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Pe3tome: AKTyanbHOCTb paboTbl. Marmatuyeckue nopofpl Ha bonbliom KaBkase NpucyTCTBYHOT B pa3pe3ax 0T OpA0BMKa
[0 YeTBEPTUYHOrO Nepuofa. BblaeneHs! eCATKN Pa3HOBO3PACTHbIX MarMaTU4eCcKUX KOMNIEKCOB U CBUT COAEPXKALLMX BYSIKAHN-
YecKne Mopoabl NPUYPOUEHHBIX K Y3KUM CTPYKTYPHO-(POPMALMOHHBIM 30HaM. OfHAKO reoXuMUyYeckux UccnesoBaHnin nopog,
Ha OCHOBE aHanM3a pacnpeneneHns peako3eMenbHbIX U PeAKOMETaNIbHbIX 3IEMEHTOB, BCE €LLe HefOCTAaTO4HO M B NEepBylo
04epefb 31a npo6rieMa KacaeTcs paHHenaneo3onckux 06pasosaquii. Lienbro uccneaoBanns ABNAETCS NOMy4eHUe (KONUYeCTBEH-
HbIX) QHANUTUYECKNX [aHHbIX AN PAcLIMPOBKN re0AMHAMUKIA PaHHero naneo3os. Q6beKTOM Ans uccnefoBaHWi Gbin Bbl-
OpaHbl Tena JOrepuUnHCKIX, OrHeiCcoBaHHbIX rabbpo-ANOPUTOB «aMaHKONbCKOr0» KOMMMIEKCA, PACNPOCTPAHEHHbIE B BEPXOBbSX
p. Ky6aHb. Metogbl. MeTofbl U3y4eHns, KpOMe reosiornyeckoro 1 NeTporpacnyeckoro ONUCaHNS, BKIKOYAIN KONMYECTBEHHbIE
RFA 1 ICP-MS aHanu3bl MarmaTuToB, PacCMOTPEHINE FEOXMMMYECKNX XapaKTEPUCTUK, NOCTPOEHME AUCKPUMUHALMOHHBIX Ana-
rpamm, CpaBHeHMe X C NopoSamm (3TanoHamu) 6IU3KUX NETPOXMMUYECKIUX TUMOB, CHOPMMPOBABLLMXCA B PA3HO0OPA3HbIX reo-
JMHAMMYecKnx 06CTaHoBKax. MonyyeHHbIe pe3ynbTaThl U UX 06CYXAEHHE. B pesynsrate KOMMIEKCHOrO U3Y4eHIUs YCTAHOBMEHO,
4TO raboPO-ANOPUTBI ABAAKOTCA BbICOKOrMUHO3EMMCTLIMM, YMEPEHHO TUTAHUCTBIMU, YMEPEHHO MarHeauanbHbIM1 NOpoAaMi 13-
BECTKOBO-LLIENI04HON cepuu. [peanonaraerca, 4To UCXOAHbIA pacrias 0CHOBHOMO COCTaBa 06pa3oBancs npu HeBbICOKON (1-3%)
CTEMEeHN NNaBNeHNs LWNUHENEBbIX NepuaoTUToB. Huakue 3HaqeHns Mg# 0,42-0,54, n conepxxanns Ni no3BONAKOT CYUTATb, YTO,
B MPOLECCE 3BOMKOLMM pacniasa npoucXoamno pakLunoHMpoBaHue ONMBINHA 1 TUPOKCEHOB. HECOBMECTUMbIE NIEMEHTbI B rab-
6po-anoputax 1 REE, HopmuposaHHbie no N-MORB 1 xoHApuTY, 06pa3yioT CNeKTPbI HAKITOHHbIX INHWIA, PACTON0XEHHBIX MEXaY
npocunsmu OIB n E-MORB, Lan/YbH oTHOLeHue B npeaenax 6,4-8,0. Mopoaa xapakTepusyeTcs NOBbILLEHHbIMI KOHLEHTpaLms-
mu LiLe, LREE, MREE 1 31eMeHTOB MHAMKATOPOB (hIIOUAHOMO Cy6AYKLIMOHHOMO KOMNOHeHTa — Ba, U, Sr. Ha neTporeHeTnyeckux
Jmarpammax urypaTueHble TOYKI rab6po-AnopuTOB TArOTEIOT K NOMSIM OCTPOBOAYXHbIX TONEUTOB, aHAE3UTOB OKEAHUYECKNX
OCTPOBOB WAW AKTUBHBIX KOHTUHEHTANbHbIX OKpauH. HeratusHble aHomanuu Nb, Ta, P, Ti, Hf yka3biBaioT Ha T0, 4TO NOPOAbI
(hopmupoBanuch B HaACy6aYKLNOHHbIX ycnoBusx. BoiBoabl. CpaBHeHWe rab6po-anopuToB ¢ NOPoAamMmM 6RM3KNX NETPOXUMU-
YeCKIX TUMOB, NOKa3ano, YTO OHW XOPOLLO COMOCTaBUMbI C MOPOLAMU 3PESibIX BYIKAHUYECKUX OCTPOBHBIX Ayr. [eoxumMuyeckas
creuman13auns nopoa «amMaHKobCKOro» KOMMIEKca NNToQUIbHO-xanbkounbHas. Ha 0CHOBaHWN NOMy4eHHbIX Pe3ynbTaToB
cieNnaHo NpeanonoXeHue 0 TOM, YT0 B cunypuiickoe spems (450-400 miH neT Hasag), Ha ceepe «Maneotetuca» B NMpoto-Kas-
Ka3CKOM PEervoHe CyLleCTBOBana 0CTPOBOAYXHAsA re0AMHamMmnyeckas 06CTaHOBKa.

Kntoyesble ¢noBa: netporpagous, AMCKPUMUHALMOHHBIE AnarpaMmbl, OCTPOBOAYXXHAA reofiHamMmyeckas 06CTaHOBKa, MU-
HepareHus.

bnaropapHocTi: Pa6oTa noAroToBgHa npy NoAAEPXKKE roc. TeMbl PerucTpaynoHHbii Homep AAAA-A19-119040190054-8
B KHWO BHL| PAH.

Ing uutupoBanus: fazees B. M., lyp6aHos A.T., Tepacumos B. 1. JorepunHckue rab6po-amoputsl BEPXOBLEB pekn Ky-
6aHb (CeBepHbIit KaBkas): reofuHamuyeckas Tunuaauus, reoxumus u MuHeparenus. feonorus v reogousuxa Fra Poccun. 2020.
10 (1): 6-20. DOI: 10.23671/VNC.2020.1.59060.
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Original paper
Pre-Hercynian gablbro-diorites from Kubban river
head (Northern Caucasus): geodynamical
typification, geochemistry and minerageny

V.M. Gazeev' 212 A.G. Gurbanov'2"2 V,Yu. Gerasimov'2?3

'Institute of Geology of Ore Deposits, Petrography, Mineralogy and Geochemistry, Russian
Academy of Sciences, 35 Staromonetny Lane, Moscow 119017, Russian Federation;

2Vladikavkaz Scientific Center, Russian Academy of Sciences, 22 Markusa Str., Vladikavkaz
362027, Russian Federation, e-mail: gazeev@igem. ru;

SMineralogical museum named A.E. Fersman, Russian Academy of Sciences, 18-2 Leninsky
Avenue, Moscow 119071, Russian Federation, e-mail: gera-igem2008 @ yandex. ru

Received: 02.12.2019, revised: 10.01.2020, accepted: 13.01.2020

Abstract: The relevance of the work. Igneous rocks in the Greater Caucasus are present in sections from the Ordovician
to the Quaternary. Dozens of different ages of magmatic complexes, confined to narrow structural and formation zones,
are identified here. However, geochemical studies of rocks, based on an analysis of the distribution patterns of rare-earth
and rare-metal elements, are still insufficient and this problem primarily concerns the Early Paleozoic formations. Object.
In connection with this object, the bodies of pre-Hercynian, fire-bound gabbro-diorites of the “Amankol” complex, locally
distributed in the upper part of Kuban river, were selected for research. Methods. The research methods, in addition to
geological and petrographic descriptions, included quantitative RFA and /CP-MS analyzes of magmatites, consideration of
geochemical characteristics, construction of discriminatory diagrams, their comparison with rocks (samples) of similar
petrochemical types formed in various geodynamic settings. Results. As a result of a comprehensive study, it was found that
gabbro-diorites are high-alumina, moderately titanic, moderately magnesian rocks of the calc-alkaline series. It is assumed
that the initial melt of the basic composition was formed at a low (1-3%) degree of melting of spinel peridotites. The low
values of Mg # 0.42-0.54, and the Ni content suggest that, during the evolution of the melt, olivine and pyroxenes were
fractionated. Incompatible elements in gabbro-diorite and REE, normalized to N-MORB and chondrite, form slanted line
spectra located between the O/B and E-MORB profiles, La"/Yb* ratio in the range of 6.4-8.0. The rock is characterized by
increased concentrations of L/Le, LREE, MREE and elements indicators of the fluid subduction component — Ba, U, Sr. On the
petrogenetic diagrams, the figurative points of gabbro-diorites gravitate toward the fields of island-arc tholeiites, andesites of
oceanic islands, or active continental margins. Negative anomalies of b, Ta, P, Ti, Hf indicate that rocks were formed under
suprasubduction conditions. Comparison of gabbro-diorites with rocks of similar petrochemical types showed that they are
well comparable with the rocks of mature volcanic island arcs. Geochemical specialization of rocks of the “Amankol” complex
is lithophilic-chalcophilic. Based on the results obtained, it was assumed that in the Silurian time (450-400 million years ago),
an island-arc geodynamic situation existed in the north of the Paleotetis in the Proto-Caucasian region.

Key words: petrography, geodynamical typification, geochemical specialilization, minerageny.
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JIOBBIX M KBAapLUTOBU/HBIX CJIAHIIEB, IPUCYTCTBYET II€CTh HEOOIBIINX MACCUBOB (pUC.
1), CIIOXEHHBIX CpPEJAHE3EPHUCTHIMU 3aMETHO OTHEMCOBaHHBIMHU TaOOpO-IHOpPUTAMHU
«amankosbekoro» komiuiekca (I AK). B Hacrosiiee Bpemst UX pacCMaTpUBAaIOT B Ka-
YeCcTBE paHHENale030MCKuX (cumypuiickux) oOpasoBanuii (K-4r Bo3pact 400-450 muH
net [AdanacweB u ap., 1971]). Hebonbuue untpy3ussl ['Jl, pazmepom oT nepBBIX COTEH
METpOB, 710 1,6 KM, TPOCTPAHCTBEHHO ACCOLIMUPYIOT C T€IAMHU YIBTPaba3uTOB, MapKUPY-
IOLLMX HAaJBUTOBbIE 30HBI. MecTaMu OHU IPOPBaHbl )KWJIaMU aINIMTOB, JaliKaMH CpEeIHe-
najeo3ouckux rabopo-auadazos (ux K-Ar Bo3pact 386+15 mun ner [bpromkosa, Kpa-
cuBckast, 1977], u mo3aHenaneo30MCKUX rpaHuT moppupoB.

B texronnueckom mnane I'Jl AK npuypouens! k Ky6anckoMmy TekTroHn4Yeckomy 0710-
Ky KapauaeBo-UYepkecckoro ropcT-aHTUKIMHOPHUS, PACIIONOKEHHOMY BO (DPOHTAIBHOMN
yactu Ckuckoil snurepuHCKoi mianTel. PaccmarpuBas HCTOPHIO Te€0JIOTHMYECKOTO pas-
BUTHS PErHOHA, C 1IEJIbI0 Pa300paTbCcsi C KAKUMHM PETMOHATIbHBIMHU I€OIMHAMHYECKUMHU
MpoIlecCCaMM CBSI3aHO TOSIBIIEHUE pacCMaTpUBAaeMbIX MOPOJ OTMETUM, YTO Hauboiee
MIOJTHO 3Ta UCTOPUS MOXKET OBITh BOCCO3/1aHa TOJIBKO HAYMHAS C TIO3JHETEPIIMHCKOTO Bpe-

w~’”'wv.‘\‘\ \‘;s'f;' 7
A

oy

2N\

Puc. 1. I'eonocuueckas kapma ¢ unmpysusamu 2abopo-ouopumosozo cocmasa 8 6epxosvsix p. Kvoanu (no
mamepuanam @I'YTITI «Kaskazeeoncvemxay nucmor K-38- 1, VII. 2004 2.). /
Fig. 1. Geological map with intrusive of gabbro-diorite composion on Kuban river head (according
materials of FGUP ‘Kavkazgeols'emka” listy K-38-1, VII. 2004)



Geology and Geophysics of Russian South 10(1) 2020 ['eonorvs u reoguanka fOra Poccim 9

MeHH. O paHHErepLUHCKOM 3Tare M3BECTHO JIMILb TO, YTO B pe3ysbrare CONMKEHUs U
kosuu3um IlpenxaBkasckoro u LlentpansHo KaBka3ckoro Mera0iiokoB, X CKYYMBAaHUS U
LIapbUPOBaHUs OBLI CO3/1aH NepBUYHBIHN Kapkac Ckudckoit snurepuuHckoit mimtsl (CI1),
¢ paznenstonieit ux ApmaBupo-HeBunombicckoit (IIpenkaBka3ckoit) MekOIOKOBOI MIOB-
HoM 30HOM. Cumraercs, uto B cocraBe LlenTpanbHo-KaBkasckoro meradioka Obun TEK-
TOHUYECKH COBMeEIIEHbI (pparMeHTsl Makepckoid, bByynbreHnckoii, Apmoscko-Illaykosns-
CKOM M beuachbIHCKOM KOHTMHEHTAJIbHBIX MUKPOIUIUT U KOJIYEAAHOHOCHBIX KOMILIEKCOB
paHHErepUUHCKON bosblllekaBKa3CcKoi OCTpOBHOM Nyrd. Bo3HMKINas paHHErepruHCcKas
IIOKPOBHO-CKJIa14aTasl pacCilOCHHas CTPYKTypa Ha HTale TEKTOHUYECKOTO JOJaBINBaHUs
ObuIa pacceyeHa CUCTEMOM CyOIIMPOTHBIX Pa3phIBHBIX HApYIIEHUI COPOCOBO-IEBOC/IBH-
roBoil Mopdosoruu. PaHHerepiuHckas KOJIM3US YK€ B KapOOHE IUIABHO CMEHHJIACh
00CTaHOBKOW aKTHMBHOM OKpauHBI OCTPOBONY>KHOTO (aHackoro) tuma. C BHeIpEeHUEM
MO3IHENAJICO30MCKUX IPAHUTHBIX UHTPY3UBHBIX KOMIUIEKCOB ITPOMCXOAUIIA KOHCOIUAA-
LUl 3eMHOM KOPBI C OKOHYATEJIbHBIM OopMiieHHeM (yHIamMeHnTa Mononoi Ckudckoit
IIUThL. JIOrepLMHCKas UCTOPHS Pa3BUTHS PErMOHA MEHEE U3yU€HA U Pa3/INYacTCs B Kax-
JIOW M3 TEKTOHUYECKHU COBMEIIEHHBIX MUKPOIUIUT [[IcbmMenHsbIl, u 1p., 2004]. B pa3ubie
ronsl XX Beka I'/l AK paccmarpuBaiuch B COCTaBe JIByX CaMOCTOSATENIBHBIX (OpMaLuii:
] — no3nHenaneo30MCKON CUEHUT — JUOPUTOBOM JIOKaIM30BaHHOHN B 30HE IlepenoBoro
xpebTa; 2 — paHHeNnaneo30icKoil rab0po-CHEHUTOBOM, Pa3BUTOI B JOr€pPLMHCKOM KpU-
cTajuinyeckoM cyOctpare beuackinckoit 30HbI [bpromkoBa, Kpacusckas, 1977]. Ha ro-
CYZlapCTBEHHBIX I'e0JIOrMuecKux kaprax bospmoro KaBkasa m3ganHbx B KoHUE XX U
Hayasle XXI BEKOB paHHENajae030icKre MarMaTHYecKue OOpa3oBaHMs IMPEICTABICHbI
MIOPOAAMH AMAHYATCKOT0, TYSJIMHCKOTO U apXbI3CKOI0 KOMIUIEKCOB. VX reoxumuueckoe
M3y4YECHUE MPEICTABIACTCS aKTyaJIbHBbIM JUIS YTOUHEHHs THUIIOB F€OJUHAMUYECKUX IPO-
LIECCOB BIMABLINX Ha PETHOHAJIBHBIE CTPYKTYPBI B PAHHEM Iaje030¢€. B Hacrosmien my-
OJMKalMU MPUBEIECHBI Pe3ysbTaThl MEeTPOJIOr0-reOXMMHUYECKOTO0 N3yUeHHs OrHelicoBaH-
HbIX I'/] AK, paccMoTpeHa ux reoqnHaMu4ecKasl TUIIM3alysl © MUHEpareHusl.

Hemn m Meroabl ucciaenoBanusa. Ha rocynapCTBEHHBIX I€OJIOTMYECKUX KapTax
bonpmoro KaBkaza u3ganHbix B koHIle XX U Hadane XXI BEKOB paHHENajaeo30icKkue
(OpIOBUK-CHITYpUICKHE) MarMaTHyecKue o0pa3oBaHus MPeCTaBlIeHbl TOPOJAMU aMaH-
YaTCKOTo, TYSJIMHCKOTO M apXbI3CKOI'O KOMILJIEKCOB M ByikaHuTamMu Kapabekckod u
Haytckoit cBuT. Llenbro uccnenoBaHus sBISETCS MOJyYE€HUE COMOCTaBUMBIX (KOJIUYe-
CTBEHHBIX) aHAJIMTUYECKUX JAHHBIX U B MOCIEIYIOIIEM IIPOBEIEHUE KOPPEISILUOHHOTO
aHanu3a Juis paciu(poBKY reOJMHAMUKH paHHETo najneo30sl. O0beKTOM M3y4eHHs Bbl-
OpaHbl OrHelicoBaHHbIE rab0PO-TUOPHUTHI «AMaHKOJIBCKOTO» KOMIUIEKCA, JIOKAJIbHO pac-
MpOCTpaHEeHHbIE B BepXoBbsiX p. KyOanu. Marepuanom ais McciaeoBaHUS MOCTyXKUIa
KoJUIeKLus 00pa3ioB coOpanHas apropamu B 2017 r. Y3 00pa31ioB U3roToBIEHBI HUTH (b
U MPOBEACHO UX neTporpaduyeckoe n3yuyeHue. AHaATUTHYECKUE pabOThl BHIMOIHEHBI B
HKII «MT'EM — AnanuTrka»: B 9 npobax NpoBeIeHbI ONpe/IeIeHUs] KOHIEHTpalUii 11e-
TPOT€HHBIX U MHKPORJIEMEHTOB PEHTI€HO-(DII0OpECleHHbIM aHanu3oM (XRF) Ha crnek-
TpoMmeTpe «PecniekT-100»; pyIHBIX, pEAKUX U PENKO3EMENBHBIX AIEMEHTOB, — METOLOM
CIIEKTPOCKOIINH C MHIYKIHOHHO-CBS3aHHOM I1JIa3Mbl C MACC-CIIEKTPOMETPUYECKUM OKOH-
yanueMm (ICP-MS) na macc-criekrpometrpe X-Series 1. Vicrionb30BaHbl METOAUKH U YCIIO-
Bus aHann3oB npuHATbie B LIKII «MAI'EM — Ananutuka» u ®I'bYH UI'EM PAH. Tou-
HOCTb aHAJIM3a KOHTPOJIMPOBAIACH IIyTEM U3MEPEHUS POCCUHUCKUX U MEXAYHApPOIHBIX
CTaHJapTHBIX 00pa3ioB. Ha 0CHOBaHMM MOJTYYEHHBIX PE3YJIbTaTOB MOCTPOEHBI KIIACCH-
(uKalMoOHHbIE, TUCKPUMHUHALIMOHHBIE quarpaMmsbl U rpaduku. [IpoBeaeHo cpaBHeHHE
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KOHIIEHTPALMHA JIEMEHTOB C MOpoJaMH (3TaJIOHaMH) ONHU3KUX NETPOXUMHUYECKUX THUIIOB
pa3sHOOOPA3HBIX FEOIMHAMHUYECKUX 00CTaHOBOK. [I0MOTHUTENBHO, IPU OCTPOECHUH 1Ha-
IpaMM UCIOJIb30BaHbl XUMUYECKUE aHAJIN3bI U3 IUTEPATyPHBIX HICTOYHUKOB [ bprolkosa,
Kpacusckas, 1977].

KpaTtkasa netporpadmryeckas XapakTepucTKa MopoA

OO6cnenoBaHHbIE YUACTKH MHTPY3UBHBIX TEJl CIOKEHBI PABHOMEPHO — CpEAHE, JTH00
KPYITHO3EPHHUCTBIMU TaOOpO-IHOpUTaMH, KOTOPbIE 3aMETHO Ae(pOpMUPOBaHBI M MeTa-
MOpP(HU30BaHBL, YTO BBIPAKAETCS B UX THEHCOBHIHOW TEKCTYPE U MOBCEMECTHOM Pa3BH-
TUHM BTOPHYHBIX MUHEPAIOB. MUKPOCTPYKTYpa IOPOJI peIUKTOBast rabopoBas (puc. 2-1).
[lepBoHavyanpHast CTPYKTypa 4acTO U3MEHEHA JI0 TeTepOrpaHOOIacTUYECKON U HeMaTo-
Onmactrueckoit (puc. 2-2). [Topoma cocTouT U3 Miarnokiasa (aHae3uH) KOTOpbIi HabIro-
JaeTcs B BUJE MIMPOKOTAOIMTYATHIX, MHOTIA 30HAJBHBIX, 3aMETHO J1e()OPMHUPOBAHHBIX
¥ COCCIOPHUTHU3MPOBAHHBIX KPUCTAIJIOB, COACPIKAIINX BKIIOUEHUS KapOoHaTa in-sifu, B
CYMMapHOM KOJINYECTBE TUIarHOKJIa3 3aMETHO MpeodiaaeT HaJ TEMHOIIBETHBIMA MUHE-
panaMu, KOTOpbIE TPEACTaBICHbI aM(pUO0IOM, aKTHHOIUTOM, OUOTHTOM, (PIOTOMHUTOM,
XJIOPUTOM. B MEHBIINX KOJTMUYECTBAX MPUCYTCTBYIOT SMUAOT, KIMHOI[OU3UT, LIOU3HT, Kap-

Pch 1 Cmpyxmypa peﬂukmoeaﬂ 2a66p06aﬂ / Puc. 22 Cmpyxmypa Hemamoonacmuueckas. /

Fzg 2-2. Nematoblastzc strcuture

Fig. 2-1. Strcuture relict gabbro

Puc. 2-3. 3epHa Keapya mexncoy Kpucmcwzamu .I Pu. 2-4. Kaemka cehena Ha Kﬁucmaﬂﬂ

naaeuoxaasa. / unomenuma. /
Fig. 2-3. Grains of quartz between crystals of ~ Fig. 2-4. Rim of sphene on the crystal of ilmenite
plagioclase

Puc. 2. Muxpoghomoepaguu nopoo ([ — ouazonane chumros 2,9 mm). /
Fig. 2. Pirotomicrography of rocks (/[ -diagonal photo 2.9 mm)
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Fig. 3-2. (Na:0+K>0)-FeOt-MgO

Puc. 3. Cocmaswsl nopood na kraccugurayuouHvix ouazpammax. YciosHvle 0603HaueHus:
1 — annanu3zer us nyonuxayuti, 2 — RFA. « I’ EM-Ananumuxay. /
Fig. 3. Rocks composition on classificational diagram. Legend:
1 — analysis from articles; 2 — RFA. “IGEM-Analytica”

OoHar, kBapii, cheH, pyTui1, WIBMEHUT, JICHKOKCEH, MUPUT, anatut. KpaitHe peako BcTpe-
YyaeTcsl MOHOKJIMHHBINA MUPOKCEH, 3aMellaeMblif aKTHHOJIUTOM, U IIUpKOH. KBapir ormeua-
€TCSl B He3HAYUTEIIbHBIX KOJIMYECTBaX M OOBIYHO OH pacrojaraeTcsi MeKay KpucTaiaaMu
JI€aHOPTU3UPOBAHHOTO TUIarMOKJIa3a — Ha y4acTKaX ¢ PeIMKTOBON KPUCTAJIM3AIMOHHOM
CTPYKTypoii (puc. 2-3) M Ha y4acTKax ¢ HEMATOOJACTUYECKUM CTPYKTYPHBIM Y30POM.
3epHa KBapIia 00Jaar0T BOTHUCTO-AbIMYATEIM TToracanreM. CeH oOpaszyeT kaeMKHU Ha
KpHUCTaJlJIaX WIbMEHHTA (puc. 2-4).

ﬂeTpOXI/IMl/I‘-IeCI(I/Ie N reoxmMmyeckme XapakTepunCTmkm nopoA

Ha xiaccuduxannoHsueix auvarpammax (puc. 3) ¢urypaTtuBHbIE TOYKH COCTABOB
n3yueHHbIX nopox AK mpenMylecTBEHHO TpyNIUpPYIOTCS B Mojie rab0opo-IuOpHUTOB
(Na,0+K,0) — SiO, nzBectroBo-11e104HOM cepuu (Na,0+K,0) — FeOt-MgO.

Ha nnarpammax SiO, — neTporeHHbIE 2IEMEHTHI (pHc. 4) HE OTMEYAOTCsl KOppesi-
LIUOHHBIE TPEH/IbI IETPOTEHHBIX OKCUAOB M3-3a MAJIOT0 HHTEpBaJIa 1o coaepxanuio SiO,
B paccMarpuBaeMoii Beioopke. ['ab6po-nuoputsl AK (Tabi. 1) ABISIOTCS BHICOKO U yMe-
PEHHO TUTAHUCTBIMHU, BBICOKO THMHO3eMUCThIMU A/ =1,19-1,5, ymepeHHO MarHe3ualb-
HeiMu Mg# 0,42-0,54, yMepeHHO KaJIueBBIMU ITOPOIAMH, C KaJIU-HATPOBBIM M HaTPOBBIM
TunoM menodnoctu Na,O/K,0 =2,3-7,4. U/Th otnomenue Bapwupytomee ot 0,39 mo
0,61 yka3bIBaeT Ha OTCYTCTBUE U3MEHEHUH COCTaBa MOPOJI HATOKEHHBIMH MPOLIECCAMHU.
Ha nerporeneTnyeckux M JUCKPUMHUHALIMOHHBIX JUarpamMmax (DUrypaTHBHBIE TOUYKH
(®T) I'T AK pacronoxeHsl B OJIAX MOPOJ CIAETYIONUX T€0JUHAMUYECKIX 00CTaHOBOK:
Ha auarpamme TiO2-MnO* 10-P,O;* 10 [Mullen, 1983] (puc. 5-1) ®T rpynmupyrorcs
BJIOJIb TPAHMIIBI [T0JIEH TOJIEUTOB OCTPOBHBIX JYT U aH/IE3UTOB OKEAaHUYECKUX OCTPOBOB;
Ha nuarpamme FeOt-MgO-Al,O;, B mone 6a3aabTOUI0B BYIIKAHUYECKUX JYT U aKTUBHBIX
KOHTUHEHTAJbHBIX OKpauH (puc. 5-2); Ha auarpamme La/l10-Y/15-Nb/8 B none u3Becrt-
KOBO-IIIENIOYHBIX 0a3anbpToB BynkaHnueckux ayr [Cabanis, Lecolle, 1989] (puc. 5-3); Ha
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Legend on Fig. 3.

nuarpamme Ba/Nb — La/Nb B none 6a3ansToB Bynkanndeckux ayr [Pang et al., 2013]
(puc. 5-4); Ha TuarpaMMe pasrpaHMueHHs] MaHTUHHBIX UcTOUYHUKOB Nb/Y-Zr/Y [Condie,
2005] (puc. 5-5) purypartuBHbIE TOUKH CIpyNIUpoBaHbl B ojge OPB — 6a3aibsToB OKea-
HUYECKUX IJIaTO U 4acTU4HO B noje (/AB, ACMB) — nopoa OCTPOBHBIX AYT' U aKTUBHBIX
KOHTHMHEHTAIbHBIX OKpauH, o0pa3yst 001acTh, MPOCTUpAIOLIyIOCs 0T PM (KOMIIOHEHTHI
NPUMHUTHUBHON MaHTUM) K EN (KOMIIOHEHTa 00OTallleHHON MaHTHUM); Ha quarpamme Sm/
Yb-La/Sm (puc. 5-6) coctassl I'/l AK rpynnupyrorcs BOIM3M TpeHAa IUIaBICHUS LITHHE-
aeBbIx nepuaoTuToB [IlIkoneHuk u ap., 2009]. Ni/Co oTHOIIEHHE AJIi MAHTHUHHBIX BBbI-
IUIaBOK HaxXoauTcs B mpenenax 2,5-5,0, a y I'J] AK stot nokasarens BapbUpyeT B Ipefe-
nax 1,7-2,0.

Penko3emenbHble dneMeHTHI (Tabn. 2) HOPMHUpPOBaHHbIE IO XOHAPHUTY [San,
McDonough, 1989] 06pa3ytoT ciekTp HaKJIOHHBIX JIMHUH, PaCIIOI0KEHHBIX MEXTy IpO-
¢ussmu OIB n E-MORB (puc. 6). Konnenrpauuu LREE u MREE Gnuxe k OIB. La"/
Yb" oTHOIIEHME (TIOKA3aTeNb CTeNeH! (ppakiuoHupoBanus REE) HaXonuTcs B mpenenax
6,4-8,0; La"/Sm" — 2,1-2,7; Gd"/Yb" — 2,1-2,4. BennurnHa KOTUYECTBEHHOTO AEPUIUTA
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esponusi Eu/Eu* (Eu*= (Sm"+Gd")/2) cocraBnser 0,86-1,04. Cymma REE cocTtaBisieT
131-147 r/1. KoHLIEHTpali HECOBMECTUMBIX 3JIEMEHTOB, HOpMHUpoBaHHbIE 10 N-MORB
[San, McDonough, 1989], 00pa3ytoT CHEeKTp COCTOSAIINI U3 KPUBOJIHMHEWHBIX JTHHHIA,
pacnionaratouxcst Mmexay npopunsmu E-MORB u OIB. 3ameTHO o0oraiieHue mopos
KPYMHOUOHHBIMU uTOounamu — LiLe, LREE. OTMe4aeTcs, 4TO Colep>KaHHsl SIEMEHTOB
WHIMKATOPOB (IIFOUTHOTO CYOIyKIIMOHHOTO KOMIIOHEHTa Ba, U, Sr 00pa3yIoT MoNoKu-
TeNbHBIE aHOMaNK Bhimie TuHuH OIB. Beicoko3apsanbie snementsl Nb, Ta, P, Ti oOpa-
3yIOT HETaTHUBHBIC U OTPHIIATENIbHBIE Hf aHOMaIINK.

Hns yrounenus reoxumudeckoit cnenuanuzauuu I/ AK coctaBieHsl paHxupoBaH-
HbIE psAbl KIapkoB KoHIeHTpauuu (Kk >1,1) 1 oHu UMEIOT ceayonuil BUI:

— Be;sU,5A480Th 19Pb3Ce, ;Ba,; Bi;,

Wx reoxuMu4yeckoe CpaBHEHHE C MOPOaMU OIHM3KOTO METPOTCOXMMHYECKOTO THUTIA,
JIBEHA/IIIATH TeOMHAMUYECKUX 00cTaHOBOK [['yceB u np., 1999] mokasbiBaet, 4To OHU
COMOCTaBUMBI C MArMaTUYECKUMU MOPOJAMU 3PEJIbIX U Pa3BUTHIX OCTPOBHBIX JIYT, U Kpa-
€BbIX BYJIKAHOILTYTOHUYECKHUX MOSICOB AKTUBHBIX KOHTUHEHTAJIbHBIX OKPAaMH.

Tabnuya 1/ Table 1

Pesyabrarsl RFA radopo-guopuroB. (okcuabl B Macc. %; 3j1eMeHThI B I /T). /
Results of RFA of gabbro-diorites. (oxides in wt. %, elements — in ppm)

76/17 771117 78/17 79/17 80/17 81/17 82/17
Si0, 53,53 54,16 52,91 53,86 53,59 54,35 54,66
TiO, 1,30 1,28 1,46 1,40 1,16 1,25 1,25
ALO, 16,47 15,96 16,61 16,68 16,72 17,18 17,40

Fe,0, 8,34 8,65 8,95 8,36 8,09 9,07 8,24
MnO 0,12 0,12 0,13 0,12 0,13 0,14 0,130
MgO 4,34 4,68 4,75 4,73 5,01 3,57 3,33
Ca0 727 6,98 7,02 7,24 742 6,15 6,36
Na,O 3,63 3,63 3,63 4,12 3,91 3,63 3,98
K,O 1,38 1,19 1,28 0,88 1,35 1,56 1,65
P,0; 0,30 0,31 0,35 0,15 0,21 0,30 0,27

S <0,02 <0,02 <0,02 0,04 <0,02 <0,02 <0,02

nnn 3,04 2,78 2,64 2,23 2,15 2,53 2,46
Cymma / 99,72 99,74 99,73 99,81 99,74 99,73 99,73
Cr 128 163 138 142 164 16 46

% 200 157 183 158 184 155 176
Co 24 26 28 24 26 15 17
Ni 45 51 49 48 49 10 12
Cu 22 29 15 <10 12 <10 7
Zn 92 98 101 90 88 88 97
Pb 14 14 <10 14 11 15 13
Rb 38 35 38 25 35 41 42
Sr 531 487 519 530 514 588 511
Ba 621 476 530 422 528 539 591
Nb 8 8 8 9 8 9 10
Zr 93 72 29 16 111 147 106

Y 25 25 30 22 25 29 30

[pumeuanne: p. Hayt — 76/17, 77/17; p. Amanxon — 78/17,79/17,80/17; ycrwe p. Xynec —81/17,82/17./
Comment: r. (river) Daut—76/17, 77/17; r. Amankol — 78/17, 79/17,80/17; mouth r. Khudes — 81/17,82/17
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Tabnuya Ne2 / Table 2
Pesyabrarsl ICP-MS ra6opo-auopuros. / Results ICP MS gabbro-diorites.
DneMEeHTHI Homepa npoo /
B T/T Numbers of the samples
Elerg;‘;fs n 76/17 78/17 80/17 81/17 82/17 83/17
Li 21,2 25,0 16,2 16,5 17,9 16,8
Be 1,487 1,198 1,671 1,232 1,921 1,31
Sc 28,37 30,97 25,63 34,4 28,16 33,14
Ti 9823 11290 8611 14290 9392 13620
\% 294.5 263,7 225,1 345,8 2442 345
Cr 150,4 161,2 47,98 101,8 52,51 100,9
Mn 1156 1367 1130 1421 1306 1403
Co 30,8 34,88 20,74 34,9 22,2 34,06
Ni 52,01 59,96 19,34 40,86 20,66 38,65
Cu 32,54 24,94 14,63 32,65 15,84 32,36
Zn 121,6 137,3 116,6 131 124,9 131,1
Rb 46,23 45,72 46,38 15,62 50,19 15,49
Sr 685,8 691,5 609 800,8 665,3 7649
Y 25,27 28,33 28,04 28,73 30,25 27,72
Zr 33,46 30,7 24,76 23,92 26,96 22,92
Nb 7,781 8,112 9,537 8,014 10,14 7,848
Mo 1,67 1,218 1,117 1,296 1,146 1,241
Ag <0,2 <0,2 <0,2 <0,2 <0,2 <0,2
cd 0,169 0,203 0,198 0,211 0,165 0,234
Cs 0,768 0,882 1,113 0,887 1,196 0,842
Ba 751,4 636 610,5 376,6 662,7 364.4
La 22,55 24,99 25,28 21,41 27,21 20,72
Ce 50,26 55,69 54,67 49,04 58,56 48,13
Pr 6,583 7,571 7,375 6,671 7,63 6,655
Nd 27,78 31,79 29,62 28,72 31,12 28,42
Sm 5,823 6,629 6,108 6,374 6,533 6,338
Eu 1,721 2,025 1,749 2,171 1,916 2,188
Gd 5,911 6,623 6,087 6,512 6,693 6,282
Tb 0,84 0,931 0,884 0,944 0,989 0,9
Dy 4319 4914 4,787 5,025 5,299 5,017
Ho 0,902 0,987 0,998 1,042 1,082 1,014
Er 2,447 2,683 2,676 2,731 2,979 2,748
Tm 0,35 0,379 0,389 0,396 0,42 0,399
Yb 2,095 2,237 2,319 2,332 2,6 2,309
Lu 0,323 0,344 0,366 0,366 0,407 0,363
Hf 1,126 1,007 0,901 0,815 0,911 0,786
Ta 0,447 0,474 0,574 0,495 0,641 0,457
\W 1,172 1,128 0,907 0,627 1,011 0,578
Pb 11,03 9,493 11,33 11,43 11,85 11,13
Bi 0,073 0,076 0,071 0,068 0,077 0,071
Th 4,184 5,526 3,199 2,561 3,527 2,471
U 2,1 2,61 1,252 1,253 1,413 1,234
>REE 131,9 147,8 143,3 133,7 153,4 131,5
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Fig. 6. Compositions of gabbro-diorites on spaider diagrams. Concentrat of REE are normalized
to chondrite, concentrate of incompatible elements are normalized to k N-MORB according
[San, McDonough, 1989].

Pe3yAbTaTbl U MX OBCYXAEHNE

Nzyuennbie I'J[ AK oTHOCSTCSI K BBICOKOIJIMHO3EMHUCTBIM, YMEPEHHO THUTAHUCTBIM,
YMEPEHHO MarHe3haJlbHbIM NOpOJaM HOPMaJbHON IIEIOYHOCTH H3BECTKOBO-ILEIOU-
HOM cepuu. OHHU ABJISIOTCS IPOU3BOAHBIMU paciliaBa 00pa30BaBLIETOCs MPY IIABIECHUU
LIIUHENEBbIX NepuaoTUTOB (puc. 5-6). Huskue 3nauenus Mg# = 0,42-0,54, u conep-
aHus Ni MO3BOJISIFOT MpeArnoiararh, 4To, B IPOLECCe 3BOIIOIMK 3TOrO paciuiaBa Mpo-
ucxoauwio (ppakuMOHUPOBAHUE OJIMBUHA U MUPOKCEHOB. HecoBMecTHMBbIE 31€MEHTHI U
REE, nopmupoBanubie o N-MORB w xouapury [San, McDonough, 1989], o6pa3ytot
CHEKTPbl HAKJIOHHBIX JIMHHUM, pacrofioxkeHHbIX Mexay npoduismu OIB u E-MORB (puc.
6). Iloponbr xapakTepu3yrOTCs MOBBITIICHHBIMEU KOHIIeHTparusimu LiLe, LREE, MREE n
3JIEMEHTOB MHJIUKATOPOB (UIFOUIHOTO CyOAYKIIMOHHOTO KOMIIOHeHTa Ba, U, Sr. Umerot-
csl HeratuBHble anoMmanuu Nb, Ta, P, Ti n otpunarenpHas aHomanus Hf — aneMeHTa Ui -
KaTopa y4yacTHs CyOyKIIMOHHOTO Ocajika B MarmareHe3uce [MaptbiHos, 2010]. Ananu3
NEeTPOreHeTHYECKUX Auarpamm (puc. 5) nokasai, yto guryparuBHslie Touku [ ]| AK game
BCEIr0 I'PYNIUPYIOTCA B MOJIAX MOPOJ BYJKAaHUYECKUX JYT, JINOO BYJIKAHUYECKUX YT U
AKTUBHBIX KOHTUHEHTAIbHBIX OKPauH U aHJE€3UTOB OKEAHUYECKUX OCTPOBOB.

N3BecTHO, YTO OCTPOBOAYKHBIE pacIijiaBbl 00pa3yloTcs MpU IJIABICHUU IOPOJ]
MaHTUHWHOTO KJIMHA C y49acTheM (pronia U paciijiaBoB CyOaylUPYIOIIEH OKeaHMIeCKON
KOphlL. J{71s1 mopon copMUpoBaBUIMXCS B ATOM 0OCTAHOBKE XapaKTEPHO OTHOCUTENIbLHOE
obennenue Nb, Ta, Zr, Hf ornocutenbHo LILE, LREE, MREE. 310T (heHOMEH OOBSICHSIIOT
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o0oraieHleM MepuI0TUTOB MAaHTUHHOTO KJIMHA (oW MOOMIBHBIMU 3JIEMEHTaMH, a
conepxanust HFSE (Nb, Ta, Zr, Hf) ocTaroTcsi TAKMMH ke KaKUMH ObLITH 0 (IFOUIHI-
Horo o6oramienus [McCulloch, Camble, 1991]. ®akropsl, KOHTPOIUPYIOLIHE TOBEACHUE
7i MOTYT OBITH PaHKMPOBAHBI ClIeAYIOIINM 00pa3zoM. Ha nepBom MecTe CTOUT 00BOJHEH-
HOCTb CpEJIbl, YTO CHU)KAET COZAEpKAHME ITOr0 MeTajula B paciuiaBe. IMEHHO 103TOMY,
0COOEHHO HHU3KOE coziepkaHue 7i XapakTepHO Ul MarMaTHYECKUX MOPOJL CyOIyKIIMOH-
HBIX 30H. 3aTeM clielyeT JaBlieHHe, MOBBIIIEHUE KOTOPOro crocodcTByeT nepexony 7i
B pacmiaB. Ilo aToif mpuuuHe HaOMOmaeTCsl BO3pacTaHUE €ro KOHLEHTpaluu B Oojee
DIyOMHHBIX MarMmax. Ele oTMedaroT 3aBUCUMOCTD coiepkanus 7i OT eMUYHOCTH IIa-
BsilIerocst cyocrpara. OTH (pakTopbl TECHO CBSA3aHBI MeX1y coboil [AOpamoBuY u Ap.,
1999]. Taxxke M3BECTHO, YTO CYLIECTBYET KOPPEJSLMS MEXAY COACPKAHUEM Kajus B
BYJIKAHUTAX U NIyOuMHOH ceficModokanbHON 30HbI. J{71s1 0a3aiabTOB U aHAe31M0a3aIbTOB ¢
Si0,= 52-56%. H= 84K,0+73, rne H-rny6una 1o 30ub1 benvoda [3youn, LllelimoBuy,
1979]. U H= 40,7K,0 — 3,095i0,+ 279,93 [IIuckyHoB u 1p., 1979]. B Hawewm ciyqae
9710 183 kM MK 167 kM. B ¢BA3M € TeM, YTO U3ydaauch MHTPY3UBHBIE TOPO/IbI INTyOHHA J10
ceiicMo(oKaIbHOM 30HBI BEPOSTHO MEHbIIIE, Ha ITyOuHYy ctaHoBieHus /1.

OTmeTHM, 4TO B IPOLIECCE IBOJIIOLNHU BYJKAHUYECKUX OCTPOBHBIX JIyT OHU POXOAAT
HECKOJIBKO CTaJuil CBOEro pa3BUTHs. B cBsA3u ¢ atum Beaenstor [['yceB u ap., 1999]:
IOHBIE ByJIKaHMUeckue ocTpoBHbIe 1yru (FOBO/I); pa3BuThie ByJIKaHUYECKUE OCTPOBHbBIE
nyru (PBOJ); 3penbie ByinkaHnudeckue octpoBHbie Ayru (3BO/]); kpaeBbie BynKaHO-ILTY-
TOHUYECKHE T0siCa aKTUBHBIX KOHTUHEHTa bHbIX oKpauH (BIIIT AKA). I'eoxumuueckas
cnenuanuzanus FOBO/] B nenom xanskodunbHo-cunepodunbHas (Cr; s Sc; s Co; 3 Nij »
Cu; ;). dns PBO/] xapakTepHa xainbKo(uiibHas reOXMMUYecKas Crieliaan3anms ¢ Hu3-
kumu Kx (Cu;, Zn ;; Pb ,4). Ana 3BOJl xapaktepHa muToGuUabHO — XanbKo(puiIbHAs
reoxumuyeckas cnenuanusauus (Cu; s Pb; ; Ba;; Th ;;Zn ; ;). llopoast kpaessix BIIIT
AKA He uMeroT ApKo BBIPa)KEHHBIX OTINYHUNA U TI0 YPOBHSM KOHLEHTPALUU IETPOT€HHBIX
Y MUKPORJIEMEHTOB 3aHUMAIOT NIPOMEXyTouHOe nosoxenue mexay PBO/[ u 3BO/I. I'eo-
XUMHYECcKasl crienain3anus OOCTaHOBKH B 11esIoM — nutoduneHas (Ba; ,Zn ; , Cu, ).

Cpasnenue I'Jl AK ¢ nopopamu ONM3KMX NETPOXMMHUYECKUX THUIIOB, JBEHAALATH
pa3HbIX reOIMHAMHUYECKUX 00CTaHOBOK MOKA3aJ10, YTO OHU XOPOIIO COMOCTABUMBI € MO-
poaamu 3BO/] u 6musku ¢ nopogamu PBOJI u kpaesbix BIIIT AKA. I'eoxumuueckas
crielManu3anus nopoa JuToduibHoO-XanbkouiabHas. PyiHbele MUHEpassl B mpolax npo-
ToJI0UKax rabOpo-anopuToB npenctaniensl [bpromkosa, Kpacusckas, 1977] unbMmenu-
TOM, IUPUTOM, MOJIMOJICHUTOM, TaJICHUTOM, KHHOBAaphIO U allaTUTOM.

Hcxons U3 n310KEHHOT0, Mbl CHUTAEM, UTO C IIO3/IHET0 OpJIOBHKA HAUYMHAs C IEpUoAa
450-400 muH. sieT ToMy Hazaj, B peruoHe bonbimoro Kaskasa cymiecTBoBasia 0CTpOBO-
Ty’KHas reoiMHaMuueckas oocraHoBka. CoIIacHo ¢ pe3yJbTaTaMy NaleOTEKTOHUUYECKUX
pexkoHcTpykumii KaBkazckoro pervona [Anamus u ap., 1989], B panHeMm naneosoe, Ha
CEBEPHOM I'paHUIIE MAJIEOTETUCA CYLIECTBOBAJIA CIOKHAs I€OAMHAMMUYECKas CHUCTEMA,
cocrosias U3 AByX ocTpoBHBIX AyT (bonbioro u Manoro Kaskasa), u pa3ienisBiuero ux
MOpCKOro 0acceliHa OKpauHHOTO THMa. B cBs3M ¢ 3TUM BO3HUKaeT psij BompocoB. Kak
cootHocares: 1 —I'J[ AK u no3nHecuinyp-cpeIHEqEBOHCKUE OCTPOBOLYKHBIE BYJIKAHUTHI
ypyIncko# cepuu [Axrupeit u ap., 1976; Cemenyxa u np., 2009]; 2 — I'/{ AK u panne-
najeo3onckre rabopouasl U MUPOKCeHUTH Apxbidckoro [Kanenckuit, 1956; Xunsros,
1959] n Tysnunckoro kommekcos [IIucemennsiit u np., 2004; Cemenyxa u np., 2009.]
U3 CTPYKTypHO-(hopManMOHHbIX 30H [1aBHOTO 1 [lepenoBoro xpedToB.
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3AKAKOYEHNE

N3yueHsl NMEeTPOXMMHUYECKHE M T€OXMMHUYECKHE OCOOEHHOCTH rab0po-THOpHTOB
AMHHKOJIBCKOT'O KOMIIJICKCA. HOKaBaHO, YTO OHH ABIAIOTCA BBICOKOITTMHO3CMUCTBIMU,
YMCPCHHO TUTAHUCTBIMHU U YMCPCHHO MAaru€3najJbHbBIMU IOPOAaAMU HOpMaHLHOﬁ mIcJIo4-
HOCTH, YTO OHH C(HOPMHUPOBATUCH B HAJICYOJyKIIMOHHBIX YCIOBHUSIX U UMEIOT XapaKTepH-
CTHKHU OCTPOBOIYXKHBIX 00pa3oBanuii. Ha 0CHOBaHMY MHTEPIIPETAIMU PE3YIIETATOB TIPO-
BCACHHBIX PICCJICI[OBEIHI/IP'I CACIaHO MNPCANOJIOKCHHUE O TOM, YTO B CHHprIfICKOG BpeMA
(450-400 mMaH neT ToMy Ha3ana), B KaBKa3CKOM PETHMOHE CYILIECTBOBAJIa OCTPOBOAYXKHAs
reoiMHaMHu4ecKkas 00CTaHOBKaA.
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OpurunHanbHasa ctaTbs

O coBpeEMEHHOM COCTOSIHM KOAKMHCKOW
(KapmMmaaoHCKOW) MpOBAEMBI N €ro NPUYNHOX
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eohn3nyHecknin MHCTUTYT BnagmkaBka3ckoro Hay4yHoro LeHTpa Poccuiickon akageMmnmn Hayk,
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Crarbs noctynuna; 10.02.2020, nocne peueHauposanus: 16.03.2020, npuxsita k nybakaumn: 20.03.2020

Pestome: 3a nonHele 17 net npoweswine nocne KapmagoHCKoi KatacTpodbl Hay4HOe CO0BLLECTBO He npu-
LUMO K eJUHOMY MHEHMIO 0 NMPUYUHAX BHE3ANHOro cxofa neaHuka Konka. B ycnosusax npaktnyeckoro 3abeHus
pexnma perynapHbiX Habsio4eHnid 3a COCTOSHMEM JIEAHWUKOB B [NABHbIX JIEJHUKOBbLIX 04arax rpsifbl BepLUUH
Kas6ek-Tennu-Yannara BOCTO4HOM YacTu LieHTpanbHoro Kaskasza 0CO6EHHO aKTyanbHO KOHLIEHTPUPOBATbL WH-
CTPYMEHTamNbHbIE N KamepanbHble WUCCIef0BaHNA AN MOHUTOPUHIA BO3JEWCTBUS OCHOBHbIX 3HAOMEHHbIX W
9K30reHHbIX (PAKTOPOB HA JIEAHWUKW PEruoHa, NpUCYTCTBME KOTOPbLIX B MOAr0TOBKE KapMagoHCKOro cobbiTus
BCE MCCNejoBaTenin eauHoAYLWHbI. Cpeayn MHOXECTBA rMNOTe3 BHE3AMHOM0 €xXo4a nefHukKa Koska 0CHOBHbIMU
ABNAOTCA TPU KOHUENUWUW: yAapHOe BO3AENCTBMNE 06PYLUNBLIMXCH BUCAYMX MACC fbAa, OTPbIB NEAHWUKA Celic-
MWYECKUM BO3JENCTBMEM U ra3ofvMHAMUYecKnii BbIOPOC, AeTalbHO PACCMOTPEHHbIE B PA3/UYHbIX pakypcax.
Llenb faHHoii cTaTbn 060CHOBaHWE ra3oAMHaMIN4YeCcKO B3PbIBONOA0OHON NpUposl Bbi6poca neaHuka Konka us
CBOEr0 JI0)Ka Ha 0CHOBE aHaN13a PesynsTaTtoB U3ydeHus ApYrux NPUPOLHbIX, MPUPOLHO-TEXHOrEHHbIX N TEXHO-
TEHHbIX IBMEHWIA, XapaKTeprU3YIOLLMXCA B TOW UM MHOIN Mepe NPUHLMNNANBHO CXO4HbIMY C 3TO KatacTpodoi
ocobeHHocTaMU. icnonb3yeTcs METOR TeOPeTUYECKOro 060CHOBAHUS HEBO3MOXHOCTU MEXAHUYECKOU abnsaLmm
JI6AHNKA 3a CHET MMALMANIbHbIX NPOLECCOB, JIOTMYECKOro OTPULAHUSA NMPUYUH, CBA3AHHBIX C CAMUM NESHUKOM,
€ro BOJHbIM NOTEHLMANIOM UK 06BaNbHLIMU MaCCaMM HABUCAKOLLMX NbJ0B U aHOManNbHbIX KNMATUYECKUX YC-
noBui. OLHOBPEMEHHO C OTPULIAHUEM MALMONOIMYECKIUX (DAKTOPOB NCMOMb3YETCA METOANKA aHANOrMIA, B Kaye-
CTBE KOTOPbIX PACCMATPUBAIOTCA B3PbIBHbIE MW B3PbIBONOA0OHbIE IKCMI03UBHbIE BYNKAHUYECKUE N3BEPXKEHUS
U UX CEMCMUYECKOe COMPOBOX[EHME, BYIKAHWYECKOE APOXaHue Mpu U3BepXXeHUsX. TeopeTuyeckoe oTpuLa-
HUE MMALMANTbHO-3K30MeHHON NPUYKHBI BIGPOCA NeJHKA U TEOPETUHECKan MOLeNb NOArOTOBKM, NPOTeKaHus
B3PbIBONOA06GHOIO BbI6POCA U TPAH3UTA N1eJ0BO-KAMEHHOM MACChl MO3BONAOT BMEPBble BbILBUHYTh B Ka4eCTBe
OCHOBHOrO pe3ynbTara ra3ofMHamMmu4eckunii (PakTop 3HAOreHHOro BO3AENCTBUSA HA NEHUK HANOPHLIMU (Oou-
Jamu, 06pasytoLLMMICs 32 CHET OCThIBAKLLEro CybcTpaTa Kamepsl CTpaToByrkaHa Kas6ek. [a3oguHamuyeckas
npupoaa Katactpodpuyeckon nynbcauuu negHuka Konka y6eantenbHO 00bSCHAET BCE aHOMalbHble NPUPOA-
Hble sBNeHns, npossusLuKMecs B 2002 r. B pailoHe NedHMKa Konka v CMEXHOW C HAM TeppuTopuM Ha atanax
NOArOTOBKM, NPOTEKAHUSA U MOCTNAPOKCM3MAIIbHOr0 3aBepLUeHMs KatacTpo@bl, B3aMMOCBA3b MeXJy HUMU U
UX CBA3b C KATacTpO(OM, OTKPbIBAET GOJbLLUNE NEPCNEKTUBbI LN AaNbHEALIero n3y4eHus negHuka Konka u s
06nactu ra3ornAuMoaNHaMUYeCKX UccnesoBaHmnin. 13noxeHHoe no3BonseT caenarb BbIBOA: OCTOPOXHOCTb B
NpU3HaHWe CTOMb HEOPAWHAPHOIO pe3ynsrara Hay4HbIM COO6LLECTBOM BbI3BaHA KpaHe PeAKUM MpOsBIIEHUEM
B3PbIBONOAO6HbIX ra3ofMHaMUYeCKuUX BbIGPOCOB JIE[HUKOB (HEOPAMHAPHBIA Pe3ynbTaT BrepBble 03BYYEH Kak
onpeensoLnii (DakTop BHE3anHOro Bbi6poca fieAHuka Koska), Ho 9T0 BONPOC BPEMEHN.

Kniouesble cnosa: KonkuHckas (KapmazoHckas) karactpoda, nefHuk Konka, rasoamHamnyeckuii BbiI6poc
NefiH1Ka, COBPEMEHHOE COCTOAHUE UCCNEA0BaHNIA, MPUYNHBI.

Insa untuposanus: beprep M.T. O coBpeMeHHOM COCTOSHUI KonkuHCKoi (KapMagoHCKO) npobnemMbl 1
ero npu4uHax. reosorus v reogpusmnka fOra Poccun. 2020. 10 (1): 21-34. DOI: 10.23671/VNC.2020.1.59062.
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Abstract: In the full 17 years that have passed since the Karmadon disaster, the scientific community has
not come to a consensus on the reasons for the sudden collapse of the Kolka glacier. In the conditions of the
practical oblivion of the regular monitoring regime of the state of glaciers in the main glacial sources in the
ridge of the Kazbek-Tepli-Ulpat peaks in the eastern part of the Central Caucasus, it is especially relevant to
concentrate instrumental and desk studies to monitor the impact of the main endogenous and exogenous factors
on the glaciers of the region, the presence of which in the preparation of the Karmadon event all researchers
are unanimous. Among the many hypotheses of the sudden collapse of the Kolka glacier, the main are three
concepts: the impact of collapsing suspended masses of ice, separation of the glacier by seismic impact and
gas-dynamic outburst, which were examined in detail from different angles. The purpose of the paper is to
substantiate the gas-dynamic explosive nature of the Kolka glacier outburst from its bed based on the analysis
of the studies results of other natural, natural-technogenic and technogenic phenomena, characterized in one
way or another by fundamentally similar features to this catastrophe. The method of theoretical justification of
the impossibility of mechanical ablation of the glacier due to glacial processes, the logical denial of the reasons
associated with the glacier itself, its water potential or collapsing masses of overhanging ice and abnormal
climatic conditions is used. Along with the negation of glaciological factors, a methodology of analogies is used,
which are considered explosive or explosion-like volcanic eruptions and their seismic accompaniment, volcanic
tremor during eruptions. The theoretical denial of the glacial-exogenous cause of the glacier outburst and the
theoretical model of the preparation, the course of the explosive outburst and the transit of the ice-stone mass
make it possible to put forward as a main result for the first time the gas-dynamic factor of the endogenous impact
on the glacier with pressure fluids generated by the cooling substrate of the Kazbek stratovolcano chamber. The
gas-dynamic nature of the catastrophic pulsation of the Kolka glacier convincingly explains all the anomalous
natural phenomena that appeared in 2002 in the region of the Kolka glacier and its adjacent territory at the stages
of preparation, course and post-paroxysmal completion of the catastrophe, the relationship between them and
their relationship with the catastrophe opens up great prospects for further study of the Kolka glacier and in
the field of gas-dynamic research. The foregoing allows us to conclude that caution in recognition of such an
extraordinary result by the scientific community is caused by an extremely rare manifestation of explosive gas-
dynamic emissions of glaciers (an extraordinary result was first voiced as a determining factor in the sudden
ouburst of the Kolka glacier), but this is a matter of time.

Keywords: Kolka (Karmadon) disaster, Kolka glacier, gas-dynamic outburst of the glacier, current state of
research, causes.
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K10 Kxorna Buzen nepeyOex JIeHHOTO B OCTPO
[IOJIEMUKE YYEHOTr0?
C. B. Meiien

BeepeHue

B ycnoBusix nmpakTH4ecKoro 3a0BeHUsI peKUMa PeryisspHbIX HaOIIOIEHUH 32 COCTO-
STHHEM JICTHUKOB B TJIaBHBIX JIGTHUKOBBIX ouarax rpsasl BepinH Kazoek-Termnmu-Yanma-
Ta BocTouHOM 4actu LlenTpanbHoro KaBkaza 0cOOEHHO aKTyaJIbHO KOHIIEHTPHUPOBATH
WHCTPYMEHTAJIbHbIE M KaMepaJibHbIe HCCIENIOBAaHUS JII MOHUTOPHHIA BO3JCHCTBHS
OCHOBHBIX AH/IOT€HHBIX M 9K30T€HHBIX (DAKTOPOB Ha JICAHUKH PETHOHA, B IPUCYTCTBHUE
KOTOpBIX B moarotoBke KapmamoHckoro coObITHS Bce MccleaoBaTenu eauHOoayIHbl. K
COXKAJICHUIO TaKOTO €AMHOAYIIMS IO CUX TOP HET.

Otmeuass HEOOBIUHOCTh, KCTPAOPAMHAPHOCTH ocobeHHocTe KonkuHckol kara-
CTpO(dBI, TIAIMOIOTH U HEKOTOPBIC APYTrHe HccienoBarenu [AHanndesa u ap., 2008; u
np.; Benn,1998; Evans, 2003] akueHTUpYIOT BHUMaHUE, IPEXKAE BCErO, Ha €€ TUraHT-
CKHX MacIITabax ¥ HEOXKUAAHHOCTH MPOsIBICHUS. [ TaBHBIM, OZJHAKO, SIBJISETCS IITyOOKOE,
MPUHIMITHATIEHOE OTIUYHE Xapakmepa 3TUX 0COOCHHOCTEN OT BCeX M3BECTHBIX MPU3HA-
KOB COOBITHH TNIALIMATIBLHON MPHUPOJIBI, B TOM YHCIE OT JAETaIbHO OXapaKTepU30BaHHBIX
[MacTpykuus. .., 1982; I'mamuonoruyeckuid..., 1984 u ap., Hart, 1999] npusnakoB mis-
UOJUHAMUYECKUX MOJABIKEK, UX AHMUNOOAIbHOCMb ITUM Tpu3HakaM. C 3THM 3aKITI0-
YeHHEM BIIOJIHE COINIACYIOTCSl U TUraHTCKue MaciTadbl KomkuHckoit katacTpodsl, U ee
MOJTHAS! HEOXKUJAAHHOCTH IS VISIIUOJIOTOB (M, COOTBETCTBEHHO, BCEX IPYTHX CHEIUANIN-
CTOB).

[IpuHrMasi BO BHUMaHUE MU3BECTHBIE YHUKAJIbHbIE 0coOeHHOCTH KoJKMHCKON KaTa-
CTpOdBbI, CTaThs AKIIEHTUPYET BHUMAaHHUS Ha OTCYTCTBUE MISIUOIOTUYECKUX MPU3HAKOM
MOJIBMKKU JIETHUKA, OJHOBPEMEHHO MPHUBOASI aHAJOTH JAMHAMUYECKUX OCOOEHHOCTEH
JIPYTUX TPUPOIHBIX, MPUPOAHO-TEXHOTCHHBIX M TEXHOTCHHBIX SIBJICHUHN, XapaKTepU3yko-
IIUXCS B TOW WJIM MHOW Mepe MPUHIUITHAIIBHO CXOOHbIMU C ITON KaracTpodoit 0coOeH-
HOCTSIMH.

OcHoBHas HeJb [TOKa3aTh ra30JUHAMHYECKH, HMITYJIbCHBIN XapakTep BO3IeHCTBUS
Ha neaHuk Komka, IUist pemieHus: KOTOPOH HCIONB3YETCS MeTOH T€OPETUYECKOro 000-
CHOBaHHUS HEBO3MOKHOCTU MEXAHUYECKOU aOnsayul 1eOHUKa 3a CUeT MISIUAIbHBIX TIPO-
1IECCOB, JJOTHYECKOTO OTPUIIAHUS MPUYKH, CBSI3aHHBIX C CAMHM JIETHUKOM, €r0 BOJHBIM
MOTEHIIMAJIOM WJIM OOBaJIbHBIMH MacCaMU HABUCAIOLIUX JIBJOB M aHOMAJIbHBIX KJIMMa-
TUYECKUX yciaoBHui. OTHOBPEMEHHO UCHOJIb3YeTCsS METOJ aHAJOTHIl U COMOCTaBICHUS
JTUHAMHYECKUX XapaKTePUCTUK MPUPOIHBIX M TEXHOTEHHBIX B3PBIBOMOJOOHBIX SABICHUI
¢ 0cobeHHOCTsIMU MpoTekanust KapmagoHCKOTO COOBITHS.

B kadecTBe mo100HBIX SBJICHHUI MOTYT pacCMaTpUBaThCs, HAIIPUMED, B3PbIBHBIC WIH
B3PBIBOIOIOOHBIE IKCIIJIO3UBHBIEC BYITKAaHHUECKHE U3BEPKEHUS M UX CeliCMHUYECKoe Co-
MIPOBOXKJIEHUE, B YACTHOCTH, MPUHIMITUAIEHO TIOA00HOE MposiBUBIIEMYcs npu KonkuH-
CKoi KatacTpode ra30BOMY MOCTBYJKaHHYECKOMY IPOKAHUIO BYJKAaHUYECKOE JPOXKa-
HHe, XapakTepusys kotopoe, E. U. T'opaees ¢ coaBropamu [1989, c. 105-106] mumyT: «Ilo
BCel BUIUMOCTH, IMpoliecc GOpMHUPOBaHHS BOTHOBOTO MOJISl BYJTKAHHUECKOTO JPOXKAHHS
BO BCEX CITy4asX UMEET OJIMH U TOT K€ MEXaHU3M, U MEXaHU3M 3TOT €CTh POPMHUPOBAHHE
MMOBEPXHOCTHBIX BOJIH B CJIIO)KHOTIOCTPOCHHOMN CIIOMCTOM Cpefie... 3a CUEeT MOBEPXHOCT-
HBIX BO3MYIIEHH, CBA3aHHBIX C BBIJIEICHUEM T'a30BOM (a3bl HA CBOOOJHON MOBEPXHO-
CTHY.
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Heo6xonnmo noauepkHyTh, 4TO CYIIHOCTh poucieaen karactpods! 20 ceHTIOps
2002 r. Ha nenHuke Koska HOCUT He reorpaduyeckuii, B 4aCTHOCTH, HE TIIALMOIOrHYe-
CKHUH, a, IPEXKJIE BCETO, 2€0102UHEeCKULL XapaKTeD.

B pe3synsrare 3T0ii KaracTpodsl mpousolies MrHOBeHHbIH BeIOpoc. [Toxanyii, Hau-
OoJiee aIeKBAaTHO (XOTS M BEChbMa HEOINPEJIEIEHHO) BBIPAXKAIOUIMHA TO, YTO MPOU3O0IILIO
20 cents6ps 2002 1. Ha nenHuke Konka, msuonoruyeckuii TepMuH (HUKEM U3 [IISIIHO-
JIOTOB B JIAaHHOM ClTyyae He UCHOJIb3yeMblil) — mexanuueckasa abnayus neonuxa. Bompoc,
OJIHaKO, COCTOMT B TOM, KaK, B Pe3yJbTaTe Yero Mpou301uIa 3Ta abisius, KakoBbI €€ Me-
XaHU3M U IPUYMHBI, HO 3/1€Ch YK€ TIIALUOIOrUsa OecCUiibHa, PellIEHHE 3TUX BOIPOCOB —
BHE KOMITETCHIIMU TIILUOIOTHHU (M, B LIEJIOM, KJIACCUUECKOU reorpadun).

[IpITaTbCs MOHATH M OOBSACHUTH IPUYMHBI YHUUTOXKEHUS JeHuKa Konka ¢ rsnuoso-
TMYECKUX MO3ULUI — IPUMEPHO TO XK€ CaMO€, YTO MBITATHCS C NIALUOJOTUYECKUX TT03H-
11, TOHATH U OOBACHUTH NPUYMHBI YHUUYTOKEHUS JIETHUKOB (TaKXKe, pa3yMeeTcsl, JIUIIb
BPEMEHHOI'0) Ha CKJIOHaX ByIkaHOB be3biMsiHHbIN 30 MapTa 1956 r, [lIuBenyy 12 Hos0ps
1964 1. unu Cenr-Xenenc 18 mas 1980 r. Bo Bpems ux u3BepkeHuid. 160 Bo Bcex 3TuX
cilydasix MpUYUHA YHUYTOXKEHUS JITHUKOB — HE B JIEHUKAX, HE B BEJINYMHE HAOpaHHOM
MU MacChl K MOMEHTY KaTacTpo(bl, He B 00Bajax M B OOBaJIbHBIX yJapax 10 HUM, HE B
[100aJIbHOM MOTEIUIEHUHU WM PErMOHAIBHBIX KIMMATHUYECKUX U JIOKAJIBHBIX MOTOIHBIX
YCIIOBUSAX MJIM KOJIMUECTBE BOJIbI, CKONUBILEHCS B OaccelHax JIEJHUKOB, B CAMHX JISJHU-
Kax WIM MoJ HUMH (Ha uX Jioxke). Bce 310 1 MHOrO€ ipyroe, n3yueHHUeM 4Yero B TeUeHHE
JUINTEJIbHOTO BPEMEHU MHTEHCHBHO 3aHMMAIOTCSI MHOTHE uccienosaresnn KonkuHckoin
poOIeMBl, K €€ PeIICHUI0 He BEJeT U BOOOIIe He UMEET K Hell HUKAakoro oTHouleHus. 1
BIIOJIHE €CTECTBEHHO, YTO BCE MOMNBITKH NOJYUYUTh MISLUOJIOTNYECKoe penieHre Koiakun-
CKOH Mpo0ieMbl HU K YeMy He IIPUBEIHN U HE MOIJIU NIPUBECTH.

B nelicTBUTENBHOCTH K€, IPUUMHBI YHUUTOKEHUS BbIIIE MPUBEICHHBIX JIETHUKOB
XOPOILIO U3BECTHBI U BIOJIHE OUEBUAHBI, Kpome seaHuka Konka. Hukakue reorpaguue-
ckue (IISALMOJIOTHYECKHE, TeoMOp(hOIOrHuecKre, KIMMaTHYeCKUe, T'HJIPOJIOTHYecKUe
U 11p.) $aKTOpbl HU MO OTAEIBHOCTH, HU B KOMIUIEKCE (JIpYyr C JPYyroM WU C APYTUMH
(akTopamu) axke He paccMarpuBaroTcs. M BooO1e, Bo Bcex 3THX ciiyyasx (OmsiTh ke, B
omnune oT KonkuHckoi npoGiiemMbl) HUKaKOH MpoOiaeMbl yCTaHOBICHUS MPUYMH MTPaK-
TUYECKU MTHOBEHHOI'O YHMUTO)XKECHHUS JIEAHMKOB HA CKJIOHAX BYJIKAHOB HE CYLIECTBYET
B CHJIy OOIIIEU3BECTHOCTH €€ SHAOT€HHOTO PEIICHUS, 9HOOCEHHO20 2e0102UeCKO20 Xa-
pakTepa (paKTOpOB, BHI3BABUIMX YHHUUTO)KEHHUE JIETHUKOB, a TAaKXKe MPOSIBICHHE MHOTHX
JPYTUX KCTPAOPIUHAPHBIX MAPOKCU3MAJIbHBIX COOBITHH, TPOUCXOJUBIINX B YKa3aHHBIX
paiioHax B 310 Bpems. lIpuHIMNUaNbHO TakuM ke sABiseTcs pemeHue n KonkuHckoin
npoOeMsl, Ipyu BCeil ee crnenupuIHOCTH.

