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implications for the

Coalbed  Gas from frac- Tight Methane Total non- eventual

methane tured shales formatighy hydrates Remaining conventional d . £

Region (31.32.34)® (35.36.22.19)" (33,32. 14, 44)> (12,37,38.39)"  in-situ*  occurrences pro uctlon'o
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NAM 77 08 6.089 20 6.319 /

LAM 1 54 4567 8 4.662 gas are pooriy
WEU 4 13 761 7 794 understood. In
EEU 3 ! 0 L i summary, the data
FSI 101 16 23 4,186 ) 4367 > :

MEA 0 65 21 190 25 302 in the following
AFR 1 7 20 381 4 413 tables are

;‘i’g li ig 13 ; = : : 6‘1“ speculative and
PAS P X 14 "1%0 4 217 should be read as
SAS 1 5 381 2 389 such, particularl

World 232 f\ m\} 189 18.647 117 19505 | the regional
*Gas remaining m-situ after commercial production of conventional natural gas has ceased distribution
~ estimates, which in
many cases are
/ highly
H-H. Rogner, "An Assessment of World Hydrocarbon Resources”, Annu. speculative.»
Rev. Energy Environ. 1997. 22:217-62, cmp. 242:
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"Data adapted or modified from these references.
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(Ie) (Teh) Gas
Tightgas  Coabedmethane  Shalegas Total
Middie East and North Africa i} 0 n %
Sub-Saharan Africa n
Former Soviet Union 5 m L] 155
Asia-Pacific 5t & 174 m
(entral Asic and Ching 10 M 10 14
OECD Pucific . 13 ]
South Asia
Other Asio-Pocific
North Amenica » s
Latin America 7 U LY
Europe
Centrol end Eastern Eurape
Western Eurg 10 i .—‘. Kl
world ) % (;56 /\ o
Sources: Rogner (1996); Kawata and Fujita (2001); Holditch (2008)
T e et A e . o IecmodHUK: MOA, WEO — 2009, cmp. 397.
e Mo paHHbiM M3A co ccbinkon Ha Cedigaz,
UcmouHuk: Working Document of the The = HeTpaAMLMOHHbIe 3anacbl COCTABASAIOT NULb 4% oT
National Petroleum Council (NPC) Global =~ MOATBEPXAEHHbIX MMpOBbIX 3anacoB B pasmepe
0il & Gas Study (2007) — Unconventional 182 TpnH.Ky6.M., YTO 3KBMBaNeHTHO 7 TPMH. Ky6.m
gas (13 HuX Gonee NONOBUHbI NPUXOAUTCA Ha AMEepuKy.
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A030Lom30L  13d5MOLO  LOBMLEHOM 236OLIHBWIOML FMEOBOL (16935. 3bMmdOWO ASTM-
Lobmemgdologsb aobbbgeggdom, dmgdmee 890mbgg3o00 dep goboloBzMgds Fqdga0
RMOINWO0):

_|Og(105 Vin-(y,—7,)-H 3
" 1og(0.673-G/D) ®)

Lodom  Jobgdols  Lodrmoem  dgfimbsliffmMgdemo 03330039 (Y1) 3oboLEBE3MIdS
5oL 565¢r0Bol dmbogdgdol 56 dgBmdgwo F589MHMowwol FHowol dglfogwrols dg-
©93900L  dobg30m. OHMYMOE 500b0dbgds [9] WOoGHIMIGHWEMSTo, dMMHM30L LoBJsMob
B®3scobgool 9i39d@eMmds 990mfidgde odbs (3) 2obGHmegdom 30-Bg dg@ godMM-
QI FoOIOROBY.

b5 500b0dbML, MM Losdomm Jobgdol Lodwmsenm FgfimbslifmMgdmeo Lodzzmogol
360l 530w gdwMds M59Ybsadg 5930MgdL 50b0Tb o BoEMIOL M3GMOEHOIEXMASL
00 F50M©0wgdol d9Mm©30LsL, HMIYbgs Hobolfot 0bxMEMTs30s 56 sOBGOMDL.

[1, 11, 12] ¢0o@ 966580 8990053599090 3mMgdol {6930l gobloBmaés g330-
35¢96@Gm0 LMol IgMmEOom, bMOIseHo F99F0EMMIOOL boBolb 539008 gbom. [1,
12, 16,18] 0@ gMo@Msdo 30 3mmob (j6930L goblsb®zmol g83oMmomwo dgmm©gdo, Mol

399m3 goblibgoggdwe 306HMd7dd0 dbgegds (sMLYdMEo FgmMmEYd0sb) Yzgwsby 989d-
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GO0 5 JgLsdsdoLo BgomEOL gMbgzs. b9, BoQd0MO, [6] 50B0TBME0s, BMT 933035~
9bGHOO LoMAoL IgPMEOL J5dMYqbgdsd 56 JolEs F9EIR0. 535LMOD s 39380Mgd0m, 53-
GMMGd0 330035DMd9b 9330350 9bGHMMO LOWETOL b33 933035 9bEBHWMO ORGOH6-
3050 §b930L 498myggbgdsls, MoLMZOLSE 09gbgdgb 03039 Uexp 3MOBOZL. 3.DoTMEL S
3.03™bol 3096 980535900 IgNMEO30m Uexp 3930Yq6900L J9ga900L Fggoligdolsls
933™M9d0 [6] MBOM 03056 IgomeEl, OHmIgwoi §o®dmoagbl mMo 3Mobgodol —
0.00060©B0L O M.FoMEOL s S6MTSE MM Foso 6930l BMbsdo Babob {bgz0L Mom-
©96m361030 296L5BP3MOL 30M0b303L, MMdgeos 899005359900 6.4 E-.LdoEob
dog6.

39956037960 LobJsM0L (330 gd0L (3600 356MbBM0gMGd9d0 ORGMHIbE0s-
w0 §6930L, 93090039 Uexp bM®TocmMo 993F0MHMgd0L Bmbsdo s 9bmTocrom@o Jo-
oo 16935 Loxgmdzws® I3l 990MEO03L, HMIgEoE 938539L 3.5.609305 S 6.053—
39b0s [18]. dexp @5 BgbOL 6930l 4M50I6EOL 2obBHMEGdGdOL BobgzMo wrmysGom-
3 300mMH06539dd0 JMNMI030 odmygbgdol 3Bom dowgdwos igbol iBg30L gobls-
B03MH0L 93306000 FMEOIMES:

P=7.62*log(H*a+c+d.)+16.52, 4)
Loosi Pr 3960l (69301 969000963055 7.62 — 39900035, GMIgEoE sHsbosmgdl 4ms5303%b9
@HMOL 3MbaL 9330350 96EGHNO 6935Ls s de FmEoL; H — Low®dg; a — dvdogs, Mm-
9o obobosmMgOL  dexp IHGOL  3MPbgL BMGTserm®o 899F0OMdOL Bmbsdo; b —
3900035, O®MIJoi sbollosmgdl Jobgdol dMHMzsMdL; 16.52 — 8mdogs, GMIgEos
5bHsL0SMGOL bMMTsE Mo F98F0MHMGdoL bsBol AZMLL.

50b0dbmo  dgoomol Ho0do@qdom  259myqbgds  ©odm3ogdIEnos ,,a
3565993900l 3609369 d9xdby.

(3

@b ,,b“

5153369

36m8owomGs© domowo (1693990l 3OMabmBoGmdoL s0figmowo dgommgdo 9ym-
©bMdS 3mMYE5300L HYIHIL dYOHM30L GOHI—gMH Y 3565F9EHMLS s BobodsermGo (Bg3z0L
39903 965L GmM0ob. gl IgMYd0 doebgE FoMEH030s, F53M5T, HMAMOF SMgMMbY sO-
60865, 861535000 0565800930 BoJEGHMMGOOL 493w 9bom, YM39wo 35659gBHEMOL gobdsMEHgool
990920 99000 gds 0gml 9659MH»I60d36900M3560. 53 96M59H»T60FZ6gPMdOL 50IMBH3MO-
Lom30L BoFoMms 3MEIE0 BoJGH0MOO Bsboggdol gosbsgroBgds s bbgs 356599EHMgdol
d9LPogeol 999ga900L godmygbgds. 3969060300, MMA slgmo BswoBoL OML, MocJml
doBY©O MOOMIM  3OHJS300LL, LsFoMms FgaLOYIENGIOL FoMOWO  3Z9T0B03ISF0Y,
(omMd MO30B 53030 M J3IM0 1336900l §539009ds. FIOMOVOWGdIOL dMPZOLSL
dexp LOWEYMBOWO FIOMPOL  FodMYgbgds FGLodgdIMdL 0dEg3s, GMI Lb3zoLb3S
GO 3JMEMP06 3060Mmd90d0 domfigme 0dbgl domswo &9dbozmM-93mbmdozm®o doB-
30690@g0d0.
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YK 550.4:551. 781. 5:551 (479.28) JL.bameneumBuiu, M.Kymenamsuny,
H. Pyxanze

UAEHTUDUKALIUA MOJEJEN U HATYPAJIBHBIX
TEKTOHHUYECKHUX CTPYKTYP HA IPUMEPE HEKOTOPBIX
PEI'HMOHOB I'PY3UU

MpeacTaBneHa AOKT. Fe0N-MUH. HayK, akaseMUKoM POCCUIMCKOl akagemumn Nnpupoaoseaueckmx Hayk 3.B. Mrenagse

PE3IOME: AHanorosoe mMoAae/IMpoBaHME TEKTOHUYECKMX CTPYKTYP HEKOTOpbIX perMoHoB [pysuu, nposeneHHOEe Ha
3KBUBAJIEHTHbLIX MaTepuasax, noarsepxgaet cywecrsyrouwee npeacraBjeHnMe 0 MexaHmime CprKTypoo6pa—
30BaHNA U ,qed)opmau,Mﬂx, TECHO B3aMMOCBA3aAHHbIX C O6LLI,VIM KMHEMATUYECKMUM Pa3BUTUEM.

K/TIOMEBbIE C/TIOBA: TEKTOHMYECKUE CTPYKTYpPbl; aHaN0roBoe moAe/IMpoBaHNe; IKCNepumMmeHTaibHaa TEKTOHUKa.

BBenenune
pe Wzyuenne nedopmammm m mexanusma Qop-
‘/ -\ MHUPOBAHUSA TEKTOHUYECKUX CTPYKTYpP C IOMOIIBLIO
S N (U3NYECKOTO MOJICIMPOBAHUS, SBISIOIIETOCs OCHO- - e
- _

BOM JKCIEPUMEHTAIBHON TEKTOHUKH, JAET BO3MOXK- .
' :1 HOCTb TTy0K€ BHUKHYTh B CHEU(PUUECKHE OCOOEH- ' ;
, / HOCTHU CTPYKTYpOoOOpa3oBaHUs B 3eMHOU KOpe. .
“ He BnaBasick B mogpoOHOCTH METOJIUKH U OC- \ /
JLBanme e nBIIN HOBOIIOJIArarolMX IOCTYJIATOB 3KCIEPUMEHTAIbHON
aKas1. JI0KTOp TEKTOHUKH, W3JI0KEHHBIX B MHOTOUYMCIIEHHBIX TpY- M.Kymenamsuiu,
nax [2,7,8,10,11,12,13], MbI KOHIIECHTPHUPYEM BHHMa- aKaj. JOKTOp
HHE€ HA CPAaBHUTEIBHOM aHAJIW3€ MOJEJIEN M HaTypaJbHbIX TEKTOHMYECKUX
CTPYKTYp, UCIIOJIb3Ys IPUMEPHI COOCTBEHHBIX U IPYTUX SKCIIEPUMEHTOB aHAJIOTOBOI'O MOAEIUPOBa-
HUS U CpaBHUBAs UX C HATYpaJIbHbIMH (€CTECTBEHHBIMHU) CTPYKTYpaMU HEKOTOPBIX pernoHoB [ 'py-
3UH.

Takoro pona uccie10BaHus, HECMOTPS Ha psiJi HECOBEPILECHCTB, TOMIYCKAeMbIX IIPU MOJIEIIU-
POBaHMH I€OJIOTUYECKUX CTPYKTYP OTHOCUTENBHO TJAaBHBIX HepocTUraeMbix napamerpos (P, T, yc-
JIOBUSI U BpeMsl), TIO3BOJISIIOT UACHTU(DUIIMPOBATH Psii CTPYKTYPHBIX PUCYHKOB, YBSA3BIBas UX C KO-
HKPETHOM KMHEMaTU4YeCKOi 00CTaHOBKOM.

