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GEOPHYSICS

RESEARCH OF THE RIVERS ASSA AND ARGUN GLACIAL BASINS
DEGRADATION DYNAMICS ON THE BACKGROUND OF MODERN
CLIMATE CHANGE BASED ON SATELLITE REMOTE SENSING

L. Shengelia, G. Kordzakhia, G. Tvauri, M. Dzadzamia

(Hydrometeorological Institute of Georgian Technical University, E. Andronikashvili Institute of Physics of 1.
Javakhishvili Tbilisi State University, National Environmental Agency, Ministry of Environment Protection
and Agriculture of Georgia)

Resume. The degradation dynamics of the glacial basins of the rivers Assa and Argun in Eastern Geor-
gia due to climate change has been researched. For the study were used data from the catalogue of glaciers of
the Soviet Union, the LANDSAT 8§ satellite dated August 28, 2014 and September 13, 2020. The initial data
are the characteristics of glaciers in the catalogue of the USSR. To represent the dynamics of glaciers in the
glacial basins of the Assa and Argun rivers, three points in time are used, i.e. two periods of time. The first
period covers about 50 years, and the second — 6 years.

As aresult of the study, it is concluded that all the glaciers of the studied basins melted in the considered
periods, while the degradation of glaciers in the second period occurs much more intensive than in the first,

i.e. the melting of glaciers is non-linear.

Keywords: climate change; glaciers of Georgia; satellite remote sensing.

15



03(MISMKXMBOS

B0l 1LOBOMHO — LOGMBEROL 35®BB0S RINSAOVSBI
3obsbs dsbognsdgogmo

(LoJotmgganmlb @gd6o3gM0 9bogg@lodgdol do®mdgdgmdmamaool 0blBod o)

9b0939: ©9sd0Fsbg Jodobodg Sbo®M3mygby®o ws@godmgol dgogase s@Inlgg®mdo
320bs@Es bobdodmAgebyol Homgbmds, bmam domlggdmdo gobydomols wogmmggdsl go-
boggol 339bomgyano Logs®o, AmIgmai 3mEbosgo m@ysbobdgdobsmgols gobadswols, bsiggdols
s> gbg@gools Fyotml Fomdmowygbl. wwgobsmgol Gyol godmmdo wgosdofeby bsgdome dgd-

(30MOgdgeos. 5dol aodm ol Fgbdoado wowas sOLgdyemo  Byggool ©sEgs s domo
355D NMYdS.

b53g356dm Lodyggdo: s@Imbggam; dombggdm; 3Fgobg 8(39bog; gobadoswo; Lsjggools s
969000L Fyodm.

Jgbogogmo

gesdofoby Logmabang Joaosbom gomgdmdiggen 300mdgdbgs ©odmowgdyeo. o=

dofo 3bol LolEgdol gobemglbo 3ansbg@os o dobo gaods@ol (3geromgds ©s3ogdoMgdayemos
dbol 5JBoy@mdoby. Ibmgmom Labmyspmgdobomgol gohm-gamo dJmsgo®o Logombos hggbls

3emsbgBobg 3080bsdg je00ds@ol emosmy@o omdmods s dobo bgdmJdgogos as®gdmby.

2090mb  9JL3gMmAms Ebmdom, dogMol Bgd3gmsdyds ggensg 3o0bMEgds s o3 AML
dobogmebgmos Gmama LEodogdo dngmmgbgdol asbdodgos, Gsdsiz dgodamgds asdmofgoml
oo baydggs s Jlbgg@3amo, olg Fyaols s Logggdo 3dmeyddgdol @glydlgdol ©owo
©09803030. 530@™mI WEgobsmgol d3bgdol wogs o dobo MgLyMLgdol AoE0Mboy@o odm-
496905 @0l domlbggaml s@lgdmdol sy@omgdgaro 3oMmds. sdobomgols bakodms 3ansbgdoby
dodobomyg 30m3gbgdol Idsgoedbmogo gl ogans, 3M939b09e0 s Loswad@oEom wmbolido-
90900l dgdxdoggos s aoBomgods.

do®omoEo bofogo

gs5dofobg sOLgdygmo oMY gdyao §amEMmA0YM0 gomsmgds soblbgods doMomsws
dbol bgs3o®mby Jodwobsdmyg 3MME9Lgool aosdBo®gdom s mbmbol d@ols wsM®gggom. dmes-
350 dobgbop g0 ohbgyemos gsdofsby 0bFgblog®o Sbn®®3mMygbymo oG3oMmgs, Mowysh
0bglE®00l gobgomsmgdon ymgge{oydom s@dnlbggtmdo 20 dede B-00 dos@yyemdl bob-
‘Jo@m@gobao, Gmdgeoi mogolynmsw sGo®gdl dbol Lboggdl wgwsdofeby, dopa®sd o3o390L
dobo bgoodoMmosb sMggmom md @ asdmlboggdel o 5dol godm mdgds 5GIMLPIOML Jggos

16



596g%0. ao@s sdobs, bobTodm@gebyo s@ols dogby s JmdFsdgegao bogmogdgds yggms
3m™Ebsgro m@s60bIobomgols.

9JOMegAMo Aod, Mslsi dgydenos bobBodmMygebyol dmsbmds s@ols 3(gsobg dizgbosty.
5d0dm3 gesdofoby LEsdomobsEool, gobpdswols dogobliol, geods@ol gy geodgdols s
domIMogoamagdmgbgdols dgbs@hybgdols dJobboom ywowglo Ibodgbganmds o3l Gyol Logs@L.

