LI30N(M JIM6ITM)
MINING JOURNAL

1 (50) 2026

https:/doi.org/10.36073/1512-407X/2025
ISSN 1512-407X




©5083mdbgdgdo - FOUNDER

I‘i- GAMS

ISSN 1512-407X
DOI: https://doi.org/10.36073/1512-407X/2025

Lliod bsgo®mgganmls ¢gdbozmmo Mmboggdlodgdo
Llod gMogmen xyemm3odols bsdom 0bbdodnm@o
5(5)03 Lagomzgemls Lsdom LBMYSEMYDdS
5(5)03 LogsMmmgzggerml bsdomm dg3bogMgdsms s35¢9d0s
LEPL GEORGIAN TECHNICAL UNIVERSITY
LEPL G. TSULUKIDZE MINING INSTITUTE
N(N)LE GEORGIAN MINING SOCIETY
N(N)LE GEORGIAN ACADEMY OF MINING SCIENCES

8053560 BgsgBmeo:  3MMRB. 603MEMmD BobMmsdy
EDITOR -IN-CHIEF: Prof. NIKOLOZ CHIKHRADZE

L5MYEIJGOM FMEYR0S

30Mmg. sbBME 5090035, 3OMR. BWMd §MO35d], 3MIMG. 0MIIWO JUYXsd0d], 3OMG. HBNMD Jo3MWO0y,
30Mmg. 090996 3996Fos, MJEHMOO Mg35H 33539300, 3MMG. MMMb03g W03sHGH0S, CMIJGHMOO JOYSG
053565dg, 3MMq. sOROE Bo0owsdzomo, 3OHMmG. agws dsBs0dg, 3MMma. MG GHowobody, 3OHMR. bmse
B0RMOSAg, ©MIGHMO0 Xmbo FMdomod), ©MJGHMOO SLTsm Fgyosdg (Jm. MgEsdGHMmMol dmoAowny),
36g. 050560 ffmbogs, 9390099030mB0 9356 Xo@sM0dy

aEbegro Fagogdo

30g. I50056 OB (LEPM3s39000), 3OMG. 0303 0EdsBo (MMMJgMO), 3O:MG. Bogmog ooslio (Hdobymo),
30Mmg. 0MMagb 3M9R3sbo (3gMdsbos), 3MMx. o606 oMo zm (Bgbgool Mgbddog3s), 3MMa. g3a960
0eq3L30 (599), 30mg. Bo0ds M03Bs (WoB300)

&996. Ggsd@™MYdO: L3gBWbS LGHIM0s3MZS, MEMS BE3M3, 30MR. bobm X sxzsMO]

EDITORIAL BOARD

Prof. Anzor Abshilava, Prof. Zurab Gudavadze, Prof. Irakli Gujabidze, Academician Levan Japaridze, Dr. Revaz
Kvatashidze, Prof. Zurab Kakulia, Prof. Temur Kunchulia, Prof. Tornike Lipartia, Dr. Edgar Mataradze, Prof. Archil
Maghalashvili, Prof. Gela Machaidze, Prof. Nodar Poporadze, Dr. Asmat Shekiladze (Deputy Editor-in-Chief),
Dr. Joni Shubitidze, Prof. Tamar Tsutsunava, Prof. Demur Talakhadze

Foreign members

Prof. Marian Drusa (Slovakia), Prof. Nicolae Iliasi - (Romania), Prof. Jiirgen Krechmann (Germany), Prof. Marian
Marschalko (Czech Republic), Prof. Evgene Olevsky (USA), Prof. Baiba Rivza (Latvia), Prof. Ishik Yilmaz (Turkey)

Technical Editors: Olga Chudakova, Prof. Nino Japaridze, Svetlana Steriakova


https://doi.org/10.36073/1512-407X/2025
https://mining.org.ge/6-nikoloz-mikheilis-dze-chikhradze.html

Lo®HIZ()

3IMRKRMB0S

. XOxMH0dg
556396909900 bodobxm3zs60 3900900 OH@aMGE BoldoMs dgfiyggdlsdodo
BIOEMIOL 5¢0EgMHboE03MEo 1s3sgMO0 BogoMmZIEIMBO .......vviiiiii 5

X. 89990000y, 8. 3536009 ¢. 9 05d30¢0, 3. bswsdy, . FJodz0wo
05380l MIOHM-L30g6I 3MMBROMNYEO 155BIEM (BSFIMMZIEOM) ...oceverrrirrrrrirerererenene 17

b. gmxzm®msdg, m. Lgligmeos, L. 339wglosbo, 6. 893 Mg39wo
3560>0LvYd6oL 35M0IMOL MObYdOL 3MI3EgJLLYMHO ESBMMSEMMOYEO 33e0935 J393MOL
©3L53b5YIs© 35070 Z35MZ0BO0SBMBOL EIBIWYIOI ...cvvvvrrrrrcriciiciciircrcrcrcterscaaese e 29

@. 05330000, M. WO35ME05, b. Xox8M0dY, J. ¥9b5830¢00,y. Jobosdz0eoO,
3. 0533050300, §.3356¢3)50560
3b5e0o 3635399900 M5Z0L LSBSEMU TJUOIDGD .....vcvieiririririiirirrcriirirrsrenrsreeeseeaesaene 40

5. 33030560

MJOHM-3963bEobfgmol 950sbgs9mgmobgdgdols dsesbdmdoxbg 9g@Eolimdsdo@gdol
0IOZOUGOTIEIGOS cuerviriririreririrseiraiissesisassitssissesesesasssssesesssssstssssessssssssstssesesssssssessssssessssssrassessensssenes 48

03830 JId0L &IF6MIRM30IS)

9. Boggeodzowo, o. 3503sbody, 8. »MmdYM0dg, 9. dsobmgzo

3653508960560 3m33MBoEGoYMHO FoLsErgdol Fomgds S8IMNJJdom
L 10 [ L1 I 1o 2T T oL o R 56

0. 059300, J. ©3e9ds

35¢oLGHOGHVMO MEOWOBOMYIY0 IbMNGIOL 58gmJId0m J3Msgddbol
0903065803760 565¢r0bo 30535 ASTRA 4-0l5 359myggbgdo0) ......eceieieriririnenrnene 63

LS80)() JIF6520 Nel(30), 2026 1



LOLOMOIBR() FNOROLIIROL 35R6IITS33dS

@. Goobodg, 5. 90303, B. 5M6d0JY, 5. Gggoensdg, 3. 350bsdz0wo0, 0. Lsdbs®rsdy,
0. dmdomod

35539 35609MHYemo fgemgdols MHgmOLYEo 3m@EgbEosol g5dmygbgdol Iglisdergdermdols

330935 B30¢9bdol LmERoEYIMO FsEBOL BEMESEO0L 3MIOOL 350sdMTsg3900L
BT Yo T3] 2 o O 76

FOMAOL JLoBAHNBE(MISS

B. 853960509300, b. M5HA5dg, b. Mo@05b0, 3. JoErs39e0dg

©3bMEOme LogMEIgOLS s 33060589830 MLsBROMLMYdOL MBOHMblgEymeBs
bgemgzgbm®o 0bEgegd@ol 8gmmgdol gsdmygbgdom: msbsdgmmgy
303900, HGoLYOOL FsMmZ5 S BYJ6MEMYOMMO 0BMZIGOJIO .....cvevrrcirircrrrrnee 83

0. ROMOELISZS

30535¢L5sMmMME0560 Fofjolid3gds 53EMUsaMaoL (35639990 056glols
533mLgg®Mmdo EMOMAo 33O 35DHO EIGHI0MMZOL 3OMPBMDO ..., 88

06O 0O

@. WILPSZ00, 0. FoOEDIWSZD, . I PPTZOwO
F9500M00egd0L 5o ®o BabAoMmdEMZ60 BMEsEOL doegdol s33s  boswsgoligmeo

B LT T ToT o) U 96
030K

09396 ROBIMOAY =90 ... e 109
93RS 89905605030000 = 80 ..o 111
9IRS BORIEI0TZ0G00 = 85 ... 113
B0 BMBMEOIAY = 70 ..o 114
O3BMAMS LOTIDIRRKRIECIR. ..ot sseeseenens 115

2 LB JISES0 Nel(50), 2026


https://mining.org.ge/79-levan-abelis-dze-jafaridze.html

CONTENTS

GEOLOGY

JAPARIDZE L.

»ANCHORED PILE SEET WALL” AS AN ALTERNATIVE SOLUTION FOR
LANDSLIDE-PRONE ROAD SLOPE IN GEORGIA - A CASE STUDY ..............con 5
SHUBITIDZE J., GAGNIDZE M., THEDLIASHVILI T., KHMALADZE K., TSHEISHVILI D.

DAMBLUDI GOLD-COPPER-PORPHYRY DEPOZIT (GEORGIA) ........cccceoiiiiiniin, 17

POPORADZE N., SESKURIA O., GVELESIANI S., METREVELI R.
COMPREHENSIVE LABORATORY STUDY OF CLAYS FROM THE VARDISUBANI

QUARRY TO DETERMINE THEIR SUITABILITY FOR
QVEVRY PRODUCTION .....oiiiiiiiiiiiete ettt ettt st s e 29

BLUASHVILI D., LIPARTIA T., JAPARIDZE N., BENASHVILI K., MINDIASHVILI G.,
KVANTALIANI G., BLUASHVILI V.

NEW DATA ON THE GAGVI GOLD DEPOSIT .........cooiiiiiiieeeeeeeeeeeeeeeee e 40

KVITSIANI A.

CHARACTERISTICS OF HYDROTERMALITES IN GOLD - MERCURI MINERAL
DEPOSITES ...ttt ettt ettt et st et e st e be e st e e ae e e eneee 48
EXPLOSION TECHNOLOGIES

CHAGELISHVILI E., VARSHANIDZE Y., TUTBERIDZE M., SHADINOV E.

PRODUCTION OF MULTI-LAYER COMPOSITES BY THE EXPLOSION

WELDING METHOD .......ooiiiiiiiet ettt e 56
TASHVILI T., UKLEBA K.

THERMODYNAMIC ANALYSIS OF THE SYNTHESIS PROCESS OF DETONATING

NANODIMONDS FROM UTILIZED EXPLOSIVES OF
VARIOUS COMPOSITIONS ... 63

LS80 TIBE650 Nel(50), 2026 3



MINERALS PROCESSING

TALAKHADZE D., ABSHILAVA A., ARABIDZE Z., SHEKILADZE A., BAGHNASHVILI M.,
SAMKHARADZE 1.

STUDY OF THE POSSIBILITY OF USING THE RESOURCE POTENTIAL OF ACIDIC

QUARRY WATERS IN THE PROCESS OF PROCESSING COPPER SULFIDE ORE
FLOTATION T AILLS ..o e 76

SAFETY TECHNOLOGY

SHAVERDASHVILI N., RAZMADZE N., RATIANI N.

ENSURING SAFETY IN CONFINED SPACES AND TUNNELS USING ARTIFICIAL
INTELLIGENCE METHODS: MODERN APPROACHES, RISK MANAGEMENT AND
TECHNOLOGICAL INNOVATIONS ..o 83
PIRTSKHALAVA T.

FORECASTING THE- TIME VARYING GAS LOAD IN THE ATMOSPHERE OF A

SINGLE LEVEL OF A MULTI- STORY UNDERGROUND
PARKING GARAGE ... e 89

ANALYSIS

LELUASHVILI L., PIRTSKHALAVA T., LELUASHVILI G.

PROTECTION OF CARBON STEEL PIPES FOR WELL CASING AGAINST SOIL

CORROISTON e 96
JUBILEE

JAPARIDZE LEVAN -90 ..., 109
MEDZMARIASHVILI ELGUJA - 80 ..ot 111
CHAGELISHVILI ELGUJA -85 ... 113
POPORADZE NODAR - 70 ... 114
ATTENTION 115

4 S80I JIF65X0 Nel(30), 2026


https://mining.org.ge/681-levan-japaridze.html
https://www.google.com/search?sca_esv=7653edd048582144&sxsrf=APpeQnts_v9rDWIiRjKAgpNQC47HevMS_Q:1784893278103&q=Elguja+Medzmariashvili&si=APenkKmZgqfzhjaTplg9wNFqC9GzI3TSHcIqi4CzQEZline-yaw5jXDSLzuiK7HGYjWsoEYY_s8eAWKvMWKd2zBsd1iQ2EqTA4PGiH19mu7MeBD3su1rNUjeglkUqzCZPMkVhpziclMf0B0-jJGzX12Z7AU5wRZ1Tg%3D%3D&sa=X&ved=2ahUKEwjMmrbOneuVAxVARPEDHTOjMMsQ_coHegQIDhAB&ictx=0
https://www.google.com/search?sca_esv=7653edd048582144&sxsrf=APpeQnts_v9rDWIiRjKAgpNQC47HevMS_Q:1784893278103&q=Elguja+Medzmariashvili&si=APenkKmZgqfzhjaTplg9wNFqC9GzI3TSHcIqi4CzQEZline-yaw5jXDSLzuiK7HGYjWsoEYY_s8eAWKvMWKd2zBsd1iQ2EqTA4PGiH19mu7MeBD3su1rNUjeglkUqzCZPMkVhpziclMf0B0-jJGzX12Z7AU5wRZ1Tg%3D%3D&sa=X&ved=2ahUKEwjMmrbOneuVAxVARPEDHTOjMMsQ_coHegQIDhAB&ictx=0
https://mining.org.ge/661-elguja-chagelishvili.html

0JdMR™Md0S - GEOLOGY
https://doi.org/10.36073/2025/2026-1/5-16

556390900 bodobyxm3s60 39009wo Hmymea gbolidoms dgfiggdlisdodo
BIHOMO0L 5¢@gMbsG0ozmmo 1sdsg®mo ogsMmggamado

9356 X98M0IY
blod gMogmen fryeomiodols bsdom 0blGodm@o

3bmhsg0s. B0sgm0s60 (HgMHodMH0ogB0L BIHPOMBIOYY Fsmsero emsbols demly g bols
399698¢r@80lsl bdotso  [s@8r0dmbs Ggpygmbsdodo Rgtmdgdo. dsomo dpgtsomdol
IVObIICb39IB5Q AP@OGoI bsg®hEgh 3900egdomsb ghms@ baer Bt Gds@
35000996985  AgO3sUrIem-5639(0098-9¢m0 Udgdgdo. gb 30 bloBs moobmal s6lgdaemo
(9¢009830b 360826901356 93¢l s 8296986030 30658980 05 B0s6985b bs305m@ o
R5OD898Yy. 3053095600 UsytHogbo 390emg8ols ©s HgHsbeyem-5639(0k98<9cmo0
R96M8980L 3¢ H9Hb5HOI0 35505690 gsbUs baz®eyem 30689880 9godengds oymb g.p.
@©35639698:9¢m0 bo8obxcgsbo 3909¢0, GIerols 3s5635(0d900L Isgseroomo Hozmool
a9m9cn39boerol g bol 3263095 9¢m0 w9860bs50330L dmpgd-emos fsedmagboa» bsdwydsmdo.
65h396980s, (20 356bogreyamo #8bols 3okmBgddo B9mMdol d9fg9mlsdodimgdol dodsto
absgGobm9Bol ) bHb39cbsgmRs® HYPSLLIem-5639(50698<9¢m Ggorcasb dgsk98007
@©55639(9829¢m0 bo8obym3560 39009¢m0  Bmombmzgl 89698030 (9emognol gsgoengdoo
6530m98 ©5B0s6985L, 85653065898 Us8sgto 30b6bHG«jpog980bs s dofols bsdrydseros
deagenemmB900b 8600369¢mm356 9930698505 s dGdolb H)lisxamorbemgdol gs bHsU.

Us33560c2 bodgzgdo: B90@™Bob 350sg(98s; ©55639(9829¢m0 bodobym3s60 3909¢mo;
bsbtrgem 9emgdgbdgéol Ggormgoo.

99lsagsewo

56599000Mm39 9o0owo  3slol Jmlg aBsl, GMmamOE gbo, dmgmbmggds: 9@ o
Loasbg, dmbzg30L oBOWOWO MoEOoMLo s MO3 Fgodwgds MM AMA030 3OHMIBOEO.
ym39e03g sdol doefigzs dmogm®0sb GHgMo@mMm0gdol 39MmdgdHy bdoMsw dmombmgl
0693030 M0 gR30L 36033690 m356 G933wsl, Jofols FHowgdols s YHowrgdob HBME.L,
599056 259mB0bs6rY 93mbMB03MMHO S 93MWMYOMEmO 3OHMDBEYGIGO0m. gl 30 Joo TgB oo,
Go3g  09BH0s  3MbB3MgBH™MEo  BIOHEMIOL  bOOL  JMMbggdo s Lbgs  LsobgobGmm-
39INWMA0MO0 ggdgb@gdo. glodsdols, LoFoMm bgds aBol ymggwo Eow3grIero
9mb5339000L 33MMYJBHO0L MO30MBIWMOmO  4505(Y39G0W YOOl J0wgds, 33065090056,
IBGHMI>JO06, I306050N0MJIMWO 39m3)Jb03MmM0 B5ggdMd0EL s YMz9e0 FomsboL
Lbgoobbgs Igboderm 3500563 0sb Mm3EGH0doe®mol s®Bg3s. 53 300339l sdm3sbol
900gOm, 51939 O Bofol FoMmdmoygbl Mm3EH0ToeMmo Bol FMowobs s dobysb
o63mIMdoo  3gdbmygbm®o  d9fiyg®Lododo  BIOHPMOOL  LEHOdOEMMMdOL  Lsodgom
3996256009905 S IYMIMOOL MHBEMMB3gYmas.

LS80 TIBE6S0 Nel(50), 2026 5


https://doi.org/10.36073/2025/2026-1/5-16

doM0mso bsfogro

390ygmLsdodo  RIMOMIGOOL  FOPMOOMOOL  Ao9BAIMOTgdOl  Fgom©gdols
396300060905L  Lom3bgbg gBHo bbol oLEHMM0s 5J3b.  IbgWsE  IOMABMBOMmYds©
RodAHMOMS  BodMO3Eol,  Jomo 39035¢0oLfobgdol  LolEOol, LoBYLEOL
299625600d900L  365JBH0329o  gLsdwgdemdol dobg3zom ®IOLLsM30L  BIOHMIJOOL
90M5Md0L  IM535¢0 BB MMHO s MoEbzomo  FgmmEo s  3m330Y)GHIOHIEO
36MMyM5355  ©IMT3900. 8500 3O0GH03Mo  9BowoBo  53ToMOLOE  LOYIESWHS
3m 3990 139305 O WO GHIOSGHMST0 [1, p.24], Losg s0bodbmwos:

»39039J603Mm60 B3OMEo FmboslHimOmMdOL bEodoEIMOMdOL sBsoBol F9gdbozsl
593L 99D0M©3900, HMIWgdoE FoMdMmodmds JoMO0MIs© 0ol 45dm, MM FgOMPYdO 56
0035¢0lHobgdl  EIBMOTo300LS O JOWIOPYOEJOOL  MO3BYOSMBLL. 53l MmMO
LgOOMBMWo 990 9J3L: gMmo ol, MHMI 899dEgdgEP0s MLBsROMBMIIOL GogdEMOm9dOL
WMISNOO 3560530900l  4om35¢olobgds s FgmeMg, MM 25TMM30E0  dsd3900L
3obsfogds  BAoMO@ 9O, 8dS0IMDS-IBMEOTIFOIO  MODNO0YIOHMOOL
5M5MOLYOIMBS  BHMOOEOMO D3O  HMmbslimOMdol  sbseroboll  dgomegddo
§om009bL 35030 BoBo 3oL BMBELTgbEME bofoeb®.

dombgogo 93 ©@d Ubgs mobogmeomo  99bmm3gdols, Jobgdol  dsliogol
LGHOBOEMOMBOL  M9b65dgMM3g  965¢0BOL B3O [FMbslmOH™doL  dgomqdo,
OICGO0E MZ0M 53BHMOMS J0YMH 5005MJOE0s ,,d0sbErM39d0m FgmmEgds™ (Simplified
Methods), 3303 ULoboGygderm oblGOmwdgb@o MRgds 3ModGH035d0 g8mboygbgders,
390LO3MMOgdom 08 YHyOHr o FHobgdol IMmEIE0MgdoLIM30L, GMIgrms LSO
B9©5300 dgodwgds Jmbgl FOHoMwo G35¢0ol BMMTs. LogMOME 30,  BIOPMOJOOL
9M5Md0L  9mFgdbozmMo  AosbyoMm0dgdol  Igomgdol  obgzgfs s  dsomo
Lo9JL3EMOES30M dmmnbmgbgdols ©53959mxzowgdol 399603996-93mbm303960
035¢LSBOOLO” M3GH0TOWMMO 2505(Y39GH0W 0L B0M9ds WGy MBRYdS SJEMISXME
L539360gMHM-3 94603796 3OMd9dsc.

