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BLEHMIBHO

BsdO™MIdo  gobboemos  Ls9gEMIMdOIM 43005039030  bsBIMOL  gobgomatgdol
Lbgoalbgs b3gbatgdo. dglfogerowmos b330 3G EHIdOL 393M(39wgd0l 0bsd03s
bobdMol  LoddesgzMOlL, 4306500l  ggmIgEMO0L, ABESYGIOLS s L39bGHOEGOM
Bo35000L  596Mm©0bsdoz0L Ibgzgermdsdo domgdoom. bsB3zgbgdos dwrogMo bobdMols
3939bs  BoggbGowszom  LoLEBYIOL  FEPMOPMBIYBY s  Tol QIO
2Bg30MmboMmgdsBY. gobboriemos Lbgoolibgs @odol Mosbgzomo dmogwgdo FDS
3OMyM9dME  goMgdmdo.  MYMOONWOI©  ©>  Mogbgzomo  gJu3gm0dgb@Hgdom
oA9b00s, MM dogh  bsbdoOl 2300509080 Tgdeos  5AML  Loa306509
396¢0o@mM9gdol  LESEGH03MO  (6935Pg BM™ oo ©obsdogmemo  {bgzs. o0
m3965L369@lL  gmdemos  L39bGHOWsEOM  B535@gdol  FMIMSMBOOL  F0DsMmIEgdOL
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3596800()m©gdge  3MmOHEImMD F9oMmgo0m, 2obsagdmeos  30x3LMmIYEHMOIES©
QOO 053 933900605 595M9LJAL B9 IMJOOL Bmbsdo dmbgzgMowro 5sd0sbgxdOL
3009353995300 d9L5dgdMdgOL.  BsBggbgdos, MHMA  BsBIGOL  Jgdmbggzsdo
LoMEbOl A5sMBYbOL 9Hm-ghmo Lsodgm aBss Bsdfjgo s0Mmgdol 4930 3gEgdols
99D0M©35 9353795300 39MH0MEOL 2obsbyMdeogzgdol Jobbom. 99dm:ms35H9dMw0s
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330650900l 5960 M0b5303MM0 [obosmmdol bgwmzbm®ms oBOEOL dggasw 3oL
95369 3MM©MJGIOoL 93039 gdsl 89539MHbadL 506900l 9353299300l BobY.
3OH0DMBEIMO 5 EbMO 243060509030 bobdMOl  49b30m9Mgdol  Lzgbstgdol
39035¢0olfobgdom,  Jgxnslgdmos  bobdMol T B0sbgdgo  GodBHmEmgdoL
3936039900l 0653035 8506, O3S 53¢ ImJdggdl 396G0ME0s S FodMbogowo
56H0ob Abmem dmgdbono boliEgdol 4s9mygbgds. dmauro®mgdol 999agd0 3bsymx9b,
6™d dmgbowo LobEgdol d9dzgmdom 430M500L 496030 3390006 50 %-000 oIRIMZ0L
99dmbgg3sdo dqLodergdgwos 3608369 m3zs60 IEIdomo T99gagdol dowgds {30l
36MMEJBHJOoL  go3Mm3E9wgdol FgBOM©30Ls @S LBoEMEbEol osMRYIBOL Loddgdo.
0900005359900 LobBHJIoL godmygqbgds s830MOL bobdMol Lsbogsmm Bod@EHmMmgdols
3936039900l 06GH9BLOMOMBIL @S FoLsbs IgHTsGJOs MBI OHIOOL Bmbsdo
gm0 5@5305690L. GglErMEgdYeo sBseroBo d35530Mm© 939690l dob by FoMmMGdL
@5 005L5E, OMI FmIBEIOO bsbdMdOL ymzgedb®mozo dgufogers s 2obBmYsgds
39800905 350 39300090 530 gdOLS S 85369 3o3ew9bols Tgbsd30609d9w0 FMIszswo
©mbolidogdgdol 59339G M0 ©JAA30Ls S F9BBMM 30 gdoLIMZ0L. 90bodbyo
ool gbeogdo 59gbgdl bBsbIMOL Fgdmbggzems 4EdmEaoby WIH3MOWgdoMO
SPgeOsl,  sBoerobls  ©@s  dmddggdol  3boo  samG®OomMIol 3 MTegz900L

SMEOEGOMOSL S 899a900L 93039 gdsL  8od30wgdDBY, 230600l IMALobMY
396LMbsELs o g LsBMYsMYdsbY.

b53256d bohy3980: 5960065303900 §obsmmds, 9353495309, dmdbogro gwgdgb@o,
Logmabarol 4os®mBgbs, bobdMols gobgzomatmgds dofolidlnd.

1. dgbsgseo

AbmREOomL 300509080 IMIBIMO J5GIBEGHOMBMo BBIMYdOL F90gy, 930M™35306Ds

OO gMoMads  o535bg30s  GHMbLYzO™M3Me  Juganbg (TERN), OHm3Iwol  gsdawgddos
5ML9dE0, 339690509 s I3MMYJEJOOL LEHOIOIBY FYMBO 2306050900L MLOBOMbMYds 300390
360003 gE05. TERN-0l  2306050900b5m30L, Mmdgems Log®mdg s©gds@dgds 500 3, 93Gm3ol
3565396@35 s 936MM30L LYdFMA doowgl oMgdEogzs (COMMISSION DIRECTIVE 2004/102/EC,
2004)
JugEobomzol. Mad® d93HoE, 90bodbrmo ™3dgb@ol 369s8dmwol 25-9 396430 30MHI306
dmMfm©gdl 936353806008 (936 Lobgdfoxmgdl, M3 dom  ooborolmb  sfglgdreo
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dmmbM3b900L MHgoe0B305 0o 230605098d0OE, MMAEYdOE 90 89056 TERN-0L g3sMwgddo.
©0M9JG030L 3695800l 39-8 3mbdEHol dobgzom oo bbob {job 9dudevysdsgosdo dgbvyero
3306509008 MLsROMbMdOL ©Mby Mbs sdmofoml. 99-18 316JEHOL Msbsbds 30 s®LYdIEO
3306509008 M9dmbEGHOL Golo BsOMOM BM3MGOTo 033w 9ds J39Y6gdols @S obLLZMMOGdOom,
39M2M0xB0Mo  JobgHgdol  200m. sdo@M™d  dmEYMboBszos by FmbEL  9EI3MOM035,
BOMZEOW0S SO GMgdbHg, bmwm BogdudgM@m dgnslgdom §36M™m 3538060 §39969ddo LobsbdGm
MBogOMbMgdoL MHOHMb3gYmas 033wq0s 2.6-6.3 M 93OML BMRE0d0. J390s DLZsMO
999L5050905 39630E5300L 39dbmE Mool FmIOBOBEOL.

3306500l HsbIMGOOL LodoIOMMYdS JOMOMIPIE Fob30MMBYONE0S (3bgEo s IMAfodzergeo
3398¢0l 293M39egd0m dofjolid3zgds LogMgdo, HMIgEoE 9xMgmM3g Mool 0B BOMIZL
bogomdsls (Ilias et al., 2017). dofobd3zgd bobdMol 949630ms69d0lL ™530L90w9MHgdGd0 IMSZSWO
93GH™OOL Y605 ©gdol Logsbo gobs, IRMMZ00s 115305MOLO AOTMEFEOWYdS s TgbodegdJE0s
3390B0E0MI 39PYOIL bobdo®msb ©s3953806M90o dg@EHo 360d36qwmgsbo Lszombgdo:
dofjolid39d 33590l 203M39wgd0L bgbs®gdo (Vantelon et al., 1991; Deberteix et al., 2001; Vauquelin
and Telle, 2005; Chow et al., 2015; Li et al., 2018; Ingason and Li, 2011), 3306509030 $933965¢& 90l
39650 gdols s 2o3MEgwgdol byzombgdo (Lei et al., 2021; Lanchava et al., 2019 A; Lanchava and
Javakhishvili, 2021), bsbd6olb 496300569008 ©0bsdozs s L3gbstgdo dofold3zgd (Deberteix et al.,
2001; Ilias et al., 2017; Lanchava et al., 2017; Li and Ingason, 2018), 3359¢0bs @5 @Gmdubozmémo {zob
36 BHJOoL 2930 3ggds BogzgbGHows30Mm B39Ol IMAMMBOL LadoMol3oMm JodsMm0 IGO0
(Vauquelin, 2005; Lanchava et al., 2017; Li and Ingason, 2017), 360&03990 LoBdo®ol omgmMomwo s
99b396M0d96G Mo 33wg3s (Yi et al,, 2014; Weng et al., 2016; Li et al., 2010; Li and Ingason, 2017),
bobdMob 93w gbs L396E 0 sE0M LoLE9Tsby (lanchava and Javakhishvili, 2021).

LBAHOGOLEHO30L  FobgE3000 (3939 330605000  LgBombmwo  bsbdmol  dmbgbols
99L5dgdEMds 3M0Y) 0l FoMOE0s, FogMd 3300589008 MOMEYBMOOL FoBJds s IMAMSMdOL
06@GH9blomMmdol BeMEs 0f3938 bobdmol oBgbols Moligol FmBo@HgosL. dwogmo bobdso 3o
39e0Ye dofjolbgzgds bogOEgdo SEOYPESE yd3MO3I3L FSOLOOMBH 8)IAIDL-

190 359005 bobds@o FmbdEsbol 30605880 (LogMbygmo/odswos) 1999 ol 24
3sOAL, OGMIgdsz 0dbb3zgM3ws 39 5s80560; bobds®o 53EMm00L 330605080 3ovghbo, GMdgdss
0dlbggMH3s 12 5530560 (8 53500000 800gdYo GHM30900m, 4 BHMILo3MMO S0M9d00 Lwbomdlol
09009390); bsbdsmo BMBo3MMmEOOL 230605000 (53UEH®0s) 2000 Ferol 11 Bmgddgedl, G®Iol
99009390 GH™JLo3MMO 50609000 Lbm30L FgYRSE WI0W3s 155 5sdosbo (Bird and Carvel, 2005);
b56d5M0 AMEMOL 230605030 (839035M05) 2001 ol 24 mgd@mddgOL, GMmIol F9EJRIQ IOWM3S
11 50530560; dmO™MEH0 gobbMbgzom gobgbowro bsbdo®o Tg@EHGmML Loamdo ©sgawy (Lsdbemgo
30695), OH™Igeds3 0dlbzgm3es 198 5530560, oG gd0m 146 50530560 dMofsdws GmdbozMo
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5069000 ©s 335doom (Li and Ingason, 2018); bsbdo®o 0563mml 3065080 (bobgomo) 2014 fHerols 1
oML, HMIol EOMLEE 035 40 5530560, 12 FmOofodws, 49bsa &S 42 s3EHMmImdogro (Wan
et al., 2019).

30639039 GH6M930399w0 bobdemgdols 89909y, 39960 ™ML 93mbmdo3mMo @s LeMEosEIMHO Bsd FmU,
9360370 30030L00L, Jos  GHOMBLEMOEGOL 3MIoBHgEBHBs BoAMoYs0ds 9Jui3gMEHS XAMBJOO,
OMIWgdddg 993 dsgz9l  MLsBMMbMgdOL  M93mI9bs309d0,  ©oxk0bsbLs dmgwo  Goyo
L5d9(360960M-330g30m0  LYFMTomgd0, GMIgdog dodmzbowo ogm 4306599008  MLIROHPOLM
9963 5GHSE00L BB3oLBIS S139JGHYd0LT0. 530l 8999R 93MIM3ds 3:BoL0sA FbsGO YFOMS
139(305MB0 FMH35W3OHMBOEIMHO X yIBOL F9gdbsl, Gmdwrol 3mPsmdols 899900 39MHOMPIES®
93946009d5 5 3603369 ™356 Bo3MMYMTM ©M3TI6EHIOL FoMBmMo9b9b 30653900l MLsgmmbMm
9JL3GHO300l  MHBOMB3gwymaol dg@o 86033690 m3zs6  Lsddgdo (TRANS/AC 7/9, 2001;
TRANS/AC 7/9, 2002; COMMISSION DIRECTIVE 2004/102/EC, 2004).

506086 3M5353OHMBOWIH  xamxdo  Lsdmdome  dofiggMwo  0y3bgb  93BM™30l
9306030360 3mdolool yzgws §930M0-J399sbs, s3M9m39 B39xE0XMOO MMRBOBHE0JdO0, OMIgEms
mOolL sLsb0dbs305: AbMBEroml gaHg3900 LEBMASMYds (World Road Association), Grdgerog
M3 36Mmd0wo0s dggwo Lobgeom ,300030“ (PIARC - Permanent International Association of Road
Congresses); LygODsTMOOLM Tga30M509ms Sm30530s (ITA - International Tunnelling Association);
LogOMSTMMOLM Logbom Bggmsios (IRF - International Road Federation); Log®Homodm®olier bagbom-
Lo@®BL3MOGHM 35380M0 (IRU - International Road Transport Union). 58 X380 MLosg@mnbmgdols
MBOHMB39LIYMBO MPBO  JOMOMIO FoBHMOOL dobg3z0m ©oddogs M930m39bo30gd0. b
3399 BHMM9005: LygHom IMIOIMOOL Jmbsfiowrggdo (Lwyer 10 M93mIgbsEos, BmAghszos 1.01 - 1.10);
9Jb3gsBSE30s (b 16 G93m39bsizos, Bmdgdsgos 2.01- 2.16); 0bgGsLAHOMIGMOS (bvmew 11
930996053300, bdgeogos 3.01-3.11); LoG®obldmOGH™ bsdmowqdgdo (L 6 M93mIgbEs300,
6x9d96s30s 6.01-6.06). 5060860 930009630900 9GO MOS ©MY39DEIX 30MHMdYdTo3
439w MMQ560Ds300LsMZ0L HMBGdoE 9360M9dBgd9b, 9093056 839690 MdL 6 gJudErms@ o3l
09396 33065090L. 06599d50g BodB@ATo gobbowrmeo byzombgdo dggbgds 93mdgbsiogdl 2.05;
2.14; 3.02; 3.03; 3.06; 3.07; 3.08.

2. FHMBLRMOHIoMYOs©0 LolEgds

$0b59qds6g 659G:MIF0 F9IM935H9dMwo0s oMEGH030 Imgbowo dmfiymdowmds, Mmdgwos
0000565 96 Bofformd®mog 99539393V 3306500l 29603339L, OYMBL 23060501 FgMGOOM
dm3g bLoaMAol 3mbs33900985, 35M5EGEMEMmSE TMIbYbL bobdMmol 3960l LMY 96 Bofformd®mog
0BMWoMYdSL  MMOL 03  FMoergdo, o3 Ls3dsMolbo  Mbs  vMAMBRbEgl  LogmaEbeol
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3905MRgboLIMZ0L. B39E0sWMMHO OMYJEH030L Tglodsdobo, F0MOMYOIo EOMOL FMsEgEO
5oL 300390 10 foo bsbdMol sfiygdosb (TRANS/AC 7/9, 2001). 5933565, 390mm635H90v)e0
3mfymdomds oBOOL 33060500L 59M-MO0B5d039O [Hobommdsl, Tox39MHIdL 30l 3OMm©mMJEgdol
393639905l bLY396EHOESEOM 653506 JOHMOW s ML Lo39bEGHOWSEOM BYIbmemyool bsfowro.

bsBobdom 5036086530, MMI F99M535H90wo  IMfYMmdoErMmdol  3MHYOHMYsBH035 MO
LomaEbol  9sMbgbsdo  bgwdgfymds. 0d3s 330609030  bsgrmyom@o  dmfiymdormdol
©53mbGog900L  9gdmbgzg3zsdo  MHMaMmOE  3306M500L  dMALEbOY  3gOLMbowl, olg 85939 gdL
153960 oE0M 6535000L5 s FobMb gPMsE dMdMs30 {308 BHMJLO3WOO 3OHMPIIEHJOOL FoM30L
9636033690 m3bs00 M3 dg@o LydMsEgds 9969050. 50b0dBMEO FMfymdoMds FgliodegdgEos
©53mbE99l  gmgge  200-500 3  3s6doewBg @5 M90s3bsoMs  F9mmagbogl  Lssgsom
3oLobZEGEOL, CMIWgdoE 50b0TbY sEA0gddo Mbs IMghyml domomYdMwo M3dgbEHL
(COMMISSION DIRECTIVE 2004/102/EC, 2004) @53539ds I-ob 2.3.8 3w64BHob 00bobdo. o6
99L5degd0s  ETMBEBOIOIL  LOogsM0M  LoEAYMGOMb  ymgger 150 3 dsbdoewbyg  sboewo
330650900L5m30L s 250 3 560 B d39w0 430653900LIMZOL, MILSE 0o oLF0bYdL Im 390
©™329996¢3 0L 396dGHo 2.10.3.

502396050, 23005008 IYMBO F99M535H9do LobEHYGIOL 4obEPsEds 430605080 dmbgds
L50BIM  BEHIBPIOEHOM Q3bLIHBWIOM MBEJODY S 3300500L 456030 3390l A9MIgEHMOOL
d9L50530b5¢ L MBS 99698 BHOIBLEZMOT0MGOOL FglodegdErMds. bLbgsbsoMs sl Fgladergdgeros
330939 390MOM®  GHMBLHMOI0MGIs©0  LolEgds. Bog. 1-Bg [o®Impygboeos 230605080
©53Mb394190990 Imgboo ©sTYmBo BHMIBLRMOI0MGOSO LoLEgds. s0bodbmEro IMfymdomds
WROH® HIO0WGI0m SMOL 50900 oMMz ml 353 96@&do (Lanchava et al. , 2021).

3309. 1. 330605830 ©IM6E95190)e0 dmdboo ITYMABO GHEMmBLRMOI0MYds©O LoliEgds:
1 - g08qoe (0mddg) 9ymdsmgmdsdo; 2 - 53930 3MdsMgmdsdo; 3 —bsbdMol wm3swobsgool
mdsbo
3900005359900 dmfiymdowmds 990905 MO0 Bgdaoolsgsb - A s B. LobGgds 5393000
Loboo §o@dmagboos gog. 2-Bg, bmwm gsdwwowo (dmddgwo) bsbom - gog. 3-Bg. bgdzos A
390039995 - 33005000 F9OH0oL BMOIOL FgbsdsToLO MoEMO (56 b3S ) BMEIOL Bo@PmUlogsb Al, Losg
39090 Mmos  393bwasdderg (700 °C—0@g 090 dsBow@ol 56 Lbgs  m@em
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A993965¢ M990  FoLoeol) A2 5oMHR0GJO00 ©IFBIIOMO  BOWMIMYd0, OMIJWDSE
LoMBOIEM  ITM30YIJO  XOFIMOO  FoO3JIOL  30b9doBH03Memo  Ldgdol  godmygbgdoom
593000909 ©9s0ddo F9deosm A Bgdgool BsMbMmmo 890mzsMawmwo Mo sbogo
339900 65Jomd®03 96 807056 4900539339 5 4obLbs.

bgdoo B 89agds - LHmOIMmbs gmMdol Bos®Bmbogsb Bl, Hmdgeroi 990ma3stmesgls
GOBL3MOGOL BMIO>MOOLOMZOL 2963360 2306530L LM 3Mmbs gobog 339mL oly, md s
9356 9Md5d0 LsmMsbsM ITM30IOJO XSFZMOO 45539dol B2 306935303960 Ldgdol
399099690000 FoOmNIMmbs Mol dmdbowo 393bewysdderg oS B3 O 96 boffocrmd®mog

390936 3306500L  Logowo  Bsffoerolsmgol  asb3mmzbow  496033390L,  bmwm  s3930
9aM3oMgmdsdo 030  236mog3LdI0s  3MMODMBEHIWMMIE 300500l MOYIMO  Bofogrols

sbofilgolido, A Lgdisool d39s boffoedo. mMogg Lgdaos goEegl edMmM30YdgE FosGm30L
3ME90L A3 s B4 (ob. gog. 2), H®3gdoi 39bmegligdrenos Bgdogdol dsbermdeo 3306500
300090bHg s 3500 50mJdggds FglodergdgEros BMAMME 3300500l FommM30L  (396EHMMMO

39 GH0H, 0bg 3960s3LGOOL 5EYOW 0.

;' ////”’/./.// o \\\\\\

3309. 2. LoLBYS 93930 IYMTMYGMDSTO 109. 3. LoLEGYds 335 BEYMTsMHYMOSTO

090l 250m, ®MmI 50bodbme FMfiymdoWMdsYBy 339 d00IOMo 23543l Lodo®rmzgemls
3534960, BogMMSTIMOHOLM 3 sL0R035300L 0bgdiom A 62 C 2/06, Ibmemo Im3wg 03603653,
00  doGMOMOEO  0Y00L  Tgbobgd, MHMIAEYdTs3  Fobs3oMmMdgL  ImEgdmero  dmfymdogrmdol

©53853909.
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306039  Gogdo gLss ol gomgdmgds, Mmd 999bgdemg  30M509d0LIMZOL  DMYPSO®
93039609005 393bWeddwg Fobswmdgdom Fsmo igmxys dm3zwg Loa®Aol dmbs339009d5©
bsbIOOL  MIo0Bo300l  FoBBYdOLIMZOL. saMgmM3zg oL, MMA 039 430050900 oM  sGOL
3b5Ma0Mm0  393bWyeddeg  Hobommdgdol  Asbmogligdol  sEowo, obgmMbsoGs©, MM 96
39930609L GHEMbL3MOEGHOLsM30L gsb3mm3zbowo dofjolidgzgds d306M9M0Mmgdmwo bogMsg (Lanchava
et al., 2009).

090l 3963005690530 OO OMEIO 053535 53MINZY 93OM35MIE5TI6GHOLS s 93BIM30L
LodFMb 9HPMIE030s LY ddw3569Em EM3MAgbGHIs (COMMISSION DIRECTIVE 2004/102/EC,
2004), &0dol 369590990l dg-11 3mbJ@Eol msbsbds MLsgzOmMbmgdols Bmdgdo obgmo Mbos ogmb,
Omd  MdgMgdol  Dmbsdo  dmbzg®mods  5sd0s6gdds  Fgdermb 130093539300, 93539
©™3099963H0l 3060390 ©bsMmOL 2.3.9 31bdEo 30 ImmbM3BsL 5fglgdl 9353299300L bgandgdfymd
LsmBsM 15T gdgdBY, 39MAM© FBOOl 356M9dBY, GMIgEoE A9dmYygbgdmwo Mbos odbgl
3398¢0ls s LOMOML FMb39EMOL SMBS3ZIIIW 9353495300L FHobY.

15933 MAMBOWM 243060509030 bobIMGdOL EOML MLsBOMbMIdOL 0oL HgsE0BF0LMB
53938069000 19b539MH™M39 LH0BHOBEMOM BsbBMYsMIdOL F0ge F9dMMH35HgdME0s ModMgbodg
Logodmdgmbgderm  Hobossogds,  OMIgdoE 3306000l  33gol  LOWMWLE  owI39IB3OL
0m35¢0l{obgdl s Moy F9dmbzq390do ASTIMOHOEHYIOS FoILIZIEHO BIMMMBOL MYA0MHgdOL
d9L5degdEmds (Amelchukov and Korotkov, 2007; Seitlinger, 2002; Wagner et al., 2003).

999 5OLYdIME 15TY3609OM WOEHIOIEHMMIT0 56 SOLYGOMIL s©b0dbMwO F9gdbmemyool
5909bodg LEOMygmgzowo LsdgEboghm  Fgusligds. §obsdgdsdg LEsGHool doBsbl  Lbgs
15300bgdMb 9OHMo©, FoMdMobL MoEbgzomo MY oMgdol aBom sB39bmls dm39dw9eo 0oL
530MbsOHO M95E0DIE00L GoMAWdO.

dogomoms, B396L doge HomBdmmpqbowo Mogbzomo dmywomgdol d9gagdo sB3969dL,
@3 d9gBHools 35609006 6 dmdboro (393bwysddeg dsMm0gMgdoL 45dMYgbgds 43060500L 339000
LEMEO 29053933000 FJBHOE LoGOLMS, M5EYSD dwogemo bsbd®mols Ggdmbgg3zsdo 3965Bg sMLGVYE
D358 946905 spowo. sigo Fgdmbgzgzsd0 L3gbGHOWsEoM 35960 Tglsdwgdgwos BsbdoMmdowol
dmbmmgdbool sx3gmdgdol dbMog Lsdodo 3mb3gb@®sgool (omdmddbs. Mosbgzomo dmmgergdols
39092900L dobg300, OMIJoE J390mm IHIOH0WYGO0m MO SPHIO0WO, F9am:™H35H9gdMWwo
dmgdboo LobEgdolomzol, MBOM 9x39dGHMOM0 ML 230605008 256030 339000L bsfowmdMmogzsw
BOWOIRIMZS S 3MmBBHOHMEOL MHOMB3gwymas dolo F Mol sGgowdo, Moysb (3oL dMmord@gdo
35050 9d396M5@ M0l 259M 5085350 IMIMSMO0M bILOsMYd0b.

Bsfowmd®m03 49058350358 MmMTsa0 933930 996905 365dGH03MWo M35 LsBOHOLOm. 306039
60do  JglodEgdgeros 8060838y ©9309435bmm  Bgmdgdoo  bs6g3z0L  Fomdmddbol Golgo.
595856, FMfgmdoEMdol dmgdggdol 9x39dBHWOMISHY VPOYMBOd 253Wgbsl 396 dMobgbl
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bsbdM0L 8909250 330605830 d0EM3909wo FobJsbgd0, MoYsh IMHymdowmdol dmermdg gods
3306500L 3390030 BoFOMHM 56155, 5MgM3g 0LOE SVLIBOTBZ305, BMT 23060500l 339000L boffowmd®mogo
39RMZ5  Jobo  59MMPObF03MOO0  Hobsmdol  AsBMEIL  gaLobMgds, braenm  gobgmgdvIEo
933™IMB0Wo M300Mmb39 5MOL sbgmo Hobsmmds 35960L FMmdMmsMdOL ABIBY. sd0GHM™I bsbdMols
3939b0b 56MH9do IMb3zgM0 55305690l YROM 39EH0 MM IMRYIOI0Y MZ0MY353995300BsMZ0L. 53
39900mb393580 oo 8608369cmds 9603Fgds 3306500l BmdLIbIMY 39MLMbIEIOL 3350050353050,
OMIgds3 oLAHBEFOMMI© MBS STYSOML 39300600 MBYEOMMGIOL Bmbsdo dmbggog
5005805690056 5 335W0FBOEOMEISE FoOMML B0 9353953006 3GIM3gLO.

2.1. b36d®MoL BogM 5©IMMEo E0bsd03MOo {5930l 3obyM0Tgds

bsbdMol doge s0dOo ©obsdozMMmo 69308 MgMMOMEs© AoBLIBMZMS TgbodEgdgE0s
3539060mbol  256GHMEgdom, OHMIgwomsz JOMBsbgmmb 39380693 Mos  50MHgdoL 6939,
3900600 JMEMEMds s (39339096 39090 BMOIMOm

pv = RT (1)

boOE P 90U iB939; v - 5060 3G IMEMMmds (vp = 1, v = 1/'0), 3% 3; p - L03336M039, 33/0% R -
5060l 370 399008035, R =287 x/(33.K); T - 50Lmem@«y®o $9d3gMsdmés, K.

50L5608b65300, GMA gbMO3M 73gMo 30EH0MIOMWwo 653OMAoL (Fermi,1937) 99-16 365051380
d0M0mMYOL, OMI  3¢053900MbOL FobEHMEWGds 356 dLobogl MYsErMmO 45HYdOL dEYMISMIGMBISL
35000 3H9d39M9GMMOoLs s 0 (1593900l 306HMdYdT0, M3 BMLES® Tgglodsdgds 3060500l
bs6dM9dL, M50 LAHSG03IM0 F5930L oBMS 57 56 bEgds. 833565, 3s390MMbOL 49bEGHMMgdom
3306509080 bsbdmol Fgdmbzgzolsmgzols Tgbodwgdgeros Los®fdmbm 9g9wgagool dowgds. s0bodbmwo
300093 MROM 39X IMIIJ0s 030L gomz5cobjobgdom, MM 396E0WsGHMMGOIOL gosbaocmodgdol,
©53D59gd0L, 39dMEEOLS S gJu3YSESEO0L 30MXMBGBT0 5dMmYgbgdmeE0s 3596M0L BEObEIMEH MO
bod336M039 p = 1.2 33/8°, GM®Igwoi d00Pgds 3Ws390MHMbol  AsbBHMWgdom B30l ©Mbyby
5GH0mbggMero (69g30Ls p = 101.3 335 s 20 °C §93396M5GIM0LOM30L, 56 Loggb@GHowsEom bs3s0
3360006900 F9gdbmEMma00m 3M5JG03Mw9©s3 J0BBME0s 00O 50M5Q.

99005060369 0sb 29dmd0bsmy, (1) BMOIMEol Msbsbds, 1000 °C 3gd3g-Mo@rMob
9gmbg bsbdmol FogH 5o 0bsdo3z Mo (16939, 3306589080 F9oqbL 121.6 335, Mro3 509053)YdS
5GH0MbggHer (169356, bmem 8-x9M y3qwsHg 8dwsgzmo 396EGH0WsEHMMgd0L 5gdlods® BB oGH03MO
{169350. 53 MM 3596 0L Lod 336039 903060900 0.277 32/83-0@7. FqLsdsdoLO, IE0gMo bobdMol

99000bg935d0  3M5dBH03Mmo©  99mdgdgo  gobgds  LggbGHowsgom  bo3ool  Bsmmgs
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396¢0o@™MM9gdol 9339Mmd0m s 35960L dMdOsMdOL 0O Gds S botxo 39B30MHMdYdYO
096905 bsbdols 3096 s©0dOMwo ©3MHgloom.

355005, H®™3 bsbdMol LodE0gMY STM3I0YOIMOS Bsfgzo30L FoloBY, MMIGEOE oM 33O
3960mb6DMI0gmH9000m 0535300093 9w0s Bsd)H30 s0MOL M Jsbolmsb. (1) obGHMWgdol mEm0o3z9 dbsGOL
3996530900 506036 Loogbg dooMgds

pV = mRT (2)
Loog V = mv smob 359Gob ol dmEemds, Gmdgwog 8mbsfioergmdl (3ol 3Gmaqldo, 82, HmAwol
LoOEY 3596MH0L BLORJSMOL 30MHPI30M 3OHMIMEMEFOYWOS. 9.0.

dV = S§dl = Sdu 3)
LogoE AV 560b M3 mdob bsBsM©o, 3% S -4306500L 456030 33900l FoBmmdo, 3%, S = Const; dl -
Bogool doge as3aroro dsbdogro ImEgdmer dmdgb@do, 3; du - 6535000l Lobdsmol BoBstgo
dm39999 dm3gb3do, MHMAgEoE 930939 M 30JOIM0s bsbIM0m sdemen (935B9, /(0.

1.5-2 38 LogMdol 306058900L5MZ0L, BHEBLIMMEHOL dIMSMdOL LOBJsMHOWIB Fosdmobaty,
9393995309 Y165 LML 2 fo-0b 2563530 MdsT0. LHOBEHIMILMS FBI30L (3350909 MdS LMo
50 396M0MmEOLYM30L.  Fo8slosd), TMY30IOIO  (33OEOL - T EOMOL  (335¢GBIMOOL
063 96M3500 99900905 0 < T < 120, LS T J9AMbILHYO0s 599030, bmem Gm®IMws (3) Joowgdl
Lobgls

V=S folzo[uo + u(7r)]dr (4)
BoOE Uy 90 3596MH0L 653500L Lofgolo LoBdsMq, 8/§d; u(T) - 35900l bozsol LoBJstg, GMIgeos
Domdmp9b0w0s HMOL Bwmbjzool Lsbom, d/{0.

(4) gm®3IMol gom35¢0lfobgdom (1) FmEOIME0Esb doowgds 3905y bobd®ol dogm

39630050930 (b930L Looy
P2

MRT

- S folzo[u0+u(‘r)]d‘r

59 3Mm®IME530 063GHgMomd39ds BMbJ300l 30603900 9GS 3bMmdowo. 9du3gm0dgbEmwo
dmbs39d900lL  dobgz0m  Fglodergdgeros  Bosbaermgdomo  sdmbsblbols dowgds (Lanchava and

Javakhishvili, 2021). 3bmdoos, ®md 1 3 396060l mOmJwol sfzol gusFoMmmqgds 58.80 & 35960,
bereom 59 @M®L 396%0bol ool Lodzz0o39s 0.73 38/ B00gdvIEo 359600 dmrIemds 1545000

(5)

3 gLsFoMMgds bW Mgdom 18 FHMbs d96DoboL MMMl 3L, HMIOL OMLSE 50d3MGdS
©o3bEmgdom 42.6 335 LoEoOl FoMdo (6935. 3H9OS, MMI bMbMIs3oL 2430605080 dMIbEIGO
bs6dMoLsL (Bird and Carvel, 2005), H™3ol @O®MLs3 o035 173 93@™Bobdobs, §3s0 dolisergdo
15393096 gPMs©, MBOM Tg@o 9330359bGHMEMO Fslol 0gdbgdms. yzgums d9dmbgg3s80, 306390
doobemgdom,  Lobgbgs  LoG®BL3MOGHM 23060509830  godmygbgdmwo  396E0EGMMJdOL
dogdLbodoe® LBOGH0ZMM §6935%g (2.0-4.0 335) 2930090000 OO {1930l 5dzMs bobd®ol dog.
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d9L50530bo, 2.0-40 335 §930L  50A3GS 23065000, GOMS3  bolosMPYd0D  FogzeMo
396¢0o@™MM9d0, dglodergdgeos 00 d9dmbgg35d0s3, Mg Lofgogol dsby 0dbgds do30gdom
B53e09d0, ssbarmadom 0.9-1.8 GHmbols gotywgddo.

2.2. 3306500L babd®Mols gxogds 5¢dm©gdmo dsbgsbgdols dobgzom
bsbdMob 8900mb3z93580 5¢dmgdo 36796930l Moibgzols s Labgmdol dobgwzom bsbdMols
1oAIWOZMOL  AIBLEBOZOOLIMZOL 4306500l JmALobmEg  39gOLMBLEL  ogbTscgds  FBGOWO,

OIY0E 0G0 ©M3ZIYbEH0b (TRANS/AC 7/9, 2001).

3b®0o 1. bsb6dOol LoddEsgmg SedMEYOIE0 FobJsBgdoL LobgMdOLS WS MomEgbmdol

dobgzom
N OP36U3eaHob (Hodo bsbdmols boddersgtg, J33¢
1 dbrdendo s3¢9m3mdogero 2.5-5.0
2 s3¢5mB«ybo 20
3 bsdrsemem bmdols bsdgomorm 20-30
4  @oo bmdol bsBzomorm 30
5  896B0b63bogo (50 3) 300

2.3. gsLmd gagds 3300500 453839R0 BbZsILBbIZS 3560gdgdOlsmZ0L

doboErols O FMbEe70L Boliols Jobgz0m (39Jsb03MEMO s 53¢MAsEH™MEMO TMHYmdOEMdGOOL
939Lbol Ibg39eMdsdo Jogdol 2o69dg) GOMIbJNL T9350MJ0 OMMBOLOYD s BIBIEEHOL
JBM30@0oLOAsD  EIBsIIMEO 3560909008 BsligdO  BodsMmM3gErml  LETMILASMGIEM  BIBEMOL
306d9030. 535856 9O, d3BIEEHOL JuM30OLsYD ITBYIMEIO 3560900 QobboErMwo ogm
MmO  3560056¢v©: 1. OHmEs d3sDBo@HoL  Jumzowol  BMmOIOMmGOIOLIMZ0L  ASTMY)bgdmwo  oym
05BOE0LZg MG MOS; 2. MHMEs dSBIXEHOL JuM30Wwol BMOT0MGIOLIM30L FsdmYgbgdmwo oym
RMWHEOL d5Y. BoLGIOL (339¢J05MBS 39MJOOL BMIGdols @s Foloerols Lobgmdol dobgwozom

dm3999wo0s BoYy. 4-bY.
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3309 4. 39BHo0LS QO BIBIEHOL JuM30OLOYID ITBIVIONIO 356090JO0L FOBGOIOL (339CGOIP MDY
om0 BoMmMMdOL Jobg300 (3945603900 S 93EHMISGHOO FMfymdo™dIdOL Boliol Qs09dg): 1 -
35D E0L JuM30w0 (FMOT0MGdS B3BIEHOL SOTSGHMOMOM); 2 - 33D EHOL JuMZ0 o (FMOHTOMYdS
ROSOL 5OHTsGHMMOm); 3 - FgEHool 3oM9do

0¥ 3H9390Md5d0 F0300JOM  ROIMNZG 05DIGHOL  Jumzool MBG™  b53wgd  Asbdl
WOomMmbmb  Fgs®mgdom, 8580b T9ga30dwos  503608bmm, ®md dgdobozme s  53EMIoEGE
dmfymdomdgdlL  dsBsEEHOL Fgdmbggzsdo MBOM B53gdo  LBoddesgzMg ILFOMOIdSM, 56
39593009096 LodME MM F9IAL s BoY. 4-D9g Im3999)0 F9IRJO0 BoLMS M9BIBIMPMOOL Tgbobgd
99L5dgdE05 TR IMIOWSE BIZMZOW M.

3. 090093090 ©5 EOLZMLOS

3.1. bsbd@ob Liggbstgdo 43060s0do 3Mdogo 396G 0300l 30MHMdYdd0

FDS 36650 456099m3do Lol dmE2)enmdoms 39mm@ob godmygbgdoo dglfogerowos
33065030 Ubgoslbgs Loddwmogmol 5, 10, 30, 50 3@ bobdegdol gobgzomsmgdols Lgbsgdo
bbgosLbgs obMomdob 0, 1, 3, 4, 6 % 3306509330. 23060500l ggmdgE©0s: Loga®Mdg - 100 3; Logsby -
8 9; Lodopang - 6 3; bobdMol 39608 Gommmodo 16 3% (393bEPol 396G AobMOgLYdVIE0s 2306500l
395G mE bsfodo. bsbdmol dmgwo®mgdolsmzol 3ol ®gsa9b@0 - ¥96Bobo. dmpgmomgdols
6O 120 {9, B 30630 39b o@molsmgol T = 0 §d 90ds6900L 0856100 3565¢09e 6o BsoMm39ds
2 (3500 393060 396G0wsGHMmMo FoMdsomdom 28 33/ s (bgz00 2000 3s. 396GH0WsGHMMYd0
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959993000 §9003539096 35960l 65350, MMl bstrxo Tgbodegdgeros gobolsbrgmml 35960l
LoBdoMols s 3306500l 3390008 dobgzom. M™OL dmdgbEdo T = 20 {0 Imyw by sdmJdgds
bsbdomo o  9Ju3gM089bBHo  ©bsMBRIE  mM™To  gMdgrgds  bobdMol  msbbagdom. 53
39600m©oLOM30L 139bGHOWsEOM B535L OIRIOWMWO 53l Fsbdogro B 3m®Eowosb bsbdMol
3965009, ®53 bb3s@olibgs LoddwszMol bsbdMmols 3oHMdYdTo BsbL i3oy. 5-by.

bbgoslbgs LoddEEsz®OL bobdMmOl ML  sdmymagowo 8s36g s06MHgdols s 33590l
dm3Mmdol LoOEYJd0 Fg@obowos bModo 2. Jgg3oligds 493900909 0s 4306530l bremgzsbo
@bOHOMdOL  306>M3gddo. 98 Fgdmbgzg3zsdo  3596M0oL  Lod33m030L  FIBE0MYdS  BHJI3YMOGHMBOL
9m3539d0L 9999 36MogdG03Ws© 96 0fj393L 30bgdslL, bmwwm 30l 3GmdEgdo dgg6g3s
1539630 930M 65350080 @ 0f393L 93 3565136900l LOBJsMOL QoM. 3596H0L LoRJsMg g30M50d0
3960LsbBE3gMs  Gogbgomo  dmgegdol dobggzom  359MHoL 65350l BOMBEHOL  FMIMIMdOL
d9LodsdoboE B 3mM@H0@sb A 3mOGswol  dodstrmnegdom. LoBJoMg u; gobolsbrgés B
30O GHo0sb O 96 E0wsdg dsbdoerols s ol olisgssgz5¢0 LsFoMmm M™oL Jobgz0m, 35960l
d9Lodsdolo batIxo 5MOL G1. LoBds®g u, Ggglodsdgds dsbdowls O HgMGHowwob A 3mO G5y,
35960l Jglsdsdolo botxo M0l G,. 335dobs s 3ol bbgs Gmduozm®o 3Gm©wd@Egdool bostxo
3960L5bBE3MS FmOIMwom

G=G,—G (6)

30Y. 5. 3mOO0BMBE MO 23060500l 39bEGH0WsE0s 5, 10, 30, 50 3g3¢) BsbIOOL gobgbols
dmd9b@obomgol 7 =20 {0: 1 - F53cM0 396G 0wsGH™MEM0; O - bobdMob 3960 39630
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3HM0wo0 2. 35960l boxo s Lohdseg 43065080 MHobgzomo 9dudgmHodgb@gdols dobgzom
bsbdmol

boddersgy, uy, po u,, pa G,, #/pd Gy, /PO G, #/po
9830
5 2.9 3.6 1392 1728 336
10 29 41 1392 196.6 57.6
30 29 5.0 1392 240.0 1008
50 29 5.6 1392 268.8 1296

@bMO 3060509030, bsbdMOL 3M:MYEH9d0L Fgegz0L oIbgsz50, bobdMol sdmgddggdols
3960meob (T =20 §d) 99992, Bs396E0WsE0M 653500L BLoRJsMg ymzgEMZ0L 56 JoEIEMBdL. Gog. 6-
@56 BbL, ™™ 30 s 50 dy3¢ LoAIEzMOL bobdMgdolsmgzol Lsggbdowogom bs3sol Lodwmowm
LoBJog 3engdmEmdl, J0bgogzs 0dols, M 35961 MBO™ dg@o 30l 3MmEwdEgdo 9996939,
3000609 5 0233 bobdMHol ©OmL. 93 F9dmbgzgzsdo, LsdMEMM®, Bs350L 0bgME00L  doegdl
3930900 5¢9853g0s 359600l Lod33M030L  F9d30609d000 M3 FH033H0Z9MOOL dSE9dO.
WROO HBNLEGHO©, 3OMEgLDY ogwgbol M35WLsBOmOLOm, LogabEowsEom bs39oL dm3rEMdOL

DAoL 39830 2530090000 BsdmEMBIds 3H03E0350Md0L doggdols gogargbol gdsl.

3.00

V, m/s
2.50

2.00 5MW

1.50 10MW
30MW
1.00
50MW
0.50
T,s

0.00

0.00 2000 4000 60.00 80.00 100.00 120.00 140.00
309. 6. LM 230605830 (3% ) 359MHOL LS M LoBJSGOL (335¢9dMBS bobdMol LoddwsgMols
d0b9300 Y00 B39bEHOWSE0M B535YOOLIMZ0L (5649 B5T0b, Breazs 35960l bo3oOL
9650l J0ToMENgds 5MOL OLTIZ5¢0)

5060860 do0sb 39Mo BBL BoY. 7-@b, HMIgbgosg 6583969005 50 3@ bsbIMOL
3963000060900l 139650900 3MOOBMBEIWMOHO S ILOHOED 2306530LsM30L (3 %). Bmarmzsbo
©IBOOEMIOL 23060500530l 3H03(3H035MOOL doegdo bgels 56 dw0sb 396@E0o3E0sL, bmem
35960L Botgzol ImEEmdol BOEOL 9999 do@ImdL dolo BoBdsMy. 3 %-0560 sbMowmdOl
3900bg3935d0 ™300 bsbAsM0 1339 9590MObF03MOO Fobsrmdss 396E0szoolsmM30l, beagnm {30
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Saving lives in a road tunnel using transformable elements restricting the propagation of

fire products
Omar Lanchava!, Leon Makharadze?, Giorgi Nozadze?, Marad Jangidze?, Giorgi Javakhishvili?, Teimuraz Kunchulia !, Zaza
Khokerashvili 1, Nino Arudashvili !, Davit Tsanava !, Samson Sebiskveradze 3
! Georgian Technical University
2 G. Tsulukidze Mining Institute
3 LTD Lojini

Abstract

The paper considers various scenarios of fire development in road tunnels. The dynamics of combustion
products propagation is studied by taking into account the fire strength, tunnel geometry and layout, and
aerodynamics of the ventilation flow. The impact of strong fires on the sustainability and proper operation
of ventilation systems is demonstrated, and different types of numerical models are considered with the
FDS software environment. Theoretical and numerical experiments have demonstrated that strong fires
in tunnels can induce dynamic pressures greater than the static pressures of the tunnel fans. The latter can
change the direction of movement of ventilation flows in the tunnels with an inclination of 3% or more
when the seat of fire is at a hypsometrical height lower than the air supply portal, thus drastically impairing
the self-evacuation capability of people in the disaster zone. It was demonstrated that one of the most
reliable ways to save lives in case of fire is to limit the spread of flue gases to prolong the time for
evacuation. The paper proposes a transformable flexible system to save lives, which artificially increases
the aerodynamic resistance of tunnels to prevent the propagation of harmful combustion products on the
people’s evacuation route. By considering the fire development scenarios in horizontal and inclined
tunnels, the dynamics of the spread of the fire damaging factors when ventilation system is no longer
operable and the only solution is the use of the flexible system is examined. The results of modeling
evidence that by closing 50% of the tunnel cross-section with a flexible system it is possible to obtain

important positive results in reducing the spread of combustion products and saving lives. The use of the
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proposed system reduces the intensity of the spread of fire hazards and will definitely help the people in
the disaster zone. The analysis carried out clearly shows its necessity and that the comprehensive study of
fires and generalization of study results will be useful in adequate planning and implementing future
measures to prevent and reduce their harmful effects. Following the above-mentioned, a detailed
description, analysis and development of a clear algorithm of action of fire cases, and communicating the
results to rescuers, tunnel service personnel and the general public are needed.

Key words: Aerodynamic resistance, evacuation, flexible element, saving life, fire development under the

ground
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bs6dMoL BoB03MHo IMEYEoMgdol 990098900 LssgEMIMdOEIM 3306MH389d0LsMZOL
DB bmzgemsdz0wo0, 30, 356539
bsgs®o39¢mb (99760329650 9603966090, 0080¢robo, 30003535 77

LAMIEo

B58O™Ido Fomdm©9b0e0s 1:60 FsBTEHdOL LsogEBMIMdOEM GHMIBL3MMEHOLIMZOL
3963mMm3zbowo  @IBGOWoO 23060509006  BODBOZMGH  JmEaHg  bobdMob
3963000560900 33¢0930L F999d0. 23005008 IBOOWMDdS 0333¢gdm©s 0-10%
7oMagddo  2%-0560  Bdoxom, boGe 93060000  0bogoMgdmwo o
3963000560900 bsbdmol Loddgrsgtg 03E3egdms 5-15 da3@-0l Gotywgddo 5
333 d0X0m, 535Lmb BB MO 4306530l LogMdg oym 360 3, Logsbg - 8 3, Lodswery
- 6 9, 396030 339000L FsOMMIO - 48 3%, b 4306500l LosBoLy s LoTsErols
05bsgsm@OMds - 1,33. dmiEgdero 39mdgEH®ool bs@emo 230M500L IMOYEo
d9L50530b0  oLFBHHO0M ETBHYOVIEO 0gm 2 8F Lolgol M7sbs30 BMEsOL
AMOEEL0LYD. 43060500L ImEgeroll Bmdgdo sMob: Loa®mdg 6 3, Logsbg 0,16 d,
Lodsweg 0,12 3, gobogo 3390m0L RoGommdo 0,0192 8% 5bodbme ImEyw By
99b3960896@9d0l oo dg30LHogwrgo bsbdmol 0bozo®mgdols s Aob30MacmgdOL
09000b393500  200MgmBOwo  50MHJOOL  (33500l)  2o3MEgEXrgdol  bolosmo,
3963L5BM3MgD  3M5©096E)  BodBHMOOL  o3wgbs  3O0GH03MEo  BoBJoMobs
329006900l 356d0¢ols (33500935 Md0L ¢H9d3Dy. 50bodbmero sbslinsmgdegdols
d9LHogs gobbmM 309 23060500l dMmEgEdo sOLYGdMEo 35960 39d39MoE MOl
339905MdoL dobgzom. 35960l 3H9a39M5GIMOL 4oBMIZs BEYIdMPS VOS
©BMOMWo  GHodol 5©0dJdgwgdom s0FM30omo K GHodolb mgmdmfyzowgdoo.
3oBmA30L ogdlodo o HH9d3gesd s 800 °C. m9gMdmfy30gdo sdMbEs
3306500l dmEgwol FgMdo dmger LogMdgdg 5 s 10 L3 doxoom. bobds®o
©YIMOIWEs d6xdMI030 S0MOm. IMPIWOL GO0 FMOGHIWOEID  VIMIMWwOo
396¢0o@MM0m bgdms 1s39DGHOWsE0M 359M0L dofimEgds JmEgErols dogos
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bog®Egdo. Bog9bGHOWsEOM 359M0L LoRdoMg 0BMIGdMs B5gdMIgEHMom, bmem
35960l babrxol gosbase0dgds bgdms ymzgr 3sw3gee dmdgbddo LoBdsMob
dobg30m. MY gdMEo bobdMol LsFoMmm Lboddgrsgmol MBEOMBlgEymas
bgdm©s 39969060030 s0MH0m, bmErm 4oHBMIZS - FMEMEMOOMNO s JobIMHO
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090IMY30090006, 9699MgEHM0EB s 8bgdM030 S0MOL botrxLsBMI0I6
9dmb5399900L gOHMOOMMEO 5090, 5349853905, 5550BO O FOROVIE BMOIsETo
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»5G990g9M0L LETMSEGOOm. 0MYOEO FJIRIOOL odmygbgds FgladergdgEr0s
L553GHMIMBOW™M  330650980L  396GHOWOE00L  3MMYIEHJOOL LT Ts390S©,
6HMI90d0o3 o35¢0lHobgd o 0d69ds bobdMol 453c0gbs 39bEH0WS(305by.
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1. 3glsgsgro

LobgedHoxzml 93m6m30396M0 296305MGdOL LEBHMIEIHME 3933530, LEGHMBBOGHM 3mEgbgoserol
Mm3GH00oMmo  5dmygbgds  ghHm-9hHm  3M0MOOGIGI 0TSO MWIdI©  ddbobogds.
50608606 259mIE0bstg, Iglsdsdolo MMM MGOYSBOBI(30900L I0DBIBLYdO™ Fo®dsEgdom
bm® 30990 bbgoolibgs 3603369c0m3560 360M9JEgdl 393335 WS MYocr0Hgds. 9HM-9Mm SLgm,
939960L 249630m56M9d0LsmM30L 301030399 36033690 M396 3OrMg@L FoMTMogbL, mMobsdgMmgg
B3obIMGHJOOL  BJoermbbmero 533 MBoaoLEHMOols @ Tobo QoMM s MLOBOMbME
9935 S300BIMZ0L  LoFoM™M OTLTsMg bsagdMdgdol ddGbgdErMds. S©0bodbvero  IMmgd@ ol
RO gdd0, BJoMmMmLBMmO 53EHMs0LEHMOEol 30969dMdOL 3565 gIMSE, IRJRTO0s O
md9g39gL 999mbgg35d0 0d0bstgMdL 50 Bg dgE0 Fowseno EsbsMEol Gglodsdolo bssg@EHmamdowrm
330650900l 339690 Md.s.