OcHoBHOH crienupuYeckon, OTIHUUTENbHON ocobeHHOCThI0 Komnkuuckoii (Kapma-
JOHCKOH, ['eHanmoHCcKo) KaracTpods! SABISETCS TO, YTO, B OTIMYHUE OT JIGAHUKOB, pac-
MOJIOXKEHHBIX Ha CKJIOHAX aKTMBHBIX (JeHCcTBYONINX) BylIKaHOB be3piMsanHbIH, LInBenyy
1 CeHT-XeNeHC U YHUUTOKEHHBIX BMECTE CO 3HAUUTENBHOM YaCThIO IIOCTPOEK 3TUX BYJI-
KaHOB, TVIABHBIM JECHUCTBYIOUIMM (haKTOPOM, BBI3BABLIMM YHUUTOXKEHHE JeHuKa Komka
(a Taxoke 00yCIOBUBIIMM MHOTHE JIpyrue aHOMallbHbIE SABJICHMS, pouciueamme B Koi-
KMHCKOM U ['eHalJOHCKOM yIIEnbsiX B XOJE MOATOTOBKH, MPOTEKAHMS U 3aBEPLICHUS
KonkuHckoii karacTpodsl), ObUIH HE ByJIKaHUYECKHUE, a TOCTBYJIKAHUYECKHE Ia3bl (TaKkkKe
BBICOKOHAIIOPHBIE, HO 3HAYUTEIILHO MEHEE HArpeThIE U, INIAaBHOE, BBIJEIISIBIINECS B CBO-
6onHy10 a3y B TeUCHHE BeCbMa JJIUTEIBHOIO BPEMEHH, Ha 3HAYUTEIbHOM YJaJIEHUH OT
JIE[IHUKA U JINIIb [TOCTENIEHHO HAKAIJIMBaBUIMECS O]l JIETHUKOM B PE3YJIbTATE IIPOLECCOB
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UX BOCXOJIlel MUrpanun). Bo3aeiicTBue 3THX ra3oB Ha JeJHUK ObUIO MPOJOIKUTEINb-
HBIM, NIPSAMBIM M HENOCPEACTBEHHBIM M, €CTECTBEHHO, HE COIIPOBOXKJAIOCHh HUKAKUMU
IIPOSIBJICHUSIMM MarMaTu3Ma.

JeiicTBue Takux (MOCTBYJIKaHMYECKHX) ra30B, KaK M3BECTHO, HE MPUBOIUT K pas-
PYLICHHUIO BYJIKAHUYECKHX MOCTPOEK (CKaxkeM, I. Ka30ek mnu . Apapar) u apyrum, coo-
CTBEHHO BYJIKAHUYECKUM, ITOCIIEICTBUAM, HO, KaK TENIEPh OUYEBUIHO, MOXKET IPUBOJUTD
U MHOIJA, XOTS U OY€Hb PEAKO (YTO BIIOJHE €CTECTBEHHO JUIS NMPHUPOJHBIX KaTacTpod
CTOJIb TMTAaHTCKOTO MaciuTaba), MPUBOAUT K KaTacTpOo(PUUECKUM MapOKCHU3MAIbHBIM
B3pBIBOMOIOOHBIM HAlpaBJIEHHBIM Ta30JUHAMUYECKUM BbIOpOCcaM (M, COOTBETCTBEH-
HO, YHUYTOXXECHHUIO) HEKOTOPBIX T'OPHBIX JIETHUKOB (MJIM MX 4YacTel), pacroiOokKEeHHBIX
Ha CKJIOHaX BYJIKAHOB WJIM BOJIM3M OT HHUX, & BO3MOXKHO, M B JAPYI'MX TOPHBIX paiOHAX,
e, B COOTBETCTBUM C NIyOMHHBIMH U MOBEPXHOCTHBIMU I'€OJIOTHYECKUMHU YCIOBUSMHU
(mpexxae BCero, MCTOPUKO-T€OJIOTHYECKUMH, (DIIOMI0IMHAMUYECKUMH, HETPOJIOruye-
CKUMH U CTPYKTYPHO-TEKTOHUYECKHMHM), MOTYT NPOUCXOAUTH MOIIHBIE MPOPBIBBI KOH-
LEHTPUPOBAHHBIX (TMIPOJIUHAMUYECKH COCPEIOTOYCHHBIX) MOTOKOB BBICOKOHAIIOPHBIX
[TyOMHHBIX MOCTBYJKAaHUYECKHUX MIIM MOCTMAarMaTH4eCKUX Ta30B HEMOCPEICTBEHHO MO
JIETHUKH, SBJISIOIIUECS JJOKAJIbHBIMU HEPOHHUILIAEMBIMU (I'a30yIIOPHBIMHU) OapbepamMu co
CBOOOHOH MOBEPXHOCTBIO.

IIpu sTOM mnoAcCTHIIAIOIIUI BbIOpackIBaeéMbli JIEIHUK JHUTOC(hEpHBIA cyOcTpar,
JlaXKe ero BEPXHss 4acTb, NIPEJCTABICHHAs JOHHOM MOpPEHOH JIEHUKA, B OTIIMYHUE OT
B3PBIBHBIX (9KCIUIO3UBHBIX) BYJIKAaHUYECKUX M3BEPKEHHUI, B OCHOBHOM, COXPAHSETCS.
Jlnia xaractpoguueckoro Beiopoca neanuka Konka 20 centsopst 2002 r. 310 661710 110-
ka3zaHo M. 0. Hukutunasim u ap. [2007, c. 7; Evans etc, 2009] u ¢ razonnHaMU4eCcCKUX
MIO3ULIMI, C IPUBJIEYEHUEM IIPOSIBICHUS yCTaHOBIEHHOTO aBTopoM [beprep, 2007, c.
54-55 u np.] a¢pdexTa razoBoro JoMKpaTa Ha MOATOTOBUTENBbHOMN cTaauu KonkuHckon
KaTacTpogsbl.

Pe3yAbTaThl paboTt

Kak HeogHoKpaTHO OBLIO TTOKa3aHo aBTopoMm, HaurHas ¢ 2003 r. [beprep, 2004, 2006
U JIp.] U MOATBEPKICHO pe3ysibTaramMu nocieayomux uccnenoBanuii [beprep, 2007, u
np.], Bce ocobennoctu (nmpuzHaku) Konkuuckoit (KapmagoHckoit) karacTpodbl, HCKITHO-
YUTENIFHO MOIIHO MPOSIBUBILINECS B €€ MUILEHTPAILHOM 30HE, COBEPIIEHHO OHO3HAYHO
YKa3bIBAIOT HA €€ B3PHIBHOW MJIM B3PBIBOMOAOOHBIN XapakTep.

W3BeCcTHO HECKONIBKO TUIIOB TaKUX SIBIIEHUH. ITO, IPE¥kKIE BCET0, TEXHOT€HHBIE (XH-
MUYECKHE U SiZIePHBIE) B3PBIBBI Ha BBIOPOC TMTAHTCKOM CHJIbI, METEOPUTHBIE B3PHIBHI,
B3pPBIBHBIE (9KCILJIO3UBHBIC) ByJIKAHUUECKUE N3BEPKEHUSI U B3PHIBOIIOI0OHbBIE BHE3ATHBIE
ra3oJJuHaMHYeCKHe BHIOPOCHI.

Hukakux ocHOBaHMiA iperonaraTs Hamnuue Ha jgenaanke Komnka 20 centsaops 2002 T
SIBIIGHUY TEPBBIX TPEX TUIIOB HE CYIIECTBYET (XOTS MPEAINOJIOKEHUS O BO3MOXXHOCTHU
MIPOSIBJICHHSI HEKOTOPBIX U3 HUX OBLTU BhICKAa3aHbl B HAYYHBIX MyOIHUKAIMAX U CPEICTBAX
MaccoBOM MH(GOPMAIIHH).

3aro umeroTcst Bce ocHoBaHus cuntarh Konkunckyro (KapmagoHckyro) katactpody
2002 roma napoKcuzManbHuIM 63Pbl8ONO0O0OHBIM HANPABIEHHbIM NOCMEYIKAHUYECKUM
BHE3ANHBIM 2A300UHAMUYECKUM 8blOpocom nednuka Konka. TakoBO MOTHOE onpeieNieHIe
Xapakrepa (reoIMHaMUYeCKOTO THIIa) 3TON KaracTpodml.

Taxas uaeHTudukanus reoquHamMmudeckoro tuna KomkuHckoil karacTpodsl B AMH-
LEHTPAJILHOM 30HE €€ MPOSBICHUS MOATBEPKAAETCSI BCEMU BEChbMa MHOTOUMCIIEHHBIMU
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ee 0COOEHHOCTSIMH, SBJISIETCS MMOJTHOCTBIO JOKa3aHHOM, NCUEPIIBIBAIOLICH, OTHO3HAYHOM
¥ BOOOI1I€ €IMHCTBEHHO BO3MOXKHOIA.

B cootBercTBUM ¢ TakuMm omnpenenenueM, Konkunckas karactpoda 2002 r. u no-
NOOHBIE €l B TeHETUYECKOM IIJIaHE U 10 OCOOCHHOCTSM NPOSIBICHHUS JICIHUKOBbIE KaTa-
ctpods! (Konka, urons 1902 r. u 1752 1., eBnopak, 1832 u 1776 rr., Yackapasn, 1962 u
1970 rr., Apapar, utonb 1840 r. u z1p.) npencTaBisAOT OO0 HOBBIN, paHee HEU3BECTHBIH
reOAMHAMUYECKUN THUIT YPE3BBIYATHO ONACHBIX MMAPOKCU3MAJIBHBIX HIOTE€HHBIX IPUPOJI-
HBIX KaTacTpo(¢ MOCTBYIKAHMYECKOTO WIIM MOCTMArMaTH4eCKOro ra3o0JMHaMHU4eCcKOro re-
nesuca [Huggel, 2009].

Baxneiineil xapakTepHoii (Tak cKa3aTh, FEeHOTUIINYECKOM) 0COOeHHOCThI0 KonkuH-
CKOM KatacTpo(dbl (M APYruX KaTacTpoYUUECKUX COOBITUN, MPUHIUIHNAIBHO MOJOOHBIX
KonkuHckoil karactpode no reesucy (IpuyMHaM) U MEXaHU3MY HPOTEKaHUs) SBISIET-
Csl HAJIMYME CJIEAYIOIIETO MOCIEI0BaTEIbHOIO psifia 30H €€ MPOSBICHUS: 1) F’MraHTCKOM
BOPOHKHM (ITOJIOCTH) BBIOpOCA, BO3HHKINIEH HAa MECTe BHIOPOIIEHHOIO JeJHHKA, — JIH-
LIEHTPaJIbHOW 30HBI ra30/MHAMUYECKOr0 BIOpOCa; 2) 30HbI B 3HAUUTENILHOW Mepe cyOa-
9pajbHOro (IO BO3AYXY) MHEPLHMOHAIBHOTO JABM)KEHHS BHIOPOLIEHHOTO JIeJ0BO-KaMEH-
HOT'O Marepuaja NpoJyKTOB pa3pylLIeHHUs JIe[HUKA (3Ta 30Ha OOBIYHO UMEHYETCS 30HOM
TpaH3uTa) U 3) THTAHTCKOTO 10 00BbEMY JIeTOBO-KaMEHHOTO HaBaja (3aBajia) BIOPOIICH-
HOTO M BOBJIGUEHHOTO B JIBXKEHHE Marepuana (30Hbl ero akkymyssiuun). (I'urantckuii
BBICOKOHAIIOPHBII aHOMAJIbHO BBICOKOCKOPOCTHOW NISLUAJIbHBINA CEJIb, IPOSBUBILIUICS
3a KapMaJOHCKMMHM BOpPOTaMH, — BTOPUUHOE SIBJIEHHE, BOSHMKILIEE BCIEIACTBUE B3PBIBO-
0ZI00HOTO HAINpaBJIEHHOIO ra30MHAMHUYECKOro BeiOpoca neanuka Koska u cmemeHus
4aCTH BHIOPOIIEHHOTO M BOBJICUCHHOT'O B JIBUKEHUE MaTepHalia ¢ TEKyIIMMHU BOJIAMH PEK
I'enannon u ['m3enbnoH.)

CaMo HanMuue NepevrciIEHHBIX 30H, UX MOCIEI0BaTEIbHOCTD U IPUCYIINE KaXKIO0N
U3 HUX OYeHb IOKa3aTelbHbIE BeChMa CHEIM(PUUECKUE MPHU3HAKH COBEPIIEHHO OJHO-
3Ha4YHO XapakTepu3yroT KoJKkuHCKyI0 KaTacTpody Kak B3pbIBONOAOOHBIHN HarpaBlieHHbIH
ra30iMHaMUYeCKUN BBIOPOC JICHUKA.

[IpakTH4eCcKH MOTHOCTHIO UAEHTHUYHBIMU 3TON KaTacTpode Mmo 0coOeHHOCTSIM pas-
BUTHSI U 30HAJILHOCTHU SBJISIOTCS IIyOOKO M3yY€HHbIE MHOTOUMCIIEHHBIE T€XHOTCHHBIC
HarpaBlieHHbIE B3pbIBbI Ha BeIOpoc [IlokpoBckuii, 1980; Yepuurosckuii, 1976; Poma-
mioB, 1976, 1980; u MH. 11p.], OCHOBHBIM PE3YJITaTOM KOTOPBIX SIBISETCS MMPAKTUUYECKU
MT'HOBEHHOE 00pa30BaHUE T'MIAaHTCKUX HABAJIOB TOPHOMOPOJHBIX MAaCC HA TOM WJIM HHOM
YIOAJIEHUU OT MECT X NIEPBOHAYAIBHOIO 3aJIETaHusl.

Bce 310, B COBOKYNTHOCTH ¢ MHOTOYHCIIEHHBIMU JAPYTUMH (PAKTaMH, XapaKTepHU3yo-
M KonkuHCekyo katactpody, HaCTOJIBKO OYEBHUIHO, YTO ObLIO ObI CTPAaHHBIM, €CITH ObI
MBICJIb O B3pBIBHOM Xapakrepe KonkuHckol karacTpodbl HUKOMY paHee He MPUXOoAuia
B rojioBy. 1 oHa mpuxonunia, o 4yeM, B YaCTHOCTH, €IlI€ B NIEPBBIE IHU MOCIIE KaTacTPO(bl
cooO011aIu HEKOTOPbIEe CpeAcTBa MaccoBOM nH(popMmaru. Ho roau npocto He 3HaIM, Kak
MOXHO OOBSICHUTB TAaKOW XapakTep 3TOH KaracTpodbl. A 0 B3pbIBONOJOOHBIX BHE3ATHBIX
ra3o0iMHaMHYECKHUX BBIOPOCAX OHH, BEPOSITHO, IIPOCTO HE CIbIIAIH (B UeM aBTop yoe-
JIUJICS, B YaCTHOCTH, B 6ecelax ¢ HEKOTOPbIMU IIIALMOIOTaMU, AKTUBHO OTCTaUBaBIIUMHU
IJISIIMOJIOTHYECKYI0 BEpCHIO 0 noaBMKKe Jiennuka Konka 2002 r).

HckrountenbHas creru@uka MHOTOUYMCIEHHBIX ocoOeHHOocTe KonmknHckol kara-
CTpodbl, UX TyOOKOe, MPUHIMIINAIBHOE OTJIMYHE OT OCOOCHHOCTEH BCEX TUIIOB NpH-
POIHBIX U NPUPOIHO-TEXHOTCHHBIX SBJIEHUH, KPOME Ta30lMHAMUYECKUX, UX CXOZCTBO,
IpaKkTU4ecKas UJCHTUYHOCTh C OCOOEHHOCTSIMHM TOATOTOBKH, MPOTEKAHUS U 3aBeplie-
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HUS B3PbIBOIIOJOOHBIX BHE3AMHbBIX Ta30JMHAMUYECKUX BBIOPOCOB MO3BOIMIIM C UCKITIO-
YUTEIbHO BBICOKOW J0Ka3aTebHOCTBIO, PEAKOM Il TeHETUYECKUX MOCTPOCHUN B reo-
JOTUH, Taneoreorpaguu, MISALUOIOTHH U APYTHX HayKax O 3eMJje, COBEPIIEHHO OJHO-
3HAYHO YCTAHOBUTH a30JJMHAMUYECKYIO MPUPOAY KaracTpodsl Ha jneaHuke Koika u B
I'eHanioHCKOM yIIelbe, ONPEeAETIUTh €€ XapakTep (reoAnHAMUUYECKUIM TUIT) U IPUYMHBI.

B cooTBeTCTBMM C MMEIOIIMMUCS MHOTOYHUCICHHBIMU pEe3yIbTaTaMu UCCIIEI0BaHHM
U NpeuIokeHHbIMU (opmynupoBkami [IIetyxos, JIunekos, 1983; IlerpocsH u ap., 1983;
Kpactok u ap., 2004; Buesanusiii Beiopoc, 1984; buprokos, 2011; u MH. 11p.], 6Hezanmbiti
2a300uHaMu4ecKuli (2a30n0pOOHbLI, 8 YACMHOCIU, 2A30/1e00KAMEHHDBIIL) 8bLOPOC MOHCEm
ObImMb onpeoener KaKk npupooHoe Uil e NpupoOHO-MexXHO2eHHOe (8bl36AHHOe MeXHO-
2EHHBIM 8030€UCMmEUeM HA 2OPHDIL MACCUB) Obicmponpomexarouee 63pbl6ono000OHoe 56-
JleHUe, cocmosiujee 8 pazpyuleHuu oonaoarowerl c60000HOU (0OHANCEHHOL, OMKPLIMOTL)
NOBEPXHOCMBIO YACMU 20PHO20 MACCUBA U pa3iieme (8blopoce, 8blHOCe, ombpoce, copoce,
Memanuu) npooyKmos paspyuletusi noo Oeticmaeuem pacuupsaouuxcs npUpoOHbIX 24308,
HAXOOUBWUUXCSL 8 CHCATNOM COCMOSIHUU, U KUHEMUYECKOU SHepeUlU, 3anaceHHol 6 KyCKax
gvlOpoutennoz2o mamepuaina. (Bonpocsl, kacaroyecs OTINYUS B3PbIBOIIOJOOHBIX Ira30-
JMHAMUYECKHX BBIOPOCOB OT B3pBIBOB, B TOM YHCJIE B3PBIBOB Ha BHIOPOC MJIM Ha cOpocC,
paccmoTpensl B pabore [beprep, 2007, c. 100-103].)

B cBs3u ¢ ycraHOBIeHHMEM ra3oAMHaAMUYEcKol Npupoasl KoakuHCKo#M karacTpo-
(Bl HEOOXOIMMO 3aMETUTh, YTO MCCIIEI0OBAaHUE Ta30IMHAMUYECKUX SBJICHUN — ocolas,
BechbMa crenuduueckas 061acTe HayKu. VIHTEHCHBHbBIE TEOPETUYECKUE, METOIMUYECKHE
U MpaKkTU4Yeckue paboThl B 3TOW 001acCTH BEAyTCs BO MHOTHX CTpaHax eIe ¢ MepBoi
nosoBuHBI XIX B., a UX pe3yabTaThl OTPaXKEHbI BO MHOTHX ThicA4yax myonukanuii. [To xa-
pakTepy 00bEKTOB UCCIIEIOBAHUS, KPYTY PEIIaeMbIX BOIIPOCOB U METOJIaM UX pPEILICHUs, a
TaKXe MCIIOJIb3yeMOMY MOHATHHHO-TEPMUHOIOIMYECKOMY alapary 3TO OYeHb JajieKast
OT DJIALMOJIOTMH 001aCTh, B KOTOPOH CONPHUKACAIOTCS F€OMEXaHUKa, Fa30re0AMHAMUKa 1
psi ApYrux objacTeill 3HaHUM.

OBCy)XAEHME PEIYALTATOB

OnHa U3 NPUYKUH HETPOCTON CUTYallMU C MPU3HAHUEM MPEACTaBICHUN O ra30uHa-
MHYECKOH MpHUpoje KaracTpoduyeckoil mynbcanuu yeaauka Komka B 2002 1. cocTouT
B TOM, YTO CaMO SIBJIEHWE BHE3aIHBIX ra30JWHAMUYECKUX (Ta30MOPOIHBIX) BHIOPOCOB
HEU3BECTHO IVISIIIOJIOraM U OOJNBIIMHCTBY JAPYTHX HCCIenoBareseil 3Toil karacTpodsol.
JleficTBUTENbHO, Ta30IMHAMUYECKUN BBIOPOC — SIBJICHHE, €CTECTBEHHO, SHAOTCHHOE, a
HE DIISIIMOJIOTMYECKOe, U J0 CUX MOp IISIHMOJIOraMH He OTMEYanoch (XOTS U MPOUCXO-
nuio, HarpuMep, Ha JeaHuke Konka 3 u 6 utons 1902 ). Kaxmoe sBIeHne xormaa-To
yCTaHABIMBAETCS BIEPBhIC, a ra30JUHAMHYECKHUI BBHIOPOC edHuKa — sBleHue, 0e3yc-
JIOBHO, pefuaiiiiee, XoTs U He enuHUYHOe. Ho, XOTd razoguHaMuyeckue BHIOPOCHI Je/-
HuKOB /10 2002 1. He OBLTM YCTAHOBJICHBI, CAMU Tra30JUHAMHUYECKHUE (Ta30MOPOAHbBIE) BbI-
OpOCHI — ABJIEHUE TOCTATOYHO PACIPOCTPAHEHHOE, U3BECTHOE YK€ OKOJIO JBYXCOT JIET,
3aUKCUPOBAaHHOE MHOTHE JIECSITKH THICSY pa3 BO MHOTHUX CTpaHaX M PeruoHax, OTYACTH
Jake KaTaJorM3UpOBAaHHOE, MHOTOKPATHO AETAalIbHO OMUCAHHOE, TITyOOKO H3Y4YEeHHOE.
VYyactue B mogoOHBIX BBIOpOCAX MOCTBYJIKAHMYECKUX WM MOCTMArMaTMYeCKHUX ra3oB
Y JIbJ1a IPUPOJIHBIX JIETHUKOB, pa3yMeeTcs, BHOCUT HEKOTOPYIO Crieln(UKY B MOJITOTOB-
KY, pa3Bsi3bIBaHME (3aIyCK) U MPOSBICHUE Ta30JMHAMUYECKUX BEIOPOCOB, HO HE MEHSET
CYIIECTBA Jiefia, OOIIero XxapakTepa U MeXaHHu3Ma MPOTEKAIOIIUX MPOIECCOB, IEHCTBY-
IOIIUX TPUPOAHBIX (DAaKTOPOB (BBI3BIBAIOIIMX MPHUYKH), TPUUYUHHO-CIEICTBEHHBIX CBS-
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3el. YuacTue JIEAHUKOBOIO JibAa (KaK U CoJieH, IeCYaHUKOB U HEKOTOPBIX JIPYTHX THUIIOB
TOPHBIX MOPOJ) B T'a30lMHAMHYECKUX BBIOpOCAX (B COOTBETCTBYIOIIUX, HEOOXOAUMBIX
JUISE X TIoAroToBKU ycioBusix [beprep, 2007]) siBnsieTcsi COBEPILIEHHO €CTECTBEHHBIM U
3aKOHOMEPHBIM C YYETOM €ro (PMIIBTPALMOHHBIX, PEOJIOTHYECKUX, TPOYHOCTHBIX U IIOT-
HOCTHBIX CBOMCTB.

ITapokcu3masnbHbIe B3pbIBONOOOHBIE T'a30IMHAMUYECKUE BBIOPOCHI JIETHUKOB, Cy/s
110 OCTABJIEHHBIM MMM CJI€[]aM, HEOJHOKPAaTHO MPOMCXOANUIN Ha 3eMile, B TOM YHUCIIE Ha
KaBkase, 1 paHee, HO yCTaHOBUTH (MACHTU(DUIIUPOBATH) UX, ONIPEJIEIUTh UX ra30JUHAMU-
YECKYH0 IPUPOLY, BBIABUTH UX MEXAHU3M U IIPUUMHBI Y1aJI0Ch JIIIb [IOCJIE TUTAHTCKON
karactpo¢sl 2002 1. ¢ snuieHTpoM Ha jenHuke Konka, ciaenpl KOTopoil mposiBUIINCH Ha
OTPOMHOM TEPPUTOPHUH U JIUILb HEMHOTIO HE JOLUIN 10 NPpUropoaos Biaagukaskasa.

BonHo0o0pa3Ho MynbCallmOHHO MPOTEKAIONINI ra30MHaAMHUYECKUI BBIOPOC TUTaHT-
CKOTO MaciiTaba sBISeTCS CIOKHBIM UCTOYHUKOM ceiicMuueckux BoiH [Hornes, 2013].
B cnyuae ke HEONHOAKTHOCTH (HEOAHO(A3HOCTH, HEOIHOCTATUMHOCTH) MPOSBICHUS
ra30iMHaMHYECKOro BbIOpoca U OIM30CTH BPEMEHH HPOSIBICHUS €r0 pa3IMYHbIX aKTOB,
IIPOMEKYTOK MEXY KOTOPBIMU HE BBIXOJUT 3a IPEIENIbl HECKOJIBKUX MHUHYT, CEHCMU-
yeckas KapTuHa eie Oonee ycnoxHsercs. [lo-BuauMoMy, UIMEHHO TakoBa CUTYyallusl B
cilydae razouHaMu4ecKkoro Boiopoca nennuka Konka 20 cenrsops 2002 r. [[Iponecc...,
2009; u np.]. 910, pazymeercs, CylIECTBEHHO 3aTPyAHAET OJHO3HAUYHYIO U JOCTOBEPHYIO
UHTEPIPETALNIO UMEIOIINXCSA CEHCMUYECKUX JaHHBIX 00 3TOM COOBITHH.

CeiicMo0rus TaKMX B3phIBONOAOOHBIX HAIIPABIECHHBIX MOCTBYIKAHUYECKUX Ia3011-
HaMHMYECKUX BBIOPOCOB (110 3aKJIIOYEHUIO aBTOPA), KOTOpas MOXKET ObITh Ha3BaHA razo-
IISALUOAMHAMHUYECKOM CECMOJIOTHEN, TT0Ka AEIaeT TOJIBKO NepBele maru. IIpusneuenue
MMEIOLIETOCS OIbITa CEMCMOIOIMUECKUX UCCIIEJOBAHUM BHE3AHBIX Ia30IMHAMUYECKUX
BBIOPOCOB, YJJapHBIX SBJIECHUI Pa3IMUYHOIO TUIA, HAIPABICHHBIX B3PHIBOB U HKCIIIO3HB-
HBIX BYJKAQHHUUYECKHUX M3BEPKEHUH, BO3MOXKHO, IO3BOJUT BHECTH HECKOJBKO OOJBIIYIO
SICHOCTb B JJAHHBIN BOIIPOC.

HeoaHokpaTHO MpOUCXOAHUIN B IPOILIOM, O€3yCIIOBHO, U B3PbIBOIIOJJOOHBIE HAIPaB-
JIeHHbIe BBIOpOCHI JieHnKa Koika, ncTopus pa3BUTHS KOTOPOTO OTHOCUTENIBHO U3BECTHA
muib ¢ 1752 . [Pororaes u ap., 1983; [Tanos, 1993;], a B ropa3zno Gonbiiieii yacTu ocra-
eTcst Hem3BecTHOUW. OO 3TOM CBUIETENILCTBYIOT, B YACTHOCTH, «CJE/bl JIEJHUKOBOM 00-
paboTKM BBICOKO Ha ckasax B ymenbe Konku» [Pororaes u ap., 1983, c. 17], Ha koTopbie
obparun BauManue K.I1. PorotaeB Bo Bpemst ero pekorHoCHUpPOBOYHBIX UCCIIEI0BAHUM
emie B 1954-1955 rr. 1 KOTOpHIE B T€UEHHE MONTyBeKa He uMenu o0bsicHeHus. (Camo co-
001 pazymeercs, YTO 3TH CJIEAbI HE ABJSIOTCS CJIEaMU BOJIHBIX MOTOKOB, BCIOAY yCMa-
TPUBAEMBIX IISALMOJIOTAaMU).

YcraHOBIEHHE Ia30IMHAMUYECKON MTPUPOBI KaTacTpO(pUUECKON MyIbCalluy JISAHU-
ka Koska, kak roBOPUTCS, IOCTaBUJIO BCE HA CBOM MECTA: CTAJIA IIOHATHBIMU U MOJIy4YHIIN
BIIOJIHE yOeuTenbHOe 00bsICHEHUE BCe aHOMaJIbHbIE IPUPOIHBIE SBJICHHUS, TPOSBUBIIH-
ecsa B 2002 r. B paiioHe segHuka Koska 1 cMEXHON ¢ HUM TEPPUTOPUU Ha 3Tarax Moj-
TOTOBKH, IPOTEKAHUS M OCTIAPOKCU3MAJILHOTO 3aBEPILEHUS KaTacTpo(dbl, B3aUMOCBSI3b
MEXy HUMHU U UX CBSI3b C KaracTpodoi, a IIaBHOE — COBEPILEHHO SKCTPAOpAUHAPHBIC
0COOEHHOCTH 3TOM KaTacTpo(dbl, 0OCTaBaBLIMECS HEOOBICHUMBIMH, HECMOTPS Ha ITPUBJIC-
Kaemble adhoc (cienuanbHo JUIs JAHHOTO CIy4ast) MHOIOYHMCIICHHbIE MPEIIOI0KEHHs, B
TOM YHCJIE COBEPIICHHO HEBEPOSTHBIC U OLIMOOYHBIE.

YcraHOBIEHHE Ia30IMHAMUYECKON MTPUPOIBI KaTacTpO(pUUECKON MyIbCalluy JISAHU-
ka Koska 2002 . oTkpbIBaeT O0JbIINE MEPCIEKTUBBI Ul JAIbHEHIINX paboT, KaK B U3-
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yueHuH JieHuka Koska, Tak ¥ B 11€70M B 00J1aCTH Ta30nISILUOJUHAMUYECKUX UCCIIEN0-
BaHWI — NPUHIUIHNAIBLHO HOBOW 00JIACTH UCCIIEIOBAHUH JIETHUKOB U CBA3aHHBIX C HUMH
OTaCHBIX, B TOM YHCJIE€ KaTacTpO(UUECKUX, SHJOTCHHBIX MPUPOIHBIX mporeccoB. OHO
yCTaHABJIMBACT HOBBINA THIl KaTacTPO(YUUECKUX MPUPOIHBIX SIBICHUH — MapOKCHU3Mallb-
HbIE HaIpaBJIEHHbIEC B3PHIBONO00OHBIE BHE3AMHbIE rA30JMHAMUYECKHE BEIOPOCHI JISIHU-
KOB, OTKPBIBA€T HOBYIO 00JIACTh MCCIIE0OBAaHUM B HayKax 0 3emiie — ra30nIsiuoJMHaMU-
Ky, YKa3bIBaeT Ha CyLIECTBOBAaHHE M HEOOXOIMMOCTh YIITyOJI€HHBIX KOMIUIEKCHBIX UCCIIe-
JIOBaHUI BecbMa CHEHM(PUUECKUX CIIOKHBIX HEPAaBHOBECHBIX NMPHUPOJHBIX I'€OJUHAMU-
YECKUX CUCTEM (MEracMcTeM) HOBOI'O THIIA — JINTO-TA30-TUAPO-IIIALUOAMHAMUYECKHUX,
B COCTaBE KOTOPBIX JICIHUK BMECTE C 00J]acThIO ero nuTaHus («wiegocbopa») odpasyet
JMIIb CPAaBHUTEIBHO HEOOJBIYIO BEPXHIOIO YaCTh, TECHO CBA3aHHYIO C MOJCTUIAIOIIUM
AUTOC(EPHBIM CyOCTPaTOM M Pearupyrollyto Ha MPOUCXOSIIME B HEM ITpoLecchl (pe-
KJ1e BCEro, Mpolecchl Macco3anepronepeHoca). OHON U3 TaKUX MPUPOAHBIX CUCTEM SIB-
JsieTCs reoJuHaMHu4ecKast cucrema Jieaauka Koska.

Bmecte ¢ TeM, HECMOTpsSl Ha J10Ka3aT€JIbHOCTh, OAHO3HAYHOCTb M HEOIPOBEPXKHU-
MOCTb 3aKJIFOUEHUS O B3PHIBONOAOOHOM XapakTepe U ra30JMHaMUYeCKOi Mpupo/e Kara-
cTpoduueckoil mynpcanuu jJegHuka Koika (M mpuHIMIKAIBHO MONOOHBIX ei mpeale-
CTBYIOIIMX NAPOKCU3MAJIbHBIX IyJIbCALIUN 3TOTO JIeTHUKA), CUTyalus B 3TOH 001acTH Ha-
YKH BCE €Ille OCTAETCs CIMKHOM, YeMy €CTh Pa3JInyHble OObEKTUBHBIE U CYObEKTHBHbIC
MIPUYMHBI, OTYACTH MOKa3aHHbIE B ATOM M MpeJiiecTBYONMX paboTax aBropa. Mx mnpe-
ofiofnieHue TpedyeT BpeMeHH U ycuianid. OcTaeTcs TOJIBKO HaJIesIThCs, YTO ITO IPOU30UIET
elwe 70 caenyromueit karactpodsl Ha nenHuKe Konka u B I'eHanJ0HCKOM yIIeNbe U YTO 3Ta
KaTacTpo(a He OKaKeTCsl CTOJb Ke HEOKUJAHHOM M TparMyHoM, Kak mpeasiaynme (13
KOTOPBIX JOCTOBEPHO M3BECTHBI TONIBKO Tpu — B 2002, 1902 1 1752 ).

W3yueHue npupoAHbIX KaTacTpod, BbISBICHHE NMPUUMH M MEXaHHU3Ma UX IMpPOsiBIIe-
HUS — HETIPOCTOE JIeJI0: OHM PEKO HAOJIFOAI0TCS CIeUAIMCTaMU B MOMEHT UX 3aIlycKa
B SIUIIEHTPE WM B HEMOCPEICTBEHHON OJIN30CTH OT HEro, a MPOIECChl, MPOUCXOIAIUE B
UX ITyOMHHOM odare (CyIecTBOBaHUE KOTOPOTO, BIPOYEM, HHOI/IA, B TOM YHCIIE B O0JIb-
HIMHCTBE MccaenoBanuii KonkuHckol katacTpodbl, Jaxke He MpeAIoaaraeTcs) i BOIU3u
OT Hero, BooO1e HeHabmrogaeMbl. K unciy Takux KaracTpod OTHOCHTCS M FMTaHTCKast
katactpoda Ha nenHuke Konka u B ['enannonckom yense 2002 rona.

Bce 370 cyniecTBeHHO 3aTpyAHSET MOIy4YEHUE NOCTOBEPHBIX 3akitoueHui o Kon-
KMHCKOM KaTacTpode 1 BO MHOTOM OIIpeNesieT COBPEMEHHOE COCTOSIHUE €€ MCCle10-
BaHMIA.

TeMm He MeHee, BbICKa3bIBAEMblE MHOTIJIA MPEACTABIEHUS O NPUHIUIINAIBHON HEIo-
3HAaBa€MOCTH, HEBO3MOXKHOCTH JI0KAa3aTeIbHOTO OINpeesIeHUs] PUPOb! (IPUUYMH U Me-
XaHU3Ma MPOosIBIIEHU ) KaTacTpods! Ha enHuke Koska u B 'eHaIJOHCKOM yIlienbe Juliie-
HBI OCHOBAHM.

XO0Ts npoTeKaroIye B IMyOMHHBIX Helpax 3eMJIM Te0J0rMYecKue Mpoiecchl He MOo-
I'yT OBITh YCTAQHOBJIEHBI ITyTE€M MPOBEJCHUS HEMOCPEACTBEHHBIX MPSIMbIX HAOMIOACHUH,
9TO, OJJHAKO, HE O3HAYAET, YTO UX XapPAKTEPUCTHKA BCEra SIBJISETCS JUIIb IPEATION0KHN-
TEbHOM, TMIIOTETUYECKON U HEJOCTOBEpHOW. BO MHOrux cilydasx OHM yCTaHaBJIMBa-
I0TCS BIIOJIHE JIOKA3aTENIbHO, JIOCTOBEPHO U OIHO3HAUHO 10 UX MPOSIBICHUSM, IIPEKIE
BCEro, HAOMIONAIOIMMCS Ha 3eMHON MOBEpXHOCTH. OTHUM U3 TaKUX IPAHIHO3HBIX I10-
BEPXHOCTHBIX MPOSBICHUN ITTYOMHHBIX YHJIOTCHHBIX F€0JIOTMYECKHUX MTPOLIECCOB SBISIOT-
Csl HEOJJHOKpaTHbIE TapOKCH3MallbHbIE KaTacTpoduueckue mynbcanuu JegHuka Komka, B
4acTHOCTH, ero mynbcarus 20 centsaops 2002 roaa.
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OnHoli M3 0COOEHHOCTEH COBPEMEHHOIO COCTOSIHUSI HCCIIEAOBAaHMM KaracTpodu-
YECKOW IyJibcalyy JenHnka Koska sSBJISIOTCS BECbMa paclpOCTPAHEHHBIE NOMBITKU €€
OTpesiesIeHUs] U OOBSCHEHHs C reorpauMueckux MO3UIMHA, HA OCHOBE TPaJULIMOHHBIX
IPEICTaBICHUN JUHAMUYECKOM MISLMOJIOTUY O JIEHUKOBBIX MOABMKKAX, ONOJI3HIX, Ce-
751X, oOBanax u mp.

OnHUM U3 OCHOBHBIX PE3YJIBTATOB TAKOTO IMOJXOAA SIBISETCS 0€3/0Ka3aTesIbHOE U
omnboyHoe onpenaeneHrne KoakuHckoil karacTpogsl B SNHUIEHTPAILHOM 001aCTH ee Ipo-
SIBJICHUS KaK [MOJIBUYKKHU JIETHUKA U NIALUAIBLHOTO CEJIsL.

Takoe 3akiroueHue ObLIO OnpesieneHo (MOXKHO CKa3aTh, M3HAYAJIBHO MPeAonpeesne-
HO), MPEXJIe BCEro, 0OpaleHueM 3a pa3bsICHEHUSIMHU 110 MoBoY KonKkuHCKOi KaracTpo-
¢p1 2002 1. K MIAOUONIOraM W UMEBIIUMUCS 3aKIIOYEHUSAMHU DIAnoioroB [PotoTaes u
ap., 1983; u ap.] o npeapiaymux mynbcanusax jgenHuka Koska, B TOM 4ucie o €ro xara-
cTpoduueckoit mynbcanuu 1902 1., KOTOpas 10 MOCIEIHEro BpeMeHH He uMeia 000CHO-
BAaHHOW U NIPaBWJILHOM F€HETUUYECKON IVISALMOJIOrMYE€CKON MHTEPIPETALIUY.

OnHako, ocoOeHHOCTH KaracTpoduyeckor mynbcanuu jenHuka Komka 2002 T
[Beprep, 2007, c. 66 u nanee, c. 208 u nanee; He aHAJIOTMYHBI U3BECTHBIM [ HCTPYK-
us..., 1982; I'nauuonorudeckuit. .., 1984; u np.] 0COOEHHOCTAM MOABHKEK JISTHUKOB,
a BO MHOTOM anmunoodaivhsl UM. [1o BceM 0COOEHHOCTSIM 3TO ObLT 83pb16010000OHbLL
HanpaeienHvlll 2azoounamudeckuli 8biopoc nreonuxa [beprep, 2004, 2006, 2007 u ap.].
A ompenenstb U 00BSACHATh MEXAHU3M U MPUYMHBI KaTaCTPOQBbl B3SITUCH INISIUOJIOTH,
CHELHUAIUCTBI M0 DISLIUOAUHAMUYECKUM IOABMKKAM, HE MUMEIOIME HUKAKOIO Npel-
CTaBJICHUS O ra3o0JMHAMHYECKUX BbIOpocax. B 3TOM M cocTOMT mapajgoKCaabHOCTb
(31€Cch YMECTHBI U IpyTrHe OIpeleIeHNs) CYIIEeCTBYIOIIEH B JTaHHON 00JaCTH CUTYalUH,
UCTOYHUK M OCHOBHAsl IPUYMHA MHOTOUYHUCIIEHHBIX OIIMOOK M pa3HOMIACUI MO TaHHOM
npobieme.

dakTudecku, npoucuenas B TedeHne HeMHorux MUHyT 20 centa6ps 2002 r. na-
pPOKCU3MaJIbHAs B3PbIBOIIOJOOHAS Ta30MHAMHYECKasi aHHUTWIIMA jeaHuka Konka u
HOCJIeTYIOIUE MIPOLIECCHI €I0 BOCCTAHOBICHUS OUAMEMPATbHO NPOMUBONONONCHBI TOMY,
YTO MPOMCXOAUT C JIEAHUKOM B XOZE €TI0 IOABUKKH.

IIpu nposiBiieHNN IISIMOAMHAMUYECKON MOIBUKKM JIETHUK, KaK U3BECTHO, HE MC-
4e3aeT, KaKk B JIaHHOM ciy4ae, Ha000poOT, B TOM MM MHOM Mepe YBEIMYUBACT, Hapallu-
BAaeT CBOIO IUIOIIA/b IMyTEM MPOJBMXKEHUS 3a MpPEJebl CBOETO MCXOJHOIO (ILIaHOBOIO)
KOHTypa. B nmocienyromeM xe NpoUCXOoIUT He pereHepanys JeIHUKa IIyTEM 3apOKICHHS
HOBOTI'O JIEJHUKA HA MECTE MCUE3HYBILIErO M YBEJIUYEHHUs €r0 IUIOLIaJH, KaK B JAHHOM
cilydae, a Ha000pOT, yMEHbLICHHE TUIOIIA/H JIEAHUKA B pe3ylbTare CTauBaHUs €ro Ipo-
JBUHYBILIEHCS YaCTH, COXPAHSIOLIEH CBSI3b C €I0 OCHOBHBIM TEJIOM.

BbiBOADI

BrimensnoxkeHHoe (1 MHOTOYHCIICHHBIE APYTHe (PaKkThl) HCKII0YaeT BO3MOKHOCTD
UACHTU(UKAIIUN TEOAMHAMUYECKOTO THUMa KaTracTpo(UuecKOW MyabCally JIeTHUKA
Konka 2002 r. B kauecTBE MOABUKKH JICTHUKA, UMEIOIIECH MISIMOAUMHAMUYECKYIO TIPU-
poay.

Bce BechMa MHOTOYHMCIIEHHBIE TMOMBITKH TJISIIUOIOTOB, a Takke reoMop(dosoros,
KJIMMATOJIOTOB U JIPYTUX crienuanuctoB-reorpados pemuts Konkunckyto (Kapmanon-
CKYI0) mpo0Osiemy, 00bsICHUTh KoTKHHCKYI0 KaTacTpody, ONpeaeTuTh ee Xapakrep (Teo-
JTUHAMUYECKHUM THUII, MEXaHU3M TOATOTOBKHU M MPOTEKaHUs), YCTAHOBUTH €€ MPUUUHBI
(ne#icTBytomue (HhakTopbl) O€3yCMenIHbl U 0€CTIEPCIEKTHBHBI, HOO 00bACHUMb 2A300U-
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HamuyecKkue npoyeccvl U A6i1enus, packpbimb UX CYWHOCMb, ONPederums NPUUUHBL C
2eozpaghuueckux no3uyuil, Ha OCHO8e MPAOUYUOHHBIX AAYUOOUHAMUYECKUX NPEOCMA8-
JIeHUU HeGO3MONACHO.

JlokazaTenbHast AeTajabHas PEKOHCTPYKIMs KatacTpodbl Ha jgenHuke Konka u B Te-
HaJIJOHCKOM YIIle/Ibe, 0COOCHHO B €€ SMULIEHTPE U ouare MopaxxeHus, U yCTAaHOBJICHHUE €€
MPUYHH (BBI3BABILIUX ATY KaTacTpody NPUPOIHBIX (HaKTOPOB) — HEMPOCTOE JEIIO.

Bornee Toro, naxke /Ui TEXHOTEHHBIX B3PHIBOB Ha BBIOpPOC U Ha cOpoc, rpu 3abnaro-
BPEMEHHON M3BECTHOCTH BPEMEHU M MECTA UX IPOBEACHUS, MHOTOKPaTHOCTH ITOBTOPE-
HUS B Pa3iIUYHBIX YCIOBUSAX U XOPOILIEH N3yUYEHHOCTH 3TUX YCIOBHM, J€TalbHAs PEKOH-
CTPYKLUS IPOLIECCOB X IPOTEKaHUs B MNULIEHTPAIBHBIX 30HaX — HEMIPOCTOE JIEIO.

310 00BACHSETCS, MPEXJE BCETO, OUCHb BBHICOKMMHU CKOPOCTAMHU HMX MPOTEKAHMS,
OTrPOMHOM KOHLIEHTpaLUel SHepruu, ruraiTckumu nasineHusmu [[lokposckuii, 1980].

TeMm Oosee 3aTpyIHUTENBHBIM SIBISETCS U3yYCHHME KaTaCTPO(PHUECKUX BHE3AIHBIX
B3PBIBONOAOOHBIX T'a30lMHAMUYECKUX SBJICHUNA TMTAaHTCKOW CHIIbI (BEJTMYMHBI BBIJCITUB-
1Ielcsi SHEPruM), yCTAaHOBJICHUE XapakTepa (MeXaHn3Ma MPOTEeKaH!s) U IPUYUH.

C yderoMm KpailHel pelKOCTH MPOSBIECHUS B3pHIBONOAOOHBIX BHE3AMHBIX T'a30/IMHA-
MHUYECKHX BBIOPOCOB JIEIHUKOB, UX IMPOSBICHUS Ha JIEIHUKAX, HO, B TO € BpeMs, UX
HEJIEAHUKOBOTO (HE NISLUAIBHOTO) M BOOOIIE HE MOBEPXHOCTHOTO, HE 3K30I'€HHOIO, a
[TyOMHHOTO, SH/I0T€HHOT'0 F'eHe3HCca U JIMIIb HEIaBHEr0 YCTAHOBIEHHS X IPUYMH U (u-
3MYECKOro (reOMEXaHMYECKOr0) Xapakrepa, He MPUXOAUTCS YAUBIATHCS TOMY, YTO IpU-
3HaHUE ra30JMHaMUYECKOM MPUPO/IbI 3TUX BEIOPOCOB MIPOUCXOAUT JAJIEKO HE MPOCTO.

B xone noka enie HEMpoIOIKUTEIbHON NCTOPUM M3ydeHUs: KoJaKkuHCKOW KaTacTpo-
(b1 OBLIO BHICKA3aHO HEMAJIO HEOOOCHOBAHHBIX U OIIMOOYHBIX MPEACTABICHUI 1O J1aH-
HOW mpobieMe. B pa3BUTHH uyenoOBEUECKOro MO3HAHMS HM30€XaTh 3TOr0 HEBO3MOXHO.
Ho B nanHOil uctopuu 1eno, B KOHIIE KOHIIOB, JJa)ke HE CTOJBKO B HEOOOCHOBAaHHOCTH
U OIMIMOOYHOCTH MPEJCTABICHUN, COIEPKAIUXCS B HEKOTOPBIX (BEChbMa MHOTOYUCIIEH-
HBIX) paboTax, CKOJIBKO B CAMOM IMOJXOJI€ K MX OOOCHOBAHUIO U OTCTaWBaHUIO, XapakK-
TEPUBYIOILEMCS] HEPEAKO UTHOPUPOBAHHEM M UCKaKEHHEM (akTOB, UX MPOHU3BOJIBHOM
CyOBEKTHBHOM MHTEpIpeTalneii, HapyIIeHUsIMH JIOTUKU U Hay4yHO! 3THKH. B Hayke mo-
N00HOE — TaKke He penkocTh. Ho ycriexoB Ha 3TOM IyTH He ObIBaeT.

TakoBBI HEKOTOpPbIE CYyObEKTHBHBIE IPUUUHBI COBPEMEHHOTO COCTOSIHHS MCCIIEI0Ba-
Huil katactpodsl Ha neaHuke Konka u B ['eHaNI0HCKOM yInenbe.
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Pestome: AKTyanbHOCTb pa6boTbl. B cTaTbe pacCMOTPEHbI OCHOBHbIE BaXHble 0COBEHHOCTUM CKNAg4aToi
cuctembl bonblioro Kaskasa. BaxHelileit 0C06eHHOCTbIO bonbluoro Kaskasa fBnseTcs acMMMETPUYHas na-
TepanbHas CTPYKTYPHAS 30HANBHOCTb €ro rMaBHON NMHERHON CKnagyaton cuctemsl. OHA BbIpaXeHa B CMEHe B
NOMNEepPeYyHOM CEYEHWUM PEruoHa C toro-3anafa Ha CeBepo-BOCTOK CUMbHO CXKATOR CKNAA4aToOCTU YMEPEHHOM, a
3areM cnaboii, nepexomdLLen B nNosoryld MOHOK/IMHANb. KpoMe OCHOBHOW IMHENHOM CKagvaTtocTy CeBepo-3a-
nagHoro nNpocTMpanus Ha bonblwom Kaskase passuTbl HANOXEHHbIE HA HEe NonepeyHble CTPYKTYpbl. Lienb pa-
60Tbl — 13y4eHue 3TanoB U MeXaHU3MOB (HOPMUPOBAHUS CKNag4aTocTh bonblioro Kaekasa. YCTaHOBMEHO, 4TO
B CKNagyaTomn CTPYKTYPE BbIAENAOTCA [BA MMABHbIX 3Tana anbnniicKoi AMCNOKALMM PernoHa, KOTopble Npouc-
XOLWUIN B PA3NNUYHbIX re0ANHAMMYECKIX YCNOoBUAX. MepBbIi aTan gedopmauumn 0TBe4HaeT paHHe-CpeaHeanbnnii-
CKOIi W PAHHEOPOreHHON CTaaMAM Pa3BUTUS U NPOXOLAS B 06CTAHOBKE CEBEPO-BOCTOYHOrO TaHreHLManbHOro
oxatus bonblioro Kaskasa. BTopoit atan gucnokaumy, npeactaBnsiownii N03gHE0POreHHY0 CTaanio pasBuTus
PernoHa, NpoxXoaua B yCroBusaX CyOMepUANOHANIbHOMO FOPU3OHTANTLHOMO CXATUS M NPUBEN K 06Pa30BAHMIO UH-
TepdhepeHLMOHHON CKNaa4aTocTh U TEKTOHMYECKUX NOKPOBOB. MeToAbl: NofeBbIe reonoro-CTpyKTypHble Uccne-
[OBaHNA CKlag4aton cuctembl bonblioro KaBkasa, KOTOpble MNO3BOANIM YCTAHOBUTL €ro CIOXHOE W HEOLHO-
pOAHOe cTpoeHue. Pe3ynbTatbl. [10-HOBOMY pacCMOTPEHbI AUHAMMKA 1 MeXaHu3Mbl (hOPMUPOBAHUA CKNaj4a-
ToCTV bonbLoro Kaekasa u Ha OCHOBaHWUM aHann3a ee CTPYKTYPbl YCTAHOBIEHBI YCIIOBUS CKNAAKOOOPA30BaHNS.
BbICka3aHO MHeHMe, 4TO AeopmaLm BHELIHEro CXKaTus Obin Bbi3BaHbl NPOSBIEHUEM B PErMOHE NIOKANbHbIX,
PEeruoHanbHbIX W rno6anbHbIX FreoAnHaMUYeCKMX NPOLLECCOB, 00YCN0BNEHHbIX CONMKeHNeM AQpUKaHo-Apasnii-
CKOr0 KOHTWMHeHTa ¢ EBpasuMinckom. BbisicHeHO, 4TO B CTPYKTYpoo6pa3oBaHuu bonbluoro KaeBkasa peLuaroLLyo
POSib Urpan NpumerawLynii K Hemy ¢ tora HepHOMOPCKO-3aKaBKa3CKNil MUKPOKOHTUHEHT M o KMHeMaTuka Ha
pasHbIx 3Tanax gedhopmavmun pernona. OH nepemeLlancs Ha cesep v npuasurancs K bonblomy Kagkasy BLosb
nnockocTn KOXXHOro KpaeBoro rny6uMHHOro pasnoma i 06yCnoBiMBa ero anbnuiickyo ancnokaumio. 06wmm pe-
rMOHANbHLIM MeXaHU3MOM (POPMMPOBaHKUSA CKNag4aTon cuctemMbl bonbworo Kaskasa 6bii He 06LLENPUHATLIA B
HacTosLlee Bpems NOALBUIOBbIA MexaHM3M 06pa3oBaHns gedpopmadin, a 6onee 060CHOBAHHbIA (DAKTUYECKUM
MaTepuanom NpuABKUIOBbIA MEXaHW3M TeKTOreHesa.

Kntouesbie cnosa: onbLuoi KaBkas, cknagdaras CTpyKTypa, atansi fecopmanim, MexaHuam (opmMuposa-
HWA, Fe0AMHAMUKA, TAHr8HLIMANBHOE CXKATIE, 30HANIbHOCTb, (hasa CKNaaqaTocTy.

Ona uutnpoBauus: opro6maHn T.B. 3Tanbl, MexaHW3Mbl M reoaMHaMuMka OPMUPOBAHUA CKNagya-
TOM cuctembl bonbworo Kaskasa. feosorus n reogomsnka fOra Pocenn. 2020. 10 (1): 35-42. DOI: 10.23671/
VNC.2020.1.59063.
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Abstract: The relevance of the work. The article considers the main important features of the folding system
of the Greater Gaucasus. The most important feature of the Greater Caucasus is the asymmetric lateral structural
zonality of its main linear folded system. It is expressed in the change in the cross section of the region from
southwest to northeast of highly compressed folding of moderate and then weak folding into a gentle monocline.
In addition to the main linear folding of the northwestern strike in the Greater Caucasus, superimposed transverse
structures are developed. The purpose of the work is to study the stages and mechanisms of the folding of the
Greater GCaucasus. It is established that in the folded structure there are two main stages of the alpine dislocation
of the region, which took place under different geodynamic conditions. The first stage of the deformation
corresponds to the early-mid-Alpine and early-orogenic stages of development and took place in an atmosphere
of northeast tangential compression of the Greater Caucasus. The second stage of dislocation, which represents
the late orogenic stage of the region development, took place under conditions of submeridional horizontal
compression and led to the formation of interference folding and tectonic covers. Methods: field geological and
structural studies of the folded system of the Greater Caucasus, which made it possible to establish its complex
and heterogeneous structure. Results. The dynamics and mechanisms of the folding of the Greater Caucasus are
examined in a new way and the conditions of folding are established on the basis of an analysis of its structure.
The opinion was expressed that the external compression deformations were caused by the manifestation of
local, regional and global geodynamic processes in the region, due to the rapprochement of the African-Arabian
continent with the Eurasian. It was found that the Black Sea-Transcaucasian microcontinent adjacent to it from
the south and its kinematics at different stages of the region’s deformation played a decisive role in the structural
formation of the Greater Caucasus. It moved north and moved towards the Greater Caucasus along the plane of the
Southern marginal deep fault and caused its alpine dislocation. The general regional formation mechanism of the
fold system of the Greater Caucasus was not the currently widely accepted sub-thrust deformation mechanism,
but the pre-thrust mechanism of tectogenesis that is more substantiated by the actual material.

Keywords: Greater Caucasus, folded structure, stages of deformation, formation mechanism, geodynamics,
tangential compression, zonality, folding stage.

For citation: Giorgobiani T.V. Stages, Mechanism and Geodynamics of Formation of the Folded System of
the Greater Caucasus. Geologiya | Geofizika Yuga Rossii = Geology and Geophysics of Russian South. (in Russ.).
2020. 10 (1): 35-42. DOI: 10.23671/VNGC.2020.1.59063.

BeepeHe

JleTanpHBIMU T€0JIOrO-CTPYKTYPHBIMHM HCCIIECAOBAHUAMU aAJIbIIUNCKOM CKJIaA4aTou
ctpykTypsl bosibioro Kaskasza (BK) Obu10 ycTaHOBIEHO 3HaYUTEIBHO 0OJIEe CIIOKHOE
Y HEOJHOPOJHOE €€ CTPOCHHE, YEM ATO mpeanonaranochk panee. Ckinamguarocte bK BbI-
pakeHa Pa3HOTHITHBIMH TUIMKAaTUBHBIMH O0Opa3oBaHusaMu. Baxueimas ocobennocts BK
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3aKJII0YAeTCsl B ACUMMETPUYHOM JIaTepalbHOW CTPYKTYPHOM 30HAJIBHOCTH €r0 INIaBHOU
JIMHEHHOM CKJIa(4aTOM CTPYKTYpbl, YCTAHOBIICHUE MEXaHU3Ma BO3HUKHOBEHMS KOTOPOU
MIPEACTABIIETCS aKTYyaJbHOM Ul U3ydyeHus ckiagdaroctu bosemoro Kaskasza. Hawu-
0oJiee YeTKO ATO MPOSIBICHO B MajdbM-301IeHOBOM 3Taxke CeBepo-3amamHoro Kapkasa,
MeHee yeTko — Ha FOro-Bocrounom KaBkasze. 30HanbHOCTB BbIpaK€Ha B IIOCIIEI0BATENb-
HOHM cMeHe B norepedHoM cedeHuu bK ¢ roro-3amana Ha ceBepo-BOCTOK MHTEHCHUBHOU
JUHEWHON CUJIBHO C)KAaTOM CKJIaI4aTOCTH YMEPEHHOM, a 3aTeM claboi, nmepexosien B
M0JIOTO HAaKJIOHEHHYIO Ha CEeBEPO-BOCTOK MOHOKIMHANIB [['moproduanu, 3akapas, 1980;
Gamkrelidze et al., 1998; Giorgobiani, 1995].

Kpome 0oCHOBHOM NpPOJOJIBHOM CKJIQQ4AaTOCTH CEBEPO-3alaJHOrO IMPOCTUPAHMS HA
BK pa3BuThl nonepeunsie 60j1€€ MOJIO/IbIE U30METPUYHbIE WIN AUIUNTHYECKHE B IUIa-
He UHTephEepPEHIIMOHHbIE CKJIa4aTble CTPYKTYpbl. DTO XapaKkTepHO Ajs 30HbI FOxHOrO
cksoHa bK, rioe, kpome Toro, 3HauuTeNIbHOE Pa3BUTUE UMEIOT U TEKTOHUYECKHE TTOKPOBBI.

21anbl pA3BUTUSI AedopMaLM HO boAbloM KaBkase

Pa3Butne Ha BK pa3HOOpHEHTHPOBAHHBIX U PA3HOBO3PACTHBIX IJIMKATUBHBIX CTPYK-
TYp XapaKTepu3yeT JBa dTana ajJbIUiCKON JucIoKauuu pernoHa. Kaxmpiii stan nedop-
Maruu Ha BK npoxonui B onpeieieHHOM TeoIMHAMUYECKO 0OCTAaHOBKE U B PA3IMYHBIX
knHeMarndecknx ycnoBusix [Gamkrelidze, Giorgobiani, 1990]. Drambl B cBOIO Ouepens,
COCTOSIT U3 HECKOJBKUX (a3 eopMaliu CO CXOAHBIMU T€0JUHAMHUYECKUMH U KHHEMa-
TUYECKUMU Tpolrieccamu, nuddepeHiuanusi KOTOpbIX SBISETCS LeJbI0 HACTOSIIEH pa-
6othI [[puropssui, 1968].

ITepBoiit sTan gegopmanun BK oTBeuaer paHHe-cpenHealbNUIICKON U paHHEOpO-
TeHHOHN cTagusaM (1opa-CpelIHUH MHOLEH), XapaKTEpU3YIOLUIUMCS PETHOHAIBHBIM CEBE-
PO-BOCTOYHBIM CHKaTUEM TIPH MPOSIBICHUU B PErMOHE 0ATCKOM (MTpeaKeIsIOBEHCKOM) TH-
peHerickol, mTupuiickor ¢a3 ckiagyaroctd. HamoxkeHHple Ipyr Ha Apyra OJWHAKOBO
HanpaBJieHHbIE CyMMapHble AedopMaly npuBeid K (pOpMHUPOBAHUIO ITIaBHOW pEruo-
HaJIbHOM JIMHEWHO-30HaIbHOM ckinamauaTocTH BK [Giorgobiani, 2003]. Bropoii aTan auc-
JIOKAIINH, TPEACTABISIONINI TO3THEOPOTEHHYIO CTaANIO (TIO3IHUN MUOIIEH-aHTPOTIOTEH)
pa3Butus BK, xapakrepusyercs cMeHOH AepopMaliii ceBEpO-BOCTOUHOTO CKaTHs CyO-
MepuanoHaNIbHBIM [OcTpoBckuid, bypnakun, 1974]. OH BKiItOUaeT NpOSBIEHUS aTTHYE-
CKOH, pOJJAaHCKOM, BAIAXCKOW U YETBEPTUYHOM (a3 CHKaTHs, MPUBEAIINX K 00pa30BAHUIO
LIEJI0T0 KJIacca pa3sHOOOpa3HbIX KOJUIM3UOHHBIX CTYKTYP, B TOM UKCie HHTEp(EepEeHIINOH-
HOM CKJIQ4aTOCTH U TEKTOHMYECKUX MTOKPOBOB.

OcHoBHbIE anbNHUicKue AepopMaliy MPOUCXOAUIN B YCIOBUAX PAa3IMYHO OPHEH-
TUPOBAHHOIO TOPU30HTAJIBHOIO AaBieHus [Mupunnk, [lypsirun, 1972]. Pannnii stan
neGopManui XapakTepH30BajICs CEBEpO-BOCTOUHBIM TAHT€HIUAIBHBIM CXKaTUEM U TO-
PU30HTAIBHBIM COKPALIEHUEM MOIIHBIX CIOMCTBIX ME3030MCKO-KaMHO30MCKUX TOJILL
ocagouHoro nporuda BK, Be3biBas ux ckiaggarocts. [1o3qHui 3Tanm mpoxoaus mocie
(hopMupOBaHUs OCHOBHOM CKJIa4aTOCTH M KOHCOJIMJIAIIMU PErMoHa B 00CTaHOBKE KOH-
TUHEHTAJIBHOMN KOJUIM3UU. DTO COMPOBOX/IATIOCH (OPMUPOBAHHEM HOBBIX IITUKATUBHBIX
U pa3pbIBHBIX TEKTOHUYECKUX O0Opa30oBaHMii, a TakKe PE3KUM YCUJICHHEM OpOTeHHYe-
ckux nBwxeHuid Ha BK. IlepBeiii aTan nedopmanyy ycloBHO MOXKHO Ha3BaTh ITAroM
«MSITKOW» KOJUTM3WHU, BTOPOM — 3TAINOM <GKeCTKOM» Koyumm3uu [KopoHoBckuid, [leMuHa,
1999]. Ha niposiBiienne ckiiaikooOpa3oBaTeIbHBIX MTPOLIECCOB B PETUOHE B TIO3AHEM cap-
Mare-aHTPOIIOTeHe yKe TaBHO ykasbiBal E. E. MunaHOBCKHIA, KOTOPBIN CYUTAI, YTO B HO-
Beiilee BpeMsi, INIaBHBIM 00pa3oM B KpaeBbiX 30Hax bK, nmpomomkanocsk hopmupoBanue
CKJIAIYaThIX CTPYKTYp [MunanoBckuii, 1968].
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MeToabl T€OTEKTOHUYECKOTO KApTUPOBAHUS U YCTAHOBIIEHUS WHJIMKATOPOB I'€OU-
HaMUYECKHUX 0OCTaHOBOK MO3BOJIMJIM YCTAHOBUTH MMPUYMHBI POSIBIICHUS TAoB aedop-
maruu Ha BK, ompenenuTs MeXaHM3MBI MOCIIEIOBATEIHLHOTO 00pa30BaHUSI TEKTOHHYE-
CKUX CTPYKTYp B perroHe. Pe3ynbraTsl AeTalbHOTO aHaau3a MOp(hoIoruu COBpPEeMEHHOM
ckyamyaroit cTpykTypsl BK, Bkitouaromiue u3ydeHue OCOOCHHOCTEH ee odepTaHus B
IiaHe, MoKa3ajiu, YTO B TEYEHUE aJbIUMUCKOTr0o 1uKia pa3BuTus BK ucnbIThiBan ogHO-
CTOpPOHHUE, HaIIPaBJIEHHBIE C [OTa, TOPU3OHTANIbHbIE NedopMaluu. bblio ycTaHOBIEHO,
YTO AUCIOKAIIMH TAHTEHIIMAILHOTO BHEIIHETO CKAaTusl, ObUTH BBI3BAHBI MPOSIBIICHUEM Ha
BK pernonanbHbIX ¥ I100aIbHBIX T€OAMHAMHYECKHIX IPOIECCOB.

30HBI MHTEHCHUBHO CXKaTOW pPAaHHEW CKIIAT4aTOCTH M HOBEUIIUX KOJTU3MOHHBIX
CKJIQIYaThIX CTPYKTYp Ha 10:KHOM ckiioHe BK, yka3pIBatoT Ha TO, 4TO B AeopMaIiu 3TO-
rO PETHOHA PEIIAIILYIO POJIb UTPaJl MPUWIETAIOIIUNA K HEMY C tora YepHomMopcko-3akaB-
Ka3CKU MUKPOKOHTUHEHT (U3M), ero reoquHaMuKa ¥ KHHEMAaTUKa Ha pa3HbIX 3Tarax
nedopmaruu bK.

Bo3HUKHOBEHHE Pa3IMUYHBIX T€OAMHAMHUYECKUX O0OCTaHOBOK B 3TO BPEMS B PETHO-
He ObLI0 00YCIOBICHO IMT00aTbHBIMU T€OJUHAMHYECKUMH COObITUsMH [ HoproOuanmy,
2015]. B teuenue anpnuiickux sTanoB auciokanuu B Mpano-KaBkasckom pernone ta-
KM TIporieccoM OblIo cOnmmxenne AdpukaHo-ApaBUHCKOro KOHTHHEHTa ¢ EBpasueil.
OTOT 1100aNbHBIN TEKTOHUYECKUI MPOIECC SBISIETCS OCHOBHBIM MCTOYHHKOM BO3HHK-
HOBEHMSI HaIIPaBJIEHHBIX C IOTa HA CEBEP TAHI'€HLMOHAJIbHBIX YCUJIUH, IEHCTBOBABIINX
Ha BCEM IMPOTSHKEHUU aJIbIIUUCKON 3TOXH.

K nauany pannero stana gedopmaiuu (CpeaHss 1opa) B CBsA3H ¢ packpbitueM Cesep-
HOU ATtnaHTuku, AQpukaHo-ApaBUIICKII KOHTMHEHT UCTIBITHIBAI Ipel( B ceBepO-BOC-
TOYHOM HaIpaBJIeHWU U Bo3jaeiicTBoBan Ha Mpano-KaBkasckuii pervon [Giorgobiani et
al., 1998].

Bo3Hukaromee npu 3TOM OpPUEHTHPOBAHHOE HA CEBEPO-BOCTOK TAHI€HLIMAJIBHOE
cxarue nepenaanack U3M, KOTOpBI B CBOIO O4epenb, OkaszbiBad AaBieHue Ha BK. B
IPOLECCE AUCIOKALMKA M3YyUYEHHOIO PETMOHA pelaronlyro ponb urpain U3M, kotopsblit
OPKUMAJICS K MJIOCKOCTH KpyTomajaromnero Ha cesep HOHOro KpaeBoro iyOMHHOTO
pasznoma (FOKP) BK (B paznbix cermentax BK FOKP HocuT paszHbie Ha3BaHusA), 00yCI0B-
auBal ero Aedopmanuio. [1aBHON MPUUUHON PErMOHATBHOTO TAHTEHIIHAIBHOTO CHKATHS
OBLIO PUBUTAHKUE €MHOTO OTHOCUTEIBHO kKecTkoro U3M K 3anoHEHHOMY MOIIIHBIMU
OTJIOKEHUAMH OoJiee macTuaHoMy ocagounomy nporudy BK [Poroxwun, lonmo, 1988].

Pe3yabTarbl padoT JarOT BO3MOXHOCTh YCTAHOBUTH KMHeMaTtuky U3M npu dop-
MHUPOBAHUU CKJIAUaTOCTH Ha 1mepBoM 3tane nedopmannu bK B Bune npuasura (TepMuH
E.N. ITaranaxn) [[latanaxa, 1976]. IIpu atom FOKP, xapakrepusyromuiics MHOIOKpar-
HBIM TIPOSIBIICHHEM Pa3HOTUITHBIX CMEIICHUH, MPHOOpEeTaeT HOBYIO CKJIAJIKO0Opasyro-
Iy (QyHKIHIO — OH SIBUICS OBEPXHOCTHIO MPUIIOKEHHSI PETHOHAIBHOTO CEBEPO-BOC-
TOYHOTO JaBJICHUS, IEPEAAIOIIETO ero OOJbIIEKaBKa3CKOMY MOPCKOMY OacceiHy.

OTO OAHOCTOPOHHEE JIABJIEHME BBI3BIBAJIO CXKAaTHE MHOTOKHUIOMETPOBOIO ME3030ii-
CKO-KaifHO30¥ickoro ocaiouHoro komiiekca bK. B pesynbsrare Takoii nedopmannu npo-
HCXOJUIIO MPOJIOJIbHOE N3TMOaHNe Pa3HOBEIMKUX CIIOMCTHIX TOMNI U 0Opa3oBanue Ha BK
IJJaBHOW pPErMOHAaJIbHOW CKJIAJ4aTOCTH CEBEpO-3alaJHOro INpocTtupanus. B mpomecce
CKJIaIKOOOPa30BaHUs, OYEBUAHO, IPUHUMAI yUacTHE U MalIe030MCKUil GyHIaMEeHT, uc-
IBITHIBAIOIINIA, BEPOSTHEE BCETo, clladble ckiaauareie u3ruosl [Comun, 1982]. [puasu-
roBasi kuHeTuka Y3M U BBI3BaHHOE €10 FOPU30HTAJIBHOE, HAMIPABIECHHOE C I0ro-3amnaja,
c)KaTue OMpEeNeNIUI0 aCUMMETPUYHYIO JaTepalibHyl0 30HAJIBHOCTh CKJIAI4aToOl CTpPYK-
typsl BK. B pesynerare storo nedopmannonHoro mnpouecca B npuieratonieit k KOKP
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30He BO3HMKaJIa HanboJiee HalpsHKEHHAs CUIIBHO CKaTtasi CKilaauaras cTpykrypa. MHren-
CUBHOCTH CKJIa4aTOCTH MOCTENIEHHO YMEHBIIIAETCSA B CEBEPO-BOCTOUHOM HAIIPABIICHUU.
Chauasna pa3BuTa 30Ha CPETHECHKATOHN CKIIa4aTOCTH, a 3aTeM 30Ha CI1a00CKAThIX CKIIA-
YaThIX CTPYKTYP, KOTOpas B KOHIIE CMEHSETCSI 30HON MoHOKIMHAM [Giorgobiani, 1995].
O4eBHUIHO, YTO MPOUCXOXK/ICHUE MONIEPEYHON OJJHOCTOPOHHEHN 30HATIBHOCTH CKJIaa4aToi
ctpykrypsl BK 00s13aH0 ¢akTopy crnaja cki1aaAKooOpaszyoImuX yCUIUM P yJaJleHuH OT
FOKP. Pa3Butne aciMMeTpHYHON CTPYKTYpHOM 30HAIIBHOCTH B npezenax bK yka3eiBaer
Ha TO, YTO OTAeNeHHas 0T Hero CeBepHBIM KpaeBbIM paznoMoM Ckudckas miaardopma B
3TOM CKJIaJIKOOOpa30BaTeILHOM MPOIIECCE Urpajia MaCCUBHYIO POJib, OCTaBalaCh OTHOCH-
TEJILHO HETIOABIKHOW M BBITIOJHSIIA (DYHKIIMIO KECTKOTO yIopa.

