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YAK 546.221 AM. Npanrnwsnan, M.U.Oxnbnaase,
I.X.Bapwanomungze, T. B. bBauuKkagze, N. M. lapabuaze

BOAOPOAHASA SHEPTETUKA — 3HEPTETUKA XXI BEKA

(TPY3MHCKMI TEXHUYECKUI YyHMBepcUTeT, BaTyMcKas rocyiapcTBEHHAsA MOPEXoAHas akagemms)

PE®EPAT: B paboTe oTMeyaeTcs BaXKHOe 3HaYeHue nosiydyeHuns us 6oraTbix NPUAOHHbIX Bog YepHoro mopsa yrneesono-
pPOAOB AN1A PA3BUTUA OTEYECTBEHHOM 3HEPreTUKU. 1A 3TOro NoayvyeH HOBbIM MPOCTON U SKOHOMWUYHbIN Me-
TOA, KOTOPbIM pa3paboTaH B NPOLW/IOM rogy B pesynbTaTe 3KCneauumn B akBaTopuio . batymu. Takxke npe-
ON0XeH meToa doToanccoLmaLmm ANna pacllenieHns yrneBoaoposa U co3faHa cooTBeTcTBytowan abpdek-
TMBHAA yCTaHOBKa.

K/TIOMEBbBIE C/1IOBA: BOoAOpOA,; SHEPreTUKa; 3KOIorms.

BBEAEHUE

B Hauvane 1980-x rogos mmpoBoe COO0-
6LecTBO OCO3HAN0, YTO Yrpo3a Halemy npu-
BbIMHOMY CYLLECTBOBAHUIO CTAaHOBUTCA pea-
NIbHOM B CBA3W C 3KOJIOFMYECKMM Kpu3ncom. U
Toraa 6bin BNepBble NpeaAnpPUHATLI YCUAKA K
CO34aHUKD  MEXAYHApPOAHbIX MEXaHM3MOB
AM. NpaHruwsmay, pelweHna 3Konornyecknx npobnem, Kacaro-

A 2
Pektop 'py3anmHcKoro TexHn4ecko- LNXCA TaK Ha3blBaeMbIX pecypcoB o6UJ,ero M.U.Oxunbnaase,
ro YHuBepcuTteTta, akagemuk Ha-

- Nonb3oBaHMA. [nA OCyLeCcTBAEHUA MpPOeK- H4neH AmepukaHckoro
LMOHaNbHOM aKagemuu Hayk py- 6 dusnyeckoro obuiecTsa,
31, NPe3nAEHT MHeHepHOJ TOB, CBA3AHHDBIX € IN0BANbHBIMM U3MeHeHUA-  °0 = L
aKafleMum, OKTOP TEXHUYECKNX Mu B Buocoepe, B 1991 r. 6bina co3gaHa cne- M. MeAMKMWBMAM, NpO-

Hayk, npodeccop uManbHasa cTpykTypa - Global Environment beccop ITY

Facility (GEF). B 1992 r. koHdepeHuus B Puo-
ne-"aHelpo NpuHAna pag KOHBEHLMN, CTaBLUMX BaXKHbIM MHCTPYMEHTOM BbIMOJIHEHMUA CTOALLMX
nepeg MMpoMm 3a4au.

Cpeaun npobnem, cBsizaHHbIX C Cepo-
BOAOPOAOM YEPHOMOPCKMX FNyObMH Hambo-
Nee Ba*KHOW ABNAETCA dKONOrMyeckaa npob-
NleMa, CBfi3aHHas C YHUYTOXKeHueM ¢opbl U
¢dayHbl B MOpe, ONAaCHOCTbO BO3HUKHOBEHMA
¢dakenos cepoBoAOpPOAa HaZ NOBEPXHOCTbIO
MOpPA M BO3MOXHOCTb MCMO/Ib30BaHMA Cepo-

I'. Bapmanaomusn3e, T. B. bauukapggse,

BuLie-NpesnaeHT MHxeHepHoi BOAOOpPOAa ANA PAa3BUTUA SKOHOMMUKMN, ocobe- HayanbHuUK cny»k6bl nep-
akagemuu Fpy3nn, akafemuK, A0K- HHO BOAOPOAHOM 3HEepPreTUKn. Bce st npob- rC“eKT”BHoro pasBuTUA
o 3MHCKOTO TEXHUYECKO-
TOP TeXHU4ECKUX HayK, Npodeccop,  nembl cBA3aHbI MeXay coboi u TpebyloT Ko- Py
naypear HauuMoHasbHol Npemun ro yHuBepcuTeTa, fOKTOp
Mpy3uu, MoveTHbIN paboTHUK MNIEKCHOTO PELLEHUA. TEXHUYECKUX HAYK, ITPO-
HeTAHOI U ra30Boi Mo nporHo3am cneuunanmncros, K 2050 deccop
MPOMBILLINEHHOCTH [py3UN rogy TpeTb NPOM3BOANUMON SHEPIrUN AO0KHA
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ObITb NOKPbITAa BOAOPOAOM KaK UCTOYHMKOM Tonaumea. lNpesnaeHT HepTaHON KomnaHum «Lenn»
®unn BaTrc 3a8BU O NOATOTOBKE K KOHLLY «YrneBoA0poAHOM 3pbiy.

DKOHOMMYECKME NPOrHO3bl NOKA3bIBALOT, YTO K cepegnHe XXI Beka

_9 notpebneHue aHeprum byget B 15 pas 6osblue 3HEPrnu, NCNOb30BAHHOM

Q@f“ { Ha NPOTAXKeHuM Bcero XX BeKa, U noTpebyeT ucnosib3oBaHUA okono 80%

. OOCTYMHbIX 3aNacoB *XUAKOro 1 TBepaoro tonanea naaHetol. [o 2100 roga

t WHTerpanoHoe notpebneHne sHeprun 6onee yem BABOE MPEBbLICUT U3BEC-
A THble OLEHKM 3KOHOMMUYECKU OOCTYMNHbIX NPUPOAHbLIX pecypcos. Moatomy
NMOWUCK aNbTEePHATUBHbIX UCTOYHMKOB SHEPINUM CTAHOBUTCA OCHOBHOM 3aja-

H. Ilapadunze, Yyen SHepreTUKM.
AOKTOPAHT [Py3UHCKOTO B nocnegHee pecatuneTne CTano COBEPLUEHHO OYEBUAHbLIM, YTO

TexHu4ecKoro YHmsepcu-

TeTa AanbHenwee MHTeEHCUMBHOE Pa3BUTUE COBPEMEHHOU 3HEPTETUKU U TPAHC-

nopTa BeAET Ye/NIOBEYECTBO K KPYNMHOMACLWTAabHOMY 3KO0TMYECKOMY KpU-
3ucy. CTpeMuTeNbHOE COKpaLLeHWE 3amacoB MCKOMAEMOro TonauBa OyaeT MpUHYXKAATb WMHAYC-
TPWANbHO Pa3BUTbIE CTPaHbl PACLIMPATb CETb aTOMHbIX SHEPrOYCTAaHOBOK, KOTOPbIe BO BCE BO3pa-
CTatoLLei CTeNeHM CTAHYT NOBbIWATb OMACHOCTb MX 3KcnayaTaumun. Pesko oboctputca npobnema
YyTUAN3aLMU PAANOAKTUBHBIX OTXOA0B.

YunTbiBaa 3Ty TPEBOXKHYIO TEHAEHLMIO, MHOTME YUYEHbIE U NPAKTUKM ONpeaeneHHO BbICKa-
3bIBAOTCA B MOJIb3y YCKOPEHHOTO MOWMCKA a/ibTEPHATUBHBIX HETPAAULMOHHbIX UCTOYHUKOB SHEp-
rMn. B yacTHOCTK, nx B3opbl 06paLLatoTCa K BOAOPOAY, 3aMackl KOTOPOro B BoAax MupoBoro okea-
Ha Heucuyepnaembl. K ToMy e HEOCNOPMMbIM AOCTOMHCTBOM 3TOrO TOMAMBA ABAAKTCA OTHOCM-
TeNbHaA 3KoNornyeckaa 6e€30MacHOCTb ero UCMo/b30BaHUA, NMPUEMNEMOCTb ANA TEMN/0BbIX ABU-
ratenen 6e3 cyLwecTBeHHOro U3MEHEHMA UX KOHCTPYKLMW, BbICOKAA KaJIOPUMHOCTb, BO3MOXKHOCTb
[O/ITOBPEMEHHOIO XpPaHeHWUs, TPAHCNOPTUPOBKM MO CYLLECTBYOWEN TPAHCNOPTHOW CETU, HETOK-
CUYHOCTb M T.4. O4HAKO CyL,ecTBEHHON HenpeoaoeHHOW NpobieMon A0 CEeroAHALWHero AHa oc-
TaeTcA HEIKOHOMMUYHOCTb Ero NPOMbILLIEHHOTO NPon3BoACcTBa. bonee 600 pUpPM, KOMNAHWUN, KOH-
LEepPHOB, YHMBEPCUTETCKMX NabopaTopuii M 06LW,eCcTBEHHbIX HAY4YHO-TEXHUYECKMX 06 beanHeHuM 3a-
nagHon Esponbl, CLUA, ABctpanuu, KaHagbl u AnoHnn ycuneHHo paboTatoT Haj yaelleBAeHUnem
BOAOPOAA. YCNeLWHoe pelleHne 3TON BaKHeWleln 3a4ayn peBONOLMOHHbIM 06pa3oM M3MEHUT
BCIO MMPOBYIO SKOHOMMKY M 0340POBUT OKpyKatowyto cpeny. CheayeT oTMeTUTb, YTO CEOAHA B
Mmupe npoussoautca 400 munanapaos KybuyeckMx mMeTpoB BOAOpoaa — 3TO cootsetctByeT 10
npoLeHTam Npon3BoACTBa HeDTH.

Mpokayka rnybuHHbIX BOA, Yepe3 OTCTOMHUKM [AacT HeorpaHMYeHHble 06bemMbl rasa, KoTo-
pble MOXHO byAeT NCNOoNb30BaTb B TEM/I03/IEKTPOCTAHLMAX NPU ero B3pbiBO6€30MacHOM A031po-
BaHWW. [pM TaKOM LEHTPAIM30BaHHOM CXKUTFAHUN CEPOBOAOPOAA MOXKHO PELIUTb BONPOC UCMO/b-
30BaHWNA CEpPOCOAEPKALLMX OTXOL0B cropaHuns 6e3 Bpesa sKonornyeckomnm obcTaHoBKe.

BOAOPOAHAA DHEPTETUKA
B ycnoBuax, Korga 4enoBevecTBO OCO3HAET KOHEYHOCTb HedTAHbIX 3anmacos, pa3paboTka

anbTepHaTUBHbIX BUAOB TONAMBA NpUobpeTaeT 0cobyto BarKHOCTb. OMbIT MCNOb30BaHWUA BOAOPO-
[LHOTO TOM/IMBA YK€ eCTb, U OTMEYAIOTCA KaK ero He,0CTaTKM, TaK U ero AOCTOMHCTBA.
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BogopopgHas sHepreTtMka — 3KOHOMMYHOE M 3KOI0TMYHOE HanpasaeHue BbipaboTKM 1 noT-
pebneHna aHeprun 4YenoBe4yecTtBOM, OCHOBAHHOE HA MCNONb30BAaHNM BOAOPOAA B KaYecTBe cpea-
CTBA AN1A aKKYMY/IMPOBaHMA, TPAHCNOPTUPOBKN U NoTpebneHna sHeprum NtogbmMn, TPAHCNOPTHOM
NHOPACTPYKTYPON M Pa3NMYHbIMKU NPOM3BOACTBEHHbIMW HanpaBaeHUAMU. Bogopog BbibpaH Kak
Hanbonee pacnpoCTPaHEHHbIM 3/1eMEHT HA NMOBEPXHOCTN 3eM/IM U B KOCMOCE, TensioTa CropaHua
BOAOpPOAa Hanbonee BbICOKA, @ NPOAYKTOM CropaHuA B KUC/IOPOAE ABAAETCA BOAa (KOTopasa BHOBb
BBOAMTCS B KPYroobopoT BOAOPOAHOM SHEPTETUKM).

CHU)KeHMe LeHbl BOA0POAA BOSMOXKHO MPU CTPOUTENbCTBE MHOPACTPYKTYPbI NO AOCTaBKe
N xpaHeHuto Bogopoaa. B CLUA pgelicteytoT 750 KunomeTpos, a B EBpone 1500 kKMunomeTpos Bo4O-
pogHbIX TpybonpoBogHbIX cuctem. Tpybonposoabl AencTeytoT npu gasneHnm 10-20 6ap, nsrotos-
NeHbl U3 CTaNbHbIX TPY6 gnameTpom 25-30 cm. CTapeiiwmini BOAOPOAHbIM TpybonpoBsog, AencTeyeT
B pailloHe repmaHckoro Pypa. 210 kunomeTtpos TpybonpoBoaa coeanHaAtoT 18 npoussogutenein u
notpebuteneit sogopoaa. Tpybonposoa gencrteyet 6onee 50 net 6e3 aBapuin. Camblii ANIMHHbBIN
Tpybonposoa annHoi 400 KNNOMETPOB NPONOXKEH mexay PpaHumeln u benovrmuen.

MpenmyLecTsa BOAOPOAA KaK Tonamea nepes 6€H3MHOM BKpaTLEe TaKOBbI:

Heuncuepnaemoctb. B Muposom okeaHe Bogopoga cogepxutca 1,2:10Y7 1. CymmapHas
macca Bogopoga coctasnaeT 1% obuweit maccbl 3emMnu, a Y4CI0 aTOMOB - 16%.

dKonornuyHocTb. Npun cropaHn BOAOPOA NpeBpaLlaeTca B BOAY M BO3BPALLAETCA B KPyro-
BOpOT 3emnun. He ycunmeaeTtca napHMKoBbIM 3¢dEKT, HeT BbIOPOCOB BpeAHbIX BELLeCTB Npu rope-
HUW.

OTmeTMM M oTpULATeNbHbIE KavyecTBa BOAOPOAA. ITO HU3KME NNOTHOCTb MU 0b6bemMHana Ten-
NOTBOPHaA cnocobHOCTb, bonee WMpPoOKMe npeaensl B3pbiIBaeMocT U bonee BbICOKaA Temneparty-
pa BOCNAaMeHEeHMA NO CPABHEHMUIO C yriesoaopoaamu. NMpumeHeHne KOHUENUUM IHEProakKymy-
nvpyowmx sewects (JAB) no3BoOAUT CHU3UTb HEraTUBHOE BAMAHME 3TUX HEA0CTAaTKOB BOAOPOAA
KaK TOM/INBA, KOTOPbIe 3aMETHO NepeKpbIBAOTCA ero A0CTOMHCTBAMM.

[JevicTtBUTENbHO, BECOBAA TEN/I0TBOPHAA CNOCOBHOCTb BOAOPOAa B 2,8 pas Bbile NO Cpas-
HeHWto ¢ 6eH3MHOM; 3Heprua BocniameHeHma B 15 pa3 HUXKe, Yem y BeH3UHa, n3nyyeHme nname-
HU Npu cropaHmn B 10 pa3 meHblLe.

OcobeHHO BaeH 34ecb TOT GaKTop, YTO NPU CrOPaHUK BOAOPOA NPEBPALLAETCA B BOAY U
MONIHOCTbIO BO3BPALLLAETCA B KPYroBopoT Npupoabl. BecoBasa TennotBopHaa cnocobHoOCTb BOAOPO-
na (28630 kkan/Kkr) B 2,8 pa3a Bbille Mo cpaBHEHMIO ¢ beH3nHOoM. pu MCcnoab3oBaHUN BOAOPOAA
KaK TOM/MBA He BblAEeNATCA BpeaHble BellecTBa (aBTOMOOWUIbHbIM ABuraTenb BblbpacbiBaeT 45
TOKCUYHbIX BELLECTB, B TOM YMC/IE U KaHLLepPOreHbl), HET ONacHOCTU 06pa3oBaHUA 3aCTOMHbIX 30H
BOAOpPOAA: OH NIEerko y/ieTy4nBaeTca.

MmeHHO noatomy Bogopos cnocobeH 3ameHUTb U HedTb, U ras, U yrosb, CTaB OCHOBOWM
sHepreTukmn byayuiero.

B Hauyane 90-x rogos KasanocCb, YTO MNepexoq K MacCoOBOMY BbINYCKY BOAOPOAHOrO TpaH-
cnopTa yxe He 3a rogamu (npumepHo K 2004 r.). NMpeanonaranocb, YTo 3ameHa bygeT npoxoauTb
NOCTENEHHO: CHa4yana OT ABWUraTesnielt BHyTPEHHEro CropaHnAa OTKAXKyTCA NPOU3BOAUTENN TOPOAC-
Kux aBTOOYyCOB, 3aTEM HA BOAOPOAHOE TON/IMBO NepeBeayT IMYHbIA TPAaHCNOPT U T. 4,

CToMmocTb BOAOPOAA NPW KPYNMHOONTOBbIX NOCTaBKax Kosebetca B AuanasoHe 2-7S 3a Kr.

HblHeLWwHAA CTOMMOCTb NOAYyYeHUA O4HOIO KI BOAOPOAA, KaK NPaBuIo, NyTeM 3/1eKTPOAN3a
BoAbl coctaBaseT $ 10. HegonycTMMo BbICOKan LeHa A/1a LWMPOKOro npumeHeHus. Bmecrte ¢ Tem,
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CUTyaunsa menseTca K nydywemy. B THLU, “KypuaToBcKMi MHCTUTYT”, Hanpumep, pa3paboTaHa TeXHO-
JIOTUA NAa3MEHHOro KaTasnsa, No3Bo/AWaA Noay4yaTb OAUH KI BOAOPOAa U3 NPUPOLHOro rasa
npu ctoumoctn meHee 1 gonnapa CLUA.

OTKpblBaeTCA MHTEpPECHaA NepcneKkTUBa AELWeBOoro, a rnaBHoOe, SKONOrMYECKN YUCTOro Mo-
NlYy4eHUs BOAOPOAA M3 CEPOBOAOPOLA YEPHOMOPCKOM BOAbI.

YepHOMOPCKMIN cepoBOAOPOA OANH U3 OYEHb NEPCMEKTUBHbIX W OYEHb AelleBblX Hanpas-
NeHUI ero noay4vyeHma. Ho nonyyeHune BoA0pOAa 3TO TONbKO O4HA M3 YacTel npobnembl. Kak mbl ¢
BAMW Yy)Ke CKasaau, ANA ero MCNoNb30BaHUA B NMPOMbIWAEHHbIX MacwTabax HY»KHO yxKe ceiyac
3a4YMbIBATbCA O CUCTEMHOM MPOEKTUPOBAHUN N CO34aHUM LENOCTHOM MHPPACTPYKTYypbl. J06biya
nnu BbIpaboTKa, NOAYyYEHME MHBbIM CNOCOHOM, TPAHCMOPTUPOBKA, XPaHEHME.

3anacaTb NOAYYEHHbIN BOAOPOL MOMKHO C MOMOLLBbIO SHEPTrOAKKYMY/IMPYIOLLErO BELLECTBA
(9AB). 3Ta Tema gocTaToyHO paspaboTaHa. EcTb MHOro pasHbix JAB. Takoe BelLecTBO (Hanpumep,
ApeBecuHa) co3aaétca (BO3HMKaeT) noa, Bo34eiCcTBMEM SHEPTUN (COTHEYHOM), @ MOTOM B pe3y/b-
TaTe OKMCNeHUA (ropeHuna) oTAaéT 3Ty aHepruto (Tenno). EWE npumep TaKoro BelLecTBa — Kpem-
HUI. TONbKO B OT/INYME OT APEBECUHbI €F0 MOYKHO BOCCTaHaBAMBATb U3 OKMCAA.

UTaK, ecTb peanbHaa BO3MOXHOCTb 400bIBAaTb M aKKYMY/MPOBaTb BOAOPOL M3 CEPOBOLO-
poaa YépHoro mopa ¢ NoCNeAyoLWMM ero NPMMeHEHNEM B SHEpPreTMKe. Tem BpemeHem CUTyauma
C TPagMUMOHHBIMKX BUAAMM TOMNIMBA CTAHOBUTCA BCE Bonee yrpoxawuweit. Bogopoa mor 6bl cTaTb
aNbTepHaTUBOM BEH3UHY.

N ewé HemHoro umop. B ogHOM TOHHE cepoBoaopoaa coaepKuTca 58 Kr Bogopoaa, npu
CropaHnKM KOTOPOTrO BbIAENAETCA CTO/IbKO e IHEPTUN, CKOSIBKO U NPU CHUTAHUKU 222 ANTPOB HeH-
3nHa. B YépHom mope coaeputca He meHee 1 000 000 000 TOHH cepoBOAOPOAQ, YTO SKBUBAJIEH-
THO 222 Munnvapaam nuTpos 6eHsuHa.