OcHoBHAA YaCTh

JKCIMEPUMEHTHI 110 MOAETMPOBAHMIO IPe00PA30BAHHBIX CKJIAAYATHIX CTPYKTYP
(uaTepepenums)

Ha noznHeansnuiickoM 3Tare, HauuHas ¢ cyOrepuuHCKon (a3bl CKIaA4aTOCTH, B OTIMYHE
OT paHHEAIBITUICKON, M0 Mepe MPOJBIKEHUS APaBUHCKOTO BBICTYIA K CEBEpy, BOJHA Aedopma-
LIUM PACIPOCTPAHSUIIACh C I0Ta Ha CEBEp, BbI3bIBas MpeoOpa3oBaHue (MIEPEOPUEHTUPOBKY) CKIlaaya-
TBIX CTPYKTYP, HMEIOIIUX JI0 3TOTO ceBepo-3anaaHoe npoctupanue [4]. [logoOHbie HHTEphEpeHIIN-
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OHHBIC CTPYKTYphI HaOIOMAlOTCA B IIpeaenax 3amnaaHoil A6xa3uu, Ha 10HOM ckioHe CeBepo-3a-
nagHoro Kaskaza (B HoBopoccumniicko-TyalncuHCKOHN MOA30HE), HAa 10KHOM Kpblie PaunHcko-Jleu-
XYMCKOW CHUHKJIMHAJIM, B BOCTOUYHOM yactu Apxapo-Tpuaneruu, TaMm, re 1oj ajJeoreHoM BbICTY-
MAl0T MEJIOBBIE OTJIOKEHUsS, U B ceBepo-3anagHoi vactu Jlokcko-Kapabaxckoil 3oubl. Haubonee
XapaKTepHBIMU YepTaMU OTMEUCHHBIX CKJIATIATBIX CTPYKTYP SBJISIOTCS: eCcTOHYAThIE (POPMBI OKO-
HYaHHS CKJIAJIOK, S-00pa3HOe UCKPHUBIICHUE UX OCEH, KyrosiooOpa3Has Gopma aHTHKIMHAJNICH U Ya-
eoOpas3Hasi U KOpbITooOpa3Hasi — CHHKJIMHAJIEH, a Takke HaJIWYUe HOBOOOPA30BAHHBIX CKIIAJI0K
MHOTO HAIIPaBJIEHUs Ha MOJIOTUX KPbUIbSX MEPBUYHBIX CKIAIO0K [3].

Jliga nokaszaTesbcTBa IIPAaBOMEPHOCTH BBIBOJOB O MEXaHM3ME BO3HMKHOBEHHMS MPeoOpas3o-
BaHHBIX CKJIQAUaThIX CTPYKTYP, CACIAHHBIX Ha OCHOBAHUU JIETAIHHOTO U PETHOHATBLHOTO CTPYKTYP-
HOro aHanu3a [3,9], Hamu ObLIa MoCTaBlieHa CepHsi IKCIIEPUMEHTOB Ha SKBHBAJICHTHBIX MaTepHUall-
ax. ONBITHI MPOBOAMIIUCH Ha CIIEHUAIBHOM MPUOOpE, MO3BOJISIONIEM ITPOU3BOANTH OJHOCTOPOHHEE
TOPU3OHTAJILHOE CKaTHe cIoucToi monaenu. Mcxomubie moaenu (2,5 X 15 X 21 cMm) cocrosmu u3
YepeoBaHMs CIIOCB (TOJIIMHOM 2-3 MM) MeTposIaTyMa H CIijIaBa IeTpojiaTyma u kaosiuHa (puc. 1,1).
JluTocraTnueckast Harpy3ka co3jiaBajiach OapUTOBBIM ITOPOIIKOM, 3aChIIIAEMbIM IIOBEPX MOJIEIIH.

a Inw

44 XXX/
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Puc. 1. MoaenupoBaHue npeodopa-

30BaHHOI (MHTepdePeHIHONHOIT) Puc. 2. 'eostornyeckas cxema nonepevyHoro NOJIHATHSA

CKJIATYATOCTH: Tpuanerckoro xpeoTa (yumesbe pek Tana u Texzamm)
|-ucxogHast MOJENb;

Il-ocite mepBOro ATAMNa CKATHS,

Ill-mocite  BTOpOrO 3Tama cxatus MOJ

yriaom 45°, depHble ClOM — MeTpoIaTyM,

Oelble — MEeTPOIATyM-KAOJUH, CTPEIKH —

HampaBJICHUEC C)KATUA (3apI/ICOBKa MOﬂeJ’II/I)
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Puc. 3. O6pa3oBaHue JONOJHUTEIBHBIX (IAPA3UTHYECKUX) CKIATOK
HHOT0 HANIPABJICHUS HA KPbLIe MEePBUYHOH AHTHKJINHAIN NPH U3MEHe-
0
\ HHMH HaNpaBJICHUs] C:KATHA Ha 45° (3apHCOBKa MoJeJH)
-

Eh B3. 23 B0 X3 B

Puc. 4. TekTonu4yeckas cxeMa 30HbI cowieHenus FO:xxHoro ckiona boabmoro Kaskasza u I'py3uHckoii

IJIBIOBI

B npouiecce 3xcnepUMEHTOB UCXOAHBIE MOJIENIN MOJIBEPTAIUCH JABYKPATHOMY, HO pa3HOHa-
MIPaBJICHHOMY OJHOCTOPOHHEMY C)KaTHIO, YeM HMMUTHUPOBAIUCH pa3HbIE ATarbl (HOPMHPOBAHUS
ckiaayaToi cTpykTypsl KaBkaza. BennunHa ropu3oHTaIbHOTO COKpAllleHUs] MOJENN KoJjiebanach B
npenenax 25-30%. Ilpu o1HOKpaTHOM C)KaTUU UCXOAHON MOJIENN BO3HUKAIIU KyJIMCHOOOpa3HO pac-
MIOJIO’KEHHbIE JIMHEHHBIE CKIAJKM pa3NuuHOM BenuuuHbl (puc. 1,2). 3areMm ckiiaguaTtas MOJENb
CXKMMAJIaCh MIOBTOPHO MOJ YIJIOM 45° 1o oTHOMIEHUIO K IIPOCTUPAHUIO OCEH NMEPBUYHBIX CKIIAJOK,
YTO COOTBETCTBOBAJIO MPEAINOJAraéMOMy M3MEHEHUIO IJIaHa Ne(OpMalUu Ha IMO3HEATbINICKOM
srane pa3Butus Kaskaza. Ilocie moBTOpHOro cxaTvsi MOZENU NEpBUYHAs JIMHEHHAs CKiaayarast
CTPYKTYpa IOJHOCTBIO IpeoOpa3oBajach M BO3HUKIIM BCE OTMEYEHHBIE BbINIE, HAOIIOJaeMble B
npupoie, MOP(OIOTHIECKUE PASHOBUIHOCTH HHTEP(PEPEHIIMOHHBIX CTPYKTYp (puc.l,1l).

Takum 00pazom, TaHHBIE MPOBEACHHBIX dKcrepuMeHTOB [1,3] monTBepannmu MHEHHE O BO3-
HUKHOBEHUHU OTMEUEHHBIX Pe0Opa30BaHHBIX CKJIAAUaThIX CTPYKTYP B pe3yibTaTe U3MEHEHUsI Harl-
paBieHus cxaTusi KaBka3ckoro peruoHa OT CEBEpO-BOCTOUYHOIO Ha paHHEAIbIIHICKOM 3Tame Ha
cyOMepHInaHaIbHOE B TIO3/IHEANIbITNIICKOE BpeMsI.

BusyanbHbIM TOATBEPKIEHUEM UIEHTUUYHOCTH CMOJIETUPOBAHHBIX U €CTECTBEHHBIX CTPYK-
TYp MOTYT CIY>)KUTh BOCTOYHAs 4acTh AKkapo-TpuaneTckoil ckiaayaTol 30HBI (pUC. 2) U HUXKHEE
Kpbu10 Paua-Jleuxymckoil CUHKIMHOPUS (puUc. 4), Ie Ha Kpblle aHTUKIMHAIBHOM CKJIaJKU IEPBOIO

nopsinka (1) B mpouecce naTepdepeHiu chopMUPOBAINCH BTOPUYHBIC (TTAPa3UTUUYECKUE) CKITAKH
(puc. 1-4).
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Puc. 5. MoxeanpoBanue Puc. 6. I'eosrornyeckas cxema CakpayibCKoOro nokposa u
TIPUC/IBUTOBBIX cKJIagok Cakpayib- ero odpamiienus (cesepHasi nepudepus Axxapo-
cKoro mokposa: |-ucxoxnas mozmensn; I1- Hmeperunckoro xpedra)

o0pa3oBaHue (PPOHTANBHBIX CKIANOK;
I11-mosiBIeHUEe TOMOITHUTEIbHBIX MPHC-
JABUTOBBIX CKJIA0K MOCJe BTOPOro
JTana CxKaTHS

Puc. 7. AHaJIOTHYHBII IKCTIEPUMEHT (MHOTOC/I0iiHAS MO/IeJIb) € MCTIO0JIb30BaHUeM mTamna (Ppanuus, 1984)

MopennpoBaHue NPUCABUTOBBIX CKIAI0K CaKkpay/bCKOro NoOKpoBa

[To ceBepo-BocTouHOMY KpbuTy CakpayiabCKOTO MOKpOoBa Apkapo-TpuaneTckol 30HBI, T/Ie
HapyIIeHHe UMEET B OCHOBHOM CJIBHUTO-HA/IBUTOBYIO TIPUPOJTY, B KaHHO30MCKOM YeXJie MPeArOpHO-
ro nporuda 006paszyroTcst KyJIUCHO PACTIONOKEHHBIC TPUCABUTOBBIC CKIIATIKH (pHC. 6).

C 1esnpro UX MOJICITMPOBAHUS CO3/IaBATMCh UCXOIHBIC MOICIH, COCTOSIINE U3 MATH Yepeayro-
LIUXCSl TOPU3OHTAIBHO JISKALUX TOIMMHON 1,5-2 MM cJl0€B meTpanaTyma U CIjlaBa meTpojaTyma
1 KaoJIMHAa B COOTHomeHuu 2:3. BsA3KocTh criiaBa mnpu 22°C coorsercreenno 410° u 410 myas.
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JIuTocTaTHYECKAs HATPY3Ka CO3/ABANACh GAPHTOBBIM TOPOLIKOM (Y. Bech 4,25 T.cM°), 3aChHITaHH-
obIM TIOBepx mojenei. Mcxomanas monens (puc. S) moaBeprajgach NOCTEIEHHOMY OJHOCTOPOHHEMY
CKATHIO C TIONTydeHUeM ayroodpasnoi Gopmsl (Tommmaa mramna 20 mm). B mporecce ropu3oHTa-
JBHOTO MPOJIBUTaHUS MHIECHTOpA IOCTENIEHHO YMEHbIAIACh JUTOCTaTUYECKas Harpy3ka. Bennuu-
Ha 00KOBOTO Cxkatus He npessimana 20-30%.

[Ipu HayambHOM C)KAaTUM HCXOJHOW MOJENIH 00pa3aBbIBAINCH (PPOHTANBHbBIC JIMHEHHBIC
CKJIaJIK{, KOTOpBIE MPU MTOCTEEHHOM BJIaBIMBAHUU ILTaMIIa-UHIEHTOPA B TEJIO CIOUCTONW MOJEIU
npUHUMAaIK 1yrooOpasHyto Gopmy, mapamiensHyto (poHTansHOU ee yactu (puc. 5,1). Ha Bropoii
CTaJMH CXKaTHsI Harpy3Ka CO IITamIla MOCTEIIEHHO CHUMAaJIach, YTO BBI3BAJIO HAJBHTAHHE IJIACTUHBI
Ha CJIOMCTYIO MOJIeJb, B KOTOPOW MOSIBMIIUCH JONOJHUTENbHbIE CKIIAJKH, PACIOI0KEHHBIE KYIHCO-
00pa3HO K Kparo HaaBHraBIilero mramia. OceBble IIOCKOCTH 3TUX CKJIAJOK OBLIM HAKIOHEHHI B
CTOPOHY yKa3aHHO# riactunbl (puc. 5,11, 111).

Takum 00pa3oM, JaHHBIE MPOBEACHHBIX 3KCIIEPUMEHTOB NOJATBEPAMMIIM HAllle MPEeAroJio-
XKeHHe 00 00pa30BaHUU KYJIMCHO PACIIOJIOKEHHBIX CKJIaJ0K B IPEJesIax KpacBO 30HbI IPEATOPHO-
ro nporuda Ajmxapo-TpuaneTckoil 30HbBI B pe3yibTaTe HaJABUTaHMs (IIPOJBUTAHUS) KECTHKOTO
IUTACTUHOOOPA3HOT0 MHIEHTOpa, UMUTHpYoLero CakpayabCKuil TEKTOHMUYECKHH TOKPOB.