3bmdognos, MM gosdofs dgoddbs 4 deee Feool Fobso wo dob 5EINLYgOH™MTo oG
040 gobgdowo. ol 35dob Ipos®mo oym bobdoGmdgebyom, dgmsboms s sbmFol bogdmgdom.
ssbamgdom 2 @ Faol Foboo ©gosdofoby d0@mlggaml sOom®ds ¢6bgdol glizgmby
hsolobs 30@ggao en@x-0fgobg 3396009980, Mmdgamms Jerm@meomols bsdygsmgdbom aobbme-
3ogers dbols Lbogygdo 9b9@a00l ao®ws]dbs, Gmwglsi Jodogdo @gsjiool dgogyer dmbos
bobdodm@gebyol Jmobmds s mogolyggomo gobydsols godmoymays [1]. gobydopo 3o s@olb
dnogo@o  Fyodm gggems mabsgmo m@asbobdol s@lgdmdobomgol. gl Goygao 3GmEglo,

Omdgeoi BoGmbobmgbs ofmegds, owygboan odbs 1771 Fgaol s bjgde@ytoe dgdegao
Loboo godmobobgds [2, 3]:

6 CO, + 6 H,0 3d%ob bboggdo

83569 8396569900 CsH206 + 6 On. (1)

OAOMOS 2obdog@ Mmoo GoBm3msbJ@mbols s doli Bog® Jgldmymgdyeo gm@mbobmgbols
30m3gLol aobgomomgdols dgegas s@INLRgmTdo dgdgodes bobdodm@mgsbyol s as0bods
Job20000L Gom@gbmds. 5@IMLRIOML oM zggye bmbsdo (20 — 25 33 Lodsengbyg) Foddmodbs
Job20000lL bso@lobgmds — 5@dmbgg@ymo mbmbols g, Gmdgandsi dgshg®s dbol yaE@so-
obgg@o Lboggool godymaomo bgdmddgogds wgosdofsby ©s bgamo gufym m@asbyamo Lod-
oMl g5bgomomgosl x9@ Jo@mlygghml bgos ¢9b96do, dgdwgy go — bdgamgmnbg. Isgsmo
dognombo  Ferol dgdwgy gosdofoby aobgomemdws 3(3gbstgms dMsgogmo Lobgmds s domo
bogmezgoo 0gm doMggeo 3GmEy]dgoo, GmImgdoi aodmoygbgdbmws 3mEbogro m®ysbobdgdols
bogggdoe [4]

oy M3, gesdofsby Fo®dmodbs m@asbobdms Labogmabam do®mdgdo s ashbos ganm-
Aobs s goybols dMogoemo Lobgmds; dom dmmol ossdosboi. m9dEs s@lgdmdls swsdosbols jmb-
dobyg@o FodImTmodol ggaboss. osdosbols Fomdmdmdsdwg dombggOml s@lgdmdol 3g@omls
0m969bL 9Fmgdgb, beogm ssdosbms Lobmyswmgdols hsdmysemodgdoli gBs3l — bmmygbgbl.

sdgodo aesdofoby Izgbsdgms s 3bmggmms 2 danb Lobgmdss. dom dm@ol 1,5 danb
3bmggangdos, G®Igems oo 9dMsgegbmds Gyggodo 3bmgamdl, Jizgbsdgymo Loggs®o 3o
Fomdmoagbls gobydoswol, Logggdols s 9bgdaool Fgodml ©s, dodslbowsdy, swsdosbgdols,
3bmggangdols s gMobggmms Lodygs®mml Logmabaol LoFyoll. sfgosb asdmdwobsdyg, domo
>0 gdmds o M0l sdmzowgdamo Gyol Log®ol Jwymds®gmdsby.

BYgob Logodo dmbofomgmdls olgmo d96gd@og0 Ggly@lgdol Fo®dmJdbsTo, GmaymdoEss
boswago, Fyoo, boggmgdo, 969@390H045 G3g035G0> ©> FIOMOHIS0. Gy 0dEgss GOMO3
bo3g90, obggg Ledgg@bogm 30MmEy]Bgdl. gosdofoby s@lgdymo blgagmolbs ©s mygebgms
339600 g@mds gm@mbobmgbols 3Mm@Egbon s@gyg@odgdl >@mbygdmBo gobpdswols s
bobdo@mm®gobyols Gomgbmdsl.

35dmM5basMm0dgdyaos, O®I gmggeTeroy@dsw I3gbs@gyemmds 0mgolgol 5x10" G bob-
‘Jo@dowl, dmsbmogl 1,8><10“(5_’) bobdodm@gebyls, denols 1,3x10" ® Vyoeol, (o@dmdbols 83

JerOE G mOasbygm 3Omydaoslt (53 demew G- bdgamgmbyg, 30 I B-b mg9obggddo) s
aodmygmals 1,2x10" ¢ o gzge gobadowl. dosm dm@ol bdgangmol (3965 gyemdom dowy-
gm0 (50 — 60 %) gobydoo MM dowsmo badolbobss, gomg mggebgms Go@m3asbl@mbom
domgoyao (40 — 50 %) gobpdowo. gobydowol oM, I3gbsdgymmmdbols Jogd gmEMLobmgbol

17



30m3gbol AML godmoymals sadgmgg 175 dab @ oOMIs@yeo godmbiowgdo (IJOmarsgo
bogmogmgdgdo) [5]

BeAMLobngbol gggms 53 3G Lol Jgl@nmgdolsmngol d3gbo@ggmmds baGxagl 4x10"
330 Ibol 9bgdaosl, Gomsi bpgds 0.3 % dbols gbgdaool o33dymomgds s sdom bywdgdHo
osby@goologeb gwsdofoli oige.