15533MAMIOWM 4306509008  TgLsdsFoLO  BEBBIMEHO  gobobowogl, dsom  Lsodgom,
MBoBOMbM®O @S 8OO JJU3WYSBIEO0Ls @S BMBI30MmboGmdOL  TglodgdEMdSL.
L553GMAMIOWM 4300509008  MLOBOMbME  9gJL3WMSEBHSEO0L  9H-JOHDO  HMEOLJOJO
333m696@0, OHMaMM0355 ,MLOBOMLMYGOOL 5993009090 JoboToMo EMbg“ 2sbLEBOZMHWOs
9360 MBsdFMLO S 93MM3MHWHTI6EHOL 9HNMIE035© 8994935390, J0MYOME S ITBHI0EJONI
©0M9JG035d0.

396¢0wo3ool 3003GH03wo LoBdsmg s LYBMs 359GOL F93¢8o 33500l BodoMOL30MM
3936039 gdol dsbdoro - ¢3mobgdol Loa®dyg, Logasbygdm Lo@wsEogdol FsMM30L 3MHM9ddgddo
360083690 ™3560 &9dbmemayome 85639690 gdl HomBmoygbl. v 1y 5oL gMdogo 396E0sEool
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9563969000930 (335009050 MBL 39B0(30006. (335¢905MdOL 330l FoB39690gwo  IbMOEMdOL
dobgzom M0l MRobBMIowgdm  3m980E0gbGO - 3Me©0gbH-BoddHMMo ky . FgLodsdolo,
36500963)-535dGHMM0bL 458tmggbgdom 3H0EH03Mw0 LoBJsMmobs s 30bgdol Loa®dol 3MMmybmbo
bgds MR 39O  dguHegrowo  3mOHOBMBEHIWMG 43060509030 bsbdOOL  gobgzomsmgdol
b39696 900l dobgz00m.

3600303990 bobdstg 45608 Egds MHMYME 3 yMdoz0 396G0WsE00lL dobodoswrwmEmo Lobdsey,
HMI90E 399MOH0EbI3L 33590l 399653500 Homdmdabsl. 30bgdol LogMdg séol ol dsbdogro,
HMIJDBIPIE 035w bLBms 359MoL Bs3odo 3M(39gds 33590 s 3ol BHmJbogzmeo
36MM©J3HJ00. 2050096¢-BoJHMMO 3560ToMGHds BIMAMEOS 3060580l IBGOWMBdOL dobgwz0m
3603030 LoBdsMolbs s M390bgdol LogMdol BOEOL 3OHMIMMEF0MWMdOL 3Mm9R0309bEGO.
15396GH0Es30Mm  LOLEGHGIOL  3MEEeRLO  ABOTIMEHOS  BMaMOE  LgabGHOWsEOMm  LolEgdol
daMdoMmgmds, OMES 330050d0 359MH0L  IMIMIMdOL  F0TIMMIEGISL ©s  0BEHIBLOMGMBDS
3965300090l bobd@ols dogM obz0msmqdmwo §93s.

36M0303Mwo  LoBdoMol  36gds  898mmgdwos  mdslol doge  bsbgzdoe  gddoMomwo
RMOIMEol Lobom, GMmIgeoi 04gbgdl RGOl Moisbzol 3Mo@EH03w Looglb [1]. sbodbmwo
Boddmdo  gobogdim  [2-4], saMgm3zg  Ubgs  bs3MHM™Igddo s  JoEgdos 9330600
5830009319 93900 9Ju3dgM0d9bEMo dmbs3gdgdol 3sdmygbgdoom.

©B6BoygMo s 396900 [4] MgobmeoElol MoiEbgzol sbosermyorMo gumEbgb Gs, M™A
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OMAMO3 3O0GH03MEo. 5 TbmmE 035l 9036086530, M™I FOHMOl Gogbgzol 33MoEH03Mwo
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SbME0s300L (36MdsGO [6, 7].
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bdoGo o6 doowfg3zs LsgoMm LoBMLE, M3 0039w 500b0dbs oEgMsGHGmsdo [8, 9].
50b0dbmoll  Jobgszs BOHMOL ®ogbzo bdoMs  2s9moygbgds  3ModE035d0  LobsbdmM
396305300l 3565393HM9d0L ILOYIBIW, OMIGIOE 5)(30¢9d90s LoEMEbOL FoolaMbgbsc.
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36Md93s5, HMIOL 250FMH5BY 30350 8330093500 S 06506960 F9FomdL g bz omdo.
LoEMEbOL 2ooMBYbsBY 59390EG0MYdS 2oL MMMGO00 Tob T9aI 290N, B3 BoliEodE
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33P0l gsbgboom F9EHOMTo LoyMODg XMbybym, LsdbOHgm 30mM9s, 189 IV3MEo; bsbds®o
d9BHMML 43065000, SHYOBI0KB0, 260-Bg T9BHo IV3MEo [14]; bsbds®ro 056BgMmMl 24306500,
Bobgmo, 40 s®M3mwo [32]. B39305WE WOGYOHSEOsdo [14] sfgMowos 40-Bg dg@EHo bobds®o,
OIgbsg  dm3gzs bbggM3eo. 36MHMdEgdol  LoYgM3gEMOME  500MJIOL LGOS  Ao9MMU
9363790 3080L00L ddomds 59 Jodsmoemgdoo [10-12].

3306500l bobdMgdol BsdodMmMYds MO0 J9B30MMIGdMWOos 3bgwo s dmdfsdzmgwo
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Ls30mbgdo [34-40]. LGHoEOLEHO30L JobmE300 (35¢39E 23060500 LIMOMDBMEo bsBIMOL dmbgbols
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3m0ofodes GHmJLbozemo 506M9d0m s 3350¢00 [8]; bobdo®o 0563mnmls 430605080 (Fobgmo) 2014 fiewols
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©53Mm@OggdolL  LEAMGHIR00LIMZ0L, OHMEILsE bobIOOL  3gMHsHg LyBms  359G0ols s 3ol
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Qc = PoCpUoAAT, (6)
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3306500l dmEgols FoMdmbobgom FgOHbBy, Bgwos Bgsd3omBy, ymzge 5 B dsbdogrols
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10Q. 1. b553GMIMBOEIM 3306075808 BoBOIMMO dggEo:
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3306500l dMmEgEol gMmo Fbscg ToMGO0s QoBLIBOZMME LoTsMEgbg Logsbagdm
dmfymdo boEYIMDY, beaenm FgmMg dcmem 30 43060500l FMEIEPOL IBOOEIMdOL Tbo33wgE
Logobgdm©  dmfigmdogw  3MbLEHOWJ300%g. 950b0TbMo  JMBLEGHOMIE0s  LOTEgdsll  0drggzs
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dofmgds (80y.1.). ©gMINwo 39630wsGMMOL J0dYdIMI®, 3300500l FMEIEol 3mb3MgEHE
WM35305Dg obmmlgdME0s 30ROMWO  GHo30L, 35900l LoBJsMOL  golaBmdo dmfgmdowmds,
Gmdol  B3969d0l  dobgzom  Tgbodegdgeros  Lsggb@Gowsgom  359M0L  bobxol  sbysmodo.
5060360 bgelisfyml gsbmdzol osdsBmbos 0,05-10 8/§a.

3306500l dmEgErol dms Bofodo, Homdmbobgzom domBg dglsdsdolo Goemol Fobolfom
dmfymdo 0omddo gobmagligdmos 84969060030 S0MOL bogdgbo, MMAol Bsdwmswgdomss bwgds
33060500l dMmEqEHg bobdMol 0booMgds. dmbgd®moz0 060l Loddgbdo dofimgdmwo dgmsbols
50M9bMdOL, s Fodobod) ITMEYGdINO  bobdMol LoddEregmol  MYAoMmgds bgds
01693030  S0MOL  FMEMEEMIOMO S BP0 MM GMM-50FM0b3 oL Lodwoegdom,
6H™Igeog 0639300090 w0s DT-85 dmbsoigdgdol 89936090 s 35399853909 dmfymdomdsliorsh.
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BMOIMEs -7 -0l dobg30m ©s305635M0dgm, Fgbsdsdolo Loddesgz®ol bobdMgdobsmaol,
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Critical Velocity, M/S
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9905300 FslsdBHedols Bobgz0m
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The results of physical modeling of fires for road tunnels

Zaza Khokerashvili, Davit Tsanava

Georgian Technical University

Abstract
The paper gives the results of a fire development study using physical models of inclined vehicular traffic
tunnels scaled 1:60. The tunnel inclination varied within 0-10% with a 2% increment. The fire strength
initiated and developed in a natural tunnel varied within 5-15 MW with a 5 MW increment. The length
of the natural tunnel was 360 m, width: 8 m, height: 6 m, cross-sectional area: 48 m?, and the tunnel width
and height ratio: 1.33. The model of the natural tunnel of the given geometry was made of a 2-mm-thick
stainless steel sheet with an appropriate scale. The sizes of the tunnel model are: length: 6 m, width: 0.16
m, height: 0.12 m, and cross-sectional area: 0.0192 m?. By doing experiments on this model, we studied
the nature of propagation of gases (smoke) emitted during the fire initiation and development, specified
the impact of the gradient factor on the rate of variability of the critical velocity and backlayering distance.
The said characteristics were studied according to the air temperature variability in the tunnel model. The
air temperature was measured with K-type thermocouples equipped with open and closed detectors.
Maximum measuring temperature was 800°C. The thermocouples were installed in the ceiling of the
tunnel model along the entire length, with 5 and 10 cm increments. The fire was modeled with natural
gas. Ventilation air was supplied into the model by an axial fan from one portal of the model. The velocity
of the ventilation air was measured with an anemometer, and the air discharge was calculated at every
moment according to the velocity. The required strength of the modeled fire was provided by natural gas,
and the measurement was done with a volumetric and mass regulatory meter. Simultaneous data
collection, processing, analysis and digital transmission of data from the K-type thermocouples,
anemometers and natural gas flow meters were provided with DT-85 Datataker. The obtained results can

be used to develop road tunnel ventilation projects that take into account the impact of fires on ventilation.

Key words: Aerodynamic resistance, critical velocity, gradient factor, backlayering distance
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9500m39¢®0omBols 3030msMgaml 05301989M9d930 9bMAgEmMOoEEo Godols
50096M3560306mgd0L gsb30moMgdsdo

36003030 dodmbogngs
3. g0O3m0560, B. dabvs, 4. d9635d9

0000obob Lobgwdfoxgm Lsdgwooobm MboggdLo@g@o

LG gG0o

96M3gBHHoemo 356306M3s 439wy bdomo 40b93MmEma0ME0 5300301900560 3sMMEWMY0ss
0oM8Mo96L LobdoMom dgmeg 0bg3mEMA0H 530030190056 3500MEMY0sls ogero Flmgeomls
dsLd@Gsdom. 2018 Fawols dmbs39990000 @osbmbGoMos 380,000-Bg dgBo sboswo Fgdmbgzgzs
AbmREoml  AsLd@Bom, MMIgWMRbsg 90,000 Tgdmbggzsdo  900b0dbgdm©s WG MMO
399mbs35o0.  LodLogbm® MXMIEIOLS s o  QIMTGIM  SOLYIM  F0OMPIMIIML TGO
2MH0)M00Jd90705 5MJYMX0MGOL 5300301900560 3MMEILOL 3MIMAMIBOSL MmomJdol yzgws Godol
Lodlbogbgdo. Tglodsdobs oo 8608369wmds 9boFgds  9bMIgGHOMOMo 35O E0bMIoL
39630056M905b5 s 3OMYMglosTo. 9bMIgEMOMWo 35ME06MA0L 3MMEMgLosdo S SMgLOYIEO
LodLOgbol Bsdmys0dgdsdo dmbsfowrg 39d560BTgd0 396 TgbfogErowo 56 sGOlL. LEGHMMINWwO

2R MJOIO0LRL /96 gJuGHOEIMEMEO  BoBMogbolgsb  Ho®mdmddbowo  dmeg3meMo
Loaboegdo 8609369wMm356 MMl 0585dMmd96 LodLogbol v3mm30L9d0s6 3MMyMglosdo. Lodbogbol

90360myo6Mq0m  Jgpgds  OHMMOE MIXOIMo  3md3mbgbEolgsb oy  sMex Mo
3003mb96@E0L6, 02039 9JLEASEIXW OO FoBMogLolysb. LodlogbmMmo M Mggdol 0b35Bos s
39BLGHOB0MYds [oMmdMoygbl 9Mm-9M00 doMOMo© FoBgHBL oL dodmi gl IB0sBYds dbgwrs©
99399009056905 83MMbSEMdIL s boliosmYds 39O 3OMABMBom. d03MMPMAML Loliogbowrm
30900l 56 LEHMMIMWo MXMIIIOLYD FoMdmgdbowo 30¢9d0l 0WIbEHOR03530s 3MmAGHIBEOES©
Dom0mogbl 9bMIgEHMmoMo  39ME0bMmdol  IgEHILEGHIBOMGIOLs o Foewo  baGolbol
53030093056MdOL  BOMTsM3gOL. FgLlodsdobs 9bEMIgEHMmMOEWOo 35M306MA0L F03MMYMYAM,
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dobo 3o 3990 30m33mbgbEgdol dqlfogewrsl oo 3603369 mds 960 3gds Lodlbogbol FoGdmImdoU,
36MHMMH9LooLS S 3OMYBMBOL goblsBrg®sdo.

153396dM LoEYz900: F6C0MTIA GO0 35633060205, Lodbogbol 8oz36Hmg56G900; Lodlbozb60l
3602309L00bs ©s J9hsbHs bo®gdol 800ds 396980,

9600M393H0o 356306MAs Y39wsHg bdocmo 0bg3me Mmoo 530308900560 oMM
@5 §o6mBmoygbll  Lobdomoom dgmeg aobgzmemyo® 530030190056  3500MEMPOSL  gEo
Abemgoml dsld@sdoo [1], [2]. 2018 ol dmbs3gdgdom osgabmliGoms 380,000-bg dg@o sboqro
d90bgg3s  AmBwoml  dsLIGHI00m, OMmIgEmogsbssg 90,000 d9dmbgzgzsdo  s00bodbgdms
IGO0 59mboz5¢0[3]. 0bgozs@ 0dols, MM F9B30sMS SOOI OSRBMLEH0ZOL
9900900 s 51939 ©0b3gfs JoOMPOMwo B930S S J0doMmmMYMI300L TgMYdO, M55
3903397 Hows 99993060 93 9935009000  10330056Mds,  353096G M MFgEHLemdsdo
39919 gdge0s 5300308900560 3MHMEgLOL LOHYI0sE SOIMBHIMS. oM oL, drem Fargddo
5006036985 9bMIgEHMommo 350306mdol 0b3009bEGH™MdOL 83390000 DM, Mo3E LOgsMIMMO
399039990 Mbs 0yml 33300l HOYMHGO00 O F9MBFMDb0IBMBOL 3MIMdEGIOL 4oBMI©O.
1992-2022 fieools dmbsgdgdom 9bomdg@®mowmdol Lodlogbols ferom®o 2.5% (osgbmbEHoMgdwero
Joewgddo 50-74 fewol xamx3do) aoobots  10%-0g 2006-2012 Govols dmbsigdgdoo[4]-
[6].9600™39@O™o©MEo Go3dob 5©9b6™ 3560 3060189%0 3950096L 96™39E®0odols
509bm35Mm306m3g00L  70-80%-L[1]. Fombgez5 90 95350Jd0L bIoMo 493039 gd0Ls, dob
3963000690580 803M:MY5M9ml 3603369 mdOL glisbgd IFocmo 0bxm®mTs3055 s 330930l 9BO3BYs.

LodLOgbME  MYXOIJOJILS S Tom  PoMTgIm  SOLYIM  JOZOMYPSMGIML TGO
2MH0)M00Jd90705 5MJRMX0MGOL 5300301900560 3MM3gLOL 3MIMAMBOSL MmomJdol yzgws Godol
Lodbogbgdo[7][8], [9]. BgLsdsdoLI© OO 360Tdz69WMds 960 Fgds 9bEMIYEHOMOEWO JoM30bmIol
396300006M905L5 s 3OMYOHYLOSTO.

9500™3gBH®0Mwo 350306MmToL 3MMaMgLosdo s saMgoeo Lodlogbols BsBmMYsE0dgdsd0
dmbsfoerg 394o60Bdgd0 39620 TguFogerowo 96 sGMHOL. LEHOMIMEO YYROIJOOLYD /96
998GH®539gM@MOHO  BoBMogduobash Fomdmddbowo dmemgimwmemo Loybswgdo 8608369wm36
Ol 05959096 Lodlogbols 5303090056 3GMMaMglosdo. Lodbogbe MXEMIIOLS s Lodlogbols
903600560980 Mol 30380600 569X0MgdL Mool yzgws GHodol Lodlogbols 3GMMmaEmaLosl. b
3M6393309 3063900 IMfirgdeno 0465 1889 (gwb LEgBsb 39x9@0OL J0gM BMAMOE "0glicrols s
60505308 303MmmMgBs, HMIoL Jobg30m53 ML MO LodLO3bOO YXMJIO0, HMIWIOLSE
39999050  250D5OEMb bogmn0ge bossado, 96w Lodbogbol dozMmysMdmdo. JgLodsdoLO©
LodLO3bMO YYRMJOJOO 3MEILJO0E 08 FoTsMNIEgom, LysE LOALOgbol dozMMYsM9dM, 6y

6050930 MRO® bsgmzogmo s bgwlisymgwos[10].
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X O9JOLS S Fo0 F03OMASMGIML IMOHOL E0bsTOMHO MDY MMNJIggds 360d3bgerm3z560
QS (3009090 BoJBHMM05, OMYMEE bm®mdseo Jumgowols 3mdgmli@sbol, oby Lodbogbols
DOHoLomM30L.  Lodbogbol FozMmysMmdm  TgEgds OHMYMOE MXOIJOMEO  3mI3MbBIYHEOLY6
(30dOMBEILGH00,  B0MBOdOMIELBHNO0,  LolbErds®Mzqdo,  39MH0E0GI00,  SO3ME0GHJO0,
333096 m™M3560 VX900, 03MBMMHO s BMYPdOMO  MXEJID0), 0LY MR MIWOIEO
3M330bgbE0Lgsb, 08039 9JBEGHMEIMWMOO FoEGMOJLOLYSD. BT ® 306HMdYdT0, YR MHJOIdO
33056 06xm®As300l  bbgs  3Hodol X6 gdmsb 30603000  MRMHIOIEX-IX IGO0
3Mb@od@om 96 9JuGHMoEgEIEGo  oBMmoduols Lsdmsegdom. 9JuEGHMoEIEIEEo  dos@Mmodlo
Do0moagbl  LogMEgl  Lo@OE  FOOOPPOEEI0S  DBOHOL  BoJ@™Mgdo,  3oG™30obgdo s
LEAHOMIGHOMO 30Wgdo, OMIGdo3 HoMdmoddbgds 9g3oMIEME YOI IOLS s T0TYIMY
LGOI YxROIIOL OOl 35380600l 15TSWGDOM. J30MIGWIOO MXROJIEOJOOL B3BOW IO
B953000  Jdbol  dsbow®  FgddEMsbsL, MMIgwoi  2odmYmBL  g3omgEe s LEGHOMIME
30033mbgb@gOL.  59335M5  bMMToGo, g3omgwomdo  godmoymBs BB mO  993dMBom
©9MIMNE0o 96 BEGHMMINWOo 303306963 JdoLYSD. MMFEs, 39ME0bMA0L LodLogboLobstyg 9@s30sb
39630056900l 3Mm39L80, bgds Jumzowol bmMTsEmEmo 3mIgGMBEBHIDBOL sMM3935, MMIGEO3
39653060390l 9301 IMHO MXMIIIOL 3OHMLOGBIMH30L s BLOALOZEME MRMYEIdOL 0635B0sL
BEAHOMINE  3M33560GHTIDGHT0, dsBoMMo F9ddMbol M3l LbsdMswgdom[11]. 3538060
3903 dYys69ds bbswo 53odBmMmgdols s 30gdol Lodwswgdom, LodlogbyM MxMIEIOLS S
56503b03bwME  LEBHOMIME MXMIEIOL TOOL, byl MFymdl LBodbogbol gsbgzomMsMgdsl s
36MaMqL0sL. 9900939, LOALOZBMMO MYROIWOIOO AOISPAOW Y0036 B08EYdMY LEBHOMIsdo ©
33056 58 99956036 05609ML LodlogboLsmMzol bgwlisy®ger Jo3MHMYSMYIME, Mo3 Lsdmmm
3965306Md90L LodLogbMO YR MHgLIOOL OLYIobs3zosL[12].

509395605  30360MYoM9gdml  59d3L  25sd(Yg39BH0 9603309 mMds  HmymeE  xsbIMmgw  olg
LodLbogbm®  Jumzowrgddo. BmGIsEG  Jumgzgowdo, bmMIsErMGo  Jo3MMYSMGIM  FodmJabol
3b6GHoLoAL03bwME  Logabsgdl s 0bsMRM69dL g3omgwrmo  Jumgowol  3mIgmliGoBL. 0I5,
LodLogbols 3MrMYMmgLOOL PO, Mg5dE0IO LEHOMIMEo 300d30b9bEHJd0 byl MFymdl LodlogzbGo
2R 0900 3OME0RIO305L Bbgsalbgs LoALOZbw®mO Lslogaboem 351350gdOL obTsMgdom[12].
MRO® 39303, m63magbmemo  dEs30gd0 LodLogbm® WX IdTo SO OOl L3TsGOLO, ™I
Do00m0ddbsly dooeno bo®olbol  53030L93056mdoL LodLogby, mw) o6 dmbEs ImEg399YGHO
Lologboenm 2900l (33000 gds  LodLogbmE  oM9gdmdo. 59335M5© Lodbogbols dozMMYsM9dM
053590l 86093690356 MMl Lodlogbol 3GMmyMglosdo.

Lodbogboll JozMMYsMgdm 609369 ™36 MMl MsdsdMdL 9bMIgBHMmoIo 3sM0Mmaol
36MH™yMH9L05d0. 96 MIYEHM0ME0 35M306MmTol 0boEoMgdsdo 3603369 ™m3z560 MHMeEo MFoMogl PTEN,
KRAS, P53 99353090L s 03600mbo@Ggo@)® sMoLEod0mwmmdsl, 009993 gl (330gdqdo o6
39653000390 Bo0e0 ba®olbol 5300309005630l LOALOZbOL BsAMYSEP0dGIL s FYELEHIBYOOL
39630056905, dglodsdolo Jo3MMYSMHYIML go9dg[13]. 9b™IgEmowmwo Lodlogbols dozMMmas6gdm
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390905 Lbgoolbgs Go30b IR OJOJOOLSD. 396dm R00OMBEILEHO0LYSE,
90 xz0dOMBELEJO0LYD, GBOMMIWMOHO  MYRHJJIOLYSD,  Fo3OMBIYJIOLYD s bmgdom
"X 0990096, gl MYX MY MO0gJMHMJI9Yd96 9bMIgEHMmOMo 35ME0bMTOL VX MJLIdE
30A™30b6900L, BHOL GBodBHMEMGOOL 96 M9(393EHMMHGOOL Lsdogdom, MHMIGELMS WOoYIbEIOLSE
Do0mo9bL 9bmAg@momwo 3560306MmA0L MXMgIdoL Fogd Lg3M9EMIOMEO BoJEMMGdO.
50239605 M930360M39Wo  MOD0YOHNJI)gds 9oMIGGHMOMWOo  39ME0BbMAoL  MXMIEIOLS
bbgo@slbgs GHodol LEHOMIME MYxEOIEIOL TG0, Jdbols bgwlboycmge 2s698mb 9bmdg@morwo
39030bmdols  0635Booby s FgEOLGHIBOMmYOdOLsM30L.  LodLogbmMo  MXMgIdol 06350y o
39BHLGHIB0MYds [omdMoygbl 9Mm-9M00 doMOMO© FoBIHBL oL 2odmi g IB0BYds dbgwrs©
99399009056(905 93MMbSEMdL 5 bollosmMYds 39O FOMABMBom. F03OMPMAML Loliogbowrm
3900L 56 LEH®MIMOo MXOMJEIOOLYD Ho®Bmddbowo 30w gdol 0IBEGH0B035305 3MmBHIbE0IGS©
DoM0mo9bl 9bMIgBHMmommo  390E0bMmdol  FgEHOLEGHIBoMGIOLs s Fo®ewo  baGolbol
53030093056MdoL  domdsMm3gdl  [13], [14]. Ubgs LEAHOMIMW  YROHIJOJOIDD  ghHMO©
90 x530dOMIELGJO0 SLMMEgdgh ©MT0bsbGHMEm MMl Lodbogbol 3MHmyMglosdo. LEHMMIMEOo
90 xz0dOMIELGJO0 s19309BH0MYd96 bbgzosbbgs GHodol Eo@™m30b90L s BMEOL RodEHMOYDdL,
MHMIwgdo byl MPymdl 9bmdgEHMomwo 35M306MmAoL BOOLL, MXMIWOIOOL F9I9YHOGISL,
962009969BL 5 LodMMME gBHILEIBOL gob3z0mMsMgdsL. 39Mdm© 30 3935GHM3E0GJOOL BOHOL
Bogd@mmo (HGF), 1y3tg@oMgds 0mzodmmdwmslidgdol 3096 s 0go Fo0moyqbl deroghH Beob
950603009090 BodBHMEOL, OGMmIgwoi  9609369em356  OHMEL  05853MmOL  9bMTgEHMoEo
39030bmdols  3030Mmas6M9dml  Bodmygoodqdsdo. bsh3969005, GMI  gbmIgEmomw  LEMMIM
MXOIOJOLS s 9bMIgBHMommo  39MiEobmaol  MxMgEgdl  ImMOL  MOH0YHNIIYIOS
390995¢qdmos  HGF/MET  bsbogboerm  gbom  [15].  9bmdg@®omwmo  ¢xMggdol  doge
19369GH0MYdwo HGF »6H00096H0dd909dL 9bomdg@®ommo 3s0i30bmaol My Mgoqdbyg sOLYdre
MET 693933™Om5b @5 506306093l 960m8g@®m0rmwo 356306mdol 1)xM9ggdol 0635b0sl. MET
69393GH™O0L BMLBMOO0Eo0Mgds HGF-ol 80960 sbgbls AKT Loliogbsenm qbolb gsd83980 8093500
gowol  AKT-U  gmbgm®owomgdsl, MHmdgeog  s0b03omgdl 9300090 9x6OH9gd0L
36OHME079Mo305L 303w0b DI-ob G®msblzmonEool dmmwsgool qbom[16]. gl sbggg bBLBoL od
3399AL, 0 OOGH™A 56 dmbes AKT/PI3K Lsboabscm gBol 0630d0@m™mMgdol 3¢00b03580 ©obgMags,
M0 gddsg 9639690L 95839JGHM0 99093900 06 30GHOM 459 33¢93900L OHMU. 06 30EMM sBsrobo

B39 g0M03 BHoM©Ids MXM)©JdODY, GMIWgdoE 960 99035390 LEHMMIME 3M3MbIbBHL. MBO™
dgBog  0Bodo 9330390 gdgd0l  Loxgdzgwbg  Tgboderms  3039M9M©EMmm,  M™I
90mxz0dOMIELEGJO0 LG0T gd96 Lodbogbol DBMHELL CXC312 LY3MYEooL LodMsEgdoo.
J90m3obo CXCLI12 (5939 36Md00s HMymE3 LEHOMIMEO BogdEmMo gomo, Stromal-derived Factor 1,
SDF-1), 05353mdL 300303 OGmMeolb, Oy Jgdme@®ad@obdo Lodlbogbol 60dsdo[12], [13], [16].
ol 30639009 99353000905 M9393G MM CXC R4-U @5 5093000Mgdl Gmam 3 bea®dsgrmmo ol
530300980560 MR EOIIOOL ML, 53y35M5, 356M53M0bMwo gbom, CXCL12 oBogsgl CXCR4
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959dL3MYLOMGdgE  Lodbogbm®  MREgIEIOL  sboewr  LoALOZbwWE  b0dsdo, o3 F9BISOOHMBYOL
LodLogbmEMmo MXMIIdOL 0635B0SL S TYEHOLEIBOMYISL. 535L FoMIs 08mbm3olEmJodon®o s
PCR 9593309390000 25803wqboos, ®md CXCR4-ol 300l s Bollogbowrm MHb3-ob dmds@gdmeo
©mbg 9bmIgBHMmommo  356306mA0L  JumzoEgddo. gl Imbs3gdgdo 3093 MBGM  5TYSMGOL
dbsBEOYGOSL, Mmd CXCL12-Ls s CXCR4-U dm®ol «m0009mHmddggds byl «mHgmdl bLodbogbols
0635B0sL.

653969005 LOALOZbYLMID  SLMEFOMYIOMEO  FOBdOMOWILEBHJOOL  F60d3bgermzsbo  Bmero
96™3gEH®moMwo  390HE30bMAol  3OMaMglosdo[17], [18]. Lodbogbol dog® Fomdmgdbowo BHOL
3943HMM00, HMAMM03S BHMBLBMOT>30o BOHOL BoJGMMO dgES bgwl Mfymdl bEGOMMwo
5300OMOWILEHJOOL O0RIMIDE0MJOL FOMBOBOMOIBEHOI®. 0MTBOIOMBEISLEJOT0 0fygds Seg3s-
3)33096M3560 5g@0bol Fomseo mbom gJudcmglios s olobo F9Mo0ddbgd0s6 LLodlogbglmsb
SLME0MYIM™  BodOMIELEJOS©. 9bMIgBHMmoMmo  350HE30bMmdol Fgdmbggzsdo  Lodlogbglomsb
SLMEOMYIMWo  F530MMPoRgO0L  MoMIbMds 0BMEIds s obobo 0dgbgb 3093 MBRO™ Jg@
53030093056MdsB[19]-[21]. gL X O9IOO SJGHOMO LEGHOMDsT0 S19309EH0MYdI6 OO MIMmEPIbMmdOM
30596 I-b o III-b 899690000 MM JuMmZ0 ™Mb, MO 590030 9dL EILBIMIEIsDOSL BYsG0
3039699600 BsBH0Juob YHBMOYIBOBIEFO0L FBom. 535l o, LoALOgbgLMSL sbmEoMgdMwo
R0dOMIWILEGHYd0 3600369 m3bs MHymdgb bl 9bmdg@momwo 3563060l 3GMAGMaLosL
0gmo 30G™306900L BY3MYE30000 OMYMMGO0ESS 0bFEHIMEG0306-6, 0bBEHIMg0306-8, dmbmio@gdols
J90m5BHM0dBHobGo owos-1 (MCP-1 s6 CCL2)), J9dm30b900lL wogsbwo 5 (CCL5 s6 RANTES)) oo
33O 9bEMMIWOHO BOHOL BoJBMMO. 3513 MM0 GPPEMMIMOO BOEOL BogEH™OO
Do0mogbl doge BOEOL ROJBHMOL, OHMIgEroE  SLEH0TMNPoMmgOL  LolbEdowms  BEOIL
LodLbogbols A5MTgdm @S bgwl MHymdL  sbaoMAgbgBL. UBY3MgBH0MIdMo  30GH™3I0bgdo  sBY39
99909996, O3 J98mGHMd3HobEHI00 9bMIgBH©H0wo 356:30bMAol VX MHggdol JogMozosls
@5  0b635B0sdo  30MH39wooEsb  dgmo  MObgdsdY[22]-[24]. 833560  LEAHGMIMWwO
30 xz0dOMBELEJO0 s LOALOZbILMID SLMEFOMIOIEO FodOMBEISLEJOO TGLodErms byl MHymdab
96M3gBHMomo  390H306mTol BOHEIL s  Fg@OLEBHIBOMGAL, Mog  FoPomgdl  Lodlbogbols
903656098 3609369 M356 GMmEbg 50bodbmw 3Gm3gLdo.

99539 Mo Js@Mmogbol TGF-B Lobigbserm a%s 9608369m3zs6 Gl slitrmemqdl
50OOMDBOL 29630000905 s 9bMIgBHMmomo  39ME0bmaol g@sLGeboMgdsdo.
0MMmEOMHM0bIwo 259m33w93990m bsbg9bgdos, MHmA TGF-B ULologbsgrm abs byl mhgmdl
960M393H0mo 350306MmTol FgEoli@oBoMgdsls. sdy35Mo@ 3030MMYSMGIMT0 go5gdEH0OHOMmGOIEO
Lobogboemm  aHgdol 0630806900l aBom  Jgledwrgdgeros 9b™IgEmowo 35O E0bMmoL
39BHLEHIBOMIOOL dEPMI0MNDS.

APC 560l 3mw@GH0omdgbrdo 3o, H™mIgEoa 9M9329o®mgdl WNT Lsbogaboswwm aBsl s
093H9-393 96060l 5dBH03mdsL. 535l 90, APC mMm»090H00Jd99gdl bbgs ©5dwgbodg (30eolmsb,
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GHMImgdo3  9M9RMEocmgdgb  bbgoolbgs  Mx®gome  3OHmEglgdl,  MMAMmO0Ess X MIEOL
3OHME0RIM5305, ORIMI6E05300 s FoyMms30s. s1g3g bobggbgdos, Mmd APC-C LEGmmImwo
9930 bgwl MHgmdl 9bmdgBHMomwo 35G3E0bMmAol 2s630msMgdsl [25], [26]. APC d9@s3orMo
05330l 3ol 30LEGHMEWMYOMH0 Sbswoboom bsB3gbgdos 9bMAgEmOoMwo 3039MH3sDools
36MHMyMHgLoMwo 296300605,  LEHOMIMWO  FOMBOIOMIWILEHJIOL  3M3MEISEO0L  AIDBMS,
BGHO™MPIBOL  H9393GHMMOL s 3OMYJLAHIOMBOL  M9393GHMMOL  9JudMgLbool  F9d30cMds
35L3OH0  PPOMMIOHO0 BoJBHMMOL s SDF-1-0b dmds@gdmeo mby, Mog Lsghom xsddo
90900m9dL 530030900560 3OM(39LOL QO630MGOSBY.

LKBI (0230900l 30655 31), §o63maa9bL boliogbocnm 4Bob bggodorm® Gaymeo@mml. LKB1-
ol 5350235 ULEGHMMIsdo 360dzbgemzsb MMl Ms35dmdL  9bMIgBHMomo 3563060l
36MHMyMm9L05d0[27]-[29]. LEGHOMINW-YROIOMYC-B39301303900 LKB1-0l 5350335 byl mHgmdl
95050 bHsMOLLOL 530030190056MdOL GbEMAYEHOOMO 35M306MA0L ob30mMgdsL LETZ30WMLEMU
930m9godo. LKB1 0bsd3035305 51939 3ob5306Hmdgdl sbmgdomi 30@™3060-498m3060L ¢rogsbools
CCL2-0l 356 360HMm©30sL, OHMIIoE 95©30¢g0L 8530MMB53900L InDo3sL s Lodbogbol
beesL[27], [30].

LEHOMIMwo HAND2 bsboabserm g®s. HAND2 gqbol (Heart and neural crest derivates expressed
2) 3039639006905 9bmIgBHHmome bEMIsdo 36033690 m3bs MFYmdL bgwl 9bmdg@EHMmomero
390306m30L  256300050905L. 9bMIgEGOMMo  35OE06MA0L dJmbg 35309639000, 93039bmBMGO
3b65¢00Bom bsb3969000 HAND2 29b0L 35630 3900s300 bLEHOMIMe 3033mbgbEHTo. LyobEHgMgbms,
MOmd  HMoBLEIBMMO 39308 dMmEYgdo GMIWgdog 96 89035396 HAND2 296l 500603690
36939563960 96MIgEHH0Io sH0s67dg00L 49B30msMgds.

LAHOMINo VEGF bsboabowm gbs.  9bomdg@dmommo  356306Mm3900L  x6qgdol
2d9G9gLmdsdo 9dudMYLoMGOL bgsdocmmwo gdomgwMo 9930MbMwwo 3MMmEgob-2. EMP2 s6ob
sboewo  mbzmaabo, MHmIgwoag bgwl MPymdl Lodbogbol sbyomaqbgbl VEGF-ol  gdud®glools
9mds@GHqool abom. VEGF-ob ©@mbols 35600 6om@gbmds LGHMmmasdo 93538060905 Lodlogbwme
X OIIOL 5 SLEH0TNWOMHYGOL BOEIL s 3OMEORIOS305L. MBOM dg@oi VEGF-ol 8mds@gdmeo
©Mbg LEHMMIsdo 353d0Mgds VEGFR 6M93933H™OL Lodbogbw® «x®9w0gdHg s sbE0demomgdls
LodLOgbol BOEIL s 3OMEWORIMS305L. VEGFR M9393@™M0L dmds@gdovicmo mbyg sbg3g s6ob

390 3OMPbMBMwOo BodEHMMO 9bmIgEmoME 35030bmadsdo.

9600™dgEH®0Mdol 03MMasM90mb  BEgMMoIo  bsboabsem qbgdo s19g3g 60369 M356
OOl 060500096 9b™Ig@mom  3563960mygbgbdo. LEH®MIMWwo JuGHOMYIBOL  M9393GHME-
seoxsmo  (ERa)  989959dmeos  gb@G®mmagbol  do@maabmdo  9x39dBHgdo.  s®LgdmEo
93039090900  Bomo  9B39690L  guGHOMYgbol Bl 9bmdgB®omwo  35ME0bmaols
36MHMyMm9L05d0. 3mLEBHIGOM357) BN Joegddo, 0bgEO39 IBIWO MOMEIEMDOM IMFOMIMWS(30]
BAHOMYGboL 5OLYdIMOOLS, 6583969305, MM LEBHMMIME s LodLOgbol g3omgEw IO YxMHgLIOOL
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dmMob  MOP0gMmNJdggdol  F9gIRd©O  0BOIdS  SOMTsBHIBOL  9BH0ZMOS @S JuGHOMYIboL
00mb0bmgH0o. 30D0EH0MH0 99393930060 5OIMTSE DL 06E M0 306-6 s in situ GuGHOMYgbl IOl
065MBMbadL  guGHMMygbol  Fowowr  ©@MbgL  9bMIgBHGmoMwo  39ME0bMAoL  dozmMmsMgdmdo.
9939608963900 b5B3969005, MM GuBHOMYI6OL SRS MY3I3GHMOO 35300MYds @S 0f393L
063 96M90306-6-0  ©Mmboll  FMTo@gdsl  gbMIgBHMoMEo  39MHE0bMmAol  MxMggddo NF-KB
Lobogboenm aBol  5gG03530m. 06GHIMg0306-6 530l Fgdymad  SLEH0TMEOMGIL  SOMToEHIBIL
9b36MgLosL  9bMIgBHGmoNw  BEHMINw YOI Jddo,  0bGHIOWYo306-6-0  MY393GHMO™SD
200090 J99)JI0m. 5OMB5E>BIL FoBO@OWO 9gL3MGL0S Fobs30MMDdIYIL VBB FgE0 JuBHOMAgbol
LobMYBL, HMIGE0E Megz30l IbGOZ bgwlb Mfiymdl 9b™AgE M0 3039M3WSHBOOLS S LEdMEMME
39030bMAol 25630005609050.

0 fjergdolb ds6do By s0bobodbgds 3609369 m3zs60 3HMYMglo 530301930560 JMM3gLOL
39630m56900L  3Mm3gldo  0dmbmEmo  LolLEgdol  Gmeol  dglfogesdo.  Lodbogbols

9506530 GHM0M909w0 IMbMmbm3wgmMo M9 do 990905 T odxmE0GHIO0LAE (©sdbdsdg s
U3OHgLMOMO/30GHMGMIJB03MGMO0),  dmbgdmogo  NK  333wgwo  9x6Hgogdolgsb, B
@0dxmE0GJOoLYD @  F530MAoag00LYsh, o3  FoMOomMgOL  SgBHoMGmOo  08MbMGo  3sLbybols
3OLgdMdsDY ol3obdgen  MGYSbOBATo, GMIgroi Fgbsderms dodsMmmro ogmlb  bLodbogbmemo
IXOI©YO0L fobsowdwgy(31], [32].

LodLogbol Bs0bBOWEHMOMIOJO  OIBMEOGIOOL  sOLYOMDds LodLogbols dozMmyscqgdmdo
03905 LodLogzbolb {obssmdgy Fo1306dgE0 MEYBEOBIOL Lodslvbm Mgodiools domds®m3gMo. T

X O9IO0 ©S B53MMBoY930 8950096l LodLogbol J>0bx30wEHMOMGO9WO VX MJOIdOL T9EHJLMOSL
930096 bLodbogbggddo. B9I6MEGHO3BY @O BMBJ305Pg IBM30IdMEgdom, T »MxG9Lgdo
d9L5dgd9E0s 3MmJdggdHI6 BMAMOE Lodbogbwm®mo MR MIIdOL ILEHMYIJ300L F)EOIEHMMYDdO,
56 3060dom 08B0 BHM@gMIBEMOOL B50bEME0MHgdWwgdo.  F53MMBoYgo0 Fgloderms 81939
058590696 MFBOH™ 30033 gJLE O™l Lodbogbol 3MMYMmgLOSLS s FgEoLBIBoMYdsdo[32], [33] .

d9Lhogowo 0gdbs Lodbogbol ds0bzowEHMOMIdIO WoIRM30GHJOOL Mo 9bmdgBHmoview
39030bmadsdo 6583969005, H™A LodLogbol Bs0bROWEHMOMIdgO WOIRM(B30GHJO0  SBMEFOMEYdS
3036MLIGHIOGHMO  5MLESO0NOHMOLMD, B7-H7 8930656mwmo  30mEgobol gJudmglbostiomsb,
MM3903 692930MM 9093 0Mgdl T v MHgme 35UvbL s 0MEs30b-2,3-omdloggbsbol —
AO0REGHM3560L  653e0gdmdsBg  3sLbolidygdgwo  9bBodol  gJudmglioslomsb. sliggg  bsB3969d0s
wOH0JONLHObSsMIIa™ 9093900 LodLogbol Fo0bxOEWEHMOMYIJWO WOIRMFOGHJOOL “rMebY
96mIg@GH®momwo  356O30bmdol  3OMbmBdo. gl 3mbxzwod@Mmo  F9wgagd0  doMHOMII©
396306MHMdgdMmos  bbgoolbgs  Godol s Hom©gbmdol  353096(3gdol  dglfogwrom,
9900MEMEMyoMo bgzsmdom @y g9 bbgsmdom dglfogwrow odxgmEo@gdol 3m3vesgosdo.
9600-9H®  5©MYME  33¢093500 OO  MHoMmEIbmdom  0bEGmsg3omgmmm@o  CD8+  Lodbogbols
9506830 GHM0M0)w0 odRMm30E 900 LodLogbol 0b35BoME 30gbg FoMmBmowgbs 3530gbGMs
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©93909L0 25005MBIBSMBOL TM300JdJ 309OJGHE BodBHMML. BoLowo Mom©abmdoom CD8+
0dxmE0GJOOL sbM305305 bsbyMderog 9300030l 45630056900l MMM s ogdx Mmdglgdwem
LoMEbWOLYBsM0SBMBLMSL  slggg  smfigMowo  odbs  9bmIgEHMommo  39GE0bmdols  djmby
35309b@00. 51939 bsb3z9bgd0s 3MBoGHoMMmO 3538060 dgblogMgdol (CD45RO+) T »xM9ggdls s
3530965 35005MB765MdL FMEMOL. DMa0gMmo 331939000 939 dglhogwrowos (FOXP3)+CD4+ T
X O90JO0 O 25dM3gbow0s 53 MK MGIOOL Lo®HIMBM SLMEF0S305 3OMAMILOOLYSD M930L¥ITBSE
239005MBIBSMBIBMIB 5 LEgHOM  25MRIBIEMBLMID GbMIgEHGM0Mo  35M306Mmdols Jmby
353096(H9080[33]. 0di3s ghm-ghmo 33ewg3z00 (FOXP3)+CD4+ T 99x69ggdo 56 sLmEoMgdosd
3530963900l 36OHMabmbmsb.  (FOXP3)+CD4+ T w9x69gd0l sOLgdmds 51939 393d063dos Lbgos
300603M3500MEMmy0mE doboliosmgdegdmob, HMmaMmMmgd0Ess Lol s 3900l Jomswo Lod3z3cm039,
UEo09, CORIMIB305(305 S 0dRM3sL3MWMMO 0b35D0s. 2sblbgsggdom Lbgs g0bgzmermyom®o
LodL03gb9gdoLASD,  IMbs39dgd0  LoALOgbol  Bs0bBOWEHMOMIdJO  OIRM(30GHIO0L  globgd
9603930 35630603500 G9BOMOI0s. gOHO-9OH® dMEMmEOM™Mobgw 3319350 b5B3969305
CD3+  @o0dgm3o@qdol 9993060900 Mom©gbmds  do@owo  bsMobbols  53m30L93056MdOL
Lodlogbgqddo. B0bgs350 0ToLS, MM 56 Fodm3wobs 3538060 LodLogbol ds0bxoEEHMOMYdgWO
©@0dBM3E0GJOOL 5MBGOMDLY S 3OIMABMDBL Mol dmnosbo 353096@gd0L xymxdo, Bsbsbo odbs
6md CD3+ s CD20+ @odxgmEodgoo sbmEo®Egds 353096@¢ms 396y  390sMRY6s0MdsLmsb
5QM90 LGSO, BoaEd Fosero Mob3zol Lodlogbggddo[32].

0536003353900 FoMmdMop)bgb 9Hm-9hHm g439msbg 9609369 m3z96 LEGHOMIN 3ma3mbgb@U,
556 0Lobo 515936M9E0M9d9b B3B3 Lsbols BOOL BogGMMYIL, 30EH™30690L s J9dm30b9dL,
G0mdmgdoi  bgwl  Mfymdgb  Lodbogbol BOIL s  0635D0sL.  BIBMGHO3MEG  39GI05305DY
5930009099300 F53MMBsQ90L 5J30 MMTs0 OHMeo Lodbogbol 3MMmyMglool 3HmEglido. olbobo
56 bgenl Mfymdgb, 56 3oMHodoo byl ¢dwosb Lodlogbol 3GMMmaLOSL. B39 gdMog 3530MMRQ00
33b30905 MmMo  doMomoEo  BgbmGHo3omm M1 o M2[34]-[36]. M1 0530m35290L 255Bbosm
3oOMGHMJLo3MOO  3mGHBE0s0 s 013w Yd0sE 9BEHOLOALOZEMG Fo3BIMRBIYYdS, berem M2
0536003359908 30, MMIWId0E  SLBMEOMEId0L  FHoEMdOL  gbmEmEgdslmsb s  JumzoErols
93565300L056, 5986050 LOALOZbOL Fs0boEoMmgdgo 3MmEHYbEoswo. BsB396930s LoALOZbglmsb
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Features of the endometrial microenvironment in developing of endometrioid

adenocarcinoma

Critical Review
P. Djordjoliani; Z.Bokhua, G.Burkadze

Thilisi State Medical University

Abstract

Endometrial Carcinoma is the most common gynaecological malignancy in the female population and is
considered as incidentally the second gynaecological malignancy worldwide. Based on 2018 data more
than 380 000 new cases were diagnosed worldwide and almost 90 000 of them had a lethal outcome.
Interaction between cancer cells and their microenvironment regulates cancer progression in multiple
types of cancer. It has great value in developing endometrial cancer and its progression respectively. There
is no sufficient research data about the consequences and mechanisms which are participating in
endometrial cancer progression and what determines its aggressive behaviour. Molecular signals derived
from stromal cells and/or extracellular matrix plays a crucial role in malignancy. The cancer
microenvironment is composed of cellular components and noncellular components (extracellular
matrix)as well. Cancer cell invasion and metastasizing are some of the leading reasons why endometrial
cancer is hardly sensitive to the treatment and has worse overall prognoses. Identification of Signaling
pathways of the local microenvironment and peptides synthesized by stromal cells has a critical role in the
modification of potentially significant biomarkers for endometrial cancer metastases and high-grade
malignancy. In consideration of all of the mentioned microenvironment of endometrial cancer and its
single components needs deeper examination while it has a critical value in understanding cancer

aetiology, progression and its prognoses.

Keywords: Endometrial Carcinoma; Cancer microenvironment; Biomarkers of Cancer Progression and

Metastasize
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361000303790 0M30L90900L  3MrMEMIEHJOOL o3e9bs
Usggu39M0dgbEGH™ 3bM3zgEgdol BMEJz0m® BsBggbgdegd by

©. 05300003300, 0. Bb35dg, 6. Ls3sbgeodyg, b. ®sFsgs
53930 D990l Lobgedfonm mbogzgdlodgdo, Jmmsolbo, bydsGmzggarm

bm@5309
bmmEol 39300 bsfo®dolomzgol  3OHMdomEGH03)mo m30L9d9d0lL doboFgdol dobboom
Q5LOMYOME0s M9393GIMDT0 1533900 3MF3M9gO0L, odBEmBOL, 8(3569 Bsol guEGsdEHol

@5 00bgMomemo oo @ gsl 99933390 3m33gdlmo  obsdsGHgdol  ed8mygbgdols
d0bs6dgHmboermds.

b0 bsfo®mdol M9393EIMgd0 J98v)d5390090s 30183099¢HIMHIEX0 IMOIL0MGOOL FgIMEOo.
39099953900 Boffo®dol dozMmmdomemyomcmo 35839693 gdol  498m33¢935 J0POMGOL oo
MBoRMHNbMYdBY.
Logdu39M0gbBH™  3bM3xWGdDBY  BoGHOMPdMWo 33009390000  OEYJbOE0s, BMI
3MMI0MG03MNWOo  ©bsTs3HJO0m  250000MGIMo BoffoMdo 300533980l Lobberdo BHOL
96000OM(303900L S FGLodsdoLO©, 399MYMBOBOL MoMEYbMBL, 5BX MdgLYdL LolbOL 3esBIol

G036 99950096 mdls, S1939 IIOIOM 3Bl sbgbL 3bM3z9wgdolL by Fdwol dmbgergdols
LoLEBHYFSDBY, o0 0fi393L Toboasbo MEMYHBMIIOL LAWYl s J39300 FEYMTMGMOOL

(330 0IBL.
900900 8mbo(399900 ©MTs3s 3509doBH03m0o LEsGHOLEH030L dgommeol IBM  SPSS
Statistics 333093 9OIWO 3OIMAMSTOL godmygbgdoo.