DTOT SKCIEPUMEHT OTHOCUTCS K YUCITY IPUMEHSIEMBIX IITaMIIOB, ITHPOKO PACIPOCTPAHEHO
Y TIPOBOJIUTCA JTABOJIHO 4YacTo. (puc. 7).

Haapa3nomubie negopmanum, o0pa3zoBaHHbIE CIBUTaMH B KPUCTAJLIHYECKOM (PyHIaMeEHTe

I'py3uHcKas riap10a pa3BUTHIMM B KPUCTAUIMUECKOM (YHAAMEHTE pa3ioOMaMu pacujeHs-
eTCsl Ha PsiJ OT/ACbHBIX 010K0B [5,6]. IX OTHOCHTENBHBIEC BEPTUKATIBHBIC U TOPHU30HTAJIBHBIC TIepe-
MEIIEHUS TPOSBISIOTCS B OCaJOYHOM Y€XJIe B BUJE 30H MHTEHCHBHBIX jaedopmanmii. M3yyenne B
0CaZI0OYHOM dYexJyie UX MOP(OIIOTHYECKUX OCOOEHHOCTEH CIOCOOCTBYET BBISBIECHUIO M€OMETPUH U
KHMHEMATHKH MaTepUHCKHX pPa3IoMOB (QyHIaMeHTa. XOPOIIMM MPUMEPOM MOXKET CIyKuTh Ou-
1ickui 070K (puc. §8) mpeacTaBisoUMil coOol OJI0K, OrpaHUYEHHBIA CO BCEX CTOPOH pa3ioOMaMH.
ITpaBociBuroBsl xapakrep Llaumickoro pasioma, sBISIOUIMCS €€ 3alaJHbIM OTpaHUYEHUEM, OIpe-
JETSETCS JIEBOCTOPOHHUM KYJIHCHBIM PACIIOJIOKEHUEM aHTHKIMHAIBHBIX CKIaIOK. B TO ke Bpems
JeBOCABUTOBBIN Xapaktep [loTu-Abemnarckoro paszinoma (FOro-BOCTOYHOE OTpaHUUYEHUE 0JI0Ka) TOI-
TBEP)KAAETCSl MPABOCTOPOHHUM KYJIHMCHBIM DPACIIOIOKEHHEM HaJIPa3IOMHBIX AHTHKIMHAIbHBIX
CKJTaJIOK. BO3MOXHOCTB OIpe/ieNIeHusT XapaKkTepa CABUTOBBIX NEpEMENIEHIH B0 Pa3IoMOB (hyH-
JaMEHTa Ha OCHOBE aHaJM3a PHCYHKOB HAJIPa3JIOMHBIX W MPHUPA3IIOMHBIX CTPYKTYp JOKa3zaHa
MHOT'OYHMCIICHHBIMHU SKCIIEPIMEHTAIbHBIMU HccienoBanusmMu (puc. 9 ).

CTpyKTypHO-TEKTOHHYECKHE 0COOeHHOCTH Oaunickoro 6y0ka (CM. puc. 8) 3amaHON 30HBI
norpyxenus: ['py3unckoit misiobl [6,14] xopomio uaeHtuduimpyercs nposeaeHasiM  .'amonoM
[10] MmonenmupoBaHueM TEKTOHHYECKUX CTPYKTYp JJIs 3anaaHoro oopamiieHuss CEBEHCKHX rop B OK-
pectHocTsx [lonuena (Opannus). MHTEpecHBIMHU SBISIOTCS HEKOTOPBIE €ro Pe3ysbTaThl (puc.9).

B nanHO#T MOAen¥ HapYIIEHHBI CABUTOM IIOKOJb MPEICTABIICH JABYMsI )KECTKUMH Heze hop-
MUpYEeMbIMH OJIOKaMH, a YeXxoy-4epeloBaHreM CII0eB napaduHa 1 cMa3ki. KoMneTeHTHbIe M1acThl
MIPEICTAaBIICHBI TUIACTHHAMH TlapaduHa, a HEKOMIIETCHTHBIC, YePEIYIOIIUMUCS CIOSMU CHIINKOHO-
BOI cMma3ku. OTHOCHUTENBHOE TOPU30HTAIBHOE YMEHBIIEHHE JIBYX OJIOKOB ,,ITOKOJS“ BBI3BIBAET B
cTpaTU(GUUIMPOBAHHOM YexJie JeGOpMaLMIO TUIIA TIPOCTOTO TeTEPOTeHHOTO CABHUTa, COMPOBOXKIA0-
1ero (OpMHUPOBAHUEM KOHLIEHTPUUECKUX CKIIAI0K C OCSIMH, HAKJIOHHBIMH B HAIPaBJICHUH CIIBUTA.
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Ha cBomnx oxoHYaHUIX CKJIaAKH1 YGBIBaI-OT, YMCHBIIAACH I10 BBICOTE W COKpallasicCh IO IIHUPHU-
He. DTO TUIUYHOE 3aMbIKaHHE BHUIA ((YTHHBIﬁ KIIFOB», KOTOPOEC, BEPOATHO, XapaKTEPHU3YCTCA OTPE3-
KOM KOHHYECKOI reoOMCTpHH, BKIIFOYCHHBIM MCKAY HUWIMHAPUYCCKUMH 4YaCTsAMHU CKIIAAKWU, U IIC-
pPEXOA0OM Ha CMSATHIC CKIIAAKH.

\ =

A48
o
o\ = 1 () £33, O0s
o
WX — « =15 =76
Puc. 8. 'eostornueckas cxema Oauuickoro 0J10Ka Puc. 9. CUHTETHYECKAS] CXeMA HAAPA3TOMHON CKJIAIKH
(3apucoBka moaeau, Gomon at all., 1984)
3akjaouyeHne

AHanu3upys pe3ysbTaTbl MPOBEACHHBIX HAMH W JIPYTMMH HCCIEAOBATEISIMH JKCIIEpPH-
MEHTOB I10 MOJICJINPOBAHUIO KOHKPETHBIX TEKTOHUYECKUX CTPYKTYP, MOKHO IIPUITH K BBIBOAY, YTO
HECMOTPSl Ha CPaBHUTEIbHYIO MPUMUTHUBHOCTbD MOJIOOMS MHOTHX MapaMeTpoOB, OHU BCE e M03BO-
JSIOT OLIEHUTH TPOILIECCh MeXaHu3Ma (POPMHUPOBAHUS TEKTOHUYECKHX CTPYKTYpP U C IOMOIIBIO
SKBHUBAJIEHTHBIX MaTE€pPHAIOB JOOUTHCS WIECHTUYHOCTH I€OMETPUUECKUX (OPM HATYpalbHBIX U C
MOJEIIMPOBAHHBIX CTPYKTYP.
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UDC 622.762 V. Gvakharia, I. Lominadze, N. Tsirghiladze,
J. Gabechava, B. Migineishvili

ADVANTAGE OF SIMULTANEOUS USAGE OF HYDRAULIC
AND HYDRODYNAMIC METHODS FOR ASSESSMENT OF
GROUNDWATER RESERVES FOR COMPLICATED
HYDROGEOLOGICAL OBJECTS AFTER THE EXAMPLE OF
SAIRME MINERAL WATER DEPOSIT

Correct selection of used hydrogeological method for assessment of groundwater reserves
has huge importance in order to get correct results possibly clos to natural conditions. And the
selection of hydrogeological method depends on the complexity of the studied object. Complexity,
with its border conditions and geofiltrational parameters from one side, and with genetic
pecularities from the other side, determines which hydogeological method should be used for
particular groundwater deposit reserve estimation.

According to the studied object parameters, hydrodynamic or hydraulic methods can be
used for the assessment of reserves.

Usage of hydrodynamic method includes selection of calculation scheme (as a result of
analysis of real geological and hydrogeological conditions of the deposit area) and definition of
calculation hydrogeological parameters (which requires implementation of the special pilot filtration
studies, examination of monitoring data and determination such sections from diagrams, which can
be used for the calculation of these parameters).

This method is based on monitoring (regime) data and aimed to determine regulations of
changeability of borehole flows and water levels in time and based on these, to make a prediction
[1].

As for the hydraulic methods, they are approximate like other extrapolation methods in
general. Despite this, their big advantage is that they are based on empiric data, which complexly
consider the influence of various factors on which working regime of water-intake is based. So,
hydraulic method is used mainly in situations when other methods are useless or their usage
requires lots of time, money and work for differential assessment of the factors that influence
water-intake regime. These factors are various inhomogeneity, types of borders, configuration,
distance from exploitation sector, etc. Field of usage of the hydraulic method mainly is mineral
water deposits with complicated hydrogeological conditions [2].

In 2009 in order to recalculate Sairme mineral water deposit reserves, hydraulic method
was selected, because according to classification of groundwater exploitation reserves and
predicted resources, by complexity of hydrogeological conditions Sairme deposit belongs to Il —
highly complicated formation category of deposits.

Besides in order to achieve the stability of mineral water regime and optimize exploitation of
the deposit, hydrodynamic method was used for particular boreholes, with specific hydro-regime
and hydrochemical recommendations and restrictions; in particular, to transfer #68 borehole
reserves from “C,“ to “B“ category.

Sairme carbonaceous mineral water deposit is situated within Ajara-Trialeti fold system on
the north slope of Ajara-Imereti (meskheti) range central part, at 880-1000 m above the sea level.
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The area is located within ravines of Khanistskali River and its tributary Tsablaristskali River and
includes its upper flow basin.

According to hydrogeological zoning, the deposit belongs to Ajara-Trialeti fold zone artesian
system of Ajara-Imereti fractured waters. Subject area is represented with Middle Eocene sea
volcanogenic-sedimental rocks (figure #1).

Circulation of mineral water has fractured-vein character and is related to the structure of
Sairme anticline, which is built with Middle Eocene Likani set layered tuffogenic sediments of
Sairme sub-layer, and under it arch-like part existence of deep fracture is implied. From the north
Sairme deposit is limited by Gabbro-monzonite layered vein located within anticline arch.

The deposit is characterized with full water encroachment of geological cross-section,
which is inspired by the lack of waterproof horizons and high fracturing level of volcanogenic
sediments. Such intense fracturing is provoked with strong deployment of rocks and existence of
tectonic disorder in depth related fracture.

/|

mm  Aquifer of Mid Eocene volcanogenic-sedimental rocks

LEGEND

mm  Aquifer of Modern alluvial sediments

[ Sairme gabbro-monzoite layered vein
77| Circulation zone of Sairme mineral water

@3b Spring/Borehole (BH) with object number

Figure #1. Hydrogeological map of Sairme deposit
(based on 1:2000 scaled map of I. Tsulukidze)

For recalculating of Sairme deposit exploitation reserves, according to existing directions
[3,4], combination of hydrodynamic and hydraulic methods was used. In particular: multi-year
hydro-regime monitoring and pump tests data were processed; mineral water regime parameters
of all deposit water units (spring and boreholes) were analyzed; and after that, assessment of their
exploitation reserves was performed based on the minimal flow rates at the based regime mode.

49



USIGNSINAOUE 533ICE0IGM-BITE03IG0 LEBMHISGON FIAH6320 IO NI ML 6330(Md0 LS ddH0-
SCIENTIFIC-TECHNICAL INFORMATION- INTERNATIONAL JOURNAL ,,GEORGIAN OIL AND GAS" MN228, 2013
MEXOYHAPOZHbIA HAYYHO-TEXHUMECKUI, UHOOPMALIMOHHBIN XXYPHAN ,,HE®Tb U FA3 MPY3UU"

V6NIGIBY - SNRAEMIIMNSMB30D - SCIENCE

21 month long regime observations were carried out within the deposit area, and right
before recalculation of the reserves, up to 70 day pilot filtration studies were performed. Based on
the obtained results, assessment and reconciling (with previous values) of exploitation reserves
and drawing out of the appropriate recommendation became possible.

Using hydraulic method for each water unit the flow amount was determined when there
was no influence on nearby units and chemical composition, mineralization and water level was
stabile.