0 OMO0bEIo Igmm©gdo, MMIWgdos B3gEoswobEgdol doge doBbgmwos
OMAMOG 050 9Bo FIOPML  FEYMIOMIOL  SBAM0T0", FoMTMoaqbl BMzmEo
bolimmmdol (LE), dbgdo dsdgzqgool d9330o0gdol (SSR) s LabHvyerm 9wgdnb@gdol
d900mqdol  (FEM) 9MHommdomdst. sbgo  dgomqdl  dmeol  Gog  d9dmbggzqddo
39bLo3MMgdom  LEobEHIMILM Fgodegds 0gml 96390900 bodobyxmgzsbo 39wgwo,
Omdgwog LBms bodobxmgzsbologsb asblbgeggdom o6 8/3omdl 3mblmwwGmo 3mFol
69510980 > bIoMs Jgodwgds MBOM 9539JGHMM0 s 30636096GMBIM0sbo 0yml, 3000609
dogo dgfiyg@bsdodo Bgo306m0l GHgMslomgdols s 9639M0Mgd0L  GHEMOIOE0IETO s
RBIOMIO 393039900 Hgbo. 58 MZ5ELIBOOLOM TGBHo® LOYIMIEIOMS 3565 MO
1063d> Rocscience-ols dogfh 349353909900 3mI30EHIOO 3OMYM5TS ,,09639609dwo
bodobyxm3zs60 3990 (Anchord Pile Sheet Wall) [2, 3].

0 jengddo, dogooms® Bobgmdo, Moy old@s0® 39Hygelisdod 13gMO™dIdbY
3900my9gbgdmo  0dbs  bodobxmgzsbo  3mbLEGHMWMJ3090000 253536900l  0bmgsz0Mo
A996mma0900 [4]. Bsmyob gOHmgHOL bggds@ome a0dog FOHowbHg bobzqbgd0s BgHMdOL
G030 3OMBOWwo, OMIgeoi 8496906030 Bgs30MmOL gbscBMbgdom, 20 8-ob Lodswwols
@5 5 3-0b Lo sbol bodobx Mo dgergdom s 3000 36-00 Fobslifo® IsdMEo 563960 9d0m
0965 2595369390. Ldw)dsmgdol sMez3MYOOL F9dg 39MH0Mm©To FoBbMEME30gWgdEds
dmboBmEm0bads 583969, HMI BIOHM3JO0 LBEGHIOBOEIMEOO O MBIRODMBMS. 50LB0TS305, BT

6 BSIOID TJISESZ0 Nel(50), 2026



1dndol 0530L93)Mgds 860d36gEMbo A9B30MMBYIMO 0ym BIOPMOOL JEYMSOMIILMD

9O 3ObEHOL {gwgdol 9u9JGIO0 ©MYbsg0L MBOMMB3gYMBom. 5356 goblobwg®s

b0dobxgdol 3mBLEGHMMIE053 s BMTYOOE. (39E39IW vEPOEGOdo M589body mbyBy
563960060900 bodobxol Low®dg 64 3-U s©f93s, bmwm Fsmo goyz3965 BJdMEs 6o

35OGM GEMOO(30vII0®, BYIMEIb dMH30m, 56539 Lsdmm [gbomss, J390m©b Bydmm
[4]. 93GMOMS SDO0m gb B0 FJJbMEMA0 VOMOMED oFM(3EOEGISL 0dEg3d FoWHEO
39099®Lododo BgMEOMOGOOL 53540 900LM30U.

556390900 9hHm ©s MmOHGOogs Bodobxmgzsbo 3mbLEHMYIJ30900m 9BogMgdol
35005639005 459MmyqbgdMwo 3MLBMEsMOL dbsMgdo XMds-LMBL LoogEHMAMdOEM ZBOoL
936G 300L5L [6], Lo 399mYgbgdmeo 0dbs 25 8g@®msdg bbgoabbgs Lodswmeols
s 820 89-00g ©0s39@®0L bodobxqdo 2 3-ob dsdbodoEr GO doxom, brerm 963960905
3990my9gbgdmo o0dbs Titan-ob GHodol 30-103 93 2569 ©0sdg@G®mOL s 3 3-ob LoaMdol
3OMBOEMM0  30wgdo.  3MM9JBH0M00Ls  RBIMEOMOGOOL  FEYMIEMOOL  gosbRIM0TYds
bgdMs 3M33099EHIMMo 3OMYMsdgdol Plaxis, Geo-Studia s dmeMygbdEgMbol dgomeols
LodMOEgdo.

LogoOmzggermdo bodobxm3zsbo  3000wgdol  259myqbgdol  dspqomoms  dgodwrgds
©oLObg gl Mdooldo, Jrsbdo, Jgdgerodol  JmPBol BobeErMdEMdSTo  5dBHoMMo
3™3390-3sbG0399M0 d9HYyg@Lododo obsdgbosbrdmwo BgMEMBdOL godsgMgds, Mmdgwos
©3360M9JBHJOMwo @S  obbmOE3oggdmwo odbs 2020 gl 3L 39335LL O™
36mx9JGoL (CRP) 3096 296035600 3535000 LsobgobMm ggmemaom®o dom®ml (BBB) s
D9 30d0b Lsdmm 0blEoEYEGHOL IMbsfiowgmdom. 3gMHEMdO 453596900 0dbs 15, 18, 25
@5 30 d93Mob Loe®dol 1200 d3-0b OsdxE®OL M 3065d9gEHMbOL Msgzdg3Mwo (Pile Cop)
bodobxgd0m ©@s 25 3-0L Logy®mdol d5306M0L MWIMMId0? 96390900 bodobxmgzsbo

3000909000 (ASPW)(bwy6.1).

Liten Bl
- | |_\_\_\_

“=Lugting V1) ma
Berlwrud Taravwa Fla
-\.\H L=l &
130 =

Bairbrymd Tarervin Fim
(L L]

¥ st e
"1.\_\.\.\.

UM, 1. 3eobols (30:339¢00-3eolB039M0 d9HggMLs3odo BgMEMBOL 15389300 S
556396900 bodobxmzs60 39gwgdom gs3sgMgdol iggdsG Mo 3hmgddo

LS80I() JIF6SR0 Nel(30), 2026 7



L. 2. gemsbols  dgfigg®lisdodo gMmdOL J390s ©ss63gMgdmo 3gerols Famdmlisbzomo
ffobbgo FHowgdom

939005 39000l Fomdmbobgomo fobbgwo FMowgdom ImEqdmeos LYIMso 2-BY. sdo3
Lo Tomgdol EFMH36Mgd0L  B0dxBBH0IE bmmo ol 296853 mdsTo  Bo@sMgdends
9mboEMM0bds 563965, ®MI BIOMIO LEBHIBOWMMOS, oo SEOOBPIO FMIMIMBS SPIG
8906036905 ©o BIOOMBOL Mo3Bg  OLYIMWO  IMHZ5BIMNY0sbo  LogbmzMgdgwo
39600900l daMds6rgMds MLOBOHMbMS.

5563960900 bodobxmgsbo  3gmom  sdsgMgdol  dgom@ol  3MogdEozsdo
399mygb90s X9OXIOMB0” sOE M) 0l bJoG0os, MMIEs HBYBMmMIMY35600 Bogsomgdo
5b39690L, ®MI 9l dgoMmEO F90dEgds 9BIJBHO0 0Ymb, oBLOIMPOGd0m, Fmbyg FHBOL30MS
99099mLsd0d0 BIMEMBdYBOL, Joersdol 30HMdGdTo 30 LsdTgbgdm J3s89gdol 39w gdols
5 Lbgo 3580030 q0930L 2535369008 g Moy 990mb393903d0.

0525M005®©  GOZMOOL  A5sbOLZWgwol  dMs35EmOoEbmgsbo  gboldodo
39MM3900©6 (L0 3) JMMYOHMOL, MMIYE0E 3EYOIMYMIL 149-9 30-Bg s IOl
3903996037600 330935 (LMoo 4), #s3s3Mgd0L 3OHMIJBHO ©S BoJGHMOM0Z30 sbdsM0To
Bo@oMos 1oddgbgderm 3335600 (China State Construction Engineering Corporation Limited
Georgia 3og05¢0) 35Lvybolidygdwmdom [6].

L6, 3. 3BoOL 3989MHMNMId0m 3350mf3919e0 IMFH0EOo BIMHEOMBYPOOL T535¢0mJd0
®030mm0L 350sLs13EgEbY

8 LSO JISESZ0 Nel(50), 2026



L. 4. 5) - sOlGdYEo MHYEogRoL 1-1 FHOEO WOMMEMYOMHO FodIOHPOEJd0: S Jobgdols
35bsL05mYIMYd0m, ) - FYM3MIOL J0boTsEMMO 3MIBOF0YEEO BIMEMIOL (33¢0egdsTY

LoPgol  IPMTsYMdT0  GgMHEMdOL 53 bBoffools 496033390l Bdqds, oLy
50b0dbMo  @omMEMEoMGMo  Fo¥MOOOEgdoms S  099sy9bgero  Jobgdob
dsboliosmgdEgdom, dm3990I0s LEsm 4,5-B9. 58 BJOMOOL LOZ5MIEM TOYM>PMBOL
90603se 0 3953030900, Boobys®modgdo Rocscience Slide 6-00ms s b3gblg®ol dgom©oo
(L. 4, B), Mbs ymgzgogroym SF=1.616.

sboo gBol ©335¢035d dmombmgzgs dol 300qLMb 30 FgBHMob Lodsweols dofjob
dmFMs. 3mFOH0wo BgOHEOL JEYMIMOIOL SOBYIDI® M3HoBserne ggmEdbogn® dmyws
8009070 0gbs G030 GJMoLoMYds-563900609d0L falo. 8 Halbg sg9dMwo  3Gmgd@o
30 3600l LoFsOL FoIBIHOEGOOLIMZOL VM35 oL0bYdEs SOLYdMWO BgI30MOL
59356 o 356doEBHg 17 FHgemsLiob Imfigmdoom (bwy6. 5).

(& e +060.000 ’,w!y_:
- e
- > AL~%
360k ooBscigPoono edghob bobgdo il &
SUPLEMENTARY REFERENCEAXES an et "B‘P ¢ (~/“'
FOR EXCAVATION bﬁbM’O 6)&’03(301) . rl'!!,‘!_;,./}/:"ic;.ﬁf
‘b{)@b&)ﬁo o _,1‘;’(1
/wmv LS
W 28
.4 7"/& :
VNS
M T
g LE
i ,/’,\/
f'\t b

L. 5. BHgOLOMYdS - 9639M0MgdoL fgbo H03MmOL gBol Mg3mbLEMmMJ30sbyg [6]

LS80 TIBE6SR0 Nel(50), 2026 9



5056 2965306005 6.5 35 3yg-8198dbs0L 45398335, 6050l IGMOL s 1.08 Jogromb 383
B993060Iw0o Jobgdols ImFGrs s IMHZFIWRIMIO FIWIWYHOIBS., Sbowo HBgs30MoL
35b0Mgds, 5 5oL 339-Bg 9BHO BMEHEOL B530MH0L d5©YJOOL ToMYds, I3gbstgmero
Ls@OMOL 50EgboLO s BYI30MHEO iy gdol s606gdOL Jugeol dmfigmds. sdME MU, 32
30 ©0539EBHcMOL 9 — 18 IgBHMob Log®dol 11500-0g oo 163700 dg@®o xsdmo LoaMdol
(1033 ¢&.) 96396M900L dmfgmds s Bbgs 3653500 bFMToml Bo@oMgds.

3bsermao0mmo ¥3MbgdMozo 59gMHMdol domol dmFMol LsFoMmgdols d9dmbggzsdo
A9MLME-5639M0Mgdo  Bdgdol  seBgebo@omer s 3MB3MM9bEGME 35605630
3900905 296bowme 04656 BgMHEMBOL 56396930 bodobyxmzsbo 3909w, HMIEOL,
300450, mOLIBIHMOH0560 356056E0L LoALEIOIBO Mool sl §dbgdm©s LMoo
6-9 dm39999c0 Loby.

Bmewmgzsbo LEsos gglsdsdgds bgermbegdgeo 3gMHEMdoL Lofigol dsdwmem-
©IBRMOI0MGOVIE IEQMIMGMOL 46M930GIE0ME0 s BYoLIMMO doEgdol GOHMMOEL O30
9mdd9gdobsl. 30639 BEO©0sDY LoMGMOgbGIE0M  J350)ol Mo3Bg gliymds  d/ds
360Mm9dBHom  2om35¢olobgdmmwo bgs bBodobxgdols @s 563960900l  2sblsbLzmMWwo
5mabMds. 9gmEg LEGHOOsHY BJds 3500l bgs boforol gdu3o35309, J39ws
b0dobxgdols s 9639M900L gqbgds. dglsdg LEGsOsBY - dofjol dmFMs J3509ols docol,
569 B0l LadMmMgJGH™ E™bgdwy.

0 bBoEOs I II 111

6. 6. ©55639609de0 bodobx 3560 3geol MmMlsggby@osbo 350056EOL
L5AVE9E0s60 MYoEoBszool liggds

5365065 939390 MmO Lo bM0s60 39000l 35M06EOLL, GmEs 20 gBH®mosbo
b0dobyxgd0 Jdbosb 16 s 17 d9@EHEMmol Lodseol 39wgdl, 253536M9dmwl 30 dgEMosbo
563969000, BIOMIOL  Jobgdols  FoLogols o  Bsdsa®o  9egdgb@Hgool  odsdYIem-
©IBRMOI0MGOIo dEYMIsMgMdoL 9gRsLgdolsmzoL 350y b LsbOmwm 9wwgdgb@gdol
dgoomol  Rocscience Fase 2-ob 303309939600 300ma6530L  MmEMobBm0wgdosb
Losbgo®modm  bdqgdsl, GMIgeroi ImEgdmEeos bLYMsm 7.5-Bg. Jobgdols dsbogdo dgladg
U3o05HY dmgddgo d503900L5 S A9 9R0G3Jd0L, bodobxgddo s 63969030 dmgdgo
doqos d5¢3900L 3meoMmds 8m398w0s BEom- 7,0-Bg. 35000 b5¢roBo 0dwgzs 9999
51336900l 2539900L LBodmoEgdsL.

10 B3O JIF6520 Nel(50), 2026



Lbm. 7. 5) Rocscience Fase 2-0b Lalitrvgenem 9engdgb@gdol 990;mm@ol mgsbbmdowmgdosbo
1556956(08m 1sggds s B) Jobgdol MMsBMEo F5e55R0EGIJBOL L5000

339MHMO0L LYYOSM 4, 5-Bg 8rY35600 LosbYIMOTM FMbo399930L 30MHMBYOOLIMZOU,

3Bol30Ms 3500l goyzsb00  godmfizgmero, bodobyxmgsbo 390l gMHEHowgdol
05BN 25O5P0Gd00  ImEgdMEos LMoo 8-Bg, Lsoobss  BobL, GMJ

35JL0THEIMBIO EIPHSPAO0GdS ©YEGOL 5 LI-U s 5L HYOWO 543V 39000l oML 18-
21 3-%g.

H (m)

Vh (II[} T T T
3 [+] 9 12 13 18 21 24 27 30

0.01

0.02

AN
RN
\ /

0.05

0.06

b®. 8. 3900em0l g 0egdol 3Bol3oMs J358mmol 3935600 gsdmfizgmero
3900l F9HEH0e9d0L 056H3HBYO 985 R0MWIDIO0

653 999bgds 96396930l ©F0MMdOL dsergdls, LIMsMO 9-0l MLbsbAs, 39Ol
96m0 IgBHMoL Losbgbg Ml Bgs s J39s 963960900 FmddgEgdl, dglsdsdobs,
P=64 36 05 P=168.5 36 0g6dmeo doengdo. 53 300530l 459mygbgdom s6396M9d0L LsFomm
33909006 99gMbhg3zs  FgbodEgdgeros  8gdmfdgdomo  3ssbyeModgdom. mvy  Fobsbffo®o
39562500d900L5030L BJS s 39 39000 Ms3bY 1 -0U dox 0 IMGHYMdS FrEsEOL
3500 dMEMBLTIYMOMo 563960900, Losbgo®odm  fobswmdoom R.=500 83> o
©05393HM0m d=32 89, 35000 Ls369M0TM BMIJdoL s FobsMdOL 35M06EH0 s LodBH3oEol

3565900 36530@S30E S BYoLAMO OBHZ0MHM39dDg IME9dME0s 3bEMO 1-Jo.

LS80I() JIF6S3K0 Nel(30), 2026 11



gbGomo 1
36396900U 9556356009030 3500560 s LOdBZoEol FoMsa91d0

563960l ) LodGH3oEol
o0 d, (UO) | Ra, (335) | 330000, (82) | doangs,(36) [ dod39, (339) 856330
bgo 3.2 5.00E+05 8.04E-04 64 79580 6.28
939> 3.2 5.00E+05 8.04E-04 168 208897 2.39

L. 9. 56396900l 959300530 d5¢r3980L s bodobyxgdols dnmbsgo dmdgb@gdol
030900 s dsgdlodseny®o 3608369mdYdO

390053300900 FoGoaol  B®mBsGHomesdg  dgLsdE0Mgdwrs®  Jgladegdgeos
56396900l ©0589@®M900L d99;3069d5 56 3500 ol Jobdogrgdol 45BN s 99dm{dgdomo
259625000930 2539gMEM9ds.

309303530 s BgoldMe IEZ0M™M390Dg 96396930l Losbgsm0dm BMIgdol s
§0650mdol 350056@0 @5 Fomo LOBHI0EOL FoMoggdo JmEgdmwos 3bG®o 1-do, bemem
b0d0bx 9030 dgddgo doglodogMHo Fod Aoe39d0 S PIWISPAO0WYOGO0 DGO 2-Fo.

b0dobxgdol 3MBLEGHMMIE0mEo FobsLosMIOgdO oP0bIds 9.f. F9dm{dgdomo
3996256039300. 500935 36594030l FodMEEOWGdI0EL Lg3sMmIM®™ Bmdgdo, dmfdrgds
05000 3H0@b6MH0BMdS Bgdmm goblobzm Mo doenggdoom 45dm{zgme 9JbEIbGHOME
300359 5 039M5300L falom EA0bYds 500 5930w gdE0 S bd3FsMOLO Dmdgdo.

