LI UISIED(M)s
LINBINBEA(T)
L0YBIG0)

[ENGINIE

N

ED

[EWYS

GEORGIAN

NG

N2, vol. 96, 2022



15dSPMBINML LS06IN6AHM LOSHLRIGO
GEORGIAN ENGINEERING NEWS, vol. 96, 2022

L5gHm>3B0Le Lsobgobdm ojgo®gdos
LoJoBnggeml Loobgobdm >3opgdos

801535@0 BIRSIBC)A0: sOhogn B@Sby0dgomo

LOAIRSIGO( 3MRIV0
3. 3090030 (Legpmgsggmo), &. aglggo  (GYLgmo), b. gpomdg@dEM (3967), 0. 9800 (LEpmgssgmo),
. gdlbogmggo (94M00bs), @. 0gsbmgo (GLgmo), o. gdgmmgo (9bogzgmo),
3. 33@>@060ho (53LHM00), g J9gae0dg (Olgmo), 3. 3gMgsmodgomo (LoJs@mggam),
& 30JMxg@™go (JoAgobgmo), L. dobslosbo (Lmdbgmo), ™. bsdohgodgogmo (LsdsGmggem),
3. 6030oBgbgem (6gao@glins), . begogmgo (Mgligmo), o. 3535930 (Sbg@ds0x Sb0),
@. x0bggohogbo (eo@ge), d. gudsggemgo (4obobymo), @. LoodyBdMEMZo (Hox04900),
@. 305830 (39Md5605), ©. hmdsbodg (Lostmggarm), . xogobsdg (LsJoMmggenm),
S, ®5b5bIgrmgo (sbgMds0xsbo)

LOBIRSIBGOM LOIZ(™M)
©. 30MM0dg, 5. EME0dg, J. IsbsTdgomo

International Engineering Academy
Georgian Engineering Academy

Editor-in-Chief: Archil Prangishvili
EDITORIAL BOARD
N. Edilberto (Peru), D. Chomakhidze (Georgia), G. Javakhadze (Georgia), A. Janahmadov (Azerbaijan),
P. Bielik (Slovakia), B. Gusev (Russia), I. Emri (Slovenia), L. lvanov (Russia), A. Kabulov (Uzbekistan),
K. Kozhogulov (Kyrgyz Republic), B. Katalinich (Austria), P. Kervalishvili (Georgia),
V. Kekelidze (Russia), S. Minasyan (Armenia), R. Ginevicius (Lithuania), O. Namicheishvili (Georgia),
P. Nikitenko (Belarus), D. Novikov (Russia), A.Pashayev (Azerbaijan), L. Saidmurodov (Tajikistan),
R. Shraft (Germany), A.Vasiliev (Ukraine), B. Zhumagulov (Kazakhstan).

EDITORIAL STAFF:
D. Gorgidze, A. Dolidze and K. Makhashvili

Georgian Engineering News (GEN)LTD

DOI: https://doi.org/10.36073/1512-0287

Address: TECHINFORMII, St. Kostava 47, Thilisi 0179
Tel.: 995 (32) 2335315, 2335122
Fax: 995 (32) 2335122
e-mail:nellym@-caucasus.net
Internet: www.tech.caucasus.net
Copyright © by GEN LTD



https://doi.org/10.36073/1512-0287
mailto:e-mail%3Anellym@caucasus.net
http://www.tech.caucasus.net/

LSISAN3IR I bS506IN6H( bLOSELI60, GEORGIAN ENGINEERING NEWS, M2, 2022 3

LS®RIZ0
JIRE6TBS TSR3 6539T30SL bL(IF6SLs

®3065835M60L  3H0R3IRRNS60 FI6MdIBOL HIBIRN®HIBSRD LSOINA33R IO
3MBLB@IICOIR-BIIEC)IRMBINTA0  30ROVIBIBS
dbbognrsdg b.g., Bogos @.o. 9

INFLUENCE OF SUBGRADE REACTION ON STRESSED-DEFORMED
CONDITION OF BUILDING
Shalitauri G.A. 11

FAIR SHARED GENDER-RESPONSIVE AND INCLUSIVE DESIGN OF GREEN
SPACE (BEST PRACTICE-TBILISI, GEORGIA)
Bejashvili E.W. 14

ObOR() 30RVI3350 1L506IN6M) BODBN35T0 R5BNOB6IdNN) MNIGIMMNIASSO0L
3MTIMBORMBISND 356GIA(MdIEIN0 3IBSLBGSBIBOL 339M6ORMBOL RAML

353 dgaodgoao 3.o. 23

@3336335CG0IRN MIHIMR065303960 GO3RABOL 0169@0 IBIIBHIGM 0L 560R0B0
Jogbodgoamo b.s., xsgd565dg0a00 b.8. 31

3630300 35R6LO BAM-3MPB0S60 BIRRDIFBIOIRNO  JILOLLMISOL/

356335 MI>ROLSNZ0L
Ggbagaros d.o., dmgodsdy 8.b., BgBgeedgomo .., bogomsgs @.b., dg@ody dg. 36

OPTIMIZATION OF THE RADIO FREQUENCY SPECTRUM OF MOBILE
TELECOMMUNICATION OPERATORS IN CASE OF INCREASED
MULTISERVICE TRAFFIC

Lomsadze S.I, Shamanadze O.K. and Bzhinava E.O. 38
MASSIVE OPEN ONLINE COURSES

Kenzhebayeva Zh.E. 43
BJIFLBIB0L SLob30OL LO30MLIBN 333-RNDBS06T0)

b53bg35d9 .- S0F5dy g.0, x865d9 @.3. 46
333-R0%5060 LMIBROML Lb3dRSLL3S J33dd565T0

653b935d9 3.9 B0FSdg g.0. x565d9 am.p. 48

L5O3BM3MINR(M 53IFIRNIG(M®HIJL XSPO)OL 05Rd3d>39Fd3TIR0 LOVOIBIML
0003J3(MBI IIMJIFIRIBOL b(MB0IGDN0 LS30MBOL dS6LOR3BS

I geemodgoaro 3.b, g3gagdody .. 50

LOR03(MB56356I30L R6(MdS bILBSBMOOL BIA(MTI6SRKE(M30)S JdBLEOL
06RILBHAH0IN0 656HIBEIBOL 353(IJI6IB00)
dsoby@sdy 0.8, xagarabody 5.8, J9ddsdy d.o., s8gbsdy @.z., bogys av.a. 57

R00)M6350L IRIIBAHMTORIA0 3SRIR6(Md0LOL IRIIBAH)ROL ddbIHIdSbI
ROLSAXIR0O LOMIML dS6LOLR3BHS
bognogody b.@., bogbogsdy .8, Jomsddgmody 8.6 60

OR30RM3®030 6IRKRIINOL 353(MJI6AdS IRIIBEMRIdOL RS65Bd®T()
&I60 Ko FIRSKO 0)IXOL FIRIRIBS-RORIRISO5M30L

bypodgoeo d.g., @s@osbody 3.5, 3mbxomsdgoaro b.g. 66



4 bSISEIILON LSObIN6H() LSS I60, GEORGIAN ENGINEERING NEWS, M2, 2022

1S8BIAVIINRC) 3MGIRMINL 303HMIBORBASGOIRO R565R35@ISOLSN30L
R530650IR0 RS 30830RIKO 6535RI30L 306 (I53E0
350(M3IB3HS6IR0 309MGILIBOL 33RIZS

3030a090d30a00 8.9, JIFIPS Igoemo 85, gAHSGSIg @.3, Xogs dgomo b.co. 69

3MR03IGIR 3(M33MB0G0TdAN 656(M65VORS3TIOL ©™MBT0LS RO LOdRS6BOL 33RI3d
3030 go dgoaro 3. g, gdsbmody 0.9, JI9JIHs Jgo@o 83., 3039bs dgomo b.6. 72

3MIR03IHIR0O BLBS@EIBIOL RS 35010 65®IZIBOL LOdRS6BOL IFu3IMHNBIESHIR(O 33RABo
3030@g0d30a00 8.9, JIRSGSIY @.3, 9856e0dy @.02., 575359 9.8 74

436356030 VIR0 Rd5FIFS3Id0L 35@(MBIFdGS6IR0 36(MBILIBOL 33RIA0L
YM3030M0 155300BOL SRR MB3BN30 RS LOIANSFMAOL) FRIMBSMIMBOL S6SROBO

30d0argo dg0a0 3.5, 03bsbsdgoaro @.s., xogsdg0ao b, J53585d9 9.8 78

B3I®0 06336L00L 36(MGILDLI  3MR03IGHIRO 3MIIIBLOCOOL  S33bO6STO
£330l 3INBOL dS3RIBOL S60RNDHO

dodoargo dgoao 8.3, 8089bs dgoaro 6.6, ;93908 dgoao dg., dsduarsdgoaro d.s,
Josbmody  @.o0. 80

3353300 853RI6OL 33RI3d> 3MR03IGIR0O 3(MIILOCOTB0RS6  3TFdH 6080
75@3MJda60L  BoHIM0 0633@LOOL 30MGILBI

8030 go dgoaro 3.3, 3039bsdgoaro b.b, Jgg9cs dgoamo B, dsduasdgoaro d.o. 82

YIRKROL, 030@0 RS YOOIRO RK3060L 3036MBOKRBH@SGOOL 30MGILOL 33RI3S
R53065A IR0 RS 303AORIRO 65350 30 (MdIST0

3030290 d30e00 3.8, ARGy @.3, Josb@ody . ., 299 oo d.g. 84

LOLAIRO RS HSFRN6OMI VIRIBOL 35™(N3IFd@SO6IR() 30 (IGILIdO0)
R5393d533d0L ©(MdNIHMO Ld>300)bO

30doango dgoaro 8.3, dsduansdgoano 8o, xsgs dgoaro b, J3J98599 9.8 87

R56B6INOL @S0MB0L HMINIB00 353 IBRORNL
TIROL B0H033®-d030IA0 565R0BO

Jo9660 @.b., §sbmady @.c2., dodoargodgoero ©.3, GIezsdy 6.3 89

NEW PETROLEUM SORBENTS TO REDUCE ENVIRONMENTAL STRESS
Molodinashvili Z.F., Kopaleishvili M.N., Gabunia T.I. and Shatakishvili T.N. 93

0%M603(MB06530R0)56, 303(MRN6530RMS6 RS 35RNIFOL

33d15G056(M3BIBOBMS6 (II) 3M3SRBOL (II) 503IBSRIBO 3(M(MHRO65GOIR(O
65330)330L LO6MIDLO K> 33RA3S

3989 90dg b.3., joamsbmbos b.er., 065dy 8.8, Jabbaao Jo. 98

3IBSR0)S 3MMBRO65COINO 653600 353(M63T5350)d RNINKASHORIBV)S6
@sbgamos b.3. 101

USE OF CATALYSTS IN THE ESTERIFICATION OF SOAPSTOCK FATTY ACIDS
Siradze M.G., Dzneladze S.Dj. and Antia G.R. 105

65633®5RIFINGNIRO 3IMMRKISN RS 35010 353(MII6TdS HMIR(O (VHIS6IR()
3MIRIFINIBOL JILOLYVOIROR
88390 dgoemo b.8. 107



LSISANZIR I bS506IN6H( bLOSELI60, GEORGIAN ENGINEERING NEWS, M2, 2022 5

33685(M60B0L 353(MJI6IdS 3IRNGN6ST0
bogodg s.a., 3sdgarsos d.o., dsdosdgomo by, (306(5dy 0.5. 111

153I@O30L R306MISLOROL LBHIAOR IGO0 303GMBORBEASC0S KRS
303®(M30MIRMAINIA0 565R0B0

3030 g0 dgoao 3.3, dsduans dgoao 8.5, Jggg@s dgoao d.g., dodoargodgoaro og. 115

30TR0L V33601 RS LSBIMS30L  R306MBSLIROL J030IAO JIRIIGOKRMIOL 33RA3S
d0doargo dgoao g.g, doduarsdgoano .o, dgnbybo 0.8, x355d30em0 b.. 117

3900 GbMBOL BIFECIR)B0STN 358(MII6IBIR(O G603IBOL MNIGIINO M30LIBIBO
dsbsansdy 0.9, bsdbs@sdy 8.g., jobodg b.s. 120

93BO6RILS RS 8HIIRISARBHL 353(MII6IBOL 30@L3IIB03Id0
TIBMIROKO T30 ¥o®3(MIdST0

649 Fg9as dgogmo .6., Bggdsemsdy §.o. 124

6390L 653330R6 ITLBGASIBOL 30RKRIdS, FILVOZRS RS 353(MII6IdS
dsds@s Jgoao b.3., Bynobs dgoeo b.s. 127

0M3a0L MILROL 30MKRMINIBIR 5>3B0I@ 6030)030Jd5MS
B36360360 0)30L36380
G9850g0 300 b.d, xobxmemos d.6., Jodbsgs 8.b. 131

0BM053IBOLS RS Bo®IOGBIBIBOL 3560V0RIBOL 35h3763dRIB()
LOdOMO)BIRMLO K> IZ3M(I30L IZII6IBdT()

G0bGsdy 0.8, dsdosdgoao by, bojsgs .., aagergbosbo o.m.

do 9w dgoao b.o). 134
0030 106539300 —

655335@0) 1553336d BII6039H0 I603IGLOBIBOL LOBALSLIGT0 140
036380 ¥Y03V035d0L 35blI6IdS 141

OUR AUTHORS (2022)



6  bSISGOIIIL I bSO6IN6H() bOSbKI60, GEORGIAN ENGINEERING NEWS, N2, 2022




LSISAN3IR I bS5S06IN6H(M bLOSELI60, GEORGIAN ENGINEERING NEWS, N2, 2022 7

JIRE6ISS FIKES 6539I305L bL(IF6Sls

LoJodmggmml  Ggdboga®o 9bogg@lodgdol 3Gmggbmeo, Lsjs@mggmml s Log@hms-
Bm@ober  LSobgobdm s Logs@mggmml gbgdagdoggmo sgoegdogdol  Sgopgdogmbo,
IEEE (599) o Sigma Xi (599) Lobmgopmgdol Fg300, meybol  @o@bgool m@wgbols

3585 g@o dsgmgs bagyggdos



8  bdISENIILN bSObIN6H() LSS I60, GEORGIAN ENGINEERING NEWS, N2, 2022

Yogngs bodygoos ©s0dows 1945 Favols 21 mgdgmgoel J. bsgonsdo (Lgbsgo). 1963
Vgl oomlb dgoosmby  @osdmogis J. 3bogoosl 3odggemo Lodygomm Lgmans, 1969

Vaeol 3o — bogodmggerml 3memodgdbogg@o oblgodgdol gbg@agdogamo gogam@do

»3809JBOMb Yo Loaydgool™ L3gaosgmdom ©s basdygdome ©o@mggl bmaswo s
09GP g gdBOmbogol omged@ol sbol@gbdew. ddsgsao  Faroli gobdogermdsdo

04t bodo@mggerml 3maodgdbogg®o obbEodydol LEuogbdms Lodgibogdm Loddmls
0ogdxmdomy.

1971 ol L{sgans aosp®@dgans dmbimgols gbg@dyg@doggeo oblEo@dy@ol sbdo-
A5bByY@>do. 1975 (gl [o@do@goom ©ooigs Logobpows@m wolg®@sgos. 1975-2000
Fergddo  Iygdomdes  Lodo®mggerml  3mao@dglbogydo  obbBodygdol bopoo o
0 gmO0geo  gangdBH®mbogol jomgodsbyg 99. olfogmgdaol wo wmEgbBol msbsdwyg-
dmdgdbg. 1989 Faowsb ogm dspbodyg®o  Ggdbogol  LsdgiEbogdm-33aggomo  gsdm@s-
AM®ool bganddmgsbgemo. 1998 Fgenl wooigs Lowmd@mam wolig@@saos. 2003 Faowsb
90 9JBOmbyeo  Loagegdol, Jbgagdols s LolEgdgdol gomgo@ol  godygs, 2007
Vawowob — gangdB0mgbgdhagdogol,  ggdd@mbogobs @ gargddHmdgdsbogol  wyds®-
®odgb@Gol bganddmgsbgemo.

1979-1983 (§. — Lododmggenml 3maodgdboggdo oblEodgdol  asg®mosbgdyao
30m3mdols mogdxomdsmy.

1996  (gaols  sodhogl  Lodo®mggerml  Loobgobdm  sgogdools  §930-30069L3mb-

©gbBow, 2005 (eowsb 3o — bsdwgoen (g3doe, ozomgdogmbowe, 2004 (eosb Lojs@m-
39e0ml 9bg@a 9@ 0390 sgo0gd00l §gg@00.

dobo  bodgzbog®m-33eggomo  Jodo@mnygargdgdos: g gd@B@mdsgbodgao  Ggdbogs,
05b5dgamgg  dogbo@ydo  dobosagdo, g gdd@m@Egdbogg@o  InFymdogmdgdol Loodg-

©EMEdlL  sdoegdol  3GMogdgbo  mobsdg®mgg  dogboG o  dobosmgdol  boboby.
d5@mbo ogngs ogm 100-bg dg@do Lsdgibog®m bsd@mIol, dmbma@dsngogbol sg@m@o, do-
©gdgeo dJmbws Losg@mam dnfdmdgdo, dmbsfomgmds Log@msdm@obm bsdgibog®m-
®9d60390 30b6g9M963090Ls ©s Lod3mboydgddo.

19952007 §¥. ogm  ULodsdmggerml  Egdboggdo  9bogg@lo@g@ol  Lalfogenm
boFogols gxu@mbo, sgogdogdo Lodkml (9360, Loo@mggaml Loobgob®m sgowgdools
»3690293040L°  gobymgomgdols s3o0gd03mb-d0gsbo, Log@msdm@obm  Loobgobdm o g3s-
©gdool sgogdogmbo, m@abol wodligdol mAEgbols 3ogomg®o.

do@mbo dogngs dowomo 3MmmBglomboobdom ¢gdmggdmws shogasb@os momdols
>@bOsSL.

dmm sof@gyedo ogrgs bokggdosl s 0gobg améyodol 0boios@ogom @
050Lbmdom LsJodmggaml Ggdbogy®do 9bogg@lodgdol doGosby dgoddbs s  ybogg®-
LodgBolb olBm@oobsdo  dodmgbogo Msdwgbodg Imbma®sxgos ws0dgkws.

d5Bmbo  Dogngs gobgrom doswogno @obyoli Igi3bogdo, 3GMRgLombogro, 3gwo-
3020 o Iy woz0lMgd o dJmgoggmdols goblsgym@dgdbyao  3slygbolidygdbarmdom

‘dgaLA e gdgemo.

49ddo@o@o dodyeodgoenols dogngs bodygdool god@s3gomgds oo ©obsjeno-
oo 0@ doBBm mxobol, 39amds@-bomglsggdols s Lododmggeml @gdboga®o  9bo-

390Lo@gBobomgol, s@sdge hggbo Jggybol Loobgob®m-Bgdbogy®o Lobmasmmgdolsmgol.
©dgOmds ©oydigoeaml  3oms Lsbyxgggeo..

bsgo@oggarerl Bafbozambo 560393 bodgd0
bofo@oggarmlb bsobgob@er sypsmgdos

Jadbogr Georgian Engineering News-ob d@gesjios



LSISANEIRN bS06IN6() L0OSERI6(), GEORGIAN ENGINEERING NEWS, N2, 2022 9

®306063BMB0L  IPORIIRNR0560 JI6M3IB30L @IBIRNMIBSRO 1SOIN@3ZR IO
3MELBEIICOIR-BIIEIRMAINIA0  35RSVIZIBS

dlbognsdg b.y., Qogos @.0.
Lodotnggaeml &9dbos9600 96ogg@Lodagdo

Mgy 3g@omedo 3dgbgdammdolomgols aobiygmgbomo bogggmols ‘dg@bggolisls
byyHmndmdeg@gdo gmggemgol omgomolifobgdwbgb bsggdmdols 399 g@9b@oli Fyamgdols
s Lgombdol s Lodo®ggengdls smogligdwbgb dol bgws bodbyya gdby.

Joamodol  300mdgddo  dgbmdgdo  gOmAsbgomsb  Jox@omss  boqgdo,  sygdols
39M0mEgdoz bbgowslbgss. s3godom 0b@gblog@om 303obs®gmdl gom-m@ Lo®mgemosh
3ob53gb05bgdado  Bg3mblH®YJ3os-aobobargdols  3@mEglgdo.  FomTo  FGSgoElo®-
0 0sbo dgbmdgool hoadsd, dgEgoms s@Lgdymo asbsdgbosbgdols Lsgdldamegs@oiEom
3003980. IMsgoemds Ygbmdsd Lododmgganml dmgen @oy Joemsdgols s ©slobengdyen
3996JBgodo sgodas da®omds, bafomo sgo@oygen dpamds@gmdsdos s godog®gdom
Lod7domgdl  Loko®mgdl, domo Gg3mbLEEgJaoolol 3o bakodms Lodo®ggemgdols aod-
@0gMgd0l dgmmegdols dg@bggs. sdm@Eebols s@O®M Y gdl oloi @M, SmEygbs-gyodenog-
090> Pbs gobbm®Eogmegl 8 do@osbo Lgolidy®d doarggdbyg gomgengdom [1].

‘dgbmdols gmblG®YJ30900L ©obosbgdgbols s ©gRMEAsE00L doGoms Jobgbow
‘dgodgrgds  hosomgommmb: boggdmdbdol Lodggeng, dobo o3y9d 3mbLE®GYJEosms  Jslbogools

(33990m, 53M9M3g A5M3399 3oMgdmgdoms FoJBmegdbo GmIgamms bgdmJdgogdol dg-

9350  BYdglsdo®ggangdds  aobozogl  sMomsbsdo®o  xwgbgdo  Bydg-aGbRol  (ow-
Ag9e bobgddo) 0b@Ggblboyg®o gofymosbgdols godm [2].