CrnenoatenbHO, OOLIMM PETHOHANBHBIM MexaHu3MoM Jedopmanuu BK Ha panHem
JTane SABJSINCH NMPUABUTOBbIE ABMKEHUS U3M U CB3aHHOE C HUMHU CEBEPO-BOCTOU-
HOE TaHTeHIMOHaJIbHOE ckaTtue. [locaenHee, B CBOIO ouepenpb, BBI3bIBAJIO COBMECTHOE
JIEHCTBHUE PAa3HBIX YaCTHIX CIIOCOO0B (MEXaHW3MOB) CKJIAIKOOOpa3oBaHus (M3THO MyTeM
MEXXIJIACTOBOI'O CKOJIBKEHMSI, JTaMUHAPHOE TEUEHHUE WIIM UX KOMOMHaIus), 00ycIoBUB-
mux popMupoBaHHUe caMbIX Pa3HOOOPA3HBIX THUIOB CKJIa{4aTOCTH PETHOHA.

I'maBHO# (hazol, oOycioBuBIIel (popMHUpPOBaHHE OCHOBHOM JIMHEHHOW CKIIaa4aToi
ctpykrypsl BK, oueBuHO, sBIIsIach MPOSIBUBILIASCS B KOHIIE D0IIeHA MUpeHeiickas (asza
AKTUBHOTO CXAaTus, pOJib MpeKeNI0BeHcKon (a3bl 3HAUUTEeNbHO MeHble. [ledhopmaruu B
YCIIOBUSIX CEBEPO-BOCTOYHOTO CKATUSI B PETUOHE MPOAOIIKAIUCH U B INTUPUNCKYIO (hazy
TekToreHeza. OO0 TOM CBUAETENBCTBYET HAJIMYME B MEPUKIUMHAIBHBIX dacTsax BK co-
BMECTHBIX JiedopMaliiii, HECOITACHO 3aJeralluX MeXay co00il 3011eH-HUKHEMHUOLIE-
HOBBIX M CPEIHEMHUOLIEHOBBIX OTJIOXKEHUH, KOTOPBIE KOH()OPMHO CMSATHI B €JUHbIE CKIIaI-
KH CEBEPO-3aIaiHoro npoctupanus (az. 290-310°).

K nawany nmo3nnero srana nedopmanuu BK (c mozgHero capmara) mpowusomen pac-
K01 AdprKaHO-APaBUHCKOTO KOHTUHEHTA U OT/IEJICHUE OT HEro ApaBUICKON TUIHUTHI.

Obocobnennast ApaBuiickas IUIMTa Hadaja Apeld Ha ceBep B CyOMepUIMOHATILHOM
HanpaBJIeHUM W BHeApwiack B AHaronmiicko-KaBkascko-MpaHckyro ckiaayaryio o0-
nactb Cpen3eMHOTOPCKOTo MOsICa, YTO BBI3BATIO PE3KYIO CMEHY IJIJaHA TAHTME€LUAJIbHbIX
nedopMaIii OT ceBepo-BOCTOYHOTO Ha noirotHoe [['moproduanu, 2007]. B pesynsrare
Ha HoBelnIeM 3tane aedopmaru bBK u npuneraromiye K HeMy ¢ 1ora peruoHbl OKa3aauch
B 00CTaHOBKE KOHTUHEHTAIbHON KOJUTM3UU, XapaKTepU3yIOLIeiicsi MHHTEHCUBHBIM cyOMe-
PUAMOHAIBHBIM CTPECCOM.

Ha no3guem stane nedopmaiuul B yCIOBHUSIX JAOJTOTHOTO CHKATUS U CYOIIMPOTHOTO
pactshxenust BK u U3M coBMecTHO ObLTH paccedeHbl KPYIHBIMU CyOMEpUIHaTbHBIMU
pasniomamu Ha otaeibHble yactu. BK Obun pa3nenen Ha CeBepo-3anaanslii, LlenTpais-
eI, BocTounsiit u FOro-BocTounslii cermenTsl, a UY3M — Ha omHOMMEHHBIC HAHOILIH-
Tol. [locnenHue, B CBOIO o4epeib, KPYTOMAAAONIUMH pa3ioMaMH ObUTH pacuJiCHEHbI Ha
OTJeNIbHbIE ToNlepeyHble ONOKU-I0NH. B pe3ynbrare 3Toro mpoiecca B CEBEpHOI 4acTH
U3M BO3HHUK LIeNbIi aHCaMOJb OJIOKOB Pa3IMYHBIX Pa3MEpOB, MOABEPTAIOUINXCS aBTO-
HOMHBIM JuciokanusaM. CrenoBaTenabHO, HA BTOPOM KOJUTM3MOHHOM 3Tare Jedopmanuit
Ha 10)kHbIN Kpaii bK Bo3aelricTBoBan He eAMHBIN U 1Ie0cTHBIM U3M, Kak Ha npeablIyemM
JTare, a COCTABIAIONINE €r0 Pa3HOBEIUKHUE OJOKU-IIONN U HAHOIUIMTHI, BO3HUKILINE TIPU
€ro IECTPYKLUHUU. DTU CTPYKTYPbl COBMECTHO C COOTBETCTBYIOIIMMH UM oTpe3kamu FOKP
u ckiaguaToi cucreMsl BK o6paszosanu mapst 6;1oxkoB U3M u BK. Onu B 00cTanoBKe Cy0-
MEPUIMOHAIBHOTO JaBJICHUs MCIIBITHIBAIM Pa3HOOOpPA3HbIE COBMECTHBIE JiehopMaluu.
OpHHM 111011 ¥ HAHOIUIUTBI, IPUBUTAINCH K Pa3JIOMHOM I'PaHMIIE U BHEAPSUIUCH B CKJIAJI-
yaryto cTpykTypy BK, a npyrue nononsuranuce noz Hee. [Ipuasur Mor pa3BuBaThbCsl Kak
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B aJIBIIMIICKOM 4exJie, TaK U B MOJE030MCKoM (pyHIaMeHTe peruoHa, oOecreunBas Mmpu
3TOM UX COBMECTHOE CKATHE B IPOLECCE CKIIAAYATOCTH.

OpnHOHANpaBIEHHOMY CEBEPHOMY JBHMIKEHHUIO IIOJEH M HAHOIUIMT, OYEBUJIHO, CIIO-
coOCTBOBaJIa TEKTOHWYECKasi PACCIOCHHOCTh 3eMHOM Kopbl U3M, momyckaromiasi BO3-
MOKHOCTb TOPU30HTAJIBLHOTO MEPEMELICHUS €€ Pa3IMYHBIX CIIOEB. 3aBUCUMOCTHU OT KHU-
HEMAaTHUKH JIOJITOTHOTO JBMKEHUS Malbix U Menkux 6mokoB U3M B mpenenax BK Bos-
HUKaJIM Pa3HOTUIIHBIE CTPYKTYpHhI. [IpuaBurossie nedopmainy BoI3bIBATIH BIABIUBAHUE
(BmBuranue) otnenbHbIX moned Y3M B chopMHupoBaHHYIO Ha paHHEM 3Tale IJIaBHYIO
JUHENHYIO CKJIa4aToCTh ceBepo-3anagHoro npoctupanus bK. Bo3nukaroniee npu s3tom
CyOMepuIMOHATBLHOE CKaTHe, HAJIOXKEHHOE Ha CKIIa4aThle CTPYKTYPhl CEBEPO-3ana HoO-
rO MpOCTUpaHUs, O0YCIOBUIIO MEPEOPUEHTUPOBKY U MPEoOpa3oBaHUE CYIIECTBYIOIINUX
JUHEWHBIX CKJIAJOK M (POPMHUPOBAHUS HOBBIX CTPYKTYpP B BUJE HEIHMHEHHON mHTEep(de-
PEHUMOHHOM ckinaayaTocTh. [Ipy moaaABUroBOM NepeMenieHnu moie u HaHomitT Y3M
nox BK ¢opmupoBanuce TekToHn4YecKkre moKpoBbl. HoBelmmmu aedopmarusiMu Ob1u
oxBaueHbl Bce cerMeHThl BK, kpome Bocrounoro. CyOmepuanoHaabHOE pacusieHEHUE
cknaauaroit cuctemsl bBK, a Taoke U3M 1 00pazoBaHue HAJOKEHHBIX CTPYKTYP 3/1eCh HE
IIPOUCXOAUIIO.

30KAKOYEHNEe

O6mmm mexanusmoMm nedopmanuu bBK Ha moszmHeM srtame sBISeTCS CyOMEpHIv-
OHAJIPHOE JIOKAJBHOE CKaTHE 3a CYET MPHUIBUTOBBIX W TOJIBUTOBBIX CMEIICHUHN IO
Bo3zeiicTBueM monedt 1 HaHomuT U3M nHa BK. JlanHbIi mpoiiecc Ha KOJTU3MOHHOM
JTarne SBJISETCS TIaBHBIM MCTOYHUKOM JaBieHus Ha BK, a MexaHu3mbl CTpyKTYpooOpa-
30BaHMS OMNPENCIISAIOTCS XapaKTEPOM JABWKECHHS TUIAT. [Ipu MpuaBUTOBON KWHEMATHKE
OJIOKOB IEUCTBYET MHTEPPEPCHITMOHHBIA MEXaHU3M (POPMUPOBAHUS CKIIATIATHIX CTPYK-
TYyP, BBI3BIBAIOIINI BO3HUKHOBEHHUE, KAK OTMEYAIIOCH BBIIIE, TTEPECEKAIOIIEHCS — HHTEP-
(dhepennmonHoi ckinaguatoctu [[moproomanu, 2012; Adamia et al., 1977; Giorgobiani,
Zakaraia, 2010]. B ycroBusX moaIBUroBol KHHEMATHKH MaJIbIX U MEIKUX 0j10K0B U3M,
(hopMHUpYIOTCS TEKTOHUYECKHE TTOKPOBHI. [J1aBHBIE KOJUTM3HOHHBIC Aedopmanmu Ha BK
MIPOUCXOAMIIA B TIPOIECCE TUIMOIEH-TUICHCTOIIEHOBBIX (a3 CKJIAIYaTOCTH M MPOJIOJDKA-
torcs HeiHe [[Llonmo u ap., 1993; Giorgobiani, Zakaraia, 2013].

[IpoBeneHHBIN CTPYKTYPHO-KMHEMATHYECKUI aHalIM3 CKJIaadaTtoil cTpyKTypbl BK
MOKa3aJl HECOCTOATEIHPHOCTh CYIIECTBYIOIIETO M OOIICTIPU3HAHHOTO B HACTOSIIEE BPEMS
MOJITBUTOBOTO MEXaHW3Ma 00pa30BaHUs CKIAA4aToCTH. OH TOCTOBEPHO HE OOBSICHSET
0COOCHHOCTH TIPOUCXOKJICHHSI CTPYKTYpP, a TAK)Ke YCIIOBUS TPOSBICHHS aJTLITUHCKOTO
TEKTOT€HEe3a U JJOJKEH OBITh 3aMeHEeH OoJiee pealbHBIM U 000CHOBAaHHBIM (DaKTHYECKUM
MaTepHaJIOM TIPHUIBUTOBBIM MEXaHU3MOM Je(hopMaIiiu.
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Pe3tome: AKTYanbHOCTb paboTbl. VI3y4eHne 3MEHEHWIA NIOKANbHOTO FeOMArHUTHOTO NOMS C LieNbio Bbl-
IBNIEHNA NPEABECTHUKOB CUITbHbIX 3EMNETPACEHUIA, 0CO6EHHO B CEICMOAKTUBHbIX PErUOHAX, rae PacnofoXeHsl
6onbLmne ropoaa 1 06beKTb 0C060 BaXHOro 3HaveHns (A3C, BOAOXPAHMANLLE M T.N.) OCTABTCS OLHOI W3 rnaB-
HbIX 33[1a4 COBPEMEHHON HayKW. B pa3HbIx CTpaHax mupa, Ucnonb3ys MarHUTOMETPUYeCKne MeTozbl, NPOBOAAT-
C UCCNEA0BAHNA MO NOMCKY NPeABECTHUKOB CUNbHBIX 3emneTpscenuii. Llenb. OgHako, 3a nepsyto NonoBuHy XX
BEKa, HECMOTPS Ha OTLENbHbIE MOMbITKM Y4eHbIX ANOHUU W OPYruX CTPaH, CePbe3HbIX PE3YNLTaToB LOCTUYb He
yaanocb. YCTaHOBIIEHO, YTO C Pa3BUTUEM re0MHAMUYeCKUX NPOLECCOB B 3eMHON KOPe, 0COBEHHO Mpu noaro-
TOBKE CUJTbHbIX 3EMNETPACEHUIA, MPOUCXOAAT U3MEHEHUS B MArHUTHbIX CBOWCTBAX FOPHbLIX MOPOA (3N1EKTPONpO-
BOJHOCTU, AN3MNEKTPUYECKOI U MArHUTHOW NPOHULLAEMOCTI). [eOMArHMTHbIE BapuaLmm, Co3aBaeMble BHELUHUM
WCTOYHUKOM, HECYT B cebe BaXKHY0 WHG)OPMaLMIO 00 N3MEHEHMAX B (PM3NYECKNX CBOMCTBAX B 3EMHOI KOpbl
1 BEPXHEN MaHTUW, a TaK Xe NO3BONAKT OLEHUTb 3T n3meHeHus. Mertogbl. MpefcrasneHa METOAMKA, KOTO-
past NO3BOJIAET C NOMOLLbIO U3Y4eHUs Bapualnid JIOKaNbHOro reoMarHUTHOro nons, CO34aBaeMblX BHELUHUM
WCTOYHWUKOM, BbIIBUTb U3MEHEHWA B 3J1IEKTPONPOBOAHOCTM HA PasHbIX rMy6uHaxX 3eMHON KOPbl U BEPXHEN MaH-
TUW, CBAA3AHHbIE C PA3BUTMEM Fe0ANHAMUYECKUX NMPOLEcCoB. C 3TOM LeNbio MCMNONb30BAH PACHETHbLIA NapameTp
N(A), KOTOpbIN ABNAETCA OTHOLIEHMEM AMNNIMTYL BapuaLui reoMarHUTHOrO NoJMif BHELUHEro NPOUCX0XAeHNS,
M3MEPEHHbIX CUHXPOHHO HA Pa3HbIX Napax cTaHumi. N3yyveHsl Bapuauuu ¢ nepuogamu 10-25, 30-60 muHyT 1
Sg-Bapmauun. MeToa NpUMeHsIeTcs B HU3KOLUMPOTHbIX 06acTax 3emnu, rae Bapuauum nepeMeHHoro reomar-
HUTHOrO MO XOPOLUO BbIAENATCA. PesynbTathl. icnons3ys npeanaraemyro METOAMKY, Ha TeppuTopuu Apme-
HUW BbINN BbISBIIEHbI AHOMaSTbHbIE U3MEHEHMS NOKAIbHOr0 OTKNMKA FeOMarHUTHOro nons nepep MNapsaHniickum
1986 r. (M=5,4) u Cnutakckum 1988 r. (M=7,0) 3emneTpsaceHusmu. Npeanonaraercs, 4o NpU4NHAM1 U3MeHe-
HUA B PM3UYECKUX CBOWCTB reonornveckoi cpefibl B 4aCTHOCTU 31EKTPONPOBOAHOCTYU, ABNSAKOTCA Jerasaums
3emnun 1 BepTMKanbHas unstpaums MNONLoB B BEPXHIE COKN 3EMHOII KOPbI.

KnioueBblie cnoBa: reoMarHUTHOE Mone, reofMHaMu4eckue npoLecchbl, 6yxToo6pasHble Bapualun, CUH-
XPOHHas Pa3HOCTb, aHTUKITMHOPUA.

Insa uutupoBanus: MpuropsH A.T., Nuxogees [.A. OTKANK NOKANbHOr0 reOMarHUTHOr0 nofs Ha reoguHamMu-
Yeckue NpoLecchl npu noarotoBke Cnutakckoro 3emneTtpscenns 1988 r. feonorus n reogpusuka Hra Poceun.
2020. 10(1): 43-54. DOI: 10.23671/VNC.2020.1.59064.
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Abstract: Relevance. The study of local geomagnetic field changes in order to identify harbingers of strong
earthquakes, especially in seismically active regions where large cities and especially important objects (nuclear
power plants, a storage reservoir, etc.) are located remains one of the main tasks of modern science. In differ-
ent countries studies are being conducted to search for precursors of strong earthquakes, using magnetometric
methods. Aim. However, for the first half of the 20th century, despite some attempts by scientists from Japan and
other countries, no serious results were obtained. It has been established that with the progress of geodynamic
processes in the earth’s crust, especially during the preparation of strong earthquakes, changes in the magnetic
properties of rocks (electrical conductivity, dielectric and magnetic permeability) occur. However, geomagnetic
variations created by an external source carry important information about changes in physical properties, in
particular, electrical conductivity in the earth’s crust to the upper mantle, and make it possible to evaluate these
changes. Methods. A technique that allows to identify changes in electrical conductivity at different depths of the
earth’s crust and upper mantle associated with the development of the geodynamic process, using the study of
local geomagnetic field variations created by an external source, is presented. For this purpose, parameter N(A),
which is the ratio of the amplitudes of variations of the geomagnetic field of external origin, measured synchro-
nously at different pairs of stations, was used. Variations with periods of 10-25, 30-60 minutes and Sqg-variations
were studied. The method is used in low latitude areas of the Earth, where variations of the variable geomagnetic
field stand out well. Results. Anomalous changes in the local geomagnetic field were revealed in Armenia before
the Parvania 1986 (M = 5.4) and Spitak 1988 (M = 7.0) earthquakes, using the proposed methodology. It is as-
sumed that the causes of changes in the physical properties of the geological environment, in particular, electrical
conductivity, are most likely to be the degassing of the Earth and the vertical filtration of fluids into the upper
layers of the earth’s crust.

Keywords: geomagnetic field, geodynamic processes, magnetic bays, synchronous difference, anticlino-
rium.
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BeepeHe

[Ipenmoceiky 17151 IPUMEHEHHUSI METOAUKH B ApMEHUH SIBISETCS TOT (PaKT, YTO U3-
ydaeMasi TepPPUTOPHUST OTHOCUTCS K BECbMa aKTHBHBIM C T'€OJIOTHYCCKON TOYKH 3PCHUS
pernoHam 3akaBKasbs. | eOMarHuTHBIC BapUalliy, CO3/1aBaeMbIe BHEIITHIM UCTOYHUKOM,
MO3BOJISAIOT BBISIBUTH MPOCTPAHCTBEHHO-BPEMEHHBIC H3MEHEHUS JIEKTPOMAarHUTHON WH-
TyKIKU B 3eMHOM Kope [Baubsn, Xaiinman, 1996; CroBopoakus, 1985].
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JUid n3y4eHus: "3BMEHEHUI TEOMarHUTHOTO I10JIs1 4YaCTO IPUMEHSETCS] METOIMKA CUH-
XpOHHOM pa3HOCTH AT MeXly pa3IMYHBIMH [TApAMH CTAHIUMN, IPA BBICOKOTOYHBIX MO-
OynbHbIX n3MepeHusx [Kysneunosa, Mensanuyk, 1973; Ky3nenosa, Makcumuyk, 1979;
CxoBopoakuH u Ap., 1985]. Ho anomanbabie Bapuauuu AT SBIAIOTCA CyMMapHBIMH.
BoiaenuTe u3MEHEHUs 3IEKTPOIPOBOIHOCTH U3 CyMMApHBIX Bapualuii T€OMarHUTHOIO
I10JIs1 TOJIBKO ¢ TOMOIIBI0 AT 1oyt He BO3MOXHO. Pemenue 3Toi 3ajaun pacCMOTPEHO B
paborax FO.II. CxoBoponkuna [CrkoBoponkuH, TonosiH, 1986].

MeToA MCCAEAOBOHUS

B 1986 1. FO.I1. CxoBOpoakrHOM OBLIT TIpeAIoKeH pacueTHbIN napameTp N (A), ¢ mo-
MOIIBI0 KOTOPOTO MOKHO OBLIO OLIEHUTh U3MEHEHHUS SIEKTPOIIPOBOJHOCTH 36MHOM KOPbI
70 BEpXHEH MaHTHUU U BBLAEIHUTH, 30HBI, IJie MOT'YT C(HOPMHUPOBATHCS O4Yaru OymdyIIMX
KpYyNHbIX 3eMieTpscenuil [ puropss, CkoBopoakus, 1998]. Pacuetnsiit mapametp N (A)
SIBJISICTCSI OTHOLLIEHUEM aMILIUTY/ BapHalliii FeOMarHUTHOTO TOJISI BHEIIHETO MTPOUCXOXK-
JICHUS, I3MEPEHHBIX CHHXPOHHO Ha PAa3HBIX Napax CTaHIINH.

N (4) =Ai/Aj (1)

rae Ai v Aj SIBISIIOTCS aMIUTMTY/IaMU CHHXPOHHO U3MEPEHHBIX BapuaIiy B (PUKCHPO-
BaHHBIX MyHKTaX (1, j).

N3yuensl Sq u OyxTo00pa3HbIX Bapualuuii KOMIOHEHT (0Z, 0H, dD) reomaruutHOTrO
nosist. [I'puropsin, CxoBopoakus, 1998, 1999; I'puropsin, 2007].

JU1s pelieHust MHOTUX Hay4YHBIX U MPUKIIAIHBIX 33]a4, CBA3aHHBIX C U3YYEHUEM Ieo-
MarHUTHOTO TOJIsI, HEOOXOIMMO Pa3/eNsiTh €ro Ha YacTh, 00YCIOBICHHBIE Pa3IMYHBIMU
HCTOYHUKAMH. YCTaHOBIIEHO, 4TO B cioe E noHocdeps Ha BeicoTax mexay 90 u 130
KM TEKYT JIEKTPUYECKHE TOKH, KOTOPbIE BBI3bIBAIOT BapHallUl MAarHUTHOTO IOJIS CIO-
KOWHBIX TUIIOB (COJTHEYHO- U JIyHHO-CYyTOUHbIE). X 3)eKThI 3aMeTHBI Ha ITOBEPXHOCTH
3eMiIM B CPEJHMX M HU3KHMX LIMPOTaX. DTH TOKOBBIE CUCTEMBbI SBISIOTCS BHELIIHMMH
— 0H®. IlepeMeHHOE MarHUTHOE I10JIE BHEIIHETO IIPOMCXOXKAECHUS BO BCEM CIIEKTPE I'eo-
MarHuTHBIX BapHalUi MHIYLHPYET BHYTPU HPOBOASIICH 3eMiln 3IEKTPUUYECKUE TOKH,
KOTOpPBIE, B CBOIO OUYEPE/Ib CAMH CTAHOBSITCSI UICTOYHUKAMH U3MEHEHHUSI MArHUTHOTO TOJIS.
Bapuanuu nonei 3TuX HCTOYHUKOB MIPUHATO Ha3biBaTh BHYyTPpeHHMMH — 0 Hi. [Toka3aHo,
9TO B CpPEIHEM 2/3 aMIUTMTY/bI BapUaIMii TEOMarHUTHOTO TOJISl HA TIOBEPXHOCTH 3eMITH
00yCIIOBJIEHbI BHEIIHUMH, @ 1/3 BHYyTpEHHUMHU UCTOUYHUKAMHU.

Bapuanuu nepeMeHHOro reOMarHUTHOTO M0, 3aperuCTPUPOBAHHBIC HAa MIOBEPXHO-
ctu 3eMin OHH, ABISAIOTCS CyMMOI BHEIIHEH nHAyMpyomeii 0He u BHyTpeHHel uHy-
nupoBaHHoM O0Hi cocTaBisomuUX:

0Hn = §He + 6Hi 2)

Tak Kak BHEUIHMM MCTOYHHUK I'€OMAarHUTHBIX BapHalMil (TOKOBbIE CHUCTEMbI) HaXO-
IUTCs B MOHOC(epe Ha mupoTe mpuMepHo 20° N, a myHKTHI HaOIro/IeHNs: B ApMEHUH Ha
muporax oT 38° mo 40° N, To MOXXKHO TIpeAroiararb, 9YT0 CyTOYHBIN X071 Sq U OyXToO-
Opa3HBIX BapHAaIlMil HA pACCTOSTHUSX, YKA3aHHBIX Ha PUCYHKE | MeX Iy MyHKTaMu HaOJIt0-
JICHUH, CYLLIECTBEHHO HE JOJIKHBI pPa3InyarhCsl.

C nomouipio chepruuecKrX U rapMOHUYECKUX (DYHKIMM ObUIM pacCYUTaHbl OTIIMYUS
B IIPOXO’KJICHWHU 3TUX Bapuanuid mjist 60X, 0Y U 0Z KOMIIOHEHT MOJHOTO BekTopa dT reo-
MarHuTHOro nous [besyrast u ap., 1986]. Pacuersl ObUTH BBIMOIHEHBI ISl IIUPOT, OX-
BaThIBatOIUX BClo Tepputopuio Tamkukckoir CCP (A® = ® — 0, = 2,5°). C nomoIpio
pacueToB aBTOPHI BBIIIEYKA3aHHBIX PA0OT MOKA3aJIH, YTO IPOCTPAHCTBEHHO-BPEMEHHYIO
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Tabmuna I. / Table 1.

Pacuernblie 3HaueHust mapamerpa N(A) st 0yxT000pa3HbIX Bapuanuii. /
The calculated values of the parameter N (A) for bay variations.

N(A) zv[nx OyXTOOOpa3HBIX Jxpaapop— Jxpanzop— Tapru—Tosys /
Bapuanuii Mexny cT. / N(A) for ToBy3 / Dzhrad- I"apam / Dzhrad- .
_ . . Garni—Tovuz
bay variations between station zor—Tovuz zor—QGarni
Pacu. N(A)y; / Calc. N(A)y 0,997 1,05 0,95
Pacu. N(A), / Calc. N(A), 0,999 1,0257 0,9739

CTPYKTYpY IoJisi Sq-Bapuanuii (1Mo BHEITHETO MPOUCXOKICHUS) MO)KHO CUUTATh OJHO-
POAHOIM.

DT0 MOKa3bIBACT, UTO JJI YPOBHS MarHUTHOM akTuBHOCTU Kp < 4 BHemiHee mosne ams
TEPPUTOPHH, TAC PACIOIOKEHB MAarHUTOBAPUAIIMOHHBIC CTAHIIUU APMEHUU, OTHOPO/I-
Ha, a u3MeHenus OH" maBHBIM 00pa30M BhI3BaHbI MHAYIMPoBaHHON OH! cocTaBnsromeit
[Tpuropsn, CkoBoponkuH, 1999].

B Tabnuie 1 mpencraBieHbl pe3yabTaThl paCieTOB, KOTOPHIE TTOKA3BIBAIOT, YTO MPO-
CTPaHCTBEHHO-BpEMEHHAsi CTPYKTypa Mojs OyXTOOOpa3HBIX BapHalMil TakKe MOXKHO
cuutaTh ogHopoaHoi [[puropsH, CxoBopoakus, 1999].

[Tepuon Bapuarnuii (T) onpenenser ryOHMHY MIPOHUKHOBEHUS MoJist Bapuanuu [Kissin,
Ruzajkin, 1997; Parkinson, 1959; Yamazaki, Rikitake, 1970; Mazzella, Morrison, 1974].
Jyis onpeneneHus rTyOWHBI TPOHUKHOBEHUS TIOJS BapUallHii, aBTOPHI padoT [besyrnas u
Ip., 1986] ncnonb30Baan U3BECTHYIO B 3JIEKTPOPA3BEIKE 3aBUCUMOCTh

0 =159-J10pT 6 cucmeme SI, (3)

IJIe p — CONPOTHUBIIEHUE, T — MEepUOJl reOMarHUTHOW Bapualuu. B pesynbrare noiy-
YHJIOCh, YTO IIyOMHA NMPOHUKHOBEHUs Moisi Sq-Bapuauuii gocruraer 10 280 k. Hc-
TOJIh30BaHUE Sq-BapHaIlHii MO3BOJIMIIO aBTOpaM padoThl [besyrnas u np., 1986] u3yuntsb
U3MEHEHUE AIEKTPONPOBOAHOCTU BCEHM 36MHOM KOpBI M BepxHEll MaHTHH. BriOop nepu-
OJIOB MCIIOJIb30BAHHBIX TAPMOHUK OyXTOOOpa3HBIX BapHUallii TAKOB, YTO BPEMEHHOMN X0
napamerpa N(A) mo3BOJISIET OTpakaTh U3MEHEHHUS JIEKTPOTPOBOIHOCTH HA TIIyOMHAX:
s Sq-Bapuanuii 10 280 km, Bap. 10-25 muH. 5-10 kM, Bap. 30-60 mus. 10-30 kM.

MNpMeHeHne METOAMKN NAN MATHUTOBARUALMOHHbIN
MOHUTOPUHI HO TEPPUTOPUN APMEHNN

Jljig npyuMeHeHus1 JaHHON MeTOIUKY B ApMeHuH, Obljia co3/jaHa CeTh NT€OMarHUTHBIX
uccrnenoBanuii. B 1986 1. B Tpex HabmromarenbHbIX MyHKTax «Jlxpanzop», «lapHu» u
«ToBy3» ObUIM yCTAHOBJIEHBI TPEXKOMIIOHEHTHBIE MArHUTOBApUALIMOHHbBIE CTAHLIUH, KO-
TOpBIE KPYINIOCYTOYHO PETUCTPUPOBAIIM KOMIIOHEHTHI T€OMAarHUTHOT'O MOJISL.

Certpb cranimii Obua co3gana B 1986 . Cranmus «/Dxpanzop» (puc. 1) HaxoauTcs B
30HE BBICOKOW KOHTPACTHOCTH HOBEUIIIMX TEKTOHMUYECKHUX IBWXKEHUU ¢ nuddepeHmmpo-
BaHHBIMHU OJIOKOBBIMHU TOTHITUSIMU ¥ OTHOCUTEIBHBIMU OIYCKAHUSIMHU, BBIPQ)KCHHBIMHU B
penbede NpenMyIecTBEHHO 0OpalieHHbIMU (JOpMaMH, U SBJISIETCSI OAHON U3 KPYNHBIX U
CIIOKHBIX 30H pa3pbhIBHBIX HapyIIeHUI MeranTukinHopus Manoro Kaskasa [["abpuernsH u
ap., 1981]. Cranmus «['apan» pacnonoxkena B Benu-Aionazopckoit nomzone auddepen-
LMPOBAHHBIX, YHACIEOBAaHHBIX C OJIUTOIIEHA M MUOLIEHA U OTPaKEHHBIX B pebede B Mps-
Mol (hopMe aHTUKITMHAIIBHBIX (TOPCT — AaHTUKIIMHAIN) U (TpaOeH — CHHKJIMHAIIH ) TOAHATHH.
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Puc. 1. Pacnonodicenue MacHumo8apuayuoHHblx CManyuil Ha meppumopuu Apmenuu.
A — Maenumosapuayuonnsie cmanyuu. /
Fig. 1 Location of magnetovariational stations in Armenia. A — Magnetovariational stations.

Cranuus «ToBy3» HaxonuTcs Ha Onmoke IllamMmaanHCKOTO aHTHKIMHOPHSI, KOTOPBIHA
OTHOCHTCS C CEHCMUYECKON TOUKH 3pEHHsI K CIIOKOIHOM 30He, YTO U MO3BOJISAET UCIIONb-
30BaTh €€ Kak 0a3MCHYIO CTaHIIHIO.

ITocne CrinTakcKoro 3eMIJIETPSICEHUS CTaHIIMU pabOTalH C CYLIECTBEHHBIMU IIEPEPHI-
BaMH, TEM HE MEHEe, HaMH ObUTH 00pabOTaHbI BCE NOCTyMHBIC 3amucH 3a 1986-1993 r.

[TomyueHHbIe pe3ynbTaThl MPEACTABICHB! B TAOMUIAX U Ha rpadukax. MakcuMaib-
Hble u3MeHeHus napamerpa N (A) mpocrurarot 35% (puc. 2, 4). Camble 3HaUNTENIbHbBIE
n3MeHeHus 3adukcupoBanbl s N, (A) z — Mexay napamu cranmmid Jxpamasop — Toys.
N3menenuns mexnay napamu cranuuil Jxpanzop — lapau (N, (A) z) 3a 1aHHBIA epuoj
cocrasisier He 6ornee 0,1, a Mexy mapamu cranimii ToBys — ['apau (N5 (A) z) oHu ObUTH
B IIpe/esiaXx OMmMO0K. ITO MO3BOIMIIO CUATATh, YTO HCTOYHUKHA aHOMAJIBHBIX U3MEHEHUH
napametrpa N (A) HaxoauTcst B 00JaCTH PACTIONOXKEHUs cTaHuu [[Kpan3op, TO eCTh He-
MIOCPECTBEHHO B AMMIIEHTpanbHOH 30He [lapBanuiickoro (13.05.1986 r) u Cnurtakckoro
(07.12.1988 r.) 3emuerpsiceHuil. AHaJOTUYHbIE PE3YAbTAThl NOIYUYEHBI JJI1 BapUalui C
nepuogamu 30-60 munyT puc. (3). N, (A) z— mexay napamu crannuii Jxpaazop — ToBys.
W3menenuns mexnay napamu cranuuil Jxpanzop — lapau (N, (A) z) 3a 1aHHBIA nepuoj
cocrasinser He 6onee 0,1 (puc. 2) mexxay napamu cranuuii ToBys — I'apuu (N5 (A) z). B
TeyeHue 2-3-x yiet nocie COUTakCKOro 3eMJIETPSCEHUs 3HaU€HNE OTHOILIEHUIN aMILITUTY/L
(mapamerpa N (A)) TOCTHIIN MOYTH UCXOTHOTO YPOBHS (pHcC. 4), T.e. HaOIMOMaeMbIi -
(eKT SIBISETCS B 3HAYUTEIEHOW Mepe 00paTHMBIM.

PaccuuTanbl cpeiHeMeCsTIHbBIC 3HAYCHUSI CHHXPOHHOH pa3sHOCTH AST Mex 1y CTaHIIu-
ssmu J[>kpaazop u ToBy3, 11s Bapualuii ¢ nepuonamu a) 5-25, 6) 30-60 muHyT 32 mepuon
1986-1988 rr., 4TO MMO3BOJIMIIO CYAUTh O HAINlpaBJIEHUU (CHU3Y BBepX) (puc. 4) pa3BUTHS
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Fig. 2. Change of the parameter N (A) for Sq-variations of the field 0H between stations N1 (4) z —
between Dzhradzor — Tovuz, N2 (A) z — between Dzhradzor — Garni, N3 (A) z — between Tovuz — Garni.
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Puc. 3. Usmenenue napamempa N (A) ona eapuayuii 30-60 mun. nons 0H medxncdy cmanyuamu
IDicpaosop u Tosys. /
Fig. 3 Change in the parameter N (A) for variations of 30-60 min. field 6H between
the stations Dzhradzor and Tovuz.

npoiiecca B 3eMHOM kope [Ipuropsin, CxoBoponakus, 1998], u Ha ¢oHE pernoHaIbHBIX
U3MEHEHUH BBIJCNIUTD JIOKATbHBIC H3MEHEHHSI B OTKJIMKE MAarHUTHOTO TOJIS, KOTOPBIE CO-
BIIAJIAIOT [0 BPEMEHH C MECTHBIMH CHIIBHBIMU 3emiieTpsicenusimu: [TapaBanckoe (M=5,4)
u Criutakckoe (M= 7,0) [I'abpuenss u ap., 1981; Mazzella, Morrison, 1974]. 1o pucys-
Ky 3 MOXXHO CyAHTh 00 00OpaTMMOCTH TpoIecca, KOTOPIM MPOUCXOAUI HA HM3ydaeMoit
TeppuTopuu 10 CIUTAKCKOTO 3eMJIETPSCEHUS.
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Puc. 4. Hamenenue cpeonemecsaunvix snavenuti napamempa N (A) ona Sq-eapuayuii xomnonenmos
0D, 0H u 0Z zeomacnummnozo nous mexcoy cmanyusmu [ocpaosop — Tosys 3a nepuoo 1986-1993 z2. /
Fig. 4 Change in the monthly average values of the parameter N (A) for the Sq variations
of the components 6D, 0H and 0Z of the geomagnetic field between the Dzhradzor — Tovuz stations
for the period 1986-1993.
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Puc. 5. Cenascennvie 8pementvie psaodbl cpeOHeMecsIyHbIX 3HAYeHUll CUHXPOHHOU pasHocmu A0T
medancdy cmanyuamu Jocpaoszop u Tosys, dns eapuayuii nepuodamu a) 5-25, 6) 30-60 munym
3a nepuoo 1986-1988 ce. /

Fig. 5 Smoothed time series of monthly average values of the synchronous difference A6T between
Dzhradzor and Tovuz stations, for variations a) 5-25, b) 30-60 minutes for the period 1986-1988.

st oOcy>KaeHusI UCTIOIB30BaHbl pe3yNabTaThl TpaBUMeTprueckux [OraHecsH u ap.,
1989], reoxumuueckux u ceicMudyeckux Habmonenuit [Mrymuos, 1998; Urymuos, Cre-
nansH, 1989].

ConocrapieHre MONTyYeHHBIX CEMCMHYECKUX, MAarHUTOMETPUYECKUX, TPABUMETPH-
YECKMX M TCOXMMHUYCCKHX JIaHHBIX IOKA3aJIo, YTO Hambosee KOHTPACTHBIC M3MEHEHUS
napamerpa N (A), CHIIBI TSKECTH U KOHIEHTPALUN Teusl KOPPEIUPYIOTCS BO BpEMEHHU
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[['puropsin, CxoBopoakus, 1998; I'puropsan u ap., 1999]. Ucxons u3 pesynsraTtos uccie-
JIOBaHM, MOJKHO MpeJnosararb, 4YTo JOKaIbHbIe U3MEHEHHs U3YUeHHBIX TapaMeTpoB 00-
YCIIOBJICHBI ITIaBHBIM 00pa30M reoIMHaMHUYECKUM MPOLIECCOM, TPOUCXOASAIINM B 36MHOM
KOpE€ B 30HaX aKTUBHBIX TNIyOMHHBIX PA3JIOMOB.

Ob6CyXAEHNE PE3YABTATOB

Bo3HuKaeT ecTecTBEHHBIM BONIPOC, KAKKE e MPOLIECCHI B 3¢MJIE MOIJIN Obl BbI3BaTh,
JIOCTATOYHBIE 10 BEIMYMHE U3MEHEHUS JIOKAJIbHOTO T€OMArHUTHOTO TI0JIS 3a IEPUOABI OT
MECSLEB JJO HECKOJIBKUX JIET?

1. Bo3HMKHOBEeHHE JIOKAJBHBIX JONMOJHUTEJIbHBIX JIeKTPHYECKHX IOJIeH, KO-
TOpBIE MOTYT OBITH BbI3BaHbl H3MEHEHHEM T'MJIPOPEXKHUMA U, KaK CJIEJICTBUE, BOSHUKHOBE-
HUEM DJIEKTPOKUHETHYECKUX 3 (dekToB. OHAKO, KaK CIEAYET U3 PE3yIbTaTOB MOJIEBBIX
Haomonenuit [CroBopoakuH, 1985; CxoBopoakun, besyrnas, 1980, 1981; CkoBopoakux
u ap., 1985], HaTypHOrOo MOJAENMPOBAHUS U TEOPETUYECKUX MOCTPOECHMM, Jaxke B Ipe-
JIEJIbHOM Clly4ae, BKJa/l BO3HUKAIOLIMX TOKOB TEUEHHUS HAa INIyOMHAX OT METPOB J0 KH-
JIOMETPOB, B aMILIUTY/AbI UCTIOJIb30BAaHHBIX HAMHU Bapualyii, He OyIeT 3aperucTpupoBaH
[ABarumosa u ap., 1986].

2. N3MeHeHHMe MAaTHUTHOI NPOHMIIAEMOCTH 32 CYeT U3MEHEHHs1 HANPSAKEHHOI0
COCTOSIHHSI TOPHBIX Macc (TTbe30MarHUTHEIN 3¢ (eKT). 31ech TakKe B MPEIEIbHOM CITy-
yae He OyayT HaOIIOaThCs 3HAUUMble U3MEHEHHU B aMIUTUTyAaxX Bapuanuii [CkoBopo-
KuH, besyrmas, 1981].

3. N3MeHeHHe 31eKTPHYECKOI MPOBOAMMOCTH MOT OBl BbI3BaTh, JOCTATOYHBIE 1O
BEJTMYMHE U3MEHEHHUS JIOKAJTbHOTO TeéOMarHuTHOro nosist [['puropsn u ap., 1999].

[Ipenmnonaraercs, yTo NPUYMHAMU U3MEHEHUHN B 3JIEKTPONPOBOIHOCTH T€0JOrnye-
CKOH CpeJIbl SIBIISIOTCS JIera3anyus 3eMIIM U BepTUKaIbHash GUIBTpaIist (QIIOUI0B B BEPX-
HHUe ciou 3eMHOM Kopbl [['ydensa, 2012; Kuccun, 2011; Urymuos, Crenanss, 1989].
VYyactue GIonaoB B CEHCMUYECKHX MPOIeccax B HACTOSAIIEE BpEMs MOITyYaeT onpesie-
JICHHOE TIpU3HAHKE, KaK OJHOTO M3 TIIABHBIX ()aKTOPOB Pa3BUTHs CEHCMUYECKHX IPO-
neccoB. Celicmuueckue aedopMaliy BEI3bIBAIOT MHTEHCUBHBIC U3MEHEHUS (DHIIBTPAIi-
OHHOT'O MOJSI U, COOTBETCTBEHHO, ITyTe MuUrpauuu (uIrona0B, BIUA0T Ha PT-ycinoBus
(maBneHme U Temmeparypa) QIOUIHBIX CUCTEM, YCUIUBAIOT B3aMMOICHCTBHE (PIFOUIOB
C BMEILAIOLMMU TOPOJaMH.

OCHOBHBIM MCTOYHHUKOM (PIIFOMIOB B KOHCOJIHIUPOBAHHON KOpE SIBISETCS BOCXOIS-
11ast MUTpanus (GIrouI0B U3 IITYOOKHX YacTell KOpBI M U3 BEPXHEH MaHTUH, TPUYEM Mac-
mITa0bl MAHTUITHOW MUTPALIMM HEOJTHO3HAYHO OIIEHUBAIOTCS Pa3HBIMH UCCIIEI0BATEISIMU
[Kuccun, 2013].

W3 MaHTUM B KOpYy MOTYT TaKX€ MOCTYIIaThb BOCCTAHOBJIEHHBIE T'a3bl, KOTOPBIE IIPU
OKHCJICHUH TIOTIONHSIOT (IIFOMIHBIE cucTeMbl. Ha okpanHax KOHTUHEHTOB, B 30HaX CyO-
IOYKIIMH, CYIIECTBYET eIlle OJMH UCTOYHUK (PIFOMIOB — MOTPY>KAIOLIHECS CIIOU, KOTOPBIE
YIUIOTHSIIOTCS TI0 Mepe OITyCKaHUs Ha TTyOMHY M BBIACISIOT H30bITOuHBIE (utonsl. [1o-
TOKH TakuX (IIIOUIIOB YCTPEMJISIOTCSI BBEPX, B CTOPOHY MEHbIIEero AapieHus. OHU SB-
JSIFOTCS TJIABHBIM (DaKTOPOM TIOCTYTIJICHUST (DIIIOUIOB B CEHICMOAKTHBHBIE 30HBI CyOIyK-
IIUU U ONPEACIISAIOT IIUPOKOE paCIpPOCTPAHEHHE CUIIBHBIX 3€MJIETPSICEHUM B 3THUX 30HAX
[Kuccun, 2013, 2015].

IIpoxoxnenne pa3ioMoB BOJM3M ouyara, onpejeJisierT MOCTyIUIEHHE B €ro 30HY
BBICOKOHANIOPHOTO (puironga. CBsi3b 3THX ceTell ¢ 04aroM YCHJIMBAaeTCs PU 00pa3o-
BAHUM MaruCTPAJBLHOIO Pa3pbiBa U COMYTCTBYIOLIETO PA3BUTHS TPEIIHH.
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IIpuToxk (oNI0B M3BHE B 30HY 04ara OTHOCHTCH K OCHOBHBIM MCTOYHHMKAM
NOBBIIIEHUS (PJIIOUIHOTO JaBJIeHHS B 3TOH 30He. COOTBETCTBEHHO BO3PACTAET POJIb
TAKOI0 MPUTOKA KaK TPUITEPHOIro (pakTopa ceiicMu4eckux aepopmanuii. Bozmoxk-
HOCTBH NIPUTOKA M BJAUAHUA (DJIIOHI0B HA HANIPSIZKEHUs B 30HE 04ara noATBeP KAaeT-
¢ ¢paxkTamu yBeH4eHUs GUILTPALMOHHON CeTH NMPH MOATOTOBKE 3eMJIETPACEHUI
[Kuccun, 2013; Hazapersian u ap., 2015].

CoctaB 1 cBOHCTBa (DIIOMI0B B IIyOOKHX CEHCMOTEHHBIX 30HaX eIlle BO MHOT'OM He-
scHbl. [leTponoru cBUAETENBCTBYIOT O HAJMUUU MAaHTUHHBIX (IIOUOB M MPOBOAST HC-
CJIeZIOBaHMS B3aUMOJAEUCTBUS B cucteme mnopona — ¢uroun. Ilox Tepmunom «dmronm
MOHUMAIOT HaJIKPUTHUYECKYIO, TIIaBHBIM 00Pa30M IHIPOTEPMATIbHYIO a3y, COIepKAILyTO
CO,, CL F, CO u pan npyrux komrnonenTos [Grigorian et al., 1999].

B pabote paccmarpuBaeTcs peakuusi JeruipaTalu, MPUBOAALIAsS K YBETHYCHHIO
ofbmiero o6bemMa MPOAYKTOB. DTOT MPOLECC COMPOBOXKIACTCS YBEITHMUEHHEM OPOBOTO
pocTpaHcTBa M o0beMa (mron10B. [ToBbIIIEHNE TOPOBOTO JaBIEHHS IPUBOJIUT K THIPO-
pa3pbIBaM U BIPBICKUBAHUIO (pirona B pa3noMHyto 30Hy. [lonaranu, 4to Takoi npouecc
SIBJIIETCSL CITyCKOBBIM JU1sl nTposiBiieHus: KP.

BbiBOADI

1. IlomydeHHble pe3ynbTaThl MOKA3bIBAIOT, YTO MCHOJB3YS pacyeTHbIA mapamerp N
(A), MOXKHO BBISIBUTH aHOMAJIbHbIE U3MEHEHHUS ANIEKTPOMArHUTHOM UHIYKIIUU T€0JI0rHye-
CKOM Ccpezibl, KOTOPBIE CBA3AaHbI C Pa3BUTHUEM I'€OIMHAMUYECKHX ITPOLIECCOB B 36MHOM KOPE.

2. HWzyudeHue nokanbHbIX U3MeHeHUI napamerpa N (A), MO3BOJISIET OLIEHUTh U3Me-
HEHUE AJIEKTPOMAarHUTHON HHIAYKIIMH B HanboJsee CeiiCMOaKTUBHBIX pailoHaX ApMEHUH U
BBISIBUTH IIPEIBECTHUKH ABYX KPYIHBIX 3emiieTpsiceHuil: [lapsanuiickoe (M=5.,4, 1986 1)
u Cnurakckoe (M=7,1, 1988 r.) [['puropsia, CxoBoponkuH, 1998]

3. Ipennoxuts mapamerp N (A) 1uisl BbISBICHUS NPEIBECTHUKOB CHIIBHBIX 3eMJle-
TPSCEHU.

4. Tlokazano, uro mapameTp N (A) MOXHO HUCTIOIB30BATh VISl OTIPECICHUS pailoHa
OyayLIero CUIbLHOTO 3eMJIETPSACEHUS.
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Pe3tome: AKTyanbHOCTb paboTbl. B HacTosiLlee BPEMS OLHUM U3 aKTYalbHbIX HAMpaBneHWiA TEOpUN U
NPaKTUKW WHTEPNpeTaunuy NoTeHUMabHbIX NONei ABNAETCA pa3paboTka MeTO0B, HAaNpPaBNeHHbIX Ha U3y4YeHune
NPOCTPAHCTBEHHOr0 pacnpejesneHuns Ni0THOCTEN Mo pesynsrataMm 06paboTKn U UHTEPNpeTaunyu JaHHbIX rpasu-
pasBefku B 3alaHHOM 06beMe reoforyeckoil cpedbl NpU MUHUMYME anpuopHON MHHOPMaLUN 06 UCTOYHUKAX
nosns B 3a4aHHOM 06beme Npu MUHUMYME anpuUopHOIl MHAOpMaLmn 06 NCTOYHMKax nons. Lienb paéotbl — pas-
paboTka MeTO[J0B rpaBUTALUOHHON TOMOrpadun Ha OCHOBE annpoKCUMALMOHHOIO NMOAX0AA K CNeKTPpabHOMY
aHanu3y B rpaBUMETpUK, MOJSy4MBLUEr0 Ha3BaHue meTtofa F-annpokcumauuu. Metoabl uccnepnoBanus. Pas-
paboTka anroputMOB U KOMIMbIOTEPHBIX TEXHONOMNIA CMEKTPanbHOr0 aHanu3aHa 0CHOBE annpoKCMMALUOHHOIO
NOAX0Aa B paMKax MeTO/a JIMHENHbIX MHTerpanbHbIX NpeacTasneHunit B.H. CTpaxosa, cnoco60B peLleHns cucTem
NuHenHbIX anreépanyecknx ypasHeHuii (CJT1AY) 60nbLIOR Pa3MepHOCTU C UCMONb30BAHWEM TEOPUM PeLLeHUs
HEKOPPEKTHbIX 3aaa4. Pe3ynbTaTbl paboTbl. PaccMOTpeHbl BONPOCHI Pa3paboTkn MeTOAOB FPaBUTALMOHHON TO-
mMorpagum Ha 0CHOBe F-annpoKcMMaLyMy aHOManbHOro NoNs CUIbl TAXKECTW, KOTOPbIA XapakTepuayeTcs NONHOM
a[1eKBATHOCTbIO PeanbHOM reoPU3nYecKon NPakTUKe 1 NO3BONAOLLMIA N36ABUTLCS OT Pa3nNyHbIX naeann3aunii
(npeanusauna NNOCKOro nons; uaeanusaums rpaHuLbl pasaena 3emna-Bo3ayx Kak 6eCKOHEYHON ropu3oHTab-
HOW NNOCKOCTW; Naeann3aumns HempepbiBHOIO 3aaHus TOro UM MHOMO 371EMeHTa Nons Ha 6eCKOHEYHO ropu-
30HTaNbHON NNOCKOCTW UK KYCKe 3TOI NNOCKOCTW; MAeanu3aums 3afaHusg Toro Ui MHOro 3/1eMeHTa nons B
y3nax npasuibHOM reOMeTpUHecKomn cetn u ap.). MpeanoxeHbl TpU MOANMUKALMN rPaBUTALUOHHON TOMOrpa-
(hum Ha ocHoBe F-annpokcumauuu. MNepsas moAuduUKalns 0CHOBaHA Ha W3Y4eHWUW NPOCTPAHCTBEHHOrO pac-
npeLeneHns aNeMeHTOB rpaBMTaLMOHHOIO Nons. B pamkax JaHHOM MOANMNKALMN HA OCHOBE F-annpokcumaunm
BbIMNONHAETCA U3Y4eHNe pacnpeesieHne pasinyHbIX NPOM3BOLHbIX RHOMaNbHOM0 rPaBUTALMOHHOIO NMOMS B HUX-
HEM W BEpXHEeM NonynpocTpaHcTeax. Bropas moaudukaumus 3ako4aeTcs B pa3fesieHum aHoManbHOro rpasu-
TaLMOHHOrO MOMs Ha COCTaBNALLME, 06YCNOBMNEHHbIE UCTOYHUKAMMU, 3aNeralnLLUMn B Npejenax CyLecTBeHHO
pasnMyaoLLNXcs No rny6éuHe m CTPYKTYPHbIX 9TaXKEN. B cTaTbe paccMOTPeH BapuaHT pasfieNeHns aHoMasbHOro
nons ANs criyyas ABYX CTPYKTYPHbIX 3TaxKen. [1na JaHHOro BapuanTa paspaboTaHbl anropuT™ U KOMNbIOTEPHbIE
TEXHOJIOr1M, METOA anpobupoBaH HA MOJENbHBIX U PeanbHbIX re0sioro-rpaBuMeTpUYecKuX Matepumanax. Tpetbs
MOANUKALNA 3aKITHOHAETCA B HAXOXIEHUM NPOCTPAHCTBEHHOrO pacnpeneneHns dyHkuuu CTpaxosa, ABNAIO-
Lerics 0606LLeHnem yHKUMK bepesknHa. PaspaboTtaH anropuTm 1 KOMNbIOTEPHbIE TEXHOSIOMMK PacyeToB Npo-
CTPAHCTBEHHOr0 pacnpesesieHns JaHHOr0 Nokasatens v nony4yeHns npoCcTPaHCTBEHHOr0 Ky6a JaHHbIX.

KnioueBble cnoBa: rpasuTaumoHHas Tomorpadus; F-annpokcumaumus; UCTOYHUKW NONs; pasgeneHne no-
nen; reoniornyeckas cpega.
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Abstract: Relevance. Currently, one of the significant directions of the theory and practice for interpreting
potential fields is the development of methods aimed at studying the spatial distribution of densities from the results
of processing and interpretation of gravitation prospecting data in a given volume of a geological environment
with a minimum of a priori information about field sources of a given volume with @ minimum a priori information
about the sources of the field. The aim of the work is to develop methods of gravitational tomography based on the
approximation approach to spectral analysis in gravimetry, which is called the F-approximation method. Methods.
Development of spectral analysis algorithms and computer technologies, based on the approximation approach
in the framework of the method of linear integral representations that was offered by B. N. Strakhov. Methods for
solving systems of linear algebraic equations (SLAE) of large dimension using the solution theory of ill-posed
problems. Results. Issues of the development of gravity tomography methods based on the F-approximation
of the anomalous gravity field, which is characterized by complete adequacy of real geophysical practice and
allowing to get rid of various idealizations (idealization of a flat field; idealization of the earth-air interface as an
infinite horizontal plane; idealization of a continuous setting of a particular field element on an infinite horizontal
plane or a piece of this plane; idealization of the setting another field element at the nodes of a regular geometric
network, etc.) Three modifications of gravitational tomography based on the F-approximation are proposed. The
first modification is based on the study of the spatial distribution of the elements of the gravitational field. In the
framework of this modification, based on the F-approximation, we study the distribution of various derivatives
of the anomalous gravitational field in the lower and upper half-spaces. The second modification consists in
dividing the anomalous gravitational field into components due to sources lying within structural floors that
differ significantly in m depth. The article considers the option of separating the anomalous field for the case of
two structural floors. For this option, an algorithm and computer technologies have been developed, the method
has been tested on model and real geological and gravimetric materials. The third modification is to find the
spatial distribution of the Strakhov function, which is a generalization of the Berezkin function. An algorithm and
computer technology for calculating the spatial distribution of this indicator and obtaining a spatial cube of data
have been developed.

Keywords: gravitational tomography; F-approximation; field sources; field separation; geological environ-
ment.

For citation: Kerimov I.A. Methods of gravitational tomography based on F-approximation. Geology and
Geophysics of the South of Russia, 2020.10 (10): 55-67. DOI: 10.23671/VNC.2020.1.59065

B nmocneanue rogpl akTUBHO pa3BHBACTCS HOBOE HAIPABJICHUE B TEOPHH U TIPAKTH-
K€ MHTEPIPETAUN TOTCHIIMAIBHBIX TOJICH, CBI3aHHOE C MOMBITKAMU M3YyYEHHUS B HEKO-
TOPBIX YaCTHBIX CIydasxX BEPTUKAIBHOTO PACIpEAeNICHUs TUIOTHOCTH IO JaHHBIM I'pa-
BupasBenku [babasui u np., 2004, 2006a,20066; biox, 2004; bynax, Jleramos, 1987;
berukos, 2005; Bamwmiios, 1995; Bnosuna, 2010; Jonrans u ap., 2006; MapTsIiiiko u ap.,
2002; HoBocenuukuit, 1965; Hoocenuukuii, [Ipocronynos, 1999; HoBocenuukuii u
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ap., 2001, 2008; Ilerpumesckuii, 2009; Crpaxos, Kepumos, 2001; Ctpaxos u zp., 2009;
Tapakanos, 1997; Shirzaii, Ardalan, 2005; Basuyau, Tiberi, 2011; Berkel, Michel, 2010;
Hsieh, Yen, 2016; Jacob et al., 2018; Liu et al., 2014; Sampietro, Capponi, 2019; Singh,
2020]. D10 HampaBieHUE MMOJYYHIIO Ha3BaHHE «IPAaBUTALIMOHHON ToMorpadumn». Meto-
JIbl TPAaBUTALIMOHHOM TOMOrpaguu MoApasesnstoTcs Ha JBa TUMA: QUIBTPAUOHHBIA U
anmnpoKCUMAIMOHHBIN. B mepBoM ciyyae TeM WM MHBIM CIIOCOOOM BBIJICNISIOTCS «pa3-
HOITYOMHHBIE» COCTABIISAIOLINE U3 aHOMAJIBHOTO I'PaBUTALIMOHHOTO IOJISl, BO BTOPOM —
CTPOSITCSI IPOCTPAHCTBEHHBIE PacHpeieNieHHs IIOTHOCTEeH O =0 (X, Y, Z), B ONpeaesIcH-
HOM TNPHOJIMKEHUU OTPAKAIOILIHE OCHOBHBIE 3JIEMEHTHI CTPYKTYPHO-TEKTOHHYECKOTO
cTpoeHus reosorndecko cpensl [lonrans, Haxpumymnus, 2009].

Tomorpadus (0T rpedeckux cioB tomos —4acTb, CJI0H U grapho — nuiy, yepuy, pu-
CyI0) mpezacTaBisieT co0oil crnocod MCCIeoBaHUs Fe0JIOTHYECKUX CTPYKTYp, MO3BOJIS-
IO MOTyYaTh UX MOCIOHHOE oToOpakeHue. B pa3BenouHoli reodusuke MUPOKO HC-
HOJIb3YEeTCsl METOJ1 ceiicMuYecKkoil ToMorpaduu, Mo3BOJSIONIMNA TOTy4aTh JOMOTHUTEb-
HYIO T€0JIOTMUYEeCKyt0 HHpopMaruto. O630p CyLIECTBYIOIUX METOJOB T'PAaBUTALIMOHHOM
toMorpacduu npusesaeH B cratbe A. C. lonrans u A. ®@. lllapxumynnuna [lonrans, [1lax-
pumyius, 2009].

OnHUM U3 TepBBIX UCIOIb30BAHUEM METO/IOB IPAaBUTAIIMOHHON ToMorpaduu ObLI1o
B pabote 0. . Baumiosa [Bamuiios, 1995], koTopblit npencTaBuil pe3yabTaThbl MOCI0M-
HOTO U3Y4YEHHUs IUIOTHOCTHOM CTPYKTYPBl 36MHOU KOPBI M BEpXHEH MaHTUU HA ITyOMHAX
20, 30, 40 u 60 kM. ITo muenuto 1O. 1. Banmiosa, «MaccoBast UHTEpIpeTalus aHOMalui
CHJIBI TSDKECTH B KJ1acCe TPEXMEPHBIX OJIOKOBBIX MOJIENIEH HICTOYHMKOB BO3MYILIEHHS T10-
3BOJISIET MOy YU Th BEJIMYMHBI OTHOCUTENIBHBIX U3MEHEHNH IIJIOTHOCTH B TOPU30HTAJIBHOM
HanpasiaeHunw» [Bauunos, 1995]. Ognako cama uaest OCIONHOTO U3Y4YEHHs TPOCTPaH-
CTBEHHOTO PACIPENEICHHs IEOMJIOTHOCTHBIX HEOJHOPOJHOCTEM IPU HMHTEpIpETaluu
IPaBUTALIMOHHOTO I0JIs1 ObliIa BBIABHHYTA 3HAYUTENIbHO paHblie B pabore B.M. Hogo-
CEJINIKOTO 00 OMpeieeHNH NIOTHOCTH TOPU30HTAIBHOTO CJI0s, B KOTOPOM 3a/1a4a CBO-
JUTCS K MHTETpaJIbHOMY ypaBHeHHI0 Ppenronsma nepsoro pona [Hosocenunknii, 1965].
Bnocnencreuu E. 1. Bynaxom [uist 3TOro npeajio)KeHo UCIOIb30BaHUE alllIPOKCUMAIMOH-
Horo noaxozaa [biox, 2004]. B rpaBupasBenke ¢ cepeiMHbl IPOLUIOrO BEKAIIUPOKO U3-
BECTHBI INTYOMHHBIE XapaKTepUCTHKH TpaHcpopmanuii no U. I'. Kinymuny, paccuntansble
U1 TOUEUHOW MacChl U MpelHa3HaYeHHbIE 111 TPUOIMKEHHOM OLIEHKU MHTEPBAJIOB ITy-
6uH pa3zmereHus nctounukoB. B 80-x rr. XX Beka E.I". bynax ¢ coaBropamu pa3paboTan
METOJ [IOCJIE0BATENIBHOIO HAKOIUIEHUS U Pa3pacTaHusl Macc, MO3BOJISIOLUINI OCYyIECT-
BJIATh OCTPOEHHUE I€OIUIOTHOCTHBIX Pa3pe30B U CPE30B U3y4aeMoro oobeMa cpejibl IpH
MHUHMMYyMe€ alipuOpHON HH(OpMALMK O BO3MYILAIOUINX 00bEKTaX, SIBISIOLIMNACS MO CYyTH
«roMorpaduueckum» metonoM [bynax, Jlesamos, 1987].

K mertonam ¢uiabrpanimoHHON ToMOrpaduu OTHOCHUTCS METOJ] BEKTOPHOI'O CKAaHU-
pOBaHUs, pa3paboTaHHBINA Tof pykoBoAcTBoM B.M. HoBocenuiikoro u peaan3oBaHHbII
B KommnbioTepHoil TexHonorun VECTOR. Cucrema VECTOR 0Gazupyercs Ha ycToiuu-
BOM BBIUHCIIEHUN BEKTOPOB FOPU30HTAIBHBIX IPAJUEHTOB, UX 00paboTKe, TpaHchopma-
USX U MOCIEIYIOUIEM UHTETPUPOBaHUM TpaHCHOPMAHT. DPPEKTUBHOCTh TEXHOJIOTHH
VECTOR noarsep:x/ieHa MHOTOYMCIIEHHBIMH PE3yJIbTaTaMU €€ MPAKTUYECKOTO UCIIOJIb-
30BaHUs NIPU PELIEHUHU IIUPOKOTO Kpyra reojJOrM4eCKUX 3ajad, B TOM 4MCIIE IIPU IIOUC-
Kax U pa3BeJKe MECTOPOXKACHUI yriieBoaopoaoB [[onrans u ap., 2009; HoBocenuuxuid,
[IpocTtonynos, 1999; HoBocenuukuii u ap., 2001; HoBocenuukwuii u ap., 2008]. Ilpume-
pPOM anmnpOKCUMAIIMOHHON TOMOTpa(uu SBISIETCS TEXHOJIOTUS pa3/ieieHNs HICTOYHUKOB
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TPaBUTALIMOHHOTO MO MO TIyOuHe, pa3padoranHas noj pykoBoactsoM I1. C. Maptebii-
ko [Mapteitiko u ap., 2002]. B mocneanue ronbl MosiBIsSETCS BCE OONbIIE MPUMEPOB
YCHEIIHOTO PelIeHHs Pa3HOOOPA3HBIX T€OJIOTHYECKUX 3a7]a4 HA OCHOBE TPaBUTAIMOHHOMN
toMmorpaduu. Ocobo CTOUT ynoMsIHYTh 0 pe3ynbrartax, monydeHHbix [ HIIIT «Asporeo-
¢u3ukay npu ucnoiab3oBaHuu nakera nporpamm CUI'MA-3D. B yacTHOCTH, TOBOPHUTCS
0 TOM, YTO «IIPUMEHEHHE HHTEPIPETAMOHHONW TOMOTpaduu MoKa3ajao €€ JIOCTATOUuHO
BBICOKYIO 2()()eKTUBHOCTH B CAMBIX PA3HOOOPA3HBIX T€OJOTHUYECKUX YyCIOBHIX: MOCKOB-
ckasi cuHeknu3a, Ilpukacnuii, [Tonspusiilt Ypan, 3anagnas Cubups u T.1.» [babasHi,
2006a; babasHi u 1p., 2004].

Pa3znuynbie BOMpOCHI TEOPUU U MMPAKTUKU TPABUTALMOHHON TOMOTpauu OmyOInKo-
BaHbI B padorax I1. C. babasnuua, 10. U. bnoxa, E. 1. Biosunoii, A. C. Jonrans, FO. A. Ta-
pakaHoBa u ap. [babasui u ap., 2004, 2006a,20066; briox, 2004; bynax, Jleamios, 1987;
briukos, 2005; Bamunos, 1995; Baosuna, 2010; {onrans u np., 2006; 1-10, 16-25 Map-
ThIKO U ap., 2002; HoBocenuukuii, 1965; Hoocenuukuii, [Ipocronymnos, 1999; Hoso-
cemuukuit u ap., 2001, 2008; [Terpumesckuii, 2009; Crpaxos, Kepumos, 2001; Ctpaxos
u 11p., 2009; Tapakanos, 1997; Shirzaii, Ardalan, 2005]].

Kak Ob110 yIOMSIHYTO BBIIIIE B TPABUTAIIMOHHOW TOMOTpaduu BBIISISIFOTCS J1Ba TOA-
xo/1a — GUIBTPAIIMOHHBIN U alllIPOKCUMAlMOHHBIN. [ paBuTaniionHas Tomorpadus Ha oc-
HOBE alnpOKCUMALIMOHHOIO MOJIX0/1a UMEET CIEAYIOIINE MPEUMYIIECTBA:

*  HCIMOJIb30BaHHE MHHMMYMa alipUOpHOI HH(OpMAIIMK 00 UCTOYHUKAX TPABUTAIIN-
OHHOTO TIOJIS;

* OTCYTCTBHE TPYAOEMKHX IMPOLEAYP MOCTPOSHUS HaYaJIbHOTO MPUOTUKEHUS, UC-
MOJIB3YIOIIMXCS B KJIIACCUYECKUX METOAAX MHTEPIPETALINH;

* pasaerneHue HHTEPIPETUPYEMOTO TPAaBUTAIIMOHHOTO MOJISl Ha COCTABIISIONIUE, 00-
YCIIOBJICHHBIX BIMSHHEM Pa3HOTTYOUHHBIX T€0JIOTHYECKHX CIIOEB;

*  HCIMOJIb30BAHKE BBIUMCIUTEIBHBIX AITOPUTMOB, IOMYCKAOIINUX 00paboTKy 00JIb-
X 00bEMOB UCXOHOW WH(pOpMAIUY;

*  BO3MOXXHOCTb IOCTPOEHMS Pa3IUYHBIX BAPUAHTOB MPOCTPAHCTBEHHBIX paclpe-
JIEJICHUH TeOTNIOTHOCTHBIX HEOAHOPOAHOCTEH B HCCIIEAyeMOM 00beMe CPEIbl;

*  BO3MOXXHOCTb BHU3YyaJIU3allMU PE3YJIbTaTUBHBIX HMHTEPIPETAUOHHBIX MOCTPOE-
HUH B BUIe MH(OOPMAIIMOHHOTO Ky0a.

Huxe paccMmarpuBaeTcs MeTON TpaBUTAIIMOHHOW ToMOrpaguu Ha OCHOBE arl-
MPOKCUMAIIMOHHOTO TOAXOAAa K CIEKTPaJbHOMY aHallu3y B TPaBUMETPUH (METOJ
F-anmpokcumanun). Meron F-annpokcumanuu pazpaboTaH B paMKax MeToja JTHHEHHBIX
MHTErpajibHbIX npeacrapiaeHuil B.H. CrpaxoBa, NONMHOCTBIO aJIeKBaT€H pealibHOM Ieo-
(bu3nuecKoil MpaKTHKE U MO3BOJSAET U30aBUTHCS OT PAa3NUYHBIX Weanu3aluii (uaeanu-
3a1Ms TUIOCKOTO TIOJS; UACaIU3alus TPAHUIIBI pas/iesia 3eMIIs-BO3yX Kak OeCKOHEUYHOM
TOPU30HTAJIBHOM IJIOCKOCTH; UI€aIN3alMsl HENPEPHIBHOTO 3aJaHusl TOI'O MJIM UHOTO 3Jie-
MEHTA TMOJIsI Ha OECKOHEYHOW TOPH30HTAIBLHOM MIIOCKOCTH MU KYCKE 3TOW IUIOCKOCTH;
ujeann3alys 3alaHusi TOr0 WM MHOTO 3J€MEHTA MOJs B y3J1aX MPaBUIbHON r€OMETpH-
4yecKoi ceTu u Ap.). [JaHHbIN MeTo] anmpoOUpoBaH Ha OOJBIIOM KOJIMYECTBE MOJICTBHBIX
U pealbHBIX Te€0JIOTO-IPaBUMETPUYECKUX MarepHualax U mokasan 3¢(GeKTUBHOCTh MPHU
pELICHUH Pa3IMYHbIX HHTEpIpeTalMoHHbIX 3a1a4 [Kepumos, 2003, 2009a, 20096; Ctpa-
xoB B. H., Kepumos, 2001; CrpaxoB u ap., 2009]:

» F-anmpokcumarius siiseTcs HHPOPMAIIMOHHBIM 0a3UCOM TPaBUMETPUU U MaTrHU-
ToMeTpuu. BoccTaHOBNIEHNE 3HAUEHHI TOTEHIIMAIBHBIX MOJIEH B y3J1aX PEryspHOil ceTu
C YYETOM Pa3HOBBICOTHOCTH MCXOJHBIX M PE3yAbTaTUBHBIX TOUEK (3D uMHTEpHONAIus).
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* HckiroueHHe MCKaXKarollero BIMSHUS aHOMAaJbHOIO BCPTUKAJIBHOI'O I'paAUCHTA
IIpU MepecUeTe Ha6JIIOI[eHHOFO IOJIsI Ha TOPHU30HTAJIBHYIO INIOCKOCTh UJIN J'II-O6YIO 3aaH-
HYIO NIOBECPXHOCTD.