ExkerogHbin npupoct cepoBogopoaa (H2S) B YepHom mope gocturaet 75 maH.T. U3 Kax-
[0r0 MJIH.T. H2S MOXHO NOAy4YnTb B BUAE SKOHOMUYECKU YNCTbIX NOAYKTOB cBbiwe 940 ThiC.T cepbl
M okoso 60 TbiCc.T BOAOPOAA. ITO 3KBMBANEHTHO 250 TbiC.T HEePTU. [TpU COBPEMEHHDIX LLleHaX CTOU-
MOCTb nosiydeHHbix 13 1 000 000 T H,S npoaykTos coctasaaet cymmy go 50 000 000 gon. CLUA.

Mog BOAOPOAHOM 3HEPTETUKON NPUHATO NOHMMATbL CUCTEMY dHEpProobecneyeHuns, OCHOBa-
HHYIO HAQ MPUMEHEHNN BOAOPOAA B KauecTBe BTOPUYHOIO SHEpProHocuTensa. Bogopos — yHUKanb-
HOe BeLLLeCTBO: OH MOMKET ObiTb MCMO/Ib30BAH W KaK TOMNIMBO, MU KaK peareHT B Pa3/IMYHbIX Npouec-
Cax - OT XMMUWYECKUX A0 MNPOLECCOB B NULLEBON U METANNYPIMYECKON NPOMbILLAEHHOCTH.

Boaopoa ncnonb3yeTca B Ka4ecTBe roptoyero B COBPeEMEHHOM paKkeTHOM TexHUKe. Poccuinc-
Kas pakeTa-HocuTenb "dHeprus" cnocobHa BbIBOAUTL Ha opbuTy 6onee 100 TOHH Pas3NNYHbIX TPY-
30B 6n1aroaapa BOAOPOAHO-KMCNOPOAHBIM ABUraTenam. B ee 6akax Haxo4ATCA KUAKUIA KMCNOPOL,
M KUAKMA BOOOPOA,.

B xumunyeckon npomblwaeHHOCTH, Hanpumep, 4o 80% notpebneHna Bogopoaa pacxosaye-
TCA B NPOLLECCAaX CMHTE3a aMMMaKa U MmeTaHona. He cnyyaitHo cerogHs B MMpe NpoM3BOACTBO BO-
Aopopaa cocraBaseT okosno 1,4 000 000 000 KybomeTpos B roa. B Hauane 90-x rogoB npoLwioro se-
Ka B CTpaHax C pa3BMTON 3KOHOMMUKOMN 77% BOA0POAA NOAYYanM U3 NPUPOLHOrO rasa u Heprenpo-
ayktoB: 18% - 3 yrna, 4% - 3 soabl U 1% - N3 npoyero cbipbA.

KpynHomacwTabHas KOHUenuua BOAOPOAHOM 3HEpreTUKM 3apogunack B cepegmHe 70-x
rof0B KaK peaKkLuusa Ha IHepreTMYecKnin Kpusmnc Tex net. FnaBHaa naes - 3ameHa UCKONaemblx op-
raHM4YeCcKUXx BMA0B TOM/IMBA BO BCex chepax UX NPUMEHEHUA HA HOBbIA SHEPrOHOCUTENb — BOAO-

35



UNHNNINGILE LSIGE0IHM-GITE03IGH0 LEBNHNG0N TIAE=0 , idIIO NI 6530130 LS 3dB0-
SCIENTIFIC-TECHNICAL INFORMATION- INTERNATIONAL JOURNAL ,,GEORGIAN OIL AND GAS' AZ0, 2015
MEXXOYHAPOOHbIN HAYYHO-TEXHUYECKUA, UHGOPMALIMOHHBIN XXYPHAN ,,HE®Tb U MA3 NPY3UU"

3VB6NIAIBY - IR SIA69SNITN I6IA-IISNSD - SCIENCE

po4, Npu CXKUrAHMM KOToporo obpasyeTca TO/IbKO BOAA M MPAKTUYECKU OTCYTCTBYHOT Kakue-anbo
BpeAHble Bbibpockl. B 1975 r. 6bina gaxke obpasoBaHa MexayHapogHasa accoumaums no BoA0pPO-
AHoM sHepreTuke (MAB3) co wTab-kBapTupoi B Manamu (CLUA).

MNpasutensctso CLUA Bbigennno 1 700 000 000 ponnaposB Ha KOMMepUUANM3aUMIo TpaH-
CMOPTHbIX CPeACTB Ha BOAOPOAHbIX TOM/IMBHbIX 3/1eMeHTax, a Takxe 1,2 muanvapga A0NNapoB Ha
npPou3BoACTBO BoAopoaa u3 yrna 6e3 amunccun CO,.

CerogHAa 48 sSKOHOMMYECKM PA3BUTbIX CTPAH MUpPaA 3aKOHOAATE/IbHO NOAAEPKUBALOT PA3BU-
THe BO30OHOBASEMbIX UCTOYHUKOB 3Heprumn (BM3). B pesynbtate BUI aemoHcTpupytoT 6bICTpbIN
POCT 1 BCe Hosee yBeNMUMBaAIOLLYCA POb. MHBECTUUMM B BO30OHOBAAEMYLO SHepreTuky B8 2005 ro-
Ay coctasmam okono 30 000 000 000 gonnapos. B npombllIeHHOM CEKTOpPE 3TOoM oTpacau 6bi1o
3agencTBoBaHoO oKoso 2 000 000 4yenoBeK. YCTAaHOBNAEHHAsA MOLLHOCTb BCEX SIHEPrOOOBEKTOB, pa-
6oTatowmx 3a cyet BMI, npubamsmnace k 200 000 MBT mamn 4,5% obuieit ycTaHOBAEHHOW MO-
WHOCTU MUPOBOro 3HEpreTnyeckoro cektopa. KoamyecTso x03AmMCTB, MCNONb3YIOWMX CONHEYHbIe
KONNEKTOPbI 4NA NOAYYEHUA ropaYvei Boabl, yBenmumnocb go 50 munnmoHos. Ewe 8 2004 roay
o6Lan TennoBasa MOLLHOCTb YCTPOWMCTB, UCMO/b3YIOWMX SHEPIMIO COMHUA, BUOMAcChl U 3eMHbIX
Heap, coctanana 320 BT. logoBoe NPOM3BOACTBO XKUAKMX OBMOTONAUB - 3TaHONA M Buoausens -
pocturno 33 000 000 000 nuTpoB - npumepHO 3% OT rogoBOro NPoOM3BOACTBA HEH3MHA, PaBHOrO
1200 000 000 000 nuTpam.

KomnaHuu, paboTatome B ceKTope BO30OHOBASEMOW IHEPrETUKN, HAMEPEHbI MHBECTUPO-
BaTb 71 000 000 000 eBpoO B HOBbIE NPOM3BOACTBEHHbIE MOLLHOCTU N SHEProreHepupytowme CTaH-
umn oo 2012 roga, u3 kotopbix 40 000 000 000 eBpo NOMAYT Ha SHEProNpPOM3BOACTBO 3a cyeT BU3,
29 000 000 000 eBpo Ha Npoun3BoACTBO BO306HOBAAemoro Tensia 1 2 000 000 000 eBpo Ha buoTon-
NvBoO. Peanusayma sTux naaHoOB NpuBeAeT K YBe/IMYEeHUO NPON3BOACTBAa BO30OHOBAAEMOrO Tena
NPaKTMYECKN B ABa pPa3a: OT CyLLEeCTBYOWMX ceroaHa 5,4 % 0o 9%, notpebneHne 6uotonamea cmo-
*KeT yBennumtbea ot 3,6 % ao 8,5 %, a nponssoacTBo sHeprum 3a cuet BUD ysennuntca ot cospe-
MeHHbIX 10% no 6onee, yem 20%. Ewle oaHa Bbiroga - okoso 130 000 HoBbix pabounx mect Aoba-
BMTCA K 170 000 y»Ke cyL,ecTByOLWMM B CEKTOpe BO306HOBNAEMOM 3HepreTukm NepmaHuun. Manble
npeanpuATMA NAAHUPYIOT BHECTU 4,5 Mapa, eBpo Ha uccneaoBaHuA 1 pa3paboTKu.

CEPOBOAOPOA B YEPHOM MOPE

Ha puc.1l npeacrtaBneHbl paspe3 YepHoro mopsa C pacnpegeneHnem ceposogopoaa no
rnybuHe, a TaKkKe TemnepaTypa U CONEHOCTb BOAbI.

Kucnopogn noctynaet B BOAy Yepe3 MOBEPXHOCTb MOPA M OCBELLEHHbIN COJIHEYHbIMU
Nly4amum NOBEPXHOCTHbIN CNOU BOAbl BCieacTBne GOTOCUHTE3a Bogopocaen. [1na nonagaHma Kuc-
nopoga B rnybuHy mopsa HeobxoAMMbl BEpPTMKa/lbHble TEYEHWA BOJ, KOTOpble MNPAKTUYECKU
OTCYTCTBYIOT.

B ueHTpanbHOM YacT mopsa (B LEHTPe Kynona, KOTOpbli obpasyeT «CcepoBOAOPOAHAs
4acTb» MOPCKMX BOA) KanpusHaa rpaHMuUa Haxoautca Ha rnybuHe npumepHo 110—120 m, a ¢
npubankeHmnem K beperam onyckaetca go 150—160 m [1,5].

BennumHy TemnepaTypbl NOBEPXHOCTHOrO €05 BOAbl OnpeaenseT TemnepaTtypa BO34yxa,
HO B rNYBUHHbIX C10AX TemnepaTypa nocToaHHasA (8-9 °C) (puc.1).
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Puc.1. Pa3pe3 YepHoro mops

CnepoBaTtenbHo, YepHoe Mope COAEPKUT ABa CNOA BOAbl: NOBEPXHOCTHLIN, MeHee NAoT-
HbIM CNOM U ryBUHHbBIN, 6onee NNAOTHbLIN CN0M, B KOTOPOM HaxoAUTCS CepOoBOAOPOA B 6O/bLLIOM

KO/IMYECTBe, KaK NpeAnonaraloT, B XXnaKon popme B BuAe cmecu ¢ BoAon. OXunaaercs, 4To sTomy

CI'IOCO6CTByeT BbICOKO€ AaBneHue.
Kpome TOro, HeO6XO,CI,VIMO OTMETUTb AO0CTATOYHO BbICOKYKO PaCTBOPMMOCTb CepoBOAOPOAa

B BOAE W PE3KYI0 3aBUCMMOCTb PAaCTBOPMMOCTUN OT TemnepaTypbl (cM. Tabauuy).

&0 B0 *C

i i
0 20 40
Puc.2. PacTBOpMMOCTb cEpoBOA0POAa Ha 1 /1 BOoAbI

Kak Buaum, pactBopaemocCTb CepoBOA0pOAa B BOAE AOCTAaTOYHO BbICOKA M Pe3KO najaeTt ¢
pocTtom Temnepatypbl. Ecan npu 10°C pacTBOpMMOCTb B BoAe cCOCTaBaseT okoso 5 r/100 mn, To
npu Temnepatype Boapbl 20°C nagaet Ao 3.85 r/100 mA. ITo yKasbIBaeT Ha TO, YTO €CAU U3 TYBUH,
roe Temneparypa BoAbl 0Kosio 9°C, To npu ee NOAHATMM HA NOBEPXHOCTb MOPSA, F4e TemnepaTypa

BoAbl 0KoJ10 20 °C, ¢ Kaxkaoro nntpa byaeT BbiAenAaTbca oKono 1 r ceposoaopoa B BUAE rasa.
B rnybuHax mopsa nNpu BbICOKUX AaBNEHUAX CEPOBOAOPOA HAXOANUTCA B KUAKOM COCTOAHUM

M NpeacTaBNeH B BMAE CMECcU C BOAOW. DTO 06CTOATENLCTBO MOMKET PE3KO YBEeNMYUTb A06biuy
cepoBogopoaa. B *KnaKom coCTOSHUM CEPOBOAOPOA NPOBOAMUT SNEKTPUYECKUI TOK HECPABHEHHO
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XY}Ke, YEM BOJaA, UMEET HU3KYH AUINEKTPUYECKYIO NMPOHULAEMOCTb M KakK PacTBOPUTENb MOXOMK
CKOpee Ha OpraHnYecKme XUAKOCTU, YEM Ha BoAy.

CodepicaHue pacmeopeHHbIX 2a308, MK2/K2, 8 3a8UcUMOCmU 0m memnepamypsl ¥udKocmu.

Temnepartypa *xugkoctn, C | Kucnopog | Asyokuck yrnepoaa | Ceposogopoaa
0 69,5 3350 7070
20 43,4 1690 3850
40 30,8 970 2360
60 22,8 580 1480
80 13,8 - 765
Mpumeyanue. MNpu Temnepatype xnakoctm 100 C n Bbiwe KNCNOPOA, ABYOKUCH Yraepoaa 1 ceposoaopos
OTCYTCTBYIOT.

3acnyunBaeT BHUMAHUA TOT GaKT, 4TO CEPOBOAOPOA ropa3ao Nyylle pacTBOPAETCA B BOAE,
yem Kucnopog (8 90 pas npu 20 °C) n AByoKuUCb yraepoaa (2.3 pasa). ITa pasHuMLUa yBENMUYMBAETCA
npu NOHUXEHUU TemnepaTypbl. ECAN yyecTb 3aKOH MeHpU, KOHLUEHTpaumMA ra3a, pacCTBOPEHHOro B
XMOKOCTU, NPAMO NPONOPUMOHAsibHa AaBJ/IEHUIO ra3a Haj pacTBOpom. Toraa nonyymm, 4To
Ha rnybuHe 100 meTpOB KOHLEHTPALMA CepoBoAopoaa B BOoAe MOXeT ObiTb yBe/nnyeHa B
hecATb pas.

Cnepyet oTMeTUTb, YTO Npu AasneHuax bonee 11 atm. cepoBoaopoOA NpeBpaLLaeTca
B XuAKocTb. CnepoBaTtesibHO, Ha rybuHax 6onee 100 meTpoB Mbl AOMXKHbI HabaogaTb
CMecCb BOAbl U XNAKOro ceposogopoaa. Ecnmn yyectb, Uto nnoTHocTb ceposogopoaa (0.95
r/cm3) meHbLIe NI0THOCTU BOAbI, TO B MOpPe OBHaPYKUTCA CIOM }UAKOro cepoBoaopoaa.

CEPOBOAOPOA MOPCKUX INYBUH

B 1989 roay 6b1n ony6aMKoBaH NPOEKT, Npeanaratowmin C MOMOLLbIO MOLLHbIX HACOCOB Bbi-
KaumBaTb M3 rnybuH mopa 6oraTyto CepoBOA0POAOM MOPCKYHO BOAY, O4MLATh OT CepoBoAOopOLa U
B/IMBaTb 06PaTHO B MOpE.

B 1979 roay 6b110 npeanoxKeHo NpUAOHHbIE CIOM MOPCKOM BOAbl M3 PaMOHOB aHOMa/IbHO
BbICOKOro coeprKaHuA cepoBoaopoaa NOAHMMATL Ha TEXHOIOTMYECKYHO BbICOTY, rae ux noasep-
raTb BO3AEMNCTBUIO 3NIEKTPOrMAPaABANYECKUX YAAPOB, obecneynBatowmx BblaeNeHMe CepoBoaopoO-
Aa, a 3aTem BO3BpaLaTb 06paTHO B mope (anekTporngpasamyeckunii apodekt). MNMonyyeHHbI ras
MOMHO CHMXKATb U CHUraTb, a NOABMBLUYIOCA ABYOKUCb Cepbl OKUCAATb B CEPHYIO KMcaoTy. Mpu
CKUraHMmn 1 Kr cepoBo0poOAa MOXKHO MONYYUTb [0 ABYX KWUIOrPaMMOB AIBYOKMCKU cepbl 1 4x103
KKan yTUAM3Npyemoro tenna. Npu oKMCcneHnn aByoKMCH Cepbl 40 CEPHOM KMCNOTbI TaKXKe Bblaens-
eTca sHeprma. Kaxkgasa TOHHa cepoBofopoaa, cropas, gaet 2,9 T cepHOM KMCNOTbl. JlonoaHUTeNb-
HaA 3HeprusA, BO3HWKAKOLWAA MPU ee CUHTe3e, CoCTaBuT A0 5x10° KKan Ha KaxAayto TOHHY Mosy-
YeHHOM KMCNOTbI.

PacuyeTbl NOKa3bIBAlOT, YTO A4N1A YAOBNETBOPEHUA BCeX noTpebHocTen cTpaH bbiswero CCCP
B 3N1€KTPO3Heprum, 6e3 HapyLeHNa 3KONOTUKU MOPA, HALO EXKEeroaHo BblAenATb U cxkuratb 7400
Ky6. KM MOpCKOM Boabl. CkuraHne 2x5x10% T ceposogopoaa No3BOAUT Noayuntb 7x3x108 T cep-
HOM KMCNOTbI.
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[OencTBuTeNnbHO, CEPOBOAOPOA, KOTOPbIN ABAAETCA BECbMA TOKCUYHbBIM ra3om, MOXKET Npu-
HecTn oyeHb 60/blION 3KOHOMUYECKUI adpdeKT. CnepoBaTtesnibHO, YepHoe mope ABAAETCA He TOo-
JIbKO Cepbe3HOM 3K0/I0rMyeckoi npobaemomn, HO U UCTOYHUKOM BOAOPOAHOM IHEPTrUKN, eC/IN Hall-
netca 3¢deKTMBHbIN MeTo pacnaga CepoBoAopoda - OTMeYaloT Typeukue ydyeHble. OTmeyeHo,
yto npu rnybuHe 6onee 200 m, B 50-meTpoBbIN CN0OM BoAbl B AeHb nocTynaeT 10 TOHH cepoBoao-
poaa 1 3pdeKTUBHbIN MmeToA nepepaboTKu TypeLKue yyeHble BUAAT B cO34aHUN 3GDEKTUBHbIX Ka-
TaNn3aTopoB.

MonaratoT, 4YTO BblgEeNEHNE CEepPOBOAOPOAA B rybMHax YepHOro mopsa cBsA3aHoO C cynbdat-
PeayKUMOHHbBIM NPOLECCOM, a B YC/I0BMAX BbICOKUX AaBNEHNI CEPOBOAOPOL HAXOANUTCA B MKULKON
dopme, co3gasas cmecb ¢ Bogon. HecmoTpsa Ha To 4To npouecc obpa3oBaHMA cepoBOAOpPOAa Hen-
PEepPbIBHbIN, Ha NPOTAXKEHUM NOCAeAHero CTonetTusa rnybuHa pasaenmTenlbHoOro c/oA CyLWecTBeHHO
He M3MeHseTcs.

B YepHOM Mope ycTaHOB/IEH AMHAMWYECKM PAaBHOBECHbIM Npouecc U cywecTByeT apdekT
doToamccoumaumm, KOTopbi NPUBOAMT K pacnagy MOJIEKYN CEPOBOAOPOAA B BEPXHUX COSX
BoAb! [1,5].

B cBA3M C 3TUM NpMmeYaTenbHO, YTO HAabNAATCA CE30HHbIE M3MEHEHMA TNYyOUHbI pasae-
JIMTENBHOrO CN0S BOAbl: B 3MMHUIN Nepuog COM NOAHMMAETCS BBEPX Ha AeCATKM MEeTpoB, a fe-
TOM norpyaetcs B r1ybb mopsa. MOXHO NPeanoioKnUTb, YTO 3TOT 3G PEKT cBA3aH UMEHHO C POoTO-
Anccoumaumern noa BAMAHMEM COJIHEYHOro M3nydyeHus. CnepoBaTenbHO, M3yyYeHue ¢otogmcco-
LuMauum cepoBoaopoaa NnpnuobpeTaeT 3HaUNTENbHbIN MHTEPEC.

CnenyeT OTMETUTb, YTO CNEKTP MOr/IoWEeHUA CepoBoA0POAa MMEET CUbHYIO MNOI0CY NOr/10-
WEeHMA Ha AMHE BO/HbI 2.5 MKM (puc.3), Toraa Kak MMeHHO B 3TOM 061aCTU CNekTpa Boga umeeT
MUHUMYM nornouieHns UK nsnydyeHuns. 3To yKasbiBaeT Ha TO, YTO CONIHEYHOE U3/yYeHue AaHHOM
YyacToTbl rNy6oKo NpoHMKaeT B mope. MHTeHcmBHOCTb MK M3nydeHns MoxKeT ObITb yBENINMYEHA M3-3a
KOMBMHALMOHHOIO paccesaHMa CONTHEYHOTo U3y4eHnA MOIeKynamm Boapbl [5].
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Puc.3. CneKkTp nornouweHus ceposogopoaa B UK obnactu

Cnepyet TaKKe OTMETUTb, YTO pacnagy cepoBoaoposa B Boae cnocobcreyeT u UK nsnyye-
Hue 3emin. ITUM MOryT BbiTb BbI3BaHbl M HEKOTOPOE YMEHbLUEHWE 3a/eraHuA pa3aenmTeNbHoro
cnos 86an3n 6eperos 1 HeKoTopas KynosoobpasHocTb Horatoro cepoBoAOpPOA0M BOAAHOTO CNOA.
Becbma npuMmevaTenbHO, YTO PACNONOXKEHUEe Ha rnybuHe mMopA PasfeUTeNbHOro CNos
MeXAy UYMCTOM U CepoBOAOPOAHOM BOAON MEHAEeTCA NO CEe30HHOMY roA0BOMY WM3MEHeHMuo. B
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nepuog, 3vMbl PasgennuTenbHbl CIOM PACNONIOKEH HA HECKONbKO AECATKOB METPOB Bbllle, YeM
NeTom. BbixoauT, YTO NONOXKEHME Pa3LEeIMTENbHOTO CNA0A 3aBUCUT OT AJUTENbHOCTU OCBELLEeHMUA
MOPA COJIHEYHbIM M3Jly4EHUEM W, cnefoBaTesibHO, 3ddeKT poTonoHmn3auum ceposogopoda Bno-
JTHE MOKET OKa3aTb BAUAHME HA NOJIOXKEHME PA3AEeIUTEIbHOrO CNOS.