939@9L  dgdmbgggeodo  Igbmdgdo  Loko@mgdl Lodo@ygaol  aodgrog®gdsl, @og
doGoms@se d0dEobs®gmdl ymdoligdy®o goanols dmfymbomn (dgbmdols dogs Log@39do),
bodobyxmgobo @olisdo® gz gdom.

aobgobogrmon Ggageo®gdoeo Lodo®jggeo @3obodg@mbols Lo@ygerol godanog@dyg-
d0m g3 ae@doosdo Igmego dgbmds dmJboeno 3mblEOYJ30go bjgdom.
dodbogro  3mblEOYJ30900lL dgbmdgddo dowmgdygeos Lodo@ygmols dmbmenomnyg®o

bod@ggemol  aodmygbgods (bges wo Jgges Ladhygeo), @mdgaroi 9b@gbggmyogl dg-
bemdol s Lododggemol Logdiol 3mbbE®ygdaoge  Lboddgo3gl, @mdg@s@ol  Lodygs-
9000  dooml s gosbofomml  aoderogdgds [3,4].

Jmgdgeo  Godol  3mblE®ydiogool dg@hggolsl  Fgdbmemyog®o  msbdodwyg-
Amds omgoeolfobgds dgbmdoli  bgws boFools  godmymasl Lo®Eygagdl do@ol. my
‘dgbmdols  dofol bgws  bofogo  sJgb  dmJbogno  3mblLFGYJgogmo  bgds,  bmam
Lado®3ggero o®ol gogns, 35dob Jggos Lod@Fymol godsbsfogmgdgemo o6 doowgds, bm-
e bgos 20dymxao m@IYGhowegds 3mbLE®J3ool dmA0bmbEsmYM0 Aowsi3gmsby.
3035boFoagdgano Lo@@Gygerol gggmo s 5@IsB@ol ©osdg@Mo aobolobmg®gds gosb-
3oM0dgd0l g gao0.

3390l 3mbld®yJaogeo d0bodsgy@o  Lodomang 3dmbsiggmnbyg wbws ofbsls do-
0oy, SMsbogangd 350 39, bmeom  Lad@yeols Logobg doowm  s@obsgengd 500 99

0306509BmMbols Jggs  Lod@Byggerols d300g 33900l seaoegdols (3g3e0e© 2obymeggoggdsdo
d90J3bs  @mdgMmsdol  bgdgmgdo. LodGygeols dmfymdol @mL  3Gmgdom  Loko®ms
3030035 0lF0bmon 0bmansizos 3o Jmdol Gmd sgogommm sygbool doangdo  Lo@@-
490 gdl dm@ol dgbmdols 5Fg30L s aobfm@gdol @M. Loko®mgbol dgdmbgggsdo wmd-
30o@0b bgtgegddo gfgmds aodsbsfoagdgaro gargdgbBgdo (dsp. IBS330). mdgBsBol
bg®gargdols gJldene@o3osdeyg @Omgbom ofymds syygdol Fymds. 03 dgdmbgggsdo oy
9JL3e G300l AML Jgbmds 0@gdl  Fmen b swgdsHgds brgdym assb®gol, dsdob
539®ol Fymds 0dangds s bgdgangddo 5dmJdgowgds ©mdgds@ol LoliGgdgdo. Lodygdomls
obdymgdol gdpgy ©MIgOsGol bgdgamgdo b BMbegds, asdymao babols aobfgdog
9Vgmds Loobmamsizom ggbs s dnbpgds sa9®ol Fymdols smpgbs.



10 6SISFNEILCNs bSO6IN6H™ LOSERI6(), GEORGIAN ENGINEERING NEWS, Ne2, 2022

5
P)*.
v A

bolGo gmblEAYJoamo gbmds-ol Ggaymodgdsro Lododgggero
1 - bodo®3ggero; 2 — (3308090000 33900l A306539B™Mbols dmbmeonyg@o La®@ygeo;
3 = bododggenols 3sbgano; 4 — omdg@s@dols bg@gemo; 5 — godobofogmgdgemo gargdgb@o;
6 — ©mdzBhodol bgdgao

5dM0y00, g3 gs@oEosdo dgmayo Ibowggeeosbo dgbmdgdol, Ggyyeomgdswo
bodo®ggangdol  @gdbmemmyoyg@o  gosbps®odgdol  LolGgdol  ©sdydaggds  odanggs
‘dgbmdgdolomgols @gayodgdso  Lodo®ggangdols godmygbgdols Lodysmgdsls Gmym®3

bobEo sbggg dmdbogro 3mbdOYJ3ogo bgdom. ©sdydoggdygemo Ggdbmemaos odarggs
b3 domgdol ho@o®gdol Lodygsamgdsl dgbmdowsb  bognbol aolsbangdol ys®gdy.

L0B3IB>BDIDS

L o, Jodogo. ad9bdgdol dgdobogs o  @ydg-Lododgygemgdo. -domyydo, dmms  Gybmsggaols
Lobgarmdols 9boggdlodgdo, 2012, 162 a3.

2. % gbyadsns, 3. ombgdsdogno, 0. oMgdsdgomo. Ygbmdgdols o  bopggdmdgdoli oy gdols
B9dbm@maos. -mbdognolo, LEy, 2012, 420 3.

3. Zotov M.V. Installation of adjustable foundations for buildings to protect them from nonuniform
deformations. Boston : Springer US, 2013, pp.63-68.

4. ®yHiaMeHTHI ¢ BAHTOBBIMU JOMKpaTaMu. nat. 1.025.289 BenukoOpuranus

SUMMARY

TECHNOLOGICAL SOLUTION TO ADJUSTABLE FOUNDATIONS OF

STRUCTURAL REINFORCED CONCRETE BUILDINGS WITH LOAD-BEARING WALLS
Mskhiladze N.G. and Fifia L.I.

Georgian Technical University

A system of technological calculation of adjustable foundations for existing reinforced concrete buildings with
load-bearing walls has been elaborated, which allows the use of adjustable foundations for buildings by rigid as
well as flexible structural design. The elaborated calculations ensure the integrity of the structures and the
invariability of the internal geometry of buildings both when carrying out works on the installation of adjustable
foundations and the alignment of buildings. The developed technology allows to carry out works without
resettling residents.

Keywords: adjustable foundation, flexible construction Scheme, monolithic belt.
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INFLUENCE OF SUBGRADE REACTION ON STRESSED-DEFORMED
CONDITION OF BUILDING

Shalitauri G.A
Georgian Technical University

Abstract. In this work the model of building and ground (base) interaction on the static influence is discussed
and their joint operation determines the stressed deformed condition of the construction. Calculation is
conducted by using the computer program complex (LIRA SAPR 2021), which is based on finite element
method. Calculation is performed by changing the building rigidity (thickness of fundament tile is changed), one
also uses different methods of calculating on flexible base. One has done analysis of obtained results.

Keywords: subgrade reaction, stressed-deformed condition of the building.

Introduction

Ground variety has an important influence over the stressed-deformed condition of the
building. Correctly determined ground properties and then correctly described data in the projecting
would give us the opportunity to make the building more profitable along with reliability. Developing
the modern program complexes gives opportunity to make the joint operation of provided ground and
buildings (construction) as close as possible. By means of computer calculating program, selected by
us, it’s possible to study the joint operation of building and ground. This work discusses calculation
results of really constructible 11 storied building on the clay ground.

Modeling

Calculation by linearly deformed semi-space method

In computing program LIRASAPR 2021, used as the research tool, base modeling happens by
using the subgrade reaction, which are calculated by three methods [1,2].

The first method: according to the first method subgrade coefficient is calculated according to
the Poisson’s ratio and flexibility modulus of average importance.

Subgrade reaction is calculated with the following formula:

C = % 1)
H. (- 2mzp)

The second method: subgrade reaction is calculated by this method by using the Winkler

foundation:

C=<2 (2)

where ¢ = %is the average pressure on the foundation bottom. b — minimal size of the foundation;

77 - ratio between the maximal side of the foundation and the minimal one; S — foundation closure;

The third method: for determining the subgrade reaction in the third method one uses
formula of the first method (1). Difference among these methods is that for determining the modulus
of the average deformation of ground the coefficient correcting the modulus of the average

deformation of ground is used. This coefficient is changed U, =1 from the benchmark of the

foundation bottom U, =12 up to H limit of the active zone (before finishing the compressed zone).

_117°
= HCZ
C, - Subgrade reaction for all three methods is calculated by one common formula:
B CH.(1-2m,)
2 6(1-my)

u +1 (3)

(4)
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Determining the subgrade reaction in the used computer program is possible by two versions,
averaged and ground modeling. In both versions one can determine the subgrade reaction by above-
mentioned three methods. We would use ground model version, as it exactly describes joint operation
of construction and base and the subgrade reaction is not averaged on the whole space. Calculation
was conducted according to the norms of CHwuII2.02.01-83*,SP50-101-2004,SP22.13330.2011.
Difference among the results obtained according to these three norms is insignificant. Regarding the
above-mentioned methods, results obtained from them are different from each other (see the schedule
1). Building rigidity has the influence on the account results. Influence of the building construction on
the account is foreseen and modeled by changing the thickness of base tile (see the schedule 1). [3,4].

Calculation
Calculating subgrade reaction obtained by the ground model

a) Calculation model of the building; b) Type of deformed building

Schedule 1. Results of theoretical calculation

. —_ — Maximal stresses
_ 2 \g/ o = foundation plate column
§83 | 3 2E
‘_U E N c O o
= = Myt/
28d | 2 | Bz MM, |Q Q |R | "M
=T h <2 |[tm/m | tm/m t/m tm | tUm? Qty ':‘
O i p
60 -58.7 87.4 75.3 -502 -530 -21.8 269 | -394 | -235
Method 1 80 -63 87.2 74 433 -465 -21.9 23 -31 -226
100 65 86.2 73.3 382 -404 -22.7 19 -25 -219
60 -38.7 93 65.2 439 -541 -44.8 34 -30.5 | -216
Method 2 80 -40.8 106 71.1 -416 -499 -44.6 325 -23 -214
100 -41.8 116 75.2 -366 -458 -46.3 | -29.6 19 213
60 -25 59 47.3 -199 221 -21.8 -19.5 -35 -232
Method 3 80 -26 62.6 47.9 -193 209 -219 | -17.4 | -28.8 | -225
100 -27.2 62.9 51.4 -183 197 -225 | -154 | -23.8 | -220
Conclusion

In the case of three methods increasing the building rigidity (thickness of building tile) may
increase the closures, and flexible moments and transverse forces are different in the base tile and
columns. In the case of the first method increasing the thickness of vase tile may reduce the flexible
moments and cutting forces, in the base as well in columns. In the case of the second and third
methods flexible moments in the base tile are increasing, and transverse forces are reduced. And in the
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case of columns cutting forces, as well as flexible moments are reduced, and meanings of longitudinal
forces in the columns in three methods are reduced when increasing the thickness of base tile.

As calculation shows, meanings of subgrade reaction, calculated by different methods, are
different from each other within approximately 30-50%.

With the purpose of increasing the reliability of calculated results in future one considers
comparing the theoretical importance of deformed building with the importance of really constructible
building.
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FAIR SHARED GENDER-RESPONSIVE AND INCLUSIVE DESIGN OF GREEN SPACE
(BEST PRACTICE- TBILISI, GEORGIA)

Bejashvili E.W.
Georgian Technical University

Abstract. Historically, urban planners have created environments that are mainly suited to the needs of men and
public spaces have been designed without understanding of women’s needs. As a result, the gender-specific
needs of women and young girls remain unanswered in urban development. While cities are growing up with the
rapid industrial, technological and economic development, urban planning and design experience inequalities
and exclusions. The lack of gender-sensitive urban planning have resulted in a public spaces with less mobility
and with different barriers for the presence of women. As a response to the exclusion of women and young girls
from planned environments, the gender mainstreaming in urban design have been emerged that showed the way
how cities might differ if they were designed equally for men and women. After practising the integration of
gendered perspectives within urban planning for 30 years, European city Vienna’s experience reveals practical
approaches, activities, and design guidelines that show how to carry out participatory and inclusive design
process that explores the experiences and needs from the perspective of all citizens. Case study of Thilisi’s urban
district Avchala, were successful gender-inclusive project was developed within the technical and financial
assistance of international experts and ADB (Asian Development Bank), shows how simple design measures can
dramatically increase access to the public realm, promote safety and ensure visibility and participation for all
gender groups and disabled persons.The Avchala Gender Park Project also show how proper planning with a
gender perspective can ensure participation of underrepresented voices; how representation of all the users and
interested parties can yield innovative designs that serve everyone, not just women.

Keywords: urban planning, urban design, inclusive design, green and recreation space, gender mainstreaming,
gender responsive planning, community involvement, public participation

Cities have historically been planned and designed by men and as a result, they work better for
men than they do for women. This male-dominated thinking was evident in most large European cities
after the Second World War. The men architects and planners all over the world designed and planned
urban spaces from their perspective that was highlighted in urban settings mainly developed for
general purposes, whereas social, mental or physical patterns of many groups were left behind.

Today, there are many discussions how different gender groups perceive space and how
gender matters in urban settings. Men and women and people of different abilities use the public space
in different ways; people all have different needs and routines when it comes to the access of the urban
areas of the city. However, most cities are built for the male user and the needs, interests, habits of
women and girls are often neglected.

Urban planners on the international platform start to pay attention on some issues regarding
the built environment that reflect gender inequity within the constraints, inconvenience, barriers and
that women and younger girls deal with usage of services and spaces in the public realm. They try to
set on the main principles and vectors that provide safe mobility, facilities and public spaces that are
fully accessible and designed for needs of women.

The most important achievement in gender mainstreaming may be a growing awareness of the
need and willingness to promote gender equality. Some countries set up gender equality policy
machineries, equality policies are developed and implemented and growing attention is paid to specific
women’s issues. (Proceedings of the Council of Europe's International Seminar on "Promoting
equality: a common issue for men and women", Council of Europe, 1997)

Although many international institutions and other human rights organizations are firmly
committed to tackle gender equality, urban planners, architects and practitioners lack awareness of the
importance of prioritizing gender in the urban design process; they don’t have the specific ground
knowledge and do not possess tools to effectively implement gender-inclusive strategies.

In order to address this problem, various projects were initiated to generate handful practices
and methods for gender inclusive urban designh which embrace the women and young girl needs and
wants. This article seeks to show the process that was between policy and practice, intention and
action, by showing why and how to incorporate gender specific issues into urban planning and design.

Case studies of successful gender-inclusive projects from around the world show how simple
design measures can dramatically increase assistance and wellbeing for disadvantaged groups and
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gender minorities; they show how smartly planned urban environments with increased visibility and
participation for disadvantaged groups can promote safety and access to the public realm; how proper
planning with a gender oriented vision can ensure better representation and innovative designs that
serve everyone man and women without neglecting any user group.

Gender-sensitive planning is a relatively new planning culture that refers to a site- and group-
specific approach. Gender-, age- and group-specific interests are thoroughly examined and applied to
each new planning task and process. The goal of this method is to meet demands for space by
individual groups via creating flexible and adaptable spaces and generate new capacities of space
conception by inhabitants. The gender-sensitive planning is also associated with equitable distribution
of space. Urban planning vision from a gender-sensitive perspective embodies a planning culture
provisioned by everyday needs of the targeted audiences and cultivates better awareness of everyday
needs of women and men in relation to living cultural and social backgrounds. (Gender mainstreaming
Conceptual framework, methodology and presentation of good practices. Council of Europe, 2004)

The project of developing the standard handbook for the gender inclusive park and green space
design had been generated within the collaboration of Asian Development Bank, Thbilisi Municipal
Service of Environmental Protection (Department of Green Space and Landscape Development),
Austrian capital Vienna Municipality, Austrian and International Experts in Urban Planning and Gender
Issues. Practical approaches and design guidelines had been defined by the support of international
experts and specialists that cover the issues of how to implement a participatory and inclusive design
process that explores the experiences and uses of the city from the perspective of all citizen: women,
men, and various minorities. It also gives clear, specific design guidelines, appropriate for and adaptable
to all regions, for a range of planning fields, including housing, public transport and mobility
infrastructure, other infrastructure services, and city master plans.

The City of Vienna is a pioneer in this way as it has been already in the process of addressing
the issue of gender-sensitive planning for more than three decades. The 1991 exhibition “Wem gehort
der offentliche Raum — Frauenalltag in der Stadt“(Who Owns Public Space — Women’s Everyday Life
in the City) for the first time explicitly demanded a specific planning approach. (“Wem gehdrt der
offentliche Raum — Frauenalltag in der Stadt“Eva Kail Bohlau,Wien 1991).

The Women’s Office of the City of Vienna was set up in 1992 with one thematic focus on
planning aspects. With the creation of the Co-ordination Office for Planning and Construction Geared
to the Requirements of Daily Life and the Specific Needs of Women of the Executive Group for
Construction and Technology in 1998, by taking special account of the interests of girls and women in
planning City of Vienna (Executive Group for Construction and Technology Competence Center,
Overall Urban Planning, Smart City Strategy, Participation, Gender Planning, City Hall , Vienna,
Austria), the Co-ordination Office in 2001 took over the central task of evolving and establishing the
novel strategy of gender mainstreaming in this field. (Gender Mainstreaming In local authorities best
practices and case studies”, United Nations Human Settlements Programme (UN-HABITAT), 2008)).

As a result of many successful pilot processes and projects, gender mainstreaming today is
well established as a central strategic discipline of urban planning in Vienna. In recent years, the City
of Vienna has developed several methods to assess and evaluate public space with regard to its
qualities for different target groups. These surveys have ranged from analyses at district level to
concrete projects. The methods developed and successfully implemented so far help to widen
possibilities of use of public space, but also look at target group-specific requirements. These
achievements provide an important decision-making platform for project managers and politicians,
e.g. in setting priorities for processes prior to actual project implementation. It was implemented in the
Strategy Plan for Vienna, the Urban Development Plan and sectoral programmes, master plans and
urban design concepts as well as in numerous individual projects (Gendered Approaches to Spatial
Development in Europe: Perspectives, Similarities, Differences, edited by Barbara Zibell, Doris
Damyanovic and Ulrike Sturm, Vienna, 2019).

The implementation of gender mainstreaming is based on the European approach to the equality
and equal opportunities for women and men in all activities and areas of life. “Gender” refers to a
person’s social category rather than just the biological difference between women and men and also
includes the respective person’s upbringing according to gender roles, social expectations and
(behavioural) norms for women/girls and men/boys. These norms are mutable and vary both within and
between cultures. Mainstreaming means that the strategy wants to be an integral part of all political and
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planning decisions. Respect for the everyday life of women and men, of younger and older persons is the
foundation of a gender-sensitive planning culture. Groups that tend to be underrepresented in urban
planning processes are to be increasingly supported in their everyday lives. (European Commission
EQUAL Guide on Gender Mainstreaming, Employment & European Social Affairs, EU 2004)

Public open and green spaces are fundamentally important and frequently visited by children
on their own, who often accompany younger siblings. This matter of things is often characterised by
an amplification of gender-specific differences and behaviour patterns influenced by role stereotypes,
which also finds expression in preferences for different systems of play and movement. The design of
public spaces and buildings and their open/green spaces should relevantly enable gender-sensitive
space appropriation. Mobility behaviour and social patterns are in many cases linked to rules imposed
by parents: many girls are allowed to move and interact freely only at an older age, for shorter periods
and less frequently than boys. The social and/or ethnic background often exerts an influence on
gender-specific differences as well. Public parks and squares as well as social institutions in the
neighbourhood are important meeting-points and places of communication. The presence of teenagers
in public space is very strongly influenced by sex, ethnic and social backgrounds. Boys often
experience more activities and use playground areas than girls; parents are more concerned about girls
being harassed or assaulted in public space. Unsafe and uncomfortable situations in public space or the
occasional lack of open spaces that can be used by girls may lead to this subgroup withdrawing from
public space. This results in diversified necessities and specific requirements regarding open spaces
and the urban planning at all. (Gender Mainstreaming: Productive Tensions in Theory and Practice.
Social Politics: International Studies in Gender, State and Society, Walby, S. 2005.)

Thus it is important to formulate principal gender-relevant strategic objectives of urban
planning and urban development that address different life phases and realities for both gender groups.
A balance between the interests of many groups must be inquired when distributing the space and
allocating the funds needed for associated investments. The capability of people of both genders,
disabled or other social groups to move freely and comfortably through a neighbourhood at any time
of the day is directly amplifies quality of living. Sufficient illumination, non-existence of anxiety
zones, clear-cut signage, and relevant playgrounds can contribute essentially to safety and security of
the urban space and living itself. Equitable participation and involvement of all groups in development
and decision-making processes is the objective of gender-sensitive planning to enable all groups to
participate in decision-making and to ensure equality of scenarios in planning processes.