3o5C0MO©, Y] ©3005093HM™bol bodobyxmgzsbo 39wgero (LwGosmo 10), Lsfigobo
Loldoo h=0.5 9, mGIBOHOZSss 5HToMGdYro d; =32 30 E0sFGGHHOL BMESOL VIOHMIGO0),
Lo569600m Fobsmmdoom R.=500 33s. 39000l 13-ob bog®mdol dmbs3zgmby ymazgan dbstls
Bo©YdM@0s Mmmb-mmbo Mg, 45603339008 FosOmdom F.=F.=4"3.1415"1.62=32,2 U132
09BH™Mbol  LosbasM0dm  ffobspmdom Re=30 835 DBE3OMo ©IBMOIsgo0m  =0.003.
BoGH9690@0 2956250089000 (LYHsMO 9) F999d0 IMEIdMEos (3B 2-To.

gb®oo 2

12 B30I JIF6520 Nel(50), 2026



b0dobx 9030 Imgdgo d5glodseMOo ogd d539B0 S FSWIIYOIGIJOO

bodobyxgdols 9odU. doqngs 95db.00. 8mdgb@o 959U 590095 PO0WOS
Gogo (35) (369) (®)
bg©o 64.1 248.3
939000 166.9 411.45 (-292.35) 0.05

Sbgo Fogo doe39d0LsL, 3799330l 9JuEgbEGHMOLOGIG0 BYs s J39s bodobxgddo
(LmBomo 10) dglsdsdolo 0gbgds:

evgo- M/N=248.3/64.1=3.87 8; ey =A411.4 (-292.3)/166.94=2.46 (-1.75)

5699, m6H039 Mool bodobxqdol 3999935 begds oo 9duEgbEMoLoEgGHOm.

N
—_—

i I o j— - b -
: T _! _::_ RpkFa = A = CaR A - -
F{

h h 7 F.
PR //7 \\\
| 1 ; — -

T
a

. 10. oo 9dLgbE®molo@gBom 3Mmdazsbg dmdndsgg bodobxol Lssbys®odm liggds

sbgo  d9dmbggzsdo mMIbOOZ  9MHToMmgdmeo bodobxmzsbo  3900wol  Brgzmm
9 MB5Mm9M05BY LosbysMOTM 1dqdsls, 96905 LM 10-Bg dmEgdMEEo Loby, bmerm dsliBy

50b0dbmo d9EH™Mbols 9933dMeo bsfoeol bobdg s BsOMdO 39000l GOHMIMEM3H
Loa®dgbg 06905

x=0.8%1/2=029; F,=02 9.

50900 HBmdgdols s  9®ToMmgool  dJmbg 39000l LodGzosol  dgIm(dgds
99b396GOME 39939359 g0dengds 9990 30MMdgd0m:
3065093 ™bob 39000l 33900L {obommds 399335%g

Ny, =R,F,+R ,F,—R,F,=30000 #(0.2-0.00322 )+ 500000 *0.00322 =1574 6, (1)

9b 8mddgco 83499053 doen39dl 50gdoE9ds: Bgs bodobxdo 1574/64.1=24.5-% 96,
bomem 4390 bodobyxdo - 1574/167=10.5-x96.
535G MOOL 9gMHMYdoL 339000L H0bsMdOL BMZsMO 39wl VMB3oLLL:

M., =R,F,Z =500000 *0.00322 %(0.5-0.06) =707.7 469, @)

L3801() JIF65K0 Nel(30), 2026 13



M3, 30O 2-30 dmyz560¢0 Foglodsgr® dmbog dmTgbEHJOL s©0gds@Egds: Bgs bodobyxdo
707.7 /248.3=2.85-x 96, bmwm J3qgs bodobxdo - 707.7/411.45 =1.72-x96. gl Fo6r03900
d9bodems  3mBLEGHOJ30o  FMBsBOGBOom  FoboEgdo  0gml  SEgdMEro  DmAol
3900900L5mM30L, 0bgO35® 0oLy, MMA 9du39bGHOE 3B835Dg 39IL 5J3L o bBg
OO F565Q0. 25053503900 o050l bMMToEH0wsd©g Tgbod306M9dWs©  S3MI3Y
d9L5dgd90s 390l  BMIGdoLy @O  9MToMJdoL  F9d30Mmgds s  d9dmfdgdomo
359625608900 2539MG9do.

59935600 HobsLFM0 o5bgM0d900L 999, BoFoMHMs FgxoLYdIwo 0dbsl BgHEMdOL
L5900 3EYMIEMOOL bomolbo. gl 30 30M39w M0ydo Jmombmal 3M0E032)wo LMKl
D9s306MH0L 3365, o3 96390900 bodobxmgsbo 3900l Bggdgdobomgols
96003690356  30IMdqTsls FoMTMoaqbl, dombasgzs  dgfygdlododo  BgMHEOMBYOOL
90M5Md0L 95351930l 196539MM39 139305 MO 3MHMYMTJdOL OO XARoL (Slide
1-6, SLOPE/W, GEO-5 o Ubgs) o6Olgdmdolbs. sbgo 89dmbggzgddo, 3mb3Mgdwero
36MdE9gdgd0l goolvFMH s, LoFoMMd B3I LEOSOL BYEs30MHJdOL 3MmDoiEOgdOL
dmbobx3s o sBMBEJdS [6]. 5Tolsm30L Fgodegds godmygbgdwer 0dbsls Rocscience Fase 2
36OMaMdol  bMso  7-Bg  dmygzsboer  Losbyo@odm  Uggds, 6o@eb  sbosewmyom®o
1g98900Lsm3z0lL Bgdmo ImYy3zsbowo 1B3gEosW MO 3OHMYMSTJO0 Qom3z5eolfobgdmwo 56
560U.

900M500MdOL J9xsLgds B, oQoeoms©, 45 s 60 aMoMLom IbMOo
POomwo ©35¢00l LodMHYJgdol oGO0 DY, OMIWGIBY3 3OMAGMsds Rocscience Fase 2-om
539600 XX, YY o XY ds03900 6583969005 LyGom 10-Bg o 9gdoboros gdugarol
3bMogn 3-do. oo LMo gdom ©s (3), (4) BMOTMEGOOM

=]
%
=]

[T

m

o

) m R Lo o
o o T

E
w4
e

Um®. 11. 3503900 g3b6LsBM3GMS Josbgdol dsliogdo 45 s 60 Mo EsbGOE LodMEYgxd by

3900030 90d ©53FJMH0 BOsemHO N s ©s3dMs30 dbgdo T dsd3900 ymz9e 50bodbme
090@0wdo 8 39mboo sbGow LodGmEygby:

N=0.5(XX +YY)+0.5(XX —YY)cos 20+ XY sin 26 ; 3)
T'=0.5(YY — XX )sin 20 + XY cos 26, (4)

14 LS580I) JI365<0 Nel(50), 2026



boem oo Bsbdom  39mb-8m®ol  [7] Bezdmwo  fmbslim®mdol  d3oMmdol  (5)

399mbobengdsdo, begds dyMsmdol Jgxnsligds 03039 FoMGHowgddo B39Mwgdmog ©s
9989856 30OHMd9dT0.

T<[T]=C+(N-u)tan ¢ ()

boog: [7] Beg3dmo  ©sdFgmo Lsgmb@od@dm dbgdo dsdgzgdos, C ©s ¢ Jobgdol
393000m@mdols s dogs bBsbbol 3m9x803096@Jd0, bmwm u - 9.f. gmOMm3zsbo {bgzol
309803096@05, ®MIgeo 59 8900bg935d0 gmema0w® dmbs3ggdgddo 56 BbL.

gb®oeo 3
905 MdOL 3mgB0E0gbGHOL 56356000 35d3MgdmeEo BgMmdoL 60 3MsEmloo
3bMOE LodMEY)DY
# XX Yy XY 0> Orad NkPa TkPa CkPa ¢° @rad [T]kPa SF
1 485 1163 237 60 1.05 1368 -412 15 35 0.61 972.96 2.36
2 176 993 302 60 1.05 1254 -505 15 35 0.61 893.13 1.77
3 110 895 218 60 1.05 1084 -449 15 35 0.61 773.74 1.72
12 98 237 73 60 1.05 300 -97 15 35 0.61 225.20 2.33
13 101 203 75 60 1.05 268 -82 15 35 0.61 202.80 2.49
14 105 88 75 60 1.05 153 -30 15 35 0.61 122.02 4.05
yT= -3501 Y[T]= 8.5
SF= 1.96

99b9wol 3bMHoOoL Bodmogdom ©IERIH0W0s FEYMIMIOL 3Mm9303096¢OL (SF)
360036903900 Ls96M0TM LodMEBHYoL ymzger 14 FaMEGH0wwdo s INgEro LodGEHYOLIMZOb.
50 m3965L369col 360d3bgemds 1.96-05, Mo 96033b9crm3zbo® 509Ts3gds Bm®TsEomen
95B396909w0.
3obLsboggemo 3396MHMdOL 5563960900 bodobxm3zs60 39000l
5 3H9MbsGH0o 890MmEOL 35M0563H0LIMZ0L 9BIEIMAO0MMS®O PGB0 FEYMIOMBOL
3095030963900 45 460500 LMo S OO M3I5¢ol LodMEYJ)d DY, FgLsdsdobo,
2.02, @5 2.08-0b BHmM0s, M5 91939 90935@Jds 930M3MmPOL bMMIGI0m J5035¢obf0bYd e
1.25-bsg @5 GH9Molocgds-9639006M900L alloo  FgbeagHme  36mgd@do  s©0bodbwye
MBI E 5 J0gd IEYMIOMOOL 3mgR03096EJO0L 3600369 MdGILSS. 5FobSb 9P,
R9OOMOOL 9139353008 5EEIMBIGOIO 350056E0 FMOoMbM3L dbgdMH030 RGMHEOMBOL
9060856 ©sH0sbgdL O  F9B30MIMBGOL  LHogMo  JMBLEGHOI30900Ls s  dofjols
LodmBomms  MEMdgdol 3600369wm356 93060905 @ FOMIOL  MBsRMMbMgdOL
39BOLL.

3365

1. 300536056 306Md9dT0 Foowo 3eslol dmbg aHgdol 8d9690emdoLLL {otmdmdowro
d9099mLsdodo  BIOMIJOOL  BEYMOE™MOOL  MYBOHMB39WBIYMBI©  BHPOOEOE
LogMabo 3900w gdoL @S BHYMILME-963900MGOMo  FJOMPIOOL S EJOBsEOE
3960056350 990dgds 359mygb90e 0dbsl 9.§. 5963960900 bodobyxm3zs60 3990,
OIglsg bdod d98mbggzsdo 99mdeos gobadocmmdml:

LS80I() JIF6S5K0 Nel(30), 2026 15



*  5MOLYOIMWO MYE0gBoL s 0BIOMH030 30MHMDYOOL 06T OO sD0sDYdY;

o L53spaMo 3mbLEHOMJ30900Ls s dofols Lodmdomms Jm3IMmdgdol 3bodzbgermazsbo
390306905;

e I6HMIoL MBoROMDMYOOL QOBEOS.

2. 963960900 bodobxmgzsbo 39@ob* gosbasmodgdol Fodmpygbowo dgommmo
094gbgdl xgoMds> Rocscience-ols  3m33oMEGHgHyer  3GOMGds  Phase2-l, HmIols
L35 gd0m bgds J96gdol LEHsOoMMs© Fg33eroo dslogol ymzger FaMEowdo
5950~ IBMMT0MGO0 3EYMT>MIGMdOL FgRsLgds, MLIBROMDbMYdOL Godd™mEMmgdol
WMISNOO 35605309008 ©YGbs s Bsdsg®mo 3mbLEMMJz00l FBoEMBIM06MdOL
3obLoBE3EMs.  50gbs  FJOMPO  MOZ0LNBIOs  MIbYTYJOMZ),  HBL3IOO
P @bsbHmOMd0L 565¢00Bol Igmmgdols dodsGrm, Bgdmo godmmddmeo [1] 300EH03wwo
99600936900L52,56.

O BIOSGHMEO

[1] GEO-SLOPE International Ltd 1400, 633 — 6th Ave SW Calgary, Alberta, Canada T2P 2Y5, 2012.
[2] Rocscience. Phase. 2. Model Program. Reference Manual. Rocscience Inc. 2001.

[3] RSPile. Laterally Loaded Piles. Theory Manual. 2022 © 2025 Rocscience Inc.

[4] Zuyu Chen, Zhen Wang, Hao Xi, Zeyan Yang, Lichun Zou, Zhong Zhou, Chuangbing Zhou.
Recent advances in high slope reinforcement in China: Case studies. Journal of Rock Mechanics and
Geotechnical Engineering. 2016.

[5] S. Macij, A. Ryabuhin. Svajno-ankernye protivoopolznevye konstrukcii, KubGAU, Krasnodar
2017.

[6] LogOmsdmMolim 3608369 mdol Md0wolo-Bgbs30-eglgerodol Lssg@Emdmdowwm abol
149-9 300™39@®ol d00@gdsmg 3mGgbgom®mo 39hymrmwo 39gMEOL LBEHIBdOWODsE00L
0™bolidogdgd0. LoobgObOM LodMHMgdEHm sbAsM0do. MdoEroLo, 2023.

JAPARIDZE LEVAN

,~2ANCHORED PILE SEET WALL” AS AN ALTERNATIVE SOLUTION FOR
LANDSLIDE-PRONE ROAD SLOPE IN GEORGIA - A CASE STUDY

ANNOTATION. During the construction of high-class highways on the slopes of
mountainous areas, landslide-prone slopes often arise. To ensure their stability, terraced-anchored
schemes are increasingly used along with traditional retaining walls. This often requires a significant
change in the existing relief and damage to natural conditions over quite large areas. An alternative
option to gravitational retaining walls and terraced-anchored slopes under certain conditions may be
the so-called ”Anchored Pile Sheet Wall”, an example of the calculation of which for a specific
section of the Rikoti Pass road is given in the presented work. It has been shown that in the conditions
of the considered area, in order to ensure safety against slope landslides, an ”Anchored Pile Sheet
Wall” requires much less damage to the natural relief than the terraced-anchored method, leads to a
significant reduction in the volume of retaining structures and earthworks, and increases labor safety.

KEYWORDS: roadside slope reinforcement; anchored pile seet wall; finite element method.

16 bSIOI® JIF65L20 Nel(50), 2026



0JMKM30d5 - GEOLOGY

https://doi.org/10.36073/2025/2026-1/17-27

5300l MmgOM-B30¢gbd-3mMToMEo LsdsEm (BsgdsMoggum)

X™bo dMdomodg!, 306056 goabody!, Gsmoger mgEEr0s830a0?,
305 bdsensdy?, 53000 F90930¢0!
133U ,39335B00L Lsdom XMBO”
2L “)e6rx056 379396 9bc gergr”

sbmhsgos.  @sddereyool  3eagmodgdserey  Ossbysdmzarobgdsby  OIASCrIBH0
3M03c99bek0 ggemaemnmgontr-dogdomo bsddsmgdol dgoggs gsdmzerobos Hogo bodsb-
030U98980bs, Gsg @305b5b050989¢105 32HROGXIMO H030L bsBsmgboliozol. 396dme:
3mGRoGomo  bsdsomgbol  m®domgdoborgol  bgambsytgero  BAgddmbozmo s
A1095¢7396029650 3mBog0s, 3mBROGAIO bAGXYAXIGOL GomsgodrIto Jgoggbocrmbol
d909p39¢m0 Jsbgdo, Logrogodgdo s 33560p-Ugbogodaero dgdsbmdsdodgdo, dstmzIemo
3modgdsere)mo dobgmserobszos gooosbo dspbosbo bolidgdol ssozsereyt bsphoergddo,
momld90p39¢70 3350933000 -5qm 33060 IO sbmgosgool a5 3L9em-
Bsfobpzamegemo dsqbgdo, 8sbosbo bbgeyemols F)339(329¢0 BerRmbAGLIAI0s, b
@s bsogngbdols dsborytis sdsemo, Fsgtsd bdsboereayms dogmso F90p39e8980.
d9bisBsdobs, s08gnyol 302¢m0dg)sereIho Jssbgsdmzemobgds 35e0s335¢P0R0306GDS
Usdm9p39¢mc2 3603369¢m80l dfeabg magdtm-b3oergbd-dm&Hgomryem bsdscome.

Us335600 bodg3960: @308¢neic00; gdier-bdoergbd-3ertgo6moyemo bsdsqom; 33563-
bamogodeiemo ds@sbeadsdodgdo; Js¢n30m30650¢40; FAmI39(30.

99lsagsewo

©530oL MgOM-130¢bd-3MOBOOVIO BsdsEM FEYOIMYMOL J390Mm JsGmErOl
5030b0LAHMIEF0MW-BIM0GHMOOMNWo  gMmgmol ©dsbobol  3Mbo035woE oL
RMR 9030, b6 85353905 Bgdm geols Botrx396s d9bs3ool bgmdsdo. sddEoL
350060560 md0gdBo 36Mmdowos X9 30093 39-18 Lym39606. 00 Wgdwg BoBbymEo oym
(MO 3 O30 G030l MMMl 89833900 30m0dgEowMo F5sbasdmgw0bgds.

2020-2025 Hengddo, LBL “xmOx056 303960 9o 3m* s 3L ,39335b00L Lodmm
X3IBoLC G096, 50bodbmEo FobsTIM3w0bgd0L MBEHdGMdOL QoBEM©OL dobbom,
Bo3o®s  ©9AHO6O0, 333w gdumo  4gMEMa06-dogdomo  LdMPsmgdo; F9PIYO®
533 BY 4593006 sboero - mdHm-130e9gbd-3mMHBoOwo Jobgdol LsdMgfzgwrm
&030.

do60mso bsfogro

©530Eol  MJOM-130wg63-3mOHBoOMo  Lsdsm  Lo3domE  MOYIEO
3INWMA0NO0 5393 gdolss s 96083369wmgbs goblbgegwgds dmebobol dobosbo
50mbol BodsEMYOOL S FEBYYTMZw0bx09dOLY6.

LS80 JIF6SR0 Nel(30), 2026 17


https://doi.org/10.36073/2025/2026-1/17-27

LodoMbY y39ewsbg 939w Jobgdl (079 56 Bogm3wr00 35¢gMBMYOO 3OHOLESWIMHO
53bsdgbBHol  aMsbo@Gmoer  3m33wgdul)  FoMdmoygbgb  J3go-dwgs  0MBmEo
30bLdsbE-55¢96MH0 sbo 3ol 39609690 AGMOd0EH0@Yd0, I gd03
o6dmygboeros  4308543990L,  Bodrgdol o 9MR0woGgdol  BgedMggdmogzo
9m60ggMd0m S A93MEIXIOVIE0s  EIFOWMEOL  LodsEML  BodbOHgmoom  Jodwgdocg
A960GMMH05%Y (bob. 1).

AT TN

dodmdomo bodbgydo

Do (afign bgbmilabydn gugade, jafddmbagnena {yedo,
K2 | danBodgate, Haneseartemoda, wodzdo ws kG boszogatada (Bméama g1sheatada)
- aws GG Ugbmiabyte Bdel Jebamedyeonido O howbnb jebigrin
Wye onde dsomnbyéo Tygds: foewagody®e Tgeygbognedals .- S nakdaio B At
- Fasegebofado-tnomagod e suagydo we Gugade ol BRSO AR
Jnawea-Tga oytie Jpmobbdabyé-sogogbydn Jgailsfgadn, 40 b ceadobass
S gaGOEEd0, Godsgdo wa sOpmEadin Foszob gevalabado
Eomguaggdo, faogaegbn ¥ P L T R LI
o 1062025 dpamidadgidac
abmy'boggdn, woeada'hydo ademepago Ltngeob babgdo
- ~ o

65b. 1. ©33dMEOol MdBHm-130eg5d-3mMHB0MYEOo LsdsEml gmeEmyom®o G3s [1],
5353909000 ©s glfimMgdgd0m

30bLdIbME-55¢96mH0 SBs30L FYgdsl RO Mgmom dmbig3l dsombivy®o Fygds

(2], GMmIgog o MB30MsBGIbs©  §omdmygbowos  MoMmEsEoGWIOo  d9wagbomdols
300395603 g00m: HOMEOIGOGIO0 WH3900m, MROM 03305M© G¥RYOOm. S©bodbmwo
BEGHOSEGH0YMITBOME-EONMEMYOOIO §o63mboddbgdo 23960bogd056 OMPMO3
533 OoL BdIEML MJOHM-L30gbd-3MmOHROMMEo Fobydol 90339wo Jsbgdo. olobo
90(356Mm-005b53M0LGBYIM0s, 5586050 3MOBOOMEO LGOS s FoLOOO BHJLEHIOS.

