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Introduction

Georgia is distinguished by the large number of caves and their diversity. Karst rocks
(mainly limestones), within which the cave-abysses are formed, are widespread along the
southern slope of the Caucasus, along the 325 kilometers to the south-east from the Psou River
to the Ertso Lake outskirts, while they are spread up to 2757 m (Speleologists’ Peak) above sea
level (Maruashvili, 1973; Klimchouk, 2012).

The total area of the karst territory is 4475 km?, or about 7% of the whole territory of
Georgia (Asanidze et al., 2013). To the north, the karst landscape is bordered by the high
mountains, while to the south — by the hilly area (Kipiani, 1974).

For today, approximately 1500 karst caves and abysses are found and partially investigated
in Georgia (Asanidze et al., 2015). It should also be noted that among the world's top ten
deepest karst abysses the four of them are Georgia. In addition, the first three places are
occupied by the Krubera (2197 m), Sarma (1830 m) and the “Illusia-snowy Mezheni” (1753 m)
cave-abysses accordingly. Thus, today the world record of depth reach is fixed into the Krubera
abyss, which is about 2197 m.

One of the important parts of the karst zone of Georgia is a Racha limestone massif, which
has a great potential for development of Speleo tourism, as there is a diverse karst landscape
there, which may be considered one of the main natural factors for the development of Speleo
tourism. And using tourist potential for the economy purposes is very important for the whole
region, where there are serious problems regarding social-economic development; moreover, if
we consider that Speleo tourism is popular in many countries worldwide and many countries
get significant financial benefit from it. Also, it is equally important both identification of karst
water stock and thorough study of the chemical and microbiological composition, as far as the
region suffers difficulties of drinking water supply. It should be considered that at present the
demand on fresh water greatly exceeds the demand on mineral waters.

The dissertation work presents the results of the complex speleo-geomorphological
researches conducted in Racha limestone massif at different times. Along with the desk work
materials, the field trip and laboratory research results are presented in the presented
dissertation.

In the dissertation work, a special attention is devoted to the study of karst-speleological
and geomorphological characteristics of the research territory. General regularities of karst
development of one of the largest limestone massifs of Georgia is considered in the dissertation
work, as well as the karst forming conditions and factors; the areals of distribution surface and
underground karst forms are identified, and the data of speleo- weather observations conducted
in the caves are presented. The theses also cover the history of the development of the karst
caves (important issues of the evolution of caves), as well as the practical importance of studying
caves and karst waters and etc. During the survey, important news were revealed, which
complements and enriches the thesis. The proof of this is that after studying Muradi Cave
detected in the Tskhrajvari territory (preliminary survey of the cave was conducted by the
speleological group of the TSU Vakhushti Bagrationi Institute of Geography with the direct
leadership of the author of the thesis) we introduced a substantial, important news not only in
the thesis, but in general, in the Speleology of Georgia.

The present research was carried out mainly at the TSU Vakhushti Bagrationi Institute of
Geography. Also, part of the research was carried out in different years (2014, 2015, 2016)
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during research internship in the United States, where, at the same time, I gained the important
theoretical and practical experience.

The dissertation consists of five chapters, which are broken down into sections. The
graphical (maps, charts etc.) and photo materials of different content are attached to the work,
most of which are either taken or compiled directly by the author. The dissertation consists of
115 pages in total.