Kak ykasaHo B Tabauue, B BOAE KMCIOPOL PacTBOPAETCA B AECATKU Pa3 Xy»Ke CepoBoA0poO-
Aa W, cnepoBaTeNibHO, ciefdyeT OXMAaTb, YTO OCHOBHOW MPUYMHOMN PE3KOro YMEHbLUEHMA KOH-
LEHTPaLMM CEPOBOAOPOLA B BEPXHMX CNOAX MOPCKOWN BoAbl ABaseTcAa GoToAnCCOLMaLMA CEPOBO-
A0pPOoAa COTHEYHbIM U3TyYEHUNEM.

be3s comHeHUA, camblil 3KOHOMUYECKM 3D PEKTUBHDBIN NYTb - 3TO poToANCCOLMALMNA CEPO-
BOAOPOAA C MCNO/Ib30BAHUEM COIHEYHOTO cBeTA. [leMCTBUTENbHO, KaK U3BECTHO, MpY TeMNepaTy-
pax Bbiwe 400 °C npoucxoguT pacnag CepoBOAOPOAA HA BOAOPOA U cepy. ITO YKasbiBaeT Ha TO,
YTO 3Heprua GOTOHOB BUAMMOIO CMEKTPa COTHEYHOTO U3/lyYEHMA BMOJIHE JOCTAaTOYHA ANA $oTo-
AnccouMaLmMmM MOJIEKYN CEPOBOAOPOAA. ITOT NPOLLECC NPOUCXOLUT TEM UHTEHCUBHEE, YEM BblLLE
TemnepaTtypa.

HecmoTps Ha To YTO pPacTBOPMMOCTb CEPOBOAOPOAA B Boae HU3Kaa (0.25 r Ha 100 mn Bo-
Abl), MPY BbICOKUX AABNEHUAX OH MOXKET HAaXOAUTbCA B KUAKOM COCTOAHUU. ACHO, YTO eCcaun noso-
YKEHWe pa3fennTenbHOM rpaHuLbl CBA3AHO TONBKO C AABJEHUEM, TO HEBO3MOXHO 0OBACHUTL ee
Ce30HHOE NepemelLeHMe Mo BEPTUKANM.

CnenyeT oTMeTUTb, YTO HAMM pa3paboTaH aeweBblt U 3GPEKTUBHBIN MeTo A06bI4M cepo-
BOAOPOAA M3 MOPCKUX FNybUH U co3gaHa adpdeKTMBHaA nabopaTopHas yCTaHOBKA A5 TPaHCNo-
PTUPOBKM BOA M3 MOPCKUX FYOUH U poToANCCOLMALMM NOSYHEHHOTO CepoBOAOpOaAa (naTeHT Mpy-
3umn P 5699. 2013.01.14).

doTogmccoumaumnsa cepoBoaoOpPOaa - IKONOTMYECKM UYUCTbIM NMPOLLECC U MOXKHO OXKWAATb,
YTO MCMO/Ib30BAHME CEPOBOAOPOLAA CbIrPAET 3HAUYUTENbHYIO PO/Ib KaK B PeLeHNM SHEPreTUYeCKmX
npobnem Mpysnun, passmBad BOAOPOAHYIO SHEPTreTUKY, TaK U B YPEryIMpPoBaHUMU 3IKONOTMYECKUX
npobsiem YepHomopckoro bacceiHa.

B 3akntoueHne oTmeTMm, 4YTo EBpPOMEMCKUIA COKO3 rOTOB BbIAEAUTb Ha YAy4ylleHWe 3KOo-
JIOTMYECKOM N SKOHOMUYECKOM cuTyauum B HepHomopckom baccenHe 12,5 000 000 000 eBpo. 3Tu
cpeacTea byayT nocTynatb NO3TanHO, NOA KOHKPETHbIe MPOrpaMmMbl.

AOBbIYA CEPOBOAOPOAA U3 MOPCKUX TNMYBUH

Hamun npepnoKeHo: gns ocylecTBAeHNA HENPepPbIBHOrO NogbeMa BOAblI U3 MOPCKOW Ty-
H6UHbI AOCTAaTOYHO, YTODObI BbIXOAHAA YaCTb TPYObl HAXOAMNACh HA YPOBHE, HUXKE YPOBHA MopsA (Ha
6epery). Toraa BO3HMKaeT He0HX04MMaA PAa3HOCTb MMAPABANYECKOTO AaBNEHUSA (B OTCYTCTBUE Ha-
coca!ll), KoTopas HenpepbiBHO byaeT NoAHMMATbL BoAy W3 rybUHbI. MNpumeyaTenbHo, YTO Ke-
CTKOCTb TPYObl U €€ BEPTMKa/IbHOE PaCMO/IOKEHME He TpebyeTca, TaK Kak Ha N1tobom ypoBHe ropu-
30HTa/IbHOTO pa3pesa Tpybbl AaBieHMe BOAbI (C Ny3bipbKamu cepoBoaoposa unm 6es Hero) byaet
OAMHAKOBO. YUMTbIBasA BbICOKYO KOPPO3UMHOCTb CEPOBOAOPOAA, Tpyba MoxeT 6bITb M3roToBNAEHA
13 N106Oro XMMMUYECKM CTOMKOro matepuana (Hanpumep, 6asanbTosble TpybbI).

Mpw noaHATMM BOAbI U3 TNYBUH MOpA, BCNeACTBUE MOHUMKEHUA AaBNEHUA BOAAHOMO CTON-
6a, HaunHaeTcA BblaeneHne ra3oobpasHOro cepoBoAopPoOaa B BUAE My3blpbKOB, KOTOPbIE NOAHU-
MatoTCA BMeCTe C BOAOW 0 BeEPXHEeM rpaHumubl Tpybbl. MopcKas Boaa onycKaeTcA B BOAOEM, KOTO-
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PbI pacnonioXKeH Ha bepery HUXKe ypoBHA Mops. Bogoem repmeTMYHO NepekpbIT NPOo3padHbIM
ANA COMIHEYHOro CBETA KYMOJ/IOM, Nof KOTopbiM cobupaeTcs razoobpasHbin cepoBogopoa. [a3006-
pasHbIl CEpPOBOAOPOL MOXKHO OTKA4aTb CreLmanbHbiM HACOCOM, YTO YMEHbLUAET AaBAEHUE BHY-
TPUY Kynosaa 1 Tem CambiM yBennuineaeT 3GPeKTUBHCTb OTKAUKKM BOAbl U3 rybuH mopsa. Nasoobpas-
HbI CepoBOAOPOA NEPEXOAUT B CNELMANBHDBIN ra3ronbaep 1 3aTemM B crneumanbHbli GOTOHHbIN pe-
aKTOp ANA GOTOHHOIO Pa3/IoKEHUA CEPOBOAOPOAA HA CEPY U BOAOPOA,

MpumeHsa cnocob oTKa4YKKM razoobpasHOro cepoBoaopoaa, oTnagaer HeobxoanmocTb obe-
CNeyYeHuna PasHOCTU MeXAyY YPOBHAMM MOPCKOM BOAbI M BOAbI B Bogoeme. Tem He meHee, cnocob
NOAHATUA TNYBUHHBIX BOZ 3@ CHET PA3HOCTU YPOBHEN BOA, ABNAETCA 60Nee SKOHOMUYHBIM.

TaK Kak pacTBOPUMOCTb CEPOBOAOPOAA PE3KO YMEHbLUAETCA C MOBbILEHWEM TEMMEPATY-
pbl, BblAENEHNE CEPOBOAOPOAA MPOUCXOAUT HE TONIbKO YMEHbLUEHNEM AABNEHUA BOAAHOMO CTO-
6a B Mope, HO M NOCTeNEHHbIM MOBbIWEHWEM TeMMepPaTypbl BoApl (B neTHee Bpems). MoBbILEHUIO
TemnepaTypbl Bogbl 6yaeT cnocob6cTBOBATL M MPO3PAYHbIA Kynosa BOAOEMA, B KOTOPbI cBO6OAHO
NPOXOAUT CONIHEYHbIV CBET, HAarpeBas BoAY M CNOCOOCTBYA OYULLEHUIO MOPCKOM BOAblI U3 CEPOBO-
aopoga. Ansa 3dPeKTMBHOrO NOrIoWEHNA CONHEYHOW SHEPTUMN, CTEHKMU U AHO BOLOEMA MOKPbIThI
XMMUYECKU CTOMKON YEPHOW NAEHKON.

Pa3paboTaHHbIN HaMn MeTog, f06bluM CEPOBOAOPOAA U3 MOPCKUX INYOUH He TpebyeT nna-
BYYMX NNatGopm n MoKeT paboTtatb npu nobol noroge co cbopom cepoBOLOPOAHON MOPCKOM
BOAbl Ha YCTAHOBKE, PACNO/IOXKEHHOM Ha bepery. s NogHATUA TYOUHHBIX MOPCKUX BOA, AOCTATO-
YHO NPOBOAUTL NOOYI0 TMBKYIO TPYOY (M3 XMMMYECKM CTOMKOro matepuana ntoboro guameTtpa) Ao
Heobxogumon (noboi) mopckon raybuHbl. MNpon3BoaUTENBHOCTb AAaHHOMO YCTPOMCTBA MPAKTU-
YeCKM 3aBUCUT TONbKO OT AMAMeTpPa TPYObl U PA3HOCTU MeXAY YPOBHEM MOPA U BbIXOAHOM rono-
BKOM TpyObl [2,4].

Puc.4. YctpoiictBo gna ao6biun rny6UHHDLIX BOA,

CnenyeTt OTMETUTb, YTO AAHHbIM MeTo, 3anaTeHToBaH MaTteHTom py3uKn 1 UCMbITaHWe AaH-
Horo metoaa 6bi10 nposeaeHo netom 2010 roga B akBaTtopuu r. batymu. bbina goctaBneHa cepo-
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BogopoAaHasa Boaa us rnybunn 600 m. MNpu aTom, gaHHbIN meTog obecneymBaeT NOAHATUE BOAbI M3
N0ObIX rNy6buH, BNOTb A0 NPUAOHHOTO C/0S.

Ha puc.4 npeactaBneHo yCTPOMUCTBO 418 NoayYeHUA MOPCKOM BOAb! U3 1060 rybuHbI.

BecbMma BakeH TOT $aKT, YUTO B NpeasiaraemMoit HaMu yCTaHOBKe, Npu Aobblye cepoBoAOpO-
[a NPUCYTCTBYET TO/IbKO BOAAHOM Nap (B MPMEMHMKE OTCYTCTBYET KUC/IOPOA U a30T).

CnepyeT 0oTMETUTb, YTO B KONXMACKOM A0/IMHE HaxoaAaTcA 3abosoveHHble mecTa, rae ypo-
BEHb MOYBbl HUXE YPOBHA MOPSA, U OUYULLEHHON OT CepoBOAOPOAa, HO BoraTon ApyrMMn MuUHepa-
NbHbIMW BELLECTBAMU MOPCKOM BOAOWM MOXHO c034aTb 03epo (BoAoem). ATy BoAy MOXKHO nepepa-
60TaTb AN1A NONYYEHUA APYTUX MNONE3HbIX MCKOMAaeMbIX U MUHEPANOB, HAXOAALWMXCA B TNYOUHHbIX
BoAax. MNpy HE0B6X0AMMOCTH, N3 BOAOEMA MOXKHO NepeKayaTb JINLLHIOW YMCTYIO BOAY B MOpeE.

AUCCOLIMALMA CEPOBOAOPOJA

Mpu HarpesaHmm cebiwe 2500 °C Boaa pasnaraeTca Ha BOAOPOL, U KMChopos, (npamol Tep-
Monu3). CToNb BbICOKYIO TeMNePaTypy MOXKHO NOAYyYUTb, HAaNpPUMep, C MOMOLLbI KOHLLEHTPATOPOB
COJIHEYHOM 3Hepruun. MNMpobaema 34ecb COCTOUT B TOM, YTODObI NPEAOTBPaATUTL PEKOMOMHALMIO BO-
A0poJa 1 Kucnopoaa.

CepoBogopog, (H2S) ssnsaetcs, no cyTu, ucKkonaembim "camopoaHbiM" BOAOPOAOM B OYEHDb
NNIOTHOM yNaKoBKe: 3Heprua o6pasoBaHMA CepoBOAOpPOAa NPUMEPHO B 14 pa3 MeHblUe, YEM SHe-
prusa obpasoBaHuMA BOAbI U, CnefoBaTeNibHO, AN AUccoumaumnm ceposogopoaa Tpebyetca B 14 pas
MeHbLLE 3HEepPrnn. 3To 03HAYaET, YTO, 3aTPATUB OANH KMUIOBATT Yac SHEPTMMN Ha PA3/IOKEHUE cepo-
BOA0POAA, Mbl MONYYMM OT CUFAHUA BblAENMBLIErOCA BOA0POAA 14 KMNOBATT/yac sHepruu.

3KcnayaTauMOHHO CEPOBOAOPOA NPU BMOJIHE peanbHbix gaBneHusax (6onee 10 aTm.) CxKu-
¥KaeTca npyu HOPMasibHOM TemMepaType, YTO MO3BO/IAET, MOMMUMO MOYYEeHUA YAENbHON NAOTHO-
CTWU, MHOTO BOJIbLLENM, YEM Y CHKATOTO U AarKe XKUAKOro BoA0poaa, BECTU Npouecc pasnoxeHusa HaS
B 3/1IEKTPO/IN3EpaXx.

BO3MOKHO, UTO 3/1EKTPOIN3 CEPOBOAOPOAA B CBA3M C 3alU/IaKOBAaHMEM 3/1EKTPOAA S/1IeMEH-
TApPHOM CepoIt OKaXKeTca HAaCTONbKO 3aTPYAHEHHbIM, YTO BECTU ero NPUAETCA Yepes rasioreHbl, 4To
npuBeAeT K yA0POrXKaHMIO BOAOPOAaA.

Hanbonee nepcnekTUBHbIM A5 MOJyY4eHUA BOAOPOAA U CePbl ABNAAETCA NPeasiOXKEeHHbIN
Hamun meTtog poToamccoumauma HaS c nomollbio GOTOHHOroO peaKkropa.

Ha puc.5 npeacraBneHa yctaHOBKa ana portoamccoumanmm cepoBoaoposa MHGpaKpacHbIM
nsnyyeHuem [3].

B aTOM MmeToAe MCnonb3yeTcs repMeTMYHas Kamepa BbICOKOro AaBJ/iEHMA, OMNTUYECKUIA
PEe30HaTOP W MOLLHbIN UCTOYHUK MHOpPAKPACHOTO M3nydYeHUs. KaK MoKasbiBaeT CeKTp noraoie-
HMA HS, npoucxoauTt nornoueHne nHbpaKpacHoOro U3ly4eHns MosiekyaMmmu ceposogopoga. Tak
KaK Bbilwe gasaeHna 11 atm. HyS nepexoanTt B XKUAKOCTHOE cocToAHME, ana Hambonee addekTnB-
HOro B3anmogencTema monekyn HxS ¢ nHdpakpacHbiMmn poToHamu, poToamccolmalmo cepoBoao-
poga Hago NPOBOAMUTL MPWU AaBneHuu rasa Ao 11 atm. CneumanbHbii pe3oHaTop MHGPAKPACHOTO
N3Ny4yeHua yBenYymBaeT NNOTHOCTb GOTOHOB ANA NpoBeaeHMA addekTUBHON poToanccoumalmu.
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Puc. 5. YcTaHoBKa gna ¢poTogmccoumanmm ceposoaopoaa.

3AK/NTIOYEHUE

KaK Bugum, B npegnaraemoit Hamu cxeme A0CTaBKU BOAbl U3 r1yO6UH MOpS, BblAeNeHUA ce-
pOBOAOPOAA M €r0 AMCCOLMALIMMN HA BOAOPOA, U Cepy, NPaKTUYECKN OTCYTCTBYET HeO6X0AMMOCTb B
9N1EKTPO3HEPTUN MU MAKCMMAJIbHO MCNO/b3YEeTCA CO/THEYHAn 3Heprua. Bce yCTaHOBKM pasmelLLeHbl
Ha 6epery mops. B mope BA0/Ib IHA HAaK/IOHHO OMNyCKaeTca HEKOPPO3uiiHaa Tpyba ANMHOW B Hec-
KOJIbKO KUJIOMETPOB, KOTOPasA Haxo4uMTcA Nnog, BOAON U MOKET ObiTb 3alUMLEeHa OT MOPCKUX BOJH.
Hu»KHsA (BXoAHas) YacTb TPyObl HaxoaMTCA Ha rybuHe 6onee, yem 200 meTpoB, a BEPXHAA (BbIXO-
[OHaA) pacnosioXKeHa Ha HECKOJIbKO METPOB HUMXKE YPOBHA MoOPSA. TaK KaK pacTBOPUMOCTb Cepo-
BOAOPOAA NPSIMO NPONOPLMOHaAbHA AABNEHUIO, OTAENEHME CEPOBOAOPOAA OT BOAbI NPOUCXOAUT
aBTOMATUYECKUN 13-33 YMEHbLUEHMA AaBNEHUA N0 Mepe NogbemMa BoAbl.

CnenyeT OTMETUTbL NPOCTYIO M 3KOHOMHYO CXemy poToamnccoumaumm monekyn B portopea-
KTOpe, B KOTOPOM MPOUCXOAUT B3aMmmoaencTeme MHOPaAKPaACHOro W3/y4eHWs C MOJIEKYNaMKU
cepoBogopoaa.

MoNyyYeHHbI BOAOPOAS MOXKHO HanpaBUTb B BOAOPOAHYIO TEM/I031EKTPOCTAHLUMIO, KOTOpas
6yaet noctpoeHa B6/11M3KM yCTaHOBOK. MOLLHOCTb 3/1EKTPOCTAHUMKN ByaeT onpeaeneHa no Koamyec-
TBY NOJIy4YeHHOro Bogopoaa. Kpome Toro, 6yaet nonyyeHoO COOTBETCTBYIOLLEE KOIMYECTBO YMCTOM
cepbl, LLleHa KOTOPOM A0CTaTOMHO BbICOKA.

BecbMa MHTepeceH MUHEpPasbHbIA COCTaB ryOUHHbIX BOA U BO3MOXHOCTb MOJIy4eHUsA A0-
POroCTOALLUX XMMUUYECKUX SNEMEHTOB M Pa3/INYHbIX CONel. BnonHe BO3MOXHO, YTO MO XMMMUYEC-
KoMy cocTaBy rnybuHHana Boga byaeT 61m3Ka K Boge MepTBoro mops.
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Cnepnyet OTMETUTb, YTO MaKCMMa/ibHas rnybuHa, U3 KoTopoi bblna gocTaBaeHa BoAa, Coc-
Tasuna 1350 m (amepuKaHckaa akcneauuma 2003 roaa). MpeanosKeHHbI HaMKU MEeTOoA, ropasao
Aewesne n apdekTnBHee, Yem MeToz NOAHATUA BOAbI C MOMOLLBIO cneuunanbHoro cocyaa. C nomo-
Wbto pa3paboTaHHOM HaMM YCTAHOBKU Mbl B BinrKaliee BpemsaA NaaHUpyem 40CTaTb CEPOBOAOPO-
OHYIO MOPCKY0 BoAy C rybuHbl okoso 2000 m ¢ Kaxaoro 50-meTpoBoro c/oa A4 npoBeeaeHus
AeTaNnbHbIX PUIMKO-XMMUUYECKUX UCCIe40BaHNIA YEPHOMOPCKOM BOApbI.

AICHO, YTO YacTb OUYMLLEHHON BOAbI MOXXHO BEPHYTb B YepHOe Mope, YTO 0340P0OBUT MOpPE U
YBE/IMYMT ero pblibHble pecypchbl.