Eva Kail, one of the world’s leading experts in gender mainstreaming, who was previously the
head of Vienna’s first women’s office “’Frauenburo’’, was the initiator of the observation process that
documented a day actions and movements in the lives of women and girls in Vienna. This process
turned to a concrete change from the state of things where only men were defining the new structure of
the city to a specific projects lead by women urban planners and architects. The gender was taken into
account and result was better urban environment of the city. Her argument was that in order to get a
fairer society as a public administration, to offer good service for the people, to have better quality of
life — you have to take care of gender equality.( City with a female face: how modern Vienna was
shaped by women. The Guardian, May 2019)

To make the open public spaces more appealing to girls, designers and planners created
gender-segregated spaces with volleyball and badminton courts for the girls, open and private areas
with benches that encouraged socializing. So that usage of these public spaces by girls increased. As a
part of “gender mainstreaming” public policy, more than 60 urban planning and design pilot projects
has been developed with a strong requirement to strategic plans and initiatives of explicit inclusion of
needs, concerns, and experiences of women. (Bloomberg, How to Design a City for Women, A
fascinating experiment in "gender mainstreaming.” , by Clare Foran, September 2013, Behavioural
Scientist, How Better Urban Planning Can Improve Gender Equality By Jennifer Gardner and Larissa
Begault, April, 2019)

Vienna’s municipality has produced a whole document dedicated to gender mainstreaming in
urban planning and development entitled “Manual for Gender Mainstreaming in Urban Planning and
Urban Development”. It is intended to be a tool for quality assurance by planners. The guidance
contains prompts and objectives, as well as practical case study examples to illustrate how gender
mainstreaming has practically been achieved in projects. This manual is an undividable part of the
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city’s development plan. (Gendered Approaches to Spatial Development in Europe: Perspectives,
Similarities, Differences, Barbara Zibell, Doris Damyanovic and Ulrike Sturm, Vienna, 2019).

In 2017, Thilisi Municipality created the department responsible for development of parks and
green spaces with commitment to rehabilitate large urban parks, neighbourhood green public spaces
and develop new ones. The main objective of which was integration modern design practices and high
quality standards in order to upgrade existing public environments for better usage by city dwellers.
The Municipal Service of Green and landscape planning Department of Thilisi, represented by a group
of urban planners, designers and managers, with ADB sponsorship and technical support, were given
an opportunity to visit city of Vienna and be hosted by the gender planning experts and municipal
authorities. The local experts gave a deep explanation of gendered nature of urban space and
governance, within the concept of a fair-shared city. During site visits the group was shown Parks that
have been redesigned to provide better access for women and girls, provision of shared space for
different park users including women, children, migrants, the elderly and the homeless, residential
areas with improved safety features, housing designed by woman architects that provides comfortable
space for mothers and encourages community support networks. With an essential support of Asian
Development Bank (ADB) the department generated standard guide for green space development
which was introduced as a public space design guidance incorporating modern park planning
standards, methods and mainstreams.

ADB has worked for several years with Thilisi City administration to support urban planning
resulting in program of capacity building activities for integrating gender and citizens’ perspectives
into urban planning and design. After the visits of Vienna City Hall experts in Thilisi and Thilisi City
Hall representatives in Vienna for developing mainstreaming gender and citizens’ participation
program into urban residential areas and green spaces planning in Thilisi two teams of Thilisi City
Hall-urban planning division and environment and parks division—drafted two sets of guidelines
respectively by December 2019: Fair Shared City: Guidelines for Socially Inclusive and Gender-
Responsive Residential Developments; and Fair Shared Green and Recreational Spaces: Guidelines
for Gender-Responsive and Inclusive Design.(Pict. 1 The Fair Shared Green and Recreational Spaces:
Guidelines for Gender-Sensitive and Inclusive Design)

o m

Pict. 1 -Cover. The Fair Shared Green and Recreational Spaces: Guidelines for Gender-Sensitive and
Inclusive Design, Thilisi Municipality, ADB, 2021

Thilisi City Hall requested ADB for further support to pilot the Fair Shared Green and
Recreational Spaces: Guidelines for Gender Responsive and Inclusive Design in the design of a new
recreational area for the city, during which tools to encourage meaningful participation of end users
would be developed and tested. Thilisi City Hall also requested assistance to integrate gender into
quality of life surveys to improve planning, and to finalize and disseminate the two sets of guidelines.

The senior representatives from City Hall had identified an area for the pilot development of a
neighbourhood green park. The staff from the City Hall carried out a drone survey of the area to
collect physical information, and the two national community-planning specialists collected data on
the population and services. The international urban participatory planning specialist held meetings
with the national community planning group and other data processing specialists to prepare the tools
and guidelines for the participatory activities. The participatory toolkit was developed that covered all
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aspects of participation throughout the urban project cycle including information dissemination,
participation in spatial planning and design, identification of negatively affected social groups and
ensuring that benefits are shared equally across all social group.

The Avchala Park’s history is dated back in Soviet times 60s-70s of 20th century. The Local
Community Avchala District’s “Cognac Settlement” is featured with diverse neighbourhood with
multicultural community. The local community is mainly presented by Georgians, Armenians, Curds,
Russians, etc. The low-income and medium class families comply most of the social groups of the
local neighbourhood.

The urban participatory planning specialist David Callas travelled to Thilisi to help complete
the participatory activities. Prior to his arrival, national consultants had undertaken door-to-door
interviews of 245 respondents (160 female and 85 male), and carried out a walk-through activity with
separate groups of women and girls to collect deeper knowledge about the inhabitants around the park
area. In the final step, residents and others were invited to a one day open-air workshop in the park and
invited to re-imagine what a developed park would look like. (Pict.2 Workshop in Avchala Park)

Pict. 2. Workshop in Avchala Park, Thilisi, 2020); photo: Nana Adeishvili

Each group of participants, the majority of whom were women, children and teenagers,
produced design boards and these were consolidated into an Action Plan around the topics of space
and infrastructure organization issues; Gender sensitive findings were arranged that were integrated
into the final report.

Pict. 3. Workshop in Avchala Park, TbI|ISI 2020) photo .DaV|d Calas
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The urban participatory planning specialist’s final report with the participatory guidelines and
detailing the process and findings of the participatory work in Thilisi was submitted based on which,
the Landscape Architect developed the initial concept and produced a set of drawings and renders of
the proposed design. (Pict. 4 Situational Plan, Zoning)

The project conceptual plan was comprised of several priority goals that are accompanied by a
specific vision of the park to enhance the quality of life in Avchala District by providing attractive,
safe and well-maintained park with diverse recreational opportunities to serve and enrich the local
community. The project team aimed to achieve physical environment that will suit to the needs of the
locals with the emphasis on gender equality.

The objective of this design/redesign project was to ensure that Avchala Park was planned
from a gender-sensitive perspective that drew on local women/ girls specific safety needs and desires.
Equal opportunity would have been introduced new models of behaviour in space that seek to avoid
the reinforcement of “gender stereotypes” and to develop spatial options for people of differing
lifestyles, social background, abilities and resources.
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Pict. 4. Situational Plan, Zoning ,designed by George Gugunava

Designer used the gender mainstreaming approach that refers to the integration of gender
perspective into the design process, with a view to promote equality in usage of the space between
women and men. The profound research made by ADB consultants that was based on meaningful
participation of the local representatives and city officials gathered public feedback building consensus
for the plan’s vision and recommendations. The team members also conducted numerous
reconnaissance trips within the study area. These findings were supplemented by observational data
that uncovered various user experience information. The study of the conducted research helped
designer to get more detailed understanding of neighbourhood views and priorities. It aimed to
improve on what’s currently working, and incorporate community insights to create a welcoming,
diverse and inclusive space for all.

The Master Plan was developed based on the research made that reflected community goals
and needs. The master plan and zoning were derived from the main principles: improving access and
connections to the spaces, enhancing functional patterns of each zone and usage experiences, creating
attractive, safe and convenient areas to increase park awareness and involvement (Pict. 5 Master Plan
Render).

The Master plan ensures that capital improvement of the projecting site is consistent with the
community goals and needs that are expressed in the research. The plan is derived from the main
principles: improving access and connections to the spaces, enhancing functional patterns of each zone
and usage experiences, creating attractive, safe and convenient areas to increase park awareness and
involvement. The Master Plan envisions preservation of local environment with trees and green malls
for recreation. Three entrances (East, West and South) increase accessibility to the Park. The bike lane
is presented on the perimeter of the site as well as on the diagonal axes.
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Pict. 5. Master Plan Render, Designed by George Gugunava

Comfortable and well-connected walking paths shared with bike lanes are designed to ensure
good connections and accessibility to all zones and encourage socialization of people with different
abilities. The system of the paths provide accessibility to all zones at the same time separates each
zone for different user groups. Each space are gender sensitive and adapted for people with
disabilities. The size and layout of planning lot provides prominent location of access points and
entryways, adequate space for various recreation, passive and active zones.

The project introduced gender-segregated spaces by designing football/basketball stadium for
men/boys and volleyball/badminton court for women/girls. An open dance space for young teenage girls
also was introduced in order to maintain balance of behavioural practice for both gender groups by
providing more room for recreation and entertainment. By developing spaces for girls the project aimed
to create opportunities for new behaviours to embrace the visibility of women in Park. Several areas that
will serve as calm zones for relaxation, active zones for sport activities and training, areas for reading,
sunbathing, special zone for dog lovers, inclusive children’s playgrounds were also introduced; the
designer emphasized on safety and flexibility of Park site; sufficient lighting throughout the territory and
on park trails, a clear spatial layout of the whole park and each zone was maintained. (Pict.6 Avchala
Park Render)

Pict. 6. Avchala Park Render, Designed by G.Gugunava
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The future development of other parks in Thilisi will provide further opportunities to use the
guidelines and toolkits. The participatory process that took place in Avchala Park was used as a Case
Study in a chapter on Gender Responsive and Inclusive Urban Planning in the forthcoming ADB
book, Creating Livable Asian Cities (Creating Livable Asian Cities, ADB, 2021). The City Hall of
Thilisi officials announced that work was now proceeding to draw up the detailed plans for the
development of Avchala Park and implementation is planned in the upcoming years.

Pict.7. Avchala Park Render, Designed by G.Gugunava

These actions in practice resulted in the change of the planning approach on the municipal
level by integrating tools and methods for gender responsive and inclusive design. The City Hall
officials with local community representatives and neighbourhood activists of Thilisi established
strong collaboration platform that lead to participation capacity building workshops/trainings. The use
of participatory planning processes and applied inclusive design methods and tools raised the
awareness and increased knowledge of gender responsive and inclusive urban planning practises.

REFERENCES:

1. Proceedings of the Council of Europe's International Seminar on "Promoting equality: a common issue for
men and women", Council of Europe, 1997.

2. Gender Mainstreaming in Practice: A Handbook. Bratislava: UNDP Regional Centre for Europe, 2002.

3. European Commission EQUAL Guide on Gender Mainstreaming, Employment social affairs, 2004.

4. Gender mainstreaming Conceptual framework, methodology and presentation of good practices Council of
Europe, 2004.

5. Gender Mainstreaming: Productive Tensions in Theory and Practice. Social Politics: International Studies in
Gender, State and Society, Walby, S. 2005.)

6. Good Practice in Planning with Gender in the Commonwealth. Paper for the Women in Planning (WiP)
Network of the Commonwealth Association of Planners, Todes, A.; Malaza N. and Williamson, 2009.

7. Bloomberg (Digital Magazine), How to Design a City for Women, A fascinating experiment in "gender
mainstreaming. by Clare Foran, September 2013.

8. State of Women in Cities 2012- 2013: Gender and the Prosperity of Cities, Nairobi: UN-Habitat (2013),

9. Gender Mainstreaming in spatial planning, a step by step approach, United Nations Human Settlements
Programme (UN-Habitat), Municipal Spatial Planning Support Programme, Cosovo, 2014.

10. Behavioural Scientist (Digital Magazine), How Better Urban Planning Can Improve Gender Equality By
Jennifer Gardner and Larissa Begault, April, 2019).

11. The Guardian, City with a female face: how modern Vienna was shaped by women, May, 2019.

12. Gendered Approaches to Spatial Development in Europe: Perspectives, Similarities, Differences, edited by
Barbara Zibell, Doris Damyanovic and Ulrike Sturm, Vienna, 2019).



22 LSFSANEIRN bLS06IN6H() LOSLLI60, GEORGIAN ENGINEERING NEWS, Ne2, 2022

©®J3b03939

LSASAMNRNI6SR 33RSESTVORIJZIR0 LSGI3BISGOM LO3HBI — dIERIGIRO  MS6SLYMDMBOL
30066033650 (ME0IEBH0@TSIR0  Rd50JB3SMHTdS RS 063RIBOIBO  KODBS060  (LOIZAINMILM
3@353B035-M30R0L0O, LSISEMBIRM)

dgg5dgogmo 9.5.

bogdodonggenml Ggdboganco gbogg@lodgdo

obAmGogmsE,  Jomsdagadomgdagdo  Jdbowbgb aoMgdml, @mdgmoi doGomspse  sgdsymeo-
gdes dodsgo3900lL Immbmgboengdgdl, bmem Loxs®m bog@mzggdo 3Gmg]dodegdmes Joagdols
Loko®mgdgdol aoMgdg. dgogasm, gedsbygmo msagadsmgdols 3mmEglido gagmgdgaymgogmo ogm
Joemgdolis s sbogasbBs gmambgdols Loko®mgdgdo. doygbgosgsw 0dobs, M Jogms]gdo LF@s-
Qo 30MmeMEgoosh ©s Lobgbgs 0bpylg®oygmo, Bgdbmemmaog®o s g3mbmdogyco dow§gggoo,
YAdSbYmo  sa9adsMgds s obsobo bdoMoe bolosmgds goobslbfmamdomn s godoyyemm-
dom Logmggdol aodmygbgdols s Imbdsdgdol gymbom. ggbpgm g dy@dbmdostg @bdsby-
@0 5398350 900L  bogagdmdsd aobsdo®mmds ol, AmI Loxo®m Logmggdo gobes bojengdsw
dodboggmo Joemgdobmgols ws bbgopslbgs Lm@osygdo xagagdobomgol. Joggdols ©s shogn-
230b@s amambgdol oy gadodgdymo aomgdmsb godmmoibgol Ladsbgbmo, Mdsbyga wobsob-
‘do  gohbps ,ag9bpgdygamo  3g0bbE®modo”, @mdgandoi  ohggbs, ®yg Gmam®  dgodangds  yoblib-
303090m©9lL  Joemsdgdo oG ligdygmo goboggdo Losdgs@mbash, 09 olobo mobsd@e 0dbgds ©o3-
0m9]B 9o, Gmama g dsdsgoigdolbomgol, obg Joggdologol. @dobye oy gadomgdsdo aqbwg-
Ao sb3gdgdol  0bGgamoiools 30 Feosbo godmEoemgdol d9dwgy, g3Bm3gmo  Jogmsgols
39600 dspomomo ggolfogmols 3MsJ@ogger doymdgdl, >J@ogmdgdl s ggodmggl  Lobgenddmgs-
bgenm domomgdgdl, GmIamgdoi ggohggbgdgh, 09 Gmamd 9bes Fs®ods@mmnml mbsfoemgmdomo
> 0bgegboyg®o obsobols 3GmEglo, GmdgaoiE mobsd®ew dgolfsgaols yggers dmdbdsmgdenols
— 3035353900Ls s Joangdol, dokgdol @ mamgoob-godmaomgdsl s Loo®mmgdgodl, mdo-
golido, ogkos@ols Gsombdo a9bpgdymo s 0bgenygboyg®o obsoboli 39ML3g]Bogom aobbm®og-
g gdagmo 30mgJdol dgdmbgggol dglfogms, Gmdgemoi dgdyndegos boghmsdmaolm gdb3g®Ha-
b0l o ADB-ols (sbools gobgomodgdols dobgol) @gdbogudo s gobobliyg®o dbodpakgdom, shgg-
bgol, o9 @Amam@ dggdmos 3Gmgd@dodmgdols Jo@@Gogds Lodygomgdgdds dbodgbgenmgbom aobom-
ol Loxs®m Logdgdo Fgomds, gosygdxmdgbol glsg@mnbmgds, 9baybggayml bomgo@mdbs
> dmbsfomgmds gggms agbgdygmo s bmgosmygdo xaggobogol. sgdomol a9bwg@dymo
3oMg30l 3MmgBo godao dogomomos 0dols, my Gmam® dggdamos agbeghgmo 3ga L3gJdogom
350y 5392350 gosl gbAbggmyml yzgems w©o0bBgdglgdagmo dbodols hodmgs, yggens dJmIbdo-
Agdaols Fodmdmdspygbemdbs, o3 mogol Ibdog bganls 9Fymol  0bmgszoyg® ©obsobl, Gmdg-
o3 Lomygdgel dmyg@sbl gggmol s s®s Ibmmmp Joagdl.

b53gsbdm  Lodygggdo: 9Mmdsbyao  oggado®mgds, 9Mdsbymo ©obsobo, 0bgegboy®o  ©obsobo,
aVgobg o  Mg3Mg5309mo  bmbgdo, agbpgdygmo  dgoblE®odo, agbpgHPmse  Ggoy0M oSO
05393335, Lobmasmgdols dmbsFom gmds.



LSFSANEIRN bS06IN6() L0OSLLI60, GEORGIAN ENGINEERING NEWS, N2, 2022 23

sbOR0 30RYA3310 106IN6A™ BNDHN3SFN R5BNL6I00) MIGI)NIASS00L
aMIVIMINRM3I300) 356GIGMITEIRNO 3IBLBHOHIBOL 33IH6SRMBOL KA

358> dgm0dgomo .o
bsJodmggerels ¢gdbogndo 9bogg@dlodgdo

ddogogmo  Faools gobdoganmdsdo 0bOEgdmes 0bBgdglo  gergddOmdsabm@ydo
Gom@gdol  20dmygbgdoby Gmym®i dOglggemdsdo  obggg Lodgibogdem  3gagggools
390 bomsi. 9gOm-g@mo LoobBgPglbm ©s dgHoe badsbygbolidygdam dods@mymgds Gmym-
60 oMol dgoi3obs Loko®ml bpol gobsgoms@ml  Gglbmermaogdo s dmTymdbdognm-
4900 @mdmgdoz 04gbgdgb g gdB®msabod Y@  Foemgdl  yobdBmgmmdol  dwymds-
@gmdol, @m0l bobdmgerg gosdo wosgbmb@ogols s 33h@bsgmdolmgols.

ogmgoligdosbo  Lodbogbg gl oMol EoogsEgds  AMIgEoE  ogM (39 goYEos
Jbmgmonl osbanmgdom 30% Jmbobamgby. dgogyew, osbegrmgdom bobggs®o dmsgm-

©gds  boggoomon. d3g@bsgrmdols LoGmymggdo Iy oY ggeo s> MNYYES©
oslogsbos.

9oy boyggybol  s@dgye  gBo3by  3o@ggmoe  bobgl  Gmgme  dgdiodws
53030Lgdosbo  Lodlbogbols bmds Jdanog@o 3bgergdol AML, ol Jgegassi wsofygl

d5dBgBogao BmJlobgdol 0bgdizogdo Jmgoendo domsmo Bgd3dg@s@dgmo asdmbs(gggew.
1960 Ganowsb Logydgaosbo@ odbs @oslidy®dgdygeo, @md sgmgolgdosbo  Lod-
Logbggdol d39@Mbognmdols 3MM3gLgddo aodmygbgdyemoym dswomo Fgddgas@yds, GmIg-
o mogobmegoe  dgdpamddo  393b0gMgdol bgghme gobgomsdws. mydEs ©wgdeg
Lo@ogegl Fomdmoeagbls sgmgoligdosh Jlmgoado, Lo@®dgbg @9d3g@sdg@ols dmds@gos
s dobo  goMd33gymo @AMolL  2obdogemdbdsdo  LEsdoay®  Iohggbgdemgdby gohg®gods
3o0dgdm  xoblbomo  Jlmgogrgbols  obosbgdols  goMygdy.  s@bodbyemo  3GMmiEgLgdols
aoslodk®gamow Lsgds@olio s® ogm dbm@me gomo @Gmdgaodg bygOml L3ggosmob@ols
Lodg3bog®m ho@myamds, dglsdsdobo@ bygOmd ,,30390mg®dos" aoog@masbs b3giEos-
ol gdo: 0650bM9d0, Bobogmligdo, domenmygdo, mbgmamagdo s Jodydagdo s Lbgs.
>0bodbya  byg®mdo gobogols s 0bgobg®ools (Loobgob®m Gobogol) dobsbos, @®I
@53 dgodangds doJlodogry@om oyml gogdEgegdymo dosgo Bgddgas@d s s3mgo-
Lgbdosbo Jbmgognols dobgddo s 3s@ogganyg@oe s3I0 0dbgl xoblbowo Jlmgoggdo.
9YBO®  JgHo@E, Loobgobdm  Robogol  asdmmgagdo  goms®Egdmes 35309630l gody
bges30M0osb Lomdydo mbols Jofmpgdbomn wsdobbgdom Lodbogbyd Jlmgogrgddo.
d03g0mg@dygao  slboggdol  aobgomsdmgdols  Lofgol  gBo3by  ¢3005@glmds
dogbods bm@dsgnyg@o s o3mgolgdosbo Jlimgomols 0gbBogoEo®gdslt. Fargdol aobdsg-

eodsdo  dgolfogmgdmes  Gmamai dogdm-, sbggg dog0mIme gsaag@o  LE®O]H -
A0 o390 9mgds. 3mEboge 53mg0Lgdosh Yx®go by ©sdsbosbgdgmo gu9JBol dJodobs
9bos dmdbps®oym Lod doGoms jmd3mbgbdby: 1 gx®gpol dgddo@sbs, 2. gx®gools
hombhbo ©s 9969B039M0 bsfogo.

Lbbgs Lodmygeggdl Fo@mdmswagbl:  sgmgoligdosbo Lodbogbols s@s3mImygby@o
303039 gds  Mmyme ;3 doGomspo Lodbogbol slggg dobo dgaombymo ©s dm@gywo
396oLBsbgool; Lodbogbol sy ©s 83056 LEsogdbyg sdmhgbs; JnEyammds ©s
dobs; Lobbadmds®oggods; mobdbergdo osgegdgdo, 353096@0L sbisgo, Lodlogbols @ m-
3o 0bo3os s . 9.