18 LGOI JIF65220 Nel(50), 2026



3OBoOMo  godmbogmxgdo  FoMdmoagbowos  335GE0m s 8063MOLA3sEHIO0m,
990560900 003055  OFoBYMH0om,  MHMIWIO0E  9M9MBIDMOPLS  AIBIBEGHMWO
R39BoGHOO bLEGHOMJGHMOOL dJmbg doHoms dslsdo (L. 1, 2 s 3).

6. 2. GomESE30E0 3MOBOOWYMO
LEHOMIGYOOL S BIWDOGMOO F0MOMNSWO
35Loom. 35M5EgEMHo Bogzmmgdo, 3500EIds
25-x96

U6, 1. GomEs30@oL gsbgdbogro
3¢ x6o 6odydo

bE. 3. HoMEIE0GHO 3390E0L 33060y BMIoL 3nMHBoMHYEOo 4sdmbsgmagdom, 3Me3sbm®o dobol,
335630L s 35¢rovdol dobg®mol d35¢ o0l 990339 doMomsE Islssdo. X35Mgobo bogmergdo,

3900905 25-% 96

0500b0L 30 396MABMG  ygdol  FHOIBLEMGLOEOE 593l LgbMbMMHo  SBs3ol
ODBYO0,  JPOBOMBIGYO  GIBMP300573900,  HYBMIWIIOMOGIV0,  30OJ3900L o
396290 q00L 00305000 §99586099000. BIJS 3IOEo boenrgdgdo Bmash ofygds gwmdol
3mbawmdgMsBoo  (bye.  4). obobo  Lodoml  gotygddo  3Md96@GmS©
330Jb0MHYd06 . HFdWMEOL @S dobo  ToGrxzgbs Tgbs3s0L  bgmdsdo 3069
Loddog®mol (0-12 3) 2s0mbsgErgdol Loboom.  3mbawMmdgMs@gdol  bsgm®mgdo  ologns

§o63mygboros 3 356maabmMo  Jobgdom, 33950303 JIOm.  J356M235¢9d0L  BMIYdO
3969g9gmdL 0.5-5 LA-U BoOYEGdT0. 3baEPMBGMSEJIOL (39996EF0 39MDdMBSEE0s.

LS80 JIF6S5K0 Nel(30), 2026 19



6. 4. Bgs 35OEL Bwydol 3mbymgMs@ol bodwdo (X=450850, Y=4572544, 300O@©0bsGHM
LbobGgds UTM 84, Zona 38 N)

D9 39OE0L 3103960 96-350dMbsEGH o §ggds POHDO™Mm0EIL 53mbEHwMEM9dL
5330 LYdSMY. 4g00ol odsbgds BOOWMgm HYdd)ddos 35-45 ° 3mboom.

5060360 Jo6gdol 3ma3egdlo 3533900005 HOMPIBOGHYIN0, YROM 0330505©
56@9D0EMOHO O OBSBMMO O3 35bMMO bgrgdom.

0505639933900 8500 {9gdob Jobgdds goboisgl Lobgze 36O MHga0Mmbryemo
3OM30o@MM0  Jo@obmdo@mbo, 96w gadgmfimogdmwo ,0(3569 J30MMo QoMo ddbs*.
36MHM3003 g0 57 HoMImygboos 30MHMMYMHIMo LobEgdob M3oModglbs 300-250°C
AH9939M5GHMOM0  ©0535HMbol  930MG-JWMOH0E-5¢d0G-335M30500  BYMO©O
dobgeomMo  SLm30s300m,  OGMIgo3  s0bodbmwo  3oMHMdYdOL  0boZoBHMMOs.
36MHM30w0GJo0  bobosmMmYO0sb  3MOROOMILGHMOO  BLEGHOYIGHMMom,  BsLoYOO
G9JuAHMOom. 9330l 3OHMmEgLo  2odmoMBg3s  Fo®owo  0bE9blomdom; Tqlsdsdols,
©533ol Mmd09d¢HBg Lsfigolo-3063569geo Jsbo MomMJol 56 GOl FgdmemBgboeo
(8906086905 ABMWME 5¢30GH0DBOMGOME0 3¢E0Q0MIWIBOL GOHMIMWO JMHOLEHIWIIO ©d
3390306 FoMmE3wgd0 MHg0dBHgool Lobom), Mog gOHMMDd sOMYIEgdL dol OsRBMLEH L
90360m3m30l d9839M00m3 30.

36MHM30W0GMOHO BMMT>300L d9EOLMTsGH0GHIOL LodsEMDBY, MMMl 25350b9gdsLmM6
800560090590 19353000 39MH0BIO0O ©BbJd0, Fo3653 0lobo [o®MYgbgb bgarlisgMHgen
1mbl Bgbogdo 3MM3gLgdoLm30L, 39MImE 35539 9YIbOMdOL I0EMHMMHMHT)O
REM0EIO0L  BMbJ30mboMgdolbmzol, MMELyE 9RO o 53l Jobgdol  0bEHIBLOYM
393390 (3905L, 3430560 335030l doM353900L  FoMTMIAbIL, 9EBOGHOL @S JMmMoE ol
LYOOGFOGHODIEFOSL.  Jobgdol  45339MEg00L  06FHIBLOMdS  BmYsb  sMhgzl  WsdgdM0g0
A9JuAHMOoL  8Jmbg,  @™3sMmOo,  9aMghmEado  IgmEe©o  339M30GH00L
(Lo oEoEYd0L) HoBmddbsdy.

300OHM®MHMH N0 3MME9LOL 23056 bEGHOOIBY, 06EIBLOWEMS® QoFMEHEBHW M3bydL
Do 9905 MJOHM-LMEBO0EMOO 25050bgds. T MEOL BodsMBY Fos639gd339w
39&HoLMToE0GHIOL JOM0M IO Fo®mBMoygbgb 3350 3-LYM0E0EHWO (JLMOOEMB JMMI)

20 LSID® JIGESL0 Nel(30), 2026



39GoLM>GH0EGP00. 3500 FMMToMYOOL 3H9a3gGedwes gMygmdl ssbemgdoom 350-300° C
RGO gddo, Jdbosh s Lsdmomm@gddgsdIOHIro  JoMmmyMINNwo  3OmELOL
DmB0gMo 955539 ot9gImb.

393obMTsGH03HYO0 B5»do 30EOMMIMTMEO MObYOHO T9doygbgerol - 3omeobo@ol,
dmbGImOHombo@ol, ©030G0L (s  JmGOoGoL)  sOLYOMBOLLL, 0939903693056
9500563m30x 6539 J56900L gotg Bo30gLL. 0Lobo bolinsmMYd0sb oS Fgr3gMHoMdOm
00305000 30bgMow0Bs300m. 50b0dbo FobgMowr Mo SbMmE0S300 TIBILOSMYGDIOS
5M200B03HJOoLmM30L, MMIgms FmOmToMGds bqgds 250-150° C 393396 IOHIo
6957030L5b.

LodOEMDBY  AgBOLMBsBHOEHIOOL  9OHMTBYNDY DBgEIdOL  A9dMm  godbgugdeos
OMamO3 G4m0 09bGHORB0E0MYds,  sLg3g domo  LogmEgdo  AbMegLYdOL  oYbs.
909b9go350 530bLY, LGS, Fo3Gsd o063 89060369gds 3HxbgbE0s TgEOLMAsEHoEgdols
Db M0 5390 gd0Ls Fosb-BoadmMo LobEYdob (396& M0 39MHoRIMO0L396 99dwga0
05680000930Mmd0m: IGMMOEO  33903E0GJO0 —  3395M3-LIOOGOGHIWO  FGELMToG0E3HYO0
—500w0b0EJd0  (OMIgoz 9O sOLYIMOL  Lods™L  J3gs  3MOOBMEE b)) —
3603003 gd0. d5bolidgdymdo dg@sbmBsGmBo FoMdmygbowos 356MdMbsEH0BE00m
(Bob. 2). 5939 9306086s3m, GMI 3OROOWIWO  BodIEOMIIOLMZ0L  TsbOlOsMYdYEO
39GoLM>GHOEHIOOL  3H030MH0  BMboEMdy, MMIgoz IMoEs3L  3owovdosh doMmgl -
5330 LYOIMDBY 56 T9g0boTbgds.

D 35MBmBI0BIGOL [:] StgoeoBogodo

Sombipo 333303 00
- {Logrogodgdo) [ s#msocoasto

[: 33¥Mi-LaMogod ™o Sodsbndsdodado

B65b. 2. 300MHMMYMHIMEOo 93390l d9bsFoggds

5330 LdIPML 30MHMMYMHT>¢0EHIO0 JMJ39EP0s OO MYMNO0m JEMMI©

5996900 dMmbm3wobmMo LEHMYJEHMOOL FoMAWdTdo. 39 356MA9bmEM-sbsergdo o
A900960  §993900Lm30L  0d305mMAL 96  Fo®mDMoagbl FM99d0L  BergduBHIeo

dombzgdo.

LS80I() JIF6S3K0 Nel(30), 2026 21



L5BSEML A9JMEMPOMOO 5393)GOS MM GIN0s BodMoemgbgdol, dubgcmgzols
@5 2500bgdol  Bmbgdol  sMLYIMO0m, OMIWGdo3  Fob0sB-TsxdMMo  LobBgdol
053mbEMM0Mmgd9wo LoWMIMEo 3930000 LEMWJEHMOOL BYOISOOHVI ASTMISHOEL
mbos HoMdmoa9bbab.

5300l mgHm-B3owgbd-3mMB0MME LodsMDBY, MmJHml F0bgMw0DsE0LMSE
9005,  doMOMsEo  FobgMmo  FobgMowgdos  30MH0GH0 @O Jo3m30M0EF0.
39mMHgbse0olbM3zs60 - LBsWgMHOE0, gogbo@o, 0dgbo@o. dom3mo JobgMmowgdosb
50Ls603bs300 339030 O 39EOGO. MJOHM SLME0s30580s LgoE Jobgmowgdmb
(396L53MMGdO®  306MH0EHMB s Jo3M30MH0EH™B), M3060L  MJLoIdMD, bmYxg®
3305685060560  BEBo©ool  doM3mwo  BogMolxgmo  335GE0L  JobgMmeoBozosLmsb.
o0 30m306030L WM35e0Dgos 90bodbgds HMamM3 3350396, 1939 30MHOGHMB gHmo©
[3]. obobo Jabosb mgHmlidgdE3gwo 335ME-30M0@-Jow3m30MH0@GWwo sbmEossools ddmby

3o 35379-BoobH3c e 4585006900l (Lwy. 5).

&b T A m"m
ety byt I & ' PP g - :
B, < LS ot T TP

Ly, 5. I35 379e0-Bofobfi3erryeo 358506905 ©sddewol mdmm-ldowmgbd-dmmhgotmvye
15d5MmbY (FsdmMrogo DMDDH-096, 39060, 06&g®3seo 45-48 d)

LodOEMBY 083055 MObMOMO350 BoJLOMEYdS dOGJhomEro Fobgdo 335030l

0909539996909 FoLodo, sbg3zg dsbomo F9duEeol IJmbg brergoOo dobgMowgdo,
GHI9d03 939096 005 B3O M350 LEB®WJGHIOM ©s3FJMHYOL.

30Ol LYdsEMmbB) ™M™ M3oMsGILo©  [3O0w oL OLoMwos s
0963mygboos HMYMEO 0530LBIE0, 530939 F9bsBsMIEIOOL Lobom. M30mbsdso
0O Jabol MULHmOALHMOM, BmbBbolgdm®, bm®3w05b, BoMRBOEHOLGOIO, Fo6rysx0Lgde,
©IPROOGI, MJHOIROYL (FPOMMIGHIROYE) FmMTGOL (LY. 6). MJOML o3 ool
Dmds dgop9bL 0,03-0,09 93.

LSOOMBY 30M0GHO @S 339030 J98FMmeo dobgMowrgdos. olbobo 033060390056
30OMmMYMOIMo 3OMEgLOL OMyMEOE Jobsdgar, 51939 obosb s 33056 Bobosd
UGHO©OOHY.  Fobsdgo  BEOEOooL  3oMoGo (3B 3MOLEIWMMH0S  ©s  LyLGo
0639bLomd0m MO0MJIoL MsbsdMIIS PoBIBEHMEo Fosbdqd339e 9330 Jobgddo.
950060560 BEBoO00L 30M0EGEHO bbgsolibzs FoME3wM3560, 5M5MBIdMIWS Jobsfowrgdowo
0506056 3sLsdo, F9obodbgds sgMgm3g 930609 dsMP353900L Lobom. Fobosbo LEswool
3060030L dmem 296965300 FoMdmyqbowos 3798960 Lobymbools Abbgow 3MHOLEIWMHO

(3939090 53M939G IO BsMM390900L Loboo. My d99bgds 33503EL, dolo Jobsdwgwro
906965 0B305 25dMbEH0s 15305m® 0bGHIBLOVIMSE B30 3HOLEHIWGOOL

5 d560353900L Lobom. B5EDITYI A5335M3J0SHY BYOWIOI0S 51939 JMMZ53 IO S
Bofobf3emmwo 3356030, boMolgg®o, dslido dobosbo Fobgmowqdols (x9306Ms@gls G30bols

22 bSO JIGESL0 Nel(30), 2026



LB GOOL) SMLYIMOOL 2odm. Bobosbo LBl A3056go 29bgMsgools 335630
03600856330 M35600 @O B3 gds©  I3MOLEIWYIMEO. 00 MIMNEOO RIMOLSS S
990569080 33069 25303909000 LoMYGIWMBL. 55D, BMYsE 3350 EOL 9dsbszogdoL
A37MdS FoOHOMDOL 3060EH0LSL.

L
L

1100 Mxm

6. 6. bognslio mg®ml IsGEgergdol Bm®Igdo

L0 ML BY30MHBY s Job L Bgs 30RLMAYEOWE M™bYgdBY 9obodbgds sG3
o) 0y 3dEegzmo (bodwgseme 25-30 3-00g) 963308 Bmbs s FodMmBoEZ0L 3MM(39L9d0.
303963960 Bmbol  Jsbgddo, 2s6Lb3zs3980m 039O  FoEbgdOLYD, F9g0ob0odbgds
3M6OH9530IM0 353006008 o6 sMLYOMdS B30Ergbdol s MmJMML 99339 MdYIOL ImGOU.
506036900 4563060839390 MBS 0gmb 756330L BMbsdo mJHML JoMO0MsEO Fo@sMgdgo
306960l - Joamzm3omo@ol Lodgo®om B30 gbdol Lbgs dobgMowgdmsb (dmMbodo,
Joam3mbobo, 3m39¢0bo) 9gscmgdoom.

993obMTsGH0GHYooL s obgdol dmyzsbowo dobgMowmEmo sbim0s30gd0 Tgodergds
39630bowmm MMaMO3 4gmmgMHdmIgBH©Mgdo s FomHBY IYHHBMdO® MmIHM-L3owgbd-
3mOBoOMo  Fobgdol  BMOI0MYOs  3035M5MOM®  30EOMMYOINWO  5dGHOMOOL
d9bemgdoom 350-300°C 39d396mo@Hwmol 306Mmd9dd0.

95006900L M 3500BsE30s FoMmdmgdl 9993390 Jobgdol BmEgdLS s BadMowrgddo.
Bo3Gocmgsbo  LobGHYIgdo o  M98gbodg  g9gbgboliolss: 1)  ©@osygbgB GO,  2)
3Mb6@®d30mw0, 3) G9dd™bo3Meo. Bomaob Fobols m3sobsgosdo 360d36gcrmgzsbo
o 9379m360L 39dBH™bozme, 39Mdm© MHP39390mMb 353806090 Lberg@zols s
3mfy39@ob G030l bodGmoegdl.

5330l mdem-b3owgbdol doobgol 3o9Bbosm 9¢™33963w0
dORMLEHOWYJEHMOS (Bob. 3) s BBHobH3egdmb gomo, bobosmgdosh Lbgsolibgs
M609b@o300L s M30MOEJLOI© (30EdM IBOOL 3Mmboll IJmby faGowo dosbosbo
3560353900l JugErol sMLYIMBOM. F0MbYIZ9® sWbOBMEOLS, Fgobodbgds F9bwgbios
9500568993390 LEAMMIGHMOIOOL M30MSGJLO BOOEWM-50IMBOZWINO MOOYEES300LY,
bbgo 00O ™MEg0gdmsb, dom  TmEOL  dol  FsOHMONE  BOHOOMM-sld3 o

L3801() JIF65K0 Nel(30), 2026 23



903500 )gdLSD  F9gsMgdom.  FgLodsdoLo,  BadsE®LMZOL  EaTsbalinsmMYdIE0s
bsH™mz560 9BH™3396 3990 INORMEMA05 (bob. 4).

Bob. 4. ©39dEEOL MIH@-L3ogrgbdols Bsebosbo Lbgmmols dmGBmEmy0s, mdHmb 0.2 3/¢ 30O
399339¢md0LsL (3D dmEgeo)

533 OL BYdSPMLMZ0L, HMAMOF BMYIPI 3MOROOMEO BOdIMIdOLMZ0U,
©535bOB0sMYIG0S 530939 LolidMP GO M 30033963 JdOL, 396MdM© MJHML s L3owrgbdol
oLOMSO B0, FoMT  LBHIBOWMEMI® TOAMIO 993300 MdJd0, 2oblbgsgz9d0m
dmbolols  85bosbo  ®50mbols  LEdsEMYBOLYSD.  Lodosmbg  mgdml  dsgdulodsery®o
09933000Md5 950096L 41.4 /& (FodmG oo DMDDH176, 0b@gMgswo 259-260 3), beeorm
L30engbdols - 4.33 % (Fodgmowo DMDDHI0, 0b@&g®gscro 149-150 9).

24 bSO JI650 Nel(50), 2026



3OBOOM0  BodSEMIOOLMZ0L  TobolosmMGdgo 30093  JHMO  YGHOWo
(QMO0(35 IME0dEIbo, sddEMEOL LYdsMBY F0obgMsMYOMMOIE 6O IBROJLOMS,
J080M0 5650 Bgdol Jobgzomsi dobo 899339 Md9d0 dbodzbgrms.

doMoms  LEdMYH39wwm  3m33MmbgbEJOMb  Fgsdgdom, Pb-Zn-Ag dsbgdo
©533ol  LYdSIMDBY  HMVLLTIMIHIJM  MIMOIBMOOMsS.  BY300Ls S MYMOOL
29950069051 IMEMOL, HMYMOF Hobo, OIPII0MO JMOYSE08S; 5LMB, MMl MEYbMds
36935006090 (H9300L5byY.

MO ™-L30¢ggbdol LsdMmghzgem Bobgdo LTI MY F5OMOVOWgdol 39dz9mdom
d9LHo3w0MBdOL 58 9939 B0JLOMPYdS BYJO30M0S6 LTS m 300-350 8 oMWY,
3930500 65 1100-750 8 30x3bmIgE Mo mbygdo.

