHHUs, MUKPOPACTLKeHUA
u Temmepatypsl. B ciydae 3amaum Helimana Ha rpaHuIle 3afaHO IpefieIbHOe 3HAaUeHMe OOGOOIEHHOTO TEPMO-
ympyroro HanpsokeHus. [lomxydens: dopmyssr ['puHa 114 cucTeMsl ogHOPOLHEIX aubbepeHIINaTbHBIX yPaBHEHNH.
C momomsio dopmynsl ['prHa IoKa3aHBI TeOpeMbl eIMHCTBEHHOCTH I'PaHMYHBIX 3amad Jupuxie u Heiimana. B
YaCTHOCTH, eciau 3ajada Jlupuxie, Kak BHYTPeHHAA, TAaK M BHENIHAd, a TaKXKe BHEIIHAA 3a7ada Helimama mmeer
pellleHMe, TO OHO eJMHCTBEHHO, UTO K€ KacaeTcs pelleHusd BHyTpeHHel 3azaum Heilimana, To oHa ompegeseHa c

TOYHOCTBIO 10 CJIara€MOIo OIIpeAeJI€HHOI'O BEKTOPA.

KJIIO‘{eBBIe CJIOBa: MHKpOTEMIIEpPATypa; MUKPOPACTKEHUA; MUKPOBPAIEH; Q)YHKHI/IH TeMII€paTypBbl.

8obboengol ostowo 25.03.2019
d9deabgemol os®oeo 27.05.2019
b9crdefgGmoeros psbsdg s 24.10.2019
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09396%963900: (Gorymomgor bsbgero @s 33560 bGwes@, bsdrdsm spgoero @s bsdgsbogtier fmmgds, 535@09009G0
botobbo beeyers, ger. 3obBs, bszmbdsgde Bgargnmbo)
1

2

500l dmfizggmero L3gEosolGgdo:

1. 6586030l gsbbongs

2. (Bogomoogo 3o3Ag00k @bsbyergbs)
Lobfogem-s3g360960 wo@gMo@ Mol sdaMmd®m0g 3mdolosdo oblobowggms dgdmgows
33GMM0l/53BMM9d0L doge IMIBsdEo bsdgaboghHm LGS

(Bor30000907 bdsoob beryemo @sbsbyemgds)

Lobfogem-Lsdg360gMHm WoEIM GOl HRMOMO30 3ndolool Jogh asdmymaowos MY396Bgbdgdo:
1

2
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2. 6536030L Loy s 4sbbowgs

1. 3mobdobgls: 533MMOL/53EMMGdOL (GoL102003903) 0b6RMGDs305 3oBLabOEZ s FoMmImygbowo bGs@ool
dqLobgd.

6586m30l sbrahsz0s

3. 9moldobgl:  M9EgbbgbEoL/Mg396%g6GYdOL  (Bomm00gm)  SGymAgbBoMgdmmo  Fgxsbgds  bGs@ool
394G MMdoL, bLosbrol s gsdmEgdol doBsbdgfimbowmdol gbobgd.

4. 9moldobgl:  Bo3MWEIBHOL  bsGolbol  MYHBOHMBlgwygmaol  LsdbobyMol  slzba-M93mIgbsEos
(802909009900 Fr2dbligbgberol 30658s) LBHSGO0L godm3980L dgLobgd.

sBMOo gsdmmdzqL:

Q5500b69UL:
Bogdo®mgzgeml ¢gdbozn®o 1bogg®Lodgéol Bogrnwdgdob

(Bogm00290> B39 EIOOL @sbsbgergds)

Lobfogem-Ledg360gMHMm WoEIMHSGNMMOL MAMOdMOZ 3MTobosdo dsBlsboggws dgdmgo©s
93GHMO0L/53BHMMgd0L Foge InTBsYdo Lsdgaboghm bEGsGos

(Bor3000907 bdsoob beryemo @sbsbyemgds)

9339605305L 9f93L LESGH0L A59MI399b9gdsL LEGHY-ob IOHMTsms MO do.