With this opportunity, I would like to thank my Research Supervisor, TSU Professor, Mrs.
Lia Machavariani and researcher-speleologists of Institute of Geography, Mr. Zaza Lezhava and
Mr. Kukuri Tsikarishvili, PhD in Geography. I also would like to thank my colleagues George
Gaprindashvili, Levan Tielidze, Roman Kumladze, Merab Gongadze, Guranda Avkopashvili,
Nino Lomidze and Nino Chikhradze for their assistance during the working process of my
dissertation work.
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OMAMOG BB 91939 “9dz9wglo sLO3OL BH9JBMboIMMO MP393900 O FSMMD
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©IJowwo  3PWEoAHYOo  JgOgol  {igormdom 0@ OIS (BILIbLIOLWs)
d99mMBgboo. s0bodbmo  #HgMoygbmo bogngdqgdol dbgoglo dsbov)Mo dsd0d3wgdy,
Loo3 dbg 0@YOIEMMSSS 890mbobmo 83089do Borgdgdol oyMm™m39dol Lo
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0©96¢ 605, ) 56 Bs3m3om M58g60dg 9wgdgb@Hol mdbodzbgwm Lbgomdsl. B3zgbo
SHMHom gL godmf399o Mbs 0ymb 0dom, O™ 50bodb)ero 303039900 363056 GdW0s
030l 30043mwo  Fobozol BOEOWMm BIMHEMODY, IVBWMgdom gOMLy @S 00539
30gLbMIgBH®oME  LodoPWwgbg @S  LOZIMOMEMS  MMI  dommo 93390530  9OEHIM0GdO
9669 Msb  FFoOMELy 353000900 s JIbosh  gMmosb  dofjolidzgds
30OMLOLEHYIL, OMIGWDS  2bBGHZ0OMZOL  M9gd0  FgLodsdoLy  HoMmdm©Agbowos
50b0dbme 350G 80300990d0. LimOgE s80@M™I 030090 ®omMJdol geHMbsoMo
JodomGo  dmbsggdgoo  smbodbmmo  39OLGM 9030899030  sGLYdIMo  fyarob
650009309b.

59 9mlvBOYOSL 300093 MBOM TdXIMGOIJL bol o BodBo, MM s0bodbwmwo
903009990l 80890609 GHIMOGMM0s IHZMGBH0W0S J9OBEHWWO dodMGOOm, MHMIGO3
960093690m356foms oltrm@ogl dmbvmen osGIMLEBgOHE Boergdgdl, HmIwgdos Jdbosb
96056 doffoligzgds LolLEYIsL. DBmsoE “96s 500b0TbML, MM JsMLEHME §ywgd by
509090 6038900l JodomEo sBs0BYdom ILEIMEYdS MMA 1533193 BINOBHMEO0sDY

30LgdME 390G  Fywgdl od3l 0OIEMMO  JodoEO @S  F0ZOMIOMEMYOMOO
39029600™d5 5 Fgbodegd90s om0 Fodmyggbgds Lolidgwrs.
2015 Herob goBboxgbmwmBg Bgqb sgMgm3g dmzsbobgm Mool 8308096 fywrols

Lobxgdol 50Mgds S WHBMMOGHMMOMEO 33193900l LBorwdzgebg domo JodowmEo o
9036Mmd0MEMy0Mo d9ygbomdol dgbfiags (sbMowo. 19).

3b®0oo 19. 3MMoob 83030l ogmbosb s0gdveo yerols JodorMo s
90360M00MEMy0m0o 8903960mds

dmE50L 35OUBE Mo 8g00Y

5JBowco

3565993900l alobgemgds 3

2OMYOOL LIBIY 8583969090

1 3500309990L 3oMdMbsGo CaCOs  dp/q» 120

2 AMGH05bMdSs e/ 150

3 (BobdomrmErgobao) CO2 dp/en 100

4 95353006mds dp/qn 0

5 3obLboo 796dso O2 Tp/e 7,4

6 Dgowdsol 3563969890 pH 7,86

. 3g4o60 5blboo 6030009M9gd9gdOL MoMm©abmds 2
S/

8 Bo@®s@gdo dp/e 0

9 RbRBOGHY00 T/ 5

10 E-coli 0
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MMAMO3 3309390000 OILGHMOS  FMMOOL  33030L  Woybsdo  sMLYd
Dgols g05Bb0s L5305Mm© OO 53bLBYMBIO06MBS S Q9FMGHBHIOL bsGo (100 dp/ew

CO2-0l 9993390 ™d5), OOL godms 080 Jabol 0JsEIME 306HMBYOL 35OBEYIBBOLIMZ0L.