509239605, 30Ol MJOHM-30gbdol  LBodsML  AosRbos  Gogo  b0dsb-
03009090005, M5 ITIBILOIMYIJ0S 3MOROM™MEO FH030L LI MGOOLMZ0L, MYT3S 0O
3obb35390m0s  3MOHBOOWMO  LEdIMYGOOL  3SLOIMMO I MA0IM-49693 M0
909 9d0Lsb [4, 5]. Fo0 MO, GMymeE Habo, MmJOmMm-130ebd-3MMHBOMHLIO LsdsEMYdO
3990 ma9gb0Mo© 939036056 BoBIEBHMOMEM 3N 3BMO-3WBHMEME  LoMEYwgdl,
boem 9m0dgb-30gbd-3mMmR0MMEO LYdIMYdO FIbMI3LGdMW0s BEIBOGHMOME
39 356ME-3BHMbMGH  LodEGHYwgddo [6]. by 500b60dbML, MM  LodsGmgzgwmdo
35b03IM0 3030l 3MOBOMHI0 BsdEMYd0 E®IFIY 3BMBOO 5O SMOL. 3MOTBOOMEO
95006900l dgLlobgd, dcaeboliols Jobosb Ms0mbdo, dobodbgds dm3gdwos 3. 4wI39d30¢0L
@5 9. m3dosdol bsdO@ddo [7], bosg dobgmerol bsdsmBY, LoM®MIGdo IBOJLOMYIWWOS
3M5B6MOOMM0E-3OR0MMEO 0bGHOMB0s ©s Fol 9bm- s gbBM3MbEsdGHGddo MmgMHm-
130gbd-3mOHROMMEO  JobgMooBsE0s.  3MOBOOIO  godsbgdols  bodbgdo o
bmaog@mo  dobo  gugdgbBHgdo  d90b60dbgds 39 slM0-amMmd0L  0bGHOMYDomw
333gdlby, sFoM0L Fob0sd MoombIo s Lbgs; 5906, GmELsl 9HBMdgwo Lmdbgomol
AIN0GHMO05Dg  gobmogligdos s ghmo 8608369 mzs60  3MOBoOHMEO  LodsM,
OMPMO0(39  BOPIWOMOE:  39K9M00, 9496530, BHIBMDO, 5MHTsboLO; SBYMBsoK BT -
d9bdsboboll  dobosbo Gsombo; 06sbdo - Lmbambols Lsdsm; 3mOTZoOHIo  GHodob
L5dEMYOO0 5MBMBOZ3EG MEMJ)0ddo.

O0amO3 36mdowos,  3mORoGWwo  Lsdsmgdo  bogmEgls s EM™do
5393006909905 IM35RsDBMMHO COMOOEGMWO, 3Mbm©om®o@ o, dmbimbodm®o,
36 gM5bo@G Mo gm®mIs3ool 0bGOmWBommo Bs@Pml (bdoMs 3069 0bEmybomwo
bgmgdol)  3mOHBoOw  RBsbobmsb.  mwdgs  3bmdowos  L3owgbd-3mMHBoMHLIO
LodOEMYB0 53930060900 gO™Osbo  Bosb-3sdMmo  LobEgdol 9B BoM®
0995009969056 [8], 296L53900M90000 5dEH0MO 3 3560 FmJdggdgdoL Moombyddo.

3mOR0OMEo  BsdsE™gdo  gRWBoNG  Jobgddo  MB3oMOEJLI©O  BMOTOMGOS
3996396350356  49m©0bsdon® 306HMdYdT0, Losg oBsGH0BTo 393006 JOME0S
10300l 3OMELYdMSD. B39l Fgdmbgg3s80 WOl A5F5bYdOL BMMOT0MGdS
Sb939  GoMImadl  LYBdYJ300L  LEEHIPOSDY, ™3gobg  MgGHOLOL  POHOWM  FOHMOL
3M6396M96@00L  306HM09dd0. 3 3969M-3BHMbNGo  LobEGHIIOL  9gBH030BSEOOL
3G90 LBHo0sHY bgds 39EHowgdols A5G JermMoMwo s bLYYIWROIOHO
30339dbbsgmmMgdol Lobom; 53539 @OML, FoLEE9839MGHIOWO  30OMMYHTINMWO
REoEOH0  blbsmgdol  3Hgd3gcmoGmol  ©sfg3oLmeb ghmo d0d0bsMgmdl  dsmo
296953905 39BH9MmOo §ywgdoom s 85939 3959mEHMGH30L bEHOOsHY GgLodergdgero bgds
850060560 60300096M930L 250sbsHoEgds 3MMmROGWWO LobGgdol Bgws s 39MHOTYHOME
Bmbgddo, MoloE Fobs3oMmMdGIL saMgm3g 9933900 Jobgdol bgwlisytrgmo gobo3MM-
394960360  m30L90900. doEbosbo  B03mM0gMdOL  0bBOoWEGMSE0L  MBEIMBlgEymRL

LS80I) JIF6S5K0 Nel(30), 2026 25



052899600 LobBgdol 9bgMagBozs [9, 10]. s3dwMOl  mdMm-b3owgbd-3mEmHR0MwMwO
Lodom  49693HIMs©  939360L 3MOBOOMEO  Lods™gdoL sbodbymer  GHodl, Loos
bgabog®gwo 09MHIM0bs303MH0 30OHMBYOOLOL 5RO 5J3L TgBHowgdol (mddHml o
130ggbdols)  3m63gbGHMOE0sL  B5@ob-BoadEmo  LoliBgdol  BOMBEGHME  bsfoewdo -
b539M9M©OM© LOoY®3gdo sOBYOMEO FMIBMPOMOOEH™MEO 0bEOWBOo ogds@obdol
393H030D5300L IMIYMeE HOMPOE0GIOO 8903960 MdOL gBHB0g9dd0 (bsb. 5).

dothmdnoo Gn'ilbydo

- e (oM griensbegbuf-gobiends Vb
YN N Banmbadiomgeondyntin appaheanedel Fgate

- dpenhldsbafi-copey b adomendyee Vipbs

- dwengagaiyzie gdpageplodie Ehyguegdn
- afboeaofiofgyamo abdgbago

| \’ oy Eluen Batsady et byangugyfia deglhybn
E ey efeo-Seemilyhayen ey
f‘ﬁ.’l b3 phd-defiggoiiypn Aie e

o= Amipgeen baanIhnagta

B65b. 5. Bobgdols LEHGMIGHIOYEo 3nBoEos 3w Isby®-3em@Embamo 3nddwgdiol lgg@do
(LggBsyeo dmegero)

39908006569 04osb, ®md dsbosbo 3MMEgbo @S ,3MOTROOMEO” IEbsOl
396965305 gm0 [o®BMTMIOLSS, M3  ILBGHMOPYds Fomo  LogmEgly @S OMJo
Loobarmgzom, 5699 2585006905 @S 3935603900 3mBsaBoGH¥IM0s, Tglods30LOE, ST EOL
399506900 51530 F00Bbg3s 3056050MLMS.

353365

506005,  3mOBoOMo  BOdsMIdOL  BMOIoMgOobmzol  bgwlisgMgwo

399JdH™bogmeo s FgBHowmagbomemo  3mbogos,  dmOHBoOWwo  LEGHMMIGHOOL
6H0M30EWM0 J90960mdolL 9933900 J96980, LoEroE0E OO S 33503-LyMoEoEWo
993oLMTsG03HYd0, doMM3Mwo  3Mm0dgBIXMM0  B0bgMsoBoEos gMmosbo dswbosbo
LobEBYIoL  53035¢E  Bofioergddo, ™mJMmMLTYI339e0 3390 3-30M0F-Jow3M30MOGHXO

SbME0s3E00l doMP3539-Bofobfizermewo 253506905, dobosbo Lbgmeol dEHm3zge3ero
9OBOLEGHOWIGHMES, O™l ©s B30 ghdol sbowEms sdSE0, FogMod BESdOWMEmS©

00035000 899333903900 - 80MOmMYOg6 WMDY MJHM-B30E9gbd-3MmOHBOMHMWO
3mOI>300L LEFOYHI9EM FoEbYOOL SOLGIMBIDY. §90J25©, SFdWOL (36MdOO MMM-
30dgAHOM0  350b59Mm3w069ds  25005335¢0x0(3060©s  MmymGE  360d369wmgsbo
M9LOLYOOL S FoM5RgdOL oBoMgdgwo MIMM-130wgbI-3MOROMWIWO LOdSM, Lo
3OHBOO 25350069059 ,,005996900” 330060 LESOOL 3tEP0TYEHIW YOO JoMHVZIO
bgegd0 65§omdmog 9HM©OoMgdvIeos.

26 bSIO® JIGESL0 Nel(50), 2026



5330 LYdSEMDY S FoU BEbYGdDY IRJTO0s F98YMA0 QJMEPMYOMMO
d9065-d0900m0 153 FomgdOL AoAMdGE9ds.

@O GIMSGH MO

[1] Barach O. G., Orlik V. A. Otchet po poiskovo-razvedochnym rabotam po Dambludskomu
polimetallicheskomu mestorozhdeniyu za 1953-1960 gody, s podschetom zapasov po sostoyaniyu na
1.1.1962 g. Thilisi, geologicheskie fondy, inv. Ne11059.

[2] 55305 J. s Lbg. dmbolol dsbosbo Gsombols 1:50 000 dsbdEHsdol F0ROYIO
3INWMAO0MOHO (35 O IMIg 39635MEHJOOMO doGsmo. 2017.

[3] 29305 b., dggowsdg 6. s ULbg. dmebolol dsbosbo Ms0mboll  sddeools
Mg mB099;3390 B30 bd-3me0dgE s IMHO LHdSML 3JIbmEmaom®mo Lobyxols Ne DTEX-

6 ALEOMYds. LLO3 03569 x939b0dz0OL  LobgWMdOL  MdooLoL  Lobgardfogm
1b039MLboGYH0  (DLY),  9wwgdLsbOg M35 FMHgEodol  Lobgermdol  JobgGmoMo
By gm0l 39335b00L 0bLEGHOGWEGO (3630), 2024. 30 93.

[4] Sillitoe R. H. “The tops and bottoms of porphyry copper depozits”. Economic Geology, 68(6).
1973.

[5] Hollister V. F. Porfyry Copper-type Depozits of the Cascade Vulcanic Are, Washington: Minerals
Science and Engineering, V. 11, 1979. p. 23 —253.

[6] Migachyov 1. F., Zvezdov V. S, Minina O. V. Formacionnye tipy medno-porfirovyh
mestorozhdenij i th rudno-magmaticheskie sistemy. Mestorozhdeniya rudnyh i nerudnyh poleznyh
iskopaemyh. 2022. p. 26 — 48.

[7] Gugushvili V. L., Omiadze G. I. Ignimbritovy] vulkanizm 1 orudenenie. Geologiya rudnyh
mestorozhdenij, Ne2, 1988. p. 105 — 109.

[8] Petrov O. V. Karta zakonomernostej razmesheniya zoloto-medno-porfirovyh mestorozhdenij
Rossii masshtaba 1:2 500 000 (na osnove komplektov gosudarstvennyh geologicheskih kart
masshtaba 1:1 000 000 tretego pokoleniya) / O. V. Petrov, E. A. Kiselyov, A. V. Molchanov, V. V.
Shatov, T. N. Zubova, A. V. Terehov, V. N. Belova, S. V. Kashin, V. V. Semyonova, A. E. Sobolev,
N. S. Solovyov, V. A. Shamahov // Regionalnaya geologiya i metallogeniyaNe 84. 2020. p. 5 — 24.
[9] Krivcov A. 1. Geologicheskie osnovy prognozirovaniya 1 poiskov medno-porfirovyh
mestorozhdenij. Nedra, Moskva, 1983. 256 p.

[10] Kriveov A. 1., Zvezdov V. S., Migachev I. F., Minina O. V. Medno-porfirovye mestorozhdeniya.
Moskva. CNIGRI, 2001.

SHUBITIDZE JONI, GAGNIDZE MIRIAN, THEDLIASHVILI TARIEL,
KHMALADZE KOBA, TSHEISHVILI DAVIT

DAMBLUDI GOLD-COPPER-PORPHYRY DEPOZIT (GEORGIA)

ANNOTATION. Detailed, comprehensive geological surveys of the Dambludi polymetallic
ore deposit have revealed a number of features characteristic of porphyry-type deposits. In particular:
a beneficial tectonic and metallogenic setting for the formation of porphyry deposits; rocks containing
a riodacite-type porphyry structure, silicates and quartz-sericite metasomatites; vein-type
polymetallic mineralisation in the apical parts of a single ore system, vein-banded ores of a gold-
bearing quartz-pyrite-chalcopyrite association, a massive morphostructure of the ore body and a
consistently low but stable gold and copper content. Consequently, the Dambludi polymetallic ore
deposit has been reclassified as a gold-copper-porphyry deposit of industrial significance.

KEYWORDS: Gold-copper porphyry deposit; quartz-sericite matasomatites; chalcopyrite;
vein network.
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POPORADZE NODAR, SESKURIA OLGHA, GVELESIANI SULKHAN,
METREVELI RUSUDAN

COMPREHENSIVE LABORATORY STUDY OF CLAYS FROM THE
VARDISUBANI QUARRY TO DETERMINE THEIR SUITABILITY FOR
QVEVRY PRODUCTION

ANNOTATION. The geopolitical position of a country on the international stage is often
shaped by the potential of its mineral resources, as well as by how effectively the state can utilize
these resources in accordance with national interests. Indeed, one of the essential conditions for a
country’s genuine independence is its ability to provide for itself through its own resources. Despite
the growing indicators of Georgia’s economic development, agriculture remains markedly
underdeveloped and is hardly capable of meeting even the needs of the domestic market. Among
export products, wine occupies one of the leading positions. It is well known that Georgia has always
been a major producer of various types of wine. Of particular importance is wine made in qvevri,
which - beyond its unique technology - constitutes an original Georgian tradition. The tradition of
qvevri-making in Georgia spans more than 8,000 years and is an integral part of Georgian cultural
identity. Wine produced in qvevri transforms into a distinctive type of beverage and acquires a
characteristic taste. This was taken into account when UNESCO inscribed the Ancient Georgian
Traditional Qvevri Wine-Making Method on the Representative List of the Intangible Cultural
Heritage of Humanity. Georgia is recognized by the international community and by researchers as
the birthplace of wine, where qvevri-based wine production represents a unique cultural heritage and
a brand with significant economic potential. In 2017, the exhibition “Georgia - The Cradle of
Winemaking” was ceremonially opened in Bordeaux, the center of global wine culture. It is
noteworthy that the geographical indication “Qvevri” was registered with Sakpatenti on 21 May 2021
with the participation of our team. At present, “Qvevri” is the only non-food geographical indication
in Georgia registered in the State Register of Geographical Indications of Georgia. This recognition
is grounded in the centuries-old reputation of qvevri as a wine vessel and in its status as an integral
component of Georgian cultural identity. Such recognition obliges the country to conduct a
comprehensive study of qvevri characteristics - its chemical and mineral composition, production
technology, shape, and wall thickness - not only at the local but also at the international level. The
quality of qvevri wine, in addition to the unique properties of Georgian grape varieties, is determined
by the mineral and chemical characteristics of the raw material (clay) used to make qvevri, by the
material composing the qvevri body (the wall), and by the manufacturing conditions (firing
temperature). The chemical processes occurring inside a qvevri define the distinctive taste, aroma,
and color of qvevri wine, stemming from the interaction between the wine and the qvevri vessel. All
of this highlights the growing necessity of developing a standard for qvevri winemaking - a standard
that must ensure the precise determination of the nature and quantity of raw materials used in qvevri
production, and the standardization of its structural design and firing technology. The results of past,
ongoing, and planned research conducted within the framework of a grant project funded by the Shota
Rustaveli National Science Foundation of Georgia [NFR-23-2811] will serve as the basis for
developing this standard. The adopted standard must be recognized as a mandatory and decisive
element in qvevri production. Consequently, every stage of production must be carefully planned: the
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quality of the raw materials, their chemical and mineral composition, the percentage content, the
sequence of material preparation (processing), the shaping process during qvevri construction, and
the firing temperature. In accordance with the standard, it will be determined to what degree a qvevri
can be considered authentic, and to what extent it may be granted a patented mark (qvevri-maker’s
and state seals). The traditional Georgian method of qvevri-making and the materials used in its
production have been preserved for millennia. Adherence to these principles should be mandatory for
all qvevri masters; improvements may be introduced, but not fundamental alterations. The country
must develop a plan for interdisciplinary, comprehensive research of qvevri as a unique wine vessel,
so that UNESCQO'’s historic decision is supported by effective measures and so that the winemaking
sector becomes more successful and competitive. While Georgian grape varieties and Georgian soils
guarantee wine with unique characteristics, this alone is not sufficient. Qvevri wine must be not only
a name, a tradition, and a symbol of national recognition, but also a source of substantial economic
benefit.

KEYWORDS: gvevri; clay minerals; quartz; firing process; qvevri wine; qvevri-maker.
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NEW DATA ON THE GAGVI GOLD DEPOSIT

BLUASHVILI DAVID, LIPARTIA TORNIKE, JAPARIDZE NINO,
BENASHVILI KETI, MINDIASHVILI GIORGI, TAGVIASHVILI SHOTA,
KVANTALIANI GIORGI, BLUASHVILI VAKHTANG

ANNOTATION. The present study focuses on the quantitative and qualitative assessment of
mineral resources of the Gagvi gold deposit using modern geostatistical approaches. The research is
based on an integrated methodology that includes detailed analysis of geological data, three-
dimensional modeling, statistical and variogram analysis, block model construction, and interpolation
using the Ordinary Kriging method. Within the framework of the study, data obtained from
exploration works conducted during 2022-2025 were processed, including drilling investigations,
core sampling, as well as chemical, mineralogical, and petrographic analyses. Based on geological
interpretation, ore zones were delineated and modeled in three dimensions, while mineralization was
defined using a cut-off grade of Au> 0.2 g/t. Resource estimation was carried out in accordance with
the requirements of the JORC Code and classified into two main categories: Indicated (Ci) and
Inferred (Cz). The obtained results were integrated into mining-technical and economic analyses,
indicating the economic potential of the deposit and the feasibility of its further development. The
study highlights the importance of spatial correlation and geostatistical modeling in reliable mineral
resource estimation and provides a significant basis for further investigation and efficient exploitation
of the Gagvi deposit.