230000, 339600 gms BmEMLobmgbol Igogasw s@GIMbggdhmdo bobdommgsbyo dgdEom-
> 0,03 %-dg, bogrem gobydswo asobods 21 %-dwy.

309® o>@glol [6] 3bmdom 13> dgBgaemo Byg Ferol 2obdsgenmdsdo gm@mbobngbolsmgols
doobdo@l 10 @ g0 Fbols Lboggdol gbgmaosl, dmsbmdogh 15 & bobdodmeysbal s
3odmygmal 13 @ gobpdowb.

1 Lor-ol gobdogermdsdo 1 3s Bygg dmobodeglh 0dwgb bobdodmmmygsbyl, Msdmgblo 200 swo-
doobo 203mygmal 1 Lm-do. 1 sodosbo 1 bm-do aodmymal 22,6 @ bobdodmdgobal. 1 wmg-msdol
35b30germdsdo osdosbl glogko®mgds 500-600 gn gobydowo. gobadswols dmbdsdgdol o3 bom@dols
9bBHbggelogmags go 1 bygen dobsbergbg Ggol 0,3 3o godmmdo ds0bz 9bws dmomwagls [4].

BY9L oJ3L yeowglo Lsbo@s®oym-3oa0gby®o ©s godoxsblomgdbgaro 3b0dgbgmmds. oo
oJBogdo  3oMEsddbol bmpogdm SAIMLR O  ©odsdobdy@mgdgenl. dsgomomsw, dB3gHo
ogngdgos bgms godx o o Ygmgy boggdgdmeb gomow goowol bosweydo. Feroli gobdsg-
@edsdo 1 35 Bygol Lodyoggdom oangdgds 50-70 @ IBgg@o. 8 IbMog godmodbggs Fogges,
d9gbs, gokgo s bodgo.

3obLoggm@gdom 860dgbgarmgsbos Fofgosbo @yg, Lowsi 3 I3gbsdggool dogd aodmym-
Qo0 BoGMmbEogdo sboaMgdl dMsgemo osgsEgdol 3odmdfggs Bogdmmdgdls s godyligdl.
sdodmd [ofg05b Gygdo 3ogM0 momJdol LEg@Hoga@os.

V3569 3396009 9emmds (3960l 3oMgdml s@sds®@m Jodog@o®, s®edge Bobogndsmss.
3bol Lobsdo@mmgdby Gyol bemagdo Log@dbmdgmow (5-x9M) 330090L o3BME@SBLIMGEHL
bdo@l. Bgg 533090l s3M9mgg 35900l bsgowol (Jodol) LobJs®gl 23-27 %-om. Ggol Loggodo
bOPOL Bgboobmdsl ©s yggamasb sMgyneo®gdl oMM eods@l. 39Mdme, HgaYEoEgds dog-
Aol B9d3g@o@ds bodmsddo 6595 %-ols, bmenm bogbyado — 9-25 %-0ls godaagddo [7].

3oMs 5dols, Gyol by®bgaro, Gmomenms dGosao s Logsdsbyg ofg9gl wopgdom
993090l s oty AobFgmbogngdsls ¢Jdbols s@sdosbl. Gyol gosbdog@o dg@ow Lsboggmme
dmJdgogdl dol bgMgue LobEgdsby, Sdommgdl FmbyLllL s byml 9Fymdl bogmog@gdsms
(3ge0ol, SLHIYomgdl gum-LobbadoGmgms ImJdgogdsl. Gygdo olgo®@bgds s of wobgyg-
bgds bgaol ¢Fgmdl LEMYLgdol Jmblbol s ssT0sbms godmxsbd®mgagdsl. sdoGmdss, Gm3
3900OFgo0L d@sgeglmds gobgnoggdygmos dggms Losbarmggl.

BY9L growgbo dbodgbganmds ol sp@gmgg Lmgaol dgymbymdolsmgol, Gowash @yg
03530 boosals 4s3mAOMoLoASh s gHmboygmo 3GMEgLgdolsash. Gyol Jodlsiego bmangdols
253969000 G5309bxgM3g 0bOPgds Jlogmosbmds. dogomomsw, 1 3s Jodlogogo Bgol bmao
Jodobs o 25dmAOMI0Logsh oiGogl 40-50 3o Lobmgem-bsdgy@bgm Logodaynml s Jgogaswo
dobogeosbmds 0b@pgos 20-25 %-0m [8]. odslmeb, @ygdo Loyizgmgbm odmdgdos dglsmb-
g gmdols s 3g89HIOJMdol gobgomsmgdolomgol.

3bmdognos oloz, G™MI Gyg SOy o®gdl dwobosdgms Fymols @gg0dL, 5dEoMgdl byes-
30O g0 Fyaols bsgooli Lohomgl, bawol Fyamol boswsydo hogmbgol 3g@omel ©s dom
30dmbogegdls Fyodmgdol Lobom 8mdo@gdyemo gdodom. @yg osbiygmsggdl s gomm@dsgl
309630l Fyangdl [9].