1533093 BHIOOGHMOM05Dg  39OLEGHMWo  yegool  bsfowo  godmygbgd o
530MMWHMMHOL M0Mbol bLbgoalbgs Lmxgwgdol §ysedmds®sggdolsmzol, bmwm bsfowo
399m0yabgds . 3HYodols  (yoedmdsmoygdobsmazol.  sg®mgmzg  360d369wmgsbo
39OLGHMo  ©0bgdgdo  MMIGdoE Lomoggl 009d9b  306Md3mo  dsbogol  LodbMgom
RIOOMODBY, 3959m0Yygbgds J. F0smMmOl {igodmsoggdolomazol (BoL3bs6s, MMM s
bbgs). BmyoghHmo Fomysbo 00b6dMHYds obRs6MTol VoS 35MH0gMHYIemo [gboom dm3m3z9d0L
©OML. 50b0IbMwo IB0BINOGOOL A5dMI[)393 B0BgHBIILS O Fo0 A9FMHOL HBdDY
3OS 296boErMEo BB 9935l IMbMAGMs5z0580, HMIgeoi gbgds Bgdm 0dgMHgmob
Q5 300090569 M50Mmbgdol 3oMLEOL 33K939U.

1533093 GIOO0GHMM05DY  sOLYOMIO  Mb3YdOGH0B0  39OLGHMEo  [gsmmgdo,
OIgdLog  LBLLAgEo  fywol  Lom3gmgbm 3090980  gosBbosm,  FoMdmowaqbgb
50mbolomM30L (53539 MHML J399boLom3z0l) bgwlisgger s ®goLsm3zoL Bofowrmdmog
5m30L90 e 36033690 mgsb  dMbgdmog  OglmEOLL.  LmOg, sdo@GHmd,  doerbg
9608369035605 308000b65MgMd®gL 350G ywgdol ddogo s LEMERILMZIBO
330935 (50500  09olbdgds  OHmamOE  FoMmogol  2obloBgms, sbgzg Jodomeo s
90360Mmd0MEMyomMo  990900m™mdol  Tgbfagams  Fomo  Lobdgws  39MR0LosBMdOL
29bLsBO3MOLsM3z0L), ®590v) FoMdmaqbowo Ls3zergzo GHIOOGHMMos 360d3bgwrmgsb
30OMMgLMOLYOL Tgo3o3b @S v A930m35woLiobgdm dmdogsdo IB3Boc-Lolidgen
Pgoambg Immbmzbowgdols 36MHmabmbomgdme bMELL, Fomo LEOEYEGBILMZbo  33w9g3s
Lobgardformgd®og Loddgl Homrdmoygbl.

Pgamol  608Mdgdol  WsdMOsGMMomEo  dglfoges  AobbmMEogw®s 03569
X93560330¢00l Lobgarmdol MdooLoL Labgwdfoxzm MbogzgdlodgBLs s Logds®m3zgwml
3039d603m6 MbogzgMbodg@do.

596095, 35030 {yargdol Bsdmbsgbol/gmmBoMgdol sy bs, Bsmo Jodor®o
©5 303MOMO0MEMA0MH0 F9a9000mdol FqLfoges, Mo30MmbseMo godmygbgdolismgols
99 3609369¢mz560s.
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0530 5. 33MUGHEo GYeogBol gsb30msmgdols I60836g9ewmgs6o bszombgdo

5.1. 35@MLEmmo 83009900l g3me30s

Mo3ol  306d3Mwo  AsLogol  39OLEHMEo  d3009900L  [oMBMIMOI-25630m56M9d0L
d9Lobgd ®9Ydg 36033693560 0bFMEOTs30s 56 FM03M398MES s 53EYbs© Foo MBRG®
LSOBEHYOGLMS 53 Ls3oMbol dodstm B39bo 33¢930L T9Yagd0L s EO3369d0L Q5T Jgds.