B53MEIHOL MYMIMG0Z0 3:30LOOL 130X MIsMY

3dobools dogzsbo

33obool §fgg6gdo: 39379 A 0L ©MMIM030 3m30L00l Ms3dXRMISGOL
bgandmfigmol Lobsdwzomgl 3osbBYIMgd
B3I HIGOL ©93960 (bgrdeafips)
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G696 ool bodydo

1. 6596030l ELObYEgds LOYEs©

2. 533MMH0L/533H™M9o0l bsdg3boghHm {mmgds, Lsdwdsm 50O, bo3MbEJE™
063mMH 35300, ga. BMLES

3. 6596™dd0 LMo sIMEIbOL dm3eng dodmbogngs

4. 259mb59d399b9g0o ImIBogdeo BsdMMIob og@rgoeEmMmds

5. 06050 5B39JGHJd0, OMIYOO3 IbboEIMWs s3EMMOL Boge

6. ©93M39605305 63IOMAOL godmd399b9d0oLomz0L ( 0d dgdmbggzsdo mvy bLamgzgbBom
Bod™mdo Lo 3609MM LEHSG0, 5930egdgos BsdY3609HM FM@MBswol sbobgmgdol
30000905)

7. ©93396%963H0L 23500 5 Lobgeo LOHYISE, LETMTom SO0, Bsdg3bogemm frqgds,
Lo3mbESIB™ 0bgMmMTo305, g. ML (LESG00L MyEgbHoMYdOL dgdmbggzsdo
©9396%96E0L 3mMbs399900 259tmd39969d99c0 046935 biEeEosLMb 9Mm)
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Guidelines for Authors

Collection of Academic Works of Georgian Technical University is a multidisciplinary quarterly refereed

periodical included in Index Copernicus International.

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 details: 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 - Sylfaen, font size - 12 pt;

e For English and Russian texts: font - Sylfaen, font size - 12 pt.
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The accompanying information to the article should include:

Universal Decimal Classification (UDC)

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

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

Department, full name of organization — place of employment of each author, area/town, country;

Full name, email, academic title, department or place of employment of each reviewer.

The article should include:

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).
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References (sample)

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

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

3. International Energy Agency “Key World Energy Statistics” 2014 (In English).

4. Energy strategy of France McDoleg butenko20 May, 2009 (In Russian).

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

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

Proceedings. N18 2014. Tbilisi (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.

Notice to Authors

Authors may consider one of the previous editions of GTU Collection of Academic Works as an example
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K cBegenuio aBTopoB

COOpHMK HAayYHBIX  TPYZOB I['Py3HMHCKOTO TEXHMYECKOTO YHHUBEPCUTETa SBIAETCS eXKeKBapTaJIbHBIM
MyJIBTHAACIUIUIMHADHBIM  pedpepupyeMbIM IepUOSMYECKUM HM3[JAHWEM, KOTOPOe 3aperMCTPUpOBAaHO B
MeXZyHapoLHOMH 6a3e 51eKTpoHHBIX naHHbIX _ Index Copernicus International.

o CraThu (IPUHUMAIOTCS HA TPY3UHCKOM, aHTTHIICKOM, PyCCKOM SI3BIKaX) MyGINKYIOTCSA Ha A3BIKE OPUTHHAIA.

¢ KonmuecTBo aBTOPOB CTAaThH HE [OJDKHO IIPEBBIIIATSH 3.

e ABTOp MOXET IpPefOCTaBJIATh I IyOJIMKauuy B V3maTelbcKOM JOMe WM IIO 3JIEKTPOHHOM moure (Ha

crenyrouuii agpec: sagamomcemlosakhli@yahoo.com) ogay mnu HeCKOIBKO CTaTell, a TAKXKe B CKAHUPOBAH-
HBIX (aiiyIax COMyTCTBYIOUYIO ZOKYMEHTANIO, HO B OLHOM HOMEpPE MOTYT GBITh OITyGIMKOBAHBI TOIBKO IBE

paboTsL.

¢ B cayvae crarer, IpHCEITAEMBIX TIO 5J1. OYTE, MPOCkOa MPENYCMOTPETE CIEAYVIOTHE TPEOOBAHHA:
- yKaszars B 371. Subject-e HazBaHHEe COOpHHKA (TeMa) H QaMH/IHIO ABTOPA (aBTOPOB);
- Hemo/Ip30Bars Attach (Ipu/IoxuTs Qan);

- B ciIy9ae 60IbIoro ob6rema Qaria npuMeHnTs apxuBaTop (ZIP, RAR).

o CraThs JOKHA OBITH COCTaBIIEHA IPAMOTHO, C COOIIOZIeHNEM TEPMUHOIOTUU. ABTOP (aBTODPBI) U PelleH3eHTHI
HEeCYT OTBETCTBEHHOCTb 3a COJiepKaHKe U KaueCTBO CTAThU.

e IlockombKy COOpPHUK TpPyZOB IPY3HMHCKOTO TEXHHYECKOTO YHHMBEPCHUTETA SABIAETCA HEKOMMEDPYECKUM
M3ZaHueM, I COTPYAHUKOB CTAThH IMYOIUKYIOTCA GeCILIaTHO.