® q)I/IJ'IBTpaI_[I/I}I MNOMEX, HapylIaroImux I apMOHI/I"IeCKI/Iﬁ XapakTep Ha6J'II-O,Z[eHHOFO
IOTCHIIMAJIBHOI'O ITOJIA.

Kak n3BectHO 3aiavda IoCTpOCHUA F- aHHpOKCHMaHHOHHOﬁ KOHCTPYKIIMHU aHOMAJIb-
HOI'0O I'paBUTALIMOHHOTO ITOJIA BapHaHHOHHOﬁ MMOCTAaHOBKOM CBOOUTCS K PCHIICHUTO CJIAY:

AzA = f;, (1)

B KOTOPOW:

A — N-BEKTOp ¢ KOMIIOHEHTaMH /; (MHOkuTenH Jlarpanxa),
J5 — N-BEKTOp ¢ KOMIOHEHTaMH f; 5,

A- (NxN) — marpuiia co CBOMCTBOM

A=AT>0 2)

v oJieMeHTaMu @ > 1< p, g=N.
dopmyna sl BBIYUCIEHUS SJIEMEHTOB MaTpHIlbl A BBIIVISIIUT B CJIECIYIOIIEM BUJIE:
3 2
a = 3(2217,11 B 3pp,qZp,q) (3)
P-q ’

2 2 \35
27(z, ,+ P,,)

rac

) (@)
Z,, =X3" +x;" +2H,

2 2
P =N =0 (i )7,

Ha ocHoBe pemenus CJIAY HaxomsTcs mHOxuTenu Jlarpanka (KOMIIOHEHTa 4 ),
HCTOJIb3Ysl KOTOPbIE MOKHO BOCCTAHOBUTD IOJIE, KAK B UCXOJHBIX ITYHKTaX, TaK U B JIFO-
OBIX 33/IaHHBIX TOYKaX. JTO MO3BOJIET PEAYLIUPOBATH TIOJIE, 3aIaHHOE HAa HEPETYIISPHOI
Y Pa3HOBBICOTHOW CETH HA TOPU3OHTAIBHYIO IIJIOCKOCTh, & TAK)KE BBIIIOJIHUTH NIEPECUYET
3JIEMEHTOB I'PABUTALMOHHOIO I10JISl B BEPXHEE U HUYKHEE MOJTyIIPOCTPAHCTBO.

1. \3y4yeHure NpOCTPAHCTBEHHOIO PACNPEASASHNS
SAEMEHTOB NP ABUTALIMOHHOTO MOAS

Bripaxkenue miis nepBoii, BTOPOM U TPEThEN BEPTUKAIBHOM MPOU3BOAHOM I'paBUTa-
LMOHHOT'O MOTEHIMAJIa UMEIOT CIEAYIOUN BU:

3 & (2215,1 _31715,1)‘2
7

Vz(§1,1:fz,1:§3,1)=zl\z/lk )
=] z
(Zlf,l + P/f,z )?
15X 82;1_24/)1312151"‘3[7:1
sz(é:’é: 'é:):_ ﬂ - . = ’ 5
A ”’; ' (Z£,1+P15,1)4‘5 )
uf 8 h)* —40p; 1)’ + 150
szz(fl,l’fz,l»h)ZEZ/lk zi(8(z, +h) pgk’l(zé’lt5) + pk,z)_ .
e (zei+h)"+piy)”

[IpuBenennsbie Boiie Gopmysasl (4-6) MOTYT OBITH HCTIOIB30BaHBI JIJIS ITIEPECUYETA MOJIS
CHJTBI TSDKECTH M €TO NMPOU3BOHBIX Ha 33JaHHBIA YPOBEHb /I KaK Ha HEPETYISPHOM, TaK
Y Ha PETYISIPHON ceTH. MeTol HaXOKIeHHUs TpaHC(HOPMAHT aHOMAIILHOTO TPABUTAI[HOH-
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HOTO TI0JIsl HA OCHOBE F-alIpoKCUMalliy alpoOUpPOBaH Ha MIMPOKOM KJIacce MOJIETbHBIX
U (haKTUYECKUX TPAaBUMETPUYECKUX JIaHHBIX, TOKa3al BBICOKYIO 3((hEeKTUBHOCTh U TOY-
HOCTb pelleHus Takoro kiacca 3anad [Kepumos, 2003, 2009a, 20096; Crpaxos B. H., Ke-
pumoB, 2001; Crpaxos u ap., 2009]. 1yig u3yuyeHus: IpoCTPAaHCTBEHHOTO paclpeieeHus
3JIEMEHTOB TPAaBUTAIMOHHOTO TOJIS B IBYXMEPHOM BapHaHTE CTPOATCS Cepuu rpadukoB
W, W_wu W_, sl pa3Iu4HbIX BBICOT /;, @ TAKXKe Pa3HOCTHBIE TpadUKU:

AW, =W, (h) =W (h;.,) (7)
4 sz :sz (hl) - sz (hi-]) (8)
4 szz :szz (hl) - I/szz (hi—]) (9 )

B 3D eapuanne coomeeniCneeHHo cmposamcst Ky6bl YKA3AHHBIX 6blULE DTIEMEHMOE cpa-
BUMAYUOHHO2O0 NOJIA. HO]Zy'ieHHble OanHvie UCnOJb3yromcs Kak 07151 Ka4eCcmeeHHOoU U Ko-
AUYECMBEHHOU 2e0N02UYECKOU unmepnpemayuu. ﬂaHHbH;l Memoo umeem ocpanudernue 6
yacmu nepecuema 3J1emMennios cpasunmayuOrRHOoc0 NoJisl 8 HUSCHeE NOIynpoCcmpaHcnieo.

2. PaspeneHve rpaBMTaumoOHHbIX QHOMOAKMN HO OCHOBE
F-annpokcumMmaymm

Meron F-anmpokcUManuid 3J€MEHTOB BHEIIHETO aHOMAaJIbHOTO T'PABUTALMOHHOTO
T0JI. MOXKET OBITh MPUMEHEH JUISl pelieHus: MpoOiaeMbl pa3JesieHns Nojeil, a UMEHHO —
ToJiel HCTOYHHUKOB, 3aJIETal0IINX B MpeiesiaX CYIIeCTBEHHO pa3INyalouXcs M0 IIyOuHe
m CTPYKTYPHBIX 3Taxel. PaccMOTpuM BOIIpoC pa3feneHus TpaBUTALMOHHBIX aHOMATUH
Ha ocHOBe F-anmpoxcumanuu i ciaydas m=2, T.e. KOrja MpeArnoiaraeTcs, 4To anpuop-
HO M3BECTHA «ABYXATaXXHOCTb» B PACHOJIOXKEHUHM MCTOYHUKOB aHOMAJIbHBIX MOJIEH, T.e.
CYIIECTBOBAHME JIBYX TaKHX IJIOCKOCTeH &, = const:

&=-H,, &=-H,, H <H,, (10)
4TO HOCUTEJIh UCTOYHUKOB aHOMAIBHOIO oI 1 MOXKET OBITh IMMPpEACTAaBJICH B CJICAY-
IOLIEM BHUJE:
rac
TcD,DcIl ={&-H, <& <-H ), T,c IT, ={& & < —H, }- (12)

WNuaue roBopsi, onpeneiaeHHast 4acTb HICTOYHUKOB aHOMAJIbHOTO I0JIS MPUHAMJIEHKHUT
TOPH30HTAIBHOMY CIIOK), OTPaHUYEHHOMY IUIOCKOCTAMU &; = —H | (cBepxy) u & =—H,
(cHM3Y), a OCTaJIbHbIE MCTOYHUKHU PACIOIaralTcs B MOIYIPOCTPAHCTBE, OIPAaHUYCHHOM
CBEPXY MOBEPXHOCTHIO &, = —H,. B oT0# curyanun pasmuenenue mojaeid HCTOYHUKOB B T
U T, BBIIOJHSETCS C UCIIOJIb30BAHUEM CYMMBbI HHTEIpaIbHBIX NPEICTAaBICHHIH:

V(x)=VV(x)+V®(x) (13)

o 1
npu stoM uist Kaxaoit V' (x) u V) (x) BeIIICHIBaETCSA CBOE TPEICTABICHHE COOT-
1 2 .
BETCTBYIOIIUM HHTerpagoM Dypbe. N-BEKTOPHI C KOMIIOHEHTAMHU /15) u /15 ), 1<i<N,
HAXOJSTCS U3 PelIeHHs COOTBeTCTBYoImX 2-X CJIAY:

Al/l(l) = fs’ Azﬂ(z) = fa‘a (14)

rie Matpuiil A, = A >0 1 A, = A] >0 UMEIOT 3JIEMEHTHI, ONHUCHIBAEMbIE (HOPMY-
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Puc. 1. Mooenvnoe epasumayuonnoe none Puc.2. I pasumayuonnoe none

Fig. 1 Model gravitational field 1o pesynvmamam F-annpoxcumayuu
Fig. 2. Gravitational field according to the results

of F-approximation

noit (3). Ha 3akmtouuTeIbHOM 3Tarie BRIYUCISIIOTCS KOMIIOHSHTHI TTOJIST OT KaXIO0TO CIIOSL.
JlanHast MeToIMKa anpoOrpoBaHa Ha MOJIEIbHBIX M peajbHBIX I€0JOro-rpaBUMETpUye-
CKHX MaTepuaax.

Metonuka pasmeieHusi aHOMAJIBHBIX TOJie Ha OocHOBe F-ammpokcumanmu ObLia
anmpoOupoBaHa Ha CJEAyIONEeM MoAeIbHOM npuMepe. Pasmep mmomann 35 kmx50 kM.
OO6111ee KOMMYECTBO paCYCTHBIX TPABUMETPHUECKUX MYHKTOB coctaBisieT 6000, ceTh He-
perynsipHast. Cxema pa3MelieHHsl CeTH U pelibed 3eMHOM TOBEPXHOCTH HA TAHHOM y4acT-
K€ aHAJIOTUYHBI MTPEIbIAYIIEMY MOJIEIbHOMY YyUacTKy. J{i1si JaHHOTO ydacTka ObLIO TakKe
paccunuTaHO MOJENIbHOE IPaBUTALIMOHHOE 110JI€, 00YCIIOBIEHHOE § MPU3MaTUYECKUMU Te-
namu. Ha naHHOM yuyacTke MoJiebHbIE TeJla pacrlojiaraimTcs Ha JBYX Spycax, B HHTEp-
Banax nryoud 1.5-2.5 km u 5.0-8.0 kM. MopenbHOe 10JIe UMEET JOCTATOYHO CIIOKHBIN
XapakTep U MpeCcTaBIeHO Ha puc. 1.

JlJi TaHHOTO MOZIENILHOTO y4acTKa paHee Oblia BbINoJIHEHA F-anmnpokcumanus ¢ uc-
nosb3oBanueM npezacrasinenus suaa (10-14) npu H,=1.5 kxm u H,=4.5 xm. Pesynbrarst
anmnpoKCUMAaIK ObUIM MCIOIb30BaHbI JJIsl AHAIMTUYECKOTO MPOAOKEHUSI B BEpXHEE U
HUKHEE MOJYNPOCTPAHCTBA U HAXOXKJEHUS TOPU30HTAJIBHBIX U BEPTHUKAIbHBIX MPOU3-
BOJIHBIX pa3iauyHoro nopsaka. C 1enbio pas3ieiaeHusl TPaBUTAMOHHBIX aHOMAJIUH, 00-
YCIIOBJIEHHBIX TEJIaMHU, PACIIOIOKEHHBIMU B PA3IMYHBIX CTPYKTYPHBIX dTaxax i 3TOro
MOJIEIbHOTO y4yacTka Oblia noctpoeHa F-anmpokcumanus. Ha puc. 2 npuBeneHa kapra
IPaBUTALIMOHHOIO MOJIs 1O pe3ynbTaraM F-annmpokcumariui.

CpenHekBazparuyeckas OIIMOKa aNMpOKCUMAIMM COCTaBIseT B JAHHOM Cllydae
0.013 mI'an. ZTocTaTo4HO BBICOKAsE TOYHOCTH AIIIPOKCUMAIIMU MOATBEPKIAETCA TaKKe
AHAJIM30M Pa3HOCTHOIO IPaBUTALIMOHHOTO MO A1 JaHHOTO ydacTka. Ha puc. 3-4 npu-
BEJICHBI KapThl PACU€THOTO I'PAaBUTALMOHHOIO MOJS U aHOMAJIBHOI'O I'PaBUTALMOHHOTO
T10J151, TIOTYYEHHOT'O C UCIIOJIb30BaHUEM OINKMCAHHOM BBIIIE METOJUKHU pa3/IeieHHUs MOJIEH,
COOTBETCTBEHHO JJIsl IEPBOTO CTPYKTYPHOIO 3Taxka (MHTepBai m1youH 1.5-4.5 km).
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Puc.3. Modenvhoe epasumayuonroe none Puc. 4. I pasumayuonnoe none
(unmepean enyoun 1.5-4.5 km) no pesynomamam F-annpoxcumayuu
Fig. 3. Model gravitational field (depth interval (unmepean enyoun 1.5-4.5 km)
1.5-4.5 km) Fig. 4. The gravitational field according to the
results of the F-approximation (depth interval
1.5-4.5 km)
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Puc. 5. Mooenvnoe epasumayuonnoe none Puc. 6. I pasumayuonroe nore
(2nybunvt >4.5 km) no pesynomamam F-annpoxcumayuu
Fig. 5. Model gravitational field (enybunvt >4.5 km)
(depths> 4.5 km) Fig. 6. Gravity field according to the results of the

F-approximation (depths> 4.5 km)
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Ha puc. 5-6 npuBeneHb! KapThl paCYETHOIO I'PaBUTALMOHHOIO MOJISl U @aHOMAJILHOTO
I'PaBUTALIMOHHOIO I0JIs, TIOJIYYEHHOIO C UCIOIb30BAHUEM OIMCAHHOM BbIIIE METOAUKHU
paszesneHus Nonel, COOTBETCTBEHHO Il BTOPOTo CTPYKTYPHOTO 3Taxa (rmyOuHsl >4.5
KM). AHalIU3 3THX KapT MOKa3bIBaeT B LEJIOM Ha 3((EKTUBHOCTh JAHHOTO MOAX0a MPH
pa3iesieHuy MOJEH.

3. HoxoXaeHre NpoCTPAHCTBEHHOIO PACNPEAEAEHUS
dYHKUMM CTPOXOBA

[Ipennaraercs 11 pelIeHus 3a7a4 rPaBUTAIIMOHHON BBIUUCIISTH CIEAYIOMIYIO (QYHK-
1I1I0, KOTOpas sBisieTcst o0oOieHneM ¢yHkiuu bepeskuna. [lannyro dyHKIus npesia-
raercst UMeHOBaTh (pyHkimeit Ctpaxosa:

M. (x,y,

S(x,y,2)= PR ” 2||E(X Y>Z) 05
.[ .[ ||Mz||i;(x, y,z)dx,dy
rae

VXX VXY Xz
M, = VXy Vyy Vyz (16)

Ve Vi Vs
LI, = P2+ 42+ 20+ V2 +7) 1)

Merton Beruncnenus ¢pyHkuun CTpaxoBa MO3BOJSET U30€KaTh OTPaHMYCHHUN Tepe-
cueTa B HIKHEE MOIynpocTpaHcTBo. [1o n1aHHO# MeToarKe pa3paboTaH adropuT™ U KOM-
NBIOTEpHAsl porpaMMa. B HacTosiee BpeMsi BBIITOJIHAIOTCS TECTOBBIE pACU€Thl HA MO-
JEJIbHBIX U PEAJIbHBIX TPAaBUMETPUUECKUX IPUMEPaX.

BbiBOADI

Pesynprarel anpoOupoBaHusi aIrOPUTMOB U MPOTPaMM AMMPOKCHUMALMOHHOTO TOA-
X0Jla K CHEKTPaJIbHOMY aHaJN3y IPaBUTALMOHHBIX U MAarHUTHBIX aHOMAJIUM Ha MOJEIb-
HBIX U (PAKTUUECKUX IPaBUMETPUYECKUX U MAarHUTOMETPUYECKUX JAAHHBIX MO3BOJISIOT
C/IeNaTh CIeIyIONINE BHIBOJIBI:

1. Pe3ynbrarhl Mccea0BaHMM TOATBEPIKIAIOT TEOPETUICCKHUE BEIBOIBI 00 3P PeKTHB-
HOCTH ammnpoOKCUMAIlMOHHOTO IMOJX0/la K CIeKTpajabHOMYy aHanu3y (F-anmpoxcumarnis)
IPaBUTALIMOHHBIX.

2. Meron F-anmpokcumarnuu siBIsieTCs BBICOKOY(P(PEKTUBHBIMK CIIOCO0AMU aHAJIH-
TUYECKOH anmpOKCUMAIIMK TPaBUMarHUTHBIX MTOJIEH U penbeda 36MHOM MMOBEPXHOCTH.

3. Aunroputwmsl u nporpammsl F-annpokcumanuu sBistorcs 3¢pOEeKTUBHBIM HHCTPY-
MEHTOM 00pabOTKU ¥ UHTEPHPETALUU TPABUMETPUYECKUX U MATHUTOMETPUYECKUX JIaH-
HBIX, 33JITaHHBIX Ha HEPABHOMEPHOMN M Pa3HOBBICOTHOM CETH.

4. Ha ocHoBe Mmeronma F-ammpokcumaruu pa3paOoTaHbl TP MOAUGBUKAIIMN Tpa-
BUTALIMOHHON TOMOTpaduu: MepecyeTdIeMEHTOB IPABUTALIMOHHOTO IOJIsSI B BEpXHEE U
HUKHEE MOJyNPOCTPAHCTBA; pa3/ie]ieHue aHOMAaJIbHOIO IPaBUTAIIMIOHHOTO TMOJISl OT pa3-
HBIX CTPYKTYPHBIX 3Ta)ei; HaX0XK/IeHHEe MMPOCTPAHCTBEHHOIO pacnpeaeneHus: QyHKIUN
Crpaxosga.
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5. Metox rpaBuTaliMOHHON TOMOrpaduu, OCHOBaHHBIN Ha u3yuyeHuu 3D pacrpene-
nenus pyHkun CTpaxoBa, paCCUUTaHHOM Ha OCHOBE F-anmpokcumanuy uCXoqHOro rpa-
BUTAIIMOHHOTO TIOJIs1, SIBIISIETCSI HAUOOJIee MePCIIEKTUBHBIM.

Antepartypa

1. ba6asun I1.C., bnox 10.U., bym B. A., Tpycos A. A. UnTepnperauust asporeodpusuye-
CKUX JIaHHBIX TpU MOHMCKaxX MecTopoxaeHuid HedTu u rasza // Pa3Benka m oxpana Henp, 2006a.
Ne 5. C. 13-18.

2. babasun I1. C., biox F0. U., TpycoB A. A. MnaTtepriperanronnas ToMorpadus 1o JTaHHBIM
TpaBUpPA3BEAKA M MarHUTOpa3BeakHu B makeTe mporpamm «CHUI'MA-3D»y // Borpocsr Teopun u
NPAKTHKH TC€OJIOTHYECKONH MHTEPIPETALMH IPABUTALMOHHBIX, MATHUTHBIX U 3JEKTPHUUECKUX I10-
neil. Marepuansl 31 ceccun Mexaynap. cemunapa uM. /. I Yenenckoro. M.: OM®3 PAH, 2004.
C. 88-89.

3. bnox 0. W. TIpobnema agexkBaTHOCTH HHTEPIPETALMOHHBIX MOJIEJIeH B IpaBUPA3BEIKE U
MarauTopassezake // ['eopusngeckuit Bectauk, 2004. Ne6. C.10-15.

4. bynax E.T., Jlesamos C.II. IlocTtpoeHue reornaoTHOCTHRIX MOAEIEH METOJOM MOCIEA0-
BaTEJIbHOTO HAKOIJICHUSI M Pa3pacTaHusi aHOMaNbHBIX Macc // V3ydeHne nutocdepsl reopusn-
YECKMMHU METOIAMH (DJIEKTPOMAarHUTHBIE METOIbI, TE€OTEPMUS, KOMILICKCHAs WHTEPIPETALus).
Kuesn: HaykoBa nymxka, 1987. C.37-47.

5. berukoB C.I. CoBpemMeHHBIE TEXHOJOTHH MHTEPHPETAIH TPAaBUMETPUUECKUX TaHHBIX
P UCCIIEOBAHUAX Ha HePTh U ra3 // DIeKTpOHHBIN HAaydHBIN XypHaI «HedTerazosoe memoy.
2005. http://www.ogbus.ru/authors/Bychkov/Bychkov_1.pdf. — 22 c.

6. Bammunos lO. A. I'paBumerpuueckasi Tomorpadusi — HOBO€ HalpasJieHUE U3yUeHHS TBEP-
noit obonouku 3emnn // oxmansl PAH, 1995. T. 343. Ne 4. C. 532-536.

7. Bpouna E.Il. Tomorpaduueckuii adroput™m peleHus MpsAMOH W oOpaTHOW 3amaduu
TPaBUMETPHH C YYETOM TUIOTHOCTHON HEOAHOPOJAHOCTH cpenbl // Teonnpopmarnka, 2010. No2.
C.46-53.

8. Hoarane A.C., Kanunun 1. ®., OnemkeBuy O. U, CumonoB O.H. IIpuMeneHue kom-
NBIOTEPHBIX TEXHOJOTHMHA HHTEPIIPETAlMH TE€ONOTEHIMAIBHBIX TMOJeH MpHU HPOTHO3UPOBAHUE
TUTaTHHO-METHO-HHUKENeBOro opyacHeHus // Pazsenka u oxpana Henp, 2006. Ne 8. C. 57-65.

9. Honrans A.C., lHapxumymanun A. ®. O rpaBuTannoHHON TOMOTpaduu 1 MyTAX ee Aalb-
Heitmero passutus // Bectauk Ilepmckoro yausepceutera. ['eonorus, 2009. Bemm. 11 (37). C.

10. I1. C. ba6asu, 10. U. biox, E. U. 3y60B u ap.MaTepnipeTariis adporeoGn3naecKux JaH-
HBIX IIPU TIOMCKaX MECTOPOXKIECHHUI TBEPIBIX MOJIE3HBIX HCKONaeMbIX // Pa3Benka u oxpaHa Henp,
20060. Ne 5. C. 18-27.

11. Kepumos 1. A. Ucnons3zoBanueF-annpokcumaiiuu npu UHTEPHpETALUN TPaBUMETPH-
YeCKHUX JaHHBIX. [. MeToaMKa 1 pe3ynbTraThl OnpoOOBaHHs Ha MOJCIBHBIX puMepax // dusnka
3emin, 2003. Nel. C.57-76.

12. Kepumos U. A. Vcnionb3oBanue F-annpokcumanyy nMpy HHTEPIpETALUA IPaBUMETPUYE-
ckux paHHbIX. 1I. Pesynbrare onpoboBaHust Ha MaTepuanax TpaBUMETPUUECKUX U MarHUTOME-
TpUYecKux cbeMok // dusuka 3emiu, 2009. Ne.5. C. 77-93.

13. Kepumos U. A. F-annpokcumanuu penbeda 3eMHON noBepxHocTH // Pusnka 3emi,
2009. Ne.8. C. 101-112.

14. Maptemko I1. C., HoBocemumkuii B. M., [Ipytkun W. JI. O pa3aeneHnn HCTOYHUKOB Tpa-
BUTALMOHHOTO TOJIS 110 TIIyOMHE // DIeKTpOHHbIN HayyHO-MH(OPMALMOHHBIN KypHaT «BecTHuk
otaeneHus Hayk o 3emiue PAH», 2002. Ne 1 (20). www.scgis.ru/russian/cp1251/h_dgggms/1-2002/
scpub-7.htm#begin.

15. HoBocenunikuit B.M. K Teopuu omnpenencHusi n3MEHEHUS TIOTHOCTH B TOPU30HTAIb-
HOM IL1acTe 1o anoManusaM cuibl Tsokect // 3B, AH CCCP. Cep. ®usuka 3emin. 1965. Ne 5,
C.25-32.

16. HoBocenumkuit B.M., Jlonrane A.C., berukoB C.I. HoBrril anroputmudeckuii 6asuc
TEXHOJIOTUH BEKTOPHOTO CKaHMPOBAHMS reONOTEHIUANBHBIX moJei // 'eodusndeckue nccneno-



Geology and Geophysics of Russian South 10(1) 2020 ['eonorvs u reoguanka fOra Poccim 65

BaHMsI YpaJsla U CONpeneNbHBIX pernoHoB. Marepuaisl MexayHaponHoi KOH(EpEeHIHH, TOCBS-
mennoit 50-neruro Mucrutyra reodpusuku YpO PAH. ExarepunOypr: UT'® YpO PAH, 2008.
C. 183-186.

17. HoBocemnutikmii B. M., IIpoctonymos I. B. Bekroprast 00paboTka rpaBUMETpHICCKHX Ha-
OmroneHuit ¢ meIpi0 OOHAPYKEHUS U JTIOKAN3allii UICTOYHUKOB aHoManwii // ['eodusmka u mare-
matuka. M.: OU®3 PAH, 1999. C.104-107.

18. HoBocenuukuit B. M., berukoB C.T., Yanaes M. C. u n1p.OCHOBHBIE TEXHOJIOTHH BEKTOP-
HOI 00pabOTKM W WHTEPIpETAUK TPABUTAIIMOHHBIX U MarHUTHBIX ToneH / // Bompocsl Teopun
W MPAKTUKU T€OJIOTHYECKON MHTEPIIPETAllMd TPaBUTAIMOHHBIX, MATHUTHBIX M 3JEKTPHUYECKUX
nosieit. Marepuansl 28-ceccun MexayHaponHoro cemuaapa uMm. /. I. Ycnenckoro. M.: OU®3
PAH, 2001. C. 71-72.

19. Ilerpumesckuid A. M. IlepBble mpuOMIKeHNsT K TPaBUTALMOHHON TOMOrpaduu: NpuH-
LUUNHAaJIbHBIE TTOIXOABI, METOJMKA M T€0JOrHYecKre pe3ynbTarsl / Bompockl Teopun U mpak-
TUKHU TEOJOTUYECKOW MHTEPIPETAlH IPAaBUTALIMOHHBIX, MATHUTHBIX M AJIEKTPUYECKHUX TOJEH.
Marepuainst 30-ceccun Mexaynapoanoro cemunapa uM. J1.I. Yenenckoro. Kazans, KI'Y, 2009.
C. 255-258.

20. CrpaxoB B.H., KepumoB 1. A. AnnpokCUMalMOHHBIE KOHCTPYKIUHU CHEKTPAIBHOIO
ananu3a (F-anmpokcumanus) rpaBUMETpUYECKUX NaHHbIX // @usuka 3emnn, 2001. Nel12. C.3-20.

21.  Crpaxos B.H., Kepumor U. A., Crenanosa W.D. Pa3paboTka Teopuu 1 KOMIbIOTEP-
HOW TEXHOJIOTMH TOCTPOCHHS JINHEHHBIX aHAIUTHYECKUX AIMPOKCUMAIMH TPaBUTAIIUOHHBIX U
MarsuTHeIX nojei. M.: Ud3 PAH, 2009. 254 c.

22.  TapakanoB 0. A. I'paBurtarmonnas romorpadus // IlpodbmeMbl reoroMorpadguu. M.,
1997. C. 236-254.

23.  Basuyau, C., & Tiberi, C. Imaging lithospheric interfaces and 3D structures using
receiver functions, gravity, and tomography in a common inversion scheme. Computers &
Geosciences, 2011, 37 (9): 1381-1390. https://doi.org/10.1016/j.cageo0.2010.11.017

24.  Berkel, P., & Michel, V. On Mathematical Aspects of a Combined Inversion of Gravity
and Normal Mode Variations by a Spline Method [Article]. Mathematical Geosciences, 2010. 42
(7): 795-816. https://doi.org/10.1007/s11004-010-9297-2

25.  Hsieh, H. H., & Yen, H. Y. (2016, Jul). Three-dimensional density structures of Taiwan
and tectonic implications based on the analysis of gravity data. Journal of Asian Earth Sciences,
2016. 124: 247-259. https://doi.org/10.1016/j.jseaes.2016.05.009

26.  Jacob, T., Samyn, K., Bitri, A., Quesnel, F., Dewez, T., Pannet, P., & Meire, B. Mapping
sand and clay-filled depressions on a coastal chalk clifftop using gravity and seismic tomography
refraction for landslide hazard assessment, in Normandy, France. Engineering Geology, 2018.
246: 262-276. https://doi.org/10.1016/j.enggeo.2018.10.007

27.  Liu, G. F, Yan, H. F., Meng, X. H., & Chen, Z. X. An extension of gravity probability
tomography imaging [Article]. Journal of Applied Geophysics, 2014. 102: 62-67. https://doi.
org/10.1016/j.jappgeo.2013.12.012

28.  Sampietro, D., & Capponi, M. (2019, Aug). Practical Tips for 3D Regional Gravity
Inversion. Geosciences,2019.9(8), 13, Article Unsp351. https://doi.org/10.3390/geosciences9080351

29.  Shirzaii M., Ardalan A. Gravity tomography for determination of the location and
extent of interior structures of the Earth via wavelet transforms; case study: gravity tomographic
map of the oil reservoirs // Geophysical Research Abstracts. Vol. 7, 2005. 00678

30.  Singh, A. Triangular Grid-Based Fuzzy Cross-Update Inversion of Gravity Data: Case
Studies from Mineral Exploration [Article]. Natural Resources Research, 2020. 29 (1), 459-471.
https://doi.org/10.1007/s11053-019-09480-x

References:

1. Babayants P.S., Blokh Yu.l., Bush V.A., Trusov A.A. Interpretation of airborne
geophysical data when exploring oil and gas deposits. Exploration and protection of mineral
resources, 2006a. No. 5. pp. 13-18. (In Russ.)


https://doi.org/10.1016/j.cageo.2010.11.017
https://doi.org/10.1007/s11004-010-9297-2
https://doi.org/10.1016/j.jseaes.2016.05.009
https://doi.org/10.1016/j.enggeo.2018.10.007
https://doi.org/10.1016/j.jappgeo.2013.12.012
https://doi.org/10.1016/j.jappgeo.2013.12.012
https://doi.org/10.3390/geosciences9080351
https://doi.org/10.1007/s11053-019-09480-x

66 Geology and Geophysics of Russian South 10(1) 2020 T'eonorvs n reogmanka Kora Poccim

2. Babayants P.S., Blokh Yu.I., Trusov A. A. Interpretation tomography according to gravity
and magnetic exploration data in the «SIGMA-ZD» software package. Issues of theory and
practice of geological interpretation of gravitational, magnetic and electric fields. In: Proceedings
of the 31st session of the International seminar named after D. G. Uspensky. Moscow. JIPE RAS,
2004. pp. 88-89. (In Russ.)

3. Blokh Yu.I. The problem of the adequacy of interpretation models in gravity and magnetic
exploration. Geophysical Bulletin, 2004. No. 6. pp.10-15. (In Russ.)

4. Bulakh E.G., Levashov S.P. The construction of density models using the method of
successive accumulation and growth of anomalous masses. Study of the lithosphere by geophysical
methods (electromagnetic methods, geothermy, complex interpretation). Kiev, Naukova Dumka,
1987. pp.37-47. (In Russ.)

5. Bychkov S.G. Modern technologies for interpreting gravimetric data in oil and gas
research. Electronic scientific journal «Petroleum Engineering». 2005. http://www.ogbus.ru/
authors/Bychkov/Bychkov 1.pdf. 22 p. (In Russ.)

6. Vashchilov Yu.A. Gravimetric tomography —a new area of study of the Earth’s hard shell.
Doklady RAS, 1995. Vol. 343. No.4. pp. 532-536. (In Russ.)

7. Vdovina E.P. The tomographic algorithm for solving the direct and inverse problems of
gravimetry taking into account the density inhomogeneity of the medium. Geoinformatics, 2010.
No.2. pp.46-53. (In Russ.)

8. Dolgal’ A. S., Kalinin D.F.; Oleshkevich O. I, Simonov O.N. The use of computer
technology for the interpretation of geopotential fields in the prediction of platinum-copper-nickel
mineralization. Exploration and mineral protection, 2006. No.8. pp. 57-65. (In Russ.)

9. Dolgal’ A. S., Sharkhimullin A.F. About gravitational tomography and the ways of its
further development. Bulletin of Perm University. Geologiya, 2009. Issue 11 (37). (In Russ.)

10. P.S. Babayants, Yu.l. Blokh, E.I. Zubov et al. Interpretation of airborne geophysical data
when searching for solid mineral deposits. Exploration and Protection of Subsurface Resources,
2006b. No. 5. pp. 18-27. (In Russ.)

11. Kerimov I.A. The use of F-approximation in the interpretation of gravimetric data.
I. Methods and results of testing on model examples. Physics of the Solid Earth, 2003. No.1.
pp-57-76. (In Russ.)

12. Kerimov I.A. Using F-approximation in the interpretation of gravimetric data. II. The
results of testing on the materials of gravimetric and magnetometric surveys. Physics of the Solid
Earth, 2009. No.5. pp. 77-93. (In Russ.)

13. Kerimov 1. A. F-approximation of the relief of the earth’s surface. Physics of the Solid
Earth, 2009. No.8. pp. 101-112. (In Russ.)

14. Martyshko P.S., Novoselitskii V.M., Prutkin I. L. On the separation of gravity field sources
by depth. Scientific Information Journal «Bulletin of the Earth Sciences Division of the Russian
Academy of Sciences», 2002. No. 1 (20). www.scgis.ru/russian/cp1251/h_dgggms/1-2002/
scpub-7.htm#begin. (In Russ.)

15. Novoselitskii V. M. On the theory of determining changes in density in a horizontal layer
by anomalies of gravity. [zv. USSR Academy of Sciences. Ser. Physics of the Earth. 1965. No.5.
pp- 25-32. (In Russ.)

16. Novoselitskii V.M., Dolgal’ A. S., Bychkov S.G. A new algorithmic basis for vector
scanning technology of geopotential fields. Geophysical research of the Urals and adjacent
regions. In: Proceedings of the International Conference dedicated to the 50th anniversary of the
Institute of Geophysics, UB RAS. Ekaterinburg, IGF UB RAS, 2008. pp.183-186. (In Russ.)

17. Novoselitskii V.M., Prostolupov G. V. Vector processing of gravimetric observations in
order to detect and localize sources of anomalies. Geophysics and Mathematics. Moscow. JIPE
RAS, 1999. pp.104-107. (In Russ.)

18. Novoselitskii V.M., Bychkov S.G., Chadaev M.S. et al. Basic technologies of vector
processing and interpretation of gravitational and magnetic fields. Issues of theory and practice of
geological interpretation of gravitational, magnetic and electric fields. In: Proceedings of the 28th



Geology and Geophysics of Russian South 10(1) 2020 ['eonorvs u reoguanka fOra Poccim 67

session of the International seminar named after D. G. Uspensky. Moscow. JIPE RAS, 2001. pp.
71-72. (In Russ.)

19. Petrishchevskii A. M. The first approximations to gravitational tomography: fundamental
approaches, methods and geological results. Issues of theory and practice of geological
interpretation of gravitational, magnetic and electric fields. In: Proceedings of the 30th session of
the International seminar named after D. G. Uspensky. Kazan, KSU, 2009. pp. 255-258. (In Russ.)

20. Strakhov V.N., Kerimov [.A. Approximate constructions of spectral analysis
(F-approximation) of gravimetric data. Physics of the Solid Earth, 2001. No.12. pp.3-20. (In
Russ.)

21. Strakhov V.N., Kerimov I.A., Stepanova 1. E. Development of the theory and computer
technology for constructing linear analytical approximations of gravitational and magnetic fields.
Moscow. IPE RAS, 2009. 254 p. (In Russ.)

22.  Tarakanov Yu.A. Gravitational tomography. Problems of geotomography. Moscow,
1997. pp. 236-254. (In Russ.)

23.  Basuyau, C., & Tiberi, C. Imaging lithospheric interfaces and 3D structures using
receiver functions, gravity, and tomography in a common inversion scheme. Computers &
Geosciences, 2011, 37 (9): 1381-1390. https://doi.org/10.1016/j.cageo.2010.11.017

24,  Berkel, P, & Michel, V. On Mathematical Aspects of a Combined Inversion of Gravity
and Normal Mode Variations by a Spline Method [Article]. Mathematical Geosciences, 2010. 42
(7): 795-816. https://doi.org/10.1007/s11004-010-9297-2

25.  Hsieh, H. H., & Yen, H. Y. (2016, Jul). Three-dimensional density structures of Taiwan
and tectonic implications based on the analysis of gravity data. Journal of Asian Earth Sciences,
2016. 124: 247-259. https://doi.org/10.1016/].jseaes.2016.05.009

26.  Jacob, T., Samyn, K., Bitri, A., Quesnel, F., Dewez, T., Pannet, P., & Meire, B. Mapping
sand and clay-filled depressions on a coastal chalk clifftop using gravity and seismic tomography
refraction for landslide hazard assessment, in Normandy, France. Engineering Geology, 2018.
246: 262-276. https://doi.org/10.1016/j.enggeo.2018.10.007

27.  Liu, G.F, Yan, H. F., Meng, X. H., & Chen, Z. X. An extension of gravity probability
tomography imaging [Article]. Journal of Applied Geophysics, 2014. 102: 62-67. https://doi.
org/10.1016/j.jappgeo.2013.12.012

28.  Sampietro, D., & Capponi, M. (2019, Aug). Practical Tips for 3D Regional
Gravity Inversion. Geosciences, 2019. 9 (8), 13, Article Unsp 351. https://doi.org/10.3390/
geosciences9080351

29.  Shirzaii M., Ardalan A. Gravity tomography for determination of the location and
extent of interior structures of the Earth via wavelet transforms; case study: gravity tomographic
map of the oil reservoirs // Geophysical Research Abstracts. Vol. 7, 2005. 00678

30.  Singh, A. Triangular Grid-Based Fuzzy Cross-Update Inversion of Gravity Data: Case
Studies from Mineral Exploration [Article]. Natural Resources Research, 2020. 29 (1), 459-471.
https://doi.org/10.1007/s11053-019-09480-x


https://doi.org/10.1016/j.cageo.2010.11.017
https://doi.org/10.1007/s11004-010-9297-2
https://doi.org/10.1016/j.jseaes.2016.05.009
https://doi.org/10.1016/j.enggeo.2018.10.007
https://doi.org/10.1016/j.jappgeo.2013.12.012
https://doi.org/10.1016/j.jappgeo.2013.12.012
https://doi.org/10.3390/geosciences9080351
https://doi.org/10.3390/geosciences9080351
https://doi.org/10.1007/s11053-019-09480-x

68 Geology and Geophysics of Russian South 10(1) 2020 T'eonorvs n reogmanka Kora Poccim

GEOPHYSICS

VK 550.37
DOI: 10.23671/VNC.2020.1.59066

Original paper
Combined geoelectrical and geoelectromagnetic
survey for contributing to local hydrogeological
regime - The case study of Delfini basin
(Chios isl. — Greece)

T.D. Papadopoulos'”, J. D. Alexopoulos'®, S. Dilalos

Division of Geophysics and Geothermy, Department of Geology & Geoenvironment,
National and Kapodistrian University of Athens, Panepistimiopolis 15784 Zografos,
Athens, Greece, e-mail: tpapadop @geol.uoa.gr

Received: 05.03.2020, revised: 25.03.2020, accepted: 27.03.2020

Abstract: Relevance. In this paper the feeding mechanism of springs distributed around the broader area
of Delfini at NE side of Chios Island is explored, in an effort to locate possible fresh water paths inland before
they are discharged to the sea. The drilling of hydro wells for more production is of vital importance to cover
the drinking and irrigation needs of the broader area. Aim. Although Chios has been extensively drilled in the
past years the demand for further investigations comes from an increased water consumption during summer
time in one hand and the inefficiency of alternative water resources (e.g. construction of dams, desalination
units, etc) on the other hand. Methods. Geophysical methods were used (VLF and resistivity) to explore in detail
water potential areas, like the broader area of Delfini, where during winter time huge quantities of fresh water
discharge through springs to sea level. Results and its discussion. The presence of a confined aquifer composed
mainly of limestones, which are overlain by clastic impermeable deposits, together with the existence of water
potential bearing fracture zones determine the hydrogeological regime of the nearby area. It is also explained the
presence of brackish waters at positive elevations found during summer time at nearby springs. It seems that the
lateral extent of impermeable clastic deposits plays a crucial role in allowing the inland flow of seawater during
summer time and combined with the presence of the confined aquifer of fresh water produce an upward mixing
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Pe3tome: AKTYanbHOCTb. B AaHHOI cTaTbe UCCNeayeTcs MeXaHU3M NUTaHMA UCTOYHUKOB, pacnpenenieHHbIX
BOKPYT LIMpOKoi o6nactu [denbguHn Ha CeBEPO-BOCTOYHOM CTOPOHE OCTPOBA XWOC, B NOMbITKE HANTI BO3MOX-
Hble NYTW PUNLTPALMI NPECHBLIX BOJ BHYTPW OCTPOBA, 10 TOr0 Kak OHW 6yAyT cOpoLLeHbl B Mope. Lienb. bypeHue
rMAPOreoNornyeckX CKBaXUH ANS YBENUYEHUS J06bIYN UMEET XWU3HEHHO BaXKHOE 3Ha4YeHue Ans yooBMeTBO-
peHus NOTPeOHOCTEN B NUTLEBOI BOAE M MPPUraLuy LLMPOKOI TeppuTopuin. HecMOTPS Ha To, 4TO B NOCReaHNUe
rofbl Ha 0CTPOBE XNOC MHTEHCUBHO BYPATCA CKBAXMHbI, NOTPEOHOCTb B JaNbHEALLINX UCCNEA0BaHNAX CBA3AHA C
YBENUYEHMEM NOTPe6NeHNs BOAbI B NETHEE BPEMS, C OAHON CTOPOHbI, U HE3((DEKTUBHOCTHIO aNlbTEPHATUBHbIX
BOJHbIX PECYPCOB (Hanpumep, CTPOUTENLCTBO MIIOTUH, ONPECHUTESbHbIX YCTAHOBOK W T.A.), C APYrOil CTOPOHSI.
Mertopabl. leopuanyeckne MeTofbl (HA3KOYACTOTHAA 3M1EKTPOPA3BeKa M YaenbHOe COMpOTUBNEHNE) UCMOSb-
30BanuCh ANs OeTanbHOro M3yd4eHns obnacTeit BOAHOMO NOTEHLMAnNa, Takux Kak Hambonee LiMpokas o6nactb
[enbuHn, roe B 3MMHEe BPEMS OFPOMHOE KONMYECTBO MPECHOI BOAbl COPACHIBAETCA YEpe3 UCTOYHUKW [0
YpOBHS Mopsi. Pe3ynbTatbl M UX 06cyxaeHue. Hanuyue orpaHn4eHHOro BOJOHOCHOMO FOPU30HTa, COCTOSLLENO B
OCHOBHOM M3 3BECTHSKOB, KOTOPbIE NMEPEKPLITbI 065IOMOYHBIMU HEMPOHULIAEMBIMU OTNOXEHUAMM, A TAKXKE Ha-
NNYKUe paspbIBHbIX 30H, HECYLLIMX BOAHbIA NOTEHLUMAN, ONPEAEeNaOT rMAPOreosornieckuin pexum 6nnanexatle-
ro paitoHa. ITO TaKXXe 0ObACHAETCS HANMYMEM CONOHOBATLIX BOJ HA NOMOXUTENbHbIX BbICOTAX, 0OHAPYXXEHHbIX
B NIETHEe BPeMs B GNM3Nexallux UCTOYHMKax. [1o-BuamMomy, 60K0OBasi NPOTSXEHHOCTb HEMPOHULAEMbIX 06-
NOMOYHBIX OTII0XEHWUIA UrPAET PeLLAtOLLYHO POfb, NO3BONAS BHYTPEHHEMY CTOKY MOPCKOWN BO/bI B IETHEE BPEMS
1 B COYETAHWUM C HANUYMEM OrPaHUYEHHOr0 BOLOHOCHOIO rOPU30HTA MPECHOW BOAbI CO3[aBaTb BOCXOASLUMNA
CMELLMBAOLLIMACS NOTOK NPECHOM 1 MOPCKOW BOJIbl B UCTOYHMKAX BO3BbILLIEHHOCTEN. B 3uMHee BpemMs 0rpoMHoe
KOJTIMYECTBO OTTOKA NPECHOM BOAbI HE NO3BONSET BHYTPEHHEMY NPUTOKY MOPCKOW BOJbI.

KnioueBble cnoBa: yienbHOe CONpoTUBIEHNE, HU3KOHACTOTHASA 3N1EKTPOPA3BEAKA, NMPYXUHHBIA MeXaHU3M,
BTOPXKEHWE MOPCKOM BObl, re03/1eKTPUYECKUA (PYHOAMEHT.
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1. Infroduction

The island of Chios has been extensively drilled for water exploitation the last two
decades, in an effort to cover the needs of water supply in urban and rural areas. The de-
mand for greater quantities of water consumptions increases particularly during summer.
The hydrogeological basin of «Korakari» is considered as the most water productive area
in Chios Isl., providing >80% of the water supply and >70% covering of the irrigation
needs of the island [Banos et al., 1995]. Although it seems that the water supply problem
is not intense, however some production wells appear an abnormal increase in mercury
(Hg) content, around the area of «Korakari» during summer. This problem requires the in-
vestigation of other potentially productive areas. Of course, local authorities and govern-
mental agencies have also proposed other more permanent solutions like the construction
of dams (e.g. Katraris, Fyrolakas, Koris Gefyri, Sarapio, etc.) and the establishment of
desalination units. The construction of dams started long time ago but still are out of op-
eration, mainly because of financial problems. Desalination units were also put forward in
the area of Lagada in NE Chios but their maintenance cost is high so they were not used in
other places. Besides these intermediate and long-term solutions, other approaches were
proposed to cover immediate needs and solve the water supply problem in Chios Island.

A geophysical survey was proposed to search for new potentially promising areas
for further drilling [Dilalos, 2009]. These areas must fulfill the following prerequisites:
a) To be in regions that are not extensively drilled by previous works, b) to be in acces-
sible places in order to be reached easily by a drilling machine, c) to be in areas that are
promising from a hydrogeological point of view based on the detailed consideration of
the geological structure and the potentiality of the geophysical methods used and d) to
be close to the existing water pipe network for direct connection of the new productive
wells. As it is obvious, the constraints mentioned above, make the problem more com-
plicated and impose specific geophysical methods to be used. These methods have been
successfully applied in the past in similar geoenvironments [Alexopoulos et al., 2007;
2008; 2011; 2013; Banks et al., 1994; Bernard et al., 1991; Benson et al., 1977; Monteiro
Santos, 2006; Papadopoulos, Alexopoulos, 1999; Paraskevopoulos, Papadopoulos, 2002;
Sharma, Baranwal, 2005; Sree Devi et al., 2001; Stournaras et al., 1993] and in other
cases for the investigation of seawater intrusion [Alexopoulos et al., 2019; Albouy et al.,
2001; Yang et al., 1999], which is also under investigation here.

In order to detect vertical or sub-vertical conductive zones the VLF method was ap-
plied. From the areas that were explored the region of Delfini was extensively surveyed.
Great surface water discharges appear close to sea level (SP1 at +4.2 m elevation, SP2
+2.6 to +0.9 and SP3 +0; fig. 1) in the broader area of Delfini. The idea was to study possi-
ble water paths through karstic structures or fault zones before the water discharges to sea
level. The detailed geological mapping of the area under investigation helped us to draw
the appropriate geophysical profiles. Besides VLF measurements, resistivity soundings
were also conducted to investigate seawater intrusion and the depth of carbonate rocks
under the alluvial deposits in Delfini plain.

2. Geological setting

Chios Island can be subdivided into two tectonostratigrarhic units [Besenecker et al.,
1968]:

First, an autochthonous unit (Fig. 1) which consists from the base of mainly clastic
rocks of late Palaeozoic age, that are overlain by a succession of early Triassic conglom-
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Fig. 1. Major tectonostratigraphic units of the survey area [Kauffmann, 1969]. /
Puc. 1. Ocnosnvie mekmono-cmpamuepaguyeckue eOunuysl pationa cvemxu [Kauffmann, 1969].

erates, sandstones followed from well bedded limestones of late early Triassic age and
massive limestones interbedded with reddish Hallstatt type limestones. This sequence
is overlain by an Anisian volcano-sedimentary succession, followed by the well-bedded
marly limestones of late Anisian and a more than 1000 meters thick Ladinian to Rhaetian
— Liassic age limestones, with few clastic intercalations (emersion horizons).

Second, an allochthonous unit (Fig.1) which overlies parts of the autochthonous/pa-
rautochtonous basement and consists of a lower horizon of quartzose graywakes, sand-
stones and minor siltstones of late Carboniferous age, followed by limestones and a clas-
tic carbonaceous succession of early Permian age. The middle Permian is represented
by carbonate sequences, which are overlain by transgressive sediments (conglomerates,
sandstones, siltstones followed by thick bedded Dachstein-type limestones and minor
dolomites) of early Jurassic age. Tectonically between these two units are caught parts
of the autochthonous succession as parautochthonous unit. The formations of the Aepos
— Pytious karstified plateau, which comprise the hydrogeological basin of the study area,
belong to the autochthonous unit, with the exception of the Delfini depression where the
allochthonous unit lies over the autochthonous and in places the parautochthonous base-
ment. The parautochthonous formations are well developed further north on the Karda-
myla — Skoukla peninsula. The detailed geological setting of the study area is shown in
figure 2.

The Chios Isl. is located in the middle of an area dominated by crustal extension since
Miocene period, with generally NNE to SSW direction, which results in E to W trending
normal faults. The extensional regime is conjugated with NE to SW and NW to SE strike-
slip deformations and E to W compression. The Anavatos — Koila fault divides the ground
water basin into two almost equal east and west parts and outlines the western boundary
of the Delfini depression (Fig. 3). Subparallel to it and eastward lies the Tria Pigadia —
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Fig. 2. Detailed geological map of the survey area along with the VLF traverses and geoelectrical
soundings (Chios Sheet, Kauffmann G., Institute for Geology & Subsurface Research, 1971). /
Puc. 2. I[loopobuas eeonoeuveckas xapma patlona ucciedo8anus, a maxdice mpagepcol
HU3KOYACMOMHOU IeKMpopa38e0Ku U 2e0dleKmpuyeckoe 30nouposanue (nucm Xuoc,
Kaygman I, Uncmumym 2eonozuu u noozemuuix uccieoosarut, 1971).

Pantoukios fault, which is continued below sea level in the Pantoukios gulf. In NE to SW
direction lies the Krikelis fault, which intersects the Anavatos-Koila fault and continues,
through the Delfini depression, further north. Parallel to it, shorter faults intersect the al-
lochthonous formations of the Delfini depression and the Skoukla peninsula. In NW to

SE, direction lies the Anavatos — Nea Moni fault zone.



Geology and Geophysics of Russian South 10(1) 2020 ['eonorvs u reoguanka fOra Poccim 73

‘ SN &
“-..’F ault Zone N \H ydroBgzsilr(l)glcal O”" Spring

Fig. 3. The broader ground water basin of the area under study along with the main fault zones
(modified from geological map «Chiosy, Institute for Geology & Subsurface Research, 1971). /
Puc. 3. Hlupoxuti 6acceiin no03eMHbIX 600 UCCIe0YeMOl MepPUmMopuU 6Mecme ¢ OCHOBHbIMU 30HAMU
PA3IOMO8 (MOOUDUYUPOBAHO NO 2eono2utecKoll kapme «Xuocy, Hucmumym zeonozuu u 2nyOUHHbIX
uccnedosanutl, 1971 2.).

2.1 Hydrology and watershed of the Delfini karstic coastal system.

The central part up to NE of Chios Isl. is covered by a large limestone plateau of Ju-
rassic— Triassic age, with a complicated tectonic structure. The limestone plateau, stays
from about >800 m WSW to 400 m ENE above sea level and its north eastern termination
(the Delfini — Kardamyla depression) from >200m to below sea level (the depth of the sea
bottom, which forms an underwater plain in front of the depression is constantly 70 to 80
m). The major part of the plateau is intensely karstified and the annual rainfalls exceed
700 mm/y (>90% of the total rain) during the winter months, from October to April. The
majority of the plateau surface is a denudated karst covered of scarce scrub of low vegeta-
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tion which presents high infiltration rates that are estimated more than 30% and locally
>45%. Between the gulfs of Pantoukios and Delfini, the watershed dips below sea level,
to a depth of about 70-80m. The East — North borders are designated from the contact
between the parautochthonous and the allochthonous unit in the Messorachi region, the
Delfini tectonic zone and the north part of the Anavatos-Koila fault zone (Fig. 3). In the
north, the fault zone Amythounda-Vlyhada separates the Delfini hydrogeological unit
from the Nagos-Giosonas unit. The watershed basin of the Delfini karstic coastal system,
covers more than 90 km? and the yearly discharge may exceed 30x10°m3, a quantity that
is almost three times higher than the actual water demand/consumption on the island. The
possible borders of the broader ground water basin that feeds with huge water discharges
the gulfs of Pantoukios and Delfini are shown in figure 3.

2.2 Hydrogeological aspects of the Delfini aquifer

The Palaeozoic clastic rocks of the autochthonous unit form the impermeable base-
ment. The early Triassic conglomerates, sandstones, the well bedded limestones which
follow, the massive limestones which incorporate Hallstatt inclusions and the more than
1000m thick Ladinian to Rhaetian — Liassic limestones, form the potential permeable
cover. The Anisian volcano-sedimentary succession and the well-bedded marly lime-
stones, together with the emersion horizons can form impermeable layers. The quartzose
graywakes, sandstones and siltstones of the lower horizon form a possible discontinuous
impermeable layer, together with the clastic carbonaceous succession of the early Per-
mian and the clastic sediments in the base of the thick-bedded limestones and dolomites,
which close the stratigraphic sequence of the allochthonous unit. The Dachstein type
thick-bedded limestones, of early Jurassic age, form a potentially permeable formation.
The numerous intersecting faults favored the development of limestone karstification and
produced an efficient subsurface drainage system in which probably the Anavatos-Koila
fault zone serves as a main collector, which feeds the Krikelis and the parallel to it faults
in the Delfini depression.

2.3 Discharge characteristics of the Delfini karstic coastal system

The lower part (also below sea level) of the aquifer in the Delfini depression area,
which is mainly developed in the autochthonous limestones, is partly (in unknown extent)
covered by the impermeable strata of the allochthonous and the parautochthonous forma-
tions. This cover protects partly the aquifer which discharges a considerable amount of
fresh water at the Giuvari spring (SP3), without mixing with seawater. This spring flows
at the intersection of a parallel to Krikelis fault with a thick Quaternary clay cover in the
bottom of the small gulf in front of it, at zero elevation. The year round discharge is esti-
mated of more than 0.45x10° m?. The Pantoukios gulf, which forms the extension of the
Tria Pigadia-Pantoukios fault, discharges below sea level (>30 m) big quantities of karst
water which are observable at sea surface most of the year. In the Lagada gulf, does not
appear any spring over or below sea level. In the north end of the Delfini depression along
the Messorachi fault zone area, the Delfini springs (SP/ at +4.2 m elevation and SP2 at
different locations from +2,6 to +0,9 m above sea level), discharge more than 5x10° m?/
annually. The fluctuation of the volume and the salinity of the springs depend on the an-
nual rate of the rainfalls, the location of the springs and the elevation of the discharge.
Submarine springs along that fault line are not known. On the north end of the watershed,
the Rina springs at an elevation of +56m discharge (only during the months of the winter
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a quantity that can vary considerably from 0 to more than 1x10°m?/y) at the intersection
of a parallel to Anavatos-Koila fault zone with the Rina-Gria fault which is parallel to
Messorachi fault zone.

2.4 Investigation of the Delfini discharge zone

Two main springs discharge in the area of Delfini (SP1 and SP2) near the sea level
(Figures 2 & 3). Both springs discharge great quantities of fresh water especially dur-
ing winter and spring times with very good quality of water. The municipality of Chios
through the Water Management Organization (DEYAX) has built aqueducts at spring
sites SP1 and SP3 (Giuvari) and supplies the water network of the island. During summer
time, the great quantities of discharge run short and the water quality is downgraded as it
is affected by the seawater intrusion. The feeding of both springs was an unresolved prob-
lem and needed further investigation. In one hand, it seems that the fault zone F1 (figs. 1
& 2) is responsible for the discharge at site SP1 and on the other hand the parautochtho-
nous series on the NE side of the fault zone does not show water feeding potential since
the upper carbonate rocks of the unit are of small extent. Another interesting point is that
the spring at site SP1 during summer time (low discharges) presents higher salinity values
although lies at positive altitudes (~4.2 m). The allochthonous series on the SW side of
fault zone F1, is generally considered as a non potentially water exploitation region since
it is composed from impermeable rocks.

It seems that the springs SP1, SP2 and SP3 (figs 2 & 3), share a common feeding line,
of Krikelis fault and the subparallel to it of smaller faults (e.g. F2 and F3) which are well
developed in the Delfini depression and are in some way connected to Anavatos — Koila
fault zone. The Messorachi fault zone (F1), intersects almost perpendicularly those faults
and probably brings the seawater inland. The faults must affect the main aquifer on the
autochthonous basement, which is effectively protected from sea water intrusion, mainly
by the cover of the allochthonous unit and probably by the recent clay rich deposits, like
the case of spring SP3 (Giuvari). This model of the discharge mechanism must be vali-
dated prior to establishment of a viable exploitation scheme of that aquifer in the region
around the Delfini valleys and at an elevation of less than 100m. So, it is necessary to
answer the follow questions: Are the NE to SW faults in the Delfini depression affecting
the autochthonous basement? Which of the mapped faults are active hydrologically and
in which way they are affected by the seawater intrusion? How deep are the impermeable
covers? Is the aquifer limited in the fault zone or not? Is the Messorachi fault zone the
canal for seawater intrusion? At what depth the drilling must end up, before getting in
contact with a deeper mixed with seawater aquifer?

3. VLF measurements

VLF measurements were conducted in order to detect vertical to sub-vertical con-
ductive zones or karstic structures in carbonate rocks perpendicular to fault zones as it
is shown in figure 2. The spacing between stations was 5 meters and the VLF lines were
kept long enough (a length greater than 200m) to outline the VLF anomalies. Although
the relief was not smooth along almost all lines, however the filtered data [Walen, 2003;
Ogilvy, Lee, 1991, Karous, Hjelt, 1983] provided reliable results without applying topo-
graphic corrections.

In the area of Delfini, at least five (5) VLF lines were conducted mainly, to detect the
NE extension of fault zones F2 and F3. Two (2) VLF lines were also carried out trans-
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versely to the fault zone F1 to examine its potential relative to SE-ward discharge of Mes-
sorachi Mtn. In figure 4 the interpreted filtered data for the Delfini area are shown. The

fault F2 is extended NE-ward (fig. 4) up to the plain of Delfini. Fault F3 does not show a
clear NE extension.
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Fig. 4. VLF interpreted filtered data in study area. /
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4, Resistivity survey

Resistivity measurements were also conducted in the area of Delfini westwards from
spring SP1 (fig. 2). Fourteen (14) soundings (VES) were carried out, using the Schlum-
berger configuration and further three (3) in situ measurements were conducted. The main
purpose of this investigation was to outline the inward extension of seawater front and
to characterize the nature of the basement in the NE extension of faults F2 and F3. Al-
though the geoelectrical data were processed by applying the automatic method of Zohdy
and Bisdorf [Zohdy, 1989] and the commercial software packages IX1D (v?) of Interpex
(2006) and WinSev of W-GeoSoft, the final interpretation was based on IX1D package.
A 3D representation of the geoelectrical basement has also been produced (fig. 5), a visu-
alization successfully used in the past by the authors [Alexopoulos, Dilalos, 2010]. Ac-
cording to these resistivity results (high resistivity values, >250 Ohm.m), the basement in
the area between the soundings D01, D02, D08 is composed of carbonate rocks at depths
greater than 20 meters (fig. 5). The area between soundings D03, D09 and D10 presents
lower resistivity values (<60 Ohm.m) up to depths of 40 meters.

The geological formation with such resistivity values is compatible with the presence
of clastic rocks of the allochthonous series. At depths greater than 40 meters, highly re-
sistive (>300 Ohm.m) formations of probably carbonate nature are present. The geoelec-
tric sounding D04 showed very low resistivity values (~6 Ohm.m) indicating the inward
(inland) intrusion of seawater. The area south of sounding D04 is swampy, not allowing
further investigation of this area. The interesting point here is that sounding D04 lies at
an elevation of approximately 6 meters above sea level and the low (~6 Ohm.m) resis-
tivity value was detected at positive elevation of about 1m below ground surface. The
spring SP1 that is close to sounding D04 shows similar behavior. All resistivity measure-
ments were carried out during July 2007, at times where fresh water discharges were low.
Measurements of water conductivity made in the well W1 (fig. 3) showed high content of
chloride ions during August 2007. The well is close to geoelectric sounding D14 (about
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Fig. 5. 3D representation of the geoelectrical basement (limestones/dolomites). /
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10 meters) and its water level was at an elevation of about 5-5.5 meters. The chloride
content indicates the affect of seawater intrusion inland and according to resistivity values
found in this area, the seawater front must be extended close to the area of geoelectrical
soundings D09 and D10.

5. Integrating geophysical and geological results

In order to integrate geophysical results and geological data obtained from the area of
Delfini, two cross sections were drawn in NE-SW (Section 1) and NNE-SSW (Section 2)
directions respectively (fig. 2). These two sections are shown in figure 6. The subsurface
geological setting of Delfini plain is composed of five mainly formations, two of which
are the shallow clastic deposits (Ci-s) and the deeper clastic rocks (Ci) which are both
impermeable ones. The presence of the shallow impermeable clastic deposits keep out the
sea water intrusion inland and seems that the only free passage of sea water intrusion is
through the alluvial and shore deposits NE-ward of sounding D14. The alluvial deposits in
this area extend below sea level, allowing thus the seawater intrusion. Below the alluvial
and clastic deposits are extended the permeable limestone-dolomite (Ji) and dolomite-
limestone (Tr m) formations that form a confined aquifer. The presence of fault F2 in cross
section 2, which is extended further to NE, might discharge great quantities of fresh water
in the plain of Delfini. The presence of fault F1 might also discharge quantities of fresh
water but if this fault extends further SE to Delfini gulf, it could work as well as a canal
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for seawater intrusion inland. It is thought that the presence of the impermeable clastic
deposits and clastic rocks create a confined aquifer of fresh water affected by saline water
especially during summer time when the fresh water discharge is low. This mechanism can
explain the presence of brackish waters at positive elevations during summer time.

6. Conclusions

The target of drilling new exploitation wells in the broader area of Delfini at NE side
of Chios island was fulfilled, by exploring through geophysical methods the hydrogeologi-
cal regime and detecting sites of fresh water potential. By combining VLF and geoelec-
trical results along with geological data it was possible to determine the mechanism and
lateral feeding of the springs SP1, SP2 and SP3 which provide huge discharges during
winter and spring times. The confined aquifer composed mainly of limestones is overlain
by impermeable clastic deposits (Ci-s) which although cover a large part of Delfini plain,
allow the fresh water and/or seawater to rise above sea level beyond geoelectrical sound-
ing D14. This is possible since the permeable alluvial deposits lie directly on the limestone
basement (fig. 6). The lateral fresh water feeding comes from fault F2 that is extended
further to NE in the Delfini plain. Fault F1 might discharge some quantities of fresh water
at springs SP1 and SP2 but probably works as a canal for seawater intrusion inland.
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Pestome: AKTyanbHOCTL paboTbl. KpynHelilwee Ha KaBkase Yyukypckoe mectopoxaeHue CesepHoro Mpu-
3NbOPYChA Pa3BefblBanoCh NepBOHAYanbHO Kak 30/10TOPYAHbINA 06beKT. [lononHuTeNnbHoe onpo6oBaHue B pys-
HOI 30He N0Ka3ano NnocTOSHHOE Hanu4yue MeTansioB NNaTWHOBOW rpynmbl, COM3MEPUMOE C ero 30/10TOHOCHO-
CTbt0, 4TO NO3BOMMIO paccMaTpuUBaTh ero Kak komnnekcHoe (Au, Pt, Pd) 6naropogHomertansHoe. Lienb pa6oTbl
— BblJefeHne PYAOHOCHBIX CTPYKTYP U YCTaHOBMIEHME reHe3nca Yy4Kypeckoro 3010TOPYAHOr0 MeCTOPOXAEHMS.
MeToabl ucCnef0BaHUSA: COCTABNEHUE KapThl pyaHOW Harpy3kn CesepHoro Mpuanbbpycba macwitaba 1:25000,
reosiornyeckas cbemMka mectopoxaexus macwraba 1:5000, reoxumnyeckas Cbemka U M3yyeHue pyaHoro Tena
B Macwtabe 1:2000. PygHoe Teno u3y4yanocb MUHEPanorn4eckuM KapTupoBaHWeM, MuHeparpadm4yeckumu u
neTporpacdmyeckimmn Metonami. PesynbTatbl paboTbl. bnaronpusATHbINA BbICOKOTOPHLIN penbed) N03BOANI pac-
CMOTPETb MOJHbIA Pa3pes PyAOreHHO| CTPYKTYPbI U OLEHUTb reHeTUYecKne 0CO6EHHOCTM MecTopoXaeHus. Me-
TacomaThyeckue pyaHble Tena 6epesnuT-nponuIMTOB NOKANM3YOTCs B BYNIKAHOMEHHO-0CA04HO TONLLE TY(OB
U TYQRUTOB KMHbIPYAACKOI CBUTHI (P1kn) KOPHEBOI 30HbI NEPMCKOro BynkaHa. Gntongo0akTUBHbIE PYLOreHHbIe
KaHarbl NPOpPbIBAOT PYLOHOCHYIO TY(DOBYIO TOJILLY HUXKHEI NEPMM U HUXKENexallme AUCIOLMPOBAHHbIE YepHbIe
cnadupl. B nofctunatoLLen YepHocnaHLesoil TonLe aesoHa (Dyar) passuthl XunbHble CeKyLLue Tena Metacoma-
TUTOB W 6Epe3nToB MO CYOBYIKAHWYECKUM rpaHogmopuTam. MonaraeTcs akTuBU3aums U BbIHOC 651aropOAHbIX
METansIoB 13 AEBOHCKNX YEPHbIX CNAHLEB C OTIIOKEHUEM WX B NEPMCKMX Tydhdutax. HenocpeacTBeHHas CBA3b
PYAHOr0 MeTacomaro3a ¢ NepMCKUM aHAe3WUTO-faunUTOBbIM BYIKAHOM MO3BONSET ONpeAeNuTb PyAoreHes Kak
MacLUTaGHY0 NPONUIUTU3ALMIO KUCbIX MOPOA C PYAHLIMU METacoMaTUTaMn 1 ABYMS (paumamm 6epesntusaunn
(6epes3nTbl 1 6epe3nT-nponunuThl). BoiBog. PyHKLMOHANBHO PYLOHOCHbIE YepHbIe CliaHLbl 1eBOHA Hy4KypCcKoro
MECTOPOXAEHUS OTYETNUBO NPOSBMAITCA ABOAKO: C OAHOW CTOPOHbI ABNAOTCH PYLOHOCHBLIMW TEPPUTEHHBIMU
KOHUeHTpaTopamu 6naropogHsix metannos (Au, Pt, Pd) ¢ nnowagHsiMu cy6npoMBILLNEHHBIMIA aHOMANUAMU
9TUX METanoB; ¢ APYroi CTOPOHbI — PyLo6pasyoLLMK, BbINOSHAS AOHOPCKUE (PYHKLUN 1 ABNIASACH UCTOYHUKOM
30/10Ta M NNATUHOWMAOB B Hy4KYPCKOM MECTOPOXAEHUN. PyfHble KOHLEHTpaLUu MeTansioB Yy4kypckoro Mecro-
pOXAeHMs 06YCNOBIIEHbI TMAPOTEPMAIIBHONA (HITIOMA0AKTUBHON 30HOM NEPMCKOr0 narneosynkaHa ¢ Mobunmsa-
LMen MeTasioB U3 PYSOHOCHOM JEBOHCKOI YepHOCNAHLEBOR TONLLM, 61aropofHble MeTansibl YePHbIX CaHLeB
[EBOHCKON TOJLLM B MECTAX HANOXeHWs MarmaTu4eckux Ten 1 qiong0akTMBHON JeSTenbHOCTM MOBUN3npy-
t0TCA 1 NepeoTnaratoTcs ¢ 06pasoBaHMeM NMPOMbILLIEHHBIX PYAHbBIX CKOMIIEHUHA.

Kntovesble cnosa: CeBepHblt KaBka3, Yy4kypckoe MeCTOpPOXaeHNe, 61aropoHble MeTansbl, FeHe3Uc, py-
JIOTEHHbIE CTPYKTYPbI, YEPHbIE CRaHLbI.
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Abstract: Relevance. The Largest Chuchkur deposit in the Caucasus in the Northern Elbrus region was
originally explored as a gold ore object. Additional sampling in the ore zone showed the constant presence of
platinum group metals commensurate with its gold content, which allowed us to consider it as a complex (Au,
Pt, Pd) noble metal. The purpose of this work: is to identify ore-bearing structures and establish the Genesis
of the Chuchkur gold ore deposit. Research methods: mapping the ore load of the Northern Elbrus region at a
scale of 1:25000, geological survey of the site at a scale of 1: 5000, geochemical survey and study of the ore
body at a scale of 1: 2000. The ore body was studied by mineralogical mapping, mineralogical and petrographic
methods. Result of work. Favorable high-altitude terrain allowed us to consider the full section of the ore structure
and evaluate the genetic features of the Deposit. Metasomatic ore bodies of beresite-propylites are localized in
the volcanogenic-sedimentary strata of tuffs and tuffites of the Kinyrchad suite (P;kn) of the root zone of the
Permian volcano. Fluid-active ore channels break through the ore-bearing tuff strata of the lower Permian and the
underlying dislocated black shales. In the underlying Devonian (D.,ar) black-shale strata vein-sectioning bodies of
metasomatites and beresites are developed along subvolcanic granodiorites. Activation and removal of precious
metals from Devonian black shales with their deposition in Permian tuffites is assumed. The direct connection
of ore metasomatism with the Permian andesite-dacite volcano allows us to define ore genesis as large-scale
propylitization of acidic rocks with ore metasomatites and two facies of beresitization (beresites and beresit-
propylites). Conclusion: Functionally ore-bearing black shales of the Devonian of the Chuchkur deposit are clearly
manifested in two ways: on the one hand, they are ore-bearing terrigenous concentrators of noble metals (Au,
Pt, Pd) with areal sub-industrial anomalies of these metals; on the other hand, they are ore-forming, performing
donor functions and being a source of gold and platinoids in the Chuchkur deposit. Ore concentrations of metals
in the Chuchkur deposit are formed by the hydrothermal fluid active zone of the Permian paleovolcano with the
mobilization of metals from the ore-bearing Devonian black shale stratum. The noble metals of the black shales of
the Devonian are mobilized and redeposited stratum in superposition areas of magmatic bodies and fluid-active
deposits with the formation of industrial ore bodies.