1533093 G9O0GMM05Bg 39OBEH0o d3009930L FoOTMTMDS S B0 Fob30056Gds
930OMEsd 53530060900 DBMASI® GoFOL 306300 dobogzol BMOI0MHOILMSE.
39OLEGHMWo  MEogxol  BsIMYsE0dgds 15330930  BHIOOGHMOO0L  gMEMR0IOHO
396300560900l 3Mbbg J0d0bsMgMdEs (FsLOZ0L MbIFgEO™Zg Mgwogxo bsbadwogzo
3INWMRAOMNOO S 39MIMOBMWMA0NO0  A9630Md0L  3OM©JBHos  ©s ol
Bodmyo0dgdsdo  39dBH™bolzm®  dmdMsmdgdmsb  ghHmI©®  ©OEO  OMEO  005353s
39OLGHMEds Inggbgdds) s sdoBH™md 3oOLEE0 33009900l 93MEY300L BMYo MmO
L5300bo 3500 356306Md0L Lodzgegdo Mbs 39dgdmo™.

Lodo®mgganml 30643290 dsli039d0l Bgsd0Mgdby, HMIwgdos 9955950 00mJdol
d00sbo IM3gdmos 399dog30 igegool 6535090L, 390 0ym 296305600
30mMmdulgmol  bBgsdommwo  3m33mbabEgdo, MMIgwms  Bsdmgdl  HoMdmoaqbab
93305600 56v) 35egmbgmdgd0 (MOHMOd50d500, ggwygEm30 s bbgs). GmymGa Bobl,
G030l 306930 Fsbogol Lbgosolibgs dmbs3zgmBg Abgoglo 3owgmbgmdgdols 335wo
Bofomd@mog fodwowos 356G  3OMELYdOL bgyszwgbom, mwdas B3zgbl doge
396m500L 39OLEME 8308930 d033eg0 35¢gMBEObIMOL Serz30mbo 3ol MEGHYMSMO
@LEGMO0s.  sez3ombo  Fm(Imdl, GMmI  3ogmdEobsty  39MLEGHWWO  MHYogRoL
B993060DYg sdBHome B9dmddggdsl sHgbs s Lb3sILb3s LowoOL BysdoMvew
300G gmOIGPL BB,  HMIWOl  LYMPgdom 3o gmIEobotgd (83069
B905306090 65535009096 9OHO) 99033535 SMMBOWO S JIWISPYOLES LOWMT9do,
MROM 0 3mOH0HMbEHJObY.

1533093 BIO0GHMM05DY,  3OLGHMWO  LoEIM0gEgIdol s  JoMBOH™
09oddmobmdogo 935600l Boliobgs  Gmymea  BobL,  godyobgzsgdsdgm  3gMHom©do
(3w90LB™M(39699¢0g) Mbs dMTbEIM0YM, MoEYBSE M9BsdgEMHM3g MgE0gRol 30MMd)dT0
5 9OLYOMo LOEIM0YEYg00 S om0 B0dEIOIMY ©I39MLGHMMO bgs3oMgdo 3960
009096 LEMIbIM B5MmYbMdOL gl oo BMOToMmYOOLIMZOL. 5ol byl »Hgmdl ob
396099 gds3, MM 9955950 30Md3o  FoBo30  OIEBOOWMos  Lbgsslbgs  BmIol
B9300Oo  35OLGHM0 BnOMIGPOOD ©s 9O bgds JoOLGMWO bs350gd0L  (I3069
399mbs3olol  goMs) BMOI0MYds HBYII30MDY. 5ToL  39MR0  FoROWOMOs  FMESEOL
0003009, Loo3 ©OMIdomo bB53500900 (ol ygzgws Lgbmbdo odbs  Bo@omgdoero
©533063905) 56 O50JLOMYOMWS.