KEYWORDS: Gagvi gold deposit; geostatistics; mineral resource estimation; Ordinary
Kriging; block modeling, three-dimensional model; resource classification.
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KVITSIANI AVTANDIL

CHARACTERISTICS OF HYDROTERMALITES IN GOLD - MERCURI
MINERAL DEPOSITES

ANNOTATION. Considering the structural arrangement of gold—silver mineralization in the
ore-bearing region of Svaneti, we have distinguished two ore zones with linear distribution. The first,
the Northern Svaneti zone, includes the Nakri, Etsri, Lamzhiri, Chalati, Lasili, and other mineral
occurrences, localized within the Lias clay shales of the Kazbegi—Lagodekhi metallogenic—facial
zone, near the Main Caucasian thrust, trending in the Transcaucasian direction. The second, the
Southern Leburtskhila—Khobistskali ore zone, includes the Tsitelikhevi, Leburtskhila, Barjashi, Kibo,
Khobistskali, and other occurrences, localized in porphyritic formations along the southern margin of
the Gagra—Java metallogenic—facial zone, adjacent to the Idliani—Rtskhmeluri deep fault. In the
Bolnisi ore district, the Vaziskhevi, Darbazi, and Bolnisi gold—silver ore zones are currently known,
localized within the volcanogenic—sedimentary rocks of the Upper Cretaceous metallogenic—facial
zone. Mineralization is associated with deep faults of NE, NW, and sublatitudinal orientations, which
likely determined their areal distribution rather than linear, as in the Svaneti ore district. Geochemical,
geological-structural, and mineralogical-petrographic studies of hydrothermally altered rocks
adjacent to low-temperature gold—silver mineralization in Svaneti and Bolnisi reveal the following
metasomatite types: silicification, argillization, carbonatization, and propylitization. Silicification is
classically expressed in the Lamzhiri and Vaziskhevi occurrences. In Lamzhiri, quartz metasomatites
vary in morphology and intensity depending on host rocks (clay shales, siltstones, sandstones).
Hydrothermal quartz occurs as regenerative rims around detrital quartz crystals. With intensive
silicification, these rims expand, and the rock acquires the appearance of secondary quartzite.
Siltstones and sandstones are more intensely silicified than clay shales. In Vaziskhevi, quartzites
occupy the central part of argillizites. Argillization is strongly developed in the Leburtskhila—
Khobistskali ore zone and in Vaziskhevi, where several subzones can be distinguished in horizontal
section. Propylites occur in mineralization zones of both ore districts. Carbonatization is mainly
observed within the Leburtskhila—Khobistskali ore zone.

KEYWORDS: secondary quartzite; gold—silver; hydrothermalite; argillization;
carbonatization; silicification; propylitization; ore district; exploration criteria.
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CHAGELISHVILI ELGUJA, VARSHANIDZE YASHA, TUTBERIDZE
MANANA, SHADINOV ERNST

PRODUCTION OF MULTI-LAYER COMPOSITES BY THE EXPLOSION
WELDING METHOD

ANNOTATION. The article presents the production of multi-layer composite materials by
the explosion welding method; two-layer and three-layer flat-shaped samples are obtained; the
influence of the geometric dimensions of the object stage on the deformation of the obtained samples
is investigated. If the area of the object stage is less than the area of the welded plates, the welded
composite will be deformed.

KEYWORDS: Explosion; welding; object stage; deformation; welding area; bimetal.
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0963065303 MM0 33935 9xBdbgds, Fomowro 3HYa3gMedeols s dowowo {ibg3z0l
360Hm3qLgooL (30-40 35, 3000-5000 K) 8m@geogdsl, v1s0gmaz000 55630500L doesbliols

64 L3I JIF65<0 Nel(50), 2026



dJmbg gm0 SBBIMJgdgo Bogm0gMd9gdoL IEHMbIEO0L OML. dmEgwo®mqds (TDS
3M™©0)  0035cobobgdl  3MMIBHIOOL  FMOZ5WR DD 8bgdsll s Tom  JodomE
0boLHMOMISL  6sbJomdIEOL FsBMMO 20130l godmlismzegws, dsm dmMob
Sendolol  @sbsdo  3mbgblsgool  Bsmgwom.  @gB™bsgomo  Bsbdomdool
0903065803900 565¢00Bol doHomso gargdgb@gdos: 1) 3mbgblogools 3oHmdgdo:
0903065903900  250mmM3wqdo  9B39690L,  OMmI  BsbJomdoo  [o@mdmoddbgds
©9AM™b530MM0  Bool MHMbEHOL 356 Mgogdaool Bmbsdo, Losa doom(gzs serdsliols
BGodoEM@MdOL  Jgbodsdolo  3560589@HGMY00 s 53 MM SedsLoL  GoBol oo,
©5dM30009d0s  SL5xgJgd9wo  603mm09gMgdgdol  Jgdoaqbermdols s Lodzzmozol
3565393M90b9; 2) 79620500l 05¢sblo:  MOMHYMBOMO  FobAdIOL  Bosblol  dJmby
L5539 J909w0 6030009 9d9g00L A5dMYqbgds MBEOWB3gEYMRL M30LvBIE0 BobToMmdswol
2900gma3sl, OMIgeroi domso 69308 490m 3mbgbloMgds 9o AMsx0GT0, SMvdgE
5e0ds8d0; 3) 09MIMmE0bs30379M0 3mo (TDS): L oEgdsls 335393l 20TMMZo M)
360 3H9gool {mbsbmeOmwo Fqdspaqgbamds, oo Tmemol dys@o bsbdoMmdso, dsmo
A99396M5G M s (16930.

09030659035 byl MHgmdl  Sboggmdgdgwo 65693900l  F9dsaqbemdols
M3G0d0bo30sl,  MYWGHMIOL3GOLIE0  5eBoLOL  FBMLOZE0sBMBOL  FILEBOIWS,
5839mgd9d0L 9bgcgosls s BobJoMdools 31mbgbLogool 30MMdYIL FMEOL MG MO
MOMN0JOHMMOOL Q5BLYBM3Mom [14-16].

93990 bAHSEG0580 HoMdmygbowos Bsdmm 0bLEGHOGMGHOL boEs3d0 I(BLICO
MGHOW0DB0MGOMWo BJMJ9d500 Bo3m09Mqdgd0L, 39MdMmE: BHMMEGHOEOL, dsoliBodo,
3M530GH0DOMGOME0, 3OO0 s 30MmMJLoWobMGo  IBbMYOOL  ©YEHMbsEGOOL
3Gm3gbgdols s bsbdomdool godmymazol  89doboBdol Fglfogerolsmzgol
0963065803160  5b5¢0D0o, GMIOl  Lsxgdzgembg 9JudgModgbGvywo 33193900l
Bo®969059009, 8915390905 0JMOOIS® A9BOLIDBPIMHML BHZoOLLIS Bga3gcoEGBY
6o dgbodeem  3mbabloMgdmwo RsBgdo  Fo®dmoddbgds s sdom oMo 0dbslb
99b3960896G Mo Boflogro  BsdoBbg  3OMmEMIBHOL  JobowgdsE, 3JgMdmE  dImbgl
99b3960896¢39d0l M>Mmgbmdol Jobodobsogos.

doM0m5o bsfjogro

360HmaM53> ASTRA 4-0b 959mygbgdom dglermes dowee (693909 s5390mJgdol
36MHm3qLoL  8MmEYEoMgds. MYMHIME0bs303MH0  sbsEoBol Fggagdoo HoMmBdmmygbowos
053653900 (bLe.1-6) s bMHogdol (3bG. 1-15) bLoboo.

0903065803900  25m03egd0LOIMZOL  930eGdJW0s,  3OMmEgldo  dmbsfiowg
9w9396¢3900b 5 B3gMHMgdOL MgOHIMPObsT03MMo 3609369 ™MdgdOL Loodgm Jmbsizgdgdol
5MLgdMds. ASTRA 4-0b 36Mm®5dol 35630l dmbszgdgool 2536mdoLLL, s0dmPbos, GMJ
5060369900 330930L5m30L LsFoMmM BogMMGdOL IMbs(399930 56 IM03M3gds. F50M 335 0loE
60d, 53 b5gHm»gdol BmyoghHmo mgMHImobsdozn®o 3mbjgool 3609369 mdgdo  S63
Lo993bogHM  (36MBd56M9dd0  FM0dgdbs, SFoEHMT LoFoMm gobs 500  JosbysMTgds o
3OO0l 056330 g@obs.

390600dm@© 9969000900 0dbs  d90ga0  »9MIM©0bsdozmmo  BwbJiz09d0l
86093690 d900: Cp, AHgs., S%298, H%298-H%,Cpo., [12-17]. B009dw9cm0 89092900 d9¢sboeo
09465 ASTRA 4-0b dmbsgdoms 3563d0.

3M33wgdbmGo  3OmyMmsds ASTRA 4-0 959mygbgdoom Tgbmyers  bbgoolbgs

39029600™d0lL 139mdgds000 B03mm09M09d0L (9bmMgdol) Fowsew (169390Bg s339mJgdols
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300 3960L IMYEOMYOS. BoGIMGOMWO 25562500890 LTMogdSL 0dEg3s BBOLIBOZMML
030L 3998396M5GHEs s 5B39690L, MHMIgeo 3mbgbloMYdMwo BsBYdO [o®Bdm0ddbgds.
5839mggooL  3MmEqLYdoL  Gbmo30gdol  gomzeol  Lodmegdoo  Bohgzqbgdos
360Hm39L900L 9GABMMYGHIMWMBS S Fom0 HHJd3gMsE M) T 9Yd0.
1) @deo@owo - CiHsN3Os wo@gho@mmosb 3bmdowos, ®md GOhm@Eowol s390dgdol
d0MO0MOO 3MMEJHJ00s, 50609gd0: CO, N2, Ha. 0568930 3Om©d@gdo: CHa, NH3, NO,
NO2, s H20. 556305000l 6530090mdolL godm 58390d9d0l O™l Fodmoddbgds dysto C -
Bob3oMd50, BMmaxgH 56OMI>EGH0B0MGOWo BobdoMfysedswgdo s bo@mbsgmmgdo, 0y
Q530S SMOBOI0S.

29031gdoL 89egag00:
3gbGogo 1

58390Jg00L 3OHMm©MGgdol 3OGm3gbGwymo fogo %

53909905000 bogmoghgds | T, K | P,MPa | Ha(g) | C(s) | N2C(g) | CH4(g)
AONEBHOEo 2259 | 19000 | 0.02 | 42.8 | 53.9 3.38

2) d5eobBodmo ©obmo - xgmdgs boBOmEgmembs (CeH7011N3) (40-70%) oo
Bo@mmawoig®obo (C3HsN309)/(3arslogozs@m®o). 89959bwmdsdo dgwol: Jodordo
903M5Md0L  BBHIVOWODBIGHMMGd0, 30l  39BHIWODGHMMGO0 @S BYIbMmwMmY0oM©Ho
©56595(%)900. 5bslosMYOL 9OHPAZ9MM3560 LBEGHMMIEGHOS, Fooero 1093360039, 30l OML
3390l o6 [o®dmddbol, 543l Fowowro 9bgMyos (306 LoMdM Essber. 900 335¢0/39.).
399009496905 M195dEH0me yddsm9ddo s BosGHMOEYMHOM Fg05M50G05T0.

bsfigobo  dgpagbomds:  boGmmywogg®obo (C3HsN3O9) - 10%, Bo@®mmEgerwem®s
(C6H7011N3) - 90%, p = 20000 MPa;

80
60 === C(s)
N2
N 40 - | —e—N2(g)
” | CO(g)
g 20 A co2(g)
E l*‘
0 C———p— Y Y Y H20(L)
1500 2000 2500 3000 3500 4000 4500 02(g)
T,K

LM, 1. 5390g9d0L 360Gl Mom©rbmdOL sTIM30EIOIMEGdS 3HJF3gMs@EMsby

HMPMOE 05M5306 BIBL, 3bEgbLOMYGdMEo bsbAoMdso C(s) godmoygmas 1500
K-%9, 3obo Mom©gbmds d5gdlodmdos 7.41%, beerm d9dyma ofjyqgdl 89930609050 s 4500 K
-B9 90093L 0.8 %-U; 1500 K-Bg 259mygmgzsl 0fgqgosl H20, 999amd 3306090 s 3000 K-bg
00565 JM9ds; 50MMZ9B0 BsBgdo Jodmoymazs: 1500 K-bg CO2, CO, N2, beoerm 2500 K-bg
O3, Ha.

565¢0Bol 89009900, 360 GHJOoL 3OM396¢wwo fowo dmagdmwos 3b6.2-do.
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360 MJGgool 30m3gbdmero oo %

K | C) Nag) | Ha(g) | O2g) | CO(g) | COxg) | H2O(L)
1500 | 7.41 14.8 - - - 57.79 | 20.0
2000 | 6.7 14.68 - - 3.6 54.82 | 20.2
2500 | 5.5 14.71 - - 8.3 51.67 | 19.83
3000 | 4.52 14.83 2.12 | 33.89 | 44.64 - -
3500 | 3.7 15.12 2.16 | 3448 | 44.54 - -
4000 | 2.5 15.12 2.16 | 34.53 45.7 - -
4500 | 0.8 153 22 | 3487 | 46.83 - -

350300 0dbs gbmsenrdool AH 86093690 mdgd0 bbgolibgs 9d39Mo@em9dby.

gbMowo 3

K 1500 | 2000 | 2500 | 3000 | 3500 | 4000 4500
AH 3350 | -945 | -619 | -282 | 49 | 376 | 711 1057

36MHmEqlo  3080bsMgmdl  gabmmgmdmws  1500-2500 K (393396 mermen
d995¢gdo AH<0, bogom 99ymd AH>0, 9.0. 36:m39L0 bogds 9bmmg®dmwo
3) 3M5830&0B0MYOMEO EIHMO - AMBOEH0DOEF0S 9mTx MdILYGOL BB30GMYISL, bgwrls Mol
990909058 @5 9830MIAL  IGEJGHOMGIL, 0g0 OOl  2oTFHIMO, M3 bgwl  wdwols
65396F3c0gdol  §ocBmddbsl, sdom MHBOMb3gwyYmBL VLGP Fgbsbgol s oG GHo3
©MHBOMYGOIL. 3OBOEOL Bogs®o 515939 bol FoM 33w 9dL WROM 3L, MG JOOGHOIMEIP
3600369wm35605  9OHMA350M3560  @IFMBEZ0LIMZ0L.  gM9B0GHODYdMEo  gbmo
39000949gbgds  306MHMmFHqdb030LsM30L s BMYogHDo  Lobgmds  LEdGMIMmEm  FsLserol
©OBIDOYIOE. SOLYOIMBL: 9MMNRMA0sbo - boBMmEgemEmbs (CsH7IN3O11), mMgmdosbo
- bo@®mmiEgrmm®s  (CeHiN3O11) + bod®mywoig®obo  (CsHsN3Og), Lodgydosbo -
Bo@mmagmmmds (CcHIN3O11)  + bodtmamoig@obo (CsHsN3O9) + bod®mamsboobo
(CHsNs0»).
3.1 ULsfigolo dgpagbowmds (9Omxmdosbo): bodmmagwemmbs (CsH7N3O11) - 98%,
©9x960sdobo (Ci2H11N1) — 1.0%, C — 1.0%, p = 20000 MPa;

70
60
50 =o=Cls)
40 = —o—co(g)
X o
30 e (02(g)

20 =
10 =t==N2(g)

0 -‘Z_la_:i’{k g o—-H20
1500 2000 2500 3000 3500 4000 |—e—o02(g)
T,K

asUs.

bm. 2. 5390ggdol 3OMmEIEd0L M5mEgbmdol sdm30Idegds ¢gddghs@®sby
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565¢0Bol 890929000056 BsbL, HMI 306gbLoMGdMEo bsbdoMds©Oo C(s) odmoygmazs
1500 K -6 @5 dolo 86083690mdss 3sglodwmdo 9.68%, beerm gdyma dgotmgds s 4000
K -%9 3.92%-0s. 1500 K -056 do6roms@o@ godmogmas so0gdo: CO, COz, N2, O2 s H:0.

300900 3MMOYJBH00L 3OMEIbEGHWMWo fowol dmbsggdqdo ob.gbGMowo 4.

3gbGMogo 4
36dEHgdolL 30magbdmeo oo %

K C(s) |CO(g)|CO2(g)| N2(g) | H20 | O2(g)
1500 9.68 | - 55.9 | 142 | 20.22 -
2000 8.72 | 4.03 | 53.52 | 14.04 | 19.7 -
2500 7.45 [1035] 48.71 | 14.1 19.4 -
3000 6.33 [12.86| 47.6 | 14.11 | 19.1 -
3500 5.45 144.63 - 14.53 - 33.2
4000 3.92 146.03 - 14.59 - 334

3900300 9bms3ool AH 86093690 mdgdo bbgolibgs (9d396Mo@me9dby.

gbMoo 5

K 1500 | 2000 | 2500 | 3000 | 3500 | 4000
AH 335¢» | -929 | -603 | -263 71 403 746

36MHmEqLo 9BMgMHAMEos 1500-2500 K ¢99396Ms¢ 6 yer dmsergodo AH<0, bmem
39dpamd AH>0, 9.0. 36m39L0 bEgds gbmmgMdmwo.

3.2. Lsfigobo Tga9boemds: bodmmagwmwm®s (CsHN3O11) - 63%, Boddmawoisg@obo
(C3HsN30y) - 35%, 098960¢58060 (Ci12H11N1) — 1.0%, C —1.0%, p = 20000 MPa;

70
60 -
50 = ——C(s)
. 40
c\. 30 o =o==CO0(g)
ﬁ 20 = ° ° ° ° ° ¢ =t==C02(g)
€ 10 ¢ N2(g)
0 ; L] L] L] L] e Hzo

1500 2000 2500 3000 3500 4000 4500
TK

by, 3. 58390gdgdol 30 MJGHIOOL MomEIbmdOL ©s3MI0EIdINMEYDs BgIdgMod MMty

5b65¢0Bol 990099005 5B396s, BT BsbdoMdoo C(s) sdmoym 1500 K-bBg o
095003065 7%, 999009 d300905 s 4500 K-Bg sG>0l 3.4%. go9moymazs sg®mgmzg HaO s

506900: CO, CO2, N2. 8909250 80090vwo  30H:MmEdEgdol  3Mmi3gbdwwo  fowo
dm39999os 3bGHodo 6.
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gbMowo 6
360 MJGgool 30m3gbdmero oo %

K C(s) |CO(g)|COxg)| Na(g) | H20
1500 701 | 05 | 563 | 155 | 20.69
2000 6.53 | 252 | 549 [ 1552 | 2053
2500 58 | 558 526 | 1551 | 205
3000 52 | 791 51.03 | 1553 | 20.34
3500 454 | 892 | 5204 | 1496 | 19.54
4000 42 | 10 | 4991 | 15.64 | 2025
4500 34 1054 50 | 1574 | 2023

350300 0dbs gbmsenrdool AH 86093690 mdgd0 bbgolibgs 9d39Mo@em9dby.

gb®ogo 7

K 1500 | 2000 | 2500 | 3000 | 3500 | 4000
AH 335¢w | -913 | -589 | -258 69.5 | 393 719

1500-2500 K &933965¢ 6O dwsengodo AH<0, 9.0. 36Hm3qLo 9abmmg®dmeos,
boem 990ymad AH>0, 360m3qlo begds gbmog®mdmwo.
3.3 Lsfigolbo dgpagboermds: bo@®mmagwarm®s (CsHIN3O11) - 45%, bo@dMmawosg®obo
(C3H5N309) - 16%, bo@®mysboobo (CHsNsO2)- 35%, gngbowsdobo (Ci2HiiN1) —3.0%, C
—1.0%, p =20000 MPa;

60

50 -

40 —=cb
< 30 1 =o==N2(g)
° o= CH4(g)
g 20 1 < @

g 10 ==o==N2C(g)

0 —e—H20

1500 2000 2500 3000 [==e=CO2(g)
T,K

6. 4. 58390g9d0L 3OrMEYIEJOOL HoMm©YbMBdOL ITM3I0EIOIYMYds Bgd3gMIGMMSBY

L5d0BbY 3OMPYIEHO bsbHJoMmdsO C(s) godmogmezs 1500 K-Bg 930609 Gromgbmdom
1.34%, 3000 K -%g 800¢0056500 6905, 1500-3000 K 3983965@w69e 3v5¢0gdo 459moyma3s
5M9m39 HO s s0609d0: CO2, N2, CHa, N2C. 900900 36H:0m©w)d3gdol Howo %-do
dm3999wos 3bGow 6-do.
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gbMowo 8
360 MJGgool 30m3gbdmero oo %

K C(s) | N2(g) | CO2(g) | H20 |CHu(g) N2C(g)
1500 | 1.34 | 149 | 46.82 19.2 | 2.53 | 15.22
2000 | 1.33 | 1494 | 4696 | 1922 | 22 15.4
2500 | 1.27 | 1499 | 47.13 | 19.29 | 191 | 15.41
3000 - 1534 | 48.67 | 1929 | 1.5 15.2

gbmsem3ool AH  gomgmomo  3603369cmdgd0  Lbgolbbgs  ($9839Mo@wcmgdoy
dm399mwos gbGow 9-8o.
3gb®oo 9

K 1500 | 2000 | 2500 [ 3000
AH 3350 -2216 | -1067 | 99 1349

360HmEqlo  8000bsMgmdL  gabmmgMdmwmo  1500-2000 K 393396 e
d995¢gdo AH<0, bmgoem 99dpmd AH>0, 9.0. 36Om3qLo begds gbmomg®dmeo.
4) 30@M0EYOHO0 EIPMO - 3OO0 ©Ibmo (bJoMs Mfm©adgb MdMEWML b
930690056 ©IbML) G0l 653gM™M3g G030l BgmJgdso bogmoghgds, MmIgwos
3000935 BoGMmM39EMmBoL (30MMJLoEr0bol) 3esliB0R0EOMIBOMS s sFLTs39000).
ol  (oMmBmoygbl gMma350mM356, 833003 dobol, MMIgwos O Jgoiegl  d9debozm®
Bofoes390L. doM0ms@0o Bobsolinsmgdwgdos:
1) 8995003960 Md5: boGOmEgwmembs (C6H7011N3), g5dblbgwo s BGod0wobs@mMgdo
(BdoMs boGmMmywoigmobols (C3H5N309) ©sds@gdoom). 2) m30L98900: 0fi30l Fooeo
LboRdo®om, ®momddolb  MPmemE  (IgoGg  335dwom), oo  9bgMgBH0ZNIWO
I89JHMOMdom.  4)  459mggbgds: JOMOMHEIE  3dm0ygbgds  MsbsdgMm™zg  05MSOL
35969080, M50 96  500b6dMEOIOL WML S 0dwgzs  Y3gMIL  doolB03 MM
9539690 gdl. gl sMOL FMTS390vI0, 3WSLEBHO0RO30MGIMWO boBMHMEILMEXMDBMMHO
©gbomo.