153396dm Lo@yzgdo: bBmOmEol 3OH:MmIEJO0, 3MMd0ME03M0 0b3MmI09bEJd0, MLoRM™MbMd.,
B59dL39M0dgbEGHM M3 gd0, 3905GHMEMA0MHO FsB3969dgd0, B6J30IM0 33O gdgdO
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d9Lsg5¢0
33905 500580560l bMMT>EMMO Q5630 MOOL, X 6IGMY@dOL 3568BHI0EId0L @ LOdMEOMM
X59390, 30)MaMH9LoLY S 3BMZMYIOL bomolbol 45sdfyz39EH0 30OHMdYS.
0mwm (ergddo dmbobargmdol 33900L LEHOWIGHMOS SOLYI0MOE FgoEgsWs. 3bMmzMdOL
Bogegdo dmd®mogo ool o Bslmsb o39380M9dmwo 30609 9b9M29BH030 IbsbstxqgdOl
3mbbg  290DsOS  3bMzgMMo  3b0dgdol s SE30ws©  FLom30L9dgwo  bsbIoMfywgdols
dmbdo6qds, 500b0dbgds Boxgmo (3bodmgsbo 85539005 s JmgliBgmobols doswswo bzgoMomo
oo, 339906 Mszombdo  Lgbmbols Forboogzs® odM3wobEs 30GSB0bYdOL, dogMm- ©o
953600993963 9dol 933900600 ©IR0E0E0. 5006w 2oIbMgdo 0393l 03MBMMO LEsEmMLol
MM3935L, MOYBOBAOL MYHBOLEIBEGHMOOL OJ3900gd5L 0b839d(30930Ls s F9MgIm s6gL bbgs
5MHYMBOMNO Bog@GMMHgdol JodsMo.
33900L batobbols  5do0egdol, gugbEoswwmo 699EMm0gbEHJdol R3O0l 3MMgdE0MmgdOL,
Q593509355 3OMBO5d3H030L S XIBIOMYGMOOL o633 303900  39ML3gIBH0ME 0bmzszowe
90056MHmMgdo©  339Lobgds  Ym39wEOMMHo 1533900  3MMEYIBHIOOL  gdOEEYds  olgmo
B0MMA0IM5 G0N0 0baMg09bGHGo0m, MMIgdoa J05603F9dL Joo 53Mbd30M0 3OrMm©dE oL
®30L9090L [1, 2, 3, 4, 5, 6].
59 Ls3o0mbgdol  a9sHY39dHolL  ghm-9Hmo  3MHOMMOGIGHIWo  F0ToMmMIEYdsS  5©sd0sbol
M6560H3d0 dOMEMPOMSE 59BH0IM0 5030009693900l dofirrEgdol 3OmEglol doMmgs Ls33900L
390000 d0m Fomo HoMmdmgdol  3Mm3gldo. 3960dm, LBbO35ILBIS FoMTMBogErmdols be®mEol

539300  bsbg356mR506M0353Hg00L  ©93933H¥Mgddo 0LGMO HMOEHMIPO30E0 By gmEol
3990g9gb90000 OMIGOBs3 Foohbos 4563390 BoHBOMEMYoMMO s d0MIS3MMYJ-EH0MJdIE0

9gd99ds. gl Gg0degds 0gmb ;396560900 by gmwo 30wol s 1533900 d™F3MIOOL FoHEO
39933903000, 0MEO®M 3OO0 [Ysed(3965609930 s doMIGEBHOMMO dmddggdols s30- o
530@™I3gbstggdo 7,8, 9, 10, 11].

©OIoLM30L  FgBHo© 9B Mos  BoFdeol  dmbgergdols  bbgosolbgs  g3mbdiogdol
M 393900L 93MbsEMdOL Ls3ombgdo, Mg 29630MMdGOME0s  3F-bsHersg30l 93500 90gd0L
96003690m3560 493039 gd0m  ©d  890035996¢) M0 36M935653H00m  Jomo  83MbsEIMdOL
L0dbgggdom. SLBYMO  O39®JOJOOL  EOML s oMo BEH0dOMEH03Jd0m  boby®derogzo
93996065 Mmd0LSL,  LOLIORJOEM  FOIOMBEMOOL  M5MIbMds 933900050 I30MHEIds ©s 0f)393L
65053900l 0bgdM03 doMmEgbmBL. 53 3OMd9IOL A5sfY39@OL oHows  bgwl dgumfiymdl
15339930  3MHMBOMEH039d0LS s 309B0MFH03900L  BIOMM  godmygbsds.  oYgboos,  GMI
36MHMB0MEG03900 S 3M500ME03900, Fo63moybgb Mo bofiarsgzgdol be®mdswrm®mo dozmmzwmemols
9036MmMMHA560DIgdL s YBOHB390gMm396 Fobo BHOLY s F9B30MMGOOL M3EH0TS IO 30MHMBYOL,
QYO0 2530905l 9bg696 550560l K 9BIOMGEMdOL dyMToMgmdsby [12, 13, 14, 15, 16, 17, 18,
19]. 50 dbMog 39MOL3gJBHOMWo s  JBIMMNEY-do BTN Gdss  olgmo  BMbzo©O

36MMm©MJGHJOoL Fodmgds, MHMIgerdos gomzsolfjobgdmwmo 0dbgds sbmzguwmemo s 9;396sMgMwo
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36MOMEOMJBHIOoL MO0 IOMRSIO0OM YOOl 91839dH0,  MoL  Tggaoms3  obobo  dgodgbl
mO2560HdoLomM30L LELEMYGIWM, F500 MMl 3MMdOMEGH036M M30L9d90L [20, 21, 22, 23, 24, 25].

L5FMToml  BOBIBL  FomBMoYIbs  3MHMOOME03MNMO  ™M30l9d900L  dJmbg dmE3zMOL bmGmEol
Bofo®dols 393w9gbol  Jgbfogars  Tomm  MLIBODLMGdSBY,  Logdu3gMH0dgb@m  3bm3z9gEgdol
39053 MMma0996 ©5 BbJE0me dsb39690egdbY

332930 MB097¢HIBO ©d g0

33093900 Bo@oMs 53930 §9Mgomeol  Labgerdfozm mboggdliodg@ol bs3zzgdo
360 3H9gdol Homdmgdol Fgdbmemyogdol ©g3s0Esdgb@ol @gdbmemmyom® ©s domemyool
©935035996GH0L BOBOMEMYOOL MM EHMMH05T0.

330930L  md09JBJOs©  9MBIMO  0ym:  BHMOIOEONNWO  ©9393GIO0  ©TBIIOIEO
0m3360L beME3ol 539300 bsB Moo  bsbg35MRdM0353gd0 s FBs bofado; B39l dog®
090993953900 693393GIMJP0ms s B9dbmemyoom ©o3bo@gdMwo MY MEMmO
65b93560:5350610353900 @5 8Bs Bfo®do 3OrMdOME 030100 Brmgdgrqdol 3md3egdurMo sbsds@gdom [8];
1594390 9BEHM 3bMm3zgEgdo

LoMPomb FgLEIMEgdOLLL A9TMYgbadMEo 0gm 3H9dbmemyorMHo s 39E03M-dBOMEMY0IMHO
33e930L  09658900M™39, LAHBIOEHMWO, bogmzgwmom© FoPJdMWwo FJMEId0, MHMICIOO3
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The impact of products with probiotic properties on functional indicators of experimental animals
D. Tavdidishvili, R.Sakandelidze, N. Gachava, M. Pkhakadze
Akaki Tsereteli State University, Kutaisi, Georgia

Abstract

With a view to imparting the probiotic properties to the minced rabbit meat products, we have
justified the expediency of using the dietary fiber, lactulose, green tea extract and mineral water "Lugela",
as a multiple supplement in the recipes. Recipes of new products have developed by the method of
computer simulation. The study of microbiological indicators of developed products points to their safety.

Experiments on laboratory animals have shown that foods fortified with probiotic supplements
increase the number of erythrocytes and, accordingly, hemoglobin in the blood of rats, improve the
protein composition of blood plasma, and also they have a positive effect on the digestive system of

animals, does not cause damage to internal organs and changes in behavioral status.

Key words: meat products, probiotic ingredients, safety, experimental animals, hematological

parameters, functional changes
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RBOOMMOOL oBMT FoJLOTSEMMO IHBHZMMZ0L Mgz 10ddo 3603369 M3bs 95T
Juoeol 339609830  Fofmgdmero  dsdgol  bodolbbo,  3g®dm  dg-12  3356dd0
Lo@GEBLRMOTsGHMOM J39LsyMMoL 0,3833 ds030L LoerEBHgBg dsd30L /s dB0T3z69wMdS
3o0DsM©s  3,54%-00 @5 2obs  96,33%-0b  FGmero. 99-13 s 99-14 3356d9000
Lo@GEOBLRMEOTsGHMOM  JggloamMgool  0,3833  dsd30L  LoawBgbg  dsdgzol  3MTs
96083690 ™d3d0 350B5MEs 3,5 ©s 3,6 36m3)bGH0® ©s dogowgor: U = 96,79%; Uy, =
96,88%. 99-10 s 99-8 335609030 30 Lo@®MBLGZMOTsGHMMM J39LsYMgdoL 0,3833 dsd30L
Log@gbg dsd30L dmds 36033600 Mdd0 A50BIO©s 3,2 s 3,1 3Om39bGom, T9IRo©
dog3009m Uﬁ; = 97,69%; UBQJ = 97,91%. 59605, 95JbodoeMHO sGHZ0OMZ0L Mg 10ddo
Jugewol 0,38 33 dsd30L 339609000 dsd30L  3MIMIWYIgd0 LEWMESE  5IMORHIGL, ©°
@OV IO, OB AUg, < AU 455 3060MS BLOMOYDS.
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3-0

0,28 + j0,38

33-1

228+ j167 = 282,6,36,22°

0,17 + j0,24

0,26 + j0,16
: 33-3

33-2
N
|¥p] o o o
2 s 228+ j167 = 282,6436,22
b i
S % ,
% = 0,15+ j0,1
- - 333
0,36 + j0,22 _ q-4
33-8 337 -
O o
2 i 57,5 + j42 = 71,22436,14
= 4
S =
o

91,6 + j67,3 = 113,7£36,3°

0,14 +

0,07 + j0,04

[*¥]
e
O

33-10
91,6 +j67,3 = 113,7£36,3"

91,6 + j67,3 = 113,7£36,3"

0,4 + j0,25

R

91,6 +j67,3 = 113,7236,3°

0,2 + 0,12

91,6 + j67,3 = 113,7236,3°

16.3. Jugerols JsdBoTo OO IEHZ0MMZ0L Mool Yobobegdryeo
L5BASMOTM Liggds
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»3bO0owo 5

Jugerols 633 dsd30L 335639030 dsdg30l dw9ds 36033690 MdYdO Lo b
3960333900l BIODHMBOL goBOOL 306HMdgdT0

o

U 33 U U%
33-0 6.45 0 107.5
33-1 6.37 -0.29 106.16
332 6.31 -0.45 105.23
33-3 6.29 -0.43 104.86
33-4 6.28 -0.42 104.65
335 6.277 -0.418 104.62
336 6.272 -0.414 104.54
337 6.047 -0.965 100.79
33-8 6.039 -0.958 100.65
33-9 6.027 -0.976 100.46
33-10 6.026 -0.975 100.43
33-11 5.983 -1.002 99.72
33-12 5.927 -0.954 98.78
33-13 5.974 -0.994 99.57
33-14 5.979 -0.998 99.65

»3bM0Eo 6°

Jugob «dsbms Mg5080L 3561599EHMYO0 Loabms gsb033390m0L BoGMdOL
29BMHOLSL

Jugwols | S1395 | P1330 | Q13356 | S2335 | P2330 | Q23356 | 15 | AP33d | AQ33s6
md3bo

01 1565.81 | 1252.11 | 940.21 | 1540.12 | 1236.15 | 918.64 | 136.97 | 15.95 21.57

12 1257.51 | 1008.15 | 751.64 | 1246.99 | 1001.61 | 742.8 111.84 | 6.53 8.83

23 469.59 | 378.9 277.39 | 467.98 | 37752 | 27655 |42.12 | 1.38 0.83

304 185.36 | 149.52 | 109.55 | 185 149.22 | 109.37 | 16.68 | 0.298 0.18

45 71.22 57.52 42.01 71 57.5 42 6.42 0.0185 | 0.0112

46 113.78 | 91.70 67.36 113.66 | 91.6 67.3 10.26 | 0.10262 | 0.0619

2607 77742 | 622.71 | 465.42 | 745.87 | 601.29 | 44134 | 69.72 | 21.42 24.08

78 113.8 91.72 67.37 113.66 | 91.6 67.3 10.64 | 0.123 0.074

79 632 509.57 | 373.96 | 630 508.05 | 372.7 59.1 1.52 1.26

910 |113.68 |91.62 67.31 113 91.6 67.3 10.66 | 0.024 0.015

911 |5164 416.43 | 305.39 | 512.77 | 413.63 | 303.06 | 48.42 | 2.799 2.324

11 - 12 | 285.2 230.22 | 168.34 | 282.6 228 167 2693 | 2.22 1.34

1113 | 113.82 |91.74 67.38 113 91.6 67.3 10.75 | 0.141 0.085

11 & 14 | 113.7 91.67 67.34 113 91.6 67.3 10.74 | 0.068 0.041

Georgian Scientists/Jo®m39wo dg3boghgdo 4(02), 2022 | 80




»3bMowo 7¢

LOEMBLRMOT>GHMMM J39L5 YOS o0 IMHO IGHZ0MMZ0L Mg0dols
35653936900 LyEIBMs 356033390l BsOMOMBOL FOBOEOL 30OMB7dTO

L5GMbLGMMT>GHMOM ITBB-L 10ddgs3MOL 653500
Jadbsamto | Us(gg) | Ug®/Ug" | boggbrybo AS (356
TM400/6(3356301) 6.37 | 0.395/103.88 0 3.56 +j16.17
TM400/6(3356d03) 6.29 0.389/102.52 0 3.6 +j16.14
TM400/6(33560012) | 5.927 | 0.366/96.33 0 3.79 + j16.03
TM100/6(3356d05) | 6.277 | 0.388/102.18 0 1.26 + j4.34
TM160/6(3356306) 6.272 | 0.387/101.9 0 1.8+ ;7.1
TM160/6(3356008) | 6.039 | 0.372/97.91 0 1.87 +j7.05
TM160/6(33563010) | 6.026 | 0.371/97.69 0 1.88 +7.05
TM160/6(33563013) 5.974 0.368/96.79 0 1.89 +j7.04
TM160/6(33563014) | 5.979 | 0.369/96.88 0 1.89 + j7.04
»3bMoEo 8°

3520LEGHMIO 1B¥BIODY LYoo 25603339000L FoMIIMBOL ADBMHPOLIY,
Jugeols 39dsmdob 9339dGHMO™BOL dsb39b909wo 9bgMAE03NI0 35615393 gd0

AP 330 APL 330 | Ploncsddd]| Quonasddd®| Powdd0 | Qowsdss®| 8QE 3550 Q2,539 1053

52.61 21.1 1176.5 788.3 1250.2 9379 88.2 60.71 | 0.94

0 + 12 3og0LGHMome »dbxdbg Logbms 3560333908 BsGMMBOL FOBOEITY Jugwrdo
59BH0M0 LodIH3MOL X 9FMMO IB33OYOL 84% 9agdBHOMYS3(398 boBYOBY oMY,
bomem 6/0,38 33 350306 BHGBLBMOBsEGHMMdDY 16%. Logbos 496033390008 BsGMMBOL
39333050 4963391000 (330200905 903965 53 09658350 MB5T0, 39MHdME bsBgddo 03560
54300 LoAIWH3MOL KSFMMO Bs3MAOL 70%, beagnm 30% GHOIBLRMOTsGHMOM9dTo. U
330 gds 30 259m0of)300  Bogbgddo odBHowm®mo Loddwszmol  BsZIMAOL  55%-00m
0993069059. 9909250 8030090, OMI JugErdo 59GH0OO LT s3MOL X sFYMO IBSIsMYO
L5096y 496033390l FoMMOOL AsBMPOL 90y 99d30MEs 47%-0m, Msds3 SBY39
89583065 Jugedo 9GO LI 3L 0B3MMOBHO S JIBIMES Jugerols Jstyo J8gwgdol
309803096&0 94%-009, 5699 5350 5%-0m.

51939 89030693905 JE9dEGOMS3390 bsBgddo Mgod@Eomero LoddwszMoL sbs3scMRYO
14%-o0om, 9900939 Jugedo Gg5dEHomwo LI 3L KSFMMO IBsIMY0 F9di30M©s 6%-
oM. 9 2o6MgdMgds 46530MHMBS Bsb, M FHMBLBMOTsBHMMYddo MgodEHowo Loddwszmol
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56535008 bBMHoll ooy d600369crm3zbs  BsIMMBgds  bsHgddo  M9g5dGHomEo
LOddE3MOL OBs3GYOL TgI30MGdOL BolidEHodgdl. 0bgzg OMAMOE 59GH0MMmO LoddwrsgMob
d9dobgg35do, 9993060930y Jugerdo  GgodGHowwo  LoddErezmOl  0d3MmOGO.  9J39
503603bmm, MH™A dgMBgMo Mmom™MgMwo bygbolmzol LOEYds Bgdmom ILIMWO
306D Ii < Ii. 50605, Y39 30MMdS  235d3L,  OMI O35 LEGHYIMOMO
256bMG 309900 Mbolidogdols o6r0gdmEMdS.

ss336900.

o MmgLOE PodsbsHowgdgwo Jugeol oE30MM30L 3396d90d0 sg@0IMO Lodds3MOL
309803096¢0 cos@ = 0,8, sbm tang < 0,75 s Logboms gob03339m0L BoGmMdo F <
9583, Jugeol G97080L BsLosMO wAEHILO® SJHOMHO FobsnMBOMsS 396306HMdgdo,
boem 6954300 Hobsenmds (9080l Ibmem Bsdmemem LOPOOM ITYSMYGOSTO 0VIIL
8mbofiogmdsl. dglodsdobs, Jugerol dmds 95080l Mm3EGH0ToeEmo JoMmN30l sdM 36Ol
513 S©b0FEME0 BoJBHMMOL FoMZ5¢oLiobIdOL A56Mgdg o939 gW0s.

AU gy < AU 50559
F .= min
996MB930LsL o308 B350 MIXMDILOS 2oTM3MZIWMm 56S BTobogM, 56599
3396306 dod35m 3)ds> 3603369 mdYdOm. 21939 LOLYIMZIE0s, BMD AU g,y JIIAOIXO©
MdmG9l 339605909 293G MEmm 10%-U, bsazrs 6 + 8%, fobsswdogy d9gdmbggzsdo
d9Loderms  Jugerol  Lomsgg MobgdBg Logbms 25603339000L FsOMMdO  S©IMBBLIL

39@0LAYEGHIO 9O YOIMWO S GgLsdTM godsbshowgdgero Jugugdobsmaob.
. Mgy Jugaol  xsFMOHO  4obxzgbomdol  LogMdg  dsd30L  dglodsdolo

o Jugeol MB¥b6gdbg Loabms @s603339000L  FoGIMdOL { 306Md0m

Log3gbyOOLsM30L 5L B3O 3B0TI3z69wMAL, Fg@O© PTIODEGINOS, HMI AUE
3900m35wmb  LyEbms Mg5dBHoMwo fobsmmdol 565 LsdMowm, 503990 RBOJEGHOIOO
3600369wmdom, ©oyob dovbgegs 0dols, GMI Logbms GgodBomwo Fobswmds
9d306M9sd IM30090)o ol MH30LbY, Jugeo oo Fsbxgboemdol dgdmbgggzsdo
ds0b3 36083690 mM356 (330009090l 30090 9BAM0TgdT0, o3 096gdM0305 STF0MYOL
396bMM 30993 LHFMTsMs bsMOLBL s LobEMMBdSL.

3990g9gb900 WO MHOEGS.
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Adjusting the parameters of the open branched distribution network mode by

selecting the optimal area of the wires cross-section in the maximum load mode

Lasha matchavariani

Akaki Tsereteli State University. Department of Energetics and Telecommunications. PhD
student of PhD program, Engineering Technologies and Systems.

Summary. The paper presents the results of the research of Maximum load mode of 6 kV open
branched distribution network of Kutaisi. For instance, the operating values of the voltage at both
6 and 0.38 kV nodes of the network are defined. As a result, voltage deviations in all nodes of the
network are calculated and problem nodes are identified. The mode parameters of the particular
sections of the network are also defined and based on it, the total losses of active and reactive
power in the network are obtained. The efficiency of network operation is evaluated by means
of efficiency. Based on the analysis of all this, a number of conclusions are made and a task is set,
the purpose of which is to fulfill the criteria of the network, which it must meet in a normally
established mode. In particular: high quality of the voltage supplied to the load nodes and

operation with small power losses. Based on the network characteristics and provided condition

{Auabdb < AUQobSH

. the optimal area of wires cross sections at the highway is calculated and the
F b = min

validity of this measure is substantiated by the reports. The engineering computer program

“NEPLAN?” is used to calculate the network mode parameters presented in the paper.

Keywords: actual voltage, voltage deviation, power losses, area of cross section, optimal.
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35830l (396¢MoEr0BgdYXo MHYemomgdolisl 35/633 dsd30L FosdErgdgero Bobwymo J3glisywy®ols
633 358300 LBy dsd30L M3EH0ToErmeo d~ds 860936gemdol BgMbggs
@585 85353500560

53530 Pge9g0¢rols bsbgerdfogm «960396Lod9A0. 9696399030L5 © BI193020296035300L 035033096 0.
bs@mgdmeHm 3600y s9ob, boobob602 (991bmenmyo9do s bolidgdndo, omgdmmsbBo

M9b0w399. 559630 (o®mIMPb0E0s dd30L (395G OBYOMEO MYYE0MgdOLIL J. JMmsoliols
35/6 33 dsd30L B5adgdgo BobMo J3gloaw®ol 633 dsd30L Loy dsd30L M3EH0ToermEmO
dxds 9603369emdol 99mB930L 3OM(39Ms. 39MdM: JqlHogw0w0s J39L5YMNMH0IDL Fodsgzowo
MEOEILO  BoYMHOL  3MER0YMMS30, F9BRIBOWMDdS O WIEGHZOMMZ. TJOIROIPV WIYIBOWOY
J39boa Mol 633 dsd30L LOEGHIPID JwgdBHOIs© MIbmalio s dmMglo 33956d900 o
399030005 350308 653500 50b0dbmw 335609050009 WIBHZOMMZ0L D3OI Mg:0090d0.
51939 296LsDBWIOMW0S B30l sb39MYPOL 3OME9BEGH™MWo 860Td36gWMds gugdEBHBMEsE YbMgly
@5 “98megl 339609030 oI 6/0.3833 dsd30L  BHMBLRMMISEGHMOOT0. TodLoToMO
806085 ®0 ©s3H300H™M30L M950890d0 Jugerol 0.3833 dsd30L Labsliosom 335609080 dowgdLIEOs

fobslfomo ©5339%5, OMIol LsxzYdlz9wDHY IYJbowos 33390530 J39LOAMOOL 633 dsd30L

LoE@gBg 99985 dsd30L M3EGH0dsc)mo 360dz69wMds Ug);;’) . Ug’;;)

dsd30L J39L5YMMOL YOEILO BoIMHOL BL3OWo FMds MY10d9d0L S6QM0T0 S IYIBOOS
dol ggz9ges 3356ddo dsdz0L dmddgo 3603369 mds. doMgdEo 33560 dsd39d0L Logwmdzgu by

-0 256bmM309Wgdmwos 35/633

LGNGO M0s BsdM™Ado (omdmaqbowo dgmm©o3ol FomrmgdmEmds. Jugwrol Brzcwo
695708930 LsbYIOOTME 459MYgbgdIE0s Ly0bgOBOHM 3MA30E OO 3OMYGmsds “NEPLAN".

Us33560m bodyzgdo: 09835, (396®5¢cr0Bgdwemo  G939er0M98s, 335600, bOIGXEPO (95000,
M3H00S¢CHI0.
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995350, dsd30L MMM gds 39db03Mo BolDsMOL WMBOLJ0YdYdOL JMOMIWOMBSS, MOl
6036 gdsls  oMmBmoygbls  dmAbTsMgdgwms Lo @ggdHg dsd30lL  4osbcMol 9Bl
930bmd03zmGo  dobowgdo  doh3z9bgdergdom[5]. 3ModBHo3Mws®, dsd30L  LalbvyMzggero  ©gx0dol
MBOHWB39ymas 9gegd GO Jugwdo sdbdscg mbolidogdgdol gotmgdg dgladwgdgeros dbmerm
35906, Mm@qbs3 Jugerdo dsd30L Bs3MA0 FE30MYS, BBLSE 9RO 5J3L LHAgbgMsGMEmM dsd3z0l
Jugegdol 99dmbggzsdo. 35806 GM3s, Jugaol gobxzgbomds oos s bb3sILlBbZS Lyggbwmeols
dsd30L 33560900l 353530060909 BHEMBLRMOTSGHMOMS G5Mm©gbmds 3609369356 GoEbzl smfiggL,
dsd30L sl533900 95080L FY>MIGOS 13YE0IEMO ETBAGY IM[HYMBOEIMIJOOL gotgdg 0mJdol
099 g09ge0s[4]. J0bgsgzs 0dols, MMA dsd30L o6y mEr0Mgdger sdbAsMg JMfYmdOCMBSMS
Jugedo  29bmogligds  gbodsdolo  B0BbYdOLOMZOL  FoMBH0305,  dsd30L MY GdS
9099 BHMMgbgM9303500 JOM-9MH® MODMEgL 50M3BL HoMmBMogbl, Mog 93930060 gd MO
59m3sboll oLy s dobo Jg8EAMI0 M3BH0TIMMO 5NY39BOL LOOMMIEGLMB, MMIGELYS
Lo3mdzws I3l LEHyol 0bxrmOTszosms IMEWMdomo LoEO) s dobo LfmMo sbserobols
3033¢9dLmEOMdS[6].

dsd30L  396GHM9W0HJIMWo MYy oMgds  Mmomgml  FsMOGH030 ©Mboldogdss, oD HIoM
39d0bgz93580 59 96 330593V JugEdo s35EHYO0MO FM[YMDdOMBIOOL 2obm3LYdS, MMB3S 3615dBH03IS
5B39690L, MHMI Bmaxg® dobo LEFMOWgdom Jugwols 3356d9000 dsd30lL LolmMzgero Mg0dol
539456935 7ML 450050Y39EGH0WGO90mbs ©935300609d0. GUs ob30MMBGO0s 08om, IMI
Juool 8339953 J39LoERNODBY JOMLS s 0853) OML CMYOs JIJOOVWIE sbEm s
dmO9Meo  dmdbdo6mgdoegdolomgol LobvyMgzgewo dsdgzol Jgbos®Bmbads. Mo MBOM 2sbx9boos
JL9Eo s OOS Fobo JargdBHOIEO IBHIZ0MOMIS g 3OMDEGS B0 MBOEM LyMABMBdOS. LmEgo
5303™d, dsd30L (396GM90BYOME M09Sl Hob Mbws Mdrmogl dmgwo Hogo Ggdbozmeo
bsbosmol  969M0Tgd0lL  BoBo®mgds, Moms  goblsbogrggmo  Jugwol  yzgws  3396d80  0gdbsb
0539406900 dod30L LolEmz9wo Mgg0d0[7]

153 Foml FoBobo. Lsddsmb JoBobL FoeTMEPIBL . Jmmsobol 35/633 dsd30L FoodEYdIEO
BobMo d39LoMol 633 dsd30L LoeGHYB gugdEBHOEsE Mobermall s MImEOgl 3396d5809
350308 653500l ABLIBMZMS IGZ0OMZ0L HBL3OI Mg50990d0. 51939 JugErols Lobslosmm
339609080 sydmen 6/0.3833 dsd30L BHMIBLZMEOTsBHMMGOT0 dod30L B3ROl 3MM39bEGHwWwo
96003369cmdol 2od0mmzws MmymGE 35duodseMo, obg d0bodswmemo oGH30MmM30L Mg50ddo.
9009dwo 99093900l  LoxgmdzgwbBg 3o 633 dod30L Loewr@gbg 8mds dsd30L  M3EH0ToEO
9600d3690mdol oyqbs s dol Lyxgdzgedg Jugerol mommgme 3356ddo dsd30L dmddgo
960033690 mdq00L 45BLsBOZM.
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35/633 95030l 350050090 BobwyMo Jagloa ™Mol 633 dsd30L LagmEg By dsd30l M3E0TsewMO
dw98s 360336grmdol dgmbggs

OMamO3 HBg0mm 5036086gm, J39LsAMOOL 633 dsd30L Loen@Ggbg dmTs dsd30L M3GHOToEOO
36003690mds  Mbs  49boLEBOZOML  sBHZ0MMZ0L  DBYZOME  ©)90090d0.  POZPISOMZIS©
39630b0wMmm d5dl0ToEMMO IGHZ0OMZOL M9:50d0. 5doLOMZ0L Y306M39wgls@ LoFoMms TgAgl
Jugeol 5gduodo MmO sGHZ0OMZ0L M1950a0l LosbsMOdm Bsbs330gd0l dgds s oAbl
J39b5aMM0L 633 5030l L@ 9D JEgdBHOISE WYobEMglbo s MIMOglo 3356d900. bmM.1-Bg
dm390m@0s 35/633 dsd30L oodrgdgwro BobyMo d39Loa Mol 633 dodgzol oblsbowrggwo
23009600, bererm bwE.2-Bg Bosbas0dm Bsbs33ergdol bggds dsdlodseIMo sGH30MHM30L MYgsg0ddo.
1)6.2-0b Jobg300 3bsOs, ®MI 99-12 3356d0 ggdBHOMsE MIMMgLbo 3356d05, brnwm 3356dol
999G obemglio. gobgloBMzM™Mom dsd30l bs3Ma0 Jugerol 1 s 89-12 3356d50y.
+~NEPLAN"“-0ls 450myqbgd000 dogomgm, Gmd

‘Fmﬁlz6—538:au

AUy.q, =6—-539=0,61
356Ls3MPMGd0 oS  JEgdBHBMO JuYEOoLsmM30L sTIBIBOIMYIG0S 98I0 ?O30L9dIMGDS:
dsd30L dmds 3609369cmds 33990l (396GHM0D 9GO MdmMgl 3396dd0 gmgzgwm3zol
Bo3engdos gargdHO o Mobermgl  3356ddo  dsdgz0l dmds 3600369 mdIBY. gl dMbgdmO30
05300906M0S BOTMOGISL 35de93L, Fg35MB0Mo 83390530 J39LOYMEMOL 6 33 dsd30L Loen@gby
dod30l  dmddgoo 3600369 mdol  Tgboderm  (3300gd0L  BoGygdo, 03  2o6gdmgdol

395035¢0obfobgdom, GMmI 99-12 3356d00, LOGOBLRMOT>EGHMOM  J39L5YMMOL OO dsd30L

Jbgero
bmd

ol G™M0s, beaerm 1 3396d90 LoGMoblgmMTsGHm®mm J39L5y M0l S0 d5d30L LoeEgbg dsd3z0l
Uf =03933
US =0,3633
196.1-56 BBL, ®MI 1 s 99-12 3396d80 OYTMWOS gOO s 03539 LOAIWHZMOLS

Lo 9Bg dsd30L MP30Mglo dw9ds 360369 Mds BodlodseIMHO IGHZ0OMZ0L Mgsg0ddo, 0,95U
0o 3993 360d3z69wMds 1,05Ug([f)‘?9@0 — b ¢)060b. 9sd5b5gsdy, {

G030L BHEMBLRMOTIGMM0. 5d0FH™I, gU 2569dMYds LOTMoGdsL 43503l A9FMZMZoMm dsd30l
653500 3OMmEgbGeo  860336gwmds 98 LOGHEBLBMOTsGHMOM™  J39LsYMODS
GOBLZMMIoGHMGddo (TM400/6) BsdLodoerwMo EIGZ0M™M30L M9:0880. sdolomzgol TM400/6
AOBLFMOTEMOOL LodsL3MOEM IMbo(300900b godmz094qbmm gdgao 356539EHM9d0[2]:

AP 3 =55

{U%:45%
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23-8  sb-50 337 sb-95 t 550
———-m---- Q- @ -=--
5600 v 44500 53-2 4000
2 :r:
L8
= m
33-10 5150 i
""""" " 38_9
1moa _ 1
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2.3
I
iLE :
3313 sbso 98l g 55 gp-12
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6250 : 15700
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]
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3314
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©
=)
=
[ee)
(9]
=)
331
b
;‘ 228+ j167 = 282,6,36,22
~
=)
0,26 + j0,16 ,
, : 33-3
332
=~
1"'3 N RO - e - o
w S 228+ j167 = 282,6436,22
> 35
<+ = 0,15+ jO,1
= F
; _ 332
0,36 + j0,22 9-4
33-8 337 -
[t | d = = sq - " o
i = 57,5 + j42 = 71,2236,14
. S .
91,6 + j67,3 = 113,7236,3 = %
i. =
=

5]

0,07 + 0,04
a3-10 1
I

33-6
-9

91,6 + j67,3 = 113,7£36,3"

[
o8]

91,6 + j67,3 = 113,7236,3"

0,4 + j0,25

33-13

91,6 +j67,3 = 113,7£36,3" 228 + j167 = 282,6236,22°

0,2 + j0,12

33-14
91,6 + 67,3 = 113,7£36,3°

16.2. 30IMOL BosbM0TM Bsb33gdOL idgds BodLoToE MmO IEHZMMZ0L Mgs0ddo
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BOBLRMOISGHMOOL 5dGH0® Foboemdsdo dsd30L B3MOL 3BME9bEwo 8603369wmds UL
HoEbMmdM0350 GHM0s GHMBLBMOTsEGHMOOL aMoabogddo sg@oMo 1Loddwszmol sbs3sMAOL
360m396¢ o 9608369¢mdols. U = (5,5/400)100 = 1,37% , bowe 695d@ore  Fobsnmdsdo
353300 6356 a0L 3GME96EWMo 8609369mds UL dm3mmgo 39mm30l dsd30l GHmmos, 6wy Ul =
Uzt = 4,5%. 5360950, bgem 33593L g39ws 35653930 899090 350mbsbuyamgdols sbsfg®so[3]:

AUP = (UP - cos g + Ut - sin) ST /80 = (1,13 +2,47)0,67 = 2,4%

50605, 1 s 09-12 3396080 ©o@YdM  GHOBLFMGsEHMOgddo (TM400/6) , dsgbodscrwy@o
53H3060m30L M9:00d0 0350905 bmndobsermMo dsdz0l 2,4%.

B90mm ©s3199300, OGMI 99-12 3356d00, LsGHMBLBMOTSGHMOM J39LYMOOL B dsd30l
Lo 9Bg dsd30L MIoMglo dwgds 3609369 Mds BoglodseIMHO OGHZ0MMZ0L Mgsg0ddo, 0,95Ugb%@0 -
ol GmM0s, beaerm 1 3396d90 LoGMoblnm®TsGHm®mm J39L5yIMOL S0 d5d30L LoeEgbg dsd3z0l

Moo 33y 3600369wmds 1, 05U‘j IR0 — b 900U, gl ©593905 ©5 BHEOBLGMIoGHMOI0 dsdz0l
6535620l 36M396@ o 860'6363@(0601) 3365 Bodwoemgdsl 35993l 4963Lbsbw3zM™mo 99-12
3396080, Lo@®MBLRMOTGHMOM J39L5YMIMOL Foowro dsd30L LogEHgHg dsdz0l wdizoMgbo 3o
360033690 mds  Boduodomo  OG30MM30L  Mgx00d0, bmem 1 335680 Lo@GHMIBLBMOISEGHMOH™
939L5MMOL B0 dsd30L BoerEgbg dsd30L Moglio 39ds bod3zbgwmds.
UL =US” + AU = 95 + 2,4 = 97,4% = 58433
Uf* = U®" + AU = 105 + 2,4 = 107,4% = 6,4433

bgdmm 51939 B38MZNZdEYo 33390530 J39boYMIMOL 633 dsd30L LoD JEIIHOYWIE
=demMgb (12) s 1sbermgl(l) 33963909009 dsd30L B3P0, MLy Uy = 633, Mo96 LimMgo
Uy = 633-0L 0Ol dmbgds Jugeol 633 dsdgzol 339609800 dsd30L 0969060030 gobsfoargds, o
Jugeolb goer3zgme 9dbgdbY dsd30L Bs3IMPOL Fgxsligdol MZsBsBOHOLO® Yz9wsbg BMLEHO
0909208  dmI3900s.  5IM0YOE, ©PIDOE0s 439y ol SME3OEYdJO 350589 EBHEO, MHMIOol
3590g9gb900mo;3 3960LIBOZMYdS 83390930 J39LOAMOOL 6 33 dsd30L LogEHgHg dsd30L dmddgo
36003690™d0l (33000900l BoGmgdo JoglodoeMo IBH30MHM30L Mgg0ddo 1 s dg-12 3356d0l
dobgz00m.

UR2 = U9, + AU, =584+ 0,61 = 64533
UL = U2 + AU = 6,44 +0,12 = 6,563

ym39wogg sdob 9999y, 9035009Jom 93390530 J39L5AMOOL 6 33 dsd30L Logn@gbg dsd30L
sboeno dmds 860dzbgemdols 99mBg30L 3MMEgLlol dmem 9@s3lL, L3 MBS oE0bogl, mv
03399530  J39LsAMOHOL 6 33 dod30L  Log@gbg dodzoL MmAgwo 3609369cMds, bYIMOTgdOM
9009dwo  395¢90sb, MHBOMB3gymal OHmamm3 1, oby 99-12 3356ddo dsd3sm5 obgo,
6086990 gdl, H™A 0lobo FogbodseMo sbErMml 0Yyz369b bMmBoboMmMHB. dsd30L 8 360369 MdL
296L5B3M3L 98090 500935E03wIM0 A5FMbIbLEgds[1]:
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w3 U+ Ul 645+656
UO © = 2 = 2 = 6’533

53605, 0030090, ™ Uy 0 = 6,533, 059053 o7 obomzoolobgdgwos ob god@o, Mmd
2obbowmo  Jugerol 8339053 35/6 33 351301 J39LOEAMODY IS MOAMIYBOS
GOBLZMIsGHmGo TMH4A000/35 , GM3wol dsd30lb  Mgaeogdol  godawmagdos +6 x 1,5% .
39L50580b5, 59 BHMIBLBMOTsBHMOL 6 33 O30l Lo Egbg 6,533-08 MHBOMBIgYMGs 56 JgmAdEos,
(oob 6,533 = 1,08U; . 530@H™md  35dL0dogMEmO  ©IGHZ0MOM30L  ©9s10dd0  BHOIBLIBMOToEHMMOU,
TMH4000/35, @s®300Hm30L 4398 dsd30L 9969awo®gdgends dmfiymdomdsd @odswo dsdzol
LoEGH9Bg Mbs Jgobos®BMBml dsd30L olgmo 3608369 mds, HMIgEoE LOOEOm Y39wsHY
SHEMbos 6,533-0096. sigoos PITH-0b ©o@gd0mo 89-5 499mdygzs60l 5035 s «9®ol 6,4533 — b.

90600500 M0 ©s3H300m30L M19:508003 LoFoMMms Abs3LO bollosMOL sBAM0TGdOL Bodsegods,
019935 dgLodsToLO LosbYIMOTM BBSE3wgdOL Ldgdob Loxymdzgu by, MMIgwoa ImiEgdeos bvE.3-
9. 8060850 mO0 330030l Ms0ddo Jugerol MBbYdBY dsd30L IBsIIMYo TzoMgs, s00EH™I
35/6 33 35030l J39Loa®ol, 633  dsd30L Lowr@gbg, dsdzoL sbsewo Imds I608369wMdOL
oLOYPIbs,  AoBLBL3390Mo  FoEYMTsd  LoFoMM.  M30M3ggloE  JOBMIZMNZoEMm  dsd30l
Q565356090 33900L 3956306 Jugerol 1 s 89-12 3356d5d¢g ,,NEPLAN®“-0b 959mygbgdoo

AUZ% =6 —5,95 = 0,05 33

AUZ, =6 —577=02333
©938935m, ™A 99-12 3356030, LoG®obLBMMTsBHMM™M J39L5AMYOOL VO dsd30L LagHgbg
dsd30L  «dzodgbo dmbs 3609369 mds dobodoserMo  sBH30MHM30L  gx0ddo, 0,98Ug([f)%@0 —ob
G005, boaerm 1 3356030 Lo@®oblgm®ds@dm®mm J39L5AMOHOL dO dsd30L Lo @gbg dsdgz0l

Sbgaro Ulq) = 0,39 33
2)©oILo IMds 360836gcmds 1,050 > — U 29®ob. 3585L5@sdy, U® = 037 9 dodbodoeBo
12 — Y9133

©B3060HmM30L Mg50d0L LR35, 06T OO IGZ0MMZ0L Mg:10dd0E Fodmzmzswmm 1 s 99-12
3396080 @533 LSEMIBLZMMI>EMOM J39LSFMOOL  EMBLZMMIsGHMGIo TM400/6, dsd3z0L
6535620l 36m39bEGHWMwo 3608369 mds.

AU = (U - cos g + UL - sing) 52211;’5/5%“;% = (1,13 +2,47)0,29 = 1,04%
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[eo]
[a0]
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[oa]
[ ]
o
33-1
[as]
~
;‘ 91 +j69,7 = 114,67237,44
[~
—
s
0,26 + j0,16
, 33-
33-2
[}
I‘"': N T e 3 A o
© S 91 4 j69,7 = 114,67237,44
] T Y
[ 3¢ :
=+ = 0,15+ j0,1
o a 333
0,36 + 0,22 33—4
338 37
o =
s i zszf1+;17s—291 237,13
36,5 + /28,36 = 46,23237,8° + 2
= =)
o)
0,07 + j0,04 330
3-10 -9

36,5 + /28,36 = 46,23237,8

36,54 /28,36 = 46,23,37,8°

0,4 + 0,33 8‘5

0,4 + 0,25
3313

36,5 + /28,36 = 46,23237,8 91 + j69,7 = 114,67237,44°

0,2+ j0,12

3314

36,5 + /28,36 = 46,23237,8

GObLRMOTSGHMMTo  dsd30L B39Ol  3OM396G Mo 3600369 Mmdol  3m3bs  LyFoEgdls
3395993l 4963L5BM3zOMom 89-12 3356d00, ULsGHMIBLRMOTsBHMOM J39L5YMMOL Fosero dsd3z0l
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LoEGH9Bg dsd30L »MIizoMgbo d/ds 360dzbgEMmds JobodseMo ©sGH30MmM30L Mg 0ddo, bmwm 1
3396d80 Lo@®oblrzm®BsBmEmm J39LsAMOOL oo dsd30L LoEgbg dsdz0l Moo 3o
3608369 mds.
UZ =US™ + AU = 98 + 1,04 = 99,04% = 59433
U = Uf" + AU% = 105 + 1,04 = 106,04% = 6,3633

5060035©, ©©PIBOOos  Yzgws ol vMEowgdgwo  35M939BHMm0, MMmIwwol  godmygbgdomag
3563L5BM3M300 93390530 J39LoYMMOL 6 33 dsd30L LoerB)bg dsdgz0l dmddgo 3b60d3z69wmdOlL

330 9gd0L Bl J0b0dse MO IBHZ30MHMZ0L Mg:0ddo 1 s 39-12 3356dob dobgzom.

Us? = U?, + AU, =594+ 0,23 =6,1733
U =U? + AU = 6,36+ 0,05 =6,4133

39009250, by 23593L y39es ob 8mboEgdo, HMAEol LsdwysEgdomsi 803009300 Im3E7dMEo
Jugeol 93390530 J39LoAMOOL 6 33 dsd30L Lor@gbg dsd3z0l  M3EH0TswwE 3609369 MdL

3060850 ®H0 oG300mM30L Mg 10ddo.

o3 Us>+Us 617+641
U0 = 5 = > = 6,2933

2930m35¢olffobmm, GmI 8339003 35/6 33 350300 J39LSYMODY EIPATMOs MOAMIZBO
G®BLZMIsGHMGo TMH4A000/35, HGMdgrol dsd30L Ggaro®gdol gsGawgdos 6 % 1,5%. 530¢ma
80608500 OGHZ0MMZOL M9:0880 GHEOBLEMGsEHMOolL, TMH4000/35, od3060m30L 4399 dsd30L
3569310690935 MfYMmd0W™Mdd B dsd30L LyerEgHg Mbs FgobsmBMbML dsdz0l obgmo
36033690 Mds, ®MmIgeroE LOWOO® Y39wsHY sbEPMbss 6,2933-0056. slgmos PITH-ob sgdomo dg-
3 250m0Yy3z560lL ds03s O MEOOL 6,2733 — . 59605, ©©A0bEs 35/633 dsd30L FoEdYdGE
J39boameBg  dsd30L 396G 0DYOMwo MY gdolsls 633 dod30L Lo @gbg  dsd30L
(330 gd0L 0s3sBmbo (6.27 +6.4533). gbws 9930¢909w0s Bo@e®mgl asbbowmvyemo Jugerol
D03OMo ©9:50d900L  sbysm0do Uoms@ =6.2733 ©o Ugls@ = 6.4533 0503900 G001, OYObIL
Jugeol Gmam®a 633, obg 0.3833 dsdgzol 339609080 dsdg0l dwds 3603369 md9gd0, MoLmzoLLE
399Mmy9gb90os  LsobgobOHm  303309BHYOMo  3OMY®msds  L,NEPLAN”.  5bas60dol 990093900
Hommygboos 3bGowgddo(3b®.1; 3b.2; 3b®.3; 3b6.4)
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gb®owo 1

354b0T>EMMO IBHZ0MMZ0L Mg50080 Jugerol 633 dsd30L 3356d90d0 dsd30L 3mds 360369 mdgdo

U 33 U U%
330 6.45 0 1075
33-1 6.37 -0.29 106.16
132 6.31 045 105.23
33-3 6.29 -0.43 104.86
33-4 6.28 -0.42 104.65
33-5 6.277 -0.418 104.62
33-6 6.272 -0.414 104.54
33-7 6.047 -0.965 100.79
33-8 6.039 -0.958 100.65
33-9 6.027 -0.976 100.46
33-10 6.026 -0.975 100.43
3311 5.983 1,002 99.72
3312 5.927 20.954 98.78
33-13 5.974 10.994 99.57
33-14 5.979 10.998 99.65

3b®owo 2

95gb0d>E M0 IGHZ0MMZ0L Mg50080 Jugerol 0.3833 dsd30L 3356d900 dsd30L 3mds

36033690 mdgd0
LaGMIbLMMIdGMMm NBB-L Loddmozmal Esbs3sMagn

d33bognMmo Us (33 U %/U @% LaxzgbnMo AS(3309)
TM400/6(3356d0nl) 6.37 0.395/103.88 0 3.56 +16.17
TM400/6(3356d03) 6.29 0.389/102.52 0 36+;16.14
TM400/6(3356d012) 5.927 0.366/96.33 0 3.79 +j16.03
TM100/6(3356d0n5) 6.277 0.388/102.18 0 1.26 +j4.34
TM160/6(3356dn6) 6.272 0.387/101.9 0 18+ ;7.1
TM160/6(3356d0n8) 6.039 0.372/97.91 0 1.87 +j7.05
TM160/6(3356d010) 6.026 0.371/97.69 0 1.88 + j7.05
TM160/6(3356d013) 5.974 0.368/96.79 0 1.89 +j7.04
TM160/6(3356dn14) 5.979 0.369/96.88 0 1.89 +j7.04
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3b®owo 3

38060850 ®H0 oG300M30L Mg10ddo Jugerol 633 dsd30L 335609080 dsdgz0l d9ds 360dzbgEMdgd0

U 33 U U%
33-0 6.27 0 104.5
331 6.255 0.12 104.25
33-2 6.233 0.17 103.88
33-3 6.223 0.16 103.72
334 6.218 20.16 103.64
335 6.217 0.158 103.63
336 6.215 :0.156 103.59
33-7 6.126 10.358 102.1
33-8 6.123 10.355 102.04
33-9 6.118 10.361 101.97
33-10 6.117 10.360 101.96
3311 6.1 10.367 101.67
33-12 6.078 :0.344 101.3
33-13 6.097 10.363 101.61
33-14 6.099 10.365 101.65

gb®owo 4

9060850 ®H0 G300mM30L Mg10ddo Jugerol 0.3833 dsd30L 335609830 dsdg0l d«)ds

36033690 mdgd0
LaGMIbLzMMI>GmMmMm NBB-L Loddmozmal Es6s3sMmagn
33630810 Us(33) | Ug®B/U," | boggbama AS(330)
TM400/6(3356d0nl) 6.255 0.392/103.21 0 1.58 +;10.28
TM400/6(3356d03) 6.223 0.390/102.67 0 157 +;10.21
TM400/6(3356d012) 6.078 0.381/100.23 0 1.55 + j9.86
TM100/6(3356d0n5) 6.217 0.390/102.51 0 0.55 + j3.04
TM160/6(3356dn6) 6.215 0.389/102.38 0 0.74 + j4.62
TM160/6(3356d0n8) 6.123 0.383/100.83 0 0.73 +j451
TM160/6(3356d010) 6.117 0.382/100.73 0 0.73 +j451
TM160/6(3356d013) 6.097 0.381/100.4 0 0.726 + j4.49
TM160/6(3356dn14) 6.099 0.381/100.4 0 0.727 + j4.49

3bM0qddo FoMdmoygbowo 9900 5B39690L, M MMM sgduodseydo, oby dobodswrmEmo

©GZ0OM30L M19:70dd0 93390530 35/633 dod30L J39LoYMMOL 633 5030l LoeEgbg dgMBgmero dwds
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3503990 MBOHMB3gwymal dslBg F0g9MH09dwo BoIMHOL Y39ws BsdmabIscmgderm 3356dd0 dsd30l
LolBZgeE M9:500L, o3 SLEIMJOL Bgdmm BoE 09O 5BAM0TJdIOL FoM19dIMBN.

s133369%0.

J BobrmMo  J39LoamMgdom  dsd30L  396GHGI0BIOMEO  BYYI0Mgds  3M0JGH0IMIL®
356bMM 309w gdsos FbmEwm 0d d9dmbgz93580, H®MmEILsE J399YIM0OL ods35¢0 MOoMMYMEo

R0IM0L X950 obxzgbomdol LoaMdg 56 5©0gdsEHgds dglsdsdolbo LoggbwMol dsd3z0LsmM30l
D3OI B3390 60BN, OSLYE 9RO g3l BsdMmddo gobboyemo  Bogscromols
d9dmbgzg35do. v gl 30OHMdS 56O LEMEPEYds, 35306 Mool FJmAEGdg0s JegdGHEMmMESE
Mabemgl s MImeMgl 3356d80 dsd30L Lalivy®39w0 G500l JOMPOMMEO HTYSMNDS.

J Bsd®™ddo (omdmagbowo dgmmeom J3gLoym©ol 633 dsd30l Lowr@gbg 93y dsdz0l
33005 mH0 3609369 md0L AoBLIBOZIMOL 30EMsEHGuMdS JIBO3ME F0YMTJOMD Fgsmgd0m
5oL ol, MHMI gwgdBHOMoE Pbermgl 3396d00 OGHZ0MHMZ0L MmMH03g Lobslosmm ©gi0ddo
503900005 d5030L GO0 s 08539 3OM 396G 360d3bgEMds, o3 JugEgdol gJudevIdESEOOL
36039 bobyMdwo30 3306039000 1b5x3wYd3z9WHgs 993490539040 S B0BBs© OLsbgl Jugerols
L5dMIbToMgdM 3356d9000 BogE0IMO 5030l BB YMHME FodloToErmE Bosbermgdsb.

J 56250030l 30M39L80 49dMM300O dsd30L sb35MYGd0 Jugerol Lobslosmm 3396093599
30090w0s 633 5330l LoEEHgHg dsd30L bMB0BIWMOHME BHMWMOdOL Wsd3900m, Mo LHmMg
Uy = 633-0L 0Ol dmbgds Jugeol 633 dsdgzol 339609800 dsd30L 096906030 gobsfoargds, o
Jugeolb goer3zgme 9dbgdbg dsd30L IBs3MPOL FgxsLgdol MZ5BEBOHOLO® Yz9wsbg BMLEHO
9900920l dmdEgdos.