Key words: North Caucasus, Chuchukur deposits, nobles metals, genesis, ore-bearing structures, black shale.
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BesepeHve

B npenenax 370 kM-ii NOJOCBHI MEPMCKUX OTIOXKEHUHM METAJUIOT€HUYECKON 30HBI
IlepenoBoro xpebta KaBkaza opylneHeHue MpPEICTAaBICHO MEAHBIMU M 30J0TOPYIHbI-
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MU IpPOSABICHUSIMH M MecTopoxaeHuaMmu [borym, 1995; borym, Cenpenxuii, 1997].
EnuncrBenHbiM Ha KaBkaze MeCTOpPOXXKIEHHEM KOPEHHOTO 30J10Ta C YTBEP)KIEHHBI-
MU 3anacamu sBiseTcss Yyukypckoe 30J0TOpYIHOE MecTopokiaeHue B CeBepHOM
[Tpusnebpycbe. bnaropoaHbie MeTaLIbl MECTOPOXKICHUSI TEHETUYECKH CBSI3aHbI C (IItO-
U/I0aKTUBHOM 30HOM HMKHETIEPMCKON BYJIKaHMYECKOH MOCTPOUKHM (ByJaKaH YyMMypIibl)
B 30He IlepenoBoro xpedta [borym, 1995; borym, Cenneuxuii, 1997, Uepnuuun B. b.,
[Ipokyponos, 1977]. 3omoTocynbhuaHbIN THIT OPYACHEHUS MPEACTABISAET MPAKTHICCKUI
U 3HAYUTEIIBHBIA TEOPETUYECKUN MHTEPEC, IMOCKOJIbKY IPU 3HAYUTEIBHOU IMPOTIKEH-
HOCTHU M0JI0Ca MEPMCKUX BYJKAaHHUTOB M OCHOBaHME BYJIKAaHOB M3yu€HO KpaiiHe ciabo.
Oporpaduueckue 0COOEHHOCTH BBICOKOTOPHOTO penbeda IlepenoBoro xpedra 1atoT Bo3-
MOKHOCTb JE€TAJIBHO U3YUYUTh IOJIHBIM pa3pe3 pyAHOU CTPYKTYPbl U TEHETUUYECKUE OCO-
OEHHOCTHU KPYIHOI'O MECTOPOXKICHHSI OJIarOPOHBIX METAJLIOB.

MeToANKA NCCAeAOBOHUIN

Pynnoe none u Yyukypckoe MECTOPOXKACHUE HCCIIEOBAINCH aBTOPAaMHU B TEUCHHUH
psna netr. HayanbHbI 3Tamn cBA3aH ¢ reosiornyeckoil cbeMkoil macmrabda 1:5000 u co-
CTaBJIEHHMEM KapThl pyIHOW Harpy3ku ydactka IlepemoBoro xpedra. B mpomecce pas-
BeIKH YyKypPCKOTO MECTOPOXKICHHS MPOBOAMINCH TEOXUMHUECKAsi ChbeMKa M N3yUeHHE
pynHoro noist B Mmacmrabe 1:2000. PynHoe Teno n3ydanoch MUHEPAJIOTUHIECKHM KapTH-
poBaHuEM, MUHEparpagpuuecKuMu 1 neTporpahuIecKuMu METOIaMHu.

I'eosiornueckoe crpoenne Yydkypckoro MectopoxaeHus. Uyukypckoe MecTo-
pOXIIeHHE OJIarOPOIHBIX METAIIOB MO MPOCTUPAHUIO BCKPHITO CYOITHPOTHBIM YIIETEEM
peku Uyukyp, JieBoro mpuToka peku Xyzaec Oacceitna pexku Kybanu. B neBom (105kHOM)
00pTy yIIenbsi BCKpbITa pyAHas 30Ha Yy4KypcKOTO MECTOPOXKICHHS, TTOJIOTO TOTpyKa-
IOLIasICs B 3al1aJIHOM HampasieHUH. B npaBoM (ceBepHOM) OOpTY ylIeNbs HaOM0qaeTCst
TIOJTHBIM pa3pe3 MepPMCKOTO BYJIKaHA W €ro I[OKOJIs, MPEICTaBIEHHOTO JIEBOHCKOH dep-
HOCJIaHIIeBOM Tonmel. HuxHenepMmckas pynooOpa3syrolas ByJIKaHWYECKas MOCTpOMKa
npeAcTaBisieT co00il MOBEPXHOCTHBINM CTPATOBYJIKAaH, BXOASIINHI B pETHOHATIBHYIO 00111e-
KaBKa3CKyIo mosiocy. OCHOBaHUE BYJIKAHWYECKOIN MOCTPOMKH C PE3KHM YIIIOBBIM HECO-
r1acueM CyOropHM30HTAIBHO MEPEKPHIBACT AUCIOUPOBAHHYIO TOJIIY JIEBOHCKUX YIJIe-
pozaconepKAIUX YEPHBIX CITAHIIEB.

PynaHoe Teno MecTopokIeHHs 3aeraeT B aH/Ie3UTO-JalluTOBOI BYJIKAHOTEHHO-0Ca-
nouHo# TydoBoit Tonme (P, kn) u TaroreeT mpenMymecTBeHHO K Ty(GHUTOBON COCTaB-
nsirotet aroit Tonmm [borym, 1995; Cenneuxuit, 1998; Uepnunun, 1977]. Pynonocnas
TOJIIA TIO BCEMY pa3pesy CONMPOBOXKAAETCS BEPTUKAIBLHBIMU MarMo- U pyIOBBIBOISIIIUMHU
pa3oMaMy KOPHEBOW 30HBI MMajieoBynKaHa. CeKyIre pyJOHOCHBIE Pa3JIOMbI IO BEPTHKA-
M COIeprKaT OJIaropoJHOMETAIbHOE OPYACHEHHE KaK B TIEPMCKHX ITOPOJIaX, TaK U B 4ep-
HBIX CJIAHIIaX OKOJILHOW TOIHM. BepxHsist 1aBoBast TOJNIIA ByJIKaHA aHJIE3UTO -JJAIIUTOB HE
collep kT opyaeHeHust (puc.l). Meracomarnueckoe opyieHeHHe OJaropoAHbIX MeTall-
710B Uy9dKypCKOTO MECTOPOXKICHUS COTIPOBOXKIACTCS CYTbPUaU3aNHCH (TUPUTHU3AIINS) U
nepepabOoTKON BMEIIAIOIINX MTOPOJ] B KBAPI[-CEPUIIUTOBBIE METACOMATUTHI C XJIOPUTOM H
KapOOHATOM. 30JI0TO BU3YyaJIbHO MU MUKPOCKOTIMYECKU HE (PUKCHUPYETCS, HO XOpOIIo 000-
raTuMo.

OOmiee momoroe 3ajeraHue ByjJkaHa B 30He llepemoBoro xpe0GTa COMpOBOXIACT-
Csl €r0 MOTPYKEHHEM B 3allaIHOM HalpaBJICHUH O]l OCAJOYHYIO TOJIILY HIDKHEH FOPBI
¥ pa3MBIBOM C OOHa)KEHHEM IOJHOTO pa3pe3a B BO3ABIMAIONICHCS BOCTOUYHOW YaCTH.
LenTpanbHas 4acTh ByJIKaHa 110 POCTHPAHHUIO BCKPHITA PeKoil UydKyp ¢ BBIXOIOM pyI-
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Puc. 1. Paszpe3 u pyooHOCHOCMb HUINCHENEPMCKOU BVIKAHUYECKOU NOCMPOTl
Yyurypcko2o mecmoporcOenus.

Venosnvle obosnavenusi: 1 — nasosas andezumo-oayumosas monwa, Il — gyixkanoeenno-ocadounast
myghosas pyooHocHas monwa Kunblpuadckou ceumsl,; 111 — yoxonvuas yepHocianyesas mouuya 0e6oHa
aApMuIKYAMCKOU CEUMDbL.
1-anoesumo-oayumossie nasvi; 2-myghvl u my@ghumot; 3-uepnvie cianyvl, 4-epanoouopumot, 5-pyouvl,
Memacomamumul, bepe3um-nponunumsl,; 6-6epesumuvl; 7- pyOOHOCHbLE PA3TIOMB.

Fig. 1. Section and ore content of the Lower Perm volcanic structure of the Chuchkurskoye field.
Legend: I — lava andesite-dacite sequence; Il — volcanic-sedimentary tuff ore-bearing stratum of the
Kinyrchad Formation,; Il — basement black shale stratum of the Devonian Artykchat Formation.
1-andesite-dacite lavas, 2-tuffs and tuffits, 3-black slates,; 4-granodiorites; 5-ores, metasomatites, birch-
propylites,; 6-beresites; 7- ore-bearing faults.

HOM 30HBI B CEBEPHOM H F0)KHOM OOpTax ymuienbs 3Toi pexu. CeBepHbIi (IaHT ByJIKaHU-
YECKOMU IMOJIOCHI OTpaHUYEH IyOMHHBIMU pa3inomamu TeipHblay3-Ilmekunickoi moBHOM
30HBI, FOKHBIHA ¥ BOCTOUHBIN ()IAHTH TIEPEKPHIBAIOTCS TOXaHCKUM HaJIBUTOM.

B pynHoM monie Uydkypckoro MECTOPOXKICHHUS, Oiarofapsi pacuJieHEeHHOCTH TOPHO-
ro penseda, yaaercsi IpociIeuTh B pya0o0o0pasyonieM pa3pese CIeayole BepTUKalb-
HBIE COCTaBJIISAIOLIME (CHU3Y- BBEPX): 1) pyJOHOCHBIE U PYIONOABOASIINE TEKTOHUYECKUE
CTPYKTYpBl B PErMOHAJIbHON IMOJIOCE MOACTUJIAIOMIMX JIEBOHCKUX YEpPHBIX CIIAHIIEB; 2)
PYAOHOCHYIO BYJIKaHOT€HHO-OCAJOYHYIO TOJIIY OCHOBAaHHUs IEPMCKOIO MaJEOBYJIKAHA;
3) naBoOByIO O€3pYIHYIO TOJIILY BEpXHEH MOJIOBUHBI BYJIKAHUYECKON MOCTpoikH (puc.l).

B pa3spese pynorenepupyromero ByakaHa YyMMypibl YETKO BBIAEISIOTCS JIBE TOJI-
M KuHbIpyaackoi cBuThl (P, kn): 1- HIKHAS NPOAYKTUBHAS BYJIKAHOT€HHO-0CA04HAs;
2 — BepxHss O0e3pyaHasi JaBoBas. BylIkaHUTHI JaBOBOW TOJIIM CIOXKEHbI JalUTaMH, pU-
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OJJalIUTaMHM J10 PUOJIUTOB, TPAXUIALIUTAMU HATPOBOW CEPUH, BBICOKOITIMHO3EMHUCTBIMHU C
cozepxkanuem 1enouet ot 4,9 o 8,9% [Cenneuxuit, 1998].

BynkanoreHHo-oca104Has TOJILA IEPMU U OoJiee IpeBHHUE YEPHBIE CIIaHIbI TPOHU3A-
HBI CEKYIIUMH CYOBEPTHKAIbHBIMU )KUIbHBIMA MarMaTUY€CKUMU TellaMU (IallKu U HEK-
KH), C HAJIO)KEHHBIMU PYIOHOCHBIMH THAPOTEPMAIbHO-METACOMAaTUUECKUMHU CTPYKTYpa-
Mu. PacusieHeHHbII BBICOKOTOPHBIN pesibed, BCKPIBILUI 3anaHblid (pI1aHr U [eHTpallb-
HYI0 4aCTb MECTOPOXKIEHHS, OHO3HAYHO JIEMOHCTPUPYET TEKTOHUYECKUN KOHTPOJIb U
CBSI3b OpYJIEHEHHUs ¢ (IIION0AKTUBHOM KOPHEBOM 30HON NEpMCKOTro najieoByikaHa. [Ipu
3TOM XOPOIIO JTOCTYIHBI K U3YYEHUIO CTPYKTypa U FeHeTHYeCKHe 0COOEHHOCTH MECTO-
POXKJIEHHUs B MOJHOM 00bEME €ro paspesa, BKIIIOYas pyIHOE TEJIO U PYIONOIBOIAIINE
KaHAJIbI.

IlepBoHauanpHas pasBenka YyuKypcKOro MECTOPOXKIEHUS ONPEAEINIA TOJIBKO MPO-
MBILIUIEHHBIE COAEP)KAaHUS 30JI0Ta, YTO MO3BOJIMJIO OTHECTH €r0 K 30JI0TOCYNIb(UIHBIM
MectopoxaeHusM [borym, 1995]. HanoxeHHBbI Ha KUCIbIE TOPOAbl METACOMATO3, CBS-
3aHHBINA C HEPMCKUM BYJIKaHU3MOM, OIPEAEIINII TCHETUYECKUE THITbI OpYy/IEHEHHs Kak Oe-
pe3utsl u 6epesut-nponmutel [borym, 1995]. JlononaurensHoe onpoOoBaHKEe 30710TO-
HOCHBIX PYJI, IPOBEIEHHOE aBTOPAMM, TI03BOJIMIIO 3HAYUTEIBHO YBEJINYUTH IPOMBILIUIEH-
HYIO LIEHHOCTb PY/l U OTHECTU MECTOPOXKACHUE K KOMIIJIEKCHBIM OJ1arOpoHOMETaIbHBIM
[borym, Yepkamun, 2019]. Ilo pe3ynpraram onpoOoBaHHs B pylax MECTOPOXKICHHS,
KpOMe 30J10Ta, yCTaHOBJIEHBI MAJUIAJNH 1 miaTuHa (Tabauna 1).

IIpu pa3Benke miuaTvHa U NaUIAJUM B pyAax U noponaax YyukypcKoro MeCTOpOX-
JIEHUS 30JI0Ta HE ONPENEISUINCh U, COOTBETCTBEHHO, HE YUUTHIBAIIUCH NIPU MOJCUETE 3a-
nacoB. Mcxonst U3 NoaydYeHHBIX HaMHM HOBBIX JITAaHHBIX, 30J10TOpyAHOE UydKypckoe Me-
CTOPOXJIEHUE CJIELYyEeT OTHOCUTBH K 30JI0TO-IUIATUHO-NAUIAJUEBBIM MECTOPOXKICHUSM.
[Tpuuem, obpariaer Ha ceOs BHUMaHHE YETKO BBIPAXKECHHBIM MasljaJueBbIi 10 OTHOILIE-
HUIO K IIJIATUHE IPUOPUTET 30JI0THIX PYI.

[{oKOJIBHBIN 3TaXk MaJICOBYJIKaHA, KAK YK€ YKa3bIBaJOCh, CIOXKEH YIIEPOACOIEp-
KaIlMMH YEpPHOCIAHIEBBIMU ToJIAaMH, KoTopele Ha CeBepHoM KaBka3ze moBceMecTHO
oborarieHsl 6maropogasiMu MeTamnamu (Au, Pt, Pd) [TTapaaa, 2009, borymi, UepkauH,
2019]. B neBOHCKHMX LIOKOJIBHBIX YEPHBIX claHIaxX YydKypCKOro pyHOro IoJis 3TO MoJI-
HOCTBIO coxpaHsercs (Tabnuua 2).

I'eHeTH4eckue 0COOCHHOCTH M MCTOYHUKH OJIarOpOAHBIX MeTAJI0B. BynkaHu-
YECKHE METACOMAaTHYECKHE NPOLECCHl MPONWIMTU3ALMU 3aTPAruBalOT MO0 BEPTUKAIU
BYJIKAHOT'€HHO-0CAJI0YHBIE MOPOJbl U BBIMOIHSIIOT TPEIIMHHBIE KaHAJIbI, OCYIIECTBIISISA
IJIaBHBIA PYAOTE€HHBII IPOLECC B MOPOJAX NOJOLIBBI M LIOKOJS BylKaHa. ENUHBIA TH-
JIpOTEpMaIbHO-METACOMAaTUUECKHUN MTPOLIECC B pa3pe3e NEPMCKOro ByJIKaHa pacragact-
Csl Ha TpU 4acTu: 1) pyIOHOCHBIE BYJIKAaHOT€HHO-OCAJOUYHbIE Ty(bl aHIE3UTO-AALUTOB
(Gepe3uT-nponuianThl); 2) 30I10TOCOAEpKale OEpe3uThl B JailkaX KUCIBIX MOpos (rpa-
HOAMOPUTHI); 3) pYIOHOCHBIE, TUPUTU3UPOBAHHBIE KBAPI-CEPUIIUT-XIOPUTOBBIE METACO-
MaTuThl, IPUYPOUYCHHBIE K CyOBEPTHKAIbHBIM TEKTOHUYECKUM 30HAM, CEKYILIUM YEPHO-
CJIAHIIEBYIO M TY(OT€HHYIO TOJILM MOPOJI LIOKOJIS M OCHOBaHUS ByJkaHa (puc. 1,2,3,4).
EnuHcTBO pasHOodanuambHbIX METacOMAaTHUECKHUX IPOLIECCOB pyAoreHe3a OoObeauHe-
HO B PYIOHOCHBIX CTPYKTypax OCHOBaHMs BynkaHa (puc. 2,3,4). B mpenenax eauHoit
TEKTOHUYECKOW CTPYKTYpbl Pa3BUTHI Tejla Oepe3UTHU3UPOBAHHBIX CyOBYJIKaHUYECKHX
I'PAaHOAMOPUTOB, PYAOHOCHBIE METACOMAaTUThI U opyneHensle Typutsl. PynHoe mone
Uy4KypcKOro MECTOPOXKICHHsI pacrosaraercs B npejenax CeBepHOro pasinoma iyOuH-
HOU TeipHblay3-Ilmekunickoli moBHOM 30HBI [bapanos, I'pexoB, 1982; Borym, 1995;
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Tabauna 1/Table 1
Conep:xkanusi 6,;1aropoIHbIX MeTAJIJIOB B PYAHOii 30He UyuKypcKoro
MeCTOPOKIAeHUS *
Noble metal content in the ore zone of the Chuchkursky deposit *
Ne Howmepa obpasuia/ ITopona/ Au,r/t | Pd,r/t | Pt /T
n/n Specimen number Formation /Au, g/t | /Pd, g/t | /Pt, g/t
U | Choa001-10/1 | Granodiorte Gty | 07+ | 092 | 023
2 | Ch2001-11/1 | Cranodionte Gorehy 26 | 115 | 092
3| Chan Black slate 085 | 091 | 045
+ | coxor2u Quarty metacomatte. | 130 | L1 | 06s
S| Chxx0i2001 | Sandsone. 149 | L2 | o3
6 | Chxx0L2012 | Sandctons 0 | 130 | 06s
7 213_%9/34 %ﬁ’é’gﬁi@f 1,10 120 | 0,50
5 | chraos Amestencie ot | 138 | 092 | oel
9 21%9/34 %ﬁ%}/ 0,64 0.80 | 032
10 | cugoa Andesie-dasite 064 | 080 | 032
| civtonss Andestedncite ff | 10| 092 | 03
2 | Civilsios Amdestemmaite T | 134 | 122 | o038
5| cigos Andestednaite | 165 | 120 | 038
14| chrnos Anestemaite T | 072 | 090 | 022
15 | crayos Andestedneite | 134 | 141 | 060
16 | civi194 Amestemaitendt T | 21 | 132 | e
7| Chet204 Andestednaite | 172 | 120 | osi
18| Chaina Black slate Lsa | oLis | oo
19 | et Metssomatite 10 | Lz | oss
R e R K
n [&e e I R

* AHaNHM3Bl BBHIMOJIHEHBI aTOMHO-20COPOIIMOHHBIM METOOM JabopaTopuerl (hU3UKO-XHMH-
4yeckux uccienoBanuii MHctutyta reonoruu /larecranckoro denepaibHOr0 HayqHOTrO LEHTPA

PAH.
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Ta6muna 2/ Table 2

Conep:xanus 6,1aropoaHbIX MeTAJJI0OB B YEPHBIX CJIaHIAX
Yy4KypCcKOro pyaHoro mojs*

Noble metal content in the black shales of the Chuchkur ore field *

Ne Ne o6pasua Hopona Ay,rr | Ptrr | Pd,rr
n/n | /Specimen number, /Formation /Au, g/t | /Pt g/t | /Pd, g/t
L cna St iyl i B
2| Chtrion St iyl il el
5 | Grzos Cravelt 0 | 02 | o
4| Choeos Stoe it calerey | 022 | 022 | 023
R R v N R
N vt R N K
e
A v e R R
VN v T R
oo o | [on | o

* AHaNM3bl BBITTOJTHEHBI aTOMHO-20COPOIIMOHHBIM METOIOM JIabopaTopueil (hU3NKO-XUMH-
yeckux ucciaenosanuii MHcturyTta reonorun [Jarecranckoro denepanbHOr0 Hay4HOTO LIEHTPA
PAH.

borym, Cenaeuxuii, 1997; Omensuenko, 2019]. 3ona TeipHbIay3-ITmekumnickux paszio-
MOB 10 anHbIM YepHunuHa, [Ipokyponosa, 1977, [Crauch et al., 1991] orpanuunBaet
pacnpocTpaHeHHOCTh 3010Ta Ha CeBepHoM KaBkase.

Pynnbie 6epe3ut-nponuautsl. OHE COCPEAOTOUEHBI B Ty(DOT€HHOMN HIDKHEH YacTH
KbIHBIYaICKO# cBUTHI (P kn) ocHOBaHMS nepMCKOil BylIKaHUYECKOW TTOCTPOMKH U Tiepe-
KpBIBAIOTCS BEPXHEH JIABOBOW MOHOJIMTHOM TOJILIEN BEpXHEHN 4acTH BylkaHa. [lomoxxenne
PYZIHBIX O€pe3UTOB KOHTPOIUPYETCS CUCTEMON CyOBEPTUKAIBHBIX UyUKYpPCKUX pa3IOMOB
¢ npoctupanueM 295°-310°. Mopdomnorus Ten 6epe3uT-nponuIuTOB 10CTaTOUHO CIOXK-
Hasi, kopoOuaras. [IpoMbllieHHOE OpyJaeHEeHHE OIaropoJHbIX METaNIOB Oepe3UT-IIpo-
MUJINTOB JIOKAIU3YETCS B CEKYIIMX pa3jioMax U Ha pa3HbIX CTPATUrpaUUECKUX YPOBHAX
B pa3pese TyQOoreHHOW KOpHEBOW TONIIM naneoByiakana (puc.l). CtpatudunrpoBaHHbIE
pyZIHbIE Tena Oepe3UT-IPONIINTOB, B COYETAHUN C PYJOHOCHBIMHU CyOBEpTHUKAIbHBIMU
pasioMaMu, MPUYpPOUYEHBl K MavyKaM BYJKaHOT€HHO-OCAJO0YHbIX Ty(pHUTOB C rpasenu-
TOBOM COCTAaBIIAIONICH aH/Ie3UTO-TAIMTOB. B TydoreHHo# ToIIe pyaHbId METacoMaro3
3aTparuBaeT B MEPBYIO OYEpelb BYIIKAHOTEHHO-0canouHbie TyhduTsl. [lenutomopdHbIit
Marepuai TyQQPHUTOB MOTHOCTHIO MepepadoTaH THAPOTEPMATBHBIMH MTPOIIECCAMH U TIpe-
BpallleH B MUPUTU3UPOBAHHBIN U KapOOHATU3UPOBAHHbBIN KBAPL-CEPULINTOBBIN, CEPULIU-
TOJIUTOBBII U KBapL-XJIOPUT-CEPULIUTOBBIN METACOMATHUT.
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Puc. 2. Bepesumvi u pyonvle memacomamumol 6 MeKMOHUYECKOU 30He YEePHbIX CAHYes
apmuikuamckot ceumsl nepmu (Par).
Venosnvie obosnavenus: 1 — gunrumei; 2 — 6epesumusuposantvle 2paHoOuopuml,
3 — pyouvle memacomamumeoi.

Fig. 2. Berezites and ore metasomatites in the tectonic zone of the black schists
of the Artykk Formation Permian (P ar).
Legend: 1 — phyllite; 2 — berezitized granodiorites; 3 — ore metasomatites.

Pynubie Gepe3uT-nmponuauThl pa3HOOOpa3Hbl B COCTaBE PYAHONH MHUHEPAIBbHOH Co-
ctaBisiromieid: muput (5-17%), maruetut (0,5-7,0%), Tutanomarnetur (10 3-4%), nen-
auarut (0,2-2,0%), apcenomuput (pemok, ao 1,0-1,5%), 3omoto, cepebpo, Onexibie
pYIbI, canepuT, XaaTbKOMUPHUT, TaJICHUT, MYIIKETOBUT, reMaTtuT (peaku). PyaHbeiM Mu-
HepaJlaM KOPPECHOHIUPYIOT BBHICOKHE COACPIKAHHS CIEAYIOIIUX dJIEMEHTOB: MbIIIbSIKA
(xnmapk xkonnentpamuu KK=1055), Bucmyrta (KK=100), cypsmbr (KK=85), monubdaena
(KK=28), Bonbppama (KK=28), cepedpa (KK=13), urrepous (KK=11).

3070TO — TOHKOAUCIIEPCHOE, PACCESHHOE, MOBCEMECTHO KOIUYECTBEHHO MOJIOXKH-
TEIHHO KOPPEIUPYETCS CO CTETIEHBIO THAPOTEPMATIbHON MPOPAOOTKU U CYyab(UAN3AIUN
Oepe3uToB U OOJbIIEH YacThIO TOKanu3yeTcs B mupure. s nuputoB YUydkypckon pya-
HOM 30HBI CBOMCTBEHHO MOCTOSTHHOE U OTHOCHUTEIBHO BBICOKOE COAEp)KaHHE 30J0Ta —
0,02-70 r/1. MakcumanpHOE coiep KaHKe 30J10Ta B pyaax UydKypCKOro MeCTOPOXKICHHS
0 TaHHBIM 00p03/10BOTO ONpoboBanus gocturaet 20 1/T.

Knactorennsie cocrapinstonue TyhGhUTOB (aHIE3UTO-JAIUTHI, KBApIl), 3aKIIOYCH-
HbIE B IETUTOMOPGHOM 0a3UCHOM IIEMEHTE, B HE3HAYUTEILHOW CTETICHH U3MEHEHBI PY/I-
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Puc. 3. Pyoonocnaa mexmonuyeckas Cmpykmypa 6 YepHuIxX clanyax 0esomd,
8 YOKOIe NEPMCKO20 NANe08YIKAHA UyMMmypibl.
Yenosuvie 0bo3navenusn: 1— uanumei; 2 — memanecuanuxu, 3 — memacomamumol (RpONUIUMbL)
no cnanyam; 4 — MuH308uOHbIE HCUTLL KAPOOHAMA 8 PASTUCTHOBAHHBIX PUITUTNAX.
Fig. 3. Ore-bearing tectonic structure in the black shales of the Devonian, in the basement
of the Permian paleovolcano Chummurly.
Symbols: 1— phyllites; 2 — meta sandstones; 3 — metasomatites (propylites) along schists;
4 — lenticular carbonate veins in stratified phyllites.

HBIM MeTacoMmaro3oM. [lupoknacTuyeckuil aHAE3UTO-AALMTOBBIA Marepuan Tyhduron
MIPU METaCOMAaTO3€ COXPAaHIET CBOM TEKCTYPHBIE U CTPYKTYpPHbIE 0COOEHHOCTH.

3oJ10TOCONEp:KaIINe Oepe3uThl. HamoxxenHas rugporepmaibHas npopabotka (Oe-
pe3uTH3anus) 3aTparuBaeT KakK >KWIbHBbIC BYJIKAHUTHI (QHAE3UTO-IAIMTHI) OCHOBAHUS
BYJIKAHOT€HHOM MEPMH, TaK U HIHKETIEKAIIUE KUIbHBIE TPAHOIMOPUTHI YEPHOCIIAHILIEBOI
tonuy [borym, 1995]. OTaenbHple TaliKK TPAaHOAUOPUTOB OEPE3UTU3UPOBAHEI 10 BCEMY
Teny. B OonblmHCTBE ciiyyaeB Oepe3uTr3anus pa3BUTa B SHIOKOHTAKTaX BHYTPH JackK.
KonrakTsl Ten 6epe3suToB MocTENeHHbIE, HEUETKHE, HO XOPOIIO (PUKCHUPYEMbIE BU3Yallb-
HO IO XapaKTEepHOMY THApOTepMaIbHOMY U3MEHEHHIO U cynbhuau3anuu. Knaccuueckue
oepe3utsl [borym, 1995] npuypodeHsl K KMJIBHBIM MarMaTHY€CKUM TeJlaM CyOBYJIKa-
HUYECKUX rpaHoauoputoB. HauanpHas ctaaus Gepe3uTH3allMM 3aTparuBaeT HHAOKOH-
TaKTHbIE€ KOHTAKThl AC€K U MPOSBISETCS B JOKAIBHOW CEpUIUTH3ALMUU, XJIOPUTHIALUU
Y MMUPUTHU3ALUN TPAHOTUOPUTOB. MecTaMu JIoKaibHasi Oepe3uTr3anus cleAyeT Mo KOH-
TPaKTAI[MOHHBIM M TEKTOHUYECKUM TpEIlMHAM B Jaiikax rpaHoauoputoB. Kpaiineii cre-
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Puc. 4. Pyoonocnas 30na 6 cranyax oeeona (D,ar) yokons nepmckoeo gynkana Yymmypiol.
Yenosnvie obosnauenus: 1 — punnumei; 2 — epanoouopumsi;3 — bepesumusuposanivie cpaHooUOpUmsl.
4 — anxuxeapyesvie bepezumvl; 5 — Konenomepamvl, 6 — pyoHvle MEMaACOMAMUmal.

Fig. 4. Ore zone in the Devonian schists (D2ar) of the basement of the Perm volcano Chummurly.
Legend: 1 — phyllites; 2 — granodiorites; 3 — berezitized granodiorites: 4 — Anchiquartz berezites;

5 — conglomerates; 6 — ore metasomatites.

NEHBIO0 Oepe3UTHU3aAlMK TPAHOIUOPUTOB SIBIIAECTCSA MPAKTHUECKH MOJHOE 3aMEIICHHE UX
AQHXMKBAPILIEBBIM arperaTtoM ¢ MUPUTOM U CEPUILTUTOM.

Mertacomarutbl. MeTacomarudeckue pyJHble IPOIECCHl MPOMUIUTU3ALMHA COTIPO-
BOXKIAIOT PYAONOABOAIINE KaHabl. DIIOMIOHOCHBIE PACTBOPHI, BHIMOIHSS TPEIIUHBI,
U3MEHSIOT MPAKTUYECKU BCE MOPOABI B TEKTOHWYECKUX MiBax (puc. 2,3,4). PynoHocusie
METAaCOMAaTHUTHI Pa3BUTHI B TY(OBOM TOJNIIE EPMU U B YEPHBIX CIAHIAX JEBOHA, COMPO-
BOXKJIasi CyOBepTHKaIbHBIC Pa3JIOMbl (UIFOMI0aKTUBHOM KOPHEBOH 30HBI BylikaHa. B 30He
pa3’I0MOB TOpPHBIE MOPOJIbI MPEBPAILIEHBI B aHXUKBAPIIEBbIC, KBAPI[-CEPUIIUTOBLIE U CE-
PHUIUT-XJIOPUTOBBIE TOPOABI C KAPOOHATOM, TUPUTOM, APCEHOMUPUTOM, XAJIBKOTTHPUTOM.

HUcrounuku pyasbix MetawioB Au,Pd,Pt. Tenernueckue ocoOeHHOCTH
Yy4KypCKOTrO MECTOPOXKJIEHHUSI HAMISIHO MPOSIBUINCH B MPUBEACHHOM BBIIIE aHAIU-
3€ PYIHBIX pa3pe3oB M Habope M3BECTHBIX reojorudeckux (akroB. HemocpencTBeHHas
CBSI3b PYAHOTO METacoMaro3a ¢ MEPMCKHM aHJE3UTO-JAIUTOBBIM BYJIIKAHOM MO3BOJISET
OTIpPEICTUTh PYIOTE€HE3 KaK MACIITA0HYIO MPOMMINTU3ALNIO KUCIBIX TTOPOJ C PYAHBIMU
MeTacoMaTHTaMHu U IByMsl hanusamu 6epesutnzanuu (0epe3uTsl U Oepe3uT-MPOIUITUTHI ).
[IpuBeneHHbIE TE€OJOTUYECKUE JAHHBIE 10 MECTOPOXKACHUIO MO3BOJISIIOT PAcCMOTPETh
Takke MpobJIeMy UCTOYHHKA OJIarOPOAHBIX METAJUIOB.

B MupoBo#i mpakTHKe Ba)KHEHIIMM I'€0JO0rO-IPOMBIIIICHHBIM TUIIOM MECTOPOKIe-
HUM OJIarOPOAHBIX METAJIOB SIBIIIOTCS YIIIEPOACOAEPKAIME YEPHOCTAHIIEBbIE TOJMIIH,
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cozieprkanme Takue o0bekThl kKak MypynTtay, Cyxoit Jlor, bakeipunk, OnumnuagHeHckoe
u npyrue mectopoxaenus [['ypekas, 2000; Joaun u ap., 2000; Hooxuinos, ['aBpuios,
1999; Cenneukwmii, 1997; Gurskaya, 1991; Holland, 1979; Ca3onoB, KoporeeB u mp.
2011]. JleBOHCKMI1 YEpHOCIAHLEBbIN TeppUreHHbI KomIiuleke CeBepHoro Kakasza 1o
CBOMM T'€O0JIOTUYECKHUM XapaKTEPUCTHKAM SIBJISIETCS MOJHBIM aHAJOTOM MHPOBBIX IPO-
JTYKTHBHBIX Ye€pHBIX cilaHleB [['oHuapos u 1p., 2007; ['eonorus CCCP, Cesepnbiii KaBkas,
1968; I'ypckas, 2000; Homun u ap., 2000; Koncrantunos, 1984; Onosuu, Kepruc,
1988; Gurskaya, 1991]. Takoii BBIBOJ MOATBEPKIAETCS PYAOHOCHOCTBHIO IEBOHCKOM TOJ-
umm cnannes [borym, Yepkammn, 2019; T'onyapos u ap., 2007; Mao and others, 2002].
[Taneo3oiickue uepHbie cianibl CeBepHoro KaBkaza (3iidenbckuii-ppaHKCKuil Spychl) B
pernoHanbHOM MaciiTade BHITIHYThI 200-KHi10MeTpoBOM 1os10coi mpu MoutHocTH oT 0,5
10 1500-2000 m.

JleBOHCKME ClaHIbl MPECTABISAIOT cO00M 00pa30BaHUs MCXOAHO TIIMHHUCTOTO CO-
CTaBa C HE3HAUYUTEILHBIM 00BEMOM BYJIKAHOTEHHBIX M ICE()UTO-TICAMMHUTOBEIX MOPOJI.
[Tpu rocnoacTByromeM monoxkeHuu (85-88 %) meauToBbIX mopoA (GUILTUTBI) B COCTaBE
CJIaHILIEB JIEBOHA YYaCTBYIOT TaKXKe aJIeBPOJIUTHI, IECYAaHUKH, IPABEIUThI, KOHIJIOMEPATHI,
KPEMHHUCTBIE, KapOOHATHBIE U TY(OTEHHBIE TPOCIION, COTTIACHBIE U CEKYIIHE Tella ByJIKa-
HOTEHHBIX M KUJIBHBIX MAarMaTU4eCKUX MOPOJ.

Hcxonuble muHMUCTBIE MOpoabl apThikyarckoil (D,ar) m anmprokckoii (D,an) cBut
CeBepnoro KaBkasza mpeacTaBi€Hbl B MCKONMAEMBIX TOJIIAX HCKIIOYUTEIBHO (UILIU-
TaMH, TJIMHUCTAsl COCTABIIAIOIIAs 3aMEHEHA T'MIPOCIIONAMU, a aKBareHHOE YIIIEpOAU-
CTO€ BEIIECTBO MeTaMOpP(PH30BaHO 0 COCTOSIHHSI aHTpaluTa U aHTpakcoiuta [borym,
UYepkammma, 2019]. OcHOBHOM 00beM (opManiy COCTABISIOT (UIUTHTHI, Cliararoime 00-
nee 78% ee pazpesa. Kiactuueckue nopojibl — KOHIJIIOMEPAThI, TPaBEIUThI, IECYAHUKH U
aJIeBPONIUTHI — coCTaBIsAIOT A0 21 %. Ilerporpaduueckue u reoxuMHYeCcKre UCCIeI0Ba-
Hus yepHbIX ciaHues [borym, Yepkamun, 2019; I'onuapos u np., 2007] obocHoBanu B
¢wMTax ux cneuupUIHOCTh B BUJE BHICOKOW MarHezuanbHocTH (MgO 1o 8-9% u 6o-
nee). CBoeoOpasue 3TUX OTIIOKEHUHN 3aKIII0YaeTCsl B 3HAYUTEITLHOM BIUSHUU TEPPUTEH-
HOTO YJIBTPAOCHOBHOIO MarepHasia Ha UX MEeTPOXUMHUYECKHE 0COOEHHOCTH. OTIOXKEHUS
YEepHOCIAHLIEBOM (POpPMAINH 110 BEIIECTBEHHOMY COCTaBY OTHOCSTCS K BECbMa PEAKOMY
Tuny — ouokigacraMm, oOpa3oBaBIIEMYyCs 3a CUeT pa3MbiBa ouonutoB. B cocraBe 00-
JIOMOYHOTO MaTepHualia MPHUCYTCTBYIOT MPEUMYIIECTBEHHO (DTAaHUTHI M CEPIICHTUHUTEHI,
a Takke (PUIUTUTHI, U3BECTHSIKU, TPAYBAKKH, JOJIEPUTHI, Tiaruorpanutsl [borym U. A.,
Cenpneukuii, 1997; borym, Yepkamun, 2019; I'onuapoB u ap., 2007; Cenneuxuid, 1998;
Yepuunus B. b., [Tpokyponos, 1977].

B npenenax 1eBOHCKOM NOJI0CHI YEPHBIX CIIAHLIEB APTHIKYATCKOM U aHIPIOKCKON CBUT
HamMmu 06110 0ToOpano 6osee 200 TOUeUHBIX B OOPO3AOBBIX TUTOXUMUYECKHUX MPOO U MPO-
aHAJM3UPOBAHO aTOMHO-a0COPOLIMOHHBIM METOJIOM Ha TPYIIY OJaropoIHbIX METAIJIOB
Au, Pd, Pt. Bo Bcex npo0ax YepHBIX CIIAHIIEB BBISBICHO aHOMAJIbLHOE COJCpKAHUE ITOM
TpHaJbl B CyMM€ OKOJIO | I/T, mpu4eM 3TH MEeTaJulbl IPUCYTCTBYIOT B PABHBIX MPOIIOP-
uusx. braroponHeie MeTasuibl conepkarcs B pacCesHHOM TOHKOIMCIIEPCHOM COCTOSIHUM,
BU3YQJIbHO U JIa)Ke MHUKPOCKOMHMYECKH He (pukcupyrorcs. Penkue HaXoAKu TIaTUHBI U
30510Ta OOHApY>KEHbl HAMH B YEPHBIX ClaHlax bombiienaduHckoro pynHoro paiiona. B
COBPEMEHHOM aJUTIOBHU YPYIICKOTO ¥ boJIbIIeIabMHCKOTO PYTHBIX pailOHOB B IUTUXOBBIX
mpobax 305I0Ta BCTpeUeHbl MUHEpaIbHbIe ()OPMBI TUIATUHBI, OCMHUS, UPUIUS U PYTCHUS
[borym, Yepkamun, 2019].
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Ilo onenke aBTopoB B uepHbIX ciaHumax CesepHoro KaBkasza copepxarcs TMraHt-
CKHe 3amackl 61aropoaasix MetamuioB Au, Pd, Pt [borym, Uepkammn, 2019; Hulbert and
others,1992].

bnaroponHoMeTanibHOE opyJeHeHue B UyuKypCcKOM MECTOPOXKIEHHH B OIMHAKOBOM
CTENEeHH MPOSIBIIIOCH KaK B PYyAHOM TeJe, TaK U B MOACTUIAIOIINX YEPHBIX CIaHIax Je-
BoHA. OIHOTHUITHAS TIO COCTABY PYAOHOCHOCTh MECTOPOXKACHUS B O0Jiee IPEBHUX YEPHBIX
CJIaHIIaX CBUJETENbCTBYET O JIOHOPCKOW pPOJIM CIAHIEB B (DOPMUPOBAHUU OPYIAECHEHMS
MecTopokaeHus. [yOuHHbIE (QIIOUIbl aHIE3UTO-JAIIUTOBBIX 0YaroB MEPMCKUX BYJIKa-
HOB aKTHBHO IIPOSBUJIMCH B YEPHBIX CIIAHIIAX IIOKOJIS BylkaHa. MeTtacoMaTHuecKHue pac-
TBOPBI PONMINTH3ALNN, MUTPUPYS Yepe3 CIaHIbl, aKTUBUPYIOT U MOOMIM3YIOT OO
CJIaHLIEBBIN (POH OJArOpOJHBIX METAJIIOB U (POPMUPYIOT JIOKAJIbHBIE PY/IHbIE KOHIIEHTpa-
uuH B Ty duTax TyQoBoil Tomum HIKHEH nepmu. [lepMckre ByIKaHOT€HHO-0CaI0YHbIE
HOPOJIBI CIIy’KaT ONaronpusTHBIM F€OXUMHUECKUM OapbepoM s pyAoHOCHbIX (Au, Pd,
Pt) ¢aromaoakTUBHBIX NMPOAYKTOB CHHBYJIKAaHMUYECKOM MpOMMIMTU3aLUU. PynoreHHbie
¢uronIbpl, TOCTaBIsIEMble TEKTOHUYECKUMH KaHaJlaMH, pa3rpykaroTcs B CaMHUX KaHaslax
(MeTacomatuThl U Oepe3uThl) U TypoBoH Toue (Oepe3uT-nponuauTsl). PynHas coctas-
JISIFOINAsl HE TIPOSIBIICHA B JIABOBOM BEPXHEH TOINIIE MAJCOBYIKaHA, YTO (PUKCHPYET BO3-
pacT OpyIdEeHEHHsI BHYTPH JEATEIBHOCTH HIXKHEIIEPMCKOTO BYJIKaHU3MA.

JIoHOpCKast poJib YEPHBIX CJIAHIEB I€BOHA HAXOIUT CBOE MOATBEPKICHUE Ha ITPUMe-
pe MoJI0CHI MEPMCKUX BYJIKaHOB 10 peke AkcayT. [Ioposbl KbIHBIpUaCKON CBUTHI U JalK1
I'PaHOAMOPUTOB 3/1€Ch HE coJepkKaT OaropoAHbIX MeTasioB. [Ipu coxpaHeHnu aHaJIOTUU
pa3zpe3a UyukypcKkoMy MECTOPOXKIEHHIO, B pa3pe3e NEPMCKOro MajaeoByikaHa AKkcayTa, B
OCHOBAHUU BYJIKAHA OTCYTCTBYET PyJOHOCHBIN JIEBOHCKUI YEPHOCIIAHLIEBBIA KOMILIEKC,
a pa3BUThl KAMEHHOYTOJIbHBIE TIOPOJIBI.

3AKAKOYEHME

1. ®yHKIIMOHATBHO PYIOHOCHBIC YEPHBIEC CIAHLbI IeBOHA YydKypCKOro MECTOpOX-
JIEHUSI OTYETIMBO MPOSIBIAIOTCS JBOSKO: C OAHOM CTOPOHBI SIBJISIOTCS PYIOHOCHBIMHU
TEepPUTeHHBIMHM KOHLIEHTpAaTOpaMu O1aropoHbix Metamios (Au, Pt, Pd) ¢ miomagasiMu
CYyONpPOMBIIUIEHHBIMH aHOMAJIUSIMH 3TUX METAIIJIOB; C JIPYroil CTOPOHBI — pyno0pasyto-
VMU, BBITIOJIHSAS IOHOPCKHE (QYHKLIUH U SBIAACH HCTOYHUKOM 30J10Ta U TUIATHHOMIOB B
Yy4KypCKOM MECTOPOKACHUH.

2. PyaHble KOHIIEHTpalUu METauIoB YyuKypCcKOTO MECTOpPOXKACHHSI 00YyCIOBIEHBI
THIIPOTEPMATLHON (IIOU0AKTUBHON 30HOM MEPMCKOTO MaleoByIKaHa ¢ MOOMIM3anei
METAJJIOB U3 PyAOHOCHOW JEBOHCKOM YE€PHOCIAHLIEBOM TOMILH.

3. Ilpumep YydKypcKOro MECTOPOXKIEHHUS ITOKa3bIBAET, YTO O1aropojHble METAILIbI
YEepHBIX CJIAHIIEB JEBOHCKON TOJIIM B MECTAaX HAJIOKEHUS MarMaTu4eckKux Ten u ¢Iou-
JOAKTUBHOMU JEATETbHOCTH MOOWIN3HUPYIOTCS U NEpeoTIaratorcs ¢ 00pa3oBaHUEM IPo-
MBILUIEHHBIX PYIHBIX CKOIUIEHUH.

4. CuHBYJIKaHUYECKUH PYAHBIH ITpoLiecC B POIYKTaX ByJIKaHM3Ma yKa3bIBa€T HA €T0
0011yI0 IPUHAIJIEKHOCTD K IpoLeccaM NPONUINTH3ALUU. B TaHHOM cilyyae mponuiu-
TU3alMs BYJIKaHUTOB KHCJIOTO aHJE3UTO-JALUTOBOTO COCTAaBa YTOUHSET U ACTAIUZUPYET
TEPMUH «IIPONMWIUTBI», KaK MPOLECC METACOMAaTO3a CUHXPOHHOIO BYJIKAaHUYECKOH Nes-
TesbHOCTH. [IponunuTusanus cyOBYJIKaHUYECKUX MOPOJA OTHOCHT MX K KIIACCHUYECKUM
Oepe3uTam, a MeTacoMaTHYeCcKas rnepepadoTka aHIe3uTO-TaUTOBBIX TY(OB U Ty(hHUTOB
(hopMHpyeT pyIOHOCHBIE OEPE3UT-IPOIHIIUTHI.
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5. UepHocnaHLEBBIA pydoreHe3 OIaropoAHBIX METANJIOB YTIIepOJCOoaepKa-
IIUX TEPPUTCHHBIX YEPHOCTAHIEBBIX TOJIIIAX OTHOCHUTCS K BEChbMa CIOXKHBIM M JJIU-
TEJIbHBIM MPOLIECCaM, B KOTOPOM aKTHMBHO YYacTBYIOT IPOLIECCHI CEIMMEHTOIEHE3a,
Ma- U KarareHeza, PerHoHaJbHOTO MeTamopdu3Ma M HaJOKEHHOTO METacoMaro3a
[borym, Yepkammun, 2019; I'onuapoB u ap., 2007; I'ypckas, 2000; Joaun u ap., 2000;
Koncrantunos, 1984; Cenneukuii, 1997; Holland, 1979]. B nannom ciydae pymore-
He3 Onaropoanbix MetayioB Ha CeBepHoM KaBkase B 4epHBIX CIaHIaX OTpaHUYEH BO3-
pacTHBIMH paMKaMHu AeBOH-KapOoH. YepHsbie cinanisl CeBeproro KaBkas B Uyukypckom
PYAHOM TOJI€ YK€ B HIDKHETIEPMCKOE BpeMsl MOKa3bIBAIOT ce0sl KakK 3pesble, MeTaMop-
¢buThl ¢ HahOHOBBIM CO/IepKaHNEM OJIaroOpoJHBIX METAIIJIOB HA YPOBHE aHOMAJHM TSt
BCEIi MOJOCHI TePIIMHCKUX CIAHIEB. JTOT (akT PUKCUPYT BEPXHIOI BO3PACTHYIO Ipa-
Huny opyaeHeHus (Au, Pt, Pd) HikHel mepmblo, T.e. OTMEUYaeT TePLUUHCKUI BO3pacT
opyneHeHusi. OTHOBPEMEHHO MOJITBEPKIAETCS JONEPMCKHUI TepLIMHCKUI BO3pACT pyI-
HBIX MIPOIIECCOB PETHOHANBHOTO MeTaMOp(u3Ma IITaBHOM CKJIa4aTOCTH MaJe030MCKUX
toiuy CeepHoro KaBkasa.
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Pe3tome: AKTyanbHOCTb paccMaTpvMBaeMoM TeMbl B TOM, YTO OpPOreHHble Nosica MaTepuKoBOIi YacTi Kamyat-
CKOro Kpasi HacblLeHbl NONME3HbIMU UCKOMAEMbIMU, MPUYPOYEHHBIX K NoscaM, 06pa3oBaHHbIM NOCNEeA0BaTENbHbIM
NPUPOCTOM OKPaWH KOHTUHEHTA OT APEBHUX C CEBEPO0-3anafa K Koro-BoCToKy. Takumm noscamu ¢ MecTOpoXaeHuaMu
Ag, Au, Sn, Hg, S sBnatotcs Ceepo-3anagHo-Kopsakcknii onurougHoBbln n HOXXHO-KOpsKCKWiA MUOLIEHOBBIA, 06-
pa30BaHHble Ha CEBEPHOM W HOXXHOI rpaHuue LieHTpanbHo-KopsAKCKOM OKpanHbl NO3AHEMEN0BOr0 KOHTUHEHTA. OHY
C(HOPMMPOBAHBI B ONIMIOLEHE U MUOLLEHE M30IMPOBAHHBIMI BYJIKAHOTEHAMM JIOKaNbHbIX aHLE3UTOBbIX NOJIei, npo-
PBaHHbIX FPAHUTONLAMM TEKTOHUYECKON akTusn3aumn. G HUMK CBA3aHbl PyAHbIE NOLWAAM, NOKaIM3auna KoTopbIX
no3BONUT 06eCNeYnTb NPUPOCT 3anacoB pa3pabaTbiBaeMbIX Poccbinen nnatuHonaos. Llenb paboTbl 3akntoyaeTcs B
YCTAHOB/IEHUN TEKTOHNYECKNX 3aKOHOMEPHOCTEN 06pa30BaHNs BYSIKAHOMEHOB, CBA3AHHbLIX C HUMU PYAHbIX PAROHOB
MOJTy4eHMs HOBbIX AaHHbIX N0 UX NPorHo3y. B CeBepo-3anagHom nosice 0hopMunach MeTannoreHnyeckas 3o0Ha ¢ Y-
HOMBaAMCKUM, [aiiyaBasmMcKum 1 ManbmaTkuHCKMM paiioHamm, COnPsXXEHHbIMI C 0AHOUMEHHbIMM BYJIKAHOTEHaMK, B
HOxHo-KamyaTtckom — ¢ BeTpoBassmckum BynkaHoreHom. MeTogonorua u MeTofibl uccnegosanus. Metogonorus 3a-
KIH04Y€EHa B rMbI60BO-KNABULLHON CTPYKTYPE NMTOCHEPL! M € 3EMHOI KOPbI HA aKTUBHbIX OKPauHax KOHTUHeHTa. Me-
TOAMKA OCHOBAHA Ha YCTAHOBEHMN CUCTEMHOI CBA3N CTPYKTYPHbIX NEMEHTOB re0noro-reodmanyeckoii CMcTembl
«TEKTOHWKa-BYNKAHOreHbl». Pe3ynbTatbl paboT U ux aHanus. [peanoXkeHa cxemMa 3aKOHOMEPHOCTEN pPa3MeLLeHUs
M3BECTHbIX U NPOrHO3NPYEMbIX PYAHbIX PaiioHOB, y3N0B toro-3anafa Kopskckoro Haropbsi. OHu 06yCnoBREHbI Mbl-
60B0O-KNAaBMLLIHON TEKTOHMKOIA 11 NOKaNM30BaHbl B 3BEHbSX CEPUI NPOAObHbIX CybnapannenbHbiX Pa3HOBO3PACTHbIX
pernoHanbHbIx cTpykTyp CB npocTupanus, NocneaoBaTeNnbHO HApALLMBAKOLWIMX KOHTUHEHT K HOr0-BOCTOKY. 3BEHbS
ABNAIOTCA AUCKPETHBIMU W ONPeAensioT pasMepbl PYAHbIX PailoHOB. PaccmMOTpeHbI Bblaensiemble 38eHbs CeBepo-3a-
nagHo-Kopskckoro onuroueHoBoro 1 KxHo-Kopskckoro MinoueHoBoro noscos. B nepsom C3 nonepeyHbIMi Mex-
Mbl60BLIMI pa3noMammn IUTOCePsbl 06pa30BaHbl BYJIKAHOTeHbI FHe340B0Or0 Tuna. OHWU BO3HWUKAW HA NepeceveHnn
(byHLaMeHTa NO3J4HEr0 Mena W HXXHON OKPamHbl conpegesibHom MerxunHekon CO3 nonepeyHbIMU MeXrTbI60BbIMM
paznomamu. B nepeceyeHnsx o6pa3yeTcs NUTOCEEPHbIA CTONG BELLECTBA FPAHUTOUAHOM aKTUBU3ALNM BEPXHEN MaH-
TUW 1 NO3JHEMENOBOro 0Caf0o4HOro paspesa yHaameHTa. [lenaetca BbIBog, 4T0 B KOXKHO-KOpsAKCKOM nosice Byn-
KaHOreH SBNSETCA JIMHENHbIM, 06pa30BaHHbIM 3aK/04eHnem nuHenHoro CB BeTpoBasMckoro BbICTyna pyHaaMeHTa
1 Yexna Mexxay ABYMs NonepeyHbIMU MeXIIbIO0BbIMY pa3nomMamu. B HEM pyAOHOCHBIMU BTOPUYHBIMM KBapLMUTaMU
€034aH VINbNUHCKUIA PYAHbIA PAOH C KPYMHLIMIA MECTOPOXAEHNAMIU CaMmOpPOLHON cepbl ¢ Ag, Au, Hg, S. OporeHHbIn
BYJTIKAHW3M Ha aKTUBHbIX OKPaWHAX KOHTUHEHTOB COMPSKEH C OCHOBHbIMM 3NEMEHTAMU TEKTOHMKM U MarmMaTtu3ma,
C03JaBLUNMKM YCNOBMA 06pa30BaHNA MUHEPAreHN4ecKUX TaKCOHOB. Ha npumepax OporeHHbIX NOSACOB ONIMrOLEHa K
MMOLIEHA 04€BWAHA POSlb FEOTEKTOHUYECKUX U METANIOreHNYECKMX aCMEKTOB aBTOPCKOI METOLONOrMN rMbl60BO-KNa-
BWLLHOIA CTPYKTYPbl NNTOCKEPbI aKTUBHbIX OKpanH. OHa 3dhheKTUBHA B MPOrHO3e PYAHbIX NAOLWAMei U UX OLEHKe
NoCneAytLLMMM reonoropassejoyHbiMu paboTamu.

KntoueBble ¢noBa: rnbl60BO-KNaBULLIHASA TEKTOHWKA, BYJIKAHOT€HbI MOSICOB, MWHepareHna, 3akOHOMepPHOCTH, PyA-
Hble paI7IOHbI, y31bl.
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Abstract: The relevance of the work is that the orogenic belts of the mainland of the Kamchatka Territory are
saturated with minerals confined to the belts formed by the successive growth of the continental margins from the
ancient ones from the north-west to the south-east. Such belts with deposits of Ag, Au, Sn, Hg, S are the Northwest
Koryak Oligocene and South Koryak Miocene, formed on the northern and southern borders of the Central Koryak
margin of the Late Cretaceous continent. They are formed in the Oligocene and Miocene by isolated volcanogens of
local andesitic fields, broken by granitoids of tectonic activation. Ore areas are associated with them, the localization
of which will ensure an increase in the reserves of developed placer deposits. The purpose of the work is to establish
tectonic patterns of formation of volcanogens, associated ore regions and obtain new data on their forecast. In the
North-Western zone, a metallogenic zone took shape with the Unneivayamsky, Gaichavayamsky and Palmatkinsky
regions, associated with the same named volcanogenes, in the South Kamchatka — with the Vetrovayamsky volcanogen.
Methodology and research methods. The methodology lies in the block-key structure of the lithosphere and its earth’s
crust on the active margins of the continent. The methodology is based on establishing a systemic connection between
the structural elements of the geological and geophysical system «tectonics-volcanogens». The results of the work
and their analysis. A scheme of patterns of distribution of known and predicted ore regions, nodes of the south-west
of the Koryak upland is proposed. They are caused by block-key tectonics and are localized in the links of a series of
longitudinal subparallel regionally different age structures of NE strike, successively expanding the continent to the
southeast. The links are discrete and determine the size of the ore regions. The distinguished links of the Northwest
Koryak Oligocene and South Koryak Miocene belts are considered. In the first northwestern region, nesting volcanogens
are formed by transverse interblock faults of the lithosphere. They arose at the intersection of the Late Cretaceous
foundation and the southern edge of the adjacent Penzhinsk structural-facial zone with transverse interblock faults.
At the intersections, a lithospheric column of granitoid activation matter of the upper mantle and the Late Cretaceous
sedimentary section of the basement is formed. It is concluded that the volcanogen in the South Koryak belt, has a
linear nature, formed by the conclusion of a linear NE of Vetrovayamsk ledge of the basement and cover between two
transverse interblock faults. There ore-bearing secondary quartzites created the llpinsk ore region with large deposits
of native sulfur with Ag, Au, Hg, S. The orogenic volcanism on the active margins of the continents is associated
with the basic elements of tectonics and magmatism, which created the conditions for the formation of minerogenic
taxons. The role of geotectonic and metallogenic aspects of the author’'s methodology of the block-key structure of the
active lithosphere margins is evident on the examples of the orogenic Oligocene and Miocene belts. It is effective in
forecasting ore areas and evaluating them with subsequent exploration works.

Keywords: key-block tectonics, belt volcanogens, minerageny, regular patterns, ore regions, nodes.
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BeeapeHune

B Kopsikcko-KamuarckoM pernone reojgoropa3peounbiMu paboramu 60-90-x rogos
XX B. U3y4€HBI yroJibHasl, CEpHas, 30J10Tasi, pTyTHas, Fa30HOCHAs1, THAPOTEpMalIbHAs U
TUIPOMUHEpaJIbHAs IPOBUHIUY € 22 PYIHBIMH U PyAHO-POCCHINMHBIMY pailoHamu [Kapra
MOJIE3HBIX UCKOMaeMbIX. .., 1999; White, Hedenquist, 1995]. Karanor x Kapre conepxut
1896 00BEKTOB, KOTOPBIE 00ECTIEYUBAIOT BOSMOKHOCTE IMPUPOCTA PYAOHOCHBIX ILIOMIA-
JieH, B T.4. B IPOLECCe KaMepaJIbHBIX UccieoBaHul. OcoOOeHHOCThIO «CXeMbl METAILIIO-
TeHUYEeCKoro paiioHupoBaHus» [Cxema..., 2001] k Kapre sBnsercsa He3aBepIIEHHOCTh
KOHTYPOB psiJia pallOHOB, HETMOJIHOE UCTIOIb30BaHUE OOIMPHBIX (DAKTUUECKHUX TaHHBIX O
MOJIE3HBIX MCKOMAEMBIX, T€0(PU3MUECKUX MAaTepHAIIOB B LEJAX MPOTHO3a MOTEHIUAIBHO
PYIOHOCHBIX IUTOIIAeH. TO 00YyCIOBHIO HENOCTATOYHOCTH MPOPAOOTKH METOJO0IOTH-
YECKUX aCIEKTOB CBSA3M MHUHEpPAreéHWU M TEKTOHUKHU, YTO YACTHUYHO MpEeAsIaraercs Boc-
MOJTHUTH HacTosIel paboToil. B omyOnukoBaHHOM 1 apXxuBHOU (POHIOBOM) TUTEPATYPE
IpejiaraeMasi aBTopcKasi METOA0JI0T s UCCIIE0BAaHUs U €€ METOJMKA He ocBemaercs. Mx
OCHOBOH SIBJIIETCS] aBTOPCKOE MPEJICTABICHHUE TIILIOOBO-KIIABUIITHOM CTPYKTYpHI (Hajee —
I'KC) 3emHo# KOpbI 1 TUTOC(hEPHI B LIEJIOM aKTUBHOM OKpanHbl KOHTHHEHTa Ha CB A3un
u 6nokoBo-kinaBumHON (BKC) — ee BepXHUX MEN-MaIeOreHOBhIX sIpycoB. MeTo0m0rus
IIPEAOIPEACIICHA KOHLEIIIUEH CBSA3M MUHEPAT€HUNU C PA3JIOMHOM TEKTOHUKOW aKTUBHBIX
OKpaWH KOHTHMHEHTOB THXOOKEaHCKOTr0 MOABMXKHOTO (pyAHOIO, BYJIKAaHMYECKOTO, CEHc-
MHYECKOTO U JIp.) Tosica M MOCIEI0BaTeIbHO KOHKPETU3HPOBAJIach 10 (POPMYIHUPOBKU
OCHOB ITPOrHO3a MUHEPAareHNUECKUX TAKCOHOB. ABTOPCKHUE Pa3pabOTKH, reoI0ro-reodu-
3u4yeckue pakTHYECKue JaHHbIe, X UHTepnpeTanus u o6o0menue no Kamuarke, Kopsi-
kun, SAnonuu, KOxHo#t Amepuke, HoBoii 3ernannnu mo3BossioT GopMyInpoBaTh MOCIe-
JI0BaTEIbHOCTh NMPUOIIKEHHS K TIOHATHIO PYAHOTO pailoHa KaKk OCHOBHOTO MUHepare-
HUYECKOTO TAKCOHA HAa aKTUBHBIX BOCTOYHBIX OKpanHaX KOHTMHEHTa B THXOOKEaHCKOM
pynHoM nosice. [IyTh mocnenoBarebHOTO MPUOIMKEHHSI K OCHOBHBIM TEKTOHUYECKUM U
MHUHEpareHM4eCKUM MOJI0KEHUsIM aBTopckoi KoHuenuu npuseneH B [Spoukuii, 1976].

AKTYyaJIbHOCTB IIPOOJIEMBI CBSI3U TEKTOHMKU U MUHEpPAreéHUU OPOTE€HHBIX MOSICOB U
IIPOrHO32a IUIOMIA/IeH pyAOHOCHBIX TAKCOHOB Ha roro-3anane Kopsikckoro Haropes Kawm-
YaTK{ 3aKJII0YAETCsl B HEOOXOAMMOCTH MPHUpAILEHUH 3aI1acoB IUIOMaAel pa3padarsiBae-
MBIX POCCHINEH MIATHHOUAOB MOTPYKEHHON TIIBIOBI TUTOC(hEpbl OMOTOPCKOTO 3aIuBa
Kopsikuu okpanHbl KOHTHHEHTA.

MeToAOAOTNS M METOAMKA NCCAEAOBAHUS

Leap uccienoBaHusA — yCTAHOBUTH TEKTOHMUECKHE 3aKOHOMEPHOCTH pa3MeIleHUs
M3BECTHBIX pyAHbIX paiioHoB lOro-3amana Kopsikckoro Haropbs. OnpeaenuTs UX poiib
KaK OCHOBHOI'O PYIOHOCHOTO TaKCOHA Ha KKHON aKTUBHOW MO3THEME3030MCKOM U Kak-
HO30iicKoll okpanHe koHTHHEeHTa CB A3uu u apryMeHTanus Ha ’TOH OCHOBE UX MOJIHOTO
OKOHTYpPHBAaHMsI, @ TAK)Ke MPOTHO3a HOBBIX pallOHOB, KaK pe3epBa MPUPOCTa pyAOHOCHBIX
mwiomaaei. Ilpeamer HMcciieq0BaHMA — re0IOro-reopu3ndeckas cucreMa «pa3jioMHO-
O710KOBasi TEKTOHMKA U MUHepareHusn». O0bekT — Tepputopus HOro-3anana Kopskckoro
Haropbs oT KamMuaTrckoro nepemreika 10 BOCTOUHOM rpaHuipl Kamyarckoro kpas, ¢ ce-
BEpHOI rpanuiieit no [lapanonsckomy momy.

HccnenoBanne BBITIOJIHEHO B pa3padaThiBa€MOM aBTOPOM TeoTeKToHWYeckoil Kon-
uenuuu (Tak u panee) «Cuctembl TIIBIOOBO-KIABUILIHON CTPYKTYphI JTUTOC(EpHl aKTUB-
HOM OKpauHbl KOHTUHEHTa». TekToHnKa Teppuropun onrcana B crarbe C. E. AnpenkoBa
¢ coaBTOpamu [ AmpeskoB u ap., 1997; Wilson, Anhaeusser, 1998], koTopas ucmonp3oBaHa
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HaMU TIPH MPUBS3KE palOHOB B pETHOHATILHBIX CTPYKTypax. Teppuropus sBiIseTcs Mpo-
BuHIuel Kopsikcko-Kamyarckoil MeTanioreHu4eckoi o0acTi ¢ M3BECTHBIMU MHHEpa-
TeHMYECKUMH TaKCOHAMU — pailoHaMu (pUCyHOK). X MeTannoreHn4eckas crenmnanmsa-
1y B3sTa HaMu co «Cxemsl...» Kk «Kapte...» [1999] u nononnena no I'ocynapcTBeHHbIM
reosoruueckuM kapram CCCP u P® m-6a 1:200000 [bamapkesud u ap., 1981; Kocbko u
ap., 1972; Iloznees, 1975; [loznees, Poxxkosa, 1986].

[Ipu uccnenoBaHMM 3aKOHOMEPHOCTEH pa3MEUIEHUS M MPOTHO3a PaOHOB HAMM,
anpuopH, MPUHATO pailoHHpoBaHUE « CXEMBI. ..», KOTOPOE PACCMOTPEHO B IPUIIOKEHUHU K
KOHTEKCTY pa3padaThiBa€MbIX aBTOPCKHX MOJOKEHUN MeTononorun KoHnenmnum akTus-
HBIX TUXOOKEAHCKHX OKpauH KOHTUHEHTOB. Ha pricyHKe mpuBeAeHbI paiiOHbI: U3BECTHBIE
— 0e3 U3MEHEHUs KOHTYPOB, C YTOUHEHHBIMH IPaHUIIAMU, IPOTHO3UPYyEMbIe Hamu. B Ha-
yajie ONMUCAHUS PAOHOB MPUBOAUTCS UX IJIOMIAIb COIAacHO «CXEMBI...», B KOHIIE — CO-
miacHo Konnenuuu. B TekcTe mpuBeneHbl JaHHBIE O MONIX MarHuTHOM (ATa) u cuibl
TsokecTH (Ag,) (00a KaueCTBEHHO).

MeTo0/10T sl TIBIO0OBO-KIABUIIIHON CTPYKTYPBI TUTOC(HEPHI U €€ KOPBI ONpeiesieT
METOAMKY BBISBICHHUS POJH Pa3lIOMHON TEKTOHMKH OKPAaWH KOHTHHEHTOB B (OPMUPO-
BaHUU YCIIOBUH JIOKAJIU3ALMK PYOBMEUIAIOIINX U PYAOHOCHBIX KOMIUIEKCOB, KaK peru-
OHAJILHBIX TEKTOHUYECKHUX (PaKTOPOB 0Opa30BaHUS CTPYKTYp pailoHOB. OHU SBISIFOTCS
OJTHOBPEMEHHO PETMOHATBHBIMU U JIOKAJIbHBIMA TEKTOHUYECKUMHU U MUHEPAreHU4ECKU-
MU (haKTOpaMU Kak JIEMEHThI CUCTeMbl. MeTol ucciie10BaHus — CUCTEMHBIN I'e0I0ro-
reo(U3NUeCKil aHAIHU3 PYIOKOHTPOIHPYIOMUX (PAKTOPOB JIOKATH3AIUHN PAOHOB, OCHO-
BaHHBIN Ha BBISIBIICHUU CTPYKTYPHBIX CBSI3€H MEXKy JIEMEHTAMU CUCTEMBI.

Pa3nomHasi TeKTOHMKA U MUHEpareHUYeckue (PakTopbl YCTAHOBJICHBI aBTOPCKUMHU
UCCJICJIOBAaHUSAMHU OOIIMPHBIX T€ONIOTUYECKUX AAHHBIX, HHTEPIpEeTaueil nojei rpaBu-
METPUUYECKOM U a’dPOMATHUTHOMU, JETANBHBIX KOMIUIEKCHBIX Teo(HU3HMUecKuX (MarHuT-
HBIX, JIEKTPOPA3BEAOUYHBIX) CheMOK. iTorom siBisiercst KoHIenus cucTeMsl CTpyKTY-
pbl uTOoCheEphl U OJIOKOBO-KIABUIITHONW — €€ BEPXHUX BYJIKAHOT€HHO-OCAOYHBIX SPY-
COB U CBSI3b C HIMU MUHEPAreHMYE€CKUX TAKCOHOB HAa AKTUBHBIX OKpPAMHAX KOHTUHEHTA.
MeTtoauka orpenesisieT MOJI0KEeHUE MOTEePEeYHbIX MEXKITIBIOOBBIX TIIYOMHHBIX Pa3IOMOB
C3 mpocrtupanus, Kak MOMEPEYHBIX TPAaHUI] 000COOIICHHBIX CTpaTUrpaUIECKUX U Be-
HIECTBEHHBIX TAKCOHOB 3BEHbEB MPOJO0JIbHBIX CB pernoHanbHbIX CTPYKTYpP CTPYKTYp-
HO-()OPMAIIMOHHBIX (TEKTOHHUYECKHX) 30H C TOJBKO JUISI HUX XapaKTePHBIMU T€0JIOTHye-
CKUMHU U reodusndeckumMu noisiMu. [lonepednsie pa3noMbl UMEIOT AJIUTENBHYIO ME30-
30MCKYI0 M KallHO30MCKYIO HCTOPHIO, B IPOLIECCE KOTOPOUM aKTUBHU3ALMs TEKTOHUYECKUX
JBUKSHUI TIPUBOINIIA K UX JIOKAJIBHBIM pa3phiBaM U CMELICHUSIM, TPEUMYIIECTBEHHO 110
otnenbHbIM CB paznomam. [TosTomy Ha pucynke nuHuM C3 pa3ioMOB OTpaXXaroT CXEMY
reHepaIn3alui UX MOJOKEHHUS.