30390mg®dos 203m0ygbgds sgmgolgdosbo Lodbogbggdols d3y@bogrmdols 3GM39Ldo
Joo g0y, Goommg@sdoyge s Jodommgmsdoge hodggolbmsb gomo.

5330039008 dgga9dds ohggbs, GmI Gm@Ebogo m@ysbobdol 03 Jlmgoengddo
oo dodmdlboss gobgoms@gdymo @oommg@sdools dods®m s®osb Ggboli@gbdmgdo
[1]. 1955 §geol Thomlinson-ol wo Gray-l (30933s ohggbs 9 G@am®  3H0E039ES@SS
©sdmgowgdgeo Lodbogbol golggmsmobsizool gogdodo Jlmgool mJlboggbsiEosls @
‘dgdamddo Aspommngdsdoygmo d3g0bsgmdols dgogaby.



24 LSISANEIRN bSO6IN6H() LOSLLI60, GEORGIAN ENGINEERING NEWS, Ne2, 2022

5B WomdoEsb s s@OLYOYo EYgsbEgmo 30MMbgdoEsb godmdwobsdyg Lodo-
Om  gobps  dgddbogrogm  Loobgobdem  dmfymdognmds  @mdgmoi  bObggmymaws

bobmbsfoas 3gool aoby@gdsls 55 C-Iwg gmEbogo Jbmgogols Loe®dgdo 810 d-by.

hggbl Fog®d hododgdymo Lodydomgdo gdwgbgds (33emoo  gangdB®mdsybo@ydo
Gomwgdol bbgoswslibgs gobogy®o Lowowggdols asdmygbgdsls ws dol dm{ymbdogrmdsdo
3ooHObol, Mmdgmoi byl gyTymdl  sdobbgdomo  303g@mg@dools  Lsd jy@bognm
300m3gLgdol aobbm@z0gegdol. 930039 gl ymgemobs dmygegygeo odbs Lbgowslbgs
303900 g®dools sbsysmgdo, GmIgams 13g(308035(30900 @GO YGo 0bs gobbogny-
0. Lodo doGomswo 3md3mbgbBo @mdgenoi 3039@mg@mdool @AM asdmoygbgds s@ols:
1) bobmbofomsigdols boo@lobgmds; 2) mg@dmmg@sdools dmfymdoemdol L@@ yds
(oboao®ol 3OmEME030) ©s 3) dogbody®do gganols 3o@dg@Mgodo (Hogwols Lobdomy
©> ggeol Lopowy).

mog0l Ib®og 353096 0L @560 Do gomgoy@ (Bm ylo@gdyga) @ gsaobo-
Gooby  I3m@bsgmdolmgol  3gd3g@odnmsd  9bws  Joofoml +48-ob  +55-dpg °OC-L.
530 9bos  0gml @mam® 3 oM dgdm  xoblowo  Jlmgogmols pamds®gmds  sbggg
353096@ 0L s 3g@Lmbogols bmaswo Ylog@mnbmgds.

00 O YAo©  (3ge0o0  doabo@ o ggmom 0byo@gdygmo dodgemg@doolngol
Ls0bBg@gbms 2 ganslols dobsgms: Bg@mIoabodgdo s Rg@o@gdo. dogboGycdo Imgamgbs
Lodygoamgdol odanggs  2odmofgoml  0bpeydios s@bodbymo dsbosggdol  3@0LGs@ g0
53909 gdols bLogydgzgebyg. gg@o@gddo dogbo@y®o dmdgbBol @AM j@obEsdo gob-
53905 bgds s@3s@omgey@ds s dglodsdobo Lowowga o s@oli gBhmygemmgsbo,
bogem  gg@Omdspbo@gddo o  Iopbody®o  dmdgbGo  3s@ogganyy@os s Lowowys
9JOMYgoMMgSbo.

bbgowolibgs gm®dygagdols sbogrobds ohggbs, Gmd ©sdobbgdom 3Jodg@mmg@dools
AL domemaog®  Jlmgoagddo Lobydggeos godmygbgdogao 0dbgl @sdseno Lobdo-
@0l gengdHO®Isgbod@o  Gomwgdo (<100 kHz) @mdgemoi  dgdogmddo  Loko®mgdl
Lbbgoaslbgs 9Jl3gmodgb@dl [2].

Ggero 3oab0B @ ggerdo bofomszol Ji3ggs o@ol slggg aoblbgsggdygero dobo
bemdoll Jobgogom. Tgos®gdomn oo bmdol bobmbsfomsigdo  dggmmgdol  Jgogasw©
03909096 bygog@mggegdl dmdgaroi bgarls 9deols 3mdmagbyd® ©oxgygbools 30miEgLl
3OEbosge m@ysbobddo.

bobmbofomszol dg@dbggols @Ml gomgsaolifobgdygmo odbs sbggg H9d3gOs@y-
@0l b3gEogoyo a9bg@oiool Loddamsgdg 1-10 ©osdg@@ols Lbgopslbgs Fe-ol bobm
bofoasy9ddo [2]. SAR = cdT/dt Lowsz € ool mdm@ggomds, dT/dt — §93390o@y@ols
dmdsBgds wamols gOmgyendo.

bEosdoeobsizools @meno bsbmbsfoesgols dodo®m Fo@mdmowygbls sbggg 360dgbg-
gegob jmd3mbgb@l. oMs LEsdomobo®gdymo bobm bofoaszgdo 2-5 {ymndo (o@dmd-
36056 3Mba@mIg@o@gol, @mdangdoi  god®siool  AML  Bgd3g@s@@sl  m@Ebogn
Jbmgoe o gowosbsfogdgb dgoo®gdom s@sorqby@sw, bomenm LEsdogrobodgdyao
bobm bofosgo dpg@oos mg@dygmo 30miEglgdol dJods®m s FoMdo@gdom godmoyg-
bgdo domemaog@o dobsgnols Ggd3g@s@g@ol dmds@gdbobmgols.

Lodm@mmE 5Es30560L MEAYb0BIoL Jods®m dommsglgdomdols s dopabod®o
0golgdgool aodm  dg@hgyao ofbs 5-10 63-ol dopbgBoBol bobmbofogszols , Fes0s
dadopo bybdgbbos.

30bogol mobo BybesdgbBydo  YHmogHmJdgrgdosh doGomspse  odmygby-

daos g gdB®mmdoabgdobdo.  Bogbgdodol  bobmbofomsggdols  @bgggdol  gogyols
dobom{ 3o owas Loko®mgds OmI Lodsbolim mgm@oygmo LoFyoligdowsb 3@s]Ho 9o

(3000l homgmom dgJdbognogm  3gmswo  dogboG o ggeol ggbs@s@dm@o  Gmdgeno
dmoEogs  mogesdomggmsm  doJlggeol aobBmegdgdl dmym@oiss: aoglols  gobmbo,
3oLbol 3obmbo 3526930 bdolmgol, Rodswgols 0beydiEool gobmbo s s33g@ol 3obmbo
doJlggemols  gmdgddodgdom, ©sds@gdom oliggg @mmgbiol dogns s 8.9, mg@Iyeo

99960 Jgegaol domgds bpgds 3gmo© dopbody® ggals ©s Loggmemo dsabodq®o
dmdgbdol  3Jmby  bsbmbsofogsggdl  Im@ol  POmogemdgogdols  Lodgogmgdom. oI



LSFSANEIRN bS06IN6() L0OSLLI60, GEORGIAN ENGINEERING NEWS, N2, 2022 25

‘dgdmbgggedo doGomswo dobolosmgdgeos dogbo@y®o obpydiool ggddm®o, Gmdgaoc
SI (System International — Log@msdm@molm LoliGgds) LobEgdsdo s@ols Gglgs.

(3gsoo  dogbody®o  ggmols  30M5dgB®gdol  dolbowgdoe  ho@ods  gobmdgom
bodydomgdbo MM gdoi 9gyOEbodMmEs Mgm@oye Lbogydgegdl:

0
V E(r,t) - —a B(I’,t), (1)
0
VEXH, =J,, + = D(x,t), )
\Y XB(r,t) = —O, (3)
\% XD(r,t) = vat, (4)

boog B ool gengdhdrgeo  ggemol  0bGgbbogmdol  gaddmo  (gogedo  39H@by);

dopboda@o ggeol 0bGabliogmdols 3gddm@o (533gco dgH@bY). gegdHO Yo Fowss©yo-

@qdol ggdmGo (ggembo 32-bg); B dopbogg@o 0boygdiool ggddm®o (398900 3%-byg

(Habes)); I LobBo@gemo Lodzg@ogol ggddmco (5339G0 3%-bg); p IgbGol Lodggdogy -

G mdsbg (Fgeombo 83—%3); r — 3mboigools g9d@mao (Igd®gddo); t - wam (Fo390) [4].
‘dglododobo IgbGol 3mblig@gsios godmobs@gds

0
Irs =—ap(r,t) ®)

E ©o B gomgyamgdbo @mdgbioll dsgnol gm@dygaols dgdggmdom  dmJdgogdgb
I9b@d by:
F=B-v-q-siné

Losz F o@ol dogos, q 3gb@o, V LobJomg, B dspbo@ymo ggano, Sind gymbg dopbo@y®
390 bs s LohJomgl dm@ols.

sbggg F(r,t)= p(r,t)E(r,t)+I(r,t)B(r,t) (6)

5Jgsb 203mdwobamg D o H wogogdodgdymos E @s B-mob dodomswo 3o@sdgd-
Mgdom, OMIgeoi mogobmsego sbobogl dgooydols Igdoygbermdbdols dybgdsl.

dgenddmaiol gods gl s@ol meo opgbdygdo dgHogols dsgmyaols  bggyeos
00gbBdo g gB@ o Lobdo®oms s  bggymgdol  dods@myegdom, @®Ia@gbdo
obanoa gogmos  g@mdsbgmol LodgG®oygmse. bggymgdl ofgm Logdomm sjlolo olgmo
3obenoagb0m, OMI  gOHmo  godowsb aodmlboggdymo dspbodydo ggaro gdmbgggs ©s
995905 39m@g gkoob godmliboggdya dogbodyd® ggel. doom dm@ol sEomgds Ge-

0> bggaegdols Goswoyglbobs. dmigdgmo Fymds Gmym® i mgm@ogmso sbiggg (rgools
boggdggen by 235hg9690L, Gm3 dom dm@ol ,,39b6GHG s ydoe™ dglodangdganos Jmmsogl-

gl bogpgmo dsbogns s aobbm@zogamegli Lbgopslbgs olboggdol Lodygsangdgdo.
3Mkgools slgmo  gobaspagdols o 3oM5dgB@gdol godmmgmgdo  gdwgbgds  ag®dobgen
3936090 gobogmll 39@dsb JgeddmansL.

33030l dgompemeEmyos

3320939%0bmgols dg@bgyemo olbs 5-1563 Fes0s (15p 3% Vol), dogbgBodols bobmb-

sfogos 39d0.
©5d0bbgbomo  gemoo  gargdB®mIsabodgdo  ggeol a9bgdsioolmgol  dgodbs
Loobgobdm dmfymdogmds, @mdganoi dgoagds dgdogao doomso 3md3mbgb@gdoliysb:

2 oo dgmddmeiol gmdks Gmdgagdoi gOmdsbgmoliogeb sdm@gdygaos 110 © -osbo
J9obom, GmIgemms Lobdocdg o0dsdmgds 10 KHz Lobylmowydo 033galgdol g9b9@s-
300m.  Sbodbygmo g gdB®mdsgbod o  Gogmol  Lobdomg  (Hogrmol  Lop®dy



26 LSISHNEIRN bS06IN6H() LOSLELI60, GEORGIAN ENGINEERING NEWS, Ne2, 2022

A= 29970.2547m=~30000 3d) dg@hgyeros L3gEosyg@oe bsdgoozobem dobbgdolmgols dolo
FVygogdo domogmo aobgmomdols aodm 22,506 33. gl ¢3obob3bgano osbenmgdom 50 xg@
o00gds@gds 500 kHz Lobdodol @ommgdl Gmdgmgdoi 3o3mygbgoygmos 303g@mg@dya
demgmdoenmdgddo.

b9dmo s@bodbyao Loobgobdm U3gi30x03530g00L IJmbg InFymdoamdols gobo-
3900 doboboomgdangdo s dogbo@y@o Lombggdol gobogo sdmgolgdamdol godmls -

g ggo0 25dm0ygbgoms LC @gbmbsbliygmm a9bg@s@dm® by @oxiydbgdymo bgds (bob.1)

Bbndndo

bob.l. odseo LobPoBol HgbMbsbLymo ggbgds@m@odsgboda@o Lombggdol asbogo
sdmgoligdmmds

5d3ges  dopbo@®o  doamogbom (dogbgBo@ol bobmbsfogmsgo) moglwgds LC —
3969053 mG0L  0byzoy®  gmdsdo s dobo @gbmbsblyemo  LobdoGol  (3gaomgds
RoJLoGpgds aoMgdg Hoc dogbo@ydo ggmols 3gmomgdgdolsl, @GmIgaoi gmdsl Hre

39800l 396M39beo 3y oG aos.
3063 A0l @bggol  Lobdo®ol  LEsbps@Ggmo  godmbobymgds  s@0bodbgds

ROAIYEom:

1
f=——_ 6
27+ LC (©)

bosi L odol gmdsl 0bpygd@ogmds s C 3mbogblogmdgdols @Gggoemds. bodydols
0beydHog® 3mdsdo dmmoglgdom gmdsl obpyd@ogmds dzodg AL Lowowoon oigengds.
0y AL/L < 1, 35906 (6)-0l ©0ogg@9bxo®gdomn dogowgdm:

Af AL
- - 7
f 2L @

0b9JBogmdols (33200 95950 530 30© o YEos dobognols 0goligdgdols
(330 gdoliomsb.  dogbgBo@dol  3gmomgds  3OM3MGEY@os  3mI3@gJlbyg@o  sdmgolgo-

@mdoll  bodpgoao  bofomol  gmomgdobmeb = ' —ip'. ofgrosb, AL~A \/7) ©
b0dbogodg LobybEom.

- = ()



LSISANEIRLN bS06IN6H(Y) LOSLELI60, GEORGIAN ENGINEERING NEWS, Ne2 2022 27

dognbg  db0dgbgermgobos, @md gl dmFymbogrmds  [o®ds@gdom  ogm  asdm-
4969090 Logwgee  60odygddo  1y3gas3o®sdspbo@y@do  bobmbsfogs3gbols  dopbo@ydo
5b0bmA®m300l Hk ggangdol gobofoamgdols godmlsjgamggee. ombodbyao dobbolmgols
b0dydo mogbpgomws LC g9bg@s@m@ol oboyglcog®d gmdsdo gobogo sdmgoligdermdbols
X1 gobabmdow a0M9dg gganol  3genoemgdolisl. s@bodbyar  dJn{ymdoemdsdo  goJlo-
G900 3o ol (5 gOLAgeo 10 Igaodgmo) mbEomomgdswo dspbo@ydo ggao
dmEgdagmos  aoMg ggeol  3gM39bwogygms@yma. @gbmboblygeo  Lobdo@ol  [oboc-
g0 gds  25Mmg ggmols ob  Bgd3g@s@ @ ygeo  3gmomgdolsl sboloosmgdl bodydols Xt
B03099M0  ©odMJogdygmgds oMy dogboBy® g9ebg 230h39bg0L  30390L, @®Iegdogs
3obLob@g@Yebo  5M0ob  bobmbsfoms 9ol Hk  ggangdols gobofoagdom. ombodbyyao
303900L  dgosdgmdols geromgds dopabo@ydo ggeol s Bgddg@s@ydols dobgwgom
Lodygomgdsls 0dgrggs 253903390 LolEgdol @9bosdgbdyd mgolgdgddo.

do{gmdommdols s@fgds

0dobomgol @M eEbosg MEA560b0l Joblobwgdge 39@5Td0 Lowsi gobmog-
Lgdgeos Fobolifod dgygoboano dogbg@Bodol bobmbsofomsjgdo, dogomme 45-55 °C @ gd-
39053 9Ms  (33o0 dogbod®o ggaol bosdygogrgdoon 8-10 LI Low®dgbg Lodo®ms do-
A0moo Bobogydo 30M539HMgool dnTymds [8] o glodsdolow dgoddbs Loobgob®m
do{ymbdommds Mol daomig Lgds Imzgdygmos bob. 2-by.

5 Cn

3
;

- c2

“l
[w]
EN

ci] ciz] o

1

17

ACDC Power Transformer
Converter "
8 9

bob. 2. Loobgobdm dmfymdommdols daney Lgds
1) 10 kHz Lobgbmoy®mo 0d3galol a96g9@sdmmo (L3 mbEogmmadsgols dnfymdogmmds;
2) go@@ogol odsdeog®gdgeo; 3) ©gbols dogrol aodsdmog@gdgano; 4) ©gbols dognols
3095d@0gMgogmo (3 o 4 39 Tomdl So@osmgma@sp); 5) 3mbogblo@m®gdols xa9n0;
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sbsao  Lobdo@ol 9bg@s@m@o. dgbsgoamo  Jlganol dodgs o@ols 220 + 15 %
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353096@ 0L bgosdoMosb 8—10 13 Low®dgdo 303gMmg@dyao 9x39Jdob (45-55°C-

dog 3mdo@gds) dolbowgdoe ho@o@mgdyads  33egg96ds ohggbs, @md dgogao doow(gge
353096@ 0L Lodbogby®@ Ig@ob@Bobygddo dgygobogo 610 63 bmdol FesOs bobmbofomsgols

(3ge0o g gBMm-35260@ 0 ggedo 30 Fm-0sbo dmmsgligdom [11,12].
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SUMMARY

THE NEW ENGINEERING ACHIEVEMENTS OF TARGETED HYPERTHERMIA DEVICE DURING
THE TREATMENT OF CANCER METASTASES

Gavashelishvili G.A.

Georgian Technical University

Innovative targeted hyperthermia device allows heating of magnetite (Fe304) nanoparticles by generating high-
water permeability alternative magnetic waves to get thermal effect in biological tissues. The generator-device
makes it possible to warm up magnetite nanoparticles up to the 55 °C at 8-10 cm deep in tissues as shown in
multiple experiments. To generate and “direct” specific electromagnetic waves 2 Helmholtz coils angled at 1100
from each other and a 10 kHz sinusoidal signal generator were used. The device was designed for treatment
procedures in oncology. Clinical trials of the method, “detection of possibly invaded lymphatic nodes and
targeted hyperthermia for the prevention of cancer recurrence” (author of the method MD, PhD, Sc.D., B.
Surguladze) at the Cancer Research Center of Georgia have shown that this method is safe and indeed improves
treatment outcome (Clinical trial were permitted by Drag Agency of Georgia).

Keywords: cancer treatment, medical device, thermotherapy, targeted hyperthermia.
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m®o0 I9edogo dnEyemdol AML bo®GEogmegds (bob.d). sdpgbow, LEoG@oObyols ©s
9003bmbols 303a0gdo dgodangds gobboange 0dbsl, Amam®3 3gddm Jgdmbgggzgdo go-

@olols gogaolbs s 53 930b5L3bgaols sbogmobols boggydggarbg dowgdyao dgogagdo
393039909 0dbsl 3g@dm dgdmbggzgdbyc.

®gogoliol 0bmmgHdymo (304m0.
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30geol Sbsgmobo.
Gogeols 0bmmg@Igemdols 30Mmmdowsb T, =T, ws T, =T, 2°dmdpobs@gmdl, Gmd

af=po=t (1)
r,=of,/B=at,lp )
T, =[e(r-1)+1]T, 3)

(303 do IgbO e gdbyano dgdosmds

W = Ps(vs _V2)+ RTsLn(re)_ Pl(V4 _Vl)_ RTan(rc)=

=RT,[cl+ L (aor, /7)) (@ +o+L,(r,))+1] “)

303 do Jofmegdgeo Lomdml Gomegbmds

Qo = Cv(Tz, _TZ”)+Cp(T3 _TZ,)+ RTSLn (re) =

~[RT k-2l -D)- sl -D ke )+ ek -Difen s p)]

30gEoll mg@dygaro dodao Jdgogdol 3mggnocogbdo [2]:

,,{(k_l)HuL{“rc)}_(mmLn(rc))+1}/[(a_1)_g(f_1)+k(f_a)+ o

Yo,
+7(k—=1)L, (ar, )/ p]
Ladgomm 989dda60 §b93> ogedo

P=(RT,r,[c{l+L,(ar,) p}—(a+ o+ L,(r,)+1]/[V,(or, —1)] 7

a3 bgdmm ogm sebodbymo, LEHoG@obaols 3ogmo Fo@mdmswagbls goano-
Lol gogerol gg@dm Fgdmbgggel gdwgao 30dmdgdom: B=o0c=1; a=p=7; I,=r=r
d5dob LHoG@obyol ogeol 3.d.3. 0bgdes:

n=[(k=1z -2, (r)J[a- &)z -1)+z(k =D)L, (r)] (®)

(8) 2ob@mMagbom Aoblobwgdyeo LEoGobyols Gog 3ol 3.J.3. ©odmgowgdyemos
Lbbgs 30053930 90mob  ghmo  @92969G50m@0l  9539Jd @™ol ba@olbby. oy &=1,
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-1
U:TT:(TS _Tl)/TS )

©> gog@mdl jo@bml Gogmol Gmar dslodogydo mdydo 9839J@yOméol 360dgbg-
eosl. yggms ULbgs dgdmbgggedo, @m@Es €<l ogo hodmygedogds  go@bml 99394
AP (bob. 2).
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Foddmeagboeno  39@dm  dgdmbggzs  m@o  3OmEgbomn  gdmbgggs  LEoGobyols
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‘dgodemgds  3o@mdomsw gufmwmm  gaoszbmb-LEodmobyols glggom Gogwo, Gmdgeos
bodEogmegds dgdpgyo 30miEglgdom (bob. 4):
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Lbgyaol goohbos go@gdml Ti Ggd3g@s@o@s. dgdwogy I9ds ©aydo s wolygmgolgdo
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B99390589Ms 0bAPgds IsJbodoenyy® Tz G9d3g@o@ydsdeg s dgbsdsdobse 0b@©gds
(693> 9.¥. 0g®3dm3md3@gbo@ g @gg03do.