For transferring #68 borehole reserves from “C;“ to “B“ category, preliminary researches
revealed, that usage of only hydraulic method would give no result due to the complicated
interdependence of the flow, level and chemical composition of the water. Therefore, for the
assessment of exploitation reserves, application of hydrodynamic method in addition was
considered as necessity.

gt
Fig. #2.Theoretical curve of fractured-porous environment. | and Ill - linear sections, Il - transitional
section

For the accuracy of research method, the filtration parameters of Sairme deposit were
analyzed. The deposit, which is related with Middle Eocene tuffogenes, is situated in the fractured-
porous environment. In such environment the most typical characteristic of filtration is that every
time, with the changing of the borehole regime there initiates, hydrodynamic processes exchange
between fractures and blocks of porous system. This, from its part, is the result of pressure
changes in layers. After the sharp change of the regime, redistribution of pressure in fractures
takes place quickly and abundant liquid flows out of pores slowly because of the low conductivity of
blocks. So, pressure in blocks keeps its initial value quite long. As a result there arise pressure
differences, between the liquid in porous blocks and surrounding liquid (in fractures); unbalanced
condition, so called “jump” is created, which can exist only temporarily. Disappearing of the “jump”
and redistribution of the pressure occurs gradually — by inflow of the liquid from blocks to fractures
(pumping out) or vice versa (level recovery)(Fig. #2).

In the first stage after regime changing, pressure redistribution plays dominant role in
fractures characterized with higher water conductivity (section I). After increasing of the pressure in
fractures and pores, there begins intensive flow of water between fractures and pores. As a result,
further increase of pressure in fractures is impeded. This stage corresponds to the transitional
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section Il (e.g. section of pseudo-stationary regime). After stabilizing of pressure linear section Ill is
formed again. Processing of the data linear section | allows to calculate geofiltration parameters for
fractured system, and processing of linear section Il - to calculate these characteristic for the block
system [1,2].

It follows from the mentioned hydrogeological situation, that geofiltration parameters were
calculated using single borehole level change method operated with constant flow and with typical
formula of level recovery method of single borehole operated with constant flow, after its turn-off.
Exploitation reserves are calculated using Theis’'s formula with Jacob’s correction:
S=0.1832Q/T*Ig2.25at/r* (1).

Pilot filtration studies on #68 borehole were conducted in two stages. At the same time the
monitoring of nearby water units (spring #8) had been performed. At the first stage pump tests had
been performed (pumping and water level recovery with proper observations) for several hours.
Pump test results, particularly the logarithm chart of level drawdown-time dependence, did not
match with the theoretical chart (Fig. #2). This hints that during the pump test we could not reach
appropriate time values. But, water level recovery chart fully matched with the theoretical one.

Second pump test had been performed with four different flow regimes. From the flow-time
dependence charts it can be said that any change of flow causes changes of groundwater level
and mineralization for the small time interval; and points to the shallow circulation of mineral water.

Based on pump test results, various charts have been drawn. Studying these charts re-
vealed that calculation of geofiltration parameters and assessment of exploitation reserves should
be performed for each separate regime independently. Such a decision was also backed up with
the fact that during every change in pumping regime, observation frequency was similar to the start
of the new pump test.

Sairme Ne68 borehole
Il pump test (level recovery)

0 500 1000 1500 2000 2500 3000
0 T T T T T

o
o

'
-

Water level, m
[
N (6]

, )
w 3l
.’“

| —&—Levelrecoveryl/t

-3.5

t. min
Fig. #3. Level recovery chart, S/Igt

During the pumping process, adjustment of the water flow was conducted considering level
drawdown effect. During pumping, especially on its final stage, with high flows, abnormal
phenomena occurred, which was presumably related to the gas factor.
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Results of all four pumping regimes had been processed and linear stabile sections pointed
out, which was compared to the theoretical chart. As a result, suitable parameters had been
chosen from two regimes and predicted flow (20 m®day) and ecologically safe water drawdown
level (1.84 and 2.3 m) had been calculated for t=9131 day (25 years) conditions.

As pumping finished, observations on water level recovery started. Received data had been
analyzed and appropriate chart had been drawn (Fig. #3), which was used for calculation of
geofiltration parameters and determination of predicted level drawdown value. Two linear sectors,
with 1.77 m and 1.55 m predicted level drawdown values had been picked out from the chart.

In our opinion, from all calculated values, we should rely on the values received from water
level recovery test (Il pump test) and use pump test data as an appendage itself based on pumping
diagnostics for deterioration (complicating) of the situation within the moderation limits.

Accordingly, exploitation reserves of #68 borehole were assessed as 20 m*/day (0.23 l/sec)
in “B” category. In conditions of borehole exploitation with mentioned flow, water mineralization will
be within the limits of standard (2.4-4.0 g/l). As for ecologically safe water level drawdown, it would
be 1.7-1.8 m, and not exceeding 2.3 m by the end of 25 years period [5].

Conclusion

As a conclusion, it could be submitted, that without combined usage of hydraulic and
hydrodynamic methods on Sairme mineral water deposit, recalculation of its exploitation reserves
would not be possible. With above calculations, instability of the deposit exploitation in moderation
limits and permissible mathematical margin of error is foreseen.

Usage of hydrodynamic method for the separate borehole (#68) and hydraulic method for
the assessment of the whole groundwater deposit reserves, gave us possibility of estimating
average flows and safe values of water level drawdown, when Sairme mineral water deposit
resources are ensured and its ecological and qualitative conditions protected.
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g gdBOgeo  ggemols aobsfoggds Gmym® 3 9dysmme  3odbeols boggdmdsbyg, olyg
dodpgdodg BAgmodm®osby [8].

do@mga 9@ mlbsoag@ols d39bgdemdslmsb s 353doM goom, dobomyg
30330l oy ndgdol Igegys, dobs@ol ™mMogg bs3o®bg, bmag. GYLbmsgmsb, gsobgo-
no@Es  0b@gbloydo  dgFydymo  3@migLgdo. agma0bogydo  33egggdom  doobs@ols

590900l 5 3d-006 bmeTo owygbogn odbs IgTydyeo bsgngdgdols Loddansgdy,
®gLgol Lodgg o wodgfydomo dobol gowosaoagdols dodo®myagds (bob. 6) [9].
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3530 @03 gboedg dglylBes. 93obolgbger Fangd@do o3 dododmyagdom dgobodbgds
3mbo@oydo dgdgodo.

LEodoy®do dmgengbgdols 30mabmbomgdol, dgEbmdswmdols s do@mgobsls dog-
0l g9mx0bogydo dgmmegdo dgodamgds omdgsls omgangds gOm-gohom yggesby 989-
JB 9O dgompsw. 53 dgnmEgdols Bos@mme asdmygbgds gybmwobsdogy®o s ggmenm-
2090 dmgagbgdols IgbFogeol Loddgdo gobldo®mdgdymos domo Fo@dmgdols dgwo-
@g00m0 Lboosgom, ¢39dshggbgdegdols s@s@Lgdbmboms s 33mggol dgogagdol go@-
0o 3gd@eom.

390580bog M0 330 g93900L Fo@do@gdom [o@do®mgobamgol syi3oggdgemos ©o-
a0bgli Lodogdbm mdbdogd@obodo domo dglodsdobmds, dgodhgls ggenggol dgmmwgdols

M3@0dsgygdo 3md3egdlo s dgdyndogogl 989]@ M0 M93m3gbesogdo LEoJog®o Lo-
dodOmgdol  Igbododgdmse. o3 dodo@myegdom  gobybmdgamos  agmazobosy@o
3850930l @meno.

390580boggM0  3gemggol  dgmmEgdoesh  gabmeobsdogyg®o s ggzmemyoy@o
30m39Lgools IgbfogersTo goblsgymdgdom 9539]da®os g gdB®mdogds, JoMoms@sow
d9bgd@og0  gangdd@yeo ggaols (d93) s Igedogo ©gbols Fobswmdols dgmmegdols
Lbgoeolbgs dmogogeEools — gg@@ogoeydo gegd@d®geo bmbood@gds (39b), Lodyg-
AOoY@o s Jmddobo@gdymo gagdB®m3tmxzomomgds (g3, §g3). s0bodbyao 33emg-
3900 (o®@dsdgoom bo®Eogmogds dogdol LgoldmdgB@oygao dgmmegdom, 39@dmeo,
3°0Ro(HIbomo Homegdol JuGgmszog@o Jgnmwon (3 ¢d)-

53539 Logombbg os@ol 53963009090 dogdols Gopomenm joioy®o dgmmegdo

(MopsM0), MIgeroi 2oblsggmagdomn 9839]BYM0s ygmmmayoydo d@oaol s gbo-
Lol dgos®gdomn d3odg Low®dggdby [10].
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Vo3 550.831 2®. dobogoadg, @. dobogady, a. Jymgaos,

b, 0gmdg@ody

»3dMG ()39 IM() 34H303ISHNIR( BM6KRNIdOL”
3J0)MRNM KRJ65RIJ0 ¥dId0L 33I3NOL IBIISIAHMd0L
3JaMYV333S5 MdN0LOLOL3NE®S HSNMBOL 3RRXRH6-6(MMHOM-

3G IMBOL 3-MBOOL 3d3SRN0)BI

@3BIAB0: dm3gdyeos gesdofol Jg@Jol websgngdo Fygdol Lom@dgemo swbsgmdols 33arggols sbogno
30530998 @0geo dgomols mgm@oygmo bogydgagdo ©s @ Esb-bmMom-Jod@ymaol a@s-
3039 @00 3Omgogols dopsmombg dobo 9R39J@uomdols dgdm§adgdols dgogygdo.

15335640 LOBYZIBO: g3gMBH0ZoE M0 AMog0dgBMogmo bmbpoMgds, g9gmxodbogygdo 33emggs, mdoaobol-
306> Goombo.

YgLogogo

ndogololido®s Goombo bogmmdbols ©s
d99bgd®ogo  soMol  dgdiggermdols  mgogolsb-
@olbom  LoJodmggeml  @g@o@mcool  dwog- '
@gbo gdsbos. of bogmmdol 3ybEsdymo §g- L ,
oo  dm3mggds oo  bbols  gobdsgermdsdo A:'e/
bgdms, s@bodbyaol aodm, dobo ggmenm- i
209A0 33 gge X960 gowgy XIX Loyggabol 70-
26. 356595dg, 0ob {agddo @oofym [L23], boge agmgo- ‘6. 8565503
mb"{]'()b 3(4)“)'53[]1)(*)@0 %0&"8&)0 - XX bo‘[’]d‘[’][;(’b 30-006 VQ’UE"BO LHg-ols 01)(')(3057{]2);]@0
[4>5a6] 30mg59LmG0

©egIRg  2obbmdEogmgdgmo  pgommpog@o  ggegggool
dggaoe aodmgmgbogo 0bs 5@dobol, dodgmwol, bo@om-Lsibgboliol, @olol, dsds-

©s30m0ls s Mg gmols sbFoger0bgdo @S mo@mgsbo LEA®YJBYHgdo; osm@exol, m®-
dmosbol, o @glmsgol Lobgmobgdo, Gmdmgdoi gobgoy®o dods@mnymgdbomn gH(3gwo-
©g0s > 0doMgds mdogolol sedmlsgmgmon [7,89].

390580boggeo  Igb§ogamoliol, @mdaols

m OAML  3G0mO0IAYo  Om@o  bgoldy®d  ©s
>
\

30530d9@G0ge  JgmmEgdls gbodgds, aodmgeng-
bogros mdogobiolido®s @s0mbols Lodym@-3o@o-

=5
-.— Adgyemol, bobm§dobwol, boJg@ogsl, bsigown-
‘? Vgeool ©sdo@gao sb@ogmoby®o s mosmmgs-

bo LAHOYJBHYOgd0. dgdm3mbEYMgdyeos 3o5d M- \
8. dnoamos, ©ol, bm@oml, Lsgbgbolol, go®ggmomols  me- 3. ogdgady,
obygrol sbogodgdy-  @mgsbo LEOYIHYOJo0 s AYbmsgol s@dmbag- "’1;2"’1’ tﬁ’gﬂ"
o dOORIbOG0 g gmols dgg@ogngdo [10, 11, 12]. BP0
OOYMO(3 390 MR09@-290R0b0gYA0  33eg3go0m hobl, mdogrololdods Goom-
bols obogngdo (ygdol ULogganggo Gg@odm@ools dbmame 3o g9 gdbgdos dgb-
Fogemogro. 5do@md, obsangdo Fygbdol 3ganggol sbogro dgmemeols [13,14, 15] dgdm§dg-
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dobomgol  dgo®bs  >@bodby@o  Bg@odm@ool  gzgmobg @mgmo s boobFg@gl,m
A 5b-ber@0m-o@BHgmegols 9dsbo.

ndoaololdo®s Msombol sbsgrgdo Fygool dgdowygbgero Jobgdols Lodig®oggg-
30, OmamO3 gl bgsdo®ddy swgdygmo Jobgdols bodydgool s 3g@bols IgL§ogarols
booydggenbg 0033935, 0bOgds Low®dols s sbsgol bOwols dglodsdobop, begnm
3o g9 dgdmbgggsdo  Lodggdogg bobBmdolgodsw o@gegds ©s dgogpsw  Lod-
3300390 godymazo bgwsdodgdo Fo®Imodbgds [13,14].

od Lobol LodggMoggms godymao bgosdo®gdo, yggammsdbyg asdmgggmomas bo@o-
ol 9356y dgobodbgds  mobodgodmgg  bogngdgdls o shogomudl  dm@ol
(1650-2320 32/3) 0—190 3 Loe®dgby, FoGodol Tygdols ©o byws LoGIsGuels dm@ols
(2300-2480 32/3%) 190—1380 9 Low®dgby, J>04m30L Fygools ©s bgwogmigby®l Im@ols
(2350-2490 40/ s, Ygodgdom bylFew, Jomgmigbagdls s oty [ygogdl
o@ols (2640-2700 3o/3%), Fglodsdolow, 1380-2420 ©o 2420—4868 dgR@ Low®dggdby.