[TpuHSATH B MICCIENOBAaHUH ANPUOPU KIIACCUYECKUE KPUTEPHUH BBIICICHUS PYIHBIX
TaKCOHOB: BO3PAaCT, COCTaB, MUHEpAreHU4ecKas Crieluain3aus U TEeKTOHUYEeCKasl JIOKa-
JU3alMs pyJOBMEIIAIONINX U PYIOHOCHBIX KOMIUIEKCOB MX CTPYKTYpHas JOKalIu3alus,
XapaKTEePUCTUKN UX reodu3mveckux mnoneid. Kpome nmokanuzanuu TUHEHHBIX 3BEHBEB
MPOMIOJIBHBIX CTPYKTYP MEXKIY ABYMS MONEPEYHBIMU MEXKIIILIOOBBIMH pa3iOMaMU MOKa-
3aHa Y JIOKAJIU3allKsi OPOT€HHBIX CTPYKTYP U B Y3JIOBBIX 30HaX TaKHUX pa3iOMOB, KOIa
OHM MEPECEKAIOT COUJICHEHUS BYX MPOJOJIbHBIX TEKTOHUYECKUX CTPYKTYP.

I'nviboso-knaguwinas cmpykmypa aumocgepnl, 0,10K080-K1A8UUIHAA — €€ epX-
Hux apycoe u ooujue acnekmul munepazenuu Kopakcko-Kamuamckozo pecuona, Ano-
Huu, FOxcnoit Amepuxu, Hoeoit 3enandouu. Ha akTuBHbIX OKpanHaX THXOOKEaHCKOTO
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MOJIBMYKHOTO TOsiCa MPOsIBJICHA MHTCHCUBHASI PA3JIOMHO-0JI0OKOBasi TEKTOHHUKA CKIIa14aTo-
TO OCHOBAHHMS M CKJIaI4aTo-0JIOKOBOTO YeXJjia MPOIOJIbHBIX CTPYKTYP (MOSICOB, BYJIKaHO-
TeHOB, I'Pa0CHOB U JIp.), OCJIEOBATEIBHO HAPAIUBAIOLINX CyIly K okeany. Huke mpu-
BEJICHbI OCHOBHbIE MMOJIOKEeHUsI KoHLenuu, ¢ yka3aHueM €€ CTPYKTYPHBIX 3JIEMEHTOB,
JIlaHbI AHAJIOTM U3BECTHBIX PA3JIOMOB.

1. Ilonepeunvie pezuonanvusvle mexcenvivogvie paznomvt C3 npocmupanusa pac-
Y1eHAIOM NPOOOIbHbIE PECUOHAIbHBIE 2€0CMPYKMYPbl OKPAUH KOHMUHEHmMA Ha om-
denbHble camocmoamenvuvle ompesku — 36enva. Jlna C3 yactu nosica, ero Yykorcko-
SInoHcKoM BETBU, MPOJOJIbHBIE pErHOHANIbHBIE CTPYKTYpbl CB mnpocTupanus cBsizaHbl C
CB cocrasinstonieil JuaroHajabHOM CUCTEMBI ITaHETapHOM permaruyeckoil cetu. Ee C3 —
MOTEepEeYHasi — COCTABISIONIAs PACWICHSIET €UHBIE TPOJOJIbHBIE TEOCTPYKTYPbl OKPAUHbI
Ha JIOKAJIbHBIE — OTJIENbHBIE 000COONEHHBIC JINHEHHBIE 3BeHbsI. COCEIHNE 3BEHbS KaXkK-
JIOM Tako! €MHOM MPOJIOJIBHON CTPYKTYPbI 3a4aCTyl0 NPUHIMINAIBHO OTIMYAOTCS MO
cTparurpaduu, BemecTBy, reodusuke. 3BeHbs] OTPAHUYCHBI TApaMU MOMEPEYHBIX MEXK-
[JIBIOOBBIX TIIYOWHHBIX CKBO3BKOPOBBIX paznoMoB C3 MpocTUpaHWMsl, MPOCICKUBAEMBIX
oT nobepexbs okeana k C3 BITyOb KOHTUHEHTA Ha COTHU KM, B T.4. 1 4epe3 OXOoTcKkoe, U
Ha FOB — bepunroso [Cenusepctos, 1998] mopsi.

Cucrema monepeyHbIX MEeKIITBIOOBBIX PA3JIOMOB SIBIISIETCS CICACTBUEM IJIAHETAPHO-
ro pactsbkeHus autocdepsl u e€ kopsl Ha CB Asun. B TBepmoiil kope penaxcarus BoJ-
HOBBIX PACTITHUBAIONINX HAMPsDKEHUH (OPMUPYET 30HBI IPpOOIeHUH (pa3ioMOB) U MOHO-
TUTOB. PaccTosiHUsSI MEXy STUMHU 30HAMHU 3aBUCAT OT TOJIIMHBI PACTATMBAEMOrO Tela
[[TadpanoBckuit, [InoTHukoB, 1975], TO €cTh MOLTHOCTH KOPHI U €€ ciioeB. B HuX onHo-
BPEMEHHO 3aKJIaJIbIBAJIUCh U CUCTeMBbI auaroHaibHbix — C3 u CB — pa3noMoB pa3zHoro
panra. Tak ¢opMupoBanace uepapxudeckas CTpyKTypa Kopsl U Ooiiee MeNnKux apooie-
HUU ee TBEpbIX CJIOEB, BKIIIOUas BEPXHUE SPYCHI.

OnpeneneHbl METPUYECKHE 3aKOHOMEPHOCTH Pa3MEILEHUS TIONIEPEYHBIX MEXKTITBIOO-
BbIX pa3yiomoB B Kopskcko-Kamuarckom pernone. OHM OpUEHTHPOBaHbI HAa CEBEPO-3a-
nax (310-330°), paccrosnus mexay aumu — 65-130 kv (Kamuarka), pexe — 165-170 km
(MaTepHK) KOTOpBIE OMPEAEISIFOTCS MOITHOCTHIO TBEP/IOi KOpBI U €€ cnoéB. PaccTosHus
ABIIAIOTCS NPEAECIbHON JUIMHON JINHEWHOIO 3B€HA PETHOHAIBHOM MPOJOJIBHON CTPYKTY-
PBI U €€ CIIEHUATTM3UPOBAHHOIO PYIHOTO pailoHa TOXE MPEIEIbHOIO.

TexmoHuueckoti pyHKyuell nonepeyHviX Mexc2ibl006blX paziomos IBiseTcs: odecre-
YeHHE YCJIOBUN CyOBEPTHUKAIBHBIX ABM)KCHUN COMPEAENbHBIX JTMHEWHBIX 3BEHBEB MPO-
nonbHBIX CB cTpyKTyp M peryiaupoBaHHe OCaTKOHAKOIUICHUS B HUX B pa3pe3e INbIObI.
OHu onpeAensoT U MUHEPALEHUUECKVIO POlb MeXC2IblO08bIX paziomos (CM. HUXKE), Kak
PETHOHANIBHBIX MOMEPEYHBIX TEOXUMHUYECKUX 0apbhepOB — OTPAaHUUUTENCH MUHEpAreHU-
YECKUX TAKCOHOB 000COOICHHBIX 3BEHBEB MIPOIOJIBHBIX CTPYKTYP KOPBI.

DTOT aKIEHT TEKTOHUKH SIPKO BBIPAXKEH B COBPEMEHHOI reoMopdonoruu nodepexuit
BOCTOYHOM OKpauHbl A3MaTCKOTO KOHTUHEHTA B 3aKOHOMEPHO YePEAYIOIIUXCS BO3/AbIMA-
IOLIUXCS TTOyOCTPOBax U omycKaromumucs 3anuBamu (Yykotka, Kopskus, Kamuarka,
CaxanuH, fInonus), 1100 B TaKkoM e YepeAOBaHUU TPYII OCTPOBOB OCTPOBHBIX AYT
(Kypunbckue rpsiibl). DTOT acCleKT TakKe OTpakeH U B maneoreorpaduu SAnonuu [[eo-
jgoruyeckoe.., 1968; Quantitative mineral. .., 2008], Ha ®ununnunax, B HoBoit 3emanaun
[Opnux, 1973] u ap. B xoHTeKkcTe BepTUKaIbHBIX ABMKeHUH FOB oxoHuaHus mibl0 pac-
cMaTpuBaroTca HaMHu BAOJIb uX C3 mpocTHpaHus Kak cepusl MOCIEAYIOUIMX B UCTOPUU
pPa3BUTUU OKPAWH YEPEeNyIONIMXCS Pa3HOTTYyOMHHBIX ONOKOB-KJIABHUII — 3BEHBEB IPO-
JOTBHBIX CTPYKTYP B CTOPOHY OT MOOEpexHil OkeaHa BIIIyOb KOHTMHEHTA. A COBOKYII-
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HOCTb 3BE€HbEB 3TUX KJIABULI B INIBIOE — KAK MeKMOHU4ecKas 2bl0080-KAAGUUHAS MOOEIb
3eMHOU KOpbl U IUMOCchepbl OKPAUHbI KOHTUHEHTA B IIEJIOM.

2. Unouxkayuonnvle 2e01020-2eopu3uieckue npu3HAKu 30H NONEPEUHBIX Meic-
2nv1606vix paznomos C3 npocmupanus. Cpequ HUX — TeOIOTUYECKUE, reoMopdOoIIoTH-
YyecKue, TEKTOHWYeCKUe, MUHepareHndeckue, reopuzndeckue (AT) a, Ag, reoanekrpuye-
CKHe, celicMosiornueckue. Mexxay pas3jioMaMH U 3aKJIHOUEHBI [TOCJIE0BATENBHO OT OKe-
aHa Kk C3 Ha MaTepHK MoOepexbsl P/l JOKAIbHBIX JTUHEHHBIX 3BEHBEB Psa CONPEaEb-
HBIX NapaJlJIeNIbHBIX PErMOHAIbHBIX PA3HOBO3PACTHBIX — «PA3HOLBETHBIX» MPOJOIBHBIX
ctpykTyp CB npoctupanus, HapallMBarOIUX OKpauHy KOHTUHEHTA B pa3HOE BPEMS €T0
uctopuu. IlocnenoBarenbHas COBOKYIMHOCTh psila 3BEHbEB ITHUX CTPYKTYD, 3aKIIIOUEH-
HBIX TAPO pa3IOMOB, B HaNpaBlIeHUH OT okeaHa K C3 BIilyOb KOHTMHEHTa OObEANHACTCS
B C3 m1bI0y 3¢MHOH KOPBI, TO €CTh PA3JIOMBI ABJISIOTCA MEKIIIBIOOBBIMU. OHU — ME3030H-
CKHUE, JJIUTEIbHbIE U CTAa0MIIbHBIC, CKBO3HBIC, Pa3MEILAOTCs BHE 3aBUCUMOCTH OT TUIa
KOpBI, IIEpeCceKas NEPEXOIHYI0 U KOHTUHEHTAJIbHYIO IPEBHIOI0 KOPY peruoHa [Aponkui,
1976]. OHu — 31€MEHTHI IMaroHAJILHOM CETH, a 3JIEMEHTHI OPTOTOHAJILHOM CUCTEMBI I1J1a-
HETapHOMN pEerMaTu4eCcKON CETHU OCIIOKHSAIOT TEKTOHUKY, HO IPU3HAIOTCS HAMH BTOPOCTE-
MEHHBIMH B paccMaTpuBaeMoil KoHLenuu cTpyKTypsl JIMTOC(epbl aKTUBHOW OKpaUHbI
kortuneHta (I'’KC).

Ilonepeunblie pa3noMbl Kak IPaHULbl TEKTOHUYECKUX U METAJNIOTEHUYECKUX 30H Ha
Kamuarke n CaxannHe onMcaHbl B TpyaX U3BECTHOTO BBIIAIOIIETOCS UCCIIEA0BATENS pe-
ruoHoB B. K. Pormana [1984]. Cucrema paznoMoB Ha KamuaTke TakKe SpKO BUJIHA B paii-
oHMpoBaHMU KpuBBIX M T3, coctaBnenHoM 0. @. Mopo3som [1987]. [lna teppurtopun CB
Azun nogoGHBIE PAa3IOMbI KaK CUCTEMa I10]1 HA3BaHUEM TPAaHCPEreOHAJIbHBIX BbIJEICHA
KOJUIEKTHBOM 1oz pykoBoacTtBoM H.U. ®@unarosoit [CtpykTypsl.., 1984]. Onu paccma-
TPUBAIOTCS KaK PETYIATOPBI JECTPYKTUBHBIX U KOHCTPYKTHUBHBIX IIPOLIECCOB B 3€MHOMN
KOpe OKpauHbl KOHTHMHEHTa Ha CB A3um, nepecekaroT NEpEeXOoIHYyI0 U JPEBHIOI0 KOPY
pudeiickoro Bo3pacra.

Munepazcenuueckas (yHKyus nonepeunsbix paziomos MposBUIOCH SIPKO B JIOKaJIH3a-
1M 3BeHa BocTouHo-KaMy4aTCcKoro ByJIKaHU4ECKOTO MOosica M1y IBYMSI MEKIJIbIOOBBI-
Mu paznomamu FOB oxoHuaHus onyiieHHON — orpy’€HHOM rbIop1 KpoHoIKOTO 3a/11BA.
B nonoce mmpunoi 45 km u anuHoM 130 KM nonaBisionie pacpoCTPAaHEHbI IOKPOBHbBIE
¢aryu puonuToB U puojauutos keaprepa [Kapra.., 1999]. C numu cBa3ano ¢popmupo-
BaHHUE psa rHIpoTepMaibHbIX cucteM [Jleonos, 2003], oOpasyromux reorepMaibHbIi
paiion miomanpo 5850 kB. kM. B HoBoit 3enanauu (0. CeBepHbIil) B ByJIKaHUYECKOM
30He Taymo AnuHON 125 KM 3aKIIIO4EHO ee OMYyIIEHHOE 3B€HO KJIABMIIH IVIBIObI 3aJ1Ba
XOyK C pAIOM TUAPOTEPMATbHBIX CHUCTEM, CBSI3aHHBIX C MPE0OalaHueM PUOIUTOBOIO
ByJlKaHu3Ma [Opnux, 1973] Ha mnomanu 3750 kB. KM.

CBsI3b MHUHEPAareHN4eCKHX TAaKCOHOB C INIBIOOBO-KJIABHMIIHON CTPYKTYpOH 3€MHOM
KOpbl ycTaHoBieHa Hamu U it Snonun. CornacHo [[eonorus.., 1961] nonoxenue uH-
Tpy3uil, MeTaMOp()HU30BaHHBIX 30H U TNIABHBIX METAJJIOTE€HUYECKHX PailoHOB Maneo3os,
MIO3HETO ME€303051-HEOT€HA ¥ YETBEPTUYHOTO BO3PAcTa, a TAKXKE BYJKAHOB IUICHCTOLIEHA
U COBPEMEHHBIX COINIACYeTCs C BBIJENAEMONW HaMHU CHCTEMOW CeBepoO-3amaJHbIX IIIBIO.
KonTypsl pynusix paiionoB (Cu, Pb, Au, Ag, W, Mn, S u np.) pazHoro Bo3pacra coBnaja-
10T B IUIaHE, a UX IUIOIIAAU COCTABIAIOT 2,5-6,8 ThIC.KB. KM. /laHHBIE 110 METAJLIOTEHUU
Anpn (FOxHast AMepuka) HampsIMyIO CBSI3bIBAIOTCS C IMONEPEYHBIMU TEKTOHHMYECKUMHU
3oHamu (Tanapa MopaHoBbOH, Dpuka-2600y-Jlaiin, [Torocu-Cepyiio, nonustue Hacka
u np.) [Kazanckuit u ap., 1973], koTopsie SBISIOTCS TEKTOHUYECKUMH M METaJJIOT€HU-
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yecKMMHU Oapbepamu B popMHUpOBaHUM paiioHOB. st atoit Tepputopun /. I1. Puuapac
[2003] npuBOAUT 0O30pPHYIO T'€OJOTMUYECKYIO KapTy, 10 KOTOPOM HaMH ONpPeNeNsioTCs
pasMepbl MEIHO-30JI0TOPYIHBIX paiioHoB. [Ipu paccrosHusx Mexy nonepeunsiMu (C3)
paznomamu 100-167 kM u mupuHe pyrnoBmeniaromux Gopmamuii 40-45 kM ux miomagu
cocrasisatoT 4000-7515 kB. kM.

3. 36eHba nPOOOALHBIX CMPYKIYP, 000CO0OIEHHbIE 8 COCMABE KANHCOOU U3 21610, HA-
X00AMCA 6 PA3HBIX 0GUIHCCHUAX IMANOE CE0CI UCMOPUN 2€0102UYECKO20 PA36UMUA U
HAPAWUEAHUA KOHMUHEHMA: 6030bIMAHUA UL ONYCKAHUA (NOZPYIHCEHU).

B gerBepruuHoe Bpems pazsutus Kamuarku n FOB marepuxoBoit yactu CB Asuu
(Kopsikus) 310 (hukcupyercs 3aauBaMM, pas3eleHHbIMU KIaBUILIAMHU BO3JBIMAOLIMXCS
noixyocTpoB nobdepexns. Ha mosepxHoctu npubpexssix OB okoH4yaHuil Bo3abIMaro-
MKXCA ITYOMHHBIX KiIMHbEB C3 MIbIO MONABISAIONIE PACHPOCTPAHEHbI YETBEPTUUHBIC
0a3asbThl, peke — IMU30ANYECKH, aHAe31M0a3aIbThl, OMYCKAIOLUIUXCS — JAlUThl, PUOJIH-
Tol, puoganutsl [Kapra.., 1999]. Pocty Bo3nbIMarOIMXCsl 3BEHBEB TIIBIO MPEMSTCTBYIOT
M30CTaTUYECKHUE JIBMJKEHUS UEPE3 M3IUSAHUSA HAa UX MOBEPXHOCTb TSDKEJIBIX KOMIIEHCA-
IIMOHHBIX DTyOWHHBIX BYJIKAHHYECKMX MAaccC OCHOBHOIO cocTaBa (06a3anbToB, aHne3uda-
3aJI6TOB). Bo3npiMaHue ocTaHaBIMBAETCS, HAUMHAKOTCA CHOC MaTepuaja B CONPEIEIIb-
HBIE OITyCKAIOIUECs MIBIOBI M MPOLECCH] NAJIMHIeHe3a. DTO MPUBOAUT B INIbIOAX K POCTY
pas3pe3a ¥ MOLIHOCTH KOpbl. Uepe3 HEeKOTOpoe BpeMs JBHKEHHUE CONpPENEIbHBIX IVIbIO
OCTaHABJIMBACTCS U MEHSETCS Ha 00paTHOE, a 3BEHO IVIBIOBI TOTPYKAETCs — B €r0 pa3pese
Y Ha €ro NOBEPXHOCTH NPOUCXOIUT HAKOIIJICHUE KUCIIOrO BYJIKaHU3Ma U BYJIKAaHOI€HHO-
0CaJIOYHOI0 Marepuaia.

UYepenyromuecs ByJIKAHUUECKHUE U3IUSHUSA U CHOC IIPOYKTOB UX pa3pyLICHMsI pery-
JUPYIOT OCAaJKOHAKOIUIEHUE, T.€. BYJKAaHU3M UIPAET KOMIIEHCALIMOHHYIO POJIb B CTPEM-
JIeHUU TIIBI0 K paBHOBeCHIO. Tak HAMM PacLieHUBAETCS KaK BO3BPATHBIM, KOMIIEHCAIIMOH-
HBII, YETBEPTUYHBIN OCHOBHOM BYJIKAHU3M, Hallpumep, B HeoreHoBoM LlenTpanbHo-Kawm-
YaTCKOM BYJIKaHUYECKOM Mosice (ByJIKaHbl XaHrap, MUnHCKUil), MOKPHIBAIOIINI BO3/IbI-
Marolluecs JIMHEeHbIe IITyOMHHBIE 3BeHbs ero npoaoibHoi CB crpykTypsl. [Ipumepamu
JMHENHHBIX 3BEHBEB MPOJIOJIBHBIX PETHOHAIBHBIX I€OCTPYKTYP Ha MAaTEpUKE SBISIIOTCA B
Kopsikuu BylKaHOTE€HBI, KaK OTAEIbHBIE CAMOCTOSITENIBHBIE YaCTH BYJIKAHMYECKHX IIO-
scoB. B FOro-Bocrouno-Kopsikckom nosice — 310 pa3o6iménnsle BerpoBasmckuii (Muo-
neH), Onykckuii (MuoreH), [laxaunHcko-AnykBassMCKUl (MUOIICH-KBapTEP) ByJIKaHOTE-
HbI. BhIlle cka3aHo 0 posiu NONEPEeUHbIX MEKIIBIOOBBIX paziaoMoB C3 mpocTHpaHHs Kak
OrpaHUYEHUI TEKTOHUKH U MUHEPAareHUH 3B€HbeB NMpoaosibHEIX CB cTpykTyp Ha Teppu-
TOPUU MPUPOCTA CYILIN OKPauHbl KOHTUHEHTA. JTO ONPEAEIAET IJIUHY 3BEHbEB.

ITpoonbHBIMU TEKTOHHYECKMMH OapbepaMu B TaKMX CTPYKTypax ciyxkar CB pas-
JIOMBI, OIIPENEISAIONINE IPAHULBI BO3PACTHBIX U BEIIECTBEHHBIX, B T.4. pPyJOBMELIAOLINX,
SMU30/10B OCAJIKOHAKOIUIEHUS B UX 3BEHbsIX. OHU UIPAIOT POJIb U IPOAOJIBHBIX TEOXUMHU-
YecKuX OapbepoB, ONpEAENss LHUPHUHY PYAHOIO paiioHa, paBHYIO B PErHOHE, Kak Ipa-
Bu0, 30-50 kM. Takum 0Opa3oM, JIOKaINU3yeTCss TEKTOHUYECKOE U MUHEPAareHu4ecKoe
000C00JIeHHOE MOJIOKEHHE JIOKATIbHOTO 3BE€HA MPOA0JILHONW PETHOHANIBHOM CTPYKTYpHI B
cocTaBe NIBIOBI C €ro OJJHOPOIAHBIMU MHIMBUAYAIbHBIMU CTpAaTUrpauueCcCKUMHU U Belle-
CTBEHHBIMU KOMITJIEKCAMHU, Fe0(U3NIECKIUMHU MOJIIMU. DTH TEKTOHUYECKHE 3BE€Hbs OIIpe-
JEJIAIOT pyAHble palioHbl THXOOKEaHCKOro mnosica Ha BocToke Asuu, B HoBoll 3enanauun
u lOxxHolt AMepuke. Paiionst aenaiomcea Heuz0exicHblm c1eocmeuem meKmoHu4ecKko2o
pazeumusn OKpauH KOHMUHEHMOG, 4 UX PA3MePbl NPeOeIbHbl U OUCKPEMHbL U COCMAG-
aswom no naowaou 3,5-8,2 moic. K6. KM.
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Jlunelinble 000coO0NIEHHBIE 3BE€HbSI NMPOAOJIBHBIX CTPYKTYp B KoHuenuuu sBisoT-
Csl OJJTHMM M3 THIIOB JIOKAJHM3allMK UX YacTell kak ByikaHoreHoB. B KopskckoM pernone
YCTAHOBJICH U JIPYTO#l TUN JIOKAJIU3alMK YaCTeH MPONOJIbHBIX T'€OCTPYKTYpP — Y3JIOBOH.
OH M3BeCTEH AJIsl OPOT€HHBIX CTaJIHi, OsACOB, B YaCTHOCTH, Kilaccuueckoro Cesepo-3a-
naiHO-KopsKCKOro ByJIKaHWYECKOTO MOsICa OIUIOLIeHA. 3/1eCh Ha MIEPEeCEUeHUH Monepey-
HBIMU MEXIVIBIOOBBIMU Pa3JIOMaMU COYJICHEHUS JABYX peruoHanbHbIXx CB reoctpykryp
00pa3yroTcs JIOKaJlbHbIE BIIaAUHBL. OHU B OPOTEHHYIO CTa/IMI0 TEKTOHO-MarMaTunyeckou
aKTHBM3AllMM CTaJIM MPUYUHONW 00pa30BaHUs y3J70BOro (FHE3I0BOT0) THUIIA BYJIKAHOTEHA
B nosice. Huxke OynyT nokasansl 00a TuIa BYJIKAHOTEHOB, C KOTOPBIMHU CBSI3aHbI PYJIOHOC-
Hble TakcoHbl. [IpuBeném onpenenenue BynkaHoreHa: Bynkanoren. — CamocrosrenbHoOe
3BEHO BYJKaHMUYECKUX IOSICOB, OTHOCsAIIEECS K 0COOOMY IeHETUYECKOMY THUITy TEKTOHU-
YECKHUX CTPYKTYP, KOTOPBIE «CPE3at0T» yKe C(HOPMUPOBAHHBIE CKIIa{4aThie 00pa30BaHMS;
CBSI3aHbl C IPAHUTOMIHBIMU MPOLIECCAMHU aKTUBU3AIUH, JIEXKAT B JIOKAJIbHBIX BIAJMHAX
(dbyHaaMeHTa HaJl BBIXOJAaMU K TOBEPXHOCTHU U3 BEpXHEH MaHTUU PYIOHOCHBIX CTOJIOOB.

4. B nonepeunom CB enyounnom ceuenuu xnasuwiu 3a1ueoe 2nwvid6 OB oxkonua-
HUIl 211610 NPEOCMABIAIOMCA MPANEYUAMU, A NOTYOCHPOBOE — KIUHbAMU, «00IHCAMbl-
MU» OOKOBbIMU CHIOPOHAMU CONPEOENIbHbIX MPaneyuil.

IlepBoHavyanbHO OblLIa BhICKAa3aHA FMIOTE3a 00 ONTUMAIbHOM CEYEHUU 3BEHbEB IO-
JTyOCTPOBOB, KaK INTYOMHHBIX KJIMHbEB M 3JIMBOB, KaK INTyOMHHBIX Tparenuii Jutochepsl.
Omna Hanuia NoATBEPKACHUE B pa3pesax JUToc(epsl B 11ejoM 1o ganHeiM MT3 [Mopos,
1987] 1 MT3-MOB3 [bensasckuii u np., 2007; Hypmyxamenos u zip., 2016]. Oror acnexr
TeKTOHUKH KOB oxoHuaHMs 11610 171 BO3MOXKHOCTD BBIJICIUTH B HUX MTPOIOJILHO-OCEBbIE
BHYTPHUIIIBIOOBBIE IUTOC(hEpHbIe paznomMbl. OHM JIeXKAT B 3aMKaxX M KWISAX CIIOEB KOPBI U
BEpXHEW MaHTHH U SBJISIOTCS ceiCMOreHepUpYIOLIMMHU. B 3aMKkax Jiexxat BbIBEICHHbIE Ha
MOBEPXHOCTh INIyOWHHBIC YAaCTHU PYAHBIX KOJIOHOK, B KHJISIX — MaKCUMyM MOPCKHUX Tep-
pPEHHOB.

Pe3yAbTATbl UICCAEAOBAHMS

Pezuonanvnvie mekmonuyueckue axkmopuvl 10KaIu3auyuu pyooemewarouux Kom-
nJ1eKcoe pyoHsIX pailonoe 12o-3anada Kopsakckozo nazopwva. Ha FOro-3anane Kopsik-
ckoro Haropbs (WMnbnuHckuil paiioH, panee — CeBepo-Kamuarckuii cepoHOCHBIN), Ha
Kamuarckom nepemieiike n Ha Kamuarke (Ha TpEX Iuiouaisx), UHTEpIpeTauil reoaoro-
reo(pU3NIECKUX JaHHBIX aBTOPOM BBIJENIeHa U KJIacCu(UIIMPOBaHA 3aKOHOMEpHAsl CHCTe-
Ma PErHOHAJBHBIX TEKTOHHYECKHUX U CTpaTHrpaduvyeckux (akTOpoB PyAHBIX pailOHOB,
UTPAIOLIUX U MUHEPareHU4eCKyIo poiib. B 3TOM KOHTEKCTE pacCMOTPUM T'€0JIOTHIO psJa
paiioHoB Tepputopun Kopsikuu, oTpaxk€HHBIX B «CXeMe METaJIOTeHUYECKOTO paioHU-
poBanus» [Kapra.., 1999].

Paiionvr uzeecmuvie ¢ ymounennvimu epanuyamu (puc. 1). Ha npumepe Mnbnuncko-
ro paiioHa (4) ONMUIIEM TEKTOHHYECKHE AJIEMEHTHI CUCTEMBI, JIOKAJIMU3YIOIIUE YCIOBUS
ero GopMHUPOBAaHUS KaK MUHEPAreHUYECKOTO TaKCOHA. [ TTaBHOM MarMakoHTPOIHPYIOLIEH
CTPYKTYpO# paiioHa sBIsieTCs: 30Ha mpooibHoro BeiBerckoro (CB — 60°) ryGuuHOrO
pasnoma. OHa 6J0KOBOTO CTpOeHUS (PyHAAMEHTA U YeXJia C JUOPUTOBBIM KOMILJIEKCOM —
VCTOYHHUKOM PYIOHOCHBIX (PIIOMIOB, U OTPA’KEHHOTO LIEIbIO TMHEHHO-0I0KOBBIX TpaBu-
TAI[MOHHBIX MaKCUMYMOB. 30Ha ¢ukcupyeT OB okpanHy BepXHEMETOBOrO KOHTHHEHTA
CB A3uu 1 B MUOIICHE SIBIISIETCS ICTOYHUKOM (DOPMHUPOBAHUS PYJOBMEIIAIOIETO OPO-
TeHHOI'0 KOMIUIEKca (CpelHEro-oCHOBHOro cocrasa) BerpoBasmMckoro BynkaHoreHa (Bs)
CB mnpoctupanus. Llens nuHEHO-0J0KOBBIX MaKCUMyMOB 30HBI pasneineHa CB ceky-
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Puc. 1. 3axonomeprocmu 06pa3z08anus i NOLOHCEHUs 8YIKAHO2EHO8 U UX PYOHBIX PALIOHO8 HA 1020-3anadoe
Kopsaxckozo naeoposa no [Kapma nonesuvix uckonaemuix..., 1999, ¢ dononnenusamu asmopos].
Kopsaxcko-Kamuamckas memannocenuueckasn oonacmos. Memannozenuuecxkue npogunyuu: 1 — I{Kp —
Lenmpanvno-Kopaxckaa,; 2 — On — Ontomopckas. Memannozenuyeckue 30Hbl: 3 — CKA1A04amo2o
ocrnoeanusa: 1V — Lenmpanvrno-Kopsaxckas, V — Buigenckas, VI — Tamansasamckasn,; memanioceHu4eckue
30HbL HANLOJICEHNbLE, CEA3AHHBIE C NPOABTIEHUEM CYOAIPATLHO20 BYIKAHUIMA: 4 — ONUSOYEHOB020
603pacma, 5 — Muoyeno8o2o 803pacma, 6 — Memanio2eHuieckds CReyuanu3ayus npoSUHYULL, 30H.
Paiionvl. 7 — pyonwie: Jlaneanaiickuii (1), Llenmpanvno-Kopaxckuil (2), ITeineunckuii (3), Unonunckuil (4),
3anaono-Kopsaxckuii (5); 8 — pyono-poccwinusie: Boimuinckuii (6), Auatieaamckuii (7), Cetinasckuii (8).
Hononnenusa: 9 — paiionst ymounennvie u npocHosupyemule, UX CReYuaru3ayus no JUCmam 2e0n02udecKux
cvémok m-6a 1:200000: In — eineunckuti (Hg, Cu, Zn, Pb, Fe, Au, Pt, Mn), Au — Auatigasmckuil
(Au, Cu), Bm — Bamwinckuil (Mn, Cu), Yu — Vunsiisaamckuii (Ag), I'u — Iaiiuasasmckuil (Ag),

In — Ianemamxunckuii (Ag), Mn — Unonunckuii (S, Au); pyousie y3nvl: A — Aunasemxunckui, 11—
Iepesanvusiii; 10— mexmonuueckue epanuysl. a — Bvigencxuil enyounHblil paznom, 6 — 100CHAA epaHuya
Lenmpanvho-Kopsaxckou mexmoHuueckoll 30Hbl (Memanio2enudeckoll npogunyuu),; 11 — epanuyvl
Ilycmopeyxo-Ilapanonsckoco npoeuba (Ilc-Ilp); 12 — nonepeunsvie medxicenvloo8wble pasiomsl cesepo-
3anaoHozo Hanpasnenus (cenepanuzayus): YA — Yemypnaym-Anankunckud, IITT — Iapenv-Tanoecko-
Tunuuuxckuu, OKO — Omonon-Kamencko-Ontomopckui, OCA — Onoticko/Aancko-Craymuencko-
Auatieasmcxuil, O — Onyxckuti, 13 — Hanpasnenus cospemeHHbIX CyO8epMUKATbHBIX O8UNCEHUL
OKOHYAHUIL CONPeOeNbHbIX 2NblO 3eMHOU KOpbl: a — 8030bIMarowuecs, 6 — onyckaroujuecs, onazovlisanujue
6 6o30bIManuy, 14 — 1020-60cmounbvle OKOHUaHUA 21blD 3eMHOU Kopbl: 1 — n-606 Hnbnwip, Hnvnunckozo,
Tosena; 2 — 3anusa Onromopckoeo, 3 — n-ea Ontomopckozo, 4 — KO2o0-Bocmouno-Kopsaxckux 6yxm;

15 — Bynxanoeensl u ux cepebpopyonsie pationsi: Y — Vuustieaamckuii, I'— Iativasasmckuil, 11—
Hansmamrunckuii; cepHopyOHslil, 3010mopyouslil Be — Bemposasamckuil. /
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Fig. 1. The formation and location patterns of volcanogens and their ore regions in the south-west of the
Koryak upland according to [Mineral resources map..., 1999, with amendments of authors].
Koryak-Kamchatka metallogenic region. Metallogenic provinces: 1 — CKp — Central Koryak,; 2 — Ol —
Olyutor. Metallogenic zones: 3 — folded base: IV-Central Koryak, V-Vyvensk, VI — Tamanvayamsk;
superimposed metallogenic zones associated with the manifestation of subaerial volcanism:
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4 — Oligocene age, 5 — Miocene age; 6 — metallogenic specialization of provinces, zones. Areas. 7 — ore:
Lyapganay (1), Central Koryak (2), Pylginsk (3), 1l pinsk (4), West Koryak (5),; 8 — ore-placer deposits:
Witynsk (6), Achaivayamsk (7), Seinavsk (8). Amendments: 9 — areas specified and forecasted, their
specialization according to the geological survey sheets of the scale 1: 200000: Pl — Pylginsk (Hg, Cu,
Zn, Pb, Fe, Au, Pt, Mn), Ach — Achaivayamsk (Au, Cu), Vt — Vatynsk (Mn, Cu), Un — Unneivayamsk (Ag),
Gc — Gaichavaamsk (Ag), Pl — Pal’matkinck (Ag), 1l — Il pinsk (S, Au); ore nodes: A — Ainavetkinsk,

P — Pereval’nyi; 10 — tectonic boundaries: a — Vyvensk deep fault, b — southern boundary of the Central
Koryak tectonic zone (metallogenic province); 11 — borders of the Pustoretsk-Parapol sk trough (Ps-Pr);
12 — transverse interblock faults of the north-western direction (generalization): ChA — Chemurnaut-
Anapkinsk, PTT — Paren’— Talovsk-Tilichik, OKO — Omolon-Kamenso-Olyutor, OSA — Oloisk/Ayansk-
Slautnensk-Achaivayamsk, O — Opukhsk; 13 — directions of modern subvertical movements of the endings
of adjacent blocks of the earth’s crust: a — rising, b — falling, late in uplift; 14 — southeastern endings
of blocks of the earth’s crust: 1 — Peninsulas Il 'pyr, Il pinsk, Govena; 2 — Olyutor Bay, 3 — Peninsula
Olyutor, 4 — Southeast Koryak bays, 15 — Volcanogens and their silver ore regions: U — Unneivayamsk,
G — Gaichavaamsk, P — Pal’matkinsk; Sulfur ore, gold ore Vv — Vetrovayamsk.

IIUMH CyOKaM4aTCKUMHU KOpoBbIMH (TipocTupanne CB — 40°) pazinomamMu, 0 KOTOPBIM
MIPOUCXOMIIA U3IHUSHUS MOPOJI KOMIUIEKca. B MarHUTHOM 10JIe TOPOJIbI KOMILIEKCa OT-
pakeHbI pPsAOM cyOrapasjiesbHbIX 3HAKOMepeMEeHHbIX Y3KuX (3-10 kM) JTMHEHHBIX aHO-
Manuii (mpoctupanue CB —40°), a Taxke rpynmnamMu cyonapaiienbHbIX HApYIICHUH, 30H
CJIAHLIEBATOCTHU, CMATHS U HAJBUTOBBIX YELIYU C MEJIKUMH SKCTPY3UBHO-UHTPY3UBHBIMU
TeJlaMH CpeIHEr0-0CHOBHOIO cocTana [[omakoB, 1980]. Takue CTpyKTYpbl ABISIIOTCS Py-
JTOKOHTposupyromumu [ SApoukuit u ap., 2018; Laznicka, 2006; Randall et al., 1994].

B crpykrype C3 cybaneyTckux 30H B MOJHATHIX JIOKATbHBIX OJIOKAaX BBHIBEACHBI HA
MOBEPXHOCTh PYJJOHOCHBIE MAaCCHBBI BTOPUYHBIX KBapLUUTOB. OHHM pacroiaratoTcsi CUM-
METPHUYHO, OTpaXkas peJlakcalllio HalpsbKeHUH B MUOIIEHOBOM sIpyce KOpbI U ero (pyHaa-
menTa. KBapuutsl ¢ S, Au, Ag, Cu, Hg W, Mo u ap. umeroT jarepajibHyr0 TeMieparyp-
HYI0 30HaJIbHOCTb paclpeesieHus Opo1000pa3youX U PyAHbIX MUHEPAJIOB B HAIpaB-
JICHUH OT 30HBI TUOPUTOBOTO KOMILIeKkca BriBeHckoro rirydunnoro pasioma k C3 u OB,
OTpa)kasi MUTPALIMOHHYIO MUHEPAIbHYIO 30HAIBHOCTh MaCCUBOB. DTO Xapakrepusyer C3
MOTIepeYHbIe JINHEHHbIE TOPCTOBBIE 30HBI KaK PyJOKOHIIEHTpUpytoue. B Hux B BriBeH-
ckoii 30He u ee C3 Ha/Ipa3IOMHOM Pa3HOAMILTUTYIHBIM OJIOKOBBIM JIMHEHHOM rpaleHe
00pa3yroTcst CEpHOPYIHBIE Y3JIbI C 3010TOM IUIoImaasko ~ 250 kB. kM. Ha yuactkax nepe-
CEUEHHUS PYJOKOHTPOIUPYIOIIUX U PYIOKOHLIEHTPUPYIOIIUX CTPYKTYp B y3Jax oOpasy-
10TCs pyasbie noss ¢ S, Au, Ag, Hg, Cu momanpto okosino 40-70 KB. KM, Kak MPaBUIIO,
C KpPYIHBIM MECTOpPOXKIACHHEM. V3BEeCTHBI TpU y37la, HAMHU MPOTHO3UPYIOTCS €Ille TPH.
CumMetpust mofo0usl PacloNOKEHUsT Pa3JIOMHBIX AUCIOKAINN CTPYKTYp 3aKOHOMEPHO
OTpakeHa U B CUMMETPHUU TOJIOKESHUS Y3JIOB.

TekToHnYeCcKue yCcIOBUS MUOIICHOBOTO SIPycCa, JIOKAJU3YIOIINe PYJI0BMEIIAOIINNA 1
PYIOHOCHBIN KOMILIEKCHI BYJIKAHOT€HA, SIBJISIFOTCSI OTHOBPEMEHHO U MHUHEpPAreHU4eCKU-
MU (haKTOpaMU Kak 3J€MEHTHl CHCTEMbl «TEKTOHHMKAa-METaJUIOT€HHUs». DTO MO3BOJISET
3aMKHYTh KOHTYp UnbnuHCcKoro pyaHoro paiioHa Ha CB BeTpoBasiMCKOro ByJIKaHOTEHA.
Taxum 006pa3om, palloH LETUKOM JIOKAIU30BaH TOJIBKO B BO3ABIMAIOIIMMCS 3BE€HE IIIBIObI
autocdepsl nomyoctpoBoB Wnbnbipckoro, Mnenuuckoro u ['oBeHa, 3aKkI04€HHOM MEX-
ny nioriepedHbIMA MeKIITbI00BEIMU YA 1 IITT paznomamu. ITnomans nuHEirHOTO ByJKa-
HoreHa ¢ ero MnenuHckum paiioHoM (4) cocrasisgetr 6000 kB. kum [Sporkwmii, 2006; [zava
et al., 1990; Rytuba, 1994].

Auanieasmcxuii paiion (7) 3aHUMAET TEPPUTOPHIO OacCceHOB pek AHuBasM, MaueB-
Ha, KycroBka. Meramiorennyeckas crenuanuzanus Ha «Cxeme...» He yKaszaHa, a IJIo-
maae (1400 kB. KM) HE IMEET 3aMKHYTOTO KOHTYpA.
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Teppuropust pacnonokeHa Ha BepMHIOBOMOPCKOM MNOAHATHM [ANpPEIKOB W 1p.,
1997], oTpa’keHHOM MO3aMYHBIM MAarHUTHBIM M TOJOKUTEIbHBIM T'PaBUTALIMOHHBIM
nonsimu. B cxeme Konnenuuu ['KC ona npuypouena k FOB okoHUaHHIO COBpEMEHHOMN
KJIQBUIIIM BO3JbIMAIOIIEHCS TIBIOBI JUTOC(hepsl OMOTOPCKOrO MOTYyOCTpOBa. 37eCh, Ha
ennHCcTBeHHOW TUTomaan FO3 Kopskum, moKanmu3yroTces: pyloBMeNIaomue Ty(poreHHo-
KPEMHHUCTBIE Ha/IBUTOBbIE 00pa30BaHMs ayaiiBassMCKOM CBUTHI (MaacTpuxT). C3 BHYTpH-
IJIbI00BBIE PYAOKOHIIEHTPUPYIOIINE 30HbI PAa3JIOMOB B PyAOBMELIAIOIINX 00pa30BaHUAX
OTPaXar0T CUMMETPHIO MOJOKEHHUS, IPOCTUPAHUSA U PA3MEPOB. 30HBI KOHTPOIUPYIOT
PYIOHOCHBIE Ta0OPOUIBI, SBISSICh PYAOKOHLIEHTPUPYIOIIMMHU cTpykTypamu. C rabopo-
UJIaMU aCCOIMHPYIOT XaJbKONHUPHUT, asyput, Manaxut, 6aput ¢ Ti, V, Cu, Zn, oTpaxa-
IOLIME MUHEPAIBHYI0 MUTPALMOHHYIO 30HAJILHOCTh. MIHINKAIMOHHBIM I€0OXMMHYECKUM
3JIEMEHTOM MOPO/[I TIILIOBI ¥ MPU3HAKOM €€ TEKTOHUKU SIBJISIETCS] OapHT.

Tepputopust pyroBMeaonmx 0Opa30BaHUI 3aKIIOUEHA HCKIIOYUTEIBHO MEXITY
nonepedyHbIMU MeXTIIBIOOBBIMH paziomamu OKO u OCA. [Tnomans 8200 kB. kM.

Llenmpanvro-Kopsaxckuii pation (2) ¢ HE3aMKHYTBIM KOHTYPOM PAcIOJIOXKEH Ha 3a-
najHbIX oTporax TeMeHu Kopsikckoro Haropes I. JlenastHol M xapakrepusyercsa Au, Ag.
[Lnomane 1200 kB.KM. SBisieTcs y37I0BBIM ByJKaHOT€HHOM Ha rpanuie L{enrpanbsao-Ko-
pskckoi (mo3auuii men) u [lukacpBasiMckol (ropa-mMell) TEKTOHMYECKUX 30H. ByrnkaHo-
TeH JISKUT Ha TPaHHIle 3BEHbEB BO3AbIMAronieiics miblobl ONIOTOPCKOro MOIyOoCTPOBa
Ha 3amaje u norpyxaromeiics rmsiosl FOro-Bocrouno-Kopsikckux OyxT Ha BOCTOKE — Ha
wiomanu Onoricko-CrayTHEHCKO-AUaliBassMCKOTO MONIEPEYHOTO pa3aoMa.

Pynosmeniarome — ocagounbie 00pa30BaHUs KOPSKCKOM cepuu (KaMIlaH) C MPOSIB-
nenussmMu Au, Hg u «yparanHsIMu» (I€CSTKH COTEH I/T) coaepX)aHusiAMu Ag, oOpamIieH-
HBI OpeosiaMu paccesHus Sn. VX miiomaas JoKaau3yeTcs B BhICTyIE (TOTeprB) U OlI0Kax
BaTBIHCKOW cepuu (KaMIaH) ¢ MEJIKUMHM UHTPY3USIMU IPaHUTOUOB ojuroneHa. Mssecr-
HBI PyIONpOsIBIIEHUs U opeonsl Sn, As, Hg pynHoro y3na paiiona — [lepesanbHoro. Mar-
HUTHOE ToJie pailoHa — 6e3aHOMalIbHOE, C1a000TpHIIaTeNbHOE. B rpaBuTalinioHHOM moje
pyZIOBMeNIaoNue 00pa3oBaHus OTPAXKEHBI JJOKAJIHHBIM TITyOOKUM MHHUMYMOM, Ha K-
HOM nepudepun KOTOPOTo PacIoIOKEeHBI POsBIECHUS Sn, Au, Ag, As.

TexkroHMueckast MO3ULKs, HACBIIEHHOCTD IUIONIAIM accoluanusiMu Sn ¢ Ag, rpaHu-
TOUJHBII MarMaTH3M XapakKTepU3ylOT pailoH Kak (pakTHUeCKHil y3710BOH BYJIKAHOTEH C
OJIOBOPYJIHBIM Y3JIOM 0011e# Tuiomaaso ~ 600 KB. KM.

Jlanzanavickuti pation (1). PaiioH He MMeeT 3aBEpILIEHHBIX KOHTYPOB, CIIELAaIN3alus
HCKJIIOYUTENBHO pTyTHAS. [Inomanb 2625 kB. KM.

Paiion pacnonoxen B LlenTpanbHo-Kopsikckoit Tekronnueckoii 301e. B I'KC on nmpu-
ypo4eH K nponoibHoMy 3BeHy CB OHbuaiiBasmckoro rpaden-cunkinunopus [Ilo3nees,
PoxkoB, 1986], otTuetnmuBo nmokanuzoBanHoro mexay nonepeunbiMua OKO u OCA pas-
JoMamu. PynoBMeniaromuii KOMIUIEKC — MOPOJIbl BAJIBIHCKOW CBUTHI (IAJIEOLIEH), MIPO-
cTupaercs ot 3anaaHou rpanunbl [{enrpanbHo-Kopsikckoit mpouHimu k FOB Ha 150 kwm.
Kommiekc kapTupyeTcs B HECOIIACHOM 3aJIETaHUM ¢ 00pa30BaHUSAMU KOPSIKCKON Cepuu
(xammaH), (pUKCUpysl OCh I'pabeH-CUHKIMHOPUSA. B ero monoce mopojbl HachIIIEHbl UC-
KJIFOUUTEIBHO IposiBiieHnAMH Hg. B rpaBUTaniMOHHOM IoJIe paiiOH NMPUYPOYEH K HOXK-
HOW yacTH OOIIMPHOM, caMoil TIyOOKO OTpHIIATENIbHOM, 001acTu oro-3amnaga Kopskuu.
B mMarHuTHOM MoIie TeppUTOPHUS OTPAKEHA XapaKTepHOM, c1a00 aHOMaIbHON Takke 00-
HIMPHOM, OTpULATENIbHOM 007acThbio. SBisIeTCSl TMHEHHBIM BYJIKAHOI€HOM C pallOHOM
miomaabo 3750 KB. KM.

Bamuwinckuii pation (6) Ha xpaitiem CB kpast 3annMaet miomiaas 6acceitHoB pek Ba-
THIHBI U TIpaBoOepexbs VnbnuBeem. PacnipocTpaHeHbl MHOTOUHCIIEHHBIE PYIOTPOsIBIIE-
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Hus Mn, meree — Cu u opeounl paccesuus Hg. [Tnomans 1950 xB. km. Paiion pacnono-
*eH Ha BocToke bepunroBomopckoro nogusatus. B cxeme I'KC nurocdepst on mpuypo-
YeH K 3BeHYy MOJHATHS Ha FO)KHOM OKOHUYaHUU IbIObl FOro-BocTtouno-Kopsikckux OyXT.
3BeHO 1o mpocTupanuio orpanndeHo nomnepedHbiMu OCA 1 OmyKCKHM MEXIITBIOOBBIMU
pazinomMamu.

Paiion HamMu OrpaHMYUBAETCS KOHTYPOM BBIXOAOB PYIOBMENIAIOIINUX 00pa30oBaHMIA
BaTBHIHCKOW CepUH, IPeCTaBIeHHBIX B Tu1ane OnokoM C3 (315°) mpoctupanus ot modepe-
xbs 110 T. JlensHoit. OpueHTHpOBKa OJIOKA YKa3bIBAET HA TEKTOHUYECKOE BIIMSHUE TIIBIObI
Ha JIOKaIU3AIUI0 pydOBMeNIaromiero (hakropa miomaay pailona — B oriaunaue ot CB mpo-
cTupanus Bcex paiioHoB KO3 Haropesi! OcoObIM acmeKToM TEKTOHUKU pailoHa sSBIsET-
Csl BBICOKAasl HACBIILIEHHOCTh pa3pe3a MOKPOBaMU HAJBUTOB BaThIHCKOM cBUTHI [Kapra...,
1999]. Ilnomanp 5175 kB. KM.

ITvineunckuil pation (3) pacnonoxeH Ha nobepexxbe Omroropckoro 3anmuBa. Crie-
nyanu3anus, Takas ke kKak ans Bced Omrotopckoid mpoBuHimu. [lnmomans 1800 kB.
kM. PailoH mpuypoueH K TeppuTOopuu 3BeHa-KiaaBUIIM [0BeHCKO-IIbIITMHCKOTO ropCeT-
antukanHOpust CB npoctupanus. B cxeme ['KC on 3anumaer FOB npubpexxnyro yacTb
coBpeMeHHOU TbIObl OmroTopckoro 3anuBa U orpanudeH [ITT u OKO nmonepedynbimu
MEXTJIBIOOBBIMH Pa3IOMaMH.

Kontyp paiioHa BKJIIOYAET B IIEHTPE SIAPO TOPCTa, CIIOKEHHOE 00pa30BaHUAMHU Ty(o-
KpEeMHUCTON MHEThIBassMCKOii CBUTHI (K,-P|), ¢ HaABUHYTHIMH ByJIKaHOTEHHBIMU 00pa30-
BaHUSIMU XaKMHCKOM CBHUTHI (MaacTpHXT). SAapo oOpamiieHO ByITKaHOTEHHO-0Ca0YHBIMU
nopoaamu UBThITUHCKOM cBUTHI (P)). Ha ¢nanrax ropcra — oOpa3oBaHusi HHOYBUBASM-
ckoii cBuThl (P,) n unenuucko cepuu (P,- P;) ¢ Temamu AMOpPUTOB, TPaHONUOPUTOB,
naruToB (P3). Ocoboit mpuMedaTenbHOCTHIO SBISIETCS] HACHIILIEHHOCTD Pa3pe3a KUCIBIMU
UHTPY3USIMU U HAJBUTAMU.

OO6pazoBaHus ropcTa U ero 00pamIIeHuUs SBISIIOTCS PYIOBMEIIAIOIINM KOMIUIEKCOM C
PYIOHOCHBIMU MHTPY3UBHBIMM U >KWJIBHBIMHU T€JIaMH, 30HaMU MeTacomaro3a. OH noja-
BIIsTTOIIE JToKanu30BaH Mexay nonepedrbiMu [ITT u OKO MexXripl00BbIMU pa3iioMaMu B
MOJHATHIX PA3HOAMIUIUTYIHBIX OJIOKaX 3BEHA IIBIOBI, OTPaHUYEHHOTO HapymieHusMu C3
npoctupanus. bioku ciaraioT JUHEHHbBIE TOPCTOBBIE CTPYKTYPHI, OAOOHBIE PYIOKOH-
LHEHTPUPYIOLIUM CTpyKTypaMm NnbnuHcKoro nu AuaiiBassMcKoro pailonos. B muneparenuun
paiioHa Benyiyr poib urpaiot Au, Ag, Zn, Hg, Sb u MHOrouncneHHble MpoOsBICHUS
Cu c Fe. 'eoxuMu4ecKUMH MapKepaMy 3B€HA TOPCT-aHTUKJIMHOpUS sBIsiOTCS Fe, Mn,
Pt. Tepputopus asnsercs yacTeio OIIOTOPCKOM METAINIONEHUYECKOM 30HOM CKIIa4aToro
OCHOBaHUSI.

['panuiipl paltoHa OKOHTYPUBAIOTCS IO JIOKAJIM3AIUU PYIOBMEIIAOLIEr0 KOMILIEKCA.
Ero pnmna okono 150 kM, mmpuHa, B cpeanem, 40 kM, miomaas 6000 kB. kM.

PyAHbIE PANOHbBI YTOYHEHHbBIE

Brinensirores Tpu paiioHa, ¢ OOIIMMHU TEOJIOTHYECKUMH U Te0(hU3MIeCKUMH XapakK-
TEPUCTUKAMHM, CPEIU KOTOPBIX ITIaBHBIN IIPU3HAK: BCE OHU IIPUYPOUYEHBI K TEPPUTOPUSIM
YHHUKaJIbHBIX 00pa30BaHUil B pernoHE — CyOpEerHOHANIBHBIM OPOTEHHBIM BYJIKaHOT€HAM
BEJIOJHBIKCKOM cepun. VX popmupoBanue CBA3bIBAECTCS C OJIUTOIEHOBOM TPaHUTOMTHON
TEKTOHO-MAarMaTH4e€CKOM aKTUBHM3alMEl HA CEBEPHOM OKpauHE BepXHeMenoBoM LleH-
TpaabHO-KOPSAKCKOM TEKTOHMYECKOU 30HBI B II0JIOCE €€ COUJICHEHHUs C IPOAoiIbHbIM I1y-
cropenko-Ilapanonsckum nporudom (Ilc-ITp) CB npoctupanus. B y3nax mepeceueHus
cownerenus nonepedHbME [ITT u OKO u OCA MeXTisI00BEIME paszioMaMu, chopMu-
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poBanbl YuuoiBasimckuii (Y), [NaiiuaBaamckuii (I') u [Tanematkunckuit (I1) y3moBsie Byi-
KaHOT'€HBbI, KaK PyJOBMEINAIOIINE KOMIUIEKCH TPEX PYIHBIX pailoHOB (CM. Aaiee).

3anaono-Kopsaxckuu pation (5). IlpuypoueH k YHH3MBasMckoMy ByakaHoreny (V)
C KpyIHeHIIel B Haropbe MUrHTYHYIICKOM MHTpY3ueil rpanuronnos [Ilo3nees, 1975].
Ero merannorenndeckas crneuuanuzamus — Au, Ag, Sn, Sb, Hg. Kontyp paiiona Ha 3a-
naJie BKJIIOYaeT 3ama/lHy10 4acTh ByJkaHoreHa ¢ Au u Sn u otkpsIT Ha CB. Ero miomanp
pUypOYEHa K JIOKAJIbHBIM BIAJMHAM 10 BEPXHEMEIOBOMY M KPUCTAJUIMYECKOMY (yH-
JnaMeHTaM nryOuHoi 1 u 8 kM, coorBeTcTBeHHO [Mopo3, 1987]. OHu pa3BuTHI Haja pyi-
HBIM CTOJIOOM U3 BepxHel MaHTHUHU. PynoBmelnaromye KOMIUIEKCh pailoHa — BYJIKaHUTBI
onuroueHa ¢ Au, Ag, Sb, Hg u oOpa3oBanust gpyHnameHta (Kopsikckas cepus) ¢ Sn Ha
ero 10HOM (pranre. PalioH He SBIseTCS KIACCUYECKUM METaNIOTeHUYECKUM TaKCOHOM,
BKJIIOUAIOIIMM OJIOBOPYIHBIH ANWHaBETKMHCKMHA Y3€J, a BBIJIEJIEH 0 MPOMBIIIJICHHBIM
HpU3HAKaM.

MarsuTtHoe noje paiioHa OTpULIATEIbHOE, TOYTH Oe3aHOMAaJIbHOE, B TPABUTALIMOHHOM
nose oH oTpaxkeH CB xapakTepHbIM NPsIMOYTrOJbHBIM MUHUMYMOM. Ero Bocto4Has mo-
I1aJlb COBIA/IaeT C KOHTYPOM BIIaJIMHbI B KPOBJIE KPUCTAIIIMYECKOTO (PyHIaMEHTa U BbI-
XOJJaMU UCKJTFOYMTENIBHO KHCTIBIX BYIKAHUTOB. 3amaHas 4yacTh pailoHa XapaKTepu3yeTcs
IPaBUTALIMOHHBIM MUHUMYMOM M TaKXe BIaJMHON B KPUCTAJUINYECKOM (yHIaMEHTE.

PaiioH nenutcs Ha ABe yKa3aHHBIX BellIe miomany Ilapens-Tanoscko-Tunnankckum
HOIEPEYHBIM Pa3jIoMOM U MUTHTYHYIICKOM MHTpY3Uel U 10 psLy NPUHIUIIHAILHO pa3-
JMYHBIX BELECTBEHHBIX NpU3HAKOB. Ha 3amaiHol — mojaBismole pacupoCTpaHeHb! Mo-
KPOBBI U CyOBYyNKaHWYeCKHe (aly CpeAHEro cocTana ¢ Au-Ag NposiBICHUSMHU U MECTO-
POXJIEHHUEM 30J10Ta AMETUCTOBOE C FEOXUMUYECKON NPUMECBHIO SN, U pacCMaTpPUBAECTCS
OHa KakK 30JI0TOpyAHast. BOoCTOUHasA III0IIab CII0KEHA UCKITFOUNTEIBHO KUCIBIMU IIOKPO-
BaMH U CyOBYJKaHMUECKUMU (harusiMu (pUOIUTHI) HCKIIIOUUTENIBHO CepeOpOBMeEIIatoLIIe-
ro KOMILJIEKCA C BBICOKUMH — YparaHHbIMU COAEP)KaHUSMH Ag (110 JECSITKOB ThIC. I/T).
O06e muomaay paccMaTpuBaeTCsl HAMU BMecTe ¢ AWHABETKMHCKUM PYAHBIM y3710M (A)
KaK YuHoteasmcKkuil cepebpopyOHbiii pation ¢ OJHOUMEHHBIM Y3JIOBBIM BYJIKAHOTEHHOM
¢ obmeit miomaasio ~ 3200 KB. KM.

PAMNOHbI NPOrHO3NPYyEMbIE

Tatiuasaamckuii npoenosupyemoiii paiion (I'a) pacnonoxken B 130 km k CB ot YH-
HABassMCKoro BynkaHoreHa. OH cBsizaH ¢ ["aifuaBastMckuM y3710BbIM ByJikaHoreHoM (I7)
C PSJIOM MaJIbIX HHTPY3Hii TPaHUTOUIOB, 0Opasyrommux MuBanonuHonckuii Maccus” . I1o
COCTaBY BYJIKAHUTOB PallOH, KaK U YHHAMBAsSMCKHI BYJIKAHOT€H, JICJIUTCS HA JIBE IIOMIA-
11 nonepedyHblM OmosoH-KameHcko-OnoTopeKUM pas3jioMOM € FPaHUTHBIM MAacCHBOM
B €ro 30HE. 3ama/iHasi — UCKIIOUYNTENIFHO C MMOKPOBAMH U CyOBYJIKAHUYECKUMU (HaIlisIMH
CpEIHEro cocTaBa (aHAE3UThl) U PEAKUMU IIposiBiIeHUsIMU Au, Ag. BocTouHas — uckito-
YUTEJBHO C KMCIBIMU [TOKPOBAMHU U CYOBYJIKaHUYECKUMU (alusiMU (JJaLUThl, PUOJIUTHI),
Y MHTEHCHUBHBIM HCKJIIOUHUTEIBHO BBICOKMM — yparaHHbIM Ag opyneHeHueMm. B mpuie-
rafoIuX K BYJIKAaHOTEHY Ha IOT€ TOPO/aX SCCOBEEMCKOHM CBHUTHI (pyHIAMeHTa (KamIiaH)
CKOHIICHTpHUPOBaHbI nposiBiieHust Hg, As, Sb (mmomans ~ 350 kB. kM), paccMaTpuBaeMbIie
KaK FeHETUYECKUN PyJHBIN y3€l1 pailoHa. B MArHUTHOM M rpaBUTALIMOHHOM IOJISIX Xapak-
TEPUCTHKA 00CHX IJIONIAICH TaKKe TOIHOCTHIO WACHTUYHA IJIOMIAIIM YHHIUBAsSMCKOTO
BYJIKAHOT'€HA, KaK U €ro MOJIOKEHUS Ha/l PyIHbIM CTOJIOOM M3 BEPXHEH MaHTHUHU.

[TonHast MAEHTUYHOCTH IOJIEH, COCTaBa BYJIKAHUTOB M MUHEpan3anuu [ aiiyaBaam-
CKOTO M YHHAHBAasSMCKOTO BYJIKAHOTCHOB IPEIONAraloT ¥ UACHTHYHOCTh TITyOMHHOTO
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cTpoeHnus ['aliuaBaaMCcKOro ByJKaHOTEHA M OMPENEISIIOT €T0 KaK cepeOpopyaHbIN paiioH.
[Inomane pyaoBMeNIaOIIero KoMijiekca okoiao 2250 KB. KM, C y4€TOM PTYTHOIO y3Jia
oKo110 2600 KB. KM.

THanvmamrunckuti npoenosupyemeiii pation (IIm) pacnonoxen B 130 kM K BOCTOKY
ot ['aituaBassimMckoro ByikaHoreHa. OH JI€KHUT B 30HE TIONEPEUHOTO MEXTIIBIO0BOTO ONOoii-
cko-CrnayTHeHCKO-AualiBasMcKoro pasiaoma. B HéM Bwinensercs [lanaBasmckuii Byika-
HoreH (IT) BeJOTHBIKCKOM (aBTOBAaaMCKOM) CEPUM OJHMIOLICHA C PSIOM MAaJIbIX HHTPY3UI
MaccuBa IPaHUTOMIOB B LIeHTpe [bamapkesuy u ap., 1981]. Meramiorenus ByJakaHoreHa
(Ag, Hg, Sb) cBsa3aHa ¢ py10BMEIIAIONIUMHU KACIBIMU BYJIKAHUTAMHU (PUOJIUTHI, JAITUTHI)
u anzae3utamu (Au). MarHuTHOE W TPaBUTAIMOHHOE TOJSI MMOJIHOCTHIO UACHTUYHBI T10-
JIM YHHDOUBAsIMCKOTO U ['ailuaBassMCKOT0 ByJIKAHOTEHOB.

Bce Tpu BynkaHOreHa rae3fgoBOro THUIIA: IPUYPOYEHBI K OJHOM MPOAOIBHON pEru-
OHANILHOU CcTpyKType — cowieHeHuto [lyctopenxo-Ilapanonsckoro mporuda (Ilc-Ilp) u
BepxHeMenoBoro (ynmamenta llenTpanbHO-KOpsSKCKOM TEKTOHUYECKOW 30HBI; JIEKAT
onn Ha nuHuu CB Ilyctopenko-Kyronbckoro rmyOuHHOTO pasznoma; chopMupoBaHbI Ha
IJIOMIA/ISIX MEePECEUCHHUs MOMEePEYHbIMUA MEKITIBIOOBBIMU Pa3IOMaMU B OJIMTOIICHOBYIO
TEKTOHO-MAarMaTH4eCKyI0 TPAHUTOMJHYIO aKTHBU3ALIMIO; JIOKAJM30BaHbl B HAJIPa3OM-
HBIX BIAJMHAX BEPXHEMEIOBOTO U KPUCTAIMYECKOTo (pyHIaMEHTOB, 00pa30BaBIIMXCS
Ha TUIOIIAJIAX MEPECEUCHUs COUWICHEHHUS MOTIEPEUHBIMU MEKITIBIOOBBIMU PA3IOMAMHU; UX
PYIOBMEIIAIONIUMU KOMIUIEKCAMH SIBJISIIOTCS] OJJMHAKOBBIE TIO COCTaBY TIOKPOBBI, CYOBYII-
KaHUYECKHE TeJla U KUCIIble MHTPY3UU BEJIOTHBIKCKOW CEpUU OJUTOLEHA; METAJIJIOTEHUS
WX OJHOTHUITHA, C MOIABISIONIUM MpeodnaganreM Ag; UIsl HUX XapaKTepHa MUHepaIbHas
30HATBHOCTD PYIOBMEIAIONIUX KOMILIEKCOB ()YHIAMEHTA; OHU XapaKTePU3YIOTCS OJJHO-
TUIMHBIMUA MAarHUTHBIM M TPaBUTALUOHHBIM MOJISIMHU, UX IUIOIIAJHBIE pa3MepPbl OAHOTO
MOpAAKA.

COBOKYNHOCTh NPUBEJICHHBIX MPU3HAKOB TPEX pPallOHOB CTAHOBUTCS KPUTEPHU-
€M — apryMEeHTOM B ONPEAECICHUU €IUHOIO0 TEKTOHMYECKOTO U METAJNIOTEHUYECKOTO
MexaHu3Ma (GOPMHUPOBAHUS BYIKAHOTCHOB U UX PYAHBIX PAaOHOB. DTUM MEXaHHU3MOM
SIBJISIETCSL TJIBIOOBO-KJIABUIITHASL CTPYKTYypa 3eMHOUM Kopbl nuTocdepsl. [Ipuznaku sB-
JSAIOTCSA 3aKOHOMEPHOCTSAMM Pa3MEILIEHHS] PETHOHAIBHBIX TEKTOHUYECKUX U METaJlIo-
reHU4eCKuX (aKTOpPOB, OTpakash €IUHCTBO MEXaHNM3Ma 00pa30BaHMS BYJIKAHOTEHOB U
UX MUHEpareHuu (MmoaaBisiomie Ag) BO BpeMs OJIUTOLIEHOBOW I'PAaHUTOUTHOM TEKTOHO-
MarMaTH4eCcKoW akTUBH3alUU. TpH MPOTHO3UPYEMbIE PyIHBIE paliOHBI 00BEANHSIIOTCS
Hamu B CeBepo-3amanHo-Kopskckyro cepeOpopyaHyr0 TPOBUHIMIO (METaJIOTeHUYe-
CKYIO 30HY).

3AKAKOYEHME

OporeHHbI ByJIKaHW3M Ha aKTHBHBIX OKpanHaX KOHTHUHEHTOB COIPSDKEH C OCHOB-
HBIMHU 3JICMCHTAMU TCKTOHHWKHU M MarMarusma, CO3JaBIIMMHU YCIIOBUA O6p3.30BaHI/I$I MH-
HCPArcHN4YCCKUX TAaKCOHOB. Ha npuMepax OPOr¢HHBIX IMOACOB OJUIOnCHa U MHUOILCHA
O4YCBH/IHA POJIb TCOTCKTOHNYCCKHUX U MCTAJUIOTCHUYCCKHUX ACIICKTOB aBTOpCKOfI METOOO0-
JIOTHH TIIBIO0BO-KIIaBHITHON CTPYKTYPHI JIUTOC(EPH aKTUBHBIX OKpanH. OHa 3¢dexTus-
Ha B IIPOTHO3C PYAHBIX HJIOHIaIIGf/'I 1 UX OLCHKC NOCJICAYIOIIHUMHU I'€OJIOTrOpa3BCaA0YHbBIMU
paboramu.

HOqueHHBIC PE3YJILTATbl MO3BOJIAIOT CACTIATh OCHOBHOH BBIBOJ], YTO TCKTOHHUKA U
MUHEPpArcHuA HCPA3PBIBHO COIPAKCHBI. O0e oHU SBIAIOTCI PE3YJILTATOM PETHOHAJIBHBIX
KOHCTPYKIII CTPOHUTENHCTBA JTUTOCHEPHI U €€ 3eMHOI KOPBI aKTUBHBIX OKPaWH KOHTHU-
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HEHTA Ha IIOCJIEJOBATENbHBIX 3TANAX UX Pa3BUTHU. JTOT aCNEKT pPa3BUTHUs 3€MJIIU SIBIIS-
€TCsl OCHOBOM CJIEYIOLINX 3aKOHOMEPHBIX MPOLIECCOB JTUTOCHEPHI.

1. ITonepeuHble MEXIIIBIOOBBIE PA3JIOMbl AKTUBHOM OKpanHbl KOHTHHEHTa Ha CeBe-
po-Boctoke As3um obecrneunian TEKTOHUYECKYIO JIOKAJIU3alUI0 PYJOBMEIIAIOLIINX KOM-
IJICKCOB B 3BEHBSAX Pl IPOJOJIBHBIX CEBEPO-BOCTOYHBIX PETHOHAIBHBIX CTPYKTYP B Me-
CTax UX MePeceuyeHus: MeXIIIBIOOBBIMU pa3ioMamMu cowieHeHus LlenTpanbHo-Kopsikckoii
TeKTOHU4YecKoi 30HbI ¢ [lycroperko-Ilapanonsckum nporudoM, ¢ GopMUPOBAHUEM py-
006Meuaruux y3106blxX 01U20UEHO6bIX 6y1Kanozenoe Cesepo-3ananaHo-Kopskckoro
BYJIKAHUYECKOTO 110s1CAa.