2. 0bmmgAdgmo  2oxsAnmgdol 3Bm@Eglo. wolgmgolgho @hgds  Yzo Ol
doxggbs damdodgmdodo s 0fygdl poposwaomgdsls 39ds waydo olg, ™I o5& o@3g-
agds I9ds bbgygmol @gd3g@s@d s Ts. o3 30mEgldo gosigdgmo mdy@o gbgdgos
don@osbo@  2oMEs0ddbgds 39 domdsdo. Igds  aydol ggoeyg@gl doMxggbs Ipamds-
Ggmdsdo (bggs o0 g3l gomgdml dobodogond (bggsb.

3. 0bmdsBgmo Mgpgbg@s3ogmo  3Gm@aglo. I9ds aydo s wobgmgolg@o
OO0 EYds 3009M gl Jodbgbs dpamds®gmdsdo, @oli Igdwgasis Tz Ggd3gasd -
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9903Lmb-EoA@Oobyols glggoe ogmol Sbsgnobo
(30gdo gbdyagdbymo Igdomde:

W =RT,L,(V,/V,)=RT,L,(T,/T,) (10)
(30gdo JoFmgdbygao Lomdml Gompgbmds [3]:

Q= Cp(T3 _T1)_Cv(T3 _T1)+ RT,L, (T3 /Tl): (Ts _Tl)(cp -C, )"‘ RT,L, (Ts /Tl):
R(Ts _T1)+ RTsLn (Ts /Tl)
(3030l md a0 9839JHPOMos:

RT3 Ln (Ts / Tl) _ T3 I-n (Ts / Tl)
RTsLn (Ts /T1)+ R(Ts _Tl) - T3Ln (Ts /T1)+T3 _T1

n=WIQ, = (11)

}Lggem gHogbmb-LEoA@obaol s o@bml Gogmol d.J.3-go0 godby@gdbanols Tz
®99390589Mobmob  sdmgogdygmgds (9 s 10 gob@margdgdo) bobggbgdos bob.S.-by,
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SUMMARY

ANALYSIS OF THERMAL EFFICIENCY OF REGENERATIVE THERMODYNAMIC CYCLES
Kevkhishvili N.A. and Javshanashvili N.B.

Georgian Technical University

The Carnot cycle, which consists of two isothermal and two adiabatic processes, is the most efficient thermo-
dynamic cycle, which has the highest thermal efficiency compared to other cycles. Nevertheless, this cycle is
practically unrealized, however there are an infinite number of regenerative thermodynamic cycles that have
practical application in thermal machines, including Erikson, Stirling and also the so-called Ericson-Stirling
hypothetic cycle obtained by their combination, which efficiency in a certain temperature range is more than the
efficiency of Carnot and other regenerative cycles of similar efficiency. The thermal machine working on the
mentioned cycle is subject to real practical implementation, which gives the possibility of its wide-scale
utilization.

Keywords: Carnot cycle, Erikson cycle, stirling engine, Ericson-Stirling hypothtic cycle, thermodynamic cycle.
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SUMMARY

ENERGY BALANCE FOR FIVE-PORT WAVEGUIDE JUNCTION/BRANCHING

Shengelia M.A., Shogiradze M.Kh., Teteloshvili M.G., Khocholava D.Z. and Beridze M.G.

Georgian Technical University

It's accepted balance of energy at combined power supply of five-port waveguide junction/branching. This
equation is extremely important as one of the basic criteria of the reliability of the numerical solution of the
problem.

Keywords: balance of energy, waveguide junction/branching,
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OPTIMIZATION OF THE RADIO FREQUENCY SPECTRUM OF MOBILE
TELECOMMUNICATION OPERATORS IN CASE OF INCREASED MULTISERVICE
TRAFFIC

Lomsadze S.1., Shamanadze O.K. and Bzhinava E.O.

Georgian Technical University

Abstract. The focus of our research is the analysis of growth traffic in mobile telecommunication networks,
which based on the statistical data gives us ability to optimize frequency spectrum for telecommunication mobile
operators in case of increased multiservice traffic. Experiment is based on statistical data, which was taken from
the radio access network, according to ITU-T recommendations. The results obtained from the experiment gives
ability to increase the quality of multiservice traffic, suggested to subscribers by mobile telecommunication
operators.

Keywords: cellular telecommunications, optimization, multiservice traffic

The "Cisco" company in its annually published report, which is dedicated to traffic growth
trend studies, the number of internet users around the world will grow up to 66% by 2023 and this
value in mobile operator telecommunication networks, for the citizens of central and eastern European
countries will equal to 78%, caused by 8.7 billion of mobile users and more than 4.4 billion M2M
(Machine to Machine) variety of methods of accessing the network [1].

According to the studies mentioned above, there is a continuous growth trend of connected
devices and Internet users to the network of mobile operators, which requires the necessity of ensuring
the proper quality of service — QoS (Quality of Service). Therefore, the use of multiservice traffic is
one of the most difficult tasks in the networks, solution of which requires a complex approach, that's
the reason of growth importance for the frequency resource throughput, owned by mobile
telecommunication operators.

At present, two methods for solving this problem are known. First case involves decision such
as the efficient use of the frequency resources owned by cellular operators, that means optimization
and re-planning of the existing radio-frequency spectrum and increasing the throughput. The second
way of solving the problem is the use of new frequency resources and/or roll out 5G technology,
which, implies preparation of the infrastructure of effective Internet resources for such technologies
as: Al - Artificial Intelligence, 10T - Internet of Things, Tele-Medicine and etcetera. In spite that 5G
technology has been ready for rolling out, there are a lot of questions to be answered regarding safety
[2, 3].

During the network planning, for the moment operators in order to use more effectively the
range of frequencies they hold, opt for the first way. The reason for such an option represents
optimization of financial resources and radio frequency spectrum rescheduling opportunity, that is the
base for ensuring proper quality for the increased corresponding multiservice traffic. We would like to
underline that as the development trends of the telecommunication industry indicates, most
technological innovations haves its own euphoria and frequently the expectations are exaggerated far
from reality. For example, we can remember technologies such as IN - Intelligent Network, Wi-Max,
ISDN - Integrated Services Digital Network and others. Besides, implementation of the new
technologies in the network of mobile operators, requires a large amount of investments and new radio
frequency resources [4,5].

The objective of our research, based on the statistical data studied at the mobile
telecommunication company network, is the analysis of the use of multiservice traffic, which allows
us to determine the parameters of traffic intensity and plan and optimize the radio frequency spectrum
resources owned by the operators accordingly, to improve the quality of multiservice traffic.
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For this purpose, it is expedient to overview one of the telecommunication operator's radio
frequency spectrum. As we can see from the table. As we can see from the table, the operator has a
quite flexible and wide range radio frequency spectrum, which gives ability to effectively plan and
increase the channel throughput, to provide increased signal to noise ratio with minimum delay and
reduce the high cost of traffic. This is a new opportunity for the users to use higher quality network
resources with affordable tariffs for each services in the radio access network and a new economic
potential and source of income for the operators.

Radiofrequency spectrum of mobile telecommunications

Name ARFCN | Uplink(MHz) | Downlink(MHz)
GSM 900 | 1-58 | 890.2-901.6 935.2 - 946.6
MHz
GSM 1-32 | 890.2-896.4 935.2-941.4
900/U900
UMTS 34-58 | 896.7 -901.7 941.7 - 946.7
900 MHz
GSM 612 - 1730.2 - 1825.2 - 1835.2
1800 661 1740.2
MHz
Name Band Uarfcn DL Downlink Uarfcn UL Uplink (MHz)
(MHz)
UMTS 8 3021 941.7-946.7 2796 896.7-901.7
900MHz
UMTS 1 10712 2139.9-2144.9 9762 1949.9-1954.9
2100MHz 1 10737 2144.9-2149.9 9787 1954.9-1959.9
1 10762 2149.9-2154.9 9812 1959.9-1964.9
Name ARFCN Band MODE Earfcn DL Downlink (MHz) | Earfcn Uplink
UL (MHz)
LTE 512 - 3 FDD 1300 1805-1825 19300 1710-
1800MHz 611 1730
LTE 612 - 3 FDD 1444 1825.6_1833.4 19300 | 1730.6-
1800 661 1738
MHz
LTE 900 8 FDD 3642 941.7-946.7 21642 896.7-
MHz 901.7
Name ARFCN Band MODE Earfcn Earfcn Range
LTE2300 40 TDD 38750/38948 2300-2320/2320-2339.8
MHz

To carry out the experiment, we have chosen a base station in mobile telecommunication network

randomly, which provides radio coverage of pre-defined geographical area by use of technologies such
as GSM/UMTS/LTE and on the basis of statistical data obtained from the mobile telecommunication
network, we have analyzed the results of the use of multiservice traffic for each technology.
For the implementation of the experiment, appropriate software tool allows us to define the statistical
data in accuracy from 15min to a lhour, for any specific BSC- relevant base station, which gives us
ability to observe the demand for multiservice traffic to determine the intensity use of the
corresponding services of the mobile telecommunication technologies and define the optimal planning
of frequency resources owned by cellular operators.

The network section observation and statistical data recording was carried out in accordance with
ITU-T recommendations. Based on the 28-day observation processing, the frequency spectrum range
of 10 Mhz for GSM-1800 technology was blocked, (see table Nel) which caused voice traffic
redistribution on GSM-900 as well as on UMTS-2100 technologies. Data traffic has been distributed
on UMTS-2100 and LTE technologies, - (for more details see diagram) .
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We underline that, after the traffic redistribution and growth on corresponding technologies,
radio and channel resource overloading has been avoided. Furthermore, as demand for services like
multi-service traffic is a continuously increasing process, we decided to use blocked 10 Mhz
frequency spectrum range for LTE technology and as we can see from appropriate diagrams, channel
throughput increased from 2.5 mb/ps to 4 mb/ps and in spite that average daily number of subscribers
didn’t increased, these decision as we can see from the results, significantly improved the quality of
data service, provided from the mobile telecommunication operator.

During the experiment, throughout the total observation period while recording the collected
data (KPI - Key Performance Indicators), in the selected base station of the mobile network, it was
revealed that for GSM-1800 technology average load made up 0.703 erlang. After blocking the
mentioned frequency band, corresponding to technology mentioned above, voice traffic redistributed
on GSM-900 and UMTS-2100 frequency bands and daily average load made up 0.937 and 0.524

erlang, which is a quite low value and is defined as the load time — , calculated as the total service
time of all incoming requests — X, , between t, —t, difference time period, divided by the value of
this time interval [6]:

Y= tz—)ii @

In the same way we calculated requests for Internet services during the n days. It was investigated,
that the use of additional frequency band for LTE technology, improved the radio channel throughput
from 2.4 mb/ps to 4 mb/ps. That supports to increase quality of multiservice traffic, which represents

probability of demand losses — Py, where Py is the probability for demand loss in (t, —t, )interval of
time. In a given period of time for the requests C, (tl,tz), is defined as relationship between amount
of demand losses and total number of requests, which have been received at the same period of time

C(tlltz) [6]:

_ CB(tl’tZ)
T Chy) @

For the implementation of the experiment and optimization of the radio recourses the software
SAP Business Object — BO was applied, which is used in manufacturing industry for the statistical
data processing and result’s analysis. The software product enabled us ability to observe traffic
intensity for the different technologies.

We also used a software product ENM - Ericsson Network Manager, which is a product of the
international telecommunication equipment manufacturer and operator — Ericsson. The mentioned
software allows us to provide the network monitoring in online mode and to solvevarious tasks: detect
the faults of radio connection to the network and their subsequent elimination. The program also
provides information about the parameters such as power, the number and the radio frequency of base
station transmitters. Moreover, it provides the observation of all possible sections of the radio network,
traffic monitoring and registration of the statistical data of customer services used for their further
processing, which implies delivery of the data to the relevant service department, which, based on the
statistical traffic data, will develop the recommendations and planned works for further
implementation of network optimization.

Here we propose the results obtained from the experiment:

o |t was determined the CS/PS traffic intensity used in contemporary mobile
telecommunication network for each technology;

o [t was established that, after blocking the 10 Mhz frequency band, which was used for
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GSM-1800 technology, voice traffic redistributed on GSM-900 and UMTS-2100 frequency
bands, without radio resource congestion and the average daily traffic made up 0.937 erlangs and
0.524 erlangs respectively;

e The experiment, revealed the possibility of 10 Mhz frequency band shifting and using it for
LTE-1800 technology. This gives opportunity for the radio spectrum optimization and ensuring the
proper quality of service — QoS;

e The average value of channel throughput for multiservice traffic increased and made up

4 mb/ps.
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MASSIVE OPEN ONLINE COURSES
Kenzhebayeva Zh.E.

The Caspian University of Technology and Engineering named after Sh.Yessenov JCS,
Aktau city, Kazakhstan

Abstract. Massive open online course - a training course using e-learning technologies and open access on the
Internet. MOOC, one of the most common types of distance learning
Keywords: massive open online course, training, online courses.

Massive open online course - a training course using e-learning technologies and open access
on the Internet. MOQCs are one of the most popular forms of distance learning. The training course
uses video lectures, tests and homework. MOOCs can be a complement to traditional learning as well
as a replacement for it [1].

The acronym MOOC is made up of four distinct terms.

e Massive (mass): this form of online learning involves a large number of students, not limited by
geographical location

e Open (open): online learning is free for everyone.

¢ Online: distance learning courses are conducted using online communication tools. All materials
are in electronic form in the public domain.

e Course (course): a structured and ordered presentation of information with specific goals, rules of
work and time limits, which, however, may vary for each individual participant [2].

In recent years, the demand for online learning has increased, and therefore the demand for the
massive open online course platform has increased. In 2008, two scientists Stephen Downs and
George Siemens proposed a method of collective learning, where the term first appeared. The first
platform for online education appeared in 2012, and it is believed that the creators are two Stanford
University professors Andrew Ng and Daphne Koller. They created several educational videos and
published them in the public domain and subsequently turned into the "Coursera™ platform. This was
the starting point for the development of distance education. This was followed by the "Udacity"
platforms founded by Sebastian Thrun, David Stavens and Michael Sokolsky and the "Udemy"
platform created by Eren Bali. Then the Massachusetts Institute of Technology, together with Harvard
University and the University of Berkeley, launched the EdX platform. Massive open online courses
have begun to develop in other countries, for example, in Russia, leading universities have created the
Open Education platform. The following universities participated in the creation of the platform:
Moscow State University, Peter the Great St. Petersburg Polytechnic University, St. Petersburg State
University, National Research Technological University MISiS, National Research University Higher
School of Economics, Moscow Institute of Physics and Technology, Ural Federal University and St.
Petersburg State University of Information Technologies, Mechanics and Optics [3].

Most MOOC courses are free and allow students to take multiple courses. In many courses
there are video lectures, tests and various tasks. Upon completion of the course, a certificate of
completion is given (Picture 1).
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Picture 1. Massive Open Online Courses

Massive Open Online Courses (MOQOCSs) offer learners ample opportunity to access courses
covering a wide range of disciplines for free or at an affordable price. The openness of a MOOC
attracts a wide variety of learners, and its flexibility allows learners to participate in a series of
learning activities such as video lectures, discussion forums, and peer review, and to achieve their
goals without any time or place constraints [4].

In 2021, many restrictions were lifted, allowing businesses and educational institutions to start
working, but the threat of COVID-19 has not yet gone away and the emergence of a new strain of the
virus is not ruled out. Therefore, some universities have begun to record their lectures by teachers and
publish them on their websites. These include the Eurasian National University named after L.N.
Gumilyov, NAO "Caspian University of Technology and Engineering named after Sh. Yessenov".

In the era of digital revolutions and its rapid development, people are increasingly turning to
the use of modern technologies (in services, entertainment, education, etc.) in everyday life.

Today, tuition fees are expensive. Therefore, to pay for tuition, many students work, which
often interferes with their education. The platform will allow students to watch lecture videos at any
time, which will help many working students gain knowledge at any time convenient for them. With
the help of a platform for massively open online courses, it is possible to reduce the risk of illness for
students and teachers, and also not to interrupt their education. Therefore, students often study in
various online courses, the characteristics of which are shown in Table 1.

Tablel. A brief definition of the leading providers of massive open online courses [3]

Platform name Developers Definition

Coursera Stanford University computer science | A major provider of open online courses. The
professors Andrew Ng and Daphne | project cooperates with universities and other
Koller, https://www.coursera.org/ organizations. Students are offered a variety of

video lectures, tests and a variety of tasks.

EdX Massachusetts Institute of | One of the first open online learning projects. The
Technology, Harvard University and | project collaborates with more than 70 schools,
the  University of  Berkeley, | universities and corporations, and has more than
California, https://www.edx.org/ 1800 online courses.

Udacity Sebastian Thrun, David Stavens and | Private educational organization founded in 2012.
Mile Sokolsky, | The goal of the project is the democratization of
https://www.udacity.com/ education. All courses on the platform are free and

available to anyone with Internet access. Courses on
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the platform are mainly in English and have 3
levels: beginner, intermediate and advanced.

Open education | Moscow State University, Peter the | The platform was created by the National Open
Great St. Petersburg Polytechnic | Education Platform Association and all courses are
University, St. Petersburg State | free. Courses for the project are provided by leading
University, National Research | Russian universities.

Technological ~ University MISIS,
National Research University Higher
School of Economics, Moscow
Institute of Physics and Technology,
Ural Federal University and St
Petersburg State University
information technology, mechanics
and optics, https://www.openedu.ru/

Future Learn The Open University, | The company was established in 2013 by
https://www.futurelearn.com/ TheOpenUniversity and is a partner of over 70
leading universities, companies and organizations.
These include the UK government, the British
Museum and the BBC. Marks & Spencer.

Udemy University of California, USA, | Udemy is one of the leading providers of e-learning
https://www.udemy.com/ courses. There are over 200,000 courses on the
platform. Udemy helps individuals or employees of
organizations learn new jobs and improve their
skills.

Universarum Russia, https://www.universarium.ru/ | An open e-education system offering courses from
leading Russian universities to everyone: National
Research Nuclear University "Moscow Engineering
Physics Institute”, Moscow Institute of Physics and
Technology and Lomonosov Moscow  State
University. "Universarium™ offers courses from
different areas: chemistry, physics, history and
much more.

Iversity Germany, https://www.iversity.ru/ A platform designed for the professional
development of individuals and company
employees. All courses on the platform are paid.
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MACCOBBIE OTKPBITBIE OHJIAMH KYPCBI

Ken:xebaeBa /K.E.

HAO «Kacnuiickuii yHuBepcuTeT TexHos1oruii u un:kenepun umenu II.EcenoBa», r.Axkray, Kazaxcran
MaccoBBIi OTKPBITHIN OHIAWH Kypc — 00yJaloIiii Kypc ¢ MPUMEHEHNEM TeXHOJIOTHH 3JIEKTPOHHOTO 00y4YeHHUS
U OTKPBITBIM JocTynioM B MaTepHEeTe. MOOK, 0111H 13 pacnpocTpaHEHHbBIX BUJOM JUCTAaHIIMOHHOTO O0Y4eHHS
Kuto4eBble c10Ba: MacCOBBIN OTKPBITHIN OHIAWH Kypc, 00y4eHne, OHIaiH KypPCHI.
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SUMMARY

TEXT DEPICTION ISSUES IN WEB DESIGN

Namchevadze Ts.V., Bitsadze E.l. and Janadze L.G.

Akaki Tsereteli State University

The article discusses several issues related to the text depiction in web design. These are: 1) font for the main
text; 2) accent inscription font; 3) font size; 4) layout of texts. In addition, there are recommendations for placing
information in lists and tables.
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SUMMARY

WEB DESIGN IN DIFFERENT COUNTRIES OF THE WORLD

Namchevadze Ts.V., Bitsadze E.l. and Janadze L.G.

Akaki Tsereteli State University

The article outlines the basic norms of creation of web design in different countries. It is noted that despite the
general template of web design, it is possible to identify as common features, and also differences according to
colors, fonts, images, decorations, navigation, site layout, etc. for websites of different countries. Society's
culture plays an important role in shaping users' requirements, which is reflected in web design accordingly.
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SUMMARY

DISCUSSION OF SOME ISSUES OF ENVIRONMENTAL IMPACT OF SCRAP PROCESSING
ENTERPRISE OF AUTOMOBILE BATTERIES

MchedlishviliG.S. and Gugeshidze M.K.

Georgian Technical University

The significance of the necessity of recycling automobile lead accumulators in modern conditions, the possible
consequences of their utilization, both from an economic point of view and from the point of view of ecological
safety, are discussed. A possible scheme of scrap recycling of lead accumulators, the sequence of technological
processes and the furnaces used in practice are presented.  The gas cleaning system of the project enterprise is
separated, with the characterization and purpose of each stage unit included in it. Studies and calculations have
been carried out in terms of determining the limits of the sanitary protection zone of the enterprise, determining
the maximum value of the permissible emission of polluting substances, the maximum value of above-ground
concentrations. The results of the calculations are presented in tables and the conclusion is presented.