J dsd30L (396G ®5e0HgdMEo M9AMWomIBOLOL 83390530 BobOO J39LsEAMGOOL 633 dsd30L
LoEGHgBg dsd30L M3EG0dscMo dmds 360369 MBdOL  ABLIBAZMOLIL  FoLMZoEoLH0bgdgE0s
domz560 GHOBLUBMOToEGHMOOL dsdz0L JoMgamwocmgdgero PITH dmfgmdowmdols ©sds@gdomo
359003Y356900l MH5Mm©gbmds s odmdyzs60L dsd30L 3MM3gbEwo db0dzbgwmds. mvy dosewmgzsbo
GObLRMOTSGHMM0 396 YBOH639eymRL s64MH0Tg00m Jogdmer dod3sl, 85d0b mbs dgomBgly 0d
35803Yy3560L 35035, HMIGE03 Y39wsDYg sbErmbos 4958MmmM3gd0m Jogdme» 39 ymsb.

3990myg9bgdmmo o Mo mMs.
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Selecting the optimal working value of the voltage at 6kv busbar of the 35/6kv step down dead end
substation during centralized voltage regulation
Lasha matchavariani
Akaki Tsereteli State University. Department of Energetics and Telecommunications. PhD student of
PhD program, Engineering Technologies and Systems.

Summary. The paper presents procedure for selecting the optimal working value of voltage at 6kv busbar
of the 35/6kv step down dead end substation of Kutaisi. In particular: the configuration, distribution and
load of the largest feeder coming out of the substation are studied. As a result the electrically nearest and
farthest nodes from 6kv busbar of substation are determined and voltage losses up to the above nodes in
limit demands are calculated. The percentage of voltage losses is also determined in 6 / 0.38 kV
transformers installed in electrically nearest and farthest nodes. In the maximum and minimum load

modes, a preliminary assumption is obtained in the 0.38kv characteristic nodes, on the basis of which the

opt

cky at 6kv busbar of substation is established. The rms value of

optimal value of the working voltage U

opt

nodal voltages are determined Via U, .

Based on the obtained nodal voltages, the validity of the
methodology presented in the paper is confirmed. The engineering computer program "NEPLAN" is used
to calculate the limit modes of the network.

Keywords: voltage, centralized regulation, node, limit mode, optimal.
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Abstract:

The given work envisages results of physical-chemical parameters of red soils in Chakvi (Adjara A.R.,
Georgia) and multi-element analysis for the purpose of identification and evaluation of their chemical
composition and modern fertility level. Besides, in the given work the present conditions of naturally
formed co-societies are reviewed which are resulted from irrational usage of phyto-landscapes of seaside
Adjara, their anthropogenic influence and abandoning and neglecting agricultural land plots; the
peculiarities for development of secondary phytocenoses being formed via mutual participation of
aborigine and adventitious species are studied. The research has showed that research soils are acidic; they
are poor in general humus and nitrogen. From macro-elements K, Mg, P are with minimum concentration
and Cd, Cr, Hg, Li, Sb, Se, Ti, T1, V, Pb are beyond the permissible concentration norm. The concentrations
of microelements As, Ba, Cu does not exceed MPC. Phyto-cenotic structure is formed in parallel with
growth of coniferous plants via gradual introduction of cenotic inter-relations which is differentiated like
rows. Formed secondary phytocenosis are characterized with high potential of species of foreign origin
(adventitious). At present stage of restoration successive change in serial phytocenosis totally 63 families,

137 breeds, 191 species from which local is 61 and 130 of a foreign origin are described.

Key Words: Red soils, fertility, multi-element analysis, secondary phytocenosis, adventitious species.
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Introduction.

Almost all types of soils are met in the territories of Georgia starting from red soils of subtropical
zone of western Georgia ending with mountainous-meadow soils of hilly areas. The main soil types of
Georgian subtropical zone where various agricultural lands are located are red soils, yellow soils and
subtropical bleached soils. Red soils are widely distributed in subtropical hilly foothill zone of western
Georgia. They are represented with highest percentage in Adjara region, from 80 to 200 m height above
sea level [1, 2]. The dominant crops are citrus and tea at most territories of them. At present tea is changed
mostly by nuts and annual crops. The most common soil-producing rocks of red soils are the products
exhausting volcanic mountainous rocks: andesite, basalts, tuffs, clays and loamy soils (pic.1). The main
source of collecting humus in red soil is “Kolkheti Type” forests under which they have been formed. The
high saturation of roots and aluminum in absorbed conditions together with hydrogen causes acidic
reaction of the mentioned soils [3, 4, 5]. On the basis of non-desirable socio-economic conditions of
Georgia since past 90s some part of red soils (especially territories where tea plantations were cultivated)
are degraded and abandoned at present. The only way out from the mentioned conditions is evaluation of

modern conditions of red soils, for the purpose evaluation and enhancing their fertility level.

Pic. 1. Soil-forming rock of Red soi

Adjara flora is distinguished with special diversity and originality which is stipulated by ancient
plant groups and relicts formed in the third period (Palaeogene). Since ancient times the southern part of
densely populated Kolkheti — Adjara Flora was enriched by foreign species. In the last decades of the past
centuries strengthened colonization of adventitious plants was vividly expressed and formation of
secondary phytocenosis by them. Therefore, it has become more and more common reaching and
introducing invasients in aborigine plants. Herewith, foreign plants invase in local flora and exotic species
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become wild. The wide distribution of adventitious species made local natural flora incognizable, many of
them invased in agro-cenosis and became grass [6].

In the first decades of twentieth century the formation of agrocenosis of various crops was followed
by formation of secondary (changed) plants (mostly grass) in the place of mixed-leafy forest in seaside bar
and hilly areas. Since 1885 tea plantations are cultivated in Chakvi territories. The invasion and
introduction of many foreign species is connected to cultivation of tea plantations [7, 8, 9]. This is a long-
term and still on-going process. At the end of twentieth century since tea plantation are considered to be
non-profitable crops, agro-chemical and other activities were terminated and local and foreign coniferous
plants start growing together with grass in tea plantation territories. The spectrum of coniferous plants
distribution is well envisaged in Google map photos (Pic 2, 3). Hence, studying adventitious species will
create a clear picture about their gradual invasion in a new environment, and will show modern
transformation peculiarities of flora and plants with the influence of anthropogenic factors.

» -

A Google Earth
Pic.3. Research object (2017)

The research goal was the following: to identify chemical composition of red soils in Chakvi area and
evaluation of their fertility level with main parameters; as well as, studying secondary phytocenosis of
Chakvi bar area, geo-botanic diagnostics of naturally formed secondary phtytocenosis, formation of data
base for foreign plants inhabited in research objects, taxonomic and geographical analysis, studying
dynamics of successive processes.

Materials and Methods.

The used red soil samples were taken from Adjara A.R. Chakvi area, the samples were taken from two
depths: 0-40, 40-80 cms. The research methods were: potentiometric, titrimetric, photo-colorimetric,
Plasm Atomic Eissive Specter Analysis [10]. The research material in chakvi bar area in secondary natural
cenosis was plants of local and foreign origin. Totally 5 objects were selected where geo-botanic
descriptions were made through method of squares. The main research method was traditional route

expedition method. For identification of species various data and scientific literature/sources were used
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[11, 12]. Internet sources and data base of world invasive species. In secondary natural phytocenosis plants

description is made through Releve and square methods [13, 14].

Results and Discussion.

Evaluation of Chakvi Red Soils Fertility Level, based on Their Agro-Chemical Parameters:

The tea crops were cultivated as red soils for a long period (more than 50-60 years) which caused strong
acidic reaction of the mentioned soils. In 0-40 cm layer of the soil, where there are mostly agricultural
crops root system, pH (H20) is 4.3-4.6, in KCl suspension - pH 4.0-4.5, according to the depth pH of the
soils are increased (Table 1). By reducing pH the changeable and hydrolysis acidity of the soils are
regularly increasing. Humus (in Latin Aumus - means land, soil) - is organic, dark part of soil which is
produced through bio-chemical transformations of vegetal and animal residuals. Humus includes all the
elements necessary for feeding the plant, which become easily assimilating for plants by the influence of
microorganisms. The soils are poor in general humus (3.57-3.02%). Humus concentration regularly
decreases according to the depths. General nitrogen is the sum of mineral and organic nitrogen, which is
identified in order to have an idea on balance of nitrogen substances. It includes easily soluble nitrogen
admixtures (nitrates, nitrites, ammoniacal nitrogen), as well as hardly soluble nitrogen organic admixtures
(mostly nitrogen in proteins). Organic-mineral admixtures in Nitrogen is one of the most important
nutritious components. According to the received results it was identified that general nitrogen is 5% of
general humus.

Multi-element analysis of red soils showed that from macro- and semi-micro elements, Al
(93.7mg/kg) > Fe (48.06 mg/kg) > Si (41.6 mg/kg) are dominant. Macro-elements are in the first row
according to their composition: Al > Fe > Si > Ca > Mg > K-P > N (Diagram 1). From necessary macro-
elements used for feeding plants K, Mg, P are with minimum composition. The soils are poor for
absorption forms level of Potassium and Phosphorus. The composition of Calcium and Magnesium

movable forms in soils are not sufficient for feeding plants.

Table 1

Basic Fertility Parameters of Chakvi Red Soil
Place | Depth pH Acidity, General, % Nutritious Elements,
of of mg.equivalent/1 mg/100g
Taking | Taking | H2O | KCl | Chan- | Hydro | Humu | N | P:0s | K20 | CaO | MgO
Sample | Sample, s
cm
Chakvi | 0-40 | 43 | 4.0 6.2 13.0 |3.57 0.15 | 155 | 13.4 | 16.8 | 11.5
40-80 | 46 | 45 5.0 10.0 | 3.02 0.12 {13.0 ({93 |154 |11.0

geable | -lysis
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Toxic elements are beyond discovering norm in soils where tea plantations used to be: Cd, Cr, Hg,

Li, Sb, Se, Ti, TL, V, Pb. The determined micro-elements are classified as follows according to decrease:

Mn>Mo>B-Cu> Co-Zn > As (Diagram 2, Table 2). Composition of microelements including toxic elements

does not exceed MPC in any soil samples. Among defined microelements Mn (17.3 mg/kg) was with the

highest concentration, which once more underlines the acidic reaction of red soils where tea plantations

used be. Molybdenum was with minimal concentration in soils (0,0277mg/kg).

100

80

60

40

20

Fe

Si

Ca

Mg

Na

Diagram 1. Multi-element composition of red soil, macro-elements, mg/kg

Table 2

Element analysis of Soil Acid Extract ( 0,1 N H2SO+ ), mg/kg micro-elements ( including toxic )

Elements As B Ba Co Cu Mn Mo Zn
mg/kg
Location
Chakvi 1.60 0.421 1.84 2.19 1.76 17.3 0.0277 | 0.723
MPC, mg/kg 2,0 55 25 5,0 3,0 70-80 35 1,0
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Diagram 2. Multi-element composition of red soil, micro-elements, mg/kg

Floristic and cenotic analysis of secondary phyto-cenosis in Chakvi Bar and hilly areas:
Based on background description and researches in Chakvi bar area four formations were selected and
classified in secondary cenosis: plant groups created from Japanese criptometry (Cryptomeria japonica)
dominance; plant groups created from hardbeam and oak dominance (Carpinus caucasica, Quercus
palustris, Quercus falcata); plant groups created from alder (Carpinus caucasica, Cryptomeria japonica);
Japanese hardhack and American edible pokeweed dominance (Alnus barbata, Spiraea japonica,

Phytolacca americana) (pic. 3).

In secondary natural cenosis totally 63 families, 137 breeds, 191 species from which local is 61 and
130 of a foreign origin are described. In the nearest past in he mentioned territories deforestation of
representatives of local flora — beech (Fagus orientalis), chestnut (Castanea sativa), hardbeam (Carpinus
caucasica), Hartvis oak (Quercus hartvisiana), teil (Tilia caucasica), phloem (Pterocarya pterocarpa),
persimmon (Diospyros lotus), rhododendrons (Rhododendron luteum, R. ponticum) and others took place
and tea plantations were cultivated. Though since agro-technic measures were terminated in plantations
tea bushes were degraded. On the places where plantations used to be successive processes of naturally
formed phyto-cenosis started by the participation of aborigine and (adventitious) species of a foreign
origin.

In plant groups created with the dominance of Japanese kriptometries (Cryptomeria japonica) 71
species are described, from which 25 are local and 46+ are foreign. In tree-plant row Cryptomeria japonica
is dominant, (height 8-10m)6 Quercus falcata, Quercus palustris, Frangula alnus (height 2-4 m). sambucus
nigra, Smilax exselsa, Lonicera japonica, Polygonum perfoliatum, Rubus caesius, Rubus hirtus, Rubus
serpens are met in underwood. Tea bushes are covered with ferns(Pteridium tauricum). Two kinds of peat
are met in open areas of groups (Polytrichum strictum, Calliergonella cuspidata). The grass cover is poorly
developed, units of Castanea sativa, Corylus avellana, Aleurites fordii, Acer negundo are met.

In groups created by dominance of hardbeam and oak (Carpinus caucasica, Quercus palustris,
Quercus falcata) 119 species are described from which 37 is local and 82 is foreign; 26 species of coniferous
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plants from which 10 is local (Alnus barbata, Carpinus caucasica, Castanea sativa, Corylus avellana,
Frangula alnus, Laurocerasus officinalis, Rhododendron luteum, R. ponticum, Vaccinium arctostaphylos,
Sambucus nigra) and 16 foreign (Ailanthus altissima, Aleurites fordii, Cedrus deodara, Chamaecyparis
lawsoniana, Cinnamomum glanduli-ferum, Cryptomeria japonica, Quercus acutissima, Q. falcata, Q.
myrsinifolia, Q. glauca, Q. palustris, Mallotus japonicus, Rhus javanica, Robinia pseudoacacia, Spiraea
japonica, Thea sinensis). Carpinus caucasica, Quercus palustris, Q. Falcata are dominant in coniferous
species, other coniferous plants are met as single units. From liana plants Lonicera japonica, Polygonum
perfoliatum, Smilax exselsa, Hedera colchika are met. The major territories are covered with ferns
(Pteridium tauricum) and bushes (Rubus caesius,R. hirtus, R. serpens). In the mentioned cenosis
dominance of hardbeam, rhodonendrons, plushes and laurel cherries and excess amount of grass species
gives the prognosis for returning mono-climax co-societies.

In plant groups created by the dominance of alder (Alnus barbata), Japanese hardhack (Spiraea
japonica) and American Phytolacca (Phytolacca americana) 106 species of plants are described from which
40 is local and 66 is foreign. From coniferous plants 7 (Alnus barbata, Acer pseudoplatanus, Cornus
australis, Ficus carica, Hedera colchica, Hedera helix, Paliurus spina-christi) is local and 11 (Acacia
dealbata, Acer negundo, Ailanthus altissima, Cedrus deodara, Cryptomeria japonica, Juglans ailanthifolia,
Paulownia tomentosa, Platanus occidentalis, Quercus palustris, Rosa multiflora, Ulex europaeus) - is
foreign. Lianas presented of Polygonum perfoliatum, Hedera helix, H. Colchica qos Smilax excelsa.

Pic. 3. Secondary cenosis

In tree-plant row Alnus barbata is dominant , height 8-12 m. in the second row Spiraea japonica,
Phytolacca americana are represented mostly. Projective coverage of grasses (Hydrocotyle ramiflora, H.
Vulgaris, Duchesnea indica, Polygonum perfoliatum, P. posumbu, P. Thunbergii) - is high. 6 species of
fern are described in group (Asplenium scolopendrium, Blechnum spicant, Dryopteris remota, Cyrtomium
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falcatum, Pteridium tauricum, Thelypteris limbosperma). In formed cenosis more than 75% of plant
species in formed cenosis are of a foreign origin.

Conclusion

Chakvi red soils are having acid reactions, the changeable and hydrolysis acidity importance regularly
increases by reducing pH. The soils are poor in humus; general nitrogen concentration is
5 % of humus. From macro-elements Al, Fe, Si - is dominant. Soils are poor in elements - K, Mg, P. The
movable forms concentrations of Calcium and Magnesium in soils are not sufficient for feeding the plants.
Toxic elements are beyond discovering norm: Cd, Cr, Hg, Li, Sb, Se, Ti, T1, V, Pb. From micro-elements
Mn is dominant. The micro-elements concentration does not exceed MPC.

Irrational usage of natural plants, anthropogenic factors influence on them and ignorance and
abandoning agricultural crops in Seaside Adjara phyto-landscapes caused peculiar transformation of flora
and plants which was expressed in formed secondary phyto-cenosis which are characterized by high
potential of invasion of foreign plants (adventitious). in secondary groups by the way of regular formation
of cenotic inter relations, in parallel with growth of coniferous plants, phytocenotic structure is formed
which is differentiated like rows. A certain system for natural rejuvenation is created. Based on
background descriptions and researches in Chakvi bar areas  in naturally developed secondary
phytocenosis there are described 63 families, 137 breeds, 191 species from which local is 61 and 130 of a
foreign origin.
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Manufacture of special pipes by the method of heading
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Tamar Tsertsvadze3, Tamar Tsilosani?

'Academic Doctor of Georgian Technical University, Informatics and Control Systems Faculty
2 Emeritus Professor of Georgian Technical University, Chemical Technology and Metallurgy Faculty

3 Associated Professor of Georgian Technical University, Chemical Technology and Metallurgy Faculty

Abstract

In spite of the success, achieved in the production of metal pipes, its further progress and
improvement still remain a problematic issue due to the development of techniques and new technologies.

For the manufacture of barrels and special pipes of military shooting weapons, belonging to the
small serial production is considered advisable applying the technological process of heading which is
staying out by relatively simple technology and a small number of used equipment.

The experimental studies have shown that during hot heading, wearing and overheating processes
are taking place of press mold elements. Especially in difficult conditions, a pipe mandrel works, when is
heated up to 800-1200 Celsius in the middle of the specimen, after which it loses strength and sometimes
under the action of tensile stress causes destruction. Based on this, the temperature factor has a great
influence on the stability of the press mold; therefore, the use of a cooling system is of great importance.
For this purpose, the press molds were designed and then manufactured in an aviation enterprise for
heading of work piece with a diameter of 50 mm.

The process was divided into two stages to simplify the heading regime. The shell is obtained in

the first stage, and the pipe is made from this shell in the second stage. It's necessary that the work piece

Georgian Scientists/do®mggwo dg3boghgoo 4(02), 2022 115




is being given the opportunity for radial expansion for the rational carrying out of the process of obtaining
a shell, otherwise, the metal will begin to flow in the opposite direction of the punch and we will get
reverse heading. To avoid this phenomenon, the specimen was given the shape of a polyhedral prism, for
the purpose that the sectional area of the work piece would be less than the sectional area of the matrix.

In this paper, based on the results of theoretical and experimental studies, press molds for industrial
use have been worked out for the production of special pipes and pipe work pieces by the reverse heading
method.

In the work, the given design of the press form consists of a water cooling system, which protects
the elements of the press mold from heating and, accordingly, significantly increases the duration of its

work, which in turn gives a significant economic effect.

Keywords: heading, press mold, mandrel, punch, shell, pipe work piece
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DoM0mo9b9l 930009 ©-39H96J0dm60 G®bLRMOAs300L 3990M30bgdsb.
3OHMEO0RINSE0O 59dBH03MmO0L (330000930l 0bsdozs 230R39690L, MIMT 3OMEORBIMI30E0
5JBH03mds  Y39wsHg bs3wgdos LodLogzbM® MMM  Fo3OMILEGHIMGOT0, o3 TJodEGOS
356boen 0dbsls g3omgEmE-09B9bJ0dmMo GEMbLRMEOTS300L 5M930MI306 FsB3969dm .

153356dMm Lo@yzgdo: dmdml 30dm; g3omge® dgBgbdodmMo  BHMBLEMOIsi30s; Lodbogbol
doobyo (TB);
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dmdml 300m §oM0moagbl Joems 3m3MmoE0sdo 4zgwsbg bdod 93003090056 Lodlogbgl o
51939 BMGBwoml obdEHodom Lodbogbgbmsh sbmEoMmgdmwo LozgoErMdol dgmeg JobydL [1].
dmdml 300m 560l 3939MMEIbIo 9350090 @S LbZ3OILbZS BodBHMEMO gobs3oMmdgdl dol
3OMABMBLs ) 93OBsMdsBY 2oblbgez9de FZMHAIBMdGEMdL [2]. g3omgaryM-09Hgbjodmmo
GObLRMO>305 5OOL 3M3gduIMH0 MXMIOMWO 3OMAMSTS, MMl EOHMLSE 930MYIOHO
MXO90900 099696 39H96J0dMG 5396MmE03L Foom TMEMOL IMIOMBOL MbIML, Momsi S0blbgds dsmo
990amdo 06350695 s FgBHILEsBoMYds. gbo®Bgzs Lsdo Lobolb EMT 36Gmy®sds: Godo 1
393006305 933M0Mq9b9BoL, FoBEGHOMsEo0Ls s ByM3Mwo dogrol mMOIoMYOILMD; GHodo 2 -
Jumgool 996653005 s FOOWMdOL TgGbMmOEdILMD; G030 3 SLME0MYONIE0s 530030190050
LodLb03b9gdMsb, LoALogbol VB3>V s BgEILEIBOMGILMLD [1,2,3].

AmORMwMmyonMs© EMT  bslosmgds  930m9w®o  Mx6Hgogool  ©9gong0gb30s300m
93009 OHO  MXOII000  d9HgbJodme  B9bmBGH03Ty;, o009 wo  E-3500396M0bol o
23oBOowo  N-3503900bol  9dudMgloom, sbg3g 30896GH0BoLs s bbgoolbgs 3MMEgsBgdols
3530969390 9Ju3MHgloom.

EMT doRbgmeos OMPMO3 3603039 0-25053535¢0 Log3gb o Lodbogbols
3690635000006 0635P0me  9aMmIsMgmdsdo  3MMaMglbosdo, sbgzg LodLbogbol MmMBMTo

W M35¢0Hgd0 BMmMI0sb dob 3O g olYIoboMmgde-39@SLEIHBOMYOME 93509050 9[4]
396005936500.

SOLBOMBL AMLIBOYOS MM 93019 ©-09H9bJ0dMEMmO BHOBLRMOTS30s 56 SMOL Y300 GOJO
LogggbmEo  39BHoLGoBocgdol  3OMmi3gldo, ol MAd®  JgBo  HoMTMoAIbL  QoMTog5en
9MIoMmgMdSL.

33939035 9B3gbs, MH@I  LodbogbmMo  MXMYOIIOL FoyGs300l  JgPamd  obobo  goOsb
Lofobosmdgam  3GmEqll  dgbgbJodMm-g30mge)®H  BHOMBLEMEOIsgosl  (MET). MET  s6ol
dMdoMmgmds  OmEs  99HgbJodmemo  MxE9ggdo 36 0dMHM6gdIb  g3omgEe  B9bmEHO3U,
296L539M9d0m 30 OLEBEOMO FgESLEIBOMmYGdMW Mdbgddo [2].

EMT-0b do6omso Ogawmws@mtmo d9osdm®gdo dmogsgl TGF-B, Notch s Wnt Labogbsgom
3b9dl; mmdgs 91939 3B30MHMBdJIMWos LoILogbMMHo B03MMPMIIML JB9gIBHIOOm, OHMYPMOOGS
303mgLos s bbgsabbgs dmarg3megdol gdudmglos (MIRNAS) [5,6].

dmfm9dos 303mmgHBs 0dol Tgbobgd, O™ guBHOMYgbmwo ©9393GHMMmoL (ER) o353
3965306MHMdJOL Y OgMs BHEMBL-0RgM963E0530L 9G30mMIOHO0L dxHgb]Jodme B9bmEH03By s
o 2oHBM©OWO  sxMgLOMMdOLs o FYGHLGHIBOMGOOL  3mEHgbzoswl  [9].  g3omgee-
39H9bJodmEmo  BHOBLZMOTo300L  MO30L9dIMYOGO0  Bo3egdsss  glfsgerowo  dMdML  300mU
939 J39¢03godo: Luminal A, Luminal B; Her2 3mbo@ovMo s boddsgo bgae@ow®do;
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dmwg3Mmmo  dgdobobdgoo, MHmIgroi  Loxgmdzws M3l d9HgbJodmne  B9bmEH03s©
GEbLRMOT305L 896 Mz60 MRYdS. MMIEs, BMY0IOHMO 33009300 EILEIM©Yds KRAS wa3trm

3500bodeo 5g@035305 Bbgs dmeg39Im GH0390mob 99omgdom, Gog dormomgdls KRASoL
36083690 ™356 H™ls 9H96J0dMm0 R396MEH030L BsdMYsE0d9gd580, ML 0l SbMmME0gwgdl SNAIZ-
ol 9dudMgliooom [4]. AbyogLo 30LEHMEMAO0MMO S 3¢060379M0 0bBMMTs30s 30093 JMMbg babl
11359l 3w)dML 30dML BOMELMAOMG 39E3gOMYEEMdL [4].

LodLOgbM® MXMIEo FJozMmIEsLEHIMgdo (Tumor budding) Fos®dmMoygbl 3s0ME MO
896M39bL HMIgeog Bsbsbos 1930 Lbgoolibgs Lodlbogbgdo[2]-[4]. dowmbgsgs 0doby, GmA dolo
DMlGHo  obBoMEGHI0s  Bo3odommd o 2oblibgoggds  Lbbgoobbgs  33wg3sd0,  Lomgolm
99x 90900 Ggmsbbdgdol dobgwzom Lodbogzbm® MxMgEo JozMm3slEghgdo (TB) sMob
3306y Lodbogbme MXMIEMWOo XMBRJO0 b Jgbsderms  0bogzosEmMo  LodbogbwmGo
MXO909003, OMIgdoE LodLogbol JoMmO0MsEO TobobRD 0b635B00L bsHYBY 2obEsw39390Wws©
3009050 gmdab. olobo Fgloderms AsBoMRgM©BIE Hmym®E Lodlogbol doMoms 39Msdo (0bE®s-
LodbogbmMo) slY3g Lodbogbol doGomso dsbol  dgMoygMowe  bsfowdo  (3gMoxgMowEo
LodLOZbMO). M93a30M39ws® LOALOZbMMH WYMo Jo3MMIILEIMJd0 dglhogerow odbs
adbbgowo bsfarsgol Lodbogbggddo, mwdgs Ly MO JgBo 33Wg3s 93¢9bl ol Fgbsderm
36O MPbMHBM 006G gdsl 0ligo MOAbM™Ms LoAL03bggdTo MHMYMMOESS 356369oLOL, Logeadsgol,
bemmbol,  dMdnls s Lbgs [4]-[9]. Bmyog®mo 33wg30L msbsbdo, ddmls s Lbgs mGysbmms
Lodlogbggddo Lodbogbols Jo3MM3EsLEYMIOOL Forowro 53969090 SLBMEFOMYOMEO 0Ym P OIGM-
39L3906 0635H05Lmb (LVI) ©8/sb6 sbg3g odgymmo 335609006 dg@olGsbw6 ©osb0sbgdslmsb
[8]. 535L goMs, 89300 330935 B0MOMYOL MMA Lbgzoolibgs LodLogbols dgdmbggzsdo, Lodlogbols
3036MM3BEGHIMJOOL  Fooo  30RMO0  SLMEEMgdMwos  LodLogbolash gsb3MMHBIdoL B
356396909 39b. BMY0gMmo 330930l MBsbTo LoALOgbME YRMgEo Fo3MMIWLEHIM9d0 (TB)
31939 393806305 0LYM 35MMMYOVIO BoJBHMMGIND HMYMOOEss Lodlogbol MBOM oo DM,

w0dxmM3sL3MNWOHo  0b3sbos, mmBzs sl Tgbodgrms  slg3g  Jmbgl  sdmm30YdgKo
36HMabMHBMo oMM,

LodLogkbME MXMgOMEo F03OMIWILEBHIMJIOL ZsL3MWNE 0635B0LMB FMS35¢0  33eg30m
35903 9bods SLM3053050 49B330MMdS ol 3B30(3gds, BMI gl MXEMJIOO0 BIOVIEO 605D

5069 393oLEIBoMGOOL 3OM3EgLT0 930mgE&-09D9gbdodmMo GEMblgM®mAs300l ds3eol yBom
(EMT)[10], [11].

3bmdo0s, H™A LodLogbMMo MXMIIOO, HMIWGdOE Fo03w0sd EMT @GHEMsblgm®MBozost sGr0sb
W3O 063590990900 @5 BoLOsMEYB0D, BMYMEOF T9EsLEIBOMIdOL dgBo dmEgbiowom, slg39
5006036935 LoALogbm®mOo 353096EYIOL BMYSO A5IMPIBIEMBOL Bo3wgdo dohgzgbgdero. [10], [12]-
[16]. 50 36mEgbol sy 9BS3Bg dgmgzo LodbogbmMo YxMIEIdDY Bgdmddggdsl goshbos
QOO  30bo3zMMo  ©00M9dgds, Mosbs3 dMdml Lodbogbol ddmbg 3530963900l  30%do
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Lodbogbol A9EHLEHIBOMYOS XIO 3093 MBJdS YBHIWNOHO 25TMLOZEOl 356 360336 M356
d0BgBo.  353095GHOL oIRGB MIOLS S BMYSO  2oTMBOZEIOlL  QOLYIx MBS,
39GLGHIBOMYOOL 3OMEILOL dBEPMZ0MYds b0 ETOBEYdOMO F3MMBIMBOL LTS GdgdOm,
300MAXM39LOL  Fooeo  0635H0MOHMBOLY s SMgLOMW MOl dJmbg Lodlogbggdol m3909L
3590535,

dsbogms s 890MYdO

330935 8Mm0Ee3s Bm®MIse0bdo  ©sxg0JuoMmGdMEIls S 35Mmox0bdo  Boyswrodgden (FFPE)
Loghom xsddo 55 99dmbggzsol MMAgmoysbsg dmdml 0bzsBomMmo Loob®mzsbo 356 E0bmdol
Luminal A 8mg3mma®o  Godo  §omdmopqbl 33 d9dmbggzol bemeom 22 — Luminal B.
3539MLMboBOE0MYIOMEo 15330930 35698060l deErm3gdo 50mqdem  0dbs  mdogobol
Lobgwdfoxzm  Lsdgogobm  mbogzgMlodgdol  Lobjsgerm, bsdgEboghm s  ©osgbmlido3mMo
W5dMMSGHMOH00L 5©J030096. ddml Lodlogbols J98mb393900 OSRBMLEHOMYdIMWwo oym 2017-2021
Pargddo. 33w930Lm30L 899 dsgs 390amdo  sEaMm®momdo (obogrgm (bMoE0l-3): F9zslicos
Lodbogboll  Loggwrgzo  3960L  Bmds;  Wodymmo  3396d900L6  dEEMIsMgmds;  Lodlogbol
30LBHMEMY0OHo oRIMHIBE0s0s St. Gallen 2013 criteria [18]; Gmym®E doMoms 396Msdo sb939
Lodbogbme  MXOIM  FoIOMIWILEHIMJOLS s FYGHILEIBOMYPOM  WoIBNG  3356d9000;
3MMoxggmhszool 0bgdbo Ki67; E-300396060L, 3099630605 @5 39@)9-35¢)9b0bol  gdudtmaglios
BGHOMYgbMmo @ 3OMygbByMobmwo MH9393GH™M9d0, Her2 (396bmGE0gm©s
03996m3obEMmJodomeo Ggdbmemyoom Antibody Clones: ER-clone:6F11; PR-clone:16; HER2-clone:
CB11; Ki67-clone:MM1; Vimentin - clone:V9; E-cadherin — clone:36B5; Beta-Catenin Clone:17C2;
3099950300l LobBgds - NovolinkTM Max Polymer Detection System). 33¢0g3s 9bs®qs3gH0oos
0000oloL Labgwdfoxnm LsdgoEobm »Mboggmlodg@ol gmozol 3mdolool doge.

(509bMdM030  FgRsligdolomzol  godmygbgdmwo  oym HE&E  @gdbmemaoom  dgmgdoe
5650 g0bYg 305300 35MEPMAO0L 300d30vEJHYIE0 dBMYMmsds QuPath.

LodLOgbM YYXMIOIo J03MMIILEINJdOL 0bgduo (TB - 0bgduo) dggsbigdmeo odbs H&E
A996memyo0m Jg0gdoen 5bsmEgddo MmMO EITMYI0IOJO  ZsMEMY-5BsBmdol doge (0.0
3.0). H&E 565000900 ©ili3969M©s, B3m@EHMMmexz0M©s 5 Mom©bmdmogsm dga3sliegds 30xOmYe
3omxym®dsbg Qupath- Quantitative Pathology & Bioimage Analysis 30830996900 dbs®sFgMob
36535 39MLos 0.3.2. [19] obogrgom LvGomo 1 s 2).
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by&ooo 1:Qupath H&E, 000036:7(6 Jjég@y@o
do 36m 300l 99d0b dgaolbgdo — dgdorbgggol berdgtro 15

0‘760090 2: HPF 400X H&E - 0030036:7(6 ‘7‘)‘6‘7@‘7@0
303(6093@000‘96‘950/} 3‘9%700‘930; 535’0)633301} 6_093‘7(60 12
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X o Tha — sk o .
0 35 303Ut gS 9ol Sogbge =9
2. THC: 354>-35h96060L gdL3GgLos LedLogbn® 3G g gar 39230 400X;: 3.
ITHC, 393>~ 39096060bL gdL3GgLbos LeBLogb® PG g o 3G ™ 30 3LR g5 9330
400X:4. THC ER gdL3©GgLos Le3Logbn® PG genaee Bo3G™m 3L g 9330
400X: 5. IHC, Vimentin gdL3G gLos Le3Lagbn® G genay

Bo 3G 3emo3LRngS 9330 400X 6. IHC, E-cadherin gdL3&GgLos Lo3Logbn®

VIC o 303G 300U gS 5330 400X 7. IHC, E-cadherin gdL3&G Lo
cpoldgn® 3396d9330 400X 8. IHC, Ki-67 gdL3GgLbos Lo3Logbn® 3G genay

Bo 3G 30w oLAG 330 400X

Lodbogbm® YOI  FoOMIWILEHIMJOOL  Tglogoligdws  2sdmygbgdmmo  0dbs
93396305 ogdmmo LogHmsdm®olem bodlogbol 000006908 2016 ferol 3mblgblmbols
0obobdoo  International Tumor Budding Consensus Conference (ITBCC) 2016[20].Lodbogbmé
MXOIo 30360 30sbEIMg00L (TB) 256056305 s 8gx8sligds: dsdmyggbgdmaro odbs 99gao
3960smFGH90s.  ghmgmwo  0BMmEoMgdwo  LBodbogbmmo  MXMgEIdo /6 5 Lodbogbwm®

IXOI©29©) T39O0 JXOIQMWO JwsbBHIOgdo [20].

H&E s 039bm3obEmdodon®o 33w930L 89092900L 063 9M3960305 25bbmGEogw©s m&o
53030009090 350MEMY-565@MAol doge (0.0; 3.0). M3MmEYbMmdMH030 Imbs393900 3Tz
d9L5d5d0LO LESEOLEH03MOHO FgOMPIOOL dmyqbgdoo: 3MMmYEsE0s FoboloBams Spearman’s rank
test -ob dobgz00 bmem JgsMgd0m0 965EO0BOLMZ0L  KARIOL FmMoL A5dMYgbgdro 0dbs
Mann-Whitney s Kruskal-Wallis ¢gb@o. 93603bmdganmds s B3ggogom®mds 3953sbs 95% osbo
Lo®HINbM@dOL 0bFHgMz35wom. P Goibgo <0.05 g4sb6bowwrwem 0dbs LEs@oLE03Mms© Lo®(ombme.
y39@s  LAIGOLGH0IMOMO  ©sFMTsggds  AobbmGEogs  SPSS  statistical  software  V20.0-ob
LMo gdO.
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89093900 > B3boegs

dx9dml 0635B0M0 LaobMOmgsbo 350ME0bmdol Luminal A dmerg3mwv®o GHodol dgbhsgarowo
33 9900bg935d0 3500 0RIM630M90Mwo  0635H0MMH0  LyEobOHMgzsbo  JoMEobmds Grade 1
fomdmoygbocro ogm 3 dgdombggzedo (9,1%); BmIoghs ©oxggmgbzomgdmywo Grade 2 — 11
9900bg935d0 (33.3%); B OxgM9gb30Mgdmwo Grade 3 — 19 9gdmbggzsdo (57.6%); Luminal A
39390 3Hodol 33 d90mbzg30sb Lodlogbols doMoms 39Msdo guBMMA9bOL M9i393GHMOMOL
9gb3Ggbos MxMgms 0-10%-3o 500b0dbgds 7 99dmbgggzsdo (21.2%); 11-50% - 12 d9dobgggzsdo
(36.4%), bemeom >51% - 14 Ggdmbggzedo (42.4%); 3G@qLEYOMbOL  M9i393GHMMoL  9Ju3GMmgLos
50060369dm©s MxMgms 0-10%-3o 10 d9dmbgggzsdo (30.3%); 11-50%-do 12 99dmbggzsdo (36.4);
>51%>80 14 99dmbggzsdo (42.4%); 300963 0bol gdudMgbos s00bodbgdms xMgoms 0-10%do 6
990mbggzsdo (18.2%); 11-50%-3o s >51%-3o 30996EH060L 9Judcglos 56 godmgzwobos. dwdnmls
063509960 LoEobMHM3zs60 3560306MmTol doMomo 3gMsdo dg@s 35¢9b0bol gdudeglios 0-10%-do
500b0dbgdmEs 7 9gdmbggzsdo (21.2%); dgBs 3oBgbobol gdudMglios 11-50% s >51%-3o o6
399Mm3w0bs sOEgMm 89dmbgn3500; 3OHME0RIM30wo 0bpgduo Kl-67 1-3%0©g 0b@gem3s¢0do
5006036y 33 dgdmbgz930056 3 9gdmbggzsdo (9.1%), 4-9%0g 0bEgem3zs¢do 8 gdmbggzsdo (24.2%);
9-14%03dg 0b6&9M35¢do 22 F9dmbggazsdo (66.7%), >14 % 3Om39bGHBY sMiEgMm dgdmbggzedo 56

399m3w9bogs.

Luminal B dm@g3mem®o Godob dglfsgeromo 22 899mbgg30sb 3505¢00539609630609dwgmo
0635D099Mm0 LoobOHmzsbo 3oMiEobmds Grade 1 Fo®Imagbowo oym 3 dgdombggzsdo (13.6%);
bMmI0gMo© ©oxggMgbzoMgdmwo Grade 2 -12 dgdmbggzsdo (54.5%); ds ©0xBgIMHY630MH9dwo
Grade 3 — 7 390mbgggsdo (31.8%); Luminal B dmg3mammdo Godol 22 990mbggzosb bLodlbogbols
doMoms© 3960530  guGH®MYgbol  M9393G ™ML  9JudMgbos MxMgEms 0-10%-8o s0obodbgds 5
09dmbggzsdo (22.7%); 11-50% - 9 9gdmbggzsdo (40.9%), bmerm >51% - 8 Jgdmbggzsdo (36.4%);
36MHMa9bGHYOMbOL M9393GMMOL 9JudMmglos 500bodbgdm©s WYxGMgms 0-10%-do 4 F9dmbgzgzsdo
(18.2%); 11-50%-30 11 890mbggzsdo (50.0%); >51%>3o 7 Ygdmbgnzsdo (31.8%); 30096 060b
9Jb36L0oS 500b0dbYdM©s R Mgms 0-10%do 9 F9dmbggzsdo (40.9%); 11-50%-3o o >51%-3o
30096 0bob gJu3malos 56 QsdmM3wobs. 893 39BH9bobol 9dudcglos 0-10%-o s00bodbgdmes 11
d9dmbgagzedo (50.0%); d9@s 393 9b0bol 9dudtglios 11-50% s >51%-3o 56 godm3zw0bs sGEIO™
39000b393590; 3OME0xgMs30wo 0bwgduo Ki67-ob gdudgbos 1-3%0d@g 0b@gmzswdo sGEIO™
X31%300 56 godmgmgbows, 4-9%0dg 063)M35¢d0 500b0dbgdm©s 1 dgdmbggzsdo (4.5%) 9-
14%09 0b@gMzsedo 3 dgdmbggzsdo (13.6%) bmerm 18 89dmbggzsdo s00bodbgds >14%bg
(gbMoemo 1).
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gb®oco 1: Lodbogbol doMoMoEO 3gMHol Jsbslosmgdargdo (n=55) Table 1

Luminal A Luminal
B
05bsliosmgdgdo N % N %
3093900 G030 Luminal  33.0 60.0 22.0 40.0
Grade 1 3|91 3 136
Nottingham Grade Grade 2 11 | 333 12 | 54.5
Grade 3 19 57.6 7 318
0-10% 7 212 5 227
ER - gb@®mggbo 11-50% 12 364 9 40.9
>51% 14 424 8 364
0-10% 10 30.3 4 182
PR - 30039b¢96mbo 11-50% 12 364 11  50.0
>51% 11 333 7 318
BodbogBol 0-10% 6 18.2 9 409
30096060 11-50% 0 0.0 0 0.0
SOl SOz >51% 0 00 0 00
3909 0-10% 7 212 11 500
39BS-3o¢gbobo 11-50% 0 0.0 0 0.0
>51% 0 0.0 0 0.0
1-3% 3 9.1 0 00
_ 4-9% 8 242 1 45
Ki67
9-14% 22 66.7 3 136
14 >% 0 0.0 18 81.8

Luminal A 9m931060 G030 dmdml 0635096 Loob®OH™3sb 396 E0bmagdol dgbfagerow 33
990b3935d0 LoALOZbME YOI MWO T0IOMIEWLEHIMIOOL B0 d5B396909eo (TB: 0-5)
39dm3w0bs 6/33 dgdombggzedo (18.2%); 6 Fgdmbgzgz0sb guEHOmqbol gdudtmgbos 11-50 %
0b6¢9M35¢do  500bodbgds 2 Tgdmbggzsdo (33.3%); bmerm 51% 4 dgdmbggzsdo  (66.7%);
36MHMygbGHIOMboL M9(393G ™ML 9Ju3Mglos 11-50% 0b3gMzoedo 500b08bgdms 3 dgdmbgzgzsdo
(50.0%); 51%> 0b@gMzoedo 3 F9dmbggzsdo (50.0%). 30096EH0bol gJudeglos 0-1% ob@gMgzgswdo
500603bgdmEs 2 dgdombggzedo (33.3%); 1-10%-do 3 dgdobggzsdo (50.0%); 11-50%-3o - 1
9900bgg35d0 (16.7%); d9@S 395¢9b0bob 9dudcglos 0-1% obEgegzsedo 3 9gdmbggzsdo (50.0%); 1-10%
06¢9M35¢do 500603690 2 8gdmbggzsdo (33.3%); 11-50% - 1 dgdmbggzsdo (16.7); E-3sw3gMobols
9gb36gL0s  5©0b0dbgdMms 11-50% 0bEgMzsdo 2 Fgdombggzsdo (33.3); 51%> ob@ghgzoedo 4
990mbg935d0 (66.7%); 3O™ME0x96M5:30v90 0bgdbol Kib7-ob gdudcmglos 4-9%-80 s0obodbgdmes 1
09dmbggzsdo (16.7%); 9-14%-38o 5 dgdmbggzsdo (83.3%);
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LodLOgb M XM MEo J0IOMIELEIMIdOL BmdogMo dsB39bgdgwo (TB: 5-9) s00bodbgdmes
18/33 dgdombgggzedo (54.5%); 18 Fgdombgqz0wsb guE®mMmygbol Mg3g3GHmMol  gdudMgbos 11-50%
06¢9M35¢30 500b03bgdms 7 dgdmbggzsdo (38.9%); 51%> 0bEgMgowdo 1139dmbggzsdo (61.1%);
3MMALEHIOMbOL ©9393GHMM0L 9JudcMglos 11-50% 0b@gezodo 10 dgdombggzsdo (55.6%) bmeom
>51% 8 T9dobggzsdo (44.4%); 300963060l gdudmgbos 0-1% 0bEgM3s¢do  s00bodbgdms 4
990mbgggsdo (22.2%); 1-10% 11 99dmbgggsdo (61.1%) 11-50% ob@ghgsedo 3 99dmbggzsdo (16.7%)
>51%%9 300963030 9gL3Mglos sM(396M 00 F9dmb393530 56 499M3w0bs; dgES 393Ybobol 9JudMglios
0-1% o0b@gMzswdo s00b60dbgdmes 5 Tgdmbggzsdo (27.8%) bmerm 1-10% o0b@gegzsedo 9
99dmbggzsdo (50.0%); 11-50% obEgMgzgowdo 4 99dmbggzsdo (22.2%), >51%-bg dg@s 35@gbobol
9gu36gLos sEMEgMm 89dmbgg3500 96 499M3W0bs. E-35039M0bol 9dudMglos sobodbgdms 18
0900bgg3096 11-50% 0bEHgMgzsewdo 8 dgdmbgggzsdo (44.4%) bmeom >51%-bg 10 dgdobgggzsdo
(55.6%), 1-10% s 0-1% o0b6¢gMzswdo  E-3500396M0bol  gdudMgbos o6 99m3w0bs.
3MMEoxggmhsgomo  0bgdso  Kib7-ob  gdud@gbos 18 dgdmbggzosb  1-3%  0b@ghdoendo
500b08bgdms 3 d9dmbgggzedo (16.7%), 4-9% - 6 d9dombggzsdo (33.3%) 9-14% -9 F9dombgzggzsdo
(50.0%) <14%-%g 30r0oxgMo30o 0bgdlo sG3EgM0 990mbgg3580 56 20dm3w0bs.

LodLOgbM® YYRMIYo FJoMMIELEYMJOOL owowo dshgz9bgdgero (TB: >9) s0obodbgdmes
9/33 349dobggzsdo (27.3%); 9 T90dmbzg306 guBHOMYIbol  M93g3GHMMOL  gdudtmgbos 1-10%
06¢96M35¢080 500b03bgdmMms 6 990mbg935d0 (66.7%) bmerm 11-50% 06¢gM3s¢0do s00bodbgdmes 3
090mbggzsdo  (33.3%) >51% ob@gmgzscdo gbBHOMaqbol  M9Eg3@G™mMmolL  gdudtMglos  sOEIO™
3900bgz935d0 56 459Mm3w0bs. 3MMPGEHIOMbOL Mg3a3@GMMol 9dudmglos 1-10%  ob@ghgzswdo
500603693m@s 4 dgdmbgggzedo (44.4%) 11-50% 0b@gM3sedo 5 990mbggzedo (55.6) bmerm >51%%bg
3609 GHYOMbOL M9(393GHMMOL 9Ju3MgLos B39O Tgdmbggzsdo 96 AsdM3wobs. 30896E0bols
adudégbos  0-1% o0bGHgM3zswdo sobodbs 2 dgdmbggzsdo (22.2%), 1-10% ob@gmgoedo 3
090mbgggsdo (33.3%) 11-50%% - 4 F90ombgg300 (44.4%) boeoem >51% 0bEgMzoelo 30396¢0bol
994L36MgL0S SME39MH F9gdNH393500 96 oM3W0bs. 39BS 35@9b0bol gdudMglios 0-1% 0bEHgM3zsedo
50060365 1 d90mbggzsdo (11.1%) 1-10%3g 0b@Hg™zswdo 2 d90mbgagsdo (22.2%), 11-50% dwg - 6
d9dombgaggzedo (66.7%) bmerm >51%%g 09@o 3o@gbobol gdudtglbos sMEgmo Fgdmbggzedo oM
399m3w0bs. E-35003960060l 9Jud®glos 0-1% s 1-10% 0b@gem3zsw8o sigho d9dmbggzsdo o6
299030065, Gog 999bgds 11-50%09 06935l 500bodbs 8 d9dmbgggzsdo (44.4%) beagom >51% -
10 99dmbgggzsdo (55.6%). 3HME0xggm 30990 0bwgduo Ki 67-0b gdudmgbos 1-3%-0g 0b¢gMgsedo
500b0dbs 4 Fqdmbgggzsdo (44.4%) 4-9% - 2 Fgdmbgggzsdo (22.2%), 9-14% sbggg 2 d90mbggzsdo
(22.2%) Ki67-0b 9dud@gbos >14%-bg sG396 0> 9000b393500 56 250Mm3¢0bs.

Luminal B dmqrg3meag6o @odol d999996 0635506 bsobmmgzsb 3060306madgdol dgufsgwou 22
d9dmbggzedo  LodLbogbm® Mg Mo T03OMIELEHIMYIOL B0 d5B396909eo (TB :0-5)
399m3eobs 3/22 d9dmbgggzsdo (13.6%); MmIgermaysbog gbGH®mmaqbols ®93gd3Bm®mol gdudMalios 1-
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10% 0b6@gMhgoedo  s00b60dbgdms 2 dgdmbggzsdo (66.7%), bemeom 11-50% ob@gtmgzeedo 1
990mbggzsdo (33.3%) >51%Bg gbBHOMabol M93g3G™OmoL 9Judcmglbos sOEgMm Fgdmbgzgzsdo 5
3593w 0bs.  3OHMYgbBgHmbol M93a3GHMoL  9dudcglos 1-10% o0bEHgm3zsebo  dsdmgzeobps 1
990mbgggzsdo  (33.3%), bmeoem  11-50% ob@HgMgzsewdo 2 dgdmbggzsdo  (66.7%), >51%-bg
36MHMygbGHYOMboL  MH9(393GHMOOL 9Ju3MLos sMEge Fgdmbzgedo o6 4sdmzwgbogs. 30896EH0bol
9gu3egbos 0-1%3dg 0bGHgM3zsedo s0obodbs 1 dgmbggzsdo (33.3%), 11-50% dg 0b@gtgzsdo
500b0dbs 2 9gdmbggzsdo (66.7%) bemeom 1-10% dg 0b@gezswdo sbg3zg >51%Bg oHEgH»
390d0bgz935d0 96 godmzwgbows. BB 39@9bobols 9Judeglios 0-1%0dwg 0bEgMzswdo s0obodbs 1
090mbggzsdo (33.3%), 1-10%3g 0b@gm3zse8o 500b0dbgds sbiggg 1 8gdombggzsdo (33.3%), 11-
50%3dg - 1 dgdmbgggzedo (33.3) >51%-Bg dg@s 39@gbobol gdudMgbos sMigMm dgdmbggzsdo o6
298m3mgbogs. E-350396060L 9Judcglos 11-50% 0b@gMzswdo s0obodbs 3 99dmbgggsdo (100%) O-
1%, 1-10% o5 >51% o0b6@gemzswdo E-35003900b0L gdudtglos sGEg@om  89dmbggzsdos o6
25903 9bos. 3MME0RIMs30Eo 0bgduo Ki67-ob 9dudMgbos 500b0dbs 9-14%0bL 0bEgMmgzsedo
1 990mbggzsdo (33.3%) sbgzg >14%-bg 2 d90mbggzsdo (66.7%) 4-9% obEgMgzowls s 1-3%-do
50390 990mbz935d0 96 250M3gboms.