>mbodbygaro Jmbs(399gd0 wobsgngdo (ygdol dgdswagbgeno dmg9d0l Lodig@oggy-
S0l Mobomsbmbom bO@ols s bob@BmIobgddo gowsligerols dglobgd, dglsdsdols

Slsbgol 3myamdls gobmdgomn Ag o FOSbLgm@dodgdom Jowgdye F[AG] ggergddo.
bogm smbodbyao 3ogdodol aomgsaolifobgdbom GOsblgmmdodgdyao F[Ag] gganols
sbogrobo dglodan gdermdsols agsodaggl aoMgg99eo Fo@dmwygbs goJmbomm @sbsgrgdo

FTygdol  swbogmdbols s, dglodedobsw, ggenggol  sbogno  dgmmeol  9839JBO®d0l
‘dglobgd.

do®omseo bsfogo

gesdofols JgdJol obsangdo (ygdols 3gemggolomgols hggb Bogd godmygbgdiemo
dgmmweo {agbg Ag ggeool Lodygsenem dbodgbgeomdols Ag-1s 2odmygbgdobge oo3ydbgdey-
@o. gl 25b630MMbgdygeos 03 RBoJBom, @mI Ag ggerol Aol go@mmdby golisdygoag-
00 3oy mdm Zg 39%0l, @mdgeroi 2=28 Low®dgbg godogoe Lodb@Ryol Jgggom
sOLgdyeo  sSbmdsgnog®o doligdol a@dsgo@oioyge  9939JBL godmlsbsgl, bomarm dols
bgdmm s@OLgoyao sbmdsgnoyg@o dobgbol g@sgodscoygeo g539]@0 yodmodoibgds (Lo-
53 S oMol gobodygsemgdyao [@ol @oswoyglbo s dob Logomgogoboizom iubiools
3005393 M0 gfmegds). oy (ool @Gopoylbl gogb@womn S Lowowgdwg, 35Tdob, bgdemm
5060369@ols sbogmaon@se, d030093m Ag; ggab, GOIgmoi sbom 217281 Loe@dgdo
o@lgdymo  sbmdsgoyg@o Iolgdol 9839JL aodmbobogl, boerm dol bgdmm @ lg-

a0 Sbmdsgg@o dobgdol y@sgodsEogeo 989]@0 AJ ggeowsb asdmodoibgds [15].

0 o3 (gbom 06b530d©gg30mdomn og5a@dgegdbom Ag Lodygogm 3b0dgbgermdg-
ol odmmngengdl, dogowgdm AGy, AGs, ... d60dgbgeomdgdls, bmeom, myg dom boggydgg-
@by 5358900 bbgowslbgs Logmgogobsizom ¢9bjiaool gdsgogl, d5dob domo obo-
e0bo Lodygoggdols dmyg39dL, ymggeage®o s3@om@ygao dnbs39dgdol gocmgdyg, dggo-
Rolmm obsangdo (ygdol sbmdsgrog@o dobgdols gobsfomgdols Log@mm bobosmo, wo-
3o006m0n  10d33M039ms doMomso  2534mBo  bgesdoMgbol MomEgbmds, mommgsbo
LEAOYJBPOgo0l sa0@dEgds®gmds s osmgoaobmm Low®Mdgdo domo o309 gdols
Lbog@mm Ly@osmo.

sbogngdo  (ygool  3ganggol “gg@@ogoy®o  a@Msg0dgB®ogeo  bmboo@gdols”
9989JO9Omdol Igdm§dgos 2007 s 2008 Fergddo aobbm@dEogaos dyg®ools (woliog-
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@wgo Lodo®mggemm) mommgobo LE®YJ@gdobs ©s xogobgmols bgybols bobm§dobwo-
sbogn Joens -5 3990560l 3OMGo@ols ggmemaog®-39m50bo Mo Ignmwgdon oMo
YgbFogeom  3@oGogyee  dopomomgdby, @mdamol Igogagooi LEYm  0sbbdmdsdo
50dmhbes gm@myoy@-39ma30bogydo 33eggol dmbsigdgdmasb.

Sdx gMo, obsggdo Fggdol s@bspamdols 3gaggols “gg@d@ogomyg®o yMsgodgd®o-
9o bmbodmgdoll” dgmmeol 9839]@O®mdol dgbedm{dgdbens dg@dhgyen obs mdo-
eololbdo®s  @o0mboll  aensbo-bo®om-do@Fymaol  ggmampoyg®-39mx0bogg®o  ©s
d@@gols dmbsogdgdom godase dgbfeganogmo 9dsbo, Mol bogyydggenbyg dowgda-
@0 dggagd0 dgodangds 2sdmygbgdye 0dbgl bsgganggo Bg@oGm@ool bbgs 9dbgdby,
Omdggbdo, Omam®3 gl @o@g@s@ydygmo [yodmgdopsb o®ggggs [14,15,16], sOi0y
LA g@ygmgogmsoss gl sganogo.

bo@oml LodomTo bogmmdol dm3dmggds dJomigbols s memoamigbol §ygogdo-
sb goliygano Loygybol 40-006 Fangddo woofym, 5dgodow gJldgrge@oiEool sdsdmsg-
@gdge  LEoosdos, dog@sd @hgds o0dgoo dobo goboby@danoggdols, gobsowsb dols
dobgomdao dgdodg 9dbgdo, @MImgdbmabsiz ol 39bgBogudoss ©s3ogdo®gdyao,
bogomdols Im3mggds gmgbydo sbisgol Jobgdowsb bogds.

>®bodbygemo dJobbol aobbm®zogargdolsmgol Lokodms 9Yu®dm ©gHsyYds© of-
byl IgL§sgemoao s@bodbyeo LEOYJBH YO0l Loe®dyamo sagogagds, dgodbgl s o0-
@0 dodg@wogmols wsadobomgol. ymggerogg odol doe§ggs dgbodangdgemos, oy go-
Lodagoemgom Ag ggenol dmbozgdgool boggydgge by domgdygeo F[AQ] @mgogobydey-

@0 g9 gdom s sbsgmgdo Fygdol ggemggol “gg@@ogom o a®ogodg@dogmo bmb-
©0Mgd0ls” dgmmpom, GOmdmols g89JByOmdols dgdm§Tdgos, mdogolioldods @sombols

3@5JBogyee dspomombyg, hggh Jobobl dgoagbl.

Ag ggeools dmbs(399gd0  aensb-bey@om-do@@Gymaols 3Omgomby swgdye  ogbs
1:25000 3sbd@odols dowogro Lobyl@Gol a®ogodgB@oygmo Gyjzol dobgogom, @mdgen-
Y93 A ggeo 0bGg®3maodgdom 0dbs smgerogno, 3GmRogol ymggen 0.5 13-To, bdo-
xom 0.125 33 (bob. 1). goboowsb bo®oml Lodswml gdsbo s@bodbygmo @930l aobsdo-
@ bofoaos (bmano), s30@md >@ g3Jmbs dglsdargdbanmdbs a3glodagdans  yersbo-
be®om-do@@gmgols do@mmdo 3Omxgogols Ag ggerol dmbszgdgdoom.

sbogngdo Fygdols ggemggolbomgol godmygbgdie ogbs:

S>bp®Mggg-aMogobols

F[AQ(X,5)]=Ag(x)/3-[Ag(x-3)+Ag(x+3)]/2, 1)

@. 35bopodols
F[AQ(X,S)]=Ad/3-[Ag(x-0.55)+Ag(x+0.55)]/3-[Ag(X-S)+Ag(x+s)]/3-[AQ(X-1.55)+Ag(x+1.55)]/6  (2)
FI[AQ(X,5)]=AQ/3-[Ag(x-0.55)+Ag(x+0.55)]/3-[Ag(x-s)+Ag(X+s)]/6-[Ag(X-1.58)+Ag(x+1.55)]/12 (3)

FIAQ(X,8)]=AQ/2-[Ag(X-S)+AQ(X+S)]/2+[Ag(X-2S)+Ag(x+25)]/12 4)
5 g. dobogodg, 3. dgbgasns, b. bybosdols
FI[AQ(X,9)]=[Ag(x-0.55)+Ag(x+0.55)]/2-[Ag(X-0.75s)+Ag(x+0.755)]/6 (5)

Lognmgoemobozom g9bjicogdo, bswsi A(X) Loddodol dogrols ©s330M3909eo0 3bodg-
bgenmdss 3@mgomol X Fgd@omdo (396J@do), s=2C - Logmgogobsigom 9bjiools
3005390, C — 3OmGPogrol wsbsymgols gsbo.

5Jgob (2) o (3) Lognmgsgobozom g9bliEogdo ©s33003909eo yMg0@S(30-
9o ggeopsh (Oxoge 3gmewo gganol godm@oibgol bodgoggdsl odanggs, (6) Lo-
@0 3o0obo30m BYbjos ©s3300M3909mo AMog0@S(30YE0 ggeosb dgm®g bodolbol
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Ggo g9l asdm@oibogl, bomem (4) s (5) bLognmgommobsgom gybjiogdo —
dglodg bo@olbbol gmby® g9 gdls .a0dm@oibgol Lodygsamgdsls odenggs.

od ¥9bJool a®ex03960 dgoagbogno LognmgognobsiEom S ds@sdg@@ols 0.5, 10,
L5, .. 240 3603d3bgermdgdbobomgol dmzgdygemos, dglodsdobow, dg-2—6 bobsbgdby. my
25855bsa0bgom obpdggg a®ogobols gyubjizool F[Ag] Lobggdl (bob. 2) s 3o®5dgdcols
(3o gdomdols dobgogom, gbsbsgm, @mI 3GmRoenols dg-6 3ybJBol Isbamdensw
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SECTION OF ECONOMICS AND MARKETING

UDC 622.248.621:43(479,2)
ABOUT SOME TERMS IN THE PRODUCTION SHARING AGREEMENT. N. Machavariani, O. Oniashvili,
G. Tabatadze, V. Khitarishvili.

It is shown in this article, that the first Production Sharing Agreement was signed in Georgian oil and
Gas industry in 1993. In 1993 Georgian Law “About Oil and Gas” and in 2002 — Regulated rules of
production of oil and gas operations were enacted. After that all the “Production sharing agreements” were
subordinated to the above mentioned law and rules. But we have some remarks about the terms. Namely,
about “Crude oil” and “merchantable oil” in trade contracts always is mentioned “Crude oil” but in Production
Sharing Agreements — “merchantable oil”. All these make some misunderstanding. In our opinion it will be
better to apply the term “Crude oil” which is frequently used in the commodity exchanges.
Key words: crude oil; merchantable oil; Production Sharing agreement.

SECTION OF GEOLOGY
UDC 550.4:551. 781. 5:551 (479.28)
IDENTIFICATION OF NATURAL AND MODELLED TECTONIC STRUCTURES ON THE EXAMPLE OF
SOME REGIONS OF GEORGIA. Bashaleishvili L., Qumelashvili M., Rukhadze N.

According to the analog modeling of the tectonic structures of some regions of Georgia performed on
the equivalent materials attests the existing notion on the structure formation mechanism and deformations
and its connection with general kinematic development of the region.

Key words: tectonic structure; analog modeling; experimental tectonic.

UDC 622.323
PERSPECTIVES OF OIL AND GAS PRODUCTION ON THE BLACK SEA SHELF. Japaridze n.

Oil production in Georgia began in 20s of the 20th century. Oil Production was carried out in 7 small
Oilfields and average obtained oil amount was 20-55 tones annually (Mirzaani, small Shiraki, Supsa, Norio,
Satskhenisi, Taribana and Eastern Chaladidi). The Black Sea shelf played a great role in the economic
development of Georgia, where quite a large amount of oil and gas could be produced.