Kak Buaum, peanmsaumsa aHHOFO NOEKTA NO3BOAUT 0340POBUTb SKOAOTMIO MOpPA, 0340p0-
BMUTb 3a60/104€eHHble Yy4acTKM KONXMACKOM AO0NMNHbI, Pa3BUTb 3KOIOTMYECKM YNCTYIO BOAOPOLHYHO
SHEpPreTMKY M NOAYYUTb AOPOroCTOALLME peaKO3EMENbHbIE SNEMEHTI.

Hapo ocobo oTMeTUTb MHBECTULLMOHHYIO NPUBAEKATENbHOCTb NPOoeKTa. CPOK OKYNaemocTu
WMHBECTULMIN COCTaBAAET Bcero 5 ner.

Ons peannsaumm OaHHOrO NPOEKTa B MPOMbIW/IEHHOM MacwTabe HEOH6X0AMMO MOCTOUTbL
BOAOPOAHYIO CTaHUMIO (3aBoA) HA NpoMbIWAeHHON ba3se Ha nobeperkbe YepHoro mopa. MHBecTU-
umm - okono 300 000 000 $. Mepwuos MHBeCTMpoBaHKUA 1,5 net. Cpok BBeAEHUA 06beKTa B IKCMya-
Tayuio 2 roga.
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GENESIS OF THE SEISMODISLOCATIONS IN THE EPICENTER AREA OF THE
RACHA EARTHQUAKE

Presented by Z. Mgeladze, Academician of Natural Sciences of Russia, Doctor of Geological-mineralogy Sciences

ABSTRACT: Analysis of the seismodislocations emerged in the epicentral area showed that rockfalls, landsides, rock
avalanches and displacements in unstable degradation slopes mainly represent very frequent area fractures
and crasks, especially of strike-slip or and combined character (reveres fault—shear, normal fault-shear etc.).

KEYWORDS: Earthquake, Caucasus, seismodislocation, fault, landslide, avalanche, rockfall.

/"\ 1. Introduction.
ﬁ 9’:\; —

The Racha earthquake, the largest seismic w~
> event ever recorded on the territory of Georgia, ) .
T occurred about noon on April 29, 1991. Its ;
.\—/. epicenter was situated in Central Georgia some \ }
s 130 km NW of Thilisi, on the southern slope of the :
L. Basheleishvili,

Academic Doctor Racha ridge, the southern branch of the Greater

Caucasian range (Fig. 1). The main shock of
magnitude 6.9-7.2 (according to different sources) was followed by
several hundred aftershocks affecting the region up to the end of 1991, the strongest being of
magnitude 5.3 on May 3 and magnitude 6.2 on June 15. As for the focal depth, both the main
shock and aftershocks belong to the category of shallow, crustal earthquakes with their foci
located within the lower horizons of the sedimentary cover and the upper part of the granite-
metamorphic layer. The Overwhelming majority of foci are situated between 5 and 32 km being
concentrated within the interval 10-22 km (Shengelaia et al., 1996). The focal depth of the main
shock varies according to different authors from 6 to 14 km (Gabsatarova et al., 1992; Shengelaia
et al., 1996).

M.Kumelashvili,
Academic Doctor

30 42 4 50

Fig. 1. Position of the epicentral area of the Racha earthquake on April 29, 1991.
The hatched rectangular corresponds to Fig. 2

The intensity of ground tremors caused by the main shock at the epicenter, reached a level
of IX according to the MSK-64 scale. The epicentral region had an elliptical configuration with the
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WNW-trending long axis corresponding to the strike of principal geologic structures. The exten-
sion of the zone delimited by the intensity isoline VIIl amounts to 75 km, by isoline VII - 200 km.
The earthquake brought great social-economic damage to the country. More than a hundred
persons were killed and the national economy experienced heavy losses. Several towns (Chiatura,
Oni, Sachkhere, Ambrolauri) and dozens of villages seriously suffered and considerable damage
was inflicted on the local infrastructure (roads, pipelines, power network, etc.).

The April 29, 1991 earthquake and its numerous aftershocks caused significant changes in
the landscape of the region. As a result of ground tremor a great number of ground failures appe-
ared such as landslides, rock falls, avalanches, rock debris, etc. In several cases collapsing rock
debris dammed out the rivers forming of temporary lakes. Additional considerable damage was
caused by emerging mud-torrents originating as a result of the sudden mixture of thin-grained
rock debris with mountain streams and rivers. One such mud-torrents completely buried the
village of Khakhieti together with its 50 inhabitants. The devastating consequences of the
earthquake were greatly enhanced by the mountainous, intensely dissected, relief of the region,
the steep degradational character of the slopes and the unfavorable lithological composition of
the rocks.

Various aspects of the Racha earthquake such as the geological conditions and the setting of
the event, the spatial distribution of different types of ground failures and their connection with
regional and local tectonic structures, a detailed study of the behavior of man-made constructions
during the earthquake and the character of their damage and destruction were studied
immediately after the earthquake by a number of local and international seismological,
seismotectonic, geological and seismoengieneering teams. The results are presented in numerous
articles, monographs and unpublished reports. The present paper represents the results of
investigations carried out by a group of geologists and seismotectonists from the Geological
Institute and the Institute of Geophysics of Georgian Sciences in the summer of 1991, two or
three months after the earthquake when most of seismodislocations were still fresh and
convenient for study. The main purpose of this study was to establish the principal regularities of
the spatial distribution of the seismodislocations; to reveal their relationship to the relief, regional
and local tectonic structures and the lithological properties of rocks; and to identify sites and areas
most vulnerable to ground failure during strong earthquakes in the future.

1. Geological background.
The Racha earthquake of April 29, 1991 took place within the boundary zone between two main
morphostructural elements of the Caucasus - the fold-thrust system of the Greater Caucasus and

the Transcaucasian intermountain depression which-here is represented by its NW portion — the
Georgian mass (Fig. 2).
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Fig. 2. Schemtic tectonic map of the region of Racha earthquake

1 - Neogene (clays, sandstones, conglomerates),

2 - Paleogene-Neogene (clays, sandstones),

3 - Paleogene (in the Southern slope-olistostromes, limestones; in the Georgian block-limestones, dolomites),

4 - Cretaceous (in the Southern slope-carbonate and terrigene flysch;
dolomites),

in the Georgian block-limestones,

5 - Jurassic (in the Southern slope-shales, sandstones, volcanics, reefal limestones; in the Georgian block-
volcanics, limestones, red-coloured rocks);
6 - crystalline basement;
7 - frontal line of flysch nappe;
8 - faults,
9 - fracture zone between Southern slope and Georgian block (Gagra-Mukhura fault),
10 - Kutaisi-Sachkhere fault;
11 - epicentres, a - main shock, b - aftershocks;
12 - ground failures (landslides, avalanches, rock-flows etc.);
13 - Southern slope of the Greater Caucasus;
14 - Georgian block;
15 - epicentre of main shock according to geological data.
F - Mestia-Tianeti (flysch) zone, GJ - Gagra-Java zone, OK - Okriba-Khrciti zone, Dz - Dzirula zone of uplift, EM -
Eastern molassic zone.
Seismodislocations:
| — Shkmeri, Il = Chordi, Il — Kakhieti, IV — Tbeti, V — Kvereti, VI — Mokhva.

The Greater Caucasus represents a complicated high-mountainous fold-thrust block edifice

formed as a result of the Alpine, mainly late Alpine, orogenic phases. It originated in the place of
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the Mesozoic-Early Paleogene geosynclinal basin (marginal sea) and is made up of very thick (up to
10 km) sequences of deep marine terrigene, carbonate and volcanogenic rocks of the Jurassic,
Cretaceous and Paleocene-Eocene Ages noncomformibly overlying the Paleozoic-pre-Cambrian
granite-metamorphic basement.

The Great Caucasus represents a huge anticlinorium extending from the Black and Azov -
Sea in the W to the Caspian Sea in the E for a distance of more than 1100 km. there are ancient
Paleozoic granite-metamorphic formations exposed in its core, which are successively fringed by
younger Jurassic, Cretaceous and Lower Paleogene volcano-sedimentary deposits. The
anticlinorium has a strongly pronounced asymmetrical form expressed in the combination of a
very wide gentle-sloping northern limb and a narrow steep southern one. The rocks building up
the southern slope are intensely deformed in a system of tightly — compressed isoclinal, often
overturned, south-vergent folds dissected by longitudinal thrusts and reverse faults with mass
displacement in the same southward direction. As a result, the whole zone of the Southern slope
of the Greater Caucasus overthrust the Georgian massif. The amount of this overthrusting is
estimated, according to various authors (Gamkrelidze and Gamkrelidze , 1977; Dotduev, 1986), is
from several km to several tens of km. The main fault plane coincides with the boundary between
these two tectonic units which here is represented by the Gagra-Mukhura fault.

During the late Alpine period (Pliocene-Quaternary) the Greater Caucasus also experienced
considerable vertical movements. Our calculations based on the analysis of river terraces and
denudational planes, showed that the total uplift in the axial zone of the Greater Caucasus
amounted to 8-9 km (taking into consideration subsequent denudational cutting); This implies an
average uplift rate about | mm/y. The uplift and the uplift rate for the Quaternary period only (the
last 1.0 mil. years), amounted correspondingly to 3-4 km and 4 mm/y (Gamkrelidze et al, 1998).

The Transcaucasian depression situated to the south of the Greater Caucasus represents a
typical intermountain superimposed on the heterogeneous structures of the Paleozoic-Mesozoic
median mass. Both its northern and southern borders run along the large zones of the deep-
seated faults on which the adjoining ridges overthrust the depression.

Two main structural stages can be distinguished within the geological section of the
Transcaucasion depression - the crystalline basement and the sedimentary cover. The first is
exposed in a number of salients (Dzirula, Khrami, Loki) and is made up of various lower Paleozoic
(probably partly Precambrian) metamorphic rocks crosscut by early and late Hercynian granitoids.

The sedimentary filling of the depression varies in thickness from 0 (within the salients) to
10-15 km in its most subsided parts and consists of two complexes - pre- collisional and post-
collisional. The first one, embracing rocks of the Jurassic - Eocene age is represented by shallow-
marine, sometimes lagunal and continental, terrigene, carbonate and volcanic rocks. This section
of rocks is characterized by frequent unconformities and gaps in sedimentation. The upper, post-
collisional complex is represented by molasse formations of the Oligocene - Quaternary age built
up of conglomerates, sandstones, siltstones and clays whose thickness in the central part of the
depression amounts to 3-5 km.

It has been revealed by means of geophysical methods and seismic data (loseliani, 1965)
that the basement of the depression is dissected by numerous deep faults in a mosaic of uplifted
and subsided blocks which are distinguished in the present-day structure and relief by their
hypsometric position and the character of constituting rocks. The Racha earthquake occurred
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within one of these uplifted blocks, the Okriba - Khreiti block, near its contact with the Greater
Caucasus.

3. Tectonic structure of the epicentral area of the Racha earthquake.

The Okriba-Khreiti block, where the main shock and many aftershocks of the Racha
Earthquake were Located, represents the most elevated part of the Georgian mass. The crystalline
basement under this block lies not deeper than 4-5 km (loseliani, 1965 ). The greater part of the
block is made up of shales and sandstones of Lias (250-500 m thick) and volcanogenic Bajocian
sequences (2-3 km) which are deformed in a system of large open folds of E-W trending. In the
peripheral parts of the Okriba-Khreiti block, Bajocian rocks are nonconformably overlayed by
Neocomian limestones forming a series of box-shaped anticlines and synclines.

The identification of individual faults within the Bajocian volcanics is a rather difficult task
due to the very monotonous lithology and the frequent absence of the bedding characteristic of
this sequence. However, the presence of zones of crustal weakness and fractures were established
by Kandelaki (1969). Most of these zones have a WNW-ESE orientation coinciding with the trend
of regional main structures. These faults as a rule belong to the category of reverse faults with
fault planes dipping steeply nonthward (40-80). Larger faults are usually accompanied by
secondary ones having a transversal (submeridional) trend. Horizontal displacement along some
of these faults amounts to 0,5-0,8 km.

The Interaction between the Greater Caucasus and the Georgian mass, which was most
likely the cause of the Racha Earthquake, as well as a number of smaller shocks having-occurred
in this zone earlier, took place along the Racha—Lechkhumi suture trough. The latter represents a
narrow (5-10 km) elongated east-west trending trough which is undoubtedly associated with the
trace of a large deep-seated fault - the Racha - Mukhuri fault. The trough is controlled by a bundle
of longitudinal (E-W) faults, imparting to it a form of a typical graben-synclinorium. The
synclinorium is filled by a rather complete series of Cretaceous, Paleogene and Miocene
carbonate-terrigene rocks 3-5 km thick.

The synclinorium is characterized by a clearly expressed asymmetrical box-shaped form
with a flat bottom and steeply-dipping limbs. The northern limb, in some places, is overturned and
overthrust towards the south. Such a structure confirms the widely-accepted concept
(Gamkrelidze, 1984; Dotduev, 1986, etc.) of the underthrusting of the Georgian median mass
beneath the Greater Caucasus accompanied by increased seismic activity along the whole contact
zone. Continuing tectonic activity of this zone is evidenced by the presence of Holocene
paleoseismodislocations (Khromovskikh et al., 1979), and deformations and dislocations in the
most recent Pleistocene sediments (Milanovski, 1968; Tsagareli and Kuloshvili, 1984).

Analysis of the spatial distribution of aftershock activity showed that besides the main
frontier fault, many aftershocks are connected with the large fault which is identified under the
name of the “Southern flysch fault” and serves as a boundary between two structural-facial units
of the Greater Caucasus - the Gagra-Java and the Mestia-Tianeti (Flysch) zones (Fig.2). This fault
represents a northward dipping thrust along which the Upper Jurassic - Cretaceous flysch
sequences overlap the Middle Jurassic (Bajocian) volcanogenic series making up the transitional
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Gagra-Java zone. The width of the thrust is estimated at several km to 15-20 km (Gamkrelidze and
Gamkrelidze, 1977; Dotduev, 1986).

All these macrotectonic features of the region are good indicators of the focal mechanisms
of the Racha Earthquake and some of its strongest aftershocks as was shown by Gabsadarova et
al. (1992), G.S. Shengelaia et al. (1996). The focal plane solutions reveal that the region is under
compressional stresses, the main compressional axes being oriented horizontally or at a low angle
to the horizon in a NNE - SSW (or nearly meridional) direction.

Most of the earthquakes for which focal mechanisms were studied (Shengelaia et al., 1998)
show that one of the nodal planes is oriented to the WNW or NW. The stability in the orientation
of focal planes coinciding with the trend of major tectonic structures provides the basis for them
being chosen as actual focal planes. Most of these planes dip to the NNE at angles ranging from
30° to 60°. Several planes show dipping in the opposite direction , to the SE and only very few
show other directions. As has been mentioned above, most of the foci, more or less, have a
considerable right-lateral horizontal displacement that attributes them to the category of thrust-
shear- faults.

4. Seismodislocations.

The Racha Earthquake and its numerous aftershocks triggered a great number of various
ground failures in the form of landslides, rock falls, avalanches, debris flows, slumps and cracks.
Detailed field observations showed that the overwhelming majority of these deformations of the
earth’s surface could be attributed to the category of seismogravitational dislocations in
formations where gravitational forces played a considerable role (Khromovskikh et al., 1979). Most
of these dislocations are concentrated within the 2.0-2.5 km wide E-W trending band situated on
the southern slope of the Racha Ridge - the southern branch of the Greater Caucasus extending in
an ESE - WNW direction and reaching a height of 2500-2900 m above sea level.

Cracks and fissures are the most widespread among all the ground failures. In all, several
hundred such dislocations of various lengths and widths were registered. The length of some
cracks and fissures spanned several hundred meters whereas their width varies from a few cmto 1
m, sometimes even more. With respect to their spatial distribution, in most cases they are
oriented along steep slopes and road embarkments, but locally they run irrespectively to the
forms of relief and are aligned in accordance with the trend of tectonic structures. For example,
the open fissure observed in the vicinity of the village of Mokha (the right tributary of the Kvirila
River) can be traced at a distance of about 1,5 km in a WNW direction close to and parallel with
the known tectonic thrust fault (VI, Fig. 2). It seems very probable that fissures of such an
orientation might have been induced by the earthquake.

Landslider and rockslider represent another widespread type of ground failure. These
dislocations are especially characteristic of steep degradational slopes composed of highly
weathered volcanogenic rocks of the Bajocian age (tuffs, tuff-sandstones, tuff-breccia), and
moldable Loose, clay-like rocks of the Oligocene - Lower Miocene period. The most significant and
fatal landslide occurred at the confluence of the Kvirila and Khakhieti rivers (lll, Fig. 2). As a result
of this landslide, a large mass of volanogenic rocks of the Bajocian age together with loose
deluvial-proluvial sediments making up the slopes of above-mentioned rivers (a total volume of
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about 50 mil. m3) fell down into the stream, turning it into a mudstone flow which completely
buried the village of Khakhieti along with all its inhabitants (about 50 people).

Fig. 3. A crack oriented down a steep slope made up of
volcanogenic Bajocian rocks and overlaid by a thin cover of
deluvium - proluvium sediments near the health resort of Kvereti
(V, Fig. 2). The width of the crack is about 20 cm (Photograph by
L.Basheleishvili)

Another large landslide completely destroyed the village of Chordi (ll, Fig. 2), which is
located within the limits of the Racha - Lechkhumi graben - syncline. As a result of this landslide, a
large block of ground on which the village stood was shifted at a distance of several tens of
meters, making nearly all the houses unfit for living. According to some authors, the village was
built on an ancient landslide underlaid by highly water-saturated moldable and loose clay-like
rocks of the Oligocene age, which was reactivated due to ground tremors induced by the main
shock of the Racha Earthquake and especially, by its numerous aftershocks. A great number of
Smaller landslides developed along river gorges and bluffs, particularly in the zone of the Gagra -
Mukhura boundary fault.

Other common type of ground failures initiated by the earthquake were very abundant
rockfalls, debris flows, rock avalanches, etc. These were especially widespread within the area of
the development of highly weathered Bajocian volcanogenic rocks forming steep slopes in the
gorges of the right tributaries of the Kvirila river (Fig. 3). The character of the distribution of the
debris avalanches showed that water-saturated rock debris can move at a great speed and
overcome considerable barriers; this was demonstrated in the case of the village of Khakhieti. In
some cases, falling rock debris and avalanches dammed out the river valleys and gorges, causing
the formation of temporary lakes and ponds, the most significant being formed near the village of
Tbeti (IV, Fig. 2).
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Fig 4. Sketch drawing of a large seismogenic fissure in Neocomian (Barremian)
limestones near the village of Shkmeri

Finally, one more specific type of ground failure associated with the Racha Earthquake
should be mentioned. Their spatial distribution is limited by the area of the development of
massive-bedded Neocomian limestones in the western periphery of the Okriba — Khreiti block.
Here, near the village of Shkmeri (I, Fig. 2), the limestones forming the gentle southern slope of a
low ridge are subjected to slumping, collapsing and breakage. Fissures and gaps which originated
during these processes show no regularities in orientation and location, and sometimes attain
gigantic dimensions - up to 5 m in width (Fig. 4). The genesis of these dislocations is not
completely clear. It is likely that their origin was influenced by the presence of karst cavities
characteristic of the Neocomian limestones just as most of the aforementioned types of ground
failures, this one should also be attributed to the category of seismo-gravitational dislocations.

5. Conclusion.

The Racha Earthquake on April 29, 1991, has once more demonstrated that the territory of
Georgia is highly vulnerable to seismic hazards and the phenomena associated with ground
failures landslides, rockfalls, avalanches, etc. An Assessment of the potential earthquake hazards
of the region should be carried out by evaluating the territory’s seismic potential and its
vulnerability to strong ground tremors. For that reason, investigations on the seismic hazard of
the region are naturally subdivided into two main categories: seismotectonical, directed towards
the identification and study of earthquake sources, and geological — geomorphological, a study of
the specific situations that can condition seismic susceptibility and aiming to predict and mitigate,
when possible, the negative consequences of strong earthquake.

The experience of the Racha Earthquake has shown that a degree of seismic risk greatly
increase when active faults capable of generating strong earthquakes (the Gagra — Lechkhumi and,
in a somewhat lesser extent, the Southern flysch fault) run through the territory with very
unfavourable geologic-geomorphic conditions. For the former, the risk is strongly intensified by
the high dense population concentrated around the area of these highly- productive foothills.
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The example of the village of Chordi has demonstrated the particular danger of ancient,
but currently dormant landslides that can be easily induced to movement even by the slightast
seismic themors. Very often landslides occur without any earthquake at all, having been triggered
by heavy rains or snowfalls. To avoid or, at least, to predict such disastrous events as what
occured at Khakhieti and Chordi, earthquake-prone territories must be carefully mapped in
respect to their susceptibility to ground tremors and failures. Such mapping can form the basis of
strategic plans for the optimal and safe use of the territory, in order to avoid or mitigate seismic
hazards.
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UDC 553.984 U. Zviadadze

PROSPECTS OF OIL POOLS DETECTION IN THE MIDDLE JURASSIC
DEPOSITS OF GEORGIA

Abstract: On the basis of generalization of chemical and micro component analysis of various ground water confined
to the Middle Eocene volcanogenic-sedimentary deposits on the oil fields of Eastern Georgia data and with
a glance of general paleohydrogeology, lithology-facial and structural situation forming these deposits by
comparison with similar data concerning to Lias and Bajocian formations understanding is expressed about
the possible availability of oil large deposits in volcanogenic-sedimentary series of Middle Jurassic.