d9L5dgdg0s  3035M9@M™M, MM 1533W930  BIMOGHMO00L 30639
(909x3ds  3egobEBM39bMe  4589ob3z569d59g  §Yoeddmobmdogo  935GEHOL  (3969d0,
3mbm®900, F9o0, FobBGHgdo o o. 0.) Bslobgolbmob gMmo@, 2oboEs©s WMTs JOMbBoo
565930905, MboE Im3yzs HYwgdol Lo®mdolzgb gowsboagwgds.

39OLbGHMEo  903009980L  FoMmBMTMOs-BodMYs0dgds  3egolBmEgbsdyg  ®mI
5393000 0gm, 535Bg F0MPOmMgOL GoFol 30630 dsbogol SPIMBLZWgmOm
9090s6g mbsl 9300900 (s0L. Lodswerg 2100 d) 8033egrero 5390l EOHMO”
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M0 JOo Bowgdgdo ©o INWGHNONo Bgbs, GmIgwos 89gLadygzolgds J3gwe
3@ 9gobEGHM39bL (JIrobuH, 1989).

50b0dbme  AMbIBOYOIL 3093 RO ToRIMJOIL  Bol  BEMOKIZIMOL
90059m9ddo, Mool 830006 2-3 30-80 99ds6g 3bMOx35MOL I 9309900 (50b.
Lbodseerg 1435 9) 9033w g0 90303MM0 sm3zol (Ursus spelaeus) o 3m6s @030l
(Ursus arctos) 65dogdo. 9ma3056990m, H®MaMOE 3309390000 ©ILEGHMOS I030dw9OH0
30 90300980 99339 (3HMIOMBPS 565 MA30569L 309MHA0L 2odgobzscgdol (115-11.700
Sm3L0 §9e0) POHML, bonwm 36 IM30 3300930 Tgbobers 3mem396do. sbodbye
23993HJOL 93939 9IVEGHWMEIOL 0, M  Yo®modol s 3533500l IM35¢ 308900
5060360 30300M0 IM30L Bsdmgdo 3bgzgds sdgerm@mo (1.5-0.1 deb/ff) Omom
IMNIM0YOM 6560Bg69dmMsb (Lleperenu, 1956).

Mbs  500bodbml, Mmd 9033 gMo  SMHJJMEWMAONMIO  IMIMOWVIOIO
3MEGHMONo 3965 ©s 3bM39wms 65dmgdo d0momgdgb 83080l 08 Sbo3L, ML
dsbdo 3mEbOEo HMLGds TgLobw s, gbg 0go 83099 LogbmaMgdws 96 ™3d9LsBOS©
3560060 0ym. Mo, 803009 09369 SOMYS BMMOT0MYOMEO, 30000 dslido J033WgYWO
5M49gmeMma0mo ooy, 303000l Bsdmygoodgdol Bgs sLsgol  ogbol MM
b5gOOOPIIM 5 JOLIMZoEolH0bYdI0s MOl ol dmbs3zgmo, MHMIgwoa ImoEsgl
3960m©b 30309990 25d0bsMYg 65350001 d0ghH 3HYM0d9bmwo boewrgdgdol  ©owgd30@Hb
6535000l LOME A5dMHMBSTY, Mol 909y bgds 3MWEGHMOIO 3960l IMmMZgds.
5990056 258mB0bs6g godergds 3035M0)M®, MM Bs33eg3 GHIMOEBHMM0SBY 013009900l
B59MY5¢00d7905 J0M005®O© 3egolE 396599 0E0bsMIgMd©s.