LodLOgbM YYXMIYO F03MMIELEHIMYOOL Bmdogho dsB396909¢0 (TB: 5-9) smobodbs 5/22
090mbggzodo  (22.7%); OHMIgmeobsg  gu@®mMmygbol  H9g393EH™MOL  gJudMgbos  1-10%0y
06@¢9M35¢080 500bodbs 3 dgdmbgzegdo (60%), bmerm 11-50%0dg 2 99dmbggzsdo (40.0%) >51-%bg
BGHOMYIboL M9;393GHMOHOL 9Ju3MHgLos SOEIO Fg8NH393530 56 A5FMZEgbos. 3MMYGLEHIOMbBOL
®9393G™M0L  9Judcglos 1-10%38g 06FHgM35¢do 5©00bodbs 2 Fgdmbggzsdo (40%) bemeoem 11-
50%0dg 3 9gdmbggzsdo (60.0%) >51%Bg 3HMagLBHgO™bol Mg393GH™MmoL  gdudcmglos sME3gMm
d900bg93500 96  459m3w9bogs. 30396EGH0bol  gJudcmglios 0-1%0dg 0bFGH9gM35¢o  s©obodbs 1
d90mbgg3sdo (20.0%) 11-50% 0bEHgegzoedo s00bodbs 4 d9dmbggzsdo (80%) 1-10000g 0b@gMzsedo
Q5 91939 >51% %9 309963060 9JL3MGLOS 56 A¥TMZW GBS SG(39MHm T9dmNbz93500. 39@S 3oB9bobols
9gu36qbos 0-1%0g 500b0dbs 1 8gdmbgggzsdo (20%) 1-10%0g 1 dgdmbggzs (20%) 11-50%09
5006036y 3 d9dmbgggzedo (60%) bmerm >51%%bg dg@o s®Egho d90mbggzsdo o6 godmgugbos. E-
39003960060l 9dudMglos  1-10%3g 06FHgM35¢do  s0obodbs 1 dgdombggzedo (20%) 11-50%
06@gm3ocmdo 4 Fgdobggzsdo (80%) 0-1% o >51%bg E-350039M060L  gJudMagbos oG9 o
d90mbgggzedo o6 godmgzgegbows. 3OHMmEoggmszomo 0bwgduio Ki67-ob gbdMgbos 9-14% dg 2
d90mbgggzedo (40%), >14%Dg s00bodbs 3 dgdombggzsdo (60%) 1-3% s 4-9%3g 0bGHgMzsedo
3ME9Mm0o 89d;mbgn35d0 56 259M3egboes.LodLogbM MYRMHIMO B03OMIEIBEIOIOOL Towowro
0oh396909o  (TB: >9) oseobodbs 14/22 Ggdombggzsdo (63.6%); GMIgErmsgsbsz guB®mygbol
®9393GMM0L 9JudMglos 1-10%0wyg 0b@EgMgzswdo s0obodbs 10 d9dmbgggzsdo (71.4%) , 11-50%dg 4
d9dmbgaggzedo  (28.6%), >51%%Bg sOEgMom  Jgdmbgzgzsdo o6  godmgzwrgbos.  3MMmyglGgmmbol
®9393G™M0L 9dudMglos 1-10%3dg 06&gMH35do sobodbs 9 dgdmbggzsdo (64.3%), 11-50%09
500b0dbs 5 Fgdmbgggedo (35.7%), >51%Dg s 3gM G9dmbggzsdo 56 ds0mgzwrgbos. 30d96E0bol
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9dudeagbos 0-1% ob@gMgzsedo s©obodbs 2 dgdmbggzsdo  (14.3%) 11-50%0g ow0obodbs 5
999bg93d0 (35.7%) >51%-bg - 7 990mbggzsdo (50.0%). 1-10%3g 300963060l gdudMglios s 39
X3RO 96 ©o50JLoMYOMEs. dgBS 39Bgbobol gdudeglios 0-1%dg 0bEgMzswdo s0obodbs 2
990mbggzsdo (14.3%) 11-50%09 s00608bs 3 9dmbggzsdo (21.4%) >51% 500b0dbs 9 d9dmbggzsdo
(64.3%). 1-10% 0b@oMgzscdo s 3960 999mbzg3500 56 530JL0MYGdMS. E-350390M0bol 9Judcmglos
0-1%009 50060865 2 dgdmbggzsdo (14.3%) 1-10%0@g 500bodbs 5 89dmbgggzsdo (35.7%) 11-50%-09
7 9900bggzsdo (50.0%) >51%%Dg sGEgM xXaMBdo o6  gsdm3zwgbows.  3MMEOGIME0MEO
0bggdLob Ki-670L gdud@glios 4-9%0g 0b6@EgM3s¢do s00bodbs 2 d9dmbggzsdo (14.3%) 9-14%-09 4
9900mbg935d0 (28.6%) >14%%g 8 900bggzsdo (57.1%) (sbMHogo 2).

3bMoo 2: LodlogbwmE Yx MO F03MOMIWILEHIMJIOL FobolosMYdEGdO;

TB ®ogbgo
0-5 Low 0-5 Low
N/Frequency 6 182 18 545 9 273 3 136 5 227 14 636
1-10% 0 0 0 0 6 667 2 667 3 60 10 @714
ER 11-50% 2 333 7 389 3 333 1 333 2 40 4 286
51%> 4 667 11 611 0 0 0 0 0 0 0 0
1-10% 0 0 0 0 4 444 1 333 2 40 9 643
PR 11-50% 3 50 10 556 5 556 2 667 3 60 5 357
51%> 3 50 8 444 0 0 0 0 0 0 0o 0
0-1% 2 333 4 222 2 222 1 333 1 20 2 143
godg5 | 1-10% 3 50 11 611 3 333 0 0 0 0 0o 0
®bo | 11-50% 1 167 3 167 4 444 2 667 4 80 5 357
51%> 0 0 0 0 0 0 0 0 0 0 7 50
0-1% 3 50 |5 278 |1 111 1 333 1 20 2 143
090> | 1.10% 2 333 9 50 2 22 1 333120 0 0
gff”ﬁo 11-50% 1 167 4 222 6 667 1 333 3 60 3 214
51%> 0 0 0 0 0 0 0 0 0 0 9 643
0-1% 0 0 0 0 0 0 0 0 0 0 2 143
E- 1-10% 0 0 0 0 3 33 0 0 1 2 5 357
39039
®obo
11-50% 2 333 '8 444 5 556 3 100 4 8 7 50
51%> 4 667 10 556 0 0 0 0 0 0 0 0
13% 0 0 3 167 |4 444 0 0 0 O 0 0
cior 49% 1 167 6 333 |2 222 0 0 0 O 2 143
9-14% 5 833 9 50 2 222 1 333 2 (40 4 286
14>% 0 0 0 0 0 0 2 667 3 60 8 571
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99Lfogeroeo Luminal A dmeg3wee®o Godol ddml 0b35Bom™o Loobmmgsbo 35M30bmadols
%5080 33 9900bz9g30L LoALOZbME® YNMYOMO T0IMOMIWLLEHIMIOOL S0 T5B3969d¢ ol (TB: 0-
5) 9Jmbg 6 99dmnb39300B T9EIEIBOMmYPIM WodBGH 3356d90d0 guBHMMYIBoL MY393EHMMOL
9gb36MgLos 50obodbs 1-10%3g 0bEHghzsedo 1 99dmbggzsdo (16.7%) 11-50%0g 0bEgMgowdo 2
990mbggzsdo (33.3%) >51%bg s00b0dbs 3 dgdmbggzsdo (50.05%) 0-1%0g 06@gM35¢do sOE3gH o
99dmbgg3zodo o6 asdmgzmgbos.  LoALO3bMO  MXOJOEO  F0Z3OMIELEIMGOOL  BMTogHO
doh39bgdcols  (TB: 5-9) 0Jmbg 18 890ombgg30sb Tg@olBosHoMmgdmE  odgymem  3356d90d0
BEGHO™960L M9393GHMMOL gdudmgbos 1-10%3g 0bEgMzsdo sobodbs 3 dgdmbggzsdo (16.7%),
11-50%3d@9- 6 d90mbggzsdo (33.3%) bmeom >51%%bg 9 99dmbggzsdo (50.0) 0-1%3dg 0bEgMzswdo
BGHOMYgbol  9Ju3dMgLos  sE3gMm  dgdmbgzglzsdo 96  godmzergbows.  Lodbogbwme  MRMHYLMEO
3036003 slEgMd0L dowowo dobgzgbgderols (TB: >9) djmbg 9 89000bg930056 d9EsbiEoboMgdwye
0dxm6 335609000 glEGOMAbOL M9393G™EMoL 0-1%3g 06@9M35w8o 9dudeglbos sobodbs 2
990mbggzsdo (22.2%), 1-10%30©g 0bE9gMzswdo 6 dgdmbgggedo (66.7%) 11-50%3dg 1 d90mbgggzsdo
(11.1%) bmerm >51%%bg 5639600 39000b3935d0 56 498m3egbows.

dgbfogeroeo Luminal B dmerg3owweo @odol dmdml 0b3sbowmdmo boobmmgsbo 3sGiEobmadol
x50d0 22 99000bz930L LoALOZBME® YRMYOMO T0IOMIWILEHIMIOOL S0 ToB3969dw ol (TB: 0-
5) 9Jmbg 3 999mnb3z9306 T9EHILEIBOMmGPRIM Wodgy® 3356d90d0 guBHMMEgbol M9393GHMMOL
adudégbos  1-10%3g 0bFGHgM35¢wdo  500b0odbs  Lsdogg dgdmbggzsdo  (100.%) gbEG®Mygbol
69393GMM0L  gdudMgbos 0-1%; 11-50% o >51%%Dg 56 @odmgzwgbos s®EgMo dgdmbggzsdo.
LodLOZbMM YYXMIOYEO FJ03MMIELEHIMYOOL Bmdogho dsB39b90w ol (TB: 5-9) 5 990mbggz0sb
39GHoLGIBoMGOM  @odRME  3356d90d0  gLGHOMYIbol  B3g3GH™OOL  9dudmgbos  1-10%09
063 9M35¢080 500b0dbs 4 d9dmbggzsdo (80%) bmenm 11-50%0©g 0b63gMzsedo 1 dgdombgggzsdo
(20%). 0-1%0g s >51% 06@gM35¢do guGHmMgbol M93Eg3GMOmOL 9JudcMglos o6 gosdmazwgbows.
LodLOZbM® MXMIIEO F0ZOMIWILEIOYOOL Fowsero FsBg9690¢ol (TB: >9) 14 d90mbgzg30sb
39GHoLGHIBoMGOM  @odxnNGH 339609830  guEGMMABOL  M9i393GHMOOL  9dudMgbos  0-1%0dg
06@9M35¢80 500b0dbs 3 99dmnbgg3zod0(21.4%) 1-10%0g 0bBHgMzswdo 9 89dmbgggzsdo (64.3%)
bogoem 11-50%0809 2 9900bggzsdo (14.3%). >51%%g 06@gM35¢8o guGOM™A9bol 9Judcmglos s 39 o
X3BJ0 56 godmzegbows.

399m33wgmer Luminal A dmeg3aerm®o  Godob ddmbg dmdml 0bzsbom®mo Loobmmgsbo
3960 30bm3ol LodLogbmE MXMHIMEO 303MMIWILEIOGOOL dSE0 ohzgbgderol (TB: 0-5) ddmby
6 d90mbgz930056 (6/33) TgEolBsboMgdme odxgy® 335609800 3MMYguEHIOMbOL Mg393EMMOL
9du3Gqbos 1-10%0g 0bEgM35¢0do sobodbs 1 Fgdombggzsdo (16.7%) bmerm 11-50%0g 3
d9dmbgggzsdo  (50.0%), >51%%Dg smobodbs 2 dgdmbggzsdo (33,3), 0-1%0@g 3OMqbEgG®bol
994b36MgL0s sOEYMM F9gdmNH393530 SO Fodmzgboms. LodLogbO MXMIOIEO F03OMIWILEHYMJOOL
bmdogMo 3sb3z969deol (TB: 5-9) 18 d9dombggzosb (18/33) 9@ sLEsBomgdwe wodgwy® 3356d90d0
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3609 GHIOMbOL M9393G ™ML 9Ju3MgLos 0-1%dg 0bEgmzswdo Asdmgzwobos 1 d9dmbgggzsdo
(5.56%), 1-10%09 0b@HgM3zsedo 3 dgdmbgggzsdo (16.7%), 11-50%38g 0b@ghgsedo 8 99dmbggzsdo
44,4%, >51%-%g 6 99dmbggzsdo (33,3%). Lodbogb® MXMIOMEo FoI3MOMIWILEIMOJOOL Tos@oEo
doh39b9dcols (TB: >9) 9dmbg 9 F9dmbggz0osb (9/33) dg@sLEIBOMmPRM odRwe 3356d90T0
3609 BHYOMbOL 9393G ™ML 9Ju3MgLos 0-1%dg 0bEgmzswdo Asdmgzwobos 1 d9dmbgggzsdo
(11.1%), 1-10%09 0b&gMzsedo 5 dgdmbgggzsdo (55.6%), 11-50%8g 0b@gMgsedo 3 99dmbggzsdo
(33,3%), >51%%Bg 503900 3900b393590 56 458m3wgbows.

299m33wgmer Luminal B dmerg3memm®o GHodolb 9dmbg dwdml 0bgsbom®o Loobmmgsbo
390 30bm3oL LoA0gzbM MXMIIE0 J0IMMIELEHIMIIOL S0 ToB3969d¢0l (TB: 0-5) 3Jmbyg 3
09000b393096 (3/22) 09EHobBHsBoMdME odxgmem 335609000 3MMALEHIOMbBOL  Mg393EHMMOL
9gb36gLbos 1-10%0g 0bEHgM3zsedo godmgzeobs 2 dgdmbggzsdo (66,7%) 11-50%0g 0b@ge3zscdo
1 990mbggzsdo (33,3%), 0-1%3g s >51%Byg s E3gMH G900mbgq35d0 56 godmgzegbows. Lodbogbwxm®
WIXMJOMo  J03MMIEsLEEHIMIOoL BmIogmo Tsbgzgbgderols (TB: 5-9) 5 Fgdmbggzosb (5/22)
39oLGIB0MYOM odxMO 3356d9000 3OHMYGLBHIOMBOL M9i393GHMOOL gdudcglos  1-10%0dg
06396350080 500bodbs 3 dgdmbggzsdo (60.0%) bmerm 11-50%3dg 0b@gtmgzswdo 2 9dmbgggzsdo
(40.0%), 0-1%09 s >51%-Bg s3gM00 99dmnbgzg35d0 56 A5dMmzegbogs. Lodbogbm® My MgMEo
3036m3wabBHIMGO0L omoeo Fsbgz969d¢ol (TB: >9) 9dmbgld 999mbzg30sb 9@ LEIBOMYdI
odxm6 335609000  3MMgLEAYOMbOL  Mg3a3G™Mol  0-1%0g  0bGHgM3se8o  9du3degLos
298m3w0bs 3 89dmbggzsdo (21.4%) 1-10%0©g 0b@gtgzswdo 8 99dmbgggzsdo (57.1%) , 11-50%0y
06@9gM3580 3 Tgdombggzsdo (21.4%) %), 0-1%0g s >51%-Bg s6Egho Fgdmbggzsdo o6
399m3w9boges.

399m33wgmer Luminal A dmeg3merm®o Godob ddmbg dmdml 0bzsbom®mo Loob®mgsbo
3960 306m3ol LodLogbmE MXMIEO F0IOMIWILEIOGOOL B0 Bohzgbgderol (TB: 0-5) ddmby
6 990b39306 (6/33) dgEsLEGHsBOMGRWMW WoIRWG 335609030 3096060l gJudmqlos 0-1%30g
06@¢ 96350080 500b0dbs 4 d9mbggzsdo (66.7%), begrem 1-10%0g 2 d90mbggzsdo (33.3%), 11-50%
s >51%%By 96O  @oxzgodloMgdMws  sOE3gMom  F9dobgzglzsdo.  LodbogbwmE  YYROgEMEO
3036Mm3wsLEHIMIO0L Bmdogmo dsBz969d¢ol (TB: 5-9) 18 990mbgg30sb (18/33) 993 sbiEoboMgdwyen
odxm6 335609880 303963060l gJudtglos 0-1%0dwg 0bGgMzsedo s0obodbs 8 dgdmbggzsdo
(44.4%) 1-10%0c0g 7 990mbggzsdo (38.9%), 11-50%0g 3 d9dombggzsdo (16.7%) bmenm >51%%bg o6
5530JLOMGOMES SM39IOH F9dmbzg3580. LodLO3zbMO MYXMIOIO F03IOMIWILEHIMJOOL FoMsEO
056396900l (TB: >9) 9dmbg 9 dgdmbgzgzosb (9/33) dg@sLEIBoMmPRM odRwe 3356d90d0
30996060l gdudmgbos 0-1%0g s00bodbs 4 dgdmbggzsdo (44.4%), 1-10%0g 4 d90obgggzsdo
(44.4%), 11-50%0dg 1 990mbggzsdo (11.1%) bmerm >51%%g 96 ©Ix0JLoMgdMs SOEIO™
d99mbg9g3sdo.
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29dm33wgmer Luminal B dmerg3memm®o GHodol 9dmbg dwdml 0bgsbom®o Loobmmgsbo
390 30bm3oL LoAogzbwM MXMIIE0 J0IMMIELEHIMIIOL S0 ToB3969dw0l (TB: 0-5) 3Jmbyg 3
09000b39300096 (3/22) 99¢3)9LEHIBOoMGOM odRwE 3356d90d0 30396@E0b0L 9Judtglos 0-1%0wy
06¢9M35¢80 500b0dbs 2 dgdmbggzsdo (66.7%), 1-10%0q 1 99dmbgggzs (33.3%) 11-50% s >51%%by
56 259m3wgbos. LodLOgbwE WNMgMEo d03MHMIWILEIOHIOOL DmTogMo dsbgzgbgderols (TB: 5-9)
5 990b393056 (5/22) d9EsLGHsBoMGRME wodRwE 335609830 300963060l gdudMglos 0-1%0©g
06¢9M35¢d0 500603dbs 3 Ggdmbgaggzsdo (60%) 1-10%0g 2 99dmbgggzsdo (40%) 11-50% s >51% Dy
56 583 gbos. Lodbogbm® MxMHgOMEo F03OMIELEHIMJOOL Jowowro Tsbgzgbgderols (TB: >9)
9Jmbg14 9900b3930096 89@oLEH>BOMYOME WwodgRMG 335609080 300963 0bol gdudcglios 0-1%3g
500b60dbs 4 dgdombggazsdo (28,6%) 1-10%0dpg 5 dgdmbggzsdo (35.7%), 11-50%dg 5 99dmbgzgzsdo
(35,7%) >51%-%g o6 350m3w9gbos sMEgMH d90mbgzg35d0.

399m33wgmer Luminal A 3meog3aerm®o  Godolb ddmbg dmdml 0bzsbom®o Loob®mgsbo
390 30bm3aol LodLogbm® MXMIEO B03OMIWILEIOGOOL B0 obzgbgderol (TB: 0-5) ddmby
6 9900b393056 (6/33) dg@BEHIBOMOPWM WoIRWG 335609080 dgBo- 3oBJbobol gdudeglos 0-
1%09 0b@Hgem3zscdo 500b0dbs 2 9gdmbggzsdo (33.3%) bmenm 1-10%dgg 3 99dmbggzsdo (50%), 11-
50%dg 1 990mbggzsdo (16.7%), <51%Bg s6Eghm d90mbggzsdo o6 sdmgargbogs. Lodbogbwym
WIXMIOMWo  J03OMIWILEHIOGOOL DmdogMo dsBz969d¢ol (TB: 5-9) 18 9gdmbggzosb (18/33)
39GHoLGIBoMGOM  odBMO 335609000  ¥9B9-35BH9bobol  9Judeglos  0-1%0g swobodbs 7
99dmbggzsdo (38.9%), 1-10%3dg 21939 7 99dmbggzsdo (38.9%), 11-50%3qg 4 990mbggzsdo (22.2%),
>51%%Bg 9O  ©oxgodLoGRDMES  9ME3gMo  FJgdmbggzsdo.  Lodbogbme  MXOgEMEo
3036Mm3wabBHIMGO0L  Fomogro  dobggbgderol  (TB:  >9) 9dmbg 9  dgdobggzosb  (9/33)
99GHoLGIBoMGOM  @oIBMG  3356d9000 d9BHs  39B9bobol  9dudeglos  smobodbs 0-1%dqg 4
090mbgggsdo (44.4%), 1-10%0g 3 dgdmbggzsdo (33.3%), 11-50%0g 2 dgdombggzsdo (22.2%)
>51%%g 56 ©ox0JlLoGMOMES.

399m33wagme Luminal B dmegimemy®o Godol ddmbg dmdml 0bzsbowm®o LowobMmgsbo
3960 30bm3ol LodogzbM MXMIIEO J0IMMIELEHIMIIOL S0 Tob3z969d¢0l (TB: 0-5) 3Jmbyg 3
39000b39300096 (3/22) 99¢3sLEoBoMgdME 0dRWE 335609300 dgEs 393gbobol 9dudmglos 0-1%dy
063 9M35¢80 5©00bodbs 3 Jgdombggzsdo (100%). 1-10%0y, 11-50%0g s >51%cy oOHEgH»
d90mbggzsdo o6 2odmgzmgbos.  LOALOZbMG  MXOJOVIEO  F0ZOMIELEIMGOOL  BMIogHO
356396900l (TB: 5-9) 5 dgdmbggz0sb (5/22) Tg@slGsbocmqdmw odRwe 335609800 dg@o-
399bobol  gdudéglos 0-1%0g 0bFgM35¢do s0obodbs 3 Fgdmbgggsdo (60%), 1-10%dg 1
d9dmbggzsdo (20%), 11-50%3g sbggg 1 dgdombzgzsdo (20%), >51%g 0b@HgGm3zsedo s EgMHom
d90mbggzsdo o6 godmzwgbows.  LodLogbme®  MXMgEMWo  F03OMIELEIMIOOL  FoMIO
05b39690ol (TB: >9) dJmbgld Fgdmbzg30sb dg@olGesHotgdmer odxme 3356d9030 d9@s-
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39&9bobols gdudeglos 0-1%0g o©00bodbs 6 dgdombggzsdo (42.9%), 1-10%0g 4 dgdombggzsdo
(28.6%), 11-50%08qg 2 d9dmbgsdo (14.3%) >51%%Dg 2 89dmbgggzsdo (14.3%).

299m33wgmer Luminal A dmeg3memmo  Godol ddmbg dmdml 0bgsbommo Loobmmgsbo
390 30bm3aol LodLbogbmE MXMHIIEO 303OMIWILEIOGOOL B0 Jobgzgbgderol (TB: 0-5) ddmby
6 990mbgg309b (6/33) Tg@oLEBHIBoMmYGOME Wwodxgyd 335609080 E-300039M0b60 gdudcglbos 11-
50%38@g 500b0dbs 1 89dmbggzsdo (16.7%) >51%%bg 5 99dmbggzsdo (83.3%) 0-1%0dwyg s 1-10%0©9
06@9M35¢8o  sOEgeom  Jgdmbggzedo o6 99m3zwgbogs. bodbogbme MGy MWwo
3036003 slEgM9d0L BmBoghmho dsB3z969d¢ol (TB: 5-9) 18 990mbgg3z0sb (18/33) 993sbiGoboMgdwyen
0dxm6 335609000 E-350396M060L 9Judmglos 11-50%0@g 063935080 5006086y 9 d9dmbgzsdo
(50%), >51%%g sbggg 9 dgdmbgegdo (50%) 0-1%0dg o 1-10%30g sOHEgHe 89dmbggzsdo oM
259903 9bogs. Lodbogbwm® Mx g0 J03MMIELEIMHYOOL omowro d5B3969dc ol (TB: >9) djmby
9 9900b3z930056 (9/33) 99EoLBHsBoMYdIME WwodxEH 3356d9080 E-3500396M060L gdudMglios s0obodbs
1-10%08g 0b®gMgzswdo s©0obodbs 1 dgdmbggzsdo (11.1%) 11-50%0g 6 d9dobggzsdo (66.7%)
>51%%g 50060365 2 d9dmbgg3580 (22.2%) 0-1%3dg sG396M00 990b3935d0 56 godmgzegbos.

399m33wagme Luminal B dmegimemay®o Godol ddmbg dmdml 0bzsbowm®o Loaob®mgsbo
3960 30b6m3oL Lodb0gzbM MXMIIE0 J0IMMIELEHIMIIOL S0 ToB3969d¢0l (TB: 0-5) 3Jmbyg 3
09000b39300096 (3/22) 393 sLEHsD0MYGdME woIgM® 339609800 E-350039600b0L 9Ju3cglios 11-50%0wy
063¢9M35o 500b0dbs 2 F9dmbggzsdo (66.7) >51%bg 0bGgMzsewdo 1 dgdmbgggzsdo (33,3%) O-
1%0g9 s 1-10%0@g obGgMzsemdo ostighom Fgdombggzedo o6 asdmgwgboms.  Lodbogbwm®
WIXMJOMo  J03MMIEsLEHIMIOoL BmIogmo Tsbgzgbgderols (TB: 5-9) 5 Fgdmbggzosb (5/22)
99HoLGIBoMGOM  odxnMOH  3356d9000 E-3500390060L  gdudMglos 11-50%0g 0bGHgM3zsedo
500bodbs 4 dgdombggzsdo (80%), >51%%bg 1 Tgdobggzsdo (20%) 0-1%0dwg o 1-10%09
0b6@9M358o  sO3ghmo  dgdmbgzglzs o6 q9dmgzwgbogs.  Lodbogbmm MR OYEMEo
30360Mm3wabBHYMgooL  dowoeo  dsBz9bgderols  (TB:  >9)  9dmbgld  8gdmbggzosb  (14/22)
99GHoLGIBoMGOM  odRME 335609000  E-35003900b0L  gJudcglos  1-10%0g smobodbs 3
d9dmbgg3sdo (21.4%) 11-50%0¢09 50060365 9 9dmbggzsdo (64.3%) >51%Dg 2 9900mbggz580 (14.3%)
0-1%0309 039 9900mbzg35d0 56 4odmgzagbows (gbMowo 3).
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3bMoEo 3: 3939LEIHB0MGOIO odROHO 3356d7900L dobsllosmgdargdo

TB score
N/Frequency 6 182 18 | 545 | 9 273 |3 | 136 |5 227 14 | 636
0-1% | 0 0 0 0 2 222 0 0 0 0 3 214
1-10% 1 167 '3 167 6 667 |3 100 |4 |80 9 643
ER 11- 2 333 6 333 |1 111 0 O 1 |20 2 14.3
50%
51%> |3 50 9 50 0 0 0 0 0 |0 0 0
0-1% | 0 0 1 55 1 111 0 O 0 0 3 214
1-10% 1 167 '3 167 5 556 |2 667 |3 |60 8 571
PR 11- 3 50 8 444 3 333 1 333 2 40 3 214
50%
51%> | 2 333 6 333 |0 0 0 0 0 |0 0 0
0-1% 4 66.7 8 444 4 44 2 667 '3 60 4 | 28.6
1-10% | 2 333 7 389 4 44 1 333 2 40 5 |37
Vimentin 11- 0 0 3 167 1 111 0 O 0 0 5 | 357
50%
51%> 0 0 0 0 0 0 0 0 0 |0 0 0
0-1% 2 333 7 389 4 444 '3 100 3 60 6 429
Bcds- 1-10% 3 50 7 389 3 /33 0 0 1 20 4 286
35096060 11- 1 16.7 4 | 222 2 222 |0 O 1 |20 2 14.3
50%
51%> 0 0 0 0 0 0 0 0 0 |0 2 143
0-1% | 0 0 0 0 0 0 0 0 |0 0
E- 1-10% O 0 0 0 1 111 0 O 0 0 3 214
39003960b
(@)
11- 1 167 |9 50 6 66.7 2 667 |4 |80 9 643
50%
51%> | 5 833 9 50 2 222 1 1333 |1 |20 2 14.3
990092900L sbserobo

AHOMYI6Mo  G9393GHMMJOOL  FgIMGB0mMTs  sbsgroBds  agobggbs, ©®md Luminal A
993 r©o  939@030L 8jmby dvdml 0635BomE LsobMmmzsbo 39ME0bmaol dgdmbgzgaqddo
Lodbogbme MXMgEMwo Fo3OMIELEINJOOL Bsdozg RMOTsdo  JGuBHOMYI6  bgyoBomMo s
BEGHO™AI60L dso gdudmglool djmby dg8mbzg3gd0o 56 3a0bgds, 500bodbgds BmBogmo o
Jowoo  9JudMgbos (11-50 s <51%), 3sdob Gmglsg Luminal B 3mg3meey®  J39&H03do
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9900bgz93900 guGHOMEboL  dowowo  gJudMgLboom  sOEIMM  J3IXFMIBI0 9O S©0bodbgds o
230605395 3e0bYds 999mbHb393900 WO s HBMTogho gdudMglioom (obowgo osyMsds N1).

0- 1- 11-  51%>

1% 10% 50%
A - doMHomdEo 3gMs 12 36 42
B - domomao 39Ms 123 41 36
A - TB: 3050 1 1 33 67
A - TB: Dmdogto 1) 1 39 61
A - TB: 3s05¢m0o 1 67 33 1
B - TB: @sdsemo 1 67 33 1
B - TB: bmdogmo 1 60 40 1
B - TB: dspsemo 1 71 29 1
A - TB: sdserolen3 1 33 50
A - TB: Dmdogholemg 1 17 33 50
A - TB: @smogoleng 22 67 11 1
B - TB: @sdsgrolemy 1 100 1 1
B - TB: bmdogho/eng 1 80 20 1
B - TB: dopsgmolen3 21 64 14 1

©003M50s 1. ER-0b 9393360l 9dudtmglios Luminal A s B dvdml 0635H0w900 baobHhmgsbo
39030630l doMoms 3960530, LodLogbM® WM F03MMIEILEIMIOLS (TB) s
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Luminal A 9meg390w60 439@030L dgmbyg d900bg93900L wodgwy®o 33560930l 39EobEsbgddo
BGHOMYgbol  MH9393GMM0L BB MOHMdS 3w0bgds FbmwmE FJo3OMIELEIMGOOL  FosEro
35396900l 990dmbggzgddo bmenrm Luminal B Usdogg dJ39xamgndo m3o6s@gls© 3wobgds
LGHOMYg6o M9:393GHMOHJOOL 59ASBH0MMO0, 3o 9JudMglos S F03MHMIELEINIOOL FodEO

95639690 ols oM.

B3960 330930l T99agd0 sbbgzgMdos

3393056, ™AL Msbsbdssi LodLbogzbr®

X M99gd0L J03MOMILEgMgdol (TB) 96.5%-30 50006086s 3mGmIMbo 3OMmBOowOl sbsermao®o
99L36gL0s LoALOZboL 30639o 39MHBMD 1935, 0bodbME 33¢ng3580 56 0dbs AsdMYgbgdIEo
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Luminal A s Luminal B 8mgg399emé 439@039050 8900b3g93900L 0ogmazs @ 503 guGMmmagbols
99b3MgLool 06EHYBLOZMdS YobloBLgMws [6 ].

Luminal A 9m939méo 4393030l ddmbg dwxdml 06350  Loob®mgsb  3sME0bmdol
39dmbgz9390d0 Lodlogbol JozMmMm3wsliEgMgddo 30996&0b60L 9JudMmgliools BodlodoE MmO MromMmEYbmds
306905 30360M3sLGHIM9d0L Dmdogmo 5396980l Jgdmbgggsdo.

Luminal B 3m@g3mea®o 4393030L ddmbg dwxdml 063506 boob®mmgzsb 3s6miEobmdols
99d0bgz9390d0 Lodbogbol FozMM3ElEIM9ddo bsdozg X3MBdo S193g 3e0bgds 30096¢3)0bol
050 O BMIogMo 9gudmglos (0bowrgm Eosa®msds N2).

0- 1- 11- 51%>
1% 10% 50%

A - 3060m5©0 39O 1 18 1 1
B - do®omawo 396 1 41 1 1
A - TB: @bseo 33 50 17 1
A - TB: Bmdog6o 22 61 17 1
A - TB: 8505¢wo 22 33 44 1
B - TB: sdsgmo 33 1 67 1
B - TB: %md8og6o 1 80 1 20
B - TB: 8s@sgo 14 1 36 50
A - TB: sdsgrolemg | 67 33 1 1
A-TB: 44 39 17 1
Bmdog@olemy

A - TB: 8spsqrolemg | 44 44 11 1
B - TB: sdsgmolgmz | 67 33 1 1
B-TB: 60 40 1 1
Bmdog@olemy

B - TB: 8seserolemg | 29 36 36 1

@O00M53s 2: 3099bEH0boL gdudMglios Luminal A s B dvdml 0b3sBowm®o
L5EObMOMZ560 35M306MT0L doMoms 39Msdo, LodlogbmE Wy Mg
303OM3sLEIOGOLs (TB) s 39@LEIBOMGOME 0dnwy® 3356d9030
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Luminal A 9mg9399m®o 4393030l ddmbg dwdml 06350  Loob®mgsb  3s0E0bmdol
99000b3939030  39EoLEHIBOMGOME wodgBE 335609080 300963060 ByysEomEmos Ggdmbgggoms 2/3-
b9 99330 0bgzg Omammi Luminal B-ol d9dobgggsdo.

30096¢0bol  9du3Mglools Fgxzoligds  Lbgosolbgs dmg3memmo  Godolb d/dml  0b35BoM
LoOBOMZI6 390306 Tgdol  F0IMMIWILBHIMGIT0 s ToO  3MOYIWS30d  FYBEOLEIBOMGdIM
wodxM® 335609000 Lbgs gommgools dobggzom 56 obbmMmE0gwgdmws. ghHmgemo 33930l
0565b3s 300963060l 9Ju3Mlos 3MMYoMgds LodLogbol 30LEHMEMA0MOHO ORIMYHE05300L
Q05¢ 358396989 mb o3 30093 ghmMbge 0M0mMYIL LEdLOgboL sMIPBOMEIMBOL BOEILMO
965 Jobo 9Ju3MHgbool 06 blogMdOL FMToEgosl [21]

09Bo-39H9boboll Luminal A 9merg3me®o  439G030l ddmbg d9dmbggzqddo o6 3wobgds
d9dmbggzoms Bobgzs@do s LodbogbmMo d03MMIWIBEGHIMGOOL sb39690w0l BOHILMD gPms©
833900650 F5¢emdl. Luminal B 9meg399¢0w® $oddo 500608690 s65¢0maom®o obsdogs.

39oLGHIB0MGOME odBNO 339609000 d9Be-35¢) 96060l 9Ju3Mglool SMOBYOMDS S©00boTbgds
30360M3wslEIMGO0L VO S BmdogMo dsh39690ol GmML gdmbggzsmes 1/3-3o.

Luminal B 4390330 d9&s 35¢9bobol bgas@om®o 89dmbggzgdo 9ol 100%L o d99dymddo
B5065330 905 3mBoE0mGmOo 9990mb3z939000 ssbermgdom 30%-8o (obowgo osg®sds N3).

0- 1- 11- 51%>
1% 10% 50%

A - doMHomdEo 3gMs 1 21 1 1
B - domomao 390 1 50 1 1
A - TB: ©o3semo 50 33 17 1
A - TB: bmdogho 28 50 22 1
A - TB: 3spsgro 11 22 67 1
B - TB: @osdsgmo 33 33 33 1
B - TB: bmdogmho 20 20 60 1
B - TB: dsmsemo 14 1 21 64
A - TB: sdsenolemg 33 50 17 1
A - TB: bmdogmo/emg 39 39 22 1
A - TB: 3smogroleng 44 33 22 1
B - TB: sdsemolem3 100 1 1 1
B - TB: bmdogmo/em3 60 20 20 1
B - TB: dsmseo/gm3 43 29 14 14
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Q05M535 3: ¥9%9-35¢39b0bol gdudmglios Luminal A s B d9dml 0b3sBow®o
Lo@ObMOHMZ60 35ME0bMI0L doMoms 3gMsdo, Lodlogbm® M MgmeE
003600 3w5LGHIMJOLS (TB) o 9@LEHBOMIINME @0dRwE® 330663680
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PNWSJIO N 0O
QOO0 OOOOOO

B-TB: abe@O _ '_\

A - J0OOMSO0 396 |
B - dJo®omoo 396
A-TB: @060@0
A-TB: Bmdogo
A - TB: Bo@ocno
B - TB: @sdsewo
A - TB: osdool/an3
A - TB: bmdog®oleg
A - TB: do@ogolen3
B-TB: @060@0/@3
B - TB: bmdogdole3
B - TB: ds@asemo/ang

m0-1% m1-10% m11-50% m51%>

E-3500396060 30mB0o@E0mMos 9900bg93500 89@qLmdsdo do30m3wali@gMgdol bsdogg J439@03do.
2396Lbgz039000 03MM3IWILEHYMJOOL o0 J39@030Ls Losi 15%dwyg bgys@omdo d90mbgg39003

306905 (osgMsds N4).
- 1~ 11-  51%>
1% 10% 50%
A - TB: Q&b@@o 1 1 33 67
A - TB: ®m80g6o 1 1 44 56
A - TB: 8spsgo 1 33 56 1
B -TB: Q&bb@o 1 1 100 1
B - TB: %mdogho 1 20 80 1
B - TB: 8spsgo 14 36 50 1
A-TB:dsolemy | 1| 1| 17 83
A-TB: 1 1 50 50
Bmdog@olemy
A - TB: 8s@sqrolen3 1 11 67 22
B - TB: @sdsgmolem3 1 1 67 33
B-TB: 1 1 80 20
Bmdog@olemy
B - TB: 8spsgwolen3 1 21 64 14
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©053M50s 4: E-Cadherin-ob gJudmglios Luminal A s B dmd«ml 0bgsbome@o
LoObMHM3560 3o EOBMIOL LOALOgbw® LN MHYEE F0MMIWILEIMYOLS (TB)
395LEHoDBoMFOIM odRWG 335609030
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39930090wos  dmd~lb  Luminal B

90360m3lGHIMgddo  ©s dobo  gduddglbos 9339005

3O J39¢03do.
30096¢0bobs s 39BS 393H9bobol gJudGmglos Abyoglo (33w gdgd0m  bollosmgds Fsmo

(om9bmds 93390000  Fo0oos  LodLogbmm  F03MM3IWLEBHIMGOTo  doMOMOE  3YMHOLS O

39BHLGHIBNO  @odgME 33960906  Fgostgdom, M3 B3gbo  sBGom  Jglodwgdgeos

0969M59609L 930009 ©-9H96J0dMM0 BHEMIBLGMOTS300L godmzewobgdsl.
3OHME0RYMHSE0MW0 59BH03MmI0L (330200930l 0bsT03s 230839690, MM 3OHMEORYMH (30490

5J3H03mds  Y39wobg bs3wgdos LodbogbMH MMM Fo3OMILEIMGOT0, o3 TJodEGdS

356bo 0dbsls g3omgermE-99H96J0dmMo GHEBLRMOT>300L 5M30MI306 539690 .
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Comparative analysis of phenotypic features in the primary tumor, tumour buds and metastatic lymph
nodes within Luminal A and Luminal B molecular subtypes of invasive ductal carcinoma of the breast
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Abstract

The study included 55 cases of formalin-fixed and paraffin-embedded (FFPE) tissues of breast invasive
ductal carcinoma. The following algorithm has been made for further discussion by using
immunohistochemical examination: antibodies against hormonal receptors; HER2; E-cadherin,
Vimentin, Beta-catenin; Ki-67; Tumour buds were evaluated by using H&E stained slides and computer
software Qupath (version 0.3.2). The results of the study show that estrogen expression is different in
primary tumour mass and in tumour buds and its expression is diminished in the Luminal B molecular
subtype respectively. Vimentin and Beta-catenin expression is showing similar changes, the quantity is
much higher in tumour microclusters compared to the primary tumour and metastatic lymph nodes. It
can demonstrate features of epithelial-mesenchymal transformation. Modifications in dynamics of
proliferative activity are showing the lowest proliferative activity in tumour microclusters which can be
discussed as the indirect manifestation of epithelial-mesenchymal transformation.

Key Words: Breast Cancer; Epithelia-mesenchymal transition;, Tumor buds;
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LEHOSBHIH00 ML LOLMLEBHIE 33e53 SLObYEPGIL CBBOEOWYJEIMIL (F500 FMEOOL OMOYI300LS
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L9dEH™O0 bobosMYds 30609, SOLYdIMOOLMZOL bo3sGOL IgMMbgMdom S Lemgol dgmMbgmdOL
36 3HJooL MdgBHLMdOL LeMgLOE dSWO 3OHMPMIGHOWMBOm. bodsMM3gwml Lergwols
3999m69mdoL  3OHMOIEH0MEMdS BodxgM ©0SW0s 93MIM35380M0L  gobgzomaMgdmw J39Y69dmsb
d95M9d0m (ProDoc 2020).

60599900l s 30doEH MO DMbYOOL IM535¢RIMHM369ds LodsMMZ9EMmTo boerol s dMEBImEOl
3900 13gJEHOOL HFoMmIMGdIOL LodMsegdsl 0dEg3s. 2019 Hgerb Lods®mMzgwrmdo Fo®dmgdwo 0gbs
502 550 GH™bs boro s 536 smsLo FHMbS dMUBEHBIME0. boel s dmbEbgEl Lods®mggwrmdo
doMomMOEs©  Lomysbm  dgmmbgmdgdo  sfsmImgdgh:  Lomysbm dgm@bgmdgdol oo bogools
Dom3mgdsdo 92%-05, bmem dmliEbgmerol Fomdmgdsdo - 96% (Lodu@s@o 2021).
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boolb dmosb o®mdmgdsdo ym@abolb Howo yzgwsBg domowos (48%), 9999y dm®ob 30GMMLYd0
(15%), oogbermgsbo boeo (14%), 3MmG3m3560 bowo (11%), 3535¢0 (7%), LBEGHOM30329o bowo
(4%) o 3963605 (0,5%). 30GHOMLgdOL 353 gaM@05d0 sbEsM0bo Fme35M0 3MWEHMEMSS, MMAEOL
Lodmoemm oo 93% -0s. 39636000 353960530 FoMg30 ML M350 MGG, MMIGEOL
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69300b698d0. 30 JoOHMO W0EYHMOL MJlErm3z560 boerol fomdmgdols IbG0Z (osbwrmgdom 65%)
o3 999bgds  3MM3M3960 bowl, osbwmgdom 55% 39bgmol Hgaombdo offsdmgds, bmem
©3bEMmgd0m 20% - Fos JoOmeols ®gaombdo (LogduBo@o, LogsOmzgeml bemgeol dgweObgmds,
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390@Mzowo 99943560 dmbiEbgmeos, dobo fowo osbmgdom 50% -0s, 9999y dmool bglgo
(17%), 3m3omMo (12%), 30GHM0 (6%), 3mdMBEHM s dOHMIMo (5%), bobgo (3%) s df3960wo (2%).
050l 3539MM05d0 99943560 3MWEHMOS LEBITPOMS (84%).  JoOFGHMFBowol [oMdmgds
doM0mMIs© 3Mmb3EI6EGHMOMGOME0s LyEbg-X935b9gMOL (6065%) S J390M Jo®OlL (EssberMgdom
20%) 69300b90d0. bbgs dmb3HbgEP0 J0MOMSIE 0FsMTMYdS 399M Js@NETo (ssbarmgdom 30%)
5 d0Qs JoOmendo (30%). aH3560¢0ol Homrdmgds begds 0dgMHgmdo (63%) s J390m Jomoerdo (14%).
o3 999b905 350hgM 3MEEHMMIIL, Isbmgdom 80% offo®dmgds 3obgmbo s 15% 0dgMgmdo
BagduBo®G0, Lodsemzgeml LemRols IgMMbYMdS, LEHSGHOLEGH03MMO 349803530900 2017-2019).

bemgwol dgm@bgmdsl 3603369cmgsbo oo 53l J3gybol gdudmem@Gdo: 2014 - 2018 {engddo
bemgwol dgmeBIMBdOL 9JudmemEds Fgoy0bs Lods®mzgaml dmwosbo gjudmm@ol 25-30% . dmeom
MO0 S0 gMEols gobdogzermdsdo, GMmymOmE bLmRwol d9m@bgmdol gdudm®mGds, sbg3g Lemgwol
3999mb69md0oL 033mMEHTs BOOL gbwgbios 9B39bs. LemRwol IgM@MByMdOL 3HMI300L LogsFMHm
dosbLO MoMYmB0mos. 2018 gl Lods@mzgeml Lmgwol dgm@Mbgmdol 9dudm®m@Eol dmsgzstmo ~
808500 gdgd0 0gm OGO, SBYMHBs0X B0, 13M50bBs, goBIbgmo s Lmdbgomo. LmBEols
39mbgmdol 9dldmmEob oo Howo Lol §399690bg dmwol; 2018 Fgwl gl fowro 59% oym ELom-
b y39ws 93994bolimgol s - 25% Mmmligmol B9EIMSE00LM30L. ELXL B5HBMJIBY FHMOIVOEFOWO
393006930l 56LgdMds, Losbrm3zg, sdso 3Mmb3MMgbzos s bsMobbol dodsmm FgsMgdoom
50500 3mMbM36900 byl MHgmdl 58 3H9gbgbosl

2020 gl Logdo®mggermdo bowob 1og53Mmm 35¢sblo ©sYd0mo 0gm (3GMmEndEol 3moo 08:
1533900 bowo s 3535¢00; 30GHOMLOL 3960 96 dowbgmero), OB Mgdom 116 dowrombo 539
©ME56M0. dLEGHDGMOL 1ogsFMM dosbLO Modymzomo oym (3OMmEdBHoL 3moo 07: Bs33900
dmbGHDYME0 O 2903390100 B9B3900 S GHUIOYMYO0) S FJR0bs WIS Mgdom 29 dorombo sdd
©ME56M0. Bods®mzgwmd 2020 Hgerl 9du3memEBY 350@9bs 157.2 8enb 538 Mol oMgdvergdols
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bowo ©s 8.7 dwb 538 MMl 0oMgdwgdols dmb@bgmwo. 2019 fgl LodsGmzgermad bogrol
AbmREom 9dudm®mEdo 78 — g 500 03535, brrgnm dbGbgEol Abmgeom 9dudmem@do - 107 —
9 (Logogmm 35 2021).

gbMowo 3. dg339bstgmdol, dggbmzggergmdol s Lslimgem-lisdgmmbgm dmdbabymgdol fowmgdo
begeol 39w96Mbgmdol 3MmmdEool gs8mdzgdsdo (%)

2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020

bemggeol  dgOHbgmdol
360300l 100 | 100 |100 |100 |100 {100 |100 {100 |100 |100 | 100

390md3900s, Lryew
99939bs6gmdo 39 |45 |40 |46 |45 |42 |41 39 |45 |45 |47

d93H™M39wgMdy 57 |51 55 49 |49 |51 52 54 |48 |50 |47

LOlMBEM-b53gObgm
dmALobmEgds

Dgotrm LoguBoGo

Mbs  9©0bodbml  ®md  {ergdol Jobgz0m  (339¢9ds©Os  MMAMEME 399396560 gMdoL,  S1939
d93b™39wgmdol fowo bmRwol dgembymdols 3MMmEwdEool 4s8mdgzgdsdo, 193y (339wIOSOMBOL
LOLEMBEM-b5TgYOHBYM FMALSBMOGOOL FoB306gdd03E. 98MHMBOBEILOL JEP0sbo 2odmdzqdols foro
J39460L  93mbmBozol  Fosh  2s0mdgzqdsdo, dmerm  M3dgbodg Fgwos (2010  erosb)

mdb0d3bgwm® 033gds. 2014 Ferosb sgMsmyero LgdBHmEmoL godmdzgdol oo Jargdmwmdl
(Lodseme 0.95%-00 {geroffodo) s 2016 Heroliomzgol 16.2 %-b 8goaqbL. (gbOHoro 3)

396dm Bs3Mm6mgdsdo sOLYdIo dofol BGsAIBEGHE00L 3060HMdgddo, Lemgwol d9/MHbgmdsdo
Boromeo  J0bsdgmembgmdgdols «dg@glmds 030000mbdsMmgdsbgs  MmMH09bGH0MGdIMwo ©s doom
15g8056MdIL 3MBgM30ME0 Lobg 56 5g3L. 5ol vEILEGHWMGOL LmREEol FgMBgMdol 3O Mmool
39403056 800900 dgambisgarols LodEoMgE. S85BMsb, Legwol dgMMbgmdol bgwdglsfymds
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396bMO309gdmwo mv) J0dE0bsy 30MMgdBgdol LodGmsgzerols J0bgI35w, Legwols IgMMbgmds
360036900 M356 Bl 35063 396 sbgMbgdl.

39999560930 WMoLEHOIMMO LoLEGHYIGO0 s IMMHILM0RGOIE0 0BROIBEHOMIGMIOS SOl
Logmberol batrobbols GgbstBmbrdsls s 5539MHbgdL 35BMOLM30L dofirgdols 3Gm3gLL. d9brmWwo

©53MMSEGHMMH000 9L5dgdEMBIO0 S 3MS3FIMOLI 496301569dME0 BoIBOZgM LoLEgds 30
396 9b3s69ds 39MMHbgMdL, osBOZ0ML Fo®mdmgds bLbgsaolbgs Molizgdol 0ds®mm s sG{idmbogls
153999600 65GoMTol MLOFOMbMYdsTo.

33OMI0BOILOL 296300056935l I60d369eM3zbs  SOMIMWGOL 530D NH  OglOLYdIMB
539380690990 LOMMWYYJOO0. 335OROBEOMMO J5EMIOOL IROGFOGO S sTbTsMY Fdsbgeols
8tmdogool QoMM gdmwo 3OHMEgLo 5x39MbgdL dgMMHbgmdgdol LgJdosbmdsl. LHimMgo sdodmd,
L5FOOMS  350MJIOL  25TBHIOOL MROM 9539dBH0b0 FJOMPIOOL  5Q3B)OE0Y/ IBIMAZs, o
36393500056 396H0MT0 IIOMSE 50LHYdS 13305 OLEBHYOOL bgedolsfzmdmdol boMolbby.

dofjol 65339900 g58Lb30GdIL S 0bEMBEGHMOMEEo F9MHBIMBYIOOL 496300050 gdL M6 Mbs
Bl 2565009008 ™Mbl DM, sTLAMg LgMZ30LgdoLs S 0bBMIEHOWIIEHMOOL ©obggfs,
0565000MmM39 39dbMmMma09d0lL ©obgMy3s s LdGHMMTo Bmvy-3oml FgdmEobs. gl bgarls Fgmhymdl
36MMEJGHO0NWMdOl  BOHELL, 9609369 mzsbHows  dmblbol  Fgm@bgmdgdols §obsdy wwgl
ML IOMIMEOIIL O GHFOOE0E LmBEEoL FgOBYMBLL IMTY)d06 LoddosbMmdI© Jzn35d0
59bo9do.