Key words: Oil pool, mother rock, volcanogenic-sedimentary formation, micro components, associated water.

m ' On the territory of Georgia the prospected oil productive layers
[y | . cted o laye

1‘; ‘ and collectors are confined to different stratigraphic stages beginning

. < from Upper Cretaceous to marine and continental sediments of

Akchagil-Apsheron [1]. However among the variety of oil-bearing rocks
it is possible to pick out the main age groups characterized by highest
degree of oil-bearing capacity, namely:
- Carbonaceous deposits of Upper Cretaceous;
- Volcanogenic — sedimentary rocks of Middle Eocene;
U. Zviadadze, - Terrigenous deposits of Miocene.
FuiprOfgssorofGegrgian Bituminous layers of Maikopi series (Upper Oligocene) are oil-
echnical University,
Department of Applied bearing also and in addition it is considered as oil productive medium
Geology, Doctor of on several proved areas of Eastern Georgia [2, 3].
Geological Science .

The samples of associated water selected from boreholes show the
chloride — calcium chemical composition characterized by deep reducing action of forming
hydrocarbons. In the present article the ascent is made on the volcanogenic — sedimentary rocks
of Middle Eocene as a main oil-bearing complex in Georgia’s reality. Connected with this series
ground water (sites Samgori, Rustavi, Teleti) accede by micro components concentrations and
total mineralization value is far from the water of other stratigraphic unites [4]. It is natural with a
glance of dilution of syngenetic sediment water by infiltration water which takes place in the
considered geological formation. Through various water mixing absolutely different generation is
reflected with sharply decreasing of micro components content. Consequently, the structure
contained in the considered water should be attributed as having no prospects of oil-and-gas
presence. But just the Middle Eocene volcanogenic deposits contain commercial oil-and-gas in
Samgori and other areas of Eastern Georgia. Certainly, there isn’t any paradox. Simply Eocene
deposits are favorable collectors and they construct appropriate tectonic structure for
accumulation of migrated oil together with associated water. Characteristic trait of the water is
that they conserved the initial chemical composition (chloride-calcium type) and they contain all
the micro components of oil water. Thus, the low content of micro components does not
eliminate the possibility of oil presence in similar structures and such structures can’t be

i
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considered as mother rock for oil producing. It is impossible to solve this question without taking
into account the complex of geological — hydro geochemical factors. It is obvious that we deal
with the secondary oil reservoir most probably initially formed within the bituminous clayey and
sandstone sediments of Maikopi series (Upper Oligocene). It is known that consequently
catagenesis clayey series is subjected to compaction with intensive expression of fluids. Migration
of fluids occurs both in ascending and descending directions depending from direction and
cyclicality of compressing tensions. In our opinion confined to the Middle Eocene deposits oil
hasn’t any wide perspective because of bounded possibility of mother rock (Maikopi series) itself.

According to our data ground water confined to Lias (Lower Jurassic) shale series are
enriched by micro components characterized by oil associated water. Besides ingress of oil and
intensive liberation of combustible gas can be observed in the boreholes. Great thickness (more
2000 m) series of clay-slate in addition to other organic materials contain the organic carbon in
quantity up 3 % [5]. This phenomenon should be a significant factor for producing hydrocarbons
in this series having favorable conditions for accumulation and biochemical transformation of
sediments. Considered layers are intensively metamorphized, which makes improbable retention
of oil, the main mass of which should migrate up to the overlying deposits forming the
accumulations in collector layers. The same could successfully be applied for both the
volcanogenic series of Bajocian stage (Middle Jurassic) and terrigenous-carbonaceous rocks of
Upper Jurassic - Lower Cretaceous. Special attention should be paid to the Middle Jurassic
volcanogenic series because it is absolutely similar to the Middle Eocene volcanogenic deposits
both by genesis and lithological composition. The last one is the main oil-bearing geological
formation on the territory of Eastern Georgia. The expected depth of occurrence of Bajocian
sediments within the Kartli valley (Kaspi-Gori distrcts) is about 5000 m, it means that by drilling to
the depth about 6000 m it will be possible (greatly probable) to strike large-scale deposits of oil
and gas. Therefore, in our opinion, large accumulation of industrial oil should be searched in
deep-laying Mesozoic deposits of Georgia.
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VIK 502.7 . B. A63uanumge, P. I'. Manarangze, B. B. AG3uanumze

NPUMEHEHUE KAJJbBMAHOBCKON ®WJIbBTPALIMU ITPU
OLIEHKE COCTOSIHUS PEUHOM BO/IbI
IO JUCKPETHBIM HABJIIOAEHUAM

[IpencraBnena AOKT. Teoi.-MUH, HayK, mpod. H. [Tomopanze

Pe3tome. Unratenu HaiinyT B mpeyiaraeMoil paboTe paccykIeHHUs UCCe0BaTeNeld 0 pealbHON HKOJIOTUYECKOHN TPoo-
JeMe U €€ MaTeMaTHYeCKON HIIeaTn3alIliH.
3HaunTEeIbHOE BHUMAHUE YEIEHO PACCMOTPEHHUIO MPUKIAAHBIX BOMPOCOB, BOSHUKAIOIINX MPU KOHKPET-
HOM peayn3aliy alropuTMOB (HIbTPALIUH.

KaioueBble cjioBa: OKpyXKaromas Cpeza; SKOJOTHIECKUE TIPOLECCHl; KaJIbMaHOBCKast (PUIIBTPALHS; CIyqdaifHble (aKkTo-
PBL

1. BBenenue

JUIl IOHMMAaHUsl CYIIHOCTH HEKOTOPOro IKOJOTMYECKOro Iporecca
(OII) HeoOX0AUMO IKCIIEPUMEHTAIILHO ONPEENIUTD JIeXkKAalllue B €ro OCHO-
B€ 3aKOHOMEPHOCTH C IOMOILBIO MCCIIEIOBaHUS U HAOIIONEHUs, a 3aTeM
IPEJICTaBUTh X B (hOpME MaTEMATUYECKON MOJIEIIH.
Ienp nocTpoeHuss MOJIENH OOBIYHO COCTOUT B MOIYYEHUU KOJIUYEC-
TBEHHBIX BBIBOJIOB O IOBEJAECHUH pAcCMaTpUBAEMON CUCTEMbI JHOO s
: OMMCaHUA Tpoliecca, JU00 A MpeacKazaHus OyAyIIux HaOMoIeHUN U
Vi HKCTIEPUMEHTOB.

P.I'. Manarang3e, IIpemiaraemas paboTa gaeT HarJsAHOE MPEJCTAaBICHUE O TOM, KaK B
npod. I'TY Hallll JTHU MOXKHO NPHUMEHHUTH AITOPUTMbl (QWIBTpPALMM NPU PELICHUN

MPaKTUYECKHX 3a/1a4 10 oXpaHe okpyxarorieit cpenst (OC).

OneHka cTENeHu 3arps3HEHUS OKPYXKAlolled NPUPOJHOW CpeAbl MPOU3BOJIUTCS C LEIBIO
YCTAHOBJICHUS MPEIENIbHO JTOMYCTUMBIX HOPM BO3/EUCTBHUS, TAPAHTHUPYIOIIMX IKOJIOTUYECKYIO Oe-
30I1aCHOCTh HaceJieHus, 00ecredeHre PallMOHAIIbHOTO MCTIOIb30BaHMs U BOCIIPOM3BOJICTBA MPUPO-
JHBIX PECYPCOB B YCIIOBHUSX YCTOWYMBOIO Pa3BUTHUS XO3AHCTBEHHOU AesTenbHOCTU. [Ipu aTOM nox
BO3/JICHICTBUEM BOOOIIIE TOHUMAETCS] aHTPOIOTEHHAsI 1EATEIbHOCTD, CBSI3aHHAs C peaju3alnen 9Ko-
HOMHMYECKHX, PEKPEAlMOHHBIX, KYJIbTYPHBIX MHTEPECOB M BHOCHIIAs (U3NYECKUE, XUMHUYECKUE,
OuoJIOTNYeCKe U3MEHEHHUS B IPUPOAHYIO Cpeny.

AHanu3 nmyonukanuii no 3arpssHennto OC nokazan [1,2], 4To 3HaUYUTENbHYI0 ONACHOCTh IS
OC npeacraBigeT 3arpsi3HEHUE PEYHON BO/IBI.

[TosTOMY OCHOBHOE BHUMaHHE Y/EISETCS OLIEHKE M0 pe3ysbTaTaM HaOJII0AeHUH CTENeHH 3ar-
PSA3HEHHUS PEYHOU BOJIbI BCAKMMH BPEAHBIMU BEIIECTBAMH, YTO CYIIECTBEHHO C TOYKU 3PEHHS BO3-
MO>KHOCTH €€ UCIIOJIb30BaHUS YETIOBEKOM.

2. OcHOBHAA YaCTh

Wtak, mist Toro 4toObl MPUMEHUTh MAaTeMaTHUKY B DKOJIOTHH, HAJ0 CHadaia MOCTPOUTH MO-
JIelIb U3y4aeMOoro mpolecca, a 3aTeM co3JjaTh COOTBETCTBYIONIMHI anmnapar, KOTOPbIH MO3BOJIUT IPO-
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BECTU aHAJIU3 U3y4yaeMoOro Mpolecca, yBUAETh MOCIEICTBUS HAIIMX PEIIEHUH, OIICHUTh Hallld BO3-
MO>KHOCTH M TOJIBKO HAa OCHOBE TAKOT'0 aHaJN3a c(hopMyITupoBaTh LIEIH.

[IpoGembr moxenupoBanus D11 oOcyxnaroTes U pemarorcs B [3], rae sxonornveckas MoJelb
MOJIy4yeHa B BUJE CUCTEMBI TPEX HEIMHEHHBIX AU(PepeHInanbHbIX YpaBHEHUN IEPBOrO MOPSIKA.

[Tockonbky D11 HaxoAsTCs MO BO3JACHCTBUEM CIy4alHBIX (PAKTOPOB (BO3MYIICHHMIA), TO MO-
JIeTTb COJICPXKUT B cebe anpuOpHYIO0 HEONPEAEICHHOCTD, 3aKII0YAIOIIYIOCS B HETIOIHOTE HH(pOpMa-
[[MU O MOBEICHUU BO3MYILAIOIIUX BO3/ICHCTBUM.

Cnenys pabore [1], s ymeHblieHus (pakTOpa HEONPEICICHHOCTH MPEJIaracTcsl UCIONIb30-
BaTh ONMTUMAJLHBIA HAOIIOIATEb, U3BECTHBIN B TUTepaType kak punbtp P. Kanpmana.

Jly1st 3TOTO HENMHEHHAS MOJIETh 3aMEHSIaCh SKBUBAICHTHOM JIMHEAPU30BAHHON MOJIENBIO

x(n) = A(n-Yx(n-1) +B(n—-Yu(n-1)+C(n-1).

3neck X(N) — TpeXMEPHBIH BEKTOP COCTOSIHHS, KOMIIOHEHTAMH KOTOPOT'O SIBJISIFOTCS: COCTOSI-
Hue OC, B 4aCTHOCTH, PEYHOM BOJIbI; KU3HEHHBIA YPOBEHb HACENIEHUSs; OI0/DKETHBIE JOXO/IbI CTpa-
HbI; U(N) — OTHOMEPHBIN BEKTOP YIIPABIICHHS.

Y4UTHIBas IKOHOMUYECKUI KPU3HC, YIIPABICHUE OCYIIECTBISIETCS HHBECTUIUSMHU.

A(n-1) u B(n-1) — marpunsl pasmeprocredt 3x3 u 3x2, a C(n-1) — TpexMepHbIi BEKTOp-
cronben. [TockonbKy mepBoHayanbHas (WJIM MCXOAHAS) MOJENb HAXOAWUTCS IO/ BO3CHCTBHEM
ciydaiiHbIX (pakTopoB (Bo3MylleHui), To 4, B u C, B CBOIO ouepe/ib, OyAyT 3aBUCETh OT HUX.

B kauecTBe BO3MyIIIEHUI paccCMaTpUBAIOTCS BCEBO3MOXKHBIE BEIIECTBA, 3arPSI3HAIONINE PEKY.

Chopmynupyem 3amady HaOMOASHHS CieAylommM oOpa3oM. JlomycTuM, 94TO B MOMEHT
BpemeHH t=tn=N MbI Ipou3BOANM HAOIIOIEHUS 32 COCTOSTHUEM PeKu. MOXKHO JIM HCIOJIB30BaTh
MOJTyYEHHYIO OLEHKY Il IPOTHO3UPOBAHMS COCTOSIHUS B MOMEHT BpeMeHH t > tn, T.e. MOJy4YHTh
KOHKPETHBIE PEKYPPEHTHBIC AJITOPUTMBI, CBSI3bIBAIOIINE HACTOSIIIHNE U TPOILIBIEC OIICHKH.

Takast BO3MOXXHOCTb OTKpBIBA€TCSl TEpe] HaMH, €CIM Mbl BOCHOJb3YyEeMCS PEKyppPEHTHOU
MPOIIEAYPOH, MPETOKEHHOM B [1].

[TpommutrocTprpyeM Halry TOYKY 3pEHHsI HA KOHKPETHOM IPUMEpeE.

JlomycTum, 4TO B HayaJbHBIM MOMEHT BpeMeHH t=N BEeKTOp COCTOSHUS, a TaKXKe JIEMEHThI
matpuil A, B v Bektop C OIIEHUBAIOTCS 110 CIIEAYIOIIAM PEKYPPEHTHBIM ypaBHeHusM [1]:

X(N)=A*X(n-1)+B*u(n-1)+C*+P, (N -D[y(N -1) — (N —-D)]; (@)
A(N)=A"+P,(N-D[y(N-1)— (N -1)]; (2)
B;(N)=B; +P,(N -D[y(N-1) - y(N -DI; ©)
C(N)=C" +P,(N -D[y(N -1) - J(N -1)]; )

Hpe}IHOJ'IO)KI/IM, YTO AJIA 3THUX ypaBHeHI/Iﬁ 00 3aJaHbl HAYaJIbHBIC YCIIOBUA, 00 3aaHbl UX
MAaTEMATHYCCKHUEC OKHUAaHUA.

VpaBuenust (1)-(4) (¢ yderom HawanbHbIX ycinoBuid) mo3BoisT oneHuTb X(N), A (N),
B;(N), c¢(N) B MomenT Bpemenn tn Ha ocHOBaHHM yueTa pasHocTH Mexny paktndeckumu (Y(N-1))

u npeyckasanHpivy 3HaueHnssME Y(N —1) Ha srtame tn-1. 3gech Y(N) — HaOmomaeMas iepeMeHHasl,
T.e. MIEPEMEHHAs, C MOMOIIBI0 KOTOPOW CHCTeMa BO3JCHUCTBYET Ha OKpyxkaromryio cpeay. A (i =
123)u Bj (J =1,2) — BexTop-cTon6OIBI MaTpuil A u B.

B aTux ypaBHeHHsIX MaTpullbl 4*, B*, a Takke BEKTOp ¢* copepkaT Te 3HaUeHHs BO3MYIIA0-
IIMX BO3JEHCTBUI, KOTOpbIE HE MPEBBIIAIOT TOMYCTUMbIE HOpMbI. IHBIMU cllOBamMH, MO/ UX BO3-
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neiictBueM oTkiIoHeHUs: DI oT HOpMaIbHOTO HE BBI3OBYT HEXKEIATENIbHBIX BO3JCHCTBUI B KUBBIX
OpraHm3Max U He MPUBEAYT K yXyamieHuto coctostaust D11

A wmartpunbl koBapuanuu Pi (i=1,...,4) onpeaestoTcss ¢ MOMOIIBI0 PEKYPPEHTHBIX (OPMYIT
(mogpo6HocTH cM. B [1]).

HckombiMu Teniepb  sBisiioTest oneHkn  X(K)(K > N)  Oyaymux COCTOSHHI Ha OCHOBE
HaOmoaenuit Y(K). DTH OIIEHKH ITOJDKHBI YIOBJIECTBOPATH HEKOTOPHIM Pa3HOCTHBIM ypaBHEHHUsM. B
JanpHeHIeM OyeM HCXOANUTh 3 Pa3HOCTHBIX ypaBHeHHi B (hopme (1)-(4).

st TOCTUKEHHS TTOCTABICHHOM LEIU MBI UCIIOJIb3YEM METOJIMKY PELICHUS 3a/1a4i JTUHEUHON
(buIIbTpaliu, BIIEPBHIC OMYOIUKOBaHHYIO B [4].

BBuny orpannueHHoctu o0bemMa JaHHOW CTaThU pacCMOTPUM YacTHBIN ciyualt, korma K = N
+ 1.

CornacHo 3TOH MeTOAMKE He0OXOIMMO CHavaja 3amucaTh 3TH ypaBHEHUS IS MOMEHTA Bpe-

menu t=N+1, a 3arem B 3THX ypaBHEHHUSX 3aMeHUTH Matpuilbl A *, B* u Bexkrop ¢* Ha A(N), B(N)
u C(N), KoTopbIe ABISOTCS PEUICHUSAMU YpaBHEeHU (2)-(4), B pe3y/ibTaTe UMEeM:

R(N +1) = A(N)R(N) + B(N)U(N) +E(N) + Py (N)[y(N) - 9(N)];

AN +1) = A(N)+P,(N)[y(N) - §(N)];
B;(N+1)=B;(N)+P,(N)[y(N) - y(N)I;
E(N +1) =¢(N) + R, (N)[y(N) — y(N)I.
[TomyueHHbIe ypaBHEHHUS MMO3BOJIST HE TOJIBKO OIEeHUTH X, A, B u C B MomeHT Bpemenu t = N +
1, HO ¥ BBIPA3UTH AT OLIEHKHU Yepe3 MPEbIIYIINE.
AHanornuHble BRIKJIAKU OyayT cupasemiubl ais sroooro K=N, N+1,..., No, rae No — uuncio

HaOI0ACHUH.
J71s1 5TOro 10CTaTOYHO 3aMEHUTH B KKJI0M K-OM ypaBHEHUM MaTpullbl 4, B U BEKTOp C Ha UX

snagenus A(K —1), B(K -1), ¢(K —1), mosyueHHbIe Ha IPEIBIAYIIEM IIIare.
Pe3roMupys, MOKHO CKa3aTh, YTO TOJYYCHBI PEKYPPEHTHBIE COOTHOIICHHS, CBA3BIBAIOIINE

HACTOSIIME U MPOIUIbIE OLIEHKH, B BUAE PEKYPPEHTHBIX aIrOPUTMOB B (hOpME CHUCTEMBI pa3HOC-
THBIX YPaBHEHUH.

3. 3akiaouyenue

3a1[aqa, KOTOpas peuiajiach B JIaHHOM pa60Te, He ObllIa 0COOEHHO pr,[IHOfI C TOYKH 3PCHUA
MaTeMaTuku. Bo BcsakoM cjIydyac, OHa HC IPCACTaBJIAIa co0oif <<HpO6J'ICMy». Hac IMPUBJICKAJIN HC
MaTEMAaTUYICCKUE TPYAHOCTH, HAM OBLIO BaKHO IOHSITH COJZCpIKaHNE 3TOM 3aJa4ud U1 BO3MOKHOCTDH
MaTE€MaTHKa OKa3aTh BJIIMAHHUC Ha 31_[, IIOHATH, KaK MBI OOJIDKHBI HCﬁCTBOBaTB, 4yTOOBI OKa3aTh pe-
AJIBHYIO ITOMOIIb 3KOJIOTaM.
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SUMMARIES
SECTION OF ECONOMICS AND MARKETING

UDC 553.04; 338.012-(470+571); 339.9
MINERAL RESOURCES IN THE SOCIO-ECONOMIC DEVELOPMENT OF A STATE CONSIDERING THE
WORLD GLOBAL PROCESSES. Lobjanidze G., Labadze D., balavadze B.

The article discusses actual problems of rational and effective exploitation of mineral resources, current
condition of the world market and its development strategies. The role of reasonable application of mineral
resources for the development of economies in various countries and social transformation of the society
have also been analyzed. The factor is remarkable and significantly determines the strategies of stable,
economic, social, secure, competitive development of each country and of the whole region.

Key words: mineral resources, globalization, steady development, national wealth, industrial- economic
politics and strategy.

SECTION OF ALTERNATIVE POWER ENGINEERING

UDC 546.221
HYDROGEN POWER - POWER OF THE XXI CENTURY. Prangishvili A., Jibladze M., Varshalomidze
G., Batsikadze T., Sharabidze I..