35b19bmdganos Gyol 3b0dgbgenmds dmosh Ggaombgddo, Lowsi @Gyol I@ogegdbmog Lo-
bodagoemm ©sb0dbyangdel gds@®gds Lbgs x9bJ309d0G. BYyg o >Mgammotgdl dwobodgms
Amam® 3 Fyaol, slggg dob dyo® hodmbowgbl. Byg d;mgddo o@ogh wobsbargdaen 39bJ@gol,

18



2bgdl, dobgmgdls wo boswogl obgmo LEoJogdo dmgegbgdoliogsh, @mym@oEss Fyswwo-
OmdS-Fyomdmgodwbydo, @god3magdo, Ig¥ygdgdo, bgoggdo, gOmDbos wo Lbg. goblsgymdgdom
doagno Lobdodol @yg dgbgddogo dgdobobdos, G®Igaolsi 5@y e bogngdgdo gowsd-
408l boswop ol Lom®dgdo o sdom s@gaEo®gol mbggs bgosdodygen hsdmbowgbl s mog-
005b 23530090 boswsgols gambosls s FYyom@omdgdl, sydgmgg 03o3L dwobomgl -
‘dAmdobogob.

o3 o Loy gdaosbmdolbmsb gamsm @Gygl ol Loggmga b, @md ogo s@ol ¢dbodgby-
@egobglo Lsdgndbgm Ggbyg@dloE, Gopash ojdogmew as8moygbgds Lsdgbh obsmse ©s Lom-
dmdos3. bol 330 Jbologsb 3bopwgds 15 soslodyg wobabgmgdols boggommdes: 539x%0, 3503900,
Jowogno o Ubg. Loko®m bogmgdo. sdo@md dbmgaomdo dJnbsbengmdols do@gdsls s Bg-
J6039% 3DmyAgLlL msb sbansgl Gyol Mgly@ligdby dmmbmgboagdol asb@ws. LEmMgo s80@md
Lodo@ms Gygols gmbog@yeno qodmygbgds, Goms o@ dmbogls dobo 9dmysemo ashgbs.

bowgobmp aohgbogos s®g s@lgdyamo Ggols doboggdol 2/3. 5dol godm dgdcodws ©s
Dmpob Jo@osbo aoboag@os Gyg. sdsb gds@gds oloE, ™I msbsdgu®mgy Ggdbmagbobszools
©0ds dobdFHodgods d9bgdsdo asdmofgos dsgbg Jodoygdo bogmogmgdgdol oyMmggds, Medss
bgeo dgufgm bgoms ©oogswgdgdols gogdiEgangodsl. sdols bomgao dogogmomos LoJo@mggenml
Joemadgddo gokggdols dsbmddogo bdmode.

dbaogbds LodysEogdds Log@mby d99ddbs ©gesdofoby Gyggdol s@OLgdbmdsl. bmdogm
LoBRygedo Jom0 goGmmdo 70 %-om Fgdgodes, bogmm 9 115 000 438 9osdbmwo ofas. 50
smobo Fanoli (oboo aobowyydms s@lgdgemmols bobggo®o, 12 smobo {evols obom go 60 %
d9dgdfmg@gdobes. dmenem 140 Fanol aobdogermdsdo 21 %-om dgdcodes domdsbs, 20 Y%-om —
Bygobs o 30 %-000 — m3gobol 3OmEYJBogmmds. Bgol FoMmmdol dgdizomgdols Lobsdy
‘Ygoa9bl 0,5 38/(3-U, goyosdbmgdols LobJodg — 20 3o/Fo-b, bobBodm@gebgol do@gdol LohJsdy
30 — 20 demd B-L Fgaofowdo.

530603y SLgyemo Fanol Fobom @Yol RBo®mmdo gosdofoby 7 dede ds ogm. FAO-U
dmbsgdgdom 2015 Fgeol Gyggdl ggoge bdgangmol 31 %, oby 4 sosbo denb 3o, 2010-2015

Fergddo Bygms gmggenFevogdo dgdodgds dgoagbos 3 denb Jo-U (gbGogno 1).

3b®oano 1
Ibegmomnl Ggol dsboggdo s domo ©obsdogs
Hgosbmds gob go@mnmdo, dgwb 3
boghom | RO o) Do atimmde, B
J 0d®0g0 BYgoobmdols 3gmroangds 2010-2015 | @ygols bom-
930060 ROMMb0, Log@nm
x0dol, e 9ddo 358900
b 3o Aenb 3 RO -
RO ¢ b0 doarosbo 4eggefaoy@o 2015 §.
dLemgeom 3999 1277 31 -17 -3 290
NAICIEN 624 135 23 - 142 -2.8 16
>bos 593 117 19 - 3.1 0,8 129
93003 1015 277 34 1.9 0.4 82
Péhgogze 751 320 33 0.4 0,1 43
239M0 3o
Lodb@
NN 842 400 49 - 10,1 3 15
539M0 3>
39560s 1711 27 23 1,5 0 4

19



gesdofoby yggemedy wowo Gyol dosbogo 3. 3obmbols bgmdsdos, GmIgemoi godmo-
d9dog90L Ibmg@om gobydswols 20 %-U, sdo@md ol ,wgesdofol RGoan@ggdl 9Fmwgdgb.
1980—1990 {engddo 53 BgBodmeosby yobsyydos 62 denb 3o Byg, dgdpgao 15 Fanol aobdog-
gedsdo gopgy 60 deob ds, 2010-2015 Fengddo go — 10 denb 3o. sxg@ogodo 1990-2005 Fengddo
(Y9900 g33ods 64 b Js-0m s gl 3MmEglo gAdgeegds (ymggerTerogdse Gyol dsbogo
30909 mdls 3,4 deob 3s-0m). 700 smslo Jo-dwg Gyg bowa®wgds ymggen Yoo ogl@dsan-
0590 dodomspse bsobd@gdol bodyxby.