5060950,  LYYOMITMMOLM  FoIMEFEOMGdOLs O BOdsMMZgEML MMM BIDIO DY
©09395609w0 8yMBs6gMd0b 458md0bsmyg, Labgwdfoxzml 8999dwos OO {300 Fgo@sbmls
53OMd0Bbgldo 3mb3MMBEGHMWo Hol3gdol d9d;3069d530. SFoLOMZ0L BoFOMMS MYYMEOM©IdMEIL
LAHO9BHIH0M0 5 50BOLEBHMHEOMEO Bo3ombgdo: LESEHOLE03MM0 Bmbszgdgdols 99dadbs (3oe-
B39  93OMBMmbgdHy, G303  SAOWMIM030  MORBMGdIOL  BoGemdss  LoFoMm;
139M3gOH00LsM30L  BHM9606900L Bs@o®mgds s Fomm30l 3MBLMEES309d0L gofig39; Lolmagem-
L5gMEbgM  BHgdbozol bgedolsfzmdmds, @gdbmemmyom®mo Losbeggdol ao3bmdy; Lsoglieng,
LoHodero 99 Lolivgdgdol boGolbolb 3:mbEHMMEBY 593965; 53MM©3MIOEGHYd0L F0LJdIOL Ao0MgdoLs

Q5 350533900l bgandgfigmds o 5.0.
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398mygbgdeo Eo@ M@ Ms:
1. begol d9OBYMdOL gobgzomsmgdol 2021-2027 Fargdols Lobgedfogm LEHGMmoEga0s

2. bogdoMm39Mb LBEGHSGHOLEHOIOL gOMm3zbmwo LsdbobmMo www.geostat.ge

3.file:///C:/Users/Admin%20(K)/Desktop/ spe®d0bb910%20-
1/Competitive%20risks%20in%20agribusiness%20and%20the%20ways%?20for%20reducing%20them.pd
f

4 file:///C:/Users/Admin%?20(K)/Desktop/dslo¢0930%202021/1ile%20(1)%2053656¢9c00%2039m0bgmds
.pdf

Major Challenges of Agriculture

Dali Silagadze
Akaki Tsereteli State University Associate Professor
Resume

Since 2013, agriculture in Georgia has been declared one of the priority areas and, in order to promote
it, a large amount of funds is directed from the state budget, as well as investments from international

donors and the private sector or other types and finances.

In recent years, a number of projects have been implemented to boost production, attract investment
in the sector, and expand export markets. Also, the financing of agriculture was significantly increased by
the banking sector; Research centers and laboratories were established; Significant efforts have been made

to rehabilitate and arrange irrigation and drainage systems, and so on.

Despite the above efforts, agriculture still fails to develop significantly as the sector still faces a number
of challenges. The State Strategy for Agricultural Development 2021-2027 again names infrastructure
(including irrigation and drainage systems), skills and knowledge, access to technology, small land,

laboratory facilities, etc. as the weakness of the sector.
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The aim of this study is to identify the main agricultural challenges facing large farms, individual

product value chains or the entire agricultural system.

Keywords: Agriculture, Challenges, Priority, Field, Vegetation, Modern technologies,
Technology.
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39360396 93mbmdozm®o 3sB39693egdol 3Grmabmbo

3M0EMb sbognsdg?, 39@Mg 35335F0330¢00?

183530 Pa®90o¢nol bsbyerdfoger «9b03960bodgH0b 969689903065 s (H9¢19320-960,355309800
@©93563H5996(9H0b sbeao®9829¢m0 36G059ba0

2532530 Patgoocrols bsbgerdhoger #960390LoB G0l bsobgobmer (9976032950 335329¢7HIHOb @MJH2GH56H0

3H9J60396  93mbmdogm®o  35B339690gdo  LOWWYMBOWOE  SBILOLMYIL  9BgMYM3IMB3sbools
15g8056MBOL  AMOZ9e  JOHMTBIJPMID  ©39380MGOM  Fob3z96909gel, T9B3969dg S LTS3y
boLosMYds JHMOBMIOm, HMIGE0E 498Mmbo@3L 9bgMRM3MA35600L FoMTo@gdre 56 BIMO0b
15g805b6MBIL. 3MOIWS300L 3M9B030G6EHOL Fodmygbgdoo A9B3LEIBMIMM™ IMJdgE FoJBHMMYOBY
95$39698 930l 3O Mabmbo.

3M6O9W5300L  3900M©O  FMEPolbIMOL  LodOMABMBM  FoB39bgdgdLs s FomDg dmgdg
39dBHMOOL  JmMOL,  3MOIESE0VIM0 39330008 SMLGdMOOL  OYIBIL,  393F0M0L  BMGAOL
39bLOBEZMLL, ABEBHMWGdGOOL Fga9bsl s ol LoymAd3z9EBy 3OMABMBOL  obbMEM30gEgdsL.
393006008 gm®mds  sbsbosmgdl  gMmo  bodbol  (33¢0Egdsl  LBbgs  bodbol  33owgdsBHY
©53M3000989gd0m, OHMIgEro3 d90dwgds 0ogml Omam®ma §Oxz030 939 sMHOR030. 395380600
RMOIOL 5RY6LMB MM F9BOLEBZMGDS 3930060l LodFoMM3ZY, HMTOL Aobolinsmgdgwos
5MH0L 3O S300L 3Mm9B03096GO R. 3:m6Hgms3o0l 3m9n030906EGH0 R-0L 99bloBzcmols Gsdmwgbody
9900MEO0 5OBYOMBL, o0 FMEMOL Y39WsHY 3930 (3ILOME0 3GOL MF30ML 335G TgOMPO,
ol Jglodsdols 3mMgmszool 30m933030963L 993L d98gyo Loby:

p _ 2a-DG-Y)
T E =Ry - §)?
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&94603796  93mbmdozmemo  BsB39690egdol  3OMbmBo  4Meolbdmdl  LsdmIsgzem
96963335600l Logddosbmdsdo gzgms LgMombmeo bsM3zgbols M) 3OHMOWGIol  Msg30H
5(3009d5L, 51939 3353500 45630M36M9d0L Y39WsBY M3EGH0TS MO 35M056E 0L F9gMBIZ.L.
39630bowMmm J. JMmsobol 93390530 Jugeol dsgrmzsbo GHEMmBLRMOTSEHMOJIOL ML MG
3OO0 IBH30MH™M30L F9dmbzg39do GmEs LBoddwsgzMol 3mgnR03E0gbEGH0s 0,95 255635608980l
9900920 95$39690L M™A Jugedo JoIBHZ0MMNZ90L SYOEO 5O 5J3L. 5030l LOWOY s BI35MYIdO
5 (300905 159390 BPZMYOL. boBgdOL 49bgMH0MmOO MgodEHowwo 3636)2)00 @8608363@(*10

[&] Pss@E University 33 - GiUs: evs\gn_rg i

File Edit View Diagram PowerFlow Fault OPF Trans Acc

amics  Disturbance  Subsystem  Misc VO Control Tools Window Help

RN=2" ,,ﬁJX ) jj ,a;| HLY [ DI—-»—‘w*%bé%Gi(@m’v’rE!Z’ b A e i fe B OXC RO 0EK
6 - @ a@aEsan. .EF‘E‘EI E+M@AH E':FQ s u v VY HIREERLEE. = EEnEEEmeE @ s
G EABHEARAETE Ladan ., MEBLDMNEARD |
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Q 580 | 2347
o

Jmomsobols 9339003 o 3sbsfoergdgemo  Jugerols ogowomBg 3sbmEM309wgdm g, 9bgeyools
99Ly03900UL, 393mb3e9gd0L s MYgdOL 3OHMYPBMBL. MomgrIEn Bsb396909 by FM635¢0 BodEHMMO
Sb9bL 253 gbsL. 3rMPbMBoMYDdOL 39090 JB930LsM30L 49B30bo M Tglsdsdolio dsbz9bgdols
Q5 355Dy IMJdg0 BogEMMgdoL M0 YH353006M0 365bMo MHMYMOO HBgdmddggds 593l dm393men
R9dBHMOOL  La3OMPbMBM  FoB3969dgEMb.  BsB39bgdgEms  TMEOL  ©IM3I0YdEgdOl
LodFoEMM3g  AoBOLYBEOIMGOS  3MMHYWS300L  3mgR0E0I"GH0m.  3m9B0E0IEGHOL  gIBMMZEs
d9L5dergdgwos EXEL-0l 360my®s800.
39630bowMmm 99mbiogegdols s sy dmddgo 3ogd@MmMgdol MMmm0gHmM35380600

1. 30653060 459003900 AMbIBEGMBdSDY
LOBOMXIG™ MOP60DBOE09d0, Moo LgdB ™o
Lb3s 30030600 oY40w3900
Lbgs 30300l HgoobsEos
030MP0MJOMWIOS
565356900 Jugedo

o gk N
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3990530l s BB Imgdgo Bog@MMJdOL 3MMmIESE30IM0 39380600l FOMAMFMEo STMmblboL

890939%0
R1=0.8, R2=0.8, R3=0.5, R4=0.7, R5=0.5, Rs=0.8

0Y) 30O9gWS300L 30953030 g6EOL SOLMEOEMOHO 360369 Mds 50gdo@gds 0,5-1 35d0b sOLYGdMBAL
3MO9530M0 3530060, Grog 005l 60dbsgl, MM Tgbsdsdolo GodBMEmGOOL 253w gbs b 305%9
360083690 ™m35605. ) 3953030960 3603369 Mds 0,5-Bg 6530900 560L , Bsd0b 56T gbEHLS
03bdaosl  dmMol  393do60  9dbodzbgerms o FodBHmMgdo  Jg0aMI  290MmM3gddo o6
350m35¢0l{obgds.
39630bowmm gar. 969600l G9ly039d0Ls s oLBY FMmJdgO BodEHMMOOL 353d060.
1. ga. 9696300l 9653500 45093930l OOHMUL
2. $936mma099MH0 ©bs3oMy0
3. 030000MJdM9dS
4. 9. 969600l LaboMAqdEM 2593905
36993000 35390M0L 5dmblLbs exel-ol obds®mgdoom 435393l d93¢ge 9603369 MmdIdL
R1=0.6, R»=0.7, R3=0.8, R4=0.7
0Y) 3m9803096GHO0L dobgz0m 300LX IO Y39 BoJBHMMO 250m0ygbgds 53 dsh3969dw0l
36MABMmBoLEm30L.
39630bowMmm dmygdols s JslHg ImddgEo BOJEBHMMJOOL MOHM0YMH3S300MO
1. ga. 969M300L 259035 G0 BB By
2. d9byo3900
3. 33w5o bstrxo
4. 3mdo30 bsdxo
5. b3ty Jugerdo
30659900 5dmblibs 235993l 999y 960d369wMdgdL
R1=0.6, R2=0.5, R3=-0,8, R4=0.6, Rs=-0,7
3M99303096 0L 5dLMEoEMEMo 3603369wMds 509do@q0s 0,5-1 3099bgdm yz9es BodGHMEU.
39630bomo (jdobgs dmygdol 3sB396909co s JolBg Imddgo BogdEHMOmool YO0 MM 33533060.
Doddmoagboero Lsghom Ldqgdolb dobggzom, MmIgerog dgoEogl Mmam®E 8339953 Jugwl oby
99650 gdge Jugel. 939L5AMMGB0  ©O39530069dME0s GOMBYNMB, M3 FMA3390L LodwgseEgdsls
39303Mmm, 30639 ©0ydo, J39LoEAMMGOL TGOl  Bo3oysbsfogds. sGLYdIMWO  IGHZ0MHMZ0L
90b9300m go8M3mM35eMm dMmqdolL dob39b9g0go.
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399mbogowo
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95639690 gd0l 3608369 mdgd0 d9090 sMOL

R1=0.8, R2=0.8, R3=0,8, R4=0.7, Rs=0,9

9dmgd90 53543 MM00 9odgds 3O MPbMBOL 56900800 dsdmz094gbmo.
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50065, MHMI Bgdmm gsbbogrmem mmbogg 358396939 ls s oLy Imddg BodEH™EOOL dmGol
5oL 3F0OM 3MOGEs30IM0 3930060. 3OMYbMBoMGdOL J90amd 9BHI3HBY I JBIIBHL
9dmobbL.

3MOI53000 IgMmEOo 459mygbgdmeos 08olm3zol, MM oAbl JgMbgMo GodBmOmgdoL
3930060b bLodFoEM ™39 I 393 BadMMABMBM FsbB396909w M6, HMIGEo3 LyTMsEgdsly dmMy3z39aL
B35¢)9MmMm 331093900 969633560580 080bstrg 3Grm39L9dBY.

3990myggbgd99emo o M@ Mo

1. 3. 99gmsdg, 6. @mOmJoxnsbodg, @. 3036939e0dg, 8. Jmdseos, ,,969603m 30335600l
1598056MdOL MGYIBOBI30s s F969%T96E0 LG Mdoolio 2009 o3 242

2. . 5994mensdg o. SOHMOWSY3s ,,969Mam333560900L Boddosbmdols 3sB39690wgd0l do3wgbs dob
995399BG096md5Bg“ 5mMb 9bgtyos #2(58) 2012(

3. ManbueB c. 3. «cucTeMa IokasaTesned Aaa 3¢deKTUBHOro yHpaB/JeHUS» MeHeJKMEeHT:
«Teopus W npakTuka» 2003 Ne 1-2

4. Cubuxun 0. JI. «OxoHOMUS SHEPTrETUUECKUX pecypcoBy, [IpombinienHas sHepreTuxa.-1998 No 8
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AGMO0BIoL LydGHMMOL S0ygbs 396gdool 999¢0g2
356565 Bogms8dgtody

33930 P96902¢nob bsbgerdfoge #160390b03IH0. 9760300 5350900960 OMgH2G0. sbeyzomgdrcmo
360R9beGo

LAMIEo
356930v©mds 3HoBoLds 439w sy 9B GHWIOOLEHMEO 0bEMBEHMmOS EISBIMIES,
05650  50mBbs, ™A AGHPO0BIoL  BgBHMOL 5938 5I3BHOE00LS > YoM JdOL
96535¢e0sbo  godmEowgds. AWO0BAoL  Lg@mOds  a30B39bs  agHs  olgomo

3905(Y39G0w909d0L Bodmgzbaws, MmIgwoi GMMHoHBIol 0bELEH®m0sdo GHwMOLEJOOL
dmDo39L, LEOSBOM ool BOEIL, FMAGOOL FSBOEIL M HOMBZgYMAL.

LogoM3gml  BHMOOLEHMEo  3mGHJb3E0sEol  SBswoBol  Fggyo  BHwIOOBIOL
19dEHMOOL T9IMogEgdols 50YGbol 3MIMABMBOL go39mgds sMOL Fgladwrgdgero, 39MHAM.
396@gdools dogh sdmfiggmeo  3MHobobol 909y S0©AYds  GHOOBAoL LgdGHmOo
9393mdM035. 2024 {erolbomzgol LEOMWws Jmbgds 2560339990 8909a900L dowgas.
©O9oLsmzoL  dolo  dsgBg 93069 boffowos  sm30LgdMEo, GoEg  335dwg3l  odol
d9L5dgdEMBOSL, MMI Mo IMHO IZMOOL, SJEGH0IMO J89EOMO 3MEoE030L 89dw9ds39d0l
3909250 300900 ©Mbolidogdgdol 25@sMm9dom, 8935d300©Y0s GH¥IM0DIoL 0bE9bLowmE
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009d3HMMo®©  J39960L  BgRo3gbols 56950l F9MGMS,  ©IBIMBgbo  3BIMBEGTgdOL
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39580 gds INE0sbs J3994bol dogrolibdnzsbgs sdM30IdIo. 30039 MHogdo Mbos
396bMO309gl  BogMHSdMOOLM  BsDsOBY  Lodo®mzgwmlb  GHMHobGo  dsDOHoL
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. 3569300l dgdamd goMgdmdo @G0Bl 0bEMLEHMmOoL dbsMEILFIMI© s bgdEmMol
3oL9dW0gMH GBI Fos BHMMOLEHMEO 65350900l  GoBOOLIMZOL  Mbs  AbbMOE0g YL
doBbMd®030 96393H0by M0 5dEH0300900.
. 15356MmbBIEGdM BsDBol F939Mmd00 b I0BIMAML  TMPBIMOMBOL MLOBOHMLMGdIOLS O
dmbds6909md 393980l (330l Foso bESbIME)0.
. AGIOOLEGHWO BoFoMIML LsdSBOHM MYl Tgz3sLgds;
. B5BOOL FobolinsmgdEgdol dgbfoges;
. L5gdosbo 5gdBHo3mdol FHgbwgbigool glfogws; - 3mEHYb3oMo ImabIsMGdYgdol 3m3bo,
3530 8mmbM3609gd9d0L, 5MLYOIMWO S FMT535¢00 MMbM3b0L FgBsligds;
. 05BMOL 2ob305Mgd0L AMAGE3500560 9bwgbEogdoL 3MMYbMBOMmGD;

AGMO0BIoL  0bMLEHOO0L  gob3z0m50gds T9mdegdgEos Bog@MM9gdol dogwo LobEgdol
390035¢0lHobgdol  256M9dg. GHIMH0DBIo 396  b30m9MYdS MY J399sbs  3MWOEGH03MMSO  ©d
9306m30396M5@ BEGHIOOWMMmO 5655, GHIOODBIOL 2563000560905 FgdEgdgos §399bol dmerosbo
bemEoseIMHo s 93mbmdozmemo  [oblgwol go®gdg. GOHoBIL LFoMEIds  Fb3z0msMYdMWwo
9696393039, 15533MAMBOWM FHYO0 > F5M535¢0 BEIBIMEJOOL LoBHMIBL3MMEHM LsdSE9gd9d0,
3mfgLM090ME0 Bodsb3m s LBoIBM393™M Logdd0sbMds, LsBmMYsMgdMogz0 falitoao s J394bols
40600 ©9dM3MOEBH0MWwOo, 356Mmbol MBgbsglmdsbg ©KMAbgdMWwo MBMPNOGOHHMDJd0, LMol
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dgmE@bgmdol, 353006583 Mmdols s  FMALEbMgdoL  LRIOHML  29630msM9ds,  3MEEHMEMOU,
bosewbm@o  ®gh3obs s Lobwyggbodm  Ho®mBmgdol  dospswo  ©mby,  GOoBIoL  LEgO™do
5L5dd90EMs BogEgds, 339W0BOE0IMO 35¢0MJOOL FMTDsYds WS NYbMmgEo LEwAMGdOLIMZOL
390003dmbmbg  qoM9gdml 99ddbs. GHMobdo Abmgwom g3mbmdozol gHm—gmo 599356 o
006530316 oML Homdmoygbl. Gm@MoBdol Hmeo s 3608369wmds MsbsdgMmgg dbmageromdo
89000350 0DBOHEYdS, M3 A9B30MMIGIMWOos Bb3oILLIS J399Dgd0L Fgdmlogergdol BHOmMs ©os
dmbobergmdol 3bmgMgdol mbol gomdxmdglgdoom. 5939 GHVIO0DBIoL LHGSR 2b3056MdL
3965306390 ol, OHMI GHMOOLEHWWOo doBBILOL OLHYJdsE 96s LsFoMM OO BOobBLYOO
06393030900, M©OoEILO  IMPObLM3bss  BHWOOLEHWM  IMALsbMMGOSHY o JoDBI©  FoVOOY
6963909 mO@doL  d5B396909w0. FMogz5¢n0o  J399bol 93mbmdozsdo GHMoDAL (odyzsbo Gmeno
9306905  doosbo Fos 3OMEYIBHoLs @O IToEYOomO  LsdMTom  sEPOWgdol  F9Jdbsdo,
dmbobergmdols slioddgdsls s Lobgedfoxgm dowmxg@ol d9g3bgdsdo. ™msgzol dbGog GHwOOBIoL
39630005609d5bg dmJdggdl d909a0 BoJBHMMJO0: ©IIMYMIBOE0, 0I6JIMOZ—YIMAMIRO0VICPO,
LM 305w H—93mbMm3039MH0,  OLGHMMOMO, INWEGHWOWO, OIWOROMNMHO S  3MWOEH0IO—
LMW YOM030, LAY3609MHM—39db03MM0, BMbIbEgMdOL  3bM3zMgdOL ©mbgy, ™Msz30LwWBsWwO
OMOL bobyMdwogmds, 3w EWOHo dmmbmzbgdols s33594mx0egdols B, 930bm303MMHO S
300G03M0 LAV NYHMBS s bZs.

GMO0BAoL BydBMOTo 35600900l go3egbol oldYIBs®. BoGHIM®S 33939, MMIgEdog
dmbsfoegmds doomm LsliEdmmgdds, MLEHMMbYdTo ILOJTYdMEgdIgdds,  FOWIOO ©d 5.0.
399m30mbems 49,2 %-bomgol GHm@obdo Jgdmbogerol ghmogmmo fystrms, 47,7%-obmgol 30 —
53539000, Bopasd 3603369 mzs60 ysmm, bmm sbsMBRgbobmzoL EHOmO0BIo Tgdmlbogerols
535390000, 35 ©98b0d3bgm fystrms. qsdmzombems 41,5 %-3s 33¢g30LsL Jomoms, ™I
3960090058 do0sb 3o 08mddgs GHMOOBAOL LgdBMOBY, bmwm 21.5%-Bg 5601565060 gog3agbos
56 9mMbgbos. Bmgo 800Bby3L, ®MI MEbmgwo GHWOOLEIOOL Fgd306M9d0L 356 gIMHS©
399930IMH©9ds Jos GHOH0BIo — godmzombmwms 33,8 30m396¢0 LHmGmg sbg BoJHMdL, I3
3930 9d0m 9@, 52,3%-b d0sBbos, MMA Jq8(3060©9d5 Fos BHYIMOLEHJOOL QIR0 YdSE. 13.8%-
ol 3mbyBOGO0m F0s GHOHO0BI0 Fo039bgE Mbybg sMBYds.
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39205.

50 3mbs(399900L EHYLI9OHMS ILEHYIMYdS Bodo®mzgwrmdo 2021 {owb 30D0@MmMms 9dmligeroom.

2020-2021 fHengddo 30D0EmMgd0ol 990mbigens
LogOHN39e™To

1400
1200
1000
800
600
400

I I lI
0 I _ [ 1 .

2020 2021 (33090900

36m396@90d0
B onedgmno B OHMLgmo 365065 obMogewo  MLorolb sMsdgmo M sBgmdso B mBdg39m0

Dgo6r. bogsmanz9c0mb 960 bdols 963690 sdobolihGsz0s

Lodomggermd 2021 LogOmsTMEOOLM  IMyboMgdosb  1,244,941,717 538  ©@MEsGOL
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R5dBHMMGOoLy Md0YJGHMMS© J399bol Dggezwgbols 56M9oeol goMgmss, @BsMBY6o 3GMMdE9dgdol
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9305006905, 535LmMbsgg  Mbs  Fgogddbsl  Mbmgwo s 9POWMIMO30  FHVIMHOLEJOOL
MBoBOHMHMGOOL Bogo®mabEom Lol@gds.

259mg9bgdeEo 0@ IMmoEIMS.
1. Bodotromggaml bdo@obEozolb Lobgedfoxgm ©g3s0@Esdgb@o mzogoswmmmo dmbsizgdgdo

2. GmmoBIol 93:mbmd03s, JoMomwgbmgzsbo Lowgdgom 3MLo,2019

3. 996090 35305 Bt 39356509  96F035bgdomemo  BEHodsbgdom®o  Jgbrm3zgd0oL
9H0M©3900L S M3MMOOL MO3MMBOL 56E03M0DBOLYIEO b3 03M0BOLMEo Mbolidogdgdol
®bolid0gdg00L 2530965 LGOS BY SB5ddgdsDY, 9MLOZ3EgdLS GAMLOZEGOLS S LOWIMOdOL
0056000l ™Mby LoJoMrmzgemdo sds@mngzgemdo 2020.

4. https://forbes.ge/2021-tsels-thbiliss-gareth-sastumroebis-70-ith-adgilobrivi-turistebi-
sargeblobdnen/?fbclid=IwAR3b7FKNB9qXnqrwImSKOiuBXVW cB2wjeZOXyxASW77x91]JaXTL]

xemTa8

Georgian Scientists/do®mnggwo dg3boghgoo 4(02), 2022 163




Recovery of the tourism sector after the pandemic
Manana Shalamberidze
Akaki Tsereteli State University. Academic Doctor of Technology. Associate Professor
Abstract

The pandemic crisis has hit the tourism industry hardest, but it turns out that the tourism sector has
many years of experience in adaptation and response. The tourism sector has shown the way to find
solutions that will attract tourists to the tourism industry, increase market share, increase profits.

As a result of the analysis of Georgia's tourism potential, it is possible to make a forecast for the
recovery of the tourism sector, in particular. After the crisis caused by the pandemic, the tourism sector is
gradually recovering. By 2024, certain results will be fully achieved. At present, a very small part of it is
mastered, which gives us the opportunity to reduce the impact of factors that hinder the intensive and
intensive development of tourism by taking real measures, as a result of active effective policy
development, and minimize them as much as possible. Some of these impediments are objectively outside
the country's sphere of influence, while the rest of the problems depend entirely on the country's efforts.
First of all, the Georgian tourism market should be properly advertised on the international market. In
addition, a security guarantee system for foreign and local tourists should be established.

keywords. Pandemic, tourism potential, tourism sector
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Jbcom8gdyemo bdtmdegemo bodlbogbggdol B9beahodepho 0s30L98:96598560 s 36mgHgliools Golizol
dsbsbiosogdemgdo

@5¢00 83MBJ5dg!, BogmemmD 306EM0s2, BoBsbs X 0dm@Mms8zomod, gomMao dvmMm3sdg?
ld0wobolb Labgedfogm Lsdgogobm MBo39MLOEIEOL MIEHMMBEO;

20000q0obob Labgedfognm LsdgoEgobm MbogzgMLoEIGHOL 3HMRBILMMO; 8gsbmda-40bg3memaool I3sMEIIBEHOL
bgwddegsbgwo;

300000obobl Labgedfogzm LsdgoEobm MbogzgMLOEIGHOL 3sMMEMROMEO S65GMT00L I35METIBEGHOL
0565806089 0; 35000MPbsB™T0;

£0d0@0obol bobgadfoxnm bsdgogobm MbogzgmlodgEol 3OHMBILMMO, BMErg3v9MYIMHO 35MMEMA00L J3sMETI6EHOL
b9@ddegsbyewo

BLBEHMIBHO:  9bMIYBHOHMo LEHMMIMEo Lsd3mdgdo dgbgbJodnMmo 49bgBol Lodbogbggdos s
9950096L L5330 MLBML 5300301900560 350MEMY0GOOL OB MYd0 0,2 — 1%-b s BodgzowMUBM™L
LoM3md900L 6-20%-b. MbdocMglo ol 3ar0bgds 42-53 {erob s15300. 93009 IMHO LodLogbggdolioysb
3o6Lb3539000, MMIGEMs3 F9EMJO00 3500 3MIMPBMBO g3, B30 MLBML La®3Mdgdo 31O
36MMabmBom boliosmgd0sh. bdoMos ©93003900 s FoLo0s FmMGMEo  39gEOLEIBoMmYdOL
0B3900. WMISWNOHO MY30O30 Tgloderms AodM3E0bEIl 300390 OOFbMLEH0300 s
939960bswmd0sb  20-30 Herol  goligerol 89dgae3  30.  9309Mbsenmdol 30639 dgoomls
5©035WMMH0 JoO)Maos HoMmBdmoygbl, bAoMos 5@0vI356GHWEM Mo@OoMm- s J0doMmmMGMHI305LmMb
9O»5©. 96™IgBHHMwo LEHOMIMo Lodbogbggdol sdso 0b30IBEHMIOL YosdMm, FMES M5Dss
36Md0w0 390 59mbogzol MHoL3 Bog@MMOLS s Aol M3EGH0s & d9bgxdgbEBy.

153396dm  LoBYzgdo: Jb@MIYHOwImo UG dmo  bs6000s; 39b6aBH03w9H0  dsbsbosogdgengdo;
bAd®do9emo 9bcomdgdmoc bo
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9600™I9EOMwo BEGHOMIMWOo Ls®3MIgdo dgHgbJodMMo abgbol Lodlbogbggdos s Fgoygbl
15330 MUBBML  530030L900560  ZsmMEMY0gdol  ssbermgdom 0,2 — 1%-U s LodgzoEmbbMmL
LoM3mdgdol 6-20%-b [1,2,3]. ¢bTomgls ol 3ewobgds 42-53 ool sbs3do [4,5]. 93009 MHo
LodL03b9xxOOLYYE ASBLBZ39B0M, Mg M3 F)EIMJO0M 35MR0 3MIMABMBO 5d30, Lodz0EMLBML
LoM3MIgd0 3O 3OMPBMBom bolinsmMYd0sb. BJoM0s M9300003900 @S FoPOW0S FMMHYYWO
39BVEGHIB0MIOOL  MHOB3YBO. WMISXMEOO 9300030  Fglodwms  2odM3wobEIl  306M39WOEO
©0536MLGH0300 ©s 3399MObsermdosb 20-30 fierols asbgwrol 99dgyss 30 [5]. 9399Mbsgrmdols
30639 d900mEL M5O35MMO0 JoMOMA0s FoMdmoygbl, BAoMms© 5©0I356GHMO MOOM- ©s
Jo30mm»gMH5305Lm56 gMHms. gbmIg@Hmo bEGOMMImwo Lodlogb)gdol sdswo 0bzoYbEHMBdOL
3900, MBS 5355 3bMdowo 3o  odmlsgol Mol BodBHMMIOLs s ol M3GH0ToE

9969%995¢ 0.

9600M39EOHMo LBOMIMEo BLodbogbggdol L sOBYDOEPO 3KLOGOISE0S IMfirgdeos 2014

Derosb x9bo33ol dbmxzwom mOmysboBsgool (WHO) 9096, Losog 3odmygmaowos mmbo
390930605 - 9bmIgBHMo  LEHOMIMWOo  33956d0, BIWO  BIGOLLOL  530030L9d0BMdOL
960MI9EGHOMwo  LEHOMIMEo Bs®3MTs, Fosero BIMOLLOL  53030Lgd05bMdOL  9bMIgEHOYIO
LEHOMIMNE0 Bo®3MTd S LYTZOMBBML sM5OBIMIOF0MJOME0 LEGHOMIMO LoM3mds [6].

LAHOMINo  BoM3MIgdol  Jommygbgbo  »Ebmdos,  mdgs  Bobsbos  3mEgWsE0s
3039609LEOMYg60BIMB, Bodmdboxgbom d3MMBIMdLS s YoEMIYEHMOMBMB.

59997 5MLYdIM bbgoalbgs MgMMOdHY IYHPbMdOM, 36MdOW0s, HMI gbMIgEHMOMDOIL
060306MHgdwo  LAHMMIMWo  LEMIMIJO0  do0sh 083000005,  DBMYPSPI,  OLEHM30MYINE
950™39EOME Jumzodo s3030L9d0560 Lodbogbgado 083050 Fgdmbz9390d0 30MMYdS (0,7-1%)
@5 350030 13065@ gL 503960905 9bEMIGBHMMOEWo 35M306MmTgdo s Bsmgw Mo
39030bmdgd0. 5939 90lsb0dbsg05, MMA BoeoaboBszos M30MOEHIL@ Lobgbgs Ls339MEbgdo s
998GO9MbsMMs© 30, MBJomgbs 9.0. M9dBHM-3580b65¢0MMO BHOLOOL WM3sEr0Dsgool WG,
06830 G300 gbmdgBHMombols 99dmbzg3z9gddo [7]. GgEowoz0l MHobzol 899306M9ds dbmem
LOMwo  JoOOromwo  MgBgdsoom  Boowfgzs.  M589body  3BMEMT>  gbmIgEHMomBTdo
503m39690M  9bmIgBHOHme LEGMMINMW LsM3MIgddo godmogeobs PDGFR, EGFR s VEGF
30D0GH0MOMBS, M3 009MOH0Es© Boxgd3ws© EI3L Joo 0gMs30E LsAoBbyE 9dmygbgdsls,
0939 gb Lo3zombo XM 300093 LOFOO ML IBNMLEHYO [8]. INEP0BMBST0, 5O N 3dE03530530
5 M0l bsmws 2obdsMBHgdmwo ob, o Mo aBom bEgds 9bmIgEMmombol Bm3MBgddo
9600™39EHOM0o LEHOMIEO LM ML Q5630M56gds.

3963399900 3MOYIE5(3055 oMz gboo 9bmdgB©Ho BEGHMMIMEo byM3MIOOL gobgzomsmgdols
HoL3LS O BodMJLoRgbom 33MHBIWMBLMB. GHodmdlorgbo NIl 3mGHIMB-LgbloGomMo 300ml
UGHObIOGHMEo 193 MOBswm 3693505305,  9ghmoldbmog ol JuGHMMygbol  M9Ea3GMMOL
363ogmbol@l Ho0r3mo9bl dxdml Jumgowdo, bmgrm dgmmgldbmog bgs Jumzowgddo a393w0bgds
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OMamO3  JuEGH®MA9bolL  s3mbolBo, BogowomOI®©  MHMYMOO0Es  9bMIgBHMmomdol  Jumgowo.
d9L50530b5¢, dobo FoEGdOLLL 5P 5938 9BbEMIgEHM0MTo FOHMWOTBIOS30IE0 3MMEILYOOL
3963005609dL.  LmOgo  s90FHM™I, GHodmdLboggbom  6s93MBIgd  Joewgddo 9bmdgEmowmdol
30396M3oHBool, 3mEr03gdol s  3oME0bMA0L  29630mMgd0L MOLZ0  2-4-%gMos  FOBOOWO.
3990396005, MHMI 53 3M935MoBHOL F0Mgdol gsdm 5 ferol 35580 3530963 gdol  10%-do
3963000500935 9bMIgEHHomdol Bgdmmblgbgdmo dsommemyogdo [9,10,11]. Hoyo 33ag3980m,
bmyoghom 306030 dmbs 939 39ME0bMLIGIMA0L, goMmBombIMm3MIol s 9bmIgEHMmMwo
LAHOMINEO  LIOIMIOL  2o63005MGOS.  oMPS  sdoby, TJgdmbggzems dgocg bofloewdo dmbs
LEAHOMIMNEO BM33MTGIOL  J39-390055GHJOOL  FsFMYSE00GIS3, FOPIWOMI® MMYMMO3S  Loldglm
F000U-0533560 35bsB0smMYdgdOL Jmbg 35E0 bsGolbol 5300309005630l BEGHMMAMEo LsM Mo
[10,11]. 9L50530L5, 59930€JOJE0S 58 360935M5EH0m I3MMBIMBOLSL 3530963 90Dy Foba@dmdomo,

93953600 3000603900 ©5330603905.

96™39@MMwo BEGHOMIMEo Lodbogzbggdol 30LE MMM MYOMMO ORBMLEH03S dbgrrgdmwos

oo Lbgo@slbgs  30LEHMEMAO0MOO  35M05BEHIOOL  sOLYdMBOL  AsTM,  GMIgoiE  IMoEegL
333796 M356 0BIMIBE0sE300L, X063IZ3WM356 s 930MIW IO ORBIMGBE053EOLIL s Lalidglm
F090L-053350 ©0xgM9gb30s30osl [12]. dgmégl dbGMOZg, MG gLs  36033bgerm35605  dsO
bos®obbol s Fopswo bsMolbol s30030L90056MdoL  9bMIgEHOo LEHMMIMwo Lo®3MIgdol
©O0xIMI630Mw0  ©053bMLE03s, Moyb Tomo 3OHMabmbo s 5-ferosbo  dosMbgbscmdols
06&9M35¢00 3609369crm3bs 39BLb35390)e0s [13].

30LGHYOMBIM30m JogdME doMmBLOMO s Fodmbogbgz 60313gddo 30LEHMINOBRMEMAOIMS®

96M3gBH®0dol BEGHOMIMEOo Bgm3sbBool 306390, 9.5. OsbMLEH03MO Folivmgdos Tsbogrsdo
M9  Jumzomgzsbo MR IDEJO0  FoMdo FoMdmygbowo gbMIgEHOo LEH®MI0.
Sbgmol  sdmBgboll  Fgdmbggzsdo,  LoFoMOms  2ob3zslbgzazmm  IMMEgLlo  SGHOMBOYO
3300939005996 3960~ s 3MBEGHIGBM3sMBNO Joegddo s B¥BTM3MBYOHO gomdomdols djmby
306090do  9bMIgBHEmOoMAol  gMmOOEI©  ©IHB0sBYdMmo  Jumzowol  BEMORTG6EHYIOLSRSE.
©0xIM9630™ ©056MLEH03580 50BB0dBsZ0s MK OJOMWOo LEH®MIoL dJmby 9bmAgEmomdols
3mo0303.  390mbggzoms  Moogl  bsfowdo, 9bmdgBH®mondol  LEGHOMMIMwo  Lodlbogbggdol
©053bmBGH03s @s Tomo 393H03900L  oblbgsggds sigm oty BmAol dsbowrgddo LoMmoergls
Po68mogbl s 3MMmEqgLoL Ls®fdmbmm Tgx3sl9gds BgwdEdg0s. OSRBMBOL 39MH0RO3ZSE0S WS
30L08035:305 bgds dsLoerol BsMmm@ dglfogerol Lyxzrdzgwdy, 3oLGHIM9gdGH™Ioom dowgdvew
603390%y [14].

96M™IgHOHmwo  LEHOMIMo  3356d0  FoMTMoabL  39Mo  FgamBIMPEME  Lodbogbgl
do0mdgBH®0w9ddo dobodserMo 0b35Boom (<333) 56 JslBo 0b35BooL gomgdy. 99bgdom olobo bdoGs
3030L35235M05 5 J9FNDBOOWO0s 530 MBBML WMo, MFES SHILOSMYOL FoMmdgEH Mool
bobdgdo @M3o0BsE0s3. 339609008 bmds doGomss 10L3-0gs. Fo3OMLIM3MWs© obobo
9Y3005WM-0mbsgmolBOH™M  RgMOLsS,  FgBMBIMREIMO, TG0 965-063553LI0MHgdYO.
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00305 99dmbgz9399do 53 LodL0gbggdL SHILOLMGO® 39dMMHY0s S 0d9d0E0o BHodol bgzdmbo,
o3 03938 o Lolggdo 30LEJOOL BMOAs30sL. Fo3OMUBIM3IEsE 53 GHo30L 33956d90L As5Bbosm
30009900 Bgfimeols 9839JG0m, 01993 oy d900mb3z9390d0 oliobo fows3m3z560 996900 56056 96 5g30
350G IOMO  30009900. ©0Y (Ysmmgddo ghHmgmer Jgdmbgzgzg0Ls s Mg 3eobozme
53306390909 (9.0. follow-up) ogMHbMdOm, s0HgMoos, MHMI BM3seMMo 0635B0s 53 GHodol
0o60mb5d3b69080 15339305, Mdas 3-Bg 653w gd BMmIMLTo s FbmErmE 333-0560 Low®dom,
0MdEs 9939 Mbs 00g35L, HMI gl BZOMOo FIOHEGHOWGOO F0MMDdOMOS s FMIEGOM0S TYsE
393b0gmm 8330390 9090L. Lolbrdowgddo 0635H0s 56 3006, WYX MHIOMWO M3OGOS
3393L B35 ® 3MME0R G300 96MBgGOIM LAHMMALL. 0lobo bolosmgd0sb L3oMsw Mo
Lobbedogdol 0My3030, MAMEOLIY35M0  Jobwsggdom. 538 LolbEdowgdl sdz0 AbsgLo
©05393HM0L IJmbg Lsbs0IMYMGIOO S 3O 3M06 GOHPTBYNMB 8FoOHME WM 3Ise0HYdYbo; dsmo
Bofowo  305¢00boBomgdMmos.  9bmIgBHrme  LEHOMIME  33956d9000  083005O©  OLLbYdS
3330 m3zsb0  ©orgMgbgos3osg.  03mbm3olbEmdodomGs  LodbogbmMo MR GgIdO
3mD0@GH0M05 9999 96 39M90%Dg: CD10, Vimentin, actin, 51939 ER, PR ©©s WT1. ycy339960mm3560
©O0xgM9b305300L  39¢gddo, SLYMOL  sOBYOMBOL  F9gdmbgzg35d0, BMIIWMEE  obsbgds  g.§.
DO GH0wmzs60 /96 390063 gmEmo 3mboGomcmmds ds039M90bg: desmin s h-caldesmon [16].
©OxIM9630Mo  O0RbmMLE03s MAMIgzMgbs IMmo3s3L VXM gomdomdsl,  MmIeol
©535bsl0sMGOgo 30LEHMEPMAO0MOHO 300EIO0Fqd0s: LodLogboldows LW 3gEosbo dbbgowo
35¢00M0L LolbEdogdo, 6533M5EOLYdINMYMO LO3M(39900 WS BOL(303IWIM0 FBYdS. BoYIMOPWYOMS
ob, ®md CDI0 3mbBoGHom®mmds dgboderms o3 Lodbogbggddos godmzwobogl, mwdgs oo
LoboMpgdwm©  993Y39wwgdl  desmin  ©s/56  h-caldesmon ©OBNHBYOO  FOGHM3WIBINGO
30DoGH0MOM™S.

Q5050 bsMmolbol 530m30L93056MdOL 9bmIgEMmMEo LEHMMIMEro LsMIMTs [oMmImoagbl 9.0.
RO, 033G MAME Lodlogbal, MMIgEoE OHMYMOE 360003 MEMO®, 0bY 30LEHMIMOBMEWMYOVIMS©
33936 96MAgEHOM LEGHOMIN 33560L. M30MSEGHIBO© 0 3¢0bEYds 39M0-09bM3s BN Sls3zol
Joegdols  xamxdo. 3530ML3M3MWs©  obobo BoGMs  FMSZoos3M35605,  5658339EMO®
©99560 3060900 BoBE3OIOOmM. 350539EMO0MTOl Mdo Jumz0¢gddo SOLYdMEo Lolbedowgdols
LSBsIMGdTo oM YMHoMgdsL 0d;3938 399MbsBIM©Ido 96 Jumzomgzsbo dsbgdo 9.f. Fool
dbaogbo  gmGmdom. d030mbzMm3Mws© LodLbogby bolosmgds 8F0MM  MXMIOMIWMOOD S
dmbmIMORME0, M35¢MMHO0 5 MOMOLEIMS MXMIEOIOOL SOLGOIMIOm, MMIGMSE 299BboSM
303966 ™3mwwo d0mM30 s oMo 30EHM3WIBTs. 50bodbmeols 4sdm, ol, LEGH®MIMo 3356d0l
abgogLo, 9aLas3LYdS 3MMEWOBIMHSG0I0 BBl bmMTs® gbmdgEHmve LEGHGMALL [15].
5300 5J3b  BEAHMMIMEO  YYROIOIOOL  EodIbILOSMGdgE  gbolgdmE  (tongue-like) BEOIL
90m3gBH©®0ddo s/s6 domdgEHMomdol Lolbedowgddo. LolbEdowgddo 0b635B0s 8 3s00MEPMAO0L
©053b6mbGH03oLsm30L  360d3bgwm3zsbo  3M0GHYIMH0MTos s  LHmMgo gl aobolibgoaggdls Aol
9600™d9@HOMo LEGHOMIMEo 3396d0LoYSL. FoGHMBMEMO 0bguo IdSEos: <5/10HPF. By3zembo 56
0bsbgds. B bomolbol $30m30L90056MdOL bMIgEMMwo LEG®MIMOo LoMzmdol 3s60sbE9d0
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d9Loderms  0ogml  5©0bodbmwo OB MIBE3053000: Y3396 P™M3560,  MIBOMIOMOWILEHWGO,
dogbmom&o, 300OMOWILEGHMEO, 9309OMOEYIM0, LobiggLm F0dol-0s3560,
960™I9GHOMOEME0 X 0M33gd0L-0583500, B0 YIXMHJOIO, MIOPMOEIO, J.(. dsbobyo,
5Q03MmBME0, 3530¢M0 96 BLY3EM3530MEO. 039bM3oLEBHMJ0ToMMI© 3w0brgds Lodlogbmmo
X 090900L 3mbBoGomdmds CD10, Vimentin, actin, WT1, IFITM1, ER, PR 95639693%9. 39065¢&0bo
d9LodEMms 0yml 3mBoGHOMMO x0M33eM3560 /96 Lsbdgbm Fodob-0sy3500 ©O0BIMY6E05300L
3969000, HmIgando sbg3g obEbgds 3mboGoMEmMds 999y 3563960 9dbY: Inhibin, CD99, Calretinin,
MelanA. 2w33mbmnm3zsb0 ©onqgMabEosool 39609830 3w0bgds 3MBoGHOWMMmMdS FoM39Mgdby:
desmin o h-caldesmon, BomgexMHgome 3md3mbgbEdo 30 HMB45-%g.

050 BHMOLLOL  530030L9d056Md0L  9bMIgBHMMEo LEHMMIMEo BoG3MIs doewosh  3353L
3039639 I© 0b@®539696 ©90M30MIsGHMBL/wgomdomasl, OTOTe/(Glel IRT S
OxgM9b30M900LsL, 58 99356513690l LsboMAgd™  3G0EIMH0YIgOL  Homdmoygbl F9gdgao:
06@®5353M6  bLodbogbgdo  BadGmowroligdmo 6 Fowszmgsbo  30ggdo,  30EOHM3MEO
33093900, RBOL303MMM0 J969ds, MXMIVIO0 9615933900M0 BOMMZNMo LoBEOIMGdO
Lolbrdowgdo Ubdgwo 390wgdom. 03M6mxzgbm@Godomgdom mMogzg Lodlogbgdo, dso TmMol
MXOIOM  @g0mdomdsdos, dqloderms 2sdmzeobogl CD10 3mbBo@omdmds ©s h-caldesmon
RMIMM0, 89930090wo  gJudMglios, Gob 2sdm3 LYORBIMY6E05E0ME TGO VOMYONIEO0S
D90mmblighgd o 30LEHMEMYOMHO JobILOSMGOGdO.

35050 ba®molbol 530030L9d056MdOL bEMIgEOWO LEHMMIMEO LEMIMTS F)EIMJO00D 0FZ050
@5 3939 3006935 28-67 ferol 51300 (Lodmogrm sbs30: 50(.). mbdomglio 3ewobozwm®mo Lod3d@mdos
3500MEMR0M0 LolbEghs Lodz0WMBBMEs. 58 Lodlogbggdol BHo3oMo T9bgds 3tEP03MOYIMHO.,
39055 990mbabOzmmwo,  domdgBMomddo  0bzsBool  Fs3Mmbzm3mwo  6odbgdoom,
3990653090005 s 6930MBMEOo (33¢00939000. 30LEHMIMOBMEMYOMMIE FoFMbIGHME0s MMO
G030l MR MHIOIO 3M3YWSF0, 39MIME JOMO - 5050 bsMolbol 530030190056mdob (high grade)
3oboloomgdgdom, JgmMg - sdseo (low grade). obobgds IMHRISO S MOMOLEHIMS MK MJIOIIO.
36350 MXMIEOIO0 J30MI0MOEIOO  FGLobgEoMmdOLs S bolindmYds  HMEMYGYIEIOMEO
LobBEZMYOOL dJmbyg 39H03MWMEOO /96 3039H MMM doMmM39d0L s BhoMmo gmbobmgzowrm®o
GOAM35DBIoL MLYIMBOM. B0OMZ3900L BMTs 0IBME0EJOOL BMSBY 4-6%96 FgB0s. 500b0dbydS
domdgBH®oddo s Lobbedowgddo 0635Bool FMogwmdomo 39Mm9d0. domdg@®mowddo 0b35Bosl
593L aLEBHMMIEOWO 0bBoEHMHE00L Lobg. 58 LodLogbggddo s193g 500bodbgds bg3OMbgdo s
Fo630 JoBHMDBYOO 5JGH03Mds. JoBHMDIdoL Mom@gbmds >10/10HPF. sdscro (low grade) bs@olbol
533030L90056MdoL FJmbg MBbgd0 303M(39IEIM0S S 53 BOBOMIWSLEHMO /96 odlmomGo
d9Lobgomds. 59 BMbgddo JoBHMBWMO 5JEH03MDS 5055 MZoedoLs(3939® A5TMbs@meo (BoEmbgdol
50M9bmds <5/10HPF).

4960obs®go0s  ol, M3 Fs0swo  bsMolbol  53003090056Mmd0L  9bMIgEHOHM  LEGHOMIM
L6 3M3sdo Bgdmmomfig@ow 9.(. low s high grade «dbgdl 0dbm3olEmdodomMowsag bbgsalbgs
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36OMBowo 5d3m. Low grade 3m33mbgbEdo 3crobogds @ododo dmbodomcmmds CDI10, ER, PR
956 396090D9 O BMIsw©o, bmdmdo 3mBoGommmds Cyclin D1-bg, CD117 30 6gas@owemos. s3ol
Lofoboswdgame, high grade ¢369d0do CD10, ER, PR 6935&09960s, 8sa6sd Cyclin D1 bLodlogboéo
IROIOIJOOL  bWMgdom  >70%-00 53wgbl 9339006, ©OBMNHBNO  3MHBOGHOOMOSL;  S1g39
NMIOMO© 3nboGHowcmos CD117. 53 3somemyool ddmbg 35309639000, LiimMgo high grade
333mb696@&3do ER 5 PR 08650m3mb0o@0r6Hmdol sGoMlgdmds s dgLsds8ols, sbEHo-gb@®myqbmwo

09M5300L 56M5-9139JGIOMdS 3L Loywdzws bdod M7300390L.

3o0o0  bsMobbol  530m30U90056Md0L  9bEMmIgBHOMwo  LBEGHOMIMWwo  BsG3Mds  0d3000505©
30LGHMIMOBMWMYPoMGMSE  gALRS3LYOS  93OMIWOMOEYIE  g0oMToMBsMIMILL, MIEs  Fs00
©O0xgM9b30M9ds  Fglodwrgdgeos  03996030LEHMJ00NMS©O - gomTomBa®3MIs  ORMHBMMI©
3mD0@GH0M05 356 39090bY: desmin, caldesmon, ER, PR, 3og65d bgg0@0960s Cyclin D1-%g.

35806, MHmEs 35050 ba®olbol 93030U90056Mmd0L 9bMIgEHHwo LEGHMMIMEo Lo®3mdol dJmbg
35309B63L 90960dbgds 39MH0EBHMbYMEo A936M39¢90s, bBoMow bgds LoFoMm dolo oRIMIbEosE0s
bbgs  d9B9bJodmeo  0mobEGHIMIRMIOwo  bLodbogbggdologsb,  3doMzgr  Gogdo 30
233LEGHO™O0bEJLEH0bOHO LEHOMIMEo LOoAL0gboLssb (GIST). 53 35653690 LobgBgs MMM c-Kit
(CD117), obg DOG1 gdudeglios, Moz 56 olabgds 9bmdg@EHMomdol LgMmame bs®3mdgddo.

d9b9bdodnmo ©IPOGIOIB305300L 39600, o IMS5EGHMEMSA0 3b939 396135005
©™399996GH0M9dwo ob, ®md 9bmdgEHMomdol bEG®mMIMo bsM3mdgdol bobdgdo, osbwmgdom
40%-30, 99gLsdems 993b3090 9bMIgEHMOMAOL X 0633w q0L.

3M50R9M9b306M9dMw0 3903E0bMAolo s QO0xRIM9b305300L dobboom Lo FoMmo
00996mR9bMGH030M90s - FJombgsgzs@ 0doby, ™I 53 GHodolb Lbodbogbggdoi bdotMs Cyclin D1
3H0GHoGm0s, LodbogbMMo  MXMIEIOOL OoRWBMMs EMA s  39MHo@0b-3mbo@om®mds
5Q3BEGHMMGOL 3503060l OSABMDBL.