Great importance of getting sulphurhydrogen rich water out of the Black Sea depths for the development of
hydrogen power is described in the article. A new, easy and economic method implemented by the previous year
expedition in Batumi has been given.

The photodissociation method of Sulphur hydrogen dissociation has been suggested and a respective device
has been made.

Key words: hydrogen; energy; ecology.

SECTION OF GEOLOGY

UDC 551.24(479.22)
GENESIS OF THE SEISMODISLOCATIONS IN THE EPICENTER AREA OF THE RACHA
EARTHQUAKE. Basheleishvili L., Kumelashvili M.,

Analysis of the seismodislocations in the Racha earthquake epicentral area showed that dislocations
of the second order (rockfalls, landsides, rock avalanches and displacements) had leading part on unstable
degradation slopes. fractures and cracks and combined breaking (revers fault—shear, normal fault-shear etc.)
mainly represent very frequent area. Most of them have west-north-west direction.

Key words: Earthquake; Caucasus; seismodislocation; fault; landslide; avalanche; rockfall.

UDC 553.982
ON PROSPECTION OF OIL FIELDS IN SHROMISUBANI TSKALTSMINDA. Nikuradze G., Jikia N.

In Guria, Adjara and in the Black Sea area oil gas content has been determined in Meotian,
Uppercretaceous, Neocomian and Jurassic sediments and they are independent basic horizons for
prospecting oil and gas high discharge fields.

Among the mentioned basic horizons oil fields have been detected in Meotic and uppercretaceous
sediments and in the Upper Jurassic sediments oil pools have been opened, but for some geologic-
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geophysical and technico-technological and other reasons they had not been contoured and of course their
potential supply is unknown.

Detection of oil and gas high discharge fields is possible in Guria and throughout Colchis lowland
and in the Black Sea area. These sediments on the mentioned territory satisfy all the existing conditions for
oil and gas formation and storage.

The high discharge multilayer shromisubani-Tskaltsminda Meotic oil field was opened in 1974 by
borehole #42, but for not carrying on the exploration the potential possibilities of oil extraction have not been
estimated. In February of 1974 exploring the borehole at the depth of 3551-3532 m. intervals oil fountain flow
rate was 100 m?2 per 24 hours. Later working with 5 mm choke the day and night discharge was 30 m?2 oil and
20 m3 water. The mapping of the open oil pool by well #42 and the work carried out for opening additional
four possible oil fields have been described in the article. It has also been noted that not opening the oil
fields while carrying out the work was caused by some subjective and objective reasons and a brief
description of the errors have been given. In the thick sand-stone conglomerate layers four oil fields having
industrial significance have been revealed. Opening two more fields is expected after rehabilitation work on
the liquidated wells.

Keywords: well; Meotian.

UDC 553.982
POSSIBLE INDUSTRIAL OIL AND GAS CONTAINING SEDIMENTATION OF THE MIDDLE EOCENE
PERIOD. Nikuradze G.

In Guria mountains Dzimiti, Nasakirali, Meria, Choloki oil prospecting area after drilling and
examining Chokhatauri #4,5,6,8 and Choloki #1,2,3,5,6,9 wells the existence of high conducting collectors in
the thick volcanogenic sedimentation of the middle Eocene period has been determined.

While drilling and examining some oil and gas effective expositions have been fixed, but having
finished well drilling, opening of the possible high productive oil and gas pools was not performed. Borehole
data and high perspectives of discovering oil and gas multilayer, high productive fields have been discussed
in the article. The causes of not opening the deposit have been explained, which must be considered when
carrying out future drilling work.

Special attention should be paid to Chokhatauri well #5, which can be considered the opener of the
first oil pool at the depth of 1800-200m.intervals. According to the borehole data it becomes clear that in the
middle eucene sedimentation (160-4600m) of this well three oil pools and one gas pool could have been
opened, but it had not been done through a number of objective and subjective reasons, which are
discussed in detail in the article. They conditioned not estimation of the potential in Guria mountains.

Reconstruction of two drilled wells and testing plans and also two drilling projects have been
suggested for opening multilayer oil and gas pools in Guria middle eucene sedimentation.

Key words: middle Eocene; volcanogenic; well; drilling; examination; testing; collectors.

UDC 553.984
PROSPECTS OF OIL POOLS DETECTION IN MIDDLE JURASSIC DEPOSITS OF GEORGIA.
Zviadadze U.

On the basis of generalization of chemical and micro component analysis of various ground water
confined to the Middle Eocene volcanogenic-sedimentary deposits on the oil fields of Eastern Georgia data
and with a glance of general paleohydrogeology, lithology-facial and structural situation forming these
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deposits by comparison with similar data concerning to Lias and Bajocian formations understanding is

expressed about the possible availability of oil large deposits in volcanogenic-sedimentary series of Middle

Jurassic.

Key words: Oil pool, mother rock, volcanogenic-sedimentary formation, micro components, associated
water.

UDC 551.24
CONSIDERATIONS ABOUT THE TRIASSIC PALEOGEOGRAPHIC ENVIRONMENT OF GEORGIA.
Topchishvili M., Nadareishvili G., Lominadze T.

The paper deals with some ideas on the land and the sea distribution regularities on the territory of
Georgia in the Triassic period. They are based on the analysis of numerous drill-hole data, the researches
carried out by the authors and the information available from foreign and Georgian geological literature. It
seems that the territory of the modern Greater Caucasus southern slope was covered with the sea. It is
supposed that the territory of the Transcaucasian intermountain area, the Adjara-Trialeti and Artvin-Bolnisi
zones, where during that time sedimentation did not take place, in the Triassic, at least in the Late Triassic
period represented a dry land.

Key words: Triassic; Tethys; Dizi series; Narula suite.

UDC 622.323
IS THERE OIL IN GEORGIA? IT IS XXI CENTURY NOW. Beridze N.

The article has been written as a reply to the article published in the newspaper “Asaval-Dasavali’.
The newspaper article says: After eruption of the volcano all the oil in the earth crust was burnt. The reporter
goes even further: “imagine oil is in Rumenia, oil is in Grozno, oil is in Baku, in the geologic “pockets” where
the volcano was not able to reach oil remained, in other areas oil was burnt.

So we are in vain prospecting for oil in Georgia. Such dizzying foolish ideas. Why should a man utter
and inflict a disastrous blow to the Georgian oil industry. He seems not to have heard that nowadays there
have been discovered 16 oil deposits in Georgia. Most of them cannot boast of its magnitude, but can dispel
these dark thoughts. He seems not to have heard that in 1978 and 1979 2,456 and 2795 m. tons were
extracted. Extraction reached maximum in 1980-1983 when 3186, 3322, 3330, 3299 million tons were
extracted respectively. Whom shall we believe to these figures or to the reporter?

If we work, large perspectives may open before us, if we stop as the reporter advises, we’ll have
nothing in our hands. | wonder why he thinks that these figures-official data are false and only he is aware of
everything and knows well that there is no oil in Georgia, as it was burnt by the eruption of the volcano. So
there is no sense in prospecting for it.

Key words: volcanoes; wells; oil; resources.

SECTION OF GEOPHYSICS

UDC 550.3(47.93)
THE RESULTS OF THE PRELIMINARY GEORADIOLOCATION INVESTIGATIONS ON THE MIGARIA
LIMESTONE MASSIF ON THE SOUTHERN SLOPE OF MOUNT SHIKSHA. Odilavadze D., Jashi G.,
Arziani Z., Tarkhnishvili A., Amilakhvari Z.

The article is about the common and distinguishing features of karst and epikarst zones on limestone
massifs.
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On the Migaria limestone massif, on the southern slope of Shiksha Mountain a preliminary
investigation of the epikarst and the karst massif by means of georadiolocation method has been carried out;
their corresponding radiograms have been presented. On the slope of investigated karst mountain an
epikarst georadiolocation complex and a massive karst have been revealed.

Key words: karst; epikarst; georadiolocation method.

uUDC 502.7
APPLICATION OF KALMAN FILTERING DURING ESTIMATION OF RIVER WATER STATE
ACCORDING TO DISCRETE OBSERVATIONS. Abzianidze D., Managadze R., Abzianidze V.

The readers will find researchers efforts on mathematical description and solution of real ecologic
problems in this paper.

Significant attention is paid to the discussion of applied mathematical issues originating during
realization of the filtering algorithms.
Key words: environment; environmental processes; filtering; accidental factors.

SECTION OF DRILLING TECHNIQUES AND TECHNOLOGY, AUTOMATIC
MANAGEMENT SYSTEMS

UDC 622.24

COMPUTER SYSTEMS FOR AUTOMATIC MANAGEMENT AND CONTROL OF BOREHOLES

DRILLING. Varshalomidze G., Goguadze I., Chichinadze A., Azmaiparashvili L., Suramelashvili M.
Study of advisability and possibility of uniting several informational management systems while

drilling boreholes: geological, geochemical and technological explorations, service and operation with MWD

and LWD systems, control of boreholes strengthening quality, exploration of oil pools when testing and

developing boreholes have been given in the paper.

Key words: automatic control; sensor; concentrator; modules.

UDC 622.248.621:43(479.2)
ABOUT OIL LOSSES. Varshalomidze G., Machavariani N., Oniashvili O., Tabatadze G., Khitarishvili V.

An analysis of accounting of oil losses, their definition, norms, their ascertainment and current
application in oil and gas production in Georgia is given in the paper. It is noted that in the “Oil and gas
production regulations” (2002), the definition of oil losses is vaguely interpreted. Attention is paid only to
technological losses, but accidental — over norm losses or losses caused by natural decrease are not
indicated, as it is done in the World oil practice.

The authors of the paper believe that oil companies working in Georgia since 1992 up to the present
don’t account oil losses mainly due to the absence of norms. It is thought that on the bases of “Guidelines
for the definition of technological losses in the oil and gas extraction enterprises” rationing of technological
losses (including losses associated with natural decline) had to be made and approved, but this work has not
been done.

By the “Guidelines” determination of technological losses is impossible for the reason stated in the
paper.
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SUMMARIES

Some suggestions have been made for solving the questions concerning oil losses on oil and gas
extraction enterprises in Georgia.
Key words: oil loss; regulations; definitions; causes of loss.

UDC 622.244.442
APPLICATION MWD AND LWD SYSTEMS IN ASKEW-DIRECTIONAL AND HORIZONTAL WELLS
DRILLING. Varshalomidze G., Goguadze I., Khundadze N., Khitarishvili V., Machavariani N.

This paper considers the peculiarities of application MWD and LWD telemetry control system and
spatial management for askew-directional and horizontal wells drilling. Applying these systems geophysical
work is carried out, physical properties of rocks are determined, optimal drilling mode is chosen. MWD and
LWD systems are equipped with sensors and transducers. Control, correction and management are carried
out applying these installations and also the accuracy of borehole shaft for askew directional and horizontal
drilling is ensured; the trajectory of the shaft is regulated to place it accurately in the most productive part of
the reservoir.

Applying these systems significantly increases the mechanical drilling speed and other technical
indices are also improved.

Key words: telemetry system; sensor; askew-directional and horizontal drilling.

UDC 622.244.442
CRACKING WHEN WELLS DRILLING AND THEIR IMPACT ON THE PROCESS OF ROCKS
DESTRUCTION. Varshalomidze G., Khitarishvili V., Chichinadze A., Azmaiparashvili L.

When drilling wells rock breaking process intensively proceeds with increasing axial load on the bite.
At this time cracks are formed. As a result of various factors there may take place a superficial, fatigue and
voluminous destruction of rocks. This paper discusses the theory and tasks by Griffiths, N. Muskhelishvili, G.
Barenblat and |. Zheltov on cracks formation and development that can be used to explain the formation of
cracks in the rocks during drilling with the impact of deforming forces. The above mentioned theoretical
research may identify and explain superficial and bulk rock destruction processes with a rock cutting tool.
But explanation of the process of fatigue destruction is problematic and difficult.
Keywords: cracking; deforming force; the process of destruction.

SECTION OF SECURITY TECHNICS

UDC 614.8; 504.064
PREDICTION OF TECHNOGEN EMERGENCY SITUATION AND RISKS ESTIMATION IN GEORGIA.
Gigauri S., Chkheidze L., Machavariani N., Djvarelia N.

The actual problem of the modern world — tendencies of increased number, scales and disastrous
effects of technogen accidents and also the world experience for prevention, liquidation and minimization of
chemical accidents are considered in this article.

Data on compact-location of chemical dangerous structures on the territory of Georgia, as well as
statistical data of the Emergency Department about technogen accidents in Georgia are presented;
circumstances provoking worsening the technogen situations have been discussed.
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SUMMARIES

Necessary practical and engineering-technical measures for potential technogen emergencies
prognosis and estimation, accident liquidation have been planned.
Key words: technogenic accidents; risks estimation; accident prediction.

UDC 62235
RADIOACTIVE POLLUTION OF THE BIOSPHERE AND MINING ENTERPRISES AND WAYS OF
PROTECTING FROM IT. Mekvabishvili N., Lursmanashvili M., Jikia M., Kiknadze N.

Problems of pollution the Biosphere and the hydrosphere have been discussed in the article.
Questions of work hygiene, health care of employees and application of individual protection measures in
mining enterprises have also been described.

Key words: inert gas; sectoral block.
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PE®EPATBHI
CEKUUA SKOHOMUKUA N MAPKETUHIA

YOK 553.04: 338.012-(470+571): 339.9

MUWHEPAIbHbIE PECYPCbI B COLIMAIIbHO-3KOHOMWUYECKOM PA3BUTUU TOCYOAPCTBA C YU-

ETOM MUWPOBbIX FMOBANbHbLIX MPOLECCOB. No6xaHuaze I'., la6aase [I., BanaBapse B.
PaccmaTpurBaloTcs akTyarnbHble BOMPOCH! paLlMoHansHoro 1 adeKTMBHOro 0CBOEHUS NOME3HbIX UC-

KonaemblX, COBPEMEHHOIO MOMOXEHUS N Pa3BUTUSA CTpaTerMn Ha MMPOBOM pbiHKe. Kpome Toro, AaH aHanm3

ponu chakTopa pasyMHOro MCNonb30BaHWSA MYHEpanbHbIX PECYPCOB MpU coLmanbHON U 9KOHOMUYECKOW Tpa-

HcpopmMaumm B pasnuyHbIX CTpaHax, KOTOPbI BECbMa NpYMeYaTerneH W 3Ha4YMMO onpedensieT cTpaTeruio

pa3BMTUSA YCTOWYMBOIO 3KOHOMMYECKOro, coumanbHoro, 6e3onacHoro, KOHKYpPeHTOCNOCOBOHOro 1 ApyrMx Har-

paBneHuit B OTAENMbHbIX CTPaHax v pervoHax.

KIMKOYEBbBIE CITOBA: MuHepanbHO-ChipbeBbIE pecypchl; rnmobanusauns; yCTonumBoe passuTue; HaumoHa-

NbHOe BoraTCTBO; NPOMBbILLNEHHO-3KOHOMMUYECKAs NOMUTUKA U cTpaTerns.

CEKUUA ANbTEPHATUBHOW 3HEPTETUKU

YK 546.221
BOOOPOOHAA SHEPTETUKA — QHEPIETUKA XXI BEKA. Npanrmweunu A.U., xxnonaase M.WU., Bap-
wanomugze I'.X., baumnkaase T. B., LLlapabuase U. M.

B paboTte oTmevaeTcsi BaxXHOe 3Ha4yeHue nonydeHus ua GoratbiX NPUPOAHHBIX BOA YepHoro mops
yrneBoAOPOAOB AN Pa3BUTUS OTEHYECTBEHHOW 3HepreTukn. [1ns aToro nosy4yeH HOBbIA NPOCTON U SKOHOMU-
YHBI MeToA, KOTOpbI pa3paboTaH B MPOLUMOM rody B pesynbTaTe aKkcneauumu B akBatopuio . batymn.
Takke npegnoxeH metod cdoTogmccoumaumm anga pacluenneHus yrnesogopoia v cosgaHa CooTBETCTBYHO-
Wwas apdekTnBHaa ycTaHoOBKa.

KNOYEBbBIE CJIOBA: BogopoA4; aHEpreTuka; aKonorus.

CEKUUA MEONOrnv

YOK 551.24(479.22)
FEHE3UC CEMCMOOUCIOKALMU B 3MULEHTPE PAYMHCKOIO 3EMNETPACEHUSA. Baweneuw-
sunu J1., Kymenawsunu M.,

AHanu3 cencmMoguciokaLMoHHOro npolecca B anuueHTpe PaynHckoro 3emneTpsiceHus ykasbiBaet
Ha BeAyLLyl pofib CEMCMOANCIOKaLMA BTOPOro nopsiaka (ononsHu, kaMeHHble obBarbl, CeneBblie NOTOKM),
BMeCTE C TeM, OUKCUPYIOTCA pasHoXapaKTepHble, KOMOMHNPOBaHHbIE pa3nombl (B3Opoco-casuru, copoco-
CABUIN) 3. C.3. MPOCTUPAHMS.
KIMKOYEBBLIE CJIOBA: 3eMneTpsiceHusi; CeMCMoaucnokauus; pasrom; KaMeHHble 00Barbl; cenesble NoTo-

KW.

YK 553.982
O NOUCKE B HE®TAHOWU CKBAXXWHE LUPOMUCYBAHU-LIKANTLUMUHOA. Hukypanse H., Ixxukus H.

B Mypuu, Amxapun n aksatopun YepHoro Mopst ycTaHOBMEHbl MeoTUYeckue, BepXHEMENOoBble, HEeo-
KOMCKME 1 lopcKue HedTecopepxalliue ocadku U To, YTO OHW NPeacTaBnsAloT coBoi 6asncHbIe FOPU3OHTHI
HEe3aBMCUMOro NOUCKOBOIo GypeHus Ans BbiBNEHWS! BbICOKOAEOUTHBIX MECTOPOXAEHMWIA HEdTU 1 rasa.
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[Moka 4TO OTMeYeHHble Ba3nCHbIE TOPU3OHTbI MECTOPOXAEHUI HEPTN OOHapYXEHbl B MEOTUYECKUX
BEPXHEMESIOBbIX OCafKax, B BEPXHEIOPCKUX OCafKaX >e BCKPbIThbl 3anexun HedTun, HO No reonoro-reousm-
YECKUM, TEXHMKO-TEXHONOIMYECKNUM U APYIUM NPUYMHAM OHU OKOHTYPEHbI 1, KOHEYHO, HEN3BECTEH NOTEHLN-
an ux 3anacos.

O6HapyxeHune BbICOKOAEOUTHBLIX MECTOPOXAEHWI HEPTU 1 ra3a B CpeaHEed0LLEHOBbIX, HEOKOMCKUX U
BEPXHEIOPCKMX 0cajKax, obragarLmnx BbICOKMMU KONNEKTOPHLIMU CBONCTBaMM, BO3MOXHO B ['ypuu, Ha Bcen
Konxmackom HU3MEHHOCTU 1 B akBaTopumnm YepHOro Mopsi; ¢ TOYKU 3peHnst popMMpPOBaHMSA 1 XpaHeHUst Hed-
TW 1 rasa B Hegpax 3eMnu, 3TM 0CafKku Ha YNOMSIHYTOM NoLwaan yaoBneTBOPSOT BCEM CyLLECTBYOLWMM YyC-
NOBUSIM.

BbicokogebuTHOE MHOroCrnoMHOE MEeoTMYECKOro Bo3pacTa mecTopoxaeHne HedTu LLpomucybaHu-
LikanumuHga 6b1n1o oTkpbiTo B 1974 ckBaxknHon Ned42, ogHako BBMAY TOro, YTO TaM He MPOBOAMIICS MOMUCK, B
Hel He OblNo yCTaHOBMEHO NOTEHUManbHOW BO3MOXHOCTN gobblum HedpTn. B cdhepane 1974 roga npwu wmc-
cnegoBaHun B uHtepsane 3551-3532 m (V ropusoHT) npousowen BbIGpoc HedhTn POHTAaHOM, CBOOOAHLIM
nebutom 100 m3 B cyTku. 3aTem npu paboTte ¢ 55-MUNNUMETPOBLIM LUTYLIEPOM CYTOYHbIN AebuT HedTn coc-
Tasun 30 m® HedbTn 1 20 M3 BoabI.