3999063509008 MM, dobsGgMwo  Bsdmbsgbols  sMHMLYOMBOL  30MMdJdT0
153565 Md OMI  oM339MHowsE 9O 3JmbEs IIOLGHMWO  HBYIPI30MmYOOU,
do{jolidz98s LoM¥99doL O BMYSIE 35OBEMWO 3OM(3gLYOOL doBgE TgbliEgdsl 96
LogMommE  999Y39GOL  ©s  30M0dom, 2sdYobzsMm9dsMITMGOL  93mdgddo  saGmLowo
Pgagdol dmbsfogmdom 356OLEGHWMWwo 3OHMEgLYdOL dE0gH gosgdGHO0MEMdIL. gl 3GM3gLo
39®-bs3egds0 B3960 LgdLdgoEoMm XaMRol dogh Lbgsolbgs dmzodgdo do33egIeno
A900396)0 Boegdgdol (303 OHMdSToE MOl SLobwmwo, Mog 339393l 0dol ™mJdol
L53Mogdsls, MHmd  d030399M0 bsengdgdo BMOIOMGIMWOS 4580 96  ITYSM
Dgodo, MoLsE 9ILEHWMMIOL TM99d0oL 83390M0 ASTMYMBS JOMADJPOLOYSD OMYME 3
196M0m, 51939 89ygboMdOm.

50239050,  39OLEGHMEo 030999006  BMOToMHgdol  Lbgoslbgs  9@edby
3600369em3560 Mo 0053535 3¢gobBmEgbol (1.8-0.011784 3¢b/f) 35359, MMIgardsg
396530685 35MLEGHMWO 3OM399O0L o9gdEHMMGOOLS S BogOHMdOL BoBYOIOL IMGMOYYMBS.

153393 BHIOOGHMO05DY, 3oOLEGHWWOo 903039930L 1B3gEGM-29MIMORMEIMAOIMO
d9LPogerols bogymdzgerdg d9a30d¢05 odm30Ebmm ©ali33bs, HMI 35OLE Mo 83009930
396300060900l Lofilgol  9BHedbg  doMomss  {ibg30960  {gagdol  Bgdmddggdomss
Podmdmdowbo,  OH®Iol  NGHYmMe®o  bodbgdo  (sBzMgGHowo  Bgs3oMgdo,
936350900 MOPgd0, Y4Mv) x0d9gg00 ©s b03dgdo) 9398300 FgdmMBgboo
bbgoolbgs d300980. mwdas w960s 95000b0dbML, MmA (6930560 {yargdols Bgdmddgpgdol
3390 350MBMM0 ffyegdol s b3gagm-2969@MMHo 3MMEgLYdOL (IMOMDBOoS, JOMDOY,
Job6gd0l  Bsdm33965, 395¢30GHOL BmMIGIOL  [omdmMIMds) Tggyo IMogser  dm3009do
00mgdol doosboss foderoo (bob. 51).
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Bob. 51. 9mIMY35¢90ME0 M9PVYIO O YOy X0d9900
(8M6500L 5 YYmMEmsL 3089900l oo DY)

50b0dbmo  3m®dgdo 9030099030 I 0390Mm©  TgImOBs  Modgbodg
doBgbol 2odm: 1. 9030099030 5©0b0dbME0 5RO D0 LogPmmME  IMIWGOIMWO0S
Bs3Gogdoll  Jugel o 39dslosdy,  0bxow@GHMogonwo  fywgdol  Jgdmligeols
d9L5dgdMAS; 2. Fo0n Tgambobgzsls, 490339MEfoms Mo5330039w0s bgwo dgmfiym od
3960999059, ®Md dofjolidzgd 0o 96 5943 3H939MOEMgOoL 3b0T3bgwM356 Biygasl; 3.
506036 50 gddo 56 Jgobodbgds 359M0L 653509d0l dewogmo ImdMomds; 4. LyliEso
3006935 B0HB0ZNOHO A5TIMBOE3o.