5508909630090 0 gbmIgEMmMEo LsM3mds (UUS) 51939 Ho®mdmoagbl dsmacro bamolbols
53030L90056MdoL LOALOZBYL SMgLOMO J39300. 53 3500MEPMAO0L FJMbg 353096(3)Jd0 JOOOMSW©
56056 3mbiE-096m35mBoL sbozol (Lodrserme 60ferol) s Lod3GHMIGOO FMOEIZL 35MMEIMYOME
Lobbegbols  LYAZ0MBBMPIB /56  BOAZ30EMLBMLYSMY 493039 gdol 56 F9gEsliGsBocmYdOL
d9000bg93580  Fgmeo@  Bod3GHMIGOL.  30LEGHMIMOBMEIMAOMGOSE  dob  9Jal ™m0  J39-GHodo:
MBogMHM™IME0 s 3gMIMORMEOo. 1boxgm®INwo-UUS 5658bmem© 30LGHMEMA0IM0, 560539©
00996 x396mEGH03MM0  FsbobosmgdgEgdo  25oRIMS3L  Fooeo  bo®olbol  530m30193056MmdOL
960MIgEGHOME LsM3ZMISL. Ls0BEBHIMGLMs ol BogBoE, MMI BMPOIOMO 3MPORYMHI6E0MGdIMWO
96mAgBHOmwo Lodmzmds g9bg@03mee©s3 93cgbl dol dbgogl  GHGMoblbarmzsgost - t (10;17).
39gmIMmOHRM 3560056GHT0 303095 490mbodmeos 33390000 d0OMZMWo 3M0dmOHR0HBIo,
69360mBo s Fopswo do@mbmeé 0bwgduo; 98 GHodob Lodbogbggddo sME0WgdgEos Slg3g Lobgby
0yl  49)33096mm3560 96 9bmIgEMmomdol LEHMMIMWo EO0RGMHI6E0SE00L  sMMLYIMBS S
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domdgBH©oddo 9.§. ©gbBHOMIE0Mwo 06350, 9930 gdE0s 5©0b0dbMEo OsRbmBo ooligsls
dsbogol godonm dglfogerols 9999y, ™I A5FMOMOEbML Qe339bmM3sb0 b J9bogzbmeosbo
363560 0xgM96(305309, BgLsds3oLH Foso BsMOLbOL 53030193056MdOL W goMmTomlis®mds
b ©dMmIombsMmzmds.  dg3g IH939wMdsdo  Jobowgdos  O0RIMHI6E0MWo  OSRbMLE03S
39030bMbOM3IMA0L 96 5@gbMmboc3MTobosb. 3059JFH03MEs©, SOHIOHOMO 35mMEMP0s FoMdmMmowqbl
399mM03b30L 0obmBL. 08MbMEgbmE03000 5M9©ORYIMHI6E30MJdIMMO 9bMIgBHOIo Bo®3mds
©OoxRYHBMMI© 93¢9gbl CD10, p53 s Cyclin D1 3mBo@omdmdsl, dsgMsd obobo momddol yggams
d9d;mbgg3sdo bgyo@onmos ER, PR 056396090%g. CD10 956396006 ©onmHBmo 3mHBodommmds
30LEGHMEMPOMEs©  ALRS3L  Fooro  baMolbol  953m30Ugd0sbMdOL  9bmIgEMmeE  LEGHMMAwMw
LoM3MASL Q9TMOOEbI3L 00 99dmbz9390d0g 30, Om3s CyclinD1 ogHGs© 3mBoGH0MEM0s, 0009930
5oL M) M5 gl LodLogby 29b9BH03MMs© Fooo bsMolbol 530030U90056Md0L 9bMIgEHGYIO
Lo63maol Mo 9393030, XIO 30WI3 33930l Logobl FoMBmogbl. o6 sGBYdMBL b3y
dmbo39dgdo 0dol Jglobgd, vy 6o 3OMYbMBMo Gmeo gosBbos CD10-U 9bmdg@emmwo
LEHOMINo Lodboghggdol $3030193056 350MEWMYOsE 3OMYMglooL dGMm3gldo [16].

P53 oMdmoygbl  3bmdow Lodbogbol Lw3MYLME  (30¢sL, MMIWOL  FMEsE0s  900bodbYds
bemoOo Lodbogbggdol «dg@gbmdsdo. p53 bgwol »dwol Lodbogbol Asbgz0Mcdl dobo
3615350 x39MM3560 73MbJ309d0L 250m, 39MdME BMAMMGOO(3S 35O VX MIGOOL sB0BYdYE
RodBHMMGODBY @O 93M3GHMBNOHO  3OMYMsTol  BsGIngs.  p53-0ol IMFo30900L  Fgdmbgzgzsdo,
Lodb03b9gddo 500b0d6gds 53MIGHMBOLYD YolbBHMTS s MIMBGHOMMM 3OHMEOGIOS(30, M3
bawb 9figmdl FoMd0 Hm©gbmdoom 3m@E930930L RMM3qdL. oEIMGWIMSdo dmbs39d9d0 p53-0b
OB 9bmIgEOHME BEGHMMIMw Lodlogbygddo Lozdsm IFoMm0s. SVFIO0W0S IBIEO BsGobbol
53030L90056MdoL  9bEMIgEHOHMwo LEHMMIMWOo LsMIMIOL Fs®so bBsMOLLOL 3030L9305bMdOL
LEGHOMIN  Bodbogbg  3MMYMgbool  Fgdmbgzgzs,  MmIgwdos  900bodbgdms  FoMdo
03996m30b¢MmJodoMmo 3MBoGHomMmds p53-Bg, M3 05306 FbBM0Z 50boTbsgL p53-0l dEsEooL
SOBYIMAS.

MOmamO3 500b0dbs, ©dsEro boMobbol 9bmdgdHMymo LEOMIMwo Ls63MmIgdol wdg@glmds
599L3MgLOMYGOL GO MYIBOL s 3OIMAJLEHIOMbOL MYi393EHMMIdL (ER s PR), 99blbgsggd00 domsero
bsGobbolb 53m30190056md0l 9bMIgEMHMEo LBEBHMMIMWOo Bo®3Mmgdols, Lowsz domo 9Judmglos
53500055 boBololdgros ob, MMI Esdso HsMoLLOL 9bMIgEHOYIE LBEGHMMINW bse3Mmdgddo
BGHOMYGboL @S 3OMYGLEHIOMBOL M9(393EMMYdOL 9Jl3MGLOs boliosmgds Bswseo Lodlbogbolidos
@5 bodL0gbgmsdmEolo 39EHgM™maqbmwmdom [6]. 535LmMb GO, LoobEHIMgLMs, 960FJds vy 56
65009 MO 53 ©9(393GMMJOOL 9Ju3MHIBOSL VIO bsMIOLBOL 530030198056MdOL 9o MIgE MO
LoM3MTgd0L 3MHMYMLOOL 3MME9LT0. IMEYIBYE0s, FglodwgdgEPos MY 5MS 3035MIEM®M, Grnd
BGHOMYGbol s 3MMPLEIOMbOL M19393BHMOIO0L 9Ju3MgLool F9830MYds F0IMOMGOL B0
bs6obbolb 53030190056Md0L 9bMAgEHOIo LEOMINWO Bo®3MmAoL 53030193056 35MEMYOS©
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36HMyMH9LooL oo MbsOBY. g L3O LoFoMMYOL TSEHJO0D 33¢g35L 953M30U900bMdOL Lbgs
dobolinsmgdegdol dgLHogwrslbomsb ghma.

36Md0w0s, MHMI Vo bsMOLLOL 530m30L90056MdOL 9bEMAgEMMEo LEHOMIMEo bsM3mdol
353096&90d0 Lodlbogbols BHOL bEOTMO3E0L SBEYBL LM JuBHOMYI60 s sFoEHMTSE 3oL ol
5009000 9bm- s 93BMYgbMH0 30396M9LEMYY60BToL 8Jmbg Joergddo. LoobEgeglms ol gsg@o,
G0 Reich-05 9l ©593538065 LodLogbgdo BgMBBE 5MMoGHIBOL 9gJudMgLosl, MMdguog sbgbl
LGHOMYgboL dombobmgbL 35600, 3996009330, PO ITGEBY©s X 06330l JuMZ0T0 S SOMTSESBS-
3B0 G006 LodbogzbH YN MHYEIOTo MMBMEOJEHMTooL 8IS 0. LYMOYE sd0EHM™A Fgodergds gls
0ymb Lo 3mdob MHg30o30L Jobgbog [7].

dmbs39dgdo sbg3zg 8HocMmos LEGHMMIM L6 3MIdTo SBEO™M9BOL M9i393EHMMYd0L (AR) 9dldcmglool
0530L90M9090bg s Fom 3OMYBbMBME BMEDY. 2004 Hgul Moinfar-05 300990096 gOHMs©
d90Lfogas 9bMdgEHM0odol 20 LB Mo Lodlogby (3 bEGHMMIMEo 3356d0, 14 B bsMobbol
533030L90056MdoL  LEGH®MINo bodLogby s 3 ¥M9OBIMIBE0MGOIMwo BEHOMIMWOo L6 33MDY).
500mBbos, MMI 0l 30ME Lo 3DBoGMM0s 9BMIYEMOMIoL LEGOMIM 335609330 (66.67%) S
M3 653009050 (41%) Lbgs 9393H0390d0. 2017 §garl sbsermyom®o ¢gbwgbiaos 4sdmgwobos Roy
M. et al 33e093530 - 9bEOOMYIBOL M9393GHMM0 3MBOGH0MMHO 50IMBbEs B  bsGolbols
53030090056MdOL  LEHMMIME LsM3IMIGOT0, 2oblibgzszgdom Fs®owo bosolbol s3m30U93056MdOL
LEHOMINEo  LodLogbggdobogsh s  MgEoOIo @S FYGILGIBOMYPdIMWo  BEGHOMINWO
Lo63M3gO0LOYsD.  OHMIMOE 3030m, BGH0BLOMYI6Mwo  F3M@BswMds  3bmdow  MgMs3owme
LEAHOGHIRL  PomBMogbl  Fg@oLEGHIBMO  IOMLEBIGHOL  39M30bmdgddo s dMdml  Loddoyo
6939306 300mdo. Lo®golm, 9oE™IgGHMHwME LEGHMMIME LoMlmdgddo ER, PR G9393@mmgdol
99LHog3wsbosb  gomo, Logombo ©ygds AR-ob  gdudMglbool 0s30L9dw9Mgd9d0L  33¢935D9E3
306500056 ol Gglodenms Foedm9bgl 3mEHgbE0e MgMmsdome bsdoBbgl.

LodLOgbmME MXMIEIdTo  HMLYIMWO  FMENYIMEIMMO  (330WGOGOOL  PIMS,  93mM301980560
LodL03bggdoL 9B30mMsMGdsLS @S 3MMYMLoOL 3MMmEgLbdo sliggg oo 860336gemds 9603gds

LodLbogbols 086G B03MMPMGML, MHMIJOoE oMM HoMTmygbowos Bbgzoslbgs FHodol
0IBM30GJO0M O F530MBIAGO0m. A5dMm3gboros, M@A Lodlogbggddo 39ds@mdlogrobol s
g0bobob  BHgdbmemaoom  sdmgzwgboe  Lodbogbol  ds0bgowBHMOMGdIo  WoIBM30EJOOL
3MLgdMBSL Ao9Bb0s YOO 3MHMPBMBMWO POMHYOIMWYdS, YIS B0 33939000 dY39
BsB3969005, M3 FoMdo  @oIRMEOGHVIM0  0bBowEHMS30s  FgBd©  5©00bodbgds  owowro
53m30L90056MdoL Lodlogbggddo. gl oMol 085Dy, O FbMEME WOIBMEFOEJOOL SMLYIMDS
56 Ho09mo9blL Bo3damobl Lodbogbols 3GMmaMglbool F9hgMmgdolom30L. sOLYGdMBL 3569, MMI
©w0dxm3E0GJO0l BM6J309M0 BEIGHMLBO @S 365 FoMO MOMIEM® sOBYDOMDS, FoblsDP3M3L om0
LodL03bOLAYD WHE30L WbsOL. WIBMEOEJOOL BMBIE0WEO 5JBOMOMBOL Fgr3sligdolsmzol bdoMmo
39900yg690s bg500oLb3s 3OIME0RIM30I0 F56M396M0, MmAmMgdoass Cyclin D1 s Kib7. 51939
BsB3969005, G™MI  LodLogbol 3MHMyMglosdo db0d3z6gwm3zsb0 Mmoo  gboFnds  830XMTBIYGOOL

Georgian Scientists/do®mnggwo dg3boghgoo 4(02), 2022 172



5ML9dMBOL. 3530MRAGOL YmRID MO JOMOMIW KAMBIW, MMYMOOO355 LOALOZgboL L3MglmE Mo
M1 &odol 853005353900, M®AEgdoi bslosmgdosb CD68, CD80, CD86 0dwbm3ol@mdodom®mo
3mD0GH0OMd0m ©s Lodbogbol ds3MHM3mME0Mmdgwo M2 BHodol  8s3MMmxioy9gd0, MHMIIO03
bsbosmgdosb CD68, CD163 03Mbm3olEmdodomn®o  3mboGomcdmdom. i m35658369ebo
dmbsfoegmdgb  LodbogbmMo  MREEIOOL  HoMmBMIMdsFo,  0635Bool,  FgEHLEHIBOMmYOOUL,
00996mLw3MHLooL s 9B0MaabyBoL 3MMEILYdT0. gMm-gMHmo 339300 Fodm3wobos, Hmd M2
9536003353930l Fo05e0 MH5M©IbMBdS 500b0dbYds 5650039096 30Md I 9bMIgEHME bEGHMMAwme
boM3Mdgddo, dgs 3500 9OLYIMDS 9BbEMIGEHO LEHMMIM 3356d30, B0 s TdVOWO
bseobbolb 9bmdgEH®ve LEGHOMIMw Lodbogbggddo JglHogwrowo sMvs. Lodlogbols 3o 3O MMM To
50 BHo3oL 8530MmBsaq00L  sMLGOMds 3603369 M3560 Bod@BHMEos 853MMBsRJODY ©sd0BbYdOMO
0965300 95394 EH¥IMMO0L 2oBLSBLZMHOLIMZOL. 50b0odbMo 83OBsMds JodoMmE0s Lodlogbgydo
3506830 EH0M9090 MY MIIO0L IMDBoE30L  IMMAMO30L, Tosmo  LoEMEbEolwbsMOIBEMdOL
99B0m30L, 96@0-0dbogbmG M1 896mEGH03bg 290sMM30L 96 Lodbogbol Ts3MM3MEOMYdIO
59&03mdol d98306M9d0lL dobbom. 369-30bozm® Jmgwgddo Mo8wgbody 339350 sB39bs, BID
8536 x35398bg sd0BbYd0mMO MYMs305 98gJEHWIM0S MMAMEO S IMbMmgMs300L, 0by 3Fd0boMHYdIMo
09M5300L5  B0MaBIBOL 0630d0FHMMYOMB s 0FMBMMIMs30ME 15T gdYOMID JPIMS.
399m3wo0bs, MHMI 3530MRBAGO0L  LEAHMMISA0  250MEg3s  9IxMOYLJOL  Jodom- ©s Lbogm®
096530597 3s5LbLS(S.

4m39e03g  Bgdmomblighgdemol oM@,  goblsgmm®mgdom  LsobEHgMgbms,  9bMIgEHMmOTol

LEHOMIMEo Lodbogbggdol 0boEoszosdo IgHYbJodMMo, WwmIsey®mo g.f. H®IHBoIbEHO gM™m3sbo
MX OO0l OHMEo, OHMIG0E OoEIMIGVIMST0 LMV 5M0s Fgbfiageroo s DBMASI,
bosgombo  dbEM3sb0s.  SMLYIMBL  TBMEME 39O Id0, MMI  oLobo RO 3OO
96M39gBH®O0MBOL  3ommygbgbTdo, mwdgs GIMbadomo BodBHgdo bs3wgdsss FoMmdmoygboro.
36mdowos, GMI 9bmdg@®omdol dgbgbJodm®/LEHMMIMW VgMM356 MXMIIOL 9J3m Torswo
3OMWORIMSF0MWO dJBH03M05 S M30m-gobsbegdol oo MbsGo. olobo Wm3zsobgdIbo
56056 9b™mdg@®momdol Loliggdo 39603539 MESE s M3 3603369eM35609, BsGINMWBO 560
dol ©9296965305L5 @S F9BIbEGd5d0 (303eIMS, YM39eE M39. M53EY60Tg 3309300 459M3w0bs,
G0d I9bLEBHOMOE300LL Jumz0eol BBl godm, FoGHM™30bwGmo (39Hdme, IL-1B) Lsbogbswrm
3b900L  ysemdom, bgds dzwol G30bol d9gHgbJodmMmo ©gHmzsbo MXM9EIOOL FodcsE30s
9600™d9@®09dd0 @S 35000 ORBIMGH305305 96EMIGEHM0MAoL dgHYbJ0TIME VgMHM356 VX MYLI© W
58 qbom, LoMGHYIM3M™ 9BEMIgEGH®OMIOL ©VIOM3D MR OJJOIMID ghmoE, 9bMIgEMOMIol
92969605305. 8500 0304100 BY30MHWo 03bmIsM3gMgdos CD29, CD44, CD105, CD73 s CD90
@5 9939 bobosmgdosb CD45, CD34, CD31, CD14, CD79a, CD19, CD11lb  ds63969d%g
69253 0MHMmd0m.
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The phenotypical features and risk factors for progression of endometrial stromal tumors
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Abstract

Endometrial stromal sarcomas are mesenchymal tumors and constitute 0,2-1% of all the
malignant uterine pathologies and 6-20% of uterine sarcomas. Commonly they arise in 42-53 year
old women. Unlike epithelial tumors, that are having better prognosis, uterine sarcomas are
known to have bad prognosis. The recurrence rate and the risk of distant metastasis is high. Local
recurrence can be even seen 20-30 years after primary diagnosis and therapy. Radical surgery
stands as the primary therapeutic method, often with adjuvant radio- and chemotherapy. Due to
the low incidence of endometrial stromal sarcomas, only few things are known about the risk

factors of bad outcome and its optimal management.

Keywords: Endometial stromal Sarcoma; Fenotypic features; Stromal Endometriosis;
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BJINAHWE METOJA BBIAEJEHNA, AKTUBAIIVIM U CIIOCOBA ITPUMEHEHWA HA
®U3UOJIOTUYECKUE CBOVMICTBA TYMATOB TOP®A

Homunze Bragumep Kapmosuy!, Mauasapuaru Harena 3ypa6osna?, Cyxumsmnu Hatra 3ypa6osa®,

Kaka6anse Hato Bensesmua*
'AcconumpoBaHHBIH Tpodeccop, I pysuHCKHi TeXHUYECKOTO YHUBEPCUTET
2AccouunpoBaHHBIH mpodeccop, I'py3MHCKUIT TEXHUYECKOTO YHUBEPCUTET
3JloxropaHT, [ py3sMHCKUIT TEXHUYECKUN YHIUBEPCUTET

*AcconuupoBaHHbIH Ipodeccop, I'py3uHCKMIT TeXHUYeCKOTO YHHUBEPCUTET

AHHOTAIIA

W3zyyena ¢usmomornyeckas akTHBHOCTb T'yMaTOB, BbIieIeHHbBIX 13 Topda [manuckoro (I'pysus)
MeCTOpPOXJeHHUA. B rcciemoBaHUAX UCIIONIB30BaIH [[BA METO/IA BBIZIeIeHHUA T'yMaTOB: YIbTPa3ByKOBOM 1
Kononosoii-benpunkoBoii. OmbITH TPOBOAMIN HAa BOAHBIX KyIbTypax daconu. C 1meIbio TOBBIIeH A

aKTUBHOCTH I'yMaTOB X 00pabaThIBaIl C1a0bIM PAaCTBOPOM YKCYCHOI KHUCJIOTHI.

YcraHOBIIEHO, 4TO (HPU3MOIOTHYeCcKas aKTUBHOCTh 0OPabOTaHHBIX YKCYCHOM KHCJIOTOI IIpeIapaTos
BBIIIE. TaK Xe yCTAaHOBJIEHO, YTO CIIOCOO BHECEHU IIPellapaToB BIMAET Ha XapaKTep GU3HUOIOTHIECKOTO
BO3Z,eHCTBUA IIpellapaTa Ha pacTeHU: IPH KOPHEBOM BHECEHUU — IIPOLLEHTHOE COOTHOLIEHNe KOPHEBO
MacChI K Macce LIeJI0r0 pacTeHusA yMeHbinaercs ¢ 12% (KOHTpoibHBIH BapuaHT) fo 8-9%, a mpu 1ucToBOM

BHECEHHUH COOTBETCTBEHHO yBelIHumiIcs 7o 22-24%.

Kirouessie ciioBa: i €HOJbI BhIZIC/IEHHA I'YMATOB, 47]13]{ OJIOTH9€CKdAd dKTHBHOCTb I'YMAaTOB, BOJHbBIE

KyJIBTYPBI, AKTHBAI[HA I'YMAaTOB

B HacCTosdAIee BpeM:A Ha OCHOBE TYMYCOBBIX KHCJIOT M3TOTOBISIOTCA PaA3JINIHBIE y,ILO6P€HPI}I nu
IIperapaTsl. CYI].LECTBYIOT MHOTI'OYMCJIEHHBbIE€ METOAbI KAaK BBIICJI€EHNA, TAK 1 dKTHUBAIINHN JdHHBIX y,Il;O6pEHPIfI.
B ocHOBHOM 5TO CBsf3aHO C IIOy9€HUuEM TI'yMATOB KajJaud, aMMOHMA HJIN HATPHA. HeCMOTp}I Ha OOJIbIIHe

MacIITaObI IIpOM3BOACTBA, MEXdHWU3M MUX I,II;eI‘/)ICTBI/I}I A0 KOHIIa He HMCCIeJOBaH. MuorouucieHHbIE
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JINTepaTypHbI€ NdHHBIE€ YKd3bIBAIOT Hd (bYHK]_LI/IOHEUIBHBIe TPpyIIIIbl, BXOAAIIHE B COCTAB I'YMHUHOBBIX KHCJIOT,

6y1aroziaps KOTOPBIM IIPOSBIIAIOTCSA UX GU3NOIOTUYeCKre CcBoiicTBa [1, 2].

Hamreit 3amaygeii Ob110 BBIpabOTKa METOZA aKTUBALIYU BbIIEIEHHBIX PasJIMYHBIMU MeTOJaMu U3 Topda
IIperapaToB T'yMUHOBBIX KHCJIOT. MBI IIpefliosiarasy, 4YTO BbIJeJIeHHBble I'yMHHOBBIE KHCJIOTBI COZEpKaT
rymatsl pasnuussix MetautoB (Fe, Mn, Cu, Zn u gp.), KOTOpble CHIDKAIOT UX MOOMJIBHOCTD M OJIOKUPYIOT

(1)I/IBI/IO]IOI‘I/I‘-IECKYIO dKTHUBHOCTbB.

C IIeJIbI0 dKTUBAIIMY I'YMHUHOBBIX KHCJIOT HAMU IIPUMEHATINCh MATKHE METOAbI YAdJI€HNA METAJIJIOB 13

COCTdBd T'YMATOB C IIOMOIIbBIO cimaboro PpacTBOpPA YKCYCHOfI KW CJIOTHI.

ITpemaparsl TyMHHOBBIX KHCJIOT BbIAensau u3 Topda mo merony Konomosoii- Bensuukosoit [3] u

YJIBTPa3BYKOBBIM MeTOZOM [4].

HexoTopsle wnccresmoBarenu oTMevanu BAMSHHE MeTONOB BbIJeIeHHSA TyMaTOB Ha HX (GU3UKO-
XUMUYeCKUe CBOMCTBA [5], HmO3TOMYy MBI IIpejIosiaraay, YTO BbIJeJeHHble U3 Topda HCCIeLyeMoro
MEeCTOPOXJ€HU Pa3IMYHBIMU METOJaMU I'yMaThl MOTJIM MMeTh, KaK Pa3IMYHBIM XMMUYECKHUI COCTaB, TaK U

PasTUYHYI0 GU3NOIOTUYECKYIO aKTUBHOCTD.

Jlna mcciaemoBaHMM MCIIONB30BAaIH 00pasipl Topda ¢ Mecropoxzaenus y r. [Jmanucu (I'pysmus).
Brimenennsle mpemaparsl ryMaToB, ocaxgamu B 0,1n  yKCycHOH KHCIOTe M IIOCHE OCAKIEHUA
ordunpTpoBsIBany. Iloxyuennsiit ocazok pactsopsanu B 0,1n pactsope ammuaka. [Iporenypy mosropsiu Tpu
pasa. comepxanue Fe, Cu, Mn, Zn B npemnaparax onpegesnanu Ha Agilent 7500 UCII-MC, kxax 10, Tak u nocie

06paboTKM yKCYCHOM KHCJIOTO#, TOTyYeHHbIe JaHHbIe IIpuBeeHbI B Tabauie Nol.
CopepxaHre MeTa/IOB B TYMHUHOBBIX IIpelapaTax

Ta6mamma Ne 1

# Oburee comep:kaHyie MUKPOIJIEMEHTOB
Onucanme npemnapara (mr/xT)
Mn Fe Cu Zn
1 Jlo 00pabOTKM YKCYCHOH KHCIOTOH (MeTOZ 29,49 3,45 1,84 3,83

BBIZIeJIEHHS YJIBTPa3ByKOBOIT)

2 Jlo 00pabOTKM YKCYCHOH KHCIOTOH (MeTOZ 27,34 2,97 1,11 2,94

BeIZesieHnsT KoHOHOBOM-BerbanKoBoit)

3 | Ilocme 0oOpabOTKM YKCYyCHOH KHCJIOTOH (MeTof, 19,76 2,38 1,10 2,75

BBIICJIEHUA YHBTPHBBYKOBOfI

4 | Ilocne 0OpabOTKM YKCYCHOM KHCIOTOH (METOZ 17,23 2,03 0,94 2,05

BbIZlesieHusa KoHOHOBO-berbunkoBoit)
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Kaxk BugHO 13 Tabmuisr Ne 1, mocie 06paboTku cofepskaHue MeTasLIoB B IIpellapaTaXx CHU3UIOCh Ha

25-35%. Hy»xHo Tak)Ke OTMETHTH, YTO B ITpeIlapaTax, BbIIeJIEHHBIX yIBTPa3ByKOBBIM METOZOM COZlep>KaHKe

METaJIJIOB BBIIIIE. I/ICCJIE,ZLOBEIHI/IE (1)I/IBI/IOJIOI‘I/I‘-IeCKOI‘/JI dKTUBHOCTM TYyMdTOB dMMOHUA IIPOBOAMIN C

HCIIOJIb30BaHNEM METOZAd BOAHBIX KYJBTYDP. C sroit IIeJIBIO IIpOpocIIre CeMeHa (I)aCOJII/I BBICAKMBAJIU B

JINTPOBBIE COCYZABI C BO,Z[OHPOBO,ZLHOfI BO,Z[OfI. Ilocne mosBaeHMsa Y BCXOZOB IIEPBBIX ABYX HACTOAIIHNX

JINCTBEB B IIOJIOBMHY MMEIOIMNXCI COCYAOB IIPEIIAPAThI T'YMATOB BHOCHJIN HEIIOCPEACTBEHHO B BOAY, 4 BO

BTOPYIO YaCTh COCYyZAOB C PpPACTEHMHIMH IIp€IIdpaThl BHOCHJIN C IIOMOIIBIO JINCTOBOI IIOOKOPMKHM.

KonuyecTBo 1 cpokM BHeCeHHS IIpenapaToB IpUBeieHbI B Tabauie No2.

KosnnyecTBo BHOCHMOTO ITpeniapaTa ¥ CPOKHM BHECEHU

Ta6anira N2
KonuyecTBO BHECEeHHOTO IIpenapara
Cpoxu BHeceHuUs Ipemapara KopueBoe nuranue JlucroBoe nmuTanue
(mr /1000 Mt ) (mr/10 mut)

1 meHp mocje IOABIEHUA HACTOAIIMX 0,1 0,1
JINCTHEB

3 ZeHb TOCJe IOABIEHUS HACTOALINX 0,2 0,2
JINCTHEB

5 ImeHp mocCe IOABAEHUA HACTOSAIINX 0,2 0,2
JINCTHEB

OmnsITBl IPOBOAUIM C TPEXKPATHOH IOBTOPHOCTHIO. (PU3MONIOrMYecKyI0 aKTHUBHOCTH IIpeIlapaToB

OLIEHUBAJIX IO IIPUPOCTY OMOMACCHI pacTeHUIA.

ITonyuenHsie pe3yIbTaTsl IpUBeZeHs! B Tabmumax Ne 3 u 4.
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Poct 6uomaccsr PaCTeHI/Iﬂ IIpPK1 BHECEHHNH I'YMdTOB 9€pe€3 KOPHEBYIO CUCTEMY

Tabamia Ne3

% cozepi. % mpupocra Bceit
Bec Bec KOpHeIt 110 MacChl IO
Meroz BCETO . OTHOILIEHUIO K
KOpHeil | OTHOUIeHU
BapuanT omsITa BBIJI€JI€HUS pacrerus o K0 KOHTPOTBHOMY
RA rp BCEMY BapuaHTy
rp
pacTeHUIO
KonTponpHsrit - 1,2581 0,1522 12,1 0
BapUaHT
lo o6paboTku Vnerpassykosoit | 1,8430 0,1702 9,2 46,5
YKCYCHOM
KHCJIOTOM
lo o6paboTku KonoHoBOI- 1,4727 0,1222 8,3 17,1
YKCYyCHOM benpunkosoii
KHCJIOTOM
IToce VYasrpassykosoit | 1,9802 0,1604 8,1 57,4
06paboTKH
YKCYCHOM
KHCJIOTOM
IToce Kouonosoii- 1,6670 0,1450 8,7 32,5
06paboTKHU BenpunkoBoit
YKCYCHOM
KHCJIOTOM
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Poct 6uomaccsr PaCTeHI/Iﬂ IIpKY BHECEHHNH I'YMdTOB 9€pE3 JINCThI

Tabania Ne 4

% IIpUpocTa
Bec Bec % COMEPX. | poey waccrr 1o
BapuaHT Meroz BCETO KopHeit KOPHEH IO | oyomrenmo  k
# omsrta BBIJI€JI€HUS pacrerus OTHOWEHN | 1 ournonp oMy
IyMaToB o - I:a::ei:zy BapHUaHTY
1 | KonTpomxpHsbIit - 1,2581 0,1522 12,1 0
BapHaHT
2 | Jlo o6paborku | Yiaprpassykosoit | 1,9903 0,4418 22,2 58,2
YKCYCHOM
KHCJIOTOM
3 | [lo o6paborku | Kononosoii- 1,7035 0,3057 24,3 35,4
YKCYyCHOM benpunkosoii
KHCJIOTOM
4 | ITocne Y 1pTpa3ByKOBOH 2,2948 0,5347 23,3 82,4
06paboTKH
YKCYCHOM
KHCJIOTOM
5 | ITocne Kouonosoii- 1.7225 0,3979 23,1 36,9
06paboTKH BenpunkoBoit
YKCYCHOM
KHCJIOTOM

Kak BuZHO M3 IONy4YeHHBIX JAHHBIX BCe IIpelaparbl TIyMaToB, KaK AaKTHBUPOBAHHBIE, TaK U He
aKTUBUPOBAHHEIE, CTUMYJIUPYIOT INIPUPOCT Omomaccel. [IpmdyeM HY)XHO OTMETHTh, YTO IIpeIapaTsl
BBIJleJIEHHbIEe yJIbTPa3ByKOBBIM METOJZIOM, BO BCeX BapHMaHTaX, UMeJIu Oojee BBICOKYIO (DHU3HOJIOTHIECKYIO
aKTUBHOCTb. JlaHHBIN (aKT MOKHO OOBACHUTH OOjee MATKHMH YCJIOBUAMU BBIZIEIEHUSA T'yMaTOB IIPU
yIBTPa3sBYKOBOM MeTOfie 1 Oojiee MaJIBIMU CPOKAMM KOHTAKTa DKCTPArHpyIoLero pacrsopa ¢ Toppom. B
TaKUX YCJIOBUAX OKUCIUTEIbHBIe IIPOlleCChl MEeHBIIe 3aTParuBaloT CTPYKTYPy I'yMaToB, QyHKIIMOHAIbHBIE
TPYIIIBI MeHBbIIe IIOABEpPraloTCs OJOKWPOBAHUIO, YTO B KOHEYHOM CYeTe CIIOCOOCTBYeT COXPaHEHHIO
IPUPOJHON aKTHUBHOCTU TIipemapaTtoB. [Ipm wmcmonmb3oBaHmm MeToza BbigeneHus 10 KoHOHOBO-

BEHBqHKOBOﬁ, Ha6JIIO,I[8.eTC}I HHasA KapTHHA: BpEMA SKCTPAKI NN COCTABII€T MUHUMYM CYTKH, B TEI€HUU
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KOTOPBIX IlLeJIO‘-IHOI‘/JI PaCTBOP KOHTAKTUPYET C I'YMdTdMH. MoxxHo ¢ YBEPEHHOCTBIO CKa3dTh, YTO B TdKHX
YCJIOBHAX, OKHCIUTEJIbHBIE IIPOLECCHI TYyMdTOB IIDOTEKAIOT 3HAYUTEIBHO I‘JIY6)Ke n TIIpUBOOUT K
6]IOKI/IPOBKe (I)YHK]_I;I/IOHE:UIBHBIX Tpyni, YTO B KOHEYHOM CUYe€Te€ CHHXXAeT HX (bI/ISI/IOJIOI‘I/I‘-IeCKYIO

dKTHUBHOCTbD.

Kaxk 65110 cKa3aHO BblIllle, MBI IIPeII0araeM, YTO HOHBI MeTa/IJIOB CHIDKAeT IIOABIKHOCT IyMaTOB
aMMOHUS U B KOHEYHOM CuYeTe OHM B MeHbIIell CTelleHN YCBAaWBAIOTCSA PACTEHUSMHU, UYTO IPUBOLUT K
CHIDKEHUIO uX (usuoiorndeckoil axtuBHoctu. C 3TOM IepI0 Iperaparsl I'yMaToB IIOZBEPTalKCh
06paboTKe c1a0BIM PacCTBOPOM YKCYCHOM KucIOTHL. Ilocie oO6paboTKM yKCYyCHOH KHCJIOTOM, B3BECH
CoZieprKaias TyMaThl M alfeTaTsl OTGUIBTPOBBIBAIN U BMeCTe C (pUIBTPATOM IIPOMCXOAMIIO yZAaIeHUe
metasutoB. CofiepxaHyie MeTAIJIOB B TyMaTax O WM IIOCJIe aKTWBanuu mpuBefeHs! B Tabmume Ne 1. Kak
BUIHO U3 TaOJMIBI COZJEpXaHHE METAIIOB IIOcle OOpaboTKM CHIDKEHO, a MX (PU3MOJIOTMYecKas
aKTHBHOCTD yBesdeHa (Tabauisr N° 3 u 4). MoXXHO OZHO3HAYHO CKa3aTh, YTO 0OPabOTKa I'yMaTOB CIa0BIM
PacTBOPOM YKCYCHO¥ KHCJIIOTOM IIOBBIIIAET WX MOOGHIBHOCTH, YTO B CBOIO OYepesb CIOCOOCTBYET POCTY

busnoIOrNYeCcKoOi aKTUBHOCTH.

Ms1 HabmOfAMIM MHTEPECHYIO 3aKOHOMEPHOCTh IIPU MCIIOJIB30BAaHUM Pa3IUYHBIX CIIOCOOOB
BHECeHUs TyMaToB. lIpu cpaBHeHHU IBYX CIOCOOOB BHECEHUs IIPelaparoB: KOPHEBOH IIOANUTKU U
JIUCTOBOHM OBLIO YCTAHOBJIEHO, 4YTO B IIEPBOM CJly4ae OHOMacca BCErO pacTeHHs BO3pacTajna, HO
COOTHOIIIeHMEe KOPHeH K HaZTIOYBeHHOM YacTH pacTeHus yMeHsbImanack ¢ 12% mo 8-9%. K coxanenuto, M1
He CMOIJIX OOBACHUTH NMPUYMHY JAHHOTO ABJIeHMA. B BapuaHTaX OIBITOB C JIMCTOBOH IIOZKOPMKOM OBLI
oTMeueH 6oJiee BRICOKOM IIPUPOCT OMOMACCHI, YeM IIPU KOPHEBOH ITOJKOPMKe, a Takke % KOpHeBOH MaCChI

II0 CPaBHEHMUIO C KOHTPOJIBHBIM BapraHTOM ObLT BbIIe (22- 24%).
JauHas paGoTa faeT BO3MOXXHOCTD CZeIaTh CIeLyION[ie BBIBOBL:

[Tpemapatsr rymaToB, BsigeneHHble u3 Topda Jmamuckoro (I'pysms) mecTopoxzeHus 0061aZaioT
(bU3HM0IOTUYECKOU aKTUBHOCTHIO.

dusnonornyeckas aKTUBHOCTb I'yMAaTOB, IIOJIy9YeHHBIX YJIbTPa3ByKOBBIM METOZOM BBIIIE, YeM aKTUBHOCTH
IIpeIIapaToB, MOJIy4eHHBIX 110 MeToLy KoHOHOBOI-BenpunkoBoii.

[Tpemaparsl, aKTUBUpPOBaHHBIE YKCYCHOM KHCJIOTOM, HMMeIOT 0o0jie BBICOKYIO (PH3MOIOTHIECKYIO
aKTUBHOCTb.

Croco6sI BHECEHHS IIpeNapaToB BIUAIOT Ha COOTHOLIEHVE KOPHEBOM M HAAIIOYBEHHOM MAacChl PaCcTeHU:
IIpY KOPHEBOM BHECEHUH IIPeIllapaTOB COOTHOUIEHVEe KOPHEBOM MaCcChl KO BCeMY PAaCTeHUIO CHIDKAETCH, a

IIpY JINCTOBOM BHECEHHM-IIOBBIMIAETCSA 110 CPABHEHNIO C KOHTPOJIBHBIMU BdpUAHTAMHU.
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A. II. Tpummn, .B. 0. 3opun. YipTpasByKoBOH cIOCOO BBIJEJ€HHMSA TI'yMHHOBBIX BELIECTB, 1pysbl
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E.I'. KpaBuenko, A.I'. 3aBapsuna. Brmsanue ycmoBuil BbIZleJleHUS Ha (PU3UKO-XMMHYECKHe CBOMCTBA
IIperapaToB ryMUHOBBIX KucioT nouB. MI'Y, @akynsrer mouBoBezenus, 119991, Mocksa. Marepuasns:r VII
Bcepoccuiickoit HayYHOH KOH(pepeHIIUY C MeXAYHAPOAHBIM y4YacTHeM, ITOCBAmeHHoH 90-1eTuio co gHA
poxzgenus npogdeccopa [I. C. Opsosa u III MexxayHapomHO# HayYHO MIKOJIBI

«MeTozpI OLleHKY OMOJIOTMYECKON aKTUBHOCTA I'YMUHOBBIX IIPOZYKTOB»

Mocxksa, 4-8 mexabps 2018 roza c.c. 24-28.

INFLUENCE OF THE METHOD OF ALLOCATION, APPLICATION AND ACTIVATION ON THE
PHYSIOLOGICAL PROPERTIES OF PEAT HUMATES

Vladimer Dolidze!, Natela Matchavariani?, Natia Sukhishvili3, Nato Kakabadze *

1Associate Professor, Georgian Technical University
2Associate Professor, Georgian Technical University
3Doctoral Student, Georgian Technical University

4Associate Professor, Georgian Technical University

ABSTRACT

The physiological activity of humates allocated from peat of the Dmanisi (Georgia) deposit has been
studied. Two methods of humate isolation were used in the studies: ultrasonic and Kononova-
Belchikova. Experiments were carried out on water cultures of beans. In order to increase the activity of

humates, they were treated with a dilute solution of acetic acid.

It has been established that the physiological activity of preparations treated with acetic acid is higher. It
was also found that the method of applying drugs affects the nature of the physiological effect of the
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drug on plants: with root application, the percentage ratio of the root mass to the mass of the whole
plant decreases from 12% (control variant) to 8-9%, and with leaf application, it accordingly increased to
22-24%.

Keywords: ways to isolate humates; physiological activity of humates; aquatic cultures; humate

activation.

3990mgmzol JgmmEob, s33035300L s 353myghgdol bgmbols 493¢gbs GmMEBoL 3mds®gdol
50BOMEMY0MG 0030190909
305000960 ©M0dg!, 650gEs 853935005602, Bs305 LMH0T3003, bodm 39350509
15bmEoBYBM@O 3HMRLM6O, bgsGmggmml 396037960 MBoggBLOEEHO
2550306984900 36MBIOGO, LsgsBomggeals @gdbogmeo mBoggBbo@ydo

3mdBHMM56E0, Lodo®mzgwmb @9dbo3mmo mboggmLodg®o

2L 30690900 3OHMBILMOO, LodoG39wmb G9dbozMemo MbozgMbodgdo

3b6mB530s
d9LHo300s  BHMOROED  JodMmYMBoEro  (IBoLOL  FGHMOGBOL  Lodsm) 3@ gdol
RBODOMEMPOMOO 5JEH03MdS. 33¢939030 0Y9690b9gb 45dMmYmMa3oL MmE FgoMEUL: Y E®MadYgMHOL o

3Mmbmbm3go-890PR03M35L. I  5BHIMIOEHI6  mdoml  Fywol  3ME@GHOIdDY.  3dsEgd0L
59303030l dMbsToEJds Fo0 5349353900636 dTs®Ts030L LyliEo blbsoo.

©53960w0s, O™ dBsM355300 T5390II0 3613505 BHJOOL 5d3H03Mds MROM FSMOWO0Y.
536939 90005, MHMI 36935053900l TgBsbol Fgom®o  go3wgbsls sbabl 36Mg3sMoE0L
530DOMMPO0MO0 5930300l bollosmBg: $9l3gd0sb Fg@sbols 9gdmbggzsdo - g3gbggdol Hmbol
36OMm3bGwo  99xnsM©gds  doosbo  9;396560L  domIsLolmb  Jwgdmmdl  12% _@sb
(Lo3MbGHOMEM 3560563)0) 8-9%, BmmMEM3560 359Mm33930LsL 30 0BM©Ids 22-24%.

1553356dm Lo@yggdo: 3«9dsh9bol 3sdmymols dgoom@980, 379953980b R0 DOEPIZOIHO S5H03Bs,
pycrols 329¢nH 16980, 39059980 359(H035605.
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3103530 3 3530560: 3e0T3E0L BoEMBMBOYOO sb5EOBO

350 M dgM0dg
BowMlrgool EMJGHMOO0, o mbngool g3smEsdgbEol sbmEoMgdrmeo 3OHMBILMGO, 850MBol dmms Grlcsgzguols
Lobgdhonm Mbogzgdlodgdo

R G TORY Y]

60dol  3emdol §93600l, 3bmdowo Lobmysm dmegsfol smegwom 39hgl dobgzom,
36OMdgdol  sOBo, MHMIGEdsg 0530 0B0bs  5©F0sBOL  gzMmEMEool  MbsdgEOmM3g 9BS3BY
9aMds6gmdl 03530, MHMA 553056700 396 SLHEIOI6 3MIWEHMOOL 5EI3EGHOMYOIL 0T (33¢0gdol
d9L58530bo, GMIgoi oo B0ge3zg GO 0boEEMYdIMWO. 00 93 3MO0BOLOL 0BYHBIW SET0s6OL
d0bogob dmbgdsl ooRbg3l o 3MMBEGTOL 49FMOL TgbodErgdMdILSE FbMmEMmE 5Esdosbols
dobogobo IOHoalol (330 gdslsy s BsBMYsmgdol Fgabgdsdo bgogl. sdsbmsb, m3zwol, GMI
LoBMYSMY053 MBS Fgogbml Mob653gEMmM3Y 93MMA0MO 3MH0DOLOL LEToIOMYdS S JOMYIMYWS©
39(335¢0mUb 8165930L5T0 FYYOHO ETMIOWIOEYOS.

LoBMYIMGOMH030 T96900L BMEOTSS 93P MYPOMOO 901035, OMIJEos 953w9d690s 93MEMmP00LS
@S 3WsbogMMo  9gmozol  doMoms©  3M0B3E039dL,  5sdosbols s dmbgdol  FmErsEE
MONO0YJOHNMOJOL, BbYMdIM0Z bmMIGOL s J99gddL. 93Mmgmo30L LEBgOHMgOL JmEmol goHm-9HPO
360093690 35605 30003530 (33€00gdsLMb 353800900 J0IMOO 3OMOdMYTJOO0. 5E5T0BOLS
@5 0Mbgdol MOHPOgHDMIOL gl 3930060  39EIRSSS  SBbMEO  BoEMbMBoMHo  sHBOHM3bgd0L
obEMM05d0. x9gO 30093 9390  39MIJ60  BOWMLMRMLYIO  3EsBHMbO @S sMOLGHMEG WY
2963 MMMGOM  gMMOEEYOSL  539b30gdbI6  3w0dsEol  BMEbBY, GMmMeOE  95©d0sbol
boL0sMOLY S MOYIBOBAOL BOMW MY 25630MMGOOL GHM-9MH 360T369wM356 BoGMOBY. 53
dbc03, 300093 MNBOM B9365 LSObEIMGLMS F98MB0 39MHOMPOL BowMbMBMbms gbgmwgdgdo,
3393900 @5 @d336900 93MIMO3MMO S  BoMLMBONOHO  29MAMSROOL,  3MEOEHOIMEMO
39036553008 035N gdom. FoMdmygboo bsdMMmdo LHmMgo 53 35656369l gadLobmEgds.
dobo JoBsbos FoEMbmgmlms dMMIGODY oYMHPbMdOm bsmwrs Ho®mdMBobml msbsdgmgg
QOMOL  AEMISIMH0  §3MMPONOH0  3OMOIWIINO0 - 5©F0sboLS s 3e0ToGol  B0dsMmYdIOL
FMowndo.
Us32060m boBY3900: 930¢M30s, JO035,  JIMI0035, ROCLMRONIGHO 39MaE5R0s, FPOISBHO O
3500560, 503580560 S d+9690s.
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3705603500 5 LEBMYPSOMYIM030 F93609090gd0L BIOBRMIOOEIL ol3es s SBOMS
d09md;393590 d6900L A93b0gMgdOL BsO35 ILHZEMO SBOMZBIBOL HMLYGI0MO FobslOSMGdYE0..
59 dbM0gz B396m30L Jo®rmnzgwro d30mbggwolmgols 3603369 m3zs60 dqbodgbos, Bmam®E Js@omwmen
965%9 056236000 L3I dMIBOMZBYadOL, 0l L3OO B30l SHBOM3BIdOL JsMmzge
39360909 (3mg@ s, oLEHMMOZMLMY, 89bgd0LIAYEHY39L ™S, BoErMbMBMLMs) IMHMTGd0. 5©d0s6O
©OMLY @ bogmEgdo  Jsbmz®mgdo  sMOLYS  0bEIMOLEO3obMMo,  FMWE0IMEGHMOMEO
393609690900 FgbFagerols s 33ag30L 3MYMMASEH035L FomTMyqbL (doMmErM0s, Gowmbima3os,
ROWMLMGBOMOO 9MYMOGB0s, J3MIMN03d, dOMIM0Is S bb3), G®MmIgdo 0s650Mo Latygdwmdgb
3295603500 5 bLeoswGmo d9350gMgd9d0L FgmMEMEMY0GdOm.

B3gb 96 30LoBIMGPPD  LHIOMbOL  OLEHMMOMWMISDY, g3MWMEo0L s 3MYboGMO
6933006 00 AHJODBY, HMIJOE BOMEMYPOMESE 5Q5F0BTs F905MS s Bro 0ym 53 3BIBY
15309bLgdOL  HomBoBJdol LBooMIWM. RodBHos, MM 3mIm-bs30gbLds TMsbgembs 3OEJIW o
93MMPOMEMOE goblibgeggdve 2569dmTo ™Mo30l ©sd330MYds. 9SF05B0 s oMM 0dizs g
LobFgds. sOBYOMOOLIMZOL dMIMST0 5E056OL MMYMEF X 0dob A5sMBYBL, 89-20 Lo 3mbols
JoO39w0o FowmlmRmbo, MmOYbMmEHOM30BIol Bd)8©Idgmo, doMmEMPOYIMHO JodsOMNYWGdOL
3ombegmbo  30mbLEBEGH0by 39356900 blbol 0dom, GMI 530560 Mogolo MOAbMEo s
B963M-xMHgMEo Hymdoom ogm Lbgs 3bm3gwgdHy MRO™ 5960 2oFoM3z9d0Ls. ,,306 oiob,
6599bo %080 (3bm3z9wols gosd)bs, Mo@AMD 3960 0@ sOBYGdMOdOL 30OMdd0. 306 0FY30U,
6599bo bbgsslbgs FMMTs MMABMEo 3bMzMgdoLs I0M3s SOLYdMOOLIMZOL dGMSTO
05650009, LoBST, Sby ) olg, BIMYSEPOdPYdMS 3496905 08 GgMHJd0 S Ldbggdom, Mg M3
9L B39b 3bgegm* [303569w0, 1989:347]. 3535690l 896033600, 500530560, D53 MBOH™M 0dMIMOS
5OBYdMOOLIZ0L, oo MBOM 9bmdM®s dbgdsl, 03 doggdl o FM3EgbgdlL, MMIgW M3

YM39OEOYIM© bYI3Ws.

016900l M3 gbgdbg 330603905  BgEbogMgdoms  Bgds  3MmA3egdLds  doobos
51533063909 Md0YIBO©, A9BL3MNIMJO0? 30 50Ol @S LabMPsMYdOL FgaLfogergards
9936096909305, 105 FHROPOMO, IMNYOIROMWO F0TIMIWYdS BOoWMBMB0sdo, MHMIgEoa
36MdOE0s 4gMyM9530100 ©YGHIMHT0b0BIoLS s BoGIMIE0BAOl Labgufimgdom, b33m0
099 309300, BoMlMmxzMmLYd0, HMIGWNS 9330039006 MdogJ@O 0ym db9gds, dmbgdMogo -
390M3OBOVIEN0 S J3MEMPOMEMO 250M9dM; 49MYM9530w0 F0TsOMMEgdol [omImdsagbergdo
LeMEoMEMY05d0, BoMMBoNOO J0dsMMYgdol FoMdmdoygbergdo domermyosdo s o. @.
0005356005, MM 439Ws  FomPboLMZOL  LagPHmMs  goMgdml, dmbgdol  dmgzwgbgdol  HMeEol
39536Md09M 905 5530560l S LEDBMYPSMIOOL gob30mMMGdOLS s SOBYOMDdOLMZOU.