Keywords: lead, accumulator, scrap, air cleaning system, harmful substance.
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SUMMARY

SMELTING OF SILICOMANGANESE USING INDUSTRIAL WASTE FROM THE ZESTAFONI
FERROALLOY PLANT

Maisuradze 1.B., Juluxidze A.G., Chumbadze M.T., Abesadze R.K. and Sigua L.R.

F. Tavadze Institute of Metallurgy and Materials Science

This paper presents the results of smelting silicomanganese using the charge industrial waste (gas cleaning dust,
separation sludge and manganese concentrate fraction 0-1mm) from the Zestafoni ferroalloy plant. As a result of
smelting, standard silicomanganese was obtained.

Keywords: industrial wastes, briquettes, melting, silicomanganese.
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SUMMARY

DETERMINATION OF HEAT SPENT ON ELECTRODE HEATING DURING ELECTROSLAG
REMELTING OF METALS

Silagadze S.R., Zivzivadze L.B. and Shalamberidze M.Sh.

An image of the heating of a fusible electrode during electro-slag melting has been designed, taking into account
the effect of electric current leakage on the magnitude of electrode resistance. A heat calculation scheme and
mathematical image of the heat withdrawn by contact of the electrode to be fused with the slag bath have been
developed. A mathematical image for calculating the heating of the electrode under the action of external and
internal sources has also been obtained.

Keywords: slag, electroslag remelting, melting electrode, slag bath, metal bath, cast, crystallizer.
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SUMMARY

USE OF LOCAL RAW MATERIALS IN ELECTRODE COATING FOR WELDING AND BRAZING
OF GRAY AND MALLEABLE CAST IRON

Khutsishvili M.G., Dadianidze G.A. and Gonjilashvili N.D.

Georgian Technical University

F.Tavadze Metallurgy and Materials Science Institute

In order to reduce costs in the production of coated electrodes, it is important to use local raw materials. As a
result of research, it was determined that local raw materials can be used for welding gray and malleable cast
iron during cold welding. Specifically, Telavi marble, Sachkheri sand, Zestafoni ferromanganese, which do not
worsen the welding and brazing process. A trial option was developed in electrode coating for cold welding of
gray and malleable cast iron.In laboratory conditions, test electrodes were made for cold welding and brazing of
gray and malleable cast iron.

Keywords: electrode, ferromanganese, welding.
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SUMMARY

STUDY OF BAROMEMBRANE PROCESSES UNDER CONDITIONS OF LAMINAR AND HYBRID
FLOWS FOR INDUSTRIAL VOLUME MICROFILTRATION DEVICE

Bibileishvili G.V., Kezherashvili M.G., Kuparadze L.P. and Javashvili Z.D.

Engineering Institute of Membrane Technologies of Georgian Technical University

The optimal operating parameters of the FTU-0.03 turbidity water microfiltration separation process under
conditions of changing pressure, velocity, and circulation flow have been studied. To characterize the movement
of fluid in the pressure, a Reynolds number of less than 2000 was used, which indicates the implementation of
laminar and hybrid regimes in the pressure cells. The maximum asymptotic value of specific productivity - 280
L/m?h - was revealed in a hybrid fluid flow under conditions of a 12 mm wide, 0.2 mm high, 1 bar pressure and
1 m/c fluid flow rate. Laminar and hybrid fluid flow is accomplished by adjusting the geometry, pressure,
velocity and circulation flow rate of the industrial volume pressure chamber in industrial volume microfiltration
units, which leads to stable, asymptotic specific productivity values.

Keywords: water, membrane, microfiltration, productivity, device.
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SUMMARY

STUDY OF THE SIZE OF NANOPARTICLES AND VISCOSITY IN POLYMER COMPOSITIONS
Bibileishvili G.V., Ebanoidze L.O., Kezherashvili M.G. and Gogesashvili N.N.

Engineering Institute of Membrane technology of Georgian Technical University

The work discusses the interrelationship of particle sizes and viscosity of polymer compositions of different
compositions. As a result of the research, it was determined that by changing the conformational dimensions of
the particles of the polymer composition replacing organic and inorganic additives, it is possible to adjust the
viscosity of the solution, which leads to obtaining a high-performance membrane.

Keywords: viscosity, polymer composition, nanoparticles, performance, membrane films.
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SUMMARY

EXPERIMENTAL STUDY OF THE VISCOSITY OF POLYMER SOLUTIONS

AND THEIR MIXTURES

Bibileishvili G.V., Kuparadze L.P., Ebanoidze L.O. and Kakabadze E.G.

Enginering Institute of Membrane Technologies of Georgian Technical University

According to the experimental results, the issue of viscosity of two-component polymer aqueous solutions and
mixtures of these compositions has been studied and analyzed. For mixtures of 30% concentrations, the first
approximation of the dependence can be considered as a linear function in the range of 10 C.P. to 150 C.P.
Keywords: polymer, viscosity, solution, mixture, peg.
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SUMMARY

OVERVIEW OF LOCAL AND INTERNATIONAL SITUATION OF RESEARCH ON SOME ISSUES
OF MEMBRANES AND BAROMEMBRANE PROCESSES

Bibileishvili G.V., Tananashvili L.A., Javashvili Z.D. and Kakabadze E.G.

Engineering Institute of MembraneTeechnologies of Georgian Technical University

The paper discusses local and international publications on baromembrane processes, creation of polymeric
nanomaterials, processing of nanotechnologies, modern conditions and development prospects of membrane
machines, equipment and Nanosystems construction. The analysis of the investigated materials determines the
consideration of technologies and techniques created by local and international researchers for the Institute's
scientific-research works, basic technical level and prototypes.

Keywords: Baromembrane processes, hanosystems, nanomaterials, polymers, membranes, filtration.
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SUMMARY

ANALYSIS OF THE INFLUENCE OF THE IMMERSION ANGLE OF THE POLYMER
COMPOSITION IN THE BATH ON THE PHASE INVERSION PROCESS

Bibileishvili G.V., Gogesashvili N.N., Kezherashvili M.G., Mamulashvili M.A. and Ebanoidze L.O.
Engineering Institute of Membrane technology of Georgian Technical University

The phase inversion process of the deposition of membranes from 10% cellulose acetate polymer compositions
under different conditions has been studied.It has been established that performing phase inversion at an angle of
45° in the sample bath and 35°C in the coagulation bath results in visually better, higher performance, and more
homogeneously structured membranes.The morphology of the obtained membranes was studied with a scanning
probe microscope.

Keywords: phase inversion, base, incidence angle, membrane, composition.
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SUMMARY

STUDY OF THE INFLUENCE OF ACIDS ON THE PHASE INVERSION PROCESS OF THE
FORMATION OF MEMBRANES FROM POLYMER COMPOSITIONS

Bibileishvili G.V., Gogesashvili N.N., Kezherashvili M.G. and Mamulashvili M.A.

Engineering Institute of Membrane technology of Georgian Technical University

The paper examines the effect of using organic acids as an additive in polymer compositions on the course of
phase inversion processes, on the physico-chemical characteristics and structure of the formed membranes. It has
been established that the use of oxalic acid as an additive in these systems improves the membrane structure
and productivity.

Keywords: membrane, polysulfone, phase inversion, oxalic and, stearic acid.
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SUMMARY

STUDY OF THE MICROFILTRATION PROCESS OF WATER, WHITE AND RED WINE UNDER
LAMINAR AND HYBRID FLOW CONDITIONS.

Bibileishvili G.V., Kuparadze L.P., Ebanoidze L.O. and Kezherashvili M.G.

Engineering Institute of Membrane Technologies, Georgian Technical University

By way of realization of hybrid stream theoretically and experimentally investigated process of microfiltration
separation of white and red wine on a laboratory membrane device for laminar modes under conditions of
change of pressure, speed and circulating stream (retentate) with various sizes of membrane pores 0,2 microns,
0,45 microns, 0,8 microns.

Keywords: Hybrid flow, specific capacity, microfiltration.
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SUMMARY

SOME ISSUES OF DRINKING AND WASTEWATER TREATMENT BY BAROMEMBRANE
PROCESSES

Bibileishvili G.V., Mamulashvili M.A., Javashvili Z.D. and Kakabadze E.G.

Enginering Institute of Membrane Technologies of Georgian Technical University

The possibility of regulating microbiological indicators and turbidity indicators of drinking water and Mtkvari
river water using baromembrane processes is discussed in the research. Step-by-step filtration based on
membrane nanotechnology ensures the reduction of organic and inorganic components in solutions to the
maximum allowable concentration.

Keywords: turbidity, microbiology, sampling, drinking water, wastewater, ultrafiltration.
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SUMMARY

PHYSICAL-CHEMICAL ANALYSIS OF SOME BERE WATER OF THE LANCHKHUTI REGION
Zhgenti D.Z., Ebanoidze L.O., Bibileishvili D.V. and Ormotsadze N.Sh.

Georgian Technical University

Akaki Tsereteli State University, Kytaisi

The object of investigation is the existent of three bore water in the region of Lanchkhuti. The results of the
analysis indicate that the given waters represent mineral waters. The conclusion is that the water of those three of
bores contain ions: Mg?*, Ca**, Ba?*, CI', F~ and they not surpass the limit landing concentration, indicating their
fitness together with ather physical-chemical properties.

Keywords: water, physical-chemical analysis, Lanchkhuti region.
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NEW PETROLEUM SORBENTS TO REDUCE ENVIRONMENTAL STRESS
Molodinashvili Z.F., Kopaleishvili M.N., Gabunia T.l. and Shatakishvili T.N.

Iv. Javakhishvili Thilisi State University, Petre Melikishvili Institute of Physical and Organic
Chemistry

Abstract: For obtaining of porous materials natural sorbents — diatomite, zeolite and perlite were chosen.
Thermal and chemical modification, and then hydrophobization of the sorbents was carried out. The optimal
conditions are determined; amidoaldehyde oligomers were synthesized with the aim of their usage as a matrix in
composition of porous materials characterized with high sorption activity and ability to float on the surface of
water together with the absorbed compounds. Their removal from the water surface is possible mechanically.
Hybrid porous polymers are characterized by selectivity, fire resistance, wide range variability of properties
depending on the structure and ratio of initial substances.

Keywords: natural sorbents, oil products, porous material, synthesis, modification, hydrophobization

The important task of the present day is protection of the environment and mainly of water
basins (rivers, lakes, water basins, seas, etc.) from pollution with petroleum and petroleum products
and other toxic organic compounds [1-3].

Production and processing of oil, as well as production of several organic compounds, in the
world is growing annually thus promoting occurrence of complex ecological problems. These
problems often are caused by accidents on oil pipelines, during transportation by ground or by sea, as
well as by violation of technological regimen during oil production, by incomplete cleaning of drains,
etc. Therefore, activities aimed at elaboration of effective methods for absorption of oil products and
toxic organic compounds from the surface of the contaminated water are the main task for protection
of the environment.

It is well known that 1L of petroleum restricts the access of air to 40.000L of water and 1 ton
of petroleum pollutes water surface to the extent of 12 km. Today for purification of water surface an
adsorption method is widely used. For utilization of spilled petroleum and petroleum products more
than 200 different types of sorbents are produced and used.

Quality of sorbent is characterized by volume of absorbed petroleum and its products, and by
its ability of regeneration, utilization and floatation. The most commonly used sorbents are inorganic
compounds — different types of clays, zeolites, diatomites. The quality of these sorbents is insufficient
from the point of view of ecology. They have relatively low absorption ability in respect of petroleum.
When removing of petroleum from the water surface the inorganic sorbents are sinking together with
the absorbed compounds thus polluting the bottoms of rivers, seas and oceans.

Hence the development of new, highly effective sorbent with high sorption ability in respect
of petroleum and petroleum products, not sinking in water together with the absorbed compounds, and
available owing to the simplicity of production technology and low cost is one of the urgent tasks of
the study.

Porous sorbents are also effectively used as heat and sound insulation materials.

According to literary data in polymeric compositions are used both organic (fibrous synthetic
polymers: polyesthers and carbocyclic compounds) and mineral (inorganic) raw materials — talc,
calcites, basalt fiber, etc. We think it prospective to use zeolites, diatomite and perlite in polymeric
compositions.

As polymeric matrix in compositions are used phenol-aldehyde oligomeres, polyurethanes,
polyethylene, polystyrene, polypropylene, polyamides, polyarylates and other class polymers.

We consider amido-aldehyde oligomers as polymers to be used for the intended purpose
because of their availability and low cost [4-7].

Studies for selection of natural mineral zeolites were conducted. Natural sorbents have an
advantage in comparison with synthetic sorbents: cheapness, availability. However by effectiveness,
purity, homogeneity natural sorbents drop behind synthetic sorbents. From this point of view mineral
sorbents — silicium series sorbents (diatomites), bentonite clays and natural resistant to acids zeolites
(clinoptilolite, perlite, etc.) — are of great interest. When choosing natural sorbents their pore sizes for
complete sorption of substance, as well as their thermal stability (so that the deformation of the pores
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does not take place) are to be taken into account. Three main objects were distinguished: natural
zeolite, diatomite and perlite [8-10].

On the initial stage natural sorbent — zeolite was chosen which was resistant to aggressive
media (acids) and was thermo stable as well, a significant factor from the point of view of exploitation
parameters. The optimal conditions for thermal modification of the natural sorbent were determined —
heating at 240—-700°C during 6 hours.

Researches to determine optimal conditions of chemical modification of the natural zeolite
were carried out. Works for obtaining of H-form of the natural zeolite (clinoptilolite) were carried out.
The natural zeolite was treated with different concentrations of hydrochloric acid (0,05N; 0,1N; 0,2N;
0,3N) at 25°C.

Chemical modification was carried out to increase the size and activity of the zeolite pores.
Optimal conditions (temperature, time, concentration of solutions and ratio of the components) for
chemical modification of the zeolite were determined. Several ways of chemical modification were
deermined, in particular with the help of acids, ammonium chloride (NH,CI) potassium chloride (KCI)
and other compounds.

Experiments in thermal modification of the diatomite were carried out. Thermal modification
of diatomite can be carried out by:

1. Heating at 900-1000°C.

2. Treatment with NaCl and heating at 1000°C.

3. Treatment with SiF, and heating at 1000°C.

To determine the optimal temperature of thermal modification the diatomite was heated during
3 hours at 250, 300, 400, 450, 500, 550, 600, 700, 900 and 1000°C.

During heating up to 250°C mainly the absorbed water release takes place. Increasing of the
temperature leads to destruction of organic components and widening of pores. At 700°C the size of
pores reaches the maximum and capacity of the modified diatomite pores increases.

It was determined that introduction of thermally (heating at 700°C) and chemically (by
siliciumorganic compounds) modified perlite into the polymeric composition sharply improves
properties of the porous polymere — its density, ability to float, sorption properties, etc.

Natural sorbents — zeolite, diatomite and perlite can be used as remedies for cleaning of water,
polluted with petroleum. As they are hydrophilous and sink in water it is necessary to carry out their
hydrophobization.

Processes of hydrophobization of diatomite, perlite and zeolite were studied.

In particular, hydrophobization both of natural not modified and thermally modified (at
400°C) diatomite was carried out at 250°C during 6 hours in the silicon medium.

The experiment showed, that thermally modified diatomite after hydrophobization:

1. Does not get wet in water and does not sink.

2. Effectively absorbs oil from the surface of polluted water.

Diatomite is more prospective sorbent for purification of water-oil emulsions. Heated at 450—
700°C diatomite acts more effectively in case of low concentrations of oil (1,0-10° mg/L — 6:10°
mg/L). If the concentration of oil is high the heated at 1000-1200°C diatomite is used.

To obtain polymeric compositions the complex carbamide-formaldehyde, melamine-
formaldehyde and carbamide-melamine-formaldehyde oligomers were synthesized, that are
prospective material for usage as matrix in compositions. Synthesis of oligomers was carried out
mainly in water solutions, based on amide component and formaldehyde:

The method provides for interaction of amide component (carbamide, melamine) and
formaldehyde in water solution in defined reaction media (pH=5-7,5) and temperature (30-100°C)
conditions. Correction of the reaction media is carried out by 10% NaoH solution and formic acid.
Ratio of resulted components (amide component: formaldehyde) is 1:1,7, respectively. Water solution
of formaldehyde was used [11-14].

Amide oligomers were obtained by polycondensation in alloy with ratio of the obtained
components (carbamide:aldehyde) 1:1.1, respectively, at 100°C, duration of the reaction 1 hour.

The composites were prepared from diatomite (both natural and modified) and amido-
aldehyde oligomer (with different percentage) according to the developed by us technology: foaming
agent, resorcin and water mixture were placed into the utensil. After their good mixing 2,5 ml of
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mixture were foamed by air stream to obtain stable foam. A certain amount of amido-aldehyde
oligomer was added to the foam with preliminarily introduced certain amount of natural sorbent.
Foaming was continued by air stream until full effervescence and obtaining of stable foam.

It was determined, that properties of the obtained porous hybrid polymer were affected by the
ratio of amide oligomer to diatomite, and the reaction media. The results give us possibility to make a
conclusion: the optimal mass ratio of diatomite and amido-aldehyde oligomer to obtain effective
material is 0,3: 0,7, respectively. Increasing of the diatomite amount up to 50% (in relation to the
oligomer) the heat stability, density, fire resistance is increased, physical and mechanical properties
are improved. But further increase of the ratio results in worsening of the material properties.

The effect of pH on the formation of a hybrid polymer was studied. Its correction makes it
possible to obtain materials with the desired properties. The rapid hardening and the final formation of
the exploitation properties of the material depend on the pH. It should be noted that the materials
obtained on the basis of amido-aldehyde oligomer and diatomite are equal in efficiency to the
expensive materials obtained on the basis of polyurethane. At the same time, they are 10-12 times
cheaper than polyurethane materials.

Together with carbamide-formaldehyde and melamine-formaldehyde homogeneous polymers
the complex carbamide-hyaline-formaldehyde polymers were obtained.

At the first stage of polymer formation in aqueous solution, methylol derivatives of melamine
were obtained, and then they were converted to oligomers by heat treatment (100 °C) and lowering the
pH to 5-6. By interaction of the obtained oligomers and a foaming agent (foaming agent, 60% HsPO,,
resorcin and H,O) a foam-polymer was obtained, from which polymers with a porous structure were
prepared.

To study the sorption properties of the polymer the water artificially polluted with petroleum
product (benzene) was taken. Porous polymers (sorbents) were placed into the resulting emulsion for a
defined time (1, 3, 5, 7, 10 days). The sorbents were hybrid materials derived from carbamide-
formaldehyde oligomers and modified diatomite. After then, the extraction of porous samples
(sorbents) from the aqueous medium was performed. Using the spectral analysis, the concentration of
the petroleum product remaining in the aqueous emulsion was determined.

The study showed that porous composites are characterized by much higher sorption
properties than natural and modified diatomite. Thermally modified, hydrophobized diatomite almost
completely absorbs petroleum product if its concentration does not exceed 6-10° mg/L, and at higher
concentration - 14-10° mg/L, the amount of petroleum product absorbed by diatomite decreases. Under
these conditions high sorption properties are shown by hybrid composites obtained on the basis of the
amido-aldehyde oligomer and containing 30% of natural or modified diatomite. Studies of the
properties of sorbents were carried out using the spectral and chromatographic methods.

Samples of porous polymer with different percentages of diatomite - 20, 25, 30 and 40% were
obtained. The best option is the 25% content of diatomite. The resulting polymer has a high strength
and increased porosity. Obtaining of polymer occurred in a shorter time than in other cases.

The influence of various factors (reaction medium, oligomer concentration, air flow intensity,
mixing frequency, amount of natural sorbent, etc.) on the formation of a hybrid porous polymer was
studied. It was established that the optimal conditions for polymer formation are the following: pH of
the reaction mixture <7, oligomer concentration - 55%, intensive air flow, maximum mixing
frequency, temperature 20 + 5°C and content of natural sorbent - 25%.

The obtained samples of mixed polymer containing different percentage of diatomite were
tested for sorption capacity, the results of which are shown in the table below. It has been established
that for improvement of sorption properties of a polymer, both thermal and chemical modification of
diatomite is of great importance.

The study showed that if the concentration of petroleum products in the polluted water is 6-10°
mg/L, then a sample of mixed porous polymer containing 25% thermally and chemically modified
diatomite completely absorbs petroleum products from the surface of the water in five days. In case of
polymer sample containing only thermally (1000 °C) modified diatomite the sorption capacity is well
manifested at a low concentration of contamination with petroleum products 1-10° mg/L — 6 10° mg/L.
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The results of sorption by hybrid porous sorbent from the surface of water polluted with benzene
(light fraction of petroleum)

Samples of porous hybrid Sample weight, g Amount of absorbed benzene®™
materials® Before sorption After sorption g %
Carbamide-formaldehyde 3,24 5,42 218 67
polymer
Hybrid porous polymer
(carbamide-formaldehyde
oligomer — 70%, natural 3,53 6,32 2,79 79
diatomite — 30%)
Hybrid porous polymer
(carbamide-formaldehyde
oligomer — 70%, modified 4,28 7,85 3,57 83
diatomite — 30%)**
Hybrid porous polymer
(carbamide-formaldehyde
oligomer — 60%, modified 5,15 8,67 3,53 68
diatomite — 40%)

Ne

1

X _ Size of the sample 3x2x1 cm?®, p=0,2-0,7g/cm®,
2 _ Time of sample contact with benzene — 5 hours (in water-benzene emulsion); amount of
benzene — 5 ml (d=0.879g/cm?, tyoiiing= 80°C). Water — 100 ml.
% _ Diatomite is thermally modified (900°C) and hydrophobized with polymethylphenylsiloxane.