Bbino pacckazaHo 00 OKOHTYpPUBaHUM OTKPLITONM CKBaXKUHbI Ne42 3anexen HedpTn 1 paboTtax, NpoBo-
ONMbIX ONs1 BCKPbITUS AOMOMHUTENBHO eLle 4 BO3MOXHbIX 3anexen Hedptn. OTMeYeHo, YTO HEBCKPbITUE Npu
BbINOMHEHNM paboT Ha HedTAHbIX 3anexax Obino obycnoBrneHo OOBLEKTMBHLIMU U CYOBLEKTUBHBIMW MpU-
YnHamu. B npouecce BCKPbITUA NPOAYKTUBHBIX U BO3MOXHO MPOAYKTUBHBIX CITOEB MEOTUYECKMX OCAAKOB, UX
nccrnegoBaHUn, UCNbITAHUW, M30MSLMN NPUBEAEHO KpaTKOE OMMCaHWe OOMNYLEHHbBIX OLMOOK, OTMEYEHO, YTO
B MOLLHbIX NECOYHOKAMEHHbIX KOHINIOMEpPaTHbIX CMNOSAX YCTAHOBMEHbl 4 3anexu HedTM NPOMbILLIIEHHOTO
3HaYeHWst; OXNOAETCA OTKPbITUE eLle 2 3anexen B NMKBUAMPOBAHHbLIX MO reoniorM4yecknM npuyMHam ckea-
XWHax, B pe3ynbTaTte NpoBeaeHns peabunmTaumoHHbIX paborT.

KIMKOYEBbBIE CJTOBA: ckBaxunHa; MeoTuU4eCcKume.

YK 553.982
HE®TECOOEPXALLUUE OCAOKU CPEOHEIO 30OLIEHA NMPOMbILWINEHHOIO 3HAYEHUA. Hukypaase I'.

Ha HedTenomnckoBbix nnowagsax Oavmvmut-Hacakupanu, Mepuu, Yonoku B ropHon Mypuu npu Oype-
HuM ckBaxkuH NeNe4, 5, 6, 8 Yonokn n B pesynbtate onpoboBaHNSA MOLLHbIX BYFKAQHONEHHbLIX OCAfKOB cpef-
HEeaoLleHOBOro BO3pacTa OblI0 YCTAHOBMEHO HanUuyMe BbICOKOMPOBOAMMBIX KOINIEKTOPOB; npu OypeHun
CKBaXXMH M B Npouecce UcnbiTaHui 6binm 3admkcupoBaHbl 3 eKkTUBHbIE NPosABeHns HedpTu n rasa. Ho no-
CNne OKOHYaHus BypeHMs CKBaXXUH He Oblnn BCKPbIThI OXUOAEMble BbICOKOMPOAYKTMBHBLIE 3anexu HedTu u
rasa. C aTol TOYKM 3peHUst BbINM pacCMOTPEHbI AaHHbIE CKBaXXMH, B KOTOPbIX HA OCHOBe aHanu3a bbina yc-
TaHOBMNEHbI BbiCOKas NepCrnekTUBHOCTb CPeaHE30LEHOBbLIX OCAZKOB Ha BbiiIBIEHNE MHOIMOCMOMHbIX, BbICOKO-
NPOAYKTUBHbBIX MECTOPOXAEHUN, TaKKe NMPUYNHBI HEBCKPBLITUSA, KOTOPbIE AOIMKHBI ObITh MPELYCMOTPEHbI NP
npoBeAeHun 6ypoBbix paboT B ByayLlem.

Ocoboro BHMMaHMA 3acnyxuBaeT ckBaxkmHa Ne5 YoxaTtaypu, KOTOPYH MOXHO cuyuTaTb nepBomn Hed-
TSIHOWM 3anexbto B MHTepeane 1800-2200 M. Ha ocHoBe faHHbIX CKBaXXMHblI CTAHOBUTCS SICHO, YTO B CpeaHe-
90LIEHOBbIX 0cafkax 3Ton ckBaxkuHbl (160-4600 M) GbINO BO3MOXHO BCKPbITME 3 HE(PTSAHBIX M ra3oBbiX 3ane-
XeW, YTO He MOMy4Ynnochb BBUAY OOBLEKTMBHBLIX U CYOBEKTMBHBLIX MPUYMH. DTN NPUYUHBI NOAPOOHO paccmoT-
PEeHbI 1 yKa3aHo, YTO MMEHHO 3TN OOBEKTMBHbBIE N CYOBHEKTMBHbBIE OLUMOKN, KOTOPbIE Bbiny AoNyLLEHbI B NPO-
Lecce ucnblTaHus 1 onpoboBaHua YoxaTaypckon n Yonokckor NOMCKOBO-pa3BeoYHbIX CKBaXWH, 06ycrnoBu-
N HeJoOoLEeHKY HedhTecoaepKaHUs CpeaHEe30LEeHOBbLIX BYNKaHOreHHbIX 0CaaKoB B ropHom 'ypuun.
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MpeanoxeHbl NNaHbl BOCCTAHOBMEHMWS, UCMbITAaHUSA 1 0NpoboBaHUSA NPOOYPEHHBIX CKBaXWH u Bype-
HMS eLle ABYX HOBbIX MPOEKTHbIX CKBaXXMH B CPEAHEI0LEHOBbIX 0cagkax ['ypun, ¢ uenbo BCKPbITUS MacCcuB-
HbIX 3anexen HedpTU n rasa.
KIMKOYEBBLIE CITOBA: cpenHeaoLeHOBbIV; BYNKaHOMEeHHbIN; CKBaXuHa; BypeHue; ncnelitaHue; onpobosa-
HWe; KONMeKTopbI.

Y[OK 553.984
NEPCNEKTUBbI BbIABNEHUA 3ANEXEW HE®TU B CPEOHEOPCKUX OTNOXXEHUAX MPY3UMN.
3Bnapapse Y.M.

Ha ocHoBe 00606LeHNs1 AaHHBIX XUMWYECKOTO U MUKPOKOMMOHEHTHOIO aHann3oB NOA3eMHbIX BOS,
NMPUYPOYEHHBIX K BYIIKAHOrE€HHO-OCAOO0YHbIM OTIIOXKEHUAM CpefHero doueHa B npegenax HedTeHOCHbIX
nnowagen BoctouyHon Mpy3mn, 1 ¢ y4éTom obLLel naneormgporeosiormyeckon, nNUTosnoro-gaunanbHoOn u
CTPYKTYPHON OBGCTAHOBKM (HOPMUPOBAHUSA ITUX OTIIOXKEHWA MPU COMOCTABMNEHUM CO CXOXMMU AaHHbIMU
OTHOCUTENBHO NenaccoBbiX 1 Banocckmx hopmaunii, BbickazaHo 4OCTaTO4YHO 060CHOBaHHOE COObpaxeHue
0 BO3MOXHOCTW HanNn4uus KPYrHbIX 3anexen HedTn B ByNIKAHOTEHHO — OCaA04HON Cepumn CpedHen 1opbl.
KIKOYEBbBIE CIIOBA: 3anexu HedpTh; MaTepMHCcKas NOpoaa; ByNKaHOreHHO-0caaodHas popMauus; MUKp-

OKOMMOHEHTbI; MONyTHas BOAa.

YOK 551.24
COOBPAXEHUA O TPUACOBOW MAJNIEOFEONPA®UYECKON CPELAE MPY3UWU. Tonumwseunu M.B.,
Hapapeunwsunu I'.L., JllomuHaase T.A.

Ha ocHoBaHMK aHanu3a faHHbIX MHOFOYUCIIEHHBIX CKBaXXWH, MPOBYpeHHbIX Ha Tepputopun pysnu,
HaLLMX NccrnefoBaHNn U MHOPMaLNA, CYLLECTBYIOLLNX B IPY3MHCKON U MHOCTPaHHOW nuTepaType, Bbickasa-
Hbl COODpPaXXeHNs1 0 3aKOHOMEPHOCTSX pacnpeerneHns Mops U Cylun B TpMaccoBoe Bpewmsi. o Bcen BepoAT-
HOCTW, MOpe MOKPbIBano BCIO TEPPUTOPUIO KKHOMO CKIoHa coBpemeHHoro Kaekasa. Mpegnonaraetcs, 4to
TeppuTopusi coBpeMeHHoN 3akaBka3CcKol MeXropHorn obnactu, Amxkapo-Tpuanetckon n ApTBUHCKO-BonHue-
CKOW 30H B NMO34HETPMACCOBOE BpeMs npeacrasnsana cobon cyuuy.
KIMKOYEBBIE CJIOBA: Tpuac; TeTuc; gu3ckas cepusi; Hapynbckas cBuTa.

YOK 622.323
ECTb 11 B TPY3UN HE®Tb? CEUYAC XXI BEK. Bepuase H.

B rasete «AcaBan-facaBanu» 6birio onybrvMkoBaHO NMMCbMO, B KOTOPOM HanucaHo: «[1pu nssepxe-
HVMM BynkaHa B Kope 3emnu cropena BCA MMmelowascs Tam HedTb...». PecnoHgeHT nowen ewe ganblue:
«lMpeacraBbTe B PyMblHUKN HedTb, B [pO3HO HedTb, B Baky HedTb, T.e. B TEX F€0MNOrMYeCcKNX «kapmMmaHax»,
KOTOpbIX HEe OOCTUr BYIKaH, HedpTb ocTanacb, B OPYrMX MecTax Besge cropena, No3TOMYy Mbl HanpacHo
uwem HedTb B [py3nuny». Takas ronoBOKpYXUTEMNbHasA rMynocTb, 3a4eM OHa UCXOAUT C A3blka YenoBeka U
HaHOCWUT TakoW paspyLUNTENbHON yaap rpy3nHCKOM HeTAHOM NPOMbILLNEHHOCTU. [o-BuaMMomy, eMy He 13-
BECTHO 4TO B ['py3un obHapyxeHo 16 MecTopoXaeHUn, NpaBaa, 6OMbLUMHCTBO U3 HUX HE OTNMYAETCSA CBOEN
BESIMYNHON.

OH, B1amMmMo, He crnbixan o Tom, 4To B 'py3anm B 1978 n 1979 rogpl Ob1no nony4yeHo COOTBETCTBEHHO
2,456 1 2,785 MnH. TOHH HedTU. MakcMMarnbHbIN ypoBeHb A06bI4K 6binn gocTurHyT B 1980-1983 roapl, korga
B rof nonyyanu cootsetctBeHHo 3,186; 3,322; 3,330; n 3,299 MnH. TOHH HedTN. YeMy MOXHO NOBEPUTD,
undpam nunm pecnoHaeHTy?
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Ecnu 6ynem paboTaTb, nepea Hamu, BO3MOXHO, LLUMPOKO Pa3aBUHYTCS NEPCNEKTUBbLI, €CNN OCTaHo-
BMMCSl, KAk COBETYEeT PECMNOHAEHT, HAYEro He nonyynTcs. VIHTepecHo, Kak cuMTaeT pecnoHaeHT? Heyxenn
BCE 3TN Uundpbl, odbuumanbHble gaHHble - 3TO 06MaH? TonNbKo 3TOT PECMOHAEHT BCEe3HaMKa, OH 3HAET, YTO B
py3nn HeddTn HET. N UMEHHO NOTOMY, YTO U3BEPKEHME BYIIKAHA €€ YHUUTOXWUIO0, HET CMbICIa ee uckathb.
KIMKOYEBBIE CJTOBA: BynkaHbl; CKBaXWHbl; HE(Tb; 3anachbl.

CEKUMUA MTEODPU3UKA

Y[OK 550.3(47.93)
PE3YJIbTATbI MNEPBUYHOIO rEOPAANONOKALMOHHOINO UCCNEAOBAHUA HA KOXKHOM CKINO-
HE MOPbl LUMKLUA MUTAPUACKOIO U3BECTHAKOBOIO MACCUBA. Oaunasaase [l., Dxawm T,
Ap3uanu 3., TapxHuweunu A., AMunaxsapu 3.

PaccmoTpeHbl 06Lume 1 pasnuyaroLwme npusHakm KapCToBbIX U MUKAPCTOBLIX 30H HA N3BECTHSAKOBbIX
MaccuBax.

Ha toxxHoM cknoHe ropbl nkwa Murapmnckoro n3BeCTHAKOBOro Maccusa 6b1no npoBeaeHo nepBuY-
Hoe uccnegoBaHne nukapcTa n COGCTBEHHO KapCTOBOro MaccuBa reopagmnornokalMoHHbIM MeTo4oM, Npeac-
TaBMeHbl COOTBETCTBYOLME pagaporpaMmbl.

Ha nccnenoBaHHOM CKIOHE KapCTOBOW ropbl Obinv BbiSBNEHbI NMUKAPCTOBbIA PaAMONOKaALMOHHbIN
KOMMNIIEKC 1 COBCTBEHHO KapCTOBbLIV MaccuB.
KIMKOYEBbBIE CJTIOBA: kapcT; nuKapcT; reopagnonokaunoHHbIN MeTOA.

YOK 502.7
NMPUMEHEHUE KAJIbMAHOBCKON ®UNbTPALUU NPU OLIEHKE COCTOSAHUA PEYHOM BOAbI MO
OUNCKPETHbIM HABNMIOOEHNAM. A63nanuase [. B., Manaragse P. I'., A6anaHmase B. B.

YutaTenu HavgyT B NpegnaraemMon paboTe paccyaeHus uccrnegoBaTternien 0 peanbHoW aKonornye-
ckov npobneme 1 ee matemaTU4eCKON ngeanmsauum.

3HavuTenbHOE BHUMaHWe yaeneHo pacCMOTPEHUIO NPUKNaaHbIX BONPOCOB, BO3HMKAOLLMX NPWU KOH-
KpeTHOW peanusaumn anroputMoB unsTpaumu.
KIMKOYEBbBIE CITOBA: okpyxatoLlas cpefa; aKkonormyeckme npoueccol; kanbmaHoBckas unbtpaums; cny-

YanHble akTopbl.

CEKLMSi HOBOW TEXHUKU U TEXHOJOMMU BYPEHUA, CUCTEM
ABTOMATUYECKOI'O YMNPABIEHUA,
CEKLIUA TOPHOU TEXHONOINU

YK 622.24
KOMMNBbKTEPHbLIE CUCTEMbI ABTOMATUYECKOI'O YINPABJIEHUA U KOHTPONA NPOLECCA BY-
PEHUA CKBAXWHbI. Bapwanomugse IN.X., Noryanse U.K., YnuuHapse A., Aamaudpapawsunu J. I,
CypamenawBunu M. P.

MpuBoguTCA 060CHOBaHME LieNnecoobpasHOCTU 1 BO3MOXHOCTN 06beanHeHus ctaHumen 'TU Hecko-
NbKNX COCTaBMAOLWMX MHpOpMaLNOHHOrO obecneyeHnst npouecca OypeHuss CKBaXXMH: reofioro-reoxXxmmMmmyec-
KNEe U TEXHOSOIMYeckue uccrnenoBaHusi, obcnyxkmBaHme u paboTa ¢ TeneumaMepuTenbHbIMM CUCTEMAMM
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(MWD n LWD-cuctembl), KOHTPONb KayecTBa KpenreHus CKBaXuHbl, UCCneaoBaHus nnactoBoro drnounga

npu onpoboBaHUM U UCTIBITAHUM CKBaXXUH U T. M.

KIMKOYEBBLIE CJITIOBA: aBTOMaTM4yeckoe ynpasfieHUEe; KOHTPOSIbHO-U3MEPUTENBbHbIA AAaTYMK; KOHLIEHTpaTO-
pbl; MOAYMW.

622.248.621:43(479.2)
O NOTEPAX HE®PTWU. Bapwanomupgse N.X., MayaBapuanum H. A., OHnawsunu O., Tabatagse ., Xuta-
pvwsunu B.J.

lMpoaHanManpoBaHO HeCyLEeCTBYIOLLEE MOJIOXKEHME ydYeTa NoTepu Hed TV Npu NPOM3BOACTBE Hed-
TSHbIX W Fa30BbIX Onepaunn n ux geuHnuunm, HopMnpoBaHue, yTeepXxaeHme 1 npUMeHeHne HopmMaTUBOB.

OTmeveHo, 4TOo B «Perynvpyrowmx npaBunax MpousBoACTBa HEMTSAHbIX W rasoBbIX Onepauun»
(2002) cMyTHO 06BACHEHBI AeUHULUN NOTEPU HE(DPTH, OBOCTPEHO BHMMAHME TOSMBKO HA TEXHOMOrMYECKUX
noTepsix HepT N He yKasaHbl aBapuHbIe, T. €. CBEPXHOPMAaTUBHbIE NOTEPU N NOTEPU, BbI3BaHHbIE €CTEC-
TBEHHOW YObINblo, KaK 3TO yKa3aHO B MMPOBOW HE(PTAHON NpakTuKe.

ABTOpbI cynTatoT, 4to ¢ 1990 r. No cen AeHb B HEDTAHBIX KOMMNAHUAX Ha TeppuTopuu py3num no4vtu
He MPoMCXoamuT y4eT noTepb HedTn, YTO B OCHOBHOM BbI3BaHO OTCYTCTBMEM HOPM. 10 X MHEHMIO, Ha OCHO-
Be «MeToaMYECKMX yKasaHWi Mo ONpeaeneHnto TEXHONMOMMYECKNX NnoTepb HedTn Ha HedTerasonobbiBato-
lwmx obbekTax py3un» AOMKHbI BbINM BbITb OCYLLECTBNEHbI HOPMUPOBAHNE TEXHOMNOIMYECKUX NOTEPb U YT-
BEPXOEHME WX, HO 3TO HE BbIMOJIHEHO, @ C HOPMMPOBAHMEM MOTEPL C ECTECTBEHHOW YObINbIO HUKakne pabo-
Tbl He BbInM NpoBeAeHbl. XOTA Ha OCHOBE 3TMX «YKasaHun» onpegeneHme TeXHONOrM4eckux notepsb (B. T.4.
N NnoTepb, CBSA3aHHbIX C €CTECTBEHHOM YObIfbH) NPaKTUYECKM HEBO3MOXHO M3-3a BbICKAa3aHHbIX B CTaTbe
MPUYUH.

B pabote Takke npuBeaeHbl HEKOTOPbIE COODPaXKEHNsI MO PELUEHMI0 BOMPOCOB, CBA3aHHbLIX C NoTe-
pen HedbTn Ha HedpTerazogobbiBaoWwnX NpeanpuaTUsx Mpysun.
KIMKOYEBbBLIE CNTOBA: notepu HedTH; HOpMaTKBbl; AePUHULNN; NPUYUHBI NOTEPb.

YOK 622.244.442

NMPUMEHEHUWE CUCTEM MWD U LWD NPU NPOBOOKE HAKITOHHO HAMPABJNEHHbLIX U TOPU3OH-
TAJNNbHbIX CKBAXWH. Bapwanomugse I'. X., loryanse WU. K., Xynpganse H., Xutapuwsunu B. 3.,.
MavaBapuaHu H.A.

B pabote paccmaTtpumBaloTcs BONPOChI NPUMEHEHUS TeENeMeTpUYeCcKnx CUCTEM KOHTPONS 1 nNpocTpa-
HCTBEHHOro ynpasneHns MWD n LWD B HaknoHHO HanpaBfeHHOM W FrOPU3OHTanbHOM BypeHMn CKBaXKMH.
OTMMK cucTemamm NpounssBoadaTcs reodusnyeckme paboTel - onpegeneHme pruandecknx CBONCTB rOPHbIX MO-
pog, BbIbop onTMManbHbIX NapaMeTpoB pexuma bypeHus. Cuctemol MWD n LW D OCHaLleHbl CEHCOpaMu U
AaTynkamu, C MOMOLLBIO KOTOPbIX MPOM3BOAATCSH KOHTPOIb, KOPPEKTUPOBaHME U ynpasneHve, a Takke obec-
neyeHa TOYHOCTb NPOBOAKM CTBOSA CKBaXXMHbI HAKMOHHO HaMpPaBMEHHOrO U ropu3oHTansHoro 6ypeHus, pe-
rynupyeTcsl TPaeKTopus CTBOMA CKBaXKMHbI AJ1S TOro, YToObl €ro TOYHO pasMellaTtb B cCamMOu NPOAYKTUBHOW
Yyactu nnacta. C NpMMeHEHMEM 3TUX CUCTEM 3HAYUTENBHO MOBbLILLAETCA MEXaHNYEeCKas CKOPOCTb OypeHusi n
3HaAYNTENBHO YIyYLIaTCa Apyrne TeEXHUYeckne nokasartenu.