500530560 5 49M9dm - LO3oMbO o300 FsLBIEHIO0M JEWMDIEIME0S. 5T LOZOPBMHYSD
B5dOMITo o390 J9M9gImL, 396MdM, 30do@ol MHMEOL 253w gbols sB39JEgd0 5@F0sboLS o
Jomsd-Lobgedfogmlb dmfigmdol, Bsdmyswodgdolbs s 2630050900l byddgdo.
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RodAHos, O3 dMbgds 0ym, 9oL s LBodMIs3Mm©3 046905  5sd0sbols
LoMEbEOoLKbsMH0BMdOL, Tomo  Lwwogho ©@d FoBogMmo  doggdol  LBoxsbLOVOL
35603mboemdol 8©dozo (gomm. olEGHMMOMEsOE @S 99558553 09169dM030 306MHMIGOO -
935360, BMI0gMHo s 3690 3539, LobgLB)Y, 5GTMLGIMMEo B93s, HYsromdgdo, dofjolidzmgdo,
96900 @ 5. 0. MIMom go3eqbsls sbgbbab s BYbgb 5sF0sbMS Kb MDY, Tomls
1LOJ035Dg.  SFoL  2odm  Bb35OLBIAZ9M0S  5@sF0bms  FBMTomo  LoJd0bMdOL  MbY.
X 963600090 30LsMZ0L LELIOYJOEM 56 LsBOBM 39690MH030 F0MMIYGOO 550 gd9b 96 99300009396
50530565 dBMAoL 9bgMaosl, 58L¥09d9dgb 96 5dbgegd9b LodgMEbgm LoddosbmdsL. Lodmermme,

ym39gwogg 9, mogolbo  awowo 895dal  J39ybol  Bo@geose® s Leogl, LogHorm-
LOBMYPSOMYPIM030 S LEBYEAHoRML 9630050930l MBOL FoblsBEg®msTo.

ol 99bgyengds, ™A 3969060030 2569am 4963L5BPIOYE Ol SBOIEGIL 50Ol
D905, LEBMASPMIdOL (3bm3zMd580, 390 OMOEH IMIOLIMYMBL. B5BH03MG g3mdsdo Aol
353 ™bo, 5MH0LEHME WY, LGHOOMBO, 39MMPMEBY, 303Mm3M5E9, 30dOMBO s Lb3s MEBOM3699d0
399Mmmd3500b9b. oo M35eLIBOOLOm,  dMBIOM03-29MYM RO 30MMOYd0,  MfobsGgls
gm3obs, 3aods@ol mogolgdMgdsbo, gowsdHYy39d 393wgbsl sbgbgb bowboms (3bm3zcm9dsby,
505805605 IO B5gd056MdBY, boliosmby, Bb9-B39wgd9dDY, 13019390 g. 43MGIML Mol
23936M30969d5  3eoGMbMIb  FMOZ5eLIBMZIB0s. 0g0  2JMAMOBOM  o69dmb 0dgbs O
96003369 mdsl 9603909, MM BOJOMIS, OMYMEO 3 BLoBMYSMYGOOL 2ob305M9Gd, 0bg INE0sbs
Joasd-Lobgedfoxzmlb dmfgmdsg 30 FoLomss Pob3oMmMdGOME0. 3wsBMmbo OsEMY ,,356Mmbgdol”
d9bmog Hoabdo LodOMBL Joesd-Lobgedforgmlb 8YdsMYMdIBY. s50bodbsgL, BT Lybgwdoxmgdo
3903055309900 4509dml Jobgz00m LYo FH030Lss: MO, dIMOL S BYRBOL. MOMMYIEo Bsmysbo
296Ubg0390@ Fall 53wgbL, GO MYE0gROl M 3600doGOL Qodm goblibgsgzgdme Logdosbmdsls
wMPgmdl bgl. 05600l dofjgdo BogmazogMos s dofomdmddggdolomgzgobss bawlisymgwo, dool
d0{9d0 8Hocm0s s FbmEmE JgEbmzgugmdol 2sb30m5Mgd0Lm30Lss bgarlisgtgo, Bgasbby, 64
Bmdoge  LEOGHYJEdo Yz9wsdg bguboy®guo 30MHMdgd0s yzgws Lobol dme3sHgmdolimgol”
[Bes@mbo]. ooswmy ,,396mbgdoL* dgmmbg (ogbdo Sws@mbo Ugsdl 3ombgzsl Lobgwdfogmls
9mflymdol  momdsbg. dobo  sBMom, dMmIsgzwol  Lobgedfoxzgml  sOLYIMdIOLM30L 96  sGOL
59930009990 Lobgwdfoxzm ogml LBobEgzsm, FoMmEros dmdsgrol Lobgwdfoxzmlb d9g3G0 Mo
13065, 3500 [oMmMYds sTMI0YOME0S MM DY, Foa®sd G90degds 99ImMEoboE O J9BDSE.
00535605 LabgEdfoxzgml 3Jmbgl brmyog®o 605sa0, 300G 0gml ffoswolgrmwom s Ym3z9wo39
000, 53 9930WgdgE0s bMmEMISEMEMO sOLYDdMOOLMZOL. 3sBMbo BE3L Mo BEMsbzgdol
09900 d00Bb3L. ,, BO30L Loobrm3zg 4m39WEMOIM LosdM369dsL 560FOL, DLZs 503LGAL J39gsbals
3990000M9d0L LYIM30Wom, Moz bgds Abgzomo s F3Mowo 353MMdOL bomxdg. Bw3s Lwywdo
sbObEgdL 30MHBIOME s Yod B39390L, IMoersdgbo Mb™dO s IGO0 bgd0sb, MMM
9603sbgmol, obyg Lb3zgdol oo “[3es@mbo]. 3600, 3Ero@GMmbol sHOOm, MYE0gIBRO 9GS
dbmmmo  AobLb3s390Mwo  BHodolb  Lobgedfoxgml  (oMmdmTmdl, Msdg 00  9BLIBEOIMS3L
3b™36M900L 0o 3mI3MmbI6EHL, HMYMOOES BbgMds.
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305G ™bols AbgogLo, FIMPMSR0E0 BoJEMOOL Mol dgi3olgdoll SHIBL sGOLEMEHIWS.
SMOLAMAIWIL  SBOOm, 2Mgdm  J0OMIJO0  QbLIBWIMZL  AMLIbEgMBdOL  M30LgdYdL. 0o
96 33569000L5456 2565535390l Lodo Labols 3e0ds@l: 303V, FBIWLs s BMB0IOL s MOMOMgMEdo
A3bm36m900 553056900 963390 MO30L90IMYOJPOM bILOsMPYO0SD. 39Mdm®, 93M™3ol 303
3w035¢ 3o I3bmzMgdo GHMdgd0 499m0MmBg3050 LOTsTsE0m, FoMsT 53e0sm F3475 s By Mlibmdols
Mbs®o, 9500 96O Jgmderosm Ubgs bogbgdbg dsBHMbmds, ®mMBis FBs 90056 Labgwdfozm
35360 500Lm30UL. sHool I3bMzM9dbo 30 3oMmodom, 499m0MmBY3056 3371000 s by MLbMdOm, Boasd
53005 10853539, 980G™A olbobo MAROHM  ©sd399IOIMYOME S IMBME  FYMIMYMdSTO
35360 ™0d96. 5OHOLEHME I 13O, 0G0 30ToE 05 35MQ0, HMIJWOE MO 30IOJLMISL TGOl
5OLYOME 3¢00F5BL bg0GHMgOL s BYMAGBo bobol (3gMdme, 9wobgdol) LoF3zosbgls s
3060360 MdIL SBgm BgoGHEMIMHO 3¢00d5BHOL SOLGdMISL B0sHgIMs. ,,5880 MO3LEIdS OMYME3
10053539, F3MO @O M30LBGds, 0by bb3zsDg doBHMbMOOL, Lombmgdols s Lodsdsxol smgdols
Mbs®o. 5doGH™d  obobo 0dLsbMMgdb  Lomzgogbm  Lobgwdfoxzmb® - (9ol sGOLEHMEGHIWY
[560LEGHMmG gy, 1995:272-285].

3OoLEAMGIg 91939 3BLIIMMNOYOME 360369 MdL  960FJds  Joemsd 8F967dE MBS,
9mbobegmdol gobsfiogdsls s 8500 BogbmzMgdgdol sQqdoMgdsL. 4y39wsBHg 360d3bgEMgz5605
3M0LEMEGHI9gL 8096 Jogsd dd9bgdmdolsdo oygbgdmwo mmbo 30MHMds. 3060390 30MHMdOL
90b9300 306M53HGuMdL 560FgOL K IBIOMYMIL s S©0BoTdbI3L, MM 439wsBHy X bIOMYWO
50dMbo3Egmolizgh 039O MWo  Jowsdgdo, oY Jo®og 0dgsb JMob. Fgmegs Jomsdgdo,
6HmI90doa POOOEMYm0sb JHob o0, 35080 BsdmMMI0 HBOWOS. FgMMY, 450035¢oLf0bYdMEo
mbs 0gbgl 3mwoE03mMmo s LBdbg®m Logddol bgwdgdfiymdo 30MHMdYd0. dgbsdy, 3OMEMIEGOLS
5 Yol ImdoGmoq00L bgedgdiymdo 306Md9d0 s Igmmby, Jowsddo Mbs oymb 4s3536M9dmEo
3P0 GOO0.

3b6@03MM0 93mdol Lbgs dmsBOMZ69admMsbs3 3b3gdom 0dol (39dL, M™I dbydM030
3060Mmdgd0m  sblbowoym 585 mvy 08 bosgwbol gHM3bMo s JMEoEGH03Mmo  3bBM3OgdOL
90 M3oMmgMds O 1530L989M0b0, B393900 O BILOI™O, J394bols Bormn3z0l [glgdol, Lsgmmemog
oLGHMOm0MWwo 3OHMEILBYo0L ALZWIWMBSE 30. dMBYdM030 BodBHMMJOOL Mol Als3LdS o905
530 0B0bs dmI936m 93mdgddoi. s0LIB0TBIZ30s Ol BodBHo, GMI 896906030 BoJBHMMJOOL
3600d369cmds  bowboms  3bmgMgdsdo  goblogmm®mgdom  250BsMS 393039 olEGOo  [igmdol
Bobobgols s  s9330Mgd0L,  3H9dbogol  LHMIRo  2b305Mgd0L, OO  JIMYMITROMEO
50dmB9gbgdols s 393bogM o 3mEbol IM™M39d0L Tg9as©. 98 M3965369eds bgwo dgmhgm
5QM0bgwo BB oLEBHMMO  3b6(39830JO0L  SOMEMA0DGIL. BsTMYo0dS  {JMYMITROO
9095607 9d0lL AMmREdby39wmdgd0 3936096900l Lbgoslibzs sMagddo.

sboew  @OMI0  BoWMLMBOMMO  2gMAMOR00L  LYM39gdMD  BEMBYo  BowMbmzmbo,
3963sbsmegdgaro o o dmbEgbzog (1689-1755) ol magol (oabdo ,,306mbms ambo
9mb@glgog ©@s8056ms  LYEogMo, BLOJo3MMO O FoFIM0SWMMO  3bM3MGOIOL  AoBOYYdS©

Georgian Scientists/JoGmggeo dgsbogdgdo 4(02), 2022 187



39MyM5R0ME  A5Mgdm  306MHMOJOL, goblogMmMgdom 3o J39g9gbol Jeods@EHe 530L93MGOJOL
30856M3039. 505305690b9 3600 0oUL (3erods@ol 369ds) Bgdmddggdol dgbobgd dgbgrrgdgdo
dmb@gl3ogl gobboeo s gosbsoBgdmwo 59d3u XIV-XVII foabgddo. XIV fogbdo boBl wligsdls
3030 s 3bgaro 3008s5¢ol Bgdmddgadsl s 90bodbsgl, Gmd ,3030 35960 s30(HOMadL Bz9bo
Lbgmeols 3000M9gdoL 4909396 dmF3mgdl. gl BOHOL Jsm 9bgMgosl s bgwlb Mfiymdl Lolberols
ddMomdL  30MJOI0EID  gMeolnggh. @gbgwo 3s59M0 30, 3060dom, 5©MbIdL  dMFIMMS
©OMEMYOIOL, 5BMMMYOL Fo0 9, Bodolosdy, 5930MYAL o0 dosls s 9bgMYosL“ [AmbE gL 30,
1994: 253]. 5060350, 8mb3glzogl dgbgMergd0sb 2odmIEobsMgmdl, GMI 303 3wods@do
d3bm36M90 505305690l gE0 does 5930, 3b9o 3e00dsGoL Fo3bM3zMddL 30 - bogargdo. LHmGgo
595 35300693l dMbEgL30g, OMEs S©0bodbsgl, M 3030  3Wods@Hol FoEbmzMgdwgdo 3bgwo
3w035¢0L  FoabmzMgdgdmsb  T9oMmgd0m  MBO™M  FAHO  3993953MO0MS @O L3OO
306053 gumdol  dgBHo  d9abgdom, M53WIXRIMIOMMOOM  odmoMBg3zs.  IMbBEBEHIL309L  SBGOm,
bsbosmMOL gl M30L90s 5EF0s6MS FMOIWDBY sbEIBL 493egbsL: ,,BOHOWMgmOl 3eods@do mdlqb
Bobogom  55305690L, GMIAgEme3 3MGe 313900, 15305  J39WMdy, OO LOfMRJMg
3YIbOEMdS 5430. M55 MROM OB M3IO0m LEABEOIML, oo MBOM ESTMMPIO00D FMMHEU,
wROm 3bmggwo 3699900 ©obsdsmwms LodMegwgl 0fi39396“ [0mbEHgLuzog, 1994: 255]. Bmdogm
LodGHYgedo I3bmzMgd 5305693l  dmbEglzog F0sfgM®s 335w gds@ bsoliosml. dolbo sBGom,
300035¢0b  39MHygmds  50Lsbgds 5530560l bolosmBgg. IMbEHILZ0gl PBBYgdoL  sbserobols
L5339 HY MbS 0mg3L, MM IMBEHIB30g 500G FM350 goblbzs390ME0 BoJBHMEOL
B990gdd90905L 5E38056ms L3095 S 3EOEGH03MO (3bMZOYOSDBY Y, 53939 COMU, boBL MigsAL
30003530L  ,,0500BgdoL”  30M39WsEMONL, MOoMSE FoNMOMGOL, MHMI 98 FoJBHMMHYI0IH
300530 439wabg 36093690 m3zs605 [8mbEHglgog, 1994: 272].

9mb@ 9L 309l 9bggdgdl XVIII 5396980 36535000 3MsBOMZD] 53600303980. 53 dbM0g3
96003690 mgs605 29M356go owmbmgzmlio, 0m3sh ym@nmo  39MmgMo. 0v) dmbEgbzogbomsb
30003530, 3OBGOOMO©, 35900l 3H9I39M9GHIML 5©0b0odbsgs, 39MHIOHMB g 36935 A530wgd0m
g 360936900mdsls 0dgbl. 3er0ds@ ol 3bgds 390 MHMb 2o69dml (369008 GHmegslos s dslido
965350 3963LsDWIMIWO RBodBHMMO FMosDBMYds. ,OHMAMM0 Bgdmddggdsg 90 by 3Jmbogl
300353, ymzge 5sdosbl, ymzqw 3bmggwl o ymgger 933965696 Logmmo®o 3wods@o sd3l,
5096 Yym39wa356 4509356 B90mJdggdsl MO0mMMIMo Mo30L90IMI© 0MOL O MOYBMo©
390550 85390L" [T'epaep, 184]. Lodmermmo 39HYMHO s13360L, MHMA ,,300005GH0 30 5O 50dwEgdU,
565390 30067300905l Foer3MBMdL (0439, 23-182). dobo sBOOm, Yz9esbso® Bbg-bz9w9qdsdo s
3b™36m900L foldo, Fglsdwms Fg360dbmm, Gmmws dgbedhbgzo JoMg30Wgds 535 vy 0d
3000353 0bodo, M93s, 99 F0EY30gd0L  MZ5eLOBobM  [omdmbgbs Ly30om©  BIMOs -
50b0dbogl 39MH@gem0. 030 BogHMBL, MHMI MIXMIJuos 08 ,LobogmEbwm dowgdol” sbsbgs,
Hobm3z0Ls3 3e0dsGos d9ddbowo s GMIMIdoE, 1339 930560 SOLYdMBOm, IM535wbs0MS©
033056 L. 396HIM0  30005GHL  goblibgsgzgdmer BoBgBms Jombs FooBbggl, GmIwgdoa
056ombMmdomo  Imgdggdom 330sb EmEboswo  MmMR60DBIOL  HOLGISL. SBoGM™I  Solsbgds

Georgian Scientists/JoGmggeo dgsbogdgdo 4(02), 2022 188



90339 borbgdbg Lbgs  bobgzombggmmdo b 3wodsde  LadGHggwdo  bsBdo®gzo
293bobEgds. 0096905l 96 yz35mML BgIYES®E BJsM0 s 339MMO (33¢0gdqd0 ! (0439, 33. 191).
23905 3003530l M30U9089d0Ls  39MEIMHO ,,00099080"  YMMOEEGOSL  5sb30egdL  gsdofols
B9s306MH0L BMMIGODY.  390HgM0 m3ol, ™I B396d5 ©YIT0fsd, 30O Y356 Labgl
300090 3653500 M93MEM30 FoI0GBS. 080 YsTOfol FMMTOL OLEMMOOL 2obdBsbLIME
R9dAHMOo© d0oBbg3L.

dmb@glzogbs s 396MHYMHOL JgbgEgdgdoL b5E0BO 58396908 F90IAL, BMT MG03g Bsmysbo
9360308 496L539MGIME OOl 9MAMIR0ME BoJBHMOIODY Fomomgdom blbosb. dmb@glzon
9360308 dew0gMgdsls BmBoge 35355 O dMBIdMOZ 306MHMdYOL ©935380690L, I3 2oNY39G0
R9dAHMEOO LMD 5063 30ToBos. 39MHIMH0 30, 93OM30L 30639 MdIL Jobo WsbETsxyEHWEo
36535 R9MM369000 BLEOU. 5T5BMb, 39HYMHO 56 GsbbIGds IMBEHG309L 3€00T5EH¥IO PNYMEOOSL S
d00bbg3l, ®Mmd 3er0dsGHol Fgbfagerolols dMs35e GodBmMmby (3539, dobstggdo, 3bmggegdo,
500530569900 BodBHm™Mo) bs 2535b30eIl YMMe®Ids. 39MEYIMH ™ML 360dz6gmgsbo Gmero
9603905 500530566 53odBHMOLSE. 950053050l, Msgz0l0 boddosbmdol Jggys®, dMbgdsdo sGLYdYICO
05sblOL oMM3935 0MEOE Fgderos, S80GMA 396 BOMbowo by 0dmJdgml. I3,
50580569900 BogBHMOOLsMN30L oo 3608369 mdol F0b0FJdsl GOHMAZIMI© 5BIMIIMM GOl
396©9MH0L 3096 IMOBMMY0MOHO  BoJBHMMGOoL (Fooms LobEIGOoL) 2osdfY3z9GO Mol
300569052,

390305530090 9gargdgb@gdol 2o3wgbs obEMMmoMw dm3w9gbgdby MbsdgOmM3zg WOM™MOL
396005690  gowmbmgmbol 3gwdwm@  9650IOOL  ©9330603900L  Logsbos.  dobmzgol  sLgm
36003690 ™m3569L6  9egdgbBHL  GoMdmogbl  fyswo. ,Logzh3g  ©9gsdofsby,  wgsdofols
B905306M0U, 3006¢30b9bEgd0Ls 5 sbA>BEJOOL BT QoBLEBOZIOIE0s bdgEgmolis s fgaob
(0469%5 gl B39, BB 09 IbsMY) Fsbsfogdom, Bomo MHP0YMH™JIgEIVOM. Ji OE o3 bsls
ob9bl 5530566 3MEEMMILS S OLEHMMOsDY [3bs0gMmo, 2010:44]. Tbs0gHOL dobgz0m,
3969600  Dr39dd0, d0bsmggaddo s Jggddo bgogs bobgdols s 3MWEHMOMHJOOL
3968535393909 9engdgb@gol. 39MHgMol dobggom, Fgdl dbsogMo- gz3Mmdgwms BvEog@o

1 50560365305, ® 58 sBOOL Bs3MY5e0dGdOLL 39HEgM0 9395693 Bobgeo dmBgdoLAYEY39w 0L, 39¢9M Joedol (1716-
1779) bmdgdL 00 dbgdM030 (33 0rgdgdol dglsbgd, MMIWgdoE 599M035d0 I3bmzMad 93Mm3gEms LELMGE M-
L5999ObgM bJB0BMDdO 0gm AsBMf39Meo. BYgdol gohgb3z5d Jofjgdols sBvds3900L JoBbom, 35¢dols Bobggom, gMl
396009600 - 39GLGHOMBME© 875030600 Gygdo IbmzMgdo i3Mobzgwgdol Gogbgzo, g83oMm®s slY3g, Mg3bol
650gbmds  d0bsMmggdls s GHd9ddo, ozwm (308900l LobdoMgd, V9IEOMEs SWHOWMIMOZ  To3bMmzMYdgEmS
LomEbeol bodmowm bobyMdwogmds s o. 8. 9J9sb odmBobstg 39MHEgMo s153360L, HMI Jeods@EHol (33e0wgds
3905306MdBL 553056gdOL (3300w gdLaE (039, 33-191).

258 8bMog 39HM0L 635BM93L FoboswdE9amd9d0 sbalinsMYAL @S G SEBDIM, FoOHMZIWOF 0gM, 0¥ 5300035w0olFobgd
008 59m3sbol LoEoL, HMIgEog Fob 3Jmbs ILEBYIEO - OLGHMGOOL LobmYHo LsdMbIdOLAYE Y39 dg360gMgdYdMLD.

Georgian Scientists/JoGmggeo dgsbogdgdo 4(02), 2022 189



©O0xIM9I6E0MOMEMds @S Fom0 FMOZ5¢RGOHMZ560 MBsMgdo 93MM30L FMSZoe[obboam3sb o
296Lbb35390 WbETsxEHBY 990dwgds s30943s6mm [dbsog®mo, 2010: 49].

3w0035¢0b  doM0mOEo 3006303900, 3wodsEol  BOWMLMBOMMHO  BIXODO  JoEIYOSS
3500dm3999o 89-20 Bow9360L 053MmbgEo o MbMmEBMBOL 353)X0 BYEIOML FOMI9dT0. 500
36083690 ™35605 ,,JoM0 s Bofo”. 3539x LML F0TsMrMJO5d0 033907935 LEMEP0sE FobLBZ939dMEO
3900MOMEMY0s, 00 2539000, MM 353X0L 506EHIMLIOL 9GOl 0¥) 5™ JeodsBo (MmIgEros
500530560l 4Mm390EOOMM 2sdmEE0wd5d0 343b3Y0s) 8bgdM030 B9bmIgbo. dbydMOz0s, MHMI
L50Bgd0LIYBHY39w™ 393609690935 30008530 Y6 FobobOWMB, MMM 3 096930030 B9bmIgbo,
30650 3539x0L 35063 50b6FJOLIOL SM0OL M) 96 3e0TdEMMHO B9bMAgbo ™mogolo sGLgdom
L50Bgd0LAgBHY39w™  93b0gM9xd9d0lL  Fgbfiageroll Mmdogd@BHo. S©0bodbm  IOMMIEISL  353IX0
Loogol  53gbmAgbol  FoaoeomMBg  goboboogl. 0o 96O gmobbdgds 03 SBOL, M™I Logogzy
500530560L96 IMY3000gOEOE SMLYIMBL, MoYD Fgmdwgds doshbos Lozozol d9amadbgdols
350989 LboEogol s©dmPYbs. ,,dbmemmo Logogol dga®mdbgdom sMdmgsBgbm LozozgL®. 353IX0
3000353 L 9b60bo szl HMAMOE 50530560l gduobEgbaool LBEHMYIEBHWOOL bsfowb. 040 Ssdosbols
3699580 3m05HMYIS 905 (35¢039 06E030L, 9599 06030 MEOOLS S LMEosW GOl
900056MdOL, HMIJ DS SOBYOMOOLMZ0L 5930 gdgE0s BO3MEY, 980G MA 0g0 LogMEgL Locmsbowm
499650009051 59393009. 353IX0L dobg30m, 50530560 3e0ToEdo 50TMBIBL L3NG 3L. 0yo
3000353)0bd O 5@30560L OLEBHMMOMBSDY 5TIBZOWGOL YMHOEMGOSL. M3E0L, MM MHYSO
50580560, B53)BHG 35300 300TsBHL 50FMBYbL, 00 396900l M30LdYIL L3NG M30LgdYdS©
53393V

053009099600 Lobo®  J9MYMB0YM-YBHIOMT0bOLEHMTS 0©ggdds JoOr BosHBMM3bm
LogmE9gdo 990MOn[os. JoOHM39wo BOEMLMRMLOL 3MmbLEBEH06Y 39356900l MEOYBMEHOM30BAoL
3Mb39BE00L  mobsbds  LYYsOML  ymzqgwro  Homdmbsddbo, dsod  TmOoL,  LoBMSILMIIM030
MmOy960b303, GHOM30M0, 9. 0. SEYOWMDM030, IM3gdMwo  JMMbol  30198IMYOJOOM
3960LsBOZMYGds. 3539690l Fgbggdom, LOBMYSMYdS, 0gEo oo TsBHIMHOSWOO @
LE0gHo 3bMm36MYds, BLMEOSEMEMO 33w 9bgdo s 3MMEILYdO, Jomo FobssMbo, Bm®mTs, bslosmo,
3090990, 03000  5©5F0bMS  BOMMMPOMEO O  FoDBoMWMYPoMMHO  MMYb0DsE0,
LOBMYPOOMYIM030 0YJ00, 2MdbMdgd0, B39MWgdsbo, bgarmgzbgds, wWoEBIMIGHMOS ©s o. .
99Ofoo@  ©IIM30EIBNWOs  JIMFOIBOVI,  JINW OO,  IW0oTo(O,  HFZPOIGYON,
5GHIMbRBIO s BbZs 39690003 BoJ@MMdDY [393969cr0, 1989:313].

596050, 500530560 Q5 2569 BoJEHMMGO0 9O FNE0sb LoLE YISl FoMMoygbl. LGs@0sdo
39393509 239539690065, HMA 50530560l @S oMM BoJEMMJOOL MOHMOYOHMI>300ML 033193V
OHmamO3 LsdMbdOLIYGHY3gW ™, 0bY LMEFOSWMOHO O oW MmbmRoMEmo d93bogMgdgdo. B39l JoDsbl
Do0moagbs  obLO3MMMIGI0m 300005 BHMO  BoBHMODY  YMMOE@IOoL  253obgowgds,
390L53MPMgd0m 0oL [o®mBMPOBYdS, MHMD 53 SL3gBom FobbowMo 3w0dsd Mo 3gbmdgbo

39bLbgo3g0s  LYdMBgdOLYBHY3gem  F93bogMgdgdols  doge  Jglfegeomo  3w0dsGHemo

Georgian Scientists/JoGmggeo dgsbogdgdo 4(02), 2022 190



1396M3969030Ls 6. 53sbb, 993933900900 33939690065, MM FoWMLMBOLL, OMYMEOF 5©T0s60L
5oL J9gabHogwrger 893b609Mgdsls 50sd0sbLY s A3MgdMm BoJEBHMMGOL FMMOL ©TMI0YOMEIYOS
5063H9M9LgdL  ©0MGOMEGOOL  MZoLsBOOLOm, MHMI 5@F0BL 96  ABObOoWH3L  dMBYIdOLOYSE
0BMWOoMYIM 5MOLYOL S M3E0L, OMI 5530560l 30MM369d5 RIFMYSE0dYdOL FMm3gLdo
50053056l F0FsrMdS 593L g9 5053056MB, LEBMYSOMGILMB S dmBYdLIb.

50L60Tb5305 0LoE, MM Avmxzwomdo d9Jdbods 8dodg 93MEMPOIMTS S LMEOSEIOTS
300569050, 50590560l dbgdoLsEdo FMmIbIsMYOMIMHTs ITMI0YdIGd5T 49B30MMBS SHEO
3M33wgdbmeo  Logbol, 893sd93bogMgdol - 93mWMma0MGmHo goo3ol AB30mMmgds, GMIGo3
396LBEZMOZL  5@50sboL s 3969008 IMOOVWNE  MODOJONMDOSL, BbYMIMOZ 3M06E039dU,
Bn®agdl s J89gdgdL.  93MWMPOMMHO  GN03Zd  LOBMYPSMYdIM0Z0  T9Abgdol  FMOTds O
553119690005 93MMYO0L O 3K5LOIZMMO 90030l JoMOMs© 36M0630390DY.

290mggbgd Lo @oBhIBGImS

1. 56obGH™mGgmyg, 303039, 33. 89Mdb. MoMdby, dgleg. F9MH0wo s obds®Egdgdo WsHOM .
39139350. "306390 L3Hodds", Mdowolo, 1995-1996.

2. 56MH0LGHMGIWY, 3ME0E039. bsfowo dgmeg. mdogrolo, 1996.

3. 3wo@mbo, Lobgwdfiogm. dzgwo ¥9MIbMwoEsb ™MsMABs d. dMYA35d90. o939 MdS
,093960", 2003.

4. 3mb@9b309, ,,3960Mbms gMmbo*, BOMIBYMWOIB MsMdbs ©. WsdMB0dgd. MdOOLO. 3d30MOOU,
©99m3M5EGH00LS O 3963056 9d0L 35335b09M0 0BLGHOGHWEGO, 1994.

5. 393sbgwo 3. gowmbmgom®o ™Aoo, 0doEolol  Mbogzghlo@g@ol  gsdmdEgawmds.
d0ogolo. 1989

6. 865000960 3. BOEMLMBOMMHO 39MYM530. ywol 3609369 ™ds OLEBHMOOOLIMZOL -93MM3s O
5D0s. 49603569906 MRS Q. 0535d93. MdOEOLO, ,,69396M0". 2010.

7. Watsuji T. Climate and Culture: A philosophical Study. Translated by G. Bownas. New York:
Greenwood Press, 1988.

8. Tepmep U. I'. Uneu x Punocobuu Mcropuu Yenoseuecrsa. IlepeBos A. Muxaiinosa. Mocksa:
~Hayka"“, 1977.

Georgian Scientists/JoGmggeo dgsbogdgdo 4(02), 2022 191



Climate and people: philosophical analysis of climate

Vardo Beridze,
Doctor of Philosophy, Associate Professor in the Department of Philosophy, Batumi Shota Rustaveli
State University

According to Aurelio Peche who was a member of the Club of Rome and a well-known public
figure, the essence of the problem that has emerged at the modern stage of human evolution is that
humans are unable to adapt to a culture in line with the change that they have initiated. He considers the
inner nature of man as the cause of this crisis and sees the possibility of solving the problem only in the
change of the inner belief of man and in the consciousness of the society. At the same time he believes
that society should be aware of the dangers of the modern ecological crisis and radically change its wolfish
attitude towards the nature.

The form of public consciousness is ecological ethics, which is based on the basic principles of
ecology and classical ethics, the moral relations of man and nature, moral norms and actions. Ethical issues
related to climate change are one of the most important areas of eco-ethics. This connection between man
and nature is well reflected in the history of philosophical thought. Even the ancient Greek philosophers
Plato and Aristotle paid special attention to the role of climate as one of the most important factors in the
character of man and the biological development of the organism. In this regard, the views, studies and
conclusions of the philosophers of the later period in the field of eco-ethical and philosophical geography,
political geography are even more interesting. The presented paper serves the latter. Its aim is to clearly
present the global ecological problems of modern times - in the context of the relationship between man
and climate — which is based on the work of philosophers.

KEYWORDS: Ecology, Ethics, Ecoethics, Philosophical geography, Climate and man, Man and nature.
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The prevalence of Type 2 Diabetes among people living with HIV in Georgia

'Borkowska T, 'Karkashadze E , 'Chokoshvili O, !Chkhartishvili N, 'Tsertsvadze T
!Infectious Diseases, AIDS and Clinical Immunology Research Center

Abstract

Backround: The number of people living with human immunodeficiency virus (HIV) is increasing due to
improved screening, faster diagnosis, newer methods, availability and acceptance of treatment, but the
prevalence of non-communicable diseases, particularly metabolic disorders, has grown among HIV
infected patients.The aim of the study was to calculate the prevalence of T2D among people living with
HIV in Georgia and find the association between diabetes and other comorbidities to fill up knowledge
gap.

Materials and methods: We have conducted a prospective cohort study among PLWH receiving care at the
Infectious Diseases, AIDS and Clinical Immunology Research Center in Tbilisi, Georgia. The study
included HIV positive adults (age > 18 years) diagnosed in 2012-2018. Participants were followed-up from
AIDS diagnosis till the 1% of October 2021. American Diabetes Association (ADA) guidelines were used to
define hyperglycemia and diabetes.

Results :In total cohort 4.47% had prediabetes and 2.65% Type 2 diabetes. Our research demonstrates that
the prevalence of hyperglycemia increases by the age. In total 171 (5.87%) participants had TB .
Hyperglycemia and TB together was detected in 48.5% (83) of all TB patients. Relative risk (RR) of TB was
0.94 (95% CI : 0.85-1.56) . 32 participants had CKD, 50% (p=0.08) had hyperglycemia. CVD was detected
in 92 participants, 44.6% (p=0.07) was hyperglycemic.16 patients had a stroke, from which 11 (68.8%) had
hyperglycemia. The RR of stroke =1.8 (95% CI : 1.45-4.76) . 550 (18.9%) patients had high total cholesterol
and LDL level, 195 (35%) had hyperglycemia .

Conclusions: Prevention or early detection of T2D and timely management of metabolic disturbance,
reduces risk of morbidity and mortality during HIV. Screening and management of hyperglycemia should

be part of the routine HIV clinical services.

Keywords : Type 2 diabetes, Hyperglycemia, HIV, Prevalence, Georgia
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Introduction

The number of people living with human immunodeficiency virus (HIV) is increasing due to improved
screening, faster diagnosis, newer methods, availability and acceptance of treatment'?, but the prevalence
of non-communicable diseases, particularly metabolic disorders, has grown among HIV infected

patients!S.

A lot of studies have found that HIV infection and ART (antiretroviral treatment) are increasing insulin
resistance, which leads Type 2 diabetes (T2D)7-1°. Risk factors of T2D are well known in the general
population, but HIV and ART are adding additional risk factors. Many factors influence the development
of hyperglycemia and T2D during HIV infection, including the duration of the infection, systematic
inflammation, the degree of immunosuppression, ARV (antiretroviral) medications, length of ART and

coinfections 7. Based on studies the prevalence of T2D ranges from 2% to 14% .

After ART has appeared the number of metabolic complications during HIV has increased® '¢*!. The
researchers thought, that metabolic complications were caused by nucleoside reverse transcriptase
inhibitors (NRTT), because of mitochondrial toxicities. Other studies connected metabolic complications
to protease inhibitors (PI). At the end researches suggested, that PIs and NRTIs have overlapping effect
and they can induce insulin resistance (IR) and diabetes ® 1218, Old age, weight gain, family history of

diabetes are risk factors for development of diabetes during PI treatment !

Insulin resistance during PI treatment is increased via GLUT4 dependent 3 !! and independent mechanisms
8.12_ PIs interfere GLUT4 translocation from the cytosol of the cell to the cell’s surface. Also, they altert

adipogenic proteins and inhibit adipocyte differentiation .

Pancreatic beta-cell lipotoxicity and lipodystrophy during ART, might be reason of glucose level elevation.
Beta-cell function and insulin secretion is decreased by 25%-50% after PI treatment initiation®. When Pls

are discontinued hyperglycemia resolves !'.

CVD (cardiovascular disease), CKD (chronic kidney disease) and metabolic disturbance have been linked
to HIV and ARV medications >0,

In the general population The Framingham Risk Score (FRS) is a widely used tool to assess cardiovascular
risk. It is used to estimate 10 years, CVD risk to the individual. Although its applicability to HIV patients
is debatable. Unlike metabolic syndrome FRS is age dependent and takes in account cigarette smoking,
LDL and total cholesterol concentrations. FRS divides individuals as low risk <10%, moderate risk 10-20%
and high risk >20% of CVD?> 2, FRS estimates that 1/3-1/4 of HIV infected adults are risk of CVD, but
some authros are thinking, that it is underestimated???*. Hyperglycemia is known to be a risk factor of

CVD. Poor glycemic control is connected to microvascular and macrovascular disease”. Stettler et al.
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conducted a study in 2006 and showed, that the risk of macrovascular disease was significantly decreased

by improving glycemic control?.

The mechanism of vascular damage during hyperglycemia is unknown, but scientists support the idea, that
it is caused by oxidative stress. Oxidative stress is the reason for micro and macrovascular complications
during T2D*. Gerich et al. suggest that inflammation, vasoconstriction and thrombosis are caused by

oxidative stress and protein kinase C activation, which are induced by hyperglycemia?.

One of the most frequent complication of HIV is a CKD. It ranges from 3.5 to 48.5%. HIV-associated
nephropathy (HIVAN) is more common in young African adults, while HIV-immune complex disease
(HIV-ICD) is more common in Europeans®®. On the other hand hyperglycemia and diabetes mellitus is a
main cause of CKD, which leads to kidney failure. Studies have shown, that one third of CKD patients
have diabetes, predominantly T2D%.

Since 20 century, researchers have tried to find a link between T2D and Tuberculosis (TB). They were
unable to distinguish whether T2D cause TB or vice versa. Some experts were discussing merging
epidemics of TB and T2D 3°. People with diabetes and hyperglycemia are more likely to develop TB,
compared to non-diabetic cohort, due to increased susceptibility to infections**3. They have 2.44 to 8.33
folds increased risk of TB compared to people without diabetes mellitus (DM)32. According to several
studies, people with hyperglycemia are more prone to acquire multiresistant TB. The risk of complications,
such as treatment failures and death are higher in people with diabetes mellitus. Furthermore, treatment

of TB, might affect glycemic control negatively30-3.

Patients should be checked annually, because of higher prevalence of hyperglycemia and T2D during HIV.
Prevention or early detection of T2D and timely management of metabolic disturbance, reduce risk of

morbidity and mortality during HIV 5.7.8.17.19.34.35,

The prevalence of T2D in PLWH is unknown in Georgia. The aim of the study was to calculate the
prevalence of T2D among people living with HIV in Georgia and find the association between diabetes

and other comorbidities to fill up knowledge gap.
Material and methods

We have conducted a prospective cohort study among PLWH receiving care at the Infectious Diseases,
AIDS and Clinical Immunology Research Center in Tbilisi, Georgia (IDACIRC). The study included HIV
positive adults (age > 18 years) diagnosed in 2012-2018 in IDACIRC. Every patient, who died or was lost
within 6 months during follow-up were excluded from statistical analysis. Participants were followed-up
from AIDS diagnosis till the 1% of October 2021. The total number of the study cohort was 2914.

The national AIDS health information system (AIDSHIS), a secure web-based database that collects data
on all confirmed HIV cases, was used to retrieve all data, including demographic, clinical, and laboratory

information.
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National HIV guidelines recommended screening for glycemia at the beginning of HIV Diagnosis and then
annually. American Diabetes Association (ADA) guidelines were used to define hyperglycemia and
diabetes. In particular a fasting blood sugar level less than 100 mg/dl (5.6 mmol/L) is normal. A fasting
blood sugar is considered as prediabetes if glucose level is from 100 to 125 mg/dl (5.6 to 6.9 mmol/L). Ifit's
126 mg/dl (7 mmol/L) or higher on two separate tests, patient has diabetes. A Postprandial blood sugar
level less than 140 mg/dl (7.8 mmol/L) is normal. A reading between 140 and 199 mg/dl (7.8 mmol/L and
11.0 mmol/L) indicates prediabetes. Blood glucose more than 200 mg/dl (11.1 mmol/L) after two hours
indicates diabetes®.

Every single patient who had hyperglycemia even once was referred to endocrinologist for further
diagnostics of diabetes. Participants were enrolled in the prospective study after giving an informed
consent. Additional diagnostic tests, In particular, Oral glucose tolerance test (OGTT) with 75g glucose,
glycated hemoglobin, HOMA Index, Lipid panel were conducted among the participants. We have
estimated the prevalence of Diabetes, TB, CVD, CKD and stroke. The association between hyperglycemia
and TB, CVD, CKD, stroke has been calculated.

For statistical analysis we have performed Descriptive and Bivariate analysis, using SAS 9.2 software (SAS
Institute Inc., Cary, NC, USA).

Ethical approval was obtained from the ethics committee of at Infectious Diseases, AIDS and Clinical

Immunology Research center (N 20-006).

Results and Discussion

Our original sample consisted of 2914 HIV patients, the majority of the participants were male 2204
(75.6%). The majority of the patients represented age categories of 30-39 years old (31.3%) and 40-49 years
old (29.7%). The median age was 52 (IQR=22-80). 11 (0.4%) Patients did not enroll in the study due to
Covid-19 pandemic related situation.7.4% of the participants were lost to follow up. For the period from
2012 to 2021 153 (5.2%) died. Hyperglycemia was detected in 381(13.1%) HIV patients. The detailed

description of the sample characteristics is provided in the tables 1 and 2.
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Table 1. Sample characteristics of people living with HIV (n=2914), Georgia, 2021

Variable Total N (%) Male Female
Gender 2914 (100%) 2204 (75.6%) 710 (24.4%)
Hyperglycemia 381 (13.1 %) 326 (85.6 %) 55 (14.4 %)
Refused to participate for further 11 (0.4 %) 9 (0.4%) 2 (0.3%)
examinations

Loss to follow up 215 (7.4%) 183 (8.3%) 32 (4.5%)
(2012-2021 years)

Died during follow up 153 (5.2%) 130 (5.9%) 22 (3.1%)
(2012-2021 years)

Performed diagnostic tests (OGTT

Homa Index Lipid panel Glycated 155 (5.3%) 145 (6.6%) 10 (1.4%)
hemoglobin)

Table 2. The prevalence of hyperglycemia by the age and gender among people living with HIV (n=2914),

Georgia, 2021

Variable Total N (%) Normoglycemia Hyperglycemia
Gender 2914 (100%) 2533 (86.9%) 381 (13.1 %)
Male 2204 (75.6%) 1878 (85.2%) 326 (14.8 %)
Female 710 (24.4%) 655 (92.25%) 55 (7.75 %)
Age (years) 2914 (100%) 2533 (86.9%) 381 (13.1 %)
19-29 501 (17.2 %) 496 (99.9%) 5 (0.1%)
30-39 913 (31.3%) 856 (94.7%) 48 (5.3%)
40-49 865 (29.7%) 753 (87.0%) 112 (13.0%)
50-64 577 (19.8%) 395(68.5%) 182 (31.5%)
>65 58 (2.0%) 24 (41.4%) 34 (58.6%)
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The prevalence of hyperglycemia, was increasing with the age: 5 (1.31%) in the age group of 19-29 years,
48 (12.6%) in 30-39 years, 112 (29.4%) in 40-49 years, 182 (47.8%) in 50-64 years and 34 (8.9%) in older
than 65 years (p value < 0.0001) (Table 3).

Table 3. The prevalence and distribution of hyperglycemia by age among people living with HIV (n=2914),
Georgia, 2021

Prevalence of Total sample P value | Median
IQR
Hyperglycemia (N=381) 13.1% IQR)
by age
19-29 30-39 40-49 50-64 >65 52 (22- 80)
5 48 112 182 34 <0.0001
(1.31%) | (12.6%) | (29.4%) | (47.8%) | (8.9%)

Additional tests (OGTT, Homa Index, Lipid panel, Glycated hemoglobin) hava been conducted in 155
(5.3%) study participants. From 2914 HIV infected persons 4.47% (95% CI : 3.77 - 5.27) had metabolic
syndrome and 2.65% (95% CI: 2.11 - 3.28) T2D. From 381 hyperglycemic participants 33.7% (29.0 —
38.5) had metabolic syndrome and 19.9% (16.0 — 24.3) T2D. From examined cohort (N=155) metabolic
syndrome was detected in 82.2% (95% CI: 76.2 — 88.2) and T2D in 48.4 % (95% CI: 40.5 — 56.2) cases
(Table 4).

Table 4. The prevalence of type 2 diabetes and metabolic syndrome among people living with HIV
(n=2914), Georgia, 2021

Variable Metabolic 95 % Type 2 diabetes | 95 %
syndrome Confidence (N= 65) Confidence
(N= 130) Interval (CI) Interval (CI)

Total 4.47% 3.77 - 5.27 2.65% 2.11-3.28

(N =2194)

Hyperglycemia 33.7% 29.0-38.5 19.9 % 16.0 -24.3

(N=381)

Examined Cohort (N=155) 82.2% 76.2 - 88.2 48.4 % 40.5 -56.2

(OGTT Homa Index Lipid

panel Glycated hemoglobin)
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In total 171 (5.87%) participants had TB. Hyperglycemia and TB together was detected in 48.5% (83) of
all TB patients. Relative risk (RR) of TB was 0.94 (95% CI: 0.85-1.56). 32 participants had CKD, 50%
(p=0.08) had hyperglycemia. CVD was detected in 92 participants, 44.6% (p=0.07) was hyperglycemic.16
patients had a stroke, from which 11 (68.8%) had hyperglycemia. The RR of stroke =1.8 (95% CI: 1.45-
4.76). 550 (18.9%) patients had high total cholesterol and LDL level, 195 (35%) had hyperglycemia.

In our study the prevalence of hyperglycemia was significantly higher in male HIV infected participants,
compared to the female HIV infected persons. Similar results have been reported from china (Shen et al.
2016)! in contrast to Spanish study (Alvaro-Meca et al. 2016). Spanish study outlined, that hyperglycemia

was more prevalent in female HIV patients ¥.

Our research demonstrates that the prevalence of hyperglycemia increases by the age. Results are not
surprising, because, similar results have been reported in other studies about PLWH? 1538 3and general
population®. Factors such as a family history of diabetes, weight gain, obesity and Insulin resistance can
lead increased blood glucose levels''. Furthermore, some antiretroviral drugs, such as PI's and NRTI’s were
related to the higher risk of T2D. Longer ART exposure was shown to be responsible for increased risk of
hyperglycemia and diabetes mellitus 41!, In addition, there are a lot of discussions whether or not HIV
infection alone can promote to the development of T2D. For example, a study of 2009-2012 years in China,
conducted among newly diagnosed HIV patients who were not taking antiretroviral drugs, found a
significant association between HIV and T2D, suggesting that hyperglycemia in HIV patients might be
explained by not only ART use, but by HIV infection itself “°. Unfortunately, association between ART
and diabetes or hyperglycemia could not be examined in our study as all the patients diagnosed with HIV

in our cohort received ART immediately after the diagnosis.

Our study found out that the prevalence of T2D in total cohort was 2.65%. Similar results have been
reported from Denmark (Rasmussen et al. 2012, Worm et al .2009)*"-#? in contrast to researches in China
and the USA, where prevalence of T2D was 9.7% and 10.3% respectively!>. It should be taken into account
that study cohort age was young (about 40 years old). T2D is more common in people above 40 years old,
so theoretically it’s possible, that young participants might decrease the prevalence of diabetes in the total
cohort. Age distribution of hyperglycemia proved the same as it was the highest in people aged 40-65+. A
similar association between increasing age and prevalence of T2D among PLWH found in many other

studies® 3839,

Our study found that the prevalence of tuberculosis was 5.87% among people living with HIV. Based on
our results the prevalence of TB with and without hyperglycemia did not differ significantly. Similar
results have been found in UK by Pealing et al . Other studies revealed different results and showed, that
diabetes and hyperglycemia were significantly associated with increased risk of TB3"32 3, According to,

the study in Sounth Africa by Oni et al TB in hyperglycemic patients were 2.4 fold higher, compared to
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normoglycemic cohort®. Other studies suggested, that hyperglycemia is associated with higher mortality

rates in TB patients!® 4%,

In our research, the most common complication was dyslipidemia. We found out that 1/5 of our cohort
had a high cholesterol level. As we mentioned HIV and ART are key factors in disease development? !¢ 23
34,4648 Tn addition, well know factors such as an unhealthy diet, low physical activity and cigarette smoking

increase risk of dyslipidemia. If dyslipidemia is untreated, it leads to serious health complications and CVD.

CVD was detected in 92 participants, 44.6% had hyperglycemia. Based on RR normoglycemic and
hyperglycemic cohort did not differ significantly. It might be explained by the fact, that our general cohort
was young and the risk of CVD is increasing with the age. The Higher prevalence of CVD was reported in
general population Georgia, compared to people living with HIV (15.3 vs 3.1 respectively).

Our study demonstrated that the risk of stroke was 2.2 times higher in hyperglicemic cohort, compared to
people with normoglycemia. Similar results have been reported from another study By Michael D Hill in
2014* . Nearly 30-40% of acute ischemic stroke patients have hyperglycemia. It has been reported, that

hyperglycemia increases mortality rate significantly in patients with acute ischemic stroke>°.

In our research 32 participants had CDK and half of them had hyperglycemia. It is well known, that
diabetes damages kidneys and causes diabetic nephropathy.Diabetic nephropathy is a major cause of CKD
and renal failure?5!. Additional risk factors of CKD are HIV and ART by itself?®:2%:51:52. Based on our results

the rate of CKD in hyperglycemic and normoglycemic cohort, did not differ significantly.

Hyperglycemia and other non communicable diseases should be monitored annually among people living
with HIV to decrease morbidity and mortality rate. Prevention and early detection of noncommunicable

diseases among PLWH will increase life expectancy and improve quality of life.

Conclusions

Noncommunicable diseases among PLWH, in particular hyperglycemia and T2D is a growing problem
around the world. Our research addressed an issue. The prevalence of T2D and metabolic syndroime has
never been calculated in Georgia before. We found out that the prevalence of T2D is 2.65% and is not
higher, than prevalence in general population in Georgia. We think that further studies are needed to
clarify an issue. Prevention or early detection of T2D and timely management of metabolic disturbance
reduces risk of morbidity and mortality during HIV. Screening and management of hyperglycemia should

be part of the routine HIV clinical services.
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R OTORY T

09L535¢00: 5530560l 03MbMEIBOEOGHOL  30Mbom  (s03) IgbmzMgdms Mogbzo  0bBMEYds
3999x MdgLYdMEo  B3M0bobaol,  LHMIxRo 0sabmbBol, sbosero  FgomEgdol, d3MOMHbsgomdols
bgdolsfizomdmdols s 339Obsemdol  Bomgdol  2odm.  5M9Q5ITPOII0 Q9935000 JOOL,
396Lo3MMMgd0m  FGBHIVMWNOHO  IMPZI3900L 3930 (39Wgdsd 933000600  IM0dsds 503
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3309308 3900mEgd0: 06839J30MM0  350MEMmYool, JoLOLy @y Jwoboz®mo  0dMbmemaool
L5393b0gMM 3ModBHodmMw 396G®d0 BogsBHIMYm 3MML3YIGI0 3M3IMOEGHIWO 33¢0935. J3W)3530
dmbsfiorgmds dmbBOowo (s530218(gw0) 3060900, MMIWGILSE 503 ORBMDBO gz 2012-
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090093700: 0056 3M3mOESG0 4.47% 3Jmbs 3609050930, bmem 2.65% GHodo 2 FodMosbo
©0509@0. Bggbo  33emg30L  dobgzom 30396039900l 3035w gbBHMds  0BMmYdS  Sbd3oL
353905Lmob gOms. xsdd0 171 (5.87%) dmbsfioergl 3dmbs EHvd9M3mmbo. G096 3mBol
dJmbg 48.5% (83) 3Jmbs 3039Ma0393053. GHdIMIMwmbBol RR=0.94 (95% CI: 0.85-1.56). 32
dmbsfioergls CKD 3Jmbs, dsmeb 50% (p=0.08) 3039Mper039d0ss. CVD 92 353096@L smaodlo®os,
doogob 44.6% (p=0.07) 30 30396039300 3Jmbs.16 dmbsfiorgl 0blreEo 396m300056Ms, Fo0Q6
11 (68.8%) 3565¢qevMo 3039600390053 3Jmbs. 0bbe@ol RR =1.8 (95% CI : 1.45-4.76) . 550
(18.9%) 9mbsfoegl dmdsBgdeo 3dmbos Loghmm JmerglGg®obols s LDL 3mb3gbd®agos,
Bomg6195 (35%) 303960399053 3Jmbos.
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30396039dool bL3Mmobobyo s d9bgxIBEHO 0bEIMYMHOMYOMEo MBS 0yml 503-0b HEGH0bmwo
3206037100 33wg30L 3539 80.
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