51939 B 900b0TbML, M 03 3539JyMMO0L IV30d990L, OMIWIdOE 9O M6
Do63mImdobo (6930560 fyargdols Bgdm]dggdom s BmEOI0MYdMwbo 50056 Fbmerme
B99306099mo  [gagdobgob,  sbollosmgdm  39MHFH039WOO0  ©d  3mOODBMBEHIWMGO
3mOHBMMyo0l ImbsEgwgmds (003009 XIO 39OG0IIWMMI® 30MIM©Ids ©s 3999
3OH0DMBEIMMI© s dbY 4MIJGds Jmboalwgmds), Mog B39 Fgdmbgggzsdo 6
130gLOMEYOS s 53Y5MGOL AMLEBMYGOSL 1533¢g3 BHIOOGHMM0sDY oML 30899000
dofiolidz98s 16930960 Fyargdoo Fo6dMIMdoL Tglobgd.

L233wI3  HIPOGMO05DY  BoBdMYPONwo  1d3JWY-33I3IBOL > SOLYIYEO
dsboEgdol  LORd39DBg F9a300W0s 300435, MMI  5dBHOMMOE bEIds  JHOLEHYIEO
LoE39M09Egg00L A5TMIMTo3905 BMJoGVI Bmbsdo. B39bL doge 35OLEGM 030899080
BoGo69dmeo 33939008 Loxgdzg by,  FJgodwrgds  903b0dbmm, ™3  dwgz0dgqdo
30O 03YmRGd0sb 350MBMOO g3mdol 3m3wBMO (LESO0s, MMIWomsz 0fygds
803000L 2563000060900l 35MBMMO g3mds), B5350MZ96-BowsbMM (50b0dbM LEsosdo
00030099830  bgds 653500900l 4500006905 o 39M339Mfos  J0dobsMgmdL
39W30GHMO0  RMOIGOoL  FoMdmddbs) o  FTOIE-BHowsbm®  LEs©osdo  (50bodber
LGoosdo 3099900 BMm3wgdwbo G056 dmdog bs3500L s bgds 3099900
3900 3MMdY).

D90m00b03bls 5LEHMGOL Lbgsolibgs d0g0dgdo 3033w mME0 35300l
(00300996M0) BmOIGIOL 063 9bLoMEMO  49B30msMgds 33009930l 053D, OMIgEW M
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0o60gdbs bgds dbmerm 83030l ogmbols 30HMddTo (FIMs-Bosbm®mo bEowos),
LG P90l 9M00560 Mbgs F9bs®RMbadmmo (bob. 52).

31939,  Lbbgoobbgs  mbs8godmgg  BsdgaboghHm  o@gcs@dMsdo  bsbasbdom
50060386905, MM Abas3b0 BMEOIGOOL [o®mdmddbs d300lL 05GS3BY 96 BYds 25dEObIMY
653500900L 306Md9gddo (Hill & Forti, 1997).

Bob. 52. 1). b@omnBg b5B3969000 8303mEM0 mslio (Cave cup), Gog 305608690, H™A dmzodols

396300560900L 25633999 9B¢93bg fywrol mbg ogm LmMg 59 Lodswegbg (12 L) s MMEILSE
5060360 BmMIs Bsdmyserods, 3999y §19oeds @oofym g4odMmds. gl 3MmEglio 80sb0dbydls, H™a
00300980 99339 (Y9390 JIO5E-EoesbMH0 1Eo05 s 83030l 053930 FoboEOL
399m3OMB. 2). Abo3Lbo BMEOIJOO EHYM0 ELEHWIM0s 00, G I300930 SV o9E0bYds
D90l B5350900, Moy6 bs3Lo BMMTJdO 30150MEIB0E TbmEIMmE WsaMbols SoHMdgd0

50239605, 090dgds  00g3oL, MHMI 153393 BIMOGHMM05DY,  39OLEGHMWO
003009990l Boffoewo  Bsolobs  BMgoG e  g3mdsdo, (16930060  Bs35900L  odBHomco
B90mgddggdol 306HMd9ddo, bmem 9r30d9900L gob30056M9d0l 9damd 39MH0M©9ddo
59BH0MH0 BAMEo GgoliBrMEs 530L19BIE0 553500900l Imddggdsd (39MmBMEmO g3mds).