XX boygnbol obofyoldo gosdofol 1 Lyen dmbsbagby dmpomps 2 3o Gyg, ooy
obomgol go Fbmenme 0,6 do-00. gb dohggbgdgano gg®m3sdo Jgoagbl 0,3 do-b, sbosdo — 0,2 3o-
b, 003mbosdo — 0,2 3o-U, hdwoanm 5dgMogsdo — 17 3o-U, @omoby@ sdg®ogsdo jo — 2,2 3o-L.

BYgoms aohsbsggdsl bganls 9Fymdl sp®gmgg d4bgd®ogo go@obMmmaygdo (IgFygmgdo, bgo-
3900 s Ubg) s bobd@gdo, Gmdmgdoi sOdo@Bm do@g@osme® bodoel 0fg93L, s®sdgo
dbbgg@3anlsE. dopomomaw, 2018 Fanol bmgddgdmdo goeogm®bosdo bobddol @AMl ©sofgs
100 35 Byg> 80 smolo Lsbano, wooyds 70 o woogs®ys 1400 sesdosbo. bobd@gdol @M
0093900 §y9d0 dmdobowmg 3mEbogo s@lgdgooi (BGsgsgo 3bmggeo s JggFs®dsgoao).

BYob bobd®goo hbpgds sa@9mgg HgHoBdmMA0gool smgoligdoli Jobbomss. dopsmoms, do@-
B™ 2019 Fgaol bobdo®ds gosboway®s 12 danb Jo odobmboli Gyg, s3bG@sgosdo — 10 danb 3o,
bo@o o0myds 27 s©sdosbo s dogrombodwg 3bmggaro. bobd@gdols @AM gsdmymeogno dogby
bogmog®gds (3oMdmba) 3o IgGo Yodymagomsw dmJdgregol Fymols s dsg@ol bodolbby. yodws
sdobs, goblsgnm@gdom gobgomemgdyan J3gqbgddo dofgdol smgoligdols dobbom bdodsw brgds
BY9900L 3oFdgbps o Jomo obgbs. FAO-I dmbsigdgdom 2015 Fanolbosmgol wobbygenos 1532
denb 3o, g.0. womJdol 12 % Jmgeno bIgemgmol go@mmdobs.

30y, BYgoms 998306900l godm dsm IFgobg Logedl swod o3l gbodo somgolml s
oM g3 90o@ml 3bol Lboggool mdy®o gbgdgos. sdo@dmad s@dnlygghmdo 0b@ogds bobdodme-
Jo6a0l @omEgbmds o JeodsGol @omdmds. sdol dglsdsdobo oBond®gds ggmemyoy®o
3o0°5LBMMA b0, OSLoE Jmdyggos S5@MSIs@BM ba®ggs, sMedgE ssdosbms s Lbgs GmEbog
>0 lgdoms Jlbggd3anogs.

> lbobodbogos, md XXI Loyigybgdo Byol aoboandgdsbmsb gamsw dJodwobs®gmdl Gyols
QoOMMdol gobAs byganmgbydo Bgol aodgbgdom. 39Mdme, gg30m3sdo Gyob RoGmmdo 700
s05L0 do-00 aoobos@s. sbosdoi 2000-2010 Fergddo — 2,2 8anb Js-om, Go3 bobygmdo @Gyol
0b@®gbloygdo godgbgdom soblibgds.

Lbogdo®mgganmdo Fobosm dmols ggdomdgdo b'dodo Ggom ogm oxs@ymo ©s oli obsbsgos
5 33905305 Jotmgger amgbgol. sdo@md of sweg Fodlydo 439 d9ddbogo ogm Lsdggm
dg99®bgmds. sdob ssbEymgdl medo®d dga30l, gob@Boby VI-obs s Lbg. 3g@omwol obm@oyeo
©m39dgb@d gdo.

Lodo®mggenml mobodgodmgg gmbLEodGEosE 3o ogdgamgol dmsems]ggdl 0b@ybmb
bd9bgdoby, Bygby, ol oEgols s dmgmsby.

2010 Fenol 8mbsgdgdom Lsdo®mgganmdo Gygoms Bodmmdo 3 007 600 3s-0s. domo ¢dg-
Babmods (66 %) asbaspygdyenos 1000-2000 3-ol Lodowenggdbyg. o sOLgdyemo 900 Lobgmdols
Qeoem@osh 600 3og3oLool gbwgdos, 300 30 — bodo@mggenml gbogdo. dowoen dmgddo, dbgensw
doboamd bygmdgddo, Tgdm@bgbognos  bgaabegdgano  asbydgm@gdgao  bognsdsbols dggero
JIBOE0 @oboPonBgoo 3sd4obgomgdsdpgmo gmmmmols ©s goygbol Ggamo@goom [10].