At present Georgian territory is divided into the license area, (called Blocks), where oil purchasing-
prospecting and producing activities are carried out by various companies. There are some projects which
are carried out by foreign companies and the projects which are planned to be implemented in the near
future.

Key words: Black sea shelf; prospecting work; water area; deep water; platform; reserves of oil and gas;
licensed blocks.

SECTION OF HYDROLOGY

UDC 622.762
ADVANTAGE OF SIMULTANEOUS USAGE OF HYDRAULIC AND HYDRODYNAMIC METHODS FOR
ASSESSMENT OF GROUNDWATER RESERVES FOR COMPLICATED HYDROGEOLOGICAL
OBJECTS BY EXAMPLE OF SAIRME MINERAL WATER DEPOSIT. V. Gvakharia, |I. Lominadze, N.
Tsirghiladze, J. Gabechava, B. Migineishvili.

Correct selection of used hydrogeological method for assessment of groundwater reserves has huge
importance in order to get correct results as possibly close to natural conditions. And the selection of
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hydrogeological method depends on the complexity of studied object. Complexity, with its border conditions
and geofiltrational parameters from one side, and with genetic originality from the other side, determines
which hydogeological method should be used for particular groundwater deposit.

In 2009 in order to recalculate Sairme mineral water deposit reserves, hydraulic method was
selected, because according to classification of groundwater exploitation reserves and predicted resources,
by complexity of hydrogeological conditions Sairme deposit belongs to Il - highly-complicated formation
category of deposits.

For transferring #68 borehole reserves from “C.“ to “B* category, preliminary researches revealed,
that usage of only hydraulic method would give no result due to complicated interdependence of flow, level
and chemical composition of water. Therefore, for assessment of exploitation reserves, use of hydrodynamic
method in addition was considered as necessity.

Usage of hydrodynamic method for separate borehole (#68) and hydraulic method for the
assessment of whole groundwater deposit reserves, gave possibility of estimating average flows and safe
values of water level drawdown, when Sairme mineral water deposit resources are ensured and its
ecological and qualitative conditions protected.

Key words: exploitation reserves, geofiltration parameters, mineral water deposit

SECTION OF GEOFYSICS

UDC 550.3(47.93)

IMPORTANCE OF GEOPHYSICAL PROSPECTING METHODS IN INVESTIGATION OF EXODYNAMIC

AND ECOLOGICAL PROCESSES. G. Jashi, A. Tarkhnishvili, Z. Amilakhvari, N. Ghlonti, J. Kiria.
Dynamics of development of exodynamic processes in nature depends on many factors, out of which

the most significant are the geomorphology, its geotectonic structure and climatic condition of the geological

environment. In Georgia among the exodynamic processes landslides and mudflows are known to have the

most destructive results. In this article the behaviour of landslide- and mudflow-prone areas in Georgia are

considered and effectiveness of geophysical prospecting methods in the study of different types of

geodynamic processes is determined.

Key words: exodynamic; tectonic; geophysical; ecophysics.

UDC 550.831
VERIFICATION OF EFFICIENCY OF INVESTIGATION SEDIMENTARY LAYER BY «VERTICAL
GRAVIMETRIC SENSING» METHOD ON THE PROFILE GLDANI-NORIO-MARTKOPI OF TBILISI
REGION. G. Managadze, R. Managadze, G. Kutelia, B. Tutberidze.

Theoretical justification of the new gravimetric method to investigate the deep structure of the Earth
crust and the results of verification of its effectiveness are given on the profile Gldani-Norio-Martkopi.
Key words: vertical gravimetric sounding, geophysical researches, Thilisi area.

SECTION OF DRILLING TECHNIQUES AND TECHNOLOGY;
AUTOMATIZATION OF CONTROL

UDC 622:276.7
THE EFFECT OF ELECTROMAGNETIC FIELD ON THE PRODUCTIVE LAYER FOR THE INTENSIFICA-
TION OF OIL AND GAS YIELD. T. Khitarishvili, I. Goguadze, N. Mamulashvili.

Method of intensification of oil and gas wells is presented and electromagnetic field effect on the
productive layer in the resonance regime is analyzed in the article. Hardness of the layer along the producti-
ve layer significantly decreases and oil and gas debit increases.
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Resonance effect of magnetic field on the layer is described with frequency lines, which clearly
shows the intensification of oil boreholes.
Key words: electromagnetic field; frequency, consequences of well vibration, resonance.

UDC 622.244.442

SOME QUESTIONS OF PREDICTION OF ANOMALOUS HIGH LAYER PRESSURE ZONES DURING
THE BOREHOLES DRILLING. Varshalomidze G., Khitarishvili V., Kurbanov V., Machavariani N.,
Kurbanov A.

In the article there are considered the available and very significant methods of prediction of
anomalous high layer pressure zones during the boreholes drilling. Among them d.,, method is picked out as
the most effective. This method besides of drilling velocity foresees the axial pressure on the roller cutter, its
rotary speed and diameter. The perfection ways of this method are shown and they give possibility to use the
mentioned method during drilling in different geological and technical conditions. The correct forecast of the
pressure and estimation gives possibility to drill boreholes in optimum conditions without complications using
balanced technology of layer fluid and column of wash liquid which will improve the technological process of
drilling and technical-economic indicators.

Key words: layer pressure; porous pressure; technology of balancing; methods of prediction.

UDC 622.243
PERSPECTIVES OF HORIZONTAL DRILLING. Turiashvili. T., Tavdumadze D.

Studying the technologies of horizontal borehole drilling we can conclude that it's possible to increase
productivity significantly from less productive and liquidated boreholes if the drilling is carried out with the
horizontal barrel. It can be predicted that while drilling horizontal and vertical boreholes oil production can be
increased from 1000 to 1500 tons in 24 hours. In the oil pools of not exploited areas drilling boreholes (with
the vertical barrel) will yield industrially significant oil which will respectively increase the coefficient of oil pro-
duction.

Key words: coefficient of oil production; productive soil; hydrodynamic regime.

UDC 622.245.3
SUPERDEEP BOREHOLE. Chkheidze N., Suramelashvili M.

The Kola Superdeep Borehole is the result of a scientific drilling project of the Soviet Union on the
Kola Peninsula. The project attempted to drill as deep as possible into the Earth's crust. Drilling began on 24
May 1970 using the Uralmash-4E, and later the Uralmash-15000 series drilling rig. A number of boreholes
were drilled by branching from a central hole. The deepest, SG-3, reached 12,262 metres in 1989, and is
the deepest hole ever drilled, and the deepest artificial point on Earth. For two decades it was also the
world's longest borehole, in terms of measured depth along the well bore, until surpassed in 2008 by the
12,289 m. long Al Shaheen oil well in Qatar, and in 2011 by 12,345 m long Sakhalin-I Odoptu OP-11 Well
(offshore the Russian island Sakhalin).
Key words: deep and superdeep wells, drilling, borehole, mountain rocks, oil and gas production, geology.

SECTION OF MAIN TECHNOLOGY

UDC 622.762
PERSPECCTIVES OF APPLICATION FINE-GRAINED COAL SLURRY FROM TKIBULI SHAORI
DEPOSIT. Arabidze Z., Abshilava A., Dolidze N.

The possibility of application fine-grained coal slurry from Tkibuli-Shaori deposit for generating
electric energy is considered in the article. Analysis of the present day condition of dressing such slurry in
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leading coal mining countries (Australia, UAR, Russia, the USA) has been made. The technology of
preparation hydrocarbon fuel using butyric granulation method and its utilization for power generating is
recommended.

Keywords: flotation, suspension, magnetite, hydrocyclone, concentrate, separation, granulation.

UDC 543.3
MONITORING OF HEAVY METALS ON THE SURFACE WATER OF UREKI-SHEKVETILI RESORT
ZONE. N. Bekoshvili, M. Tsintsadze, G. Tsotadze, B. Kvirkvelia.
Determined values of heavy metals Cu, Mo, Pb, Zn, Mn, Ni, Co concentration in Ureki-Shekvetili resort
zone sea water and in the rivers of Supsa and Natanebi, adjacent to this resort zone are given in this work.
Monitoring of the surface water was carried out in 2008-2009 on the following metals: Cu, Mo, Pb, Zn,
Ag, Co, Cr, Ni, Mn, Cd, within the framework of the project “Complex ecological and microclimatic research
of Ureki-Shekvetili resort zone”. On the basis of obtained results the dynamics of heavy metals concentration
change is studied according to control points and time. Obtained experimental results are compared to the
literature data and respective conclusions are made.
Keywords: sea and river water, heavy metals, changes in the concentration

SECTION OF SECURITY TECHNICS

UDC 622.8:614.8
USE OF UNSUITABLE TERRITORIES FOR THE DEVELOPMENT AND RESTORATION OF RATIONAL
ECONOMY BRANCHES. N.Bochorishvili, I.Gabrichidze, I.Bochorishvili, N.Razmadze, M.Kitoshvili.
The rational use of barren, wasted soils according to the purposes as an example of "Mzisgula~ of
Zestaphoni district is given in the article. Construction of solar and wind power plants which will supply with
electricity the villages of Zestaponi will the possible. The power plants working on solar, wind and
combustible gas energy abroad, particularly in Brazil, the USA, Africa are described.
Working principles of the “solar tower” being built in the USA, - Arizona state (height 800 m, diameter
130 m, capacity 200 m) are considered in detail.
Key words: Solar tower, electrical turbine, heat insulation material, gigantic warmth, power units.

UDC 622.8:614.8
WATER EVAPORATION PREVENTING DEVICE FROM MIRRORED SURFACE OF RESERVOIR. N.
Bochorishvili, I. Gabrichidze, I. Bochorishvili, N. Razmadze, M. Kitoshvili., N. Ratiani.

The processes occurring in the reservoirs with mirrored surface which are often causes of climatic
and ecological conditions changes around the reservoir and its outskirts are considered in the article.
Besides the above mentioned negative factor, there occurs water evaporation in great quantity from the
mirrored surface of the reservoir and the volume of water in reservoir decreases and correspondingly the
output of electricity. In the article the performance of the specially made device “Reactive cutter~ for reducing
the inference of the above mentioned factors are also described.

Key words: Reactive cutter, mirrored surface, block of ice, ecological damage.

UDC 658.382
INTERNATIONAL LABOUR ORGANIZATION - SAFE AND WORTHY LABOUR GUARANTEE. N.
Razmadze, M. Lursmanashvili, M. Jikia.

Both world and Georgian statistics of fatal and nonfatal accidents including 2007 are reviewed. The
group of authors offers statistical data of professional diseases spread in Georgia, their provoking reasons,
area of spreading and preventive measures.

Key words: accident, professional disease, labour law, International Labour Organization, trilateral agree-
ment, safe labour, worthy labour.
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IBIGIGI0 - PE®EPATBI - SUMMARYS
CEKUUA SKOHOMUKUA U MAPKETUHIA

YOK 622.248.621:43(479,2)
O HEKOTOPbLIX TEPMUHAX B COIMALUEHUE O PA3OENE NPOAYKUMIA. Mauasapuwanu H., OHuaLw-
Bunu O., Tabartaase I'., Xutapuwsunu B.

B cTtaTbe oTMe4YeHo, 4TO B HE(PTAHOW 1 ra3oBOn NpombiwneHHocTH py3um B 1993 r 6bino nognuca-
HO nepBoe cornaileHue o pasgene npoaykumin. B 1999 r 66in NpUHAT rpy3nHCKUn «3akoH O HEPTU M rasar
a 2002 HauuwoHanbHble Pegymuptoline npaswuse onepalmy Npous3BOACTBa HEPTU U rasay. 3atem K 3aTomy
3aKOHY 1 npaBunam ObINn NPOPOYEHbI BCE COrnalleHns O pasgene npoaykuumy». HO K HEKOTOPbIM TepMUHAM
BCE Xe Yy HaC UMEITCS 3amedaHus.

KOHKpeTHO B TOProBbIX KOHTpakTax MPUMEHSAETCA TEePMWH «Cbipas HedTb», a B COIMAaLIEHUsIX O
pasgerne npoaykuum-«ToBapHas HedTby.

Ha Haw B3rnsag uenecoobpasHee MCMNoNb30BaTh TEPMUH «Cbipasi HEPTbY, HACKONBKO UMEHHO 3TOT
TEPMUH NPUMEHSAETCH Ha TOBapHbIX Brpxax.
KntoueBble cnoBa: chipasi HeoTb, TOBapHas HedTb, CornalleHve o pasgene npogykumm.