KIMKOYEBbBIE CJTOBA: TenemeTpuyeckas CUCTEMA; CEHCOP; AATYMK; HAKITOHHO HanpaBfeHHOE U FOpU30oHTa-
nbHOe GypeHne.
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YOK 622.244.442
OBPA30OBAHME TPELWUH NPU NPOBOAOKE CKBAXWUH U UX BITUAHUE HA NMPOLIECC PA3PYLLE-
HUA NOPOMA. Bapwanomuase I'. X., Xutapuwsunu B.3., YnunHaase A., Asmaunapawsunu J1. T

Mpn OypeHun CKBaXWH C yBENMYEHWEM OCEBOW Harpy3ku NpoLecC paspylleHus Mopog Mpoucxoaut
bonee MHTEHCUBHO. B 310 Bpemsa obpasyoTca TpelmHbl. B pe3ynsTtate Bo3gencTasnst pasnuyHbix hakTopoB
NMeeT MeCToO NOBEPXHOCTHOE, YCTanocTHoe 1 0bbeMHoe paspyLueHue nopog. B pabotax Mpuddutca, H.W.
Mycxenuwsunu, I'. . bapeH6bnata n W.I1. )KentoBa paccmMoTpeHbl Teopumn 1 3agaymn o6 obpasoBaHum u pa-
3BUTMU TPELLMH, KOTOPbIE MOXHO MCMOMNb30BaThk AN 00bsAcHeHUa obpa3oBaHuUs TpewmH B nopodax npu Oy-
PEHNN CKBaXMWH C BO3AENCTBMEM AeOopMUMPYIOWLNMN cunamn. Bellleyka3aHHbIMU TEOPETUYECKMMU UCCrie-
OOBaHVAMM BO3MOXHO ONpeaennTb U 06bSCHUTL, NPY MPOBOAKE CKBAXMH, MOBEPXHOCTHOE 1 06BbEMHOE pas-
pyLLeHMsa Nopo NopoaopaspyLlaloWLmMMn MHCTpYMeHTaM1. Ho o6bsicCHeEHE NpoLeccoB YCTanocTHOro paspy-
LeHNst NpobreMaTNyYHO 1 3aTPyAHEHHO.
KIMKOYEBBIE CJIOBA: o6pa3oBaHue TpeLuH; 4edOopMUPYIOLLIME CUTbI; MPOLLECC paspyLLEHUS.

CEKUUA TEXHUKU BE3OIMNACHOCTHU
YOK 614.8:504.064
NMPOrHO3UPOBAHUE U OLEHKA PUCKOB TEXHOINEHHOMN YPE3BbLIYAUHOW CUTYALMU B IPY-
3UWN. Turaypm C., Uxeupze J1., MayaBapmanu H., xsapenus H.

PaccmoTpeHbl TeHaeHUun pocTa akTyanbHOW NpobriemMbl COBPEMEHHOTO Mupa — KONMYECTBO aBa-
pviA, MaclwTaboB 1 KaTacTPoUIECKNX Pe3yNbTaToOB TEXHOTEHHbIX aBapwuii, a Takke MUPOBOW ONbIT B Aene
nNpeBeHUUN, NUKBMAALMN U MUHUMM3aLMX PE3YNbTaToOB XMMUYECKUX aBapun.

MpencTaBneHbl JaHHbIE O KOMMAKTHOCTW PacronOXeHUst XMMUYECKM onacHbIX 0OBbEKTOB Ha Teppu-
Topuu ['py3nun, a Takke ctaTtucTnyeckue AaHHble [lenaptaMmeHTa ypesBbldaHbIX CUTYaLMA O CryYMBLLUXCA
B 'py3nmn TexHoreHHbIx aBapusix. PaccMoTpeHbl 06CTOSATENBCTBA, Bbi3blBAKOLINE YXYALLEHWE TEXHOTEHHbIX
cuTyauun.

Hame4eHbl HeobXxoauMbIe OpPraHM3aUNOHHbBIE U UHXXEHEPHO-TEXHUYECKME MEPONPUSTUSA ANt NPOrHO-
31MpPOBaHNS M OLEHKN NOTEHLUMANbHbBIX TEXHOrEHHbIX Ype3BblYalHbIX CUTYauMN - NMKBMAALUN CIyYUBLLENCS
aBapuu.

KIMKOYEBBIE CJTOBA: xMMmyeckn onacHble 00beKTbI; TEXHOreHHblE aBapun; MPOrHO3MpoBaHMe aBapun.

Y[OK 62235

PAOVWOAKTUBHOE 3ArPA3HEHUE BUOC®EPHBLIX U TOPHOOOBLIBAIOLWUX MNPEOAMNPUATUN U

CPEOCTBA 3AWLUUTDLI. MekBabuweunu H., llypcmanHaweunu M., xnkua M., KukHagse H.
PaccmopeHbl Bonpockl 3arpsisHeHnst 6uocdpepbl 1 rugpocdepbl. Bonpockl rurneHsl Tpyga, 3awuThbl

3[0pPOBbS CryXalllero nepcoHana u NpUMeHeHUs CPeACTB MHOMBUAYANbHOW 3aLlUThI.

KIMKOYEBbBIE CITOBA: nHepTHbIN ras; cekTopHas 611okmMpoBKa.

188



UNHNNINGILE LSIGE0IHM-GITE03IGH0 LEBNHNG0N TIAE=0 , idIIO NI 6530130 LS 3dB0-

SCIENTIFIC-TECHNICAL INFORMATION- INTERNATIONAL JOURNAL ,,GEORGIAN OIL AND GAS" N30, 2015
MEXOYHAPO[HbIN HAYYHO-TEXHUYECKUIN, UHOOPMALIMOHHbI XXYPHAN , HE®Tb U FA3 MPY3UKN"
LIINANBZIIML ANGIAI VAN AILIALISH
6530nmdol Im3mgz9gds LsdsEm9dol dobggzgom
20137,
3MIMBIBIR0 | BIM3IBAR0O aogggvoz)s%agmo BMIM3IBIRO | BMIMBIBIR0
BOBSRM 6530030 65300030 A 65300030 X589@0
2013 V. 2013 V. T3 a6s 2013 V. 6530)M0.
133 ®065 | T 33. 5065 : IV 33. 065 B06S
1 8085560 902,300 910,800 8712 844,81 3529,610
2. 35®5BS 0B5I0 72,590 66,390 63,13 64270 271,380
3. 60600 669,526 529,392 785,269 479,285 2463472
4. 19BLS 60,857 69,130 65,803 70,617 266,407
5. L5GLIEOLO 73392 51,959 50,258 38,757 214,366
6. 528, BSRSROR0
7. 15360B0-35B5GI IR0 801,656 3329141 3350,544 1533,005 9014,436
8. 60609V306%5 3732,534 3403215 2979.652 3240275 13355,676
9. ®5@03560 535,860 636,890 621,18 442,85 2236,780
10. BEMA0LIBS60 365,906 225,514 544,814 603,718 1739.952
11. 0300 1730,048 1795,835 1878253 1853,607 7257,743
12. 5580060b 553630 0580 231,003 208,994 209,919 264,956 915,772
13. =55, GIL00530 (38YS60L0) 745,995 744,638 747,582 75873 2996,945
14, 65552930 86,020 82,500 83 83,71 335,230
15. 875696930 876,570 845,300 7973 2,25 3251420
16. 3502 3,780 3,720 336 3,16 14,020
17. 339950
S 10889,437 12903418 13056,264 11014,090 47863209
TR 00530698520 3550 S0). & 1116,903 124,227 1049,506 1293313 4588,049
1. 606(IV30625 1116,903 124,227 1049,506 1298313 4588,949
2. @030
30305920 | 8M3MB069R0 | 8M3M30IR0 | 90303053=0 | 2014 V. 80030)-
T 6530030 6530030 6530030 6530030 308990 X53I@0
2014 ©. 2014 ©. 2014 9. 2014 9. 6530)M30.
133 &065 | T 33. 065 | I 83. ®M6S | IV 38. H06S BO6S
1. 8085560 863,040 835,350 842,5 816,19 3357,080
2. 35®58S J0B5I0 66,920 62,500 57,08 67,600 254,100
3. 60600 357,863 366,191 364,175 357,078 1446207
4. 59BbS 67,632 80,255 83,251 77221 308,359
5. LOGLIGOLO 41362 313922 273,774 184,847 813,905
6. 523, 3SR SROR0 - - - - -
7. 15360 B0-35 5@ TR0 1323458 1283386 1475813 1326,751 540,408
8. 6060V30625 3474,360 3607,851 3699,305 3605,126 14387,142
9. ®B5B05560 360,640 463,580 4105 500,52 1745,790
10. B6030LI5S60 454,677 623,359 575,032 523,909 2176977
11. M9=I00 1510,020 1394,922 1243,639 1304,675 5453.256
12. 15330606 553660 01520 277,979 316,174 266,101 265436 1125,690
13. ®5b. @L0530 (38Y5600) 742411 750,611 726,817 642,044 2861,383
14, 65562030 86,990 73,800 82,380 53,000 296,170
15. 875696330 741,910 793,020 740,04 707,7 2083,570
16. 350R5 2,890 3,040 3,160 2,890 11,980
17. 330950 _ _ _ _ -
S 10372,652 10967,961 10855,017 10435887 42631517
LI 00530698520 3550 S0). & 1519,046 774,651 3969,511 4104,285 11367493
1. 606()¥306%S 1519,046 1439.302 1408,669 1390,952 5757,969
2. @030 - Z Z Z -
3. 9V5®3 b330 335,349 2560,842 2713333 5600,524

Bogmmdols s 43bobl gsligdo

2009 ferob 25 0gdg®gzswl «PLATT”S EUROPEAN MARKETSCAN»-«FOB MED (ITALY)»-ol dobgogom

LogOHoTMOOLM GBoligdo BogmMd3MHM©JEHgdHg F9oy9bL:

096%0bo - 395.50 Mm@ sM0/Embsby;

obBgwo - 347.00 MEsG0/Embsby;
653000 - 398.25 mEs®0o/EGHmbsby;

35%m0 - 237.00 M@0/ GHmbsBy.

189




UNHNNINGILE LSIGE0IHM-GITE03IGH0 LEBNHNG0N TIAE=0 , idIIO NI 6530130 LS 3dB0-
SCIENTIFIC-TECHNICAL INFORMATION- INTERNATIONAL JOURNAL ,,GEORGIAN OIL AND GAS" A30, 2015
MEXOYHAPOLHbIN HAYYHO-TEXHUYECKUN, UHOOPMALIMOHHbLIV XYPHAN , HE®Tb U FA3 MPY3UN"

LITIANBITIL N6IAEIVAN AILIALISN

3906bmBowgds
Log®dyg
QINAN | BIBN | NdAEN | 3N 99 La 326N
©In3n 1 0.083 0.0228 | H1.5E-5 254 254 0,254
3350 12 17777 0.33 1,9E-4 304.8 3048 0,3144
0d@LN 36 3 11 5.7E-7 914.4 9144 09144
anen 63360 5280 1760 11111 161E+6 | 161E+5 | 16093
NN3IdAN | 0.0394 | 3.28E-3 | 0.0011 6.2E-7 1 0.1 0,001
LI6BNAIBAN |  0.394 0.0328 0.011 6.2E-6 10 /1111 0,01
30660 39.37 3,281 1.094 6.2E-3 1000 100 /111
linch = 2,54013;
1158 =0,394inch.
M6
J660 | BI6SN | IMCTISEMEY | 34N | SNM3AIN M6
660 11111 | 0.0625 3.125E-5 28.35 0.02835 2.835 E-5
339680 16 11111 0.0005 4536 0.4536 4,536 E-4
aM3.6M6d | 32000 2000 1 907185 907.2 0.907
343N 0.035 | 0.0022 11E-6 /i 0.001 1E-6
JINEM3AI3N 35 2.2 11E-3 1000 1 0.001
4M6d 35274 | 2204 1.1 1E+6 1000 11111
£6339
3BIMLBIAM (33/L32) | PSI(BIGSN/RINANY | BI6SN/RININ?
353IMLBIAM (33/0L32) 1111 0.0625 3.125E-5
PSI(B3680/230302) 16 11111 0.0005
BI650/2IN3N2 32000 2000 1111
aMBIMD
QN3N B3I5M 39AICN? Y L ¥
QIN3N° [ 579E-4 | 1.03E-4 16.39 0.01639 1639 E-8
3I5M 1728 1 0.178 2.83E+7 | 2.83E+4 0.0283
3AIC3 9702 5.615 11 1.59E+8 | 1.59E+5 0.159
y 0.061 3.5315E-10 | 6.29 E-9 11111 0.001 1E-9
Ly 61.02 3.5315E-7 | 6.29E-9 1000 i 1E-6
3 61024 35.315 6.29 1E+9 1E+6 /1

190



UNHNNINGILE LSIGE0IHM-GITE03IGH0 LEBNHNG0N TIAE=0 , idIIO NI 6530130 LS 3dB0-

SCIENTIFIC-TECHNICAL INFORMATION- INTERNATIONAL JOURNAL ,,GEORGIAN OIL AND GAS" ./\@30, 2015
MEXXOQYHAPOOHbIW HAYYHO-TEXHUYECKUIWA, UHOOPMALIMOHHBLIN XXYPHAN , HE®Tb U A3 NrPY3UN"
LITIANIZICAML N6IAI2IAN AILIALIBO
L033I3ANII
(B.L.-BIARMINON LNAIIANSD - shtcific gravity)
BI660/33¢M6N PPG BI65N/BI6SM APJ 33/22.3/L3.B.L. J3/3°
BI630/33M6N PPG 1111111 7.4805 5.814 0.1198 119.83
BI650/ BIGSHN 0.134 11111111 0.775 0.01602 16.081
APJ 0.172 1.29 i 0.0206 20.6
33/22.3/L3.B.b. 8.345 62.43 48,54 11111111 1000
43/ 8.345E-3 0.624 0.04854 1E-3 i
06330 IMBITMIY
J66NY | IN6DY | 333ADY | BI2MEN | 3VAIN | NdAN | P ¥
66N /11| 0,0625 | 0,0315 0.0078 | 1.86E-4 | 0,0295 29,5 2.95E-5
3N65d 16 /1 0.5 0.125 0.0625 0.473 | 4732 | 473E-4
33043 32 2 i 0.25 0.00595 | 0.946 946 | 9.46E-4
3dX2Mmen | 128 8 4 /1 00238 | 3785 | 3785 | 3,785E-3
3AI2N | 5376 16 168 42 1111 159 158987 | 0.159
N8@N 34 2.1 1.057 0.264 0.00629 | ///// 1000 0,001
3 0.034 | 21E3 | 106 E-3 | 264E-4 | 6.29E-6 | 0.001 /111 1E-6
¥ 34000 | 2110 1057 2640 6.29 1000 1E+6 i
63301M3NLY 2RI 33%0L IMRIGD
(3322M6N, 33AI2N. BIGSHN)
/600 | 332/60 | BSH/EG0 | 3AR/B01 | BS/LO M/ e a/vm /e
/601 /111 | 0.264 0035 | 6.29E-3 212 9.057 1.7E-5 | 48E-4
332/6M 3.785 11111 0.134 0.024 8.02 34.29 63E-5 | 1.5E-3
353/60 28.32 7.48 1111 0.178 60 256.5 A7E-4 | 113E-2
3G/ 601 159 42 5.615 11111 337 1440 2,65 E-3 | 6.36 E-2
33°/L0) 0.472 0.125 0.017 297 E-3 | /1] 4,27 8E-6 | 192E-4
/e 0.1 0.03 00083 | 9E-4 | 0.234 11111 11E-4 | 264E-3
a/Lm 60000 | 158.52 0.18 377.4 127140 54320 1111 24
/e 2500 6.605 88.25 15725 | 5297.5 | 226425 0.042 1111/
B983g@>@ 9@

(°C) 3gsmbogloon =CF-32)*519;

(F) o696 gooo = (°C)*915+32.

191



UNHNNINGILE LSIGE0IHM-GITE03IGH0 LEBNHNG0N TIAE=0 , idIIO NI 6530130 LS 3dB0-
SCIENTIFIC-TECHNICAL INFORMATION- INTERNATIONAL JOURNAL ,,GEORGIAN OIL AND GAS" A30, 2015
MEXOYHAPOLHbIN HAYYHO-TEXHUYECKUN, UHOOPMALIMOHHbLIV XYPHAN , HE®Tb U FA3 MPY3UN"

LITIANBITIL N6IAEIVAN AILIALISN
BOBO3IA0 FIRBN3330

3@5508530gmo BaeBogs . . . . L. L. G 6,6720-106-9° - 3~
Tobsorgmols Loty 55499880 « . . c 2,9979245810°3 - 9"
Bgbogg®o Baedogs . . ... L Ho :I.,Z\"._>66370614-10436E3-ETl
99J@@gmo dqebogs . . . L L Lo & 8,85418782-10712(3-8_1
3nabgols BegoBogd .« . . h 6,626176.10 - 0
9809J@®mbols ad@omdols Bdls . . . . .. m, 9,109534.107* 3
5,4858026 10 3.0.4
3Gm@mbols gd@smdols Bobs . . ... L. L. m, 1,6726485107 3
1007276470 8.5.g.
1,6749543-107% 3o
BogBmbols mdcomdols BSbs . . . . . ... ... m,
1,0086 65012 ..
geqJ@@mbol Bgb@o (BLmmey@a@o BboBgbgemds) . . .e 1,6021892107
Bolol s@mBg@o  gGmggmo 1,66565%86)-10™" 3o
03md®Bml dgedogs . . L L L L L N, 6,02245.10% Bmgr\mfl
o0l BugBogd . . . F 96484563 - deogeno”
dogna@o asbg@o dqodogs . . ..o R 8,3144%@-80{);@071 . dfl
Beog(3Bo60ls BemoBogs . . . ... K 138066210 2o - 3

0;93.5@'3(4)0 66%015 Emﬁadg{)‘a(ﬁo
3(*)@'3({)0) 3(*)(3@@(')66 5(*)(‘)36;{)'2](4) 30(4)(')?)36'30

(t=0°C, p=101325335). « « o o v oo v, 2,241.10°2 8* [Beogeno
Bo@dsgmBo s§Bmbggdgmo F6ags - . . . . .. ... .. P 101323
osgolggsmo  gtobol shsdgds Gemdsmado) . . . . . . Js 980665/ (3’
gemaJ@Gmbol «d@sedols ghgdgod . ... ... .. m,c’ 0,51103843
36m@@Bols mdtomdols gBgBRaos . . . ... m,c? 9382796333
Bgo@@mbol mdGomdols g6gGR0d . . . . . . ... .. m,c* 939573194
Pyomdool s@mBol Bobs . . . . ... 'H 1,0782503@o
Bgo@®mbols s@mBols Bl . . . . ... *H 2,0141011798.5.4,
JgmomBols s@mBols Bbdls . . . .. .. ‘H 4,00260326B.5.g.
Bl m@do@ols Googlio . . L ... a, 52917706109

192



UNHNNINGILE LSIGE0IHM-GITE03IGH0 LEBNHNG0N TIAE=0 , idIIO NI 6530130 LS 3dB0-

SCIENTIFIC-TECHNICAL INFORMATION- INTERNATIONAL JOURNAL ,,GEORGIAN OIL AND GAS"

N30, 2015

/ HE®Tb U F'A3 rPY3uUNn"

MEXOYHAPOOHbBIN HAYYHO-TEXHUYECKUWN, UHOOPMALIMOHHbBIU XXYPHAT ,,

LITIANBITIL N6IAEIVAN AILIALISN

Nmﬂfn.

vuQle 5
£ 1,01 XL610'1=Q 1 ® 0BRQoyIeLP a owea cQuiteRRAS0p,
. CQgeusoon
eA<p 1‘0=d| pirer oped-vaselqep d oq,o8¢ 0ylPugegods
/3 0l = ga/udp | woukp Lq,wQlpuidgen <guds cQuaslgogeds
/9 6£65'71 = YNal 1 e/ Lq,0Qlg 0gw@log unqi Pq,Q9Re <ivep-QglLtd vislwogedilq,
Lq,Qqlt
g/oe . (- unq e b
L0297 = (@ qwpay 1 | O ¢ Caglodt BEQopdetl cdop-R9be | ogpuzeyne qutte)
°f 88LY°0 = #9001/41 | q nm&@%%. Wﬂ@oﬂﬂ%n Wcmn %@mﬁw .
¢ 10 = LUuAp » BA/UAp q,uEleo@geq easebl ego cowiloepe
oF 919689 = U1 | et vasePqeg Aval o plod BEQepdLP oiep-QqlB |  o0ywlPugePlg ‘<Clgl
/¥ £68°7 = 199/a1 1 P 99/q1 Cqaabycg 0@gbt
: L0ty o Coguiic? ugls’
@Rl cozg'slT =181 | /R0 res/ar q9wise? vQRg
nm\@.,. $810°91 = B/l | YEQEP opepRwatol cHal Cq,QRR wloll vRqlth CLowlPpon
9,01 =uhp | Sgu%s
9 Z8pb'y =34l | 9 vgw@Cog qi caep-uQPgle cgwj ‘edep
U occk'o=ql 1 P ugepRwasuf ql vQqlG eqep
€ OIXPS8L'E = (€3 | [v8 cwwm.,a%
€ 0651°0=199 ) 199 budb R
@ OIXLIEBT=U | e o9 Qlg oplelt 3 0QRE vylelP cquEOug
DIX9ISHS =ul | ow@lp ut ool vaBBQeyaset?
me 01 XE067°6= U 1 " 0SB Qe pasce 3 QLR oL GopatelP sQuwel
B OIXPST =T | i cm_f&cm
‘T = ut vphLa
B 01 X¥S'T :,m M g o QCp : g
e8F0E0= BperRoq
eouxugeeqlp <glip ngose colaslqen<as egfp ugoie cebasliqeqens el il qeqod
cwasBlwyl vashlwwl 11D oglhlwyl vLloype foasuaug

0g,QCaBlLwyl Yo wa&cmn&ﬁms.mn 0BLPoplee <geblediel 0uelRLLOVBLWE cwldodion

193