Lohgobo 9960 Mds: boBMmyoigmobo (C3H5N309) - 40%, bo@MmEgrmemmbs
(3memgboeobo) (C6H70O11N3) - 60%, p = 20000 MPa;

70

60

50 - = C(s)

40 -
X 30 + ==o==CO(g)
&' 20 & ° ® ® ° ¢ =t C02(g)
S 10

1500 2000 2500 3000 3500 4000 | - 120
TK

LB, 5. 983904900l 3OMEYJEJOOL H3Mm©YBMBdOL ITMI0EIOIYMIdS Bga3gMIGMMSBY
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305530300056 BsbL, G bsbToMdso godmoygmezs 1500 K-Bg s 99500996L 4.91 %-U,
9909y 03w9dL s 4000 K-Bg 89500996L 2.5%. 1500 K-ol Bgdmo godmoymas HaO s
50603560 BsBgoo CO, CO2, Na. 5b5¢00Bol 990093990, 360HMm©Yd3Hgdol 3Gm396G o fowo
SLObBME0s bMoo 10.

gbMogo 10
36dEHgdolL 30magbdmeo oo %
K C(s) | CO(g) | CO2(g) | NzA(g) H20
1500 4.91 - 58.67 | 1590 | 20.52
2000 4.5 2.6 | 5657 |15.88 | 20.45
2500 3.8 | 570 | 54.20 | 15.88 | 20.43
3000 32 | 805 | 524 | 159 | 20.45
3500 283 | 9.8 | 50.55 | 16.1 20.72
4000 25 | 104 | 505 | 16.1 20.67

gb®ow 11-8o0 dmEgdmeos gbmowdools AH  960d369cmmdgdo  Lbbgolibgs
&99396536M90bY.

gbMogo 11

K 1500 | 2000 | 2500 | 3000 | 3500 | 4000
AH 335¢0 | 942 | -618 | -287 | 39 | 359 | 677

1500-2500 K 39339656 dgoengdo AH<0 36m3qLo 93bmmg6mdmwos, bogom
399pmd AH>0, 9.0. 36:m39L0 bEgds 9bmmgMHIMwo.

5) 3doGmdbogoban®mo ©bo - sOOL  3350wm  ©Ebmol  Labgmds,  dgddboero
6oGHOHMEIMmmbsby (3oMmdlowobol) 1dgbgy. 0go Fgoisgt 91-96 % 3oMHmdbowrobl
(C6H7011N3), LE900oBs@™mMgdl (0g39bosdobo) (Ci2H1iN1), 83wgads@obo@m®mgdl o
3653303L. 2590099bgds I306M9 BDmAoL 05050, Lys®EOWgMOM LoliEgdgddo, LEMOE W s
LobooMm  35B69dd0.  393bWLILOME  05MOPTo  25TMYgbgdolLl, ol  3GodEHozMWws©
m3350dwm 0fj30L, od3b 1.56-1.64 a/E* LOI336M039 s MNHBOHMBIIWYMBL FHY300L oo
LoRds®gl. oMo 65300M356989005 F9bob3z0l MM dEIOLEH03YMO Foboliosmgdergdols
33090930  9OMMOO 60309 gdd0Ls O BHYb0sbMdOL  ©H39MP30L  odm, 1939
bsbadeogo Ho6dmgdol 303wo.

9903960mds Nel: BodOmisgmembs  (CeH7011N3) - 93%, L3odEo (C2H6O) — 2.7%,

©983960sdobo (Ci2H11N1) — 1.5%, 35058060 (CisHzs) — 2.5%, gMoxodo - 0.3%, 3 = 20000
MPa;
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=—a=—C(s)

==o==CO(g)

%

=== C02(g)
CH4(g)
a=g==H20

mass.

o C4H2(g)
1000150020002500300035004000

TK

C2H2(g)

bm. 6. 58390ggdol 3OHMEIEId0L M5mEIbmdOL sTIMI0EIBIMEYdS 3HJI3gMs@EMsby

L5d0BbY 3O Mm@ BobBombso C(s) yodmoygmazs 1000 K-Bg o dobo Gromgbmds
99500396L 44%-U, bmgom 1000-4000 K 3933960¢6vyen d995¢0gdo asdmoymas HoO s
5060M3560 13oBgdo CO, CO2, N2, CHs, CsHz o CoHa. 965¢00%Bol 89092900 9m3Egdmeos
gb®owo 12.

gbMoo 12

36 3H9goob 3OHMm3E9bEwo fowo %

K | C(s) | CO(g) | CO2g) | Na(g) | CHa(g) | H20 | CsH2(g) | C2H2(g)
1000 | 44 32.3 0 6.86 16.84 - -
1500 | 11.43 0 52.07 13.6 1.5 21.4 - -
2000 | 10.2 | 430 | 49.75 | 13.47 2 20.28 - -
2500 | 8.51 | 9.39 | 46.97 13.5 2.13 19.5 - -
3000 | 7.2 | 13.57 | 45.18 | 13.56 2.1 18.39 - -
3500 | 585 | 15.7 | 4391 | 1391 1.71 18.92 - -
4000 | 2.9 | 16.71 | 4348 | 13.85 1.2 17.83 2.63 1.4

3900300 0gbs gbmsendooll AH 86093690 mdgd0 bbgolibgs (99396o@6m9dbg.

gb®ogo 13

K 1000 | 1500 | 2000 | 2500 | 3000 | 3500 | 4000
AH 335¢w | -1202 | -889 | -553 | -202 147 | 502 890

36MOm3qlbo  3000bsMgmdl  gabmmgmdmws  1000-2500 K (393396@mermen
3995¢gdo AH<0, beogom 393amd AH>0, 9.0. 363960 bgds 9bmmg®dwero.
0900960 mds Ne2: bo@mmagwrwmds  (CsH7011N3) - 91%, L3o®EGo (C2HeO) — 5.0%,
©953960wsdobo (Ci2H11N1) — 1.5%, 3s65g0bo (CisHss) —2.2%, gMsgo@o - 0.3%, p=20000 MPa;
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60 ~ g C(s)
50

20 ==g==CO(g)
© 30 ==t==C02(g)
° 20 =t=N2(g)

mass.

0 . T T T e ) —o—C2H2(g)
1000 1500 2000 2500 3000 3500 4000 o C4H2(g)
TK H20

6. 7. 5839004900l 30:0mvd@gdol Momgbmdol sdm300gdegds ¢gaddgms@w®mo®y

Q0536535 430639690L, 1000 K-bBg godmygmaowo Bobdo®mdosol C(s) ®omgbmds
43.1%-05, 990mad 9;3060©9d> s 4000 K-Bg 1.95%-05, sa6gomgg 1000 K-Bg Bgdmo
podmogmxs H2O so6gdo CO, COz, Nz, CHs, CsHz o CoHz.o 9BsewoBol dggygdo
Do63mggboos sbMHowob 14 Lsboom.

gbGogo 14
360 JGgodol 30m3gbdmero oo %

K C(s) | CO(g) | CO2g) | N2(g) | CHa(g) | C2H2(g) | CsHa(g) | H20
1000 | 43.1 - 28.9 - 9.4 - - 18.7
1500 | 11.95 - 50.35 13.2 2.95 - - 21.55
2000 | 10.53 | 4.55 48.5 13.14 | 295 - - 20.4
2500 | 8.83 9.5 46 1321 | 2.94 - - 19.52
3000 | 7.3 13.5 44.2 13.3 2.8 - - 18.9
3500 | 5.61 | 16.34 - 13.69 2.4 - - 19.01
4000 | 1.95 | 1731 - 13.57 | 2.01 1.95 3.2 -

3b®o 15-o dm39g8mE0s 3903000 gbms3dool AH 8603369wmdqdo bgoalibgs

A9939653M90%D9.
gb®oo 15

K 1000 1500 | 2000 | 2500 | 3000 | 3500 4000
AH 335¢m -1198 | -881 | -538 | -179 180 | 549 963

990093900 5B39690L, OMI 3G90 J0dEOBIMYMBL gabmmgHdwsw 1000-2500 K
A9939M9GH MO dsegdo AH<0, bmeom 99damd AH>0, g.0. 36GmaEgbo bggds
9bMmmgMHIMro.

513365

3M339dbmEo 3OmaMsds ASTRA 4 - ol 459mygbgd00 dglidvens dosmoen 693909
(p = 20000 MPa) 5339007900l 36m39L0L IMEILOMYDS. oYI60E 04bs, HMO:
1. Ls30BbY 3O EHOL BobdoMdsols C(s) Mom©gbmds GMm@Eowols dgdmbggzsdo 2259
K $993965¢6HBg 09500996l d5gJuodmal 42.8%-U;
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2. 9mEgdmwo 9960mdol d5grolEo@GWMo ©gbomol d9dmbggzsdo bsbdoMmdswols
C(s) 36m396¢) Mo dsdbodmdos 7% 1500 K-bg, beenm d9damad 3993965& 60l
DML 9P B30M©Y0Y;

3. Lbgolbgs 8xdosbo 3mego@EHoBbomgdmwmo gbmol 99dmbggzsdo yzgwsbg dsmowo
360Hm39bGHMwo MomEabmdomm C(s) doomgds gemRMdosbo ©gbmol d9dmbggzsdo
1500 K-%99.68%;

4. 3m@@0EMO0 6ol dgdmbggzsdo 1500 K-bg C(s) 30m3gb@Gweo dsdubodwdos
4.91%:;

5. 3o6mgboeoby®mo ©gbmol  s839mJgdolsl  mMogg  dggbocmdolsmgzols  C(s)
3603950 d5Jubodmdo 43-44%-05 1000 K-by;

6. 251300 0465 9839mMJgdol 3MM3gLYdOL 9bmEE30900, MO LOTMSEGISL 0dEg3s
93580Mm@ 459mBball 3MM39L900L 9GABMYOHIMEMdS S om0 3H9a39M0GHIOIO

30959 gdo.

d9LEOMWIdMEo  AOTMMOZWGd0  Bodoegdsl  odergzs  FoMomyeo  0dbsl
9939609960 bsfowro sdobby 3MMmEwdEHol Jobomgds.

95000gMgds

5mbodbrmo  LBsGos  Gguirmewgdmeros  dmms  OMLMSggEol  LsgoMmggamls
96mg6mwo LsdgEboghm gmbeol Joge s530656L9dEo Lsg®msbEm 3Mmgd@ol (Lsg®obEm
bg8g36GHmengds Ne FR-24-4102) gs56pegddo.
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TASHVILI TAMAR, UKLEBA KETEVAN

THERMODYNAMIC ANALYSIS OF THE SYNTHESIS PROCESS OF
DETONATING NANODIMONDS FROM UTILIZED EXPLOSIVES OF
VARIOUS COMPOSITIONS

ANNOTATION. One of the ways to solve the problem of further use of utilized explosives
is to use the detonating mixture to obtain the final product nanodiamonds. One of the common
methods for obtaining nanodiamonds is the synthesis of diamonds in the detonation processes of
explosives. The article presents a thermodynamic analysis of the process of obtaining a diamond-
containing detonating mixture, on the basis of which, before conducting experimental studies, we can
theoretically determine what possible condensed phases are formed at different temperatures. The
results of the thermodynamic analysis allow us to control the experimental part to obtain the target
product, in particular, to minimize the number of experiments.

KEYWORDS: explosive; detonating synthesis; carbon; thermodynamic analysis;
nanodiamonds.
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35535 39G09MMo igargdol GgbrOLmmo 3c@gbEosgrols sdmygbgdol
09l5dagdeMdOL 334935 B3oEgbdols LvyergoEMMO BsEbol Bam@Eszools
30900l 25058853900l 3Mem3glido

©9396 Gdemsbodg!, S6BMM 5380¢sgst, VM 5M580d7?, SBBs0> Fggoensdy?,
059535 d50b35330602, 0635 LsTBsG53Y?

1sgds®mggeml 3gdbozm@o Mmbogg®lodgdo
2103 gMogme fmmmzodols Lsdmm oblGHoGHEGO

3bmahsgos. mftmb dgdpggero b3oengbdol boyengoeyto dsobgbol  genmdsgool
3909800056 39000¢0FMBOerO ©5 BIHS@O POMbIBOL 38m369%0L Jdobboor  33¢m93960
Bshstrs bl RMG -ob 3s8coo®989¢m0 3586030 gemeachsgool 329c098Yg. d9bpsgerogmos
dobo bogomogmo dgsgboermds s  Agdbeaemmgomtho  m3z0U98980;  dgggbocros
3590M980l  bstgmdgbosgoe 3m380bokgdryemo Udgdol mMo 35605630, GmIgerog
0035¢olbhobgdl: 1. @ermBsgool 3990980l 363095509 85000 EHIOSL,  39(Hdm©
BIOP0@bL»  30669BABAMODY ©5 IIIOOO B0 2. BeraBspool
390980l 305309560 350@OMIBSL,  gsdmfgsl @5  30MHMIGAHSCIIHI0LYe
850000 H985b 3535 35609090 fyemol 35009969800.

Us23560m bodgz980: 3ereadogool 3490900; 01535 3500900 [igemgdo; U3oergbdo; et
830330953010 §5000OMIBS; FAPMBHSG0S; MIHI7Iem0 500953905, 30OMIYDSALIDZO0S.

99lsagsewo

056509060m39  Lodom-0m3m3900m  0bEMLEGHGM0sdo  BoEMIgdo  FgoElows:
050090l Bs659008 9930609058 S dZ30MRBIL WoMMBYdDY 3sligdoL BT oL
9ueoado 3H9dbmagbm®o Bombgbgdols MogomboMo s030Lgds osygbs [1]. Fglsdsdols,
Lodonm HoMdmgdol 9999 800gdIemo bsMbgbgdol — 9.. 3m9doL — 45sdw9ds39ds 0935
565 dbmm© 93mbMd03MMe© d0Bsbdghmboer, 90589 93MELMPOMEMIS®  SYFOLGOII
909009050. 59 3035M0Y g0 4BLO3MNPOMGOIMO 0BEHIMHILOL Logobl Ho®dmoygbls Tgo39
390090wwo  fygdo (Acid Mine Drainage — AMD), 6mdwgdog §o6dmoddbgds
b zoOHO  FobgMIEgdoL  SGHIMBBRIOM  obgdsEMID @S Yo msb  3mbESJEoL
9909250. 3060030L (FeS;) s Lbgs brn0wgdols 9623000 godmogmas ama0dss3s,
o3 oM90mdo byl Mfigmdl ommbgdol blbswo gm®Igdol dmdowobszost [2]. AMD-
obm30L  sdsbsliosmgdgeos pH<3-ob 3609369 mds, omMmbgdols s brIErgs@Hgdol
35050 3mb396¢O(309 9 53MgL0YIO Jodomo MgsdiEool vbsdo [3, 4].
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https://doi.org/10.36073/2025/2026-1/76-82

doM0mso bsfogro

33w930L  md0ogd@L  HoMdmoagbs  dobymeoll  8580MIdgo  BsdMOZIOL
REMGHSE00L  399©09d0. Lobxol AMsbmwmIgEHMomwo Fgygbomdol  Jglsbfogwrs
d9LOMWdMEo 0dbs JodomMo, BobgMIEMAO0MOHO S AIEMOMO bs0BYdO. JodoMo
565¢0Bol 1565535, M@ S300L 3r1900L Lsfyol Lobxdo mddml 993390 mds gop9bL
0,36 /&, 39603bwo 0.21 9/@, bmwm LB3owgbdol 0,1 %. dobgmswmaom®o sbsgroBol
0565b3o 50bgMEo FobgMsgdo doM0MIs© HoMmBdm®ygbowos 3oMo@om. Ldowgbdol
8069650900056 33630905 Jo3M3000E0, Jo3MHBobo S 3M39w0b0. BSOS MO0
565¢0B0 5 oboLLBPZMS MIHML s B3oEghdol gobsfogds oMol JEsligdls dmeMob,

Gdol 99093900 HoMmdmagbowos fo®dmygbowos sbMHowdo 1.
3gbGogo 1

REM@G5300L 3Ol 353M0m0 565¢00Bol 890093900, I30MHRLO s BIMHIO
@0omMbgdol 356s§oggds Lolbml 3esligdls FmMol

Ne bOb:)l:) b 398mbsg5¢mo, BsboMgdeom 302330bgbE ol 5dm3M9xo,
30:236 ’ Y % 8993390 ™dy, B e %
Cu, % Au, Ag, Cu Au A
1 |+0.14 12.3 ¥/o &0 &
0.1 0.65 0.25 126 | 24 | 179
2 |-0.14+0.074 17.8 0.05 0.44 0.02 9.1 | 23.6 2
3 |-0.074+0.045 14.3 0.07 0.48 0.11 10.2 | 20.7 | 9.1
4 |-0.045+0 55.6 0.12 0.19 0.22 68.1 | 31.7 | 71
Jod. Jod. 5 doi}
5| ULsfgobo 100 $Bse0boo | sBaoboo | 707 11100 | 100 | 100
0.098 0.333 '

3b®owo 1-0 dmbs399900L bsbTs, 39POWIMBOEIO S BJMIO omMbYdOL
9993390Mds  LOLLML  3sLGAL FMOOL  5MIMIBIOMIE ML  Yoboffogdmwo yzgwsby
35050 89933900MdS 390 IMBOE0 omMbgdols 89dmbgg35d0 osx0glocms +0.14 33-056
3wosldo Au = 0.65 /3, Ag= 0.25 ¢/B), bmwm b3owgbdol -0.045+0 93-056 3¢sldo o
399333900 ™d5 99500996l Cu=0.12 %-U.