CEKLUUA MEONOrn

Y[OK 550.4:551. 781. 5:551 (479.28)
UMOEHTUOUKALMA MOOENEW U HATYPANbHbIX TEKTOHUYECKUX CTPYKTYP HA MPUMEPE
HEKOTOPbLIX PEFTMOHOB IN'PY3UWU. bawaneuwsunu J1., Kymenawsunu M., Pyxagse H.

AHanoroBoe mMogenmpoBaHMe TEKTOHUYECKUX CTPYKTYP HEKOTOPbIX pernoHoB Ipy3un, npoBedeHHOe
Ha 9KBMBAlEHTHbIX MaTepuanax, NoATBEPKAAET CyLLEeCTBYyOLLee NpeaCcTaBleHNne O MexaHU3Me CTPYKTYpo-
obpasoBaHus U gedopmauunsix, TECHO B3aMMOCBSA3aHHbIX C OOLLMM KMHEMAaTUYECKNM pa3BUTUEM.
KniouyeBble cnoBa: TEKTOHUYECKNE CTPYKTYPbI; aHANoOroBoe MOAENVPOBAHNE; 3KCMEPUMEHTAmNbHas TEKTO-

HUKa.

Y[OK 622.323
NEPCNEKTUBbLI JOBbIYA HE®TU U TA3A HA LLENNIb®E YEPHOIO MOPA. Oxxadapuase H.

B pyaun gobblya HedpTn Havanack B 20-x rogax XX Beka u npoxoguna Ha ceMu HebonbLInX Mec-
TopoxaeHuax. ExxerogHo gobeiBanu go 20-55 Teicay TOHH HedTn (Mup3aaHn, Manbin Lupakn, Cynca, Ho-
pvo, CauxeHucu, TapnbaHa 1 BoCcToYHbIN Yanaamamn). B gene akoHOMWYeckoro passutus [py3un BaKHewn-
LYK ponb uUrpano rHesfoBbe wenbda B YepHom Mope, rae fobbiBanock 4OCTaTOMHO GOMbLIOE KONMYECTBO
HedpTM 1 rasa.

B HacTosiwee BpeMsi Tepputopus 'pyanm pasbuta Ha NULEH3NOoHHbIe obnacTtu (T.H.6nokwu), roe pa-
60Tbl N0 NPUOBPETEHNIO, MOUCKY U J0ObIMEe HETU BedyT pasHble komnaHun. CyLiecTBYOT NPOEKTbI, KOTO-
pble€ MHOCTPAaHHLIE KOMMAaHUKN YyXXe OCYLLECTBUIN, a Takke NPOEKTbl, OCYLLECTBIIEHNE KOTOPbIX NIIaHUpyeTcs
B Onwxanwem bygyliem.

KnroueBble cnoBa: wenbd YepHoro Mopsi; NonckoBble paboThl: akBaTopust: rMyObuHHbIE BOAbI: NnaTtdopma:
3anacbl HepTK U rasa; 3HEProHOCUTENM; NMULIEH3NOHHbIE OMOKN.
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CEKUUA rmkAPOreonorum

YOK 622.762

NPEMMYLWLECTBO OOQHOBPEMEHHOI'O MPUMEHEHUA TMOPABJITIMMECKUX U TMOPOOAUHAMUYEC-
KUX METOOOB MNMPU NMOOCYETE 3KCIMNYATALUMOHHBIX 3AMACOB OJ1A CJIOXHbIX TMOPOrEO-
NOr’MYECKUX OBBEKTOB HA MPUMEPE MECTOPOXOEHUA MUWHEPAINIbHOMW BOAbl CAUPME.
MBaxapwma B., llomuHanse WU., Unprunagse H., FabevaBa [i., MurnHenwsunu b.

Bo Bpemsi nogcyéta aKcnnyaTauuoHHbIX 3anacoB MOA3EMHbIX BOA, BaXHbIM (DakTOpoOM siBnsieTcs
npaBunbHbIA NOAOOP rIMAPOreoNIorM4YecKkoro MeToaa Ans nonyYyeHnsa pesynbTaToB, MakCumarnbsHO nNpubnmxe-
HHbIX K MPUPOAHbLIM yCcroBusiM. CNoXXHOCTb 0ObekTa, rpaHNYHbIE YCINOBMUS U reoUnNbTPaLMOHHbIE NapaMeT-
pbl, C O4HOW CTOPOHbI, N FEHeTUYECKMe OCOBEHHOCTW, C APYrON CTOPOHBI, SBNSAIOTCSA KIHOYEBbIMU NPU MNOAC-
YyeTe AKCMnyaTauMoHHbIX 3arnacoB 4SS COXHbIX TMAPOreosiorndecknx o6 beKToB.

B 2009 rogy ans nogcyeTa 3KCMnyaTaUMOHHbIX 3anacoB MeCTOpOXaAeHUss MUHeparnbHon Boabl Caun-
pMe npegnoyvteHne ObIo OTAAHO rMapaBrMYECcKOMY MeTody, Tak Kak Mo Knaccudukaumm akcniyataumoH-
HbIX 3aMacoB W MPOrHO3HbIX PECYPCOB, MECTOPOXAEHNE MuHepanbHou Boabl Canpme OTHOCUTCH K TpeTb-
€My, O4YEHb CINOXHOMY TUMY MECTOPOXAEHUNA.

Mpn nepecyéTte 3anacos ¢ kateropuu ,,C1,, B kaTeropuio ,,B,, ons ogMHOYHON CkBaxKMHbI Ne68 npu-
MEHEeHMe TOMbKO rMapaBMyYecKoro MeToaa HeA0CTaTOYHO, N3-3a CMOXHOIO COOTHOLLEHUS MEXAY PacxonoM,
MOHMXEHMEM YPOBHSI U MUHepanusaumun. [NosToMy npu nogcdeTe 3KCnyaTauMoHHbBIX 3anacoB 00si3aTenb-
HbIM CTano NpMMEHEHWE 1 MTMOPOLMHAMUYECKOrO MeToAaa.

lMpumeHeHne rMapoaMHaMUYecKoro MeToda AN OAMHOYHbIX (Ne6G8) CKBaXkMH M rMapaBnNYecKoro
ONsi BCEro MEeCTOPOXAEHMS BO BPEMSI MOACYETA 3anacoB, 4ano BO3MOXHOCTb ONPeAennTb cpeaHmne aebuTsl
N 3HAYEHME MOHWXKXEHUSA YPOBHS, MPU KOTOPOM PECypCbl MECTOPOXAEHNSA MUHepanbHon Bogbl Caupme Oy-
ayT obecneyeHbl 1 3aLMLLEHbl B 9KOSTOTMYECKOM OTHOLLEHWM.

KniouyeBble cnoBa: akcnfyaTauMoHHbIe 3anachl; reopunbTpaunoHHbIE NapaMeTpbl; MECTOPOXAEHNE MUHE-
panbHOM BOAbl.

CEKUUA TEOPUIUKA

Y[OK 550.3(47.93)
POJIb TEOPU3NYECKNX METOOOB PA3BEOKU B NCCINNEAOBAHUN Ir30OANHAMUWYECKUX U IK-
OJIOMMYECKUX MPOLIECCOB. Oxawwu I'.l'., Tapxuuwsunu A.l'., Amunaxsapu 3.J1.,, MnoHtn H.A.,
Kupwna O.K.

B npupoae AnHamuka pasBuUTUS ar3ogmMHaMUYECKNX NPOLLeCCOB BO MHOrOM 3aBUCUT OT pasHbIX dhak-
TOPOB, B YMCIIE€ KOTOPbIX 3HAYNTESNbHbI: reOMOPEONOrnMsa reoriorM4eckon cpeapbl, ee reoTEKTOHNYECKOe CTPO-
eHue 1 Knumatudeckue ycnosus. Cpean arsogMHaMUYecKX NPoLECCOB OCODEHHO paspyLUUTENbHbIE MOC-
NeACTBUS BbI3bIBAKOT ONOJMI3HEBLIE U CENeBbIE NOTOKW. B NnpeacTaBneHHoM ctatbe paccMOTPeHbI 0COBGEHHOC-
TV OMOM3He- N ceneonacHbIX Y4acTKOB U yCTaHOBMEHa a(P(PeKTUBHOCTb reopmanyecknx MeTooB pas3Beaku
B Aene n3yvyeHus reognHaMmyeckux npoLeccos.
KniouyeBble crnoBa: ar3aogMHaMUYecKnii; TEKTOHUYECKUIA; reodn3nYecknin; akoreomamka.
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YOK 550.831
NMPOBEPKA 3®®EKTUBHOCTU UCCINNEAOBAHUA OCAOOYHOIO CNIOA METOOOM «BEPTUKAIb-
HOro rPABUMETPUYECKOIO 30HOUPOBAHUA» HA MPUMEPE NPO®UNA FMAAHU-HOPUO-MAP-
TKOMWU NPUTBUIIUCCKOIO PAUOHA. Manaraase I'.[., Kytenusa A, Tyt6epuase B.[., MaHaragse
P.I

[MprBeneHbl TeopeTUYECKMe OCHOBBI HOBOIO rpaBUMETPUYECKOr0 MeToAa uccnenoBaHus rinyouHHoO-
ro CTPOEHUS 3eMHOM KOpbl N pe3yrnbTaTbl NPOBEPKN ee 3hHEeKTUBHOCTU Ha npodune [MaaHu-Hopuo-Map-
TKOMMW.
KnioyeBble cnoBa: BepTUKanbHOE TPaBMMETPUYECKOE 30HAMPOBaHUE; reomanyeckne uccrnegoBaHus;

MpuTOMNMCCKNA paiioH.

CEKLUMUA HOBOW TEXHUKU U TEXHONOIMMN BYPEHUA, CUCTEM
ABTOMATUYECKOIO YMNPABIEHUA
YOK 622:276.7
BO3AENCTBUE 3NIEKTPOMAIHUTHOIO NMONA HA NPOAYKTUBHbLIA TOPU3OHT C LENIbIO NOBbI-
LWWEHUA HE®PTEOTOAYWN. Xutapuwsunu T., Floryaase U. K., Mamynawsunu H.

B paboTte npeacrtaBneHo v npoaHanuM3npoBaHO BO3AEWCTBME 3IIEKTPOMArHMTHOrO Nons Ha npoay-
KTUBHbIA TOPU3OHT B pEXUME pe3oHaHca. B pesynbTate 3TOro 3Ha4YMTeNbHOIO CHUXAEeTCA MPOYHOCTb KOMb-
MaTPOHHOIO Crnosi NPOAYKTUBHOIO NriacTta, noBbilaeTcs AeduTt HedpTn 1 rasa.

Pe3oHaHCHOEe BO34eNCTBME MarHUTHOMO MOMsi Ha NPOAYKTUBHOCTL MNylacta nNpeacTaBiieHo B 4acToT-
HbIX KPMBBIX YepTexax, YTO XOpOoLUO NoATBEPXKAAET U OCBeLLaeT UHTeHcUdmkaumio.

KniouyeBble cnoBa: anekTpoMarHMTHOE NoJie; pe3oHaHCHasi YacToTa; kofibMaTaunsi NPOAYKTUBHOIO nnacra.

YK 622.244.442

HEKOTOPbIE BOIMNPOCbI NMPOrHO3MPOBAHUA 30H AHOMAJIbHO BbICOKOIo MnjACToOBOIO
OABINEHUA NMPU BYPEHUU CKBAXWH. Bapwanomuase I'. X., Xutapuwsunu B. 3., Kyp6aHos B.B.,
MauyaBapuanu H.A., Kyp6aHoB A.B.

B paboTte paccmaTpmBaloTCs CyLLECTBYHOLME METOAbl MPOrHO3UPOBAHUA 30H aHOMAITbHO BbICOKOrO
NnacToBOro AaBfiEHMs, KOTOPble MMEIT BonbLLIOE 3HaYeHNe B npoLiecce OypeHus CKBaXWH. M3 cywlecTByto-
LWMX METOAOB, Kak Haubonee ahpekTUBHLIN, BblAENAETCH dup METOL, KOTOpbIN NpegycMmaTpuBaeT Kpome
MEeXaHWYECKOM CKOpPOCTM OypeHusi, 4acToTy BpalleHust U gnameTp. [lokasaHbl NyTM COBEPLUEHCTBOBAHUSA
3TOro MeToaa, YTo AaéT BO3MOXHOCTb YCNEeLIHO MPUMEHATb YKa3aHHbI MeTo B PasfnyHbIX reonoro-TexHu-
YECKMX YCINOBUSAX NpU OypeHun CKBaXWUH. [paBunbHbIA NPOrHO3 BbISIBNIEHMS U OLEHKA BLICOKMUX MIAacTOBbIX
OaBrneHn JarT BO3MOXHOCTb BECTU DypeHue CKBaxXMH 6e3 OCNOXHEHUIA B ONTUMAITbHbBIX YCITOBUSIX TEXHO-
norven ypaBHOBELLEHHbIX cOanaHCUPOBaHHbLIX OABMEHWI MNacToBbIX OIIOUAOB U KONOHKU MPOMbIBOYHOMN
XWAOKOCTU, YTO CO34aeT BO3MOXHOCTb 15 Pe3KOro yrny4lleHns TEXHOOMMYECKoro npouecca 6ypeHns n Tex-
HUKO-3KOHOMMYECKMX MOKasaTenemn.