e CorylacHO IIOCTAaHOBJIEHUIO akazemuueckoro cosera Ne200 (22.01.2010 r.), ¢usuueckoe suuO, He
ABJIAIONIeeC COTPYLHUKOM YHHBEPCUTETA, AJIA IyOJUKALUK CTaTbU B COOPHUKE TPYZOB AOJDKHO 3apaHee BHECTH
UIM IepevyucauTh Heobxomumyio cymmy (1 crpanuma crout 10 7mapu) 3a CTaThlo M COOTBETCTBYIOIIYIO
IOKyMEHTAIMIO (IBe pelleH3UM U HalpaBleHue HayYHOTO COBeTa OPTaHH3AIlMU O IIyGJIMKAllMK CTAThU B COOpHUKE
tpyzos I'TY), mpunoxus cmpaBky o6 omiare. B rpade «HasHaueHume ommaTel» cilefyeT 3amucaTh «CTOMMOCTB

HY6JII/IKEII_H/II/I CTaTbU».

bBanxosckne pexsrsursr I'TY: KOpuamndeckoe uno my6amanoro npasa (FOJIIII); IpysuHckrl TeXHHIeCKHE
VHHBEDCHTET, HIEHTHQHKaHOHHBIH KoZ 211349192; 6ank mnpHema;, rocyjapCTBeHHAd Ka3Ha; HA3BaHHE

IoJIyvaTe]Id: eqHHEIH cYeT KasHEI; kog 6aaka: TRESGE22; cuer moyvarend: kof Ka3HEl 708977259.

ITpepnaraem nmopaaox odopMIeHH HAyYHOM CTaThH:
® CTaThd JOJDKHA OBITH IIPeACTAaBlIeHA B HAlle€YaTAHHOM BUIe Ha CTpaHuIlle popmata A4, comepxKaTh He MeHBbIIe

5 crpanur (mons — 2 cMm, nHTEpBan — 1,5);
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CTaThs LOJDKHA ObITH BhIMONIHEHA B Buge daiia doc min docx (MS Word) u 3ammcana Ha 11060M MarHUTHOM
HOCHUTEJIE;
IJI TPY3MHCKOTO TeKCTa IpuMeHaTs mpudt Sylfaen, pasmep 12;

mpudT AT aHIJIMICKOTO U PycCcKOro TekcToB Sylfaen, pasmep 12;

CraTbs JODKHA CONMPOBOXKATECA ClleAytomeit nHbopManmeit:

xox YK (YuuBepcansHas fecATHYHASL KIaCCHPIKAIIT).

Caezienus 06 aBTOpe (aBTOpax) Ha TPY3MHCKOM, aHTJIMACKOM U PyCCKOM fA3BIKaX:

IIOJIHOCTBIO MM U aMuIus aBropa (aBTopoB), E-mail, Hay4yHas cTeneHp 1 KOHTAKTHBIN TeIedoH;
Ha3BaHUe JenapTaMeHTa, II0JTHOe Ha3BaHMe OPraHM3aliy — MeCTO PabOTHI KaXX/JOTO aBTOpa — CTPaHa, TOPO;

IIOJTHOCTBIO (1)3MI/IJII/II/I 1 MME€HAa PENEeH3€HTOB, aApec BHeKTPOHHOﬁ IIOYTBhI, HAYyYHOE 3BaHHNE, Ha3BaHHNE JeIlap-

TaMeHTa WK MeCTa PaGOTEL.

K crarse OOJIKHBI IIPHJIATaThCA:

AHHOTan¥s Ha TPYSHHCKOM, aHTJIHICKOM 1 pycckoM sa3bikax (100-150 cnoB). J1g HHOCTpaHHBIX YHTATETEH

AHHOTaIIHAd ABJIT€TCA EAHHCTBEHHBIM HCTOYHHKOM HH¢0PMHI[HH O pe3yJIbTaTax HCCJIE,Z[OBIJHHI?", IIDHBEI€HHBIX B

cogepxxanuH craTsH. YIMeHHO 3T0 onpejenieT HHTEpPEC y9eHOro K paboTre H, COOTBETCTBEHHO, XKE€JIaHHE HAYaTh

AHCKYCCHIO C aBTODOM, ITO3HaAKOMHTBCA C IIOTHBIM TEKCTOM CTaThH H T.J.

AHHOTAITHA JO/IKHA OBITH:!