3053035300 FGOOMEO®  FMAS300L  3I©Jd0L  39FEO0EMHGBOL 95080
A996memaom®mo 35639690 gd0l 49BLEBOZMOLMZ0L BB IMgdmwo 0dbs 9Judgmodgb@gdo
396®®0sbM  3mb6396EGHMGMOBY Jofimgdo  353983b309Mdgo  fiyeol bsGxol
Lbgoolbgs  300Mmd9dd0. Bo@o®mgdmmwo  9JudgMHodgbGHgdol  mobsbds, (395GHM0IBM
30b6396GHOGHMODY dofimgdwo  fywolb 3.6 /o bstxol O™l doomgds Y3gwsby
35050 359000MGO0L  Bgdbmwmaon®o  sB3969d¢gd0.  39Mdm®, 3mb6396EHMSGHOL
399mbo3eo d9opqbl - 17.72 %, mdmmb 9993390™ds - 1.39 ¢/G-b, bemgrm b3owgbdol -
0.42%-b. 99gbsdsd0Ls© 3MBEIbGHMIEGHMMDY Fofimadmo fywolb boGxsw doBbgmwmo odbs
3.6 wo/fon.

3053039300 3mb396GO9BH0WID BLMEHOMPII0 MOl JobLsBEO3GOLIMZOL
3906B5 BM@o300L 095000 356599BHMY00: sx8d30L Lolbm 90 % - 0.074 89, 330l
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pH-ob 9600369cmds - 11.5 s 999009306 95396 wo Ggg0d0: 35¢r0owmdols dmools
JuobEmagbsdo - 60 /@), 99340839090 T-92-0L bsdxo 40 /@, oL 9993 B00MIdS
3M6396@MsG0 godmbsgerom 4.7 %, dslido mddml 399339wmds oMol 25.73 /@), bemeom
b3oegbdols - 7.95 %. @os)dgbomo Mm39MH30900L MOMmEIbmds - 1. Bs@o®mgdmeo
99b3960896¢39d0L LHdMEOMM 8OO IOOL T9IAJd0 Jm39dIEos bMHowdo 2.

gb®oo 2
203303530190 3Mmb396EMIEOL BEWMAEIEOWMGMO 353E0EMYdOL Ggdbmermyon®o
3539690900
Ne 36MHmEMIGoL 36 EHoL 36Mmmd@do 59m36M9RBs,
sLObYEgds 3°9mUbisgso, LslotMgdenm e %
Y % 3M33mbgb ol
893339e0mds, f
Au, | Ag, | Cu, | Au | Ag | Cu
Yo || %
1 306396¢®s¢0 2.2 60 |445 | 10.2 95 | 91 52
2 3990 97.8 0.07 | 0.1 | 0.21 5 9 48
3 30530353090 100 1.39 | 1.07| 0.43 | 100 | 100 | 100
3Mb63bgB®sG0

BoGo690Mo  9du396MH0d96@3 900l Mobsbds@ gMmKJMI©O 25s(dgbom Foowgds
3M6396@MsG0 mddml 8993390mdom  60p/¢) s9m3Mgn00m 95 %; 396m3Eberol 44,5 /@
59m 36095300 91 %; bmerem B3oggbdol 52 %.

gb®oeo 3
353035300 S BEMES30YIH0 3mb3g6EHMEOL MgMIMEmo ©sdxds39d0L 89009300

Ne | 393396 mes, 3M5303530I0 BEES30O0
o 3m6396@GHMsG0 3m639b@GMs@0

63065 3M30MOO ®3065 | amaoMmo

Lsghom, LogPoem, % Loghom, | Lsghom,

% % %

1 100 8.5 9 36.9 40.3
2 200 8.9 8.3 38.8 38.2
3 300 9.3 7.4 41.9 33.7
4 400 9.9 5.1 44.3 30.1
5 500 10.1 2.3 47.2 25.5
6 600 10.5 1.2 48.9 20.4
7 700 11,2 1.1 50.3 14.6

3bmdoos MM, 30MHMIGEICIMHR00 25O MYOOLLL Fosbdo  SMLYdMwo
63065 BOHOL gJuBHOIEOL botrxls, 59306090 LsAoBEY FobYMSEGdOL gJuEM30L blbsGdo.
b 3000900 0blbYds blibs®do s 8ol Fo®oe BH¥)E0s6MBL gobsdomMdgdlL. BarmEHo3zoMo
290000MId0LIL  BExzoEMMo  JobghoEgdo  FwmEGH0MdOL  d30MRIL O FIMOE
30696509096 9HMs©, 0BMHYds 306396EMEHOL odMLO35¢0 S F30MEYds badoLbo.

78 LSIOIM TIAESL0 Nel(50), 2026



3053039300 O BMEI3G0O0 3063396EO9EHIO0L dobgMoErMma0Gm0o sbscrobols
0565b3o, dsbgreo JobgMmsgdo doMmomooE FoMdmygbowos MH30b60L LywaomMo
30bgMowom 3oMoGom FeSz, H©magols 3536030 5dm30L93Mmds ©d0s, F9L50530BO©
35260@WM0 g3sMO300LsL 030 3MbEIBEGHMOM®YdS 365FoxboG O 3MMYJBHTo. Fosdmf3s
3310l 30bgMm ool Jodome 9990w MdsL. 3060030, HMIwol dsabo@wemo sSIm30L9dMdS
0505 353mf30l 99gRo®©  oMs0ddbgds 30MHMEH0bs, ®MmIol  dsybod Mo
5303090 Mds sOOL FoMoro. Fglsdsdolo godmfizs MmMTsa0 9RIJBHOL Fo@SMYOIWO.:
306390 Lobx o boffowmdmog 03905 FMYPOMO WS FgMMg F0wgdo 04690 ToPoo
953603 M0 53m30L90eMdOL M30b0ol FobgMsEro, MoiE dgbodergdgel Aobol dogbod o
193560300l 9RO  FoPGIMWO  5MToboGH MO0 3OMEMIBHO  PodmiEEow  0dbsl
306OMIGGHIWMOHR0M 2500 EOJOIEMOSDY. 990FGHMT  30OMIYEHIWMOR0NICO
29000006 q00L {Hob Imbs 15331930 LObXOL MMM 3 T390 (R90M()35) LbgsILBZS
3M5MLBY 5 39BoLYBE3MS FslBo  M30B0Ls s FMPOMOL F9I(339WMds. Bo@sMgdrEwo
390m{30l 89093900 dmEqdmEos 3bMogwdo 3.

35Ol dmbs399900L 3sbsbds, 3H9a39M0EMIOOL BMEILME ghms 0BOHYds
Lobxdo ©3060L 899(3390Md5 4MHOMOL 30 F30MYdS, M3 35b6MbBMI0gEMOs.

3°90Mgd0L s  2odmfizol  3OHMIBJO0  godotms CMBU-1JIM 95630,
353603 MM0 193569 EGHMODY. 4693039300 3MBEIBEEMIEGHOL 56585360 MM0 BMod3o0l
39dmlsg5eo 500l 63 %, dsbdo L3owgbdol Fgdszgermds sGol 0.5 %, bmwmm mdOhml
9993390 mds 990096l 1.57 46/ .

09OIMWO©O  ©FMT390I0  dM5303930ME0  3MBEIbGHMOEOL  965dsbod®o
RM5J300L 259mBogsemo J9oagbl 36 %-U, dsbdo L3ogbdol d9d;339w™ds 6oL  0.54 %,
bowem  mdohmb 899339 mds - 1.81 a6/3). 30006OMIgEHswIHR0MIMo  3MM39BoLm30L
b9wolidgddergero H3060L s 3Mma0mOL 9993390 Mds dsl8o 06508389 oyzsb0wo s
09500396l FgLsdsdolo 1.1 % s 0.5 %-Bg 653¢gdL.  gM930F30Io 3mbiEIbEHMmEOL
0960 5349353905 650-700°-Bg 9539dEM0s 360G Lgdscrosgool ob.

BMES30MM0 3mb39bGHMEOL 35boB Mo Bn3sGo300L MObsbIs BwMEHSEOWEO
306396@G®5G0L 56535360E M0 3O:MYJEOL 49dMLO35¢0 FgoaqbL 72.2 %-ls dslido mgemmls
999(339mds 9GOl 22.38 96/, bmwm B3owgbdol 7.27 %. 56585a60¢ MO0 3MM©MJEoL
3069650 Mma0MH0  565¢0Bol Mbsbdo, 0o HoMmdmwagbowos ®30b60l LwxzomMo
306965000 3060E0m, M3 29500 gdL 30MOMIYEHIWIMHRO0IO 25FEO0EOMYOOL 3OM3gLL.

09OIMWO©O  ©IMT390M0  BMBS30M0  3mbEgbGHMo@ol  dsgbodm®o
193565300l MobsHAsE  LBEAOBOY 51585b0EMOO BESJ300L FoBMLZ0o Fgo0gbL 19.8 %,
dsbdo d306MBLO O BIMOPO JobgMOEgdOL 58M3IMGRS 25 %-Bg b53egd0s. 565354600
360 EHoL Jodor®mo 565¢0Bol Msbobds dslido 3060l F9d;339wmds 8 %-bg dgGos
boeom ama0mol d99339c0mds 9950096 2.3 %.

09O ©53MT5390E0 AMOZ0ESGOINN0, 3MS303OEOEN0 OO BEMESE0IMO0
3Mb63963HO5GHJO0L  56505260GMM0  BE(309000  30EOHMIgGHIWNHROM  3Mm3gLdo
130gbdols  godMbo@WMGI©  odmygbgdmo o0dbs 87935  39M0gOHIEmo  gowo  dsbido
3M30M33535L (L30EgbdoL 9JuEBHMSdEHOL) 3mbEIBEGHMSE0S 8950ygb®s 5 %-b.
9963960896390 Bo@oMs 390800980 306:d900L dobgzom (bMogro 3):
doqsbo fmboom - 139;

LobxL ogdsEs 059935 39M0gOHY Fyseo F4sMoO s MB350l BoMEMds: 1:3;
300080350 3MbEHOMEqds pH-0U 3mb396¢O 5300 blbs®do;
99b3960096¢ 0L bsbadErogzmMds 24 Lod .

ANEA NI NERN

LS80 TIBES0 Nel(50), 2026 79



gbMoo 4

8753% 39609070 figmom asdm@E30L 8ggagdo

Lbobx ol
©3LobYEgds

Lbobx ol
asLs,

30

b3oggbdols
039939@Mdd
Jod.
3bsemobom,
%

blbsdo
Ls3oegbdols

899339@mds
1.1 /em

b3ogngbdols

3993390 ™ds
37909080, %
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TALAKHADZE DEMUR, ABSHILAVA ANZOR, ARABIDZE ZAUR,
SHEKILADZE ASMAT, BAGHNASHVILI MAMUKA,
SAMKHARADZE IRMA

STUDY OF THE POSSIBILITY OF USING THE RESOURCE POTENTIAL
OF ACIDIC QUARRY WATERS IN THE PROCESS OF PROCESSING
COPPER SULFIDE ORE FLOTATION TAILS

ANNOTATION. In order to extract noble and non-ferrous metals from the flotation tails of
gold-bearing copper sulfide ores, studies were conducted on the flotation tails of the enrichment plant
of JSC RMG. Its material composition and technological properties were studied; two variants of the
recommended combined enrichment scheme were drawn up, which include: 1. Gravity enrichment
of flotation tails, namely on a centrifugal concentrator and collective flotation; 2. Gravity enrichment,
roasting and hydrometallurgical enrichment of flotation tailings using acid mine water.

KEYWORDS: flotation tailings; acid mine water; copper; gold; gravity enrichment; flotation;
thermal treatment; hydrometallurgy.
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SHAVERDASHVILI NIKOLOZ, RAZMADZE NANA, RATIANI NINO,
MARIKA MAGHLAKELIDZE

ENSURING SAFETY IN CONFINED SPACES AND TUNNELS USING
ARTIFICIAL INTELLIGENCE METHODS: MODERN APPROACHES,
RISK MANAGEMENT AND TECHNOLOGICAL INNOVATIONS

ANNOTATION. Ensuring safety in closed areas and transport tunnels is one of the most
important challenges of modern engineering systems. These environments are characterized by high
risk, which is caused by confined space, difficult ventilation and the specificity of responding to
emergency situations. The aim of the paper is to analyze modern approaches to ensuring security
using artificial intelligence (Al), risk management models and technological innovations. The paper
discusses sensor networks, digital twins, predictive analytics, and Tunnel Boring Machine (TBM)
based on intelligent systems. Special attention is paid to Georgian and regional practices, including
the Kvesheti-Kobi Tunnel project as an example of the integration of modern technologies.

KEYWORDS: artificial intelligence; tunnel safety; TBM; risks management; digital twins;
Georgia.
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PIRTSKHALAVA TEIMURAZ

FORECASTING THE TIME-VARYING GAS LOAD IN THE
ATMOSPHERE OF A SINGLE LEVEL OF A MULTI- STORY
UNDERGROUND PARKING GARAGE

ANNOTATION. The article notes that the lack of parking spaces in Tbilisi impacts public
safety (both in terms of vehicle safety and technical condition, and road safety) and the environmental
safety of the urban environment (parking on sidewalks and lawns). Multi-story underground parking
garages will improve the environmental condition of the city center even without upgrading the
existing street structure, eliminating congestion and paralysis of the transport network during peak
hours. Autonomous ventilation systems for each floor of a modern multi-story underground parking

must ensure the supply of a time-varying amount of ambient air (Q,, m*/s) to the transport area,
corresponding to sanitary standards for the assimilation of a variable gas load ( G, , mg/s), so that the

concentration of each harmful substance (C,,, mg/m?®) in the working area does not exceed the

1T

permissible value (C, mg/m?). Georgian air quality standards were used to calculate the volume

1max »
of harmful gases emitted during parking lot operation. A calculation algorithm is provided for
determining the total volume of nitrogen oxides and carbon monoxide emitted by vehicle operation
into the atmosphere of a specific floor of an underground parking lot.

KEYWORDS: underground parking; air quality protection; Georgian industrial standards;
ventilation; harmful gas emissions; maximum permissible concentration; calculation algorithm.
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LELUASHVILI LEVAN, PIRTSKHALAVA TEIMURAZ,
LELUASHVILI GIORGI

PROTECTION OF CARBON STEEL PIPES FOR WELL CASING AGAINST
SOIL CORROSION

ANNOTATION. This article examines the corrosion resistance of metal casing pipes in oil
and gas wells. A brief review of the literature on the corrosion of carbon casing pipes during well
operation is presented. It is established that the main cause of reduced well service life and
environmental safety is the loss of casing integrity due to electrochemical corrosion processes in the
soil. It is noted that the only effective method for preventing corrosion of metal well casing is cathodic
protection, the main parameter of which is the magnitude of the protective current. For metal casing
structures supporting wells, the protective current is considered sufficient if measurement results
show that the electric current passing through the metal casing has eliminated all anodic zones. Using
data obtained at the Grigol Tsulukidze Mining Institute and by international researchers, an analysis
was conducted to localize the causes of corrosion processes on the outer surface of metal well casing
and evaluate the effectiveness of its cathodic protection. An algorithm for calculating the parameters
of cathodic protection of steel well casing against electrochemical corrosion was proposed.

KEYWORDS: well casings; carbon steel; electrochemical soil corrosion; analysis; cathodic
protection scheme; efficiency; parameter calculation algorithm
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RULES AND CONDITIONS FOR PUBLISHING AN ARTICLE

The Mining Journal publishes materials (scientific articles, information, advertising, etc.) in
Georgian, Russian, and English. The materials of the article should be published for the first time
(except for a review of foreign publications published on the recommendation of the Editorial Board),
represent novelty and have theoretical and practical significance.

“Mining Journal” is an open periodical founded by the Georgian Technical University, LEPL
Grigol Tsulukidze Mining Institute, Georgian Mining Society and A(A)IP Georgian Academy
of Mining Sciences in the following scientific and informational areas:

e Mining Technologies;

e Geology;

o Blasting Technologies;

o Labor Safety;

e Waste Management, Ecology, Environmental Protection of Mining Enterprises;
e Mining Production Economics;

e Mining Law;

e Chemical Technologies and Metallurgy;

e Technological Processes and Automation of Mining Enterprises;
e Geodesy and Mine Surveying;

e Mineral Processing;

e Energy Supply of Mining Enterprises;

e Mining Machinery and Equipment;

o Personnel Training;

e Geophysics of Mineral Deposits;

o Sustainable Development in the Mining Industry;

e Social Corporate Responsibility of Mining Companies.

ARTICLE STRUCTURE

Title;

Full name and surname of the author(s), place of work;
Abstract in Georgian/English;

Keywords;

Introduction;

Main part;

Conclusion;

Acknowledgements;

References.

WO R P =

TECHNICAL CHARACTERISTICS OF ARTICLE DESIGN:

The material for publication must be printed in A4 format with 1 interval. The text editor MS
Word (doc or docx) should be used to prepare the article, font: Georgian — Sylfaen, size — 12,
English — Times New Roman, size 12. Article margins: top — 2 cm, bottom — 2 cm, left — 3 cm,
right — 1.5 cm.
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The title should also be typed in the font used in Sylfaen (font size — 14) and aligned to the left
margin.

The article material should be presented in the following order: UAC — font size 14, authors’
surnames and initials in Sylfaen letters, font — bold, font size 12, company/university name, font
size 11, country — bold, aligned to the left margin.

The article should be accompanied by an annotation. Must be in Georgian and English, which are
not the language in which the article is written. The annotation should briefly describe the subject
of the article and the main results described in it. The recommended average volume of the
annotation is up to 250 words. Font — italic, bold, aligned to the left and right edges of the page,
font size — 12.

Keywords (in Georgian, English) — required and should contain 6-10 words. Keywords are
separated from each other by commas. The keywords listed should accurately reflect the subject
essence of the research.

Article text: font size — 12, line spacing — 1, paragraph — 1.25 cm, formatting: aligned to the left
and right edges of the page.

Formulas and mathematical symbols should be executed in Microsoft Equation Editor.
Tables in the text should be made in Microsoft Word editor.

Images and graphic material should be placed in the frames of the working field in the text.
Captions under images and graphic material should be bold, font 11, centered, spacing — 1, no
period at the end of the image name.

In addition, tables and drawings should be presented as separate files, drawings should be made
in TIFF, EPS, JPEG (not less than 300 dpi), tables: Word, Word Perfect, RTF.

Literature formatting style:
In the Mining Journal the Numbered Style is used.

Citation numbers in the text start from [1] and continue in ascending order throughout the work.
Each number should be enclosed in square brackets inside the sentence punctuation, with a space
before the bracket.

Example: ...on the value in the second range [16].

Bibliography is placed at the end of the article in the order of citation of sources, numbered in
square brackets. Font size — 12. Formatting: aligned to the left and right edges of the page. It
should contain the surnames and initials of the author(s), title, data on the publisher, no more than
15-20 cited sources for an §-page article.

REFERENCE FORMAT EXAMPLE:
REFERENCES

[1] N. Shekriladze, A. Shekiladze, O. Kavtelashvili, M. Baghnashvili, I. Samkharadze, S.
Maghlakelidze, Research of Glauconitic Sands of Gumbri Deposit for the Purpose of Obtaining
Concentrate on Enrichment. “Mining Journal”, #1(45), Tbilisi, 2022, pp. 26-31.

[2] Pitterson, K.E., The Early History of Circular Sliding Surfaces. Géotechnique, Vol. 5, 1955,
pp. 275-296.

[3] Emelyanova E.P., Basic laws of landslide processes. Nedra, Moscow, 1972, 310 p.
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