Conclusions:
1. Natural sorbents — zeolite, diatomite and perlite, — were chosen.
2. For the purpose of activation of sorbents they were thermally and chemically activated.
3. Optimal conditions of thermal modification of natural sorbents were determined: for diatomite —
heating at 1000°C for 3 hours; for zeolite — heating at 240-700°C for 6 hours; and for perlite — heating
at 400-600°C for 3 hours.
4. Chemical modification of zeolite was carried out by 0.1N ammonium chloride; of diatomite — by
treatment with SiF,; of perlite — by silicium organic compounds.
5. Hydrophobization processes of diatomite, perlite and zeolite were studied. In particular,
hydrophobization of natural unmodified and thermally (400°C) modified diatomite was carried out at
250°C for 6 hours in silicon area.
6. Amide oligomers were synthesized (amide component:formaldehyde). Ratio — 1:1.7, respectively.
Water solution of formaldehyde was used.
7. Amide oligomers were as well obtained by polycondensation in melt with molar ratio of initial
components (carbamide:aldehyde) 1:1.1, respectively, at 100°C, duration of the reaction — 1 hour.
8. Optimal mass ratio of diatomite and amido-aldehyde oligomer was determined — 0.3:0.7,
respectively.
9. Influence of different factors on the process of hybrid porous polymer formation was studied.
10.The obtained samples of mixed polymer with different percentage of diatomite were examined for
sorption ability and the study showed that porous composites are characterized by much higher
sorption properties then polymer alone or natural and modified diatomite alone.
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SUMMARY

SYNTHESIS AND STUDY OF BIMETALLIC COBALT (II) COMPOUNDS WITH ISONICOTINAMI-
DE, PICOLINAMIDE AND POTASSIUM HEXACYANOFERRATE (Il)

Gegeshidze N.G, Kilasonia N.O, Tsintsadze M.G. and Khurkuli M.I.

Georgian Technical University

Iv. Javakhishvili Thilisi State University R.Agladze Institute of Inorganic Chemistry and Electrochemistry
The aim of our research is the synthesis and investigation of bimetallic coordination compounds of cobalt (I1).
Cobalt (11) chloride and potassium (I1) hexacyanoferrate were taken as starting products, and isonicotinamide
and picolinamide were used as organic ligands. A method for the synthesis of new bimetallic coordination
compounds has been developed. Studies of some physicochemical properties of synthesized complexes have
been carried out. In order to determine the rules of coordination of water molecules of isonicotinamide,
picolinamide and [Fe(CN)g]* ion, the IR spectra of synthesized complexes were studied. The method of grinding
polycrystalline samples with vaseline was used. KBr plates (400-4000 cm™) were used. The absorption of
vaseline oil was maximally compensated. Two new bimetallic compounds of cobalt (I1) with isonicotinamide
and picolinamide were synthesized. Both compounds are released in a free state, stable in air. Some of their
physicochemical properties have been studied. The synthesized coordination compounds were investigated by
IR spectroscopy. The rules of coordination of organic ligands and acidoligand are defined. Comparison of the
spectral analysis data allows us to judge the correlation of the oscillation frequencies of the complexes.

Keywords: cobalt (I1), bimetallic coordination compounds, spectroscopy (IR)
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SUMMARY

COORDINATION COMPOUNDS OF METALS WITH DIHYDRAZIDES OF CARBOXYLIC ACIDS
Danelia N.V.

Georgian Technical University

Molecules of malonic acid, succinic acid, glutaric acid and adipic acid dihydrazides were studied by the
guantum-chemical semiempirical AM1 method and their geometrical and structural characteristics, the mode of
coordination with metal, were identified. It should be noted that in this regard, there are no references in the
literature about the mentioned compounds. The study confirmed the presence of several donor atoms in the
dihydrazide molecules of carboxylic acids and gave us a picture, according to which the formation of a
coordination bond by the dihydrazide molecule with the metal-complexing agent is more likely to occur on the
nitrogen of the NH, group. Atom is possible because, if we also consider oxygen atoms The coordination ability
also allows the formation of five-membered metallocycles, where the carboxylic acid dihydrazide coordinates in
the keto or enol form. In addition, a methodology for the synthesis of bimetallic and heterometallic complex
compounds based on malonic acid dihydrazide has been developed.

Keywords: coordination compounds, Complexformation, physiological activity, alkaline carboxylic acid
dihydrazides, quantum chemical calculation, donor atoms, synthesis of coordination compounds.
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USE OF CATALYSTS IN THE ESTERIFICATION OF SOAPSTOCK FATTY ACIDS
Siradze M.G., Dzneladze S. Dj. and Antia G.R.

Georgian Technical University
Thilisi State Medical University

Abstract. The work is devoted to the issues of esterification of fatty acids. Catalysts for the process of
esterification of fatty acids distilled from cotton and soybean soapstocks have been investigated. It has been
established that a mixture of zinc with zinc oxide (1:1) gives the best results of the tested catalysts in the process
of esterification of fatty acids with glycerol.

Keywords: esterification, fatty acids, distilled, zinc oxide, glycerin, catalyst.

Increasing the need for a better and more complete use of the components of crude vegetable
oils and the quality of edible fats is a priority for the innovative development of the oil and fat
industry. Vegetable fats are widely used in the food industry, as well as in the production of cosmetics,
medical preparations, drying oils and other non-food (technical) products.

It is extremely important to release the fats used in the food industry from the technical forms
of fats and replace them with various residues of fat production, in particular with soapstocks, with
fuses, with waste fats, fats from bleaching clays, etc. For this purpose for perfection of the process the
remains are completely saponified and the resulting salts are removed by the addition of mineral acids.
Next step is distillation of acids with or without fractionation. And in this form they are sent to the
consumer in the soap industry, where the fatty acids are saponified again.

Fatty acids can be used as lubricants in the leather, fur, and shoe industry if they are converted
from glycerine back to glycerols by pre-esterification.

There are a large number of published scientific papers in the literature dealing with the
esterification of fatty acids. In many works discuss catalysts for the esterification process like: acid
and alkaline catalysts, metals, metal oxides, metal salts, etc. [1,2].

We have investigated distilled fatty acids from cottonseed and soy soapstocks so that the
glycerols thus obtained can be used in industry. Fatty acids with a degree of neutralization of 204.0
mg KOH / g, iodine number 108.68 % rhodan number 67.58 % , amount of saturated acids 28.38 %,
oleic acid’s amount 23.09 %, linoleic acid 48.53 % were used as feedstock.

The experiment was carried out in a three-necked flask equipped with a thermometer and a
capillary tube through which nitrogen was supplied for mixing. The third neck of the flask was used
for the water vapor generated during the reaction. The mixture was heated in an air bath. The amount
of glycerol was taken over 40% of the theoretical value. 100 g of molten fatty acid, 15 g of glycerol
and an appropriate amount of catalyst were placed in the flask. After that, the mixture was heated
while stirring with nitrogen. As catalysts in the esterification process we tried to use concentrated
sulfuric acid, anhydrous calcium oxide, anhydrous sodium carbonate and a mixture of zinc and zinc
oxide in a ratio of 1:1. We had to abandon the use of sulfuric acid, because with a high content of
linoleic acid, the product was converted into a resin. Soaps of sodium, calcium and zinc, formed with
other catalysts during the esterification process were decomposed to a small amount of salt containing
10% acids after completion of the process. Esters obtained at different temperatures and with different
duration of the process were dissolved in diethyl ether and the product solutions were dried over
anhydrous sodium sulfate. Thereafter, the diethyl ether was volatilized. The resulting esters were dried
to constant weight in a vacuum drying cabinet and the acid numbers were calculated. The results of the
experiment are presented in table 1. Comparing tests 1, 2, 3 with different catalysts we can conclude
that the best results (esterification and color completeness) are obtained with a zinc catalyst mixed
with zinc oxide. The fatty acid composition of the esterifier corresponds to the composition of the
initial acid mixtures.

In experiments 4, 1, 5, in which the same catalyst was used, but different temperature
conditions, as the temperature increased (the rest of the experiment parameters are constant), the
reaction proceeded more completely, but the product had a darker color. The acidity of the ester
obtained at 195 °C is not high, so we considered this temperature to be optimal.
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Test series 6, 7, 1, 8 illustrate the effect of process time on the esterification effect. As
expected the longer the process the better the esterification, but if the process lasts more than 3 hours
the quality of the product deteriorates.

Experiments 1, 9, 10 characterize the effect of catalyst quality on the completeness of the
esterification process. Comparing the results of these experiments, it can be seen that an increase in the
amount of catalyst from 0.1 to 0.4% fatty acids does not significantly affect the completeness of the
esterification reaction. The same can be said if we compare experiments 2, 11, 12, in which calcium
oxide was used as a catalyst.

Ne o s Amount of acids % Color
= o X S 5 of
= | = . 5 3 Satur | Oleic | Linoleic | product
“ 5 al 2 IS 5 ated
- ht < c <l > % T | 2 =
n c = o vl B c
z 3|2 |E835 |3 e g
= o| © s o
S < |8 |3dag & |28 S
1 | Zn+ZnO | 0.1 | 195 |3 80.0 2.67 104.32 | 64.38 | 28.84 | 21.85 | 49.31 Light yellow
2 | CaO 0.1 |195 |3 79.0 20.72 | - - 28.25 | 21.78 | 49.97 Dark brown
3 | NayCO; [ 0.1 | 195 |3 80.8 22.79 | - - - - - Brown
4 | Zn+ZnO | 0.1 | 175 | 3 81.0 2498 | - - - - - Light yellow
5 | Zn+ZnO | 0.1 | 205 | 3 79.5 0.65 - - - - - Dark yellow
6 | Zn+ZnO | 0.1 | 195 | 3 85.0 |248 |- - - - - Light yellow
7 | Zn+ZnO | 0.1 | 195 | 25 | 84.0 7.95 - - - - - Light yellow
8 | Zn+ZnO | 0.1 | 195 | 4 79.0 1.30 - - - - - Dark yellow
9 |Zn+ZnO | 0.2 | 195 |3 81.0 1.27 102.68 | 62.56 | 31.18 | 19.55 | 49.27 Dark yellow
10 | Zn+ZnO | 0.4 | 195 |3 78.0 1.12 104.80 | 63.10 | 29.16 | 20.58 | 50.26 Light yellow
11 | CaO 0.2 | 195 |3 80.2 17.07 | 105.07 | 65.00 | 28.03 | 22.49 | 49.48 Dark yellow
12 | CaO 04 | 195 |3 80.0 | 15.97 | 105.61 | 64.38 | 28.88 | 20.20 | 50.92 Dark yellow
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4ggeoobg do@@Gogo dom dm@ols ogm CNDO dgmmeo, gangd@@mb-gegd@mbols asobbogw-
30L 0bGga®omgdols gomgmol AML SEAMIYA0 MAboGsagdo goboboggdbmes, GMyMm®
bgggOygao  Lodgd®ool. P-c@do@oggbols M@0 b@oG0s yomgomolifobgdymos, dbmamo
900 g 9B mbosh Hgbmboblygar 0bGgy@om o, @mdmols ooy obggg ©sdmowg-
49905 M@doFsmgdoll bmdobg, 396@G@goL dm@ol dsbdognbg s ddol Godol gobdlsb-
mgtga  3mblbEsbGol 860dgbgamdsby. guOmMm @nygao JosbamgdolsULINDO dodwobs-
Ogmdl gOmo s 03039 SAHMIol SHMIYH MAd0ES sl D@0l gOm3gbG®osbo 0b@gy-
Ao gdols gobbowgols aomgegdo. 3oMggeom P-m@dodsegdol m@ogbGsios aobbowgols
06392058950 25dmmgmolsl gomgoeolifobgdyao ogm Lodmyeols dobgwgom dgdoamd
dosbgomgdsdo NDDO. o3 dgmmedo Ibgoggermdsdo doomgdmes Lsdo- s mmnbigbd-
©05b0 063 ga®oegdo, @mIegdoi J00mds/3sLbmdgh gOmo s 0039 SBA®Iol SEMAY®O
MO30H>@gdol dosgs@mgsl.

dgmmeo  INDO/3 gdydoggoygmo odbs @ogo@ol, dobybsdmdol s el dogd
bobdo@{gomdogdols  3oM5dgB@oboioolmgol,  s@Emdms  ddgdobmgols C-H-O-N o
C-Y-F-Cl @wo bmgog@mo Lbgs Godol — Logrozoydol, gobgm@ol s ymgodools dgd-
(3390 Jogsgeobmgol.  dJmegigmgdol  LEHOYJH YO0l s  gbgdaool  Iglfogeols
ao®©s MINDO/3 3gmmpom dgbsdengdganos d@sgsaolibgssdmobols s3mblbe.

egobomgol gOmgO0n yggeoby boodgom ©o bobpme omgagds bobgg®owgddo-
00 3356 9®-Jodog@do AM1 (Austin Modell) da PM3 (Parametric method number3)
dgommwgdo.

bg9dmo hsdmmgmog Jgnmegdl Logydgmsw 9wggl dJosbmangdomo NDDO dgmm-
©0, myd3s ©gAdol aobbowgol 0bGgydomgdolmgol o3 dgdmbgggsdo godmoygbgds Lbgs
ROAOIYgd0. yggas sbs@hgbo 3s@sdgB@o 3o oligmoggs, Gmam® i MNDO dgmemedo.

PM3 dgmmeo AM1 dgomwolysb odom  asblbgogwgds, @md gl 93565L3bgemo0
3oboboanogl  gOm3gbBM0sh Mm@ gJBH®mbosb  0b@GgyMomgdls Mm@ 335G R M gdL,
OmI@gdo3 5MSS S d Yo sGmIYMo L3gdB®mbgm3ools dmbszgdgdowsb. PM3 dgmmwdo
30 yggeos bowowgo LOygmo gbg@yools godmbobyangds goboboangds, Gmym@a {dob-
5/ 199805/ bybEo 3oMdg@Mgdo.

bobgg@oegddo@oygeo mgm@dogools Fo®ds@gds 360dbganmgbo@ gobolisbwgmgds 0d
Q5JH™@0m, G®mI  obobo LYmAse se{gmgb 9bgdaools gOmEgbd®osbo  3md3mbgb@ols
J3935L 9O Egb@@osbo 35®MsdgB®gdols olgmo 360dbganmdgdol wobdo®gdom, @M gdos
3obolobrgmgds sGmIydo L3gdd®gdol dobgogom s godmbisbsggh Imizgdygmo s@mdols
L39JBHOMLIM3geo o6 Logoangb@m dpamds®gmdols gbgmgosl.

35M5dgBMgdols  dg@hggs ™@0gg bgdmms{gdomo dgmmeol dobgogomn bogds
0bgmbso®ow, MM dmbgls dgbodsdolbmds gJldg@odgb@ya dmbs39dgdbmsb.

m3m63 bgdmo 0dbs s@bodbyaro, golomgols gomgenols 3356@c-Jodoy@o dg-
M o0 g4g9eobg 360dgbganmgebo s dmbgdbgdymo Jgmmwgdos bogmog@gdols gangd-
AOmbyeo LEAGYJB @l dgbfsgmolbongol. sbgmo aomgangdols dgogagdo dglodengdgenls
boli ©sEaobogls @myao sebsgmdols bog®mgbol (IGsgoes@mdosbo m@ysbyano dJmeng-
3 gd0l) LA®YJBMgdo s olgmo 3mbiyMoMgdso mbmA o (396@Mgd0l 3MMmybe-
B0 gdols Lodygoggdols odgnggs, @M golsi Jdbosh dmaogyblioy®o wopsbogdo [1-3].

hggbo 3amgge omgoaolifobgows Lfm@go 3meonybiog®o @opsbwol swbs-
3m60l, LEOYJHYOobs s gangdBOmbymo dobsbosmgdagbol oagbsl  bobgg®ow-
993000 dgmmegdom, g9@dme AML s MM2 3356@9®-Jodoygdo dgomegdom. sbggg
3odmmgmomos  gbgdagBogeo, 2gmdgdeogmo s LEOYJAgogeo dobsbosmgdangbo
OMam6O3 3obge gobodo, sliggg Lbgowolbgs godblibgangddo (Tysero, gmsbmeno, dgmes-
beagno, ©odgmogam®dsdowo, 53gB™bo, 3gdlobo, wodgmoeliyaamlowo).
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H H
/N N\
H,N NH,

5>bgas060l dgo35L oIoGSbo®o

390dmE 30,  ™@03g  Jgommom  yosmgaogos  3mFgbgosyg®o  gbg@yools
aobofogmgds  Lodig@ogol  gubjiombsgol  mgm@oslbomsb  Jglodsdolow;  aomgenogos
do@gsgeol  Fo@dmdbols Lomdm, 3ol Log@dol 3bodgbgermdgdo, ddol  3yombggdo,

999JH 900 IgbBgdo S@™Igoby, gagJBOmbgdols gobsfoggds SEMIYH m@doFomgddby,

90 9JBOmbyeo bodggdogol aobsfomgds s bbg.
9bos  5@0bodbml, GmI  3356¢9@-Jodog@o AM1 dgmmwon sbgasobols Igogols

odo@sbools Jmggsgas asmgeogo odbs bbgowslbgs gsdblibgangdolbmgol, beam
MM2 3gmmwon dbmammo soddo. Loob@Ggegbms, Gmd m@ogg dgommwols gsdmygbgdsd
do@gsgmol 3033 gJlfo@dmJdbols  9bs@ols  mgolsb@obom  momddols  gBHmbso®o
9098900 Jmygiae, m9dis  bbgoswslbgs godblbgangddo  gomgeools ho@o®gdol ¢3o@s-
Bgbmdss ol ao®gdmgds, GmI 303 gJlibsg@mols Lobmgbo [obslfod ©sopggadgds oo
099 03 25dblbgerolmgol. aomgagdols dgegao aodmgmgbogros ol Mbm@ Yo SFHM-
4900 (3oMdmbogol xaxnol gobadowol, do@dsbooymo xangnol sbm@Eol s@mdgdo)
OmIegdloi dgydeosm gommaobsizoygao ddol aobbm@dogangds 53> g 03 dgHow-
3033¢0 9L o®IMIJIbger;msb. aomgangdols dobgogom sbgansobols Igogol wodo@sbowo

BIOOIbBG YO0 oy sbos.
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SUMMARY

SEMIEMPIRICAL METHODS AND THEIR APPLICATION TO THE STUDY OF COMPLEX
ORGANIC MOLECULES

Gogberashvili Z.M.

Georgian Technical University

The use of highly productive and reliable computer programs is of great importance for new achievements in
modern theoretical chemistry. Developed programs are mainly based on quantum-chemical semi-empirical and
non-empirical methods. Thus, the use of computer programs in theoretical chemistry, among which quantum-
chemical semi-empirical methods stand out, is very relevant and important, because they make it possible to
conduct complex theoretical analysis of numerous molecular systems with small material costs. At the same
time, these semiempirical calculations were possible only for the simplest molecules. Currently, semi-empirical
guantum-chemical AM1 and PM3 methods are considered one of the most reliable and reliable. Our research
also considered the determination of the structure, structure and electronic characteristics of the polyfunctional
ligand by semi-empirical methods, namely AM1 and MM2 quantum-chemical methods. Energy, geometric and
structural characteristics were also calculated both in the gas phase and in different solvents. By the quantum-
chemical AM1 method, the Azelaic acid dihydrazide molecule was calculated for various solvents and by the
MM2 method only in gas. It is interesting that the use of both methods gave almost the same results in terms of
the ability of the molecule to form a complex, although the advantage of performing calculations in different
solvents is that the synthesis of the complex compound will be planned in advance for this or other solvent. As a
result of the calculations, those donor atoms (oxygen of the carbonyl group, nitrogen atoms of the hydrazide
group) that can make a coordination bond with this or other metal-complex generator have been identified.
According to calculations, Azelaic Acid Dihydrazide is a tetradentate ligand.

Keywords: semiempirical methods, AM1 and PM3 quantum-chemical method, Azelaic acid dihydrazide
molecule, donor atoms.
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336BMB0BO0L 303(MJT6IdS 3TR0BN6ST0

Bogodg d.@., addges0s 3.5, F5TosTgogo 6.3, (306359 0.3,

Logotmnggameml &9dbos9600 96ogg@Lodagdo

Lodd gV gge0m Bgdbmemmaogbols aobgoms®gds 0fg93L d9bgdcdogo mobol dJobg@oang-
b0l 203myggbgdol  osMgogol dygedog goBsMMNMgdsl. g9@dme, gL gbgds LdgdBoBgdols
@00l dobg@ogdl, ¢30M3gegl ymgaols 39bGmbody® mobgdl, @mdgems dJmsgs®o
3M330bgbRos  dmbBdm@ogrmbo@o. dobo gy gboenmds  godmobs@gds dgdwgao  Bm@dyY-

oM

(Al16:Mgo.33)[(OH),Si4010]Nao,33(H-0),

396@™boob dbmamom doGsgols

2965f0emqgds
7%3264g00

HOW N -

Jmb@Im@ogmbo@o dbmxgmomdo gOm-gHm o309 gdym  Jobgdowls Fo@mdma-
396L, 23bgogds d930 ©obsargd Jobgddo, s@dmhigbognos 53d-Tdo, 3obowsTo, Log®sbygmdo,
obogagom  g9®dsbosdo, 053mbosdo, hOommgmn ©s LadbGgn osx®ogsdo, oFswosdo,
hgbgmdo, 9ba®gmndo, obpmgndo, hobgmdo, FyaJgmdo, Lsds@mggamTo, Lemdbgmdo,
>bg@do0xobdo, Gylgmdo, ¥305065T0, yobobgmdo, Hbdgzgmdo, Goxogzgmdo [12]

bbgowolibgs Lodoswmgdols dgb@mbo@yg@o mobgdo goblibgoggds swbogmdomn  ©s
bAO9Jdaogeo  dsbobosmgdemgdols  mogolgdydgdgdom, Goas  0ofggab  0bBgdglls
30630930 badoswmgdols mgolgdgdol dgbFogerols dods@o [3].