53@dogngols Jogbgoogow LooMmggarm@o addgengds d@s3mbogdms dogd Bgol Log@obs
> 3bmggmms aobopaydgds. dmenm 30 Farol gobdogarmdsdo Byg 30 %-om FgdEodws. o-
boa®gdgemos 600 smslo Jo o asdghbgmgdymos 461 smolo ds. dmbps Gyol Lobwgdol
o ggs 2500 3-ob 2200 3-3py. o356 bgano dgyuTym bmaogdmo Fgodml, Jwobs@ols s Gdol

20



5dOMASL o oyYsdbmgdols 3Mm3gbol Wofygosl. sebsbodbogos, MM mygoGosmyg@ow Lo-
JoOmg9emTo Yol ymggmTmondo kGol bo@ds 1 dab 3~ Vgowpq6L.

J- @dogolol gdmas@gbdo 8600 3> Byge. o 1 Lyger dmbobmgby 1980 (gal oyem 13 32
399> 2010 Fgenls 0go 5,6 3-dg F9dz0@s. LogBHMsIMGHObm LEsbosGEHm 3o 1 Lym Jnbsbmgby
200350l 0bgdamos 10-15 F Ggol goGnmdo.

olggbs

BYob Loggs®o, dmyme i gobadswol, Logggdols s gbgdgools Fys®m, Fomdmopagbl 3bm-
39ms > BOHobggems bodgeo@mls ©s ssdosbms Logmabemol Lafyoll. aodws sdobs, Fygb
oJal ddogoemdb@ogo Lobs®agdemm ©s 3b0dgbgermgsbo obodbymgds domlbigg@ml s@lgdm-
dobomgol. dog®ad Lopwgolme Gyol Logo®o olgs 9di3odgdyeo, Gmd ol smod ogb gbodo
3000039 domb Logdom @omgbmdol gobydowo. m9 wgmsdofoby By aobowaygdws, Lsdfybe-
amE, gb 0dbgds Logm@abeol wobsl®ygmols wolisFyolo.

9L @md sy 5@ dmbgl, Lokodms Gyob GosEombsgydew aodmygbgds. dbmgmmomls yggas
J399°65d0  goblsgygm@gdymo yu@opmgds gbws dogdgglb Byol Log@ol wsiagols s gobgo-

0oMgbol. Byol bodyoggdol gogdgengds 9bps dJnbrgl Lolbo®ygdem ©s ggogngogsddany
x0d950lL Ig@hggom, Gowyeb XXI Loy ybgdo dmbsgnmebgemos ggogngosbmds. bgms kds 3o

9bs 2obbmdogeogl dgdbggom, domo Faoyg®o bsds@ol gomgsmolfobgdom.

BYgol a0dgbgds bgaol gyfymdl s@Imbyg@mTdo bobdoOmdygsbyolbs s, dglsdsdobsg,
300d5@ 0l omdmbdol gd0Mgdol. gobydsols dmdo@gds jo 2dmofgggl bogoboli goxsblowy-
5L, gem@olbs o goygbol godMogmgdsl, dmbogmosbmdols aob@Esbs o Logydm®@m-
093995309800 bmbgdol aoxs@mmmgdsl.

BYg oM gm0t gdl dofolzgds o bgwedodya [qmgdl, aomdxmodglogds dofolggds
Tyemgdol bodolbbo, a00b@egds domo godmlogargdo (Fgo®magdo) o ©gdodo. Bgol Logmol
230b@sls aoblisgym@dgdyemo d60dgbganmds o3l olgmo Bmosbo @Ggaombgdolsmgol, Gmymeos
LboJodmgganms, Lowsi bdodos Fyommopmds, Fysamdmgs®obs, mgs®imao, dgfygco, bgogo,
90mbos s bbgs LEoJoygdo dmgargbgdo. o3 9uem dgho 0dbgds @Yy, oo 9gdem bogergdo
0Jbgd> bgas@oygdo 3GmEgbgoo s IgBo — Lamygdgeno. Lokodms dgdogo baybgs goHmgbyaro
Logbxol — Jodmygemo Gyob aos®bgbs-d9bs@hobgdolomgols.

ROBIG0BIOS — REFERENCES — JIMTEPATYPA

Pamag ®@. OcHoBBI puKiTagHON 3K070THH. M.: 'mapomereonsaar, 1981.

2. 9. Joxsos. aoMgdml sgol ggmemmyoy®o 3M0bio3gdo. md.: dgbog@gos, 2008.

[98)

Ts. Basilashvil. Forest cover for the safety of Biosphere and Environment. European Geographical Stud-
ies. Vol. 7, issue 1, 2020, pp. 57-67.

Hpe @. Dxomnorusi. M.: Atromuznar, 1976.

0. 900535, . baby®odgogno, a. Joxsos. ggmenmyools bogydgangdo. md.: oly, 1992.

ITeep Apecc. Kitoun skomnoruu. JI., 1982.

Nk

Ts. Basilashvili. The importance of forest and the results of anthropogenic impact on the mountainous
areas. Actual problems of Geography. Tb., 2019, pp. 123-125.
Apwmann JI. Ham u BHyKam. M., 1964.

o oo

Ts. Basilashvili. Forest cover — main protect from of various disasters in mountainous areas. Natural Dis-
asters in the 21* Century: Monitoring, Prevention, Mitigation. Tb., 2021, pp. 178-182.
10. LoJotmggeml agmadsgogmmo s@anslbo. md., 3sagod®s L, 2018.