B npenenax oTaenbHBIX TUHEHHBIX 3BEHBEB IIPOJOJIBHBIX T€0CTPYKTYpP, OTPaHUYCH-
HBIX TapaMM MOMEPEUHBIX MEKITIBIOOBBIX JINTOC(EPHBIX Pa3iIoMOB, 00pa3yIOTCs IuHel-
Hble gynkanozensl (BeTpoBasMckHii) MO0 KpyHbIE TUHEHHBIE YaCTH CKJIaI4aTo-0J10KO-
BBIX reocTpyKTyp (JIsinranaiickuii paiion), m1u0o kak y3nossle (LlenTpanbsao-Kopsikckuit)
BYJIKaHOT'€HBI.

2. B IOxHO0-KopsikckoM mosice BYJKaHOTEH SIBJISIETCS JIMHEHHBIM, 00pa30BaHHBIM
3akioueHueM nuHeHoro CB BetpoBasiMckoro BeicTyna ()yHIaMEHTa M uexja MExay
JBYMsI ITOTIEPEYHBIMU MEXIIIBIOOBBIMH pa3iioMaMu. B HEM pyJOHOCHBIMH BTOPUYHBIMU
KBapuuTamu co3fad MibIMHCKUN pyAHBIA PaliOH C KPYIIHBIMUA MECTOPOKICHUAMH CaMO-
poaHoii cepol ¢ Ag, Au, Hg, S.

3. IlonoxxeHne pyaHbIX U PyIHO-POCCHIITHBIX PailoHOB roro-3anaja Kopskckoro Haro-
pbsl JACT OCHOBAHME OIPEAEIUTH COOTHOLICHUE TUIONIAAECH UX METAIITIOTEHUYECKOM ClIIe-
[IMAJIM3a1UH C TEKTOHUKOM 3eMHOI KOopbl. COmIacHO IbIO0BO-KIABUILTHON CTPYKTYpE JIU-
TOoCc(epsl U BHISBICHHBIM B HEW 3aKOHOMEPHBIM CBSI35M, OCHOBHBIM MHUHEPAreHUYECKUM
TaKCOHOM pacCMOTpEeHHOM akTuBHOM LlenTpansHo-Kopsikckoit 1 OnroTopckoil OKpauHbI
KOHTUHEHTA SIBJISIETCS PYOHbBLIL PALIOH C €20 PYOHLIMU Y31AMU.

4. PynHble U pocChIIHBIE paliOHbI I0ro-3anajga Kopskckoro Haropesi npeneiabHbl U
JUCKPETHBI 110 pa3MepaM PYyAOBMEILAIOIIMX KOMIUIEKCOB M COCTABJIAIOT IO IUIOLIAAH
2600-8200 kB. KM.

5. B o6mieii Mmuneparennueckoit cxeme paiionst ¢ Cr, Cu, Mn, Fe, Hg, Pt cneuunanu-
3anuen — [IpruHckuid, BaTblHCKUM, NPUYPOYEHBI K JIMHEHHBIM 3BEHbSIM ITPOJOJIBHBIX
CB npocTupaHusi perHOHANBHBIX CTPYKTYpP, Pa3BUBABILUXCS B MOTPYKEHHBIX INIbIOAX
mutocdepsl. Paiionsl ¢ S, Bi, Ba, Hg cneunanuzanueit — Unsnunckuil, JIsnranaiickui,
AvaiiBassMCKHUI, IPUYPOYEHBI K 3BE€HBSIM CTPYKTYP, Pa3BUBABILIUXCS B BO3/IBIMAIOIINXCS
IbI0axX TUTOChEPHI.

6. Au, Ag, Hg, As opyaeHeHue He MposBISeT KOHKPETHON CBSA3M C IVIBIOAMU KOPBI.
WHTeHcuBHOE Ag OpyIeHEHHE, C UCKIIOUUTEIBHO BHICOKUMU COACPKAHUAMM, JIOKAJIN-
3yeTcs Ha IUIOLAAAX B IIOJI0CE COYICHEHUS ceBEpO-BOCTOUHOM IlycTopenko-Ilaparosns-
ckoi BnaauHbl ¢ LlenTpanbHo-KopsAKcKoil TEKTOHMYECKOW 30HOM, IZI€ 3TO COWJIEHEHUE
HepeceKaeTcs MONepPeYHbIMU MEXIIIBIOOBBIMM pa3iioMaMu JUTOC(Ephl. 31ech chopmu-
pPOBaHbI Y3JIOBbIE BYJIKAHOICHBI OJTUTOLEHOBOM TEKTOHO-MarMaTU4e€CKOW aKTUBU3ALUU C
oOpa3oBaHuneM cepeOpopyaHbIX paiioHoB (YHHIMBassMcKkul, ["aituaBasmckuii, [lanpmar-
kuHckuil) CeBepo-3anangHo-Kopsikckolt cepeOpopyaHOil MpOBUHLMHU (MeTasIOreHUYe-
CKOM1 30HBI).

YCTaHOBJICHHBIE CBA3UM MUHEPAT€HUU C TEKTOHUKOM SIBISIOTCSA KIIACCHYECKUMU IS
BYJIKAHUYECKHMX 00JacTell OKpauH KOHTHMHEHTA 0 MepUMeTpy THXOOKEaHCKUX IMOSCOB.
[IperyiaraeMmoe MUHEpareHMYECKOe paifoHMpOBaHUE O0YCIOBIEHO IIIbIOOBO-KIaBUITHOMN
CTPYKTYpOM IUTOCHEPHI, HE U3BECTHOM HaM B JIMTEPATyPe aHAIOTOM.
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Pe3tome: AKTYanbHOCTb paboTbl. YTunu3aumus nonyTHOro HeTAHOMO ra3a METOAOM CXMraHUs ero Ha ¢a-
KeNbHbIX YCTAHOBKAxX ABNAETCA OHOW M3 OCHOBHbIX 3KOIOrM4ECKUX Npo6nem npu fo6blve HedpTu B Mupe. Mpu
3TOM [aHHbIA NPOLIECC OKa3blBAET KOJIOCCASIbHbIA 3KOHOMUYECKNIA yLep6, Tak Kak MonyTHbIA HeqTAHOI ra3
ABNIAETCA NOTEHUMANbHLIM NPOAYKTOM, KOTOPbI BO3MOXHO nepepabaTtbiBath C NOSTy4eHMEM TOBAPHOM NPOAYK-
LMK, 3MEKTPOSHEPrUM UK TeNNOBOI 3Heprumn. Tonbko B Poccuu Ha (pakenax exerogHo cxuraerca 6onee 30
mnpa m THF, npu 3TOM CXuraHue 1 Mnpa Ky6. M NONyTHOrO ra3a 9KBMBANEHTHO NOTEpPe TOBAPHOW NPOAYKLIMK
Ha cymmy 6onee 300 mnH gonnapos. Llenb pa6otbl. B npeacTtaBneHHoN cTaTbe aBTOpamu npoBedeH NoA60p
ONTUMANLHOMO CNOCco6a YyTUNM3auun NONYTHOMO HeHTAHOrO rasa Ha Masnblx MecTopoXaeHusx Poccum n ero
9KO0/0ro-aKoHoMM4eckoe 060cHoBaHWe. MeTofbl uccnefoBanus. B kavecTse Hanbonee peHTabensHOro MeToaa
NPUHSAT CNOCO6 3MEKTPOreHepaLun ¢ UCNonb30BaHWEM ra3oTypOUHHON 3MeKTpocTaHuuK. Peann3aumsa Takoro
NPOeKTa Ha MECTOPOXAEHNN CHKAET BbIBPOCHI 3arpA3HAIOLLMX BELLECTB B COTHU pas, a CPOK ero 0KynaemocTu
He npesblwaeT 2,5 net. He(pTAHas 1 razoBas NPOMbILIIEHHOCTb — 3TO AMHAMUYHO pa3BUBAOLLIAACA OTPacib
MMWPOBOI 3KOHOMUKM, a L06bIBAEMbIE HE(PTb W NPUPOLHbIA a3 — OWUH U3 OCHOBHbIX 3HEPrOPECYPCOB Ha HaLUel
nnaxete. B Poccuiickoit defiepauuu HedpTeraszosas NnpoMbILLNEHHOCTb ABNAETCA O4HO M3 KITHO4EBbIX OTpachnen,
o6ecneynsarowmx opmuposaHue 6rmxeta. B 2017 rogy B Poccum 66110 f06b61T0 60nee 500 MnH T HeddTK
1 okono 600 mnpp M2 npupofHoro rasa, npu atom Gonee 50% cbipoii HechT 1 0Kono 40% NpUpoAHOro rasa
6bI1J10 OTNPABIEHO HA 3KCMOPT. [pK TaKMX 3HAYUTENbHBLIX 06beMax LO6bI4N 1 JANeKo He CamblX KPYMHbIX 3anacax
HeTM pecypcoobecnedeHHOCTb Poccun HedoTbo N0 pasfnyHbIM OLeHKam cocTasnset ot 20 fo 25 neT npu He-
M3MEHHbIX 06beMax 406bI4W. HEMHOMO NyyLue cUTyauus 06CTOUT C NPUPOAHBIM Fa30M, PECYPCO0BECNEYEHHOCTb
Poccuu KoTopbiM No pa3HbiM oLeHkam coctasnseT ot 80 go 100 neT. Mpu 3TOM A06bI4A HEPTM U ra3a ABASETCS
OAHMM 13 Hanbosee ONacHbIX MPON3BOACTB /15 OKPYXKAKOLLEN MPUPOAHON cpedbl. PeaynbTatbl pa6oTbl. B npo-
Llecce 0CBOEHMS HEITAHbIX U ra30BbIX MECTOPOXAEHWIA MOXHO BbILENUTbL CrefytoLlne 0CHOBHbIE NPO6EMbI,
0CBELLEHHbIE B JaHHOI paboTe: HapyLLEHWe PacTUTENIbHOr0, MOYBEHHOMO M CHEXXHOr0 NOKPOBOB, MNOBEPXHOCTHO-
ro CTOKa, cpeska Mukpopenbeda; HeobpaTumble feddopmaLm 3eMHON NOBEPXHOCTU B Pe3ysbTaTe U3BMeYeHuUs
U3 Hefp HeddTW, rasa 1 NOA3EMHbLIX BOJ, MOAJEPXKUBAOLLMX NIACTOBOE AABNEHWE; 3arps3HeHe aTMocdepsl,
NOYBbl, NOBEPXHOCTHBIX M MOA3EMHbIX BOAHbIX UCTOYHMKOB. OfHAKO OJHOW U3 Hambonee akTyanbHbIX 3KONOru-
YeCKuUx Npobriem HepTera3oBoro NPOMbILLNIEHHOrO KoMnekca B Poccum ABRseTCs yTunmsauns nonyTHoro He-
(hTaHoro rasa. MonyTHblA HedyTAHON ra3 (aanee MHM) — 0AMH U3 CONYTCTBYIOLLMX NPOLYKTOB NpoLiecca Ao6bl4mn
HeddT 1 eé npeaBapuTesibHON NOArOTOBKU K TpaHCNopTUpOBKe. OCHOBHbIMU KoMnoHeHTamu [MHI aBnaoTcs
METaH W Apyrue HU3KOMOMEKYNAPHbIE (NETY4Yne) ankaHsl.

KntoueBble cNnoBa: nonyTHbIi He(ITAHOI ras, thakesbHas yCTaHOBKA, BbIGPOCI, 3NEKTPOreHepaLus, raso-
TYpGUHHAA 3M1EKTPOCTAHLNSA, 3KOMOr0-3KOHOMIUYECKOe 060CHOBaHME.

Insa uutuposanus: VieaHos A.B., CtpumxeHok A.B., CynpyH W.K. 3Konoro-3koHoMn4eckoe 060CHOBaHMe
BO3MOXHOCTU YTUAN3ALUMM NONYTHOTO HE(PTAHOMO ra3a Ha HeTAHbIX MeCTOpOXAeHuax Poccuiickon ®epaepa-
umnw. feosnorus n reogpusunka fOra Pocecun. 2020. 10 (1): 114-126. DOI: 10.23671/VNC.2020.1.59069.
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Abstract: Relevance. One of the main environmental problems in oil production in the world today is the
utilization of associated petroleum gas (APG) by combustion it in flares. At the same time, this process has
enormous economic damage, since APG is a potential raw material that can be used to produce marketable
products, power or heat energy. More than 30 billion cubic meters of APG are combusted in flares annually
only in Russia, which is about 20% of the total amount of combusted APG in the world. It should be noted that
combustion of 1 billion cubic meters of APG is equivalent to the loss of marketable products worth more than
300 million dollars. Aim. In the present article, the authors carried out a selection of the optimal method for
utilization of APG at small fields in Russia and its environmental and economic justification. Methods. The method
of power generation directly at the field using gas turbine power station was adopted as the most cost-effective
method. The implementation of such a project at the field reduces emissions of pollutants hundreds of times,
and payback period does not exceed 2.5 years. The oil and gas industry is a dynamically developing sector of
the world economy, but produced oil and natural gas is one of the main energy resources on our planet. The oil
and gas industry is one of the main industries ensuring budget formation in the Russian Federation. More than
500 million tons of oil and about 600 billion cubic meters of natural gas were produced in Russia in 2017, as the
same time about 50% of crude oil and about 40% of natural gas were exported. With such significant production
volumes and not the largest oil reserves, the resource supply of Russia with oil, according to various estimates,
ranges from 20 to 25 years with current production volumes. The situation with natural gas is a little better,
as resource supply of Russia with natural gas, according to various estimates, ranges from 80 to 100 years.
Results. At the same time, oil and gas production is one of the most hazardous industries for the environment.
In the process of developing oil and gas fields, the following main problems can be distinguished: violation of
vegetation, soil and snow cover, surface runoff, cut microrelief; irreversible deformations of the earth’s surface
as a result of extraction from the bowels of oil, gas and groundwater that support reservoir pressure; pollution of
the atmosphere, soil, surface and underground water sources. However, one of the most pressing environmental
problems of the oil and gas industrial complex in Russia is the utilization of associated petroleum gas (hereinafter
referred to as APG). APG is one of the by-products of the process of oil production and its preliminary preparation
for transportation. The main components of PNG are methane and other low molecular weight (volatile) alkanes.

Keywords: associated petroleum gas, flare, emissions, power generation, gas turbine power plant,
environmental and economic feasibility study.
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BeseaeHre

B cuny psina npuyuH TEXHUYECKOTO M SKOHOMHUYECKOTO XapakTepa, a Takke H3-3a
0COOCHHOCTEH MPaBOBOTO pPEryaupoBaHUs HePTeq0ObIBAIOIICH OTpPACIM, OCHOBHBIM
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CrocoOOM YTHJIM3AlMM HOIMYTHOro HedTsHOro raza B Poccum M B HEKOTOPBIX JIPYTUX
CTpaHaX Ha CETOJHSIIHHUM JIeHb SBIAETCS C)KUraHHE B (PaKeIbHBIX YCTaHOBKaX. ToJb-
ko B Poccun B 2018 roay saHHbIM CocOOOM OBUIO YTHIM3MPOBAHO OKoJo 30 mipa m?
ITHI, uto cocrasnser 6onee 20% muposoro odbema ITHI, cxuraemoro B ¢akeabHbIX
ycraHoBkax [Bonkonaesa, Kucenesa, 2017]. B pe3ynbrare Ha MECTOPOXKICHUAX U HEe(PTe-
nepepadaTbIBalOIUX NMPEINPUATHIX 110 BceMy Mupy ropsat 6onee 17000 dakenos, exe-
rojiHo BeIOpackiBas B armocdepy okoso 350 muH T CO,, COTHU ThICSY TOHH OKCHJIa a30Ta,
OKCHJIa yIIIEpoJa, TUOKCHIA CEphl U MPOLYKTOB HEIMOJIHOTO CrOpaHUs yIIIEBOIOPOJIOB,
410 10 00beMy cocTaisieT 6onee 35% Bcex BRIOPOCOB B aTMocdepy OT MpeArpusTuit
HedTerazoBoi nmpoMeinuieHHoCcTH. Kpome 3toro, cxxuranue [THI' B npuapkruyeckux pe-
TMOHaX MPUBOAMUT K 00pa30BaHMIO OOJIBLIOrO KOJUYECTBA CAXKH, OCEJAIOIIel Ha CHEX-
HOM IOKPOBE, YTO YBEJIMYMBAET MONIOIIEHNUE COJHEYHON 3HEPIHMU U YCKOPSET TasHUE
apkTHueckux Jb10B [Kyxkaesa, [xesara, 2017].

Ha pucynke 1 npencraBiena kaprorpaguueckasi MOJieIb pacCEUBaHMsI B IPU3EMHOM
arMocdepe yrapHoro rasa, BbIOpacsiBaeMoro (pakeabHOH yCTaHOBKOI Ha OJTHOM M3 Ma-
JBIX MeCTOpOkIeHUH CubupH. YrapHblii ra3 sBAsSeTCsl OMHUM U3 OCHOBHBIX 3arps3HUTe-
Jel TP C)KUTaHUM M 00J1a/1aeT TOKCUUHBIM JICHCTBUEM Ha >KHMBble OpraHu3mbl [bapkaH,
Kopnes, 2017]. Ha uzonunusx orodpaxaercs KodQPHUIHUEHT, PaCCUNTHIBAIOLIMNACS, KaK
OTHOLIICHHE TEKyIell KOHIEHTpallMM K HOpMAaTUBHOMY MoOKazaTento [Vanadzina et al.,
2015]. Takum oOpa3om, TaHHBIN K03(PPULIMEHT MTOKa3bIBAET, BO CKOJIBKO pa3 KOHLIEHTpa-
LU IPEBBILIAETCS OTHOCUTEIBHO HOPMATHBA.

Ha pucynke 1 BuaHO, uto B paauyce 6osnee 10 KuIoMeTpoB yCTaHOBICHHBIH HOp-
MaTHB 10 yrapHOMY ra3sy INpEBBIIIAETCSA B AeCATKU pa3. [Ipu 3ToM B paguyc neicrBus
paccMaTpuBaeMoi (akeabHONH YCTAaHOBKH IONAJAIOT €lle HEeCKOIbKO (akesaoB Onmu3ie-

0 5 10 15 20 25 30 35 km

Puc. 1. kapmoepaghuueckas mooens pacceusanus 6 npu3emMHol ammocgepe y2aprozo 2asa /
Fig. 1. Cartographic model of dispersion in the surface atmosphere of carbon monoxide
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KalUX MECTOPOXKAECHUH, KOTOpbIE HE YYMUTHIBAJIMCh MPU MOCTPOCHUU KapTorpaduue-
ckoii Mmofenu. CienoBaTenbHO peaslbHas SKOJIOTHYecKasl CUTyallus Ha pacCMaTpUBaeMOi
TEPPUTOPHUH B pa3bl XyXKe.

OnHaKo KOJ0CCAIbHOE HETaTUBHOE BO3/IECHCTBUE HA NMPHUPOIHYIO CPELy HAJEKO HE
€IMHCTBEHHAs PUUMHA HAOIIOArOIECs CeroiHs TeHACHIIUHN K YMEHBIIEHUI0 00bEMOB
coxuranus [THI' B gakenbHbIX yCTaHOBKaX M MOMCKY aJbTEPHATUBHBIX CIIOCOOOB YTH-
mu3auuu ITHI I1o pacueram uHCTUTYTa 3HEpreTudeckon crpareruu Poccnu, coxxuranue
1 muipz Ky0. M MOIYTHOTO T'a3a SKBUBAJIEHTHO MOTEpPE TOBAPHOI MPOAYKIMH Ha CYMMY
6osiee 300 mutH osutapos [Jleymesa, MopeHnos, 2015]. JlanHbli pakT 00ycnoBIMBAET aK-
TYaJbHOCTb [TOMCKA U pean3anuu crnocodos yrunuzauuu [THI™ ¢ skxoHOMUUEcKoi BbIrO-
N0 U1 He(hTe100bIBAIOIIMX MPEIIPUATHI 1 ONITUMH3ALMEN SKOJIOTUYECKON CUTyaluu
B PErMoHax C pa3BUTON He(Ten00bIBatOIIEH TPOMBIIUIEHHOCTHIO.

AKTYOABHOCTb

Ha ceromusinHuii 1eHb CyIIECTBYET HECKOJIBKO OOILEMPHUHSITHIX METOJOB YTHIIN3a-
iy [THT, ocHOBHBIME 13 KOTOPBIX siBIIsitoTcs [Nannarone, Klein, 2019; Welch, 2014]:

— nepepabotka [THI" Ha razonepepabarsiBarOIuX 3aBoaax (IIyookas nepepadboTka u
HerTyOoKas rnepepadoTKa) ¢ MoJly4eHHEeM TOBAPHOU MPOAYKIINH;

— TeHepalys NEKTPOIHEPIHH;

— CXXHUraHHe Ha COOCTBEHHBIE HYK/IbI (KaK MPaBHUIIO, C TIOJTyYeHHEM TETLIa);

— 3aKadka oOpaTHO B IUIACT JJII MHTCHCU(DUKAIIMKA HEPTEOTAaYH (CHCTEMa MOIep-
YKaHUS MJIACTOBOT'O JIaBJICHUS);

— 3aKayka B JOOBIBAIOIINE CKBAKWHBI — UCTIOIb30BAaHHE «Ta3au(Tay.

W3 ananuza myOonukanuid ¥ GOHAOBBIX TOKYMEHTOB HE(PTEAOOBIBAIOIINX MPEIIPH-
AT clenyeT, uTo Hanbosee d(PPEKTUBHBIM C TOUKH 3PEHHS HKOJIOTO-IKOHOMHYECKOTO
obocHoBanus siBisiercs iepepadbotka [THI™ Ha razonepepabarsiBaroieM 3aBojie C MOIY-
YyeHueM ToBapHOU npoxykuuu [ Typbakos, KoxeBnukos, 2013].

B tabmune | mpeacraBieHa CpaBHHUTENbHAS XapaKTEPUCTHKA CYIIECTBYIOUINX Me-
tonoB yrwinsauuu [IHI' B cpaBHEHMH «kanmuTaibHBIE 3aTpaTbl — CTOUMOCTb TOBAPHOU
TPOTYKIIUN.

Tabnuya 1/ Table 1

CpaBHuTE/IbHAS XapPaAKTEePUCTUKA CYylIeCTBYOIIMX MeToa0B yruiauzauuu [THI
B CPABHEHUM «KANMMTAJIbHBbIE 3aTPAThI — CTOMMOCTH TOBAPHOM MPOAYKUIMN. /
Comparative characteristics of existing APG utilization methods in comparison
with capital expenditures — the cost of marketable products.

Cxun- | OOparnas 3a- | Omekrpo- | Hermy6o- | I'myGokast

raHue | Kadka B HedTs- reHe- Kas mepe- nepe-
ITokazarens / Indicator / HO# utact / Re- | parus / paboTka paboTka

Burn- | injection into Power / Shallow / Deep

ing | the oil reservoir | generation | processing | processing

KanuranbHble 3aTparsl,
nomnapos / M/ Capital 0,01 0,07 0,08 0,23 0,29
expenditures, USD / m?

DKOHOMHYECKHUH d-
dexr, nomnapos / M3/
Economical effect, USD
/ m3

0 0 0,07 0,17 0,31
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W3 tabmuuer 1 BuaHo, uro nepepadorka [THI Ha razonepepabarsiBaroiiieM 3aBojie ¢
MOJTyYeHUEM TOBApHOU MpoayKuuu (I1yOokast U HertyOokast nepepabotka [THI') umeer
HE3HAYUTEIbHbIE KallUTaIbHBIE 3aTPaThl 10 CPABHEHUIO C MOJIYyYa€MbIM KOHEUHBIM JI0-
xonoMm. Kpome storo, mepepaboTka gyu Ha ugp OKa3blBaeT MUHHMAJIbHOE HEraTUBHOE
BO3JICHICTBHE HA KOMIIOHEHTHI NPUPOIHOU Cpelpl U3 BceX MeroaoB yrwimsauuu [THI
[Crpwxenok, Kopenbckuii, 2019]. Onnako B Tabnuie 1 paccMOTpeHbI HJleallbHbIE yCIIO0-
BUs, IPU KOTOPBIX razomnepepadarsiBatoiuii 3aBoj (qanee I'TI3) obecneunBaercs gyu B
o0beme, T0CTaTOYHOM Jis paboThl ugp Ha MPOEKTHON MolHoCcTH. KpoMe Toro mpu pac-
4eTe IKOHOMHUYECKOTO A deKTa yUYUThIBaIach TOIBKO CTOMMOCTh TOBAPHOTO MPOIYKTa,
HO HE YUUTHIBAINCH TPAHCIIOPTHBIE U3/IEPKKH, HATMYUE PHIHKOB COBITA U APYTHE BTOPO-
CTETIeHHbIE (PaKTOPBHI.

K coxanenuto, Takue ycioBus Ha TeppuTopur Poccuu BCTpeuaroTcst TOJIbKO HA OUEHb
KPYIHBIX HEPTAHBIX MECTOPOXKIEHHAX ¢ BBICOKMM aedutom ITHI (Gonee 1 mupa M>/rox).
Takux MecTopoxaeHuii Ha Tepputopun Poccun HacuuteiBaetcs He Oonee 10. Takum 06-
pa3oM, TOJILKO IIPU BBITMOJIHEHUH STUX YCIOBHM JaHHBIN CIOCO0 SBISETCS SKOHOMHUYECKU
1 TEXHUYECKH 000CHOBAHHBIM.

LleAnb

OcHoBHas xe Macca He(pTH Ha TeppuTopuu Poccun no0ObIBaeTCa HA CpEeAHUX U Ma-
JIBIX MECTOPOKICHUSX, KOTOPbIE TEPPUTOPUATBHO MOTYT paclojaraTbCsi Ha 3HaYUTElb-
HOM yJaJICHUH JIPYT OT JIpyTa M OT HACEJIEHHBIX MTyHKTOB, UTO JIeJaeT HEeLeIecO00pa3HOM
tpancnoptuposky [THI. Kpome 3Toro, Takue MecTopokIeHHsI UMEIOT HeOObIIOH 1e0UT
ITHI" 1 He MoryT obecneunTh MocTosTHCTBO padoTsl I'TI3 Ha npoexTHO# MommHoCcTH [Ko-
pobosa, Tkauesa, 2016].

[IpoBeneHHBIE aBTOpAMU PACUYETHI [TOKA3aJIH, YTO JJISl MAJIbIX MECTOPOXKACHUHN C OT-
HOCHUTEIILHO HEOOIBITUMU 3aracaMu He)TH 1, COOTBETCTBEHHO, HEOOIBITUMHU 00beMaMu
no6siBaemoro ITHI™ (100-300 miH M3/roj) JaHHBIA METOJ HEBBITOAEH C YKOHOMHUYECKOM
TOYKH 3pEHHS, TaK KaK TpeOyeT 3HAYUTEIbHBIX KaTMTAIBHBIX 3aTPaT Ha TPAHCTIOPTUPOB-
Ky u xpanenue ITHI, a Takxe He o6ecnieunBaeT nocTossHCTBO paboThl ['TI3 Ha mpoekTHOI
MOIIIHOCTH, YTO CHMKAET KOHEUHYIO MPpUObLTh. TakuM 00pa3oM, CPOK OKYIIaeMOCTH yBe-
JUYUBAETCS JI0 HECKOIBKUX AecATKOB JeT [KyxkaeBa, bepaunckuii, 2018].

Takum 00pa3oM, NpoaHAIN3UPOBAB HECKOJIBKO JECSATKOB MajblX MECTOPOXKIECHUMN
HedTH Ha TeppuTopuHu Poccum, Mx pasBenaHHBIC 3amackl U TPAHCIOPTHYIO TOCTYII-
HOCTb, OBLJIO ONIPEJEIEHO, YTO YHUBEPCAIbHBIM (C TOUKH 3pEHUSI MOILIHOCTEH 10 rasy,
ydeTa pa3BUTOCTH UHGPACTPYKTYPHI U T.JI.) © SKOHOMUYECKH OIPaBIAHHBIM BapUaHTOM
YTWIN3ALUK ABISETCS TeHepalus 3JIEKTPO3HEPIMH Ha OCHOBE I'€HEPATOPOB € Ia30Typ-
OouHHBIMU ycTaHOBKamH [Jlpo3nos, 2014]. Takue ycTaHOBKH MOTYT pa0boTaTh JaKke HA
TOIJIMBE HU3KOTO KaYeCTBa, KOUM sABJIseTCS HeKOHIUIMOHHbIN [THI, Tem cambiM 3HaYuM-
TEJIbHO CHUYKas 3KCIUTyaTallMOHHBIE PAcXOJbl Ha MpEeABAapPUTENbHYI0 oArorosky [IHI
K cxuranuto [JIutBunenko u ap., 2017]. [Ipu sTom momydaemasi 3J€KTPOIHEPTUS UJIET
IPEUMYIIECTBEHHO HAa COOCTBEHHBIE HYKAbI. OTXOASIINE Ta3bl IPH ATOM MOTYT UCIOJb-
30BaThCs B KAUECTBE TEIIJIOBOIO areHTa B CUCTEME LIEHTPAJIbHOTO OTOIIEHUS IPOU3BO/I-
CTBEHHBIX OOBEKTOB MECTOPOXKJIEHUS, UM MOTYT OBbITh IYIIEHbl HA KAaTaJIUTHYECKYIO
OYHCTKY ¥ BBIOPOIICHHI B aTMOC(EpPy CO 3HAYCHUSIMU KOHIICHTPAIMI TI0 OCHOBHBIM 3a-
IPSI3HAIOLIMM BEIIECTBAM HE IPEBBIIAIOLUIMMYI YCTaHOBIEHHbIE HOpMaTUBbI [ TypOakoB
u ap., 2012].
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MeToAbl UCCAEAOBOHUS

MOHUTOPHUHT 3KOJIOTMYECKON CUTYallUd U TPAHCIIOPTHOM JOCTYIHOCTH Ha paccMma-
TPUBAEMBIX MECTOPOXKICHUAX MPOBOIMICS CPEACTBAMHU J1aOOPATOPUU SKOJIOTMUYECKOTO
MOHUTOPHHTa TOPHOTO YHUBEPCUTETA, a TaK)KE€ HA OCHOBAaHMUHU (DOHJIOBBIX MaTEpHAIOB
Te0JIOrMUECKOM pa3BeKN PAacCMaTPUBAEMBIX MECTOPOKICHHIM.

OreHka pa3BelaHHBIX 3a11acoB HEPTH, 1eOUT He(TH U MOMYTHOTO ra3a, a TakKe XH-
muuecknii coctaB [THI™ ocymiecTBisics Ha OCHOBaHUU (POHIOBBIX MAaTEPUAIOB.

TennoTBopHbIE CBOICTBA gYu U BO3MOXKHOCTB €T0 MCIIOJIb30BAHUS JIJIsl SHEProreHe-
palmu OCyIIECTBISIINCH PacyeTHBIM IIyTEM Ha OCHOBaHMHU cocTaBa gyu [Seward et al.,
2018].

DKCHepuMEHTaJIbHbIE PA0OTHl HA JAHHOM 3Tare He MPOBOAMINCH U OYIyT SBISATHCS
CJIEYIOIIKUM 3TaIloM TpojieIaHHoTO uccnenoBanus [CemsiukoB u ap., 2018; Wang, Liu,
2016].

Bce pacueTsl IpoBOIMINCH B COOTBETCTBUU C aTTECTOBaHHBIMU B Poccun Meronu-
KaMH.

Kak yxe ynomMmuHasioch BBIIIE, IPOBEIECHHBIE aBTOPaMH pacueThl MOKa3aau, 4YTo Ha
MaJIbIX MECTOpPOXJIeHUsX HedTu B cuiry mpolieM ¢ MH(PacTpyKTypord U HEOOIBIIUM
neourom ITHI (100-300 mun M3/rox) Hamboiee BHITOAHBIM HCIOab30BanueM [THI sB-
asieTcst anekTporeHepanus. [lomydyeHHas 21€KTpO’HEPrUsi B OCHOBHOM OOECIIEUMBAET
COOCTBEHHbBIE HYK]Ibl MECTOPOXKIEHUS. bynydun ogHUM U3 KpYNHENHIINX B MUpE IIOCTaB-
IIMKOB He(PTH M ra3za Tapudbl Ha ITEKTPOIHEPTHIO B Poccum 10CTaTOUHO HU3KU U CO-
ctapisitoT okoiio 0,05 USD 3a 1 kBT, o1HaKO OCHOBHBIM IIPEUMYIIIECTBOM C SKOHOMHYE-
CKOM TOUKM 3pEHMs SIBJISIETCSI HE SKOHOMMSI Ha IUIaTeXax 3a JIEKTPOIHEPIHUI0, a IOIHAas
JMKBHUIALMS 3aTPaT Ha BHEITHIO HHAPACTPYKTYPY IEKTPOCHAOKEHHS, KOTOPasi B CHITY
3HAUUTENIbHOW YIaJICHHOCTH MECTOPOXKACHUN TpeOyeT 3HAYMTEIbHBIX KalTUTAIBHBIX 3a-
tpar [Semyachkov et al., 2018].

K oCHOBHBIM mpeumylecTBaM 3JIEKTPOT€HEPALNH Ha MECTOPOKIEHUN MOXKHO OT-
HECTH:

— BBINOJHEHUE YCIOBUN JTMIEH3UOHHBIX coranieHui no yrumsanuu [THI;

— 3HAYUTENIFHOE CHIDKEHHE 3aTpaT Ha SHeprocHabXeHue u MHPPACTPYKTypy dIIeK-
TPOCHAOKEHUS;

— YMEHBIICHUE SKOJOTHYECKOTo yiiep0a, MPUUNHAEMOr0 KOMIIOHEHTaM MPUPOIHOM
Cpelbl;

— CHIDKEHHE IUIATe)KEH MpenpusiTHs 3a 3arps3HeHre aTMOC(EpHOTro BO3IyXa;

— BBICOKAs JIOXOAHOCTb U ObICTpast OKYIIaeMOCTb.

[Tpoananu3upoBaB HanboIee MOMYJSPHBIE METOBI AIEKTPOreHEpauy, ObLIO TpU-
HSATO PELLEHUE, YTO ONTUMAIIBHBIM C TOUKH 3PEHUS TEXHUKO-DKOHOMUYECKOTO 000CHOBA-
HUs OyZIeT MOMyYeHHE HIEKTPOIHEPTUH C UCTIONb30BaHUEM T'a30TypOMHHOMN YCTaHOBKHU.

I'azoTypbunnbie ycranoBku (nanee ['TY) — 3To TemoBble MalIMHBI, B KOTOPBIX Te-
IJI0BAst SHEPTHS Ta3000pa3HOro pabovero Telna npeodpasyeTcs: B MexaHn4ecKyt0. OCHOB-
HbIMM KOMIIOHEHTaMH YCTAHOBKH SIBJISIOTCSI: KOMIIPECCOpP, KaMepa CropaHHsl U ra3zoBast
TypOuHa. J{ns obecneueHns paboThl U YIIPABICHUS B yCTAHOBKE PUCYTCTBYET KOMILIEKC
00BbEAMHEHHBIX MEXTy OO0 BCIOMOTATEIbHBIX CHCTEM.

BripabareiBaeMasi MOIITHOCTh OTHOTO ycTpoiicTBa coctaBiser oT 20 kBt 10 coten
MBT. D10 KJIaccu4yeckue ra3oTypOMHHBIC AIEKTPOCTAaHIUU. [IpOM3BOJACTBO 3IEKTPO-
SHEPrUU Ha NIEKTPOCTAHLUU OCYIIECTBIIAETCS IPHU MOMOLIY OJHON WM HECKOJIBKUX
I'TV.
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I"a30TypOMHHBIE YCTAaHOBKU COCTOSIT M3 JABYX OCHOBHBIX YacTel, pacHOJI0KEHHbIX B
OJTHOM KOPITyC€e — ra30reHepaTopa u CUIIoBoi TypOuHbI. B razoreneparope, BKIIto4aroiem
B ce0s1 Kamepy CropaHusi 1 TypOOKOMIPECccop, CO34aeTcs MOTOK ra3a BBICOKOW TemIepa-
Typsl. [Ipy momomu TernnooOMeHHUKaA OCYIIECTBISETCS YTHIN3AIUsl BBIXJIOMHBIX ra30B
Y OZIHOBPEMEHHOE IPOU3BOJCTBO TEIUIA YEPE3 BOAOTPEUHBIN MU TAPOBOM KOTEJI, 10ATO-
My IIpY ONTUMaJIBHOM pexxuMe ['TY npou3BoasT 31EKTPUUECKYIO U TEIIOBYIO SHEPTHIO.

ITo xonuuecTBy BbIpabaTbiBaeMoil TerioBoii sHepruu I'TY 3HaUMTENBHO MPEBOCXO-
JISIT ra3omnopiiHeBble ycrpoicTsa (nanee ['TIY) [Smammn, Jlaganosa, 2019].

Ha ocHoBanuu (pOHIOBBIX JaHHBIX ra3oAo00bIBatOLIMX Npeanpustuii Poccun 6bu10
YCTaHOBJIEHO, YTO CPEJHUN pacXoz 3JIEKTPO3HEPruu cocTasisieT nopsaka S0 MBT Ha kax-
nple 45 nHei (1 cMeHa pabOTHUKOB — BAXTOBHMKOB). PacueTs! pOBOAMINCH UCXOS U3 1e0u-
Ta Mectoposkaerust o [THI™ 100 mMutH M? B 1oj1, a Takke pH yCIOBUM, YTO BCS TIOJTydaeMast
ANEKTPOIHEPrus OyIeT pacXoA0BaThCs Ha HYKIbl MECTOPOXKICHUS, T.€. B SKOHOMUYECKOM
000CHOBAaHMH YUUTHIBAETCS TOJIBKO CTOMMOCTD IEKTPOIHEPIUH, KOTOPYIO IEPECTAHET 10-
TPeOATh MECTOPOXKICHUE ITPU TIOSIBIICHUH COOCTBEHHOT'O UCTOUHHKA 3JIEKTPOreHepalyu.

Ha poccuiickoM pbIHKE 10CTaTOYHO OOJIBIIOM BBIOOP ra30TypOUHHBIX 3JIEKTPOCTaH-
111, KaK 0T€YEeCTBEHHOT'0, TAK U 3apyOekHOro Npou3BoAcTBa. MicXoas U3 SHEProeMKOCTH
MeCTOpOXKAeHus, nebuta u cocrasa I1HI, a Takxke ¢ yuyeToM yaaJeHHOCTH MECTOPOXK-
JICHHUs OT pa3BUTHIX ceTel MHQPACTPYKTyphl MPEINOYTeHHE B BbIOOpE 3JIEKTPOCTaH-
1M OBUTO OT/AHO OTEYECTBEHHOW MOOMIIBHOM ra30TypOMHHOM AMIEKTPOCTaHLIMU (ajee
I'T9C) «Ypan 6000» momuocteio 500 MBT1/ron, B cocTaB KOTOPOM BXOAUT 7 Ta30BBIX
TypOuH (5 OCHOBHBIX U 2 pe3epBHBIE).

ITpu BEIOOpE yCTAHOBKM JIEKTPOr€HEPALINH TAKKE OBbLI MPUHAT KOAPPHUIMEHT 3ara-
ca 20% Ha mepcrneKTUBY MOTEHIMAIBHOIO YBEJINYEHUsI 00beMa 100bIuM He(PTH, a TaKkxKe
Ha clly4yail aBapMHHBIX CUTyaluil M MOTPEOHOCTH JOMOJHUTEIbHBIX MOILIHOCTEH 3JeK-
TPOIHEPTUH.

I'TOC Oynet oTIycKaTh 3J€KTPOIHEPTHUIO /IS MOTPEOIeHUs] HA MECTOPOXKICHUH Ha-
npspkeHreM 110 kBT, Ha coOcTBeHHbIe Hyk /bl HanpsbkeHueM 11 kB u TensoByro sHep-
THIO B BUJIE ropsiueil Boibl. BeicOkOBONBTHBIE TMHMM ¢ HanpsbkeHueM 110 kBt coennns-
0T Ia30TYpOMHHYIO 3J€KTPOCTAHIUIO € MOACTAaHIMAMU Ha BaTiopckoM MecTopoX1eHUH
JUTSL ICTIONTb30BaHUs Ha cOOCTBEHHBIE HYXIbI [Bian et al., 2011].

[MOAYYEHHbIE PE3YALTATHI 1 NX OBCYKASHNE

YacoBoil pacxon momyTHOTO HeTsSHOTO raza mpu moiHoi Harpyske ['TOC «Ypan
6000» cocrasisier 12400 M3, a roqosoe — 109 mun M3, JlaHHAst SIEKTPOCTAHIIUS TOJIHO-
CTBIO 00€CIIeUnT MOTPEOHOCTh MECTOPOXKICHHS B AJIEKTPOIHEPTUU M YACTUYHO B TEILIO-
BOI1 ’Heprun. A nooeiBaemoro [THI Ha MecTOpOXKICHUH JTOCTATOYHO JJIsT pAOOTHI JICK-
TPOYCTAHOBKH Ha MOIIHOCTU 92% OT MpPOEKTHOM, Yero JAOCTATOYHO JIJIi HOPMaJIbHOU
paboThl MECTOPOXKIeHUS. B KauecTBe pe3epBHOIO TOIJIMBA MTPU HEOOXOAUMOCTH MOXKET
UCIIOJIb30BaThCs JU3EIbHOE TOIIIIUBO.

K nmmtocaM BbIOpaHHOM AIIEKTPOCTAHIIMK MOYKHO OTHECTH:

— OTCYTCTBHE HEOOXOJMMOCTH CTPOUTEIHCTBA JOMOTHUTEIBHBIX 31aHUH;
MUHHMaJIbHOE KOJIMYECTBO 0OCTYKMBAIOIIETO NIEPCOHANA;

BBICOKYIO CTEIIEHb 3aBOJICKON TOTOBHOCTH;

paboTay Kak napajuleJIbHO B CE€Th, TAK U ABTOHOMHO;
KOpoTKuit cpok okynaemoctu ['TOC — 3-5 ner;
0JI0YHO-MOJTYJIEHYIO KOHCTPYKITHIO.
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ITpu sTom st HopmanibHOM paboTsl ' TOC Tpebdyercs npeaBapuTebHas MOArOTOBKA
ITHI, xortopas 3axitoyaeTcsi B IOHWKEHUU JaBJICHUA ¢ 6 aTM. 10 4 aTM. U OYUCTKE OT
KameJbHOW BJaru ¢ ucrnosb3oBanueM annapara Ckpy0oep Bentypu. [lanHas ycraHOBKa
takke BxoauT B coctaB ['TOC «Ypan 6000». IToaromy ITHI" moxer Hanpsimyro moxa-
Barbesa HA I 'TOC ¢ JIHC.

[ToaroroBka NOMyTHOTO HEPTAHOTO T'a3a OCYILECTBIAETCS B BUJE OUMCTKH. OuncTKa
MIPOU3BOJUTCS HAa BXOZIE B KaX/IpIi Kommpeccop B puinsrpe Ckpy06depe Bentypu.

Otxopsamue raszsl ¢ ['TOC noctynaroT B CUCTEMY OYMCTKH, IZ€ MOCIEI0BATEIBHO
IIPOXOJAT YEPE3 HECKOJIBKO KOHBEKTUBHBIX 30H: MApONEPErpeBaTelIbHYI0 30HY, UCIIApHU-
TENbHYIO 30HY, SKOHOMaW3€ep U ra3oBbli nogorpesarens koHaeHcara. ['TIK mpennasHa-
YeH JUIsl CHUKEHMSI TEMIIEPATYpPhl yXOAAIMX razoB a0 45-38°C. PacueTsl 0Ka3bIBaIOT,
970 3P PEKTUBHOCTH OUMCTKH OTXOSAIIMX Ta30B HA JAHHON YCTaHOBKE COCTaBIsIeT Ooee
95%. @akTHuecKuil BBIOPOC 110 OCHOBHBIM 3arps3HSAIOIIUM BeuiecTBaM oT Tpyost ' TOC
npUBezieH B Tabnuue 2.

Ha ocHOBaHMM NOJNyYEHHBIX B pe3yjibTare pacueTa 3HAUEHUH BaJIOBBIX BHIOPOCOB
ObuIa MOCTPOEHA KapTorpadpuueckas MOJIeNIb PAaCCEMBAaHUS YTapHOTO Tra3a B MPU3EMHOM
arMocdepe, npejacTaBieHHas Ha pucyHke 2. Ha uzonunusx oroOpaxaercs kodhduiu-
€HT, PaCCUMTBIBAIOIINICS, KaK OTHOLIEHUE TEKYLIeW KOHLIEHTpAluX K HOPMaTUBHOMY
nokasarento. Takum o0pa3oM, TaHHbIN KO3((UIIMEHT MMOKa3bIBAET, BO CKOJIBKO pa3 KOH-
LEHTPALMs IPEBBIIAETCS OTHOCUTEIBHO HOPMaTHBA.

Ha pucynke 2 BUJHO, YTO KOHLIEHTpAlMsl yrapHOIO ra3a HE3HAUUTEIbHO IPEBBIILACT
HOPMATHB TOJIBKO B paguyce | KM, UTO COOTBETCTBYET PaJiyCy CAHUTAPHO-3ALUTHON 30HBI.

Tabnuua 2 / Table 2

dakTHYeCKHUil BLIOPOC 3arpsi3HAIOIINX BellecTs. / Actual emission of pollutants.

3Hauenue BbIOpoca, T/rox / Emission value, t/year

HasBanue 3arpsi3HsIOMIETO
Bewectna / Pollutant name

dakTHYeCcKHil BBIOPOC 10
BHEJIPEHHSI MEPOTIPHUSTHSI
/ Actual discharge before
the implementation of the

dakTHYecKuii BHIOPOC
1oCJIe BHEPEHHS

meponpusTus / Actual
discharge after the

implementation of the

action ;
action
Oxcenp asora / Nitrogen 499,38 22,04
oxide
Juoxcun (z;;om / Nitrogen 549,76 33,03
ioxide
Caxa / Soot 675,39 0,0
Oxcenp yriepona / Carbon 612,32 11,16
oxide
Jlwokcun ceper / sulphur 511,67 0,0
dioxide
Keneso tpuxnopun
(Kenesa xmopun) (B
TepecyeTe Ha KeIe30) 402,77 0,0

/ Tron trichloride (Iron
chloride)
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Puc. 2. Kapmoepaghuueckas mooens pacceusanus yeapro2o 2aza 6 npuzemnou ammocgepe / Fig. 2.
Cartographic model of dispersal of carbon monoxide in the surface atmosphere

[Ipu peanu3anuu JaHHOTO MPOEKTa (pakenbHAsK YCTAHOBKA MOTHOCTHIO BEIBOAUTCS U3
9KCIUTyaTallH, YTO MO3BOJISIET JOCTHYb TAKOTO 3HAYUTEIBHOTO CHIKEHHSI BRIOPOCOB 3a-
TPS3HAIONINX BemecTB B arMocdepy. OnHaxo (akenpHas ycTaHOBKA JOIDKHA OCTaBATHCS
B paboveM COCTOSIHUU Ha ciy4ail aBapuiiHO#M octaHoBKH [ TOC wim KpaTKOBPEMEHHOTO
yBenuueHus neouta [THI Ha mecTopoxxieHun.

CebecTonMOCTh Olepalii Mo yTUIM3AKUY MOIMyTHOTO He(TSHOTO Ta3a Ha ra3oTyp-
OMHHOI AIIEKTPOCTAHIIUU OIIPEEIISICTCS C OMHON CTOPOHBI — KAITMTAJIbHBIMH 3aTpaTaMH,
a C Jpyrou — 3KcIIyaTallMOHHBIMM pacxoAaMu. B kanuTanbHble 3aTpaThl BXOIAT CTOU-
MOCTb CaMOro 00OpYIOBaHHUSI U CTOMMOCTH €T0 JOCTaBKM M 3aTpaThl HA MOHTAX (CTPO-
UTEIbHO-MOHTA)XXKHbIE Pa0OThI), a B 9KCIUTyaTallMOHHBIC 3aTpaThl — 3apaboTHAs Tiara u
amMopTH3aImoHHbIe oTuncieHus [Rajovic et al., 2016].

OKymaeMoCTh IPeATIOKEHHOTO IPOEKTa OyJIET CKIIAABIBATHCS M3 SKOHOMHHU Ha 3JIEK-
TPOSHEPTUU U M3 CHUIKCHUS DKOJIOTHYECKHX TUIATEXEW 3a 3arpsisHeHue arMochepHoro
Bo3ayxa npoaykramu cxuranus [THI" Ha akenpHO#N ycTaHOBKE.

B Tabnutie 3 nmpuBeeHbI CBOIHBIC JaHHBIC TI0 PACUETY IKOJIOT0-3KOHOMUYECKOH (-
(hEeKTUBHOCTH TpEIaraeMoro mpoeKTa.

Takum 00pa3oM, UCXOASI U3 PACUETHBIX JTAaHHBIX, IPUBEJACHHBIX B TA0IHIIE, MOXKHO
c/1eaTh BBIBOJI O TOM, YTO CPOK OKYIIA€MOCTH MPEAJIOKEHHOTO IMTPOEKTa Ha MaJioM He(TsI-
HOM MECTOPOXKJIEHUH COCTABUT OKOJIO 2,5 neT. IIpu 3TOM B JaHHBIX pacyeTax HE YYUThI-
BaJIach YKOHOMHSI HAa OTCYTCTBHH HEOOXOIUMOCTH BO3BEICHHUS BHEIIHEH HHPPACTPYKTY-
PBI 2IEKTPOCHAOKEHHUS, TAK KaK BCE pacCMaTpUBAEMbIE MECTOPOXKICHHUS JICHCTBYIOINE
u uH(ppacTpykTypa Ha HUX yke copmupoBaHa. [Ipu 3TOM, eciu JaHHBIA MPOEKT BBO-
JUTh Ha MECTOPOXK/IEHNH, Ha KOTOPOM 3KCILTyaTalus TOJIbKO HAUNHAETCS, TO OTCYTCTBUE
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Tabnuya 3 / Table 3

CBOI[HbIe AAHHBbIEC 110 MPOU3BECACHHOMY 3 KOHOMHY€CKOMY
000CHOBAHHUIO NPEAJI0KEHHOT0 MeTo1a NbliienoAaBjaeHusl. /
Summary of the business case for the proposed dust suppression method.

Kanmransusie 3atparsl, $ / Capital

expenditures, $ 480000,00

DKcrTyaTannoHHble 3aTpathl, $ /

Operating costs, $ 52000,00

CokpalieHue 1iaThl 32 HeraTHBHOE
BozpeiicTeue Ha OC, ThIC. py0./TON /
Reduction of fees for negative impact on
fixed assets, thousand rubles/year

230000,00

DOKoHOMHS Ha IeKTpodHeprun / Energy

: 15500,00
Savings

He00XOJMMOCTH BO3BEJCHHS BHEIIHEH MH(PPACTPYKTYpHI AIEKTPOCHAOKEHUS MO3BOJIUT
cakoHOMHTH 0T 200000,00 $, uTO COKpaIaeT CPOK OKyIaeMOCTH BIBOE.

BbiBOADI

Yrunuzauus [THI" mytem ero cxxuranus B (hakeIbHBIX YCTAHOBKAX HA CETOTHSIITHUMA
JIEHB SIBJISIETCS OJTHOM M3 OCHOBHBIX SKOJIOTMYECKUX MPoOeM He(Tera3oBoro KOMILIEKCa
B Poccun 1 B mupe. ExxeroHo COTHM MHJUJIMOHOB TOHH 3arpsi3HSIONIMX BEIIECTB IMOMa-
naeT B arMoc(epHBIif BO3AyX B pe3yibTaTe 3TOro mpoiecca. MHOTHE U3 STUX BELIECTB
SIBJISIFOTCSI TAPHUKOBBIMU T'a3aMH, OKa3bIBAIOIIMMU HETaTUBHOE BO3/ICUCTBUE HA KJIMMAT
HallleH IJIaHETHI.

Kpome skonoruueckoro yiep6a npu cxuranuu [THIT okaspiBaeTcsi KonoccanbHBIM
SKOHOMHYECKHH yiep0 cTpanam ¢ pa3BuToi qoOsrueit Hedtu. [THI™ — aTo moTeHnmans-
HOE CBIPbE, KOTOPOE MOXKHO U HY)KHO MepepadaThiBaTh C 1IENIbIO MOTYYSHHs] MaTepHallb-
HOM NpUOBLTN U CHIYKEHHS] aHTPOMOTEHHOW HArpy3KH Ha KOMIIOHEHTHI MIPUPOIHOM Ccpe-
nel. Ha cerogHsmHuii eHb CymIecTByeT OOJNBIIOE KOJIUYECTBO CHOCOOOB YTHIIH3AIUU
ITHT, mpu »TOM B cuity onpeAeeHHBIX (aKTOPOB KaKHUE-TO U3 HUX MOTYT OKa3aTbCs IKO-
HOMHUYECKH HEIIeJIeCO00pa3HbIMHU Il KOHKPETHBIX CTPAH U MECTOPOXKICHUH.

B pamkax mpopaenaHHoON paGoThl aBTOPBI MPOBEH MOUCK ONTHMAIBHOTO CIIOco0a
yrunuzanuu [THI' Ha manbix Hedtaubix mectopoxaenusx Poccuu (medut ITHIT 100-300
MIIH M>/TOJI) ¥ €10 KOJIOT0-dKOHOMHYECKOE 000CHOBaHUE. B pesynsrare npoBeaeHHOTro
WCCIIEIOBAHMS MOXKHO CJI€TIaTh CJIEAYIOIINE BBIBOJBI.

1. Hanbonee SKOHOMHUYECKH M HKOJIOTHYECKH OOOCHOBAHHBIM CIOCOOOM YTHIIM3a-
uuu [THT, sBasercs nepepabotka [THI™ ¢ moixyyeHnem ToBapHOH MpPOIYKIIMHU, OMTHAKO B
CUIIy MHOXKECTBA (DAKTOPOB, TAKUX KaK Hepa3BUTasg HH(PPACTPYKTypa, MPUPOTHO-KINMA-
TUYECKHUE yCIIOBUS, HU3kHe o0beMbl qoOsiBaemoro [THI, nanHbIi MeTon SKOHOMUYECKT
11e71eco00pa3eH TONbKO Ui KPYIHBIX MecTopokaeHuit Hedtu (nedut [THI™ Gonee 1 mupx
M3/rox), KOTopeIx B Poccun HacuuthiBaercs He Gonee 10.

2. Haubonee sxoHOMHYECKH 1IeTeco00pa3HbiM MeTogoM ytunuzanuu [THI Ha ma-
JBIX HEPTSIHBIX MECTOPOXKICHUSX SBISCTCS AIIEKTPOreHepalus, Ipyu 3TOM Hodydaemast
AIIEKTPOIHEPTHSI PACXOIYETCS UCKIIOUUTENBHO Ha HYXXIBI MECTOPOXACHUS, 0e3 MOiy-



124 Geology and Geophysics of Russian South 10(1) 2020 T'eonorvs n reogmanka Kora Poccim

YeHUs JOMOJTHUTEIBHONW MPUOBLIH € MPOAAXKH IEKTPOIHEprun. ONTUMAIBHBIM C TOUYKH
3peHUsl TEXHUUECKOTO OCHAILEHUS SIBIIETCS UCIOIb30BAHUE B KAUECTBE arperara JeK-
TpOreHepaluy ra30TypOUHHBIX IEKTPOCTAHIUH, TaK KaK OHU HanOoJiee HEMPUXOTIUBbI
K kauecTBy ITHI, nmeror 6104HO-MOAYIbHYIO (TMIEPEIBMKHYI0) KOHCTPYKLHUIO, a TaKXkKe
IIMPOKO MPEACTABIICHBI HA PHIHKE.

3. DKOJIOTMYECKHUE pacueThl NOKAa3aIM, YTO IIPHU PeAIN3aALNN IPEIJIOKEHHOTO METO/1A
yrunuzauuu [THI" BEIOpockl B atMocdepy Ha MECTOPOXKICHUN CHUXKAIOTCS C THICAY TOHH
B I'0J] 1O HECKOJIBKUX JIECATKOB TOHH B I'OJl, YTO 3HAUYUTENBHO YIIy4IIA€T COCTOSTHUE OKPY-
YKaOUIEH MPUPOIHOM CPEeibl U CHUKAECT HEraTUBHOE BO3/ICHCTBUE HA JKUBBIE OPTaHU3MbI
BOJIM3M MECTOPOXKJICHHS.

4. DxoHOMHUYECKOE 000CHOBaHHE NMPOEKTA [TOKA3aJI0, YTO PU KAIUTAIBHBIX 3aTparax
4yTh MEHEe MMOJYMHJUIMOHA JJOJIJIApOB M AKCILTyaTallHOHHBIX 3aTparax okono 50000,00 $
B I'OZl CPOK OKYIaeMOCTH JJAHHOTO MPOEKTa COCTABUT OKOJIO 2,5 JIET s SKCIUlyaTupye-
MOTro MecTOopoXkaAeHN. OCHOBHBIMU SKOHOMHYECKUMHU MTOKA3aTENIIMU SIBJISIFOTCS KOHO-
MU Ha 9KOJIOTHYECKUX TUIaTeXax 3a 3arps3HeHne armocdepHoro Bozayxa (230000,00 $
B TOJ]) ¥ 9KOHOMHS Ha 31ekTpodHeprun (okoio 15000,00$ B roxn).

5. Ilpu 3TOM ecin paccMmarpuBaTh BHEJPEHHUE JAaHHOIO METOAA HAa BHOBb CO37aBa-
€MOM MECTOPOXKJIEHHUHU, TO OTCYTCTBHE HEOOXOAMMOCTH BO3BEJCHMS BHELIHeH HH(ppa-
CTPYKTYPHI 3JIEKTPOCHAOKEHHS 1103BOSUT c3koHOMHTH OT 200000,00 $. B Takom ciyuae
CPOK OKYIaeMOCTH MPOEKTa MOXKET COCTABUTh HEMHOTUM OOJIbIIIE TO/a.

Bce matepuaisl, mpeicTaBIeHHbBIE B CTAaThe, TOTYYEHbI PACUETHBIM ITyTEM, a anpoda-
11 TIOJYYEHHBIX PACUETHBIM IIyTEM 3HAUYEHUN M SKCIEPUMEHTAIBHOE MOITBEP)KICHUE
OyZIeT SBJIATHCS CIEIYIOIMM 3TalloM JaHHON paboThl.

AntepaTypa

1. bapkan M.C., Kopues A. B. [lepcrieKTHBBI HCIIOIB30BaHUS MOy THOTO HE(TIHOTO Ta3a B
KaueCTBE PHEPreTHUIECKOTO MPOAYKTa. // MexXIIyHapoIHbIH KypHAJ SHEPreTHIECKOH SKOHOMUKU
u onutuku. — 2017. — Ne7 (2). — C. 374-383.

2. Bonkomaesa M.B., Kucenesa A.B. O pa3paboTke CHCTEMBI SKOJOTHUECKOTO MOHHUTO-
puHTa KadectBa arMocgepHoro Bo3ayxa. // Kypuan ['oproro unctutyTta. — 2017. — Ne227. — C.
589-596.

3. Hposnos A.H. YTunuzaius nomyTHOTO HE(TSIHOTO ra3a ¢ HCIOJIb30BaHUEM CYIIIECTBYIO-
1iei mpoMeIciioBol uHGpacTpykTypsl. // Hedrsanoe xo3stictBo — HedTsiHas mMpOMBINUIEHHOCTb. —
2014. — Ned. — C. 74-77.

4. Kopobosa O.C., TkaueBa A.C. DKOIOTHUECKUE aCTIEKThI IIEMEHTHOTO MPOU3BOACTBA. //
Topusriii nHpOpManMOHHO-aHATUTHYECKHH OtoieTeHb. — 2016. — Ne7. — C. 42-47.

5. Kyxaesa A., bepnunckuii Y. Bavsinue HeQTSHOTO 3arps3HEHUS HA OKPYKAIOIIYIO CPEI.
// MexnaynapoaHasi MHOTONpO(HIIbHAS HAaydHas! TEOKOH(EPEHIMS TEOAe3Hs U YIpaBICHHE TOp-
HoH sxoorun, SGEM. —2018. — 18 (5.1). — C. 313-320.

6. Kyxaesa A., [xeara H. OcobeHHOCTH CTpYKTYpHOU opranuzanuu HedtH. // XKypHan
WH)KEHEPHBIX U MpUKIaaHbIX Hayk. —2017. — Nel2 (13). — C. 4157-4166.

7. Jleymesa E.JI., Mopenos B. A. KomOuHupoBaHHasi cuctemMa 31eKTpocHaOKeHusT He(Ts-
HBIX MECTOPOXKICHHUH C HCIIONIB30BaHUEM HE(TAHOTO ra3a B KauecTBe dHeproHocutens. // Heds-
HOe X03s11icTBO — Hed1sinast mpompinuieHHOCTh. — 2015. — Ned. — C. 96-100.

8. JlutBunenko B.C., Ko3nos A.B., CrenanoB B. A. YrneBonopoaHbslii MOTEHITHAT Ypalio-
AdpHUKaHCKOTO TPaHCKOHTHHEHTAILHOTO HedTera3oHocHoro mnosica. // XypHan pa3Benku u Jio-
obrun HeTu. — 2017. — Ne7 (1). — C. 1-9.

9. CewmsukoB A.MU., Cnakosckas 10.O., [Toyeuyn B. A. Merojonoruueckne 0COOCHHOCTH
OLIEHKH PKOHOMHUYECKOTO yliepOa OoT HeOIaronpHATHBIX SKOJIOTUYECKHUX TOCIEACTBUI B YCIIO-



Geology and Geophysics of Russian South 10(1) 2020 ['eonorvs n reopuanka fOra Poccnt - 125

BUSIX TEPPUTOPUI C PA3BUTHIM TOPHONPOMBIIIJICHHBIM KOMILIEKCOM. // DKOJIOTHUS ¥ IPOMBIIIICH-
HocTh Poccun. — 2018. — Ne22 (4). — C. 46-51.

10. Crpmwxenok A.B., Kopenbckuii [I. C. OnieHka u CHIKEHHE BRIOPOCOB MeTaHa MPH IIa-
HOBBIX M PEMOHTHBIX OTKJIIOUYEHHUSIX T'a30KOMIPECCOPHBIX arperaros. // XKypHai skomormgeckon
nmxeHepun. — 2019. — Ne20 (1). — C. 46-51.

11. Typbako M. C., KoxxeBnukoB E. B. Y Tunu3zanus nonyTHOro HeTsiHOro ra3a Ha HeOOJb-
mux MecTopoxaeHusx. // Hedrsanoe xo3siicrBo — Hedrsinast npoMeinuieHHOCTh. — 2013, — Ne§. —
C. 118-120.

12. Typbako M. C., KoxxeBuuxos E.B., Pabokons E.Il., Uepnsimos C.E. OcHoBHbIE Ha-
MpaBJIeHUs] YTHIM3alUU MOMyTHOro Tasa. // HedtsHoe xo3siictBo — HedTsiHas mpombliuieH-
HOCTh. — 2012. — Nell. — C. 130-132.

13. Simamkun C. A., Jlaganosa E. O. Pa3pabotka srddekTuBHOTO MeTOMa KIacCUMUKAIINA 1
KapTorpaMpOBaHUs TEOIKOJIOTHIECKUX MPOLIECCOB C UCTIOIb30BAHUEM CITyTHUKOBBIX CHUMKOB.
// Tloctynar. — 2019. — Ne2 (40). — C. 27.

14. Bian H., Xu W, Li X., Qian Y. A novel process for natural gas liquids recovery from oil
field associated gas with liquefied natural gas cryogenic energy utilization. / Chinese Journal of
Chemical Engineering. —2011. — No. 19 (3). — Pp. 452-461.

15. Nannarone A., Klein S. A. Start-Up Optimization of a CCGT Power Station Using Model-
Based Gas Turbine Control. // Journal of Engineering for Gas Turbines and Power. —2019. — No.
141 (4). —2019. — article number 041018.

16. Rajovi¢ V., Kiss F., Maravi¢ N., Bera O. Environmental flows and life cycle assessment
of associated petroleum gas utilization via combined heat and power plants and heat boilers at oil
fields. // Energy Conversion and Management. —2016. — No. 118. — Pp. 96-104.

17. Semyachkov A.l., Slawikowskaja Y.O., Pochechun V.A. Methodological features of
the assessment of economic damage from adverse environmental consequences in conditions of
territories with a developed mining complex. // Ecology and Industry of Russia. —2018. — No. 22
(4). — Pp. 46-51.

18. Seward A., Ashraf S., Reeves R., Bromley C. Improved environmental monitoring of
surface geothermal features through comparisons of thermal infrared, satellite remote sensing and
terrestrial calorimetry. // Geothermics. —2018. — No. 73. — Pp. 60-73.

19. Vanadzina E., Gore O., Viljainen S., Tynkkynen V. P. Electricity production as an effective
solution for associated petroleum gas utilization in the reformed Russian electricity market.
/I International Conference on the European Energy Market. EEM. — 2015. — Article number
7216626.

20. Wang Q., Liu S. Research and implementation of national environmental remote sensing
monitoring system. Yaogan Xuebao. // Journal of Remote Sensing. — 2016. — No. 20 (5). — Pp.
1161-1169.

21. Welch M. Selection criteria for power generation systems to minimise environmental
impact. // Society of Petroleum Engineers — SPE Heavy and Extra Heavy Oil Conference. —
2014. — Pp. 845-856.

References

1. Barkan M.S., Kornev A.V. Prospects for the use of associated gas of oil development
as energy product. International Journal of Energy Economics and Policy. 2017. No. 7 (2). pp.
374-383. (In Russ.)

2. Volkodaeva M. V., Kiselev A.V. On the development of the system for environmental
monitoring of atmospheric air quality. Journal of Mining Institute. 2017. No. 227. pp. 589-596.
(In Russ.)

3. Drozdov A.N. Utilization of associated petroleum gas with using of existing field
infrastructure. Neftyanoe khozyaystvo — Oil Industry. 2014. No. 4. pp. 74-77. (In Russ.)



126  Geology and Geophysics of Russian South 10(1) 2020 T'eonorvs n reogmanka Kora Poccim

4. Korobova O.8S., Tkacheva A.S. Environmental aspects of cement production. Mountain
Information and Analytical Bulletin. 2016. No. 7. pp. 42-47. (In Russ.)

5. Kuzhaeva A., Berlinskii 1. Effects of oil pollution on the environment. International
Multidisciplinary Scientific GeoConference Surveying Geology and Mining Ecology Management,
SGEM. 2018. No. 18 (5.1). pp. 313-320. (In Russ.)

6. Kuzhaeva A., Dzhevaga N. Particulars of oil structural organization. ARPN Journal of
Engineering and Applied Sciences. 2017. No. 12 (13). pp. 4157-4166. (In Russ.)

7. LeushevaE.L., Morenov V.A. Combined oilfield power supplying system with petroleum
gas utilization as an energy carrier. Neftyanoe khozyaystvo — Oil Industry. 2015. No. 4. pp. 96-100.
(In Russ.)

8. Litvinenko V.S., Kozlov A. V., Stepanov V. A. Hydrocarbon potential of the Ural — African
transcontinental oil and gas belt. Journal of Petroleum Exploration and Production Technology.
2017. No. 7 (1). pp. 1-9. (In Russ.)

9. Semyachkov A.l., Slawikowskaja Y.O., Pochechun V.A. Methodological features of
the assessment of economic damage from adverse environmental consequences in conditions of
territories with a developed mining complex. Ecology and Industry of Russia. 2018. No. 22 (4).
pp- 46-51. (In Russ.)

10. Strizhenok A. V., Korelskiy D. S. Estimation and Reduction of Methane Emissions at the
Scheduled and Repair Outages of Gas-Compressor Units. Journal of Ecological Engineering.
2019. No. 20 (1). pp. 46-51. (In Russ.)

11. Turbakov M. S., Kozhevnikov E. V. Utilization of associated petroleum gas at small fields.
Neftyanoe khozyaystvo — Oil Industry. 2013. No. 8. pp. 118-120. (In Russ.)

12. Turbakov M.S., Kozhevnikov E.V., Ryabokon E.P., Chernyshov S.E. The main
directions of the associated gas utilization. Neftyanoe khozyaystvo — Oil Industry. 2012. No. 11.
pp- 130-132. (In Russ.)

13. Yamashkin S.A., Ladanova E.O. Development of an effective method of classification
and mapping of geoecological processes using satellite images. Postulate. 2019. No. 2 (40).
pp- 27. (In Russ.)

14. Bian H., Xu W,, Li X., Qian Y. A novel process for natural gas liquids recovery from oil
field associated gas with liquefied natural gas cryogenic energy utilization. Chinese Journal of
Chemical Engineering. 2011. No. 19 (3). pp. 452-461.

15. Nannarone A., Klein S. A. Start-Up Optimization of a CCGT Power Station Using Model-
Based Gas Turbine Control. Journal of Engineering for Gas Turbines and Power. 2019. No. 141
(4). Article number 041018.

16. Rajovi¢ V., Kiss F., Maravi¢ N., Bera O. Environmental flows and life cycle assessment
of associated petroleum gas utilization via combined heat and power plants and heat boilers at oil
fields. Energy Conversion and Management. 2016. No. 118. pp. 96-104.

17. Semyachkov A.I., Slawikowskaja Y.O., Pochechun V.A. Methodological features of
the assessment of economic damage from adverse environmental consequences in conditions of
territories with a developed mining complex. Ecology and Industry of Russia. 2018. No. 22 (4).
pp. 46-51.

18. Seward A., Ashraf S., Reeves R., Bromley C. Improved environmental monitoring of
surface geothermal features through comparisons of thermal infrared, satellite remote sensing and
terrestrial calorimetry. Geothermics. 2018. No. 73. pp. 60-73.

19. Vanadzina E., Gore O., Viljainen S., Tynkkynen, V. P. Electricity production as an effective
solution for associated petroleum gas utilization in the reformed Russian electricity market.
International Conference on the European Energy Market. EEM. 2015. Article number 7216626.

20. Wang Q., Liu S. Research and implementation of national environmental remote sensing
monitoring system. Yaogan Xuebao. Journal of Remote Sensing. 2016. No. 20 (5). pp. 1161-1169.

21. Welch M. Selection criteria for power generation systems to minimise environmental
impact. Society of Petroleum Engineers — SPE Heavy and Extra Heavy Oil Conference. 2014.
pp. 845-856.