LoJo®mggerml Bgmodm@osbyg osbigobol Lodommgdowsh dm3mggdagemo d96@mbodo
Foddmwagbomos  Budg Nat-ol (sbgsbagmo) ©s E9@E9dofs Calt-ol (mobs  slgobs)
Rm®@don. 30bol-gdsbol goMog®do Im3mggdymo slgobygeo msgolo dsboliosmgdengdom
9doanglo bo®olboll mobs omgengds. oli aodmodhggs dmbAdm@ognmbodol (87-95 %)
doogmo o Jodlol (1-3% ) ©s gomenobo@ols (3-8%) wodsano dgd;3ggermdbdom. 3GM-
©daos LgdGoxgozo@gdygmos ISO-L LEsbps@Bgdom [4].

3oboli-9bbols  goMog@oesb dowgdygeo slgobygmol dgoagboermdols s mgolg-
39500 Lodg@dbgools j9bdya Joamlols CaZt-396@mbodls s >3- IGo@o, §oomdobaols
Na-696@mbodmob MX-80 dgos@gds §omdmwggbomos be. 1 ©s 2-To.

5303965 653OMAgddo dmigdyeros mobols dbgogbo bogmogdgdols Lobs@mpgdenm
0golgdgdol dglobgd,  smfg@ogo domo dmJdgogds ssdosbols m@ysbobdby - bgeols
9Fymol Lbgoslbgs Lobol d@oenmdols dgbm@gosl, ob@mdlogsigools dgdEomgdsls b
>dmabg@sl o ».9. [6].

ddogoeo  Jg9ybol  Ro®dsgm3gedo (599, ogbG@ogos, dgmyos, bgbgmo, Log-
562900, 39035b0s, 0@ogos, bo M sbogdo, 3MEYAS@0s, F3go3oM0s, 0bpmgmo ©s
Lbg) domomgdymos 396@mbodyg®o mobgdol aodmygbgdol dglobgd.
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gboogmo 1L Ubgopslbgs  Lodspmgdoesh Jopgdagmo  dgbdmbodols  mobgdol  dobg@dsmycdo
3M33mbgb@gdol s mgoligdgdol Ygromgds

No dohggbgdgeo d3b®™bo@gdols Lodowmgdo
Na-sb3oba gero, Ca-39b@mbo@do, Na-96@mbo@o
LoJo@mnggenm, Ladg@dbgmo, MX-80, 599,
3obol-gdsbo 396990 dogmmbo | FBs@do goomdobyo
1. Bobg@ognygdo Jgdoygbenmds (XRD - G9b@agbm-ogasiogao sbognobo), %
1.1 1dgJBodo 89 — 95 75 — 85 65 — 85
12 0@0@0 2 -6 <4 2 -4
13 335030 <4 <4 5-7
14 | goem3odo 3-5 8 — 12 6 -9
15 | bbgo <4 <4 5—- 16
2. gobogydo mgoligdgdo
2.1 3oB0mby®o 333 0mO 95 — 105 80 — 90 70 — 80
$23>0M0, 3p.939/1007
22 | aox00xg9d00 0bg Lo, 22 — 26 6 — 10 28 — 32
den/20
23 | {yeols slm®dzos 480 — 520 110 — 150 650 — 800
(Enslin-Neff), %

Gboogmo 2. Lbgospolbgs  Lodopmgdopsh  Bowgdnmo  396@@bodol  mobgdol  JoBoyco
Bgrpgbogmmdol Jgpsdgds

Ne nobgbols Lbbgoalbgs badsmgdowsh dowgdgmo dgb@mbo@ols mobgdols
3M33mbgb@Bgdols 3M330mbgbBgools omwgbmd®ogo godmbabye gds,%
sliobgangds

Na-ob gobg gero, Ca-696@mbo®o, Na- 696@mbodo MX-
Lodo®mggenm, L6 g@dbgmo, 80, 599, 9@spo
3obol-gdsbo 396dg@o dogomlo go0mdobyo

1 Na,O 2,75 2,83 2,76

2 MgO 1,25 3,19 2,49

3 CaO 2,35 4,39 0,49

4 Al,O3 12,6 19,50 20,14

5 SiO, 47,8 53,60 55,44

6 P,Os 0,74 0,12 -

8 SO, 0,34 - -

9 S 0,14 0,18 -

10 K,0 55 1,12 0,60

11 Fe,O, 10,4 3,93 3,67

12 FeO - 0,65 -

13 Fe 3,26 -

14 MnO — 0,09 -

15 TiO, — 0,78 —

14 R,03 23,2 - —

15 Cl 0,03 — —

Na-336@mbo@ols MX-80-0b gy gbeomds owmgdamos g@>mbse [5]

Lbobgand{ogym ggo@dsgm3gol X—=XI sdm39d90do (podmgds 2) bmgoe LEs@osdo
»3o5dmgdo” bobligbgdos d9bGmbodyy®o mobols dogsdml gudge  godmygbgdols dglsd-
g gdamdols Iglobgd. Log@msdm@olbm go®dsimdgol I asdmigds sliggg dgoEogh bEe-
Aol ,,696@mbo@do-Bentonitum* [7,8].

BoM3I>(3930 90 Hgdbmmmaool LggOmdo d96@mbodgdols do@sgno JoOmEGo -
Omds, ol3gOloygamds, godmbs@ygao  gdygalbogolds@dm@ygeo, Jmegmog®o ©s ULbgs
030gdgo0 Bodmm 253mygbgdol dglodengdamdsls odanggs [9].
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b9b@mbo@ol  20dmygbgdygeos MGG  30935M5@9ddo, gobsowsb  dgbGmbo@o
5030 A5dM0YmMmPs  MAysbobdowsb  ymggmage®o  Gmdbogg@o 9890l asdmf 39300
35M9dg. 6gbBmbo@ol mobgdo bobosmgds O®am®O3 dodogbgog@gdgao, sbiggg dgdoglgd-
gool, dgdog@mmgdgemo  (dg(gdgd0l) dowogmo  wbos@om. @odagBo®gdymmo 3G 3oMsFgdols
Jo@dmgdsdo, @mymei Fgbo, a0dmoygbgds dgb@mbodygdo  mobgdols Gydg ©s Gu9dg-
Bofoms (Ca o Na*) 396930050 BmGIGd0, Gowash 0lobo od r@bogem dsbsl sbokgdgb
9o sbB0YOMbSL, 3EoliBoy@mdsl s sdaols ¢bosdl, slggg dgbodengdgaos Lobsdgo-
gobs s Lbgs @odbdodg bogmog®gdgdols dgb@mboddo mobgdom hobszgergds [10,11].

3963 mbodo 989JBYM0s Jud-bof@ogol FMsd@ol osgowgdgdols ©s g9biEoyg®o
5M393960L  d3g@bognmdolsl, dobo Dgygobs good@oy®gdyamo bsbdodmols  Jgopgbo-
@mdsdo gMobyagdls Lokodm mg@sdoge mgoligdgdl sbokgdl [12,13].

0obols 2o5hbos MmAASby@o dmen gz gdols ob gommbols 0mbgdols Lm@do®gdols
9bo@0, oJgeb godmdwobstg IMogomo ggenggs 3030bs@gmdl  gbBgHmbm®dgbGgdols
‘dgboJdbgarsw [14,15].

39LEoEogdom Jmfsdgmolsl Mg3mdgbgdygmmos 396@Gmbo@ol sEbmMdgb@ow go-
dmygbgds, 3gddme gdenog@gbo dgMmdozoomn — 3s@sggs@om (Paraguat) dm§sdganolisls [16].

b96@mbo@o byl 9Fymdl Gemdbogydo ddodg Ig@omgdols s Moombyzmowgdols
30dmEggbsl  oEsdosbols  m@ysbobdowsh, ogamgbl  989]B @  dmdgogdel  @godemols
055350090900Ls> s Lbgoolbgs GmJbogmbgdol @AM, asdmoygbgds Ladkdenols dmdbgeng-
dgeo LobiEgdol, 3gMogg@ogmmo bydgymo LolEgdol, LablMgdols s obgzmamyoy®o
55350096900l badgy@bogrme [17].

396@™MboBo 2o3mygbgds bofesogol dod@g®ogdol g @Bogodgdolsl bsgggdo s®gls
dobodbogdbano®, @oEaob  oEsLFYMgoYmos  d9bGmbo@ols  dgdggeo  Logggdo  o@gl
do@oo  9839]HOmds  sesdosbgdol, 3bmggagdol s aoM9dml  mdogdBgdol domdslo-
0Esb dJomgdymo gbGghmdsdBgmogools — Shigella, Salmonella, g@Lobos ©oRgAgbGE0G d0-
Lo o 00gb@oggogsioobsl. da@dbmdosdyg, LY®@sxgo ©s g3mbmdoyg@o dgmmeo Lsdygsmgdsls
0dgnggs  2o0boMEML ogga_ﬁ@otgogo(ﬁa%‘gg@o d5JBgdogdol  Goibgo  50%-00  Salmonella-
bogol o 30,6%-0m Yersinia-logol, hggyegdb@ogo aodmygbgdygm bogggd Lodysagdgdmasb
Ygomgdom (dopboydo s Geoygmdmygbyemo — bgagdizoy®o dgeombo (FSB)) [18,19].

©g180G0H YO0 @go]Boggools  bsigmoe  bgbBmbo@ydo  mobgdoli  asdmygbgdom
3009bgool  3mb3EgbB®sios, ofdgbos ©s 0bmasiool 3GmEglbo Mol do@Bogo ©s
bgerdolis(gomdo  dgmmeo, @Gmdgeoi 989G YOs©  2odmoygbgds @opo mgm@oygeo  ©s
305JB0g9o 3OMdagdgdols gowsbsk®gmsm, @MmAagdoi ©sgogdoMgdygmos HMESZ007-
Lgodol, A 3g3s@oBol godybol 3mb3gbd®odmgdymo s gobyrmsggdygeo obmas@gdols
s slggg FTymowasb gb@Ggmmgodygligdols domgdslmsb [20].

396@G™bo@ol mobs FBoMmmE yodmoygbgds BoMIsi393@ e IMg(ggemdsdo yocy-
3obo  aodmygbgdols  gdyenliogdol, do@sdmgdol, @obodgbBgool, 3y@gdol, dmboymg-
g gdols Fo®dmgdsdo, MmIagdoi godmoygbgds d@ogmdgdols, Fyeyagdol, bmgmgsbo ob-
29J(30900L, ©s3F3Omd0l, 3obol sbmgdgdol, o369, sEm30yg@o ©g@IsBo@ol bsd @ be-
eE © OOMaeO3E bodgydbsgm Lybdghbogdol LEsdommobs@m@o.

3963 mbo@o godmoygbgds mbdg@ogedo LEOYIAHYOToMdmJdbolomgol,  3GmY]-
Aol gobggergdolomgol, gdgebools LEsdognobsiEoolmgol. d9b@mbo@ol  jmermoey@o
blbo®gdo godmoygbgods Lbgowslbbgs gmbdg@oga®o Lodygomgdgbol — gdgaboydo 36 g-
dgd0l, @mbombgdol, 03(dgbwo, dsgosgols dmbsdm@gdgaro, Lobol s 0ol bowdgdols
Fo®dmgdsdo. g3meas@oygen  3mbdg@ogsdo dgb@mbodo asdmoyggbgds 3slGgdol, @Guhlos-
3bgdol, dOsgogo mbggzoo Wg3MmAsAOY@o 3OMEYJAoL — mgsols @sobgdol, Fmbs-
g0 30gdgdol, mbggoo mgomols hdwogdols Fomdmgdsdo. dgogom yos@oydgdyemo
b96@™mboGo 253m0ygbgds sOMIsFmo bogmog®gdgdols Fo®Imgdsdo, GmamA3 Jo@owo-
boGm@o s Lm@dgbdo [21, 22].

d9b@mbo@ols dgdiggero  3mbdgdogs, Sp@Mgaod o dpymds®gmdol, ©mbodgdols,
5JB0go300l  damds®gmdowsh godmdwoboty, dgodengds godmygbgdye o0dbsls Lbgowe-
Lbgs Godol — bodosbo, ddGs@o, 3mddobo@gdyano, be@dsay@o, sdg®gdymo, 3O Md-
g gdyg@o 3obol, ygges Godol mdol, g@hboangdol, googngdols s oMol @Oyl dmgeols
3OmgomsBogobs s d3g@bsgombdobmgols [23].
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SUMMARY

THE USE SE OF BENTONITE IN MEDICINE

Chaphidze A.L., Gabelaia M.A., Shashiashvili N.VV. and Tsintsadze T.G.

Georgian Technical University

The article provides a complete description of the chemical and mineral composition of Na montmorillothite
form of bentonite - "askangel”, which is produced in the Askan deposit, Georgia. The article also gives a
comparison of the composition and physical properties of Ascangel with Ca-bentonite (Greece, Milos) and Na-
bentonite MX-80 (Wyoming, USA. It is considered to be the reference composition of bentonite). Askangel is
one of the best bentonite clays for medical, pharmaceutical and cosmetic applications. The article also provides a
brief review of data on the use of bentonite as an excipient in medicines, as part of enterosorbents and nutrient
area for the detection and isolation of enteroviruses, as a food additive, in the matrix of a preparation for wound
dressings, cosmetics, etc.

Keywords: bentonite, montmorillonite, "Askangel”, hydrophilicity, dispersibility, sorbent, enterosorbent,
colloidal solution, structure-forming substance.
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SUMMARY

STERILE MICROFILTRATION AND MICROBIOLOGICAL ANALYSIS OF SAFERAVI WINE
MATERIAL

Bibileishvili G.V., Mamulashvili M.A., Kezherashvili M. G. and Bibileishvili 1.V.

Engineering Institute of Membrane Technologies of Technical University of Georgia

The paper presents sterile microfiltration and microbiological analysis of Saperavi wine material. The total
number of Acetobacter (A) - Acetobacter, Lactobacillus (L) - Lactobacillus, yeast and mold (Y/M) cells was
determined in the Saferavi wine material. It was found that under the conditions of 0.2 pm pore size, the
complete sterilization of the wine material of Saperavi took place and the indicators of bacteria were reduced to
zero. After microfiltration, we got a crystal clear, bright and shiny product.

Keywords: wine material, microfiltration, microbiology, bacteria, sterilization.
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SUMMARY

STUDY OF THE CHEMICAL COMPOSITION OF APPLE JUICE AND SAPERAVI WINE MATERIAL
Bibileishvili G.V., Mamulashvili M.A., Butchuzi T.G. and Javashvili Z.D.

Engineering Institute of Membrane Technologies of Technical University of Georgia

Chemical composition, darkness, viscosity, particle size - Z potential of apple juice and Saperavi wine material
before and after filtration are studied in the paper. Microfiltration was performed using a 0.2 um pore size
membrane. It was determined that after filtration the chemical composition decreased by 20%, the particle size in
apple juice was reduced to 359.3 nm, and in wine material to 45.94 nm. We obtained crystal clear juice and
wine material that meet the requirements of non-alcoholic beverages.

Keywords: Apple juice, wine material microfiltration, chemical composition, particle size.
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SUMMARY

THERMAL ANALYSIS OF FATS USED IN BREAD BAKING TECHNOLOGY

Machaladze T.E., Samkharadze M.G., Kakhidze N.A.

Iv.Javakhischvili Thbilisi State University, R.Agladze Institute of Inorganik Chemistry and Electrochemistry
Akaki Tsereteli State University

We learned fats, which are used in bread baking technology with thermal analysis. With DTA and DSC curves it
was determined the specific heat and temperature of melting.

Keywords: thermal analysis, vegetable fats, thermal effect.
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SUMMARY

PROSPECTS FOR THE USE OF ARTEMIZIA ABZINTHIUM AND PLANTAGO MAJOR IN THE
PRODUCTION OF SMOKED SAUSAGES

Tkeshelashvili A.R. and Tkemaladze G.Sh.

Georgian Technical University

Vegetable ingredients of meat products are mainly used in recipes as a flavor additive, although they also have a
kind of functional effect, affecting color, consistency, shelf life. Medicinal plants wormwood (Artemisia
absinthium) and multi-veined plant (Plantago major) were selected due to their probable, possible, positive
effects for the preparation of sausages. Confirming with research that it will be possible to obtain a product
useful for the nutrition of athletes is the main direction of the work topic. The main properties of the ingredients
were distinguished and they were grouped according to the purpose, tinctures of different concentrations were
prepared and their approximate dosage regimen was developed. The main ingredient of the sausage (Chicken
and Beef Meat) was selected considering it’s nutritional value. The yield of the intermediate finished product
and the functional activity level of the tincture were determined. The obtained result is a prerequisite for creating
the final product.

Keywords: meat product, medicinal plant, tincture, dosage, coefficient of drying, research.
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SUMMARY

OBTAINING, STUDYING AND USING THE EXTRACT FROM ALMOND SHELL

Mamardashvili N.G. and Chefichashvili S.A.

Georgian Technical University

Based on the conducted experiment, an extract was obtained from the almond shell, we will investigate the
extractability, amygdalin, the total amount of lipids, alcohol strength. The total amount of lipids was 0.07%,
amygdalin was not found in it, the alcohol strength was 40% (vol), and the extractability was 4.5% in finely
powdered object. The optimal modes of taking the extract were also studied: Grinding degree, ethanol
concentration, extraction temperature, modulus and lag time. An inverted sugar syrup was prepared for dessert
liquorice. We made a dessert liqueur from the obtained extract, taking into account all the standards. The amount
of sugars and alcohol strength were determined in the finished liquor. Sugars made up 34% and alcohol strength
made up 28% (vol).

Keywords: almond shell, liquor, biologically active substance
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SUMMARY

FUNCTIONAL PROPERTIES OF BIOLOGICALLY ACTIVE SUBSTANCES

OF PUMPKIN SEEDS

Tsagareishvili Kh.B., Jinjolia Sh.R. and Karchava M.C.

Akaki Tsereteli State University

Pumpkin seeds are rich in biologically active substances - they contain vitamins, tocopherols, carotenoids,
provitamins, an optimal set of mineral substances (zinc, iron, calcium, copper, potassium - more than sodium),
essential amino acids, unsaturated fatty acids, pigments, phytosterols, triterpenoids, squalene, pyrazine, phenolic
compounds and their derivatives, flavonoids, coumarins. Pumpkin seeds are characterized by strong
anthelmintic, antimicrobial, antifungal, antiviral, antioxidant, antidepressant, hypoglycemic, cytoprotective and
other important hepatoprotective effects. Due to such unique and versatile biological effects on the human body,
pumpkin seeds, after relevant biological (preclinical) and clinical studies, can be widely introduced in food
technology as a functional ingredient for versatile preventive purposes.

Keywords: pumpkin seed, anthelmintic, antimicrobial, biologically active substances, functional properties.
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SUMMARY

INDICATORS OF DISTRIBUTION OF PHARMACIES AND PHARMACIES

IN GEORGIA AND EUROPEAN COUNTRIES

Tsintsadze T.G., Shashiashvili N.V., Chigava M.L., Gvelesiani 1.0. and Mishelashvili Kh.T.

Georgian Technical University

Georgia's first state-owned (public) pharmacy opened in Thilisi in 1806. Until 1990, all pharmacies in Georgia
were state-owned, with a centralized supply, a defined assortment of medicines and a fixed selling price. They
were regulated and managed by the state through the Main Pharmacy Division. The privatization of pharmacies
began in the 1990s, followed by the development of private pharmacies. The number of pharmaceutical
wholesale and retail distributors between 2000 and 2021 varied. The number of pharmacies peaked in 2010 as a
result of a 2009 amendment to the Law of Georgia on Medicines and Pharmaceutical Activities. The
modification simplified the procedure for starting a pharmacy. It meant most pharmacies no longer needed a
license to operate and could begin selling pharmaceutical products after completing and filing a simple
application form. As a consequence of the legislative change, pharmacies that were no longer in business were
removed from the register of pharmacies, resulting in a decrease in the number of establishments by 2018.
Pharmacists are defined as those who have a bachelor’s degree in pharmacy. They can be employed in an
authorized pharmacy in a position related to the sale of pharmaceutical products (except for medications subject
to special control) and in any position in a pharmacy (specialized trade unit) and retail trade unit.People with a
master’s degree in pharmacy can by law be employed in all positions in an authorized pharmacy, pharmacy
(specialized trade unit) and retail trade unit. Current legislation in Georgia does not require pharmacists to
procure a postgraduate license, nor does it mandate their participation in a range of educational programmes,
seminars and training. Training is taken only through a pharmacist’s personal decision or at the behest of the
employer. Some companies provide training for employed pharmacists on use of medicines, how to prescribe
them and how to communicate in general in terms with customers. The training content, however, is not
approved by the regulatory/controlling authorities and is not specified in legislation.Currently, 3255 pharmacists
with higher pharmaceutical education are engaged in working in pharmaceutical activities in pharmacies in
Georgia. Pharmacists provide an essential service to the population. This is in particular evident now during the
COVID pandemic. Even while many everyday services were locked down or restricted, they continued
providing services to patients. They continued compounding, dispensing and selling medicinal products that
patients need and provided advice on their proper use and possible adverse effects. Across the European Union
(EU), the number of pharmacists , as a pharmacies per inhabitant varies widely. It is difficult to compare
different health systems with each other as each society defines its own standard for the national health system,
of which pharmacies are an integral and indispensible part. The pharmacy density can vary based on the
population, urban density and structure of cities and administrative districts.

Keywords: pharmacy, medication.
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