21



GEOECOLOGY

FOREST COVER — A GUARANTEE OF LIFE ON EARTH

Ts. Basilashvili

(Institute of Hydrometeorology of the Georgian Technical Univresity)

Resume. Due to the anthropogenic load on Earth, the amount of carbon dioxide in the atmosphere has
increased. The accumulation of oxygen in the biosphere is controlled by vegetation, which is a source of oxy-
gen as well as of food and energy for living organisms. However, the forest cover on earth has significantly

reduced. Therefore, protection of existing forests and their expansion has come into focus.

Keywords: atmosphere; biosphere; food and energy; green plant; source of oxygen.
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GEOGRAPHY

PROSPECTS OF MOUNTAIN TOURISM DEVELOPMENT IN GEORGIA
R. Khazaradze, ¥ K. Kharadze, E. Salukvadze
(I. Javakhishvili Thilisi State University’s Vakhushti Bagrationi Institute of Geography)

Resume. After having carried out complex research works we found out that there are al necessary
conditions for the promotion of mountain tourism in Georgia. The Caucasus with its southern ramificationsis
distinguished by unique natural-geographical conditions for developing this field. The Caucasus’ mountain
peaks and ridges covered with snow and ice al over ayear, make afirm basis to promote mountain tourism
here. This sphere might become one of main specialization fields. Without exaggeration, it can be said that
among the former Soviet republics Georgia has the most favourable conditions and considerable potential for
mountain tourism devel opment.

The above said enables usto convert the researches and work results of geographersin thisfield into an
actual task. In this regard, episodic studies began even at earlier period and there is a quite strong basis for
assuming that it will become ahigh priority part of the economics. The most important thing is that the studies
in this sphere makes good prognosis and prospects of the development and rise of mountain tourism in moun-
tainous regions, where due to strict natural conditionsit is extremely hard to promote any traditional industry
fields here, whereas this kind of tourism is considered to be a major stimulus for promoting industria lifein
mountainous regions. Of course, the natural conditions of Georgia are highly favourable to it. In many Euro-
pean countries the income received from tourism exceeds the incomes from any other fields of the economics.
In Georgiathe revenue from this sphereis quitelittle yet (resorts of Bakuriani and Gudauri) due to the collapse
of the tourist bases and shelters, which are, in most cases, either out of order or destroyed, though had been
functioning before 90-s of the past century (resorts in Svaneti, Racha, Khevi).

In the near future, mountain tourism might be established as a priority field of the industry; we have all
conditions for that. The only thing to do is having aright way of approach and promotion.

Keywords: mountainous regions, mountain tourism; priority field; prospects, the Caucasus.
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ENERGETICS

MEDIUM-TERM FORECASTING OF THE FACTORS THE EFFECIENCY OF THE
GEORGIAN STATE ELECTRICITY SYSTEM
G. Jojua

(Georgian Technical University)

Resume. The mathematical models of large electric power company activity middle-term forecast have
been selected based on in-depth study of up-to-date methods of forecast. According to statistical information
analysis of the multi-year technical-economic data of operation of the “Georgian State Electrosystems” and
the results of scientific research, the factors determining the efficiency of the Georgian State Electricity system
have been selected. Medium-term forecast of these factors has been conducted, problems have been identified

and ways to solve them are shown.

Keywords: efficiency; electricity; factors; forecasting; problems.
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METALLURGY

ANALYSIS OF CONSTRUCTION SCHEMES OF LONGITUDINAL ROLLING MILLS
AND THEIR IMPROVEMENT

S. Mebonia, J. Melkadze, P. Mshvildadze, N. Kenchiashvili
(R. Dvali Institute of Machine Mechanics, LLC Rustavi Steel, Georgian Technical University)

Resume. The design schemes of longitudinal pipe rolling mills are considered, their analysis is carried
out, and their advantages and disadvantages are revealed. A new structural scheme of an automatic tube lon-
gitudinal rolling mill is presented, which makes it possible to carry out the rolling process in one pass, reduce

rolling time, increase the mill's productivity and operational reliability.

Keywords: automatic mill; longitudinal rolling; productivity.
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FOOD TECNOLOGY

SOME PECULIARITIES OF MAKING GOAT AND SHEEP CHEESES IN GEORGIA
AND THE USE OF HERBAL SUPLEMENTS

V. Ghlighvashvili

(Georgian Technical University)

Resume. The technological aspects for producing different types of goat and sheep cheese is discussed.
Soft cheese, crustless cheese, quick-ripening cheese, Dutch-type acceleratedly ripened and unripe cheese, fast-
ripened 40 % fat cheese, unriped cheese and etc. is described. The features of goat and sheep cheeses are
compared with existing traditional technologies in the Caucasus. The authors conclude that the Transcaucasian
states have a real opportunity to obtain environmentally friendly and high quality raw materials (milk) for the
production of goat and sheep cheese in small and medium production conditions. These countries, as well as
Georgia, can export both traditional and new (non-traditional) highly competitive cheeses, which gives impetus

to their creation and production.