Geology and Geophysics of Russian South 10(1) 2020 ['eonorvs n reopuanka fOra Poccnt 127

FEOTEXHOJIOIMA. TEOMEXAHNKA

VK 504.55.054:622 (470.6)
DOI: 10.23671/VNC.2020.1.59070

OpurmnHanbHas ctaTbsa

YNpOBAEHME TEOMEXAHUKOM MACCKUBA MYTEM
onTMMMmM3aun TEXHOAOT NN pOSpCI6OTKVI

B.U.Tonuk'>, O.T. bypasueBa'”, b.B. [13epaHoB

leomanyeckmii MIHCTUTYT BnagmMkaBka3ckoro Hay4Horo ueHTpa Poccuinckon akagemmm Hayk,
yn. MapkoBa, 93a, r. Bnagnkaskas 362002, Poccus, e-mail: v.i.golik@mail.ru;

Crartss nocrynuna: 12.02.2020, nocne peuerauposanus: 19.03.2020, npuHsita k nybankaumn: 21.03.2020

Pe3stome: AKTYanbHOCTb CTaTbl 0OBLACHAETCA HEOOXOAMMOCTb MOMCKA HOBbLIX PECYPCOB MOBbILLIEHUE -
(PeKTUBHOCTN MCMOSb30BAHMS HEAP, B TOM YWCNE, 3a CYET PaLMOHANIBHOr0 UCMNOJSIb30BAHMSA FeOMeXaHNYecKnx
0CO6EHHOCTEN CKanbHbIX MAaCCUBOB NPU TEXHOrEHHOM BO3AECTBAM HA HUX U MeXaHW3Ma B3auMOAECTBNA No-
PO, CrararLmx MacCuBbl CKalbHbIX MeCTOPOXAeHNA. 06bEKTOM UCCNef0BaHUA CNyXXaT CTPYKTYPHO Hanps-
)KEHHble CKasibHble MaccuBbl CafoHCKOro pyaHoro y3na. Lienbio uccnepaoBaHnin ABNSeTCA OLeHKA NepcrexkTus
TEXHONOrMA pa3paboTKu MEeCTOPOXIEHWA NPU OCBOEHUM 3anNacOB B YCNOBUAX TEXHOreHHOM 0CNabneHHOCTM
maccusoB. MeToabl peLleHns 0CHOBHOM 3aa4u UccrnefoBanHus 06pasytoT co60i KOMNEKC, B TOM YUChe, CUCTe-
MaTu3aums CBA3aHHbIX C yNpaBieHMeM MacCUBOM CBeJieHWI, pa3paboTka Kputepues 3GHeKTUBHOCTI A06bIYY
PYy4 M (hopMUpOBaHME KOHLENUMU pecypcocOeperatoLLeil TeXHONOrum paspaboTkn MecTopoxaeHuin. Pesynb-
TaTbl U 06¢cyXAeHne pesynbTaTtoB. CHopMynuUPOBaHA KOHLENUUS TEXHONOMU pa3paboTKm MeCTOPOXAEHNI Ha
OCHOBE METO[IOB YNpaB/eHUs COCTOSIHUEM MAcCuBa NyTeM Ha3HayeHWs ONTUMAIbHOrO YPOBHS HaNPsXKeHWil,
hopmMmMpyeMbIX COBOKYMHOCTbIO CEACMOTEKTOHUYECKNX BO3AEACTBUA U TEXHOTEHHOW CeMCMUYHOCTU. [daHa Tu-
nu3auns MeToA0B pacyeTa yCTOMYMBLIX NPOSIETOB BbIPab0TOK. [pUBeAeHbI NPUMEPbI PeLeHns FOPHOTEXHUYe-
CKMX 3a[ja4 peKOMeHyeMbIMWU MeToamu pacyera. [peanoxeHa cxema-anroputm B3auMoieAcTBMa napameTpoB
ynpasneHus maccusom. OnpefieNeHo, YTo NepcrnekTUBbl TEXHONOMUIA paspaboTkn MecTopoxaeHnit CafoHCKom
rpynnbl CBA3aHbI C peanusaunen KOHUenuuy ynpasneHus Maccueamu nopos nyTem perynmpoBaHns BeIMYMHbI
HanpsXXeHuit. [lokasaHo, 4To y4eT reoMexaHunyeckux (DakTopoB NO3BOAET HA BCEX CTaAMAX 0TPABOTKN MECTO-
POXAEHUS KOPPEKTMPOBATL NapameTpbl Pa3paboTKn C NOBbILIEHUEM Ka4ecTBa [06bIBAEMbIX PYL W YMEHbLLEHN-
€M 0MacHoCTW 415 paboTatoLmx. B aTUX yCNoBUAX YAOBNETBOPUTENbHbIE NOKA3aTeNIn MOryT 6bITb 06eCneyeHsbl
TONbKO Ha NepBOI CTaguu paspaboTKu Npu BblIEMKE NepBMYHbIX KaMmep. OTpaboTka LieSIMKOB BO BTOPYHO CTaamto
YBENNYNBALT HANPSHKEHUS [0 KPUTUYECKOrO COCTOSHUS, YTO COMPOBOXAAETCSA NOTEpPeil 3anacoB UM CHUKEHU-
€M Ka4eCTBa Py A0 YObITOUYHbIX NPesienoB KOHAMLNIA. PeKoMeHI0BaHO 0TPaBbOTKY HOBbIX 3aMacoB U JOPaboTKy
UMEHOLLMXCS 3anacoB OCYLLECTBNATL MO0 KOMOUHUPOBAHHON CXeMe: LieHHbIe Py/bl C 3aKNaAKOM TEXHOMOrMYECKMX
NycTOT TBEPAELIOLMMU CMECAMU, PYLbl C MEHBLIMM COLlepXKaHUeM METansoB — BbiLLeSla4MBaHUEM C UCMOSb30-
BaHWEM XBOCTOB MOJA3EMHOr0 BbllLenaYnmBaHns 419 ynpaBneHus HanpsHXKeHUsSMI, a BbILLESI0YeHHbIE PYabl Bbl-
MOJSTHAOT UCKYCCTBEHHbIX LENNKOB, Nepepacnpenenss TEXHOreHHble U NPUPOJHbIE HANPSXKEHMS.

KnioueBble cnoea: nojseMHas pas3paboTka, MacCuB MOPOJ, HaNPsXeHus, BbllLenaynuBaHne MeTansoB
ynpasneHne COCTOAHNEM MaccuBa.
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Abstract: The relevance of the article is explained by the need to search for new resources to increase
the efficiency of subsoil use, including due to the rational use of geomechanical features of rock massifs
with anthropogenic impact on them and the mechanism of interaction of rocks composing rock massifs. The
object of study is the structurally stressed rock massifs of the Sadon ore cluster. The aim of the research is to
assess the prospects of field development technologies during the development of reserves in conditions of
technogenic weakening of arrays. Methods for solving the main research problem form a complex, including
the systematization of information related to managing the array, the development of criteria for the efficiency
of ore mining and the formation of the concept of resource-saving technology for developing deposits. Results
and discussion of results. The concept of field development technology is formulated on the basis of methods
for controlling the state of an array by assigning the optimal level of stresses generated by a combination of
seismotectonic impacts and technogenic seismicity. Typification of methods for calculating stable spans of
workings is given. Examples of solving mining problems with the recommended calculation methods are given.
An algorithm-algorithm for the interaction of array control parameters is proposed. It was determined that the
prospects for the development of deposits in the Sadon Group are related to the implementation of the concept
of managing rock masses by regulating stresses. It is proved that taking geomechanical factors into account
allows at all stages of field development to adjust development parameters with an increase in the quality of
mined ores and a decrease in the hazard for workers. Under these conditions, satisfactory performance can
only be achieved at the first stage of development when the primary chambers are removed. The development
of pillars in the second stage increases stresses to a critical state, which is accompanied by a loss of reserves
or a decrease in the quality of ores to unprofitable limits. It was recommended that the development of new
reserves and the refinement of existing reserves be carried out according to a combined scheme: valuable
ores with the laying of technological voids with hardening mixtures, ores with a lower metal content — leaching
using underground leaching tails to control stresses, and leached ores perform artificial pillars, redistributing
technogenic and natural stresses.

Keywords: Underground mining, rock mass, stress, metal leaching, mass state control.

For citation: Golik V. 1., Burdzieva 0. G., Dzeranov B. V., Dmitrak Yu.V. Management of massif geomechanics
through optimization of development technologies. Geologiya | Geofizika Yuga Rossii = Geology and Geophysics
of Russian South. (in Russ.). 2020. 10 (1): 127-137. DOI: 10.23671/VNC.2020.1.59070.

BesepeHve

BakHBIM aCIIEeKTOM TOPHOTO MIPOU3BOJICTBA SBIISCTCS OIEHKA TECOMEXaHUIECKHUX 0CO-
OCHHOCTEH CKaJbHBIX MACCHUBOB ITPH TEXHOTCHHOM BO3JICHCTBUH Ha HUX. [lepCrieKTHBEI
Pa3BHUTHS TEXHOJIOTHI Pa3pabOTKH ¢ yUETOM MEXaHU3Ma B3aMMOJICHCTBHS TTOPOJI, cllara-
FOIIUX MACCHBBI CKaJbHBIX MECTOPOXICHUM, TIPEICTABISIIOT COO0H aKTyaJdbHYIO ITPO-
651eMy COBPEMEHHOT'O TOPHOTO MTPOU3BOICTBA.
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KommuiekcHOoe HeraTMBHOE BO3/IEMCTBHE TOPHOIO MPOM3BOJCTBA HA OKPYKAIOIIYIO
Cpely Ha BCEX JTamax pa3padOTKH MECTOPOXKICHUS yCUIIUBAETCS BCIEICTBUE U3MEHE-
HUs reorpaduu MECTOPOXKICHH, COKpAIllEHUsI TOCYAapCTBEHHOW MOIEPKKU B YCIOBU-
SIX phIHKA U KpHU3Kca mpoussozacTsa [EMenssanenko, 2011; Menbskos u n1p., 2010; Csanosa
u ap., 2019].

B HanpsbKkeHHBIX MaccHUBaX I'paBUTAI[MOHHBbIE U TEKTOHUYECKUE CUJIbl 3aBUCAT OT
nerporpaUyecKkux U CTPYKTYPHBIX HEOIHOPOIHOCTEH, TOPU3OHTAIBHBIE HAMPSIKECHUS
B MacCHBaXx IPEBBIIIAIOT BEPTUKAJIbHbIE, BEPTUKAJIbHbIE HANIPSHKEHUS! HE BCErJa MOAYU-
HSIOTCS T€0CTAaTHUECKOMY 3aKOHY paclpe/iesieH s, BeIMYMHA HAPSDKEHUH ¢ TITyOHHOM, B
o011eM, BO3pacTaeT, HO KOPPESIIAY MOJJIEKUT HE BCET/a.

Haubonee nepcrnekTUBHO HapaBieHUE ONTUMU3AIMH TEXHOIOTUYECKUX MPOIIECCOB
TOPHOTO MPOU3BOACTBA MO (PaKTOPY YIPABICHUS TEOMEXaHUKOW PyJOBMEIIAIONINX Mac-
CHBOB ITyTEM BbIIIIEJIAYUBAHUS METAJUIOB U3 Py U YTUIU3ALMHU OTXO/I0B TOPHOTO MPOU3-
BOJICTBA MOCJIE€ U3BIICUCHHUS U3 HUX MOJIE3HBIX KOMIOHEHTOB [[onuk u np., 2015; Golik et
al., 2015a; Golik, Lukyanov, 2013].

Hanpapnenue BrirouaeT B ce0si KOMITOHEHTHI:

— MUHUMU3ALIMS KOTUYE€CTBA U HOMEHKIIATYPbl OTXO/IOB JOOBIYH U MEepepadOTKHU MO-
JIE3HBIX UCKOMAEMBbIX;

— IyOOKO€ M3BJICUCHHE METAJNIOB M3 XBOCTOB JIOOBIYM U MepepaboTKU MUHEpab-
HOTO CBHIPbsI TTyTE€M YBEIHUYEHUSI SHEPTOBOOPYKEHHOCTH MPOIIECCOB KOMOMHUPOBAHHOTO
XUMHUYECKOTO 000TaIlEHUs U UX MEXaHUYECKON aKTHBAIIUH.

Llenb

Lenbro nMccnenoBaHUM SIBISECTCS OLEHKA TMEPCIIEKTUB TEXHOJIOTHH pa3paboTKu Me-
CTOpO)KZ[CHI/II;'I CaI[OHCKOf/'I rpynmnbl IpU OCBOCHHUU AKTHBHBIX 3al1aCOB B YCJIOBUAX NCKOH-
[IEHTpaIMX BEIPA0OTOK M TEXHOTCHHOM ocabieHHoCcTH MaccBOB. CBepXx3aiaueii ucciue-
JIOBaHUS SIBIISIETCS Pa3pabOTKAaKOPPEKTHOTO MEXaHM3Ma YIIPABJICHUS B3aUMOCHCTBUEM
CJIararoInX MaCcCUBBI ITOPOJ IIyTEM PETYINPOBAHUS BEIUYMHBI HAIIPSIKECHUHN B PYIOBME-
IAIOIIUX MACCUBAX.

MeTtoanKa

Ilenb nocTuraercs peleHueM KOMIUIEKca 3a/1ad, B TOM YHCIie, CHCTeMaTH3allus CBe-
JIEHUW O PUYUHAX TIOTEPh METAJUIOB, pa3padoTka KpuTepueB d3HPEKTUBHOCTH AOOBIYH
pya u bopMupoBaHue KOHIENIUHN PUPOAOOXPAHHOM U pecypcocOeperaroiieii TeXHOI0-
UM pa3paboTKu MecTopoxaeHui Ha 6a3ze CaJOHCKOro pyIHOTro Mmosca, a TaKke paspa-
00TKa METOOB re0(U3NIECKOr0 KOHTPOJISI TOPHOTO MPOU3BOACTBA ¢ nuddepeHImanuei
M0 BUJAM TEXHOJOTMYECKHX mpoleccoB [Amurpak u ap., 2006; Yoruaes u np., 2018;
[lemnenes u mp., 2017; Burdzieva et al., 2015].

Pe3yAbTaAThl U X OBCYXKAEHMNE

OnTumMu3anus TEXHOJIOTUN OCBOEHHS CKaJIbHBIX MECTOPOXKIECHUN PYI U yCTaHOBJIE-
HUE 3aKOHOMEPHOCTEW B3aUMOJEUCTBUS NPUPOAHBIX U TEXHUUECKUX CUCTEM HAa MECTO-
poxaeHusax CaJOHCKOrO PYIHOIO y3j1a OCYIIECTBIISETCS MO0 KPUTEPUIO TIOJTHOTHI U 6e3-
OTACHOCTHU HCIIOJIb30BaHUS HEJP C UCIOJIb30BAHUEM (PU3HKO-MATEMaTHYECKON MOAEIH
B3aUMOZAEUCTBHSI IPUPOIHBIX U TEXHUYECKUX CUCTEM.

KoHnuenuus npupofooxpaHHoi U pecypcocOeperarooneil TeXHOIOTuu pa3paboTKu
MecTopokaeHn CaJOHCKOTo pyJHOTO Iosica MpelyCMaTpUBAET YIIPaBICHUE COCTOSHU-
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€M MaccHBa IIyTeM Ha3HAuUEHUs ONTUMAJIbHOTO YPOBHS HAPSYKEHUI C HE IPEBBILLIEHUEM
KPUTUYECKUX 3HaueHUM, GOpMUPYEMBIX COBOKYIMHOCTHIO CEHCMOTEKTOHMYECKHX BO3-
JIEUCTBUI U TEXHOI'€HHOU CECMUYHOCTH.

OrneHka CEHCMMYHOCTH U HAaIpsHKEHHO-1e(OPMUPOBAHHOIO COCTOSIHUS MaccHBa
OCYUIECTBIISIOTCS JIIsl KOHKPETHBIX F€OTEXHUYECKUX YCIOBUH C MPUBJICYEHUEM METO/I0B
YHUCIEHHOTO MOJIEIMPOBaHUs CUCTEMBI LIEJIMKOB U OYUCTHBIX Kamep. MeTox paccmarpu-
BaeT KOHTMHYYM KaK COBOKYITHOCTb JUCKPETHBIX 3JIEMEHTOB, IPaHULIbI KOTOPBIX OIpe/ie-
JISIFOTCS Y3JIOBBIMH TOYKaMHU, YTO IT03BOJISIET ONUCHIBATh PEAKIUIO0 KOHTUHYYyMa Ha BHEIII-
HEE BO3JEHCTBUE IBUIKEHUEM Y3JIOBBIX TOUEK.

[Ipobnema paspymieHus MPUPOAHBIX JAHAMAPTOB B 30HE JESATEIBHOCTH TOPHOTO
IPOM3BOACTBACTAHOBUTCS Bce Oosee akTyallbHOW, 0COOEHHO JJIsi TOPHBIX JaHIadTOB
CesepHoro KaBkaza ¢ BOpOHKaMH MPOBAJIOB U OTBaJaMH OTXO/0B MepepadOTKH pyx Ha
TEPPACHBIX YYacTKaX U B JOJIHMHAX TOPHBIX PEK.

ITpu pazpabotke paboueil JOKyMEHTAlMK apaMeTphl YIIPABICHHUS HEPEIKO MacCu-
BOM 3aBBIIIAIOT B CTOPOHY YBEJIWYEHUS O€30IIaCHOCTH, YTO YBEJIUUYHUBAET [IOTEPU B LIEIIH-
Kax ¥ pa3yOOKMBaHUE Py/bl MOPOJAMH. ITO MPOUCXOIUT €IlIe ¥ TOTOMY, UTO PacyeThl He
YUUTBHIBAIOT BIUSHUS AMHAMUYECKHUX HaMpsSKEHUIH TEXHOT€HHOTO XapaKTepa.

W3BnedyeHue pyapl U3 HEAP NPOUCXOAMUT B YCIOBHSAX HENOCTATOYHON M3YyUYEHHOCTH
COCTOSIHUSI MacCUBa, NOABEP)KEHHOIO CyMMapHOMY BO3J€HCTBHIO NPUPOAHBIX (TEKTOHU-
Ka, [PaBUTAaLMs, MarMaTu3M, CECMUYHOCTb) U TEXHOT'€HHBIX (TOPHBIE BHIPAOOTKH, TEX-
HOJIOTMYECKHUE B3PbIBBI, BUOpALIMN) MTOJICH HANPSKESHUH.

YBenuueHue ryOrHbI TOPHBIX Pa0OT 1 00bEMOB BBIEMKH MUHEPAJIOB B CEHCMUYECKH
AKTUBHBIX palioHaX yCUIMBAIOT CTATUYECKOE U JUHAMUYECKOE BO3/IEHCTBUE HA FeoMeXa-
HUYECKHUE CHCTEMBI, UTO OOBACHSAET HEOOXOAUMOCTh yueTa CEHCMUUECKONH COCTaBIISIO-
1IeH, B TOM YUCJIE TEXHOTEHHOIO XapaKTepa.

CelicMMYHOCTh pa3pabaThIBAEMOI0 y4yacTKa OOYCIIOBJIEHA YpPOBHEM TI'€OAMHAMU-
YECKOW aKTMBHOCTU TEPPUTOPUU U JINTOJOTUUYECKUMHU U TEKTOHHUECKHUMH YCIOBUSIMU
(hopMHpOBaHUS MACCUBOB U MPOUCXO/AIINX B HUX IporieccoB. Pyasr CaoHCKHX MecTo-
POXACHUN 3aJIeTal0T B HEOJHOPOIHBIX CKaJIbHBIX MACCHUBAX, YTO IO3BOJISIET BBIJCIINTH
UX B TPYIIY CIOXKHOCTPYKTYPHbIX. OCOOEHHOCTbIO MECTOPOKICHUM, onpeaenstomeit
COCTOSIHUE MX MAaCCUBOB, SIBJISIETCS MPUMEHEHHE CUCTEM Pa3pabOTKH C OTKPBITHIM BbI-
paboTaHHBIM TPOCTPAHCTBOM.

[Tpu pa3paboTke MeCTOPOXKICHUN pa3yOoXUBaHUE Py opoaaMu aocturano 60 %,
a notepu pya 6butn He MeHee 20 %. [Ipu nooObrue B nenukax tepsiiu a0 40% 3anacos
pyabl, a mpu oboramieHuu ee — 10 30% merannos. Boponku o0pyiieHust J0CTUT AN
36MHOM IIOBEPXHOCTH.

Jliig pa3paOOTKH MECTOPOXKIEHUI XapaKTepHbI 0011[1e 3aKOHOMEPHOCTH:
HapyleHHe TPUPOJAHOTO PABHOBECHS C JEKOHILIEHTPALIMEH BEIEMOUHBIX paboT;

— yBEJIMYEHUE MOTePh U Pa3yOOKUBaHUA PyJ IPH UHTEHCU(UKALIUK paldoT;

— BBIOOpOYHAs BBIEMKA Pa3HOCOPTHBIX Py IIPU U3MEHEHUU KOHJIUIUHI Ha pyLy;

— aKTUBU3ALMs pa3pylleHUs] MACCHBA C YBEIMUYCHUEM IITyOMHBI pa3paboToK.

[Tons HanpspxkeHU U Aedopmaliii B MacCcuBax Moposl SABJSIOTCS pPe3yJIbTaToOM CI0XK-
HOTO B3aMMOJICHCTBUSA MOJIeH, (POPMHUPYIOLIUXCS MO BIUSHUEM TEXHOTCHHBIX U PUPO/I-
HBIX (DAKTOPOB.

Pe3ynprarel MHCTPYMEHTAJIBHBIX UCCIIEIOBAHUI MAaCCUBOB CBOASTCS K CIIEAYIOLEMY:

— IOKa3aTeJIUTEXHOIOTMUI00BIYH PYA3aBUCAT OT BEIMUUHBI HAIPSDKCHUIH;

— NPUMEHEHHE TUCKPETHBIXMATEPHAIOB HE obOecreurBaeT HEOoOXOAUMOIrO YPOBHS
YIPaBICHUS HAPSHKEHUSIMU;
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— S(I)(I)eKTI/IBHOG YHpaBJICHUC HAIIPAKCHUAMHA OCYHICCTBIIACTCA TCXHOJIOTUAMU C 3a-
NOJIHCHUECM ITYCTOT MOHOJIMTHBIMHA TBCPACHOIIUMU CMCCSAMU.
Ycnosue COXpaHCHUA pyAOBMCIIAOMICTO MaCCHBA U ITIOBECPXHOCTU HAZl HUM!

H' > H,
e H - (bakTHueckas rITyOrHa BepXHEH IPaHUIIbl ITyCTOTHI OT IPAHUIIBI BBIBETPEIBIX
nopoxt; H-— 30Ha BIUSHUS yCTOT, M;
OTO ycioBHE OOECIEYMBACTCS Pa3/IeiICHUEM MECTOPOKICHUNA PYIHBIMU MM HC-
KyCCTBeHHBIMI/I ICJIMKAaMU. OHTI/IMaJIBHa MOJCIIb, HpPI KOTOpOfI MacCCHUB pa3I[eH$IeTC$I Ha
YYacCTKHU, I[JI€ YCIOBUC YIOBICTBOPSACTCS.

VYcnosue IMPOYHOCTHU MACCHUBA HA PA3JIMYHBIX CTAAUAX pa3pa60TKI/1 OIIMChIBACTCA MO-
JACIIBIO:

n o = Z"f%x(dHS)
oy, = [ fx(dx,,dx,..dx,) > zo(,)m
c,tko,, <o, =1 ’ o, = _[fx(dHS +dH_)
. 0
o mpu H.=H—>o_ = Ifx(dH)
L 0

IJI€ G — BEPTHKAIIbHAs COCTABIIAIONIAS IIABHBIX HANPSHKEHUH; G)3 — FOPU30HTAIIb-
Hasi pe3yJbTHpyolas coctaBisomas, MIla; k — koagpuimeHT uckaxeHus HampsHKESHUS
CTPYKTYPHO-TEKTOHUYECKUMHU YCIIOBUSIMU; G, — HAIIPSIKEHUSI B BEPXHEM CJIOE pa3ylpo-
YeHHBIX OTAENbHOCTEeH MaccuBa, MIla; 6+ — HanpspkeHus B 30HE BIUsiHUA padot, Mlla;
G — 0CTaTo4Has MPOUHOCT opox, MITa; Z,— nponeT miockoi (popmsl BEIPAGOTKH, M;
X1,...X, —CBOMCTBA MIOPOJ; G, — IPOYHOCTH 3aKJIaJ0YHOIO MaccuBa npu cxaruu, Mlla;
B — mmupuna 30861 00pymienus; H — BeicoTa 30HbI 00pymienus, M; H,— BpicoTa 30HBI BIIU-
siHUS padoT, M; Hg— BbIcOTa 3aKJ1a104HOTO MacCUBa, M.

IIpun MopennpoBaHUU MPOLIECCOB Pa3pPYyLICHMs CKAJIBHBIX MAaCCUBOB UX COCTOSHHE

OIMIUCBIBACTCS YCIIOBUCM:

e G — HAMPsDKCHUsI B 30HE BIUSHUS BbIpadoTok, MIla; K, — koaddunmeHT koppek-
TUPOBKH HanpspkeHudt; /., [, — TPOIETHl OOHAXKEHUS TIOPOJ, M; X,...X, — TEXHOJIOTH-
yeckue, (PU3MKO-MEXaHUYeCKHe M MHble Xapakrepuctuku; [1 — morepu pyn, nonu en.;
R — pa3yboxxuBaHue pyJ nopoaam, J0Ju ef.; h, — BpICOTa 3aKJIaJJOYHOTO MAacCHBa, M;
h,,— BbICOTa BIUSHHS TOPHBIX BBIPAOOTOK, M.

[Tpu pa3paboTke HEHHBIX Py pa3Mephl LEIMKOB MUHUMU3UPYIOT, 3aac MPOYHOCTH
YBEIUYMBAIOT KPEIUIEHUEM U TIOATIOPOM 3aKJIaJI0YHBIM MaTEPUATIOM.

Jst 53¢ hexTUBHOCTH pa3pabOTKU BayKHO, YTOOBI KPOBIIS BBIPAOOTOK COXpaHsiia IIo-
CKYI0 (hOpMY, T.€. PACTATUBAIOIINE U C)KUMAIOIIME HATIPSIKEHUS HEe ObLTH KPUTHYECKUMH.
CTpyKTypHBIE OJOKH CMEIIAIOTCA 51 B BBIPAOOTaHHOE MTPOCTPAHCTBO, a KPOBJIS IPUHUMA-
eT (opMy cBOJIA, €CIIM HE MPUHATH Mep YIPABIISIOIIEro Bo3aeicTBus (Tadm. 1).

CoxpaHHOCTb 36MHOI IIOBEPXHOCTH OIpENENsIeTCs BBICOTOM cBoaa Berpona:

h.=a’/v,
rJe a’ — MOJIyIpoJIeT CBO/A; vV — KO (DHUIIMEHT yCTOWIMBOCTH TPEITMHOBATHIX TT0-
po:
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d R”
_ r= oo
V=2 TR
1
rae d,, d; — BepTUKaJIbHBIN U TOPU30HTAIBHBIA pa3Mep CTPYKTYpPHBIX O10K0B; R",,.,
R'.,. — OTHOIIEHHE COMPOTUBIEHUS MOPOJ CXKAaTHIO B HANpPaBICHUU paclopa CBOja U B
HaMpaBJICHUH JIEHCTBUS MacChl OPOJ.
VYcnoBue coxpaHHOCTH 3eMHOM noBepxHOcTH o BHUMUN:

H'>Hp:K]f

cole

9KB ’

Tabnuya 1/ Table 1

MeTonsbl pacyera ycTOMYHMBBIX IPOJIETOB 00HAXKeHMIT KPOBJIH. /
Methods for calculating stable spans of roof exposures

tinuous with

by cracks

Mertonsl / Methods
XapaKkTepuCcTUKU Mixeneprpie / Engineering OcHOBHBIE
MmaccuBa / Massif Mexanuueckue / . THIIOTE3a rop- HOKa3aTesu /
specifications Mechanical Hecyimn SJ.Te_ Horo nasienus | Basic indicators
MeHT / carrier
element / rock pressure
hypothesis
Kgasu- M3oTponHslii MexaHuka Hecymas crio- | ['umoressr cBo- | MexaHo-(u3n-
crutomrHo# ¢ |/ Isotropic CIUIOIITHON COOHOCTBH MaTe- | JOB: JAB-JIEHUS | YECKHUE CBOMCTBA
rpaBUTALH- Cpelbl; Bepo-iT- | puana KpoBiH / | W OOpyLIEHHs |IIOpPOI, yIVIBI aHHU-
OHHBIM TIO- HOCTHO-cTaruc- | Bearing capacity | / Hypotheses | 3oTpommu cTpyk-
nem / TUYECKHE METO- of roofing of arches: TypHOeocnabie-
Quasi-con- 161 / Continuum material pressures and | HHUe I aHU30-
tinuous with Anmzo- mechanics; [Tura i Ganka collapses TPOIHBIX CPefl,
a gravita- TPOMHBIi / probabilistic B kpoBie / Plate MOIIHOCTB CJIOS,
tional field | Anisotropic | and statistical or beam in the OaJKy, IIUTHI
methods roof / Mechanical
Kpasu- HW30TponHblii Hecymas cro- and physical
crouHoi, |/ Isotropic COBGHOCTh Ma- properties of
rpaBUTALH- Tepuaa, Hapy- rocks, anisotropy
OHHO-TEKTO- ILIEHHOT'O TPEILH- angles, structural
HHYECKUM Hamu / Bearing attenuation for
osem / capacity of a anisotropic
Quasi-con- material broken media, layer

thickness, beams,

Discrete with

Mechanics of a

methods

Pillar system for

a gravitation- [Tura unu 6ai- plates
al-tectonic Ka C TPeLuHOoi
field / Plate or beam
with crack
AHnnso- CronOsI ¢ Tpemu-
TPOITHBIN / Hotii / Pillars with
Anisotropic a crack
Huckpetnbrii | M3oTponHsiii | Mexanuka quc- | [lnuta win 6anka | 30Hb1 00pymie- | CTpyKTypHOE
CTrpaBUTa- | WM aHM30- | KpeTHOH cpenbl; | / Plate or beam | Huil, cBOOON- | ocnabnenue, pas-
LIMOHHO-TEK- | TPOIHBIH / | BEPOSTHOCTHO- HBIE KOHCONN / | Mepbl OJIOKOB,
. Cuctema cTon6oB
ToHMYeckuM | Isotropic or cTaThucThye- Collapse zones, | IpOYHOCTH MTOPOJT
. ) Uit poMOOH 0B /
nosnem / anisotropic | ckue MeTonsl / free consoles | u np. / Structural

weakening,

a gravitation- discrete medium,; T rhomboids C block sizes, rock
al tectonic probabilistic- PEXIIAPHAPHAA | LBOJIBI paBHO- strength, etc.
field statistical apka / Three- Becust / Vaults
hinged arch of equilibrium
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rae [’ — rmyOuHa BepxXHel rpaHullbl BHIpaOOTaHHOTO MPOCTPAHCTBA OT BHIBETPEHHBIX
TIOPOJI ¥ PBIXJIBIX OTJIOKEHUHM, M; [, — pacueTHas riryOrHa BHIpaOOTaHHOIO NPOCTPAHCTBA
OT BBIBETPEHHBIX MOPOJI M; K| — KO3(D(DUIIUEHT, yUUTHIBAIOLINIA CBOICTBA TOPHBIX MTOPOJI B
3aBUCHUMOCTHU OT CBOMCTB ITOKPBIBAIOIINX ITOPOJI.

MeTon nosicHsieTCsl IPUMEPAMU:

IIpumep 1. PynHoe Teno MOIIHOCTBIO 6 M OTpadaThIBaeTCsi KAMEPHOI crcTeMoi pa3-
paboTKM C 3aKJaJKOW IMyCTOT TBEpACIOLIEH Mechio. MacCUB HAaXOAUTCA IO 3allUTON
3aKJIMHUBILUXCS OJIOKOB HIKHETO CJIOS ITOPO/I.

HopmaruBHas po4yHOCTH CMECH HaxonuTes 1o npsaMou I. IIpu MakcumanbHON BBI-
COTE KaMephl IPOUYHOCTh 3aKJIAAKH 10JbKHA ObITh 1,2 MlIla 1i1s uHTEpBajoB 1o riyouHe
48-60 m; 0,7-1,0 MIla — nns unrepBanoB 35-48 m u 0,4-0,7 MIla — nns uHTEpBaIOB
23-35 m. MuTtepsan 0-23 M MOXKeT ObITh 3aJI0KEH 3aKJaJIKOH JII000H POYHOCTH.

Ecnu 3aknuHUBaHMS IOPOJ HE IPOUCXOINT, HAIPSKEHUS B MACCUBE 3aKJIaJIKU CO3/a-
I0TCS Maccoil IOpoJ] BHYTPHU CBOZIa €CTECTBEHHOI'O paBHOBeCHs M 3akiaaku. Hopmarus-
Hasi MPOYHOCTh HaxXoAuTCs 1o npsamoit 3. Ilpu BeicoTe kamepsl 60 M, HHTepBal NIyOUH
20-60 m nomxen umeTh mpoyHocTs oT 1,0 1o 3,0 MIla coorBeTcTBeHHO. Manonpounyo
3aKJIaJKy MOXHO MPUMEHSTH JJ1s moramenus uureppana 0-20 m.

IIpumep 2. B cnydae 3akaIMHUBaHMS TIOPO, TOJILMHA CJIOSI HAXOJUTCS NIEPECEUEHU-
€M 3Ha4eHHUH IPOYHOCTH ¢ JuHUEH | u npoekuueil Ha mkany crnpasa. [Ipu orcyTcTBUM
TPEXLIAPHUPHOMN apKH TOJILIMHA €105 HAXOJUTCS MIEPECEUCHUEM C JIMHUEHN 3 U IPOEKLIU-
€l Ha Ty XK€ LIKAaIy.

MuHuManbHasi TPOYHOCTh OLEHEHA, MO0 JAaHHBIM MpakTUku, BenuuuHoil 0,2 Mlla,
MaKCHUMaJIbHO€ 3Hau€Hue Mpu BbicoTe 3Taxa 60 M coctasiser 1,2 Mla.

IlepcieKTHBBI OCBOEHHUSI MECTOPOXKIACHMM NpPEeAyCMaTpUBalOT CO3JAHHUE €IUHOTO
IpoeKTa JOOBIYM 3a1acOB OTKPBITBIMHU, MOA3EMHBIMHU U CHEIMATIBHBIMU CIIOCO0aMH J0-

B 28 noHen 90 gHewn BospacT 3aknagku
i 28 days 90 days Stowing age
960
10 \\\? {1 % 77777 | e S S A S i A [~
N . AT e
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20 & \ 5%*
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\ o o 320
30 - e 8l
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L J
O6nacTtb Manonpo4Hou 3aknagoyHon cmecu
Area of weak backfill blend

Puc. 1. Homoepamma evibopa npounocmu meepoerowux 3akiadounvix cmecei: 1, 2, 3 —
COOMBEMCMBEHHO, HANPAINCEHUSL OM COOCMEEHHOU MACChL, OM NPUSPY3KU NOPOO U Pe3VIbIMUupyiouue
(3aumpuxosana oonacme pasHONPOYHOU 3aK1A0KU). /

Fig. 1. Nomogram of the strength choice of hardening filling mixtures: 1, 2, 3 — respectively, stresses from
own weight, from rock loading and resulting (the area of multi-strength stowing is shaded).
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TexHoreHHoe n3meHeHue Heap
Technogenic changes in the subsurface

BckpbiTe MECTOPOXAEHNS OTpaboTka MecTopoXxaeHus
Deposit opening Development of the Deposit
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OTTOpXXeHWe 3eMHON C6poc HapyLeHue 3emHoin HapyuweHwve o6opota Bog B
BbIGpOC Nbinu 1 rasos NOBEPXHOCTM MWUHEPan30BaHHbIX BOA noBepPXHOCTN ruapocepe
Dust and gas outburst Rejection of the earth's Discharge of Violation of the earth's | | Violation of the circulation of
surface mineralized water surface water in the hydrosphere

Puc. 2. @axmoput ynpasnenus pasgumuem copuvix pabom. /
Fig. 2. Factors of mining development management.

ObIYM, B3aMOYBSI3aHHBIMU U ONTUMHU3UPOBAHHBIMHU I10 3KOJIOTO-9KOHOMHUYECKUM KpUTe-
pusim (puc. 2).

Lenbro mpoekTa cTaHOBUTCS He 3(h(heKTHBHOE U3BJICUCHUE 3AITACOB MECTOPOXKICHHS
OJTHUM U3 TPAaJUILMOHHBIX CIIOCOOOB, a CO3/laHuE OJIArONpPUSTHBIX YCIOBHUM AJIs pUMe-
HEHHS U aJIbTEPHATHBHBIX TEXHOJOTHMA, YTOOBI COBOKYITHBIN JIOXOZ OT OCBOSHHS MECTO-
poxaeHus ObLT MakcUMaNTbHBIM [Burdzieva et al., 2015; Golik et al., 2015b].

[Tpodunaktuka pa3pymaromyx HaMpsHKEHHH M COMTPOBOXKIAIONINX UX Ae(opMariuii
o0ecreuynBaeTcs TEXHOJOTUYECKU IMOCPEICTBOM OTPaHUYEHUs KOHUEHTpPALWW Hamps-

Bxoanble mapamerpsl / input parameter

CeifcMudeckue Cny6una Dusnueckue Koadduunenr
s cBolicTBa ropo / 3anaca / safe
:e(;:;lleilgcignzc/t TPOBEACHHS PabOT physical properties factor
P / depth of work ey

DD
or
\ /7

O

/YJ/N\ |
Maremaruueckas
MOJ€CJIb MacCHuBa
(MKD)f(b,]) /

mathematical model of
the array(MKD)/f(b,])

o(H, p, 1)

Oy K, (b,h)
Co(H,p,l) K

f(b.1)

¢

Puc. 3. l'eomexanuueckas mooenv ynpagieHus maccusom. /
Fig. 3. Geomechanical massif control model.
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KEHHI: OnepeKaronieil oTpaboTKoM, UCKIIIOYEHHEM 1IEJTHKOB, TPOXOJKON BBIPAOOTOK U
B3pBIBAMH U JpP. TEXHOJOTUYECKUMHU MEPAMHU.

BianmoneiicTBre mapaMeTpoB yIpaBiIeHUs MACCHUBOM OIHCHIBAETCs cxeMoil (puc. 3):

Perienrie 0OCHOBHBIX 3a7]a4 ONTHUMH3AIUH MIPOLIECCOB pa3pabOTKU COMPSIHKEHO C HC-
CJIETOBAHUSIMH COCEACTBYIOIINX MPOIECCOB, B YaCTHOCTH, IIPH 00ECTICYCHUH CHIPbS [T
MIPUTOTOBJIEHU 3aKiIagouHbIX cmecer [Amutpak, 2000; Imutpak, Bepxkanckuii, 2000;
Jmutpak u ap., 2007].

Pesynprarel nccienoBaHMs COTNIACYIOTCS C pe3y/bTaTaMH, MOJYyYeHHbIMU B aHa-
JIOTHYHBIX YCIOBHUSX POCCHHUCKMMH U 3apyOexHbIMU HcchemoBatensMu [[Iporocens,
Kypanos, 2015; Ben-Awuah et al., 2016; Bonsu et al., 2017; Doifode, Matani, 2015;
Woodward, Wesseloo, 2015; Jarvie-Eggart, 2015].

3AKAKOYEHME

IlepcrieKTHBBI TEXHOIOTUI Pa3pabOTKH MecTOpokieHUi CaJOHCKOM rpylibl CBs3a-
HBI ¢ pa3pabOTKON KOPPEKTHOTO MEXaHNW3Ma YIPABJICHUS B3aUMOJICHCTBUEM CIIAraloInx
MAacCHUBBI IIOPOJ IIYTEM DPETYIUPOBAHUS BEIMYHMHBI HANPSIKEHUNW B PyJOBMEIIAOIINX
MacCHUBax.

HccnenoBaHusiMM yCTaHOBJIEHO, YTO MaccuBbl CaJloHCKUX MECTOPOXKIEHUH Xapak-
TEPU3YIOTCA KpaliHE HETIOCTOSIHHBIM pa3MEILEHUEM 3aI1acOB B Ipeenax pyAHbIX MOJIEH U
CKJIOHHOCTBIOBMEIIAIOIIUX MOPOJ NIEPEPACIIPEAECIIATh HAIPSKEHUS, B TOM YHUCIIE, B I'€0-
JUHAMHAYECKOM PEKUME.

IIpu pazpaboTKe CIOKHOCTPYKTYPHBIX MECTOPOXK/ICHUI BEJIMYMHA U 3HAK HarpsixKe-
HUI BO BPEMEHU U TPOCTPAHCTBE MOKET OBITh IPOTHO3UPOBAHA C JOCTATOYHOM /7Sl OIle-
PaTUBHOTO YIIPABIEHUS JETaTN3aUCH.

VY4er reomexaHMUECKUX (PaKTOPOB IMPHU OTPAOOTKE TAKUX YYACTKOB ITO3BOJISIET KOP-
PEKTHPOBaTh MapaMeTpPhl Pa3pabOTKH C TMOBBIIIEHHEM KauecTBa JOOBIBAEMBIX pPyd U
YMEHBIIIEHUEM ONAaCHOCTH AJIsl pabOTarOIINX.
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NHOOPMALLNS AN ABTOPOB

B xypnane «I'eonorus u reopusuka KOra Poccumy myOnmKyroTcsi OpUrnHaIbHBIE CTa-
ThU TEOPETUYECKOTO M METOJUYECKOTO XapaKTepa IO BOIPOCAaM TIeOJOrHH, Te0pU3UKU U
TFEOXHMUH, PE3yJbTaThl U3yUYEHUsI COCTABA U CTPOEHUS KOPbl U MAHTHUU 3€MJIH, NIPOLIECCOB
(hopMupoBaHUS U OOMIMX 3aKOHOMEPHOCTEN pa3MEIeHHs MOJE3HBIX MCKOMAeMbIX, a TaKKe
pe3ynbTarhl pa3padOTKH M MPUMEHEHUS Te0JI0ro-reo(pu3NIecKuX METOJO0B X BBISBICHUS.
TemaTuka *ypHasila COOTBETCTBYET CIEAYIOIIMM 00IACTAM 3HAHUM 10 IEHCTBYIONIEH HOMEH-
knarype BAK: 25.00.03 — I'eotektonuka u reoguaamuka; 25.00.10 — I'eodusuka, reodu-
3UYECKUE METOJIbI TTOMCKOB MOJIe3HbIX McKomaembix; 25.00.11 — I'eosmorusi, moucku u pas-
BEJIKa TBEPJBIX MOJIE3HBIX HCKOMaeMbIX, MuHepareHus; 25.00.23 — dusudeckas reorpadus
u Guoreorpadus, reorpadus nmous u reoxumus ganamadros; 25.00.35 — I'eoundpopmaruka;
25.00.36 — I'eoskomorusi, a TAK:KE€ CMEKHBIM Hay4YHBIM HAIIPABIICHUSIM. .

i paboT pernoHaIbHOTO XapakTepa MpPEeArnovYTeHUuEe OTHACTCS CTaThiM, PaCKpbIBaIO-
LM pa3IU4HbIE BOIIPOCHI reojiorudeckoro crpoenus Ora Poccun u nmpuieraromux reppu-
TOPHUH.

B cootBercTBUM C rpananueil HayK, IPUHATON B MEXTyHApOIHBIX CUCTEMAaxX LIMTHUPOBA-
Hust Scopus u Web of Science crarbu s myOnukanuu B xxypHaie «[eonorust u reopusuka
IOra Pocun» npuHUMaroTCs 0 CAEAYIOUIMM OTPACisIM U FPyNIaM HaykK:

1. Earth and Planetary Sciences (Hayku 0 3emJie U IUIaHeTAPHbIE HAYKH);

2. Environmental Science (Hayka 00 okpy:karouieii cpene).

B xypnane «I'eonorus u reopusuka FOra Poccun» neyararorcs:

— CTaThU C U3JIO)KEHUEM HOBBIX HayYHBIX PE3yJIbTaTOB, 00beMOM He Oonee 10 mamuHo-
MUCHBIX CTPAHUIL, BKJIIOYAsi MJUTFOCTPALIUHN U TaOIUIIBL;

— KpaTKue COOOLIeHHMS, coaepKaliie HHYOPMAIIHIO O BaXXHBIX pe3ylbTaTax IpeBapu-
TEJbHBIX UCCIIEAOBAaHUM, 00beMOM 3-5 cTpaHull (3TH MaTepuabl BIOCIEICTBUU MOTYT HC-
10JIb30BaThCs B TEKCTE IOJIHOM CTaThH);

— 0030pBI EUaTHBIX PadOT MO aKTyaJbHBIM I'€0JIOT0-Te0()U3HUECKUM U SKOJIOTUYECKUM
npobsmemam FOra Poccuu n mpueraroniux tepputopuii, oobemom 20-25 cTpaHuI] 0 3aKa3y
penaKIuu.

Bce paboTbl JOMKHBI COOTBETCTBOBATh TeMaTHKe KypHasa. IIpegocraBieHHbIE pyKO-
MUCHU MPOXOJAT ATAlbl MPEIBAPUTEILHOTO U UTOTOBOTO PELEH3UPOBAaHUS, U B Cllydyae He-
00X0IMMOCTH, HAIIPABJIAIOTCS aBTOpaM Ha MCIIpaBlIeHHuE U 10paboTKy. Pykomnucu B xypHane
myOJIHUKYIOTCSL HA PYyCCKOM JIHO0 aHITIMICKOM SI3bIKaX, aHHOTALIMK HA PYCCKOM U aHTJIMHACKOM
si3bIKax. JKypHan myOiauKyeT HCKITIOUYUTEIbHO OPUTHHAIIBHBIE CTaThbU. ABTOpP HECET MOJHYIO
OTBETCTBEHHOCTH 3a COOIOZICHHE 3TOr0 TpeboBaHus. Pykonucu, He MPUHSTHIE K OMYyOIUKO-
BaHUIO, aBTOPaM He BO3BpallaroTcs. Penakuus Takke He BO3BPALLAET IPUCHUIAEMBbIE MATEPU-
anbl. Penakiust octaBisieT 3a cOO0M MpaBo MPOU3BOIUTH COKPALIIEHUE U PEAAKTOPCKYIO MpaB-
Ky TEKCTa CTaTbU. McrpaBiieHUs B TEKCTE M WIIIIOCTPALUAX aBTOPBI MOT'YT BHOCUTH TOJIBKO
Ha CTaJMM TIOJTOTOBKH CTaThu K HaOopy. HecobOmonenue mpaBuia opopMIICHUST PYKOITUCH
MIPUBEET K OTKJIOHEHUIO cTarbu. [TyOnukanus O6ecruiaTHa 71 aBTOPOB CTaTel, HalMCaHHBIX
0 3aKa3y peldaKuuu, U JUis acnupanToB. [lepeneuarka 10MycKaeTcsi TOJIBKO C pa3pelieHus
pEeMaKIyy 1 ¢ 00sI3aTeIbHON CChUTKON Ha KypHan «l eomorus u reodusuka FOra Poccumy.

VIHCTPYKLMS AASI OBTOPOB

[Tpuem mMaTepralioB K pacCMOTPEHHUIO OCYILECTBIISCTCS MMOCPEICTBOM DICKTPOHHOTO Cep-
Buca http://www.geosouth.ru wnm o moure Ha aapec UznarennctBa: 362002, Poccus, . Bia-
JMKaBKa3, yi. Mapkosa 93a, penakius xypHana «leonorus u reopusuka FOra Poccum».
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B penaxmuio He0OX0IUMO IPEIOCTABUTE CIIEAYIOIINE MAaTePHAIIBL:

— crarbd (CTPYKTYpy U IpaBuiIa 0hOPMIIEHUS CM. HUXKeE);

— Ha OTJEeNbHOMN CTpaHUIle: CBeJCHUs 00 aBTOpax, coiepkanme (paMuinioo, UMs, oTde-
CTBO, YYECHYIO CTEIIEHb, 3BaHNE, HA3BaHHE OpPraHU3alluy, CIIyKeOHBIN U JOMALTHUN ajpec U
TeneoHsl, e-mail ¥ yka3aHue, ¢ KeM U3 aBTOPOB MPEANOYTUTEIbHEE BECTH EPEIHCKY;

— HamnpaBJIEHUE OT OpPraHU3alUM, €CIM IPEAOCTaBIIsEMbIE MaTepUallbl ABISIOTCA pe-
3yJABTAaTOM paOOoThI, BHITIOJIHEHHON B 3TOM OpraHU3allv{; B HAIIPABICHUU CIEAYeT yKa3aTb
Ha3BaHME PyOPUKH XKypHaNIa;

— OSKCIEPTHOE 3aKIIOUEHHE WM IPYyrod JOKYMEHT, pa3pellaroliuii omyOInKoBaHHE B
OTKpPBITON I€YaTH, YTBEPXKIECHHbIC PYKOBOAUTENIEM OpPTraHU3allMM U 3aBEpPEHHBbIE repOoBOH
neyarbio (MpeCTaBIAIOT TOIBKO aBTOpHI U3 Poccun).

Ecnu marepuansl MOAaOTCs MOCPEACTBOM IEKTPOHHOIO CEpBUCA, OyMasKHBIE JK3EM-
IUIAPBI PYKOIIMCH B PEIAKIMIO MPEIOCTaBIATh He TpeOyeTcs. [Ipu oHnaiiH perucrpanuu He-
00X0IMMO PYKOBOJICTBOBAaThCs MOIIATOBBIMM MHCTPYKLUAMHU 10 3arpy3ke ¢ainos. Ilpu or-
IIpaBKe MaTepuajoB MOYTOW HEOOXOTUMO MPUIOKHUTH J1BA OYMa)KHBIX 3K3EMIUISIpa CTAThH,
MOANHUCAHHBIX BCEMH aBTOpaMHU. II0ArOTOBIIEHHBI B COOTBETCTBUU C OOLIMMHU TEXHHYE-
CKMMH TpeOOBaHUSIMHU TEKCT TIeUaTaeTcs Ha OJHOHN cTopoHe nucta ¢popmara A4. Pesrome ¢
IIPUBEACHHBIM B Hauajle Ha3BaHUEM, aBTOpaMu, UxX adGuiuanyei neyaraercs Ha OTACIbHOM
mucre. [loanucu K puCyHKaM TakXke MPeaoCTaBIsAoTCes oTaenbHo. Kaxnas Tabnumna u pucy-
HOK JIOJIKHBI OBITh Halle4aTaHbl HA OTAEIBHOM JIUCTE. BHU3Y cTpaHMIIbl ¢ WILTIOCTpanyei He-
00X0IMMO yKa3aTh HOMEp pUCyHKa. Taxke He0OXOIMMO TPUIIOKHUTH IEKTPOHHBIN BapHaHT
Ha J1I000M MTOPTATUBHOM HAKOIMTEJIE WIH 110 COINIACOBAHUIO C PEAKIMEN HAlpaBUTh COOT-
BETCTBYIOIIME MaTepHAaIIbl IO SJIEKTPOHHOM MOYTe.

[MpaBUAQ OPOPMAEHUS CTATLA

Ha nepBoii cTpanuiie 1omkHbI ObITh YKa3anbl: YJK; Ha3BaHMe CTaThU Ha PyCCKOM SI3bIKE
(cTpouHbIMU OyKBaMHM € KalMTadu3alueil HadyalbHON OyKBbI TOJIBKO IEPBOIO CJIOBA B MpEJ-
JO)KEHUH U UMEH COOCTBEHHBIX, 03 KaBbIYEK, IIEPEHOCHI HE JOITyCKAIOTCs, TOYKA B KOHIIE
HE CTaBUTCS, MOIYEPKUBAHUE HE UCIIOIb3YyeTCs), Kerib 20 MoyKUPHbI, BBIpaBHUBAHHUE 110
LEHTPY; MHULIAJIBl U (PaMUIINU aBTOPOB, yUCHasl CTENEHb U 3BaHHE (Kerib 14 mosry>KupHbIi
KypCHUB, BBIPABHUBAHUE 110 LIEHTPY ), Ha3BaHUE YUPEKIACHUS, [IOUYTOBBIN aJjpec, rOpo, CTpaHa
NPEACTABIAIONINX PYKOIUCH M OIMyOJIMKOBaHUA. YKa3aTh e-mail 1 mepenuckuu oTBeT-
CTBEHHOTI'0 aBTOpA.

Pe3tome 1omxHO 6b1TH 00beMoM 250-300 cioB. B HeM He pekoMeH TyeTcsl UCIIOIb30BaTh
(hopMyIBl M CCBUIKM Ha JInTepatypy. Eciu pykonuce nomaeTcst Ha pyccKoM S3bIKE, TO pe3toMe
JIOJDKHO OBITH MPOAYOIMPOBAHO HA AHIIIMIICKOM € yKa3aHMEM Ha3BaHMs CTaTbU, GaMIIUM 1
MHUIIMAJIOB aBTOPOB HA 3THUX s3bIKaX. Eciau pykonucek mopaercs Ha aHIJIMHCKOM S3BIKE, HE-
00X0IMMO IPUBECTH TAaKXkKe pe3toMe Ha pycckoM. Pesrome neuyaraercs mpudtom Times New
Roman (12 kerns). B koHIIE pe3toMe 00s13aTenbHO YKa3bIBAIOTCS KIIFOUEBbIE ciioBa (5-8), Ko-
TOpBIE OTPAXKAIOT TEMATUKY CTaThU.

TekcT crarbu Habupaercs mpudrom Times New Roman pazmepom 14 nt yepe3 onuHap-
HBII MHTEpBaJl, BBIpaBHUBaHME 10 Gopmary. [1oa3aronoBok — mpudT KypCUBHBIH, BEIpaBHU-
BaHME T10 JIEBOMY Kpato. [Ipn HammcaHuM CTaThU UCIIONB3YIOTCS OOIIETPUHSTHIE TEPMUHBI,
€IMHUIIBI U3MEPEHHUS U yCIOBHBIE 0003HAYEHUS, €JMHOO0pa3HbIe 10 Beel cTarke. Pacimd-
POBKa BCEX MCHOJIb3YyEMBIX aBTOpaMU OOO3HAUYEHUM JAeTCsl MPHU MEPBOM YNOTPEOIECHUHN B
TeKcTe. ByKBbI JIAaTUHCKOTO ajgaBuTa HaOUPAIOTCS KYpCUBOM, OyKBBI I'peueckoro angasu-
Ta — npsAMbIM mpudrom. Maremarnueckue cuMBodb! lim, 1g, In, arg, const, sin, cos, min, max
U T.II. HabuparoTcs npsMbeIM mpudroM. CUMBOJI HE JOJKEH CIUBATHCS C HAJICUMBOJIBHBIM
3JeMeHTOM B XuMHu4eckux sementax (H,0O) u eauauniax msmepennii (MBT/cM?) — npsamMbiM
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(o6branBIM) mipudToM. He crenyer cMemmBaTh OAMHAKOBBIE 0 HANIMCAHUIO OYKBBI JIATHH-
CKOT'0, TPEYECKOTO U PYCCKOro aji(haBUTOB, UCIOIb30BaTh COOCTBEHHBIE MAaKpPOChl. byksbl |
nlJ,vuv,eul,hun,qug, VuU, O (Oyksa) u 0 (Hy/Ib) TOJDKHBI Pa3IA4YaThCs MO HaUYepTa-
HUI0. Mexny 1u(poBbIM 3HAYEHUEM BEJIMYMHBI U €€ Pa3MEPHOCTBIO CIIEAYET CTaBUTh 3HAK
Hepa3pbeiBHOTO mpoberna. [lepeHock! B ciioBax b0 He yrnoTpedmnsaTh. He ncnons3oBarh B TEK-
cTe A (opMaTHPOBaHUs 3HAaKU npobdena. PopmyIibl CO34a0TCs ¢ MOMOIIBIO BCTPOEHHOTO
penakropa Gopmyn Microsoft Equation ¢ Hymepanueii B KpyIiblx ckoOkax — (2), BRIpaBHH-
BAIOTCS 1O MPAaBOMY Kparo, pacmmgpoBka Bcex o0o3HaueHHi (OykB) B hopMynax maercs B
nopsiike yrmoMuHaHus B ¢popmyse. Bo nzbexxanne HenopasyMeHHH U OIIMOOK peakius pe-
KOMEHJlyeT aBTOpaM UCIOJIb30BaTh B JOpMysIax OyKBbI IJATUHCKOTO, IPEYECKOT0 U APYTHX (HE
pycckux) angaBuToB; pu Habope GopMysT HEOOXOAMMO COOTIOCTH Pa3MephI TI0 YMOTYAHHUIO.
Bbonbmue popmynel HeoOX0AMMO pa30UBaTh Ha OTAENbHbIE PparMeHThl. DparMeHTsl popMyi
10 BO3MOXXHOCTH JIOJIKHBI OBITh HE3aBHCHUMBI (IIPU HCIIOIb30BaHUU (POPMYITBHOTO pelakTopa
KaX/1asi CTpOKa — OTJeNIbHBIN 00beKT). Hymepanuio 1 no BO3MOXXHOCTH 3HAKH NPENUHAHUS
CJIelyeT CTaBUTh OTAEIBHO OT (GOPMYJ OOBIYHBIM TEKCTOM. TalnuIisl, pucyHkH, poTorpadun
pa3MelarTcs BHyTPH TEKCTa U MIMEIOT CKBO3HYIO HyMEpalMIO M0 cTaThe (He 1o paszaenam!)
u coOcTBeHHbIE 3aronoBku. Ha3Banus Bcex puUCyHKOB, (pororpaduii 1 Tabaul NpUBOIAATCS
Ha pycckoM s3blke 11 kereM, kypcuBoM. Hymepanus 0603HaueHH Ha pUCYHKaX JaeTcs Mo
MIOPSIKY HOMEPOB T10 YaCOBOM CTpEIIKE WM CBepXy BHHU3. PucyHKr HE00X0ANMO IO BO3MOXK-
HOCTH BBINOJIHATH B BEKTOPHOM (opMaTe BHJE, >kenaTenbHo B nporpamme Corel Draw nim
aHaJyorax Io CJeIyIOUINM IpaBUjIaM: IIUpUHA pUCYHKa He Oosee 16,5 cM; TOMIIMHA THHUMA:
OCHOBHBIX — | 1T, BcnomorarenbHbIX — 0,5 0T; 47151 0003HaUeHUH B T10JI€ PUCYHKA HCIIOIb30-
Bath mpudt Times New Roman pazmepom — 9 nT. BekropHbIE pUCYHKH 3aITUCHIBAIOTCS B OT-
JenbHbIE (ailibl JOKyMEHTOB. DOTOCHUMKH JOJIKHBI ObITh KOHTPACTHBIMH U BBITIOJIHEHHbI-
MU Ha MaTtoBo#l Oymare. OTckaHHpOBaHHbIE (oTOrpaduu 3aIHChIBAIOTCS B (aifibl B popmate
TIFF, JPEG. CxanupoBars uzo0paxenue cienyer c¢ pazpemeHrueM 300 dpi s KOHTpaCcTHBIX
yepHO-0enbIx pucyHkoB u 600 dpi — 11 nomyToHOBBIX. [[BeTHBIE MIITIOCTpaIMK JIOIMyCKa-
I0TCs1 IO COMIACOBaHMIO ¢ pefakuueil. O003HaueHus1, TEpMUHBI, WIITKOCTPAaTUBHBIN MaTepua,
CITMCOK JIUTEPATYpPhl IOJKHBI COOTBETCTBOBATH JieHcTRy oM ['OCTam.

[lepedenp nUTEpATYpHBIX MCTOYHUKOB IMPUBOAMTCSA OOLIUM CHHCKOM B KOHIIE CTaTbH
(Harvard Style). Criucok cocrapisiercs 1o andaBHTy, CHayasla CJIeAyl0T HICTOYHUKU Ha pyc-
CKOM, 3aTeM — Ha aHrmiickoM. Jluteparypa nomxkHa ObITh oopmiieHa coracHo ['OCT P
7.0.5-2008. OTCBIIKY HA JIUTEPATypPy B TEKCTE MPUBOIATCA B KBAJPATHBIX CKOOKAX B CTPOKY
C TEKCTOM JOKyMeHTa. Eciiu cChIIKY NPUBOIAT Ha JOKYMEHT, CO3/1aHHBIN OHUM, AByMs WX
TpeMsl aBTOPaMH B OTCBHUIKE YKa3bIBAIOT (haMIIIMIO MEPBOTO aBTOPA U COKPAILCHUE «HU JP.»
(«et al.» 111 TOKyMEHTOB, Ha sI3bIKaX, IPUMEHSIOLINX JIATUHCKYIO Tpa(uKy); €ClIU aBTOPBI
HE yKa3aHbl — yKa3bIBAIOT Ha3BaHHE JIOKYMEHTA; Jlajee YKa3bIBalOT IO/ U3/IaHUS U NPH He-
00X0IMMOCTH CBEIEHUS JONONHAIOT yKa3aHUeM cTpaHull. CBeeHUs B OTCBUIKE pa3ieisItoT
3ansaToi. Eciu oTChITIKa COAEPIKUT CBEICHUS O HECKOJIBKUX CCBUIKAX, TPYIIIBI CBEACHUH pa3-
JEJISI0T 3HaKOM TOYKa C 3alToi. B oTchlUIKe TomyckaeTcss COKpallarh JUIMHHBIE 3arilaBys,
0003Hayas OIlycKaeMble CI0Ba MHOTOTOYHEM C IPOOETIOM /10 U MOCIIE 3TOTO MPEIIHCAHHOTO
3HaKa.

AApPEC PeAaKLNN:

Poccus, PCO-Ananus, 362002, Poccus, . Bnanukaskas, yn. Mapkosa 93a, ['eoduznue-
ckuit unctutyt BHIL PAH, Penakmus xypnana «I'eonorus u reopusuka FOra Poccuny. Ten:
8 (8672) 76-19-28; daxc: 8 (8672) 76-40-56, e-mail: southgeo@mail. ru



Geology and Geophysics of Russian South 10(1) 2020 ['eonorvs n reopuanka fOra Poccnt 141

INFORMATION FOR AUTHORS

The journal “Geology and Geophysics of Russian South” publishes original
articles of theoretical and methodological nature on geology, geophysics and geochemistry,
the results of studying the composition and structure of the Earth’s crust and mantle, the
formation processes and the general patterns of mineral resources, geophysical methods for
their detection. The subject of the journal corresponds to the current nomenclature areas of
knowledge of the Higher Attestation Commission of the Ministry of Education and Science of
the Russian Federation: 25.00.03 — Geotectonics and geodynamics; 25.00.10 — Geophysics,
geophysical methods of mineral exploration; 25.00.11 — Geology, prospecting and exploration
of solid minerals, minerageny; 25.00.23 — Physical geography and biogeography, soil
geography and landscape geochemistry; 25.00.35 — Geoinformatics; 25.00.36 — Geoecology
and related scientific directions..

For works of a regional nature, preference is given to articles that reveal the various
issues of the geological structure of the South of Russia and adjacent territories.

According to the gradation of Sciences accepted in the international citation systems
Scopus and Web of Science articles for publication in the journal “Geology and Geophysics
of Russian South” are accepted by the following branches and groups of Sciences:

1. Earth and Planetary Sciences;

2. Environmental Science.

The journal “Geology and Geophysics of Russian South” publishes:

— articles interpreting the new scientific research results of volume not more than 10
typewritten pages including illustrations and tables;

— brief messages containing information on the important results of the preliminary
research of volume 3-5 pages (these materials can be used in the full article text);

— reviews of the typewritten articles on the actual problems on current geological,
geophysical and environmental problems of the South of Russia and adjacent territories,
volume 20-25 pages by the editor’s order.

All papers must correspond to the journal theme. The presented manuscripts pass the
preliminary and total reading stages and if necessary are sent back to the authors for the
correction and finishing. The manuscripts are published in Russian and in English, the abstracts
in Russian and in English as well. The journal publishes only the original articles. The author
is fully responsible for the requirement. The manuscripts are not returned to the authors in
case of being rejected in publication. The editor also does not return the materials sent. The
editor has a right to make reductions and corrections of the article text. All corrections in the
text and figures can be done by the authors only at the stage of the typesetting preparations.
The infringement of the manuscript submission guidelines will lead to the article rejection.
The publication is free of charge for authors of papers written by request of the publisher,
and for graduate students. Reprinting is allowed only with the editorship permission with the
obligatory references to the journal «Geology and Geophysics of Russian South».

Instructions for the authors

Acceptance of materials for consideration is carried out through the electronic service
http://www. geosouth. ru or by mail to the Publisher address: 93a, Markova Street,
Vladikavkaz, Russia 362002, Geophysical Institute of VSC RAS, the editorial office of the
journal «Geology and Geophysics of Russian Southy.

The following materials should be presented:

— an article (structure and rules see below),
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— a separate sheet with the information about the authors: surname, name, patronymic
name, scientific degree, rank, a name of the organization, office and home address and
telephone number, e-mail (if exists) and the reference to the author to contact with;

— a confirmation from the organization if the presented materials are the result of the
work carried out in that organization; the journal heading (section) should be pointed out in
the confirmation;

— an expert conclusion or any other document allowing the publication in the open press
confirmed by the organization head and proved with the stamped seal; the expert conclusion
is presented only by the authors from Russia.

If materials are submitted by electronic service, paper copies of the manuscript are not
required to be submitted to the editorial office. When registering online, you must follow the
step-by-step instructions for uploading files. When sending materials by regular mail, you
must attach two paper copies of the article, signed by all authors. Text prepared in accordance
with the general technical requirements is printed on one side of an A4 sheet. An annotation
with the title, authors and their affiliation given at the beginning is printed on a separate
sheet. Signatures to the figures are also provided separately. Each table and figure should be
printed on a separate sheet. At the bottom of the page with an illustration, you must specify
the number of the picture. It is also necessary to attach an electronic version on any portable
storage device or, in agreement with the editors, send the relevant materials by e-mail.

The article lay-out rules (submission guidelines)

The following information should be pointed out on the first page: universal decimal
classification, the article heading (title) in Russian (Sentence Case, without quotation marks,
without division of a word, without a full stop at the end, underlining isn’t used), point 20
semi bold, centre aligning; the authors surnames, academic degrees and titles (point 14 semi
bold type, the right-edge aligning), the organization name, post address, town, country and
e-mail of corresponding author.

The abstract should be 250-300 words without formulas and literature references. In
case a manuscript is presented in Russian, the abstract should be repeated in English with the
article heading (title), surnames and names in this language. In case a manuscript is presented
in English, the Russian variant must be supplied. The abstracts are typed in Times New
Roman (12 point) in one file in the following order: the article heading (title), the authors, the
name of the organization, the abstract text in Russian with the further information in 2 lines
in the same sequence in English. The abstracts are also published in the journal site www.
naukagor. ru (in Russian and in English). Keywords (5-8) that reflect the theme of the article
must be specified at the end of the abstract.

The article text is typed in Times New Roman (14 pt) through an ordinary interval
aligning along the format. A subtitle is typed in italics, aligning along the left edge. The
common terms, measurement units and conventional symbols similar to the whole article
are used. The decoding of all symbols is given for the first text use. The Latin alphabet
letters are typed in the italics while the Greek letters in the straight type. The mathematical
symbols lim, lg, In, arg, const, sin, cos, min, max, etc. are typed in the straight type. The
symbol shouldn’t coincide with the over symbol element in the chemical elements (H,O)
and measurement units (MW/cm?) and must be of the straight (ordinary) type. One shouldn’t
mix similar written letters of the Latin, Greek and Russian alphabets and should use the
proper macros. The letters  and J, vand v, e and |, h and n, g and g, V and U, O (letter) and 0
(zero) must differ in inscribing. There must be a sign of the continuous gap between a value
figure meaning and its dimension. The hyphen is not used; the gap character also mustn’t
be used in the text for the lay-out. The formulas are designed with the help of the built-in
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formulas processor (Microsoft Equation), the enumeration being done in the round brackets
(2), aligned along the right edge; the decoding of all signs (letters) in the formulas is given in
the order of the formula reference. To avoid the errors and misunderstandings, the editorial
staff recommends the authors to use the Latin, Greek and other (not Russian) alphabet letters
in the formulas and to keep to the omission sizes while the formulas printing. Large formulas
must be divided into separate fragments. If possible, the fragments must be independent;
each line is a separate object. The enumeration and punctuation marks should be put into
an ordinary text separately from the formulas. The tables, pictures and photos are placed
inside the text and must have a through numeration along the text (not by the sections!) and
their own headings. The titles of all tables, pictures and photos are presented in Russian (11
point, italics). The numeration of the picture symbols is given in clockwise order or from
up to down. The pictures should be done in the computer form, preferably in Corel Draw or
compatible program using the following rules: a picture width — not more than 16.5 cm, a
line thickness: the main — 1 pt, auxiliary — 0,5 pt; for the symbols in the picture area — «Times
New Roman» type of 9 pt must be used. The vector pictures are written into the separate
documentary files. The photo pictures must be contrast and performed on the mat paper. The
scanned photos are written into the files of TIFF and JPEG format. To scan the image one
should use the resolution of 300 dpi for the contrast black-white pictures and 600 dpi for
semitone ones. The colour illustrations are admitted on the editorial agreement. All symbols,
terms and illustrations should correspond to the operative standards.

The list of references is given in the general list at the end of the article. The list is
compiled alphabetically (Harvard style); sources in Russian follow first, then in English.
Literature in Russian should be issued in accordance with GOST R 7.0.5-2008. References to
the literature in the text are given in square brackets in a line with the text of the document.
If a link is given to a document created by one, two or three authors, in the reference indicate
the name of the first author and the abbreviation “et al.”; if authors are not specified, the name
of the document is indicated; further the year of publication is indicated and, if necessary,
the information is supplemented with the indication of the pages. The information in the
reference is separated by a comma. If the reference contains information about multiple links,
the information groups are separated by a semicolon. It is allowed to abbreviate in a reference
long titles, denoting dropped words with an ellipsis with space before and after this prescribed
sign.

The editorial office address:

93a, Markova street, Vladikavkaz, Russia 362002, Geophysical Institute of VSC RAS,
the editorial office of the journal «Geology and Geophysics of Russian South». Phone
+7 (8672) 76-19-28; fax: +7 (8672) 76-40-56, e-mail: southgeo@mail. ru
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