KniouyeBble crnoBa: NnacToBble AaBEHUS; MOPOBOE AABIEHME; TEXHONOrNs 6anaHCcMpoBaHus; MeToabl
NPOrHO3NMpPOBaHUS.

YOK 622.243
NEPCMEKTUBbI FTOPU3OHTAJIbHOIO BYPEHUA. Typuawsunu T. H., TaBaymaase [. J1.

MN3yyeHne TexHonorni 6ypeHns ropusoHTanbHbIX CKBaXMWH NO3BOMSET 3aKN0YUTL, YTO B MeHee Mnpo-
AYKTUBHBIX U MUKBUAUPOBAHHBLIX CKBaXMHAX MOXHO MOMYyYMTb 3HAYMTENbHO GOMbLUYO NPOAYKTUBHOCTDL, B
TOM cny4ae, ecnu 6ypeHne nNpou3BoaMTCS ropu3oHTanbHbIM CTBOMOM. MOXHO NpeanonoXuTb, Y4To npu By-
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PEHWUN FTOPU3OHTAarbHBIX Y BEPTUKANbHbIX CKBaXXUH MOXHO YBENMYnUTb J0b6bI4y HedTn B cyTkn go 1000-1500
T. B 3anexax Hepa3paboTaHHOW 30HbI pa3bypeHHble CKBaXWHbI (BEPTUKAIbHbIM CTBOMIOM), HECOMHEHHO, Aa-
OyT He(PTb NPOMBILLNIEHHOrO 3HAYEHWSs], YTO COOTBETCTBEHHO NOBbLICUT KOIMDULNEHT HEePTEA0ObIUN.
KnioueBble cnoBa: KoauumeHT HepTeBbIAaYM; NPOAYKTUBHASA NOPOAA; rTMAPOANHAMUYECKNA PEXUM.

YOK 622.245.3
CBEPXIMYBOKUE CKBAXWHbI. YUxengse H.O., Cypamenawsunu M.P.

Camon rnybokon CKBaXKMHOW B Mupe Ans nccnegoBaHusa nutocdepsbl siBnsietca Konbckas ckBaxuHa
— rnybuHa 12 262 metpa. Pacnonarasics B [leyeHerckom pygHom parvioHe MypmaHckon obnactu, go 2008
Gbina abcontoTHOM pekopacMeHkon. CTonb cBepxriybokas Lenb — Teneckon B 3aragoYHbll MOA3EMHbIN
mMup 3emnn. IMeHHO 3gecb nnacTbl cOXpaHunu 3 Munnuapga net uctopun.

Llenb BypeHus — OoCTUYb MaHTUA — NPOBOAMMACH B CaMbIX TOHKMX MeCTax 3eMHOW Kopbl. Juwb
rnybokomy KomnbCKOMy OTBEpPCTUIO yAanocb CepbE3HO YrnyOuTbCs, BeAb aHarorMM4Hble COOPYXKEHMWS
nonaganu B ropsiine crioum u ocTaHaBnuBanucb ropa3go bGeicTpee. Bcé OypeHne npowno B rpaHuTte,
HEOXMOaHHO HaLUMM OKaMEHEBLUYO OpraHuky. Ha gHe, roe OTCyTCTBYHOT OCagouHble MOPOAbl, O6HapyXunm
3anexmn MeTaHa, Hallmu NTYHHYI0 Mopoay v 30510TO.

KnioueBble cnoBa: rnybokne u cBepxrnybokMe CKBaXMHbl; OypeHne; CKBaXkvHa; ropHble nopogbl; fobbiua
HedTM 1 rasa; reonorus.

CEKLUA rOPHOWU TEXHOJOINu

YOK 622.762
NEPCMNEKTUBblI UCMNONIb3OBAHMUA MENKO3EPHUCTbIX LWIMAMOB YINEW TKUBYNU-
LLUAOPCKOIO MECTOPOXOEHUA. Apabuase 3., AbwunaBa A., lonuase H.

PaccmMoTpeHbl BOMPOCHI BO3MOXHOFO WCMOMb30BaHWUS B 3HEPreTMYecKMX Lensx Menko3epHUCTbIX
wramoB (-0.1 mMm), Nony4YyeHHbIX B pe3ynbTate oboraweHusa yrnen Tkubynu-LLaopckoro mectopoxaeHus.
lMpoBedeH aHanM3 COBPEMEHHOINO COCTOSHUSA OOOralleHVst Takux LunamMoB B BeAyLuMX yrrefoObiBatoLmnx
ctpaHax (Asctpanus, FOAP, CLUA, Poccus). MpeanoxeHsl NpoLLECC MACnsHON rpaHynsLumm, a Takke TEXHO-
1orvsi NPUroTOBIIEHUS 3KONOMMYECKN YNCTOr0 BOAOYIOMBLHOMO TOMMMBA AN UCNOMb30BaHNSA TakuMxX WNaMoB B
3HEepreTNYecKknx Lensx.

KniouyeBble crnoBa: hnotauus; CycneHsus; MarHeTUThl; rMOPOLMKITOHBI; KOHLEHTpapThl; cenapaTtopsl; rpa-
HyNAaums.

yaK 543.3
MOHWUTOPUHIT TAXKENbIX METAJJIOB B MOBEPXHOCTHbLIX BOOAX KYPOPTHON 30HbI YPEKU-
LWEKBETUJIIN. Bekowsunu H., UnHuanse M., Llotanse I'., Keupksenus b.

B paboTe mncnonb3oBaHbl pe3ynbTaTbl UCCIEAOBAHUA KOHLEHTpaLMKU Tsbkenblx MeTtannoB Cu, Mo,
Pb, Zn, Mn, Ni, Co B MOpcKol Boge KypOpTHOM 30HbI Ypeku-LLekseTunu n B pekax Cynca n Hatane6wu, pac-
NONOXEHHbIX BONU3N KypOPTHON 30HbI. MOHUTOPUHI MOBEPXHOCTHLIX BOA HA COAEpXaHue TsXKenbiX meTta-
nnoe Cu, Mo, Pb, Zn, Ag, Co, Cr, Ni, Mn, Cd, 6bin npoBeaeH B 2008-2009 rogax B pamkax npoekta ,,Kom-
MNIEKCHOE 3KONOrMYECKOe N MUKPOKITMMAaTUYECKOE UCCMEeL0oBaHNE KYpOPTHOM 30HbI Ypeku-Lleksetunmy». Ha
OCHOBE MOJSTYYEHHbIX OAHHbBIX U3YyYeHbl AMHAMUKA U3MEHEHMUST KOHLIEHTPALMM PaCcTBOPEHHBIX TSHKENbIX Me-
TansoB MO KOHTPOJIbHBIM MyHKTaM U BpeMeHW. [NonydyeHHble 3KCNepMMeHTarnbHble pe3yrnbTaThl CpaBHMBaNM
C NuTepaTypHbIMU faHHbIMK. CaenaHbl COOTBETCTBYHOLLME BbIBOAbI.
KnrouyeBble cnoBa: Mopckas 1 pevyHas BoAa; TshKenble MeTanbl; U3BMEHEHUS KOHLeHTpauuun.
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YK 622.8 : 614.8
MCNOJNIb30BAHUE HENPUIOOHbIX TEPPUTOPUA ONA PA3BUTUA U BOCCTAHOBIIEHUSA OTPA-
CIIEW HAPOHOIO XO35AUCTBA. Bouopuwsunu H., Ma6puunase WU., Boyopuwsunu WU., Paamanse
H., KutowBunu M.

MpeaonoxeHbl paunoHanbHOE UCMNOMb3oBaHWe GecnnoaHbIX, UCTOLWEHHbIX 3eMENb MO Ha3HaYeHUo
Ha npumepe «Maucryna» 3ectadOHCKOro parnioHa, BO3MOXHOCTb CTPOUTENBCTBA COMHEYHbLIX U BETPSHbIX
3MNEKTPOCTaHLMI, C MOMOLLbIO KOTOPbIX ByaeT OcyLLeCcTBEHO CHabXeHne anekTposHepruen cen 3ectacoH-
ckoro pavioHa. OnucaHbl aNekTpocTaHuuK, paboTtaroLme Ha HepPruu CornHLa, BeTpa M roployero rasa 3a rpa-
Huuen, B YactHocTu B Bpasunuu, CLUA, Adpuke. [leTanbHO pacCMOTPEH MPUHLMN paboTbl CTPOSLLENCS B
CWA, wtate ApusoHa «ConHeyHor 6awHu» (Beicota 800 m, anameTp 130 M, mowHocTe 200 m).
KnioueBble cnoBa: conHeyvHas ballHs; anekTpudeckasl TypbuHa; TennonsonsaunoHHbIN MaTtepuan; rmraHTc-

KOe TEeno; CMNoBble arperartbl.

YOK 622.8 : 614.8

NMPEOOXPAHAIOLWEE YCTPOUCTBO ONA YMEHbLIEHMA UCNAPEHUA BOAbl OT 3EPKANBHON
NMOBEPXHOCTU BOOAOXPAHUINULLUA. Bouopuwsunu H., Fa6puunagse U., boyopuwsunu WU., Pasmag-
3e H., KutowBunu M., Patnanum H.

PaccmoTpeHbl npouecchl, NpoTeKalLlne B BOAOXPaHMIMLAX, UMEIOLLIMX 3epKalibHY0 MOBEPXHOCTb,
KOTOpble YacTo SABNSATCA NPUYNHON N3MEHEHNSA KIMMATUYECKUX N SKOMOTMYECKNX YCITOBUIA BOKPYr BO4OXPa-
HUNULL 1 OKpecTHOCTel. Kpome BbILLIEOTMEYEHHBIX OTpULATENbHbIX (DAKTOPOB, UMEET MECTO McnapeHue
BOAbl B OOMbLUIOM KONMMYECTBE OT 3epKaribHOM MOBEPXHOCTU BOAOXPaHWUNMLLA, B pe3ynbTaTe Yero ymeHblua-
€TCA KONMUYECTBO BOAbl B BOAOXPAHUIULLE U 3HAYUTENBHO YMEHbLUAeTCs BbipaboTKa 3MekTposHeprum rma-
pO3aneKkTpnyeckuMun ctaHumamu. B pabote onvucaH npuHumn paboTbl cneymansHO CO34aHHOro yCTponcTea —
«PeaKkTuBHbIN KaTep» - AN YMEHbLUEHUS BMUAHNSA BbILLEONUCAHHbIX (DaKTOPOB.

KniouyeBble crnoBa: peakTUBHbIN KaTep; 3epkaribHasi NOBEPXHOCTb; NbAUHA; 9KONTOrMYeCcKkun yuiepb

YOK 658.382
MEXOYHAPOOHASA OPFAHU3ALMA TPYOA — TAPAHT BE3OMNACHOCTU U JOCTOMHOIO TPYQOA.
Pasmapse H., llypcmanawsunu M., [bkukusa M.
PaccmoTpeHa cTatucTuka cMepTerbHbIX U HECMEPTENbHBIX HECHACTHBIX CNy4aeB Kak BO BCEM MUPE,
Tak 1 B py3un. 'pynnon aBTopoB B paboTe npeacTaBneHbl CTaTUCTUYECKME AaHHbIE pacnpoOCTPaHEHHbIX B
py3un npodpeccrmoHanbHbIX 3aboneBaHnii, NPUYMH BbI3BABLUMX MX, apeart pacnpocTpaHeHus 1 NpeBeHTUB-
Hble Mepbl 60pbObLI C HUMW.
KniouyeBble croBa: HecyacTHbIM criyvan; npod3aboneBaHne; TPyaoOBOE 3aKOHOAATENBCTBO; MEXAyHapoa-
Hasa opraHu3auusa Tpyaa; TPEXCTOPOHHEE cornalleHne; 4OCTOMHbIN Tpya,.
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