HHPOpMALHOHHOH (He JO/DKHA COZEPXKATh OOIHX CZIOB H Ppas);

OpHTHHAIBHOK (IIepeBoj Ha AHIJIHECKOM H IDY3HHCKOM A3BIKAX JO/DKEH OBITh KAYECTBEHHBIH, IIPH
mepeBojge CIELYET HCIOIb530BaTh CIIELHAIBHYIO TEPMHHOIOTHIO);

cogep raTeIbHOH (JO/DKHA OTPAXKATh OCHOBHOE COAEPIKAHHE CTATHH H Pe3YIbTaThI HCCIEZ0BAHHUA);

CTPYKTYPHPOBAHHOH (C/I€40BATH B CTATHE JIOTHKE OIIHCAHHA PE3YIbTATOB).

ZJo/pxHa cogepxkars:

IIpeaMeT CTaThH, TeMY, Ije/Ib (KOTOPBIE YKA3BIBAIOT B TOM CIVYae, eC/IH 5T0 He ACHO H3 3aIIABHA CTATEH);
MeTOJ HIH MEeTOLO/IOIHIO IIPOBELEHHOIO HCCAEAOBAHHA (OIIHCAHHE METOAA HIIH METOLOTOTHH IIPOBESEHHOH
paboTEI [erecoo6pasHo B TOM CIyYae, €C/IH OHH BBILEITIOTCA HOBH3HOH, HHTEDECHBI C TOYKH 3DEeHHA
JaHHOH paboThL);

Pe3yIbTaTsI HCCIELOBAHIA;

apeal HCITO/Ib30BAHHA Pe3yIbTaTOB;

BBIBOJZBI;

KJIIOYEBBIE CJIOBA, PACIIOIOXKEHHBIE 110 aX(aBUTy (Ha IPy3HHCKOM, aHIIMICKOM U PyCCKOM A3bIKAX);
B CTaThe JOJDKHBI OBITH BBIAEJIEHBI II03aT0JIOBKH: BBeJileHIe, OCHOBHAA YaCTh U 3aKII0UeHUe (BEIBOAEI);
KOMIIBIOTEPHBIE BAPHAHTHI YepTexkeil uiu hoTorpaduil JOIKHEI GBITH BBIIIOTHEHHI B TI060M IPaduIecKoM

¢dopmarte, paspemenuem — He Meree 150 dpi.
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e Jlurepatypa
Ilo pexomeHpanuy 6a3bl JAHHBIX MEXAYHAPOLHBIX HAYYHBIX JKypPHAJIOB, YHCJIO MCIIOJB30BAHHOM JIUTEPATyPhI
JKeJIaTeJIbHO JOJDKHO OBITh He MeHbine 10.

Hpe,D;CTaBJIHEM IIOpAOOK O(i)OpMJIeHI/Iﬂ B HstIHKYEMOﬁ CTaThe MCIOJIh30BaHHOM JIATEPATYyPHI:

®amunys ¥ HHUIHAIEL BCEX aBTOPOB [JOJDKHBI OBITH BBIIIOTHEHBI OYKBaMH JIATHHCKOTO auhaBuTa, T.e. TPAHCIH-
Tepauueil; Ha3BaHHe CTATbU C IEPEBOZOM HA AHTIMHCKUM fA3BIK; Ha3BaHUME MCTOYHHKOB (XKypHasna, cOOpHUKa

TPYZOB, MAaTepPHAIOB KOH(EPEHIIUN) — TPAHCIUTepaluedl (I3BIK CTAThH YKa3aH B CKOOKAX).

Jlureparypa (O6paserr)

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

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

3. International Energy Agency “Key World Energy Statistics” 2014 (In English).

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

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

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

Proceedings. N18 2014. Tbilisi (In Georgian).

,ZLJI}I IIpeaCcTaBI€HNA CTaThH JOJIDKEH GBITH IIPpHUJIOXKEH II€EPEYE€HDb HeO6XOI[I/IMLIX AOKYMEHTOB [JIsI COTPYAHHUKOB 1

JIOKTOPAaHTOB [ Py3MHCKOTO TeXHHYeCKOTO YHUBEPCUTETA:

e 1Be penensuu (cM. oGpaser)
http://publishhouse.gtu.ge/site_files/recenziis nimushi.docx

® BBHIINCKA U3 IIPOTOKOJIA OTPACIEBOH KOMUCCUU IO U3ATeIbCKOMY ey (akynbrera (cM. obpaserr)
http://publishhouse.gtu.ge/site_files/aqtis forma.docx

JOKYMEHTSHI JOJDKHBI OBITh yAOCTOBEPEHBI IIeYaThio (PaKyIbTeTa.

ABTOp MOXeT HCIIOIB30BaTh B KAYECTBE 00Pa3la O4HH H3 HOCAEZHHX HOMEPOB H3ZaHHA.
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