5939 6@ 500b0TbML, ™I BMYss© 3080l Fob3z0MsMgdOL Lofyol 9@Eo3by
0568089360000 3080b656MHGMIL 3NOMBOOo, gHmbowwo s bayMgzomo 3Mmgbgdo,
OMIgdLog  B3gwgm-2969@Hwmo  3Mm3glgdo  ghim®gdsm.  FoBolosdy,  Lby33E930
A9IO0GHMM00L Jogoomnby, 90dgds 3074350, MM 35OLEIo 303089900 49630msM9dOL
bbgoollbgs 93edbg Fomdmddbowos 3mOHMBoImo, gOMmDBoMEo @ JMI30GEGOIWO
36 399d30L Bgdmddggdom.
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5.2. ®530l 306930 dsbogol L3gEgm-MgbmEMLo s dsmo dgifisgemols
365gdBHozmeo 3609369emds

Bo@om900@o 3313900l 89go@ 89330d@0s 300g300, O™ Ms3ob 30O
dsbogl B39 gM-MHguIOLOL  MZoWLsBOHOLOM OO 3MmEHIBEosWO  Qo5Bbos, MMIgEo3

©@OI0LOIMZ0L  LOMIBIMP 965 HM30LdMEP0 s TJLOAEGdG0s Fo00  FoBmygbgds
M530Mmbseo doBbgdolsmzob.

139gergm-MgLOLOL 3MMbom 30039 Hoado Mbs 25dmzgmm L3gegm-EOHobdo,
“dgoE ©599gbodg 0356 gdsls dmoEsgL, 3500 JmMob 4sdmbsgmaos d9dwgo:

% Lobsbomd®mogo 139w gm-G«Oobdo, GMIgwoE ®ogzol ™Ms3do  JmErolbImdL
39000 dmfymdowo  d03099900L  FMbsbgdsl. ymz9wo3g g 3e00bgds  Y39eoHY
000039 @S 530w Joboyymd 9030399080, Losz d9Jdboeros  Tglisdsdolo
0bg3MLGHOMIGHMOS @5 TgbodegdgEos 93390 0ol 30DoEMMGd0. LEbsbIMdMOZ
139gm-GOOoBIdo  Aosdfyz9BHo Mmoo LHmMgo 903000l  gbmgEWE Lo sdsbgl
93900360L, G™MIgwoi 0HBoI3L 30BOGHMMGOL s JgLodsdols MOz J3g9ybolismzol
3600936903560 999mbogeols igotms. bodoGmggarm 53 dbMH0g Mm@ 49dmOmBIMW0s s
500569005 3005103996 35OBENE 399650, MMTGLOE IEO0ILO 3mEHIBE0SE0 gosBbos
(Asanidze et al., 2013). ©@©goLsmM3z0L Lods@mzgermdo dbmemo Gsdgbody dwgz0dgs
39000 dMfymdowo s 3bMdoEo, 85306 MHMgLYE dmem dmbs39dgdoom b39bL J399sbsdo
©5330gJ80MgdMos 1500-Bg 3930 35OLEHYIEo 803039-MBLIOMEO.

59 035LsBOOLbom, Mool 306d3mwo Fsbogol Mbo3owMHMBSL 30093 JPMbgw
50%30390L  3EOS©OL  J9OLEGHWWwo 83009, MMmdgwos 2015 fgwl mbvy ggma®ogools
0bLGOGHMGHOL  B3gwgMEMyoMGmo xRl doge odbs Fglfsgromo s FMIBOE
d9L50580b0 093m39bE30Y, M3 FEPOLLAMBIL d30dolsM30L 396900L dgaeols bds@ Lol
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