Keywords: cheese; herbal supprements; production; technology.
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FOOD TECHNOLOGY

NON-TRADITITIONAL FOOD SUPLEMENT
G. Kaishauri, N. Khosroshvili

(Biotechnological Center of Georgian Technical University, Industrial Bioecotechnology Centre of Georgian
Technical University)

Resume. The article summarizes the findings made on the analysis of the chemical composition and
anti-oxidant activity of the grape seeds as a residue of the grape processing; underlining its good effects for
human health.

Based on the analysis of the research it was concluded that grape seed is the best raw material for pro-

ducing medical and food products (supplements) having high antioxidant effect.

Keywords: antioxidant activity; chemical composition; food additive, grape seeds; residue from grape

processing.
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STRUCTURAL MECHANICS

CALCULATION OF SPATIAL CONSTRUCTIONS WITH RECTANGULAR
RIDGECC BY OPTIMIZATION METHODS
V. Beruashvili

(Georgian Technical University, Kutaisi International University)

Resume. Thin-walled spatial structures, in the form of plates and shells, are widely used in construction.
Thin-walled spatial coating is mainly used for hangars, gyms, large-scale indoor premises, exhibition
pavilions, train stations, enterprises, industrial buildings and other similar structures. Structures with thin-
walled rectangular ribs often experience such loads at which the displacement is not commensurate with the
thickness, and the linear theory of calculation can no longer meet the requirements of structures. The further
development of industry and construction determines the creation of new structures, which are obtained by

connecting individual panels of tiles and shells at certain angles.

Keywords: calculation; optimization; overlaps; thin-walled spatial structures.
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CONSTRUCRION MECHANICS

STRENGTH ANALYSIS OF THIN-WALLED SHELLED STRUCTURES BY
FINITE ELEMENT METHOD
I. Giorgobiani

(Georgian Technical University, Kutaisi International University)

Resume. Literature materials related to the analysis of plates and membranes using the finite element
method are reviewed.

Today, the use of plates and membranes in various mechanisms or buildings is growing rapidly due to
their light weight and high strength. In the last century, composite materials have been studied at a rapid pace
and used in their everyday constructions. The study of these materials is complicated by the anisotropic be-
havior in their space. The task becomes even more complicated when we have the concentration of voltages
in the holes, due to their reduced cross-section. To solve this problem, numerical methods are used, in partic-
ular, the finite element method, where it is necessary to discretize the geometry correctly and to define the

boundary conditions.

Keywords: finite element method; plate; shell; strength.
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RAILWAY TRANSPORT

RAIL CHAINS. MEASUREMENT-ADJUSMENT OF THE PHASESHIFT
ON TWO-ELEMENT SECTOR RELAYS

M. Chaladze, M. Papaskiri, G. Chaladze, P. Elizbarashvili

(Georgian Technical Univresity)

Resume. The current state of operation of electric circuits existing on the Georgian Railway and in the
subway is discussed. The value and function of the sensor (measurement — adjustment of the phase shift angle
on two-element relays), which effectively records the location of the rolling stock and the condition of the rail
lines, are analyzed.

Thus, the main positive feature of the induction relay type DSSH-2 is their phase selectivity. Therefore,
these receivers and relays are called phase-sensitive. The phase sensitivity excludes the operation of the re-
ceiver of this rail circuit with a short-term short circuit to the power source of the adjacent rail circuit. Conse-
quently, in the adjacent relay circuits, an instantaneous change in the polarity current must be observed, and
the windings of the relay track element must be switched on in such a way that the positive torque and the
lifting of the sector upwards are carried out only from the power source of its own electrical circuit.

When the current in the winding of the local element is ahead of the current in the winding of the track
(linear) element by 88-120°, this angle is considered the ideal phase shift angle. When deviating from the ideal
angle, the direction of the torque acting on the sector changes counterclockwise, and the relay action is con-

sidered unstable.

Keywords: Track (linear) element; local element; phase shift angle; aluminum sector; limiting rollers;

rear and front contacts.
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RAILWAY TRANSPORT

IMPROVEMENT OF PASSENGER STATION SCHEMES WITH THE
DEVELOPMENT OF MODERN STRUCTURES OF MOUTHS

B. Didebashvili, T. Kotrikadze, L. Lomsadze, M. Chaladze, M. Grigorashvili

(Georgian Technical Univresity)

Resume. The construction of new technical passenger stations or the reconstruction of existing passen-
ger stations, by improving schemes of the stations with the development of modern structures of mouths are
considered. As Georgia is expected to complete the construction of a bypass railway in Tbilisi, it will be nec-
essary to design and construct two new technical passenger stations (one on the western side and the other on
the eastern side). It will be advisable to take into account the proposed in the article issues to reconstruct the

existing passenger stations in Georgia.

Keywords: dead end of carriage parking; main rails; mouth of the station; passenger platform; plat-

form rails; point frog; post-cargp equipment; switch; traction sensor.
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LIGHT INDUSNRY

STRUCTURAL PROPERTIES OF MOLDS AND TECHNICAL REQUIREMENTS
FOR THEIR DESIGN

T. Maglakelidze, P. Shmidt, S. Rotteli
(A.Tsereteli State University, International Association “ST-GEOGITALI”)

Resume. The design features of the hot vulcanization and molding presses required for shoe production
and the technical requirements for their planning are discussed, starting with the design of mold elements,
material selection, checking the shape of shoes and correcting molds. It also includes the drawings about the
technological process of processing poisson and matrix, ending with an inspection of the kit and packaging of

molds.

Keywords: correction; multiplication; press-form; technological process.
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